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A C T A  C H I MI C A
В Ы П . TOM 5 1 — 4

Р Е З Ю М Е

Полярографическое определение ионов редкоземельных металлов в 
растворах, содержащих лактат аммония

Й. И Н Ц Е Д И  и Л . ЭРДЕИ

Исследовалось полярографическое определение ионов редкоземельных металлов 
с помощью реакции вытеснения из комплексов. Было установлено, что ионы редкоземель
ных металлов в растворах с pH =  9, содержащих лактат аммония вытесняют металли
ческие ионы почти в стехиометрическом количестве из комплексов Си(П)ЭДТУ и Zn(ll)- 
ЭДТУ. Полярографическим определением выделяющихся медных и цинковых ионов 
осуществляется косвенное определение редкоземельных металлов.

Определение индекса удерживания различных металлоорганических 
соединений в газовой хроматографии

Г. ГА РЗО , Ю. Ф ЕК ЕТЕ и М. БЛАЖ О

Определялись индексы удерживания 68 кремнийорганических и ряда германий 
и оловоорганических соединений на колонках, в качестве стационарной фазы в которых 
использовался Апьезон L, силиконовый эластомер марки SE—30, фтористый силикон 
марки QF— 1, жидкий нитрил-силикон марки XF—1112 и о-нитротолуол. Все измерения 
проводились в соответствии с указаниями „Gas Chromatography Discussion Group Data 
Sub-committee”.

На основе (а) величин zl J, рассчитанных из индексов удерживания для одного- 
вещества, определенных на различных колонках, и (б) инкриментов (8J) индекса удержи
вания, в случае последовательных членов гомологического ряда, для тех же колонок 
были установлены некоторые правила и взаимоотношения между структурой иссле
дуемых веществ и их газо-хроматографическими характеристиками. Это дает возможности 
для наиболее подходящего выбора колонок для образцов известного состава или для 
идентификации пиков в случае образцов неизвестного состава.

Определение оптимального графика и чувствительности 
активационного анализа без разложения

П. К В И Т Н Е Р  и А. МОНТВАИ

Приводится математический метод определения оптимального программирования 
во времени активации, охлаждения и измерения с целью получения максимально воз
можной точности на измерение активационного анализа при использовании различных 
сцинтилляционных детекторов и при наличии заданных интерферирующих и фоновых 
активностей. Согласно результатам расчетов, определяется максимально возможная 
чувствительность без химического разделения, лимитируемая статистической девиацией.
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Новый метод расчета констант стабильности
Д . Г Е Р Г Е Й , Й. НАДЬПАЛ и Й. МОЙЗЕШ

Разрабатывался новый метод расчета констант стабильности. Метод исходит из 
предположения, что величина площади, получаемая при интегрировании кривой образо
вания между заданными двумя точками — не считая га — зависит только от соотношения 
констант стабильности. Таким образом, величина log К ,/К 2 вычисляется на основе пло
щади, определенной путем графического интегрирования. Из данных по log Kj/K2, по
правка (у), необходимая для расчета констант стабильности, определяется либо расчетом, 
либо графическим путем.

В таблице приведены величины площадей, соответствующие 19 точкам функции 
образования в области log К ,/К 2 =  О +  4 с интервалами значений по 0,2.

Данный метод можно рассматривать по существу как модифицированный метод 
поправленных термов и может быть использован для расчета log К,/К2 и при N =  2 и 
N =  3. Возможность применения метода проверялась на расчетах" систем Ni(II)- 
глицин и Си(П)-глицин. На основе температурной зависимости констант стабильности 
были рассчитаны соответствующие изменения энтальпии и энтропии для вышеописанных 
процессов комплексообразования. Эти значения для комплекса Си(П)-глицин следу
ющие: Л Н, =  —5,9 ккал/моль, ЭН2 =  —6,5 ккал/моль, /IS, =  18 е. э., zlS2 =  11 е. э., а для 
Ni(l 1)-глицин: zIH, =  —4,1 ккал/моль, /1Н2 =  —5,3 ккал/моль, /1S, =  13 е. э., ZlS2 =  4 е. э. 
Найденные нами изменения энтальпии хорошо совпадают с литературными данными, 
определенными калориметрическим путем, в пределах погрешности ±  1 ккал/моль.

Данные по селективности кватернизации соединений со скелетом 
морфина. Изомеризация четвертичных солей

К . КОЦКА и Г. БЕ РН А Т

Изучалась реакция кватернизации морфина (1) с йодистым аллилом, а также 
N-аллил-нор-морфина (11) с йодистым метилом, используя для оценки препаративный 
метод и ик-спектроскопию. На основе изоляции четвертичных солей и ик-спектроскопи- 
ческого анализа изолированных фракций и сырых продуктов реакции было установлено, 
что в обеих реакциях, наряду с образующимися в качестве главных продуктов произ
водными четвертичных солей ((111) и (IV)), образуются также соединения четвертичных 
солей, стереоизомерные на азоте (IV) и (111), соответственно. При нагревании в хлоро
форме йодистого морфин-М-аллила (III) и йодистого кодеин-М-бензила (V) происходит 
частичная изомеризация этих соединений в N-аллил-нор-морфин-метоиодид (IV) и N- 
бензил-нор-кодеин-метоиодид (VI), соответственно: На основе данных по относительной 
селективности реакций кватернизации, ик-спектров четвертичной солей и изомеризации 
следует, что заместитель, вводимый в молекулу четвертичной соли, образующейся в ка
честве главного продукта при кватернизации, занимает аксиальное положение.

Исследование химических превращений диодов и кольцевых
эфиров. XXVII.

Й. САБО, У. КОВАЧ и. М. БА РТО К

При восстановлении, по способу Кижнера-Вольфа, соответствующих гомологов 
оксэтана и тетрагидрофурана были получены следующие эфиры :

2.2.4.4- тетраметилоксэтан (72%)
2,4 -диметил-2,4-диэтилоксэтан (78%)
2.2.4.4- тетрафенилоксэтан 40%),
2.2.5.5, -тетраметилтетрагидрофуран (06%)
2,5-диметил-2,5-диэтил-тетрагидрофуран (72%)
2.2.5.5, -биспентаметилен-тетрагидрофуран (70%)
Таким образом, разработан новый способ получения трудно доступных а, а'-тетра - 

замещенных эфиров с четырехчленными кольцаму. Наряду с этим расширялась область 
применения метода Кижнера-Вольфа.
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Исследование химических превращений диодов и органических окисей,
XIX

М. БАРТОК

Исследовался термический распад 2-моно-замещенных /J-окисей, с помощью микро- 
реакторной техники. Скорость термического распада является функцией результирую
щей индуктивного и сверхсопряженного влияний углеводородных радикалов в а-поло- 
жении. Образование продуктов пиролиза объясняется как результат двух первичных, 
а также нескольких вторичных процессов. Главным направлением термического распада 
(80- 90%) является превращение, начинающееся с разрыва связи С—О, находящейся 
в соседном положении с заместителем, которое приводит к образованию соответствующего 
алкена-1 и формальдегида. Распад молекулы окиси в две части сопровождается, по всей 
вероятности, вследствие влияния стенок реактора, изомеризационными процессами, про
ходящими с образованием соответствующих альдегидов и а, /9-ненасыщенных спиртов.

Полимеризация метилметакрилата при высоких степенях превращений, II
Исследозанде иницяируюшего влияния перекиси лауроила

И. МОНДВАИ и Й. НАДЬ

Исследовалась блочная полимеризация метилметакрилата при различных тем
пературах в присутствии перекиси лауроила. Определены брутто-константы скорости и 
энергия активации полимеризации. Установлено, что зависимость предельного превра
щения от концентрации инициатора и температуры аналогична зависимости, полученной 
в случае перекиси бензоила, в то время как начало гельэффекта изменяется в значительно 
меньшей мере с изменением предыдущих параметров. При сравнении двух видов ини
циатора было установлено, что качество инициатора в значительно большей степени 
влияет на скорость реакции в начальной стадии полимеризации, нежели при высоких 
степенях превращений.

Полимеризация метилметакрилата при высоких степенях 
превращений, III

Исследование замедляющего действия мононитрофенолов

И. МОНДВАИ и Й. ГАЛ

Исследовалась блочная полимеризация метилметакрилата при одинаковых кон
центрациях инициатора, в присутствии различных количеств замедлителя. Определены 
параметры замедления, характеризующие исследованные соединения. Установлено, что 
исследованные соединения в значительно меньшей мере снижают скорость начального 
участка полимеризации, нежели в области глубокой полимеризации. Наиболее эффек
тивным замедлителем оказался 2-нитрофенол, замедляющее действие которого на один 
порядок больше, чем двух других исследованных соединений. Эффективности 3-нитро
фенола и 4-нитрофенола почти что одинаковы.
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ÜBER DEN ALKALIFEHLER 
DER GLASELEKTRODE

К . S c h w a b e

(Institu t fü r  Elektrochemie und physikalische Chemie der Technischen 
Universität, Dresden)

E ingegangen  am  16. M ärz 1966

In  ih re r A rb e it: »Ü ber den A lkalifeh ler d e r G laselek trode, I I I .«  [1] 
h ab e n  B. L e n g y e l  u n d  M ita rb e ite r zu  u n se re n  »M essungen der A k tiv i tä ts 
k o effiz ien ten  d er H  h u n d  N a in  der Q u ellsch ich t v o n  G laselek troden«  S te l
lu n g  genom m en u n d , g e s tü tz t  a u f  eigene M essungen , die A n n ah m e v o n  
N i k o l s k i j  u . a ., d aß  d e r A k tiv itä tsk o e ffiz ie n t d e r H + k o n z e n tra tio n su n a b 
h än g ig  gleich 1 sei, a u fre c h te rh a lte n , in d em  sie fü r  unsere M eßergebnisse 
bezüglich  d er A k tiv i tä t  der H + M eßfehler v e ra n tw o rtlic h  m achen . D azu  
is t folgendes fe s tzu s te llen :

Es k an n  b e s tä t ig t  w erden , daß  der re la tiv e  F e h le r  der B estim m u n g  von  
/н +  — v o r a llem  fü r  k leine W erte  von Хц+ — n a c h  u n se re r  M ethode g ro ß  is t. 
E ine  F e h le ra b sc h ä tzu n g  un se re r M eßw erte ze ig t je d o c h , daß z. B. fü r  A'h + =  
=  0,16 der A k tiv itä tsk o e ff iz ie n t der H + in  d e r Q uellsch ich t m it S ich e rh e it 
noch  u n te r  0,5 lieg t u n d  som it eine s ta rk e  A b w eich u n g  von dem  fü r d ie re ine  
H -F u n k tio n  festg e leg ten  W e r t / 'H+ =  1 zeig t. U n sere  experim en te llen  E rg e b 
nisse sp rechen  d a h e r  f ü r  eine A bhäng igkeit d e s /^ +  v o n  der Z u sam m en se tzu n g  
d er Q uellsch ich t.

W enn auch  m it k le in eren  W erten  von  X H+ d e r F eh ler von f^+  g rö ß e r 
w ird , so is t doch  die A n n ah m e, daß fü r X H+ =  0 d e r F eh ler von  /н +  u n - 
end lich  groß is t, u n b e g rü n d e t, da d ann  w egen

A V - / h +
x H+ 0

sow ieso u n b e s tim m t w ird  und  fü r  diesen F a ll s te ts  d u rc h  E x tra p o la tio n  e r 
m i t te l t  w erden  m uß .

A bgesehen  vom  F e h le r  d er B estim m u n g sm e th o d e  is t es sehr u n w a h r
schein lich , daß  /н +  u n a b h ä n g ig  von X Na+ u n d  X H+ d en  W ert 1 b e ib e h ä lt, da  
die in te rio n isch e  W echse lw irkung  au f die H + w egen  deren  sehr viel g rö ß eren  
R a u m la d u n g sd ic h te  einen  noch  au sg ep räg te ren  E in f lu ß  haben  m uß als a u f  
die N a +-Io n en . W enn  w ir also große A b w eich u n g en  von  / 'Na+ g egenüber 1 
fe s ts te llen , die a n e rk a n n t w erden , so m uß  e rs t  re c h t  e rw a rte t w erden , d aß  
/ H+ solche A bw eichunegn  zeig t. Im  üb rigen  liegen  sie in  derselben R ic h tu n g ,
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die m a n  in  A nalogie zum  V e rh a lte n  d e s /н +  in  w äßrigen  L ösungen  e rw a rte n  
so llte . D a  überd ies die D ie le k tr iz itä tsk o n s ta n te  der Q uellsch ich t g eg en ü b er 
d e r des W assers sicher k le in  is t  (eQias ~  5 — 8; £н о =  81), lä ß t  sich  v o ra u s 
seh en , d a ß  die in  w äß rig en  E le k tro ly tlö su n g e n  au ftre ten d en  W ech se lw irk u n 
gen  in  d e r  Q uellsch ich t des G lases sogar in  v e rs tä rk te m  M aße in  E rsc h e in u n g  
t r e te n  w erd en .

So b e w irk t die C ou lom b-W echselw irkung  hei hohen H +-K o n z e n tra tio n e n , 
d aß  d e r  A k tiv itä tsk o e ffiz ie n t f H+ W erte  ü b e r  1 annehm en  k a n n  [2]. D ies 
s t im m t m it  dem  von u n s  gem essenen V e rla u f  fü r  f ^+  im  Glas ü b e re in .

D  a d ie N a + eine b e d e u te n d  geringere  L ad u n g sd ich te  als die H  + -Io n en  
au fw e isen , w ird  selbst b e i h o h en  N a + -K o n z e n tra tio n e n  die N a + — H  + -W echsel- 
w irk u n g  d u rch  die H  + — A ~ -C ou lom benerg ie  ü b erk o m p en sie rt, w ie u n se re  
M essu n g en  fü r  den F a ll X Na+ —► 1 zeigen, fü r  d e n /^ +  <  1 ist.

A u ch  die große A u s tau sch g esch w in d ig k e it zwischen H + u n d  d en  H - 
A to m e n  des W assers, die in  einem  h o h en  L e itfäh ig k e itsan te il des H + gegen
ü b e r  d e n  N a + in d er Q uellsch ich t zum  A u sd ru c k  kom m t [3], lä ß t  eine b eso n 
ders s ta rk e  H  + — H  + -W echselw irkung  e rw a r te n , die bei h ö h e re n  H  +-K o n 
z e n tra t io n e n  zu /^ j+ -W e rten  ü b e r 1 fü h r t .

D ie  ex p erim en te llen  B efunde ü b e r  e in en  k o n z e n tra tio n sa b h än g ig e n  H  + - 
A k tiv itä tsk o e ff iz ie n te n  in  d e r Q uellsch ich t d e r E lek trode  k ö n n en  also  n ich t 
a u f  M eß feh le rn  b e ru h en  u n d  sin d  im  E in k la n g  m it der T heorie d e r C oulom b- 
sch en  W echselw irkung  d ieser Ionen .
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Acta Chimica Academiae Scientiarum Hungaricae Tomus 51,  pp. 3—6 (1967)

In  einer f rü h e re n  A rbeit [1] w urde  gezeig t, d a ß  der re la tiv e  F eh le r der 
von  S c h w a b e  u n d  D ahm s  [2] z u r B estim m u n g  d e r A k tiv itä tsk o e ffiz ien ten  
d er W assersto ffionen  ( / h+) v e rw en d e ten  M ethode dem  M olenbruch  d er W asser
sto ffionen  (X H+) u m g e k e h rt p ro p o rtio n a l is t:

%  =  K +  ^  
/н +  A H+

( 1 )

w obei К  und  к d en  re la tiv en  F e h le r  der rad io ch em isch en  M essung u n d  der 
e lek trochem ischen  B estim m u n g sm eth o d e  des A lkalifeh lers e n th ä lt .  D ie 
R ich tig k e it dieses a u f  th eo re tisch em  W ege ab g e le ite ten  Z usam m enhanges 
w ird  von  S c h w a b e  [3] n ich t bezw eife lt, dem  W esen  n ach  sogar b e k rä f tig t:  
»Es k a n n  b e s tä tig t  w erden , daß  d e r  re la tiv e  F e h le r  d er B estim m u n g  v o n  f^+ 

- v o r allem  fü r k le in e  W erte  v o n  X H+ — n ach  un se re r M ethode g roß  ist.« 
A u f G ru n d  der G le ichung  (1) k a n n  im  F alle  X H+ —*■ 0 n u r  ein  e inziger m a th e 
m a tisch e r Schluß gezogen w erden :

fü r  X H+ 0 is t lim '/и

/ h +

Die M eß resu lta te  von  S c h w a b e  und  D a h m s  w erden  h o ch g esch ä tz t; w ir 
h ab en  sie nur aus d em  G esich tsp u n k te  u n te rsu c h t, ob sie n ic h t m it unserer 
b e re its  b esch riebenen  A nnahm e [4] im  G egensatz  s teh en , w onach  d e r A k tiv i
tä tsk o e ffiz ien t d e r N a triu m io n en  in  der p o te n tia lb e s tim m e n d e n  O b erfläch en 
sc h ic h t ( /^ а+) v o n  ih rem  M olenbruch  a b h ä n g t, w äh ren d  f ^+  als k o n s ta n t 
b e tra c h te t  w erden k a n n . B ezüglich f ^+  k an n  das M eßgebiet des A lkalifeh lers 
in  zwei Teile g e te ilt w erden . Im  G eb ie t X H+ >  X Na+ — wo die W asse rs to ff
ionen  a u f  das P h a se n g re n z p o te n tia l einen  g rö ß eren  E in flu ß  ausüben  — ist 
d e r re la tiv e  F eh le r v o n  / | | t  au f G ru n d  G leichung (1) v e rh ä ltn ism äß ig  gering.

* B em erkung  zu  d e r  vo ran g eh en d en  A rb e it von  K . Sc h w a b e .

1* ■Irta Chimica Academiae Scientiarum Hungaricae 51, 1967
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W ir h a b e n  a u f  g rund  g ra p h isc h e r  A u sw ertu n g  d er in  A bb. 1 [2] d a rg e s te llte n  
M e ß d a te n , fe rn er aus d er d u rc h  die A u to ren  fü r  das frü h e r besch rieb en e  [5] 
rad io ch em isch e  V erfah ren  an g eg eb en en  F eh le rg ren ze  v o n  i 5 %  d en  Schluß  
g ezogen , d a ß  im  In te rv a ll  X H+ >  X Na+ die ev en tu e lle  Ä n d eru n g  v o n  f ^+  
in n e rh a lb  d er F eh lerg renze  lieg t.

E s  is t  b e k a n n t, d aß  sich  m it d er A b n ah m e v o n  X h+ der E in f lu ß  der 
e v e n tu e lle n  Ä nderung  v o n /^ +  a u f  das P h a se n g re n z p o te n tia l v e rr in g e rt. W enn 
m a n  d a h e r  im  G ebiet X H+ <  X Na+ v o n  dem  ra sch  zu n eh m en d en  F e h le r  der 
B e s tim m u n g  von /Д+ ab seh en  w ü rd e , k ö n n te  d u rch  E in fü h ru n g  d er vere in -

Abb. 1. Zusam m enhang zwischen M olenbrüchen und A ktiv itä ten  nach S c h w a b e  und D a h m s  
[2]. D ie von uns eingezeichneten G eraden entsprechen einem konstan ten  A ktiv itätskoeffi-

zienten

fa c h e n d e n  B edingung /^ +  =  1 in  d er B erech n u n g  des P h asen g ren zp o ten tia ls  
k e in  w esen tlich er F eh le r b e g an g en  w erden . A us dem  G esagten  k a n n  u nserer 
A n s ic h t n ach  der Sch luß  gezogen  w erden , d aß  die M eßergebnisse von  S c h w a b e  
u n d  D a h m s  [2] n ich t im  G eg en sa tz  m it d er A n n a h m e / ^  =  1 s te h e n , sondern  
v ie lm e h r die R ich tig k e it d ie se r A n n ah m e in  dem  fü r  das P h a se n g re n z p o te n tia l 
w e se n tlic h e n  In te rv a ll (X H+ >  X Na+) — u n ab h än g ig  von  der u n te rsch ied lich en  
B e w e r tu n g  des re la tiv e n  F e h le rs  d e r M eßungen — auch  ex p erim en te ll u n te r 
s tü tz e n .

D ie en tscheidende A n n ah m e  zur D eu tu n g  des A lkalifeh lers [4], w onach  
f ^ a+ sich  m it X Na+ w esen tlich  ä n d e rt — da  X Na+ u n m itte lb a r  b e s tim m t 
w e rd e n  k an n , w ird  d u rc h  d ie  A ngaben  von  S c h w a b e  u n d  D a h m s  (A bb. 1) 
o h n e  Zw eifel im  ganzen  M eß in te rv a ll b e s tä tig t .  D ie B e h a u p tu n g  [3], »Wenn 
w ir a lso  große A bw eichungen  v o n  / ^ а+ gegenüber 1 fes ts te llen , die a n e rk a n n t 
w e rd e n , so m uß e rs t re c h t  e rw a r te t  w erden , d aß  f 'H+ solche A bw eichungen  
ze ig t« , sch e in t m it den  e igenen  M eßergebnissen von  S c h w a b e  im  W id ersp ru ch

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967
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zu  s teh en  (vg l. A bb. 1), da d ie  angegebene Ä n d eru n g  von  f 'H+ (ab g eseh en  von 
d er F rage d e r Fehlergrenze) w esen tlich  geringer als die v o n / / j a+ is t.

Von S c h w a b e  und  D a h m s  [2] w urden  die H y p o th esen  m e h re re r  A uto ren  
[6, 4] d isk u tie r t. D abei feh lt a b e r  aus ih re r an g e fü h rten  A rb e it b e d a u e rlic h e r
weise jeg liche , zum indest q u a li ta t iv e  In fo rm a tio n  ü b e r den  F e h le r  d er Be
s tim m u n g  d e r A k tiv itä tsk o e ffiz ie n ten . W ir sind  d er A n sich t, d aß  in  d e r d isk u 
t ie r te n  F rag e  keine M einungsversch iedenheit e n s ts ta n d e n  w äre , w en n  die in 
F rag e  s teh en d en  A ngaben e n tsp re c h e n d  e r lä u te r t  w orden  w ären  —• wie dies in 
d er v o ran g eh en d en  A rbeit v o n  S c h w a b e  der F a ll w ar. W ir m ö ch ten  be to n en , 
d aß  w ir die hoch  e in g e sc h ä tz ten  U n te rsu ch u n g en  von  S c h w a b e  u n d  M it
a rb e ite rn  n u r  in  bezug a u f  d ie  B ew ertu n g  der frü h e re n  G ru n d a n n a h m e n  zu 
ergänzen  w ü n sch ten  und  u n s  in  der K lä ru n g  d e r M einun g sv ersch ied en h eit 
n ic h t a u f u n sere  eigenen E rfa h ru n g e n  [1, 4 , 7, 8] s tü tz te n .
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T he g rea t im p o rtan ce  o f  com plexes co n ta in in g  d iffe ren t l ig a n d s  (m ixed 
ligand  com plexes) is ev iden t, s in ce  th e  fo rm a tio n  o f th is  ty p e  is a lw ay s  possible 
w hen  a t  least tw o  d ifferen t l ig a n d s  are p re se n t in  a given so lu tio n .

T he p re se n t p ap er gives a g enera l d esc rip tio n  of sy s tem s  co n ta in in g  
com plexes of th e  ty p e  M A nB N_ n. N  is e ith e r  th e  m ax im um  o r th e  c h a ra c 
te r is tic  co o rd in a tio n  num ber. T h u s , in  th e se  system s th e  n u m b e r  o f  coo rd i
n a tio n  places occup ied  by  th e  tw o  d iffe ren t ligands is alw ays th e  sam e  in  each 
com plex , an d  i t  is equal to  N.  T h e re  are  tw o  possib ilities for su c h  com plexes 
to  be  form ed. F ir s t ,  when M A nB N_ n com plexes are  form ed b y  th e  reac tio n  
o f  MAfii and  M B N, an d  th e  d isso c ia tio n  o f M A дг an d  M B N can  be  neg lec ted  
u n d e r  c e r ta in  g iven  conditions. I n  th is  case th e re  is no free ligand  f  A  a n d  B )  in 
th e  sy stem . S econd ly , w hen th e  c o n c e n tra tio n  o f th e  free lig a n d  exceeds a 
c e r ta in  (no t n ecessarily  equal) lim it  b o th  fo r A  an d  В  in th e  g iv en  sy stem , 
a n d  so th e  c o o rd in a tiv e  s a tu ra t io n  of th e  com plexes in  th e  co m p o u n d  is 
en su red . W e shall deal w ith th e  tw o  cases se p a ra te ly .

Systems c o n ta in in g  no free ligands

In  case o f c e r ta in  m etal ions th e  s ta b il i ty  o f a com plex w ith  less th a n  
m ax im u m  co o rd in a tio n  n u m b er (as a ru le  e q u a l to  th e  valence) is m ark ed ly  
g re a te r  th a n  th a t  o f  com plexes w ith  g re a te r  or less co o rd in a tio n  n u m b er. 
E.g.,  m e rc u ry (II)  com plexes sho w  th is  b e h a v io u r [1].

C onsequen tly , in  a so lu tion  o f  H g T 2 th e  co n cen tra tio n s  of th e  d isso c ia tio n  
p ro d u c ts  (H g2+, H g A +, A~)  as w ell as t h a t  o f th e  com plexes w ith  g re a te r  
co o rd in a tio n  n u m b e r (H gA(f , H g A \ ~ )  are neg lig ib ly  sm all. T h e re fo re , in  a 
so lu tio n  co n ta in in g  H g,42 and  H gB ., th e  fo llow ing reac tio n  ta k e s  p lace  ex 
c lu sive ly :

HgA2 +  HgB.. =  2 Hg/1 В .

S uch sy stem s, con ta in in g  one  m ixed  lig an d  com plex only , can  be  t r e a te d  
in  a  sim ple m an n er. E x tra c tio n  ( M a r c u s  [2]) a n d  sp e c tro p h o to m e tric  m e th o d s
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(S p ir o  and H um e [3]; B e c k  and Gaizer  [4]) have been developed for their  
stu d y , and the equilibrium  constants of different m ercury(II) halide m ixed  
com plexes have been determ ined . In the system  M A 3— M B 3 ev id en tly  tw o  
m ixed  com plexes are form ed, and the system  can be characterized b y  two 
equilibrium  constants. G a iz e r  and B eck ’s m ethod [5] m ay be applied ju st in 
case o f  such  system s, and equilibria in the sy stem  BiCl3—B il3 have been  
studied .

In  general, the sy stem  M A N — M B N can be characterized b y  N — 1 
equilibria o f  the follow ing ty p e:

М Л - !  BJ+1 +  M A l+1 B , _ 1 =  2 M A ,  B j  ( i  +  j  =  N )  (1)

In troducing M A / B j  =  с,, the equilibrium  con stan t of (1) is

A fter rearrangem ent:
О

B alances referred to th e  ligands are:

and

Сд and Cß are equal to  th e  concentrations M A N and M B N, respectively , 
in trod u ced  or ig in a l l y  to  the system .

D enoting  Сд/Св b y  R :

N

0
N

£ ( N -
0

i) cN — i

N̂ i ±

( N  —  i )  —
c„

( 6)

L et us denote c j c 0 b y  r; then Eq. (3) g ives the following ratio for the  
concentrations of neighbouring complexes:

W + l

■ K 2 . . .  K t
( ' )
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In balance (6) the term c,/c0 is found. By means of Eq. (7), this may be ex
pressed as follows:

( 8 )

Substituting Eq. (8) into (6), we have:

That is, in the knowledge of r as a function of R, N —1 X, equilibrium con
stants can be calculated. It is readily seen that functions analogous to Eq. (9) 
may be obtained which are useful to calculate changes in the concentrations 
of any of two neighbouring complexes, or even of any two complexes as the 
functions of R  and the equilibrium constants. Among these, the expression 
containing cN/c0 =  глг, Ее. the ratio of the actual concentration of two “ parent 
complexes” ( M A N and M B N), is of special importance. From Eq. (8), it can be 
written:

VN

K N ~ 1 K N~- К  ' л , rv2 . . .  is.N_J
( 10)

Furthermore

r  =  f e - 1 * ÿ - * . . .  К н - г - г , ,  '

Thus Eq. (9) is transformed into the expression:

introducing
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E q . (11) m a y  be w ritte n  in  th e  follow ing fo rm :

( 1 2 )

I f  K(  is k n o w n , th e  v alues of К , m ay  be c a lc u la ted  from  th e  fo llow ing  e x 
p ressio n s :

N  =  2: K 1 —

N  =  3 : X , =  ; K„ =  ^
2 " 1
о 2 о

JV =  4 : X , -  ~ ï- ; К  , = ; X , =  - i - .

I t  is o b v io u s  th a t  in  th e  ran g e  0 <  R  <  oo th e  m ole frac tio n  of each  M A ( B N_i  
co m p lex  (i ^  0) changes acco rd ing  to  a m a x im u m  curve as a fu n c tio n  o f R.  
I t  is e a s y  to  p o in t o u t th a t  th e  m ole f ra c tio n  o f  th e  com plex M A nB N_ n h as  a 
m a x im u m  w hen R  =  n j ( N —n ). T he m ole fra c tio n  can be ex p ressed  b y  th e  
fo llow ing  e q u a tio n :

A s im p le  rea rra n g em e n t an d  re d u c tio n  of th e  expression

R

A d a  Chimica Academiae Scientiarum Hungaricae 51, 1967
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re su lts  in th e  sam e eq u a tio n . Since E q u a tio n  (14) has o n ly  one p o sitiv e  root 
(it co n ta in s one change o f s ig n ), in  case of a„ =  m ax ., R  =  n / ( N —re). T hus, 
th e  places o f m ax im a  do n o t d e p e n d  on th e  eq u ilib riu m  c o n s ta n ts , b u t  n a tu ra lly  
th e  heigh t a n d  shape of ос,- v e rsu s  R  curves, a re  in flu en ced  b y  th e m . B eing all 
the  equ ilib ria  co n stan ts  in  q u e s tio n  d im ensionless q u a n tit ie s , th e  d is tr ib u tio n  
o f th e  mole frac tio n s  of th e  sim p le  com plexes is in d e p e n d e n t o f  th e  abso lu te  
v a lue  of CA a n d  Сд.

In  a sy s tem  con ta in ing  M  c e n tra l ion  a n d  A  lig an d , if  [A] exceeds a certain  
[-1]^ lim it, th e  so lu tio n  c o n ta in s  on ly  one M A w com plex  ion , o r m ore  precisely , 
the  co n cen tra tio n s  of th e  o th e rs  (MAj;  i <  N)  are  neglig ib le. S im ila rly , in a 
sy s tem  co n ta in in g  M  cen tra l io n  an d  В  lig an d , if  [13] >  [B ]fc, M B N is the 
on ly  com plex ion  p resen t. O b v io u sly , in  sy stem s c o n ta in in g  M  c e n tra l  ion  as 
well as b o th  ligands A and  B,  o n ly  com plexes o f M A , B N_j  co m p o sitio n  can 
ex is t, supposed  th a t  [A] >  [A \ h an d  [B] >  [B]/(. T he d is tr ib u tio n  o f these 
com plexes is d e te rm in ed  b y  th e  ra tio  of [ / i ] /[B ]  and  b y  th e  series o f  respective  
eq u ilib riu m  c o n s ta n ts .

F o rm a tio n  o f th e  com plex  M A j B N_j is described  b y  E q . (15):

System s co n ta in in g  free ligands

В . (15)

D en o tin g  th e  co n cen tra tio n  o f  M A ,  Вi n N - i b y  Cj, we ge t:

К ( l b )

D en o tin g  [A\I[B]  b y  AC, on th e  b as is  of E q . (16) it  follows:

.N (17)
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x's  is  th e  quotient of co m p lex  products (ßft  and /SJJ) characterizing the  
overall dissociation of com p lexes M A N and M B N:

The to ta l  m etal ion con cen tration  is:

(18)

It fo llow s from Eq. (20) th a t i f  the change of the concentration  of any com plex  
is k n o w n  as the function o f x, th e  values of N  num ber o f x'j constants can be 
rea d ily  calculated. From  th e  point of view  o f experim ental possib ilities, the  
m eth o d  o f calculation using  th e  concentration changes o f the tw o “ parent 
co m p lex es” MAN and M B N, is o f special im portance.

T he following considerations afford a further p ossib ility  of calculation  
and determ ination. B alances for A and В are:

T he m ean coordination num bers of the ligands A  and В are:

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967
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V  ( N  -  i) x\ x ‘

N

C'a  — M ]  +  n A' См 

С'в =  [ ß ]  - f  пв - См.

(23)

(24)

In  th e  ran g e  0 <  х <  о о ,  th e  m ole frac tio n s  of th e  tw o  p a re n t  com plexes 
obv iously  change m o no tonously , a n d  th a t  o f th e  m ixed  com plexes accord ing  
to  a m ax im um  cu rv e , as a fu n c tio n  o f x. T he mole fra c tio n  o f th e  re-th com plex
(a„) is:

x П
х'пх ‘

2 '  ’
(25)

A fte r d iffe re n tia tio n  we hav e :

1’ (n — i) x\ x =  o.

T h is is obv iously  th e  sam e as:

CM

(26;

(27)

T h u s , th e  mole frac tion  of th e  com plex  M A nB N_ n has a m ax im u m  w hen 
x =  x n.

I f  th e  n u m b er of m ixed  com plexes is N —1, an d  th e  v alue  o f  xn is know n 
fo r each  m ixed  com plex , we h av e  ЛГ— 1 expressions to  d e te rm in e  N  n u m b e r  of 
u n k n o w n  com plexes. C onsidering, h o w ever, th a t  acco rd ing  to  E q . (18) 
x 'n  =  ßÜIßNi if  ßN an d  ßu  a re  know n from  in d ep en d en t m easu rem en ts , E q . 
(26) al so m akes possible th e  d e te rm in a tio n  o f th e  eq u ilib riu m  c o n s ta n ts . 
T h e  g rea t a d v a n ta g e  o f th is  m e th o d  is t h a t  i t  does n o t req u ire  th e  k now 
ledge of th e  free ligand  co n cen tra tio n s , because  b y  E q .-s  (23), (24) an d  (27) 
th e y  can d irec tly  be ca lcu la ted  from  th e  to ta l  co n cen tra tio n s  belong ing  to  
th e  m ax im um  m ole frac tio n s.

Chemical considerations

T he m eth o d  suggested  requ ires th e  know ledge o f th e  c o n c e n tra tio n  of 
one o f th e  series of m ixed  or p a re n t com plexes as a fu n c tio n  of R  a n d  x, resp . 
E x p e rim e n ta lly , i t  seem s to  he easier to  d e te rm in e  th e  c o n c e n tra tio n  of th e
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p a re n t co m plexes. N am ely , a n y  of th e  c h a ra c te r is tic  p ro p e rtie s  of th e  tw o  
p a re n t com plexes can  be s im p ly  d e te rm in ed , because  i t  is easy  to  co n v e rt th e  
to ta l a m o u n t o f th e  c e n tra l io n  in to  anyone of th e  c o o rd in a tiv e ly  s a tu ra te d  
p a re n t com plexes. In  genera l, th e  m ole fra c tio n  o f an y o n e  o f th e  m ixed  com 
plexes is m u c h  sm aller th a n  1, even  a t  th e  m ax im u m  positio n , th e re fo re  th e  
c h a ra c te r is tic  p ro p e rtie s  o f th e se  species c a n n o t be d e te rm in e d  d irec tlv . T h a t is 
th e  re a so n  w h y  th e  m e th o d  w h ich  req u ires  on ly  th e  know ledge of th e  p o sitio n  
of th e  m a x im u m  m ole fra c tio n  va lu es  of th e  m ixed  lig an d  com plexes is co n 
sidered  to  h a v e  special im p o rtan ce .

A s a m a t te r  of course, th e  ca lcu la tio n  m eth o d s  g iven  are  su ited  to  use 
th e  d a ta  o f  “ f in g e r-p r in t”  e x p e rim e n ta l p ro ced u res . As th e  m ost im p o r ta n t o f 
such  p ro c e d u re s , R a m a n  sp ec tro sco p y  m ay  be m en tio n ed  [6]. E v id e n tly , th e  
fo rm a tio n  o f  th e  m ixed  lig an d  com plexes o f th e  sam e “ co o rd in a tio n  leve l”  [3] 
is fu lly  g en e ra l in  case o f  sy stem s co n ta in in g  free lig an d . T he ex istence  of such  
ty p e  o f  m ix ed  com plexes in  th e  sy s tem  co n ta in in g  no free ligands is m o stly  
re s tr ic te d  to  th e  e lec trica lly  n e u tra l  com plexes. T he follow ing cases seem  to  be  
th e  m o s t im p o r ta n t:

(i) M o n o d en ta te  lig an d s , h av in g  one n eg a tiv e  charge  (M A nB \ _ n, M m , 
m =  N).

(ii) B id e n ta te  lig an d s , h av in g  one n e g a tiv e  ch arg e  ( M A nB ^ _ n, M m ' , 
m =  iV/2).

E x a m p le s  fo r (i) h av e  b een  g iven  in  th is  p a p e r . I t  m u st be a d d ed  th a t  
a lth o u g h  in  th e  ca lcu la tio n  o f  th e  eq u ilib riu m  c o n s ta n ts  th e  p a r tic ip a tio n  o f 
th e  so lv e n t in  th e  co o rd in a tio n  m ay  be rig h tfu lly  d isreg a rd ed , in  th e  fo rm u la 
tio n  o f  a g iven  species th e  d o n o r p ro p e rtie s  of th e  so lv en t h av e  to  he ta k e n  in to  
a c c o u n t. E .g ., th e  s tru c tu re  o f th e  BiCl(I 3_ г species in  d io x an  is p ro b a b ly  as 
follow s:

Cl Cl I Cl Cl I 1 l
\ B i <  ; X  ’ H i/  ; > <

Cl D Cl D I D I D

T h e re  are on ly  a few  ex am p les  fo r (и ) .  T he w o rk  of J a n s s e n  [7 ] ,how ever, 
show s t h a t  a g rea t n u m b e r o f  such  com plexes m a y  ex is t. W o rk  w ith  an y  p a ir 
o f th e  fo llow ing  lig an d s seem s to  be  especially  p ro m isin g : 8 -h y d ro x y  qu ino line 
(an d  d e r iv a tiv e s) , d im e th y lg ly o x im e  (and  analogous com pounds), a ce ty lace to n e  
(an d  an a logous com pounds), N -d ia lk y ld ith io ca rb am ic  acids. W ith  b iv a le n t 
m e ta l ions of co o rd in a tio n  n u m b e r 4 on ly  one, w ith  tr iv a le n t  c e n tra l ions o f 
c o o rd in a tio n  n u m b er 6 tw o  m ix ed  lig an d  com plexes ex is t. In  these  cases th e  
m e th o d s  developed  ea rlie r m a y  also be used.
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SUMMARY

Two differen t systems of m ixed ligand complexes of the composition M A nB^]_n can 
be distinguished: system s in which th e  concentration  of the free ligands is negligible and in 
which these concentrations are com m ensurable w ith , or even larger than the concentrations 
of the complexes. Different m ethods are discussed to calculate the equilibrium  constants. 
One of the m ethods does not require the knowledge of the concentration of th e  complexes, 
only the concentration  ratios of the free ligands a t the m axim um  concentration o f each mixed 
ligand complex are  needed.
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VERGLEICHENDE UNTERSUCHUNGEN 
ÜBER DIE MIT DER STUFENFILTERMETHODE 

AUFGESTELLTE SCHWÄRZUNGSKURVE*
K. Z i m m e r , T. T ö r ö k  und J. B i e d l

(Lehrstuhl fü r  Anorganische und Analytische Chemie der L. Eötvös 
Universität, Budapest)

Eingegangen am 28. J a n u a r  1966 

Einleitung

A uf d e r  I I I . R u m än isch en  S p ek tro sk o p isch en  K onferenz  in  B u k a re s t  im  
D ezem ber 1964 b eschäftig te  sich  einer v o n  u n s  [1] m it den p rin z ip ie llen  
P rob lem en  d e r  z u r  A ufste llung  d e r S ch w ärzu n g sk u rv e  vorgesch lagenen  M eth o 
den  bzw. m it d e n  V orteilen  u n d  N ach te ilen  d e r versch ied en en  V erfah ren . A u f 
derselben  K o n fe re n z  w urde a u c h  ein Bew eis des e x a k te n  C h arak te rs  e in e r zu r 
ä u ß e rs t e in fa c h e n  u n d  genügend  genauen  A u fs te llu n g  der S ch w ärzu n g sk u rv e  
d ienenden  M eth o d e  vorgeleg t. D iese M ethode fu ß t  a u f  der B e re itu n g  e in er 
S p ek tra lau fn ah m eserie  bei v a r iie r te n  B e lich tu n g sze iten , u n te r  A n w en d u n g  
e in er zw eistu figen  s trah lu n g ssch w äch en d en  E in r ic h tu n g  (z. B . eines Z w e is tu fen 
filte rs). W ie es bew iesen  w u rd e , k an n  in  so lchen  F ä llen  der S chw arzsch ild - 
E ffek t v e rm ie d e n  werden.

L o g arith m isch er F ilte r

D urch V erw en d u n g  des v o n  Z. N a g y  u n d  M ita rb e ite rn  [2] k o n s tru ie r te n  
u n d  uns zur V e rfü g u n g  geste llten  S tu fen filte rs  m it v a r iie rb a re r  F ilte rk o n s ta n te  
k o n n te n  w ir b e i so lchen  U n te rsu ch u n g en , in  w elchen  die M essungen be i v e r 
schiedenen  W ellen län g en  d u rc h g e fü h rt w erd en , im m er den  S tu fe n filte r te il m it 
e n tsp rech en d er F ilte rk o n s ta n te  in  den S tra h lu n g sg a n g  ste llen . D er m itt le re , 
aus einer Q u a rz p la t te  b ere ite te  u n d  v o llkom m en  du rch lässige  Teil dieses D re i
s tu fen filte rs  b e r ü h r t  zwei S tu fen , deren  D u rch lä ss ig k e iten  in  einer zu r S p a lte  
sen k rech ten  R ic h tu n g  beinahe lo g a rith m isch  s in d . D em gem äß  v e rä n d e r t  sich  
d ie  Schw ärzung  d e r  Em ulsion a n  dem  g erad en  T eil d e r S ch w ärzu n g sk u rv e  in  
e inem  fast l in e a re n  Masse. M itte ls  einer M ik ro m ete rsch rau b e  k a n n  m a n  die 
S tu fe  geringerer D u rch läss ig k e it g e tre n n t, die S tu fe n  v o n  m ittle re r  u n d  v o lle r 
D u rch lässig k e it h in g eg en  gem einsam  in e iner zu r S p a lte  sen k rech ten  R ic h tu n g  
e in ste llen .

*Vorgetragen an  der II I . Tschechoslowakischen Spektroskopischen Konferenz, M arian
sk e  Lázne, 28. S ep t. 1965.
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E ichung des logarithm ischen Filters

D ie zu  un seren  M essungen  b e n ö tig te n  S chw ärzungsd iffe renzen  v o n  e tw a  
0 ,20 en tsp re c h e n d en  F ilte rs te llu n g e n  w u rd e n  fü r  die versch ied en en  W ellen 
lä n g e n  m itte ls  V o rv ersu ch e  fe s tg es te llt. D a n n  w u rd e  die E ich u n g  d e r F i l te r 
k o n s ta n te  (AYm)  fü r  die au sg ew äh lten  W ellen län g en  d u rch  V ergleich  m it  einem  
Z w e is tu fe n filte r  g enau  b e k a n n te r  F il te rk o n s ta n te  (AY'm) d u rc h g e fü h rt:

A Y L
A S 1
Ä S Z

AY -*-* -* m

w obei A S  die a u f  dem  lin ea ren  A b sc h n itt  d e r S chw ärzungskurve  bei zwei 
S tu fe n  d e r gegebenen S p ek tra llin ien  gem essene d u rch sch n ittlich e  S ch w ärzu n g s
d iffe renz  b eze ich n et, w ä h re n d  sich d er In d e x  / a u f  den  F il te r  m it e in e r in 
lo g a rith m isch em  M aße v a r iie rb a re r  F il te rk o n s ta n te  (d. h . a u f  den  eine  lin ea r

Tabelle  I

Filterkonstantenwerte des Dreistufenfilters veränderlicher Filterkonstanten bei verschiedenen
Wellenlängen

A (nm)

227,84
243.36 
263,03 
282,13 
304,50 
319,71 
328,76
335.91 
340,96 
348,59 
355,15 
358,79 
366,41
373.92 
376,95
397.37 
445,90 
471,44 
510,00 
514,28

■ 1 V[ л v„

0.287 0.351
0,240 0,280
0,220 0.257
0,197 0,253
0,180 0.241
0,170 0,204
0,173 0,219
0,167 0,207
0,156 0,221
0,128 0.200
0,157 0,191
0,127 0,166
0,130 0,172
0,164 0,201
0,107 0,193
0,148 0,183
0,127 0,204
0,137 0,193
0,101 0,178
0,105 0.187
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v erän d erlich e  S chw ärzung  h e rv o rru fen d en  F ilte r) , und  In d e x  z a u f  den  Zwei
s tu fe n filte r  m it b e k a n n te r  F ilte rk o n s ta n te  b ez ieh t. Die bei e in e r  geeigneten  
S te llu n g  d er beiden  S tu fen  des F ilte rs  fü r versch iedene  W ellen längen  e rh a lten en  
W erte  d er F ilte rk o n s ta n te  sind  in  T ab . 1 zu sam m en g efaß t.

S ich tbarer W ellen längenbereich

Im  s ich tb a ren  W ellen längenbere ich  is t d er lineare  A b sc h n itt d e r  S chw är
zu n g sk u rv e  und  d em en tsp rech en d  jen e r d e r H ilfsku rve  [3] ä u ß e rs t  k u rz . Bei 
g rö ß eren  S ch w ärzungsw erten  e rg ib t sich a u f  d ieser H ilfsk u rv e  eine  s ta rk e

W cllenlängengebiet 
/ ,  =  516.86 nm, y, =  4,06 

= 558,78 nm, y2 =  3,74

R ü ck b ieg u n g  zur A bszissenachse (A bb. 1). D ie s ta rk e  R ückb ieg u n g  is t o ffen b ar 
dem  zuzuschre iben , d aß  die sensib ilisierte  E m u lsio n  in bezug a u f  s ich tb a re s  
L ic h t von  geringerer E n erg ie  ra sch er g e sä ttig t w ird .

Infolge der K ü rze  des lin ea ren  A b sch n itte s  w ird  die genaue B es tim m u n g  
von  y  ziem lich e rschw ert. Ü berd ies besitzen  die zu  den  in  kom m erzie llem  V er
k eh r e rh a ltb a re n  S p ek tro g rá fén  gelieferten  Zwei- bzw . M eh rs tu fen filte r fü r  die 
W ellen längen  über 400 n m  schon sehr hohe F ilte rk o n s ta n te n . F ü r  Ortvo rot 
extrahart S p e k tra lp la tte n  b e trä g t  y  z. B . um  500 nm  den  W ert 4 (d e rse lb e  W ert 
e rg ib t sich fü r  Kodak В  10 oder Gevaert Scientia 23 D 56 P la tte n  u m  400 nm ). 
Mit d em Z w eistu fen filte r v o n  50%  D u rch läss ig k e it (A Y  =■ 0,30) m iß t m an  in 
d iesem  F a ll eine S chw ärzungsd ifferenz  von AS,n =  у  • A Y m =  1,20. B ei d ieser 
W ellen länge is t der u n te re  G renzw ert des lin e a re n  A b sch n itte s  d er re d u z ie rten  
S chw ärzu n g sk u rv e  0,25 [4], en tsp rech en d  e in er S chw ärzung  von  0,25 у  =  1,00, 
m an  so llte  d ah e r bei den  ungesch w äch ten  S tu fen  eine S chw ärzung  von  1,00 
-j- 1,20 =  2,20 m essen.

2 * Acta Chimica Acatlentiae Scirntiarum II ungaricac 51, 1967
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F ü h r t  m an jedoch  d ie  M essung  au f einer L in ie  m it  geringerer S chw ärzung  
d u rc h , so fä llt die S c h w ä rz u n g  der u n g esch w äch ten  S tu fe  a u f den  u n te r 
e x p o n ie r te n  A bschn itt. A u f  so lch e  W eise m ag es V orkom m en, daß  es u nm ög lich  
is t  S ch w ärzu n g en  e n tsp re c h e n d  dem  linearen  A b s c h n it t  zu m essen, d. h . d er 
W e r t  v o n  y  k ann  gar n ic h t  b e s t im m t w erden. I n  d iesem  F a ll w ird  die A nw en
d u n g  des oben b esch rieb en en  sogenannten  lo g a rith m isc h e n  F ilte rs  v o n  v e r 
ä n d e r lic h e r  D urch lässigke it e in e  große H ilfe le is te n . Im  oben e rw äh n ten  F a ll 
m i t  e in e r  F ilte rk o n s ta n te  v o n  0,10 b e trä g t z. B . d e r  W e rt A S m =  У ■ Ä Y m =  
=  0 ,4 0 , d . h. eine A n zah l v o n  A ufnahm en k a n n  zw ischen  den G ren zw erten  
S a =  1 ,00 und St> =  1,40 b z w . S a =  1,60 u n d  S b =  2,00 b e re ite t w erd en , so
m it  s te h e n  genügend v ie le  A ngaben  zur g e n au en  B estim m u n g  v o n  у  zu r 
V e rfü g u n g .

M essu n g  hoher S chw ärzungen

B ei der genauen M essu n g  hoher S ch w ärzu n g en  (ü b er e tw a 1,5) ergehen  
s ich  Schw ierigkeiten , w eil d ie  S kalenein leitung  des S p e k tra llin ie n -P h o to m e te rs  
in  d iesem  Bereich schon  z u  en g  ist. Zur Ü b e rw in d u n g  dieser S chw ierigkeiten  
so ll m a n  au f dem  P h o to m e te r  u n te r  den  g eg eb en en  V ersuchsbed ingungen  
(S p a ltb re i te , S p a lthöhe , S ch le ie rw ert usw .) je n e  n och  m öglich n ied rig ste  
E m p fin d lich k e itsg ren ze  e in s te lle n , bei w elcher d e r  N u llp u n k t der S chw ärzu n g s
s k a la  n o ch  e instellbar i s t .  S o d a n n  w ird die S te llu n g  der P la t te  so v e rä n d e r t , 
d a ß  d as  L ich t von je n e m  A b s c h n itt  der S p e k tra llin ie  ins P h o to m e te r  gelange, 
d e sse n  Schw ärzung 1,00 b e t r ä g t .  D arau fh in  w ird  die E m p fin d lich k e it zur 
m a x im a le n  Stufe u m g e s c h a lte t ,  und  der G a lv an o m e te rau ssch lag  abgelesen. 
D ie  h o h e n  Schw ärzungen  w e rd e n  au f dieser S tu fe  m ax im ale r E m p fin d lich k e it 
g em essen . In  jedem  F a ll m u ß  m an  aber die D iffe ren z  d er bei zwei v ersch ied en en  
E m p fin d lic h k e itss tu fe n  g em essen en  S chw ärzungen  zu  den  abgelesenen  W erten  
h in z u g e h e n . So ist es m ö g lic h , bis zu S chw ärzu n g en  v o n  2,5 m it e iner gen ü g en 
d e n  G enauigkeit zu m essen .

U nterexpon ierte  A u fn a h m e n

D ie S teilheit d e r  S ch w ärzu n g sk u rv e  soll d u rc h  die S chw ärzungsw erte  
a u f  dem  linearem  A b s c h n i t t  bestim m t w erd en . W e n n  jed o ch  n u r  eine u n te r 
e x p o n ie r te  A ufnahm e z u r  V erfü g u n g  s te h t, die S p e k tre n  ab er m it e inem  S tu fe n 
f i l t e r  b ek an n te r F i l te rk o n s ta n te  b ere ite t w u rd e n , so is t die B estim m u n g  des 
y -W e rte s  m itte ls /-T ra n s fo rm a tio n  [5] doch  m ög lich . D azu  m u ß  m a n  den 
W e r t  von  к au f d er b e tre f fe n d e n  S p ek tra llin ie  k en n en . D ieser is t  a b e r bei 
A n w e n d u n g  der /-T ra n s fo rm a tio n  schon im  v o ra u s  b e k a n n t. Die B estim m u n g
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e rfo lg t sodann  d u rch  I te ra t io n . A ngenom m en, d aß  y =  1 is t, so w erd en  die 
zum  S ch w ärzu n g sp aar Sa, Sb g eh ö ren d en  tra n s fo rm ie r te n  S ch w ärzu n g sw erte  
la, /(, aus d er en tsp rech en d en  fc-Tabelle [4] en tn o m m en . N ach d em  w ird  die 
D ifferenz Al e rm it te l t .  Falls die D iffe renz  g le ic h /lY  is t, b e trä g t  d e r y - W e r t = l .  
W enn  sich ab e r eine A bw eichung e rg ib t, so w erden  die W erte  Sa, S b m it den 
w ah rsch e in lich erem  y-W ert d iv id ie r t ,  und  d e r W e rt von  Al w ied er a u f  die 
v o ran g eh en d  besch riebene W eise b e s tim m t. D ie I te ra t io n  w ird  so lan g e  w ied er
h o lt, bis die G le ichhe it Al =  A Y m e rre ich t w ird , w as sich n u r im  F a lle  von 
A nw endung  des rich tig en  y -W erte s  e rg ib t. M it gew isser Ü b u n g  k a n n  dies in 
ein igen S c h ritte n  le ich t e rre ic h t w erden .

N achbarlin ien

Bei den  so genann ten  e x t r a h a r t  P la t te n  is t im  W ellen längenbere ich  
240 — 320 nm  d er W ert von y w esen tlich  k o n s ta n t, er v e rm in d e rt sich  b e i e tw a 
319—320 nm  u m  ungef. 0,1 E in h e i t ,  d ann  e rh ö h t er sich stu fenw eise  b is  e tw a 
450 nm . Bei P la t te n , die au f s ic h tb a re s  L ich t sensib ilis iert w u rd en , erfo lg t 
diese E rh ö h u n g  bis etw a 510 n m , d an n  w ird  eine V erm in d eru n g  b e i höh eren  
W ellen längen  b e o b a c h te t. D er y -W e rt der E m ulsion  Kodak S A  3 (T y p  rap id ) 
is t  a n n äh e rn d  u n ab h än g ig  von  d e r  W ellen länge.

Jen e  T a tsa c h e , w onach d e r  W ert von  y im  m ittle re n  u ltra v io le tte n  
S p ek tra lb e re ich  im  allgem einen k o n s ta n t  is t [6], w ird  bei R u tin a n a ly se n  in 
d er P rax is  o ft a u f  solche W eise v e rw en d e t, d aß  m an  auch  bei a n d e re n  L in ien  
dieses B ereiches m it dem fü r e in e  einzige L inie b e s tim m ten  y -W ert re c h n e t. 
Bei S p ek tra llin ien  geringer I n te n s i tä t  w erden die zu r A ufste llung  d e r S ch w är
zu n g sk u rv e  n ö tig en  y-W erte o ft au s  den S chw ärzungsw erten  der in te n s iv e re n  
N ach b arlin ien  b e s tim m t. Bei n ah e s te h e n d e n  L in ien  w ird  dieses V e rfah ren  
au ch  bei längeren  W ellenlängen an g ew en d e t, bei w elchen sich y m it d e r  W ellen 
länge b e trä c h tlic h  e rh ö h t, oder m a n  b e s tim m t den y -W ert e iner gegebenen  
L in ie  du rch  In te rp o la tio n .

Es w urde  u n te rsu c h t, in w ie fe rn  dieses V erfah ren  als r ic h tig  b e tr a c h te t  
w erden  darf. In  T a b . I I  w urden  d ie  in  zwei W ellen längenbere ichen  e rh a lte n e n  
y -W erte  im F a lle  des N ick e lsp ek tru m s fü r  zah lre iche  N ick e ln ach b arlin ien  z u 
sam m en g este llt. W ie die A ngaben  zeigen, ü b e rsch re iten  die im m ittle re n  u l t r a 
v io le tte n  S p ek tra lb e re ich  b e o b a c h te ten  F lu k tu a tio n e n  des y -W ertes d ie  in  der 
p ra k tisc h e n  S p ek tra lan a ly se  g e s ta t te te n  G renzen  im  allgem einen  n ic h t. Um 
350 nm  kön n en  jed o ch  schon w esen tlich  g rößere A bw eichungen  v e rk o m 
m en. D aher — besonders bei A n a ly sen  e rh ö h te r  G en au igke it — soll m an  die 
G rad a tio n  fü r  je d e  A nalysenlin ie  u n a b h ä n g ig  v o n e in an d e r b e s tim m en .
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Tabelle II

y -  W erte  vo n  b e n a c h b a r te n  N ic k e l l in ie n  in  v e r s c h ie d e n e n  W e lle n lä n g e n b e re ic h e n

A (nm) A (nm) У

298,17 1,24 354,82 1,76

298,41 1,23 355,15 1,56

299,26 1,22 356,18 1,62

299,45 1,20 356,69 1,68

300,25 1.13 357,19 1,75

300,36 1,16 357,68 1,76

301,20 1.17 358,79 1,70

301,91 1,26
303,79 1,20
305,08 1.15 366,41 1,89

305,43 1,15 367,41 1,99
305,76 1,10 368,34 1.93

306,46 1,20
309,71 1,22

309,91 1,22
310,55 1,23
311,41 1,24
313,41 1,14
321,41 1,19
321,78 1,19
322,17 1.21
322,30 1.21
323,30 1,21
323,47 1,26

U n te rsu ch u n g  von E m u lsio n en

D ie y-W erte 17 v e rsch ied en er S p e k tra lp la tte n ty p e n  bei u n te rsch ied lich en  
W ellen längen  sind in  d e n  T a b . I I I —X X  zu sa m m e n g e faß t [7]. W en n  m an  die 
m it dem  PGS 2 G itte rsp e k tro g ra p h e n  (T ab . X X I )  bei den  gleichen W ellen
län g en  an den gleichen  S p e k tra lp la tte n  ( Orivo blau extrahart)  u n te r  derselben 
E n t-w ick lungsbed ingungen  e rh a lten en  y -W e rte  m ite in a n d e r v erg le ich t, so 
f in d e t  m an bei den m it  d e m  G itte rsp e k tro g ra p h en  b e re ite te n  A u fn ah m en  fü r 
a lle  S pek tra llin ien  h ö h e re  y -W erte . Die U n te rsu c h u n g  d ieser E rsch e in u n g  ist 
im  G ange.
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Tabelle III

O rw o  b la u  r a p id

A (nm) Y А (nm) Y P

251,09 1,06 251,09 1,17

313,41 1.21 313,41 1,28

337,20 1,16
357,19 1,76
380,71 1.84 380,71 1,90

440.15 1.96 440,15 2,08

Tabelle IV

O rw o  b la u  e x tr a h a r t

A (nm) Y A (nm) Y P

227.87 0.62 227,87 0,77
243.36 1,07
263,03 1,17 263,03 U 9

282.13 1.10
304,50 1,12 304,50 1,14

320,21 1.01 320,21 1,09
328,70 1,15
340,96 1.45 358,79 1,88

373,92 2,46

397,37 2.80 397,37 2,95

440,15 3,21 440,15 3,40

Tabelle V
O rw o  b la u  e x tr a h a r t

A (nm) Y A (nm) Y P

227,73 0,49 227,73 0,52

282,13 0,74 261,01 0,89
305,08 0,74 305,08 0,86

323,47 0,87 323,47 0,90

346,75 1,26 346,75 1,30

376,41 1,64
387,17 1,88
397,36 1,90 397,36 2,11

440,15 2,53 440,15 2,57
475,21 2,61 475,21 3,06
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Tabelle VI

A gfa  blau rapid (1961 )

Я (nm) 7 Я (nm) 7 P

247,31 0,89 247,31 1,00
298,41 0,90 298,41 1,01
311,41 0,93
354,82 1,20 354,82 1,38
367,41 1,31
378,35 1,40 378,35 1,51
440,15 1,63 440,15 1,77
471,44 1,56 471,44 1,98

Tabelle VII

A gfa  blau rapid (1962)

Я (nm) 7 Я (nm) 7 P

243,74 0,70 243,74 0,79
294,39 0,80 294,39 0,83
313,41 0,82 313,41 0,96
336,96 0,85
357,19 1,03 357,19 1,10
380,71 1,55 380,71 1,64

Tabelle VIII

Agfa blau hart (1960)

Я (nm) У Я (nm) 7 P

227,73 0,37 227,73 0,38
263,03 1,01
282,13 1,03 282,13 1,13
304,50 1,17
323,47 1,23 323.47 1,28
346,75 1,44
367,41 1,65 367,41 1,89
383.17 1,83
440,15 2,16 440,15 2,18
471,44 2,17 471,44 2,38
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Tabelle IX

A g fa  b la u  e x lr a h a r t ( I 9 6 0 )

Л (nm ) 1 у

2 27 ,64 0,58

2 61 ,14 1,10

279 ,87 1,12

299,11 1,29

3 19 ,56 1,09

363 ,49 2,15

Tabelle X

K o d a k  В  10

Л (nm) Y Л (nm ) YP

227,64 1,21 227,64 1,22

263,03 1,75 263,03 1,78

283,46 1,39

312,93 1,70 312,93 1,72

328,27 1,64

355,35 2 ,73 355 ,35 2,84

373,92 3,52

397,37 4 ,17 397 ,37 4,47

Tabelle XI

K o d a k  S A  1

Л (nm) Y A (nm ) Y P

263,03 1,43 263 ,03 1,51

298,41 1,07 298,41 1,22

319 ,56 1,10 319 ,56 1,32

356,18 2,07

374,90 2,30 374,90 2.48

428 ,80 2,63 428,80 2,82
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Tabelle XII

Kodak SA  3

A (nm) У A (nm ) 7 P

263,03 0,97 243 ,74 0,94

282,52 0,88 263 ,03 1,10

299.17 0,90 299,17 0,93

320,04 0,84

339,62 1,05 339 ,62 1,17

355,35 1,10

384,96 1,26 384 ,96 1,53

406 ,44 1,21 4 06 ,44 1,36

442,70 1,11 4 42 ,70 1,20

Tabelle X III

Ilford N  30 ordinary

Л(шп) У A (nm ) y  P

244,18 1,00 2 30 ,78 0,74

263,03 1,11

299,11 .  0,97 282 ,52 0,98

320,04 0,99 3 20 ,04 1,08

335,91 1,23

358,79 2,08

384,96 2,34 38 4 ,9 6 2,66

Tabelle XIV

Ilford N  40

A (nm) y A (nm) 7 P

243 ,36 1,25 2 43 ,36 1,30

263,03 1,24

298,41 1,22 298,41 1,36

319,71 1,10 319,71 1,19

332 ,23 1,26 3 32 ,23 1,44

358 ,79 1,99 358 ,79 2,19
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Tabelle XV
I l fo r d  N  5 0

Я (um) Y Я (nm) Y/*

227,87 0,77 227,87 0 .99

343,36 1,28

261,01 1,31 261,01 1,51

280.31 1,23

298,41 1,11 298,41 1,25

319,71 1,01 319.71 1,28

340.96 1,52

357,68 2,49

383.17 2,67

397.36 3,10 397.36 3,24

445,90 3,76 445 ,90 4,58

Tabelle XVI
G evaert S c ie n t ia  2 3  D  56

Я (nm) Y Я (nm)
Y'

243,36 2,04 243,36 2.34

263.03 2,05

280.31 2,04 280,31 2.21

303.19 2,06

319.71 1,98 319.71 2,05

339,62 2,08

357,68 3,52 357,68 3 ,66

383,17 3,63

397,37 4,06 397,37 4.12

440,15 4,25 440,15 5 ,30

Tabelle XVII
O rw o gelb ex lra h a r l

Я (nm) Y Я (nm) Y и

298,41 0,96 298,41 0 ,98

323.47 1,09 323,47 1,16

351,86 1,71

376,95 2,45 376,95 2,62

440.15 3,30 440,15 3,13

471 .44 3,33 471,44 3.52

514,28 3,64
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Tabelle XVIII

Oru’o rot extrahart

X (nrn) 7 X (nm ) УР

304,50 1,08 304 ,50 1,30

325,07 1,12 325,07 1.29

373,68 2,16 373,68 2,35

440,15 3,10 1 440,15 3,20

471,44 3,46 471 ,44 4.19

508,00 3,90 508 ,00 4,02

Tabelle XIX

gelb extrahart

X (nm) У X (nm ) y p

247,31 0,91

298,41 0,83 298,41 0,85

324,31 0,98 324,31 1,00

350,09 1.50

376,95 2,08 376,95 2,24

440,15 2,95 440,15 3,11

471 ,44 3,05

514,28 3,20 514.28 3.22

Tabelle XX

< g /a rot extrahart

X (nm ) 7 X (nm ) y p

247,31 1,02

298,41 0,91 298,41 0.93

324,31 1,01 324,31 1,03

351,86 1,55

376,95 2,21 376,95 2,40

397,36 2,36 397,36 2,40

440,15 3,10 440,15 3.22

471,44 3,30 471,44 3.30

514,28 3,30 514,28 3,42
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Tabelle XXI

y- Werte bei verschiedenen Wellenlängen 
Spektralplatte: Orwo blau extrahart 

Spektrograph : PGS 2 Plangitterspektrograph

A (nm) Y

299,11 1,41

331,23 1.90

358,79 2,41

376,95 2,80

440,15 2,88

F ü r die U n te rsu c h u n g  von  F ilm en w urde  die P la tte n k a s s e tte  a u f  solche 
W eise u m g eb au t, d aß  sie au ch  als F ilm k a sse tte  b e n ü tz t  w erden  k o n n te . D u rch  
A nw endung  v o n  zwei m it F e d e rp la tte n  ve rseh en en  Schienen gleicher L än g e , d. h. 
fü r  die E in h e ftu n g  v o n  F ilm stü ck en  von 24 cm  L änge  w ird  die gen au e  Lage 
des F ilm s a u f  d e r  fo k a len  O berfläche des S p ek tro g ra p h e n  gesich ert. D ie y- 
W erte  fü r Orwo u n d  Forte F ilm e sind  in  T a b . X X I I  angegeben . Von diesen 
beid en  F ilm ty p e n  sin d  die O rw o-F ilm e sehr g u t v e rw e n d b a r, da  sie sch le ierfrei 
a rb e ite n , u n d  d ie R e p ro d u z ie rb a rk e it der S ch w ärzu n g en  genügend  is t.

Tabelle XXII

y- Werte von Filmen

Orwo Film Forte Film

A (nm) 1 ?
Я (nm) 7

243 ,78 1,32 298,41 0,85

298.41 1,47 308,08 0,81

319,71 1,41 332 ,23 1,07

332 ,23 1,63 354,82 1,23

346.95 1,88 373,68 1,32

367,41 2,16

R eduzierte  S chw ärzungskurve

N eben d e r ü b lich en  D ars te llu n g  der S ch w ärzu n g sk u rv en  b e re ite te n  w ir 
au ch  so g enann te  re d u z ie r te  S ch w ärzu n g sk u rv en , d . h . w ir h ab en  a u f  der 
O rd in a te  die m it y  d iv id ie rte n  S chw ärzungsw erte  au fg e trag en . Zw ecks E r 
le ich te ru n g  des V erg leichs w u rd en  die S ch w ärzu n g sk u rv en  a u f  solche W eise 
k o n s tru ie r t, daß  d ie  V erlän g eru n g  des lin earen  A b sch n itte s  d u rch  die Origó
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Abb. 2. A ufstellung der reduz ie rten  und  transform ierten  Schw ärzungskurven im  Falle von 
Spektralp latten  Orwo blau extrahart bei 320,21 nm Wellenlänge

V = t g  « , =  к

gehe (A b b . 2). Bei so lcher D a rs te llu n g  s ind  die lin ea ren  A b sc h n itte  der re d u 
z ie r te n  S ch w ärzu n g sk u rv en  u n ab h än g ig  vom  P la t te n ty p  u n d  d er W ellen länge 
m ite in a n d e r  kong ru en t. D em zufo lge  zeigen sich  im  u n te re x p o n ie rten  A b sc h n itt 
d ie  v o n  у  u n ab häng igen  k en n ze ich n en d en  U n te rsch ied e  u n m itte lb a r  (A bb. 3

Abb. 3. Reduzierte Schw ärzungskurven im  Falle von S pek tralp latten  Orwo blau ultrahari
bei verschiedenen W ellenlängen 

=  323,47 nm , sE =  0,19, s0;X0 =  0,22, к =  0,60
Д2 — 346,75 nm , sE =  0,21, s0il(l =  0,28, к =  0,70
X3 =  475,21 nm , sE =  0,15, s 01(l =  0,12, к =  0.48

A c ta  Chimica Academiae Scientiarum  Hungaricue 51, 1967



Z I M M E R ,  T Ö R Ö K ,  B I E D L :  U N T E R S U C H U N G E N  Ü B E R  D I E  S C H W  Ä R Z U N G S K U R V E 31

und  4). D en  u n te re x p o n ie r te n  A b sc h n itt d e r S ch w ärzu n g sk u rv en  bzw . der 
re d u z ie rten  S ch w ärzu n g sk u rv en  k an n  m an  m it den  folgenden dre i W erten  
k ennze ichnen  [8]:

a)  d e r P u n k t  m it dem  höch sten  S ch w ärzu n g sw ert im u n te re x p o n ie r te n  
A b sc h n itt (SL =  y  • sL, sl =  k);

b)  d e r dem  In e r t ie p u n k t en tsp rech en d e  S chw ärzungsw ert (Sg — y • Sg). 
D er In e r t ie p u n k t e rg ib t sich d o rt, wo d e r v e rlä n g e rte  lineare  A b sc h n itt  der

ib b . 4 . R eduzierte Schw ärzungskurven im  Falle von  Spek tra lp la tten  O n v o  g e lb  e x tr a h a r t
bei verschiedenen W ellenlängen 

Л, =  298,41 nm, sg - 0,175, s0 tu 0,195, к  0,50
— 351,86 nm, S£ “  0,135, s0 ,n =  0.085, к 0,41

A3 =  471,44 nm, sE 0,12, 0,045, к 0.32

S ch w ärzu n g sk u rv e  die A bszisse schneidet. B ei d er vorgesch lagenen  D a rs te l
lungsw eise b e d e u te t dies im m er die O rigó. D ie diesem  P u n k t en tsp rech en d e  
S chw ärzung  is t d er S c h n it tp u n k t der S ch w ärzu n g sk u rv e  m it der O rd in a te ;

c) a n s ta t t  d er u n g en au en  B estim m u n g  je n e r  In te n s i tä t ,  die d e r  ge
rin g s ten  — m it dem  S ch le ierw ert gleichen — S ch w ärzu n g  des u n te re x p o n ie r ten  
A b sch n itte s  e n tsp r ic h t, is t  d e r d r it te  W ert d e r  zu r S chw ärzung  0,10 g eh ö ren d e  
log I  W ert, v o n  d e r O rigó b e re c h n e t (S10 =  у  • s10).

Zw ischen d en  oben e rw ä h n te n  drei W e rte n , wie dies aus T ab . X X I I I  
h e rv o rg e h t, b e s te h t au ch  bei E m ulsionen  u n te rsch ied lich en  T y p s  u n d  bei v e r 
sch iedenen  W ellen längen  ein s tre n g  m o n o to n e r Z usam m enhang . D a h e r k an n  
d e r u n te re x p o n ie r te  A b sc h n itt m it e iner e inzigen  A ngabe, zw eckdien lich  m it 
dem  k - W e rt, w äh ren d  die gesam te  S ch w ärzu n g sk u rv e  m it zwei A n g ab en  
(m it к  und  y) e in d eu tig  gek en n ze ich n e t w erd en .
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Tabelle XXIII

D r e i  c h a r a k te r is t is c h e  P u n k te  e in ig e r  r e d u z ie r te r  S c h w ä r z u n g s k u r v e n  bei v e r sc h ie d e n e n  E m u ls io n e n

P l a t t e A (nm) Si S E
1

So.i.

Or wo blau rapid 337,20 0,45 0,15 0 ,13

357,19 0,55 0,18 —

380,71 0,37 0,13 0 ,08

Or wo blau extrahart 260,11 0,37 0,14 —

282,13 0,34 0,11 0,05

320.21 0,30 0,11 0 ,02

328,70 0,31 0,11 0 ,03

335,04 0,31 0,12 0 .0 4

373,92 0,30 0,10 0 .0 0

О т о blau ultrahart 323,47 0,60 0,19 0 ,22

346,75 0,70 0,21 0,28

475.21 0,48 0,15 0 ,12

Kodak В  10 283,46 0,30 0,11 0,02

328,27 0,30 0,11 0.02

Kodak S A  3 263,03 0,67 0.20 0 ,23

282,52 0,57 0,19 0 ,18

Ilford У  30 263,03 0,30 0.12 0 ,0 4

299,11 0,33 0,13 0,05

384.96 0,31 0.12 0.05

Ilford У  50 261,01 0,25 0.10 0 ,0 0

298,41 0,40 0,14 0 ,09

319,71 0,40 0,15 0 .12

340,96 0,31 0,11 0 ,0 3

Gevaert Scientia 23 D 56 263,03 0,20 0.08 —  0 ,0 4

280,31 0,20 0.08 —  0 ,04

303,19 0,25 0,10 0,01

319,71 0,27 0,10 0 ,00

383,17 0,25 0,09 — 0,01

Orwo gelb extrahart 298,41 0,50 0,17 0 .1 9

351,86 0,41 0,13 0 ,08

471,44 0,32 0,12 0 ,04

Or wo rot extrahart 304,50 0,45 0,15 -

373,68 0,39 0,13 0.12

440,15 0,32 0,11 0 .03

471,44 0,30 0,10 0 ,00
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W irkung  der E n tw ick lu n g

A b lau f u n d  G ra d a tio n  der S c h w ärzu n g sk u rv e  hängen  b e k a n n tlic h  von 
d er a n g e w a n d te n  E n tw ick lu n g sm e th o d e  a h . I n  T ab . X X IY  sin d  d ie  y -W erte  
bei 20 °C m it u n te rsch ied lich en  E n tw ic k lu n g sd a u e rn  (von 2 bis 12 M inu ten) 
en tw ick e lten  S p e k tra lp la tte n  Or wo blau extrahart zu sam m engeste llt. N a c h  L ite 
ra tu ra n g a b e n  [9] n im m t m it der V erlän g eru n g  d e r E n tw ick lu n g sd au er d e r  y -W ert 
e rs t ra sch  zu, d a n n  — n ach  einer E n tw ic k lu n g sd a u e r von  e tw a  zehn  M in u te n  — 
n ä h e r t  e r sich e in em  G renzw ert an, d . h. e rv e rä n d e r t  sich gem äß einer S ä ttig u n g s 
k u rv e . N ach  L ite ra tu ra n g a b e n  [10] e rsc h e in t bei gewissen E m u ls io n e n  ein 
s ta rk e r  Schleier sch o n  bei e iner z eh n m in u tig en  E n tw ick lu n g sd au er. D ies hab en  
w ir im  F alle  v o n  Orivo blau extrahart P la t te n  n ic h t b eo b ach te t. N a c h  A bb . 5 
w ar dagegen bei e in e r  12m inu tigen  E n tw ic k lu n g sd a u e r — ähn lich  d e r  a n d e ren  
an g ew an d ten  E n tw ic k lu n g sd a u e r  der W e rt v o n  y  bis 320 um  h ö h e r  als bei

Tabelle XXIV

Werte bei Veränderung der Entwicklungszeit

t  (min) Л (nm) у  t (min) Л (nm) y

2 243 ,36 0.91  6 243,36 1,21

298,41 0.86 298,41 1,19

319,71 0,78 319,71 1.08

358 ,79 1.63 358,79 2 ,08

376 ,95 2,28 376,95 2 ,55

3 243 ,36 1.00  7 243,36 1 ,34

298,41 0.99 298,41 1,35

319,71 0,96 318,33 1,18

358 ,79 1.88 319,71 1,25

376 .94 2,45 376,95 3 ,0 6

4 2 4 3 ,3 6 1,02  8 298,41 0 ,87

319,71 0,93 318,33 1,18

298,41 1,03 331,23 1,51

358 ,79 1.87 358,79 2 ,3 7

376 ,95 2.42 376,95 3,18

5 2 43 ,36 1,07  12 243,36 1,65

2 82 ,13 1,10 298,41 1,76

320,21 1,01 319,71 1,73

3 40 ,96 1,45 358,79 2 ,2 6

373 .92 2,46 376,95 2 ,58
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Abb. 5. A bhängigkeit der y-W erte von  der Wellenlänge bei verschiedenen E ntw icklungszeiten

e in e r  8 m in u tig e n  E n tw ic k lu n g . V on dieser W e llen län g e  an  wies aber d e r y -W e rt 
e in  w e n ig e r  steiles E rh ö h e n  a u f  u n d  — in G eg en sa tz  zu den L ite ra tu ra n g a b e n  

w a r  d e r oben an g eg eb en e  allgem eine Z u sa m m e n h a n g  u n g ü ltig , weil w ir  
ü b e r  350  n m  bei län g eren  (12m inu tigen ) E n tw ic k lu n g sd a u e rn  geringere y -W e rte  
e rh ie l te n  als bei k ü rze re r E n tw ick lu n g sd au e r (8 m in u tig e r). M it der E rh ö h u n g  
d e r  T e m p e ra tu r  n ah m  d er y -W e rt bei allen  W ellen län g en  e indeu tig  zu (T ab . 
X X V ).

Neunstufenfilter

Z u  den  S p e k tro g ra p h e n  w erden im  a llg em ein en  auch m eh rs tu fig e  (6- 
b zw . 9 s tu fig e ) F ilte r  g e lie fe rt. D urch  A n w en d u n g  d er m it diesen S tu fe n filte rn  
b e r e i te te n  A ufnahm en  k a n n  m an  die S ch w ärzu n g sk u rv e  viel rasch er u n d  e in 
fa c h e r  au fste llen , falls die e n tsp rech en d en  F il te rk o n s ta n te n  der S tu fen  g enau  
b e k a n n t  sind . Die N ach te ile  dieses V erfah ren s w u rd en  a. a. O. e rö r te r t  [1].

D ie  E ichung  der zu  d e n  sow jetischen S p e k tro g ra p h e n  gelieferten  N e u n 
s tu fe n f i l te r  w urde v o n  uns m itte ls  eines Hilger Uvispek  S p ek tro p h o to m e te rs  
im  W ellen län g en b ere ich  240 670 nm  bei 8 v e rsch ied en en  W ellen längen  d u rc h 
g e fü h r t .  Im  u ltra v io le tte n  B ereich  d ien te  e ine W assersto fflam pe als L ic h t
q u e lle , im  sich tb a ren  S p ek tra lb e re ich  h ingegen  eine W olfram lam pe. E in  A uf
s a tz  w u rd e  zum  F e s th a lte n  des F ilte rs  u n d  z u r  A usschaltung  der e n tsp re c h e n 
d en  u n v e rw en d e ten  F ilte rs tu fe n  en tw icke lt. D ie  F ilte rk o n s ta n te n  s in d  au f 
A b b . 6, die bei zwei W ellen längen  m it d em  N e u n stu fen filte r au fg es te llten  
S c h w ä rz u n g sk u rv e n  a u f  A b b . 7 darg este llt. Z u m  V ergleich b e re ite ten  w ir auch  
A u fn a h m e n  au f d ense lben  P la tte n  m it e in em  Z w eistufenfilter. N ach  den
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Tabelle XXV

y -W er te  bei V e r ä n d e r u n g  d e r  E n tw ic k lu n g s te m p e r a tu r

T (°C) Л (nm) r

10 243,36 0,93

298,41 0,87

319,71 0,80

358,79 1,63

376,95 2,26

15 243,36 0,88

298,41 0,88

319,71 0,83

358,79 1,73

376,95 2,30

20 243,36 1,07

282,13 1,10

320,21 1,01

340,96 1,45

373.92 2,46

25 243,36 1,33

298,41 1,31

319,71 1,20

358,79 1,97

376,95 2,57

28 243,36 1,56

298,41 1,52

319,71 1,47

358,79 2,41

376,95 2,79

A ngaben  v o n  T ab . X X V I e rg ab en  sieb bei den m it dem  N e u n s tu fe n filte r  
b e re ite te n  A u fn ah m en  höhere  W erte , als die m it dem  Z w eis tu fen filte r e rh a lte 
nen . Diese A bw eichung  k a n n  m an  n ic h t dem  asy m m etrisch en  W eg des d u rch  
die versch ied en en  F ilte rs tu fe n  in  den  S p ek tro g rap h en  gelan g en d en  L ic h t
bün d e ls  zu sch re ib en , weil w ir a u f  den  m it einer d er vo llen  F ilte rh ö h e  e n t 
sp rech en d en , e tw a  1 cm hohen  S p a lte n h ö h e  b e re ite ten  A u fn ah m en  längs der 
S p ek tra llin ien  keine w esentliche S ch w ärzu n g sän d eru n g en  bzw . S ch w ärzu n g s
f lu k tu a tio n e n  b eo b ach te ten .
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Z W  280 020 060 WO U O  Ш  520 560 600 6W  680 nm W

Abb. 6. A bhängigkeit der kalibrierten  F ilterkonstan tenw erte  des N eunstufenfilters des Spektro- 
graphen IS P  28 von der W ellenlänge

Abb. 7. M ittels N eunstufenfilterm ethode aufgestellte Schwärzungskurven
=  319,71 nm, y l =  1,31 (bei Zweistufenfilter 1,23), Sg =  0,30, Sg =  0,14, S 0jlll =  0,09 

/ 2 =  346,95 nm, y2 =  1,74 (bei Zweistufenfilter 1,54), S g =  0,48, Sg =  0,19, S 0 l0 =  0,15

Tabelle XXVI

Bei gleichen Wellenlängen gemessene y-Werte im  Falle von neunstufigen (9) bzw. zweistufigen (2)
Filtern

A (nm) Ye Уг

298,41 1,21 1,23

319,71 1,31 1,23

332,23 1,54 1,33

346,95 1,74 1,57

354,82 1,91 1,76
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ZUSAMMENFASSUNG

Es w erden die Ergebnisse verglichen, die bei der U ntersuchung einiger, zur Aufstellung 
der Schw ärzungskurve photographischer P la tten  dienenden Methoden erha lten  wurden, 
sowie die charakteristischen W erte behandelt, die die Schwärzungskurve bzw. die reduzierte 
Schw ärzungskurve kennzeichnen.

Es wird eine Methode zur B estim m ung der S teilheit der Schw ärzungskurve m itgeteilt, 
die in solchen Fällen zu verwenden ist, in welchen an den Spektralaufnahm en n u r so geringe 
Schwärzungen Vorkommen, die dem un terexponierten  Teil der Schw ärzungskurve entsprechen.

Die S teilheit der Schw ärzungskurve w urde im Falle von Emulsionen — S pek tra lp la tten  
und Filmen — verschiedenen Typs, teilweise auch von sensibilisierten E m ulsionen fü r den 
sichtbaren Spektralbereich bei verschiedenen W ellenlängen bestim m t. N ach D arlegung der 
Schwierigkeiten der Steilheitsbestim m ung im sichtbaren W ellenlängenbereich w ird die Lösung 
dieses Problem s durch Verwendung eines S tufenfilters m it veränderlicher F ilte rkonstan te  
besprochen.

Es w urde die V erw endbarkeit von S tufenfiltern verschiedener Typen geprü ft, weiters 
die A bhängigkeit der Steilheit von der Spektrallinie, der Zeit und der T em pera tu r der E n t
wicklung sowie der Zusamm ensetzung des Entw icklers.
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CATALYTIC DECOMPOSITION PROCESSES

G. SCHAY and P . TÉTÉN Y I

(Central Research Institute fo r Chemistry o f the Hungarian Academy o f Sciences, 
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In previous papers one of the authors and others [1, 2] have published a 
general kinetic equation of uni molecular heterogeneous catalytic decomposition 
processes, the differential form of which is:

Щ Р 1

I м
к f l  - y b iPl
К 1 -

where the symbols denote

( 1 )

k, k\, k't 

/>,, b;

Pi> Pi

j
Uj

rate of the process;
rate constants of the surface chemical reaction, of the desorption 
of the initial component and the products and additional com
ponents, respectively;
adsorption coefficients of the initial component, products and 
additional components, respectively;
partial pressures of the initial component, the products and addi
tional components, respectively; 
number of all substances present; 
stoichiometric coefficient of the i-th substance.

The equation was found to hold good for the dehydrogenation reaction of 
cyclohexane over ten nickel catalysts prepared in different ways [3] and over 
platinum [4], in the differential form; furthermore in the case of isopropyl 
alcohol dehydrogenation, in the integrated form [5].

In the derivation of Eq. (1), no assumption was made as to the rate
determining part played by one or more of the individual steps. On the other 
hand it was assumed that the surface states were stationary and the rates of 
individual steps could be described by LANGMum-type kinetics [6]. The 
equation is applicable, in principle, irrespective of the number of products and 
non-reacting additional components, and is of a general nature in this restricted
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sen se  o n ly . I ts  ap p lic a b ility  is  lim ited , liOYvever, in  tw o  im p o r ta n t  re sp e c ts . 
T h e  d e r iv a tio n  involves th e  a s su m p tio n  th a t  th e  su rface  re a c tio n  consists  o f a 
s in g le  s te p . F u rth e rm o re , th e  eq u a tio n  is n o t v a lid  in  th e  case o f th e  s im u l
ta n e o u s  decom position  o f  m o re  th a n  one c o m p o n en t or, s tr ic tly  sp eak in g , in 
th e  case  o f  paralle l re a c tio n s . I n  th e  p resen t p a p e r  th e  eq u a tio n  is e x te n d e d  to  
b e c o m e  applicab le  to  th e s e  cases, too.

1. U nim oleeular decom position proceed ing  in  tw o steps

L e t  us assum e t h a t  su b s ta n c e  A  is tra n s fo rm e d  in  tw o  s tep s , b y  w ay  of 
a n  in te rm e d ia te  B,  in to  C in  such  a Yvay th a t  one o r m ore m olecules of th e  
p r o d u c t  X  are e lim in a te d  in  each step  w hile s ta t io n a ry  s ta te  ad so rp tio n  
p re v a ils  also for B. (O n ly  in  th is  case is th e  k in e tic  e q u a tio n  in flu en ced  b y  th e  
p re se n c e  of the  in te rm e d ia te  p ro d u c t.)  L et us assu m e fu r th e r , as befo re , th a t  
th e  re a c tio n  takes p lace  a t  a  te m p e ra tu re  a n d  u n d e r  a p ressu re  w here th e  
r a t e  o f  th e  backw ard  re a c tio n  is p rac tica lly  n eg lig ib le . In  th is  case, th e  step s  of 
th e  re a c tio n  will be th e  fo llow ing :

A  +  K  A -  К
*’i

A  ■ К  - ^ +  B K  +  n a ( X  • K )

B  K  В  +  К  (2)Гп

в  к  C K  А- п ь ( X  • К)

С К ^  с  +  к

х к х  +  к .

К  d e n o te s  here th e  c a ta ly s t  su rface w ith o u t re fe rr in g  to  an  ac tiv e  site  o f a 
d e f in i te  s tru c tu re  or c o n s is tin g  of a defin ite  n u m b e r  o f a to m s, so t h a t  th e  
sy m b o ls  A  ■ К  etc. s im p ly  re fe r  to  th e  ad so rb ed  s ta te .

T h e  ra tes of th e  d if fe re n t  steps figuring  in  th e  above schem e can  be ex 
p re s s e d  b y  L a n g m u i r  k in e tic s  as folloivs:

K  =  k l P l ( 1 - Z o )  V ' ^ k \ a x

Va =  ka в t J b =  kf, a,

V, =  k , p 1 (1 — Ха) V'., =  feó a2 

VA =  k , Pi ( l - £ a )  V'3 = k ' 3 o3

K  =  k iP i  ( i - z o )  l ; =  к  о,

(3)
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where к ,• : rate constants of the individual steps;
p i  : partial pressure of the com ponents; 
o', : coverage o f the cata lyst surface b y  com ponent i.

(The indices 1, 2, 3 and 4 refer to  substances А ,  В ,  C  and Y, 
respectively .)

B y applying the principle of stationary sta tes , the following equations m ay he 
set up:

B y su b stitu tin g  the expressions from (3), and introducing the adsorption  
coefficien ts

fc.
к]

from E quations (4) we get:

E xpressing cr1 from the system  o f equations (5), we have:

b, V,

Since in  the stationary sta te , the rate of the overall process equals th a t o f  any 
ind ividual step, we m ay write:
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k a —

k[ ( !  +  bzP* +  bi Pi)

К  biP i

1 _u
К

(na +  n„)
К b\p l

(7)

In  th e  g en era l case,' ta k in g  in to  co n sid e ra tio n  th a t  na -)- nb is th e  s to ich io 
m e tr ic  coeffic ien t of X ,  e lim in a te d  in  th e  p ro cess :

tv M  i P i

К  !
(1 2 b‘P>)

3
1 + У  n, - a-

( 8 )

biP i

O n c o m p a r in g  E qs. (1) a n d  (8), i t  is ev id en t t h a t  th e  k in e tic  e q u a tio n  d escrib in g  
th e  r a t e  o f  th e  process is o n ly  slig h tly  in flu en ced  b y  m aking  a llow ance fo r th e  
fo rm a tio n  of an  in te rm e d ia te  dependence o n  th e  p a r tia l p ressu res  o f  th e  
c o m p o n e n ts  re ta in s  th e  sam e ch a ra c te r , a d iffe rence  show ing up  o n ly  in  th e  
c o e ffic ien t o f one of th e  m em b ers  of th e  d e n o m in a to r , an d  in s tead  o f  a n  o vera ll 
к we h a v e  th e  ra te  c o n s ta n t o f  th e  f irs t  re a c tio n  s te p . I t  is clear, th e re fo re , w hy 
E q . (1) h a d  correc tly  d esc rib ed  th e  k in e tics  o f  cy clohexane d e h y d ro g e n a tio n , 
a l th o u g h  th e  reac tio n  in v o lv es  th e  in te rm e d ia ry  fo rm a tio n  of cyc lo h ex en e, as 
p ro v e d  b y  labelling  te c h n iq u e  [7]. M oreover, th e  u se  of E q . (1) is fu lly  ju s tif ie d  
in th is  case , as th e  d e h y d ro g e n a tio n  of cy c lohexene  is m uch fa s te r  th a n  th a t  of 
c y c lo h e x a n e  [8], co n seq u en tly  th e  te rm  kalkb is negligible.

2. K in e tic  equation  o f u n im olecu lar he te ro g en eo u s ca ta ly tic  re ac tio n : 
S im u ltaneous reac tio n  o f  tw o substances w h en  one of th e  p roduc ts

is com m on

O n  s im u ltan eo u sly  feed in g  A  and  С, В  a n d  D are  fo rm ed  w ith  th e  
e lim in a tio n  of X.  A ssum ing  a single step  su rface  reac tio n , th e  re a c tio n  schem e 
fo r  th e  tw o  substances w ill be:

V, Vi
A  +  К  —^ A - К C +  К с  к

V\ v;

A  - К B K A -  nx X  ■ К C K —A d -к  +  пх х к
V' V'b

b k ^ A В у  К D K -A ± D  +  K
V-i V5

V'3
x k ^ A x  +  k  

v 3
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(In accordance w ith  the exam ple chosen — sim ultaneous dehydrogenation of 
cyclohexane and m ethylcyclohexane — n x w as assum ed to be equal for both  
reactions.)

D enoting th e  values o f surface coverage for th e  substances А ,  В ,  X ,  C  and D ,  
in the order presented, by crl , a v  ci3, <74 and <r5, and the partial pressures b y  the 
corresponding p,- sym bols, expressing of the individual rates by L angm uir’s 
kinetic law for surface adsorption [6] leads to  the follow ing system  o f equations:

К -  y \  =  У 2 -  у, к,I a \ ; У, У ,  —  E k c a 4;
У а — К  =  n x ( k ü a  I +  k c a. ) ( 10)

E vid en tly , the expression  for it’*, the rate o f  decom position of the other com 
ponent, will be com pletely  analogous.

As it m ay be seen, Eq. (11) is analogous to  the expression obtained from  
the general Eq. (1) for the case of one nonreacting additional com ponent. The 
presence o f coefficient Qc accounts for the fact th a t substance C  takes also part 
in the reaction. Qc is frequently su b stantia lly  sim plified by singling out the  
rate controlling step . Thus, e .g .,  if

k c <€ k 3, fc4, fc5

i .e . ,  the surface reaction  is rate determ ining in the overall process, one can set

Qc= 1 •
Acta Chimica Academiac Scienliarum Hungaricae 51, 1967

After solving th e  system  for cr1 and taking in to  consideration relation w a =  
=  k ao v  the expression  for the stationary rate o f decom position of substance A  
will be:
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T h e  r e a c t io n  o f th e  a d d itio n a l co m p o n en t h a s  th e re fo re , in  th is  case, no  in 
f lu e n c e  o n  th e  L a n g m u i r — H i n s h e l w o o d  k in e tic  eq u a tio n s; only  th e  p resence  
o f th e  re a c tio n  p ro d u c t h as  to  be ta k e n  in to  co n sid era tio n .

L e t  us now  exam ine th e  a p p lica tio n  o f  th e  eq u a tio n  to  an  a c tu a l re a c tio n , 
th e  d e h y d ro g e n a tio n  of a m ix tu re  of m e th y l-cy c lo h ex an e  an d  cy c lo h ex an e. 
E x p e r im e n ta l  resu lts  a re  a t  o u r d isposal fro m  an  earlie r p ap e r [9] in  w hich, 
h o w e v e r , calcu la tions w ere b a se d  on th e  a ssu m p tio n  th a t  m e th y l-cy c lo h ex an e , 
lik e  h y d ro g e n  or benzene, w o u ld  a c t on ly  as a d ilu en t, w hile E q . (12) ta k e s  
in to  a c c o u n t  th a t  th e  d e h y d ro g e n a tio n  of m eth y l-cy c lo h ex an e  an d  cy c lo h ex an e  
a re  p a ra l le l  processes.

B y  su b s titu tin g  th e  p a r t ia l  p ressu res in  E q . (12) b y  values fro m  th e  
fo rm u la

Pi =  N , P

(N,- b e in g  th e  mole frac tio n  o f  th e  given su b s ta n c e  an d  P  th e  to ta l  p ressu re ), 
a n d  b e a r in g  in  m ind th e  p re v io u s ly  p ro v ed  fa c t t h a t  th e  flow  ve loc ities o f  th e  
c o m p o n e n ts  (v1 and  v4) ex ceed  b y  fa r  th e  r a te  o f fo rm a tio n  of th e  p ro d u c t  (a), 
in  a  f lo w  system  an d  a t  a tm o sp h e ric  p re ssu re , th e  follow ing re la tio n  holds 
b e tw e e n  th e  ra te  of cy c lo h ex an e  d e h y d ro g e n a tio n  and  th e  m e th y lcy c lo h ex an e  
to  c y lo h e x a n e  ra tio :

1

IL'CH

1
1  +

^ C H  ^1

1 + Î
C H

к

^ C H к

к  ^ k
3 k(:u

К

(1  +  (?MCH • b4) {)4-

ОмСН

1 + ^M C H
к

^MCH

к
t M C H

к

(13)

(14)

L e t  us accept th e  v a lu e s  Qmch^i as th e  a p p a re n t  ad so rp tio n  coeffic ien ts  
o f  m e th y lcy c lo h ex an e  since th e y  are  p ro p o rtio n a l to , an d  in th e  l im itin g  case 
id e n t ic a l  w ith , the  a d so rp tio n  coefficien ts o f m e th y lcy c lo h ex an e, a n d  den o te  
th e m  b y  b4.

F o r  th e  d eh y d ro g en a tio n  of cy c lohexane  in  m ix tu re s  of cy c lo h ex an e  and  
a rg o n , ta k in g  in to  co n sid e ra tio n  th a t  th e  ad so rp tio n  coefficient o f a rg o n  is 
z e ro , i t  foliotes from  E q . (1) t h a t :

Acta Chimica Acaderniae Scientiarurn Hungaricae 51 , 1967
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1

M’C H

1

fcC H 1>1
1 +

+

&CI 1 , 1 +  k c "
к К
1 +  Açh

k1 Щ
k CH b v i

(15)

асн- Го 
Го

In  a p rev ious p ap e r (2) th e  values o f  асн a n d y 0 had  been d e te rm in e d  from  
m e a su re m e n ts  o f d eh y d ro g en a tio n  o f m ix tu re s  o f cyclohexane a n d  a rg o n  on 
th e  g iv en  c a ta ly s t  h u t th e  values o f bv  ana logous to  bv  were n o t c a lc u la ted . 
T hese a re  now  lis ted  in  T ab le  II .*

‘ The values of асн  and Гв slightly differ from those given formerly [2] since graphic 
evaluation  has been replaced by a more precise num erical method.
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T h e  ex p e rim en ta l re su lts , o b ta in e d  in  th e  case of th e  d e h y d ro g e n a tio n  of 
m ix tu re s  o f m eth y lcy c lo h ex an e  an d  cyc lohexane  have  confirm ed  re la tio n s  
(13a) a n d  (15a) [9 ]. V alues fo r d iffe ren t te m p e ra tu re s  are  q u o te d  in  T ab le  I.

T h e  co rrec tness an d  a p p licab ility  o f th e  eq u a tio n s  th u s  d e riv ed  c a n  easily  
he v erified . T he a p p a re n t ad so rp tio n  coeffic ien t o f cyclohexane m a y  be ca l
c u la te d  from  E q . (15). U sing th e  n o ta tio n  in tro d u c e d  in  E q . (15a):

w here v6 is th e  flow  velo c ity  o f argon .
E q u a tio n s  (13) an d  (15) b o th  define  a lin ea r  re la tio n sh ip  b e tw e e n  1/icch 

an d  v j v 1 an d  v j v v  re spec tive ly .

T h e  va lu e  o f bi m ay  be ca lcu la ted  fro m  th e  slopes of th e  s t r a ig h t  lines 
d efin ed  b y  (13a) and  (15a):



4 6 S C H A Y , T É T É N Y I :  H E T E R O G E N E O U S  C A T A L Y T IC  D E C O M P O S I T I O N  P R O C E S S E S

C om parison  o f th e  d a ta  of Tables I  a n d  I I  re v e a l a resem blance o f th e  
n u m e ric a l values o f th e  a p p a re n t ad so rp tio n  coeffic ien ts  o f th e  tw o su b s ta n c e s , 
w hich  is r a th e r  close in  v iew  of th e  d ifference o f  th e ir  m olecular w eights.

Table I

Kinetic data o f the dehydrogenation o f methylcyclohexane—cyclohexane mixtures. 
C atalyst: nickel. K ate of cyclohexane feed: 13 ml V I 1 ’ in in

t , °c “CH 74 Ye* bt , atm-1

271 1.03 1.579 0 .406 2.88

290 0.73 0.832 0 .2 0 4 3.08

299 0.37 0.800 0 .158 4.06

309 0.37 0.570 0 .115 3.95

317 0.34 0.511 0 .087 4.78

* Interpolated to  the given tem perature from directly m easured data of T able II.

Table II

Kinetic data o f the dehydrogenation o f cyclohexane—argon mixtures. 
Catalyst: nickel. R ate  of cyclohexane feed: 12 ml NTP/min

t , °c aCH 7  « /»,, atm“ 1

278 0.85 0.309 1.78

293 0.64 0.200 2.20

310 0.48 0.111 3.32

320 0.39 0.087 3.48

B y  in te r-  (e x tra )  p o la tin g  th e  values o f 6, a n d  to  iden tica l te m p e ra 
tu re s , we fin d :

27 5  ° C 300 °c 325 °C

bl (atm  ') 1.95 2 .70 3.68

b t (atm - 1 ) 2.85 3 .80 5.95

T he resem blance  of th e  d a ta  is s till m ore s tr ik in g  if  th e  values of lg 6,- are  
p lo t te d  ag a in st 1 /T  (F ig . 1) an d  th e  a p p a re n t a d so rp tio n  en thalp ies are  ca lcu 
la te d  from  th e  slopes of th e  s tra ig h t lines, 8 kca l/m o le  being o b ta in ed  in  b o th

yicia Chimica Acndemiae Scientiarum Hungaricae 51, 1967
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logb,

Fig. 1. S tra igh t lines obtained by transform ation of the da ta  of tem perature dependence of 
the apparen t adsorption coefficients of m ethylcyclohexane and cyclohexane

cases. T his fac t, besides confirm ing  th e  e q u a tio n s  used, ind ica tes th e  id e n tity  
o f th e  k in e tic  p a ra m e te rs  ch a rac te riz in g  th e  d eh y d ro g en a tio n  of th e  tw o  su b 
s ta n c e s .

3. Adsorption coefficients and kinetics o f  the dehydrogenation
of cyclohexane

T he values o f th e  a p p a re n t a d so rp tio n  coeffic ien ts  of cy clohexane m ay  he 
c a lc u la te d  for v a rious n ickel c a ta ly s ts  p re p a re d  in  d ifferen t w ays [3] as well 
as fo r p la tin u m  [4] an d  rh o d iu m  c a ta ly s ts . T h ese  values are lis ted  in  T a b le  III . 
As i t  m ay  be seen, th e y  are of th e  sam e o rd e r o f  m agn itude , a n d  th e ir  te m 
p e ra tu re  dependence is o f th e  sam e c h a ra c te r  as has been found  w ith  th e  
p rev io u s  nickel c a ta ly s t  (N i No. 1).

T he expression  fo r th e  a p p a re n t a d so rp tio n  coefficient is re m a rk a b ly  
sim p lified  if  a t te n tio n  is p a id  to  th e  la te ly  estab lish ed  fac t [10, 11] th a t  
cy c lo h ex en e  and  cyc lohexad iene  are d e h y d ro g e n a te d  w ith  a r a te  exceed ing  
th a t  o f  cyclohexane b y  one an d  tw o o rders o f m a g n itu d e , re spec tive ly . F ro m  th is  
fa c t i t  follows, in  c o n tra s t  w ith  fo rm er v iew s o f one of th e  a u th o rs  b a sed  on 
in d ire c t evidence [12], th a t  th e  d eso rp tio n  o f benzene and h y d ro g en  is m uch 
fa s te r  th a n  th e  o th e r  step s  of th e  d e h y d ro g e n a tio n  process of c y c lo h ex an e .

T herefore*
^CH’ 1*1 k.,, k 3 . ( lb)

♦In earlier papers [3, 12] it  has been shown th a t  the adsorption of cyclohexane cannot 
be the only rate  controlling step.

Acta  C h im ica  A cadem iae  Scientiarum  H u ngaricae  51 , 1907
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Table III

Apparent adsorption coefficients o f cyclohexane on various metal catalysts

Catalyst* t, °c blt atm 1 Catalyst* t, °c 6i atm- 1

N i No. 4 250 1.54 Ni No. 9 270 0.51
258 1.14 280 0.48
261 1.69 290 1.03
270 2.40 300 0.94
280 3.00 310 1.01
282 4.23

P t 280 7.7
289
299

4.26
290 11.7

4.87
305 14.0

N i No. 5 261 1.32 316 32.3
284 2.69

Rh 250 1.13
300 3.34

260 1.65
309 3.65

270 2.38
320 5.40

280 5.22
N i No. 8 280 0.61 290 4.50

290 0.76 300 5.34
300 1.42
300 1.44
310 2.60

* N um bering of the Ni cata lysts refers to different modes of preparation see [3].

T a k in g  in to  co n sid e ra tio n  in eq u a lity  (18), th e  expression of th e  a p p a re n t  
a d s o rp tio n  coefficient m odifies to

h bi
i + h a

k[

(19)

or, b e c a u se  o f  bx =  k j k [ ,

bi =  (19a>к  i +  к  CH

E v id e n tly , th e  v a lu e  o f can  rig h tfu lly  be ca lled  th e  ap p a re n t a d so rp tio n  
c o e ffic ien t of cyclohexene, since  th e  ra te  c o n s ta n t o f  fo rm atio n  of th e  ad so rb ed  
cy c lo h e x a n e  is in  th e  n u m e ra to r  while th e  d e n o m in a to r  contains th e  su m  of

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967
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th e  r a te  c o n s ta n ts  o f th e  tw o  opposed p rocesses, n am ely  desorp tion  a n d  s u r 
face re a c tio n  lead ing  to  decom position .

F ro m  resu lts  o f in d e p e n d e n t, b u t  s im ila r  k in e tic  exp erim en ts , th e  tru e  
a d so rp tio n  coeffic ien t o f  cyclohexane on n ick e l [13] can  be e s tim a te d . A s th is  
is o f th e  o rd e r o f 102, i t  is ju s t ly  assum ed th a t

k y k[ . (20)

F ro m  th e  va lu es  o f by figu ring  in  T ab les  I I  a n d  I I I ,  how ever, i t  follow s 
th a t  k y an d  ксн are o f th e  sam e o rd er o f  m a g n itu d e . C o n seq u en tly , th e  
a p p a re n t  a d so rp tio n  coeffic ien t is th e  ra tio  o f  th e  r a te  co nstan ts  o f a d so rp tio n  
an d  su rface  re a c tio n , an d  th e  ra te  of d e h y d ro g e n a tio n  is con tro lled  b y  b o th  
th e  a d so rp tio n  an d  su rface  reac tio n  of c y c lo h ex an e .

P lo ttin g  th e  lo g a rith m s of th e  by v a lu es  a g a in s t 1/T, th e  a p p a re n t  h e a t  of 
ad so rp tio n , A H y, m ay  be ca lcu la ted  fro m  th e  slopes of th e  re su ltin g  s tr a ig h t  
lines b y  th e  follow ing e q u a tio n :

b I b J exp
A H y
R T

( 21)

w here
A H y — ey — eCH .

T hus th e  va lu e  o f th e  a p p a re n t  h ea t o f a d so rp tio n  is th e  difference b e tw e e n  th e  
energ ies o f a c tiv a tio n  of th e  tw o ra te  c o n tro llin g  processes.

V alues o f  A H y fo u n d  fo r th e  d ifferen t m e ta l c a ta ly s ts  are co llected  in  T ab le  
IV .* T hese are  found  to  be  positive fo r ev e ry  c a ta ly s t ,  th e  a c tiv a tio n  energy

Table IV

Apparent enthalpies o f adsorption as calculated from  the constants o f the kinetic equation, 
and activation energies o f adsorption and surface reaction (kcal/mole)

Catalyst a h  : Cl *CH

Ni No. 1 13 23 10
4 19 29 10
5 13 18 5
8 10 22 11
9 15 20 5

P t 15 28 13
Rh 18 28 10

*On basis of the analogy of the kinetic relations for th e  different metals, in eq u a lity  (20) 
is assumed to he valid for all m etals, although it was verified experim entally for nickel ca ta ly st 
No. 1 only.

4 Ada Chimica Academiae Scientiarum Hungaricae 51,  1967
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fo r  cy c lo h ex an e  a d so rp tio n , th ere fo re , be in g  g re a te r  th a n  th a t  o f th e  su rface  
re a c tio n .

T h e  num erica l v a lu es  o f  th e  energy  o f  a c tiv a tio n  of cy c lo h ex an e  a d 
s o rp tio n  can  also be d e te rm in e d  from  th e  te m p e ra tu re  dependence o f  th e  slope 
o f th e  s t r a ig h t  line g iven  b y  E q . (15) d escrib in g  th e  deh y d ro g en a tio n  o f  cyclo 
h e x a n e  in  th e  presence o f a rg o n . As i t  is, th e  v a lu e s

Ув =
■

^CH

a re , i f  in e q u a lity  (20) a n d  th e  orders of m a g n itu d e  of the  by va lu es  a re  ta k e n  
in to  c o n s id e ra tio n , th e  rec ip ro ca ls  of th e  cy c lo h ex an e  adsorp tion  ra te  c o n s ta n ts . 
T h e  v a lu e s  of ex c a lc u la ted  from  th e  te m p e ra tu re  dependence — ta k e n  from  
a p re v io u s  p ap er [4] — are  also  listed  in T ab le  IV , to g e th e r w ith  th e  a c tiv a tio n  
en e rg ies  o f  surface re a c tio n  ca lcu la ted  from  E q . (21).

I t  m a y  be seen from  T ab le  IY  th a t  b o th  th e  adsorp tion  of cy c lo h ex an e  
a n d  th e  su rface  re a c tio n  are  processes re q u ir in g  considerable a c tiv a tio n . Since 
th e  su rfa c e  reac tio n  in v o lv es , as it  is, th e  r u p tu r e  of a C — H  b o n d , a d so rp tio n  
re q u ir in g  an  energy of a c tiv a tio n  in excess b y  1 0 — 20 kcal/m ole m u s t o fn ecess ity  
be a d isso c ia tiv e  p rocess, to o . This s ta te m e n t su p p o rts  th e  fo rm er a ssu m p tio n  
c o n c e rn in g  th e  d issocia tive  ad so rp tio n  of cy c lo h ex an e  [3], based  on  ev idence 
fro m  l i te ra tu re .  T he a c tiv a tio n  energy of cy c lo h ex an e  adso rp tion , la rg e ly  su r
p a s s in g  t h a t  of th e  su rface  reac tio n , also ag rees  w ith  the  e x p e rim e n ta l fac t 
m e n tio n e d  earlier th a t  th e  r a te  of d e h y d ro g e n a tio n  of rings co n ta in in g  yr-bonds 
is m u c h  h igher th a n  t h a t  o f s a tu ra te d  h y d ro c a rb o n  rings. The fa c t t h a t  u n s a tu 
r a te d  h y d ro ca rb o n s  are  m ore  easily  a d so rb e d  th a n  sa tu ra te d  ones is well 
k n o w n .

T h e  num erica l v a lu es  o f th e  a p p a re n t ad so rp tio n  coeffic ien ts a n d  the  
en e rg ie s  ca lcu la ted  from  th e ir  te m p e ra tu re  dependence, to g e th e r  w ith  th e  
r e c e n t  e x p e rim en ta l ev id en ce , th u s  c o rro b o ra te  th e  earlier s ta te m e n ts  o f one 
o f th e  a u th o rs  [12] a b o u t th e  m echanism  a n d  th e  k inetics of cy c lo h ex an e  
d e h y d ro g e n a tio n . S u m m in g  u p , i t  m ay  be s t a te d  th a t  the  ra te  o f th e  p rocess 
is c o n tro lle d  b y  th e  ra te s  o f  b o th  th e  d isso c ia tiv e  adso rp tion  of cy c lo h ex an e  
a n d  th e  surface re a c tio n . T h e  ac tiv a tio n  e n e rg y  requ ired  b y  th e se  s tep s  is 
la rg e r  fo r  cyclohexane a d so rp tio n , th e re fo re  A H 1 (and, o f course, A H X for 
m e th y lc y c lo h e x a n e ) is p o sitiv e . As th e  in v e rse  of d issociative a d so rp tio n , 
d e s o rp tio n  does n o t a ffec t th e  p ic tu re  u n d e r  th e  given co n d itio n s , th e  tru e  
e n th a lp y  o f ad so rp tio n  c a n n o t be in fe rred  f ro m  kinetic  m e a su re m e n ts . T hus 
c o rre c tn e s s  of th e  a s su m p tio n  of an  e n d o th e rm ic  adsorp tion  [9] re m a in s  still 
u n d e c id e d .
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SUMMARY

The possibility has been exam ined to  extend the scope of the kinetic equation  for 
unim olecular heterogeneous catalytic reactions, derived and  verified earlier, to  th e  case of 
a  surface reaction proceeding in two steps and for a m ix tu re  containing two reacting  com po
nents. The equations th u s  obtained are sim ilar in form  to those derived for the sim pler case. 
The correctness of th e  equation is supported  by experim ental results obtained in  th e  sim ul
taneous dehydrogenation of m ethylcyclohexanc and cyclohexane. The results unequivocally 
show th a t the firs t step  in  the dehydrogenation of cyclohexane and related com pounds is 
dissociative adsorption followed by a surface reaction involving the final elim ination of hydro
gen. These two processes jo in tly  control th e  rate.
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KINETICS AND MECHANISM OF SUBSTITUTION 
REACTIONS OF COMPLEXES, IV*

TH ER M A L DECOM POSITION O F COM PLEXES OF T H E  T Y P E  [Co(Cy),Amin2]X

J .  ZsAKÓ, Cs. V Á R H E L Y I an d  E. K É K E D Y

( F a c u l t y  o f  C h e m i s t r y ,  B a b e $ - B o l y a i  U n i v e r s i t y ,  C l u j )

R ece iv ed  M ay 2, 1966

W e sy n th e tiz e d  a g re a t  n u m b e r of new  com plexes o f  th e  ty p e  
[Co(Cy)2A m in2]X , w here Cy m e a n s  1 ,2 -cyc lohexaned ioned iox im e (n ioxim e). The 
am ine  (A m in) w as aniline, o-, m- a n d  p -to lu id in e , o- an d  p -e th y la n ilin e , o- and 
p -an is id in e , X  w as C D , B r - , I - , SC N ~, СЮ4 , NO-j" a n d  co m p lex  an ions as 
[Co(N H 3)2(N 0 2) J - ,  [C r(N H 3)2(SCN )4]~ , [Cr(SCN)0] ^ .

These b in a ry  sa lts w ere o b ta in e d  b y  oxid izing  an  alcoholic  aqueous 
so lu tio n  o f C o(II) sa lt, b y  a ir  b u b b lin g , in  th e  presence o f 1 ,2 -cyclohexaned ione 
d ioxim e a n d  of th e  co rresp o n d in g  am ine. D uring  th e  o x y d a tio n  th e  com plex 
ca tio n  [Co(Cy).,Amin.,]+ is fo rm e d  accord ing  to  th e  e q u a tio n

1 „  4-2 Co2+ -f- 4 Cy., -f- 6  A m ine +  0 0 2 =  2 [Co(Cy)2A m in2] -)- 2 A m in  • H + -f-

+  H.,0 .

F ro m  th e  so lu tio n  o b ta in ed  th e  s a lt w as se p a ra te d  b y  m ean s o f a double 
exchange reac tio n .

C oncern ing  th e  s tru c tu re  o f  th e se  com plexes, a s im ila r one as in th e  case 
o f th e  co rrespond ing  d im eth y lg ly o x im e  com plexes can  be  assu m ed . In  th e  
d im eth y lg ly o x im e com plexes th e re  is supposed  a h y d ro g e n  b rid g e  betw een  
th e  tw o  m olecules of oxim e [1 ], w h ich  is possible on ly  i f  th e se  ox im e m olecules 
occupy  th e  o c tah ed ro n  p lan e  a n d  th e  am ine m olecules (A m in) are  in  trans 
positio n . As ou r cyc lo h ex an ed io n e  d iox im e com plexes w ere o b ta in e d  under 
s im ila r co n d itio n , we can su p p o se  th e  follow ing s tru c tu re  fo r th e  o c tah ed ro n  
p lane  o f th e  com plex  ca tio n :

H , O - H . - O  IT,

/ 4  i t  / 4
H 2C

I
ICC

C = N ,  - N =  C
> • <  1

C = N '  *4 N =  C

CH2
I

C II2

H ,
1 I
О- H  и \ с /

н2

*Paper presented a t the “ Conference on A pplication of Physico-Chem ical Methods in 
the Chemical Analysis” , B udapest, A pril 20—23, 1966
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Fig. 1. The therm ogram s of some [Co(Cy)2Aniline2]X  salts

W e stud ied  th e  b e h a v io u r  of these  com plexes b y  th e rm o g rav im e tric  
a n a ly s is . As in th e  case o f  th e  d im ethy lg lyox im e com plexes, we could  observe 
th r e e  ty p e s  of th e rm o g ra m s . T he salts of ox id iz ing  an ions (CIO^T, N O J , 
[C o (N H 3)2(N 0 2)4]^ )  d eco m p o se  qu ick ly , exp losively , b e tw een  180 an d  250°. The 
s a l ts  o f th io cy an a te  c o n ta in in g  com plexan ions [C r(N H 3)2(SCN)4] [Cr(SCN)6]3~
sh o w  a slow pyro lysis , w ith o u t  th e  fo rm atio n  o f w ell defined  in te rm ed ia te s  
(F ig . 1). In  th e  case o f  th io c y a n a te s , iodides, b ro m id es a n d  som etim es also 
ch lo rid e s , one can observe  on  th e  th erm o g ram s a w e ig h t loss s to p , co rrespond ing  
to  th e  loss of one m olecu le  o f  a ro m atic  am ine . T h is w e ig h t loss sto p  is m ore 
d e f in ite  in the  case of th io c y a n a te s  and  iodides, a n d  less de fin ite  w ith  chlorides
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(F ig s . 1 — 2). T he b eh av io u r of th e se  com plexes is th u s  p e rfec tly  an a logous to  
th e  b eh av io u r o f  th e  co rrespond ing  d im eth y lg ly o x im e com plexes [2 ].

O n th e  a n a lo g y  w ith  d im e th y lg ly o x im e  com plexes, w here  we h av e  
sh o w n , th a t  th e  f i r s t  stage of th e  th e rm a l decom position  is a su b s titu tio n  
re a c tio n  (3 ], we ca n  suppose th a t  th e  f ir s t  w eigh t loss sto p  co rresp o n d s to  th e  
fo rm a tio n  of a s ta b le  n o n e lec tro ly tic  in te rm e d ia te , accord ing  to  th e  eq u a tio n

[Co(Cy)2A m in2] + -j- X -  =  [Co(Cy) ,Amin X ] +  A m in

As the  re a c tio n  leads to  th e  fo rm a tio n  of a single solid in te rm e d ia te  and  
o f  a gaseous p ro d u c t, th e  k inetics o f  th e  process can  be s tu d ie d  b y  m ean s of
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H o r o w i t z  a n d  M e t z g e r ’s m e t h o d  [4].  In  t h e  c a se  o f  f i r s t  o r d e r  r e a c t io n s  
t h e s e  a u t h o r s  f o u n d  t h e  fo l lo w in g  e q u a t io n  t o  b e  v a l id

In In W° -  =  I n i n —  =
W  — Wt X  R T I

& ( 1 )

w here  W 0, W t and  W  a re  th e  in itia l, th e  fin a l a n d  th e  a c tu a l  w eigh t o f th e  sam ple , 
re sp e c tiv e ly , E*  is th e  a c tiv a tio n  energy , R  =  th e  gas c o n s ta n t, Ts =  th e  
te m p e ra tu re  in  °K  w h en  th e  m o la r frac tio n  x  o f th e  in it ia l  com plex  is eq u a l to  
1

—  a n d  I? is th  e re la tiv e  te m p e ra tu re , accord ing  to  th e  eq u a tio n  $  =  T  — T s. 
e

1
A  p lo t o f  lg  lg  —  versus v  g ives a s tra ig h t line  w ith  th e  slope £ * /2 .3  R T l ,  

x
w h ich  allow s th e  c a lc u la tio n  o f E * .

I n  th e  case of second  o rd e r reac tio n s w e h av e

In
1

x
1

E*
RTI

& (2)

an d  a p lo t of lg
' 1

x
1 ve rsu s  & gives also a s tr a ig h t  line w ith  th e  sam e

slope as before.
F ro m  th e  o b ta in e d  T s a n d  E* d a ta  i t  is possib le  to  ca lcu la te  th e  freq u en cy  

fa c to r  Z  o f A rrh en iu s’ e q u a tio n  w ith  the  fo rm u la  [5 ]:

Z  =
E*

q --------
R T I

exp .'31

w here  q is th e  ra te  o f h e a tin g : q = ----- •
dt s

T h e  a c tiv a tio n  e n tro p y  AS*  can  be o b ta in e d  from  Z  using  th e  know n 
c o rre la tio n

A S *  =  2.3 R  l g -----  (4)
AT

w h ere  h is th e  P la n c k  c o n s ta n t, к =  th e  B o ltz m a n n  c o n s ta n t.
D u rin g  p y ro ly sis , a re la tiv e ly  stab le  in te rm e d ia te  w as fo rm ed  b y  th e  

m a jo r i ty  of s tu d ied  co m p o u n d s, w hich a t  h ig h e r te m p e ra tu re  decom poses, to o . 
O n th e  th e rm o g ra v im e tr ic  cu rves (F ig. 2) th e  th e o re tic a l p o sitio n  of th e  non- 
e le c tro ly tic  in te rm e d ia te  [Co(Cy)2A m in X ] is m a rk e d . T he f in a l p ro d u c t o f th e  
p y ro ly s is  was Co30 4 in  a ll th e  cases (see also T ab le  I).
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Tabló I
Stoichiometric data fo r  the thermal decomposition o f complexes o f the type [Co(Cy)2 (A m ),]X

X Am
Weight 
of the 
sample 

mg

Nonelectrolyte
T, °c

mg Co30 4 (920 °C)

Calcd.
mg

Found
II1S Calcd. Found

Cl aniline 100.6 83.4 _ — 14.3 13.8
Br aniline 101.8 86.2 96 240 13.4 12.9
I aniline 104.2 89.2 88.8 210 12.77 12.8
NCS aniline 100.8 84.1 84.7 220 13.9 14.0
Br o-toluidine 100.5 83.5 83 162 12.6 12.0
I o-toluidine 100.5 84.7 — 11.8 11.3
NCS o-toluidine 100.3 82.8 90 210 13.1 12.0
Cl m-toluidine 100.6 82.2 97 240 13.66 13.6
Br m-toluidine 101.0 83.9 — — 12.75 12.4
I m-toluidine 100.8 84.9 88 220 11.8 11.3
NCS m-toluidine 100.1 82.6 83.5 210 13.2 13.6
Cl p-toluidine 100.4 82.2 — 13.6 13.6
Br p-toluidine 100.4 83.5 83 — 12.68 12.58
I p-toluidine 100.2 84.6 84.4 210 11.7 11.0
NCS p-toluidine 101.0 83.5 84.1 204 13.2 12.9
Br • H .O o-ethyl-aniline 100.7 80.6 82 220 11.9 12.2
1 o-ethyl-aniline 100.9 83.6 85 216 11.4 10.8
Cl p-ethyl-aniline 100.2 80.5 — — 12.9 12.0
В г p-ethyl-aniline 100.7 82.3 95 230 12.18 12.1
I p-ethyl-aniline 101.1 84 88 200 11.4 11.5
NCS p-ethyl-aniline 50.0 40.5 40 196 6.3 6.9
Cl o-anisidine 100.6 80.7 80.3 176 12.9 12.0
I o-anisidine 100.1 82.8 81 216 11.2 —
NCS o-anisidine 100.3 81 82 200 12.5 12.8
Cl • 2 H .0 p-anisidine 100.3 80.5 90 232 12.9 12.8
Br p-anisidine 102.0 83.3 — — 11.7 11.4
I p-anisidine 101.3 83.8 90 200 11.4 11.9
NCS ■ 11,0 p-anisidine 100.8 79.5 81 220 12.17 12.1

CH2

II . C C = N —OH
“ Cy” =  ‘ I I

H 2C C =  N —O..
\  /

CH2

W e app lied  H o r o w it z  and  M e t z g e r ’s m e th o d  to  the  28 ch lo rid e s , 
b rom ides, iodides an d  th io cy an a te s  a n d  we co u ld  ap p ro x im a te ly  lin ea rize  th e
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th e rm o g ra v im e tr ic  cu rves in  th e  case o f 19 com plexes w ith  e q u a tio n  ( 1 ) o r  (2 ), 
in  th e  m a jo r i ty  of th e  cases w ith  b o th . In  9 cases i t  w as im possible to  o b ta in  a 
s t r a ig h t  lin e , especially  w ith  ch lorides. F ro m  th e  s tra ig h t lines o b ta in e d  we 
c a lc u la te d  th e  a c tiv a tio n  energ ies E* an d  th e  d ecom position  te m p e ra tu re s  T s. 
B y  m e a n s  o f th e  eq u a tio n s  (3) and  (4) we o b ta in e d  th e  en trop ies o f th e  a c t i 
v a t io n  A S* .  T he o b ta in e d  d a ta ,  to g e th e r  w ith  th e  explosion te m p e ra tu re s  of 
th e  p e rc h lo ra te s , are  g iven  in  T ab le  I I .  In  th e  f ir s t  colum n th e  c o -o rd in a te d  
a m in e , in  th e  o thers T s, E*  a n d  z4S* d a ta  a re  g iven .

Table II

K inetic data for the substitution reaction [Co(Cy)2A m in2] X  =  [Co(Cy)2Amin X] ; ■ Amin

Amine
Decomposition temperature

T, in °K
Activation energy 

E*, kcal/mole
Activation entropy 

/IS*, e. u.

Cl Br I SCN C104 C1 1 Вг 1 I SCN Cl Br I SCN

a n ilin e — 527 490 461 500 _ 26 28 w> CO — - 1 9 — 13 +  15

o -to lu id in e — 441 - — 496 — 37 — _ — +  17 —
m -to lu id in e — — 473 465 507 — — 33 47 — — + 1 +  33

p -to lu id in e — — 475 474 488 — _ 28 36 — — — 9 +  8

o -e th y la n ilin e - 458 441 — 485 — 24 31 - - - 1 6 +  3 —

p -e th y la n ilin e — 529 477 395 497 — 22 31 31 -  28 — 3 +  12

o -a n is id in e 465 — 457 425 512 34 — 38 30 + 4 — +  16 +  3

p-anisid ine — 479 476 475 491 — 31 28 28 — +  3 10 - 9

T h e in te rp re ta tio n  o f th ese  d a ta  is v e ry  d ifficu lt, because th e  s tu d ie d  
p ro cess , be ing  he te ro g en eo u s, is v e ry  co m p lica ted . D iffusion can  p la y  a v e ry  
im p o r ta n t  ro le, an d  th e  a c tiv a tio n  energy  ca n  be in fluenced  b y  th e  c ry s ta l 
la t t ic e  energy . In  sp ite  of th e se  d ifficu lties we tr ie d  to  give an  e x p la n a tio n  in  
th e  case of th e  analogous d im eth y lg ly o x im e  com plexes, assum ing  t h a t  th e  
re a c tio n  ra te  is d e te rm in ed  b y  th e  ra te  of th e  su b s titu tio n  reac tio n  [2 ].

A ssum ing  th a t  th e  chem ical reac tio n  is th e  ra te  de te rm in in g  p ro cess , on 
th e  b as is  o f our e x p e rim e n ta l d a ta  лее can  su p p o se  t h a t  the  su b s ti tu tio n  re a c tio n  
ta k e s  p lace  accord ing  to  a n  S nj2 m ech an ism , or a com petition  b e tw e e n  S n I 
a n d  S,\;2 m echanism s is possib le. A ssum ing  a n  8 ^ 2  m echanism , we can  ex p ec t 
a n  in c reas in g  re a c tio n  ra te ,  i.e. decreasing  decom position  te m p e ra tu re , w ith  
in c rea se  o f th e  n u c leophy lic  force of th e  a t ta c k in g  agen t X " .  T he n u c leo p h y lic  
fo rce  o f th e  anions co nsidered  increases in  th e  sequence C l-  <  B r~  <  I -  <  
<  S C N -  accord ing  to  th e  values o f th e ir  e le c tro n  donor co n stan ts  [6 ] . As th e  
th io c y a n a te  ion  can  give a m u ltip le  b o n d  w ith  cobalt th a t  is a m ore  s tab le  
in te rm e d ia te  com plex  th a n  I “ , th e  decrease  o f  th e  decom position  te m p e ra tu re  
in  th e  o rder C1“ >  B r^  >  I -  >  SCN ~ (h av in g , of course, th e  sam e со-
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o rd in a ted  am ine) can  be ex p ec ted . As seen from  T ab le  I I ,  th e  e x p e c te d  ru le  is 
valid  in all th e  s tu d ie d  cases som etim es h o w ever, th e  d ifferences a re  n o t  v e ry  
significant.

I f  we assu m e  an Srs.2 m echan ism , th e  a c tiv a te d  com plex m u s t h a v e  th e  
co -o rd ination  n u m b e r 7. T he loss of C .F .S .E . (c ry sta l fie ld  s ta b iliz a tio n  
energy) in a b in y ra m id a l in te rm e d ia te , co m p ared  to  th e  o c tah ed ra l com plex ,

x _ _

Fig. 3. The form ation of the presum ed ac tivated  interm ediate

is ab o u t 47 k cal/m o le  [7]. T he p resu m ed  s tru c tu re  of our com plexes m akes 
th e  fo rm ation  o f  a pen tag o n a l h ip y ram id ic  in te rm e d ia te  h a rd ly  p ro b ab le , 
because of th e  h y d ro g en  bridges. W e can  supp o se  ra th e r  th e  fo rm a tio n  o f an 
in te rm ed ia te , like  th a t  show n in  F ig . 3. In  th is  case th e  C .F .S .E . m u s t be less 
th a n  th e  value g iven  above, b u t  g re a te r  th a n  a b o u t 2 0  kcal, w hich co rresp o n d s to  
th e  d issociation  m echan ism  [7]. T he m ean  v a lu e  o f th e  ac tiv a tio n  en e rg y  in 
o u r experim en ts w as 32 —|— 2 kca l for th e  19 com plexes s tud ied  in good a g ree 
m en t w ith th e  ab o v e  considera tions.

As seen fro m  T ab le  I I ,  th e  av erag e  va lu es  a p a r t  from  those for b ro m id es, 
iodides and  th io c y a n a te s , do n o t d iffer e ssen tia lly  from  th is  va lu e , a lth o u g h  
one can observe a slig h t ten d en cy  of increase from  brom ides to  th io c y a n a te s . 
C om paring th e  m ean  values o b ta in e d  w ith  th o se  found  for th e  co rresp o n d in g  
d im ethy lg lyox im e com plexes (T able  I I I ) ,  we can  see th a t  th e y  are  a l i t t le

Table III

Comparison o f the mean activation energies and entropies o f  1,2-cyclohexanedione dioxime (C y) 
complexes with analogous data for dimethylglyoxime (D II) complexes

Cl Hr SCN

Mean activation c > 28± 2 .7 31 ±  1.4 35 ± 2 .9
energy. Kcal/mole DH 36 ±4.1 32 ±2 .8 36±2.4 37 ± 3 .3

Mean activation Cy — 9 ±9.1 — 2 ±3.8 ± 1 0  ± 5 .7
entropy, e. u. 1)11 ±  4 ±  10 - 2  Y.5.2 ±  12 ±5.4 ± 1 4 ± 7 .9
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sm alle r in  th e  case o f 1 ,2 -cyclohexaned ione d io x im e com plexes. In  th e  sam e 
tim e  th e  decom position  te m p e ra tu re s  are  g e n e ra lly  a l i ttle  h igher th a n  in  th e  
case o f  th e  co rrespond ing  d im eth y lg ly o x im e  com plexes. C om parison o f  th e  
b ro m id e s , iodides an d  th io c y a n a te s  of th e  sam e  series, an d  co m p ariso n  of 
d im e th y lg ly o x im es a n d  cyclohexane-d ione  d iox im e com plexes show  th a t  
d ecrease  o f d ecom position  te m p e ra tu re s  is a cco m p an ied  b y  a te n d e n c y  of 
in c rea se  o f th e  a c tiv a tio n  energy . T his m ean s t h a t  for th e  decreases o f  T s th e  
e n tro p y  fa c to r  is re sponsib le . As seen from  T ab le s  I I  an d  I I I  th e  e n tro p y  values 
o b ta in e d  are  v e ry  sc a tte re d  an d  do n o t en ab le  us to  d raw  reliab le  conclusion . 
N e v e rth e le ss  we can  observe  an  increase of th e  a c tiv a tio n  e n tro p y  in  th e  sam e 
d ire c tio n  in  w hich th e  a c tiv a tio n  en erg y  in creases . The a c tiv a tio n  e n tro p y  
a p p e a rs  to  be p ositive  in  th e  case of th io c y a n a te s  in  b o th  series, b u t  o n ly  w ith  
d im e th y lg ly o x im e  com plexes in  th e  case o f io d ides, in  th e  o th e r co m pounds 
h a v in g  n e a r  zero or n eg a tiv e  values. O w ing to  th e  v e ry  sca tte re d  e x p e rim e n ta l 
v a lu e s , th is  e n tro p y  e ffec t is u n c e rta in  a n d  also  th eo re tica lly  can  be h a rd ly  
in te rp re te d .

W e consider t h a t  o u r k in e tic  d a ta  a re  n o t  re liab le  enough to  su p p o rt 
w ith  c e r ta in ty  our h y p o th ese s  concern ing  th e  m echan ism  of th e  s u b s titu tio n . 
I n  o rd e r  to  arrive  a t  re liab le  conclusions i t  is u n d o u b te d ly  n ecessary  to  s tu d y  
th is  re a c tio n  u n d er m ore  con tro llab le  co n d itio n s .

Experimental part

The synthesis of the C o(III) nioximine complexes. To 5 g of Co(CH3COO)2 4 H 20  
(20 m m oles), dissolved in  100 ml w ater, is added 5.7 g 1,2-cyclohexanediondioxime (40 mM) 
and  60 mM of arom atic am ine (aniline derivatives w ith  p K  <  11) dissolved in 200 ml ethanol. 
The ob tained  brown solution is oxidized by  a strong  cu rren t of air bubbling for 5—7 hours. 
The solution is made up to  600 ml w ith 50% alcohol and filtered. The concentration  of the 
o b ta ined  [Co(Cy)2A m ine2] CH3COO solution is approx im ately  33.3 mM/1.

From  this acetate  solution a great num ber of products can be obtained by  th e  means 
of double exchange reactions. The anions of sm aller ion radii as Cl~, B r- , SCN -  p recip ita te  
generally  the corresponding complex salts only from  concentrated solutions a fte r  longer 
stand ing . The volum inous anions as C lO j, I~ , p icrate and complex anions as 
[Co(N H 3)2(N 0 2) , ] [ C r ( S C N ) c]3 - precip itate nearly  quan tita tive ly  the considered complex 
ca tions even from dilu te solutions.

The solubility of th e  complex salts depends, besides the anion also on the n a tu re  of the 
co-ordinated  amine molecules (e.g. the p-to lu id ine, p-ethylaniline and p-anisidine derivatives 
are a little  more soluble th a n  the corresponding ortho  derivatives).

F rom  the aceta te  solution the crystalline [Co(Cy)2Amin2]X sa lts  were obtained as 
follows:

To 60 ml acetate  solution (containing 2 mM) is added a volume of 20—100 ml N aX  or 
H X  solution. A fter standing  for 4—12 hours th e  crystalline product is filtered  of, washed 
w ith  sm all quantities of w ater and dried on air. The utilized quantities of the reagents were:

20—100 m l of 10% NaCl solution 
20— 30 ml of 30%  H B r or N aB r solution 

30 ml of 5%  K I solution 
50 ml of 10% IIC104 solution 

20—- 50 m l of 25%  NaCNS solution
o-toluidine and o-anisidine derivatives p recip ita te  only after standing for 3 — 4 days.
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Table IV

New complexes o f type [Co(Cy)2A m 2]X

X Mol. Analysis
Appearanceweight Calcd. Found

Cl 562.9 Co 10.48 
N 14.93

10.25
14.40

thin  yellow-brown 
needles

I 654.4 Co 9.00 
N 12.85

9.01
12.75

th in  brow n acic- 
u lar cryst.

NCS 585.6 Co 10.07 
N 16.75

10.10
16.74

yellow-brown 
short prisms

Br 635.4 Co 9.27 
N 13.22

9.06
13.33

fibrous brown 
prisms

I 682.4 Co 8.62 
N 12.31

8.26
12.25

brilliant brown 
hexagonal plates

NCS 613.6 Co 9.60 
S 5.22

9.51
5.29

red-brown prisms

CIO, 655 Co 8.99 9.03 brown irregular 
prisms

Cl 591 Co 9.97 
N 14.22

9.93
14.31

thin  brown rec t
angular plates

Br 635.4 Co 9.27 
N 13.22

9.12
13.29

irregular rhombo- 
hedric brown 
plates

I 682.4 Co 8.63 
N 12.31

8.45
12.23

th in  irregular 
brow n plates

NCS 613.6 Co 9.60 
S 5.22

9.96
5.10

yellow th in  acic- 
ular cryst. aggre
gate

CIO, 655 Co 8.99 8.92 acicular cryst. 
aggregate

Cl 591 Co 9.97 
N 14.22

9.95
14.17

red-brown long 
prisms

Br 635.5 Co 9.27 
N 13.22

9.20
13.27

brown rectangular 
prisms

I 682.4 Co 8.63 
N 12.31

8.45
12.59

dark red rhombo- 
hedric cryst.

NCS 613.6 Co 9.60 
S 5.22

9.72
5.27

brown th in  acicu
lar cryst. aggre
gate

CIO, 655 Co 8.99 8.86 long, yellow- 
brown needles

[ 710.5 Co 8.29 
N 11.82

8.15
11.70

brown, irregular 
hexagonal plates

Cl 619.1 Co 9.52 
N 13.57

9.36
13.61

brown prisms

I 710.5 Co 8.29 
N 11.82

8.33
11.64

dark brown thin 
prisms
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No. Am X Mol. Analysis
Appearance Yield

weight Calcd. Found о

21. p -ethy lan iline NCS 641.7 Co 9.18 
S 4.99

9.06
4.78

yellow-brown, ir
regular prisms 50

22. o-anisidine Cl 623 Co 9.46 
N 13.49

9.33
13.54

fibrous brown 
prisms 45

23. o-anisidine NCS 645.6 Co 9.11 
S 4.96

9.43
4.87

long, brown 
prisms 30

24. o-anisidine I 714.4 Co 8.25 
N 11.76

8.14
11.82

brown rhombo- 
hedric prisms 70

25. o-anisidine CIO, 687 Co 8.57 8.39 long, thin yellow- 
brown needles 75

26. p-anisidine Cl • 2H..0 659 Co 8.95 
N 12.75

9.11
12.86

brown needles
85

27. p-anisidine Br 667.5 Co 8.83 
N 12.59

8.70
12.30

brilliant dark- 
brown prisms 75

28. p-anisid ine I 714.4 Co 8.25 
N 11.76

8.60
11.50

dark-brown nee
dles 80

29. p-anisidine NCS,H„0 664 Co 8.87 
S 4.82

8.82
4.77

yellow-brown, 
th in  needles 77

30. p-anisidine CIO, 687 Co 8.57 8.47 yellow-brown 
th in  needles 80

“ С у” =  C6H9N20 2

A nalysis. The complexes w ere digested with cone. H 2S 0 4 and a few drops of cone. 
H N 0 3. T he solution was neu tralized  w ith  CH3COONa. Cobalt was determ ined complexo- 
m etrica lly  in  the presence of M urexide , n itrogen by D u m a s’ m ethod, and sulphur gravim etri- 
cally, as B a S 0 4.

T he analysis data, a short characterization  of the products, and yields are given in 
T able IV .

T he therm ogravim etric analysis was made w ith a therm obalance, worked ou t on the 
basis o f lite ra tu re  data [8]. The h ea ting  ra te  was q =  10 °C/min.

SUMMARY

T here were synthetized over 30 new Co (III) nioximine complexes and their behaviour 
was s tu d ied  by therm ogravim etric analysis. In the case of chlorides, brom ides, iodides and 
th io cy an a tes  the formation of th e  nonelectrolytic interm ediate [Co(Cy)2Amin X] was observed. 
By H o r o w it z  and M e t z g e r ’s m ethod  the activation energies and entropies of the substitu tion  
reac tio n  which leads to the fo rm ation  of th is interm ediate were calculated. A hypothesis con
cerning th e  mechanism of this reac tion  is suggested.
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Introduction

T h e v a p o u r  p ressu re  o f H._,0, a t  m o d era te  te m p e ra tu re s  m ore v o la tile  
th a n  D ,0 ,  is know n to  be eq u a l to  th a t  of th e  la t te r  a t  225°C, w hile above  th is , 
so-called  “ cross-over”  te m p e ra tu re  D ,0  becom es th e  m ore v o la tile  o f th e  tw o 
co m p o u n d s [1]. A sim ilar p h en o m en o n  in th e  iso top ic  effect has been  re p o rte d  
fo r w a te r  below  freezing te m p e ra tu re s  b y  Jo h a n n in  an d  Jo h a n n in  G illes. 
H ow ever, th e  fallaciousness of th is , also th eo re tica lly  n o t in te rp re ta b le  s ta te 
m e n t, h as  b een  show n in an  ea rlie r p ap e r [2 ].

In  o rd e r to  o b ta in  fu r th e r  in fo rm a tio n  a b o u t th e  n a tu re  of th e  iso top ic  
effect on v a p o u r  p ressure , it  w as th o u g h t of in te re s t to  s tu d y  in a d d itio n  to  
w a te r , som e o th e r com pounds lin k ed  by  h y d ro g en  bo n d s. A lcohols p re sen ted  
th em se lv es  in  th e  f irs t place for use as m odels. V ap o u r p ressu re  m easu rem en ts  
w ere p e rfo rm ed  on th e  v a rio u s  d e riv a tiv e s  of m eth an o l, th u s  on C H 3OD f irs t  
b y  B e e r s m a n s  an d  J ü n g e r s  . [3 ],  th e n  rep ro d u ced  b y  E f r e m o v  et al. [4]. 
R a b i n o v i c h  an d  his co-w orkers [5] d e te rm in ed , in  a d d itio n , th e  v a p o u r  
p re ssu re  o f C ,H 3O D . H ow ever, te m p e ra tu re  d ependence  an d  cross-over 
s tu d ie s  req u ire  precise m easu rem en ts  over a m ore e x ten d ed  range  o f te m p e r 
a tu re s  th a n  th a t  covered  b y  th e  a u th o rs  re fe rred  to . Som e o f th e  earlie r 
re su lts  a lre a d y  rep o rted  [6 , 7] w ill be now  p re sen ted  in  a fo rm  co m p le ted  
w ith  d a ta  from  la te r  and  re p e a te d  ex p erim en ts  an d  d iscussed  in  m ore d e ta il.

Experim ental technique and results

Several m ethods have been proposed for the production of deu terated  derivatives 
from  m ethy l and ethyl alcohol, among w hich hydrolysis of sodium alcoholates in heavy  w ater 
proved to  be the most convenient f8J. Alcohols, purified by distillation were converted into 
sodium  alcoholates and these were hydrolyzed in 99,9 atom ic %  heavy w ater, and purified 
in a semi-micro rectifier in to  which some m etallic sodium was added to  keep it free from w ater. 
The da ta  of m aterials and products are listed in  Table I.

The vapour pressures of the deutero alcohols were compared w ith those of the correspond
ing alcohols of na tu ra l isotopic abundance. A t lower tem peratures the vapour pressures up to

* P a rt I. [2].
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Table I

Data o f compounds used in the experiments

D atom 
per cent

20°nD 1 Boiling point
°c

Methanol natural 1.3288 64.8
Methanol-d 97 1.3274 65.6
Ethanol i natural 1.3611 78.4
Ethanol-d 99 1.3606 79.0

a difference of 2 mm Hg were com pared using the differential m anom eter already described [2], 
the m em brane of which is a 0.3 m m  thick, concentrically corrugated plate. The sensitivity 
of th e  m em brane perm its to  m easure differential pressures of the order of 0.005 mm Hg.

Fig. 1. A pparatus used for the m easurem ent of vapour pressure differences higher than
2 mm Hg

The pressure differences above 2 mm Hg were m easured w ith a differential m ercury m anom 
eter apparatus. The difference betw een the m ercury levels in the 18 mm diam eter U-shaped 
tube  could be read w ith a cathetom eter to 0.05 mm accuracy. The readings expressed by the 
differences of the height of m ercury levels have been corrected to 0° C. Reduction of mercury
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Table II
Results fo r  CH3O H —CH3OD

t
°C

Р С Н з О Н  mm Hg
A P

mm llg 10! In - — 
Pd

10* lna

— 22.3 6.0 0 .576 10.094

20.3 7.0 0.665 9.985

16.8 9.0 0 .804 9.359

15.5 10.0 0.875 9.159

13.9 11.0 0 .949 9.023

12.6 12.0 1.032 8.995

11.4 13.0 1.101 8.848

10.5 14.0 1.173 8.746

9.5 15.0 1.236 8.601

8.6 16.0 1.312 8.555

7.7 17.0 1.374 8.426

6.8 18.0 1.445 8.371

6.0 19.0 1.507 8.260

5.1 20.0 1.562 8.131

4.4 21.0 1.638 8.122

3.7 22.0 1.709 8.085

2.9 23.0 1.759 7.956

2.3 24.0 1.805 7.818

1.7 25.0 1.855 7.705

1.0 26.0 1.924 7.791

- 0 . 4 27.0 1.998 7.687

+  0.2 28.0 2.036 7.567

0.7 29.0 2.082 7.447

1.4 30.0 2.121 7.325

5.0 39.0 2.70 7.047

6.0 42.0 2.90 7.160

6.0 42.0 2.90 7.160

7.4 45.0 3.05 6.934

8.0 47.0 3.10 6.775

8.9 49.6 3.30 6.888

+  9 .0 50.0 3.25 6.720

10.0 53.2 3.30 6.402

11.0 56.4 3.60 6.598

11.1 56.9 3.55 6.439

11.5 58.0 3.75 6.683

12.0 59.7 3.70 6.402 6.339

12.6 62.0 3.70 6.158 6.096
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t
°c

POH,OH mm Hg
/IP

mm Hg 10s In P"
Pd

102 In a

13.0 63 .3 3.90 6 .363 6.298

13.1 63.7 3.90 6 .317 6.252

13.5 65.2 4.00 6 .335 6.269

14.4 68.5 4.10 6 .176 6.110

15.0 71 .0 4.20 6 .100 6.094

15.0 71 .0 4.25 6 .176 6.170

15.9 75 .0 4.40 6 .045 5.976

16.0 79.8 4.55 5 .874 5.805

17.4 81.3 4.70 5 .960 5.888

18.0 84.0 4.85 5.951 5.878

18.5 86.0 4.90 5.865 5.791

19.0 88 .6 5.05 5 .865 5.790

20.0 93.8 5.20 5 .704 5.629

22.5 106.5 5.80 5 .600 5.519

28.0 142.8 7.10 5 .098 5.010

31.4 170.0 7.95 4 .794 4.701

32.1 176.0 8.25 4 .8 0 4 4.709

32.6 180.0 8.35 4 .746 4.650

32.6 180.0 8.40 4 .785 4.688

33.1 184.5 8.70 4 .7 9 4 4.696

33.5 189.0 8.80 4 .765 4.666

33.6 190.0 8.80 4 .7 4 6 4.647

35.6 209.0 9.30 4 .555 4 .454

36.0 213.0 9.50 4 .5 6 4 4.462

36.4 217 .0 9.65 4 .546 4.442

37.4 228.0 9.90 4 .440 4.335

40.1 260.0 10.85 4 .258 4.148

40.5 265.0 11.15 4 .297 4 .184

41.1 272.0 11.35 4 .258 4.145

43.0 297.0 12.10 4 .1 6 4 4.046

45.0 312.0 12.80 4.191 4.066

45.3 315.0 13.00 4 .209 4.083

48.3 360.0 14.10 4 .000 3.870

49.8 401.1 14.75 3 .749 3.622

49.9 4 03 .0 14.80 3 .740 3.613

50.0 407 .0 14.85 3.740 3.613

50.0 407.0 14.95 3.765 3.638

50.5 414 .0 15.30 3 .767 3.637
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t
°c P C H 3 O H  

m m  H g
.IP

m i n  H g 10' In P"
I’l,

102 In a

52.3 446 .0 15.90 3 .634 3 .503

52.5 450.0 16.05 3.634 3.502

53.1 462 .0 16.45 3.625 3.491

53.5 470 .0 16.60 3.802 3.661

54.6 492 .0 17.30 3.576 3 .439

55.0 500 .0 16.80 3.417 3.285

57.6 558 .0 18.45 3.362 3 .224

58.0 569.0 18.50 3 .304 3.167

60.0 615.0 19.65 3.217 3.077

60.0 615.0 19.30 3.187 3.048

60.7 634 .0 20.00 3.208 3.067

62.7 692 .0 21.00 3.083 2.941

63.2 707.0 21.50 3.093 2.949

65.0 763 .0 21.42 2.846 2.709

65.1 765.0 22.35 2.966 2.822

65.5 776.0 22.15 2.897 2.755

70.0 930 .0 23.54 2 .563 2.424

75.0 1110 25.89 2.360 2.218

80.0 1320 28.25 2.162 2.018

85.0 1580 30.60 1.955 1.813

90.0 1870 31.78 1.715 1.579

95.0 2200 34.02 1.556 1.421

100.0 2600 35.30 1.365 1.237

105.0 3000 36.02 1.206 1.084

110.0 3500 36.84 1.057 0.942

115.0 4100 36.60 0 .895 0 .790

120.0 4700 35.66 0 .760 0.662

height to la titude  45° and to sea-level can be neglected, the correction being by 2 orders of 
m agnitude smaller than the experim ental error. Similarly to the set-up w ith m em brane m anom 
eter, a copper block w ith two sym m etrically  drilled holes joined by m etal to glass soldering 
to the glass tubing of the m anom eter was used as equilibrium  vessel. The sam ples were in tro 
duced into the system  evacuated  to I 0 _r> mm Hg directly from the am poules by soldering 
th e ir seals to  the glass tube and transferred  by distillation into the equilibrium  vessel. The 
m easuring set-up could be operated  up to  a pressure of 8 atm ospheres. The tem p era tu re  was 
m easured by m ercury therm om eter w ith a scale calibrated to 0.1°C accuracy. The entire 
appara tu s  was kep t im m ersed in liquid therm osta t exceeding by 1 —2°C th e  tem peratu re  
of the equilibrium  vessel. The schem atic drawing of the assembly is shown in Fig. 1.

The difference in vapour pressure could be m easured by these set-ups for CH3OH and 
CH.jOD a t tem peratures from  —20° to 120°C, for C2H5OH and C2H5O D from  —15 to 140°C. The 
m easured values are listed in Tables 11 and 111. Since the da ta  reported on the v apou r pressure of 
m ethanol show some discrepancy e.g. even in tex t books [9 ,10, 11, 12,13], also the tem pera tu re  
dependence of the vapour pressure was m easured for both alcohols. The values ob ta ined  for
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Table III
Results fo r  C2H 5OH and C2H 5OD

t
°c pC2HsOH 

mm Hg
J P

mm Hg I 0 M n £ 10* In a

- 1 4 .5 4 .0 0.384 10.094

11.4 5 .0 0.465 9 .760

9.5 6 .0 0.534 9 .322

7.3 7 .0 0.602 8 .995

5.3 8 .0 0.688 8 .995

3.9 9 .0 0.765 8 .885

2.2 10 .0 0.810 8 .454

- 0 . 7 11 .0 0.872 8 .261

+ 0 .5 12 .0 0.940 8 .159

1.7 13 .0 1.019 8 .169

3.1 14 .0 1.084 8 .113

4.0 15 .0 1.148 7 .957

4.8 16 .0 1.189 7 .7 2 4

5.7 17 .0 1.244 7 .6 0 4

6.8 18 .0 1.323 7 .632

7.5 19 .0 1.372 7 .4 9 4

8.5 2 0 .0 1.424 7 .393

9.1 2 1 .0 1.485 7 .3 3 5

9.7 2 2 .0 1.547 7 .289

10.5 2 3 .0 1.601 7 .215

11.2 2 4 .0 1.656 7 .148

11.9 2 5 .0 1.698 7 .029

12.5 2 6 .0 1.747 6 .953

13.2 2 7 .0 1.785 6 .8 5 8

13.7 2 8 .0 1.842 6 .805

14.2 2 9 .0 1.908 6 .805

14.8 3 0 .0 1.944 6 .702

15.4 3 1 .0 1.990 6 .637

15.8 3 2 .0 2.022 6 .5 3 4

16.2 3 3 .0 2.056 6 .430

16.7 3 4 .0 2.108 6 .402

17.3 3 5 .0 2.198 6 .485

24.9 5 5 .6 3.10 5 .7 4 4

29.5 7 2 .2 3.85 5 .4 0 3

32.0 8 2 .8 4.30 5 .327 5.271

35.7 1 0 2 .3 4.80 4 .8 0 4 4.751

37.5 1 1 2 .6 5.30 4 .8 2 2 4.768
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t
c° Р С 8 Н 8 О Н  

mm Hg
A P

mm Hg 10* In Pn
Pd

102In a

40 .7 133.1 5.85 4.498 4.441

42 .0 142.0 6.10 4.392 4.332

44.8 163.5 6.78 4.240 4.179

46 .4 177.0 7.10 4.095 4.033

48 .9 200.0 7.80 3.980 3.915

51 .0 224.0 8.40 3.827 3.760

53.5 252.0 8.97 3.625 3.556

56.1 283.0 9.86 3.547 3.474

58.8 321.0 10.50 3.325 3.252

59 .3 327.0 10.70 3.325 3.251

60 .0 338.0 11.60 3.353 3.278

63 .0 387.0 11.62 3.044 2.969

64 .6 416.0 12.40 3.024 2.947

66.1 440.0 12.65 2.927 2.849

68.1 482.0 13.20 2.982 2.704

68 .4 487.0 13.46 2.800 2.720

70 .0 522.0 13.65 2.655 2.577

70.1 528.0 13.72 2.635 2.557

71 .6 557.0 14.40 2.655 2.545

72 .6 582.0 14.65 2 .556 2.475

72 .9 590.0 14.75 2.538 2.457

74 .0 615.0 15.35 2.529 2.438

75 .0 640.0 15.12 2 .390 2.316

75 .6 657.0 15.28 2 .363 2.285

77.1 697.0 15.67 2.275 2.198

77.3 704.0 15.70 2 .254 2.177

78.3 705.0 15.90 2.284 2.205

78.9 750.0 16.10 2.176 2.100
88.5 1130 19.80 1.607 1.535

95.5 1440 19.40 1.390 1.315

102.0 1750 20.00 1.149 1.074

102.3 1830 19.05 1.047 0.978

106.6 2100 21.00 1.005 0.930

114.6 2740 18.50 0 .677 0.611

115.8 2840 20.00 0 .707 0.635

119.0 3100 13.00 0 .420 0.357

120.0 3220 14.60 0 .454 0.401

121.5 3380 14.90 0 .443 0.389
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t
°c P C 2 H 5 O H  

m m  H g
•i p

m m  H g io- pD
1 0 2  I n  a

122.6 3500 11.30 0.323 0.283

124.0 3640 11.80 0.324 0.283
124.5 3700 10.00 0.271 0.235

126.0 3900 12.60 0.323 0.279

127.0 4200 9.70 0.231 0.197

129.5 4300 7.80 0.182 0.155

132.8 4700 6.50 0.138 0.116

134.0 4820 +  2.50 — 0.052 +  0.044

135.0 4810 +  0.70 -0 .0 2 0 +  0.017

136.0 5100 0.00 0.000 0.000
138.0 5400 — 3.85 -0 .0 7 1 -0 .0 5 9

139.0 5520 —  5.45 -0 .0 9 9 -0 .0 8 1

140.2 5700 -7 .9 0 —0.139 -0 .1 1 4

m ethano l are in agreem ent w ith  those given in the m anual of St u l l  [9] showing no t more 
th a n  1 per cent deviation from  the la te s t experim ental da ta  [13]. Also the values m easured 
on e th an o l are in agreem ent w ith  th e  data  of [9].

T he comparison of the m easured values w ith those obtained by o ther au thors is to  be 
seen in  Fig. 2. The data  for m ethanol are in fair agreem ent (w ithin 8 —15% ) w ith the  values

Fig. 2. Comparison of vapour pressure data  for the  isotopic pairs CH3OH — C II.O l) and 
C ,H 5O H — C,H5OD gained by various authors: la )  B e e r s  m a n s  and J ü n g e r s  [3]; lb )  E fr e m o v  

et al. [4]; lc) this paper; 2a) R a h in o v ic h  [5]; 2b) R a b in o v ic h  [14]; 2c) th is paper
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reported  by B e e r s m a n s  and J ü n g e r s  [3| and R a b in o v ic h  [5] which differ from those o b ta in 
ed by  E f r e m o v  et al. [4]. I t  is also to be seen th a t  in  the case of ethanol there is a considerable 
deviation  betw een the equation given by R a b in o v ic h  [14] and his experim ental results .

The cross-over tem perature  could be directly  m easured in the case of e thanol and  was 
found to  be 136 ±  2°C.

D iscussion

In  lack  of a s ta tis t ic a l  an d  th e rm o d y n a m ic a l eq u a tio n  of s ta te  fo r  th e  
liq u id  p h ase , i t  is im possib le  for th e  tim e  b e in g  to  ev a lu a te  a c c u ra te ly  th e  
iso to p ic  effect on th e  v a p o u r  p ressu re  o f p o ly a to m ic  m olecules. A t m o d e ra te  
te m p e ra tu re s , as show n by  B i g e l e i s e n  [15, 16] th e  te m p e ra tu re  d ep en d en ce  
of th e  iso top ic  effect on th e  liq u id -v a p o u r e q u ilib riu m  can be w ell a p p ro x i
m a te d  b y  th e  fo rm ula

In X
( H / D ) ,

(H /D ),

A
T ,

В
T (1 )

w here a  is th e  se p a ra tio n  fac to r, (if/D )„ a n d  (H/D)i are th e  ra tio s  o f  a to m ic  
frac tio n s  in  th e  v a p o u r  an d  liq u id  p h ases , re sp ec tiv e ly . A  is a sso c ia ted  w ith  
th e  h in d e red  m o lecu la r tra n s la tio n  and  ro ta t io n , if  as usually , th e ir  freq u en c ies  
(v) s a tis fy  th e  cond ition

hr

In  th is  case
1

24

k T

h
к

<g 2л

Ï  (v‘h —  v'b) ( 2)

В  is co n n ec ted  w ith  sh ifts  in th e  zero p o in t energ ies o f th e  in te rn a l v ib ra tio n s  
on c o n d en sa tio n , w hen  u su a lly  for all v

an d  th u s

hv
k T

>  2 л

В Л  VHl) —  ( .1  VDr ~  -1  ’' d /)] (3)

w here It is th e  P lan ck  c o n s ta n t, к is th e  B o ltz m a n n  co n s tan t, w hile ind ices  
H  an d  D  rep re sen t th e  m olecules c o n ta in in g  h y d ro g e n  an d  deu te riu m , v a n d  / 
th e  v a p o u r  an d  liq u id  phases, resp ec tiv e ly .

T a k in g  th e  m ix tu re s  of th e  iso topic  co m p o u n d s  in  b o th  th e  liq u id  an d  
v a p o u r p h ases  to  be ideal an d  assum ing  th e  v a p o u r  to  b eh av e  as an  id e a l gas, 
we can  w rite
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( 4 )

T h e  v a p o u r phase  c a n n o t be a p p ro x im a te d  in  th e  en tire  range  o f te m p e r 
a tu re s  co v ered  by  p re se n t m easu rem en t b y  th e  form ula for an  id ea l gas. 
U sing  th e  v ir ia l-e q u a tio n  o f s ta te  for a re a l gas th e  pressure ra tio s  a n d  th e  
s e p a ra t io n  fac to r  can  be  re la te d  [15], as

V a

In Pn H =  In a  -  (Ä T )-1  \ P H d V  +  (Ä T )-1  (P „  VH -  P D VD) -
P  О J

V d

R tl P  +  —  C0 P 2 +  — D 0 P 3 +  • • • (5)

B „ P  +  i - C 0 P 2 +  4 - D 0 P 3
2 3

w h ere  VH an d  VD are  th e  m o la r volum es in  th e  liq u id  phases o f th e  co m p o u n d s 
co n ta in in g  th e  iso top ic  species, H  a n d  D, re sp ec tiv e ly ,

Bo> C0, D 0 are v ir ia l  coeffic ien ts ,
R  is th e  gas c o n s ta n t.
L e t  us see now  th e  co rrec tion  te rm s  in  eq u a tio n  (5). T h e  v a lu e  of

V„
(R T ) _ 1  I P HdV,  w h ich  fo r e.g. C2H 5OD a t  50°C am oun ts to  0 .1 %  o f the

V d

lo g a r i th m  o f th e  se p a ra tio n  fac to r , can  be n e g lec ted . (R T )~ l (P h V h — P d ^ d) 
c a n  b e  e v a lu a te d  from  th e  d e n s ity  versus te m p e ra tu re  curves [17] fo r h eav ie r  
a n d  l ig h t  alcohols. S ince, fo r e.g. d e u te ro e th a n o l a t 50°C th is  v a lu e  is only  
0 .0 6 %  o f  th e  lo g a rith m  o f th e  sep a ra tio n  fa c to r  an d  even a t  h ig h er te m p e ra tu re s  
does n o t  exceed 0 .5 % , i t  also  can be n eg lec ted .

T h e  te rm s c o n ta in in g  v iria l coeffic ien ts  m a y  becom e im p o r ta n t  above 
c e r ta in  te m p e ra tu re s . As a re su lt of q u a n tu m  effects, a difference is ex p ec ted  
to  a r ise  b e tw een  th e  v ir ia l coefficients o f iso to p ic  pairs. No re le v a n t e x p e ri
m e n ta l  d a ta  being av a ila b le , th is  d ifference c a n  be e s tim a ted  b y  m a k in g  use of 
th e  S t o c k m a y e r — R o w l i n s o n  m eth o d  [18 ,  1 9 ] .  A ssum ing th e  d ipo le  m o m en ts  
o f  th e  iso top ic  m o lecu la r p a irs  to  he v i r tu a l ly  equal as it  is su g g ested  b y  
R a b i n o v i c h  [14] a n d  H a l e v i  et cd. [20] a n d  also ex p erim en ta lly  e v id e n t in  
th e  case  o f H 20  a n d  D .,0 [21],  as well as considering  th a t  th e  d iffe rence  in  
d isp e rs io n  in te ra c tio n s , e v a lu a te d  from  R a b i n o v i c h ’s m e a su re m e n t [22] is 
£h / s£> =  1.0054, w here  eh an d  eD are  th e  d ispersion in te ra c tio n  energies 
fo r  m e th a n o l an d  d e u te ro m e th a n o l, re sp e c tiv e ly , th e  ab so lu te  v a lu e  o f th e  
seco n d  v ir ia l coeffic ien ts e.g. for d e u te ro m e th a n o l a t 120°C shou ld  n o t  exceed 
b y  m o re  th a n  1 %  t h a t  o f m e th an o l. T h e re u p o n  tak in g  th e  v ir ia l coeffic ien ts
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of th e  tw o iso top ic  v a rie tie s  to  be equal, c a lcu la tio n s  w ere carried  o u t acco rd in g  
to  th e  follow ing e q u a tio n

In a  In +  B0H (P„  -  P D) +  -L  D0H (P?, -  РЪ) (5a)
P D d

F o r b o th  m e th a n o l [23 — 25] and  e th a n o l [25, 26] th e  v iria l coeffic ien ts  
have  been a lre a d y  d e te rm in ed  b y  v a rious m e th o d s . T he d a ta  co vering  th e  
w idest range of te m p e ra tu re s  rep o rted  an d  th e re fo re  th e  m ost a d e q u a te  fo r 
o u r ca lcu la tio n s, a re  th o se  o f K r e t s c h m e r  a n d  W i e b e  [25] w ho give th e  
eq u a tio n  of s ta te  fo r th e  v a p o u r phase of m e th a n o l an d  e th an o l in  te rm s  o f  th e  
second an d  fo u r th  v ir ia l coefficients (T able IV ). T he values of In a  co m p u te d  
from  expression  (5a) a n d  th e  m easured  v a lu es  o f  th e  d ifferences in  v a p o u r  
p ressu res are lis ted  in  T ab les I I  and  I I I .  (A t low er te m p e ra tu re s , w h en  th e  
co rrec tion  does n o t exceed  1 % , In a is ta k e n  to  be eq u a l to  th e  lo g a rith m  o f th e  
ra tio  of v a p o u r p ressu res .) I t  can  be seen t h a t  th e  d ev ia tio n  from  th e  ideal 
induces in th e  case o f m e th a n o l a t  120°C a c o rre c tio n  o f a b o u t 13% .

The eq u a tio n  (1) w as f i t te d  b y  th e  m e th o d  of le a s t squares to  th e  e x 
p e rim en ta l d a ta  co rrec ted  on basis of th e  e q u a tio n  fo r alcohol v ap o u rs . W hile  
in th e  case of m e th a n o l th e  e q u a tio n  w ith  th e  c o n s ta n ts  o b ta in ed  from  th e  f i t  
y ields a fa irly  good ap p ro x im a tio n  to  th e  e x p e rim e n ta l d a ta , th e  va lu es  
m easu red  for e th a n o l in  a w ider range of te m p e ra tu re s  can n o t be a p p ro x im a te d  
b y  th e  sam e values o f A  a n d  В  in  th e  en tire  ra n g e  covered  by  th e  m e asu rem en t. 
T he reason  for th is  is t h a t  in  eq u a tio n s (2) an d  (3) o b ta in e d  by  pow er ex p an sio n  
in w hich th e  h ig h er o rd e r te rm s are neg lec ted , g ive a fa ir  a p p ro x im a tio n  on ly  
if  we have  frequencies hv/kT 2 л  in th e  fo rm u la  fo r A  an d  hv/kT  >  2 л  fo r B.  
T hese values, how ever, m ay  change w ith  th e  te m p e ra tu re  and  th e  co n d itio n  
hv/kT  >  2 л  is p ro b a b ly  n o t sa tisfied  in th e  case  o f e th an o l for В  o v e r th e  
e n tire  range o f te m p e ra tu re s  u n d er in v e s tig a tio n . I f  we d iv ide th e  cu rv e  fo r 
e th an o l in to  tw o  sections, one below, th e  o th e r  above th e  bo iling  p o in t, 
e ith e r  of th e  sections can  be in d iv id u a lly  well d esc rib ed  by  a re la tio n  o f  th e  
form  (1). T he va lu es  of A  a n d  В  com pu ted  in  th is  w ay  from  e x p e rim e n ta l d a ta  
b y  th e  least sq u are  m e th o d  are  lis ted  in T ab le  V.

Table IV

Virial coefficients fo r methanol and ethanol used in the calculation [25]

PV/RT  =  1 +  B „P  +D „P=
—

RTB0 ml/mol RTD0 ml/mm* mol

CH3OH -1 0 0  -2 .148 exp (1986/T) -1 .4 4 5  • 10~17 exp (10,750/T)
C2H 5OH - 2 9 0  0.284 exp (2730/T) -1 .0 0  • lO“ 5—7.58 • 10 18 exp (11,144/T)
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Table V

Constants o f equation (1) and the cross-over temperatures

A ■ 1 0  2 o A  10 * в &B
cross-over temp. °C 

extrapolated experimental

CH30H —CH30D 160.39 0.48 38.03 0.17 148.5 —

C ,H äO H -
C2H 5OD

between 
—15 and 
+  78°C

183.43 0.49 44.45 0.12

135.4 136 ± 2
between 
78 and 
140°C

179.6 5.9 43.96 0.22

I t  follows from  e q u a tio n  (5) th a t  if  a t  th e  cross-over te m p e ra tu re  th e  
d iffe ren ces  betw een  th e  te rm s  co n ta in in g  th e  m o la r volum es an d  th o se  b e tw eenc?
th e  v ir ia l  coefficients a re  n eg lec ted , we h a v e

( 6)
u \

1 .
D

T h e  te m p e ra tu re  d ependences of In a  a n d  In P ^ /P d in th e  v ic in ity  of th e  
c ro ss -o v e r  te m p e ra tu re  fo r th e  e th a n o l-d e u te ro e th a n o l system  are  show n  in 
F ig . 3. I t  is ap p a re n t t h a t  th e  re la tio n sh ip  is s im ila r to  th a t  o b se rv ed  fo r th e

p H
F ig. 3. Comparison of In —— (points) and In a  (full line) near the cross-over tem p era tu re  in

the C2H5OH — C2H5OD system
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H.,О — H D O  sy stem  b y  M e r l i v a t  et al. [27] who used th e  e x p e rim e n ta lly  
d e te rm in ed  v a lu es  o f a to  co m p u te  th e  ra tio  o f  th e  H 20  to  H D O  v a p o u r  p res
su res.

The d a ta  can  be used  fo r th e  e v a lu a tio n  o f th e  difference in  th e  h e a ts  of 
ya p o riza tio n  o f iso top ic  v a r ie tie s  from  th e  C lausius — C lap ey rcn  e q u a tio n

d In -PJL

\H h - A H d =  RT> d Pt D (7)

w here  \Н И an d  A H q are  th e  h e a t o f v a p o riza tio n  o f th e  co m p o u n d s  w ith  
h y d ro g en  an d  d eu te riu m  c o n te n t, resp ec tiv e ly . T he difference in  th e  h e a ts  of 
v a p o riza tio n  w as ca lcu la ted  from  spectroscop ic  d a ta  a t  T  =  298 .2°K  u s in g  th e  
m e th o d  suggested  b y  R a b i n o v i c h  [14] w ho ap p lied  it in  th e  case o f m e th a n o l. 
T h e  effect of th e  d eu te riu m  su b s ti tu t io n  on th e  v ib ra tio n s  of th e  O H  g ro u p  is 
ta k e n  in to  acco u n t on ly , a n d  all v ib ra tio n s  are  considered  as h a rm o n ic . The 
d e ta ils  of th e  ca lcu la tio n s h av e  been  given in  a n o th e r  p ap e r [28]. T h e  re su lts  
a re  sum m arized  in  T ab le  V I. T he differences in  th e  h ea ts  of v a p o riz a tio n  
c a lc u la ted  by th is  m e th o d  a re  fo u n d  to  agree w ith  th e  values c o m p u te d  from  
th e  e x p e rim en ta l d a ta  in  th e  case o f e th an o l on ly .

S im ilar in v es tig a tio n s  co n cern in g  o th e r alcohols are  in p rogress.

Table VI

Differences in the heats o f vaporization at 25° C

(id H [)—  1 H / j )  cal/m ol

e x p e rim en ta l ca lcu lated

CH.,011 CH3OD 1 3 5  ±  1 0 7 7

C2H sOH C2H 5OD 1 5 7  ±  1 0 1 4 2

SUMMARY

The differences between vapour pressures of CH3O II and CH3OD, and those of C2H5OH 
and  C2H5OD have been determ ined experim entally  in a wide range of tem peratures. On the 
basis of the experim ental data  and th e  virial equations for the vapours of alcohols the  separa
tion factor (a) for distillation of the  isotopic m ixtures has been calculated. The tem pera tu re  
dependence of a  can be given w ith good approxim ation b y  B ig e l e is e n ’s equation , In a  =  

- A /T -  — В /T , where A  and В  are constan ts in a definite range of tem perature. T he cross
over tem peratures above which the heavier molecule becomes more volatile, and  the differ
ences in the heats of vaporization, have also been determ ined.
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In tro d u c tio n

T he g rea tes t p ro b lem  in th e  s tu d y  of colloid system s b y  e lec tro n  m icro
scope is th e  p re p a ra tio n  o f th e  specim en. T he co ag u la tio n s d u rin g  d ry in g  cause 
an  in crease  in p a rtic le  size in case of sols an d  a change of s tru c tu re  in  case o f 
gels. F ro m  th e  p re sen t p re p a ra tio n  m ethods th e  freeze-d ry ing  seem s to  be 
th e  m o st p roper one. I t  is know n, how ever, th a t  coag u la tio n  m ay  ta k e  place 
ev en  d u rin g  freezing. R u t th e  p ro b a b ility  of ap p ea ran ce  of co ag u la tio n  de
creases w ith  th e  increase  o f th e  ra te  of freezing [ 1 ].

F reeze-d ry in g  a p p a ra tu s  an d  m ethods fo r p re p a ra tio n  o f specim ens for 
e le c tro n  m icroscopy are  described  b y  severa l a u th o rs . T he m e th o d  o f W il l ia m s  
[2 ] ,  S t e e r e  [3], H a l l  [4] an d  T o k io  N e i  [5] seem ed to  he th e  m o st su itab le  
to  th e  a u th o rs ’ p u rp o se . W ith  th e  m e th o d  o f T okio  Nei b a c te r ia  w ere s tu d ied  
here  a n d  th e  resu lts  o b ta in e d  w ere su b s ta n tia lly  id en tica l w ith  re su lts  given b y  
h im  [6 ]. D uring  p re p a ra to ry  te s ts , care w as ta k e n  th a t  th e  size an d  d is tr ib u tio n  
o f p a rtic le s  should  n o t change even  in case of colloid sy stem s h ig h ly  sensitive  
to  freezing  co agu la tion . I t  w as found , th a t  th o u g h  th e  a b o v e -m en tio n ed  
a u th o rs  em ployed  th e ir  m e th o d s an d  a p p a ra tu s  w ith  success, th e se  m ethods 
w ere n o t en tire ly  su itab le  for th e  p resen t ob jec ts  ow ing to  one o f th e  follow ing 
causes. T he ra te  o f d ry in g  in  case of several a p p a ra tu s  Mas re la tiv e ly  low. 
T he m eth o d s d id  n o t ensu re  in every  case a high enough freezing  r a te . One 
cou ld  n o t s tu d y  d irec tly  th e  specim ens a fte r  freeze-d ry ing  only  a f te r  secondary  
o p e ra tio n s , w hich m ig h t cause erro rs an d  in case of rep lica  th e  re so lu tio n  of th e  
rep lica  w as low er th a n  th a t  o f a m odern  elec tron  m icroscope. T he p re p a ra tiv e  
o p e ra tio n s  were n o t m ild  enough  and som e o f th em  w ere also com p lica ted .

C onsidering th is  th e  a u th o rs ’ purpose w as to  p rep a re  such  an  a p p a ra tu s  
an d  to  w ork o u t such a m eth o d  w hich fulfil th e  th eo re tica l an d  p rac tica l 
re q u ire m e n ts  of freeze-d ry in g  (h igh freezing and  su b lim a tio n  ra te s) an d  a t the  
sam e tim e  requ ire  only  a few an d  m ild p re p a ra tiv e  o p era tio n s. T h e  em ployed  
a p p a ra tu s  should  be sim ple an d  shou ld  ensure  th e  u tiliz a tio n  of th e  ad v a n ta g e s  
o f th e  m odern  elec tron  m icroscopes of high reso lv ing  pow er.

.Irta Chimica Academia» Scientiarum lluiifraricae 51, 19()7
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The apparatus and  the preparation o f the specim en

S pecim ens were p re p a re d  in  th e  d ry ing  h e a d  show n in  F ig . 1. I n to  th e  
v esse l p ro tru d e s , by  a g ro u n d  jo in t ,  a freezing t r a p  fed  w ith  liq u id  n itro g en . 
O n th e  b o tto m  of th e  vesse l a n  a lum in iu m  b lock  is p laced . W ith  th e  sh ap e  of 
th e  a lu m in iu m  block th e  a p p ro p r ia te  m e ta l v a p o riz a tio n  angle is ensu red . 
T h e  u p p e r  rim  of th e  vessel w a s  g ro u n d  to  w hich  a cover w as a t ta c h e d  w ith  a 
r u b b e r  sea l in  w hich w ere m o u n te d  th e  c u rre n t feed  of th e  p a llad iu m  v ap o rized  
a n d  th e  th e rm o m ete r jo in t .  T h e  te m p e ra tu re  o f  th e  a lu m in iu m  b lock  was 
m e a s u re d  b y  th e  th e rm o m e te r .

E v e n  from  th is  sc h e m a tic  d escrip tion  i t  is obv ious th a t ,  b y  th e  choice ol 
th e  s h a p e  and  dim ensions o f  th e  freeze d ry ing  h e a d , th e  req u irem en ts  expressed  
b y  th e  K nudsen  eq u a tio n  a re  fu lfilled  fa v o u ra b ly . As i t  is know n  th e  su b li
m a t io n  ra te  according to  K n u d s e n  is

4 2л М  V 3 , „
Q, — , — ( P a - P b )

3 R T  L

M is the  m o lecu lar w e ig h t of H 20 ;
R is the  gas c o n s ta n t ;
T is the  ab so lu te  te m p e ra tu re ;
r is the  rad iu s  o f th e  tu b e  in  w hich th e  v a p o u r  m oves from  th e sam ple

to  the  tra p ;
L is the  len g th  o f th e  tu b e  in w hich th e  v a p o u r  m oves from  th e sam ple

to  the  tr a p ;

. I d a  Chirnica Academiae Scientiarm Hungar ic ae  51, 1907
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Pa is th e  p a r tia l p re ssu re  o f th e  w a te r on th e  sam ple ;
P b is th e  p a r tia l p re ssu re  o f th e  w a te r on th e  t r a p .

F ro m  th e  eq u a tio n  follow s t h a t  to  o b ta in  a h igh  su b lim a tio n  ra te  one h as  to  
choose a h igh r and  a sm all L  a n d  th e  g rea test P a in  com p ariso n  w ith  P b; th e  Pa 
p re ssu re , w hich is d e te rm in e d  b y  th e  te m p e ra tu re  o f th e  sam p le , can  be 
c o n tro lle d  b y  th e  te m p e ra tu re  o f th e  coolan t t h a t  su rro u n d s  th e  lo w er p a r t  of 
th e  freeze  d ry in g  head .

F ro m  several p re p a ra t io n  processes th e  fo llow ing  one gave th e  re q u ire d  
re su lt . T h e  m icro grids on th e  alum in ium  p la te  c a rry in g  a Formvar-carbon  
film  w ith  th e  specim en sp ra y e d  on it  were in se r te d  in  liq u id  n itro g e n . M ean
w hile th e  alum in ium  b lo ck  in  th e  freeze d ry in g  h e a d  w as also cooled  to  th e  
te m p e ra tu re  of liqu id  a ir . T o  avo id  fogging, th e  d ry in g  h ead  was e v a c u a te d  to  
a p re -v a c u u m . A fter le t t in g  in  d ry  a ir, th e  cover w as ta k e n  off an d  th e  sam ple  
w as p laced  on th e  a lu m in iu m  b lock . A fter m o u n tin g  th e  cover, th e  fo re- and , 
la te r  on  th e  h igh -vacuum  p u m p s  were connected . D ry in g  w as f in ish e d  a f te r  
re a c h in g  th e  h ighest v a c u u m  o f th e  system . T he d rie d  specim en w as v ap o rized  
w ith  p a llad iu m  in th e  d ry in g  head . The specim en  p re p a re d  in  th is  w ay  is 
d ire c tly  su itab le  to  in v e s tig a tio n s  in  e lectron  m icroscope.

T o th e  ex perim en ts F ormvar-carbon  film s w ere u sed  w ith  success. A f ilm  
w as p re p a re d  from  a 0 .2 %  Formvar  so lu tion  b y  th e  u su a l m e th o d  on  w h ich  a 
100 — 200 A th ic k  carb o n  la y e r  w as vaporized . I t  w as fo u n d  th a t  th e  Formvar- 
c a rb o n  film  was su itab le  o n ly  w hen  th e  th ickness ra t io  o f th e  Formvar-ca rb o n  
la y e rs  w as ab o u t 1 : 2 .  I f  th e  necessary  ra tio  w as n o t  adhered  to  th e  film  
sh r in k e d  an d  go t to rn .

In s te a d  of th e  u su a l g lass slide — on w hich  is th e  m icro g rid  w ith  th e  
s u p p o r tin g  film  — an  a lu m in iu m  p la te  was used  to  increase  even b y  th is  th e  
r a te  o f  freezing . The spec im en  w as applied  on to  th e  su p p o rtin g  film  w ith  th e  
a id  o f  a sp ray . The o p tim u m  d ia m e te r  of th e  d rops w as 20 ,«m. T he freez in g  of 
su ch  a sm all drop has th e  a d v a n ta g e  — besides th e  h ig h  cooling ra te  — th a t  
th e  d ro p , in case of 2 0 0 0 -fo ld  m agn ifica tion , can  be  v iew ed as a w hole in  th e  
p ic tu re  a rea  of th e  e lec tro n  m icroscope and  so th e  p a r tic le  d is tr ib u tio n  in  th e  
d ro p  is m ore  easily  observed . T h e  a tta in m e n t o f th e  h ig h  enough freez in g  ra te  
is m a rk e d  by  th e  pe rm an en ce  o f  th e  s ta tis tic a lly  hom ogeneous d is tr ib u tio n  of 
th e  p a r tic le s . A fu r th e r  d ec rease  o f th e  dim ensions o f  th e  drops is n o t  usefu l 
b ecau se  o f  th e  v ap o riza tio n  a f te r  th e  sp ray ing .

T h e  in v estiga tions w ere ca rr ied  ou t by  a Tesla B S 2 4 2 A  — D, an  E L M M I — 
U a n d  a Hitachi H U — 10 e le c tro n  m icroscope.

G Ada Chimica Academiae Scientiarum Hunearicae 51, 1967
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Results

T h e  experim ents w ere  ca rried  ou t w ith  sols o f silver io d ide  a n d  gold of 
sm a ll s ta b ili ty  w ith  w h ich  a t  a n  in itia l cooling r a te  o f  ~ 1 0 °/sec a full coagu la tion  
ta k e s  p lace , i.e. a f te r  m e lt in g  i t  gives a se tt in g  suspension . T h e  d im ensions of 
th e  co ag u la ted  partic les  a re  a few m icrons.

Fig. 2

T h e m ethod sh o w n  ab o v e  has been  co m p ared  w ith  o th e r  p re p a ra tio n  
m e th o d s . For th is  p u rp o s e  fo u r alum in ium  p la te s  w ith  m icro  g rid s w ere pu t 
b e s id e  one ano ther a n d  th e  specim en w as sp ra y e d  on th em . O f th e se  sam ples 
o n e  w as dried in  a ir , a n o th e r  in  v acuum , a n o th e r  w as d ried  b y  th e  above 
m e th o d  and  the la s t one  w as  slow ly frozen in  th e  a ir  a t  a te m p e ra tu re  o f —15°C 
a n d  w as dried in  v a c u u m .

T h e  results are sh o w n  in  Fig. 2 (m ag n ifica tio n : 10,000). T he figu res show 
co n sid e rab le  ag g reg a tio n  w ith  th e  ex cep tio n  o f  th e  freeze d r ie d  specim en.

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



A ggregation  form s on ly  on th e  edges o f th e  d ro p s  because d u rin g  th e  tim e  
w hile c a rry in g  th e  specim en to  th e  m icro g rid  a n d  freezing i t  th e re , th e r e  is a 
s tro n g  v ap o riz a tio n  a t  th e  edges, th e  p rim ary  p a r tic le s  agg regate  a n d  m a rk  th e  
edge o f th e  d rop  ra th e r  s tr ic t ly . T his can  he av o id ed  b y  sp ray in g  th e  sam p le  
o n ly  a f te r  cooling th e  a lu m in iu m  p la te  ca rry in g  th e  m icro grids to  th e  te m p e r 
a tu re  o f liq u id  n itro g en . T he e lec tro n  m ic ro g rap h  rem ains u n ch an g ed  as th e  
cooling ra te  increases w hich  p ro v es th a t  th e  m e th o d  prov ides a h ig h  en o u g h  
freezing  ra te  an d  w ith  i t  co ag u la tio n  does n o t ta k e  p lace. The h ig h e r cooling

M A R Ó T , R O H R S E T Z E R ,  R O T H B A R T :  E L E C T R O N  M IC R O S C O P Y  O F  S O L S  8 3

F ig .  3

r a te  w as o b ta in ed  b y  freezing  in  n -p en tan e  cooled  b y  liqu id  n itro g en . T h e  
in itia l cooling ra te  ( - ( -2 0  —> 0 °) in  p e n ta n e  w as n e a r ly  th rice  as h igh  as th a t  
in  liq u id  air.

I f  th e  cooling ra te  is n o t enough  h igh in  case of freezing of sols th e  
e lec tro n  m icrog raph  show s a w ell-ordered  s tru c tu re . T he fo rm a tio n  o f  th is  
s tru c tu re  is caused  b y  th e  ice f ro n t  m oving from  th e  edges to w ard s th e  c e n tre  
of th e  d ro p , th is  ice f ro n t is ab le  to  displace th e  p a rtic le s  in  th e  liq u id  as i t  can  
he seen in  F ig . 3 (m ag n ifica tio n : 50,000) on a p a t te rn  of gold sol.

W ith  th e  p re sen t m e th o d  th e  in itia l s ta tis t ic a lly  u n a lte red  hom ogeneous 
d is tr ib u tio n  of th e  p a rtic le s  rem a in s  th e  sam e a f te r  its  p re p a ra tio n . T h e  on ly  
change is t h a t  th e  pa rtic le s  se ttle  on th e  film  an d  so one gets th e  p ro je c tio n  on 
th e  film  o f  th e ir  o rig inal d is tr ib u tio n .

6; A ; ta  C h im ic a  A c a d e m ia e  S c ie n lia r u n t H u n g a r ic a e  5 1 , 1 9 6 7
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. SUMMARY

A preparation m ethod  fo r electron microscopy and  an  apparatus for freeze drying 
are  described which fulfil th e  theoretical and prac tica l requirem ents of freeze drying. The 
a p p a ra tu s  is simple, easy to  hand le  and the applied m ethod  ensures the u tiliza tion  of the 
ad v an tag es  of the electron m icroscopes w ith high resolving power.

Investigations were carried  ou t w ith sols highly  sensitive to  freezing coagulation and 
i t  has been found th a t  th e  m eth o d  allows the p rep ara tio n  of a specimen w ithout an y  change 
in  its  structure.
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R . L a n d s b e r g ,  S. M ü l l e r  und R . T h i e l e

( P h y s ik a l i s c h - C h e m is c h e s  I n s t i t u t  d e r  H u m b o ld t - U n iv e r s i tä t , B e r l i n )

Eingegangen am  1. Ju n i 1966

A n F e s te le k tro d e n  is t im  a llgem einen  m it h e te ro g en en  O b e rfläch en  zu 
rech n en , d . h. die D u rc litr i t ts re k a tio n  lä u f t  n u r  an  den  a k tiv e n  S te llen  ab . Es 
is t d esha lb  die d a d u rc h  v e ru rsa c h te  A bw eichung  d e r Z ud iffusion  d e r A usgangs
su b s ta n z  zu r O b erfläche  von  d er L in e a r itä t  zu b e rü ck sich tig en . D ie A bw eichung 
von  d e r linearen  D iffusion  w ird  u n te r  U m stä n d e n  im  gem essenen  D iffusions
g ren zs tro m  zum  A u sd ru ck  kom m en . D er D iffu sio n sg ren zstro m  is t  an  der 
S che ibene lek trode  gen au  b e re c h e n b ar, deshalb  w urde  die S ch e ib en e lek tro d e  bei 
den  E x p e rim en ten  v e rw en d e t u n d  lieg t den  th eo re tisch en  E rö r te ru n g e n  zugrunde.

D ie E x p e rim e n te  zeigen, d aß  sich die n ich tlin ea re  D iffusion  a u f  die 
R ü h ra b h ä n g ig k e it des D iffusionsg renzstrom es fo lgenderm aßen  a u sw irk en  kann:

1 1 .
1. Im  D ia g ra m m ------ - g e g e n ------- e rh ä lt  m an  eine G erade , d ie n ich t

I d i . ' f  u l / 2

d u rch  den  K o o rd in a te n u rsp ru n g  g eh t u n d  aus deren  N eigung g em äß  G leichung 
(5) d e r D iffusionskoeffiz ien t b e re c h e n b ar is t. D ieser fu n k tio n e lle  Z u sam m en 
h an g  w urde  sow ohl v o n  N a g y  u n d  M ita rb e ite rn  [1] als auch  v o n  u n s  [2] u . a. 
au ch  fü r  versch iedene S y stem e h o h er A u sta u sc h s tro m d ic h te , w ie F e rri-F e rro -  
C yan id , fü r  das e ine  v o rg e lag e rte  chem ische R e a k tio n  n ich t in  F ra g e  ko m m t, 
g efunden  (A bb. 1 u n d  2). W ir w ollen  den  Z u sam m en h an g , d e r d u rc h  eine 
G erade im  D iag ram m  d e r rez ip ro k en  S tro m d ic h te  ü b e r d er rez ip ro k en  W urzel 
aus d e r U m d reh u n g szah l der E le k tro d e  gek en n ze ich n e t is t, als rez ip ro k en  
Z u sam m en h an g  b eze ich n en . D iese G ese tzm äß ig k e it w ird  auch  fü r  eine g leich
m äß ig  a k tiv e  E le k tro d e  b e o b a c h te t, w enn n ach  F r u m k i n  u n d  T e d o r a d s e  [3] 
d er e igen tlichen  D u rc h tr i t ts r e a k tio n  eine hete ro g en e  chem ische R e a k tio n  bzw. 
nach  K o u t e c k y  u n d  L e w i t s c h  [4] eine sehr schnelle hom ogene R e a k tio n  1. 
O rd n u n g  v o rg e lag e rt is t. L e tz te res  k o n n te  bei dem  S ystem  F e rro -F e rric y a n id  
u n d  a n d e ren  u n te rsu c h te n  R ed o x y sy stem en , die d ieser G ese tzm äß ig k e iten  an  
g ra p h ith a ltig e n  E le k tro d e n  gehorchen , ausgeschlossen  w erden .

2. S ind  die b lo c k ie rte n  S tellen  u n d  die a k tiv e n  B ereiche in  ih re n  A usm aßen  
g roß , verg lichen  m it d e r  D iffu sio nssch ich td icke , so w ird  ein d e r  W urze l aus

‘ Vorgetragen an der „K onferenz über einige Aspekte der physikalischen Chemie” 
B udapest, 25—27 A pril, 1966
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d e r  R ü h rg esch w in d ig k e it p ro p o rtio n a le r  G ren zstro m  b e o b a c h te t. D er m it 
H ilfe  d e r  LEWiTSCH-Gleichung d a ra u s  be rech en b are  D iffusionskoeffiz ien t, D , is t 
zu  k le in . Diese G ese tzm äß ig k e iten  haben  w ir bei d e r  R e d u k tio n  von  S au e rs to ff 
u n d  W asse rs to ffp e ro x y d  a m  p a ra ff in ie rte n  G ra p h it  b e o b a c h te t (A bb. 3). Die 
in  A b b . 3 gezeigte u n te rsc h ie d lic h e  N eigung d e r G e rad en  k o n n te  a u f  eine pH - 
a b h ä n g ig e  B lockierung d e r  E lek tro d e  z u rü c k g e fü h rt w erden  [5]. D a der

Abb. 1. Abhängigkeit des rez ip roken  Grenzstromes der O xydation  von K alium ferrocyanid 
an D iphenyl-G raphitelektroden von der U m drehungszahl der E lektroden 

t =  20° C; 1 m KOH 
c.L =  1 ■ 10 Mol/1 K 4[Fe(CN)6]
1 — Platin
2 — 5 Diphenyl-Graphit
2 — 50%  Diphenyl
3 — 60%  Diphenyl
4 — 70%  Diphenyl
5 — 80%  Diphenyl

f u n k t i o n e l l e  Z u s a m m e n h a n g  d e r  g l e i c h e  i s t ,  w i e  e r  d e r  L E W I T S C H - B e z i e h u n g  

f ü r  d i f f u s i o n s b e d i n g t e  V o r g ä n g e  e n t s p r i c h t ,  w o l l e n  w i r  d i e s e n  B e r e i c h  a l s  d e n  

Q u a s i - L E W i T S C H - B e r e i c h  b e z e i c h n e n .

Z u r B erechnung des D iffusionsg renzstrom es n eh m en  w ir als M odell k re is
fö rm ig e , gleichm äßig a u f  d e r  O berfläche v e r te il te  a k tiv e  S tellen  an , die r in g 
fö rm ig  von  in ak tiv en  B e re ic h e n  um geben s ind  [1]. Ü b er je d e r  a k tiv e n  Stelle 
k ö n n e n  w ir einen Z y lin d e r e rr ic h te n , dessen L än g e  (ö) der D iffusionsschich t-
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dicke e n tsp r ic h t. Z ur L ösungsseite  h in  is t seine g esam te  S tirn fläche m it dem  
R ad ius r2 vom  D iffusionsstrom  durchflossen , a u f  d e r  E lek tro d en o b erfläch e  
jedoch  n u r  der a k tiv e  Teil m it dem  R ad iu s  гх (A b b . 4 ). D ie Z y linder b e rü h re n  
e in an d er oder ü b e rla p p e n  e tw as w egen des zw ischen  ihnen  übrig  b le ib e n d e n  
V olum ens. D ie A ufgabe b e s te h t d a rin , den D iffu sio n sw id erstan d  eines so lchen  
Z ylinders zu b es tim m en . N a g y  u n d  M ita rb e ite r  [1 ] h a b e n  d a ra u fh in g e w iesen ,

Altb. 2. A bhängigkeit des Grenzstromes der M anganat-V I-O xydation von der U m drehungszahl
der E lektrode in den K oordinaten

i  r — 1 ; и - 1' 2
t T =  20° С; 1 m KOH
er — 5,3 • 1 0 -3 Moll 1 K,MnO,
1 Platin
2 Azobenzol-Graphit (60%  Azobenzol)

d aß  ein m a th e m a tisc h  ana loger Z u sam m en h an g  zw ischen  D iffusionsstrom  u n d  
K o n z e n tra tio n sg ra d ien t e inerse its u n d  e lek trisch em  S tro m  und  P o te n t ia l 
g rad ien t an d e re rse its  b e s te h t u n d  haben  m it H ilfe  eines A nalogrechners e x p e 
rim en te ll den e lek trisch en  W id e rs tan d  des gegebenen  Z ylinders b e s tim m t. 
Sie fanden  fü r  den  W id e rs tan d

R  =
1

~ W J • 1" I a _ iP  *2
хлгг2 , r i

( 1 )

A c ta  C h im ic a  A c a d e m ia e  S c ie n tia r u m  H u n g á r i á é  H l ,  1 9 6 7



x =  spezifische L e itfä h ig k e it; 
l =  L än g e  des Z y lin d ers;
p  =  e ine  Z ah l, die sich  aus den  M essungen  e rg ab .

S m y t h e  [6 ] b e sc h r it t  1952 einen a n d e re n  W eg, indem  er die L ap lacesche  
D iffe ren tia lg le ich u n g  fü r  d en  zy lin d e rsy m m etrisch en  F a ll m it  d e r G renz-
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Abb. 3. A bhängigkeit des Grenzstromes der s ta tionären  Strom spannungskurven fü r die H20 2~ 
R eduk tion  am paraffin ierten  G raphit von der W urzel aus der U m drehungszahl der E lek trode

t =  25° C
cL =  1 • 10 Mol/ 1 H 20 2 
и in  S “ 1

b e d in g u n g , daß  die k le inere  E lek tro d e  eine Ä q u ip o ten tia lflä ch e  is t, u n d  die 
S tro m lin ie n  am  Z y lin d e rm an te l m it d iese r p ara lle l v e rlau fen , lö s te . Seine 
L ö su n g  fü r  den W id e rs ta n d  des Z y lin d er la u te t

1 tl=  °o

V  л exp
X

-  n- 1 J o i Xn ■r — 10 Л-п
Х Л Г  2 П — 1 Г 2 r  2

xn s in d  die N u llste llen  d e r B esse lfunk tion  1. O rd n u n g  1. G a ttu n g  ( J x). F ü r  ge
n ü g e n d  lange Z y lin d er v e re in fach t sich d ie  G leichung (2) zu
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R  =
ХПГГу

\ n= »
V  A n +  I

i Л = 1
(3)

F ü r  E A n g ib t S m y t h e  eine B estim m u n g sg le ich u n g  an , die gew issen B e d in g u n 
gen g en ü g t. F ü r d re i V erh ä ltn isse  von  rr zu  r„ h a t S m y t h e  die S um m e der

A n
K o effiz ien ten  ---- - u n te r  B erü ck sich tig u n g  d e r e rs ten  40 G lieder angegeben .

Г 2

D ieses E rgebn is w urde  a u f  die G ren zstro m d ich te  an  einer ro tie re n d e n  Scheibe 
ü b e rtra g e n , u n d  m an  e rh ä lt  fü r die B eziehung  zw ischen S tro m d ich te  u n d  K ü h r
geschw ind igkeit n ach  S m y t h e ,  L a n d s b e r g  u n d  T h i e l e  [ 2 ]

1,61 И/в
"gr n F  D 2/3 cL (2л ) 1/'2

tgh  ( * > 2  • Л) 

n F  1) c,
(4)

U

Abb. 4. Modell für den Diffusionszylinder über einem aktiven Bereich 
r t =  Radius des ak tiven  Bereiches 
r2 =  R adius des Zylinders 
<5 =  Diffusionsschichtdicke

1. I s t  die D iffusionsg renzsch ich td icke  g ro ß , verg lichen  m it d em  R ad iu s  
d e r a k tiv e n  S telle, so v e re in fa ch t sich die G le ichung , da der tg h  fü r  große 
A rg u m en te  gegen 1 g eh t, u n d  m an e rh ä lt

1.61V1/® \У  А  I
------------ ----------  -  и 1/2 +  nl

n F  D2/3 cL (2л )1/2 n F  ü  cL
-l _ (5)

2. F ü r  kleine W erte  des A rgum en ts k a n n  d e r tgh(:r) du rch  d as  A rg u m e n t 
se lb st e rse tz t w erden , u n d  dieses is t d er D iffusionssch ich td icke  p ro p o rtio n a l 
bzw . der W urzel aus d er U m d reh u n g szah l d e r E lek tro d e  u m g e k e h rt p ro p o r
tio n a l. In  dem  Quasi-LEWITSCH-Bereich b e s itz t  die G erade in d er A u ftra g u n g  
G ren zstro m d ich te  ü b e r d e r W urzel aus d e r U m d rehungszah l eine k leinere  
N eigung  als dem  P ro d u k t aus D iffusionskoeffiz ien t und  geo m etrisch er O b er
f läch e  d e r E lek tro d e  e n tsp r ic h t.

F ü r  die R ed u k tio n  von  W asse rs to ffp e ro x y d  k o n n ten  w ir bei u n te rsc h ie d 
lich en  U m d reh u n g szah len  den  I bergang  v o n  einer G ese tzm äß ig k e it in  die
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4bb. 5. A bhängigkeit des G renzstrom es der stationären Stroinspannungskurve fü r die H20 2 
R eduk tion  an einer speziell vorbehandelten  paraffin ierten  G raphitelektrode von der R ühr

geschw indigkeit 
pH 7

cL =  6,2 - IO"3 M ol/1 Ho02 
t =  25° C

D (fo rm a l)  w u rd e  aus der LEWITSCH-Beziehung m it n  =  2 u n d  de r geom etrischen  E le k tro d en  
O berfläche b e rechnet. Die T a n g e n te  (gestrichelte  L in ie) h a t  im m er noch eine zu k le in e  Nei 

gung gegenüber der, d ie au s  d e r LEWITSCH-Beziehung m it qr(geometrisch) fo lg t
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an d ere  b eo b ach ten  (A bb. 5 u n d  6 ). Bei der O x y d a tio n  von  M an g an a t an  Azo- 
b en zo l-G rap h it-E lek tro d en  b e o b ach te ten  w ir den  rez ip ro k en  Z u sam m en h an g , 
w obei m it zu n eh m en d em  A zobenzo lgehalt d er E le k tro d e  d e r S c h n it tp u n k t der 
e rh a lten en  G eraden  m it d er O rd in a te  zu n im m t. D as is t zu  e rw a rte n , denn  ein 
zu n eh m en d er A zo benzo lgehalt der E lek tro d e  b e d e u te t eine Z u n ah m e  des B e
deckungsg rades d er E le k tro d e . A bb. 7 zeigt den  rez ip ro k en  W e rt des O rd in a ten  -

Azobenzol

Abb. 7. A bhängigkeit der S trom dichte (i(,), die sieh aus dem O rd inatenabschn itt bei der Auf
tragung der Meßwerte fü r den Grenzstrom der M anganat-V I-O xydation in  den K oordinaten 

i p r 1'- H-1/2 für « =  so ergibt, vom Azobenzolgehalt der A zobenzol-G raphitelektrode
t =  20° C
cL -  2,85 • 10 1 Mol/1 KjMnO,

ab sc h n itte s , d er in S tro m d ich tee in h e iten  angegeben  is t, als F u n k tio n  des Azo- 
benzo lgehaltes d er E le k tro d e , m it dem  er e rw artu n g sg em äß  a b n im m t.

F ü r  die A b sch ä tzu n g  der G röße der a k tiv e n  u n d  in a k tiv e n  B ereiche g ib t 
es versch iedene M öglichkeiten . E ine  M ethode lä ß t  sich  bei M ischelek troden  
m it e iner in a k tiv e n  K o m p o n en te  anw enden . M an u n te rsu c h t, w ie sich der 
Ordinatenabschnitt bei Ä n d eru n g  des G ehaltes an  in a k tiv e r  K o m ponen te  
ä n d e rt, den  m an  d er Ä n d eru n g  des B edeckungsgrades näh eru n g sw eise  gleich
se tzen  k an n  [2]. D abei w ird  v o rau sg ese tz t, d aß  au ch  bei d e r E le k tro d e  aus 
zwei K o m p o n en ten  die a k tiv e n  S tellen  von e in h e itlich e r G röße sin d . I s t  diese 
M ethode n ich t anwendbar, so k ö n n ten  u. a. M essungen im  rez ip ro k en  wie auch 
im  Quasi-LEW ITSCH-Bereich Aufschluß geben, da  w ir d an n  zwei u n te rsch ied li
che G leichungen fü r die be id en  u n b e k a n n te n  P a ra m e te r  e rh a lte n . M an kann  
die Quasi-LEWITSCH-Beziehung erk lä ren , indem  m an  a n n im m t, d aß  fü r 
kleine d/г, die G röße des D iffusionsgrenzstrom es in d e r H a u p tsa c h e  von  der
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l in e a re n  D iffusion se n k re c h t z u  den  ak tiv en  S te llen  b e s tim m t w ird , w äh ren d  
d e r B e itr a g  der n ic h tlin e a re n  D iffusion  aus dem  V o lu m en  ü b e r den  in a k tiv e n  
B e re ic h e n  v e rn ach lä ss ig b a r k le in  w ird , da au ß e rd e m  a n zu n eh m en  is t, daß  
d u rc h  d ie  K o n vek tion  ü b e r  d e n  in a k tiv e n  B ere ichen  d e r A n te il der n ic h t
l in e a re n  D iffusion zum  G re n z s tro m  w eiter v e rm in d e rt w ird . E s so llte  d a n n  die 
ÜEWITSCH-Beziehung g e lten  m i t  d e r ak tiv en  F läch e  an  S telle  der g eom etrischen  
F lä c h e .

D ie  absch ließenden  a llg em ein en  B em erkungen  zu  den  en tw ick e lten  V o r
s te llu n g e n  weisen d a ra u f  h in , d aß  die h ier gegebenen  B eziehungen  du rch  
w e ite re  U n te rsu ch u n g en  an  M odelle lek troden  g e s tü tz t  w erd en  m üssen :

1. E in  M angel des M odells b e s te h t in  der A n n a h m e  kre isfö rm iger a k tiv e r  
B e re ic h e . D as en tsp rich t n ic h t  d en  w irk lichen  V e rh ä ltn isse n . T ro tzd em  zeigen 
die V e rsu c h e , daß der fu n k tio n e lle  Z usam m enhang  an  w irk lichen  E le k tro d e n  
g u t w iedergegeben  w ird . D as lie g t u . a. an  der a u sg e p rä g te n  R e la x a tio n  d er 
D iffu s io n , die scharfe S p itz e n  ausg le ich t. A m  R a n d e  des a k tiv e n  B ereiches 
lie g t e in e  diffuse Zone n ic h tl in e a re r  D iffusion.

2 . B ei sich b e rü h re n d e n  K re isen  w ird  ein gew isser T eil der E le k tro d e n 
f lä c h e  n ic h t  e rfaß t. Ob eine gew isse Ü b erlap p u n g  d er K reise , die eine der 
R a n d b e d in g u n g e n  e tw as v e r le tz e n  w ürde, den w irk lich en  V erh ä ltn issen  besser 
g e re c h t  w ird , k ann  n u r  d u rc h  V ersuche am  M odell en tsch ied en  w erden .

3. D e r S to fftra n sp o rt e rfo lg t in  W irk lichke it n ic h t n u r  d u rch  reine D iffu 
sion , so n d e rn  auch d u rc h  K o n v e k tio n . A n d er E le k tro d en o b e rfläch e  sind  
a lle rd in g s  die größten  A b w e ich u n g en  von der l in e a re n  D iffusion  u n d  d er ge
r in g s te  E in flu ß  der K o n v e k tio n  v o rh an d en .

4 . F ü r  den B e itrag  d e r  n ic h tlin e a re n  D iffusion  zum  B e trag e  des D iffu 
s io n sg ren zstro m es sollte  n ic h t  das V erhä ltn is  ö /r2, wie es be i der A b le itu n g  von 
Sm y t h e  zum  A usdruck  k o m m t, m aßgebend  sein, so n d e rn  das V erh ä ltn is  ö /r r

5.  D a  die B erechnung  v o n  S m y t h e  fü r den  zy lin d e rsy m m etrisch en  F a ll 
m it  n u r  einem  M odellzy linder d u rch g e fü h rt w u rd e , is t  die Ü b e rtra g u n g  seiner 
B e re c h n u n g  auf die D iffu s io n sv erh ä ltn isse  an  e in er te ilw eise  b lo ck ie rten  
E le k tro d e n flä c h e  auch  d e sh a lb  unsicher, weil be i h o h en  B lock ie rungsg raden  
die K o n v e k tio n ss trö m u n g  d ie  S tro m d ich te  an  den  azen trisch en  ak tiv en  
B e re ic h e n  erhöhen k a n n .

W ir  sind dabei, die h ie r  aufgew orfenen  F ra g e n  an  M odelle lek troden  zu 
u n te rs u c h e n , und b e a b s ic h tig e n , g a lv an o sta tisch e  M essungen e inzubeziehen , 
d a  b ish e rig e  E rgebnisse d a r a u f  h in d e u te n , daß  das M odell au ch  h ie r an w en d b ar 
se in  k ö n n te .
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ZUSAMMENFASSUNG

E s wird der E influß inak tiver Oberflächenbereiche auf die R ührabhängigkeit des 
Diffusionsgrenzstromes an einer Scheibenelektrode d isku tiert. Mit Hilfe einer M odellvorstel
lung wird eine allgemeine Gleichung für die R ührabhängigkeit des D iffusionsgrenzstrom es an 
einer teilweise blockierten rotierenden Scheibenelektrode gegeben, die qu a lita tiv  m it der 
experim entell e rm itte lten  A bhängigkeit des D iffusionsgrenzstrom es für die H*02-R eduktion 
am  paraffin ierten  G raphit, die Ferrocyanidoxydation u n d  M anganatoxydation an g raphithal
tigen E lektroden von der R ührgeschw indigkeit übereinstim m t. Es werden abschließend einige 
allgemeine Bemerkungen über die Unzulänglichkeiten der ModellvoiStellung fü r das vorlie
gende Problem gemacht.
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I t  has been  p rev io u sly  [1, 2] re p o rte d  t h a t  S -benzyl d e riv a tiv e s  of 5.5- 
d ip h e n y lth io h y d a n to in s  can  be d eb en zy la ted  u n d e r re la tiv e ly  m ild  cond itions 
b y  a lum inum  ch lo ride or b ro m id e . U nder th e  co n d itions successfu lly  used 
fo r d éb en zy la tio n , analogous S -m ethy l d e riv a tiv e s  rem ain  e ith e r  u n ch an g ed , 
so t h a t  se lective d éb en zy la tio n s m ay  be ach ieved , as in  th e  case o f e.g. I [1. 2];

Ph^-----ijSCHjPh
N N
Y /

I
SMe

I

or — som etim es on ly  u n d e r m ore v igorous co n d itio n s — a d eep er change 
occurs. E.g., bo iling  a to lu en e  so lu tion  of th e  S -m eth y l an d  l,S -d im e th y l d e riv 
a tiv e s  (II; Y  =  O; R  =  Me; R ’ =  H , Me) o f 5 ,5 -d ip h en y l-4 -th io h y d an to in  
in th e  presence of a lu m in u m  chloride, re su lts  in  th e  e lim in a tio n  o f th e  sulfur 
a to m  from  th e  m olecule to g e th e r  w ith  th e  m e th y l g roup , an d  a p ro d u c t is 
o b ta in e d  w hich  — acco rd ing  to  its  molecular form ula  — m ay  be regarded  
as b e ing  deriv ed  from  th e  in itia l com pound b y  su b s titu tio n  o f th e  e lim in a ted  
m e th y lth io  g roup  b y  h y d ro g en . T he sam e p ro d u c ts  w ere fo rm ed  if  we s ta r te d , 
in s te a d  of th e  S -m e th y l-5 ,5 -d ip licn y l-4 -th io h y d an to in s , e ith e r  w ith  th e  co rre 
spon d in g  S -benzyl d e riv a tiv e s  (II; Y  =  O; R  =  P hC H  ,; R ’ =  H . Me) or w ith  
4 -th io h y d a n to in s  (III; Y  O; ou t o f R ’ an d  R ”  one is H , th e  o th e r  H  or Me) 
u n su b s titu te d  a t  th e  su lfu r a to m . I t  was th e  in v es tig a tio n  of th e  reac tio n  of 
th is  la t te r  ty p e  o f com pounds w ith  a lum inum  ch lo ride w hich  gave  th e  first 
h in t, to g e th e r  w ith  th e  d a ta  of analysis, a b o u t th e  s tru c tu re  o f th e  reac tio n  
p ro d u c ts  and  so a b o u t th e  n a tu re  o f th e  reac tio n . I t  w as n am ely  found  th a t  
th e  same reaction product is o b ta in ed  from  th e  reac tio n  o f b o th  N -m eth y l-

* P art X X IV : L em peh t , K ., Zaueh , K .: Acta Chim. Hung. 50. 317 (166). Prelim inary 
Comm unication see [3].
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5 ,5 -d ip h e n y l-4 - th io h y d a n to in s  ( I I I ;  Y  — 0 ;  R ’ =  Me an d  R ”  =  H ; o r R ’ =  H  
a n d  R ”  =  Me) w ith  a lu m in u m  chloride — in d e p e n d e n tly  from  th e  fa c t w hich  
o f  th e  n itro g en  atom s h a d  c a rr ie d  th e  m e th y l g ro u p . T h is is o n ly  possib le  if, 
j o in t ly  w ith  th e  d esu lfu riz a tio n , e ith e r  p h en y l m ig ra tio n , or — in  th e  case of 
one o f  th e  N -m ethy l isom ers — m eth y l m ig ra tio n  occurs, to o . U n am biguous 
s y n th e s is  o f th e  p ro d u c t (V II; Y  =  0 ;  R ’ =  Me) ex p ec ted  fo r th e  f i r s t  case 
m a d e  i t  possible to  decide in  fa v o u r  of th is  re a c tio n  p a th  [2, 3].

F o r the preparation of th e  s ta rtin g  hydantoin  derivatives, see, e. g., [4, 5]. 
F o r the tautom eric equ ilib rium  IVa IVh, see [3].

W e th e n  in v e s tig a te d  th e  ac tio n  of a lu m in u m  ch lo ride on 5 ,5 -d ipheny l- 
-2 - th io h y d a n to in , 5 ,5 -d ip h e n y l-h y d a n to in  an d  5 ,5 -d ip h e n y l-d ith io h y d a n to in , 
a n d  th e i r  N- and  S -s u b s titu te d  d e riv a tiv e s ; i t  v ras fo u n d  th a t  5 ,5 -d ipheny l-
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h y d a n to in , 5 ,5 -d ip h en y l-2 -th io h y d an to in , as w ell as th e ir  S- and  N -m e th y l 
d e riv a tiv e s  fa iled  to  re a c t, w hile in  th e  case o f S -b en zy l-5 ,5 -d ip h en y l-2 -th io h y - 
d an to in , sim ple S -d eb en zy la tio n  to o k  place [2, 3 ]. O n th e  o ther h a n d , 5,5- 
-d ip h e n y l-d ith io h y d a n to in  an d  its  S- an d  N -s u b s ti tu te d  derivatives (II, III, 
Y  =  S; IV, V a n d  VI) — in  acco rdance  w ith  th e  p re v io u s ly  m en tioned  fa c ts  — 
re a c te d  b y  re a rra n g em e n t an d  e lim ination  o f su lfu r  o r m ercap tan , re sp e c tiv e ly  
(see Schem e 1); d esu lfu riza tio n  a t  C-4 occurs a lw ay s  d u rin g  th e  pheny l m ig ra 
tio n  from  C-5 to  C-4, w hile th e  su lfu r a to m  is n o t  c leav ed  from  C-2, a n d  th is  
p a r t  of th e  m olecule is on ly  changed  in  th e  case o f th e  S-2-benzyl d e r iv a tiv e  
VI, w here S -d eb en zy la tio n  occurs [2, 3].

In  th e  d ip h e n y l-d ith io h y d a n to in  series i t  w as o n ly  in  th e  case o f th e  N- 
-m e th y l d e riv a tiv e  of IVa w hen th e  ex p ec ted  re a rra n g e m e n t p ro d u c t (X) 
could  n o t be iso la ted . T he reaso n  of th is  — as show n  b y  a sep ara te  e x p e r i
m en t — was th a t  X, p re p a re d  u nam biguously  b y  a n o th e r  rou te , gave a t a r  
w hen  ac ted  u p o n  b y  a lu m in u m  chloride.

IX M el +  NaOEt 

(ElOH)

SMe

X

As th e  m e th y l d e riv a tiv e  o f IVb is less re a d ily  accessible [5], a n d  w ould  
also form  X w hich  is u n s ta b le  u n d e r th e  co n d itio n s o f th e  reaction , th e  r e a r 
ra n g e m e n t of th is  com p o u n d  w as n o t even a t te m p te d .

D urin g  th e  re a rra n g e m e n t of com pounds o f  ty p e  III an d  IV, e v o 
lu tio n  o f h y d ro g en  su lfide  w as observed in  a ll cases. Q u a n tita tiv e  d e te r 
m in a tio n  o f th e  la t te r  show ed th a t  1 /2  mole o f h y d ro g e n  sulfide was l ib e ra te d  
from  each  m ole o f th e  s ta r t in g  com pound. B ased  on  th e  hydrogen  su lfide  ev o 
lu tio n  th e  progress of th e  re a c tio n  can be fo llow ed  a n d  th e  op tim al re a c tio n  
cond itions m ay  be d e te rm in ed .

T he o p tim u m  a m o u n t o f a lum inum  ch lo rid e  w as found  to  be 2.2 to  2.3 
m ole; bo iled  in  to lu en e  in  th e  presence of th is  a m o u n t o f a lum inum  ch lo rid e , 
all th io h y d a n to in s  fu rn ish ed  th e  expec ted  1 /2  m ole o f h y d ro g en  sulfide p r a c t i 
ca lly  q u a n tita tiv e ly  w ith in  an  hour;*  in  acco rdance  w ith  th is , the  q u a n ti ty  o f  th e  
isolated re a rra n g em e n t p ro d u c t was betw een  80 a n d  1 0 0 %  of th e  th e o re tic a l 
a m o u n t. Such y ields — if  th e  p ro p er re a c tio n  c o n d itio n s  s ta te d  ab o v e  are  
care fu lly  a d ju s te d  — m a y  also be o b ta in ed  in  th e  re a rra n g e m e n t of th e  S -a lk y l 
d e riv a tiv e s  of 4 -th io - an d  d ith io h y d an to in s .

* Small variations in  the optim um  quan tity  of a lum inum  chloride to be used are likely 
due to the unavoidable inhom ogeneity of the reagent.
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T h e  fa te  of th e  second  h a lf  of th e  su lfu r  cleaved d u rin g  th e  re a rra n g e 
m e n t, w h ich  was n o t l ib e ra te d  as h y d ro g e n  su lfide, was in v e s tig a te d , fo r the  
t im e  b e in g , in  th e  re a rra n g em e n t of th e  s ta r t in g  substance  m o st sim ple to  
p re p a re , viz. 5 ,5 -d ip h en y l-d ith io h y d an to in . I t  is know n, t h a t  d ip h en y lam in e  
can  b e  tran sfo rm ed  b y  elementary su lfu r, w hen  hea ted  in  th e  p resence  o f 
a lu m in u m  chloride, in to  p h en o th iaz in e , i.e., th e  sulfur su lfu rizes b y  an  SE 
m e ch an ism . We p resum ed  th a t  a s im ila r re a c tio n  occurred also in  o u r case, so 
t h a t ,  a t  le a s t as a p rim a ry  p ro d u c t, if  b en zen e  was chosen as m ed iu m , th io - 
p h e n o l m u s t have  b een  fo rm ed . D e u s s , on th e  o ther h an d , sh o w ed  in  1908 
t h a t  th io p h e n o ls , w hen  w arm ed  in  th e  p resen ce  of a lum inum  ch lo rid e  in  ligroin , 
a re  d isp ro p o rtio n a te d  to  give h y d ro g en  su lfide  and  an a ro m a tic  su lfid e  [1 1 ]. 
In  o u r  case, th ere fo re , we h ad  also to  con sid er th e  fo rm a tio n  o f d ipheny l- 
su lfid e , a ll th e  m ore so, since h y d rogen  su lfide  evolution  w as o b se rv ed , as 
m e n tio n e d , in  all cases d u rin g  re a c tio n  o f  5 ,5 -d ip h en y l-d ith io h y d an to in  and 
a lu m in u m  chloride in  to lu en e  as well as in  benzene  solutions. A fte r  decom posi
t io n  o f  th e  crude m ix tu re , o b ta in e d  b y  p e rfo rm in g  th e  reac tio n  in  b en zen e , by  
aq u eo u s  hyd ro ch lo ric  acid , an d  rem o v a l of th e  4 ,5 -d ipheny l-4 -im idazo line-2 -th io - 
ne p ro d u c e d  and  of th e  u n ch an g ed  th io h y d a n to in , ev ap o ra tio n  o f th e  benzene 
p h a se  le f t  an  oil, in  th e  gas ch ro m a to g ra m  o f w hich peaks d u e  to  a sm all 
a m o u n t o f  th io p h en o l an d  to  a co n sid e rab ly  la rg e r am oun t of d ip h e n y l sulfide 
cou ld  u n am b ig u o u sly  be d e tec ted .

W h e n  th e  sam e re a c tio n  was p e rfo rm e d  in  to luene in s te a d  o f  benzene , 
no p e a k  co rrespond ing  to  th e  th iocreso ls  ap p e a re d  in  the  gas ch ro m a to g ra m  
o f th e  o ily  residue iso la ted  from  th e  re a c tio n  m ix tu re  in a s im ila r  w ay , b u t 
th re e  p e a k s  n ear to  each  o th e r ap p ea red  in  th e  zone correspond ing  to  th e  d ito ly l 
su lfid e s . C om parison w ith  th e  gas c h ro m a to g ra m  of a s e p a ra te ly  p re p a re d  
m ix tu re  o f a u th e n tic  2 ,2 ’-, 4 ,4 ’- an d  2 ,4 ’-d ito ly l sidfides con firm ed  th e  id e n tity  
o f th e s e  p eak s. The p e a k  co rrespond ing  to  a u th e n tic  3,3’-d ito ly l su lfid e  h ad  a 
d if fe re n t R p value th a n  th e  above co m p o u n d s.

A ll th is  in d ica tes  th a t  th e  s to ic h io m e try  of our reac tio n  is rep re se n te d  
b y  th e  fo llow ing e q u a tio n :

Ph,j----- |= S
H N  NH

P h —= = —P h
A r H  H N  N H  

A1C13 \ /

• AICI3 
S

H , 0

Ph ! = -P h  

H N  N H

+  ArSH

A i c i ,

1/2 Ar2S +  1/2 H ,S

S
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a n d , fu r th e rm o re , th a t  th e  su lfu r a to m  is c leaved  b y  alum inum  c h lo rid e  in  the  
s e x te tte  s ta te . F ro m  th is , on th e  o th e r  h a n d , i t  follows th a t  th e  p h e n y l group 
m ig ra tes in  all p ro b a b ility  ca tio n ica lly . E x p e rim e n ts  to  prove th is  p o in t are 
u n d e r  w ay.

O th er ex p erim en ts  by  w hich  we w a n t to  decide th e  fa te  o f  th e  cleaved 
groups a n d  th e  s to ich io m etry  of th e  re a c tio n  in  th e  case of th e  S -in e th y l and 
S -benzyl d e riv a tiv e s  of 4 -th io- and  d ith io h y d a n to in s , are in p ro g re ss , too .

Scheme 2

P h —C H - C —Ph 
I II ОН о

I’ll С —C— Ph
II
()

II
0

CS(NH.,),, |CS(NH,).

P h  Ph Ph, Ph,i------= ()
HN NH Aici, HN NH HN NH/  <-------

F ro m  schem e 2 it  is obvious th a t  o x id a tio n  a n d  benzilic acid re a rra n g e m e n t, 
w hich occur d u rin g  th e  re a c tio n  series lead in g  from  benzoin  to  5 ,5 -d ip h en y l- 
-d ith io h y d a n to in , are, so to  say , rev ersed  b y  a lu m in u m  chloride. I n  th is  sense, 
we have  to  do there fo re  w ith  a re d u c tiv e  re tro b en z ilic  acid re a rra n g e m e n t. 
H ow ever, w hile in benzilic ac id  re a rra n g e m e n t th e  phenyl g ro u p  m ig ra tes , 
as com m only  know n , an ion ica lly , th e  m ig ra tio n  of th e  ph en y l g ro u p  in  th e  
course of th e  re a rra n g em e n t caused  b y  a lu m in u m  chloride is m o st lik e ly  ac
com plished  — as we have seen — ca tio n ica lly .

The lite ra tu re  of retrobenzilic acid rearrangem ents, known up to now is very  scarce. 
B il t z  and S e y d e i . [12] obtained, when heating 5,5-diphenylhydantoin w ith  hydroiodic 
acid in the presence of red phosphorus, 4,5-diphenyl-4-imidazoline-2-one (V II; R ' =  H; 
Y =  O) in  poor yield among other products. On the o ther hand, W e is s  and  B l o c h  [13] 
prepared 2,3-diphenyl-inden-l-one (XII) by heating  1,3-diphenyl-pthalane-l-carboxylic acid 
(XI) hy itself or w ith acetic anhydride.

XI
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I t  sh o u ld  be n o ted  t h a t  b o th  cases rep re sen t, s im ila r ly  to  the  re a rra n g em en t b y  a lu 
m in u m  ch lo ride  in ou r e x p e rim e n ts , reductive re tro b e n z ilic  acid  re a rran g em en t. A r e t r o - 
b e n z ilic  acid  re a rra n g em en t o f  n o n -red u c tiv e  c h a ra c te r  w a s  realized  by  H in t ik k a  [14] on  
c a m p h e n ilic  acid (XIII): b y  h e a tin g  its  lead sa lt he  o b ta in e d  carbocam phen ilon  XIV.

X III XIV

Som ew hat more d is tan tly  analogous rearrangem ents are described among the reac
tions o f halogen derivatives of 1,1-diarylethanes and  -ethylenes, which m ay be converted 
into 1,2-diarylethane and 1,2-diarylacetylene derivatives, respectively  (e.g., [15] — [20], [25]). 
The a ry l group, however, seem s to  migrate anionically in  all these cases.

C om pounds V II a re  p o te n tia lly  ta u to m e r ic  system s. T heir in fra re d  
s p e c tra  reco rded  in  K B r p e lle ts , as well as t l ie ir  u ltra v io le t sp ec tra  ta k e n  in  
a lco h o lic  so lu tion  are co m p le te ly  analogous to  th o se  o f com pounds V III h av in g  
f ix e d  s tru c tu re s ;  th is  f a c t  show s th a t  th e y  e x is t  b o th  in  th e  c ry s ta llin e  s ta te  
a n d  in  alcoholic so lu tio n  — a t  least p re p o n d e ra n tly  — ac tu a lly  in  th e  form  
o f 4-im iilazo lin -2 -one a n d  -2 -th ione  show n in  th e  form ulae.

V II  (Y  =  S; R ’ =  H , Me) is oxidized b y  m ild  oxidizing ag en ts , e.g. 
even  w h e n  rec ry sta llized  fro m  dioxane w hich  h a d  been sto red  for a longer 
p e rio d , to  th e  co rresp o n d in g  disulfide (XV).

Experimental*

I. General method for rearrangem ent of 5,5-diphenyI-thiohydantoins

1 mm ole of the 5,5-diphenyl-4-thio- or -d ith io-hydanto in  derivative in  d ry  toluene 
(8 ml) w as refluxed 1 hr. w ith  freshly  sublimed alum inum  chloride (2,3 mmole). A fter cooling, 
the reac tio n  m ixture was poured  in to  100 ml of aqueous hydrochloric acid (3:1) and stirred 
for 15 m inu tes ; the prec ip ita ted  w hite  substance was filte red  off, washed w ith w ater, dried 
a t 80° a n d  recrystallized from  m ethanol or aqueous m ethano l. F o r yields and m elting points, 
see T ab le  I.

Iso la tion  of VIII, form ed from  l,3-dimethyl-5,5-diphenyl-4-thiohydantoin (III; Y  =  S; 
R ’ =  R ”  =  Me) by alum inum  chloride, was carried ou t, because of its considerable solubility 
in to luene , in  the following m anner: after decomposition of th e  reaction m ixture by  adding 
aqueous hydrochloric acid to th e  toluene solution, fu r th e r 20 ml of toluene was added. The 
to luene phase  was separated, w ashed w ith water until free of acid, and dried over anhydrous

* All reported m elting po in ts are uncorrected.
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a m ix tu re  of benzene and petro leum  ether.
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Rearrangement o f thiohydantoins with aluminum chloride 
(2.3 moles of A1C13; boiling for 1 hr. in toluene)

Starting 5,5-diphenylhy<lantoin Formula
Rear
ranged
product,

%
MCS* Lit.m.p.

C°
Refer
ences

4-Thio- III; Y =  0 ;  R ’ = R ”  =  II 96.5 3 2 0 -3 330 — 5 [6]
S-4-Methyl-4-thio- II; Y =  0 ;  R ’ =  H ; R-=Me 84.0 3 2 0 -3 3 3 0 - 3 [61
S-4-Benzyl-4-thio- II; Y =  0 ;R ’=  H; R =

PhC H 2— 96.5 3 2 0 -3 330 — 5 [6]
l-M ethyl-4-thio- III; Y =  0 ;  R ’ =  Me;

R ”  =  II 92.0 2 8 8 -9 289- 90 [7]
3-Methyl-4-thio- III: Y =  0 ;  R ’ =  H ;

R ” =  Me 99.0 288 9 289 90 [7]
1, S-4-Dirnethyl-4-thio- II; Y =  0 ;R ’ =  Me;

R =  Me 81.5 2 8 8 -9 289 90 [7]
1,3-Dimethyl-4-thio- III; Y =  0 ;  R ’ =  R ”  =  Me 75.1 183 185 [8]
D ithio- III; Y =  S; R ’ =  R ”  =  H 91.5 3 1 8 -2 0 321 [9]
S-4-Methyl-dithio- II . Y =  S; R ’ =  H ; R  =  Me 71.5 3 1 8 -2 0 321 [9]
S-4-Benzyl -dithio- II; Y =  S; R ’ -  H ;

R =  PhC H 2- 74.0 318 20 321 [9]
S-2-Benzyl-S-4-methyl-dithio- VI; 99.5 318 20 321 [9]
1-Methyl-dithio- III; Y =  S; R ’ Me;

R ”  =  H 75.1 283 — —
3-M ethyl-dithio- III; Y =  S; R ’ H ;

R ”  =  Me 84.6 283 - —

1, S-4-Dimethyl-dithio- II; Y  =  S; R ’ =  R  =  Me 78.8 283 — —
1,3-Dim ethyl-dithio- III; Y =  S; R ’ =  R ”  =  Me 66.0 2 5 1 -2 2 4 4 - 2 [22]

S-2-Methyl-dithio- IV; 94.2 2 3 6 -7 2 3 3 - 4 [10]

S.S’-Dim ethyl-dithio- V; R Me 71.5 2 3 6 -7 2 3 3 - 4 [10]

S-2-Methyl-S-4-henzyldithio- 1; 71.5 236 -7 2 3 3 - 4 [10J

* Uncorrected

II. Synthesis of 5,5-diplienyl-thiohydantoin derivatives

S-Bcnzyl-5,5-diphenyl-2-thiohydantoin (Cf. [1] )

M etallic sodium (0.12 g; 5.0 m g-atom ) was dissolved in absolute ethanol (20 ml). 1.18 ml 
( 1.24 g; 10 mmole) of a-to luenethio l and 1.41 g (5 mmole) of S-methyl-5,5 d iphenyl-2-thio- 
hydan to in  were added. The reaction m ixture was refluxed for 8 hrs. D uring th is tim e the
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generation  of m ethanethiol p rac tica lly  ceased. N ext day  th e  reaction m ixture was acidi
fied slightly  (pH =  5) by aqueous acetic acid (1:1), th e  S-benzyl derivative precip ita ted  by 
w ater, filtered , washed w ith  aqueous ethanol and dried. Y ield: 1.78 g (99.5%), m .p.: 191—2°. 
L it. m .p .: 1 9 1 -4 °  [21].

S-Benzyl-5,5-diphenyl-4-thiohydantoin  (II: Y =  O; R ’ =  H ; R  =  PhCH.,).

(a) 5,5-D iphenyl-4-thiohydantoin (II: Y =  O: R ’ R ” =  H) (1.30 g; 5.0 mmole) 
was dissolved in a solution of sodium  hydroxide (0.22 g; 5.5 mmole) in 1 ml of w ater and 8 ml 
of m ethanol. Benzyl chloride (0.63 ml; 0.69 g; 5.5 m m ole) was added, and the reaction  m ix
tu re  boiled for 5 hrs. Cooling gave a white crystalline p rec ip ita te  th a t was filtered off, washed 
w ith  aqueous ethanol, and dried . Yield: 0.90 g (50.2% ), m .p .: 206° (from ethanol).

C22H l8N2SO (358.6). Calcd. N 7.81; S 8.94. Found N 7.91, 7.97; S 8.96, 8.85% .

(b) S-M ethyl-5,5-diphenyl-4-thiohydantoin (II; Y  =  O; R ’ H; R  =  Me) (0.70 g; 
2.5 m m ole) was added to 0.06 g (2.5 mg-atom) of m etallic  sodium dissolved in the m ixture 
of 10 ml of absolute e thanol and  0.32 ml (0.34 g; 2.7 m m ole) of a-toluenethiol. The reaction 
m ix tu re  was boiled for 15 h rs ., decolorized by carbon, filte red , and its pH ad justed  to  5 by 
glacial acetic acid. The p ro d u c t was precipitated by w ate r, filtered, washed w ith  aqueous 
e thanol, and recrystallized from  7 ml of methanol. Y ield: 0.23 g (25.8%), m.p. and m ixed 
m .p. w ith  the product ob ta ined  u nder (a) 204 — 6°.

S-4-Benzyl-5,5-diphenyl-dithiohydantoin  (II; Y =  S; R ’ =  H ; R  =  PhCH2) (Cf. [1]).

S-4-M ethyl-5,5-diphenyl-dithiohydantoin (II: Y =  S; R ' =  H ; R =  Me) (1.0 g; 3.36 
m m ole) was dissolved in a so lu tion  of 0.08 g (3.4 m g-atom ) of metallic sodium in 30 ml of 
abso lu te  ethanol and 0.79 ml (0.83 g; 6.7 mmole) of a-to luenethio l. The reaction m ixture 
was refluxed  for 7 hrs. un til th e  evolution of m ethanethio l was completed. A fter cooling, the 
reaction  m ixture was sligh tly  acidified by glacial acetic  acid (pH =  5), and the product 
p rec ip ita ted  by the addition  of w ater. I t  was filtered off, washed w ith aqueous ethanol and 
dried. Y ield: 0.95 g (85% ), m .p .: 185—6°.

C22H l8N2S2 (374.5). Calcd. C 70.55; H 4.84; N 7.48; S 17.12. Found C 70.85, 70.25; 
II 5.02, 4.94; N 7.33, 7.16; S 16.92% .

S-2-M ethyl-S-4-benzyl-5,5-diphenyl-dithiohydantoin (I)

S-4-Benzyl-5,5-diphenyl-dithiohydantoin (II; Y =  S; R ’ H; R =  PhCH2) (2.60 g; 
7.0 m m ole) was dissolved in  a solution made of 0.34 g (8.4 mmole) sodium hydroxide, w ater 
(2 m l), and m ethanol (16 ml). 0.523 ml (1.19 g; 8.4 m m ole) of m ethyl iodide was added, and 
th e  m ix tu re  was allowed to  s tan d  for one day. The p rec ip ita ted  white crystalline substance 
was filte red  off, washed w ith  m ethanol, and dried. Y ield: 2.68 g (99%), m .p.: 110 — 1° (from 
m ethanol).

C23H 20NoS2 (388.5). Calcd. C 71.00; H 5.16: S 16.53. Found C 70.75; H 5.29; S 16.50, 
16.91% .

S -2 -Benzyl-S-4-melhyl-5,5-diphenyl-dithiohydantoin (VI)

S-4-M ethyl-5,5-diphenyl-dithiohydantoin (II; Y  =  S; R ’ H; R =  Me) (1.20 g; 
4.0 m m ole) was added to a so lu tion  of 0.18 g (4.4< mm ole) sodium hydroxide in the m ix ture  of 
w ater (1 ml) and m ethanol (10 ml). Then 0.506 ml (0.56 g; 4.4 mmole) of benzyl chloride was 
added . The reaction m ix ture  w as refluxed for 1 hr. On cooling a yellowish white oil separated  
w hich crystallized w ith d ifficu lty . The white crystalline substance was washed w ith aqueous 
m ethano l and dried. Yield: 1.18 g (76%), m. p.: 8 7 - 8° (from  methanol).

C 23H 2oN 2S2 (388.5) C alculated N  7.21; S 16.53. Found  N 7.20, 7.14; S 16.68, 16.24%.
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S-2-Methyl-5,5-diphenyl-dithiohydantoin (IV)

S-2-M ethyl-S-4-benzyl-5,5-diphenyl-dith:ohydantoin  (I) (0.25 g; 0.65 m m ole) was reflu
xed w ith 0.50 g (3.7 mmole) of freshly sublim ed alum inum  chloride in benzene for 1 m inute. 
The reaction m ixture was cooled, poured in to  100 ml of aqueous hydrochloric acid (3:1), 
and stirred for 20 m inutes. The two phases were separated . The aqueous layer was extracted  
w ith  15 ml of benzene. The combined benzene solutions were washed w ith w ate r, extracted  
twice w ith 50 ml of 1 N NaOH and washed again w ith 50 ml of water. The com bined aqueous 
alkaline phases were acidified by glacial acetic acid (pH  == 4), the separated p ro d u c t filtered 
off, washed w ith w ater and dried. Yield: 0.18 g (93%), m .p.: 207 — 8° (from m ethanol). Lit. 
m .p.: 211° [4].

III. Unambiguous synthesis of derivatives of 4,5-diphenyl-imidazole and
-4-imidazoline

l-M ethyl-4,5-dipheTiyl-4-im idazoline-2-thione  (VII; Y =  S; R ’ =  Me)*

A carefully pulverized m ixture of 5.30 g (25.0 mmole) of benzoin and 2.48 g (27.5 mmole) 
of N -m ethyl-thiourea was fused on an oil-bath. Above 190° a vigorous effervescence and gen
eration  of vapours commenced: after 1 hr. a t 210° the reaction was com plete, and  the melt 
solidified. A fter cooling the substance was ground w ith 20 ml of ethanol, filte red  off, washed 
w ith ethanol, and  dried. The product was purified by dissolving it in hot 1 N N aO H  (1000 ml), 
followed by filtra tion ; after cooling, the product was liberated from its salt by  conc’d HC1. 
I t  was filtered off, washed w ith w ater un til free of acid, and dried. Y ield: 5.26 g (79%), 
m .p.: 283° (from methanol).

C1(jH,.,N2S (266.4). Calcd. C 72.14; H 5.30; N 10.52; S 12.04. Found C 71.92; H 5.06; 
N 10.37, 10.60“; S 12.46%.

1-M etliyl-2-m ethylthio-4,5-diphenyl-im idazole  (X)

Metallic sodium (0.12 g; 5.5 m g-atom ) was dissolved in absolute e thanol (15 ml) and 
1.30 g (5.0 mmole) of 2-m ethylthio-4,5-diphenyl-im idazole (IX) was added, followed by 0.344 ml 
(0.78 g; 5.5 mmole) of methyl iodide. C rystallization of the product in the form  of w hite nee
dles s ta rted  im m ediately. The reaction m ixturew as shortly  boiled up until the p ro d u c t dissolved 

the solution was clarified and filtered. A fter cooling, the separated crystals were collected by 
filtra tion , washed and dried. Yield; 1.03 g (73.6% ), m .p.: 121 — 2° (from aqueous m ethanol).

Cl7HleN2S (280.4). Calcd. C 72.90; H 5.70; N 10.00; S 11.41. Found C 73.07, 72.93; 
H 5.84, 5.64; N 10.10, 10.03; S 11.16, 11.26%.

B is -( 4,5-diphenyl-2-imidazolyl)-disulfide (XV; R ’ H)

(a) 4,5-Diphenyl-4-imidazoline-2-thione (VII: Y — S; R ’ - 11) (0.25 g; 1.0 mmole)
was dissolved in hot ethanol (30 ml), and 0.10 g (1.2 mmole) of NaIICO.} was added. Aqueous 
etlnmolic iodine solution (1.0 g of I2 in 10 ml of ethanol and 2 ml of water) was added  dropwise, 
under vigorous stirring to the ho t solution, until the colour of the iodine rem ained unchanged 
even after 1 m inute of stirring. Excess iodine was rem oved by N allSO  ,, and the solu tion  diluted 
to 100 ml w ith w ater. The separated yellow crystalline substance was filtered off, w ashed with 
w ater, and dried. Yield: 0.17 g (68% ), m .p.: 256 8° (from methanol); lit. m .p .: 262° 123].

С зоН иК Д  (502.6). Calcd. C 71.78; II 4.41: N 11.15; S 12.76. Found C 71.78, 71.99; 
H 4.46, 4.70“; N 1 1 .1 9 , 10.85; S 12.82, 12.90%,.

(b) 4,5-Diphenyl-4-imidazoline-2-thione (VII; Y =  S; R ’ = H) (0.10 g; 0.4 mmole) 
was dissolved in hot dioxane (8 ml) th a t had not been pretreated  to remove peroxides. After 
cooling, the solution was diluted by 20 ml of w ater, the separated yellow crystalline substance 
filtered off, washed with water, and dried. Yield: 0.06 g (57.6%), m.p.: 256 — 8° (from  m etha
nol). The p roduct gave no depression of m .p. w ith the substance prepared according to (a).

* On th e  analogy  of th e  p re p a ra tio n  of 4 ,5 -d ipheny l-4 -im idazo line-2 -th ione  b y  BlLTZ 
a n d  K rebs  19 J.
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B is -( l-methyl-4,5-diphenyl-2-imidazolyl)-disulfide (XV; R ’ =  Me) was prepared
sim ilarly , by both m ethods.

Yield: (a) 70.5%, m .p .: 178° (from aqueous m ethano l),
(b) 75.5%, m .p .: 178° (from aqueous m ethanol).

C32H26N4S2 (530.7). Calcd. C 72.42; H 4.94; N 10.56; S 12.08. Found C 72.17, 72.09: 
H  4.90, 5.11: N 10.59, 10.38; S 11.95, 12.41%.

IV. Determ ination of the  hydrogen sulfide liberated during rearrangem ent

The determ ination of hydrogen  sulfide was perform ed essentially according to Bürger 
and Zimmermann [24]. T he reac tio n  m ixture under exam ination  (8 ml of anhydrous toluene, 
1 m m ole of thiohydantoin, v ariab le  am ounts of A1C13) was p laced in to  the decomposition flask. 
F rom  th e  boiling reaction m ix tu re  hydrogen sulfide w as sw ept — in contrast to the orig
inal procedure — by a stream  of oxygen-free nitrogen in to  th e  absorption vessel.

Increasing the q u a n ti ty  of alum inum  chloride g radually  and keeping the reaction tim e 
co n stan t i t  was found th a t ,  w hen using 2.2 —2.3 mmole of A1C13, practically 0.5 mmole of 
hydrogen sulfide was genera ted  w ith in  1 hr.; consequently, th e  reaction was alm ost q u a n tita 
tive. As shown inTable II , w ith  an  insufficient quan tity  of a lum inum  chloride little or abso lu te
ly  no hydrogen sulfide generation  was observed, and in  such cases the isolated substance was 
alm ost pure starting m ateria l. (As we had to do w ith a consecutive reaction, it  could have

Table II

Hydrogen sulfide liberated in  the reaction o f 5,5-diphenyl-thiohydantoins and aluminum chloride
(reaction time: 1 hr.)

5,5-Diphenyl-
hydantoin

AlCla 
(mole/ 
mole of 
thiohy
dantoin)

II2S, in per 
cent of the 
theoretical 
0.5 mole

Isolated products M. p.
cc Notes

-dithio- 1.12 — 0.26 g (95.5%) 2 6 0 -1 starting substance
1.18 40.6 m ixture

-, 1.64 54.3 , ,

„ 1.94 70.6
2.29 94.6 0.23 g (91.5%) 3 1 5 -2 0 rearranged product

it 2.52 97.5 0.24 g (96%) 318—20 «

-4-thio- 1.09 5.4 0.25 g (93.5%) 2 6 7 -8 starting substance

il 1.28 6.0 0.25 g (93.5%) 267 — 8

il 1.57 62.1 m ixture
I , ■ 2.02 70.5 , ,

” 2.18 100.0 0.23 g (96.5%) 320— 1 rearranged product

been possible th a t no or little  hydrogen sulfide would evolve, and , nevertheless the rearrange
m en t could have proceeded p a r tly  or completely.) In  th e  cases when the calculated q u an tity  
of hydrogen sulfide was ob ta ined , the pure rearranged p ro d u c t could be isolated in good 
yields. In  the interm ediate cases th e  product always consisted of a m ixture, the quantitative 
separation  of which would have  caused difficulties; therefore  th is was not attem pted.

V. Gas chromatographic investigations

The gas chrom atographic investigations were carried  ou t w ith a Carlo Erba Model C 
gas chrom atograph; a th erm al conductiv ity  cell was applied as the detector. The conditions 
of th e  determ ination were as follows:
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Column — filling: 20%  silicone oil 550JCelite 545 
length: 2 m 
inside diam eter: 5 mm 
tem perature: 200° 

carrier-gas — hydrogen
gas velocity about 180 ml/min. (input pressure: 2 kp/cm 2) 

evaporator — tem peratu re : 265°
Solid samples were in jected  in toluene solution.

The authors express their thanks for recording the u ltraviolet and infrared spectra to 
their colleagues dr. László Láng and dr. Pál Sohár, respectively, and for the gas chrom ato
gram s to Sándor Bék ássy . Microanalyses were carried ou t by the m icroanalytical staff of 
the departm en t under the direction of Ilona Balogh-B atta, for which the au tho rs’ grateful 
thanks are due.

SUMMARY
W hen boiled in an arom atic hydrocarbon w ith alum inum  chloride, 5,5-diphenyl-4- 

thio- and -d ithiohydantoins as well as their N- and S -substitu ted  derivatives suffer retroben- 
zilic acid rearrangem ent under the elimination of sulfur or a m ercapto group, respectively, to 
give derivatives of 4,5-diphenyl-imidazole and -imidazoline. In the case of 4-thio- and dith io
hydantoins unsubstitu ted  a t the sulfur atom , half of the elim inated sulfur is converted into 
hydrogen sulfide and the o ther half into diaryl sulfide. This la tte r product is formed by the 
electrophilic sulfurization of the arom atic solvent, i.e., the  sulfur is elim inated from the thio- 
hydantoin  skeleton in sex te tte  sta te , and so the phenyl group m igrates probably cationically.
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1,5-DIKETONES, II
REA CTION  OF 2-(l-A C ETY LPR O PY L)-B EN ZO PH EN O N ES W ITH  FO R M IC  ACID

M. I j E M P E R T - S r K T E R

(Department o f Organic Chemistry, L. Eötvös University, Budapest)

In  m em óriám  P rofessor A. M iiller 

Received June  13, 1966

In  our p receding  p a p e r  [1] th e  tra n s fo rm a tio n  of 2 -( l-a c e ty lp ro p y l)-  
-4 ,3 ’-d im eth o x y -5 ,4 ’-d iace to x y b en zo p h en o n e  (Id) in to  iso b en zo p y ry liu m  fo r
m a te  ( l ia )  by  sh o rt re flu x in g  w ith  form ic acid  has been  re p o rte d . Iso b en zo 
p y ry liu m  fo rm ates co rrespond ing  to  o th e r d ik e to n es of ty p e  I  could  n o t  be o b 
ta in e d  in  c ry sta llin e  form .

j  R R" =  OCH3 i R' R“= 0 H
b : R = R' =  R '1 =  R “' =  OCH3 

c R =  R' =  R ' = 0 C H 3 , R'"=N 
d : R ' =  R'n =  OCH3 i R = R “= 0 C 0 C H 3

R eflu x in g  w ith  fo rm ic  acid  fo r several hou rs  causes p ro fo u n d  changes 
in all d ik e to n es  of ty p e  I  th u s  fa r in v es tig a ted . E.g., 2 -( l-a c e ty lp ro p y l)-4 ,5 ,3 ’,4’- 
-te tram e th o x y b en z o p h e n o n e  (lb) [1 0 ] re flu x ed  w ith  tw o p a r ts  o f fo rm ic  acid 
for 24 h o u rs  gave tw o yellow  cry sta llin e  p ro d u c ts  o f d iffe ren t m e ltin g  p o in ts . 
T he I R  (F igs. 1 and  2) an d  UV sp ec tra  (T able I) o f th e  low er m e ltin g  su b s ta n c e , 
o b ta in e d  in  g rea te r q u a n t i ty  (V llb j) and  o f th e  h igher m e ltin g  co m p o u n d , 
w hich  is form ed in  sm aller q u a n t i ty  and  is m ore soluble in  e th a n o l, a re  very  
s im ila r to  each o th er.

B o th  V CO b an d s  o f lb  have  d isap p eared  from  th e  IR  s p e c tra  an d , on 
th e  basis  o f th e  bands in  th e  region 1000 1500 c m ^ 1, th e  s tru c tu re  o f an  iso-
b e n z p y ry liu m  sa lt m ay  also be excluded  (cf. [2]). On th e  o th e r h a n d , th e  UV 
sp e c tra  p ro v ed  to  be in d e p e n d e n t of p H  an d  in d ica ted  one or m ore  C = C  
doub le  bon d s co n ju g a ted  w ith  an  a ro m atic  ring , since th e  К -b an d  d isp lay ed  
a g re a t b a th o ch ro m ic  sh ift w ith  re sp ec t to  v e ra tro l.
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Fig. 1

Table I

U V  spectra o f  stereoisomeric ethylidene-indenes in ethanol

Compound Amax (log e)

O n  c a t a l y t i c  h y d r o g e n a t i o n  V llbj a s  w e l l  a s  V IIb2 f u r n i s h ,  b y  a d d i t i o n  

o f  2  m o l e s  o f  h y d r o g e n ,  c i s , c i s - d i i s o h o m o g e n o l  (H lb ) [ 3 ]  w h i l e ,  o n  r e d u c t i o n  

w i t h  s o d i u m  a n d  e t h a n o l ,  trans, t r t m s - d i i s o h o m o g e n o l  (IVb) [ 3 ]  i s  o b t a i n e d .
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Chrom ic acid o x y d a tio n  of b o th  co m p o u n d s V llb  yields 2 -m eth y l-3 - 
-(3 ,4 -d im e th o x y -p h en y l)-5 ,6 -d im e th o x y in d en e -l-o n e  (V) [4] an d  2 -p y ru v o y l- 
■4,5.3’,4 ’-te tram e th o x y b en zo p h en o n e  (VI) [4].

A ccord ing  to  q u a n ti ta t iv e  elem enta l an a ly sis  an d  on th e  b as is  of the  
p ro d u c ts  ob ta ined  b y  o x y d a tio n  and  red u c tio n , com pounds V llb  a re  show n 
to  be id en tica l w ith  th e  tw o  possible c is-trans isom eric  l-e th y lid e n e -2 -m ethy l- 
-3 -(3 .4 -d im eth o x y p h en y l)-5 ,6 -d im eth o x y in d en es.

a, : R =  R " '= 0 C H j ; R =  R "= 0H  
Ь|, Ь г : R = R , =  R " = R '" = 0 C H 3 
c , , eg : R =  R '=  R " = 0 C H 3 ; R '"=H

T h e  proposed s tru c tu re s  are ascerta in ed  also b y  th e  follow ing sy n th esis .

у  EtMgBr

VIII

V w as tre a te d  in  d ry  d ioxane w ith  e th y lm ag n esiu in  b ro m id e , an d  the  
a lcoho l (VIII) o b ta in ed  d e h y d ra te d  b y  p o tassiu m  h y d ro g en  su lfa te  o r form ic 
acid . T h e  p ro d u c t p ro v ed  to  be iden tica l b y  m . p ., m ixed  m. p. a n d  sp ec tra  
w ith  th e  low er m elting  stereo isom eride  Vlllq.

T h e  a lte rn a te  sy n th es is  s ta r tin g  from  X a n d  v e ra try lm a g n es iu m  b rom ide  
w as n o t  even a tte m p te d  because  of the  in c a p a b ility  o f th e  la t te r  to  ta k e  p a r t
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in  G r ig n a rd  reactions. I f , h o w ev er, X w as re a c te d  w ith  an isy lm ag n esiu m  
b ro m id e , a yellow su b s ta n c e  (V ile ,) w hich, on th e  basis o f its  sp e c tra , its  
e le m e n ta l analysis an d  o f  i ts  rea c tio n s , p roved  to  c o n ta in  th e  e th y lid en e-in d en e  
sk e le to n  w as d irectly  fo rm e d  b y  spon taneous d e h y d ra tio n  of th e  in te rm e d ia te  
a lcoho l X I.

Iso la tio n  of a lcohol X I p rim arily  fo rm ed  in  th e  G rig n ard  re a c tio n  has 
b e e n  unsuccessfu lly  a t te m p te d  in  several e x p e rim e n ts  b y  v a ry in g  th e  te m p e r
a tu re ,  th e  solvent an d  th e  r a t io s  of th e  re a c ta n ts .

I t  has been fu r th e r  in v e s tig a te d  w h e th e r e th y lid en e-in d en e  (V ile) is 
fo rm e d  also by  re flu x in g  o f  th e  corresponding  d ik e to n e  w ith  form ic acid  and, 
i f  so , w h e th e r its s te ric  s t ru c tu re  is id en tica l w ith  t h a t  of th e  com pound  
fo rm e d  in  the  G rignard  re a c tio n . B y  re flu x in g  Ic  [5] w ith  tw ice its  w eigh t of 
fo rm ic  ac id  for a period  o f  tw o  hours, a yellow  c ry s ta llin e  su b stan ce  has been 
o b ta in e d  w hich, hoAvever, is n o t iden tica l w ith  th e  p ro d u c t, V IIc2, of th e  
G rig n a rd  reaction . I ts  m e ltin g  po in t was fo u n d  to  he low er, its UV an d  IR  
s p e c tra ,  how ever, to  be ex ceed in g ly  sim ilar to  th o se  of V IIc2. O n ca ta ly tic  
h y d ro g e n a tio n  b o th  p ro d u c ts  fu rn ish , b y  ab so rb in g  tw o m oles o f hyd rogen , 
th e  sam e  colourless s a tu r a te d  com pound ( I l lc ) ;  th u s  V IIcx an d  V IIc2 are 
s te reo iso m ers .

O n the  basis o f its  co m position  an d  its  m ode of fo rm a tio n  II Ic  was 
th o u g h t  to  he the  s te reo iso m erid e  of l- (4 -m e th o x y p h en y l)-2 -m e th y l-3 -e th y l-  
5 ,6 -d im e th o x y in d an e  (IV c) [5 ], th e  m é th y la tio n  p ro d u c t o f th e  m ix ed  dim er 
IV e o f an e th o l and  iso eu g en o l. T his ac tu a lly  h as  b een  p ro v ed  b y  chrom ic acid 
o x y d a tio n  of IIIc  y ie ld in g , b y  cleavage of th e  f iv e -m em b ered  rin g , Ic , th e  1,5- 
d ik e to n e  also o b ta in ab le  on  o x y d a tio n  of IVc [5]. (The trans, trans s tru c tu re  of 
th e  p ro d u c t  ob tained  b y  m ix e d  d im eriza tion  [5] a n d  th e  cis,cis s tru c tu re  of th e  
s te reo iso m erid e  fo rm ed  b y  c a ta ly tic  h y d ro g e n a tio n  of co m p o u n d  V ile , was 
in  th is  case, assum ed b y  a n a lo g y ). T hus, we h a v e  h a d  in  ou r h an d s  a lre a d y  th e  
se c o n d  p a ir  of s te reo iso m eric  e thy lid en e-in d en es, th e  d ifference b e tw een  the  
m e m b e rs  of each c o rre sp o n d in g  pa ir surely  b e in g  due to  th e  d iffe ren t sp a tia l 
a rra n g e m e n t of th e  m e th y l g ro u p  and th e  h y d ro g e n  a to m  linked  to  th e  double 
b o n d  o f th e  e thy lidene  g ro u p . A n ex am in a tio n  o f th e  S tu a r t  m odels show ed 
th a t  s ig n ifican t a d d itio n a l s te r ic  s tra in  ex is ted  in  n e ith e r  of th e  stereo isom erides
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as com pared  w ith  th e  o ther. T h e re fo re  no re m ark ab le  d ifferences are  fo u n d  
b e tw een  th e  TJV sp ec tra  of th e  co rresp o n d in g  ste reo isom erides an d , co n 
se q u e n tly , th e ir  s te r ic  stru c tu res  c a n n o t be e stab lish ed  on th is  basis. N e ith e r  
w as i t  possible to  deduce the  s te r ic  s tru c tu re  of th e  stereo isom erides from  
e x is tin g  d ifferences in  stab ility .

In fo rm a tio n  a b o u t the re la tiv e  s tab ilitie s  o f th e  stereo isom erides could  he 
o b ta in e d  from  th e ir  isom erization  b y  acids. On h e a tin g  w ith  acids, Vllb., b e 
cam e com plete ly  isom erized in to  VIIb1 fu rn ish ing  th e re b y  an  ex p la n a tio n  fo r 
th e  o b se rv a tio n  a lre a d y  m en tio n ed  th a t ,  on h ea tin g  w ith  form ic acid , lb is 
ch ie fly  tra n s fo rm e d  in to  Vllb,. B y  ana logy  of th e  UV sp ec tra , Vllb, c o rre 
sp o n d ed  toV IIc ,  a n d  Vllb,, to VIIc2, w ith  respect to  th e ir  s teric  s tru c tu re  a n d , 
th e re fo re , it  co u ld  he expected  t h a t  V ile ,  sy n th esized  b y  G rignard  re a c tio n  
sh o u ld  be iso m erized  by  acids in to  V ile ,. T his, in fa c t, w as found  to  be th e  
case, again fu rn ish in g  the  e x p la n a tio n  for th e  o b se rv a tio n  th a t ,  from  th e  
m ix tu re  o b ta in e d  on heating  th e  d ike tone  Ic w ith  form ic acid , only  V ile ,  
can  be iso la ted .

The th ird  analogous d ik e to n e  w hich  was reac ted  w ith  form ic acid  w as Id.©
In  ou r p reced ing  p ap e r it had b e e n  re p o rte d  th a t  th is  w as th e  f irs t re a c tio n  to  
lead , a lth o u g h  in  m odera te  y ie ld , to  th e  fo rm a tio n  of an  iso b en zo p y ry liu m  
fo rm a te  (H a)* . M ore prolonged re flu x in g  w ith  fo rm ic  acid led b o th  from  Id 
a n d  l ia  to  a yellow  e th y lid en e-in d en e  (Vila,) w hich  was tra n s fo rm e d  b y  
m é th y la tio n  in to  Vllb, described  ab o v e , and by  c a ta ly tic  h y d ro g en a tio n  in to  
th e  n o t y e t k n o w n  cis, c is-d iisoeugeno 1 (Ilia). Th e la t te r  could be m e th y la te d  
to  cis, cis-diisohom ogenol (I llb )  [3].

In  a d d itio n  to  the iso b en zo p y ry liu m  (H a) fo rm a te  an d  th e  e th y lid en e - 
indene (V ila ,) ,  in  th is  case a th i r d  p ro d u c t could also be iso la ted . The l a t te r  is 
a lig h t yellow  cry sta llin e  su b s ta n c e  an d , on th e  basis o f its  e lem en ta l an a ly s is  
an d  IR  s p e c tru m , it Mas id e n tif ie d  as l-(3 -m e th o x y -4 -h y d ro x y p h en y l)-3 - 
m eth y l-4 -e th y l-6 -m eth o x y -7 -h y d ro x y iso ch ro m en e  X lla ,  th is  being also  c o r
ro b o ra ted  b y  th e  id en tity  o f i ts  m é th y la tio n  p ro d u c t w ith  th e  isoch rom ene  
X llb  p rep a red  b y  th e  LiA lH 4 re d u c tio n  of l- (3 ,4 -d im e th o x y p h en y l)-3 -m e th y l-  
-4 -e th y l-6 ,7 -d im eth o x y -iso b en zo p y ry liu m  sa lts  (lib) [7].

C2H5

a : R'= R"= OH i R =  R '"= 0 C H 3  
b ; R = R '= R ,, =  R l" = 0 C H 3

R

XII

* D uring salt formation the acetoxy groups of Id were cleaved.

A d a  C h im ic a  A c a d e m ia c  S c ie n lia r u m  H u n g a r ic a e  S I ,  1 9 6 7
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O n re flu x in g  w ith  form ic acid , X l la  is tran sfo rm ed  in to  Y lla j w ith in  4 
h o u rs ; therefo re , i t  m a y  be considered  as an  in te rm e d ia te  o f th e  reac tio n  
lead in g  from  Id  to  V l la ^  A lthough  on re flu x in g  lb  w ith  fo rm ic ac id , in m ost 
cases, only  th e  e th y lid en e -in d en es  VHb cou ld  be iso la ted , th e  re a c tio n  m ay  be 
assum ed  to  p ro ceed  ev en  in  th is case th ro u g h  th e  in te rm e d ia te  isobenzopyry- 
lium  (ИЬ) fo rm a te  a n d  th e  isochrom ene X llb . This is ev idenced  b y  th e  fac ts  
t h a t  u n d e r s lig h tly  m o d ified  reac tio n  co n d itio n s  X llb  could  be iso la ted  from  
th e  reac tio n  m ix tu re , an d  th a t  th e  fo rm a tio n  of iso b en zo p y ry liu in  fo rm ates 
has been  d e m o n s tra te d  b y  spectro scopy  [1 ].

B v  reason  o f  th e se  re su lts , we assum e th a t  th e  f ir s t  s tep  of th e  reac tio n  
sequence  I - V II is th e  fo rm atio n  o f a n  iso b en zo p y ry liu in  fo rm a te  (II) from  
th e  1 ,5-d iketone (I) a n d  form ic ac id ; on p ro longed  h e a tin g  th is  p rim a ry  p ro 
d u c t is fu r th e r  c o n v e r te d , ju s t  as w ell as iso la ted  b en zo p y ry liu m  fo rm ates 
v ie ld  e th y lid en e-in d en es  w hen  re flu x ed  in  fo rm ic  acid.

In  th e  fo llow ing s te p  th e  iso b en zo p y ry liu in  sa lt I I  is assu m ed  to  becom e 
re d u ced  b y  form ic a c id  to  th e  isoch rom ene X II. F o rm ic  acid  red u c tio n s of 
n itro g en -h e te ro cy c lic  com pounds, d u rin g  w h ich  on ly  th e  h e te ro cy c le  becom es 
s a tu ra te d , have b een  re p o r te d  several tim es . T h u s , e.g. L u k e s  e t al. [ 8 ]  reac ted  
q u a te rn a ry  sa lts  o f  p y r id in e  and  hom ologues w ith  form ic acid  to  o b ta in

d e riv a tiv e s  of p ip erid in e  a n d  Zl:i-p ipeiide ine . H ow ever, th e  form ic ac id  reac tio n  
o f oxygen-heterocyclics, as fa r  as we know , h as  n o t  been  described  in  lite ra tu re .

ír ta  C h im ie  л A c id e m ia e  .Sc i e n t i i r i im  H u n g á r iá ié  51 , 1967
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T he isochrom enes m ay  be tra n sfo rm e d  in to  th e  corresponding  e th y lid e n e - 
-indenes in  q u a n ti ta t iv e  yield n o t only  b y  fo rm ic  acid  b u t  also b y  ace tic  ac id . 
A ccordingly , in  th is  step  fo rm ic acid does n o t a c t as a reducing  a g e n t b u t  
sim ply  as an  acid.*

T he n e x t  s tep  of th e  re a c tio n  lead in g  to  th e  fo rm ation  o f e th y lid e n e - 
-indenes is a ssu m ed  to  be th e  fission  of th e  h e te ro cy c le  of th e  isochrom enes XII ; 
th is  a ssu m p tio n  is reasonab le  considering  th e  enol e th e r  c h a ra c te r  o f  th e se  
com pounds. In  th e  following s te p  cyc liza tion  sh o u ld  occur w ith  th e  e lim in a tio n  
of w a te r to  give an  indenol d e riv a tiv e  of ty p e  XI, th e  iso lation  of w h ich  w as 
unsuccessfu lly  a tte m p te d  d u rin g  th e  p re p a ra tio n  of V IIc2 (see above), b ecau se  
it  tra n sfo rm e d  in s ta n ta n e o u s ly  in to  th e  m ore s ta b le  e th y lid en e-in d en e.

A s im ila r  t ra n s fo rm a tio n , n am ely  th e  c o n v ers io n  of ce rta in  d e riv a tiv e s  (X IV ) of 
isoflavene in to  in d en es un d er th e  ac tio n  of Lew is ac id s, w as observed b y  Cook  et al. [9].

The firs t step  consists, also in this case, in the fission of the heterocycle; howrever, 
the closure o f the indene ring does not involve the elim ination of w ater b u t occurs by 
in tram olecular electrophilic substitu tion .

E x p e rim e n ts  to  p rove  th e  assum ed  m echan ism  of the  re a c tio n  w ill be 
co n tin u ed .

Experimental

Stereoisomeric l-ethylidene-2-methyl-3-(3,4-diinethoxy|»henyl)-5,6-dim ethoxyindenes
(VHb, and V Hb,)

15.0 g (39 mmoles) of 2-(l-acetyIpropyl)-4,5,3’,4’-tetram ethoxybenzophenone (lb) 
[10] were refluxed for 24 hrs. w ith 30 ml of formic acid. The yellow crystals w hich separated 
on cooling were recrystallized from ethanol. Y ield: 6.5 g (47.5%) VIIb„ m .p .: 146-148°.**  

(352.3). Calcd. C 74.97; H 6.86; О 18.16. Found C 74.77, 75.00; H  6.92, 6.88; 
О 18.26, 18.26%.

The m other liquor of crude VHb, was evapora ted  to dryness and the residue taken  up in 
a small q u a n tity  of ethyl ace tate . On standing soft yellow needles were deposited . Yield: 
0.85 g (6.2% ) of VIIb„, m .p .: 1 6 3 -1 6 5  .

C22H 2l0 4 (352.3). Calcd. C 74.97: H 6.86; О 18.16; Found C 75.02, 75.03; H 6.75, 6.61; 
О 18.29%.

* T rea tm en t of the isochromenes by hydrochloric acid or alum inium  chloride gives 
stable halogen-containing products of unknow n struc tu re  which cannot be fu rth e r tran s
formed by  trea tm en t w ith formic acid.

** The synthesis proving the s tructu re  of VHb, is described below.
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l-(3,4-D im ethoxyphenyl)-3-m ethyl-4-ethyl-6,7-diinethoxyisochrom ene (X llb )
ir •* '

The above experim ent was repeated shortening th e  reaction tim e to 4 hours; in  this 
w ay a 19%  yield of a m ixture of the above-m entioned stereoisomeric indenes (m elting betw een 
133 —140° and impossible to  separate by a single recrystallization) and a 27% yield of X llb , 
m .p. 103 —105°, were obtained. The la tte r p roduct w as identified by determ ination  of its 
m ixed m .p. w ith an au then tic  sam ple [7], as well as by  its  IR  spectrum.

Reduction of the ethylidene-indenes VHb

(a) To a boiling solution of 0.5 g (1.4 mmoles) o f VHb, in  25 ml of dry e thano l 2 g of 
m etallic  sodium was added in  small pieces; the solution cleared up within a few m inutes. The 
lem on-yellow  solution was evaporated  to dryness, the residue taken  up in ether and w ater and. 
a fte r com plete dissolution, the ethereal layer was dried, th e  solvent evaporated and th e  residue 
recrystallized  from m ethanol. Yield: 0.35 g (70% ) of tran s , trans-diisohomogenol (IVb), m.p. 
and  m ixed m.p. w ith an au then tic  sample [3]: 93 — 94°. The product was identical w ith an 
au th en tic  sam ple according to its  colour reaction w ith brom ine-acetic acid, and its IR  spectrum .

(b) The analogous reduction  of VIIb2 w ith sodium  and ethanol also gave IVb in  70%
yield.

(c) 0.7 g (2 mmoles) of V llb, in 40 ml of dim ethylforinam ide were hydrogenated  over 
palladium -on-charcoal to ob tain  0.5 g (72%) cis, cis-diisohomogenol (Illb ) [3] as colourless 
crysta ls , m .p. and mixed m.p. w ith an authentic sam ple: 103 — 105°. The product was found 
to be iden tica l w ith the au then tic  sample also by its colour reaction w ith brom ine-acetic acid 
as well as by  its  IR  spectrum .

(d) C atalytic reduction of VIIb2, as described above, also gave I llb  in 70% yield.

Oxydation of the ethylidene-indenes Vllb

To a boiling solution of 2.0 g (5.7 mmoles) of V llb, in  30 ml of acetic acid a m ix tu re  of
4.0 g of chrom ium  trioxide, 20 ml of acetic acid and 1 ml of w ater was added by drops. A fter 
refluxing an  hour, the m ixture was poured on ice and  th e  precipitate (0.35 g of V) recrys
tallized  from  acetic acid. Red crystals, m.p. and m ixed m .p . w ith authentic V [4]: 188 —190°; 
the IR  spectrum  was also identical w ith th a t of au then tic  2-m ethyl-3-(3,4-dim ethoxyphenyl)- 
5 ,6-dim ethoxyinden-l-one.

B y ex traction  of the firs t m other liquor of V w ith  benzene, 0.65 g of an oily p roduct 
was ob ta ined  which, on repeated recrystallization from m ethanol, finally melted a t 133 —134° 
and, by  m ixed m.p. and IR  spectrum  was shown to be iden tical w ith authentic 2-pyruvoyl- 
-4,5,3’,4’-tetram ethoxybenzophenone (VI) [4].

Synthesis of the lower melting isomer of l-ethylidene-2-m ethyl-3-(3,4- 
-dimethoxyphenyl)-5,6-dim ethoxyindene (V llb  )

(a) 0.30 g (0.81 mmoles) of l-ethyl-2-m ethyl-3-(3,4-dim ethoxyphenyl)-5,6-dim ethoxy- 
-inden-l-o l (VIII)* dissolved in  2 ml of xylene was refluxed for 3 hrs. with 0.3 g of potassium  
hydrogen sulfate. After cooling, the m ixture was d ilu ted  w ith  benzene, washed w ith  w ater 
and th e  residue of the benzene layer recrystallized from  ethanol. Yield: 0.24 g (84% ) of V llb ,, 
yellow crysta ls , m.p. and m ixed m.p. w ith  the sam ple p repared  from  lb (see page 113): 146 — 
148°.

(b) R efluxing 0.3 g of V III for 3 hrs. with 0.6 ml of form ic acid yielded the same substance 
in 85%  yield.

2-M ethyl-3-ethyl-5,6-clim ethoxy-l-indenone (X)

1.0 g (3.0 mmoles) of ethy l 2-m ethyl-3-hydroxy-3-veratrylvalerate (IX) [11] was m ixed 
a t room tem p era tu re  w ith 10 g of polyphosplioric acid. The honey-like m ixture was k e p t for 
40 m inutes in  a b a th  of 60 — 70°, during which period it  tu rn ed  firs t yellow and finally  red ,

* F o r the  synthesis of V III  s ta rting  from V, see [13].
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and subsequently it  was decomposed with ice-w ater. The yellow pasty  product adhering to the 
walls of the flask was taken  up in benzene, the solution washed w ith aqueous sodium hy d 
rogen carbonate and, a fter evaporation of th e  solvent, the residue recrystallized from m etha
nol. Yield: 0.58 g (83% ) of colourless crystals , m.p. 135 137°.

C,4Hlfi0 3 (232.2). Cal cd. C 72.23; H 6.94; О 20.66. Found C 72.50, 72,65; H 7.05, 7.18; 
О 20.41. 20.77%.

Synthesis of the higher melting isom er of l-ethylideiie-2-m ethyl-3-(4-m ethoxy- 
phenyl)-5,6-dimethoxyindene (V IIc2)

To a solution of th e  Grignard reagent prepared from 0.37 g (15 m g-atom s) of magnesium 
turnings and 2.7 g (15 mmoles) of 4-bromoanisole in 15 ml of d ry  ether, a solution of 1.0 g 
(4.3 mmoles) of 2-m ethyl-3-ethyl-5,6-dim ethoxy-l-indenone (X) in 10 ml of dry tetrahydro- 
furane was added under cooling. The resulting  green homogeneous solution was refluxed for 
5 hrs., poured into ice-w ater containing am m onium  chloride, the aqueous layer extracted  
w ith ether, the combined organic layers w ashed w ith w ater, and dried. A fter the ether and, 
in  vacuo, the excess brom oanisole had been rem oved, the residue was trea ted  w ith hot m etha
nol; crystallization began either im m ediately or after short standing. Yield: 1.0 g (72% ) of 
yellow crystals, m.p. 144 —146° (from ethy l acetate).

С„Н в 0 3 (322.4). Calcd. C 78.23; H 6.88: О 14.89. Found  C 78.64, 78.59; H 7.12, 7.13: 
О 14.62%. For the UV spectrum  see T able I.

Lower m elting isomer of l-ethylidene-2-m ethyl-3-(4-m ethoxyphenyl)- 
-5,6-dimethoxyin«lene (V IIc^

0.8 g (2.1 mmoles) of 2-(l-acetylpropyl)-4,5,4,-trim ethoxybenzophenone (Ic) [5] was 
refluxed for 10 hrs. w ith  1.5 ml of form ic acid. The m ixture, irrespective of the precipitate, 
was evaporated to  dryness and the residue recrystallized from  ethanol. Yield: 0.35 g (49% ), 
m .p.: 108-109°.

C21H22O3 (322.4). Calcd. C 78.23; H 6.88. Found C 78.36, 78.51; H  7.00, 6.70% .
For the UV spectrum  see Table I.

cis,cis-l-(4-M ethoxyphenyl)-2 -methyl-3-ethyl-5,6-dim ethoxy indane (IIIc )

0.5 g (1.5 mmoles) of Vile,, dissolved in 8 ml of dim ethylform am ide was hydrogenated 
over palladium -on-charcoal. After the absorption of 2 moles of hydrogen the colour of the 
solution disappeared. The catalyst was rem oved, the solution evaporated  to dryness and the 
residue recrystallized from ethanol. Y ield: 0.3 g (59% ) of colourless crystals, m.p. 88 89".

C21H2rO { (326.4). Calcd. C 77.27; H 8 .0 2 :0  14.71. Found C 77.65; H 7.79; О 14.67%.
Catalytic hydrogenation of VIIc2 yielded the same product.

Oxidative degradation of IIIc

0.4 g (1.2 mmoles) of IIIc was oxidized in 4 ml of acetic acid w ith 0.3 g of chrom ium 
trioxide. After stand ing  overnight, the m ixture was poured into w ater, the aqueous solution 
ex trac ted  with benzene, the benzene solution washed w ith aqueous sodium hydrogen carbonate 
and water, dried, and the solvent evaporated . For the purpose of purification, the residue 
was converted by trea tm en t of its acetic acid solution w ith a few drops of cone, sulfuric acid 
into the corresponding isobenzopyrylium  (He) hydrogen sulfate. From  the la tte r  the diketone 
Ic was regenerated by refluxing its aqueous solution for 2 hrs. M.p. and mixed m.p. w ith an 
authentic  sample [5]: 98 99°.

Isom erization of indenes VIIb2 and VIIc2 into indenes Vllb, and V IIc^
respectively

(a) Refluxing 0.1 g of VIIb2 w ith  2 ml of 5%  ethanolic hydrochloric acid for 4 hrs. gave
0.07 g of a substance melting at 138 142° whose IR  spectrum  was identical w ith  th a t of V llb,.

(b) VIIb2 was similarly converted  into Vllb, by refluxing for 4 hrs. w ith formic acid.
(c) U nder the same conditions Vllb, rem ained unaltered.
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(d) Refluxing 01. g of VIIc^, for 4 hrs. either w ith formic acid or w ith ethanolic hydro
chloric acid yielded 72 mg of a substance melting a t 100 —106° whose IR  spectrum  was iden
tica l w ith th a t of V llcj.

(e) U nder the same conditions V ile, rem ained unaltered.

Reaction of 2-(l-acety lpropyl)-4 ,3’-diniethoxy-5,4’-diacetoxybenzophenone (Id)
w ith formic acid

40.0 g (90 mmoles) of Id  [12] was refluxed for a period of 16 hrs. w ith 80 ml of formic 
acid. On cooling 10.0 g (34% ) of V IIal separated  from the solution, yellow crystals, m.p. 
201 — 202° (from ethy l acetate).

C20H20O4 (324.4). Calcd. C 74.05; H 6.21; CH.,0 19.13. Found C 74.06, 74.10: H  6.27, 
6.28; CH30  19.30, 19.33%.

The m other liquor of crude V ila , was evaporated to dryness. Refluxing the residue 
w ith  100 ml of ethyl ace tate  gave 7.2 g (20.5% ) of l-(3-m ethoxy-4-hydroxyphenyl)-3-m ethyl- 
-4-ethyl-6-m ethoxy-7-hydroxyisobenzopyrylium  (Ha) form ate [1]; red crystalline plates, 
m .p .: 153-154°.

A fter removal of the isobenzopyrylium  salt, 4.5 g (14.6% ) of l-(3-m ethoxy-4-hydroxy- 
phenyl)-3-inethyl-4-ethyl-6-m ethoxy-7-hydroxyisochrom ene (XHa) separated  slowly from 
the  m other liquor on standing, in  the form  of s tou t yellow crystals, m .p.: 155 —157° (from 
acetic acid).

С^Н^Оз (342.4). Calcd. C 70.15; H 6.48. Found C 69.92, 70.11; H 6.50. 6.56% .

l-(3,4-D im ethoxyphenyl)-3-m ethyl-4-ethyl-6,7-dim ethoxyisochrom ene (X Hb)

An ethanolic suspension of 0.5 g (1.5 mmoles) of XHa was trea ted  w ith an ethereal solu
tion  of diazom ethane w hereby it  g radually  cleared up. A fter standing overnight, the solution 
was evaporated  to  dryness and th e  residue recrystallized from m ethanol. 0.35 g (68% ) of 
colourless crystals, m .p.: 103 —105°, which were identified w ith au then tic  XHb [7] by mixed 
m .p. and  the IR  spectrum .

Reaction of l ia  form ate and of isochromene XHa with formic acid

(a) 2.0 g (5.2 mmoles) of l i a  form ate was refluxed for 30 hrs. w ith  4 ml of formic acid; 
yellow crystals (0.42 g, 25% ) were obtained which, by m.p. and m ixed m .p. (198 — 200°) 
proved to be identical w ith  VHat .

(b) 0.5 g (1.4 mmoles) of X H a was refluxed for 4 hrs. w ith 1 ml of formic acid and the 
yellow crystals which separated  on standing  were recrystallized from  ethy l ace tate  to yield 
0.42 g (90% ) of a product, which, by  m.p. and mixed m.p. (198 — 200°) proved to  be identical 
w ith  V U a,.

(c) By trea tm en t w ith acetic acid instead of formic acid under the conditions described 
above, X H a was again transform ed in to  V ila ,.

Acetylation of V ila,

A m ixture of 0.5 g (1.5 mmoles) of V ila ,, 0.2 g of anhydrous sodium aceta te  and 2 m l 
of acetic anhydride was heated 1 hr. on a steam  bath . A fter decomposing the excess anhydride 
by th e  addition  of ice-water, the p rec ip ita te  was recrystallized from acetic acid to  yield 0.45 g 
(72% ) of yellow prisms, m.p. 178 —180°.

C21H 210 6 (408.4). Calcd. C 70.57; H 5.92. Found C 70.57, 70.39; H 6.20, 6.22% .

M éthylation of У11ах

A n ethanolic suspension of V ila , was trea ted  w ith  an ethereal solution of diazom ethane. 
A fter stand ing  for two days, the resu lting  clear solution was evaporated  to dryness and the 
residue recrystallized from ethanol. D eterm ination  of the m.p. and m ixed m.p. (143 —146°) 
w ith  an au then tic  sample (cf. p. 113.), showed the product to be identical w ith V illi,.
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Reduction of Vila,

1.0 g (3.1 mmoles) of V ila , was dissolved in a m ixture of 5 ml of dim ethylform am ide 
and 5 ml of acetic acid, and dehydrogenated over palladium -on-charcoal. A fter th e  absorption 
of th e  required 2 moles of hydrogen the colour of the solution disappeared. The ca ta ly st was 
rem oved, the filtra te  evaporated  to dryness, and the residue recrystallized from  m ethanol 
to yield 0.5 g (50%) of cis,cis-diisoeugenol (I lia ) , m .p.: 128 — 130°.

C20H2,O4 (328.4). Calcd. C 73.14; H 7.37. Found C 73.04, 73.34; H 7.62, 7.42% .

Acetylation: The residue obtained on evaporating the m ethanolic m other liquor of I l ia  
to dryness was acetylated w ith  acetic anhydride and sodium acetate to give 0.32 g (25%) 
of th e  diacetate (Hid) of cis, cis-diisoeugenol, m.p. 130 —132° (from ethanol).

C24H2J0 6 (412.5). Calcd. C 69.88; H 6.84. Found C 69.64, 69.99; H 6.82, 7.14% .

Méthylation of I l i a  in alcoholic potassium  hydroxide by dim ethyl sulfate produced 
cis,cts-diisohomogenol (Illb ) [3], m.p. 104 —105°.

The microanalyses were m ade by Mrs. H. Medzihradszky-Schw eiger  and  staff, 
the spectra  were measured and in terp re ted  by Dr. F. R u f f , both  a t th is In s titu te , to  whom 
thanks of the author are due.

SUMMARY

Prolonged refluxing of hydroxylated  and/or alkoxylated 2-(l-acetylpropyl)-benzo- 
phenones (I) w ith formic acid gives the corresponding ethylidene-indenes (VU). As in term edi
ates isochromenee of type X II were isolated in addition to the isobenzopyrylium  form ates (II) 
ob tained  also previously. The ethylidene-indenes VII exist in pairs of cis-trans isom eric modi
fications; the higher m elting and less stable m odifications are isomerized by tre a tm en t w ith 
acids in to  the corresponding lower m elting stable modifications.

While catalytic hydrogenation  of the ethylidene-indenes yields the cis,eis-m odifications 
(III) of th e  corresponding 1 ,2 ,3-trisubstitu ted  indanes, reduction by sodium and ethanol affords 
the trans. írans-m odifications (IV) of the indanes. By the m ethod described the cis,cis-modifi- 
cations of some dimeric propenyl phenol ethers, thus far unknow n, have been synthesized.
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N E U E R S C H E I N U N G
Отто D i e l s — W a l t e r  R u s k e

Einführung in die organische Chemie

D ie  E n tw ick lu n g  d e r  o rgan ischen  Chem ie is t  in  m eh re re n  g roßen  S tu fen  
v erlau fen ; d e r  s tä n d ig e n  Z unahm e d e r  ex p e rim en te llen  E rfa h ru n g  fo lg te  
d ie  O rdnung  d e r  K e n n tn is se  u n te r  a llgem einen  G esich tsp u n k ten . H e u te  is t 
f ü r  d ie  m oderne  o rg an isch e  Chemie die in ten s iv e  W echselw irkung  m it ih ren  
N a c h b a r  W issenschaften ch a rak te ris tisch . W echse lbez iehung  sch ließ t G eben 
u n d  N ehm en  ein . So is t  u n se re  U m w elt in  n e u e re r  Z e it d u rc h  K u n sts to ffe , 
sy n th e tisch e  F a se rn , F a rb s to ffe , T enside, P h a rm a z e u tik a  u n d  In sek tiz id e  
ra d ik a l v e rä n d e r t w o rd e n . A ndererse its  h a b e n  te ch n isch e  E n tw ick lungen  
u n d  neue A u fg ab en ste llu n g en  E n tw ick lungen  in  d e r  C hem ie angestoßen  o der 
g e fö rd e rt. E benso  v ie lfä ltig  sind die W echse lbez iehungen  zw ischen d e r  
o rgan ischen  C hem ie u n d  ih ren  N ach b a rg eb ie ten  in  d e r  Q uan tenchem ie, 
T h e rm o d y n a m ik , K in e t ik  usw ., die ih re rse its  d ie  G ru n d lag e  fü r  das V e r
s tä n d n is  von R e a k tio n e n  u n d  E igen sch a ften  sind .

E n tw ick lu n g en  d ie se r  A r t  m üssen au ch  L e h rb ü c h e r  R ech n u n g  trag en . Sie 
h a b e n  den  m o d e rn en  E n tw ick lungslin ien  z u  fo lgen, E in ze lta tsach en  zu sam 
m enzufassen  u n d  in  abgew ogener D osie rung  d em  ang eh en d en  jungen  C he
m ik e r  zu  p rä se n tie re n . U n te r  diesen G e s ic h tsp u n k te n  h a t  W alter R uske  die 
»E in füh rung  in  d ie  o rgan ische  Chemie«, d a s  b e w ä h rte  L eh rb u ch  von  Otto 
D iels , völlig ü b e ra r b e i te t  u n d  e rg än z t. D a s  B u c h  b r in g t dem  A nfänger 
z u n ä c h s t das g ru n d le g e n d e  T a tsac h en m a te ria l d e r  o rgan ischen  Chem ie nahe» 
z u m  Teil in  e in e r exem p larisch en  B eh an d lu n g , d ie  d u rc h  H inw eise a u f  die 
zugehörige L i t e r a tu r  z u m  W eite rs tu d iu m  a n re g t .  E s  b e h a n d e lt daneben  die 
B eziehungen  zu  d e n  m o d e rn en  M ethoden  d e r  S tru k tu ra u fk lä ru n g  u n d  fü h r t  
z u m  V ers tän d n is  d e r  v ie lfä ltigen  R eak tio n sw e isen  o rgan ischer M oleküle, 
Q u erv e rb in d u n g en  z u r  B iochem ie, einem  im m e r w ich tig e ren  G ebiet, u n d  zu r 
M edizin  w erden  eb en so  b eh an d e lt w ie F ra g e n  d e r  T echnologie.

E in e  w esentliche E rw e ite ru n g  des U m fangs g eg en ü b e r dem  a lte n  » D iels <1, 
w a r  n ic h t zu  v e rm e id e n , w ollte m a n  n ic h t d a s  au slassen , w as d e r L eser 
billigerw eise in  e in e r  m o d e rn en  E in fü h ru n g  in  d ie  o rgan ische  Chem ie e rw a r
te n  k an n . D ie s tra f fe  D arstellungsw eise u n d  k la re  G liederung  des »D iels— 
R u sk e « w ird dem  S tu d ie re n d e n  jedoch  F ü h ru n g  u n d  H ilfe  bei seinem  E in 
d rin g en  in  das in te re s s a n te  und  fasz in ie rende  G eb ie t d e r  m odernen  o rg a 
n ischen  Chem ie se in .

1966. 21., völlig  n e u b e a rb e ite te  u n d  s t a r k  e rw e ite r te  A uflage. X V I, 704 
S e iten  m it 104 A b b ild u n g e n  u n d  40 T abe llen , G anzle inen  DM 35 ,— B it te  
fo rd e rn  Sie u n se re n  S o n d erp ro sp ek t an.

VERLAG CHEMIE. GMBH 
WEINHEIM ̂ BERGSTR.
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Определение констант стабильности смешанных комплексов’типа МАпВл_„
П. Х У Н  и М. т. БЭ К

Резюме. Можно различать две различные системы смешанных лигандовых комплексов 
состава МА„Вдг_„: системы, в которых концентрация свободного лиганда является незна
чительной и системы, в которых эти концентрации соизмеримы с концентрациями комп
лексов или даже больше последних. Обсуждаются различные методы расчёта констант 
равновесия. Один из этих методов не требует знания концентрации комплексов, а требует 
знания соотношения концентраций свободных лигандов при максимальной концентрации 
каждого смешанного лигандового комплекса.

Сравнительные исследования к построению кривой почернения, с помощью 
ступенчатого фильтровочного метода

к. ЦИМ М ЕР, T . Т Ё Р Ё К  и Й. БИ ДЛ

Резюме. Сравниваются результаты, полученные при исследовании нескольких принятых 
методов кривой почернения. Обсуждаются точки, характеризующие кривую подчерне- 
ния и приведенную кривую почернения. Описывается метод определения крутости кривой 
почернения для того случая, когда на снимках спектров имеются лишь такие малые 
величины почернения, которые соответствуют участку недодержки кривой почернения.

Определялась крутость кривой для спектральных пластинок частично сенсибили
зированных также и к видимой области спектра, при различных длинах волн, в случае и 
спектральных пластинок и фильмов различного типа. Описывается трудность определения 
крутости в области видимых длин волн, а также странение этой трудности путем приме
нения ступенчатого фильтра, с изменимой постоянной фильтра.

Исследовалась применимость ступенчатых фильтров различного типа, изучалась, 
далее, зависимость крутости от спектральной линии, от времени проявления и темпера
туры, а также от состава проявителя.

О кинетическом уравнении мономолекулярных гетерогенных 
каталитичских процессов распада

Г. ШАЙ и П. Т Е Т ЕН Ь И

Резюме. Авторы исследовали возможность распространения, выведенного и проверен
ного ранее, кинетического уравнения мономолекулярных гетерогенно-каталигичскмх 
реакций на случай, когда поверхностная реакция проходит в две ступени, а также на 
случай смесей, содержащих два реагирующих компонента. Полученные уравнения имеют 
форму, аналогичную уравнению, выведенному для более простого случая. Эксперимен
тальные данные, относящиеся и смесям метилциклогексан — циклогексан, подтверж
дают правильность выведенного уравнения. Результаты однозначно указывают на то,
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что первой ступенью дегидрогенизации циклогексана и родственных ему соединений 
является диссоциационная адсорбция. Затем следует поверхностная реакция — необрати
мая элиминация и водорода. Скорость распада определяется совокупностью этих двух 
процессов.

Кинетика и механизм реакций замещения комплексов, IV 
Термическое разложение некоторых комплексов типа [Со(х)2амин2]х.

Й. ЖАКО, Ч. ВАРХЕИ и Е. К Е К Е Д И

Было синтезировано более 30 новых, еще неописанных в литературе, комплексов 
типа [Со(х)2амин2]х (где х — 1,2-циклогександион-диоксим, амин — различные арома
тические амины, X —CI- , Br', I“, SCN“, СЮ'), а также исследовалось их поведение в 
условиях термограви,метрического анализа. Было установлено, что в случае термичес
кого разложения хлоридов, бромидов, иодидов и роданидов образуется стабильный 
промежуточный продукт типа [Со(Х)2амин X]. Анион, находящийся во внешней сфере, 
замещает одну из молекул амина во внутренней сфере. Из термогравиметрическух дан
ных с помощью метода Хоровиц и Метцгера рассчитывались энергия и энтальпия ак
тивации данных реакций замещения. На основе полученных результатов была предло
жена гипотеза о механизме реакций.

Изотопные эффекты упругости пара, II
Изотопный эффект дейтерия в упругости паров метилового и этилового спиртов

и .  к и ш ,  д ь .  я к л и ,  г .  я н ч о  и X. и л л и

Резюме. В широком интервале температур определялась разница между упругостями 
паров СН3ОН и CH3OD, а также С2Н5ОН и C2H5OD. И экспериментальных данных, на 
основе уравнения состояния паров спирта, рассчитывались величины факторов дистил- 
ляционного разделения (а). Установлено, что температурная зависимость а хорошо опи
сывается зависимостью Бигелейсена, согласно которой Ina =  А/T2— В / T  где А и В по
стоянные величины в одном определенном температурном интервале. Определена вели
чина, так называемой, температуры перемещения, выше которой более тяжелая изотопная 
модификация является более летучей, по сравнению с более легкой модификацией. Опре
делены также разности между теплотами испарения изотопных соединений.

Электронномикроскопическое исследование золей без изменений в их
структуре

И. МАРОТ, Ш. РО РЗЕТЦ ЕР и Е. РОТБАРТ

Резюме. В сообщении описывается электронномикроскопический препаративный метод 
и установка для сушки вымораживанием, которая в большой степени удовлетворяет 
принципиальным и практическим требованиям, предъявляемым к сушке выморажива
нием. Установка является простой и легко обслуживаемой, а применяемый метод делает 
возможным использованием преимуществ микроскопов высокого разрешения.

Исследования были проведены с золями очень чувствительными к коагуляции при 
замораживании и было установлено, что применение описанного выше метода обеспечи
вает приготовление препарата без изменений в его структуре.
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Влияние неактивных областей поверхности на диффузионный предельный 
ток вращающегося дискового электрода

Р. Л А Н Д С Б Е РГ , С. М Ю Л Л Е Р и Р. ТИ ЛЕ

Резюме. Обсуждается влияние неактивных областей поверхности на зависимость диф
фузионного предельного тока дискового электрода от перемешивания. С помощью модель
ного представления дается общее уравнение зависимости от перемешивания диффузион
ного предельного тока в случае частично блокированного дискового электрода. Это урав
нение количественно согласуется с установленной экспериментально зависимостью диф
фузионного предельного тока от скорости перемешивания, для восстановления Н20 ,  на 
парафинированном графите, далее, для окисления манганата и железистого цианида 
на электродах, содержащих графит. В заключении дается несколько общих замечаний 
относительно пределов применимости модельного представления для данной проблемы.

Гидантоины, тиогидантоины и гликоциамидины. XXV

Реакция перегруппировки производных тиогидантоина с хлористым алюминием

К. Л ЕМ П ЕРТ и Й. НИТРАИ

Резюме. При кипячении с хлористым алюминием в ароматических углеводородах б,5- 
дифенил-4-тио- и дитиогидантоин, а также их производные замещенные по азоту и сере, 
переходят в производные 4,5-дифенил-имидазола или -имидазолина при отрыве серы или 
меркаптана и перегруппировке ретробензиловой кислоты. В случае 4-тио- и дитиогидан- 
тоинов, не замещенных по атому серы, одна половина оторвавшейся серы образует серо
водорода, другая — диарилсульфид. Последний продукт образуется вследствие электро
фильного сульфурмрования растворителя, т. е. сера отрывается от гидантоиного скелета 
в секстетном состоянии и, таким образом, фенильная группа мигрирует, вероятно, 
катионно.

1,5 дикетоны II

Реакция 2-(1-ацетил-пропил)-бензофенонов с муравьиной кислотой 

М. Л ЕМ П ЕРТ -Ш РЕТ ЕР

Резюме. Гидроксилированные и/или метоксилнрованные 2-(1-ацетил-пропил)-бензо- 
феноны (I) при продолжительном кипячении с муравьиной кислотой переходят в этили- 
ден-индены (VII). В качестве промежуточных продуктов реакции, кроме изолированных 
ранее [1] формиатов изобензпирилия (II), были отделены изохромены типа XII.  Этили- 
ден-индены (VII) существуют в двух цис-транс изомерных модификациях; плавящиеся 
при более высоких температурах лабильные модификации изомеризуются, под воздей
ствием кислот, в стабильные модификации, плавящиеся при более низких температурах.

Каталитическое восстановление этилиден-инденов приводит к цис-цис (III) моди
фикации соответствующих 1,2,3-тризамещенных инданов, восстановление ж е с натриеи 
и спиртом приводит к транс-транс (IV) модификации этих соединений. Подобным путем 
удалось получить, неизвестные до сих пор, цис-цис модификации нескольких димерных 
пропенил-феноловых эфиров.
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SOME PROBLEMS IN THE SEPARATION 
OF TRACES OF ELEMENTS 

BY PRECIPITATION II*
MECHANISM OF T H E  SO R PT IO N  OF U RA NIUM  (V I) FROM A CARBONATE

MEDIUM

D ESO RBEN T ACTION OF TH O R IU M  H Y D R O X ID E  

E . U p o r

( Mecsek Ore M ining Enterprise, Kővágószöllűs)

Received November 1, 1965

In  ou r p reced ing  p a p e r  we have  d ea lt in  d e ta il w ith  th e  a d so rp tio n  of 
u ran iu m (V I) b y  various a d so rb e n ts  in  a sod ium  c a rb o n a te  m ed ium . H ow ever, 
th e  m echanism  o f th is  a d so rp tio n  was n o t d iscussed . In  th e  f irs t  p a r t  o f th e  
p resen t p a p e r we shall t r e a t  th e  prob lem  o f m ech an ism  w hich is n o t  d irec tly  
m en tio n ed  in  a n y  of th e  co m m u n ica tio n s d e v o ted  to  th e  a d so rp tio n  of u rá 
n i u m u l )  from  ca rb o n a te  m ed ia .

I t  has been  po in ted  o u t b y  S t a r ik  [1] th a t  th e  fo rm atio n  of th e  com plex 
[U 0 2(C 0 3)3]4 - is in  fa c t resp o n sib le  for th e  decrease  of ad so rp tio n  b y  iro n (I I I )  
h y d ro x id e  a t p H  values o v er 7. In  th e  op in ion  o f N o v ik o v  [2], in  tu rn ,  th e  
m in im um  ap p earin g  in  th e  c u rv e  o f so rp tio n  p lo tte d  ag a in s t p H  v a lu es  ind ica tes  
th e  fo rm a tio n  o f th e  c a rb o n a te  com plex p ro p e r. B o th  s ta te m e n ts  are  in 
accordance  w ith  th e  fin d in g  o f  Ma r k o v  [3] w ho p ro v ed  th a t  in  a ca rb o n a te  
so lu tio n  th e  m ax im u m  a m o u n t of th e  [U 0 2(C 0 3)3]4 - com plex is p re se n t a t 
p H  9.0. These references in d ic a te  th a t  th e  d e so rp tio n  is due to  th e  fo rm atio n  
o f th e  ca rb o n a te  com plex  w h en  th e  a lka line  p H  ran g e  is a tta in e d . H ow ever, 
no an a ly tica l evidences a re  g iven  in  th e  q u es tio n  w h e th e r th e  ad so rb ed  u ra 
n ium  is b o u n d  as a c a rb o n a te  com plex or as a U 0 2 + ion fo rm ed  b y  decom 
position  of th is  com plex. I n  o rder to  c la rify  this* problem , th e  b in d in g  of 
u ran iu m  b y  iro n (I I I )  h y d ro x id e  in  a so lu tio n  o f N a j[U 0 2(C 0 3)3] w as in 
v estig a ted .

Preparation of the complex, methods of investigation

R eac tiv e  U 0 3.2  H 20  w as p rep ared  from  u ra n y l n itra te  in  a p h o to 
chem ical reac tio n  w ith  e th a n o l, accord ing  to  Ce j k a  [4]. T he p ro d u c t was 
co n v e rted  in to  U 0 2C 0 3, w h ich  on ev ap o ra tio n  w ith  sodium  c a rb o n a te , y ielded

* P art I: A cta Chim. H ung. 50, 6 (1966).
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th e  d e s ired  N a 4[U 0 2(C 0 3)3] [5]. The ca lcu la ted  u ran iu m  an d  ca rb o n  dioxide 
c o n te n ts  o f th e  p ro d u c t w ere  43.91 an d  2 4 .3 5 % , resp ec tiv e ly , a g a in s t th e  
v a lu e s  43.76 and  24 .39%  fo u n d  b y  analysis. U ra n iu m  was d e te rm in ed  b y  th e  
S a k h a r o v  m ethod  [3] w hile  ca rb o n  dioxide b y  th e  S c h u l e k — M a r o s  m ethod  
[6 ]. T h ese  m ethods w ere em p lo y ed  also in  th e  experim en ts.

Sorption of uranium(VI) by iron(III) hydroxide in a solution 
of Na4[U0,(C03)3]

Since our aim  w as to  e s tab lish  th e  ra tio  o n ly  of u ran iu m  a n d  carbon 
d io x id e  b o u n d  by  th e  p re c ip ita te , th e  e x p e rim e n ta l cond itions (such  as pH  
v a lu e s  etc.) were n o t e x a c tly  recorded .

I n  general, our m e th o d  w as as follows. 100 m g of F e3+ w as p re c ip ita te d  
w ith  am m o n iu m  h y d ro x id e , th e  p rec ip ita te  se p a ra te d  b y  f iltra tio n , re p ea ted ly  
w a sh e d  w ith  bo iled -ou t d is tille d  w ater, 15 m in u te s  shaken  w ith  an  alm ost 
s a tu r e d  so lu tion  of N a 4[ U 0 2(C 0 3)3], again  f ilte re d  an d  w ashed  w ith  d istilled  
w a te r  m ad e  alkaline w ith  am m onium  h y d ro x id e . T he c o n te n t of carbon  
d io x id e  a n d  u ran ium  w as d e te rm in e d  in  th e  p re c ip ita te . The re su lts  o f th ree  
p a ra lle l d e te rm in a tio n s are  show n in T ab le  I .

Table I

Uranium, bound COa, bound C°* eqU- boundmg mg U equ.

1 40 .5 1.54 0.20
2 47 ,5 2.35 0.26

3 40.5 1.65 0.22

S ince  in  the  o rig inal co m p lex  3 m oles of C 0 2 fall to  one u ra n iu m  a to m , 
o n ly  6  to  8 %  of th e  ca rb o n  d io x id e , eq u iv a len t w ith  th e  b o u n d  u ra n iu m  can 
be fo u n d  on th e  iro n (I I I )  h y d ro x id e . T hus, o b v iously , th e  com plex is decom 
posed  d u rin g  adso rp tio n , a n d  p rac tica lly  on ly  th e  U 0 2+ ions are b o u n d . I t  
seem s t h a t  m echanism  of th e  b in d in g  of u ra n y l ions is n o t th e  sim ple  p rec i
p i ta t io n  o f  th e  poly- or d iu ra n a te , i.e. n o t a s tr ic t ly  ta k e n  co p rec ip ita tio n . 
A cco rd in g  to  th e  a ssu m p tio n  o f N o v ik o v  [2], a co o rd in a tiv e  co p rec ip ita tio n ,
i.e. th e  fo rm a tio n  of h y d ro x id e s  o f m ixed nucle i is p ro b ab le . T he lin k ag e  m ay 
ta k e  p la c e  b y  th e  reac tio n  o f  th e  h y d ro x y l g roups, th ro u g h  oZ-bonds, or ev en 
tu a lly  b y  H  bonds th ro u g h  H 20  co o rd in a tiv e ly  b o u n d  to  iro n (I I I )  h y d ro x id e . 
In  th e  in v es tig a tio n  of th e  so rp tio n  of o th e r  ions th e  opinion o f  K o l a r i k  
is v e ry  n e a r  to  th is  a sp ec t. N am e ly , K o l a r i k  rev iv ed  th e  concep t o f “ so rp 
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tio n  com plex”  app lied  a lread y  earlie r b y  W e is e r  [8 ], an d  o p e ra te s  w ith  
re a c tio n  eq u a tio n s  an d  even  w ith  th e  s ta b il i ty  c o n s ta n ts  o f com plexes. A ccor
d ing  to  h is d a ta  e.g. 2 H  a to m s are  ex ch an g ed  w hen U O j*  is b o u n d  by  
m anganese  d ioxide h y d ra te  [7]. W ith o u t c r itic a lly  deciding th e  d e ta ils  o f  these  
th eo rie s  we m u s t n o te  here  th a t  th e ir  su ita b il i ty  fo r use is q u ite  a p p a re n t ,  in  
c o n tra s t  to  th e  earlie r op inions w hich considered  th e  opposite  sig n  o f  th e  
ionic charge or of th e  p o te n tia l as th e  p re re q u is ite  of an y  a d so rp tio n .

O n accep tin g  th is  m echan ism , ch em o so rp tio n  m ay  be ta k e n  ev e n  as a 
“ co p o ly m eriza tio n ”  of ions or m olecules (e.g. m eta l hydrox ides) o f  id e n tic a l 
charge .

Binding of uranium by other sorbents in a solution 
of Na4[U02(C03)3]

In  our fu r th e r  ex p erim en ts , th e  b in d in g  of u ran ium  from  such  c a rb o n a te  
com plexes w as in v es tig a ted  b y  o th e r  so rb e n ts  w hich do n o t c a r ry  a n y  basic 
h y d ro x y l groups. T he d a ta  o b ta in ed  are  p re sen ted  in  T ab le  I I .

Table II

Adsorbent Uranium, 
bound mg

COa, bound 
mg C°- 'Ч" bound U equ.

1 g of silica gel 9 0.34 0.20
1 g of cellulose 12 0.70 0.32
0.1 g of M n02 • n H 20 13 0.90 0.37

(w ith 100 ml of N a4[U 02(C 03)3] solution of a concentration of 1 mg of U/ml, allowed to  stand
one day)

pH : 8.3

C onsequen tly , only  7 to  13%  of th e  C 0 2 am o u n t, e q u iv a le n t w ith  th e  
u ra n iu m , w as bou n d . T hus, also in  th e se  cases b ind ing  is co m b in ed  w ith  th e  
d ecom position  o f th e  com plex. On silica gel, b in d ing  in  ionic fo rm  a n d  b in d in g  
o f 0.04 m illim oles of u ran iu m  can  re a d ily  be u n d erstood  (a  n o t  in sign if
ican t p a r ti t io n  ra tio  w hen  ta k in g  in to  acco u n t th e  re la tiv e ly  h ig h  d ilu 
tio n  (0.004 M ) of th e  so lu tion). A cco rd ing  to  D e s h in a  [9], s ilica  gel is, in 
an  a lkaline  m ed ium , m ore su itab le  fo r b in d in g  heav y  m e ta l io n s, i ts  fa n e 

' s
tio n a l g roups О — Si — 0  — Me are  less s ta b le  th a n  th e  po lysilica te  fo rm e d  w ith

/
m u ltiv a le n t ca tions ( =  (SI — 0 ) n—Me). As regards th e  b in d in g  o f  ions, the  
U 0 2- + ion occupies a p ro m in en t p lace:
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№2+ <  Co2+ <  Cd2+ <  Zn2 + <  A g+  <  U 0 2+ <  Cu2+

Al3+ <  Mg2+ <  F e 3+

In  th e  case of cellu lose as so rben t, b in d ing  in  ca tio n ic  form  is p ro b a b ly  th e  
consequence of th e  p resen ce  of carboxyl g ro u p s  w hich  p refer an  a lk a lin e  p H  
ran g e  [10]. L a s tly , u ra n iu m  was h ound  s im ila r ly  p red o m in a tly  in  ca tio n ic  
fo rm  b y  m anganese d io x id e  h y d ra te  (p rep ared  acco rd in g  to  K o l a r ik  [11] from  
a m anganese su lfa te  so lu tio n  w ith  hydrogen  p e ro x id e  in  a sodium  h y d ro x id e  
m ed ium ). The h ig h er r a te s  o f  b ind ing  (over 0.5 m illim oles of U/g M n 0 2) is n o t 
su rp ris in g  since m an g a n e se  dioxide h y d ra te  is know n  to  be an  ex ce llen t 
a d so rb e n t. A ccord ing  to  th e  observations o f  sev e ra l au th o rs  [7, 13, 14], th is  
co m p o u n d  is in  fa c t m anganese(IY ) h y d ro x id e  w hich  con ta ins slig h tly  acid ic , 
exchangeab le  h y d ro g en  ions. O n the  basis o f  th e  in v estig a tio n s of K o l a r i k  [7],  
th e  reac tio n  of UO.,2+ a n d  polym eric m an g an ese (IV ) hydrox ide leads to  a 
b id e n ta te  so rp tio n  co m p lex  charac terizab le  b y  th e  form ula U 0 2(H 2_ 1A );,. 
T he  in s ta b ility  c o n s ta n t o f th is  com plex is 1 0 ~ 3’8 (in 1.0 M  sodium  n itra te ) .

Som e ex p e rim en ts  w ere carried  o u t w ith  th e  strong ly  acidic ca tio n  
exchange  resin  V ario n  K S  in  sodium  form . O n th e  basis of our previous e x p e ri
m e n ts , since no excess c a rb o n a te  is p resen t in  th e  so lu tion , some sligh t b in d in g  
o f u ra n iu m  was e x p e c te d . H ow ever, th is w as n o t  experienced . Q uite sim ila rly , 
no u ran iu m  b in d in g  w as observed  b y  S e r e b r y a k o v a  [23] w ith  a c a tio n  
exchange  resin a t  a p H  v a lu e  over 8, in u ra n iu m  so lu tion  con ta in ing  excess 
c a rb o n a te  and in  a n a tu r a l  w a te r , e ither, w here  u ra n iu m  was p resen t as a c a r 
b o n a te  com plex.

Also th e  u ra n iu m  a d so rp tio n  cap ac ity  o f  tw o  sam ples of active ca rb o n  
o f id en tica l specific su rface  (800 sq. m. per g) a n d  v e ry  d ifferen t p o la rity  w as 
e s tab lish ed , s im ila rly  fro m  th e  solution of th e  com plex . I t  was found  th a t  
a b o u t tw o  th ird s  o f th e  u ra n iu m  am oun t w ere  b o u n d  b y  th e  apo lar ca rb o n  
N u x it A l— I I  w hile th e  p o la r  carbon FL  — 005 w as capable  of b in d ing  o n ly  
one f if th  of th e  u ra n iu m  c o n te n t. This find ing  is in  c o n tra s t  to  our e x p ec ta tio n s , 
up  to  th e  p resen t no e x p la n a tio n  is availab le . S ince, how ever, in  th e  analy sis  
o f w a te r , th e  e n rich m en t o f  u ran iu m  by  ac tiv e  c a rb o n  is suggested b y  severa l 
a u th o rs , th is  p roblem  w o u ld  be w orth  of an  in v e s tig a tio n  in detail.

Binding of uranium from a solution of Na4[UCL(CO.,):l] 
in a column packed with various sorbents

O rien ta tiv e  in v e s tig a tio n s  were carried  o u t  w ith  some m eta l ox ides, 
h y d ro x id es , ca rb o n a te s  a n d  p h o sp h a tes  fo r th e  fo llow ing reasons.

1. To o b ta in  fu r th e r  d a ta  in respect to  th e  m echanism  of b ind ing .
2. To utilize th e  re su lts  o b ta ined  in th e  e x p la n a tio n  of losses occu rring  

in  ro ck  analysis.
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3. To g a th e r p re lim in ary  d a ta  fo r th e  in v e s tig a tio n  of th e  a v a ila b ility  
o f  inorgan ic  ion ex ch an g ers  for a n a ly tic a l o r p re p a ra tiv e  purposes.

In  these ex p e rim en ts  th e  ad so rb en t w as p ack ed  in an  ion exchange co lu m n  
o f 1 cm d iam ete r, a n d  th e  solu tion  o f  N a 4[U 0.2(C 0 3)3] o f an  u ran iu m  c o n te n t  
o f  1 m g/m l was p o u re d  on th is  co lum n. H y d ro x id es  an d  p h ospha tes p re p a re d  
b y  p rec ip ita tio n  w ere m ixed  w ith  glass b ead s  p rev io u sly  to  pack ing  in  th e  
co lum n , th u s  th e  u su a l passing  ra te  o f 10 to  20 d rops p er m inu te  co u ld  be 
m a in ta in ed . T he ap p lied  am o u n t o f a d so rb e n t a n d  th e  passed  vo lu m e o f 
so lu tio n  was n o t un ifo rm  in th a t  th e  p ack in g  o f  th e  colum n ran g ed  b e tw een
0.1 and  40.0 g w hile th e  volum e o f u ran iu m  so lu tio n  betw een  100 an d  500 m l.

The liqu id  leav in g  th e  co lum n w as co llec ted  in 20 ml frac tions w h ich  
w ere sub jec ted  to  d e te rm in a tio n s  o f u ran iu m  an d  ca rb o n a te . A fter th e  co m 
p le tio n  of each e x p e rim e n t, also th e  a m o u n t o f u ran iu m  hound  by  th e  co lu m n  
w as estab lished . In  th e  m a jo rity  o f cases th is  s till d id  n o t a tta in  th e  s a tu ra t io n  
v a lu e  because th e  ex ten sio n  to  a c tu a l s a tu ra t io n  lim its  w ould h av e  cau sed  
ap p rec iab le  len g th en in g  of th e  ex p e rim en ta l periods. S till, th e  o b ta in ed  re su lts  
a re  sa tis fac to ry  fo r a q u a lita tiv e  co m p ariso n . A ccord ingly , ad so rb en ts  m a y  
be classified in  th re e  groups:

1. Adsorbents o f  high uranium-binding capacity (over 1 m illieq u iv a len t 
p e r  g of ad so rb en t)

Ca3( P 0 4)2, Z r ( H P 0 4)2, T i3( P 0 4)4, Z r(O H )4, T i(O H )4, T h (O H )4, F e (O H )3

2. Adsorbents o f  a medium uranium -binding capacity (0.2 to  1.0 m illi
eq u iv a len t per g o f adso rben t)

T h 3( P 0 4)4, M gO, T h O ,, A l(O H )3

3. Adsorbents o f  a slight uranium -binding capacity ( <  0.1 m illieq u iv a len t 
p e r  g of ad so rb en t)

A120 3, C aC 0 3, M g C 0 3

T h e  following re m a rk s  can  be m ad e  in  re sp e c t to  th e  resu lts  o b ta in ed .
1. Also in  th is  case, th e  b in d in g  o f u ra n iu m  w as alw ays com b in ed  w ith  

th e  decom position  o f th e  com plex, even  w ith  com pounds of decided ly  an io n  
ex ch an g er p ro p e rtie s , such as T h (O H )4, Z r(O H )4, T i(O H )4. A p a rt fro m  th e  
f ir s t  one or tw o  frac tio n s , th e  c a rb o n a te  c o n te n t o f th e  passing  so lu tio n  w as 
c o n s ta n t. The on ly  excep tion  was th o riu m  h y d ro x id e  w hich is know n to  b in d  
c a rb o n a te  ions [14]. S till, th e  decom p o sitio n  of th e  com plex ap p ea rs  to  be 
p ro v ed  even in  t h a t  case.

2. In  m o st cases, and  also w ith  th o riu m  h y d ro x id e , a yellow  r in g  is 
fo rm ed  on th e  to p  o f th e  colum n. Also A m p h l e t t  [16] refers to  th is  fa c t  in 
case of tita n iu m  a n d  zirconium  p h o sp h a te  in  a slig h tly  a lkaline m ed iu m . 
T he ring  is c e rta in ly  a p rec ip ita te  o f u ra n a te  w hose am o u n t increases w ith
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th e  v o lu m e  of liq u id  passed . T hus, n o t o n ly  th e  orig inal pack ing  o f th e  co lum n 
h u t  a lso  th e  u ra n a te  p re c ip ita te  a c c u m u la te d  on th e  to p  of th e  co lu m n  ac t 
as ad so rb e n ts .

3. U ran iu m  b o u n d  b y  th e  co lum n  p ack in g  was e lu ted  w ith  0.1 M  
so d iu m  ca rb o n a te , g en era lly  w ith  success, ex cep tin g , how ever, ca lc ium  p h o s
p h a te ,  a lum in iu m  h y d ro x id e , ti ta n iu m  h y d ro x id e  and  th o riu m  h y d ro x id e  w here 
th e  e lu tio n  is im p erfec t.

4. I t  was p ro v ed  th a t  o f th e  co m p o u n d s  of im p o rtan ce  from  th e  asp ec t 
o f  ro c k  analysis, a lu m in iu m  h y d ro x id e , t i ta n iu m  h y d rox ide  an d  ca lcium  
p h o s p h a te  m ay  cause e ssen tia l u ran iu m  losses in  th e  case of se p a ra tio n  w ith  
so d iu m  ca rb o n a te . H ow ever, it  w as re p e a te d ly  found  th a t  no losses occur 
w ith  ca lc ium  or m agnesium  ca rb o n a te .

5. O n in te rp re tin g  th e  re su lts , th e  fo llow ing  fac ts  are to  be considered . 
T h e  g re a t e x te n t o f u ra n iu m  b ind ing  b y  z ircon ium , tita n iu m  an d  th o riu m  
p h o sp h a te s  is due to  th e  w ell-know n ex ce llen t c a tio n  exchange pow er o f  these  
c o m p o u n d s  [15, 16, 17]. I t  is also know n  fro m  th e  p ap e r of A m p h l e t t  [16] th a t  
th e  c a tio n  exchange c a p a c ity  o f th o riu m  p h o sp h a te  is essen tia lly  low er th a n  th a t  
o f  z irco n iu m  and  ti ta n iu m  p h o sp h a te . F u r th e r ,  th e  h igh u ran iu m -b in d in g  c a p a c 
i t y  o f  ca lc ium  p h o sp h a te  is a lread y  kn o w n  fro m  m in era l-p e tro g rap h ica l in v es
t ig a tio n s  [18]. T he u ra n iu m  co n te n t o f se d im e n t rocks is exceeded on ly  b y  th a t  
o f ca rb o n aceo u s  fo rm atio n s.

U n d e r th e  e x p e rim e n ta l cond itions a p p lie d  (pH  8), th e  r a th e r  basic 
h y d ro x id e s  (Th, Z r, T i) b e h a v e d  as “ z w itte r  io n s” , capable  of b o th  c a tio n  an d  
a n io n  exchange [19]. S ince in  an  a lk a lin e  m ed iu m  th e y  ac t as good an ion  
ex c h a n g e rs , u ran iu m  can  read ily  be e lu ted  fro m  th e m  w ith  a so lu tion  o f a lka li 
c a rb o n a te .

T h e  ion  exchange c a p a c ity  of m e ta l o x ides follows from  th e  d isso c ia tio n  
o f  th e  h y d ro x id e  g roup  b o u n d  on th e  su rface  [20, 21]. F o r in s tan ce  in  th e  case 
o f  th o r iu m  oxide also th e  ex istence  of a p o ly m eric  “ zw itte r ion”  (Th + — O - ) was 
co n firm e d .

A t la s t  an  e x p la n a tio n  can  be g iven  o f  th e  fa c t th a t  ca rb o n a tes  a re  le a s t 
c a p a b le  of b ind ing  u ra n iu m . T hough  ca lc iu m  ca rb o n a te  is ap p lied  in  w a te r  
a n a ly s is  fo r en rich ing  o th e r  tra c e  e lem ents [22], u ran iu m  is n o t b o u n d  b y  c a l
c iu m  c a rb o n a te  to  an  ap p rec iab le  e x te n t b ecau se  th e  anion of calcium  c a rb o n a te  
is j u s t  th e  com plexing  a g en t o f u ran iu m .

Dependence on pH values of the adsorption of uranium 
by iron(III) hydroxide in a solution of Na4[U0,(C03)3]

T h e  resu lts  are  show n  b y  curve  a in  F ig . 1. T he shape of th is  cu rv e  d iffers 
fro m  t h a t  of th e  cu rv e  o b ta in e d  in  a sod ium  c a rb o n a te  m edium  ( cf. c u rv e  la  
o f P a r t  I) . Since no excess c a rb o n a te  is p re se n t in  th e  so lu tion  in  th is  case,
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b in d in g  of u ran iu m  b y  iro n ( I I I )  hyd rox ide  is com ple te . I t  can  be seen th a t  over 
p H  12 a p a r t  o f u ra n iu m  is d isso lved , an d  th is  p rocess proceeds up  to  a n ea rly  
com plete  d isso lu tion . In  o u r ea rlie r p ap er (P a r t  I) i t  has been p o in ted  o u t th a t  
th is phenom enon  ta k e s  p lace a t  a b o u t p H  12.7, w ith  th e  rise  of th e  h y d ro x y l ion 
c o n cen tra tio n .

T hough in  th e  so rp tio n  process th e  m a jo r p a r t  o f ca rb o n a te  ions o f  th e  
u ra n y l tr ic a rb o n a te  com plex  are  sp lit, an d  o n ly  th e  u ra n y l ions are  b o u n d , for

Fig. 1. a) A dsorption of uranium (V I) by iron(III) hydroxide from  a solution of N a4[U 0 2(C 0 3)3]. 
100 mg Fe3+ -f- 100 fig U(VI) coprecipitated w ith N aOH  a t 25° in  100 ml volume; b) Solubility 

of U 0 2C 03 in  /<g/ml, p lo tted  against pH  values (pH  was ad justed  w ith N aOH )

th e  sake o f com parison  th e  so lu b ility  of U 0 2C 0 3 w as in v es tig a ted  in  a close p H  
ran g e . I t  can  be seen in  cu rve  b of Fig. 1, in  th e  ran g e  of p H  8 to  11 th e  so lu 
bilities are v e ry  low , an d  p rac tica lly  c o n s ta n t: a b o u t 1 fig  U /m l, a v a lu e  ra th e r  
fa irly  in  acco rdance  w ith  th e  d a ta  of B l a k e  (3 jMg/ml) [24] b u t m ark ed ly  d iffe ren t 
from  th e  v alue  o f 16 fig/m l g iven b y  R a f a l s k i i  [25]

T hough  th ese  d a ta  d o ub tlessly  re fer to  th e  p oo r so lu b ility  of U 0 2C 0 3, 
an d  th e y  p rove a t  th e  sam e tim e  th a t ,  in s te a d  o f  th e  po o r so lu b ility  o f  u ra n y l 
c a rb o n a te  a f te r  th e  decom position  of th e  c a rb o n a te  com plex , r a th e r  th e  fo r
m atio n  o f th e  so rp tio n  com plex  is responsib le  fo r th e  absence of u ra n iu m  in 
th e  so lu tion  (since th e  so lu b ility  of U 0 2C 0 3 is id e n tic a l w ith  th e  in itia l u ran iu m  
c o n cen tra tio n  o f th e  e x p e rim en t p lo tte d  in  cu rv e  lo ) .
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Desorbent action of thorium in the separation of uranium(VI) 
in a carbonate medium

I n  our earlier co m m u n ica tio n s [26, 27, 28] we have a lre a d y  d esc rib ed  our 
e x p e rien ce  th a t  in  th e  p resence  of th o riu m  h y d ro x id e  no u ra n iu m  losses occur 
in  th e  sep ara tio n  w ith  c a rb o n a te , u sing  iro n (I I I )  h y d ro x id e , a lu m in iu m  
h y d ro x id e  and  m anganese  ox ide. T his f in d in g  w as successfully  u tiliz e d  in  th e  
a n a ly s is  o f rocks an d  w a te rs . A ccord ing  to  o u r experiences th e  d e so rb e n t effect 
m a n ife s ts  itse lf in  r a th e r  w ide lim its  o f c a rb o n a te  co n cen tra tio n  a n d  te m p e ra 
tu r e ,  ev en  conditions u n fa v o u ra b le  from  th e  asp ec t of sep a ra tio n . H ow ever, 
b es id es  th e  p rac tica l ap p lic a tio n  also in v es tig a tio n s  in  d e ta il w ere ca rr ied  ou t. 
O f th e  re su lts  o b ta in ed  th e  m o st c h a ra c te r is tic  one is th a t  th e  a d so rp tio n  o f u rá 
n i u m u l )  by  iro n (III)  h y d ro x id e  in  th e  p resence  o f tho rium  h y d ro x id e  in  a c a r 
b o n a te  m edium  show s a co rre la tio n  w ith  p H  values (cu rve  2). I t  can  be 
seen  t h a t  th e  d eso rb en t e ffec t is com plete  in  th a t  p ra c tic a lly  no  u ra n iu m  
losses o ccu r in  th e  p H  ran g e  from  7.7 to  13.0. T his m eans a t  th e  sam e tim e  
t h a t  a lso  th e  ca rb o n a te  c o n c e n tra tio n  can be v a ried  w ith in  w ide lim its  w ith o u t 
th e  r isk  o f  an y  u ran iu m  losses.

T h e  absence of losses is v a lid  n o t o n ly  fo r sep a ra tio n  ca rr ied  o u t  in  th e  
p re sen ce  o f iro n (III)  h y d ro x id e .

A ccord ing  to  ou r ex periences g a th e re d  d u rin g  several y ea rs  o f a n a ly tic a l 
p ra c tic e , no u ran ium  losses occu r in silica te  an d  ca rb o n a te  rocks. I t  has been 
d e sc rib e d  in  P a r t  I th a t  in  se p a ra tio n s  c o n d u c ted  w ith  1.0 — 0.1 M  so d ium  c a r
b o n a te ,  u ran iu m  losses o f  15 to  50%  w ere o b serv ed  in  case o f a s ta n d a rd  rock 
sam p le . W h en  th e  sam e ro ck  w as se p a ra te d  w ith  ca rb o n a te  in  th e  p resence  o f 
th o r iu m , u ran iu m  losses ra n g e d  on ly  zero to  2 %  a t  th e  sam e c o n c e n tra tio n s  of 
so d iu m  ca rb o n a te . S e p a ra tio n  w as sim ila rly  good b o th  a t room  te m p e ra tu re  
a n d  in  h o t  solutions. H o w ev er, i t  is ad v isab le  to  op era te  in  h o t m ed ia  because  
th e  s e p a ra tio n  is m ore se lec tive . (The se le c tiv ity  o f sep a ra tio n  an d  its  v e rsa tile  
u t i l iz a t io n  in  analysis has b een  p a r tia lly  d iscussed  earlier [27] a n d  w ill fu r th e r  
be  d e a l t  w ith  in a la te r  c o m m u n ica tio n .)  A ccord ing  to  our in v es tig a tio n s  ca rried  
o u t th u s  fa r , in th e  cases o f sam p les  c o n ta in in g  ap p reciab le  a m o u n ts  (1% ) of 
ca lc iu m  p h o sp h a te , u ra n iu m  losses of 10 to  3 0 %  occur even in  th e  p resence  of 
th o r iu m  w hen  sep ara tio n  is e ffec ted  w ith  0.1 M  sod ium  ca rb o n a te  w hich  p roved  
b e s t in  seria l analysis. T h u s , on  an a ly z in g  p h o sp h a te -b ea rin g  rocks, 0.5 M  
so d iu m  c a rb o n a te  c o n c e n tra tio n  is to  be em p lo y ed  in  o rder to  a t ta in  se p a ra tio n  
w ith o u t a n y  u ran ium  losses.

Considerations to interpret the desorbent effect of thorium hydroxide

In  o rd e r to  in te rp re t th e  d e so rb en t effec t, in v estig a tio n s w ere ca rr ied  ou t 
in  v a r io u s  d irections. A sh o rt rev iew  of th e  re su lts  is necessary  p rio r  to  a t te m p t-
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ing  th e  in te rp re ta tio n  of the  p h en o m en o n . (F a c ts  a lread y  pub lished  in  p rev io u s 
p ap ers  will on ly  be  cited  here).

1. The d eso rb en t effect is o bserved  n o t on ly  w hen h y d ro x id es  a re  p re 
v iously  p re c ip ita te d  ( e.g. w ith  am m o n iu m  h y d ro x id e ) an d  u ran iu m  is e x tra c te d  
from  th e  p re c ip ita te  w ith  so d iu m  ca rb o n a te  b u t  also w hen se p a ra tio n  w ith  
ca rb o n a te  is c a rried  o u t d irec tly  in  th e  so lu tion  itse lf  [27].

Fig. 2. A dsorption of uranium (V I) by  iro n (III) hydroxide in  carbonate medium , in th e  pre
sence of thorium  hydroxide, plotted against pH values (100 mg Fe3+ 100 /ig U (V I) -f- 20 mg 

T h(O H )4 coprecipitated w ith  0.2 M  N a2C 0 3 a t 25° in 100 ml volume)

2. F ull d e so rb en t a c tiv ity  is b o und  to  a ce rta in  m in im um  a m o u n t of 
th o riu m . A ccord ing  to  our in v e s tig a tio n s  in  th e  presence of 100 m g o f F e 3 + 
20 m g of T h4+ is necessary  to  a t ta in  sep a ra tio n  w ith o u t u ran iu m  losses [27]. 
(This co rresponds to  1.8 M  F e3+ a n d  0.09 M T h 4+, i.e. in  a m o lar c o n c e n tra tio n  
l /2 0 th  p a r t  o f th o riu m .)

3. I t  is a p p a re n t from  F ig . 2 th a t  th e  d e so rb en t ac tion  m an ife s ts  itse lf  
con tin u o u sly  from  p H  7.7 to  e x tre m e ly  h igh v a lu es . T hus, in  th e  p resen ce  of 
th o riu m  h y d ro x id e  also th e  m a x im u m  ap p ea rin g  a t  p H  12.7 is a b se n t, due  to  
th e  h y d ro ly tic  decom position  o f th e  u ran y l tr ic a rb o n a te  com plex.

4. T he d isso lu tion  of th o r iu m  can be co n tro lled  w ith in  w ide lim its  by  
v a ry in g  th e  c a rb o n a te  c o n c e n tra tio n  and  th e  te m p e ra tu re . H o w ev er, th e  
d eso rb en t effect is n o t lim ited  to  th e  p a r tia l d isso lu tion  of th o riu m  o r to  its 
com plete  p re c ip ita tio n  in  th a t  th e  effect is p re se n t in  b o th  cases.

5. I t  w as described  in P a r t  I  o f  th is series [29] th a t  on ageing c o p re c ip ita t
ed iro n (I I I )  an d  u ran iu m  h y d ro x id e , th e  e x tra c ta b ili ty  of u ran iu m  w ith  sodium  
ca rb o n a te  m ark ed ly  d e te rio ra tes . W hen  also th o riu m  h y d rox ide  is p re se n t in  th e  
p re c ip ita te , ageing  is no t d ec reased  and  no d eso rb en t effect is ob se rv ab le . 
W hen  ageing is ca rried  out in  a ca rb o n a te  m ed ium  th e  e x tra c ta b i l i ty  of 
u ran iu m  is n o t reduced  a n d , re spec tive ly , th e  a m o u n t o f c o p re c ip ita ted  
u ran iu m  does n o t rise e ith er in  th e  presence or absence of th o riu m  h y d ro x id e .
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6. S epara tion  w ith  am m o n iu m  c a rb o n a te  w as, in  general, n o t in v e s ti
g a te d  because it is m u ch  less selective, and  i t  is m ore  d ifficu lt to  m a in ta in  pH  
v a lu e s  favourab le  from  a n  a n a ly tic a l aspect. H o w ev er, in  o rder to  in te rp re t  th e  
d e s o rb e n t  effect of th o r iu m  i t  proved to  be  u sefu l to  es tab lish  th e  cu rv e  of 
a d s o rp tio n  against p H  v a lu e s  in  th e  p resence  a n d  absence, re sp ec tiv e ly , of 
th o r iu m  hydroxide. T h e  e x p e rim e n ta l resu lts  a re  show n in  Fig. 3, in d ic a tin g  th a t  
th e  d e so rb en t effect o f  th o r iu m  hydroxide is q u ite  in sign ifican t. A ccord ing  to  
o u r  investig a tio n s in  s e p a ra tio n s  on iro n ( I I I )  h y d ro x y d e  carried  o u t a t  room  
te m p e ra tu re  in th e  ra n g e  o f  0 .2  to  1.0 M  a m m o n iu m  ca rb o n a te , u ra n iu m  losses 
a re  th ro u g h o u t h igh , a b o u t  2 0 % , decreasing  w ith  th e  rise o f th e  ca rb o n a te  
c o n c e n tra tio n  a t  50 — 60°. A t  a co n cen tra tio n  o f 0.5  M  am m onium  ca rb o n a te , 
u r a n iu m  losses do n o t  e x c e e d  th e  d a ta  a t ta in e d  in  sep ara tio n s w ith  sodium  
c a rb o n a te . The resu lts  a re  g iv en  in Table I I I .

Table III

Depedence o f the adsorption o f  u ran ium (V I) on the concentration o f ammonium carbonate 
(100 m g of Fe3+ and 100 /ig of U (V I) precipitated w ith  am m onium  carbonate in 100 m l volume- 

F iltra tio n  after allowing to  stand  an hour.)

Concentration of 
ammonium carbonate

M

Uranium losses, %
at 25° at 50—60°

0.05 50 80
0.10 25 27
0.20 22 16
0.30 22 10
0.50 20 6
1.00 20 7

I n  separations c a rr ie d  o u t  a t  e levated  te m p e ra tu re s , th e  d e so rb en t effect 
o f  th o r iu m  hydrox ide also  b eg in s  to  ac t. E.g. in  a se p a ra tio n  w ith  0.2 M  am m o 
n iu m  ca rb o n a te  in th e  p re se n c e  of tho rium  th e  loss o f u ran iu m  am o u n ts  to  only 
9 %  a g a in s t 16% in  th e  a b se n c e  of th o rium .

7. Also th e  d ep en d en ce  o f  uran ium  losses on th e  c o n cen tra tio n  o f sodium  
c a rb o n a te  a t a c o n s ta n t p H  va lue , on iro n ( I I I )  h y d ro x id e  in  th e  p resence  of 
th o r iu m  hydrox ide w as in v e s tig a te d . The u ra n iu m  loss p ro v ed  to  be  2 5 %  a t
0 .01  M  13%  a t 0.03 M  a n d  8 %  a t 0.05 M  b o th  a t  room  te m p e ra tu re  a n d  a t 
80° ( th e  p H  value w as th ro u g h o u t  10.0) T hese  losses are  su b s ta n tia lly  low er 
th a n  in  th e  absence o f th o r iu m  hydroxide. T h u s  e.g. on iro n (I I I )  h y d ro x id e  
a lo n e  th e  loss of u ra n iu m  w as 70%  in 0.01 M  so d iu m  ca rb o n a te  a g a in s t 25 %  in 
p re se n c e  of tho rium  h y d ro x id e .
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In  th e  know ledge of re su lts  g iven  above ou r assu m p tio n  w as as follow s. 
R e la tiv e ly  g rea t am o u n ts  of C 0 3 ions a re  b o u n d  by  th o riu m  h y d ro x id e  o f  excel
le n t an ion  exchange p ro p ertie s  [19]. On th e  su rface of th e  p re c ip ita te  th e  local 
c a rb o n a te  co n cen tra tio n  increases to  such  an  e x te n t th a t  i t  is su ff ic ie n t for 
p re v e n tin g  th e  decom position  of th e  com plex  ion  [U 0 2(C 0 3)3]', ~ a n d , re sp ec 
tiv e ly , i t  becom es capab le  of rem ov ing  th e  undecom posed  ions from  th e  p re 
c ip ita te .

U.%
Adsorbed '

70

60 

50 

40 

30 - 

20 -  

10

_______I_____I________I_______I_______I________________________I----------- > -

7 6 9 10 11 12 13 74 pH

Fig. 3. Adsorption of uranium (V I) by iron (III) hydroxide in an amm onium carbona te  m edium ,
plo tted  against pH  values

a) 100 mg Fe3+ +  100 fig U(VI) coprecipitated w ith  am m onium  carbonate a t  25° in  100 ml 
volum e (the pH  value adjusted  w ith N aOH ); b) Same as a) b u t in the presence of 20 mg T h4 +

T his assu m p tio n  is in  acco rdance  w ith  th e  fac t th a t  in  an  am m o n iu m  
c a rb o n a te  m ed ium  a t 25° no desorb ing  effect ex ists  because th e  c o n c e n tra tio n  
o f  C 0 3~ ions is ex trem ely  low. A t 50 — 60° th e  d issociation  o f a m m o n iu m  c a r
b o n a te  rises su b s ta n tia lly , an d  also th e  effect o f th o riu m  h y d ro x id e  a p p e a rs .

In  our op in ion  also th e  re su lts  o b ta in e d  on ageing su p p o rt th isa ssu m p tio n . 
N am ely , accord ing  to  th e  in v es tig a tio n s  o f K o l t h o f i  [30, 31 ] ,  th e  ageing  of 
m e ta l h y d ro x id es  is p ro m o ted  b y  h y d ro x y l ions, an d , re spec tive ly , th e  increase  
o f O H -  co n cen tra tio n  is com bined  w ith  th e  rise o f th e  ra te  of ageing .

T hus, th e  ad so rp tio n  o f c a rb o n a te  ions should  decrease on an  aged  p re 
c ip ita te , an d , re spec tive ly , a sign ifican t ageing  can n o t tak e  p lace  in  a c a rb o 
n a te  m ed ium  because th e  n u m b e r of h y d ro x y l ions w hich can be  ad so rb e d  by  
th e  p re c ip ita te  is reduced , due to  th e  p resence  of ca rb o n a te  ions. A s i t  c an  be 
seen in  F ig . 2, th e  d eso rb en t ac tio n  of th o riu m  h y d rox ide  p re d o m in a te d  also in 
t h a t  p H  ran g e  w here on iro n ( I I I )  h y d ro x id e  o therw ise th e  u ra n iu m  loss 
increases due to  th e  decom position  o f th e  u ra n y l tr ic a rb o n a te  co m p lex , and 
w here  p H  curve  show s a m ax im um .
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I t  can  be assu m ed  th a t  th is  m ax im um  does n o t ap p ea r in  th e  presence of 
th o r iu m  h y d rox ide  b ecau se , owing to  the  b in d in g  o f  ca rb o n a te  ions b y  th e  p re 
c ip ita te , th e  local O H ~  co n cen tra tio n  d im in ish es , an d  th u s  u ran iu m  is n o t 
p re c ip ita te d  an y  m ore.

In  o rder d ecisive ly  to  solve th e  p rob lem , in v es tig a tio n s  w ere carried  ou t 
co n cern in g  th e  c a rb o n a te -b in d in g  cap ac ity  o f th e  v a rio u s p rec ip ita tes .

Sorption of carbonate ions by iron(III) hydroxide 
and thorium hydroxide

The dependence o f the sorption on the p H  values

To begin w ith , th e  e x te n t  o f b ind ing  o f c a rb o n a te  ions was ex am in ed  on 
iro n ( I I I )  h y d ro x id e  a n d  th o riu m  hyd ro x id e . A t f i r s t  th e  am o u n t of ca rbon  
d io x id e  bound  im m ed ia te ly  a f te r  th e  w ashing  of th e  p re c ip ita te  was d e te rm in ed . 
L a te r  th e  ca rb o n a te  c o n te n t  of th e  f iltra te  w as e s tab lish ed  b y  th e  W a r d e r  

m e th o d  [32], an d  c a lc u la te d  from  th e  t i te r  d ecrease  of th e  orig inal sod ium  
c a rb o n a te  so lu tion . S ince th is  decrease is o f re la tiv e ly  sm all e x te n t, 500 m g of 
F e 3+ an d  T h4 + , re sp e c tiv e ly , were p resen t in  each  sam ple. F irs t p re c ip ita te s  
w ere p re p a re d  w ith  so d iu m  hyd ro x id e , th e n  ta k e n  up  in  know n am o u n ts  of 
sod iu m  c a rb o n a te  a n d  o f a q u a n tity  of so d iu m  h y d ro x id e  n ecessary  for 
a d ju s tin g  th e  desired  p H  v a lu e . The resu lts  a re  g iven  in  Figs 4 an d  5, w hich 
co n sp icuously  confirm  th e  co rrec tness of o u r a ssu m p tio n  and  even given an  
e x p la n a tio n  for th e  cu rv e  o f  u ran iu m  a d so rp tio n  p lo tte d  against p H  va lues. 
C a rb o n a te  ions are b o u n d  to  a g rea t e x te n t a t  p H  I I  b y  iro n (III)  h y d ro x id e , 
a n d  a t  th is  p H  v alue  th e  ad so rp tio n  of u ra n iu m  ra n g e s  below  10% . On ra is in g  
th e  p H  va lue , th e  a d so rp tio n  of C 0 3~" g rad u a lly  d im in ishes while th e  u ran iu m  
loss a b ru p tly  increases. H ow ever, th e re  is a n o th e r  in te rp re ta tio n  of th e  p re 
c ip ita tio n  of u ran iu m . A lso th e  adso rp tio n  o f h y d ro x y l ions b y  th e  iro n (I I I )  
h y d ro x id e  p re c ip ita te  w as p lo tte d  against p H  v a lu e s  ( cf. curve c in  F ig . 4), 
p ro v in g  th a t  th e  a d so rp tio n  o f h y d roxy l ions in creases , as it  was ex p ec ted , 
w ith  th e  rise of th e  p H  v a lu es . T hus, th e  su rface  o f  th e  p rec ip ita te  “ becom es 
a lk a lin e ” , and  th e  h y d ro ly tic  decom position , a n d , re sp ec tiv e ly , th e  bu ild in g -u p  
in to  th e  p re c ip ita te , o f  th e  com plex  [U 0 2(C 0 3)3]4 - is p ro m o ted  b y  th e  h ig h er 
local O H ~  c o n c e n tra tio n .

T h e  desorben t a c tio n  o f th o riu m  h y d ro x id e , in  tu rn ,  can be u n d e rs to o d  
on th e  basis of Fig. 5. A h igh  ca rb o n a te  c o n c e n tra tio n  is form ed on th e  surface 
on th e  p re c ip ita te . T h is c o n c e n tra tio n  does n o t d im in ish  w ith  th e  increase of 
p H  v a lu es , and  even som e rise  is experienced  a t  h ig h e r p H  values. A t th e  sam e 
tim e , th e  ad so rp tio n  o f O H -  is of a m uch low er e x te n t ,  rang ing  below  1 m illi- 
e q u iv a le n t in  th e  e x a m in e d  p H  range. C o n seq u en tly , th e  h y d roxy l ion  sphere
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Fig. 4. B inding of carbonate and hydroxyl ions by iro n (III)  hydroxide, p lo tted  against pH 
values (500 mg Fe3' precip ita ted  w ith am m onium  hydroxide, then  the precip itate w ashed with 
0,05 M  NaCl until com pletely free of carbonate. A d justm en t of pH  was carried  ou t w ith 

NaOH, then  N a2C 03 added to  reach a concentration  of 0.1 M ) 
a) U ranium  adsorption (100 mg Fe3+); b) A dsorption of C 0 32— ions; c) B inding of O H -  ions

Fig. 5. B inding of carbonate and hydroxyl ions by tho rium  hydroxide p lo tted  against pH 
values (conditions of precip itation  the same as in Fig. 4. a) A dsorption of u ranium  by  a precipi
ta te  formed from 100 mg F e3+ +  20 mg T h4 + ; b) A dsorption of C 032- ions; c) A dsorption

of O I F  ions)

p ro m o tin g  th e  p re c ip ita tio n  of u ran iu m  c a n n o t be fo rm ed  on th e  su rface  of 
p re c ip ita te .

Also some o th e r ex p erim en t w ere ca rried  o u t concern ing  th e  co rre la tio n  
betw een  th e  ad so rp tio n  o f u ran iu m  a n d  th e  a d so rp tio n  of ca rb o n a te . O rien ta- 
tiv e  ex p erim en ts  w ere ca rried  ou t in  o rd e r to  e s ta b lish  th e  d ep en d en ce  of ca r
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b o n a te  adsorp tion  on c o n c e n tra tio n . U n d er id e n tic a l co n d itio n s, iro n ( I I I )  
h y d ro x id e  is capable o f b in d in g  a t  pH  11, 73 m g o f СОз~ from  0.2 M  sod ium  
c a rb o n a te ,  20 mg from  0.1 M  an d  less th a n  10 m g from  0.05 M  so d iu m  c a r
b o n a te .  A ccordingly, th e  in c rea se  of th e  c a rb o n a te  co n cen tra tio n  is o f a d v a n 
ta g e  n o t  only because th e  s ta b il i ty  of th e  co m p lex  in  so lu tion  is ra ised  b u t 
a lso  b ecau se  the  su rface  o f  th e  p rec ip ita te  is c o n v e rted  to  u n fa v o u ra b le  for 
u r a n iu m  p rec ip ita tio n .

E vidences of th e  c o rre la tio n  betw een  c a rb o n a te  ad so rp tio n  a n d  u ran iu m  
a d s o rp tio n  were also o b ta in e d  in  o ther fields. O f th e se  we m ay  m e n tio n  here  th e  
e x p e r im e n t carried o u t in  a m ed iu m  of 0.21 M  so d iu m  su lfate , in  o rd e r to  prove 
t h a t  decrease of th e  b in d in g  o f  CO3-  ions cau sed  b y  th e  concu rrence  o f anions 
le a d s  to  th e  p re c ip ita tio n  o f  u ran iu m  to  an  in c rea sed  e x te n t. P u rp o se ly  a pH  
v a lu e  w as chosen a t  w h ich  th e  adsorp tion  o f  CO3-  b y  iro n ( I I I )  h y d ro x id e  is 
in s ig n if ic a n t even in  th e  ab sen ce  of sodium  su lfa te , and , re sp ec tiv e ly , such  a 
lo w  c a rb o n a te  c o n c e n tra tio n  w as chosen a t  w h ic h  th e  d e so rb e n t effect of 
th o r iu m  is still sligh t. T h e  resu lts  are p re se n te d  in  T able IV .

Table IV

Effect o f  sodium  sulfate on the adsorption o f uranium  
(100 mg Fe3+, 50 /zg U (V I), 0.01 M  N a2C 03, 11.7 pH  in 100 ml volume)

[NasSO,] Th, mg
Uranium

adsorption,
%

0 0 7 6 -8 0
0.21 0 80
0 20 5 2 -5 4
0.21 20 65

I t  can  be seen t h a t  a t  h ig h er salt c o n c e n tra tio n s  also th e  a d so rp tio n  of 
u r a n iu m  increases.

T h e  results o b ta in e d  fo r  th e  ca rb o n a te -b in d in g  cap ac ity  of aged  iro n ( I I I )  
a n d  th o r iu m  hy d ro x id es  is even  m ore consp icuous in  th a t  less th a n  5 m g 
c a rb o n a te  are bound  b y  500 m g of iro n (III)  h y d ro x id e  aged in  m o th e r  liq u o r 
w h ile  less th a n  10 m g b y  th o r iu m  hydrox ide ag ed  sim ilarly . As a lre a d y  m en 
t io n e d  earlie r, the  e x tr a c ta b i l i ty  of u ran ium  w ith  ca rb o n a te  from  aged  iro n ( I I I )  
h y d ro x id e  is m uch p o o re r  th a n  from  fresh  p re c ip ita te , an d  th is  c a n n o t be 
a f fe c te d  b y  adding th o r iu m . C onsequently , th e  rea l cause is th e  p o o re r c a r 
b o n a te -b in d in g  c a p a c ity  o f  ag ed  p rec ip ita tes . O n th e  basis o f w h a t h as  been 
s a id  ab o v e  it  can be ta k e n  as proved th a t  th e  d eso rb en t effect o f  th o riu m

A d a  Chimica Academiae Scientiarurn Hungaricae 51, 1967



U P O R :  S E P A R A T I O N  O F  T R A C E S  O F  E L E M E N T S ,  I I 133

h y d ro x id e  is due to  the  h ig h  c a rb o n a te  co n cen tra tio n  fo rm ed  on th e  su rface  of 
th e  p re c ip ita te , and , re sp ec tiv e ly , to  th e  in h ib itio n  o f a h ig h -e x te n t b in d in g  of 
h y d ro x y l ions.

Since th e  pH  of p re c ip ita tio n  on th o riu m  h y d ro x id e  falls b e tw een  those  
o f iro n ( I I I )  hydrox ide  a n d  U 0 2( 0 H )2, we assum ed  th a t  th is  is th e  p re re q u is ite  of 
th e  d e so rb en t action . In  th is  case th e  effect w ould  n o t be o b serv ab le  w hen  th e  
p H  p re c ip ita tio n  of th e  c a rr ie r  p re c ip ita te  w ould exceed  th a t  of th o r iu m  hy-

Fig. 6. D esorbent effect of T h (O H )4 on Al(OH)3 precip itate in a N a ,C 0 3 m edium . 100 mg 
F e3+ 20 mg Th4+ and 100 ц g U(VI) coprecipitated w ith 0.2 M  N a ,C 0 3 a t 25° in 100 ml

volume

drox ide . H ow ever, in  th e  case o f a lum in ium  h y d ro x id e  (F ig . 6), th e  d eso rb en t 
effect is p re se n t th o u g h  som e u ran iu m  loss is d e tec tab le . A t p H  10.4, in  tu rn , 
th e  m a jo r p a r t  of th e  p re c ip ita te  is d issolved, th o u g h  u n d e r th e  e x p e rim e n ta l 
co n d itions app lied  th o riu m  h y d ro x id e  alone could no t be d isso lved  in  th is  w ay. 
F ro m  th is , one m ay  co nc lude  th a t  a m ixed h y d ro x id e  w as p re c ip ita te d  w hich 
is co n n ec ted  w ith  the  decrease  o f th e  active g roup  o f a lu m in iu m  h y d ro x id e , an d , 
re sp ec tiv e ly , w ith  th e  e v e n tu a l d eso rb en t effect o f th o riu m .

Investigation of the desorbent effect of other ions

T he idea  th a t  in a d d itio n  to  th o riu m  also o th e r ions m ay  possess d e so rb en t 
effects w as v e ry  p lausib le . T h u s , ex p erim en ts  w ere ca rried  o u t w ith  som e o th e r  
ions re la te d  to  a ce rta in  e x te n t ,  w ith  th o riu m  an d  w ith  th o se  w hich are  know n 
to  form  ca rb o n a tes  an d  p a r t ia l ly  com plex ca rb o n a te s  u n d e r ce rta in  co n d itio n s. 
In  som e in stan ces also th e  c a rb o n a te -b in d in g  c a p a c ity  of th e  ex am in ed  p rec ip 
i ta te s  w as s tu d ied . T he e x p e rim e n ta l re su lts  are g iven in  T ab le  У.
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Table V

Desorbent effect o f various ions and carbonate-binding capacity o f their hydroxides

Investigation  of the desorbent effect: 100 mg Fe3+ -j- 20 mg of desorbent +  100 fig U(VI) 
w ith  0.2 M  Na2C03 in 100 m l volum e, stirred 30 m inutes a t  25°. Investigation of carbonate
b ind ing  capacity: the hydroxide precip itate was prepared w ith  sodium hydroxide, and stirred

an  hour with 0.1 M  N a2C 03

Cation examined

pH value Uranium loss,
%

Amount of 
cation, 

mg
pH

со,*-
bound

mg
at the investigation 

of the desorbent 
effect

at the investigation 
carbonate-binding

of

Zr4 + 8.80 6 500 l i 36

La3 + 9.05 9 500 и 10

Ce3 + 9.15 16 500

Ce4+ 8.65 14 500

8.80 24 500
уз+ 9.20 14 100 12.60 10
Be2 + 9.0 26 100

8.15 21 100

Zn2 + 9.05 50 500 12.25 10
W ith o u t any desorbent 8.8 — 9.15 5

In  th e  exam ined  p H  ra n g e  th e  u ran iu m  losses w ith  iro n ( I I I )  h y d rox ide  
a re  lo w er th a n  in th e  p re se n c e  o f an y  o th e r a d d e d  ion  s tu d ied . T h u s, no desor
b e n t  effects could be e s ta b lish e d , and  u ra n iu m  losses w ere in  th e  m a jo rity  of 
cases  defin ite , while in  th e  case of zinc th e y  w ere v e ry  h igh . Since how ever, 
lo sses  w ere increased b y  z irco n iu m  and  la n th a n iu m  on ly  to  a sligh t e x te n t, th e  
c u rv e  o f uran ium  a d so rp tio n  ag a in s t pH  va lu es  w as estab lish ed . T he resu lts  are 
sh o w n  in  Fig. 7. The c u rv e  discloses a shape d iffe ring  from  th a t  e s tab lish ed  w ith  
i r o n ( I I I )  hydroxide in  t h a t  th e  second p eak  has a m ore a b ru p t  tre n d , its  value 
p o in ts  to  com plete u ra n iu m  p rec ip ita tio n , a n d  u ra n iu m  losses h a rd ly  decrease 
e v e n  a t  h igh a lk a lin ity  v a lu e s . H ow ever, i t  m u s t b e  n o te d  th a t  a t  th e  p H  values 
b e lo n g in g  to  th e  m in im u m  sec tio n  of th e  c u rv e , in  th e  case o f ro ck  sam ples 
(w h e re  uran ium  losses a re  essen tia lly  h igher th a n  w ith  iro n (III)h y d ro x id e ), 
z irc o n iu m  and la n th a n iu m  show ed  certa in  d e so rb e n t effects.

As a su p p lem en t a n d  ex p lan a tio n , th e  re su lts  m a y  be com ple ted  as 
fo llow s.

O n the  basis o f th e  chem ical affin ities one could  h av e  ex p ec ted  some 
d e s o rb e n t effect in th e  case  of zirconium , cerium  an d  to  ce rta in  e x te n t of 
la n th a n u m  as well. T h e  ab sen ce  of th is  effect in  case of iro n ( I I I )  hyd rox ide  
m a y  b e  a ttr ib u te d  to  th e  p o o r  c a rb o n a te -b in d in g  c a p ac ity . A t th e  sam e tim e , 
a c c o rd in g  to  our o r ie n ta tiv e  ex p erim en ts , on ly  a v e ry  sm all n u m b e r o f O H  -  ions
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are  b o u n d  b y  z irconium  an d  la n th a n u m  h y d ro x id es  (com pared  to  iro n (I I I )  
h y d ro x id e). T h is exp la in s w hy th e  p resence  o f th e se  ions is of c e r ta in  a d v a n ta g e  
from  th e  asp ec t of u ran iu m  losses.

O f th e  o th e r ions in v e s tig a te d , th e  s tro n g  opposite  effect o f  zinc ions, 
increasing  u ran iu m  losses, is v e ry  s tr ik in g . I t  is p ro b ab ly  due to  th e  s tro n g  a d 
so rp tio n  o f  h y d ro x y l ions w hich used  to  p reced e  th e  fo rm atio n  o f  h y d roxo  
com plexes [36], an d  w hich suppresses th e  ad so rp tio n  of c a rb o n a te  ions. This

Fig. 7. E ffect of Zr(O H ), and La(O H ), on the adso rp tion  of uranium  (VI) by  iro n (II I)  hy
droxide in  a N a2C 0 3 m edium

100 mg Fe3+ 4- 100 fig U(VI); 0.2 M  N a2COs a t  25° in 100 ml volum e 
a) 20 mg of Zr4+ added; 6)  20 mg of La3+ added

p re su m ab ly  p lays also a role in  th e  h ig h er u ra n iu m  losses o b serv ed  in  case of 
a lu m in iu m  h y d ro x id e . T hus, th e  d e so rb e n t e ffec t o f tho rium  h y d ro x id e  appears 
to  be specific . In  op tim u m  cases ( iro n (I I I )  h y d ro x id e  carrier, a d e q u a te  pH  
etc.) u ra n iu m  losses are  n o t red u ced  by  z irco n iu m  an d  la n th a n u m , w h ile  in  th e  
presence o f com pounds (m ain ly  o f a lu m in iu m  hydrox ide) w hich a d so rb  u ra 
nium  b e t te r  th a n  iro n ( I I I )  h y d ro x id e  som e d eso rb en t effects a re  p e rcep tib le  
in a t ig h t  p H  range.

T hanks are due to Gy . N agy for his assistance in the  major p art of the p resen t experi
ments.
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SUMMARY

In  o rd e r to  clear up the causes of uranium(YI) losses in  its  separation in carbonate solution, 
a so lu tio n  containing [U 02(C 03)3]4 -  ions was treated  w ith  various adsorbents. I t  was found 
th a t  u ra n iu m  losses are due, qu ite  independently  of the chem ical nature  of adsorbents, alm ost 
en tire ly  to  th e  decomposition of th e  complex, and to the b ind ing  of U O |+- ions. The u ran iu m 
b inding  cap ac ity  of some m etal oxides, hydroxides and p h ospha tes  was investigated, and  i t  was 
found  to  range >  1 m illiequivalent p e r g under the applied  experim ental conditions w ith  h y 
drox ides an d  phosphates em ployed as inorganic ion exchangers.

T h e  desorbent effect of th o riu m  hydroxide was exam ined  in detail. I t  was proved  th a t  
this e ffec t th roughout prevails in  th e  pH  range 7.7 to  13.0, an d  th a t  in  the presence of tho rium  
the  second  peak  caused by hydroxy l ions does not appear. T he desorbent effect is in te rp re ted  
by th e  h ig h  carbonate-binding capac ity  of thorium  hydrox ide, and, respectively, b y  its  low 
basic ity , w hich lim it the binding of hydroxyl ions.

T he  dependence on pH  values of the adsorption of carbonate  and hydroxyl ions was 
estab lished  w ith  iron(III) hydroxide and  thorium  hydroxide. The results satisfactorily explain 
the  co rre la tio n  between uranium  adsorp tion  and pH  values. T he increase of uranium  adsorp tion  
connected  w ith  the ageing of the p rec ip ita te  can similarly be explained by the lack of binding of 
c a rb o n a te  ions.

O n exam ining w hether o ther cations (such as Zr4+, L a 3+, Ce3+, Ce4+, Y3+, Zn2+, Be2 + ) 
have d eso rb en t effects, the effect o f thorium  with iro n (II I)  hydroxide proved to  be specific. 
In  rock  analysis, adsorption losses are  somewhat reduced b y  th e  presence of zirconium  and  
lan th a n u m . This is ascribed to th e  fac t th a t in the presence of these la tte r ions, th ough  th e  
ca rb o n a te  adsorption does no t increase, the binding of hyd roxy l ions is of a small ex ten t.
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Sorption  of u ran iu m (V I) on F e (O H );j in  a m ed ium  con ta in ing  N aO H

T he so rp tio n  o f u ran ium (V I) on m e ta l h y d ro x id es  in sodium  c a rb o n a te  
m ed ia  has been re p o rte d  in a p rev io u s p a p e r  [1 ] .O n in v estig a tin g  th e  d ep en d en ce  
o f so rp tio n  on th e  p H  value, i t  w as fo u n d  th a t  th e  cu rve , a fte r p a ss in g  th ro u g h  
a m in im um  in th e  p H  range b e tw een  9 an d  11 ascends in d ependence  on th e  
m e ta l h y d ro x id e  used; th is  range m a y  be n a rro w er, to  descend th e n  a g a in  from  
12.7 p H  on. T h u s, sm all q u a n titie s  o f  u ra n iu m  can  be desorbed a lm o s t com 
p le te ly  from  F c(O H )3. I t  was m en tio n ed  th a t  th e  increase  in the  loss o f  u ran iu m  
ab o v e  p H  11 is due to  th e  decrease  o f th e  s ta b il i ty  of th e  u ra n iu m  com plex  
[ U 0 2(C 0 3)3]4- a n d  to  th e  fo rm a tio n  o f a so rp tio n  com plex. T he d ec rea se  in 
so rp tio n  a t  s till h ig h er p H  values c a n n o t be asc rib ed  to  th e  re g e n e ra tio n  o f th e  
c a rb o n a te  com plex , b u t  it  m u st be  a t t r ib u te d  to  th e  increased h y d ro x y l ion 
c o n c e n tra tio n . In  o rd e r to  clarify  th is  p ro b lem , th e  dependence o f th e  so rp tio n  
o f u ra n iu m  on th e  p H  value has b een  m easu red  in  N aO H  m edia. (S ince p H  
m easu rem en ts  are  in accu ra te  ab o v e  th e  values p H  12, an d  ac tu a lly  im p o ssib le  a t  
s till h ig h er a lk a lin ity , th e  so rp tio n  va lu es  w ere d e te rm in ed  in fu n c tio n  o f the  
a lk a li h y d ro x id e  co n cen tra tio n  in s te a d  o f th e  p H  values.)

T he resu lts  a re  show n in F ig . 1. (The an a ly ses  were carried  o u t  b y  th e  
m e th o d s  described  prev iously  [1].) T h e  c a rb o n a te  co n tam in a tio n  o f th e  alkali 
h y d ro x id es  used  fo r th e  ex p erim en ts  w as neglig ib le . N evertheless, e x p e rim e n ts  
w ere also ca rried  o u t w ith  alkali fro m  w hich c a rb o n a te  h ad  been re m o v e d  w ith  
C a(O H )2 accord ing  to  K o l t h o f f . T h e  re su lts  w ere iden tica l.

As i t  m ay  be seen from  cu rv e  (a), p re c ip ita tio n  w ith  N aO H  a t  ro o m  te m 
p e ra tu re  is com plete  up  to  pH  12, how ever, th e  to ta l  q u a n tity  of u ra n iu m  is 
d eso rbed  betw een  p H  12 and  14. T h is f in d in g  m a y  allow th e  s e p a ra tio n  of 
sm all q u a n titie s  of u ran iu m  from  iro n . I t  can  be  seen from  curves (b) a n d  (c) 
t h a t  th e  curves becom e m ore p ro tra c te d  w hen K O H  or L iO H  are u sed , how ever, 
to ta l  d isso lu tion  occurs a t the  sam e a lka li co n cen tra tio n .
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F o r  com parison , th e  dependence o f  u ra n iu m  adsorp tion  on th e  alkali 
c o n c e n tra tio n  was d e te rm in e d  also on M g(O H )2 a t  room  te m p e ra tu re  a n d  a t 
80°C . T h e  resu lts  a re  sh o w n  in  Fig. 2. I t  m a y  b e  seen th a t  th e  sh ap e  o f th e  
c u rv e s  is m uch f la t te r  t h a n  w ith  F e (0 H )3. I t  is re m ark ab le  th a t  th e  p re c ip ita 
t io n  o f  u ran iu m  is fa r  fro m  q u a n tita tiv e  ( ~  6 0 % ) a t  p H  11, w hile ev en  a t  an  
a lk a l in i ty  above 1 N  u ra n iu m  does no t p a ss  co m p le te ly  in to  so lu tio n . In  all

Fig. 1. Sorption of u ran ium (V I) on Fe(OH)3 in  m edia  containing alkali hydroxide 
[100 m g of F e3+, 100 fig of U (V I) (precipitated w ith  M eO H), in  a volume of 100 ml, filtered

after 30 m inutes]
(a) N aOH ; (b) K O H ; (c) LiOH

p ro b a b il i ty , th is d ifference is to  be ascribed to  th e  d ifferen t tendencies fo r  com 
p le x  fo rm a tio n  of F e3+ a n d M g 3 + ,a n d  to  th e  lo w er re a c tiv ity  of M g(O H )2.T h u s , 
e.g., th e  co p rec ip ita tio n  o f  N i2+ is incom plete  o n  M g(O H )2 c a rrie r, w hile i t  is 
c o m p le te  on F e(O H ) 3 [8 ]. D u e  to  its  basic p ro p e r tie s , M g(OH )2 does n o t adso rb  
a lk a li [9 ], showing th e re fo re  a tendency  to  p re c ip ita te  in  th e  pure  s ta te . M ore
o v e r, th e  difference in  b e h a v io u r  m ay also be d u e  to  th e  fa c t t h a t  a t  h igher 
a lk a l in i ty  an u ra n a te  c o m p o u n d  of m agnesium  rem a in s  adsorbed.

O u r in v estig a tio n s show ed  th a t  th e  s o rp tio n  o f u ran ium  is n o t increased  
b y  th e  presence of ca lc ium . A t a corresponding  p H  ( >  13), th e  p resence  o f 10 to  
100 m g  o f Ca2+ per 100 m g  o f  F e 3+ does n o t cause  a n y  difference.T hese re su lts  are 
in  a g re e m e n t w ith  ex p erien ces  of rock an a ly sis . T h u s , according to  o u r o b se rv a 
t io n , a f te r  th e  fusion p ro cess  w ith  alkali h y d ro x id e , th e  g rea ter p a r t  o f u ran iu m  
re m a in e d  in  th e  so lu tio n  w h en  th e  m elt w as lea c h e d  w ith  w a te r. E a rlie r , we 
a t t r ib u te d  th is  p h en o m en o n  to  th e  ca rb o n a te  c o n te n t  of the  chem icals (K O H , 
N a 20 2) u sed  in  th e  fu sio n  process, how ever, th e  p re se n t resu lts m ak e  i t  o b v i
ous t h a t  th is  is no t th e  a c tu a l  cause. T ests  w ere  m ade w ith  a s ta n d a rd  rock
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sam ple  (B-9), an d  i t  w as fo u n d  th a t  a f te r  fu sio n  w ith  po tassium  h y d ro x id e , an d  
a fte r  th e  w ashing  o u t th e  p rec ip ita te , o n ly  1 0  to  2 0 %  of th e  u ra n iu m  was 
co n ta in ed  in  th e  h y d ro x id e  p rec ip ita te . T h is  fa c t  m akes possible in  c e r ta in  
d e te rm in a tio n s  th e  rem o v a l of th e  g re a te s t  p a r t  o f in te rfe ring  u ra n iu m .

In  th e  sam e ran g e  o f a lk a lin ity  (p H  11 to  14), also th e  b eh av io u r o f  sm all 
q u a n titie s  of th o r iu m  w as in v estiga ted . W h e n  100 /tg  of T h ,+ an d  100 m g  of

Fig. 2. Sorption of uranium(VI) on M g(OH)2 in  media containing N aOH  
[100 mg of Mg2 + , 100 fig of U(VI), precipitated w ith  N aO H  in a volume of 100 ml, filtered 

a fter 30 minutes] (a) a t  25° C; (6) a t 80° C

F e3+ w ere p re c ip ita te d  w ith  N aO H , i t  w as fo u n d  th a t  a t th e  m ost 2 %  o f th e  
th o riu m  gets in to  th e  so lu tio n . This b e h a v io u r  m a y  fac ilita te  se p a ra tio n  in  th e  
d e te rm in a tio n  o f th e  th o riu m  co n ten t of u ra n iu m  ores [1 0 ].

Investigations on the mechanism o f  the dissolution of uranium

L ite ra tu re  references are scarce co n cern in g  th e  dependence of th e  so rp tio n  
of u ran iu m  up o n  th e  p H  value in  a lkaline m ed ia . I t  has been found  b y  S t a r i k  

th a t  in  th e  absence o f  ca rb o n a te , p re c ip ita tio n  on  F e(O H )3 is com plete  w ith in  
th e  p H  range from  3 .5 —4 to  9 [2], how ever a t  p H  — 11 so rp tion  decreases to  
a b o u t 80%  [3]. S t a r i k  et al. are of th e  o p in io n  th a t  p rec ip ita tio n  is due  to  th e  
oppo site  charges o f  F e (O H ) 3 and  u ran iu m . T h e  cu rv e  was recorded  o n ly  u p  to
pH =  11.

A fter th e  p u b lic a tio n  of our find ings d iscussed  above [4, 5], we lea rn ed  
a b o u t th e  w ork  o f  N o v i k o v  [ 6 ] .  This a u th o r  s tu d ie d  th e  p re c ip ita tio n  o f  u ra 
n iu m  w ith  p o ta ss iu m  h y d ro x id e  in  th e  p resen ce  o f am m onium  sa lts  w ith  and 
w ith o u t F e (O H )3 c a rr ie r , w ith  u ran ium  q u a n ti t ie s  from  10 [xg to  10 m g. T hese
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c u rv e s  p a ss  th ro u g h  a m in im u m  b e tw een  p H  9 a n d  11, w hich is fo llow ed  ag a in  
b y  a n  a lm o s t com plete p re c ip ita tio n  of u ra n iu m  betw een  pH  12 a n d  13. T he 
f in a l se c tio n  of th e  cu rv e  show s a descend ing  te n d e n c y , w ith  a v e ry  s te e p  slope 
in  so m e  o f th e  cases, how ever, th is  p a r t  fa lls a lre a d y  in the  p H  ran g e  14 to  15. 
N o v i k o v  has assum ed th a t  th e  sec tion  of th e  cu rv e  p resen ting  th e  m in im u m  
is d u e  to  th e  ca rb o n a te  of th e  p o tassiu m  h y d ro x id e  used, while th e  d isso lu tio n  
a t  p H  v a lu e s  above 12.5 to  th e  fo rm a tio n  of th e m o n o u ra n a te  co m p lex [M e.,U 0 4].

O n  in v es tig a tin g  th e  p H  dependence o f  so rp tio n  processes p ro ceed in g  in 
a lk a lin e  m ed iu m  on m e ta l h y d ro x id es , th e  l i te r a tu r e  reveals th a t ,  in  g en e ra l, 
c u rv e s  o f  s im ila r courses [11], have  been  o b ta in e d  w ith  anions. This ho ld s  t ru e  
in  th e  cases of m o lybdenum  [12], tu n g s te n  [13], ch ro m ate , su lp h a te , p h o sp h a te  
[11], a n d  gallium  [14]. A t d iffe ren t p H  v a lu es , b u t  generally  up to  p H  11, th e y  
c o m p le te ly  pass in to  so lu tion .

I n  v i e w  o f  a  c e r t a i n  c h e m i c a l  s i m i l a r i t y  o f  u r a n i u m  t o  t u n g s t e n ,  m o l y b 

d e n u m ,  a n d  t o  c h r o m i u m ,  t h e  a s s u m p t i o n  o f  N o v i k o v , a c c o r d i n g  t o  w h i c h  

u r a n i u m  i s  d i s s o l v e d  i n  a n i o n i c  f o r m ,  i . e .  a s  a  m o n o u r a n a t e ,  s e e m e d  r e a s o n a b l e .

M an y  pu b lica tio n s deal w ith  th e  a lk a lin e  p re c ip ita tio n  of m acro  q u a n tit ie s  
o f u ra n iu m  an d  w ith  th e  in v e s tig a tio n  of th e  com position  of th e  p re c ip ita te s  
[15 — 32, etc.]. H ow ever, th e  opinions are  c o n tra d ic to ry  concern ing  th e  c o n d i
tio n s  o f  th e  fo rm atio n  of m ono- an d  d iu ra n a te , an d  even th e ir  ex is te n c e  is 
d e b a te d , so m uch th a t  l i te ra tu re  offers no help  in  clarify ing  th is  p ro b lem . T he 
p u b lic a tio n s  e ith e r do n o t su p p o rt th e ir  p re se n te d  v iew  w ith  e x p e rim e n ta l d a ta ,  
o r in c o r re c t  an a ly tica l m e th o d s  are  u sed . A consp icuous exam ple is t h a t  th o u g h  
i t  is w ell know n th a t  th e  com position  o f th e  p re c ip ita te  is d ep en d en t on th e  p H , 
som e o f  th e  au th o rs  c a rry  o u t th e  analysis on  th e  w ashed  p re c ip ita te , a f te r  th e  
e q u ilib r iu m  betw een  th e  p re c ip ita te  an d  th e  so lu tio n  has been u p se t ju s t  in 
co n se q u e n c e  of th e  w ashing .

O n  th e  basis of e x p e rim e n ta l co n sid e ra tio n s , th e re  is only  one sim ple 
p o s s ib il i ty  fo r th e  d e te rm in a tio n  of th e  com p o sitio n  of the  p re c ip ita te  ( th a t  is to  
sa y  th e  ra tio  N a : U ): th e  analysis  of th e  so lu tio n  in  equ ilib rium  w ith  th e  p re 
c ip i ta te .  B y  th e  d e te rm in a tio n  of th e  q u a n t i ty  o f u ran ium  rem ain in g  in  th e  
s o lu tio n  a n d  by  t i t r a t in g  th e  excess a lkali, th e  ra tio  of sodium  an d  u ra n iu m  in  
p re c ip i ta te  can  be ca lcu la ted . I f  th e  p o ss ib ility  o f ex istence of p o ly u ra n a te s  of 
c o m p lic a te d  com position  (as sto ich io m etric  com pounds) is p rec luded , one m ay  
c o n s id e r  th e  follow ing basic  eq u a tio n s :

U 0^+  +  2 H O H  U O ,(O H ), +  2 I I +

2 H +  +  2 O H “ -► 2 H 20

T h u s , u p  to  th e  p re c ip ita tio n  of u ra n y l h y d ro x id e  tw o  equ iva len ts o f a lk a li a re  
c o n su m e d . In  th e  fu r th e r  process, sod ium  can  g e t into th e  p re c ip ita te  on ly  
in v o lv in g  th e  s im u ltaneous d isap p earan ce  o f O H -  from  the  so lu tion :
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2 UO,(OH)2 +  2 N aO H  — N a2U20 7 +  2 H 20  

N a 2U 20 7 +  2 N a O H  -> 2 N a 2U 0 7 +  H .,0

I f  th e  n o n -eq u iv a len t ad so rp tio n  o f  N a + or O H  p lays no p a r t  in  th e  process, 
th e  ra tio  N a : U  can  be d irec tly  c a lc u la te d  from  th e  a lkali co n su m p tio n  exceed 
ing th e  tw o eq u iv a len ts  req u ired  fo r th e  fo rm atio n  o f U 0 2(0 H )2. (S im ila rly , 
K r a u s  d e te rm in ed  th e  com p o sitio n  o f th o riu m  h y d rox ide  on th e  b asis  o f th e  
analysis  of th e  f i l t r a te  [33]). To a s c e r ta in  w h e th e r th e  q u a n ti ty  of O H  -  consum ed  
fo r th e  p re c ip ita tio n  is ac tu a lly  e q u iv a le n t to  th e  sodium  g e ttin g  in to  th e  p re 
c ip ita te , in o u r experim en ts p re c ip ita tio n  was carried  o u t w ith  N aO H  c o n ta in 
in g  rad io iso to p e  22N a tracer, a n d  th e  y -a c tiv ity  of 22N a in  th e  p re c ip ita te  was 
m easu red . (To e lim ina te  the  in te rfe re n c e  of U X j an d  u ra n iu m , th e  m easu re 
m e n ts  were m ad e  a t  th e  N a-p eak  o f  0.38 to  0.42 MeV.) N a tu ra lly , th e  p re c ip ita te  
w as n o t w ashed ; a fte r  filte ring  u n d e r  suc tion  i t  w as w eighed, a n d  th e  q u a n t i ty  
o f  sodium  in tro d u c e d  w ith  th e  sm a ll vo lum e ( <  1 ml) o f so lu tio n  w as ta k e n  in to  
co rrec tion .

Since th e se  resu lts  were in  co m p le te  ag reem en t w ith  th e  v a lu es  o b ta in e d  
b y  th e  t i t r a t io n  o f th e  h y d ro x y l ions rem ain ing  in  th e  f i l tra te , th e  co rrec tn ess  
o f  th is  a n a ly tic a l m ethod  has b e e n  su b s ta n tia te d .

T hus, th e  w ashing  of th e  p re c ip ita te  n a tu ra lly  can  be av o id ed , a n d  th e  
equ ilib rium  is n o t d istu rbed . B y  th e  p ro p er selection o f th e  u ra n iu m  a n d  th e  
a lk a li co n cen tra tio n s , th e  e rro r  o f  analysis can  be red u ced  to  a m in im u m . 
S ince th e  d e te rm in a tio n  is a c tu a lly  in d irec t, to  reduce  th e  e rro r , e x p e d ie n tly  
th e  sm aller p a r t  o f the  in itia l a lk a li  c o n cen tra tio n  is t i t r a te d  b ack . T h is  re q u ire 
m e n t can  be b e t te r  fulfilled in  th e  low er p H  range; a t  h ig h er a lk a lin ity  th is  
becom es m ore d ifficu lt, how ever, genera lly  th e  w eight o f th e  u ra n iu m  sam ple  
w as selected so th a t  th e  d ifference  in  0.1 N  a lkali co n su m p tio n  sh o u ld  n o t be 
less th a n  10 m l in  a titra tio n . I n  o u r ex p erim en ts , th e  w eigh t o f u ra n iu m  was 
m ore  th a n  200 m g/100 ml. As i t  w ill be seen in th e  follow ing, a t  th is  c o n c e n tra 
tio n  only  a sm all am oun t ( <  1 m g) o f u ran iu m  rem ains in  th e  so lu tio n . Ow ing 
to  th is , only  a n  in su b stan tia l c o rre c tio n  ( <  0 .5% ) h ad  to  be ta k e n  w h en  ca l
c u la tin g  th e  re su lts .

I t  is well know n  th a t  th e  e q u ilib riu m  is reached  ra th e r  slow ly. G en era lly , 
in  o u r ex p erim en ts  th e  p re c ip ita te  w as sep a ra ted  a f te r  i t  h a d  b een  allow ed 
to  s ta n d  for a d a y , b u t in fo rm a tiv e  te s ts  were carried  o u t also w ith  d iffe ren t 
periods of s ta n d in g . Since o u r  ex p e rim en ts  h ad  th e  p u rp o se  to  c la r ify  th e  
m en tio n ed  phenom enon  of u ra n iu m  d isso lu tion , p a r tic u la r ly  th e  h ig h e r pH  
ran g e  was s tu d ie d  in deta il.T h e  N a  : U  ra tio  has been p lo tte d  in  fu n c tio n  o f  th e  
p H  (Fig. 3). I t  can  be seen t h a t  th e  N a : U ra tio  in  th e  p H  ran g e  betw een  
11.8 an d  12.9 is 1.00 ^  0.04. T h is  re su lt corresponds to  th e  co m p o sitio n  of 
sod ium  d i-u ra n a te , N a2U„07.
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M oreover, from  th is  f in d in g  also th e  conclu sio n  can  be d raw n  th a t  th e  
d isso lu tio n  of u ra n iu m  in  s tro n g  alkaline m ed ia  c a n n o t be a t tr ib u te d  to  th e  
fo rm a tio n  of m o n o u ra n a te  o r  to  some o th e r s to ich io m e tric  chem ical reac tion . 
( In  th e  absence of a c a r r ie r ,  sm all q u a n titie s  o f  u ra n iu m  are  com pletely  d is
so lv ed  up  to  a pH  v a lu e  o f  13, th o u g h  no change in  com position  is to b e  de tec ted  in 
th is  section.)

F ig. 3. Dependence of th e  ra tio  N a:U  on the pH  value in  th e  precip itation  of uranium (V I) 
w ith  NaOH  [0.0005 to 0.002 M  U O 2(N 0 3)2 precip itated  w ith  20 to  80 ml of 0.1 N  NaOH a t 25° 
in  a volum e of 100 ml. F ilte red  a fte r  standing for a d ay ; th e  f iltra te  was titra te d  w ith 0.1 N  

НС1]. (The p H  values above 12 are calculated  data .)

T he continuous in c re a se  of th e  ra tio  N a : U below  th e  p H  value of 12, 
sh o w n  in  Fig. 3, w hich , w ith in  th e  ex p erim en ta l e rro r , can  he considered  linear, 
c o n tra d ic ts  th e  a ssu m ed  ex is ten ce  of p o ly u ra n a te s  o f  s to ich iom etric  com posi
t io n  [17 , 18, 24, etc.], w h ile  i t  su b s ta n tia te s  th e  con cep tio n  of o th e r au th o rs  
(C h e r n a j e v  29, M a l y  3 2 , e tc .)  involv ing  v a r io u s  s tag es  of a g rad u a l tra n s i
t io n  from  urany l h y d ro x id e  to  sodium  d iu ra n a te . T h e  N a : U ra tio  g rad u a lly  in 
c re a se s  also a t the  p H  v a lu e s  h igher th a n  13, as show n  in  F ig . 3, b u t accord ing  to  
in fo rm a tiv e  ex p e rim en ts , ev e n  a t  su b s ta n tia lly  h ig h e r a lk a lin ity  (1  N ) i t  does 
n o t  exceed  the  v alue  o f  1 .2  or 1.3. I t  is u n lik e ly  t h a t  th is  shou ld  in d ica te  a p a r 
t ia l  u ra n a te  fo rm atio n , a n d  i t  seems m ore re a so n a b le  to  assum e a co-precipi- 
t a t io n  of N aO H . T h is a s su m p tio n  is s u b s ta n tia te d  also  b y  th ree  exp erim en ta l 
f in d in g s . Among th e se , p r im a r ily  th e  fac t sh o u ld  be  m en tio n ed  th a t  th e  com po
s itio n  o f th e  p re c ip ita te  ch an g es  in  so lu tions c o n ta in in g  sodium  ions in  excess. 
T h e  resu lts  are su m m a riz e d  in  Table I.

T he Na : U ra t io  ch an g es  also in d ep en d en ce  on th e  tim e  for w hich th e  
p re c ip ita te  is allow ed to  s ta n d  in  th e  m o th e r liq u o r . T h u s , e.g., 2 days of s ta n d 
in g  a t  p H  12.8 re su lte d  in  th e  value of 1.05 to  1 .09 , w hile 2 w eeks in 1.15 
to  1 .17 .

I t  should be m e n tio n e d  finally  th a t  in fo rm a tiv e  ex p erim en ts  were also 
c a rr ie d  ou t concerning th e  p re c ip ita tio n  of u ra n iu m  w ith  B a(O H )2 an d  Ca(O H )2,
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Table I

Variation o f  the ratio N a: U in the sodium diuranate precipitation in dependence on the Na"
concentration o f the solution

(150 mg of U6+ precipitated w ith NaOH in the presence of various amounts of NaCl in a volume 
of 100 ml a t 25° pH =  12.2. F iltration  after 16 hours of standing.)

NaCl, Af o 0.1 0.2 0.3 0.4

N a : U ratio  in the precipitate 1.04 1.16 1.22 1.22 1.25

re sp ec tiv e ly . F o r a given p H -v a lu e , th e  a lk a li : u ran iu m  ra tio  in c reased  in  th e  
o rd e r N a <  В a <  Ca, in  ag reem en t w ith  th e  o rd er of in so lu b ility  o f th e  co rres
p o n d in g  h y d ro x id es . T his ren d ers  i t  v e ry  p lausib le  th a t  th e  p re c ip ita te  consists 
o f a m ix tu re  of d iu ra n a te  an d  a lka li o r a lka line  e a r th  m eta l h y d ro x id e .

Interpretation o f  the dissolution o f uranium

To ensure  a co rrec t ap p ro ach , th e  dependence  o f th e  d isso lu tio n  o f u ra 
n iu m  on th e  u ran iu m  c o n cen tra tio n  w as s tu d ied . T he resu lts  are lis te d  in  T ab le
I I .  I t  is seen th a t  th e  so lu b ility  o f u ra n iu m  is ra th e r  h igh. H ow ever, w ith  in 
c reasin g  co n cen tra tio n  n o t on ly  th e  re la tiv e , h u t  also th e  ab so lu te  q u a n t i ty  of 
u ra n iu m  rem ain ing  in  th e  so lu tio n  decreases. W ith  u ran iu m  q u a n tit ie s  h igher 
th a n  1 0  m g, w here p re c ip ita tio n  is in s ta n ta n e o u s , th e  f i l tra te  becom es opales
c e n t d u rin g  s tan d in g , to  be follow ed b y  coag u la tio n  an d  th e  se p a ra tio n  o f a d d i
tio n a l p rec ip ita tio n .T h ese  o b se rv a tio n s  in d ic a te  th a t  th e  d isso lu tion  o f  u ran iu m  
is a colloid chem ical phenom enon . T h is is su b s ta n tia te d  also b y  th e  fa c t th a t  
th e  so lu b ility  is decreased  in th e  presence  o f elec tro ly tes . A few re su lts  a re  show n 
in  T ab le  I I I .

Table II

The precipitation o f u ra n iu m (V I) with 0.5 N  NaOH  
(in a volume of 100 ml, filtra tion  after 30 m inutes of standing)

Weight of 
U sample 
mg/100 ml

U remaining 
in the solution 

mg/100 ml

Weight of U 
sample 

mg/100 ml

U remaining 
in the solution 

mg/100 ml

1.0 1.0 30.0 26.0
2 .0 2 .0 40.0 20 .0

5.0 5.0 50.0 14.7
10.0 1 0 .0 80.0 7.8
2 0 .0 16.9 1 0 0 .0 5.7

Acta Chimica Acadcmiae Scientiarum Hungaricae 51, 1967



146 U P O R :  S E P A R A T I O N  O F  T R A C E S  O F  E L E M E N T S ,  I I I

Table III

The change o f the solubility o f u ra n iu m (V I) in a medium o f  0.5 N  NaOH in function o f the К  .S O ,
concentration

(10 mg of uranium  in a volume of 100 ml, filtered  after 30 minutes)

[K2S 0 4], M
Dissolved 

uranium, mg

0.00 10.0
0.05 6.5
0.1 4.5
0.2 2.3
0.5 1.5

T h u s , th e  so lu b ility  o f u ran iu m  in a lk a lin e  m ed ium  is reduced  b y  in 
c rea s in g  e lec tro ly te  c o n cen tra tio n s . A ltho u g h  th e  d ispersion of th e  re su lts  
is co n sid e rab le  (10 to  4 0 % ), th e  tre n d  can  be d is tin c tly  seen.

A s th e  co n d itions of p re c ip ita tio n  d id  n o t v a ry  p e rcep tib ly , also th e  bad  
re p ro d u c ib ility  is to  be asc rib ed  to  th e  colloidal n a tu re  of th e  phenom enon .

J u s t  th u s  g rea t v a r ia tio n  of th e  re su lts  w as th e  reason  w hy  no reliab le  
v a lu e s  cou ld  be o b ta in e d  fo r ch a rac te riz in g  th e  change of so lu b ility  w ith  th e  
te m p e ra tu re .  To p ro v e  th e  collo idal c h a ra c te r  u n eq u iv o ca lly , also elec tron  m ic
ro sco p ica l p h o to g rap h s  w ere ta k e n  of th e  u ra n iu m  so lu tio n  co n ta in in g  sodium  
h y d ro x id e . One of th e m  is show n in Fig. 4. T he p ic tu re s  confirm  th a t  th e  d is
so lu tio n  o f u ran iu m (V I) in  a lka line  m ed ium  is n o t a sim ple chem ical reac tio n  
(fo rm a tio n  of u ra n a te ) , b u t  a colloidal d isso lu tio n .

Fig. 4. E lectron microscopic photograph of uranium (Y I) in  NaOH solution 
[5 m g of U(VI) dissolved in  100 ml of 0.1 N  NaOH. The solution was evaporated on a Formvar 
carrier film , and the photograph tak en  w ith an electron microscope of Type Tesla BS 242. 

A ccelerator voltage: 60 kV. M agnification: 5000 X .]
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Some possible app lica tions of the  separa tion  of u ra n in m (V I)  
w ith  sodium  hydroxide

Rock analysis

I t  has been  m en tio n ed  th a t  acco rd ing  to  our experiences in  ro c k  analysis, 
a f te r  a lkaline fusion an d  su b se q u e n t aqueous leach ing  of th e  p re c ip ita te , the 
m a jo r p a r t  of u ran iu m  gets in to  th e  so lu tion . T his increases th e  perm issib le 
u ran iu m  c o n te n t b y  an  o rd e r o f m ag n itu d e  in th e  d e te rm in a tio n  o f th o riu m  
w ith  arsenazo  I I I ,  ( l,8 -d io x i-n a p h ta le n e -2 ,7 -b is -[ l-a z o -l]-2 -p h e n y l-a rso n iu m  
acid) th a t  is to  say , decreases th e  n u m b er of th e  e x tra c tio n  s tep s  n ecessa ry  for 
th e  sep a ra tio n . N a tu ra lly , th e  u tiliz a tio n  o f th is  a d v a n ta g e  o f a lk a lin e  fusion is 
n o t re s tr ic te d  to  th e  d e te rm in a tio n  o f th o riu m . This m e th o d  o f  sep a ra tio n  
m ay  be app lied  in  all those  cases, w here u ran iu m  w ould in te r fe re  w ith  the 
su b seq u en t d e te rm in a tio n  of an  e lem en t, an d  th is  e lem ent is re ta in e d  q u a n t i ta 
tiv e ly  b y  th e  h y d ro x id e  p re c ip ita te  ca rrie r in  a lkaline  m ed ium . I n  o u r p rac tice  
up  to  now , th e  m eth o d s deve loped  for th e  d e te rm in a tio n  o f sm all q u a n titie s  
of niob ium  [35] and  sm all q u a n tit ie s  of cerium  [36] are  ex am p les . F o r  th e  d e te r
m in a tio n  of u ran iu m , a lka line  se p a ra tio n  is less su itab le , since th e  m en tioned  
losses w ould n ecessita te  a re p e a te d  p rec ip ita tio n .

Separation o f thorium fro m  uranium  for radiochemical purposes

T he u tiliz a tio n  of th is  m ode o f  sep a ra tio n  for th e  p re p a ra tio n  o f  u ran ium - 
free U X j^ '^T h ) ap p eared  to  be obvious. O ur ex p erim en ts  w ere b a se d  on the  
m e th o d  of S h c h e k a  [34 ], w hich  seem ed to  be th e  m ost sim ple a n d  a d v a n ta 
geous. T his a u th o r  dissolved 10 g o f U 0 2( N 0 3)2 • 6  H 20  in  e th e r  s a tu ra te d  w ith  
w a te r. In  th is  case, th e  g re a te r  p a r t  of U X j is co n ta in ed  in  th e  sm all vo lum e of 
th e  aqueous phase. A fte r p re c ip ita tio n  on F e(O H )3 ca rrie r, u ra n iu m  is rem oved 
b y  re p e a te d  w ashing  w ith  (N H 4)2C 0 3, an d  iron , a f te r  th e  a d d itio n  o f th io c y a 
n a te , b y  rep e a te d  e x tra c tio n  w ith  e th e r . A ccording to  th is  p ro ced u re , carrier-free  
U X j so lu tion  was o b ta in ab le  w ith  th e  re la tiv e ly  h igh y ield  o f 4 0 % , as com pared  
to  o th e r m ethods.

In  th e  m eth o d  developed  b y  us, th e  in itia l e x tra c tio n  w ith  e th e r  th ough  
it  is one of th e  m ain  sources o f th e  loss of U X ^  w as a d o p ted , since th is  renders 
possible to  use g rea t in itia l q u a n tit ie s  o f U 0 .,(N 0 3)2 • 6  H .,0 .

O ur p rocedure  is as follow s:

Preparation o f U X t: 10 g of U 0 2(N 0 3)2 • 6 H20  was dissolved in 30 ml of e th e r sa turated  
w ith water. 100 mg of Fe3 + and 1 — 2 g of NH,C1 were added, to the separated  aqueous phase 
of small volume, and the U X j together w ith  the Fe3 + carrier were prec ip ita ted  w ith  N H 4OH. 
A fter filtra tion , the greatest p a rt of uran ium  was extracted  from the p rec ip ita te  w ith  25 ml 
of a 0.1 M  N a2C 0 3 solution; the prec ip ita te  was washed several times w ith w ater, and  heated for 
a short tim e w ith 100 ml of 1 N  NaOH. In  th is way uranium  could be rem oved alm ost com
pletely. To remove Fe3 + (and possible sm all residual quantities of u ranium ), th e  precipitate
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was disso lved  in 25 ml of d ilu ted  (1 : 1) hydrochloric acid, an d  ex trac ted  w ith two 20 ml 
p o rtio n s  o f a 20% tri-n-butyl p h o sp h a te  solution in ligroine. T h is reduces the uranium  content 
of th e  so lu tion  to <  0.1 /rg/ml, w hile th e  U X , yield is abou t 75% . The highest loss is involv
ed in  th e  separation w ith e th e r; th e  loss of UX, in the  N a2C 0 3 solution is <  1% , in the 
N aO H  <  0 .1% , and in the T B P  <  2% .

F inally , another ana ly tica l app lication  of the alkaline separation  of uranium  m ay be 
m en tioned . In  the determ ination o f th e  ratio  234U/238U in n a tu ra l w aters (a value im portan t in 
radiohydrogeological research), u ra n iu m  could be separated  from  traces of U X , and  from the 
F e(O H )3 carried in a solution of p H  13 [5]. The resulting solu tion  is of satisfactory  radiochem ical 
p u rity .

T he author is grateful to  M r. G y . N a g y  for his cooperation  in  the experim ents. The 
electronm icroscopic investigations w ere carried out by Mr. I. Gyurkó (Research Department o f 
the M ecseki Szénbányászati Tröszt) ;  th e  au thor’s thanks are due fo r his help.

SUMMARY

O n the basis of earlier inves tiga tions (made in connection w ith  the separation of u rá 
n i u m u l )  w ith  carbonate), th e  beh av io u r of uranium(VI) in  alkali hydroxide medium has 
been  s tu d ied  in detail. I t  has b een  found th a t small q u an titie s  of uranium  are qu an ti
ta t iv e ly  precipitated on iro n (II I)  hydroxide up to the p H  value  of 12, to dissolve then 
g rad u a lly  w hen the pH is fu r th e r increased . The dissolution is q u an tita tiv e  a t pH  13 —14 if  the 
co n cen tra tio n  of uranium is 5 • 10 M . On increasing th e  concen tra tion  of the electrolyte or 
w ith  increasing  time, the so lub ility  decreases. The com position of the precip itate formed on the 
a d d itio n  of NaOH was studied a t  h ig h e r uranium  concentrations (0.005 — 0.02 М /lit.) and i t  has 
been  fo u n d  th a t the Na : U ra tio  o f th e  precipitate is 1.004; 0.04 w ith in  the pH  range between 
11.8 an d  13.0. This ratio co rresponds to  the composition N a2U20 7, disproving the existence of 
N a2U 0 4 proposed by several a u th o rs  fo r this pH range. In  NaCl solutions of higher concentration 
or a f te r  a longer period of stan d in g , th e  Na : U ratio increases to  1.25. This is possibly due to  co- 
p rec ip ita tio n  of NaOH. The h igh N aO H -(O H _) adsorption is also substan tia ted  by the fact th a t 
th e  d isso lu tion  of uranium is a  collo idal process. The la tte r  s ta tem en t has also been proved by 
electronm icroscopy.

T he  dissolution of u ran iu m (V I) in  alkaline medium can be utilized both  in  preparative 
an d  in  analy tical chemistry. So fa r  th e  method has been applied  prim arily  for the separation 
from  th o riu m  in the determ ination  o f the thorium conten t o f u ran ium  ores, as well as for the 
p re p a ra tio n  of U X ,, and for th e  radiochem ical purification o f uran ium .

R EFER EN C ES

1. Upor, E., Nagy, Gy.: In  press.
2. Starik, J . E., Koljagyin, L. B ., Nikolajev, D. S.: R adiohim ija  1, 317 (1959).
3 . S t a r i k , J . E., St a r ik , F . E ., A p o l l o n o v a , A . N.: T ru d i p o  A n a l.  Him. 9, 264 (1958).
4. Upor, E ., Nagy, Gy., Rónai, Á. : Adszorpciós veszteségek nyom elem ek csapadékos elvá

lasztásánál (A dsorption losses in  the separation of traces of elem ents by precipitation). 
P a p e r  presented a t th e  C onference of the H ungarian Chemical Society in 1964.

5. Sebessy, U., Upor , E ., Vados, I .:  234U/Z38U a rán y  ra d io m e tr ik u s  m eg h a táro zásáh o z  m eg 
felelő tisztaságú u rán k ész ítm én y  előállítása term észetes vizekből (The preparation  of 
u ran ium  of uranium  s ta n d a rd  from natural w aters, having suitable pu rity  for the 
radiom etric determ ination  o f th e  ratio 234U/238U). P ap er p resented  a t the Conference 
of th e  Hungarian Chem ical Society in 1964.

6. N ovikov, A. O.: Izv. uchebn i. Zaved. Him. i Him. tehn . 6, 377 (1963).
7. E rdey , L.: Bevezetés a k ém ia i analízisbe. Térfogatos analízis. (In troduction  to Chemical

A nalysis. Volumetric A nalysis). Tankönyvkiadó, B u d ap est 1956.
8. Chujko, V. T.: Zh. N eorg. H im . 2, 685 (1957).
9. U ljanov, A. I.: Izv. A kad . N a u k . U. S. S. R. O tdel. H im . N auk. 6, 951 (1961).

10. Upor, E ., J urcsik, I., Mohai, M .: Acta Chim. Hung. 38, 1 (1963).
11. Novikov, A. I.: T rudi T ask en tsk o j Konferencii po m irnom u isopolzovaniju atom noj

energii, Taskent, 2, 349 (1960).
12. Novikov, A. I.: Zh. A nal. H im . 16, 588 (1961).
13. N ovikov, A. I.: Zh. A nal. H im . 15, 742 (I960).

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



U P O R :  S E P A R A T I O N  O F  T R A C E S  O F  E L E M E N T S , I I I 149

14. M o r a c h e v s k i j , Ju . V., N o v i k o v , A.: T rudi Komissii po anal. him . 9, 121 (1958).
15. J e f r e m o v a , K. M., I p p o l i t o v a , E. A. and S i m a n o v , J u . P.: Issledovania v oblasti Hiini

U rana. IM K. 1961, p. 37.
16. S p i c i n ,  V. I., I p p o l i t o v a , E. A.: ibid. p. 67.
1 7 . I p p o l i t o v a ,  E. A., P e c h u r o v a , N. I . :  ibid. p .  76 .
18. I p p o l i t o v a , E. A., P e c h u r o v a , N. I . ,  G r e b e n n i k , E. N.: ibid. p. 96.
1 9 . P e c h u r o v a , N. I . ,  I p p o l i t o v a , E. A., K o b v a , L. M.: ibid. p .  8 6 .
20. B e r e z n y i k o v a , A. I . ,  I p p o l i t o v a , E. A., P e c s u v o r a , N. I . ,  D a n y i l o v , V. P., B u c s k o v a ,

N . Sz.: ibid. 166.
21. I p p o l i t o v a , E. A., B e r e z n y i k o v a , I. A., P e c s u r o v a , N. I., D a n y i l o v , V. P.: ibid. 173.
22. G e n t i l e , P. S.: J . Inorg. Nucl. Chem. 10, 110 (1958).
23. V d o v en k o , V. M.: H im iija  u ra n a  i t ra n su ra n o v ih  c lem en tov . An. U. S. S. R . 1960.
24. Wämser, C.: J . Am. Chem. Soc. 74, 1020 (1952).
25. S h e v c h e n k o , V. B., S u d a r i k o v ,  B. N.: Technológia urana. G osatom izdat, M oskva, 1961.
26. V in o g r a d o v , A. P .: U ran. AN. U . S. S. R. 1962.
27. R i c c i , J .:  J. Am. Chem. Soc. 77, 2119 (1955).
28. Z e l i k m a n , A. N.: M etallurgija redkozem elnih m etallov, torija  i u rana. M etallurgizdat,

Moskva, 1961.
29. C h e r n a j e v , N. N., G o l o v n a , V. A., E l l e r t , G. V.: Zh. Neorg. Him. 5, 1481 (1960).
30. C h e r n a j e v , N. N.: Kom plexnie sojedinenija urana. Izd. N auk. M oskva, 1964.
31. N i k o l s k i j , B. P .: Zh. Neorg. Him. 2, 1194 (1957)
32. Maly, I.: J . Inorg. Nucl. Chem. 7, 119 (1958).
33. Kraus, K. A., Holmberg, R. W .: J .  Phys. Chem. 58, 325 (1954).
34. Shcheka, Z. A.: Radiohim ija 5, 520 (1963).
35. M o h a i , M., U p o r , E.: G rán itban  levő niobnyom ok m eghatározásának problém ái (P rob

lems in the determ ination of traces of niobium in granite). P aper p resented  a t the 
Conference of the H ungarian Chemical Society in 1964.

36. M o h a i , M. and U p o r , E .: K ism ennyiségû cérium m eghatározásának néhány kérdése
(Some problems of the determ ination  of small quantities of cerium). Paper presented 
a t the I. T ransdanubian A nalytical Conference, 1965.

E n d re  U p o r ; Pécs, 39-es d a n d á r  ű t  3/a.

Acta Chimica Acadcmiae Scientiarum Hungaricae 51, 1967





Acta Chimica Academiae Scientiarum Iiungaricae Tomus 51, pp. 151 —159 (1967)

DETERMINATION OF VANADIUM AND NICKEL 
IN OIL ASH BY SPECTROGRAPHIC ANALYSIS

A. P e t h ő

(H ungarian Trust fo r  Petroleum and Gas Industry, Budapest)

R eceived December 17, 1965

The know ledge of th e  V a n d  N i co n ten t in c ru d e  oils an d  th e ir  d e riv a tiv e s  
gains in  im p o rtan ce  from  th e  p o in t  o f view  of g eo ch em istry  an d  p e tro leu m  
genetics, as w ell as from  th a t  o f  p e tro leu m  tech n o lo g y . D e te rm in a tio n  can  be 
effec ted  d ire c tly  on p e tro leu m  o r  on th e  ash  o f th e  sam e. The d ire c t m e th o d  
developed  in  o u r lab o ra to ry  w as d e a lt w ith  in an  ea rlie r p u b lica tio n  [1]. The 
deve lopm en t o f a m ethod  o f a n a ly s is  from  ash  becam e  necessary  p a r t ly  to  
increase th e  se n s itiv ity  of th e  d e te rm in a tio n , an d  p a r t ly  because in  som e o f th e  
cases ash was necessarily  th e  o n ly  sam ple ava ilab le , bo iler ash of fuel-o ils.

Preparation of the oil

In  case o f  c rude  oils, p re p a ra tio n  generally  in v o lv ed  tw o  step s:

a) P u rif ic a tio n  of th e  oil.
b )  P re p a ra tio n  of th e  oil a sh  (d estru c tio n  o f o rgan ic  su b stan ces).

In  th e  analysis  of p e tro le u m  deriv a tiv es , th e  f irs t o p e ra tio n  can  be 
genera lly  o m itte d .

Purification of the oil

Crude oil, sam pled  on th e  oil field , generally  co n ta in s  vario u s im p u r itie s  
from  th e  soil a n d  w ater. The p ro p e r  problem  is posed  b y  d e h y d ra tio n , because  
th e  oil field  b rin e  — often  re p re se n tin g  up to  20— 30 p e r  cen t of th e  sam p le  — 
can  form  a v e ry  stab le  em ulsion  w ith  th e  oil. G enera lly , th is  em ulsion  can  be 
b ro k en  up w ith  la b o ra to ry  cen trifu g es  of th e  usual speed  o f 3000 rp m . Im  ou r 
la b o ra to ry , a cen trifuge  of a m a x im u m  speed of 8000 rp m . w as used, p e rm ittin g  
th e  d e h y d ra tio n  o f m ost of th e  sam ples. Some oils o f h igh  a sp h a lt c o n te n t, in 
w hich  the  d e n s ity  of th e  h eav y  co m p o n en ts  ap p ro ach es to  or ju s t  exceeds 1 .0 , 
w ere d ilu ted  to  1 : 1 w ith  ca rb o n  te trach lo rid e . C arbon  te tra c h lo r id e  dissolves 
excellen tly  th e  oils, reduces th e ir  in flam m ab ility , a n d  increases su b s ta n tia lly
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th e  d e n s ity  of the  o il-p h ase . In  th is  case, oil c a n  be se p a ra te d  as th e  heav ier 
p h a s e . Em ulsion b re a k in g  ag en ts  were n o t u sed , because th e se  o ften  con ta in  
a lso  th e  m etals to  be te s te d .

Preparation of the oil ash

S everal m ethods a re  a lread y  av a ilab le  fo r  th e  m in e ra liza tio n  of the  
m e ta ls  con ta ined  in  oils [2, 3 ,4 ,  5 ,6 ]. These m o s tly  invo lve  th e  decom position  or 
th e  com b u stio n  of th e  o rg a n ic  m a tte r , b u t  in  som e of th em  also e x tra c tio n  is 
u se d  fo r  th e  recovery  o f  th e  m e ta ls . F u n d a m e n ta lly , th e re  are  th re e  approaches 
fo r th e  decom position  o f  o rgan ic  m a tte r , a n d  v a rious m e th o d s  essen tia lly  
c o n s is t of the ir c o m b in a tio n  an d  im proved  m od ifica tio n s:

1. B urn ing  of th e  oil a n d  ign ition  o f th e  residue .
2. Slow d is tilla tio n  o f  th e  oil and  ig n itio n  o f  th e  resu idue .
3. D ecom position  o f  th e  oil w ith  m inera l ac id s , an d  ign itio n  of th e  residue .

M ethods 1 and  2 in v o lv e  th e  risk  of a loss o f  th e  m eta l to  be te s te d  during 
th e  m inera liza tion  p rocess. I n  m ethod  3 no d a n g e r  of loss is in c u rre d , how ever, 
i t  h a s  th e  great d is a d v a n ta g e  of being v e ry  tim e-co n su m in g , an d  th e re fo re  i t  is 
o n ly  seldom  used. V ario u s im p ro v ed  form s o f m e th o d  2 find  in c reasin g  app lica
tio n . T hese m ethods g e n e ra lly  a tte m p t to  re ta in  w ith  th e  aid  o f c e r ta in  ad d i
t iv e s  th e  m etals to  b e  te s te d  w ith o u t loss in  th e  ash. M c C o y  describes for 
e x a m p le  an ashing te c h n iq u e  [2 ], w hich co m b in es th e  re la tiv e  speed  of dry  
d is ti l la tio n  w ith th e  r e l ia b il i ty  of w et d ecom position . R eferred  to  100 g of th e  
o il, 1 0  — 2 0  drops o f c o n c e n tra te d  su lphuric  ac id  are  added  to  th e  sam ple  to  be 
te s te d .  A ccording to  M c C o y ,  th is  sm all a m o u n t o f  m ineral acid  is su ffic ien t to  
r e ta in  q u a n tita tiv e ly  V  a n d  Ni. Since th is  te c h n iq u e  is re la tiv e ly  sim ple and 
r a p id ,  we decided to  ch eck  ex p erim en ta lly , w h e th e r  an y  loss of m e ta l occurs. 
T w o  experim en ta l oils w ere  an a lysed  by  fo u r d iffe ren t m e th o d s;

a)  W ith  a q u e n c h e d  e lec trode  [1 ].
b)  B y slow d is ti l la tio n .
c)  B y slow d is ti l la tio n , adding  20 d ro p s o f cone. ERSOj/lOO g o f oil to  the  

sam ple.
d)  B y wet d eco m p o sitio n .

In  the  case of V ,n o  loss was found, all fo u r m e th o d s giving w ith in  lim its of 
e x p e rim e n ta l error th e  sam e  re su lt. The analy sis  o f  N i gave b y  a b o u t 10 —12 per 
c e n t  low er values for th e  sam p le , th a t  was ash ed  b y  slow d is tilla tio n  in  absence 
o f  su lp h u ric  acid, w hile th e  o th e r  th ree  m e th o d s  y ie lded , w ith in  exp erim en ta l 
e r ro r , iden tica l re su lts . T h u s , it  was v e rified  th a t  decom position  b y  slow 
a tm o sp h e ric  d is tilla tio n  a c tu a lly  causes, p r im a r ily  for N i, a n eg a tiv e  e rro r ,
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w hile decom position  b y  d is tilla tio n  in  th e  p resence of su lp h u ric  a c id  was 
p ro v e d  to  be eq u iv a len t w ith  w et d eco m p o sitio n , y ield ing  c o rre c t analysis  
re su lts .

Procedure for the preparation of the ash

W eigh a b o u t 200 g of pu re  c rude  in to  a tra n sp a re n t q u a r tz  d ish , an d  
c au tio u sly  h e a t over a gas flam e u n til  th e  oil becom es h igh-flu id . N e x t, a d d  drop  
b y  d ro p  40 d rops o f co n c e n tra ted  H 2S 0 4, m ix  th o ro u g h ly  w ith  a glass rod , 
c lean  th e  ro d  w ith  a f ilte r  p ap e r an d  th ro w  th is  p ap e r in to  th e  sam p le . H e a t 
th e  oil, an d  ta k e  care  th a t  its  te m p e ra tu re  a lw ays rem ains ju s t  be low  th e  fla sh  
p o in t. C arry  o u t th is  o p era tio n  u n d e r  a h o o d , u n til  a ta r ry  ca rb o n ized  resid u e  is 
o b ta in e d . P lace  th e  d ish  in to  a m uffe fu rn a c e  ,an d  ign ite  th e  sam p le  a t  550°C 
u n til  th e  com plete  d isap p earan ce  o f ca rb o n  trace s .

F o r oils h a v in g  v e ry  low  ash  an d  m e ta l c o n te n t, th e  p ro ced u re  is re p e a te d  
sev era l tim es, or a lte rn a tiv e ly , lig h t f ra c tio n s  are  p rev iously  d is tilled  o f from  
a la rg e r  oil sam ple (a fte r  add ing  th e  p re sc rib ed  q u a n tity  of cone. H 2S 0 4), and  
on ly  th e  residue o f th is  d is tilla tio n  is su b je c te d  to  th e  described  a sh in g  p ro 
cedure .

Preparation of the ash for spectrography

D ete rm in a tio n s  from  oil ash , p rim a rily  t h a t  of V, were u n d e r ta k e n  by  
sev era l au th o rs , an d  som e of th e  d a ta  p u b lish e d  in  lite ra tu re  w ere in v e s tig a te d  
b y  us in  d e ta il [3, 4 , 5, 6 ]. The pow der p re p a ra tio n  techn ique  in  tw o  d esc rip 
tio n s a p p ea red  to  su it p a r tic u la r ly  o u r la b o ra to ry  cond itio n s. A n d e r s o n  
an d  H u g h e s  [3] ad m ix  th e  oil ash  in a p ro p o rtio n  of 1 : 3 w ith  S i0 2 pow 
d er co n ta in in g  1 p e r cen t of T i, an d  su b se q u e n tly  th is  m ix tu re  in  a  p ro 
p o rtio n  of 1 : 2 w ith  g rap h ite  pow der o f  sp ec tra l p u rity . T his f in a l m ix tu re  
is ex c ited , T i serv ing  as in te rn a l s ta n d a rd . S y n th e tic  s ta n d a rd s  a re  u sed , 
w hich  are  p rep a red  b y  th e  a d m ix tu re  o f su ita b le  co n cen tra tio n s o f  th e  p u re  
m e ta l sa lt w ith  NaCl or N aC l—CaO p o w d er, an d  p rep arin g  th is  m ix tu re  
as described  above. T his m eth o d  w as a d a p te d  also b y  K a n e h a n  [6] w ith  som e 
m o d ifica tio n s, invo lv ing  th e  a d m ix tu re  o f th e  ash  in  a p ro p o rtio n  o f  1 : 9 w ith  
th e  b u ffe r, an d  th e  m ix ing  of th e  m e ta l s a lt  w ith  g rap h ite  p o w d er in  th e  p re 
p a ra tio n  o f th e  s ta n d a rd s .

O ur ow n ex p erim en ts , u n d e rta k e n  fo r  th e  checking of th e se  m e th o d s , 
show ed th a t  th e  ash  becom es excessively  d ilu te d  b y  buffering  in  a p ro p o rtio n  
of 1 : 9 , causing  a su b s ta n tia l decrease in  se n s itiv ity , an d  p a r tic u la r ly  in  th a t  
of V. W hen  b u ffe ring  in  a p ro p o rtio n  o f 1 : 3, sen sitiv ity  seem ed to  be  s a tis 
fa c to ry . M oreover, i t  w as found  th a t  T i c a n n o t be used as in te rn a l s ta n d a rd , 
because  some of th e  ashes of th e  H u n g a ria n  oils co n ta in  considerab le  quan titie s .
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of T i. T h e  sam e holds t ru e  fo r C r,th e  a p p licab ility  o f w hich has also b een  te s te d . 
O n th e  basis o f th ese  ex p e rim en ts , we d ecided  on th e  use of Co as in te rn a l 
s ta n d a rd . A lthough  oil ashes o ften  co n ta in  a sm all q u a n t i ty  of Co acco m p an y in g  
N i, a n d  genera lly  in  a p ro p o rtio n a l am o u n t to  th e  q u a n ti ty  of th e  la t te r ,  Co
lines a re  a lread y  u n d e te c ta b le  on th e  p h o to s  o f  th e  spec trog raph ic  p o w d er 
m ix tu re s . S y n th e tic  s ta n d a rd s  were p re p a re d  acco rd in g  to  A n d e r s o n  an d  
H u g h e s  w ith  NaCl.

I n  th e  p re p a ra tio n  o f sp ec trog raph ic  p o w d er m ix tu re s , th e  h o m o g en iza
tio n  o f  th e  various pow ders is o f p a ra m o u n t im p o rta n c e . C oncerning th e  d u ra 
tio n  o f  th is  h o m o g en iza tio n , opinions in  l i te ra tu re  are  d ifferen t. Som e o f th e  
a u th o rs  are  even o f  th e  o p in ion  th a t  a su ita b le  h o m o g en ity  can be  a t ta in e d  
o n ly  b y  ru b b in g , for sev e ra l h ou rs in  an  a g a te  m o r ta r . The requ ired  ho m o g en i
z a tio n  tim e  w as in v e s tig a te d  ex p erim en ta lly . S y s te m a tic  errors w ere ca lc u la ted  
fo r te s ts  on sam ples hom ogen ized  in  an  a g a te  m o r ta r  for 5, 10, 20 a n d  40 
m in u te s , re sp ec tiv e ly . T hese  experim en ts w ere re p e a te d  several tim es , an d  
a lw ays gave th e  re m a rk a b le  re su lt th a t  sam ples hom ogen ized  for 5 m in u te s  gave 
th e  m o s t accu ra te  an a ly ses  a n d  th a t  an  increase  o f th e  tim e  of hom ogen iza tion  
gives m ore  d ev ia tin g  re su lts . P resu m ab ly , th is  m a y  be exp lained  by  an  increase  
in  th e  degree of d ispersion  w ith  rub b in g  tim e , in flu en c in g  to  a ce rta in  degree also 
th e  co n d itio n s of e v a p o ra tio n , an d  m oreover, a ir  tu rb u len ces  fo rm ed  on d is 
ch a rg e  m obilize easier th e  n o n  excited  su b s ta n c e , d is tu rb in g  h e reb y  th e  u n i
fo rm ity  o f th e  d ischarge . I t  shou ld  be m en tio n ed  th a t  th e  average e rro r o f  th e  
sam p les  hom ogenized  fo r  5 m in u tes  was b u t  2.5 to  3.5 re la tive  p er cen ts. T h is 
can  be  considered  as r a th e r  sa tis fac to ry  in  th e  e x c ita tio n  of pow der m ix tu re s . 
T h u s , i t  w as e s tab lish ed  th a t  a hom ogen ization  o f th e  pow der m ix tu res  longer 
th a n  5 m in u tes  is n o t o n ly  unnecessary  b u t  a c tu a lly  harm fu l. H ow ever, i t  is 
possib le  th a t  th is  f in d in g  is n o t  va lid  for p o w d er m ix tu re s  of a d ifferen t co m p o 
sition .

P rocedure fo r th e  p repara tion  o f  th e  pow der m ixture

W eigh  on a to rs io n  ba lan ce  30 m g o f oil a sh , 90 m g of S i0 2, to  w hich  
p re v io u s ly  C o-salt h as  been  m ixed in a q u a n t i ty  so as to  give 1 p er cen t Co 
c o n te n t, an d  240 m g o f g ra p h ite  pow der in to  an  a g a te  m o rta r. R ub th e  m ix tu re  
in te n s iv e ly  for 5 m in u te s , a n d  store  it  u n til  use in  a glass vial. E x c ita tio n  is 
e ffec ted  in  th e  bore  o f a g ra p h ite  e lectrode w ith  low  voltage a lte rn a tin g  c u r
re n t  a rc .

A nalysis and reference  lines

I n  th e  selection  o f  th e  analysis lines, we d e p a r te d  from  th e  w orks o f 
A n d e r s o n  an d  H u g h e s ,  an d  o f K a n e i i a n ,  since th e  line Y 2977.5 recom m ended  
b y  th e se  a u th o rs  is u n su ita b le  for th e  m e a su re m e n t of low  co n cen tra tio n s. Ni
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w as n o t d e te rm in ed  b y  these  a u th o rs , and  th e y  used  Ti in s tead  o f  Co as in te r 
n a l s ta n d a rd . O u r aim  w as to  develop  a un ifo rm  m e th o d  for all n a tu ra l  oil ashes, 
a n d  th is  s tip u la te d  fo r b o th  m eta ls  a m easu ring  ran g e  from  0.005 to  30 p e r cent. 
O bv iously , th is  g re a t in te rv a l o f c o n c e n tra tio n  cou ld  n o t be h an d led  b y  one pa ir 
o f lines for b o th  m e ta ls . M any ex p erim en ts  h a d  to  be carried  o u t u n ti l  for b o th  
m eta ls  those  p a irs  o f analysis lines w ere fo u n d  w hich  m et all th e  req u irem en ts .

Vanadium

The low est co n cen tra tio n s  can  be m easu red  only  b y  th e  a id  o f  V 3185.4, 
one of th e  m ost sen sitiv e  a to m  lines. W hen  using  b ack g ro u n d  co rrec tio n , the  
low est m easu rab le  c o n cen tra tio n  w as 0.005 p e r  cen t. H ow ever, th is  line  has a 
h igh  ten d en cy  for se lf-ab so rp tio n , an d  th u s , cou ld  n o t be used ab o v e  a V-con- 
te n t  o f m ax im um  0.5 to  0.6 per cen t.

F ig. 1. Calibration curve for the determ ination  of low concentrations of V. M easuring range:
0.005 — 0.6 per cent

F o r th e  m easu rem en t of h ig h er co n cen tra tio n s , th e  ion line V 3110.7 was 
used . This line can  a lre a d y  be m easu red  a t  c o n cen tra tio n s  o f a few  te n th  per 
cen t, an d  gives up  to  10.0 per cen t an  excellen t c a lib ra tio n  line. H o w ev er, above 
th is  co n cen tra tio n s, th is  line becom es u n u sab le  d u e  to  se lf-ab so rp tio n , too. 
G enera lly  speak ing , in  th e  w hole sp ec tru m  on ly  a single a to m  line , V  2722.6, 
cou ld  be found , w hich  d id  n o t show  se lf-ab so rp tio n  even  a t a c o n c e n tra tio n  of 
30 p er cen t, and  m e t also o th e r m easu rin g  re q u ire m e n ts .
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W ith  th e  firs t tw o  se le c te d  lines th e  a to m  lin e  Co 3062.2, w ith  th e  th ird  
se le c te d  lin e  th e  a tom  line  Co 2650.2 was used as re fe ren ce  line.

Fig. 2. C alibration curve for the determ ination  of m edium  concentrations of V. M easuring
range: 0.6 —10.0 per cent

Nickel

F o r  m easuring low  c o n cen tra tio n s , also in  th e  case of N i one o f th e  
m o s t sen s itiv e  atom  lines, N i 34d4.7 was used , p e rm ittin g  a m easu rin g  w ith in  
th e  c o n c e n tra tio n  ran g e  f ro m  0.005 to  1.0 p e r  cen t. F o r m easu rin g  high 
c o n c e n tra tio n s , th e  a to m  lin e  N i 3391.1 was se lec ted , w hich  gave from  1 p e r  cen t 
u p  to  30 p e r cent a v e ry  s a t is fa c to ry  ca lib ra tion  line . As reference line, th e  a tom  
lin e  Co 3431.6 was used  w ith  b o th  lines. T hus, in  th e  case of n ickel, th e  w hole 
c o n c e n tra tio n  range can  be  m easu red  w ith  tw o  p a irs  o f lines.
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Fig. 4. Calibration curve for the determ ination  of low concentrations of Ni. M easuring range:
0.005 —1.0 per cent

Fig. 5. Calibration curve for the determ ination  of high concentrations of Ni. M easuring range
1.0 — 30,0 per cent

Working prescription

Excitation: B IG -100, low  v o ltag e , e lec tron ically  con tro lled  a lte rn a tin g  cu rren t 
arc

Voltage: 220 Y
Current: 4 A
Polarity: ( +  ) ( — )
Ignition: in each h a lf  period , a t  peak
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Prearcing: 0 m in.
E xposition:  1/2 m in.
Spectrograph: Qu-24 
Slit-w idth: 20 g,
Projection: in te rm e d ia te
Spectral plate :Agfa S p e k tra l  B la u  E x tra h a r t ,  K odak  BIO 
Development: Kodak D 19, 18°C, 5 m inutes, d ish -m e th o d .

P a irs  of analysis lin e s  u sed  in  th e  m e th o d , a n d  p rin c ip a l p e rtin e n t 
d a ta  a re  sum m arized  in  T a b le  I .  C alibration  lines o b ta in e d  w ith  th e  five pairs 
o f  lin e s  are  show n in F igs 1 — 5.

Table I

P a i r s  o f  l i n e s
P h y s i c a l

o r i g i n *

T r a n s 
m i s s i o n  

o f  s p e c t r a l  
f i l t e r ,  %

B a c k g r o u n d
c o r r e c t i o n

M e a s u r i n g  r a n g e  
о // о

S c a t t e r i n g  
r e l .  %

V 3185.4 I 100 + 0 .0 0 5 -  0.6 4.0
Co 3062.2 I 100 0

V 3110.7 i l 10 0 0.6 -1 0 .0 7.0
Co 3062.2 I 100 0

V 2722.6 I 100 0 3.0 —30.0 —
Co 2650.2 1 100 0

Ni 3414.7 I 50 0 0 .0 0 5 -  1.0 2.5
Co 3431.6 I 50 0

N i 3391.1 I 10 0 1.0 -3 0 .0 5.5
Co 3431.6 I 50 0

* According to A. N. S a i d e l , V. K. P r o k o f je v  and S. M. R a i s k i .

T h u s , we succeeded  in  develop ing  a sp e c tro g ra p h ic  m e th o d , p e rm ittin g  
th e  d e te rm in a tio n  o f b o th  v e ry  low and  re la tiv e ly  h igh  У  a n d  Ni co n cen tra 
tio n s  in  oils w ith  th e  sam e re lia b ility . R eferred  to  oil a sh , th e  sen s itiv ity  of th e  
m e th o d  is 0.005 per c e n t o f  V a n d  Ni, w hich, on assu m in g  0.01 per cen t of ash 
c o n te n t ,  corresponds to  a s e n s it iv ity  of h a lf  a m illio n th  p e r  cen t, re fe rred  to  
th e  o il. U sually , no low er Y  o r N i co n ten t is m e t in  c ru d e  oils.

A ccord ing  to  o u r e x p e rie n c es , all o f th e  c a lib ra tio n  curves show  on ly  a 
m in im u m  sh ift in  th e  c o o rd in a te  system  on re p e a te d  p h o to g ra p h s , so th a t  in  
p la n t  analysis , s ta n d a rd  c a lib ra tio n  curves m ay  be u sed , an d  th e  w hole ev a lu a 
t io n  p rocess will be su ite d  fo r  co m p u te r p ro g ram m in g .
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SUMMARY

A method was developed for the spectrographic determ ination  of V and Ni in the ash of 
H ungarian crude oils. Crude oils are firs t purified and dehydrated  by centrifuging, and after this, 
distilled slowly in the presence of concen trated  sulphuric acid. In  th is distillation, 10 to 20 
drops of cc. H2SO, are added to 100 g of oil, to  p revent V and  Ni losses. The ash is adm ixed in a 
proportion of 1 : 3 w ith  S i02 powder containing 1 per cent of Co, and th is m ixture in a propor
tion of 1 : 2 w ith g raphite  powder of spectral purity . This spectrographic m ixture is excited In 
the bore of a graphite electrode. The excita tion  param eters, the  analysis and reference line used, 
together w ith the corresponding m easuring ranges and reproducibilities are given. Referred to 
oil ash, the sensitivity  of the method is 0.005 per cent, and its upper lim it 30 per cent.
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In tro d u c tio n

A m eth o d  has been  developed  for th e  a c tiv a tio n  analy sis  o f te lecom 
m u n ica tio n -g rad e  n ickel in  o rd e r to  assay  th e  c o n ta m in a n ts  affec tin g  th e  
ca th o d ic  b eh av io u r of n ickel in  e lec tron  tu b es .

N ickel is one of th e  m e ta ls  re la tiv e ly  seldom  su b je c te d  to  a c tiv a tio n  a n a l
ysis. T hough  th e  d e te rm in a tio n  of som e e lem ents in  n ickel has been  a lread y  
re p o rte d  [1 — 7], no sy s te m a tic  analysis has been  m ad e  o f  th e  c o n ta m in a n ts  of 
in te re s t  in  ca th o d e-g rad e  n ickel. T he an a ly tica l m e th o d  p re sen ted  p e rm its  the  
q u a n ti ta t iv e  d e te rm in a tio n  o f Cu, As, Zn, Sb, an d  Bi.

T he use of n o n -d e s tru c tiv e  tech n iq u e  w as im p ra c tic a b le  because  o f th e  
closely spaced у -energies o f th e  ra d io a c tiv a ted  iso topes o f th e  e lem en ts  to  be 
d e te rm in ed . M oreover, ow ing to  th e  re la tiv e ly  h igh  a c tiv a tio n  o f n ickel, a 
fu r th e r  com plica tion  arises from  th e  in te rfe ren ce  o f th e  ac tiv itie s  p ro d u ced  by  
th e  follow ing nu c lea r reac tio n s :

61N i(n, y)e5Ni Ц =  2.5 h

58N i(n, p)58Co t j  =  70 d

O f th e  availab le  te c h n iq u e , ion  exchange co lum n c h ro m a to g ra p h y  seem ed 
the  m ost conven ien t fo r sep a ra tio n  of th e  in v id u a l e lem en ts  from  one an o th e r 
as well as from  th e  m ain  c o n s titu e n t nickel.

F ra c tio n a tio n  b y  ion  exchange offers th e  g re a t a d v a n ta g e  th a t  nickel 
can  be rem oved u n d e r fav o u rab le  ex p erim en ta l co n d itio n s in  a single step  
from  th e  colum n, w hile th e  c o n ta m in a n ts  of in te re s t  c an  be  e lu ted  in d iv id u a lly . 
F ra c tio n a tio n  by  ion  exchange w as perfo rm ed  on ch lo rid e -ty p e  Dowex 1 x 8  
an ion  exchange co lum n b y  ex p lo iting  th e  differences in  th e  s tab ilitie s  o f the  
ch lo rid e  com plexes o f th e  v a rio u s co n ta m in a n ts  in v o lv ed .T h e  vo lum e d is tr ib u 
tio n  coefficients o f th e  in d iv id u a l chloride com plexes (D„) in  fu n c tio n  o f the  
h y d roch lo ric  acid  c o n c e n tra tio n  is show n in F ig . 1 [8 ]. As i t  is a p p a re n t from  
th e  figu re , nickel does n o t form  an y  chloride com plex  a n d  can  be  w ashed  out 
from  th e  colum n w ith  c o n c e n tra ted  hydroch lo ric  ac id  so lu tio n ; on th e  o ther 
h a n d , each of th e  c o n ta m in a n ts  is b o u n d  b y  th e  co lum n  in  th e  fo rm  o f a chlo-
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r id e  com plex . F ra c tio n a tio n  ca n  be now  achieved  b y  e lu tio n  in  th e  o rd er of 
su ccessiv e ly  increasing  co m p lex  s ta b ility  for arsen ic , copper, a n d  zinc, b y  m eans 
o f  h y d ro ch lo ric  acid o f d ec rea s in g  co n cen tra tio n  a n d  d is tilled  w a te r. The 
t ig h t ly  b o u n d  S b (III)  ion  has to  be rem oved w ith  a so lu tio n  co n ta in in g  fluoride. 
T h e  e x tra o rd in a r ily  s ta b le  b is m u th  can  be e lu a te d  on ly  a f te r  h av in g  t r a n s 
fo rm e d  th e  resin bed  to  s u lp h a te  form .

log
6

4

2

0
6

4

2

0
0  4 8 12 0 4 8 12 0  4 8 12 N HCl
n .a  - n o t  a d so rb e d  from  0,1-12 N HCI solution

Fig. 1. Volume distribution coefficients of the individual chlorid complexes (D v) in function 
of th e  hydrochloric acid concentration

Dy

Cu ~

Ily

\ L

Bi

____ j

T h e  elem ents to  be  a n a ly z e d  are  se p a ra te d  from  th e  frac tio n s  of ra th e r  
la rg e  vo lu m e by  p re c ip ita tio n . T h e  ac tiv itiv es  are m easu red  on th e  p rec ip ita te s , 
th e  p ré c ip ita n ts  being chosen  su ch  th a t  no fu r th e r  p u rify in g  is necessary .

T h e  following a c tiv ité s  h a v e  been o b ta in ed :

Element Half-life Radiation involved

64Cu 12.8 h y  0.51 MeV (annihilation radiation)
e9mZn 13.8 h y  0.438 MeV
76 As 26.1 h y  0.55 MeV
122Sh 2.8 d y  0.56 MeV
210Bi 5.02 d ß
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E xperim en ta l

Irradiation: Surface im purities were rem oved by dilute H N 0 3 and distilled w ater; 
samples of about 0.1 g nickel metal m easured and packed in to  quartz  ampoule w ith  cut-glass 
stopper were irrad ia ted  for 24 hours w ith  about 1013 n/cm2. sec neu tron  flux in one of the vertical 
channels of the V V R S  research reactor. N itrate  standards of the elements in question were 
irrad ia ted  sim ultaneously for reference.

Dissolution of the irradiated sam ple. A fter irrad ia tion , the nickel surface was cau te riz
ed by dilute H N 0 3 to remove possible surface contam inants. The irradiated sample was then  
dissolved in a small volum e of cc. H N 0 3, evaporated and taken  up w ith 5 ml of 12 N  HC1 con
tain ing  5 mg of each of the elements under investigation to  ac t as carrier. H2N — N H 2 • HC1 was 
added to the solution to reduce an tim ony ions, to the tr iv a len t sta te .

Ion exchange. A 50 mesh Doivex 1 x 8  anion exchange resin bed, 60 cm high and  0.7 cm 
in diam eter, was used a t a flow rate of 0.5 ml/min. Prior to ion exchange, the column was washed 
w ith  cc. HCI. Nickel ions could be com pletely rem oved by passing 30 ml of 12 N  HC1 th rough  the 
column. The individual elements were successively eluted as follows:

Arsenic 
Copper 
Zinc 
A ntim ony

50
70
50

120

ml
ml
ml

6 N  HCI 
2 N  HCI 
dist. w ater 
1 N  NaCl f 0.3 N  NaF

A fter an tim ony had been elu ted , sodium chloride and sodium fluoride were rem oved 
by washing the column w ith 50 ml of distilled w ater a t m axim um  possible flow ra te ; 
using again the initial flow ra te , the next step was to elute bism uth:
B ism uth 60 ml 2 N  H2S 0 4

Individual treatm ent of the fractions

Arsenic:
Copper:

Zinc:
A ntim ony:

B ism uth:

R eduction to metal by sodium  hypophosphite from  the ho t 6 N  HCI solution. 
P recip ita tion  in form of CuSCN from the solution th a t has been evapora ted  
nearly to  dryness, then  d ilu ted  to 50 ml w ith distilled water. If  the p rec ip ita te  
contains 58Co activity , th a t  has got into the copper fraction during ion exchange, it  
interferes witli the ac tiv ity  m easurem ent of less th an  10-fi g copper is p resen t; 
in th is case the precip itation  of CuSCN is repeated  and the precip itate is then  
obtained in radiochem ically pure form.
P recip itation  as Z nN H jPO ,.
P recip ita tion  as Sb2S3 for ac tiv ity  m easurem ent. The chemical yield was d e te r
mined by converting the an tim ony sulfide in to  Sb20  ,.
P recip itation  of Bi2S3 w ith 10% Na2S from the neutralized solution.

Activity measurem ent

Copper, zinc, antim ony and  arsenic activités were m easured w ith Nuclear E nter
prises 3”  X  3” N al(T l) crysta l coupled to a K F K I  Y-5-2-R  type, 128 channel 
pulse height analyser. B ism uth  ac tiv ity  was m easured w ith a GM counter.

R esults

In  th e  sam ples analyzed  b y  th e  m eth o d  d escrib ed , the  follow ing co n 
ta m in a n ts  w ere q u a n tita tiv e ly  id e n tif ie d : co p p er 1 0 - 6  g, an tim o n y  1 0 - 9  g, 
a rsen ic  1 0 ~ ' g ,  zinc 1 0 ~ 'g  an d  b ism u th  10  6 g.

The y -sp ec tra  o b ta in ed  fo r th e  copper an d  a rsen ic  frac tio n s from  b o th  
s ta n d a r d  and  sam p le  are show n fo r com parison  in  F igs 2 an d  3. I t  is seen 
t h a t  the rad io ch em ical p u r ity  o f  th e  e lem en ts  th u s  se p a ra te d  is q u ite  
s a tis fa c to ry .
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a> b)

Fig. 2. a )  Gamma spectrum  of Cu standard ; b)  G am m a spectrum  of Cu prepared from Ni
sample

a, b}
F ig. 3. a )  Gamma spectrum  of As standard  ; b)  G am m a spectrum  of As prepared from  Ni sample

SUMMARY

A m ethod of ac tiva tion  analysis of the con tam inan ts of in terest in  telecom m unication 
g rade nickel is described. The individual elem ents are fractionated , a fter irrad ia tion , by ion 
exchange. The technique is useful for the system atic analysis of arsenic, copper, zinc, antim ony 
an d  bism uth .
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T he red u c tio n  o f lead  a t  th e  d ropp ing  m ercu ry  e lec tro d e  has been s tu d ied  
b y  a n u m b er of w orkers in  com plexing  an d  no n -co m p lex in g  m edia [1—4] and  
i t  w as found  th a t  le ad  fo rm s com plexes w ith  v a rio u s com plex ing  ag en ts . D urin g  
th e  po larog raph ic  re d u c tio n  o f lead  in  v a rio u s su p p o rtin g  e lec tro ly tes , i t  was 
fo u n d  th a t  lead  red u ced  rev e rsib ly , an d  th e  re d u c tio n  is d iffu sion -con tro lled  in 
sod ium  n itr ite  so lu tio n .

T he p resen t p a p e r  deals w ith  th e  p o la ro g rap h ic  d e te rm in a tio n  of com po
sition  an d  s ta b ility  c o n s ta n ts  o f com plexes fo rm ed  b y  lead  w ith  n itr i te  ion.

E xperim ental

All chem icals u sed  w ere o f reag en t g rade p u r ity . T h e  so lu tio n  o f lead  w as 
p rep a red  by  d isso lv ing  a w eighed  am o u n t of lead  n i t r a te  in  co n d u c tiv ity  w a te r , 
an d  s tan d a rd ised  as u su a l. Sodium  p erch lo ra te  w as u sed  to  a d ju s t c o n s ta n t 
ionic s tren g th . S odium  n itr i te  w as used  as th e  co m plex ing  ag en t. Triton  X lnn 
(supp lied  by  Rohm and Haas Co.) w as used as m a x im u m  su p presso r. A conven
tio n a l H -ty p e  cell w ith  a g a r-ag ar p lug, s a tu ra te d  w ith  sod ium  chloride was 
em ployed .

T he m easu rem en ts  w ere m ade w ith  a L. P. 55 H e y r o v s k y  system  polaro- 
g rap h . The d ro p p in g  m ercu ry  electrode h a d  th e  fo llow ing ch arac te ris tic s : 
m  =  2.12 m g/sec. an d  t =  3.6 sec. (a t —1.0 Y vs. S. C. E . in  0.1 M  po tassium  
n itra te  so lu tion). All m easu rem en ts  w ere m ade 30 ^  ’ 01°C. F o r th is  pu rpose  a 
H a a k e  ty p e  u ltr a th e rm o s ta t  was used. P u rified  h y d ro g en  w as passed  th ro u g h  
th e  so lu tion  to  rem ove disso lved  oxygen. T he re v e rs ib ility  o f th e  red u c tio n  was 
te s te d  b y  p lo ttin g  log i/id-i vs. E d. e.

Solutions co n ta in in g  1 m illim ole of P b -+ an d  0.0, 0.1, 0.2, 0.3, 0.4, 0.5,
0.6, 0.7, 0.8, 0.9 or 1.0 m ole of sodium  n itr i te , re sp ec tiv e ly , w ere p rep a red . 
T he ionic s tre n g th  (ц =  1.0) w as k e p t c o n s ta n t by  ad d in g  th e  req u ired  a m o u n t
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of sod ium  perchlorate solution . T r i t o n  X 100 (0.001% , in the final solution) 
was added to suppress the m axim um . The polarograms were recorded m anually  
after deaeration.

Theory

I t  w as show n b y  D e F o r d  an d  H um e  [6] th a t  th e  sh ift in  h a lf-w ave  
p o te n t ia l due to  com p lex  fo rm a tio n  can  be exp ressed  as fo llow s:

w here ( E ß c and and ( E ß s are the half-w ave potentials o f the com plex and 
sim ple m etal ions, respectively; R ,  T  and F  have their usual significations; 
n  d en otes the number of electrons; I s and I c are the experim ental diffusion  
co n sta n ts  for the simple ion and for all com plex ions, respectively; ß j  is the 
overall form ation constant o f  the j  1 com plex; {X } is the a c tiv ity  o f  the com- 
p lex in g  ligand, while Y M and Y MX denote the a ctiv ity  coefficients at the elec
trode surface of the m etal and com plex species, respectively . E quation  (1) 
can be rearranged to define a function  F n ([X ]) such that:

w here [X ] denotes the concentration  of the com plexing ligand and Y x  is the 
corresponding activ ity  coefficien t. Values o f F 0 ([X ]) for different concentra
tion s o f  the com plexing ligand can be determ ined experim entally , and Equa
tio n  (2 ) can then be solved graphically  for ß v  ß 2 and ß 3.
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F u r th e r  ca lcu la tions show  t h a t  th e  ra t io  o f th e  uncom plexed  m e ta l  ion to  
th e  vario u s com plex  species as a fu n c tio n  o f  th e  ligand  c o n c e n tra tio n  can be 
o b ta in e d  from  th e  following e q u a tio n s :

(6)
Cm F„«X])

an d
[ M X j \  =  ß j [ X ] J ( 7 )

CM F0([X])

w here [M ] d eno tes th e  c o n cen tra tio n  o f  u n co m p lex ed  m eta l ions, [M X j ] =  th e  
c o n c e n tra tio n  o f  th e  j nx com plex species, a n d  Cm =  th e  to ta l  m e ta l io n  a d d ed  to  
th e  system .

Results and discussion

In  each  case, a single, well d e fin ed  re d u c tio n  w ave was o b ta in e d ; th e  shift 
o f th e  h alf-w ave p o te n tia l to w ard s  a m ore  n eg a tiv e  value w ith  in c re a s in g  con
c e n tra tio n  o f n i tr i te  ion  ind ica tes th e  fo rm a tio n  o f com plexes b e tw e e n  lead  and 
n itr i te  ion. T he diffusion c u rre n t w as fo u n d  to  decrease re g u la r ly  w ith  the  
increase  of n i tr i te  ion co n cen tra tio n . T h is is d u e  to  th e  change in  th e  size of the  
p a rtic le  w hich ta k e s  place owing to  co m p lex  fo rm atio n . The co m p lex  ion s fo rm 
ed  are m uch  la rg e r th a n  th e  a q u e o -m e ta l ion , hence th e y  h av e  a low  diffusion 
coeffic ien t, re su ltin g  in  a decrease o f th e  d iffusion  cu rren t as th e  c o n c e n tra tio n  
o f th e  com plex ing  ag en t is in c reased .

T he p lo ts  o f log i/i(/-i vs. E d . e. a re  lin e a r  w ith  a slope of th e  o rd e r  o f  31 ̂  2 
m V , in d ica tin g  th e  reversib ility  o f th e  re d u c tio n . T he value of ‘n ’ is fo u n d  to  be 2.

Fig. 1. P lo t of vs. Log Cx
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T h e  p lo t o f E± v s. —lo g  Cx  (Cx  =  n i t r i te  io n  concen tra tion ) gives a 
sm o o th  cu rv e  (Fig. 1), show in g  th e  fo rm atio n  o f  tw o  or m ore com plex species 
w h ic h  a re  in  eq u ilib rium . T h e  classical m e th o d  o f  LlNGANE [5] could  n o t  be  
a p p lie d . T herefo re, D e F o r d  a n d  H u m e ’s m e th o d  [6 ] m odified b y  I r v in g  [7] 
has b e e n  ad o p ted . T he v a lu es  o f  th e  overall fo rm a tio n  co n stan ts  were ca lcu la ted  
b y  g ra p h ic a l e x tra p o la tio n . T h e  ex p erim en ta lly  d e te rm in e d  values of th e  h a lf 
w av e  p o te n tia ls , to g e th e r  w ith  th e  F  ̂ ([X ]) v a lu e s  ca lcu la ted  from  E q u a tio n s
(1), (2 ), (3), (4) and  (5) are  g iv en  in Table I. T h e  o v era ll fo rm ation  c o n s ta n ts

Table 1

A nalysis o f the function F j ( [ X] )

Cg
(moles)

Щ(—V vs. S. C. E.) (divi
sions)

Slope
(mV) E„([xp E, ([X]) E,([X]) E,([X])

0.0 0.3802 63 32

0.1 0.4062 63 30 9.875 88.75 — —
0.2 0.4186 61.5 33 19.38 96.9 — —
0.3 0.4267 61 31 36.39 117.9 127 —
0.4 0.4348 61 32 67.79 166.9 204.7 —
0.5 0.4392 60. 32 96.40 190.8 211.6 —
0.6 0.4462 60 30 164.9 273.1 313.5 144.1

0.7 0.4495 59.5 30 213.7 303.8 312.5 122.1

0.8 0.4528 58 32 280.2 349.0 335.0 135.0

0.9 0.4557 58 30 350.95 395.5 345.0 131.0
1.0 0.4587 58 30 444.5 443.5 358.5 131.5

w ere o b ta in e d  by  e x tra p o la tio n  of th e  F- ( [X ])  fu n c tio n s  to  zero ligand  c o n 
c e n tra t io n  (F ig. 2). T h ree  co m p lex  species, P b ( N 0 2) + , P b (N 0 2)2 an d  P b (N 0 2) - .s, 
w ere fo u n d  to  be p re se n t h a v in g  th e  overall fo rm a tio n  co n stan ts  85, 227 a n d  
135, re sp ec tiv e ly .

T h e  p ercen tage  d is tr ib u tio n  of lead  p re se n t in  v a rio u s form s as a fu n c tio n  
o f th e  lo g a rith m  of n i tr i te  io n  co n cen tra tio n  h a s  b e e n  ca lcu la ted  b y  E q u a tio n s  
(6 ) a n d  (7), an d  th e  re su lts  a re  p resen ted  in  F ig . 3.

S ince  th e  red u c tio n  o f le a d  is d iffu sion -con tro lled , lead  can be d e te rm in ed  
p o la ro g ra p h ic a lly  in  n i t r i te  so lu tio n .

T he authors wish to express th e ir  thanks to U niversity Grants Commission, New Delhi for 
g ran tin g  a Jun io r Fellowship to one of them  (D. S. J .)  and  to  the Head of the Chemistry D e
partm ent fo r providing facilities.
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Fig. 2. F j ([д:]) plots for lead-nitrite  system : [Q ], F ,  ([*]); [A ], F 2 ([a]); [□ ] ,  F 3 ([ж])

Fig. 3. Percentage com position for various species of lead -n itrite  system : [Q ], Pb2 + ; [A]> 
P b (N O ,)  + ; [□ ]  Pb (NO„)2; [ +  ], Pb  (N O „)-3

SUMMARY

The reduction of lead in n itrite  solution a t the dropping m ercury electrode has been 
studied. The reduction is reversible and diffusion-controlled. The shift of the half-wave p o ten 
tia l tow ards a more negative value w ith the increase of n itr ite  concentration indicates com plex 
form ation. The composition and stab ility  constants have been calculated by DeFord and H um e’s 
m ethod. Three complex species (P b (N 02) +, P b (N 02)2 and P b (N 0 2) _3 were found to  be presen t 
w ith the overall form ation constants 85, 227 and 135, respectively. The percentage d is tribu tion  
of lead present in the various forms as the function of n itrite  concentration  is presented.
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In  su p p o rtin g  e lec tro ly tes , w hich do n o t co m p lex  lead  ions, th e  th a ll iu m  
a n d  lead  w aves co incide. T he half-w ave p o te n tia ls  o f  le ad  and  th a lliu m  ions in  
1 M  po tassium  n i t r a te  h av e  been found  to  he — 0.40 У  vs S. С. E . 1 a n d  —0.48 
V vs S. С. E . [2 ] re sp ec tiv e ly , a t  25°C an d  th u s  th e ir  po la ro g rap h ic  d e te rm in a 
tio n  in presence o f  each  o th e r p resen ts  som e d iff ic u lty . W i n n  [ 3 ]  has d e te r 
m ined  th a lliu m  in  p resence  of lead  in  a sam ple o f  u rin e  b y  tre a tin g  th e  sam p le  
w ith  a m ix tu re  o f su lp h u ric , perch lo ric  an d  n itr ic  ac id . T hallous was ox id ised  to  
th a llic  w ith  b ro m in e  w a te r  and  th e n  e x tra c te d  w ith  a chloroform  so lu tio n  o f 
d ith izone , while le ad  rem ain ed  in  th e  aqueous p h ase  u n d e r these co n d itio n s. 
T halliu m  was e s tim a te d  from  th e  choloroform  e x tra c t .  The p resen t p a p e r  
re p o rts  a m eth o d  b y  w hich lead  an d  th a lliu m  c a n  he  d e te rm in ed  in presence  of 
each  o ther am p ero m e trica lly  an d  p o la ro g rap h ica lly , w ith o u t oxidising  th a l 
lous to  tha llic  ion  (using  CDTA).

Experimental

All the chemicals used were of reagent grade pu rity . R edistilled water, distilled in all 
pyrex glass appara tus was used during all the experim ents. The p u rity  of the sample of CDTA, 
as supplied by L. L ig h t  a n d  C o. was checked by titra tin g  i t  against a standard  solution of zinc, 
using E r io c h r o m e  B la c k  T as indicator [4]. The sample was found to  be cent percent pure.

L . P . 55 Heyrovsky system  polarograph was used m anually . The dropping m ercury 
electrode had the following characteristics: m  =  1.76 mg/sec. and t  =  4.6 sec. (a t —1.0 V v s  
S. С. E. in 0.1 M  potassium  chloride solution). All the m easurem ents were done a t 2 5 ^  • 01°C 
which was controlled by a Haake type u ltra  therm ostat. The pH  of the solution was m easured 
by a bench type b a tte ry  operated C a m b r id g e  pH  meter. T r i t o n  X 100 was used as a m axim um  
suppressor. Purified hydrogen was passed through the solution for deaeration. In  case of 
am perom etric titra tions, the supply of gas was cut off during  the actual m easurem ents and 
after each addition of th e  titra n t, the gas was passed for a m inute. The other details of the 
am perom etric titra tions have been given elsewhere [5].
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R esults and discussion

Determination o f  lead in presence o f  thallium ( ous): Since a t  p H  5 .0 , T l + 
does n o t  com plex  w ith  th e  an ion  of C D TA , i t  is possible to  t i t r a t e  P b 2 + w ith  
C D T A  am p ero m e trica lly  in  p resence  o f  T l + . T he p H  of th e  so lu tio n  w as k e p t 
a t  4 .5 , b y  ad d in g  perch loric  ac id  a n d  so d iu m  hydrox ide  so lu tio n . I n  th is  
m e d iu m , le a d  reduces sooner th a n  T l + , so a t  an  applied  vo ltag e  o f —0.4 У  vs
S. С. E . o n ly  P b 2+ is red u ced  a t  th e  d ro p p in g  m ercu ry  e lec tro d e , a n d  can  he 
t i t r a t e d  a g a in s t s ta n d a rd  so lu tio n  of C D TA .

S o lu tio n s  con ta in in g  d iffe ren t a m o u n ts  o f P b 2+ and  T l+ w ere p rep a red  
a n d  a n a ly se d  am p ero m etrica lly  b y  t i t r a t in g  ag a in s t a s ta n d a rd  so lu tio n  of 
C D T A  (0.01M ). The resu lts  h av e  been  reco rd ed  in  T able I.

T able  I

A m p e m m e tr ic  t i tr a t io n  o f  P b 2+ i n  p r e s e n c e  o f  T l + w ith  C D T A  ( 0 . 0 1 M )

P2+ (0.025M) 
present in 
mixture 

(ml)

T1+ (0.025M)
present in 
mixture 

(ml)

Volume of 
CDTA required 

(ml)
Pb2+ found 

(ml)

0.8 1.0 2.0 0.8
1.0 1.0 2.45 0.98
1.0 2.0 2.48 0.992

1.6 2.0 4.08 1.63
0.4 2.0 1.0 0.4

Determination o f  T l + in presence o f  Pb2 + :

(a) Amperometrically : I n  th is  case so lu tio n s con ta in ing  d iffe re n t am o u n ts  
o f P b 2+ a n d  T1 were p rep a red  an d  excess o f CDTA was ad d e d  a n d  th e  pH  
o f th e  so lu tio n  was a d ju s te d  to  5.5. A t th is  p H , lead  is m ask ed  b y  CDTA, 
fo rm in g  a com plex  w hich is n o n -red u c ib le . O n ly  a single red u c tio n  w av e  due to  
th e  re d u c tio n  of T l+ ap p ea red  (E  — — 0.46 У  vs S. С. E .). T h u s  i t  w as t i t r a te d  
a m p e ro m e tr ic a lly  w ith  s ta n d a rd  so lu tio n  o f  p o tassiu m  ch ro m ate  a t  a n  app lied  
v o lta g e  o f  —0.56 V vs S. С. E . [ 6 ] T he re su lts  h av e  been in co rp o ra ted  in  T ab le  I I .

(b) Polarographically: T h e  ab o v e  d e te rm in a tio n  can also be  m ad e  polaro- 
g ra p h ic a lly . Solutions co n ta in in g  d iffe ren t a m o u n ts  o f T l + a n d  P b 2+ (p H  5.5) 
w ere  p re p a re d  and  CDTA w as a d d ed  in  excess an d  p o la ro g rap h ed . T h e  single 
re d u c tio n  w ave ap p eared  for re d u c tio n  of T l + . T he w ave h e ig h t w as m easu red  
a n d  th e  c o n cen tra tio n  was c a lc u la ted  b y  th e  s ta n d a rd  co m p ariso n  m ethod , 
ta k in g  a p o la ro g ram  of Tl + , w hose c o n c e n tra tio n  is know n u n d e r  s im ila r  con
d itio n s . T h e  resu lts  have  been  re p o r te d  in  T ab le  I I I .

T h e  percen tag e  erro r in  all th e  cases w as o f th e  order o f ^  2.
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Table II

Ímpcrometric titration o f T l+ in presence o f  Pbï + with potassium chromate (0 .1M )

T1+
(0.025M) 

present in 
mixture 

(ml)

Pb*+ (0.025M)
present in 
mixture 

(ml)

Volume of 
K2Cr04 used 

(ml)
TI+ found 

(ml)

1.0 0.5 1.25 1.0
2.0 1.0 2.5 2.0
2.0 2.0 2.55 2.04
4.0 2.0 4.95 3.98
0.8 1.0 1.0 0.8
0.4 1.0 0.49 0.392

Table III

Polarographie determination o f  T l+ in presence o f Pb- +

T1+
(0.025M) 

present in 
mixture 

(ml)

РЬ*+ (0.025M) 
present in 
mixture 

(ml)

T1+ found 
(ml)

1.0 2.0 1.0
2.0 2.0 2.0
0.8 1.0 0.79
0.4 1.0 0.395
1.0 0.8 1.02
0.4 1.6 0.404

SUMMARY

The present paper deals w ith the determ ination  of lead and thallium  in presence of each 
o th e r by  a polarographic and am perom etric m ethod. Lead was determ ined in  presence of 
tha llium  by titra tin g  i t  against standard  solution of CDTA am perom etricaliy a t pH  4.5, since 
a t  this pH , thallium  does not complex w ith CDTA. W hereas, thallium  in presence of lead was 
determ ined a t pH  5.5, by  titra tin g  it  against stan d ard  solution of potassium  chrom ate, lead was 
m asked with CDTA. The same was also carried o u t by  a polarographic m ethod. The error is 
ab o u t i  2%.

The authors wish to express the thanks to th e  U. G. C. for granting a Ju n io r Research 
Fellowship to one of them  (D. S. J .)  and to Prof. R. C. Mehrotra, Head of C hem istry D epart
m en t for providing facilities.
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In tro d u c tio n

C ryogenic p h o to ly s is  o f o rg an ic  com pounds o rig in a ted  in  1941 w ith  th e  
w ork  of L e w i s  an d  L i p k i n  [1] on h e x a p h e n y le th an e  an d  te tra p h e n y lh y d ra z in e . 
S u b seq u en tly , n o th in g  was d one  u n til , in  1954, N o r m a n  an d  P o r t e r  [2] and  
W h i t t l e ,  D o w s  and  P i m e n t e l  [ 3 ]  pu b lish ed  sim u ltan eo u sly . T h ese  l a t te r  
w orkers w ere in te re s te d  in  th e  k in e tic a lly  sig n ifican t reac tiv e  ra d ic a ls  know n 
to  occur in  so lu tio n  and  in  th e  gas phase , in  c o n tra s t to  th e  s ta b le  G om berg  
ty p e  rad ica ls  o f  L i p k i n  et. al., a n d  th e  su b seq u en t in ten se  a c tiv ity  in  th e  field  
m u s t be c re d ite d  to  th e ir  e ffo rts .

The g re a te r  p a r t  of th e  p u b lish ed  w ork  up  to  th is  tim e  re la te s  to  sp e c tro 
scopic stud ies a n d  li ttle  in fo rm a tio n  o f value as to  th e  stab le  p ro d u c ts  o f  p h o to 
lysis is to  be fo u n d . A lm ost w ith o u t ex cep tion , i t  has been  assum ed  t h a t  p h o to 
lysis in itia lly  follows th e  p a t te rn  o f th e  gas an d  liqu id  phases, th u s  e.g.

R X  +  hv — R- +  X-

th e  rad ica ls  fo rm ed  th en  re a c tin g  “ n o rm a lly ”  ex cep t in  so fa r as th e  solid 
e n v iro n m en t affects th e  k ine tics. In  general, th e  ex p ec ted  rad ica ls  h a v e  been 
observed  in  th e  system s and  u n q u e s tio n a b ly , m uch  has been  le a rn t a b o u t  th em . 
H ow ever, i t  is questionab le  w h e th e r  m uch  has been  le a rn t a b o u t p h o to ly tic  
m echan ism s in  cryogenic sy stem s a n d  in  th e  few  in stan ces w here m ech an ism s 
h av e  been p o s tu la te d  these  are m ere ly  ex tensions o f gas or liqu id  p h a se  schem es.

D eta iled  s tu d y  of th e  spec tro scop ic  d a ta  an d  th e  few av a ilab le  (an d  a l
m o st en tire ly  q u a lita tiv e )  a n a ly tic a l p ro d u c t d a ta  suggest num ero u s ano m alies . 
To c ite  a few exam ples only. I n  th e  p h o to lysis  [4] of H I  in  A r a t  4 °K , e. s. r. 
s tu d y  reveals th ree  doub le ts , one o f  w hich co rresponds to  th e  free  H  a to m . 
In  th e  p h o to lysis  [5] o f CH2N2 in  CO a t  20 °K , k e ten e  is a p ro d u c t. F in a lly , in 
th e  p h o to lysis  [6 ] o f C H 3N 0 2 in  A r a t  20°K , in fra -red  sp ec tra  re v e a l th e  p re 
sence of th e  p ro d u c ts  CH 20 ,  CO, C 0 2, N20 ,  N O , H N CO , H ,0  a n d  N H 3. T here  
m ig h t obv iously  be m any  m ore. B rie fly , it is c lear th a t

(i) even  th e  m ost un lik e ly  m a trices  are  n o t to  be reg a rd ed  as in e r t  in  
ev e ry  c ircu m stan ce ;
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(ii) since a n a ly tic a l d a ta  are  scarce, th e  p ro d u c t  co m p lex ity  observed  
w ith  C H 3N 0 2 m ay  be a g e n e ra l phenom enon.

T h e  la tte r  p ro p o s itio n  is p articu la rly  s ig n if ic a n t since, as P i m e n t e l  has 
p o in te d  ou t [7], an d  o u r  o w n  studies [8  —10] e n tire ly  su p p o rt th is , all th e  
e v id e n c e  po in ts to  cage lo c a lisa tio n  of reac tiv e  species an d  hence, all ch em istry  
m u s t  occu r a t the site  o f  p h o to n  absorp tion . T h e  H  a to m  an d  a ro m atic  rad ica ls  
m a y  h a v e  to  be e x e m p te d  to  som e ex ten t, th e  fo rm e r because of h igh  d iffusi- 
v i ty ,  th e  la tte r  because th e i r  s ta b ility  m akes u p  fo r  slow d iffu siv ity . If , th e re 
fo re , rad ica ls  w hich m a y  b e  fo rm ed  cannot le av e  th e  cage of fo rm atio n , p ro d u c t 
c o m p le x ity  becomes d if f ic u lt  to  explain. B r o w n  a n d  P i m e n t e l , in  fa c t, w ere 
fo rc e d  to  propose fo u r successiv e  photon  a b so rp tio n s  in  th e  sam e cage to  ac 
c o u n t fo r  some of th e  p ro d u c ts  of CH3N 0 2 p h o to ly s is . T his is a q u estio n ab le  an d  
u n eco n o m ica l h y p o th es is .

Present work
T h e  w ork o u tlin ed  h e re  w as based on th e  p ro p o s itio n s  (i) an d  (ii) q u o te d  

a b o v e . T hus, w ith  th e  w e a lth  of spectroscop ic  in fo rm a tio n  ava ilab le , i t  is 
su g g e s te d  th a t  a t te n tio n  is n o w  b e tte r  c o n c e n tra te d  on th e  use of th e  pow erfu l 
a n a ly tic a l  techn iques n o w  a t  h a n d  and  th e  u se  o f  m a trices , reac tiv e  in  know n 
w ay s . W e have dev e lo p ed  a p h o to ly tic  sy stem  in c o rp o ra tin g  h igh  speed , h igh 
s e n s it iv i ty  gas c h ro m a to g ra p h y  of our own d esig n . D eta ils  are given elsew here 
[9]. T h e  system s so fa r  s tu d ie d  are listed  in  T a b le  I .

T a b l e  I

Photolytic systems studied at 77 °K  
Irradiation  by 2537A ligh t

M a t r i x R e a c t a n t s
■

C o l l a b o r a t o r

C2H 4 H I, CH2I 2, CH3I, ) 
C2H 5I, n — C3H 7I, 
CH3HgCH3 J

H u g h e s  l8- 1»]

C3H„ H I, CH3I, C2H 3I, 
C H 2I 2.

H u g h e s  Ie, 101 
H u g h e s 12 a n d  Y o u n g  l l l I

Aliéné H I H u g h e s  1*1

Cyclopropane H I.
CH3I, CH2I 2

H u g h e s  I81 
Y o u n g  I"]

C2H , CH3NO?, CH3ONO, 1 
CH3COCH3. J Y o u n g  l 11!

T h e m ost d e ta ile d  q u a n ti ta t iv e  w ork  h as  been  th a t  on th e  system s 
C2H 1— H I and  C3H 6— H I ,  th e se  have been  d iscu ssed  elsew here in  d e ta il [9]. 
B ecau se  of lim ita tio n s o f  sp a c e  these  xvill n o t be  r e p e a te d  an d  i t  is p ro p o sed  here 
a lso  o n ly  to  p resen t a s e le c tio n  of results fo r o th e r  sy stem s su ffic ien t to  develop 
d iscu ssio n .
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Photolysis of CIJ.,1 in various matrices

T his p h o to lysis  has p ro v ed  to  be of o u ts ta n d in g  in te re s t b ecau se  o f the  
u n ex p ec ted  n a tu re  o f som e o f th e  p ro d u c ts .

T ab le  I I  lis ts  a ty p ic a l set o f  re su lts .

Table II

2537 Â photolysis o f CH3I at 77°К  
Photolysis tim e =  40 min. Film  thickness сы 10-5 cm

P ro d u c t C H SI /C 2H 4  =  4 5 / 9 ( / < m o l e s ) C H ./C .H ,

Methane 8 0  1 90
100%(A)

E thane 2 0  1 8

Ethylene - 2

Propane 4 1
Propylene 49 100%(B)
Cyclopropane 47

n-Butane 5

Iso-butane 5

Methylcyclopropane 40
But-l-ene 3 2 .5

Isobutene 6

cis-But-2-ene 3 .5

tr-But-2-ene 2 .5

Butadienes 5 .5

(A) =  4 (B)

100%(C)

100%(D)

(C) =  6.25 (D)

T he film s w ere m ade d e lib e ra te ly  rich  in C H 3I because o f  th e  desire for 
c e r ta in ty  of m easu rem en t of th e  t in y  y ields o f p ro d u c ts . H ence, p ro d u c t groups
(A) an d  (C) are essen tia lly  tho se  o f u n d ilu te d  C H 3I pho to lysis. P ro d u c ts  (B) and  
(D) how ever, w hose y ields re la tiv e  to  (A) an d  (€) can  be in c rea sed  b y  m ore 
fav o u rab le  C H 3I/o lefin  ra tio s , are  th o se  o f reac tio n  w ith  th e  m a tr ix . A t once, 
i t  is seen th a t ,  in  b o th  olefins, th e  p re d o m in a n t new  p ro d u c t is cyclic  a n d  th is , 
a t  f i r s t  s igh t w ould  seem  to  p ro v e  th e  presence  o f CH 2 ra d ic a ls , since these  
read ily  ad d  cyclically  across a doub le  b o n d . H ow ever, som e h ig h e r s a tu ra te s  are 
also fo rm ed  an d  all h igher olefins, in  p rinc ip le , could com e v ia  C H je .^ .,

C H 3I +  h V -*  СНз +  I

С Щ  +  C3H e -  С4Щ

C4H 9 +  I  -*  C, H , +  H I

(a)

(b) 

(«)
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re a c tio n s  of ty p es (a) a n d  (c) being  generally  c ited  as th e  m ajo r reac tio n s in 
a lk y l iod ide  pho to lysis a t  low  te m p e ra tu re . T h u s, on  th e  conven tiona l v iew , 
we w ou ld  be forced to  a ssu m e  th e  possib ility  a t  le a s t t h a t  a t  77°K th e  re a c tio n  
(a), a n d  to  exp la in  th e  re s u lts ,  th e  d irect m e th y len e  fo rm in g  step

C H 3I  +  h  v — CH2 +  H I  (d)

w ere  a b o u t equally  like ly .
Som e im p o r ta n t in fo rm a tio n  comes also fro m  p ro d u c ts  w hich are n o t 

fo rm ed . T hus, cy c lo b u tan e  is n o t  p roduced  in  C3H 6 m a tric e s , w hich in d ica tes  a 
th re e  c e n tre  tra n s itio n  s ta te  fo r  cyclisization . A gain  th e  d im ers of C H 3, С>Н-, 
C3H "7 a n d  C4H 9 are a b se n t, w h ich  clearly  es tab lishes lo ca lisa tio n  of th e  rad ica ls . 
S ince ra d ic a l co m b in a tio n  is th e re b y  elim inated , so to o  is d isp ro p o rtio n a tio n  as 
a so u rce  o f olefins. F in a lly , a lk y l iodides occur o n ly  in  tra c e  am o u n t [ <  1%
(B) o r (D )]. This in d ica te s  t h a t  reac tions such  as

R- +  I  — R I  (e)

are  tr iv ia l ,  w hich w ould  be  su rp ris in g  if  su b s ta n tia l a m o u n ts  of R ‘ w ere fo rm ed  
in  th e rm a l equ ilib rium . T h e re  is s trong  ev idence  t h a t  b u t  rad icals are n o t 
in v o lv ed  [7, 8 , 9] to  a n y  g re a t  e x te n t in a lip h a tic  p h o to ly se s  and  in  th is  co n 
n ex io n  i t  is n o tab le  t h a t  in  th is  w ork no p ro d u c ts  o f H  ab strac tio n  from  
olefins h av e  been fo u n d  in  a n y  sy stem ; th e  a c tiv a tio n  energy  w ould in  genera l 
n o t exceed  5 — 8  kca l m o le -1 , w hich co n tra s ts  w ith  th e  in itia l energy  o f 112 
k ca l ■ m o le -1 .

To exp la in  th ese  a n d  o th e r  re su lts , H u g h e s  a n d  P u r n e l l  [8 — 10] h a v e  
p ro p o sed  th a t ,  in fac t, in it ia l  pho to lysis  p roduces n o t  th e  obvious rad ica ls  as in 
(a) o r (d) b u t  a h igh ly  en e rg ised  ( <  1 1 2  kca l • m o le -1 ) com plex invo lv ing  th e  
p lio to -ab so rb e r w ith  a n y  m olecules w hich m ay  be  p re se n t in th e  m a tr ix . 
T h u s , e.g. w ith  ab so rb e r R X ,

[ R X  +  M  +  h v \ c ^ [ R .  . .X .  . .M ]c (1)

T h e  energ ised  com plex  is in d ic a te d  b y  d o ts  w ith in  a b rack e t an d  th e  
cage b y  th e  su b sc rip t e. T h e  m olecule M  re p re se n ts  a n y  m a tr ix  co m p o n en t 
in c lu d in g  R X .  The co m p lex  is v isualised  as loose, w ith  reasonab ly  free r o ta 
tio n  o f  th e  p a rts , a v iew  c o n s is te n t w ith  e. s. r. f in d in g s  reg ard in g  C H 3I p h o to 
ly sis  [13]. T hen , fo r ex a m p le , in  th e  photo lysis o f C H 3I  we could v isualise  a t 
le a s t tw o  s ta te s  of C H 3I  in  re la tio n  to  th e  m a tr ix  m olecu le  following a b so rp 
tio n  viz.

(I) H SC ____I or ( I I )  H 2C . . .  H  . . .  I

F o rm s  (I) and  (II)  w o u ld , o f  course, in te rc h a n g e  ra p id ly  th ro u g h  m e th y l 
ro ta t io n  an d  ex c ita tio n  o f C — H  v ib ra tions.
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In photolysis o f pure CH3I we could th en  have the follow ing p ossi
bilities

(0

These reactions are w ritten  pictorially and the configurations must n ot be taken  
too literally. R eactions (f) — (h) lead to the observed products, reactions (ij) 
yield  the m ethyl radicals observed in e. s. r. and also account for the low  quan
tum  yield (Ф 0 .05). R eaction (h), in terestin g ly , produces fragm ents in
different cages and hence should stabilise [‘СН21].

In the presence o f  added olefin e.g.  C3H e w e have the added p ossib ilities;

CH3- C 4
' ; C H , . . . H . . . I -» zlCH, + H I ( k )

—C =C H 2
| ' ; c h , . . . h . . . i

H
c h 3—C = C H 2+ H I

CH3
( 1 )

CH2= C H - C H 2
Г ' \

H .. .C H 2. . . H  - I
-CH2= C H - C H 2- C H 3+ H I ( m )

СНЗЧ / Н
^ C H = C ^  I cis or trans

(CH3) ' '  I ;CH2. . . H . . . 1 1 CH3- C H = C H - C H 3

The form ation of butanes can be sim ilarly w ritten , for convenience w e sum 
marise,

[C3IIe. . .C H 3. . . I ] £-
H3c . .1

H»c4. . . i
-C4H l0+ C H 2I2 ( o )

the second CH3I show n in the bracket being readily available in  C H 3I rich 
m atrices at least.

It is seen th a t the reactions of CH2 . . .  H  . . .  I are form ulated sim ilarly  
to  the well known m ethylene insertion process and th ey  thus pose no particular
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d if f ic u lty  of v isu a lisa tio n . S u p p o rt for th is  v iew  comes from  p h o to ly se s  in 
c y c lo p ro p a n e  m atrices w h en  m ethy l c y c lo p ro p an e  is an  a b u n d a n t p ro d u c t. 
T h u s , m e th y len e  in se rtio n  c e rta in ly  occurs in  th e  system  by  som e m ech an ism .

T h e  general p o s tu la te  offered has b e e n  show n [9] to  acco u n t b o th  for 
th e  c o n c e n tra tio n  d ep en d en ce  o f p ro d u c t fo rm a tio n  in  H I-olefin  p h o to ly se s  and  
also  fo r  th e  q u a lita tiv e  d e ta ils  o f H I  — cy c lo p ro p an e  or aliéné [8 ] p h o to ly se s . 
I n  e x te n s io n  of th e  h y p o th e s is  i t  can  be seen t h a t  th e  com plex p ro d u c ts  o f  e.g. 
C H 3NO„ pho to lysis can  be well exp la ined  since  a n u m b er of fo rm al s tru c tu re s ,

(III) [CH3. . . N 0 2]c 

(V) [H2C. . . H .  . . N 0 2]f

(IV) [CH3. . . 0 . .

(VI) H , C . . .H.

• N . . . O ] e

. .N . . . 0

Ó ! c

among others, can  be w r it te n  an d  these , w ith  o th e rs , offer sim ple ro u te s  b y  
d e c o m p o s itio n  to  m ost o f th e  observed  c o m p o u n d s . O ur stud ies w ith  C H 3N 0 2 

a n d  C H 3O N O  in olefins show  th a t ,  as w ith  C H 3I ,  cyclic p roducts a re  a b u n d a n t 
a n d , in  th is  in stance , th e  p rop o sitio n  t h a t  free  m ethylene is p ro d u c e d  via

CH gN O , +  hv — C H , +  H N O ,

C H 3O N O  +  hv -*  C R , +  H O N O

is f a r  less easy  to  s u p p o r t th a n  is re a c tio n  (d). Photo lyses of C H 3N 0 2 and  
C H 3O N O  in  cyclopropane also  yield  m c tliy lcy c lo p ro p an e  in  good y ie ld . A gain , 
th e re fo re , we have ev idence o f  th e  e q u iv a len t o f  m ethy lene  in se rtio n  as v isu a 
lised  in  reac tio n s  (k) a n d  (n).

T h e  p resen t h y p o th es is  is no m ore th a n  q u a lita tiv e  b u t has a t  le a s t  th e  
m e r it  o f  econom y. In v o k in g  o n ly  th e  m in im u m  n u m b e r of k ine tic  a n d  p h o to 
ch e m ic a l s tep s  i t  accoun ts fo r all th e  a n a ly tic a l ev idence  available fo r cry o g en ic  
p h o to ly s is  of a lip h a tic  co m p o u n d s; i t  allows th e  to ta l  acceptance of cag e lo ca lisa - 
t io n ;  i t  ex p la in s  th e  absence  o f  h o t rad ica l e ffec ts  a n d , finally , i t  focusses a t t e n 
tio n  o n  th e  p o in t th a t  gas p h ase  m echanism s m a y  b e a r no re la tion  to  e v e n ts  in  
so lid  f ilm s  an d , th u s  t h a t  th e  som etim es d iff ic u lt ta s k  of reconciling su c h  d a ta  
m a y  b e  fru itle ss .

S in ce  th is  w ork w as f i r s t  done, th e  p h o to ly s is  of m ethy lene  io d id e  in  
l iq u id  cy clohexene [14] has b een  show n to  y ie ld  n o rca ran e  as a m ino r p ro d u c t;  
an  e x p la n a tio n  sim ilar to  ours has been fo u n d  to  be th e  only rea so n ab le  one. 
T h u s , c le a r ly  cryogenic p h o to ly s is  stud ies m a y  he lp  clarify th e  m ech an ism s of 
th e  l iq u id  s ta te  besides. In  conclusion , it is seen  t h a t  if  our general h y p o th e s is  is 
c o rre c t, cryogen ic  p h o to c h e m is try  offers a w hole  new  area for s tu d y  a n d  m a n y  
u n e x p e c te d  reactions m ay  be an tic ip a ted .
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SUMMARY

R ecent analytical studies of the products of photolysis of H I and HC3I in  reactive 
hydrocarbon m atrices a t 77°K are reviewed and it  is suggested th a t the results are m ore con
sisten t w ith photolysis of loose absorber-m atrix  complexes than  of absorber molecules alone. 
The s truc tu re  of possible complexes of the type [R —I]2 and [R I — M] which could give rise to 
the observed products are indicated and the theory  is extended to offer a q ua lita tive  exp lana
tion of the origin of the products of cryogenic photolyses of CH3NO, and of CH3ONO.
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In  its  genera lized  form , th e  p o te n tia l en e rg y  fu n c tio n  co n ta in s  a n u m b e r 
o f s tre tch in g  an d  angle d e fo rm atio n  m em bers co n n ec ted  b y  d iffe ren t in te ra c tio n  
te rm s  [1]. I f  th e  force field of a g iven  m olecule is rep re sen ted  in  m a tr ix  fo rm , its 
lead ing  d iagonal m em bers can  be sa id  to  be m o st ch a ra c te ris tic  fo r v ib ra tio n a l 
b ehav iou rs.

The se tt in g  up  o f p o ten tia l fu n c tio n s  is a m a n y  b o d y  prob lem  t h a t  in  m ost 
cases can n o t be so lved  exac tly . T h eo re tic ian s  in  th is  fie ld  have  to  use  e x p e ri
m e n ta l d a ta  fo r en erg y  ca lcu la tio n s. S pec tra l d a ta  serve as e x p e rim e n ta l values 
to  se t up  th e  expressions for th e  p o te n tia l energy . I t  o ften  occurs t h a t  th e  
eq u a tio n s we h av e  a re  q u a n ti ta t iv e ly  or q u a lita tiv e ly  in su ffic ien t fo r  th e  d e te r 
m in a tio n  of a force fie ld  hence a p p ro x im a te  so lu tions have  to  be u sed  [2]. As 
s ta r tin g -p o in ts  fo r th e  ap p lica tio n  o f  i te ra tiv e  m e th o d s, th e  em p irica l p o te n tia l 
energy  fu n c tio n s an d  th u s th e  fo rce  co n stan ts  o f d ia tom ic  m olecules can  be 
used  as zero o rd e r ap p ro x im a tio n s  fo r th e  ca lcu la tio n s o f force fields in  p o ly a to 
m ic m olecules.

In  th is  m a n n e r we are ab le  to  a t t r ib u te  a ce rta in  physica l m e a n in g  to  the  
s tre tc h in g  p a r t  o f th e  p o ten tia l en e rg y  eq u a tio n s  in d ica tiv e  of th e  d ep en d en ce  
ex is tin g  be tw een  force co n stan ts  a n d  d issocia tion  energy  expressions.

This p a p e r  is re s tr ic te d  to  th e  tre a tm e n t o f  th e  p o te n tia l en e rg y  fu n c tio n  
o f  d ia tom ic  an d  o f th e  s tre tch in g  p a r t  o f th e  p o te n tia l energy  fu n c tio n  o f  sim ple 
po ly a to m ic  m olecules.

I t  is know n th a t  c e rta in  physico-chem ical p ro p erties  o f p o ly a to m ic  
m olecules m ay  be deduced  from  c e r ta in  p a ra m e te rs  connected  w ith  th e ir  bonds. 
O n th e  o th e r h a n d , such p a ra m e te rs  can  he o b ta in e d  w ith  su ffic ien t accu racy  
b y  using ce rta in  ex p erim en ta l v a lu es  o f th e  co rrespond ing  d ia to m ic  m olecules. 
Such  an ap p ro ach  seem s to  be su ita b le  also for ca lcu la tin g  th e  s tre tc h in g  force 
c o n s ta n ts  o f po ly a to m ic  m olecules.

The ap p lica tio n  o f th is co n cep t is well ju s tif ie d  b y  th e  follow ing fa c ts :
1. T he values of th e  fu n d a m e n ta l s tre tc h in g  frequencies of c e r ta in  d ia to 

m ic m olecules m ay  be very  s im ila r to  those  of th e  co rrespond ing  b o n d s  ex is tin g  
as com ponen t p a r ts  am ong o th e r  va lence  p a ra m e te rs  of a p o ly a to m ic  m olecule.
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2. T h e  d issociation  e n e rg ie s  of d ia tom ic  m olecu les are  o ften  fo u n d  to  be  
o n ly  s lig h tly  d ifferent f ro m  th e  energies re q u ire d  fo r th e  b reak in g  o f sim ilar 
b o n d s  in  sim ple p o ly a to m ic  m olecules.

I n  th e  case of d ia to m ic  m olecules th ere  is a re la tio n sh ip  b e tw een  th e  v ib ra 
t io n a l  p o te n tia l energy c o e ffic ien ts  (force c o n s ta n ts )  a n d  th e  bo n d  s tre n g th s  [3]. 
I n  t h e  course of th e  la s t  few  decades a n u m b er o f a p p ro p ria te  em pirica l p o te n 
t ia l  fu n c tio n s  have b e e n  p u b lish e d  [4], h o w ev er n e a r ly  all expressions p ro 
p o se d  so fa r  are som ehow  co n n ec ted  w ith  th e  p e rio d ic  system .

I n  th e  num erous th e o re t ic a l  or sem iem pirica l fo rm u la tio n s  occu rrin g  in  
th e  l i te r a tu r e  m ostly  th e  a t t r a c t io n  and  rep u ls io n  te rm s  are responsib le  fo r th e  
v a lu e s  o f  bond  leng th , io n iz a tio n  po ten tia l, e le c tro n e g a tiv ity  an d  fo r m a n y  o th e r 
m o le c u la r  properties [5]. A  closer in v estig a tio n  o f  th is  fac t suggested  th e  pos
s ib i l i ty  t h a t  the  p o te n tia l e n e rg y  function  fo r a d ia to m ic  or sim ple p o ly a to m ic  
s y s te m  m igh t be d e te rm in e d  b y  using o th e r m e a su re d  physicochem ical d a ta  
in s te a d  o f  v ib ra tio n a l f re q u e n c ie s .

T h e  g rea t m a jo r ity  o f  th e  em pirical p o te n tia l  en e rg y  expressions p u b lished  
so f a r  h a s  been re s tr ic te d  to  c e r ta in  selected ty p e s  o f m olecules w ith  th e  p u r 
pose  to  achieve ag reem en ts  m u ch  b e tte r  th a n  one  p e r cen t b e tw een  d ifferen t 
e x p e r im e n ta l and c a lc u la te d  values.

H ow ever, the  r e l ia b il i ty  o f  th e  ex p erim en ta l v a lu es  given in  th e  l i te ra tu re  
is in  m a n y  cases q u e s tio n a b le  as num erous c o n tra d ic tio n s  m ay  be fo u n d  b e 
tw e e n  th e  d a ta  o b ta in ed  b y  d iffe re n t m ethods a n d  a u th o rs  [6 ]. Som e im p o rta n t 
e x p e r im e n ta l d a ta  ( e.g. d isso c ia tio n  energies) s im p ly  can n o t be m easu red , even 
n o w , accu ra te ly  enough . F u r th e r  problem s a rise  in  connex ion  w ith  th e  fu n d a 
m e n ta l  experim en ta l d a ta  o f  th e  v ib ra tio n a l s p e c tra  because of an h a rm o n ic ity  
o r o th e r  difficulties o c c u rr in g .

B y  reason of th e  f a c ts  m en tioned  ab o v e  i t  w as considered  ju s tif ia b le  to  
a c c e p t  a poorer a g re e m e n t be tw een  our e x p e rim e n ta l an d  ca lcu la ted  va lues, 
if  in  t u r n  we succeeded in  co n s tru c tin g  a p o te n tia l  energy  fo rm ula  invo lv ing  
o n ly  p a ram e te rs  in th e ir  s im p le s t form .

I n  th e  following, w e p ro p o se  — a t th e  p rice  o f gross neg lec tions — an 
e x p re ss io n  for the s tre tc h in g  p a r t  of po ten tia l e n e rg y  fo rm ulas, in  w hich th o u g h  
th e  te rm s  depend on th e  perio d ic  system  th e y  also  m a in ta in  th e ir  pecu lia r 
c h a ra c te r .

W e propose th e  fo llo w in g  expression fo r th e  em pirical p o te n tia l energy  
fu n c tio n  of a d iatom ic m o lecu le :

Ü =  D e 1
rcf  de D ~1/2 

2 r
( 1 )

w here De s tan d s  fo r  th e  equilib rium  d isso c ia tio n  energy , e d eno tes th e  
g e o m e tric a l m ean of th e  e le c tro n eg a tiv itie s  o f a to m s  form ing  th e  b o n d , d is a
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p ro p o r tio n a lity  c o n s ta n t, re is th e  eq u ilib riu m  in te ra to m ic  d is tan ce , a n d  r  is th e  
d isp lacem en t. U an d  De re fe r to  u n i t  v a len cy .

T h e  force c o n s ta n t can  be  o b ta in e d  in  th e  u su a l w ay  as th e  second 
d e r iv a tiv e  a t r =  re:

( 2)

D eno ting  b y  i and  j  th e  c o n s titu e n t a to m s of a b o n d , we genera lize  th is  
re su lt as follows:

h j  =  dlJ(el eJY l * D f  r t f

w here k,j an d  D,j den o te  th e  force c o n s ta n t and  th e  d issoc ia tio n  energy  
b o th  re fe rring  to  u n it va len cy  (for th e  sake  o f sim p lic ity , th e  low er in d e x  e has 
been  o m itted ).

We supposed :
dl j = ( d i dj) ^  (3)

w here  dy,-s are  values fo r h e te ro n u c le a r  m olecules an d  dj, dj fo r hom o n u clear 
ones. Som e exam ples will be g iven  in  th e  follow ing five tab les .

In  T ab le  I  d a ta  o f h o m o n u c lea r d ia to m ic  m olecules are  show n. T he d 
valu es  ran g e  from  0.26 to  0.3. T h e  N 2 m olecule has a v a lu e  to o  h igh , d u e  to  th e  
ex cep tio n a l h igh  d issociation  energy .

Table I

r” («л)* Di, dii

c. 9.51 1.312 2.5 68.5 0.301
o 2 11.76 1.207 3.5 58.5 0.265

S2 4.96 1.889 2.5 50.9 0.263
F 2 4.453 1.435 4.0 36 0.266
Cl2 3.279 1.988 3.0 57.1 0.287
B r, 2.457 2.284 2.8 45.5 0.298
I 2 1.721 2.667 2.5 35.6 0.308
N 2 22.96 1.094 3.0 75.0 0.322

p 2 5.56 1.894 2.1 38.7 0.268

In  T ab le  I I  d ia tom ic  m olecules c o n ta in in g  hydro g en  a to m  a re  to  he  seen. 
I t  is ex p ec ted  th a t  d-s h av e  p a r tic u la r  va lues because o f th e  b o n d in g  c h a ra c te r  
o f h y d ro g en  m olecules. In  sp ite  o f th is  e x p e c ta tio n  th e  m ean  v a lu e  does no t
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d e v ia te  from  th e  av e rag e  o f  o th e r  m olecules o f p re d o m in a n tly  cov a len t c h a r 
a c te r .

Table II

К r e (•»••)* % <9,

CH 4.482 1.120 2.29 80.0 0.245

NH 6.030 1.038 2.51 93.5 0.258

PH 3.257 1.433 2.10 77.0 0.254

OH 7.792 0.971 2.71 101.0 0.278

SH 4.193 1.350 2.29 85.0 0.268

FH 9.655 0.917 2.90 135.0 0.263

C1H 5.157 1.275 2.51 102.0 0.259

BrH 4.117 1.414 2.42 85.5 0.260

IH 3.142 1.604 2.29 70.5 0.263

BH 3.044 1.232 2.05 60.0 0.236

SiH 2.479 1.521 1.94 58.0 0.254

GeH 1.87 1.66 1.94 38,0 0.260

AsH 2.43 1.58 2.05 56.0 0.252

SeH 3.18 1.50 2.24 67.0 0.260

TeH 2.53 1.69 2.10 59.0 0.265

T ab le  I I I  show s h e te ro n u c lea r  m olecules w ith  reg u la r beh av io r. T he 
v a le n c y  in  th is  g roup  is g en era lly  tw o  w ith  th e  ex cep tio n  of CO m olecule in  
w h ich  in  accordance to  C o u l s o n ’s  s ta te m e n t we fo u n d  th e  va len cy  to  be 
th re e  [7].

Table III

ke re (<V!)2 Dii d

CO 19.02 1.128 2.96 70 0.286

c s 8.49 1.534 2.50 83 0.286

GeO 7.52 1.651 2.51 75 0.285

GeS 4.36 2.060 2.12 65.5 0.262

GeSe 3.78 2.190 2.08 57.5 0.262

SnO 5.62 1.838 2.51 64.5 0.256

SnS 3.54 2.260 2.12 49 0.269

SnTe 2.43 2.570 1.94 35.6 0.272

PbO 4.56 1.922 2.51 38 0.281
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T able IV  lis ts  diatom ic m olecu les co n ta in in g  a to m s of IV /b  an d  V H /b  
co lu m n s of th e  period ic  system .

The u n ifo rm ity  is, — for th e  p re s e n t purpose — sa tis fa c to ry .

Table IV

r. Dll J

CCI 3.766 1.73 2.74 78.5 0.268

Cl 2.171 2.18 2.50 57.4 0.259
SiF 4.890 1.60 2.68 88.0 0.311

SiCl 2.62 2.0 2.32 76.0 0.259
SiBr 2.21 2.14 2.23 69.0 0.256
GeF 3.925 1.67 2.68 92.0 0.256
GeCl 2.323 2.08 2.32 62.0 0.264
GeBr 1.971 2.29 2.24 56.0 0.269
SnCl 1.976 2.32 2.32 60.0 0.255

In  Table V we can see th a t  g re a t  difference ex ists  b e tw een  th e  m olecules 
h a v in g  elem ent o r elem ents be lo n g in g  to  th e  f irs t period ic  co lum ns a n d  b e tw een  
th o se  having  no su ch  com ponents. T h e  d values of hom o n u clear a lk a li m olecules 
o r  o f alkali h y d rid es  e.g., are m ore  low  th a n  d v a lues o f o th e r  — m ore  co v a len t 
— m olecules b e long ing  to  IY —V I I  colum ns o f th e  period ic  sy s tem . T he 
d ifference in b e h a v io r  of values c a n  be  p a r t ly  exp la ined  b y  th e  s an d  p  c h a r 
a c te r  o f bonds b u t  th e  v a lid ity  o f (3) w e f in d  also re s tr ic te d  in  th e  case o f m olecules 
co n ta in in g  s —s o r s —p  bonding . T h is  d ifference in  values o f th e  d fa c to rs  will 
b e  exp la ined  in  w h a t follows. T h e  d a ta  o f force c o n s ta n ts , d issoc ia tion  energies 
a n d  in te ra to m ic  d istances are ta k e n  from  th e  w orks o f C o t t r e l l  [ 6 ] ,  H e r z - 

b e r g  [8 ], G a y d o n  [9], R i c e  a n d  K l e m p e r e r  [10], S u t t o n  [11], a n d  P a u 

l i n g  [ 1 2 ] .

As for th e  e lec tro n eg a tiv itie s  we used  d a ta  given b y  P a u l i n g  [13]. W e 
tr ie d  to  m ake ca lcu la tio n s on th e  b as is  o f e lec tro n eg a tiv itie s  g iven  b y  D a u d e l  

[14], h u t  these  re su lts  becam e w orse , th e  s tr ic t p a ra lle lism  b e tw een  s a n d  p  
c h a ra c te r  was lo s t.

A pply ing  o u r equations fo r h o m o n u c lea r m olecules an d  a co rresp o n d in g  
h e te ro n u c lea r one we can w rite  th e  follow ing re la tio n sh ip s

k i =  di ei D)l*r-1  

kj =  dJej D}l>rJ^ 

k lj =  di j (ei ejyi*D}l?rJ

(4)

(5)

( 6)
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Table V

К re Dii dij

H 2 5.734 0.742 2.1 104.2 0.199

L i, 0.255 2.672 1.0 25 0.136

N a . 0.172 3.078 0.9 17.3 0.141

K , 0.099 3.923 0.8 11.8 0.140

R b , 0.082 4.20 0.8 10.8 0.131
Cs, 0.069 4.42 0.7 10.4 0.135

4.453 1.435 4.0 36 0.266

Cl, 3.279 1.988 3.0 57.1 0.287
B r, 2.457 2.284 2.8 45,5 0.298
I , 1.721 2.667 2.5 35.6 0.308

LiH 1.026 1.596 1.448 58 0.148

NaH 0.781 1.887 1.376 47 0.156
KH 0.561 2.244 1.296 43 0.148

RbH 0.545 2.376 1.296 39 0.160

CsH 0.467 2.494 1.212 42 0.148

LiCl 1.499 1.51 1.73 115 0.158

NaCl 1.100 2.361 1.64 98 0.161

KC1 0.865 2.667 1.55 101 0.148

RbCl 0.767 2.787 1.55 102 0.138

CsCl 0.720 2.906 1.45 101 0.141

FC1 4.483 1.628 3.46 60.5 0.271
FB r 4.095 1.756 3.35 55 0.289
B ril 4.117 1.414 2.43 85.5 0.260

C1H 5.157 1.275 2.51 102 0.259
IH 3.142 1.604 2.29 70.5 0.262

In  case o f covalency  [3] is fo u n d  to  be co rrec t. As a p o s tu la te  o f P a u l in g  [12] 
we h a v e

D ij =  (Di D , ) ^  +  l I (7)

w here  th e  D-s are  th e  h e a ts  o f fo rm atio n  a n d  A is th e  resonance  energy.
I n  cov a len t cases A  h as  a low , som etim es neglig ib le value.
C onsidering  th e  c o v a le n t a tom ic  rad iu s  ru le :

r i j  =  Y  ( r i  +  r j ) (8)
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o r  supposing  th a t  th e  difference b e tw een  г,- a n d  r; is no t too  g rea t:

rtj =  iri rj)m  (9)

a n d  assum ing  A to  he zero we can  accep t th e  follow ing a p p ro x im a te  re la tio n 
sh ip  betw een  th e  force co n stan ts

kIJ =  (ki kJy l* ( 10)

T h u s  we can  ca lcu la te  force co n stan ts  fro m  each  o th e r in  cases w here  (3) a n d  (9) 
ho ld .

F o r d isso c ia tio n  energies in c lu d in g  n o n  co v a len t cases, rem em b erin g  th a t  
П-s are v a lues red u ced  to  u n it v a lency

N tJDtj =  (N l D i N j D jy l * + A  (11)

w here  iV-s are  rep re sen tin g  valencies o f  th e  d ia to m ic  m olecules.
A can  also be  d iv ided  b y  Ny a n d  th e n  eq u a ls  A’, th e  value  o f  resonance  

en e rg y  re fe rred  to  u n it  va lency

( 12)

A ctu a lly , th e  Ny-s are  m u ltip ly in g  fa c to rs  fo r resto ring  d isso c ia tio n  energy  
va lu es  ta k e n  fo r  u n it  v a lency  to  th e  o rig in a l ones of th e  com p le te  m olecule. 

P u tt in g  a ll th e se  re la tionsh ips in  p ro p e r  o rd e r we o b ta in

* . y = ( W /s
N, Nj'2

N U

1/2
(1 +  A')1'2 (13)

A lth o u g h  in  som e special cases ( e.g. N O , B O , etc.) th e  in te rp re ta t io n  o f  Ny 
en co u n te rs  som e d ifficu lties, n ev erth e less  th e  eq u a tio n , b y  using  h o m o n u c lea r 
d a ta ,  y ields force co n s ta n ts  for h e te ro n u c le a r  m olecules w ith  a good  a p p ro x i
m atio n .

B ased  on th e  equ a tio n s o f fu n d a m e n ta l im p o rtan ce  we o b ta in  a n o th e r 
re la tio n sh ip :

=  _  _  D & r ?
(M y)*2 М Ы 2 (DtDj)1!*(TtTj)-1

In tro d u c in g  th e  n o ta tio n

(15)
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(14) w ill be m odified  as follow s:

(kft:)112
dij

(didj)1'2 (D* D*)112
( 16)

I n  th e  case  o f bonds o f p rev a ilin g ly  co v a len t c h a ra c te r , th e  value of
k U

(*/ * y)1/2
is n ea rly  one, co n seq u en tly :

(M ,)1/2

d :
(D* DJ)112

Table VI

kH Г Di* 1* hi h ka Du D„ Do
(h Ц * 1 (D? DJ)* J

N H 0.911 0.851 7.653 5.733 6.03 75 104.2 85
PH 1.000 0.970 1.852 5.733 3.26 39 104.2 87.5
CO 1.200 1.230 4.755 5.880 6.34 86 59 85
PN 0.895 0.893 1.852 7.653 3.39 39 75 46
SO 1.038 1.056 2.480 5.880 3.97 50.5 59 59.5
NO 0.952 0.948 7.653 5.880 6.38 75 59 60
CH 0.859 0.881 4.755 5.734 4.482 104.2 80 80
c s 1.235 1.151 4.755 2.480 4.244 85.5 50.5 82.5
IH 1.000 0.944 5.733 1.720 3.142 104.2 35.6 70.5
C1F 1.172 1.188 3.286 4.453 4.483 58 36.6 60.5
B r il 1.097 1.034 5.733 2.457 4.117 104.2 45.5 86.5

In  T ab le  V I we can  see som e resu lts  o f c a lcu la tio n s  for m olecules in  w h ich  
c o v a le n t c h a ra c te r  p revails .

The dij factors in  simple polyatomic molecules. T h e  dy  fac to rs possess c h a r 
a c te r is tic  fea tu re s  to o  i f  we su rv ey  also th e  b o n d s  in  sim ple p o ly a to m ic  
m olecules w here w ith  a few  excep tions we f in d  d  values betw een 0.23 an d  
0.25. T h e  em p irica l d a ta  h av e  b een  pu b lish ed  b y  L a d d  and  O r v i l l e - T h o m a s  

[15], H e a t h  an d  L i n n e t t  [16] G o u b e a u  e t al. [17].
T h e  n u m erica l va lues can  be  found  in  T a b le  V II .
W e h a v e  ca rried  o u t s im ila r ca lcu la tions in  X H 3 ty p e  m olecules b e long ing  

to  th e  n itro g e n  co lum n o f th e  period ic  system  (X  =  N , P , As. etc.) The v a lu es  o f 
force c o n s ta n ts  an d  energy  te rm s  w ere ta k e n  from  a p a p e r  of A l t i  et al. [18] a n d
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Table VII

Molecule к re (чч)^ V dif

BC13 3.64 1.74 2.45 10.45 0.248
B F3 7.15 1.291 2.83 12.4 0.264
BBr3 2.86 1.87 2.366 9.485 0.238
N F3 4.91 1.37 3.46 8.065 0.241
SbCl3 2.10 2.37 2.39 8.6 0.242
AsCl3 2.14 2.161 2.45 8.37 0.226
PC13 2.17 2.043 2.51 8.8 0.201
GeBr4 1.95 2.32 2.248 8.125 0.248
G eJ4 1.523 2.48 2.12 7.14 0.249
GeClj 2.44 2.08 2.325 9.0 0.243
SnCl4 2.30 2.30 2.325 8.72 0.261
TiCl4 2.46 2.185 2.12 10.1 0.251
SiCl4 2.58 2.02 2.325 9.54 0.235

from  th e  m o n o g rap h y  o f G a y d o n ,  re sp ec tiv e ly . T h e  resu lting  d v a lu es  a re  g iven 
in  T ab le  V I I I .  As th e re  is a rem ark ab le  a g re e m e n t w ith  th e  values e x p e c te d  on 
th e  basis o f ( 1 0 ) we conclude th a t  no  in te ra c tio n  o f  to o  g rea t in fluence  c a n  ex ist 
b e tw een  th e  se p a ra te  valence bonds. T h is a s su m p tio n  was su p p o rte d  b y  th e  
fac t th a t  th e  valence force co n stan ts  o f X H :I m olecules agreed w ell w ith  th e  
sq u are  ro o ts  of th e  p ro d u c t of force c o n s ta n ts  for th e  hyd rogen - a n d  th e  
d ia tom ic  X 2 m olecule, respec tive ly  (w ith in  1 —2 % ). A possible rea so n  fo r  th is  
ag reem en t m ay  be th e  fa c t th a t  in  th e  case o f  c o v a le n t bonds th e  A  (reso n an ce  
energy) v a lues are on ly  s ligh tly  d iffe ren t from  zero . In  Table V I I I  w e com piled  
force c o n s ta n ts  re su ltin g  from  n o rm al c o o rd in a te  analyses as well as fro m  th e  
harm o n ic  osc illa to r ap p ro ach  for co rresp o n d in g  d ia tom ic  m olecules to g e th e r  
w ith  d  va lues e v a lu a te d  b y  an  analogous a ssu m p tio n .

Table VIII

Molecule ku
\

-------------------Г
kH k4 da

NH3 7.653 5.733 6.621 6.954 0.278
PH 3 1.852 5.733 3.240 3.333 0.257
AsH3 1.358 5.733 2.790 2.864 0.277
SbH 3 0.870 5.733 2.236 2.295 0.250
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SUMMARY

T he valence force constan ts of diatomic molecules depend on the elec tronegativ ity , 
bond d is tan ce  and bond energy. In  th e  large domain of m olecules in which covalence p revails the 
p ro p o rtio n a lity  factor is found to  have  a nearly constan t va lue . The force constants o f diatom ic 
hom o- a n d  heteronuclear molecules can he calculated from  each other. In  cases, how ever, in 
w hich th e  ionic character cannot be neglected, a correction  h as to  be applied by using th e  value 
of th e  ionic-covalent resonance energy. On this basis a  re la tionsh ip  is found betw een th e  bond- 
s tre n g th  an d  the force constants.
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ZUR BERECHNUNG DER GITTERENERGIEN DER 
ERDALKALIDICARBIDE CaC2, SrC2, BaC2 UND DER 

DISSOZIATIONSENERGIE DES ACETYLIDIONS*

G. V i n e k ,  A. N e c k e l  u n d  H .  N o w o t n y

(In stitu t fü r  Physikalische Chemie der Universität Wien)

Eingegangen am 1. A ugust 1966

D issozia tionsenerg ien  von M olekülionen — beispielsw eise die D isso z ia 
tionsenerg ie  D  des A cety lid ions , e n tsp re c h e n d  d e r G leichung

CT(g) =  2  C~(g), ( 1 )

können  aus den  G itte ren e rg ien  der K ris ta lle  u n d  experim en te ll zugän g lich en  
th e rm o d y n am isch en  D a te n  m it H ilfe von  K re isp ro zessen  b e rech n e t w erd en .

V o rau sse tzu n g  h ie rfü r  is t die K e n n tn is  eines verläß lichen  W ertes  fü r  die 
G itte renerg ie  Ua, die n ach  M .  B o r n  u n d  J .  E . M a y e r  [ 1 ]  a d d itiv  d u rc h  B e 
rech n u n g  der e inzelnen  m aßgeblichen  B e iträg e , näm lich  der e le k tro s ta tisc h e n  
A nziehungsenerg ie U d er A h stoßungsenerg ie  UR, der v an  d e r  W aa ls- 
E nerg ie  U  d u n d  d e r N u llp u n k tsen erg ie  Uz

U„ = U M - U R +  U D - U Z (2 )

e rh a lte n  w erden  k an n .

1. Berechnung der elektrostatischen Anziehungsenergie UM

D en H a u p tb e itra g  zu r G itte renerg ie  lie fe r t d e r e lek tro s ta tisch e  A n z ie 
h u n g ste rm  U m , die so g en an n te  M adelungenerg ie. E s  is t d ah er w ich tig , ge rad e  
diesen A n te il m ög lich st genau  zu erfassen . F ü r  k o m p lex e  Io n en  (M olekülionen) 
is t  jed o ch  die üb licherw eise  getroffene A n n a h m e , d aß  das Io n  d u rc h  e i n e  
pu n k tfö rm ig e  L a d u n g  e rse tz t w erden k a n n , s icher n u r  eine sehr grobe N ä h e ru n g . 
In  frü h eren  A rb e iten  [2, 3] ko n n te  gezeigt w erd en , d aß  m an zu e iner w esen tli
chen  V erfe in eru n g  g e lan g t, w enn m an  die rea le  L ad u n g sv erte ilu n g  des Io n s  
d u rch  ein S y stem  v o n  P u n k tla d u n g e n  e rse tz t  u n d  dessen P o te n tia l d u rc h  eine 
M u ltip o len tw ick lu n g  d a rs te llt.

* V orgetragen anläßlich der »Conference on some A spects of Physical Chemistry« am 27. 
April 1966 in B udapest.
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D ie M adelungenerg ie  w ird  üb licherw eise  in  der Form

U A
’■Nl

(»)

g esch rieb en ; w orin
é0 =  E le m e n ta rla d u n g ,
z =  k le in ste  im  G itte r  v o rk o m m en d e  Io n en w ertig k e it,
N l =  L o sch m id t-Z ah l, 
a =  G itte rp a ra m e te r  und
M a =  M ad e lu n g k o n stan te , bezogen a u f  den  G itte rp a ra m e te r  a b ed e u te n . 
N ach  der frü h e r besch riebenen  M ethode [2] k an n  die M ad e lu n g k o n stan te  

M a fü r  die G itte r  d e r E rd a lk a lid ic a rb id e  CaC2, SrC2 und  BaC2 (R a u m g ru p p e  
Dl!,) als F u n k tio n  des h a lb en  C —C -A bstandes d d a rg es te llt w erden . M an e rh ä lt 
fü r  M a fo lgenden  A u sd ru ck :

M n =  A n A , 2 , ( d
+  ^4

l a

d
a

+ (4)

a = ---- (/2 ;  a /2: k le in s te r  A b stan d  der S ch w erp u n k te  von A nion u n d  K a tio n .

D ie K oeffiz ien ten  A 0 bis A 6 fü r  CaC2, SrC«, u n d  BaC, sind  in  T a b . I  ange- 
d

g eb en . D a das V e rh ä ltn is  —  fü r die b e tra c h te te n  V erb indungen  e tw a  0,15
a

b e tr ä g t ,  gen ü g t die B erü ck sich tig u n g  w en ig er G lieder der E n tw ic k lu n g . F ü r  
v e rsch w in d en d es  d g eh t d er A u sd ru ck  (4) in  die K o n s ta n te  A 0 ü b e r, die dem  
W e r t  d e r  M ad e lu n g k o n stan te  p u n k tfö rm ig e r  Io n en  en tsp rich t.

Tabelle I

Koeffizienten zur Berechnung der Madelungkonstanten M a fü r  CaC2, SrC2 und BaC2*

S u b 
s t a n z a (A ) c (Â  ) d (A) c/a ■4, A Ai A

CaC2 3,875 6,37 0,5955 1,6438942 2,375800 -1,932934 13,19319 35,94263

SrC2 4,108 6 , 6 8 0,5955 1,6259804 2,381052 — 1,827774 13,82184 36,78469

BaC2 4,398 7,06 0,5955 1,6052006 2,387522 -1,698049 14,59153 37,76199

* vgl. hierzu auch [2]

U m  auch  fü r  an d ere  V e rtre te r  des CaC2-T yps die M ad e lu n g k o n stan te  
ra s c h  e rm itte ln  zu k ö n n en , w u rd en  die K o effiz ien ten  A 0, A 2, A i u n d  A s fü r

c
v e rsch ied en e  A chsen v erh ä ltn isse , b eg in n en d  m i t — =  1/2 (kub isch  fläch en zen -

a
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tr ie r te s  G itte r) in  A b stän d en  von  J/2 /ЮО b i s — =  2,644579 b e rech n e t u n d  in
a

T ab . I I  zusam m en g este llt. F ü r  A ch sen v erh ä ltn isse , die in der T ab . 2 n ic h t 
e n th a lte n  sind, k ö n n en  die zugehörigen  K o effiz ien ten  durch  In te rp o la tio n  
b e s tim m t w erden , w ofür sich beispielsw eise die NEWTONsche In te rp o la tio n s 
form el [4] gu t e ig n e t.

2. Berechnung der van der W aals-E nergie U D 
und der N ullpunktsenergie U z

F ü r die v a n  d e r  W aals-E n erg ie  der K ris ta lle  w urde n äherungsw eise  
n u r  der Dipol — D ipo l-B eitrag

U D =  ^  к ctJ +  s ;  î â ± î l i \  =  N l (5)
a 6 I 2  J a°

b erü ck sich tig t.
Die G itte rsu m m en  Se u n d  S 6 w urden  d u rc h  d irek te  S u m m ation  m it 

H ilfe einer e lek tro n isch en  R echenm asch ine  e rm itte l t .  Die K oeffiz ien ten  c,j 
sind  nach  F . L o n d o n  [ 5 ,  6 ]  gegeben du rch

2  £ ,  +  S j
( 6 )

w orin  e,- und  ej c h a rak te ris tisch e  E n erg iew erte , ос,- u n d  oey die P o la ris ie rb a rk e iten  
d er T eilchen i u n d  у bed eu ten .

E ine an d ere  B eziehung fü r  die W ech se lw irk u n g sk o n stan te  c,y is t von
J .  C. S l a t e r  u n d  J .  G. K i r k w o o d  [7] ab g e le ite t w orden

c4 =  —  eÜ K«0
а,- а ,

1 ~n,

(7)

a0 =  erster  BoH Rscher R ad iu s,
n,-, rij — e ffek tiv e  A nzahl d er E le k tro n e n  in  d e r äu ß ers ten  Schale.
Die P o la ris ie rb a rk e it а k an n  bei K en n tn is  des B rechungsindex  n aus d e r 

M olrefrak tion  b e s tim m t w erden.
Als einzigen H inw eis au f den  B rech u n g sin d ex  von  CaC2 (M odifikation  I) 

f in d e t m an in d er L ite ra tu r  [8 ] die A ngabe v o n  n >  1,75. Um  eine obere  
S ch ranke  fü r n zu  e rh a lte n , w urde d er B rech u n g sin d ex  von CaC2 (M odif. I) 
n ach  der Im m ersio n sm eth o d e  b e s tim m t. Als Im m ersionsflü ssigkeit w u rd e
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Tabelle I I

K oeffizienten zur Berechnung der Madelungkonstante M a eines Gitters vom CaC2-Typ fü r  verschiedene
Achsenverhältnisse c/a

c/o 1 A, A, A. A.

1,414213 2,471432 0,000000 24,23462 46,50815

1,428355 2,463373 -0 ,164486 23,32696 45,87008

1,442497 2,455659 -0 ,321623 22,45575 45,23493

1,456639 2,448276 —0,471750 21,61932 44,60033

1,470782 2,441211 -0 ,615193 20,81613 43,96449

1,484924 2,434450 -0 ,752257 20,04470 43,32632

1,499066 2,427979 -0 ,883238 19,30366 42,68495

1,513208 2,421787 -1 ,008412 18,59170 42,03987

1,527350 2,415861 -1 ,128042 17,90761 41,39096

1,541492 2,410191 -1 ,242382 17,25021 40,73830

1,555634 2,404764 — 1,351672 16,61841 40,08213

1,569777 2,399572 -1 ,456139 16,01117 39,42287

1,583919 2,394602 -1 ,556001 15,42750 38,76112

1,598061 2,389848 -1 ,651465 14,86646 38,09750

1,612203 2,385299 — 1,742728 14,32714 37,43267

1,626345 2,380945 — 1,829978 13,80871 36,76747

1,640487 2,376780 -1 ,913396 13,31033 36,10264

1,654629 2,372798 -1 ,993153 12,83123 35,43898

1,668772 2,368980 -2 ,069408 12,37067 34,77733

1,682914 2,365331 -2 ,142321 11,92794 34,11849

1,697056 2,361840 —2,212040 11,502^4 33,46326

1,711198 2,358499 -2 ,278705 11,09323 32,81234

1,725340 2,355303 -2 ,342453 10,69997 32,16646

1,739482 2,352244 -2 ,403411 10,32198 31,52641

1,753624 2,349318 -2 ,461704 9,958654 30,89279

1,767766 2,346519 -2 ,517449 9,609455 30,26620

1,781909 2,343841 -2 ,5 7 0 7 5 9 9,273845 29,64721

1,796051 2,341278 -2 ,621741 8,951302 29,03642

1,810193 2,338826 -2 ,6 7 0 4 9 6 8,641349 28,43427

1,824335 2,336481 2,717122 8,343503 27,84122

1,838477 2,334237 -2 ,761715 8,057302 27,25768

1,852619 2,332089 -2,804363 7,782308 26,68398

1,866761 2,330035 -2 ,845152 7,518095 26,12051

1,880904 2,328071 -2 ,884161 7,264269 25,56748

1,895046 2,326190 -2 ,921471 7,020420 25,02517

1,909188 2,324391 -2 ,9 5 7 1 5 4 6,799679 24,49377
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c/a A" At л  , Л

1,923330 2,322671 -2,991283 6,561183 23,97343
1,937472 2,321024 -3,023924 6,345073 23,46431
1,951614 2,319449 -3,055144 6,137523 22,96655
1,965756 2,317942 — 3,085006 5,938197 22,48016
1,979898 2,316501 -3,113567 5,746788 22,00522
1,994041 2,315122 -3,140884 5,562981 21,54175
2,008183 2,313803 -3,167012 5,386498 21,08973
2,022325 2,312540 -3,192004 5,217057 20,64915
2,036467 2,311333 -3,215908 5,054380 20,21994
2,050609 2,310178 -3,238772 4,898210 19,80205
2,064751 2,309074 -3,260641 4,748303 19,39538
2,078893 2,308016 -3,281559 4,604407 18,99983
2,093036 2,307005 3,301566 4,466295 18,61529
2,107178 2,306039 -3,314943 4,333737 18,24163
2,121320 2,305113 -3,339009 4,206525 17,87729
2,135462 2,304227 -3,356518 4,084448 17,52632
2,149604 2,303381 -3,373266 3,967301 17,18439
2,163746 2,302570 -3,389286 3,854897 16,85266
2,177888 2,301795 -3,404608 3,747051 16,53100
2,192031 2,301055 -3,419265 3,643578 16,21922
2,206173 2,300345 -3,433285 3,544312 15,91711
2,220315 2,299667 -3,446695 3,449084 15,62448
2,234457 2,299018 -3,459522 3,357737 15,34114
2,248599 2,298397 -3,471792 3,270115 15,06688
2,262741 2,297804 -3,483528 3,186073 14,80149
2,276883 2,297236 -3,494753 3,105464 14,54477
2,291025 2,296669 -3,505491 3,028160 14,29650
2,305168 2,296172 -3,515762 2,954024 14,05647
2,319310 2,295675 -3,525589 2,882930 13,82450
2,333452 2,295199 -3,534986 2,814756 13,60036
2,347594 2,294744 -3,543975 2,749388 13,38383
2,361736 2,294309 —3,552573 2,686709 13,17474
2,375878 2,293893 -3,560799 2,626616 12,97285
2,390020 2,293495 —3,568666 2,569003 12,77798
2,404163 2,293114 -3,576192 2,513767 12,58992
2,418305 2,292749 -3,583390 2,460820 12,40847
2,432447 2,292400 -3,590275 2,410060 12,23346
2,446589 2,292067 -3,596863 2,361406 12,06465
2,460731 2,291748 -3,603163 2,314768 11,90192

Ada Chimica Academiae Scientiarum Hungaricae 51, 1967

»



198 V I N E K ,  N E C K E L ,  N O W O T N Y :  G I T T E R E N E R G I E N  D E R  E R D A L K A L I D I C A R B I D E

cja A A л 4 А

2,474873 2,291443 — 3,609189 2,270066 11,74503
2,489015 2,291151 -3 ,614954 2,227221 11,59381

2,503158 2,290871 —3,620468 2,186160 11,44812

2,517300 2,290604 -3 ,625742 2,146805 11,30772
2,531442 2,290349 — 3,630788 2,109091 11,17249
2,545584 2,290104 — 3,635613 2,072951 11,04223

2,559726 2,289871 -3 ,640230 2,038318 10,91681
2,573868 2,289647 — 3,644646 2,005130 10,79604

2,588010 2,289433 -3 ,648870 1,973331 10,67979
2,602152 2,289229 -3 ,652910 1,942863 10,56789
2,616295 2,289033 — 3,656774 1,913669 10,46021

2,630437 2,288846 — 3,660471 1,885699 10,35659

2,644579 2,288667 — 3,664008 1,858902 10,25690

MERWiNsche L ösung  [9] v e rw e n d e t, d e ren  B rech u n g sin d ex  (n D =  1,868) 
d u rc h  A uflösen  von A sB r3, Sb2S3 u n d  A s4S4 noch  e rh ö h t w erden  k o n n te . H ierbei 
ze ig te  sich , d aß  die Z ugabe von  A sB r3 zw ar den  B rech u n g sin d ex  e rn ied rig t, 
je d o c h  eine größere L öslich k e it von  S b 2S3 u n d  A s4S4 bew irk t, so d aß  a u f  diese 
W eise F lü ssig k e iten  m it e iner B rech zah l b is zu n =  1,94 e rh a lte n  w erden  
k o n n te n . D a CaC2 ü b e rau s  hyg ro sk o p isch  ist*  u n d  keine großen  K ris ta llite  der 
M o d ifik a tio n  I e rh a lte n  w erden  k o n n te n , g e s ta lte te  sich die B estim m u n g  von n 
ü b e ra u s  schw ierig. S elbst bei o ftm alig er W iederho lung  des V ersuches k o n n te n  
je d o c h  keine K ris ta lle  m it einem  h ö h eren  B rech u n g sin d ex  als n =  1,91 gefun 
d en  w erd en , so d aß  d ieser W ert als M ax im alw ert des B rech u n g sin d ex  der 
M o d ifik a tio n  I angesehen  w erden  k a n n .

A us dem  B rech u n g sin d ex  von  CaC2 u n d  der b e k a n n te n  P o la ris ie rb a rk e it 
des C a-Ions w urde die E le k tro n e n -P o la r is ie rb a rk e it a c = des A ce ty lid ions e r 
m it te l t  (T ab . I I I ) .

D a das A ce ty lid ion  m it dem  N 2-M olekül isoe lek tron isch  is t , lieg t die 
A n n a h m e  nahe , b e id en  T eilchen  gleiche e ffek tiv e  E lek tro n en zah len  n i zu zu 
sch re ib en , so daß  n ach  (7) a n n ä h e rn d  die B eziehung

c c 7  - С г  

cn 2~n1
g ilt.

* Alle U ntersuchungen wurden in einem m it getrocknetem  N2 gespülten H an tierkasten  
vorgenom m sn.
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Tabelle I I I

Van der Waals-Energien der Erdalkalidicarbide sowie zu deren Berechnung nötige Zwischenergebnisse

CaC, SrC, B.C,

ocKat (10-** cm 3) 1,1 ,0) 1,6 ,0) 2,5 •»)

a An (10-** cm 3) 4,315 4,654 4,980

eKat (1°~ 11 erg) 1,322 1,769 2,069

f An (10-11 erg) 2,969 2,858 2,764

'K at-K at ( 10~ 60 erg cm6) 12 l l ) 34 ” ) 97 »)

cAn-An (10“ 6° erg cm6) 414,6 464,4 514,1

cKat-An (IO“ 60 erg cm 6) 65,14 122,1 221,0

C (1 0 -60 erg cm 6) 629,9 991,9 1624

^r.,a 41,9998 42,5196 43,1695

S’c.a 10,7968 11,0190 11,2881

U D (kcal M o l 1) 21,42 23,75 25,83

D er K o effiz ien t cNa_дг2 w u rd e  aus d en  von  E . A. M a s o n  u n d  W . E . 
R i c e  [ 1 2 ]  angegebenen  P a ra m e te rn  fü r  ein  m odifiz iertes B u ck in g h am  ( 6 - e x p )  

P o te n tia l  berech n e t.

c Ni!_ N2 =  108 • 1 0  00 erg  cm ',

ocN2 =  17,6 • 1 0 ~ 25 cm 3.

E in se tzen  v o n  Cc” _ c f  u n d  же” in  (6 ) e r la u b t die E rm itt lu n g  von 
von  £c“ * In  gleicher W eise k an n  m it H ilfe des L ite ra tu rw e rte s  [11] v o n  Cçÿ_cà+ 
die ch a ra k te ris tisch e  E nerg ie  ec!a+ e rh a lte n  w erden . Die K e n n tn is  von  ecà+ 
u n d  e c ” g e s ta t te t  n u n  Ccä+-C “ n a c h  (6 ) zu b erech n en .

F ü r  die B erech n u n g  d er v a n  d er W aals-E n erg ien  von  SrC 2 u n d  BaC2 

w urde  angenom m en , d aß  sich die W e rte  fü r  cc "_ c ” in  der R eihe  CaC2, SrC2 und 
B aC 2 in  g le ic h e rw e is e  än d ern , w ie die K oeffiz ien ten  с Anion-Anion d e r E rd a l
ka lid iox ide  und  -su lfide [1 1 ].

T ab . I I I .  zeig t die v an  d e r W aa ls-E n erg ien  der E rd a lk a lid ic a rb id e  sowie 
die w ich tig sten  bei ih re r B erech n u n g  a u ftre te n d e n  Z w ischenergebnisse .

D ie N u llp u n k tsen erg ie  w u rd e  n ach  d er G leichung

U z =  ^ R 0  (9)
4

b e rech n e t, w obei 0  die c h a ra k te ris tisch e  T e m p e ra tu r  b e d e u te t. D er W ert von 
0  fü r  CaC2 w urde aus D a ten  fü r  die M olw ärm en [14] bei tie fen  T e m p e ra tu ren  
e rm itte lt . Die 0 - W erte  fü r SrC2 u n d  BaC 2 w u rd en  in A n lehnung  an  d ie V e rh ä lt-

fi Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



2 0 0 Y I N E K ,  N E C K E L ,  N O W O T N Y :  G I T T E R E N E R G I E N  D E R  E R D A L K A L I D I C A R B I D E

nisse b e i d en  E rd a lk a lio x id en  g esch ä tz t. Die a u f  diese W eise e rh a lten en  N u ll
p u n k tse n e rg ie n  sind in  T a b . IV  w iedergegeben.

Tabelle IV

Nullpunktsenergien von CaC2, SrC2 und BaC2

S u b s t a n z 0  (° K ) U 2 ( k c a l /M o l)

CaC, 300 1,3

SrC2 230 1,0

BaC2 2 0 0 0,9

3. B erechnung der Abstoßungsenergien

F ü r  ein te trag o n a les  K r is ta l lg i t te r  k a n n  die A bstoßungsenerg ie  in d er
F o rm

(101UR =  4 B a ex p e ± n +  2 B c ex p  I — g —

d a rg e s te l l t  w erden. D a die K o m p re ss ib ilitä te n  d e r E rd a lk a lid ica rb id e  o ffen b ar 
n ic h t  b e k a n n t sind, w u rd e  f ü r  den  A b sto ß u n g sex p o n en ten  g  der v o n  M. L. 
H u g g i n s  und  Y. Sa k a m o t o  [11]  fü r  die E rd a lk a lio x id e  u n d  -sulfide gew ählte  
W e r t  g  =  2,5 ( A - 1) b e n ü tz t .  D iese A nnahm e w ird  d u rch  die w eitgehende 
M isc h b a rk e it von CaC2u n d  C aS  [15] nahegeleg t, au s  d e r a u f  ähn liche A b s to ß u n g s
k rä f te  in  diesen beiden  V e rb in d u n g e n  geschlossen w erden  k an n .

U m  die K oeffiz ien ten  B a u n d  B c zu b e s tim m e n , b ed ien t m an  sich der 
G le ich g ew ich tsbed ingungen

8 U  (a, c, d)
da

( H )
c , d
a=a0

ЭU (a, c, d) 
8 c

=  0  . ( 12)
la, d 

C = C 0

B ei d e r  D ifferen tia tion  v o n  U  (a, c, d) is t jed o ch  zu  b e rü ck sich tig en , d a ß  im

v o rlie g e n d e n  Falle die M ad e lu n g k o n s ta n te  eine F u n k tio n  von 

A b h ä n g ig k e it an a ly tisch  d a rs te lle n  zu können , w u rd e n  die K oeffiz ien ten  A n

— |is t. U m  diese 
a
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im Bereich von 1,57 <  —  <  1,70 durch Ausgleichspolynome der Form A n =
a

I a Y
=  A n0 -j- A nA — wiedergegeben (Tab.V). Die c-Abhängigkeit der in den van

der Waals-Energien auftretenden Gittersummen S6 und S'№ wurde bei der 
Differentiation vernachlässigt.

U (а, с, d) kann in folgender Form geschrieben werden:

Die Bedingungen (11) und (12) führen zu
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N ach  E insetzen  v o n  (1 4 a , b) in  (10) e rh ä lt  m an

i/ * = y M 6t/ D + - ^ ^ 6
n gerade

(n +  1) A n0 +  (re — 3) A ni I 

d \"1

l a
4

Ld
\ c \ а

TT n=6

м а п— 0 l  я
n gerade

( 15)

D ie a u f  diese W eise b e re c h n e te n  A bstoßungsenerg ien , die zweifellos m it einer 
g rö ß e re n  U nsicherheit b e h a f te t  sind  als die a n d e re n  E n erg ieb e iträg e , sind  in 
T a b . V I angegeben. In  d ie se r  T abelle  sind auch  d ie  W erte  fü r  die G itte re n e r
g ien  zusam m engeste llt.

Tabelle VI

Gitterenergien von CaC2, SrC2 und BaC2

E n e r g i e b e i t r a g C a C 2 S r C t B a C ,

UM (kcal/Mol) 800,95 759,05 712,77

UD (kcal/Mol) 21,42 23,75 24,83

— Uff (kcal/Mol) -1 2 7 ,8 -1 1 7 ,7 — 106,3

-  Uz  (kcal/Mol) -  1,3 1,0 0,9

U (kcal/Mol) 693,3 664,1 630,4

4. B erechnung der D issoziationsenergie D  des A cetylidions

R ech n e t m an die G itte re n e rg ie  au f die T e m p e ra tu r  298°K  um  u n d  kom 
b in ie r t  m an  diesen W e rt m it  d er B ildungsw ärm e А H  des E rd a lk a lid ica rb id s  
sow ie m it der Io n is ie ru n g sen erg ie  I  und  der S u b lim a tio n sw ärm e  S(Me) des 
E rd a lk a lim e ta lls  in fo lg en d em  K reisprozeß

A H
Me (s) 2C (G ra p h it) ----------- >- MeC^ (s)

298

- u 0 -  f [ 6 R - C p (s)]dT
0“

I 'C 2= ( g ) - 2 e -

Me ( g ) ------------------------------ -- Me2+ (g) +  2 e -

S (Me)
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so e rh ä lt m an
2 9 8

X  =  U 0 +  [ [ 6  R -C p ( s ) ]  dT  +  A l l — S(Me) — I 
о

die B ildungsw ärm e X  von C2 (g) aus 2 C (G ra p h it)  und  2 E le k tro n e n . D ie a u f  
298 °K  bezogenen E n th a lp ie b e trä g e  d e r e in ze ln en  S ch ritte  dieses K reisp rozesses 
s in d  in T ah . V II  an g efü h rt.

Tabelle VII

1 Ca Sr Ba

2̂98 (kcal/Mol) 695,7 666,3 632,6
s (kcal/Mol) 42,2 16 39,1 10 41,7 16
I (kcal/Mol) 414,8 17 385,7 17 350,9 17
/1 H (kcal/Mol) 15,0 18 -  20,2 19 -  19,5 19
X (kcal/Mol) 223,7 221,3 220,5

Aus einem  w eite ren  K reisp rozeß , d u rc h  den  die B ildungsw ärm e X  m it 
d e r  S u b lim atio n sw ärm e von G ra p h it S(C) u n d  d er E le k tro n e n a ffin itä t E (C ~) 
des C-Atoms v e rk n ü p f t w erden, k a n n  die D issoziationsenerg ie  D des C o
lo n s  in zwei -Io n e n  abgele ite t w erden .

2S(C)
2 C (G rap h it)  ■— —-----► 2 C (g)

+  2 e -  

X

C 2= ( g ) D

+  2 e

2E(C)

2 C -(g )

W ä h lt m an fü r X  d en  sich aus den  E rd a lk a lid ic a rb id e n  e rgebenden  M itte lw ert 
X  =  222 kcal/M ol, so e rh ä lt m an m it S(C) =  170 kcal/M ol [18] u n d  E(C) =  26 
kcal/M ol20 fü r  die D issoziationsenerg ie  D =  6 6  kcal/M ol.

W ie aus dem  b e tra c h te ten  B eispiel zu  e rsehen  is t, h a t die vorgesch lagene 
M ethodik  zur B erech n u n g  der G itte re n e rg ien  von  K ris ta llen  m it k om plexen  
Io n en  die M öglichkeit eröffnet, D issoz ia tionsenerg ien  von M olekülionen  zu 
berechnen  und d a m it  einen E inb lick  in  d e ren  B in d u n g sv e rh ä ltn isse  zu gew in
nen .

.■icla Chimica Academiae Scientiarum IJungaricae 51, 1.9677
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ZUSAMMENFASSUNG

Die G itterenergien von G aC j, SrC2 und BaC2 w erden u n te r Berücksichtigung d e r n ich t 
sphärischen  L adungsverteilung des Acetylidions berechnet. Aus diesen D aten w erden die 
B ildungsw ärm e des C2 -Ions

2 C (G raphit) +  2 e =  C= (g), X  =  220 kcal/Mol 

und  die Dissoziationsenergie

Cs= (g) =  2 C _ (g) D =  66 kcal/Mol

e rm itte lt.
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ESTIMATION OF ENTROPY AND HEAT OF 
FORMATION OF FREE RADICALS, I.

STATISTICAL THERM ODYNAM IC CALCULATION O F E N T R O PIE S  

S. F ö r g e t e g  and T . B é r c e s

(  Reaction Kinetical Research Group o f  the Hungarian Academy o f  Sciences, Szeged) 

Received May 19, 1966

R eliab le know ledge of th e rm o d y n a m ic  p ro p e rtie s  o f rad ica ls  w ould 
fa c ilita te  th e  in v e s tig a tio n  o f re a c tio n s  p roceed ing  v ia  free rad ica ls . H ow ever, 
h e a t o f fo rm atio n  va lu es  from  k in e tic  an d  e lec tro n  im p a c t sources are  often 
ra th e r  d o u b tfu l. N o se lf-co n sis ten t re su lts  a re  av a ilab le  even  fo r th e  alkyl 
rad ica ls . E n tro p ie s , a p a r t  from  th e  sim plest cases, a re  e n tire ly  lack in g . U nder 
th e se  c ircum stances i t  is rea so n ab le  an d  desirab le  to  consider th e  possibdities 
o f e s tim a tin g  free rad ica l p ro p e rtie s . To begin  w ith , en tro p ie s  w ere ca lcu la ted  
b y  s ta tis tic a l th e rm o d y n a m ic  m eth o d s  based  on m o lecu la r d a ta  for certa in  
sim ple free rad ica ls  o f w hich n o t  m ore  th a n  ro u g h  e s tim a tio n s  a re  availab le  in 
th e  lite ra tu re .

T h e  ca lcu la tion  o f en tro p ies  o f  sim ple p o ly a to m ic  m olecules has been w ork
ed o u t in  d e ta il (see e.g. [1], [2 ], [3], [4]). T hese m e th o d s can  be applied  to  
free rad ica ls p ro v id ed  th a t  d a ta  on s tru c tu re , frequenc ies , b a rr ie r  of in te rn a l 
ro ta tio n s , etc. are  ava ilab le .

T he basic  e q u a tio n  fo r s ta t is t ic a l  e n tro p y  c a lcu la tio n  is

W , i.e. th e rm o d y n am ic  m u ltip lic ity , can  be  a p p ro x im a te ly  sep a ra te d  in to  a 
p ro d u c t of co n tr ib u tio n s  due  to  d ifferen t degrees o f  freedom . T herefore, 
e n tro p y  is sep arab le  in to  a sum  o f tra n s la tio n a l, ro ta tio n a l, e tc . co n trib u tio n s:

N eglecting  th e  n u c lea r sp in  c o n tr ib u tio n  an d  ta k in g  th e  e lec tro n ic  en tro p y  
eq u a l to  R  In 2 (th e  c o n tr ib u tio n  o f th e  u n p a ire d  e lec tro n , assu m in g  doub le t 
g ro u n d  s ta te  for th e  a to m  c a rry in g  th is  e lec tron ), th e  e n tro p y  becom es calcu la
ble by  m eans o f know n  fo rm u lae :

Method of calculation

S  =  k  InW . ( 1 )

( 2 )
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T h e  SACKUR-Tetrode e q u a tio n  for th e  tra n sla tio n a l en trop y  is

^ t r a n s .  ^
3  5 1

y l n i W +  V l n T I n P -  2.298 ( 3 )

w h ere  R,  M,  T  and P  den o te  th e  gas c o n s ta n t (in cal/m ol. degree), th e  m olecular 
w e ig h t (in  gram s), th e  te m p e ra tu re  (in  °K) an d  th e  gas p ressu re  (in a tm ospheres) 
re sp e c tiv e ly .

T re a tin g  each v ib ra tio n a l degree of freedom , in  a f ir s t  ap p ro x im a tio n , as a 
s im p le  h arm on ic-oscilla to r, th e  v ib ra tio n a l en tro p y  is g iven  b y  th e  expression

-’ v i b . R
-  1

l n ( l (4)

in  w h ic h  Xj depends on th e  w a v e  n u m b er, v,-, o f th e  i- th  fu n d a m e n ta l freq u en cy  
(e x p re sse d  in  cm “ 1):

1.4384 V,-
(5)

E q u a tio n  (6 ) gives th e  ro ta t io n a l  en tro p y  fo r a n o n lin ea r po lyatom ic  
s y s te m  tr e a te d  as a rig id  r o ta to r .  I x, I y and  I z den o te  th e  p rin c ip ia l m o m en ts  of 
in e r t ia  (in  g-m ole. Â2), w hile a d esigna tes th e  e x te rn a l sy m m e try  n u m b er. The 
l a t t e r  is defined  as th e  n u m b e r  of in d is tin g u ish ab le  po sitio n s in to  w hich th e  
m o lecu le  or rad ical can be tu r n e d  by  sim ple rig id  ro ta tio n s .

R —  In  T  +  —  ln  ( Ix I y L )  -  In a
2 2

5.38 (6 )

T h e  p r i n c i p a l  m o m e n t s  o f  i n e r t i a  w e r e  e s t i m a t e d  b y  H i r s c h f e l d e r ’ s  m e t h o d  

[5 ].
E n tro p y  con trib u tio n s o f  free in te rn a l ro ta tio n s  can be exp ressed  b y  

m e a n s  o f  th e  adequate  p a r t i t io n  fun c tio n s:

*^int.  r o t . , f r e e ln Qin t .  r o t . ,  f r e e (?

T h e  p a r t i t io n  function  for free ro ta t io n  of a group w ith  re sp ec t to  th e  ra d ic a  
as a w h o le  is:

л  ( 8 n 4 redkTyi>
V  i n t .  r o t . ,  f r e e

ПП

w h ere  n is th e  sym m etry  n u m b e r  o f th e  in te rn a l ro ta tio n  an d  I red th e  “ red u ced ”  
m o m e n t o f inertia . (C oncern ing  th e  ca lcu la tion  of th e  la t te r  see e.g. [4].) Con-
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t r ib u t io n  o f  r e s t r ic te d  in te r n a l  r o ta t io n  w as c a lc u la te d  fro m  th e  p a r t i t io n  
fu n c tio n  o f  fre e  r o ta t io n  a n d  th e  e n e rg y  b a r r ie r  h in d e r in g  free  r o ta t io n  w ith  
th e  a id  o f  P it z e r ’s ta b le s  [6 ].

Assumptions employed in the calculations.
Structure, bond distances and symmetry number

Id e n tic a l a ssu m p tio n s w ere m ade fo r rad ica ls  be longing  to  a ce rta in  
s tru c tu ra l ty p e . E x p la n a tio n s  fo r  these  a ssu m p tio n s  are  given below . Classi
f ica tio n  in to  ty p e s  w as to  som e e x te n t a rb itra ry  an d  w as based  exclusively  
upon  p rac tica l v iew poin ts.

a) CH.j type. A ssu m p tio n : P la n a r  co n fig u ra tio n  w ith  bond  ang les o f 120° 
fo r m e th y l, an d  isoelectron ic  d e u te ra te d  m e th y l rad ica ls .

P la n a r con fig u ra tio n  has b een  found  th e  en erg e tica lly  m o st fav o u rab le  
one for th e  m e th y l rad ica l [7]. A nalysis of th e  a b so rp tio n  sp e c tra  o f  C H 3 

(an d  CD3) rad ica ls  led  H e r z b e r g  to  th e  sam e conclusion  [8]. D e v ia tio n  from  
p la n a rity , 0  ( th e  angle  b e tw een  th e  p rin c ip a l sy m m e try  axis a n d  th e  bond 
d irec tion), does c e rta in ly  n o t exceed  10°. O n th e  basis o f th e  C13 h y p e rfin e  
sp littin g  0  <  5° h as  been su g g ested  [9]. (C oncern ing  p ro to n  h y p e rfin e  sp lit
t in g  and  conclusions d raw n  o f i t  see [1 0 ]).

b) CH2R,  С ЯК,  and CR3 types,  w here R d eno tes a lky l, s u b s ti tu te d  alky l 
o r u n sa tu ra te d  h y d ro ca rb o n  g roups. A ssu m p tio n : P la n a r  or “ e ffec tiv e ly ’'  
p la n a r con figu ra tion  for th e  e n v iro n m e n t o f th e  ce n tra l (u n p a ire d e lec tro n  
ca rry in g ) carbon  a to m ; bo n d  ang les 1 2 0 °.

In  W alsh ’s opin ion , m olecules, rad ica ls  o r ions ch a ra c te riz e d  b y  th e  
general fo rm ula  H 2AB, fu rth e rm o re  A B 3 (an d  B2AC), should  h a v e  p la n a r  
con fig u ra tio n  if  th e  n u m b er o f v a le n c y  elec trons is <[ 12 an d  <[ 24, re sp . [11]. 
L ikew ise, p la n a r con fig u ra tio n  is ex p ec ted  in  th e  en v iro n m en t of th e  cen tra l 
C -atom  of p rim a ry  a n d  seco n d ary  a lk y l rad ica ls .

A ccording to  B e n s o n , th e  s tru c tu re  su rro u n d in g  th e  tr iv a le n t c a rb o n  atom  
in th e  C H J2C H J rad ica l is p la n a r  [12]. I t  is on ly  th is  co n fig u ra tio n  th a t  s a tis 
fies th e  sy m m etry  req u irem en ts  re su ltin g  from  th e  p rinc ip le  o f m icroscopic  
rev e rs ib ility , an d  renders possib le  th e  e x p lan a tio n  o f th e  high exchange/iso - 
m eriza tion  ra tio  (found  in  th e  sy s te m  consisting  o f iod ine and  e ts - l ,2 -d iiodo- 
e thy lene). R eg ard in g  th e  p la n a r i ty  o f ce rta in  f lu o rin a te d  rad ica ls  b e lo n g in g  to  
th e  d iscussed ty p e s , see references [13] an d  [14].

D irec t ex p erim en ta l v e rif ic a tio n  of th e  co n fig u ra tio n  of th e  C R R ’R ”  
(o r C H R R ’) rad ica l m ay  be ca rried  o u t b y  o p tica l a c tiv ity  m easu rem en ts . I t 
has been show n [15] for in s ta n c e  th a t  th e  C R R ’R ”  g roup  o f th e  m olecule  
C H R R ’R ” does n o t p reserve  p y ra m id a l s tru c tu re  w hen co n v erted  in to  th e  free 
rad ica l, since ch lo rin a tio n  re su lts  in  racem ic p ro d u c t.
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F o r  certa in  rad ica ls , b e lo n g in g  to  th e  d iscussed  ty p es , n o n -p la n a r ity  in 
th e  e n v iro n m e n t of th e  c e n tra l  ca rb o n  a to m  m a y  b e  a re su lt o f  b u lk y  su b s ti
tu e n ts  o r  o f the  p resence o f  in te ra c tin g  h ig h ly  p o la r  g roups [16].

c) CH2X  and CH3C H Y  types,  w here X  =  O H , C II30  o r N H , an d  Y  =  
h a lo g e n  o r OH. A ssu m p tio n : B y  reason o f  th e  re la tio n sh ip  w ith  th e  ty p es  
d isc u sse d  u n d er b) ,  p la n a r  a rra n g e m e n t an d  b o n d  ang les of 1 2 0 ° w ere p resum ed  
fo r  th e  en v iro n m en t o f  th e  c e n tra l  atom .

d ) CH2(Hlg), CH(Hlg)2 and C(Hlg)3 types.  A ssu m p tio n : P y ra m id a l
s t r u c tu r e  and  bond  an g les  decreasing  in  th e  fo llow ing o rd e r: C H 2(H lg),
C H (H lg )2, C(Hlg)3. T he s y m m e try  num bers a n d  0  v a lues used  in  th e  ca lcu la 
t io n s  w ere  0  =  0 ° and  a — 1 fo r  m onohalides, 0  =  1 0 ° an d  a — 1 fo r d ihalides, 
0  =  19.5° and  a =  3 fo r tr ih a lid e s . (0  is a m easu re  o f  d ev ia tio n  from  p la n a r ity . 
T h e  sy m m e try  axis o f th e  h y p o th e tic a l p y ra m id  d esc rib ed  b y  th e  th re e  bonds 
a r b i t r a r i ly  regarded  as e q u a l , form s an ang le  w ith  an y  b o n d  w hich  is th e  
c o m p le m e n ta ry  angle o f  0 .  In  case o f th e  CC13 ra d ic a l for in s tan ce  0  is d irec tly  
e q u a l to  th e  angle b e tw een  th e  C—Cl bond a n d  th e  p lan e  p e rp e n d ic u la r  to  th e  
s y m m e try  axis.)

A ccord ing  to  W a l s h  [ 1 1 ]  p artic les of th e  fo rm u lae  H 2AB an d  A B 3 have  
p la n a r  shapes if  th e  n u m b e r  o f  va lency  e lec tro n s is 12 a n d  24, resp ec
t iv e ly .  I f  th is  is so, th e C H 2(H lg ) and  C(Hlg) 3 ra d ic a ls , h av in g  13 an d  25 v alency  
e le c tro n s , should h av e  p y ra m id a l  shapes.

O n  th e  basis of th e  iso to p e  fluorine h y p e rfin e  sp littin g  (E . S. R . spec trum ) 
0  v a lu e s  o f 17.8 and  12.7° h a v e  been suggested  fo r C F 3 an d  C H F 2, resp ec tiv e ly  
[14]. T h e  CH2F  rad ica l is n e a r ly  p lan a r; 0  <C 5°. D ev ia tio n  from  p la n a r i ty  in 
o th e r  h a lo m eth y l rad ica ls  sh o u ld  be sim ilar to  th e  flu o ro m eth y ls . T h e  lower 
e le c tro n e g a tiv ity , d ec reas in g  th e  s ch a ra c te r  o f  th e  u n p a ired  e lec tro n , an d  th e  
h ig h e r  s te ric  h in d ran ce  e x e r te d  by  th e  s u b s titu e n ts  in  th e  o th e r  ha lo g en a ted  
ra d ic a ls , re su lt in s tru c tu re s  s im ila r to  th o se  o f  th e  flu o ro m e th y l rad ica ls .

e) >  C =  CR and O =  CR types, w here R  d en o tes  a h y d ro g en  a to m  or an 
a lk y l  g ro u p . A ssu m p tio n : O n th e  basis o f  k n o w n  s tru c tu re s  fo r fo rm y l and  
v in y l  rad ica ls , bond  ang les o f  th e  cen tra l a to m  o f th e  d iscussed  ty p e s  m ay  he 
a p p ro x im a te d  b y  g en era lized  C = C  — R an d  О — C — R  angles.

C o n tra ry  to  th e  i£7r-e lec tro n  rad ica ls” , th e  u n p a ired  e lec trons in  form yl 
a n d  v in y l  occupy — to  th e  0 - th  ap p ro x im a tio n  — sp h y b rid  a o rb ita ls . (Such 
ra d ic a ls  are  called “ u -e le c tro n  rad ica ls” .)T he ex cep tio n a lly  la rg e  iso to p e  p ro 
to n  h y p e rfin e  sp littin g  o f  fo rm y l [17] and  th e  E S R  sp ec tru m  o f v in y l rad ical 
[18] s tro n g ly  su p p o rt th is  su p p o sitio n .

A ccord ing  to  th e  in te rp re ta t io n  of th e  a b so rp tio n  sp ec tru m , th e  valency  
a n g le  in  form yl ra d ic a l is a p p r . 120° [19] (see fu rth e rm o re  [20]).

C om parison o f th e  th e o re tic a lly  ex p ec ted  v a lu e  w ith  th e  ex p e rim en ta l 
oc-proton hyperfine s p li t t in g  show s th e  bond  an g le  o f  v in y l ra d ic a l to  be  betw een  
140° a n d  150° [18].
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f) C = C R  — CR2 type, w h ere  R  m a y  d en o te  a h y d ro g en  a to m  o r an 
a lk y l g roup . A ssu m p tio n : T he e n v iro n m e n t o f  th e  cen tra l c a rb o n  a to m  is 
p la n a r  w ith  b o n d  angles of 1 2 0 °.

T he a ssu m p tio n  seems to  h e  ju s tif ie d  on th eo re tica l g ro u n d s  [21]. The 
p la n a r  a rra n g e m en t is a consequence  o f  th e  en d eav o u r of th e  sy s te m  to w ard s  
en e rg y  m in im um . T he u n p a ired  e lec tro n  is one o f  <r-type in  th e  p a r e n t  m ole
cu le  an d  is co n v e rted  in to  a rr-ty p e  e lec tro n  in  th e  rad ica l a c q u ir in g  m obile 
c h a ra c te r . О О

g) RÓ type,  w here R signifies an  a lk y l, HC or R ’C ^  g ro u p . A ssu m p 
tio n : T he s tru c tu re  of these  ra d ic a ls  m ay  be considered id e n tic a l w ith  the 
a d e q u a te  p a re n t m olecules of w hich  th e  rad ica ls  arc fo rm ally  d e riv e d  b y  th e  
loss o f an  h y d ro g en  a tom . I t  is n o t  like ly  t h a t  th e  rem oval o f th is  a to m  should 
b r in g  ab o u t a s ign ifican t change o f th e  o rig in a l s tru c tu re .

h) JVR2 type,  w here R  s ta n d s  fo r h y d ro g en  a to m  or a lky l g ro u p . A ssu m p 
tio n : S tru c tu re s  o f th e  N R 2 g ro u p  in  th e  N R 2 rad ica l and  th e  H N R 2 m olecule 
a re  n ea rly  th e  sam e.

U niform  b o n d  leng th  and  b o u n d  ang le  va lu es  [3], [4] were u sed  th ro u g h o u t 
e x c e p t for th e  e n v iro n m en t of th e  a to m  fo rm ally  carry ing  th e  u n p a ire d  e lec tron . 
F ro m  ty p e  to  ty p e , d ifferen t a p p ro x im a tio n s  — discussed above — w ere  app lied  
to  e s tim a te  th e  b o n d  angles o f th e  c e n tra l a to m . F o r th e  re s t o f  th e  ra d ic a ls  th e  
s tru c tu re  w as supposed  to  be th e  sam e as in  th e  p a re n t m olecule. A  sy m m e try  
n u m b e r  d ire c tly  derivab le  from  th e  assum ed  s tru c tu re  w as u sed .

Vibrational frequencies and potential barriers hindering 
interna] rotation

F req u en c ies  of th e  rad ica l R  w ere d e riv ed  from  th e  fu n d a m e n ta l fre 
quencies of th e  p a re n t m olecule R H  b y  o m ittin g  th ree  o f th em  [22]. R e ly in g  on 
th e  frequency  assignm en ts g iven  in  th e  l i te ra tu re  (or lack ing  su ch  ass ig n m en ts  
d ep en d in g  on com parisons w ith  gen era lized  b o n d  frequencies), th e  follow ing 
th re e  frequencies w ere o m itte d : a)  fo r th e  ty p e  —CH2, 1 C H 3 s tre tc h in g  and 

2 d efo rm atio n  frequencies; b) fo r th e  \ C H  an d  =  CII ty p es 1 C H 2 s tre tc h in g  

a n d  2 CH 2 d e fo rm atio n  frequenc ies ; c)  fo r ^>C an d  ^)C ty p es  1 C H  s tre tc h in g  

a n d  2 CH d efo rm atio n  frequenc ies; d)  fo r th e  —N H  ty p e  1 N H , s tre tc h in g  and 
2 N H 2 d e fo rm atio n  frequencies; e)  fo r th e  — Ó ty p e  1 O H  s tre tc h in g , a n d  1 OH 
to rs io n  freq u en cy .

In  g enera l, th e  p o ten tia l b a r r ie r  h in d e rin g  in te rn a l ro ta tio n  in  free  ra d i
ca ls  h ad  to  be  ta k e n  as large as in  th e  p a re n t  m olecule [4], [23]. I n  so m e cases 
o th e r  m odels th a n  th e  p a re n t m olecules h a d  to  be relied  on. Sm all co rrec tions 
( 1 0 %  re d u c tio n  o f  th e  p o te n tia l b a rr ie r)  w ere m ade in  th e  cases w h e re  one of 
th e  atom s co n n ec ted  by  th e  ro ta t io n  ax is ca rr ied  th e  u n p a ired  e le c tro n .
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N o ca lcu la tion  w as m a d e  for en tro p y  c o n tr ib u tio n  of in te rn a l ro ta tio n  
a b o u t a ce rta in  b o n d  in  “ co n ju g a ted  ra d ic a ls”  (d e riv ab le  from  u n s a tu ra te d  
m olecu les by  th e  re m o v a l o f  a hydrogen  a to m  fro m  th e  а -position  to  th e  
d o u b le  bond). H igh  p o te n t ia l  ba rrie r p re v e n ts  th is  “ in te rn a l ro ta t io n ”  as a 
consequence  of e lec tro n  d elocalization . C o n tr ib u tio n  o f to rsion  oscillation  w as 
ca lc u la ted  for th is  deg ree  o f  freedom . The a p p ro p r ia te  va lues of b o th  b u ta d ie n e  
a n d  p ropene, b u ten e-1 , b u te n e -2  served to  e s tim a te  th e  frequency  to  be  ~  310 
c m - 1 . In  a sim ilar case E g g e r  and  B e n s o n  [24 ] e s tim a te  an  en tro p y  loss o f 
2.3  e. u, owing to  th e  s tiffe n in g  effect of th e  a lly lic  resonance  energy (cf. [2 7 ]).
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D iscussion of th e  re su lts

T he ca lcu la tions w ere  perfo rm ed  for 2 9 8 °K , th e  resu lts  given in  T ab les  
I —V I  refer to  th e  id e a l gas s ta te  and  1 a tm . p re ssu re . Beside p a r t- re su lts  
( tra n s la tio n a l, v ib ra tio n a l, etc. entropies), th e  p r in c ip a l m om ents of in e r tia  are  
also  in c lu d ed  in  th e  T ab le s . T h e  errors — a p a r t  f ro m  ce rta in  ex cep tional cases 
(see below ) — do n o t ex ceed  ^ 0 .5  e.u., d esp ite  th e  num ero u s ap p ro x im a tio n s  
w h ich  h ad  to  be used . P ro v id e d  the  assum ed s y m m e try  n u m b er is co rrec t, th e  
g re a te s t  e rro r arises fro m  th e  u n c e rta in ty  in  b o n d  angles of th e  a to m  c a rry in g  
th e  u n p a ired  e lec tron  a n d  fro m  th e  u n c e r ta in ty  o f  th e  energy b a rrie r  va lu es  
h in d e rin g  in te rn a l r o ta t io n .

Inaccu racies o f b o n d  angles influence th e  ro ta t io n a l  en tro p y  v a lue . T he 
e rro r  is g rea test fo r re la t iv e ly  sim ple rad ica ls . A s exam ples we discuss th e  
h a lo m e th y l rad ica ls w h e re  th e  angles v a ry  w ith in  w ide lim its.

I t  has been e s ta b lish e d  w ith  sufficient c e r ta in ty  th a t  th e  shapes o f ha lo - 
m e th y l rad icals are  p y ra m id a l. W hereas m o n o h a lid e  rad ica ls  h a rd ly  d e v ia te  
fro m  p la n a rity , b o n d  ang les o f  tr ih a lo m eth y l ra d ic a ls  ap p ro ach  th e  te tra h e d r ic  
lim itin g  value; th e  d ih a lid e  rad ica ls  occupy in te rm e d ia te  position . A ccord ingly , 
d iffe re n t s tru c tu re s  w ere assu m ed  for th e  CH 2( I l lg )  (<r =  1 ,0  =  0°, =  120°),
th e  C H (H lg), (cr = 1 , 0  10°, <£ =  117°) a n d  fo r th e  C(H lg )3 (a =  3, 0  =
=  19.5°, <£ =  109.5°) ra d ic a ls . In  Table V II , c a lc u la te d  ro ta tio n a l en tro p ies  
b ased  on th e  afo resaid  s tru c tu re s  are com pared  w ith  th o se  corresponding  to  th e  
p la n a r  (0  =  0°) an d  th e  te tra h e d ra l (0  =  19.5°) ex trem e  cases. T he co rrec t 
v a lu es  lie necessarily  b e tw e e n  (S ro t . ,  t e t rahed ra l)  a n d  ( S rot „  planar +  ß  h  2 ) 
p ro v id e d  th a t  th e  ra d ic a ls  are  n o t s tr ic tly  p la n a r . C onsequen tly , accord ing  to  
T ab le  V II  i t  follows t h a t  th e  error of th e  c a lc u la te d  ro ta tio n a l en tro p ies  is 
ro u g h ly  0.5 e.u.

A n u n c e r ta in ty  o f  1000 cal/m ol in th e  e s tim a tio n  of th e  energy b a rr ie r  
h in d e rin g  in te rn a l r o ta t io n  m a y  in troduce  — u n d e r  th e  circum stances d is 
cussed  — an e rro r o f  a p p r . 0.5 e. u. The en e rg y  b a r r ie r  of a ce rta in  in te rn a l 
r o ta t io n  in a rad ica l a n d  i ts  p a re n t m olecule m a y  h a rd ly  differ s ig n ifican tly  if
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Table I
Calculated entropies o f  mono substituted methyl radicals

Radical 103' • I, 
(g.cm2)

103» • I, 
(g.cm*)

103» • I3
(g.cm*) t̂rana. r̂ot. înt. rot. v̂ib. ■̂ total S  ( RH )*

c h 2d 0.287 0.480 0.768 34.26 13.34 — 0.11 49.11 50.27

c h 2f 0.287 3.141 3.429 36.42 18.06 — 0.18 56.04 56.86

CH2C1 0.287 5.713 6.006 37.69 19.22 — 0.47 58.76 59.53

C H 2Br 0.287 7.904 8.191 39.53 19.85 — 0.69 61.45 62.30

CH2J 0.287 10.021 10.308 40.74 20.32 — 0.91 63.35 64.03

CH2CH2C1 2.485 13.923 15.903 38.37 23.21 2.55 2.00 67.51 68.08

CH2CH2Br 2.610 19.960 22.068 39.95 23.95 2.41 1.27 68.95 70.88

CH2CH2J 2.702 25.128 27.329 41.02 24.42 2.30 2.87 71.99 71.88

CH2OH 0.394 0.544 1.181 36.23 15.58 1.80 0.22 55.21 59.47

CH2CH2OH 2.359 8.080 9.935 37.34 22.15 4.33 1.33 66.54 69.57

C H 2OCH3
о

. (1

2.150 7.910 9.558 37.34 22.00 4.84 1.34 66.91 67.29

C H 2CCH3
0

. II

8.021 9.784 17.010 38.05 24.10 6.59 2.89 73.01 74.02

C H 2COH 7.796 8.731 16.525 38.15 23.92 5.45 1.86 70.76 69.69

c h 2n h 2 0.568 3.448 3.577 36.13 18.86 2.40 0.43 59.21 59.92

(For the meaning of S(RH)* see the text.)

Table II

Calculated entropies o f  disubstituted methyl radicals

R a d ic a l
10 3» • I ,
(g.cm*)

10 3* • I ,
(g.cm*)

10»» • I ,
(g.cm*) ■̂ trana. ^ r o t . ^int.rot. ^  FÍb. ^total S ( R H )  *

CH D , 0 .3 7 8 0 .5 9 6 0 .9 7 4 34 .4 5 1 4 .0 7 —  . 0 .1 8 5 0 .0 7

C H F2 I 1I 2I3 = 1 2 1 -1 0 “ 117 37 .7 1 21 .71 — 0 .7 9 6 1 .5 9 6 1 .5 5

CHClj М Л  = 1 4 8 6 -1 0 “ 117 3 9 .2 0 2 4 .2 0 — 2 .2 7 6 7 .0 5 6 7 .3 3

C H B r2 M 2I3 = 1 2 6 1 9 -1 0 “  117 4 1 .3 5 2 6 .3 3 3 .5 2 7 2 .5 8 7 2 .8 4

C H J2 I 1I 2I3 = 1 0 1 9 9 4 -1 0 “  1,7 4 2 .6 4 2 8 .4 0 4 .2 3 7 6 .6 5 7 9 .6 0

CHjCHCl 2 .9 6 6 8 .9 6 9 1 1 .4 3 7 3 8 .3 7 2 2 .6 3 2 .3 8 1 .86 6 6 .6 1 6 7 .2 8

CH3CHBr 2 .0 9 0 2 2 .8 0 7 2 4 .4 2 2 3 9 .9 5 2 3 .9 6 2 .2 0 1 .20 6 8 .6 9 7 0 .0 8

C H jCH J 2 .1 7 8 2 8 .4 8 4 3 0 .1 8 8 4 1 .0 2 2 4 .4 3 2 .0 0 2 .8 7 7 1 .7 0 7 1 .6 1

CH3CHOH 1 .941 9 .5 4 2 1 0 .9 1 6 3 7 .3 4 2 2 .2 2 4 .1 9 1 .38 6 6 .5 1 6 8 .7 7

(For the meaning of S(RIl)* see th e  text.)
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Table III

Calculated entropies o f trisubstiluted methyl radicals

Radical
10*» • I,
(g.cm1)

103* • I, 
(g.cm*)

10»» I ,
(g.cm«) ■ t̂rana. •̂rot- ^Int.rot. ^vib. ^total S ( R H )•

CD3 0.596 0.596 1.191 34.62 12.53 — 0.25 48.77 51.50

CF3 8.814 9.125 17.630 38.61 21.97 — 1.74 63.71 63.41

CC13 24.396 25.269 48.609 40.15 25.00 — 5.67 72.20 72.24
CBr3 64.017 66.337 129.034 42.47 27.89 — 8.48 80.22 80.42

(For the meaning of S(RH)* see the text.)

Table IV

Calculated entropies o f unsaturated hydrocarbon radicals

Radical
103» • I, 
(g.cm*)

1039 • I 2
(g.cm2)

10»» • I,
(g.cm») t̂rails. ^rot. ^int rot. ■SVib. Stotal S (R H )*

CH.CHjCH : CH2 2.714 19.354 21.567 37.94 23.93 7.50 3.80 74.56 75.66
CH : CHCH3 1.795 8.290 9.679 36.75 21.88 2.40 1.95 64.36 65.18
CH : CHCH2CH3 2.732 20.077 21.767 37.94 24.03 7.22 3.84 74.40 74.86
CH3C : CH2 1.396 9.199 10.088 36.75 21.78 2.52 1.85 64.27 65.18
CH3CH,C : CH2 2.630 20.726 21.855 37.94 23.98 7.83 3.71 74.84 74.86
CH3C : CHCH3** 2.062 23.860 24.756 37.94 24.00 5.76 4.57 73.65 73.62
CHjCH : CH2 1.769 8.480 10.236 36.75 24.23 — 3.33 65.69 67.36
CH2CH : CHCH3** 2.240 22.749 24.250 37.94 24.02 2.82 6.00 72.16 75.80
CH3CHCH : CH2 2.613 20.409 22.504 37.94 23.99 1.96 5.16 70.43 74.86

(For the meaning of S(RH)* see the text. **trans isomer.)

Table V

Calculated entropies o f  alkoxyl radicals

Radical
103» • I,
(g.cm*)

103» • I 2
(g.cm2)

103í • I3
(g.cm2) t̂rans. r̂ot. înt. rőt. ^vib. t̂otal S (R H ) *

ÓCH3 0.511 3.830 3.830 36.23 16.77 — 0.38 54.75 58.67
ÓCH2CH3 2.327 8.395 9.693 37.34 22.15 2.04 1.26 64.18 68.77
ÓCH2CH2CH3 3.353 20.891 22.112 38.15 24.24 6.80 2.88 73.45 77.13
ÖCH(CH3)2 9.609 9.902 17.011 38.15 24.29 4.00 3.68 71.50 72.98
ÓC(CH3)3 17.310 17.310 18.604 38.79 23.33 5.94 5.85 75.28 78.88

(For the meaning of S(RH)* see the text.)
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Table VI

Calculated entropies o f  miscellaneous free radicals

Radical 10” • If 
(g.cm*)

10” • I,
(g.cm1)

10” • I, 
(g.cm*) ■Strang. ^rot. ■Sínt. rot. S vib . ^total, S ( R H J *

о
u

.COH 0.752 7.625 8.396 37.34 20.80 2.75 2.29 64.56 61.51

0
II.

HCO I iU [3 =  93-10" 117 37.34 21.45 0.47 60.64 61.50

о

CH3CÓ 8.745 8.947 16.191 38.15 24.04 2.30 1.85 67.72 68.89

о
II

.CCI 1,1,1, =  35-10 117 38.36 20.47 1.00 61.21

O
II

.CBr I ,I ,I 3 =  32 5 -1 0 -117 39.95 22.69 1.43 65.44

NHCHj 0.657 3.320 3.439 36.13 18.93 1.50 0.44 58.39 59.12

(F o r  th e m eaning of S (R H )* see th e  t ex t.)

th e  u n p a ire d  e lec tron  ca rry in g  g roup  is rem o te  from  th e  ro ta tio n  ax is . F u r th e r ,  
i t  is n o t  to  be ex p ec ted  genera lly  t h a t  th e  d ifference in  h e ig h t o f b a rr ie rs  shou ld  
exceed  1 0 0 0  cal/m ol even i f  th e  u n p a ire d  e lec tron  is localized a t  one o f  th e  
n e ig h b o u rin g  g roups ro ta tin g  in  o p p o site  d irec tio n . E rro rs  la rg e r th a n  0.5 e. u. 
m a y  o n ly  occur in  th e  few cases w here  ro ta tio n  o f g roups w ith  tw o  sk e le ta l 
a to m s  h ad  to  be considered  or th e  c o n tr ib u tio n s  o f O H  ro ta to rs  w ere c a lc u la ted . 
So fa r  no sa tis fa c to ry  th e o re tic a l t r e a tm e n t  has been given fo r th e  fo rm er, 
a n d  en erg y  b a rr ie r  d a ta  a re  u n c e rta in  fo r th e  la t te r .  (T hough  a reaso n ab le  
so lu tio n  o f th e  problem  o f in te rn a l ro ta tio n  in alcohols has been  sugg ested  
re c e n tly ; am ong  o th e rs  see [25].)

F in a lly , th e  accu racy  o f th e  to rs io n  oscilla tion  d a ta  o f c o n ju g a te d  rad ica ls  
sh o u ld  be considered . U n fo rtu n a te ly , th e re  are no a p p ro p ria te  d a ta  av a ila b le  
in  th e  l i te ra tu re  to  m ake com parisons.

In  T ab les I —V I ca lcu la ted  to ta l  en tro p ies  (in th e  co lum ns b u t  la s t)  can  
be co m p ared  w ith  certa in  e s tim a tio n s  ( la s t co lum ns h eaded  b y  S ( R H ) * )  based  
on p a re n t  m olecule e n tro p y  v alues. E s tim a tin g  S f R H )*,  en tro p ies  o f th e  p a re n t 
m olecules w ere co rrec ted  for sy m m e try  n u m b er d ifferences as well as fo r 
e le c tro n  e n tro p y  c o n trib u tio n s:

S(RH)*  =  S ( R H )  -  R  In Sr +  R In 2 . (9)
SRH
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Table VII

Rotational entropies o f halomethyl radicals calculated according to various assumptions

R a d i c a l

S t r u c t u r e
c h 2 f C H 2 C I C H 2 B r C H J c h f 2 C H C 1 2 C H B r 2 C H J 2 C F 3 C C 1 S C B r , C J 3

M
«  0  =  0°, a  =  2 

5  0  =  0°, a  =  6

16.68 17.84 18.47 18.94 20.60 22.41 23.71 25.91
20.90 23.88 26.84

Ц 0  =  0°, < 7 = 1  

g 0  =  10°, a  =  1CO
« !  0  =  19.5°, ( 7  =  3

18.06 19.22 19.85 20.32

21.71 24.20 26.33 28.40

21.97 25.00 27.89

■ -3 0  =  19.5°, < 7 = 1  

0  =  19.5°, ( 7  =  3
H л

18.08 19.24 19.88 20.35 21.67 24.12 26.21 28.11

21.97 25.00 27.89
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C om parison  shows t h a t  es tim atio n  in  th is  w ay  is n o t m ore th a n  a ro u g h  a p 
p ro x im a tio n  for th e  en tro p ies  of free  rad ica ls . D ue to  th e  oversim p lifica tio n s 
(neg lec ting  differences in  c o n tr ib u tio n s  o f th e  degrees of freedom  o f m olecules 
an d  rad ica ls) th is  m e th o d  of e s tim a tio n  gives too  h igh en tro p ies . D ev ia tio n s  
from  th e  ca lcu la ted  v a lu es  usually  ex ceed  m a n y  tim es th e  lim its  o f e rro r  o f  th e  
la t te r .  E s tim a tio n s  cou ld  be im p ro v ed  so m ew h a t b y  se ttin g  o u t from  m olecules 
s tru c tu ra l ly  m ore s im ila r to  th e  ra d ic a l, as suggested  b y  T r o t m a n - D i c k e n - 
SON [26].

SUMMARY

E ntropies have been calculated b y  s ta tis tica l therm odynam ic m ethods for certa in  
sim ple free radicals of d ifferent types. C alculations are based on molecular d a ta , reasonable 
assum ptions having been adapted  concerning the structu ra l differences of a rad ical and  its 
p a ren t molecule. The accuracy of calculated  entrop ies is discussed. Finally , some rem arks 
are m ade on an estim ation  method based on molecular entropies.
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THE BILLES POTENTIAL OF MOLECULAR 
VIBRATIONS

S. J .  C y v i n ,  L. A . K r i s t i a n s e n  a n d  J .  B r u n v o l l

( Institute o f  Theoretical Chemistry, Technical U niversity o f  Norway, Trondheim)*  
Received Ju n e  24, 1966

I. Introduction

R ecen tly  B i l l e s  [ 1 ]  has co n sid ered  th e  secu la r eq u a tio n  in  th e  th e o ry  of 
harm on ic  m o lecu la r v ib ra tio n s [2 ] an d  p u b lish ed  in  th is  jo u rn a l a so lu tio n  w ith  
v e ry  in te re s tin g  aspects. H e cla im s to  derive  an  e x a c t an d  un ique  so lu tio n  for 
all F  m a tr ix  e lem en ts from  freq u en cy  d a ta  a lone, in  a d d itio n  to  th e  G m a tr ix  
e lem ents. T h is fe a tu re  is a t  once h a rd  to  accep t in  v iew  of th e  w ell-es tab lish ed  
fac ts  a b o u t insu ffic iency  of th e  frequenc ies fo r ca lcu la tin g  th e  force c o n s ta n ts  
w ith o u t ap p ro x im a tio n s  or a d d itio n a l d a ta . O ne is te m p te d  to  seek fo r a m is tak e  
in  B i l l e s ’ a rg u m e n t, w hich n eed s som e c la rifica tio n . I t  is th e  aim  o f th is  w ork  
to  p rov ide  an  a d e q u a te  e x p la n a tio n , a n d  to  give a fu r th e r  d iscussion  o f  th e  
B i l l e s  m eth o d . W e have th e re fo re  in tro d u c e d  th e  te rm  “ Billes p o te n t ia l” . 
W e w ish, h ow ever, to  p o in t o u t t h a t  v ir tu a lly  th e  sam e m ethod  h as  in d e p e n 
d e n tly  been d e riv ed  by  J o s e p h  B a b u  in  an  u n p u b lish ed  w ork [3].

I t  is a p p a re n tly  w rong to  consider th e  B illes m eth o d  (see below ) as an 
e x a c t an d  u n iq u e  ca lcu lation  o f force c o n s ta n ts . T h e  origin of th is  v iew  seem s to  
be  th e  erro n eo u s assum ption  t h a t  th e  tra n s fo rm a tio n  m a tr ix  (in o u r n o ta tio n  
V),  w hich d iagonalizes th e  G m a tr ix , necessarily also d iagonalizes th e  F  m a t
rix . H ow ever, in  sp ite  of th is  m is ta k e , th e  B illes m e th o d  m akes i t  possib le  
to  fin d  a c e r ta in  F  m a trix  w h ich  e x a c tly  f i ts  a know n set o f freq u en c ies , 
a n d  we f in d  i t  to  rep resen t a n  in te re s tin g  basis  o f a p p ro x im a te  c a lcu la 
tions o f force co n stan ts .

II. Similarity transformations of G and F

A c o o rd in a te  tra n sfo rm a tio n  S  =  V S v, w here S  an d  Sv each re p re se n ts  a 
com plete  a n d  in d ep en d en t se t o f  co o rd in a tes , is associa ted  w ith  th e  fo llow ing 
tra n s fo rm a tio n s  o f the  co rresp o n d in g  G a n d  F  m a trices :

Gv =  V - 1 G ( F - i ) ' , F v =  V ' F V ,

* A p art of this work was m ade a t the Department o f  Chemistry, Oregon State University., 
Corvallis, Oregon (USA), and supported  by the National Science Foundation.

7* Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



B o th  re la tio n s  will s im u ltan eo u sly  becom e s im ila r ity  tran sfo rm a tio n s  w hen  V  is 
an  o rth o g o n a l m a tr ix . N ow  le t V  d e s ig n a te  a n  orthogonal m a tr ix  w hich 
d iag o n a lizes  G, viz.

V - 1 G V =  Г .  ( 1 )

S uch  a tra n s fo rm a tio n  m a tr ix  will alw ays be  o b ta in ab le  u n ique ly  (a p a r t  from  
som e tr iv ia l  signs), since G is sym m etric . In  th e  B illes p o ten tia l one assum es th a t  
V  s im u lta n e o u s ly  d iagonalizes th e  F  m a tr ix , i.e.:

2 1 8  C Y V I N , K R I S T I A N S E N ,  B R U N V O L L :  B I L L E S  P O T E N T I A L  O F  M O L E C U L A R  V I B R A T I O N S

V - 1 F  V  — Ф

w h ere  Ф is a d iagonal m a tr ix .

( 2 )

III. Theoretical discussion of the Billes potential

1. T he a ssu m p tio n  of th e  Billes p o te n tia l  im plies th e  p o s tu la tio n  of a 
c o o rd in a te  se t S v, in  w h ich  b o th  G and  F  (i.e. Г  a n d  Ф) are d iagonal, a n d  w hich 
is c o n n e c te d  to  th e  o rig in a l se t of in te rn a l c o o rd in a te s  b y  an  o rth o g o n a l t r a n s 
fo rm a tio n :

s  =  V  Sv (3)

In  n o rm a l co o rd in a tes  (Q) th e  G and  F  m a tric e s  (i.e., th e  id e n tity  m a tr ix  E,  Л ) 
are  n o  d o u b t d iagonal, b u t  th e  tra n sfo rm a tio n

S  =  L  Q (4)
is not o r th o g o n a l in  genera l.

2. C om bining (1) a n d  (2) gives:

Since

i t  a p p e a rs  th a t

V - 1 G F  V  =  ГФ.

L “ 1 G F  L  =  Л,

L  =  V  d

(5)

(6) 

(?)

w here  d  is a d iag o n a l m a tr ix . In  fac t, th e  B illes p o ten tia l m ay  be  d efin ed  a s 
su m in g  t h a t  th e  L  m a tr ix  m a y  be “ n o rm a lized ”  (i.e. m ultip lied  b y  a d iagonal 
m a tr ix )  to  an  o rth o g o n a l m a tr ix . The d m a tr ix  o f  E q . (7) is co nnec ted  w ith  Г  
o f E q . (1) th ro u g h

d d' =  d- =  Г . (8 )
3. Since obv iously

ГФ =  ФГ, ( 9 )
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it  ap p ears  as a consequence o f th e  a ssu m p tio n  o f th e  B illes p o te n tia l th a t  G an d  
F  m u st com m ute , i.e.,

G F  =  F  G. (10)

IV. Determination of the Billes potential

F o r th e  sake o f com pleteness we re p e a t here  th e  p ro ced u re  o f d e te rm in in g  
th e  Billes p o te n tia l, as p u b lish ed  b y  B i l l e s  [1].

F irs t th e  c h a ra c te r is tic  values o f G ( viz. y,) a n d  th e  no rm alized  c h a ra c 
te r is tic  vectors (g iven  as th e  o rth o g o n al V  m a tr ix )  a re  d e te rm in ed  (cf. E q . 1). 
N ex t th e  d iagonal Ф m a tr ix  is found  accord ing  to

A =  ГФ, çpi=Xilyi  (11)

w here A,-(= 4  я 2 c2 ft>/), у,- a n d  cpi designate  th e  d iag o n a l e lem en ts of th e  a p p ro 
p r ia te  m atrices. F in a lly  th e  F  m a tr ix  is d e te rm in ed  acco rd ing  to

F =  УФ V .  (12)

I t  should  be em p h asized  th a t  th e  c h a ra c te ris tic  va lues у,- (i =  1 , 2 , . .  ,,n) 
m ay  be a rran g ed  in  n ! w ays fo r a given sequence o f  th e  A’s. In  th is  w ay  n ! 
so lu tions are  o b ta in e d  fo r th e  force c o n s ta n ts , o f w hich  n o t m ore th a n  one se t 
m ay  have p h ysica l s ign ificance. T he sam e so rt o f a m b ig u ity  is en co u n te red  b y  
d e te rm in a tio n  o f th e  force fie ld  b y  o th e r m eth o d s.

I t  is a v e ry  in te re s tin g  asp ec t of th e  B i l l e s  p o te n tia l  th a t  th e  m e th o d  
allow s to  select one o f  th e  so lu tions in  a sy s te m a tic  m an n e r. I t  seem s n am e ly  to  
be reasonab le  to  a rran g e  th e  ch a ra c te ris tic  v a lu es  у/ acco rd ing  to  th e ir  m a g n i
tu d e s  in th e  sam e sequence  as th e  A’s, fo r in s ta n c e  b o th  in  th e  sequence  of 
fa lling  m ag n itu d es.

V. Conclusions

The u til i ty  o f th e  B i l l e s  p o te n tia l can  be  te s te d  b y  its  ap p lica tio n  to  a 
n u m b er of specific m olecules, fo r w hich th e  force fie ld  m ay  be checked b y  m eans 
of a su ffic ien t n u m b e r o f know n  observab le  p ro p e rtie s . B i l l e s  [ 1 ]  has re p o rte d  
a successful ap p lica tio n  to  e th y len e . O ur p re lim in a ry  te s t  fo r th e  to ta l ly  sy m 
m etric  species fo r benzene  w as also successful. O n th e  o th e r  h an d , th e  ca lc u la ted  
force co n stan ts  u sing  th e  B i l l e s  p o te n tia l fo r b o ro n  trif lu o rid e , boron  tr ic h lo 
ride  and  su lp h u r h ex aflu o rid e  d isp lay ed  re su lts  fa r  a p a r t  from  th e  c o n v e n tio 
n a lly  accep ted  re su lts .
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SUMMARY

A d isc u ss io n  is g iv e n  o f  th e  m e th o d  o f  c a lc u la t in g  fo rc e  c o n s ta n ts  o f  m o le c u la r  v ib r a t io n s ,  
a s  p u b l i s h e d  b y  B il l e s . T h e  m e th o d  is  fo u n d  to  b e  a p p r o x im a te ,  in  c o n t r a s t  to  B il l e s ’ s t a t e 
m e n t ;  t h e  n a tu r e  o f  th e  in h e r e n t  a p p r o x im a t io n  is d isc u sse d .
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ANALYSIS OF STEROIDS, VI*
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E ST E R  DERIVATIVES
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S everal d e riv a tiv e s  of o estro n e  a n d  o es trad io l—este rified  on th e  p h en o lic  
h y d ro x y l — are  p roduced  fo r th e  pu rpose  of ach iev ing  pro longed  o estro g en ic  
effect. M ost p ro b ab le  c o n ta m in a n ts  o f these  co m pounds are  co m p o u n d s co n 
ta in in g  free, n o t  esterified  h y d ro x y l groups. A v o lu m e tric  m eth o d  h as  been  
developed  fo r  th e  d e te rm in a tio n  o f these  c o n ta m in a n ts .

R e c e n tly  we h av e  p u b lish ed  th e  so lu tion  of a s im ila r p rob lem : free  p h e n o 
lic h y d ro x y l c o n ta m in a tio n  o f 3 -e th e r  deriv a tiv es  of oestro n e  w as d e te rm in e d  b y  
t i t r a t io n  w ith  0.1 N  te t r a b u ty l  am m o n iu m  h y d ro x id e  in  an  1 : 1 m ix tu re  of 
te r t ia ry  b u ta n o l an d  to lu en e , u sin g  azo-v io let as in d ic a to r  [1 ].

The a b o v e  m eth o d  w as tr ie d  also in  th e  d e te rm in a tio n  of free p heno lic  
h y d ro x y l c o n ta m in a tio n  in  o es tro n e  este r d e riv a tiv e s . I t  w as fo u n d  h o w ev er, 
th a t  th e  end  p o in t o f th e  t i t r a t io n  s tro n g ly  sh ifted , th e  b lu ish  co lo u r o f  th e  
o v e r t i t ra te d  so lu tio n  changes ra p id ly  in to  green, th e re fo re  th e  re su lts  w ere 
d ifficu lt to  e v a lu a te , th e y  w ere h ig h er th a n  th e  t ru e  v a lu e . T his fa c t c an  easily  
be ex p la in ed  as follows: te t r a b u ty l  am m onium  h y d ro x id e , be ing  in  excess a fte r  
th e  e n d -p o in t, decom poses th e  p h en o l-este r ty p e  co m p o u n d  p re se n t:

t(C 4H 9) 4N ] O H  +  A rO A c =  [(C4H 9) 4N ]O A c +  A rO H

th u s  t i t r a n t  is consum ed also b y  th e  oestrone d e r iv a tiv e  itse lf. T his re a c tio n  is 
so fa s t a t  ro o m  te m p e ra tu re  t h a t  one c an n o t d iffe re n tia te  b e tw een  th e  in 
s ta n ta n e o u s  n e u tra liz a tio n  o f  th e  pheno lic  h y d ro x y l, a n d  th e  su b se q u e n t side- 
re a c tio n . ( G l e n n  and  P e a k e  [ 2 ]  re p o r t  on a sim ilar re a c tio n : e th y len e  d iam in e  
effects th e  am inolysis o f p heno lic  es te rs . Acid am ides a n d  pheno lic  ty p e  p ro d u c ts  
are fo rm ed  in  th e  reac tio n  w h ich  is fa s t  a t  room  te m p e ra tu re .)

T he ab o v e  m en tio n ed  d ifficu lties could be overcom e b y  c a rry in g  o u t th e  
t i t r a t io n  a t  0°C. In  th ese  c ircu m stan ces  th e  ra te  o f th e  ab o v e  side re a c tio n  is so 
low  th a t  th e  in te rfe rences a re  e lim in a ted , an d  th e  d e te rm in a tio n s  can  b e  c a r
ried  o u t a t  a n  accu racy  a t ta in e d  in  th e  d e te rm in a tio n  o f  oestrone e th e r  d e r iv a 
tives.

* P a rt V. Acta Chim. H ung. 48, 249 (1966).
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Thus th e  m e th o d  o f th e  d e te rm in a tio n s  w as th e  one describ ed  p rev iously , 
o n ly  th e  t i tra tio n  w as c a rr ie d  out w ith  ice-cooling.

T able I  p re se n ts  th e  resu lts  o b ta in ed  in  som e m odel ex p erim en ts .

Table I

Weighed sample Found

Oestrone-3-acetate Oestrone Oestrone
mg mg % %

353.0 5.3 1.5 1.6
350.1 11.7 3.2 3.1
347.1 12.5 3.5 3.8
347.5 22.0 6.0 6.0

Oestradiol-3-benzoate Oestradiol Oestradiol
mg mg % %

403.6 9.2 2.2 2.1
332.8 9.8 2.9 3.1

Oestradiol-3,17-di-
propionate

mg

Oestradiol-17-pro
pionate

">g j %

Oestradiol-17-
propionateо//о

366.8 4.4 1.2 1.4
349.6 11.5 3.2 3.2
348.2 24.1 6.5 6.5

I t  can  be seen t h a t  c o n ta m in a n ts  p re se n t in  a m o u n t s  h ig h e r th a n  1%  can 
b e  dete rm in ed  w ith  s a t is fa c to ry  accuracy .

W e th a n k  also here  M iss M. K apás for he r u se fu l w o rk  du rin g  th e  ex p erim e n ts .

SUMMARY

The method used prev iously  for the determ ination  of contam inants of oestrone ether 
derivatives was used for th e  determ ination  of free phenolic hydroxyl contam ination  in  oestrone 
e s te r derivatives. The titra tio n s  were carried out w ith  te tra b u ty l am m onium  hydroxide, in a 
m ix tu re  of tertiary  bu tano l an d  toluene, in the presence of azo-violet as ind icator, under 
ice-cooling, in order to suppress th e  side reaction betw een te trab u ty l am m onium  hydroxide and 
th e  oestrone ester derivative.
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A m ong th e  fung icides o f  th e  d ith io c a rb a m a te  ty p e , used in  ch em ica l p la n t 
p ro tec tio n , th e  co m pounds co n ta in in g  zinc, Z iram  [(Zinc d im e th y ld ith io ca r-  
b am a te ) an d  Z ineb (zinc e th y le n e -b is -d ith io c a rb a m a te ) , are th e  m o s t w idely 
used  [1, 2]. W ith  th ese  co m p o u n d s , and  in  g en era l w ith  all th e  fu ng ic ides of 
d ith io c a rb a m a te  ty p e , s ta b i l i ty  is o f very  g rea t im p o rta n c e  from  th e  p o in t of 
view  of th e ir  m a n u fa c tu re , s to ra g e , and  ap p lica tio n . M ost o f th e  p la n t  p ro te c t
ing  p re p a ra tio n s , an d  p a r t ic u la r ly  e thy lene-6 is -d ith io c a rb a m a te s , decom pose 
d u rin g  s to rag e  upon  ac tio n  o f l ig h t and  m o istu re , a n d  th e y  lose th e ir  fung icide 
effect.

T he decom position  o f  Z iram  and  Zineb w as s tu d ie d  by  sev era l au th o rs . 
G r a n d i , Co r t e  an d  Ci f f e r i  [3] in v estig a ted  th e  decom position  o f Z iram  and  
Z ineb a t  d iffe ren t te m p e ra tu re s  in dependence on tim e , m easu rin g  th e ir  
fung ic id  ac tio n . P e t r o s i n i , T a f u r i  and  B u s i n e l l i  [4, 5] exposed  Z iram  and  
Z ineb sam ples to  th e  ac tio n  o f m o istu re  and  h e a t, a n d  d e te rm in ed  in  fu n c tio n  
of th e  tim e  th e  ac tive  su b s ta n c e  in  th e  sam ples. I t  w as e stab lish ed  b y  these 
au th o rs  th a t  th e  d ecom position  o f Zineb proceeds a t  a re la tiv e ly  h igh  r a te ,  and 
is p ro m o ted  b y  inso lub le  co p p e r sa lts , while Z iram  p ro v ed  to  be m ore  stab le  
u n d e r s im ila r cond itions. T h e y  assum ed  th a t  decom p o sitio n  in th e  p resen ce  of 
m o istu re  proceeds acco rd in g  to  th e  following schem e:

s s s
Il II II

CH2- N H - C - S 4  C H j - N H —C -S H  C H j —N H - С ч
>Zn — I -  i > S + H 2S

CH„ —N H —C— C.H., —NH —C—SH CH2—N H - ( X
Il ‘ Il II
s s s

s
II

CH., — N H  — C4 CH2- N H 4
>S—CS2 +  I >c= s

CH„— N H  —C C H j - N H /
II
s
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A m o n g  th e  decom position  p ro d u c ts , carbon  d isu lp h id e , e th y le n e tliio u re a  and 
z in c  su lp h id e  were id e n tif ie d . F i s c h b e i n  an d  F a w k e s  [6] in v e s tig a te d  b y  paper 
c h ro m a to g ra p h y  th e  d e c o m p o s itio n  p ro d u c ts  o f  Z ineb  and  M aneb (m anganese  
e th y le n e - 6 is -d ith io c a rb a m a te ) . T h ey  estab lish ed , besides th a t  o f e th y len e th io - 
u re a , t h e  presence of e th y le n e th iu ra m  m o n o su lp h id e , su lp h u r a n d  a n  u n id e n 
t i f ie d  co m p o n en t in  th e  d eco m p o sitio n  p ro d u c ts .

T h o u g h  several p a te n te d  processes are  k n o w n  for th e  s ta b iliz a tio n  of 
Z in e b  [7 — 10], s ta b ility  is s t i l l  a n  ac tua l p ro b lem . R ecen t re sea rch  w o rk  aim s to  
a t t a i n  a  su itab le  co n tro l o f  th e  decom position  o f  Z ineb b y  v a rio u s  ad d itives 
[11, 12].

I n  o u r studies th e  th e r m a l  s ta b ility  of Z iram  a n d  Z ineb, th e  m ech an ism  of 
th e ir  th e rm a l d ecom position  w as in v estig a ted  b y  d e riv a to g ra p h y . T h is paper 
r e p o r ts  on the  resu lts  o f  th is  analysis.

E xperim ental p a r t

P repara tion  of the investigated compounds

1. Ziram  (zinc dimethyldithiocarbamate)

T he compound was p rep a red  according to I ssoire  and  M usso [13] as follows: A t room 
te m p e ra tu re , 0.2 mole of d im ethy lam ine  was reacted in  form  of a 20 per cent so lu tion  w ith 0.2 
m oles o f  carbon disulphide in  th e  presence of 0.2 moles of sodium  hydroxide. A fter the disso
lu tio n  o f carbon disulphide, th e  water-insoluble Ziram  was precipitated w ith  a 0.1 molar 
aqueous zinc sulphate solution. T he precipitate was filte red , washed w ith w ater, and  dried at 
40°C u n d e r  an infrared lam p. T he yield was almost 100 per cen t, and the zinc d im ethyldithio- 
c a rb a m a te  content of the p ro d u c t, determined by th e  m ethod of Clarke and  coworkers 
[14], w as found to be 99.7 per cen t. T he melting point of th e  com pound, m easured w ith  a micros
cope w ith  heatable stage, was 250°C, in accordance w ith  d a ta  published in  the lite ra tu re  [15].

2. Zineb (zinc ethylene-bis-dithiocarbamate)

T he compound was p rep a red  on the basis of a p a te n t specification [16]: to  a 20 per cent 
aq ueous solution of 0.1 mole ethylenediam ine 0.2 moles of carbon disulphide, and  subsequently 
0.2 m oles of sodium hydroxide w ere added, and the m ix tu re  was stirred a t room  tem perature 
u n til th e  complete dissolution of carbon  disulphide. To elim inate trith iocarbonates, formed as 
b y -p ro d u c ts , the solution was neu tra lized  w ith a 30 per cen t acetic acid, using phenolphthalein 
as in d ic a to r , and Zineb was p rec ip ita ted  with 0.1 mole zinc sulphate. A fter two hours of stirring, 
th e  p ro d u c t was filtered, w ashed w ith  water, and dried a t  40°C under an in frared  lam p. The zinc 
ethylene-bis-d ith iocarbam ate c o n te n t was determ ined a fte r decomposition w ith  a m ixture of 
p y rid in e  and  formic acid by th e  m ethod  of R oth [17]. The q u an tity  of the ac tive substance 
p re se n t in  various preparations v a ried  within the range from  82 to 89 per cent. The product 
co n ta in ed  zinc sulphide as an  im p u rity .

3. Ethylenethiourea

T he compound was p rep a red  by  a process reported  in the literature, involving the reac
tion  o f ethylenediam ine in  50 p e r cen t aqueous alcohol w ith  carbon disulphide, and , after the 
a d d it io n  of hydrochloric acid, boiling . After cooling w ith  ice w ater, the product was filtered. The 
p ro d u c t precipitated in form  o f w h ite  needles, having a m elting  point of 202°C [18].
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4. Zinc trithiocarbonate

0.1 mole of sodium  sulphide was dissolved in 150 ml of w ater, and stirred  a t room tem p er
ature w ith 0.1 mole of carbon disulphide until the  com plete dissolution of the la tte r . Zinc 
trith iocarbonate  was precip ita ted  w ith zinc sulphate solution, th e  precip itate was filte red , 
washed w ith w ater, and dried a t 40°C under an infrared lam p.

Derivatographic analysis

The derivatogram s were recorded w ith a derivatograph of the system  P a u l ik  — P a u - 
u k  — E r d e y , m anufactured  by M O M  [19], under nitrogen atm osphere. Reaction k inetic cal
culations were based on data  of the TG and DTG curves [20].

R esults and  discussion

The thermal decomposition o f  Ziram

T he d e riv a to g ra m  of zinc d im e th y ld ith io c a rb a m a te , recorded  in n itro g e n  
a tm o sp h ere , is show n in F ig . 1. T he com pound  m elts  b efo re  decom position , as 
in d ica ted  b y  th e  en d o th e rm ic  p eak  a t  256°C on th e  D T A  curve . In  th e  l i t e r a 
tu re , a m e ltin g  p o in t o f 250°C is re p o rte d  [15]. T h e rm a l decom position  beg ins a t  
300°C, an d  is p ra c tic a lly  te rm in a te d  at a b o u t 360°C. W ith  th e  aid of th e  D TG  
cu rv e , th e  TG cu rv e  can  be d iv ided  in to  tw o  sections, a loss in  w eight o f 43.0 p e r 
cen t assignab le  to  th e  f irs t DTG peak  a t  320°C, an d  a loss o f w eight o f  25.2 
per c en t to  th e  second  D TG  peak  a t  325°C. As a re su lt o f  s to ich iom etric  c a lc u la 
tio n s, th e  decom position  can be rep re sen ted  by  th e  fo llow ing  eq u a tio n :

S
I!

(CH3)2 N C S, 320 c (0H3)j N
Z.n-------► >C =  S+ZnCS3

( C H ^ - N - C - C 7  (CH3)2—N7
II
s

T he th e o re tic a l w eig h t loss co rrespond ing  to  th e  sp lit t in g  off of te tr a m e th y l-  
th io u re a  acco rd ing  to  th e  above eq u a tio n  is 43.4 p e r c e n t, w hich  is in  v e ry  good 
ag reem en t w ith  th e  m easu red  va lu e  o f 43.0 p e r cen t. T h e  fo rm atio n  o f te t r a -  
m e th y lth io u re a  is su b s ta n tia te d  also b y  analogies k n o w n  from  li te ra tu re :  
th e  th e rm a l d ecom position  of te tra m e th y lth iu ra m  d isu lp h id e  (TM TD, o r th e  
fungicide know n u n d e r th e  n am e T h iu ram ), th e  o x id a tio n  p ro d u c t o f so d iu m  
d im e th y l-d ith io c a rb a m a te , was s tu d ied  by  K u w a o k a  [21] an d  b y  Sa h a s r a - 
b u d h e y  an d  R a d h a k r i s h n a n  [22], and  it  was show n t h a t  th e  th e rm a l d e c o m 
position  of th is  co m p o u n d  y ields te tr a m e th y lth io u re a , ca rb o n  d isu lph ide  a n d  
su lp h u r. Z inc tr i th io c a rb o n a te , fo rm ed in th e  f irs t  d eco m p o sitio n  s tep , is im m e 
d ia te ly  decom posed  w ith  th e  co rrespond ing  D TG  p eak  te m p e ra tu re  o f  325°C 
acco rd in g  to  th e  fo llow ing eq u a tio n :
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350 C
ZnCS3-------->- Z nS+C S2

T h e  th eo re tica l loss in  w eig h t assignable  to  th is  decom position  is 25.0 p er cen t, 
as co m p ared  to  th e  m easu red  loss in  w e ig h t o f 25.2 per cen t.

R eac tio n  k in e tic  ca lcu la tions cou ld  be  e v a lu a ted  o n ly  fo r  th e  f irs t de
co m p o sitio n  process, b ecau se  th e  d eco m p o sitio n  of zinc tr i th io c a rb o n a te  is n o t

100 200 300 Ш  “C

mm
Fig. 1. The derivatogram  of Ziram  (zinc d im ethyldith iocarbam ate) in  n itrogen atm osphere

s e p a ra te d  d is tin c tly  on th e  TG  cu rve  fro m  th e  sp littin g  o ff o f te tra m e tliy l-  
th io u re a . The f irs t d ecom position  p rocess is a reac tio n  of zero o rd e r, hav in g  an 
a c tiv a tio n  energy o f —94.4 kcal/m ole. I t  sh o u ld  be m en tio n ed  th a t  am ong th e  
in v e s tig a te d  com pounds o f d ith io c a rb a m a te  ty p e , Z iram  p ro v e d  to  possess th e  
h ig h e s t th e rm a l s ta b ili ty .

The thermal decomposition o f  Zineb

T h e d e riv a to g ram  of zinc e th y len e -b is-d ith io ca rb am a te  (F ig . 2) show s th a t  
th e  decom position  beg ins a lread y  a t  a b o u t I00°C, a t  a s u b s ta n tia lly  low er 
te m p e ra tu re  th a n  th a t  of Z iram , an d  p ro ceed s in  th ree  step s . F ro m  sto ich io 
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m etric  ca lcu la tio n s  on th e  basis  o f p ercen tage  losses, o b ta in ed  from  th e  cu rve , 
w hich can  be d iv id e d  acco rd in g  to  th e  D TG  p eak s a t  150, 225 an d  300°C in to  
th re e  sections, th e  fo llow ing decom position  m ech an ism  was assum ed :

S
II

c h 2- n h - c- s 4 150,c
1. I ) Z n ------- >C3H3N S + [Z n (N H 3)]CS3

С Н ,—N H - C - S
II
s

225°C
2. [Zn(N H 3)]CS3------- *ZnCS3+ N H 3

„  300 c
3. ZnCS3-------->-ZnS+CS,

C alculated  a n d  m easu red  w eight losses for th e se  th ree  p a r tia l decom posi 
t io n  processes are as follow s:

Loss in weight, %

Calculated Measured

1. 30.9 30.9
2. 6.2 6.3
3. 27.7 27.5

K in e tica l ca lcu la tio n  could  be carried  o u t fo r th e  f irs t an d  th e  th ird  
decom position  p rocess. P e r tin e n t curves are  p lo tte d  in  Fig. 3. A ccord ing  to  th e  
d a ta  o f th is  d iag ram , th e  f irs t  decom position  p rocess is o f th e  o rd e r —0 .2 , th a t  
is to  say , p ra c tic a lly  zero , w ith  an  ac tiv a tio n  en e rg y  of —24.5 kcal/m ole , while 
th e  o rd e r of re a c tio n  o f th e  th ird  decom position  p rocess, i.e. of th e  decom posi
tio n  o f zinc tr i th io c a rb o n a te  is —(— 1, an d  its  a c tiv a tio n  energy  —30.5 kcal/m ole.

T he com pound  fo rm ed  in  th e  f irs t d eco m position  s tep  of th e  co m position  
C3H 3N S, can be th iazo le  or iso th iazo le :

C H - N 
Il II 

CH CH
\ s /

(T hiazole) (Iso th iazo le )

Several ex p e rim en ts  w ere ca rried  ou t to  v e rify  th e  assum ed m echan ism  of 
th e  decom position . To es tab lish  w h e th e r th iazo le  o r iso th iazo le  is fo rm ed  in  the  
f irs t s tep  of the  deco m p o sitio n , a b o u t 30 g o f Z ineb w as w eighed in to  a spherica l

CH CH

or CH N
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100 200 300 Í00 500 °C

m m

Fig. 2. The derivatogram of Zineb (zinc ethylene-bis-dithiocarbam ate) in  nitrogen atm osphere

do»- « 
' - 6  

- i

Fig. 3. Reaction kinetical d iagram s on the first and th ird  decomposition steps of Zineb
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flask , eq u ip p ed  w ith  re flu x -co n d en ser an d  th e rm o m e te r , and  k e p t  fo r  4 
hours a t  300°C. T h e  liq u id  fo rm ed  in  th e  d ecom position  w as sep ara ted  f ro m  th e  
yellow  solid re s id u e , w hich was show n b y  se p a ra te  te s ts  to  be zinc su lp h id e . 
The liq u id  fo rm ed  tw o inm iscib le phases. A fte r se p a ra tio n  and  ca re fu l r e c t i 
fica tio n , one o f  th e  phases was id en tified  as ca rb o n  d isu lph ide . The o th e r  p a r t ,  
d istilling  in  th e  ran g e  from  106 to  110°C, w as a pa le  yellow liq u id  o f  v e ry  
obnoxious o d o u r, read ily  soluble in  w a te r. T he su lp h u r  c o n te n t of th is  l iq u id  w as 
d e te rm in ed  a n d  fo u n d  to  co rrespond  to  th e  co m p o sitio n  C3H 3NS (c a lc u la ted  
su lp h u r c o n te n t 37.7 p er cen t, found  38.2 p e r cen t).

A ccord ing  to  d a ta  in  th e  l i te ra tu re , a t  a p re ssu re  o f 770 to r r  th e  b o ilin g  
p o in t of iso th iazo le  is 113°C, th a t  o f th iazo le  117°C; b o th  com pounds a re  b ases  
read ily  soluble in  w a te r, th e  m e ltin g  p o in t o f th e  hydroch lo ride  o f th ia z o le  
being 138°C [23]. D a ta  on th e  m e ltin g  p o in t o f th e  hyd roch lo ride  of iso th ia z o le  
are n o t av a ilab le  in  th e  lite ra tu re . As th e  bo iling  p o in t of our d eco m p o sitio n  
p ro d u c t com es n e a re r  to  th a t  o f iso th iazo le , a n d  its  read ily  c ry s ta lliz in g  
hydroch lo ride  does n o t m elt up to  200°C, it  can  be assum ed in d ire c tly  th a t  
iso th iazo le  is fo rm ed  in  th e  decom position .

On th e  basis  o f th is  ex p e rim en t i t  w as assu m ed  t h a t  — in acco rd an ce  w ith  
th e  d a ta  o f l i te r a tu r e  — in th e  d ecom position  o f  Z ineb  e th y le n e th io u re a  an d  
zinc tr i th io c a rb o n a te  are  fo rm ed  as in te rm e d ia te  p ro d u c ts , an d  e th y le n e 
th io u rea  is decom posed  in to  iso th iazo le  an d  am m o n ia :

C H .- N H
I
C H .- N H

A m m onia, form ed by  th e  decom position  o f  e th y len e th io u rea , g ives w ith  
zinc tr i th io c a rb o n a te  a m onoam m ine com plex . (T he d iam m ine  com plex  c a n  be 
o b ta in ed  p re p a ra tiv e ly , an d  is a well know n  c o m p o u n d  [24]).

To verify  o u r  assu m p tio n , e th y le n e th io u re a  w as p rep a red  and in v e s tig a te d  
b y  d e r iv a to g ra p h y  (F ig. 4). The en d o th e rm ic  p e a k  ap p ea rin g  a t 200°C on  th e  
DTA curve, in d ic a te s  th e  m elting  p o in t. T he d eco m position  of th e  c o m p o u n d , 
as show n by  th e  p eak  te m p e ra tu re s  a t  290 an d  305°C on th e  DTG c u rv e , p ro 
ceeds in  tw o s te p s . H ow ever, th e  decom position  p ro d u c ts  ind ica ted  b y  th e  p e r 
cen tage  w eigh t losses were n o t iso th iazo le  an d  am m o n ia , b u t — as p ro v e d  also 
p re p a ra tiv e ly  — hydro g en  su lph ide  an d  im idazo le  (g lyoxaline), a cc o rd in g  to  
th e  follow ing re a c tio n  schem e:

C H , - N H 4  C H -  N
I > C = S -  II II + H 2S
C H j - N H /  CH CH

\ ч н /

C H -C H
Il II 

CH N
+  N H 3
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O n decom posing  a g rea te r  q u a n ti ty  o f  e th y len e th io u rca  a t  300 to  320°C 
in  a  sp h erica l f la sk , besides hydrogen  su lp h id e , to  be de tec ted  q u a lita tiv e ly , a 
d eco m p o sitio n  p ro d u c t m e ltin g  a t 89 to  90°C is o b ta ined , th e  n itro g e n  c o n te n t 
o f w h ich  co rresponds to  th e  com position  C3H 4N 2 (n itrogen c o n te n t:  c a lcu la ted  
41.1  p e r  cen t, fo u n d  42 .3  p e r cent). T his e m p iric a l form ula co rresp o n d s to  th e  
co m p o s itio n  of b o th  im idazo le  (g lyoxaline) a n d  pyrazole . H ow ever, th e  m e lting

100 ZOO 300 400 500 * f

min

Fig. 4. The derivatogram  of e thy leneth iourea in  nitrogen atm osphere

p o in t  o f  im idazole, re p o r te d  in  lite ra tu re , is 8 8  to  89°C, while t h a t  o f py razo le  
69 to  70°C [25], so t h a t  th e  fo rm atio n  of im id azo le  can be considered  as p ro v ed  
on  th e  basis  of th e  m e ltin g  p o in t of th e  d eco m p o sitio n  p ro d u c t.

O n th e  ev idence o f th ese  in v es tig a tio n s , o u r  assum ptions p e r t in e n t  to  th e  
d eco m p o sitio n  of e th y le n e th io u re a  h a d  be m o d ifie d  in  th e  sense t h a t  e th y le n e 
th io u re a  is decom posed  to  iso th iazo le a n d  a m m o n ia  only in  th e  case w hen a 
s u b s ta n c e  is p re se n t in  th e  system , w hich  can  b in d  am m onia in  som e re la tiv e ly  
s ta b le  fo rm , th u s , in  o u r case, in  form  of a co m p le x  com pound. T h is p reco n d itio n  
is re a liz e d  in  th e  case o f Z ineb, or m ore a c c u ra te ly , in th e  p resence  of zinc 
tr i t l i io c a rb o n a te , fo rm ed  b y  th e  d eco m p o sitio n  of Zineb. As show n b y  th e
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d e riv a to g ra m  in Fig. 2, th e  in te rm e d ia te  com plex  is s tab le  up  to  a b o u t 220°C, to  
decom pose a t  th e  D TG  p eak  te m p e ra tu re  of 225°C. In  th e  ab sen ce  o f  a su b 
s ta n c e  capab le  to  b in d  am m o n ia , e th y le n e th io u re a  is decom posed  to  h y d ro g en  
su lp h id e  an d  im idazole.

F u r th e r  ex p erim en ts  w ere ca rried  o u t  to  p ro v e  th is  m odified  a ssu m p tio n . 
Z inc tr i th io c a rb o n a te  w as p re p a re d  an d  s tu d ie d  b y  d e r iv a to g ra p h y . A ccord ing  
to  o u r in v estig a tio n s, zinc tr i th io c a rb o n a te  is decom posed a t  a D T G  p e a k  te m 
p e ra tu re  of 125°C, th e  o rd e r o f reac tio n , s im ila r to  th a t  o f c a rb o n a te s , being 
4 -1 , as m ay  be seen from  d a ta  in  F ig . 3. T he d e riv a to g ram  o f a 1 : 1 m olar 
m ix tu re  o f e th y len e th io u rea  an d  zinc tr ith io c a rb o n a te  was reco rd ed . A lth o u g h  
th e  TG  curve  of th is  d e riv a to g ra m  does n o t p e rm it to  e s tab lish  an  u n eq u iv o ca l 
re la tio n sh ip , a ce rta in  in fo rm a tio n  can be o b ta in e d  on th e  solid p h ase  reac tio n  
b e tw e e n  e th y len e th io u rea  an d  zinc tr ith io c a rb o n a te . T he th e rm a l d ecom posi
t io n  proceeds a t  a DTG p eak  te m p e ra tu re  of 110°C, an d  also th e  D T A  curve 
p re se n ts  a t  120°C a g rea t en d o th e rm ic  decom position  peak , h o w ever, th e  
m e ltin g  p o in t o f e th y len e th io u rea  a t  200°C is a b se n t on th e  D TA  cu rv e , so th a t  
th e  re a c tio n  betw een  e th y le n e th io u re a  an d  zinc tr i th io c a rb o n a te  can  be  con
sid e red  as p roved .

Also in  th is  case, th e  decom position  p ro d u c ts  of an  1 : 1 m o la r m ix tu re  of 
e th y le n e th io u re a  an d  zinc tr i th io c a rb o n a te , k e p t a t  300°C, w ere in v e s tig a te d . 
T h o u g h  a sligh t evo lu tion  o f h y d ro g en  su lph ide  could  be d e tec ted  q u a lita tiv e ly , 
th e  analy sis  of th e  liqu id  decom position  p ro d u c ts , s im ilarly  as in  th e  case of 
Z ineb , in d ica ted  th e  fo rm atio n  o f iso th iazo le  an d  carbon  d isu lp h id e , w hile no 
im id azo le  could be d e tec ted  in  th e  decom position  p roduc ts.

A nalytical possibilités

T h e e lu c ida tion  of th e  re a c tio n  m echan ism  of th e  decom position , described  
in  th e  p reced ing  p a r t ,  offered  a possib ility  for an a ly tica l d e te rm in a tio n s  on 
th e  basis  of th e  d e riv a to g ram s, p a r tic u la r ly  in th e  case of e th y len e-b is-d ith io - 
c a rb a m a te s . The to ta l  loss in w eigh t p re sen ted  on th e  d e riv a to g ram s o f vario u s 
Z ineb  p re p a ra tio n s  gives in fo rm a tio n  on th e  p u r ity  of th e  co m p o u n d , 
p ro v id e d  th a t  th e  im p u ritie s  w hich are  p re se n t do n o t decom pose in  th e  
in v e s tig a te d  te m p e ra tu re  ran g e , t h a t  is to  say  u p  to  ab o u t 500 to  600°C, a 
p re c o n d itio n  m et e.g. b y  zinc oxide or zinc su lph ide .

S evera l analyses were ca rried  o u t to  d e te rm in e  th e  p u r ity  o f Z ineb  p re 
p a ra tio n s  o b ta in ed  u n d e r v a rio u s cond itio n s. R esu lts  of these  d e te rm in a tio n s , as 
co m p ared  to  an a ly tica l d a ta  o b ta in ed  b y  th e  ac id  decom position  m e th o d  in 
c u r re n t use, are p re sen ted  in  T ab le  1.

T h e  accu racy  of th e  tw o  m eth o d s is a b o u t th e  sam e, an d  th e y  req u ire  
a b o u t th e  sam e tim e. H ow ever, d e r iv a to g ra p h y  p ro v ed  to  be m ore a c c u ra te , 
w hen  th e  p re p a ra tio n  co n ta in ed  also im p u ritie s  w hich are decom posed  in  th e
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A fu r th e r  exam ple for ou r d e riv a to g ra p b ic  m e th o d  of analysis in v o lv es  th e  
in v es tig a tio n  of a M aneb p re p a ra tio n , w here  th e  sodium  e th y len e-b is-d ith io - 
c a rb a m a te  so lu tion  has been n eu tra lized  b efo re  th e  p rec ip ita tio n  o f M aneb  w ith  
m anganese  ch loride, and  th e re fo re  our p ro d u c t  con ta ined  also m an g an ese  
tr ith io c a rb o n a te . T he d e riv a to g ram  is show n in F ig . 5. The m anganese  e th y le n e - 
6 £ s-d ith iocarbam ate  co n te n t can  be ca lc u la ted  from  th e  second a n d  th ird  
sec tions of loss in  w eigh t, how ever, th e  p e rc e n ta g e  value of th e  f ir s t  sec tio n  of 
loss w eigh t is g rea te r  th a n  w ould  co rresp o n d  to  th e  sp littin g  off o f  iso th iazo le . 
T he d ifference stem s from  th e  sp littin g  o ff o f th e  carbon  d isu lp h id e  of 
m anganese  tr i th io c a rb o n a te , an d  th u s , th e  p e rcen tag e  q u a n tity  o f th e  la t te r  
can  be  ca lcu la ted  from  th is  d ifference. F ro m  th e  to ta l  loss in  w eigh t a n d  from  
th e  w eig h t of th e  sam ple, th e  m anganese  su lp h id e  co n ten t of th e  sam p le  ca n  be 
ca lcu la ted . O n th e  basis o f th e  d a ta  of th e  p re se n te d  d e riv a to g ram , th e  co m p o 
s itio n  of th e  an a ly sed  sam ple w as th e  fo llow ing:

M anganese e th y len e-6 is -d ith io c a rb a m a te  75.1 p er cen t
M anganese tr ith io c a rb o n a te  16.8 p er cen t
M anganese su lph ide  7.9 per cen t

T he m eth o d  developed  b y  us is su ita b le  also for p la n t co n tro l, a n d  m ay  
be m ore  ad v an tag eo u s  th a n  th e  acid  deco m p o sitio n  m ethod .

For help in experim ental work, we wish to th an k  Miss E. D e Ch a t e l , labo ra to ry  techn i
cian and  Miss Z s . L i g e t f a l u s i , labora to ry  assistant.

SUMMARY

The therm al decomposition of Ziram and Zineb was investigated, and  th e  reaction  
m echanism  of the decomposition cleared. The decom position of Ziram proceeds a t  th e  DTG 
peak tem peratures 320 and 325°C, yielding as decom position products te tram ethy lth iou rea  and 
carbon disulphide. In  the decomposition of Zineb ethyleneth iourea is formed as an  in term ed ia te  
product subsequently decomposed to isothiazole and am m onia; amm onia gives, w ith  zinc 
trith iocarbonate  formed in the decomposition, a re la tive ly  stable complex, which is decomposed 
in the second step. In  the th ird  step of the decom position, the zinc trith iocarbonate  is decom 
posed into carbon disulphide and zinc sulphide. Investigations showed th a t e thy leneth iourea  is 
decomposed into isothiazole and am m onia only w hen th e  system  contains also a substance 
which can bind amm onia, or else the decom position p roducts are hydrogen sulphide and  im ida
zole. D erivatography can be used also as an analy tical m ethod, for the determ ination  of the 
active substance.
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ACTA C H IM ICA

TOM LI

Р Е З Ю М Е

ОСАДОЧНОЕ РАЗДЕЛЕНИЕ СЛЕДОВ ЭЛЕМЕНТОВ, II.
МЕХАНИЗМ СОРБЦИИ УРАНА (VI) ИЗ КАРБОНАТНОЙ СРЕДЫ.

ДЕСОРБЦИОННОЕ ВЛИЯНИЕ ГИДРООКИСИ ТОРИЯ
Э. УПОР

Для выяснения причин потерь, выступающих при разделении урана (VI) из кар
бонатной среды, растворы, содержащие ионы (U 02(C03)3)4-, обрабатывались различными 
адсорбентами. Установлено, что независимо от химической природы адсорбентов потеря 
урана почти полностью происходит благодаря распаду комплекса и связыванию 
ионов 1Ю|+. Исследовалась способность связывания урана на окисях, гидроокисях и 
фосфатах металлов. Найдено, что в экспериментальных условиях на гидроокисях и фосфа
тах, примененных в качестве неорганических ионообменников, эта величина >  I мэкв/г.

Обстоятельно исследовалось десорбционное воздействие гидроокиси тория. Уста
новлено, что это воздействие осуществляется от pH 7,7 до pH 13, и в его присутствии не 
выступает второй максимум, вызываемый гидроксильными ионами. Это десорбирующее 
влияние объясняется главным образом тем, что вследствие большой способности Th(OH)4 
связывать карбонат, а также вследствие низкой основности этого соединения связывание 
гидроксильных ионов является незначительным. Снималась зависимость адсорбции кар
боната и гидроксильного иона на Fe(OH)3 и Th(OH)4 от величины pH. Результаты в пол
ной мере объясняют зависимость адсорбции урана от pH. Увеличение адсорбции урана, 
происходящее совместно со старением осадка, объясняется опять-таки отсутствием свя
зывания иона карбоната. Исследовалось возможное десорбирующее действие других 
катионов (Zr4+, La3+, Се3+, Y3+, Zn2+, Ве2+). Найдено, однако, что десорбирующее дей
ствие тория на Fe(OH)3 является специфическим. Цирконий и лантан, при анализе по
роды, в небольшой степени снижают адсорбционные потери. Объясняется это тем, что в 
присутствии этих соединений, если даже и не имеет место возрастание карбонатной адсорб
ции, связывание гидроксильных ионов является незначительным.

НЕСКОЛЬКО ВОПРОСОВ ОСАДОЧНОГО РАЗДЕЛЕНИЯ СЛЕДОВ ЭЛЕМЕНТОВ
III. ОТДЕЛЕНИЕ МАЛЫХ КОЛИЧЕСТВ УРАНА (VI) ОТ ГИДРООКИСЕЙ МЕТАЛ
ЛОВ С ПОМОЩЬЮ ГИДРООКИСЕЙ ЩЕЛОЧНЫХ МЕТАЛЛОВ. ИССЛЕДОВАНИЕ 

СОСТАВА ПЕРЕОСАЖДЕННОГО УРАНА
Э. УПОР

Исходя из ранних исследований (проведенных в связи с карбонатным разделением 
урана (VI)) более подробно изучалось поведение урана (VI) в среде гидроокиси щелочного 
металла. Установлено, что находящийся в малых количествах уран (VI) количественно 
выпадает на гидроокиси железа (III) до pH =  12, затем, с увеличением pH уран посте
пенно переходит в раствор. Растворение при pH =  13—14 является количественным, 
если концентрация урана равна 5.10-4 М. С увеличением концентрации электролита, 
а также со временем растворимость снижается. Исследовался состав осадка, разделен
ного с помощью NaOH при высших концентрациях урана (0,005—0,02 М/л); установлено, 
что в области pH =  11,9—13 соотношение Na: U в осадке равно 1,00 ±  0,04. Это соответ
ствует составу Na2U20 7, следовательно, предположение нескольких авторов о сущест
вовании в данной области pH Na2U 0 4 не является обоснованным. В растворе NaOH боль
шей концентрации, а также при длительной стоянке, соотношение Na: U повышается до 
1,25. Наиболее вероятным объяснением этого является совместноосаждение NaOH.
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Значительная адсорбция (ОН- ) NAOH подтверждается также и тем фактом, что переход 
урана в раствор является коллоидным явлением. Последнее было подтверждено элект
ронно-микроскопическими снимками.

Растворение урана (VI) в щелочной среде может быть использовано для целей 
препаративной и аналитической химии. До сих пор, в первую очередь, внедрено раз
деление урана от тория, не только для определения содержания тория в урановой руде, 
но и для получения UX,, а также для радиохимической очистки урана.

СПЕКТРОСКОПИЧЕСКОЕ ОПРЕДЕЛЕНИЕ ВАНАДИЯ И НИКЕЛЯ В
НЕФТЯНОЙ ЗОЛЕ 

А. ПЕТЁ

Разработан метод спектрографического определения V и Ni для зол венгерских 
нефтей. Нефти очищались и обезвоживались центрифугированием, затем применялась 
медленная сернокислая разгонка. В случае последней к 100 г. масла добавлялось 10—20 
капель концентрированной серной кислоты, что предотвращало потерю V и Ni. Зола 
смешивалась в соотношении 1:3 с порошком Si02, содержащим 1% Со, затем смесь при
мешивалась к спектрально чистому порошкообразному графиту, в соотношении 1:2. 
Эта спектрографическая смесь возбуждалась в отверстии графитного электрода. Даются 
параметры возбуждения, аналитические и относительные линии, с относящимися к ним 
пределами измерений и воспроизводимостью. Чувствительность анализа равна 0,005%, 
верхний предел составляет 30% по отношению к нефтяной золе.

АНАЛИЗ ЗАГРЯЗНЕНИЙ В НИКЕЛЕ ВЫСОКОЙ ЧИСТОТЫ
М. Ч А Й К А , М. ЁРДЕГ и Э. САБО

Разработан метод определения загрязнений, важных с точки зрения техники связи, 
в катодовом никеле с помощью активационного анализа. Отдельные элементы разделялись 
с помощью ионного обмена, непосредственно после облучения. Метод дает возможность 
систематического анализа следующих элементов: мышьяка, меди, сурьмы, цинка и ви
смута.

ТЕОРИЯ НЕКОТОРЫХ ФОТОХИМИЧЕСКИХ ПРОЦЕССОВ ПРИ НИЗКИХ
ТЕМПЕРАТУРАХ

Д Ж . X. ПЭРНЕЛЛ

Рассматриваются последние работы по аналитическому изучению продуктов фото
лиза HI и СН31 в реакционноспособных углеводородных матрицах при 77° К. Делается 
заключение о том, что результаты находятся в лучшем соответствии с предположением 
о фотолизе рыхлых комплексов матрица-молекулы вещества, подвергаемого фотолизу, 
чем о фотолизе непосредственно самих молекул веществ. Приводятся возможные струк
туры комплексов типа [R — I]2 и [RI — М], с помощью которых можно объяснить обра
зование найденных продуктов. На основе настоящего представления удалось качественно 
объяснить механизм образования продуктов низкотемпературного фотолиза CH3N 02 и 
CH3ONO.
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ЗАВИСИМОСТЬ М Е Ж Д У  ПРОЧНОСТЬЮ СВЯЗИ И КОЛЕБАТЕЛЬНЫМИ 
СИЛОВЫМИ постоянны м и

Ш. СЁКЕ

Валентные силовые постоянные двухатомных молекул зависят от электроотрица
тельности, длины и энергии связи. В целом ряде молекул, имеющих в большинстве слу
чаев ковалентный характер, фактор пропорциональности является приблизительно по
стоянным. Силовые постоянные двухатомных гомо- и гетеро-ядерных молекул могут 
быть рассчитаны друг из друга. Если ионным характером пренебречь нельзя, то нужно 
применять корреляцию на основе ионковалентной резонансии. Приведена зависимость 
между прочностью связи и силовыми постоянными.

О РАСЧЕТЕ ЭНЕРГИИ РЕШЕТКИ КАРБИДОВ ЩЕЛОЧНО-ЗЕМЕЛЬНЫХ 
МЕТАЛЛОВ (СаС2, SrC2, ВаС2) И ЭНЕРГИИ ДИССОЦИАЦИИ АЦЕТИЛИДНОГО

ИОНА
Г. В И Н Е К , А. Н Е К Е Л Ь и X. НОВОТНИ

Были рассчитаны энергии решетки СаС2, SrC2 и ВаС2 с учетом несферического рас
пределения заряда в ацетилидном ионе. Из этих данных были оценены теплота образова
ния иона C ï  по

2С (графит) +  2ё =  Cj1 (г), X =  220 ккал/моль и энергия диссоциации (D) по
С7 (г) =  2С" (г), D =  66 ккал/моль.

ПРИБЛИЗИТЕЛЬНОЕ ВЫЧИСЛЕНИЕ ЭНТРОПИЙ И ЭНТАЛЬНЫХ СВОБОДНЫХ 
РАДИКАЛОВ. 1. СТАТИСТИЧЕСКИЙ РАСЧЕТ ЭНТРОПИЙ

Ш. Ф Е РГ Е Т Е Г  и Т. БЕРЦ ЕШ

Вычислены энтропии некоторых простых, принадлежащих к разным типам, свобод
ных радикалов статистическим термодинамическим методом. В течении расчетов мы 
пользовались молекулярными данными, с подходящими предположениями относительно 
структурных разностей между свободными радикалами и родильными („parent”) мо
лекулами. Обсуждалась точность вычисленных значений энтропии. Мы коснулись при
менимости одного приблизительного метода для оценки энтропий свободных радикалов, 
основанного на энтропиях молекул.

ПОТЕНЦИАЛ БИЛЛЕША ДЛЯ МОЛЕКУЛЯРНЫХ КОЛЕБАНИЙ
С. Й. СИВИН, Л . А. КРИСТИАНСЕН и Д Ж . БРУ Н В О Л Л

Обсуждается предложенный Биллешом метод расчета силовых постоянных мо
лекулярных колебаний. Упомянутый метод — в отличие от мнения автора — носит лишь 
приближенный характер. Обсуждается степень приближенности, скрытая в самом 
методе.

АНАЛИТИКА СТЕРОИДОВ, VI 
ш . г ё р ё г

Для определения свободного фенольного гидроксила, находящегося в качестве 
загрязнений в производных сложных эфиров эстрона, применялся метод, описанный 
автором ранее для аналогичных исследований производных сложных эфиров эстрона. 
Титрование гидро-окисыо тетрабутил-аммиака в смеси трет-бутанол-толуол, при 
использовании в качестве индикатора азо-фиолетового, проводилось при охлаждении 
льдом, для подавления мешающей реакции между гидроокисью тетрабутил-аммиака и 
производным эфира эстрона.
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ИССЛЕДОВАНИЕ ТЕРМИЧЕСКОГО РАСПАДА ЦИРАМА И ЦИНЕБА
Д Ь . П Ф ЕЙ Ф ЕР и Т. ФЛОРА

Исследовался термический распад Цирама и Цинеба и был выяснен механизм 
реакции распада. Согласно дериватографическим исследованиям, распад Цирама (дк- 
метил-дитиокарбамат цинка) проходит при пиковой температуре ДГТ 320—350°, про
дуктами распада являются тетраметил-тиокарбамид и CS2. В случае распада Цинеба 
(этилен-бис-дитиокарбамат цинка) образуется промежуточно этилен-тиокарбамид, распа
давшийся в изо-тиазол и аммиак; аммиак дает сравнительно устойчивое комплексное 
соединение с тритиокарбонатом цинка. Этот комплекс распадается во второй ступени. 
В третьей ступени распада тритиокарбонат цинка распадается на CS2 и сульфид цинка. 
Согласно исследованиям, этилен-тиокарбамид распадается только в том случае на изо- 
тиазол и аммиак, если в системе присутствует вещество, способное связывать последний. 
В противном случае продуктами распада являются сероводород и имидазол. Деривато- 
графия может быть использована и в качестве аналитического метода, для определения 
содержания эффективного вещества.
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Tabic 1

Percentage zinc ethylene-bis-dithiocarbamate

D e r i v a -
t o g r a p h y

A c i d
d e c o m p o s i t i o n

74.5 74.1

79.2 78.5

85.0 82.5

86.5 86.3

te m p e ra tu re  range, in v e s tig a te d  an d  th u s , a ffec t th e  ac id  decom position  m e
th o d . P rim a rily , tr i th io c a rb o n a te s  h av e  to  be  co nsidered  as im p u ritie s  o f  th is  
k in d . B esides for Z ineb , d e riv a to g rap h ic  an a ly sis  is su itab le  also for th e  a n a ly 
sis o f M aneb, a c o m p o u n d  o f sim ilar ty p e  (m an g an ese  e th y len e-b is-d ith io 
c a rb a m a te ) . T he d eco m p o sitio n  m echan ism  o f th is  co m p o u n d  was in v e s tig a te d  
b y  th e  m e th o d  describ ed  fo r Z ineb, an d  w as fo u n d  to  be analogous to  th a t  of 
Z ineb.

100 !00 300 iOO 500 °C

rnin
Fig. 5. The derivatogram  of M aneb (m anganese ethylene-6i's-dithiocarbam ate) in nitrogen

atm osphere
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USE OF DIELECTROMETRY 
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A n aly tica l m e th o d s  re c e n tly  evolved m ak e  possib le  th e  te s tin g  o f ch em i
cal p ro d u c ts  in  th e  course o f th e ir  m an u fac tu re . As fa r  as ra p id ity , s im p lic ity , 
a n d  re liab ility  are  considered , d ie lec trom etric  te s t  m e th o d s  h av e  assu m ed  a 
r a th e r  im p o r ta n t ro le in  th e  co n tro l o f chem ical o p e ra tio n s  [1 ] an d  processes
[2, 3, 4].

Analitical applications of the “ Universal Dielectrometer”

In  co llab o ra tio n  w ith  G é z a  S za b ó  an  in s tru m e n t:  “ Universal Dielectro
meter”  [5, 6 ] has b een  c o n s tru c te d  w hich p ro v e d  u sefu l in  q u a lity  co n tro l, 
especially  for f re q u e n t ro u tin e  te s ts . E.g., in th e  p ro d u c tio n  of p o ly h a lo g en a ted  
d e riv a tiv e s  of ace ty len e , a ra p id  m eth o d  of on-line  q u a li ty  con tro l is a ffo rd ed  
b y  m easu ring  th e  d ie lec tric  c o n s ta n ts  of th e  b in a ry  sy s tem s tr ic h lo ro e th y le n e — 
te tra c h lo ro e th a n e , te tra c h lo ro e th a n e —te tra c h lo ro e th y le n e , an d  p en tach lo ro - 
e th a n e —trich lo ro e th y len e  [7].

In  th e  su lp h o ch lo rin a tio n  o f gas oil, th e  re a c tio n  p ro d u c t m ay  be an a ly zed  
on th e  basis o f th e  m icroam peres m easu red  an d  p lo tte d  ag a in st th e  p rogress 
of sapon ifica tion . T h is cu rv e  is show n in F ig . 1.

Fig. 1. Dielectric constan t curve, microam peres vs. saponification num ber for slilphochlotinated
gas oil

1 A cta  Cl\imica A ca d em ia e  S c ie n lia ru m  H ungaricae .5 1 , 1967
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I n  som e cases le n g th y  chem ical an a ly ses  via  fu n c tio n a l g ro u p s [7], such 
as h a lo g e n e , h y d ro x y l, ep o x id e , etc., can  th u s  be  d ispensed  w ith . D ie lec tro 
m e try  is a ra p id  an d  re liab le  m e th o d  fo r th e  e v a lu a tio n  of th e  e ffec t o f c a ta ly s ts , 
a c c e le ra to rs , a n tio x id a n ts , em ulsifiers . In  c o m b in a tio n  w ith  th e  d e te rm in a tio n  
o f  a n o th e r  physical c o n s ta n t, d ie le c tro m e try  can  be used  as a ra p id  on-line 
te s t  m e th o d  for te rn a ry  sy stem s [2]. D ie lec tro m etric  t i t r a t io n  especia lly  of 
b in a ry  a n d  of te rn a ry  sy s tem s d ifficu lt to  t i t r a te  b y  classical m e th o d s  is ra th e r  
im p o r ta n t .  The effec tiveness o f m o lecu la r sieves in  in d u s try , esp ec ia lly  in  th e  
d ry in g  o f  so lvents, can  be  re a d ily  a sc e rta in ed  b y  d ie lec tro m e try ; on th e  o th e r 
h a n d , m o lecu la r sieves p la y  an  im p o r ta n t  role in  th e  d ev e lo p m en t of gas 
c h ro m a to g ra p h y  an d  d iffe re n tia l d ie lec tro m e tric  t i tra tio n s . D ie le c tro m e try  
in c lu d e s  th e  m easu rem en t o f loss fac to rs , a n d  th is  is an  im p o r ta n t  fe a tu re  in 
e s ta b lish in g  p u rity -g rad es , m o lecu la r s tru c tu re s , an d  in v e s tig a tio n  o f p o lym er 
su b s ta n c e s .

D ielectrom etric indication

In  ad d itio n  to  te s tin g  good d ie lec trics, d ie lec tro m etry  is som etim es also 
a p p lic a b le  for th e  in d ic a tio n  o f th e  e n d -p o in t of reac tio n s, u ti liz in g  th e  so- 
ca lle d  n o n -p o la r so lv en t effec t. E.g., in  th e  su lp h a tio n  of f a t ty  a lcohols w ith  
ch lo ro su lp h o n ic  acid , sam p les  o f th e  sam e vo lum e are ta k e n  fro m  th e  reac-

F ig. 2. Registering by  d ielectrom etry  of the sulphation of a fa tty  alcohol, P F  —8. 
C =  capacitance position, G =  loss position
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t io n  m ix tu re  an d  m ixed w ith  th e  sam e vo lum e o f a n o n -p o la r  so lv en t, 
su ch  as p e tro le u m  ether. T h e  com pletion  o f a su lp h a tio n  re a c tio n  o f  Р Г -8  

alcohol is in d ic a te d  in Fig. 2; in  F ig . 3 th e  su lp h a tio n  o f la u ry l a lcohol is show n 
as reg is te red  b y  a tra n s is to r iz e d  in s tru m e n t, an d  b y  th e  o rig inal la b o ra to ry  
in s tru m e n t. I t  can  be seen t h a t  th e  fo rm er gives th e  sam e read in g  b u t  w ith  a 
deflection  in  th e  opposite d ire c tio n .

Fig. 3. Following by  dielectrom etry o f th e  sulphation of lauryl alcohol: com parison of tw o
ins trum en ts

* -  - - - O  in strum en t w ith  electron valves, in  position C ; --------- Q  in s trum en t w ith  elec tron
valves, in position G; — ■ • X in strum en t, transisto rized , in position C ; --------- X in s tru m en t,

transisto rized , in position G

Elim ination o f  the effects due to the temperature dependence of e

T he p rin c ip a l d ifficu lty  in  th e  use o f d ie lec tro m etry  fo r chem ical p rocess 
c o n tro l is th e  e lim in a tio n  of the  e ffe c t w hich te m p e ra tu re  ex e rts  u p o n  d ie lec tric  
c o n s ta n ts . This p ro b lem  has been  so lv ed  in  several w ays.

1. B y m eans o f  ca lib ra tion  cu rv es  p lo tte d  fo r v a rio u s  te m p e ra tu re s
(F ig . 4).

2. The m easu rin g  cell of th e  in s tru m e n t  is ja c k e te d  a n d  k e p t  a t  a su ita b le  
c o n s ta n t  te m p e ra tu re  which is in  acco rd  w ith , b u t  n o t n ecessarily  th e  sam e

1 Acta Chimica Academiae Scientiarum Hungaricae 51, 1967
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as th e  te m p e ra tu re  of, th e  re a c tio n  m ix tu re . S am ples fo r th e  d ie lec tric  m easu re
m e n t o f  th is  reac tio n  m ix tu re  are tra n sfe rre d  in to  th e  cell so th a t  a t  th e ir  
a r r iv a l th e re  th e y  h a v e  th e  te m p e ra tu re  of th e  cell. C a lib ra tio n  cu rves are 
ta k e n  a t  cell te m p e ra tu re s . A fte r  dielectric  m e a su re m e n t, th e  sam p le  is allow ed 
to  r e tu rn  in to  th e  re a c to r . T h is  m ethod  p ro v e d  feasib le  an d  su ita b le  in on-line 
an a ly se s  in  th e  m a n u fa c tu re  o f d iocty l p h ta la te  [2]. F o r th is  sam p lin g  te c h 
n iq u e  th e  te rm  h a rm o n ic  sam p lin g  has b een  co ined .

Diacetonalcohol
Fig. 4. Dielectric co n stan t curve, microamperes vs. w eight per cent, for acetone-diacetone

alcohol m ix tures

3. F o r use in  th e  chem ical in d u s try  p e rh a p s  an  in s tru m e n t w ith  tw o 
osc illa to rs  (F ig. 5) is th e  b e s t for th e  co m p en sa tio n  of th e  te m p e ra tu re  d epen 
dence  o f d ielectric  c o n s ta n ts .

To each o f th e  o sc illa to rs  a m easu rin g  cell m ade o f sta in less steel an d  
p o ly am id e , an d  h a v in g  e x a c tly  th e  sam e c a p a c itan c e , is con n ec ted . T he so lven t 
o f  v a riab le  te m p e ra tu re  flow s th ro u g h  cell C Xi an d  th e n  in to  th e  ja c k e t o f cell 
Сх ц . T he la t te r  cell is filled  w ith  a su b s ta n c e  th e  d ie lec tric  c o n s ta n t of w hich 
is v e ry  n ea rly  th e  sa m e  as th a t  of th e  so lv e n t flow ing  th ro u g h  cell Cx i.T h u s  
th e  so lven t th a t  h a s  p assed  th ro u g h  cell C x i keeps th e  te m p e ra tu re  of th e  
liq u id  in  th e  co m p e n sa tio n  cell СХц a t  te m p e ra tu re s  co rresp o n d in g  to  its  ow n. 
C onsequen tly , th e  tw o  cells w ith  n ea rly  th e  sam e cap ac itan ce  affect th e  am p li
tu d e s  of th e  tw o o sc illa to rs  equally , an d  th e  p o in te r  o f th e  m e te r  is n o t deflected .

Plant dielectrom eter and its application in industrial practice

F rom  th e  la b o ra to ry  m odel a new  p rocess in s tru m e n t has been  evo lved  
w h ich  is su itab le  b e in g  m o u n ted  on, or co n n ec ted  to , m a n u fa c tu rin g  a p p a ra tu s
(F ig . 6 ).

A d a  C h im ic a  A c a d e m ia e -  S c i e n t ia r u m  H u n g a r ic a e  5 1 y 1 9 6 7
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1 .  T h e  o sc illa to r p a r t  is b u ilt  in to  th e  m easu rin g  head ; th e  in d ic a to r  or 
m e te r , to g e th e r  w ith  th e  pow er su p p ly  u n i t ,  fo rm s a sep a ra te  p a r t .

2. T h e  process in s tru m e n t does n o t m easu re  h u t  cap ac itan ce  a n d  re s is tiv 
i ty  loss b y  th e  d eflec tion  m eth o d , b ecau se  th e re  is no  c a lib ra te d  ro ta tin g  
co ndenser in  th e  in s tru m e n t.

3. W h en  cap a c itan c e  is m easu red  w ith  th e  process in s tru m e n t, m ax im u m  
an d  m in im um  lim its  are  to  be fixed , re sp e c tiv e ly , b y  th e  tu n in g  o f  b u ilt- in

E C C 8 5

' X l l .

’ %

Co

6r
%
в  ?

2 A * 4

T ~ n u

Fig. 5, In s tru m en t w ith  com pensation of th e  tem p era tu re  effect by two oscillators 
1, 2 auxiliary  oscillator circuits; 3, 4 electron valve oscillators; 5 stabilized anode; 6 m eter;

7, 8 resistors; 9 sw itch

Fig. 6. Process dielectroineter. 1 m easuring head ; 2 m eter; 3 recorder

o sc illa to ry  c ircu its , th u s  th e  zero -po in t m a x im u m  d eflec tio n  of th e  m e te r  can  
be checked  a t  a n y  in s ta n t  du ring  m e a su re m e n t. T h is is th e  m ost im p o r ta n t  
co n d itio n  to  be  fu lfilled  in  th e  case o f a c o n tin u o u s  co n tro l during  m a n u fa c tu re .

F o r  on-line q u a lity  co n tro l, cells an d  p ro b es  m ade o f sta in less s tee l an d  
T eflon  p ro v ed  v e ry  u sefu l; developing  th e se  w e evo lved  a co n stru c tio n , show n 
in  F ig u re  7, o f a p rocess d ie lec tric  cell w ith  flex ib le  connection . H av in g  su ita b le  
flanges, these  cells can  be  m o u n ted  d irec tly  on m a n u fa c tu r in g  a p p a ra tu s .
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F o r  m ore  th a n  a y e a r a n d  a  h a lf  th is  ty p e  o f  d ie lec tro m etric  in s tru m e n t 
h as  b e e n  u se d  w ith  good re su lts  fo r th e  co n tro l o f  a n  acetic  a n h y d rid e  p la n t .  
F ig . 8  p re s e n ts  som e curves o f d ie lec tric  c o n s ta n ts  fo r m ix tu res  o f a ce tic  ac id  
a n d  a c e tic  a n h y d rid e , m ic ro am p ere  vs. co m p o sitio n  being  p lo tte d  in  th e  zero 
to  2 %  o r zero  to  70%  ace tic  ac id  c o n c e n tra tio n  ran g e . Since th e  d ie lec tric  
c o n s ta n t  o f  ace tic  acid is 6.17 a n d  th a t  o f ace tic  a n h y d rid e  22.2 th e  zero  p o in t

Fig. 7. Cell for the process in s tru m en t
1 o u te r a rm a tu re ; 2 inner a rm a tu re ; 3 support; 4 flanges; 5 rigid tube; 6 flexible lead ; 7 in 

sulation; 8 support (bakelité); 9 plug connector; 10 screening box

o f th e  p rocess in s tru m e n t w as fix ed  w ith  m ix tu re s  of high acetic  ac id  c o n te n t,
i.e. w ith  tho se  of low  d ie lec tric  c o n s ta n t, a n d  th e  m ax im um  d eflec tio n  was 
u se d  fo r  p u re  acetic  an h y d rid e .

T h e  follow ing ta b le  show s a com p ariso n  o f resu lts .
I n  th is  an h y d rid e  p la n t  th e  in d ic a to r  p a r t  of th e  d ie le c tro m e te r  w as 

m o u n te d  on th e  in s tru m e n t p an e l o f th e  c e n tra l  con tro l room . T h is process 
d ie le c tro m e te r  was successfu lly  app lied  also in  th e  ro u tin e  analysis o f m ix tu re s  
o f  a c e to n e  an d  d iace tone  alcohol, an d  ace to n e  an d  w a te r p ro d u ced  in  th e  
m a n u fa c tu re  o f d iace tone  alcohol, fu r th e r  in  th e  analysis o f to lu en e -b en zy l 
c h lo r id e  m ix tu res  in  th e  m a n u fa c tu re  of th e  la t te r .
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A c e t ic  a n h y d r id e  p e r  c e n t  f o u n d

C la s s ic a l m e th o d

I n d u s t r i a l
d i e le c t r ic

i n s t r u m e n t
p l a n t  c o n tro l  

l a b .
c h e m ic a l

la b .

99.25 99.00 98.50
98.64 99.00 98.50

47.00 49.00 47.30

99.90 99.50 100.00
96.00 98.00 96.50

98.23 98.50 98.50
79.00 79.50

k n o w n  a c e t ic  a n h y d r id e  c o n te n t ,  %

54.60 54.50
14.80 15.00
0.50 0.54

Acetic acid
Fig. 8. D ielectric constan t curve, m icroam peres vs. w eight per cen t, for acetic acid and acetic

acid anhydride m ixtures
- - - - -  0 — 2%  acetic acid; ---------  0 — 70% acetic acid; é — sensitiv ity
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Benzylchloride
F ig . 9 . D ielectric constant cu rve , m eter units vs. w eight p e r cent, for toluene-benzyl chloride

m ixtures
----------  T rea ted  w ith HC1, m easu red  w ith the Universal D ielectrom eter;.............N ot trea ted
w ith  HC1, measured w ith  th e  Universal Dielectrometer ; — • — Measured b y  m eans of the

process instrum ent
I

Fig. 10. E lectrodeless capacitive cell
1 m e ta l film ; 2 protective laq u e r coating; 3 glass; 4 p las tic  support; 5 condenser in series
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F ig . 9 shows th e  m e te r  u n its  vs. ben zy l ch loride c o n c e n tra tio n  curves 
u sed  in  th e  analysis o f re a c tio n  p ro d u c ts  from  th e  c h lo rin a tio n  p rocess of 
to lu e n e  to  benzy l ch lo ride , p lo t te d  w ith  a la b o ra to ry  an d  a process in s tru m e n t, 
re sp ec tiv e ly . This fig u re  show s th a t  d ie lec tro m etry  can  be  ca rr ied  o u t also in 
th e  p resence  of HC1.

Som etim es, e.g., w ith  ch lo ride , i t  is b e tte r  to  use e lec trode less cells to  
o b v ia te  difficulties due to  co rrosion . Such a cell is show n in  F ig . 10, w here 
th e  th in  lay e r covering  th e  glass is co a ted  w ith  a p la s tic  film  [8 ] to  p ro te c t 
i t  a g a in s t abrasion .

T o sum m arize : to g e th e r  w ith  th e  Universal Dielectrometer a lre a d y  on the  
m a rk e t, th e  tra n s is to riz e d  p la n t  a n d  la b o ra to ry  in s tru m e n ts  d esc rib ed  can  do 
im p o r ta n t  service in  u p - to -d a te  in d u s tr ia l  analyses. T h is tra n s is to r iz e d  in s tru 
m e n t h as  been  designed fo r p la n ts  w here in flam m ab le  v a p o u rs  m a y  occur.

The au thor wishes to  th an k  Mr. Géza Szabó, electronic engineer, Mrs. T . Sebestyén 
and Mrs. F . Varga for their valuable help in  these researches.

SUMMARY

D ielectrom etric m easurem ents, carried ou t w ith the help of a “process d ielectrom eter” 
and a special cell connected to  i t  by a flexible lead, are rapid, simple, and reliable, th u s readily 
applicable to  the control of chemical processes and operations by  th e  characterization  of 
m ix tures such as acetic acid and acetic acid anhydride, or toluene and  benzyl chloride, etc. 
To coun terac t disturbing effects due to  th e  tem perature  of the dielectric co n stan t, th e  best 
m ethod found is a so-called harm onic-sam pling procedure and tem pera tu re  com pensation by  a 
double-oscillator dielectrom eter. The best m ethod for the control o f su lphation  and  for the 
ind ica tion  of its end-point is th e  application  of th e  non-polar solvent effect com bined w ith 
registering of the change in loss-resistance.
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R ad io ac tiv e  in d ica to rs  can  b e  u sed  in  v o lu m etric  analysis  to  d e te rm in e  
th e  p o in t of equ ivalence. T he s ign ificance  of th e se  “ rad io m etric  t i t r a t i o n s ”  has 
m a rk e d ly  increased  in  th e  p a s t y e a rs  [1, 2, 3].

T he sep ara tio n  o f reac tio n  p ro d u c ts  fo rm ed  from  th e  in itia l co m p o n en ts  
d u rin g  t i t ra t io n  can be also done b y  io n  exchangers. Io n  exchange  se p a ra tio n  
fo r  th e  end p o in t in d ica tio n  of c h e la tin g  rad io m e tric  t i tra tio n s  w as f i r s t  sug
g ested  an d  used  b y  S c h u m a c h e r  a n d  F r ie d l i  [4], th e n  b y  S t a r y , R u z ic k a  
a n d  Z e m a n  [5]. Io n  exchange s e p a ra tio n  w as used  in  ou r p rev io u s  w o rk s for 
th e  ch e la to m etric  rad io m e tric  t i t r a t io n  o f zinc [6 , 8 ], co b a lt [7, 9, 12] a n d  B 12 

v ita m in e  [10, 11]. T hese t i t ra t io n s  w ere  done b y  E D T A  an d  D C Y T A  t i t r a n ts ,  
liq u id , solid ion  exchangers, an d  io n  ex ch an g er m em branes w ere u se d  fo r  th e  
s e p a ra tio n  of com ponen ts.

In  th e  p resen t p a p e r  resu lts  o b ta in e d  in  th e  rad io m e tric  t i t r a t io n  o f  F e 3 + 
ions labelled  w ith  55+59jre u sin g E D T A  t i t r a n t  are rep o rted . F o r th e  se p a ra tio n  
o f  com ponen ts D O W E X  50 W —X 2  w as used . In  th is  w ay  iron  w as d e te rm in e d  
in  p h a rm aceu tica l iro n  t in c tu re  (T inctura  aromatica) in  am o u n ts  o f  te n th s  of 
p e r  cen ts . The m e th o d  developed  c a n  be  also used  fo r th e  d e te rm in a tio n  o f iron  
in  subm icro  q u a n titie s . T he d e te rm in a tio n  of g rea te r  q u a n titie s  o f iro n  is also 
possib le , m ostly  in  ro u tin e  ana lyses (as in  o u r case, in  th e  seria l a n a ly s is  of 
p h a rm aceu tica l p ro d u c ts), w here c a lib ra tio n  curves are m a in ly  u sed .
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Principle of the method

In  th e  t i t ra t io n  o f F e 3+ ions b y  E D T A  t i t r a n t ,  a n eg a tiv e  c h a rg e d  ch ela te  
co m p lex  is form ed

F e3+ +  H 2Y 2~ ^  F e Y -  +  2 H  +

N o n -reac tin g  F e3+ ions are  s e p a ra te d  from  th e  ch ela te  com plex  fo rm e d  d u rin g  
t i t r a t io n  b y  an  exchanger. T h e  ra d io a c tiv i ty  o f th e  ch ela te  com plex  (so lu tion ) 
is m easu red .
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A lthough  in th e  d e te rm in a tio n  of F e:i+ ion s p re se n t in  co n cen tra tio n s like 
in  t h e  p h arm aceu tica l p r o d u c t  T inctu ra  F e rr i a ro m a tic a  th e  t i t r a t io n  curves 
c a n  b e  ev a lu a ted  an d  e x tr a p o la te d  up to  th e  en d  p o in t , i t  is m ore ad v an tag eo u s 
t o  u se  a ca lib ra tion  c u rv e . T o  u n d ers tan d  th is  m e th o d  we re fe r to  F igs. 1 an d

F ig . 1. The relation betw een d iffe ren t quantities of labelled  chelate and the EDTA  ti tra n t 
(1 — ind ica to r; 2 — ind ica to r : 0.28 mg Fe; 3 — in d ica to r -)- 0.56 mg Fe; 4 — ind ica to r -j-

0.84 mg Fe)

Fig 2. C alib ration  curves constructed b y  using  th e  values in Fig. 1 
(1 -  4 m l; 2 — 4 m l; 3 — 2 ml; 4 — 1 m l 5 • lO ^3 M EDTA)

2  w h e re  titra tio n  and  c a l ib ra t io n  curves o b ta in e d  in  o u r ex p erim en ts  are  show n.
F ig . 1 ind icates th e  r e la tio n  betw een th e  a c t iv i ty  of d iffe ren t q u a n titie s  

o f  la b e lle d  chelate (* F e Y - ) a n d  th e  am ount o f E D T A  ad d ed  to  th e  in v e s tig a te d  
s o lu tio n . Fig. 2 in d ica te s  th e  re la tio n  betw een  th e  a c t iv i ty  o f labe lled  chela te  
a n d  th e  q u a n tity  of iro n  a t  c o n s ta n t ED TA  t i t r a n t  vo lum e.

T h e  am ount o f iro n  c a n  he de te rm ined  b y  th e  ca lib ra tio n  curves show n 
in  F ig . 2 as follows: A lw ay s e x a c tly  the  sam e a m o u n t  of rad io ac tiv e  in d ic a to r
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(55 + 59F e) is a d d ed  to  th e  so lu tio n  u n d e r  in v es tig a tio n . A fte r th e  a d d itio n  o f 
d e fin ite  q u a n titie s  o f  ED TA  t i t r a n t ,  th e  se p a ra tio n  is done b y  ca tio n  ex ch a n g e r 
a n d  th e  ra d io a c tiv ity  of th e  la b e lle d  ch e la te  (so lu tion) is m easu red . T h is  m e a s
u re d  a c tiv ity  is th e n  m arked  on  th e  у -axis an d  from  its  in te rc e p t w ith  th e  
c a lib ra tio n  curve  co n stru c ted  fo r th e  co rresp o n d in g  (added ) q u a n t i ty  o f  t i t r a n t  
a lin e  p e rp en d icu la r to  th e  я -axis is  d raw n  an d  gives th e  so u g h t a m o u n t o f  F e :, + .

Experimental

Reagents, radioactive indicators, ion exchangers and titran ts used

All the reagents used were of p. a . grade (Lachema n. p .) .
The distilled w ater used was purified  by deionization using Dovex 50 W —X 2  and 

Dowex 1 — X 8  ion exchange mixtures. ss+S8Fe was used as the radioactive indicator. T he ion 
exchanger used for the  separation of com ponents was Dowex 50 W —X 2  (100/200 m esh).

Traces of iron and  cobalt were rem oved from the cation exchanger before use as follows: 
The necessary am oun t of cation exchanger was washed on the colum n by 6 A  HC1 in  a th ir ty 
fold excess. Then i t  w as rinsed w ith deionized w ater, and carried in to  N a+ cycle by  5%  NaCl 
solution. The cation exchanger was tre a ted , a fter rinsing i t  w ith  deionized w ater, by a sixtyfold 
volum e excess of 10%  EDTA solution, th e n  by  th irty fo ld  excess of deionized w ater.

5 ■ 10-3 M E D T A  (Komplexon I I I )  solution was used as titra n t. The solution was 
standardized by recrystallized p. a. g rade  lead chloride using xilenol orange ind ica to r [13].

Construction of calibration curve

To 0.2 ml solu tion  of 65+69Fe in d ica to r known volum es of a non-active s tan d a rd  iron 
solu tion  were added then  0.2 ml 30% H 20 2, and the volum e of the solution was com pleted to  
5 ml. The solution w as boiled for three m inu tes in a 25 ml flask equipped w ith  a cooler, i t  was 
cooled, and the cooler was washed w ith  3 ml deionized w ater. The flask was separa ted  from  
th e  cooler, a certain q u an tity  of 5 • 10 ~3 M EDTA ti t r a n t  was added to th e  solution i t  was 
filled up w ith deionized w ater to 10 ml, an d  200 mg Dowex 50 W —X 2  in N a+ cycle was added 
to  it. The solution containing the ion exchanger was m ixed by a ir bubbling. T hen  th e  ion 
exchanger was separa ted  from the solu tion  by filtering  through filte r paper. The ion ex
changer on the filte r paper was thoroughly  rinsed, and th e  eluate was m ade up w ith  deionized 
w ater to  25 ml. A fte r mixing, the solu tion  was placed in to  a beaker, then  sucked in to  a GM 
tu b e  for solution-counting where the ac tiv ity  of the solution was m easured. In  th is w ay the 
d ifferen t points of th e  titra tio n  and ca lib ra tion  curves were obtained.

(N H 4)2Fe(S04)2 solution was used as standard  solution. The qu an tity  of iron  in  the 
s tan d ard  solution w as determ ined by g rav im etry .

The determ ination of iron in T inctura arom atica

In  determ ining iron in arom atic iron  tincture  th e  same procedure was used as in  the 
determ ination  of th e  different points of th e  calibration curve, w ith the exception th a t  in stead  
o f (N H 4)2Fe(S04)2 s tan d ard  solution 0.1 — 0.2 ml of the investigated tincture  was added from  a 
m icro burette. The am oun t of iron in th e  tinc tu re  was determ ined by a calibration curve, as 
ind ica ted  above. E xperim ental results ob ta ined  in radiochelatom etric ti tra tio n  were com pared 
to  results obtained b y  iodom etric ti tra tio n  [14] prescribed by the pharm acopoea.

Experimental results

T he t i t r a t io n  an d  ca lib ra tio n  curves are  show n in ^ ig s . 1 an d  2 o b ta in e d  
b y  th e  (N H 1)2Fe(SO,1) 2 s ta n d a rd  so lu tio n  for t i t r a t io n  using  5 • 10 -3  M E D T A  
so lu tio n . E x p e rim e n ta l resu lts o b ta in e d  in  rad io ch e la to m etric  an d  io d o m e tric
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t i t r a t io n s  (th e  d e te rm in a tio n  of iron  in  a ro m a tic  iro n  t in c tu ra )  are  show n in 
T ab le  I .

Table I

The determination o f iron in Tinctura Ferri aromatica

Fe %

Method given 
in

pharmaco-
poea

(iodometric)

Determination by 
radiochelato

metric titration

Deviation
%

0.210 + 0 .96
0.208 0.210 +0 .96

0.208 0.00

0.218 +2.83
0.212 0.212 0.00

0.210 — 0.95

0.215 +  2.38
0.210 0.212 +0 .95

0.210 0.00

E x p e rim e n ta l re su lts  o b ta in ed  in  ra d io c h e la to m e tr ic  t i t r a t io n  show  a 
c o n s ta n t d ev ia tio n  in  th e  positive  d irec tio n . T h is is p ro b a b ly  caused  b y  th e  
fa c t  t h a t  w ith in  th e  g iv en  co n cen tra tio n  lim its  o f th e  sam ple  and  th e  t i t r a n t  
th e  a d so rp tio n  o f E D T A  on th e  d ry  m a t te r  p re se n t in  th e  t in c tu re  c a n n o t be 
co n tro lled .

SUMMARY

This paper deals w ith  chelating radiom etric  titra tio n . 5 • 10 ~3 M EDTA solution, 
Dowex 50 W —X 2  cation  exchanger and 66 + 59Fe radio  nuclide were used as the ti tra n t, for the 
separa tion  of com ponents, and  as the indicator, respectively . The m ethod, the procedure and 
th e  resu lts obtained are described in the paper. In  th is  w ay q u an tity  of iron in pharm aceutical 
p roducts (Tinctura Ferri aromatica) were determ ined. T he m ethod can be used to  determ ine 
am oun ts of submicro gram s of iron.

R E FE R E N C E S

1. Braun, T., Tölgyessy, J .:  Talanta 11, 1277 (1964)
2. Braun, T., Tölgyessy, J-: R adiom etric titra tio n s , Pergam on Press, London (in press)
3. Tölgyessy, J .:  R ádiom etrické titrácie, V ydavate l’stvo SAY, B ratislava (in press)
4. Schumacher, E ., Friedli, W. : Helv. Chim. A cta 43, 1013 (1960)
5. St a r y , J . ,  R u z ic k a , J . ,  Z em a n , A.: T alan ta  11, 481 (1964)
6. Konecny, J . TÖLGYESSY, J .:  Celostátna konferencia “ Problém y m erania nizlych ak tiv it” ,

S tary  Smokovec, 11. X .— 14. X. 1965; R adioisotopy (in press)
7. Konecny, J ., Tölgyessy, J .:  Vedecká konferencia Chemickych kated ier Prirodovedeckej

faku lty  U K , Smolenice 22—34. IX . 1965; Sbornik konferencie (in press)
8. Konecny, J., Tölgyessy, J., Braun, T.: Conference on A pplication of Physico-Chemical

M ethods in th e  Chemical Analysis, B udapest, A pril 20th—23rd, 1966

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



K O N E C N Y , T Ö L G Y E S S Y , B R A U N :  C H E L A T I N G  R A D I O M E T R I C  T I T R A T I O N 2 4 9

9. B r a u n , T., T ö l g y e ss y , J .:  The P ittsb u rg h  Conference on A nalytical C hem istry and 
Applied Spectroscopy, Pittsburg, F ebr. 20— 25., 1966

10. K o n e c n y , J . ,  T ö l g y e ss y , J . :  Chem. z v e s ti  (in  p re ss)
11. K o n e c n y , J . ,  T ö l g y e ss y , J ., Sa r su n o v á , M.: Z. a n a l. Chem. (in press)
12. B r a u n , T ., T ö l g y e ss y , J . ,  K o n ecn y , J . :  A c ta  Chim. H u n g , (in press)
13. Y rest’ál j .  and со.: Chem. listy 51, 2023 (1957)
14. D oplnkovy sväzok к  NLG, Praha, 1942, U str. sväz lékarniku

J .  K o n e c n y  | 
J .  T ö l g y e ssy  j 
T ibor B r a u n

1 S lovak  T ech n ica l U n iv e r s ity , B ratislava , 
Í C ze ch o slo v a k ia  

B p. V II I .,  M ú zeu m  k rt. 4 /b .

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967





Acta Chimica Academiae Scientiarum Hungaricae Tomus 51 (3), pp. 251 — 254 (1967)

THERMOGRAVIMETRIE UND GLEICHZEITIG 
LAUFENDE UR-ABSORPTIONSSPEKTROSKOPTE 

DER GASPHASE

E IN E  ST U D IE  ZUR M ANGAN(II)-CARBONAT-TIIERM OLYSE 

A. J .  H e g e d ű s  und A. B . K iss

( Forschungsinstitut f ü r  die Nachrichtentechnische Industrie, Abteilung fü r  G rundstoffprüfung
Budapest- Újpest)

Eingegangen am 24. F eb ruar, 1966

U m  genauere  In fo rm a tio n en  ü b er d en  M echanism us d er M a n g a n (II)-  
c a rb o n a t-T h erm o ly se , j a  ü b e r th e rm isch e  A b b au p ro zesse  im  a llgem einen  e in 
holen  zu  k ö n n en , h a b e n  w ir die A bgase d e r Z e rse tzu n g sreak tio n  au s  dem  
R e a k tio n sro h r u n se re r  CHEVENARDschen T h erm o w aag e , m it H ilfe v e rsc h ie d e 
n er T räg erg ase , eine m öglichst ku rze  u n d  enge G las an  G las V erb in d u n g  b e n u t 
zend, u n m itte lb a r  d u rch  die 11 cm  lange u n d  250 m l fassende G a sk ü v e tte  
eines IK S Z -1 4  U R -S p ek tro p h o to m e te rs  g e le ite t, w obei in  die V erg le ich sk ü v e tte  
das T räg erg as a lle in  u n te rg e b ra c h t w urde . F a lls  eine größere E m p fin d lic h k e it 
n ö tig  is t , so k a n n  m an  sich n a tü rlic h  auch  e in er D u rc h flu ß k ü v e tte  m it w ie d e r
h o lte r  R eflex ion  bed ien en . Bei d er D u rc h fü h ru n g  d er V ersuche w u rd e  die 
u n te re  A u s tr ittsö ffn u n g  des E in sa tz ro h re s  d e r T herm ow aage  m it einem  in  A b b . 
l a  sk izz ie rten  geschliffenen  Q u arzg lassto p fen , oder m it einem  in A bb . l b  e n t 
w orfenen , zu r g le ichzeitigen  k o n tin u ie rlich en  W äg u n g  geeigneten  Q u a rz 
v e rsch lu ß  v e rseh en .

Als e rs te s  u n te rsu c h te n  w ir die b e k a n n te  m eh rm als  besch rieb en e  Z e r
se tzu n g  des M an g an (II)-ca rb o n a te s  [1, 2] u n d  e rh ie lten  die K u rv en  in  A bb . 
2 m it L u ft, bzw \ die K u rv en  in  A bb. 3 m it h och re inem  N 2 als T räg e rg as . D ie 
U R -A b so rp tio n  w u rd e  bei Aco2 =  2349 c m -1  m it einem  P a p ie rv o rsc h u b  von  
90 m m /h  re g is tr ie r t. D ie S tröm ung sg esch w in d ig k e it des T rägergases h ie lte n  
w ir m it H ilfe eines k a lib rie rte n  K ap illa rm a n o m e te rs  u n d  m it einem  P rä z is io n s 
g a sre d u k to r eines Zeiss (Jen a ) F lam m e n p h o to m e te rs  genau  a u f  10 1/h k o n s ta n t .  
D a das S p e k tro p h o to m e te r  le tz te n  E ndes die K o n z e n tra tio n  des g asfö rm igen  
Z e rse tzu n g sp ro d u k te s  im  s trö m en d em  T räg erg as  in  der F u n k tio n  d er Z e it a u f
ze ich n e t, w erden  m it ste igenden  S trö m u n g sg esch w in d ig k e iten  des T räg e rg ases  
k le inere  F läch en , d . h . in  unserem  F a ll k le in ere  CO ..-Mengen e rh a lte n . B ei 
k o n s ta n te n  sp e k tro p h o to m e trisc h e n  u n d  th e rm o g rav im e trisch en  B ed in g u n g en  
is t a b e r die M enge des geb ilde ten  u n d  m itg e fü h rte n  Gases d irek t d e r F läch e  
p ro p o rtio n a l, die v o m  S p ek tro p h o to m e te r , infolge der Ä nderung  d e r CO,,- 
K o n z e n tra tio n  im  T räg erg as, reg is trie rt w ird . A u f G rund  der p lan im e trisch en
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A>
Abb. 1. Verschlüsse zum  E insatzrohr der C hevenardschen Thermowaage

________ I________I______ _1________I-------------1------------ 1---------» .

0 100 200 300 400 500 600 °C
(300‘C/h)

Abb. 2. G ravim etrische T herm okurve der M angan (II)-carbonat-T herm olyse und  das zuge
hörige U R -Spektrogram m  des dabei entstehenden C 0 2. E inw aage; 722,1 mg Mn (CO3)0 881 
(O H )0 238. (H 2O)0>147. Zu 233,2 m g gehören 24,3 cm 2, bei 10 1/h L uft als Trägergas. E n d 

produkt Mn2Os
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A usw ertung  d e r O rig in a l-U R -S p ek tro g ram m e e rh ie lten  w ier 24,3 cm 2 im  Falle 
von  L u ft u n d  23,9 cm 2 im  F a lle  von  N 2 als T räg erg ase . Die D iffe ren z  dürfte  
en tw ed er von  d e r U n te rsch ied lich k e it d er in n eren  R e ib u n g sk o e ffiz ien ten  der 
be id en  T rägergase, oder von d e r  E n ts te h u n g  von  CO bei d er V erw en d u n g  eines 
In te rg ases  h e rrü h re n . Zur K o n tro lle  d ieser le tz te rw ä h n te n  M ö g lichke it haben  
w ir v e rsu ch t a u f  gleiche W eise , ab e r bei Aco =  2182 c m - 1  sow ie au ch  m it 
d o p p e lte r C arbonate inw aage d ie  С О -K o n z e n tra tio n  des T räg erg ases  zu  erfassen, 
jed o ch  erfolglos.

A b b .  3  G ravim etrische Therm okurve der Mangan (II)-carbonat-Therm olyse un d  das zuge
hörige U R -Spektrogram m  des dabei entstehenden  C 0 2. E inw aage; 722,3 m g Mn(CO3)0 881 
(O H )0238-(H 2O)0 4„ .  Zu 233,3 mg C 0 2 gehören 23,9 cm2, bei 10 1/h S tick sto ff als

Trägergas. E ndprodukt MnO

Die e rh a lte n e n  K urven  sch e in en  von  den beid en  in  e iner f rü h e re n  A rb e it 
[1 ] v e r tre te n e n  A n n ah m en  d ie jen ig e  zu b ek rä ftig en , n ach  w elcher b e i d e r Z er
se tzu n g  in L u ft z u e rs t MnO e n ts te h t ,  das d u rch  den  L u f ts a u e rs to ff  zu  MnO., 
o x y d ie rt w ird. D ie som it zu stan d eg ek o m m en e  M n 0 2-D eck sch ich t v e rh in d e r t  
besonders bei den  größeren  K ö rn c h e n  die C 0 2- u n d  0 2-D iffusion  u n d  b rem st 
d a d u rc h  die G eschw indigkeit d e r  R eak tio n  b e trä c h tlic h  ab . M it s te ig en d e , 
T e m p e ra tu r  w ird  a b e r  die D eck sch ich t du rch  den  C 0 2-Ü b erd ru ck  au fg erissen r 
so d aß  die T herm olyse  w e ite rlau fen  k a n n , u n d  es e n ts te h t  als F o lg e  dieser 
G eschehnisse das k leine C 0 2-A b so rp tio n sm ax im u m  in A bb. 2.

Z u r Zeit b e a rb e ite n  wir m it derse lben  k o m b in ie rten  M ethode d ie  T h e rm o 
lyse des A m m o n iu m w o lfram ates , A m m o n iu m m o ly b d a tes , M an g an (II)-o x a la - 
te s , w eiterh in  die P y ro ly se  des Z in k su lfid s  usw . u n d  w erden  ü b e r u n se re  neuere 
E rgebn isse  an  a n d e re r  Stelle b e r ic h te n .

H ier m öchten w ir noch H errn D irek to r A. Kompohday für die Genehm igung der P ub li
kation  danken.
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ZUSAMMENFASSUNG

D adurch , daß m an die im  R eaktionsraum  der Therm ow aage en tstandenen gasförmigen 
A b b au p ro d u k te  der M angan(II)-carbonat-Therm olyse, oder einer A bbaureaktion  im  allge
m einen , m itte ls eines ström enden  Trägergases un m itte lb ar du rch  die K üvette  eines U R- 
S pek trophotom eters leitet, u n d  die A bsorption bei der W ellenlänge eines geeigneten Absorp
tionsm ax im um s des en tsp rechenden  Abbaugases in der F u n k tio n  der Zeit bzw. T em peratur 
e inzeln  registriert, lassen sich ü b e r d en  Mechanismus der Zersetzungsreaktion  w eitere wertvolle 
In fo rm atio n en  einholen.
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In tro d u c tio n

T he d is tr ib u tio n  fu nc tion  m e th o d  Fs(qv  q2, . . . , qs) (s =  1 , 2 , . . . ,  N)  is 
one o f th e  m ost effective m e th o d s  o f s ta tis t ic a l  in v es tig a tio n s  o f m an y -b o d y

sy s tem s  [1 ] ~  • F^q^^, q2„ . .  . , qs \ dql dq2 . . .  dqs is th e  p ro b a b ili ty  th a t  s 
A s  )

g iv en  m olecules a re  n ear to  th e  p o in t  w ith  given co o rd in a tes  ( th e  C artesian  
co o rd in a te s  of v e c to r  q are qa, w h e re  a =  1, 2, 3); N  is th e  n u m b e r o f p a rtic le s  
o f th e  system  in  vo lum e V).

T he fu n c tio n s F  (qv q2, . .  . ,  qs) a re  in te rre la te d  b y  th e  B o g o l y u b o v — 
B o r n — G r e e n ’s series of e q u a tio n s .

T he firs t e q u a tio n  of th is  series — th e  eq u a tio n  for u n i ta ry  d is tr ib u tio n  
fu n c tio n  F^q)  is:

®  +  _ L  F t  M )  i q . _  „
dq« V J dq* ( 1 )

( 0  — kT,  T  =  ab so lu te  te m p e ra tu re , v =  , Ф(|д|) =  in te ra c tio n  p o te n tia l

b e tw e e n  pairs o f p artic les):
Solu tion  o f  th e  E q u a tio n  (1) is n o t possible, because  i t  c o n ta in s  th e  

u n k n o w n  pair d is tr ib u tio n  fu n c tio n  to o  F 2(q, q') ex cep t F^q) .  To sp lit th e  
B o g o l y u b o v — B o r n  — G r e e n ’s series eq u a tio n s  we ta k e

F a( î ,  q') =  F x{q) F x(q') (2)

T h e n  we ob ta in  fo r th e  density  (n u m b e r  o f partic les) g(q) =  — F x(q) th e  closed
v

e q u a tio n  w ith  se lf-consisten t fie ld :

0  In XQ(q) +  J  Ф (|q — q'\) g(q') dq' =  0  , (3)

w h ere  A n o rm a liza tio n  c o n s ta n t; j  Ф([д — q'\) q{q') dq' =  fi(q) =  th e  self-con
s is te n t  p o ten tia l.
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E q u a tio n  (3) w as f i r s t  ap p lied  to  a c ry s ta l  b y  A . A. V la s o v  [2]. T his 
a p p lic a tio n  w as sh a rp ly  c ritic ized  b y  severa l a u th o rs  [3, 4, 5]. These au th o rs  
a t te m p te d  to  p rove  th e  in a p p lic a b ility  of E q u a tio n  (3) to  a c ry s ta l [3, 4, 5]. 
H o w ev er, E q u a tio n  (3) is show n to  be a good a p p ro x im a tio n  for a c ry s ta l an d  
gives q u a lita tiv e ly  good re su lts  fo r th e  liq u id  a n d  gas phases  (these resu lts  are 
good q u a n ti ta t iv e ly  also  w ith in  th e  o rd er o f m a g n itu d e ) [6 , 7].

In  [6 ] th e  so lu tio n  o f th e  non -linear E q u a tio n  (3) w as red u ced  to  th e  
v a r ia t io n a l  p rob lem  on th e  m in im u m  of a fu n c tio n a l d ep en d in g  on th e  self- 
c o n s is te n t p o te n tia l j(q)  fo r th e  free energy  o f th e  sy s tem  F{n).

Since E q u a tio n  (3) u n d e r  some c ircu m stan ces h as  one sp a tia lly  hom o
genous so lu tio n  an d  one p e rio d ica l so lu tion  fo r th e  d e n s ity  g(q), th e  p o ssib ility  
is su g g ested  for th e  c a lc u la tio n  of th e  free en erg y  fo r th e  liq u id  phase  an d  for 
th e  c ry s ta l  phase w ith  th e  h e lp  o f th e  fu n c tio n a l F(n).  I t  shou ld  re n d e r possible 
to  d eve lop  th e  co n seq u en t th e o ry  of th e  c ry s ta l- liq u id  p h ase  tra n s it io n  (in  th e  
a p p ro x im a tio n  o f th e  se lf-co n sis ten t field) u n d e r  th e  a ssu m p tio n  th a t  th ese  
p h a se s  coex ist s im u lta n e o u s ly  an d  h av e  th e  sam e chem ical p o te n tia ls , te m p e ra 
tu re s  a n d  pressures.

Free energies of the liquid and the crystal

A ccord ing  to  [7] th e  free  energy  per m olecule in  th e  liq u id  phase  is

/ ' =  — 0  In ev '  ■ I ,
v' (4)

w h e r e  v'  t h e  v o l u m e  p e r  p a r t i c l e  o f  t h e  l i q u i d ,  I  — ( Ф ( г ) г 2 dr, d — i s  t h e  p a r a 
it

m e t e r  o f  c u t - o f f  o f  t h e  p o t e n t i a l  a t  t h e  s m a l l  d i s t a n c e s  ( w h i c h  d e p e n d s  o n  t h e  

p r o p e r t y  o f  t h e  l i q u i d :  s e e  [ 7 ] ,  e  i s  t h e  N e p e r ’ s  n u m b e r .

I f  o n e  t a k e s  Ф(г) t o  b e  t h e  L e n n a r d — J o n e s  p o t e n t i a l

Ф (r) =  4 e

th e  fo llow ing eq u a tio n  is o b ta in ed  fo r th e  free en e rg y  of a c ry s ta l [6 ]:

F  =  3 N  6  In oj +

+
N  z s a 2 со3 

4 0  a ® x d  X  F  о, ( 5 )
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w here
a | 10 a \ 10 1 4 (T 4

x  — a / x  +  a  j ~ 2 \ x  — a X -j- (1

F  « In
2 F 10

m

Z  is th e  n u m b er o f th e  n ea rest n e ig h b o u rs  in  th e  c ry sta l, a, b a n d  ca a re  th e  
v a r ia tio n a l p a ra m e te rs  (a is th e  d is ta n c e  b e tw een  th e  n ea rest m o lecu les, b 
d e te rm in es  th e  reg ion  o f m ovem ent in  th e  c ry s ta l  la ttic e  for th e  m olecu le  o f 
m ass m).

E q . (5) will be th e  best v a lue  o f th e  free  energy  of th e  c ry s ta l ,  if  th e  
v a ria tio n a l p a ra m e te rs  are  de te rm in ed  b y  th e  m in im ization  co n d itio n s :

8  F
9 со

=  0, ( 6)

T he second expression  corresponds to  th e  e x te rn a l p ressu re  p  =  0; th is  a ssu m p 
tio n  is r a th e r  good fo r th e  c ry sta l u n d e r  p re ssu re s  below a few a tm o sp h e re s . 
I f  one ta k e s  in to  consid era tio n  th e  e x te rn a l p ressu re  th e  value o f  th e  p a ra m 
e te r  a w ill be o b ta in e d  from  th e  fo llow ing co n d itio n  [8 ].

a 8 /

3 r  a a

T he th ird  of th e  co n d itio n s (6 ) gives b =  0,1 a fo r th e  region of th e  v ib ra tio n  
o f m olecule in  th e  c ry s ta l  of in e rt gases a ro u n d  th e  equilib rium  p o s itio n .

The melting theory and “the rule of the half”

To d e te rm in e  th e  m elting  te m p e ra tu re  a n d  its  dependence on th e  p ressu re  
one has to  assum e th e  eq u a lity  of th e  ch em ica l p o ten tia ls  of th e  c ry s ta l  an d  
liqu id  phases.

L e tte rs  describ ing  th e  liquid  p h ase  v a lu es  are  underlined . L e tte rs  w ith o u t 
u n d erlin in g  refer to  th e  c ry sta l phase . D u rin g  th e  m elting  process

p(T,  p )  =  p \ T ,  p)
or

f ' ( T , v ' ) - f ( T , v )  =  p  ■ (v - v ' ) ,  (8 )
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w here  v a lu e s  of v an d  of v'  can  be  ca lcu la ted  as fu n c tio n s  of p  an d  T  f ro m  th e  
e q u a tio n s  as such:

P =
a /
0 V Qv'

(9)

U su a lly  i t  can  be assu m ed  th a t  p  — 0 ( it is v a lid  fo r pressures be low  a few  
a tm o sp h e re s ) , th e re fo re  E q . (8 ) is reduced  to  th e  follow ing one:

f ( T ,  v ) = f ( T , v ’) . ( 10)

S u b s t i t u t i n g / ' from  (4) a n d / f r o m  (5) an d  so lv ing  th e  ob ta ined  e q u a tio n  u n d e r  
th e  c o n d itio n s  (6 ), one can  o b ta in  th e  m elting  te m p e ra tu re  T m fo r th e  c ry s ta ls  
of th e  V a n  d e r  W aals ty p e . T he o b ta in ed  v a lu e s  o f T m f i t  th e  e x p e rim e n ta l 
d a ta  (see T ab le  I).

Table I

Substance
T m

calculated
т&?р

experimental

Ar 65 83

Ne 19 24

Kr 80 1 1 6

Xe 126 161

F ro m  o u r  p o in t o f view  th e  sm all d isc rep an cy  b e tw een  Tm and  П Г Р is due  to  
th e  m o d e l n a tu re  of th e  L e n n a r d — J ones p o te n tia l .

W ith  th e  help  of (4) an d  (5) one can also ca lc u la te  the  changes o f vo lu m e 
Д Е =  V  — V  and  changes o f en tro p y  / \ S  =  S ’ — S during  th e  p rocess o f 
m e ltin g  fo r  th e  c ry s ta ls  o f V an  d e r  W aals ty p e .

9 /
In  th e  case o f c ry s ta ls  th e  c o n d itio n -----=  0 or E q . (7) d e te rm in e s  th e

dv
9f

v a lu e  o f  th e  p a ra m e te r  a, in  th e  case of liq u id s  th e  conditions p  =  — ------=  0
dv'

m akes i t  possib le to  o b ta in  th e  re la tio n  b e tw een  th e  m elting  te m p e ra tu re  an d  
th e  c r it ic a l  te m p e ra tu re  fo r a ll substances w ith  th e  c ritica l p ressu re  b e lo w  50 
a tm o sp h e re .

I n  fa c t,  i t  is found  th a t

@m —- 2 и Qm J 0 ( И )

fro m  E q . (4) fo r th e  process o f  m elting  u n d e r  th e  cond ition  p  =  0, w h ere  gm 
is th e  d e n s ity  of th e  liq u id  a t  th e  m e lting  te m p e ra tu re  0 m =  k T m.
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On th e  o th e r  h an d , accord ing  to  [7]

6>c = - 4 / 7 ^ 1 ,  (12)

w here 0 C and  gc a re  th e  correspond ing  c ritic a l te m p e ra tu re  (expressed  in  en erg y  
u n its )  an d  d e n s ity , is th e  m a g n itu d e  o f  I  a t  th e  critica l p o in t.

One can o b ta in  from  E q. (11) a n d  E q . (12)

9 m  '  1 0 

P , - / ,
(13)

F ro m  E q . (13) it  is also ob ta ined  th a t

T  =x m • T„ (14)

assum ing  th a t  th e  ra t io  —  is opposite  to  t h a t  of th e  co rrespond ing  d en sitie s

•*о

h
Qc

T able I I  con firm s th e  v a lid ity  o f  th is  e q u a tio n  (and  s im u ltan eo u sly  th a t  
o f th e  assu m p tio n  m ad e  for th e  va lu e  o f  th e  ra t io  o f th e  values o f th e  in te g ra ls ) . 
T his ta b le  co n ta in s  th e  ex p erim en ta l d a ta  on  th e  m elting  te m p e ra tu re s  (a t 
a tm o sp h eric  p ressu re ) and  th e  halves o f th e  c ritic a l te m p era tu res  fo r sev e ra l 
su b stan ces  in  th e  o rd e r of rising c r itic a l p re ssu re  from  1 2 .8  a tm  (for h y d ro g en ) 
up  to  46 a tm  (for m ethane).

Table II

Substance Tm I t2 >c

H2 16 16.5

Ne 24 .4 22.5

N 63 63

CO 68 67.2

CH4 91 95

O ne can see fro m  th e  Table I I  t h a t  E q . (14) provides a p p ro x im a tio n s  
o f la rge  precision  fo r a ll substances h a v in g  c r itic a l p ressu re  below  46 a tm .

W e call th is  re la tio n  betw een th e  m e ltin g  te m p e ra tu re  an d  “ c r i t ic a l”  
te m p e ra tu re  as “ th e  ru le  of the  h a lf” .
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I n  th e o ry  re c e n tly  th is  ru le  has n o t b een  k n o w n ; i t  m ay  be o b ta in e d  o n ly  
w ith  th e  help  of th e  se lf-co n sis ten t field  m e th o d . I t  is im p o rta n t to  re m a rk  
t h a t  th is  ru le  is o b ta in e d  w ith o u t an y  in fo rm a tio n  a b o u t th e  in te ra c tio n  law  
fo r  th e  m olecules o f th e  c ry s ta l.

T h is  fa c t is v e ry  im p o r ta n t  since th is  in te ra c tio n  law  is n o t know n  su ff i
c ie n tly  w ell a t  th e  p re se n t tim e .

T he A uthor would like to  express his sincere th an k s  to  Academician N. N. B o g o l y u b o v  
for fru itfu l discussions abou t th is paper.

SUMMARY

A consequent sta tistica l theo ry  of melting has been developed in  the approxim ation  of 
th e  self-consistent field; i t  is based on the equality  o f th e  chemical potentials of c ry s ta l phase 
and  liq u id  phase coexisting sim ultaneously. The m elting  tem pera tu res derived for th e  crystals 
of in e r t  gases are in  agreem ent w ith  the experim ental d a ta . Moreover “ the rule of th e  h a lf” 
has been  derived according to  w hich the melting tem p era tu re  (a t about atm ospheric pressure) 
is eq u a l to  ha lf of the critical tem pera tu re  for all substances w ith a critical pressure below 50 
atm ospheres.
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In troduc tion

T h eo re tica l co n sid e ra tio n s aim ed a t  d esc rib in g  v a p o u r  ad so rp tio n  iso 
th e rm s , as well as th e  m odels used  for th is  p u rp o se , assum e, in  general, id ea l 
surfaces. T he id ea l c h a ra c te r  is re flec ted  b y  tw o  p ro p e rtie s  of these  m odels: 
th e y  are en e rg e tica lly  hom ogeneous surfaces, o r th e y  h av e  a ce rta in  en e rg y  
d is tr ib u tio n  assu m ed  to  be know n, and  th e y  a re  g eo m etrica lly  p lane su rfaces. 
T he B E T  iso th e rm , used  m o st freq u en tly  fo r th e  ca lcu la tio n  of th e  specific  
su rface  o f  a c tu a l a d so rb e n ts , is based  on s im ila r  a ssu m p tio n s . H ow ever, in  
re a lity  ad so rb e n ts  g en era lly  d iffer from  these  id ea lized  m odels, or it  ta k e s  
r a th e r  g rea t c ircu m sp ec tio n  an d  efforts to  p ro d u ce  su rfaces co rrespond ing  to  
such  m odels. T hese m a te ria ls  a re  th e n  u n su itab le  fo r p ra c tic a l purposes.

In  th e  p re se n t w ork  we re p o rt on e x p e rim e n ts  u n d e rta k e n  w ith  th e  
o b jec t to  follow  th e  d ev e lo p m en t of ad so rp tio n  lay e rs  b u ilt  up during  v a p o u r  
ad so rp tio n  on rea l su rfaces, th a t  is to  say, on su rfaces  w hich  can n o t be co n sid 
e red  ideal e ith e r  from  th e  en erg e tica l or from  th e  g eo m etrica l p o in t of view .

T he e x p e rim e n ta l m e th o d  w as essen tia lly  e q u ilib ra tio n  of th e  a d so rb e n t 
w ith  a v a p o u r o f g iven  p ressu re , an d  while m a in ta in in g  th e  p a r tia l eq u ilib riu m  
p ressu re  of th e  v a p o u r  in  th e  gaseous phase, th e  a d so rb e n t was c o n tac ted  w ith  
a n o th e r  gaseous a d so rp tiv e . T he re la tiv e  p ressu res o f th e  tw o  ad so rp tiv es  d if
fered  to  such  an  e x te n t  t h a t  no desorp tion  of th e  f irs t  upon  th e  ac tion  o f th e  
second w as p ra c tic a lly  o b se rv ed ; th e  f irs t a d so rb a te  could  be considered  a 
liq u id , and  th e  second  a gas.

The second a d so rp tiv e  m a y  be bound  in  fo u r d iffe re n t w ays on th e  su rface  
th a t  has been  covered  b y  th e  f irs t ad so rp tiv e : (a) d isso lu tio n  in  th e  f irs t a d so rp 
tiv e  w hich is reg a rd ed  as a liq u id ; (b) a d so rp tio n  a t  th e  liqu id-gas in te rface  
(on th e  surface o f th e  f irs t  liq u id  ad so rp tiv e); (c) a d so rp tio n  a t  th e  liqu id -so lid  
in te rface  (a t  th e  in te rface  o f th e  f irs t  ad so rp tiv e  a n d  th e  a d so rb en t) ; (d) a d so rp 
tio n  a t  th e  solid-gas in te rface , if, for some reaso n , th e  f irs t  ad so rp tiv e  liq u id  
does no t cover co m p le te ly  th e  surface of th e  a d so rb e n t.

In  re a lity , m ost p ro b a b ly  all four actions co o p era te  in  th e  b ind ing  o f th e  
second ad so rp tiv e . A n analy sis  o f th e  ex p erim en ta l re su lts  show s, how ever, th a t  
o f th ese  fo u r ac tio n s on ly  th e  role o f th e  la s t is o f  im p o rtan ce .
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T h e  discussed e x p e rim e n t can  be a c tu a lly  considered as a m easu rem en t 
o f  g as  so lu b ility : th e  a p p a re n t  so lu b ility  o f th e  second a d so rp tiv e  ( th e  gas) 
h a s  to  b e  m easured  in  th e  f i r s t  ad so rp tiv e  (liqu id) fixed  on th e  su rface . The 
d iffe ren ce  betw een th e  so lu b ility  m easu red  in  th e  free liq u id  (f irs t a d so rp tiv e ) 
a n d  th e  o b ta in ed  a p p a re n t so lu b ility  w ill be th e  value w hich is to  be  e v a lu a te d .

In  o u r f irs t e x p e rim e n ta l series d y n am ic  m ethods w ere u sed : th e  te c h 
n iq u e  a n d  resu lts  h av e  b een  re p o r te d  [1]. In  o u r fu r th e r  w ork  s ta t ic  m easu rin g  
m e th o d s  w ere em ployed . A lso he re , v a rio u s  silica gels served  as th e  a d so rb e n t, 
a c e to n e  w as used as th e  f ir s t  a d so rp tiv e , an d  C 0 2 as th e  second  ad so rp tiv e .

Measuring techniques
A simple volum etric B ET  appara tu s was em ployed as the m easuring equipm ent. Only 

C 0 2 w as m easured volum etrically, th e  adsorbed q u an tity  of acetone was determ ined by  weigh
ing . A  tr a p  connected to a conduct pipe served for th e  feeding of acetone, th e  p rim ary  adsorp
tiv e , w hich was evaporated from  th is  tra p  in to  th e  apparatus. In  view of th e  s ta tic  m easuring 
m ethod , C 02 had to  be purified  thoroughly . This was accomplished by sublim ation  and by 
v igorous suction of the solid C 02.

T he measurem ents were carried ou t as follows: A fter the determ ination  of th e  dead 
space (a t room  tem perature w ith  H 2) and after m easuring the surface by  m eans of nitrogen- 
ad so rp tio n , the adsorbent was hea ted  again and  degassed by sucking: i t  was th en  contacted 
w ith  acetone of known p artia l pressure un til equilibrium  was atta ined . A tta in ing  of the 
equ ilib rium  was indicated by  th e  constancy of pressure in  the system  shut off from  th e  acetone 
tr a p , an d  by  the constant w eight o f th e  adsorbent. The m easurem ents were m ade a t  30 A 0.1 
°C. A cetone condensation occurring while weighing th e  adsorbent vessel (the balance was 
a lw ays in  a room of a tem pera tu re  lower th an  30°C) was taken  into consideration by  effecting 
a sligh t desorption after weighing.

A fte r the equilibrium  adsorp tion  of acetone had been a tta ined , CO„ w as contacted 
w ith  th e  adsorbent, and w ith  th e  acetone fixed on it , by two methods.

Fig. 1. Acetone isoterm  on silica S, a t 30 °C

1. The stopcock of the adsorbent vessel was closed, and C 02 of a  pressure read  on the 
m an o m ete r was introduced in to  th e  acetone vapour, th is pressure corresponding to  th e  equi
lib riu m  vapour pressure of acetone prevailing in  th e  o ther parts  of the appara tu s. W hen the
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stopcock, of the adsorbent vessel was opened, C 02 was bound on the adsorbent-acetone system 
while the vapour pressure of acetone rem ained unchanged. This method is very  ex ac t, however, 
i t  has the disadvantage th a t even in the useful space of the apparatus the hom ogeneous dis
tr ib u tio n  of acetone vapour and C02 is a tta in ed  very  slowly, moreover, diffusion of C02 to 
the adsorbent is very  slow through the conduct p ipe of relatively small diam eter.

2. A fter a tta in ing  equilibrium acetone absorp tion , the vessel holding the  adso rben t was 
shu t off, the  other p a rts  of the apparatus were evacuated  and filled with C02 of know n pressure. 
On opening the stopcock of the adsorbent vessel, CO, entered, and equilibrium  w as atta ined  
w ith the adsorbent-acetone system. During th e  inflow  of C02, no acetone can escape by  diffu-

o к/к0 values ads. x A.10° values ads.
• k/k0 values des. + A. 10 values des.

Fig. 2. A cetone-C02 system  on silica Sj a t 30°C

sion, since in the narrow  pipe i t  is pushed back by the stream  of CO,. As soon as th e  m anom eter 
has ceased to  fall, th e  a tta inm en t of “ equilibrium ”  has to  be observed im m edia te ly , since 
afterw ards acetone m ay escape by diffusion. W hether th is has happened or no t m ay  be checked 
by a control m easurem ent described in [1], by com parison of the am ount of adsorbed , calcu
lated  from  its  volum e, w ith the result of weighing. Prelim inary  tests showed th a t  th e  second 
procedure if due caution  is observed, gives resu lts com pletely in agreem ent w ith  those  of the 
first m ethod, in  a m uch shorter time. Therefore, th e  second technique was used during the 
following investigations. I t  should he noted th a t  here actually  only the adsorp tion  and  dis
solution equilibria were established in the adsorbent vessel, b u t this was the very  ob jec t of the 
investigation; the concentrations did not become uniform  between the vapour space of the 
vessel and the rem aining space of the apparatus: the  to ta l pressure (C02 +  acetone) prevailing 
in the adsorbent vessel was equal to the partia l pressure of C02 in the other p a rts  o f th e  appa
ra tu s. Therefore, in the  volum etric calculations the  C 02 pressures read on the m anom eter had 
to be taken  in to  account, while the equilibrium pressure of C02 adsorption was g iven b y  the 
difference between the second C02 pressure and th e  equilibrium  pressure of acetone vapour 
(the equilibrium  pressure of C0.2 prevailing in the  adso rben t vessel).

In  con trast to  the previous (dynam ic) m easurem ents, in this m easuring series and in 
those described below, the adsorption of C02 on the adsorbent-acetone system  was determ ined 
no t only a t  a single C 02 pressure, b u t a C02 iso therm  consisting of several po in ts has been 
plo tted  for each case of acetone-adsorbent equilibria. This was done because th e  n a tu re  of the 
CO, isotherm  was of in terest, moreover, we w anted to  increase hereby the m easuring accuracy. 
All CO»-isotherms were found to  he linear w ith in  the  experim ental error. T herefore, this 
extension of our m easuring program served only to  increase the accuracy; in  th e  few  cases 
when the points of the CO,-isotherm showed scattering , the apparent solubility w as calculated
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from  th e  s tra ig h t line fitted  to  these points. However, such cases were rather infrequent. The 
linearity  of the sorption of C02 justifies the characterization  of this sorption by a single value. 
I t  follows from  the m ethod th a t  even the lowest in itia l C 0 2 pressure was higher th an  the 
equilibrium  acetone pressure. The C 02-isotherm  a t  30°C w as also determ ined on the adsorben t.

Fig. 3. A cetone isotherm  on silica S2 a t  30°C

T he apparen t solubilities have  been characterized b y  th e  solubility coefficient: 
к  (n ml of gas/g of solvent • equilibrium  gas pressure in  torr)
T he k /k о value p lo tted  on th e  diagram s is the ra tio  of th e  m easured apparen t so lubility  

coefficient and  the coefficient (k 0) perta in ing  to the free liqu id . The value of A  is proportional 
to th e  q u a n ti ty  of gas bound by 1 g of the adsorbent :

A  (n  ml of gas/g of ad so rben t • torr) =  к • a, w here a is the num ber of gram s of th e  
f irs t ad so rba te  on 1 g of the adsorbent.

T he results of the m easurem ents are presented in  Figs. 1 —10 and Table I. N o ta tions 
in th e  figures are the sam e as above.

Table I

Solubility and adsorption coefficients o f  C02*

a c e to n e s,s S 2S z T S z

k 0 ■ 1 0 2 0 . 9 4 * * ___ ___ ___ —

Оr-Hо
4

- 1 . 8 7 1 . 5 7 1 . 3 7 3 . 8

* k 0 n ml of C02/g of solvent • to rr equilibrium pressure 
^ () n  ml of C 02/g of adsorbent • to rr equilibrium pressure 

** Schay, G., Székely, Gy., Rácz, Gy., Traply, G.: Periodica Polytechn. 2, 1 (1958)
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Fig. 7. A cetone isotherm  on silica Sz a t 30 °C
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A -103 *

F i g .  8 . A cetone-C02 system  on silica Sz, a t  30°C

3 Acta Chimica Academiae Scienliarum Hungaricae 51, 19^7

F ig .  9 . CO„ isotherm s a t  30 °C
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Discussion and interpretation of the results

T h e  ch ie f c h a rac te ris tic s  o f  th e  ex p erim en ta l re su lts  m a y  be sum m arized  
as fo llow s:*

1. O n silica gel a d so rb e n ts  w ith  w ide pores, th e  a p p a re n t so lu b ility  is 
h ig h e r  th a n  in  free ace tone  a lo n g  th e  w hole ace tone  iso th e rm  (k /k0 >  1 ).

2. O n th e  silica gel w ith  n a rro w  pores, th e  a p p a re n t  so lu b ility  is low er 
th a n  th e  n o rm al so lu b ility  (m e a su re d  in  th e  liqu id ) a long  th e  w hole m easu red  
se c tio n  o f  th e  acetone iso th e rm  (fc/k0 <  1 ).

3. O n adso rben ts w ith  w ide  po res, th e  v alue  o f A  ( th e  ad so rb ed  q u a n ti ty  
o f  th e  second  ad so rp tiv e  re fe rre d  to  u n it q u a n ti ty  o f th e  a d so rb e n t)  passes 
th ro u g h  a m in im um  as th e  q u a n t i ty  of i t  is in creased .

4 . O n th e  ad so rb en t w ith  n a rro w  pores, th e  v a lu e  o f A  d ec reases .m o n o to 
n o u s ly  w ith  increasing  th e  q u a n t i ty  of acetone.

T h e  m ost rem ark ab le  a n d  u n ex p ec ted  fe a tu re  is th e  h ig h  a p p a re n t 
s o lu b ili ty  found  on w ide po re  silica  gels, p a r tic u la r ly  a long  th e  in flec ted  sections

* The following adsorbents were used:

S y m b o l
S p e c i f i c  s u r f a c e  

a r e a ,  • m 2 / g T y p e

s, 322 mixed pores

S2 276 wide pores

T , 210 wide pores

Sz 452 narrow pores
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of th e  acetone  iso th e rm s, t h a t  is to  say , w hen  th e  n o m in a l m o n o m o lecu la r 
lay e rs  has a lready  b een  com p le ted . F irs t , th is  ph en o m en o n  will be  d e a lt  w ith , 
an d  its  in te rp re ta tio n  will e lu c id a te  also th e  o th e r  th re e  c h a ra c te r is tic  find ings.

T he effect m ay  be p ro d u ced  b y  th e  fo u r k in d s of a d so rp tio n  processes, 
m en tio n ed  in th e  in tro d u c tio n , each  of w hich shall be d iscussed  in  tu r n .

(a) T he ad so rb ed  v a p o u r  is u su a lly  considered  a liq u id  u n d e r  p ressu re
[2]. T his concep t ap p ea rs  to  be ju s tif ie d  also on th e  basis o f th e  re c e n t m easu re 
m en ts , th o u g h  th e  m e th o d  of d en sity  m easu rem en t w ith  h e liu m  h a s  been 
c ritic ized  [3]. M elting  p o in t d e te rm in a tio n s  show ed w ith o u t e x c e p tio n  th a t  the  
a d so rb a te  h ad  a low er m e ltin g  p o in t th a n  th e  sam e su b stan ce  in  th e  free  s ta te  
[4 — 9]. E v en  d isreg ard in g  th e  inferences to  be d raw n  from  th e  in te g ra l e n th ro p y  
change of ad so rp tio n  [1 0 , 1 1 ], ap p lica tio n  of in fra red  sp ec tro sco p y  to  a d so rp 
tio n  system s [11, 12, 13] h a d  led  to  th e  conclusion  th a t  as a re su lt  o f  p h ysica l 
a d so rp tio n  th e  ad so rb ed  m olecula  is genera lly  su b jec ted  to  s im ila r  stresses 
an d  d isto rsions as in  so lu tio n . A ccord ingly  in  a liq u id  in  th e  a d so rb ed  s ta te ,  d e 
creased  so lub ilities are  to  be  ex p ec ted  as co m p ared  to  th e  free liq u id . N e v e r th e 
less, to  com plete  th is  t r a in  o f th o u g h t, le t us assum e t h a t  gas s o lu b ili ty  in  th e  
ad so rb ed  liq u id  is h ig h er th a n  norm al. In  th is  case, th e  h igh v a lu e s  o f  к and  
th e ir  m onotonous decrease w ith  increasing  covering  o f th e  su rface  cou ld  be 
ex p la in ed , since in  th e  u p p e r  adso rbed  lay e rs  so lu b ility  w ould  d ec rease  to  
ap p ro ach  th e  v alue  m easu red  in  th e  free liq u id ; th e  observed  m o n o to n o u s 
increase  in  th e  to ta l  a d so rb ed  q u a n ti ty  o f gas could  also be in te rp re te d . H ow 
ever, as it  has been m en tio n ed , on ad so rb en ts  o f w ide pores th e  to ta l  ad so rb ed  
q u a n ti ty  f irs t  decreases, a n d  a fte r  passing  th ro u g h  a m in im u m , i t  increases. 
On th e  o th e r h an d , th e  s teep  decrease of th e  к va lu es  along th e  m o d e ra te ly  
slop ing  section  of th e  iso th e rm  can n o t be ex p la in ed  b y  th is  a ssu m p tio n , in  fac t, 
i t  is c o n tra ry  to  experience. F in a lly  th is  a ssu m p tio n  is d e fin ite ly  in c o n s is te n t 
w ith  th e  ex p erim en ta l re su lts  o b ta in ed  on a d so rb en ts  of n a rro w  p o re s , w hich 
in d ica te , in  accordance  w ith  ex p ec ta tio n , a m uch  low er so lu b ility  o f  th e  gas 
in  th e  adso rbed  liq u id  th a n  in  th e  free liqu id .

(b) Gas a d so rp tio n  on th e  b o u n d a ry  o f th e  f irs t ad so rp tiv e , re g a rd e d  as 
a liq u id , is a p rob lem  en co u n te red  in  th e  p rac tice  of p a r t i t io n  gas c h ro m a 
to g ra p h y , an d  such effect h as  a c tu a lly  been re a d ily  observed  [14]. H ow ever, 
th e se  observa tions a p p ly  to  liqu ids of p ra c tic a lly  no v a p o u r p re ssu re  a n d  of 
re la tiv e ly  h igh su rface  te n s io n , th a t  are  h a rd ly  com parab le  w ith  ad so rb ed  
acetone . O n exam in ing  th e  course of th e  fe/fe() cu rves, th is  a s su m p tio n  m u st 
also be re jec ted . A ccord ing  to  p re sen t view s, th e  su rface area  o f th e  ad so rb ed  
lay e r does change a long  th e  re la tiv e ly  g en tly  slop ing  sec tion  befo re  th e  second 
steep  rise o f th e  ace to n e  iso th e rm , an d  it  is p ra c tic a lly  th e  sam e as th e  su rface  
a rea  o f th e  ad so rb en t [15]. A s tro n g  decrease of th e  surface a rea  of th e  ad so rb ed  
lay e r occurs along th e  sec tio n  of th e  hysteresis  loop w here i t  becom es p ra c tic a lly  
zero. K i s e l y o v  has ca lc u la ted  th e  surface a rea  o f th e  a d so rb e n t o r, w h a t  is
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p ra c t ic a l ly  th e  sam e, th e  a re a  of th e  adso rbed  la y e r , from  th e  w ork  o f th is  
d e c re a se . In d e p e n d e n tly  o f th e  correctness o f th is  m e th o d , i t  is v e ry  p ro b ab le  
t h a t  th e  surface area  o f th e  a d so rb a te  rem ains a lm o s t c o n s ta n t along th e  n ea rly  
h o r iz o n ta l  p a r t  of th e  is o th e rm  preceding th e  seco n d  rising  sec tion , w hile it 
d e c re a se s  v e ry  s tro n g ly  in  th e  hysteresis sec tio n . A s c o n tra ry  to  th is , th e  k j k0 
v a lu e s  decrease v e ry  s te e p ly  in  ju s t  th is h o r iz o n ta l sec tion , an d  change b u t  
v e ry  s lig h tly  along th e  h y s te re s is  loop. F in a lly , th e  u n eq u iv o ca l dependence  
o f  th e  fixed  q u a n ti ty  o f  ace to n e , and th e  id e n t i ty  o f th e  к va lues m easu red  
on  th e  tw o  branches o f th e  h y s te re s is  loop conclu siv e ly  d isp rove th is  a ssu m p tio n , 
b e c a u se  accord ing  to  a n y  h y s te re s is  th eo ry , th e  su rface  of th e  ad so rb ed  lay e r 
m u s t  be  d ifferen t a lo n g  th e  tw o  branches (th is  does n o t m ean , how ever, th a t  
th e  u n co v ered  surface o f  th e  ad so rb en t m u st a lso  b e  d iffe ren t).

(c) This assu m p tio n  is o f  itse lf  im probab le , b ecau se  i t  is d ifficu lt to  con
ce iv e  t h a t  a solid su rface  o ccu p ied  by  a m olecule is c ap ab le  fo r fu r th e r  so rp tio n . 
T h e  p ro b a b ility  shou ld  p e rh a p s  be considered t h a t  som e special o rien ted  ad so rp 
t io n  o f  th e  acetone m olecu le  m a y  perm it C 0 2 a d so rp tio n . T his could  be  re p re 
s e n te d  as follows:

H3C^ ^CH
0 c 0
II 1 II
c 0 c
II II
0 0

II
О

o = c = o o = c = o

A p a r t  from  steric  re a so n s , m odels of th is k in d  m u s t  be re jec ted , b ecau se  th e y  
g ive  n o  sa tis fac to ry  e x p la n a tio n  for th e  steep  d ec rease  of к on th e  g e n tly  sloping 
se c tio n  of th e  iso th e rm , o r fo r  th e  levelling o u t o f  th e  decrease in  th e  follow ing 
se c tio n .

(d) There are tw o  po ssib ilities  how th e  a d s o rb e n t th a t  has b een  covered 
w ith  acetone m ay  h a v e  free  surface sites su ita b le  fo r th e  a d so rp tio n  of C 0 2: 
one  o f  these  is th e  c a p illa ry  f ilte r  effect; th e  o th e r , th e  u n ev en  d is tr ib u tio n  
o f  ace to n e  p e rm ittin g  th e  p resence  of u n o ccu p ied  s ites even  a t  re la tiv e ly  h igh 
n o m in a l coverages.

I f  th e  observed h ig h  a d so rp tio n  of C 0 2 w ere  due  to  cap illaries inaccessib le 
to  ace to n e , th e  C 0 2 f ix e d  in  such  capillaries w o u ld  c o n tr ib u te  b y  a c o n s tan t 
a m o u n t  to  th e  to ta l  a d so rb e d  q u a n tity . W ith  in c rea s in g  acetone  covering  th e  
v a lu e  o f к w ould dec rease , since  i t  would be re fe r re d  to  an  in c reasin g  q u a n ti ty  
o f  ace to n e . A t th e  sam e t im e , th e  q u a n tity  of f ix e d  C 0 2, ca lcu la ted  fo r th e  u n it 
q u a n t i ty  of th e  a d so rb e n t, w ou ld  co n tinuously  in c rease , because C 0 2 w ould  be 
m o re  or less d issolved b y  th e  increasing q u a n t i ty  o f  ace to n e ; in  o th e r  w ords, 
th e  v a lu e  of A  w ou ld  m o n o to n o u sly  increase . H o w ev er, a p a r t  from  th e  silica
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gel S1; on a d so rb e n ts  w ith  w ide p o re s , th e  v alue  of A  passes th ro u g h  a m in i
m u m , and  th e  f a c t  th is  was n o t  o b se rv ed  in  th e  case o f th e  silica gel S x is due 
o n ly  to  the  n a rro w  m easuring ra n g e :  w ith  th is  a d so rb e n t, d y n am ic  m easu rin g s 
b eg a n  only a t  h ig h e r  acetone c o v e rin g s , an d  th e  ran g e  of decrease o f A  falls 
in to  th e  do m ain  o f  lower a c e to n e  coverings. T he passin g  o f th e  v a lu e  o f  A  
th ro u g h  a m in im u m  co n trad ic ts  th e  assu m p tio n  of a cap illa ry  f ilte r in g  effec t. 
T w o o th e r fa c ts  a re  also in c o n s is te n t w ith  th is  su p p o sitio n . T he ace to n e  iso 
th e rm s  p re sen t, in  general, a sh a p e  in  w hich th e  second steep  rise  (w h ich  is 
u su a lly  considered  ind ica tive  o f  t h e  d ev e lo p m en t of a p o ly m o lecu la r a d so rp tio n  
la y e r)  is found  in  th e  ranges o f  c o v e rin g  co rrespond ing  a p p ro x im a te ly  to  th e  
su rface  ca lcu la ted  from  the  a d so rp tio n  N 2; th a t  m eans, th e  pores accessib le  to  
N 2 a re  rough ly  accessible also to  ace to n e . M oreover, th e  va lu e  o f  к show s a 
r a p id  decrease j u s t  along th a t  m ild ly  slop ing  sec tion  (a fte r  th e  elbow ) o f  th e  
ace to n e  iso th e rm  w here a r e la tiv e ly  sm all change in  th e  q u a n t i ty  o f ace to n e  
p ro d u ces g rea t changes of k; a t  th e  sam e tim e , th e  v a lu e  o f к d ecreases  b u t  
s lig h tly  along th e  second steep  se c tio n  of th e  ace tone  iso th erm .

T he m ost p ro b ab le  a s su m p tio n , th e  on ly  one in  acco rd an ce  w ith  th e  
ex p e rim en ta l re su lts , is th a t  a f te r  th e  a d so rp tio n  of ace tone  free, u n co v e red  
s ite s  are  left o v e r on  th e  surface a lo n g  th e  iso th e rm . T he g rad u a l d isa p p e a ra n ce  
o f  th e se  sites, th e i r  occupation  b y  ace to n e  causes th e  decrease o f k,  w h ile  th e  
in creasin g  a m o u n t of C 0 2 d isso lv ed  b y  th e  ad so rb ed  ace tone  is e x p re ssed  b y  
th e  increase o f th e  to ta l  q u a n ti ty  o f  C 0 2 along th e  iso th e rm  section  m easu red  
in  o u r ex p erim en ts . I t  is assum ed t h a t  (a) p ra c tic a lly  no C 0 2 has b een  ad so rb ed  
on  th e  surface o ccu p ied  by  ace to n e , a n d  (b) th e  so lu b ility  of C 0 2 in  th e  a d so rb ed  
ac e to n e  is equal to  or less th a n  n o rm a l so lub ility .

T he v alue  o f  к  decreases m o re  s teep ly  along th e  m ild ly  slop ing  se c tio n , 
b ecau se  on th is  p a r t  o f the  iso th e rm  (in acco rdance  also w ith  th e  B E T  th e o ry )  
th e  unoccup ied  su rface  area is r e la t iv e ly  la rge , an d  th is  is m ark ed ly  d ecreased  
b y  th e  sm all q u a n ti t ie s  of a d so rb e d  acetone . A long th e  s teep ly  ris in g  sec tio n  
o f th e  iso therm , th e  g rea test p a r t  o f  th e  su rface  is a lread y  covered  b y  a c e to n e , 
a n d  fu r th e r  in c rease  of its q u a n t i ty  is b ro u g h t a b o u t, in s te a d  o f a d so rp tio n  on 
s till  uncovered  su rfaces , by  th e  b tiild in g  u p  of m u ltilay e rs  on a reas  co v ered  a t 
le a s t  b y  a m onom olecu lar lay e r (c a p illa ry  co n d en sa tio n  in  th e  pores).

I t  follows fro m  th is  e x p la n a tio n  th a t  u noccup ied  sites are  to  be  fo u n d  on 
th e  su rface a long  th e  whole m e a su re d  sec tion  o f th e  iso th e rm . A cco rd in g  to  
m easu rem en ts  c a rr ie d  out on a ge l w ith  n a rro w  pores (F ig . 8 ), th e  so lu b ility  
o f th e  gas in th e  ad so rb ed  ace to n e  is v e ry  low. T h u s, even  i f  k/fc0 a t ta in s  u n it 
v a lu e  along th e  iso th e rm  (Fig. 2), th is  fa c to r  will be  s till m uch  h ig h er th a n  th e  
q u a n t i ty  re su ltin g  fro m  the  d isso lu tio n  in  th e  ad so rb ed  ace tone  alone.

A ccord ing ly , th e  area of th e  s t i l l  u n co v ered  su rface  w ill decrease ra p id ly  
on th e  gen tly  s lo p in g  section o f th e  iso th e rm . T his m ay  be  b ro u g h t a b o u t in 
sev e ra l w ays. I t  m a y  occur sim ply  b y  th e  increase in  d en sity  of th e  tw o -d im e n 
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sio n a l gas (vapour), o r b y  th e  increase o f th e  a rea  o f th e  tw o-d im ensiona l 
liq u id  islan d s, or p o ss ib ly  b y  th e  ex tension  of l iq u id  islands of g re a te r  th ick n ess . 
In  v iew  of th e  fa c t t h a t  tw o-d im ensiona l c o n d e n sa tio n  has been  observed , in  
g en e ra l, a t  c o n sid e rab ly  low er re la tiv e  p re ssu re s  [3] (0.03), i t  w ould  seem  
rea so n ab le  to  assum e t h a t  a t  th e  po in ts  w ith in  th e  m easu rin g  ran g e  th e re  are  
a t  le a s t  tw o -d im en sio n a l liq u id  islands, a n d  besides th e se  is lands a n d  in  eq u i
lib r iu m  w ith  th em , tw o -d im en sio n a l v a p o u r  is also  p re se n t on th e  su rface . S till, 
a su b se q u e n t, m ore q u a n t i ta t iv e  e v a lu a tio n  o f th e  m easu rem en ts  show ed th a t  
th is  co n cep t, to o , is e rro n eo u s  as it  also follow s from  a sim ple com parison  of 
th e  re su lts . The b in d in g  o f a fu r th e r  sm all q u a n t i ty  o f ace tone  a long  th e  g en tly  
s lo p ing  section  of th e  iso th e rm  resu lts  in  a s tro n g  decrease of k.  T his is possible 
o n ly  i f  th e  b in d in g  o f  th is  sm all q u a n tity  causes a considerab le  decrease of th e  
s till u n co v ered  su rface . H o w ev er, s im u ltan eo u sly  th e  to ta l  q u a n t i ty  o f adso rbed  
C O 2 beg ins to  in c rea se , a n d  th is  is possib le  on ly  i f  a t  som e o f th e  sites th e  
ac e to n e  lay e r is th ic k  en o u g h  to  dissolve s u b s ta n tia l  q u a n titie s  o f C 0 2. T hus, 
in s te a d  o f th e  su rface  m o d e l covered b y  a tw o -d im en sio n a l liq u id , i t  is reaso n 
ab le  to  consider a m o d e l of g rad u a lly  f illin g  cap illa ries, or even m ore, in  
acco rd an ce  w ith  th e  su g g estio n  of P ie r c e  [15 , 16 , 17 ], th e  fo rm a tio n  a t  th e  
m o st ac tiv e  sites o f l iq u id  islands th ic k e r  th a n  tw o -d im en sio n a l, w h ich  subse
q u e n tly  e x ten d  or m erg e  in to  one a n o th e r.

R esu lts  o b ta in e d  on  th e  ad so rb en t w ith  n a rro w  pores d iffer also q u a n ti
ta t iv e ly  from  th o se  m e a su re d  on ad so rb en ts  w ith  w ide pores. T he m o st re m a rk 
ab le  a re  th e  v e ry  sm all k / k 0 va lues, re m a in in g  low er th a n  th e  u n it , th e  p lo ttin g  
o f w h ich  on a k/k0 — a cu rv e  does n o t show  th e  b e n d  (elbow ) observed  in  th e  
case o f  silica w ith  w ide  p o res; m oreover, th e  cu rv e  A  — a decreases m o n o to 
n o u s ly , also as c o n tra ry  to  prev ious m e a su re m e n ts . A t th e  sam e tim e , th e  steep  
d o w n w ard  b end  b e fo re  th e  la s t  sm allest v a lu e s  m a y  be seen also in  th is  cu rv e ; 
on  cu rv es p lo tte d  fo r  a d so rb en ts  w ith  w ide  p o res, th is  c h a ra c te ris tic  occurs 
b efo re  th e  m in im um .

T hese resu lts  a re  in  fu ll ag reem en t w ith  th e  m odel follow ing from  w h a t has 
b e e n  sa id  above. T h e  sm a ll к an d  к/к0 v a lu es  in d ic a te  th a t  on th e  silica gel w ith  
n a rro w  pores, free s ite s  on  th e  surface are  b y  fa r  less, even a long  th e  f irs t b en d  
o f th e  iso th e rm , th a n  w ere  p resen t in  th e  p re v io u s ly  d iscussed  case. T he u n co v 
e red  su rface  sites s till  p re se n t decrease c o n tin u o u s ly  a long  th e  h ig h er sections 
o f th e  iso th erm , a n d  th e  ad so rp tio n  o f C 0 2 becom es p ra c tic a lly  zero well 
b efo re  p r =  1. T h is m e a n s  a t  th e  sam e t im e , t h a t  also th e  ace tone  p re se n t in  
th e  po res dissolves b u t  v e ry  sm all am o u n ts  o f  C 0 2. T he s ta tic  m easu ring  m eth o d  
p e rm itte d  to  d e te rm in e  th e  equ ilib rium  fro m  th e  tim e  d ependence  of th e  
a d so rp tio n  of C 0 2. C are w as tak en  to  allow  tim e  fo r a possib le  slow diffusion  
o f  C O 2 in to  th e  n a rro w  pores. H ow ever, su ch  e ffec t d id  n o t p la y  a p a r t  even  
a f te r  th e  elapse o f  sev e ra l hours, so t h a t  o b ta in e d  resu lts  w ere accep ted  as 
e q u ilib riu m  d a ta . F ro m  foregoing it  is c lear w h y  th e  to ta l  q u a n ti ty  of adso rbed
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C O 2 does n o t in c rease : its  so lu b ility  in  th e  ace to n e  sorbed in  th e  n a rro w  pores 
is v e ry  l i t t le .

O n th e  basis  of these  re su lts , i t  c an  be  s ta te d  w ith  h igh p ro b a b il i ty  th a t  
u n co v ered  sites are  p resen t on  th e  su rface  o f  w ide-pore silica gels even  a t  
re la tiv e ly  h igh  no m in a l ace to n e  p reco v erin g . O n th e  in v e s tig a te d  a d so rb e n ts  
w ith  w ide pores, th e  decrease in  free su rface  a rea  is n o t u n ifo rm  w ith  th e  
increase o f p reco v erin g : f irs t, th is  decrease  is s teep , to  becom e th e n  m ild ly  
slop ing  a long  th e  h ig h er sec tions o f th e  p re c o a tin g  acetone iso th e rm .

T he a rea  o f free surface is m uch  sm alle r on  ad so rb en ts  w ith  n a rro w  pores, 
an d  th e  u n o ccu p ied  sites d isa p p e a r c o m p le te ly  a t  h ig h e r values a lo n g  th e  iso
th e rm  o f th e  p reco v erin g  su b stan ce .

SUMMARY

The surface of silica gel sam ples was precovered w ith acetone, and th e  q u a n ti ty  of 
carbon dioxide fixed on such silica gel-acetone system s was measured as th e  func tion  of the 
q u an tity  of acetone adsorbed. The resu lts show th a t  on adsorbent samples w ith  wide pores, 
free surface sites are present even a t high acetone coverages, on which the b ind ing  of carbon 
dioxide takes place. On silica gels w ith narrow  pores, there  are only few free sites o f th is kind 
even a t th e  in itia l section of the acetone isotherm , to  d isappear then  quickly w ith  th e  increase 
in q u an tity  of the covering acetone.
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Introduction

M any in v e s tig a to rs  have  used d e u te riu m  fo r s tu d y in g  hydrogen  exch an g e  
reac tions of h y d ro c a rb o n s  over m e ta l c a ta ly s ts  [1 8 ]. A t th e  b eg inn ing  of
th e se  ex perim en ts th e re  was no possib ility  to  d e te rm in e  th e  d iffe ren t species 
o f d eu te rized  h y d ro c a rb o n s  because o f th e  la ck  o f a co n v en ien t e x p e rim e n ta l 
m e th o d . L a te r, h o w ev er, w ith  th e  help  o f m a ss-sp e c tro m e te r  it was e s tab lish ed  
th a t  during  th e  course  o f th is  ty p e  o f reac tio n s  m ore th a n  one h y d ro g en  a to m  
in th e  h y d ro ca rb o n  m olecule w as ex ch an g ed  fo r d e u te riu m  atom s. A ccord ing  
to  K e m b a l l  [6 — 8 ] tw o  m echanism s m ay  be  su p p o sed : 1. stepw ise a n d  2. 
m u ltip le  exchange, a n d  a t  th e  eq u ilib riu m  m ix tu re  th e  c o n cen tra tio n  o f d if
fe re n t d eu terized  species can be ca lcu la ted  on a s ta tis t ic a l  basis.

The m ain  d isa d v a n ta g e  o f th e  use o f p u re  d e u te riu m  in th e  c a ta ly tic  
exchange reac tio n  is th e  occurrence o f m u ltip le  iso to p e  exchange, i.e. i t  is 
im possib le to  s tu d y  th e  reac tio n  of on ly  one h y d ro g e n  a to m  in  th e  h y d ro c a rb o n  
m olecule. T his m e a n s  th a t  th e  fo rm a tio n  o f  a h y d ro c a rb o n  m olecule 
co n ta in in g  one d e u te r iu m  atom  is n o t in d e p e n d e n t o f th a t  of h ig h er d e u te r 
ized specim ens, w hereas in  th e  case o f tr i t iu m  lab e lled  h y d ro g en  th e  f in a l 
p ro d u c t is only C H 3T  because of th e  sm all c o n c e n tra tio n  of tr i t iu m . T h is is 
th e  reason  w hy we used  hydrogen  labe lled  b y  tr a c e r  am o u n ts  o f tr i t iu m . 
In  ad d itio n , th e  an a ly s is  o f the  p ro d u c ts  is m u ch  easie r b y  m eans o f ra d io a c tiv e  
c o u n tin g  tech n iq u e . T h a t  is th e  m ain  reaso n  o f  th is  re in v es tig a tio n  o f th e  
exchange reac tio n s b e tw een  hydrogen  an d  h y d ro c a rb o n s .
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E x p erim en ta l

M aterials

M ethane was obtained from  a cylinder, and subjected  to fu rther purification . F irs t it  
was d ried  by  passing it  th rough  a tube  filled w ith  MgC104. In  order to  rem ove all th e  oxygen, 
m eth an e  passed through m anganous oxide heated  to 200°C. F inally  i t  was distilled th ree  tim es 
u n d er vacuum  a t liquid nitrogen tem pera tu re  and  was kep t in  a storage bulb previously 
evacu a ted  to  10-6 Hgmm.

E lectro ly tic  hydrogen was used after purification . This procedure included th e  rem oval 
o f oxygen by  copper heated  to  400°C. The w ater form ed was freezed ou t a t  liquid nitrogen 
tem p e ra tu re  in  a trap . This hydrogen was stored in a glass bulb.

H ydrogen labelled by tr itiu m  was prepared b y  H o r i u t i  m ethod [9 ]  using th e  reaction 
of m etallic  sodium w ith tr itia ted  w ater having 40 mC/g specific activ ity . The tr itiu m  in hydrogen 
w as p resen t m ainly in form  of HT and  the q u an tity  of T2 was negligible.

N i ca ta ly st was used in pow der form  prepared from  Ni(OH)2 by a stream  of hydrogen 
a t  400°C. Surface area m easured b y  B ET  m ethod w ith  N2 was 4.2 m 2/g.

A pparatus and procedure

T he experim ents were carried  ou t in  all-glass appara tus consisting of two p a rts  shown 
in  F igure  l .T h e  first p a r t (in F igure 1 th e  left hand  side) was the ca ta ly tic  system  itse lf which 
co n ta in ed  th e  reaction vessel connected to  a glass circulating pum p the iron p iston  of which 
w as surrounded  w ith an elec trom agnet controlled by  a non-stable m u ltiv ib ra to r circuit. By 
tu rn in g  stopcocks 1 and 2 the ca ta ly tic  vessel can be separated  from the prem ixing volum e 
in d ica ted  by  the do tted  lim e square. In  such a w ay i t  was possible to  prem ix th e  reaction  
com ponents as well as to  analyse th e  gas m ixture before reaction. The volum e of ca ta ly tic  
space in  w hich the reaction proceeds was 140 ml. The pressure of the reaction  com ponents was 
m easured  by  m ercury m anom eter read  b y  kathetom eter. The ca ta lyst was p ro tec ted  from 
th e  m ercu ry  vapour by gold leaf.

The reaction vessel was surrounded  w ith an  electric furnace controlled by  a resistance 
bridge and  amplifier un it. The tem p era tu re  could be k ep t w ithin 1% m easured by  a therm o
couple.

T he second p a rt (right hand  side in Figure 1) was the radio gas chrom atographic appa
ra tu s . T his chrom atograph was connected to th e  ca ta ly tic  system  through  th e  sam pling 
device show n in Figure 2. This allowed one to e x trac t an aliquot which is negligible com pared 
to  th e  whole, h u t adequate for analysis. In  position a the  sam pling stopcock could be evacu 
a ted  and  in  position b an aliquot could be adm itted  to  i t  for analysis. B y ro ta tin g  th e  righ t 
h an d  stopcock through 90° the gas sam ple could get in to  the gas chrom atograph. The volum e 
of bore (horizontal position in Fig. 2) is 0.134 m l w hich am ounts to  0 .1%  of th e  whole reac
tion  system .

The chrom atographic colum n, 80 cm in lengh t, was filled w ith B D H  C hrom atographic 
Silicagel (40 — 60 mesh) and  it  was used a t  room  tem peratu re . Therm al conductiv ity  cells were 
b u ilt in to  th e  chrom atograph a tta ch ed  to  a bridge un it. Since the q u an tity  of the  gas sam ple 
is v e ry  sm all (a few m icrolitcr of gas) the cell was n o t sensitive enough for q u an tita tiv e  evalua
tio n  of th e  peaks. The o u tp u t of the  bridge therefore was fed into a D. C. am plifier ( Vakutronik 
Schwingungkondensator Elektrometer type V A —J —51) for am plifying th e  bridge cu rren t 
recorded by  a pen recorder. A lthough by  using a larger bore in  the sam pling valve th e  sensitiv
i ty  o f th e  therm al conductivity  cell could be increased b u t in th is case the  rad ioactiv ity  m eas
u rem en t was uncertain  because o f the dead tim e correction.

The rad ioactiv ity  of the tw o gases was m easured in proportional range by  using a flow 
co u n te r (volume 10 ml) connected th rough  a pream plifier u n it (Type ACEC, P A H G  200) to  an 
ana ly ser (Type ACEC , D M  160). P u rified  argon was the carrier gas and ju s t  before th e  counter, 
m eth an e  was fed in to  th e  gas stream . The ra tio  of the two gases was 1 : 9, respectively . U nder 
these circum stances 2700 У was supplied to  th e  counter as optim um  high voltage, and the 
p la teau -len g th  was abou t 300 V. The re ten tion  tim es for hydrogen and m ethane were 68 and 
145 seconds, respectively.

T he chrom atografic separa tion  and q u an tita tiv e  analysis of the com ponents was 
achieved under the following conditions. A fter setting  the tem pera tu re  of the colum n (25°C), 
and  th e  flow  ra te  w hich was 30 m l • m in “ 1 for argon and 87 ml • m in -1 for m ethane, we 
m easured  the background correction during 100 seconds. After adm itting  the m ethane-
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Fig. 2. Sam pling device: a) in em ptying position and b) in filling up position

A cta  C h im ica  A cadem iae  S c ien tia ru m  H ungaricae 31, 1967

Fig. 1. Sketch of ca ta ly tic  appara tus and the block diagram  for radiochrom atograph
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hydrogen  m ix tu re  to  be analysed during  the first 100 seconds all the  hydrogen in  the effluent 
gas ap p ea red  in  the counter and during  the n ex t 100 seconds, the m ethane did. S ub tracting  the 
background , these counts directly  m easured  the quantities of tr itiu m  in form  of hydrogen and 
m ethane. In  such a w ay i t  was no t necessary to  use th e  ratem eter-penrecorder u n it a ttached  
to th e  analyser.

T he gas chrom atographic system  was calibrated by  adm itting  a know n am oun t of 
hydrogen  labelled by tritium . P lo ttin g  th e  tr itiu m  disintegrations versus the pressure 
a s tra ig h  line, was obtained and i t  was found th a t  the reproducibility  of th is  procedure 
w ith in  3% .

T he procedure for carrying o u t an  experim ent was as follows:
Before and between each experim en t the ca ta lyst was pum ped off down to  2.5 X  10“ 5 

H gm m  a t  250°C, m easured by  ionizing vacuum m eter type L V  — 402. This procedure lasted  
for one ho u r and after this tre a tm e n t th e  experim ents were reproducible w ith in  4% .

A given am ount of bo th  gases was adm itted  in to  the prem ixing space and by  ex trac ting  
a sm all am oun t out of it  the  specific rad ioactiv ity  of tr itiu m  labelled hydrogen was m easured 
by  gas chrom atograph. A fter th is procedure we sta rted  the experim ent and from  tim e to tim e 
we m easured  the rad ioactiv ity  of b o th  reaction  components. Since there was no change in  the 
mole num bers during the reaction, th e  rad ioactiv ity  changes in  hydrogen and m ethane were a 
d irec t m easure of specific ac tiv ity  an d  so of the exchange reaction.

R esults

T h e  ex perim en ts w ere c a rr ie d  o u t on  N i c a ta ly s t  in  th e  te m p e ra tu re  
in te rv a l  from  221—256° C a t  100 H gm m  over-a ll p ressu re . T he h y d ro g en  
m e th a n e  ra tio  was 1 : 1 .

T y p ic a l runs of th e  c a ta ly t ic  exchange reac tio n  are show n in  F ig . 3 
w h ere  th e  p ercen tage  ex ch an g e  ca lcu la ted  from  th e  ra d io a c tiv ity  o f m e th an e  
d iv id e d  b y  th a t  of m e th an e  a n d  hydro g en  is p lo tte d  ag a in st tim e .

I n  som e experim en ts c a rr ie d  o u t up to  a h ig h er conversion  an d  a t  h igher 
te m p e ra tu re ,  th e  sum  of ra d io a c tiv i ty  in  m e th an e  an d  in  h y d ro g en  in c reased  
a b o v e  th e  value of th a t  p re s e n t  in  h y d ro g en  a t  th e  beg inn ing  of th e  ru n . This 
su rp r is in g  phenom enon could  n o t  be  ex p la ined  b y  th e  decrease o f co u n tin g  
e ff ic ien cy  of th e  flow  c o u n te r  re su ltin g  from  hydrogen  because in  se p a ra te  
e x p e r im e n ts  it  was e s tab lish ed  t h a t  h y d ro g en  up to  5 .4%  c o n c e n tra tio n  in  th e  
gas s tre a m  did  no t a ffec t th e  efficiency . A t low er te m p e ra tu re  a n d  a t  low er 
c o n v e rs io n  th e  ra d io a c tiv ity  b a la n c e  w as co rrec t w ith in  th e  e x p e rim e n ta l e rro r.

W e assum ed th ere fo re  t h a t  th is  in c rem en t in  th e  overa ll ra d io a c tiv ity  
co u ld  re su lt  from  tr i t iu m  h a v in g  b een  rem ained  ad so rbed  on th e  c a ta ly s t  surface 
in  th e  p rev ious ex p erim en ts  due  to  a v e ry  s tro n g  ad so rp tio n  o f t r i t iu m  a t 
h ig h e r  te m p e ra tu re .

I n  o rd er to  prove th is  a ssu m p tio n  w'e p lo tte d  som e ex p e rim en ts  in  th e  
fo llow ing  Way. F o r th e  in te rse c t we p u t  on th e  va lu es  of th e  ra tio  o f in c rem en t 
in  m e th a n e  ra d io a c tiv ity  to  th e  d ecrem en t of h y d ro g en  ra d io a c tiv ity  fo r each 
tim e  in te rv a l and  for th e  absc issa  th e  reac tio n  tim e  (F ig. 4) a t  d iffe ren t te m 
p e ra tu re .  As i t  is seen th is  ra t io  increased  v e ry  s tro n g ly  w ith  th e  increase  of 
te m p e ra tu re .

In  o rd er to  ex p la in  th is  p h en o m en o n  we h ad  tw o  possib ilities.
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i)  B ecause o f  th e  th e rm o d y n a m ic  iso tope e ffec t th e  c a ta ly s t surface shou ld  
co n ta in  m ore t r i t iu m  a tom s th a n  th e  gas phase  a t  th e  beg inn ing  o f an  e x p e ri
m en t. In  th is  case m ore  tr i t iu m  a to m s should  e n te r  in to  m e th an e  th a n  d isap -

Fig. 3. T ypical runs of m ethane exchange a t  d ifferen t tem peratures

Fig. 4. Ratios of rad io ac tiv ity  appearance in m ethane for u n it tim e to  radioactiv ity  d isap 
pearance in  hydrogen as a function  of tim e a t d ifferen t tem peratures

p e a r from  th e  gas p h a se , th is  m ig h t lead  to  an  in c rea se  in  th e  overall ra d io a c 
t iv i ty . H ow ever, e q u ilib riu m  b e tw een  th e  h y d ro g en  in  th e  gas phase an d  th a t  on 
th e  c a ta ly s t are v e ry  ra p id ly  estab lish ed . This m ean s fo r ad so rp tio n  equ ilib riu m

[lIT]  surface 

[HT]  gas
(1 )

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



2 8 0 G U C Z I , T É T É N Y I :  M E C H A N I S M  O F  H Y D R O G E N  E X C H A N G E

th e re fo re  in  th is  case th e  h ig h e s t a m o u n t of tr i t iu m  en ters th e  m e th a n e  a t  the  
b e g in n in g  of th e  ru n , so th e  ra t io  shou ld  h av e  th e  h ighest v a lu e  th a n ,  and 
d u r in g  th e  course of th e  re a c tio n  i t  shou ld  h e  c o n s ta n t or d ecrease.

i i )  A ccording to  th e  second  possib le  e x p lan a tio n  as th e  t r i t iu m  concen
t r a t i o n  decreases b y  m ean s o f iso tope  exchange , a new  process sh o u ld  be 
in i t ia te d ,  nam ely  an  ex ch an g e  b e tw een  th e  gas-phase  h y d ro g en  a n d  th e  surface 
t r i t iu m . T h is  m eans t h a t  d u rin g  th e  ru n  th e  specific ra d io a c tiv ity  o f h y d ro g en  
sh o u ld  decrease  to  a sm alle r e x te n t  th a n  th e  ra d io a c tiv ity  of m e th a n e  increases, 
w h ic h  re su lts  in  an  increase  b o th  of th e  over all ra d io a c tiv ity  a n d  o f  th e  ra tio .

T h e  curves in  F ig u re  4 p ro v ed  th a t  th is  second ex p la n a tio n  is p ro b a b ly  
v a lid . H ow ever, it  w as n o t  c la rified  w here  th is  ad d itio n a l ra d io a c t iv i ty  in  th e  
gas p h a s e  cam e from . I t  w as n ecessa ry  th e re fo re  to  ca rry  o u t f u r th e r  ex p e ri
m e n ts  b y  using  fresh ly  m ad e  c a ta ly s t  h av in g  n o t been  exposed  to  tr i t iu m .

1. O n freshly p re p a re d  c a ta ly s t  th e re  w as no increase in  th e  to ta l  rad io 
a c t iv i ty  o f b o th  reac tio n  co m p o n en ts  even  a t  a h igher te m p e ra tu re ,  b u t  a 
s l ig h t decrease. In  th e  n e x t  ru n , how ever, we observed  these  p h en o m en a .

2. I n  th e  n ex t e x p e rim e n t a f te r  e v a c u a tio n  n o n rad io ac tiv e  h y d ro g e n  was 
a d m i t te d  to  th e  c a ta ly s t a n d  an  increase  w as observed  in  th e  gas p h a se  ra d io 
a c t iv i ty  w hich  m ean t t h a t  b e tw e e n  th e  su rface  tr i t iu m  an d  gas h y d ro g e n  an 
is o to p ic  exchange w as ta k in g  p lace.

3. H av in g  ca rried  o u t th e  sam e ex p e rim e n t as in  1., th e  c a ta ly s t  was 
e x p o se d  to  m ethane h u t  th e re  w as no ra d io a c tiv ity  found  in  th e  gas phase 
w h ic h  m e a n t th a t  th e re  w as n o  exch an g e  b e tw een  m eth an e  a n d  su rface  tr i t iu m . 
H o w e v e r , if  hydrogen  w as ad m ix e d  to  m e th a n e  in  such a q u a n t i ty  t h a t  th e  
p re s su re  o f  th e  tw o gases w as e q u iv a le n t, ra d io a c tiv ity  a p p ea red  f i r s t  in  h y d ro 
g en  a n d , w ith  a little  d e lay , in  m e th a n e . F o r in s tan ce , by  in tro d u c in g  a m ix tu re  
o f  50 H g  m m  hydrogen  a n d  48 H g  m m  m e th a n e  a t  230 °C we o b se rv ed  exchange 
o n ly  b e tw e e n  gas h y d ro g en  a n d  su rface  tr i t iu m  up  to  50 m in u te s . A f te r  ra ising  
th e  te m p e ra tu re  up to  270 °C, r a d io a c tiv ity  ap p ea red  in  m e th a n e , to o .

T h e  k inetic  cu rve can  b e d escrib ed  b y  th e  eq u ation  o f  K e m b a l l

*L =  K ( Q- q„) ( 2)

w h e re  q is th e  specific ra d io a c tiv i ty  o f m e th a n e  a t  tim e  t, an d  a t  eq u ilib riu m . 
T h is  show s an  a p p a re n t f i r s t  o rd e r k in e tic s  an d  th e  ra te  c o n s ta n t  is co n stan t 
o n ly  fo r  th e  course of an  ex ch an g e  re a c tio n  w ith  a single m ix tu re  o f  reac tin g  
g ase s . T ru e  k inetics w as d e te rm in e d  b y  th e  v a r ia tio n  of th e  in i t ia l  p ressu re  of 
b o th  m e th a n e  and  h y d ro g e n  P  =  15.22 — 75.60 H g m m  an d  P  =  22.14 — 50.76 
H g m m , respective ly . T he ex ch an g e  re a c tio n  w as found  f i r s t  o rd e r  w ith  
re s p e c t  to  m ethane  a n d  n e g a tiv e  o rd e r w ith  re sp ec t to  h y d ro g en  in  accordance
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w ith  th e  li te ra tu re . T he k ine tic  e q u a tio n  for m e th a n e  tr i t iu m  ex ch an g e  th e re  
fore is:

(3)
P  H T

T h e energy  of a c tiv a tio n  d e te rm in ed  b y  th e  in it ia l  ra te  m eth o d  is 34 kcal/m ole 
(F ig . 5 ) ,  w hich is 1 0  kcal m ore th a n  th e  p rev io u s  v a lu e  found  b y  K e m b a l l  

fo r th e  CH3D fo rm a tio n  on Ni film .

logw0 •

0,0 -

-0.5 -

- I Q  _______ I___________________I___________________I___________________ I______►

1.90 195 2.00 i ' 1 0 1 2.05

Fig. 5. The logarithm  of in itia l ra te  of CH3T form ation versus 1/T

D iscussion

T he m ain a d v a n ta g e  of th e  use o f a tra c e r  a m o u n t of tr i t iu m  in h y d ro g en  
fo r th e  exchange re a c tio n  is th e  e lim in a tio n  o f  m u ltip le  exchange, i.e. i t  is 
possib le to  in v e s tig a te  th e  b eh av io u r of only  one o f  th e  hyd ro g en  a to m s in  th e  
h y d ro ca rb o n  m olecule. T he p ro b a b ility  of e n te r in g  m ore  th a n  one tr i t iu m  a to m  
th e  h y d ro carb o n  m olecu le  is less th a n  1 0 ~ 5— 1 0  _e d ep en d in g  up o n  th e  ra tio  of 
tr i t iu m  to  hy d ro g en . In  case of carrie r-free  d e u te r iu m  th e  CH3D p ro d u c t is 
n o t th e  final one, ev en  according to  th e  m u ltip le  exchange m echan ism .

Tw o im p o r ta n t po in ts  arise from  th e  e x p e rim e n ta l re su lts .
1. To d e tec t iso to p ic  exchange, H —T  an d  C — H  bonds shou ld  be b ro k en . 

T h e  b o n d  s tre n g th  v a lu es  (neglecting  th e  iso to p e  effect in  case of H —T) are 
104 an d  101 k ca l/m o le , resp ec tiv e ly . O n th e  su rface  o f N i, how ever, these  
va lu es  becom e m u ch  sm aller:

and
( ( ? I I h ) n 1 —  —  ( ? H H  +  2 @ H N i  

( ( ? C h ) n I =  —  V C H  +  ( ? H N i  +  Q  C N i

T h e ir difference

( ( ? H h ) n i  — ( ( ? C h ) n i  — — @HH +  QcH +  ( ? H N i  — ( ? C N i  — ( ? H N i  ~  ( ? C N i  — 3 kcal.
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S u b s t i tu t in g  th e  values fo r @hní  =  55 kca l [10] a n d  @cní =  17*5 k ca l [11]

( ( ? h h ) n i  =  ( Ç c h ) ni +  34.5 k ca l

I t  c a n  be  seen th a t  in  th e  case  of d issociation  o f H  — H  on nickel less en e rg y  is 
re q u ire d  th a n  in  th e  case o f  a C — H  bond. T herefo re  it  is conceivab le  t h a t  th e  
H —T  b o n d  can be b ro k en  m u c h  easier an d  th e  iso to p e  exchange re a c tio n  needs 
th re s h o ld  te m p e ra tu re  ab o v e  w h ich  m eth an e  is ad so rb ed  d isso c ia tiv e ly  on  th e  
c a ta ly s t  surface an d  th e  C H 3 ra d ic a l form ed h a s  a chance to  p ick  up  tr i t iu m  
a to m  fro m  th e  su rface , a n d  a f te r  deso rp tio n  ap p ea rs  in  th e  gas p h a se  as a 
C H 3T  m olecule.

T h e  difference in  b o n d  s tre n g th  values on th e  N i su rface is p a r t ly  r e 
sp o n sib le  for th e  e x p e rim e n ta l fa c t th a t  b y  in tro d u c in g  a m ix tu re  o f H 2 an d  CH4 

to  th e  c a ta ly s t h av in g  b een  ex p o sed  b y  tr i t iu m , th e  exchange s ta r ts  b e tw een  
h y d ro g e n  an d  surface t r i t iu m  a t  low er te m p e ra tu re  an d  a t  h igher te m p e ra tu re  
a t  w h ic h  also th e  d isso c ia tiv e  ad so rp tio n  of m e th a n e  can  becom e en e rg e tica lly  
p o ss ib le , th e  tr i t iu m  s ta r ts  e n te r in g  th e  m e th an e .

2. I t  is ra th e r  d iff ic u lt to  ex p la in  th e  la ck  of ra d io a c tiv ity  in  m e th a n e  
w h en  i t  w as in tro d u ced  a lo n e  o n to  th e  N i c a ta ly s t  p rev io u sly  ex p o sed  to  t r i 
t iu m . I t  seem s to  be r a th e r  lik e ly  th a t  tr i t iu m  rem ain ed  on th e  su rface  suffers 
im m o b ile  adso rp tio n  an d  is h e ld  r a th e r  firm ly  on th e  cen tres h av in g  th e  h ig h es t 
su rfa c e  energy . T hey  can  be  o n ly  ap p ro ach ed  b y  h y d ro g en  from  th e  gas phase  
re s u lt in g  in  iso tope ex ch an g e . T h is is in  ag reem en t w ith  re su lts  o b ta in e d  b y  
o th e r  a u th o rs  [12, 13] on P t ,  P d  an d  Ni. In  p resence  of b o th  gases in  th e  gas 
p h a se , t r i t iu m  m ay  be  tra n s fe r re d  firs t in to  th e  gaseous h y d ro g en  a n d  a fte r  
re -a d so rp tio n  i t  ap p ears  in  m e th a n e . N everthe less, th e  h e te ro g en e ity  o f  th e  Ni 
c a ta ly s t  show n in one o f o u r  p rev ious w ork  [1 2 ] m ay  influence th is  re su lts . 
M o reo v er, we need som e m o re  in fo rm atio n  on th e  ih e th an e  a d so rp tio n  on Ni 
c a ta ly s t .

A s fa r  as th e  en erg y  o f  a c tiv a tio n  is concerned , o u r v a lue  is 10 kcal/m ole  
h ig h e r  th a n  K e m b a l l ’s one fo r C H 3D fo rm atio n . T his d ifference m ig h t p ro b a b ly  
be  e x p la in e d  b y  th e  fa c t t h a t  CH3D is n o t th e  sole p ro d u c t (if th e  ex ch an g e  is 
c o n tro lle d  b y  stepw ise m ech an ism , CH3D is an  in te rm e d ia te  p ro d u c t)  an d  on 
th e  o th e r  h an d  th is  excess en e rg y  of a c tiv a tio n  is due to  k in e tic  iso to p e  effect 
w ith  re g a rd  to  th e  d iffe rence  in  th e  re a c tiv ity  o f d eu te riu m  an d  t r i t iu m  atom s 
in  th e  surface layer.

T he authors are grateful to  D r. T. Szarvas for valuable discussion and  indeb ted  to
K . K oleär for technical assistance.

SUMMARY

E xperim ents have been carried  ou t on the isotope exchange betw een CH4 and  H T on Ni 
c a ta ly s t . The kinetics of the reaction  was studied and th e  activation  energy valuew as calculated.
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I t  is sta ted , th a t th e  exchange betw een H —T and  H 2 goes easier and qu icker th a n  th a t 
betw een CII, and HT. This fac t is in accordance w ith  the results of therm odynam ical calcu
la tions and can be explained w ith  the more rapid adsorption  of hydrogen.
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КОЛЕБАТЕЛЬНЫЕ СПЕКТРЫ И ПОВОРОТНАЯ 
ИЗОМЕРИЯ НЕКОТОРЫХ ЭТИЛХЛОРСИЛАНОВ

Ю. А. ПЕНТИН, С. Е. РУДАКОВА 

Поступило 27 мая 1966 г.

(М осковский Государст венны й университ ем  и м . М .Г . Ломоносова М о сква )

Настоящая работа посвящена изучению колебательных спектров и 
поворотной изомерии некоторых этил-хлор замещенных Si. Эти соединения 
имеют большую практическую ценность и поэтому в последнее время уде
ляется значительное внимание изучению их физикохимических свойств и 
строения молекул. Однако данных по колебательным спектрам этих соеди
нений крайне недотаточно, причем расчет частот и форм нормальных коле
баний рассматривсемых молекул не проводился: а вопросы поворотной 
изомерии, возможаой у многих этильных производных Si при заторможен
ном внутреннем нращении вокруг связи Si — С количественно никем не 
рассматривалисьв

Получение, этих данных необходимо прежде всего для статистических 
расчетов термо инамических функций и химических равновесий газовых 
реакций. Работа была поставлена в лаборатории молекулярной спектро
скопии Химического факультета МГУ.

Исследование представляет также и теоретический интерес.
Для изучения нами были выбраны три простейшие молекулы: C2H5SiCl3, 

C2H5SiHCl2, C,H5SiH2Cl. В случае C2H5SiCl3 поворотная изомерия невоз
можна. В случае C2H5SiHCl2 и C2H5SiH2Cl принципиально возможно сущест
вование поворотных изомеров (гош- и транс-, см. рис. 1) при заторможенном 
внутреннем вращении вокруг связи Si—С.

Дляэтих соединений в литературе имелись только неполные данные по 
ИК спект ру C,H5SiCl3[ 1 ], и спектрам KP жидких C2H5SiCl3 [2—4] hC2H5SíHC12 
[3—5]. Поэтому перед нами встала задача самого детального изучения этих 
соединений как экспериментальными, так и расчетными методами колеба
тельной спектроскопии.

Были получены ИК-спектры и спектры KP всех исследуемых молекул 
в жидком и твердом агрегатных состояниях и при различных температурах, 
а также ИК-спектры паров этих веществ [6—8]. Наши экспериментальные 
результаты для жидких и твердых этилхлорсиланов приведены в таблицах 
1—3. Из таблиц видно, что при затвердевании веществ значительно изме
няются спектры молекул C2H5SiHCl2 и C2H5SiH2Cl (в столб, «тв» прочерк
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нуты исчезающие полосы). Известно [9, 10], что изменения в спектрах в этом 
случае могут происходить и по другим причинам, а именно за счет эффектов 
кристалличности и межмолекулярных взаимодействий (в литературе есть 
указания о наличии ассоциаций в хлорсиланах через SÍ...C1).

Оценить величину этих эффектов помогает исследование колебатель
ного спектра C,H5SiCI3, где принципиально невозможно существование по
воротных изомеров и все изменения в спектрах могут быть связаны только

с указанными выше эффектами. Исследование колебательных спектров жид
кого и твердого C2HsSiCl3 показало, что все изменения (незначительный 
сдвиг, сужение и расщепление полос) в спектре твердого соединения могут 
быть объяснены статическим эффектом поля кристалла и эффектом резо
нансного взаимодействия соседних молекул в элементарной ячейке крис
талла (причем величина этих эффектов мала).

Сравнение колебательных спектров жидкого и газообразного C2H5SiCl3 
показало [6], что это соединение не имеет сильных межмолекулярных взаи
модействий.

Исследование колебательных спектров жидкого и газообразного 
C2H 5SiHCl2 и C2H5SiH2Cl показало [7,8], что число экспериментально наблю
даемых частот (достаточно интенсивных полос) существенно превосходит 
число теоретически ожидаемых для одной равновесной ядерной конфигу
рации. На основании только этого факта можно сделать предположение, что 
в жидкости и газе C2H5SiHCl2 и C2H5SiH2Cl существует в виде двух поворот-

©

Рис. 7
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Таблица 1

К олебат ельны й спект р эт и лд и хло р си ла п а

Об
оз

на
че

ни
е H<u

Отнесение (условно)

Ра
сс

чи
та

нн
ые

ча
ст

от
ы

V 
CM

-1

Экспериментальные данные, СМ 1
ик KP

и
g l
(5a

ж. ТВ. Ж. ТВ.

vi A ” T (S ieg 85
V2 A " в ( s ie g  (r) 143 — — 131 122(5)
v3 A ' e(S icg  (t«) 151 — — 154 154 (5)
Vi A ' ä (SiCl), 188 — — 183 183 (8)
>’5 A " t (CH3) 202 — - 1 — —
V<S A ' <5 (SiCl,) 230 — - / 225 225 (10)
V1 A " ö (SiCl,) 242 — 230 230 (0)

A ' 6 (CCSi) 304 — — 327 325 (Юр)
V9 A ' V (SiCl) 454 449 с. 449 448 449 (49 р)

vt  +  v8 488 о. сл. 488 — —

V6 +  vs 528 о. сл. 528 — —

V10 A” v (SiCl) 567 559 о. с. 560 556 561 (2)
Vl\ A' v (SiCl) 590 589 о. с. 589 600 589 (2)

vi  +  V9 617 с. 616 — —

v e +  T9 665 о. сл. 665 — —

v12 A” e (CH,) (r) 705 703 о. с. 703 — —
A ' v (SiC) 731 722 с. 723 724 721 (2 р)

v 7 + v 10 775 о. сл. 780 — —

v 9 +  V U 790 о. сл. 794 — —

v2 +  V12 804 сл. 809 — —
” 2 +  T, 3 818 сл. 823 — —

V U A” e (CH,) (r) 965 965 ср. 961 968 —

V15 A' в (CH,) (w) 989 975 сл. 975 980 980 (2)
vir, A ' V (C -  C) 1032 1010 с. (1009

)Ю18 1016 1016(3)
v n A" е ( с н . )  (t) 1234 1226 ср. 1225 1225 1225(1)
V W A ' e (CH,) (w) 1238 1244 ср. 1244 1245 1247 (2 р)
V19 A' <5 (CH,) 1382 1384 ср. 1381 1385 1392(1)

A' Ô (CH„) 1407 1418 сл. 1418 1422 1420(1)
V2l A' <5(CH3) 1466) 1463 с. 1451 1457 1464(3)

A” <5 (CH,) 14761 1475 1470
2 v19 — — 2750 2750(1)
T|9 +  T21 2836 сл. 2835 2840 2840(1)
2 r2I 2885 ср. 2885 2885 2886 (7 р)

V23 A' V (CH,) 2900 2898 сл. 2898 2897 2897 (12 р)
2v„„ 2914 о. сл. 2914 2925 2932 (4)

A' v (CH2) 2944 2941 ср. 2941 2940 2941 (Юр)
’’26 A” V (CH,) 2973)

A' v (CH,) 2976J 2973 с. 2973 2973 2973 (6)
2̂7 A" v (CH,) 2992 — — 2985 2985(1)

П р и м е ч а н и е :  Сокращения и условные обозначения в табл. 1—3: ИК — ин
фракрасный спектр; KP — спектр комбинационного рассеяния; ж. — жидкость; тв. — твер
дое; т — крутильные колебания; <5 — внутренние деформационные колебания (ножнич
ные); Q —  внешние деформационные колебания (г — маятниковое, и> — веерное или зон- 
тиковое; t — крутильно-деформационное); v — валентные колебания; о. с. — очень сильная; 
с — сильная; ср. — средняя; сл. — слабая; о. сл. — очень слабая; р — поляризованная ли
ния KP., число в скобках указывает интенсивность линий KP в десятибальной шкале.
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Таблица 2
К о леба т ельны й  спект р эт и лд и хло р си ла н а

Тип 
симмет
рии для 

т р а н с 
ф о р м ы

Отнесение
(условно)

Рассчитанные 
частоты, v с м  1

Экспериментальные данные, v с м - 1 

ик KP

г о ш -
форма

т р а н с 
ф о р м а

ж.
( т р а н с -  
+ г о ш )

ТВ.
( т р а н с )

ТВ.
!т р а н с )

ж. (т р а н с - +
+ г о ш )

А" т (SiHCl2) 114 75 ? ?
? — — 146 146(1)

А ' e (s ic i2)(w )/ 170 — — 167 ? 1
1 169 — — 177 (7) }

А' à (SiCljj) 189 190 — — 193 187 (4)
А" т (CH,) 200 192 — — 227 227 (0)
А" в (SiCl2) (r) 264 263 — — 265 271 (1)

Í 282 — — — 293 (5 р)
А ' â (ccsi) } 352 — — 372 372(1)
А ' V (SiCl) г 486 490 ч 485 478 486 л

1 499 плечо} с' — — плечо) (22р)
А " V (SiCl) 549 543 с. 538 543 550 (2)

2 v5 плечо — —

V  (SiCl) 558 556 с. _ — 559 (2)
”5 +  V6 613 ср. 613 — —

А " e (CH,) (r) 687 682 659 ср. 660 668 660 (6)
А '

V  (SiC) 1 698 680 сл. 679 688 680 (0)
704 708 ср. — — 708 (4 р)

А " ô  (HSiCl) 807 811 — — 799 799 (3)
А ' ô  (HSiC) 813 817 806 о. с. 806 807 810(3)
А " É?(CH3) (r) 968 966 966 ср. 966 — —
А ' в (CH,) (to) 991 985 975 сл. 975 978 978 (3)

V (CC) f 1041 1014 сл. — — 1012 (2)
А ' l 1041 1020 ср. 1020 1019 1019(1)
А " e (CH,) (0 1232 1230 1227 сл. 1232 1232 1227 (0)
А ' о (CH2) (to) 1244 1239 1241 сл. 1246 1246 1240 (2 р)
А ' à  (CH,) 1385 1382 1382 сл. 1382 —
А ' (5 (CH,) 1412 1410 1406 сл. 1406 1407 1407 (2)
А ' à  (CH,) 1467 1464} 1462 ср. 1462 1462 1462 (3)
А " <5 (CH,) 1486 1483J
А ' V (SiH) 2203 2204 2207 с. 2216 2208 2208 (19 р)

V1S +  V20 2836 сл. 2836 2832 2832 (0)
2  i;20 2880 ср. 2880 2883 2883 (13 р)

А ' v(CH3) — 2890 2897 сл. 2897 2900 2900 (12 р)
2 v21 2916 с л. 2916 2919 2919 (5)

А ' v(CH2) — 2942 2936 сл. 2936 2940 2940(10 р)
А " V (CH3) — 2973] 2967 ср. 2967 2968 2968 (6)
А ' *(CH,) — 2976.1
А " v (CH,) — 2990 2983 2983(0)

Обоз
начение

! *

vi
?5
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Таблица 3

Колебательный спектр этилдихлорсилана

Обоз
начение

6.Х

Тип сим
метрии 

для т р а н с -  
ф о р м ы

V8

V9

А'
А"

А"
А'

А'

А'
А'
А'
А'
А'

Расститанные Экспериментальные данные, v см ~ 1

частоты, r  с м  1 и к K P

Отнесение
(условно)

г о ш - т ранс - ж. (т ранс- Т В . Т В . ж. (т ранс-
форма форма 4 - г о ш ) (  г о ш ) (  г о ш ) +  г о ш )

T  (SiH2Cl) 103 114 _ ? ?

? — — 152 152 (0)
<5 (CISiC) 159

197
— — 164 161 (3) 

187(0)
214 200 — — 2 2 2 2 2 2  ( 0 )

T  (CH,) r 
<5 (CCSi) 300

258 — —
292

245 (0) 
285 (4 р)

2  V
295 (0)

Z  î>2 / 

V (SiCl) 496
512

плечо 
509 с.

497 496 плечо 1 П 2 ч 
509

e (Síh 2) ( г )  1 552 529 ср. — — 529(1)
552 565 ср. 563 567 563 (3)

в  (CH2) ( ! ) 684 680 653 ср. 653 655 657 (5)
V (SiC) 681

683
6821 
693) с -

687 686
6 8 2  1(6 о)693

e  (SiH2) (0 Í 742 744 с . 746 746 745 (4)
744 770 ср. — — 770 (0)

Q (SiH2) ( t e ) 883 879 854 о. с. 855 852 856 (3)
ô  (SiH2) 930 929 950 о. с. 950 944 949 (6)
e  (CH,) ( r ) 973 965 — 972 968 —
Q (CH,) ( i v ) 992 991 978 с. 980 982 979 (3)
v(CC) 1037 1012 ср. — — 1012(2)

1039 1025 ср. 1026 1030 1026 (1)
»5  +  »7 1140 о.сл 1145 — —

» 5  +  »S 1185 о.сл 1186 —
в  (CH,) (0 1225 1224 1236 ср. 1231 1232 1226(1)
в  (CH,) ( w ) 1247 1246 — 1245 1247 1240 (3 р)
» 4  +  » 11
<5 (CH,)

1302 о.сл 1302 — —
1387 1381 1384 сл. 1384 1385 1382(1)

(5 (CH.,) 1414 1413 1412 ср. 1411 1414 1411 (2)
(5 (CH,) 1471 1464 1 1465 ср. 1465 1467 1466 (4)
<5 (CH,) 1490 1485 1

V  (SiH) 2180 2177 )

v  (SiH) 2180 2182 ) 2174 о.с. 2185 2176 2176 (40 р)
»17 +  »1» — — 2835 сл. 2840 2835 2835 (0)
2  »,!> — — 2879 с. 2979 2877 2879 (13 р)
» (CH,) — 2901 2891 сл. 2891 2893 2890(11 р)

— 2912 сл. 1914 2922 2915(8)
» (CH2) — 2934 2935 сл. 2934 2934 2938(10 р)

V (CH,) _ 2971 ) 2961 с. 2962 2966 2965 (8)
V (CH,) — 2976
V (CH,) — 2984 ]
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ноизомерных форм (гош- и транс-), которые принципиально возможны в 
этих двух случаях. Сравнение колебательных спектров этих молекул в 
жидком и твердом состояниях подтверждает высказанное выше предполо
жение. При затвердевании C2H5SiHCl2 и C2H5SiH2Cl происходит значитель
ное упрощение их колебательных спектров, что можно объяснить измене
нием изомерного состава этих соединений. Число экспериментально наблю
даемых частот в твердой фазе соответствует одной равновесной ядерной кон
фигурации молекул этилди- и этилмонохлорсиланов.

Таким образом, из анализа экспериментальных данных видно, что 
колебательные спектры жидких и газообразных C2H5SiHCl2 и C2H3SiH2Cl 
представляют наложение спектров гош- и транс-поворотно-изомерных форм, 
а колебательные спектры твердой фазы соответствуют одной поворотно
изомерной форме.

Но только из результатов эксперимента еще не удается установить 
соответствие наблюдаемых частот тому или иному поворотному изомеру 
в различных агрегатных состояниях. Для решения этого вопроса исполь
зованы результаты расчета частот и форм нормальных колебаний для гош- 
и транс-равновесных ядерных конфигураций C2H5SiHCl2 [ 11 ] и C2HsSiH2Cl [8] 
и для одной возможной «шахматной» конфигурации C2H5SiCl3 [б].

Расчет колебаний молекул был проведен по методике Ельяшевича, 
Степанова [12] и Маянца [13] с учетом крутильных координат. Силовые коэф
фициенты были взяты из работ [12, 14—16] по расчету колебаний следующих 
молекул: CH3SiCl3; (CH3)3SiH; (CH3)2SiCl2; (CH3)2SiH2; (CH3)3SiCl; C2H6; 
C3H8; C2H 4C12. Вековые уравнения решены в предположении, что с изме
нением равновесной ядерной конфигурации силовое поле сохраняется. 
Кроме того, при решении колебательной задачи для гош-формы проводилось 
отделение высоких частот валентных колебаний СН от остальных частот по 
методу Вильсона[ 17]. Эта операция абсолютно никак не сказывается на низ
кочастотной области спектра, по которой делаются все выводы относительно 
равновесных ядерных конфигураций молекул. Вековые уравнения решены 
на электронновычислительной машине «Стрела» по программе А. М. Бого
молова.

Результаты вычисления частот нормальных колебаний молекул для 
предполагаемых ядерных конфигураций представлены в табл. 1—3. Из 
сравнения экспериментальных и расчетных данных, приведенных в табл. 
2—3, видно, что «вымораживающимися» являются те частоты, которые 
относятся к гош-форме в случае C2H5SiHCl2 и к транс-форме в случае 
C2H5SiH.,Cl.

В твердом состоянии первое соединение существует в виде транс-, 
второе (при медленной кристаллизации) — в виде гошповоротно-изомерных 
форм, в противном случае в твердом состоянии сохраняются гош- и транс
формы молекулы C2H5SiH2Cl.
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Проведена полная интерпретация колебательных спектров исследуе
мых молекул [6,8, 11 ] на основании рассчитанных форм нормальных коле
баний, измеренных степеней деполяризации линий KP, рассмотрения кон
туров полос ИК-поглощения газов, а также анализа литературных данных 
по исследованию спектров родственных соединений. Отнесение частот пред
ставлено в табл. 1—3.

Спектроскопически удается определить не только равновесные ядер- 
ные конфигурации исследуемых молекул, но и установить относительную 
устойчивость поворотных изомеров, т. е. оценить АЕ — разность их энергий, 
а также концентрационные соотношения.

Интенсивность полос колебательного спектра пропорциональна кон
центрации поворотных изомеров. Изучая перераспределение с температурой 
интенсивности полос, принадлежащих различных изомерам, можно опре
делить ЛЕ по формуле:

1гош 1 1гош  \ A E  I 1 / 1
Imp T , \ lmp 1T2 XP R 1 T2 1 Tj ,

Формула получена интегрированием уравнения изохоры реакции по
воротной изомеризации в предположении АЕ  =  const в данном температур

ами
ном интервале, и -------не зависит от Т.

Imp
В ряде работ было показано [ 18—20], что при небольших температурных

. „ 1гпш
интервалах измерения допустимо считать АЕ =  const и -------можно считать

Imp
независимым от Т, если для измерения выбрать полосы близких по форме 
колебаний. Достоверность получаемых значений АЕ  может быть проверена 
путем сопоставления результатов определения АЕ  несколькими независи
мыми методами (в нашем случае методом ИК-спектров, спектров KP и по 
разным парам полос одного и того же спектра, но относящимся к разным 
по форме колебаниям).

Для молекул C2H5SiHCI2 и C2H5SiH2Cl в интервале температур — 
100—20° С определены разности энергий поворотных изомеров [21 ]. В таблице 
4 показаны полосы, по которым проводилось исследование, дано их отне
сение, указан метод определения АЕ  (ИК-спектров и спектров KP), при
ведены результаты определения АЕ  различными методами и среднее значение 
всех независимых определений. Полученные выше результаты позволяют 
сделать вывод о большей устойчивости транс-изомера в случае C2H5SiHCl2, 
и гош-изомера в случае C2H5SiH2Cl. Результаты определения АЕ  для жид
кого C2H5SiH2Cl согласуются с аналогичными данными [22] для С2Н5СН2С1:

_ , „ л „ ккал
в обоих случаях АЕ,_то w  —0,3 -

моль
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Таблица 4

Р азност и энер ги й  и концент рационные соотношения поворотных

Соединение

Метод определения

ИК-спектры

г, см-1 условное
отнесение

л е , кал
Г О Ш транс

М О Л Ь

(г — тр)

C2H 5SiHCl2 708 680 V (SiC) 370 ±  70

744 770 Q (SiH2)t - 3 5 0  ±  80
C2H 5SiH2Cl 1026 1012 1>(CC) - 3 0 0  ±  80

Найденные значения ЛЕ использованы для определения концентра
ционных соотношений поворотных изомеров жидких C2H5SiHCl2 и C2H5SiH2Cl 
по формуле:

U1---- =  2 — отношение статистических весов поворотных изомеров;

íQí —  произведение статистических сумм изомеров.
Мольные доли гош-изомера при 250° К приведены в табл. 4.
Кроме разности энергий поворотных изомеров, важной характеристи

кой заторможенного внутреннего вращения является высота потенциаль
ного барьера (V0). Нам не удалось экспериментально найти крутильные 
частоты ^SiCl групп, а следовательно, экспериментально оценить V0. 
Величины барьеров заторможенного внутреннего вращения относительно 
связи Si — С нами определены для всех исследованных молекул по методу 
Маняско [23], которые оказалисьр авными У0г_тр =  3,05; 2,66; 1,97 соответ
ственно для C2HäSiCl3, C2H5SiHCl2 и CoHgSiHjCl.

Метод Маняско не имеет строгого физического обоснования, тем не 
менее для простейших молекул с тетраэдрической системой валентных 
связей с его помощью получаются значения V0, близкие к определенным 
экспериментально и в нашем случае его применение вполне допустимо. 
Метод Маняско в случае алкилхлорсиланов — единственно возможный 
метод определения величины барьера, т. к. его применение в противополож
ность другим эмпирическим методам не требует знания высот барьеров про
стейших хлорсиланов, которые в литературе отсутствуют.

N i ai jQu_ ехр J--Л
N 2 <т2 jQ 2J I R T
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изомеров эт илдихлорсилана  и эт илмонохлорсилана

Метод определения

А Е ,
кал/моль
(среднее)

Мольная 
доля 
гош- 

изомера 
(250° К)

спектры KP

V ,  CM “ 1 условное
отнесение

А Е ,  КаЛ
гош транс

моль 
(г —  тр)

708 680 V (SÍC) 350 ±  70
400

293 372 <5 (CCSi) 490 ±  80

565 529 e(S iH 2)r — 180 ±  120
—280 - 0 , 7 8

ВЫВОДЫ

1. Изучены ИК-спектры в области 400—3000 см-1 и спектры KP C2H5SiCl3, С2Н5- 
SiHClj и C2H5SiH2Cl в различных агрегатных состояниях и при различных температурах.

2. Проведен полный расчет частот, и форм нормальных колебаний молекул иссле
дуемых соединений для всех принципиально возможных равновесных ядерных кон
фигураций: одной «шахматной» конфигурации C2H5SiCl3, гош- и транс-конфигураций 
C2H.SiHCl2 H C2HäSiHXl. Проведена полная интерпретация колебательных спектров 
исследуемых этилхлорсиланов.

3. Сопоставлением экспериментальных данных по «вымораживанию» частот с 
результатами расчета показано, что в кристаллическом состоянии в случае C2H5SiHCl2 
сохраняется транс-, а в случае C2H5SiHXl (при очень медленной кристаллизацией) гош- 
равновесные ядерные конфигурации молекул. В жидкости и газе имеется подвижное 
равновесие гош- и транс-поворотно-изомерных форм этих молекул.

4. Исследованием температурной зависимости относительной интенсивности полос, 
принадлежащих различным изомерам, определены разности энергий гош- и транс-по- 
воротных изомеров C2H5SiHCl2 и C2H5SiH2Cl в жидкой фазе, которые оказались равными 
0,4 ккал/моль — для первого (транс-форма более устойчива) и — 0,3 ккал/моль для второго 
(гош-форма более устойчива). На основании этих результатов оценены концентрацион
ные соотношения поворотных изомеров: при 250° К мольные доли гош-формы ди- и моно- 
хлорпроизводных равны соответственно 0,47 и 0,78.

б. Эмпирическим методом Маняско оценены потенциальные барьеры внутреннего 
вращения молекул C2HäSiCl3, C2H5SiHCl2 и C2HäSiH2Cl относительно связи Si — С.
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Infrared spectra and rotamers of a few ethylchlorosilanes
Y u .  A .  P E N T I N  a n d  С .  E .  R U D A K O V A

Sum m ary . 1. The infrared and  R am an  spectra of C2H 5SiCl3, C2H 5SiHCl2 and C2H 5S iH 2Cl have 
been stu d ied  in the range from  400 to 3000 cm -1 in  d ifferent states and a t  d ifferen t tem 
p e ra tu re s .

2. F or all theoretically  possible equilibrium configurations the to ta l frequencies and 
th e  n o rm al coordinates of th e  investiga ted  compounds have been calculated, th u s , for the 
“ checkerboard  configuration”  of C2H 5SiCls, and for th e  gauche and Irans rotam ers of C2H 5SiHCl2 
and  C2H 5SiH 2Cl. Complete in te rp re ta tio n s  of the v ib ra tional spectra of the investigated  ethyl
chlorosilanes are given.

3. I t  is shown by com parison of the experim ental frequency data , obtained by  “ freezing 
o u t” , w ith  the calculated resu lts  th a t  in  the crystalline s ta te  the trans equilibrium  configu
ra tio n  is preserved in the case o f C2H 5SiHCl2, and (under very  slow crystallization) th e  gauche 
equ ilib rium  configuration in  the  case of C2H 6SiH2Cl. In  liquid  and  gaseous sta te , the gauche-trans 
or trans-gauche forms of these molecules are present in dynam ic equilibrium.

4. B y the investigation of th e  tem perature dependence of the intensities of th e  bands 
assigned  to  the various isom ers, th e  energy differences in  the  liquid phase of the  gauche and 
trans isom ers of C2H 5SiHCl2 an d  C2H5SiH2Cl have been determ ined. These are as follows: 
0.4 kcal/m ole for the f irs t com pound (the trans form  is m ore stable), and —0.3 kcal/m ole for 
th e  second compound (the gauche form  is more stable). On th e  basis of these resu lts , th e  con
ce n tra tio n  ratio  of the isom ers has been determ ined: a t  250°K, the m olar fractions of the 
gauche form s of the di- and m onochloro derivatives are 0.47 and 0.78, respectively.

5. The potential barriers o f the in ternal ro ta tio n  of the C2H5SiCl3, C2H5SiHCl2 and 
C2H -S iII2Cl molecules about the  Si — C linkage have been evaluated  by the em pirical method 
of M agnascko.
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Introduction

M odern s tru c tu ra l re sea rch  often  in v es tig a tes  m olecules co n sid e rin g  th em  
as sp a tia l  fo rm ations. P ro b lem s o f th is  n a tu re  arise in  th e  course o f  ca lcu la tions 
o f  m o lecu la r v ib ra tio n , in  th e  th e o ry  of e lectron ic  sp ec tra , etc.

In  th e  course o f th e se  in v es tig a tio n s  th e  m olecule is co n sid e red  as a set 
o f p o in ts  (atom s) an d  lines (valence lines) o rdered  in  a som e w ay .

As geom etric  fo rm a tio n s  th e  m olecules m ay  be ex am in ed  fro m  tw o  po in ts 
o f v iew :

a) C erta in  fixed  q u a n tit ie s  ( th e ir  leng ths) are  assigned  to  th e  lines o f the  
m olecules as geom etric  fo rm a tio n s . T he s tru c tu re  is fix e d  b y  g iv in g  th e  angles 
b e tw een  these  lines. T h ere  are  p o in ts , lines an d  p lanes in  th e  sp ace  w hich  are 
a t  eq u a l d istance  o f a t  le a s t tw o  a to m s of th e  s tru c tu re  fix e d  in  th is  w ay . The 
a to m s a t  equal d is tan ce  from  such  a p o in t, line or p lane  a re  ca lled  eq u iv a len t 
a to m s. I f  these  lines, p o in ts  a n d  p lanes are  such  th a t  all th e  a to m s  of the  
m olecule  belong to  an  e q u iv a le n t a tom ic  se t o r are  p laced  w ith in  th e  la tte r , 
th e se  geom etrica l e lem en ts  are  called  th e  sy m m etry  e lem en ts o f  th e  m olecule. 
T h e  o p era to rs  K, in te rp re te d  fo r a m olecule, w hich tra n sp o se  th e  a to m s of an 
a to m ic  se t p e rta in in g  to  a sy m m e try  e lem en t in to  each  o th e r’s p lace  a re  called 
sy m m e try  o p era to rs . S y m m e try  o p era to rs  th a t  in te rch an g e  n e ig h b o u rin g  atom s 
tra n s fo rm  th e  lines co n n ec tin g  th e m  in to  eq u iv a len t lines.

T he sy m m etry  o p e ra to rs  from  a g roup , th u s  in v es tig a tio n s  o f  th is  type  
a re  d iscussed  b y  th e  g roup  th e o ry . T he sy m m etry  co n d itio n s o f m olecu les has 
b een  s tu d ie d  v e ry  th o ro u g h ly  a n d  since a long tim e  [1, 2, 3, 4 ].

b) F a r  less w ork  h as  been  done on th e  bon d in g  co n d itio n s  b e tw een  the 
a to m s in  th e  m olecule. P ó l y a  [ 5 ]  has s tu d ie d  th e  n u m b e r of p ossib le  isom ers. 
In  such  cases th e  m olecule is n o t considered  as a rig id  one. T h e  b o n d in g  con
d itio n s  m ay  be s tu d ied  b y  a n o th e r  b ran ch  of a lg eb ra , n am ely  b y  th e  graph  
th e o ry .
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The molecule as a graph

A  graph  (dl() is a s e t  X o f  po in ts  if  a t  th e  sam e  tim e  th e re  is in te rp re te d  
a n  o p e ra to r  T tra n s fo rm in g  th e  po in ts in to  n e ig h b o u rin g  p o in ts :

4  =  (Я5, Г) (1)

T o  have o p era to r Г  d e f in e d  in  th is  w ay  is e q u iv a le n t to  p roposing  a set 
4i  o f  lin e s  w hich co n n ec t th e  neighbouring  v e rtic e s . T h e  p o in ts  r Ç X  are  called 
th e  v e r tic e s , th e  lines и 4.41 a re  th e  arcs of th e  g ra p h . O b v iously  th e  m olecules 
m a y  b e  considered as g ra p h s , to o , if  th e ir  a to m s a re  th e  v e rtices  and  th e ir  
v a le n c e  lines the  arcs.

A  g raph  m ay be  o r ie n te d  if  its  arcs h av e  a d ire c tio n . T h e  a d ju s tin g  coef
f ic ie n t  (e) of the  arc  a n d  v e r te x  m ay  be in tro d u c e d . F o r  th e  v e r te x  X( w here
f ro m  th e  arc Uy s ta r ts ,  is

Sij =  Uij) =  — 1 (2 )

a n d  fo r  th e  v e rtex  th e  sa m e  a rc  ends in:

eji =  (Xj ,  Uij) =  +  1 (3)

T h u s  th e  form al in te rc h a n g e  o f  th e  indices of th e  a d ju s tin g  coeffic ien t re su lts  
in  a  ch an g e  of the  sign.

T h e  graph  is im a g in e d  as a fo rm atio n  c o n s tru c te d  of th e  edges of som e 
“ p o ly h e d ro n ” . The reg ions o f  such  “ po ly h ed ro n s”  m a y  h av e  d iffe ren t d im en
sio n s . A s th e  faces o f th e  p o ly h e d ro n  are n o t n ecessa rily  p lan es, fo r u n iq u e  
a s s ig n m e n t th e  g raph  o r i ts  reg ions have to  be  p ro je c te d  on a p lane .

A  geom etrical fo rm a tio n  is called in -p lan e , w h en  i t  is hom eom orphous 
w ith  a  fo rm atio n  w hich  c a n  b e  un fo lded  in to  a single p lan e  w ith o u t in te rsec tin g  
i t s e l f  [6 ]. I f  th is co n d itio n  is n o t  fulfilled th e  fo rm a tio n  is in -space.

L e t  be th e  p o ly h e d ro n  o b ta in ed  from  th e  g ra p h  o f th e  m olecule b y  
p ro je c t io n  of its  in -p la n e  tw o  dim ensional reg io n s on p la n a r  fo rm atio n s 
h o m eo m o rp h o u s  w ith  i t ,  w ith o u t  a se lf-in tersec tion  o f th e  th re e  d im ensional 
re g io n s . In  th is  case th e re  is a  reversib le  un iq u e  ass ig n m en t be tw een  th e  p o ly 
h e d ro n  Sfi of the  m olecu le  a n d  its  graph  4 :

&  ш  4  (4)

T h e  index  of th e  v e r te x  o f th e  g raph , <p, is th e  n u m b e r in d ica tin g  th e  
n u m b e r  arcs to  w hich th is  v e r te x  is linked ( th e  n u m b e r  of a to m s to  w hich th is  
a to m  is bonded):

<Pi =  2 \ { x t , '■ ij)\ =  2  \£ij\ (5)
j
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V ertices of th e  g ra p h  of th e  m olecu le  h av in g  in d ex  cpi 2 a n d  th e  o p era to r 
(Гу) tran sfo rm in g  th ese  in to  th e  n e ig h b o u rin g  v e rtic e s  d e te rm in e  a subg rap h  
o f g ra p h  (Of, th e  sk e le to n  of th e  m olecule [8 ]

r  =  (xi \<P i ^ 2 ] , f v ) (6)

T here  is ag a in  a reversib le  u n iq u e  a ss ig n m en t, b e tw een  th e  sk e le to n  and  
th e  po lyhed ron , S ^ y ,  assigned to  i t :

(7)

I f  a po ly h ed ro n  is reso lved  in to  its  e lem en ts th e n  zero, one, tw o  or th ree  
d im ensional fo rm a tio n s  are  o b ta in e d  (so-called cells) [6 ], w h ich  are  d esigna ted  
as p eak s , edges, p lan es  and  p o ly h ed ro n s , re sp ec tiv e ly . T he re so lu tio n  of the 
fo rm a tio n  in  th is  w ay  is a so -ca lled  ce ll-reso lu tion . I f  th e  d im en sio n  of the 
la rg e s t cell o b ta in e d  b y  th e  ce ll-reso lu tio n  o f th e  p o ly h ed ro n  &>y is

— zero, th e n  th e  m olecule h a s  a c e n tra l s tru c tu re  (e.g. m e th a n e ) ;
— one, th e n  th e  m olecule is a  chain  (e.g. re-butane);
— tw o, th e n  th e  m olecule h a s  an  in -p lan e  cyclic s tru c tu re  ( e.g. cyclo

hexane)
-  tree , th e n  th e  m olecule h a s  an  in -space  cyclic s tru c tu re  ( e.g. hexa- 

m e th y len e-te tram in e)
A connected  g rap h  is ca lled  a tre e  [6 ] i f  an y  tw o  vertices  o f  i t  m ay  be 

co n n ec ted  b y  a sing le line

If-ln —  {X1 U12 x 2 • ■ ■ x n—1 u n — l,n x n)

T he su b g rap h , o f w hich no  tre e  can  be c o n s tru c te d  b y  a d d itio n  of any 
o th e r  a rc  of th e  g ra p h , is th e  m a x im u m  tree  o f th e  g rap h . I t  ho lds fo r  m olecules 
h av in g  a cen tra l s tru c tu re

0  =  p v = T  a  &  ( 8)

w here  0  s tan d s fo r th e  em p ty  se t.
F o r chain  m olecules

=  2* c  &  (9)
F o r cyclic m olecules

Jb  =  ^  n У  (10)
L e t us in tro d u c e  now  th e  co n cep t of cell b o u n d a ry . T he b o u n d a ry  of the  

ze ro  d im ensional cell (peak) is zero . T he b o u n d a ry  o f th e  one d im en sio n a l cell 
(fo r  b o u n d a ry  fo rm a tio n  th e  sy m b o l A is u sed ):

A uu =  eu Xi +  Sjt xj =  xj — X, (11)

Acta Chimica Acadcmiae Scientiarum Hvngaricae 51, 1967



293 B I L L E S :  C O V A L E N T L Y  B O N D E D  M O L E C U L E S

T h e  b o u n d ary  of th e  tw o  dim ensional cell m a y  be o b ta in ed  in  th e  follow 
in g  w a y : on th e  face gk a  c irc u la to ry  d irection  is chosen  (F ig. 1). T he a d ju s t
m e n t  coeffic ien t p\j of th e  face  gk to  th e  arc uy is —j- 1 if  th e  d irec tio n  o f c ircu la 
t io n  ag rees  w ith  th e  d ire c tio n  o f th e  edge, a n d  — 1 if  th e  tw o d irec tio n s are  
o p p o s ite :

A g k  — 2 '  ju i j  U i j  (12 )
ij

Fig. 1

T h e  boundaries o f  th e  p o ly h ed ro n  pi a re  o b ta in e d  b y  assign ing  a value 
of + 1  to  th e  a d ju s tm e n t co e ffic ien t q if from  th e  in side  o f th e  p o ly h ed ro n  th e  
d ire c tio n  of c ircu la tion  is r ig h t  han d ed , and  th e  v a lu e  — 1 if th is  d irec tio n  is 
le f t h a n d e d :

Api—’Zo'kgk ( 1 3 )

T h e  cyclic tru n k  o f  th e  m olecule •'T ' is a g ra p h  co rre la ted  to  th e  se t o f  
cells o b ta in e d  b y  cell d iv is io n  a n d  has a d im en sio n  o f a t  le a s t 2 :

Fig. 2

{S$T Q & V) (14)

is a subgraph , an d  th e  p o ly h ed ro n  is n o t  n ecessarily  con n ec ted . I f  &т  
is n o t  connected  th e n  a t  le a s t  som e of th e  cycles o f  th e  m olecule a re  iso la ted . 
I f  t h e  com m on section  o f  tw o  faces (gr and  gs) o f  th e  p o ly h ed ro n  is a p a th

Agr n  Ags =  и Uij ^  0  {g,,gs e ^ T )  (15)
07 )
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th e n  th e  tw o  are  condensed . I f  fo r th e  arcs gr an d  gs fo rm in g  th e  b o u n d a rie s  o f 
и \]  and  u \ j  th e  com m on v e rte x  is g iven  b y

U U [ M j  П A u spr] X, (g„ gs £ & т) (х ,£-9~)  (16)
(ij) (p ?)

th e n  th e  lin k  be tw een  th e  tw o  rin g s has a sp iro -ch a rac te r.

In te rp re ta tio n  o f sc a la r  quan tities on  th e  g raph

L et us now  assign ce rta in  fu n c tio n s  to  th e  arcs Uy • f (u )  sh o u ld  he th e  
fu n c tio n  h av in g  th e  v a lu e  of u n ity  fo r  all arcs, an d  g(u) th e  fu n c tio n  in d ic a tin g  
th e  n u m b er of bon d in g  e lec trons fo i each co v a len t va lence  line. F o r  a bon d s 
(w ith  th e  ex cep tion  of v e ry  long  ch a in s) th e  va lu e  o f  g(u) is an  in te g e r , w hile 
fo r л  bo n d s, especially  for c o n ju g a te d  л  bonds th is  is n o rm a lly  n o t th e  case.

In  th e  g rap h  th e o ry  th e  lo a d  o f a fu n c tio n  on a c e r ta in  v e r te x  я,- is 
g iven  by  th e  follow ing expression :

I / ,  *, I =  2 ' l / K y )  I • I (*„ UtJ) ! =  Vt (17)
j

T h u s E q u a tio n  (17) is th e  index  o f th e  v e rtex  X[, F o r  th e  fu n c tio n

I g» x i I =  2  I g  (uij) I • I xh Щ] I =  Yi (18)
i

T h e  q u a n ti ty  y t is th e  overall e lec tro n  d en sity  o f th e  valence  lin es  (arcs) 
jo in e d  to  Xj. T he  h a lf  o f у,- is eq u a l to  th e  n u m b er o f valencies o f th e  a to m  я,- 
fo r a bonds an d  iso la ted  л  bonds, a n d  to  th e  sum  o f th e  n u m b e r o f a b o n d s  an d  
o f h a lf  o f th e  delocalized  л  e lec tro n  d e n s ity  on th e  v a lan ce  lines jo in e d  to  th e  
a to m  fo r c o n ju g a ted  л  e lec tron  sy s tem s.

In  a m olecule a su b se t of th e  sk e le to n  is called  a chain  (in th e  chem ical 
sense [8 ]), if  th e  a tom s in  th e  m olecu le  form  an  u n b ra n c h e d  s tru c tu re  in  w hich 
som e a tom s are linked  to  n o t m ore  th a n  tw o o th e r  a to m s of th e  s tru c tu re . 
I n  th e  g rap h  th e o ry  th e  sim ple p a th  co rresponds to  th e  chem ical co n cep tio n  
o f a chain . T he sim ple p a th  is a p a th  w hich  leads from  one v e r te x  to  th e  o th e r  
b y  to u ch in g  each v e r te x  an d  each  a rc  only once (w ith  th e  e x c e p tio n  o f th e  
f ir s t  an d  la s t ones):

П— 1
%in =  (x i и12х 2. . , x n_ l un_ l i n xn); [ П uij =  0 ,  П Xi =  0 ] (19)

ij 1 = 2

I f  th e  f irs t an d  th e  la s t v ertices are  id e n tic a l, i.e. x t — xn th e n  we h av e  a c irc u la r
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p a t h  co rresponding  to  th e  chem ical concep tion  o f a ring . I f  i t  ho lds for tw o 
s im p le  p a th s  Ua/, an d  U cd

<Uab n = 0 (20)

t h e n  th e se  tw o are in d e p e n d e n t of one a n o th e r.

S tru c tu ra l m a trix

W ith  the  aid of th e  a b so lu te  values of th e  in d iv id u a l a rc -v e r te x  a d ju s t
m e n t  coefficients (2 ) th e  s t ru c tu re  of th e  m olecu le  m a y  be fix ed  in  m a trix  
fo rm  [9]. The rows o f th is  s tru c tu ra l  m a tr ix  C a re  a rran g ed  accord ing  to  the  
a rc s ,  a n d  th e  colum ns a c c o rd in g  to  th e  v e rtices . As i t  m ay  be easily  seen from  
e q u a t io n  (1 1 )

u =  С X (21)

w h e re  u  and  x are co lu m n  v e c to rs . In  th e  case o f a d ju s tin g , th e  co rrespond ing  
e le m e n t of th e  m a tr ix  is | ey | =  1 , in  th e  o p p o site  case th is  v a lu e  is zero.

I f  =  3*" an d  th e  m o lecu le  contains N  a to m s, th e n  C is o f  (N — 1, N) 
o rd e r .  I f  th e  num ber of faces  in  i t  is q ,th e n  th e  m a tr ix  is of (N  — l-)-q> N) order. 

I f  th e  m olecule is co n sid e red  as a rig id  s tru c tu re  th e n  th e  se t <32 o f sym -
A

m e tr y  operators R  on  th e  g ra p h  of th e  m olecu le  m a y  be in te rp re te d  in  the  
fo llo w in g  w ay. L et us a c c o u n t th e  su b g rap h s o f  th e  g rap h  dfy h av in g  th e  
p ro p e r tie s

(R ft£ R  , ^ € 4 )  (22)
( i = l , 2 . . . )

a n d

Ujj 6  -X , ->  R* u iy $  ^  (23)
A

W h e n  E q uations (22) a n d  (23) are w ritte n  fo r  a sy m m e try  o p e ra to r  R fc, th e  
g r a p h  is divided in to  <̂ 6 * su b g ra p h s  and  su p p le m e n ta ry  g rap h  (where
^ 6  =  (J t^f„). S u b g rap h s t-Æa. an d  ß fo r w h ich

a

=  (24)

a re  eq u iv a len t w ith  re s p e c t  to  th e  o p era tio n  R^.
T he

0 C t  = U Í  * ,  0 6 i  ç  0 6  ( 2 5 )

s e t  is called an e q u iv a le n t a to m ic  set of th e  m olecule . In  th e  case w hen

Rfc Г*/ =  TRft Xj  (26)

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



B I L L E S :  C O V A L E N T L Y  B O N D E D  M O L E C U L E S 301

th e re  are  eq u iv a len t va lence  line sets too :

<UtJ=  U R yu, 'Uij Ç  <u (27)

T he g rap h  of th e  m olecule  m ay  he d iv id ed  in to  e q u iv a len t a to m ic  se ts  
w hich  a re  d is ju n c t to  each  o th e r , i.e. in to  e q u iv a le n t valence lines d is ju n c te d  
to  each  o th e r b y  choosing o n ly  single re p re se n ta tiv e s  o f  each se t (i ) a n d  (i, j ), 
re sp ec tiv e ly ;

n C6t= 0

T he q u a n ti ty

П % ,  =  0  
W)

1 ^x, =  —  2
r =  1

*r iC 6

(28)

(29)

(30)

is called  a sy m m etry  a to m  (sy m m e try  v e rtex ) w here  re, is th e  n u m b e r  o f  e le
m e n ts  in  th e  se t CO', re p re se n te d  b y  x t. T he q u a n t i ty

_ moi)=my
Ü/j Upq upqC.Cl/.ij (81)

(P«)= 1

sha ll be called  a sy m m e try  line (sy m m etry  arc) in  w hich mpq == m Y is th e  
n u m b e r o f e lem ents of th e  se t *11 ц rep resen ted  b y  My.

I n  th is  w ay  th e  co lum n  v ec to rs  o f E q u a tio n  (21) are tra n s fo rm e d  in to  
th e  follow ing colum n v ec to rs  (if x is o f d im ension  r)

rtj tim es

1 1
. .  0 0 0  . . . 0 0  . . . 0

»1 n l

0 . . . 0  . . .  0 0 0  . .
1 1 1

n r n r n r .

X =  W  • X

n r tim es

a n d  (if u is o f dim ensions s) re sp ec tiv e ly :

(32)

u =

1 1 . . .  1 . . .  0 0 0  . . .  00  . . .  0

0 0 . . .  0 . . .  0 0 0  . . .  1 1 . . .  1

u =  Q u (33)

ms tim es
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T ak in g  in to  a c c o u n t E q u a tio n s  (32) a n d  (33) E q u a tio n  (21) is m od ified  to

ù  =  Q C x = S x  (34)

w h ere  S is a reduced  o rd e r  s tru c tu ra l m a tr ix  a c c o u n tig  fo r th e  sy m m e try : i.e. 
th e  sy m m e try  s t ru c tu ra l  m a tr ix .

E xam ples

Water (H 20 )  p o in t g ro u p  C2» (F ig . 2)
T h e  m a tr ix  C fo r w a te r  is

H 2 0

h 1 0 1
h 0 1 1

T h e  e q u iv a le n t su b g ra p h s  fo r th e  sy m m e try  o p e ra to r  C2 are:

^  =  {H, У  ; ^ 2 =  {H2 У ;  ^ 6 /4  =  {0}

T h e  sy m m e try  a to m  is —  (Н х -j- H 2)

T h e  sy m m etry  line is (Zx +  l 2)
A fte r  tra n s fo rm a tio n  th e  follow ing sy m m e try  s t ru c tu ra l  m a tr ix  is o b ta in ed

~  (H x +  H 2) 0

h  +  h 1 2

Benzene  (C6H 6 p o in t g ro u p  -2>eh (F ig . 3)]

H,
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T h e m a trix  C fo r benzene is

Cl c 2 C3 Cl C5 CG H , H 2 H 3 H i H 5 H

4 1 1 0 0 0 0 0 0 0 0 0 0

Ц 0 1 1 0 0 0 0 0 0 0 0 0

4 0 0 1 1 0 0 0 0 0 0 0 0

h 0 0 0 1 1 0 0 0 0 0 0 0

t5 0 0 0 0 1 1 0 0 0 0 0 0

t6 1 0 0 0 0 1 0 0 0 0 0 0

s i 1 0 0 0 0 0 1 0 0 0 0 0

s ? 0 1 0 0 0 0 0 1 0 0 0 0

S3 0 0 1 0 0 0 0 0 1 0 0 0

S4 0 0 0 1 0 0 0 0 0 1 0 0
S5 0 0 0 0 1 0 0 0 0 0 1 0

S6 0 0 0 0 0 1 0 0 0 0 0 1

T h e e q u iv a len t a to m ic  sets for th e  s y m m e try  o p e ra to r  Ce are:

=  {CgtjCjSjHjJ tjÆ 2  =  {C1t 1C2s2H 1} < - ^ 3  =  {C2t 2C3s3H3}

kÆ  , =  {C3t 3C1S4H 1} ' -^ 5  =  {C , t 4C5S5 H 5} =  {f'5̂ 5^eS6^e}

T he sy m m etry  a to m s are  —  (C4 -f- C 2 +  C3 -f- C4 +  C5 +  c e)

^ - ( H 1 + H 2 + H 3 +  H4 +  H5 +  He)

T he sy m m e try  lines a re : ( t4 +  t 2 +  t 3 -)- t 4 -(- t 5 -f- t e)

(S1 +  S2 +  S3 +  s4 +  s5 +  se)

A fte r  tra n s fo rm a tio n  th e  follow ing s y m m e try  s tru c tu ra l  m a trix  S is o b ta in e d :

~  (C i+  C2 +  C3 +  C4 +  Cs +  C.) i ( H 4+  H2 +  H3 +  H 4 +  H 5 +  H 6)

Ч +  Ч ~Ь +  l5 +  te

Si +  s2 +  S3 +  s4 +  s6 +  s6

Conclusions

As show n b y  th e  above ex am p les  th e  a p p lic a tio n  of sy m m e try  o p e ra to rs  
co n sid e rab ly  sim plifies th e  s tru c tu ra l  m a tr ix  w h ich  m ay  correspond  rev e rs ib ly  
to  th e  g eom etrica l co n fig u ra tio n  o f  th e  m olecu le . T he co rre la tio n  s tru c tu re
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f ix e d  b y  th e  s tru c tu ra l m a tr ix  p ro v id es  a p o ss ib ility  of th e  algebraic  t r e a tm e n t  
o f m o le c u la r  co n figu ra tions. T h e  s tru c tu ra l sy m m e try  m atrix es  define u n iq u e ly  
th e  g e o m e try  of th e  m olecule w ith  th e  len g th  o f  a re p re se n ta tiv e  of each  e q u i
v a le n t  s e ts  o f lines an d  w ith  th e  angle b e tw een  n e ig h b o u rin g  lines.

W i th  th e  a id  o f sy m m e try  s tru c tu ra l m a tr ic e s  th e  g eom etrica l (bond) 
s t r u c tu r e  o f  th e  m olecule m a y  be p u t  in to  e lec tro n ic  com p u ters , w h ich  is 
n e c e s s a ry  fo r  th e  ca lcu la tio n  o f  W i l s o n ’s G m a tr ix  u sed  in  ca lcu la tio n  o f  m o le
c u la r  v ib ra t io n s . The a p p lic a tio n  of these  conclusions will be d e a lt w ith  in  
a n o th e r  co m m u n ica tio n .

SUMMARY

I t  h a s  been found th a t  th e  molecule as a geom etric fo rm ation  m ay be trea ted  as a graph. 
V arious q u an titie s  and functions were defined on th is graph . A topological distinction w as m ade 
am ong th e  d ifferent types of molecules, such as molecules w ith  central, chain, p lan a r cyclic 
and sp a t ia l cyclic structures. A  definition is given for th e  struc tu ra l m atrix  of th e  m olecule. 
The concep tions of sym m etry a tom  and  sym m etry line are  introduced. The application  of 
these concep tions results in  a considerably simpler s tru c tu ra l m atrix . The sym m etry  s tru c tu ra l 
m a trix  is su itab le  for the in p u t of th e  molecular s tru c tu re  in to  electronic com puters.
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T he m o n o b ro m o  (lb) or m o n o h y d ro x y  d e r iv a tiv e  (Ic) of 1 ,4 -cyclohexane- 
dione (la) (or o f som e su b s titu te d  d e riv a tiv e  o f  i t)  w as needed as th e  s ta r t in g  
m a te ria l fo r p la n n e d  syntheses. H ow ever, t r e a tm e n t  of la  w ith  1 m ole of 
b rom ine in  ch lo ro fo rm  solu tion  gave h y d ro q u in o n e  even a t  0 °, in s te a d  o f  th e  
ex p ec ted  lb . S im ila rly , ox ida tio n  o f la  w ith  se len iu m  dioxide in  d io x an e  also 
y ielded  h y d ro q u in o n e  in s tead  of th e  desired  Ic.

0=<̂  H ^=0

V
о _>°

CH CH / C00El /С00Е1 у  /СН, CH, v . / — 0
Z/C\ /COOEt Ẑ x

\ ch2- ch2 — /
1 1 III IV

a: Z =  II a: Y +  Z =  0
b: Z =  Br b: Y = Z = E tO
c: Z =  OH c: Y +  Z =  - O - C - H ^ - O  —

In  these  tw o  reac tio n s h y d ro q u in o n e  is p ro b a b ly  form ed by  iso m e riz a tio n
[I]  (cf. [2] an d  [11]) o f th e  non -iso la ted  in te rm e d ia te , 2 -cy c lo h ex en e-l,4 -d io n e
(II) [1], w hich, in  tu r n ,  is derived  from  lb  or Ic b y  e lim ination  o f h y d ro g e n  
b rom ide, and  w a te r , respectively .*

* According to  lite ra tu re , la  is oxidized to quinone by sulphuric acid and m anganese 
dioxide, and even by  ferric chloride [3], i.c., a p roduct o f higher sta te  of oxidation is form ed 
than  in our experim ents. Products of th e  same ox idation  s ta te , p-dichlorobenzene [4], and 
hydroquinone d iace ta te  [5], are formed, on the o ther hand , from  la  by the action of phosphorus 
pentachloride, and acetic anhydride, respectively; in the la t te r  case the reaction is perform ed 
in the presence of su lphuric  acid or toluene-sulphonic acid, and the former or atm ospheric  
oxygen causes the ox idation . On the o ther hand, again  according to literature , d ie thy l 2,5- 
-dioxocyclohexane-l,4-dicarboxylate is transform ed by  brom ine in carbon disulphide solution 
i nto diethyl 2 ,5-dihydroxyterephthalate [17].
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I t  seem ed reaso n ab le  to  a t te m p t a v o id in g  th is  undesirab le  a ro m a tiz a tio n  
b y  p ro te c tio n  of one of th e  ca rbony l g roups o f  l a  b y  m eans of k e ta l fo rm a tio n , 
p r io r  to  b ro m in a tio n  or o x id a tio n . A lth o u g h  th e  m onoethy lene k e ta l  o f  la  
m a y  b e  p re p a re d  b y  its  t r e a tm e n t w ith  e th y le n e  glycol [6 , 9, 10], w e ra th e r  
s t a r t e d  o u r ex p erim en ts  w ith  th e  s tru c tu ra l ly  re la te d  5-m onoketals o f  d ie th y l 
2 ,5 -d io x o cy c lo h ex an eca rb o x y la te  (IV a), viz. w ith  th e  e th y l (IVb) a n d  th e  
e th y le n e  k e ta ls  (IVc).

In  th ese  com pounds, n am ely , th e  c a rb e th o x y  group can be e x p e c te d  to  
e n h a n c e  th e  read iness o f C -l tow ards b ro m in a tio n  and  ox id a tiv e  h y d ro x y la 
t io n  i.e., to  m ake se lec tive  su b s titu tio n  a t  C -l easier; on th e  o th e r  h a n d , it  
sh o u ld  b e  possible to  rem o v e  i t  su b se q u e n tly  b y  hydro lysis  follow ed b y  d e c a rb 
o x y la t io n . IV c can be p re p a re d , accord ing  to  l i te ra tu re  [8 , 10], in  a re la tiv e ly  
s im p le  m a n n e r b y  D ie c k m a n n  cycliza tion  o f  th e  e th y len ek e ta l (IIIc ) [8 , 9] of 
d ie th y l  4 -k e to p im ela te  ( I l ia )  [7, 8 ], w h ich , in  tu rn ,  is co n ven ien tly  o b ta in a b le  
f ro m  2 -(2 -fu ry l)-acry lic  ac id ;*  th e  d ie th y l k e ta ls  I l lb  and  IVb h a v e  been  
so f a r  unknow n.**

L ite ra tu re  d a ta  on th e  physica l c o n s ta n ts  of IIIc  are c o n tra d ic to ry , 
t h e  fo llo w in g  v a lu es  b e in g  given b .p . 03  134°, пц =  1.4463; b .p .0 7 127°, 
n o  =  1.4486 [8 ]; an d  b .p . 03  115-6°; n ^  =  1.4480 [9]. This show s t h a t ,  a t 
le a s t  in  one case, th e  co m p o u n d  o b ta in ed  w as n o t  pu re  IIIc .

A s th e  ease of c y c liza tio n  of II Ic  d ep en d s  to  a large e x te n t on th e  p u r i ty  
o f  th e  s ta r t in g  m a te ria l [8 ], we tr ie d  to  o b ta in  I I Ic  of m ax im um  p u r i ty  an d , 
u s in g  a sem im icro  sp in n in g  b a n d  re c tif ic a tio n  a p p a ra tu s  [1 2 ]*** — a lth o u g h  a t  
th e  ex p en se  of considerab le  ta r r in g  — we p re p a re d  IIIc  99 .5%  p u re  acco rd in g  
to  g as  c h ro m a to g ra p h ic  an a ly sis  and  c o n ta m in a te d  only by  0 .5%  o f I l i a .  The 
p h y s ic a l co n stan ts  o f th is  p ro d u c t a re : b .p .x 148°; n ^  =  1.4489 — 1.4495; 
пь5 =  1.4474.

D ie c k m a n n  c o n d en sa tio n  [8 ] o f th is  p u r if ie d  IIIc  gave a 6 9 %  y ie ld  o f 
p u re  IV c  (m . p .: 49 — 51°) w h ich  c ry sta llized  im m ed ia te ly ; w hereas l i te ra tu re  
r e p o r ts  y ields of 54%  o f n o n -c ry s ta llin e , or o f  a f te r  long stan d in g  p a r t ly  c ry s ta l
liz in g  [8 ], a n d  of 32%  o f c ry s ta llin e  p ro d u c t (m . p .: 52 — 53°) [10], re sp e c tiv e ly .

A cco rd in g  to  its  in fra re d  sp ec tru m  IV c ex is ts  in  c rysta lline  fo rm  as th e  
en o l (Vc) stab ilized  b y  ch e la tio n  (a t le a s t 9 5 %  enol con ten t).
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* T he m ethyl esters m ay be similarly p repared  [11].
** E xperim ents had been m ade to prepare th e  corresponding m ethyl esters, b u t a 

sa tis fac to ry  purification of d im ethy l 4,4-diethoxypim elate could no t be achieved; from  the 
crude p ro d u c t no cyclohexane derivative was form ed u n d er the conditions of the D ieckm ann  
cycliza tion  [11].

*** Separation was effected in  the Laboratories o f  the Hungarian Research Institu te  fo r  
M inera l Oil and Natural Gas, Veszprém. The au thors w ish to  express their thanks here to  the 
d irec to r o f th e  In s titu te , academ ician Dr. M. F r eu n d  and to the leader of th e  A nalytical 
S ection , D r. E . K er én y i.

Acta Chimica u4cademiae Scientiarum Hungaricae 51, 1967



L E M P E R T ,  S I M O N -O R M A I, M A R K O V I T S - K O R N I S :  N O V E L  A R O M A T IZ A T I O N  R E A C T IO N 3 0 7

ЕЮ

/ = 0 Ч

ROv 4 - o / H
RO

V
b: R =  R '-= E t 
c: R +  R ' =  -C H „ CH,

T he d ie thy l k e ta ls  Illb and  IVb could  n o t be p re p a re d  in  p erfec tly  p u re  s ta te ;  
since, accord ing  to  l i te ra tu re , p re p a ra tio n  o f th e  co rrespond ing  m e th y l es te r 
d ie th y l ke ta ls  does n o t lead  to  a hom ogeneous p ro d u c t e ith e r [1 1 ], i t  seem s 
th a t  th e  reason  fo r  th is  fa ilu re  is th e  s tro n g ly  d im in ish ed  s ta b ility  (cf. [13]) o f 
“ o pen”  ke ta ls  co m p ared  w ith  t h a t  of cyclic e th y le n e  k e ta ls .

A lthough  th e  d ie th y l k e ta l IVb was n o t hom ogeneous, its  reac tio n s  were 
exam ined  w ith  se len ium  dioxide in  d ioxane  so lu tio n , an d  w ith  N -brom osuccin - 
im ide  in  ca rb o n  te tra c h lo r id e , as well as w ith  b ro m in e  in benzene so lu tio n . 
In  all th ree  cases th e  same halogen-free substance w as o b ta in ed , a n d  th is  
fa c t alone show s t h a t  — c o n tra ry  to  ou r e x p e c ta tio n s  —- even in  th e se  cases 
th e  reaction  w as n o t  sim ple su b s titu tio n  lead in g  to  Via and  VIb, re sp ec tiv e ly . 
A n aly tica l d a ta  o f  th e  reac tio n  p ro d u c t in d ic a te d  a m ore profound  decom posi-

COOEt C 0 0 R

V I .  V I I .
a : X =  OH j  : R -  Et
ь  : X =  B r b : R =  H

tio n . (The m o lecu la r form ula o f IVb w ould be  c 13H 22o 5 ,  while th a t  o f  th e  
reac tio n  p ro d u c t ca lcu la ted  from  th e  analysis  is C11H u 0 4.) The n a tu re  o f th e  
decom position  co u ld  be infered from  th e  in f ra re d  an d  u ltra v io le t sp e c tra  of 
th e  reaction  p ro d u c t. I t  un eq u iv o ca lly  p ro v ed  to  be  e th y l 5 -e th o x y sa licy la te  
(Vila) ; th is  conclusion  was su b s ta n tia te d  b y  a lk a lin e  hyd ro lysis  o f th e  com 
p o u n d  yield ing th e  know n [14] 5 -e th o x y sa licy lic  ac id  (Vllb).

T hus, IVb o r th e  co rrespond ing  enolic fo rm  Vb is a ro m atized  s im ila rly  
to  l a  under th e  g iven  reac tio n  co n d itio n s, a n d , th e re fo re , our goal could  n o t 
be reached  even  b y  p re lim in ary  k e ta l  fo rm a tio n . T he on ly  d ifference is th a t  
now  th e  in te rm e d ia te , form ed possib ly  an a lo g o u sly  to  II, is co n v erted  in to  th e  
e n d -p ro d u c t b y  th e  e lim ination  o f  e th an o l in s te a d  of sim ple eno liza tion .

The reac tio n  o f  Vc w ith  b ro m in e  in ch lo ro fo rm  so lu tion  led  to  a s im ila r 
b u t  even m ore su rp ris in g  re su lt. B ased  on a n a lo g y , fo rm atio n  of VIII was
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e x p e c te d , an d  th e  u ltra v io le t  sp e c tru m  of th e  p ro d u c t w as co n sis ten t w ith  th is  
s t ru c tu re ,  b u t  th e  an a ly tic a l d a ta  an d  th e  in fra re d  sp ec tru m  w ere c o n tra d ic to ry .

COOEt COOEt

h o - c 2h4- ^ Q ^ ~ ° h H0 \C ) V o - C 2 H j ~ 0 ^ ( óv™
EtOOC

V I I I . I X .

H o w ev e r, s tru c tu re  IX  co rresp o n d s to  b o th  th e  an a ly tic a l d a ta  an d  to  th e  tw o 
k in d s  o f  sp ec tra , fu rth e rm o re  i t  could  be p ro v ed  b y  an  unam b ig u o u s sy n th es is . 
A c co rd in g ly , Vc behaves in  th e  re a c tio n  ex am in ed  as if  i t  h ad  b een  f i r s t  d im e r
ized  to  X. M olecular w eig h t d e te rm in a tio n , how ever, verified  t h a t  re a lly  we 
h a d  “ m onom eric”  Vc in  o u r h an d s .

H O —
V _ ,

O—C , H , - 0
COOEt

— OH

EtO O C

E xperim en ta l*

D ehydrogenation of 1,4-cyclohexanedione

(а) A chloroform solution of 0.30 ml (5.5 mmole) of brom ine was added dropw ise — under 
ice-cooling and  stirring — to  th e  solution of 0.60 g (5.3 mmole) of la  in 15 ml of d ry  chloroform . 
T he m ix tu re  was allowed to  s tan d  for one or two days, and th e  separated brow nish crystals 
(0.5 g; 84% ) were filtered off w ith  suction; m. p. and m ixed m. p. w ith au then tic  hydroquinone: 
170 —172° (from ethyl ace ta te  — chloroform).

(б) l a  (2.24 g, 20 mmole) was refluxed w ith  1.2 g (11 mmole) of selenium dioxide for 2 hrs. 
in  15 m l of d ry  dioxane ; the solution, obtained by filtra tion  w ith suction from  the selenium -con
ta in ing  prec ip ita te  after cooling, was evaporated  to  dryness in  vacuo. The residue was dissolved 
in  m ethano l, treated  w ith decolourizing carbon, again evaporated  to dryness, and finally  recrys
ta llized  from  benzene to  give 0.3 g of hydroquinone, m. p. and mixed m. p. w ith  an  au then tic  
sam ple: 170 —171°.

E thy l 2-oxo-5,5-ethvlenedioxycyclohexanecarboxyIate (IVc)

II Ic  purified on a spinning bond  colum n [12] was used for th e  D ie c k m a n n  cyclization 
[8, 1 0 ]. T he compound was cyclized in ethereal solution w ith  sodium ethy la te . D istillation  
u n d er reduced  pressure of the oily p roduct, as described in the literatu re  [8], was n o t necessary 
since th e  com pound solidified to  crystals on standing two days in  a refrigerator. Y ield: 68.6% , 
m. p .: 48 — 51° (from petroleum  ether); lit. m. p. [1 0 ]: 52 — 53°.

C „ H l60 5 (228.3)
Calcd. C 57.88 H  7.07
F ound  C 58.14 H  6.98

57.90 6.99%

M olecular weight ( R a s t  m ethod): 210, 252

*A11 reported m elting points are uncorrected.
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Infrared spectrum  (liquid film): v О—H : not significant owing to chelation, and  m anifested 
only in  the lowering of th e  base-line; v C — H : 2990 and 2910; v C =  0 :  1750 and 1725 (weak; 
ester and ketone band  of th e  keto-ester tautom eride), 1660 (band of chelated  ester group of 
th e  enol ester tautom eride); v C =  C: 1620 (conjugated, in  chelate ring); v С —О (enol, ester, 
ketal): 1300, 1235, 1205, 1160, 1125, 1070, 1030, 1005; у  O - H :  835 cm “ 1.

The same p roduct was prepared also starting  from  not quite pure IIIc , b u t here the 
p roduct crystallized m uch m ore slowly, and the yield was considerably lower.

1.2- Bis-(3-ethoxycarbonyl-4-hydroxyphenoxy)-ethane (IX )
(a) 0.14 ml (2.5 mmole) of brom ine in 0.5 ml of d ry  chloroform was added dropwise 

under ice-cooling and shaking to  0.57 g (2.5 mmole) of IVc dissolved in d ry  chloroform  (1 ml); 
some crystallization s ta rted . The reaction m ixture was heated  to 30—40° for 30 m inutes; nex t day 
i t  was evaporated to  dryness and th e  residue recrystallized from ethanol. Y ield: 0.25 g (52%) 
of IX , m. p .: 125 — 126° (from  ethanol), colourless crystals.

CjoHjjOg (390.4)
Calcd. C 61.53 H  5.68
Found C 61.23 H 5.50

61.65 5.78% .
U ltraviolet spectrum  (in ethanol): Amax (log e): 216 (4.71); 237 (4.19); 332 (3.94)
Infrared spectrum  (in K B r pellet): v О — H: 3245 (broad); v C — II (aliphatic): 2995, 

2950, 2910, 2885; v C =  0 :  1685; arom atic skeletal v ibrations: 1620, 1600, 1500, 1450 (?); 
v C - 0  (phenol, ether, ester): 1285, 1225, 1180, 1085, 1050, 1025; у  C - H  (arom atic) +  v C -C : 
880, 835, 790; у  O H: 740 cm “ 1.

(b) Preparation o f authentic IX. Dry hydrogen chloride gas was passed in to  a solution of
0.20 g (0.58 mmole) of l,2-bis-(3-carboxy-4-hidroxy-phenoxy)-ethane(see below) in  anhydrous 
ethanol (20 ml) and the solution was refluxed for 4 hrs. Then i t  was evaporated  to  dryness, the 
residue taken  up in ano ther 20 ml portion of anhydrous ethanol, and boiling was continued for 
additional 4 hrs. w ith in troducing hydrogen chloride gas; evaporation  to dryness and  trea tm en t 
w ith  hydrogen chloride in e thanol was then  repeated once more. Cooling gave colourless crystals, 
(0.13 g; 57%) which were filtered  off w hith  suction and washed w ith  a small am oun t of ethanol; 
m. p .: 125 — 6° (from ethanol). No depression of the m. p. was observed in  adm ix tu re  w ith the 
substance prepared according to  (a). The infrared spectra  of the products ob tained  by  the two 
m ethods were also identical.

1.2- Bis-(3-carboxy-4-hydroxyphenoxy)-etliane

A m ixture of 3.10 g (15 mmole) of gentisic acid trihyd ra te , 2.0 g (10.5 mmole) of 
ethylene bromide, 2.3 g (41 mmole) of KOH, 15 ml of ethanol and 1 ml of w ater was refluxed 
for 6 hrs. A fter cooling, th e  solution was acidified w ith 10%  hydrochloric acid, and  evaporated 
to  dryness in vacuo; th e  residue was taken  up in boiling alcohol, trea ted  w ith decolourizing 
carbon and the product p rec ip ita ted  by the addition of w ater. Yield: 0.30 g (18% ) of a colour
less crystal powder, m. p.: 288° (decomp.), th a t rem ained unchanged on fu rth er recrystalli
zation from  aqueous ethanol.

C „ H u 0 8 (334.3)
Calcd. C 57.49 H 4.22
Found C 57.57 H 4.40% .
Infrared spectrum  (K B r pellet): v OH (carboxylic acid dimer): 3300 — 2400 (phenolic 

OH and the various CH stretch ing  vibrations hidden); v C = 0 :  1665; arom atic skeletal v ib ra
tions: 1620, 1600, 1495, 1440 (?); <5 CH2: 1485; v C - O :  1260, 1230, 1050; у  O H: 870 (acid), 
785 (phenol); y  CH (arom atic) v C —C: 830, 805, 770 cm * 1.

Fractional evaporation  of the m other liquor gave firs t 0.5 g of a m ix ture  w hich was not 
fu r th e r examined, and subsequently  1.5 g (48.5% ) of unchanged gentisic acid.*

* The procedure used was analogous to th a t described [15] for the p rép ara tio n o f ethylene 
glycol bis-(4-hydroxyphenyl)-ether. The structure  of the reaction p roduct is based on the fact, 
th a t  gentisic acid, when reacted  w ith ethylene brom ide, is sim ilarly alkylated  on th e  hydroxy 
group a t  position 5 only [14]; furtherm ore, esterification of the p roduct gave a compound 
w hich could also be prepared  from  IVc. In  the course of the preparation  of th e  product, we 
were satisfied w ith the poor yields obtained in  the inform ative experim ent, and  no efforts 
were m ade to  im prove the yield.
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D iethy l 4,4-diethoxypimeIate ( I l lb )*

In to  the m ixture of 11.5 g (0.05 mole) of d iethyl 4 -ketopim elate (I lia )  [7, 8], 11.1 g 
(0.075 m ole) of ethyl o rthoform ate and  40 ml of dry ethanol d ry  hydrogen chloride gas was 
in tro d u ced  for 1—2 m inutes; th e  m ix tu re  turned  red and becam e w arm . N ex t day i t  was neu
tra liz e d  w ith  sodium ethy la te  in  anhydrous ethanol, the solvent evaporated  and th e  residue 
f ra c tio n a te d  in  vacuo.

Y ield : 13.8 g (90% ) of Ш Ь , b. p .22 1 8 3 -184° **, n tf:  1.4420; colourless liquid.
(304.3)

Calcd. C 59.19 H 9.27
F ound  C 59.16 H 8.89

59.32 9 .43% .
A ccording to its in frared  spectrum  the product w as, in  spite of its  narrow  boiling 

range a n d  correct analysis, no t hom ogeneous,

E thy l 2-oxo-5,5-diethoxycyclohexanecarboxylate (IV)***

2.3 g (0.1 g-atom) of sodium  w as placed into 100 m l of d ry  to luene; 30.4 g (0.1 mole) 
o f n o t q u ite  pure Ш Ь, obtained  as previously described, was added dropwise w ith in  1 hr. to 
th e  m ix tu re  heated in a b a th  of 100 —115° w ith stirring. S tirring  and heating  was continued 
for 5 h rs . During^this tim e th e  sodium  dissolved, and th e  reaction  m ixture becam e brown. 
The so lu tion  was cooled to 0°, th e n  e ith e r sa tu ra ted  w ith carbon dioxide in  order to  decompose 
th e  sod ium  salt, or slowly poured  in to  100 ml of 10% acetic acid cooled to  0°. The toluene 
so lu tion  w as washed w ith w ater (w hen worked up w ith  acetic acid, also w ith  10%  sodium 
c a rb o n a te  and  finally w ith w ater again), dried and frac tionated  in  vacuo. Yield: 10.5 g (41% ) 
of IV b, b . p .19 150 —153°; the com pound is a colourless oil w hich solidifies in a refrigerator, and 
suffers ra th e r  rapid decom position on standing.

CjgH^Oä (258.3)
Calcd. C 60.44 H  8.59
F ou n d  C 60.69 H  8.70

60.81 8 .33% .
T he infrared spectrum  of th e  p roduct is very sim ilar to th a t  of Vc; consequently IVb, 

too , ex is ts  in  the enolic form  Vb in crystalline state; on the o ther hand , the spectrum  indicated 
th a t  o u r p roduct was no t qu ite  homogeneous no tw ithstanding  th e  narrow  boiling range.

E thy l 5-ethoxysalicylate (V ila)

(a) 3.25 g (12.5 mmole) of n o t qu ite  homogeneous IVb, p repared  as described above, was 
re f lu x ed  fo r 2 hrs. in d ry  d ioxane (15 ml) w ith 1.4 g (17.5 mm ole) of selenium dioxide. The 
d a rk -red  solution was filtered , ev ap o ra ted  to  dryness in  vacuo and the residue recrystallized 
from  m ethano l. Yield: 0.7 g (27% ) of in itia lly  brown, after repeated  recrystallizations colourless 
c ry s ta ls , m . p .: 64 — 67° (from m ethanol).

Cu H I40 , (210.2)
Calcd. C 62.84 H 6.71
F ound  C 62.85 H 6.64

63.05 7 .13% .
M olecular weight (Sucharda  and  B obransky m ethod): 221, 251.
U ltrav io le t spectrum  (in e thano l): Amax (log e): 216 (4.41); 239 (3.87); 334 (3.67)
G entisic acid (in 0.1 M  HC1) [16]: 211 (4.49); 238 (3.97); 329 (3.72).

Infrared spectrum (K B r-pellet): v OH: 3245 (broad); v C—H (aliphatic): 2985, 2940, 2930, 
2875; v C =  0 :  1680; arom atic skele ta l vibrations: 1620, 1595, 1495, 1450; v C — О (phenol, 
e th e r, ester): 1290, 1225, 1180, 1080, 1050, 1020; у  C — H (arom atic) +  v C — C: 865, 840, 785; 
у  O H : 745. D ata  of ethyl salicylate fo r comparison: v OH: 3200 (broad); v C — H (aliphatic): 
2955; v C =  0 :  1685; arom atic skeletal vibrations: 1620, 1590, 1495, 1445; v C — О (phenol, 
ester): 1310, 1255, 1220, 1160, 1145, 1090, 1035; у  С —H (arom atic) +  v C - C :  760, 700.

* Regarding the failure of p reparing  the corresponding m ethy l ester, see [11].
** In  an other experim ent: bp21: 167—8°.
*** Regarding the procedure, see [11].
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(6) 1.49 g (5.8 mm ole) of IVb was refluxed for 30 m inutes in  carbon te trach lo ride  (9 ml) 
w ith 1.33 g (7.5 mmoles) of N-brom osuccinimide; a fte r cooling, th e  solution, w hich h ad  a strong 
hydrogen brom ide smell, was filtered from  the separated  succinimide, the f iltra te  evaporated  
to dryness, the residue tak en  up in petroleum  ether, clarified, the solution evapora ted  again to 
dryness, and the residue recrystallized from  m ethanol (12 ml).

Y ield: 1.09 g (89.5% ) of V ila, m. p .: 67°.
(c) A solution of 0.28 ml (5.4 mmole) of brom ine in benzene (10 ml) was added  dropwise 

w ith shaking to  the solution of 1.42 g (5.5 mmole) of IVb in  5 ml of dry benzene. A fter the 
evolution of hydrogen brom ide had been com pleted, p a r t of the product separated in  crystalline 
form ; th e  o ther p a rt was obtained by evaporation  to  dryness of the filtra te  and  recrysta lli
zation  of the residue from  methanol.

Yield (to tal): 0.5 g (55% ) of V ila, m. p .: 67° (from  methanol).
The products ob tained  according to (a), (6) and (c) gave no depression of th e  m. p. w ith 

another.

5-EthoxysaIicylic acid (V llb)

0.59 g (2.8 mm ole) o f V ila  was allowed to  s tand  a t  30° for half an hour w ith  50 ml oj 
6%  aqueous sodium hydroxide, the reaction  m ix ture  being shaken from tim e to tim e. In  this 
way a clear yellowish solu tion  was obtained which was cooled and acified. T he separated  
colourless, light p rec ip ita te  was filtered off by  suction (0.50 g; 98% ), m. p.: 160° (from  aqueous 
m ethanol); lit. m. p. [14]: 164°.

C9H 10O4 (182.2)
Calcd. C 59.33 H  5.53
Found C 59.60 H 5.57

59.72 5.41%.

Infrared spectrum  (K Br-pellet): v O H : 3230 (w eak; phenol), 3300 — 2400 (carboxylic 
acid dim er); v C—H (aliphatic): 2980; v C =  0  1655; arom atic  skeletal vibrations: 1620, 1600, 
1495, 1460; Ô CH2: 1480; v C - O :  1255, 1225, 1050; y  O - H :  900 (acid), 785 (phenol); y  C - H  
(arom atic) +  v C—C: 850, 800, 770.

D ata  of salicylic acid for comparison: v OH: 3240 (weak; phenol), 3300 — 2400 (carboxylic 
acid dim er); v C = 0 :  1660; arom atic skeletal v ib rations: 1620, 1585, 1490, 1450 (? ) ; v C—O: 
1255, 1160; у  О — H : 885 (acid), 785 (phenol); y  C —H (arom atic) +  C —C: 760, 700.

The infrared spectra  were determ ined by Dr. P . Sohár, the ultraviolet spec tra  by Dr.
L. L áng; molecular w eight determ inations were carried  ou t by Mrs. H. Med zih ra dszky- 
Sch w eig er , the m icroanalysises by Mrs. S. V iszt-S im o n . The authors express here th e ir 
grateful thanks for th is assistance to their co-workers. T hanks are also due to  Mrs. I. BÖRZSÖNYI 
and Mrs. F . I lcsik , fu r th e r to  Mr. M. K ántor for the solution of the d istilla tion  problem s 
and the gas chrom atographic analyses.

SUMMARY

1,4-Cyclohexanedione (la) and its derivatives th u s fa r investigated, viz. ethyl 5,5-diethoxy- 
(IVb) and 5,5-ethylenedioxy-2-oxo-cyclohexane carboxylate  (IVc) become arom atized by  tr e a t
m ent w ith  elem ental brom ine, N-brom o-succinim ide or selenium dioxide yielding thereby  
hydroquinone, ethyl 5-ethoxy-salicilate (V ila) and  l,2-6is-(3-éthoxy-carbonyl-4-hydroxy- 
phenoxy)-ethane (IX), respectively.
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SYNTHETISCHE LINEARE POLYMERE, XXV*
A N N Ä H ERU NG SM ETHO DE ZUR B ER E C H N U N G  DES SC H M ELZPUN KTES 

VON S 0 2-G R U PPE N  EN T H A L T EN D E N  PO LY E STE R N , POLYAM IDEN 
UND PO LY Ä T H Y L E N E N

I. GÉCZY

(  Forschungsinstitut f ü r  die Textilindustrie, Budapest)

Eingegangen am 26. A pril, 1966

E in le itu n g

In  frü h e re n  M itte ilungen  [1 —10] w u rd e  gezeig t, daß  zw isch en  dem  
M oleku largew ich t einzelner G lieder v o n  lin e a re n  polym erhom ologen  R eihen  
u n d  solchen spezifischen  E ig en sch aften , die v o n  ad d itiv en  m o la ren  G rößen  
ab g e le ite t w erd en  kö n n en , der fo lgende — au c h  m a th em a tisch  b ew e isb a re  — 
allgem eine Z u sam m en h an g  b e s te h t:

(PsP=  —  +  b 
M ( 1 )

cpsp irgende ine  »spezifische« E ig en sch a ft is t , z. B.
n2 - 1

n2 + У
spezi

fische R e fra k tio n  [1], n =  B rech u n g sin d ex  [2, 3 ],
f ; l / 3  yi
——  =  spezifische S challgeschw indigkeit [ 4 ] ,—  =  spezifisches P a ra c h o r  [5], 

d d
y i 2 ,9  loglogt?

— —  log (n — 1) =  spezifisches R e frach o r [5], ----------------  =  spez ifische  Vis-
d d

X , 1
k o s itä tszah l [5 ] ,— =  spezifische S u sz e p tib ilitä t [5 ], — =  spezifisches V o lum en  

d d
e — l l  ' f i2

[6 ] ,— ;—— • —  =  spezifische P o la risa tio n  [ 7 ] , -------=  spezifische M itte ld ip o l-
e + 2

m o m e n tq u a d ra t [7], q =  spezifische Y erb ren n u n g sw ärm e  [8 ] , —  =  R e z ip ro k 

sch m elzp u n k t [9] usw . M  is t das M olek u la rg ew ich t; a u n d  b sind  K o n s ta n te n  
und  zw ar g ib t b den  Z ah lenw ert d e r spez ifisch en  E igenschaft der S t ru k tu re in 
h e it an  — u n a b h ä n g ig  davon  ob es sich u m  lin e a re  oder cyclische P o ly m ere  
h a n d e lt [10] u n d  a is t die D ifferenz zw ischen d en  spezifischen E ig e n sc h a fte n  
von E n d g ru p p e n  u n d  S tru k tu re in h e ite n , m u ltip liz ie r t m it dem  d o p p e lte n  
M oleku largew ich t d er E n d g ru p p en . Die K o n s ta n te  b k an n  zur B e re c h n u n g  der

* Synthetische lineare Polym ere X X IV .: Faserforsch u. Textiltechn. 17, 470 (1966).
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In k re m e n te  der S tru k tu re in h e it  angew endet w e rd en . A uf G rund  d essen  w u r
d en  e in ig e  — in  der L i te r a tu r  noch  n ich t an g eg eb en e  — In k re m e n te  fü r  ein ige 
A to m g ru p p e n  e rm itte lt  [2 — 5, 9].

E s  w urde  fe rn e r a n  D im ethy lp o ly silo x an -M o d ellen  gezeigt [11], d a ß  d e r 
W e r t  d e r  K o n s ta n te  a v o n  d e r T e m p e ra tu r  p ra k t is c h  unabhäng ig  is t ,  w ä h re n d  
d e r W e r t  d er K o n s ta n te  b e ine T e m p e ra tu ra b h ä n g ig k e it aufw eist. W e ite rh in  
k o n n te  gezeig t w erden , d aß  d ie  G leichung (1) u n te r  en tsp rechenden  V ersu c h s
b e d in g u n g e n  zur M o lek u la rg ew ich tsb estim m u n g  fü r  M akrom oleküle im  M ole
k u la rg e w ic h tsb e re ic h  v o n  1 0 3 b is 1 0 5 e n tw ic k e lt w erden  k an n , also  fü r  p o ly 
m ere  W eich m ach er, sy n th e tisc h e  F a se rn , w ie P o lyam id , P o ly e s te r  usw . 
[1, 2 , 4 , 6 ].

E s  w urde  fe rn er d a ra u f  hingew iesen, [1 , 5 ], daß  bei g enügend  g roßem
a

M o lek u larg ew ich t (M  —*■ oo) das G lied — d er G leichung (1 ) v e rn a c h lä ss ig t

w e rd e n  k a n n . In  d iesem  F a ll w ird  der W ert d e r  spezifischen E ig e n sc h a ft a lle in  
d u rc h  d e n  W ert der K o n s ta n te  b b e s tim m t. A u f G rund dessen k o n n te  d er 
S c h m e lz p u n k t von  lin e a re n  P o ly es te rn , P o ly a m id e n  P o ly u re th an en  [12] sow ie 
die D ic h te  u n d  der B rech u n g sin d ex  von  P o ly a m id e n  [13], fe rn e r die w a h r
sc h e in lich en  W erte  d e r spezifischen  m a g n e tisc h e n  S u szep tib ilitä t u n d  d e r 
sp ez ifisch en  Schallgeschw ind igkeit v e rsch ied en er P o lym eren  [13], b e re c h n e t 
w e rd en .

E xperim en te ller Teil

In  der vorliegenden A rbeit w urden die Schm elzpunkte der die S02 Gruppe en tha ltenden  
P o ly es te r, Polyam ide und  P o lyäthy lene auf G rund der schon früher angegebenen M ethode [12] 
b e rech n e t un d  m it den ta tsäch lich  [14] gemessenen Schm elzpunkten verglichen. G rundlage 
der B erechnung  der Schm elzpunkte w ar die folgende G leichung (ähnlich zu [12]):

■ S ch m p , oo
M k

I
1=1

M

■ S ch m p

wo T Schmp-:oo der vom M olekulargewicht schon unabhängige Schm elzpunkt des linearen  Polym ers,

M k d as  M olekulargewicht des K ettenm ittelgliedes u n d  | —--------  . das »molare reziproke
f -I S c h m p  ' 1

Schm elzpunktinkrem ent« der einzelnen A tom gruppen is t.
Z ur Berechnung bzw. B estim m ung der Schm elzpunkte wurden die in Tab. I  zusam m en

geste llten  »molaren reziproken Schm elzpunktinkrem ente« verw endet.

Tabelle I
Die zur Berechnung verwendeten »molaren Reziprokschmelzpunkt-Inkremente«

(CH2) = 0,043
so2 = 0,046
coo = 0,113

- o - = 0,113

CONH = 0,056
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Tabelle II

Berechneter und gemessener Schmelzpunkt von linearen Polyestern der allgemeinen Zusammensetzung 

-  [(CH2)2 OOC(CH2)x S 02(CH2)j, S 0 2(CH2)x.C 00]n-

—

X У Z

7

gem essen b e re c h n e t

A bw eichung
%

1 4 2 2 4 6 0 , 7 4 6 2 , 2 + 0 , 3

2 4 2 4 4 5 7 , 2 4 4 9 , 6 —  1 ,7

3 4 2 5 4 3 6 , 2 4 4 4 , 1 +  1 ,8

4 4 2 6 4 3 9 , 7 4 3 9 , 2 - 0 , 1

5 4 2 10 4 2 8 , 7 4 2 3 , 1 —  1 ,3

6 5 2 2 4 5 9 , 7 4 4 9 , 6 - 2 , 2

7 5 2 4 4 5 4 , 2 4 3 9 , 2 - 3 , 4  ( ! )

8 5 2 6 4 3 3 . 2 4 3 0 . 2 —  0 .6

9 5 2 10 4 2 3 , 7 4 1 6 , 5 - 1 , 7

10 3 4 2 4 5 9 . 7 4 6 2 . 2 + 0 . 5

H 3 4 4 4 4 7 , 2 4 4 9 , 6 + 0 . 5

12 3 4 5 4 2 9 , 7 4 3 7 , 6 +  1 ,8

1 3 3 4 6 4 3 3 , 2 4 3 9 , 2 + 1 , 3

1 4 3 4 10 4 2 2 , 2 4 2 3 , 1 +  0 .2

1 5 5 4 2 4 4 0 . 2 4 3 9 . 2 —  0 .2

1 6 5 4 4 4 2 8 . 7 4 3 0 . 4 +  0 . 4

1 7 5 4 6 4 2 2 , 7 4 2 3 , 1 + 0 , 1

1 8 5 4 10 4 1 3 , 7 4 1 0 , 3 —  0 ,8

1 9 5 5 2 4 2 7 , 7 4 3 4 , 6 + 1 , 6

20 5 5 4 4 2 5 , 2 4 2 6 , 5 + 0 , 3

21 5 5 6 4 1 9 , 7 4 1 9 , 8 + 0
22 5 5 10 4 0 7 , 7 4 0 8 , 4 + 0 , 2

2 3 5 6 2 4 2 4 , 2 4 3 0 , 4 +  1 ,4

2 4 5 6 4 4 1 8 , 7 4 2 3 , 1 +  1 ,0

2 5 5 6 6 4 1 2 , 2 4 1 6 , 5 +  1 ,0

2 6 5 6 10 4 0 4 , 2 4 0 6 , 0 + 0 , 4

2 7 5 10 2 4 1 3 , 7 4 1 6 , 5 + 0 , 7

2 8 5 10 4 4 1 1 , 7 4 1 0 , 3 —  0 ,3

2 9 5 10 6 4 0 4 , 2 4 0 6 , 2 + 0 , 4

Die B erechnung dieser Inkrem ente erfolgte ähnlich wie in [12], indem die einzelnen 
Strukturelem ente als U nbekannte b e tra c h te t und im V erhältn is ih rer V orkom m enshäufigkeit 
in  der S truk tu re inheit dem Q uotienten des Molekulargewichtes der S truktureinheit und  des in 
absoluten Graden ausgedrückten Schm elzpunktes der V erbindung gleichgesetzt w urden. D as 
V erfahren z. B. fü r die in  Tab. I I  angeführten  V erbindungen is t
(CH2 =  *, S02 =  y ,  COO =  г): 12* +  2y +  2z =  0,8347

14* +  2y +  2z =  0,9024 
15* +  2y +  2z =  0,9782 usw.

f i
Acta Chimica Academiae Scientiarum llungaricae 51, 1967



316 G É C Z Y : S Y N T H E T I S C H E  L I N E A R E  P O L Y M E R E ,  X X V .

Tabelle II I

gerechneter iind gemessener Schmelzpunkt von linearen Polyestern der allgemeinen Zusammensetzung

[(CH2)2OOC(CH2)xS 02(CH2)— ^ — (CH2)S02(CH2)xC 0 0 ]„—

* Z
T

gemessen. berechnet
Abweichung

%

1 3 2 505,2 503,4 — 0,4
2 3 4 487,2 487,5 ч o.i
3 3 6 475,2 474,2 — 0,2
4 3 10 455,7 453,4 -0 ,5
5 4 2 486,2 487,5 +  0,3
6 4 4 477,2 474,2 0,6
7 4 6 464,2 463,0 -0,3
8 4 10 449,2 445,0 0,9
9 5 2 469,7 474,2 1 1,0

10 5 4 462,7 455,7 1,5
11 5 6 453,2 453,4 + 0
12 5 10 446,2 437,7 1,9

Das au f diese Weise erhaltene Gleichungssystem m it m ehreren U nbekannten w urde m it der sog. 
M ittelw ertsm ethode gelöst. In  Tab. I sind die so erhaltenen  Inkrem ente zu sehen.

Die — auf G rund der in Tab. I angegebenen Inkrem en te  — berechneten sowie d ieun m itte l
b a r  gemessenen Schm elzpunkte sind in den T abellen I I ,  I I I ,  IV und V angegeben.

D iskussion der E rgebnisse

W ie aus den T ab e llen  I I ,  I I I ,  IV  u n d  V  e rsich tlich  ist, zeigen die a u f  G rund 
d e r  gegebenen In k re m e n te  b e rech n e ten  S ch m elzp u n k te  (in den  T ab e llen  sind 
d ie  g rößeren  p ro zen tu e llen  A bw eichungen  m it ! bezeichnet) eine gu te  Ü b ere in 
s tim m u n g  m it dem  u n m itte lb a r  gem essenen . Die zw ischen den  b e rech n e ten  
u n d  gem essenen W e rte n  even tu e ll v o rk o m m en d en  größeren  oder k le ineren  
A bw eichungen  k ö n n en  o ffen b ar a u f  d iese lbe  G ründe z u rü c k g e fü h rt w erden, 
w ie  die schon frü h e r e rw ä h n te n  [12]. D ie Z ah lenw erte  der in  d e r vorliegenden  
A rb e it  an g ew an d ten  In k re m e n te , verg lich en  m it den frü h er g e b ra u c h te n  zeigen, 
d a ß  obw ohl die S ch m elzp u n k te  als a d d it iv  b e tra c h te t  w erden  k ö n n te n , zur 
Z e it noch  keine so lchen  u n iv e rsa l b ra u c h b a re n  In k rem en te  b e s te h e n , die in 
G eg en w art der S tru k tu re in h e it  von  be lieb ig er Z usam m ensetzung  ohne w eiteres 
im allgem einen v e rw e n d b a r w ären . D ie G egenw art e iner b e s tim m te n  A to m 
g ru p p e  beein fluß t die a u f  die anderen  A to m g ru p p en  bezüglichen  In k re m e n te n - 
w e r te , u n d  diese s ind  d a h e r n u r  fü r die aus gegebenen S tru k tu re le m e n te n  
a u fg e b a u te n  P o ly m eren  oder deren  K o m b in a tio n e n  gültig , doch  k a n n  sich ih r
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Tabelle IV

Here hneter und gemessener Schmelzpunkt von linearen Polyamiden der allgemeinenZusammensctzung

— [(CH2)zHN0C(CH2)5S 02(CH2) ,̂S02(CH„)5C0NH]n—

У 2
'J

g e m e s s e n b e r e c h n e t

A b w e i c h u n g

%

1 4 6 515,2 516,0 +  0,2
2 4 10 510,2 487,5 - 4 , 4  (  ! )

3 5 4 505,2 523,8 + 3 ,7  (!)
4 5 5 485,2 516,0 + 6 ,3  (!)
5 5 6 500,2 507,7 +  1,5

6 5 10 496,2 481,6 2,9

7 6 4 501,2 516,0 +  2,9
8 6 5 483,7 507,8 +  5,0 (!)

9 6 6 495,2 500,3 +  1,0

10 6 10 492,2 476,1 - 3 , 3  (!)

11 10 4 493,2 487,5 - 1 ,2
12 10 5 475,2 481,6 +  1,3
13 10 6 483,2 476,1 — 1,5
14 10 10 481,7 457,9 - 4 ,9  (!)

Tabelle V

Berechneter und gemessener Schmelzpunkt von linear Polyäthylensulfonen der allgemeinen
Zusammensetzung

—  [S02(CH2)j,S02(CH2)2]„—

У 2
T A b w e i c h u n g

о /
g e m e s s e n b e r e c h n e t

1 4 6 516,2 514,2 0,4
2 5 5 516,2 514,2 0,4
3 6 4 516,2 514,2 0,4

Alle gemessenen Schmelzpunkte sind der Arbeit von H o r n  [14] entnommen.

W ert ändern , w enn m a n  von den schon  v o rh a n d e n e n  E lem en ten  das eine oder 
das an d ere  a u s läß t o d er m it einem  neuen  v e rm e h r t hzw . e rse tz t (vergleiche 
T abelle  I  und T ab e lle  I  von  [12]). D ies d e u te t  d a ra u f , daß  b isher speziell bei 
den B erechnungen  des S ch m elzpunk tes ein noch  u n b e k a n n te r  P a ra m e te r  noch  
n ic h t in B e tra c h t gezogen hzw. v e rn a c h lä ß ig t w u rd e . D ieser P a ra m e te r  d ü rfte  
v e rm u tlich  fü r die E lem en ta rze llen  d er aus v e rsch iedenen  S tru k tu re in h e ite n  
a u fg eb au ten  P o ly m eren  oder fü r die K ris ta llitg rö ß e  even tue ll fü r  die K o h ä 
sionsenergie c h a ra k te ris tisch  sein. N u r in K e n n tn is  des W ertes eines solchen
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P a ra m e te r s  is t zu e rw arten , d a ß  die sich  au f id en tisch e  G ru p p en  b ez ieh en d en , im  
Z a h le n  w e r t versch iedenen  In k re m e n te  a u f gleiche W erte  tra n s fo rm ie r t  w erden  
k ö n n e n .

ZUSAMMENFASSUNG

V erfasser ha t die schon frü h e r von ihm  angegebene [12] Methode zur B erechnung des 
S chm elzpunktes von M akrom olekülen auf die S02-Gruppe en thaltende Polyester, Polyam ide 
u n d  P o lyäthy lene  angewendet. Die berechneten  Schm elzpunkte zeigten gute Ü bereinstim m ung 
m it den  gemessenen W erten. Die zu r Berechnung erforderlichen m olaren Reziprok-Schmelz- 
p u n k t-In k rem en te  ha t Verfasser au f  G rund der Angaben von H o r n  [1 4 ]  bestim m t.

D er Vergleich dieser In k rem en te  m it den früher angegebenen ließ erkennen, daß der 
In k rem en ten w ert der aus verschiedenen A tom en bestehenden S truk tu re inheit auch  durch  die 
G egenw art der übrigen A tom gruppen  beeinflußt wird.
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INVESTIGATIONS ON DITHIOCARBAMATE FUNGICIDES

I T H E  PR EPA R A T IO N  O F N-CYANOALKYL AND N -CARBOX YA LK Y L
DITHIOCARBAM ATES

G y . M a t o l c s y  and G y . J o s e p o v i t s

(Research Institu te fo r  Plant Protection, Budapest) 

R eceived April 18, 1966

A m ong th e  ag en ts  used  a g a in s t th e  fungus diseases of a g r ic u ltu ra l  crops 
(fungicides) th e  d e riv a tiv e s  of d ith io ca rb am ic  ac id  are  o f  p ro m in e n t im p o rta n c e , 
especia lly  th e  sa lts  of d im e th y l-(I)  an d  e th y len e -b is -d ith io ca rb am ic  ac ids (II).

T hese com pounds, h ow ever, h av e  m o stly  su rface  (c o n ta c t)  fu n g ic ida l 
a c tiv ity  only , a n d  from  th e  sp ra y e d  p la n t su rface th e y  c a n n o t be ab so rb e d  b y  
tissu es  to  a considerab le  e x te n t , th u s  th e y  c a n n o t ensu re  in te rn a l im m u n ity  
a g a in s t th e  p a th o g en  b y  m ean s o f  tra n s lo c a tio n  w ith  th e  fluid c ircu la tio n .

Several au th o rs  h av e  tr ie d  to  p rep a re  com pounds w ith  in te rn a l  th e ra 
p eu tic  (system ic) fung ic idal a c t iv i ty  b y  in co rp o ra tin g  in to  th e  m olecule  a to m ic  
g roups w hich a re  supposed  to  a c t as carriers o f th e  tra n s lo c a b ility , a n d  a t  th e  
sam e tim e  ensure a hyd ro p h ilic /lip o p h ilic  ra tio  o p tim u m  for th e  effec t. A n a n a l
ogy  is offered  b y  W a i n ’ s  s ta te m e n t [1], accord ing  to  w hich  one o f th e  fac to rs  
o f a c tiv ity  in p la n t  g ro w th -reg u la tin g  (aux in ic) p h en o x y a lk y l c a rb o x y lic  acids 
h av in g  good tra n s lo c a tio n  c a p a b ili ty  is th e  p resence o f a c a rb o x y l g ro u p , or 
such  a group th a t  can  be c o n v e rte d  in to  i t ;  on  th e  o th e r  h a n d , th e  su rp ris in g  
au x in ic  ac tion  o f N ,N -d im e th y l-S -c a rb o x y m e th y l-d ith io c a rb a m a te  (III) p re 
p a re d  b y  V A N  d e r  K e r k  [2] w h ich  in d ica tes  an  an a lo g y  of sy s tem ic  fung ic idal 
a n d  aux in ic  effec ts, show ing  t h a t  th e  s tru c tu ra l re q u ire m e n ts  a re  p a r tly  
sim ilar.

M ainly  s ta r t in g  w ith  th e se  consid era tio n s v a rio u s  a u th o rs  h a v e  p rep a red  
c a rb o x y m e th y l (III, IV) an d  c a rb o x y e th y l es te rs  (V, VI) of d im e th y l-  an d  th e  
e th y len e-b is-d ith io carb am ic  ac ids (I a n d  II, resp .) [2, 3, 4 , 5, 6, 7, 8, 9 ], an d  
d u rin g  a re search  fo r g ro w th -reg u la tin g  ag en ts , N -m e th y l-N -c a rb o x y m e th y l-  
S -m e th y ld ith io c a rb a m a te  (VII) h a s  also been  sy n th es ized  [10].

O f th ese  co m p o u n d s, th e  sa lts  o f d im eth y l- an d  e th y len e -b is-d ith io -  
ca rb am ic  ac ids(I, II) are  v e ry  e ffec tiv e , w hile th e  c a rb o x y m e th y l a n d  c a rb o x y 
e th y l esters  o f acids (III, IV, V, VI) an d  th e  sa lts  a n d  S -m e th y l e s te r  of N- 
m e th y l-N -c a rb o x y m eth y ld ith io c a rb a m ic  acid  (VII) h av e  po o r fu n g ic id a l a c tiv 
i ty .  I t  m eans t h a t  th e  a lte rn a tio n s  m ade in  o rd e r to  im p ro v e  th e  tra n s lo c a tio n  
c a p a b ility  m ark ed ly  d im in ish ed  fung ic idal e ffectiveness.
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CH34
> N - C S - S H

с н /

I

С Н ,—N H —CS—SH
I
CH,,—N H - C S -  SH 

II

CH34
> N - C S - S - C H 2-C O O H

CHj

II I

CH.,—N H - C S  - S - C H 2—COOH 
I
CH2- N H - C S - S - C H 2-C O O H

IV

CH,

CH >N —CS—S—C2H , —COOH
CH2 —N H —CS—S—C2H 4—COOH

CH, N H - C S - S —C2H ,-C O O H  
VI

HOOC CH2- N —C S -S C H 3
I
CH3

VII

O n basis of th e se  re s u lts ,  appeared  p ro m isin g  to  p rep a re  N -m ethy l-N - 
/1 -ca rb o x y e th y ld ith io ca rb am ic  ac id  (VIII) an d  som e of its  d e riv a tiv e s ; in  th is  
w a y  i t  w as hoped th a t  th e  d e s ire d  s tru c tu ra l changes in  d im e th y ld ith io ca rb am - 
ic a c id  ensuring  tra n s lo c a tio n  cap ab ility  can  be ach ieved . S im ilar s tru c tu ra l 
a l te rn a tio n s  in  th e  m o lecu le  o f  e thy lene-fcis-d ith iocarbam ic  ac id  (II) w ere no t 
a t te m p te d ,  because t h a t  w o u ld  h av e  involved  rem o v a l of th e  h y d ro g en  atom (s) 
a t ta c h e d  to  th e  n itro g e n  a to m (s)  w hich are, acco rd in g  to  van  d e r  K e k k  [ 1 1 ,  

12] n ecessa ry  for th e  a c t iv i ty  o f e th y lcn e -iu s-d ith io ca rb a in a te s  h av in g  a d if
f e r e n t  m echan ism  of a c tio n .

T h e  synthesis o f  th e  s a lts  a n d  several d e r iv a tiv e s  o f N -m ethy l-N -cyano- 
m e th y ld ith io c a rb a m ic  a c id  (IX) an d  N -m eth y l-N -/? -cy an o e th y ld ith io carb am ic  
ac id  (X) was also th o u g h t  reaso n ab le , considering  th a t  th e y  a re  co n v erted  
in to  th e  abo v e-m en tio n ed  N -ca rb o x y m e tliy l a n d  N -/?-earboxyethy l de riv a tiv es  
b y  e n z y m a tic  hyd ro lysis  in  th e  p la n t;  so th e y  can  be  re g a rd ed  as th e  p re c u r
sors o f  th e  la tte r  c o m p o u n d s . T he cyan o a lk y l d e riv a tiv e s  rep re sen t such 
s u b s ta n c e s  whose in i t ia l  lipo p h ilic  c h a ra c te r  changes d u rin g  th e  t r a n s 
fo rm a tio n  in to  a h y d ro p h ilic  one, ju s t  as req u ired  fo r th e  processes of ab so rp tio n  
an d  tran s lo ca tio n .

HOC—C2H ,—N —CS—SH NC—С Н ,—N —CS—SH
I I
C H 3 C H 3

V III IX

N C - C .H ,—K - C S - S H
I
CH3

X

In  th e  p re p a ra tio n  o f som e o th e r  deriv a tiv es  o f N -m eth y l-N -/l-carb o x y e th y l- 
(VIII) a n d  X -m eth y l-N -/3 -cy an o e th y ld ith io ca rb am ic  acids (X) th e  analogy  was 
c o n s id e re d  to  those re p o r te d  d e riv a tiv es  of d im e th y ld ith io c a rb a m ic  acid  (I) 
w h ich  a re  know n as th e  b io lo g ica lly  m ost effective com pounds. S uch  de riv a tiv es
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are  te tra m e th y lth iu ra m  d isu lp h id e  (X I), w idely  used  as an  a g ric u ltu ra l fu n g i
cide, d im e th y lth io c a rb a m y ld im e th y lsu lp h en a m id e  (X II) [5], th e  p rev io u sly  
m en tio n ed  N ,N -d im e th y l-S -c a rb o x y m e th y ld ith io ca rb a m a te  (III)  N ,N -d iine- 
th y l-S -c a rb o x y e th y ld ith io c a rb a m a te  (У) [2, 3, 4, 5, 6, 7, 8, 9] a n d  1 ,1 ,1-tri- 
c h lo ro -2 -d im e th y lth io ca rb am y lm ercap to -3 -n itro b u tan e  (X III) [14].

CH3
>N-

С Н /

/C H 3 CH34 /СП
-CS—S - S - C S —N;

CH3
> -

с и /

-c s -s -N c ;
XCH

XI XII

CH3
CH3 I

N —C S -S -C H ----- C H -N O ,
CH3 I

CCI,
XIII

T h e sod ium  sa lt an d  S -m e th y l e s te r  (VII) of N -m e th y l-N -ca rb o x y m e th y l-  
d ith io ca rb am ic  acid w ere p re p a re d  accord ing  to  R o t h w e l l  an d  W a i n  [10] 
from  glycine; th e  sod ium  s a lt  o f N -m eth y l-N -cy an o in e th y ld ith io ca rb am ic  
ac id  (IX) w as m ade from  m e th y la m in o a c e to n itrile ; an d  sod ium  sa lt o f N- 
m e th y l-N -/? -cy an o e th y ld ith io ca rb am ic  acid (X) from  /J-m ethy lam inoprop io - 
n itr ile  b y  reac tin g  th e  co m p o u n d s w ith  carbon  d isu lph ide  an d  sod ium  h y d ro x id e  
in aqueous so lu tion .

D isodium  N -m e th y l-N -^ -c a rb o x y e th y ld ith io c a rb am a te  w as p rep a red  
from  th e  sodium  sa lt o f  N -m e th y l-N -^ -cy an o e th y ld ith io ca rb am ic  acid  by  
a lk a lin e  hydro lysis , an d  from  th e  p ro d u c t we syn th esized  th e  zinc sa lt, fu r th e r 
m ore b is-(N -m eth y l-N -/? -cy an o m eth y l)-th iu ram  d isu lph ide  (XIV) b y  o x id a tio n  
w ith  h y d ro g en  peroxide a n d  S -ca rb o x y m eth y l e s te r (XV) a n d  S -ca rb o x y e th y l 
e s te r  (XVI) w ith  m o n o ch lo race tic  ac id  and  /9-brom opropionic ac id , re sp ec tiv e ly , 
in  aqueous a lkaline m ed ium . O n acid  hydro lysis th e  la t te r  tw o  d ith io  esters 
gave th e  co rrespond ing  N -/9 -carboxyethy l d e riv a tiv es  (X V II an d  X V III, resp .); 
th ese  ex p erim en ts  u tilized  th e  su rp ris in g  fac t th a t  w hile th e  sa lts  o f  d ith io - 
ca rb am ic  acids are  fa irly  s ta b le  to  a lkalines b u t  read ily  decom posed  by  ac id s , th e ir  
e s te rs  are  re la tiv e ly  sen sitive  to  a lka line  agen ts an d  show  g re a t s ta b il i ty  in  the  
presence  of acids even u n d e r  v e ry  energetic  c o n d itio n s[5]. O th e r com pounds 
p re p a re d  in  th is w ork  w ere N -m eth y l-N -/3 -cy an o e th y lth io ca rb am y l-N ',N '-  
d im e th y lsu lp h en am id e  (X IX ) m ade accord ing  to  P l u i j g e r s  [5], a n d  1,1,1- 
tr ich lo ro -2 -(m e th y l-/J -cy an o e th y lth io ca rb am y lm ercap to )-3 -n itro -b u tan e  (XX) 
sy n th esized  accord ing  to  th e  m e th o d  of W a i n , So b o t k a  a n d  Sp e n c e r  [14]. 
I t  w as im possib le to  tra n s fo rm  th e  d isu lph ide  (XIV), th e  su lp h en am id e  (XV) 
an d  th e  tr ic h lo ro n itro b u ta n e  (XX) de riv a tiv es  in to  th e  co rresp o n d in g  N-/1- 
c a rb o x y e th y l analogues e ith e r  b y  acid  or by  a lkaline  h y d ro ly sis , because  decom 
p o sitio n  of th e  com pounds w as in  ev e ry  case fa s te r  th a n  th e  h y d ro ly s is  o f the  
n itr ile  group .
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T hough  sim ple a lk a ly n e  esters  o f d im e th y ld ith io c a rb a m ic  acid  are  re p o r te d  
in  th e  l i te ra tu re  to  be poor fungicides, N -m ethy l-N -/5 -cyanoe thy l-S -m ethy l- 
d ith io c a rb a in a te  (XXI) w as also p rep ared  in  th is  w ork ; its  acid  hy d ro ly sis  gave 
N -m eth y l-N -/J-ca rb o x y e th y l-S -m e th y ld ith io ca rb am a te  (XXII). Since th is  com 
p o u n d  is th e  s t ru c tu ra l  isom er of N ,N -d im e th y l-S -c a rb o x y e th y ld ith io ca ra b - 
m a te  (V), a co m p ariso n  o f th e  bio logical a c t iv i ty  of th e  tw o com pounds w as of 
in te re s t.

T he schem e o f sy n th esiz in g  th e  afo resa id  com pounds is show n in  T ab le  I.
Som e of th e  p re p a re d  com pounds m ay  be considered  to  belong  to  th e  

series o f th e  v a rio u s  p resu m ab le  b iochem ical tra n s fo rm a tio n  p ro d u c ts  o f  th e  
cy an o a lk y l d e riv a tiv e s . T hese su b stan ces h a v e  been  p rep a red  w ith  th e  idea  
th a t  an  e x a m in a tio n  o f th e ir  biological a c t iv i ty  m ay  allow  conclusions as 
reg a rd s  th e  course o f  th e  b iochem ical p rocess in  th e  p la n t.

T h e  resu lts  o f th e  in v es tig a tio n s  on th e  c o n ta c t an d  system ic  fu n g ic id a l 
effects o f th e  co m p o u n d s will be re p o rte d  in  fo rth co m in g  p ap ers  to  be p u b lish ed  
elsew here.

The authors wish to  thank  Miss G. B ruckner for the elem ental analyses, Miss M. T asnádi 
and Mrs. A. Marik for technical assistance during th is work.

Experimental

Sodium N-methyl-N-jS-cyanoethyldithiocarbamate (X )

To a solution of 20 g (0.05 mole) of sodium hydroxide and 264 ml of w ater 42 g (0.5 mole) 
of /?-m ethylam ino-propionitrile and, w ith cooling, 42 g (0.55 mole) of carbon disulphide were 
added. The m ixture was shaken for 6 hrs. m echanically. D uring th is tim e an alm ost hom o
geneous yellow solution resulted which was filtered and  used directly  for the fu rth er syntheses 
(25%  solution).

Zinc N-methyl-N-/9-cyanoethyldithiocarbnmate (X a)

To 7.3 g (0.01 mole) of the 25% solution of sodium -N -m ethyl-N-/?-cyanoethyldithio- 
carbam ate (X) 1.44 g (0.005 mole) of Z nS04 • 7HsO dissolved in  10 ml of w ater was added. 
A fter short standing the precip ita te  was filtered off by  suction washed w ith w ater u n til the 
effluent was free of su lphate , then  w ith acetone; drying a t 60° gave 1.9 g (100% ) of a greyish- 
w hite am orphous pow der, m. p. 208 — 210° (decomp.).

Cl0H 14N4S4Zn. Calcd. S 33.38. Found S 33.9; 32.8% .

Zinc N-m ethyl-N -/î-carboxyethyldithioearbam ate (V III)

0.4 g (0.01 mole) of sodium hydroxyde was dissolved in 7.3 g (0.01 mole) of th e  25%  
solution of X, the solution was refluxed un til the evolution of am m onia ceased (for ab o u t 32 
hrs.), and filtered. A concentrated  aqueous solution of 3.1 g (0.011 mole) of Z nS04 • 7H20  
added, stirred  for 10 m inutes, filtered  w ith suction, th e  precip itate washed w ith w ater, and 
dried. The p roduct was purified by dissolving it in m ethanol; the solution was d ilu ted  w ith 
acetone, the p rec ip ita te  filtered  off, washed w ith w ater, and dried. 2 g (100% ) of a w hite 
am orphous powder ob tained  th a t was soluble in m ethanol, b u t practically  insoluble in  w ater, 
benzene and chloroform ; m. p. >  300°.

C5H7N 02S2Zn. Calcd. N 5.78; Zn 26.85. Found N 5.21; 5.34; Zn 26.43, 25.92% .
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B is-(N -m ethyl-]V -ß-cyanoethyl)-thiurain disulphide (XIV)

Л  m ixture of 1.12 g of 30%  hydrogen peroxide and 9.8 g of 10% sulphuric acid was 
ad d ed  to  14.6 g (0.02 mole) of the 25%  aqueous solution of X a t 6 —10° w ith stirring and cooling. 
S tirr in g  was continued for an hour. The precip ita ted  greenish, resinous product solidified on 
s tan d in g . I t  was filtered w ith suction , washed w ith w ater, dried, and recrystallized from absolute 
e th an o l. Yield: 2.6 g (82% ); m. p. 104—106°. The p roduct was insoluble in  w ater, cyclohexane 
a n d  petro le ther, soluble in benzene and ethanol.

C10H 14N4S4. Calcd. N 17.61; S%  40.25. Found N 17.64; S 39.1; 40.4% .

N-M ethyl-N -/?-cyanoethyl-S-carboxym ethyldithiocarbam ate (XV)

2.4 g (0.06 mole) of sodium  hydroxide in 6 ml of w ater was added to 36.4 g (0.05 mole) 
o f th e  25%  solution of X, followed by 5.64 g (0.06 mole) of inonochloroacetic acid in 10 ml of 
w a te r. T he solution was le t to  s tan d  for 24 hrs. I t  w as acidified w ith 10% hydrochloric acid to 
p H  3. T he precipitated oil solidified in a few m inutes. I t  was filtered off, washed w ith  w ater, 
and  recrystallized  from w ater. Y ield: 8.83 g (81% ) of a w hite crystalline substance, m. p. 125°.

C7H 10N„O2S2. Calcd. S 29.35; N 12.84. Found S 29.0; 12.63, 12.40%. N eutr. equiv. 
99 .4 ; 96 .8% .

N-M ethyl-N -/?-carboxyethyl-S-carboxym ethyidithiocarbainate (XVII)

4.36 g (0.02 mole) of N -m ethyl-N -ß-cyanoethyl-S-carboxym ethyldithiocarbam ate (XV) 
in  14 m l of concentrated hydrochloric acid was refluxed for 3 hrs. The clear w arm  solution 
d ep o sited  a copious crystalline p rec ip ita te  on cooling; i t  was  filtered off, washed w ith ice-cold 
w a te r , and  recrystallized from  a little  w ater. Yield: 2.2 g (46% ) of a white crystalline p roduct 
th a t  w as readily  soluble in w ater, less in ethanol, insoluble in benzene and cyclohexane.

C7H u N 0 4S2. Calcd. N 5.91; S 27.0. Found N 5.53; 5.70; S%  26.54; 26.86%. N eutr. 
equ iv . 100.7; 99.8%.

N -M ethyl-N -ß-cyanoethyl-S-/?-carboxyethyldithiocarbainate (XVI)

A solution of 2.2 g (0.055 mole) of NaOH and 8.4 g (0,055 mole) of /bbrom opropionic acid 
in  15 m l of w ater was added to  36.4 g (0.05 mole) of the 25%  aqueous solution of X; a fter the 
sp o n tan eo u s reaction had been com pleted, the m ix tu re  was refluxed for 1 hr. cooled, and 
ac id ified  w ith  10% hydrochloric acid  to pH  3. A brow n oily product was obtained th a t  soon 
solid ified . I t  was filtered off, w ashed w ith  w ater, and  recrystallized from a 1 : 1 m ix ture  of 
m e th an o l and water. Yield: 8.85 g (76% ) of a w hite crystalline product; m. p. 124°. 

C8H 12N20 2S2. Calcd. N 12.17; S 27.60. Found N 12.34; S 27.52%.

N -M ethyl-N -ß-carboxyethyl-S-ß’-carboxyethyldithiocarbam ate (X VIII)

4.64 g (0.02 mole) of N -ethyl-N -ß-cyanoethyl-S-ß’-carboxyethyldith iocarbam ate (XVI) 
in  14 m l of concentrated hydrochloric acid was refluxed for 3i hrs. The m ixture was cooled in 
a re frig e ra to r, the precipitate filte red  off, and recrystallized from a little  w ater. Yield: 2.5 g 
(50% ) of a white crystalline p ro d u c t m. p. 118 —120°.

C8H 13NO.jS9. Calcd. C 38.05; H 5.18; N 5.58; S 25.42. Found C 38.18; H 5.22; N  5.77; 
S 25 .18% . N eutr. equiv. 100.1; 100.1% .

N -M ethyl-N-/?-cyaiioethylthiocarbam yl-N’,N’-dimethylsulphenamide (XIX)

T o th e  analogy of the  m ethod  of P l u ij g e r s  [5 ], 63 g (0 .55  mole) of 4 0 %  aqueous 
d im ethy lam ine  solution was added  to  58 g (0 .08  mole) of the 2 5 %  aqueous solution of X; 
th e n , w ith  stirring and a t room  tem pera tu re , a solution m ade of 53 g of K I, 500 ml of w ater 
and  2 0 .5  g iodine was in troduced during l i  hrs. S tirring  was continued for another H  hrs; 
d u rin g  th is  tim e a precipitate was form ed, th a t  was filte red  off, washed w ith w ater, dried, and 
recry sta llized  from cyclohexane. Y ield: 7.5 g (4 7 % )  of w hite crystals; m. p. 50 — 51°. The 
p ro d u c t is readily soluble in m ethano l and benzene, m oderately  in petro leum ether and cyclo
h ex an e , and  scarcely in w ater.

C7H 13N 3S2. Calcd. N 20.69; S 31.62. Found N 20.05; 20.33; S 31.17; 31.53%.
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],l,l-Trichloro-2-(I4-methyl-I4-/?-cyaiioethyltbiocarbamyl-mercapto)-3-nitrobiitane (XX)

To the analogy of tlie m ethod of Wain, Sobotka and Spencer [14], 6.55 g (0.03 mole) 
of sodium -N -m ethyl-N -/?-cyanoethyldithiocarbam ate (X) (obtained by evapo ra ting  the 
aqueous solution) was dissolved in 70 ml of m ethanol. The solution was cooled to  -5 ° , and at 
ab o u t this tem peratu re  a solution of 6.15 g of 1,1 ,l-trichloro-2-nitrobut-2-ene in  6 m l of 
m ethano l was added. The m ixture allowed to  stand  1 hr., poured into 300 nd of w ate r, and 
acidified w ith glacial acetic acid. A reddish-brown, resinous product was obtained  th a t solidi
fied gradually.

R ecrystallization from ethanol gave 7.8 g (71% ) of greenish-yellow needles, m. p. 
1 0 9 -1 1 0 ° .

CgH^ClgNgOgSg. Calcd. Cl 29.21; S 17.55. Found Cl 29.8; 29.1; S 17.51; 16.9% .

N-methyl-N-/?-carboxyethyl-S-nietliylclithiocarbamate (X X II)

12.6 g (0.1 mole) of dim ethyl sulphate was added to a m ixture of 88 g (0.11 mole) o f the 
25%  aqueous solution of X and 120 ml of w ater, w ith  cooling and stirring a t 32 -35°. S tirring 
was continued for 1 hr. An oil was obtained th a t solidified on short standing. T his crude N- 
m ethyl-N -jd-cyanoethyl-S-m ethyldithiocarbam ate (XXI) was filtered off and refluxed  for 10 
m inutes w ith 70 ml of cone, hydrochlorid acid. Cooling gave an oil th a t became soon crystalline. 
I t  was filtered off and recrystallized from  w ater to  Y ield 11 g (57%) of a w hite  crystalline 
p roduct, m. p. 94—96°.

CeH u N 0 2S2. Calcd. N 7.25; S 33.16. Found 7.43; 7.28; S 33.09%. N eutr. equiv . 100.1;
100.6% .

SUMMARY

The sodium salts of N -m ethyl-N -/l-cyanoethyldithiocarbam ic acid and of N -m ethyl-N - 
/?-carboxyethyldithiocarbam ic acid and some of the ir S -substitu ted  derivatives w ere prepared 
by the au thors w ith  the scope to  obtain  new derivatives which, in addition to  possessing a 
biological ac tiv ity  sim ilar to th a t  of dim ethyl-d ith iocarbam ic acid derivatives applied  in 
agriculture as fungicides, have sim ultaneously also a system ic effect. On starting  from  m ethyl- 
am ino-propionitrile and carbon disulphide, the sodium  sa lt of N-methyI-N-j8-cyanoethyl- 
dithiocarbam ic acid was prepared. The S -substitu ted  derivatives of this com pound were 
obtained  analogously to the sim ilar derivatives of dim ethyldithiocarbam ic acid. T he carboxy 
radical has been developed by the subsequent hydrolysis of the cyano group.
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DERIVATIVES OF ALKOXYBENZOIC ACIDS, III
I

BASIC E STER S OF 4-A LKOXY-3,S-DIM ETHOXY- AND 2-ALKO XY -3,4-D IM ETHO X Y- 
BENZOIC ACIDS W IT H  PA PA V E R IN E -L IK E  SPASMOLYTIC ACTION

E . K a s z t r e in e r , L. Vargha  and J .  B orsy

(Research Institu te fo r Pharmaceutical Chemistry, Budapest)

Received June  7, 1966

In  o u r p rev ious p a p e rs  [1, 2] a novel g roup  o f ce n tra l n e rv o u s  system  
d e p re ssa n t a lk o x y b en zam id es w as rep o rted . O n basis  o f th e  re su lts  o b ta in ed , 
an  in v e s tig a tio n  of o th e r  ac id  d e riv a tiv es  also seem ed in te re s tin g .

S evera l papers h a v e  been  p u b lished  on th e  basic  es te rs  o f  3 ,4 ,5 -tri- 
m eth o x y b en zo ic  acid . T h e  p rin c ip a l aim  o f th e se  researches w as th e  sy n th esis  
o f tran q u illiz in g  an d  h y p o ten s iv e  agen ts, th e  3 ,4 ,5 -trim e th o x y b en zo y l group 
b e ing  a n  im p o rta n t p a r t  o f reserp ine . H ow ever, basic  es te rs  o f b enzo ic  acids 
c o n ta in in g  longer a lk o x y  g roups have a t t r a c te d  l i ttle  a t te n tio n  so fa r  [3]. 
In  o u r p re sen t ex p e rim e n ts , basic  esters o f 4 -lo n g er-a lk o x y -3 ,5 -d im eth o x y - 
an d  2 -longer-a lkoxy-3 ,4 -d im ethoxybenzo ic  ac ids (Types I an d  II) h a v e  been  
sy n th es ized  and  exam in ed .

C H 3 °  ^  c 0 2 r ’

OCH3 OR 

Type I. Type II.
R =  alkyl; R ' =  am inoalkyl group

P re lim in a ry  te s ts  show ed these  este rs  to  posses a sp asm o ly tic  ac tio n  
resem b lin g  p ap av erin e . I n  o rd er to  s tu d y  th is  ac tio n , severa l v a r ia tio n s  have  
been  m ad e  in b o th  th e  acid  an d  alcohol p a r ts  o f th e  este rs . C hanges m ade in 
th e  acid  m o ie ty  w ere th e  follow ing:

a)  T he len g th  o f th e  a lk o x y  group in  p o sitions 2 or 4 , re sp e c tiv e ly , was 
ch an g ed ;

b)  A b ran ch ed  ch a in  was in tro d u ced ;
c)  A n u n s a tu ra te d  a lk y l or cycloalky l g roup  was em ployed .
V aria tio n s in th e  basic  alcohol p a r t  w ere th e  follow ing:
a)  T he  su b s titu e n ts  o f  th e  N a to m  w ere changed ;
b )  T he d is tan ce  b e tw een  th e  0 an d  N a to m s was v a rie d ;
c)  A b ran ch ed  ch a in  w as used.
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Table I
Alkoxydimethoxybenzoic

OCH3 OR

Type I Type I.

Type Method Alkylating agent Solvent
Reaction

temperature,
°C

Reaction
time,
hours

Yield,
%

1 C2H 5 A (C2H5)2S04 aceto
phenone

135—140 10 89

I n-C3H 7 в n-C3H7Br ra-C4H 9OH 117 15 73

I CH2=C IIC H , в CH2=C H C H 2Br CH3OH 65 4 84

I ra-C4H 9 A n-C4H9Br aceto
phenone

140—145 17 89

I iso-C4H 9 В iso-C4H9J n-C4H9OH 117 45 49

I see-C4H9 A sec-C4H 9Br 
+  0.2 mole N al

aceto
phenone

1

О

18 43

I n-C5H u В ra-C5I l u Br n-C4H ,OH 120-122 15 61

I / ==\ _ A 0 - B> butanone 79 6 86

I CH3OCH2CH2 A C H 2OCH2CH,Br 
+  0.2 mole Nal

aceto
phenone

1 35 -140 20 83

11 CH2=C H C H 2 A C H 2 =  CHCH2Br aceto
phenone

130— 135 7 94

II re-C4H 9 A n-C4H9Br aceto
phenone

135—140 15 91

D a ta  of salts of th e  b a s ic  esters p rep a red  a re  sum m arized  in  T ab le  I I .
T h e  pharm aco log ical e v a lu a tio n  of 28 co m p o u n d s p e rm itte d  severa l 

o b se rv a tio n s  concern ing  th e  re la tio n sh ip  b e tw een  chem ical s tru c tu re  an d  
sp a sm o ly tic  action . D e ta ils  o f  th e  pharm aco log ical e x am in a tio n s  w ill be p u b 
lish e d  in  Acta Physiol. H ung.;  here  th e  m ain  fe a tu re s  of th e  resu lts  a re  only  
su m m a riz e d :
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acids

Empirical
formula

Molec
ular

weight

Analysis, %

Recryetallization solvent M. p„ °c Calcd: Found: Notes

C H c H

70% aqueous 
m ethanol

125— 127 C„H140 6 226.6 58.41 6.20 58.32 6.23 See ref. [4]

petroleum  ether- 
ethyl ace ta te (3:1)

124—126 C 1 2 H i 6 0 5 240.4 59.93 6.71 59.92 6.90

petroleum  ether- 
e thy l acetate (2:1)

122—124 ci2h ,A 238.7 60.48 5.88 60.41 5.93 M ethyl ester, 
see ref, [5],

70% aqueous 
methanol

107—109 СчзН180 5 254.6 61.40 7.13 61.42 7.07 M ethyl ester, 
m .p . 30-31°

70%  aqueous 
methanol

123—125 1̂3̂ 18̂ 5 254.6 61.40 7.13 61.52 7.13

petroleum  ether- 
acetone (9 : 1)

128— 129 1̂3̂ 18̂ 5 254.6 61.40 7.13 61.32 7.17

petroleum ether- 
acetone (10 : 1)

93—95 C14H20O6 268.6 62.60 7.50 62.46 7.65

70%  aqueous 
m ethanol

163—165 1̂5̂ 18̂ 5 278.2 64.82 6.48 64.67 6.53

w ater-ethanol
( 3 : 1 )

109—111 1̂2̂ 1 f,06 256.6 56.25 6.25 56.14 6.19

petroleum -ether 
acetone ( 2 : 1 )

9 1 -9 3 c ,2H18o 5 238.7 60.48 5.88 60.39 5.95

70%  aqueous 
m ethanol

8 2 -8 3 Ci3H180 5 254.6 61.40 7.13 61.52 7.22

1. In  genera l, basic  esters of 4 -lo n g er-a lk o x y -3 ,5 -d im eth o x y b en zo ic  
acids have  a s tro n g e r  sp asm o ly tic  ac tio n  th a n  th o se  of 2 -longer-a lkoxy-3 ,4 - 
d im eth o x y -b en zo ic  acids.

2. W ith  th e  sam e acid  co m ponen t, 2 -d ie th y lam in o e th y l a n d  2 -N -p y rro - 
lid in o e th y l es te rs  show  th e  s tro n g est sp asm o ly tic  ac tio n ; p e ro ra l re so rp tio n  
o f th e  la t te r  g roup  o f com pounds is m ore fav o u rab le .
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alkoxydimelhoxybenzoic acids

E m p irica l
fo rm u la

M olec
u la r

w eigh t

A nalysis , %
N o tesCalcd. F o u n d

C I H N 1 c' C H  1 N Cl

C„H28C1N05 362.4 3.87 9.83 3.83 9.77 See ref. [3]

c 17h 26c in o 5 360.4 3.88 9.88 3.84 9.79

c 18h 30c in o 5 376.4 3.73 9.45 3.81 9.38

c I8h 28c in o 5 374.4 3.74 9.48 3.77 9.41

c „ h 28c i n o 5 362.4 3.87 9.83 3.90 9.79

c20h 27n o 9 425.6 56.55 6.35 3.30 56.58 6.41 3.36

c I3i i 30c i2n 2o 5 413.8 6.78 17.22 6.72 17.09

c 18h 28c in o 6 390.3 3.59 9.12 3.53 9.12

^21^31-^Og 441.7 57.10 7.09 3.18 57.00 6.97 3.23

C19H32C1N05 390.4 3.59 9.12 3.56 9.04

c25h 38n o 8 497.5 60.48 7.85 2.82

1

60.37 7.94 2.89
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Compd.
No. VÜ4XH

К R’ Salt

M
eth

od Recryst.
solvent M. p., C

V-80/A I B-CjHg c h 2c h 2n  h
\ N__

hydro
chloride

c ethyl
acetate

122—124

V— 79 I n-CdH9
/  \  

c h , c h 2n  h  )
\ _ /

hydrogen
maleate

c acetone 117—118

V—78 I n-C4H9
/ ~ \  

CHoCHoN 0
\ _ /

hydro
chloride

c acetone 181—183

V—84 1 n-C4H9
/ “ \  

CH,CH2N 0
\ _ /

\
CH3

hydro
chloride

c acetone-
ethanol

( 4 : 1 )

182—183

V— 105 I ra-C4H9 c h 2c h 2o c h , c h ,n
(C2H5)2

dihydrogen
citrate

c acetone 82—85

V—90 

Y —106

I n-C4H9 CH2CH2CH2N(CH3)2 hydro
chloride

c bntanone 139—141

I n-C4H9 CHCH2N(C2H5)2
1
CH3

hydro
chloride

c acetone 148—150

V—83 1 rt-C4H9 CH2— CH,
CH2

HC NCH3 1
CH2

CH2—C H ^

dihydrogen
citrate

c acetone-
m ethanol

( 1 : 1 )

162—163
(decomp.)

V—96 I iso-C4H9 CH2CH2N(C2H 5)2 hydro
chloride

c acetone 153—154

V—95 

V—98

I

I

iso-C4H9 c h 2c h 2n  h  
\ _

hydro
chloride

c acetone 153— 154

sec-C4H9 CH2CH2N(C2H5)2 hydro
chloride

c acetone 152—153

V 97 I sec- C4H9
/ ~  

c h 2c h 2n  h hydro
chloride

c butanone 127—129
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Empirical
formula

Molec
ular

weight.

Analysis, %
Cabal. Fourni

H N Cl j C H N Cl

Ci»H3ijC1N05 388.4 ! 3.61 9.16 3.63 91.12 Hydrogen 
m aleate 
(compd. 
V-80) m. p. 
108—110° 
(from ethyl 
acetate)

C;,H :,-NO„ 481.6 59.75 7.12 2.91 59.63 7.18 3.03

C,0H n„ClNO„ 404.2 56.50 7.48 3.47 8.81 56.65 7.61 3.38 8.73

c20h 12c in o 0 418.2 57.45 7.66 3.35 8.53 57.33 7.80 3.41 8.51

2̂7̂ -43̂ 1̂3 589.5 55.05 7.31 2.38 54.92 7.42 2.33

C1RH 31)C1N05 376.4 3.73 9.45 3.91 9.31

а„н;,4с т о . 404.4 3.47 8.81 3.41 8.75
c

569.2 56.81 6.91 2.46 56.67 7.03 2.51

C^H^CINO-, 390.4 3.59 9.12 3.71 9.17

CleH 3UClNOs 388.4 3.61 9.16 3.54 9.09

c 19h mc in o 6 390.4 3.59 9.12 3.65 9.07

Cii)HailClN05 388.4 3.61 9.16 3.57 9.09
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C o r a p d .
N o . T y p e R R ' S a l t

M
e

th
o

d

R e c r y  s t .  
s o l v e n t M . p . ,  °c

V—92 I n -C5H U CH2CH2N(C2H5), hydro
chloride

c acetone 127—129

V —91 I n-C5H u CH2CH2N II hydro
chloride

c butanone- 
w ater 
(100 : 1)

1 2 4 -125

V— 112 I / = \ CH2CH2N(C2H5)2 hydro
chloride

D acetone 157—159

V — 114 11 CH2C H = C H 2 CH2CH2N(C2H5), hydro
chloride

C acetone 93—95

V 99 I I n-C.II, CH2CH2N(C2H6)2 hydro
chloride

C butanone 107—109

II n-C.II.j
/

c h 2c h 2n  h dihydrogen
citra te

C butanone 83—85

3. In  th e  alcohol p a r t ,  th e  p referab le  d is tan ce  betw een  th e  N a n d  О 
a to m s  is 2 carbon a to m s. R e so rp tio n  is im proved , w hile  spasm o ly tic  ac tio n  is 
d e c re a sed  b y  a d is tan ce  o f  3 ca rb o n  atom s.

4. I n  th e  alcohol p a r t ,  a s tra ig h t carbon  ch a in  betw een  th e  N a n d  О 
a to m s  is m ore fav o u rab le  t h a n  a b ran ch ed  chain .

I n  positio n  4 o f  th e  a c id , th e  presence o f a n -b u ty l  or iso b u ty l g roup  is 
a d v a n ta g e o u s . The a c tio n  b ecom es stronger b y  in tro d u c tio n  of a n  n -am y l 
g ro u p , b u t  re so rp tion  is less. B y  in tro d u c tio n  o f a n  n -p ro p y l g roup , re so rp tio n  
is im p ro v e d , b u t  th e  a c tio n  is w eakened .

A m o n g  th e  co m pounds in v es tig a ted , 2 -N -p y rro lid in o -e th y l 4 -n -b u to x y - 
3 ,5 -d im e th o x y b en zo a te  h y d ro c h lo rid e  (com pound  У —80/A) has been  fo u n d  
th e  m o s t  favourab le  in  v iew  o f  spasm oly tic  a c tio n , to x ic ity , an d  re so rp tio n ; 
i t  is co n sid e red  of su ffic ien t in te re s t  to  ju s tify  c lin ica l tr ia ls .

O ne o f the  este rs , c o m p o u n d  V —104, has b een  re p o rte d  in  th e  m ean tim e  
in th e  l i te ra tu re  [3].

A s th e  basic e s te rs  a re  oils, th e ir  c ry s ta llin e , w ater-so lub le  sa lts  have  
b een  u se d  for th e  p h a rm aco lo g ica l te s ts . In  g enera l, th e  basic  esters h av e  been 
p re p a re d  from  th e  acid  ch lo rid es  w ith  the a p p ro p r ia te  am ino alcohol o r — in 
som e cases — from  th e  ac id  a n d  th e  am inoa lky l ch lo rid e . All alcohols u sed  are 
d e sc rib e d  in  the  l i te ra tu re  e x c e p t ]N -(2 '-hyd roxye thy l)-2 -m ethy lm orpho line  
w h ich  h a s  been sy n th es ized  b y  condensing  e th y le n e  ch lo ro liydrin  w ith  2- 
m e th y lm o rp h o lin e .
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Empirical
formula

Molec
ular

weight

Analysis- %
Calcd. Found Notes

C H N Cl c II N Cl

C20H 31C1NO, 404.4 3.47 8.81 3.46 8.72

c ,„h 32c in o 3 402.4 3.48 8.83 3.39 8.77

c 21h 32c in o 5 414.5 3.38 8.61 3.35 8.53

c ,„h 2Sc in o 5 374.4 3.74 9.48 3.79 9.38

c 18h 32c in o 6 390.4 3.59 9.12 3.66 9.14

c 25h 37n o I2 543.2 55.31 7.03 2.58 55.22 7.14 2.53

T he acids h av e  been  p re p a re d  b y  a lk y la tin g  m e th y l o r n -b u ty l 4-hy- 
d ro x y -3 ,5 -d im eth o x y b cn zo a te  or m e th y l 2 -h y d ro x y -3 ,4 -d im e th o x y b en zo a te , re 
sp ec tiv e ly , by  m eans of an  a lk y l h a lide , an d  hyd ro ly z in g  th e  4 -a lk o x y  or 2- 
a lk o x y  este r to  th e  acid . T he a lk y la tio n  o f m eth y l 4 -h y d ro x y -3 ,5 -d im eth o x y - 
b en zo a te  m ay be accom plished  e ith e r  b y  th e  reac tio n  of th e  e s te r  w ith  an 
a lk y la tin g  agen t an d  p o ta ss iu m  ca rb o n a te  in  ace tophenone  (M ethod  “ A ” ), or 
w ith  th e  sodium  sa lt o f th e  e s te r  an d  an  a lk y la tin g  ag en t in  an  a lcoho lic  so lvent 
(M ethod “ B ” ). F o r th e  a lk y la tio n  of m e th y l 2 -h y d ro x y -3 ,4 -d im eth o x y -b en - 
zo a te  th e  firs t m e th o d  w as o n ly  successful. T he p re p a ra tio n  of 4 -(2 '-d im e th y l- 
am in o e th o x y )-3 ,5 -d im eth o x y b en zo ic  ac id  w as som ew hat d iffe ren t (see E x p e ri
m en ta l) . 4 -E th o x y -3 ,5 -d im eth o x y b en zo ic  acid  h ad  been know n  fro m  lite ra tu re
[4 ]; m e th y l 4 -a lly lo x y -3 ,5 -d im eth o x y b en zo a te  had  also b een  d esc rib ed  [5]. 
D a ta  of th e  acids p rep a red  a re  su m m arized  in  T able I.

E xperim en tal*

Preparation of the starting  m aterials 4-Alkoxy-3,5-dimethoxyl>enzoic acids

Method “A ” A m ixture of m ethyl or га-bu ty l 4-hydroxy-3,5-dim ethoxybenzoate (0.25 
mole), acetophenone (180 ml), and pulverized anhydrous potassium  carbonate  (0.32 mole) 
was stirred  for 5 m inutes a t  130 — 135°; the alkylating  agent (0.32 mole) was added by drops

* All melting points are uncorrected.
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d u rin g  2 hrs., and the m ix tu re  s tirred  7 to 30 hrs. a t 135 —145°. In  one case boiling butanone 
w as u sed  as the solvent.

A fter cooling and filtra tio n , the  solvent was rem oved by distillation under reduced 
p ressu re  o r w ith steam, the residue dissolved in ether (200 m l), th e  ethereal phase ex trac ted  
w ith  2 %  sodium hydroxide so lu tion  (300 ml), and the e th e r evaporated . The crude ester was 
hy d ro ly zed  by boiling for 2 hrs. w ith  44%  aqueous potassium  hydroxide solution (33 ml) in 
m e th an o l (400 ml). The m ethano l w as distilled under reduced pressure, the residue dissolved 
in  w a te r  (300 ml), ex tracted  w ith  e th e r (100 ml) and acidified w ith  hydrochloric acid. A fter 
cooling th e  crude acid was filte red  off, washed with w ater, dried  in  vacuum  and recrystallized.

Method “ jB” n-B utyl 4-hydroxy-3 ,5-dim ethoxybenzoate (0.25 mole) was mixed w ith a 
so lu tion  of sodium n-butoxide (0.3 mole) in n-butanol (300 m l); the alkylating  agent (0.325 
m ole) w as added by drops during  2 hrs. under stirring and  boiling, and the m ixture refluxed 
for 4 to  45 hrs. After cooling and  f i ltra tio n  the butanol was rem oved in  vacuum  and the residue 
ta k e n  up  in  mixture of e ther (200 m l) and w ater (200 ml). The ethereal phase was worked up 
in  th e  sam e manner as in M ethod “ A ” .

In  the preparation of 4-allyloxy-3,5-dim ethoxybenzoic acid, sodium m ethoxide was 
used  in  boiling methanol as th e  solvent.

2-Alkoxy-3,4-dim ethoxybenzoic acids

M ethod “ A” was em ployed, b u t the starting m ateria l was m ethyl 2-hydroxy-3,4- 
d im ethoxybenzoate .

4 -(2 ’-Dim ethylam inoethoxy)-3,5-dim ethoxybenzoic acid hydrochloride

A solution of 2-dim ethylam inoethyl chloride (25.8 g) in  d ry  benzene (200 ml) was added 
by d ro p s to  a vigorously stirred , boiling m ixture of the sodium  salt of m ethyl 4-hydroxy-3,5- 
d im ethoxybenzoate  (40.85 g) and  m ethanol (175 ml); the m ix tu re  was boiled for 1 hr. more. 
A fte r cooling, water (200 ml) and  benzene (200 ml) were added, th e  benzene layer was ex tracted  
w ith  4 %  sodium hydroxide solu tion  (200 ml) and dried over anhydrous potassium  carbonate. 
A fte r f iltra tio n  the benzene was d istilled  in vacuum, the residue dissolved in anhydrous ether 
and  acid ified  with 20% ethanolic  hydrogen chloride (30 ml) to give 24.18 g of m ethyl 4-(2’- 
d im ethylam inoethoxy)-3 ,5-dim ethoxybenzoate hydrochloride, m. p. 191 — 193° (after recrystal- 
jiz a tio n  from  a 1 : 1 m ixture of ace tone  and ethanol).

C14H22C1N05 (320.4). Calcd. Cl 11.06; N 4.37. Found Cl 10.97; N 4.27% .

T h is ester (18.05 g) w as hydro lyzed  by boiling 2 hrs. w ith  cone, hydrochloric acid 
(53 m l) in  w ater (105 ml). A fte r evaporation  in vacuum , the residue was tr itu ra ted  w ith 
ace tone , filtered  off and dried to  give 14.35 g of hydrochloride of the acid, decomposition 
p o in t 2 4 9 -2 5 1 ° .

C13H 20ClNO5 (306.4). Calcd. Cl 11.57; N 4.57. Found Cl 11.63; N 4.50% .

Acid chlorides

A m ixture of the acid (0.05 m ole), dry benzene (15 ml) and  th ionyl chloride (15 ml) was 
re fluxed  un til the gas evolution ceased (in general, 1.5 hrs.); th e  solvent and excess thionyl 
ch loride were then removed in  vacuum . The crude acid chloride left behind were usually oils 
and  used  for the preparation of esters w ithout further purification . Three of the acid chlorides, 
how ever, were crystalline: 4-n-propoxy-3,5-dim ethoxybenzoyl chloride, m. p. 32 — 33° (from 
p e tro leu m  ether); 4-allyloxy-3,5-dim ethoxybenzoyl chloride, m. p. 61 — 62° (from petroleum  
e th e r); and  4-(2’-dim ethylam inoethoxy)-3,5-dim ethoxybenzoyl chloride hydrochloride, m. p. 
200 — 201° (after tritu ra tion  w ith  acetone).

N -(2’-hydroxyethyl)-2-m ethylinorpholine

E thy lene  chlorohydrin (11.7 g) was added by drops during 1 hr. to 2-m ethylm orpholine 
(30 g) a t  130° under stirring  and  th e  m ixture was heated for ano ther 1 hr. a t the sam e tem 
p e ra tu re . A fter cooling, dry e th e r (250 ml) was added, th e  prec ip ita te  filtered off, th e  ether
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evaporated  from th e  filtra te  and the residue distilled in vacuum  to give 14.72 g of th e  base, 
b.p. 94° a t 7 mm or 100° a t  10 mm.

C ,H l6NO, (145.3). Calcd. C 58.00; H 10.34; N 9.64. Found C 58.08; H 10.49; N  9.57% .

Preparation of th e  basic esters

Method “ C” . A solution of the basic alcohol (0.05 mole) in dry chloroform (10 m l) was 
added by drops to  th e  acid chloride (0.05 mole) in  d ry  chloroform (70 ml), w ith  stirr in g  and 
ice-cooling; the solu tion  was then  boiled for 8 hrs. and  th e  solvent removed in vacuum . The 
residue was dissolved in  w ater (200 ml), ex trac ted  w ith  e th e r and the ethereal layer discarded. 
The aqueous solution was m ade alkaline w ith po tassium  hydrogen carbonate, th e  oily  base 
ex tracted  w ith e ther (250 ml) and the ethereal layer dried  over anhydrous potassium  carbonate . 
After filtra tion  a concentrated  solution of the app rop ria te  acid (0.06 mole) in  e th an o l was 
added, the p rec ip ita ted  salt filtra ted  off after cooling, and  recrystallized.

Method “ D ” . A m ix ture  of the acid (0.02 mole), sodium  isopropoxide (0.02 mole), iso
propanol (50 ml) and  diethylam inoethyl chloride hydrochloride (0.02 mole) was boiled for 12 
hrs. and the ho t solution filtered. The filtra te  was evaporated  in vacuum  and  th e  residue 
recrystallized.

The au thors are indebted  to the A nalytical D epartm en t of the Research Institu te for  
Pharmaceutical Chemistry for the analyses; to  O. W in t e r st e in  for the preparation of m ateria ls; 
and to  Mrs. I. F üzesi and É. Moharos for their useful technical assistance.

SUMMARY

In order to  exam ine the spasm olytic action, 28 basic esters of the title  acids have  been 
synthesized. Pharm acological evaluation revealed several relationships betw een th e  spasm o
lytic effect and th e  chemical structures of the acid and  alcohol parts of the basic esters. The 
title acids have been prepared by alkylating th e  esters of 4-hydroxy-3,5-dim ethoxy- and 2- 
hydroxy-3,4-dim ethoxybenzoic acids, respectively.
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T he s tu d y  of th e  re la tio n s  b e tw een  o p tic a l ro ta tio n  an d  th e  chem ical 
s tru c tu re  and  ab so lu te  co n fig u ra tio n  o f o rg an ic  com pounds is one o f th e  m ost 
im p o r ta n t p rob lem s of s te reo ch em is try  [1]. Such  stud ies have  also in c lu d e d  a 
n u m b e r of n itro g en  com pounds, m a in ly  p r im a ry  am ines an d  th e ir  d e riv a tiv e s  
[2, 3 ]. P o t a p o v  an d  T e r e n t i e v  h av e  re c e n tly  su b jec ted  to  a v e ry  d e ta iled  
in v es tig a tio n  th e  re la tio n sh ip  be tw een  o p tica l ro ta tio n  an d  th e  a b so lu te  co n 
f ig u ra tio n  of am ines of th e  ty p e  H R jF L C N tL  a n d  th e ir  d e riv a tiv e s  [3]. H ow 
ev er in  th e  n itro g en  com pounds in v e s tig a te d  so fa r  n o t th e  n itro g en  a to m , b u t  
th e  carb o n  s tru c tu re  is a sy m m etric , as th e re  h av e  been know n b u t  v e ry  few 
q u a te rn a ry  am m onium  sa lts  w ith  de fin ite  ab so lu te  co n figu ra tion . W hile  th e  
ab so lu te  con figu ra tions o f a n u m b er of ca rb o n  com pounds have  b een  e lu c id a te d  
fo r som e tim e , th e  f irs t q u a te rn a ry  am m o n iu m  sa lt w ith  know n c o n fig u ra tio n  
w as p rep a red  n o t m ore th a n  te n  y ea rs  ago [4]. H ow ever, all N -c a rb o x y m e th y l-  
3 a ,6 /? -d ih y d ro x y n o rtro p an e  d e riv a tiv e s , as w ell as th e  la te r  described  m o rp h in e  
d e riv a tiv e s  w ith  know n co n fig u ra tio n s  c o n ta in  besides th e  a sy m m e tr ic  q u a 
te rn a ry  n itro g en  a to m  also asy m m etric  ca rb o n  atom s.

T here  is a considerab le  difference in  th e  op tica l ro ta tio n s  o f th e  N -stereo - 
isom eric  q u a te rn a ry  am m onium  sa lts  o f m o rp h in e  skele ton  p re p a re d  ea rlie r  in  
th is  la b o ra to ry  [5]. I t  seem ed reaso n ab le  to  s tu d y  these  ro ta tio n  v a lu e s  in  a 
w id er ran g e , an d  to  com pare  th em  w ith  t h a t  o f o th e r m orph ine  d e r iv a tiv e s . 
O u r aim  was to  o b ta in  from  th e  ro ta to ry  d ispersion  stud ies — b y  ta k in g  in to  
co n sid e ra tio n  som e l i te ra tu re  d a ta  — in fo rm a tio n  on th e  ro ta to ry  p o w er of 
th e  a sy m m etric  n itro g en  a to m  in m orph ine  d e riv a tiv e s  an d  on th e  c o n fig u ra tio n  
o f th ese  stereo isom eric  q u a te rn a ry  sa lts .

As te s tif ie d  b y  recen t lite ra tu re , r o ta to ry  d ispersion  s tu d ies  f in d  in c rea s
ing ly  w ider use in  th e  e lu c id a tio n  o f th e  s tru c tu ra l  p roperties of o p tic a lly  ac tiv e  
com pounds [ 6 ] .  M orphine d e riv a tiv e s  h av e  b een  s tu d ied  b y  B o b b i t t  et al. [ 7 ]  

w ho fo u n d  an  anom alous d ispersion  cu rve  a ro u n d  300 m ft, b u t  th e ir  s tu d ies  
d id  n o t include q u a te rn a ry  n itro g en  com pounds.

E m d e  [ 8 ]  d e t e r m i n e d  t h e  d i r e c t i o n  o f  t h e  r o t a t i o n  o f  t h e  a s y m m e t r y  

c e n t r e s  C(-j, С(6), С(13) a n d  C(U) o f  t h e  m o r p h i n e  s k e l e t o n  b y  a p p l y i n g  t h e  p r i n -
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ciple o f th e  o p tica l su p e rp o sitio n . In  th e  p re se n t w ork  we w ish to  re p o rt on our 
s tu d ie s  concern ing  th e  effect on th e  ro ta tio n  o f  th e  su b s titu e n ts  of th e  n itro g en  
a to m  in  p o sitio n  17 w h ich  is d irec tly  lin k ed  to  th e  asy m m etric  ca rb o n  a tom s 
C(e), C(5y  C(13), C(e) in  th e  m orph ine sk e le to n . T h is effect was in v e s tig a te d  
in  th e  case o f som e b ase s , te r t ia ry  sa lts  a n d  o f  N -stereo isom eric  q u a te rn a ry  
sa lts .

B e s i d e s  t h e  N - s t e r e o i s o m e r i c  q u a t e r n a r y  s a l t  p a i r s  w i t h  m o r p h i n e  s k e l e 

t o n  p r e p a r e d  i n  t h i s  l a b o r a t o r y ,  B o g n á r  a n d  S z a b ó  [ 9 ]  r e p o r t e d  s t e r e o i s o -

I

R, R2

a  C H j-  H

b C H 3-  C H j -

c  H H

d H C H j -

e C H 2= C H - C H 2-  H

Fig. 1

m eric 0 (3 ),0 (6)-d iace ty lm o rp h in e  q u a te rn a ry  s a lts . In  th e  case of th e  la t te r  
co m p o u n d s th e  d ire c tio n  of th e  op tica l ro ta tio n s  o f th e  q u a te rn a ry  d e riv a tiv e s , 
o b ta in e d  dep en d in g  on th e  sequence of in tro d u c in g  th e  su b s titu e n ts  of the  
n itro g e n  a to m  changes in  th e  sam e w ay  as fo u n d  b y  us fo r m orph ine an d  codeine 
d e riv a tiv e s .

T h e  ro ta to ry  p o w er o f 0 ( 3) ,0 (6)-d iace ty lm o rp h in e-N -a lly l b ro m id e  is 
[a ]o  =  — 112.6° a n d  t h a t  o f 0 (3),0(3)-d iace ty l-N -a lly ln o rm o rp h in e  m eth o - 
b ro m id e  [a]o  =  — 152.9°. I t  is a rem ark ab le  f a c t  t h a t  th e  difference b e tw een  
th e  ro ta tio n s  of 0 ( 3),0 (6)-d iacety lm orph ine-N -re-p ropy l brom ide an d  of 0 (3),0 (6)- 
d ia c e ty l-N -n -p ro p y ln o rm o rp h in e  m eth o b ro m id e  is p ra c tic a lly  th e  sam e as 
b e tw een  th e  ro ta to ry  v a lu es  of th e  fo rm er tw o  com pounds, n am ely  40.2°. 
B o g n á r  an d  S z a b ó ,  th e re fo re , concluded  t h a t  th e  c o n tr ib u tio n  of th e  rin g  
n itro g e n  a to m  to  th e  a sy m m e try  of th e  m olecu le  is 20.1° — 20.2°.
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Discussion

T he com pounds w ith  m orph ine  s tru c tu re s  w hich  h av e  been in v es tig a ted  
b y  us are  show n in F igs. 1 an d  2. W hen th e  m o lecu la r ro ta tio n  is p lo tte d  
ag a in s t th e  w av e len g th  in  th e  range  s tu d ied , a sm o o th  n eg a tiv e  curve is o b ta in e d  
up  to  295 m /и for all com p o u n d s, to  be follow ed b y  th e  reg ion  of anom alous 
d ispersion . A t low er w av e len g th s  th e  m o no tonous cu rv es  w ould  p ro b ab ly  show  
th e  n eg a tiv e  C o tto n  e ffec t w hich  h ad  been o b se rv ed  b y  B o b b i t t  et al. [ 7 ] .

Ri r2 Rj XH

a H CHj- H C I H

b H C H j - H 1H

c C H 3- C H 3 - H C I H

d C H j - H H I H

e C H 2= C H - C H 2- H H I м

f C H 3— H C H 2= C H - C H 2 - I H

9 C H 2= C H - C H 2- H C H j - IH

h C H 3- C H 3- C 6H 5- C H 2- IH

i c 6H 5- C H 2 - C H ^ - С Н , - I H

Fig. 2

In  acco rdance  w ith  th e  th e o ry  of ro ta to ry  d isp e rs io n , th e re  is generally  a co n 
siderab le  change in  th e  m olecu lar ro ta tio n  to w a rd s  th e  region of low er w av e 
len g th s , an d  th e  d ifference betw een  th e  ro ta tio n s  o f  th e  co rrespond ing  co m 
p ounds is also g re a te r . T h u s ro ta tio n s  m easu red  a t  low er w aveleng ths m ay  
b e t te r  used to  e s tab lish  th e  differences be tw een  co m pounds [10], in som e cases, 
how ever, a co m p ariso n  o f th e  profiles of th e  cu rv es  over a w ider range  m ay  
also be o f in te re s t.
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T he X va lu es  o b ta in e d  b y  th e  o n e-te rm  D ru d e  eq u a tio n  [11] are  low er 
(betw een  210 an d  250 m/t) th a n  th e  e x p e rim e n ta lly  m easured  low er v a lu es  
(295 — 300 m //). F o r  th is  reason  m olecu lar ro ta t io n s  m easured  a t  310 т ц  
(Ф310) w ere used  fo r com parison .

S u b s titu tio n  in  positio n  3 of th e  sk e le to n  b rings ab o u t an  u n eq u iv o ca l 
change ex ten d in g  o v er th e  en tire  sp ec tru m  ra n g e , as show n b y  th e  ro ta tio n

values of m o rp h in e  (la) and  codeine (lb) (F igs. 3a an d  3b). In  th e  case o f n o r- 
codeine h y d ro h a lid e s  (lia and  lib) th e  h a lid e  ions w hich com pensate  th e  p o s i
tiv e  charge o f th e  n itro g en  have  also s ig n if ic a n t effect on th e  m o lecu la r r o ta 
tio n , in  sp ite  o f th e  fa c t th a t  in th is  case th e  n itro g e n  is no longer a c e n tre  of 
a sy m m etry . In  th e  sp ec tru m  range in v e s tig a te d , norcodeine. H I  ( lib )  is m ore 
m ark ed ly  la e v o ro ta to ry  th a n  norcodeine. H C l (Ha) (F ig . 4).

C om parison  of th e  ro ta tio n s  o f n o rm o rp h in e  (Ic) an d  m o rp h in e  (la), 
fu r th e r  of n o rco d e in e  (Id) and  codeine (lb) show s th a t  in  th e  en tire  sp e c tru m  
range th e  ro ta tio n  v a lu es  of th e  n o r-co m p o u n d s are low er (F igs. 3a a n d  3b), 
b u t  a t  600 m /t th e  ro ta tio n  of norcodeine. H C l (Ha) is h igher th a t  o f codeine. HC1 
(lie ) . A t 530 m it th e  m olecu lar ro ta tio n  v a lu e s  o f th e  tw o com pounds a re  th e  
sam e, an d  from  th is  w av e leng th  upw ard s th e  n e g a tiv e  ro ta tio n  o f codeine . HC1 
( lie )  increases co n sid e rab ly  m ore ra p id ly  (F ig . 4).

N -A lly ln o rin o rp h in e .H I (He) has a h ig h e r  negative  ro ta tio n  th a n  m o r
p h in e .H I (lid) (F ig . 5). T he sam e is t ru e  fo r th e  correspond ing  bases (la a n d  Ie)
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u p  to  325 in/i. T h u s th e  com pound  w hich c o n ta in s  a la rg e r an d  m ore po la r 
g roup  in  e q u a to ria l p o sitio n  has also a h ig h er m o lecu la r ro ta tio n .

T ab le  I  show s th e  m o lecu lar ro ta tio n s , m easu red  u n d e r id en tica l co n d i
tio n s  of th e  p a irs  m orphine.H C 1 an d  m o rp h in e  m eth o ch lo rid e ; m o rp h in e .H I 
a n d  m o rp h in e  m eth io d id e ; m orph ine  6 -e th y l e th e r .H I  and  m o rp h in e  6 -e th y l 
e th e r  m e th io d id e ; co d e in e .H I an d  codeine m eth io d id e .

I t  is seen from  th e  ta b le  th a t  in  th e  case o f all five p a irs  o f sa lts  th e  
co rrespond ing  m eth o co m p o u n d  in  w hich th e  n itro g e n  is no longer a sy m m etric  
h as  low er n eg a tiv e  ro ta tio n .

B y  ta k in g  in to  co n sid e ra tio n  th e  a fo resa id , i t  is reasonab le  to  d raw  a 
com p ariso n  be tw een  th e  Ф va lues of N -stereo isom eric  q u a te rn a ry  m o rp h in e  
d e riv a tiv e s . A com parison  of th e  Ф v a lue  o f m orph in e-N -a lly l iod ide (I lf)  
w ith  th a t  o f N -a lly ln o rm o rp h in e  m eth io d id e  ( I lg )  show s th a t  th e  v a lu es  of 
th e  f ir s t  com pound  are  con sid erab ly  low er over th e  e n tire  sp ec tra l ran g e  (F ig . 
5). T he ro ta tio n  o f m o rp h ine-N -a lly l iodide is also  low er th a n  th a t  o f N -ally l- 
n o rm o rp h in e .H I (H e) an d  even th a n  th a t  o f m o rp h in e .H I ( lid ) , w hile  th e  Ф 
v a lu e  o f N -a lly ln o rm o rp h in e  m eth io d id e , w hich  is s tereo isom eric  on th e  n i t ro 
gen a to m , is co n sid e rab ly  h ig h er th a n  th e  va lu es  of th e  tw o  fo rm er com p o u n d s.

C om parison of th e  Ф values of codeine-N -benzy l iodide (Ilh ) an d  N -ben- 
zy lnorcodeine  m eth io d id e  (Hi) (Fig. 6) show s an  even m ore m ark ed  d ifference 
in th e  sam e d irec tio n  b e tw een  th e  m em bers o f th e  stereo isom eric  s a lt p a ir .

Table L

Compound MD, Note

Morphine. HC1 — 381° a
Morphine methochloride — 349° b
Morphine. HI — 349.2° C

Morphine methiodide — 324.5° d
Morphine 6-ethyl ether. HI — 551.3° e

Morphine 6-ethyl ether methiodide — 476.9° e

Codeine. HC1 — 410.7° f
Codeine methochloride — 221.4° f
Codeine. H I — 400° f
Codeine methiodide — 362° к

Note: a Own measurem ent w ater, 23°C, c =  1. Lit. [12] value: —373.5° (water, 15°C, c =  1) 
b W ater, 29°C [13]
c Own m easurem ent (water, 24°C) [15] 
d W ater, 25°C [14] 
e W ater, 24°C [15]
/  W ater, 27°C [13a]
g Own m easurem ent (water, 25°C, c — 1)
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I n  th e  ra n g e  of low er w a v e len g th s  th e  d e v ia tio n  of th e  cu rves is m ore  p ro 
n o u n c e d .

F ro m  all th a t  h as  b een  sa id  so fa r, th e  conclusion  m ay  be d raw n  th a t  th e  
d iffe re n c e  betw een  th e  ro ta t io n  v alues o f N -stereo isom eric  q u a te rn a ry  sa lts  
in c re a se s  paralle l to  th e  d ifference  in  th e  p o la rizab ility  of th e  s u b s titu e n ts  
a t ta c h e d  to  th e  n itro g en  a to m . I t  is also seen th a t  th e  la rg e r an d  m ore  p o la r 
s u b s t i tu e n ts  in  a s te reo iso m eric  m o rp h in e  or codeine q u a te rn a ry  s a lt increase  
th e  n e g a tiv e  ro ta tio n  w h en  p re se n t in  e q u a to r ia l positio n , a n d  th e y  reduce  
w h e n  in  ax ia l position . T h e  w o rk  o f B ognár  an d  Szabó also confirm s th a t  th e  
p o la r i ty  o f  th e  rad ica l is n o t  th e  on ly  decisive fac to r . T he Ф v a lu e  of codeine-N - 
b e n z y l io d id e  (Ilh) is low er th a n  th a t  o f no rcodeine  h y d ro io d id e  ( lib ) . A  com 
p a r is o n  o f  th e  ro ta tio n  v a lu e s  o f th e  n o r-co m p o u n d s, N -alky l d e riv a tiv e s , N- 
d im e th y l  com pounds a n d  o f  N -sterco isom eric  q u a te rn a ry  sa lts  a ffo rd  u n e q u i
v o c a l in fo rm a tio n  a b o u t c o n fig u ra tio n  o f th e  la t te r  com pounds. I t  m ay  be 
s t a te d  t h a t  th e  te r t ia ry  N -a lk y l d e riv a tiv e s  a re  m ore s tro n g ly  la e v o ro ta to ry  
th a n  th e  corresponding  n o r-co m p o u n d s , o r th e  N -d im e th y l d e riv a tiv e s .

E x p erim en ta l

F o r th e  measurem ents a Pepol 60 type  photoelectric spectropolarim eter ( Bellingham  
and S tan ley Ltd, London) was used. The ligh t source was a 250 w a tt X E /D /A E I (com pact 
xenon  lam p  (Lamp and L ighting  Co. Ltd., Leicester). The accuracy of the readings was, in  
th e  sp ec tru m  range investigated , higher th an  0.003°. The m easurem ents were m ade in a 
m ix tu re  o f specially purified m ethano l and  w ater (1:1 v /v), the thickness of the layer was 
5 cm , an d  the tem perature 23 ^  1°C.

M orphine  ( la )  (c =  0.2030) Фв00 =  —364°, Ф589 =  —382°, Ф310 =  —2570°.

Codeine (lb ) (c =  0.2026) Фг>00 == - 4 0 2 ° ,  Ф539 =  -4 3 7 ° ,  Ф310 =  -3 2 9 0 ° , Ф300 =  -4 1 8 0 ° . 

N orm orphine  (le) (c =  0.2008) Ф000 =  -2 9 2 ° , Фт  =  —308°, Ф310 =  -2 4 2 0 ° , Ф300 =  —2710°. 

N orcodeine (Id) (с =  0.2013) Ф600 =  —370°, Ф5Ч9 =  —405°, Ф310 =  —2560°, Ф300 =  —3 7 8 0°. 

1\-A lly lnorm orphine  (le) (с =  0.2016) Ф600 =  —420°, Ф589 =  -4 2 1 ° , Ф310 =  —2480°. 

Norcodeine.H Cl (Па) (с =  0.1992)Ф600 = — 3 2 6 ° ,  Ф589 =  — 339°, Ф310 =  2130°,Ф300= —3000 .

N orcodeine.H I (lib) (с =  0.1984)Ф6оо =  — 399°,Ф589 =  —400°,Ф31о — — 3020°, Ф300 =  — 3980°. 

M orph ine .Н 1  (Ш )(с  =  0.2010)Ф6оо = - 3 3 2 °,Ф Ь89 =  —333°,Ф 310 =  - 2 6 6 0 ° ,Ф300 =  -3 2 8 0 ° . 

N -A llylnorm orphine.H I (Ие) (с  — 0.2070) Фпоо =  —370°, Ф589 =  —424°, Ф310 =  —3270°, 

Ф3оо =  -3940°.

M orphine-N -a lly l iodide (Ilf) (с =  0.2032) Ф600 =  —237°, Ф ^  =  —260°, Ф310 =  —2430°, 

Ф300 =  -3030°.

N -A lly lnorm orphinem eth iod ide(llg )(c  =  0.2058)Ф6оо =  —431°,Ф589 =  —488°,Ф 310 =  — 3910°, 

Ф300 =  - 4610°.

Codeine-N-benzyl iodide (Ilh) (с =  0.1723) Ф600 =  —216°, Ф_89 =  —231°, Ф310 =  —2600°, 

Ф3о о =  -3450°.
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N-Benzylnorcodeine methiodide (Ili) (г =  O.1876)0fio{, =  —688°,Ф^у — —670°,Ф31О — —5370°, 

Ф, о» =  -6 9 0 0 ° .

The authors wish to th an k  Prof. K álm án K ovács the  D irector of the In s titu te , for his 
in terest in this work and for his valuable advice.

SUMMARY

The optical ro ta tio n  and optical ro ta to ry  dispersion of some bases and salts and N- 
stereoisomeric qu a te rn ary  sa lt pairs have been investigated . Morphine and codeine m etho- 
halides are less laevoro ta to ry  th a n  the correspodning hydrohalides. In  the studied N-stereo- 
isomeric salt pairs w ith  m orphine skeleton, the com pounds prepared from th e  N -m ethyl 
derivatives w ith alkyl halides w hich contain the bulkier alkyl group on the nitrogen a tom  in 
axial position, are less laevoro ta to ry  than  the qua te rnary  salts obtained  as the m ain products 
from the reaction of N -alkyl-nor-com pounds w ith m ethyl halides.
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РЕЗЮМЕ

Применение диэлектрометрии в химических промышленных анализах
Ш. Б . НАДь

Диэлектрические измерения, проведённые на «заводском диэлектрометре», в про
мышленной измерительной ячейке с гофрированной трубкой, играют значительную 
роль, с точки зрения быстроты и простоты их проведения, а также их надёжности, при 
контроле процессов химической промышленности. Например, в случае исследования 
смесей уксусный ангидрид — уксусная кислота, толуол-хлористый бензол, и т. п. Для 
устранения мешающего действия температурной зависимости ДК, наилучшим оказался 
анализ, проводимый путём гармонического отбора проб и компенсирования температур
ной зависимости прибором, т. е. двумя осцилляторным диэлектрометром. Метод с при
менением «аполярного растворителя» наилучшим образом оправдал себя при последо
вательном наблюдении за реакцией сульфатирования спиртов жирного ряда и для 
индикации конечной точки реакции путём измерения «сопротивления потерь».

Определение железа с помощью радиометрического титрования, 
основанного на образовании комплекса

Й. К О Н Е Ц Н И , Й. ТЁЛДЕШ И и Т. БРА У Н

Рассматривается радиометрическое титрование железа, основанное на образовании 
комплекса. В качестве измерительного раствора использовался 5.1СГ3 М раствор EDTA 
для разделения компонентов использовался катионообменник Dowex 50 W—Х2, в ка
честве же индикатора — радионуклид 55+59Fe. Описывается сущность метода, ход 
работы и достигнутые результаты. С этим методом было определено количество железа 
в фармацевтических изделиях (T in c tu ra  Ferri arom atica). Метод также использовается 
для определения субмикрограммных количеств железа.

Изучение термического распада карбоната марганца II
А. Я . ХЕГЕДЮ Ш  и А. Б . КИШ

При термическом распаде карбоната марганца (II), как и вообще в случае реакций 
термического распада, более точные информации о механизме реакции можно получить, 
если образующиеся в термовесах газообразные продукты распада переводить, с помощью 
какого-нибудь газа-носителя, в газовую кюветту ИК-спектрофотометра и регистрировать 
изменение абсорбции в зависимости от времени и температуры, путем регистрации абсорб
ционных максимумов ожидаемых газов, отдельно каждый при соответствующей длине 
волны.



Теория перехода фаз кристалл-жидкость
Ю. П. БАЗАРОВ

Последовательная статистическая теория плавления развивается в приближении 
самосогласующпхся полей; это основывается на равенстве химических потенциалов кри
сталлической и жидкой фаз, сосуществующих одновременно. Найденные температуры 
плавления инертных газов соответствуют экспериментальным данным. Было выведено 
«правило половиньк, т. е. температура плавления (относительно давления атмосферы) 
равняется половине критической температуры для всех веществ с критическим давле
нием ниже 50 атмосфер.

О механизме адсорбции napon
Дь. СЕКЕЙ

Измерялось количество двуокиси углерода, связанное, образующимися после 
предварительного покрытия поверхности силикагельных проб ацетоном, системами 
силикагель — ацетон в зависимости от количества ацетона, внесенного на пробы. На 
основании полученных данных было установлено, что на крупнопористых пробах адсор
бента, несмотря на покрытие большим количеством ацетона, имеются свободные части 
поверхности, на которых проходит связывание двуокиси углерода. На мелкопористом 
силикагеле количество таких свободных поверхностей очень мало уже в самом начале 
изотермы ацетона и эти поверхности быстро исчезают с увеличением степени покрытия 
ацетоном.

Некоторые новые проблемы механизма обмена веществ водорода и 
реакций гидрогенизации на металлических катализаторах, I. Каталити

ческая реакция обмена между метаном и тритием на Ni-катализаторе
Л . ГУЦ И , и П. ТЕТЕН И

Исследовался гетерогенный каталитический обмен изотопов между СН, и HT, 
на никелевом катализаторе. Изучалась кинетика реакции и рассчитывалась величина 
энергии активации.

Установлено, что каталитический обмен проходит легче между HT и Н2, чем между 
СН4 и HT. Этот факт, в согласии с термодинамическими расчетами, объясняется боль
шей адсорбционной способностью водорода.

Некоторые топологические свойства молекул с ковалентной связью
Ф. БИЛЛЕШ

Установлено, что молекула как геометрическая форма может быть считана графом. 
Различные величины и функции были определены надэтим графом. Удалось топологически 
разделить различные типы молекул: молекулы центрального строения, ценные молекулы, 
плоские кольцевые и пространственные циклические молекулы. Были введены понятия 
об атоме симметрии и линии симметрии. С помощью этих понятий структурная матрица 
молекулы в значительной мере упрощается. Структурная матрица симметрии пригодна 
для ввода молекулярной структуры в вычислительные машины.



Реакция эфиров 2-оксо-5,5-ди(этокси)- и 2-оксо-5,5-этилендиокси- 
циклогексан-карбоновой кислоты с бромом, N-бром-сукцинимидом 

и двуокисью селена. Новая реакция ароматизации
К . ЛЕМ ПЕРТ, К. ШИМОН-ОРМАИ и Р. М АРКОВИЧ-КОРНИШ

1,4-циклогександион (1а), а также его исследованные производные, а именно 
эфиры 5,5-диэтокси- и 5,б-этилендиокси-2-оксо-циклогексан-карбоновой кислоты (1 Vb 
и IVc) под воздействием элементарного брома, N-бром-сукцинимида или двуокиси селена 
ароматизируются в гидрохинон, эфир б-этоксп-салнцилоной кислоты (Vila) или в 1,2- 
бис-(3-этоксн-карбоннл-4-гидрокси-феноксн)-этан (IX).

Синтетические линейные полимеры, XXV

Приближенный метод расчета точек плавления полиэфиров, полиамидов и поли- 
этиленов, содержащих группу SO.

И. ГЕЦИ

Для расчета точек плавления полиэфиров, полиамидов и полиэтиленов, содер
жащих группу S 0 2, использовался, данный автором ранее [12], метод определения, путем 
расчета, точек плавления макромолекул. Рассчитанные точки плавления хорошо совпа
дают с измеренными экспериментально температурами плавления. Необходимые для рас
четов инкременты «молярная обратная точка плавления», были определены на основе 
данных Хорна [14]. Сравнение этих и приведенных ранее [12] величин инкрементов 
показало, что на величину инкремента атомных групп, находящихся в повторяющихся 
звеньях, оказывает также влияние наличие остальных атомных групп.

Исследования в области фунгицидов типа дитиокарбамата, I. Получение 
N-цианалкил- и N-карбоксиалкил-дитиокарбаматов

ДЬ. МАТОЛЧИ и Д Ь . ЙОШ ЕПОВИЧ

Были получены натриевые соли М-метил-1Ч-/?-цианэтил- и N-Memn-N-/3-i<ap6oi<- 
сиэтил-дитиокарбаминовой кислоты, а также несколько их S-замещенных производных 
с целью получения новых производных, аналогичных по биологическому влиянию произ
водным диметил-дитиокарбаминовой кислоты, используемых в сельском хозяйстве в 
качестве фунгицида, но обладающих всасывающейся (системической) способностью. 
Исходя из метиламинпропионитрила и сероуглерода была синтезирована натриевая соль 
Г4-метил-М-/9-цианэтил-дитиокарбаминовой кислоты, S-замещенные производные которой 
были получены но аналогии синтезу подобных производных диметнлдитиокарбоновой 
кислоты. Образование карбоксильного радикала проходило путем последующего гидро
лиза циановой группы.

Производные алкокси-бензойных кислот, III

Основные сложные эфиры 4-алкокси-3,5-диметокси- и 2-алкокси-3,4-диметоксн- 
-бензойных кислот, обладающих подобно папаверину болеутоляющим действием

Е. К А С Т Р Е Й Н Е Р , Л . ВАРГА и Й. БОРШ И

Синтезировались 28 основных сложных эфиров перечисленных в названии статьи 
кислот с целью изучения их болеутоляющего действия. На основе фармакологического 
исследования было найдено несколько зависимостей между химической структурой кис
лотного и спиртового участка основных сложных эфиров и их болеутоляющим действием. 
Кислоты были синтезированы алкилированием эфиров 4-гидрокси-3,б-диметокси- и 2-гид- 
рокси-3,4-диметокси-бензойных кислот.



Ротационная дисперсия нескольких производных морфина и кодеина
Г. Б Е Р Н А Т , Й. А. САБО, К. КО Ц КА  и П. В И Н К Л ЕР

Исследовалась оптическая способность вращения, а также оптическая ротацион
ная дисперсия нескольких оснований и солей, имеющих скелет морфина, а также несколь
ких пар четверичных солей, стереоизомерных по азоту. Метогалоиды морфина и кодеина 
являются менее левовращающими, чем соответствующие гидрогалоиды. В случае иссле
дованных, стереоизомерных по азоту, солевых пар, соединения, полученные из N-метил- 
производных и алкил-галогенидов, содержащих на азоте больший алкильный радикал в 
осевом положении, являются .менее левовращающими, чем полученные из N-алкил-нор- 
оединений и метил-галоидов, в качестве главного продукта, четверичные соли.
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POLAROGRAPHIC DETERMINATION OF RARE EARTH 
1 ONS IN SOLETIONS CONTAINING AMMONIEM LACTATE

J .  I n CZÉDY and L.  E r d EY

( Institute o f  General Chemistry, Polytechnical University, Budapest)

Received A ugust 31, 1966

I n  t he  course o f an  earlie r in v es tig a tio n  [1], a m e th o d  has b een  developed  
fo r th e  p h o to m e tric  d e te rm in a tio n  of ra re  e a r th  ions using  a com plex  rep lace 
m en t reac tio n  of th e  ty p e :

Cu — E D T A  +  R E 3+ R E — E D T A  - f  Cu2+

T he a m o u n t of rep laced  copper io n  a p p ro x im a te ly  eq u iv a len t to  th e  ra re  e a r th  
ions w as m easu red  b y  a p h o to m e tr ic  m e th o d . T h e  d e te rm in a tio n  cou ld  be 
ca rried  o u t d irec tly  in  th e  e fflu en t a f te r  ion  ex ch an g e  c h ro m a to g rap h ic  sepa
ra tio n  of th e  ra re  e a r th  ions, in  th e  presence o f  am m o n iu m  la c ta te  a n d  lac tic  
acid  of fa irly  h igh  co n c e n tra tio n  [2].

R ecen tly  som e ex p erim en ts  h av e  been m ad e  to  develop a p o la ro g rap h ic  
m e th o d  fo r th e  d e te rm in a tio n  of tra c e  a m o u n ts  o f ra re  ea rth s  in  a b u ffe r  so lu 
tio n  of am m onium  la c ta te  an d  la c tic  acid, u s in g  th e  sam e or s im ila r com plex 
rep lacem en t reac tio n s.

T he d irec t p o la ro g rap h ic  m e th o d  m ay  be u sed  on ly  for th e  d e te rm in a tio n  
of eu ro p iu m  an d  y tte rb iu m  [3]. S ince th e  o th e r  ra re  e a r th  ions a re  red u c ib le  a t 
co n sid e rab ly  h ig h er p o te n tia ls , th e  d irec t m e th o d  can n o t be a p p lie d  to  all 
species.

T he aim  of th e  p re se n t w ork  h as  been  to  deve lop  a p o la ro g rap h ic  m e th o d  
fo r th e  con tinuous analysis  of ra re  e a r th  m ix tu re s  a f te r  c h ro m a to g rap h ic  sep a 
ra tio n , p e rm ittin g  th e  use of an  a u to m a tic  a p p a ra tu s  using  lac tic  a c id -am m o 
n ium  la c ta te  b u ffe r so lu tio n  as e lu e n t, an d  a v o id in g  th e  usual p rev io u s  n eu 
tro n  a c tiv a tio n  [4].

I t  h as  been show n th a t  th e  com plex  re p la c e m e n t m eth o d  can  he  app lied  
to  th e  p o la ro g rap h ic  d e te rm in a tio n  o f th e  in d iv id u a l ra re  ea rth s  u s in g  a re a 
g en t so lu tio n  co n ta in in g  c o p p e r(II)  e th y len ed iam in e  te t r a a c e ta te  o r z inc  e th y - 
lened iam ine  te t r a a c e ta te  com plex . T he p H  ra n g e  9.0 — 9.2 w as fo u n d  m ost 
co n v en ien t.
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E xperim ental

A pparatus

P o la rite r PO 4 polarograph ( Radiometer, D enm ark); Precision pH -M eter T ype O P 20S 
(R adelk isz , Hungary).

R eagents

L an thanum  chloride, sam ariu m  chloride and erbium  chloride stock solutions of about 
0.02 M  concentration: W eighed am o u n ts  of the standard  sam ples of the m etal oxides (F a rb 
werke P iesteritz, G. D. R.) were dissolved in cone, hydrochloric acid and after careful evapora
tion  a lm o st to dryness, the residue was taken up in w a te r and diluted in  a volum etric  flask  
to  th e  volum e required. The solu tions were standardized b y  chelatom etric ti tra tio n  using Erio- 
chrome B lack T  indicator.

C opper(II) sulphate stock  solutions of 0.1 and 0.02 M .
Zinc sulphate stock solu tions of 0.1 and 0.02 M .
D isodium  ethylenediam ine te tra ace ta te  (EDTA) s tan d ard  solutions of 0.1 and  of 0.02 M.
Cu-EDTA complex reagen t solution of 0.05 M : 10 m l of the 0.1 M  copper(II) sulphate 

stock  solu tion  was titra ted  w ith  0.1 M  EDTA standard  solution after the add ition  of some 
N H 4C1— N H 4OH buffer of pH  10, in  th e  presence of M urexide indicator. In  order to  prepare a 
so lu tion  containing the sto ichiom etric complex, the sam e volum e of EDTA solution as before 
w as ad d ed  from a burette.

Zn-ED TA  complex reag en t solution of 0.05 M  was prepared similarly. F or th e  p relim 
in a ry  t i tra tio n  Xylenol Orange in d ica to r was used.

L actic  acid—am m onium  la c ta te  buffer solution (pH  3.4), 1 M : For its p repara tion  see [1 ]„
Am m onium  hydroxide of sp. gr. 0.91 (analytical grade). 0.5% gelatin solution.

Polarographie m easurem ents

A  simple polarographic cell o f 15 ml was used. M ercury to serve as the anode was filled 
f irs t  in  th e  cell, then 10 ml of 1 M  am m onium  lactate  so lu tion  of the required pH  was added 
from  a p ipette . The pH of th e  la c ta te  solution was checked on a pH -m eter previously. To the 
so lu tion  th e  suitable portions of m e ta l ion or complex solutions were added as required . F inally 
tw o d rops of gelatin solution w ere added, the dropping m ercury  electrode was inserted , the 
m ix tu re  deaerated by bubbling n itrogen  gas, and polarographed.

E stim ation of rare earth  ions using Cu-EDTA complex reagent solution

T he lactic acid—am m onium  lac ta te  buffer solution sam ple of 10 ml was ad ju sted  to pH 
9.2 b y  th e  addition of some cone, am m onium  hydroxide (ca. 1.2 ml). To the tre a te d  solution 
4 m l o f 0.05 M  Cu-EDTA com plex solution, and 2 drops of 0.5%  gelatin solution were added. 
A fte r deaeration  by nitrogen, th e  solution was polarographed from 0 V olt using a low speed 
(sen s itiv ity : 2 /иA per 250 mm ). A fte r th is blank experim ent, known portions of th e  same rare 
e a r th  s tock  solution were added to  th e  same m ixture. A fter each addition the m ix tu re  was let 
to  s ta n d  15 minutes, the cell was sh o rtly  deaerated, and th e  solution polarographed. On basis 
o f th e  ob tained  wave height values calibration graphs were m ade, as shown in Fig. 3. The 
cu rv es  w ere found linear and th e  sam e in all cases, w hether a lanthanum , erbium , sam arium 
(or even  copper) stock solution w as given successively.

E stim ation of rare earth  ions using a reagent solution containing Zn-ED TA  complex

T he pH  of the am m onium  lac ta te  buffer solution of 10 ml was ad justed  to  9.2 by the 
a d d itio n  of cone, ammonium hydroxide. 4 ml of the Z n-ED TA  reagent solution, and  2 drops 
o f 0 .5%  gelatin solution were added , and the m ixture was polarographed w ith th e  usual speed 
from  — 1.0 Volt, after deaera tion  w ith  nitrogen. (Sensitiv ity : 20 ^A/250 mm). To th e  same 
m ix tu re  known portions of th e  ra re  earth  stock solution were given successively, and  after 
w aitin g  for 15 minutes, the so lu tion  was polarographed again. On the basis of the  obtained 
w ave he ig h t data diagrams were constructed . One of them  is shown in Fig. 6.
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R esults and discussion

P re lim in a ry  experim en ts h a v e  been  m ad e  to  in v es tig a te  th e  p o la ro g ra p h ic  
b e h av io u r o f  co p p er(II)  ion in  am m o n iu m  la c ta te  so lu tions o f p H  3 — 10, in 
th e  p resence o f  E D T A . W hile a t  low er p H  v a lu e s  th e  single re d u c tio n  w ave of 
co p p er(II)  ap p e a rs  w ith  a h a lf-w av e  p o te n tia l  o f ca. —0.32 V (a g a in s t m ercu ry  
anode), a t  h ig h e r p H  values tw o  w aves a re  p re se n t a t  —0.12 a n d  — 0.40 Y, 
co rrespond ing  to  th e  tw o-step  re d u c tio n . B y  successive ad d itio n  o f  E D T A  solu-

Wave height

Fig. 1. Change of the polarographic w ave heights of copper by successive add itions o f EDTA
(Sensitiv ity .: 5 0 /(A/250 m m )

.............. in M  N H  ,C1—N H ,O H  buffer solution of pH  9
----------------in 1 M  N H ,-la c ta te  solution of pH  9

tio n , th e  h e ig h t o f th e  w ave (o r w aves) can  be  suppressed , an d  in  th e  s to ich io 
m etric  p o in t o n ly  a very  sm all w av e  rem ain s co rrespond ing  to  a q u a n t i ty  of 
“ free” , n o n -ch e la ted , h u t  r a th e r  am m ine-com plexed  co p p er(II)  io n s  (F ig . 1). 
I f  to  th is  m ix tu re  — co n ta in in g  th e  s to ich io m etric  q u a n titie s  o f  c o p p e r  and  
E D T A  — tra c e  am o u n ts  of ra re  e a r th  ions a re  ad d ed , an  a p p ro x im a te ly  s to i
ch io m etric  rep lacem en t b y  th e  la te r  ion , i.e. s to ich iom etric  in c re a se  o f  th e  
w ave h e ig h t is observed, h u t  o n ly  a t  h ig h er p H  v alues. As th e  o p tim u m  p H  
range  9 .0 —9.2 h as  been fo und . I n  th is  p H  ran g e  i f  s to ich io m etric  C u-E D T A  
com plex o f h ig h e r co n cen tra tio n  ( ^ 0 .0 2  M )  is p re sen t, only  th e  f i r s t  s te p  of 
th e  “ free co p p e r”  w ave can be  o b ta in e d  c learly  on th e  p o la ro g ram , b ecau se  o f 
th e  sh ifted  b u t  closely a d ja c e n t h ig h  w ave o f com plexed  copper.

To o b ta in  a su itab le  p o la ro g ram  i t  is n ecessary  to  ap p ly  slow  m e a su re 
m e n t, i.e. a low  speed should b e  u sed . T he h e ig h t o f th e  rem an in g  w av e  could
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n o t  b e  dim inished c o n s id e ra b ly  b y  th e  a d d itio n  o f  a n  excess of E D T A . T o o b 
t a i n  a sensitive re p la c e m e n t effec t, an excess o f  E D T A  should  be av o id ed , b e 
c a u se  such  an excess w o u ld  sw allow  the  ra re  e a r th  ions added , an d  so th e  re 
s u l ts  w ould  be spoiled . T h e re fo re , in la te r  e x p e rim e n ts  a sto ich io m etric  Cu- 
E D T A  solution, p re p a re d  c a re fu lly  prev iously , w as a lw ays used. T he C u-E D T A  
re a g e n t  solution w as a d d e d , to  the  am m o n iu m  la c ta te  so lu tion  o f p H  9.2

F ig. 2. Displacement p o la rog raph ic  waves caused by d iffe ren t quantities of lan thanum , using 
Cu-EDTA com plex  reagent in am m onium  la c ta te  solution of pH  9

1 in  th e  absence of lan th an u m , 2 in  the presence of 1.75 //m ol of La3+, 3 in the presence of 3.5
//mol of La3 +

fo llo w ed  by  th e  a d d it io n  o f  a definite q u a n t i ty  o f  sam arium  or e rb iu m  or 
la n th a n u m  [or also c o p p e r ( I I ) ]  chloride s to ck  so lu tio n . I t  was fo u n d  th a t  b y  
in c re a s in g  the  m eta l io n  c o n te n t  of the  m ix tu re , th e  h e ig h t o f th e  p o la ro g rap h ic  
w a v e  increased lin e a r ly  u p  to  20 /tmol. A b o v e  5 pm ol low er s e n s itiv ity  (of 
5 juA/250 mm) shou ld  b e  u s e d . (See Figs 2 a n d  3).

I t  was also fo u n d  t h a t  fo r  the  to ta l re p la c e m e n t som e tim e w as req u ired . 
T h e  h ig h er the  a to m ic  n u m b e r  of the ra re  e a r th  w as , th e  slow er th e  re a c tio n
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to o k  place. T h e  r a te  of th e  re p la c e m e n t can  be  sligh tly  in c rea sed  b y  using 
th e  o p tim u m  p H  range  and a g re a te r  a m o u n t of C u-ED TA  co m plex . In  the  
case o f la n th a n u m  ab o u t one m in u te , w ith  sam ariu m  10 m in u te s  an d  w ith  
e rb iu m  15—20 m in u te s  were n ecessa ry  to  o b ta in  com plete  re p la c e m en t.

Fig. 3. Calibration curve for the estim ation of rare earth  ions using Cu-EDTA com plex reagent
(Sensitiv ity : 2 /íA /250 mm)

□ Sm3+, О  E r3*, X La3*, А Си2* ion

Wa ve height 
mm

Fig. 4. Change of the polarographic wave heigh t of zinc ion by successive additions of EDTA> 
in 1 M  am m onium  lac ta te  solution (Sensitivity: 50 /íA/250 mm )

Since th e  s ta b ili ty  co n stan t o f  th e  z inc-E D T A  com plex  is low er th a n  
t h a t  o f  copper-E D T A , i t  was th o u g h t  t h a t  m ore a d v an tag eo u s  co n d itio n s 
m ig h t be  a tta in e d  b y  using  zinc in s te a d  o f copper. P o la ro g rap h ic  m easu rem en ts  
s im ila r to  those m ad e  w ith  copper w ere  ca rr ied  o u t w ith  zinc ions b y  th e  suc
cessive ad d itio n  o f E D T A  s ta n d a rd  so lu tio n  in  th e  presence o f la c ta te  b u ffe r  of
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v a rio u s  p H  as th e  b ase  e le c tro ly te . T he h e ig h t o f th e  red u c tio n  w ave (a t  a b o u t 
— 1.2 Y) o f th e  “ free”  zinc ion  w as found  to  he d ec reased  also to  a re s t va lu e , as i t  
c an  h e  seen  in  F ig . 4 . H o w ev e r, th e  re s t h e ig h t w as a lw ays m uch  h ig h er th a n  
th a t  o f  co p p er, co rresp o n d in g  to  th e  low er s ta b i l i ty  o f  th e  chela te  co m p lex  
fo rm ed  w ith  E D T A .

Fig. 5. D isplacem ent po larographic waves of different am ounts of lan thanum , using Zn-EDTA 
com plex reagent in am m onium  lac ta te  solution of pH  9. (Sensitivity: 20 /tA/250 mm )

1 in th e  absence of L a3+, 2 in th e  presence of 3,5 /irnol o f L a3+, 3 in  the presence of 7,0 /anol 
of L a3+,4  in  th e  presence of 17.5 //m ol of La3+

Since th e  re s t  w ave h e ig h t o f th e  Z n -E D T A  sy stem  is m uch  g re a te r , 
one c a n n o t use h ig h er s e n s it iv ity  in  th e  p o la ro g rap h ic  m easu rem en ts , a n d  th e re 
fo re  th e  re p la c e m en t e x p e rim e n ts  m u st he  c a rr ie d  o u t w ith  g rea te r  a m o u n ts  
o f r a re  e a r th s . In  th e  ran g e  in v es tig a ted , th e  in c rea se  o f th e  w ave h e ig h t, c a u s
ed  b y  th e  re p la c e m en t o f  v a rio u s  am o u n ts  o f la n th a n u m , sam ariu m , o r e r
b iu m  io n , w as fo u n d  to  be  in  lin ea r re la tio n  to  th e  co n cen tra tio n s (F ig . 6). 
T h e  o p tim u m  p H  w as fo u n d  again  a t a b o u t 9. T h e  tim e  req u ired  to  a t ta in  
e q u ilib r iu m  w as also s im ila r  to  tho se  of th e  e x p e rim e n ts  carried  o u t w ith  cop- 
p e r-E D T A  com plex .

I t  w as also fo u n d  t h a t  am m onium  ch lo rid e— am m o n iu m  h y d ro x id e  b u ffe r  
so lu tio n  c a n n o t be u sed  in s te a d  of th e  N H 4O H — am m onium  la c ta te  so lu tio n .

I n  th e  in v e s tig a te d  so lu tio n s co n ta in in g  co p p e r (o r zinc) am m onium  an d

Acta Chimica Academiae Scientiarum  Hungaricae 51, 1967



IN C Z É D Y , E R D E Y :  P O L A R O G R A P H Y  O F  R A R E  E A R T H  IO N S 355

la c ta te  (L ) ions, am m onia  a n d  E D T A , th e  fo llow ing  com plex fo rm a tio n  re a c 
tions m ay  be assum ed :

M e2+ +  E D T A  M e — E D T A  

M e2+ +  L ~  MeL+

M eL+ -)- L  M e L 2

N H 3 K n

M e2+ (1УЯ3)2+

Me (N H z)l+ +  N H 3 M e  (N H 3) 2+

T he s ta b il i ty  co n stan ts  o f  th e  copper com plexes are : lg  K x =  18.8 [5]; 
lg K 21 =  3.02; lg  K 22 =  1.82 [6]; a n d  th e  successive  s ta b ility  c o n s ta n ts  o f  th e  
am m ine com plex  fo rm a tio n : lg  K 31 =  4 .13 ; lg  K 32 =  3.48; lg K 33 =  2 .8 7 ; an d  
lg  K 34 =  2.11 [7].

Wave height

Fig. 6. Change of the  wave height of th e  zinc ion b y  successive additions of increasing 
am ounts of lan thanum  ions (S en s itiv ity : 20/<A/250 mm)

T he s ta b il i ty  co n stan ts  fo r  zinc a re  th e  fo llow ing ; lg  K x =  16.5 [5]; 
lg K 21 =  2.20; lg  K 22 =  1.55 [8]; lg  K 31 =  2 .27 ; lg  K 32 =  2.34; lg =  2 .40 ; 
and lg K 34 =  2.05 [7].

C onsidering  th e  values o f th e  s ta b ili ty  c o n s ta n ts  an d  th e  c o n c e n tra tio n  
cond itions in  th e  so lu tions in v e s tig a te d , one can  e s ta b lish  th a t  in  th e  so lu tio n s  
w here copper o r z inc  are p re se n t, m a in ly  th e  M e-E D T A  com plex will h e  p ro 
duced , b u t  also th e  am m ine com plex  fo rm a tio n  w ill be  considerab le a t  h ig h e r  p H  
values. M uch low er is th e  effect o f  th e  la c ta te  ions in  sp ite  of th e  large  q u a n t i ty
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p re s e n t . T h e  p ro b a b ility  o f h y d ro x id e  co m p lex  fo rm atio n  is r a th e r  sm all. 
T h e  m a in  com p etin g  re a c tio n s  are  th u s  th e  E D T A  an d  am m ine co m p lex  fo r
m a tio n s .

T h e  p roneness of ra re  e a r th  ions to  fo rm  com plexes w ith  E D T A  a n d  w ith  
la c ta te  io n s are  sim ilar. B u t th e y  do n o t  fo rm  am m ine com plexes to  a n y  a p p re 
c iab le  e x te n t .  T he resp ec tiv e  s ta b ility  c o n s ta n ts  fo r la n th a n u m  are  th e  follow 
ing; lg  K x =  15.5 [5]; lg  K 21 =  2.20; lg  K 22 =  1 .80; lg  =  1.1; fo r sa m a riu m : 
lg  K x =  17.14 [5]; lg K 21 =  2 .56; lg K 22 =  2 .02 ; lg  K *  =  1.32 [9 ]; an d  for 
e rb iu m : lg  K x =  18.85 [5]; lg  K 21 =  2 .77 ; lg  K 22 =  2.34; lg  K a  =  1.59 [9].

T o  o b ta in  a com plete  rep lacem en t b y  th e  ra re  e a rth  ions, th e  am m o n ia  
c o n c e n tra t io n  has to  be  increased  to  such  a n  e x te n t, th a t  th e  “ co n d itio n a l 
s ta b i l i ty  c o n s ta n t”  of th e  copper-E D T A  (or in  th e  o th e r case o f th e  Z n-E D T A ) 
c o m p le x  becom es low er b y  a t  le a s t tw o  o rd e rs  o f m ag n itu d e  th a n  t h a t  o f th e  
re s p e c tiv e  ra re  e a r th  com plexes.

A cco rd in g  to  th e  ex p erim en ts , th e  re p la c e m en t is com plete  in  so lu tions 
o f p H  9 — 9.2. C onsidering th e  d issoc ia tion  c o n s ta n t  of am m onium  h y d ro x id e  
(1.8 • 10 ~ 5), an d  th e  a p p ro x im a te ly  1 M  c o n c e n tra tio n  of th e  am m o n iu m  ions 
in  th e  so lu tio n , th e  co n c e n tra tio n  of th e  free  am m o n ia  ligand  is a b o u t  0.5 M.

O n  basis  of th e  co n cen tra tio n s  a n d  s ta b il i ty  co n stan ts , th e  a p p ro x im a te  
c o n d itio n a l s ta b ility  c o n s ta n ts  (K ')  o f th e  m e ta l-E D T A  com plexes m ay  be 
c a lc u la te d  from  th e  fo llow ing re la tio n  [10]:

!g K i =  h K L — !g X1 — lg  (x 2 +  *з) 

w h e re  a  d eno tes th e  u su a l expressions:

«! =  1 +  [H] К I +  [H f K ” K H +  . . .  

a 2 = l  +  [ L ] K n +  [ L Y K 21K 22 +  . . .

«з =  1 +  [N H 3] K 31 +  [ N H 3f  K 31K 32 +  . .  .

a n d  =  th e  ac id ity  c o n s ta n ts  of th e  E D T A .
T h e  ca lcu la ted  ap p ro x im a te  va lu es  a re  as follows:

lg K 'i cu =  18.8 — 1.4 — 11 =  6.4 

lg K[ Zn =  16.5 — 1.4 — 8 =  7.1 

lg K[ La =  15.5 — 1.4 — 5.1 =  9.0 

lg K[ Sm =  17.14 -  1.4 -  5.9 =  9.84 

lg K'1E, =  18.85 -  1.4 — 6.4 =  11.05
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The c a lc u la ted  cond itiona l c o n s ta n ts  a re  in  ag reem en t w ith  th e  re su lts  
o f  th e  ex p e rim en ts . In  th e  used  p H  ran g e  th e  c o n d itio n a l co n stan ts  o f th e  ra re  
e a r th  com plexes a re  g rea te r b y  a b o u t th re e  o rd e rs  o f m ag n itu d e  th a n  th o se  o f 
co p p er or zinc com plexes.

The c o n d itio n a l co n stan ts  o f  th e  C u-E D T A  a n d  also th a t  of th e  Z n -E D T A  
com plex  were c a lc u la te d  d ire c tly , using  th e  c o n c e n tra tio n  d a ta  o b ta in e d  b y  
th e  ev a lu a tio n  o f  th e  re s t w ave h e ig h t o f th e  m e ta ls  in  th e  so lu tion  c o n ta in in g  
sto ich io m etric  a m o u n ts  of m e ta l ion  an d  E D T A .

[C u - EDTA] 

[Си'] [E D T A ']

[ Z n - E D T A ]  

[Zn ']  [ED TA ]

- --------- =  2.9 • 10e; log K'Cu =  6.46
[7 - 10-*]2
i  4 . 1 n —2

—  -  =  5 .6- H P; losK'zn  =  4.75
( 5 - 1 0 - 4)2 *

The o b ta in e d  log K cu is v e ry  close to  th e  c a lc u la ted  value. T he d e v ia tio n  
be tw een  the  c a lc u la te d  and  fo u n d  values in  th e  case o f th e  zinc com plex  m ay  
be  exp lained  b y  k in e tic  effects o ccu rrin g  on th e  m e rc u ry  electrode.

In  our e a r lie r  in v es tig a tio n  [I]  w here th e  re p la c e d  co p p er(II)  ions w ere 
d e te rm in ed  b y  p h o to m e try  using  P y rid y la z o -2 -n a p h to le  in d ica to r  as th e  co lor 
re a g e n t, i t  w as n o t  necessary  to  increase  th e  am m o n ia  co n cen tra tio n , since  th e  
c o p p e r(II)-E D T A  com plex  was w eak en ed  n o t b y  am m ine- b u t  b y  P A N -co m 
p le x  fo rm ation .

The authors express their thanks to  the D irectorate  of V E B  Slickstoffwerke, Piesteritz 
(G D R ) for the sam ples o f rare earth  oxides.

SUMMARY

The complex replacem ent polarography of some ra re  earth  ions in am m onium  lac ta te  
solutions has been investigated . R are e a rth  ions in am m oniacal solutions of pH  9 replace the 
complexed m etal ions nearly  stoichiom etrically, if Cu-EDTA or Zn-EDTA complex is used as 
th e  reagent. By m eans of the polarographic m easurem ent o f the released copper (or zinc) ion , 
th e  rare  earth ions m ay  be estim ated indirectly .
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Since th e  d isco v ery  of gas c h ro m a to g ra p h ic  a n a ly tic a l p ro ced u res , n u 
m erous au th o rs  a n d  co m m ittees h a v e  been  dealing  w ith  th e  p ro b lem  o f express
in g  a n d  collecting  gas ch ro m a to g rap h ic  re te n tio n  d a ta  in  a u n ifo rm  w ay  so as 
to  m a k e  possible th e  general use o f  p u b lish ed  re su lts . N ev e rth e le ss , th e  p ro b 
lem  h a s  n o t been  se ttle d  so fa r , a n d  th e  lack  o f u n am b ig u o u s  expressions 
a c c e p te d  an d  used  b y  all au th o rs  is s till e v id en t. R eco m m en d a tio n s  based  on a 
n u m b e r  of c ircu m sp ec tiv e  p re lim in a ry  in v es tig a tio n s  h av e  b e e n  e la b o ra te d  b y  
th e  Y th  In te rn a tio n a l Sym posium  o f th e  “Gas Chromatography Discussion 
Group” (B righ ton , S ep tem b er 1964) [1]. T he u n q u e s tio n a b le  ad v a n ta g e s  of 
th e  p rop o sed  “ re te n tio n  index  s y s te m ” , fu r th e r  th e  in c reasin g  p o p u la r ity  of 
th is  w ay  of p re se n ta tio n  of r e te n tio n  d a ta  in  th e  la s t  y ea rs  c le a rly  show  th a t  
th e  o u tlin es  of a f in a l so lu tion  o f  th e  p ro b lem  h av e  been  la id  d ow n  in  th e  re 
co m m en d a tio n s  c ite d . T h is c ircu m stan ce  is one o f th e  m o tiv es  fo r  w ritin g  th is  
p a p e r .

G as c h ro m a to g rap h ic  an a ly ses  o f num ero u s o rg an o m eta llic  com pounds 
h a v e  b een  carried  o u t in  th is  la b o ra to ry  d u rin g  th e  la s t  y e a rs  in  th e  course of 
v a r io u s  research  p ro g ram s. In  o rd e r to  fa c ilita te  o u r re search  w o rk  in  th e  fu tu re , 
i t  h a s  b een  reg a rd ed  as useful to  com pile th e  m o st a d e q u a te  a n d  u p -to -d a te  
d a ta  fo r  th e  gas ch ro m a to g rap h ic  c h a ra c te r iz a tio n  o f th o se  co m p o u n d s w hich 
w ere  av a ilab le  in  a p ro p e rly  p u r if ie d  s ta te .

T h e  reco m m en d a tio n s of th e  V th  In te rn a tio n a l S y m p o siu m  h av e  no t 
y e t  d e a lt  w ith  th e  s ta n d a rd isa tio n  o f  e ssen tia l e x p e rim e n ta l co n d itio n s  to  be 
u sed  in  th e  course o f  th e  d e te rm in a tio n  of re te n tio n  ind ices. I t  is h o p ed , how 
ev e r, t h a t  th e  d a ta  o b ta in e d  u n d e r  th e  co n d itions chosen  in  th e  course  of th is 
w o rk , m a y  fu rn ish  in fo rm a tio n  o f  gen era l use as well.

General principles

T he firs t p ro p o sa l for th e  use  o f re te n tio n  indices w as e lab o ra ted  by  
K o v á t s  in 1958 [2]. R eco m m en d a tio n s of th e  D iscussion G roup  w ere  based  on
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th e s e  p roposa ls . In  acco rd an ce  w ith  th e  reco m m en d a tio n s, th e  follow ing p r in 
c ip les  w ere k ep t in  v iew .

In te rn a l  s ta n d a rd s  w ere  u sed  in  th e  d e te rm in a tio n  o f th e  re te n tio n  in 
d ices , 7 , o f each com pound . N o rm a l alkanes se rv ed  fo r th is  p u rp o se  an d  th e  
m e a su re m e n ts  were ca rr ied  o u t  in  th e  presence o f a t  le a s t  tw o  d iffe ren t n o rm a l 
a lk a n e s . In  all possible cases ch ro m ato g ram s w ere ta k e n  in  th e  presence of 
th r e e  d iffe ren t n -alkanes, th u s  p ro v id in g  cond itions fo r s im u ltan eo u s d e te rm in a 
tio n s  o f  th e  re ten tio n  in d ices  a n d  th e  slope (b j  o f th e  g rap h  of log re te n tio n  
v o lu m e  ag a in st carbon  n u m b e r  o f th e  alkanes.

A ll re ten tio n s w ere c o rre c te d  for th e  “ dead  v o lu m e ”  of th e  a p p a ra tu s . 
T h e  ex is ten ce  of the  a ir -p e a k  w a rra n te d  th e  p o ssib ility  fo r th is  co rrec tio n  w hen 
w o rk in g  w ith  a th e rm o -c o n d u c tiv ity  cell (TC). I n  m easu rem en ts  perfo rm ed  
w ith  th e  a id  of a f la m e  io n iz a tio n  d e tec to r (F ID ), re te n tio n  va lu es  w ere c o rre c t
ed  b y  th e  re ten tio n  o f th e  m e th a n e  peak.

D istan ces (mm) b e tw e e n  th e  p eak  m ax im a o f th e  a ir  (or m e th an e) peak  
a n d  t h a t  o f th e  in v e s tig a te d  com pounds were re g a rd e d  as th e  ch a rac te riz in g  
d a ta .

C alcu la tion  of th e  7 v a lu e s  w as based  on th e  fo llow ing  fo rm u la :

7 =  I 0 0 ( 1 O g ^ ~  +  N

w h ere
log R Xn =  log R x  — log R n

a n d
b _  log  R N +n —  log R n  

n

R x , R N and R N+n re fe r  to  re te n tio n  values (m m ) o f th e  un k n o w n  co m 
p o u n d  a n d  th e  n -alkanes c o n ta in in g  N  and  N  n c a rb o n  a to m s, re sp ec tiv e ly .

Experimental

M easurements were carried  o u t w ith the help of tw o Fractovap M od. C apparatus 
( CarloErba , Milan). One of these w as equipped w ith a T ype -P -A ID /ff,  the  o ther w ith a Type- 
A T C /f  analy tical unit. The P - A I D / f f  u n it was provided w ith  tw o F ID -s which were operating 
independen tly  in the course of th is w ork, using two columns, tw o am plifiers and two recorder 
system s. A TC served as the d e tec to r in th e  АТС/ f  analytical un it. In  this way, all determ ina
tions o f th e  I  values were accom plished on three different colum ns. I  values of chlorosil anes were 
d eterm ined  in an apparatus construc ted  in this laboratory. The TC of this device contained 
a glass-protected  filam ent in o rder to  avoid corrosion caused by  hydrochloric acid. E xperi
m en ta l conditions are sum m arized in  T able I.

Column packings (w ith th e  exception of th a t containing n itrotoluene) were dried and 
stab ilized  before the s ta rt of experim en ts a t 200° in argon atm osphere for 24 hours a t reduced 
p ressu re  and the trea tm en t a t  200° was continued for several hours in  carrier gas flow in the 
colum n as well. The carrier gas w as dried  over 5A molecular sieve, b u t no deoxygenization was 
em ployed.
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Table I

Experimental conditions

Experimental
parameter

Tes t  s u b s t a n c e

Chlorosilanes Non-corrosive organic si
licon compounds

Detector TC (glass protected) TC 1 FID

Column dimensions 200 cm X 4 mm 200 cm X 4 mm 200 cm X 2 mm
Sample size 3—5 /il 1 (Л 0 .2 /Л
Carrier gas Hydrogen H ydrogen Nitrogen
In let pressure 1.5 kg/cm 2 1.5 kg/cm 2 2.0 kg/cm 2
O utlet pressure Atmospheric in all experim ents
Carrier gas flow rates 50 m l/m in 50 m l/m in 20 ml/min
Support Chromosorb W ; treated  w ith hexam ethyldisilazane
Mesh range of support 60—80 mesh in all experim ents
Origin of support Carlo Erba (Milan)
S tationary liquids nitrotoluene
(and their origin) (F luka AG)

X F-1112; nitrile-silicone Apiezon L S E -30 Silicone
fluid ( F  & M ) (Edwards) Gum R ubber

Q F-1; fluoro-silicone Q F-1; fluoro- (W ilkens)
( F & M ) silicone
S E -30 Silicone Gum (F  & M )

Rubber (  Wilkens)
W eight per cent of 15 10 10

stationary  liquid

R etention m easurem ents of a given substance were perform ed a t  a single tem perature  
which was chosen in the region where w id th  and sym m etry of the chrom atographic peak were 
found to be optim al. All determ inations a t  the  same tem perature  were carried ou t a t  the  same 
ad justm en t of the therm osta t and evapora to r, in order to minim alize errors emerging from  the 
ad justm en t of tem perature. The accuracy of tem perature control was + 0 .0 5 , + 0 .1  and + 0 .5  °C 
depending on the apparatus, the error o f tem perature  ad ju s tm en t did no t exceed + 0 .5  °C.

P urity  of the in ternal standards w as checked on conventional columns provided w ith 
an F ID . Im purities occasionally found were no t disturbing th e  accuracy of the determ inations 
of either b or I  values, b values, i. e. th e  slopes of the p lo t of log (retention  volum e) against 
carbon num ber for the norm al alkanes, m easured a t different tem pera tu res and on different 
colum ns are presented in Table II.

The results of retention  index determ inations are sum m arized in Tables I I I  and  IV. 
Table I I I  lists the retention  indices of chlorosilanes. The same d a ta  of various organosilicons 
and of some o ther organom etallic com pounds containing no hydrolyzable chlorine atom s 
are given in Table IV.

The origin and degree of pu rity  of th e  samples listed in Tables I I I  and IV were different. 
The to ta l am ount of im purities did no t exceed 5% in the m ajo rity  of cases. Compounds con ta in 
ing a higher per cent of im purities th an  th e  above-m entioned values are m arked by an asterisk.
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Table II

Temperature dependence o f the slope o f n-alkane log plot: b on different columns

Temperature, °C 30 40 60 80 100 120 140 160 180 200 220 240

APL 0.468 0.411 0.365 0.326 0.293 0.262 0.238 0.213 0.194 0.175 0.159
SE-30 0.409 0.362 0.320 0.286 0.255 0.227 0.202 0.182 0.166
QF-1 0.354 0.312 0.272 0.238 0.218 0.187 0.170

XF-1112 0.407 0.360

Nitrotoluene 0.451 0.439

Table III

Retention indices o f chlorosilanes

Nitrotoluene XF-1112 Nitrile silicone fluid QF-1 fluorosilicone SE-30 silicone gum rubber

No.
Compound Column 

temp. °C I Compound Column 
temp. °C J Compound Column 

temp. °C I Compound Column 
temp. °C I

l SiHCl3 30 561 SiHCl3 40 520 SiHCl3 40 549 SiHCl3 40 491

2 SiCl., 30 593 MeSiHClj 40 573 SiCl4 40 609 MeSiHCI2 40 508

3 MeSiHCb 30 620 SiCl4 40 575 MeSiHCb 40 612 Me3SiCl 40 553

4 Me3SiCl 30 638 Me3SiCl 40 607 Me3SiCl 40 667 SiCl4 40 569

5 MeSiClj 40 690 MeSiC.l3 40 650 MeSiClg 40 699 MeSiClg 40 598

6 Me2SiCl2 40 714 Me.SiCb 40 666 EtSiHClo 40 718 Me2SiCl2 40 598

7 CH,=CH SiCl3 40 777 EtSiHCb 60 678 Me2SiCl2 40 725 EtSiHClj 40 620

8 CH2=CH SiCl3 60 735 CH2=CH SiCl3 40 768 CH2=CH SiCl3 40 685

9 MeCII2CHSiCl2 60 752 MeCH2=CHSiCl2 40 799 EtSiClg 40 703

10 EtSiCl3 60 760 EtSiCI3 40 803 Pr'SiClg 60 778

11 Pr'SiCl3 60 828 Pr'SiClg 60 884 EtjSiCl, 60 813

12 E t2SiCl2 60 886 Et.SiCL, 60 945
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A ccuracy, rep roducib ility , possible sources o f errors

F o llow ing  th e  a rg u m e n ta tio n  o f E ttr e  [3], an  accu racy  of p re su m a b ly  
0.5 u n its  is need ed  in  th e  m easu rem en t o f I  va lues (d e te rm in ed  on th re e  co
lu m n s o f d iffe ren t p o la rity ), in  o rd e r to  ch a rac te rize  a p a r tic u la r  co m p o u n d  
u n am b ig u o u sly .

P eak s  o f o rg ano ine ta llic  co m p o u n d s in  a c h ro m a to g ram  m ay  be se lec ted  
w ith  c e r ta in ty  w ith  th e  a id  of a m e th o d  o f th is  la b o ra to ry  p roposed  in  a  p re v i
ous p a p e r  [4]. T h e  m eth o d  is b a sed  on th e  d e tec tio n  o f o rg an o m eta llic  co m 
p o u n d s w ith  a m ixed  h y d ro g en -m e th an e  flam e. T ak in g  in to  acco u n t th is  p o ss ib il
i ty , th e  n u m b e r o f possible m a te ria ls  co rresp o n d in g  to  I  va lu es  w ith in  one in 
d ex  u n it  decreases considerab ly , so th e  assum ed  re q u irem en t of a c c u ra c y  m a y  
be decreased  in  th is  case a t  le a s t to  1 — 1.5 u n its .

Sources o f possible ra n d o m  e rro rs  consist m a in ly  in  th e  in a c c u ra c y  o f  
d is tan ce  e s tim a tio n s  and  a d ju s tm e n t o f  te m p e ra tu re . T hese erro rs a n d  th o se  
o rig in a tin g  from  inaccuracies o f co lum n te m p e ra tu re  an d  ca rrie r gas flow  
ra te  co n tro l (erro rs hav in g  th e  c h a ra c te r  o f in d e te rm in a te  erro rs) a re  b y  all 
m eans neglig ib le com pared  to  th e  fo llow ing sources of sy s tem a tic  e r ro rs  (d e
te rm in a te  e rro rs):

(1) P e a k  a sy m m etry  as a consequence  o f too  h igh am o u n ts  o f  sam p le  
in tro d u ced .

(2) U n d e fin ite  s tru c tu re  o f  th e  p o ly m er used  as th e  s ta t io n a ry  p h a se  
an d  changes in  its  com po sitio n  d u rin g  use.

(3) P o ss ib ility  of a d so rp tio n  on th e  su rface  of th e  solid su p p o rt m a te r ia l .
(4) S h ifts  in  th e  position  o f p eak  m ax im u m  as a consequence o f th e  p re s 

ence o f im purities reso lv ed  u n co m p le te ly  from  th e  m ain  c o m p o n e n t 
o f th e  te s t  su b stan ce .

O ur e ffo rts  to  e lim ina te  th e  effect o f th ese  fac to rs  are  described  in  th e  
e x p e rim e n ta l p a r t  of th is  p ap e r.

I n  o u r op in ion , th e  m ost im p o r ta n t  source of possible e rro r lies in  o u r 
case in  th e  v a ry in g  degrees o f p u r i ty  o f th e  in v es tig a ted  sam ples. F ir s t  o f  all, 
th is  ty p e  o f e rro r  m ay  lead  to  in accu racies  th a t  v a ry  from  sam ple to  sam p le . 
F u rth e rm o re , th e  m ag n itu d e  o f e rro rs  caused  by  th is  fa c to r  m ay  be d if fe re n t 
even  in  th e  case of a d e fin ite  su b s ta n c e  w hen  using  d iffe ren t co lum ns. I n  v iew  
o f th ese , e s tim a tio n  of th e  accu racy  o f o u r I  d a ta  is a r a th e r  d ifficu lt p ro b le m .

As fo r th e  rep ro d u c ib ility  o f ou r re su lts , th e  d a ta  o f para lle l d e te rm in a 
tio n s  w ere in  ag reem en t w ith in  1 I  u n it  in  92, 75 an d  88 %  o f all cases e x a m in e d  
w hen  w ork ing  on colum ns co n ta in in g  Apiezon  L  (A P L ), 30 Silicone Gum  
Rubber or Q F — 1 fluorosilicone, re sp ec tiv e ly . T he d ev ia tio n s  from  th e  av e rag e  
v a lu e  in  th e  rem ain in g  cases d id  n o t exceed  £ 1  f  u n it, e ith e r.
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Discussion

I t  is ev id en t f ro m  th e  d a ta  of T ab les I I I  a n d  IV  th a t  sy s tem a tic  co m p ari
sons w ere possible o n ly  occasionally  because  o f  th e  eclectic n a tu re  of th e  collec
tio n  o f sam ples u sed  th ro u g h o u t th e  e x p e rim e n ts . N everthe less, i t  w as possible 
to  d raw  some usefu l conclusions and  to  f in d  o u t  tendenc ies as well.

C onnections b e tw e e n  th e  re te n tio n  in d e x  an d  m o lecu lar s tru c tu re  w ere 
in v es tig a ted  b y  K o v á t s  [ 5 ]  in  detail. I t  h a s  b e e n  s ta te d  th a t  A I  va lu es  are  of 
g re a t im p o rtan ce  in  th e  id e n tific a tio n  of p e a k s  or in  th e  p red ic tio n  o f th e  re 
te n tio n  indices o f k n o w n  com pounds. (A I  m e a n s  th e  d ifference of I  v a lu es  de
te rm in e d  on tw o s ta t io n a r y  phases of d iffe re n t p o la r ity , a t  th e  sam e te m p e ra 
tu re ) . A I  va lues o f v a r io u s  com pounds w ere  ca lc u la ted  from  th e  d a ta  o f T ab le  
I I I  an d  are p re se n te d  in  T ab le  Y. The m a jo r i ty  o f d a ta  lis te d  in  T ab le  У  w ere 
b a se d  on 7 d e te rm in a tio n s  perform ed a t  te m p e ra tu re s  th a t  w ere d iffering  b y  
20 °C. A I  values o f  th is  k in d  are p re sen ted  in  b ra c k e t in  o rder to  em phasize  
th e ir  ap p ro x im a tiv e  c h a ra c te r . The fo llow ing  conclusions m ay  be d raw n  from  
th e  A I  an d  I  d a ta  p re se n te d :

(1) A co m p ariso n  o f ZlSE —A P  a n d  Z lQ F— SE* va lu es  has show n (and  
A I  va lues n o t p re s e n te d  in  T able V are no  ex cep tio n s in  th is  re sp ec t e ith er) 
t h a t  b o th  SE — 30, w h ich  is apolar in  i ts  n a tu re ,  an d  Q F —1, w hich is m ore 
p o la r  com pared  to  S E  — 30, h ad  a h ig h er r e ta rd in g  effect on o rganom eta llic  
com pounds th a n  A P L  w hich  consists p u re ly  o f h y d ro c a rb o n  com pounds. 
A s b o th  S E —30 a n d  Q F — 1 are p o ly m ers  c o n ta in in g  S i—О — Si sk e le to n , 
Z lSE—A P  values a re  ch a rac te riz in g  th e  d eg ree  o f in te ra c tio n  b e tw een  th e  sil- 
o x an e  skeleton a n d  th e  d ifferen t ty p es  o f  o rg an o m eta llic  s tru c tu re s  te s te d , 
w hile  z lQ F —SE v a lu e s  d ep en d  m ain ly  on th e  n a tu re  of th e  organ ic  s u b s ti tu e n t 
o f th e  o rganom eta llic  com pound  in q u es tio n .

(2) I t  is n o t su rp r is in g , therefo re , t h a t  th e  n u m erica l va lues o f zJSE—A P  
w ere found  to  be  th e  h ig h e s t in  th e  case o f  d im eth y ls ilo x an es. F u r th e r , i t  m ay  
he  observed  th a t  th e s e  v a lu es  are increasin g  as th e  n u m b er o f (CH3)2SiO u n its  
is h ig h er. The in c re m e n t am o u n ts  to  50 — 60 ZlJ/(CH 3)2SiO u n it  on th e  average .

(3) I t  is in te re s t in g , a lthough  easy  to  u n d e rs ta n d  th a t  com pounds 
co n ta in in g  = S i —О — C =  bonds, i. e. co m p o u n d s  ch a rac te rized  b y  th e  genera l 
fo rm u la  R nS i(O R ')4_ „  a re  n e x t to  th e  so lu te  m a te r ia ls  co n ta in in g  th e  siloxane 
sk e le to n  as reg a rd s  th e i r  re ta rd in g  effect on  siloxanes, w hen  used  as th e  s ta t io n 
a ry  phases (so lv en ts). Z lSE— AP values a re  increasin g  also in  th is  case w ith  
th e  increasing  n u m b e r  o f  O R ' groups, b u t  th e  deg ree  of v a ria tio n s  is in fluenced  
n a tu ra l ly  b y  th e  le n g th  o f th e  R  an d  R ' ra d ic a ls . In  all cases te s te d  so fa r, 
ZlSE—A P  values a re  ly in g  betw een  th e  l im its  o f  5 0 —85 in  com pounds o f th is  
ty p e , despite  m a n y fo ld  v a ria tio n s  of R , R ' a n d  n.

* The following abbrev ia tions will be used th ro u g h o u t the tex t: A I  (SE 3 0 —A PL) =  
=  d S E —AP, and /17 (Q F —1-SE—30) =  d Q F - S E .
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Table TV

Retention Indices o f Organometallic Compounds

Stationary liquid APL SE—30 QF—1

No 1.
No 
of C 

atoms
Compound

Temp.,
°C I Compound Temp.,

°c
I Compound Temp.,

°C I

l 4 SiMe4 40 453

2 4 Si(OMe)4 60 686 Si(OMe)4 60 766 Si(OMe)4 60 913

3 5 Mc3SiC H =C H , 40 522 Me3SiCH =  CH2 40 551 Me3SiCH =  CH2 40 563
4 5 Me3SiE t X 40 547 Me3SiEt x 40 573 Me3SiEt x 40 581
5 5 Me3Si(OEt) X 60 612 Me3Si(OEt) x 60 687

6 6 (Me3Si).0 60 612 Me3SiCH2CH =  C lI2 40 653 Me3SiPr‘ 40 668
7 6 Me3SiCH2CIl =  CH2 60 625 Me3SiPr' 40 659 (Me3Si),0 40 690
8 6 Me3SiPr‘ 40 637 (Me3Si).0 60 687 Me3SiCH2CH =  CH2 40 690
9 6 Me2Si(OEt)2 60 703 Me,Si(OEt)2 60 758 (Me2SiO)3 60 810

10 6 (Me2SiO)3 80 723 MeBu(OMe)SiII x 80 785 Me2Si(OEt). 40 831
11 6 MeBu(OMe)SiH x 80 755 (Me2SiO)3 80 818

12 7 Me3SiCH,CH2CH =  CH, 60 721 Me3SiCH2CH2CH =  CH2 60 748 Me3SiCH,CH2CH =  CH2 60 784
13 7 (Me3Si)2CH2 80 778 (Me3Si).CH2 80 818 (Me3Si)2CH2 60 849
14 7 MeSi(OEt)3 80 800 Me2Si(CH2)4CH.> 100 846 Me2Si(CH.,)4CH2 60 865
15 7 Me2Si(CH2)4CH. 100 840 MeSi(OEt)3 80 872 MeSi(OEt)3 60 950

16 8 Me2Si(OPr')2 x 80 731 Me2Si(OPr‘)2 x 80 791 Me2Si(OPr')2 x 60 844
17 8 Me3Si(OSiMe2)OSiMe3 100 758 (CH2=CHM e,Si)20 100 851 (CH2— CHMe2Si)20 60 856
18 8 (CH2=CH M e2Si)20 100 772 Me3Si(OSiMe2)OSi Me3 100 879 Me3Si(OSiMe2)OSiMe3 60 883
19 8 (Me2EtSi)20 100 826 (Me2EtSi)20 100 898 (Me2EtSi)20 60 898
20 8 (Me2?iO)4 100 844 Me2Si(OPrn)2 x 100 923 (Me2SiO)4 80 971
21 8 Me2Si(OPr")2 x 100 859 Si(OEt)4 100 969 Me.,Si(OPrn) ,x 60 985

22 8 Si(OEt)4 100 875 (Me2SiO)4 120 988 Si(OEt)4 80 1043
23 8 Ge3Me8 120 1069 Ge3Mes 120 1144 Ge3Me8 100 1187
24 8 (O Et)3SiCHBrCH2Br 200 1392 (O Et)3SiCH BrCHoBr 180 1448 (O Et)3SiCHBrCH2Br 160 1668

25 9 CH2=C H C H 2Si(OEt)3 140 929 MeBujSiH 120 997 MeBu2SiH 80 1013
26 9 MeBu2SiH 120 975 Me3SiPh 120 1004 CH2=C H C H 2Si(OEt)3 100 1077

27 9 Me3SiPh 120 993 CH2=C IIC H 2Si(OEt)3 140 1012 Me3SiPh 80 1112

28 9 Me3Si(OPh) 140 1022 Me3Si(OPh) 140 1049 Me3Si(OPh) 120 1207

29 9 PhSi(OMe)3 140 1145 PhSi(OMe)3 140 1201 PhSi(OMe)3 140 1392

30 10 Me.,Si(OBu')2 x 80 773 Me2Si(OBu')2 x 80 840 Me2Si(OBu')2 x 60 882

31 10 Me3Si(OSiMe2)2OSiMe3 140 880 CF3C6H4SiMe3 140 1004 CH2=CH M e2Si(OSiMe2)OSiMe2C H = C H 2 120 1017

32 10 CI12=  CHMe,Si(OSiMe2)OSiMe2CH =  CH2 140 901 Me2Si(OBus)2 100 1019 Me3Si(OSiMe2)2OSiMe3 100 1052

33 10 CF3C,H4SiMe3 140 933 CH2=CHM e2Si(OSiMe2)OSiMe2CH =CH, 140 1034 Me2Si(OBus)2 80 1053

34 10 Me2Si(OBus), 100 947 Me3Si(OSiMe,),OSiMe3 140 1064 Me2Si(OBu)2 100 1117

35 10 (Me2SiO)5 140 951 (CH2=C H C H 2)2Si(OEt)2 140 1086 (Me,SiO)5 100 1142

36 10 (CH2=  CHCH2)2Si(OEt)2 140 1015 CH2=CHM e2SiPh 120 1089 (CH2=C H C H 2)2Si(OEt)2 100 1154

37 10 CF3C6H4SiMe(OMe)2 140 1024 Me3SiCH2Ph 120 1091 CF3C6H4SiMe3 120 1195

38 10 Me2Si(OBu)2 140 1030 Me2Si(OBu)2 120 1097 CH2=CHM e.SiPh 100 1196

Г 39 10 Me3SiCH2Ph 120 1073 Me3SiC6H4Me 120 1102 Me3SiC6H4Me 100 1196

40 10 CH,=CH M e2SiPh 140 1087 CF3C6H4SiMe(OMe)2 140 1124 Me3SiCH2Ph 100 1223

41 10 Me3SiC6H4Me 140 1100 (Me,SiO)5 140 1154 CF3C6H4SiMe(OMe)2 140 1346

42 10 Ge4Me10 180 1366 Ge,Me10 180 1473

43 11 CH2=CH M e2Si(OSiMeCH=CH2)O SiCH =CH 2Me2 140 974 CH2=CHM e2Si(OSiMeCH=CH2)O SiCH =CH 2Me2 140 1113 CH2 =  CHMe.Si(OSiMeCH =  CH2)O SiC H =CII2Me2 120 1112

44 11 (CH2=C H C H 2)3Si(OEt) 140 1104 (CH2—CHCH2)3Si(OEt) 140 1156 (C H .=C H C H .)3SiOEt) 100 1240

45 11 CII2=C H C H 2Me2SiPh 160 1187 CH2=C H C H 2Me2SiPh 140 1191 CH2 =  CHCH.Me.SiPh 140 1323

46 11 MePhSi(OEt)2 180 1194 Me.Pr'SiPh x 160 1236 Me.Pr’SiPh x 140 1347

47 11 Me2P r‘SiPh x 180 1225 MePhSi(OEt)2 160 1237 MePhSi(OEt)2 140 1363

48 12 (Me2SiO)6 180 1073 [(0 E t)3Si]20 160 1315 (Me2SiO)6 140 1318

49 12 [(0 E t)3Si]20 140 1141 (E t3Si)20 160 1331 (E t3Si)20 140 1335

50 12 PhSi(OEt)3 180 1263 PhSi(OEt)3 160 1334 [(OEt)3Si].0 140 1383

51 12 (E t3Si2)0 160 1267 (Me2SiO)6 160 1336 PhSi(OEt)3 140 1475

52 12 (SiMe2)6 240 1675 (SiMe2)6 200 1743

53 12 Ge5Me12 240 1712 Ge5Mel2 200 1785

54 14 (Me2SiO)7 180 1221 (Me.SiO), 180 1514 (Me2SiO)7 140 1502

55 15 (CH3CHC6H3)SiMeII (CH3OHC,H3)2SiMeH 200 1777

56 16 (O Et)3SiOSi(OEt)2OSi(OEt)3 220 1376 (O Et)3SiOSi(OEt)2OSi(OEt)3 180 1612 Bu4Sn 140 1667

57 16 Bu4Sn 220 1596 BujSn 180 1668 (O Et)3Si OSi(OEt)2OSi(OEt)3 140 1707

58 16 Ph2Si(OEt)2 240 1671 Ph2Si(OEt)2 200 1702

59 18 (PhCH2=CHM eSi)20 240 1773 (PhCH2=CH M eSi),0 200 1839

60 20 (O E t3)Si[OSi(OEt)2]2OSi(OEt)3 220 1480 (O Et)3Si [OSi(OEt)2]2OSi(OEt)3 180 1607 (O Et)3Si [OSi(OEt)2]2OSi(OEt)3 140 1702
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Table V

A I values o f some organosilicon compounds

№ Compound
Column temperature, °C

/jSE-AP JQF-SE
APL SE—30 QF—1

27 Me3SiPh 120 120 80 и (108)
39 Me3SiCH,Ph 120 120 100 18 (131)
41 Me3SiC6H4Me 140 120 100 (2) (94)
40 Me2CH2= C H SiPh 140 120 100 (2) (107)
45 Me2CH2C H = CHjSiPh 160 140 140 (4) 132
47 Me2P r‘SiPh 180 160 140 (10) (111)

4 Me3SiE t 40 40 40 26 8
8 Me3SiPr' 40 40 40 22 9
3 Me3S iC H =C H 2 40 40 — 29 —

7 Me3SiCH2=C H C H 2 60 60 40 29 (37)
12 Me3SiCH2CH2CH =  CH, 60 60 60 27 36

2 Si(OMe)4 60 60 60 80 147
44 (CH2=C H C H j)3SiOEt 140 140 100 52 (85)

36 (CH.,=CHCH2)2Si(OEt)2 140 140 100 71 (67)

25 CH2= c i i 2s ;(O E t)3 140 140 100 83 (65)

9 Me,Si(OEt)., 60 60 40 54 (74)

14 MeSi(OEt)3 80 CO О On О 60 74 73

22 Si(OEt)4 100 100 80 93 (74)

21 Me2Si(OPr")2 100 100 60 63 (63)
16 Me2Si(OPr')2 80 80 60 60 (53)
38 Me,Si(OBup)2 140 120 100 (67) (20)
34 Me2Si(OBus)2 100 100 80 72 (35)

30 Me2Si(OBu()2 80 80 60 66 (43)

10 (Me2SiO)3 80 80— 60 60 94 — 13

20 (Me2SiO)4 100 100 80 150 ( - 2 3 )
35 (Me2SiO)5 140 140 100 203 ( - 1 1 )

48 (Me2SiO)6 180 160 140 (263) ( - 1 7 )

54 (Me2SiO)7 180 180 140 292 ( - 1 1 )

6 (Me3Si)20 60 60 40 75 (3)
17 Me3Si(OSiMe2)OSiMe3 100 100 60 122 (4)
31 Me3Si(OSiMe2)2OSiMe3 140 140 100 184 ( - 1 2 )

(4) T he in te rv a l o f z lS E —A P  v a lu es  (2 — 30) fo u n d  to  be c h a ra c te r is tic  
fo r organo-silanes h av in g  th e  general fo rm u la  R „S iR 4_„, m ay  well be d is tin g u ish 
ed from  /1SE —A P  values of th e  co m p o u n d s m en tio n ed  above. A t th e  sam e
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tim e , v a lu e s  (2 —11) fo r o rg an o silan es  co n ta in in g  p h e n y l rad ica ls  s ig n ifican tly  
d iffer f ro m  those  (22 — 29) w h ich  do n o t c o n ta in  a ro m a tic  c o n s titu e n ts .

(5) T h e  above re g u la ritie s  m ay  be concea led , o f  course, due to  com bined  
e ffec ts . E .  g., ZlSE—A P  =  28 h as  been  o b ta in e d  in  th e  case o f Me3S iO P h . 
On b a s is  o f  th is  re su lt an  o rganosilane  (w ith o u t p h e n y l groups) could  easily  
be s u s p e c te d  in  a c h ro m a to g ra m  consisting  o f  u n k n o w n  co m p o n en ts . I t  is 
e v id e n t , how ever, th a t  s im u lta n e o u s  effects o f  th e  P h  an d  = S i —О — C =  
g ro u p s  a re  re flec ted  in  th is  v a lu e . The p o ss ib ility  o f  erro rs of th is  ty p e  m ay  be 
re d u c e d  to  a considerab le  e x te n t  i f  n o t only  ZlSE— A P  h u t  /1Q F—SE  v a lu es  are  
also a v a ila b le . (zJQF—S E  eq u a ls  158 in  th e  case  o f  Me3SiO Ph.)

(6) /1Q F —SE v a lu es  a re  sm all p o sitive , som etim es even n e g a tiv e  n u m 
b e rs  in  th e  case of d im eth y ls ilo x an es . S im ilarly , th e  d ifferences in  th e  re te n tio n s  
o f  normal-  an d  iso -a lkane  s u b s ti tu te d  m o n o silan es  are n o t considerab le  on 
Q F — 1 a n d  SE — 30, re sp e c tiv e ly . On th e  o th e r  h a n d , zlQ F— SE is in c reasin g  
in  a  ty p ic a l  w ay w hen th e  s u b s titu e n t R  is u n s a tu ra te d . T his re su lt is in  fu ll 
a g re e m e n t  w ith  d a ta  o b ta in e d  w ith  h y d ro c a rb o n  com pounds, an d  m ay  be 
e x p la in e d  b y  th e  p o la riz ing  e ffec t of th e  p o la r  s ta t io n a ry  phase on л  e lec trons 
o f th e  so lu te  m olecule [7].

(7) ZlQF — SE v a lu es  a re  ra th e r  c h a ra c te r is tic  d a ta  fo r co m p o u n d s b e 
lo n g in g  to  th e  R „S i(O R ')4_„ ty p e  a lth o u g h  th e y  v a ry  w ith in  b ro a d  lim its . 
V a lu e s  p re sen ted  in  T ab le  V p o in t to  th e  f a c t  t h a t  th e  m ag n itu d e  of th ese  
v a lu e s  is d e te rm ined  p r im a r ily  b y  th e  le n g th  o f  th e  R 's u b s t i tu e n t .  T h e  re la tiv e  
a m o u n t  (n) of po la r a n d  a p o la r  groups w ith in  th e  m olecule, fu r th e r  th e  le n g th  
o f  R  seem  to  be a d d itio n a l fac to rs  in  th is  re sp e c t.

(8) T he presence o f p h e n y l groups in  th e  m olecule is in d ic a te d  b y  th e  
h ig h e s t  va lues of ZlQF— S E . T h is fac t to g e th e r  w ith  th e  o th e r c ircu m stan ces  
a l r e a d y  m en tioned  (n am e ly  ex trem ely  low  ZlSE — A P  values) allow  th e  recog
n i t io n  o f  p h e n y l-su b s titu te d  organic silicon co m p o u n d s w ith  g re a t c e r ta in ty .

(9) A lthough  th e  re la tiv e ly  sm all n u m b e r  o f exp erim en ta l d a ta  does n o t 
a lo w  th e  fo rm ula tion  o f an  unequ ivoca l ru le , a fu r th e r  and  p ro b a b ly  in te r e s t
in g  c o n n ec tio n  m ay  be  guessed  if  I  values o f  Ge3Me10, Ge5Me12 a n d  Si6Me12 — 
p re s e n te d  in  T able IV  — are  com pared  w ith  I  v a lu e s  of all o th e r  o rg an o m eta llic  
c o m p o u n d s  co n ta in in g  co rresp o n d in g  n u m b e rs  o f carbon  a tom s. T h e  fo rm er 
c o m p o u n d s  are all show ing  co m p ara tiv e ly  h ig h  re te n tio n  ind ices, co rre sp o n d 
in g  to  values e s tim a ted  b y  sum m ariz ing  th e  ca rb o n  and  m eta ll a to m s in  th e  
m o lecu le , sim ilarly  as r e te n tio n  indices o f s t r a ig h t  chain  h y d ro ca rb o n s  m ay  
b e  e s tim a te d  by  su m m ariz in g  th e  carbon  a to m s  in  th e  m olecule. (C Ge = 1 1 ;  
I Api. =  1069j C _|_ Ge =  14; I APL =  1366, C +  Ge =  17; I APL =  1712, 
Si +  C =  18; I Se~30 =  1743).

T h is ten d en cy  is s u b s ta n tia te d  b y  a n  a d d itio n a l fac t. L e t us re g a rd  th e  
8 I  v a lu e s , i.e. th e  d iffe rences of I  va lues o f  successive hom ologous d im eth y l- 
s ila n e s  an d  d im eth y lg e rm an es , m easured  on  th e  sam e co lum n an d  a t  th e  sam e
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te m p e ra tu re . I f  o p e ra tin g  te m p era tu res  are  sim ila r, as in  th e  case of Ge4Me10 a n d  
Ge5Me12 on SE  — 30, a 8 I  v a lue  o f a p p ro x im a te ly  300 m ay  be derived  fo r  one 
Ge(CH3)2 u n it. T h is  eq u a ls  th e  in d ex -in c rem en t fo r  th re e  CH2: groups, a c c o rd 
ing to  th e  s ta te m e n t o f K o v á t s . The in c re m e n t fo r a (CH 3)2SiO: u n it a m o u n ts  
on ly  to  160 an d  120 I  u n its  on A P L  an d  Q F — 1, re sp ec tiv e ly  (see F ig . 1 a n d  
discussion below ).

Fig. 1. R etention index vs. boiling point diagrams of dim ethylsiloxanes and alkylsilanes
M2: H exam ethyldisiloxane; D3: hexam ethylcyclotrisiloxane; M ,D : octam ethyltrisiloxane; 
D4: octam ethylcyclotetrasiloxane; M2D 2: decam ethyltetrasiloxane; D 5: decam ethylcyclo- 

, pentasiloxane

(10) I  va lues o f  o rganosilanes (R „S iR 4_„) an d  o f m eth y lp o ly silo x an es 
[(SiO)„ (CH3)2n an d  (SiO )„(CH 3)2„+2] are d e m o n s tra te d  in  F ig . 1 as fu nc tions o f  
th e  bo iling  p o in ts  o f  th e  co rrespond ing  co m p o u n d s. I t  is seen th a t  all d a ta  
m easu red  on a p a r tic u la r  co lum n are  found  a lo n g  a single s tra ig h t line for b o th  
s a tu ra te d  an d  u n s a tu ra te d  silanes, w hile d a ta  fo r  s iloxanes a re  s itu a te d  a long  
a n o th e r  s tra ig h t lin e , com m on for b o th  lin ea r a n d  cyclic  siloxanes. T he lin e a r
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re la t io n  b e tw een  I  va lues an d  bo iling  p o in ts  o f silanes holds t ru e  o n ly  w hen  
A P L  o r S E  — 30 are  used  as th e  s ta t io n a ry  p h ase . R e ten tio n  ind ices of s iloxanes 
a re  a lm o s t eq u a l b o th  on Q F — 1 a n d  S E  — 30, th u s  lin ea r cu rves a re  o b ta in e d  
on  a ll th re e  co lum ns. T he slope in  th e  case o f A P L  is s teep er th a n  t h a t  of 
th e  c o m m o n  lin e a r curves of S E — 30 a n d  Q F — 1.

A s i t  is know n  [6], th e  lin ea r  c o n n ec tio n  o f log Vg an d  th e  bo ilin g  p o in t, 
c o n se q u e n tly  also of I  an d  th e  bo iling  p o in t is o f an  a p p ro x im a tiv e  c h a ra c te r  
a n d  is v a lid  on ly  w ith  th e  fo llow ing tw o  re s tr ic tio n s :

(1) E n th a lp y  changes arising  from  b len d in g  of th e  co m p o n en ts  a n d  th e  
s ta t io n a ry  liq u id  m u st be negligible, an d

(2) e n tro p y  changes of th e  sam e p rocess m u st be o f th e  sam e m a g n itu d e  
w ith  re sp e c t to  each  co m p o n en t.

A cco rd in g  to  th e  ev idence of F ig . 1 th e se  req u irem en ts  are  fu lfilled  in  
o u r  case  a n d  th e  so lu tions of d im e th y ls ilo x an es  in  all th ree  s ta t io n a ry  liq u id s  
m a y  b e  considered  to  be close to  id ea l. F u r th e r ,  in  sp ite  of d ifferences m a n i
fe s te d  in  th e ir  chain  or rin g  s tru c tu re , th e  in v es tig a ted  d im eth y ls ilo x an es 
seem  to  b eh av e  like hom ologous co m p o u n d s.

T h e  fo rm a tio n  of n ea rly  id ea l so lu tio n s  m ay  also be o bserved  b e tw een  
th e  m e n tio n e d  organosilanes an d  th e  s ta t io n a ry  phases A P L  an d  S E  — 30. 
O n  th e  o th e r  h a n d , th e  re te n tio n  of u n s a tu ra te d  organosilanes on Q F — 1 is 
c o n s id e ra b ly  h ig h er th a n  th a t  o f s a tu r a te d  ones. /JQ F —SE v a lu es  o f co m pounds 
c o n ta in in g  double  bonds h av e  ca lled  a t te n t io n  to  th is  fa c t a lread y .

L e t us consider now  th e  bo ilin g  p o in t  versus I  g rap h s o f th e  siloxanes 
in  F ig . 1.

A  fu r th e r  evidence for th e  hom ologous b e h a v io u r  of th e  siloxanes in  qu es
tio n  is fu rn ish e d  b y  th e  fa c t t h a t  th e ir  b o ilin g  po in ts  d iv ide th e  Y  ax is  o f th e  
d ia g ra m  in to  sections o f a lm o st e q u a l le n g th , accord ing  to  th e  w ell-know n 
e m p ir ic a l re la tio n :
T 6 =  kj +  k.,- n  (n =  n u m b er o f hom ologous u n its). Sm all d ev ia tio n s  m a y  be 
o b se rv e d  fo r M2D 2, an d  a co n sid erab le  one fo r M2 in  th is  re sp ec t.

A s a consequence of th e  hom ologous b eh av io u r of cyclic  a n d  lin e a r  d i
m e th y ls ilo x a n e s  in d ica ted  in  F ig . 1, w e m a y  conclude th a t  th e  c o n tr ib u tio n  
o f  a SiO group  to  th e  re te n tio n  in d e x  is o f a b o u t th e  sam e m a g n itu d e  as th a t  
o f  tw o  m e th v l g roups. T h a t m eans:

s ,/(C H 3)2SiO ^  2(9i/2 C H 3) ^  2(ai/SiO) ^  160 

o n  S E  — 30 an d  Q F — 1,

w hile  8,/(C H 3)2SiO 2(a//2 CH3) 2 (8//SiO ) cs: 120 on A P L  m ay  be  ev a lu a te d .
T h e  tw o re te n tio n  d iag ram s o f com pounds of th e  ty p e  R „S iR 4_ n show 

v e ry  im p ressiv e ly  t h a t  th e  in c re m e n t fo r a C H 2: u n it  equals 100 in  th is  group 
o f  co m p o u n d s, to o  [2].
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SUMMARY

R etention indices of 68 Si organic and of some Ge and Sn organic com pounds were de
term ined on colum ns th a t  contained A p ie z o n  L , S E —30 Silicone Gum Rubber, Q F —1 fluorosi- 
licone, X F - 1 1 1 2  nitrile-silicone-fluid an d  o-nitrotoluene as stationary  phases. All de term inations 
were carried ou t according to the “ R ecom m endations”  of the G as C h r o m a to g r a p h y  D is c u s s io n  
G r o u p  D a ta  S u b -c o m m it te e .

Based o n a )  A I  values calculated from  reten tion  indices determined on d ifferen t columns* 
and  b )  retention  index increments (3 / )  for successive homologous compounds found  when 
using a definite colum n, some rules and  connections of generalisable character w ere established 
concerning the gas chrom atographic behav iour of the investigated substances. T his renders a 
possibility for the  m ost suitable choice of columns in  cases where the sam ple-com position is 
know n, or for identification  of peaks w hen th e  sam ple is an unknown one.
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Introduction

In  a c tiv a tio n  an a ly sis  th e  a c tiv a tio n  o f e lem en ts o th e r th a n  th o se  to  be 
m easu red  p resen ts  u su a lly  an  in co n v en ien t in te rfe ren ce  w ith  th e  a c tiv ity  
m easu rem en t. T h e  effect o f these  in te rfe r in g  ac tiv itie s  m ay  he e lim in a te d  b y  
chem ical se p a ra tio n  or half-life  m easu rem en ts , b u t  in  th e  case of se ria l analysis  
co vering  a la rge  n u m b e r o f sam ples b o th  te c h n iq u e s  are  too  labo rious a n d  tim e  
consum ing .

I t  is th u s  im p e ra tiv e  th a t  ro u tin e  a c tiv a tio n  analysis sh o u ld  be  p e r
fo rm ed  p o ssib ly  w ith o u t chem ical s e p a ra tio n  an d  th a t  th e  m ax im u m  possible 
s e n s itiv ity  shou ld  be o b ta in ed  in  th e  m in im u m  possible tim e.

A  general m e th o d  is given in  th e  fo llow ing  fo r th e  ca lcu la tion  o f  th e  o p ti
m um  a c tiv a tio n  an d  su b seq u en t cooling tim e  before  th e  m easu rem en t is s t a r t 
ed , i f  one w a n ts  to  keep  th e  re la tiv e  e rro r in  th e  m easu red  value o f  th e  a c tiv ity  
in  q u es tio n  a t  a m in im u m , w hen th e  m e a su re m e n t is perform ed b y  sc in tilla tio n  
sp e c tro m e te r  an d  besides th e  b ack g ro u n d  th e re  is som e in te rfe rin g  a c tiv ity  
p re se n t. T he ca lcu la ted  v a lu es  of re la tiv e  accu racy  an d  m ax im u m  possib le 
s e n s itiv ity  fo r v a rio u s  tim es of m easu rem en t a re  th e n  given. A c o m p u te r  p ro 
g ram  from  a n o th e r , b u t  n o t qu ite  co rrec t s ta r t in g  p o in t for th e  sam e p ro b lem  
w as g iven  b y  I s e n h o u r  an d  M o r r i s o n  [ 1 ] .

T h e ap p lica tio n  of th is  m ethod  p e rm its  to  see if  th e re  is an y  n ecess ity  of 
a d d itio n a l chem ical se p a ra tio n  even in  th e  case o f  op tim u m  sch ed u led  o p e ra 
tio n s.

Evaluation o f the optimum activation  and cooling time

In  th e  ca lcu la tio n s th e  follow ing sym bo ls are  used : 
m,; =  q u a n t i ty  o f a c tiv a te d  m a te ria l, g ram s
Mi =  a to m ic  w eigh t 
T ; =  half-life
Pi =  iso top ic  a b u n d an ce
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w here  th e  indices i =  1 or 2 s ta n d  fo r th e  in te rfe re n ce  an d  an a ly zed  a c tiv it ie s , 
re sp e c tiv e ly . L e t a, be th e  a c tiv a tio n  c ross-sec tion  of th e  in v e s tig a te d  e le 
m e n ts  in  b a rn s  th e n  th e  n u c le i a c tiv a te d  b y  ex p o su re  to  a n e u tro n  f lu x  o f  Ф 
n e u tro n /c m 2/sec for tim e  T'  a n d  su b seq u en tly  cooled  for tim e  t' w ill y ie ld  in  
th e  a c t iv i ty  m easu rem en t a d is in te g ra tio n  p e r sec g iven  b y

A t =  Фт, P t -  2 - Г,,Ч  2 -" /г „
Mi

F o r  s im p lic ity  we p u t

B'i =  Фт1Р i f f , i T  =  T ' U  ; t  =  t ' /r l : X =  r j r 2 ;

Bj =  B'i Ri  (for th e  d e fin itio n  o f JR,- see la te r )  
a n d  th e  in s ta n ta n e o u s  a c tiv ité s  can  be e x p re ssed  as

A l = B i( l  — 2~T) 2 _ i ; A2=  B'2\ l - 2 - Tx) 2 - tx. (1)

F ir s t  we considered  th e  case w hen  th e re  is no appreciab le  decrease  in  th e  
a c t iv i t ie s  m easured  over t im e  t , th a t  is

4 г  <  г,-. (2)

T h e  n u m b er of co u n ts  on th e  fu ll energy  p e a k  of th e  e lem ent to  he d e te r 
m in e d  is th e n  given b y

N 2 = A 2R ,  t (1 -  2 - Tx) 2 - 'x, (3a)

w h e re  jR2 is the  p ro b a b ility  o f  a p h o to p e a k  c o u n t fo r th e  e m itte d  y -q u a n tu m  
a n d  th e  d e te c to r  use d [2].

I f  th e  m easured  a c t iv i ty  has a h ig h er en e rg y  у -line th a n  th e  in te rfe r in g  
one , o v erlo ad in g  of th e  d e te c to r  an d  su p e rp o s itio n  on th e  low  en erg y  p u lse s  
h a s  to  b e  p rev en ted . T h is can  be u su a lly  ach iev ed  b y  a p p ro p ria te  g e o m e try . 
T h is  case , or th a t  o f an  o v e rlap p in g  of th e  m easu red  and  in te rfe rin g  fu ll e n e rg y  
p e a k s  w ill no t be considered  he re , since in  th e  la t t e r  case id e n tif ic a tio n  o f  th e  
m e a su re d  sp ec tra  has to  be  done b y  m eans o f a co m p u te r.

T h e  case of p re se n t in te re s t  is in w h ich  th e  p h o to p eak  o f th e  m easu red  
a c t iv i ty  lies in  th e  C o m p to n  ran g e  of th e  in te r fe r in g  line. T he co u n tin g  r a te  o f  
th e  l a t t e r  c o n tr ib u tin g  to  th e  p h o to p eak  o f th e  a c t iv i ty  to  be m easu red  is th e n  
g iv en  b y

N l =  A 1 R l t =  B x г  ( I  — 2 - r ) 2 - ', (3b)
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w here  Rx is th e  p ro b ab ility  o f a n  in te rfe ren ce  cou n t in  th e  en e rg y  ran g e  in 
questio n . T he ap p ro x im a te  c o u n tin g  p ro b ab ilitie s  a t  100 keV o f th e  C om pton  
sp ec tru m  (av erag e  w id th  of a fu ll en e rg y  peak) for y -rad ia tio n s o f  v a rio u s  en er
gies an d  fo r v a r io u s  m easuring  se t-u p s , can  be read  from  F ig u re  l /а  a n d  1/b. 
T h e  ca lcu la tions w ere perfo rm ed  on  C r o u t h a m e l ’s  d a ta  [ 2 ] ,  a n d  on  H e a t h ’s  

sp ec tru m  c a ta lo g u e  [5]. The re su lts  a re  v a lid  in  th e  energy  reg ion  ra n g in g  from  
th e  end  of th e  b a c k sc a tte rin g  p e a k  ti l l  th e  b eg inn ing  of th e  C o m p t o n  edge; for 
e v e ry  sh ield ing , i f  th e  walls o f th e  sh ie ld ing  box  are  fa s te r  th a n  few  inches 
fro m  th e  c ry s ta l. T he b ack g ro u n d  in te n s i ty  H  in  th e  p lio to p eak  c o u n ts  is as
su m ed  over tim e  т to  be c o n s ta n t

N 3 =  H r . (3c)

The m a x im u m  possible a c c u ra c y  o f th e  d e te rm in a tio n  o b ta in a b le  w ith 
o u t  chem ical se p a ra tio n  depends in  p rin c ip le  only on th e  s ta t is t ic a l  d e v ia 
t io n  of th e  m easu red  ac tiv ity  of th e  sam p le , p ro v id ed  o th e r e rro rs  in  th e  s ta n 
d a rd s , ir ra d ia te d  a n d  m easured  u n d e r  id en tica l cond itions, a re  neglig ib le.

C onsidering th e  P oissonian  d is tr ib u tio n  o f th e  co u n tin g  ra te s , th e  re la 
t iv e  accuracy  in  th e  d e te rm in a tio n  is g iven  b y  th e  fo rm ula

—tx
-------------------------------------- ( 4 )
-  2~ T) 2 - '  +  Я

<5 =
IV ,

V2N,  +  N 2 +  2iV3
=  h

В г (1 - 2 ~ Тх)2
УВ2( 1 - 2 ~ ТХ) 2~tx + B 1(l

w h ere  N 2 is th e  d ifference betw een  th e  to ta l  n u m b er of coun ts ( N r N 2 -f- N 3) 
a n d  th e  b ack g ro u n d  plus in te rfe rin g  a c t iv i ty  (Nx +  N 3) [6]. T he c o u n ts , d u e  to  
th e  in te rfe rin g  a c tiv i ty  are e s tim a te d  from  th e  ex tra p o la tio n  of th e  C o m p to n  
re g io n  of its  k n o w n  spectrum .

One can see t h a t  th e  re la tiv e  acc u ra cy  increases p ro p o rtio n a lly  to  th e  
sq u a re  ro o t of th e  m easuring  tim e . S ince fo r p rac tica l reasons an d  b ecau se  of 
(2) i t  c an n o t be o f  a n y  leng th , a c tu a lly  i t  does n o t a ffec t th e  cho ice  o f  th e  
ir ra d ia t io n  and  cooling  schedule, i t  is assu m ed  to  be given.

N ow  we h a v e  to  eva lu a te  T  a n d  t such  as to  o b ta in  th e  m a x im u m  fo r 
E q . (4).

I t  can be sh o w n  if  x = 0 .5 , (4) will he a t  a m ax im u m  fo r t 0.

T h u s , if  th e  half-life  o f th e  in te rfe rin g  a c tiv i ty  is as m uch as h a lf  t h a t  o f  th e  
a n a ly z e d  a c tiv ity , o r m ore, it  is re a so n a b le  to  s ta r t  w ith  th e  a c t iv i ty  m e a su re 
m e n t im m ed ia te ly  a f te r  th e  ir ra d ia tio n . W ritin g  t =  0 in to  E q . (4), i t  becom es 
a p p a re n t  th a t  for x  =  0.5 we have T '  =  oo as i t  is obvious for o th e r  rea so n s , 
to o .

I f  x  >  1, b y  in tro d u c in g  th e  n o ta t io n  у  =  2 ~ 7, (4) will be a t  a m a x im u m ,
l 8(5

co n sid e rin g  th e  re q u ire m e n t—  =  0 , d e te rm in e d  b y  th e  ro o t y 0 in th e  in te rv a l
0y

A c ta  C h im ica  A cadem iae S c ien tiaruin H ungaricae 5 1 , 1967
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T his ap p ro x im a tio n  holds in  th e  in te rv a l  1 <  x  •< 3 b u t  fo r  B 2 B v  
i t  y ie ld s  a sa tis fa c to ry  v alue  also for x  >  3.

I f  x  <  0.5, th e n  Topt =  °o (th is  is p h y sica lly  obvious, since s a tu ra t io n  
a c tiv i ty  ta k e s  a longer tim e  to  se t in  fo r lo n g e r lived  ac tiv ities). M ak in g  now  
th e  su b s titu tio n  in to  (4) and  in tro d u c in g  z — 2~ ‘, th e  o p tim um  coo ling  tim e  
w ill be d e te rm in ed  b y  th e  ro o t z0 in  th e  in te rv a l  [0; 1] of th e  e q u a tio n

A c ta  C h im ica  A ca d cm ia e  Scien tiarum  H ungaricae 5 1 , 1967

hence  T'opl is d e te rm in ed  by  th e  expression :

In  th e  special case if  x  <g 1, we h av e  zx ты 1, th u s

T h e  v a lu e  of z„ will be equal to  u n ity , if

E q . (5) need  n o t be  solved in  each case, since fo r y  1, th e  te rm s  w ith  y x, 
j 2x - i  can  jje n eg lec ted , th u s  we h av e

K n o w in g  th is  ro o t, th e  op tim u m  irra d ia tio n  tim e  is given by

[0; 1] o f th e  eq u a tio n
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th u s , i f  X  >  xv  E q . (8) w ill h a v e  no  roo t in  th e  in te rv a l  [0; 1] and  20 >  1, hen ce
t0pt =  0.

T h e  m ax im u m  possib le  re la tiv e  accu racy  c a n  be  ev au la ted  b y  s u b s t i tu t 
ing  th e  th u s  ca lcu la ted  v a lu es  o f th e  m easu ring  a n d  cooling tim e in to  E q . (4).

T h e  re su lts  o b ta in ed , k eep in g  in m ind  th a t  th e  req u ired  sen s itiv ity  sh o u ld  
be a t ta in e d  w ith in  th e  m in im u m  possible m e a su rin g  tim e , are su m m arized  in  
T ab le  I .

T h e  n u m erica l so lu tio n s o f (5) and  (8) w ere  o b ta in ed  on a c o m p u te r . 
T he re s u lts  are  p lo tte d  fo r d iffe ren t half-lives, H / B 2 and  B xj B 2 ra tio s  in  F ig . 
2 —4.

N ow , le t us consider th e  case w hen c o n d itio n  (2) is no t sa tisfied , r e s t r ic t 
in g  th e  in v e s tig a tio n  to  th e  case w hen t i  r 2 <  4 t, since for r 2 ^  t x ~  x 
a f te r  th e  decay  of th e  in te rfe rin g  a c tiv ity  th e  m easu rem en t becom es v e ry  
s im p le .

F o r  xx ^  r 2 (w ith  a n y  r ) ,  th e  m easu red  a n d  in te rfe rin g  a c tiv itie s  h a v in g  
th e  sam e  decay  tim e  an d  th e  b ack g ro u n d  bein g  neglig ib le , th e  re la tiv e  accu racy  
is g iv e n  in s te a d  of

Ô = B-,
У Щ  +  B 2 +  2H

, by  0 =  1 Bo
H

:, w here

2 B x x  +  B 2 -f- - j

r 2 (1  —  2 ~ 7 t 2) 

In 2
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In  th is  case th e  values o f  T '  a n d  t' c an  be de te rm in ed  w ith  th e  a ssu m p 
tio n  of a given v a lu e  of r. The n u m b e r  of co u n ts  iV2 is given b y  N 2 =  A 2 (1— e~e), 

In 2
w h e re -------y l2 i s th e  counting  r a te  a t  th e  s ta r t  of th e  m easu rem en t. H e re  О —

4
=  (In 2 )t/ t2.

I f  iVj is th e  coun ting  ra te  d u e  to  all th e  in te rfe rin g  a c tiv itie s , i t  c an  be 
exp ressed  b y  considering  the  g iven  co n d itio n s also in  th e  form  Nj_ =  С  x =  C 0 .

У о h
1.00 x - 8

0.9

0.8 

0.7 ■ 

0.6 ■ 

0.5 - 

0,4 

0.3 -

0.2 -

______.___I ......______________I_____________________,_____I_______________i_____I___.____1______u____I________

0.001 0.005 0.01 0.05 0.1 0.5 1 5 10 50 100 ^

F ie .

Table I

X = t,/t, T'opt i'opt rel. accuracy

X <  1 oo T, B , ( 1 - 2 a) 
1п2 х (В г +  2H) exp. (4)

x  <  0.5

x < x l oo solution of the Eq. (8) exp. (4)

oo o f r  Æ

0.5 <  a <  1 oo о Г г  Ih  _  
Ÿ2B l +  B 2+ 2 H

1 <  x  <  3
T, а(4В1+ 4 Я + В 2) 

(a— l)ln2  2 В, о exp. (4)

3 <  x solution of the E q. (5) о exp. (4)

A cta  Chimica Academiae Scientiarum Hungaricae 51, 1967



378 Q U I T T N E R ,  M O N T V  A I :  N O N - D E S T R U C T I V E  A C T I V A T I O N  A N A L Y S IS

Zq 1 x = 0,25

10~1
_ _ I______ ;_ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ I_ _ _ _ _ _ _ I_ _ _ _ _ _ I_ _ _ _ _ _ _ _

2 5 10 20 50 100 |f

Fig. 4

T h e  re la tiv e  e rro r in  th e  co u n tin g  ra te  iV2 o f th e  a c tiv ity  we w a n t to  m easu re  
is th e n

илач Ô ^  +  N J  +  ÔN, V2N1 +  N 2 A{°)=  --------------------------- -щ----------------------------= -------------------- щ ----------------- ’
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th e  m in im um  v a lu e  of which is d e te rm in e d  b y  th e  roo t 0 O of th e  e q u a tio n

1 — в-® _  2C
e* — ( 2 0 + Ï )  A 2

w here CfA2 is th e  ra tio  of th e  b a c k g ro u n d  a n d  th e  a c tiv ity  to  be  m e a su re d  a t
th e  b eg inn ing  o f  th e  m easu rem en t. F ro m  th is  e q u a tio n  th e  o p tim u m  m easu r-
. . .  .  . t 2 0 om g tim e  is g iven  as t opi =  —--------•

In 2
T he re su lts  o f  th e  ca lcu la tions are  sh o w n  in  F ig . 5. I t  is a p p a re n t  t h a t  as 

long as th e  c o u n tin g  ra te  of th e  b a c k g ro u n d  exceeds th a t  o f th e  a c t iv i ty  to  be 
m easu red , i t  is reaso n ab le  to  choose th e  m e a su rin g  tim e  to  be a b o u t 2 T2. F o r 
a  su b seq u en t decrease  in  b ack g ro u n d  c o u n ts , th e  op tim u m  of th e  m e a su rin g  
tim e  show s a ra p id  increase.

Application of the method

T h e o p tim u m  conditions fo r an  a c tu a l m easu rem en t can be d e te rm in e d  
as follows.

T h e  v alue  o f  x  =  t , / t 2 is c a lc u la ted  fro m  th e  half-lives, th e  jB j - s  f ro m  th e  
n u m erica l d a ta  (2) (3) (4). The v a lu es  o f T '  a n d  t' are th e n  c o m p u te d  from  
E q u a tio n s  (5) to  (10).

T hese ca lcu la tio n s  perm it also  to  e s ta b lish  th e  m in im um  d e te c ta b le  im 
p u r ity , if  th e re  is a know n a m o u n t o f in te r fe r in g  a c tiv ity  p resen t.

T h e  re su lt o f  a m easu rem en t is s ig n if ic a n t o n ly  if  th e  v alue  o f  JV2 exceeds 
b y  a fa c to r  of 3 th e  s ta tis tic a l d e v ia tio n  o f  th e  co u n tin g  ra te  N  — N x -f- N 3 
due to  all th e  in te rfe r in g  ac tiv ities p re se n t. I t  follows th a t  th e  m in im u m  d e 
te c ta b le  q u a n ti ty  is given by

V H  +  B l (1 — 2 ~ T) • 2~f 
Фр2аг - 0 .602 _ _ r

M 2 (1 }

(И)

F o r illu s tra tio n , le t us see an  exam ple .
W e w an t to  d e te c t  10-9 g Cu in  th e  p resen ce  o f 10-8 g N a, using  3 '  X  3" 

N a l(T l) c ry s ta l a t  6 cm  from  ra d ia tio n  sou rce . T h e  th e rm a l n eu tro n  f lu x  used  
fo r a c tiv a tio n  is 1013 c m -2 sec-1 . N e ith e r  th e  m a tr ix  e lem ent n o r i ts  d e cay  
p ro d u c ts  are assu m ed  to  em it y -rays u p o n  a c tiv a tio n . I f  th is  is n o t so, a c o rre c 
tio n  has to  be a p p lied .

In  th e  above case xi =  15 ft; t 2 =  12.8 ft; x  — 1.17. I t  is seen t h a t  i t  is 
easy  to  m ee t th e  re q u ire m e n t 4 r  <  T, b y  ch oosing  th e  m easuring  tim e  to  b e ,
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e.g. 3600 sec. T h e  65Cu a c tiv i ty  does n o t in te rfe re  w ith  th e  m easu rem en t, since 
it  d is a p p e a rs  a fte r  20 m in.

C onsid erin g  th e  decay  schem e o f 24N a , w e h a v e  to  deal w ith  th e  co in c i
dence  o f  2.76 MeV an d  1.37 MeV pho tons. T h e  p ro b a b ility  of th e ir  s im u lta n e 
ous d e te c tio n  being  a b o u t neglig ib le, th e  p ro b a b ilitie s  o f th e ir  co u n ts  in  th e  
100 keV  in te rv a l o f th e  Co m pto n  range are  e x p re ssed  in d iv idua lly  a n d  th e n  
su m m ed .

T h e  m easu rem en t covers th e  511 keV p h o to p e a k  of Cu, considering  t h a t  
o n ly  1 9 %  o f th e  to ta l  a c it iv ity  is due to  p o s itro n s .

T h e  co n d itions are  chosen  to  be such t h a t  th e  back g ro u n d  co u n ts  in  th e  
c o v e red  ra n g e  y ield  Я  =  3 c. p . s. F ro m  th e  n u m e ric a l values (2) (3) (4) B l  =  
=  3.02 a n d  B 2 =  1.66; th u s , from  (5) an d  (6) we h av e  T'opt =  ad 200 h an d  
fro m  (4) ô — 27.

T h e  m ax im u m  possible se n s itiv ity  is th e n  b y  (11) 2 • 10~n  g Cu.
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S tud ies o f eq u ilib ria  of com plexes a ffo rd  v e ry  o ften  th e  ex p e rim en ta l 
fo rm a tio n  cu rve  co rrespond ing  to  th e  fu n c tio n  n =  f ( p A ) .  To ca lcu la te  th e  
s ta b ili ty  c o n s ta n ts  from  th ese  d a ta , v a rio u s g rap h ic  m e th o d s  h av e  been  d ev e l
oped  b y  a n u m b e r of a u th o rs . T he m ost w id e-sp read  ones are : th e  co rrec tion  
te rm  m eth o d  in tro d u c e d  b y  I r v i n g  an d  R o s s o t t i  [ 1 ] ,  R o s s o t t i ’ s  [2] e x t r a 
p o la tio n  m e th o d , S i l l é n ’ s  [3] m e th o d  o f cu rve  f i t t in g  an d  th e  p ro jec tio n -s tr ip  
p ro ced u re  re p o rte d  b y  R o s s o t t i  an d  S i l l é n  [4]. W ith  th e  co rrec tio n  te rm  
m e th o d , for th e  case o f N  =  2 (an d  w ith  som e re s tr ic tio n  also fo r N  == 3), 
a c c u ra te  c o n s ta n ts  can  be o b ta in e d  if  we h av e  n e a r ly  th e  w hole fo rm a tio n  cu rve  
a t  o u r d isposal, an d  if  i t  is sy m m etric  a b o u t th e  m id p o in t. T his cond itio n , how 
ever, c an n o t a lw ays be fu lfilled . T h u s, fo r ex am p le , th e  fo rm a tio n  curves of 
C u (II)  -a-am ino  acid  sy stem s are som etim es n o t sy m m etrica l. T h is is m o stly  
due  to  th e  c ircu m stan ce  (if th e  ex p erim en ta l d a ta  a re  o b ta in e d  p H -m e trica lly ) 
th a t  th e  e rro r of p H -m easu rem en t is re flec ted , in  th e  d a ta  o b ta in ed , sq u ared  
fo r th e  n <  1 sec tion  of th e  cu rve , an d  on th e  f ir s t  pow er fo r th e  sec tion  n  >  1. 
In  connection  w ith  th is  i t  shou ld  be n o ted  th a t ,  in  n u m ero u s  cases, such eq u i
lib riu m  system s are  in v o lv ed  for wrhich  log K J K 2 ran g es a p p ro x im a te ly  from
0.8 to  1.3. U n d e r such  co n d itions how ever, from  th e  n om ogram  co n stru c ted  
b y  I r v i n g  an d  R o s s o t t i ,  th e  co rrec tion  te rm s re fe rrin g  to  th e  p o in ts  it =  1 -|- 

0.1 and  n =  1 ^  0.2 o f th e  fu n c tio n  can  o n ly  be re a d  w ith  an  in accu racy  
o f severa l h u n d re th s . A ccord ing ly , if  th e  fo rm a tio n  cu rv e  is sy m m etrica l only  
in th e  sec tion  a b o u t n ad 1, th e  c o n s ta n ts  o b ta in e d  give on ly  an  accu racy  of 
severa l h u n d re d th s  of log K.  T he  e rro r re fe rred  to  above a n d  due p a r tly  to  th e  
in accu racy  of th e  fo rm a tio n  curve  can  be e s tim a te d  b y  th e  ap p lica tio n  o f th e  
p ro jec tio n  s tr ip  m e th o d . N everthe less, a t  low  v a lu es  o f log  KJK., ,  if  we do n o t 
h av e  n ea rly  th e  w hole o f th e  fo rm atio n  curve  a t  o u r d isposal, we can  ca lcu la te  
th e  s ta b ili ty  c o n s ta n ts , even  b y  th e  p ro jec tio n  s tr ip  m e th o d , w ith  no less e rro r 
th a n  m en tio n ed  above.

F u rth e rm o re , th e re  are  system s for w hich  th e  co rrec tio n  te rm  m eth o d  
c a n n o t be ap p lied  to  ca lcu la te  th e  s ta b ili ty  c o n s ta n ts  a t  all. A m ong o th ers  
th e  C d (II)- an d  th e  C o(II)-a -am ino  acid  system s fall in  th is  g roup , for w hich 
th e  fo rm a tio n  cu rve  is som etim es well defined  u p  to  n  öá 1.2 only .
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W ith  th e  curve f i t t in g  a n d  th e  e x tra p o la tio n  m eth o d s ( th e  fo rm er is 
m ore  a c c u ra te )  th e  c o n s ta n ts  c a n  be s im ila rly  o b ta in e d  w ith  a n  accu racy  o f  
som e h u n d re d th s  of log  K .  T hese  c o n s ta n ts  are  su ffic ien tly  a c c u ra te  fo r a 
n u m b e r  o f  p u rposes. T h ey  c a n n o t be em p lo y ed , how ever, in  th e  case w h en  we 
w ish  to  d e te rm in e , e. g. w ith  th e  te m p e ra tu re  coeffic ien t m e th o d , th e  e n th a lp y  
chan g es o f  com plex-fo rm ing  p rocesses.

T h e  use of co m p u te rs  h a s  re c e n tly  m ad e  possib le  to  ca lc u la te  h igh ly  
a c c u ra te  c o n s ta n ts . S ince th e y  a re  n o t  g en era lly  w ide-sp read  y e t, th e  p re sen t 
w o rk  a im s a t  e lab o ra tin g  a new  m e th o d  th a t  enables us to  o b ta in , from  th e  
e x p e r im e n ta l d a ta , th e  lo g a rith m s  o f th e  c o n s ta n ts  w ith  a m a x im u m  e rro r of 
0.01 lo g  K .  T h is aim  is e ssen tia lly  ach iev ed  b y  a m o d ifica tio n  o f th e  co rrec tio n  
te rm  m e th o d , s ta r tin g  w ith  F r o n a e u s ’  [ 5 ]  expression .

Descripton of the principle of the modified correction term method

P a r t  o f th e  g raph ic  p ro ced u res  re fe rred  to  above is b ased  on  th e  re la tio n  
th a t ,  on th e  one h a n d , th e  fo rm a tio n  fu n c tio n

-  K 1 [A] +  2 K 1K 2 [A Y
1 +  K 1[A] +  K 1K i [ A f

is sy m m e tr ic  fo r n  =  1, w hile th e  sh ap e  of th e  fo rm a tio n  cu rv e  is d e te rm in ed  
b y  th e  K J K 2 ra tio . I n  o u r co n sid e ra tio n s , besides th e  fo rm er, we s ta r te d  w ith  
th e  a s su m p tio n  th a t  th e  size o f th e  a rea  defined  by  an y  given tw o  p o in ts  of th e  
fo rm a tio n  curve  only  d ep en d s, a p a r t  fro m  n, on th e  ra tio ,

T o  p ro v e  th e  above a ssu m p tio n , F r o n a e u s ’ [ 5 ]  expression  w as chosen  as 
th e  s ta r t in g  p o in t.

p A n  A n

J n d p A ^ l - l o g d + K ^  +  K. KAÄY) ]  (2)
p A 0 0

T h e v a lu e s  of [A] an d  [A]2 in c lu d ed  in  exp ression  (2) are  g iven  b y  th e  in v erse  
fu n c tio n  o f E q . (1), or th e  sq u a re  th e re o f , re sp ec tiv e ly :

(1 -  h) K ,  -  f ( n  -  l ) 2 Щ  +  An (2 -  n) K ,  K 2 
1 1  2 (Я — 2 ) K yK.z

( l ^ h j ’K 2 - 2 ( 1  - Я ) К 1 У ( Е - 1 ) 2К 1 - А П ( п - 2 )  К ,  К.,
4 (га -  2)2 К 2 К 2

( n  -  I ) 2 K l  -  Ш (п -  2) К 1К 2 
~! 4 (й — 2 )2 К 2 К?,

S u b s ti tu t in g  (3) and  (4) in to  (2), an d  w ith  th e  sim p lifica tio n s, we ge t:

(3)

( 4 )

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



G E R G E L Y ,  N A G Y P À L , M O J Z E S :  C A L C U L A T I O N  O F  S T A B I L I T Y  C O N S T A N T S 3 8 3

p A n

j ridpA =  log

PA„

1 + "  - 1  K j  
2 (re — 2)2 К ,  Г

+ 4 n  (re — 2) * 1
K ,

(5)

T hus, o u r in it ia l  a ssu m p tio n  has been  p ro v e d , since th e  a rea  d efin ed  
d e te rm in ed  b y  tw o  po in ts  of th e  fo rm a tio n  cu rv e , a p a r t  from  re, rea lly  d ep en d s 
on th e  ra tio  K J K 2 only.

B y m eans o f  re la tio n  (5), w ith  n =  0.1 to  1.9 a n d  chang ing  th e  log ( K J K 2) 
ra t io  from  0 to  4 b y  in te rva ls  o f  0 .2 , th e  co rresp o n d in g  areas h av e  b een  ca lcu 
la te d . These v a lu e s  a re  listed  in  T ab le  I .

On th e  b as is  o f  th e  d a ta  in  T ab le  I ,  v a lues o f  areas belong ing  to  th e  m o st 
fre q u e n tly  o ccu rrin g  log K 1j K 2 r a t io s  are sum m ed  u p , b e tw een  v a rio u s nl an d  n2 
lim its , in  T able  I I  a n d  rep re se n te d  in  F ig . 1.

As it  follow s from  w hat h a s  b een  said  ab o v e , g rap h ica lly  in te g ra tin g  th e  
a rea  belonging to  tw o  points o f  th e  fo rm atio n  c u rv e , th e  log K J K 2 r a tio  p e r
ta in in g  to  these v a lu e s  can he re a d  fro m  F ig . 1. W ith  th is  ra tio  know n , th e  co n 
s ta n ts  can  be c a lc u la te d  a t  severa l p o in ts  o f th e  c u rv e  b y  m eans o f th e  re la tio n s  
e stab lish ed  b y  I r v i n g  and  R o s s o t t i  [ 1 ] :

log K x = p 4 j _ d  +  у ( 6 )

log K 2 = p A 1+d —  у ( 7 )

PA i-d — P A i+d =  log — 2у  
^ 2

( 8 )

Prov ided  t h a t  w e have a t o u r  d isposal th e  sec tio n  o f th e  fo rm a tio n  a b o u t 
n  1, and  log is know n у  c an  be a c c u ra te ly  ca lc u la ted  fro m  E q . (8).
I f  no section  of th e  fo rm a tio n  c u rv e  u n d e r re =  1, o r above  гё =  1 can  be  e x 
p e rim en ta lly  o b ta in e d , th e  у  v a lu e s  given b y  I r v i n g  a n d  R o s s o t t i  m a y  be  
used  in  th e  ca lcu la tio n s . H ow ever, since these  a u th o rs  ca lcu la ted  th e  v a lu e s  
o f у  b y  changing log  K J K 2 by  in te rv a ls  o f ab o u t 0 .5 , in  o rd e r to  increase  a c c u r
acy , we have c a lc u la te d  some c o rre c tio n  te rm s b e lo n g in g  to  o th e r  log  K J K 2 
ra tio s , too . The re su lts  are  listed  in  T ab le  I I I  an d  re p re se n te d  in  F ig . 2.

A pplication  o f th e  m odified co rrec tio n  te rm  m e th o d  will be d e m o n s tra te d  
on th e  exam ples o f  th e  system s C u(II)-g ly c in e  a n d  N i(II)-g ly c in e . T he e n 
th a lp y  an d  en tro p y  changes of com plex -fo rm ing  p rocesses w ill be c a lc u la te d  
from  th e  s tab ility  c o n s ta n ts  o b ta in e d  a t  various te m p e ra tu re s .
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e
Table I

Relation between log K J K 2 and the

ьс_o

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

n
J n d p A  
0

0.1 0 .0 4 2 0 0 .0431 0 .0 4 3 9 0 .0 4 4 6 0 .0 4 5 0 0 .0 4 5 2 0 .0 4 5 4 0 .0 4 5 5 0 .0 4 5 6 0 .0 4 5 7

0 .2 0 .0 8 2 9 0 .0863 0 .0 8 9 2 0 .0 9 1 5 0 .0 9 3 2 0 .0 9 4 5 0 .0 9 5 3 0 .0 9 5 7 0 .0 9 6 2 0 .0 9 6 5

0 .3 0 .1 2 4 0 0 .1 3 0 4 0 .1 3 6 1 0 .1 4 1 1 0 .1 4 5 1 0 .1 4 8 2 0 .1 5 0 4 0 .1 5 2 0 0 .1 5 3 0 0 .1 5 3 7

0 .4 0 .1 6 6 3 0 .1759 0 .1 8 5 2 0 .1 9 3 7 0 .2 0 1 1 0 .2 0 7 1 0 .2 1 1 7 0 .2 1 5 0 0 .2 1 7 4 0 .2 1 8 9

0 .5 0 .2 0 0 3 0 .2234 0 .2 3 6 8 0 .2 4 9 7 0 .2 6 1 6 0 .2 7 1 9 0 .2 8 0 3 0 .2 8 6 7 0 .2 9 1 4 0 .2 9 4 7

0 .6 0 .2 5 6 5 0 .2735 0 .2 9 1 5 0 .3 0 9 6 0 .3 2 7 2 0 .3 4 3 4 0 .3 5 7 4 0 .3 6 8 9 0 .3 7 7 8 0 .3 8 4 4

0 .7 0 .3 0 5 6 0 .3268 0 .3 4 9 8 0 .3 7 3 9 0 .3 9 8 4 0 .4 2 2 3 0 .4 4 4 5 0 .4 6 4 0 0 .4 8 0 3 0 .4 9 3 1

0 .8 0 .3 5 8 2 0 .3839 0 .4 1 2 4 0 .4 4 3 4 0 .4 7 6 1 0 .5 0 9 6 0 .5 4 2 8 0 .5 7 4 3 0 .6 0 2 9 0 .6 2 7 6

0 .9 0 .4 1 5 0 0 .4456 0 .4 8 0 3 0 .5 1 8 9 0 .5 6 1 0 0 .6 0 6 2 0 .6 5 3 4 0 .7 0 1 6 0 .7 4 9 4 0 .7 9 5 5

1.0 0 .4 7 7 1 0 .5132 0 .5 5 4 5 0 .6 0 1 5 0 .6 5 4 4 0 .7 1 2 8 0 .7 7 6 7 0 .8 4 5 8 0 .9 1 9 6 0 .9 9 7 5

1 .1 0 .5 4 5 8 0 .5877 0 .6 3 6 5 0 .6 9 3 0 0 .7 5 7 5 О CO w о CS 0 .9 1 3 2 1 .0 0 5 2 1 .1 0 7 6 1 .2207

1 .2 0 .6 2 2 7 0 .6712 0 .7 2 8 4 0 .7 9 5 1 0 .8 7 2 5 0 .9 6 1 4 1 .0628 1 .1 7 7 3 1 .3 0 5 6 1 .4474

1 .3 0 .7 1 0 5 0 .7665 0 .8 3 2 9 0 .9 1 1 0 1 .0 0 2 0 1 .1 0 7 0 1 .2267 1 .3 5 1 2 1 .5 0 9 8 1 .6713

1 .4 0 .8 1 2 6 0 .8772 0 .9 5 4 2 1 .0 4 4 7 1 .1 4 9 3 1 .2 6 1 2 1 .4 0 7 6 1 .5 5 8 7 1 .7 2 2 5 1 .8968

1 .5 0 .9 3 4 8 1 .0097 1 .0 9 8 6 1 .2 0 3 0 1 .3 2 3 4 1 .4 5 9 9 1 .6 1 1 3 1 .7 7 5 6 1 .9 5 0 5 2 .1 3 3 3

1 .6 1 .0 8 6 9 1.1741 1 .2 7 7 1 1 .3 9 6 6 1 .5 3 2 6 1 .6 8 3 7 1 .8481 2 .0 2 3 0 2 .2 0 6 0 2 .3 9 4 6

1 .7 1 .2 8 7 6 1 .3904 1 .5 1 0 0 1 .6 4 6 3 1 .7981 1 .9 6 3 0 2 .1 3 8 5 2 .3 2 1 9 2 .5 1 0 8 2 .7 0 3 6

1 .8 1 .5 7 0 1 1 .7033 1 .8 4 3 3 1 .9 9 8 3 2 .1 6 6 1 2 .3 4 3 8 2 .5 2 8 7 2 .7 1 8 8 2 .9 1 2 4 3 .1 0 8 2

1 .9 2 .1 0 6 0 2 .2584 2 .4 2 4 1 2 .6 0 0 2 2 .7 8 4 1 2 .9 7 3 4 3 .1 6 6 5 3 .3 6 2 0 3 .5 5 9 2 3 .7 5 7 4

Table II

Area-values belonging to the most frequent ratios o f log K 1 К 2 between various П| and n., limits

log aV
0.4 0.6 0.8 1.0 1.2 1.4

n1 -- »2 area

0 .3 — 1.0 0 .4 1 8 4 0 .4 6 0 4 0 .5 0 9 3 0 .5 6 4 6 0 .6 2 6 3 0 .6 9 3 8

0 .6 — 1.2 0 .4 3 9 6 0 .4 8 5 5 0 .5 4 5 3 0 .6 1 8 0 0 .7 0 5 4 0 .8 0 8 4

0 .7 — 1.3 0 .4 8 3 1 0 .5 3 7 1 0 .6 0 3 6 0 .6 8 4 7 0 .7 8 2 2 0 .8 8 7 2

0 .6 — 1.3 0 .5 4 1 4 0 .6 0 1 0 0 .6 7 4 8 0 .7 6 3 6 0 .8 6 9 3 0 .9 8 2 3

0 .5 — 1.5 0 .8 6 1 8 0 .9 5 3 3 1 .0 6 1 8 1 .1 8 8 0 1 .3 3 1 0 1 .4 8 8 9

0 .4 — 1.6 1 .0 9 1 9 1 .2 0 2 9 1 .3 3 1 5 1 .4 7 6 6 1 .6 3 6 4 1 .8 0 8 0

Acta Chirnica Academiae Scientiarum Hungaricae 51, 1967



G E R G E L Y ,  N A G Y P Á L ,  M O J Z E S :  C A L C U L A T IO N  O F  S T A B I L I T Y  C O N S T A N T S 385

areas belonging to given values o f  n

2Д) j 2^2 j 2Л j ~b j Ze j XO j 3^2 I З А  | 3.6  ] X 8 | 4лГ

J ndPA 
0

0.0457 0.0457 0.0457 0.0457 0.0458 0.0458 0.0458 0.0458 0.0458 0.0458 0.0458
0.0967 0.0968 0.0968 0.0968 0.0969 0.0969 0.0969 0.0969 0.0969 0.0969 0.0969
0.1541 0.1544 0.1546 0.1547 0.1548 0.1548 0.1549 0.1549 0.1549 0.1549 0.1549
0.2200 0.2207 0.2211 0.2214 0.2216 0.2217 0.2217 0.2218 0.2218 0.2218 0.2218
0.2969 0.2984 0.2993 0.2999 0.3003 0.3006 0.3008 0.3009 0.3009 0.3010 0.3010
0.3890 0.3917 0.3942 0.3956 0.3964 0.3970 0.3973 0.3975 0.3977 0.3978 0.3978
0.5026 0.5094 0.5141 0.5172 0.5192 0.5206 0.5214 0.5219 0.5223 0.5225 0.5226
0.6478 0.6634 0.6749 0.6831 0.6886 0.6923 0.6947 0.6964 0.6973 0.6980 0.6983
0.8381 0.8762 0.9085 0.9346 0.9547 0.9694 0.9797 0.9868 0.9915 0.9946 0.9965
1.0792 1.1640 1.2516 1.3415 1.4333 1.5266 1.6213 1.7170 1.8136 1.9108 2.0086
1.3452 1.4815 1.6296 1.7889 1.9584 2.1364 2.3210 2.5107 2.7038 2.8994 3.0965
1.6021 1.7682 1.9439 2.1271 2.3159 2.5083 2.7034 2.9003 3.0983 3.2970 3.4962
1.8435 2.0242 2.2111 2.4025 2.5969 2.7933 2.9909 3.1895 3.3885 3.5879 3.7876
2.0792 2.2674 2.4596 2.6546 2.8514 3.0493 3.2480 3.4472 3.6467 3.8463 4.0461
2.3219 2.5144 2.7095 2.9064 3.1044 3.3032 3.5024 3.7019 3.9016 4.1014 4.3012
2.5872 2.7825 2.9794 3.1774 3.3762 3.5754 3.7749 3.9746 4.1743 4.3742 4.5742
2.8990 3.0960 3.2941 3.4930 3.6922 3.8917 4.0914 4.2912 4.4910 4.6909 4.8909
3.3056 3.5038 3.7029 3.9022 4.1018 4.3015 4.5013 4.7012 4.9011 5.1011 5 3011
3.9562 4.1555 4.3550 4.5547 4.7545 4.9544 5.1544 5.3543 5.5543 5.7543 5.9543

Table III

Relation between у  and log (K l/K 2) at various values o f d

—  .1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Iog -j?- Л1 У

0.523 0.178 0.093 0.004 —0.085 —0.196 —0.317 —0.465 —0.662 —0.980
0.650 0.235 0.144 0.049 —0.053 —0.164 —0.291 —0.445 —0.649 —0.974
0.820 0.310 0.209 0.105 —0.006 —0.127 —0.262 —0.424 —0.635 —0.969
1.00 0.388 0.274 0.159 0.036 —0.094 —0.238 —0.407 —0.625 —0.964
1.180 0.462 0.334 0.204 0.071 —0.068 —0.220 —0.395 — 0.617 —0.961
1.350 0.529 0.383 0.242 0.098 —0.049 —0.207 —0.387 —0.612 —0.959
1.523 0.593 0.430 0.273 0.120 —0.035 —0.198 —0.381 —0.609 —0.957
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Fig. 1. R a tio  of th e  lo g arith m  o f  th e  s ta b ili ty  c o n stan ts  w ith in  d iffe re n t nL a n d  n 2 lim its ,
p lo t te d  as a fu n c tio n  o f th e  a rea

Fig. 2. T h e  I rving—R ossotti c o rre c tio n  te rm  (y) a t  d iffe re n t v a lu es o f d p lo tte d  as a fu n c tio n
of log (KtK 2)

E xperim ental

Instrum ents and reagents

T h e  pH -m etric  t i t r a t io n s  w e re  carried  o u t a t  20°, 25° a n d  30 °C w ith  a  Radelkis Type 
OP  204  titr isco p e , w ith  c a l ib ra te d  g lass- an d  sa tu ra ted  e lec tro d es in  n itro g e n  a tm o sp h ere . T he 
a c c u ra c y  o f  p H  m easu rem en ts  w a s  -  0.01 p H -u n it. T e m p e ra tu re  w as m a in ta in e d  co n stan t 
w i th in  + 0 .1  °C by  an  u l tr a th e r m o s ta t .  G lycine, o f a n a ly tic a l g rad e  (Merck) w as used . T he 
C u ( I I )  a n d  N i(II) stock  so lu tio n s  w ere  p rep ared  from  m e ta l n i tra te s  o f a n a ly tic a l p u rity ,'co n 
c e n tr a t io n s  were checked g ra v im e tr ic a lly . Ionic s tre n g th  w as a d ju s te d  to  0.1 w ith  K N 0 3 
s o lu t io n . F o r  th e  t it ra tio n s  C 0 2-free  0.25 N  N aO H  so lu tio n  w as used .

T h e  buffers used  to  s ta n d a rd iz e  th e  p H -m e te r w ere chosen  so t h a t  th e ir  v a lues should  
b e  n e a r  th e  p H  changes o c c u rr in g  in  th e  course o f t i t r a tio n .

I n  each  case a t  le a s t  fo u r  p a ra l le l  titra tio n s  w ere m ad e .
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D eterm ination of the acid dissociation constants of glycine

Although for th e  acidic dissociation constants of glycine a num ber of d a ta  can be found 
in the literature [6], i t  was necessary to  re-determ ine them . For this purpose 1.00 • 10“ 2 mole/1 
glycine solutions, also containing one equivalent perchloric acid, were ti tr a te d  w ith  alkali. 
(To standardize th e  pH -m eter, in this case, citric acid and borax buffers were applied.)

The calculations were perform ed num erically to  give the following resu lts:

—log K x 2 =  2.52, —log K t =  9.84 (a t 20°); —log K 12 =  2.51 
—log K t =  9.70 (a t 25°); —log K t 2 =  2.50, —log =  9.60 (a t  30°).

Evaulation of the form ation curves

1.00 ■ 10-2 mole/1 glycine solutions containing 5.00 • 10-3  mole/1 of C u(II) and 3.31 • 
• 10“ 8 mole/1 of N i(II) were titra ted  w ith  alkali. The form ation curves were calculated by 

m eans of the relations published by A l b e r t  [7 ] .  (To standardize the pH -m eter, fo r Cu(II) we 
used potassium  hydrogen ph talate , for N i(II), a phosphate  buffer.)

Fig. 3. Form ation curve of the system  N i(II)-glycine a t  20 °C

R esults an d  d iscussion

Calculation of the stability constants w ith the modified correction term  m ethod

Constants o f  N i ( I I ) -g lyc in e  complexes

T h e m odified  m e th o d  is b e s t app licab le  if  th e  m ax im um  co o rd in a tio n  
n u m b e r is tw o. S a tis fa c to ry  a c c u ra te  c o n s ta n ts  can  also be o b ta in e d  for 
N i(II)-a -am in o  acid  sy stem s, if  th e  d a ta  u p  to  n  =  1.2 are used fo r th e  ca lcu la 
tio n s , because in  th is  case h a rd ly  a n y  or a b so lu te ly  no  com plex  o f  th e  ty p e  
MA3 is form ed.

F ig . 3 shows th e  fo rm a tio n  cu rv e  o f N i(II)-g ly c in e  o b ta in ed  a t  20°.
T he fo rm atio n  cu rv e  w as g rap h ica lly  in te g ra te d  b e tw een  th e  lim its  n =  

=  0.6 an d  n  =  1.2. T h e  a rea  was 0.580, fo r w h ich  th e  co rrespond ing  log  ( K J K 2)
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is 0 .8 9 6 , acco rd in g  to  Fig. 1. F ro m  th e  la t te r  v a lu e , log  К г and  K 2 fo r th e  m idd le  
of th e  fo rm a tio n  curve can  he  o b ta in e d  in the  fo llow ing  w ay:

У

an d  s in c e  a t  th is  po in t

th u s .
2 p A  =  log (К г К 2)

log K 1 — lo g  (K , K 2) +  “  log

log IC2 =  - -  log  ( K l K 2) — ~  log  
Z Z

K y
K 2

К
К ,

(9)

( 10)

(И)

( 12)

In  th e  sec tio n  0.7 >  n <  1.3 o f  th e  fo rm atio n  cu rv e , w hen log  (K J K 2) is 
k n o w n , th e  correction  te rm s  у  m a y  be ca lcu la ted  b y  m eans of E q . (8) fro m  th e  
re la t io n

K y
K 2

A P A d
2

(13)

w h ile  th e  у  values c o rre sp o n d in g  to  n <  0.8 (d >  2) w ere re a d  from  F ig . 2. 
T h u s , k n o w in g p A i _ d b y  E q . (7) w e can get log K 2, w hile log K 2 is o b ta in e d  from  
th e  r e la t io n

log K 2 =  log К г — log (14)

T h e  resu lts  of th e se  ca lc u la tio n s  are g iven  in  T ab le  IY .

Table IV

Calculation o f the stability constants o f the system N i(II)-g lyc in e  at 20°

d PAl-d
ApAd

2 у log К. logic,

0.0 5.34 5.34 0.00 0.448 5.79 4.89

0.1 5.44 5.24 0.10 0.348 5.79 4.89

0.2 5.56 5.14 0.21 0.238 5.80 4.90

0.3 5.67 — — 0.125 5.79 4.90

0.4 5.79 ---- — 0.015 5.81 4.91

0.5 5.92 — — —0.110 5.81 4.91

Mean: 5.80 4.90
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Q uite  sim ilarly  we also ca lcu la ted  th e  s ta b ility  c o n s ta n ts  o f  th e  N i(II)-  
-g lycine com plexes from  th e  fo rm a tio n  curves o b ta in ed  a t  25° a n d  30°. To 
check  th e  c o n s ta n ts , th e  va lu es  of n w ere re -ca lcu la ted  b y  m eans o f  expression  
(1) o f th e  fo rm atio n  cu rv e . T h e  co rresp o n d in g  log K 2 and  log (A j IV,), p A ,  n txp 
an d  A n  =  («exp. — h c a i c . )  are  su m m arized  in  T ab le  У.

Table V

Differences between the experimental and calculated n values o f the N i(II)-g lyc in e  system at 20°,
25° and 30°

20°; log (K JK .J  = 0.896;'Jog K, =  5.80; log ( В Д ) =  10.70; a =  + 0.008

pA 5.981 5.861 5.612 5.378 5.272 5.036

ncxpt. 0.435 0.544 0.757 0.978 1.087 1.304
An +0.014 —0.0043 —0.0028 —0.003 —0.011 0.008

25°; log (KJK2) = 0.90; log K, =  5.73; log (KJK 2) =  10.56; a =  ± 0 . 0 1

PA 6 . 0 1 0 5.800 5.580 5.400 5.214 5.050

^expt. 0.365 0.532 0.709 0 . 8 8 6 1.064 1.235

An +0.016 + 0 . 0 0 2 — 0 .0 1 -0 .0003 —0.001 —0.015

30°; log (KJ K2) = 0.93; log K , =  5.70; log (K tK 2) = 10.47; о = +  0.007

PA 5.891 5.741 5.492 5.258 5.132 4.916

y»expt. 0.435 0.544 0.759 0.978 1.087 1.304

A n +  0.0034i +0.0066 +0.0042 1 0.0014 i 0 . 0 1 0 — 0 . 0 1 0

Constants o f  Cu(  11 )-glycine complexes

T h e fo rm atio n  curves for th e  system  C u(II)-g lycine  w ere g rap h ica lly  
in te g ra te d  betw een  th e  lim its  o f n  =  0.5 an d  n — 1.5. In  th is  case, how ever, 
h av in g  o b ta in ed  log (IVj/IV2), th e  co rrec tio n  te rm s у  w ere c a lc u la ted  a t  each 
considered  ex p erim en ta l p o in t b y  m eans o f E q . (13). T he re s t of th e  p ro ced u re  
w as e x a c tly  th e  sam e as w ith  th e  sy s tem  N i(II)-g lyc ine . T he s ta b ili ty  c o n s ta n ts  
o b ta in e d  a t  v a rious te m p e ra tu re s  an d  th e  d a ta  for p A ,  n exp. an d  Zlre w ere su m 
m ed up  in  T ab le  V I. F rom  T ab les V an d  V I i t  can  be seen th a t  th e  new  m e th o d  
o f ca lcu la tio n  gave rea lly  c o n s ta n ts  sa tisfy in g  th e  fo rm a tio n  cu rves. F o r  th e  
sy stem s C u(II)-g lycine an d  N i(II)-g ly c in e  th e  co n s ta n ts  are in  a g reem en t 
w ith  th e  d a ta  found  in  th e  l i te ra tu re  [6]. W e have fa irly  good a g re e m e n t w ith  
th e  h ig h ly  accu ra te  d a ta  o f A n d e r e g g  [8], o b ta in ed  a t  20° in  0.1 N  N a N 0 3, s im 
ila rly  p H -m e trica lly , b u t  w ith  a c o m p u te r. T he c o n s ta n ts  o b ta in e d  b y  th e  
above a u th o r  w ere for N i(II)-g ly c in e : log K 2 =  5.82, log K 2 =  4 .82 ; fo r C u (II)-  
-g lycine: log K l =  8.183, log K 2 =  6.921. T h e  d ifferences b e tw een  o u r  d a ta  
a n d  th o se  of A n d e r e g g  a m o u n t to  a b o u t 0.1 log K.
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Table VI

Differences between the experimental and the calculated n values o f the С и( 11) -glycine system at
20°, 25° and 30°

20°; log (K J K 2) =  1.263; log K l =  8.313; log (К ,К 2) =  15.363; a =  + 0.005

pA 8.515 8.332 8.137 8.030 7.815 7.570 7.325 7.197 7.065

n exp. 0.415 0.525 0.670 0.738 0.905 1.080 1.265 1.355 1.455

A n —0.008 +0.002 — 0.005 +0.006 —0.003 + 0 .002 — 0.003 +0.001 —0.003

25°; log (K J K 2) =  1.27; log K ,  = 8.23; log (K vK2) == 15.19; c =  +0.007

pA 8.421 8.240 8.054 7.850 7.610 7.230 7.100 6.980 6.830

raexp. 0.423 0.547 0.663 0.818 0.989 1.260 1.356 1.450 1.550

A n —0.0085 —0.013 + 0 .003 — 0.003 +0.011 +  0.007 +  0.006 —0.003 —0.001

30°; log ( K J K f =  1.28; log К , = 8.17; log (К гК 2) =  15.06; a =  +0 .007

pA 8.350 8.180 7.990 7.780 7.550 7.420 7.160 7.040 6.910

л ехр. 0.433 0.540 0.671 0.821 0.991 1.080 1.265 1.360 1.440

A n —0.013 —0.009 — 0.005 — 0.003 —0.006 —o-ooo +  0.005 — 0.004 +  0.008

Calculation o f  enthalpy and entropy changes

F ro m  Tables V a n d  V I  i t  is also obv ious t h a t  in  th e  te m p e ra tu re  range 
s tu d ie d  th e  change o f th e  c o n s ta n ts  is n ea rly  lin e a r . I n  v iew  of th is  i t  is possib le 
to  ca lcu la te  th e  e n th a lp y  chan g es of th e  p rocesses, w ith  th e  te m p e ra tu re  coeffi
c ie n t  m ethod , b y  m ean s  o f  th e  equa tion ;

A H  =
2.303 R T T '  (log K '  — logK ) 

T  — T
(15)

w h ile  th e  en tro p y  ch an g es  o f  th e  com plex-fo rm ing  processes are  ca lcu la ted  on 
b as is  of th e  re la tio n :

A S  =
A H - A G  

T
(16)

T h e  resu lts  are sho w n , to g e th e r  w ith  som e co rresp o n d in g  va lu es  re p o rte d  in  
th e  l i te ra tu re , in  T a b le  V I I .

F ro m  th e  d a ta  su m m a riz e d  in  T ab le  V I I ,  th e  m o st accu ra te  are th o se  of 
B r a n n a n  e t  al. an d  I zatt  e t  al. The d a ta  of L i e t  al., im p ro b a b ly  h igh  fo r en 
th a lp y  changes, a n d  v e ry  sm all or n eg a tiv e  fo r e n tro p y  changes, h av e  a lread y  
b e e n  criticized  in  I z a t t ’s p a p e r  m en tio n ed  ab o v e .

In  can be seen fro m  T ab le  V II  th a t  o u r re su lts  a re , in  sp ite  of th e  d iffe r
ence  in  ionic s tre n g th , in  v e ry  good a g reem en t w ith  th o se  of B r a n n a n  e t  al.
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Table VII

A H  and  zlS values o f the systems N i(I I)-g ly c in e  and C u(II)-glycine

M e ta l
io n M e th o d I — A H X 

k c a l /m o le
— A H t

k c a l/m o le
A S t 
e . u .

/ I S ,  
e .  u .

Ni (II)

hydrogen0

electrode 0 4.09 4.69 14.5 6.9

glass*’
electrode 0.2 8.8 20

poIarograph:c 0.15 14 2.5

glass'*
electrode 0.1 4.1 5.3 13 4

Cu (II)

calorimetric* 0 6.0 6.4 19 11

glass-^

electrode 0.02 7.0 — 13

glass*’
electrode 0.2 10.7 34

polarograph:c 0.15

0.1

21 — 1

glass'*
electrode 5.9 6.5 18 11

a) I. R. B ra nn an , H . S. D unsm ore, G. H. N ancollas: J .  Chem. Soc. 1964, 304.
b) V. S. Sharm a , H. B. Mathur, A. B. B isw a s : J .  Inorg . Nucl. Chem. 26, 382 (1964).
c )  N. C. L i, I. W . W h it e , R. L. Y o e st : J . Am. Chem. Soc. 78, 5218 (1956).
d) P resen t w ork
e) R . M. I zatt, I. I. Ch ristensen , V. K o th a ri: Inorg . Chem. 3, 1565 (1964).
f )  C. B. Mu r ph y , A. E. Matell: J .  Biol. Chem. 226, 37 (1957).

a n d  I z a t t  et al. T h e  m ax im um  d ifference in  e n th a lp y  changes is 0.6 k ca l/m o le . 
T h e  va lu es  of e n tro p y  changes agree also w ell w ith  th e  d a ta  of th e  a b o v e -m e n 
tio n ed  au th o rs . C on seq u en tly , i t  is e v id e n t t h a t  th e  ca lcu la ted  s ta b il i ty  c o n 
s ta n ts , too , are su ffic ien tly  accu ra te . T h is is d u e  to  th e  accu racy  of p H  m e a su re 
m en ts , as well as to  t h a t  of th e  c a lcu la tio n  m e th o d  developed  b y  us. H o w ev e r, 
i t  shou ld  be em p h asized  once again  t h a t  in  fa v o u ra b le  cases (a t su itab le  v a lu e s  
o f log (KJKz)  a n d  i f  we have  a n e a r ly  co m p le te  a n d  a c cu ra te  fo rm atio n  c u rv e  
a t  o u r d isposal) th e  desired  accu racy  can  be ach iev ed  w ith  th e  co rrec tio n  te rm  
an d  p ro jec tio n  s tr ip  ca lcu la tio n  m e th o d s  as w ell.
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SUMMARY

A new  m ethod for th e  calculation of stab ility  co n stan ts  has been developed. The proce
dure s ta r ts  w ith  the assum ption th a t  the size of the a rea  determ ined by two poin ts of th e  for
m ation  curve, depends a p a rt from  n, only on the ra tio  o f th e  stability  constants. A ccordingly, 
in th e  case of a known area determ ined by graphic in teg ra tion , the values for log (K,/JC2) 
can be ob tained . From  th is la t te r  th e  correction te rm  (y ) necessary to com pute th e  s tab ility  
constan ts  can  be determ ined either through calculation or graphically. For n ineteen po in ts of 
th e  fo rm ation  curve, changing the  value of log (K l/K 2) from  0 to 4 by intervals of 0.2, we have 
calcu lated  and  tabu la ted  th e  corresponding area-values.

O ur procedure is essentially a m odification of th e  correction term m ethod. I t  can  be 
em ployed for the calculation of log K l and K 2 in the case of N  =  2 and N =  3, too. The utiliza- 
b ility  o f th e  calculation m ethod  has been proved for th e  system s Ni(II)-gIycine and  C u(II)-gly- 
cine. B y  m eans of the s tab ility  constants obtained a t  various tem peratures, w ith  th e  tem p era
tu re  coefficient m ethod, we have calculated the en th a lp y  and  entropy changes corresponding 
to  th e  above complex-forming processes. These values for Cu(II)-glycine are as follows:
A H , =  5.9 kcal/mole; AH., =  6.5 kcal/mole; ZlSt =  18 e. u .;
A S 2 =  11 e. u .; and for N i(II)-glycine: AH , =  4.1 kcal/m ole;
A H 2 =  5.3 kcal/mole; ZlSj =  13 e. u .; ZlS, =  4 e. u. T he en thalpy  changes, w ithin 4  1 kcal/mole 
are in good agreem ent w ith  the data  reported  in th e  lite ra tu re , obtained calorim etrically.
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I t  has b e e n  rep o rted  ea rlie r  [1] th a t  h igh  s te reo se lec tiv ity  could  be  o b 
served  in th e  q u a te rn iz a tio n  o f codeine w ith  b en zy l iod ide  an d  in  th e  re a c tio n  
o f  N -benzy l-no rcodeine  w ith  m e th y l iod ide; th e se  reac tio n s  affo rded  q u a te r 
n a ry  am m onium  sa lts  stereo isom eric  a t  th e  n itro g en  a to m , h av in g  essen tia lly  
d iffe ren t p h y sica l p roperties. O u r researches in to  th e  se lec tiv ity  of “ d ire c t”  
an d  “ reverse”  q u a te rn iz a tio n  w ere  ex ten d ed  to  inc lu d e  l- in e th y l-2 -a lk y l-6 ,7 - 
d im e th o x y -l,2 ,3 ,4 -te tra h y d ro iso q u in o lin e  d e riv a tiv e s  [2], an d  re la te d  com 
po u n d s such as lau d an o sin e  hom ologues [3] an d  o th e r  1 ,2 -d isu b s titu te d  6,7- 
d im e th o x y -l,2 ,3 ,4 -te tra h y d ro iso q u in o lin e  d e riv a tiv e s  [4]. S im ilar in v e s tig a 
tio n s  are also k n o w n  on o ther m o d e ls , such  as N -a lk y l-cam p h id in e  d e riv a tiv e s
[5], orto s u b s ti tu te d  d im eth y lan ilin e  [6], 5 -n itro -te tra h y d ro o x az in e s  [7], indoli- 
z id ine  com pounds [8], 2 -m eth y lp y rro lid in e , 2 -m eth y l- a n d  4 -p h en y lp ip e rid in e , 
i/o n s-d ecah y d ro q u in o lin e  [9a], N -m e th y l-4 -aza-5 a -ch o les tan e  [9b], e tc . A t
te m p ts  have b een  m ad e  to  d e te rm in e  th e  o r ie n ta tio n  an d  re la tiv e  sp a tia l re q u ire 
m e n t of th e  u n s h a re d  pa ir of e lec tro n s o f th e  te r t ia r y  n itro g en  a to m  b y  
q u a n tu m  m ech an ica l ca lcu la tions a n d  b y  p h ysico -chem ical m e th o d s  [10], an d  
severa l o ther a sp e c ts  of th is  fie ld  o f  re sea rch  are th e  su b je c t o f d iscussion [11].

In  1961 we re p o r te d  firs t on  o u r in v es tig a tio n s  d ire c te d  to  th e  q u a te rn iz a 
tio n  o f m orphine*  (I) and  N -a lly l-n o rm o rp h in e  (II) [12]. W e fo u n d  th a t  b o th  
th e  q u a te rn iz a tio n  o f  m orphine (I) w ith  ally l iod ide  an d  th e  reac tio n  of N -ally l- 
n o rm orph ine  (II) w ith  m ethy l io d id e  led  in  fa ir  y ie ld s to  q u a te rn a ry  am m onium  
sa lts  (III) and  (IV) w hich were s te reo isom eric  a t  th e  n itro g en  a to m  an d  h a d  
d iffe ren t p h ysica l p ro p erties . H o w ev er, even  th e  p re p a ra tiv e  te c h n iq u e  an d  
e v a lu a tio n  ap p lied  a t  th a t  tim e rev ea led  th a t  N -a lly l-n o rm o rp h in e  m eth io d id e  
(IV), being  th e  m a in  p ro d u c t o f  th e  q u a te rn iz a tio n  o f  N -a lly l-n o rm o rp h in e  
w ith  m e th y l io d id e , w as accom pan ied  b y  a sm all a m o u n t of th e  N -stereo iso - 
m eric  com pound, m o rp h in e -N -a lly l iod ide (III); th e  la t te r  could  be iso la ted  
fro m  th e  m o th er l iq u o r  of th e  c ry s ta lliz e d  m ain  p ro d u c t (F ig . 1).

* Several w ays a re  known [14, 18] to  represent the cyclohexene ring of the m orphine 
skeleton. E xperim ental decision as regards the correct form has no t been possible so far. Since 
th is  paper, we use here  th e  latest mode o f representation [15].
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I n  la te r  ex p erim en ts , in  th e  q u a te rn iz a tio n  o f m o rp h in e  (I) w ith  ally l 
io d id e , w e succeeded in  iso la tin g  d u rin g  th e  p re p a ra tiv e  p rocessing  o f  th e  re a c 
t io n  m ix tu re , besides m o rp h in e -N -a lly l iod ide  (III) fo rm ed  as th e  m a in  p ro 
d u c t ,  a lso  th e  s tereo isom eric  co m p o u n d , N -a lly l-n o rm o rp h in e  m eth io d id e  
(IV) (F ig . 2).

I t  m a y  he m en tio n ed  in  th is  co n n ec tio n  th a t  ea rlie r, on  th e  basis  of re 
su lts  o b ta in e d  by  in d e p e n d e n t research es, th e  q u a te rn iz a tio n  re a c tio n s  of a

CH2
ilCH

n u m b e r  o f  tropane d er iv a tiv es  h ad  b een  con sid ered  co m p le te ly  se le c tiv e  [13]. 
In  1965 M cK e n n a  con clu d ed  from  a p ro ton  reson an ce sp ec tro sco p ica l in v e s t i
g a t io n  th a t  th e  q u a tern iza tio n  o f  com p ou n d s w ith  trop an e sk e le to n  w as se lec 
t iv e  to  a great e x te n t , h u t n o t  co m p le te ly  so.

A n  ex am in a tio n  b y  p re p a ra tiv e  m e th o d s  of th e  q u a te rn iz a tio n  o f  codeine 
d u r in g  o u r earlier e x p e rim e n ts  show ed th a t  th e  p ro d u c t w as hom ogeneous [1]. 
I n  f a c t ,  q u a te rn iz a tio n  re a c tio n s  in  th e  m o rp h in e  series a ffo rd  in  severa l in 
s ta n c e s  n ea rly  hom ogeneous p ro d u c ts  from  th e  p re p a ra tiv e  p o in t of v iew . 
T h e  q u a te rn a ry  sa lt s te reo iso m eric  a t  th e  n itro g en  a to m  fo rm ed  a long  w ith  
th e  m a in  p ro d u c t q u a te rn a ry  s a lt can  be iso la ted  as a p u re  co m p o u n d  on ly  b y  
c a re fu l frac tio n a l c ry s ta lliz a tio n . T h is is also  show n b y  th e  fa c t  t h a t  up  to  our 
in v e s tig a tio n s , th e  s im u ltan eo u s  fo rm a tio n  o f N -ste reo isom eric  com pounds 
h a s  n o t  been  rep o rted  in  a n y  q u a te rn iz a tio n  in  th e  m o rp h in e  series, th o u g h
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i t  should  be n o te d  th a t  th e  p u rp o se s  of th e  re la te d  ex p e rim en ts  w ere o th e r th a n  
stereochem ical research . T he f i r s t  p a ir  of sa lts  s te reo isom eric  a t  th e  n itrogen  
a to m  and  h av in g  m orph ine  sk e le to n  described  in  l i te ra tu re  w as a c tu a lly  code- 
ine-N -benzy l iod ide (V) an d  N -benzy l-n o r-co d e in e  m eth io d id e  (VI) p repared  
b y  us b y  tw o d iffe ren t ro u tes .

T he h igh se lec tiv ity  of q u a te rn iz a tio n  re a c tio n s  in  th e  m o rp h in e  series 
is also in d ica ted  b y  th e  w ork o f B o g n á r  an d  S z a b ó  [15] w ho s tu d ie d  th e  quater- 
n iza tio n  of 0 3,0 6-d iaee ty lm o rp h in e  w ith  ally l b ro m id e , an d  o f  0 3,O e-d iacety l-

Fig. 2

N -ally l-n o rm o rp h in e  w ith  m e th y l b ro m id e , fu r th e r  o f 0 3,0 e-d iace ty lm o rp h in e  
w ith  re-propyl b ro m id e  an d  o f O3,O 0-d iace ty l-N -re -p ro p y l-n o rm o rp h in e  w ith  
m e th y l b rom ide. I n  th e  reac tio n s c o n d u c ted  a t  ro o m  te m p e ra tu re , com plete  
se le c tiv ity  was experienced ; th e  fo rm a tio n  of an y  b y -p ro d u c t in  th e  q u a te rn iza -  
t io n  reac tio n s w as n o t no ted .

In  a d d itio n  to  th e  p re p a ra tiv e  m eth o d s used  in  th e  b eg in n in g , th e  selec
t iv i ty  of th e  q u a te rn iz a tio n  re a c tio n s  of m o rp h in e  a n d  N -a lly l-n o rm o rp h in e  
w as e v a lu a ted  la te r  also b y  in f ra re d  sp ec tro scopy . H ere  we u tiliz ed  th e  fac t 
t h a t  e ssen tia l d ifferences ex is t in  th e  in fra red  sp e c tra  o f th e  ste reo isom eric  
q u a te rn a ry  am m onium  sa lts  [13c, 5 , 9 a ] . E v a lu a tio n  b y  N M R  sp ec tro sco p y  was 
in  th is  case im possib le , owing to  th e  poor so lu b ility  o f  th e  co m p o u n d s in  th e  
so lv en ts  n o rm ally  used  fo r an  N M R  s tu d y .

D ifferences in  th e  in fra red  s p e c tra  o f m o rp h in e -N -a lly l iod ide  (III) and  
N -ally l-n o rm o rp h in e  m eth io d id e  (IV) m ade possib le, in  a d d itio n  to  th e  d e te c 
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t io n  o f  m in u te  am ounts o f iso m e ric  c o n tam in an ts  in  th is  w ay , also th e  d e te rm i
n a t io n  o f  th e  steric o r ie n ta tio n  o f  th e  su b s titu e n ts  in  q u a te rn a ry  sa lts , ou ts id e  
th e  r in g , coup led  to  th e  n itro g e n  a to m , u tiliz ing  k n o w n  re g u la ritie s  in  th is  w ork. 
A lso th e  isom eriza tion  o f q u a te r n a r y  sa lts could be  w ell e v a lu a te d  b y  in fra red  
sp e c tro sc o p y . The resu lts  fu rn is h e d  fu r th e r  in fo rm atio n  a b o u t th e  co n fo rm atio n  
o f th e s e  com pounds.

A  d e ta ile d  discussion o f  th e  in fra red  sp ec tra , co m p ared  w ith  th e  in fra red  
a n d  N M R  sp ec tra  of a n u m b e r  o th e r  sa lts , n o r-co m p o u n d s an d  q u a te rn a ry  de 
r iv a t iv e s  o f m orphine sk e le to n , o f  N -stereo isom eric  1 ,2 ,3 ,4 -te trah y d ro iso q u i

n o lin iu m  salts and  q u a te r n a r y  1 ,2 ,3 ,4 -te trah y d ro iso q u in o lin e  d e r iv a tiv e s ’ 
w ill b e  pub lished  la te r . I n  th e  p re sen t p ap er w e d iscuss on ly  th e  d ifference- 
u se d  in  th e  evaluation  o f th e  re a c tio n s  and for e s tab lish in g  th e  con fo rm ationss

T h e  in frared  sp e c tra  o f  m orph ine-N -a lly l io d ide  (III) an d  o f N -ally l-nor- 
m o rp h in e  m ethiodide (IV) s ig n if ic a n tly  differ fro m  each  o th e r  in  th e  sp ec tra  
ra n g e  o f  1610—1637 c m ^ 1 o f  th e  a rom atic  C — C b a n d s . In  th e  sp ec tru m  of 
m o rp h in e -N -a lly l iod ide (F ig . 3) th e  bands of th e  d o u b le t a t  1628 a n d  1610 c m ” 1 
sh o w  n e a r ly  the  sam e in te n s i ty ,  w hile in  th e  sp e c tru m  o f N -a lly l-n o rm o rp h in e  
m e th io d id e  (Fig. 4) th e  d o u b le t  is found  a t 1630 a n d  1610 c m -1 , a n d  th e  b an d  
a t  1630 c m “ 1 has on ly  h a lf  th e  in te n s ity  of th e  b a n d  a t  1610 c m “ 1.

T h e  strong  d o u b le t a t  1080 — 1096 cm -1  in  th e  sp ec tru m  o f N -a lly l-n o r
m o rp h in e  m eth iodide (IV) is v e ry  ch a rac te ris tic . I n  th e  sp e c tru m  o f m orph ine- 
N -a lly l iodide, in  tu rn ,  th e  b a n d  a t  1096 cm “ 1 is co m p le te ly  a b se n t, an d  s trong  
a b s o rp tio n  is seen o n ly  in  th e  v ic in ity , a t 1074 a n d  1118 c m “ 1. T he a b so rp tio n  
b a n d  o f  m orph ine-N -ally l io d id e  appearing  a t  1016 c m “ 1 is sp lit  in to  th e  d o u 
b le t  1010 and 1031 c m “ 1. A  v e ry  ch a rac te ris tic  d ifference  is t h a t  in  th e  sp ec tru m  
o f  m orph ine-N -a lly l io d ide  th e re  is an  ex trem e ly  s tro n g  sh a rp  sing le t a t  842
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cm  x, w hile in  the  sp e c tru m  o f N -a lly l-n o rm o rp h in e  m e th io d id e  in  th e  sam e 
ran g e  a d o u b le t is fo u n d  a t  850 an d  862 c m “ 1.

T here  is a n o th e r  s ig n ifican t d ifference in  th e  ran g e  o f 1460— 1510 c m “ 1 
o f th e  sp ec tra . In  th e  sp e c tru m  of N -a lly l-n o rm o rp h in e  m e th io d id e  a b a n d  of 
h ig h  in te n s ity  is p re se n t. T h is b a n d  is a b se n t in  th e  sp ec tru m  o f m o rp h in e -N - 
a lly l iodide w here a b so rp tio n  is observed  a t  1482 c m “ 1. F ro m  th is  fa c t,  t a k 
ing  in to  acco u n t th e  o b se rv a tio n  of Z e i l e  a n d  S c h u l z  [ 1 3 c ]  acco rd in g  to  
w hich  an  ab so rp tio n  b a n d  ap p ears  a t  1482 c m “ 1 in  th e  sp e c tra  o f th e  m eth io - 
d ides o f th e  N -a lk y l-n o rtro p a n e  d e riv a tiv e s  c a rry in g  th e  N -m e th y l g ro u p  in

Fig. 4

equatorial position , w hile in  th e  sp ec tra  of tro p a n e  alky l q u a te rn a ry  co m p o u n d s 
c a rry in g  th e  N -m eth y l g roup  in  axial  p o sitio n  o n ly  a shou lder ap p e a rs  a t  a b o u t 
th e  sam e w ave n u m b er, i t  m ay  be  concluded  th a t  in  m o rp h in e -N -a lly l iod ide
(III) th e  N -m eth y l g roup  occupies equatorial p o sitio n , th o u g h  th e  a n a lo g y  is 
n o t  to o  close.

O ur abov e-m en tio n ed  conclusion  based  on th e  in fra red  sp e c tra  h as  also 
b een  su p p o rted  b y  th e  ev a lu a tio n  o f th e  se lec tiv ities o f q u a te rn iz a tio n  reac tio n s  
an d  b y  th e  isom eriza tion  o f  q u a te rn a ry  sa lts . T hese  reac tio n s w ere c a rr ie d  o u t 
in  ch lo ro fo rm , m e th an o l, e th a n o l an d  benzene a t  -(-4 °C, or a t  room  te m p e ra 
tu re ,  or a t  th e  bo iling  p o in t o f th e  so lu tio n . B esides p re p a ra tiv e  p rocessing , also 
th e  in fra re d  sp ec tru m  o f th e  hom ogenized  c ry s ta llin e  resid u e  o b ta in e d  on 
e v a p o ra tin g  th e  reac tio n  m ix tu re  w as in v e s tig a te d . H ig h est se le c tiv ity  w as 
o bserved  in the  reac tio n  o f N -a lly l-n o rm o rp h in e  w ith  m e th y l iodide in  c h lo ro 
fo rm  a t  -[-4 °C. In  th a t  case th e  a m o u n t o f m o rp h in e-N -a lly l iod ide (III) fo rm ed  
as th e  b y -p ro d u c t w as a b o u t 15% . T he q u a te rn iz a tio n  o f  m o rp h in e  (I) 
w ith  a lly l iodide show ed a low er degree o f se lec tiv ity . O n ra is in g  th e  te m p e ra 
tu re ,  th e  selec tiv ities of b o th  reac tio n s s lig h tly  decreased . I t  h a s  b een  fo u n d
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t h a t  th e  se lec tiv ity  o f  q u a te rn iz a tio n  reac tio n s  in  ch loroform  is h ig h e r th a n  
in  m e th a n o l or e th an o l.

T h e  ra c em iza tio n  o f  o p tica lly  ac tiv e  q u a te rn a ry  am m onium  sa lts  con
ta in in g  an  ally l ra d ic a l h a s  b een  s tu d ied  b y  W e d e k i n d  [ 1 6 ] .  T he iso m eriza
tio n  in  ch loroform  o f in a c tiv e  s tereo isom eric  q u a te rn a ry  sa lts  co n ta in in g  a 
b en zy l rad ica l has re c e n tly  b een  u tilized  b y  M c K e n n a  [ 9 c ]  to  e s tab lish  th e  
c o n fo rm a tio n  of a licyclic  q u a te rn a ry  sa lts . O n h e a tin g  m o rp h in e -N -a lly l iodide 
(III) in  a sealed  tu b e  in  ch lo ro fo rm  a t  8 0 °  fo r 8 0  to  1 0 0  h o u rs , p a r tia l  iso m eriza 
tio n  to  N -a lly l-n o rm o rp h in e  m eth io d id e  (IV) to o k  p lace  (F ig . 5). In  c o n tra s t  
to  t h a t ,  N -a lly l-n o rm o rp h in e  m eth io d id e  (IV) su ffered  o n ly  negligible change 
u n d e r  id en tica l co n d itio n s.

O n su b jec tin g  code ine-N -benzy l iod ide (V) to  iso m eriza tio n  u n d e r  sim ilar 
co n d itio n s , th e  fo rm a tio n  o f N -b enzy l-no rcodeine  m eth io d id e  (VI) w as o b 
se rv ed  (F ig . 6). T h e  la t t e r  conversion  to o k  p lace  also on m eltin g  codeine-N - 
b e n z y l iod ide in  a sea led  tu b e , to  th e  an a lo g y  o f th e  o b se rv a tio n s  o f S c h o l t z  [17] 
w ith  th e  benzy l q u a te rn a ry  d e riv a tiv e s  of con iine an d  con h y d rin e . O n h ea tin g  
N -b en zy l-n o rco d e in e  m e th io d id e  (VI) in  ch lo ro fo rm , o n ly  s lig h t iso m eriza 
t io n  w as experienced . T h e  a ssay  b y  in fra red  sp ec tro sco p y  em ployed  to  e v a lu a te  
th e  se le c tiv ity  o f q u a te rn iz a tio n  and  o f th e  iso m eriza tio n  of q u a te rn a ry  sa lts , 
h a s  b e e n  well co m p lem en ted  b y  th e  m e asu rem en t o f th e  op tica l r o ta to ry  pow ers 
o f  th e  c rude  re a c tio n  p ro d u c ts  or of th e  su b s ta n c e  o b ta in e d  on isom eriza tion . 
S ince th e  op tica l r o ta to r y  ac tiv itie s  of m o rp h in e -N -a lly l iod ide a n d  N -ally l- 
n o rm o rp h in e  m e th io d id e  d iffe r co n sid e rab ly , th e  v a lu es  of ro ta to ry  pow er of 
th e  c ru d e  p ro d u c ts  o f  q u a te rn iz a tio n  fu rn ish e d  also an  a p p ro x im a te ly  q u a n ti
t a t iv e  re su lt as re g a rd s  th e  se lec tiv ity  o f  th e  reac tio n s . T hese d a ta  w ere in  
acco rd an ce  w ith  th e  s e le c tiv ity  values o b ta in e d  on  th e  basis of th e  in fra red  
sp e c tra .

S im ilarly , i t  w as a conv incing  piece o f  ev idence  th a t  w hile p ra c tic a lly  
no  decrease  of th e  o p tic a l ro ta to ry  pow er o f  m o rp h in e -N -a lly l iod ide w as p e r
c ep tib le  d u rin g  iso m eriza tio n  fo r 80— 100 h o u rs  a t  80° in  ch loroform ic so lu tion  
( th e  decrease of r o ta to r y  p ow er co rresp o n d ed  to  th e  fo rm a tio n  of 5 %  o f m o r
p h in e -N -a lly l iod ide  on ly ) a f te r  s im ilar t r e a tm e n t  o f th e  isom eric  N -ally l- 
n o rm o rp h in e  m eth io d id e  th e  o p tica l ro ta to ry  pow er o f th e  en d  p ro d u c t sign i
f ic a n tly  exceeded th a t  o f th e  in itia l su b s ta n c e . T h e  o bserved  rise of th e  ro ta to ry  
p o w er co rresponded  to  th e  fo rm a tio n  o f a b o u t 20 —2 5 %  of N -a lly l-no rm orph ine  
m e th io d id e .

F ro m  th e  abo v e-d iscu ssed  fac ts  i t  c a n  be  u n eq u iv o ca lly  conc luded  th a t  
in  th e  course o f th e  in v e s tig a te d  q u a te rn iz a tio n  reac tio n s  in  th e  m o rp h in e  
series, th e  s u b s ti tu e n t  co u p led  to  th e  n itro g e n  a to m  in  th e  second  in s ta n c e  
occupies axial  s te ric  p o s itio n  in  th e  q u a te rn a ry  sa lt fo rm ed  as th e  m a in  p ro 
d u c t. C o n sequen tly , in  th e  q u a te rn a ry  sa lts  fo rm ed  as m ain  p ro d u c ts  in  th e  
q u a te rn iz a tio n  o f m o rp h in e , th e  sp a tia l p o s itio n  o f th e  N -m eth y l g roup  coupled
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to  n i t ro g e n  a tom  is th e  sam e  as th a t  d e te rm in e d  in  crysta lline  codeine . 
H I .2 H 20  b y  X -ra y  d iffra c tio n  m ethod  [18]. T h u s , th e  form ulas ap p lied  e a r 
lie r c o r re c tly  express th e  co n fig u ra tio n  of th e  ste reo isom eric  q u a te rn a ry  sa lts  
w ith  m o rp h in e  skele ton .

A  co m p ara tiv e  e v a lu a tio n  of the  o p tica l r o ta to r y  pow er of th e  h y d ro g e n  
h a lid e s  o f  n o r-com pounds a n d  te r tia ry  an d  q u a te rn a ry  deriv a tiv es  a ffo rd ed  
[19] a fu r th e r ,  in d e p e n d e n t ev idence to  s u p p o r t o u r  s ta te m e n t co n cern in g  th e  
c o n f ig u ra tio n  of q u a te rn a ry  sa lts  w ith  m o rp h in e  skele ton .

E xperim ental

M elting points were determ ined  according to  th e  capillary  tube method, unless sta ted  
o therw ise, and are uncorrected.

Morphine-N-allyl iodide ( I I I )

5.0 g (0.0175 mole) of m orphine (I) in 65 ml of m eth an o l was allowed to  stand  tw o weeks 
a t room  tem peratu re  w ith 4.0 g (0.022 mole) of allyl iodide. Lentil-shaped hard  crystals (5.85 g; 
70 .8% ) precip ita ted  (fraction 1) m . p. 229—230° (decom p.). On basis of the infrared spectrum , 
the su b s tan ce  consisted m ain ly  o f m orphine-N-allyl iod ide (III) containing abou t 10— 15% 
of N -allyl-norm orphine m eth iod ide (IV) formed as by -p ro d u c t. In  the spectrum  of th is crude 
p ro d u c t, besides the o ther lines o f N -allyl-norm orphine m ethiodide, the isolated band  a t  1096 
cm - 1 is particu larly  characteristic , together w ith the  sh ift tow ards higher wave num bers and 
th e  b roaden ing  of the strong sharp  singlets of the very  characteristic  band of m orphine-N -allyl 
iod ide  (III) seen a t 842 cm~ 1.T his la t te r  band is due to th e  sim ilarly characteristic doub le t which 
is fo u n d  a t  850 and 862 cm ~ 1 in th e  spectrum  of N -allyl-norm orphine methiodide (IV) presen t as 
co n tam in an t. Five recrystallizations from w ater gave 2.6 g of well developed needles of m .p. 
241— 242° (decomp.). The in frared  spectrum  showed th a t  th is  substance did no t contain  any 
N -allyl-norm orphine m ethiodide. The m. p. m easured in  a  K ofler apparatus was low er: 230— 
231°. T he loss of the w ater of crystallization was observed in  the tem perature range 140— 160°. 
O n prolonged  drying, th e  w ater of crystallization w as elim inated a t lower tem peratures. 
C20H ,4N 0 3I .H„0 (471.33). Calcd. C 50.96; H 5.56; I -  26.93; H ,0  3.82. Found C 50.73; H  5.63; 
I '  27.08; H 20  4.02%.

A fter drying 3 hrs. a t  117° and 25 Torr, we h a d : C20FL4N 0 3I (453.33) Calcd. C 52.99; 
H  5.34. Found  C 53.17; H  5.50% . [a ]ß  =  45.7° (c =  0.201, in water).

E vaporation  of th e  m o ther liquor of fraction 1 gave 0.7 g (8.5%) of a substance of m.p. 
225— 227° in w hich the in frared  spectrum  showed en richm en t of N-allyl-norm orphine m ethio
dide (IV). F urther processing of th e  m other liquor y ielded  0.9 g (10.9%) of a substance consist
ing m ain ly  of m orphine-N -allyl iodide (III) the to ta l y ield  being thus 7.45 g (90.2% ).

N-allyl-normorphine m ethiodide (IV)

(a) 3.0 g (0.0096 mole) o f N-allyl-norm orphine (II) in 30 ml of m ethanol was refluxed 
3 h rs . w ith  3.0 g (0.021 mole) o f m ethyl iodide, th en  th e  reaction m ixture evaporated  to  d ry 
ness, an d  the residue crystallized  from 90% m ethanol to  ob tain  3.4 g (75.1% ) of p la te le t crys
ta ls  (fraction  1), m.p. 246° (decom p.) On the basis o f th e  infrared spectrum , th is p ro d u c t was 
n ea rly  completely hom ogeneous N -ally l-norm orphinem ethiodide (IV). Three recrystallizations 
from  90%  methanol gave p la tes of m.p. 255—256°. A ccording to the infrared spectrum , the 
su b s tan ce  did not contain any  of the N-stereoisomeric com pound (III).
C20H 24NO3I.H 2O (471.33). Calcd. C 50.96; H 5.56; H 20  3.82. Found C 51.03; H  5.83; H 20  3.83% .

On drying the substance a t  117° and 25 T orr, i t  decomposed to a crystalline powder. 
C2„H 24N 0 3I (453.33). Calcd. C 52.99; H  5.34. Found  C 53.11; H 5.29%- W d  =  110.2° (c =  
0.203; in  water).

On drying the substance under an infrared lam p  a t  60—80°, it  loses the w ate r of crys
ta lliz a tio n  within 1— 2 hrs. M eanwhile, the p la te le t c ry s ta ls  decompose to a crystalline powder. 
M orphine-N -allyl iodide (III) which crystallized from  w ater in needles containing sim ilarly 
one molecule w ater of crystallization , lost this w ate r less readily.
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E vaporation  of the m other liquor of fraction 1, and crystallization of th e  residue from 
w ater gave 0.8 g (17.6% ) of a crystalline powder, m .p . 224—226°. Repeated recrystallizations 
from w ater yielded 0.4 g of needles, m.p. 237 -239° (decom p.), which showed no depression 
in m ixed m.p. determ ination  w ith morphinc-N -allyl iodide.H 20 . According to  th e  infrared 
spectrum , the p roduct was homogeneous m orphine-N -allyl iodide. Total yield: 4.2 g (92.7% ).

(b) 1.2 g (0.0038 mole) of N -allyl-norm orphine (II) in 25 ml of anhydrous m ethanol 
was allowed to stand  two weeks a t room tem perature  w ith  1.0 g (0.007 mole) of m ethy l iodide. 
On cooling the m ixture, 1.5 g (75.7% ) of glossy prism s separated  (fraction 1), m. p. 256—257° 
(decom p.). The infrared spectrum  showed the substance to  be nearly homogeneous N-allyl- 
norm orphine m ethiodide (IV) containing less than  10% of morphine-N-allyl iodide (III). R e
crystallization  from anhydrous m ethanol gave m.p. 261— 262°. The melting point and  infrared 
spectrum  rem ained unchanged on repeated recrystallization .
C2(.H24N 0 3I (453.33).Calcd. C 52.99; H 5.34. Found C 52.82; H 5.67%.

E vaporation  of the m other liquor of fraction 1 to  ab o u t 5 ml and cooling yielded 0.3 g 
(15.1% ) of a crystalline pow der of m.p. 227—230°, w hich according to the infrared  spectrum  
consisted mainly of m orphine-N -allyl iodide (III). B y evapora ting  the m other liquor fu rther, 
0.14 g (7.1% ) of an approxim ately  1 : 1 m ixture of m orphine-N -allyl iodide (III) and  N -allyl- 
norm orphine m ethiodide (IV) was obtained.

Study of the quaternization reaction of morphine ( I )  and N-allyl-normorphine ( I I ) ,  based on
evaluation by infrared spectroscopy

200 mg of m orphine (I) and 0.2 ml of allyl iodide, or 200 mg of N -allyl-norm orphine 
(II) and  0.2 ml of m ethyl iodide were allowed to stand  w ith  20 ml of methanol, ethanol, benzene, 
or chloroform a t + 4  °C, a t  room  tem perature for 8 to  10 days, or refluxed for 3 to 6 hrs. The 
reaction m ixture was then  evaporated  a t a tem peratu re  low er th an  th a t of the quatern iza tion , 
and the homogenized crystalline residue exam ined by  in frared  spectroscopy. The in frared  
spectra were recorded w ith  pellets made of 3 mg of substance and 300 mg of K B r, using a 
Zeiss U R  10 or a Unicam S P  200 infrared spectrophotom eter. The differences appearing  in  the 
ranges 1610— 1637 cm “ 1 and 1080—1096 cm-1  were em ployed for evaluation, tak in g  into 
account, as a com pletion, also the spectral lines 1 0 1 0 -1 0 3 1  and 842—862 cm -1 . H ighest 
stereospecificity (less th an  15% of isomeric by-product) was observed in the reactions of N- 
allyl-norm orphine w ith m ethyl iodide a t -f  4° in chloroform , or in benzene a t room  tem p era
ture. In  m ethanol or ethanol the selectivity of the quatern iza tion  reaction was low er; when 
these reactions were carried ou t a t the boiling po in t o f th e  solutions, the reaction  p roduc t 
usually contained 15—25% of the isomeric by-product q u a te rn a ry  salt. In the q u a te rn iza tion  of 
m orphine w ith allyl iodide, selectivity  was lower th a n  in th e  reaction of N -allyl-norm orphine 
w ith m ethy l iodide.

Isomerization experim ents

(a )  200 mg of m orphine-N -allyl iodide in 120 ml of anhydrous chloroform was heated  
in a sealed tube for 80 hrs. a t  80 + 2 ° . The homogenized crystalline substance ob ta in ed  on 
evaporation  was subjected to  infrared analysis as described above. The spectrum  unequ ivo
cally proved th a t p a rt of th e  in itia l morphine-N-allyl iodide (III) had been isomerized to  N- 
allyl-norm orphine m ethiodide (IV).

(b) 200 mg of N -allyl-norm orphine methiodide (IV) in  120 ml of anhydrous chloroform  
was k ep t 80 hrs. a t 80 + 2 °  in a sealed tube. After processing th e  product as described u n d er (a ) ,  
the spectrum  did no t show any change indicating th e  form ation  of morphine-N -allyl iodide
(in).

(c )  200 mg of codeine-N-benzyl iodide (V) in  120 ml of anhydrous chloroform  was 
kep t in a sealed tube 80 hrs. a t 80 + 2 ° . Isom erization was evaluated as described above. 
In  the ranges 800— 1000 cm -1  and 1100—1200 cm -1 , th e  bands characteristic o f N -benzyl- 
norcodeine m ethiodide (VI) becam e more intensive. The increase of in tensity  was pa rticu la rly  
pronounced w ith the band a t 1958 cm -1 . The band a t  1395 cm -1  appeared in a m erged form.

(d )  200 mg of codeine-N-benzyl iodide (V) was k e p t 5 and 20 m inutes, respectively , 
in a sealed tube a t  195 + 2 ° . The m elted and solidified substance  was homogenized a f te r  cool
ing, and its infrared spectrum  was obtained as described above. From  the changes in  band 
intensities observed in the ranges m entioned under (c ) , i t  unequivocally  followed th a t  codeine- 
N-benzyl iodide (V) had been isomerized to N -benzyl-norcodeine methiodide (VI). In  add ition  
to the in tensity  increase of the band a t 1958 cm-1 , th e  changes in the spectral range 2800— 
3050 cm -  1 are also characteristic  in this case.
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Som e decomposition could be concluded from  b o th  th e  spectra and the  sligh t benzyl 
iodide sm ell of the solidified m elt, however, the yellow colour of the product was v e ry  slight 
even a f te r  m elting for 20 m inutes.

(e )  200 mg of N-benzyl-norcodeine m ethiodide (VI) was processed as described under
(c ) . T hough  there was some difference between the IR  spec tra  of the starting  m ateria l and  end 
p ro d u c t, no conversion in to  codeine-N-benzyl iodide (V) could be concluded unequivocally .

T h an k s are expressed to  Professor K . K ovács, head  of the In s titu te  for h is co n stan t 
in te re s t an d  advice during th is work. T hanks are due to  Mr. J .  A. Szabó for recording th e  in fra 
red  sp ec tra , and to  Mrs. K . L akos-L áng and Mrs. G. B artók-B ozóki for the m icroanalyses.

SUMMARY
T he quaternization reactions of morphine (I) w ith  allyl iodide and of N -allyl-norm orphine 

(II) w ith  m ethy l iodide have been studied by  p repara tive  m ethods and by evaluation  based  on 
in fra red  spectroscopy. Iso lation  of th e  produced q u a te rn a ry  salts, and exam ination  of the 
iso la ted  fractions and crude reaction  products by in fra red  analysis have shown th a t  besides 
th e  q u a te rn a ry  derivative (III  and  IV, respectively) ob ta ined  in both reactions as th e  m ain 
p ro d u c t, also the quaternary  com pound stereoisomeric a t  th e  nitrogen atom  (IV and  I I I , re 
spective ly ) is formed. H eating  of m orphine-N -allyl iodide (III) and of codeine-N-benzyl iodide 
(V) in  chloroform  gives rise to  p a rtia l isomerization in to  N -allyl-norm orphine m ethiodide (IV) 
and  N -benzyl-norcodeine m ethiodide (VI), respectively. T he relative selectivities o f th e  q u a te r
n iza tio n  reactions, fu rther th e  in frared  spectra and th e  isom erization of the q u a te rn a ry  salts 
in d ica te  th a t  the substituen t in troduced  during q u a te rn iza tion  occupies axial position  in  the 
q u a te rn a ry  salt obtained as th e  m ain product.

R E F E R E N C E S
1. K oczka , K ., B ernáth , G.: A cta  Chim. Hung. 33, 165 (1962).
2. B e r n á t h , G., K o c z k a , K ., K ó b o r , J .,  R a d ic s , L ., K a j t á r , M.: A cta Chim. H ung . U nder

p lblication.
3. K o c z k a , K .,  B e r n á t h , G. : T o  b e  p u b lish e d .
4 . K oczka, K ., K ó b o r , J . :  T o b e  p u b lish e d .
5. T r o já n e k , J .,  K omrsová, H ., P ospisek , J ., Ce k a n , Z.: Coll. Czechoslov. Chem. Commun.

26, 2921 (1961).
6. Ö tv ös , L., D utka, F ., T üdős, H .: Chem. and In d . 1962, 818.
7 . G r ü n e , D., U r b a n s k i , T . ,  W it a n o w s i , M ., K a r n i e w s k a , B ., St e f a n ie , L. : T e t r a h e d r o n

20, 1172 (1964).
8. M a y e r , W. L., Sa pia nchiay , N. : J .  Am. Chem. Soc. 86, 3343 (1964).
9. (a ) McK enna , J .,  McK en n a , J .  M., Tu lley , A ., W h it e , J .:  J . Chem. Soc. 1965, 1711; —

( b )  M c K e n n a , J . M., T u l l e y , A.: J .  Chem. Soc. 1965, 5439; — (c) M c K e n n a , J . ,  M c
K e n n a , J . М., W h i t e , J . :  J .  Chem. Soc. 1965, 1733.

10. (a ) A ro ney , M., Le F é v r e , R . J . W.: J . Chem. Soc. 1958, 3002; — (b) Mo y n e h a n , T. M.,
S c h o f ie l d , K ., J o n e s , R . A. Y., K a t r it z k y , A. R .: J . Chem. Soc. 1962, 2637; — (c) 
A l l in g e r , N. L., Ch o w  T a i , J .:  J . Am. Chem. Soc. 87, 1227 (1965); — (d) A l l in g e r , 
N. L., Ca r p e n t e r , J .  G. D ., K a r k o w s k i , F . M.: J .  Am. Chem. Soc. 87, 1232 (1965).

11. (a) H anack, M.: C onform ation theory. A cadem ic Press, New York, 1965, p . 321. — (b)
F o d o r , G.: M agyar T ud. A kad. Kém. Tud. O szt. Közi. 20, 441 (1963); — (c) B is h o p , 
R . J . ,  F o d o r , G., K a t r it z k y , A. R ., Só t i , F ., S u t t o n , L. E ., S w in b o u r n e , F . J .:  J . 
Chem. Soc. (C) 1966, 74.

12. K oczka, K ., B ernáth , G.: L ecture presented a t  th e  Conference of the H ungarian  Chemical
Society, Debrecen, O ct. 24, 1961. (Lecture a b s tra c t , p. 50) (In  H ungarian).

1 3 . (a) F o d o r , G.: Bull. Soc. Chim. F rance 1956, 1 0 3 2 ; —  (b ) F o d o r , G.: E x p erien tia  11,
129 (1955); — (c) Ze il e , К ., Schultz, W :. Chem. Ber. 88, 1078 (1955); — (d) L in d e n 
m ann , A.: Helv. Chim. A cta  42, 490 (1959).

14. K oczka, K ., Bernáth , G.: M agyar Kém. Foly. 64, 293 (1958).
15. B ognár, R ., Szabó, S.: T etrahedron  L etters 1964, 2867.
16. See sum m arized in: H ü c k el , W .: Theoretische G rundlagen der Organischen Chemie, Vol. I,

Akademische V erlaggesellschaft, Geest und  P o rtig  К .— G. Leipzig, 1956, p . 475.
17. S choltz, M.: Chem. B er. 38, 595 (1905).
18. M ackay , M., H odgkin , D. C.: J . Chem. Soc. 1955, 3261.
19. B er n á t h , G., Szabó, J . A ., K oczka, K ., V in k l e r , P .: A cta Chim. Hung. 51, 342 (1967)

D r. K áro ly  K o c zk a  
D r. G ábor B e r n á t h

Szeged, B e lo ian n isz  té r  8.

Acta Chimica Academiae Scientiarum Hungaricae 51, 1967



CHEMICAL TRANSFORMATIONS OF DIOLS AND CYCLIC
ETHERS, XIX*

STUDY OF T H E  TH ERM A L D EG R A D A TIO N  OF 2-M ONOSUBSTITUTED O X ETA N ES 
BY T H E  M ICRO REA CTO R T EC H N IQ U E

M . B a r t ó k

(In stitu te  o f Organic C hem istry , A . József University, Szeged)
R eceived May 2, 1966

O ur s tu d ie s  o f th e  c h e m is try  o f  cyclic e th e rs  h av e  in c lu d ed  a n  in v e s ti
g a tio n  of th e  re a c tio n s  of th e se  com p o u n d s, on th e rm a l t r e a tm e n t  w ith  th e  
a im  to  gain in fo rm a tio n  on th e  s ta b il i ty  o f cyclic e th e rs  an d  on th e  course 
a n d  ra te  of th e ir  th e rm a l d e g ra d a tio n . T he p re se n t p a p e r re p o rts  on  recen t 
re su lts  concern ing  th e  th e rm al d eco m p o sitio n  o f 2 -m o n o su b s titu te d  o x e tan es .

A p art fro m  o u r earlier co m m u n ica tio n s  [1, 2 ], th e  th e rm a l d e g ra d a tio n  
o f  2 -m o n o su b s titu te d  oxetanes h a s  n o t been  d e a lt w ith  in  th e  l i te ra tu re . 
M a r g e r u m  et al. [3] describe t h e  p h o to c a ta ly z ed  d e g ra d a tio n  o f 2 -pheny l- 
o x e tan es ; th is  w o rk  has some b e a r in g  on our researches since i t  allow s a com 
p a riso n  of th e  p h o to c a ta ly tic  re a c tio n s  w ith  th e  ex p e rim en ta l re su lts  o f th e  
th e rm o ly sis  of o x e tan es . A cco rd in g  to  th e  above a u th o rs , th e  p r im a ry  d e g ra 
d a tio n  of 2 -p h en y ltrim e th y len e  o x id e  proceeds in  th e  follow ing w ay :

1
— 9-CgH 5 — CH =  CH2 +  CH20

О
— ä-CH, =  сн2 + с„нб -  c f  2 - Y H

T he ra tio  b e tw een  R eac tio n s  1 an d  2 is 3.5 : 1. T he m ain  p rocesses are 
accom pan ied  b y  sev era l seco n d ary  reac tio n s.

In  th e  ex p e rim en ts  d esc rib ed  in  th is  p a p e r, th e  th e rm a l d e c o m p o s i
tio n  reactions o f  2 -m ethy l-, 2 -n -p ro p y l- , 2 -isopropy l-, 2 -n -b u ty l- , 2 -cy c lo h e
x y l- and  2 -phen y lo x e tan es were s tu d ie d . U n d er ex p e rim en ta l co n d itio n s  a n a 
logous to  those a p p lie d  for 3 -m o n o su b s titu te d  o x e tan es  [4, 5,] in  a c o n tin u o u s  
sy s te m  b y  th e  m ic ro reac to r te c h n iq u e , be tw een  300° an d  500 °C. T h e  2 -m o
n o su b s titu te d  o x e ta n e s  were p re p a re d  b y  th e  m e th o d s described  p re v io u s ly  [6]. 
T h e  te m p e ra tu re  dependence of th e  therm o ly sis  reac tio n s  is show n in  F ig . 1.

D eg rad a tio n  s ta r ts  a t  a re la t iv e ly  low  te m p e ra tu re , an d  i t  is p ra c tic a lly  
co m p le te  a t 500 — 520°. 2 -n -P ro p y lo x e ta n e  decom poses a t  th e  re la tiv e ly  h ig h 
e s t r a te ;  th e  decom position  of 2 -iso p ro p y lo x e tan e  is th e  slow est. T h is ex p eri-

* P a rt X V III: Izv . A. N. USSR, Ser. K him . (In  the press).
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0/  A0

m e n t a l  f a c t  m a y  b e  e x p l a i n e d  b y  t h e  p o s i t i o n  o f  t h e  i s o p r o p y l  g r o u p  i n  t h e  

B a k e r — N a t h a n  s e q u e n c e  (cf. [ 5 ] ) .

T he d irection  o f  th e rm a l  d eg rada tion  w as estab lish ed  b y  an  ex am in a tio n  
o f th e  d eg rad a tio n  c h ro m a to g ra m s. Figs 2 — 7  show  th e  c h a ra c te ris tic  ch ro m a
to g ra m s  of th e  th e rm a l decom positions o f 2 -m o n o su b s titu te d  oxe tan es w here 
th e  p eak s correspond to  th e  following su b s ta n c e s :

1 carbon m o n o x id e , 2 olefin form ed in  R e a c tio n  1, 3 a ldehyde  isom e
ric w ith  th e  o x e ta n e , 4 the  co rresp o n d in g  o x e tan e  d e riv a tiv e , 5 a, ß- 
u n sa tu ra te d  a lcoho l isom eric w ith  th e  o x e ta n e .

In  th e  c h ro m a to g ra m s th e  following d e n o ta tio n s  are used : 1 th e  q u a n ti ty  
(in  m l) of 0.2 — 0.4 m m  p a rtic le  size q u a rtz  (Q) m ic ro reac to r p ack in g  and  i ts  
te m p e ra tu re  in °C; 2 le n g th  (in m) of th e  c h ro m a to g ra p h ic  co lum n  of 5 m m  
in te rn a l  d iam eter, a n d  th e  q u a lity  of th e  p a c k in g : 15%  ap iezon  “ L ”  grease 
(A ), or silicone g rease  on  0.2 — 0.4 m m  p a r tic le  size th e rm o lite  or a lum in ium  
ox id e  (AL,03); 3 te m p e ra tu re  of the  th e rm o s ta t  o f th e  ch ro m a to g ra p h ; 4 flow  
r a te  o f  th e  helium  (H e) c a rr ie r  gas; 5 d e te c to r  c u rre n t in  m A ; 6 sen s itiv ity  o f 
th e  W illy  Giede T y p e  G C H F  18/2 gas c h ro m a to g ra p h  (1/2 =  fina l deflection  
o f th e  com pensograph , 4 m V ); 7 q u a n tity  o f su b s ta n c e  in jec ted  in to  th e  m icro 
re a c to r  (in ml).
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Chromatograms of the products formed in the thermal degradation
of 2-methyloxetane

1. 1.1 Q, 450; 2. 1 A ; 3. 140; 4. 50 He; 5. 140; 6. 
1/2; 7. 0.005

Fig. 3
1. 1.1 Q, 500; 2. 1 Al.,0. ; 3. 80; 4. 50 He 

5. 140; 6.1/2; 7. 0.01 Time (min)

T he p eak s re p re se n t: 1 CO, 2 e th y len e , 3 p ro p a n e , 4 p ropy lene .
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Chromatograms of the products formed by the thermal degradation 
of 2-n-propyl- and 2-isopropyloxetanes

Figs 4 and  5
1. 1,1 Q, 450; 2. 1 silicone grease; 3. 160; 4. 50 H e; 5. 240; 6. 1/8; 7. 0,01.
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Chromatograms of the products formed by the thermal degradation 
of 2-n-butyl- and 2-cyclohexyloxetanes

1. 1.1 Q; 450; 2. 1 silicone grease; 3. 160; 4. 50 He; 5. 140; 6. 1/8; 7. 0.01

F ig .  7
1. 1.1 Q, 450; 2. 1 A; 3. 200; 4. 50 H e; 5. 140; 6. 1/2; 7. 0.01
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A cco rd in g  to  the  a b o v e  re s u lts ,  the  th e rm a l d e g ra d a tio n  o f 2 -m onosub- 
s t i tu te d  o x e tanes m ay be re p re s e n te d  as follow s:

w h e re  R  s tan d s  for a m e th y l, n -p ro p y l, isopropyl, n -b u ty l , cyclohexy l or p h en y l 
g ro u p .

A  q u a n tita tiv e  e v a lu a t io n  of the  th e rm o ly s is  o f 2 -m o n o su b s titu te d  
o x e ta n e s  shows th a t  R e a c tio n  1 tak es  place in  80 — 9 0 % . T hus th e  m a in  p ro 
cess is  a  tran sfo rm atio n  s t a r t in g  w ith  the  s p lit t in g  o f  th e  C— О b o n d  n e igh 
b o u r in g  th e  su b stitu en t a n d  re su ltin g  in the  fo rm a tio n  oi an  alkene-1 an d  fo rm 
a ld e h y d e . The second d ire c t io n  of deg rad a tio n  is neg lig ib le  (F ig . 3, p eak  2) 
a n d  is  e n tire ly  absen t in  th e  case  of 2 -p h en y ltr im e th y len e  oxide. T he isom eri
z a t io n  processes (R eac tio n s 3) a re  p robab ly  d u e  to  w all effects. T h e rm a l d e 
g r a d a t io n  is accom panied b y  th e  secondary  p rocess of d eca rb o n y la tio n  of th e  
a ld e h y d e s .

Experimental
T he microreactor techn ique, i .  e. a microreactor a tta ch ed  to  a W il l y  G ied e  G C H F  18  2  

gas chrom atograph  was used fo r th e  study  of the therm al degradation  of oxetanes. The m ethod 
has b een  described in detail in  ou r earlier communications [7, 8].

Several variants of th e  m icroreactor technique are know n from the lite ra tu re . For the 
s tu d y  o f th e  thermal degradation  o f  oxetanes the simple “ im pulse” in p u t was applied. Accord
ing  to  th is  method 0.005 to  0.01 m l o f the substance u nder investigation  was in troduced  into 
th e  ca rr ie r  gas before the reac to r. T he carrier gas rinsed the  products of therm olysis directly 
in to  th e  separating column of th e  gas chrom atograph. H elium  was used as th e  carrier gas. 
T he  m icroreactor was heated w ith  24 У 20 A a. c. by m eans of a K a n th a l  filam ent w ound on the 
re a c to r . This low voltage h igh in te n s ity  current m ade possible to  change the tem pera tu re  of 
th e  re ac tio n  zone very rapidly . T em peratu re  was controlled by  a photoresistance tem perature  
c o n tro l system  and m easured w ith  an  iron-constantan therm ocouple. The reaction  space was 
filled  w ith  quartz chippings of 0 .2— 0.4 mm particle size.

T he processes taking p lace w ere evaluated by the  q u an tita tiv e  and qualita tive analysis 
o f th e  chrom atograms. The com plex  nature  of the p roducts to  he analyzed (sa tu ra ted  and un 
s a tu ra te d  hydrocarbons in th e  gaseous and liquid phase, isom eric carbonyl com pounds and 
o x e tan e s , e tc .)  necessitated tr ia ls  w ith  several adsorbents and  sta tionary  phases. Columns 
p a c k e d  w ith  aluminium oxide w ere found to be the b es t for th e  separation of gaseous products, 
w hile colum ns containing ß ,  /S '-oxydipropionitrile as th e  s ta tio n a ry  phase were th e  m ost effec
tiv e  fo r th e  separation of s a tu ra te d  and unsaturated  hydrocarbons of low boiling points. For 
th e  analysis of carbonyl com pounds of low boiling points tric resy l phosphate, a t higher tem per-
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attires th e  less selective apiezon and silicone greases were chosen. For a reliable analysis of the 
gaseous and liquid products, th e  same experim ent had to  be repeated w ith d ifferen tly  packed 
colum ns. Peaks were generally identified  by th e  injection of known substances.

For quan tita tive  evaluation of the chrom atogram s, the areas were] m easured and  cali
b ra tion  curves were used. The relative transform ation ra te  of the oxetanes was followed by 
m easuring the q u an tity  of unconverted  oxetanes as the function of th e  tem perature .

SUMMARY

The therm al degradation of 2-m onosubstituted oxetanes has been studied by  the  micro- 
reac to r technique. The ra te  of therm olysis is a function of the resu ltan t of the inductive and 
hyperconjugative effects of the hydrocarbon groups in а -position. The form ation of the  pyro
lysis products m ay be explained as a result of two prim ary  and some secondary processes. 
T he m ain direction of therm al decomposition (80—90% ) is a reaction starting  w ith  the  split
ting  of the C—О bond nex t to  the substituen t, w hich results in the form ation of an alkene-1 
and  form aldehyde. The splitting  of th e  oxetane molecule into two parts  is accom panied by 
isom erization processes to  give the corresponding aldehydes and a,/3-unsaturated alcohols; 
these reactions are probably due to  the wall effect of the m icroreactor.
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CHEMICAL TRANSFORMATIONS OF DIOLS AND CYCLIC
ETHERS, X X Y II

A PPLICA TIO N  O F T H E  K IS H N E R — W O LFF R EA C TIO N  TO T H E  SY N T H E SIS  OF 
a.a '-T E TR A A L K Y L  O R  -ARYL SU BSTITU TED  O X E T A N ES AND T E T R A H Y D R O FU 

RANS

I . Sz a b ó , К . K ovács  and M. B a r t ó k

( Institu te o f Organic Chemistry, A . Jó zse f University Szeged)

R eceived May 2, 1966

As p a r t  of o u r c u rre n t re sea rch es , th e  ch em ica l tra n s fo rm a tio n s  o f  a ,a '-  
te tr a s u b s ti tu te d  fou r- an d  fiv e -m em b ered  cyclic  e th e rs  (T ypes V I a n d  VII) 
h av e  been  in v e s tig a te d . I t  is e v id e n t from  th e  l i te ra tu re  th a t  th e  m ethods 
genera lly  ap p lied  to  th e  sy n th es is  o f  cyclic e th e rs  — rin g  closure o f  h a lo h y d rin s  
in  a lkaline m ed ium , an d  th e  e lec tro p h ilic  e lim in a tio n  reac tio n  o f d io ls — are 
n o t su itab le  fo r th e  p re p a ra tio n  o f  th e  above co m p o u n d s, especia lly  o f  oxeta- 
nes, owing to  th e  presence  o f a fu n c tio n a l g roup  in  te r t ia ry  positio n .

In  th e se  reac tio n s  p r im a rily  d io lefins, o lefin  alcohols and  in  th e  case of 
1 ,3 -d ifunctional sy stem s also o th e r  frag m en ts  a re  p ro d u ced  [1]. C o n seq u en tly , 
th e  p re p a ra tio n  o f a ,a '- te t r a s u b s t i tu te d  cyclic e th e rs  — an d  w ith in  th is  group 
m ain ly  th e  sy n th esis  of o x e tan es  — m u st u tilize  such  s ta r tin g  m a te r ia ls  th a t  
a lread y  co n ta in  th e  desired  r in g . T h e  u n n ecessa ry  fu n c tio n a l g ro u p  is elim i
n a te d  in  th e  la s t p h ase  o f th e  sy n th es is  to  o b ta in  th e  desired  e th e r .

As th e  a ,a '- te t r a s u b s t i tu te d  d e riv a tiv e s  o f te tra h y d ro fu ra n -3 -o n e  (T ype 
П) an d  oxetane-3 -one (T ype V) a re  re la tiv e ly  ea s ily  accessible, th e se  com 
p ounds were chosen as in itia l m a te r ia ls  for th e  p re p a ra tio n  o f th e  co rresp o n d in g  
cyclic  e th e rs . T he in it ia l  m a te r ia ls  I —V, V il i ,  IX  w ere p rep ared  acco rd in g  to  
l i te ra tu re  d a ta  (see, E x p e rim e n ta l) . T he K i s h n e r — W o l f f  m eth o d  seem ed  to  
be  th e  m ost a p p ro p ria te  for th e  re d u c tio n  of th e  c a rb o n y l group to  m e th y len e  
g roup , as th is  m e th o d  is b o th  s im p le  an d  se lec tive .

T he follow ing com pounds h a v e  been  p re p a re d : th e  2 ,2 ,4 ,4 - te tra m e th y l 
(V ia) an d  2 ,2 -d im eth y l-4 ,4 -d ie th y l (VIb) d e riv a tiv e s  o f o x e tan e , th e  2 ,2 ,5 ,5- 
te tra m e th y l (V ila ), a 2 ,2 -d im eth y l-5 ,5 -d ie th y l (V llb ) an d  2 ,5 -b is-p en tam e th y - 
lene (V ile) d e riv a tiv e s  o f te tra h y d ro fu ra n ;  th e  s ta r t in g  m ate ria ls  w ere  th e  
co rrespond ing  hom ologues o f b u ty n e -(2 )-d io l-( l,4 ):
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R

V ila , VHb, Vile

w h e re

V ia, VIb Va, Vb

О О

r3\ / ili\ / r1
R /  ч О '  x R 2 

I l la ,  I l lb , Ш с
НО с о о н

RjR

R /  \  0  ' N R 2 
IVa, IVb

l a —Y H a: R 1= R 2= R 3= R 1= C H 3;

Ib  — V H b: R1= R 2= C H 3; R3= R 4= C sH 5;

le ,  I le , IIIc, V ile : R t +  R3 =  R2 +  R 4 =  (CH2)5.

W e in tended  also to  sy n th es ize  2 ,4 -b is-p en tam e th y len e-o x e tan e , b u t  th e  
a t t e m p te d  benzilic a c id  re a rra n g em e n t o f  2 ,2 ,5 ,5 -b is -p e n ta m e th y le n e te tra -  
liy d ro fu ran d io n e-3 ,4  (H ie )  fa iled .

F o r  reduction  o f th e  c a rb o n y l to  m e th y len e  g ro u p , th e  K i s h n e r — W o l f f  
p ro c e s s  w as used as m o d if ie d  b y  H u a n g — M i n l o n  [2]. This re a c tio n  gave th e  
a b o v e  described cyclic e th e rs  in  70—80%  y ie ld . T h e  cyclic e th e rs  w ere  id e n ti
f ie d  b y  gas c h ro m a to g ra p h y  an d  m icroanalysis .

2 ,2 ,4 ,4 -T e trap h en y l-o x e tan e  was p re p a re d  in  considerab ly  low er y ield  
( a b o u t  40% ) by  th e  K i s h n e r — W o l f f  r e d u c tio n  of 2 ,2 ,4 ,4 -te trap h en y l-o x e- 
ta n o n e -3 . The low er y ie ld  is due to  th e  c o n s id e ra b ly  low er ra te  o f fo rm atio n  
o f  th e  hyd razone th a n  in  th e  case of te tra a lk y l-o x e ta n o n e s  (98— 100%  h y d ra 
z in e  h y d ra te  m ust be  u se d ) , and  th u s , u n d e r  th e  ex p erim en ta l cond itions, 
th e  b ase-ca ta ly zed  (p o ta s s iu m  hydro x id e , so d iu m  trie th y len eg ly co la te )  de
c o m p o s itio n  of o x e tan o n e  m a y  also tak e  p lace  s im u ltan eo u sly  [3]. T he sy n 
th e s is  o f  2 ,2 ,4 ,4 -te trap h en y l-o x e tan o n e  (IX ) p ro ceed s from  b en za ld eh y d e  via 
b e n z o in , benzil, e th y ld ip h e n y la c e ta te  an d  te tra p h e n y la c e to n e  (V III); th e  re a c 
t io n  o f  V III under th e  c o n d itio n s  of the  K i s h n e r — W o l f f  re d u c tio n  is show n 
b e lo w  (V III — X):

О О

H5c6\xc —
/С 6Н5

С ------ С '
н5с6Ч̂ ^ / с6н5

H5c /  H н С6Н, н5с / ч о / \ с вна
VIII IX

n - n h 2

H 5c 6
\ ^ \ / ceH5 н‘< Ч А / С 6н5

IbCe 4 О ' ^ С 6Н5 н5с6/ \ о / \ с 6н5

I

X
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Table I

No. F o r m u l a  a n d  m o l e c u l a r  w e i g h t  Y i e l d ,  % ; j ( n i m H g )  nD
c % H%

F o u n d C a l c . F o u n d  C a l c .

l.
H 3c x  ,C H 3

Н3(У x O x  X C H , 
1 1 4 .1 8

72 114
(7 5 8 )

1 .4 0 2 2 7 3 .4 8 7 3 .6 3 1 2 .1 0 12 .38

2.
н 3с ч  /  C H 3

> 0 < (V Ib )  H 5c / x o / x c 2H 5
1 4 2 .2 3

78 152
(7 5 8 )

1 .4 3 6 8 7 5 .6 0 7 5 .9 9 12 .67 1 2 .7 5

3.
н Л х  ^  /С 6Н5

X X  (X)
H 5C /  X O y  C6H 5 

3 6 2 .4 5

4 0 m.p.
59

— 8 8 .6 9 8 9 .5 0 6 .3 3 6 .0 7

4.
H 3C . 4  X C H 3

X  X(VIIa>
H 3CX x O x  X C H 3 

1 28 .21

66 117
(7 5 4 )

1 .4 0 3 6 7 4 .7 8 7 4 .9 4 1 2 .4 4 12 .58

5.
H 3C ч — V XC H 3

XX<(viib>H sc /  O x  C2H 5 
1 5 6 .2 6

72 162
(7 5 6 )

1 .4401 7 6 .9 4 7 6 .9 1 12 .85 12 .82

6 . <ïXÔXD‘vu'1
2 0 8 .3 3

70 95
(2 )

1 .4 8 5 6 8 0 .2 3 8 0 .7 7 1 1 .2 0 1 1 .5 4
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E x p e rim en ts  h a v e  sh o w n  th a t  th e  o x e tan o n e  ->  o x e tan e  (V —> VI, IX —*- 
-> X) a n d  th e  te tra h y d ro fu ra n o n e  ->  te tr a h y d ro fu ra n  (II -> VII) reac tio n s  
m a y  b e  carried  o u t in  good  y ie ld s , th u s  th e  K i s h n e r — W oLf f  red u c tio n  m a y  
be  ap p lie d  to  th e  p re p a ra t io n  o f  cyclic e th e rs , a n d  opens a w ay  for th e  sy n th esis  
o f  n ew  a ,« '- te t r a s u b s t i tu te d  ox e tan es. T ab le  I lis ts  th e  y ie lds of some cyclic 
e th e rs  p rep a red  b y  th e  K i s h n e r — W o l f f  re a c tio n , th e  re su lts  o f th e  m icro
an a ly se s , and  th e  m ore  im p o r ta n t  physical c o n s ta n ts .

Experimental
2.5- Dimethylhexyne-3-diol-2,5 (la ) was prepared by  th e  m ethod  described in [3]. S ta r t

ing w ith  0.05 mole of Mg, 24.5 g (70% ) of diol was obtained. A fter recrystallization from carbon 
te trach lo ride , the m elting p o in t of th e  product was 95° (lit. m .p. [4]: 95°).

2.2.5.5- Tetramethyltetrahydrofuranone-3 (Па) [5, 6] was ob tained  in 85% yield (17 g) 
from  20 g of la , b.p. 149°; n g  =  1.4182 (lit. b.p. [6]: 149— 149.5° a t  762 m m H g; n g  =  1.4202).. 
T he m elting  point of 2 ,2 ,5 ,5-te tram ethylte trahydrofuran-3-one hydrazone was 125°.

(Found: C 61.72, H  9.98, N  11.69. Calc, for C8H l6ON2: C 61.70; H  10.28; N 11.9%).
2,2,5,b-Tetramethyltetrahydrofuran-dione-Z,i (H la) w as prepared  through 2,2,5,5-tetra- 

m ethyl-4 ,4-dibrom otetrahydrofuranone-3  [5] and also d irec tly  by  oxidation  w ith selenium 
dioxide [6]. This la tte r  m ethod  was preferred because of its  higher yield and greater sim plicity. 
F rom  142 g (1 mole) of l i a ,  276 g (92% ) of the dibromo derivative  was obtained, m .p. 52°. 
(F ound : B r 52.8. Calc, for C3H l20 2Br2: Br 53.3%). F rom  0.35 mole of the dibromo derivative 
(according to [7]) 16 g (56% ) of IH a  was obtained. O xidation w ith  selenium dioxide (according; 
to  [6]) yielded, from 14.2 g (0.1 mole) of l ia ,  11.2 g (73% ) of I l ia .  The m elting point of th e  rasp- 
berry-coloured crystals was 56° (lit. m .p. [6]: 54—56°).

2,2,4A-Tetramcthyl-3-hydroxy-3-carboxy-oxetane (IVa) [7] was obtained in 77% yield 
(9.4 g) from  12 g (0.13 mole) of I l i a  after recrystallization from  chloroform . M.p. 118° (lit. 
m. p . [7]: 112°).

2,2AA-Tetramethyl-oxetanone-3 (Va) was prepared according to  [7]. Sublim ation in 
vacuum  of 40 g (0.22 mole) of IVa gave 12 g (43%) of Va, m .p. 47.5° (lit. m .p. [7]: 48°).

2,2,4-,4-Tetramethyl-oxetane (V ia) was prepared by  heating  a m ix ture  of 2.6 g (0.02 mole)> 
of 2 ,2 ,4 ,4-tetram ethyl-oxetane-3-one, 30 ml of trie thy lene glycol, 4.5 ml (0.04 mole) of 62% 
hydrazine  hydrate, and 4 g of potassium  hydroxide a t 100° for 1 hr. (the therm om eter was- 
im m ersed in the liquid). The tem p era tu re  of the reaction  m ix tu re  was then  slowly raised (w ith
in  ab o u t 2 hrs.) to 170°, du ring  w hich tim e approxim ately  5 ml of a tu rb id  liquid distilled 
over, th e  upper layer being th e  organic phase. The aqueous phase was ex tracted  w ith ether, 
th e  e th e r ex trac t com bined w ith  th e  organic phase and th e  m ix ture  dried over sodium sul
p h a te . D istillation gave 1.64 g (72% ) of a colourless liquid  (for its  physical constants, see Table 
I). Gas-liquid chrom atographic analysis was carried ou t under the following conditioner 
1. 1 Apiezon grease; 2. 160; 3. H e 50; 4. 200; 5. 1200.* The peak  appeared a t 4.9 cm from the 
p o in t of injection.

2.2.5.5- Tetramethyltetrahydrofuran (Vila) was prepared from  H a by the method described 
for V ia. From  4.26 g of l i a ,  2.47 g (66% ) of Via was ob tained  (for the physical constants o f  
th e  com pound, see Table 1). (L ite ra tu re  data  [15]: b.p. 116— 117° a t 754 m m H g; П£> =  1.4012). 
G as-liquid chrom atographic analysis: 1. 3 Silicon grease; 2. 160; 3. He 50; 4. 140; 5. 1200. 
V ila  appeared a t 9 cm from  th e  p o in t of injection.

3,6-Dimethyloctyne-4-diol-3,6 (lb ) was prepared by  th e  m ethod described in [4]. Meltings 
po in t: 54° (lit. m .p. [16]: 54°).

2,5-Dimethyl-2,5-diethyltetrahydrofuranone-3 ( lib )  was prepared similarly to Ha. From  
21 g of the diol, 14.5 g (70% ) of l ib  was obtained, b.p. 194° a t  758 m m  Hg (lit. b.p. [8]: 190 
196°).

* Here, as well as th ro u g h o u t the experim ents described, the conditions of gas-liquid 
chrom atography are given in  th e  following order: 1. the sta tio n a ry  phase in a 1 m long column 
(15% ) on therm olite; 2. tem p era tu re  of the therm osta t; 3. n a tu re  and ra te  of the carrier gas 
(in m l per min.); 4. the de tec to r cu rren t (mA); 5. ra te  of the paper (m m per hour). A Willy Giede 
Type G CH F  18/2 ap p a ra tu s  was used.
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2,5-Dimethyl-2,5-diethyltelrahydrofuran-3,4-dione (111b) was prepared by  oxidation  
w ith  selenium dioxide as described for I l ia .  31 g (0.25 mole) of lib  gave 26 g (66% ) of IH b, 
b .p . 64—66° a t  2 m m H g (lit. b.p. [8]: 56—63° a t  1 m m  Hg).

2.4- Dimethyl-2,4-diethyl-3-hydroxy-3-carboxy-oxetane (IVb) was prepared sim ilarly  to  
IVa. From  40 g of IH b, 19.2 g (45%) of IVb was ob tained. R ecrystallization from  carbon te tra 
chloride gave m.p. 128°. (L it. m.p. [8]: 127— 128°.) (F ound : C 59.58, H 8.87. Calc, for Cl0H 18O4: 
C 59.45, H  8.92%).

2.4- Dimethyl-2,4-dielhvloxetanone-3 (Vb) was prepared  in  the same w ay as described for 
Va. 30 g (0.14 mole) o f IVb gave 14.5 g (69% ) of Vb, m .p. 56° (lit. m .p. [8]: 56— 57°). (F ound : 
C 69.68, H 9.96. Calc, for C9H 160 2: C 69.87, H 10.26%).

2.4- Dimethyl-2,4-dietkyl-oxelane (VIb) (a m ix ture  o f th e  cis and Irans isom ers) was 
p repared  as described for V ia. 3.2 g (0.02 mole) of the oxetanone gave 2.2 g (78% ) of oxetane 
(for the  physical constan ts  of the com pound, see Table 1). The conditions of gas-liquid chrom a
tography  were the sam e as for compound V ia, the double peak appeared a t 13 cm from  the 
place of injection.

2 .5 -  D im e th y l - 2 ,5 -d ie th y l te tr a h y d r o fa r a n  (VHb) (a m ix tu re  of the c is  and I r a n s  isom ers) 
was prepared from l ib  in  th e  way described for Via. F rom  3.4 g (0.02 mole) of th e  in itia l sub
stance, 2.3 g (72% ) of VHb was obtained. (For the physical constants of the com pound, see 
Table I.) (Lit. b.p. [17]: 161— 163°; n $  1.4378).

1,1'-Ethynylenebicyclohexanol (Ic) w as prepared by  th e  m ethod  described in  [9]. 255 g 
of cyclohexanone gave 156 g (52%) of diol. A fter recrystallization  from  carbon te trach lo ride , 
th e  m elting point of th e  compound was 111° (lit. m .p. [9]: 109— 111°).

2.2.5.5- Bis-pentamethylenetelrahydrofuranone (lie ) was prepared  according to  [10]. 20 g 
of the  diol gave 14.8 g (74% ) of He, b.p. a t  5 m m  Hg 130— 131°; n jj  =  1.4933 (lit. b .p . [10]: 
141— 142° a t 9 m m H g; n p  =  1.4941). Gas-liquid chrom atographic analysis: 1. 1 Silicone 
grease; 2. 180; 3. 120 H e; 4. 140; 5. 600. The peak appeared  a t  2.3 cm from th e  p o in t o f 
in jection .

2.2.5.5- Bis-pentamethylenetetrahydrofuran (Vile) w as prepared by the m ethod described 
for V ia. 3.3 g (0.015 m ole) of lie  gave 2.2 g (70% ) of V ile  by  d istillation  up to 210°, and  sub
sequent purification. (F o r th e  physical constan ts of the com pound, see Table I: lit. b .p . [11]: 
93—95° a t 2 mm Hg.) Gas-liquid chrom atographic analysis: 1. 2 Silicone grease (NaCl); 2. 160; 
3. 90 H e; 4. 180; 5. 600. T he peak appeared a t  5.5 cm from  th e  po in t of injection.

Benzoin, Benzilic acid , diphenylacetic acid and ethyl diphenylacetate were prepared  by  
the m ethods described in  th e  literature [12, 13].

Tetraphenylacetone (VIII) was prepared according to  [14]. 60 g of ethyl d iphenylacetate  
gave 16.5 g (37%) of V III; 16 g (30%) of diphenylacetic acid was recovered. M.p. of V III: 
134° (lit. m.p. [14]: 133— 134°).

2.2.4.4- Tetraphenyl-oxetanone (IX) was prepared by  the  m ethod described in [3]. O xygen 
was allowed to pass th ro u g h  50 ml of a 91%  acetic acid solu tion  of 5 g of tetraphenylacetone a t 
107— 110°, and the crude product was w orked up to ob ta in  3.2 g (62% ) of oxetanone. R e
crystallization from acetone gave m.p. 200.5° (lit. m .p. [3]; 199—201°).

2.2.4.4- Tetraphenyl-oxetane (X) was prepared as follow s: A m ixture of 30 m l of 62% 
hydrazine hydrate, 30 m l of ethylene glycol, and 30 ml of xylene was placed in to  a 100 ml 
flask w ith  a side arm , and  th e  xylene was distilled off en tra in ing  the w ater which d ilu ted  the 
hydrazine hydrate. The flask  was cooled, and  3.8 g (0.01 m ole) of 2,2,4 ,4-tetraphenyloxetane-3- 
-one was added. The tem p era tu re  of the reaction  m ixture was raised  to 180—190°, then  cooled, 
and 4 g of potassium hydroxide or sodium triethyleneglycolate  (prepared from 1 g of N a and 
20 ml of triethylene glycol) was added. The m ix ture  was refluxed  a t  190—200° for 7— 8 h rs ., 
during which time abou t 4 — 5 ml of a tu rb id  liquid distilled over. A fter cooling, 100 ml of cold 
w ater was added, and th e  m ix ture  was allowed to  stand  for one day. The crystals were filtered  
off and recrystallized from  50%  ethyl alcohol to  obtain 1.38 g (38% ) of the product, m .p . 
58— 59°. No attem pt was m ade to isolate and analyze the by-products.

SUMMARY
The following cyclic ethers have been prepared from th e  corresponding oxetanone and  

te trahydrofuranone homologues by K ish n er—W olff reduction : 2 ,2 ,4 ,4-te tram ethyloxetane 
(72% yield); 2,4-dim ethyl-2,4-diethyl-oxetane (78% ); 2 ,2 ,4 ,4-te traphenyloxetane (40% );
2 ,2 ,5 ,5-tetram ethyItetrahydrofuran (66% ); 2 ,5-d im ethyl-2 ,5 -d iethy lte trahydrofuran  (72% ); 
and 2,2,5,5-bis-pentam ethylenetetrahydrofuran (70%).

This represents a new  m ethod for the synthesis of a .a '- te tra su b s titu te d  four-m em bered 
cyclic ethers otherwise accessible with difficulty. The syntheses also represent an extension of 
the scope of the K ish n er— W olff method of reduction.
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POLYMERISATION DES METHYLMETHACRYLATS 
BEI HOHEN UMSÄTZEN, II

UNTERSUCHUNG D ER  IN IT IA L W IR K U N G  VON LA U R O Y LPER O X Y D  

I. M o n d v a i  und J. N agy

(Lehrstuhl fü r  die Plast- und Gummiindustrie, Polytechnische Universität, Budapest) 

E ingegangen am  6. Dezember 1965

B ei der B lo ck p o ly m erisa tio n  des M e th y lm e th a c ry la ts  h ä n g t die durch  
den G eleffek t v e ru rsa c h te  G eschw ind igke itszunahm e von  d e r In itia to rk o n z e n 
tra tio n  ab  [1]. In  d er vo rlieg en d en  A rb e it w ird  die U n te rsu c h u n g  d e r W irkung  
der Y ariie ru n g  des In it ia to rs  a u f  die G eschw ind igkeit der be i h o h en  U m sä t
zen d u rch g e fü h rten  P o ly m erisa tio n  beschrieben .

B ei der U n te rsu ch u n g  d e r A nfangsgeschw ind igkeit d er P o ly m erisa tio n  
k o n n te  nachgew iesen  w erden , d a ß  die A k tiv ie ru n g sen erg ie  des Z erfalls v e r
sch iedener In it ia to re n  u n d  d ie W irk sam k e it d er In itiie ru n g  un te rsch ied lich  
w aren. Folglich  fand  m an  u n te r  k o n s ta n te n  B ed ingungen , ab e r be i versch ie
denen In it ia to rk o n z e n tra tio n e n  gleiche P o lym erisa tio n sg esch w in d ig k e iten . 
M it dem  F o rtsc h re ite n  der P o ly m erisa tio n  n im m t die In it ia to rk o n z e n tra tio n  
ab , u n d  auch  die W irk sam k e it d e r  In itiie ru n g  ä n d e r t  sich [2, 3 ]. D as M aß der 
Ä nderung  h ä n g t ebenfalls von  d e r  A rt des In it ia to rs  ab .

R a f ik o w  u n d  Gl a d y s c h e w  k o n n te n  zeigen [4], d aß  die versch iedenen  
In it ia to re n  die G eschw ind igkeit d e r  bei hohen  U m sä tzen  d u rc h g e fü h rte n  P o ly 
m erisa tio n  u n te rsch ied lich  b ee in flu ssen . In  gew issen F ä llen  ä n d e r t  die V er
m in d eru n g  der In i t ia to rk o n z e n tra tio n  auch  den  C h a ra k te r  d e r Z eit-U m satz - 
K u rv en , in  G egenw art a n d e re r  In i t ia to re n  jed o ch  v e rä n d e r t  die V erm inde
ru n g  d er In i t ia to rk o n z e n tra tio n  n u r  die P o ly m erisa tio n sg esch w in d ig k e it, und 
der C h a rak te r  d er K u rv en  b le ib t k o n s ta n t.

In  un se re r A rb e it u n te rsu c h te n  w ir die B lo ck p o ly m erisa tio n  des M ethyl
m e th a c ry la ts  in  G egenw art v o n  L au ro y lp e ro x y d . O bw ohl m a n  L au ro y lp er- 
oxyd  in  d e r In d u s tr ie  als In i t ia to r  w e itv e rb re ite t v e rw en d e t, is t seine In it ia l
w irkung  a u f  die B lo ck p o ly m erisa tio n  des M e th y lm e th a c ry la ts  noch  n ich t 
u n te rsu c h t w orden .

Experimenteller Teil

Bezüglich der V crsuchsm ethodik und  der Reinigung des Monomers verw eisen wir auf 
unsere vorangegangene M itteilung [1]. Auch das Lauroylperoxyd reinigten wir au f die gleiche 
Weise wie das Benzoylperoxyd. Der Schm elzpunkt des um kristallisierten In itia to rs  (nach der 
M ikromethode von K ofler bestim m t) betrug  55 °C.
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Ergebnisse

U n se re  V ersuche f ü h r te n  w ir bei 50, 60 u n d  70 °C d u rch , als B eispiel 
s in d  a u f  A bb . 1 die in  d en  b e i 50 °C d u rc h g e fü h rte n  V ersuchen  e rh a lten en  
Z e it-U m sa tz -K u rv en  gezeig t. Z u r B estim m ung  d e r A nfangsgeschw ind igkeit

Abb. 1. Zeit-U m satz-K urven fü r die Polym erisation bei 50 °C. In itia to rkonzentration : 
( • ) :  2,72 • IO“2 mol l -1 ; (O ): 1,39 • 10~2 mol 1_1; ( a ): 7,76 • IO“ 3 mol l “ 1;

( Л ) :  5,03 • 10~3 mol 1 _I

A bb. 2. E influß der Ä nderung der In itia to rkonzen tration  au f die Anfangsgeschwindigkeit der
Polym erisation bei 50 °C
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Tabelle I

Charakteristische Daten der mit Lauroylperoxyd initiierten Polymerisation

T e m p e r a t u r mol l -1
w „

mol 1 “ 1 s e c “ 1 Ai *1 *2

50 °C 2.72 ■ I O 2 2,24 • IO“ 4 0,39 0,3^4 0,860
50 °C 1,39 • IO“ 2 1,61 • i o - 4 0,26 0,370 0,865
50 °C 7,76 ■ IO“ 3 1,22 • 10-4 0.18 0,370 0,860
50 °C 5,03 ■ 10- 3 9,92 ■ IO“ 5 0,14 0,368 0,860
60 °C 9,04 • IO“ 3 3,09 • IO" 4 0,44 0,387 0,870
60 °C 5,06 • IO" 3 2,28 • IO" 4 0,13 0,377 0,880
60 °C 3,35 • 10“ 3 1,88 • 10 • ' 0,23 0,373 0,885
60 °C 2,26 • IO“ 3 1,56 ■ 10- 4 0,18 0,368 0,890

C
J

оФt- 2,24 • IO" 3 3,59 • IO“ 4 0,27 0,350 0,910

C
J

оФt- 1,39 • IO' 3 2,85 • IO 4 0,20 0,348 0,895
70 °C 9,86 • 10“ 4 2,44 ■ IO“ 4 0,16 0,345 0,880
70 °C 6,84 ■ IO“ 4 2,00 ■ IO“ 4 0,13 0,340 0,890

d e r P o ly m erisa tio n  sind  die W erte  von  l g ----------als F u n k tio n  d er Z e it darge

s te ll t . D ie e rh a lten en  G erad en , aus deren  A nstieg  die A nfangsgeschw ind igke it 
d e r  P o ly m erisa tio n  b e re c h n e t w u rd e , zeig t A bb . 2, die zu  allen  T e m p e ra tu re n  
u n d  In it ia to rk o n z e n tra tio n e n  gehörenden  Z ah len w erte  s in d  in  T ab e lle  I  au f
g e fü h rt. A us den  A n fangsgeschw ind igke iten  b e s tim m te n  w ir d ie  B ru tto -  
G esch w in d ig k e itsk o n stan ten  d e r P o ly m erisa tio n , fü r  d ie sich  b e i 50 °C 
1,46 • 10 -4 m o l- *l*sec-1 , b e i 60 °C 3,44 • 1 0 -4 m o l_ *l*sec-1  u n d  b e i 70 °C 
8 ,10 • IO -4 m o l'M ^sec“ 1 e rg a b . D ie aus d en  B ru tto -G esch w in d ig k e itsk o n - 
s ta n te n  b e rech n e te  A k tiv ie ru n g sen erg ie  (E ) b e trä g t  18,8 kcal/m ol.

D en A b sc h n itt d er P o ly m e risa tio n  n ach  A u ftre te n  des G eleffek ts w e rte 
te n  w ir a u f  G ru n d  der G le ichung  v o n  Satvada [5] aus. N ach  d er G le ichung  er-

1  X —  X j
h ä l t  m an  be i d er D a rs te llu n g  d e r W erte  v o n -------------l n --------------als F u n k tio n

x 2 —  x 1 x 2 —  X
d e r Z eit G eraden , die die A b b . 3 zeig t. In  un se re r v o ran g eg an g en en  M itte ilu n g  
[ 1 ]  v erw en d e ten  w ir die G le ichung  v o n  Sa w a d a  in  e in er a n d e ren  F o rm , fü r 
d ie  die m a th em a tisch e  A u sw e rtu n g  zw ar e in facher is t , d ie ab e r d en  fü r  die 
d u rc h  den  G eleffekt v e ru rsa c h te  G eschw ind igke itszunahm e c h a ra k te r is t i
sch en  K j-W ert als P ro d u k t e rg ib t. D er U m sta n d , d aß  im  P ro d u k t K x{x2 — хх) 
die ph y sik a lisch e  B ed eu tu n g  d e r  einzelnen  G lieder u n te rsch ied lich  is t , w irk t 
s tö re n d . D ah e r is t es r ic h tig e r , m it  d e r im  vo rliegenden  F a ll v e rw e n d e te n  A us
w ertu n g sm e th o d e  zu  a rb e ite n .

In  G egenw art von  L a u ro y lp e ro x y d  e rh ie lten  w ir äh n lich e  G ren zu m sa tz - 
W e rte  (x2) w ie m it B en zo y lp e ro x y d . Die A b h än g ig k e it des G ren zu m sa tzes
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v o n  d e r  In i t ia to rk o n z e n tra t io n  u n d  der T e m p e ra tu r  is t g leichfalls ähn lichen  
C h a ra k te rs . D er fü r  d e n  B e g in n  des G eleffekts c h a ra k te ris tisc h e  U m sa tzg rad  
is t  in  je d e m  Fall g rö ß er, u n d  ä n d e r t  sich in  w esen tlich  geringerem  M aße m it 
d en  e rw ä h n te n  P a ra m e te rn , als dies in  G eg en w art v o n  B enzoy lperoxyd  
b e o b a c h te t  w erden k o n n te .

D ie Ä nderung  d e r  A n fan g sg eschw ind igke it d er P o ly m e risa tio n  u n d  des 
^ - W e r t e s  als F u n k tio n  d e r In i t ia to rk o n z e n tra tio n  w ird  a u f  A b b . 4 gezeigt. 
A u f  G ru n d  der V ersuchsergebn isse  is t die A n fan g sgeschw ind igke it d er P o ly 
m e r isa tio n  der Q u a d ra tw u rz e l der In it ia to rk o n z e n tra t io n  p ro p o rtio n a l. Die

t(min)

Abb. 3. Einfluß der Ä nderung  der In itia to rkonzen tra tion  auf die Polym erisation bei 
hohen U m sätzen. T em peratu r: 50 °C

fü r  d ie  P o ly m erisa tio n  be i h o h en  U m sätzen  c h a ra k te ris tisch e n  K j-W erte  sind 
d e r  0 ,6 2 -sten  P o ten z  d e r In it ia to rk o n z e n tra t io n  p ro p o rtio n a l, d . h . d er W ert 
des E x p o n e n te n  v e rsc h ie b t sich  gegen 1, w ie dies w egen d er B eh in d eru n g  der 
b im o lek u la ren  A b b ru c h s re a k tio n  auch  zu  e rw a rte n  w ar.

E s w urde n u n  u n te r s u c h t ,  in  w elchem  M aße die fü r  die G eleffek t-bed ing te  
G esch w in d ig k e itszu n ah m e c h a ra k te ris tisch e n  .K^-W erte be i gleicher A nfangs
geschw ind igke it (W st =  2 • 1 0 ~4 m ol l -1  se c -1 ) d u rch  die Q u a litä t  des In i t ia 
to r s  u n d  durch  die T e m p e ra tu r  b ee in flu ß t w erd en . D ie in  T abe lle  I I  fü r  L auroy l- 
p e ro x y d  angegebenen D a te n  b e rech n e ten  w ir a u f  G ru n d  d er A bb . 4 , die D a ten  
f ü r  B enzoy lperoxyd  au s  u n se re r  v o ran g eg an g en en  M itte ilu n g  [1]. W ie m an 
au s  T abe lle  I I  s ieh t, b e s te h t  h in sich tlich  d e r K x-W erte  k e in  w esen tlich er U n te r
sc h ie d  zw ischen d en  b e id e n  In itia to re n . D em g eg en ü b er is t im  A n fan g sab 
s c h n i t t  der P o ly m e risa tio n  — wie dies aus einem  V erg leich  d er B ru tto -G e- 
sc h w in d ig k e itsk o n s ta n te n  h e rv o rg e h t — die P o lym erisa tio n sg esch w in d ig k e it 
in  G egenw art von  L a u ro y lp e ro x y d  e tw a  u m  6 0 —70%  größer.
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Tabelle II

Die Werte von K l bei den zur Anfangsgeschwindigkeit von 2 ■ 10 4 mol 1 1 sec-1  gehörenden
Initiatorkonzentrationen

Temperatur: 50 °C 60 ° c 70 °C

Benzoylperoxyd
i (mol 1 *): 5,90 • IO "2 9,50 • IO“ 3 1,73 • IO "3

K,: 0,33 0,19 0,10

Lauroylperoxyd
i (mol 1“ 1): 2,12 • IO“ 2 3,80 • IO“ 3 6,84 • 1 0 -4

K,: 0,34 0,25 0,13

1 0 1 0 '3 Ю' г
i(moH'1)

Abb. 4. A bhängigkeit der A nfangsgeschwindigkeit der Polym erisation und  der X ,-W erte 
von der In itia to rkonzentration . T em peratur: (□): 50 °C, (д ): 60 °C, (O ): 70 °C

E s k a n n  also fe s tg e s te llt w erden , d aß  in  diesem  F a ll d ie Q u a li tä t  des 
In i t ia to rs  die P o ly m erisa tio n sg esch w in d ig k e it im  A n fa n g sa b sc h n itt d e r  P o ly 
m erisa tio n  w eit m eh r b e e in flu ß t, als im  B ereich  hoher U m sä tze . D agegen 
sp ie lt im  A b sc h n itt d e r P o ly m erisa tio n  n ach  A u ftre ten  des G ele ffek ts  die 
Ä n d eru n g  d er T e m p e ra tu r  eine g rößere R olle.

ZUSAMMENFASSUNG

Die m it L auroylperoxyd initiierte Blockpolym erisation von M ethy lm ethacry la t wurde 
hei verschiedenen T em peraturen  un tersuch t und  die B rutto-G eschw indigkeitskonstanten 
sowie die Aktivicrungsenergie der R eaktion bestim m t. Es zeigte sich, daß  der G renzum satz 
m it der In itia to rkonzen tra tion  und der T em peratu r in  ähnlichem Zusam m enhang s teh t wie 
in G egenw art von Benzoylperoxyd, w ährend sich der Beginn des Geleffekts m it dem  vorge
nann ten  Param eter in wesentlich geringerem Maße ändert. Ein Vergleich der beiden In itia to ren  
zeigte, daß die Änderung der In itia to rq u a litä t die Polym erisationsgeschw indigkeit im  Anfangs
abschnitt der Polym erisation weit m ehr beeinflußt als bei hohen Umsätzen.
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POLYMERISATION DES METHYLMETHACRYLATS 
BEI HOHEN UMSÄTZEN, III.

UNTERSUCHUNG D E R  V ER ZÖ G ERU N G SW IR K U N G  VON M O N O N 1TRO PH EN O LEN

I . M oNDVAI und J .  GÁL

(Lehrstuhl fü r  die Plast- und Gumm iindustrie, Polytechnische Universität, Budapest) 

E ingegangen am 24. Jan u ar 1966

Bei der B lo ck p o ly m erisa tio n  im  techn ischen  M aßstab  lä ß t  sich  die R eak 
tio n  u m  so le ich te r h a n d h a b e n , je  besser es gelingt, die d u rc h  d en  G eleffekt 
v e ru rsa c h te  G eschw ind igke itszunahm e e inzudäm m en . Z u r F e s ts te llu n g  der 
M öglichkeiten  zur V erm in d e ru n g  des G eleffekts w urde d er A b la u f  d er P o ly 
m e risa tio n  in  G egenw art v o n  V erzögerern  u n te rsu ch t.

D ie k inetische  U n te rsu c h u n g  des A n fan g sab sch n itte s  d e r  verzögerten  
P o ly m erisa tio n  k n ü p f t  sich in  e rs te r  L inie an  die A rb e iten  v o n  K iC E  [1 ] , 

T ü d ő s  [ 2 ,3 ,4 ]  u n d  B a g d a s a r j a n  [5]. A lle drei A u to ren  h a b e n  festg este llt, 
d a ß  die re la tiv e  P o ly m erisa tio n sg esch w in d ig k e it (der Q u o tie n t d e r  in  G egen
w a r t  bzw . in A bw esenhe it des V erzögerers gem essenen P o ly m erisa tio n sg e 
schw ind igkeiten ) v o n  d e r K o n z e n tra tio n  des V erzögerers a b h ä n g ig  is t. Die 
Z u sam m en h än g e  w eichen  n u r  w egen d er in  den  A b le itungen  v e rw e n d e te n  u n te r 
sch ied lichen  v ere in fach en d en  A n n ah m en  v o n e in an d er ab .

D ie V erzögerer v e rm in d e rn  n ich t n u r  die A nfang sg esch w in d ig k e it der 
P o ly m erisa tio n , so n d ern  v e rä n d e rn  auch  den  A b lau f d er fü r  d e n  R e a k tio n s
v e r la u f  c h a ra k te ris tisch e n  Z e it-U m sa tz -K u rv en  u n d  v e rm in d e rn  d ie  P o ly m eri
sa tionsgeschw ind igke it au ch  bei h o h en  U m sä tzen  w esen tlich . D ie  U n te rsu 
ch u n g  d er v e rzögerten  P o ly m e risa tio n  bei hohen  U m sätzen  is t  e in  n och  uner- 
schlossenes G ebiet, obw ohl sie auch  große p rak tisch e  B e d e u tu n g  b e s itz t .

E xperim en te lle r Teil

Die V ersuchsm ethoden sowie die Reinigung des Monomers und  In itia to rs  waren die 
gleichen wie in unserer vorangehenden M itteilung [6] beschrieben. Die eingesetzten  Mono- 
n itrophenole waren die folgenden:

2- N itrophenol. H andelsübliches, analytisch  reines P rodukt, F. 45 °C.
3- N itrophenol. H andelsübliches, analytisch reines P rodukt, F. 96 °C.
4- Nitrophenol. Das handelsübliche, analytisch reine P roduk t w urde aus Chloroform 

(K p. 61,4—61,6 °C; n£>: 1,4459) um kristallisiert; F. 113 °C. Die Schm elzpunkte bestim m ten 
wir nach der M ikromethode von K o f l e r .
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Ergebnisse

U n se re  V ersuche f ü h r te n  w ir bei g le icher In itia to rk o n z e n tra tio n  
(4 ,13 -IO -2 mol/1), in  G e g e n w a rt von  V erzögerern  v e rsc h ie d e n er M enge, bei 50 
u n d  60 °C durch. Aus d er R e ih e  d e r Z eit-U m satz  B ez ieh u n g en  w erden  die in  G e
g e n w a r t  v o n  3-N itropheno l e rh a lte n e n  K u rv en  in  A b b . 1 gezeigt. Die in  G egen
w a r t  v o n  2 -N itrophenol u n d  4 -N itro p h en o l e rh a lte n e n  K u rv e n  verlau fen  ähn lich . 
U m  d ie  A n fan g sg esch w in d ig k e it der P o ly m erisa tio n  b es tim m en  zu können ,

Abb. 1. Zeit-U m satz-K urven in G egenw art von 4,13 • 10 ~2 mol 1 1 Benzoylperoxyd und ver
schiedenen M engen 3-Nitrophenol. V erzögererkonzentrationen:

T em peratur 50 °C T em pera tu r 60 °C
(□ ): 8,50 • 10~3 m ol l “ 1 (■ ): 1,70 • 10-2 mol l " 1
(O): 1,70 • 1 0 -2 m ol I " 1 ( • ) :  3,40 • 10~2 mol l " 1
(д ): 4,00 ■ 10~2 mol l - 1 (x ) :  6,80 • IO-2 mol l “ 1

s in d  d ie  W erte  von l g ---------- als F u n k tio n  d er Z e it d a rg e s te llt . Die e rh a lten en
1  —  X

G e ra d e n , aus deren A n stieg  w ir  die A nfangsgeschw ind igkeit der P o lym erisa tio n  
b e re c h n e te n , sind a u f  A b b . 2 ersich tlich . D ie T ab e llen , I , I I  u n d  III  e n th a lte n  
d ie  n u m erisch en  W erte  d e r  A nfangsgeschw ind igke it d e r P o ly m erisa tio n .

A us der A n fan g sg eschw ind igke it b e rech n e ten  w ir d en  du rch  B a g d a s a h - 
JAN [5] beschriebenen  V erzö g e ru n g sp aram e te r:

F  =
1 -  У 2

ч
Y

( 1 )

w o b e i d er V e rzö g e ru n g sp aram e te r, F, eine d im ensionslose  Größe d a rs te llt .
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D er W e rt von  F  w ird  u m  so größer, je  s tä rk e r  die verzögernde W irk u n g  in  d er 
P o ly m e risa tio n sre a k tio n  is t. In  der G leichung (1) is t

y  =  W m o 
W„ m '

(2)

H ie r b e d e u te n  W  die P o ly m erisa tio n sg esch w in d ig k e it in  G egenw art des V er
zögerers, I P n die in  A bw esenhe it von  V erzögerern  gem essene P o ly m e risa tio n s 
geschw ind igke it u n d  m  sowie m 0 die M o n o m erk o n zen tra tio n en  u n te r  eb en so l
chen B ed in g u n g en . M it d e r A bnahm e der V erzö g e re r-K o n zen tra tio n  n ä h e r t

Abb. 2. E influß  der Ä nderung der K onzentration von 3-N itrophenol auf die A nfangsgeschw in
digkeit der Polym erisation

Tabelle I

Charakteristische Daten der Polymerisation in Gegenwart von 2-Nitrophenol 
Benzoylperoxydkonzenlration: 4,13 • 10~2 molli

Temperatur
z

mol l -1
wa

mol 1 1 ec-1 Kl xl х г

50 °C 1,06 • 10“ 3 1,670 ■ i o - 1 0,208 0,33 0,87
50 °C 2,83 • IO“ 3 1,646 • 1 0 - 1 0,056 0,24 0,88

50 °C 4,25 • IO“ 3 1,622 • 10 ~ 4 ♦ * *

60 °C 1,06 • 10“ 3 3,875 ■ 10“ 4 0,375 0,37 0,93
60 °C 2,83 • IO“ 3 3,623 • 10 1 0,189 0,34 0,92
60 °C 4,25 • IO“ 3 3,465 • 10“ 1 0,131 0,30 0,91

* bei hohen U m sätzen sank die Polym erisationsgeschw indigkeit derart, daß keine D aten  
mehr bestim m t werden konnten.
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Tabelle II

Charakteristische D aten der Polymerisation in  Gegenwart von 3-Nitrophenol 
Benzoylperoxydkonzentration: 4,13 • 10~2 mol/1

Temperatur *mol l -1
w„mol 1 ~1 sec 1 K x *1 X2

50 °C 8,50 • 10 3 1,607 IO“ * 0,175 0,32 0,87
50 °C 1,70 • IO“ 2 1,528 1 0 " 1 0,154 0,31 0,88

50 °C 4,00 • IO“ 2 1,386 1 0 " 1 0,075 0,27 0,89
60 °C 1,70 ■ IO“ 2 3,938 10" 1 0,465 0,37 0.93
60 °C 3,40 • IO“ 2 3,859 1 0 " 1 0,355 0,37 0,93
60  ° c 6,80 ■ IO“ 2 3,701 1 0 " 1 0,206 0,30 0,90

sich  d e r  W ert von m 0/m  eins. B ei e n tsp rech en d  n ied rig en  V erzö g ererk o n zen tra - 
l io n e n  b ra u c h t m an  d a h e r  die Ä nderung  d e r M o n o m erk o n zen tra tio n  n ic h t zu 
b e rü c k s ic h tig e n . Es w u rd e  exp erim en te ll nach g ew iesen  [5], daß  F  im  B ereich  
n ie d r ig e r  V erzögererkonzen tra tionenz / W 0 p ro p o r tio n a l is t, w enn z die У erzögerer- 
k o n z e n tra t io n  b e d e u te t.

A u f  dieser G ru n d lag e  sind  die aus u n se re n  in  G egenw art v o n  3 -N itro 
p h e n o l d u rch g efü h rten  M essungen b e re c h n e ten  V erzö g eru n g sp aram ete r a u f 
A b b . 3 als F u n k tio n en  v o n  z /W 0 angegeben . Ä hn liche  G eraden  e rh ie lte n  w ir 
a u c h  m it den  beiden  a n d e re n  M o non itropheno len . D en  A nstieg  d er e rh a lte n e n  
G e ra d e n , die für die W irk sa m k e it der u n te rs u c h te n  V erzögerer c h a ra k te r i
s tis c h  s in d , en th ä lt die T ab e lle  IV . Die W erte  d e r  zu r B erechnung  d e r V erzöge
ru n g s p a ra m e te r  n o tw en d ig en , zu r B en zo y lp e ro x y d k o n zen tra tio n  von  4 ,13  • IO "2 
mol/1 gehörenden  A nfan g sg esch w in d ig k e iten : W n =  1,685 • 10 ~4 m ol/l/sec bei 
50 °C sowie W0 =  4 ,016  • 10 “ 4 m ol/l/sec bei 60 °C sind  aus d er M itte ilu n g
[6] ü b ern o m m en .

Tabelle II I

Charakteristische D aten der Polymerisation in Gegenwart von 4-Nitrophenol 
Benzoylperoxydkonzentration: 4,13 • 10~2 mol/1

Temperatur z
mol l l mol l “ 1 sec 1

Кл *1 x t

50 °C 8,50 1 0 "3 1,638 ■ IO“ 1 0,149 0,33 0,88

50 °C 1,70 10" 2 1,607 • IO" 4 0,107 0,30 0,88

50 °C 3,40 IO" 2 1,528 • 10"1 0,073 0,30 0,92

60 ° c 8 ,50 IO" 3 3,969 • 10"1 0,418 0,37 0,92

60 ° c 1,70 IO" 2 3,922 • 1 0 -1 0,374 0,37 0,92

60 ° c 3 ,40 IO" 2 3,796 ■ IO" 4 0,250 0,33 0 ,93
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D er A b sc h n itt d er P o ly m erisa tio n  n ach  A u f tre te n  des G eleffekts w u rd e  
au f G ru n d  der G leichung  v o n  S a w a d a  [ 7 ]  a u sg ew erte t. B ei d e r D a rs te llu n g

1 X  —  X j
der W e rte  v o n -------------l n ------------ als F u n k tio n  d e r  Z eit e rh a lte n  w ir G eraden ,

X ‘2 ^

die a u f  A bb . 4 gezeigt sind . D ie A nstiege der G erad en  e rgeben  die fü r  die d u rch  
den G eleffek t v e ru rsa c h te  G eschw ind igke itszunahm e c h a ra k te ris tisch e n  K y  
W erte , die gem einsam  m it d en  Xy  und  x2-W erten  in  d en  T abellen  I ,  I I  u n d  
I I I  zu sam m en g efaß t sind . W ie aus den T abellen  h e rv o rg e h t, w ird  m it Z un ah m e 
der V e rzö g e rerk o n zen tra tio n  d e r U m satzg rad  xv  bei dem  der G eleffekt au f-

Abb. 3. A bhängigkeit der V erzögerungsparam eter von den z/iP0-W erten in Gegenwart von  
3-Nitrophenol. ( 0 ) : T em peratur 50 °C ( • ) :  T em peratu r 60 °C

Tabelle IV

Versögerungswirkung von Mononitrophenolen im Anfangsabschnitt der Polymerisation

Temperatur
F  W 0

z10*

2-Nitrophenol 50 °C 0,30

60 °C 2,85

3-Nitrophenol 50 °C 0,19

О®чО 0,08

4-Nitrophenol 50 °C 0,10

60 °C 0,12

Acta Chimica Acadewiae Scientiarum Hungaricac 51y 1967



4 2 8 M O N D V A !, G Á L : P O L Y M E R I S A T I O N  D E S  M E T H Y L M E T H A C R Y L A T S , I I I

t r i t t ,  k le in e r . D er G renzum satz  (x2) is t keine e indeu tige  F u n k tio n  d er V erzögerer
k o n z e n tra t io n , sie is t je d o c h  in  einem  gegebenen K o n z e n tra tio n sb e re ic h  
im m e r  g rö ß er als bei g le icher In i t ia to rk o n z e n tra tio n  u n d  ohne V erzögerer. 
B e i n ie d rig e re r  T em p era tu r  — u n te r  sonst g leichen B ed in g u n g en  — w ird  auch 
d e r  G ren zu m sa tz  k leiner.

В  ei hohen  U m sätzen  v e rw e n d e te n  w ir zu r C h a rak te ris ie ru n g  d e r W irk 
s a m k e it  d e r u n te rsu ch ten  V erzö g erer die K ljTei-W erte .

К 1, re l —
К 1

(3)

f  (m in )

Abb. 4. E influß  d e r  Änderung der K onzen tra tion  von 3-Nitrophenol auf die Polym erisation bei
hohen Um sätzen

К г i s t  h ie r  der fü r die d u rc h  den  G eleffek t v e ru rsa c h te  G eschw ind igke itszu 
n a h m e  ch a rak te ris tisch e  W e r t  in  G egenw art eines V erzögerers b e s tim m te r 
Q u a l i tä t  u n d  Q u a n titä t , K 1>0 b e d e u te t das gleiche ohne V erzögerer. Die zur 
B e re c h n u n g  von Ky rc; n o tw e n d ig e n , zu einer B en zo y lp e ro x y d k o n zen tra tio n  
v o n  4 ,13  • 1 0 -2 m ol 1_1 g eh ö ren d en  W erte  K l n =  0,26 be i 50 °C, u n d  K lg =  
=  0 ,50  be i 60 °C b e re c h n e ten  w ir aus den  A ngaben  der M itte ilu n g  [6]. Die 
v e rsc h ie d e n en  K l rc;-W erte  s in d  als F u n k tio n e n  d er V e rzö g ererk o n zen tra tio n  
in  A b b . 5 gezeigt. M an s ie h t, d aß  m it zu n eh m en d er V e rzö g ererk o n zen tra tio n  
d ie  Ky re;-W erte s ta rk  ab n e h m e n . E in  V ergleich d er P o ly m erisa tio n sg esch w in 
d ig k e ite n  m it den K x „ /-W e rte n  e rg ib t, d aß  die u n te rsu c h te n  V erzögerer die 
P o ly m erisa tio n sg esch w in d ig k e it im  A n fan g sab sch n itt der P o ly m erisa tio n  in 
w e ita u s  geringerem  M aße v e rm in d e rn  als bei hohen  U m sä tzen .

A ls der w irksam ste  V erzö g erer erw ies sich das 2 -N itro p h en o l, seine V er
zö g eru n g sw irk u n g  is t sow ohl im  A n fan g sab sch n itt der P o ly m e risa tio n  als 
a u c h  b e i hohen U m sä tzen  a llg em ein  um  eine G rö ß en o rd n u n g  g rö ß er, als die
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d er beiden  a n d e ren  V erb in d u n g en . D as is t d a m it  zu  e rk lä ren , daß  die W asse r
sto ffb rü ck e  zw ischen  d en  n eb en e in an d er lieg en d en  N itro - u n d  p heno lischen  
H y d ro x y lg ru p p en  eine g elockerte  E le k tro n e n s tru k tu r  v e ru rsa c h t, deren  ra d i
kalische R eak tio n sfäh ig k e it b ed eu ten d  g rößer is t .  Z w ischen der W irk sam k e it 
von  3 -N itropheno l u n d  4 -N itro p h en o l b e s te h e n  keine w esentlichen  U n te r 
schiede.

Die Ä n d eru n g  d e r T e m p e ra tu r  b e e in f lu ß t die V erzögerungsw irkung  
d er u n te rsu c h te n  V erb in d u n g en . Dies zeig te sich  im  A n fan g sab sch n itt d er 
P o ly m erisa tio n  am  b e s te n  beim  2 -N itro p h en o l; b e i den  anderen  beiden  V er-

Abb. 5. E influß der K onzentrationsänderung des V erzögerers auf die K lfrel-W erte 
(O ): 2-N itrophenol bei 50 °C, (ф ): bei 60 °C
(□ ): 3-N itrophenol bei 50 °C, (■ ): bei 60 °C
(д ): 4-N itrophenol bei 50 °C, ( a ): bei 60 °C

b in d u n g en  is t d er E in f lu ß  n ic h t b ed eu ten d . B ei h o h en  U m sätzen  is t zu m  E r 
re ichen  gleicher K 1>re[-W erte  bei n ied rigeren  T e m p e ra tu re n  eine geringere 
M enge an  V erzögerern  n o tw en d ig . In  diesem  F a ll f ä l l t  jed o ch  die W irk u n g  d er 
T e m p e ra tu rän d e ru n g  in  G egenw art von 2 -N itro p h en o l w eniger ins A uge als 
bei den  anderen  b e id en  Isom eren .

ZUSAMMENFASSUNG

Die Blockpolym erisation des M ethylm ethacrylats w urde bei gleicher In itia to rkonzen
tra tio n , in Gegenwart verschiedener Yerzögerermengen u n te rsu ch t. Die für die un tersuchten  
V erbindungen charakteristischen Verzögerungsparaineter w urden bestim m t. Die un tersuchten  
Verbindungen verm indern die Polym erisationsgeschw indigkeit im  A nfangsabschnitt der P o ly
m erisation weit weniger als bei hohen Umsätzen. Der w irksam ste Verzögerer war das 2-N itro
phenol, seine V erzögerungswirkung liegt um eine G rößenordnung höher als die W irkung der 
anderen beiden V erbindungen. Zwischen der W irksam keit von 3-Nitrophenol und 4-N itro 
phenol sind keine w esenltichen Unterschiede festzustellen.
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In  th e  course of an  in v es tig a tio n  o f h e p ta e n e  m acrolide a n tifu n g a l a n t i 
b io tics  B o r o w s k i  f l ] ,  K h o k h l o v a  [2] an d  th e ir  co-w orkers c o m p a re d  th e  
su b stan ces  b y  p a p e r  c h ro m a to g ra p h y  (b u ta n o l : p y rid in e  : w a te r 6 : 4 : 5 )  an d  
fo u n d  th e m  to  fa ll in to  th re e  categories. ( Candida albicans was u se d  fo r b io 
a u to g ra p h s .)  P e rim y c in  [1] p ro v ed  to  be th e  m o st m obile, cand id in  a n d  am pho- 
th e ric in  В [3] th e  le a s t m obile, while tr ic h o m y c in  [4], candicid in  [5] a n d  levo- 
rin  [6] occup ied  in te rm e d ia te  positions, d iffering  v e ry  little  from  one a n o th e r  
by  th is  m e th o d . I t  was concluded  [2] t h a t  can d ic id in  and  tr ic h o m y c in  w ere 
v e ry  s im ila r a n d  p ro b a b ly  id en tica l. O u r p a p e r  ch ro m ato g rap h ic  e x p e rim e n ts  
(m e th an o l : N H 3 : w a te r 20 : 1 : 4) con firm ed  th e se  find ings.

O n th e  o th e r  h an d , B o r o w s k i [6 ] fo u n d  t h a t  c o u n te rc u rren t d is t r ib u 
tio n  o f  th e  “ a ro m a tic ”  h ep taen es  trich o m y c in -A , cand ic id in  an d  a sco sin  gave 
p ra c tic a lly  id e n tic a l К  values in  a ch lo ro fo rm  : m e th an o l : b o ra te  b u ffe r  so l
v e n t sy s te m  (р н  8.3).

R ecen tly  D iv e k a r  [7] has re p o rte d  t h a t  h a m y c in  [8], a h e p ta e n e  m ac ro 
lide a n tib io tic  p u rif ied  b y  c o u n te rc u rre n t d is tr ib u tio n , is very  s im ila r to  tr ic h o 
m y cin . Sam ples o f  poorer p u r i ty  w ere re p o r te d  to  c o n ta in  p ep tid e  m o ie tie s . The 
p ro d u c t p u rif ied  b y  c o u n te rc u rren t d is tr ib u tio n  w as free from  a m in o  acids. 
T h is o b se rv a tio n  has been  fu lly  confirm ed  b y  us.

T he idea  to  com pare tr ich o m y c in , c a n d ic id in  an d  ham ycin  cam e  to  us 
on th e  basis o f  th e  above find ings. These su b s ta n c e s  all belong to  th e  a ro m a tic  
su b g ro u p  o f h e p ta e n e  m acro lide a n tifu n g a l a n tib io tic s , y ield ing  on  a lk a lin e  
d e g ra d a tio n  p -am in o ace to p h en o n e , on ac id  h y d ro ly s is  m ycosam ine. T h e ir  a b 
so rp tio n  m ax im a  are  found  a t  340, 360, 382 a n d  402 nm . O n b as is  o f  th e  
sp e c tra l p ro p e rtie s  an d  p a p e r c h ro m a to g rap h ic  b eh av io u r, we could  n o t  d e te c t 
an y  d ifference in  th e m , b u t  th e ir  e x a c t id e n t i ty  is n o t y e t p roved . Ja p a n e se  
in v e s tig a to rs  [9] a tte m p te d  to  se p a ra te  tr ic h o m y c in  in to  frac tions b y  a lu m in a  
c h ro m a to g ra p h y , h u t  a sh a rp  se p a ra tio n  could  n o t  be ach ieved  a n d  besides
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a d eco m p o sitio n  was cau sed  b y  prolonged h a n d lin g . T hus it  seem ed us re a so n 
ab le  t o  choose th e  c o u n te rc u rre n t d is tr ib u tio n  m e th o d  know n to  y ie ld  th e  
b e s t s e p a ra tio n  in  th is  g ro u p  o f substances.

O u r  experim en ts  w ere ca rried  ou t in  a  2 0 0 -tu b e  au to m a tic  a p p a ra tu s . 
T he a q u e o u s  layers (3 m l) w ere fixed  b y  cellu lose sponges re g e n e ra te d  from  
x a n th o g e n a te . The o rg an ic  lay e rs  were chosen to  be  6 m l [10], th e  d is tr ib u tio n  
tim e  w as  4.5 m inu tes p e r  tu b e . The so lven t s y s te m  consisted  o f ch lo ro fo rm  : 
m e th a n o l : b o ra te  b u ffe r  2 : 2 : 1  (pu  8.40) [9]. 100-m g sam ples o f  th e  s ta r t in g  
m a te r ia l  w ere em ployed .

T h e  follow ing su b s ta n c e s  were in v e s tig a te d : 
tr ic h o m y c in  (Grünenthal , lo t No. 114.),
can d ic id in  (International Center o f  Information on Antibiotics,  L iège, 

B e lg iu m ),
a n tib io tic  S —515, iso la te d  in  our I n s t i tu te  (candicid in) h a v in g  th e  sam e 

b io lo g ica l a c tiv ity  as tr ic h o m y c in ,
h a m y c in  ( Hindustan Antibiotics Ltd., P im p r i,  Poona, In d ia ), 
a m p h o th e ric in -B  ( Fungizone, intravenous, S qu ibb).
T h e  m axim um  c o n c e n tra tio n  tu b e  n u m b e r  for tr ich o m y cin  w as 110. 

I f  th e  p a r t i t io n  coeffic ien t (K )  is co n v en tio n a lly  d efin ed  as th e  q u o tie n t o f  th e  
c o n c e n tra tio n s  in  th e  l ig h te r  an d  heavier p h ases , th is  m ax im um  c o n c e n tra tio n  
tu b e  n u m b e r co rresponds to  a К  value of 1.64. I n  ou r a p p a ra tu s  in v a ria b ly  
th e  m o re  apolar p h ase  is m oving , in d e p e n d e n tly  of th e  specific  w eigh ts. 
A  sm a lle r  frac tio n  gave  a m ax im um  a c tiv i ty  in  tu b e  145 (К  =  0 .76). T he 
a c tiv i t ie s  against Candida albicans and th e  e x tin c tio n  a t  380 n m  w ere d e te r 
m in e d  to  follow th e  d is tr ib u tio n  o f the  sam p les . B o th  m ethods gave th e  sam e 
m a x im u m  tu b e  n u m b ers . T w o fu rth e r m ax im a  w ere found in  tu b e s  N os. 50 
a n d  65 , w ith o u t b io log ica l a c tiv ity .

T h e  m axim um  c o n c e n tra tio n  tube  n u m b e r  fo r candicid in  w as also  110, 
th e  a c t iv i ty  being d e te rm in e d  against C. albicans (К  — 1.64). S p ec tro p h o to - 
m e tr ic  m easu rem en ts  a t  380 n m  gave m ax im u m  co n cen tra tio n  in  tu b e  N o. 115. 
N o o th e r  b io logically  a c tiv e  frac tio n  was d e te c te d .

A n tib io tic  S — 515, p re p a re d  by  us f ro m  th e  fe rm en ta tio n  liq u o r o f a 
Streptomyces levoris s t r a in  iso la ted  in  ou r I n s t i tu te ,  was also s u b m itte d  to  
c o u n te rc u r re n t  d is tr ib u tio n . T he m axim um  c o n c e n tra tio n  tu b e  n u m b e r fo r 
th is  a n tib io tic  was 110 (К  =  1.64). No o th e r  b io log ica lly  ac tive  f ra c tio n  w as 
fo u n d . T he lig h t a b so rp tio n  m ethod  gave th e  sam e  m axim um  tu b e  n u m b e r, 
a n d  tw o  fu r th e r  m a x im a  w ere detec ted  in  tu b e s  N os. 10 and  40. T h u s  a n t i 
b io tic  S —-515 and  c a n d ic id in  are p ro b ab ly  id e n tic a l.

F o r  ham ycin , b y  d e te rm in in g  th e  a c t iv i ty  ag a in s t C. albicans a n d  th e  
e x t in c t io n  a t  380 n m , th e  m ax im um  c o n c e n tra tio n  tu b e  n u m b e r w as also 
110 (К  =  1.64). A fu r th e r ,  biologically  in a c tiv e , sm all m ax im um  w as fo u n d  
in  tu b e  No. 30.
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W e com pared  th e  p a r t i t io n  c h a ra c te r is tic s  of a ro m atic  h e p ta e n e s  w ith  
a m p h o th e ric in  В [3], a m em ber o f th e  n o n -a ro m a tic  group , in  o rd e r  to  check 
u p o n  o u r m e th o d . The m ax im u m  c o n c e n tra tio n  tu b e  n u m b e r fo r  th is  a n ti
b io tic  w as 75 (К  =  3.33), th e  a c t iv i ty  bein g  determ ined  a g a in s t C. albicans. 
S p e c tro p h o to m e tric  m easu rem en ts  a t  380 n m  show ed m ax im um  c o n c e n tra tio n  
in  tu b e  N o. 74. On th e  basis o f th e  ab o v e  re su lts , th e  p a r ti t io n  c h a ra c te ris tic s  
o f a ro m a tic  an d  n o n -a ro m atic  h ep taen es  show  considerable d iffe ren ces, as i t  is 
also re fle c ted  b y  th e  l i te ra tu re  [1].

T h e  above d is tr ib u tio n  d a ta  lead  to  th e  conclusion th a t  fo r  th e  h ep taen e  
m acro lides o f a ro m atic  su b g ro u p  (trich o m y c in , cand icid in  =  S — 515, and  
h am y c in ) th e  m ax im um  c o n c e n tra tio n  tu b e  n u m b er is 110 acco rd in g  to  b io 
logical d e te rm in a tio n . The values o f th e  p a r t i t io n  coefficients d e p e n d  s tro n g ly  
u p o n  th e  pH of th e  aqueous p h ase .

T he m ax im u m  frac tio n s  o f th e  su b stan ces  m en tioned  w ere ca re fu lly  
co n v e rte d  in to  solids, ta k in g  care to  av o id  decom position , an d  th e  so lids were 
ag a in  s u b m itte d  to  c o u n te rc u rren t d is tr ib u tio n . The 200-tube a u to m a tic  a p p a 
ra tu s  w as u sed ; 50 m g o f each  a n tib io tic  (trichom ycin -A , can d ic id in  =  S —515, 
h am y cin ) w as d is tr ib u te d  s im u lta n e o u s ly  in  one ru n  in  th e  sy s te m , ap p ly in g  
th e  recy c lin g  tech n iq u e  in  200 tra n fe rs . T richom ycin  was loaded  in  tu b e  N o. 1, 
h a m y c in  in  tu b e  No. 65 a n d  f in a lly  can d ic id in  (S —515) in  tu b e  N o . 135. The 
d is tr ib u tio n  of th e  an tib io tic s  w as e s tim a te d  b o th  against C. albicans and  
sp ec tro p h o to m e trica lly . A ccord ing  to  th e  fo rm er m ethod  th e  m a x im u m  con
c e n tra tio n  tu b e  num bers fo r tr ic h o m y c in , h am y c in  and  can d ic id in  w ere 109, 
110, a n d  110; accord ing  to  th e  la t te r  m e th o d , 100, 116, and  116, re sp e c tiv e ly . 
T h u s th e  a c tiv ity  curves an d  a b so rp tio n  curves differ to  a c e r ta in  e x te n t .

O n th e  basis o f our re su lts  o b ta in e d  b y  th e  co u n te rc u rren t d is tr ib u tio n  
m e th o d , th e  sam e su b stan ce  is responsib le  for the  b io logical (a n tifu n g a l)  
a c t iv i ty  in  th e  m ain  frac tio n  o f tr ic h o m y c in , in  candicid in  (S — 515) a n d  in 
h am y c in . T here  are, how ever, som e differences in  th e  bio logically  in a c tiv e  con
ta m in a tio n s .
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BOOK R E V IE W S  -  B U C H B E S P R E C H U N G E N  
Р Е Ц Е Н З И И  К Н И Г

R . B e l c h e r  and  C. L. W i l s o n : New Methods o f Analytical Chem istry . C hap
m an and  H all, L o n d o n , 1964, Second E d itio n  pp . 366.

The book which surveys new developm ents in the m ost im portan t branches of “ classical,, 
ana ly tica l chem istry is the second, nearly  entirely  revised edition of th e  book of the authors 
published  in 1955, and contains a g reat deal of new m aterial.

The firs t chapter deals w ith  standard iz ing  substances, giving a detailed  description of 
the p roperties, purification and use of chemicals recom mended recently  to standard ize solu
tions em ployed for acid-base and redox titra tions. This p a rt is of in terest to  th e  a n a ly s t  be
cause m any  problems concerning standardizing substances have not been resolved so fa r .

C hapter 2, entitled “ Ind icators”  deals w ith less known indicators, f irs t of all w ith  those 
possessing more advantageous properties th an  those used earlier, or those th a t  can be used in 
re la tive ly  new branches of volum etric analysis, such as chemilunescent, special redox and 
m etallofluorescent indicators. C hapter 3 tre a ts  the preparation  and applications of some less 
com m on oxidizing and reducing standard  solutions, such as ascorbic acid, hydrazine, lead 
te tra ace ta te , sodium chlorite, sodium v anadate , etc. C hapter 4 entitled  “ O rganic R eagents” 
deals w ith  new organic reagents used in gravim etric analysis, w ith complexing s tan d ard  solu
tions analogous to sodium ethylenediam ine te tra ace ta te  and their applications, presenting 
som e exam ples. This excellent survey is an entirely  new p a rt of the second edition. Chapter 
6 tre a tin g  selective spectrophotom etric m ethods is also a new p a rt of th e  hook. H ere are 
discussed some selected methods specific for a particu lar ion, or characterized by high sensitiv
ity , or representing the solution of an old analytical problem. Chapter 7 dealing w ith  precipi
ta tio n s  from  homogeneous solutions m ay well claim the in te rest of the analyst in view of the 
increasing im portance of the method. E x trac tion  m ethods have been gaining increasing im
portance  in inorganic analysis; such m ethods are partly  based  on ionic association systems, 
and  p a rtly  on the form ation of chelate complexes. The m ain advantage of C hapter 8 dealing 
w ith  these techniques is th a t it  presents a clear picture of the most im portan t possibilities for 
the determ ination  of some ions by means of good tables. The last chap ter of th e  hook, C hap ter 9, 
describes volum etric and gravim etric m ethods for the determ ination  of some ino rgan ic  ions. 
Some in teresting  examples are: titra tio n  of sulphate ions, volum etric determ ination  of lithium  
and  beryllium .

The composition of the book is consistent in spite of the fact th a t it  deals w ith  the de
velopm ent of several branches of chemical analysis sometimes ra ther rem ote from  one a n 
o ther.

A fter a short theoretical in troduction  and  a survey of the lite ra tu re , th e  au th o rs  deal 
w ith  th e  properties, purification, and in m any cases also the preparation of the  suggested rea
gents in detail, and give exact prescriptions of th e  analytical procedures including th e  elim ina
tion  o f interference from foreign ions. References given a t  the end of each p a r t  fac ilita te  the 
looking up of literary  data.

R. B e l c h e r  and C. L. W il s o n , w ith  th e  sense of scientist and p ractical an a ly s t, have 
chosen of new analytical m ethods those which can be used for resolving special problem s and 
w hich seem to be lasting.

The presented methods dem onstrate th a t  it  is possible and necessary to  produce new 
m ethods in the  field of classical chemical analysis also.

The m ake-up of the book is nice. The good typographic work makes the  book easy to 
read  and  survey.

É .  B á n y a i
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BoDiE Е. D ouglas a n d  D a r l  H. McD a n i e l : Concepts and Models o f Inorganic 
Chemistry, B laisdell P u b lish in g  C om pany, N ew  Y o rk , 1965. X V II I  -f- 510

pages, $ 10.50.

F or a long tim e inorganic chem istry  used to be one of th e  dullest subjects of th e  curricu
lum . I t  w as a mere collection of m ostly  uncorrelated d a ta . A bou t the early forties highly effi
c ien t new  tools, the developm ent o f th e  theory of chem ical bonding, and last b u t n o t least, 
new  p rac tica l demands resu lted  in  an  explosionlike developm ent of th is branch of science, and 
now i t  is justified  to  speak o f th e  renaissance of inorganic chem istry. A fter an ev ident delay, 
this changed situation has come to  be reflected in recen t tex tbooks. In  the last six years a 
dozen tex tbooks on “ advanced”  and  “physical”  inorganic chem istry  have been published. 
The book under review is a rem arkab le  addition to this series.

As th e  titles of chap te rs ind ica te , this volume does cover th e  whole field, b u t after p re
sen ting  th e  fundam ental principles and  concepts, i t  tre a ts  th e  chem istry of the m ost im p o rtan t 
types o f compounds:

(I) Atomic structu re  and  th e  periodic table; ( II)  C ovalent substances; ( I II)  Ionic sub
stances; (IV) Therm odynam ic considerations; (V) The hydrogen bond; (VI) Acids and bases; 
(V II) T he halogens; (V III) E lec tron  deficient com pounds; (IX ) M etals; (X) Coordination com
pounds, I. Structure and bond ing ; (X I) Coordination com pounds, II . S tability  and reaction 
m echanism ; (X II) E xperim ental m ethods for the elucidation  of th e  structure  and bonding 
of chem ical compounds. In  th e  five appendices, physical constan ts  are tabu lated , the principles 
o f nom enclature are trea ted , and  sym m etry  problems outlined.

T he choice of the m ateria l is excellent. The arrangem ent is logical, the  presentation  very  
lucid. (There is only a m inor critica l rem ark in this respect: i t  w ould have been more logical to  
tr e a t  th e  mechanism of redox reactions in Chapter X I in s tead  of C hapter IV.) The up -to -da te  
references instruct the s tuden ts  to  g e t fu rther inform ation. A t th e  end of each chapter there is a 
num ber of well chosen questions.

T he typography is excellen t, th e  te x t is alm ost free of m isprints.
The book is warm ly recom m ended as a basis for courses on advanced inorganic chem istry.

M. T. B e c k

Standardmethoden der praktischen Chemie. H e rau sg eg eb en  von  E r n s t  P o u l - 
s e n  N a u t r u p  u n te r  M itw irk u n g  von  m eh re ren  F achgenossen . P rä p a ra tiv e  
M e th o d en  der o rgan ischen  C hem ie, L ieferung  l b  u n d  Ic , A llgem eine A rb e its 
te c h n ik  I I  und  I I I ,  b e a rb e i te t  von  J ü r g e n  G ö m a n n , D ie t e r  H o p p e , E r n st  
P o u l s e n  N a u t r u p . V erlag  F rie d r. Vieweg u n d  S ohn , B raunschw eig , 1966.

N ach einer ziemlich langen Pause sind je tz t w iederum  zwei neue Lieferungen der »Prä
p a ra tiv en  Methoden« erschienen. E s sind dies die beiden, die B ehandlung der allgemeinen A r
beitsm ethoden  abschliessenden Lieferungen lb  und lc , u n d  m it diesen zusammen liegen nu n 
m ehr insgesam t neun der gep lan ten  sechzehn (ursprünglich w aren es nu r dreizehn) Lieferun
gen vor.

A uch diesmal erfolgte die H erausgabe in der bereits bew ährten  Lose-B latt-Form . S til, 
E in teilung , Druck, A ussta ttung  entsprechen dem bereits gew ohnten hohen S tandard  der 
früheren  Lieferungen, sodaß es genügt, wenn hier n u r ku rz  au f  den In h a lt der neuesten Lie
ferungen eingegangen wird.

D ie »Allgemeine A rbeitstechnik . II.« schließt zuerst das K apitel über »Das A rbeiten 
m it Gase« ab, bringt w eiterhin ein K ap ite l über die verschiedensten  A rten der F iltra tion  (nor
m ale, Saug- und Druck-, H eiß- u n d  K altfiltration) u n d  die dazu verw endeten Medien, sechs 
L ose-B lätter über verschiedene A rten  der Destillation, wobei u . a. auch die T em peraturab
häng igkeit des D am pfdruckes (Nomogramm-Beilage !), sowie die Möglichkeiten zum  Erzeugen 
u n d  M essen von U nterdrück beh an d e lt werden. H ier w äre zu  bem erken, daß die angegebenen 
klassischen D estillationsanlagen m it schräg gestelltem LiEBiGschem K ühler zu p la tzbean
spruchend  sind und — w enigstens im  Lande des R ezensenten —  kaum  m ehr verw endet werden. 
Die in  den Abb. 1 und 2 des Lose-B lattes über »Einfache D estillation un ter N orm aldruck
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(D am pftem peraturen  50 °С)« haben sich in dieser Beziehung viel besser bew ährt und  können, 
u n te r Ausschluß des Leitungswassers, auch für die D estillation  höher siedender Flüssigkeiten 
verw endet werden. E ine diesbezügliche K orrektion  in einer folgenden Auflage erschein t dem 
R ezensenten als wünschensw ert. Als A bschluß folgen je  ein K apitel über E x trak tio n  (6 Seiten) 
und  Aussalzen (2 Seiten).

Die »Allgemeine A rbeitstechnik. III«  behandelt die Adsorption (E n tfärbung  m it K ohle 
und  Säulenchrom atographie, 1 bzw. 4 1/2 Seiten —  is t letzteres nicht zu w enig?), die U m kris
ta llisation , die K olonnendestillation (zwei Teile, insgesam t 9 Seiten, wobei im  zw eiten Teil 
auch die Bestim m ung der K enngrößen einer K olonne beschrieben wird), die D ialyse, die T rock
nung von Feststoffen und  F lüssigkeiten (drei Teile, insgesam t 16 Seiten, wovon der le tz te  Teil, 
die W asserentfernung aus Lösungsm itteln m ehr als die H älfte  ausm aeht), die B estim m ung des 
Schmelz- und Siedepunktes (leider wird der Koflersche H eiztisch nur in einer F u ß n o te  eben 
noch erw ähnt !) und  schließt endlich m it zwei K apite ln  über R einheitsprüfungen, d a ru n te r die 
chrom atographischen und  optischen Methoden.

T rotz einiger (weniger) M einungsverschiedenheiten des Rezensenten m it den H eraus
gebern m öchte er Chem iestudenten und  L aboran ten  die Anschaffung auch der neuen Liefe
rungen empfehlen.

K . L e m p e r t

A u g u s t  K e k u l é : Cassirte K apitel aus der Abhandlung: Über die Carboxy- 
tartronsäure und die Constitution des Benzols. V erlag  Chemie, W ein h e im , 1965

W as soll der Rezensent m achen, wenn er ü b e r ein W erk zu schreiben h a t, dessen Ver
fasser A u g u st  K e k u l é  heißt, das im  Jah re  1883 geschrieben wurde und achtzig Ja h re  später, 
1965, zuerst im D ruck erschien? Es handelt sich um  zwei K apitel der A bhandlung K e r ü l é s  
»Über die C arboxytartronsäure und  die K onstitu tion  des Benzols«, die in Liebigs A nnalen 
221, 230 (1883) erschienen ist. Diese zwei ersten K apite l, m it den die Titeln »Die typ ischen  Ben
zolformeln« und »Zur Geschichte der Valenztheorie«, sind jedoch damals n icht erschienen, weil 
der dam alige R edakteur der Annalen, V o lh a r d , K e k u l é  von der Veröffentlichung abgeraten  
h a tte . In  diesen zwei K apiteln  d isku tiert K e k u l é  m it K o l b e  und anderen einerseits ü b e r sei
nen Benzolring, den K o lb e  n ich t anerkennen wollte, und  verteidigte andererseits seinen An
spruch au f P rio ritä t in  H insicht au f die V alenzlehre gegenüber K olbe und F r a n k l a n d . Der 
Leser verfolgt Diskussionen, die heu te  längst entschieden sind. Die Geschichte an erk en n t, daß 
der H aup tte il des Verdienstes and der Valenzlehre K e k u l é  gebührt, zollt jedoch auch  F r a n k 
la n d  A chtung als einem der w ichtigsten V orarbeiter dieses Begriffs. Mag sein, daß  K e k u l é  —  
wie er selbst schreibt — persönlich keine Beeinflussung durch F rankland  spü rte , unbew ußt 
w urde er jedoch sicher durch all die Ideen beeinflußt, die dam als in der chem ischen A thm os- 
phäre schwebten.

Der Leser is t etw as überrascht, zu erfahren, daß  18 Jah re  nach der V eröffentlichung der 
Benzolformel durch K e k u l é  darüber zu diskutieren noch nötig  war. N icht nu r m it dem  ver
bissenen K o lb e , sondern auch m it anderen Chemikern von  Rang, wie z. B. m it M e n d e l e j e v . 
So langsam  dringen also neue A nsichten durch ! R ic h a r d  K u h n  schreibt eben deshalb  sehr 
geistreich in der kurzen E inleitung, daß diese Ausgabe »Ein Trostbüchlein für alle, die m it neuen 
Ideen n ich t gleich allgemeine A nerkennung finden oder deren M anuskripte von einer R edaktion  
gekürz t werden« ist. Dem heutigen Leser, der in einem  Z eita lter lebt, in dem die N aturw issen
schaftler sich fast n u r m ehr gegenseitig K om plim ente sagen und fast nie D iskussionen m it
einander führen, fä llt auch der scharfe und  ironische Ton auf, m it dem K e k u l é  seine R echte 
verte id ig te . Wer sich aber ein wenig in  die L ite ra tu r des vorigen Jah rhunderts v e rtie f t, be
sonders aber das »Journal fü r p raktische Chemie« d u rch b lä tte rt, der wird K e k u l é  höflich  und 
san ft nennen.

Das ist ja  ganz unglaublich, was H e r m a n n  K o l b e , dieser Starrkopf, übrigens Chemiker 
von R ang, aber, dam als schon zur alten  G eneration gehörend, darin trieb ! K o l b e , zu allem 
U nglück allm ächtiger R edakteur obengenannter Z eitschrift, m ußte ja  dam als ein w ahrhaf
tiger Schrecken der deutschen Chemiker gewesen sein ! S treitsüchtig , wie er w ar un d  sehr vor
eingenom m en, griff er jeden  an , der ihm  n ich t gefiel. U nd am  wenigsten gefiel ihm  K e k u l é  
und  seine »verderbliche« Chemie m it dem Benzolring, den K ohlenstoffketten u n d  S tru k tu r
form eln. J a h r  fü r Ja h r , zwei Jah rzehn te  hindurch, griff er K e k u l é  wegen aller m öglichen 
U rsachen an, es g ib t kaum  einen B and der Zeitschrift, in dem  kein w ütender A rtikel dieser 
A rt zu finden wäre. Ich  zitiere nu r einige:

». . . . Ich habe bei dieser Gelegenheit zum ersten  Male Veranlassung gehabt, K e r ü l é s  
L ehrbuch . . . .  zu lesen. Bis dahin h a tte  ich, weil ich  erkann te , daß ich nichts N ützliches d a r
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aus lernen  konnte, dasselbe bloß flüchtig du rchb lä tte rt. Ich  bin erschrocken, zu sehen, wie 
planlos, undu rchdach t und  bis zur U nverständlichkeit schlecht stylisiert dieses Buch geschrie
ben is t, wie sehr es dem V erfasser an  chemischer E in sich t gebricht und wie derselbe in  E n t
ste llung  der W ahreit bis zur Fälschung derselben U nglaubliches geleistet h a t . . .«

»K e k u l e  ü b t auf die junge Generation den allerverderblichsten Einfluß«.
»Wie diese, so sind alle A bhandlungen K e k u l És überreich  an undurchdachten  W orten, 

P h rasen  . . . und  arm  an brauchbaren  Gedanken.«
»K e k u l e  träg t die H aup tschu ld  an der heutigen V erwilderung . . . .  in der Chemie, welche 

wie ein K rebsschaden . . . um  sich frißt«, usw.
M an lächelte gewiß über Kolbe, aber einmal v ergeh t doch die Geduld. So setzte  sich 

K e k u l é  hin, um  zu an tw orten  . . . Aber V olhard  r ie t ihm :
»Ein A u g . K e k u l é  h a t es doch nicht nöthig des eigenen Verdienstes K ünder zu werden 

u. k an n  getrost der Mit- u . N achw elt überlassen seine u. anderer Leistungen gegeneinander 
abzuw ägen.« K e k u l é  befolgte V o lh ard s  R at und strich  zwei Kapitel. Das w ar auch  das 
k lügste V erhalten  gegenüber K o l b e . Dieser ärgerte sich:

»Es is t bequem — schreib er em pört — wenn m an  angegriffen wird und auf den Angriff 
n ichts zu  antw orten  weiß, sich in dünkelhaftes Schweigen zu hüllen und eine affectierte  V or
nehm heit dem  wissenschaftlichen Gegner zu insinuieren . . .« Es ist interessant, dieses längst- 
postlium us Buch von K e k u l é  zu lesen. Der Verlag erwies der Chemiegeschichte w ertvolle 
D ienste, indem  er diese H andschrift allgemein zugänglich m achte. Wirklich genießen kann es 
heu te  jedoch  nur jem and, der ein wenig m it der Chemie und  den Chemikern des vorigen J a h r 
h u n d erts  bekann t ist. E ine längere erklärende E in leitung  über die damalige S ituation  zuzu
setzen w äre gewiß nützlich gewesen und hätte  zum besseren V erständnis beigetragen. Dagegen 
h ä tte  der kom plette A bdruck der O riginal-H andschrift K e k u l é s  wegbleiben können. Einige 
Seiten, um  seine H andschrift zu zeigen, hä tten  m einer M einung nach genügt; die ersten  z. B., 
wo eben die verschiedenen Benzolformeln dargestellt sind. D ann wäre vielleicht auch das F or
m a t des Buches etwas kleiner ausgefallen und m an könn te  es leichter in den B ücherschrank 
einreihen.

F. Szab ad  vár  y

G. P . E l l i s : Modern Textbook o f Organic Chem istry . B u tte rw o rth s  a n d  Co. 
(P ub lishers) L td .,  London, 1966; X I I  +  466 pages

According to the Preface, G. P. E l l is ’ T extbook of Organic Chemistry was w ritten  as 
a m an u al for the use of such un iversity  students who have already studied organic chem istry 
for 1 to  2 years, have acquired therefore some experience in th e  rudim ents of organic chem istry, 
and re ly ing  on these foundations, a ttend  a modern course of organic chemistry.

T he textbook is divided in to  17 chapters, the f irs t few of which discuss some fundam en
ta l no tions (types of bonds and  reactions, reaction m echanism , activation energy, ligh t absorp
tion  o f organic compounds, etc.), th e  next four classify th e  fundam ental hydrocarbons accord
ing to  th e ir  skeleton (alkanes and  cycloalkanes, a lkynes, benzenoid hydrocarbons). T hus, in 
accordance w ith a practice becoming more and m ore general, E l l is  does no t preserve the 
classical division of organic chem istry  into aliphatic and  arom atic compounds either. The 
rem ain ing  chapters discuss th e  principal groups of com pounds according to th e ir functional 
groups, in  agreem ent w ith  th e  form er as regards th e  grouping, irrespective of th e  differences 
of th e  carbonic skeleton. S eparate  chapters are dedicated to  stereochem istry, chem istry  of pep
tides and  proteins, carbohydrates and heterocyclic com pounds.

I t  is rem arkable th a t  th e  chapter entitled S tereochem istry  dicussed merely th e  cis-trans 
and  op tica l isomerism system atically  and the o ther aspects of stereochem istry are trea ted  
elsewhere, e.g. conform ational analysis in the course of th e  discussion of the cycloalkanes.

In  th e  m ajority  of th e  chapters the m aterial is divided into the following sections: 
in tro d u c tio n  (general characterization  of the respective group of compounds, accen tuation  of 
its  p rac tica l aspects), nom enclature, electronic and steric structu re , reactiv ity , modes of pre
p a ra tio n  (indication-like recap itu lation , reference to  th e  reactions of the s ta rting  m aterials 
used for th e  purpose in question ; th is  method enables to  avoid repetitions and provides consider
able econom y of space), the  m ore im portant rep resen ta tives , exercises (their solution to  be 
found  a t  the end of volum e). In  the  course of discussing th e  individual groups of com pounds 
th e  a u th o r  is also alluding shortly  to  their characteristic  in frared  and ultraviolet spectroscopic 
p ropertie s and the infrared spectrum  of some characteristic  representative is often given. As a 
useful in itia tive , th is is defin ite ly  commendable. I t  is rem arkable , however, th a t  no th ing  is 
p re sen ted  about nuclear m agnetic resonance spectra.
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In  the opinion of the reviewer G. P . E l l is ’ textbook is somehow no t profound enough, 
a t  any  ra te  less so th an  custom ary in textbooks th a t  are w ritten  for advanced students. As 
typ ica l instances which evoked opinion the chapters dealing w ith amino acids, peptides and 
th e  di- and polysaccharides can be cited.

Since it  is a tex tbook  we are concerned w ith  some not quite clear wordings, defective 
concept-buildings and m isprin ts are of special consequence. In  G.P. E l l is ’ book, unfortunately , 
qu ite  a num ber of these occur. H ere are some instances.

The electron form ula of ethylene on p. 6 is no t clear. The m arking by  a do t of the simple 
bonds (p. 6) is confusing, especially when partia l electronic form ulae occur in some of the equa
tions and the dot means now an electron and now a bond, i.e. an electron pair, e.g. on pp. 16 
and 18 in conjunction w ith th e  m echanism  of the description of the H o ffm a n  degradation  and 
benzoil peroxyde decomposition, respectively. The definition of th e  +  I-effect (p. 10) is mis
leading: for the point in question here is no t w hether some substituen t a ttra c ts  or repells elec
trons — as sta ted  by the au th o r — b u t w hether i t  does this more or less so th a n  hydrogen. 
False ideas might follow also from  the sta tem en t connected w ith the con trasting  of th e  notions 
of resonance and tautom erism  (p. 14) according to  which isomers being in tau tom eric  relation 
are separable from each other. (H ere the term  “ often” or some sim ilar restric tion  is wanting).

Following p. 33 the s tu d en t m ight form the incorrect view th a t  the eclipsed conforma
tion  of butane is identical w ith  the cis and the staggered to the trim s  conform ation, although 
b o th  the cis and the Irans conform ations are b u t one of the eclipsed and staggered conforma
tions, respectively.

The statem ent (pp. 41—42 and 109), according to  which the iodination of hydrocarbons 
should be performed in the presence of an oxidizing agent to  th e  reducing hydrogen iodide 
form ed as a by-product, is erroneous, because the iodinated p roduct can be reduced by hydro
gen iodide only under m uch more drastic  circum stances ! The role of the oxidizing agent is to 
transform  the iodine into an  iodinating agent of enhanced activity .

In  the course of discussing the theory of the addition of hydrochloric acid to  propylene 
(p. 54) there is the sta tem en t th a t  it  is secondary carbonium  ion th a t  is the m ore stable and also 
th a t  it  is formed more rapidly . The la tte r  fact, however, does no t follow from  th e  greater sta
b ility  of the ion bu t only from  th e  greater stability  of the respective tran sition  s ta te  — of this, 
how ever, no m ention is m ade.

Form ulae E and F on p. 66 are two lim iting structures of th e  same carbonium  ion. Yet 
i t  is sta ted  here th a t bo th  ions m ay be formed: under mild conditions it  is E  th a t  m ay be ex
pected to be the m ost rapidly  form ed in term ediate, while a t  elevated tem pera tu res th e  energy 
needed for the form ation of carbonium  ion F (carbon ion in the original !) is also available; a 
severe confusion of isomerism and resonance !

Contrary to the s ta tem en t a t the bottom  of p. 92, the num bering of th e  phenantrene 
skeleton is not in accordance w ith  the general rules of num bering polycyclic hydrocarbons.

The definition of f„ on p. 102 is incorrect. Correctly it  runs as follows: f ,  =  rate o f  
nitra tion  o f  one o-position o f  m ethoxy benzene ra te  of n itra tion  at one carbon a tom  of benzene.

T he s ta te m e n t th a t  all h a logen  a to m s of th e  po lyhalogen ides can  be  u til iz e d  in  F r ie - 
d e l — Crafts reac tions (p . 113) is fa lse; CCI e.g. is an  excep tion .

The correlation of the order and m olecularity of the Бдг reactions on p. 128 is oversimpli
fied —  so much so th a t  in th is form  it is no t true  any more.

The key in term ediate of the B u c iie r e r  reactions (p. 186) —  as already  known from 
R ie c h e ’s investigations — is not of the ketone-bi-sulphite type. On th e  o ther hand , the tran s
form ation of 2-naphtylam ine into 2-naphthol is no t effected by the action of sulphuric acid 
(last equation bu t one of p. 185) b u t by th a t  of sodium bisulphite. On p. 189 i t  is to  be read tha t 
there  exist no oxygen analogues of disulphides. W hat about peroxides?

In  the legend to Fig. 9.1 (p. 205) the C =  C bonds of benzene are m entioned; these how
ever, occur only in the fic titious lim iting structures !

A nother erroneous sta tem en t is one according to  which th e  1,2-quinones are generally 
suffering benylic acid rearrangem ent under the action of alkali (p. 237); a lthough  th is reaction 
occurs w ith phenantrene quinone, it  does no t occur w ith e. g. by o-benzoquinone.

T he form ula  in th e  m id d le  o f p . 259 fo r th e  defin itio n  o f th e  D -eo n fig u ra tio n  is fau lty  
(b ecau se  incom plete);

CH„OH
I

H - C - O H
I
CHO
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e.g. rep resen ts  L-glycerine aldehyde. F rom  the definition given b y  th e  au tho r the requirem ent 
is, n am e ly , missing th a t the carbon  a to m  a t  the higher degree of ox idation  ought to  be p u t 
“ ab o v e”  and  th a t a t a lower degree o f oxidation “below” if th e  OH group p u t on the righ t side 
is to  in d ica te  the D-configuration.

O n p. 267 it is sta ted  th a t  in  sulphonium  salts the four valencies of sulphur (three of them  
co v a len t and  one electrovalent) a re  arranged  tetrahedrally . In s tead  of speaking the direction 
of th e  electrovalency it  would h ave  b een  more suitable to  speak here of th e  orientation  of the 
u n sh a red  electron pair of th e  cen tra l atom .

T he sta tem ent th a t p rim ary  a n d  secondary n itroalkanes are isomerized into the aci- 
form  in  an  alkaline m edium th is fo rm  being a resonance hybrid  (p. 335) is again incorrect. 
U n d er th e  action of alkali a p ro ton  is cleaved, and an anion is form ed — this, in fact, being of 
m esom eric na tu re  — and only on acid ification  is the aci-form form ed in  some particu lar cases.

O n p. 341 the form ula of th e  n itron ic  acid is w rong; i t  contains pen tava len t nitrogen. 
N e ith e r is th e  formula of th e  m ethy ld iazonium  cation correct (p. 355).

In  th e  Sa nd m ey er  reaction  —  according to p. 358 — th e  diazonium  group is displaced 
b y  nucleophiles, e.g. halides, cyanide , n itronium  ( ! ?) or hydroxyl ions. However, it  is a m a tte r 
o f com m on knowledge th a t th e  p ro p er S a n d m ey er  reactions are n o t S_Y b u t S n  reactions — the 
a u th o r  h im self explains i t  la te r  on.

A lthough  the mechanism of osazone formation is n o t y e t cleared up  in every detail it  is 
q u ite  c e rta in  th a t the m echanism  p resen ted  on p. 389 is no t correct for, according to isotopic 
te s ts , C -l can neither take up nor lose hydrogen, not even tem porarily .

O n p. 397 it  would n o t have  been  amiss to call a tten tio n  to  th e  fac t th a t  in reality  i t  is 
n o t D-glucose the ring size of w hich is furnished by the chemical m ethod presented, b u t its 
m e th y l glycoside. The form ula o f V itam in  B t on p. 405 is incom plete. On p. 409 th e  au thor 
speaks a b o u t the character of th e  C,— C2 bond in thiophene —  b u t, according to its generally 
accep ted  num bering, thiophene does n o t contain such a bond. On p. 411 th e  form ula of indo- 
line is incorrect.

A ccording to the au thor, th e  reason for the difference betw een th e  chemical properties 
o f p y rid in e , etc. and of pyrrole, etc. (p . 414) is the fact th a t  in  the  form er th e  nitrogen is bound 
b y  a  double  bond. This, again, is on ly  true  for the lim iting structu res, b u t in th is sense i t  is 
eq u a lly  tru e  for pyrrole. I t  is th ere fo re  evident th a t the explanation  given is erroneous.

O n p. 420 the “presence”  of certa in  resonance forms of pyridine-N -oxide is mentioned 
a lth o u g h  obviously, these rep resen t on ly  nonexistent, fic titious linufuy structures. Some lines 
fu r th e r  th e  reactivity  of pyrid ine-N -oxide, anol the o rien tation  phenom ena observed on this 
co m p o u n d , are a ttribu ted  to  th e  charge  distribution of the  non-reacting  molecule. This is to 
say  th e  le a s t an extremely one-sided trea tm en t.

T h e  reviewer believes th a t ,  h av in g  listed such a num ber of objections, he has m otivated  
su ffic ien tly  why it  would be d ifficu lt for him  to recom m end th e  acquisition of P . G. E l l is ’ 
book  to  his students.

K . L e m p e r t

The Chemistry o f the Carbonyl Group. E d ited  b y  S a u l  P a t a i , T h e H ebrew  U n i
v e r s i ty ,  Israe l. In te rsc ien ce  P u b lish e rs , Jo h n  W iley  an d  Sons. In c . 605 T h ird  

Ave., N ew  Y o rk . N. Y. 1966. X I I  +  1027 pp .

T h e  book  edited  b y  P ro f . P a t a i  as th e  second vo lu m e o f a  series on  fu n c tio n a l g roups 
in  o rg a n ic  com pounds deals w ith  c h e m is try  of carbonyl g ro u p s. T h e  f i r s t  o f th e  17 c h ap te rs  o f 
th e  b o o k  o f  m ore th a n  1000 p ag es is  co n cern ed  w ith  th e  p h y s ic a l ch em istry , th e  n e x t five  w ith  
c h e m ic a l m eth o d s of p re p a ra tio n , th e  8 th  w ith  th e  p h y sica l a n d  chem ica l m eth o d s of d e te rm i
n a tio n ,  a n d  th e  n e x t c h ap te r  w ith  th e  b a s ic ity  of carb o n y l co m p o u n d s . S ix  c h ap te rs  a re  d ev o ted  
to  c h e m ic a l reactions, an d  in  th re e  s e p a ra te  chap ters  som e sp ec ia l to p ic s  a re  tre a te d  in  connec
t io n  w i th  th e  subject.

C hapter 1 (“ General and  th eo re tica l aspects of th e  carbonyl groups”  by G. B e r t h ie r  
and  J .  S e r r e ) is concerned w ith  th e  physicochemical properties of the  carbonyl group such 
as ph y sica l characteristics, IR  and  U V  spectra; the second subdivision on th e  quantum -chem i
cal in te rp re ta tio n  of the carbonyl g roup  utilizes the excellent com pilation w ritten  by  Coulson  
and  St e w a r t  in the first book of th e  series. Chapter 2 (“ C arbonyl form ing oxidations” by C. F. 
Cu l l is  an d  A. F ish ) trea ts th e  ox id a tio n  of alkanes and cycloalkanes, alkenes, cycloalkenes, 
a lkynes, and  aromatic hydrocarbons, carried out w ith m olecular oxygen and  specific oxidizing
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agents. C hapter 3 (“ Form ation of carbonyl groups in hydrolytic reactions”  by  P e n t t i Sa- 
lo m aa ) describes reactions in which the hydrolysis o f d isubstituted sa tu ra ted  com pounds 
( e. g. o^a'-dihalides), or certain unsatured com pounds (e. g., imines) results in th e  fo rm ation  of 
carbonyl groups. C hapter 4 (“ Form ation of aldehydes and  ketones from carboxylic acids and 
th e ir  derivatives” by R. C. F u so n ) deals w ith the pyrolysis of acids, their salts and  anhydrides, 
and also w ith  the hydrogenolysis of acid derivatives. C hapter 5 (“ Form ation of ke tones and 
aldehydes by acylation, form ylation and some re la ted  processes” by D. P. N. and  R . S. Sa t- 
Ci ie l l ) is devoted to  m ethods involving direct in troduction  of carbonyl groups and  form ation 
o f new carbon-carbon bonds. Chapter 6 (“ Carbonyl syntheses through organom etallics”  by 
M. Ca is  and Л. Ma n d e l b a u m ) gives a survey of organom etallics th a t have beeen used  to  pre
pare carbonyl groups for nearly a hundred years.

The subject of C hapter 8 is the analytical chem istry  of compounds contain ing carbonyl 
groups (“ Chemical and physical m ethods of analysis”  by  J . G ordon  H a nn a ); i t  offers a th o r
ough survey of new physical methods in addition  to  a discussion of chemical m ethods which 
m ay now be considered classical. In  C hapter 9 (“ B asicity  of carbonyl com pounds”  b y  V. A. 
P a lm , Ü. L. H a lin a  and A. J . T a lv ik ) the basicity  o f carbonyl compounds, a d ifficu lt prob
lem is considered including the definition of basicity . The n ex t six chapters deal w ith  th e  reac
tions o f carbonyl groups, such as the oxidation of aldehydes w ith compounds of chrom ium , 
m anganese, vanadium , cerium and cobalt (“ O xidation  of aldehydes by tran s itio n  m etals”  
by J .  R o c e k ); reduction  m ethods leading to  various compounds (“ R eduction o f carbonyl 
groups”  by О. H . W h e e l e r ); condensation reactions resulting  in the form ation of new  carbon- 
carbon and carbon-nitrogen double bonds (“ C ondensations leading to double bonds b y  R . L. 
R e e v e s ); reactions w ith organometallics (“ R eactions of carbonyl groups w ith organom etallic 
com pounds”  by T. E ic h e r ), w ith special em phasis on reaction mechanisms; decarbonylation  
reactions (“ D ecarbonylation”  by W. M. Sc h u b e r t  and  R . R. K in t n e r ), including th e  ones in 
which th e  form yl groups of aldehydes transform  in to  formic acid or form ate ion; therm al, 
ox idative  and photochem ical rearrangem ents and those catalyzed by acids or bases ((“ R e
arrangem ents involving the carbonyl group” by C. J .  Co ll in s  and J . F. E a stha m ). C hapters 7, 
16 and  17 tre a t special topics including the biological and  photochemical aspects o f th e  field 
( “ Biological form ation and reactions of carbonyl g roups”  by F. E is e n b e r g , J r . ;  “ P ho to 
chem istry  of ketones and aldehydes” by J . N. P it t s , J r .  and J . K . S. W a n ; and  “ Thioke- 
tones”  by  E . Ca m p a ig n e ).

The book, in accordance w ith the purpose of th e  series, avoids encyclopedic tre a tm en t, 
its purpose being, as sta ted  in the foreword “ to encom pass all facets of a functional group and 
to give up-to -date  descriptions of the nature  of th e  carbonyl group” . The authors o f th e  differ
en t chap te rs, essentially of independent m onographs, only refer to questions d ea lt w ith  in 
m odern handbooks or in sum maries, and p u t th e  em phasis on presenting new resu lts .

The value of the excellently edited and nicely go t up  book is increased by a lis t o f refer
ences a t  the end of each chapter, altogether adding up  to  more than  3000 references. T his very 
in teresting  book affords valuable help to organic chem ists and those taking an in te re s t in  recent 
developm ents of organic chem istry. The book arouses in terest in the subsequent volum es of 
the series.

G y . D eák

M á r t a  D é r i : Ferroelectric Ceramics. A k ad ém ia i K iadó  (P ub lish ing  H o u se  of 
th e  H u n g a ria n  A cadem y o f Sciences) B u d a p e s t, 1966. 94 p p .

The H ungarian  version of the book was published in 1963 by the same pub lisher, as 
Volume 5 of the series “Monographs o f Silicate Chemistry” .

In  the English translation  now reviewed, a fte r  a short introduction, th e  p resen t sta te  
of researches and achievem ents in the field of ferroelec tric  ceramics is discussed in six chapters 
on 81 pages. This is com pleted by a description of developm ents attained in H ungary  since 1945, 
the m ajo r p a rt of which are the results of the au th o r . T he te x t is illustrated by 54 figures and 
6 tab les; the book contains a bibliography, a list o f au tho rs  cited, and subject index.

The au tho r w rote her book m ain ly  for experts in silicate chemistry and ceram ics, thus 
the principal subject is a discussion of polycrystallinc ferroelectrics. A trea tm en t o f problem s 
of in te rest for theoretical physicists would have been outside the scope of the p resen t m ono
graph.

In  C hapter I  (pp. 1— 7) the definition of ferroelectricity  and a description o f re la ted  
properties are given. The chapter is completed by a phenological system atization w hich serves 
as a basis for the fu r th e r discussions.
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In  C hapter I I  (pp. 8 to  27) ferroelectrics of perovskite stru c tu re  are described, sum m ariz 
ing th e  s tru c tu ra l conditions and  physical properties, im p o rta n t from  the point of view of ce ra 
mics, o f  single crystal b a rium -titan ium  trioxide and  o f polycrystalline barium  tita n a te . The 
ch ap te r gives then a survey of th e  theories concerning th e  in terpre tation  of ferroelectricity .

C h ap te r I I I  (pp. 28 to 31) deals w ith the structu re  of ferroelectrics of the pyrochlore ty p e , 
w ith  th e  physical properties of single crystals belonging to  th is  class, and w ith polycrystalline 
substances prepared by  ceram ic m ethods.

In  C hapter IY (pp. 32 to  35), ferroelectrics of th e  n io b a te  type are surveyed, and  th e ir  
s t ru c tu ra l and  physical properties described. The ch ap te r is concluded w ith a tab le  show ing 
th e  fe rroelec tric  groups of im portance  from the aspect o f ceram ics.

C hap te r V (pp. 36 to  78) is devoted to  the discussion of ferroelectric solid solu tions, 
m ixed  c ry s ta lls  and polycrystalline substances. This ch ap te r, the  longest one in the  book, is 
d iv ided  in to  subchapters w hich deal in  detail w ith various m aterials possessing ferroelectric 
and  re la te d  properties, w ith th e  m odes of suppressing ferroelectric phase transition , and  w ith  
th e  possib ilities of m ultiple ion  substitu tions. In  the la s t parag raphs of this chapter, th e  au th o r 
sh o rtly  describes ferroelectrics of perovskite structure hav ing  semiconducting properties.

C h ap te r VI (pp. 79 to  81) deals w ith the problem s of application and developm ent of 
fe rroelec tric  ceramics. This question  is approached in  tw o w ays. F irst, the poten tia l fields of 
ap p lic a tio n  are described on basis o f the given crystallographic  and physical properties; se
cond ly , possibilities in ceram ic technology are surveyed to  develop the desired p roperties of 
the  p ro d u c ts .

T he interesting book of M. D é r i  discusses the th eo re tica l fundam entals of a new b ran ch  
of in d u s try  operating according to  th e  technological processes of the classic ceramic in d u s try . 
As su ggested  by  V e r w e y , th is b ran ch  m ay be denoted as syn thetic  ceramic industry . F e rro 
e lec tric  ceram ics of this type  are indispensable in th e  telecom m unication  industry  and  in  low- 
vo ltage  electric operations, such as th e  m anufacture o f capacito rs of small dimensions, dielec
tr ic  am plifiers , etc. The various constituen ts of com puters operating  in the numerical system  2, 
u ltra so n ic  v ib ra tion  elem ents, p ick-up  devices, etc., are to d a y  prepared w ith the app lica tion  
of ferroelectrics to a large ex ten t.

I t  is pointed ou t th a t  th e  ferroelectric systems discussed in  the book are far from  com pris
ing a ll published data ; they  serve ra th e r as characteristic  exam ples for the principal types . 
M any prob lem s m entioned in th e  book are unsolved, and  will p robably  rem ain so for some tim e, 
ow ing to  th e  novelty and com plex n a tu re  of the field.

T he  book can be sincerely recom mended to those  w orking in silicate chem istry  and 
m ain ly  in  th e  ceramic industry , since the theoretical b ackg round  of the field is sum m arized in 
a sy s tem a tic  form. A fter studying  th e  work of M. D é r i , i t  w ill be easier for p ractical ceram ic 
chem ists to  approach and solve problem s of industrial developm ent.

L ucid  presentation of th e  subject-m atter and a logical system atization in  M. D É r i ’s 
book w ill contribu te  to  a g rea t e x te n t to  the developm ent o f th is modern and new b ran ch  of 
ceram ic in d u s try  based on an in teg ra tion  of theoretical and  p ractical knowledge.

T he English version of th e  w ork reviewed above has been  published in a rep resen ta tive ly  
nice fo rm , in  jo in t edition w ith  Maclaren and Sons, L td ., London.

M rs. R .  M o l d v a i

Printed in H ungary
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