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A NEW METHOD FOR THE REDUCTIVE 
DECOMPOSITION OF ORGANIC COMPOUNDS

L. M á z o r

( In s titu te  o f  General and A n a ly tica l C hem istry, Technical U n iversity ,
B udapest)

R ece iv ed  M ay 28, 1978 

A ccepted  fo r p u b lic a tio n  J u ly  25, 1978

I f  o rg an ic  com pounds co n ta in in g  h e te ro e lem en ts  are h e a te d  w ith  m etallic  po­
tassium  in  v a c u u m , th e  reac tio n  is n o t  v io len t a n d  th e  h e te ro e lem en ts  can  be converted  
in to  th e  co rre sp o n d in g  p o tassiu m  com pounds. A fte r  re ac tio n  o f th e  m e lt  w ith  alcohol 
an d  w ater, th e  ions can  be d e te rm in e d  by  su itab le  m ic ro an a ly tica l m e th o d s . T his m ethod  
h as been u sed  fo r th e  m ic ro d ete rm in a tio n  of halogens, su lfur, p h o sp h o ru s , arsenic  and 
m eta ls in  o rg an ic  com pounds.

In the m ost cases organic com pounds m ust be decom posed to ta lly  be­
fore the determ ination of heteroelem ents (halogens, sulfur, phosphorus, arse­
nic, m etals, etc.) in  order to transform  the heteroatom s to  ion ic compounds 
w hich are readily available for analytical determ ination. The decom position  
can be carried out b y  oxidation or reduction. R eduction m ethods m ostly give 
products more su itab le for the determ ination on the m icroscale. For exam ple, 
in the case o f sulfur the q u antitative m icrodeterm ination o f sulfide ions is 
sim pler and more accurate than the determ ination o f sulfate ions after oxida­
tiv e  decom position.

The reductive decom position can be carried out b y  heating  the com­
pound in hydrogen or ammonia gas stream , or by heating and m elting w ith an 
alkali or alkali earth metal. H eatin g  w ith sodium  or potassium  is well known 
in organic q u alitative analysis as decom position according to  Lassaigne.

Halogen in com pounds where it  is not strongly bound can be trans­
formed to the corresponding ion b y  heating w ith a solution o f alkali or sodium  
m ethoxide. A more energetic m ethod of decom position consist o f  heating in an 
indifferent so lven t containing an alkali m etal in fin ely  dispersed or dissolved  
form [1]. An even  more vigorous m ethod is th e  shaking o f th e  com pound with  
a reagent w hich contains the alkali m etal in an active organic bond, such as 
disodium  biphenyl in ether or tetraethylene glycol d im ethyl ether [2, 3]. 
Some authors [4, 5] were able to  decom pose even organic fluorine compounds 
w ith  a solution o f d isodium -dim ethoxyethane com plex.

Melting w ith  an alkali m etal to  achieve the decom position of organic 
com pounds was first proposed by B ü r g e r  [6]. Z im m e r m a n n ’s method of 
determ ining sulfur in organic com pounds starts sim ilarly [7 ]. Later K a in z  
dealt with th is m ethod in several papers [8 ,9 ,1 0 ] , carrying out the determina-

1* Acta Chim. Acad. Sei. Hung. 101, 1979
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tio n  o f  iodine and brom ine, or iodine and chlorine after heating the com pounds 
in a sealed  glass am poule u n til appearance o f potassium  m etal vapours. The 
m eth od  o f B e l c h e r  et al. [11] for the determ ination o f iodine and bromine 
w as sim ilar, but done on th e  subm icroscale. Organic fluorine com pounds were 
h eated  w ith  potassium  in a closed  m etal bomb for m ore than  an hour at 600 — 
650 °C to  achieve com plete decom position [12]. A  com prehensive survey was 
g iven  b y  M a c d o n a ld  [13] on the decom position w ith  alkali m etals. Some 
authors [14] tried to effect th e  decom position before sulfur determ ination in 
an open  tube under a layer o f  glass beads but th ey  had success on ly  w ith  some 
n on -vo la tile  compounds. The decom position w ith alkali m etals in an open tube  
is dangerous because the m eta l w ill ignite in the air further the decom position  
w ill n o t be com plete, since i f  th e  tem perature is not high enough, the high sur­
face ten sion  and v iscosity  o f  th e  m olten m etal w ill hinder effective contact 
w ith  th e  organic com pound.

W e have found exp erim en tally  that the danger o f burning o f the hot 
and m olten  alkali m etal as w ell as the violent reaction  w ith  the organic com ­
pound can  be avoided if  th e  h eatin g  is done at 300 — 500 °C in vacuum .

U nder such conditions on ly  polynitro com pounds react v io len tly , yet 
do n ot explode. If the boiling point o f the com pound is below  100 °C, the de­
com position  is not com plete because o f  the early evaporation  of the com pound. 
E lem en tary  sulfur (wich was used  as standard in th e  determ ination o f sulfur) 
cannot b e decomposed w ith  p otassium  only, as not on ly  potassium  sulfide but 
also su lfur compounds o f  h igher oxidation number are form ed (e.g. po lysu l­
fid e , th iosu lfate). H ow ever, i f  som e (3 — 5 mg) m etallic zinc powder is also 
added, th e  decom position is com plete yielding only sulfide.

Procedure

T he decom position o f  th e  organic compound to  be analyzed is carried 
out in  th e  glass apparatus show n in F ig. 1. F ifty  to one hundred mg o f potas­
sium  is p laced and pressed w ith  a fla t ended glass rod to  the bottom  of a small 
glass te s t  tube. The potassium  is prepared by cutting  a 10 mm thick slice from  
the m eta l and from this sm all round cakes, of sligh tly  smaller diam eter than  
th a t o f  th e  test tube are cut b y  m eans of a cork driller or a glass tube with 
sharpened edge. The cu ttin g  to o l is smeared with paraffin oil. The 10 mm long  
and 5 m m  thick cylinders th u s prepared can be stored under paraffin oil. 
W hen used , a cylinder is cut in  h a lf and one piece is placed at the bottom  of 
th e  te s t  tu b e, it is covered b y  5 — 10 mg of the organic com pound added by  
m eans o f  a weighing handle : th e  other piece of the potassium  is then  placed  
into th e  tu b e and com pressed. F in a lly  a hole is bored in  the center of the  
p otassium  filling with a 0.5 m m  th ick  needle, extend ing to  the bottom  o f the  
te st tu b e . This hole makes w ay for the air trapped under the potassium  layer.
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MÁZOR: REDUCTIVE DECOMPOSITION OF ORGANIC COMPOUNDS 5

A bout 5 ml o f w ater is poured into the outer w essel and th e  packed test 
tube is placed inside th e  p latinum  heating spiral attached  to  the stopper and 
fin a lly  the latter is inserted in to  th e  vessel. The ground glass jo in t is lubricated  
w ith  pure vaseline. Then som e w ater is poured into  th e  collar o f  th e  vessel. 
The apparatus is evacuated through the side atm  and connected to  a power 
supply such as a battery o f  4 — 6 V, or same a.c. source o f  5 —10 У and 10 — 20 A.

Fig. 1 .1  — O u ter vessel, 2 — glass s to p p e r w ith  h e a tin g  accessories, 3 — su c tio n  tu b e  w ith 
s to pcock , 4 — p la tin u m  ho ld er w ire o f a b o u t 1.5 m m  d iam ete r, 5 -  p la tin u m  h e a tin g  spiral of 
a b o u t  0.5 m m  d iam ete r, 6 — co p p er w ire o f ab o u t 2 m m  d iam e te r, 7 — sm all te s t  tube, 

8 — p o tassium  lay e rs , 9 — organ ic  com pound b e tw een  tw o  p o tass iu m  lay ers;
sizes are given in  m m

The intensity  o f th e  current is regulated by a toroid  transform er or a sliding 
resistor. The in ten sity  o f  current is slowly increased at a rate such as to  heat 
th e  platinum  spiral to  red hot (about 500 °C) in 20 — 30 m inutes.

For safety it  is advisable to  cover the apparatus during th e  heating pe­
riod w ith a wire basket.

After having com pleted  th e  heating period, th e  current is sw itched off 
and the apparatus allowed to  cool. The stopcock is opened and after atm ospher­
ic pressure has been re-established in the apparatus th e  stopper is removed 
and the test tube lifted  from inside o f the platinum  spiral by m eans o f  forceps
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6 MÁZOR: REDUCTIVE DECOMPOSITION OF ORGANIC COMPOUNDS

and p laced  into a little  (about 25 ml, high form) beaker. E thanol is th en  poured 
in to  th e  beaker to cover th e  tu b e  (about 3 —5 ml) and allowed to  stand until 
th e  reaction  of the residual p otassium  with th e  ethanol is over. I f  the reaction  
is s lo w ed  down, some w ater m a y  be poured into th e  beaker. In the m eantim e  
th e  stop p er of the apparatus is replaced and the vessel is rinsed w ith  some 
w a ter  b y  shaking vigorously  : th is  washing liquid is added to  th e  contents of 
th e  beaker. The procedure sh ou ld  be done three tim es w ith  2 — 3 m l o f water in 
each  case . The last portion o f  w ater is used also to  rinse the te s t  tube. About 
20 — 30 m l o f alkaline so lu tion  (0 .2 —0.5 N)  is thus obtained w hich can be used  
as su ch  or after acid ification  for the determ ination o f the c arious elem ents 
(ion s).

N o t very volatile organic liquids can also be decom posed b y  the method  
describ ed  after m easuring th e m  in  a capillary tu b e . The drawn end o f the  
cap illa ry  is inserted into th e  ho le  which has been bored w ith  a needle through  
th e  p otassium  layer. In  th is  case the test tube m ust be heated  slow ly with  
p recau tion  to prevent escape o f  the liquid from  th e  capillary before the po­
ta ss iu m  has melted.

U p  to  now the procedure has been used for th e  determ ination of fluorine, 
ch lorin e, bromine, iodine, su lfur, phosphorus, arsenic and m etals in organic 
com p ou n d s. The m ethod seem s to  be promising for the determ ination  of the  
n itrogen  content of organic com pounds if  the organically bound nitrogen is 
tran sform ed  to cyanide ion  during the decom position.

M ethods found to  be th e  b est for the m icrodeterm ination o f the various 
e lem en ts  (ions) in the solutions obtained after decom position  w ill be reported in 
forth com in g  papers.
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R ece iv ed  J u ly  17, 1978 

A ccep ted  fu r p u b lic a tio n  A u g u s t 1, 1978

T he S tau d in g e r re ac tio n  o f ace ty la ld o sy l azides was e x te n d e d  to  o th e r  azido 
su g a rs  a fford ing  su g ar p h o sp h in im in es. T he chem ical an d  c o n fo rm a tio n a l b e h a v io u r  of 
th e  p h o sph in im ines w as s tu d ied  b y  th e ir  ch a ra c te ris tic  reac tions a n d  'H -N M R  sp ec tro s­
copy.

In an earlier short com m unication [1] we reported the app lication  of 
th e  Staudinger reaction [2] to  acety lated  aldosyl azides [3], resu lting  in  the 
form ation o f sugar phosphinim ines, a new fam ily  of carbohydrate com pounds. 
T hus, the reaction o f the corresponding azido sugars and triphenylphosphine  
yielded  tetra-0-acetyl-/?-D -glucosyl-, tetra-0-acetyl-/3-D -galactosyl-, tri-O-ace- 
tyl-/?-D -xylosyl-, and hepta-0-acetyl-/?-D -cellobiosyl phosphinim ines (1, 2, 3 
and 4, respectively) which proved to  be advantageous precursors o f  IV-glyco- 
.sides.

1 R  =  N =  1*0 j 

16 R =  N(M c)P03 1°

23 R N CHCeH4N 0 2 (p)

2 R =  X -  РОз 

17 R Х(Мс)Р0з I е

3 R X Pfh

18 R =  N(Me)P03Ie

4

Scheme 1

* T o  w hom  correspondence sh o u ld  be  addressed
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8 KOVÁCS et al.: PHOSPHINIMINE DERIVATIVES OF ALDOPYRANOSES

A ldosyl phosphin im ines were formed n ot only from fully acetylated  
a ld osy l azides but, as w as expected , also from  derivatives protected otherwise, 
e .g .4 ,6  -0-benzylidene-2,3-di-0-acetyl-/?-D -glucopyranosyl azide (6), synthesized  
from  l-/?-azido-D-glucose b y  standard m ethods [4], led  to  phosphinim ine 7.

-""V- R " 0  n i l ,w \ 'O ' - ' " '
- > Л ___ - - О

R1---  \  * A
OR2 ORz

----

5 R1 =  N 3; r 2 =  h 8 R 1 = N 3; r 2 =  h

6 R1 =  N 3; R2 =  Ac 9 R ' ==N 3; R2 =  Ts

7 R' =  N = P 0 3; R2 =  Ac 10 R 1 =  N =  P 0 3 ; R2 =  Та

19 It1=  ЛТ(Ме)Р 0з I е ; R 2 = A c 20 R' =  N (M e)P03I e; R2 =  Ts

Scheme 2

Sim ilarly, the reaction  o f triphenylphospliine and 2,3,6-tri-0-benzoyl-4- 
0-toluene-p-sulfonyl-/?-D -galactopyranosyl azide (9), prepared by the m ethod  
o f  R e i s t  and coworkers [5], resulted in the corresponding phosphinim ine 10.

W e have recently show n [6, 7] that the triphenylphosphoranylideneam ino  
group can be attached n o t on ly  to the anom eric b u t also to  the other carbons 
o f th e  pyranose ring.

On the basis o f  th is  experience a new  sugar phosphinim ine (12) was 
ob tain ed  from the a ce ty la ted  derivative (11) [8] o f  m ethyl-2-azido-2-deoxy-a- 
D -altroside [9], having th e  functional group in  ax ia l position  on C-2 o f the  
pyranose ring.

21 a

H20  „1

N (М е)Р0зГ 21 b

I r

I f  о

13 I f  =  N 3:

14 R1 =  N 3;

OR"

R

R2

H

Ac

15 R1 =  N  =  P 0 3 ; R  =  A c

22 R1 =  N (M e)P 0sIe  
R2 =  Ac

24 R1 =  N = CHC6H 4NO2 (p) 
R2 =  Ac

Scheme 3
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KOVÁCS ct al.: PHOSPHINIMINE DERIVATIVES OF ALDOPYRANOSES 9

In a similar w ay  the Staudinger reaction o f  14 obtained w ith  deacetona- 
tion  and subsequent acetylation o f 6-azido-6-deoxy-l,2 ;3 ,4-d i-0-isopropyli- 
dene-a-D-galactopyranose [10] led to  l,2 ,3 ,4 -tetra -0 -acety l-6 -d eoxy-6 -tr i-  
phenylphosphoranylideneam ino-a-D -galactopyranose (15).

The different reactivities o f  the phosphinim ino group enabled us to  
transform these com pounds to different sugar derivatives. All phosphinim ines 
were characterized b y  ready addition w ith  m eth y l iodide to  furnish the cor­
responding IV-m ethylam inophosphonium  salts (1 6 —22). This reaction can be 
used for the id entification  of phosphinim ines because the m ethoiodide salts 
are usually easily  isolable and more stable th an  the corresponding phos­
phinim ines.

A characteristic property o f  the sugar phosphinim ines is their W ittig- 
ty p e  reaction w ith  aldehydes to g ive azom ethine derivatives. Thus, treatm ent 
of 1 and 15 w ith  p-nitrobenzaldehyde afforded Schiff bases (23, 24) o f  the  
corresponding am ino sugars, which supports th e  structure of the sugar m oiety  
o f phosphinim ines. This reaction provides a sim ple m ethod to  produce azo­
m ethine derivatives o f  carbohydrates.

A ttem pts to  deacetylate sugar phosphin im ines by Zem plen’s m ethod  
gave no free sugar phosphinim ines but g lycosylam ines as a consequence of 
decom position o f  th e  phosphinim ine m oiety . T hus, treatm ent o f 1 and 2 w ith  
m ethanolic sodium  m ethoxide afforded the w ell known D-glucosylam ine [11] 
and D-galactosylam ine [11], respectively. This reaction offers a new convenient 
synthetic p ossib ility  to  reduce azides to  am ines.

Structures o f  the new sugar phosphinim ine derivatives were supported  
b y  their 1H -NM R spectra listed in Table I; th e  latter contains also the data  
o f some starting azides.

Conformational stud ies by P a u l s e n  and coworkers [12] on JV-substitut- 
ed-iV-pentopyranosides have shown th at th e  triphenylphosphoranylidene- 
amino group has a large anomeric effect forcing this group in to  axial 
position in the case of the /?-anomers. On the other hand, the steric 
com pression o f th e  bulky phosphinim ino group counteracts the anomeric 
effect and m ay afford conform ational equilibria between th e  Cl  and 1C 
conformers.

The Cl  conform ation of phosphinim ine 7  is considered to  be fixed  b y  the  
fused 1,3-dioxane ring. In the 1H -NM R spectrum  o f th is com pound th e  ano­
meric proton appears at d 4.59 ppm  as a doub let o f doublets. The sp littin g  o f  
th e  expected doublet is due to  coupling w ith  the phosphorus atom  in the  
/З-position (Jp H— l =  20.5 Hz). The large coupling constants o f J 12 =  8.0 Hz 
and J t - =  9.0 H z are in good agreem ent w ith  a Cl  conform ation. Comparison 
o f these coupling constants w ith those for 1 ( J h2 =  7.6 Hz; J 4 5 ~  8 H z) shows 
th a t also in the la tter  case the equilibrium  is predom inantly sh ifted  tow'ards 
th e  Cl  conformer.
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Table I

' l l -  IV M  R data o f  ring protons fo r  compounds 1, 2, 3, 6, 7, 11, 12, 21 and  14

Chemical shift (6) in CDC13 (first oder couplings, Hz, in parentheses) 
Com- I-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

pound

1
H -l

(Л. 2)
H-2 

(Л . 3)
H-3

(Л ,,)
H-4 и - 5 H-6a H-6b

(Jp .c- н )

l А А(лЛЛ 5 .0—5.3m 3.61m 4.15m
(7.6) ( - 8) ' (20.0)

2 4.47dd 5.46dd 4.99dd 5.39d 3.83t 4.18d ---------- >
(7.9) (10.1) (3.3) ( - 0) (6.7) (21.9)

3 4.33dd ^ ------------------ 4.9 5.2m ----------------------Э - 3 .17 t“
4.03dd"

(8.3)“
(4.9)" (20.2)

6 “ 4.72d 4.96t 5.34t ---------------------- 3.6—3.9m ---- 4.42dd"
(ft-3) (8.4) (8.8)

7C 4.59dd 5.23m 4.24ddf
( 8 .0 ) (9.4) (9.0) (20.5)

11 4  7 OH 4 ЯЯНН
(3.3) (6 .0)

12 4.56d 3.44dd 5.03dd 5.68dd ч----------  4.2 -4 .5 m — ------
( 2 .8 ) (5.1) (3.2) (7.8) (22.8)

21 5.57d 3.37m 5.53dd 5.34t 4.06m 4.25« 4.45«
( 6 .6 ) (10.4) (3.7) (3.0) (10.0)

14 6.41d 5.37m 5.51dd 4.31td 3.29dd 3.54dd
( - 1 .5 ) ( - 2 .5 ) (1.2) (5.5) (7.0)

a ^H—5a» ■1.1,5a “ dH_7 5.48s
b ^H—5e ’ Ji.se f H -6b =  H -6e ; J 5|ee =  4.7 Hz
c í5j-j_7 5.50s « AB p a r t  of A B X
d H -6b =  H -6e ; J s ce =  3.6 H z
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KOVÁCS et al.: PHOSPHINIMINE DERIVATIVES OF ALDOPYRANOSES 11

The large coupling constants o f J 12 =  7.9 Hz and J 23 =  10.1 Hz found 
for 2 also point to  a Cl  conform ation, i.e. to  the equatorial position  o f the 
phosphinim ino group. The very  sm all coupling constant J i 5 ~  0 Hz is in 
good agreement w ith  th e  em pirical rule o f D e B r u y n  and A n t e u n is  [13] con­
cerning the gauche couplings o f ring protons in pyranoses.

The 1H-NM R spectrum  o f triphenyl-iV -(2,3,4-tri-0-acetyl-/J-D -xylopy- 
ranosyl)phosphinim ine (3) in deuterochloroform  furnished th e  coupling con­
sta n t J 4i5a =  8.3 H z. On the other hand, P a u l s e n  et al. [12] found for the same 
coupling 10.0 Hz in d im eth y l sulfoxide-d6 and suggested th a t in th is solvent 
3 ex ists almost com pletely  in the Cl  conform ation. On the basis o f  these data, 
th e  chloroform solution  o f 3 contains about 70%  o f the Cl  conform er.

As for 2 -substitu ted  derivatives, azide 11 and phosphinim ine 12 retain 
th e  Cl  conform ation (11a and 12a), which is shown by th e  sm all values of 
their coupling constants J 12 (3.5 and 2.8 H z, respectively). This is surprising, 
especially  in the case o f  12 because it shows the bulky triphenylphosphinim ino  
group to be in an ax ia l position. On the contrary, when m ethoiodide derivative  
21 was prepared from  12 , th e  conform ation o f the pyranose ring did change 
to  1C as was indicated  by the increase o f J 12 from 2.8 Hz to  6.6 Hz and the 
decrease or J 4 5 from  7.8 Hz to  3.0 H z. The fact th a t, in th is case, the bulky  
Ar-m ethylam inotriphenylphosphonio m oiety  m oves to  the favourable equa­
torial position is v ery  probably due not on ly  to  the additional steric effect 
o f  th e  sm all m ethyl group but also to  the positive charge.

According to  our results, the Staudinger reaction is generally  applicable 
to  all azido sugars and m ay afford sugar phosphinim ines. These readily avail­
able derivatives are su itable interm ediates in the syntheses o f  iV-containing 
carbohydrates (carbodiim ides, heterocyclic derivatives) [14].

Experimental

IR  spec tra  w ere reco rd ed  w ith  a U n icam  SP  200 sp e c tro p h o to m e te r  a n d  th e  'H -N M R  
sp e c tra  w ere o b ta in ed  w ith  a J E O L  PS-100 in s tru m e n t in d e u te ro ch lo ro fo rm  w ith  te tra -  
m eth y lsilan e  as in te rn a l s ta n d a rd . O p tica l ro ta tio n s  w ere m easu red  w ith  a n  O p to n polarim éter.

T riphenyl-iV -(2,3,4,6-tetra-0-acetyl-/?-D -glucopyranosyl) phosphinim ine (1)

To a suspension o f te tra -0 -acety l-/3 -D -g lucopyranosy l azide [3] (18.5 g, 50 m m ol) in  dry- 
e th e r  (200 ml) a so lu tio n  o f tr ip h en y jp h o sp h in e  (13.0 g, 50 m m ol) in  d ry  e th e r  (50 ml) was 
a d d ed , an d  th e  m ix tu re , p ro te c te d  from  m o is tu re , w as allow ed to  s ta n d  fo r 1 h. A fte r  th e  azido 
co m p o u n d  h ad  been  d isso lved  w ith  a s tro n g  ev o lu tion  of n itro g en , c ry s ta ls  o f  1 s ta r te d  to  
se p a ra te . A fter s ta n d in g  o v e rn ig h t in  a re fr ig e ra to r, th e  c ry s ta ls  w ere f ilte red , w ashed w ith  
d ry  e th e r  and dried  o v e r p o tass iu m  h y d ro x id e  in  a v acu u m  d esicca to r to  o b ta in  th e  crude 
p ro d u c t (25.8 g, 8 5% ), m .p . 134 — 35 °C. R ecry s ta lliza tio n  fro m  d ry  e th e r  gave  p u re  1 (16.6 g, 
5 5 % ) as long, colourless needles, m .p . 135— 36 °C, [ot][) — 18.2° (c =  2, d io xane).

C32H 34N 0 9P  (607.607). Calcd. P  5 .0 9 ; C H 3CO 28.34. F o u n d  P  5.03 ; C H 3CO 27.95% . 
R e p e a te d  c ry s ta lliz a tio n  of th e  residue  o b ta in ed  b y  th e  ev ap o ra tio n  o f th e  m o th e r liquors 
a ffo rd e d  a fu rth e r c rop  o f 1 (5.7 g), m .p. 134—35 °C ( to ta l  y ield  22.3 g, 7 3% ).
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12 KOVÁCS et al.: PHOSPHINIM INE DERIVATIVES OF ALDOPYRANOSES

D -G lucosy lam ine (Z em plén  d eacety la tion  o f 1)

T o  a so lu tion  of 1 (1.8 g, 3 m m o l) in  anh y d ro u s m eth a n o l (9 m l) 2 M  m e th an o lic  so d iu m  
m e th o x id e  (0.1 ml) was ad ded  a n d  th e  so lu tio n  was left to  s ta n d  a t  ro o m  te m p e ra tu re  fo r 72 h. 
T h e  re s u l t in g  colourless needles w ere  f i l te re d  to  o b ta in  /?-D -glucosylam ine (0.4 g, 7 4% ), m .p. 
125 — 30 °C, w hich, a fte r  re c ry s ta ll iz a t io n  from  e thanol, m e lts  a t  127— 29 °C, [а ]р  +  22.9° 
(c =  1, w a te r) . L ing  an d  N a n j i  [15] re p o rte d  m .p. 127 — 28 °C a n d  [а ]ц  +  20.3° (w a ter) fo r  
D -g lucosy lam ine.

F ro m  th e  m ethanolic  m o th e r  l iq u o r  trip h en y lp h o sp h in e  ox ide  w as o b ta in e d  (0.4 g, 4 8% ), 
m .p . 152 — 53 °C (from  b e n ze n e -p e tro le u m  ether) alone or in  a d m ix tu re  w ith  a n  a u th e n tic  
sa m p le .

T riphenyI-iV -(2 ,3 ,4 ,6 -te tra -0 -acety l-/? -D -galactopyranosy l) ph o sp h in im in e  (2 )

T o  a suspension of te tra-O -acety l-yS -D -galactopyranosy l azide  [3] (7 .4  g, 20 m m ol) in  
d ry  e th e r  (80 m l) a so lu tion  of tr ip h e n y lp h o sp h in e  (5.2 g, 20 m m ol) in  d ry  e th e r  (20 m l) was 
a d d e d  a n d  th e  m ix tu re  w as a llo w ed  to  s ta n d  a t  room  te m p e ra tu re  u n d e r p ro tec tio n  from  
m o is tu re . A fte r  dissolu tion  o f th e  s ta r t in g  com pound, th e  m ix tu re  w as re fr ig e ra te d  to  o b ta in  
th e  c ru d e  p ro d u c t (10.0 g, 8 2% ), w h ic h  w as recrysta llized  fro m  d io x an e -p e tro leu m  e th e r to  
give p u re  2  as fine needles (6.2 g, 5 1 % ), m .p . 129 — 30 °C, [oc]D — 4.1° (c =  5, d ioxane).

C32H 34N 0 9P  (607.607). C alcd . P  5 .0 9 ; CH3CO 28.34. F o u n d  P  5 .1 4 ; C H 3CO 28 .25% .

D -G alac tosy lam ine  (Z em plén  deacety la tion  o f 2 )

T h e  so lu tio n  of 2 (4.86 g, 8 m m o l) in  an h y d ro u s m eth a n o l (20 m l) w as tre a te d  w ith  1 M  
m e th a n o lic  sodium  m ethox ide  (0.8 m l) a t  room  tem p e ra tu re  fo r  1 h . A fte r  s ta n d in g  o v e rn ig h t 
in  a re fr ig e ra to r ,  th e  sep a ra ted  c ry s ta ls  w ere  filte red , y ield ing  c ru d e  D -galactosy lam ine (1.10 g, 
7 7 % ), m .p .  132 — 34 °C. A sam ple  o f  th is  com pound was c ry s ta lliz ed  fro m  80%  e th a n o l to  
o b ta in  co lourless prism s, m .p . 135— 36 °C, [a ]p  + 5 8 °  + 6 9 ° (c =  w a ter).

A  conv en tio n al a ce ty la tio n  o f  th e  c ru d e  p roduct (0.5 g) w ith  ace tic  an h y d rid e  (1.5 m l) 
a n d  p y r id in e  (5 ml) gave co lourless c ry s ta ls  (0.23 g) o f 2 ,3 ,4 ,6-tetra-0-acety l-JV -acety l-/9-D - 
g a lac to p y ra n o sy lam in e , m .p . 172— 73 °C (from  ethano l), [a ]jj + 3 6 °  (c =  1, ch lo ro fo rm ); lit. 
[11] m .p . ,  173 °C, [a ]D + 3 4 .7 °  (ch lo ro fo rm ).

E v a p o ra tio n  of th e  m e th a n o lic  m o th e r  liquor an d  t r e a tm e n t  w ith  w a te r  a ffo rd ed  t r i ­
p h e n y lp h o sp h in e  oxide (1.97 g, 8 9 % ), m .p . 155—56 °C (from  b en zen e-p e tro leu m  e th e r)  alone 
or in  a d m ix tu re  w ith  an a u th e n tic  sam p le .

T riphenyl-Л -(2 ,3 .4 -tri-О -ace ty l-//-! >-\\lopyrano-N  1)pho-p liin in iine  (3 )

T o  a suspension of tri-0 -ace ty l-/? -D -x y lo p y ran o sy l azide  [3] (12.6 g, 42 m m ol) in  a n ­
h y d ro u s  e th e r ,  triph en y lp h o sp h in e  (11 .2  g, 43 m m ol) was ad d ed  a n d  th e  m ix tu re  w as le ft to  
s ta n d  fo r  1 h  w hile p ro tec ted  fro m  m o is tu re . A fter cooling in  a  re fr ig e ra to r , th e  se p a ra te d  w hite  
solid  w a s  f ilte re d  and w ashed w ith  e th e r  y ield ing  th e  crude p ro d u c t (20 g, 8 9% ), m .p . 118— 
19 °C, w h ic h  was recrysta llized  fro m  d io x an e-p e tro leu m  e th e r  to  o b ta in  p u re  3 as colourless 
need les  (1 3 .4  g, 60% ), m .p. 126 — 28 °C, [a]p> —23.8° (c =  2, d io x an e).

C ,9H 30N O 7P  (535.542). Calcd. N  2.62 ; P  5.78. F o u n d  N  2.80 ; P  5 .87% .

T riphenyl-Л -(2 ,.3,6,2’,3’, F , 6 ,-liepta-0-aeetyl-|'i-I)-cellol)iosyl)phosphininline (4 )

T o  a  so lu tion  of 2,3,6,2’,3’,4’,6 ’-hep ta-0-acety l-/?-D -cellob iosy l azide  [3] (2 .6  g, 4 m m ol) 
in  a n h y d ro u s  d ioxane (8 m l) t r ip h e n y lp h o sp h in e  (1.2 g, 5 m m ol) in  d io x an e  (4 m l) w as ad d ed  
a n d  th e  m ix tu re ,  p ro tec ted  fro m  m o is tu re , w as left to  s ta n d  fo r 24 h . T h e  so lu tio n  w as ad d ed  
d ro p w ise  to  pe tro leum  e th e r (500 m l) to  o b ta in  th e  crude p ro d u c t  w h ich  w as p re c ip ita te d  
w ith  p e tro le u m  ether from  a ch lo ro fo rm  so lu tio n  y ielding p u re  4 as a  w h ite  pow der (2.5 g, 70% ), 
m .p . 9 0 — 95 °C, [a]p  + 1 5 .7 °  (c =  2, d io x an e).

C44H 50j\TO 17P  (895.867). Calcd. P  3 .4 6 ; CH3CO 33.63. F o u n d  P  3 .5 3 ; C H 3CO 33 .75% .
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4,6-0-Benzylidene-/J-D -ghiccpyranosyl azide (5 )

A m ix tu re  o f  /?-D -glucopyranosyl azide  [3] (4 .10 g, 20 m mol), fin e ly  p o w d ered  zinc 
ch lo rid e  (2.9 g) an d  b en zaldehyde  (10 m l) w as sh a k e n  fo r 4 h , th e n  p oured  in to  co ld  w ater. 
A fte r  successive tre a tin g  a n d  washing w ith  w a te r , e th e r , an d  pe tro leum  e th e r, th e  m ass solidi­
fied  (3.90 g, 67% ). R ecry sta lliza tio n  fro m  e th a n o l a ffo rd ed  pure  5 (3.05 g, 5 2 % ), m .p . 157— 
58 °C, [a ]o  — 53° (c =  2.5, acetone).

Ci3H 15N 30 6 (293.287). Calcd. C 5 3 .2 4 ; H  5 .1 6 ; N  14.33. F ound  C 5 3 .9 0 ; H  4 .82 ; 
N  14 .12% .

I R  (K B r) :  3300 c m '1 (O H ); 2140 c m " 1 (N 3).

2,3-D i-0-acetyl-4,6-0-benzylidene-/?-D -glucopyranosyl azide (6 )

C onven tional a ce ty la tio n  of 5 (2.50 g, 8.5 m m ol) w ith  acetic  an h y d rid e  a n d  pyrid ine  
gave th e  c ru d e  p ro d u c t (3.12 g, 97% ) w h ich  w as tw ice  recrysta llized  from  e th a n o l  to  o b ta in  6 
as colourless needles (2.51 g, 78% ), m .p. 177 °C, [ocJd — 93° (c =  1.5, ch loroform ).

Ci7H 19N 30 7 (377.363). Calcd. C 5 4 .1 1 ; H  5 .0 8 ; N  11.14. F o u n d  C 5 4 .3 3 ; H  5 .58; 
N  11 .10% .

IR  (K B r) :  2100 c m '1 (N 3) ; 1740 c m ’ 1 (AcO).

Triphenyl-Ar-(2,3-di-0-acetyl-4,6-0-benzylidene-/3-D -glucopyranosyl)phosphm im iiie (7 )

To a suspension  o f 6 (0.94 g, 2.5 m m ol) in  a n h y d ro u s  e th e r (10 m l), a so lu tio n  o f tr ip h en y l-  
ph o sp h in e  (0.67 g, 2.55 m m ol) in  e ther (10 m l) w as a d d ed  a n d  allow ed to  s ta n d  fo r  4 h  under 
p ro tec tio n  from  m o is tu re . T he solution w as e v a p o ra te d  a n d  th e  resu ltin g  g lassy  p ro d u c t  was 
p re c ip ita te d  w ith  p e tro leu m  e th e r from  a ben zen e  so lu tio n  to  give 7 (1.3 g, 8 5 % ) as a w hite 
am o rp h o u s m ate ria l, [<x]D —)— 29° (c =  2, d ich lo ro m eth an e ). T he com pletion  of th e  re a c tio n  was 
in d ica ted  by  th e  absence  o f th e  azide b a n d  in  th e  I R  sp ec tru m .

C35H 34N 0 7P  (611.640). Calcd. N 2.29 ; P  5.06. F o u n d  N 2.11 ; P  5 .22% .

2,3,5-Tri-0-benzoyl-/3-D -galactopyranosyl azide (8 )

A  so lu tion  o f /?-D-galactosyl azide [3] (2.05 g, 10 m m ol) in  d ry  p y rid in e  (20 m l) was 
cooled to  0 °C, th en  benzoy l chloride (4.85 g, 34.5 m m ol) was added  d ropw ise  w ith  s tirring . 
A fte r s ta n d in g  a t  room  tem p e ra tu re  fo r 3 d ay s  70 m l o f a cold sa tu ra ted  a q u eo u s  so lu tio n  of 
sod ium  b ica rb o n a te  w as ad d ed  w ith s tir r in g  to  th e  re ac tio n  m ix tu re  and w as e x tr a c te d  w ith 
ch loroform  (75 m l), w ash ed  w ith  w ater, d ried  a n d  e v a p o ra te d  to yield th e  c ru d e  p ro d u c t  (6 g). 
R ecry s ta lliz a tio n  from  ch lo ro fo rm -petro leum  e th e r  gave  pu re  8 (2.35 g, 4 5 % ) as colourless 
needles, m .p . 147—48 °C, [oí] d + 2 6 .5 °  (c =  2, ch loroform ).

C27H 23N 30 8 (517.505). Calcd. C 62.67 ; H  4.48 ; N  8.12. F o u n d  C 62.42 ; H  4.77 ; N  8 .45%

2,3,6-Tri-О-benzoyl-4 -0 -to luene-p-su lfonyl-/9-D-galactopyranosyl azide (9 )

T o a  so lu tion  of 8 (2.59 g, 5 m m ol) in  d ry  p y rid in e  (10 ml) to lu en e -p -su lfo n y l chloride 
(3.24 g, 17 m m ol) was ad d ed  w ith  s tirr in g  a t  0 °C th e n  allow ed to  s tan d  a t  ro o m  te m p e ra tu re  
fo r 3 d ay s. T he reac tio n  m ix tu re  was p o u red  in to  ice -w a te r and  th e  p re c ip ita te  w as re c ry s ta l­
lized  fro m  e th an o l to  give 9 as colourless need les (2.80 g, 83% ), m .p. 180 — 81 °C , [<x] q + 3 4 °  
(c =  2, ch loroform ).

C34H 29N 3O 10S (671.969). Calcd. N  6 .2 6 ; S 4.77. F o u n d  N 6 .25 ; S 4 .97% .

T rip henyl-,\-(2 .3 .6 -t ri-O -bcnzoyl-4-О-t oluene-p-sulfony!-/>-D-galactopyraim syl) -
phosphinim ine (1 0 )

T o a so lu tion  o f 9 (0.67 g, 1 m m ol) in  d ry  d ich lo ro m eth an e  (20 m l), tr ip h e n y lp h o sp h in e  
(0.27 g, 1.03 m m ol) w as added , w hen a  s tro n g  n itro g e n  evolu tion  could be  o b se rv ed . The 
so lu tio n , p ro tec te d  from  m oistu re , was k e p t  fo r 24 h  a n d  th e n  ev ap o ra ted  to  o b ta in  10 (0.90 g) 
as a n  am o rp h o u s , g lassy  p ro d u c t, su ffic ien tly  p u re  fo r fu r th e r  reactions, [a ]p  + 9 2 °  (c =  2, 
d ich lo rom ethane).

C52H 44N O 10P S  (905.973). Calcd. N  1.55 ; P  3.42. F o u n d  N 1 .76 ; P  3 .2 9 % .
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M ethyl 3 ,4,6-tri-0-acetyl-2-deoxy-2-(triphenylphosphoranylideneam ino-a-D -altroside (1 2 )

T o a so lu tion  of 11 [8] (3.30 g, 9.56 m m ol) in d ry  e th e r  (20 m l) a solution of tr ip h e n y l-  
p h o sp h in e  (2.56 g, 9,75 m m ol) in  d ry  e th e r (15 m l) w as a d d e d . N itrogen  ev o lu tio n  ceased 
w ith in  3 h . T h e  m ix tu re  w as s to red  o v e rn ig h t under p ro te c tio n  fro m  m oistu re  th en  e v a p o ra te d . 
T h e  r e su ltin g  glassy p ro d u c t w as p re c ip ita te d  w ith  p e tro le u m  e th e r from  a d ich lo ro m eth an e  
so lu tio n  to  give 12 as an  am o rp h o u s  m ateria l (4.48 g, 8 1 % ), [a ]ß  + 4 0 °  (c =  2, d ich lo ro ­
m e th a n e ) .

С31Н 34Лт0 8Р  (579.596). C alcd. N  2 .42 ; P  5.34. F o u n d  N  2 .6 4 ; P  5.44% .

6-A zido-6-deoxy-a-D -galactose (1 3 )

6-A zido-6-deoxy-l,2 ;3 ,4 -d i-0-isopropylidene-cc-D -galactopyranose  [10] (49.6 g, 0 .174 
m ol) d isso lv e d  in  a m ix tu re  o f g lac ia l ace tic  acid (680 m l) a n d  w a te r  (226 ml) was h e a ted  fo r 2 h  
u n d e r  re f lu x  on  a w a ter h a th  a t  9 6 — 97 °C. The so lu tion  w as th e n  ev ap o ra ted  keep ing  th e  te m ­
p e ra tu re  be low  30 °C a n d  th e  re su ltin g  th ick  syrup  w as t r i tu r a te d  w ith  e th e r and  w ith  a ce to ­
n itr i le  w h e n  th e  m ate ria l b eg an  to  crystallize. A fter s ta n d in g  in  a re frigerato r fo r 2 d a y s  th e  
w h ite  so lid  w as filte red  and  w ash ed  w ith  aceton itrile  to  o b ta in  th e  crude p ro d u c t (25.6 g, 7 2% ). 
R e c ry s ta ll iz a t io n  from  e th a n o l gave  13 as colourless c ry s ta ls  (20.2 g, 57% ), m .p. 133 — 34 °C, 
[<x] d  -4-110° —>- -f-55° (с =  1 ,w a te r) .

CeH u N 30 5 (205.178). Calcd. C 35.12; H  5.40 ;N  20.48. F o u n d  C 35.05; H 4 .9 6 ;N  20 .9 6 % .
I R  ( K B r ) : 2110 c m " 1 (N 3).

l,2 ,3 ,4-T etra-0-acetyl-6-azido-6-deoxy-a-D -galactopyranose (14)

T o  a  so lu tion  of 13 (2.05 g, 10 m m ol) in  acetic  a n h y d r id e  (20 m l) 5 drops o f cc. su lfu ric  
acid  w a s  a d d e d  a t  0 °C. A fte r 10 m in  th e  cooling b a th  w as re m o v e d  and  th e  m ix tu re  w as k e p t 
a t  ro o m  te m p e ra tu re  fo r 3 h  th e n  p o u re d  in to  ice-w ater. T h e  re su ltin g  w hite  p re c ip ita te  w as 
f i l te re d  a n d  w ashed w ith  w a te r  to  give th e  crude p ro d u c t  (2.75 g, 74% ), m .p. 90 — 91 °C. 
R e c ry s ta ll iz a t io n  from  e th an o l a ffo rd ed  14 as colourless p la te s  (1.9 g, 51% ), m .p . 92 — 93 °C, 
[a ]D — 110°  (c =  1, chloroform ).

C14H 19N 30 9 (373.330). Calcd. C 45 .04 ; H  5 .1 3 ; N  11.26. F o u n d  C 44 .9 1 ; H  5 .7 6 ; 
N 1 1 .5 9 % .

I R  (K B r) :  2110 cm -1  (N 3) ; 1745 c m - 1 (AcO).

l,2 ,3 ,4-T etra-0-acetyl-6-deoxy-6-(triphenylphosphoranylideneam ino)-a-D -galactopyranose(15)

T o  a  suspension of 14 (4.85 g, 13 m m ol) in d ry  e th e r  (40 m l), trip h en y lp h o sp h in e  (3.41 g, 
13 m m o l) in  d ry  e th e r (30 m l) w as a d d e d  and  the  m ix tu re , p ro te c te d  from  m oistu re , w as s to re d  
fo r 2 h  a t  ro o m  tem p e ra tu re  w hile th e  evo lu tion  of n itro g en  ceased . E v ap o ra tio n  of th e  so lu tio n  
gave  15 as a  g lassy  p ro d u c t (7.88 g, 100% ), [a ]D -|-53° (c =  1, d ich lorom ethane).

C32H 34N 0 9P  (607.607). C alcd. P  5 .10 ; CH3CO 28.34. F o u n d  P  4.96; C H 3CO 2 8 .1 8 % . 
I R  (CHC13) : 1745 c m -1  (A c O ): 1440, 1110 an d  700 c m -1  (P -pheny l).

Triphciiyl-(A r-m ethyl-2,3,4 ,6 -tetra-O-acetyl-/?-D-glucopyranosyIamiiio)phosphoniuni
iodide (16)

A  so lu tio n  of 1 (2.00 g, 3.29 m m o l) in m ethyl iodide (8 m l) w as k ep t a t  room  te m p e ra tu re  
fo r 2 h . T h e  se p a ra ted  c ry sta ls  w ere f ilte red  and  w ashed  w ith  e th e r  yielding th e  crude  p ro d u c t 
(2.45 g , 9 9 % ), m .p . 203— 204 °C. T w o recry sta lliza tio n s fro m  d ich lo ro m eth an e-e th e r gave 
p u re  16 (2 .05  g, 83% ), m .p . 208 — 209 °C, [a][> + 2 5 °  (c =  2, ch loroform ).

C33H 3:I N 0 9P  (749.552). C alcd. I  16 .93; P  4.13. F o u n d  I  17 .1 2 ; P  4.18% .

T riphenyl-(iV -m ethyl-2,3,4,6-tetra-0-aoetyl-p'-n-galaetop\ranosylam ino)phosphoniim i iodide
(17)

A  so lu tio n  of 2 (1.00 g, 1.65 m m ol) in m eth y l io d id e  (5 m l) was allowed to  s ta n d  fo r 
3 h  t h e n  s a tu ra te d  w ith  e th e r. T h e  re su ltin g  p rec ip ita te  (1.11 g, 90% ) was recry sta llized  fro m  
d ic h lo ro m e th a n e -e th e r  to  give p u re  17 (0.98 g, 79% ). m .p . 221 °C, [<x] d -)-30° (c =  2, c h lo ro ­
fo rm ).

С33Н 37Ш 0 9Р  (749.552). C alcd. 1 16.93 ; P  4.13. F o u n d  I  17.31 ; P  4.07% .
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T riphenyl-(iV -m elhyl-2,3,4-tri-0-acetyl-/l-D -xylopyranosy]am ino)phosphoniuin iodide (1 8 )

A  so lu tio n  of 3 (3.30 g, 6.16 m m ol) in m eth y l iod ide  (10 m l) w as k ep t a t  ro o m  te m p e ra ­
tu re  for 3 h  th e n  m ixed w ith  e th e r  to  p re c ip ita te  th e  c ru d e  s a l t  (18) (4.03 g, 9 7% ), m .p . 223— 
24 °C. R e c ry s ta lliz a tio n  fro m  e th a n o l a fforded  th e  p u re  p ro d u c t as a colourless c ry s ta llin e  
com pound (3.35 g, 80% ), m .p . 229 30 °C, [at]o -f-14.5° (c =  2.5, chloroform ).

C30H 33IN O 7P  (677.487). C alcd . I  18 .73; P  19.06. F o u n d  I  18 .75 ; P  19.24% .

T riphony l-(iY -m ethy l-2 ,3 -d i-0-acety l-4 ,6 -0-bon7 .y lidone-/i-I)-g lucopyranosy lam ino)
phosphonium  iodide (1 9 )

A  so lu tio n  of 7 (0.39 g, 0.64 m m ol) in  m e th y l iod ide  (1.5 m l) was allow ed to  s ta n d  
ov ern ig h t, th e n  m ixed w ith  a n  excess o f  e th e r to  p re c ip ita te  th e  crude  p ro d u c t (0.42 g, 8 7 % ). 
R ecry s ta lliza tio n  from  e th an o l gav e  p u re  19 as pale  ye llow  cubes (0.29 g, 60% ), m .p . 240 — 
41 °C, [a ]D — 7° (c =  2, ch loroform ).

С36Н 37Ш 0 7Р  (753.585). Calcd. N  16 .84 ; P  4.11. F o u n d  N  16 .87 ; P  4 .16% .

Triphenyl-(AI-m ethyl-2,3,6-tri-0-benzoyl-4-0-toluene-p-sulfonyl-/?-D -galactopyranosylam ino)
phosphonium  iodide (2 0 )

A so lu tio n  of 10 (0.60 g, 0.66 m m ol) in  m eth y l io d id e  (2 m l), a f te r  s tan d in g  o v e rn in g h t, 
was sa tu ra te d  w ith  e th e r to  o b ta in  th e  crude sa lt (0.28 g, 4 0 % ). P re c ip ita tio n  w ith  e th e r  fro m  
d ich lo ro m eth an e  so lu tion  gave 20 as yellow  pow der (0.20 g, 2 9% ), m .p. 145— 50 °C (dec.), 
[a ]D + 7 5 .5 °  (c =  1, ch loroform ).

C53H i7IN O 10PS (1047.918). C alcd. I  12.11 ; P  2.96. F o u n d  I 12 .30; P  3 .09% .

M ethyl 3,4,6-tri-0-acetyl-2-deoxy-iV -m ethyl-2-(triphenylphosphonioam ino)-a-D -
altroside iodide (21)

A so lu tio n  of 12 (0.58 g, 1 m m ol) in  m eth y l iod ide  (3 m l), a f te r  s tan d in g  fo r 2 h , w as 
m ixed w ith  e th e r  to  p rec ip ita te  th e  c ru d e  p ro d u c t (0.63 g, 8 8 % ). R ecry sta lliza tio n  fro m  a c e to ­
n itrile -e th e r gav e  pu re  21 as pa le  yellow  c ry sta ls (0.55 g, 7 6 % ), m .p . 213 — 14 °C, [<x] d —2 5 0 
(c =  2, ch loroform ).

C3.,H37I N 0 8P  (721.541). C alcd. I  17 .59 ; P  4.29. F o u n d  I 18 .09 ; P  4.39% .

l,2 ,3 ,4 -T etra-0-acety l-6-deoxy-A ’-m ethyl-6-(triphenylphosphonioam ino)-a-D - 
galactopyranose iodide (2 2 )

A so lu tio n  of 15 (3.00 g, 4.94 m m ol), in m eth y l iod ide  (10 m l) was left to  s ta n d  a t  ro o m  
tem p e ra tu re  fo r 2 h  th en  m ixed  w ith  e th e r  to  o b ta in  th e  c ru d e  p ro d u c t (3.60 g, 97% ). R e c ry s ta l­
liza tion  from  d ich lo ro m eth an e -e th e r gave c ry sta ls o f 22 (2.88 g, 7 8% ), m .p. 215— 16 °C, [a]j> 
+  63° (c =  2, chloroform ).

С33Н 37Ш О эР  (749.552). C alcd. I  16 .93; P  4.13. F o u n d  I 16 .88 ; P  3.90% .

2,3 ,4 ,6-T etra-0-acety l-JV -p-n itrobenzylidene-/?-D -g lucopyranosy lam ine (23)

(A )  2 ,3 ,4 ,6 -T etra-0 -acety l-/? -D -g lucopyranosy lam ine  [11a] (0.40 g, 1.15 m m ol) an d  
p -n itro b e n za ld eh y d e  (0.20 g, 1.32 m m ol) in m eth an o l (3 m l) w ere re fluxed  for 10 m in . T h e  
m ix tu re  w as c o n ce n tra ted  to  d ry n ess  an d  th e  residue c ry s ta lliz ed  from  ch lo ro fo rm -p etro leu m  
e th e r to  give th e  crude  p ro d u c t (0 .40 g, 72% ). R e c ry s ta lliz a tio n  from  ethano l gave p u re  23 as 
colourless n eed les , m .p . 148 — 49 °C, [a ]p  — 22.3° (c =  1, ch loroform ).

O u H ^O ^ N s (480.439) Calcd. C 52.50 ; H  5.04; N  5.83. F o u n d  C 51.89; H  4.91; N  5 .9 5 % .
(B ) A  so lu tio n  of 1 (1.82 g, 3 m m ol) and  p -n itro b e n za ld eh y d e  (0.50 g, 3.3 m m o l) in  

anh y d ro u s d io x an e  (5 m l) was re flu x e d  for 20 h. T he so lv e n t w as th e n  rem oved in v a c u u m  a n d  
th e  residue c ry s ta lliz ed  from  ch lo ro fo rm -petro leum  e th e r  y ie ld in g  th e  crude p ro d u c t (0 .80  g, 
56% ). R e c ry s ta lliz a tio n  from  b en zen e-p e tro leu m  e th e r  gav e  p u re  23, m .p . 148—49 °C a lone  
or in  a d m ix tu re  w ith  th e  sam ple  fro m  (A ).
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F ro m  th e  ch lo ro fo rm -petro leum  e th e r  f i l t r a te ,  tr ip h en y lp h o sp h in e  oxide (0.61 g, 73% g 
w as is o la te d ,  m .p . 153 — 55 °C (from  cyclohexane) w h ich  gav e  no depression  on m ix tu re  m eltin ) 
p o i n t  w i th  a n  a u th e n tic  sam ple.

l,2 ,3 ,4-T etra-0-acetyl-6-deoxy-6-(p-n itrobenzylideneam ino)-a-D -galactopyranose (2 4 )

A  so lu tio n  of 15 (1.21 g, 2 m m ol) a n d p -n itro b e n z a ld e h y d e  (0.32 g, 2.1 m m ol) in  an h y d ro u s  
e th y le n e g ly c o l d im eth y l e th e r w as h e a te d  u n d e r  re flu x  fo r 15 h , th en  th e  so lv en t w as rem oved  
in  v a c u u m . T h e  residue w as t r e a te d  w ith  e th e r  to  o b ta in  tr ip h en y lp h o sp h in e  ox id e  (0.35 g, 
6 3 % ), m .p .  151 — 52 °C, w hich  gave no depression  on  m ix tu re  m elting  p o in t w ith  a n  a u th e n tic  
sa m p le .

E v a p o ra tio n  of th e  m o th e r liq u o r  g ave, a f te r  re p e a te d  recry sta lliza tio n  fro m  e th an o l, 
S c h iff  b a se  24 (0.58 g, 57% ), m .p . 151 °C, [a ]p  + 7 1 .5 °  (c =  1, chloroform ).

Cn H 24N„Ou  (480.439). Calcd. N  5.83 ; C H 3CO 35.83. F ound  N 5 .63 ; C H 3CO 35.58%
I R  ( K B r ) : 1750 c m " 1 (A c O ); 1645 c m '1 ( C = N ) .
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A m e th o d  h as been developed for th e  rep ro d u c ib le  p re p a ra tio n  of h y d ra te d  
a n tim o n y  p e n to x id e  (H A P ) of o p tim al q u a lity , a n d  fo r its  co m plex  qualifica tion . T his 
so rb en t se p a ra te s  so d iu m  from  m u ltico m p o n en t, n e u tro n -a c t iv a te d  sam ples w ith  m ax i­
m al se lec tiv ity  a n d  efficiency. T he like ly  m ech an ism  o f sod ium  so rp tio n  h as been found  
to  be e q u iv a le n t so rp tio n  on th e  basis o f d e riv a to g rap h ic , I R  spectroscopic, X -ra y  
d iffrac tion  a n d  im m ersio n  calo rim etric  m easu rem en ts .

Introduction

Neutron activation  investigations on biological sam ples were started  
by us about ten  years ago [1 — 9]. In addition to  the stead y  increase in the  
num ber of essentia l and tox ic  trace elem ents, th is choice was also justified  by  
the well-known advantages o f neutron activation  analysis. W e were also in ­
fluenced by the observation th at the intrinsic sen sitiv ity  lim it of tod ay’s 
trace analytical m ethods cannot he exploited  due to  techn ica l or econom ical 
reasons and therefore, the selection o f th e  m ethod to be used is determined  
m ainly by the requirem ents, viz. the num ber o f elem ents to be determ ined, 
contam ination, concentration range, num ber o f sam ples, etc.

I t  seems exp ed ien t to  consider the fast spreading of m echanized and auto­
m ated analyzing system s, and the fact th a t ow ing to  m atrix effects, nondestruc­
tiv e  m ethods do n o t always ensure the sen sitiv ity  required.

When planning the necessary separation process, we considered that due 
to th e  nearly identica l elem ental com position o f biological sam ples, the same 
separation technique should he used for every m atrix. Consequently, for gen­
eral purpose trace elem ent survey an autom atic or autom atable analytical 
process should he developed.

In order to  preserve the advantages o f  the nondestructive m ethod as 
m uch as possible, we endeavoured to develop a flexib le and open radiochem ical 
separation process, b y  which the chem ical separation can he carried out in  
correspondence w ith  the actual requirem ents (Fig. 1).
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18 NAGY et al.: HYDRATED ANTIMONY PENTOXIDE

F ig . 1. S e p a ra tio n  scheme

T h ese  requirem ents can be m ost appropriately fu lfilled  i f
1) th e  inevitable d igestion o f  th e  sam ple is com bined w ith  a reactive  

d istilla tion  procedure (by th is w a y , e.g. th e  82Br, a com ponent o f th e  m atrix  
a c tiv ity  can  also he removed);

2) th e  high activity com ponents in  the distillation residue (24N a, 42K  
and 32P ) are rem oved b y  a se lective  procedure, i.e. a radiochem ical separation  
is perform ed. B y  this m ethod, th e  requirem ents concerning the se lec tiv ity  o f  
th e  fu rth er  separation steps m a y  be sign ificantly reduced, m oreover, in  m any  
cases th e  sam ple can already he m easured;

3) th e  further separation steps consist o f ind ividual separations based  
on group separations, thus every  sm aller group o f elem ents can be m easured  
either d irec tly  or after individual separation.

F or practical use, in add ition  to  th e  radiochem ical process, th e  whole  
trace e lem en t analysis had to  h e elaborated and standardized, from  sam pling  
and exp erim en t planning to  d a ta  presentation.

In  th e  follow ing, one of th e  m ost im portant fields is sum m arized. H ydrat­
ed a n tim o n y  pentoxide (H A P) and th e  investigations w ith  th is m aterial as a 
sorbent for th e  rem oval of 24N a, w hich  is a com ponent o f  th e  m atrix a c tiv ity , 
are presen ted .

Properties o f hydrated antim ony pentoxide

H y d ra ted  antim ony p en tox id e  was introduced in to  radioanalysis for  
the sep aration  o f 24Na b y  G ir a r d i  and coworkers because, according to  their  
exp erim en ts, i t  makes possible separations of high se lectiv ity  in  strongly  
acidic m ed ia  [10, 11].
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Their results are, how ever, not alw ays reproducible, and on th e  basis of 
their data it  is not possible to  decide w hether th is uncertainty is due to  the  
inhom ogeneity  o f  th e  m aterial, the unknow n m echanism  o f sorption or the 
ill-defined experim ental conditions.

Eluted volume (cm3)

Fig. 2. D ifferen tia l e lu tio n  curves

Thus th e  m ethod is on ly  applicable if  the suitable preparation technique  
and qualification m ethod are previously elaborated, and the industrial param ­
eters are determ ined. An investigation  o f the sorption m echanism  seem s to  
be necessary too . In the first step , th is w as considered from the point o f  v iew  
of the solid phase only, th e  param eters o f th e  liquid being kept unchanged.

For prim ary qualification o f the product a m ethod has been worked out 
which m odels the practical application and provides im m ediately  usable data. 
For th is purpose a tracer elution chrom atographic technique has been de­
veloped.

The relative in tensities are calculated from  th e measured in tensities o f  
the eluted fractions in the knowledge o f  the to ta l in ten sity  on the colum n. 
I f  these values are p lotted  against the eluted  volum e or fraction num ber, a so- 
called differential elution curve is obtained (F ig. 2). The integrated elution  
curve is produced b y  th e  sum m ation or integration  o f the differential one 
(Fig. 3).
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T h e  value corresponding to  th e  asym ptote o f th e  integrated elu tion  curves 
can  h e interpreted as the in ten sity  proportional to  the to ta l e luted  volum e. 
B y  p lo ttin g  the logarithm  o f  th is lim iting value against the colum n load, 
ad sorp tion  isotherm  data can  be obtained. The sorption isotherm s, being  
sen sit iv e  indicators o f th e  q u a lity  o f  the preparations, can be used for the

Fig. 3. In te g ra te d  e lu tio n  curves

q u a lifica tion  and optim ization o f both products and sorption processes (F ig. 4). 
In  F ig . 4 sorption isotherm s determ ined under various experim ental conditions 
are sh ow n . Apparently, th e  separation  factor depends strongly on the flow  
rate. A n  increase of 0.8 cm 3/m in  in th e  flow  rate in  the in terval o f 0.8 —2.5 
cm 3/m in  im pairs the separation factors b y  about one order o f m agnitude. 
C on seq u en tly , the flow  rate should be kept as low  as possible.

H ow ever, by applying concentrated  solutions, the efficiency of the sorption  
can be im proved . A decrease in  th e  dead volum e from  1 cm 3 to  0.2 cm 3 im proves 
th e  p a rtitio n  coefficient b y  0.5 — 2 orders of m agnitude, depending on the co l­
um n load .

T h u s, optim al sorption param eters can be achieved b y  using th e  possible  
least d ead  volum es and concentrated  solutions.

F rom  th is concentration dependence it  follow s that the rate-determ ining  
step  is  a concentration-dependent process.
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For the m anufacturing process, how ever, fast and sim ple qualification  
m ethods should be found. For th is  purpose th e  sim ultaneous application  of the  
follow ing tw o procedures proved to  be th e  m ost suitable.

mg N aV g HAP

A) P a r t ic le  size 
0.3-1 mm

Liquid volume-- 
<0.2 cm3

Flow rate :

Д =2.5 c m3/  m i n 
о =1.6 cm3/ m i n  
•  = 0 8  cm3/ m i n  

Liquid volume 1 cm3 
Flow r a te :  

о  0.4 cm V m in  
■ 0.9 cm3/m i n

B) P a r t ic l e  s ize  
0 3 -1 mm 

Flow ra te  
Q3 cm ^m in

Liquid  volume 

о <0.2 cm3 
д  <0.2 cm3 
д  ~1 cm3 
•  ~1 cm3

C) Flow r a te  
0.8 cm3 / m i n

Liquid volume : 
~1 cm3

Partic le  s ize  :

о 0.1-0.3 mm 
о 0.3-1 mm

H A P  p rep ara tio nF ig . 4. Sorption  iso th e rm s of a “ good”

1. Colour te s t  b y  reflection colorim etry. The materials w ith  th e  appro­
priate sorption properties are to  be found in th e  spectral region o f  the colour 
ratio 0.15 — 0.3. The colour-identical w ave len gth  is practically 571 — 574 nm. 
The procedure is significantly faster, sim pler and more accurate than  the  
evaluation  of th e  slopes of reflection spectra in th e  visible region.

2. The gross o f  weight loss at 270 °C is determ ined, which am ounts to 
about 10—15% in case of good preparations.

On the basis o f  elution m easurem ents, w hich were com pleted  b y  ion- 
exchange and iso top ic  exchange in vestigation s, it  could be concluded that
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— H A P  is a polyfunctional inorganic sorbent, on which ion-exchange  
or specific irreversible sorption process predom inates, depending on 
th e  experim ental param eters :

— sorption is a fast surface process.
T he m ain results o f m easurem ents concerning th e  structure and sorption  

m echanism  o f H A P are presented in Table I. R epresentative results are illu s­
trated  in  Figs 5 — 9. D evitogram s for the good preparations differ sign ificantly  
from  th o se  for the poor ones.

On th e  TG curves o f th e  good samples three steps can be distinguished: 
the fir st  one lying betw een 20 and 150 °C, th e  second one between 250 and 
450 °C and the third one betw een  550 and 650 °C. The first process is to  lie 
assigned to  the rem oval o f physically  adsorbed w ater, the second and third  
ones can  be interpreted as structural changes (rem oval o f structural w ater and 
o x y g en ). I t  should be em phasized th a t the product treated  at 270 °C show s a 
w eight loss already above 2 0 —40 °C, which ind icates th e  m obility of the w ater  
con ten t (F ig . 5).

T he m ost characteristic part o f  the infrared spectrum  is the broad ab­
sorption  m axim um  betw een 2500 and 3600 c m -1 , w hich , due to its large band-
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Table I

P roperty D ata M ethod

C hem ical com position s b ;+  • Sb3+ ■ o e • о н  +
+  (H .0  • 0 ) m 1 0  <  m <  1 2

therm al a n d  a c tiv a tio n  
analysis

C rysta l s tru c tu re pyroch lor s tru c tu re  
d = 1 0 . 3 Á

X -ray  d iffrac tio n

Specific surface a rea 20 -  30 m 2/g sorp tom etry

H e a t o f h y d ra tio n 6 - 1 0  cal/g 0.3 cal/rn2 m icroca lo rim etry

F ine  an d  hyperfine  
s tru c tu re

heteroenergetic  and  m obile 
O H (H ,0 ) groups

IR  spectroscopy , 
colour te s ts

P o ro sity non-porous H g-porosim etry

S o rp tion  p roperties c’ <  1 m g/g : irreversible so rp tio n  
c’ >  10 mg/g : ion-exchange m odel

elution ch ro m a to g rap h y  
com bined w ith  tra c e r  

techniques
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w id th , can be assigned to  th e  stretching m ode o f heteroenergetically hound  
w ater. T he m obility  o f th e  w ater content is also proved by the fact th a t th e  
IR  spectra  o f products deuterated at various stages o f the preparation proce­
dure are identical.

According to  X -ray  diffraction in vestiga tion s, good samples are all 
unam biguously  crystalline, w ith  a pyrochlor structure. It could be established  
th a t th e  essential condition  o f sodium sorption is th e  nearly to ta l occupation  
of th e  48 (f) and 8 (b) positions by oxygen  ions and water molecules. D ue to  
structural reasons, th e  average oxidation sta te  o f  th e  good preparations is 
5 - f ,  because those 16 (d) positions would be occupied  by Sb3+ ions onto w hich  
the deso lvated  sodium  ions can he incorporated (F ig . 8).

The heat of w ettin g  w as measured w ith  a quasi-adiabatic m icrocalorim ­
eter. The hydration o f good preparations is a fa st process, the shape o f  the  
curve is practically  determ ined b y  the tim e con stan t of the apparatus. The 
h eat effect is 2 2 —26 J /g . On the contrary, th e  hydration  of the poor sam ples is  
very  slow , and the heat o f w etting per unit m ass is also higher (Fig. 9).
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Fig. 8. X -ra y  d iffrac tion  cu rv es  o f  som e H A P sam ples
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T h e h ea ts o f w etting per u n it B E T  surface are identica l within the exper­
im en ta l error: about 1 — 1.5 J /m 2. This value is an order of magnitude higher  
th an  th e  h ea t effects measured on  charcoals, a fact confirm ing chem isorption.

Mechanism o f sodium sorption on HAP

1. Sorption  is a fast surface process.
2. In  strongly acidic and com plex-form ing m edia , the process is selective  

for so d iu m . The disturbing ions are masked presum ably via the form ation o f  
anionic com plexes, which is supported  e.g. b y  th e  extrem ely  high se lectiv ity  
in HC1. T h e  high acid concentration  excludes sim ple ion-exchange processes. 
It is a ssu m ed  th at in the hydrochloric acid phase th e  ions are desolvated.

3. S e lective  sorption w ith  an appropriate p artition  coefficient (capacity) 
can he m easured on crystalline H A P -s with a w ell-defined  amount and bending  
of w ater.

4. A ccording to our sorption  capacity m easurem ents, 1 —2 sodium  ions  
can be sorbed  on each unit cell.

T h e  assum ed m echanism  is  equivalent sorption. The sodium ions w ill 
occu p y  e m p ty  surface (d) p osition s and remain p artly  solvated.

T h e  corresponding counter-ion  is bound to  th e  surface by electrostatic  
forces.

T h u s, th e  process can be regarded as surface sorption  in which the em p ty  
surface (d) positions act as a c tiv e  centers. Ions w ith  unsuitable geom etrical 
dim ensions cannot occupy th e  vacancies. Ions w hose heats o f hydration on th e  
a ctiv e  cen ter  are smaller th an  th e  sum  of the b inding energies of the ion in  th e  
liqu id  p h ase  cannot be in troduced  either.
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/5-C yclodextrin  inclusion  com plexes o f  25 v a rio u s f lav o u r su b stan ces (sp ice  
a ro m atics  a n d  e ssen tia l oils o f v egetab le  o rig in ) h a v e  b een  p rep ared . T he c ry s ta llin e  
com plexes c o n ta in ed  8 —13%  in c luded  su b s ta n c e , d e te rm in ed  b y  g as-liq u id  c h ro m a ­
to g rap h y . All m a jo r  com p o n en ts  o f th e  o rig ina l su b s tan ces  w ere p re sen t in  th e  co m ­
plexes, w ith  a  p ra c tic a lly  u n ch an g ed  com position . T he fa c t  o f com plex fo rm a tio n  w as 
p ro v ed  b y  X -ra y  d iffrac tio n  an d  s ta b ility  tes ts . T h e  oxy g en  u p ta k e  of th e  f la v o u r  su b ­
stan ces — m ea su re d  b y  W arb u rg ’s m eth o d  — w as red u ced  to  a b o u t one te n th  b y  com - 
p lex a tio n . V o la tile  com p o n en ts  are re leased  fro m  th e  com plexes on ly  ab ove  160 °C, 
th u s  u n d e r h a b itu a l s to rag e  cond itions th e  v o la ti li ty , o x id a tio n  an d  h eat-d eco m p o sitio n  
are  reduced  to  su ch  an  e x te n t  th a t  th e  p ro d u c t can  be  s to re d  fo r a  long tim e  w ith o u t 
lessening its  u t il i ty . T hese  com plexes can  be u sed  in  th e  food  in d u s try  as m icrobiologi- 
cally  n o n c o n ta m in a te d , s tab le  a ro m atic  p re p a ra tio n s  o f s ta n d a rd ize d  com position .

Introduction

The various vegetab le parts (seed, flow er, tuber, leaf, stem , root) con ­
tain ing flavour substances (m ainly vegetal essentia l oils) of natural origin are 
w idely used in nutrition . There are, how ever, several drawbacks to their use ;
— their preparation and processing in  food tech n ology  is labourious,
— the com position o f  th e  raw substances o f  vegetab le origin is not con stan t,
— th ey  m ay contain m icrobiological and parasitic contam inations,
— the amount o f  th e  contained flavour substances and fragrances decreases 

during storage, and the ratio o f their con stitu en ts m ay change d isadvan­
ta geou s^ .

Liquid arom a extracts, and concentrates have been known for a long  
tim e, but in th is form  (extracted from the cellular structure) th ey  are even  
less stable. Thus th eii use is only lim ited (e.g. in  canned food industry).

The m ajority o f natural flavour substances and fragrances are m onoter- 
pene hydrocarbons, or their oxygenated derivatives. W hen exposed to  th e  
oxygen o f air, light and heat th ey  are oxidized, decom posed, becom e resinous, or 
th ey  evaporate.

One o f the new  possibilities to  stabilize th ese substances is the form ation  
o f inclusion com plexes w ith  cyclodextrins, w hich process can actually be con ­
sidered as a m olecular encapsulation [1, 2].
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C yclodextrins are cyclic oligom ers b u ilt up from glucopyranose u n its . 
The d iam eter o f the internal ca v ity  o f a-cyclodextrin  com prising 6 g lu cop y­
ranose un its is about 6 Á , th a t o f the 7 m em bered /9-cyclodextrin is about 8 Á  
(F ig . 1), and th at o f 8 m em bered y-cyclodextrin  is about 10 Á. The prim ary  
and secondary hydroxyl groups are to  be found on the opposite edges o f  the  
toru s-lik e  m olecules, th e  “ lin ing” o f the ring ca v ity  is formed b y  oxygen  bridge 
atom s; therefore the external surface o f cyclodextrins is o f hydrophilic, while  
th e  in terior o f  the cav ity  is o f  hydrophobic character. The consequence o f  th is

F ig. 1. S tru c tu re  o f /?-cyclodextrin

is th a t  cyclodextrins are able to  form inclusion com plexes w ith such substances 
w hich  are less polar than w ater and their geom etrical dim ensions correspond to  
th e  d iam eter o f the cyclodextrin  ca v ity  (F ig . 2).

The interior o f the ca v ity  o f  cyclodextrin  molecule dissolved in w ater is 
less hydrophilic than  the outer surface o f the ring, therefore th e  presence of 
w a ter  m olecules in the hollow  is energetically  unfavoured (Fig. 3); the apolar 
p arts o f  th e  organic m olecules, dissolved in  water, are poorly hydrated , thus 
en ergetica lly  unfavoured, too . The poorly hydrated organic guest m olecule 
p en etrates into the cyclodextrin  cav ity , expulsing from there the w ater m ole­
cu les o f  higher enthalpy, resulting in a low er free energy o f the system ; this 
seem s to  be the main driving force o f the com plex form ation. In addition, the  
ring ten sion  m ay also decrease, hydrogen bonds are form ed etc. w hich factors 
all contribute to  the stabilization  o f th e  com plex [3].

From  the practical point o f  v iew , th e  m ajority o f the com ponents o f  im ­
p ortan t essential oils and flavour substances are of a size which can f i t  t igh tly  
in to  th e  cav ity  o f the /?-cyclodextrin m olecule to  form inclusion com plexes [2].
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This phenom enon constitutes the basis o f  molecular encapsulation  of 
com ponents o f aroma substances by m eans c f  the formation o f cyclodextrin  
inclusion com plexes.

Fig. 2. Scale-m odel o f  /9-cyclodextrin , lim onene a n d  th e ir  inclusion com plex. A ll te rp e n e  com . 
p o n e n ts  possessing s im ilar sh ap e  an d  size are su ita b le  to  f i t  t ig h tly  in to  th e  c y c lo d e x tin  cav ity

Cyclodextrin inclusion com plexes in  solution  are of sto ich iom etric com ­
position , for which it  is characteristic th a t th e  “ guest molecule” is to  be found  
in th e  ca v ity  o f th e  “ host m olecule” , i.e. in  th e  cyclodextrin c a v ity , and the 
w hole com plex is surrounded by a hydrate envelope [4]. In the case o f  solid, 
crystalline com plexes, the strict sto ich iom etric com position (guest: h ost mo­
lecular ratio 1 : 1 or I : 2) is rare, since cyclodextrin  molecules w hich  contain  
on ly  w ater m olecides incorporated into th e  cyclodextrin cavity  represent spots
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of d e fic ien cy  within the crysta l structure. Such a structure is actually a m ix tu re  
of in c lu sion  com plex, cyclodextrin , moreover gu est m olecules entrapped w ith in  
th e  cry sta ls  or adsorbed on th e  crystal surface.

F ig . 3. S c h e m a tic  re p re se n ta tio n  o f th e  com plex fo rm a tio n ; о =  w a te r  m olecule, x  =  h y d ro ­
p h ilic  s u b s t i tu e n t  o f th e  guest m olecu le . T he in te rio r o f th e  c y c lo d ex trin  cav ity  is p o o rly  h y d r a t ­
ed o n  a c c o u n t  o f i ts  h y d ro p h o b ic  c h a ra c te r , sim ilarly  a c ts  th e  a p o la r  p a r t  of th e  g u est m o lecu le ; 
th e  co n se q u en c e  of com plex fo rm a tio n  is th a t  th e  a p o la r  su rface  of th e  C D -cavity  g e ts  in to  

co n tac t w ith  th e  ap o la r surface o f th e  g u e s t molecule

Preparation of inclusion com plexes

T he m ethod used for th e  study o f th e  crystallization  of cyclod extr in  
inclusion  com plexes was described in a previous paper [5]. Aroma com plexes  
h ave b een  prepared by adding the aroma substance dissolved in eth an ol or 
d ie th y l ether under vigorous stirring to an aqueous solution of /J-cyclodextrin  
sa tu rated  at 50 °C. It is im portant to add the so lu tion  o f the flavour substances  
only  dropw ise in order to  avoid  the form ation o f an emulsion. W ith arom a  
su b stan ces which produced im m ediately an em ulsion  when added to  th e  
aqueous cyclodextrin  solution , the com plex wras prepared in a 30% aqueous  
eth an o l solution . In th is so lven t m ixture cyclod extr in  has m axim um  so lu b il­
ity . A fter  th e  term ination o f th e  addition, the tem perature should be m aintained  
for fu rth er  15 minutes; thereafter the reaction  m ixture is cooled to  room  
tem p eratu re under steady stirring for 4 and a h a lf  hours.

T he m ixture is stored for 12 hours at about 0 °C, then filtered and dried. 
In certa in  cases the solvent is rem oved b y  freeze-drying, in which case an  
am orphous w hite powder is obtained.
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Analysis by gas chromatography

G as-liquid chrom atography is th e  m ost suitable m ethod for determ ining  
th e  com position o f  th e  original, as well as o f  th e  com plexed essen tia l oils or 
flavou r substances. Since th e  ta ste  and aroma properties are d ecisively  in flu ­
enced not only by  th e  presence o f  th e  various com ponents but also b y  their  ratio, 
it  w as essential to  stu d y  w hether th e  com ponents incorporated in to  the  
com plex are present w ith  th e  same com positions as found in th e  original arom a

F ig . 4. G as-liqu id  ch ro m a to g ra m  of free a n d  /З-cyclodex trin -com plexed  on io n  oil. C olum n: 
4 f t ,  p a ck e d  w ith  10%  U C W  982 on C arh o p ack , i|„ j: 250 °C, *f id : 300 °C, tCoIumn: p ro g ram m ed  

from  8 0 — 250 °C a t  10 °C /m in, c arrie r gas: N 2 a t  20 m l/m in

Л. У
Dill oil Aroma in complex

F ig. 5. G as-liquid  ch ro m a to g ra m  o f free a n d  /?-cyclodextrin -com plexed  dill oil. P a ra m e te rs :
as in  F ig . 4
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substances. The practical use o f these com plexes is decisively influenced by  
th is circum stance.

The analyses h ave b een  carried out on H ew lett-P ack ard  5830-A  ty p e  ap­
paratus. Figures 4 and 5 show  the chrom atogram s obtained. Since no reference 
substances o f adequate p u r ity  were available for all com ponents, the retention  
tim es observed at th e  resp ective chrom atographic parameters were used to  
characterize the ind iv id u al com ponents. The resu lts for some aroma substances 
and their  com plexes are show n in Table I. A s seen, all the major com ponents 
are found nearly in th e  sam e relative am ount in  th e  com plex as in th e  original 
oil; th u s th ey  are exp ected  to  elicit the sam e effect in  th e  organs of sense.

Table I

Lemon oil

R eten tion  tim e i о// • \ y\rea, /0(mm)

Original oil Complex Original oil Complex

2.47 2.47 1.881 1.715

3.79 3.82 0.405 0.641

4.15 4.19 75.782 75.905

4.60 4.63 6.001 (citral) 6.936

5.75 5.75 3.706 3.812

6.71 6.77 4.670 (citronellol) 4.593

7.29 7.31 4.321 4.433

7.89 8.01 0.846 1.007

11.99 12.00 0.723 0.750

13.40 13.52

Garlic

1.865

oil

0.208

R eten tion  tim e 
(m in)

A rea, %

Original oil Complex O riginal oil Complex

1.13 1.06 0.179 0.097

1.31 1.29 (diallyl d isu lfide) 81.292 78.986

3.06 3.10 0.086 0.138

3.21 3.20 0.180 0.219

3.48 3.51 17.212 18.715

4.17 4.12 0.011 0.312

6.25 6.25 0.780 0.812

9.82 9.80 0.031 0.186

13.63 13.60 0.026 0.120

17.35 17.39 0.111 0.208

18.10 18.07 0.092 0.172
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A lly l mustard oil

Retention tim e 
(min)

Area, %

Original oil Complex Original oil Complex

1.13 1.25 0.079 0.009

1.39 1.38 0.080 0.350

1.61 1.60 (a lly l iso th iocyanate) 97.157 94.438

3.61 3.40 0.020 0.013

8.36 8.39 0.086 0.375

8.70 8.69 0.065 0.174

9.33 9.31 0.038 0.657

9.55 9.52 1.706 0.033

13.22 13.66 0.770 1.592

M arjoram  oil

R etention  tim e 
(min)

Area, %

Original oil Complex Original oil Complex

1.95 2.00 1.637 1.539

2.37 2.41 5.959 5.833

2.86 2.90 25.997 26.038

3.31 3.33 14.753 15.011

3.67 3.67 3.156 3.237

4.09 4.12 1.277 0.993

4.71 4.69 20.254 21.037

5.74 5.70 3.774 3.700

6.25 6.26 2.350 2.407

7.88 7.91 3.685 3.557

8.74 8.80 1.877 1.902

9.57 9.61 3.625 3.790

10.22 10.22 4.791 5.007

12.64 12.90 2.903 7.903
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P epperm in t oil

Retention tim e 
(min)

A rea, %

Original oil Complex Original oil Complex

4.68 4.66
i

(a-pinene) 0.480 0.412

5.24 5.24 (/5-pinene) 1.023 1.091

5.93 5.98 (lim onene) 6.174 6.170

6.60 6.66 (1,8-cineole) 1.569 1.069

7.29 7.30 0.555 0.496

7.59 7.61 (m enthofu ran ) 18.868 19.000

7.91 7.90 (m enthol) 59.490 67.102

9.59 9.59 9.318 4.006

11.05 11.12 0.595 0.020

11.43 11.46 (isom enthone) 1.748 0.608

12.70 12.67 0.126 0.057

14.56 14.50 0.056 0.020

Tarragon oil

R etention  tim e 
(min)

A rea, %

Original oil Complex Original oil Complex

2.83 2.83 1.853 1.801

3.53 3.30 0.276 0.328

3.79 3.81 0.093 0.090

4.09 4.12 22.829 (phellandrene) 23.000

6.17 6.17 0.016 0.012

6.45 6.43 74.714 (m ethy l- 74.542

chavicol)

10.47 10.49 0.031 0.031

11.65 11.63 0.031 0.052

12.90 13.01 0.143 0.122
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D ill oil

R etention  tim e 
(min)

A rea, %

Original oil Complex Original oil Complex

2.29 2.35 0.862 0.902

2.97 3.00 (lim onene) 15.578 15.731

3.21 3.21 34.934 34.957

3.79 3.75 0.143 0.156

4.84 4.87 6.455 6.720

5.01 5.09 2.073 2.130

5.43 5.51 (carvone) 37.880 38.439

8.56 8.59 0.628 0.697

11.02 11.14 0.920 0.831

16.73 16.69 0.577 0.437

Study of the crystalline complexes

No connection is recognized betw een th e  stab ility  o f th e  com plex in 
solution  and its crystallizability  — i.e. its solubility . A com plex o f  low  stab ility  
in  solution m ay be readily separated in crystalline form if  it  is poorly  soluble, 
and a com plex o f high stab ility  in dissolved state  occasionally cannot be sepa­
rated  in crystalline form : e.g.only a m ixture o f cyclodextrin and guest m ole­
cule is recovered instead  o f the com plex on freeze-drying. Therefore, after the 
iso lation  o f a crystalline product it  is always questionable, w hether it is on ly  a 
sim ple m ixture o f cyclodextrin  and the guest m olecule, or it  can be regarded 
m ore or less as a com plex. The com plexes possess m ost rarely a str ic tly  sto i­
chiom etric com position thus the determ ination of the guest m olecule contents 
o f the product indicates the form ation of a com plex only when th e  guest m ol­
ecule was an easily vo latile  flu id  [6]. During the drying o f the crysta lline pro­
duct th e  volatile guest m olecules vanish if  th ey  are not enclosed in  a com plex. 
The form ation o f a sim ple crystal inclusion is o f course also possib le, b u t in 
such cases considerably less guest m olecules can be entrapped th an  in  a com ­
plex.

The cyclodextrin  inclusion com plexes form usually so t in y  crystals that 
one cannot decide even  b y  m icroscope w hether their structure is crystalline  
or am orphous. A  decisive proof for the crystalline structure is supplied  b y  the 
X -ra y  diffraction pattern. C yclcdcxtrin gives a well defined X -ray  diffraction  
pow der diagram w ith  sharp peaks; oils have no crystalline structure, therefore 
th e y  show  no X -ray  diffraction. Should the registered pattern o f th e  product 
ob ta in ed  significantly differ from  the X -ray  diffraction pattern o f cyclodextrin , 
th is  is considered a piece o f evidence for the form ation of a crystalline com plex.
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T he crystalline structures o f  complexes form ed b y  guest molecules o f the  
sam e size are similar (e.g. m onoterpene-containing essential oil com plexes). 
On th e  diffractograms o f severa l similar com plexes th e  individual peaks appear

F ig . 6. X -ra y  d iffrac tion  p o w d e r  p a t te rn  (registred  on  a P h ilip s  1*\Y 1060 d iffrac to m ete r) 
o f /?-cyclodextrin  in c lu s io n  com plexes o f su lfu r-co n ta in in g  a rom atics

F ig . 7. X -ray  d iffrac tio n  p o w d e r  p a t te rn  (registred  on  a  P h ilip s  P W  1060 d iffrac to m e te r 
o f  /9-cyclodextrin  com plexes o f f la v o u r  substances c o n ta in in g  m ain ly  terpene  co m ponen ts

m ore or less at the sam e angle values. In the com plexes of sulfur-containing  
oils (garlic and onion oil) related  crystal structures can be observed too , but 
th e  diffractogram s differ sign ifican tly  from those o f  the com plexes containing  
terp en e-typ e guest m olecules (Figs 6 and 7). In  th e  case of relatively  small 
g u est molecules exam ined so far (with the guest m olecule being located entirely  
in sid e  th e  cyclodextrin c a v ity ) , diffractograms o f sim ilar type have been  ob-
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served. F a tty  acids, how ever, give a com pletely  different ty p e  o f  diffrac- 
togram  [7]; it  m ay be assum ed th at the sm all guest molecules form  a “ cage’4 
ty p e  and the long fa tty  acid m olecules a “ channel” type lattice [8].

The crystalline com plexes are characterized by a water content o f  about 
7%  (the crystal water content o f  /З-cyclodextrin  is about 13% ). The com plexes 
w ith  a w ater content below  2%  produced by freeze-drying are am orphous, also 
their  diffraction powder pattern consists on ly  o f  diffuse bands [9].

Such obvious m ethods as, e.g., infrared spectroscopy are not su itab le to  
prove cyclodextrin com plex form ation in solid  products. The characteristic  
bands o f cyclodextrin, constitu ting  80 to  95%  of the com plex, do n o t change 
sign ificantly  on inclusion com plex form ation. In the characteristic bands of 
th e  guest molecule (5 — 20%  of the com plex) usually  there is a change, but this 
rem ains in m ost cases unperceivable, because the bands are superim posed by  
th ose  o f  cyclodextrin.

As a m atter o f fact, com plex form ation can m ost appropriately be proved  
b y  those m ethods which supply  inform ation about the stab ility  o f  th e  com- 
plexed  m olecules.

Thermostability o f the complexes

For investigating the therm al stab ility  o f  the com plexes th e  T A S tech ­
nique (Therm om ikro-Abtrenn- und Applikationsverfahren), elaborated by  
S t a h l  [10], proved to  be th e  m ost suitable. This m ethod provides a well 
appreciable qualitative pattern about the stab ility  o f the inclusion com plexes  
o f volatile  substances.

The substance to  be tested  is heated in  a glass tube, th e  on ly  ou tle t of 
w hich ends in  a capillary. Som e substance supplying water vapour (starch, 
silica gel, etc.) has to  be present beside the m aterial to  be tested  as th e  proce­
dure is essentia lly  a steam  distillation. The crystal water content o f  cyclo ­
dextrin  inclusion com plexes is sufficient for th is  purpose, no extra w ater source 
is needed.

The studies have been carried out w ith  an apparatus constructed  in  our 
laboratory at tem peratures from  60 °C to  300 °C; the rate o f heating  up was 
10 +  2 °C per m inute. The evaporated products stream ing out th rou gh  the  
capillary form deposits on a tliin-layer chrom atographic plate placed directly  
to  th e  end o f the capillary. B y  periodical m oving of the plate the com ponents 
released and evaporated are collected on different spots for every  20 °C in ­
terva l. The com ponents released at various tem peratures are d evelop ed  on 
K ieselgel G plates w ith so lvent benzene: ethylacetate  90 -f- 10. V isu a liza tio n ; 
SbClg in chloroform, heating at 110 °C.

Practically  all com ponents o f  marjoram oil appear in the vapour phase 
already at 100 °C; the chrom atogram s are com pletely hom ogeneous betw een
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120 and 300 °C, no particu lar decom position occurs under the effect o f  heat 
(F ig . 8). A t 100 °C th e  sim ple m ixture supplies four com ponents, and at 120 °C 
th e  spectra of the oil is com plete; at this tem perature all com ponents get into  
th e  vapour phase. A t 240 °C, however, the vo la tile  oil suffers a change (m ost 
lik e ly  i t  decom poses), because a substance — otherw ise absent from th e oil — 
appears in  a considerable q u an tity  next to th e  startin g  point; sim ultaneously, 
certain  com ponents d isappear in  the domains o f  Rf  0.6 to  0.8. During th e  h ea t­
in g  o f  th e  /3-cyclodextrin com plex o f m arjoram oil, volatile com ponents ap-

F ig . 8. TA S ch ro m ato g ram  o f m a r jo ra m  oil (8a), o f a m ix tu re  o f m arjo ram  oil an d  /?-cvclodextrin  
(8b) a n d  m arjo ram -/?-cyclodex trin  in c lu s io n  com plex (8c)

peared first at 160 °C, i.e. up  to  this tem perature no loss of the com plexed in ­
gredients is probable. U p to  300 °C no considerable decom position was observed  
either, on ly  a loss in  hydrocarbons (<x- and /З-pinene Rf 0.97) was conspicuous.

During the heating  o f  tarragon oil at 100 °C all com ponents appear in  
th e  chromatogram; a n o tab le  thermal decom position  cannot be observed as 
com pared with the original oil. A simple m ixture o f  the oil and /З-cyclodextrin  
g ives practically all com ponents at 120 °C, b u t a slight relative enrichm ent of 
m eth ylch av ico l (Rf 0.40) and  phellandrene (Rf 0.93) can be observed on the  
chrom atographic p late . A  perceivable decom position  occurred at 250 °C as 
show n b y  the presence o f  a new com ponent appearing around th e  starting  
p o in t. The com plexed tarragon oil delivers on ly  a sm all am ount o f phellandrene  
at 120 °C, and further tw o  com ponents are released at 140 °C. All m ajor com ­
pon en ts appear only a t 160 °C. At a higher tem perature (250 °C) th e  chrom a­
togram  can no longer be evaluated  because o f  m arked decom position (F ig . 9).

Similar results h ave been  obtained in th e  therm ofractionation studies of 
other flavour substance com plexes. It  can be sta ted  th at there is a considerable  
difference between th e  therm ostability  o f th e  inclusion com plexes and the
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simple m ixtures, which proves the fact o f com plex form ation; on th e  other 
hand, essential oils stabilized  b y  inclusion com plex form ation are considerably  
more resistant to therm al effects than  th e  non-com plexed oils.

Tarragon oil Mixture of tarragon and (3-CD j Tarragon -ß-CD complex

Fig. 9. TA S ch rom atogram  of ta r r a g o n  oil (9a), o f  a m ix tu re  o f ta rra g o n  oil a n d  /3-cyclodextrin 
(9b) an d  tarrag o n -/9 -cy cio d ex trin  inclusion  com plex (9c)

Study o f the protection against oxygen

The oxidative transform ations characteristic of essential oils bring about 
a considerable “ ageing” effect also in oils cut off from the oxygen  o f  air, through 
the oxidation—reduction processes disproportionation occurring betw een the 
individual com ponents o f  th e  oil. This is, however, a slow , retarded  process. 
E ssential oils decompose m uch more rapidly, if  they  get into perm anent con­
tact w ith  th e  oxygen of air.

The protecting effect o f  com plexation  against oxygen  w as studied by 
com paring th e  oxygen consum ption of com plexed and non-com plexed  essential 
oils b y  W arburg’s m ethod.

Pure oxygen was perfused for one m inute through W arburg’s vessels 
containing the samples to  be tested; th e  system  was then  c losed , put in a 
therm ostat and the oxygen  consum ption was registered at 37 °C.

The original oils were p laced in th e  vessel adsorbed on a filter  paper disc. 
Brodie’s solution  was used as th e  m anom eter liquid (density  a t 37 °C 1.033 
g/cm 3). Figures 10 and 11 show  th e  am ount o f oxygen consum ed b y  1 m g of free 
or com plexed oil as a function  o f tim e. A s seen in the figures, com p lex  forma­
tion  considerably decreased th e  oxygen  uptake o f both th e  m onocom ponent 
benzaldehyde and the m ulticom ponent lem on oil; the oxygen  u p tak e o f the 
com plexed substance is generally  less th an  10% of the value characteristic of 
the non-com plexed substance.
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T he thin-layer chrom atography of ox id ized  sam ples obtained after 
W arburg’s oxidation exp erim en ts, when using specific  reagents, allows to  
draw  conclusions about th e  character of changes w h ich  have occurred under

F ig . 10. T h e  oxygen u p ta k e  o f b e n za ld e h y d e  and /З-c y c lo d e x tr in  com plexed b en za ld eh y d e  
in  pu re  oxygen a tm o s p h e re  a t  37 °C, m easu red  b y  W a rb u rg ’s m eth o d

F ig . 11. T h e  oxygen u p tak e  of le m o n  oil and  /З-cyclodextrin  c o m p lex ed  lem on o i ljn ’p u re  oxygen  
a tm o sp h e re , m easu red  by W arb u rg ’s m e th o d

th e  effect of oxygen. For d etectin g  the unsaturated  com ponents, a fluores­
cein  brom ine reagent, and for peroxides a ferrous su lfate-rhodanide reagent 
w as used  [11].

A s seen from Table I I , th ere are no peroxides in  th e  original lem on oil. 
A fter oxidation , the com p lex  has one, and the oil four sim ilar com ponents. In
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a

f
Anethole 0 , / 7 2 h / /

Anethole - BCD

F ig. 12. Gas c h ro m a to g ram s of anethole (1 2 a ), o f an e th o le  k e p t in pu re  o x y g en  fo r 72 h o u rs  
(12b), o f anetho le-/?-cyclodextrin  in c lu sio n  com plex  (12c) and  th e  an eth o le-/?-cy clo d ex trin  
in c lu sio n  com plex k e p t  in  p u re  oxygen fo r  72 h o u rs  (12d). C olum n: 3 m  p ack ed  w ith  10%  N P S 
o n  C hrom osorb  W  sil. 60/80 m esh, i inj: 250 °C, iF| D: 220 °C, tC0[umn =  100 °C fo r 4 m in , 

h eatin g  to  200 °C a t  8 °C/min, 200 °C fo r 10 m in , c a rrie r gas =  N 2 a t  20 m l/m in

T ab le  I I

Characterization o f  the products form ed  fro m  lemon oil 
and its cyclodextrin com plex under the effect o f  oxygen 

(Solvent m ix tu re  : b e n z o l: e th y l ace ta te  (95 : 5) 
o n  silica  gel G-60)

Peroxides
(Fe-rhodanide reagent)

Lem on oil, 
original

R e-extracted from the 
complex after oxidation

Lemon oil, 
oxidized

0.40 - j- +
0.29 +
0.10 +
0.00 +

U nsa tu ra ted  compounds 
(fluorescein-brom ine reagent)

0 .8 0 —0.82 + +
0.75 + +
0 .6 3 -0 .6 6 + +

0 .5 0 -0 .5 5 + +
0.46 + +
0 .4 0 -0 .4 2 +
0.35 + +
0 .2 8 -0 .3 0 + +
0.20 + +
0.0 -f- +
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th e  original oil 10 unsaturated  com pounds can be distinguished; after ox id a­
tio n  there are eight in  th e  com plex, and on ly  three rem aining in the uncom - 
p lexed  oil.

Figure 12 shows th e  gas chrom atogram s o f anethole and the anethole-/?- 
cyclod extrin  com plexes, b oth  before and after storing them  for 72 hours in  
oxygen  at room tem perature.

I t  is seen th a t th e  protection of anethole against oxygen can be accom ­
plished w ith  good effic ien cy  b y  inclusion com plex form ation.

Dim inution of volatility

The vo la tility  o f  anethole was studied b y  therm ostating free anethole, 
an eth o le  adsorbed on glucose, and the anethole-/3-cyclodextrin com plex at 70, 
80 and 90 °€  in n itrogen stream . The transferred anethole was absorbed in  
ice-cool m ethanol. The tim e-dependence o f  v o la tility  established from th e  
anethole concentrations b y  spectrophotom etry is show n in Fig. 13.

W hile in the case o f  anethole (A) and anethole adsorbed on glucose 
(А -Gl) a notable am ount o f  aroma escaped at all th e  three tem peratures, ane­
th o le  release from th e  /З-cyclodextrin  com plex w as observed only at 90 °C, 
and even  then w ith  a strongly  reduced rate.

F ig . 13. V o la tility  o f a n e th o le  a t  v a rio u s te m p e ra tu re s  as a  fu n c tio n  of tim e (A =  an e th o le ; 
A-G l =  an e th o le  adso rbed  on  glucose; A-BCD =  /? -cyclodex trin  inclusion  com plex of an eth o le).
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Reduction of the loss of arom a substances in  aqueous solutions

In  studying th e  loss of arom a substances from  aqueous so lu tion s, the  
concentrations o f  /?-cyclodextrin and o f anethole were m aintained at a level 
where y et no precipitation of solid  com plex  occurred. Stability  w as studied  
w ith  0.45, 0.9 and 1.8 mole /?-CD/mole anethole. (The /?-CD concentration  o f  
th e  solution  was 0.16, 0.32 and 0.65% .)

The decrease o f  anethole concentrations in  the percentage o f  th e  starting  
value, as a function  o f tim e and o f  the ß-CD: anethole molar ratio, is show n  
in  F ig. 14.

F ig . 14. Loss o f a n e th o le  on  stirring  a n e th o le -c o n ta in in g  aqueous cy c lo d ex trin  so lu tio n s  o f 
v a rio u s co n cen tra tio n s a t  30 °C in  a n  op en  beaker

The anethole concentration decreased to  68%  of the original va lu e during  
5 hours in  the ^-CD-free solution, whereas in presence of 0.9 and 1.8 m ole of 
/?-CD/mole anethole, th e  decrease w as less th a n  5% .

P lottin g  th e  loss of anethole at fix ed  tim e intervals versus th e  /?-CD 
concentration, it  can be seen th a t above 0.9 m ole /5-CD/mole anethole th e  
curves reach a lim it value. Thenceforth th e  anethole loss is v ery  low  and  
rem ains constant independently from  th e /3-CD concentration.

This is considered as further evidence for th e  complex form ation , w ith  
nearly 1 : 1 molar ratio, in solution .

Loss through storage

The loss o f  arom a during storage cond itions teas studied as follow s. 
Various flavour substances were stored in open  Petri dishes for a longer period  
at room  tem perature, either absorbed on glucose, or in the form o f /3-CD in clu ­
sion com plexes. Sam ples were taken  from  tim e to  tim e and the con ten t o f  their  
arom a substance w as determined. The loss o f  anethole as a function o f tim e is 
show n in Fig. 15, and th at of vanillin  in F ig. 16. The amount of adsorbed ane­
th ole  decreased to  6%  of the original value in  14 days, while in th e  case o f  the
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F ig . 15. L oss o f an e th o le  as a  fu n c tio n  of tim e  in  th e  case  o f anethole ad so rb ed  on  g lucose’ 
s to re d  a t  ro o m  te m p e ra tu re  in  a n  op en  P e tr i  d ish  a n d  fo r  th e  anethole  cy c lo d ex trin  co m plex

day

F ig . 16. Loss o f v an illin  in  th e  case o f v an illin —glucose m ix tu re  stored a t  room  te m p e ra tu re  
in  an  op en  P e tr i  d ish  and  fo r th e  v a n illin —cy clo d ex trin  com plex

com plexed  anethole 82%  was retained after 25 days. Yanillin — being a crysta l­
line substance — vanished from  the m ixture com pletely  after about 240 days, 
w hereas in  the com plex 81%  remained unchanged  for two years.

Results

The aroma substances whose /З-cyclodextrin  complexes have been  pre­
pared are shown in Table I I I .

The guest m olecule content of the inclusion complexes — determ ined b y  
gas-liq u id  chrom atography — was betw een 8 and 13% . All com ponents im por­
ta n t for the arom atizing effect have becom e incorporated in the com plex  in  all 
cases w ith  practically unaltered com position o f  th e  flavour substance; th ere­
fore th eir  characteristic taste  and practical app licab ility  remained unchanged. 
The X -ra y  diffraction powder patterns of th e  com plexes differred sign ifican tly  
from  th e  X -ray diffraction pattern of /З-cyclodextrin , proving the form ation  
of a different crystal la ttice , thus ind irectly  th e  formation of an inclusion  
com p lex . D ecisive proofs for the com plex form ation have been supplied  by
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T able  I I I

Complexed substance
Guest molecule content o f 
the /9-CD complex in 

per cent
(determined by GLC)

B ay  le a f  oil (Laurus nobilis) 10.80

Basil oil (O cinum  basilicum) 10.72

P ep p e rm in t oil (M entha p iperita ) 9.70

L em on oil (C itrus medica) 8.75

Anise oil (I llicu m  verum  Hook, fil.) 9.00

Sw eet cum m in oil (F oeniculum  dulce) 10.00

C innam on oil ( C innam onum  cassia  B lum e ) 8.76

G arlic oil (A lliu m  sativum ) 10.20

Fum e arom a (syn thetic) 12.20

T hym e oil (T h ym u s  sp.) 9.60

C arro t oil (D aucus carota) 8.82

C araw ay oil ( Carum carvi L .) 10.50

C oriander oil ( Coriandrum sativum  L .) 7.72

Dill oil (A n eth u m  graveolens) 6.92

Lovagé oil (Levisticum  officinale) 4.35

M arjo ram  oil (M ajorana hortensis) 8 .0 0

R a sp b e rry  oil (R ubus idaeus L .) 8 .6 6

M u sta rd  oil (S in a p is  alba) 10.92

O range oil (C itrus aurantium ) 9.20

B enzaldehyde 8.70

T arrag o n  oil (A rtem isia  dracunculus) 10.23

V anillin  (syn the tic ) 6.20

O nion oil ( A lliu m  сера L .) 10.20

Celery oil ( A p iu m  graveolens) 10.00

Sage ( Salvia  o ffic ina lis  L .) 8.20

the results o f  th e  stab ility  tests o f th e  com plexed  aroma substances. S tab ility  
against oxygen  was studied by W arburg’s m ethod , and the product after o x y ­
gen treatm ent was further analyzed by gas chrom atography and th in -layer  
chrom atography. The oxygen uptake o f th e  com plexed flavour substances  
under sim ilar conditions is only about 10%  o f  th a t of the non-com plexed  
substances. S tab ility  against heat w as stud ied  b y  th e  “TAS” tech n iq u e and 
pyrolytic gas-liq u id  chrom atography. W hile th e  m ajority of the com p on en ts  
of the flavour substances are rather volatile  and readily evaporate at about 
100 °C, the com plexed com ponents start to  get released only above 160 °C. 
W hen testin g  th e  vo la tility  in an inert gas stream , practically no v o la tility  
was observed in the case o f the com plexes up to  a tem perature of 100 °C.
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T h e cyclo dextrin inclusion com plexes o f  flavour substances are su it­
able for th e  preparation o f flavouring com positions in  the form o f pow ders or 
ta b le ts , to  be used in households, production u n its  for mass catering, etc. The  
preparations are stable, th eir  com positions rem ain  unchanged for a lon g  tim e, 
and th e y  can be standardized. The results o f fo o d  processing experim ents w ith  
cy c lo d ex tr in  com plexes w ill be reported in  another paper. The elaboration  
o f p rod u ction  technologies on industrial scale and toxicological stud ies re­
quired for th e  registration are in  progress.

*

T h e  a u th o rs ’ th an k s  a re  due to  Dr. K . Sim on  (C h in o in , D e p a rtm en t o f P h a rm a c e u tic a l 
R e se a rc h )  fo r  th e  X -ra y  d iffrac tio n  p a tte rn s ; to  J .  H a r a n g i (B iochem ical I n s t i tu te  o f  th e  
U n iv e rs i ty ,  D ebrecen) for th e  g a s- liq u id  ch ro m a to g rap h ic  s tu d ies .
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To c h a ra c te riz e  th e  effic iency  o f p o ly e th e rs  as s a lt-e x tra c tin g  c a ta ly s t, l iq u id -  
liq u id  eq u ilib riu m  m easu rem en ts  w ere  c a rried  o u t. T h e  n a tu re  o f th e  end g ro u p s an d  
th e  average  m o lecu la r  w eigh t a re  show n to  decide  th e  p o w er o f a linear p o ly e th e r  as 
p h ase -tra n sfe r  c a ta ly s t.

Compounds com plexing alkali ions like crown ethers can serve as phase- 
transfer ca ta lysts [1]. I t  is known th a t non-cyclic polyethers m ay be used ju st  
as w ell as m acrocyclic ones [5 —10].

Though th e  theoretical foundation  o f phase-transfer catalysis was laid  
more than 10 years ago [2—4 ], a m onograph [17] in  1977 qualified the factors  
affecting phase-transfer catalysis as undeveloped. Researches on th is subject 
have been started  ju st in the recent years [11 — 16].

Experim ental

M ateria ls

P o ly e th y len e  glycol sam ples w ere com m ercial p ro d u c ts  su p p lied  b y  F lu k a ; th e  o th e r  
p o ly e th e rs  were p re p a re d  in our lab o ra to ry .

D istribution m easurem ents fo r  the sodium  salt

In  a cell th e rm o s ta te d  a t  25 ±  0.5 °C, 4 cm 3 o f a n  aq u eo u s so lu tion  of sod ium  2,4-di- 
n itro p h e n o la te  (c =  25 m g/cm 3) and  10 cm 3 of benzene  w ere s tir re d  fo r 1 h. T he p h ases w ere  
se p a ra ted , an d  th e  e x tin c tio n s  of th e  so lu tio n s , m easu red  a t  к =  370 nm , w ere used  to  d e te r ­
m in e  th e  sa lt co n ce n tra tio n s .

D eterm ination  o f  the d istribu tion  coefficients o f  the polyethers

D istilled  w a te r  (5 cm 3), benzene (8 cm 3) an d  th e  p o ly  e th e r  (2 g) w ere s tirred  a t  25 ±  0.5 °C 
fo r  1 h. T he phases w ere  sep a ra ted  a n d  sam pled .

T he sam ples w ere  w eighed, e v a p o ra te d , an d  th e  resid u e  w as d ried  to  a c o n s ta n t w e ig h t 
a n d  weighed.
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T h e  q u o tie n t

is g iv e n  as th e  d is trib u tio n  coefficien t [Cg a n d  (.\\  a re  th e  p o ly e th e r c o n ce n tra tio n s  (% )  in  th e  
b e n ze n e  a n d  aqueous phase , re sp ec tiv e ly ].

T h e  complex stability constant v a lu es w ere m ea su re d  in o u r la b o ra to ry  a n d  p u b lish ed  
p re v io u s ly  [6, 7].

R esults and D iscussion

T he purpose o f th is research was to  investigate the efficiency o f  p o ly ­
e th y len e  glycols and their derivatives as phase-transfer cata lysts. To achieve  
th is  end , first we measured th e  distribution o f sodium 2,4-dinitrophenoIate 
in  b enzene water system s w ith  and w ithout th e  addition o f polyether.

A n increase of the equilibrium  salt concentration in benzene was found if 
p o ly eth er  was added. For a com parison o f the efficiencies, we used th e  same 
w eig h t (0.10 g) of different cata lysts.

T he results thus obtained are p lotted  in Fig. 1 for three typ es o f  p o ly ­
ethers.

T he curves o f efficiency related to  th e  unit o f mass exhib it a m axim um . 
In th e  cases investigated  so far it is at about n — 13.

T ig . 1. C o n cen tra tio n  of sod ium  2 ,4 -d in itro p h e n o la te  in  th e  benzene phase  vs. av erag e  m olecula
w eigh t
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The com plexing power o f these polyethers show s an increasing ten d en cy  
w ith  th e  average m olecular weight [6, 7]. Seeking effects leading to  th e  m axi­
m um , we compared th e  distributions o f the polyethers between benzene and 
the aqueous phase w ith  th e  com plexing ab ility  o f  the polyethers. These data  are 
listed  in Table I.

The data in T able I  show  that the com plexing power and the distribution  
coefficient are affected  b y  the average m olecular w eight in an opposite w ay. 
O bviously, both a h igh concentration in the organic phase and a good com plex­
ing power are advantageous, thus these properties m ay lead to  a m axim um  
salt-extracting effic ien cy  in the range o f the m edium  average molecular w eights.

The effect o f  th e  ca ta lyst concentration w as investigated  b y  varying the  
w eight of the cata lysts in  th e  process described above. The results are show n  
in F ig  2.

F ig. 2. C o n cen tra tio n  o f so d iu m  2 ,4 -d in itro p h en o late  in  th e  benzene phase  es. q u a n ti ty  o f
c a ta ly s t
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Table I

Properties o f  a ,  (o-symm etrically disubstituted polyoxyethylenes

E nd  group M K' mole W C ---- 3cm3

200 44 3.9 • 1 0 -3 9.2

300 100 3.7 • 1 0 - 3 9.8

400 180 2.3 - 1 0 - 3 8.6

600 360 < 2  • 1 0 - 3 10.4

H O -
1000 760 < 2  • 1 0 - 3 6.0

1500 1230 < 2  ■ 1 0 - 3 7 2

2000 1900 < 2  ■ 1 0 - 3 4.4

4000 4.6

6000 6.5

20000 7.3

300 14 11.4 27.8

/  \ 600 71 1.67 82.5

1000 290 0.32 7.2

2000 1200 3.3 ■ i o - 2 2.4

200 3 212 8.6

300 11 126 9.5

/ — \ 400 31 118 17.0

(oV-o- 600 74 31 25.2vri/ 1000 230 CO О 1 18.4

1500 480 2.8 • 1 0 - 1 10.8

2000 650 1.5 • 1 0 - 1 64

O th e r  p h ase -tran sfe r c a ta ly s ts

Benzo-18-crown-6 1.6 • 10* 7.3 300

T ricap ry lm eth y l am m onium

chloride — 5400

N o ca ta ly s t 5.5

M  =  av erag e  m olecular w eigh t o f th e  po lyethy lene  glycol s ta rtin g  m ateria l 
j  =  s ta b il i ty  constan t o f th e  N a + com plex o f th e  p o ly e th e r [6, 7] 
j ,=  d is tr ib u tio n  coefficient o f th e  p o ly e th e r be tw een  benzene and  w ater 
w

C  =  co n ce n tra tio n  of sodium  2 ,4 -d in itro p h en o la te  in  th e  benzene phase  u n d e r  th e  above- 
m en tio n ed  circum stances, in  th e  presence of 0.10 g o f po lyether
T h e  s ta b ility  co n stan ts w ere m easu red  u n d e r c ircum stances d ifferen t from  th o se  of th e  

d is t r ib u t io n  coefficients, b u t  can  be  used  to  show  th e  ten d en cy  of th e  com plexing p ow er
A  sm all ex tinction  w as fo u n d  w ith o u t an y  c a ta ly s t, due to  th e  phenolate. T h e  co n cen tra ­

t io n  ca lcu la te d  from  th is va lue  is show n  in T ab le  I  m ark ed  “ no ca ta ly st”
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Conclusions

In vestigation  o f the efficiency o f  polyethers in phase-transfer b y  m easur­
ing their effect on th e  distribution o f a sodium  salt betw een benzene and w ater, 
has led us to  th e  follow ing conclusions.

(a) P o lyethylene glycols have a rather poor effect as sa lt-ex tractin g  
cata lysts.

(b) Their salt extracting power can be m arkedly im proved b y  end group  
substitution .

(c) End groups suitable for th is  purpose should shift th e  d istribution  to  
the organic phase while leaving th e  com plexing power as high as possible.

(d) V arying th e  average chain length  o f  the catalysts con ta in in g  the  
sam e end group, a m axim al efficiency is obtained in the range o f  th e  m edium  
average m olecular w eights (n =  13 for —O H , N-piperidyl and p h en oxy  
end groups).

Am ong th e  linear polyether derivatives investigated  so far th e  best 
ones have a cata lytic  power in salt extraction  which is com parable w ith  th at  
of benzo-18-crown-6.

*

T he a u th o rs  a re  in d eb te d  to  P rof. I .  R u szná k  fo r h is help  in  every  re sp ec t, to  M r. S. B o- 
zsó fo r tech n ica l a ssistan ce , to  M r. B . Á g a i fo r p re p a rin g  th e  benzo-18-crow n-6 sam p le , a n d  to  
th e  N a tio n a l C o m m ittee  fo r T echnical D ev elo p m en t fo r a  fin an c ia l su p p o rt o f th is  re sea rch .
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FLAVONOIDS, XXXIII*
R E A C T IO N  O F  2’-O R -C H A L C O N E  D IB R O M ID E S  W IT H  

C Y C L O H E X Y L A M IN E . S Y N T H E S IS  AN D  T R A N S F O R M A T IO N S  
O F  C H A L C O N E  A Z IR ID IN E S * *

G y . L i t k e i , T. M e s t e r , T . P a t o n a y  and R . B o g n á r

( In s titu te  o f  Organic C hem istry , K ossuth Lajos U n iversity , 
Debrecen)

R ece iv ed  A pril 27, 1978 

A ccep ted  fo r p u b lic a tio n  A ugust 24, 1978

2’-O R -chalcone ( la ) ,  th e  chalcone  dibrom ides 2a, b, as w ell as th e  a-brom o- 
chalcone 3a re a c t w ith  cy c lo h ex y lam in e  to  give a m ix tu re  o f  cis- (4 a , b) an d  trans- 
az irid ines (7a, b). C om pound 7 a  is n o t s ta b le  and is sp o n ta n eo u s ly  tran s fo rm e d  into 
th e  tau to m eric  enam ine 6a.

T he reac tio n  of 4a w ith  a b ase  o r t r e a tm e n t of 4b w ith  tr if lu o ro a c e tic  acid  gave 
au ro n e  (9), w hereas 3 -cycloh ex y lam in o flav an o n e  (11) was o b ta in e d  as th e  m ain  p roduct 
w hen  6a or 7b w ere tre a te d  w ith  a b ase  o r bo ro n  trifluoride  e th e ra te , re sp ec tiv e ly .

T he ex p erim en ta l re su lts  p ro v e  th a t  th e  earlier a s su m p tio n  concern ing  the 
m echanism  of th e  reac tio n  w as co rrec t.

Our former studies [1, 2] have shown that 3-cyclohexylam inoflavanone  
and 2-benzalcoum aranone (aurone) are formed when 2’-0 R -ch a lco n es or 2’-0R -  
-chalcone dibromides (R =  H , R =  COCH3) are allowed to  react w ith  cyclo­
hexylam ine in the presence or in the absence of iodine, resp ective ly . It has 
been supposed th at these reactions proceed via isomeric chalcone aziridine 
interm ediates, however, no evidence has been presented for th is  assum ption. 
U nder similar conditons 2 ’-O R -derivatives (R =  CH2CeH 5 or CH2OCH3) 
gave cis- and trans-l-cyclohexyl-2-phenyl-3-(2’-O R -benzoyl)-ethyleneim m e  
(4b, 7b) isom ers. It has been established th at hydrochloric acid in  abs. ether 
does not rem ove the protecting group o f the aziridine isom ers, th u s cyclization  
to  C-3 substituted  flavanone cannot occur.

In  th is paper we report our new  results in connection w ith  th e  synthesis 
and transform ations o f 2 ’-O R -chalcone aziridines.

Synthesis o f 2 ’-O R -chalcone aziridines

The reactions o f  2 ’-tosy loxychalcone (la )  with iodine—cyclohexylam ine  
com plex [3] under the conditions described previously [2], as w ell as the 
treatm en t of the chalcone dibrom ide 2a or the a-brom ochalcone 3a w ith  cyclo-

* P a r t  X X X I I : R. B ocnáb, J .  B álint  a n d  M. R ákosi : A nn. 1977, 1529 
** A p a r t  o f  th is  w ork  w as p re se n te d  a t  th e  Conference of th e  H u n g a r ia n  Chemical 

S o c ie ty , D ebrecen , 23 — 26 A u gust, 1977
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О

о

C'fiHs

R C6Hit 

6a, b

a R = 4-CHn— C.HtSOj 

b К = С Н 8С»Нб
Scheme 1

h ex y la m in e  in abs. benzene resu lted  in two main products, 4a and 5a. Accord­
in g  to  TLC exam inations, th e  ratio  of these tw o com pounds was cca. 2 : 8 .  
T he m ain  component 5a cou ld  b e isolated by fractional crystallization.

In  anhydrous m ethanol th e  dibromide 2a gave also a m ixture of 4a and  
5a  w ith  cyclohexylam ine, h ow ever , in this case th e ir  ratio  was found by TLC 
to  b e cca. 8 : 2 ;  here 4a w as separated  by fractional crystallization . W hen the
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reaction o f 2a was conducted in a more concentrated solution for a longer pe­
riod o f tim e, the reaction m ixture contained 4a and the a-brom ochalcone 3a. 
A t the sam e tim e the dibrom ide 2b w ith  cyclohexylam ine in anhydrous m etha­
nol gave 90%  o f 4b.

In agreem ent w ith  data in  the literature [4] spectroscopic in vestigations  
showed th at the structure o f  4a and 4b is c is-l-cycloh exy l-2 -p h en yl-3 -(2 ’-OR- 
-benzoyl)-ethyleneim ine. In  contradiction w ith  our expectation , spectroscopic  
exam inations revealed th a t com pound 5a was not a trans isom er w ith  structure  
7a. In its IR  spectrum  the v C =  0  frequency was found at 1680 C m '1 and, 
in  addition to the com plex m ultip let o f Ar-H  and and the CH 3 signal,
a CH2 singlet appeared at d — 3.40 ppm in its NM R spectrum . These results 
show  that com pound 5a has th e  structure o f 2 ’-tosy loxy-a-(cyclohexylim ino) 
dihydrochalcone. A t the sam e tim e the broad N H  signal at 6 =  2 .65 ppm  
suggests an equilibrium m ixture containing 5a together w ith  the tautom eric  
2 ’-tosyloxy-*-(cyclohexylam ino)-chalcone (6a), the ratio being cca. 70 : 20 in 
deuterochloroform . Our recent exam inations have shown that trans- 1-cyclo- 
hexyl-2-phenyl-3-(2 ,-benzyloxybenzoyl)ethyleneim ine (7b) also ex ists  in a 
tautom eric equilibrium , contain ing the corresponding enam ine 6b.

Several authors have observed the transform ation o f trans-aziridines into  
enam ines. H e i n e  et al. [5] converted 2,3-dibenzoylaziridine into th e  corre­
sponding enam ine w ith  glacial acetic acid. A  sim ilar rearrangem ent w as ob­
served when 2,3-dibroinopropionitrile was treated  w ith benzylam ine in  th e  pres­
ence o f triethylam ine [6], and it  was supposed th a t the conversion o f the  
interm ediary aziridine d erivative w as facilitated  by the quaternary am m onium  
brom ide during the reaction . According to the above-m entioned resu lts it  can 
be supposed th a t as a result o f  the attack of cyclohexylam m onium  brom ide on

Scheme 2

Acta Chim. Acad. Sei. H ung . 101, 1979



th e  aziridine ring, the trans-aziridine 7a — the presum able interm ediate formed 
from  chalcone la  — transform s into the enam ine 6a via sequence 7a —>- 8a. 
Our other experim ents h ave shown that the reaction  o f the enam ine 6a w ith  
cyclohexylam m onium  brom ide gives the a-brom ochalcone 3a, as well.

T hese experim ental fa c ts  indicate that th e  stab ility  o f trans-aziridines (7) 
is determ ined by the nature o f  the protecting group ’R , at position 2 ’. I f  it is 
b en zy l or m ethoxym ethyl, o n ly  a slight conversion into the enam ine 6 occurs, 
w hereas the transform ations is complete in  th e  case o f the to sy l derivative. 
The steric properties o f  th e  protecting group p lay  no part in the direction o f the  
reaction , thus it is presum ably  determined b y  th e  electronic character o f the 
2 ’-O R  group. N am ely, e lectron  withdrawing groups decrease the electron  
d en sity  at the carbonyl carbon atom, whereas protecting groups o f electron  
releasing character stab ilize  th e  trans-aziridine ring through a hyperconjugative  
in teraction  [7] including th e  carbonyl group o f increased electron density.

The ratio of the products formed in the reaction of the 2 ’-0R -chalcone  
dibrom ides 2a and 2b is also influenced by th e  nature o f the solvent. In  dry 
b enzene the main product is th e  trans-aziridine 7b or the enamine 6a — formed 
from  7a — whereas in abs. m ethanol the m ain product is the cis-aziridine 
4a , b. Several authors [13, 14] have reported on th e  dependence o f th e  ratio 
o f  th e  form ed aziridine isom ers on the nature o f th e  solvent, and the m echanism  
o f th ese  reactions has also b een  discussed.

56 L ITK EI et al.: REACTION OF 2’-OR-CHALCON'E DIBROMIDES W ITH CYCLOHEXYLAMINE

Transform ations of 2’-O R -chalcone  
aziridines w ith  acidic and alkaline reagents

Ita lian  authors [8] h a v e  reported recently  th a t the reaction o f both cis 
and trans-l-cyclohexyl-2-phenyl-3-(2’-benzyloxybenzoyl)azirid ines (4b and 7b) 
w ith  trifluoroacetic acid (T F A ) resulted in the sam e product, 2,3-frans-3-cyclo- 
hexylam inoflavanone (11). W e established th a t the cis-aziridine (4b) gave 
aurone (9) as the main p rod u ct, whereas th e  reactions o f the trans isom er (7b) 
resu lted  m ainly in 3-cyclohexylam inoflavanone (11).

TLC exam ination show ed that a sm all am ount o f 3-amino- and 3-hy- 
droxyflavon e were also form ed in both cases. On th e  other hand, the reaction of 
b oth  4b and 7b with boron trifluoride etherate gave m ainly com pound 11.

N either com pound 4a  nor the isom eric 5 a —6a reacted w ith  T FA  or 
B F 3-etherate under th e  cond itions described above. E thanol containing con­
cen tra ted  hydrochloric acid  did not rem ove th e  protecting group and 4a, 4b 
5a and 7b transformed in to  th e  corresponding diketone 10. I t  can be supposed 
th a t  protonation of b oth  th e  cis (4a, b) and trans isomers (7b) lead to  the for­
m ation  o f the enamine 6 , w h ich  on hydrolysis gives tautom ers o f a-hydroxy- 
chalcone (10). W hen using  glacial acetic acid , sim ilar results were obtained.
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Scheme 3

P reviously we have reported [2] th a t th e  aziridine ring o f 4b and 7b can be 
cleaved w ith hydrochloric acid in dry ether, hut form ation o f  th e  dione 10 
could not be observed.

Scheme 4
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Com pounds 4b or 7b do n o t  react with sodium  hydroxide. Reaction o f 4a  
w ith  eth an olic  sodium h y d ro x id e  results m ainly in  aurone (9) even at room  
tem p eratu re , whereas the equ ilibrium  mixture 5a 6a  gives 11 as the m ain  
p rod u ct, converting to 3-cyclohexylam inoflavone (12) in  a secondary reaction.

T h ese  experimental fa c ts  prove that our earlier assum ptions [1, 2] for 
th e  m echanism  of the reaction  were correct. The reaction  o f 2’-hydroxy- or 
2 ’-acetoxychalcone w ith cyclohexylam ine in the presence o f iodine, as w ell as 
th e  rea ctio n  of 2’-acetoxychalcone dibromides w ith  cyclohexylam ine, give th e  
corresponding cis- and trans-aziridines, from w hich aurone and 3-cyclohexyla- 
m in oflavan on e are formed as th e  main products in  secondary reactions.

Experimental

M .p .’s are uncorrected . T h e  I R  sp ec tra  were reco rd ed  w ith  U N ICA M  S P  200 G a n d  
P e rk in -E lm e r  283 in stru m en ts  in  K B r  pellets. The N M R  s p e c tr a  w ere recorded w ith  a Je o l 
M H -1 0 0  (100 M Hz) in s tru m e n t w i th  sam p le s  in  CDC13 u sin g  T M S as in te rn a l s ta n d a rd . TLC  
in v e s tig a tio n s  were carried o u t  o n  K iese lge l 60 F  254 (M erck ), u s in g  to lu e n e -e th y l a c e ta te  
( 8 : 1 )  m ix tu re  for developm ent.

2 ,-T osyloxychaloone dibroinide (2 a )

2’-Tosyloxychalcone ( l a )  [9] (0 .0 5 3  mole) was d isso lv ed  in  g lacial acetic  acid  (100 m l) 
a n d  a f te r  th e  addition  of p y rid in e  h y d ro b ro m id e  pe rb ro m id e  [10] (0.063 mole) th e  re ac tio n  
m ix tu r e  w a s  stirred  for 2 h. I t  w as t h e n  p o ured  into w a te r a n d  th e  p ro d u c t w hich p re c ip ita te d  
w as re c ry s ta ll iz e d  from  abs. m e th a n o l-p e tro le u m  e ther to  y ie ld  2 a  (90% ), m .p. 113— 115 °C.

C22H 18B r20 4S (538.25). C aled . B r  29.69. Found B r 29.76°/0 .

T rans»2’-tosyloxy-a-brom ochalcone (3 a )

(а )  2’-Tosyloxychalcone d ib ro m id e  (2a) (0.01 m ole) w as t r e a te d  w ith  an hydrous so d iu m  
a c e ta te  (0 .025 mole) in  abs. JV ,iV -dim ethylform am ide (30 m l) a t  90 °C for 3 h. T he re ac tio n  
m ix tu re  w as  d ilu ted  w ith  w a te r  a n d  th e  p roduct w hich p re c ip i ta te d  w as recrysta llized  fro m  
e th a n o l  to  o b ta in  3a (85% ), m .p . 1 3 8 — 140 °C.

(б) 2’-Tosyloxychalcone d ib ro m id e  (2a) (0.005 m ole) w as d isso lv e d  in  a n hydrous m e th a n o l 
(50 m l)  a n d  tre a te d  w ith  m e th a n o l s a tu r a te d  w ith d ry  a m m o n ia  g as . T he m ix tu re  was allow ed 
to  s t a n d  in  a refrigerato r for 24 h . T h e  p re c ip ita te  was filte red  o f f  a n d  recry sta llized  fro m  m e th a ­
no l to  g iv e  3a (90% ) m .p. 138— 140 °C.

C22H 17B r0 4S (457.38). C aled . B r  17 .47 ; S 7.01. F o u n d  B r  1 7 .5 3 ; S 7.05% .
I R  : v C = 0  1666 c m -1 .
N M R  : ő (p p m ): 2.23 (s, 3 H , CH 3). The signal o f is o v e rla p p ed  by  th e  a ro m a tic  

p ro to n s .

T raris-2’-benzyloxy-a-brom ochalcone (3 b )

C o m p o u n d  2b (0.01 m ole) w a s  t r e a te d  w ith a n h y d ro u s  so d iu m  ace ta te  (0.025 m ole) in  
30 m l o f  abs. lV ,]V -dim ethylform am ide a t  90 °C for 3 h. T h e  m ix tu re  was th en  p oured  in to  
w a te r  a n d  th e  syrupy  p ro d u c t w as  e x tr a c te d  w ith e th e r. T h e  e th e re a l  lay e r was w ashed  w ith  
w a te r ,  d r ie d  an d  evapora ted  a n d  th e  re s id u e  was c ry sta llized  f ro m  e th a n o l to afford  3b (4 5 % ), 
m .p . 70  — 72 °C.

C22H 17B rO , (393.27). C aled . B r  20.31. Found B r 2 0 .4 0 % .
I R :  C = 0  1665 c m - 1.
N M R  : ő (p p m ): 5.04 (s, 2 H , C H 2). T he signal is o v e r la p p e d  by  th e  a ro m atic  p ro to n s .
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2 ’-T osy loxy-a-(cyclohexylim ino)d ihydrochalcone 
(5 a ) aiid c is-l-cy c lo h ex y l-2 -p h en y l-3 -(2 ’-tosy loxybenzoyl)azirid ine  (4 a )

(а) To a so lu tion  o f 2’-to sy lo x y ch a lco n e  ( l a )  (0.02 m ole) in  d ry  b en zen e  (30 m l) was
ad d ed  b y  d ro p s a so lu tio n  o f iod ine  (0.02 m ole) a n d  cyclohexy lam ine  (0.06 m o le ) in  benzene 
(100 m l). A fte r  s tirrin g  for 24 h  th e  p re c ip ita te d  sa lts  w ere filte red  off a n d  th e  f i l t r a te  was 
w ash ed  w ith  w a ter, d ried  a n d  e v a p o ra te d  to  d ry n ess. T L C  e x am in a tio n  a n d  N M R  in v estig a ­
tio n  show ed th a t  th e  m ix tu re  co n ta in ed  cca. 20%  o f 4a . R ep ea ted  re c ry s ta ll iz a tio n s  of the 
resid u e  fro m  p e tro leu m  e th e r  gav e  p u re  5a, m .p. 104 106 °C.

C,8H 290 4NS (475.57). C alcd. N 2.94. F o u n d  N  2 .93% .
I R  : v C = 0  1680 c m -1 .
N M R : 6 (p p m ): 3.38 (s, 2H , CH2) ;  2.66 (b ro ad  N R ) :  2.33 (s, 3H , C H 3) ; 0 .7 8 -2 .0  

(co m p lex  m u ltip le t, Cfii / n ).
(б) A suspension of 2a  (0.005 m ole) in  abs. m e th a n o l (30 m l) was a llow ed  to  s ta n d  w ith 

cy clo h ex y lam in e  (0.015 m ole) in  a re frig e ra to r fo r 4 d ay s. T h e  p rec ip ita te  w as f i l te re d  o ff and 
th e  f i l t r a te  w as w ashed w ith  w a te r , d ried  and  e v ap o ra te d  to  dryness. TLC  a n d  N M R  ex am in a­
tio n s  show ed th a t  th e  m ix tu re  co n ta in ed  m ain ly  th e  cis-isom er 4a  c o n ta m in a te d  b y  5a. 
R e c ry s ta lliz a tio n  from  p e tro leu m  e th e r  y ie lded  4a  (8 0 % ), m .p . 115— 117 °C.

C„8H 290 4NS (475.57). C alcd. N 2.94. F o u n d  N 2 .95% .
I R :  v C = 0  1692 c m “ 1.
N M R : Ő (p p m ): 3.15 (s, 1H , H a ) : 3.0 (d, 1H , H o ) ; 2.32 (s, 3H , C t f 3) ; 0 .8 — 1.9 (m, 

C6H n ), J H a,Hß 8 Hz).
(c) R eac tio n  of 2a  in  abs. JV ,JV -dim ethylform am ide as described above re s u lte d  in  a 1 : 1 

m ix tu re  o f  4a  an d  5a.
(</) 2’-T osy loxy-a-b rom ochalcone  (3a) (0.05 m ole) w as allow ed to  re a c t w i th  cyclohexyl­

am in e  (0.1 m ole) in benzene (25 m l) w ith  s tirrin g  fo r 24 h. W o rk -u p  of th e  re a c tio n  m ix tu re  in 
th e  u su a l m an n e r gave a c ru d e  p ro d u c t w hich  c o n ta in ed  4a  and  5a in  a  ra tio  o f  9 : 1.

A urone (9 )

(a) T h e  cis-aziridine 4b (0.04 m ole) [2] was tre a te d  w ith  triflu o ro ace tic  a c id  (8 m l) under 
n itro g e n  a tm o sp h ere  for 24 h. T h e  re ac tio n  m ix tu re  w as d ilu te d  w ith  e th e r  a n d  th e  e theral 
la y e r  w as w ashed  w ith  w a te r  a n d  aqueous sod ium  h y d ro g e n  ca rb o n a te  a n d  f in a lly  dried. 
E v a p o ra tio n  gave a yellow  sy ru p y  residue w hich c o n ta in ed  m ain ly  th e  a u ro n e  a n d  3-hydroxy- 
f lav o n e  acco rd ing  to  TLC. A u ro n e  (9) w as se p a ra ted  on  a K ieselgcl 40 co lum n (M erck) using  a 
8 : 1 b e n ze n e -e th y l a ce ta te  e lu a n t  sys tem . R ecry s ta lliza tio n  o f th e  crude p ro d u c t  f ro m  aqueous 
m e th a n o l y ie lded  pure  9, m .p . 102 104 ° C ; lit. [12] m .p . 108 °C.

3 -C yclohexylam inoflavanone (11)

(а) T he Irans-azirid ine  7b (0.001 m ole) [2] w as tre a te d  w ith  tr if lu o ro ac e tic  acid  (2 m l)
fo r 24 h  u n d e r n itrogen  a tm o sp h e re . W o rk -u p  of th e  re ac tio n  m ix tu re  as d e sc rib ed  ab o v e  for 9 
gave  a  c ru d e  sy ru p y  m ix tu re  o f 3 -cy clo h ex y lam in o flav an o n e, 3 -h y d ro x y flav o n e  a n d  3-am ino- 
f lav o n e  TLC . T his m ix tu re  w as c ry sta lliz ed  from  abs. e th a n o l to  y ield p u re  11 (5 5 % ), m .p. 
103 105 °C ; lit. [1] m .p . 9 8 - 1 0 0  °C.

(б) A  m ix tu re  o f th e  c is-az irid ine  4b (0.001 m ole) [2] and  boron  t r if lu o r id e  e th e ra te  
(1 m l) in  abs. benzene (40 m l) w as re fluxed  fo r 2 h . A fte r  cooling, th e  m ix tu re  w as w ashed 
w ith  w a te r , d ried  and e v ap o ra te d . T he sy ru p y  residue  w as th e n  tre a te d  w ith  h y d ro c h lo r ic  acid 
in abs. e th e r. T he p ro d u c t w as fo u n d  to  be in d en tica l w ith  th e  h y droch lo ride  o f  th e  flav an o n e  
11 (2 5 % ), m .p . 1 8 0 -1 8 1  ° C ; lit. [1] m .p . 1 8 0 -1 8 1  °C.

(c) A n analogous re ac tio n  o f th e  trans-azirid ine  7b re su lted  in  20%  of th e  h y d ro ch lo rid e
o f 11.

T he m ixed  m .p. of th e  p ro d u c ts  an d  th e  a u th e n tic  sam ples show ed no d ep ress io n .

2’-T osy loxy-a-hydroxychalconc (10)

(a) T he cis-aziridine 4a  (0.002 m ole) w as d issolved in  abs. e th an o l (20 m l) a n d , a f te r  the  
ad d itio n  of cone. HC1 (0.1 m l), th e  m ix tu re  w as boiled fo r 2 h. T he so lven t w as th e n  e v ap o ra te d  
an d  th e  residue  dissolved in  benzene. T he organic so lu tio n  w as w ashed w ith  w a te r ,  d ried , and 
e v a p o ra te d . C ry sta lliza tion  o f th e  residue  from  m e th a n o l y ie ld ed  52%  of 10, m .p . 140 — 142 °C. 
T h e  p ro d u c t gave positive  co lou r re ac tio n  w ith  e th an o lic  fe rric  chloride so lu tio n .
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(6) A  m ix tu re  of 5a an d  6 a  (0 .001  m ole) was allow ed to  r e a c t  w ith  glacial a ce tic  acid  a t  
ro o m  te m p e ra tu re  for 2 d ays. T h e  re s id u e  obtained a f te r  e v a p o ra tio n  was c ry sta llized  fro m  
m e th a n o l  to  give 10 (90% ), m .p . 141— 142 °C.

C„.,H180 5S (394.42). C alcd. S 8 .12 . F ound  S 7 .89% .
I R  : v O H  3380 c m - 1 ; v  C = 0  1660 cm -1.

3-Cyclohexylam inoflavone (1 2 )

A  m ix tu re  of 5a and  6a (0.001 m ole) was allowed to  r e a c t  w ith  sodium  h y d ro x id e  (0.002 
m ole) in  abs. e thano l (20 m l) in  a re fr ig e ra to r  for 24 h. T he m ix tu re  was d ilu ted  w ith  benzene, 
th e  o rg a n ic  lay e r was w ashed, d r ied  a n d  evapora ted  to  give a c ru d e  p ro d u c t w hich  w as re c ry s­
ta ll iz e d  fro m  abs. m ethano l to  y ie ld  58%  of 12, m .p. 119— 121 ° C ; lit. [2] m .p. 120— 122 °C.
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S Y N T H E S IS  A N D  S P E C T K O SC O PIC A L  ST U D Y  O F C /S -T R IM E T H Y L E N E -,
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G. B e RNÁTH, F .  FÜ LÖ P, G y . J e RKOVICH1 and P . S o h á r 1

( Institu te  o f  Organic C hem istry, J ó zse f A ttila  U niversity , Szeged,
1Research In s titu te  fo r  Pharm aceutical Chem istry, B udapest)

R ece iv ed  J u ly  17, 1978 

A ccep ted  fo r  p u b lica tio n  A u g u st 25, 1978

2-(p-C hloropheny l)-eis-5 ,6 -trim ethy lene-, cis- an d  trans-5,6 -te tra -  a n d  p e n ta -  
m eth y len e -2 ,3 ,5 ,6 -te trah y d ro -l,3 -o x az in e -4 -o n es (2 a —e )h a v e  been p re p a re d  fro m  c is-2- 
h y d ro x y -l-cy c lo p e n tan e ca rb o x am id e , an d  from  cis- an d  fr< m s-2 -hydroxy-l-cyclohexane- 
a n d  1 -cyclo h ep tan ecarb o x am id e  ( l a  e), re sp ec tiv e ly , by  re ac tio n  w ith  p -ch lo ro b en z- 
a ld eh y d e . U nder id en tica l re ac tio n  conditions, rin g  c losure did n o t ta k e  p lace  w ith  
traras-2 -h y d ro x y -l-cy c lo p en tan ecarb o x am id e . F ro m  th e  alicyclic  2 -h y d ro x y -l-c a rb o x -  
am id es lis ted  above, som e 2 -d isu b s titu te d  te trah y d ro o x a z in e  d e riv a tiv e s  (4 a , b, 5 a —e) 
h a v e  also been p rep ared  w ith  ace to n e  or alicyciic k e to n es. T he in te ra c tio n  o f  th e  2- 
h y d ro x y -1 -ca rb o x am id es l a —e w ith  p a ra fo rm ald eh y d e  gave  th e  b is - te trah y d ro o x a z i-  
n o n e  de riv a tiv es 3a — e c o n ta in in g  a m ethy lene  b ridge. T he fav o u red  c o n fo rm a tio n s  of 
th e  cis isom ers o f th e  l a t te r  com p o u n d s were d e te rm in ed  fro m  th e  PM R  sp e c tra  ; m ass 
sp e c tra m e tric  s tud ies a re  also discussed .

Introduction

In  the course o f our earlier work on the synthesis and conform ational 
analysis o f  bicyclic saturated heterocycles w ith condensed skeleton contain ing  
tw o  hetero atom s, the synthesis and conform ational analysis o f  eis-trim ethylene- 
[1L cis- and trons-tetram ethylene- [2] and pentam ethylene-2 ,3 ,5 ,6-tetra- 
h y d ro -4 if-l,3 -o x a z in es [1], cis- and trans-4,5-tetram ethylene- and penta- 
m ethylene-2 ,3 ,4 ,5-tetrahyd ro-6H -l,3 -oxazines [1, 2] and the related  tetra- 
m ethylene- and pentam ethylene-l,3 -oxazine-2-ones [3, 4] have been studied . 
Cis-S,6-trim ethylene-, cis- and trans-5,6-tetram ethylene- and p entam ethylene-
5,6-dihydropyrim idin-4(3FI)-ones have also been synthesized [5, 6 ]. The 
conform ation o f the former derivatives was investigated  by PM R  spectroscopy; 
in the case o f some derivatives X -ray  diffraction analysis was also used [7 — 9].

* P a r t  X X X 1 Y : B ernáth , G ., F ülöp, F ., Mészáros, Z., H ermecz, I., T óth , G . : 
J .  H e tero cy clic  Chem. 16, 137 (1979)

** P a r t  X I : F ülöp, F ., H erm ecz, I .,  Mészáros, Z., D ombi, Gy ., B er n á t h , G . : 
J .  H e tero cy clic  Chem. 16, 457 (1979)

*** P re sen ted  in  p a r t  in  th e  le c tu re  o f J erkovich , Gy ., Sohár, P ., B e r n á t h , G., 
F ülö p , F ., a t  th e  m eeting  o f th e  H u n g a ria n  C hem ical S o c ie ty  in  V eszprém , A u g u s t 8, 1975 
(See, P roceed ings, p. 133)
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In  the present paper th e  syntheses o f 2-substituted-cis-5 ,6-trim ethylene-, 
cis- and  trans-5,6-tetram ethylen e- and pen tam eth y len e-2 ,3 ,5 ,6 -tetrah yd ro-l,3 -  
oxazine-4-ones (2 ,4 ,5 )  and o f  the related sym m etric  bis-oxazinone derivatives  
con ta in in g  a m ethylene bridge (3) are described and studies on the IR , PMR  
and MS spectra of th e  la tter  typ e of com pounds reported. The purpose o f  the 
sy n th esis  o f these com pounds has been not on ly  th e  conform ational analysis 
o f  saturated  heterocycles b ein g  extensively stu d ied  stereochem ically tod ay  [10], 
b u t also a pharm acological exam ination of th e  synthesized  group o f com pounds. 
Since there are anti-in flam m atory, antipyretic and analgesic agents am ong 
th e  analogous benzoxazinone derivatives [11], i t  appeared desirable to  pre­
pare [12] and exam ine pharm acologically [12, 13] a series o f the corresponding  
sa tu rated  analogues and hom ologues, larger th a n  th a t discussed in  the present 
paper. The stereochom ogeneous cis and trans series o f hom ologues m ade also 
p ossib le  to  investigate th e  relationship betw een th e  chem ical and stereochem i­
cal structure and pharm acological action.

Synthesis

In  the synthesis o f  th e  model com pounds in the course o f our earlier 
stu d ies  on N  —>- 0  acy l m igration, cis-2-hydroxy-l-cyclopentanecarboxam ide  
( la )  [14] and cis- and trans-2-hydroxy-l-cyclohexanecarboxam ide (lb , Id) [15] 
appeared as interm ediates. These com pounds, as w ell as cis- and trans-2- 
h yd roxy-l-cycloheptanecarboxam ide ( lc , l e )  [4] y ielded w ith  p-chlorobenzal- 
d eh yd e the corresponding stereohom ogeneous b icyclic  tetrah ydro-l,3 -oxazine-  
-4-ones (2a-e) in sa tisfactory  yields, when reflu xed  in dioxane m edium  in the  
presence o f catalytic am ou n ts o f acid. In accordance w ith  our earlier results 
on trares-l,2-d isubstituted-l,3-b ifunctional cyclopentane derivatives [14, 16], 
cycliza tion  could not be ach ieved under sim ilar conditions w hen the starting  
m ateria l was írans-2-hydroxy-l-cyclopentanecarboxam ide.

O.

+ I
CgJRCK//)

eis Irans

О

l a : n =  1 Id : n =  2
l b : n =  2 I e : n =  3
1 c : n =  3

2 a : n  =  1 2d : n  = 2
2 b : n =  2 2c : n =  3
2 c : n =  3
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W hen cis-2-hydroxy-l-cyclohexanecarboxam ide (lb ) w as allow ed to  
react w ith  p-chlorobenzaldehyde in m elt (bath  temperature 200 °C), a m ixture  
o f the cis and trans oxazinone (2b : 2d =  70 : 30) was obtained in  lh .  W ith  
increasing reaction tim e th e  decom position o f  the product becam e predom inat­
ing. N o isom erization w as observed during the heating o f th e  cis-oxazinone  
2b at 200 °C. Isom erization did not occur during the therm al cyc liza tion  of 
trans-2-hydroxy-l-cyclohexanecarboxam ide (Id) either. Therm al cyclization  
o f the hom ologues w ith cycloheptane skeleton ( lc , le )  showed resu lts similar 
to  the above m entioned ones.

О

3b: n =  2 
3 c: n =  3

О

3d: n =  2 
3 e : n =  3

Fig. 2

The form ation o f a polym eric substance w as observed during th e  reaction  
o f salicylam ide and form aldehyde [17, 18]. The reaction o f a licyclic  2-h yd roxy-  
-1-carboxam ides and form aldehyde y ielded  th e  bis compounds o f  ty p e  3. The 
form ation o f related com pounds w ith  m ethylene bridges had been  reported  
from 2-hydroxybenzylam ine [19] and 4,5-d im ethoxy-2-m ercaptobenzylam ine
[20]. In the course o f the condensation reaction , first a large excess o f  paraform ­
aldehyde was em ployed; how ever, also after reduction o f the am ou n t of 
paraform aldehyde to  even less than  the equivalent amount, on ly  products of 
typ e 3 could he isolated — in  a sign ifican tly  lower yield. There is a considerable  
difference in the reactivities o f  the cis- and trans-2-hydroxy-l-carboxam ide  
isom ers. Under identical conditions, in  th e  reaction of trans-2-h y d ro x y -1- 
-cyclohexanecarboxam ide (Id) and paraform aldehyde the trans-tetram etliylene  
isom er 3d w as formed in a y ield  more than  tw ice as high as th a t o f  th e  cis 
isom er 3b obtained from lb . The difference in the reactions o f the hom ologous
2-h yd roxy-l-cycloheptanecarboxam ides and paraformaldehyde w as lower, 
the y ield  o f the trans isom er being about 1.5 tim es higher than th a t o f  th e  cis 
isom er. W hen th e  starting m aterial w as trares-2-hydroxy-l-cyclopentanecar- 
boxam ide, no product o f cyclization  could be obtained with paraform aldehyde  
either.
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Table I

M elting poin ts, a n a lytica l data and yields o f  tetrahydrooxazinones o f type 2

Com­
pound

Formula
Molecular w eight

M.p., °c
Solvent

c

A nalysis, %  
C alculated 

F ound

H N

Yield,
о//о

с„н„сшо, 2 1 2 -2 1 3 62.03 5.60 5.56
aU 251.71 e th a n o l 62.04 5.60 5.41

c 14h 16c in o 2 170 63.30 6.07 5.27
265.73 * 63.39 5.99 5.30

C15H 18C1N0.2 222 64.40 6.48 5.00
279.75 * 64.53 6.62 5.01

C14H lrClNO, 1 9 1 -1 9 2 63.30 6.07 5.27
265.73 * 63.18 6.02 5.42

C15H 18C1N02 1 7 9 -1 8 1 64.40 6.48 5.00
279.75 * 64.46 6.71 5.14

* R ecrystallized  from  d iiso p ro p y l ether : e thano l = 2 : 1

Table II

M elting p o in ts , ana lytica l data and yields o f  bis-oxazinones o f  type 3

Com­
pound

Formula
Molecular w eight

M.p., °c
Solvent

C

A nalysis, % 
Calculated 

F ound

H N

Yield,
%

C15H,,„1N.,04 192 61.20 7.53 9.52 28Oit 294.34 ethanol 61.40 7.73 9.88

3b Ci7H26N20 4
322.39

1 5 6 -1 5 7
ether

63.33
63.26

8.13
8.35

8.69
8.52 30

3c ^19^30^2^4 1 3 7 -1 3 8 .5 65.11 8.63 7.99 31350.45 ether 65.02 8.82 8.10

3d C„H2eN A 1 9 2 -1 9 3 63.33 8.13 8.69 69322.39 ether 63.25 7.88 8.69

3e ^19^-30^2^4 1 1 0 -1 1 1 65.11 8.63 7.99 46
350.45 ether 65.22 8.81 7.87

F i s c h e r  et al. [21] obtained a tetrahydrooxazine derivative w ith  m .p. 
162 — 163 °C in the reaction  o f  acetone with 2-hydroxy-l-cyclohexanecarboxam - 
id e  o f  non-declared configuration; the con figu ration  o f the product w as not 
g iven  either. When th e  form er reaction was effected  using stereohom ogeneous 
l b  and I d ,  both the cis and  trans products o f  cyclization  had m elting points 
higher than that g iven a b ove  (4a: m.p. 169— 171 °C: 4b: m.p. 166 —169 °C); 
th e  m ixed melting p o in t w as 160 — 164 °C. T hus F i s c h e r  et al. m ust have
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obtained a tetrahydrooxazinone d erivative consisting of a m ixture o f  the  
cis and trans isom ers (4a, b).

4a: cis c*s trans

4b: trans 5 a : ii = 1, m =  1
5 b : n = 2, m =  1 5d  : 11 =  2, m  =  1
5 c : n  = 3, m =  1 5 c :  n =  3, m =  1
5 f : n  = 1, m — 2

F ig . 3

In  acetone containing 1% HC1, th e  condensation reaction took  place 
strikingly readily, in 1 — 2 h at room tem perature, or 15—20 min at 40 — 50 °C. 
The reactions o f  the 2-hydroxy-l-carboxam ides l a  e w ith alicyclic ketones  
were sim ilarly fast; in th is w ay the spiro derivatives 5a f  have been syn th e­
sized.

Tabic III

M elting po in ts , analytical data and y ie ld s o f  spiro-oxazinones o f  type  5

Com­
pound

Form ula
Molecular weight

M.p., °c
Analysis, % 

Calculated 
Found

Yield,
%

C H N

5 a c „ h 17n o 2
195.25

1 6 7 -1 6 8 67.66
67.65

8.78
9.00

7.17
7.22 79

5b c 12h 19n o 2
209.28 176 177 68.86

69.09
9.15
9.25

6.69
6.76 72

5c Cn H..jNO,
223.31 166 69.92

70.05
9.48
9.62

6.27
6.30 78

5d C12H ,9NO„ 
209.28 ' 205 206 68.86

69.08
9.15
9.26

6.69
6.54 83

5e Cn H.,iNO.,
223.31 162 163 69.92

69.92
9.48
9.50

6.27
6.28 77

5 f Cn H „N O „
223.31 169 170 69.92

70.01
9.48
9.57

6.27
6.21 66

* All p ro d u c ts  w ere recrysta llized  from  e th y l a ce ta te

5 A d a  Chim. Acad. Sei. H ung. 101, 1979
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IR , PMR and MS data

I t  has been established earlier that in related  saturated heterocycles w ith  
con d en sed  skeleton containing tw o hetero atom s, such as tr im ethylene-, 
te tram eth y len e- and p entam ethylenetetrahydro-l,3 -oxazin es [1, 2 ], te tra -  
m eth ylen e-l,3 -oxazin e-2 -on es [3], trim ethylene- and tetram eth ylen etetra- 
hydropyrim idin-4-ones [5], th e  favoured conform ation of the cis isom ers is  
the one in which the hetero atom  (nitrogen or oxygen) attached to the annel- 
la tio n  p o in t occupies axial p osition , and th e  m ethylene group or carbonyl 
group a ffixed  to the other annellation point is in equatorial position. As for­
m erly  p o in ted  out [2 2 —24], it  could be dem onstrated  by PMR and X -ra y  
d iffraction  measurements th a t the predom inating conformation o f th e  cis 
d er iv a tiv es  2a —c discussed in the present paper is analogous with the form er  
ones, th a t  is, the oxygen atom  and the carbonyl group are in the axial and  
in th e  equatorial position, respectively .

In  th e  present work th e  spectroscopic data  o f  the derivatives conta in ing  
m eth y len e  bridges (3 a — e) are reported.

T he IR  spectra o f com pounds 3a —e and 2a — e (Table IV) are very sim ilar  
ex cep t for the fact that in th e  former com pounds — in accordance w ith  the  
stru ctu res containing m ethylene bridges — there are no N H  bands, th u s no  
ab sorp tion  is observed at wavenum bers higher than  3000 cm -1 . H ow ever, 
there is  a very intense am ide I band betw een 1640 and 1660 cm -1 , and th is  
is sp lit  in  the trans isomers ow ing to  coupling o f  the tw o carbonyl v ibrations.

In  th e  PMR spectra (Table IV), the singlet signal of the bridge m ethylene  
group appears at high chem ical sh ift values (<5 ~  4 .9  ppm ), in accordance w ith  
th e  tw o  neighbouring am ide n itrogen atom s; its  in ten sity  is about h a lf o f  th at

Table IV

l i t  a n d  P M R  d a ta  o f  b is -o x a z in o n e s  o f  ty p e  3

'H - N M R  (CDC13), dTMS = 0 ppm

Com­
pound

Config­
u ra tion

IR (K Br), c m - 1 
amide-I

<5NCH,N <5 OCH2N
Tgern

^OCHgN
Hz

<5 0CH
AŐ OCH 

H z

3a c is 1640 4.85 s (2H ) 4.90 s (4H ) 4.30 m  (1H ) 15

3b c is 1660 4.86 s (2H) 4.90 s (4H ) 3.95 m  (1H ) 8

3d tr a n s 1660, 1640 4.85 s (2H) 5.02, an d  
4.89 (4H)*

8 3.45 m (1H ) 26

3c c is 1640 4.90 s (6 II) 4.00 m  (1H ) 20

3e tr a n s 1660, 1650 4.90 s (2H) 4.90, an d  
4.85 (4H )*

9 3.55 m  (1H ) 25

* C alculated from  th e  A B -q u a rte t
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of the m ethylene signal in the oxazine ring. The chemical sh ift o f  th is  signal is 
sim ilarly high, since the v icin ity  o f  the amide nitrogen and ether oxygen  
atom s exert a sim ilar effect on the v icinal m ethylene protons.

A certainly useful observation in the determ ination o f the configuration  
of compounds o f  typ e 3 -with unknown steric structure w as th a t  in the cis 
isomers the tw o m ethylene protons are isochronous* (they give a sin g let signal), 
while the trans isom ers produce an A B  quartet and the d ifference in their 
chem ical shifts is higher than 0.1 ppm . N otab ly , the geminal coup ling  constant 
is unusually low (8 — 9 H z), owing to  the effect o f the two neighbouring electron- 
w ithdraw ing heteroatom s [25a].

This is confirm ed by the characteristically different chem ical shifts and 
band widths o f the signals o f the bridgehead protons gem inal w ith  th e  oxygen  
atom  in the cis trans isom eric pairs. It follows that not only th e  3d e trans, 
but also the 3 a —c cis isomers are conform atively hom ogeneous system s.

F ig .  4

It can be deduced from the PM R spectra that o f the tw o possib le chair- 
-chair conform ations o f the cis-tetram ethylene derivative 3b th e  predom inating  
one contains the oxygen  and carbonyl group attached to  the annellation  points 
in axial and equatorial positions (3b’), respectively . Here the signal o f  the bridge­
head m ethine proton beside the oxygen  atom appears at a h igher 6 value 
and is much sharper in the cis isom er than in the corresponding trans one, 
unam biguously indicating the conform ation o f the cis isom er. In  the cyclo­
hexane derivatives and their hetero analogues it is a general rule th a t the chem­
ical shift o f the equatorial protons is alwrays higher than th a t o f  their axial 
analogues [25b]. Further, from the correlation between the v ic in a l coupling 
constants and the m agnitude o f the dihedral angle [26] the conclusion can be

* The chem ical equivalence of the m ethylene protons in the oxazinone ring of the cis  
isom ers 3a—c is an accidental identity  o f the resultants of the effects o f  th e  neighbouring 
groups.

5* Acta Chim. Acad. Sei. H ung. 101, 1979
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draw n th a t the equatorial-axial or diequatorial v ic in a l coupling constants are 
sig n ifica n tly  lower than  th e  diaxial  coupling con stan ts. In  accordance w ith  
th ese  fa c ts , the signals o f  th e  equatorial protons sp lit to  a smaller extent and 
overlap p in g  of the lines resu lt in  a smaller band w id th . The higher 6 value and  
th e  sharper signals thus e q u a lly  prove the equatorial position o f the CHO 
brid geh ead  proton. The favou red  conformation o f th e  cis-trim ethylene deriva­
t iv e  (3a) is analogous w ith  th e  former case. These favoured  conform ations are 
in  accordance with the earlier results obtained for related  compounds [1 — 5].

In  the PMR spectra o f  th e  cis- and irans-pentam ethylene derivatives  
3c and 3e, the differences in  th e  chemical shifts and band widths o f the CHO 
bridgehead  protons are sm aller th an  those observed in  th e  case of the cis- and  
irans-tetram ethylene isom eric pair 3b and 3d (on ly  0.45 ppm  instead o f 0.55  
ppm  and only 5 Hz instead  o f  18 Hz), which can be explained by the more 
f le x ib le  conformational con d ition s in 1,2-disubstituted cycloheptane derivatives  
[27 — 3 0 ]. On the basis o f  th e  analogous spectral data  o f the trim ethylene-, 
tetram eth y len e- and p en tam eth y len e derivatives, th e  conform ational rela­
tio n sh ip  o f the cis isomers (3a  — c) can be deduced, th ou gh  the conform ational 
equilibrium  in case of the p entam ethylene derivatives is not so strongly shifted  
to  th e  favoured conformer th a n  in case of the tetram eth ylen e derivatives. 
X -r a y  diffraction analysis o f  2-(p-chlorophenyl)-c£s-5,6-pentam ethylene-2,3,5,6- 
-tetrah yd ro-l,3 -oxazin e-4 -on e [23, 31], having a structure similar to 3c in 
solid  s ta te , has revealed th a t  th e  carbonyl group in  th e  hetero ring is equatorial, 
w hile th e  oxygen in CHO is isoclinal.

I t  can be stated from  th e  m ass spectra o f th e  cis isomers 3a—c that the  
ch aracter o f fragm entation d oes not depend on the num ber o f members o f the  
a licy c lic  ring. The base peak  in  th e  spectra is due to  cleavage o f the m ethylene  
bridge and the nitrogen atom  and the other product o f  the splitting also appears 
in  th e  spectrum  at a m ass h igh er by 14 units than  th e  base peak.

T h e molecular ion o f  th e  compounds is not sta b le , its relative in ten sity  
b e in g  2 — 6%. Figure 5 show s th e  main directions o f  th e  mass spectroscopic 
fragm entation  of the tr im eth y len e  derivative 3a. T he prim ary processes leading  
to  th e  appearance of the fragm en t ions take place m ain ly  by hydrogen rear­
ran gem en t. There is an asterisk  in  the figure where varia tion  o f the accelerating  
v o lta g e  results in the appearance o f a m etastable transition  corresponding to  
th e  elem ental steps given. In  general, intense m etastab le  peaks are observed, 
and th is  is characteristic o f  processes involving rearrangem ent.

T he ion formed th rou gh  release of water is rearranged to y ield  an ion  
w ith  a mass number o f 154, an d  one with 137; the la tter  is also formed by loss 
o f w a ter  from the ion w ith  m ass number 155 produced from the molecular ion  
th ro u g h  hydrogen rearrangem ent. On the basis o f  th ese  tw o processes it can  
be assum ed that the hyd rogen  rearrangement ta k es place between the tw o  
oxazin on e rings. The rearranged molecular ion is also responsible for the for-

A c ta  Chim . Acad. Sei. Hung. 101, 1979
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m a tio n  o f  the ion w ith m ass num ber 197, w h ich  undergoes decom position w ith  
th e  lo ss  o f  a neutral CO or HNCO molecule.

T h e  mass spectra o f  th e  cis derivatives 3b and 3c are in good agreem ent 
w ith  th e  m ass spectrum o f  3a. The only in ten se  ion not containing a ring 
appears a t the same mass num ber in all com pounds (m/e =  42) and, according  
to  th e  m etastable m easurem ents, it is form ed alm ost exclusively from  th e  ion  
w ith  m ass number 154.

T h e  mass spectra o f cis and trans isom ers w ith  identical num ber o f  ring 
m em b ers differ only in the in tensities of the peaks. It can be observed th a t in  
th e  sp ectra  o f the trans isom ers certain ions w hich  can be deduced by rearrange­
m en t appear w ith lower relative in tensity  th an  in the spectra o f  th e  corre­
sp o n d in g  cis isomers.

Experimental

M .p .’s were m easured w ith  a B o e tiu s m icro m eltin g  p o in t a p p ara tu s  and  were u n c o rre c te d . 
T h e  I R  s p e c tra  were recorded  w ith  a P erk in  E lm er 457 in s tru m e n t in K B r p e lle ts , a n d  th e  
P M R  s p e c tr a  w ith  a V arian  A -60D  sp ec tro m ete r in  CDC13. T he m ass spec tra  w ere o b ta in e d  
on  a  V a r ia n  MAT-SM-1 in s tru m e n t. T he e lem en tal co m p o sitio n s given were m ea su re d  w ith  
P F K  re fe re n c e  a t  a reso lu tion  of R  =  10,000. The d e v ia tio n  betw een th e  m easu red  a n d  ca lcu ­
la te d  m a sse s  is less th an  0.003 m ass u n its .

T h e  alicyclic 2 -h y d ro x y -l-ca rb o x am id es  l a —e u se d  as s ta rtin g  m ateria ls w ere p re p a re d  
as d e s c r ib e d  in  our earlier p ap ers  [4, 14, 15].

2-p-(C hloroplienyl)-cis-5,6-trim ethylene-2,3,5,6-tetrahydro-l,3-oxazine-4-one (2 a )

C o m p o u n d  la  (1.29 g ;  10 m m oles) and p -ch lo ro b en za ld eh y d e  (1.40 g ;  10 m m oles) 
w ere  d is so lv e d  in  anhydrous d io x an  (25 ml) an d  th e  so lu tio n  w as acidified w ith  e th a n o l s a tu ra te d  
w ith  h y d ro c h lo r ic  acid (2 drops). A f te r  re flux ing  for 20 h , th e  reac tio n  m ix tu re  was c o n c e n tra te d  
to  1/3 v o lu m e  w hereupon 2a c ry s ta lliz ed  (2.19 g ;  8 7 % ), m .p . 208 — 211 °C ; a fte r  re c ry s ta ll iz a ­
t io n  f ro m  e th a n o l, m .p. 212 — 213 °C.

A n a ly tic a l  d a ta  of co m p o u n d s o f ty p e  2 are su m m a riz e d  in Table I.

Thermal cyclization  of lb  with p-ehlorobenzahlehyde

C o m p o u n d  lb  (2.86 g ;  20 m m oles) and  p -ch lo ro b en za ld eh v d e  (2.81 g ;  20 m m oles) w ere 
a c id if ie d  w i th  sulfuric acid (1 d ro p ) a n d  k e p t a t 200 °C u n t i l  th e  calcu la ted  a m o u n t o f w a te r  
h a d  d is t i l le d  (ab o u t 1 h). T he p ro d u c t was ru b b ed  w ith  som e w a te r and filte red  off on  a glass 
f i lte r .  T h e  P M R  spectrum  of th e  c ru d e  p ro d u c t (3.9 g ;  7 3 % ) show ed an  isom eric r a t io n  cis 
(2 b ) : tra n s  (2d) =  70 : 30.

3 ,3 ’-M ethylene-di(cis-5,6-triinetliylene-2,3,5,6-tetrahydro-l,3-oxazine-4-one (3 a )

C o m p o u n d  l a  (1.29 g ;  10 m m oles), p a ra fo rm ald e h y d e  (1.2 g ;  40 m m ole-eq.) a n d  cone. 
s u lfu r ic  a c id  (0.1 ml) were re flu x ed  in  a n h y d ro u s d io x an  (30 h). T he solvent was th e n  e v a p o ra te d  
a n d  th e  re s id u a l  oil dissolved in  e th e r  ( 4 x  50 ml). T he e th e re a l so lu tion  was w ashed w ith  w a te r , 
d r ied  ( N a 2S 0 4) and  ev ap o ra ted  to  d ry n e ss  to  o b ta in  a  w h ite  c rysta lline  p ro d u c t (3a) (0.41 g ; 
2 8 % ), in .p .  186 — 189 °C. A fter tw o  rec ry s ta lliza tio n s  fro m  e th a n o l, m .p. 192 °C.

A n a ly tic a l  d a ta  of co m p o u n d s o f ty p e  3 are sh o w n  in  T ab le  II.
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Spiro c is-5,6-tctram ethylene-2,3,5,6-tetrahydro-l,3-oxazine-4-one-2,V -cyclopentane (5b)

Compound lb  (1.43 g; 10 m m oles) was dissolved in a freshly prepared m ixture of cyclo- 
pentanone (10 ml) containing 1% HC1. A fter standing for 24 h, the so lution  w as evaporated to 
dryness, the residue dissolved in  CHC13 (50 m l) and this solution was w ashed w ith  5% N aH C 03 
and water. After drying (N a„S04) it was evaporated to dryness to obtain the product 5b (1.5 g ; 
72% ), m .p. 169—173 ° C ; after recrystallization  from ethyl acetate, m .p . 176— 177 °C.

A nalytical data of com pounds of typ e  5 are shown in Table III.

2 .2 -Diniét livl-rds-5 ,6 -If tra m e th y le n e -2,3,5 ,6 -te tra h y d m -1,3-o x az in e -4 -o n e  (4 a )

It was prepared from  lb  in acetone containing 1% HC1 as described for 5b. After a 
reaction  tim e of 5 h the yield was 81% . After crystallization from ether, the product had m.p. 
1 6 9 -1 7 1  °C.

C10H 17NO., (183.24). Calcd. C 65 .5 4 ; H 9.35. Found C 65.45; H 9.46% .

2,2- Dim ethyl-/rim s-5 ,6 -tetra m ethylene-2.,3.5.6-tetru b yd ro-l,3 -oxazine-4-one (4b)

This com pound was prepared from Id  in a 5 h reaction, sim ilarly to 4a : the yield was 
79% ; recrystallization from ether gave m .p. 166 — 169 °C.

C10H l7NO., (183.24). Calcd. C 65 .54 ; H 9.35. Found C 65.66: H 9 .38°„ .
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The ring cleavage reactions o f chrom one, flavone, isoflavone, 3-m ethylchrom one  
and 3-phenoxychrom one in aqueous alkali h ave been studied.

R ing cleavage starts w ith  an isoentropic Adyv/2-type nucleophilic addition, 
which is also the rate-determ ining step. The carbanion (II) is then stabilized in accordance 
with the III IV equilibrium. The rate co n sta n t o f the ring cleavage reaction  is in a 
linear correlation with the therm odynam ic protonation  constant of the carbonyl group 
of the y-pyrone ring, which shows th a t the electron density at C-2 is greatly influenced  
by the electron distribution of the carbonyl group.

A lk alin e hydrolytic degradation is one o f  the im portant m ethods used for 
the structure elucidation o f naturally  occurring chromone derivatives [1]. The 
products o f  th is  reaction can he regarded as starting  materials for th e  synthesis 
o f  chrom one derivatives by ring isom erisation [2]. The com pounds form ed in 
the ring opening reaction also influence th e  com position of the reaction  m ixture  
of ca ta ly tic  hydrogenation [3] or ox id ative  degradation [4] carried out in 
alkaline m edium . The rate o f  the ring opening reaction and conversion is in­
fluenced b y  th e  type and position o f the su b stitu en ts, the state o f  ox id ation  of 
the chrom one ring, and the reaction conditions (temperature and alkali 
concentration) [5, 11].

In our previous papers the ring cleavage o f isoflavones w ith  various 
nucleophilic reagents has been reported [6—9, 11]. We found w ith  all the 
nucleophils studied so far th at ring cleavage was initiated b y  a relatively  
slow, A d ^ 2-type step, followed b y  fast ring cleavage. Chromone derivatives, 
treated w ith  hydroxide ion are stabilized  — w ith  a few exceptions [11] — by  
excess alkali as /J-dicarbonyl enolates (IV) [6, 7]. H ydroxylam ine, hydrazine  
or substitu ted  hydrazines give oxim es, hydrazones or substituted  hydrazones 
o f a /З-ketoaldehyde, which then rapidly rearrange to  isoxazole [8] and pyrazole
[9] derivatives. W ith the nucleophiles stu d ied  so far attack takes p lace exclu­
sively  at C-2.

The /?-dicarbonyl enolates from iso flavon es (IV c) are stable w ith  a few 
exceptions [11]; they decom pose to 2-hydroxydeoxybenzoin  [10] v ery  slow ly. 
This ring opening with hydroxide ions m ay be regarded, with som e lim itation ,
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as a consecutive reversible reaction [7] w hich can be characterized k in etica lly  
b y  th e  rate constant Aq o f the rate determ ining step , i.e. o f the Adjv2 addition  
rea ctio n . The value o f  Aq is h ighly dependent on substitutions in th e  system  
and is  therefore useful in characterizing the sta b ility  and nucleophilic rea ctiv ity  
o f th e  y-pyrone ring of such compounds [11]. W e have found that Aq not on ly  
in d ica tes  reactiv ity  tow ards hydroxide ions, b u t also shows the relative order 
o f  r e a c tiv ity  w ith other nucleophile.

In  th is paper we describe an extension o f these studies to chrom one and  
certa in  chromone derivatives.

Experimental

T h e  a p p a re n t (p seu d o -firs t o rd e r) ra te  c o n s ta n ts  Aq w ere de term ined  b y  UV  sp e c tro ­
p h o to m e tr y  as described p re v io u s ly  [6]. T he m ea su re d  a n d  th eo re tical ab so rp tio n  v a lu es 
— th e  l a t t e r  ca lcu la ted  from  k^ — w ere in  good a g re e m e n t (a  =  5 • 10 -3 A .u.). T he th e rm o ­
d y n a m ic  p K g n +  values w ere d e te rm in e d  according to  th e  l ite ra tu re  [13], as d esc rib ed  in  a 
p re v io u s  p a p e r  [15].

R esults and D iscussion

T h e spectra o f the chrom one derivatives l a —d undergo a change in  
d ilu te  aqueous alkaline m edium . A t the k in etic  end o f the reaction a h igh in ­
te n s ity , broad m axim um  appears in the range o f  280 — 292 nm, which is stable  
for a re la tiv e ly  long period. T he Amax (nm) and (lge) values are, la : 280 (4.19); 
lb: 308 (4.26); Ic: 290 (4.30); Id: 292 (4.15); Ie: 360 (3.90); 320 (4.00). The change  
o f th e  spectrum  of Ie differs both  in character and in  Amax from the spectra o f  
th e  o th er  chromone derivatives. Ring cleavage is followed by a rather slow  
d ecom p osition , as shown b y  a change of th e  spectrum  at the k in etic  end  
tow ards th e  superposed spectra of the corresponding decom position products 
(e.g. sa licy lic  acid, o-hydroxyacetophenone derivatives).*

L ike w ith  isoflavone derivatives [6], the ring cleavage of chromone deriv­
a tives b y  hydroxide ions, and thus molar absorption at Amax at the k in etic  
end, is dependent on the hydroxide ion concentration  and tends, according to  
the param eters of the equilibrium  III IV, tow ards a lim it (Fig. 1).

F ig . 1. C h an g e  of th e  a b so rp tio n  o f  lig h t a t  th e  k in e tic  e n d  o f th e  ring opening re ac tio n s  o f  
f la v o n e , a t  35 °C, as a fu n c tio n  of th e  hy d ro x id e  io n  c o n cen tra tio n  (A =  350 nm )

* A  k in e tic  s tu d y  of th is  decom position  will be re p o r te d  in a fo rthcom ing  p u b lic a tio n .
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W hen the reaction m ixtures are acidified at the k inetic end, I l i a —d 
g ive  V ia — d, whereas H ie  g ives 2-hydroxybenzoyl benzoylm ethane, w hich  then  
all recyclize  slowly to  l a —e.

Our m easurements th u s ind icate th a t the ring cleavage o f derivatives  
l a —e (I ^  [II] ^  III ^  IV) is m uch slower (Aq <§ Aq) than  th at of 2-hydroxy- 
chrom anones (VI) (VI [II] III ;± IV).

Therefore, in our opinion, the rate-determ ining step in  the ring cleavage  
o f I  is th e  transform ation I -  [II]. Furtherm ore, in  alkaline solution  the de­
r iv a tiv es  VI, at a pH  value depending also on the substituents, qu ick ly  reach 
a spectrum , characteristic o f  th e  equilibrium  III ;± IV. This spectrum  changes 
tow ards th a t of I slowly. Thus the transform ation VI ;± [II] ;± III IV m ust 
be faster  than  dehydration V I—* [II] —>-I (k2§> A ccordingly, the k inetics of
th e  ring cleavage of the chrom one derivatives studied m ay be sim ply form ulated  
as fo llow s:

I +  O H “ ^ ± 1 1 —  ̂III (1)
A _ i

A p p ly in g  the B o d e n s t e i n  principle [14],  th e  apparent rate constant in the  
case o f  th e  studied com pounds w ill be:

h  =  Aq [O H -] , (2)

кь in  fa ct being a linear function  o f th e  hydroxide ion concentration (F ig. 2), 
w hich  proves that the rate-determ ining step o f the ring cleavage reaction  is 
k in etica lly  o f second order.

T he slopes of the straight lines in F ig. 2 give, in accordance w ith  E q. 2, 
th e  rate constants o f ring cleavage (Aq). As expected , the intercepts o f  the  
stra igh t lines in Fig. 2 spread around th e  0 point. Consequently, th e  ring 
cleavage o f  the chromone derivatives l a —e is analogous to  the cleavage of 
Ic [6] or the corresponding C -2-unsubstituted  derivatives [11].

F ig .  2 . Dependence of the apparent rate constant o f the ring cleavage reaction o f chrom one 
(кь) as a function  o f  th e  in itial hydroxide ion concentration

A d a  Chim . Acad. Sei. Hung. 101, 1979



ZSUGA et al.: REACTION OF CHROMONOIDS 77

Table I

R ate c o n s ta n ts , a c tiv a tio n  p a r a m e te r s  o f  c lea va g e  a n il  c a r b o n y l g ro u p  th e r m o d y n a m ic  p r o to n a tio n
c o n s ta n ts  o f  c h ro m o n e  d e r iv a tiv e s

i(°C) fcjimin-1 • m ole-1) ■E*(kcal/mole) A S*(e. u) PKBH + <P Y

l a 2 0 0 .4 7 6  ±  0 .0 1

2 5 0  8 6 4  ±  0 .0 4 1 2 .9  ±  2 .0 —  2 3 .9  ±  6 .5 2 .0 2 0 .3 7 l

3 0 1 .1 0 8  ±  0 .0 5

3 5 1 .4 4 8  ±  0 .0 3

l b 2 0 0 .5 1 2  ±  0 .0 2 8

2 5 0 .7 8 9  ±  0 .0 8 1 2 .9  ±  0 .5 —  2 3 .7  ±  1 .7 2 .4 4 0 .0 6 0 .91

3 0 1 .1 0 2 5  ±  0 .1 3

3 5 1 .5 2 5  ±  0 .0 8

I c 2 0 3 .8 0  ±  0 .1 8

2 5 5 .2 1  ±  0 .2 3 1 2 .9  ±  0 .9 —  1 8 .7  ±  4 .1 2 .7 7 0 .6 5 6 .0 3

3 0 8 .6 7  ±  0 .3 3

3 5 1 0 .9 9  ±  0 .3 9

Id 2 0 1 1 .9 4  ±  0 .9 8

2 5 1 8 .3 6  ±  1 .8 3 1 1 .6  ±  0 .8 —  2 1 .8  ±  2 .8 3 .1 3 0 .4 2 1 .2 5

3 0 2 4 .4 0  ±  2 .0 4

3 5 3 2 .0 5  ±  3 .1 6

l e 2 0 0 .0 2 1  ±  0 .0 0 0 8

2 5 0 .0 3 1 4  ±  0 .0 0 2 1 6 .1  ±  0 .4 - 2 1 . 3  ±  1 .6 1 .4 5 0 .0 1 0 .0 3 5

3 0 0 .0 5 1 3  ±  0 .0 0 3

3 5 0 .0 7 5 5  ±  0 .0 0 3 6

The k l  constants, determ ined at different tem peratures, and the activa­
tion  parameters calculated from the lg  Ay— 1/T equation are sum m arized in 
Table I.

The activation energy and activation  entropy of ring cleavage o f  various 
chromone derivatives indicate bim olecular reaction [12], therefore our earlier 
observation [6] can he generalized in the case o f  chromones. Transform ation  
starts w ith an AdN2 typ e addition being the rate-determ ining step . Then the 
carbanion II is stabilized  in the enol—enolate (III IV) form.

The rate constant o f the nucleophilic addition reaction (kf) depends on 
the electron distribution in the ground sta te , especially on the electron  density 
at C-2. Thus Aq is useful for the characterization of the sta b ility  o f  chromone
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and chrom one derivatives tow ard  nucleophiles. R ela tive  stabilities can be 
d efin ed  as follows:

Echr.

Y = — -------• (3)
'  ^subst. chr. '  7

T he num erical values (Table I) are in good agreem ent w ith  the qualitative  
ob servation s, and with th e  w ell known electronic effects o f the substituents.

F ig . 3 . D ependence of log o f th e  ring  cleavage of v a r io u s  chrom one d e riv a tiv e s on
p K g j ^ ' -j- a t  25 °C

T h e negative logarithm  o f  the protonation constant of the carbonyl 
group (p K BH+) also denotes th e  electron d istribution  o f the y-pyrone ring 
and th e  chromonoid m olecule. I f  our assumption is correct, there should be an 
ex p o n en tia l relationship b etw een  Aq and р К Вн + - In  th e  case of the chromone 
d er iv a tiv es  studied in th is w ork , th is correlation is as follows:

log fcf°c =  1.55 рК 2внС+ — 3.53 (4)

(See a lso  F ig. 3.) Equation 4 , on  th e  one hand, provides a possib ility  of studying  
the e lectron  distribution o f th e se  rings and m olecules by tw o m ethods; on the  
other hand, it permits a stu d y  o f  the nucleophilic rea ctiv ity  o f molecules where 
the d irect determination o f к j is not possible because th e  rate of decom position  
(III —► У) is higher than th e  ra te  o f ring cleavage (I —► II — IIs). This w ill be 
th e  su b jec t of a forthcom ing paper.

Prelim inary studies in d ica te  that Eq. 4 m ay allow  to  predict the reactiv i­
ty  o f  chromonoids w ith  o th er nucleophiles (e.g. n itrogen nucleophiles) by
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m eans o f calculating the nucleophilic reactiv ity . A ctivation entropy values of 
the ring cleavage o f compounds la  — e are very similar (Table I); therefore, the  
influence of substituents on the structure o f  the transition sta te  is sm all. 
This means that both the point o f  attack  o f the hydroxide ions and th e  stereo­
chem istry o f the transition sta te  m ay be regarded as alm ost the sam e.

T h e  a u th o r s  w ish  to  e x p re ss  t h e i r  th a n k s  to  M iss I lo n a  B o donovits fo r  h e r  e x c e lle n t 
te c h n ic a l  a s s is ta n c e  a n d  to  D r. M. R á k o si fo r  a  g if t  o f  th e  s y n th e tic  f la v o n e  d e r iv a t iv e .
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P a r t ia l ly  b e n z y la te d  o r  p a r t i a l ly  b e n z y la te d  a n d  m e th y la te d  d e r iv a t iv e s  o f  a -  
a n d  /? -D -g a la c to p y ra n o s id e s  w ere  p r e p a r e d  b y  th e  h y d ro g e n o ly s is  o f  t h e  exo- a n d  
endo-iso m e rs  o f  3 ,4 -O -b e n z y lid e n e -a -  a n d  - /? -D -g a la c to p y ra n o s id e s . T h e  exo iso m e rs  g a v e  
th e  c o r re sp o n d in g  3 -0 -b e n z y l-4 -h y d ro x y  d e r iv a t iv e s ,  w h e re a s  th e  r e a c t io n  o f  th e  endo 
iso m e rs  g a v e  th e  4 -0 -b e n z y l-3 -h y d ro x y  a n a lo g u e s  in  e v e ry  case . O n  th e  h y d ro g e n o ly s is  
o f  a c e ta ls  c o n ta in in g  u n s u b s t i tu te d  h y d r o x y l  g ro u p , a n  iso m e r iz a tio n  o f  s l ig h t  d e g re e , 
d e p e n d e n t  o n  th e  le n g th  o f  t im e  o f  th e  r e a c t io n  a n d  ex cess o f  th e  r e a g e n t ,  m a y  be 
su p p o s e d . T h e  h y d ro g e n o ly tic  m e th o d  o ffe rs  a c o n v e n ie n t  ro u te  fo r  d e te r m in in g  th e  exo 
o r  endo c o n f ig u ra tio n  o f  d io x o la n e - ty p e  b e n z y lid e n e  a c e ta ls  e v e n  if  o n ly  o n e  o f  t h e  tw o  
iso m e rs  is a t  d isp o sa l.

B enzylidene acetals are frequently used interm ediates in preparative  
carbohydrate chem istry due to  their stab ility  [1] and ability for crysta lliza ­
tion . The new  nethods, published during the past ten  years — first o f  all the  
ring cleavage o f these derivatives w ith  iV-bromosuccinimide in troduced by  
H a n e s s i a n  [2] and H u l l a r  et al. [3], the ozonolytic [4] and photochem ical 
[5] oxidation  reactions, as w ell as their reactions w ith  butyllith ium  elaborated  
b y  K l e m e r  et al. [6] — have widened their field  o f  application.

The preparative im portance o f  the hydrogenolytic ring cleavage o f  ben­
zylidene acetals w ith  the m ixed hydride LiA lH 4-A lC l3 reagent [7— 10] seem s 
to be com parable w ith the m ethods m entioned above. The high reg iosp ecific ity  
of th is  reaction was first observed in our laboratory with 4,6-O -benzylidene  
acetals o f  mono- [11 —13] and oligosaccharides [1 4 —16]. R ecently th e  regio- 
se lective  ring cleavage of p -m ethoxybenzylidene acetals — dependent on the  
steric requirem ent o f the C-3 substituent — has also been reported [17].

In  the case o f the five-m em bered dioxolane-type benzylidene acetals  
the reagent attacks the axial oxygen  atom  o f the e#o-isomers and a product 
w ith  equatorial O-benzyl- and axial hydroxyl groups is formed. O wing to  the  
opposite place o f attack o f the reagent on the endo isomers, i.e. the equatorial 
oxygen  atom  o f the dioxolane ring, a product w ith  axial O-benzyl and equatorial 
hyd roxy l groups is formed [18 — 22].

According to  these results, th e  hydrogenolytic ring cleavage reaction  
provides a convenient route to  partially  benzylated  carbohydrate d erivatives.
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In th e  present study w e report on the preparation o f  some benzyl and m ethyl 
ether derivatives o f b en zy l ß - D -  and allyl a-D -galactopyranosides.

The preparation o f  numerous partially  benzylated  galactopyranoside  
derivatives has been reported recently. T hese derivatives served alm ost 
exclu sively  as interm ediates in the synthesis o f  galactose-containing blood  
group oligosaccharides [23], glycolipids [24 — 25] and im m un-determ ining  
oligosaccharides.

During the p ast ten  years the synthesis o f  th e  following partially b en zy­
lated  galactopyranose or galactopyranoside derivatives have been described: 
2-0-b en zy l- [26 — 2 8], 3-0-benzyl- [26], 4-O -benzyl- [29], 2,3-di-O-benzyl- 
[26, 28, 30], 2,4-di-O -benzyl- [30 — 32], 2 ,6-di-O -benzyl- [28, 33, 34], 2,3,4-tri- 
-O-benzyl- [12, 27], 2,3,6-tri-O -benzyl- [32, 34], 2,4,6-tri-O -benzyl- [33, 34] 
and 3,4,6-tri-O -benzyl [35 — 37] ethers.

The syntheses reported  start w ith  th e  3,4-O -substituted analogues o f  
benzyl ß - D -  [38] and a lly l a-D-galactopyranosides [39]. S t o f f y n  and S t o f f y n

[26] reported for th e  fir st tim e that the acid cata lyzed  acetonation o f benzyl 
/S-D-galactopyranoside (1) led to benzyl 3,4-0-isopropylidene-/?-D -galactopyra- 
noside (2); the unchanged starting m aterial and th e  corresponding 4,6-O-iso- 
propylidene analogue w ere removed by colum n chrom atography. B y  m odifi­
cation o f this procedure com pound 2 was obta ined  b y  direct crystallization in  
5*4% yield . B enzylation  o f 2 using the m ethod o f Z e m p l é n  and C s ű r ö s  [40] 
gave 90%  of syrupy b en zy l 2 ,6-di-0-benzyl-3,4-0-isopropylidene-/?-D -galacto- 
pyranoside (3). The K u h n  m ethylation [41] o f  2 y ielded  benzyl 3,4-O-isopro- 
pylidene-2,6-di-0-m ethyl-/9-D -galactopyranoside (4) in alm ost quantitative  
yield . H ydrolysis o f  3 and 4 w ith  acetic acid resu lted  in  the hitherto unknown  
crystalline benzyl 2,6-di-0-benzyl-/S-D -galactopyranoside (5) and benzyl
2,6-di-0-m ethyl-/?-D -galactopyranoside (6), resp ectively . M ethylation o f 5 gave 
the crystalline and h itherto  unknown benzyl 2 ,6-d i-0-b en zyl-3 ,4-d i-0-m eth yl-  
-/S-D-galactopyranoside (7). In  the ]H-NM R spectrum  o f 5 the absorption o f  
six  protons corresponding to  the three m ethylene part o f benzyl groups was 
observed at 5 .02—4.56  ppm . From am ong th em  tw o appeared as an AB  
quartet, whereas the C-6 benzyl protons gave a singlet. The doublet o f the  
anom eric proton appeared at 4.44 ppm w ith  a coupling of 9 Hz and the OH  
group — showing fast proton exchange — w as assigned as a broad doublet 
at 3.14 ppm. The 1H -N M R  spectrum o f 6 w as consisten t w ith the proposed  
structure showing th e  quartet of the m ethylene part o f  benzyl group at 4.78  
ppm , the C j-H  at 4 .36  as a doublet, the C2—OCH3 at 3.63 ppm and the Ce— 
— OCH3 at 3.42 as sharp singlets. In the case o f  7  the tw o m ethyl signals ap­
peared close to each other and at lower fie ld  (3.60 and 3.56 ppm) indicating  
the presence of secondary OCH3 groups.

Catalytic debenzylation  o f 6 and 7 w ith  10%  Pd/C gave the known 2,6-di- 
-O -m ethyl- (8) [42] and 3,4-di-O -m ethyl-D -galactose (9) [43], respectively.
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B enzylidenation  o f 5 using the general procedure (benzaldehyde and 
zinc chloride) gave a m ixture o f isom eric 3,4-O-benzylidene acetals. The for­
m ation o f the exo- and endo isomers w ere detected  both by TLC and 1H-NM R  
spectroscopy and their separation was effected  by direct fractional crystalli­
zation . B enzyl 2,6-di-0-benzyl-ea:o-3,4-0-benzylidene-/?-D-gaIactopyranoside
(10) was obtained in  31%  yield after crystallization  from ethanol, whereas 
benzyl 2,6-di-0-benzyl-endo-3,4-0-benzylidene-/3-D -galactopyranoside (11) was 
crystallized  from cyclohexane. Sim ilarly to  other isomeric pairs, th e  tw o diaste- 
reom eric acetals showed different so lu b ility  in several solvents and the endo 
isom er was more soluble in all organic so lven ts than the exo analogue.

The steric position  o f the phenyl group o f compounds 10 and 11, and the 
configuration o f the C-2’ atom of their dioxolane rings were determ ined by 
their 1H -NM R data. The acetal hydrogens o f  the exo isomers resonate always 
at lower field  [44] than  those of the endo isom ers. The observed chem ical shift 
was 5.94 and 5.85 ppm  for compound 10 and 11, respectively.

B enzylidenation  o f 6 according to  th e  procedure o f E v a n s  [45] (benzal­
dehyde d im ethylacetal, p-toluene-sulfonic acid, iV,iV-dimethyl-formamide 
resulted also in a m ixture of tw o diastereom eric com pounds. These were 
detectable by XH -NM R investigation or gas [46] and thin-layer chrom atogra­
phic m ethods. The exo isomers have, in  m ost cases, a higher Ry va lu e than  the 
endo isom ers, wThereas gas chrom atographic exam ination w ith  apolar GLC 
colum ns showed a reversed m obility o f  these com pounds, i.e. th e  retention  
tim es o f  the exo isom ers were longer th an  those observed for th e  endo ana­
logues [46].

B oth  12 and 13 were obtained in  crystalline form after separation by  
colum n chrom atography.

H ydrogenolysis o f 10 w ith a 20%  excess o f LíA1H4-A1C13 (1 : 1) gave 
benzyl 2,3,6-tri-0-benzyl-/?-D -galactopyranoside (14) as a single product in 
qu an tita tive y ield . The structure o f 14 w as also proved by converting it  into  
the corresponding 4-O -m ethyl derivative (15).

H ydrogenolysis o f  11 gave benzyl 2,4,6-tri-O -benzyl-ß-D -galactopyrano- 
side (16), which afforded on m ethylation  the corresponding 3-O -m ethyl de­
rivative (17).

The direction o f the ring cleavage reaction  o f 12 and 13 was found to  be 
sim ilar to  those m entioned above, i.e. th e  exo isomer (12) gave benzyl 3 -0 - 
-benzyl-2,6-di-0-m ethyl-/l-D -galactopyranoside (18), while the endo isom er (13) 
yielded benzyl 4-0-benzyl-2,6-di-0-m ethyl-/?-D -galactopyranoside (19).

The results o f  these investigations were consistent w ith th ose  observed  
earlier i.e. the reagent attacks on the axial oxygen atom o f the exo isomers, 
whereas the place o f  attack is on the equatorial oxygen in the case o f  the endo 
isom ers. On the other hand, the direction o f  the reaction is independent o f  the 
steric bulk o f the neighbouring substituents.
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T h e exam inations were exten d ed  to  som e a-D -galactopyranosides as w ell, 
in order to  determine w hether the anomeric configuration  o f the acetal de­
r iv a tiv e  to  be hydrogenolyzed has an effect on th e  direction o f the reaction . On 
th e  o th er  hand, the m ethod offered a convenient route to  synthesize the hardly  
a va ilab le  3,6-O -benzyl-D-galactopyranoside d erivatives. I t  has to be m entioned  
th a t th e  a lly l group was used as the aglycone m oiety , the selective rem oval 
o f w h ich  [4 7 —49] has recen tly  generated considerable interest. N am ely , 
carb oh yd rate  derivatives concurrently containing allyl and benzyl groups 
(“ tem p o ra ry ” and “ persistant”  groups) are useful interm ediates [50] in  com ­
p lex  oligosaccharide syntheses.

B enzylidenation  of a lly l 6-O -benzyl-a-D-galactopyranoside (20) was car­
ried o u t according to the m ethod  o f E v a n s  and gave, after column chrom atog­
rap h y, crystalline allyl 6-0-benzyl-exo-3,4-0-benzylidene-a-D -galactopyrano- 
side (21 ), (66% , ácH-Ph 6.16 ppm ) and the syrupy endo isomer (22) (24% , 
őcH-Ph 5 .82  ppm).

B en zy la tio n  of 21 and 22 gave the fu lly  p rotected  derivatives a lly l 2 ,6-di- 
-0-benzyl-exo-3 ,4-0-benzylidene-a-D -galactopyranoside (23) and ally l 2,6-di- 
-0-benzyl-endo-3,4-0-benzylidene-a-D -galactopyranoside (24), respectively. The 
b en zy lid en e  protons of these com pounds appeared at b 5.95 and 5.88 ppm , 
resp ectiv e ly . H ydrogenolysis o f  21 at room tem perature was com plete on ly  
in one h ou r, even if  a large excess o f  the reagent was used, and tw o products 
were form ed  in the ratio o f 9 : 1. The application o f a large excess o f the reagent 
w as n ecessary  due to the consum ption of lith iu m  alum inium  hydride by the  
free h y d ro x y l group of the startin g  m aterial. I t  can be expected that th e  rela­
t iv e ly  lo n g  tim e necessary for com pleting the reaction  is a consequence o f  th e  
low  so lu b ility  of the alum inium  alkoxide form ed.

O f th e  tw o compounds resulting from the hydrogenolysis o f 21 on ly  th e  
m ain p rod u ct was isolated , w h ich  — according to  1H -NM R data — contains  
th e  a g lycon e  m oiety and tw o  b en zy l groups. The com pound did not consum e  
p eriod ate [51] indicating its a lly l 3,6-di-O-benzyl-oc-D-galactopyranoside (25) 
stru ctu re .

R ed u ctiv e  ring cleavage o f  the endo isom er w as effected under th e  sam e  
con d ition s as described for 21. Two products were form ed in the ratio o f  4 : 1 
and th e  by-product was found  to  be identical w ith  25. The main product, 
co n ta in in g  tw o benzyl groups (1H -N M R ), could be oxidized with periodate but  
no form ation  of formic acid [52] was observed. Thus the product was a lly l
4,6-di-O -benzyl-a-D -galactopyranoside (26).

In  th ese  cases the lower stereoselectiv ity  can be explained by the prolonged  
reaction  tim e: the Lewis acid  character o f chloroalum inate causes the iso ­
m erization  o f the dioxolane ring, and ring cleavage o f  the resulting endo isom er  
gives a cleaved  product u n exp ected  in the case o f  the exo-isomer. I t  can be 
gen era lly  sta ted  that reaction conditions w hich do n ot cause the isom erization
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o f th e  dioxolane ring have to  be applied for the hydrogenolysis o f  acetals 
o f  su ch  ty p e .

H ydrogenolysis o f 23 w as com pleted w ith in  5 m inutes at 20 °C, and be­
sides 2 7  a by-product (max. 5% ) was also detected . The physical data o f  27, 
iso la ted  b y  column chrom atography, were in good agreem ent w ith  th ose re­
p orted  b y  N ashed  and A n d e r so n  [53] for allyl 2,3,6-tri-O -benzyl-a-D -galacto- 
p y ran osid e .

R in g  cleavage of 24 w as also fast and resulted exclusively  in  a lly l 2 ,4,6- 
-tri-O -benzyl-a-D -galactopyranoside (28) [54], known in the literature.

T h e  results of the present stu d y  unequivocally  show th at the direction  
o f th e  ring cleavage o f d ioxolan e-typ e benzylidene acetals in the galactose  
series is determ ined also b y  th e  steric position o f the phenyl group. T hus, the  
red u ctiv e  ring cleavage m ethod  provides not on ly  a convenient route for sy n th e­
siz in g  p artia lly  substituted galactopyranosides, but also offers a sim ple chem i­
cal m eth o d  for the determ ination o f the exo or endo configuration o f d ioxolane- 
ty p e  benzylidene acetals, even  i f  only one o f  the two isomers is at disposal. 
N a m ely , exo isomers are a lw ays transform ed into a product containing equato­
rial O -benzyl- and axial h y d ro x y l groups, whereas the endo isomers g ive an 
an alogu e w ith  axial O -benzyl and equatorial hydroxyl group. In determ ining  
th e  configuration  of d ioxolan e-typ e acetals by XH- and 13C-NMR [44, 55] — 
based  on  the relative chem ical sh ifts o f  the acetal protons or carbon atom s — 
th e  sim ultaneous investigation  o f both isomers was required.

Experimental

M .p .’s were de term ined  on  a  K o fle r  h o t s tag e  a p p a ra tu s  a n d  are u n c o rre c te d . O p tica l 
ro ta t io n s  w ere  m easured w ith  a  P e rk in -E lm e r  241 a u to m a tic  po larim éter. N M R  sp e c tra  were 
t a k e n  o n  a  Je o l MH-100 (100 M H z) in s tru m e n t using  TM S as in te rn a l s ta n d a rd . K ieselgel G 
(E . M e rck , D a rm stad t)  was used  fo r  c o lu m n  ch ro m a to g ra p h y  an d  TLC, w ith  th e  so lv en t system s 
g iv en  in  p a ren th eses . D e tec tion  in  T L C  w as effec ted  b y  ch arrin g  w ith  su lfuric  acid. Gas c h ro m a ­
to g ra p h ic  sep ara tio n s were p e rfo rm e d  w ith  a H e w le tt-P a c k a rd  5830 A in s tru m e n t u sing  a 
1220 m m  lo n g  2.16 mm ID  s ta in le ss  s te e l co lum n co a ted  w ith  10%  UCW  982 on 80 — 100 m ehs 
G as C h ro m  Q. The operating  c o n d itio n s  w ere : in jec tio n  p o rt , 250 °C ; flam e io n iza tio n  d e te c to r. 
300 °C ; n itro g e n  flow ra te , 20 m l/m in  ; th e  co lum n te m p e ra tu re  was p ro g ram m ed  a t  2.5 °C /m in 
s ta r t in g  a t  250 °C afte r 1 m in  iso th e rm a l period .

Benzyl 3,4-0-isopropvlidene-/l-D -galactopyraiioside (2 )

A  m ix tu re  of 20 g b en zy l /З-D -g a lac to p y ran o sid e  (1), a n h y d ro u s co p p er su lfa te  (60 g) 
a n d  su lfu r ic  acid (1 ml) in ace to n e  (1 .2  1) w as sh ak en  fo r 10 h. T he m ix tu re  w as th e n  filte red , 
th e  f i l t r a te  neu tra lized  w ith  a m m o n ia  a n d  th e  p re c ip ita te d  am m onium  su lfa te  w as rem oved  
b y  f i l t r a t i o n  on  a Celite layer. T h e  f i l t r a te  w as c o n ce n tra ted  an d  th e  residue d isso lved  in  ch loro­
fo rm , w a sh e d  w ith  w ater a n d  d r ied  (N a 2S 0 4). T he so lu tio n  was ev ap o ra te d  a n d  th e  residue 
c ry s ta l l iz e d  from  e thy l a c e ta te —cy c lo h ex an e  to  y ield  p u re  2 (12.5 g : 54 .4% ), m .p . 124 — 125 °C ; 
[ a ln  — 3.0  (c =  2.57, CHC1,); R ,  0 .24  (e th e r-ch lo ro fo rm , 19 : 1). L it. [26] m .p . 1 2 3 - 1 2 4  ° C ; 
[a ]£  1 .47° (c =  1.12, ch loroform ).
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B enzyl 2 ,6 -d i-0 -benzyl-3 ,4 -0-isopropylidene-/9 -D -gaIactopyranoside  (3 )

C om pound 2 (12 g) was b e n zy la te d  w ith  ben zy l chloride (72 m l) a n d  p o ta ss iu m  h y d ro x id e  
(12 g) a t  105 °C fo r 15 h. T he re ac tio n  m ix tu re  w as d ilu ted  w ith  chloroform  a n d  th e  resu lting  
so lu tio n  w ashed  w ith  w a te r  u n til  n e u tra l.  A fte r  th e  ad d itio n  of a sm all a m o u n t o f sodium  
h y d ro g en  c a rb o n a te , th e  m ix tu re  w as s te a m  d istilled , th e  residue w as e x tra c te d  w ith  chloro­
fo rm , th e  o rgan ic  lay e r w ashed  w ith  w a te r  a n d  d ried  (N a ,S 0 4). E v a p o ra tio n  gave 17.25 g 
(9 0 .9 % ) of sy ru p y  3 ;  [oí] d - f8 .0 °  (c =  0.84, chloroform ), R f  0.75 (b e n ze n e -m e th a n o l, 4 9 : 1).

N M R  (CDC13) : 6 7.40 —7.00 (m , 15H , a ro m a tic  p ro tons), 5.05 — 3.40 (m , 13H . skeleton  
p ro to n s  an d  3 P h  — С Н ,—), 1.42 (s, 3H , C H 3), 1.37 (s, 3H , CH.,).

C30H 31Or, (490.60). Calcd. C 73 .4 4 ; H  6.98. F o u n d  C 73 .50 ; H  7 .05% .

Benzyl 3,4-0-isopropylidene-2,6-di-0-m ethyl-/?-D-galactopyranoside (4 )

A  m ix tu re  of 2 (2 g), m e th y l iod ide (4.1 m l), silver oxide (4.1 g) a n d  ]V ,iV-dim ethyl- 
fo rm am id e  (10 m l) was s tirred  fo r 12 h  a t  room  te m p e ra tu re . The reac tio n  m ix tu re  w as d ilu ted  
w ith  ch loroform , filte red  and  th e  f i l t r a te  w as w ash ed  w ith  1%  sodium  cy an id e  so lu tio n , th en  
w ith  w a te r  an d  dried  (N a„S04). E v a p o ra tio n  le f t sy ru p y  4 (2.1 g 9 6 .3 % ) ;  [a ]p  — 12.1° 
(c =  1.60, chloroform ), R f  0.50 (b e n ze n e -m e th a n o l, 49 : 1).

C18H 2eOc (338.40). Calcd. C 63 .8 8 ; H  5.36. F o u n d  C 64 .10 ; H  5 .42% .

Benzyl 2,6-di-0-benzyl-(?-D-galactopyranoside (5 )

A suspension  of 3 (8.0 g) in  50%  (v /v ) ace tic  acid  (200 ml) was h e a te d  a t  80 °C fo r 6 h. 
A fte r  ev ap o ra tio n  of th e  m ix tu re  6.7 g (91 .2% ) of sy ru p y  5 was ob ta in ed . C ry sta lliz a tio n  from  
e th a n o l gave 5.42 g (73 .3% ), m .p . 107— 108 °C, [a ]D — 17.1° (c =  1.22, ch lo ro fo rm ), R f  0.54 
(b e n z e n e -m e th a n o l, 9 : 1).

N M R  (CDC13) : <5 7.40 — 7.05 (m , 15H , a ro m a tic  p ro to n s), 5.02 — 4.56 (m , 6 H , 3 P h  — CH2-) , 
4 .44  (d , 1H , C4- H ,  J ,  о =  9 H z), 3 .9 2 -3 .4 0  (m , 6 H , ske le ton  p ro to n s), 3.14 (b , 2H , 2 - 0 Я ). 

C ,,H 30O6 (450 .5Í). Calcd. C 71.97 ; H  6.71. F o u n d  C 72.10; H  6 .80% .

Benzyl 2 ,6 -d i-O -m ethyl-d-D -galactopyranoside  ( 6 )

C om pound 4 (7.3 g) was h y d ro ly zed  as described  above for th e  p re p a ra tio n  o f 5. The 
s y ru p y  p ro d u c t was c rysta llized  fro m  cy c lo h ex a n e -e th y l ace ta te  to  give 6 (5.65 g ; 87.8% ), 
m .p . 77 — 78 °C, [a ]p  -4 9 .2 °  (c =  1.4, ch loroform ), R /0 .3 1  (b e n ze n e-m eth a n o l, 9 :  1).

N M R  (CDC13) : 6 7.40 - 7 .0 5  (m , 5H , a ro m a tic  p ro to n s), 4.78 (q , 2 H , P h - C H 2- ) ,  
4.36 (d , 1H , C4 — H , J j •> =  8 H z), 3.94 (b , 1H , — O H ), 3.80 — 3.10 (m , 7 H , sk e le to n  p ro to n s 
a n d  — O H ), 3.63 (s, ЗН ; C2- O C H 3), 3.42 (s, 3H , C6- O C f f 3).

C15H 2, 0 6 (298.32). Calcd. C 60.38 ; H  7.44. F o u n d  C 61.00; H  7 .50% .

Benzyl 2 .6 -d i-О-benzy l-3 .4 -d i-О-m ethy l-/)-1i-g a la rto p iran o s id e  (7 )

A m ix tu re  of 5 (1.35 g), m e th y l iodide (2.7 m l) an d  silver oxide (2.7 g) in  ]V,JV-dimethyl- 
fo rm am id e  (10 ml) was s tirred . A fter 20 h  ad d itio n a l m e th y l iodide (0.3 m l) w as ad d ed  to  the  
re ac tio n  m ix tu re . S tirrin g  for ad d itio n a l 16 h  follow ed and  th e  re ac tio n  m ix tu re  w as then  
w ork ed  up  as described above fo r th e  p re p a ra tio n  of 4. R ecry sta lliza tio n  o f th e  c ru d e  p ro d u c t 
fro m  cy clo h ex an e -p e tro leu m  e th e r  y ie ld ed  7 (1.31 g ;  91 .3% ), m .p. 102 — 103 °C, [a ]p  — 52.7° 
(c  =  1.40, chloroform ), R f  0.85 (benzene—m eth a n o l, 9 : 1).

N M R  (CDC13) : ö 7.40 — 7.10 (m , 15H , a ro m a tic  p ro to n s), 5.00 — 4.20 (m , 7 H , C4— H  and 
3 P h  —C H , —), 3.92 — 3.16 (m , 6H , sk e le to n  p ro to n s), 3.60 an d  3.56 (2s, 6H , 2 — O C H 3).

C29H ;14Oc (478.58). Calcd. C 72.86 ; H  7.17. F o u n d  C 73.05 ; H  7 .25% .

2,6-D i-O -m ethyl-D -galactose (8)

C om pound 4 (0.65 g) was d issolved in 1 M  su lfu ric  acid  (6 ml) an d  th e  so lu tio n  w as hea ted  
a t  100 °C fo r 4 h. I t  was th e n  n eu tra lized  w ith  b a riu m  carb o n a te , filte red  a n d  th e  f i l t r a te  was 
c o n c e n tra te d  to  give c ry sta llin e  8 (0.2 g ;  5 0% ), m .p . 117 — 120 °C, [a ]p  + 4 4 .3 °  —>- -f-79.5° 
(c  =  0.88, w ater). L it. [42] m .p . 119 — 120 °C, [a ]p  + 4 8 °  -► 87° (w ater).
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3 ,4 -D i-O -m cthy l-D -galac topyranose  (9 )

T o  a  so lu tion  of 7 (0 .7  g) in  e th y l ace ta te  (40 m l) a  su sp en s io n  of 10%  Pd /C  (0.7 g) in  
e th y l  a c e ta te  (15 m l) w as a d d e d . A f te r  hy d ro g en atio n  fo r 4 h  th e  c a ta ly s t  was filte red  off an d  
th e  f i l t r a te  c o n cen tra ted  to  g ive  9  (0.25 g ;  84% ), m .p . 165— 166 °C, [a ]o  + 9 1 °  -*■ + 1 1 6 °  
(c =  1.50, w a ter). L it. [43] m .p . 164 — 166 °C, [a][j + 9 5 °  ->- + 1 1 7 °  (w ater).

B enzyl 2 ,6-d i-0-benzyl-exo- (1 0 )  and endo-3,4-0-benzylidene-/3-D-galactopyranoside (11)

A  m ix tu re  of 5 (4.9 g), fre sh ly  fused zinc chloride  (4.9 g) a n d  benzaldehyde  (49 m l) w as 
sh a k e n  fo r  36 h . T he re a c tio n  m ix tu re  was th en  d ilu ted  w ith  ch lo ro fo rm , th e  re su ltin g  so lu tio n  
w as w a sh e d  w ith  w a te r  a n d  a f te r  th e  ad d itio n  of a sm all a m o u n t o f sod ium  h y drogen  carb o n a te  
th e  m ix tu re  w as s team  d is tilled . T h e  residue w hich so lid ified  o n  cooling was tw ice  re c ry s ta l­
lized  fro m  e th an o l to  o b ta in  th e  p u re  exo-isomer 10 (1.82 g ;  3 1 .1 % ), m .p . 130— 132 °C, [a][> 
+  5.6° (c =  0.50, ch loroform ), R t  0 .69 (benzen e-e th e r, 4 : 1).

N M R  (CDC13) : 8 7 .30 — 6 .90 (m, 20H , a ro m a tic  p ro to n s ) , 5.94 (s, 1H , P h —C H — ), 
5.00 — 3.40 (m , 13H, sk e le to n  p ro to n s  and  3 P h —CH2—).

C34H 340 6 (538.64). C alcd . C 7 5 .9 0 ; H  6.37. F o u n d  C 76.20 ; H  6.42% .
T h e  m o th e r liquors o f  th e  tw o  recry sta lliza tio n s w ere e v a p o ra te d  and  th e  residue  w as 

re c ry s ta lliz e d  fro m  cyclo h ex an e  to  g ive  th e  p u re  endo-isom er 11 (1 .67 g ; 28.5% ), m .p . 65—66 °C, 
M d +  15.9° (c =  1.25, ch lo ro fo rm ), R t  0.63 (benzene—eth e r, 4 : 1).

N M R  (CDCI3) :  8 7 .5 0 —7.10 (m , 20H , a ro m a tic  p ro to n s ) , 5.85 (s, 1H , P h — C H = ) ,  
5 .10— 3.40 (m , 13H, sk e le to n  p ro to n s  and 3 P h —CH2— ).

C34H 340 6 (538.64). C alcd . C 7 5 .8 0 ; H  6.37. F o u n d  C 7 5 .9 0 ; H  6.32% .

B enzyl exo- (12) and  endo-3,4-0-benzylidene-2,6-di-0-m ethyl-/J-D -galactopyranoside (13)

A  m ix tu re  o f 6 (2.65 g), ben za ld eh y d e  d ie th y lac e ta l (1 .58 g), A .Л -d im ctb y lio r 111 am ide 
(20 m l) a n d  p -to lu en esu lfo n ic  ac id  (33 mg) was stirred  in  v a c u u m  a t  75 °C for 5 h . T h e  re ac tio n  
m ix tu re  w as th e n  p oured  in to  ice -w a te r  con tain ing  so d iu m  h y d ro g e n  carb o n a te  a n d  e x tra c te d  
w ith  ch lo ro fo rm . T he o rg an ic  la y e r  w as w ashed w ith  w a te r , d r ied  (N a2S 0 4) and  c o n c e n tra te d . 
T races  o f IV ,lV -dim ethylform am ide w ere rem oved b y  v a c u u m  d is tilla tio n . The residue o b ta in e d  
w as p u rif ie d  b y  colum n c h ro m a to g ra p h y  on K ieselgel G (100 g) using  ch lo ro fo rm -ace to n e  
(97 : 3) fo r  e lu tion . The f ra c tio n s  h a v in g  R j  0.66 gave on  e v a p o ra tio n  an d  recry sta lliza tio n  fro m  
e th a n o l b e n zy l exo-3 ,4 -0 -benzylidene-2 ,6-d i-0-m ethy l-/?-D -galactopyranoside  (12) (0.7g ;2 1 .1 % ), 
m .p . 96 °C, [a ]D - 2 0 .5 °  (c =  1.27, chloroform ), R T 2.98 m in .

N M R  (CDC13) : <5 7 .55— 7.10 (m , 10H, a ro m a tic  p ro to n s ) , 6.12 (s, 1H , P h — CH = ) ,  4.80 
(q , 2 H , P h — CH2—), 4 .50— 3.20 [m , 13H, 7 skeleton  p ro to n s  a n d  ő 3.61 (s, 3H , C2— O C H 3), 
3.39 (s, 3 H , C6—O C ff3)].

C24H 260 6 (374.25). C alcd . C 6 7 .4 3 ; H  7.00. F o u n d  C 6 8 .1 0 ; H  7 .11% .
E vaporation  of the fractions having R f  0.54 gave 665 m g (20% ) of syrupy benzyl endo-

3,4-0-benzylidene-2,6-d i-0-m ethyl-/?-D -galactopyranoside (13), w hich was crystallized from  
e th a n o l;  m .p . 58—60 °C, [a ]D — 22 .1° (c =  1.34, chloroform ), R t  2.65 min.

N M R  (CDC13) : 8 7.65 — 7.10 (m , 10H, a ro m a tic  p ro to n s ) , 5.89 (s, 1H , P h — C H = ) ,  
4.80 (q , 2 H , P h -C 'lT ,—), 4 .38 (d , 1H , С , - H,  J 1 2 =  8 H z), 4 .2 0 — 3.00 [m, 12H , 6 sk e le to n  
p ro to n s  a n d  8 3.50 (s, 3H , С , - О С Я 3), 3.40 (s, 3H , C6— O C H 3)].

C2iH 260 6 (374.25). C alcd . C 6 7 .4 3 ; H  7.00. F o u n d  C 67.90 ; H  6.98% .

B enzyl 2 ,3 ,6 -tri-O -benzyl-/i-D -galactopyranoside  (14)

T o a  so lu tion  of 10 (1.0 g) in  1 : 1 e th e r-d ic h lo ro m e th a n e  (60 m l) 0.4 g o f L iA lH 4 w as 
ad d ed  a n d  th e  so lu tion  w as h e a te d  to  boiling. To th e  h o t  so lu tio n  a  so lu tion  of A1C13 (1.0 g) in  
e th e r  (10 m l) was ad ded  w ith in  a p e rio d  of 1— 2 m in , a n d  re flu x in g  w as con tinued  fo r a n  a d d i­
tio n a l  15 m in . T he m ix tu re  w as th e n  cooled and d ilu te d  w ith  e th y l  a ce ta te  (2 m l) a n d  w a te r  
(5 m l) a n d  th e  o rganic la y e r  w as sep a ra ted . The aq u eo u s la y e r  w as w ashed w ith  d ichloro- 
m e th a n e  ( 2 x 5 0  m l) an d  th e  co m b in ed  organic so lu tio n  w as w ash ed  w ith  w a ter ( 5 x 2 0  m l). 
A fte r  d ry in g  (N a2S 0 4) i t  w a s  c o n ce n tra ted  to  give sy ru p y  14 (0.76 g ;  76% ), [a ]p  — 20° 
(c =  0 .53 , chloroform ), R t  0 .71 (b en zen e-m eth an o l, 95 : 5).

N M R  (CDC13) : (5 7 .4 0 — 7.07 (m , 20H, a ro m atic  p ro to n s) , 5.03 — 4.35 (m, 9H , C4— H  a n d  
4 P h — C H ,—), 3.97—3.35 (m , 6H , ske le ton  p ro tons), 2.71 (s, 1H , — O H ).

C34H 360g (540.66). C alcd . C 75.62 ; H  6.72. F o u n d  C 76.05 ; H  6.87% .

Acta Chim . Acad. Sei. Hung. 101, 1979



LIPTÁK et al.: GALACTOPYRANOSIDE DERIVATIVES 8 9

Benzyl 2,3 ,6-tri-0-benzyl-4-0-m ethyl-/?-D -galactopyranoside (15)

A  m ix tu re  o f 14 (0.6 g), m e th y l iod ide  (1.0 m l), silv er ox id e  (1.0 g) and  iV,JV-dimethyl- 
fo rm am id e  (10 ml) w as s tir re d  fo r 24 h  a t  ro o m  te m p e ra tu re . T h e  re ac tio n  m ix tu re  w as w orked  
u p  as described above fo r th e  p re p a ra tio n  o f 4. R e cry s ta lliz a tio n  of th e  crude p ro d u c t from  
e th a n o l yielded 15 (0.56 g ; 9 1% ), m .p. 8 9 - 9 0  °C, [a ]D - 3 7 .1 °  (c =  0.96, chloroform ), Rf  0.78 
(b en zen e-m eth an o l, 49 : 1).

N M R  (CDC13) : <5 7 .3 0 —7.00 (m , 20H , a ro m atic  p ro to n s) , 4 .9 5 -  4.28 (m , 9H , Cx— Я  a n d  
4 P h — С Я , ), 3 .84—3.30 [rn, 9H , 6 sk e le to n  p ro to n s a n d  <5 3.50 (s, 3H , — О С Я 3)].

B enzyl 2,4,6-tri-0-benzyl-/S-D-galactopyranoside (1 6 )

To a m ix tu re  o f 11 (1.0 g), e th e r (10 m l) an d  d ich lo ro m eth an e  (15 m l) L iA lH 4 (0.33 g) 
w as a d d ed , and th e  so lu tio n  w as h e a ted  to  re flux  te m p e ra tu re . A  so lu tio n  of A1C13 (1.0 g) in  
e th e r  (5 m l) was th e n  d ropw ise  ad d ed  o v er a period of 2 m in  a t  40 °C w ith  stirrin g . R eflux ing  
w as co n tin u ed  for a n  a d d itio n a l 15 m in ;  du rin g  th is  period  th e  s ta r tin g  m ate ria l d isappeared . 
A fte r  cooling, th e  excess o f th e  reag en t w as decom posed b y  th e  a d d itio n  of e th y l ace ta te  an d  
A l(O H )3 was p re c ip ita te d  b y  d ilu tio n  w ith  w ater. T he m ix tu re  w as d ilu ted  w ith  d ich loro­
m e th a n e , th e  organic so lu tio n  w as w ashed  w ith  w a ter, d ried  (N a„SO ,) a n d  co n cen tra ted  to  give 
c ry s ta llin e  16 (0.82 g ;  8 2 % ), m .p. 60 —63 °C, [a ]ß  — 20.3° (c =  1.31, chloroform ), R j  0.76 
(b en zen e-m eth an o l, 19 : 1).

N M R  (CDCI3) ; ö 7 .5 0 -7 .2 0  (m , 20H , a ro m a tic  p ro to n s), 5 .0 8 - 4 .6 4  (m , 8H , 4 P h -  CH2— ), 
4.57 (d , 1H , Cj Я . J 12 =  8 H z), 4 .5 0 -3 .6 0  (m , 6H , sk e le to n  p ro to n s), 2.32 (b , 1H , O H ).

C34H 360 6 (540.66). Calcd. C 75.62 ; H  6.72. F o u n d  C 75.45 ; H  6 .80% .

Benzyl 2,4 ,6-tri-0-benzyl-3-0-m ethyl-/?-D -galactopyranoside (17)

A  solution  of 16 (0.6 g) w as m e th y la te d  as d escribed  ab o v e  fo r th e  p re p a ra tio n  of 15. 
R e c ry s ta lliza tio n  of th e  c ru d e  p ro d u c t fro m  e th an o l y ie lded  17 (0.54 g ; 8 7% ), m .p . 50—52 °C, 
[a ]D — 15.1° (c =  1.18, chloroform ), R f  0.82 (b e n ze n e -m e th a n o l, 4 9 : 1).

C35H 38Oc (554.68). Calcd. C 75.87 ; H  6.91. F o u n d  C 7 6 .1 0 ; H  7 .01% .

Benzyl 3-0-benz.yl-2,6-<li-0-m ethyl-/i-i)-galactopyranosicle (18)

To a so lu tion  o f 12 (0.6 g) in  e th e r-d ic h lo ro m e th an e  (20 m l) 0.2 g o f L iA lH 4 and  a so lu­
tio n  of A1C13 (0.6 g) in  e th e r  (5 m l) w ere ad d ed . A fter s ta n d in g  a t  room  te m p e ra tu re  fo r 15 
m in , th e  reac tion  m ix tu re  w as w orked u p  as described a b o v e  fo r th e  p re p a ra tio n  of 14. T he 
sy ru p y  p ro d u c t was c ry sta llized  from  e th a n o l to  give 18 (0 .48 g ;  8 0% ), m .p. 96 — 98 °C, [a][j 
— 28.2° (c =  0.94, ch loroform ), Rf  0.48 (b e n ze n e-m eth a n o l, 97 : 3).

N M R (CDCl3) : <5 7.58 -7 .2 0  (m , 10H , a ro m a tic  p ro to n s) , 5.10 — 4.54 (2q, 4H , 
2 P h  С Я 2—), 4.36 (d , 1H , С ,-  H , J X» =  7.9 H z), 3 .8 0 -  3.20 [m , 12H , 6 skeleton  pro tons an d  
2 О С Я 3, (<5 3.62 ; C2-  O C H j ; <5 3.34; C6-O C H 3)], 2.56 (d , 1H , O H ).

C22H 280 6 (388.44). Calcd. C 68.02 ; H  7.27. F o u n d  C 68.30 ; H  7 .35% .

Benzyl 4-0-benzyl-2,6-di-0-m ethyI-/J-D -galactopyranoside (19)

Com pound 13 (130 m g) was dissolved in a 1 : 1 m ix tu re  o f  e th e r  an d  d ich lo ro m eth an e  
(6 m i) followed b y  th e  a d d itio n  of L iA lH 4 (26 m g). T he so lu tio n  w as tre a te d  w ith  a so lu tion  
of A1C13 (90 mg) in  e th e r  (2 m l). A fter 5 m in  th e  conversion  o f 13 w as com plete  an d  th e  m ix tu re  
w as w orked up acco rd ing  to  th e  p ro ced u re  described above  fo r th e  p re p a ra tio n  of 16. R ecry s ta l­
liz a tio n  of th e  c ry s ta llin e  19 resu lted  in  102 m g (7 5 .6 % ), m .p . 106— 108 °C, [<x] d 52.1
(c =  0.73, chloroform ), R t  0.50 (b en zen e-m eth an o l, 97 : 3).

NM R (CDC13) : 6 7 .4 2 -  7.20 (m , 10H, a ro m a tic  p ro to n s), 5 .0 2 -4 .7 6  (2q, 4 H , 2 
P h  -  CH2 ), 4.34 (d, 1H , C j - H ,  J 1 2 =  7.2 H z), 3 .8 0 - 3.20 [m , 12H , 6 skeleton  p ro to n s an d  
2 — OCЯ 3, (<5 3 .61 ; C2 OCH 3; Ö 3.30 ; С6- О С Я 3)], 2.52 (d , 1H , OH).

C.,2H.,80 G (388.44). Calcd. C 68 .0 2 ; H  7.27. F o u n d  C 6 7 .8 5 ; H  7 .21% .
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A lly l  6 -0 -b e n z y l-e x o -  (2 1 ) a n d  e n d o -3 ,4 -0 -b e n z y lid e n e -o c -D -g a la c to p y ra n o s id e  (22)

A lly l 6 -0 -b en zy l-a-D -g a lac to p y ran o sid e  (20) [39] (5.0 g) was d isso lved  in  IV, jV -dim ethyl- 
fo rm a m id e  (35 nd) and , a f te r  th e  a d d itio n  o f b en zaldehyde  d im e th y la ce ta l (5 m l) a n d  p -to luene- 
su lfo n ic  a c id  (0.1 g), th e  m ix tu re  w as s t i r re d  in  v acu u m  a t 50 °C. A fte r all th e  s ta r tin g  m ate ria l 
20 h a d  d isap p ea red  (60 m in), th e  m ix tu re  w as w orked  up as described above  fo r th e  benzy lidena- 
t io n  o f  6 . T he syrupy  p ro d u c t c o n ta in e d  tw o  com pounds (TLC) in  a  ra tio  o f 2 : 1. T h e  m ix tu re  
w a s  c h ro m a to g ra p h e d  on  a K ieselgel G  co lu m n  (250 g) using  b e n z e n e -m e th a n o l (24 : 1) for 
e lu tio n .

F i r s t  th e  syrupy  endo-iso m er (22) w as iso la ted  (1.55 g ;  24 .1% ), [oc]p + 3 8 .6 °  (e =  1.8, 
c h lo ro fo rm ), f?y0.50 (b e n ze n e -m e th a n o l, 2 4 :  1).

N M R  (CDC13) : d 7 .6 0 —7.10 (m , 1 0H , a ro m a tic  p ro tons), 6 .10— 5.70 (m , 1H , — C H = ) ,
5.82 (s, 1 H , P h - C H = ) ,  5.36 -5 .0 0  (m , 2 H , = C H ) ,  4.92 (d , 1H , C j - H  J 1>2 =  3.8 H z), 4.59 
(s, 2 H , P h —С Я , - ) ,  4.45 — 3.64 (m , 8 H , 6 sk e le to n  p ro to n s a n d  — СH ,—), 2.76 (b , 1H , O H ).

C23H 260 6 (398.44). Calcd. C 69.32 ; H  6.58. F o u n d  C 70.05 ; H  6 .65% .
O n  continuing th e  e lu tio n , th e  c ry s ta llin e  exo-isomer (21) w as o b ta in e d , w hich  was 

re c ry s ta ll iz e d  from  e th an o l to  y ie ld  4.28 g (66 .7% ), m .p. 72 — 73 °C, [oc]p + 8 9 .1 °  (c =  0.51, 
c h lo ro fo rm ), R r  0.44 (b e n ze n e -m e th a n o l, 24 : 1).

N M R  (CDCLj): <5 7.50 —7.10 (m , 10H , a ro m a tic  p ro to n s), 6.16 (s, 1H , P h — C H = ) , 
6 .1 0 - 5 .7 0  (m , 1H, C H = ) ,  5 .4 0 - 5 .0 8  (m , 2H , =  CH2), 4.99 (d, 1H , %  Я , J 12 =  4.1 Hz),
4 .59  (d , 2 H , P h  —C H ), 4.54 — 3.60 (m , 8 H . 6 sk e le to n  p ro to n s and  — CH>—), 2.58 (d , 1H , OH ).

C23H 26Of> (398.44). Calcd. C 69.32 ; H  6.58. F o u n d  C 69.18 ; H  6 .61% .

A lly l 2,6-di-0-benzyl-exo- (23) a n d  endo-3,4-0-benzylidene-a-D-galactopyranoside (24)

A n  isom eric m ix tu re  o f 21 a n d  22 (5.0 g) — ob ta in ed  by  th e  b e n zy lid en a tio n  of 20 — 
w as s t i r r e d  overn igh t w ith  b en zy l ch lo ride  (50 m l) and  po tassiu m  h y d ro x id e  (7 g) a t  105 °C. 
T h e  r e a c tio n  m ix ture  was w ork ed  u p  as desc rib ed  fo r th e  p re p a ra tio n  of 3. T h e  re su ltin g  syrup  
w as c h ro m a to g ra p h e d  on a K ieselgel G co lu m n  (250 g) using  b e n ze n e -e th y l a c e ta te  (9 : 1) for 
e lu tio n  to  o b ta in  sy ru p y  23 an d  24.

F o r  23 (3.29 g ;  53 .7% ), [a]p + 5 6 .7 °  (c =  0.73, chloroform ), R j  0.60 (b e n ze n e -e th y l 
a c e ta te ,  9 : 1).

N M R  (CDC13) : <5 7.50 — 7.10 (m , 1 5H , a ro m a tic  p ro tons), 6.16 — 5.76 (m , 1H , — C H = ) ,  
5.95 (s, 1 H , P h - C H = ) ,  5 .4 5 - 5 .1 0  (m , 2H , = C H ,) ,  4.93 (d, 1H , C j— H , J 12 =  3.6 Hz), 
4 .84 — 3 .58  (m , 12H, 6 sk e le to n  p ro to n s , 2 P h —C H ,— and  — CH, —).

с зоН з2°б (488.56). Calcd. C 73.74 ; H  6.60. F o u n d  C 73.56 ; H  6 .71% .
F o r  24 (0.92 g ;  15% ), [ a ]D + 3 8 .3 °  (c =  0.55, chloroform ), R j  0.50 (b e n ze n e -e th y l 

a c e ta te ,  9 : 1).
N M R  (CDCI3) :  <5 7.50 — 7.20 (m , 1 5H , a ro m a tic  p ro tons), 6 .08— 5.68 (m . 1H , — C H = ) , 

5.88 (s, 1 H , P h - C H = ) ,  5 .4 4 - 5 .0 8  (m , 2 H , = C H 2), 4.81 (d , 1H , C2— H , J 12 =  3.7 Hz), 
4 .72 — 3.44  (m , 12H, 6 sk e le to n  p ro to n s , 2 P h  —CH2— and  — CH2 —).

C ,„H a O, (488.56). Calcd. C 7 3 .7 4 : H  6.60. F o u n d  C 74.05 ; H  6 .68% .

Allyl 3,6-di-O-benzyl-a-D-galactopyranoside (25)

T o a  so lu tion  of 21 (0.5 g) in  d ich lo ro m eth an e  (25 m l) an d  e th e r (15 m l) L iA lH 4 (0.29 g) 
a n d  a  so lu tio n  of A1C13 (0.9 g) in  e th e r  (10 m l) w ere added . A fter s tirr in g  fo r 1 h  a t  ro o m  tem p e ra ­
tu re ,  th e  re ac tio n  was com plete  a n d  th e  m ix tu re  w as w orked up  as d escribed  ab o v e  for the  
p re p a r a t io n  of 16. A ccording to  T L C  tw o  p ro d u c ts  h ad  been form ed in  a ra tio  o f 9 : 1 .  The 
m a in  p ro d u c t  was isolated on  a K ieselgel G co lum n (30 g) using  b en ze n e -c h lo ro fo rm -a ce to n e — 
m e th a n o l  (8 : 10 : 1 : 1) for e lu t io n ; 410 m g (81 .6% ) of sy ru p y  25 was o b ta in e d , [ a ] D + 1 0 3 .6 °  
(c =  1 .42 , chloroform ), Rj  0.46 (b en zen e—ch lo ro fo rm -ac e to n e -m e th an o l, 8 : 10 : 1 : 1).

N M R  (CDCI3) : <5 7.42 - 7 .2 0  (m , 10H , a ro m a tic  p ro to n s), 6 .1 0 -5 .7 0  (m , 1 H , — C H = ) ,
5 .4 0 - 5 .0 8  (m , 2H , = C H 2), 4.96 (d , 1H , Ct - H ,  J li2 =  3.8 H z), 4.69 (s, 2H , P h - C H 2- ) ,  
4.56 (s , 2 H , P h  —С И —), 4.20 — 3.52 (m , 8H , 6 ske le ton  p ro to n s an d  — C H ,— ), 2.72 (b, 1H, 
O H ), 2 .34  (d , 1H, OH).

С23Н А  (400.47). Calcd. C 6 9 .0 6 ; H  7.06. F o u n d  C 70 .10 ; H  7 .10% .
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A llyl 4,6-di-O-benzyl-a-D-galactopyranosidc (26)

R ing  cleavage o f 22 (0.5 g) w as carried  o u t acco rd in g  to  th e  procedure  g iven  fo r th e  
p re p a ra tio n  of 25. T he ra tio  o f th e  tw o  p ro d u c ts  fo rm ed  w as 4 : 1 TLC. T he m ain  p ro d u c t (26) 
w as iso la ted  by  co lum n ch ro m a to g ra p h y  on  K ieselgel G (30 g) as a sy rup , (360 m g ;  71 .6% ), 
[ot]D + 7 9 .9 °  (c =  1.22, ch loroform ), R f  0.35 (b e n z e n e -c h lo ro fo rm -a ce to n e -m e th an o l, 
8 : 10 : 1 : 1). The b y -p ro d u c t w as iden tica l w ith  25.

N M R  (CDC13) : <5 7.40 7.20 (m , 10H, a ro m a tic  p ro to n s), 6.04 — 5.64 (m , 1H , — C H = ) ,
5 .3 8 -5 .0 8  (m , 2H , =  С Я 2), 4.82 (d , 1H, С, -  Я , J 1 2 =  4.0 H z), 4.72 (q, 2H , P h  С Я 2 ), 
4.48 (q , 2H , P h  СЯ„ —), 4.20 — 3.62 (m , 8H , 6 sk e le to n  p ro to n s  and  — С Я , - ) ,  2.80 (b , 2H , 
2 -0  H).

C23H 28O0 (400.47). Calcd. C 69 .06 ; H  7.06. F o u n d  C 6 9 .4 5 : H  6.99% .

Allyl 2 ,3 ,6 -tri-O -benzy l-a-D -galactopyranoside  (27)

To a so lu tion  of 23 (1.0 g) in d ich lo rom ethane  (25 m l) a n d  e th e r  (15 ml) 154 m g o f L iA lH 4 
a n d  a  so lu tion  of A1C13 (538 m g) in e th e r (10 ml) were ad d ed . T he m ix tu re  was s tir re d  a t  20 °C 
fo r 5 m in ; during  th is  p e rio d  th e  reac tio n  was com ple te . A fte r  w orking up — u sin g  th e  p ro ­
ced u re  described fo r 16 — tw o  p ro d u c ts  were d e tec ted  b y  T LC  in  a ra tio  of 95 : 5. T h e  m ain  
p ro d u c t was p u rified  o n  K ieselgel G (30 g) to o b ta in  p u re  27 (930 m g ; 92 .6% ), [<x] d 4 -5 5 .4 ° ; 
[a]436 4-104.6° (c =  1.60, chloroform ). Rr 0.73 (c h lo ro fo rm -ace to n e , 19 : 1). L it.  [53] sy ru p , 
[“ I d 4 -52.8°, [a]436 4- 99.7 ° (c =  1.0, chloroform ).

N M R  (CDC13) : S 7.42 - 7 .2 0  (m , 15H. a ro m a tic  p ro to n s), 6.08 -5 .6 8  (m , 1H , C H = ) ,
5 .40— 5.08 (m , 2H , = С Я ,) ,  4.90 (d , 1H , C4- H ) ,  4 .8 0 - 4 .4 0  (3q , 6H , 3 P h — С Я 2— ), 4 .20—3.48 
(m , 8H , 6 skeleton  p ro to n s  a n d  —С Я , —), 2.40 (b , 1H , O H ).

С30Н з А  (490.60). Calcd. C 73.53 ; H  6.99. F o u n d  C 74.05 ; H  7.02% .

Allyl 2,4,6-tri-O-benzyl-a-D-galaetopyranoside (28)

A so lu tion  of 24 (750 m g) in  d ich lo ro m e th an e -e th e r  (2 :  1) was hydro g en o ly zed , as 
d escribed  for th e  p re p a ra tio n  of 27, using L iA lH 4 (116 m g) a n d  404 mg of A1C13 in  e th e r  (10 ml). 
T h e  reac tio n  w as com ple te  in  15 m in, an d  besides th e  m a in  p ro d u c t 5%  of 27 w as form ed 
(TLC ). P u rifica tio n  of th e  m ain  p ro d u c t was carried  o u t  using  colum n c h ro m a to g ra p h y  w ith  
ch lo ro fo rm -ace to n e  (1 9 : 1) fo r e lu tio n  to  o b ta in  c ry s ta llin e  28 (680 m g ; 9 0 .3% ). R e c ry s ta l­
liza tio n  from  e th e r-h e x a n e  gave  m .p . 67 °C, [a ]p  -461.8° ,[a ]43(. 4-117 .2 °(c  — 0.71, chloroform ), 
R f  0.55 (ch lo ro fo rm -ace to n e , 19 : 1). L it. [54] m .p. 67 — 68 °C, [a][> 4-62.3°, [a ]436 4-122.5° 
(e =  0.81, chloroform ).

N M R (CDC13) : ő 7.46 — 7.08 (m , 15H, a ro m a tic  p ro to n s), 6.02 — 5.62 (m , 1H , C H = ) ,
5 .4 0 -5 .0 6  (m, 2H . = C H .,) , 4.82 (d, 1H , С4- Я ) ,  4 .7 2 -4 .5 2  (3q , 6H , 3 P h  - С Я , — ), 4 .2 0 -3 .4 4  
(in , 8H , 6 skeleton  p ro to n s  an d  — С Я . —), 2.60 (b, 1H , O H ).

C30H 31O6 (490.60). Calcd. С 73.'53 ; H 6.99. F o u n d  C 73.48 ; H  6.78% .
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PHOTOASSISTED ELECTROLYSIS OF WATER 
BY SEMICONDUCTOR ELECTRODES
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A c cep ted  fo r p u b lica tio n  S e p tem b e r 1, 1978

T he effect o f illu m in a tio n  of sem iconducto r e lec tro d es in  w a te r  electro lysis w as 
s tud ied . S em iconducting  su b stan ces n -ty p e  CdS, n -  a n d  p - ty p e  CdTe an d  n -ty p e  iron  
oxide w ere in v es tig a te d  as p o te n tia l  p h o to ac tiv e  e lectro d es. On m easu ring  th e ir  v o ltam - 
m etric  b eh av io u r as a  fu n c tio n  of e lectro ly te  co m p o sitio n , b o th  illu m in a ted  and  in th e  
d a rk , an  increase in  c u r re n t  a n d  a sh ift in th e  cu rre n t-v o lta g e  cu rve  due to  incid en t lig h t 
w as observed. T h e  effects o f  in te n sity  and  w ave le n g th  o f lig h t a n d  th e  s ta b ility  of 
e lectrodes were d e te rm in e d . CdS a n d  CdTe becam e ra p id ly  co rroded  w hereas iron  oxide 
p ro v ed  to  be a  s ta b le  p h o to an o d e  in w a te r e lectro lysis. I t s  effic iency o f transfo rm ing  
w hite  lig h t in to  e le c tr ic ity  is a b o u t 1% .

Introduction

The electrochem istry o f  sem iconductors w as fathered by sem iconductor  
technology. The electrochem ical treatm ent of sem iconducting substances used  
to  be an integral part o f  device-m aking processes. I t  was only in the early sev­
enties th at a new phenom enon in sem iconductor electrochem istry was ob­
served which m ight be o f  practical im portance outside the realm o f the sem i­
conductor industry.

The observation m ade b y  F u jis h im a  and H o n d a  [1] was the follow ing. 
An n-type sem iconducting wafer o f crystalline T i0 2 w as imm ersed in an aqueous 
solution  and was shorted to  a platinized platinum  electrode through a resistor. 
Upon illum ination o f th e  TiO , surface, evolu tion  o f oxygen  and sim ultaneous 
evolu tion  o f hydrogen at th e  platinum  electrode were observed. The process 
was accompanied b y  electric current in the extern a l circuit. A pparently the 
im portance o f th is process was realized only around 1975. The research started  
th en  was greatly stim ulated  by the practical prospect o f producing hydrogen  
from  water using the radiant energy of the sun.

It would be far beyond the scope o f this paper to sum m arize the advan­
tages of hydrogen as a substance for storage and transportation on energy. 
E xcellent, detailed review s are at the disposal o f  the interested  reader [2]. 
I t  should be stated  on ly  th a t hydrogen, produced either therm ally or electro- 
ly tica lly , seems to  be th e  m ost econom ical m edium  for storing the energy of 
high ly  concentrated prim ary sources, be it  a h igh  tem perature nuclear reactor 
or th e  sun. Gaseous or liquefied hydrogen or m etal hydrides m ay all qualify
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to  th is  end. The unlim ited reserves of water and the ecological advantage o f  
b urn ing  pure hydrogen w hich , instead  o f poisonous po llu tan ts, produces 
p o ta b le  w ater are strong argum ents in favour of using th is substance.

T he light-assisted electrolysis o f  water, discovered by F u j i s h i m a  and 
H o n d a , is obviously not th e  on ly  alternative of solar energy conversion. Heat 
co llectin g  system s utilize radiant energy as therm al energy. Sem iconductor  
solar cells convert light d irectly  in to  electricity. L im iting th is Introduction  
to  electrochem ical m eans o f  solar energy conversion, one has to  deal w ith  two  
sep arate  classes of m ethods [3]. Photogalvanic cells are constructed  in  such a

F ig . 1. E nergy  level schem e o f a se m ic o n d u c to r-e le c tro ly te -m e ta l sy s tem  (see te x t)

w a y  th a t  light, absorbed in  a hom ogeneous electrolyte solution, brings about 
en ergetic  products which in  turn lose their energy to  electrodes im m ersed in 
th e  so lu tion . As a result o f  th is , e lectricity  flow s in  the external circuit, while 
the products of the photochem ical transform ation return to  their in itia l state. 
The draw back of this m ethod  is th e  inherently low  efficiency [4]. Reverse 
reaction s cannot he im peded in  a hom ogeneous solution thus energetic prod­
ucts m igh t easily re-form w ith ou t producing electric current.

Photovoltaic cells, th e  archetype o f which is the above-m entioned T i0 2 
cell, e lim inate this d isadvantage since light absorption and prim ary energy 
con version  proceeds in th e  electrode near the solid/liquid interface. The work­
ing  princip le of such a cell is rather sim ilar to  that o f the w idely used  sem icon­
ductor solar cells. W hen a sem iconducting substance is im m ersed in  an electro­
ly te , a rectifying space-charge zone im m ediately forms along th e  interface. 
In  o th er  words, the energy hands o f the sem iconductor are d istorted  near the  
surface, th e  phenomenon o f band bending takes place (Fig. 1). Incident light 
is absorbed by the sem iconductor on ly  if  hv is larger than  the bandgap, E g.
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In this case an electron-hole pair is created w hich, experiencing th e  electric  
field  of th e  space-charge layer, becom es separated. W ith n-type sem icon­
ductors, th e  electron moves toward the bulk  o f the solid, whereas th e  hole  
enters the liquid  phase. H ence, oxidation  tak es place around the th e  sem icon­
ductor and th e  electron, having travelled to  th e  counter-electrode via  th e  
external circuit, brings about reduction.

Using a p -ty p e  sem iconductor, the reverse process takes place ; electrons 
are injected from  the sem iconductor surface in to  w ater, thus reduction  pro­
ceeds around th e  sem iconductor, whereas th e  site  o f com pensating oxid ation  
processes is the surface of the counter-electrode.

P hotovoltaic cells are essentially  free o f  th e  reverse processes m entioned  
in connection w ith  photogalvanic cells. Their construction is m uch sim pler  
than  that o f  th e  solid state solar cells since th e  rectifying barrier form s sp on ­
taneously upon im m ersion o f the sem iconductor into the solution. The desired  
energy carrier, hydrogen, develops d irectly w ith ou t further transform ation o f  
electricity into chem ical energy.

Photovoltaic cells m ay be o f  even m ore general use than w ater electrol­
ysis. A num ber o f ox id ation —reduction processes can take place at th e  illu ­
m inated sem iconductor electrode. Some workers are of the opinion th a t for 
exam ple couples like F e2+/F e3 + , S /S2- or C12/C1~ m ight also be used for th e  
practical purpose o f energy transform ation [5].

The relationship between the bandgap o f th e  semiconductor E s, th e  ap­
plied external vo ltage U, and th e  Gibbs free energy change of the ox id ation  — 
reduction process AG, is the follow ing [6 ]

AG =  Es -)- cU  — Eb — e (IR  -j- r\c -(- r]a) — (Ec — Ep )

where e is the elem entary charge : IR  th e  ohm ic loss of the c e l l : r]c and r]a are 
the cathodic and anodic overvoltages, r e sp e c tiv e ly : Ec is the bottom  o f the  
conductiv ity  band : E F the Ferm i energy and E b the electron energy differ­
ence betw een th e  bulk and the surface o f  th e  sem iconductor, i.e. th e  ex ten t  
of band bending ( c f  Fig. 1).

An estim ate can be made on th e  basis o f  th is  energy schem e for the  
relationship betw een bandgap and p h otovoltage Up. Taking realistic va lues, 
one finds approxim ately [66]

Еи Qid e Up +  1 eV

This means th a t the photovoltage is about 1 V less than the bandgap o f  the  
sem iconductor. A photoelectrochem ical cell for water electrolysis w orking  
without any external voltage m ust exh ib it a voltage due to illum ination  
Up 1.23 V, thus the bandgap m ust be at least 2.23 eV, hence th e  w ave  
length of the ligh t absorbed is л<[ 550 nm . This situation can be im proved ,
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i.e. h igher wave length ligh t can also be u tilized  i f  the cell is made o f an re-type 
p h otoan od e and a p -ty p e  photocatode [7]. The photovoltages of the tw o  elec­
tro d es add up with such an arrangement.

H ence only large bandgap sem iconductors are worth considering as po­
te n t ia l electrodes for the photoassisted  electrolysis o f water. This is, how ever, 
o n ly  a necessary but not sufficient condition a substance must fu lfil. I t  m ust 
also  be o f  considerable stab ility  in aqueous solutions, corrosion m ust be as 
slo w  as possible under th e  conditions o f photoelectrolysis. The tw o require­
m en ts  are rather d ifficult to  m eet sim ultaneously  and this seems to  be one 
o f  th e  m ain obstacles to  th e  practical application  o f the method for th e  tim e  
b e in g  [6/1].

A number of com pound sem iconductors have been investigated  in  the  
la st  few  years. T i0 2 was th e  first and m ost thoroughly  studied substance [8]. 
T he illum ination of an re-type T i0 2 anode decreases the equilibrium poten tia l 
o f  w a ter  decom position b y  about one vo lt. The effect is marked, the substance  
sta b le  but only UY ligh t, Я <[ 350 nm , produces a photoeffect. This show s that 
TiCG has a bandgap too  w ide for a good solar energy economy. Substances of 
narrow er bandgap, i.e. w ith  an optical absorption in  the visible region need  to  
b e sou gh t. CdS exhibits rather attractive op tica l properties : it  is know n to  
b eh a v e  as a good hole-injector [9] but its drawback is low stab ility  — partic­
u la r ly  under illum ination [10]. To overcom e th is  difficulty, so-called regener­
a tiv e  cells were suggested [11] in which th e  species oxidized at the anode is 
red u ced  at the cathode. B i2S3 and particularly MoS,3 have good optical prop­
erties and considerable sta b ility  against corrosion [12].

Substances like S n 0 2 [13], SrT i03 [14], K T a 0 3 [15], GaP [16], ZnTe, 
CdTe, GaAs, InP, SiC, Si [17], Nb20 3, A120 3, Si3N 4 [18], Fe20 3 [19], W 0 3 [20], 
h a v e  also been studied and found to exh ib it photoelectrochem ical a c tiv ity . 
T h e equilibrium  voltage o f  water decom position  decreased on illum ination  
b u t an external voltage was always needed to  decom pose water. P h otovo ltage  
a lon e has never been found to  be sufficient to  cause water electrolysis.

In the present paper w e summarize our prelim inary results on p h otoas­
s isted  w ater electrolysis and some related phenom ena. Three substances were 
ch osen  : re-type CdS produced by evaporation, re-type and p -typ e crystalline  
CdTe and re-type iron oxide grown by therm al oxidation . CdS, a com paratively  
w ell-described substance, served rather th e  standardization of our m ethods. 
CdTe being available in th e  form of crystalline samples with dopings o f  dif­
feren t ex ten t promised th e  possibility to  describe the effect o f sem iconductor  
properties in some detail. Iron oxide as a com paratively  stable and extrem ely  
ch eap  substance was selected  with a view  to  practical application.
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Experimental

E quipm ent. H ig h  p ressu re  X e  lam p s of 150 W  an d  1600 W  p ro d u c ed  b y  T u n g sram  were 
u sed . L ig h t w as m o n o ch ro in a tized  e ith e r  b y  Zeiss m eta l in te rfe ren ce  f ilte rs  o f 5 n m  b a n d w id th  
o r b y  a  S P E X  M in im ate  m o n o ch ro m ato r, its  in te n s ity  w as c o n tro lled  b y  grey  filte rs , m easu red  
b y  a  G E an d G  p h o to m e te r . V o ltam m etric  curves were ta k e n  b y  a  R ad e lk is  O H  404 lab o ra to ry  
p o te n tio s ta t  u sin g  s a tu ra te d  calom el e lectrodes. Som e reco rd in g s w ere  m ade  b y  a H ew le tt-  
P a c k a rd  70058 ty p e  X -Y  recorder.

Solutions. So lu tions o f d iffe ren t a c id ity  w ere m ade o f a  1/15 m o la r p h o sp h a te  buffer. 
B y  a lte rin g  th e  H +/ K + ca tio n  ra tio , all p H  va lues betw een  1.5 a n d  12.5 cou ld  be  a tta in e d , 
keep ing  th e  ionic  s tre n g th  c o n s tan t. T h e  so lu tions w ere u su a lly  e lec tro ly zed  p r io r  to  m easu re ­
m en ts  a n d  b u b b led  w ith  p u rified  n itro g e n  gas.

Electrodes. CdS : T he sem ico n d u ctin g  m ate ria l was m ad e  b y  v a cu u m  deposition . A th in  
glass p la te  was f i r s t  covered  w ith  t i ta n iu m  th e n  w ith  silver. CdS, d ep o sited  on  to p  of th e  silver 
lay e r, w as o f o ran g e-red  colour a n d  o f a  th ick n ess o f ab o u t 50 fim . A  w indow  w as opened on th e  
CdS la y e r  n e a r th e  rim  of th e  p la te  in  o rd e r to  m ake  an  o hm ic  c o n ta c t  b y  so ldering  a piece 
o f co p p er w ire to  th e  b a re  silver surface . A ll th e  m eta l p a r ts  w ere in su la te d  w ith  varn ish . The 
a p p a re n t  a rea  o f  th e  free  CdS su rface  w as 0.5 cm 2.

C d T e : B o th  p -  an d  n - ty p e  c ry s ta llin e  m ate ria ls w ere av a ilab le  w ith  low  a n d  h igh  spe­
cific  resis tiv itie s , viz. for p - ty p e  sam ples 1.5 X lO 4 a n d  0 .3 —0.7 o h m  c m ; fo r n -ty p e  sam ples 
7.4 X 105 a n d  20 o h m  cm . T he in g o ts  w ere c u t in to  slices o f a b o u t  4 x 5 x 1  m m . O hm ic co n tac ts  
w ere m ade  as follow s [21]. T he slices w ere im m ersed in  h o t c o n c e n tra te d  N aO H  so lu tion  for 
30 sec, in  d ilu te  N aO H  so lu tion  fo r a n o th e r  30 sec an d  w ere th e n  r in sed  w ith  h o t d istilled  
w a te r  a n d  dried . T h e  c o n ta c t to  th e  p - ty p e  sam ple  was m ad e  b y  d ro p p in g  a  c o n cen tra ted  
H A u C14 so lu tion  o n  th e  desired  sp o t, d ry in g  and  keeping th e  sam p le  a t  200 °C for 10 m in. 
A co p p er w ire w as f ix ed  to  th e  gold sp o t fo rm ed  using  a silver e p o x y  resin . F o r  m ak in g  co n tac ts  
to  n -ty p e  sam ples a  sm all d ro p le t o f 0.1 M  L iN 0 3 so lu tion  w as b ro u g h t on to  th e  surace , th e  
w a te r  e v ap o ra te d  a n d  th e  sam ple  h e a ted  in hydrogen  s tre a m  u n t il  th e  L iN 0 3 m elted  
(я« 300 °C) an d  i t  w as th e n  k e p t fo r 30 m in  a t  th e  fin a l te m p e ra tu re . A fte r  cooling th e  w afer, 
was rin sed  w ith  d istilled  w a te r  a n d  th e  c o n ta c t was form ed using  H A u C14 as desribed  above. 
B efore m easu rem en t all m e ta l p a r ts  a n d  th e  re a r  of th e  w afer w ere in su la te d  w ith  epoxy  resin .

Iro n  ox ide : S p ec tra l g rad e  iro n  a n d  carb o n  steel w as used . T h e  surface  w as polished, 
w ash ed  w ith  d is tilled  w a te r  a n d  dried . T h e  sam ple was th e n  p u t  in to  a n  oven  a n d  h e a te d  in 
a ir  a t  300 °C fo r 10 m in , a t  650 °C fo r 20 to  120 m in , a n d  again  a t  300 °C fo r 10 m in. A t th e  
e n d  o f th e  process a d a rk  grey , co m p ac t ox ide lay er form ed. C arbon  stee l was u su a lly  oxid ized  
fo r n o t  longer th a n  30 m in , sp ec tra l g rad e  iron  req u ired  longer t r e a tm e n t.  E tc h in g  w ith  h y d ro ­
chloric  acid  p rio r  to  o x id a tio n  h a d  an  u n sa tis fac to ry  effect. T h e  h e a tin g  a t  low er tem p e ra tu re s  
before a n d  a f te r  th e  o x id a tio n  p ro p e r p ro v ed  to be  essen tia l fo r th e  ox id e  la y e r  to  be  co m p act 
an d  ad h eren t. O ne side o f th e  sam p le  w as freed  of th e  ox ide in  o rd e r  to  m ak e  a m eta llic  con­
ta c t .  T h is side w as in su la ted  w ith  v a rn ish . T he illu m in a ted  a p p a re n t  su rface  w as 0.5 cm 2.

Results and Discussion

The direct m ethod o f stu d y in g  photoelectrochem ical processes is the  
determ ination o f the voltam m etric behaviour of th e  electrodes as a function  
o f illum ination.

CdS

A characteristic voltam m etric curve is g iven in  F ig. 2. Being n-type  
sem iconductors, all our CdS sam ples produced on ly  anodic photoeffect in 
accordance w ith  expectations. The dark current is rather low in the region 
where the photocurrent reaches already the range o f  1 m A. The photocurrent 
corrected for the dark current j \  is a linear function  o f ligh t in ten sity  I, the  
double logarithm ic plot yieldings a straight line o f unit slope (Fig. 3).
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T he photocurrent is in fluenced  by the presence of neutral salts (Fig. 4). 
I f  th e  KC1 or K N 0 3 concentration  is increased, it  gradually increases, the  
h ig h est la te  of change being in th e  1 0 ~ 3—1 0 -2 M  range. A cid ity  has a rather 
m arked effect, the photocurrent increases w ith decreasing p H  (F ig. 5).

U (V)
F ig . 2. Y o ltam m etric  curves (S .C .E .) o f ev ap o ra te d  CdS; (1): d a rk , (2): illu m in a ted , p H  8.4

F ig . 3. P h o to c u rren t as a fu n c tio n  of lig h t in te n s ity  (a rb i tra ry  u n its )  m easu red  on CdS, 
p H  8.4; (1): - 0 . 3  V , (2): 0.0 Y, (3); + 0 .3  Y (S .C .E .)

The spectral response is advantageous since a good part o f the visible 
sp ectru m  causes a m easurable photocurrent (Fig. 6). This fact, in  accordance 
w ith  literature data [9], len d s som e hope to the practical application of CdS. 
The efficiency of transform ation o f light to  electric energy is about 0.5%  rela­
t iv e  to  the white light o f th e  X e  lam p. This value is som ew hat low er than that 
ob ta in ed  with CdS single crysta ls.

A cta  Chitn. Acad. Sei. Hung. 101, 1979
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Fig. 4. P h o to c u rre n t as a fu n c tio n  of to ta l  ion  c o n c e n tra tio n  m easured  on C dS, p H  8.4, 
v =  + 0 .3  V (S.C .E .); (1): K I 4 0 3, (2): KC1

F ig . 5. V o ltam m etric  cu rves (S.C .E .) of illu m in a ted  CdS a t  d ifferen t acidities; (1): p H  11.8,
(2): p H  7.2, (3): p H  2.1

Fig. 6. S p ec tra l d is tr ib u tio n  of p h o to cu rre n t n o rm a lize d  to  lam p sp ec tru m  m ea su re d  on 
CdS (1) and  CdTe (2), c u r re n t  in  a rb itra ry  units

U n fortunately  the low  stab ility  o f  th is  substance particularly under il­
lum ination and anodic polarization is a strong argument against practica l use. 
Figure 7 show s th e  rapid decrease of the p h otoeffect. Soaking of th e  electrodes 
in carbon disulphide after use restores th e  p h otoactiv ity  alm ost com pletely .

7* Acta Cliim. Acad. Sei. H un g . 101, 1979
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This fa c t , however, together w ith a v isu a lly  observable sulphur layer over  
illu m in ated  surfaces proves th at the photocurrent is due to  CdS corrosion  
(cf. R ef. 10). Sulphur precip itation  can be prevented  b y  dissolving N a2S but 
th e  increasingly  brownish colour o f  the so lu tion  indicates the form ation  o f  
p olysu lp h id e ions. H ence one has to  sta te  th a t  despite its attractive op tica l 
properties CdS cannot serve as a stable photoanode in photoelectrolysis.

60 120 
t (min)

F ig . 7. A g e in g  o f a  CdS e lectrode , p H  8.4, U  =  + 0 .3  У  (S .C .E .); (1): illu m in a ted , (2): d a rk

F ig. 8. V o lta m m e tr ic  curves (S .C .E .) o f  h igh  c o n d u c tiv ity  p - ty p e  CdTe, p H  7.2; (1): i l lu m in a te d ,
(2): d a rk

CdTe

T yp ica l voltam m etric curves are g iven in  F igs 8 —10. A new  effect can  
be observed  here. Contrary to  expectations, b o th  th e  n- and p -typ e  m aterial 
ex h ib it anodic as well as cathodic photoeffect. In  th e  case of the high conduc-
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F ig . 9. \  o ltam m etric  curves (S .C .E .) o f low  c o n d u c tiv ity  p - ty p e  CdTe, p H  7.2; (1): illum inated ,
(2); d a rk

F ig . 10. P h o to c u rv e n t ag a in s t p o te n tia l  (S .C .E .) o f h igh  co n d u ctiv ity  n - ty p e  CdTe, p H  7.2;
(1): illu m in a ted , (2): d a rk

t iv ity  n -type sample, even  the exten ts of th e  photocurrents o f  opposite polar­
i ty  are com m ensurate. The reason for th is  phenom enon, w hich  has not been 
described previously, is not y e t clear. Such a behaviour is lik ely  to  be expected  
on th e  surface of intrinsic sem iconductors, where the sign o f  band bending 
can easily  be altered b y  changing electrode polarization (See F ig . 1 and Ref. 
6o). The anodic and cathodic curves are, however, m ost sym m etric  w ith a 
high ly  doped electrode. The understanding o f th is observation requires further
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F ig . 11 . P h o to cu rren t a g a in s t p o te n t ia l  of illum inated  h ig h  c o n d u c tiv ity  n -type  CdTe a t 
d ifferen t a c id itie s , p H  2.1 (1), p H  7.2 (2), p H  11.8 (3)

F ig . 12 . V o ltam m etric  curves (S .C .E .)  of illum inated , h ig h  c o n d u c tiv ity  p - ty p e  CdTe a t  d if­
feren t a c id itie s , p H  2.1 (1), p H  7.2 (2), p H  11.8 (3)

stu d ies particularly regarding band bending (i.e. m easurem ent of fla t band  
p o ten tia ls).

T h e pH  effect for n -typ e  CdTe is similar to  th a t for n-type CdS, increas­
ing a c id ity  increases the p h otocurrent (Fig. 11). W ith  p -ty p e  CdTe, the opposite  
rule is f o u n d ; an increase in  hydrogen  ion concentration  decreases the p h oto­
effect (F ig . 12).
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The spectral distribution o f photocurrent extends over an even  wider 
range than th a t o f CdS (Fig. 6 ). The stab ility  o f  CdTe is som ew hat higher than  
was found w ith  CdS. The p ossib ility  o f constructing an electrolyzing cell com ­
prising an n -type CdTe anode and a p -typ e cathode is a possibility. Here, how ­
ever, other factors must also be taken into  account. B eyond their photo­
activ ity , electrodes must also exhib it high exchange currents in order to  be­
come com patible w ith traditional electrode m aterials.

Iron oxide

Our atten tion  has been attracted  to  iron oxide as stable photoelectrode  
by the work o f Y eh and H ackerman [19]. Iron oxide shows only an anodic 
photoeffect regardless of the com position o f  th e  iron sheet to  be oxidized or to

Fig. 13. V o ltam m etric  curves (S .C .E .) o f iron  ox ide (sp e c tra l g rade  iron , 105-m in ox id a tio n ),
p H  8 .4 ; (1): illu m in a ted , (2): d a rk

the duration o f  oxidation. A  typ ica l current-voltage curve is given  in Fig. 13. 
The low dark current, w hich changes on ly  sligh tly  with voltage, shows the  
oxide coating to  be com pact and o f high resistiv ity . The photocurrent cor­
rected for dark current is proportional to th e  light in ten sity  (Fig. 14).

The spectral response is given in  F ig. 15. The (photocurrent)1̂2 vs. 
frequency p lot was chosen w ith  reference to  F owler theory o f photoem ission
[22]. A lthough we are not convinced th at th is  theory, developed for pure m etal 
suifaces, is strictly  valid for th e  present case, th e  plot proves to  be a good 
practical im plem ent for th e  determ ination o f the lim iting w ave length . As 
com puted from  the intercept o f  the curve w ith  the frequency axis, th e  highest 
wave length  which produces a photoeffect is about 680 nm . Photoresponse  
covers a good part of the v isib le  spectrum .

Photocurrent is not accom panied b y  the dissolution o f th e  anode: at 
voltages where photocurrents are considerable, oxygen evolution  at the  
photoanode and hydrogen evolution  at th e  p latinum  counter-electrode can be 
observed. W hen illum ination ceases, the gas evolution  stops.
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F ig . 14. D ependence  of p h o to c u r re n t  on  th e  re la tiv e  lig h t in te n s ity  m easu red  on  iro n  ox ide 
(carbon steel, 2 0 -m in  o x id a tio n ), p H  8.4, U =  1.6 У  (S.C .E .)

F ig . 15 . S q u a re  ro o t of p h o to c u rre n t n o rm alized  to  lam p  sp e c tru m  m easured  on iro n  ox ide 
(s p e c tra l  g ra d e  iron, 45-m in o x id a tio n )  as a  fu n c tio n  of freq u en cy , p H  8.4, U  =  1.2 Y (S .C .E .)

T h e  efficiency of light en ergy  conv ersion relative to  th e  w hite light o f  the  
X e la m p  is about 1%. This v a lu e  does not change too m arkedly w ith  experi­
m en ta l conditions.

Conclusions

T h e com pound sem iconductors CdS, CdTe and iron oxide exhibit a p ho­
to a c t iv ity  in  electrochemical processes absorbing ligh t and producing p h o to ­
current in  a broad region o f th e  v isib le spectrum . B eing rather unstable, CdS 
effects h ydrogen  evolution at th e  expense o f  its anodic oxidation. CdTe is o f  
an om alou s behaviour since b o th  n- and p -type m aterials show anodic and  
ca th od ic  photoeffects. Iron ox id e  grown by therm al oxidation  can serve as a
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stable photoanode suitable for th e  true photoelectrolysis o f  -water. The ef­
fic ien cy  of this last process is about 1 %.

*

T h e  a u th o rs  e x p re s s  th e i r  g r a t i tu d e  to  M r. G. P a lo ta y , D r. A . L u t t e r  a n d  M r. J .  MÁN- 
d ic s  fo r  th e i r  h e lp  in  p ro d u c in g  th e  e le c tro d e s , to  D r . E . L e n d v a i fo r  a  lo a n  o f  C dT c in g o ts  
a n d  to  M rs. Á. H o rvá th  fo r  h e r  a s s is ta n c e  in  th e  m e a s u re m e n ts .
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O rg an o m eta llic  [P t(C H 3)3Cl d e n o te d  b y  A ]  an d  ionic [P t(N H 3)4+ d e n o te d  b y  R] 
p la tin u m  com plexes w ere used  to  p re p are  h ig h ly  d ispersed, silica su p p o r te d  p la tin u m  
c a ta ly s ts . In  th e  case o f A  th e  a m o u n t o f a lk y l com plex is s tro n g ly  a ffe c te d  b y  th e  ex­
p e rim en ta l co n d itio n s, such  as so lv en t a n d  su p p o rt p re tre a tm e n t. В  g ives a  c a ta ly s t  of 
h igher d ispersion  a n d  h ig h er to ta l  m e ta l lo ad in g  th a n  does A .  U sing  d iffe re n t p la tin u m  
sources, n o t on ly  th e  n u m b er o f m e ta l a to m s can  be influenced b u t  th e  n a tu re  o f these 
sites also d ep en d s on  th e  P t  com plex  app lied . To p rep are  b im e ta llic  c a ta ly s ts , iron 
w as used  in  d iffe ren t form s a n d  th e  b e s t w ay  of p re p a ra tio n  e s tab lish e d . TG -M S, 
M össbauer a n d  ch em iso rp tio n  s tu d ies  p ro v id e  ev idence fo r m eta llic  in te ra c t io n  be tw een  
th e  tw o m eta ls . A co rre la tio n  has been  fo u n d  be tw een  th e  c o n ce n tra tio n  o f  m e ta l atom s 
on th e  surface  a n d  th e  ra te  o f hydro g en o ly sis o f e th an e  an d  re-butane. T h e  in trin sic  
a c tiv ity  o f  p la tin u m  is in fluenced  b y  ad d ed  iron  and  considerab le  d e v ia tio n s  from  this 
b e h av io u r can  be obse rv ed  only a t  h ig h  iron  loads.

Introduction

O f the possible transition m etal com binations, only a few  a ttem p ts have  
been  made at the characterization o f th e  P tF e system . B a r t h o l o m e w  and 
B o u d a r t  [1] have used Mössbauer spectroscopy and chem isorption in their 
exploratory work and established the form ation of a P tF e a lloy  in  carbon 
supported P tF e catalysts; no enrichm ent in  the surface phase for th e  whole 
concentration range was observed. G a r t e n  and O l l is  [2 ] gave further evid­
ence for the alloy phase by studying P dF e supported on alum ina. G a r t e n  [3] 
has observed the form ation o f a P tF e phase on a S i0 2 support and at low  iron 
concentrations found iron enrichm ent on th e  suiface induced b y  oxygen  at 
high tem peratures, w hich could be elim inated by repeated hydrogen treatm ent.

On the other hand, E n g e l s  and coworkers [4, 5] have observed by X -ray  
diffraction the form ation o f a superstructure phase, P t3Fe, for non-supported  
platinum -iron alloys in  the concentration range betw een 10 and 15 atom%  
iron.

In the present stu d y  we wish to  avoid strong interactions betw een  the 
m etallic com ponent and the silica gel as catalyst support [6]. In  order to 
achieve a large m etallic dispersion, p latinum  was deposited by an ion exchange 
m ethod.
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Furthermore, we w ish  to  study the preparation o f bim etallic catalysts in  
differen t w ays, to  characterize them  by TG -M S, M össbauer spectroscopy and  
adsorption , and to  utilize th e  hydrogenolysis o f  sim ple hydrocarbons, e.g. 
e th a n e  and re-butane, for th e  elucidation  o f th e  in teraction  betw een platinum  
and iron.

Experimental

Catalyst preparation
P t-s ilica  gel

P t( N H 3)4+ ions w ere e x c h a n g e d  w ith  th e  su rface  h y d ro x y l g roup  of silica gel (SAS 
sp e c if ic  su rface  a rea  560 m 2/g) b y  th e  m eth o d  of B e n e s i et al. [7]. P t(N H 3)4+/S i0 2 w as d ried  
a t  383 К  o v ern ig h t (V I), follow e d  b y  a  1 -hour tre a tm e n t in  o x y g e n  a t  573 К  an d  a  3 -hour re d u c ­
t io n  in  a  s tre am  of h y drogen  a t  773 K . T his p rocedure  is c o n sid e red  as s ta n d a rd  tr e a tm e n t  [8].

[P t(C H 3)3Cl]4 an  o rg a n o m e ta llic  com pound in  te tra m e r ic  fo rm , w as also a p p lied  as 
fo llo w s [9] :

( I ) :  S i0 2 was e v a c u a te d  a t  773 К  for 1 h  a n d  im p re g n a te d  b y  a so lu tion  c o n ta in in g  
P t ( C H 3)3Cl. ( I I ) : Sam e as ( I )  b u t  t r e a te d  w ith  a  n itr ic  ac id  so lu tio n  of p H  =  1. ( I l l ) : Sam e 
S i0 2 t r e a tm e n t  as for c a ta ly s t  ( I )  b u t  P t(C H 3)3Cl w as d isso lv ed  in  benzene. ( I V ) : S i0 2 w as 
e v a c u a te d  a t  423 К  fo r 30 m in  a n d  im p re g n a te d  w ith  a  so lu tio n  co n ta in in g  P t(C H 3)3Cl d isso lved  
in  b e n z e n e . (V) : S i0 2 tr e a tm e n t  id e n t ic a l  w ith  (IV), b u t  P t(C H 3)3Cl w as dissolved in n -h e p ta n e . 
I n  a ll  cases th e  nom inal c o n c e n tra t io n  o f P t  was 1.1 w t.% .

P i F e /S i0 2 bimetallic catalysts

( V I I ) :  Sam ple (I) im p re g n a te d  w ith  a so lu tion  c o n ta in in g  0.2 w t.%  Fe in th e  fo rm  of 
F e ( N 0 3)3 a t  p H  =  1. (V II I )  : S a m p le  (I )  reduced  in h y d ro g e n  fo r  3 h  a t  773 К  a n d  im p re g n a te d  
w i th  fe rr ic  n itra te  as sam p le  (V II) . ( IX )  : Sam ple (I)  t r e a te d  w ith  Fe(C O )s dissolved in  re- 
h e x a n e . (X ) : S i0 2 tre a te d  as in  th e  case  o f (I) and  со-im p re g n a te d  w ith  an  re-hexane so lu tio n  
c o n ta in in g  1.1 wrt.%  P t  a n d  0.2 w t .%  F e  in form  of P t(C H 3)3Cl a n d  Fe(C O )6, respectively .

(X I) ,  ( X I I ) :  Sam ple (V I) t r e a te d  w ith  alcoholic so lu tio n s  o f ferrocene (0.2 w t.%  a n d  
1 w t .% ,  respectively).

( X I I I ) : Sam ple (V I) t r e a te d  w ith  n itric  acid a t  p H  =  1. (X IV ), (XV ), (X V I ) : Sam ple  
(V I)  im p re g n a te d  w ith  so lu tio n  c o n ta in in g  F e (N 0 3)3 w ith  0 .1 , 0.2 a n d  0.7 w t.%  iron , re sp ec ­
t iv e ly ,  a t  p H  =  1.

( X V I I )  : A physical m ix tu re  o f  P t(N H 3)4+ /S i02 a n d  F e ( N 0 3)3/S i0 2 w ith  th e  f in a l con­
c e n t r a t io n  of 1.1 w t.%  P t  a n d  0.7 w t .%  Fe.

( X V I I I )  : Silica gel im p re g n a te d  w ith  a so lu tio n  c o n ta in in g  0.5 w t.%  F e (N 0 3)3 a t  
p H  =  1.

Catalyst characterization and catalytic ap p a ra tu s

I n  som e cases th e  c a ta ly s t  sam p le  has been s tu d ie d  a f te r  exchange b y  th e  TG  —MS 
m e th o d ,  u sing  a M ettle r m ic ro b a la n c e  connected  to  a B a lz e rs  QMS-511 q u ad ru p o le  m ass 
s p e c tro m e te r  b y  w hich th e  p ro d u c t  o f th e rm al d eco m p o sitio n  co u ld  b e  m easu red  w ith  p e ak  
m u lt ip le x e r .  A M össbauer sp e c tro m e te r  w orking in th e  c o n s ta n t  a cce le ra tio n  m ode w as ap p lied  
to  g a th e r  in fo rm ation  a b o u t th e  d if fe re n t stages du rin g  th e  p re p a ra tio n  of th e  P tF e  b im e ta llic  
sy s te m . T h e  m eta l c o n te n t o f th e  c a ta ly s ts  form ed w as m ea su re d  b y  X -ra y  fluorescence using  a 
109Cd sou rce  (5 mCi). Since th e  sa m p le s  w ere am orphous b y  X - ra y  d iffrac tion , th e y  h a v e  b een  
o c ca s io n a lly  checked by  sm all a n g le  X -ra y  diffraction .

T h e  n u m b er of su rface  m e ta l  a tom s was d e te rm in e d  b y  th e  chem iso rp tion  m e th o d  
d e sc r ib e d  elsew here [8].

A  circu la tion  a p p a ra tu s  w a s  u sed  to  m easure  th e  c a ta ly t ic  a c tiv ity  of th e  c a ta ly s ts  
p re p a r e d  in e thane  and  re-bu tane  hydrogenolysis. R e a c tio n  p ro d u c ts  w ere analyzed  b y  gas 
c h ro m a to g ra p h y  using a co lu m n  f ille d  w ith  alum ina.
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Results

Catalyst characterization

The interaction  o f ionic P t(N H 3)4+ and covalent P t(C H 3)3Cl p latinum  
com plexes with th e  silica gel surface is illustrated in  Figs 1 and 2. In F ig. 1, 
a decrease in th e  num ber of surface OH groups o f  silica gel as a result o f  the  
form ation of S i-O -P t  bonds in th e  reaction betw een silica gel and P t(N H 3)4+ is 
obviously  indicated b y  the sm aller H 20  peak appearing at high tem peratures 
and the sim ultaneous N H 3 peaks due to  the decom position o f the com plex  
deposited  on silica gel. This appears to  be a direct proof for the linkage be­
tw een  the surface O H  groups and P t(N H 3)4+ .

F ig . 1. TG—MS d a ta  o n  p u re  S i0 2 (solid line) and  P t(N H 3)J+-silica gel (d o tte d  line) sam ples

Fig. 2. TG -M S d a ta  o n  th e  th erm al decom position  of silica g e l-su p p o rted  P t(C H 3)3Cl (d o tted
line) and on th e  so lid  com plex (solid line)
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In  F ig. 2, m ethane form ation on the therm al decom position o f  supported  
and unsupported Pt(C H 3)3Cl in  n itrogen atm osphere is presented. A  consider­
able decrease of the decom position  tem perature o f silica-supported Pt(C H 3)3Cl 
as w ell as a shift in product d istribution  to  m ethane form ation point to  a strong  
in teraction  between Si OH and the Pt(C H 3)3Cl com plex.

T he formation o f F eP t b im etallic  clusters on the silica gel support has 
a lread y been studied b y  M össbauer spectroscopy [10]. H ow ever, th e  w ay in

Velocity  ( m m / s e c )

F ig . 3. M össbauer sp ec tra  o f th e  0.2 w t. %  F e — 1.1 w t. %  P t /S i0 2 sam ple , a )  Im p reg n a ted  
sa m p le  (reco rded  a t  77 K ); b) C alcined  a t  573 К  in  О» (recorded  a t  298 К  in  0 2 a tm osphere); 

c) R educed a t  973 К  in  H 2 (recorded  a t  298 К  in  H 2 a tm o sp h e re )

w h ich  th e  metallic phase is  form ed can also be traced b y  th is technique. 
Sam ple (VI) im pregnated w ith  an F e (N 0 3)3 solution containing 0.6 mg 57Fe 
in  8 8 % enrichment in 300 m g sam ple at pH  =  1 shows no M össbauer signal 
at room  temperature after 2 X Ю6 counts collected. At 77 K , how ever, a six- 
lin e  spectrum  is obtained, w hich  is characteristic o f  sp in -sp in  relaxation, in ­
d ica tin g  the presence o f nearly  iso lated  F e3+ ions on th e  surface (see Fig. 3, 
cu rve a). Upon decom position o f  th e  P t com p lex -57F e (N 0 3)3 m ixture in  the  
ca lc in a tion  process at 573 K , a high-spin F e3+ doublet is form ed, i.e. the  
F e90 3 particles are sm all enough to  show a superparam agnetic behaviour. 
F rom  th e  spectrum obtained at 77 K , a particle size smaller than  about 8.0 nm  
can  b e estim ated. The in teraction  at th is stage is further confirm ed b y  the  
TG — MS method, as show n in F ig. 4. Upon the decom position o f th e  P t 
co m p lex  — Fe3+ salt m ixture in  an argon atm osphere, th e  disappearance o f  
th e  am m onia peak and th e  sim ultaneous form ation o f substantia l am ounts o f  
n itrogen  and H ,0  due to  th e  direct oxidation o f am m onia b y  n itrate ions can 
be observed.
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After reduction o f the b im etallic sam ple in a hydrogen atm osphere, the  
m orphology of the cata lyst does not change. The superparam agnetism  o f the  
reduced sample shown in Fig. 3 (curve c) serves as an excellent ind ication  that 
further changes in the particle size do not occur.

An earlier study [10] on th e  oxidation-reduction  behaviour o f  bimetallic 
catalysts containing 0.2 w t.%  Fe has shown th a t m ost of the iron in the oxidized  
sam ple can be reduced at room tem perature. H owever, this is not so at high 
iron loads (0.7 w t.%  Fe). In Table I the results on the reduction o f a previously  
oxidized sample are sum m arized.

Fig. 4. T G -M S d a ta  on  th e  1.1 w t . %  P t(N H 3)4 — 0.7 w t . %  F e (N 0 3)3-silica  gel sam ple

T able  I

Effect o f  treatments at different temperatures on the 1 .1  w t.%  P t— 0 . 7  U 'f .%  F e on silica gel
sample

T
(K)

IS( Fe*+) QS(Fe3T) JS( F e*-) <?S(Fe=) 
(mm s -1)

JS(Fe) Fe
x’lAfFe31" 4- Fe2r

R educ­
tio n  a t

8 7 3 0 . 4 1 ± 0 . 0 3 0 . 8 9  +  0 . 1 2 1 . 0 0 ± 0.12 2 .0 0 ± 0.10 - 0 . 0 9 ± 0 . 1 2 1 . 1 7  +  0 . 0 5 3 . 2 2

O xida­
tion  at*

2 9 8 0 . 3 8 1.02 — — — 0 1 .0 3

R educ­
tio n  a t

2 9 8 0 . 4 0 0 . 9 2 1.00 2.01 — 0 . 0 7 0 . 8 3 1 .3 2

R educ­
tio n  a t

5 7 3 0 . 4 0 0 . 8 7 1.11 1 . 9 7 — 0.02 1.01 2 .2 3

R educ­
tio n  a t

7 2 3 0 . 4 1 0 . 9 9 1.00 2.00 0.02 1 . 1 5 3 .0 8

R educ­
tion  a t

8 7 3 0 . 4 1 0 . 9 8 1.10 2.10 0 . 0 5 1.12 2 .2 3

* T he sam e q u adrupo le  doub let w as ob ta in ed  upon  o x idation  a t  573 a n d  773 К  afte r the 
above procedure.
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H ere all iron atoms can be found on the surface since upon oxidation  
th ese  are com pletely converted  in to  high-spin F e3+ ions and only part o f these  
ions ca n  b e found in a low -va len t sta te  at room tem perature reduction, whereas 
at h ig h  tem peratures the F e /(F e 3+ -f- Fe2+) ratio again achieves th e  original 
va lu e  (com pare rows 3, 6 and 1).

In  Table II the m etal concentrations on the support measured b y  X -ray  
flu orescen ce are presented (colum ns 2 and 3). G enerally it  can be established  
th a t th e  am ount of p latinum  deposited  by using th e  covalent P t com plex is 
sm aller th an  in the case o f  th e  platinum  tetram m ine com plex. In the former 
case th e  am ount of p latinum  on  th e  surface can be controlled b y  the pretreat­
m en t o f  the silica gel surface as w ell as by the so lven t used. The higher the  
p retreatm en t temperature [see (IV ) and (III)], th e  low er th e  am ount o f P t on  
S i0 2. T he same trend can be observed when a m ore reactive solvent is used  
[com pare (V) to (IV) and (I) to  (III)]. The P t concentration  is also influenced  
b y  th e  acid treatm ent n eed ed  for iron deposition in  th e  form of F e (N 0 3)3 to  
a m u ch  larger extent in th e  case  o f  Pt(CH 3)3Cl than  w ith  the platinum  tetram ­
m ine com p lex  [see (I) and (II )  as well as (VI) and (X III )] .

Table II

M etal content, dispersion  a n d  rates o f  ethane and n-butane hydrogenolysis

No.
catalyst

Pt
(wt.%)

Fe
(wt.%)

о ,-н г
titration 

(HE шпо1/goat)
D

Surface 
metal atoms 

(10-*mol/gmetal)

Rate of hydrogenolysis 
(mol s-'g^etal)

Ethane (573 K) n-Butane (523 K)

I 0 .5 2 0 7 . 8 0 . 1 8 9 . 3 5 2 . 2 8 X  1 0 - 8 4 . 4 8 X  1 0 - 8

i i 0 .4 2 0 2.6 0 . 0 8 3 . 8 6 1 . 6 8 x 1 0 “ « 2 . 0 5 x 1 0 - «

h i 0 .1 5 0 1 . 4 0 .1 1 — — —

IV 0 . 2 0 0 2.6 0 . 1 6 — — —

V 0 . 3 2 0 4 . 8 0 .1 8 — — —

VI 1 .1 5 0 3 2 . 3 0 . 3 4 1 8 . 3 1 . 7 8 X  1 0 - 5 5 . 7 3 x 1 0 - «

VII 0 . 4 7 0 . 2 0 0 . 6 0 .0 1 0 . 7 9 3 . 9 X 1 0 - 10 5 . 4 3 x 1 0 - «

VIII 0 . 3 9 0 . 1 1 5 . 2 0 . 0 8 8 . 3 1 . 2 x 1 0 - « 4 . 7 1  X  1 0 - «

IX 0 . 3 3 0 . 0 1 4 . 9 0 .1 6 9 . 2 2 . 4 5 x 1 0 - « 3 . 6 x 1 0 - «

X 0 .3 0 0 . 0 1 4 . 3 0 .1 5 8 . 9 2 . 1 2 x 1 0 - « 7 . 1 6 x 1 0 - «

XI 0 .9 8 0 . 2 0 1 8 . 0 0 .1 3 1 1 . 4 3 . 9 1 x 1 0 - « 9 . 8 8 x 1 0 - «

XII 0 .9 8 0 . 5 4 5 . 1 0 .0 6 3 . 2 3 . 7 8 % 1 0 - 7 9 . 1 9 x 1 0 - «

XIII 1 .1 0 0 2 1 . 9 0 .2 7 1 2 . 4 5 . 5 8 x 1 0 - « 4 . 5 4 X 1 0 - «

XIV 1.0 0.1 2 8 . 2 0 . 3 4 1 5 . 9 1 . 1 5 x 1 0 - « 1 . 2 8 x 1 0 - «

XV 1.0 0 . 2 1 8 . 0 0 . 2 7 9 . 3 9 . 3 3 X 1 0 - 7 2 . 7 2 x 1 0 - «

XVI 1.0 0 . 7 4 . 9 0 . 0 6 1 . 8 5 . 8 6 x 1 0 - « 1 . 0 4 Х 1 0 - 7

XVIII 0 0 . 5 — 0 . 1 3 — 1 . 9 5 x 1 0 - « 1 . 7 3 x 1 0 - «
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Of the different forms o f iron used for the preparation o f  bim etallic  
catalysts, on ly  F e (N 0 3)3 at pH  =  1 and ferrocene at pH  =  7 appear to  be 
effective, whereas the others do not seem  to  be suitable com pounds for this 
purpose.

In colum n 4, the results o f  h ydrogen-oxygen  titrations are collected. 
Apart from cata lysts (X V I) and (X V III), th is value is an adequate m easure of 
th e  am ount o f  m etal atom s on the silica gel surface [11]. In  th ese  sam ples, 
room tem perature titration  w ith hydrogen does not rem ove all th e  oxygen  
adsorbed, whereas in  th e  other cases the presence o f iron does n o t affect the

10

V 5

1

Fig. 5. G u in ier p lo t o f th e  sm all-ang le  X -ra y  d iffrac tio n  d a ta  on  a P t /S i0 2 c a ta ly s t
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reversibility o f  0 2—H 2 titration . In colum n 5 the m etal dispersions defined as
ND =  ——, where Ns  and N j  are the num ber o f surface and to ta l m eta l atom s,
iV-j-

respectively, are presented. For the case o f  catalyst (VI), the particle size has 
been determ ined by sm all angle X -ray  diffraction. The Guinnier p lo t is pre­
sented in Fig. 5. The straight line o f the p lot shows th at the ca ta ly st is mono- 
disperse w ith a particle size o f 2.6 nm . The particle size determ ined b y  hydrogen  
titration  changes in the range o f 2.1 and 2.7 nm , depending on th e  m odel 
(spherical, octahedral, etc.) chosen. The agreem ent seems good, therefore, the  
results o f the chem isorption m ethod are reliable.

Catalytic reactions

H ydrogenolysis o f ethane and n-butane as test reactions were applied  
to  gain further insight in to  the P tF e /S i0 2 bim etallic system . A ll reactions have 
been studied using a 1 : 10 hydrocarbon to  hydrogen m ixture.

In Fig. 6 the rate o f hydrogenolysis o f  ethane and butane in  m ol s _1 
gmetai units (see colum ns 6 and 7 in  Table II) is p lotted on a logarithm ic scale
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for ca ta ly sts  prepared from  th e  platinum  tetram m ine com plex and from  
P t(C H 3)3Cl as a function o f th e  surface m etal atom  concentration expressed in 
m ol m eta l atom per gram  m eta l (column 5 in Table II).

The plot indicates th a t th e  rates of reaction on catalysts prepared from  
P t(N H 3)4+ on silica gel revea l a much higher ca ta ly tic  activ ity  than those  
form ed  from the covalent P t com plex. The experim ental points for the former

F ig . 6 . Log ra te  vs. su rface  m e ta l  a to m  co n cen tra tio n  in  th e  hydrogeno lysis o f e th an e  an d  
n -b u ta n e .  Sym bols: (1 )  e th a n e  o n  P t(N H 3)f+-silica gel, (2 )  n -b u ta n e  on  P t(N H 3) | +-silica gel, 

(3 )  e thane on  P t(C H 3)3Cl-silica gel, (4 )  n -b u ta n e  on  P t(C H 3)3Cl-silica gel

lie on  a straight line excep t for the catalyst contain ing 0.7 w t.%  iron, regard­
less o f  w hether the ca ta ly st has been treated at p H  =  1 or not. The correlation

Table 1П

Selectivity  values fo r  n-butane hydrogenolysis

No.
Catalyst

Temp.
(K) S(J, Sc. s*-c4

(I) 529 0.3 1 0.34 0.17

(П) 502 0.35 0.56 0.37 0.36

(VI) 497 0.41 1.18 0.37 0.04

(X III) 513 0.43 0.90 0.35 0.15

(V III) 537 0.25 0.32 0.24 0.60

(X II) 529 0.75 0.57 0.66 0.04

(XV I) 513 1.00 0.36 0.92 0.02
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betw een the cata lytic  activ ity  and the concentration  of surface m etal atom s 
is rather poor for ca ta lysts from Pt(C H 3)3C l/S i02.

In Table III  som e characteristic data on th e  selectiv ity  changes in « -b u ­
tane hydrogenolysis are presented. It can he established th at on ca ta lysts  
prepared from the p latinum  tetram m ine com plex, the selectiv ity  to  isobutane  
form ation is low com pared w ith Pt(C H 3)3C l/S i02. The acid treatm ent, however, 
increases the S ,_ c , values in both cases. The further enhancem ent in  th is value  
on Pt(C H 3)3C l/S i02 cata lysts is very significant upon iron addition , whereas 
no effect can be observed w ith platinum  tetram m ine catalysts. The physical 
m ixture behaves as if  th e  P t /S i0 2 catalyst were prepared w ithout added iron.

Discussion

In the present work it  is strongly confirm ed that the final shape o f a 
supported cata lyst is taken  already at the very  first step o f the preparation  
procedure. Subsequent treatm ents have on ly  a minor im portance. This is 
proved by the different characters o f the P t /S i0 2 catalysts prepared by using  
ionic and covalent P t com plexes although in  b oth  cases finally  m etallic p lati­
num  is formed. D ifferent treatm ents afterwards also alter the m etal contents, 
dispersion, the adsorption and catalytic character of the supported m etal 
cata lyst but the basic properties are carried by these catalysts from  the be­
ginning.

The above statem ent becom es obvious w hen the TG-M S data are dis­
cussed. In both P t com plexes S i-O —P t bonds are formed after their solutions  
are contacted w ith  th e  surface. H owever, th is bond for the Pt(C H 3)3Cl com plex  
is weaker, resulting in a smaller m etal concentration on S i0 2 and, which is 
more im portant, chlorine is retained by the com plex and th is basically  controls 
the character o f th e  cata lyst formed.

These factors are even more im portant in th e  preparation o f bim etallic  
catalysts. When the im pregnation w ith  F e (N 0 3)3 occurs in an acidic medium  
the ions are well distributed on the surface. E ven  so, in the calcination process 
th ey  are brought in to  contact w ith platinum  previously  deposited on the silica 
gel. Indeed, the form ation o f nitrogen and w ater upon the decom position of 
P t(N H 3)4+/Si0 2 im pregnated w ith ferric n itrate indicated in F ig. 2 m ay be 
the explanation o f w hy the com plex strongly held by Pt 0  Si bonds interacts 
w ith iron in the calcination phase. This interaction probably hinders the fur­
ther migration and agglom eration o f iron oxide particles, therefore, no change 
in  the superparam agnetic behaviour can be observed when it  is converted into  
a m etallic phase as can be learned from Fig. 3. A t the same tim e, th is  contact 
ensures the reduction o f ferric ions into P tF e clusters and into fin ely  dispersed  
iron on the surface. Separate m easurem ents b y  th e  Mössbauer techn ique for 
iron, b y  sm all angle X -ray  diffraction for P t and b y  chem isorption for both
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sh ow  th a t  the metallic particles form ed are very sm all. The ex istence o f  sm all 
P tF e  particles on the surface is, therefore, strongly confirm ed unless P t and 
F e p artic les are existing separately  on the surface (th is is very unlikely  because  
a p h y sica l mixture behaves as i f  it  were P t /S i0 2 alone).

P reviou sly  the behaviour o f P tF e /S i0 2 cata lysts has been thorough ly  in ­
v e stig a te d . Mössbauer m easurem ents have given strong support th a t at low  
iron lo a d s , a P tF e cluster is form ed which can be reversibly oxidized and re­
duced  a t room tem perature. A t high iron loads, the best f it  was obtained when  
a s in g le  peak with zero isom er shift was assum ed w ith  a constrained doublet 
for F e 3+ and Fe2+ [10].

In  th e  present stu d y  it  is  clearly shown th at all iron atoms at high iron 
load  are located  at or near to  th e  surface since th e y  are com pletely converted  
in to  F e 3+ upon room tem perature oxidation . R oom  tem perature reduction  
does n o t convert all ferric ions into zerovalent iron, which means th a t on the  
surface Fe° atoms are surrounded b y  iron in a cubic array and by P tF e  clusters.

A  comparison o f ca ta ly sts  (VI) and (X III) shows th a t there is a sm all 
drop in  th e  number o f surface P t atom s because th e  loss in  the p latinum  con­
te n t  o f  th e  catalyst subjected  to  an acid treatm ent is negligible, as indicated  
b y  X -r a y  fluorescence m easurem ents. The essential id en tity  of ca ta lysts w ith  
and w ith o u t acid treatm ent is further proved b y  th e  fact th at the adsorption  
properties of bim etallic ca ta ly sts  produced either b y  F e (N 0 3)3 im pregnation  
at p H  =  1 and/or b y  im pregnation  w ith  ferrocene is alcohol at pH  =  7 [com ­
pare ca ta ly sts  (X I) and (X V ) as w ell as (X II) and (X V I)] are close to  each other.

W e have already observed th a t [9] in  som e cases a parallelism  can be 
fou n d  betw een the adsorption properties and the cata lytic activ ity . In  F ig. 6 
th is  proportionality  betw een  th e  num ber o f surface m etal atom s and th e  rate  
o f  hydrogenolysis can be fou n d  on ly  in the case o f catalysts prepared from  
P t(N H 3)4+ regardless o f  w hether it  has been treated  at pH  =  1 or not.

A lthough there is no essentia l change in th e  concentration o f surface 
m eta l atom s when the ca ta ly sts  are prepared from  Pt(C H 3)3Cl, their intrinsic  
a c tiv it ie s  are still m uch low er than  with the platinum  tetram m ine com plex. 
A s w e have already m entioned , one o f  the reasons o f  th is unexpected  behaviour 
m a y  be th a t upon im pregnation  o f the silica gel surface chlorine atom s are 
reta in ed  b y  the m olecule and a P t-O -S i bond is form ed via the cleavage o f one 
m e th y l group. This sta tem en t is supported b y  the experim ents carried ou t w ith  
o th er  organom etallic com plexes [12], in which th e  hydrocarbon ligand was 
a lw a y s cleaved from th e  m eta l com plex.

A s far as the m etal concentration  on the support is concerned, it  is signif­
ica n t th a t the actual m etal con ten t for both  P t and Fe is usually  low er than  
th e  nom inal value.

On comparing th e  P t contents of ca ta lysts (I), (III), (IY) and (V), an 
in creasin g  metal load is apparent w ith  decreasing interaction betw een  solvent
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and silica gel (in the benzene-heptane-hexane sequence). The sam e effect is 
found w ith  decreasing pretreatm ent tem perature, because th e  num ber of 
h ydroxyl groups supplying the hydrogen atom s decreases w ith increasing tem ­
perature. C atalyst treatm ent w ith an acid solution partly rem oves the  
Pt(CH .s)Cl com plex [compare (I) and (II)].

O f th e  m ethods used for the preparation o f P tF e cata lysts, co-im preg­
n ation  does not seem  suitable to  achieve high iron loads, sim ilarly to  th e  ap­
plication  o f Fe(CO)s. The highest iron content can he obtained b y  post-im preg­
nation  o f cata lysts (YI) and (V III) as w ell as b y  im pregnation o f ca ta ly st (VI) 
w ith  ferrocene. The same is valid for P t(N H 3)4+/S i0 2 im pregnated w ith  an 
F e (N 0 3)3 solution. Upon hydrogenation HC1 is trapped b y  the support, which  
becom es acidic and thus the structure o f  th e  m etallic phase is com pletely  
different. Indeed, upon acid treatm en t, th e  hydrogenolysis a c itiv ity  o f the  
cata lyst decreases [see e.g. (I) and (II) as w ell as (VI) and (X III)]  w ith  a si­
m ultaneous increase o f  the isom erization a c tiv ity  (see Table III). This m ay be 
due to  th e  enhancem ent of the acidic character but a dispersion effect m aynot 
be excluded.

The proportionality expressed b y  F ig . 6, which is equivalent to  the in­
crease o f the turnover number as a function  o f m etallic dispersion, m eans that 
hydrogenolysis can he considered as a dem anding reaction [13, 14] sim ilarly  
to  those observed on pure P t /S i0 2 cata lysts [15]. The essential difference is 
th at in  th e  latter case the degree o f the change is smaller. In our op in ion , this 
is th e  consequence o f  iron influence on platinum , therefore, we believe th a t not 
only  the dispersion o f platinum  is enhanced by added iron, as has been stated  
earlier [4, 5], but the intrinsic activ ity  o f  th e  active sites is also in fluenced  by  
iron. There is one exception , the sam ple w ith  the highest iron content (X V I), 
for w hich not on ly  the rate deviates from  th a t determ ined by the straight line, 
but also the se lectiv ity  in butane hydrogenolysis resem bles that characteristic  
of non-noble transition  m etals [16 —18].

Conclusions

1)  Of P t(C H 3)3Cl (A) and P t(N H 3)4+ ( В ) the latter is the better choice 
to  obtain  m etal particles w ith the highest num ber o f Pt atom s on th e  surface. 
(A ) is also suitable to  produce catalysts o f  high dispersion, how ever, th e  am ount 
o f the alkyl com plex bonded to  silica gel is strongly affected by the experim en­
ta l conditions, such as solvent, support pretreatm ent, etc. The to ta l am ount 
o f P t is sm aller in  the case o f (A) than  for (B).  Upon preparation from  dif­
ferent P t sources, not only the number of surface m etal atom s can be in fluenced, 
but th e  nature o f th ese sites also depends on the P t com plex used.

2)  TG MS and Mössbauer data, along w ith  gas adsorption, give evidence  
for m etallic interaction  between iron and platinum  prior to  and after standard
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trea tm en t. The catalysts are w ell dispersed and at least a part of iron can be 
ox id ized  and  reduced at room tem perature, w hich again points to direct con ­
ta ct b e tw een  the two m etals.

3 )  A  correlation has been found betw een th e  concentration o f  m etal 
atom s on  th e  surface and the rate of hydrogenolysis o f ethane and n-butane. 
The in tr in s ic  catalytic a ctiv ity  o f  platinum  is in fluenced  by the iron additive  
and con sid erab le deviations from  th is behaviour can only  be observed at high  
iron lo a d s .

T h e  a u th o rs  are in d eb ted  to  D r. T . Székely  fo r v a lu a b le  discussions, to  D r. G. B odor 
fo r sm a ll-a n g le  X -ra y  m easu rem en ts, a n d  to  Mrs. G. St e f fl e r  a n d  Mr. I. B ogyai fo r te c h n ica l 
a ss is tan ce .
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C yclo p en tan o n e  enam ines re a c t w ith  b en zy lideneaeetophenone  to  y ie ld  a d d u c ts  
o f th e  M ichael ty p e ; w ith  b en zy lidenecyclohexanones, u n d e r v e ry  m ild  co n d itio n s , th e  
p ro d u c ts  a re  cy c lo p en tap y ran es. T he s te ric  s tru c tu re  of th e  la t te r  c o m p o u n d s w as 
in v es tig a te d  b y  ex am in in g  th e  h y d ro lysis p ro d u c ts .

E lectrophilic olefins react w ith  enam ines in w idely different ways, 
depending on their structures [1, 2 ]. E nam ines o f  six-membered cyclic  ketdnes 
can usually  be converted with benzylidene ketones into dihydropyrans [3, 4]. 
There are few  data available regarding th e  analogous reactions o f  cyclop en ta­
none enam ines; the isolation of Michael adducts has been reported [5, 6 ], but 
it cannot be excluded  th at failure in achieving cyclization was due to  th e  rather 
drastic reaction conditions. R ecently, KÖI4ST et al. raised again th e  possib ility  
of the interm ediary form ation of dihydropyrans [7]. In seeking experim ental 
evidence for the existence o f such in term ediates, we allowed some benzylidene  
ketones to  react w ith  cyclopentanone enam ines under very m ild conditions.

1 -Pyrrolidinylcyclopentene (la , X  =  - - )  yielded w ith b enzylideneaceto­
phenone (II) the w ell-known diketone VII at 0 °C in anhydrous ethanol, in 
spite o f  the nom inally anhydrous conditions [8]. Under the sam e conditions, 
piperidino- (lb , X  =  CH2) and m orpholinocyclopentene (Ic, X  =  0) were 
converted w ith  II into the enamino ketones IVb, c, unknown up to  now . In the 
IR spectra o f IVb and c, the band at 1680 c m -1  can be assigned to  the phenyl 
ketone, th a t at 1630 cm -1 to  the enam ine double bond. The PM R spectra of 
IVb and c indicate an interesting tautom erism : although the enam ine double 
bond usually  tends to  occupy the least su b stitu ted  site [1], about 40%  o f the 
tetrasubstitu ted  tautom er Vb and c m ust be assum ed to  ex ist in chloroform  
solution on the basis o f  the fact that m ethine signal of the trisubstitu ted  olefin  
bond represents on ly  0.6 protons. Compounds IVb and c can be hydrolyzed  
w ith dilute hydrochloric acid to the diketone VII. The possible reaction  paths 
are sum m arized in F ig. 1.

There are tw o possibilities for the stab ilization  of the zwitterion III formed 
in the first step [4, 9]: charge equalization m ay yield IV, or com pound VI

* P a r t  I I ,  see R ef. [4]
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VI III а—с

a :  X  =  -  

b: X = CHj 

с: X  = 0
Fig. 1

can  b e form ed in an intram olecular addition step . A ctually  com pounds IVb, c 
w ere iso la ted . The transient form ation o f th e  cyclopentapyran VI cannot be 
ex c lu d ed , in view  of the fact th at the corresponding benzopyrans can be
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synthesized [4], although they are liable to  ring cleavage. E v id en tly , there is 
another effect p laying  a part here in addition  to  the electron-w ithdraw ing  
action o f the phenyl group at C-2: th is is th e  strain produced b y  th e  overlap­
ping position o f  th e  substituents 4 a —7a in  th e  five-m em bered ring, w hich is 
obviously absent in the six-membered ring A. W e assumed that after th e  rem ov­
al o f the phenyl group from the im m ediate v ic in ity  of the oxo group, the 
overlapping positions alone would not prevent ring closure.

Indeed, all th e  three enamines (la , b, c) yielded the expected cyclopenta- 
benzopyran (IXa — c) w ith  2-benzylidenecyclohexanone (VIII). U nam biguous 
evidence for the occurrence of cyclization is th a t the IR  spectra o f  the products 
contain only one double bond: the “ enol ether band” at about 1690 c m -1 . 
The PMR spectra can hardly be evaluated; on hydrolysis of IXa — c in dilute 
acid, the kétől X I w as obtained, and th is chem ical conversion helped the  
elucidation o f th e  deeper structure of IX  b y  proving the cis position o f  th e  tw o  
hydrogen atom s in  th e  pyrane ring (F ig. 2).

The structure o f  the kétől (XI) was estab lished  on the basis o f  th e  follow ­
ing considerations: a carbonyl band appeared in th e  IR  spectrum at 1740 c m -1 
when recorded in  th e  solid state. Such a high frequency can only be exp ected  
in the five-m em bered cyclic ketone, thus th e  alternative structure X II can be 
dism issed. The steric position o f the hydroxyl group at C-4a was also established  
on the basis o f the IR  spectrum : in solid s ta te  and in 10-3 mole/1 carbon te tra ­
chloride solutions, vibrations characteristic o f intram olecular hydrogen bond  
appear at 3395 c m -1  and at 3410 and 3603 c m -1 , respectively. T he bond is 
rather weak: the average distance o f th e  tw o  oxygen  atoms m easured in  the  
Dreiding m odel is about 3.1 Á, and this is responsible for the w idening o f  the 
free OH band and th e  carbonyl band observed in  dilute solutions. T he con­
figuration  o f the C-9 atom  and the trans B/C ring anellation can be established  
from  the PM R spectrum : the signal o f the C-9 proton (doublet o f  doublets) 
(3.18, J 8i9 =  3 H z, Jg>9a =  12 Hz) and the absence o f  the splitting o f  th e  phenyl 
signals is equally consisten t w ith the structure given. (Sim ultaneous or one 
by one changes o f  th e  configurations o f th e  9 and 9a carbon atom s also y ield  
dihedral angles o f about 60° and nearly th e  sam e ex ten t o f sp litting, and in the  
presence o f an axial phenyl group no hydrogen bond could be form ed betw een  
the oxygen  atom s.) Compound XI undergoes dehydration strikingly readily , 
which also supports th e  trans ring anellation.

2,6-D ibenzylidenecyclohexanone (XIV) gives a cycloadduct (XVa — c) 
w ith  all the three enam ines (la  c (Fig. 3). The IR  spectra of the com pounds 
are altered as com pared w ith  those of IX a c, in accordance w ith th e  changes 
in  the structure: th e  band o f the enol ether appears at a frequency low er by  
about 45 cm -1 (conjugation) and the band assigned to  the double bond in  the  
benzylidene group is found at about 1620 c m - 1 . The PMR spectra are rather  
diffuse but agree w ith  th e  structure given.
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a: X =  — 

b: X = C H 2 

c: X =  0
Fip. 2
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a: X =  — 

b: X = C H 2 

с: X =  0
F ig . 3

Table I

Compound Method 
Yield, %

M.p., °c
Solvent of 

crystallization

Molecular
form ula
(M.w.)

A nalysis, %  
Calcd./Found

c H N

IVb A 124 127 c .,rh „qn o 83.52 8.13 3.90
98 e th y l a c e ta te -e th e r (359.52) 83.54 8.29 3.79

IVc A 115 117 G,„H.,7NO., 79.75 7.53 3.87
70 petro leum  e th e r (361.49) 79.41 7.74 3.91

VII A ; В 78 80* c2„H,no. 82.16 6.89
7 9 ; 52 petro leum  e th e r (292.38) 82.24 6.75 —

IXa A 95 97 C ,,H ,0NO 81.69 9.04 4.33
60 petro leum  e th e r (323.48) 81.85 9.31 4.44

IXb A 114 -117 c 23h 31n o 81.86 9.26 4.15
79 petro leum  e th e r (337.51) 81.71 9.19 4.29

IXc A 135 138 C^H^NO.. 77.83 8.61 4.12
78 petro leum  e th e r (339.48) 77.49 8.84 4.24

X I В 210 c 18h 2a 80.00 8.20
76 ethano l (270.37) 79.90 8.23 —

XIII C CI8H 20O 85.67 7.99
46 syrup (252.30) 85.90 8.21 —

XVa A 1 3 8 -1 4 1 C29H 33NO 84.63 8.08 3.40
90 b en zene-m ethano l (411.59) 84.33 8.26 3.37

XVb A 132 135 C ,„H «N O 84.66 8.28 3.29
76 eth y l ace ta te (425.62) 84.77 8.15 3.29

XVc A 1 2 3 -1 2 5 c29h 33n o 2 81.46 7.78 3.28
90 ethanol (429.59) 81.55 7.58 3.40

* L it. [6, 8] m .p . 7 8 - 8 0  °C.
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Table II

Compound IR , c m - '
PM R

d(ppm ) T M S = 0

IVb

1683 p h e n y l k e to n e  
1624 C = C  en am in e  
1600 C = C  a ro m a tic  
1582

8.1 — 7.0 m , Ю Н , CH a rom atic  
4.31 b r , 0 .6 H , CH enam ine

r V c

1680 C = 0  p h e n y l ketone 
1620 C = C  enam ine  
1598 r  r a ro m a tic
I d o Z

8.1— 7.1 m , 10H , CH arom atic  
4.36 b r , 0 .6 H , C H  enam ine

VII
1738 C = C  c -a lip h a tic  
1687 C = C  p h e n y l ketone 
1600 C = C  a ro m a tic

8.1 — 7.3 m , 10H , CH arom atic

IX a
1695 C = C  eno l e th e r 
1600 C = C  a ro m a tic

7.25 “ s” ,* 5H , CH a rom atic

IXb
1696 C = C  enol e th e r 
1602 C = C  a ro m a tic

7.28 “ s ’\ *  5H , CH a rom atic  
3.00 b r, 1H , ^ C H —P h

IX e
1692 C = C  enol e th e r 
1603 C = C  a ro m a tic

7.28 “ s” ,* 5H , CH a rom atic  
2.98 b r , 1H , ^ C H - P h

X I

3395 O H  assoc.
1740 C = 0  c -p en tanone  
3603** free  O H  
3410** O H  assoc.
1740** C = 0  c-pen tanone

7.25 “ s” ,* 5H , C H  a rom atic  
3.18 dd , 1H , ^ C H  P h  
(<^8,9 =  3H z , J ,  9a =  12Hz) 
1.76 s, 1H , O H

X III
1740 C = 0  c -p en tanone  
1710 (sh ) C = C 7.40 “ s ” ,*  5H , C H  arom atic

XVa
1644 С— C eno l e th e r 
1615 C = C ~ P h  
1600 C = C  a ro m a tic

7.50—7.20 m , 10H , CH arom atic
7.03 s, 1H , = C H - P h
3.14 d, 1H , ( II P h  ( J =  6Hz)

XYb
1648 C = C  eno l e ther 
1618 C = C — P h  
1600 C = C  a ro m a tic

7.50— 7.20 m , 10H , CH arom atic 
7.04 s, 1H , = C H  P h
3.20 d , 1H . ^  CH P h  ( J =  5Hz)
7.50— 7.20 m, 10H , CH arom atic

XVc
1644 C = C  enol e th e r 
1613 C = C — P h  
1599 C = C  a ro m a tic

7.07 s, 1H , = C H - P h  
3.45 t ,  4 H , C H 2-  O - C H ,  
( J =  4 .5H z)
3.23 b r , 1H , ; c h  P h

* “ s”  =  quasi-singlet 
** R ecorded in  CC14 so lu tio n

£ A cta  Chim. Acad. Sei. Hung. 101, 1979



OSZBACH ct al.: DIHYDROPYRAN CYCLOADDUCTS 125

Experim ental

M .p.’s are u n c o rre c te d . T he IR  sp e c tra  w ere reco rd ed  w ith  a Zeiss U R -1 0  sp e c tro p h o to m ­
e te r  in  K B r p e lle ts , th e  so lu tio n  sp ec tra  w ere o b ta in e d  in  10~3 mole/1 so lu tio n s  in  CC14. The 
P M R  sp ec tra  were re co rd e d  w ith  a P e rk in -E lm er R -1 2  in s tru m e n t in CDC13 so lu tio n s . P hysical 
d a ta  a n d  e lem en tal an a ly se s o f th e  com pounds p re p a re d  a re  given in T able  I ; T ab le  I I  con ta ins 
th e ir  sp ec tra l d a ta .

(A )  General method o f achieving the addition reactions (IVb, с, VII, IXa— c, XVa— c)

A so lu tion  o f th e  u n sa tu ra te d  k e to n e  (II, V III o r XIV) (0.02 m ole) a n d  th e  enam ine 
( la , b o r c) (0.02 m ole) in  an h y d ro u s  e th an o l (40 m l) w as s tirred  a t 0 °C u n t i l  a  sam p le  ta k e n  
fro m  th e  reac tio n  m ix tu re  co n ta in ed  no k e to n e  ( te s te d  ch ro m ato g rap h ica lly  o n  a  K ieselgel 
la y e r  in  benzene —e th y l  a c e ta te  40 : 1 m ix tu re )  (3 12 h). T he crystals w h ich  s e p a ra te d  were
f ilte re d  off, w ashed w ith  cold  e th an o l an d  c ry s ta lliz ed  fro m  a su itab le  so lv en t (T ab le  I).

(B )  Hydrolysis of IVb, c, IX a, b, c

T he s ta r tin g  m a te r ia l  (0.005 m ole) w as s t i r re d  o v e rn ig h t in 2N  HC1 so lu tio n  (20 ml) 
a n d  chloroform  (20 m l). T he phases w ere se p a ra te d , th e  aqueous phase w as e x tra c te d  w ith  
ch lo ro fo rm , w ashed w ith  w a te r  an d  ev ap o ra te d  to  d ry n e ss . The residue w as c ry s ta lliz ed  from  
p e tro leu m  e th e r (VII) o r  e th a n o l (XI).

(C) 9-PhenyI-5,8-m ethano-l,2 ,3 ,4 ,6 ,7 ,8 ,9-octahydro-5.H -benzocycloheptcn-10-one (X III)

C om pound XI (1 .35 g ;  0.005 m ole) w as b o iled  fo r  30 m in in a n h y d ro u s b en zen e  (25 ml) 
in  th e  presence of p -to lu en esu lfo n ic  acid  (40 m g) u n d e r  a  D ean-S tark  tra p . A f te r  cooling , the  
so lu tio n  w as w ashed w ith  NaHCO., so lu tion  th e n  w ith  w a te r , dried and  e v a p o ra te d  to  d ryness. 
T h e  sy ru p y  su b stan ce  o b ta in e d  could  be n e ith e r d is tilled  n o r crystallized . F o r  a n a ly s is , a  sm all 
a m o u n t o f th e  su b s tan ce  w as dissolved in benzene, su c k e d  th ro u g h  a c tiv a ted  c a rb o n , e v ap o ra te d  
to  d ry n ess an d  th e  a lm o s t colourless sam ple o b ta in e d  in  th is  w ay was a n a ly zed .
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T he b lue  ox ide - an  in te rm e d ie r  p ro d u c t of th e  th e rm a l deco m p o sitio n  of the  
am m o n iu m  p a ra tu n g s ta te  (A P T  • 5H „0) — has been  in v e s tig a te d  b y  m ean s of X -ray  
d iffrac tio n , in frared  sp ec tro sco p y , p H -m e try , ion exchange, a n d  |red o x  p o te n tia l  m ea­
su rem en ts.

A connection  w as fo u n d  b e tw een  th e  phase  com p o sitio n  a n d  som e chem ical 
b eh av io u r.

T he presence of th e  te tra g o n a l  hy d ro g en  tu n g s ten  b ro n z  a n d  t h a t  o f a  hexagonal 
m ix ed  am m onium  h y d ro g en  tu n g s te n  b ro n z  is e stab lished  a n d  th e  chem ica l reac tiv ity  
o f  th e  blue oxide is co n n ec ted  to  th em .

Introduction

The research of W  and o f its com pounds has been a characteristic activ­
ity  o f Hungarian scientists for th e  last few decades. Som e basic discoveries 
can be connected to  them . H e g e d ű s  and M i l l n e r  [1] described the determ in­
ing role o f ß - W  in th e  doping m echanism . N e u g e b a u e r  et al. [2] published  
first th e  existence o f the am m onium  W-bronze and m entioned later [3] its 
ion-exchanging ability. The presence o f  hydrogen tu n gsten  bronze in blue 
oxide was already m entioned by H e g e d ű s  [23]. G a d o  [4] gave th e  explanation  
for the structural characteristics o f  th e  W oxides w ith oxygen  defect.

The present W'ork deals w ith  th e  study of an interm edier product of the 
therm al decom position o f th e  am m onium  paratungstate 5H 20  (A P T ), the so 
called blue oxide which has an approxim ate formula o f W 0 2>8—2>9 and ls a 
m ulticom ponent m aterial. The aqueous reactions o f th is blue oxide and of the 
yellow  tungsten  oxide (W 0 3 • H 20 ) ,  have been investigated  in details in the 
recent years [5 —12]. The aim o f these studies was the better understanding  
of the doping m echanism  o f the tungsten  oxide. It was found th a t not only the 
param eters o f  the solution but also those of the solid phase (com position, 
grain size, etc.) m ight play a determ ining role in the interaction , all the more 
th at the blue oxide is a m ixed phase w ith  com ponents not described satis­
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fa c to r ily . The earlier m easurem ents were not able to  clarify w hich com ponents 
are responsib le for the rea ctiv ity  o f  the material. I t  w as found only  th at blue 
o x id e  sam ples which were p roved  to  be identical tested  b y  means o f usual 
m eth o d s (e.g. BET surface m easurem ent, annealing w eight loss, etc.) show  
differen t behaviour (in ion exch an ge capacity, in  redox properties, etc.) under 
th e  sa m e conditions o f the liq u id  phase.

In  th e  present work we are going to describe som e properties o f the blue 
o x id e  and  to  explain them , fir st  o f  all in order to  understand th e  connections 
b etw een  th e  reactivity and th e  phase composition.

E xperim ents and Results

For the experim ents b lu e  oxide samples were prepared by thermal 
decom position  of APT in laboratory  furnace as follow s ;

10 g APT was placed in  a M o-N i boat and pushed into the furnace the  
tem p eratu re of which was stab ilized  already at different tem peratures between  
350 and  600 °C. It was annealed  for 45 min either in  N 2, Ar or H 2 gas, or in a 
m ix tu re  o f them. The gas f lo w  rate was 25 — 50 1/hour.

T he oxygen index (01 ) i.e. the O/W atom ic ratio o f th e  samples was de­
term in ed  according to  C h o a i n  and M a r i o n  [13]. The determ ination is based  
on  E q . 1 ;

WO(3_ x) +  2 * -A g +  -  W« + +  (3 -  x) О’-  +  2 * -A g  (1)

A g + ions were added in  form  o f thiocyanide com plex in alkaline solution. 
T h e reduced silver was filtered  on a glass filter, d issolved in H N 0 3 and deter­
m in ed  b y  means of the th iocyan id e method. The reproducibility o f the 0 1  
v a lu es  w as +  0.005.

Figure 1 shows th e  dependence of the 0 1  on the decom position tem ­
perature.

The 01  decreases v ery  slow ly  between 350 and 400 °C to  about 2.99, 
th e n  it  drops faster to  about 2 .80  in  the range o f 400 — 600 °C. Further reduction  
ta k e s  place only at higher tem peratures but the product cannot be considered 
as a b lue oxide any more and w ill not be the object o f  our present study.

Investigation of ion exchange properties

a )  Radioactive tracer experiments

Blue oxide sam ples w ere m ixed with aqueous KC1 solution  labelled w ith  
42K  isotope as described earlier [7] and having reached the equilibrium  (3 min) 
th e  K + ion concentration (a ctiv ity ) of the separated solution  was measured.
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Fig. 1. D ependence  of O I on  A P T  decom position  te m p e ra tu re  (2 1/h H 2 30 1/h Ar)

F ig . 2. a )  T he K + ion  ex ch an g e  a b ility  o f blue oxide; b) H + ion q u a n ti ty  dev elo p ed  due to  K  + 
ex ch an g e  in  blue ox ide in  aqueous m edia  (80 cm 3 deionized  w a te r  -f- 20 cm 3 0.1 л  K C l, 800 m g 
b lue  oxide); c) redox  p o te n tia l  o f b lue  oxide K 3[Fe(C N )6] system s (88 cm 3 deionized  w a te r - f  10 

cm 3 n HC1 -f- 2 cm 3 0.3 M  K 3[Fe(C N )6], 200 m g b lue oxide)

Fig. 2 shows the dependence o f the ion exchange on th e  decom position  tem ­
perature.

The ion exchange capacity  increases rapidly till the decom position tem ­
perature of 430 °C (OI 2.97). Then it starts to  decrease and reaches a nearly  
constant OI value o f  about 2.88.
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b)  pH -m etric experiments

T he pH  value o f the liqu id  phase decreases very  fast for a short period 
in th e  course of the ion exchange. The number of H + ions causing the change 
of p H  agrees well w ith th a t o f  K + ions taking place in th e  ion exchange [10].

A fter the ion exchange process a further slow  change o f pH  can be ob­
served  over a long tim e.

R apid  reaction occurs on ly  if  ionic solutions are present but not in pres­
ence o f  pure water. In th is la tter  case only a slow process is observable which  
is considered to be the hydrolysis o f  the blue oxide com ponents (Fig. 3), and 
w hich is not the rate determ ining factor o f the ion exchange process.

F ig . 3. H ydro lysis an d  ion  ex ch an g e  o f b lu e  oxide in  aqu eo u s m ed ia ; hyd ro ly sis  (a )  follow ed 
b y  a d d itio n a l K +  ion ex change  (b), h y d ro ly sis  an d  s im u ltan eo u s K +  ion exchange  (c ) ,  (so lu­
tio n s : 100 cm 3 deionized w a te r  (a ); +  20 cm 3 0.1 n  KC1 (b); 80 cm 3 deionized w a te r  -f- 20 cm 3

0.1 n  К  Cl (c). — 800 m g b lue  oxide)

Figure 2 shows the change of H + ion quantity  caused by К  + ion exchange 
in b lue oxide sam ples, corrected w ith the corresponding increm ent of the  
h yd ro lysis. The Пн+ curve has also m axim um  at 420 °C, at the decom position  
tem perature and fits  w ell to  the 42K + ion exchange curve. This proves the  
rela tion  of the tw o processes, therefore the more sim ple pH  m easurem ents can 
be used  for the indirect determ ination  of the ion exchange ab ility  of blue oxide  
sam ples.

A  typical rate curve o f  th e  hydrolysis (F ig. 4) has several characteristic  
breaks, which lead to  the conclusion that the blue oxide is a m ixture of differ­
en t solid  phases. The num ber o f phases depends on the conditions (tem pera­
tu re , atm osphere) of the therm al decom position, and can be at least tw o.

On the bases o f hydrolysis, ion exchange and pH  m easurem ents we sug­
gest th a t the ion exchange ab ility  o f this m ultiphase material is connected not 
o n ly  w ith  the oxyhydrate, form ed during th e  hydrolysis, as we supposed  
earlier [10], but rather w ith  som e other c im ponents o f the solid phase too.
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F ig. 4. A ty p ica l h y d ro ly sis  r a te  curve 

Investigation of redox properties

The 01  o f th e  blue oxide samples is a lw ays less than 3. We confirm ed the 
earlier perception [6] th at blue oxide acts as a strong reducing agent under 
suitable conditions. The chem ical determ ination o f the 0 1  is also based on this 
property. W e have determ ined the reducing ab ility  o f the blue oxide by the  
following m ethod ; blue oxide was m ixed to  an acidic K 3[Fe(CN)6] solution  
and the change o f  redox potential was m easured with Au electrode against cc. 
calom el electrode. Figure 2 shows th e  dependence o f the redox potentia l on the  
decom position tem perature o f the blue oxide. The curve has a character sim i­
lar to  th at for ion exchange and pFI values. The main difference observed is 
that it stabilizes in th e  high tem perature range at a higher relative value, 
probably because the W20O5g phase itself, w hich is stable in this range, has also 
a reducing ability com parable to that o f th e  bronze (MxW 0 3) [16].

All the m easurem ents described above prove that the reactiv ity  o f the  
blue oxide increases w ith  the decom position tem perature up till about 
400 — 420 °C and over th is tem perature it drops rapidly.

Investigation o f the phase composition o f the blue oxide

a) Infrared absorption spectrometric investigations

The spectra o f  blue oxide samples were recorded in KBr pellets w ith  an 
U R  10 IR  spectrom eter. It was found, th a t the w'ave number o f  the single 
absorption band, appeared in the frequency range of the W -O -W  vibration , 
m oved towards higher frequencies w ith decreasing 01 . Later, the band split
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to  a h igh er  and a lower frequency m axim um , and fin a lly  the latter one becam e  
d om in an t. T his is in agreement w ith  our earlier observations [14].

T h e  curve of Fig. 5 show s th e  frequency displacem ent o f th e  o —w
stre tch in g  band  vs. 01 . Three breaks can be observed which prove the ex isten ce

F ig . 5. F requency  d isp la c e m e n t o f th e  r^ r-O -W  s tre tch in g  b an d

Fig. 6. D ependence o f  specific  in ten sitie s  o f  th e  b an d s on  01

o f at le a s t  three independent phases. The know ledge o f the characteristic v ib ra­
tio n  freq u en cies of the pure phases enabled the identification  of th e  phases in 
th e  b lu e  ox id e samples [15].

T h e  curve of Fig. 6 where th e  change o f  the specific intensities o f the bands 
are g iv e n  in  the dependence o f  th e  0 1 , is even  more inform ative. The curve  
d escribes reliably the phase changes and shows th e  m ixed phase regions. In  
th e  ran ge o f  the ATB the ex isten ce  o f  two phases can he supposed. I t  gives no 
d eta ils  b u t encourages us to  search for at least tw o different bronzes w ith  other  
m eth o d s to o . It confirms also th e  assum ption, th a t the ion exchange properties 
are co n n ected  with the bronze phase.
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b)  X -ra y  structure investigations

The X -ray diffractom etric studies and powder X -ray p hotographs using 
a Guinier camera (CuKa) o f our blue oxide proved the presence o f  th e  ATB but 
gave evidences for th e  ex istence o f the tetragonal hydrogen tu n g sten  bronze 
(TH TB) too (Table I).

Table I

20 rf(A°) (bkl) i l l .
<%) ASTM

H ex ag o n a l ATB 39.2 2.296 211 30 5 -532

T e trag o n a l h y d rogen  tu n g s ten

bronze (T H T B ) 41.78 2.167 201 40 2 3 -1 4 4 8

W 20o 58 40.75 2.211 218, 413 70 5 - 3 8 6

w 180 49 — — — 5 - 3 9 3

Conclusions on th e  q u antitative relations were drawn on th e  basis of 
characteristic lines in  th e  usual manner (see Table II).

Table II

OI Hexagonal 
NH|-bronze (ATB)

Tetragonal 
H-bronze (THTB) w „os. w „o „

2.999 3 8.5 — —

2.996 2.4 3.5 — —

2.990 1.5 5.5 — —

2.986 2.8 6.0 — —

2.975 3.0 7.0 — —

2.968 3.2 8.0 — —

2.947 1.0 7.5 — —

2.940 2.0 3.5 — —

2.925 — 7.0 3.5 —

2.912 — — 7.5 —

2.901 — — 8.0 —

2.892 — 4.0 10.0 —

2.883 — — 14.5 —

2.865 — — 17.0 —

2.853 — — 9.5 —

2.850 — — 7.5 s tro n g

2.837 — — 11.5 m edium  +  w eak  ph .

2.832 — — 13.5 w eak

2.770 — — — stro n g
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T he numbers given for th e  different phases are th e  peak height values o f  
th e  characteristic  lines g iven  in  Table I.

c) Determination of the nitrogen content by means o f activation analysis

T h e ATB content o f  th e  blue oxide can be characterized w ith its N  con­
cen tra tio n , though th is characterization is not v ery  strict because of the

F ig . 7. N -con ten t o f th e  b lu e  o x id es  as a function  of th e  d eco m p o sitio n  te m p e ra tu re

fa ir ly  uncertain chem ical com position  of the ATB [16], sim ilarly to  other  
tu n g s te n  bronzes.

T he 14N(d, p) —► 15N  reaction  has been used and th e  em itted proton  
rad iation  (9 MeV) was se le c tiv e ly  measured. Figure 7 show s the dependence o f  
th e  N  content of th e  blue o x id e  on the decom position  tem perature. After a 
sh ort, constant region t ill 400  °C (0 1  ^ 2 .9 8 ) ,  th e  N  con ten t drops to  1% of  
its  orig inal value. Mass sp ectrom etry  proves the release o f N H 3 in the decreas­
in g  О I range.

D iscu ssion  and Conclusions

T h e com plex stu d y  o f th e  blue oxide helps to characterize its com position  
d ep en d in g  on the tem perature o f  APT decom position and helps also to under­
s ta n d  th e  role of individual phases in the chem ical interaction  w ith aqueous
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ionic solutions. As the outer m orphology and grain size distribution o f blue 
oxide do not change considerably in the tem perature range o f its preparation  
[17], the different properties o f blue oxide sam ples can be well correlated with  
the com ponents o f the solid phase.

On the basis o f  th e  experim ental results we cam e to  the conclusion that 
the high chem ical a c tiv ity  o f blue oxide sam ples has to  he attributed  to its 
bronze phases which are the m ain com ponents at the reactiv ity  m axim um . 
Some prelim inary studies, on the other hand, proved th at the pure tungsten  
oxide com pound (W 0 3, W.,0O5g, W lg0 49, W O,) prepared at high tem peratures 
in closed ampoule [4] show ed low  chem ical reactiv ity  in aqueous ionic solution. 
The existence o f bronze phases is in good agreem ent w ith the literature. It 
has been described b y  several authors th at in the course o f t hermal decom posi­
tion  o f APT a new , fairly unstable com pound, an am m onium  tu n gsten  bronze 
(ATB) can be prepared, and th e  m ost probable tem perature range o f its 
existence is betw een 350 and 400 °C [2, 18 — 20]. Our results proved the 
existence o f the hexagonal ATB but another tetragonal phase also, appeared 
w hat we identified as T H T B .

The existence range o f  ATB and TH T B  agrees well w ith th a t o f the 
ion exchange activ ity . The assum ption o f the exclusive role o f  th e  ATB is 
contradictory because it  gives no explanation to  the N H /  ion exchange be­
haviour o f the blue oxide connected w ith  the release o f H + ions, w hat was 
observed earlier [12]. This phenom enon can be understood only  b y  assum ing  
th e  presence and role o f  TH T B .

The determ ining role o f hydrolysis products in th e  ion exchange can he 
excluded because th e  reaction rate of ion  exchange is much higher th an  that 
o f the hydrolysis and th e  ion exchange abilities o f pure tungsten  oxide com ­
pounds are much less despite o f  alm ost the sam e degree o f their  hydrolysis. 
The com ponents o f  the blue oxide and not the secondary hydrolysis products 
are responsible for th e  chem ical interactions.

On the other hand, results on vacuum  annealed products o f  blue tung. 
sten  oxides produced in  different atm ospheres showed an increase o f their 
chem ical activ ities (see Table III) preserving basically  the hexagonal structure 
w ithout any change in  their T H T B  contents.

Table III

Vacuum 
anucalling 
tem p. (°C)

original 25 °C 150 °C 250 °C
310 °c
1 hour

310 °c 
3 hour

K +  ion 
exchange
("H  +
+  mol)

22.2 • 10-« 23.4 • 10 -° 24.2 • H I-6 29.8 • 10-« 36.2 • IO“ 6 45.9 • 1 0 -6
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On such indirect basis th e  existence o f a new  Н ТВ phase of hexagonal 
structure can be proposed as a result of “ dry” am m onium  release (not accom ­
panied  b y  the liberation o f equ ivalent am ount o f  water) — found b y  means 
of m ass spectrom etry during vacuum  annealling. The developm ent o f th is  
phase m a y  cause only a sligh t distortion in  th e  hexagonal la ttice  structure o f  
th e  A T B  as it is the case o f  Н Т В  and ATB o f th e  sam e tetragonal structure  
w h ich  is hardly detectable b y  X -ray  m ethods and it  probably seem s to  be 
som e m ixed  A T B -H T B  phase responsible for th e  increased chem ical a c tiv ity . 
N e u g e b a u e r  etal. [2] gave th e ir  ATB formula in  th e  form  o f (N H 4)X- W 0 3 y H 20 .  
A ccording to  our present know ledge he had probably  the sam e m ixed A T B -  
H T B  m aterial, which should  h ave been form ulated as (N H 4)X Hy • W 0 3 • (O H )y.

On th e  basis o f our resu lts a question arises about the origin o f  НТВ  
phases ; whether th ey  are decom position products o f  ATB or th ey  develop  
d irectly  b y  the interaction o f  A F T  with hydrogen atm osphere. D epending on  
w h a t is  th e  answer to  th is  question , two m echanism s for th e  form ation o f  
yS-tungsten oxide are exp ected  as follow s ;

APT

N H 4-TB
hexaaonal

- ( N H 4)20

; - n h 3
i
I

H - Т В
tetragonal

and/or
hexagonal

\  W  О
"  2 0 ^ 5 8

/

H .O

To d ecide w hat is the real w a y  o f decom position one has to  consider th at the  
T H T B  identified  in our sam ples makes the A PT  —>- TH TB route probable, 
w hile th e  proposed new  H H T B  is an indication in  favour o f th e  route show n  
b y  d ash ed  line. The A T B -H T B  m ixed phase o f hexagonal structure m ight de­
com pose either after a certain  N H 3 loss to  tetragon al НТВ or losing all o f  
its  N H 3 and or H20  content to  уЗ-tungsten oxide.

T his type of exp lanations seem s to  be va lid  despite to  some literature  
in d ica tion s reporting on ly  A T B  [21] or even no bronze phase at all [22] in  
reduction  interm ediate products o f  APT. The m echanism  of the developm ent 
and decom position of the bronzes has to be clarified also by other m ethods.

T he present m odel o f th e  blue oxide enables us to  explain the variable  
b eh aviou r of products prepared under industrial conditions and found to  be 
id en tica l tested  with usual m ethods. According to  th e  m axim um  character o f 
th e  r e a c tiv ity  curves slight changes in the tem perature of the therm al decom ­
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position  m ay result great changes in the A T B /H T B  ratio w ithout h av in g  any  
considerable change o f  the 01 .

W e have applied m ost o f our m easurem ents described above for several 
accidental industrial sam ples. The results are summarized in Fig. 8. It can 
defin itely  he seen th a t the K + ion exchange deviations of these sam ples can

1 ^ 2 3 4  5 6 7 8 9  1011 Sample №
F ig . 8. C h arac teristic  va lues o f in d u s tr ia l  sam ples

he correlated to  th e  ratio; sum  of bronze con ten t: /З-tungsten oxid, and to  the  
reduction ability  (redox potential decrease) to o . In  comparison to th ese  param ­
eters the differences in  specific surface are less determining factors. For 
characterization o f blue oxide samples th e  phase analysis and the e lectro ­
chem ical behaviour seem  to be fundam ental, and for a satisfactory production  
control th e  com bination  o f several m ethods should  be applied.

*

T h e  a u th o rs  a re  in d e b te d  to  Prof. T. Mil e n e r , D r. J .  N eu g eb a u e r  and  L. V a rg a  fo r 
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T he a to m iz a tio n  processes o f t in  w e re  in v es tig a te d  in a c e ty le n e -a ir , a c e ty le n e -  
n itro u s  o x ide, p rem ix ed  h y d ro g en -a ir a n d  d iffu sio n  hydrogen- (n itro g en ) e n tra in e d  air 
flam es. I t  w as s ta te d  t h a t  th e  chem ical re a c tio n  w ith  hydrogen rad icals p la y s  a n  im p o r­
ta n t  p a r t  in th e  fo rm a tio n  of free t in  a to m s.

T he in te rfe re n c e  b y  th e  copper m a t r ix  a n d  anions w ith tin  d e te rm in a tio n  was 
also in v es tig a te d  in  flam es and  in g ra p h ite  fu rn a c e . I t  could be estab lish ed  t h a t  in  so lu ­
tio n s co n ta in in g  hyd ro ch lo ric  acid co p p er c a ta ly z e s  th e  ox idation  of tin .

In recent years several authors paid  atten tion  to the in terp reta tion  of 
th e  special behaviour o f  tin  when it w as determ ined in different flam es and 
electrotherm al atom izers. The in vestigation s were directed to  th e  exc ita tion  
and atom ization processes of tin  [1, 2, 3, 4 , 5], and to the d iscussion  o f  the  
num erous interfering effects occurring in  atom ic absorption d eterm inations  
[1, 6, 7, 8, 9]. In  som e other papers the a n a ly tica l application o f A A S m ethods 
for the determ ination o f tin  [10 —18] in various flam es and graphite atom izers 
have been dealt w ith .

In th is work it is intended to add to  th e  earlier experience our results 
connected w ith th e  determ ination o f t in  b y  flam e and by flam eless AAS  
m ethods. Our analytical task  was the d eterm ination  of tin  in high p u rity  copper. 
In connection w ith  th is problem we w a n ted  to  elucidate and in terpret the 
atom ization  processes o f  tin  in various flam es and in the graphite atom izer.

A special enhancing effect o f the copper m atrix  was observed on th e  ab­
sorbance o f tin , therefore the in vestigation  o f  the interference b y  copper tvas 
also necessary.

The atom ization  o f tin  proved to  in v o lv e  different processes in acety lene  
and hydrogen flam es and in the graphite tu b e. These atomizers w ill be dis­
cussed sep arately , the interfering effect o f  copper in all the atom izers will 
be discussed at th e  end o f the paper.

E xperim ental
A p p aratu s

A V A R IA N  T E C H T R O N  M O D EL AA6 a to m ic  ab so rp tio n  spec tro m ete r w as u sed  for 
th e  ab so rp tio n  a n d  em ission  m easurem ents. T h e  a b so rb a n c e  of tin  was m easu red  a t  286.3 nm  
in  o rd e r to  avo id  th e  nonspecific  absorbance o c cu rrin g  a t  th e  224.6 nm  line.
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T h e  em ission of t in  m o n o x id e  w as m easu red  a t  348.4  n m , th e  atom ic em ission o f  t i n  a t  
284 n m , th e  em ission of t in  h y d r id e  a t  609.5 nm , a n d  th e  b a n d  absorp tion  of t in  ch lo rid e  a 1 
226 .9  n m , respectively .

A c e ty le n e -a ir , a c e ty le n e -n itro u s  oxide, h y d ro g e n -a ir ,  a n d  diffusion h y d ro g en  f la m e s  
w ere  u se d .

A  V A R IA A  M O D E L  C R A  63 e lec tro th erm al a to m iz e r  w as used  for th e  flam eless A A S 
d e te rm in a tio n s  w ith  th e  g ra p h ite  tu b e  version. 5 /Л p o r t io n s  o f solution were p ip e t te d  a n d  
n i tro g e n  sh e a th  gas was a p p lied  w ith  hydrogen  ad d ed .

R e a g e n ts

T in  s to ck  solution w as p re p a re d  b y  dissolving m e ta ll ic  t in  o f  h igh p u rity  in  h y d ro c h lo r ic  
ac id . T h e  c o n cen tra tio n  of th e  s to c k  so lu tion  was 1000 /ig /m l. W ork ing  solutions w ere d i lu te d  
fro m  th e  s to c k  solu tion  an d  c o n ta in e d  also 1 ге/р% h y d ro c h lo r ic  acid.

E m iss io n  and  b a n d  a b so rp tio n  m easu rem en ts w ere  c a rr ied  ou t w ith  tin  so lu tio n s  o f 
10,000 /tg /m l a n d  50,000 «g/nil c o n c e n tra tio n s  in  h y d ro c h lo r ic  acid.

R esults and D iscussion

Atomization of tin in acetylene flam es

T h e absorbance o f  t in  w as measured b y  va ry in g  the flame com p osition  
and th e  flam e height in acety lene air and acety len e nitrous oxide flam es.

Flame height , mm
F ig . 1. T h e  change in ab so rb an ce  o f  Sn as fu n c tio n  o f th e  flam e  heigh t a t various f lam e  co m ­

p o sitio n s  in  ace ty lene—a ir  f lam e
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(The flam e height is th e  distance betw een th e  burner head and th e  center 
o f the light beam  o f the hollow  cathode lam p above the burner head. Below  
5 mm  flam e height th e  burner covers a part o f the light beam , therefore deter­
m inations can on ly  be done above th is height.)

The flam e height was varied from  5 to  25 mm. The variation  o f flam e 
com position  was carried out b y  keeping th e  flow  rate o f air constant (8.7 l/inin)

Fig. 2. T he change in  ab so rb an ce  of Sn as fu n c tio n  of th e  flam e h e ig h t a t  v a rio u s  flam e com ­
positio n s in  ace ty lene—n itro u s -o x id e  flam e

in order to  obtain the sam e aspirating rate, and varying the flow  rate o f  acety­
lene. The change in absorbance as function o f the flam e height (absorbance 
distribution) m easured at various flam e com positions in acetylene air flam e is 
show n in Fig. 1, while th a t in  acetylene-n itrous oxide flam e in F ig. 2.

It can be seen from the figures th a t the more reducing (fuel rich) the 
flam e, th e  higher absorbance can be achieved at a given flam e height above the 
reaction zone. In oxidizing (fuel lean) flam es the absorbances are m uch lower 
than  in  reducing flam es. This fact can be attributed to  the form ation o f stable 
oxides. In order to  support th is assum ption we measured the em ission  distri­
bution  o f the SnO species at 248.4 nm.
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Fig. 3. E m iss io n  d is tr ib u tio n  of SnO in  a c e ty le n e -a ir  flam e

Fig. 4. E m ission  d is tr ib u tio n  of SnO in ace ty len e—n itro u s-o x id e  flam e
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Figure 3 show s the em ission distribution o f SnO in acetylene air flam e and  
Fig. 4 that in acety lene nitrous oxide flam e. In an oxidizing flam e sign ificant 
SnO band em ission can be measured even at low er flam e heights, in a reducing  
flam e the SnO band em ission can be m easured on ly  at higher flam e heights, 
where the absorbance o f tin  decreases. In acety len e-a ir  flam e the tem perature  
distribution as th e  function  o f the flam e height was determined at different 
flam e com positions b y  th e  line reversal m ethod (F ig . 5).

F ig. 5. T em p era tu re  d is tr ib u tio n  as function  of th e  flam e  h e ig h t a t  various flam e  com positions
I flow  r a te  o f a ir  t
V flow  ra te  o f  ace ty len eJ

This m easurem ent was necessary in order to find out w hether there 
ex is ts  any correlation between free atom  concentration and tem perature  
distribution. In reducing flam es, where t in  can be determined w ith  a higher 
sen sitiv ity , th e  tem perature is lower than  in oxidizing flam es. Tin atom s can 
he formed not on ly  b y  therm al dissociation o f the SnO species, hut by chem ical 
reduction due to  th e  reducing com ponents in the flam e, e.g. C, CH, H  radicals. 
The dissociation energy o f SnO is 5.3 eV. The absorbance does n o t increase 
w ith  increasing tem perature which indicates th a t the dissociation does not
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Fig. 6. E m iss io n  in ten sity  o f Sn as fu n c tio n  of th e  flam e  h e ig h t a t  various flam e com p o sitio n s
in  a ce ty le n e -a ir  flam e

F ig. 7. E m iss io n  in ten sity  of Sn as fu n c tio n  of th e  f lam e  h e ig h t a t  various flam e co m p o sitio n s
in  a ce ty le n e -n itro u s  ox id e  flam e
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take place appreciably. The form ation o f Sn atom s by chem ical reactions has 
been described in  the literature. The supposed reactions are as follow s ;

SnO +  C -*■ Sn* - f  CO [4]

SnO +  H ;± SnOH*

SnOH* +  H ^  Sn +  H 20  ;± SnO +  H 2 [3]

Fig. 8. H/HoO ra tio  d is tr ib u tio n  in a ce ty le n e -a ir  flam e

The production o f the Sn atom s through chem ical reaction can be explained  
b y  m easuring the Sn em ission in  acetylene flam es. The em ission o f Sn can be 
m easured at the lower flam e zones, where chem ilum inescence excita tion  takes 
place [4]. We determ ined th e  em ission distribution of Sn at 284 nm  as function  
o f the flam e height at different flam e com positions in C2H 2-a ir  (Fig. 6) and 
C2H 2-N „ 0  (Fig. 7) flam es as well. In acetylene flam es at th e  lower flam e zones
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w here th e  Sn em ission is m easurable SnO species can not be formed in a great 
concentration . It is form ed only  in th e  higher flam e zones where the concentra­
tio n  o f  the reducing com ponents o f the flam es is lower.

The reducing character o f flam es can be characterized by m easuring the  
H  radical distribution in th e  flam e. The d istribution of the H/'H20  ratio in 
acety len e—air flam e was determ ined by th e  lith ium  hydroxide m ethod [19],

5
Air

C2H2

10

80

70

60

50

40 >■

30

20

10

F ig . 9. Sn  ab so rbance  a n d  SnO em ission in te n s ity  as fu n c tio n  of th e  flam e com position  a t  tw o
flam e h e ig h t v a lu es

as function  of the flam e height at different flam e com positions. The curves 
describ ing the H /H aO distribution can be seen in  F ig. 8. Since the H 20  con­
centration  in a flam e is m uch higher than  th e  H  radical concentration and its  
change is negligible, th e  change in th e  H /H 20  ratio characterizes the change in  
th e  H  radical concentration. In acety len e-a ir  flam e the H /H 20  distribution  
and th e  absorbance distribution show sim ilar character, as can be seen b y  
com paring Figures 1 and 8.

H alls [20] also reports on the relationship betw een the H  radical con­
centration  and the absorbance distribution in th e  case o f elem ents forming 
refractory oxides.
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The higher the H  radical concentration, the higher is th e  absorbance of 
tin . The highest sen sitiv ity  can be obtained in a reducing flam e. In  an oxidizing 
flam e th e  highest tin  absorbance and th e  highest H  radical concentration  could 
be measured at low flam e heights (5 mm ).

F ig . 10. SnO em ission in te n s ity  as fu n c tio n  of th e  flam e h e ig h t a t  d iffe ren t f lam e  com position
in  h y d ro g e n -a ir  flam e

In Fig. 9 the tin  absorbance and SnO em ission are p lo tted  as function
air flow  rateeo f th e  flam e com position

C2II2 flow  rate
at tw o flam e h eigh ts.

In this figure wre can follow  the reverse tendency o f the form ation  of free 
Sn atom s and SnO species. Sum m arizing our results it  can be sta ted  that in 
acety lene flam es tin  atom s are formed b y  chem ical reactions at th e  lower flame 
zones. On increasing th e  reducing character o f the flam e, the concentration of 
th e  free tin  atom s increases. The SnO form ation becom es more probable at a 
flam e height where the absorbance o f tin  decreases. In oxid izing  flam es the  
SnO form ation takes place already in the lower flam e zones.
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14 8 HARSÁNYT et al.: ATOMIZATION PROCESSES OF TIN

Atom ization o f tin in hydrogen flam es

In  hydrogen flam es th e  h igh ly  reducing H  radicals m ight p lay a sign ifi­
can t role in the atom form ation . In  air-hydrogen and hydrogen diffusion flam es  
th e  sen sit iv ity  of the d eterm in ation  of tin is about f iv e  tim es higher than  in  
a ce ty len e  flames. SnO em ission  could be observed b y  us only in  air-hydrogen  
fla m e . T he SnO emission in te n s ity  is plotted in F ig. 10 as function  of the flam e

F ig . 11. S n H  emission in te n s ity  as fu n c tio n  of the flam e h e ig h t a t  va rio u s flam e  com positions
in  h y d ro g en -a ir flam e

h e ig h t a t different flam e com positions. Our results w ere similar to  those ob­
ta in e d  b y  B u l e w i c z  [3] w ho investigated  the tin  atom ization  in  a flam e of 
sim ilar  ty p e  but w ith another burner head. Sam ple introduction  was carried 
ou t p a r tly  b y  aspirating a concentrated  tin solution  and partly b y  introducing  
d ry SnC l4 vapour into th e  fla m e . The aim o f th e  in vestigation s o f B u l e w i c z  

w as to  s tu d y  the spectrochem ical behaviour of t in  and not a chem ical analysis. 
Som e authors suppose [6] th a t  there is a relationship betw een the atom  form a­
tio n  o f  t in  and the tin  hyd rid e  formation in h ydrogen  flam es. H ydrides are 
rea d ily  form ed in the presence o f  high H radical concentration . In both  flam es  
in v e stig a te d  the SnH d istr ib u tion  was determined at 609.5 nm  as function  of 
th e  f la m e  height at various fla m e  compositions (F ig . 11, Fig. 12) and compared
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w ith  the absorbance distribution m easured in  these flam es. The absorbance 
values plotted as fu nction  o f flam e height at various flam e com positions can 
be seen in Figures 13 and 14 in hydrogen-air and hydrogen-n itrogen  entrained  
air flam es, respectively. Comparing the absorbance distribution in  th e  tw o hy­
drogen flam es it can be sta ted  th a t the m axim a o f the curves in hydrogen-air  
flam e are shifted to  the higher flam e zones on increasing the reducing character 
o f th e  flam e. In contrast w ith  diffusion hydrogen flam e th e  m axim a are at the

Flame height, mm

F ig . 12. SnH  em ission in te n s ity  as fu n c tio n  of th e  flam e  h e igh t a t  v a rio u s f lam e  com positions 
in  h y d ro g en - (n itro g en ) e n tra in e d  a ir flam e

sam e flam e height due to  the slower recom bination reactions o f  th e  H  radicals.
Tin absorbance and tin  hydride distribution curves show  sim ilar shapes 

in th e  same flam e and the m axim a can be found at the sam e flam e height and 
flam e com position. It seem s possible th a t tin  atoms are form ed after the for­
m ation and dissociation o f the SnH  species. The dissociation energy o f SnH is 
2.7 eV. Because o f  the low  dissociation energy SnH dissociates easily  even in 
cool flam es. The m axim al tem perature o f  air hydrogen flam e is about 2300 К  
[24]. The tem perature o f  hydrogen diffusion flam e at 10 mm flam e height is 
280 °C and at the edge at the sam e flam e height 830 °C [25].

These m easurem ents support the assum ption o f N a k a h a r a  [ 6 ]  who 
supposes the form ation o f free Sn atom s through SnH production . According 
to  B u l e w i c z  [3] SnO is reduced in hydrogen-air flam e to  tin  atom s by H radi­
cals in the follow ing reactions ;
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SnO +  H  -*  SnOH*

SnOH* +  H  ^  Sn +  H 20  ^  SnO +  H 2

W e co u ld  determine SnO species in  hydrogen air flam e and the curves obtained  
seem  to  be in good agreem ent w ith  the equations. The SnO species (Fig. 10)

F ig . 13. A b so rb an ce  of Sn as fu n c tio n  o f  flam e  height a t  va rio u s f lam e  com positions in  h y d ro g e n -
a ir flame

show s h igh er emission in ten sity  at lower flam e heights indicating the presence 
of SnO . T he SnO emission decreases at flam e heights where the absorbance of 
tin  and  th e  emission of SnH  increase. Higher flam e zones becom e again more 
favou rab le  to  SnO formation.

A ccord ing  to our exp erim en ta l results in hydrogen flam es the atom ization  
process o f  t in  is connected w ith  the formation and dissociation of SnH . In  
hyd rogen -a ir  flames a more com plicated  atom ization  process can take place 
in v o lv in g  th e  reduction of th e  o x id e  and dissociation o f  salt.
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F ig. 14. A bsorbance  o f Sn as fu n c tio n  of flam e h e ig h t a t  va rio u s flam e com positions in  
hyd ro g en -(n itro g en ) e n tra in e d  a ir  flam e

Fig. 15. D ouble  cu rves o f S n  in h y d roch lo ric  acid  (1: p y ro ly sis  curve, 2: a to m iza tio n  cu rve)
an d  in  su lp h u ric  acid  (3: pyrolysis cu rv e , 4: a to m iza tio n  curve)
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The atomization o f tin in graphite furnace

T he most probable reaction  for Sn atom  form ation in  th e  graphite fur­
n ace  according to S t u r g e o n  and coworkers [21] is the reduction o f S n 0 2 by  
grap h ite .

bn(J2(i) *■ bn^j bn2(g) — bn(g)

T his process can only he assum ed for sam ple solutions containing oxianions  
(su lp h ate).

In  solutions contain ing hydrochloric acid chlorides are form ed in  the  
con d en sed  phase and tin  atom s are resulted b y  the dissociation o f chlorides in 
th e  gas phase. The different atom ization processes can be experim entally  
p roved  b y  plotting the double curves suggested by W e l z  [22] in sulphuric acid 
and in  hydrochloric acid m edia. The results o f  our m easurem ents are show n in 
F ig . 15. In hydrochloric acid  m edium  th e appearance tem perature o f  tin  is 
m u ch  low er than in sulphuric acid solution  because of the evaporation  in  the  
form  o f  chloride. The appearance tem perature is the tem perature at Av'hich the  
fir st  atom ization  signal appears [23].

T he evaporation in chloride form could be experim entally ev idenced  by  
m easu rin g  the SnCl absorption at a w avelength  o f 226.9 nm  using th e  V A R IA N  
C R A  63 graphite atomizer in  RAM P heating mood. F ive pi tin  solution  o f 50,000  
/tg/rtil concentration was in troduced  into th e  graphite tube. The absorbance 
w as m easured by using th e  H 2 lam p applied for background correction.

T he absorbance signal as function o f the heating tim e can be seen in Fig. 
16. T he heating tem perature correlated w ith  the heating tim e was not m easured  
th u s  o n ly  qualitative conclusions could be drawn. The SnCl absorbance signal 
can  be obtained already at th e  beginning o f the heating yield ing a double 
p eak . T his can be explained b y  the evaporation of Sn in the form  o f SnCl4 
(b o ilin g  point 114 °C) and in th e  form o f SnCl2 (boiling point 614 °C). I t  m ust 
be m en tion ed  that the tw o  processes : the evaporation in chloride form  and 
th e  red u ction  of S n 0 2Q) to  Sn^) m ay take place sim ultaneously.

In  dilute hydrochloric acid m edium  also tin  oxide is present due to  hydroly­
sis o f  t in  chloride.

Investigation of the interference by copper with tin determination

W hen tin  is determ ined in  copper m atrix the absorbance signal o f tin  
show s a significant enhancem ent depending on copper concentration. W e m ea­
sured th e  absorbance o f tin  at various copper concentrations in four d ifferent 
fla m e ty p e s  and plotted th e  relative absorbance change as function o f th e  cop­
per concentration  (Fig. 17). Copper was added to  the hydrochloric acid-con­
ta in in g  t in  solution of con stan t concentration as the chloride. The interference
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F ig . 16. SnCl ab so rb an ce  signal shape  in  th e  course o f th e  h e a tin g  period  w ith  CRA g ra p h ite
atom izer. R am p a to m iz a tio n

Fig. 17. E ffec t o f copper m atrix  on  th e  t in  signal in  d ifferen t flam es
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■was m ore significant in hydrogen flam es. The sam e type o f interference could  
he observed  with the graphite tu b e m ethod (Fig. 18). F ive /Л o f  tin  solution  of 
5 jUg/ml concentration were p ip etted  in to  th e  graphite tube. Copper chloride 
was m ix ed  to  the tin  solution  in  increasing concentrations. The absorbance 
increased  up to  0.1%  copper concentration  (1000 pg/ml) and above th is con­
cen tra tion  a significant decrease in absorbance could be measured. This decrease 
can be exp la ined  by assum ing th a t the dissociation o f tin  chloride is suppressed  
by th e  excess of chlorine originating from  the copper chloride.
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F ig . 18. E ffect o f  copper m a tr ix  on  th e  t in  signal in  g rap h ite  a to m ize r

T he increase in absorbance in th e  presence of copper chloride can be 
exp la in ed  b y  assuming th at the vaporization  o f tin  is facilitated in the presence 
of copper. In  condensed phase in  the redox reaction ;

SnCl2 +  2 CuClo —■ SnCl4 +  2 CuCl

tin(IV ) chloride molecules can be form ed, the vo la tility  of which is higher than  
that o f  th e  tin (II) chloride. SnCl4 form ation could also be assumed in th e  course 
of the fo llow ing experim ent SnCl absorption was measured at a w avelength  
o f 226.9  n m  as function of the heating  tim e in  tin (II) chloride solution  already  
d em onstrated  in Fig. 16. W hen th e  solution  contained also cop p er(ll) chloride 
(F ig. 19), th e  first peak on the absorbance signal increased sign ificantly . The 
first peak  corresponds to a lower vaporization  tem perature, and it can be attri­
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buted to  the evaporation  o f Sn(IV) chloride. The absorbance o f  the pure 
Cu(II) chloride solution  was also measured in order to  detect and separate the  
signal originating from  the copper(II) chloride m atrix.

Fig. 19. SnCl ab so rb an ce  signal shape in  th e  a to m iza tio n  period  using  th e  C R A  g rap h ite  
a to m ize r. R am p  a to m iza tio n , a) So lution  co n ta in in g  SnCl2 an d  CuCl2 p ip e tte d  in to  th e  tub e , 

b ) CuC.l2 so lu tion  p ip e tte d  in to  th e  tu b e

Conclusions

In our work we tried to  explain the atom ization  processes o f  tin  in four 
flam e typ es, acety len e-a ir  acetylene nitrous oxide, hydrogen-air, hydrogen  
diffusion flam e and in  graphite tube as well. W e determ ined the flam e profiles 
(i.e. th e  absorbance distribution) in the flam es investigated  and follow ed the  
em ission distribution o f som e species influencing th e  atom ization  o f Sn in these  
flam es (SnO, SnH , H  radical, Sn). The SnO em ission m easurem ents in acetylene  
flam es have show n th a t Sn atoms can not be form ed by the therm al dissocia­
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tio n  o f  SnO , but in a chem ical reaction  of SnO w ith  reducing flam e com ponents  
in  th e  low  flam e zones. In  higher flam e zones th e  SnO form ation is favoured. 
Sn em ission  measurem ents in  acetylene flam es showed th e  form ation o f excited  
Sn a tom s b y  chem ilum inescent exc ita tion  too.

In  hydrogen flam es S n H  seem s to  be a predom inating species, how ever  
in  air^Ho flam e SnO is also form ed.

In  graphite tube the a tom ization  process o f Sn m ay be different depend­
in g  on th e  anions present in  th e  test solution. In a solution  containing oxianions 
Sn a tom s are formed b y  reduction  b y  graphite and in solutions contain ing  
hydrochloric acid the m ain atom ization  reaction is the evaporation in chloride 
form  and the dissociation o f chlorides in the gas phase.

T he interfering effect o f  copper chloride w ith the tin  absorbance can he 
exp la in ed  b y  the production o f SnCl4. This is a more volatile  species than  
SnCl2.
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NEUERE ÜBERWACHUNGSMETHODEN 
IN DER GERBEREICHEMIE, I

G. T ó t h , 1 J .  V a j d a 1 u n d  V .  P ó s a 2

('P écser Lederfabrik, F orschungsinstitu t f .  Leder}  K unstleder u n d  
Schuhe, B u d a p est)

E ingegangen  am  5. Ju l i  1978

Z ur V erö ffen tlich u n g  ang en o m m en  am  15. S ep tem b er 1978

In  de r e rs te n  T eil w erden  n eu ere  Ü b e rw aeh u n g sm e th o d en  b e h a n d e lt ,  die in 
G roßgerbere ien  z u r  K o n tro lle  de r W a sse rw e rk s tä tte n  a n w en d b a r s in d . E s  w ird  nachge­
w iesen, daß  a n g e tro ck n e te  gesalzene R o h h ä u te  b e d eu ten d  lan g sam er au fw eich en  tro tz ­
dem , daß  das H e rau s lö sen  des Salzes n ic h t v e rh in d e rt  w ird. Z ur K o n tro lle  de r W eiche 
e ignet sich die B e stim m u n g  des w asserfre ien  H a u tm a te r ia ls  besser a ls d a s  frü h e r ange­
w a n d te  W eichgew ich t. D ie W irk u n g  des A schers gesch ieh t d u rch  d ie  B estim m ungen  
de r N a2S -K o n ze n tra tio n , SH  : O H  V e rh ä ltn is , P ra llfe stig k e it sowie d u rc h  d ie K ontrolle  
de r h aarlö sen d en  W irk u n g  u n d  E iw eiß v erlu st. E s w erden Z u sa m m e n h än g e  zwischen 
E iw eiß v erlu st u n d  P ra llfe s tig k e it, w e ite r  die B in d u n g  u n d  A u sw a sc h b a rk e it von ve r­
sch iedenen  B asen  d isk u tie r t. O rien tie ru n g sv ersu ch e  w urd en  d u rc h g e fü h r t  ü b er die 
Schw ächung  bzw . to ta le  Z ers tö ru n g  d e r Zone d e r H aarw u rze l in  k o n c .N a 2-S-Lösungen, 
d ie  w egen de r L o sn a rb ig k e it des F e rtig le d e rs  w ich tig  sind.

Die Gerbereien haben sich in unserem  Lande in den le tz te n  30 Jahren 
zu großen Lederwerken entw ickelt. D ieser Prozeß hat die N otw en d igk eit einer 
N euorganisation der Q ualitätskontrolle m it sich gebracht, w as leicht ver­
ständlich  ist, wenn m an in Betracht z ieh t, daß die R ohliaut w enigstens 30 
Arbeitsphasen bis zum Fertigleder durchläuft [1], und die Q u alitä t in  großem 
Maße von der Betriebsüberw achung abhängt. In den heutigen  Großbetrieben 
sind die technischen Leiter nicht m ehr im stande, alles selber zu überwachen, 
und sind auf ein wirksam es K ontrollsystem  angewiesen [2].

D ie K ontrolle ist bei denjenigen Arbeitsphasen verhältn issm äßig leicht, 
wo die Qualität des Leders gleich nach der Beendigung der A rbeit zu kontrol­
lieren ist. Schwieriger ist abei dies, w enn man die Güte der b een d eten  Arbeits­
phase nur am fertiger Leder beurteilen kann. So kann z.B . nur im  fertigen 
Z ustand endgültig entschieden werden, oh die Blößen im  Ä scher genügend 
aufgeschlossen waren und infolgedessen das Oberleder w eich  genug gewor­
den ist.

Die Betriebsüberw achung ist um so wirkungsvoller, je  eingehender und 
bew ußter die Beschreibung der Technologie ist. Wir m einen dam it, daß die 
W irkungen der einzelnen A rbeitsphasen und Chemikalien au f die Q ualität des 
Fertigleders aufgeklärt und bekannt sind. Deswegen befassen w ir uns im fol­
genden mit diesen Problem en.

W ährend der letzten  Jahrzehnte haben wir mehrere L berwachungs- 
m ethoden ausgearbeitet, und im  vorigen Jahre wurde in der Pécser Leder­
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fab rik  die Betriebsüberw achung bei folgenden A rbeitsphasen planm äßig ein- 
gefü h rt ;

W eichen, Äscherung, E ntkalkung, P ickel, Chromgerbung, E n tfettu n g , 
E ntsäuerung, Zurichtung sow ie Kontrolle der H autfehler, D eckfilm eigen­
sch a ften , F estigkeitseigenschaften  der Blöße, B iegungselastiz ität der Leder 
im  n assen  und trockenem  Z ustand, A briebfestigkeit von  Sohlenleder. D iese  
M ethoden  sollen im fo lgen d en  vom  Standpunkt der Q ualitätskontrolle aus 
besprochen  werden.

K ontrolle der W eiche

Zweck der R ohhautw eiche ist, daß der W assergehalt der frisch abgezo­
gen en  H aut erreicht wird. D esw egen  muß das K onservierungssalz zum größten  
T eil entfernt werden. D ie E n tfernung hängt

v o n  der Menge und T em peratur des W assers, 
die Zeitdauer des W asch en s, 
der mechanischen B ew egu n g  und 
vo m  Feuchtigkeitsgehalt der Rolihaut ah.

B ei fr isch  gesalzenen R oh h äu ten  ist die W eiche bei dreim aligem  W asserwäch- 
sel m eisten s in 6 — 8 S tunden  beendet. A ngetrocknete R ohhäute w eichen lan g­
sam er auf.

D ie  Weiche pflegt m an durch das Abwägen des W eichgewichtes zu k on­
tro llieren . Salzreife R oh h äu te , die nicht angetrocknet sind, geben kurzhaarig  
(a u f 1 m m  abgeschoren) 136%  W eichgewicht (T abelle I). Das W eichgewicht 
g ib t aber nur dann eine r ich tige  Auskunft über die G üte der W eiche, wenn  
b ek a n n t ist, wieweit die H a u t gegenüber dem salzreifen Gewicht eingetrocknet 
is t. D ies  ist aber m eistens n ich t der Fall. Wie groß solch  ein Fehler sein kann  
is t z .B . aus Tabelle I zu en tn eh m en : 100 g einer salzreifen  an der Luft auf 71 g 
eingetrockneten  Haut geben nach  24 Stunden W eiche bei 25 °C ein W eich­
g ew ich t von  115 g. Der a u f das Gewicht der angetrockneter H aut bezogene  
W ert (162% ) könnte als fa st genügend beurteilt w erden. In W irklichkeit ist  
aber die Haut noch n icht genügend geweicht (118%  bezogen auf salzreifes 
G ew icht). Das W eichgewicht is t  auch wegen des zw ischen  den Haaren zurückge­
b lieb en en  Wassers ungenau.

D er Feuchtigkeitsgehalt der geschorenen und gew eichten H äute wurde 
deshalb  bestim m t und in  P rozen t des wasserfreien H autm aterials angegeben. 
G ut gew eichte Häute w eisen  einen auf wasserfreies H autm aterial bezogenen  
F euchtigkeitsgehalt von 200%  auf.

D ie  Versuche wurden m it geschorenen H au tstü ck en  durchgeführt, die 
aus e in em  lateinischen Q uadrat des Krupons au sgestan zt wurden. Zur W eiche 
w urde eine Wassermenge angew endet, die dem anderthalbfachen frischen  
S a lzgew ich t entspricht. D as beim  Antrocknen der H äu te  abgegebene W asser
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Tabelle I

Weichgewichte salzreifer und angetrockneter Rohhäute

Salzreif Angetrocknet

G ew icht in  °[, des 
salzreifen G ew ichts 100 84 71

In  P rozent vom

Weichgewicht nach salzreifen salzreifen angetrock- 
neten

salzreifen ' «ngetrook- 
neten

Gewicht

1 S tunden 120 99 118 84 118
2 S tunden 129 107 128 90 127
3 S tunden 133 — — —

4 Stunden 136 120 143 100 141
24 S tunden 136 130 155 115 162

wurde noch zusätzlich zugegeben. Z eitw eise wurde das ausgew aschene Salz 
(NaCl), das wasserfreie H autm aterial nach Form alinkonzervierung und 
Trocknen hei 102 °C und das W eichgew icht nach Abtropfen b estim m t. Aus 
diesen D aten  wurde der W assergehalt der gew eichten H aut berechnet.

D as Auswaschen des Salzgehaltes von  salzreifen (frisch gesalzenen) und 
angetrockneten R ohhäuten als F unktion der Zeit wird in A bbildung 1 demon­
striert. In  Abb. 2 ist der in  Prozent des wasserfreien H autm aterials angegebene 
F euchtigkeitsgehalt der R ohhaut in A bhängigkeit von der W eichdauer dar­
gestellt. Tabelle II zeigt die Zusam m ensetzungen von salzreifen und  verschie­
denartig angetrockneten R ohhäuten nach 4 und 24-stündiger W eiche in dest. 
W asser bei 25 °C.

Aus den Versuchen kann folgendes geschlossen werden ;
1. Das Auswaschen des Salzgehaltes wird durch das A ntrocknen  nicht 

verlangsam t, ja sogar erleichtert, weil einetseits die W aschw asserm enge auf 
150%  des salzreifen G ewichts bezogen wurde, anderseits die Fasern langsamer 
quellen und dadurch die D iffusion schneller wird.

2. Aus Abb. 2 ist ersichtlich, daß die angetrockneten H äu te langsamer 
aufw eichen. D eswegen m üssen frischgesalzene und angetrocknete H äute sepa­
rat und nach anderer Technologie gew eicht werden. Es ist b ek an n t, daß das 
K ollagén  sein H ydratw asser nur sehr langsam  wieder aufnim m t [3].

3. Das W eichen von  angetrockneten Rohhäuten soll u n b ed ingt durch 
m echanische Operationen (Strecken, W alken) erleichtert w erden, da sonst die 
W eiche zu lang dauert. W alken m it w enig W asser beschleunigt die W asser­
aufnahm e [4].
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A b b . 1. E n tfe rn u n g  des S a lz g e h a lte s  w ährend  der W eiche. (1): Salzreife R o h h au t m it 150%  
W a s se r  gew eicht; (2): Salzreife R o h h a u t  m it 2 x  150%  W asse r gew eich t; (3): Salzreife R o h h a u t 
m it  3 x 1 5 0 %  W asser g ew eich t; (4 ): A ngetrocknete  R o h h a u t  (25%  G ew ich tsverlust) m it

3 X  150%  W asser gew eich t

Weiche mit 150% Wasser, bezogen auf s a lz re i f e s  Gewicht

A b b . 2 . F eu ch tig k e itsg eh alt d e r  R o h h a u t  w ährend d e r W eiche . (1): Salzreife R o h h a u t;  
(2 ): Salzreife R o h h au t 16%  a n g e tro c k n e t;  (3): Salzre ife  R o h h a u t  2290 an g etro ck n e t;

(4): S a lz re ife  R o h h au t 29%  a n g e tro c k n e t

U nsere Betriebsüberw achung fand als M onatsdurchschnitt bei der W ei­
c h e  nach

2 Stunden bzw. 6 Stunden

3,2%  4,4% Salzgehalt,
3,63 2,23 Q uadrat-Streuung,
1,4 1,49 Standardabw eichung,
0 ,49 0,39 D urchschnittlicher Standard-

Fehler.

W ir beurteilen diese D urchschnittsw erte als übereinstim m end m it unseren  
Laboruntersuchungen.
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Tabelle II

Zusammensetzung von salzreifen und verschiedenartig angelrockneten R ohhäuten vor und  
nach der Weiche (3 x  150%  Wasser, 25 °C)

G ew ichtsverlust %

Salzreife
Wenig

angetrocknete A ngetrocknete

R ohhäute

0 16 29

vor nach vor nach vor nach

4 Stunden Weiche

W asserfreies H au tm a te ria l % 43,6 32,0 52,0 36,4 61,3 43,6
Salzgehalt (NaCl % ) 12,4 1,0 14,7 1,1 17,5 1,3
F eu ch tig k e it % 44,0 67,0 33,3 62,5 21,2 55,1

24 Stunden Weiche

W asserfreies H a u tm a te ria l % 43,6 32,0 52,0 33,5 61,3 38,0
Salzgehalt (NaCl % ) 12,4 1,0 14,7 1,0 17,5 1,0
F eu ch tig k e it % 44,0 67,0 33,3 65,5 21,2 61,0

Überwachung des Äschers

Die Äscherung wird heute meistens m it N a2S +  Ca(OH), unter Zugabe 
von  H ilfsm itteln  (N aO H , N a2S 0 3, D im ethylam in, Zucker, M ercaptan-Produkte  
usw.) ausgeführt. B ei der täglichen K ontrolle werden S , SH  : OH, pH, 
Tem peratur sowie die Prallheit der Blöße bestim m t. Die A usw ahl der S - 
B estim m ung ist wegen der vielen, in verbrauchten Ä scherflüssigkeiten vor­
handenen Verunreinigungen wichtig. D ie jodom etrische M ethode ist zwar 
genau, aber nur bei reinen S -Lösungen brauchbar. W eniger genau ist die 
Zinksulfatm ethode, bei der der T itrationsendpunkt durch T üpfeln m it Nitro- 
prussidnatrium -Lösung bestim m t wird [5]. Am besten hat sich die Methode 
von  B o o th  bewährt, nach der die T itration m it K 3FeCNe vorgenom m en  
wird [6]. Als Indikator dient Ferrodim ethylglyoxim . Diese M ethode gibt auch 
bei verbrauchten Ä scherflüssigkeiten verläßliche R esultate. V orteile sind 
schnelle Ausführung und gute Reproduzierbarkeit. Bei der B estim m ung von  
S in Abwässern wird H 2S in saurer Lösung abdestilliert und als CdS gefällt. 
M ercaptane werden dabei teilw eise m itbestim m t.

Haarlösende W irkung des Äschers

L'm eine gute E nthaarung im Faßäscher zu erreichen, sollen m indestens 
">0 — 70% der Haare aufgelöst werden, da sonst Haarwurzeln und Epiderm is- 
reste  (Grund, Gneiss) im Leder [7), (81 Z u rü c k b le ib e n  und Schw ierigkeiten hei
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Tabelle III

Haarzer stör ende W irku n g en  verschiedener A scherflüssigkeiten

Zusammen­
setzung

M ol.-Ver­
h ä ltn is

Konzentra­
tion g/1 Tage pH

Gelöstes 
K eratin  %

T\aHS — 8,6 3 11,8 3

N a;S — 6,0 3 12,5 51

N aH S 8,6
4 " 2 : 1 3 12,5 70

N a2S 6,0

Na.S 3,0
_L 2:1 3 12,67 36

CaO 1,07

N a2S 6,0
+ 2 : 1 3 12,75 76

CaO 2,14

Na„S ) 3,0
+ 1:1 3 12,60 20

CaO J 2,14

Na„S 6,0
+ 1 : 1 3 12,66 75

CaO 4,28

Na„S 1 5,70
+ [ 1 0 : 1 3 12,86 72

N aOH J 0,30

N aO H — 3,0 3 12,80 0

der G erbung und Färbung verursachen können. T abelle I I I  zeigt die haarlö­
sen d e W irkung einiger in  der Praxis bewährter Ä scherflüssigkeiten [9]. Aus 
den in  dieser Tabelle angeführten  Daten ist zu entnehm en, daß der pH -W ert 
über 12 und die m inim ale N a 2S-K onzentration über 3 g/1 sein soll. In  der 
P raxis w endet man sicherheitshalber die 2 — 3 fache Sulfidm enge an.

E iw eißlösende Wirkung des Äschers

E in e zu hohe K onzentration  der Ä scherflüssigkeit bringt die Gefahr von  
H au tver lu sten  mit sich und k an n  zu einem zu w eitgehenden Aufschluß der 
F aser führen (Losnarbigkeit). D as Auflösen der P roteinedn  den Äscherflüssig­
k e iten  wurde eingehend u n tersu ch t.

O bw ohl sich K ollagén in  praxisnahen Ä scherflüssigkeiten nur in geringem  
M aße lö s t , können doch die W asserstoffbrücken in  den aus H elix-Triplexen  
b esteh en d en  K ollagen-Fasern so w eit geschwächt w erden, daß die N arben­
sch ich t des Leders lose w ird. Besonders die V erbindung zwischen dem Pars 
P apillaris und Corium kann le ich t geschwächt w erden. D ie Eiweiße der N ar­
b en sch ich t bestehen nur zu 70  — 90% aus K ollagén [10]. D eswegen soll bei
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der B estim m ung des E iw eißverlustes n ich t nur das gelöste K ollagén , sondern 
das gesam te gelöste Eiw eiß bestim m t werden.

Ein bedeutender Teil des gelösten E iw eißes der nicht zu dem  E iw eißver­
lust der H autsubstanz gerechnet w erden kann, stam m t vom  A b b au  des Ke­
ratins. Das Gleiche gilt auch für die M uskelfaser der U nterhautgew ebe (Sub­
cutis). Die B estim m ung des E iw eißverlustes wurde deshalb nach  Entfernung  
der Haare sowie des Subcutis vorgenom m en. Die in der H aut zurückgebliebe­
nen Epiderm is- und H aarw urzel-R este m achten 2% des R ohhaut-Trockenge­
w ichtes aus, deren löslicher Teil von  dem  gelösten G esam teiw eiß abgezogen 
wurde.

Die bei Anwendung einiger praxisnaher Ä scherflüssigkeiten unterschied­
licher K onzentration nach verschiedenen Zeiten in Lösung gegangenen  Eiweiß­
m engen sind in Tabelle IV  angeführt. D ie K onzentration ist in  m Äq.Na/1  
angegeben, der Ca(OH)2-Gehalt ist also nicht in die angegebenen W erte ein­
bezogen. Der besseren A nschaulichkeit wegen sollen von  den zahlreichen 
D aten  einige graphisch dargestellt werden. Aus Abbildung 3 is t  zu ersehen, 
daß die hei gleicher N a-K onzentration  in  einem  Tag in Lösung geh en d e Eiweiß­
m enge (ohne Keratin) in der R eihenfolge.
N aH S , N a,S , N a2S +  Ca(OH)2( l : 1), N a 2S +  NaO H  (1 0 :1 ), N aO H  zunimmt. 
D ie in Lösung gehende Eiw eißm enge n im m t auch in G egenw art v o n  wenig 
N aO H  stark mit der Zeit zu. Bei N aO H -K onzentrationen von  über 300 mÄq/1 
beginnt das H autm aterial zu versulzen.

Tabelle IV

I n  Lösung gegangene E iw eißm engen  in  %  des 
geweichten Rohhautm aterials nach Abzug des gelösten K era tins

Zusammensetzung

•

Natrium-Konzentration*

77 mAq/1 154 mÄq/1 308 mÄq/1
1 3 6 1 3 6 1 3 6

Tage

N aH S 0,55 0,68 0,96 0,66 0,85 1,10 _ _ _
2N aH S +  N a2S 1,02 1,33 1,75 1,41 1,47 2,12 1,98 2,45 2,96
N a2S 0,97 1,46 1,90 1,42 1,84 2,05 2,30 2,60 3,10
2N a2S +  Ca(OH)2* 1,13 1,75 2,15 1,55 2,45 3,30 2,60 3,00 3,73
Na.,S +  Ca(O H )2* 1,37 2,02 3,00 1,47 2,45 3,45 2,80 3,23 3,85
10N a2S +  N aO H 2,38 2,46 2,54 2,48 2,97 3,47 3,35 4,27 5,20
N aO H 2,70 4,40 6,80 3,60 5,80 8,30 4,60 8,60 13,15
Ca(O H )2 — — — — — — 1,50 — —

* C a(O Il), is t zusätz lich  in Lösung
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N

A bb. 3. E iw eiß v erlu st der R o h h a u t  in  3 T agen in v e rsch ied en en  Ä scherflüssigkeiten  bei 22 °C
(ohne K eratin)

P ra l lh e i t  der B löße

B ei der Beurteilung der Blößenqualität wird auch  die Prallheit beachtet. 
Zur genaueren Charakterisierung dieser subjektiven  E igenschaft haben wir 
ein en  Param eter aus Zusam m endrückbarkeit u n d  B iegungselastizitätm odul 
g eb ild e t (Prallfestigkeit) [8]. D ie  verschiedenen topographischen Teilen der 
B löße w eisen  hinsichtlich der Prallfestigkeit charakteristische Unterschiede 
a u f (sieh e  Tabelle У).

G leiche Rohhäute geben  m it verschiedem Ä scher verschiedene Prall­
festigk eitsw erte. Um O berleder von gleicher Q u alitä t herzustellen soll man  
d esw egen  Blößen mit g leicher Prallheit zur G erbung bringen. Erfahrungsge­
m äß geb en  zu pralle B lößen losere Fertigleder als B löß en  von mittlerer Prall­
h eit [1 5 ].

Tabelle V

Werte der P ra llfestigkeit bei verschiedenen T e ilen  der B lö ß e

Kruponteil der Blöße aus einer

festeu losen Bauchteil der Blöße

Rohhaut

B ieg u n g selastiz itä tm o d u l 
a u f  g le iche  Dicke um ­
g e re c h n e t in  kg/cm 2

a 14,1 5,4 0.2

R e z ip ro k w e rt der Zu­
sam m en d rü ck b a rk e it 
bei 1,5 k g /cm 2

u l
• 1 - 5 =  13,6

l
1 - 5 8,3

l
1 • 5 =  2.7

0,11 0,18 0,55

P ra llfe s tig k e it a-)-b 27,7 13,7 2,9
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Um  den E influß verschiedener Ä scherflüssigkeiten au f die Prallfestig­
k eit der Blöße festzustellen , haben wir Versuchsserien m it fo lgenden  Ergeb­
n issen  durchgeführt;

1. Die Prallfestigkeit der Blöße hängt — neben anderen Faktoren  — vom  
pH -E ndw ert ab (siehe Abb. 4).

A bb. 4. A bhäng igkeit de r P ra llfe s tig k e it vom  E n d -p H -W e rt in  N ajS -Ä schern  n a c h  zwei Tagen

2. Bei erhöhten N a,S-K onzentrationen  und längerer Ä scherdauer wird 
die Prallfestigkeit erhöht, wenn genügend O H - -Ionen nachgeb ildet werden. 
D ie R ohhaut bindet O H ~-Ionen  und eine N achbildung erfolgt durch Inlö­
sunggehen von K alk (siehe Abb. 5).

3. In [Na2S -f- Ca(OH)2]-A scherflüssigkeiten sichert das größere Ver­
hältn is von Flüssigkeit :j H aut leichter den O H “ -Ionen-N achschub, deswegen 
w erden die Blößen praller.

4. Obwohl zu erwarten wäre, daß m it zunehm endem  H erauslösen der 
E iw eißstoffe die P rallheit der Blöße verringert wird, wurde festgestellt, 
daß bei Verlängerung der Äscherdauer nicht nur mehr E iw eiße heraus­
gelöst, sondern bei genügender N achbildung der O H ~-Ionen aus überschüssi- 
dem  K alk gleichzeitig auch die Blößen praller werden. D a in  pralleren Blößen 
die D iffusion wegen der Quellung der Faser langsam er ist, lösen  sich  weniger 
E iw eißstoffe heraus. W enn bei längerer Äscherung gelichzeitig auch pH  ver­
ringernde Zusatzstoffe (Zucker, D im ethylam in-Präparate usw .) zur Anwen­
dung kom m en, werden noch mehr E iw eißstoffe herausgelöst, d ie B löße wird 
m ehr aufgeschlossen und das Oberleder weicher.
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5. W ird die N a2S-K onzentration  [bei N a2S +  Ca(OH)2 =  1 : 1 ]  erhöht, 
so w ird  das Lösen des K eratin s am meisten b esch leun igt. D ie Prallheit der 
B löß e  u n d  das Herauslösen der Hautproteine wird w eniger stark beeinflußt 
(siehe A b b . 6).

T aae  Ä sche rz e i t
A bb. 5 . V e rän d e ru n g  der P ra l lfe s t ig k e it  als F u n k tio n  d e r Ä sch e rze it in  v e rsch iedenen  Ä scher­

flü ssig k e iten  bei 22 °C

A bb. 6. Z u sam m en h an g  zw ischen  P ra l lh e i t ,  E iw eißverlust d e r  B löße  sowie K e ra tin a b b a u  als 
F u n k tio n  der N a2S -K o n z e n tra t io n  N a2S : C a(O H )2 = 1 : 1  Ä scher 3 T age 

(1): E iw e iß v e r lu s t  in  P ro z e n te n  des W e rte s , der bei 3 g/1 N a 2S gem essen  w urde; (2): G elöstes 
K e r a t in  in  P ro zen ten  des W ertes , d e r  be i 3 g/1 N a2S g em essen  w u rd e ; (3): P ra llfe s tig k e it in  

P rozen ten  des W e r te s ,  der bei 3 g/1 N a2S gem essen  w urde

6. D ie oben erwähnten Feststellungen  wurden b ei 22 °C b eobachtet, bei 
höheren  Temperaturen wird das Aufschließen der B löße und das H erauslösen  
der E iw eißstoffe  stark besch leu n igt. K onzentrierte N a 2S-Lösungen zerstören  
bei höh eren  Temperaturen die em pfindliche H autsch ichten , und die N arbe schei­
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det sich vom  Corium ab. Schaden wird besonders dann angerichtet, wenn 
60% -iges N a2S in  festem  Zustand m it der geweichten H aut in  Berührung  
kom m t. Nach unseren M essungen wird bei der Lösung von geschm olzenem  
oder lam elliertem  N a2S eine W ärm em enge von  etw a 60 K al/kg  freigesetzt, 
w odurch die B löße bei ruhendem F aß  stark beschädigt wird [11].

W ir haben schon früher beob ach tet, daß z.B . aus dem oberen T eil der 
H au t auch dann zw eim al soviel E iw eiß  als aus dem unteren (Corium) Teil 
heraus-gelöst wird, wenn vorher das K eratin  entfernt wurde.

Stunden

A bb . 7. A blösung d e r N arb en -S ch ich t als F u n k t io n  de r N a.,S -K onzen tra tion , T e m p e ra tu r
u n d  Z e itd au e r

Wir haben O rientierungsversuche durchgeführt, unter w elchen  U m ­
ständen  die N arben-Schicht zerstört w ird. A bb. 7 zeigt die grobe Zerstörung  
der N arben-Schicht in A bhängigkeit von  der N a2S-K onzentration, der T em pe­
ratur und der Zeitdauer. Die Ä schertechnologien sollen in der W eise vorge­
schrieben werden, daß diese Param eter w eit unter den schädlichen  W erten  
bleiben.

Zusam m enhang zw ischen Prallheit und Eiweißverlust

Der Zusam m enhang zwischen der P rallheit der Blöße und dem  H eraus­
lö sen  von H autm aterial und K eratin wird in  den Abbildungen 6 und 8. veran­
schaulicht. In Abb. 8 sind auf der O rdinate diese Größen in Prozent des W ertes, 
der nach 1-tägiger Äscherung erreicht w ird, aufgetragen. Es is t  ersichtlich, 
daß sich die Äscherungszeit am m eisten au f den Eiweiß Verlust ausw irkt.

In Abb 6 sind auf der Ordinate die gleichen Größen in Prozent des W er­
tes  aufgetragen, der bei einer K onzentration  von 3 g/1 N a2S nach dreitägiger
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Ä scherung erreicht wird. E s is t  zu ersehen, daß m it steigender N a2S-K onzentra- 
tio n  die Menge an gelöstem  K eratin  am stärksten  ansteigt. Abbildungen 6 und  
8 b estä tigen  gleicherm aßen die in der Praxis bew ährte technologische T en­
denz, daß eine kurze k räftige Äscherung die H erstellung eines festnarbigen, 
vo n  H aarresten befreiten Oberleder am m eisten  gew ährleistet, weil dadurch  
eine m äßig pralle B löße in  kurzer Zeit ohne hoh en  Eiw eißverlust herstellbar  
is t. D ie  optim ale Z eitdauer der Äscherung h än gt selbstverständlich auch von  
der D ick e der Rohhaut ab. D a  die Diffusion m it der Quadratwurzel der D icke  
ab n im m t, dauert die D urchäscherung einer d ickeren H aut längere Zeit.

Tage Ascherzeit

A b b . 8 . Z u sam m enhang  zw isch en  P ra llh e it, E iw e iß v erlu s t d e r  B löße sowie K e ra tin a b b a u  als 
F u n k t io n  de r Zeit. (1): E iw e iß v e r lu s t  in  P rozen ten  des W e rte s , d e r  n ach  einem  T ag  gem essen 
w u rd e ; (2): Gelöstes K e ra t in  in  P ro z e n te n  des W ertes , d e r  n a c h  einem  T ag  gem essen w u rd e ; 

(3): P ra llfestigkeit in  P ro z e n te n  des W ertes, d e r  n a c h  e inem  T ag gem essen w u rd e

D ie W irkungen v o n  N a 2S -f- Ca(OH), und N a ,S  -f- NaO H  Äschern un­
terscheiden  sich bedeutend. B ei NaOH enthaltenden  Äschern ist die gesam te  
O H —-Ionen-M enge beim  Z eitpunkt der D osierung schon in Lösung, w ährend  
bei kalkhaltigen Äschern O H - -Ionen wegen der Schwerlöslichkeit des K alkes  
nur n ach  und nach in L ösung gehen. NaO H  soll desw egen nur vorsichtig zu­
gegeben  werden, um eine Uberquellung des N arbens zu verm eiden. Bei Ca(OH)2 
enthaltenden  Ä scherflüssigkeiten ist diese V orsichtsm aßnahm e kaum n ötig , 
w eil der pH-W ert sich sozusagen  autom atisch reguliert.

B indungsfestigkeit verschiedener Basen

D ie O H -K onzentration — die die W irkung der Ä scherflüssigkeit en t­
scheidend  beeinflußt — h ä n g t einerseits von der chem ischen Zusam m ensetzung, 
anderseits von der B asenhindungs-K apazität der R ohhaut ab. Wir haben  
desw egen  diese Frage näher untersucht [12].
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Die alkalische Quellung der K ollagenfaser wird mit dem  elek trosta ti­
schen A bstoßung gleichartig aufgeladener Gruppen erklärt [13]. D ie B indung  
der Basen hängt hauptsächlich v o n  der K onzentration und A rt der K ationen  
ab. Die zw eiw ertigen Basen w erden stärker als einwertige an K ollagén  ge­
bunden.

Tabelle V I enthält D aten über die B indung von Basen aus ein igen  ver­
schieden zusam m engesetzten Ä scherflüssigkeiten  durch die R oh h au t. Der 
Ü bersichtlichkeit wegen werden W erte v o n  äquivalenten B asenm engen  ver­
glichen. D ie R ohhaut kann von  den bei der Äscherung verw endeten  Chemi­
kalien  die in  A bbildung 9 angegebenen M engen aufnehmen. D ie F ä h igk eit der 
R ohhaut, verschiedene Basen zu b inden , zeig t in Abhängigkeit v o n  der K on­
zentration keine so charakteristische M axim a, wie sie bei der Säurebindung  
beobachtet w urden. Von den gebräuchlichen Äscherchem ikalien is t  Ca(OH)2 
die Substanz, aus deren Lösung v o n  der R ohhaut die m eisten O H - -Ion en  ge­
bunden werden, und zwar ungefähr dreim al soviel wie aus einer N a,S-L ösung  
gleicher K onzentration unter Z ugrundelegung der R eaktionsgleichung

Na,S +  H 20  ;± N aO H  +  NaHS

T ab e lle  V I

Basenbindung von 35 g geweichter R ohhaut als F unktion  der B asenkonzenlration  
Trockengewicht 11,0 g. F lüssigkeit 200 ml

A ngebotene Basenmenge 
mÄq

Z urück titrie rte
Base
m Ä q

Aufgenommene G ebundene

Basenmenge mÄq au f 
1 g wasserfreie H au tsu b ­

stanz bezogen

7,7 N H jO H 6,5 0,11 0,03

7,7 N aH S 6,2 0,14 0,06

13,1 N aH S 11,5 0,15 0,08

7,7 N a2S 5,8 0,17 0,13

13,1 N a,S 9,5 0,31 0,19

7,7 N aO H 5,1 0,23 0,16

13,1 N aO H 8,6 0,41 0,32

10 Ca(O H )2 Suspension 3,4 0,60 0,55

20 Ca(O H )2 Suspension 11,6 0,76 0,63

30 C a(O H ), Suspension 20,9 0,83 0,69

50 C a(O H )2 Suspension 39,7 0,93 0,80
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E s is t  zweckm äßig die gebundenen bzw. aufgenom m enen M illiäquivalente au f  
die praxisnahere prozentuale Dosierung um zurechnen. Meistens wird auf S a lz­
gew ich t der R ohhaut 1,8%  N a2S im  Äscher verw endet ( =  46 mÄq/lOOg 
R oh h au t), wovon die R oh h au t maxim al nur 13,3 m Ä q aufnim m t. 100 g R oh ­
h au t (Salzgewicht) en th ä lt etw a 43 g w asserfreie H autsubstanz (K ollagén) 
m it einem  m axim alen Basenaufnahm everm ögen v o n  0 ,9 2 x 4 3  =  39,5 m Ä q. 
N ach  den Angaben in  A bb. 9 bzw. Tabelle V I ist näm lich  das maxim ale B a ­
senaufnahm everm ögen aus Ca(OH)2-Lösungen 0,92 m Ä q/g Kollagén, das aus 
N a 2S-Lösungen dagegen 0 ,3 1 x 4 3  =  13,3 m Äq.

100 g Rohhaut b inden  also nach dem W eichen  b ei einer Dosierung von  
1,8%  N a 2S schnell eine B asenm enge von 13,3 m Ä q — die nur 1/3 der m axim al 
aufnehm baren O H ~ -Ion en  ausm acht — so daß der pH -W ert der Ä scherflüs­
sigk eit stark absinken m ü ß te. Die fehlende O H " M enge wird durch Ca(OH)2

mAq

Angebotene Konzentration mÄquiv./I

A bb. 9. B asen b in d u n g sv erm ö g en  v o n  H a u tsu b sta n z  F lü ss ig k e itsm en g e  : H a u tsu b stan z  =  20 : 1

ergänzt und das graduelle Inlösunggehen des K alkes wird die K onstanz des 
pH -W ertes gewährleisten. Theoretisch würde etw a  1% Ca(OH)2 genügen, um  
die fehlende OH~ M enge zu ersetzen, doch wird in  der Praxis die 3 — 5fache  
M enge angewendet, w eil die entstehenden K alkseifen  die Kalkstückchen u m ­
hüllen und auch durch Carbonatbildung die W irksam keit vermindert wird.

A llgem ein wird die M einung vertreten, daß zu  v ie l Kalk die Oberleder 
lose m acht [14], [15]. D ie haarlösende W irkung ist bei einem SH : OH-Ver- 
hältn is von  1 am besten . B ei Technologien bei denen die fehlenden O H ~-Ionen  
durch N aO H  ergänzt w erden, kann die schnelle Zugabe eine U berquellung, 
bei einer N aO H -K onzentration  von 300 mÄq/1 sogar Versulzung des N arbens 
verursachen. Die T echnologien  des Äschers m üssen  so gestaltet werden, daß  
keine plötzliche pH -Steigerungen  eintreten.

Acta Chitn. Acad. Sei. Hung. 101, 1979



TÓTH et al.: ÜBERWACHUNGSMETHODEN IN  DER GERBEREICHEMIE 171

Auswaschbarkeit verschiedener Basen

W egen der E ntkalkung ist die A usw aschbarkeit der verschiedenen Basen  
w ichtig. D iesbezügliche U ntersuchungen wurden an Rindsblößen vorgenom m en, 
die m it der dreifachen G ewichtsm enge dest. W assers bei 25 °C gewaschen  
wurden. D as W aschwasser wurde stündlich  gew echselt und der B asengehalt 
der B lößen  von Zeit zu Zeit bestim m t. D ie Ergebnisse sind in A b b . 10 darge­
stellt. A m  leichtesten läß t sich N H 4OH, am  schw ersten Ca(OH)2 ausw aschen. 
W egen dieser E igenschaft werden A m m onium salze bei der E n tk ä lk u n g  ver­
w endet. D ie Entfernung der Ä scherchem ikalien erfolgt in 3 Stufen.

a)  A bspühlen der im  Uberschuß angew andten und von der B löß e nicht 
gebundenen Chemikalien.

b)  Graduelle D issoziation  bzw. H ydrolyse des K ollagensalzes zu Alkali- 
bzw. Erdalkali-Lauge.

mAq.

■ nach 30 Tagen in Ca(0H)2

nach 3 Tagen in Ca (OH l2
____ _ nach 3 Tagen in Ba(0H)2
'_________nach 3 Tagen in KOH
— nach 3 Tagen in NaOH

nach 3 Tagen in Na2S 
nach 3 Tagen in NaSH 
noch 3 Tagen in NĤ OH

10 20 30
Stunden gewaschen

Abb. 10. E n tfe rn u n g  des B asen g eh a lte s  der B löße (11 g w asserfreie H a u tsu b s ta n z )  d u rch
W aschen  m it je  100 m l W asser

c) Verschiebung des G leichgewichtes m it Am m onium salzen zugunsten  
der D issoziation  und R ückbildung der A m m onium salze bis zum isoelektrischen  
Zustand m it Entkälkungssäuren.
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D ie drei Phasen der E ntkalkung können, w ie A bb. 11 zeigt, durch die A bnahm e  
des B asengehaltes der Blöße m it der Zeit gut verfo lg t werden.

Abb. 11. V e rlau f des A usw aschens u n d  der E n tk a lk u n g  v o n  100 g B löße (2%  N a2S, 0 ,5 %  CaO)
m it je  100 m l F lo t te
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Bindungsindizes der Säuren

D a weiche Oberleder nur aus entsprechend entkalkten  B lößen herzustel­
len sind, ist es A ufgabe der Betriebsüberwachung, den B asengehalt der Blößen  
vor der Gerbung kontinuierlich zu messen. Bei der E ntkälkung benutzt man 
als Säure Salz- und M ilchsäure. Salzsäure wird wegen der B illigkeit sowie der 
guten  Löslichkeit des CaCl2 angewandt. Als N achteil ist zu erwähnen, daß der 
pH -W ert wegen der Gefahr einer Säurequellung n icht unter 5 sinken darf und 
som it die Dosierung sehr sorgfältig erfolgen m uß. Bei R ohhäuten  mit feinen 
N arben verwendet m an die teuere Milchsäure.

Wir konnten nachw eisen , daß die Gefahr einer Säurequellung durch den 
B indungsindex gu t nachw eisbar ist. Wir definierten den B indungsindex als 
den Quotient der A ngebots- und G leichgew ichtskonzentration bei einem Ver­
hältn is von 20 für F lo tte  zu H autsubstanz [10]. Gibt m an z.B . in  Gegenwart 
von  Salz 15 mÄq HCl zu 100 g geweichte H aut (Trockengew icht 31,5 g) in 
500 m l Wasser, so fin d et man in  der Lösung nach E instellung des Gleichge­
w ichtes 0.3 mÄq HCl. Der B indungsindex der Salzsäure is t  also 15 : 0,3 =  50. 
B ei der Zugabe einer gleichen Menge (15 mÄq) M ilchsäure bleiben 3 mÄq in 
Lösung, der B indungsindex ist 15 : 3 — 5. B ei Zugabe äquivalenter Mengen 
von  Salz- und M ilchsäure bleibt also 10-mal sov iel Milchsäure in  Lösung als 
Salzsäure. Die Gefahr der Säurequellung ist hei M ilchsäure kleiner, weil

die gebundene Salzsäure m it 14,7 mÄq 98% ,
die gebundene M ilchsäure m it 12,0 mÄq 80%  der angebotenen Säure 

entspricht.
Tabelle VII

B indungsindex — Quotient aus Angebots- und Gleichgewichts-Konzentration

Bindungsindex bei etw a 

30 I 50 I 80 120 200

mÄq/1 A ngebots-K onzentration

H ,S 0 4 87,0 8,0 2,0 1,6 1,4

HCl 50,0 8,6 — 1,8 1,4

O xalsäure — — — 2,0 —

N ap h talin su lfo säu re — — 2,0 —
A m eisensäure — 4,1 2,1 1,7 —

Essigsäure — 2,3 1,6 1,5 1,3

M ilchsäure 5,0 3,7 2,8 2,0 1,5

Ca(OH), 3,0 2.8 2,0 1,5 1.3

Ba(OII).. 2,7 2,3 2,1 1,6 —
K O H 1,6 1,5 1,5 — 1,3

N aOH 1,6 1,5 1,5 1,4 1,3

Na.S 1,5 1,4 1,3 1,3 1,2

n h 4o i i 1,2 1,2 1,2 1,2 1,2
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D er Bindungsindex der verschiedenen Säuren ist ein besserer Param eter  
für die Bindungsstärke als die m axim al gebundene Säurem enge (Tabelle V II). 
B ei der Überwachung der Ä scherei haben wir folgende D urchschnittsw erte  
r e g is tr ie r t;

nach 3 S tunden 6 St.

Na„S g/1 10,9 11,25

Q uadratstreuung 5,46 5,49

S tandardabw eichung 2,34 2,14

D urchschnittlicher S ta n d a rd fe h le r 0,65 0,59

S H : ОН 0,78 0,81

Q uadratstreuung 0,04 0,05

Standardabw eichung 0,20 0,23

D urchschnittlicher Q u a d ra tfe h le r 0,06 0,06

B a sen geh a lt nach der E n tk älk u n g in  m Ä q/g K ollagén:

D urchschnitt 0,2
Q uadratstreuung 0,01
Standardabweichung
Durchschnittlicher

0,12

Standardfehler 0,01

D ie  Streuung des N a2S-G ehaltes hängt mit dem A ntrocknen der R ohhäute  
zu sam m en .

Im  folgenden Teil w erden  
b eh a n d elt.

die Kontrolle des P ickels und der Gerbung 
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T hio lsu lfo n a tes  re ac t w ith  sod ium  h a lid e s o r sodium  th io c y a n a te  in  d im eth y l- 
fo rm am id e  to  give th e  correspond ing  d isu lfide  a n d  th e  sodium  sa lt o f th e  su lfon ic  acid. 
T h ree  su b seq u en t o r paralle l reac tio n s  a re  sugg ested  to  explain th e  re a c tio n  m ech a­
n ism  ; these  h av e  b een  su b s ta n tia te d  b y  l i te r a tu re  d a ta  and  m odel e x p e rim e n ts . F ir s t  a 
nucleoph ilic  c leavage  o f th e  th io lsu lfo n a te s  ta k e s  p lace

A r—S 0 2—S - A r  - f  N a X ---->• A r—S —X  +  A r - S O ,N a  (I),

fo llow ed by  th e  e lectrophilic  re ac tio n  o f th e  s ta r tin g  th io lsu lfonate  w i th  th e  su lfenyl 
co m p o u n d  fo rm e d :

A r—S 0 2—S —A r +  A r—S —X --- *■ A r— S — S—A r +  A r—SO„X (I I I ) ,

a n d  th e  th ird  re ac tio n  occurs b e tw een  th e  su lf in a te  sa lt (from  E q . I)  a n d  th e  su lfonyl 
co m p o u n d  (from  E q . I l l ) :

A r—S 0 2X  +  3 A r—S 0 2N a ---- >- А г- S O , — S —A r - f  A r - S 0 3- N a  - f  N a X  (IV)

(E n d -p ro d u c ts  a re  show n in  bo ld-face.)

D uring the nucleophilic sp littin g  o f th iolsulfonates in  anhydrous m edia 
it  was observed th a t, when th e  reaction w as effected in dim ethylform am ide  
solution  w ith  sodium  th iocyanate, disulfide and the sodium salt o f  th e  sulfonic 
acid were form ed, instead  of the expected  cleavage products. The sod ium  sulfo­
nate was isolated as its  S-benzylisothiuronium  salt. When the reaction  w as car­
ried out w ith sodium  brom ide, sodium  chloride, or sodium iodide in stead  of 
sodium  th iocyanate, th e  same result was obtained , only the am ounts o f  the  
reaction products varied (Eq. I).

A r—S O ,—S —Ar A r—SO ,N a +  A r - S - S - A r  (I)

The aim o f th e  present work was to  exam ine the course o f  th is  reaction  
in detail.

K ice and R ogers [1] studying alkali halides as catalysts in  reactions 
betw een th iolsulfonates and amines in aqueous dioxan observed th e  th io lsu l­
fonates converted prim arily into su lfenyl halides and sodium su lfin a te  under 
such reaction conditions (Eq. II).
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A r—S 0 2—S —Ar +  N aX  — ► A r - S - X  +  A r - S 0 2Na (II),

X  =  Cl, Br, I, SCN.

W e assumed th a t th e  reaction in dim ethylform am ide is in itiated  b y  th e  
sam e process.

Considering th e  possib le further conversions o f  the reaction products 
and th e  starting com pound, th e  electrophilic reaction  o f the sulfenyl com pound  
form ed w ith  the starting thiolsulfonate seem ed probable (Eq. III).

Ar —SO., —S - A r  +  A r - S - X  — > Ar —S O ,— S
© / Ar

\ s -
X©

Ar

A r— S — S—Ar -f- Ar — S 0 2—X (III)

This reaction betw een  m ethanesulfenil chloride and m ethanethiolsulfonate  
was described by D o u g l a s s  [2]. In the case o f  aromatic th iolsulfonates  
(Ar — S 0 2—S — Ar) th e  reaction  in either polar (g lacia l acetic acid) [3], or apolar 
(benzene) [4] solutions was not observed.

In  order to  confirm  th e  reaction path of th e  form ation of the end-prod­
ucts and the individual steps of the m echanism  assum ed, p-toluenethiolsul- 
fon ate  w as allowed to  react w ith p -to luenesu lfenyl chloride in d im ethylfor­
m am ide under identical conditions, whereupon th e  end-products shown above  
(E q. I l l )  were obtained. The reaction was su ccessfu lly  effected also in  aceto ­
n itrile  w ith  p -to luenesu lfenyl bromide, and th e  resulting sulfonyl brom ide  
was id en tified  from th e reaction  mixture after conversion with am m onia in to  
th e  sulfonam ide.

On the basis o f  a paper by Co rson  and P e w s  [5] the third step w as as­
sum ed to  be the reaction  o f sodium p -to luenesu lfinate (formed in R eaction  II) 
w ith  p -toluenesu lfonyl chloride (formed in R eaction  III) ;

Ar —S 0 2 —X  +  3Ar— S O ,N a — - A r - S O , - S - Ar +  2 A r - S 0 3N a +  N a X  (IV)

W hen Co r so n  and P e w s  [5] allowed p-toluenesu lfonyl chloride to  react 
a double excess of sodium  p-toluenesulfinate (m olar ratio 1 : 3) in acetonitrile, 
the products were m ainly p-toluenethiolsulfonate and sodium p-toluenesulfo- 
n ate, accom panied b y  a sm all amount of disulfone. This reaction was repeated  
in dim ethylform am ide, i.e., under the reaction conditions employed by us, in 
order to  confirm the m echanism  suggested. W ork-up o f the reaction m ixture  
gave on ly  th iolsulfonate and sidfonic acid in a good yield (isolated as th e  
S-benzylisothiuronium  salt). The course of the reaction was discussed in detail 
b y  C o r s o n  and P e w s  [5 ], also considering the researches nt K tcf. and P a w - 
l o w s k i  [6].
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Oil the hasis o f  th e  reactions outlined above (Eqs. II  — IV ), th e  conver­
sions o f thiolsulfonates on the effect o f alkali halides in dim ethylform am ide are 
sum m arized in th e  fo llow ing Schem e:

A r—S 0 2—S —Ar +  Ar —S 0 3N a

N aX

-A r — SO ,N a A r - S - X  +  A r - S 0 2- S - A r

A r—S 0 2X  Ar S S Ar
X  =  Cl, Br, I, SCN

(The end-products o f  th e  reaction are show n in hold-face.)

Experimental

M .p.’s were d e te rm in e d  on a B oetius (F ra n z  K iis tn e r, D resden) m ic ro -h o t-s tag e  and  
are  uncorrec ted .

R eaction  of p - to lu e n e th io lsu lfo n a te  w ith  a lk a li halides o r th io cy an a te  in  
d im ethy lform am ide

p -T o lu en eth io lsu lfo n a te  (13.5 g ;  0.05 m ole) w as d issolved in  d im e th y lfo rm am id e  
(50 m l) a n d  th e  a p p ro p ria te  a lk a li com pound  (0.05 m ole) (sod ium  chloride, b ro m id e , iodide or 
th io c y a n a te )  was ad d ed . T h e  re ac tio n  m ix tu re  w as h e a te d  in  an  oil b a th  a t  110 °C ( ±  5 °C), 
w ith  s tirrin g , fo r 24 h. D im eth y lfo rm am id e  was e v a p o ra te d  in  v a cu u m  (w a te r  p u m p )  a n d  the  
resid u e  p o u red  in to  w a te r  (200 m l) a n d  e x tra c te d  w ith  benzene. S -B en zy liso th iu ro n iu m  
ch lo ride  (15 g ; ap p rox . 0 .075 m ole) d issolved in w a te r  (50 m l) w as ad d ed  to  th e  a q u eo u s  phase, 
w h ich  w as th en  re fr ig e ra ted  a n d  th e  S -b en zy liso th iu ro n iu m  p -to lu e n esu lfo n a te  w as filte red  
o ff  a n d  dried , m .p. 180 -1 8 2  °C. A fter ev ap o ra tio n  o f th e  benzene  th e  re s id u e  w as e ith e r 
recry sta llized  from  p e tro le u m  e th e r , o r su b jec ted  to  ch ro m a to g ra p h ic  se p a ra tio n  on  a  silicagel 
co lu m n  to  o b ta in  th e  d isu lfid e  a n d  th e  th io lsu lfo n a te . M.p. o f th e  d isu lfide  w as 44 — 45 °C, 
t h a t  o f th e  th io lsu lfo n a te  w as 76 °C. T he resu lts  o f th e  ex p erim en ts  a re  su m m arized  in  T ab le  I.

Table I

N aBr NaSCN N al* NaCl

S -B enzyliso th iuron ium
p -to luenesu lfonate 12.5 g 7.8 g 4.7 g 4.6 g

p-Toluene d isulfide 7.3 g 3.0 g 1.5 g 1.0 g

U nchanged p -to lu en e th io l- 
sulfonate traces 1.4 g 7.5 g 8.9 g

* W ith  the  p re c ip ita tio n  of iodine

12 A d a  Chim. Acad. Sei. H ung. 101, 1979
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R eaction  of p -to lu e n e th io lsu lfo n a te  and p - to lu e n esu lfe n y l chloride in 
d im ethy lform am ide

p -T o lu en e th io lsu lfo n a te  (6 .95  g ; 0.025 mole) w as d isso lved  in  d im e th y lfo rm am id e  
(50 m l) a n d  a  so lu tion  of p - to lu e n e su lfe n y l chloride (3.37 g ;  0.0125 m ole -f- 10% ), p re p a re d  
fro m  p - to lu e n e  disulfide w ith  c h lo rin e  gas in  carbon  te tra c h lo r id e  (30 m l), w as ad d ed  d ropw ise  
d u r in g  16 h , w hile stirrin g  th e  m ix tu re  in  an  oil b a th  a t  110 CC ( ± 5  °C). T he re ac tio n  m ix tu re  
w as r e f lu x e d  fu r th e r  fo r 8 h . D im eth y lfo rm a m id e  w as e v a p o ra te d  in  v acu u m  (w a te r  p u m p ) 
a n d  th e  re s id u e  poured  in to  w a te r  (200 m l), and e x tra c te d  w ith  benzene. A so lu tio n  o f S -b en ­
z y liso th iu ro n iu m  chloride (10 g ; a b o u t  0.05 mole) in  w a te r  (50 m l) was ad d ed  to  th e  aq u eo u s 
p h a se  w h ic h  was th en  re fr ig e ra te d  a n d  th e  S -b en zy liso th iu ro n iu m  p -to lu e n esu lfo n a te  w as f il­
te r e d  o ff  a n d  dried  (7.14 g ; 8 5 % ), m .p . 180 — 182 °C. T he b e n ze n e  frac tio n  w as dried , c o n c e n tra t­
ed  a n d  tra n s fe rre d  to  a  silicagel co lu m n , e lu ted  w ith  p e tro le u m  e th e r  a n d  benzene ; th u s  th e  
d isu lf id e  (5 .7  g ;  94% ), m .p . 44 — 45 °C, an d  u n ch an g ed  th io lsu lfo n a te  (0У 5 g ;  6 .4 % ), m .p . 
76 °C, w e re  isolated.

R e ac tio n  of p -to lu e n e th io lsu lfo n a te  w ith  p -to lu en esu lfen y l brom ide in  ace ton itrile

p -T o lu en eth io lsu lfo n a te  (6 .95  g ; 0.025 mole) w as d isso lv ed  in  ace to n itrile  (50 m l) a n d  
a so lu tio n  of p -to lu en esu lfen y l b ro m id e , p rep ared  fro m  p - to lu e n e  d isu lfide (3.37 g ;  0.0125 
m o le  -f- 1 0 % ) w ith  b rom ine  (2.2 g ; 0.0125 m ole -(- 10% ), w as a d d e d  to  i t  dropw ise  d u rin g  1 h , 
u n d e r  s t i r r in g  in  an oil b a th  a t  75 °C. T h e  reac tion  m ix tu re  w as re flu x ed  fu r th e r  fo r 2 h , th e  
so lv e n t  w as ev ap o ra ted  in  v a c u u m  (w a te r  pum p), th e  re s id u e  w as dissolved in  d ry  b en zen e  an d  
s a tu r a te d  w ith  am m onia  gas. T h e  b e n ze n e  was th en  e v a p o ra te d , p e tro leu m  e th e r  w as a d d e d  to  
th e  re s id u e  a n d  th e  p re c ip ita te  w as f i lte re d  off, w ashed  th o ro u g h ly  w ith  p e tro leu m  e th e r  a n d  
d ried . A m m o n iu m  b ro m id e  w as re m o v e d  b y  w ashing th e  p re c ip ita te  w ith  w a te r  on  th e  f i lte r ,  
a n d  th e  re sid u al p - to lu e n esu lfo n a m id e  w as dried (3.26 g ;  7 5 % ), m .p . 139 °C. T h e  p e tro leu m  
e th e r  so lu tio n  was su b jec ted  to  c h ro m a to g ra p h ic  se p a ra tio n  o n  a  silicagel co lum n u sin g  p e tro ­
le u m  e th e r  an d  benzene as e lu a n ts ;  th u s  th e  d isulfide (5 .8  g ; 9 6 % ), m .p . 44 — 45 °C a n d  u n ­
c h a n g e d  th io lsu lfo n a te  (0.35 g ; 5 % ), m .p . 76 °C were iso la ted .

R eaction of p - to lu e n esu lfo n y l chloride w ith so d iu m  p -to lu en esu lfin a te  in  
d im ethy lform am ide

p -T o luenesu lfony l c h lo rid e  (9 .53  g ;  0.05 m ole) w as d isso lved  in  D M F (100 m l) a n d  
so d iu m  p -to lu e n esu lfin a te  (26.7 g; 0 .15 m ole) was added . T h e  re a c tio n  m ix tu re  w as th e n  re flu x e d  
in  a n  oil b a th  a t  110 °C ( ±  5 ° C) u n d e r  stirring  w ith  a  m ag n e tic  s tir re r  fo r 24 h. T h e  d i­
m e th y lfo rm a m id e  w as e v a p o ra te d  in  v acu u m  (w ater p u m p )  a n d  th e  resid u e  w as e x tra c te d  
w ith  b e n z e n e  a fte r p o uring  i t  in to  w a te r  (200 ml). A so lu tio n  o f S -b en zy liso th iu ro n iu m  ch loride  
(40 g ; a b o u t  0.2 m ole) in  w a te r  (100 m l) was added  to  th e  aq u eo u s phase , i t  w as re fr ig e ra ted  
a n d  th e  c ry s ta ls  were f i lte re d  o ff a n d  dried. S -B en zy liso th iu ro n iu m  p -to lu en esu lfo n a te  (31 g ;  
1 8 3 % , c a lcu la te d  for p -to lu e n e su lfo n y l chloride) w as o b ta in e d , m .p . 180 —182 °C. T h e  b en zen e  
p h a se  w a s  e v ap o ra ted  an d  th e  re s id u e  recrysta llized  from  p e tro le u m e th e r  to  o b ta in  p - to lu e n e th i­
o lsu lfo n a te  (11 g ; 79% , c a lc u la te d  fo r  p -to luenesu lfony l ch lo rid e), m .p . 76 °C.

T h e  com pounds sy n th e s iz e d  in  th e  above e x p e rim e n ts  w ere id en tified , a f te r  re p ea te d  
re c ry s ta ll iz a tio n s , on th e  b asis  o f  m .p .,  m ixed  m .p ., T L C  (a d s o rb e n t:  K ieselgel 60 G, M e rck ; 
d ev e lo p in g  m ix tu re : b e n z e n e -p e tro le u m  e th e r (5 : 5); d e te c tin g  a g e n t : a lk a lin e  p o ta ss iu m  
p e rm a n g a n a te )  and  e lem en ta l a n a ly s is .

S e p a ra tio n  of th e  d isu lf id e . th io lsu lfo n a te  m ix tu re  w as ach ieved  e ith e r b y  frac tio n a l 
re c ry s ta ll iz a tio n  from  p e tro leu m  e th e r ,  o r by  ch ro m a to g rap h ic  sep a ra tio n  on a  silicagel co lu m n  
(“ K iese lg e l 40 fü r die S ä u len -C h ro m ato g rap h ie” , 0.062 — 0.20 m m , M erck), u sing  p e tro leu m  
e th e r  a n d  benzene as e lu an ts .
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Som e e x am p les  o f th e  ap p lica tio n  o f th e ' therm o elec tric  m e th o d  h a v e  b e en  p re ­
sen ted . B y  th is  m e th o d , fo r com pounds in  th e  srriectic m esophase, th e  specia l an o m a ly  
of c o n d u c tiv ity , th e  m em o ry  effect, has  b e en  d e te rm in e d  and  q u a lita tiv e ly  in te rp re te d .

The tem perature dependence of th e  p erm ittiv ity  or conductance o f a 
given sample m ay be studied by therm oelectric analysis (TEA). As is know n, 
phase and polym orphic transitions are accom panied by sharp anom alies in 
electrical con d u ctiv ity  [1]. Equilibrium phase transitions m ay be in d u ced  by  
the change o f tem perature, pressure and com position .

This paper sum m arizes our results ob ta in ed  in  the course o f T E A  studies  
on polym orphic and phase transitions o f ion ic  ty p e  organic salts as a function  
of the tem perature. Greater changes in  th e  electric conductiv ity  (EC) could  
bé observed generally in  the phase transitions o f  ionic melts than in polym orphic  
transitions. B y th e  appropriate choice o f th e  experim ental param eters, th e  ef­
fect o f the la tter m ay be made negligible. In  polym orphic transitions th e  EC 
signal is generally registered as a peak, w hile a phase transition is recorded  
as a jum p follow ed b y  a steady shift. The tem perature dependence o f  th e  con­
d u ctiv ity  of a given  phase and the activation  energy calculated from  b y  the  
Arrhenius plot is dependent also on the structure o f the phase. A  characteristic  
feature of the com pound under investigation  w as th at some possessed a sm ectic  
mesophase. This property was also dependent on the number of carbon atom s 
in the fa tty  acid m olecule and on the n atu re  o f  the cation. T herm oelectric  
m ethods have been w idely  applied for stu d y in g  the characteristics o f  liquid  
crystals, m ainly in  th e  case o f nem atic and cholesteric phases [2], w h ile rela­
t iv e ly  few data are available in the literature for th e  sm ectic phase. The reported  
data refer rather to  th e  investigation o f th e  structure of lyotropic system s. 
The therm otropic am phyphilic phase o f  a lkali and heavy m etal soaps have  
been studied on ly  recently  by th is m ethod [3 — 8]. Our earlier in vestigation s  
performed by th e  T E A  m ethod on non-m esophase fa tty  acids have also been 
extended to  com pounds in the mesophase [9, 10]. Our studies were perform ed  
by continuous low  frequency a.c. m easurem ents, often with the sim ultaneous 
application of T E A  and differential therm al analysis (DTA) [11 —13].

12» Acta Chitn. Acad. Sei. H ung. 101, 1979



1 80 M EISEL e t al.: A PPLIC A TIO N  O F TH E  T H E R M O E L E C T R IC  METHOD

Experimental

W e  h a v e  s tu d ied  alkali m e ta l a n d  th a lliu m  a c e ta te s , p ro p io n a tes  an d  b u ty ra te s  a s  w ell 
as so d iu m  a n d  th a lliu m  salts o f o pen  c h a in  f a t ty  acids c o n ta in in g  5 —9, 12, 14, 16 a n d  18 c a rb o n  
a to m s. D a t a  o n  p re p ara tio n , p u rif ic a tio n , analysis a n d  th e rm a l  s ta b ility  have  b een  re p o r te d  
ea rlie r  [9 — 15]. T h eT E A -D T A  dev ice  h a s  been  d escribed  in  a  p rev io u s p ap er [16], i ts  f lo w  c h a r t  
b e in g  p re s e n te d  in  F ig . 1. C apillary  cells w ere  u sed  [9, 10] a n d  th e  m icrocell w ith  go ld  e le c tro d e s  
e v a p o ra te d  o n to  glass surfaces is p re se n te d  in  F ig. 2a. W ith  spec ia l reg ard  to  th e  o rg a n ic  s u b ­
s ta n c e  in v e s tig a te d ,  th e  follow ing re m a rk s  a re  p e r tin e n t  to  th e  m easuring  tech n iq u e  u sed .

Fig. la .  G e n e ra l v iew  of s im u ltan eo u s  D T A —T E A  a p p a ra tu s .  (1) T em p era tu re  p ro g ra m ; 
(2) fu rn a c e ;  (3) reference m ate ria l; (4) sam ple ; (5) c o n d u c to m e te r ;  (6) am plifier; (7) re c o rd e r

-E le c t r ic  confects 

-Ceram ic isolator 

-Screw
-Pt e lectrodes 
_ Sample holder 

(electrode)

- Sample

- Furnace

- Iso la to r  

-Thermocouple

-Wall of furnace

Fig. lb . D e ta iled  view  of th e  m ea su rin g  cell
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T h e  re liab ility  a n d  re p ro d u c ib ility  o f th e  T E A  m easu rem en ts  g re a t ly  d ep en d  on the  
p u r i ty  o f th e  sam ples. T h e  p resen ce  o f co n ta m in a tio n s , th e  so lv en t a n d  i ts  w a te r  c o n te n t have 
d ra m a tic  effects on  th e  d a ta  m easu red . P e rfec t c o n ta c t be tw een  th e  sam p le  a n d  electrodes 
m u s t be  ensured . T he freq u e n c y  dependence  o f th e  d a ta  m u st be  s tu d ie d  a n d  th e  possibility  
o f  e lectrode  reac tions m u s t also be  ta k e n  in to  co n sid era tio n . W e hav e  fo u n d  t h a t  sm all am ounts 
o f  th e  in itia l su b stan ces , free  f a t t y  acids, m eta ls , m e ta l oxides do n o t  a ffe c t th e  c o n d u c tiv ity  
v a lu e s  m easu red . T he w a te r  c o n te n t  shou ld , how ever, be  reduced  to  a  m in im u m . T h e  com pounds 
w ere, there fo re , p re p a re d  a n d  c ry s ta lliz ed  in  a n h y d ro u s  so lvents. V o la tile  t ra c e s  o f th e  so lvent 
w ere  rem oved  in v a cu u m  a n d  m easu rem en ts  w ere c a rried  o u t in  a d ry  in e r t  g as a tm osphere. 
I n  th is  w ay  th e  te m p e ra tu re  ra n g e  of th e rm a l s ta b il i ty  could  also be in creased . O n  rep ro d u c tio n  
o f th e  m easu rem en ts , som e d ecom position  reac tio n s  could  be o bserved  a n d  th e  sam ples were 
m ild ly  decolourized. T h e  m ea su re m e n ts  ceased  to  h e  reproducib le , ho w ev er, o n ly  u p o n  therm al 
d ecom position , in vo lv ing  also in te n siv e  gas e v o lu tio n  a t  h ig h er te m p e ra tu re s . S a tis fac to ry  
c o n ta c t  was ensu red  b y  m eltin g  th e  sam ple  p rio r  to  th e  m easu rem en ts. I n  som e cases, how ever, 
th is  excluded  th e  p o ss ib ility  o f  observ ing  po ly m o rp h ic  tran s itio n s  a t  lo w er tem p era tu res . 
W h en  s tu d y in g  th e  freq u en cy  depen d en ce  of th e  EC  cu rv e  fo r som e of o u r c o m p o u n d s , we found 
th e  effec t of freq u en cy  ch an g e  to  be negligible in th e  range  be tw een  80 H z  a n d  20 kH z. By 
m ean s o f th e  sim u ltan eo u s sy s te m , id en tific a tio n  o f th e  phase  tra n s it io n  o f sa lts  w ith  m any 
p o ly m o rp h ic  tran s itio n s  cou ld  b e  easily  carried  ou t. F ro m  th e  D TA  signals re co rd e d  b y  th e  de­
v ice , no  q u a n tita tiv e  calo ric  d a ta  could  be o b ta in ed . EC curves in d ic a te d  p h a se  transitions 
u n am b ig u o u sly  in  a w ell re p ro d u c ib le  w ay. F o r  d e riv a tiv e s w ith  liq u id  c ry s ta l  p roperties, 
co rresp o n d in g  to  th e  tw o  p h a se  tran s itio n s , tw o  EC  ju m p s hav e  b een  re c o rd e d  while the  
sim p le  solid  to  iso trop ic  liq u id  tra n s it io n  w as in d ic a te d  on ly  b y  a  sh a rp  sh o u ld er.

D uring  ap p lic a tio n  o f th e  sim u ltan eo u s m easu rin g  device, u sin g  a  c ru c ib le  as sam ple 
h o ld e r, i t  could  be o b se rv ed  t h a t  u p o n  tra n s it io n  from  an  iso trop ic  liq u id  to  a  m esophase, 
d u rin g  th e  cooling cycle, th e  E C  cu rv e  o f th e  m esophase  w as a ffec ted  b y  th e  r a te  o f cooling. 
A lth o u g h  th e  p h en o m en o n  w as fo u n d  to  be p a r tly  reproducib le , u n a m b ig u o u s  investiga tions 
co u ld  be  carried  o u t o n ly  b y  ap p ly in g  a cap illa ry  ty p e  cell. R esu lts  as w ell as th e ir  in te r­
p re ta tio n  are also su p p o rte d  b y  th e  d a ta  o b ta in e d  w ith  th e  cell show n in  F igs 2a, b.

EC,

F ig . 2a. S chem atic  e lectro d e  a rra n g e m e n t in  th e  m icrocell. E C , =  o n [o pposite  slides; EC2 =  on
th e  sam e slide

F ig . 2b. E lectrica l c o n d u c tiv ity  o f T1(I) la u ra te  m easu red  b e tw een  tw o  glass slides. 
A — paralle l to  th e  sm ectic  p lan es; В =  p e rp en d icu la r to  th e  sm ec tic  p lanes
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I n  som e instances, cell c o n s ta n ts  w ere n o t ta k e n  in to  a c c o u n t in  th e  ev a lu a tio n  o f th e  
re su lts .  T h e  ro u tin e  tech n iq u e , d e te rm in a tio n  b y  m eans o f a  p o ta s s iu m  ch loride  so lu tio n , d id  
n o t  a f fo rd  re liab le  d a ta  as m e a su re m e n ts  w ere carried  o u t a t  m u c h  h ig h er te m p e ra tu re s  th a n  
d u r in g  ca lib ra tio n . In  ad d itio n , as w ill be  seen, th e  g e o m e try  o f  th e  cell has a specific effect 
on  th e  m ea su re m e n ts  an d  h as  a n  a c t iv e  ro le in  th e  d ev e lo p m en t o f co n d u c tiv ity .

R esu lts and Discussion

T h e therm oelectric properties of alkali acetates hav in g  no m esophases 
h ave b een  described [9.10]. C hanges in the EC curve assigned to  phase tran si­
tio n s and the activation en ergy  o f  the conductiv ity  o f  m elts have been deter-

Fig. 3. S im ultaneously  m ea su re d jD T A  and EC signals o f  p o ta s s iu m  b u ty ra te

m ined . T he activation energies o f  viscosities have been  sim ilarly identified . 
From  th ese  values correlations have been deduced for th e  structure and ther­
m al decom position of the m elts as well [9,. 10].

T he therm oelectric in v estig a tio n  of C3 —C4 alkali sa lts pointed to  the  
presence o f a mesophase. L iterature data on salts w ith  g iven  cations recorded 
th e  sm ectic  phase only for th o se  having C5 or higher carbon numbers [2, 17, 
18]. In  addition to the not to o  satisfactory DTA data , therm o-optical studies 
w ith  polarized light [5] and sim ultaneous D T A -T E A  m easurem ents applied  
b y  us g ave  unambiguous ev id en ce  (See e.g., Fig. 3) on th ese  points.

In  th e  following, data  ob ta in ed  in the in vestigation  o f sodium  and th a l­
lium  fa t ty  acid salts, con ta in in g  5 or more carbon atom s and having a meso-
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phase in a relatively  w ide range o f tem perature, w ill be presented and eval­
uated. For both  sodium  and thallium (I) sa lts, th e  EC curve obtained from  
data  measured in  a device equipped with a crucible approxim ately correspond  
to  the expected  values. I t  can be observed in  Figs. 4a, b and 5a, b th a t the  
transition  to  the m esophase as well as its cessation  is indicated  b y  a jum p in  
th e  curve. The con d u ctiv ity  o f the mesophase show ed a not quite linear change

both  in the heating and cooling cycles. In th e  cooling cycle an unusual change 
could  be observed in th e  conductiv ity  o f  th e  m esophase, viz. a constant dis­
placem ent o f th e  curve. These shifts were n o t reproducible for sodium  salts 
but could be repeated in th e  case of thallium  salts. Based on our hypothesis 
on th e  phenom enon, a capillary type m easurem ent cell was applied for the  
stu d y  o f th is anom alous behaviour. Our findings can be sum m arized as fo l­
lows.

The tw o jum ps corresponding to the tw o  phase transitions are unam big- 
o u sly  reproducible whereas their relative size could be reproduced only  under 
strictly  identical experim ental conditions. D üring repetition o f  the m easure­
m ents, th e  con d u ctiv ity  w as constant for both  the isotropic liquid and solid
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phase o f  given com pounds. The EC data obtained in the m esophase show ed a 
stron g  dependence on th e  cooling rate applied during the transition  from  the  
iso trop ic  liquid to the m esophase. This dependence, w ell reproducible for th a l­
lium  sa lts  but less reproducible for sodium  sa lts, was m odified b y  th e  form  o f  
th e  m easuring cell used. W ith  a capillary cell th e  conductiv ity  o f  the m esophase 
in creased  w ith  the increase o f th e  cooling rate (see F ig. 6a, b). The sh ift o f the  
curve w as smaller and less pronounced w ith th e  crucible typ e cell and even  an

F ig . 4b. D T A  EC curves fo r th a l l iu m (I )  p e la rg o n ate . DC =  d irec t c u rre n t; AC =  a lte rn a tin g  
c u r re n t ;  S =  solid phase ; M =  m eso p h ase ; L  =  iso tro p ic  liq u id  phase  (in  all F ig u res)

op p osite  trend could he observed. Another difference observed w ith th e  tw o  
differen t typ es of cells w as th a t  w ith the m icrocell, highest EC values were 
m easured in the isotropic liqu id  phase, whereas w ith the capillary cell, the  
c o n d u c tiv ity  of the m esophase was found to  he higher a t cooling rates higher 
th a n  th e  given value. This la tter  phenom enon was observed, how ever, on ly  for 
th a lliu m  salts. At an arbitrary tem perature corresponding to  the m esophase, 
th e  app lication  of shear force along the length  o f the capillary resulted in  a 
m axim u m  EC value at a g iven  tem perature (F ig. 6b). The EC curve obtained  
in  a coo lin g  cycle at a given rate and up to room tem perature could be unam ­
b ig u o u sly  reproduced in  the n e x t heating cycle eveu if  the cooling rate was 
arb itrarily  changed after tran sition  from the isotropic liquid phase to  th e  m eso­
m orphic state . From these observations it m ay be assum ed th at the structure  
d ev elo p ed  in the phase tran sition  from i. liquid to  m esom orphic as a function
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o f cooling rate, determ ines the structure affecting  also the electric co n d u ctiv ity  
of the m esophase. In other words, the m esom orphic compounds stu d ied  seem  
to  “ rem em ber” th e  cooling rate applied in  th e  previous phase. A t th e  same 
tim e, the en th alp y  and entropy values belonging to  the phase tran sition  in 
question were well reproducible and independent o f the rate of heat treatm en t. 
Another im portant find ing is th at the electric field  o f the conductom eter does

э _____________________I_______________ u
100 150 180

T l°C)

Fig. 5a. E C  vs. te m p e ra tu re  corre lation  m easu red  in  a crucib le  ty p e  sam ple h o ld e r  in  th e  case 
o f  th a ll iu m (I)  s te a ra te  as a fu n c tio n  of th e  cooling r a te  app lied  du ring  the  m eso m o rp h ic  tra n s i­
tio n  of th e  iso tro p ic  liqu id . Cooling ra te : A  =  0.5 °C /m in; В  — 10 °C/m in; C  =  20 °C/min

not alter the results. Application o f the m icrocell provided data corresponding  
to  our earlier observations. The phenom ena observed are due to  th e  fact that 
these salts in the m elt phase dissociate also as a funtion of the tem perature  
and the sm aller m etal ions with high ion m obilities relative to  th e  anions are 
responsible for the electric conduction. A nother im portant observation  is that 
in solid m esom orphic transition the crystalline solid system  is on ly  “ half“ - 
m olten and th e  polar-headed fa tty  acids carrying an electric charge m aintain  
their structure o f ordered arrangement [8, 18]. In the mesophase, th e  m acros­
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copic m o b ility  o f the m etal ions is determ ined b y  th e  different structure o f  th e  
tex tu re . T he discrepancy in  th e  structure m ay  be assigned to  the orientation , 
affected  also by the m aterial, surface properties and geom etry of the m easur­
ing  ce ll as well as b y  th e  rate o f transition from  th e statistically  disordered  
sta te  to  th e  m esophase.

I f  a shear force i§ appbed, the resulting m axim um  conductiv ity  as w ell 
as th e  m easurem ents presented in Fig. 6b show  th a t  the sm ectic planes are

EC (mSI

F ig . 5b. S am e  as 5a. in  th e  case o f th a lliu m (I)  m ir is ta te .  1 =  Cooling ra te :  5 °C /m in ; 
2 =  h e a t in g  r a te :  5 °C /m in; 3 =  cooling ra te :  20 °C /m in ; 4 =  h eatin g  ra te :  5 ° C /m in ; 

5 =  cooling ra te :  0.5 °C /m in; 6 =  h e a tin g  r a te :  10 °C/min

nearly parallel to  the wall of th e  capillary and th e  channels formed betw een  
the p lan es offer a m ost favourable possib ility  for cation  migration. A t low er  
cooling rates the developm ent o f the dom ain structure is less oriented b y  th e  
w all th a n  during rapid cooling. The explanation  o f  th is is the form ation o f  
crysta l centers starts at the cell wall due to  th e  relatively  high tem perature  
gradients, while at lower cooling rates the process takes place in the bulk  o f  
th e  cap illary . These less ordered domains are less favourable for the m ovem en t 
of th e  conducting  ion. W ith the increase of capillary diameter, the orientation  
effect o f  th e  cell wall becom es m uch less pronounced; the dependence o f  EC 
p lo tted  on th e  rate o f coobng in  the m esophase gave much less d iscrepancy. 
W ith m easurem ents in the crucible cell th e  d ifference in the geom etry and  
m aterial o f  the wall and th e  m uch less favourable bulk to wall surface ratio ,
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E C (pS)

Fig. 6a. E le c tr ic a l 'c o n d u c tiv ity  vs. te m p e ra tu re  co rre la tio n  of th a lliu m (I)  s te a ra te ,  m easu red  
in  a  c ap illa ry  ty p e 'c e ll , as a  fu n c tio n  of th e  coo ling  r a te  app lied  du ring  th e  liq u id  m esom orphic  

tra n s it io n . Cooling ra te  A  =  10 °C /m in, В  =  1 °C /m in, C =  0.2 °C /m in, D  =  0 .05 °C/m in

Fig. 6b. Sam e as in F ig. 6a, fo r th a l l iu m (I)  m iris ta te . Cooling r a te  1 =  0.5 °C/min;
2 = 1  °C /m in; 3 = 5  °C /m in; 4 = 8  °C /m in; 5 =  effect o f sh e a r fo rce
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th ese effects could not be unam biguously d etected  as in  the case o f th e  cap il­
lary cell. The difference in th e  therm oelectric behaviour o f sodium and th a l­
lium  sa lts  is due to  the different abilities o f th ese sa lts to  crystallization.

T he “ m em ory’* effect m ay  be attributed to  th e  fact that the transition  
arrangem ent determines also th e  fine structure o f  th e  real crystal phase.
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In  o rd e r to  o p tim ize  th e  in v es tig a tio n  o f th e  liq u id  phase  h y d ro carb o n  o x id a tio n  
processes, a  m o d elin g  p rocedure  is suggested . T h e  p ro ced u re  is a rra n g e d  a lo n g  th ree  
b lack  boxes th e  f i r s t  includ ing  th e  m ission  o r ie n te d  in fo rm atio n  co llection  o f d a ta  
av ailab le  fro m  l i te r a tu re  sources.

T he d a ta  co llection  leads d irec tly  to  th e  p la n n in g  of ex p erim en ta tio n , in clud ing  
s tu d ies  on  th e  o v e ra ll process as well as on  su b sy s tem s  an d  e lem en tary  processes.

T he th ir d  b o x  refers to th e  k in e tic -m a th e m a tic a l tre a tm e n t o f  d a ta  o b ta in e d  
prev iously .

O x id a tio n  o f e thy lb en zen e  served  as a  p ro to ty p e  fo r th e  m odeling  a n d  re su lts  
p u b lish ed  ea rlie r in  d iffe ren t periodicals w ere su m m arized .

E ssentia lly , th e  stu d y  of a certain chem ical transform ation — w ithin  
the framework o f chem ical kinetics — m eans th e  “ exploration” o f  a “ black  
box” operated b y  th e  following factors.

1) Species participating in the transform ation and the elem entary proc­
esses involved in it.

2) Internal interactions (internal conform ities) o f the system , such  as
a)  general in teractions valid for any chem ical system  (e.g. principle of 

the independence o f  elem entary processes, principle o f charge conservation , 
etc.)

b)  isom orphic interactions characterizing “ similar” system s e.g. cage 
effect, Avail effect, etc.

c)  special in teractions characterized b y  correlations betw een th e  con­
centrations o f th e  species.

Based on th is approach, the kinetic s tu d y  o f  any chem ical transform ation  
— the aim o f w hich is th e  elucidation o f th e  kinetics and m echanism  o f the  
process under in vestiga tion  — means the elaboration  of an algorithm  including  
questions addressed to  the “black box” and m ethods for the assessm ent of 
the answers.

1. Inducement o f m odeling

The fast evolu tion  o f research on degenerate branching chain reactions 
and am ong them  on hydrocarbon oxidation  reactions — started  after the  
appearance o f th e  m onograph o f Semenov  [1]. R ecently, m ainly in  the last
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d ecad e, a dem and arised for a new  approach in  th ese studies due basica lly  to  
th ree m otiva tion s ;

— accessib ility  o f u p -to-date and h ighly  efficient equipm ent perm itting  
broad spectra o f chem ical analysis,

— th e  spreading o f com puters and accessib ility  o f com puter program s 
for the treatm ent o f  m ultistep  reaction  system s,

— expansion of system s th eory  for treatin g  com plex phenom ena.
A  possib le version o f th e  new  approach could be th e  m odeling o f  th e  

processes defined as follows.

M odeling is a general conception expressing scientific approach to a given 
group o f  reactions.

A ccord ingly , modeling can  be characterized by the follow ing features ; 
it is n o t lim ited  to  a single overall reaction w ith in  the reaction group : its aim  
is th e  acqu irem ent of concrete inform ation and discernm ent of scientific  rela­
tion s : i t  is  attached to  a certain group of reactions.

O b viou sly , with respect to  its aims m odeling does not differ from  th e  
aim s o f  sc ien tific  research in general, it  is m erely an instrum ent o f  scien tific  
research and consequently it  m ust correspond adequately to  the leve l o f  our 
present th eoretica l and practical knowledge.

I t  is  th e  hope of the authors th a t th e  m odeling to be expounded in the  
present paper is consonant w ith  the dem ands for the new approach, th a t  is, 
(i) it  is  b ased  on the inform ation accum ulated for the reaction group to  be 
stu d ied , ( i i ) i t  takes into account the possibilities provided by com puters and  
( i i i ) i t  regards the given reaction  group as a w hole system  considering both  
the c la ssica l kinetic (inductive) as w ell as th e  deductive approaches based on  
ration a l reduction .

F urtherm ore, m odeling as a too l is ju stified  only if  it furnishes n ew  in ­
form ation  and enables th e  conscious planning o f further experim ental and  
th eo retica l investigations.

T h ese  latter conditions, how ever, can be resolved only practically: b y  
its ap p lica tion  for the study o f a “p rototype” being an overall process and  
belon g in g  to  th e  reaction group.

2. The Modeling Schem e

T h e m odeling scheme suggested  is represented b y  Fig. 1. As can be seen  
from F ig . 1, it  can be grouped in  three boxes ;

1. M ission Oriented Inform ation Collection (MOIC) sum m arizing opera­
tions to  be carried out in the first stages.
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2. Experim ental Procedures (E X P E R IM E N T A L ) contain ing different 
ty p es o f  experim entation.

3. D ata  Synthesis (SY N T H E SIS) represents the k inetic-m athem atical 
treatm en t o f the qualitative and q u antitative values obtained “ in ” boxes
MOIC and E X P E R IM E N T .

E very  box cotains several suboperations abbreviated accord ingly  and 
discussed later.

R oxes are interconnected b y  inform ation fluxes. It is assum ed  that 
betw een MOIC and SY N T H E SIS tw o types: direct and indirect th e  la tter  via 
E X P E R IM E N T  — inform ation fluxes are realized, while a cou n ter-flu x  flow s 
from SY N T H E SIS to  MOIC. (The sole exception  is the direct coup ling  be­
tw een  SN W  and SS — explained later — called b y  analogy a tunnel effect.)

I. it ill.
MOIC Exp. Synth ,

Fig. 1

A lthough not apparent from th e  planar representation o f th e  m odeling  
schem e, th e  inform ation counter-flux alw ays generates a new  MOIC which is 
more abundant.

The internal arrows in the boxes refer to inform ation flu x es  between  
suboperations. Am ong th em , as can be seen from Fig. 1, there ex is ts  one re­
versible arrow pair called b y  analogy pre-equilibrium, and in d ica tin g  th a t the 
reversib ly coupled suboperations m ight reversibly and directly  m od ify  their 
sources.

2.1 The Box MOIC

The first partial operation o f MOIC is the collection o f  th e  Possible  
M echanism  (PM) defined as the set o f all those elem entary step s w hich were 
suggested  according to  literature data  to  participate in  the overall process — 
or in processes analogous to  th e  p rototype — in the experim ental parameter 
region independently o f  their q u antitative w eight in the overall process. The 
exclusion criterion for an elem entary process is the unam biguous experim ental 
proof th a t it does not occur.
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In  principle, th e  PM  can  he constructed b y  com binatorial analysis w ith  
a  f ix e d  species space. H ow ever, this is recom m ended only if  the prototype  
seem s to  he a less stu d ied  overall process, otherw ise th e  PM would be increased  
superfluously, affecting h arm fu lly  the efficiency o f  th e  whole m odeling proce­
dure.

The independence o f  th e  elementary processes o f  their weight p layed in 
th e  overall reaction is fu ndam ental. Nam ely, it  is w ell known that this w eight 
varies w ith  the conversion and modeling should  n o t be lim ited to the in itia l 
sta g es o f  the overall process.

The collection o f  th e  PM  is followed by its Therm ochem ical K inetic T reat­
m en t (TKT) in order to  red u ce, eventually to  ex ten d  th e  PM. This reduction  
or exten sion  is denoted b y  th e  reversible coupling o f  PM and TKT.

The PM m odified p o ssib ly  by TKT serves as a basis for the construction  
o f  th e  Possible R eaction N etw ork  (PNW ). This la tter  is a well defined system  
o f  th e  chem ical processes in clu d ed  in the PM in w hich  system  the single pro­
cesses are interconnected b y  their reactants.

Operation PN W  in clu d es also the construction  o f reaction subnetworks 
and partia l networks d ifferin g  from the P N W  b y  correspondence to  reduced 
P M ’s. R eduction m ight be carried out in th e  lig h t o f  chem ical evidences or 
p ractica l requirements.

There is however, a sp ec ia l network construction  w hich is of fundam ental 
im p ortan ce regarding th e  p lanning of experim entation . This is the so-called  
Sequence-N etw ork (SN W ) reflectin g  the en tirety  o f  th e  precursor — product 
relations for species in clu d ed  in  the PM and ev en tu a lly  reduced arbitrarily. 
(In  th e  literature, instead  o f  SN W , the analogous expressions of reaction p ath ­
w ay s or reaction schem e are used.)

2.2  The Box E X P E R IM E N T

The completion o f operations in box MOIC perm its the rational planning  
o f  th e  experim ental work.

T he first suboperation o f  th is work should be Sequence Studies (SS) w ith  
th e  a im  the prove (or d isprove) the SNW constructed  from  literature data (or 
b y  com binatorial analysis) w ith  the help of direct experim ents including th e  
determ ination  of the concentrations of the m ain products against conversion.

This task can be so lv ed  b y  rather different m eth od s such as the K inetic  
Iso to p e  Method (KIM) [2], M ethod of Open S ystem s [3] and in certain — 
th o u g h  very  limited cases — b y  the simple kinetic analysis of the accum ulation  
curves o f  the products.

T he reversible coup ling  betw een SS and S N W  m eans th at the results o f  
th e  form er might correct d irec tly  the latter. I f  th is  occurs, the PM itself should  
also b e corrected by sim ple reduction or ex ten sion  denoted by the dotted  
arrow  leading from SN W  to  PM .
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The left side operation in the box E X P E R IM E N T  refers to  th e  overall 
reaction, while right side operations represent partial system s. F irst o f  them  
is the study of the Sequence N etw ork D efined  Subsystem s (SN D S).

The precursor — product relations in th e  SNW  are denoted — as a rule 
b y  arrows. These arrows represent no stoichiom etric relations, but sets o f  par­
allel and consecutive elem entary processes. (Only in very rare and fortunate  
cases do they  represent a single elem entary process.) These sets can be easily  
selected  as subsets from the PM w ith the help of a special algorithm  elaborated  
for th is purpose.

The subsystem s can be studied creating “ artificial” m ixtures in  which the 
in itial com ponents are the precursors belonging to  the “ arrow” to  be in vesti­
gated. The experim ental conditions (tem perature, pressure, etc.) should ad­
v isab ly  correspond to  those applied for the overall system .

The main aim o f the investigations o f  the SNDS is the exten sion  o f the 
inform ation with respect to  the overall system  by reducing the species space.

The adequacy o f th e  data obtained b y  operations SS and S N D S , th at is, 
the m utual applicability o f  the q u antitative results, must be checked perma­
nently , e.g. by the investigation  o f E nvironm ental Effects (E E ).

N am ely, it can be assum ed th at inasm uch as the m utual applicability  
of the data is not fu lfilled , th is is due prim arily to internal structural changes 
in  the system , such as so lvent effects changes in the radical balance, form ation  
o f different com plexes w ith  hydrogen bridges, etc.

One of the basic aspects o f the m odeling procedure is the s tu d y  o f Ele­
m entary Processes (E P ). This can be realized partly within the overall system  
i f  a suitable physical m ethod is accessible (e.g. chem ilum inescence m easure­
m ents to  follow  the com bination processes o f peroxy radicals, application  of 
C ID N P, etc.).

Partly, however, artificial m ixtures m ust be generated and th e  species 
space drastically reduced (inhibitor m ethod, “ in situ” generation o f radicals 
b y  using azocom pounds in the absence o f  substrates, etc.).

Operation E P should also be coupled to  EE since the changes in  the envi­
ronm ent affect strongly the adequacy o f th e  data.

It should be em phasized that operations in box E X P E R IM E N T  exceed  
the usual classical approaches which lim it the considerations to investigation  
of the parameters o f the overall reaction. Research on subsystem s or elem entary  
processes, if  any, was carried out detached both in tim e and space from the 
studies on the overall process, th at is, th e  mutual applicability o f  th e  data 
had rarely been checked.

The approach suggested here is very  essential if  inform ation is íequired  
at high conversions where the interaction o f the interm ediates and their com ­
petition  for the radicals becom e rather com plicated and exclusive inform ation  
w ith  respect to  the overall process is insufficient.
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2.3 The Box S Y N T H E S IS

This box contains operations dealing w ith  th e  kinetic-m athem atical 
treatm en t of data obtained earlier.

W ith  respect to  degenerate branching chain reactions, three different — 
but in  addition supplem entary — tendencies can be observed.

a) Phenom enological treatm ent of the in itia l stages of the reaction  
(PhT ), elaborated for liqu id  phase oxidation processes by E m a n u e l  and  
cow orkers [4]. This procedure starts with a “ sm all”  or “ m inim al” m echanism  
and k in etic  expressions derived from this m echanism  should fit the in itia l 
stages o f  the experim ental curves. In the case o f  a “ good” fitting , the rate  
con stan ts or their com bination  for the starting m echanism  can be determ ined. 
The choice of the starting m echanism  is based on chem ical evidences and th e  
application  of the B odenstein  Semenov principle is a precondition o f th e  
procedure. The starting m echanism  might be im proved by increasing th e  
num ber o f elem entary processes.

b) Computer sim ulation  o f the overall reaction  (CS) uses a set o f  e le­
m entary  steps, the size o f  w hich  considerably exceeds th a t used in the previous  
trea tm en t, though being sm aller, than the PM. Sim ilarly to  the previous pro­
cedure, th e  selection o f th e  elem entary processes is based on kinetic evidences, 
and b oth  measured and estim ated  rate constants and activation param eters 
are used w ithout the application  of the steady sta te  approach.

T he kinetic curves o f  th e  accumulation o f th e  products are sim ulated  
by com puter programs. S im ulated  and m easured curves are compared and  
their conform ities serve as criteria for the proper selection  of the elem entary  
processes and rate constants [5].

In  the case of sa tisfactory  conform ity, so-called  “ sensitiv ity  tests” can  
be carried out by varying th e  rate constants o f  certain types of processes 
(propagation , term ination, etc.) and repeating th e  com puter sim ulation. Thus 
we ob ta in  information on th e  products whose accum ulation  is m ost sensitive  
to  th e  actual values of the rate constants.

c) System s theory approach (STA). It starts from  the PM as a whole  
system  and intends to reduce it  by m athem atical m ethods (e.g. m athem atical 
logical procedures). The reduced PM is used for com puter sim ulation sim ilarly  
to  th e  previous treatm ent.

T he three above treatm en ts are not controversial, although they  differ 
considerably. Their con sisten cy  increases in  th e  g iven  order, because th e  
su b jective factors arc decreasing and the am ount o f  inform ation increases.

In  spite of the d ifferences, all three procedures are justified and the  
proper selection  should be m otivated  by the aims o f th e  actual research.

A lthough prospectively th e  STA seems to  becom e the most suitable for 
the approxim ation of th e  “ true mechanism” o f th e  processes, at present ap­
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proaches (a) (at low  conversions) and (6) (at higher conversions) provide  
more and useful inform ation.

3. P ro p e r  se lec tion  o f  th e  p ro to ty p e

Although in principle any of the processes belonging to the reaction  
group can be chosen, th e  efficiency of m odeling depends strongly on the proper 
selection of the prototype.

It is suggested  th a t tw o demands should be primarily fulfilled when  
choosing a proper prototype.

a) T heoretically th e  prototype should reflect the characteristic features 
of the reaction group but should not represent an extrem um . For exam ple, 
when studying the gas phase oxidation o f hydrocarbons, the choice o f m ethane  
oxidation as a p rototype would not be v ery  suitable due to its extrem e char­
acter: the excessive stab ility  o f m ethane tow ard oxidation, the lack o f cool 
flam e phenom ena during its slow oxidation , etc.

b) Practically it  is im portant that th e  am ount o f the literature inform a­
tion  should be considerable, which is exped ient especially in constructing the  
PM and the different networks.

A further practical requirement is th e  su itable experim ental treatm ent 
including a possib ly  sm all species space.

4 . A p p lica tio n  o f th e  m o d e lin g  p ro c e d u re  to  the  
liq u id  p h ase  o x id a tio n  o f  e th y lb e n z e n e

The follow ing m otivations for choosing th e  liquid phase oxidation  of  
ethylbenzene as p rototype can he m entioned.

For th is ox idation  process, relatively  m any data are available in the  
literature, am ong them  rate constants o f  elem entary processes included in its 
PM with more or less acceptable accuracy. Its  species space is reasonable, 
contains only 13 species. Several new experim ental techniques have been  
elaborated using th is reaction as a m odel process, among them , sequence  
studies, chem ilum inescence m easurem ents, investigations o f hom ogeneous 
cata lysts in such typ es o f processes, etc.

Here we rew iev on ly  very briefly th e  m ain results obtained by using the  
liquid phase ox idation  o f ethylbenzene in  the tem perature interval 40 — 130 CC 
as prototype for th e  m odeling procedure suggested.

Its PM contains 52 elem entary processes [6], which can be d ivided  in 
four grou p s; initiation processes, th at is, interactions between the initial 
substrates, chain propagation  represented b y  radical attack on stable m olecules, 
degenerate branching which are decom position processes of stable interm ediates 
in to  radicals, and termination processes, i.e. radical com binations. W hen col-
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le c tin g  th e  PM, meticulous care was taken  th a t the PM should be appropriate 
in rep resen tin g  the overall process up to  high conversions.

T h e carbon skeleton sequence netw ork o f ethylbenzene oxidation  — 
con stru cted  according to  a special algorithm  published elsewhere [7, 8] — 
in d ica tes th a t the transport o f  th e  carbon skeleton proceeds from the substrate  
to  h ydroperoxide molecules and also d irectly to  both ketone and alcohol m ol­
ecules [9, 10]. The transform ation o f the hydroperoxide yields also ketone and 
alcohol, w hile an additional alcohol — ketone carbon skeleton transition  should  
be ta k e n  in to  account if  the PM correctly represents the overall reaction.

O peration SS has been carried out by tracer m ethods, in itia lly  labeling  
the a lcoh o l (phenyl m ethyl carbinol) [11 —14].

I t  has been established th a t th e  alcohol is, indeed, an interm ediate form ed  
and consum ed  sim ultaneously during th e  oxidation. Its consum ption  
occurs o n ly  in one direction ; tow ard the ketone. Under the experim ental 
con d ition s th e  ketone (acetophenone) is the end product of the reaction  and  
th e  p a th w a y s of its form ation are a) via alcohol molecules; b) via hydroper­
oxide or peroxy radical com bination (direct route). The ratio o f the path w ays  
a/b varies w ith  the conversion ; in the initial stages, the direct route predom i­
nates and  route a becomes im portant only at later stages.

T he rates of these routes were determ ined quantitatively  as a function  
of con version .

E xperim ents carried out in  th e  presence o f  labeled hydroperoxide m ole­
cules [15 — 18] necessitated th e  slight m odification of the theoretical SN W . 
It has b een  established, nam ely, th a t alcohol form ation and direct ketone for­
m ation  are realized via two different routes ; partly  by the transform ation o f  
h ydroperoxide molecules and partly  b y  th e  interaction of peroxy radicals 
form ed as prim ary unstable interm ediates from  the substrate. These different 
routes h a v e  been separated and their rates determ ined as a function o f con ­
version .

D a ta  obtained by adding both  labeled alcohol and hydroperoxide su p ­
port th e  increasing role o f secondary process: the further transform ation o f  
stab le in term ediates with increasing conversion. This fact m otivated our efforts 
to  s tu d y  th e  reactiv ity  of the stab le interm ediates toward radicals accum ulated  
in th e  sy stem .

A ccord ing  to  our values — obtained as a side product of the tracer exp eri­
m ents [19 — 20] — the reactiv ity  increases in th e  order ethylbenzene <  a -phenyl 
eth y l hydroperoxide <7 phenyl m ethyl carbinol in good conform ity w ith  th e  
increased  role of the interm ediates at higher conversions.

W ith in  the framework o f operation S N D S , the kinetics and m echanism  
of th e  fo llow in g  system s have been investigated: transform ation of alcohol into  
ketone [2 1 —22]; transform ation o f hydroperoxide into alcohol and ketone  
[23 — 25]; rates of formation o f radicals [26 271.
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It has been established [22] th a t the alcohol molecules undergo radical- 
induced transform ation, yield ing ketone in a chain processes, presum ably w ith  
hydrogen peroxy radicals (HOj) as chain carriers. The latter are form ed via 
isom erization and decom position o f  oxyperoxy radicals derived from  alcohol 
radicals.

The transform ation o f hydroperoxide m olecules [25] was realized both  
b y  their hom olytic and radical-induced decom positions, where th e  la tter  pro­
cesses are predom inant, while the former ones — though their role as in itiation  
reactions is o f im portance [15] — can be neglected as contributors to  th e  con­
sum ption .

Further results o f  operation SN D S were the determ inations o f  certain  
elem entary rate constants such as those o f processes between peroxy  radicals 
and hydroperoxide as well as alcohol m olecules. Chem ilum inescence studies  
are under way in order to  gain inform ation w ith respect to  th e  com bination  
reactions o f radicals [28 — 29].

Am ong operations E E , detailed studies have been carried out and are in 
progress w ith respect to  th e  H -bridged com plexes of hydroperoxide m olecules 
as well as between hydroperoxide m olecules and other stable com pounds ac­
cum ulated in the system . A lthough the quantitative evaluation o f  th ese  data is 
not y et finished, it can be stated  already th a t alcohol and keton e m olecules 
affect strongly the environm ent o f  the hydroperoxide com plexes in teracting  
w ith  both  monomers and dimers as well as in certain cases w ith  th e  olieo-О

m ers, too .
In order to  com plete th e  kinetic-m athem atical treatm ent o f th e  overall 

process, an algorithm has been elaborated to  select the elem entary processes 
responsible for the different pathw ays [10]. It has been show n th a t in  the 
present system , under th e  conditions chosen, any product can be obtained  by  
no more than two consecutive steps from  its precursor though the num ber of 
parallel processes is not restricted.

The m athem atical-logical treatm ent o f  the PM led us to  th e  selection  of 
th e  m inim al m echanim s [30 — 31] sum m arizing in a qualitative form  steps 
which desciibe the consum ption o f the in itia l com pounds, th e  form ation  and 
consum ption of the interm ediates and th e  form ation of the end products.

The computer sim ulation o f th e  overall process has been started  [32 — 33] 
and by using 40 elem entary processes and their kinetic param eters — either  
determ ined or estim ated — fair agreem ent has been achieved up to  about 20%  
conversion between experim ental and calculated product accum ulation  
curves.

Furthermore the contributions o f th e  different steps w ith  respect to  
the overall process and th e  accum ulation o f the different products have been 
calculated. It seems interesting to  note that at 120 °C for the first 10 hours the  
m inim al m echanism including steps which contribute more th an  95%  to  the
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different types of processes (initiation, propagation , branching, term ination) 
is  nearly  identical w ith  th e  mechanism used for th e  phenom enological calcula­
tio n s  and obtained from  chem ical evidences or in tu ition .

5. Conclusions

The advantages o f  th e  modeling procedure suggested  in the present paper 
are th e  following.

1. It can e ffic ien tly  u se literature in form ation  via system atizing and 
syn th esis .

2. It yields effic ien t h elp  in planning experim ents to  provide m axim um  
inform ation.

3. It contains new  evalu ation  m ethods.
4. It is opposed to  considerations w idely used in chem ical kinetics which  

aim  to  “ determine the m echanism ” of a given com plex  process.
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RECENSIONES

Polymerization o f Organized Systems

E d ite d  b y  H ans-G eorg  E l ia s , M id land  M acrom olecular 
M onographs, Vol. 3. 230 pages

G ordon a n d  B reach  Science P u b lish e rs , N ew  Y ork. L ondon, P a r is  1977

P o ly m eriza tio n  processes in  o rgan ized  sy s tem s are  prom ising from  b o th  th e  theo re tical 
a n d  p rac tica l p o in ts  o f view . H ence, i t  w as q u ite  obvious th a t  th is to p ic  w as co v ered  by the  
p ro g ram  of one o f th e  f ir s t  a n n u a l m ee tin g s o f  th e  M idland M acrom olecu lar In s t i tu te .  As 
th e re  a re  re la tiv e ly  few  sc ien tis ts  engaged  in  th is  f ie ld  in the  w orld, it w as a good  o p p o rtu n ity  
to  assem ble th e  re p re se n ta tiv e s  o f th e  m o st a c tiv e  lab o ra to ries to  p re sen t a ch iev em en ts  and 
u n so lv ed  problem s. T h e  discussions follow ing th e  lec tu re s  are also in c lu d ed  in  th e  b o o k ; this 
en ab les  th e  reader to  e n jo y  th e  feeling of a c tiv e  “ p a rtic ip a tio n ”  in th e  m ee tin g .

T he lectures d e a lt  w ith  th e  re la tio n sh ip s  o f solid  s ta te  p o ly m eriza tio n , liq u id  c ry s ta l­
line  p o ly m eriza tio n , p o ly m eriza tio n s in  m ono- a n d  m ultilayers , p o ly m e riza tio n  on surfaces, 
so lid  ph ase  p o ly co n d en sa tio n  and  w ith  p o ly m e riza tio n  of a m onom er in  in te ra c t io n  w ith  a 
p o ly m e r m atrix . I t  is u n fo r tu n a te  th a t  m ere ly  an  a b s tra c t o f th e  su rv ey -lik e  f i r s t  lecture 
(H e rb e r t  Moraw etz  : “ P o ly m eriza tio n  an d  O th e r O rganic  R eactions in  th e  C ry sta llin e  S ta te ” ) 
can  be found  in th is  co llection , since th e  co m p le te  te x t  has been pu b lish ed  elsew here. In  the  
le c tu re  o f B e rn h ard  W u n d e r l ic h , e n title d  “ P o ly m er C rysta l N uclea tion  a n d  G ro w th  from  the  
G aseous and L iqu id  M onom er” , th e  role o f s tru c tu re  fo rm ation  and s ta r t  o f  c ry s ta lliz a tio n  in 
th e  p o lym eriza tion  p rocess are  tre a te d . T he o u ts ta n d in g  results of th e  le c tu re r  in  th is  field 
a re  well know n. In v e s tig a tio n s  of p o ly m eriza tio n  p rocedures carried  o u t in  m o n o  a n d  m u lti­
lay e rs , re flect th e  ad v an tag e o u s  effect o f th e  p re o rd e re d  m onom er on th e  ra te  o f  po ly m eriza tio n . 
N o t too  m uch  can be lea rn ed  a b o u t th e  s tru c tu re  o f th e  polym ers form ed in  th is  m an n e r.

T h e  lectures w h ich  concern  p o ly m eriza tio n  reac tio n s  in m esophase  co llec t th e  resu lts 
o b ta in e d  u p  to  th a t  tim e , re flecting  th e  know ledge th e n  available. S p eed-up  o f re sea rc h  w ork 
in th is  a rea  during  th e  la s t  one and  h a lf  y e a r has since resu lted  in a b e tte r  u n d e rs ta n d in g  of 
th e se  phenom ena. T he lec tu re s  in q u estio n  also rev ea l th a t  the  s tru c tu re s  o f p o ly m ers  o b ta in ed  
in  p o lym eriza tion  processes in  liq u id  c ry sta llin e  m ed iu m  were n o t e x am in ed  su ffic ien tly . 
B esides, th e  term  “ liq u id  c ry s ta l p o ly m er”  becam e su d d en ly  cu rren t in th e  l i te r a tu re ,  w ith o u t 
a n  ex p lan a tio n  w h a t is to  be  u n d e rs to o d  b y  th is  co n cep t. W hen passing  o v e r to  m acro m o lec ­
u la r  sy s tem s from  low  m olecu lar w e igh t liq u id  c ry sta llin e  s tru c tu re s , th e  fo rm e r req u ired  
e x a c t defin itions an d  u n am b ig u o u s ex p e rim e n ta l ev idence  to p rove one o r o th e r  (n em atic , 
sm ectic  o r cholesteric) p o lym eric  s tru c tu re . N one of th e  solid s ta te , liqu id  c ry s ta ll in e  a n d  m ono- 
o r m u ltila y e r  p o ly m eriza tio n s have  been a n a ly zed  b y  th e  au th o rs  w ith  su ffic ien t a tte n tio n  from  
th e  a sp e c t o f phase con d itio n s. In  all these  cases th e  po lym er form ed in th e  o rd e re d  m edium , 
a n d  th e  y e t u n reac ted  m o n o m er give rise  to  a  b in a ry  sy s tem , w hich changes w ith  th e  p rogress 
o f p o ly m eriza tio n  affec tin g  th e  k inetics an d  p o lym eric  s tru c tu re .

I t  is a p ity  t h a t  th e  p rob lem s of m a tr ix  p o ly m eriza tio n  are d iscussed  o n ly  b rie fly  and 
th o se  of th e  channel co m plex  po ly m eriza tio n s n o t  a t  all.

T he book m ay be v e ry  useful for those  w ho are  in te res ted  in th e  p ro b lem s o f p o ly m eriza ­
tio n  processes in o rg an ized  system s.

G y . H a r d y
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Proceedings of the Fourth Tihany Symposium on Radiation Chemistry 

Edited b y  P . H e d v i g  and  R. S c h i l l e r  

Ak a d ém ia i K ia d ó , B u d ap est 1977, 1085 pag es

A t  th e  en d  of 1977 A k a d ém ia i K ia d ó  published th e  v o lu m e  “ P roceed ings of th e  F o u r th  
T ih a n y  S y m p o siu m  on R a d ia tio n  C h e m is try ”  edited  b y  P é te r  H e d v ig  a n d  R ó b e rt Sc h il l e r . 
T h e  sy m p o s iu m  w as held in  K e sz th e ly , J u n e  1 — 5, 1976. T h e  T ih a n y  Sym posia  on R a d ia tio n  
C h e m istry  a re  classed in  th e  in te rn a t io n a l  w orld of ra d ia tio n  c h e m is try  am ong th e  m ore im ­
p o r ta n t  m ee tin g s  of h igh sc ien tific  lev e l. T hese sym posia a re  o rg a n iz ed  every  4 — 5 years.

T h e  T ih a n y  Sym posia h a v e  b e co m e  th e  trad itio n a l m e e tin g  p lace  of researchers f ro m  
d iffe re n t p a r ts  o f th e  w orld, a n d  h a v e  ach ieved  fam es n o t  o n ly  b ecau se  of th e  topics o f h ig h  
sc ien tif ic  leve l, an im ated  d iscussions a n d  debates, b u t  also on  a c c o u n t o f th e  excellent o rg a n ­
iz a tio n , p le a sa n t  a tm osphere  a n d  th e  sp len d id  en te rta in in g  p ro g ram s . T he nu m b er of p a r tic i ­
p a to rs  in c re a sed  stead ily  a n d  a t  th e  la s t,  4 th  S ym posium  a m o u n te d  173 persons fro m  22 
c o u n tr ie s .

B esid es th e  c o n v en tionally  re p re se n te d  E u ro p ean  c o u n tr ie s  in  th e  geographical v ic in ity  to  
H u n g a ry  a n d  overseas co u n trie s  (U S A , C anada, J a p a n ) ,  I r a q i  a n d  T u rk ish  sc ien tists  p a r ­
t ic ip a te d  fo r  th e  f irs t tim e in  th is  m ee tin g .

P a p e rs  were read  in  fo u r d if fe re n t  sections, and  acco rd in g ly , th e  su b jec t of th e  re c e n tly  
p u b lish e d  v o lu m e is d iv ided  in to  f o u r  chap ters  :

1. o rg an ic  substances — 33 p a p e rs ,
2. po ly m ers — 41 p a p ers ,
3. aqu eo u s solu tions — 33 p a p e rs ,
4. o th e r  topics (n o t to  b e  c la ssed  in to  th e  above c h a p te rs )  — 15 papers.
P a p e rs  dealing w ith  b io ch e m ic a l a n d  b iophysical p ro b lem s w ere  p resen ted  fo r th e  f ir s t  

t im e  a t  th e  T ih an y  Sym posium .
T h e  vo lum e contains th e  fu ll t e x t  o f th e  papers a n d  th e  en su in g  discussions, w hich  m ak es 

m o re  in te re s tin g  th e  read in g  o f th e  su b jec t.
I n  th is  b rie f review  i t  is p ra c t ic a lly  im possible to  e n u m e ra te  and  discuss th e  p ro b lem s 

d e a lt  w i th  in  th e  papers a n d  to  e v a lu a te  th e  results o b ta in e d . I t  c an  be  estab lished  in  g en era l 
t h a t  th e  su b jec ts  reflect t ru ly  th e  m o d e rn  trends of re sea rch  in  th e  fie ld  of rad ia tio n  ch em istry  : 
on  th e  o n e  h a n d , research  o n  th e  e lu c id a tio n  of th e  n a tu re  o f  e le m e n ta ry  processes is c o n tin u e d  
(u sin g  m o re  an d  m ore a d v a n c e d  tec h n iq u es) a t  m o m en ts  w h e n  th ese  processes are  j u s t  “ in  
s ta tu  nascend i”, th e  reac tio n s o f  th e  exc ited  and ionized  m olecu les a n d  partic les w ith  one  a n ­
o th e r ,  w ith  th e  m atrix  a n d  th e  a d d it iv e s  are fu rth e r s tu d ied , w h ile  on  th e  o th er han d , co n sid er­
ab le  e f fo r t  is m ade to  realize  p ro cesses  on an in d u s tr ia l sca le  on  th e  basis of th e  th e o re tic a l 
r e s u l ts  a tta in e d  so far. T h is  p ro v e d  to  be  p a rticu la rly  successfu l in  th e  rad ia tio n  c h em is try  o f 
p o ly m e rs .

T h e  m u ltitu d e  of re su lts  a t ta in e d  in  th e  la s t tw e n ty  y e a rs  in  ra d ia tio n  ch em istry  m ak es 
i t  p o ss ib le  to  a tte m p t on th e  b a s is  o f  th ese  d a ta  th e  fo rm u la tio n  o f general rules. Such a t te m p ts  
in  th e  v o lu m e  are for ex am p le  th e  e lu c id a tio n  of th e  e ffec t o f th e  s ta te  o f aggregration , te m p e ra ­
tu r e  a n d  of m olecular s tru c tu re  o n  rad io lysis, or o f th e  s im ila ritie s  a n d  differences b e tw ee n  
ra d ia t io n  chem ical a n d  p h o to c h e m ic a l processes, etc. T h e  n u m b e r  o f chem ical m odels exp o sed  
to  ra d ia tio n , as well as t h a t  o f  p h y s ic a l an d  chem ical t e s t  m e th o d s  increases. All th e se  a re  
re f le c te d  in  th e  book.

T h e  lec tu re  te x ts  a re  p u b lis h e d  w ith  care, in  good  E n g lish , th e  draw ings a n d  d iag ra m s 
a re  o f exce llen t q u a lity , a n d  th e  e n d ea v o u r of th e  e d ito rs  to  u n ify  in  th e  volum e th e  u n i ts  in  
th e  d raw in g s is to be p a r tic u la ry  pra ised .

T h e  volum e co n ta in s th e  l is t  o f p a rtic ip an ts , a r ra n g e d  accord ing  to  countries , a n d  th e  
s u b je c t  in d ex  a t  th e  en d  of th e  b o o k  facilita tes o r ie n ta t io n , a  qu ick  search  fo r th e  th em e  
w a n te d .

T h e  p re sen ta tio n  of th e  b o o k , its  ty p o g rap h ica l e x ec u tio n  re flect b e fittin g ly  its  r ich  
c o n te n t  o f value. T he boo k  m a y  b e  recom m ended to  sc ien tif ic  researchers and  p o s tg ra d u a te  
s tu d e n ts  active  in  th e  fie ld  o f ra d ia tio n -  an d  p h o to ch e m is try , to  s tu d e n ts  who w ith  to  specia lize  
in  th e s e  b ranches of science, f u r th e r  to  researchers s tu d y in g  e le m e n ta ry  chem ical reac tio n s .

G .  P U T I R S K A Y A
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Siegfried D ä h n e  a n d  Siegried K u l p e

Structural Principles o f Unsaturated Organic Compounds with Special Reference 
to X -R ay Structure Analysis o f Coloured Substances

A kadem ie-V erlag, B erlin  1977

T his book  w as p u b lish ed  b y  th e  A kadem ie-V erlag , B erlin , as item  N-8 in  th e  1977-series 
o f m a th e m a tic a l, n a tu ra l  science, and  techn ica l trea tise s  o f  th e  A cadem y of Sciences o f th e  GDR-

B o n d  len g th  d a ta  o f u n sa tu ra te d  com pounds d e te rm in e d  b y  X -ra y  d iffrac tio n  analyses 
also p ro v e  th e  ex is ten ce  of p o ly m e th in e  s tru c tu re s , ev en  as th e y  prove  th e  ex is ten ce  of t ra n s i­
tio n  s ta te s  be tw een  th e  p o ly m e th in ic , polienic, and  a ro m a tic , i.e. th e  th ree  lim itin g  s tru c tu re s . 
In  ad d itio n  to  th is , th e  n ovel, u n e x p ec ted  resu lts  o f th ese  analyses allow a deeper in s ig h t in to  
th e  m olecu lar an d  e lec tro n  s tru c tu re  of coloured o rg an ic  com pounds.

In  cases o f s te ric  h in d ran c e , th e  fu n d am en ta l p rin c ip les  w hich  govern  th e  s tru c tu re s  of 
such  com pounds are  c o m p a ra tiv e ly  easy  to  in te rp re t. O f in d ep e n d en t, en erge tically  stab ilized , 
id ea lly  a ro m a tica lly  s tru c tu re d  groups, especially  o f -r-electron  sex te ts , fu r th e r  o f in d ep e n d en t, 
energ e tica lly  stab ilized  id ea l p o ly m eth in e  groups as m a n y  as co n sisten tly  possib le m ay  be 
id en tified  in  th e  co m p o u n d , b o th  these  ty p es a t  d is tan ces  o f a b o u t one and  a h a lf  b o n d  len g th s 
be tw een  th e  a tom s.

W h en  ideal s tru c tu re s  are  p e rtu rb e d  b y  a  b ra n c h in g  o f th e  c o n ju g a ted  sy s tem , o r by  
bon d in g  be tw een  g ro u p s o f d iffe ren t s tru c tu re s , o r b y  a grow ing asy m m etry  due to  th e  su b ­
s ti tu tio n  effec t o f idea l frag m e n ts , th e n  accord ing  to  P a u lin g ’s ru le  — th e  sum  o f bonds 
o rig in a tin g  in  one a to m  is c o n s ta n t. T his exp lains th e  em ergence of polyene bon d s, w ith  less 
o r m ore p ron o u n ced  sin g le-b o n d  or double-bond  c h a ra c te r  according to  th e  ex ten siv en ess of 
th e  co n ju g a ted  -i-electron  sy s te m  in th e  com pound. A d e v ia tio n  from  P au lin g ’s ru le  is fo u n d  
in  th e  co n ju g a ted  p o ly m e th in e s  in  w hich  th e  b o n d  d is tan ces  a re  m odified  b y  cou lom b forces 
en gendered  b y  p e r tu rb a tio n s  due  to  changes o f th e  c h arg e  den sity , c h a ra c te ris tic  o f  ideal 
p o lym eth ines.

P rogress in  th e  fie ld  o f X -ray  d iffrac tion  a n a ly s is  aim s a t  th e  c o n stru c tio n  of m ore 
fau ltless a n d  a u to m a te d  in s tru m e n ta tio n  an d  a t  th e  a p p lic a tio n  of m ore so p h is tic a ted  and  
u p -to -d a te  m a th e m a tic a l a n d  physical techn iques in  w h ich  p rog ram m in g  a n d  co m p u te riz a tio n  
are  also u tilized .

A still m ore a c c u ra te  e lu c id atio n  of s tru c tu re s  is p ro m ised  b y  th e  use  o f th e  n e u tro n  
d iffrac tio n  m ethod .

T he f irs t a n d  in tro d u c to ry  c h ap te r  of th is  128-page volum e deals w ith  th e  s tu d y  of

chem ical s tru c tu re s  a n d  X -ra y  d iffrac tion  a n a ly s is ; th e  second  c h ap te r  d iscusses s tru c tu ra l 
ch a ra c te ris tic s  o f co lou red  organ ic  com pounds. U sing  th e  cyan ines, oxonols, S -te rm in a l an d  
C -term in al p o ly m e th in e  d e riv a tiv e s  as exam ples: th e  th i r d  c h a p te r  describes th e  s tru c tu re s  of 
th e  n ea rly  ideal p o ly m e th in e  dye-stu ffs. T he fo u rth  c h a p te r  deals w ith  th e  in te rm e d ia ry  p ro d ­
u c ts  o f p o ly m e th in e -p o ly e n e  s tru c tu re s . H ere th e  g ro u p s w ith  m onom eth ine  s tru c tu re , m erocy- 
anines, th ia -m ero cy an in es , non-sy m m etrica l m o n o m e th in e  oxonols, tr i- , a n d  p e n ta in e th in e  
m ero p o ly m eth in es, a n d  d e riv a tiv e s  w ith  longer m e th in e  chains a re  re v iv e d . S u b s ti tu te d  b en ­
zene d e riv a tiv e s  a n d  c o n ju g a te d  heterocycles, as in s ta n c e s  o f p o ly m e th in e -a ro m a tic  in te rm e ­
d ia tes , fo rm  th e  su b je c t o f  th e  f if th  chap ter. In  th e  s ix th  th e  ideal p o ly m e th in e -p o ly m e th in e  
b ond ing , th e  b o n d ed  m ero p o ly m eth in es, th e  p o ly en e -p o ly m e th in e  an d  a ro m a tic -p o ly m e th in e  
couplings, th e  coup ling  e ffec ts  o f n a p h th o q u in o n e  a n d  a n th ra q u in o n e , in d ig o -ty p e  dye-stu ffs  
a n d  p o ly m eth in es lin k ed  in to  cycles a re  discussed. In  th e  sev en th  c h ap te r  p o ly m e th in e  ra d i­
cals, rad ica l ca tio n s a n d  an io n s , an d  com plexes fo rm ed  w ith  rad ical-like  p o ly m e th in e  s tru c tu re s  
a re  d e a lt w ith . H y d ro c a rb o n s  of a s tab le  p o ly m eth in e  s tru c tu re  are tre a te d  in  th e  e ig h th  c h ap ­
te rs . C h ap te rs  9, 10, a n d  11 c o n ta in  a su m m ary , a d d e n d a  a n d  th e  lis t of 939 references to  th e  
l ite ra tu re .

T h is book m ay  r ig h tly  claim  th e  a tte n tio n  o f re sea rch ers  in te res ted  in th e  th eo re tica l 
q u estio n s o f d y e -s tu ff  ch em istry  an d  th e  s tru c tu ra l a sp e c ts  of colouring m a tte rs .

I. R u s z n á k
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A kémia újabb eredményei ( New Results in Chemistry) ,  Vol. 37

A k a d ém ia i K iadó , B u d a p e s t 1977

T his volum e of th e  series , ed ited  b y  B éla  Csákvári com prises th e  
follow ing tw o review s

(1 ) P . N ánási and J . Sz e jt l i : S tereochem istry of di- and polysaccharides (168 pages 
219 references)

T h is  rev iew  covers a m u ch  w id e r field  o f  s te reo ch em istry  th a n  in d ica ted  in  th e  title . 
T h e  f i r s t  c h a p te r  (59 pages) d eals w ith  th e  basic p rincip les o f con fo rm atio n a l ana ly sis , s ta r tin g  
fro m  th e  v e ry  defin ition  of c o n fo rm a tio n  an d  end ing  w ith  th e  discussion of th e  s te reo c h em istry  
o f  p o ly s u b s t i tu te d  cyclohexanes. T h e  second c h a p te r  (64 pages) is concerned  w ith  th e  d iffe ren t 
c o n fo rm a tio n a l  aspects of th e  p y ra n o se  ring , p u ttin g  special em phasis on  th e  a b b re v ia te d  
p r in te d  n o m en c la tu re  w hich w as su g g ested  f irs t  in  1969 b y  one of th e  a u th o rs  (J . Sz e jt l i), 
to  be  u se d  in s te a d  of s tru c tu ra l fo rm u la s  in  c a rb o h y d ra te  ch em istry .

I n  th e  th ird  ch ap ter (24 p ag es) th e  a u th o rs  d eal a t  la s t  w ith  the  to p ic  given in  th e  title , 
i.e. w i th  th e  conform ational a n a ly s is  o f d isaccharides, p a r tic u la r ly  w ith  th e  c o n fo rm a tio n a l 
e n e rg y  m a p s  of the  m ost co m m o n  d ip y ran o s id es  m alto se  a n d  cellobiose. T his c h a p te r , as well 
as th e  la s t  o ne , dealing w ith  th e  c o n fo rm a tio n  of p o ly sacch arid es (39 pages) gives a v e ry  u p -to - 
d a te  re v ie w  o f these topics. E sp e c ia lly  in  th e  la s t c h a p te r  th e  a u th o rs  are v e ry  fa ir in d iscussing  
all th e  d iffe re n t hypotheses a n d  th e  u n d e rly in g  ex p erim en ta l facts, in d ep e n d en tly , w h e th e r 
th e y  a re  in  ag reem en t w ith  o r in  c o n tra d ic tio n  to th e  h y p o th es is  p u b lished  by one of th e  a u th o rs  
(J . Sz e j t l i) som e years ago.

A f te r  h av ing  read  th is  rev iew , i t  is a v e ry  d iff icu lt ta s k  to  decide w hom  it  sh o u ld  be 
re c o m m e n d e d  to . According to  th e  s u b je c t-m a tte r  a n d  th e  p ro p o rtio n s  of th e  fo u r c h ap te rs , 
i t  seem s to  be  an  in tro d u c tio n  in to  c o n fo rm a tio n a l analysis in general, b u t  th e  rev iew er w ould 
c e r ta in ly  n o t  recom m end it  to  a n y  ch em ist, who is n o t  a lre ad y  a cq u a in ted  w ith  th is  fie ld  of 
s te re o c h e m is try . The opposition  is b a se d  n o t so m u ch  on  th e  c o n te n t, b u t  r a th e r  on  th e  in ac ­
c u ra te  d e f in it io n s  and careless s ty le , b y  w hich th e  re ad e r w ill be r a th e r  confused an d  d is a p p o in t­
ed, a n d  su re ly  n o t encouraged to  le a rn  m ore a b o u t co n fo rm a tio n a l analysis in gen era l, and  
a b o u t  th e  s te reochem istry  of c a rb o h y d ra te s , in p a rticu la r . In  th is  respec t th is  rev iew  is a com ­
p le te  fa ilu re .

O n  th e  o th er hand , th e  la s t  tw o  ch ap ters , a m o u n tin g  to  a b o u t one th ird  o f th e  whole 
re v ie w , a re  u p  to  date  and give a v e ry  u sefu l aid  to all chem ists  dealing  w ith  th e  s te reo c h em istry  
o f  d i- a n d  po lysaccharides. T h is  ap p lie s  especially  to  th e  references, w hich are c a re fu lly  se­
le c te d  a n d  en ab le  th e  reader to  g e t a  fu ll view  of th e  ra th e r  d e b a ted  shape (c o n fo rm a tio n ) of 
th e  d if fe re n t  m acrom olecules.

(2 ) T . D évényi : Io n -ex ch an g e  th in -la y e r c h ro m a to g ra p h y  in  b io ch em istry  (57 pages, 
171 re fe re n ce s)

T h e  a u th o r  is a well k n o w n  e x p e r t  in th e  field  o f ion-exchange c h ro m a to g ra p h y  an d  
p la y e d  a n  im p o r ta n t  role in d ev e lo p in g  a  new  ion -exchange  T LC  system , w hich  is p ro d u c e d  an d  
m a rk e te d  in  H u n g a ry  un d er th e  n a m e  F ix io n  50 X 8. T he p re sen t review7 is n o t on ly  a n  ex ce llen t 
in tro d u c t io n  in to  th is ra th e r  ra p id ly  develop ing  new  fie ld  o f T LC, b u t  a t  th e  sam e tim e  i t  gives 
th e  h is to r ic a l  background , th e  d iffe re n t p rac tica l ap p lica tio n s an d  th e  necessary  know  -how  of 
th is  m e th o d . E v ery  reader will be en co u rag ed  by  th e  conv inc ing  re su lts  to  ap p ly  io n -ex ch an g e  
T L C  in  h is  ow n  field of research . T h e  special usefu lness o f th is  an a ly tica l m eth o d  is b a se d  n o t 
o n ly  o n  i ts  accu racy  and se n s itiv ity , b u t  also on its  p o ten c y  fo r using  it  a t  d iffe ren t places, 
w h ere  a la rg e  num ber of sam ples h a v e  to  be an a ly zed  w ith in  re la tiv e ly  sh o rt tim e. F o r  th is  
ro u tin e  ta s k  especially th e  new ly  in tro d u c e d  v id eo d e n sito m e try  is o f g reat im p o rta n ce , w h ich  
wms d e v e lo p e d  b y  th e  active  c o o p e ra tio n  of th e  a u th o r  w ith  o th e r  in stitu tes .

J. K U S Z M A N N
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J. A. M o o r e , T. J. B a r t o n  : Organic Chemistry: An Overview 

W . B. S au n d e rs  C om pany, P h ilad e lp h ia  1978, 384 pages

S ta rtin g  fro m  d iffe re n t a spects according to  d iffe re n t dem ands, organic  ch em istry  is 
ta u g h t  in  th e  in s t i tu t io n s  o f  h ig h er ed u ca tio n  a n d  a t  th e  u n iv ers ities  a t  d ifferen t levels. T he 
a u th o r , w riting  a te x tb o o k  fo r s tu d e n ts  who do n o t  co n sider organic ch em istry  as a  m a jo r 
su b je c t (m edical s tu d e n ts ,  s tu d e n ts  o f ag ricu ltu ra l sciences, biology, physics), seem s to  he in 
th is  respec t in  a n  eas ie r po sitio n . A ctually , how ever, a ta s k  of th is  k in d  is v e ry  d ifficu lt, b e ­
cause  th e  necessary  re s tr ic tio n  of educational a n d  in fo rm a tiv e  su b jec t, f i t te d  to  th e  sphere  o f  
in te re s t, c an n o t le a d  to  an  ap o d ic tic  or superficial d iscussion . T he u p -to -d a te  concep tion  sy s tem  
o f th e  b ran ch  of sc ience m u s t be d is tin c tly  a cc en tu a te d  in  sp ite  o f th e  lim ited  e x te n t, m oreover, 
in  ad d itio n  to  fo u n d a tio n  of th e  m ate ria l and  to  th e  co m m u n ica tio n  of in fo rm atio n  a rousing  
in te re s t , th e  su b je c t d iscussed  m u s t give rise to  th o u g h ts , m u st s tim u la te  th in k in g .

J . A. Moore (U n iv e rs ity  of D elaw are) an d  h is c o -au th o r  T. J . B arton (Io w a  S ta te  
U n iv ersity ) have  successfu lly  m et th is  m anysided  re q u ire m e n t, so th a t  th e ir  te x tb o o k  can  be 
recom m ended  for s tu d e n ts  w ho do n o t consider o rg an ic  ch em istry  as a m ajo r su b je c t. T h is 
book , con ta in ing  ex ce llen t d id ac tic  suggestions, w ill b e  of v a lu e  to all concerned  w ith  th e  
teach in g  of o rgan ic  ch em istry .

T he h a n d b o o k  of a lm o st 400 pages is d iv ided  in to  16 ch ap ters . T hree  c h ap te rs  deal w ith  
general problem s (ch em ica l b o n d , s te reochem istry , d e te rm in a tio n  of s tru c tu re ). E ig h t c h ap te rs  
discuss in  th e  t r a d it io n a l  w ay  com pound  fam ilies o f fu n d a m e n ta l im p o rtance , classed  acco rd ­
ing to fu n c tio n al g ro u p s. In  ad d itio n  to  th e ir co rrec t a n d  m o d ern  fo u n d a tio n , these  c h ap te rs  
a re  m ade p a r tic u la r ly  in te re s tin g  b y  freq u en t re fe ren ces to  com pounds p lay in g  a p a r t  in  
e v e ry d a y  life, a n d  b y  su b -c h ap te rs , in serted  as “ S pecia l T op ic” , w hich, f i t te d  to  th e  g iven 
c h ap te r , deal w ith  n a tu ra l  co m pounds of m ore co m p lica te d  s tru c tu re . A t th e  sam e tim e, five  
sep a ra te  ch ap ters  a re  d e v o te d  to  o th e r groups of n a tu ra l  co m pounds of p ro m in en t im p o rta n ce  
(ca rb o h y d ra te s , p ro te in s , a lka lo ids, nucleic acids) a n d  to  th e ir  in  vivo reactions.

E asy  su rv ey  a n d  th e  g rasp ing  of essentials a re  g re a tly  fa c ilita ted  by  th e  “ S u m m ary  an d  
H ig h lig h ts” , to  be fo u n d  a t  th e  end  of each ch ap te r . In  acco rdance  w ith  th e  req u irem en ts  o f 
u p -to -d a te  teach in g , th e  te x t  is in te rw oven  w ith  a lm o s t 300 “ P ro b lem s” , w hich can  be solved 
on th e  basis of a cq u ired  know ledge, or s ta r tin g  from  th e  sam e. T he m in ia tu re  encycloped ia , 
“ G lossary  of T erm s” , a t  th e  en d  of th e  h andbook  is in te re s tin g  a n d  useful.

The nice p re se n ta tio n  o f th e  book, th e  red  a n d  b la c k  p r in tin g , m o tiv a ted  d id ac tica lly , 
th e  well c o n s tru c ted  figu res an d  th e  12 coloured a t t r a c t iv e  in te rlea fs , a feast to  th e  eye, deserve 
specia l m ention .

A. K u c s m á n

T .  T ö r ö k , J .  M i k a , a n d  E. G e g u s : Emission Spectrochemical 
Analysis

A kadém iai K iadó , B u d a p e s t 1978

T his w ork  is th e  o rg an ic  sequel of the  book : “ E m iss io n  S pectroscopy  E u n d am en ta ls”  
p u b lish ed  by A k ad ém ia i K iad ó , in  1973. W hile th e  l a t t e r  deals w ith  th e  th eo re tica l basis of 
o p tica l em ission sp e c tro m e try  a n d  w ith  th e  p rincip les u n d e rly in g  th e  co n stru c tio n  a n d  o p e ra ­
tio n  of the  in s tru m e n ts , th e  p re se n t book discusses th e  p ra c tic a l questions of chem ical analysis 
b y  em ission sp ec tra .

The volum e com prises 692 pages ; it co n ta in s sev en  p rin c ip a l ch ap ters  an d  a p a r t  com ­
posed  of tab les. T h e  p ro b lem s of th e  p rep ara tio n  of sam p le s fo r analysis, th e  various ra d ia tio n  
sources used for e x c ita t io n  in va rio u s s ta te s , th e  p a ra m e te rs  o f an d  how these  affect th e  in te n ­
s i ty  o f the  sp ec tru m  lines a re  tre a te d  in  detail. F u r th e r ,  th e  general aspects an d  th e  m eth o d s  of 
q u a lita tiv e  and  q u a n ti ta t iv e  analysis are discussed, to g e th e r  w ith  m ethods severa lly  specified  
fo r th e  m ost c u rre n t m e ta ls  a n d  alloys. S eparate  ch ap t ers d eal w ith  in s tru m en ts  and  th e  m e th o d ­
ology of sp e c tro m e try  a n d  spectroscopy . A b rie f su m m a ry  of th e  fu n d am en ta ls  of ca lcu la tin g  
th e  e rro r and  th e  m a th e m a tic s  o f th e  s ta tis tica l e v a lu a tio n  o f spectrochem ical analyses conclude 
th is  w ork. A t th e  e n d  o f th e  severa l su b -ch ap te rs th e  m o st im p o r ta n t  references to  th e  l i te ra ­
tu re  are listed . T he b o o k  co n ta in s  ab o u t 100 tab le s  a n d  220 figures, also a d e ta iled  su b je c t 
in d ex .
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T h is  b o o k  will be of g re a t a ss is ta n ce  to  th o se  eng ag ed  in  th e  p rac tice  o f a n a ly s is  o r 
e m p lo y ed  in  re sea rch  and d ev e lo p m en t, becau se  i t  d iscusses th e  m ost u p - to -d a te  m e th o d s  
besides th e  p ro v e n  and  accep ted  ones a n d  d irec ts  a tte n tio n  to  qu estio n s y e t  u n a n sw e red . T h e  
co llec tio n  o f  ta b le s  a t  th e  end of th e  b o o k  enab les  th e  u se r to  f in d  all im p o r ta n t  re le v a n t  d a ta  
in  a  s in g le  v o lu m e.

M r s  I. K e r e k e s

Nicolaos D . E p i o t i s : Theory o f Organic Reactions 

Springer V erlag, B erlin , H e id e lb erg , N ew  Y o rk  1978, 290 pages

T h e  W o o d w ard -H o ffm an  in te rp re ta t io n  o f pericyclic  reac tio n s has in it ia te d  th e  p u b li­
c a tio n  o f  a n  enorm ous a m o u n t o f p a p e rs , rev iew s, m o n o g rap h s a n d  h a n d b o o k s s ince  th e  
m id d le  o f  th e  six ties.

T h e  lan g u a g e  of m olecu lar o rb i ta l  th e o ry  h as e n te red  th e  ev ery d ay  o rg an ic  ch em ica l 
l i te r a tu re .  T h e  th eo ry  has becom e m o re  a n d  m ore so p h is tica ted , w hich, how ever, does n o t 
n ece ssa rily  m e a n  th a t  no b e tte r , m ore  e s tab lish e d  a sp e c t c an  be p resen ted  in th is  field .

T h e  a u th o r  o f the  p re sen t b o o k  h a s  suggested  ju s t  such  a new  appro ach . A cco rd in g  to 
h im , th e  defic ienc ies of earlier a p p ro ac h es  re q u ire  th e  d ev elo p m en t of a  new q u a li ta t iv e  th e o ry  
o f c h em ica l re a c tiv ity  w hich  m ak es possib le  th e  co n s tru c tio n  of p o ten tia l en erg y  su rfaces. 
H is  a im  is “ to  suggest ways in  w h ich  g as p h ase  a n d  so lu tio n  m echan istic  c h em istry , sy n th e s is , 
sp e c tro sc o p y  a n d  theo ry  can  be  u n i te d ” .

T h e  b o o k  is div ided in to  th e  fo llow ing  ch ap te rs : 1. O n e -D ete rm in en ta l T h eo ry  o f C hem ­
ical R e a c t i v i t y ; 2 .C onfiguration  In te ra c t io n  O verv iew  o f C hem ical R e a c t iv i ty : 3. T he 
D y n a m ic  L in e a r  C om bination o f F ra g m e n t C o n figu rations M ethod; 4. E v en -E v en  In te rm o lec - 
u la r  M u lt ic e n tr ic  R eactions ; 5. T h e  P ro b le m  of C o rre la tio n  Im p o sed  B arrie rs  ; 6. R e a c tiv i ty  
T ren d s  o f  T h e rm a l C ycloadditions ; 7. R e a c tiv i ty  T ren d s of S ing let P h o to ch em ica l C y c lo ad d i­
tio n s ; 8. M iscellaneous In te rm o le c u la r  M u lticen tric  R e a c tio n s ; 9. A d d itio n  R e a c t io n s ;
10. E v e n -O d d  M ulticen tric  In te rm o le c u la r  R e a c tio n s ; 11. P o te n tia l E n erg y  Surfaces fo r  O dd- 
O dd M u lt ic e n tr ic  In term o lecu la r R e ac tio n s  : 12. E v en -E v en  In te rm o lecu la r B ice n tric  R e ac ­
tio n s  ; 13. E v en -O d d  In te rm o lec u la r  B ice n tric  R e a c tio n s ; 14. O dd-O dd In te rm o le c u la r  B i­
c e n tr ic  R e a c tio n s  ; P o ten tia l E n e rg y  S u rfaces fo r G eom etric  Isom eriza tio n  a n d  R a d ic a l Com ­
b in a tio n  ; 15. O dd-O dd In tra m o le c u la r  M u lticen tric  R eac tio n s  ; 17. M echanism s o f E le c tro -  
cyclic  R e a c t io n s ;  18. T rip le t R e a c t iv i ty ;  19. P h o to p h y sic a l P rocesses; 20. T he Im p o r ta n c e  
o f L ow  L y in g  N onvalence O rb i ta ls ;  21. D iv e r tis s e m e n ts ;  22. A  C o n tras t of “ A c ce p ted ” 
C o n cep ts  o f  O rg an ic  R e ac tiv ity  a n d  th e  P re se n t W ork.

U n d o u b te d ly , th e  book is n o t  s im p ly  a re -expression  of accep ted  ideas. O n ly  tim e  can 
rev ea l, h o w  w ill th e  g reat m a jo r ity  o f o rgan ic  chem ists accep t these  new  ap p ro ach es , o r fin d  
th e m  in a c c e p ta b le .

T h e re  is one little  th in g , w h ich  seem s to  be su p erflu o u s in  th e  rev iew er’s o p in io n , and  
th is  is  th e  w o rd  “ chorochem istry”  in tro d u c e d  in  th e  book  ; th is  seem s to  be a sy n o n y m  of 
“ s te re o c h e m is try ” .

R e a d in g  of th e  book is u n d o u b te d ly  a serious in te lle c tu a l a d v en tu re  fo r th o se  w ho are 
a c q u a in te d , a t  least in  th e  m ain , w ith  th e  l i te ra tu re  o f pericyclic  reac tio n s p u b lish ed  in  th e  
la s t  15 y e a rs .

Cs. SzÁNTAY
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M. L. B e n d e r  a n d  M. K o m i y a m a : Cyclodextrin Chemistry

X  -j- 96 pages, 14 figs, 37 tab les

Reactivity  a n d  Structure  
C oncepts in  O rganic  C hem istry , Vol. 6.

E d ito rs : H a fn er , К ., Leh n , J .-M ., R e e s , C. W ., Schleyer, P .v .R ., 
Trost, В. M. and  Zahra dn ik , R.

Springer-V erlag , B e rlin —H eid elb erg  —New Y ork 1978

T he firs t o b se rv a tio n  on cy c lo d ex trin s  d a te s  b ack  to  1891. Since th e n  an  enorm ous 
tre a s u ry  of e x p e rim e n ta l m a te ria l has a cc u m u la te d  on  these  am azing co m p o u n d s . N o tw ith ­
s ta n d in g , th e ir  p ra c tic a l ap p lica tio n s long rem a in ed  in h ib ited  by  th e ir  h ig h  p rice  a n d  also by  
th e  lac k  of a p p ro p ria te  th eo re tica l fu n d a m e n ta ls  o f  cy clo d ex trin  ch em istry . I t  is j u s t  very  
re c e n tly  th a t  cy c lo d ex trin s  hav e  acq u ired  h igh  a c tu a li ty , as th e ir  in d u s tr ia l  p ro d u c tio n  has 
b een  realized  a t  a  reaso n ab le  price  a n d  s im u ltan eo u s ly  — as show n by  B e n d e r  — K omiyama’s 
b o o k  — th e  e x p e rim e n ta l fac ts  an d  th e ir  th e o re tic a l basis have  becom e solid  e n o u g h  to  p e rm it 
th ese  com pounds to  p ass from  cu rio s ity  to  in d u s tr ia l  app lication .

C yclodextrin  re sea rch  as well as an y  boo k  w ritte n  on th is to p ic  is th e re fo re  o f high 
a c tu a lity .

C o n ten ts : pp . 1 —9 : N o m enclatu re , s tru c tu re  a n d  physical p ro p erties  o f  cy c lo d ex trin s  
p p . 10 — 27 : T he fo rm a tio n  of inclusion  com plexes, th e ir  s tru c tu re , d e te rm in a tio n  of th e  dis­

so c ia tio n  co n stan s , an d  th e  co m p lex -s tab iliz in g  forces 
p p . 28 — 32 : Som e se lec ted  p rac tica l ap p lica tio n s o f cy c lo d ex trin  com plexes 
p p . 39 - 4 9 :  C ovalen t c a ta ly is is : h y d ro lysis o f p h e n y l esters, am ides, o rg a n o p h o sp h a te s  and  

c a rb o n a te s  ca ta ly z ed  b y  cy c lo d ex trin s
p p . 50 - 6 0  : N o n -co v a len t c a ta ly sis  b y  c y c lo d ex trin s  : m icroso lven t effect a n d  c o n fo rm a tio n a l 

effect
pp. 61 64 : A sym m etric catalysis by cyclodextrins, selective complex form ation of D,L-stereo-

isomers, selective hydrolysis of esters and  organophosphates, steric o rien tation  of 
addition and  oxidation reactions

p p . 65 — 7 8 : C ovalen t a n d  n o n -co v alen t m o d ifica tio n s o f cyclodex trin s re su ltin g  in  increased  
c a ta ly tic  effects.

T he 307 references c ited  in th e  book com prise  n ea rly  th e  h a lf of th e  p a p e rs  a n d  p a te n ts  
p u b lish ed  up  to 1978 on  cy clo d ex trin s, th e ir  d e riv a tiv e s  a n d  com plexes. T h e  b o o k  is an  excel­
le n t  a n d  co m pact su rv e y  on cy c lo d ex trin  c a ta ly sis  ; how ever, th e  co n ten ts  an d  t i t le  o f th e  book 
a re  n o t  concordan t.

D iscussion o f th e  follow ing top ics is o m itte d  : th e  enzym ic conversion  o f s ta rc h  to  cyclo­
d e x tr in s , th e  p u rif ic a tio n , analysis, biological a n d  tox ico log ical effects o f c y c lo d ex trin s , th e ir  
in d u s tr ia l  ap p lica tio n s (d ru g s, a ro m atics, p estic ides, v itam in s , etc.), a n d  a g re a t  d eal o f th e  
p a te n t  lite ra tu re  is m issing.

C onsidering t h a t  a w idesp read  a p p lica tio n  of c y c lo d ex trin  inclusion com p lex es is e x p ec t­
ed  in  th e  n ea r fu tu re  in  th e  p h a rm aceu tica l a n d  food  ind u strie s , a c o n tin g en t seco n d  ed ition  
o f th is  book  w ould n eed  a th o ro u g h  com ple tion , considering  th a t  th is well w r i t te n  boo k  is a t 
p re se n t th e  only one on  cyclodextrins.

J .  S Z E J T L I

Lecture Notes in Chemistry, Vol. 6.

I .  H a r g i t t a i  : Sulphone Molecular Structures 

S p rin g e r V erlag , B e rlin -H e id e lb e rg -N ew  Y o rk  1978, 175 pages

T h e  a u th o r su m m arizes th e  e lectron  d iffrac tio n  (E D ) an d  m icrow ave sp ec troscop ic  
(M W ) stu d ies  on su lp h o n e  m olecules in  gaseous phase . T he book consists o f  tw o  p a r ts  : M olec­
u la r  geom etries a n d  S tru c tu ra l  v a ria tio n s . A fte r  a  b rie f  in tro d u c tio n  to  th e  b as ic  id eas of 
E D  a n d  MW  the s tru c tu re  d e te rm in a tio n  of 20 su lp h o n e  de riv a tiv es is rev iew ed  in  th e  f irs t 
p a r t .  T h e  second p a r t  discusses th e  co n fo rm atio n a l p ro p e rties , bond  len g th s  a n d  angles o f
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these  m olecu les. T he geom etrical p a ram e te rs  found  fo r th e  S 0 2X  group  are com pared  w ith  
th a t  o f th e  analogous su lp hox ides a n d  sulphides. An a t te m p t  to  f in d  corre lation  be tw een  geo­
m etrica l a n d  v ib ra tio n a l p a ra m e te rs  concludes th e  book. R eferen ces a re  given a t  th e  end.

T h e  im p o rta n ce  of com bin ing  M W  w ith  ED  in v es tig a tio n s  is well docum ented . T he 
b es t p a r t  o f  th e  book is on th e  ch a ra c te ris tic  v a ria tio n s  in  b o n d  len g th s an d  angles w here th e  
usefu lness o f th e  valence shell e lectron  repu lsion  (V S E P R ) m o d el is illu stra ted . U n fo rtu n a te ly  
th e  g eo m e trica l p a ram e te rs  o b ta in e d  by  X -ray  d iffrac tion  fo r su lp h o n e  deriva tives in  c ry s ta l 
phase  a re  g iven  in th e  book  w ith o u t e .s .d .’s and  w ith o u t a n y  discussion . I t  w ould hav e  been  
v e ry  u se fu l if  a c ritica l com parison  of th e  d a ta  for d iffe re n t s ta te s  h ad  been given b y  th e  
au th o r.

T h e  bo o k  is recom m ended  fa r  th eo re tica l chem ists.

K. S i m o n

W . C a r r u t h e r s ; Some Modern Methods of Organic Synthesis, 2nd edition

C am bridge U n iv ersity  P ress 

C am bridge 1978, 532 pages

T h e  f i r s t  ed ition  of th is  book  was review ed on  pag e  122, V olum e 78 of th is  jo u rn a l, 
w here I ex p ressed  th e  op in io n  th a t  “ th e  book m ay be of w ide  in te re s t  to p ractis ing  sc ien tis ts  
in  in d u s try  a n d  in  sc ien tific  re sea rch  in s titu tio n s  whose w o rk  invo lves th e  syn thesis of o rg an ic  
c o m p o u n d s” . N o th in g  p ro v es b e tte r  th e  success of th e  book  th a n  a new  and  p a r tly  rev ised  a n d  
e x te n d e d  ed itio n  seven y ears  a fte r  th e  f irs t edition. In  th e  p re face  to  th e  new ed ition  th e  a u th o r  
ex p la in s  th e  necessity  o f rev is ion  a n d  ex tension  as follow s : “ a considerable a m o u n t o f new  
m a te r ia l  h as been  in c lu d ed  to  ta k e  acco u n t of ad v an ces in  know ledge  and  of new sy n th e tic  
m e th o d s  w h ich  hav e  com e in to  use since p u b lica tion  of th e  f i r s t  ed ition . The increasing  a p p lic a ­
tio n  o f o rg a n ic  d e riv a tiv e s  o f su lfu r, se len ium  and  silicon in  sy n th e s is  and im p ro v em en ts in  th e  
m e th o d s  fo r  se lective a lk y la tio n  of k e to n es and  for rev ersin g  th e  p o la rity  of fu n c tio n al g roups 
(“ U m p o lu n g ” ) are am ong th e  su b jec ts  discussed m ore fu lly  in  th is  ed ition .”  In  full ag reem en t 
w ith  th e  a fo resa id , th e  re ad e r  can  b u t  g reet th e  pu b lish in g  o f th e  new  edition  of th is  book.

T h e  new  ed ition  of th is  w ell-know n tex tb o o k  p ro v id es a su rv ey  of m any  of th e  m o st 
u se fu l m e th o d s  an d  re ag e n ts  re c e n tly  in tro d u ced  in to  sy n th e tic  o rganic chem istry . T he scope 
a n d  l im ita t io n s  of each  m eth o d , in re la tio n  to  th e  s tru c tu re  a n d  ste reo ch em istry  of th e  p ro d u c ts , 
a re  fu lly  d escribed  an d  possible re ac tio n  m echanism s are  d iscussed .

T h e  f ir s t  c h ap te r  deals w ith  th e  fo rm atio n  of c a rb o n -c a rb o n  single bonds, d iscussing  
am o n g  o th e rs  th e  follow ing p ro b le m s : a lk y la tio n  of re la tiv e ly  acidic m ethy lene  groups, 
y -a lk y la tio n  of 1 ,3 -d icarbony l co m pounds, the  en am in e  a n d  re la te d  reactions. U m p o lu n g  
(d ipo le  in v ers io n ), d irec ted  aldol condensations, coup ling  o f  o rganonickel and  o rgan o co p p er 
com p lex es, sy n th e tic  ap p lica tio n s of carbenes a n d  ca rb e n o id s , an d  some p h o to cy c liza tio n  
re ac tio n s .

T h e  n e x t c h ap te r  d iscusses th e  fo rm atio n  of ca rb o n -c a rb o n  double bonds, a n d  w ith in  
th is  /^-e lim ination  reac tio n s, th e  W ittig  an d  re la ted  re ac tio n s , th e  d ecarb o x y la tio n  of /5-lactones, 
ste reo sp ec ific  sy n th esis from  1,2-diols an d  th e  Claisen re a r ra n g e m e n t of allyl v iny l e th e rs.

I n  th e  th ird  c h a p te r  an  ex ce llen t su rvey  of th e  D ie ls -A ld e r reac tio n  is g iven, th e  fo u rth  
c h a p te r  is d ed ica ted  to  th e  reac tio n s  o f u n a c tiv a te d  С —H  re ac tio n s  (the  H ofm an  L oeffler 
F re y ta g  re ac tio n , cy cliza tio n  reac tio n s  o f n itrenes, th e  B a r to n  reac tio n s an d  re la te d  processes, 
re a c tio n s  o f  m o n ohydric  alcohols w ith  lead  te tra a c e ta te ) . T h e  n e x t c h ap te r  discusses e x h a u s ­
t iv e ly  th e  sy n th e tic  ap p lica tio n  of o rganoboranes a n d  o rgan o silan es , the  s ix th  c h a p te r  deals 
w ith  o x id a tio n  reac tio n s [o x id a tio n  of hyd ro carb o n s, a lcohols, ke tones, ox id a tio n  of olefinic 
b o n d s , o x id a tio n  w ith  ru th e n iu m  te tro x id e , nickel p e ro x id e  a n d  th a ll iu m (III)  n itra te ] . O f th e  
re d u c tiv e  m eth o d s c a ta ly tic  h y d ro g en a tio n , re d u c tio n  b y  d issolved m etals an d  b y  h y d rid e  
t ra n s fe r  reag en ts  are discussed.

I n  a p p rec ia tio n  of th e  second  ed ition  we fu lly  agree  w ith  th e  opinion of th e  review7er of 
th e  J .  A m . Chem. Soc. “  . . . th e  a u th o r  has been e m in e n tly  successful in  his aim  to  p re p a re  a 
t e x t  fo r  ad v an c ed  u n d e rg ra d u a te s  a n d  beginning g ra d u a te  s tu d e n ts . These and  o th e r “ s tu d e n ts ”  
of s y n th e tic  organic  ch em istry  sh o u ld  f in d  th is book e x tre m e ly  u sefu l” .

G y . D e á k
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Handbook o f Analytical Chemistry (Edited by W. F r e s e n i u s ) 

P a r t  I I I ,  V olum e 4 a у 

T in

by  J . W. P rice a n d  R. Smith 

Springer-V erlag , B erlin  H eidelberg  New Y ork  1978 

262 pages w ith  31 figures

T he book is th e  n ew est vo lum e of th e  w ell-know n series : ‘ •H a n d b u c h  d e r analy tischen  
C hem ie, D rit te r  Teil, E le m en te  d e r v ie rten  H a u p tg ru p p e ”  w ritten , in E n g lish , on  th e  usually 
h igh  level of these h andbooks. B u t th e  p e rso n a lity  o f th e  au th o rs  m akes i t  e v en  m ore  e x c e lle n t: 
th e ir  rem arks, a tt i tu d e s , p e rso n al experiences, etc. give th e  book in sev e ra l c h a p te rs  nearly 
l ite ra ry  w o rth  over th e  h igh ly  sc ien tifica l an d  precise reviews.

Of course, no t all th e  c h ap te rs  are  of eq u al quality '. E.g. am ong th e  2 0  m ain  chapters, 
th e  f irs t  one dealing w ith  th e  possib ilities o f th e  d e tec tio n  of tin  a n d  tin  co m p o u n d s  does not 
f i t  in to  th e  profile  of th e  book , a n d  la te r  m ore a n d  b e tte r  in fo rm ations can  be  fo u n d  ab o u t the 
q u a lita tiv e  analy is of t in  in  th e  special c h ap te rs  as side notes.

T he possib ilities of th e  d e te rm in a tio n  a n d  th e  sep ara tio n  of t in  a re  d iscu ssed  in the 
n e x t 8 ch ap ters  : g rav im etric , v o lu m etric , p h o to m e tric  and  electrochem ical m e th o d s  ; solvent 
e x tra c tio n  ; a tom ic  ab so rtio n  spec tro sco p y  ; em ission  sp e c tro sco p y ; X -ra y  f lo u rescen ce  ; radio­
chem ical and  M össbauer m eth o d s ; th a t  is to  say  all of th e  m ost im p o r ta n t  a n d  a t  th e  same 
tim e  th e  m ost recen t m eth o d s w ith  several references. T he a u th o rs  do n o t  t r y  to  enum erate  
all o f th e  p u b lica tions, th e  d a ta  a re  o rd e red  and  em phasized . In  ch ap ters  m en tio n e d , th e ir  effort 
is m o st successful in th e  c h a p te r  dealing  w ith  v o lu m e tric  m eth o d s an d  less successfu l in chapter 
of “ S o lven t E x tra c tio n ” . I t  seem s th a t  th e  a u th o rs  dislike th e  “ F a rt  p o u r T a r t”  chem istry  
an d  a lo t of w ork done in so lv en t e x tra c tio n  n eg lect som etim es th e  p ra c tic a l b a c k g ro u n d  of the 
possib ilities. T he best m e th o d s w h ich  can  be used  for solving p rac tica l p ro b lem s are  less dis­
cussed  in th is c h ap te r  b u t  can  be  read  in o th e r  c h ap te rs  connected  d irec tly  to  sp ec ia l tasks.

These special ta sk s  a re  g ro u p ed  in th e  n e x t ch ap te rs  s ta r tin g  w ith  th e  “ A na ly sis  of tin  
ores a n d  co n cen tra tes .”  (The o th e r  m ain  c h ap te rs  o f th is p a r t  w hich can  be c a lled  th e  p ractica l 
p a r t  o f th e  h andbook  are as fo llow : analysis o f secondary  m ate ria ls a n d  in te rm e d ia te s ;  
analysis of tin  alloys and  solders ; analysis o f in g o t t in  ; t in  in copper-base  a lloys ; t in  in  ferrous 
a lloys ; tin p la te .)  All o f th e  possib ilities are  acco u n ted , b u t  th e  a u th o rs ’ ex p erien ces a n d  their 
a tt i tu d e s  gleam  several tim es. W h a t is m ore, th e  p rob lem  of sam pling  is d iscu ssed  as a central 
p ro b lem  since ex ac t d e te rm in a tio n s  can n o t be p e rfo rm ed  w ith o u t precise sam p lin g .

As it  follows from  th e  g roup ing , th e re  a re  several rep e titio n s b u t  th e y  seem  to  be 
u n av o id ab le  and  m ake th e  book su p posed ly  m ore usab le  for chem ists in te re s te d  in  th e  concrete 
p rob lem s.

The n e x t ch ap te r  of th e  h an d b o o k  dealing  w ith  th e  problem s of o rg a n o tin  com pounds 
is p e rh ap s  its  best one. Since th e  use o f these  com pounds as PVC stab ilize rs  (m o n o - and  di- 
m e th y ltin  and d ib u ty l- or d io c ty ltin  c o m p o u n d s ): as in d u stria l biocides an d  su rfa ce  d isinfec­
ta n ts  in  wood p reserva tions ; as ag ricu ltu ra l fungicides, p a rticu la rly  on p o ta to e s  ; etc. is more 
an d  m ore increased  and  th e ir  a n a ly tic a l ch em istry  ra th e r  differs from  t h a t  o f  o th e r  t in  com ­
p o u n d s ; th e  sep ara te  su m m ary  is well m o tiv a ted .

A lthough  o th er c h ap te rs  m en tio n  th e  t in  p o llu tio n  and  th e  a n a ly tic a l possib ilities of 
its  co n tro l, b u t  m ost p rob lem s are  d iscussed  in  th is  c h a p te r : as th e  m ig ra tio n  o f o rganotin  
co m pounds from  PVC in to  foods ; residues on crops a n d  in soils ; d e te rm in a tio n  in a ir  a n d  w ater ; 
etc. I t  is w o rth  to  m en tion  th a t  a t  th e  end of th is  c h ap te r , w hich is th e  lo n g est one  in th e  book, 
205, m o stly  very  recen t, references can  be found.

I t  seem s th a t  th e  p lace of th e  tw o e x trem e ly  sh o rt la s t ch ap te rs  (“ T in  a n d  tin -a lloy  
e lec tro p la tin g  so lu tions“  an d  “ T in  chem icals“ ) is an  ed ito ria l erro r a f te r  th is  e x ce lle n t ch ap ter 
b o th  logically  and  psycholog ically  : th e y  should  hav e  been p laced earlier an d  in th is  case they  
do n o t  d is tu rb e  th e  closed w hole o f th e  book or, a t least, th is  feeling of th e  re ad e r.

I n  sp ite  of th e  m en tio n ed  m inor o b jec tions , th is  volum e on th e  q u a n ti ta t iv e  analyses 
o f t in  is an  ex trem ely  good su rv ey , w hich can  be used  no t on ly  b y  sp ec ia lis ts , b u t  can  be 
recom m ended  to  lib raries collecting  books on an a ly tica l chem istry .

L .  B a r c z a
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Advences in Polymer Science, Vol. 26. Conformation and
Morphology

Springer Verlag, B e rlin  — H e id e lb e rg — New Y o rk  1978, 183 pages

T h e  vo lum e contains fo u r lo sse ly  re la ted  papers. T h e  f i r s t  p a p e r  (W . H olzmüller : 
M o lecu lar M obility , D eform ation  a n d  R e la x a tio n  Processes in  P o ly m ers  ; 63 pages, 60 re fe r­
ences) is  a  rev iew  of the th eo re tic a l in te rp re ta tio n  of th e  v isco e las tic  flow , d ielectric  b ehav iour, 
fu r th e r  o n  all th e  tim e d e p en d e n t re a c tio n s  of polym ers b a se d  o n  s ta tis t ic a l  m echanics viz. 
b a se d  o n  th e  so called concept o f m o le c u la r  d isplacem ent. A f te r  d e m o n s tra tin g  th e  basic co r­
re la tio n s , th e  p robability  of th e  f l ip - f lo p  m otion  of th e  m o le c u la r  segm ents is ca lcu la ted  on 
th e  b a s is  o f  th e  u n h arm on icity  o f  th e r m a l  m otion  of a tom ic  g ro u p s  a n d  th e  L en n a rd -Jo n es p o ­
te n tia l .  T h e  differential eq u a tio n s  a re  so lved  among th e  l im it  co n d itio n s  given b y  d ifferen t 
rh e o lo g ica l conditions of th e  p o ly m e r. T h e  equations de riv ed  b a se d  on  th is  concep t gave b e tte r  
a p p ro x im a tio n s  of the e x p e rim e n ta l v a lu e s  th a n  those o b ta in e d  b y  o th e r  theories (e.g. W L F - 
e q u a tio n ) .

T h e  p a p e r  is en tirely  th e o re tic a l ,  dem onstra ting  an  a p p a re n tly  com prehensive  concept. 
E x p e r im e n ta l  d a ta  are only o c ca s io n a lly  presented, an d  th e n  to  su p p o r t  p o stu la tions. As th e  
th e o ry  is phenom enologic, th e  p a ra m e te r s  m ay  be chosen to  p re fe ren ce , th u s  th e  th eo re tica l 
d a ta  g e n e ra lly  f it  the  sim ple e x p e r im e n ta l  results. A lth o u g h  th e  th e o ry  is considered  general, 
it seem s d o u b tfu l th a t  i t  can  be  a p p lie d  to rigid chain p o ly m ers  o r po lym ers w ith  b u lk y  side 
g ro u p s  w ith  essential m esom orph ic  s tru c tu re .

T h e  second paper (Yu. L ipa to v  : The Iso-Free-V olum e S ta te  an d  Glass T ran s itio n  in 
A m o rp h o u s  Polym ers. New D e v e lo p m e n t o f the  T h eo ry ; 42 p ag es , 109 references) p resen ts  a 
c r it ic a l  d iscussion  of v itrify ing  — o n e  o f  th e  m ost d ispu ted  p ro p e rt ie s  o f am orphous po lym ers — 
on  th e  b a s is  o f the  iso-free-volum e s ta te  concep t. The a u th o r p o in ts  o u t  t h a t  th e  free volum e itse lf  
is n o t  a  w ell-defined category  a n d  d iffe re n t volumes can  be  o b ta in e d  from  d ifferen t w ays of 
e s t im a tio n , b u t  the e x p erim en ta l v a lu e s  ob tained  in d iffe re n t p o ly m ers sca tte red  even m ore 
th a n  th e  th eo re tica l ones. A p p ly in g  th e s e  theoretical c o n s id e ra tio n s  to  heterogeneous system s 
(p o ly m e r  b lends, copolym ers, f illed  po ly m ers) the re su lts  a re  e v en  less accu ra te  th a n  th o se  
o b ta in e d  fo r  hom ogeneous sy s tem s. L ipatov  expresses his d o u b ts  on  th e  m odel of free vo lum e. 
A c co rd in g ly  Tg can n e ith e r b e  re g a rd e d  as a tem p e ra tu re  o f  iso-free-volum e s ta te  no r of 
iso -v isc o s ity  s ta te . The iso -free -v o lu m e s ta te  concept gives c o rre c t q u a lita tiv e  b u t  false q u a n ti­
t a t iv e  re su lts .  The iso -en tropy  s ta te  is proposed  as a possib le  so lu tio n  of th e  problem s.

L ipatov’s criticism  seem s e v en  m ore ju stified  re g a rd in g  p ro p e rtie s  of above lis ted  speci­
f ic  p o ly m e rs  : where the  sp ec ific itie s o f  th e  spontaneously  o rd e re d  rig id  chain  polym ers in  th e  
g lassy  s ta te  are to he described . T h e  m esom orphic po lym ers in  g lassy  s ta te  are considered  y e t 
as n e w  m ate ria ls , how ever, th e i r  n u m b e r  increases daily . T h u s  th e  question  arises : w hich  
s t r u c tu r e  rep resen ts th e  g en era l p ro p e rt ie s  of polym ers ( th e  s t r u c tu r e  o f flexible chain  po lym ers 
o r  th e  s tru c tu re  of polym ers w ith  r ig id  chains or the  s tru c tu re  o f  th o se  w ith  bu lk y  side ch a in s)?  
A p p a r e n t ly  th e  properties o f th e  l a t t e r  can  no t be e x tra p o la te d  fro m  th e  theo re tica l con sid era ­
t io n s  u se d  in  the case of f lex ib le  c h a in  polym ers.

T h e  sub ject of the  th ird  p a p e r  ( J .  E . H erz, P. R em pp , W . B orchard : M odel N e tw orks ; 
31 p a g e s , 67 references) deals w ith  th e  swelling and d e fo rm a tio n  o f gels p rep ared  from  flex ib le  
c h a in s  w ith  a know n len g th  b y  a d d in g  branch  p o in ts  w i th  k n o w n  fu n c tio n a lity  a n d  in  a 
w e ll-d e fin e d  num ber to th em . T h e  m o d e  of the  p rep ara tio n  o f th e  m odel ne tw orks is described. 
T h e  s t ru c tu ra l  changes d u rin g  th e  sw elling and those  c au sed  b y  m echan ical de fo rm atio n  are 
in v e s tig a te d  by  small angle X - ra y  sc a tte r in g  and by n e u tro n  d iffrac tio n  (th e  B ragg fo rm u la  on 
p . 117 is erroneous! !) and  th e se  a re  exam ined  as th e  fu n c tio n  o f th e  q u a lity  of th e  sw elling 
s o lv e n t  a n d  th e  density  o f th e  b r a n c h  points (m olecular w e ig h t o f th e  flexible chain). T he T g 
o f th e  n e tw o rk  is inversely p ro p o r t io n a l  to  the  chain  len g th . T h e  m odulus m easu red  in th e  
d e fo rm e d  gels is a linear fu n c tio n  o f  a  pow er of th e  c h a in  len g th . T he va lue  of th e  pow er is 
d e te rm in e d  by  the q u a lity  o f th e  so lv e n t (0 or good so lv en t) . T he p roperties of th e  m odel 
n e tw o rk s  com bined w ith  sw elling  a n d  deform ation  s tu d ies  su p p o r t  th e  concep t of h igh  e lastic ity .

T h e  paper presen ts a v e ry  u se fu l m ethod for th e  f u r th e r  in v es tig a tio n  of ru b b e rs  an d  
r u b b e r  like  behaviour of h ig h  m o le c u la r  weight m ateria ls.

T h e  fou rth  paper (R . K ita m u ra , F. H orii : N M R  A p p ro a c h  to  th e  P h ase  S tru c tu re  of 
L in e a r  P o ly e th y le n e ; 42 p ag es , 80 references) discusses th e  re su lts  o b ta in e d  b y  th e  d econvo lu ­
t io n  o f  th e  m easured b ro a d  lin e  N M R  spectrum  of lin e a r  (h ig h  d ensity ) po lyethy lene . T he 
s p e c tr a  resolved into th ree  c o m p o n e n ts  w ith  d ifferent b re a d th .  T he p a ram ete rs  of th e  b ro ad ,
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th e  n a rro w  an d  th e  m ed iu m  w ith  line are v e ry  s im ila r in p o ly ethy lene  sam ples o f d ifferen t 
m o lecu lar w eigh ts a n d  tem p e ra tu re s . T he re la tiv e  w e ig h t o f th e  th ree  com p o n en ts  dep en d s on 
th e  m olecu lar w e ig h t a n d  th e  tem p e ra tu re  a t  b u lk  c ry sta lliz ed  sam ples an d  fib ers  is, how ever, 
in d ep e n d en t o f  th e  te m p e ra tu re  a n d  th e  m o lecu la r w e ig h t o f lam ellás c ry sta llized  fro m  solu­
tio n , w here even  th e  n a rro w  line has a v ery  low  w eig h t. T he line w ith  m edium  b re a d th  ap p ears 
p a ralle l w ith  th e  a p p ea rin g  of gam m a re la x a tio n  b y  in creas in g  tem p era tu re . I t s  re la tiv e  w eigh t 
rem ains c o n s ta n t w hen  b e ta  re lax a tio n  as w ell as th e  ap p ea ran ce  of th e  n a rrow  line  is observed . 
W hen  a lp h a  re la x a tio n  is o bserved  th e  c h a ra c te rs  o f th e  lines differ from  th o se  o b se rv ed  a t 
low er tem p e ra tu re s . T h e  a u th o rs  conclude th e  P E  co n sis ted  of d ifferen t phases, th e ir  re la tiv e  
am o u n ts  depend  on  th e  m olecu lar w eigh t an d  th e  te m p e ra tu re  of b u lk  c ry sta llized  m ate ria ls , 
in c lud ing  fibers w ith  d iffe ren t d raw  ra tio s. T he lam ellás  c rysta llized  from  d ilu ted  so lu tio n  have 
o n ly  one phase  w h ich  m eans th a t  th e  s tru c tu re  o f b u lk  c ry sta llized  m ate ria ls can  n o t be c h a ra c ­
terized  b y  th e  fo lded  ch a in  lam ellás.

T his is in a g ree m e n t w ith  o th e r  papers su g g estin g  th a t  th e  concept of fo lded  c h a in  m odel 
w idely  accep ted  in  l i te ra tu re  needs s tr ic t critic ism . T h e  fo lded  chain  m odel w as th e  o n ly  to 
ex p la in  th e  o b se rv a tio n  on v e ry  th ic k  lam ellás g ro w n  fro m  d ilu ted  so lu tion , how ever, i t  seems 
inap p licab le  to  b u lk  c ry s ta lliz ed  m ate ria ls  an d  e v en  less to  m odelling th e  s tru c tu re  o f  nonflex- 
ib le  am orphous c h a in  po lym ers. T he presence of a m ed iu m  b re a d th  N M R  line in  th e  sp ec tru m  
suggests us to id en tify  th is  phase  as th e  nem atic  p h a se  of lin ea r po lyethy lene  su g g ested  earlier 
b y  m an y  au th o rs .

The papers of this volume present very good review of the structural, the rheological 
and the relaxation problems of flexible chain polymers in their different states (liquid — 
H olzmüller, high elastic H erz et al., glassy L ipatov , and crystalline — K itamura 
and Horii) to all scientists and engineers interested in this field.

F. C s e r

G. D e c o n n i n c k : 1 ntroduction to Radioanalytical Physics

J o in t  ed ition  published  by  A k ad ém ia i K iadó , B u d ap est 
a n d  E lsev ier Scientific  P u b lish in g  C om pany , A m sterdam  

1978, 242 pages

T his book is th e  f irs t  vo lum e of th e  N u c lea r M ethods M onograph series o f th e  Jo u rn a l 
o f  R ad io an a ly tica l C h em istry  an d  R adiochem ical a n d  R ad io an a ly tica l L ette rs . T h e  e d ito rs  are 
id en tica l w ith  th o se  o f th e  periodicals m en tioned . D rs. T . B raun and  E. B ujdosó.

T he m ain  o b jec tiv e  o f th e  book is to  describe  th e  th eo re tica l p rincip les o f n u c lea r reac ­
tio n s  in d u ced  b y  ch arg ed  p a rtic les  an d  h igh  e n erg y  p h o to n s  an d  to  ou tline  th e ir  possible 
uses or chem ical an a ly sis , th e  p rac tica l rea liza tio n  o f w hich  w as b ro u g h t only by  th e  tec h n o ­
logical a ch iev em en ts  o f th e  la s t  decade. One m ay  o n ly  w elcom e such an  a tte m p t to  su rv e y  all 
those  nu c lear m eth o d s w h ich  have  ex ten d ed  th e  scope o f ra d io an a ly tica l tech n iq u es o v e r th e  
classical n eu tro n  a c t iv a t io n  an d  trac e r  app lications.

T he book is d iv id e d  in to  six  ch ap ters . C h ap te r  1 (34 pages) deals w ith  k in em a tics , c la s­
s ifica tio n  an d  m ech an ism s of n uclear reac tions in  g en era l, a n d  includes also a d e ta iled  d esc rip ­
tio n  of reac tion  cross sections. C h ap te r 2 (26 pages) describes p h enom ena tak in g  p lace  in  the  
a to m ic  shells follow ing ch arg ed  p a rtic le  b o m b ard m en t, t h a t  is ion iza tion , X -ra y  em ission , 
seco n d ary  e lectron  em ission  an d  re la ted  an a ly tic a l ap p lica tio n s  (X -ray  fluorescence, s to p ­
p ing  pow er, p a rtic le  ra n g e  a n d  channeling  effect m easu rem en ts). C hap ter 3 (35 pages) covers 
e lastic  sca tte rin g  o f ch arg ed  partic les and  th e  a p p lic a tio n  o f th is  tech n iq u e  in d e p th  profile  
analysis o f surface lay e rs  an d  trac e  analysis. C h ap te r  4 (47 pages) is concerned w ith  a n a ly tic a l 
ap p lica tio n s o f n u c lea r re ac tio n  g am m a-ray  m easu rem en ts . M ethods, based  on m easu rin g  b o th  
p ro m p t a n d  de lay ed  g am m a p ho tons induced  by  c h a rg e d  p a rtic le  a c tiv a tio n  are d iscussed  in 
d e ta il. A sh o rt d e sc rip tio n  of th e  p h o to n  ac tiv a tio n  m e th o d  is also given. C h ap te r 5 com prises 
28 pages an d  describes a n a ly tic a l app lications o f d e te c tin g  ch arg ed  partic les p ro d u ced  in (p , a), 
(d , p), (d , a ), ( t , p), ( t ,  a )  a n d  (p , n) reactions. T his te c h n iq u e  is p a rticu la rly  sensitive  fo r lig h t 
e lem en ts an d  also su ita b le  fo r profile  analysis o f th in  su rface  layers. A c tiv a tio n  ana ly sis  u sing  
ch arg ed  partic les o r p h o to n  induced  reac tions, th e  su b je c t  d e a lt  w ith  in th e  la s t (6 th ) c h a p te r  
(23 pages) seems to  be  in  th e  a u th o r’s cen ter o f in te rs t .  T h is is show n by  th e  e n tire ly  d iffe re n t 
w ay  of p re sen ta tio n  as co m p ared  w ith  th e  p rev ious c h a p te rs , g iv ing  m ore an a ly tica lly  p ra c tic a l 
p o in ts , m ore recen t re ferences, o ften  to  own p apers, etc.
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S o m e  133 references, m ostly  f ro m  th e  period  1970 — 75, help  th e  read er to  follow  th e  
d e v e lo p m e n ts  in  m ore detail. “ Solved p ro b lem s”  or “ ex am p le s” , indeed , offer n u m erica l f ig ­
u res as i l lu s t ra tio n s  for th e  nuclear d a ta ,  p a ram e te rs  an d  o th e r  q u a n titie s  d ea lt w ith  in th e  te x t .  
T he q u a li ty  o f  g rap h ical illu s tra tio n s  is sa tis fac to ry .

A c co rd in g  to  th e  au th o r, th e  b o o k  “ has been designed  as a tex tb o o k  for th e  use  o f sc ien ­
tis ts  o f  d iv e rse  scientific  b ack g ro u n d  . . .  ” , th erefo re , “ p r io r  know ledge of nuclear sciences is 
n o t e s se n tia l ,  a p a r t  from  e lem en ta ry  courses on ra d io a c tiv ity .”  F rom  th e  p o in t of v iew  o f an  
a n a ly t ic a l  c h em ist, how ever, th e  a p p ro a c h  ad o p ted  (ex c lu d in g  th e  fin a l ch ap te r)  is r a th e r  
m a th e m a tic a l ,  an d  i t  is questionab le  w h e th e r  th e  n u m ero u s com plica ted  form ulae  g iven w ith o u t  
d e ta ile d  d e r iv a tio n  can be u n d e rs to o d  w ith o u t p rev io u s o r sim u ltan eo u s q u a n tu in m ec lia n ic a l 
a n d  n u c le a r  p h y sica l studies.

A ll in  a ll, th e  book is su p p ly in g  a deficiency in d eed  a n d  con ta ins a good deal of re le v a n t 
th e o re tic a l  in fo rm a tio n , so i t  can  be  reco m m en d ed  as a te x tb o o k  p rim arily  fo r s tu d e n ts  o f 
co u rses on  a p p lie d  nuclear physics a n d  chem istry . F ro m  th is  p o in t of view , i t  is a p i ty  th a t  th e  
a u th o r  d id  n o t  u n d e rta k e  th e  p io n eerin g  w ork  of p re sen tin g  th e  m ate ria l using th e  S. I . u n its .

T. B e r e z n a i

H. D a c h s  (Eel.): Neutron Diffraction ( Topics in Current Physics, Vol. 6 .)

Springer-V erlag, B erlin  —H eidelberg  — N ew  Y ork  1978 

An offset p r in tin g  on 357 pages w ith  138 p ic tu res

T h is  bo o k , w ritten  b y  an  in te rn a tio n a l  te a m  c lu s te red  a ro u n d  th e  ed ito r H . D achs 
covers a lm o s t every  re lev an t field  o f th e  p rac tica l a p p lic a tio n  of n e u tro n  d iffrac tio n  (n .d .)  
in  s t r u c tu r a l  research  of condensed  m a tte r .  Since th e  p io n eerin g  w ork  of W ollan a n d  Shu ll  
(1946) n .d . h a s  been  used m ore a n d  m ore  freq u e n tly  w h en ev e r th e  in v estig a tio n  of s tru c tu re s  
of m a te r ia ls  w as difficult (e.g. lo ca liza tio n  of h y d rogen  a to m s in  c ry sta l s tru c tu re s)  o r to ta l ly  
im p o ssib le  (e.g. s tu d y  of solid s ta te  m ag n e tism , lo ca liza tio n  of a tom ic  nuclei, etc.) b y  m ean s 
of X - ra y s .  T h is  m ethod  has th u s  b een  developed  in to  an  im p o rta n t and pow erful su p p le m e n t 
to  X - r a y  in v estig a tio n s. T he area  o f  chem ical b in d in g  h as  received a new  im p e tu s  fro m  th e  
u n io n  o f X - ra y  and  neu tro n  d iffrac tio n . N eu tro n  sm all ang le  sca tte rin g  and th e  m eth o d  b ased  
on th e  d e u te ra t io n  of high po lym ers o p en  new p ersp ec tiv es in p ro te in  research  an d  in th e  b io logy  
of m ac ro m o lecu les . Of equal im p o rta n c e  is th e  ap p lic a tio n  of n.d. is m eta llu rg y  a n d  liq u id  
s t ru c tu re s ,  as well.

A su b s ta n tia l  and  clear su m m a ry  of th e  p rincip les o f n.d. in given b y  th e  e d ito r  in  
C h a p te r  1 (pp . 1 40). He m akes i t  c lear th a t  th e  re ad e rs  are  expected  to  be fam ilia r  w ith
X -ra y  d iffrac tio n  and th e  in te ra c tio n  of n eu tro n s w ith  su bstances. F o r those  who are  n o t, p ro p ­
e r so u rc es  o f know ledge (e.g. th e  k n o w n  book of G. E . B acon) are recom m ended . T h e  p ro ­
d u c tio n  a n d  app lication  of p o larized  n eu tro n s  (C h a p te r  2, pp. 41 69) are follow ed b y  th e
d e sc rip tio n  o f “ The s tu d y  of charge  d e n sity  d is tr ib u tio n  in  solids”  in C hap ter 3 (pp . 71 — 111). 
T h e  su b s ta n c e  of these v e ry  im p o r ta n t  (N -X  an d  X -X ) electron  d ensity  ca lcu la tio n s fo r 
th e o re tic a l  a n d  m odern s tru c tu ra l ch em istry  is p re sen te d  b y  P. Coppens w ith  g re a t skill.

I n  C h ap te r  4 (pp. 113 —149) one can  fin d  a fa sc in a tin g  descrip tion  of how  m ag n e tic  
s t ru c tu re s  can  be revealed by  n.d. A  com prehensive  ex p la n a tio n  and  c lassification  of Sh u b n i- 
kov g ro u p s  helps to u n d e rs ta n d  th e ir  im p o rta n t ro le in th e  s tu d y  of m agnetic  m o m e n tsv 
T o p ics  o f  solid  s ta te  physics k n o w n  as “ d isordered  s tru c tu re s , phase  tran s itio n s a n d  c r itic a l 
p h e n o m e n a ”  are  com piled in C h a p te rs  5 and  6 (pp . 151 242).

C h a p te r  7 (pp. 243 — 270) in tro d u c es  th e  re ad e r  to  th e  problem s of m olecu lar b io logy  
fro m  th e  a sp e c t of a re la tiv e ly  new  d iffrac tio n  m e th o d  in  th e  analysis o f fa irly  c o m p lica ted  
b io lo g ica l s tru c tu re s  (e.g. v iruses). G. Zaccai gives a good su rv ey  of th e  progress m ad e  so fa r 
in  th is  f ie ld  w ith  some h in ts  a t  f u r th e r  possibilities.

T h e  inv estig a tio n  of d iffe ren t so rts  of liquids b y  m ean s of n eu tro n  sca tte rin g  is d iscussed  
in  C h a p te r  8  (pp. 2 7 1 - 302). S ev eral p rac tica l ex am ples help  to  follow th e  d ev e lo p m en ts  in 
th is  a re a . T h e  la s t, C hapter 9 (pp . 303 — 351) deals w ith  th e  th eo ry  of d y n am ical n e u tro n  d iffrac ­
t io n  a n d  i ts  app lication  (e.g. n e u tro n  to p o g rap h y , in te rfe ro m e try , etc.). E ach  c h a p te r  is acco m ­
p lish e d  b y  a l is t  of useful references.

T h e  review er is p leased  to  reco m m en d  th is  p ra c tic a l guide to  th e  n e u tro n  d iffrac tio n  
te c h n iq u e  to  all researchers, te a c h e rs  an d  s tu d e n ts  in te re s te d  in  one or several possib ilities of 
i ts  m an ifo ld  application .

A .  K Á L M Á N
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D .  I. D a v i e s  and  M. J .  P a r r o t t : Free Radicals in Organic Synthesis,
Reactivity and Structure

(C oncepts in O rganic C hem istry , Vol. 7)

(E d ito rs  K. H afner , C. W . R ees , В. M. T rost, J .  M. L ahm ,
P . von R agué Schleyer  and R. Zahradnik)

S p rin g er V erlag, B erlin , H e id elb erg . N ew  Y ork 
1978, X I I  -f- 169 pages

T he p resen t book  is a sig n ifican tly  su p p lem en ted  version  of a p ap er w r i t te n  b y  th e  
a u th o rs  in  1975 u n d e r  th e  sam e title , an d  it  consists o f 13 ch ap ters . In  C hap ter I ,  a  sh o r t  general 
su rv e y  is given (12 pages) on  th e  p re p a ra tio n  o f free rad ica ls  an d  th e ir  reac tio n s  o f  d iffe ren t 
ty p es  (R a d ic a l-R a d ic a l R eac tio n s , A d d itio n  R eac tio n s , S u b s titu tio n , F ra g m e n ta tio n , R e a r ­
ra n g em en t, O x id a tio n ), w hile in  th e  follow ing 12 c h a p te rs  th e  reac tions of free ra d ic a ls  su itab le  
fo r th e  p re p a ra tio n  o f m em bers o f va rio u s c o m p o u n d  classes are discussed (A lk an es and  
A lkenes, A rom atic , H e te ro a ro m a tic  an d  F lu o ro a ro m a tic  C om pounds, H alogen  C om pounds, 
A lcohols, E th e rs  a n d  H y d ro p ero x id es, A ldehydes a n d  K etones, Carboxylic A cids a n d  th e ir  
D e riv a tiv e s , N itro g en -co n ta in in g  C om pounds, S ta b le  F ree  R ad icals , N a tu ra lly  O ccu rrin g  and 
R e la ted  C om pounds). T h ere  is a lis t o f references a t  th e  end of each c h a p te r ;  th e  n u m b e r of 
re ferences is 960, th e  la te s t  d a tes  a re  from  1976 a n d  1977. T he book is also co m p le ted  w ith  
A u th o r  a n d  S u b jec t Indices.

T he a u th o rs  rev iew  several v e ry  useful d a ta ,  po sitiv e  an d  negative  ex p erien ces (w h ich  
reac tio n s o f free rad ica ls  a re  used ad v isab ly , a n d  w hich  are  not w o rth  of ex p e rim e n tin g  in  th e  
p re p a ra tio n  of m em bers o f c e rta in  co m pound  classes, o r for th e  in tro d u c tio n  of c e r ta in  fu n c tio n a l 
g ro u p s ) ;  how ever, th e  lim ited  space (on th e  av erag e , ch ap te rs  2 - 1 3  consist o f less th a n  12 
pages each) did n o t allow  th e  a u th o rs  to  be com p reh en siv e  ; r a th e r  illu stra tio n s o f th e  s y n th e tic  
v a lu e  of p a r ticu la r  reac tio n s  are given.

An u n d isp u ted  v ir tu e  o f th e  book is th a t  i t  s tro n g ly  em phasizes and  calls a t te n tio n  to  
th e  im p o rtan ce  of free  rad ical reac tions in p re p a ra tiv e  o rgan ic  chem istry , w hich  is -  in  sp ite  
o f  severa l o lder m o n o g rap h s an d  com prehensive  p a p ers  a v e ry  u p -to -d a te  ta s k , in  th e  re ­
v iew er’s opinion. T herefo re , p erusal of th is book w ill be useful for m an y  o rg an ic  chem ists. 
I t  is a n o th e r  q u estio n , how ever, how  m an y  o f th e m  will use th e  volum e sy s te m a tic a lly  and 
reg u la rly . M ost p ro b a b ly  those  who aim  a t th e  d ev elo p m en t o f p rep ara tiv e  m e th o d s  b ased  
on new  reac tio n s in v o lv in g  free rad icals. F o r  th ese  chem ists th e  d a ta  published  a n d  c ritica lly  
e v a lu a te d  in th e  p re se n t book will a ffo rd  a good basis for the  s ta r t ,  y e t, th e  n u m b e r o f  such  
persons m ay  n o t be v e ry  high. T he g re a t m a jo r ity  o f sy n th e tic  organic chem ists  u su a lly  face 
th e  ta sk  o f find ing  th e  m o st su itab le  m eth o d  for th e  in tro d u c tio n  of a fu n c tio n al g ro u p  in to  a 
g iven  skeleton . W h e th e r  th is  is done b y  free rad ica l o r o th e r  m echanism  is o f less im p o rta n ce  
e x cep t w hen th e re  is som e reason, e.g., re q u irem en ts  in se lec tiv ity , w hich a u to m a tica lly  ex c ludes 
th e  use  o f ionic reac tions.

K .  L e m p e r t

Philipp G ü t l i c h , Rainer L i n k  a n d  Alfred T r a u t w e i n :

Mössbauer Spectroscopy and Transition Metal Chemistry

(In o rg an ic  C h em istry  C oncepts, Vol. 3.)

S p rin g e r V erlag, B erlin , H eidelberg , New Y ork  1978. 280 pages

T he m o n o g rap h  consists o f 8 c h ap te rs  a n d  co n ta in s  m ore th a n  500 references and  
160 figures.

T he 20 th  a n n iv e rsa ry  of th e  d iscovery  of th e  M össbauer effect was c e leb ra ted  b y  a 
w orkshop  organ ized  by  one of th e  a u th o rs  (P . G ütlich) in A pril, 1977. T h e  spec troscop ic  
m e th o d  based  on th is  effect has developed  a t  an  u n p a ra lle led  ra te  and  its  a p p lic a tio n  is con­
tin u o u s ly  ex ten d in g  in ch em istry , physics, m e ta llu rg y , biology, geology an d  o th e r  sciences. 
T h e  n u m b er of p a p ers  p ub lished  yearly  on top ics o f  M össbauer spectroscopy is th o u sa n d s , and 
p ro b a b ly  several dozens o f m onographs have  been  pu b lish ed  only in th e  R u ss ian  a n d  E n g lish
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lan g u ag es , dealing  w ith  th is  m eth o d . M ost of th ese  bo o k s t r y  to  illu s tra te  th e  possib ly  co m p le te , 
v e ry  w ide  fie ld  o f a p p lic a tio n s  of M össbauer sp ec tro sco p y , on  th e  basis o f m ore or less ex am p les 
a n d  references. T his a im  can  be  ach ieved  w ith  m o re  a n d  m ore  difficulties, hence  i t  m u s t be 
re g a rd e d  v e ry  useful t h a t  P . Gütlich  a n d  his c o -a u th o rs  describe  th e  ap p licab ility  o f th e  
m e th o d  o n ly  in  a specia l, y e t  r a th e r  b ro ad  field , th e  c h e m is try  o f tran s itio n  m etals.

I n  th e  f i r s t  f iv e  c h a p te rs  o f th e  book  th e  p h y sica l fu n d a m e n ta ls  of recoil-free n u c lea r 
re so n an ce  g am m a ab so rp tio n  (M össbauer effect), th e  m o st im p o r ta n t  ch arac te ris tic s  o f M öss­
b a u e r  sp ec tro sco p y  b a se d  on  i t  a n d  th e  tech n iq u es o f m ea su re m e n t are d iscussed. T h e  s ix th  
c h a p te r  in tro d u c es  th e  in te rp re ta tio n  possib ilities o f  th e  M össbauer p a ram ete rs  o f iro n  com ­
p o u n d s  b y  m eans of sev e ra l exam ples. I t  can  c learly  b e  fe lt  w hen read ing  th is  c h a p te r  t h a t  
th e re  is a  ch em ist a n d  a  p h y sic is t e x p ert in  q u a n tu m  c h em istry , too , am ong th e  a u th o rs . 
T h is c h a p te r  gives a lu cid  p ic tu re  a b o u t th e  n a tu re  a n d  im p o rta n ce  of th e  in fo rm a tio n  o b ta in e d  
fro m  th e  M össbauer sp e c tra  reg ard in g  th e  e lec tro n  s tru c tu re , chem ical bo n d s a n d  m ag n e tic  
p ro p e rtie s , a n d  on th e  q u a n tu m  chem ical a p p a ra tu s  re q u ire d  fo r th e  calcu la tions s ta r tin g  fro m  
these  M ö ssbauer p a ra m e te rs .

I n  C h ap te r  7, th e  l ite ra tu re  dealing w ith  th e  M ö ssb au er spec troscopy  o f M össbauer- 
a c tiv e  tra n s it io n  m eta ls  o th e r  th a n  iron, such  as N i, Zn, R u , H f. T a , W , Os, I r ,  P t ,  A u , H g  
iso to p es y ie ld in g  s tro n g e r o r w eaker effects is given.

I n  C h ap te r  5 , th e  a u th o rs  p re sen t a  g roup  of M ö ssbauer spectroscopic in v es tig a tio n s  on 
tra n s it io n  m eta ls  (p r im a rily  on iron), w hich  do n o t  be lo n g  closely to  th e  to p ics o f chem ical 
s tru c tu re  in v es tig a tio n  (so lid -s ta te  reac tio n s, frozen  so lu tio n s , surface ex am in atio n s , m e ta l­
lu rg y , a fte re ffec ts  a n d  b io logy). I t  seems th a t  in  th is  c h a p te r  th e  au th o rs  ab an d o n e d  th e ir  
o rig in a l in te n tio n  to  d eal w ith  a closer fie ld  in s te a d  o f su rv ey in g  th e  full scale of a p p lic ab ility  
o f M ö ssb au er sp ec tro sco p y , a n d  here  th ey  tr ie d  to  show  as m u ch  of th e  use o f th e  m eth o d  as 
possib le . T h is could , h o w ev er, h a rd ly  be ach ieved , p ro b a b ly  because  of th e  lim ited  v o lu m e  of 
th e  b o o k  : th ere fo re , o ften  on ly  re ference is m ade  to  th e  v a rio u s  problem s. T he lis t of re ferences 
a tta c h e d  to  th e  su b c h a p te rs  is o ften  longer th a n  th e  a c tu a l te x t.

T h is  c h a p te r  is su ita b le  p rim arily  fo r fin d in g  l i te ra tu re  fo r th e  various topics.
In  su m m ary , i t  c an  b e  s ta te d  th a t  th e  p re sen t bo o k  rep re sen ts  a m o nograph  u sefu l fo r 

e x p e rts  as well as for re sea rch ers  engaged in  re la te d  fields.

A .  V É R T E S
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ACTA CHIM ICA
TOM  101— В Ы П . 1— 2

РЕЗЮМЕ

Метод восстановительного разложения органических соединений
Л . М А З О Р

Если органические соединения, содержащие гетероэлемент, подвергать нагреву со­
вместно с металлическим калием в вакууме, то протекает небурная реакция и гетероэле­
менты могут быть превращены в соответствующие калиевые соединения. После взаимо­
действия сплава со спиртом и водой ионы определяются соответствующим микроаналите- 
ческим методом. Этот метод может быть использован для микроанализа галогенов, серы, 
фосфора, мышьяка и металлов в органических соединениях.

Фосфиниминовые производные альдопираноз из азидосахавов
Й. К О В А Ч , И . П И Н Т Е Р , Г. Т О Т , А. М ЕССМ ЕР и Ф . С Е Г Е

Реакция Штаудингера для ацетилальдозил азидов была распространена на другие 
азидосахара и приводит к образованию фосфиниминов сахаров. Химическое и конформа- 
ционное поведение фосфиниминов было изучено с помощью их характерных реакций и 
ЯМР спектроскопии, соответственно.

Структура гидратированной пятиокиси сурьмы и механизм 
селективной сорбции натрия

Л . Д Ь . Н А Д Ь , Г. Т Е Р Е К  И Д Ь . Ф О ТИ

Был разработан метод воспроизводимого получения гидратированной пятиокиси 
сурьмы (НАР), оптимального количества, а также метод контроля качества комплекса, 
с той целью, чтобы сорбент выделял натрий из многокомпонентных образцов, активирован­
ных нейтронами, с максимальной селективностью и эффективностью. На основе данных — 
среди прочих других — дериватографических, ИК спектроскопических, рентгенодиффрак- 
ционных и погружно-калориметрических измерений было заключено, что механизм свя­
зывания иона натрия соответствует эквивалентной сорбции.

Молекулярное капсулирование летучих, легко окисляющихся, 
нестабильных душистых веществ с циклодекстринами

Й. С Е Й Т Л И , Л . С Е Н Т Е  и Э. Б А Н К И -Э Л Ё Д

Были получены комплексы включений 25 различных душистых веществ (пряные 
вещества растительного происхождения и летучие масла) с /S-циклодекстрином. Согласно 
результатам газово-хроматографических исследований, содержание эффективного ве­



щества в комплексе включений составляло 8—13%. Исходные компоненты все встроились 
в комплексы, взаимное отношение душистых веществ в комплексе, с точки зрения практи­
ческого использования, в незначительной мере отклоняется от исходного соотношения 
душистых веществ. Факт комплексообразования подтверждался рентгенодиффракцион- 
ными исследованиями, а также исследованиями стабильности. Поглощение кислорода 
полученными комплексами, измеренное с помощью техники Варбурга, составляло около 
10% от поглощения кислорода исходными душистыми веществами. Ароматные вещества не 
испаряются из комплексов вплоть до температуры 160°С, т. о. в обычных условиях хра­
нения летучесть, окисление и разложение под влиянием тепла в значительной степени 
уменьшаются, и тем самым продукт может быть сохранен и использован в течение про­
должительного времени. Комплексы ароматных веществ — это незагрязненные с микро­
биологической точки зрения, стабильные, со стандартным составом, негабаритные, сохра­
няемые в течение продолжительного времени, сразу используемые душистые продукты. 
Благодаря всем этим свойствам они с успехом могут быть использованы в пищевой про­
мышленности.

Производные полиэтиленгликоля как комплексующие реагенты 
и катализ с переносом фазы, III.

Поведение производных полиоксиэтилена в фазовых равновесиях
жидкость-жидкость

Л . Т Ё К Е , Г. т. С А БО  и К . Ш О М О Д И -В Е Р Н Е Р

Для характеристики эффективности полиэфиров в качестве солеэкстрагирующих 
катализаторов были проведены измерения равновесий жидкость-жидкость. Было доказано 
что конечные группы и средний молекулярный вес линейных полиэфиров определяют его 
каталитическую силу в переносе фазы.

Флавоноиды, XXXIII.

Реакция дибромидов 2’-(Ш-халконов с циклогеклиламинок.
Синтез халконазиридинов и их превращения

Д Ь . Л И Т К Е И , т. М Е Ш Т Е Р , Т . П А Т О Н А И  и Р . Б О Г Н А Р

2’-ОИ-Халкон (1а), дибромиды халкона (2 а , Ь) а также d-бромхалкон (З а )  с цикло- 
гексиламином дают смесь цис-(4 а , Ь) и /лранс-азиридинов (7 а , Ь). Соединение 7а не стабиль­
но и спонтанно превращается в таутомерный энамин (6 а).

Реакция 4 а  с основанием или обработка 4Ь трифторуксусной кислотой приводит к 
образованию аурона (9), а взаимодействие соединений 6 а  или 7Ь с основанием или эфира- 
том фтористого бора дает в качестве основного продукта 3-циклогексиламинофлаванон (11) 

Экспериментальные данные подтвердили правиуьность механизма, полагаемого
ранее.

Стереохимические исследования, XXXV. Насьщенные гетероциклы, XII.

Синтез и спектроскопическое исследование цпс-триметилен-, ц и с-  и 
т р а н с -тетра- и пентаметилен-2, 3,5, 6-тетрагидро-1, З-оксазин-4-онов

Г. Б Е Р Н А Т , Ф . Ф Ю Л  Ё П , Д Ь . Е Р К О В И Ч  и  П . Ш О Х А Р

Из цпс-2-гидрокси-1-циклопентанкарбоксимида, а также цис- и транс-2-гидрокси-1- 
циклогексан- и 1-циклопентанкарбоксамидов (1а—е) с помощью п-хлорбензалдегида были 
получены 2-(п-хлорфенил)-щ;с-5,6-триметилен-, цис- и транс-5,6-тетра- и пентаметилен-
2,3,5,6-тетрагидро-1,3-оксазин-4-оны. В тех же самых условиях /л/щнс-2-гидрокси-1-



циклопентанкарбоксамид не дает циклического продукта. Из предыдущих алицикличес- 
ких 2-гидрокси-1-карбоксамидов с помощью ацетона или алициклических кетонов были 
получены 2-замещенные тетрагидрооксазиновые производные (4а, Ь, 5а е). Реакция 
2-гидрокси-1-карбоксамидов (1 а -  е) с параформальдегидом приводит и образованию 
производных бис-тетрагидроксазинона с метиленовым мостиком. На основе спектров 
ЯМР—Н1 были установлены предпочитаемые конформации цыс-изомеров последних со­
единений. Обсуждаются результаты масс-спектрографических исследований этих соеди­
нений.

Реакция хромоноидов с нуклеофильными реагентами, 1.

Разрыв пиронового кольца производных хромона в водной щелочи
М. Ж У Г А , В. С А БО , Ф . П О Р О Д И  и А. К И Ш

Был исследован разрыв кольца хромона, флавона, изофлавона, 3-метилхромона 
и 3-феноксихромона в водной щелочи.

Раскрытие кольца начинается изоэнтропийным нуклеофильным присоединением типа 
AdN2, которое, в свою очередь, является ступенью, лимитирующей скорость процесса. 
Карбонион (II) затем стабилизируется в согласии с равновесием HI IV. Константа 
скорости разрыва кольца находится в линейной корреляции с константой термодинами­
ческого протонирования карбонильной группы у-пиронового кольца, что указывает на то, 
что электронная плотность на С-2 сильно зависит от электронного распределения в кар­
бонильной группе.

Стереоселективный гидрогенолиз бензилиденовых ацеталей 
типа диоксалана.

Синтез частично замещенных производных галактропиранозида
А. Л И П Т А К , л. Я Н О Ш И , Й . И М Р Е  и П . Н А Н А Ш И

Частично бензилированные или частично бензилированные и метилированные про­
изводные а- и /í-D-галактопиранозидов были получены гидрогенолизом экзо- и эндо-изоме­
ров 3,4-0-бензилиден-а- и /1-п-галактопиранозидов. Экзо-изомеры дают соответствующие
3- 0-бензил-4-гидрокси-производные, в то время как для эндо-изомеров были получены
4- 0-бензил-З-гидрокси-аналоги во всех случаях. Для гидрогенолиза ацеталей, содержащих 
незамещенную гидроксильную труппу, полагалась изомеризация в слабой степени, зави­
сящая от времени протекания реакции и избытка реагента. Метод гидрогенолиза пред­
ставляет собой удобный путь определения экзо- или эндо-конфигураций бензилиденовых 
ацеталей типа диоксалана, даже при наличии лишь одного из двух изомеров.

Фотоелектролиз воды полупроводниковыми електродами
Т . П А Й К О Ш И , И . М О Л Ь Н А Р , М. П А Л Ь Ф И  и Р. Ш И Л Л Е Р

Был исследован эффект освещения полупроводниковых электродов в электролизе 
воды. В качестве возможных фотоактивных электродов были исследованы полупроводни­
ковые вещества CdS — типа-п, CdTe — типа-л и р  и окись железа — типа-л. Измеряя их 
вольтаметрическое поведение в зависимости от состава электролита как при освещении, так 
и в темноте, наблюдалось уменьшение тока и смещение кривой ток-напряжение вследствие 
падающего света. Были определены эффекты интенсивности и длины волны света на ста­
бильность электродов. CdS и CdTe быстро корродируются, в то время как окись железа 
оказалась стабильным фотоанодом в электролизе воды. Ее эффективность превращения бе­
лого света в электричество равна около 1%.



Корреляция между поличением и каталитическими свойствами 
катализатора PtFe/Si02

Л .  Г У Ц И , к. М А Т У Ш ЕК , Й . М А Р Г И Т Ф А Л В И , М. Э С Т Е Р Л Е  и  Ф . Т И Л Л

Органометаллический [Pt(CH3)3Cl, обозначаемый А] и ионный [Pt(NH3) í2, обозна­
чаемый В] платиновые комплексы были использованы для приготовления высоко диспер­
гированных платиновых катализаторов, нанесенных на окись алюминия. В случае А 
количество алкильного комплекса сильно зависит от экспериментальных условий, таких 
как растворитель и предварительная обработка носителя. В дает катализатор с более вы­
сокой дисперсностью и с более высокой металлической загрузкой, чем в случае А. Исполь­
зуя различные источники платины, можно оказывать влияние не только на число атомов 
металла, но и природа этих мест также зависит от используемого комплекса платины. Для 
приготовления биметаллических катализаторов было использовано железо в различных 
формах, в результате чего был разработан неилучший способ приготовления. На основе 
TT— MC исследований, спектров Мёссбауэра, а также хемосорбционных исследований были 
получены доказательства металлического взаимодействия между двумя металлами. Бы­
ла найдена корреляция между концентрацией атомов металла на поверхности и скоростью 
гидрогенолиза этана и н-бутана. Добавки железа влияют на внутреннюю активность плати­
ны, однако, значительные отклонения от этого поведения наблюдались лишь при высоких 
загрузках железа.

Циклоаддукты дигидропирана, III

Реакции циклопентанонэнаминов с бензилиденкетонами
Д Ь . О С Б А Х , Д .  СА БО  и М. Е . ВИ ТА И

Циклопентанонэнамины с бензилиденацетофеноном дают аддукты типа Михаэля, в то 
время как с бензилиденциклогексанонами — даже в очень мягких условиях — образуются 
циклопентапираны. Заключения относительно пространственной структуры могут быть 
сделаны, исходя из продуктов их гидролиза.

Комплексное исследование промежуточных продуктов разложения 
паравольфрамата аммония

Л .  Б А Р Т А , Д Ь . Д Ь А Р М А Т И , Б .  А . К И Ш , Т . Н Е М Е Т , А. Ш А Л А М О Н  и Т . СА ЛА И

Синяя окись — промежуточный продукт термического разложения паравольфра- 
чата аммония (APT • 5Н20) — была исследована с помощью рентгено-диффракционного 
анализа, ИК спектроскопии, pH-метрии ионообменных реакций и измерением окислитель­
но-восстановительных потенциальов. Была вайдена связь между фазовым состоянием и 
химическим поведением.

Утвержаедся присутствие тетрагональной водородной бронзы вольфрама и гекса­
гональной, смешанной с аммонийноводородной бронзы вольфрама; химическая реактив­
ность синей окиси связана с ними.

Исследование пвоцессов атомизации олова в различных атомизаторах
и влияние меди

Ф. Г. Х А Р Ш А Н И , Л . ПО ЛО Ш  и Э. П У Н Г О Р

Изучали процессы атомизации олова в смесях ацетилена с двуокисью азота, водо­
рода с воздухом и водорода с азотом. Было установлено, что химические реакции, с участи­
ем водородных радикалов, играют важную роль при образовании свободных атомов олова. 
Было исследовано влияние медной матрицы и анионов на определение олова в графитной 
печи. Установили, что, если олово присутствует в виде хлорида, то медь катализирует 
окисление олова.



I

Новые методы контроля в химической кожевенной промышленности. I
Г. ТОТ, Й. ВАЙДА и В. ПОША

Рассматриваются такие методы контроля производства, которые могут быть успешно 
использованы в зольных цехах больших кожевенных заводов.

Понижение содержания гидратной воды сырых кож, консервированных солью, 
сопровождается более трудной замочкой несмотря на то, что растворение соли ускоряется. 
Для контроля замочки сырых кож более пригодным является определение содержания 
сухого материала в коже, нежели ранее используемый, так наз., «мочильный вес».

Контроль отзола ведется на основе определния концентрации Na2S, отношения 
SH : ОН, натяжения голья, а также эффектов деструкции ворса и растворения белков.

Обсуждается присоединение различных зольных веществ, и их вымачивание, а 
также была получена зависимость между натяжением голья и потерей белков. Привод­
ятся эксперименты относительно ослабления так наз. «хиалин» слоя, а также его полной 
деструкции в концентрированных растворах Na2S, что очень важно с точки зрения тощести 
лицевой стороны мягкой кожи.

Новейшие данные относительно реакции тиолсульфоновых 
эфиров со щелочными галогенидами

я. Л А З А Р  и Э. В И Н К Л Е Р

Тиолсульфонаты под влиянием галоидов или роданида натрия в диметилформамид- 
ном растворе превращаются в дисульфиды и натриевую соль сульфоновой кислоты. Ме­
ханизм реакции описывается тремя последовательными и параллельными реакциями 
подтвердается литературными данными и модельными экспериментами. Первая реакция -  
это нуклеофильное расщепление тиолсульфонатов:

Ar—S 0 2— S—Ar +  N a X ---- »- Ar—S —X  +  A r—S 0 2N a (I)

Вторая реакция — это электрофильная реакция исходного тиолсульфоната с образовав­
шимся в реакции (I) сульфениловым соединением:

Аг—S 0 2—S —Ar +  Ar—S—X  *  A r— S — S —A r +  Ar—S 0 2X  (H I)

Третья реакция — это взаимодействие сульфинатной соли, образующейся в первой реак­
ции, с сульфониловым соединением, образующимся во второй реакции:

А г—S O ,X  +  ЗА г—S O .N a  ► A r - S 0 2— S - A r  +  A r - S O .N a  +  N a X  (IV )

Конечные продукты реакции обведены).

Применение термоэлектрического метода в исследовании фазовых 
переходов солей жирных кислот

т. М Е Й З Е Л , К . Ш Е Й Б О Л Ь Д  и Й. РОТ

Приводятся некоторые примеры применения термоэлектрического метода. С по­
мощью этого метода для соединений в смектической мезофазе были определены и качествен­
но интерпретированы специальные аномалии проводимости и эффект мемории.
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Моделирование процессов жидкофазного окисления углеводородов
Д . Г А Л , Л .  Б О Т А Р , Е . Д А Н О Ц И , П . Х А Й Д У , Й . Л У К А Ч , И . Н Е М Е Ш  и Т . В И Д О Ц И

Для оптимализации исследований процессов жидкофазного окисления углеводоро­
дов предлагается модельная процедура. Процедура смонтирована в трех черных короках. 
Назначение первой коробки заключается в ориентировочнойинформациина основе данных, 
взятых из литературы.

Сбор данных ведет непосредственно к планированию экспериментов, включая иссле­
дование суммарного процесса, а также субсистем и элементарных процессов.

Третья коробка относится к кинетически-математической обработке данных, полу­
ченных ранее.

Окисление этилбензола служит прототипом моделирования. Результаты, опублико­
ванные ранее в различных журналах, суммированы.
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ELECTROCHEMICAL BEHAVIOUR 
OF ETHYLENE GLYCOL AND ITS OXIDATION PRODUCTS 

ON A PLATINUM ELECTRODE, V
E X P E R IM E N T A L  ST U D Y  O F  E L E C T R O -O X ID A T IO N  A N D  O X ID A T IO N  P R O D U C T S  

O F  G L Y C O L A L D E H Y D E  A N D  G LY C O LIC  ACID

G y . I n z e l t  and G y . H o r á n y i 1

( D epartm ent o f  P hysica l C hem istry and R adio logy, Eötvös Loránd U niversity , B u d a p est, 
lCentral Research In s titu te  fo r  Chemistry o f  the H u n g a r ia n  Academ y o f Sciences, B udapest)

R eceived  A pril 13, 1978 

A ccep ted  fo r p u b lica tio n  A u g u s t 24, 1978

T he e lec tro -o x id a tio n s of glycolic ac id  a n d  glycolaldehyde w ere  s tu d ie d  on 
a  p la tin ized  p la tin u m  electrode in  M  H C 104 b a ck g ro u n d  e lectro ly te . T w o s te p s  m ay  
b e  observed  in  th e  in it ia l  section  of th e  s te a d y -s ta te  p o ten tio s ta tic  p o la r iza tio n  curves. 
T his fe a tu re  w as also d isp layed  in  th e  p o la r iz a tio n  curves o f g lyoxal a n d  g lyoxalic  
acid , s tu d ied  p rev io u sly . B y  analogy, in  th e  p re se n t case too i t  is a ssu m ed  th a t  th e  
occurrence o f th e  step s m ay  be exp lained  in  p a r t  b y  th e  in h ib ito ry  effect d u e  to  chem i­
so rp tio n , a n d  in  p a r t  to  a change in  th e  d e p th  of ox idation . T he re su lts  o f  va rio u s 
an a ly tic a l m e th o d s  led  to  th e  find ing  t h a t  a  process involving a ch arg e  tra n s fe r  of 
2 F  pe r m ol p re d o m in a te s  a t  n o t too h ig h  p o te n tia ls  in th e  case o f g ly co la ld eh y d e . 
C onsequently , m a in ly  g lyoxal w ith  less g lyco lic  acid  is form ed. W ith  th e  in crease  o f 
th e  p o ten tia l, o xa lic  acid  is to  be fo u n d  in  e v e r  h ig h er p roportions am ong  th e  p ro d u c ts  
in  th e  so lu tion  p h ase , an d  a t  p o ten tia ls  c o rre sp o n d in g  to  th e  second s tep  c a rb o n  d ioxide 
will be  th e  e n d -p ro d u c t o f th e  reaction .

In  th e  p o te n tia l  in te rv a l co rresp o n d in g  to  th e  f irs t step in th e  case  o f glycolic 
acid, g lyoxalic  ac id  a n d  oxalic acid  a re  to  be  fo u n d  in  th e  so lu tion , w hile  a t  th e  p o te n ­
tia ls co rresp o n d in g  to  th e  second step  th e  fo rm a tio n  of carbon  dioxide s im ila rly  com es 
in to  th e  fo reg ro u n d .

In previous publications we dealt w ith  questions of the o x id ation  o f  
glyoxal and g lyoxalic acid [1—3]. It w as assum ed of both com pounds th at 
th ey  are interm ediates o f  the to ta l electro-oxidation  of ethylene g lyco l, lead­
ing to  oxalic acid and then  carbon dioxide. In  th e  present publication , in an 
attem pt to confirm  th e  assumed oxidation  schem e, we deal w ith  a stu d y  of 
the products form ed in the electro-oxidation  o f glycolaldehyde and glycolic  
acid, and w ith the polarization properties o f  these compounds.

The nature o f the products, and th e  ratios o f the different products, 
m ay vary to a considerable extent w ith  th e  electrode potential. To elucidate  
the m echanism  o f the oxidation process, it  appears indispensable to  establish  
the connection betw een the electrode p o ten tia l and the change in th e  product 
com position. Few  data relating to this are available in the literature, and even  
th ese cannot he regarded as free of contradictions. The d ifficulty is prim arily  
caused by the fact th at compounds fairly sim ilar in chemical behaviour m ust 
be detected and determ ined in the presence o f  one another in order th a t the
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steps o f  th e  oxidation m ay be identified . A ccordingly, it was regarded as one  
of our e ssen tia l tasks to  select or elaborate appropriate analytical procedures.

I t  m u st additionally be noted  that earlier investigations [4—6] w ere  
prim arily directed  towards th e  establishm ent o f  th e  main regularities charac­
teristic  o f  th e  strong chem isorption o f these com pounds. The in vestiga tion s  
of such  a nature were generally based on th e  assum ption that th e  stron g ly  
(irreversib ly) chemisorbed m olecules p lay a k ey  role in the stea d y -sta te  
ox id ation  processes. An ever increasing num ber o f signs now indicate th a t th e  
strong chem isorption and th e  oxidation o f th e  chemisorbed m olecules is 
probab ly  o n ly  a parallel reaction  pathw ay to  th e  chem ically well d istingu ish ­
able p rocess resulting in th e  in teim ed iates. T he phenom ena observed in  th e  
o x id a tio n  o f  glyoxal and g lyoxalic acid w ere interpreted in th e  previous  
p u b lication  in  this way. In th e  cases of oxalic acid  and glycolic acid, ex p er i­
m ental ev id en ce  too is available w ith  regard to  w ell distinguishable reversible  
adsorption  [7, 8]. Overall, therefore, we ten d  to  place the em phasis n o t on  
w hat transform ations the chem isorbed m olecules m ay undergo, but on w h at  
com p on en ts appear in the solution  phase. N atu ra lly , it is still necessary to  
take in to  account the literature data relating to  th e  composition and tra n s­
form ation  o f  the strongly chem isorbed m olecules, so that the reaction p a th ­
w ay proceed in g  via chem isorption m ay be d ifferentiated more clearly from  
the o th er  reactions.

Experim ental

A . Electrochemical investigation methods

T h e  p o la riza tio n  m easu rem en ts  w ere m ade as re p o r te d  in  earlier p u b lica tio n s , in  M  
H C104 b a c k g ro u n d  e lectro ly te. F o r  p u rp o ses o f ana ly sis  th e  p ro d u c ts  were p re p are d  in  a  cell 
w ith  a  c y lin d r ic a l  p la tin ized  p la t in u m  m ain  e lectro d e , h a v in g  a geom etrical su rface  a rea  
o f 160 c m 2. T h e  au x iliary  e lectrode  p lac ed  in to  th e  c e n te r  o f th e  cy linder fo rm ed b y  th e  m ain  
e lec tro d e  w a s  se lec ted  so as to  h av e  a  su rface  a rea  a b o u t  tw o  orders o f m ag n itu d e  lo w er th a n  
th a t  o f  th e  m a in  electrode. T h e  m ain  a n d  a u x ilia ry  e le c tro d e  co m p artm en ts  w ere s e p a ra te d  
by  a  g lass  f i l te r .  B ecause of th e  low  su rface  a rea  o f  th e  a u x ilia ry  electrode, th e  re d u c tio n  o f 
o x id a tio n  p ro d u c ts  possibly d iffusing  th ro u g h  th e  glass f i l te r  cou ld  n o t have  been  a p p rec iab le , 
an d  h e n c e  p ra c tic a lly  only h y d ro g en  evolved , on th e  a u x ilia ry  electrode du ring  th e  a n o d ic  
p o la r iz a tio n  o f  th e  m ain  electrode.

B . A n a ly tic a l investigation methods

T h e  m e th o d s  em ployed fo r th e  d e te c tio n  an d  q u a n ti ta t iv e  d e te rm in a tio n  of th e  p ro d u c ts  
of th e  in d iv id u a l  reactions a re  l is te d  below .

( a )  O xalic acid
O x a lic  a c id ’w a s 'd e te rm in e d  b y  th e  m eth o d  re p o r te d  prev iously  [9].

(b )  Glycolaldehyde
G ly c o la ld eh y d e  was d e te rm in e d  b y  th e  F e h l in g — Schoorl m eth o d  m o d ified  in  a cc o r­

dan ce  w i th  o u r  pu rposes [10]. T h is m e th o d  in  effect se rv es  fo r th e  d e te rm in a tio n  of su g a rs . 
G ly c o la ld eh y d e  is a com pound e sse n tia lly  analogous w ith  sugars, an d  i t  is k n o w n  [11] to  
give th e  F e h lin g  reac tion . In  o u r case i t  h a d  to  be  ta k e n  in to  co n sid era tio n  th a t  e th y len e  g lyco l,
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glyoxal, and glyoxalic acid are also present in the examined solution, in’addition to glycolalde- 
hyde. Ethylene glycol and glyoxal do not give the Fehling reaction. In contrast, if the reaction 
mixture is boiled in the usual manner, glyoxalic acid reduces the Fehling solution to a slight 
extent, and its presence m ay therefore interfere with the determination. To avoid this, boil­
ing must be avoided. In our experience, in the case of glycoladehyde the reaction proceeds 
rapidly at 40—50 CC, but glyoxalic acid reacts only very slowly at such temperatures. Simi­
larly as for sugars, a strict stoichiometric correlation cannot be established between the amount 
of glycolaldehyde and the Cu20  precipitated, because of the side-reactions (e.g. the Cannizzaro 
reaction), and it is necessary to prepare a calibration curve or a table. Accordingly, the deter­
mination was carried out as follows.

2—15 cm3 Fehling II solution (346 g potassium sodium tartarate and 100 g NaOH 
dissolved in distilled water and the solution made up to 1 liter) was added to 2 —15 cm3 Fehling 
I solution (69.28 g CuSOj • 5H20  dissolved in distilled water and the solution made up to 1 
liter). An appropriately selected quantity (2—10 cm3) of the sample, neutralized with 1 Af 
NaOH, was added to the reagent. The reaction mixture was heated mildly (40— 50 °C). As 
mentioned above, boiling was avoided, as any glyoxalic acid present also consumes the reagent. 
(Otherwise, conclusions as to the glyoxalic acid content can be drawn from the difference 
between the results given by the boiled and the mildly heated samples, but the determina­
tion of glyoxalic acid is less accurate, since, depending on the concentration, the efficiency 
of this reaction is 10—30% compared to that for glycolaldehyde.)

The reaction mixture was quickly cooled to 25 °C, 1 — 5 g KI was added, and the solu­
tion was acidified with sulfuric acid. The liberated iodine was titrated with 0.01 or 0.1 N  
Na2S20 3 until the mixture was pale-yellow. After the addition of 2 ml starch solution, the 
titration was continued until the blue colour had disappeared. B y comparison with a calibra­
tion diagram similarly prepared, the glycolaldehyde concentration of the sample was obtain­
ed with an accuracy of 2 —6%. The determination is not disturbed by  ethylene glycol, or 
by its other oxidation products (glyoxal glycolic acid, oxalic acid).

(c ) Glycolic acid
Glycolic acid was detected by paper chromatography With ammonia -  water -  ethanol 

(1:3:16) as developing mixture in ascending chromatography on W hatman-1 paper, glycolic 
acid is well separated from the other components, and can be developed w ith 1% acidic KMn04 
solution. A butanone -  acetone -  water -  formic acid (40:2:6:1) mixture can also be employed 
effectively in a descending chromatography procedure. Details on these procedures are to be 
found in the literature [12].

(d )  Glyoxal
A reaction described in the literature pi3) was utilized for the qualitative detection of 

glyoxal. A little freshly sublimed o-aminophenol and CaO were added to a few drops of the 
solution under examination. The presence of glyoxal was indicated by a red colour. With given 
reagent and sample proportions, there is a possibility for a rough estimation of the concentra­
tion of glyoxal on the basis of the intensity of the colour, with the aid of a suitable comparative 
series.

(e ) Glyoxalic acid
The glyoxalic acid intermediate was isolated frem ereorg the oxidation products о 

glycolic acid, in the form of its dinitrophenylhydrazone. 0.1 g dinitrcphenylhydrazine dissolved 
in 10 ml of 50% sulfuric acid was added to a 10—20 ml sample, with a concentration of at least 
10-2  mol/dm3 as regards glyoxalic acid. Depending on the glyoxalic acid concentration, a 
yellow crystalline precipitate separated out after a shorter or a longer time. The melting point 
determined after filtration, washing and drying was compared with the literature melting 
point value and with the melting point of the phenylhydrazore precipitated from pure glyoxal­
ic acid. (The melting point of the phenylhydrazore precipitated from among the oxidation 
products of glycolic acid was 193— 195 °C and 192 —194 CC for two different samples; that 
for the phenylhydrazone prepared from pure glyoxalic acid was 192— 194 °C: and the literature 
values [14] were 190 — 200 °C.) In our experience, the solubility of the dinitrophenylhydrazone 
of glyoxalic acid is relatively high, and there was therefore no possibility for the quantitative 
determination of glyoxalic acid in the form of its dinitrepherylhydrozone.
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Results

T h e  technique used to  record  the polarization curves was the sam e as 
th a t em p lo y ed  in the cases o f  g ly o x a l and glyoxalic acid [1 — 3]. Just as in  
th e  p rev io u s  investigations, th e  variation  of the rate o f  oxidation  w ith  the  
co n cen tra tio n  was studied b y  in creasin g  the concentration  b y  addition o f the  
com p ou n d  in  question at each g iv en  potential.

A. Polarization properties of glycolic acid

C urve a in Fig. 1 is th e  polarization  curve o f g lycolic acid, recorded at 
a g iv en  concentration w ith th e  sta tion ary  potentiostatic m ethod. An appreci­
able d ifferen ce  is not observed in  th e  natures and form s o f  th e  curves recorded 
at d ifferen t concentrations. S im ila r ly  to  the electro-oxidation  o f other organic 
su b sta n ces, th e  shapes of th e  p o ten tio sta tic  polarization curves are not in ­
d ep en d en t o f  the direction o f th e  recording, i.e. a h ysteresis can be observed. 
This is  illu stra ted  by curve b o f  F ig . 1. The cause o f th e  hysteresis is th e  irrevers­
ible a d sorp tion  of oxygen. I t  is  strik in g  in curve b o f  F ig . 1 th at in  a wide 
p o ten tia l in terval the rate o f  o x id a tio n  is practically n eglig ib ly  sm all. From  
th is, th e  conclusion may be draw n th a t the oxidation o f  glycolic acid on the  
already developed  surface ox id e la y er  is an inhibited process, and the proba­
b ility  o f  d irect reaction of th e  su rface  oxides and g lycolic  acid is also slight. 
The in crea se  o f  the current at p o ten tia ls  more n egative  than  900 mV can be 
exp la in ed  unam biguously b y  th e  electrochem ical reduction  o f th e  oxide layer.

Fig. 1. Polarization curve of glycolic acid (1 .25x10  1 mol/dm3). Recording in direction of 
(a )  increasing, (b )  decreasing potentials
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In contrast -with th e  tw o compounds in vestigated  previously (g lyoxal and 
glyoxalic acid), a m axim um  can be observed on th e  polarization curve recorded  
in the direction o f increasing potentials. T his phenomenon can alw ays be 
observed by the increase o f the potentia l in  th e  case of the oxidation  o f alco­
hols, because o f  the inhibitory effect o f  th e  ever more significant oxygen  
adsorption. A ccordingly, the appearance o f  th e  m axim um  cannot be regarded  
as surprising, for in  th e  case o f glycolic acid (at least as the first step) there  
can hardly be any possible alternative to  the oxidation  of the alcoholic h ydroxy  
group. The further rise in  the polarization curve, following the m axim um  and 
then the m inim um , can be interpreted b y  th e  opening o f a new  reaction path. 
In the follow ing w e shall exam ine only th ose  phenom ena w hich occur in the  
potential in terval prior to  the m axim um . In  th is section, tw o steps are to  be 
found on the polarization curve, sim ilarly as in  the cases o f g lyoxal and g ly ­
oxalic acid. For th ese  com pounds, th e  occurrence of the steps was explained  
in that the increase o f th e  potential leads to  th e  removal o f th e  chem isorbed  
molecules exerting th e  inhibitory effect (step 1), and to  a change in th e  depth  
of the oxidation (step 2). It m ay be presum ed that this is also the situation  
in the case o f glycolic acid, but this question  can be decided only  in th e  know l­
edge o f the change in the com position o f th e  products w ith  th e  variation  of 
the potential. Our exam inations o f th is nature are reported in the folllow ing  
section. H ow ever, th e  sim ilarity is m anifested  not only in th e  shapes o f the  
polarization curves, but also in the concentration-dependence o f  the oxidation  
current. Figure 2 presents current (i ) vs. concentration  (c) curves recorded at 
different potentia ls. W hen the related current and concentration values are 
plotted in the form  1/i vs. 1/c, as in F ig. 3, straight lines are obtained, i.e. 
it m ay be concluded th at adsorption conditions o f Langmuir ty p e  prevail.

c«102 ( mol dm 3)

Fig. 2. Variation of the rate of oxidation of glycolic acid with the concentration at different 
potentials; (1) 600; (2) 700; (3) 800; (4) 900; (5) 1000 mV
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T  (dm3m o l‘1)

F ig . 3. D ata of Fig. 2 plotted as 1/i vs. 1/c. (1) 600; (2) 700; (3) 800; (4) 900; (5) 1000 mV

B. Chemism o f  the oxidation of glycolic acid

It w as earlier dem onstrated [1] th at, under the same experim ental 
cond itions, o f  all the tw o carbon atom -containing oxidation  products o f  e th y l­
ene g lyco l (w ith  the exception  o f oxalic acid) glycolic acid is oxidized th e  m ost 
slow ly at potentia ls more n egative  than 800 mV. This also emerges from a com ­
parison o f  th e  polarization curve given in the preceding section and th e  polar­
ization  curves relating to  g lyoxa l and glyoxalic acid, reported previously [1].

In  th e  course of the ox id ation  o f glycolic acid at 600—800 mV, various  
am ounts o f  glyoxalic acid and oxalic acid can be detected , depending on th e  
duration o f  th e  electrolysis. A bove 800 mV, an in ten sive evolution o f carbon  
dioxide can  be observed. The form ation o f carbon dioxide is also apparent 
at lower potentia ls; in th is case th e  phenom enon can presum ably be attributed  
to  th e  to ta l oxidation o f th e  chem isorbed m olecules, sim ilarly as observed for 
glyoxalic  acid .

On th e  above basis, th e  reaction  series

H O C H a-C O O H  — O H C -C O O H  — H O O C -C O O H  — 2C 02

m ay be assum ed for the com plete oxidation  o f glycolic acid. To check th is  
assum ption , th e  current y ield  referring to  oxalic acid was exam ined at d ifferent 
poten tia ls. T he electrolysis was continued for such a tim e that at m ost 5 — 10%  
of th e  in itia l quantity o f g lycolic acid should undergo transform ation. The  
am ount o f  oxa lic  acid form ed in  th e  solution  was determ ined by the m ethod  
given in  th e  Experim ental section . The current y ield  referring to  oxalic acid  
is presented as a function o f th e  p oten tia l in curve a o f  Fig. 4.
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E (mV)

F ig . 4. (a )  Current yield referring to oxalic acid in the case of the oxidation of glycolic acid, 
as a function of the potential, (b) Current yield referring to carbon dioxide during the oxida­

tion of glycolic acid, as a function of the potential

It emerges from the F igure th at even at 600 mV oxalic acid is formed to  
a considerable ex ten t. At th e  sam e tim e, the d in itrophenylhydrazone o f  glyox- 
alic acid can also be precip itated  from solution  w ith  dinitrophenylhydrazine. 
In  essence, therefore, the s itu a tion  is th at a part o f  the glyoxalic acid formed  
is converted fa irly  rapidly to  oxalic acid. This is otherw ise in agreem ent w ith  
th e  fact th a t at the potentia ls in  question th e  rate o f oxidation  o f glyoxalic  
acid is higher than  that o f g lycolic acid.

At 8 0 0 —900 mV, how ever, the current y ield  referring to  oxalic acid 
decreases sign ificantly . A sim ilar phenom enon w as observed during th e  study  
o f the oxidation o f glyoxalic acid  [2, 3]. In  the case o f  glyoxalic acid the current 
yie ld  referring to  oxalic acid at 600 mV was 90 — 95% ; above 750—800 mV  
th is  becam e sm aller and sm aller w ith the increase o f  the potentia l. The pheno­
m enon can be explained clearly  b y  the oxidation  o f oxalic acid. It is obvious 
th a t this is also th e  situation  in  th e  case o f glycolic acid. All th is  is w ell illu s­
trated  by the potential-dependence o f  the current y ield  referring to carbon  
dioxide, show n in curve b o f  F ig. 4.

C. Polarization properties of  glycolaldehyde

Figure 5 presents a polarization curve recorded at relatively  high glycol­
aldehyde concentration. H ere too the phenom enon o f hysteresis is exhibited . 
Two steps are again to  be found before the m axim um  in the polarization curve 
recorded in the direction o f  increasing potentia ls. The existence o f th e  m ax­
im um  at th e  sam e tim e perm its the conclusion th at the oxidation  o f th e
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F ig . 5 . Polarization curve of glycolaldehyde (2 X 10—1 mol/dm3) recorded in the direction of 
( a )  increasing, ( b)  decreasing potentials, ( c )  polarization curve at a concentration of

2X 10- 2 mol/dm3

— CH2O H  group too plays a role in the reaction, i.e. it  is not probable th a t the  
o x id a tio n  is restricted ex c lu sive ly  or prim arily to  the aldehyde group. In the  
case o f  glycolaldehyde th e  shapes o f the polarization curves are b y  no means 
in d ep en d en t of the concentration. This follow s from a comparison o f curves a 
and c in  F ig . 5. The definite appearance o f the tw o steps can be observed only  
at concentrations much higher than  1 0 ~ 2 m ol/dm 3. A t lower concentrations 
a com p aratively  long p lateau is obtained instead of th e  second step in  a wide 
p o ten tia l interval, i vs. c and 1/i vs. 1/c curves recorded in th is  concentration  
range are presented in Figs 6 and 7. These curves do not differ as regards their 
natures from  those presented for glycolic acid, and the 1/i vs. 1/c p lo t is again 
linear to  a good approxim ation.

D. Chemism o f  the oxidation of glycolaldehyde

In  th e  oxidation o f g lycola ldehyde we are prim arily faced w ith  th e  prob­
lem  th a t  th e  first step o f  th e  ox id ation  m ay occur in  tw o w ays, as illustrated  
in th e  fo llow ing reaction schem e:

„ O H C -C H O  v ca /  \  5
HOCH2-C H C F <H O O € -C H O

4 IO C H „ -C O O IF
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2 4 6 8 10 12 14 16 18 20
c»103 (mol dm"3)

Fig. 6. V a ria tio n  of th e  r a te  o f  o x id a tio n  of g lyco la ldehyde  w ith  th e  c o n c e n tra tio n  a t  d ifferent 
p o te n tia ls ;  (1) 600; (2) 700; (3) 800; (4) 1000 mV

F ig. 7. D a ta  o f F ig . 6 p lo tte d  as 1/i vs. 1/c; (1) 600; (2) 700; (3) 800; (4) 1000 mV

R eaction  steps 5 and 6 h ave already been exam ined in the present and previous 
publications, and there is no doubt as to  their reality . W e also know that 
the rate o f transform ation via reaction 5 is higher in general th an  that via 
reaction 6. We w ere unable to  develop a suitable procedure for quantitative  
exam ination o f th e  products, i.e. for quantitative determ ination  o f glyoxal 
and glycolic acid. B y  th e  tests described in the M ethods section , however, it
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w as estab lished  that both  g ly o x a l and glycolic acid  are formed in th e  course 
o f  th e  reaction. As already m entioned , with th e  aid  o f  an appropriate calibra­
tio n  series there is a p o ssib ility  for the estim ation  o f the am ount o f  g lyoxal 
form ed , on the basis o f  th e  in te n s ity  of the colour produced in  the o-am ino- 
p h en o l te s t . Conclusions m ay  also be drawn as to  th e  q u an tity  o f glycolic acid, 
on th e  basis of the paper chrom atographic analysis. O verall, it  could be estab ­
lish ed  th a t  step 3 plays a su b stan tia lly  greater role th an  reaction 4 in the trans­
form ation . A comparison o f th e  polarization curves reveals th at the currents 
m easured  in  the oxidation o f  glycolaldehyde are generally  larger than th ose  
fou n d  in  th e  case of g lyoxal, an d  substantially larger than those determ ined  
for g ly co lic  acid. Clearly, th is  can  only be exp la ined  in  th at the sum o f th e  
rates o f  steps 3 and 4 (i.e. predom inantly the rate o f  step  3) is larger than the  
rates o f  th e  subsequent reaction s, i.e. the in itia l section  o f the polarization  
curve o f  glycolaldehyde reflects  the rates corresponding to reaction steps 3 
and 4 . T o prove this, we m ade a stu d y  of the variation  (decrease) o f  the g lycol­
a ld eh yd e concentration as a fu n ction  of the charge passing through the system . 
The average charge necessary for the transform ation o f  1 mol glycolaldehyde  
can de determ ined from th e experim ental data. I t  em erged th at in the potentia l 
in terv a l o f  600 — 700 mV th e  consum ption of an average charge o f only 2.2 — 
2 .4F  per m ol must be reckoned w ith , even if  som e 30 — 50%  of the initial quan­
t i ty  o f  glycolaldehyde undergoes transform ation.

In  th ese  experim ents th e  variation  of th e  concentration  o f oxalic acid  
was also exam ined. It  w as fou n d  that with th e  increase o f the potential an 
in creasin g , but relatively sligh t ex ten t of oxalic acid  form ation too m ay be 
ob served . N aturally, it is also necessary to take in to  account the form ation  
of th e  o th er  interm ediates b etw een  glycolaldehyde and oxalic acid. (As already  
m en tio n ed , glyoxal and g lycolic  acid can be d etected  in the liquid phase.) 
In  a d d itio n , the total ox id ation  o f  the strongly chem isorbing glycolaldehyde  
also p la y s a role, as indicated  b y  th e  similarly sligh t evolution  o f C 02. W hen  
all th is  is taken into consideration , the utilization o f  a charge o f 2.2 — 2.4F  
per m ol clearly  points to  th e  d ec isive  role being p layed  b y  a reaction in v o lv ­
ing a charge transfer of 2F , and th is  can only be th e  form ation o f g lyoxal or 
glyco lic  acid . It was m entioned  previously th a t th e  proportion o f glycolic  
acid form ation  is subordinate to  th a t o f glyoxal. T hese results were obtained  
at com p aratively  low in itia l glycoladehyde concentration  (a few tim es 10 ~2 
m ol/d m 3), i.e. when the second step  has not yet appeared on the polarization  
curve.

D iscu ss io n

T h e  experim ental results p erm it the statem ent th a t  th e  reactions exam ­
ined p roceed  in a stepwise m anner, and that all o f  th e  chem ically  well defined  
in term ed ia tes containing tw o carbon atoms appear in  the solution phase.
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A t all events, it  m ay be concluded from th is  observation that th e  desorption  
o f  th e  individual com pounds (at least in  th e  instants im m ediately follow ing  
their form ation) is not a greatly hindered process. It  is also known th a t these  
com pounds (w ith the exception o f oxalic acid and glycoli j acid) m ay be strongly  
chem isorbed on th e  surface of p latinum , and both  their chem isorption and the  
oxid ation  o f  th e  chemisorbed m olecules result in a much m ore exten sive  
conversion than  m ight ju stify  th e  appearance o f  the products w ith  lower 
degrees o f  oxidation  in  the solution phase.

This contradiction can only  be resolved i f  the chem isorption and the  
chem ical transform ation are conceived o f as parallel processes; b oth  reactions 
can be regarded as tak ing  place via a com m on, w eak adsorption sta te , sim ilarly  
as in the interpretation  o f the oxidation  o f m ethanol and its ox idation  products 
[15]. The tw o steps appearing on th e  polarization  curve in th e  ox id ation  of 
glycolic acid m ay be explained in essen tia lly  th e  same w ay as w as done in 
th e  case o f  glyoxalic acid. It was found above that in the poten tia l interval 
corresponding to  the first step th e  reaction  sequence predom inantly  occur­
ring is

HOCH2 -C O O H  - U  O H C -C O O H  - U  H O O G -C O O H .

The fact th at th e  rate o f oxidation o f g lycolic acid is lower than  th a t o f  g ly­
oxalic acid indicates th at the rate constant characterizing step 1 in th is  schem e 
is sm aller than  th a t for step 2. It also follow s from this th at even  in  th e  case 
o f  relatively  low  glycolic acid conversions an appreciable' am ount o f  oxalic  
acid is form ed. One part o f  the g lyoxalic acid formed from glycolic acid passes 
into the solution b y  m eans of desorption and diffusion, while another part is 
further oxidized to  oxalic acid. As th e  stead y  sta te  is approached, th e  glyoxalic  
acid concentration m ust increase (assum ing th a t the concentration o f  glycolic  
acid m ay be regarded as practically con stan t), and it then becom es constant 
in  the steady state . It is probable th a t th e  stea d y  sta te  was still fa ir ly  d istant 
during the investigations relating to  th e  current y ield , for in the op p osite  case 
higher values should have been obtained for the current y ield  referring to  
oxalic acid. A t any event, it emerged th a t th e  current yield referring to  oxalic 
acid does not depend on the potentia l in th e  potentia l interval of 600 — 800 mV,
i.e. the ratio o f  th e  rates o f steps 1 and 3 did not vary with the p otentia l either. 
The appearance o f  th e  first step in the ox id ation  o f glyoxalic acid w as explained  
in  that th e  rate o f  rem oval of th e  strongly  chem isorbed m olecules w hich are 
form ed in  side-reactions from glyoxalic acid and which inhibit th e  m ain reac­
tion  depends on th e  potential. On th e  other hand, the rate o f  th e  glyoxalic  
acid — oxalic acid transform ation w as regarded as practically independent of  
th e  potential. Since primarily g lyoxalic acid is formed from g lycolic  acid, 
th e  inhibitory effect o f chem isorption m ust be displayed even i f  g lycolic  acid 
were otherw ise to have only a slight ten d en cy  to  undergo strong chem isorption.
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The reason  w h y  th is m ust be em phasized is th a t, as already m entioned, tracer  
adsorption  m easurem ents relating to  glycolic acid, carried out at low  concentra­
tion s, in d ica te  that reversibility can be observed in  its  adsorption, at p oten tia ls  
at w h ich  th e  oxidation of glycolic acid does not occur [8].

S im ilarly  as for glyoxalic acid, th e  appearance o f the second step  here 
too is  connected  w ith th e  fact th a t carbon d ioxid e will increasingly be th e  
end-product o f the oxidation at the potentia ls corresponding to  th e  second  
step , i.e. th e  oxidation of oxalic acid plays an ever more im portant role.

R eference is made to  earlier publications [2, 3] w ith regard to  how  th e  
m ain ten d en cies observed in th e  occurrence and shapes of the steps can be  
in terp reted  on the basis o f th e  above considerations.

In  th e  case o f glycolaldehyde, it  m ust prim arily be taken into account 
th a t in  a w ide potential in terval, particularly at low  glycolaldehyde concen­
tra tio n s, th e  rate o f the first step o f th e  reaction , resulting in g lyoxal (or g ly ­
colic ac id ), is substantially  higher than that o f  an y  o f the subsequent reaction  
steps. T h e experim ental data showed that even  in  the case o f com paratively  
prolonged  polarization the charge passing through  the system  per m ol o f  
reacted  glycolaldehyde does not differ greatly from  2F . Accordingly, th e  second  
step  does n o t appear on the polarization curve at low  concentrations, for th e  
p artic ip ation  of the oxalic acid — carbon d ioxide transform ation in th e  m ea­
sured current is then not too significant, even  above 750 — 800 mV. T he ap­
pearance o f  the second step w ith  the increase o f  th e  glycolaldehyde concentra­
tion  can  b e explained in th at th e  increase of th e  rate of the first reaction step  
au to m a tica lly  results in an increase in the surface concentrations o f  th e  in ter­
m ed iates, and at the sam e tim e in  th e  rates o f  conversion of the in term ediates. 
N a tu ra lly , th is also refers to  oxalic acid and to  th e  oxalic acid — carbon  
dioxide transform ation. On th e  basis o f  th is  consideration, it m ust also be 
assum ed th a t  the rates of conversion o f the in term ediates increase to  a greater 
ex ten t th a n  th at o f the first reaction step.

In  agreem ent w ith  the earlier findings, th e  first step to  be observed in  
the p o larization  curve of glycolaldehyde m ay  be explained by irreversible  
chem isorption  [2, 3]. O verall,th e schem e on page 227 m ayb e given for th e  full 
o x id ation  sequence starting from  glycolaldehyde.
For th e  reasons already m entioned, chem isorbed forms were not assum ed in  
the cases o f  oxalic acid and glycolic acid. B ecause o f  the linearity o f  th e  1 /i vs. 
1/c cu rves, it  m ay be assum ed th a t one adsorbing m olecule does indeed tak e  
part in  th e  reaction, and th at (sim ilarly as previously) conditions o f Langm uir  
typ e h o ld  for the adsorption.

I t  can be seen that for both glycolaldehyde and glycolic acid k inetic  
relations m a y  be given which are in  principle o f  th e  same type as those w ritten  
for g ly o x a lic  acid in our earlier publications. A tten tion  must be drawn to  the  
d ifficu lty  th a t the adsorption displacem ent effects o f  the different com ponents
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on one another cannot be taken  into account, while the possible variation  in 
the adsorption o f the ind ividual com ponents w ith  the potential can no longer 
be neglected  com pletely. The clarification o f the roles of all th ese factors m ay 
form th e subject o f further in vestigation s.
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R ece iv ed  Ju n e  7, 1978

A ccep ted  fo r p u b lica tio n  J u ly  26, 1978

T he e lec tro -o x id a tio n  of e th y len e  glycol w as in v es tig a te d  in  acid ic  m edium  on 
a p la tin ized  p la tin u m  e lectrode . In  c o n tra s t  w ith  th e  earlie r l i te ra tu re  rep o rts , i t  was 
estab lished  t h a t  g lyco la ldehyde  is fo rm ed  in  th e  f i r s t  s tep  o f th e  o x id a tio n  reac tion , 
an d  th e  c u rre n t  y ield  re la tin g  to  g lyco la ldehyde can  a t ta in  even  70 — 80%  a t n o t  too 
h igh  p o sitive  p o ten tia ls . T h e  fu r th e r  o x id a tio n  o f g ly co la ld eh y d e  re su lts  in glyoxal, 
glyoxalic acid  a n d  oxalic  acid . O n th e  basis o f these  f in d in g s , i t  is n ecessary  to  m odify 
th e  earlie r concep tions re g a rd in g  th e  m echan ism  o f o x id a tio n  o f e th y len e  glycol. W ith  
th e  u tiliza tio n  of th e  ea rlie r re su lts  re la tin g  to  th e  o x id a tio n  o f th e  o x id a tio n  deriva tives 
o f  e th y lene  glycol, th e  sh ap es o f th ese  p o ten tio s ta tic  p o la riza tio n  cu rv es w ere explained 
in  th a t  th e  d e h y d ro g en a tio n  re ac tio n  resu ltin g  in  g lyco la ld eh y d e  does n o t  depend  on 
th e  p o ten tia l o f th e  e lectro d e , w hereas th e  coverage re fe rrin g  to  th e  chem isorbed  m ole­
cules fo rm ed  in  th e  s id e -reac tio n , i.e. th e  m ag n itu d e  o f th e  su rface  a rea  availab le  for 
th e  reac tio n , does d epend  on th e  e lectrode p o ten tia l.

E xperim ental results w ere reported earlier [1 — 5] in connection w ith the  
electro-oxidation and electro-reduction o f tw o carbon atom -containing oxida­
tion  derivatives o f ethylene g lycol (glyoxal, glyoxalic acid, glycolic acid, glycol­
aldehyde) in acidic m edium  on a p latinized platinum  electrode. An experi­
m ent was also performed in  an attem pt to  interpret th e  phenom ena observed. 
It was assumed th at the com pounds exam ined feature am ong th e  interm ediates 
of the oxidation o f ethylene g lycol resulting in carbon dioxide. In  the earlier 
work we succeeded in confirm ing th at every com pound w ith  a higher degree 
of oxidation appears in  th e  course o f oxidation o f a com pound w ith  a lower 
degree of oxidation , i.e. the oxidation  proceeds stepw ise, in  a series of elem en­
tary  steps.

On this basis, therefore, it  w ould be expected  th at g lycolaldehyde should 
he formed as the first step in the electro-oxidation o f ethylene glycol, and that 
it should also appear in the solution  phase. H ow ever, th is  expectation  can by 
no means be reconciled w ith  th e  v iew  widespread in th e  literature.

The literature relating to  the oxidation o f ethylene glycol can autom at­
ica lly  be divided into two parts, depending on w hether th e  investigations were
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carried ou t in acidic or in  a lkaline m edium  [6—11]. W e are interested  in  the  
ex a m in a tio n s performed in acid ic m edium . In connection  w ith  th e  applica­
tion  o f  an alkaline m edium , i t  should  be m entioned here on ly  th at th e  liquid- 
phase transform ations o f  the in term ediates o f the electro-oxidation  m ay disturb 
to a considerable extent stu d y  o f  the process occurring on th e  electrode. Such a 
transform ation , for instance, is th e  intram olecular Cannizzaro reaction o f glyoxal

CHO CH20 H
I +  H 20  — I 
CHO COOH

w hich  proceeds even at room  tem perature. W e m ust discuss prim arily the  
in v estig a tio n s by Bagotsky' et al. [6] and V ijh  [7] relating to  th e  oxidation  
o f  e th y len e  glycol in acidic m edium  on a platinum  electrode. B agotsky et al. 
sta te  th a t  the first step in th e  ox id ation  of ethylene g lycol is a chem isorption  
process accom panied by th e  sp littin g -o ff o f four hydrogen atom s, w hich th ey  
described  w ith  the equation

HOCH2- C H 2O H  +  4 * -> H O - C - C - O H  +  4H
** **

in  w h ich  * denotes the surface s ites . G lyoxal was detected  in  th e  solution phase 
in  th e  course of the ox id ation , and th is was considered to  be in accordance 
w ith  th e  above chem isorption m echanism . V ijh  too is o f  th e  v iew  that glyoxal 
is  th e  low est oxidation sta te  th a t  can he detected in  the solution  phase, and 
h e therefore regards it is probable th a t ethylene glycol is bound to th e  surface 
o f th e  p latinum  by both o f its  carbon atoms sim ultaneously, and th at the for­
m ation  o f  glycolaldehyde does not occur. As regards th e  higher oxidation  
s ta te s , on ly  the presence o f oxa lic  acid was dem onstrated w ith  absolute cer­
ta in ly  in  th e  solution phase.

V ijh  examines the p ossib ility  o f  various m echanism s, but com es to the  
con clu sion  that occurrence o f  th e  chem isorption reaction proposed by B agots­
k y  can  n o t be excluded in an y  o f th e  cases. In our v iew  th is find ing  is by no 
m eans a sound one, for it  is d ifficu lt to  ju stify  the appearance o f glyoxal in 
th e  so lu tion  phase of the chem isorption proceeding as th e  first step o f the  
reaction  even  is accom panied b y  a degree o f oxidation  equivalent to  the for­
m ation  o f  glyoxal. The appearance o f  glyoxal could on ly  be explained in th at  
th e  stron g ly  chemisorbed m olecule is nevertheless capable o f  desorbing from  
th e  surface. V ijh  gives a schem e w hich he considers to  be in  agreem ent w ith  
th e  resu lts  of both his own k in etic  studies and th ose o f  B agotsky  et al. H e  
assum es th e  following steps for th e  actual oxidation:

P t +  H 20  i ;  P tO H  +  H+ +  e 

PtO H  +  P tC  products.
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The notation PtC m eans the chem isorbed surface com plex produced by the 
loss o f four hydrogen atom s. It is obvious that the ox id ation  o f a complex 
from  which four hydrogen atom s have already split off cannot resu lt in glyoxal. 
H ence, we do not know w hat th e  expression “ products” in th e  right-hand 
side o f the equation actually  m eans.

In addition to  the above objections, attention m ust also be drawn to the 
fact that we cannot be certain th at glycolaldehyde was actu a lly  not formed in 
the experim ents o f B a g o t s k y  et al. and У и н . Their publications do not contain  
sufficient inform ation as to the m ethods th ey  used to he sure o f  th is. As they  
em ployed a bright electrode w ith  a low  surface area, the q u a n tity  o f  products 
could not have been too high even in th e  event o f com paratively long electroly­
sis tim es, i.e. there m ust have been appreciable difficulties in th e  detection of 
th e  individual com ponents. From  the fact that the concentration  o f some as­
sum ed interm ediate in th e  solution phase does not achieve th e  lower lim it of 
detectab ility  attainable w ith  a given analytical m ethod, it  can certainly, 
not be concluded th a t th e  reaction does not take place via  th is  interm ediate

It is clear to  see th at the possib d ity  o f formation o f g lycolaldehyde must 
o f necessity  be excluded if  it is assum ed th at the first step  o f  th e  oxidation  
reaction is chem isorption accom panied b y  the splitting-off o f  several hydrogen 
atom s. D etection  o f the various interm ediates in the solution  phase is therefore 
th e  key question from the aspect o f  the investigation o f th e  m echanism  of the 
oxidation . In an earlier publication we have already d iscussed  the main 
questions connected w ith  th e  oxidation  o f glycolaldehyde. A ccordingly, in 
th e  present paper a tten tion  m ust prim arily be devoted to  th e  detection of 
glycolaldehyde am ong the oxidation  products of ethylene g lyco l, or to dem­
onstrating convincingly th at it is n ot formed.

Results

The electrochem ical m ethods em ployed were the sam e as described in 
our previous publications. Reference is m ade to these too  w ith  regard to the 
m ethods used to  determ ine glycolaldehyde and oxalic acid, and to  detect 
glycolic acid and g lyoxal [2 —5].

Figure 1 presents polarization curves of ethylene g lyco l, recorded at 
various concentrations. The Figure reveals that at not too  low  concentrations 
a defin ite m axim um  appears in  the polarization curves; th is  is generally char­
acteristic o f the curves observed in th e  case o f alcohols, and its  appearance 
can be explained by the inhib itory effect o f oxygen adsorption. Sim ilarly in 
th e  case o f high concentrations, a break too m ay be observed w ell before the 
m axim um  in the polarization curve. The tw o steps occurring for th e  compounds 
exam ined previously [2—5], therefore, can be observed on ly  in  th is distorted
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F ig . 1 . P o la r iz a tio n  curve of e th y le n e  g ly co l in  M  HC104 b ase  e le c tro ly te  a t  various co n cen tra ­
tio n s . (1) 5 x l 0 - 3; (2) 2 .5 X lO “ 2; (3) 10 “ 1; (4) З .б х Ю 1 * m ol/dm 3 '

form  in  th e  case of ethylene g ly co l. A t low concentrations th e  m axim um  can  
alread y  b e observed only v ery  d iffusely, and there is no trace at all o f the  
appearance o f the step. O bservations of such a nature w ere also made in  the  
case o f  th e  oxidation of g lyco la ld eh yd e [5].

B efore  we turn to further considerations connected  w ith  the polariza­
tion  cu rves, an answer m ust b e  g iven above all to  th e  question touched on 
above: J u s t  what oxidation prod u cts are formed, and is glycolaldehyde ob­
ta in ed  or n ot?

E v e n  the first q u a lita tive  results led to th e  fin d in g  th a t the form ation  
o f a s ign ifican t amount o f  g lyco la ld eh yd e must be reckoned w ith  in oxidations 
in  th e  p o ten tia l interval 550 — 7 0 0  mV. On this basis, th e  quantity of g lycol­
a ld eh y d e  formed in the course o f  th e  electrolysis w as determ ined at various 
p o ten tia ls , care being taken th a t  conversions higher th an  th e  transform ation  
of 5 — 10%  of the ethylene g ly co l in the solution should  n ot be reached, and 
th a t th e  concentration o f th e  interm ediate form ed should not be too high. 
The current yield values referring to  the glycolaldehyde are given in Table I. 
A s th e se  tabulated  data show , a t low  potentials (575, 625 mV) the charge 
passed  through  the system  is la rg e ly  devoted to the transform ation of ethylene  
g lyco l to  glycolaldehyde. A t h igh er potentials g lyoxa l and oxalic acid too  
are o b ta in ed  in ever greater am ou n ts, and the appearance o f glycolic acid 
can also  be observed. The s itu a tio n  is the same in  th e  even t o f prolonged  
e lectro ly sis . A ll this indicates, h ow ever, that prim arily glycolaldehyde is formed  
on th e  oxidation  of ethylene g ly co l, and the g lyoxa l appears only as a re­
sult o f  th e  further oxidation o f  th e  glycolaldehyde. In  principle, of course, it

A cta  C him . Acad. Sei. Hung. 101, 1979



INZELT, HORÄNYI: ELECTROCHEMICAL REHAVIOUR OF ETHYLENE GLYCOL 233

Table 1

Current y ie ld  referring to glycolaldehyde as a fu n c tio n  o f  the potential in  the oxida tion  o f  ethylene glycol

P o ten tia l (mV) C urrent yield (%)

57 "j 85
625 75
675 63

cannot be excluded that the reaction  path  assumed in th e  literatu re exists, 
in the course o f  which four hydrogen atom s split off sim u ltan eou sly  from the 
ethylene g lycol adsorbing and chem isorbing on the surface, w ith  th e  formation  
o f  glyoxal; how ever, because o f  th e  experim entally found h igh  current yield  
referring to  th e  glycolaldehyde, th e  role o f  th is can only be a subordinate one.

A t any event, it  m ay be sta ted  th a t in  the case of the ox id a tio n  o f ethyl­
ene glycol prim arily only one o f  th e  — CH2OH groups reacts, and  following  
th is  reaction, depending on th e  poten tia l and the experim ental conditions, 
th e  glycolaldehyde formed either diffuses in to  the solution or is further oxidized  
to  various exten ts on the surface o f  th e  electrode. As a result, a ll o f  th e  inter­
m ediates up to  and including oxalic  acid which have prev iou sly  been dealt 
w ith  [2 — 5] appear in the solu tion .

From th e experim ental results presented above and in our earlier publica­
tion s, the conclusion must be reached th a t all those in term ediates postulated  
to  occur [1] are formed in the oxidation  o f ethylene glycol. T his schem e was 
as follows:

HOCH2- C H 2OH -^->

6

O H C -C H O

O H C -C H 2O H ( * H O O C - C H O - >
\  /
3 V H O O C -C H 2O H / 5

H O O C - C O O H - ^  co2

It is characteristic o f th is schem e th a t th e  interm ediates are form ed stepwise. 
In  a stationary sta te  the follow ing equalities must hold for th e  individual 
part-currents (i ):

11 ~ 12 ~ 1Я ~ 14 l 5 =  l 6 =  l 7 •

T he experim ental observations perm it th e  conclusions that

i2 >  i3 and i4 >- i5 .

The stationary sta te  naturally m eans th a t th e  concentration is con stan t as 
regards every com ponent featuring in th e  series of reactions. dc,/dt ~  0, 
where c, is the concentration o f th e  i-th  com ponent. Since th is s ta te  is very
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d ifficu lt to  attain, and d ifferen t stationary concentration  ratios should hold  
at each different potential, s tr ic tly  speaking a tru e stationary  polarization  
curve can n ot be obtained, for th e  concentrations o f  th e  interm ediates (or som e  
of th em ) in  th e  solution increase because of the d iffusion  from the surface o f  
th e  electrode.

T o return to the po larization  characteristics o f  eth y len e glycol, it  m ay  
be s ta ted  th a t essentially th e  sam e type of regularities are observed as for 
th e  com pounds studied earlier. Thus, the concentration-dependence o f th e  
polarization  current (Fig. 2) can  be linearized in th e  p lo ttin g  1/i vs. 1/c, ju st

c*102 mol» dm'3

F ig . 2. C oncen tra tio n -d ep en d en ce  o f  th e  cu rren t a t  v a rio u s  p o te n tia ls . (1) 600; (2) 700; (3)
8 0 0 ; (4) 900; (5)31000 m V

as in  th e  previous cases, as can  be seen in Fig. 3. I t  em erges from the foregoing  
th a t, particularly at p o ten tia ls  more negative th a n  750 mV, the polarization  
curve essentially reflects th e  transform ation o f e th y len e  glycol to glycolalde- 
h yd e. A t low  concentrations and  thus at low reaction  rates, i.e. even at higher  
p oten tia ls  in the case o f  low  rates of formation o f th e  interm ediates, the form a­
tion  o f  glycolaldehyde is fa ster  than the rates o f further oxidation of the in ter­
m ed ia tes, and primarily o x a lic  acid. This is presum ably  the explanation for 
th e  plateau-like section  in  polarization curves recorded at low concentra­
tio n s.

As already m entioned , such sections can also be observed in the polariza­
tion  curve of glycolaldehyde. I t  was seen in  th e  previous cases that th e  rate  
o f  th e  dehydrogenation reaction  does not depend on th e  electrode p otentia l. 
T he rise occurring in th e  polarization curves at ab ove 750 mV in the cases o f  
g lyox a lic  acid, g lyoxal, g lyco lic  acid and g lyco la ld eh yd e oxidations could be 
exp la in ed  in that the rate  o f  oxidation o f th e  o x a lic  acid formed in  the series 
o f  reactions depends stro n g ly  on the potential. A  step  therefore appears on ly
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i f  oxalic acid is formed at an appreciable rate, and its further oxidation  also  
takes place. This can only be reckoned w ith  i f  the first reaction steps too  proceed 
at high rate, i.e. in the case o f  rela tively  high ethylene g lycol concentrations. 
Since the oxalic acid —► carbon dioxide transition forms on ly  a sm all part o f  
the overall oxidation transform ation (a charge o f 2F  com pared to  a charge 
o f 10F for the to ta l oxidation), i f  a step -type increase appears at all it w ill be 
a fairly diffuse one.

F ig . 3. R e la tio n  be tw een  1/i an d  1/c a t  v a rio u s  p o ten tia ls . (1) 600; (2) 700; (3) 800; (4) 900;
(5) 1000 mV

The section  o f the polarization curve preceding 750—800 m V is naturally  
to  be interpreted in  the same w ay  as for th e  com pounds investigated  previously, 
i.e. in  th is range it  is the rate o f chem isorption or of oxidation  o f the chem i­
sorbed m olecules which, by regulating th e  number of free surface sites avail­
able, governs the rate o f the ethylene g lycol —*■ glycolaldehyde transform ation  
not dependent on the electrode p otentia l. I f  the train o f thou gh ts em ployed  
in the earlier publications is follow ed [3 — 5], w ith  the assum ption th a t only  
th e  ethylene glycol —► glycolaldehyde transform ation need be reckoned w ith, 
the follow ing reactions m ay be tak en  in to  consideration:

Liquid phase Adsorption phase

HOCH2- C H 2OII a,l"‘rp"011- (HOCH2- C H 2OH)a ,bemi,°- —V  X

j  oxidation

HOCH2-C H O  . (HOCH2-C H O )a
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From consideration  o f th is reaction schem e, if  the coverage relating to the  
product m ay  be neglected  (a condition th at the concentration  o f glycolaldehyde  
in the solution  should be low ), the rate o f adsorption o f ethylene glycol is

wt =  ktc( l - 0 k - 0 e ) ,  ( 1 )

where 0 k and 0 e are th e  coverages relating to  th e  chem isorbed and w eakly- 
bound m olecules, respectively , and c is the concentration  o f ethylene glycol 
in the solution .

The desorption rate is

W d = * d 0 e . (2)

T he rate o f form ation o f the chem isorbed m olecule from the w eakly-
bound one is

м>к =  fcröe • (3)

The rate o f ox idation  of the chem isorbed m olecule at a given potential is

4  -  k\]0W . (4)

The rate o f  oxidation  o f the w eakly-bound m olecule is

wl =  k l 0 e . (5)

I f  th e  considerations em ployed in [3] are applied, we obtain the relation

...e K K C 1 BCtv о — — 
kd +  (!  +  p ) K c 1 +  BC

in w hich

i  qnd R (1 +  p ) k.%

1 + p fced
and

_  в к _  К

P ~  ©a “
•

( 6)

( ? )

( 8 )

It follow s from  eq. (6) th a t, in the p lotting  1/w vs. 1/c, a linear correlation  
exists betw een  the rate o f oxidation  and th e  concentration , i.e. a correlation  
in accordance w ith  th e  experim ental results is obtained . Sim ilarly, if  the train  
o f thou gh ts outlined in [3] is applied to  the potential-dependence of the rate, 
we ob ta in  a relation o f the ty p e
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Qc______ exp [bep(E  — £g)]

1 + K c  1 +  exp  [6 '(£  -  Eg)] ’
(9)

where Q and bep are constant, and Eg — —  In
Y c

К
( Y  =  constant). A t low

1 + K c
ethylene g lycol concentrations, th e  shape o f  th e  polarization curve can indeed  
be described approxim ately b y  a curve o f  the above type.

Figure 4 depicts the data o f the experim ental i vs. E  curves in  th e  p lot­
ting log (im/i — 1) vs. E  (sim ilarly as in  th e  earlier publications, i)n is tw ice  the  
current va lue relating to the in flex ion  point in the in itial section o f  th e  polar­
ization curve). In the case o f a reaction rate w hich can be given b y  eq. (9), 
a straight lin e  m ust be obtained in th is p lo ttin g . Figure 4 dem onstrates that 
this condition holds just as in  th e  cases exam ined previously [3, 4 ].

Fig. 4. P o ten tia l-d ep en d en ce  o f log  (i'm/i— !)• (1) 3 . 6 x l 0 _ t ; (2) 3 .2 5 X 1 0 -2 m o l/d m 3

Discussion

On the basis o f the experim ental results presented in th is paper and the  
deductions drawn from the earlier publications, th e  conclusion m ust be reached  
th at the main part o f the electro-oxidation process is the oxidation o f eth y len e  
glycol via glycolaldehyde. This la tter  reaction is in  essence a dehydrogenation  
process:

HOCH2- C H 2OH — HOCH2-C H O H  +  H- 

H' ->- H + +  e

HOCH2-C H O H  — HOCH2-C H O  +  H ‘

H ‘ — H + +  e

Acta Chim. Acad. Sei. Hung. 101 ,  1979



238 INZELT, H0RÁNYI: ELECTROCHEMICAL BEHAVIOUR OF ETHYLENE GLYCOL

It is k n ow n  from the literature th a t the dehydrogenation occurring on th e  
chem isorption  of ethylene glycol is o f a greater ex ten t than that observed in  
the reaction  resulting in  glycolaldehyde. From  a chemisorbed m olecule o f  
such a ty p e , therefore, glycolaldehyde can n ot be formed in  any w ay. Two  
p ossib ilities suggest them selves for resolution o f  th e  contradiction. One is to  
assum e a w eak adsorption in teraction  too, independent o f the chem isorption, 
betw een  th e  ethylene glycol and the surface, and to  explain the oxidation  
reaction  b y  th e  transform ation o f these w eakly-adsorbed m olecules. The other  
p ossib ility  is to  regard the w eakly-adsorbed m olecule as a primary form ation, 
and to  regard the chem isorption and the oxidation  as parallel reactions o f  the  
w eak ly-bound  m olecules. In  th is latter case, th e  com plete reaction schem e can  
be g iven  as follows:

L iqu id  phase Surface phase

H O H 2C - C H 2OH ;=±  

H O H 2C -C H O  

O H C -C H O  ^  

O H C -C O O H  ;=± 

H O O C -C O O H  ==*:

[H O H ,C -C H ,O H ]0

I
[H O H 2C -C H O ]a

1
[O H C -C H O ]a

I
[O H C -C O O H ]a

I
[H O O C -C O O H ]a

1
2C 02

chem isorption
X

oxidation
C 0 2

chem isorption
X '

oxidation
c o 2

chem isorption
X"

oxidation
c o 2

chem isorption
X"'

oxidation
C 02

O n e  o f th e  possible schem es fo r o x id a tio n  o f e th y le n e  glycol, a d so rp tio n  a n d  
d e so rp tio n  be ing  ta k e n  in to  co n sid era tio n

For th e  sake of sim plicity, th e  pathw ay proceeding via glycolic acid has not 
been show n in the schem e. W e can not speak o f irreversible chem isorption in 
th e  case  o f  oxalic acid, and hence such a reaction  cannot be included in  the  
schem e either.

T h e arrows pointing in  both  directions across the phase boundary do not 
m ean, o f  course, that an adsorption equilibrium  is unconditionally established  
w hen th e  reactions occur. These arrows m erely indicate th at, in th e  course of 
th eir  form ation , the ind ividual com ponents defin ite ly  come into such a sta te , 
w hen th eir  desorption from th e surface is not irreversibly hindered. The exten ts  
to  w h ich  the individual interm ediates accum ulate in the solution depend on 
th e  ratios o f  the reaction rates, the desorption rates and the transport rates. 
T he essence of the m echanistic picture described here is that the chem isorption
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and the oxidation  o f the chem isorbed m olecules act on ly  as side-reactions. A t 
any event, th e  experim ental results prove fairly conclusively  th at this is indeed  
the situation , and the profound chem isorption changes p lay  on ly  a subordinate  
role in the oxidation  o f ethylene glycol and its  oxidation  interm ediates.
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ISOMERS IN LIQUID PHASE

F. R a t k o v i c s  and T . S a l a m o n

( D e p a r tm e n t  o f  P h y s ic a l  C h e m is tr y ,  V e s z p r é m  U n iv e r s i ty  o f  C h e m ic a l T e c h n o lo g y r
V e s z p r é m )
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T he v isco sity  of seven p e n ta n o l  iso m ers h a s  been s tud ied  in th e  te m p e ra tu re  range 
of 2 0 —70 °C. T h e  ac tiv a tio n  e n th a lp y  of v isco u s flow  w as c a lcu la ted , a n d  i t  w as found 
to  increase  w ith  th e  num ber o f b ra n c h in g s  from  n-pen tano l (20.4 k j /m o l)  to  2,2-di- 
m e th y lp ro p a n e ( l) -o l (30.3 k j /m o l) .  F ro m  th e  s tu d y  of th e  m ix tu re s  o f  1-m ethyl- 
b u ta n e - ( l) -o l  a n d  l , l -d im e th y lp ro p a n e - ( l ) -o l  w ith  n-hexane, th e  c o n c lu s io n  can  be 
d raw n t h a t  th e  ac tiv a tio n  e n th a lp y  o f v isco u s flow  is re la ted  to  th e  m e a n  degree of 
association  o f  th e  alcohol also fo r  th e  b ra n c h e d  alcohols in  th e  sam e w a y  as i t  w as found 
for n o rm al a lcohols. The re su lts  show  th a t  th e  m ore b ran ch ed  iso m ers h a v e  a h igher 
degree of a sso c ia tio n . This can  b e  e x p la in ed  b y  th e  fac t th a t  th e  fo rm a tio n  of cyclic 
m ultim ers is s te rica lly  h indered  b y  th e  h y d ro c arb o n  b ranch ings, th u s  p ro m o tin g  th e  
fo rm atio n  o f  longer chain like  m u ltim e rs .

In spite o f  th e  great num ber o f works concerning the liq u id  phase asso­
ciation  of alcohols, even the basic question  o f the cyd ic or chain  character of 
polym erization at room tem perature could not be clarified sa tisfactorily . One 
m ain reason o f th e  contradictory v iew s is th a t only few authors h ave in vesti­
gated  pure alcohols and, on the other hand, no methods are availab le  by means 
o f  which it w ould be possible to  prove unam biguosly the cyclic or chain  charac­
ter  o f the liquid  phase association o f alcohols. The experim ental results, in 
general, could be interpreted in b oth  w ays, as it occurred for exam ple in the 
case of dielectric relaxation, w here from  th e same data certain authors con­
cluded on chain [1] and others on cyclic  [2] structures. Opinions differ in the 
sam e way when interpreting the resu lts o f  infrared spectroscopic m easurem ents; 
according to one interpretation, th e  O H  absorption band o f  th e  monomer 
(near to 3650 c m “ 1) falls together w ith , or is to be found in  th e  im m ediate  
neighbourhood o f the absorption bands o f  the terminal OH groups [3], con­
sequently , the pure alcohols are associated  cyclically, because in  th ese alcohols 
th a t band is practically  undetectable.

According to  an other in terpretation , however the band o f th e  terminal 
O H  group is sh ifted  to  much low er w avenum bers, and pure alcohols are charac­
terized by chain-type association [4].

Our own investigations, b y  w hich we sought an answer to  th e  question  
exposed in the introduction, were based upon the recognition th a t  th e  v iscosity  
and the enthalpy o f viscous flow  depend on the mass of the k in etic  units tak-
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ing  part in  the m olecular m ovem ent, that is on th e  num ber of the CH2, CH3, 
O H , N H , N H 2, etc. atom  groups in the flow u n it [5].

From  our in vestigations i t  became clear th a t in  alcohols the associated  
m olecules represent in d ep en d en t kinetic units during viscous flow. In hom olo­
gous alcohols higher th an  eth an ol, the flow can he considered as follow ing th e  
so-called  segm ent m otion  m echanism , which has already been successfully  
applied  for hydrocarbons, and the mean life-tim e o f  th e  associates is several 
orders o f  m agnitude greater th a n  the tim e needed for th e  jum p of atom groups 
from one lattice point in to  another in the case o f  a quasi-crystalline liquid  
m odel. As the associated m olecules flow  together, th e  m ean relative m olecular  
m ass o f  th e  m ultimers can  be calculated from  th e activation enthalpy o f  
viscous flow . Similar resu lts have been obtained b y  th e  study of prim ary, 
secondary and tertiary a lip h atic  amines and carb oxy lic  acids, as well.

In  th is  paper we report o f  investigations aim ed at th e  study of the associa­
tion  o f  various pentanol isom ers in the pure sta te  and in their m ixtures w ith  
ra-hexane. The v iscosity  coefficien ts (rj) of pure alcohols at 20 °C, activation  
enthalp ies o f viscous flow  (AH V) and the mean degree o f  association calculated  
from  AHW (a) are sum m arized in  Table I. D ata  concerning the dependence o f  
th e  v isco s ity  coefficient on th e  temperature for 2 ,2-d im eth ylp rop an e-(l)-o l 
are g iven  in Table II.

Table I
Mean degree o f  association o f pentanol isomers in  liquid phase

Component
Temperature

range
studied (°C)

J H V
[J/m ol]

104 • i?20° 
[Pas] a

P e n ta n e (l)-o l 2 0 - 6 0  [6] 20 3 7 1 ± 6 2 8 35.8 3.46

3-M eth y lb u tan e-(l)-o l 2 0 - 6 0  [7] 22 2 4 2 ± 1 3 4 43.6 3.82

1 -M eth y lb u tan e-(l)-o l 2 0 - 6 0 23 4 0 5 ± 1 6 7 37.5 4.04

2 -M eth y lb u tan e-(l)-o l 1 9 .3 -7 0  [6, 8] 25 8 5 4 ± 2 9 3 54.0 4.50

1,1 -D im e th y  1-propane- (1 )-ol 2 0 - 6 0 28 5 6 2 ± 7 5 3 35.3 5.02

l,2 -D im eth y l-p ro p an e -(l)-o l 1 8 .2 -7 6 .5  [8] 29 3 4 9 ± 1 0 4 6 52.6 5.16

2 ,2 -D im ethy l-p ropane-(l)-o l 5 5 - 7 0 30 3 5 3 ± 7 5 3 solid 5.35

Table II
Viscosity coefficient o f  2,2-dimethylpropane-(l)-ol as a function  o f the temperature

t( °C ) HP?? [Pas]

55.0 20.2

60.0 17.0

65.0 14.6

70.0 12.5
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U i )on evaluation o f the results, it  is im m ediately apparent th a t the  
activation  enthalpy o f viscous flow  is sign ificantly  influenced by th e  molecular 
structure. From  the m ost flex ib le  i-pentanol to the more rigid 2 ,2-dim ethyl- 
p ro p a n e-(l)-o l this value nearly doubles w ith  the decrease in f le x ib ility .

W hen applying the m ethod worked out for the in vestigation  o f n- 
alcohols, th is result means th at the average degree of association o f  th e  alcohols 
stud ied  increases in parallel to th e  increase o f  the activation  en thalpy  of 
viscous flow  in the follow ing sequence:

p en ta n e-(l)-o l 3 -m eth yIb u tan e-(l)-o l l-m eth y lb u ta n e -(l)-o l  
2-m eth y lb u tan e-(l)-o l l,l-d im eth y lp ro p a n e-(l)-o l 

l,2 -d im eth y lp rop an e-(l)-o l 2 ,2-d im eth y lp rop an e-(l)-o l.

From  these results it  can be concluded th a t upon increasing th e  num ber of  
chain  branchings in the m olecule, th e  form ation of cyclic alcohol m ultim ers is 
supressed due to steric hindrance. Instead , chain like m ultim ers are formed, 
and in  these the m ean degree o f  association is greater than in cyclic  m ultim ers 
o f 1-pentanol. The question m ay arise w hether it is allowed to  conclude from 
the activation  enthalpy o f viscous flow  on the degree of association  in cases 
when th e  flex ib ility  o f the m olecule is considerably restricted b y  chain branch­
ings. For it  can also be supposed th a t th e  higher activation  enthalp ies found  
in  th e  case o f pentanol isom ers containing chain branching can  sim ply be 
exp la ined  b y  the more rigid m olecular structure. In order to  clarify this 
problem , we have also investigated  the activation  enthalpy o f v iscou s flow  in 
th e  m ixtures o f  l-m eth y lb u ta n e -(l)-o l and l,l-d im eth y lp ro p a n e-(l)-o l w ith  
n-hexane. These results are presented in Tables I I I —VI and F igs 1 — 3.

F ig . 1. A c tiv a tio n  e n th a lp y  o f v iscous flow  fo r th e  l-m e th y lb u ta n e -( l) -o l  (A ) — n-hexane 
(B ) m ix tu re  as a  fu n c tio n  o f th e  com position
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F ig. 2 . A c tiv a tio n  e n th a lp y  o f v iscous flow  fo r th e  l - l-d im e th y lp ro p a n e - ( l) -o l  (A) — n -h ex an e  
(B ) m ix tu re  as a fu n c tio n  of th e  co m p o sitio n

I t  can be seen th a t  th e  higher activation  en th a lp y  of viscous flow  is  
not a characteristic o f  th e  m olecule, but can be attributed  to  the properties 
of th e  liq u id  structure, because the activation  en th a lp y  o f viscous flow  for 
th e  m ixtu res o f the tw o , sign ifican tly  different alcohols w ith  n-hexane becom es 
identica l at an alcohol m ole fraction of 0.88 (X a). A t lower alcohol concentra-

Table III

Viscosity coefficient o f  the m ixture  m ethylbutane-(l)-o l ( A )  — n-hexane ( B )  as a fu n c tio n  o f  the
temperature

TJ • 10* [Pas]

*A j _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I '(K )

293 303 313 323 333

0.00 3.02 2.73 2.47 2.26 2.07

0.10 3.04 2.80 2.49 2.28 2.20

0.20 3.51 3.10 2.77 2.54 2.29

0.30 4.28 3.82 3.60 3.10 2.61

0.40 6.33 5.37 4.40 3.85 3.30

0.50 7.93 6.82 5.44 4.72 4.54

0.60 10.92 8.78 8.02 6.34 5.48

0.70 15.63 12.28 9.67 8.05 6.66

0.80 20.82 15.88 12.10 9.81 8.44
0.90 28.43 19.65 14.84 11.38 9.91
1.00 37.42 26.77 20.14 14.66 11.96
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F ig . 3. M ean degree  o f  association of th e  m ix tu re s  o f  l-m e th y lb u ta n e - ( l) -o l  — n -h ex an e  and  
l ,l -d im e th y lp ro p a n e -( l) -o l — n -h e x an e  vs. th e  mole frac tio n  o f th e  a lcohol

tions the shape o f  th e  curves is sim ilar, and  th e  starting slopes are also practi­
ca lly  identical. I f  th e  higher a c tiv a tio n  en th alp y  were characteristic for the  
m olecule, then (considering th a t th is  q u a n tity  has been found  to  be non­
add itive for non-associated m ixtures) th is  could not be possib le. Thus, our 
statem ent that th e  m ean degree o f  association  can be also ca lcu lated  from the  
activation  en th a lp y  for the branched alcohols seems to  be correct.

Table IV

Viscosity coefficient o f  the mixture 1 ,l-d im elhy lpropane-(l)-o l — n-hexane as a fu n c tio n  o f  the
tem perature

*A

t] • 104 [Pas]

T(K )

293 303 313 323 333

0 .0 0 3.02 2.93 2.47 2.26 2.16
0 .1 0 3.06 2.80 2.47 2.28 2 .2 0

0 .2 0 3.29 2.94 2 .6 6 2.47 2.38

0.30 3.82 3.37 2.97 2 .6 6 2.47

0.40 4.45 3.96 3.46 3.08 2.77
0.50 5.40 4.57 3.93 3.34 2.97
0.60 7.24 6.07 5.32 4.38 3.69
0.70 9.58 7.76 6.43 5.15 4.36
0.80 14.10 10.90 8.59 6.92 5.74
0.90 21.41 14.93 11.24 8.90 6.97

1 .0 0 35.35 23.55 15.92 11.60 8.64
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Table V

A ctivation en tha lpy  o f  viscous flow , m ean degree o f  association fo r  the m ixture and the alcohol in  
the l-m elhylbutane-(l)-ol — n-hexane mixture as a fu n c tio n  o f  the composition

A H S (J/mol) a aA

0.00 7308 1.02 —

0.10 7655 1.08 —

0.20 8496 1.24 —

0.30 9631 1.47 -

0.40 10.765 1.67 -

0.50 12.067 1.92 —

0.60 13.774 2.24 12.92

0.70 17.236 2.90 15.61

0.80 19.391 3.30 7.76

0.90 21.564 3.71 5.31

1.00 23.351 4.04 4.04

H en ce  our results can be sum m arized in th a t th e  association degree of 
pentanols increases w ith the increasing number o f branchings and the decrease 
in th e  f le x ib ility  o f the m olecule. A  reason for th is m a y  be that the branching  
chains suppress the form ation o f  cyclic m ultimers b u t do not hinder the form a­
tion  o f  chain-like m ultim ers w ith  higher degree o f  association. As a resu lt, 
for th e  structure of pentanol isom ers w ith more branchings the presence o f  
great am ou n ts o f chain-like m ultim ers is characteristic.

Table VI
A ctiva tio n  en tha lpy o f  viscous flo w , m ean degree o f association fo r  the m ixture and the alcohol in  

l,l-d im elh y lp ro p a n e-(l)-o l n-hexane m ixture as a fu n c tio n  o f  the composition

*A A H V [J/mol] a aA

0.00 7308 1.02 —

0.10 7701 1.22 —

0.20 8400 1.22 —

0.30 9015 1.43 —

0.40 9739 1.48 5.29

0.50 11.309 1.77 7.70

0.60 13.511 2.19 10.60

0.70 16.035 2.67 9.39

0.80 18.245 3.08 6.42

0.90 22.376 3.86 5.66

1.00 28.562 5.02 5.02
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T he th e rm o d y n a m ic  p ro p erties  o f  C H 30  • a n d  • C H 2O H  are  ca lcu la ted  from  
assigned v ib ra tio n s  o f  m eth an o l. T he v a lu es a re  co m p ared  w ith  fo rm er calcu la tions 
done follow ing d iffe ren t m ethods.

Introduction

The science o f  com bustion has an in terest in the therm odynam ic proper­
ties  of fuels and radicals o f  those fuels in order to  enable th e  kinetic calculations 
o f  the com bustion processes.

In th is stu d y  w e w ill present th e  ideal gas therm odynam ic functions 
o f tw o such radicals in vo lved  w ith m ethanol and m ethane com bustion. M etha­
nol serves recently as a target for extensive investigation  as a possible future 
fuel [1]. Two o f its m ost im portant degradation radicals are CH30  and CH2OH. 
The therm odynam ic properties o f both are litt le  known. It is intended here to  
provide values th a t can  be used in conjunction  w ith  th e  Janat  [7], or A P I  
Project 44 tab les, for therm odynam ic and k inetic calculations.

Calculations

The therm odynam ic properties o f  CH30  and CH2OH were calculated  
follow ing a proposal b y  F örgeteg and B érces [2] to  use the vibrational 
frequencies o f m ethanol and om it the frequencies o f OH for CH30  and o f CH3 
for CH2OH. The proper m ethanol vibrations were taken from Shimanouchi [3] 
and are listed  in  T able I. The calculations w ere done w ith  PAC2, the last 
version o f Gordon  and McB r id e ’s [4] therm odynam ic programs, by th e  rigid 
rotator harmonic oscillator (RRHO) m ethod. The therm odynam ic values are 
presented in Tables I I  and I I I  for CH30  and CH2OH respectively. For the  
CH2OH radical th e  R R H O  calculation is corrected for the internal rotation  
as explained below.

‘ P e rm an e n t ad d ress : D e p a rtm e n t o f A e ro n au tica l E n g in eerin g , T echn ion  -  Israe l 
I n s t i tu te  o f T echnology , H a ifa , Israe l. To w hom  co rresp o n d en ce  shou ld  b e  addressed .

3 * Acla Chim. Acad. Sei. Hung. 101, 1979
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In  T ables II and I I I  th e  H%- colum n is the absolute en thalpy  value  
expressed  in  the engineering p ractice b y  assum ing H ^s  =  АЩ 298 thus

H°T =  A H fas  +  (H°T -  H°M8)

This a llow s for im m ediate u sage b y  engineers and easy calculation  o f  the  
H r —H 29S values.

Table I

Selected values o f  p h ysica l and chemical molecular constants

Shimanouchi’s [3] 
Vibration assignment v CH.OH CH,0 CH2OH

O H  stre tch 1 3681 (1) 3681

C H 3 a-stretch 2 3000 (1) 3000 —

C H 3 s-stretch 3 2844 (2) 2844 (2) 2844

C H 3 d-deform 4 1477 (3) 1477 —

C H 3 s-deforin 5 1455 (4) 1455 (3) 1455

O H  bend 6 1345 — (4) 1345

C H 3 rock 7 1060 (5) 1060 (5) 1060

CO stre tch 8 1033 (6) 1033 (6) 1119

C H 3 d-stretch 9 2960 (7) 2960 (7) 2960

C H 3 d-deform 10 1477 (8) 1477 —

C H 3 rock 11 1165 (9) 1165 (8) 1165

A H f - m  kcal (ref [5]) +  3.9 - 4 . 0

I a X 1039 g cm2 0.6578 0.511 0.4041

I „ X  1039 g cm2 3.4004 3.83 3.0848

I c X 1039 g cm2 3.5306 3.83 3.1518

I r X  1040 g cm2 0.993 - 0.79

Potential barrier parameters

V„  kcal — — 2.0

V 3 kcal 1.06706 - —

V 6 kcal -0 .0 0 1 4 9 - -

В  cm -1 28.182 - 35.4411

a 3 3 1

G round S ta te

S ta tistica l W eight 1 2 2
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Table II

Ideal Gas Therm odynam ic Properties o f  CH.fO 

F o rm u la  W eigh t, 31.034.

т °  к С°
cal/mole °К

Н т - Н °
cal/mole

S t
cal/mole °К

(С г  H i )  
cal/mole

н°т
cal/mole

( А Н } ) ,
cal/m ole Log К /

0 — 0 — 0 1468.8 5794.3 ___

100 7.9490 794.9 45.6909 3774.2 2263.7 5089.7 -1 3 .7 0 1 8
200 8.1193 1594.0 51.2248 8650.9 3062.9 4558.4 -8 .3 4 3 4
298.15 9.0867 2431.2 54.6174 13853.0 3900.0 3900.0 -6 .8 0 4 8
300 9.1127 2448.0 54.6737 13954.1 3916.8 3886.8 -6 .7 8 6 9
400 10.7314 3437.6 57.5094 19566.2 4906.4 3233.9 -6 .1 3 3 9
500 12.4425 4596.9 60.0893 25447.7 6065.8 2660.3 -5 .8 1 0 2

600 14.0152 5921.3 62.4996 31578.4 7390.1 2179.1 — 5.6332
700 15.4045 7393.8 64.7667 37942.9 8862.7 1784.7 -5 .5 3 0 4
800 16.6193 8996.4 66.9048 44527.5 10465.2 1470.2 -5 .4 6 6 6
900 17.6780 10712.5 68.9249 51319.9 12181.3 1224.3 -5 .4 2 5 6

1000 18.5983 12527.4 70.8362 58308.8 13996.2 1042.7 -5 .3 9 8 1

1100 19.3970 14428.1 72.6471 65483.8 15896.9 911.9 -5 .3 7 8 6
1200 20.0896 16403.2 74.3653 72835.2 17872.1 826.1 -5 .3 6 4 5
1300 20.6903 18442.9 75.9976 80354.0 19911.8 772.3 -5 .3 5 3 1
1400 21.2119 20538.7 77.5505 88032.0 22007.5 749.0 -5 .3 4 4 3
1500 21.6657 22683.1 79.0298 95861.6 24151.9 744.9 -5 .3 3 6 7

1600 22.0616 24869.9 80.4410 103835.7 26338.7 756.2 -5 .3 2 9 4
1700 22.4079 27093.7 81.7891 111947.7 28562.6 784.6 -5 .3 2 3 5
1800 22.7119 29350.0 83.0787 120191.6 30818.9 821.9 -5 .3 1 7 6
1900 22.9797 31634.9 84.3140 128561.7 33103.8 868.2 -5 .3 1 2 4
2000 23.2163 33944.9 85.4988 137052.7 35413.8 920.8 -5 .3 0 7 2

2100 23.4261 36277.3 86.6367 145659.9 37746.1 977.6 -5 .3 0 2 4
2200 23.6129 38629.4 87.7309 154378.6 40098.2 1034.8 -5 .2 9 7 4
2300 23.7796 40999.2 88.7843 163204.7 42468.0 1096.0 -5 .2 9 3 0
2400 23.9290 43384.7 89.7995 172134.1 44853.6 1155.1 -5 .2 8 8 7
2500 24.0632 45784.5 90.7792 181163.3 47253.3 1212.3 -5 .2 8 3 9

2600 24.1842 48197.0 91.7253 190288.9 49665.8 1269.8 -5 .2 8 0 1
2700 24.2935 50620.9 92.6402 199507.4 52089.8 1324.3 -5 .2 7 5 9
2800 24.3927 53055.3 93.5255 208815.9 54524.2 1376.7 -5 .2 7 1 9
2900 24.4828 55499.2 94.3830 218211.4 56968.0 1425.5 -5 .2 6 8 5
3000 24.5650 57951.6 95.2144 227691.6 59420.5 1470.5 -5 .2 6 4 6

Acta Chim. Acad. Sei. H ung. 101, 1979



2 5 2 BURCAT, KUDCHADKER: IDEAL CAS THERMODYNAMIC PRO PERTIES

T ab le  I I  (contd.)

т° к Cp
cal/mole °K

H i- К
cal/m ole

St
cal/m ole °K

~(Gt —Ht)
cal/mole

H°T
cal/m ole

(JH j),
cal/mole Log K f

3100 24.6400 60411.9 96.0211 237253.6 61880.8 1514.3 - 5 .2 6 1 1

3200 24.7087 62879.4 96.8046 246895.1 64348.3 1551.8 -5 .2 5 7 7

3300 24.7717 65353.5 97.5658 256613.7 66822.3 1584.3 -5 .2 5 4 4

3400 24.8298 67833.6 98.3062 266407.5 69302.4 1613.5 - 5 .2 5 1 3

3500 24.8832 70319.2 99.0268 276274.4 71788.1 1635.6 - 5 .2 4 8 3

3600 24.9326 72810.1 99.7284 286212.2 74278.9 1654.0 -5 .2 4 5 4

3700 24.9783 75305.7 100.4122 296219.5 76774.5 1664.1 - 5 .2 4 2 8

3800 25.0206 77805.6 101.0789 306294.2 79274.5 1671.5 -5 .2 4 0 4

3900 25.0600 80309.7 101.7294 316434.7 81778.5 1670.6 - 5 .2 3 7 9

4000 25.0965 82817.6 102.3643 326639.6 84286.4 1664.4 -5 .2 3 5 5

4100 25.1306 85328.9 102.9844 336907.0 86797.7 1652.3 -5 .2 3 3 2

4200 25.1624 87843.6 103.5904 347235.9 89312.4 1633.0 -5 .2 3 1 3

4300 25.1921 90361.3 104.1828 357624.7 91830.2 1607.2 -5 .2 2 9 2

4400 25.2199 92881.9 104.7623 368072.1 94350.8 1575.8 -5 .2 2 7 2

4500 25.2460 95405.2 105.3293 378576.7 96874.1 1536.6 -5 .2 2 5 3

4600 25.2704 97931.1 105.8845 389137.6 99399.9 1492.5 - 5 .2 2 4 1

4700 25.2934 100459.3 106.4282 399753.2 101928.1 1440.7 -5 .2 2 2 7

4800 25.3150 102989.7 106.9610 410422.8 104458.6 1383.1 -5 .2 2 1 3

4900 25.3353 105522.2 107.4832 421145.2 106991.1 1319.6 - 5 .2 2 0 0

5000 25.3545 108056.7 107.9952 431919.2 109525.6 1249.1 - 5 .2 1 8 7

5100 25.3726 110593.1 108.4975 442743.9 112062.0 1170.5 -5 .2 1 7 7

5200 25.3897 113131.2 108.9903 453618.2 114600.1 1087.6 - 5 .2 1 6 6

5300 25.4059 115671.1 109.4741 464541.7 117139.9 997.9 - 5 .2 1 6 2

5400 25.4212 118212.4 109.9491 475512.9 119681.2 900.8 -5 .2 1 5 2

5500 25.4357 120755.2 110.4158 486531.1 122224.1 797.7 - 5 .2 1 4 7

5600 25.4494 123299.5 110.8742 497595.7 124768.4 687.4 -5 .2 1 4 0

5700 25.4625 125845.1 111.3247 508705.7 127313.9 571.0 - 5 .2 1 3 5

5800 25.4749 128392.0 111.7677 519860.6 129860.9 447.4 - 5 .2 1 3 2

5900 25.4867 130940.1 112.2032 531058.9 132408.9 318.0 - 5 .2 1 3 1

6000 25.4980 133489.3 112.6317 542300.7 134958.2 182.7 -5 .2 1 2 7
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T able  II I

Ideal Gas Therm odynam ic Properties o f  C H J IH  

F orm ula  W eig h t, 31.034.

T °K
Cp

cal/mole °K
H°T - K
cal/mole

S°T
cal/mole °K

~(C°r Hr) 
cal/mole

H°T
cal/mole cal/m ole Log К /

0 — 0 — 0 -6 7 4 4 .7 - 2 4 1 9 .2 —

100 8.62 811.8 47.44 3932.2 - 5 9 3 2 .9 - 3 1 0 6 .9 4.5941

200 9.78 1737.4 53.81 9024.6 - 5 0 0 7 .3 - 3 5 1 1 .8 1.0403

298.15 10.80 2744.7 57.89 14515.2 -4 0 0 0 .0 - 4 0 0 0 .0 -0 .2 9 8 8

300 10.83 2764.7 57.96 14623.3 - 3 9 8 0 .0 —4010.0 -0 .3 1 5 9
400 12.15 3912.5 61.25 20587.5 -2 8 3 2 .2 - 4 5 0 4 .7 -1 .0 8 8 2

500 13.48 5195.2 64.11 26859.8 -1 5 4 9 .5 - 4 9 5 5 .0 -1 .6 0 2 9

600 14.68 6604.6 66.67 33397.4 - 1 4 0 .1 - 5 3 5 1 .1 —  1.9789
700 15.73 8126.5 69.02 40187.5 1381.8 - 5 6 9 6 .2 -2 .2 6 5 2

800 16.66 9747.3 71.18 47196.7 3002.6 - 5 9 9 2 .4 -2 .4 9 3 6
900 17.49 11456.0 73.19 54414.9 4711.3 - 6 2 4 5 .7 -2 .6 7 9 5

1000 18.23 13242.7 75.07 61827.3 6498.0 - 6 4 5 5 .5 -2 .8 3 4 1

1100 18.88 15098.7 75.84 69425.2 8354.0 —6631.0 -2 .9 6 3 6

1200 19.46 17016.3 78.51 77195.6 10271.6 —6774.4 -3 .0 7 4 5

1300 19.98 18988.6 80.09 85128.4 12243.9 - 6 8 9 5 .6 -3 .1 6 9 7

1400 20.43 21009.4 81.59 93216.6 14264.7 - 6 9 9 3 .8 -3 .2 5 2 8

1500 20.84 23073.3 83.01 101441.6 16328.6 — 7078.4 -3 .3 2 7 0

1600 21.20 25004.1 84.36 109971.8 18259.4 - 7 3 2 3 .1 -3 .3 6 9 3

1700 21.53 27312.1 85.66 118309.9 20567.4 —7210.6 —3.4497

1800 21.82 29479.9 86.90 126940.0 22735.2 - 7 2 6 1 .8 -3 .5 0 1 0

1900 22.08 31675.2 88.09 135695.7 24930.5 —7305.0 -3 .5 4 7 0

2000 22.33 33895.8 89.23 144564.1 27151.1 - 7 3 4 1 .9 -3 .5 8 8 8

2100 22.55 36139.4 90.32 153532.5 29394.7 - 7 3 7 3 .8 -3 .6 2 8 3

2200 22.75 38404.2 91.37 162609.6 31659.5 - 7 4 0 4 .0 -3 .6 6 3 8

2300 22.93 40688.3 92.39 171808.6 33943.6 — 7428.4 -3 .6 9 5 0

2400 23.11 42990.4 93.37 181097.4 36245.7 —7452.8 -3 .7 2 4 8

2500 23.27 45309.8 94.32 190490.4 38564.6 — 7476.4 — 3.7505

2600 23.42 47643.8 95.23 199954.0 40899.1 - 7 4 9 6 .9 -3 .7 7 7 2

2700 23.56 49992.7 96.12 209531.0 43248.0 - 7 5 1 7 .5 -3 .7 9 9 7

2800 23.69 52355.5 96.98 219188.3 45610.8 - 7 5 3 6 .7 -3 .8 2 1 2

2900 23.82 54731.0 97.81 228917.8 47986.3 - 7 5 5 6 .2 —3.8426

3000 23.93 57118.7 98.62 238741.2 50374.0 - 7 5 7 6 .0 -3 .8 6 1 3

Acta C/iirn. Acad. Sei. H ung. 101, 1979



2 5 4 BURCAT, KUDCHADKER: IDEAL GAS THERMODYNAMIC PROPERTIES

T ab le  I I I  (contd.)

T ° K Ci
ca l/m ole  °K cal/m ole

S°T
ca l/m o le  °K

-  (GT —H T ) 
cal/m ole

H°T
ca l/m o le

(ЛЩ),
cal/m ole Log*,

3100 24.05 59517.8 99.41 248653.1 52773.1 - 7 5 9 3 .4 - 3 .8 7 8 4
3200 24.15 61927.8 100.17 258615.9 55183.1 - 7 6 1 3 .4 -3 .8 9 6 3
3300 24.25 64348.1 100.92 268687.7 57603.4 —7634.6 -3 .9 1 0 8
3400 24.35 66778.1 101.64 278797.6 60033.4 -7 6 5 5 .5 -3 .9 2 6 9
3500 24.44 69217.4 102.35 289007.4 62472.8 —7679.7 -  3.9403

3600 24.52 71665.6 103.04 299278.1 64920.9 -7 7 0 4 .1 -3 .9 5 3 6
3700 24.60 74122.1 103.71 309604.7 67377.4 —7733.1 -3 .9 6 7 0

3800 24.68 76586.4 104.37 320019.1 69841.7 -7 7 6 1 .2 -3 .9 7 8 6
3900 24.76 79058.4 105.01 330480.1 72313.7 -7 7 9 4 .2 - 3 .9 9 0 5

4000 24.83 81537.9 105.64 341021.8 74743.2 —  7828.7 -4 .0 0 1 0

4100 24.90 84024.1 106.25 351600.4 77279.4 -7 8 6 6 .0 -4 .0 1 2 1

4200 24.96 86517.1 106.85 362252.6 79772.4 7907.1 -4 .0 2 2 5
4300 25.02 89016.2 107.44 372975.3 82271.6 7951.4 - 4 .0 3 1 6
4400 25.08 91521.4 108.02 383766.3 84776.7 7998.2 -4 .0 3 9 7
4500 25.14 94032.4 108.58 394577.2 87287.7 8049.7 -4 .0 4 9 3

4600 25.19 96549.1 109.14 405494.7 89804.4 -8 1 0 3 .1 -4 .0 5 6 7
4700 25.24 99070.7 109.68 416424.9 92326.1 -8 1 6 1 .4 -4 .0 6 5 5

4800 25.29 101597.6 110.21 427410.0 94852.9 -8 2 2 2 .5 - 4.0739
4900 25.34 104129.3 110.73 438447.4 97384.6 -8 2 8 6 .8 -4 .0 8 1 9
5000 25.38 106665.6 111.24 449534.0 99920.9 -8 3 5 5 .5 —  4.0897

5100 25.43 109206.3 111.75 460718.4 102461.6 -  8429.8 — 4.0954

5200 25.47 111751.3 112.24 471896.3 105006.6 -8 5 0 5 .8 -4 .1 0 3 2
5300 25.51 114300.6 112.73 483168.2 107555.9 -8 5 8 6 .1 -4 .1 0 9 4

5400 25.55 116853.6 113.20 494426.2 110108.9 -8 6 7 1 .6 4.1173
5500 25.59 119410.3 113.67 505774.2 112665.6 8760.8 -4 .1 2 3 6

5600 25.62 121970.7 114.13 517156.9 115226.1 8854.9 4.1300
5700 25.65 124534.6 114.59 528627.9 117789.9 8953.1 - 4 .1 3 4 7
5800 25.69 127101.8 115.03 540071.8 120357.1 9056.3 - 4 .1 4 2 1
5900 25.72 129672.2 115.47 551600.4 122927.6 9163.4 -4 .1 4 7 9
6000 25.75 132245.6 115.91 563214.2 125500.9 9274.5 - 4 .1 5 1 7
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The CH30  Radical

The m om ents o f  inertia for CH30  were taken from F ö r g e t e g  and B é r ­
c e s  [2]. AH°29& for CHgO was taken from  B e n s o n ’s estim ates [5]. T he methanol 
vibrations used for CH30  are listed  in Table I.

The therm odynam ic properties o f  th e  CH30  radical w ere calculated by 
E n g l e m a n  [6 ] from the J a n a f  [7] va lues for CH3F, tak ing zHf%98 =  3.0 kcal. 
The calculated values o f E n g l e m a n  [6 ], F ö r g e t e g  [2] and B e n s o n  and 
O ’N e a l  [5b] are com pared with th e  present ones in Table IV . T he differences 
can be attributed to  the difference in  th e  m ethod. Being a m ore elegant method 
of calculation than th at perform ed b y  E n g l e m a n  it suggests th a t  both are 
basically  correct.

A second ex istin g  calculation o f  the CH30  radical therm odynam ic  
functions was presented by W a l d m a n , W i l s o n  and M a l o n e y  [8 ]. This table 
was calculated according to  the M e g h r e b l i a n , C r a w f o r d  and P a r r  Methods
[9], and it is com pletely  wrong. B esides having logical m istak es (H °—H298 is 
not 0.0 at 298°), it differs by as m uch as 5 to 25% from th e  va lu es presented 
here and by E n g l e m a n  [6 ].

The CH2OH Radical

For the CH2OH radical, th e  R R H O  therm odynam ic fu n ction s had to  
lie corrected for the internal rotation . In order to account for th is  effect only 
8 o f th e  m ethanol vibrations could be used for the R R H O  calcu lations, thus 
a reassignm ent o f the vibrations w as needed. B e r n a r d i  et al. [10] have re­
cen tly  calculated energies and geom etrical parameters for th is  radical. They 
have found interatom ic distances and angles similar to th ose  o f  m ethanol thus 
ju stify in g  the approach o f using the m ethanol vibrations. T h ey  have found 
however that the C — О bond is shorter and the stretching force con stan t bigger: 
6.72 and 5.73 m dyn/Á  for CH2OH and CH3OH respectively . Therefore we 
have changed this vibration (v =  8 in  methanol) accordingly (v oc ]Afc) from 
1033 to 1119. From the rest o f the m ethanol vibrations, th ose  assigned purely 
to  th e  CH3 group were discarded w hile those related to  th e  CH2 group were 
retained (see Table I).

To find the correct m om ents o f  inertia and Ir we used B e r n a r d i ’s [10] 
values. To the R R H O  calculation th e  internal rotation contributions were 
added using for rotational barrier V2 =  2 kcal as given b y  B e r n a r d i . The 
internal rotation is com plex in vo lv in g  tw o full rotations w ith  tw o  inversions. 
Therefore it was better represented b y  V2 rather than the V3 barrier used in 
m ethanol. The internal rotation contributions were calcu lated  w ith  L a n n e ’s 

com puter program [11]. АНрав was taken  from B e n s o n ’s  estim ates [5b].
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T h e therm odynam ic properties for CH2OH w ere previously calculated  
b y  B a h n  [12] probably from  graphical interpolation  o f  sim ilar homologues. 
H o w ev er  B a h n  has chosen a com p letely  unreasonable AHj29 s value of —14.0 
kcal and  low  values o f Cp a t h ig h  temperatures. A lso  h is com pilation suffers 
from  oscillations which m ake th e m  unacceptable as a w hole. Comparison w ith  
va lu es o f  B e n s o n  and O ’N e a l  [5b] and F ö r g e t e g  et al. [2] are presented in  
T ab le  IV .

Table IV

Comparisons o f the Calculated Thermodynamic Properties w ith  D ifferent Sources

CH.OH

CH,OH 
Pure RRH O

B e n s o n  
&  O ’N e a l

F ö r g e t e g  
&  B É R C E S

C H 2OH
In te rn a l ro ta tion*

This
calculation

Cp298 8.93 10.2 _ 1.831 10.8

* ^ 2 9 8 56.13 58 .6 55.21 1.759 57.89

CH30

E n g l e m a n B enso n  
& O’N eal

F ö r g e t e g  
& BÉRCES

This
calculation

^ 2 9 8 53.25 54.3 5 4 .7 5 54.63
c
' - 'p  300 — 9.1 — 9.09

^7>500 12.256 12.6 — 12.44

% 8 0 , — 16.8 — 16.62
Г
'- 'p  1000 18.44 18.9 — 18.60

(Hj— ^ t w s t m 2131 . — 2166.

( А т  -^ 2 9 8 )]  000 9975 . - — 10096.

( A t  -^298 /2000 31275 . - — 31514.

( H T  ^ 2 9 8 )4 0 0 0 80056 . — — 80386.

* See text.

T h e older vibrational a ssign m en t by I v a s h ,  L i  and P i t z e r  [13] for m etha­
nol w as also used for com p arison  purposes. The va lu es for the CH30  and  
CH2O H  radicals w ith these v ib ra tio n s were w ithin  0 .25%  o f  the values present­
ed here, w ithin the precision o f  the present calcu lation .

T h e present calculation  is  precise to w ithin 1%  o f  th e  values presented. 
R o u g h ly  i t  should be sta ted  th a t  for CH30  tab le th e  la st tw o digits in each  
colum n are insignificant and th e y  are presented here so th a t smoother curve  
f it t in g  polynom ials m ay be generated.
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A set o f  polynom ial fits  calculated  w ith  G o r d o n  and M c B r i d e ’s pro­
gram [4] are presented here for the range 300 — 5000 K. The polynom ials are 
com patible w ith  N A S A ’s h ighly popular programs of shock and detonation  
properties [14], and kinetic calculations [15].

The polynom ials given in Table V  can generate the fo llow ing therm o­
dynam ic properties

< £ = А 1 +  АЯТ +  A3T* +  A J 3 +  A . J ‘
К

—  =  A . +  —  T +  +  — T* +
R T  1 2 3 4 5 6

—  =  A ,  ln  T  - f  A 2T +  - é l  T 2 +  — к T 3 +  —  Г 4 +  A , 
R  1 ^  2 T  2 3 4 7

G
R T

=  A 1( l  — ln T) — A &  r p z  _ ^ 4  _ - ^ 5  I A ß  _ ^
6 12 20 T  7

The first seven  coefficients belong to  th e  1000 — 5000 К  range, and th e  last 
seven coefficients to  the 300 —1000 К  range.

T able  V

Polynomial Coefficients o f  Thermodynamic F unctions fo r  C H 30  and C H ,O H  in  the range 300— 
5000°K  to be used w ith  N A S A  Programs

С И ЗО  G U 0 6 /7 8 C  1 H  3 0  1 0 G  300.000 5000.000
0 .3 7 7 0 7 9 9 6 E + 0 1  0 .7 8 7 1 4 9 7 4 E — 0 2 - 0 .2 6 5 6 3 8 3 9 E — 05 0 .3 9 4 4 4 3 1 4 E -0 9 — 0 .2 1 1 2 6 1 6 4 E - 1 3  
0 .1 2 7 8 3 2 5 2 E + 0 3  0 .2 9 2 9 5 7 5 0 E +  01 0 .2 1 0 6 2 0 4 0 E + 0 1  0 .7 2 1 6 5 9 5 1 E -0 2  0 .5 3 3 8 4 7 2 0 E -0 5

— 0 .7 3 7 7 6 3 6 3 E -0 8  0 .2 0 7 5 6 1 0 5 E -  11 0 .9 7 8 6 0 1 0 7 E + 0 3  0 .1 3 1 5 2 1 7 7 E + 0 2

CH-,0. c u rv efittin g  analysis

Average error %

F unction Maximum error % a t  300 1000° 
range

%

a t 1000 - 5 0 0 0 5 
range

%

C„/R 0 .51%  a t  400° 
0 .8 7 %  a t  1300° 0.2 0.43

( H - H 0) /R T 0 .14%  a t  300° 
0 .35%  a t  1700° 0.04 0.15

S /R 0 .018%  a t  300° 
0 .089%  a t  1800° 0.006 0.046

( G - H 0) /R T 0 .004%  a t  300° 
0 .044%  a t  2600° 0.0015 0.033
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H3CO G  H  3C 10  1 OG 300.000 5000.000

0.47235041 E + 0 1  0 .6 1 0 2 0 4 4 1 E -0 2 -0 .1 9 1 3 2 0 9 4 E -0 5  0 .2 7 6 0 7 4 2 7 E -0 9 -0 .1 4 5 4 8 3 6 7 E — 13
— 0 .3 9 3 2 9 1 6 5 E + 0 4  —0.8524382 I E  — 01 0 .33368406E+01 0 .6 5 8 8 1 2 3 7 E - 0 2  0.29979328E— 05
— 0.5871971 4 E  —08 0.21229572E - 1 1 -0 .3 3 1 6 8 2 6 7 E + 0 4  0 .80668154E + 01

C H 2O H  curvefitting  an a ly sis

Average error %

Function Maximum error % at 300 1000° 
range

%

at 1000 — 5000° 
range

%

Cp/R 0 .2 6 %  a t  400° 
0 .6 6 %  a t  1300° 0.12 0.32

( H - H 0)IR T 0 .05%  a t  500° 
0 .4 4 %  a t  1600° 0.027 0.12

S /R 0 .017%  a t 300° 
0 .07%  a t  1900° 0.008 0.033

0g - h 0)/r t 0 .016%  a t  300° 
0 .1 6 %  a t  1600° 0.009 0.037

A le x a n d e r  B urcat th a n k s  M r. D. L. Mil l e r  fo r c o m p u ta tio n a l help.
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IR SPECTRA OF HYDROCARBONS CHEMISORBED ON 
TRANSITION METALS, I
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N i/S i0 2 CATALYST

T .  S z i l á g y i , A .  S á r k á n y , J .  M i n k  a n d  P .  T é t é n y i
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A ccep ted  fo r p u b lic a tio n  S ep tem b er 4, 1978

T he p re sen t p a p e r  gives th e  d esc rip tio n  o f an  in frared  cell u sed  fo r record ing  
th e  I R  sp e c tra  o f adso rbed  e th y len e. E th y le n e  was chem isorbed o n  s ilic a -su p p o rted  
Ni a t  55 a n d  150 °C. T he chem iso rbed  species ap p ear to  be a tta c h e d  to  th e  surface 
b y  a  bo n d s exclusively . T he sp ec tra l fe a tu re s  o f  chem isorbed C2H 4 a re  d iscussed  in 
te rm s of th e  re a c tiv ity  o f th e  surface  species to w ard s hydrogen.

Introduction

The investigation  o f the infrared spectra of adsorbed m olecules has 
proved to  be a valuable m ethod in the stu d y  o f chem isorption processes. Its 
increasing popularity m ay be attributed  to  the fact that th e  sc ien tist can  
observe the surface o f the cata lyst d irectly , while the classical cata lytic  
m easurem ents (surface coverage, heat o f adsorption, therm odesorption, etc.) 
offer inform ation on the level o f the system  only, rather than on a m olecular  
level. H ow ever, the am ount and nature o f  inform ation provided b y  infrared  
spectroscopy seem s to be som ew hat lim ited  due to experim ental d ifficu lties. 
One o f these problems is the energetics o f th e  infrared spectrom eter. E ither  
th e  signal to  noise ratio and the in ten sity  o f  infrared bands are very  low  in 
th e  case o f  unsupported adsorbents (usually  evaporated m etal film s) due to  
their  sm all surface area and, consequently , th e  sm all number o f light-absorb­
ing  m olecules in th e  infrared beam , or, if  m etal catalysts fin ely  dispersed on 
th e  surface o f  silica or alumina powders are used, a large proportion o f  the  
beam  energy is lost owing to  strong absorption b y  the support and th e  long­
w ave region th e  spectrum  (below 1300 c m -1 ) becomes unusable. For these  
reasons, th e  use o f  a spectrom eter o f  high sen sitiv ity  is necessary. A nother  
d ifficu lty  is the poor reproducibility o f  m easurem ents. This problem  m ay  
arise from difficulties o f sam ple preparation or contam ination o f  th e  surface 
o f the adsorbent during experim ents. As all the manipulations o f  preparation  
and also the infrared m easurem ent m ust be performed in the sam e adsorption  
cell specially designed for the given purpose, the success strongly depends on 
th e  design o f th e  cell and sam ple handling.
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In  th e  present pub lication  a new ty p e  o f  adsorption cell for infrared  
m easurem ents is described and some spectra o f  adsorbed ethylene on N i/S i0 2 
are reported. This stu d y  w as performed as th e  fir st stage o f a more detailed  
infrared investigation  o f  hydrocarbons adsorbed on transition m etals.

Apparatus and experimental m ethods

T h e  ad so rp tio n  cell (see F ig . 1) w as m ade of P y re x  g lass e x c e p t for th e  p a r t  co n ta in in g  th e  
h e a tin g  w ire , w h ich  w as R a so th e rm  glass. An o u te r  vessel, ro u g h ly  of spherical shape, eq u ip p ed  
w ith  K B r w indow s h a d  tw o  sid e -tu b e s , for gas in le t a n d  v a c u u m  connection  ( th e  w indow s 
w ere sea led  in to  th e  glass b y  R h o d o rs il v acuum  leak  se a la n t p ro d u ced  b y  R hone—P o u len c , 
Inc .). I t s  u p p e r  side form s a  w id e  neck  65 m m  in  d iam e te r a n d  can  be  closed b y  a cap . V acu u m - 
tig h t  sea lin g  w as ach ieved  b y  a  V ito n  О-ring s itu a te d  b e tw e e n  su itab ly  w orked a n d  po lish ed  
glass p ro file s. G lass-covered  tu n g s te n  rods as e lectrica l lea d s  w ere soldered in to  th e  cap  a n d  
th e  sam p le  h e a te r  to  th e  in n e r  ends o f rods a t  th e  h e ig h t o f th e  in fra re d  beam . T he h e a te r  is 
a dou b le-w alled  cy linder w ith  K a n th a l  h eatin g  w ire b e tw ee n  th e  glass walls. T he space b e tw een  
th e  w alls w as e v ac u a te d  a n d  f ille d  u p  w ith  h y d rogen  to  en su re  a  b e tte r  th e rm al c o n d u c tiv ity  
a n d  a m o re  u n ifo rm  te m p e ra tu re  d is trib u tio n . T he sa m p le  p e lle t w as p laced  in  a  s ta in le ss  
steel sam p le  ho lder, w hich  slip s in to  th e  inner cy lin d er o f th e  h e a te r . F o r th e  th e rm o co u p le  
in le t, a  g lass tu b e  of sm all d ia m e te r  is in tro d u ced  th ro u g h  th e  cap  to  th e  heater.

M ost o f th e  cells d e sc rib e d  in  th e  lite ra tu re  [1] a re  desig n ed  so th a t  th e  fu rn ace  sec tio n  
is fa r  fro m  th e  in frared  b e am , re q u ir in g  m o v ab ility  o f  th e  sam ple . O ur a rran g em en t h a s  th e  
follow ing ad v an tag e s:

a) T h e  fix ed  sam ple  h o ld e r  ensures th e  re p ro d u c ib le  p o sitio n in g  of th e  sam ple ;
b ) T h e  design is s im p le r as th e  cell has no m o v in g  p a r ts ;
c) I t  is possible to  re c o rd  sp e c tra  a t  e lev ated  te m p e ra tu re s  and  also to m o n ito r  t h e  

re d u c tio n  process.

Fig. 1. In f ra re d  cell. 1 — glass covered  W  rods; 2 — V ito n  O -ring ; 3 - th erm ocoup le ; 4 —  
sp o t w eld ing  be tw een  K a n th a l  a n d  tu n g sten ; 5 — R a so th e rm  glass in te rn a l fu rn ac e ; 6 — 
h e a tin g  w ire  be tw een  m ica  fo ils; 7 — K B r w indow s; 8 — gas in le t; 9 — connection  to  t h e  

v a c u u m  system ; 10 — sta in le ss  steel sam ple  h o ld e r p o sitio n ed  in  th e  fu rnace
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T he cell w as a tta c h e d  to  a c o n v en tio n a l all-g lass vacuum  system  e q u ip p e d  w ith  a m er­
c u ry  diffusion p u m p  an d  a ro ta ry  p u m p . T h e  u l tim a te  pressure in  th e  cell w as 5 X  10 ~ 5 T orr 
m ea su re d  b y  an  io n iza tio n  gauge. T h e  gas p re ssu re  during  ad so rp tio n  w as m ea su re d  by  an 
ab so lu te  m an o m e te r (D a tam e tric s  E lec tro n ic  M anom eter). T he cell w as p ro te c te d  fro m  co n tam ­
in a tio n  b y  liq u id  N 2 cooled trap s . G reaseless V ito n  О-ring tap s  an d  c o n n ec tio n s  w ere used 
ev ery w h ere  in  th e  system .

Sam ples w ere  p rep ared  b y  th e  u su a l im p re g n a tio n  technique. C abosil H S 5  g rad e  silica 
w as  w e tte d  w ith  a  so lu tio n  of N i(N 0 3)2 X  6 H 20 .  T h e  s lu rry  was dried  to  ca. 30 w t. w a te r  co n ten t 
a n d  p ressed  (1 -1 .5  to n s/cm 2) in to  se lf-su p p o rtin g  discs 25 m m  in  d ia m e te r , w h ich  weighed 
60 — 100 mg. T h e  disc w as p laced  in to  th e  cell a n d  i t  w as reduced  in  s itu  a t  400 — 450 °C for 
6 h o u rs  in an  a tm o sp h e ric  s tre am  of h y d ro g en  p u rif ie d  in a deoxo u n i t  f illed  w ith  B A SF 11 
c o n ta c t.  T he w a te r  fo rm ed  w as tra p p e d  b y  m o lecu la r sieve p rev iously  e v a c u a te d  a t  300 °C 
a n d  th en  cooled to  liq u id  N 2 te m p e ra tu re .

A fter re d u c tio n  th e  sam ple  w as a llow ed  to  cool in H 2 to  th e  te m p e ra tu re  o f e thy lene  
ch em iso rp tio n . H y d ro g en  w as th en  rem o v ed  (res id u a l pressure  10 -5  T o rr)  a n d  th e  b ack g ro u n d  
sp e c tru m  was reco rd ed  a n d  sto red . T h en  e th y le n e  a t  a pressure o f 30 T o r r  w as a d m itte d  in to  
th e  cell. A fter 5 m in  c o n ta c t, th e  cell w as e v a c u a te d  fo r ca. 20 m in  in o rd e r  to  re m o v e  physi­
c a lly  adsorbed  h y d ro carb o n s.

T he in fra re d  sp e c tra  w ere re co rd e d  a t  ro o m  tem p e ra tu re  b y  m ea n s  o f a  D IG IL A B  
F T S -1 4  in te rfe ro m e te r eq u ip p ed  w ith  i ts  ow n N O V A -1200 m in ic o m p u te r. T h e  co m p u te r 
h a s  a 128K  disc as m ass sto rag e  m em o ry  fo r s to rin g  recorded  sp ec tra . S p e c tra  w ere  m easured  
b y  collecting a n d  sig nal-averag ing  200 scans a t  a n  orig inal reso lu tion  o f 2 c m -1  w h ich  was 
d ec reased  by  a fa c to r  o f tw o in  consequence  o f th e  subsequen t sm o o th in g  p ro ced u re . This 
re su lte d  in sp ec tra  w ith  a reaso n ab ly  h ig h  signal to  noise ra tio . All ru n s  w ere  p e rfo rm ed  in 
th e  single-beam  m ode a n d  th e  c o m p u ted  sp e c tra  w ere  stored  on th e  disc.

T he chem iso rbed  a m o u n t o f e th y le n e  w as m easu red  g ra v im etrica lly  b y  m ean s of a 
S a r to r iu s  e lec tro b a lan ce  (T ype 4102). (F o r  fu r th e r  d e ta ils , see R efs 2 and 17.) T h e  re m o v a b ility  o f 
th e  chem isorbed  species w as in v es tig a te d  in  h y d ro g e n  using  s ta tic  as w ell as flow  conditions. 
T h e  h y d ro d eso rb ed  p ro d u c ts  w ere co llected  in  a t r a p ,  filled  w ith  a sm all a m o u n t o f  silica gel, 
a t  liq u id  n itro g en  te m p e ra tu re . T h eir co m p o sitio n  w as checked b y  gas c h ro m a to g ra p h y . F o r 
ch em iso rp tio n  m ea su re m e n ts  a 0.274 g sam p le  w as used.

Results and discussion

1. Spectra o f chemisorbed ethylene on an initially hydrogen-covered nickel

The spectrum  o f chem isorbed eth y len e measured at 55 °C on a hydrogen- 
covered N i/S i0 2 sam ple is shown in F ig . 2a. The recorded spectrum , similar 
to  those reported b y  E r k e l e n s  [3] and P r í m e t  [ 4 ] ,  shows bands at 2963, 
2932 and 2884 c m -1 . A weak shoulder appears also at ca. 2850 c m -1 . The 
three main bands have alm ost equal in tensities. The band at 2884 c m -1 is 
assigned to  th e  CH2 sym m etric stretching vibration in associa tively  adsorbed  
eth y len e with a configuration N iC H 2—CH2N i [7, 18]. In ad d ition  to  this 
band, part o f th e  band at 2932 cm -1  also belongs to this adsorbed species [8]. 
T he relative in ten sity  o f the band at 2884 cm -1 strongly depends on the ex ­
perim ental conditions, especially  on th e  tem perature o f adsorption (see e.g.
[3, 5 - 8 ,  18 20]).

The in itia l presence o f  a band at 2963 cm -1 assigned to  CH3 groups 
ind icates the presence o f partia lly  hydrogenated species w ith  th e  possible 
configuration N i3C — CH3, N i2CH — CH3 or NiCH2CH3.
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F ig . 2 .a )  In fra re d  sp ec tru m  o f  C 2H 4 o n  N i/S i0 2 chem iso rbed  a t  55 °C a fte r  evacuation  o f 30 
T o rr  e th y le n e ; b) A fter a d d it io n  o f  hy d ro g en  in  th e  gas p h a se  (25 T orr) a t  35 °C; c) A fte r  
h y d ro g e n a tio n  a t  180 °C fo r 5 m in  in  a  s tream  of a tm o sp h e ric  H 2; d )  A fte r 20 m in of h y d ro g e ­

n a tio n  a t  180 °C (B etw een  c a n d  d  th e  sam ple was cooled  ra p id ly  to  room  tem p e ra tu re )

2. Spectra o f adsorbed ethylene after hydrogenation

H ydrogen adm ission (F ig . 2b) — 25 Torr H 2 at 35 °C — increases th e  
in ten sity  o f the 2963 and 2932 cm -1 bands b y  a factor o f  2.4. Sim ultaneously, 
a broad band develops at 2870 cm -1, whereas th e  2884 c m “ 1 band is m issing. 
A t th is  tem perature considerable part of the chem isorbed hydrocarbon can 
be rem oved after hydrogen adm ission (Table I). A t 55 °C the desorbed product 
consists m ainly of ethane. O n ly  trace amount o f  CH4 (0.1 mol% ) and n-butane  
(ca. 0 .15 mol% ) can be d etected . The observed spectrum  (Fig. 2b) does not 
change very much during prolonged hydrogenation at room tem perature. 
This observation is in agreem ent with chem isorption results, i.e. the chem i­
sorbed species rem aining on th e  surface can be on ly  slow ly  removed w ith h y d ­
rogen (c . f columns 3 and 4 in  Table I).

The tw o strongest bands (Fig. 2b) at 2966 and 2933 cm -1 belong to the  
CH3 and CH2 groups, resp ective ly , in the adsorbed layer [9].

The ratio of the absorbance of m ethyl and m ethylene bands (at 2966  
and 2933 cm -1 , respectively) obtained for th e  hydrogenated  species at 35 °C 
is about 1:1, which m ay be attributed to surface e th y l groups [4]. In  th is  
case, th e  medium broad band  centered near 2873 c m -1  is assigned to th e  low  
frequency com ponents o f  th e  CH stretching vibrations o f  m ethylene and m ethyl 
groups, i.e. to the sym m etric CH2 and CH3 stretch in g  m odes. This interpreta-
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Table I

Ethylene chemisorption on a nickel-silica catalyst (10 w t.%  N i/C ab—О — Sil H S 5)

A m ount of ethylene chemisorbed ^pg

Temp.
(°C) A fter evacuation 

(10 min, 10-e 
Torr)

A fter
hydrodesorption
(PHa = 30 Torr> 10 min)

A fter
10 m in H 2 flow 

(pHa =  735 Torr)

A fter
hydrogenation 
for 15 m in a t 

180°C
(pa, =  735 Torr)

25a 220d 120 n o 0

25 210 160 160 15

55a 247 165 143 27

58 255b 215 205 55

145 605c — — 233

a — H 2 ev acu ated  a t  th e  tem p era tu re  of chem isorp tion , otherw ise a t  350 °C 
b  — chem iso rp tion  is tim e-dependen t, m easu rem en t a fte r  20 m in. R a te  o f  carbon  deposit 

fo rm atio n  R  =  1.1 pg  m in -1
c — ch em iso rp tion  is tim e-dependen t, m easu rem en t a fte r 7.5 m in  (J? =  8 fig  m in -1) 
d  a m o u n t o f  CO chem isorbed irreversib ly  a t  room  tem p era tu re  is 365 — 380 fig, con­

seq u en tly , th e  surface coverage for C2H 4 is © =  0.4—0.42 
e — all m easurem ents were m ade in v acuum  (1 0 -c  T orr) in o rder to  avo id  boyancy  effects

tion  w ould contradict, however, the apparent large stab ility  o f th e  chemisorbed  
species.

W e should tak e into account another interpretation as w ell. The spectrum  
o f th e  chem isorbed species formed after hydrogenation o f ethylene (Fig. 2b) 
on nickel at 35 °C is practically identical w ith  the spectrum  obtained for 
chem isorbed 1-butene at 20 °C [10]. Based on th is spectroscopic sim ilarity, 
it m ay w ell be suggested that in part th e  surface species have dim erized to C4 
species [1 1 ,1 2 ]. In  th is case the C4 surface species should have m ultip le carbon- 
m etal bonds, w hich could give a CH3/CH2 in ten sity  ratio sim ilar to  th at in sur­
face eth y l groups. [15]

W e do not at th is tim e w ish to  com m ent in detail on w hich interpreta­
tio n  is more reliable.

3. Spectra o f adsorbed ethylene at high temperatures

H eating the sam ple at 180 °C for 5 min in an atm ospheric stream  of 
hydrogen decreases the in ten sity  o f the 2963 cm -1  band; it  appears as a weak  
shoulder on a strong and broad band centered at 2933 cm -1 , w hich has a fairly  
prom inent broad shoulder near 2860 cm -1  as shown in F ig. 2c. D esorption in 
hydrogen reveals the predom inant form ation o f CH4. The “ hydro-desorbed” 
product collected  in th e  first 10 m in contains 83 mol% CH4 and 17 mol%  C2He. 
The larger part o f  C2H e is fo im ed probably during th e  tem perature rise to  
180 °C, since further hydrogenation results in  the form ation o f  CH4 exclu­
sively .
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T h e broad band at 2933 c m -1  is an in teresting feature o f the spectrum  
in F ig . 2c, which requires com m ent. Features o f sim ilar in ten sity  and sim ilar 
profile h a v e  not been reported in  earlier works. The broad absorption band at 
2933 c m -1  probably belongs to  hydrogen-deficient species either in C2 surface 
species o f  ty p e  Ni2CH—CH N i2 or more probably in  C4 or longer species w ith  
m u ltip le  carbon-m etal bonds. D esorption of m ethane under the above condi­
tions show s that C — C bonds are being broken. The absence o f the 2966 cm -1  
band m ig h t be peculiar to  N i, sin ce  on this m etal C — C bond dissociation tak es  
place ex c lu siv e ly  at th e  end o f  th e  carbon chain [13, 14].

A fter  a 20 min hydrogenation  at 180 °C, an extrem ely  weak spectrum  is 
ob ta in ed  as shown in F ig. 2d . Overlapping broad bands around 2950 cm -1  
and 2910 c m -1 are m easured. In  th is spectrum th e noise level is rather high  
for th ese  w eak bands.

4. Adsorption on a bare surface at high temperatures

T h e high tem perature infrared spectra o f a hydrogen-covered surface 
show  som e interesting features. For th is reason w e investigated  th e  infrared  
spectrum  o f  chemisorbed eth y len e  at 150 °C in  the absence o f hydrogen. In  
th e  case o f  adsorption at 150 °C (see Fig. 3a). a spectrum  similar in in ten sity  
to  F ig . 2a  is observed, a lthough , according to  the gravim etric results, th e  sur­
face coverage is considerably larger than at 55 °C. A  relatively  sharp band  
appears at 2965 cm -1 and, beside th is , a broad band at 2925 cm -1 and a weaker  
one at 2870  cm -1 can be discerned.

T h e spectrum  in F ig. 3a seem s to  fall betw een th ose  observed on a hydro­
gen-covered  surface at 55 °C (F ig . 2a) and on heated  sam ples at 180 °C after 
hyd rogen ation  (Fig. 2c). This suggests that th e  species in  th e  adsorbed layer  
form ed on a bare surface could  be characterized b y  —CH3, CH2 and —CH  
groups, b u t, in accordance w ith  th e  absence of th e  band near 2885 cm -1 , 
a sso c ia tiv e ly  adsorbed eth y len e is not dom inant. The hydrogen-deficient spe­
cies — C H N i2 or ;> CHNi seem  to  be proved b y  th e  results on tritium  ex ­
change [16], since the tritium  con ten t o f the ethane form ed is greater than  th at 
exp ected  on the basis o f hydrogen  addition.

H ydrogenation of th is sam ple at 180 °C for 7 m in causes a greater in ­
crease in  th e  intensity o f  th e  2925 cm -1  band than  in  th a t o f the 2965 cm -1  
and th e  shoulder at about 2870  cm -1  persists (F ig . 3b). The chem isorbed  
species lea v in g  the surface at 180 °C in a stream  o f H 2 consists o f 94.8 mol%  
m eth an e and 5.2 mol% ethane.

A d d ition  of hydrogen lead s to  th e  “ hydrogenated” spectrum  shown in  
F ig. 3b . T he strongly overlapping spectrum  profile m akes it d ifficult to  assign  
th e  spectrum  in detail. The surface species m ay occur as an interm ediate in  
the form ation  of various hydrogenated species.
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F ig . 3.a)  In fra re d  sp e c tra  o f C 2H 4 chem iso rbed  a t  150 °C a f te r  e v a c u a tio n  of 30 T orr C2H 4; 
b) A fte r  h y d ro g e n a tio n  a t  170 °C fo r 7 m in  (рнг =  30 T o rr)

The CH stretch ing frequencies and assignm ents o f  th e  infrared hands 
are sum m arized in  T able II.

It can be seen th a t the presence of the CH3 groups can w ell be distinguish­
ed from the other surface species. It is more d ifficu lt, h ow ever, to  distinguish  
betw een the CH2 groups and the hydrogen-deficient CH surface species. A very  
characteristic band o f th e  CH2 sym m etric stretching v ibration  o f associatively  
adsorbed ethylene appears in th e  narrow range near 2880 cm - 1 .

Table II

E xperim ental C H  stretching frequencies and assignments o f  infrared bands o f  adsorbed ethylene

A В c D E Assignm ent Estimated surface 
species

2968 s 2966 vs 2965 sh 2965 s 2965 sh N iC -C H ,
2932 s 2933 vs 2930 vv s, h 2925 s, b 2930 v v s , b vasCH2, NiCH„-,

2885 sa

2873 m , s 2870 m ,  sh 2870 m
2875 sh

rC H
vsC H 2

vgC H 3,
r sC H 2,
vCH

Ni CH 
N iC H 2 C H 2Ni

N i - C - C H j ,
N iC H 2-,
N i - C I I

A ) E th y len e  adso rbed  on  a hydrogen-covered  nickel surface a t  55 °C; B) H ydrogen ad ­
m itte d  a t  35 °C; C) H e a te d  sam ple a t  180 °C for 5 m in  in  an  a tm o sp h e ric  s tream  of hydrogen; 
D ) E th y len e  chem isorbed a t  150 °C in th e  absence of hydrogen ; E ) H y d ro g en  a d m itted  a t  180 °C; 

a) U sually  a  d o u b le t b an d  cen tered  a t  2884 c m -1
N otes: s — stro n g ; m  — m edium ; b  — broad ; sh — shoulder; v  — v e ry ; t»as — asym m etric  

CH stre tch ing ; vs — sy m m etric  CH stre tch in g
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Our statem ents connected w ith  the structure o f  th e  surface species 
form ed under different cond itions can be summarized as follow s:

1. A t low  temperatures (under 60 °C) on an in itia lly  hydrogen-covered  
surface th e  presence of associative ethylene can be detected , but th e  appear­
ance o f  th e  CH3 species and th e  hydrogen-deficient ones is also considerable. 
On a bare surface the hydrogen-deficien t species are m ore dom inant, the 
asso c ia tiv e  ethylene being p ractica lly  absent.

2. In  th e  presence o f h ydrogen  at 35 °C the in tensities o f  bands both of 
the C H 3 and  the CH, groups increase, w hich can be explained b y  the form ation  
o f C — H  bonds at the expense o f  C — N i ones. The change in th e  in ten sity  ratio 
of CH3 and  CH2 groups perm its to  suggest formation o f C4 — having m ultiple  
C — N i b on d s — or larger p olym er species.

3. A t  higher tem peratures (150 — 180 °C) the num ber o f C — N i bonds 
increases, because m ainly bands characteristic of the CH and CH2 groups 
are d om in an t.

T h u s, upon increasing th e  tem perature, the relative q u an tity  o f the CH3 
groups decreases.

4 . D u e  to  self-hydrogenation, th e  structure o f surface species depends 
m ore stro n g ly  on the tem perature o f  chem isorption than  on the presence of 
h ydrogen  on the surface.

To id en tify  more con v in cin g ly  the estim ated surface species, further 
work is necessary. Detailed resu lts w ill be presented in a subsequent part 
of th is  series.
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O n th e  basis o f a generalized  deco m p o sitio n  m echanism  fo r n o rm a l paraffin  
h y d ro c a rb o n s , a k in e tic  m odel o f  th e rm a l deco m p o sitio n  is developed. F o r  th e  co n stru c ­
tio n  of th is  m odel, i t  is supposed  th a t  h y d ro g e n  a to m s, m e th y l and  e th y l  ra d ic a ls  p a r ­
tic ip a te  in  th e  hydrogen  a b s trac tio n  re ac tio n s  a n d  th a t  decom position  is th e  only re­
a c tio n  o f rad ica ls  larg e r th a n  e th y l. A m ong seco n d ary  reac tions, th e  in h ib i to ry  reac tio n s 
o f  th e  p ro p y len e  p ro d u ced  an d  th e  re co m b in a tio n s  o f m e th y l an d  e th y l  rad ica ls  as 
c h a in  te rm in a tio n  step s are ta k e n  in to  a cc o u n t.

P y ro ly sis  experim en ts  carried  o u t w ith  n -b u ta n e  serve as exam ples fo r  th e  ac tual 
a p p lic a tio n  of th is  k in e tic  m odel. E x p e rim e n ta l d a ta  sa tisfac to rily  ag ree  in  th e  en tire  
co n v ersions ran g e  w ith  d a ta  d e riv ed  fro m  th e  th eo re tica l m odel.

T h e  k in e tic  law  for th e  th e rm a l d eco m p o sitio n  revea ls th a t  th e  k in e tic  o rder of 
th e  te rm  w hich  describes th e  d ecom position  o f  th e  p a re n t sub stan ce  c o n tin u o u s ly  de . 
creases fro m  3/2 to w ard s u n ity  w hen th e  te m p e ra tu re  is raised.

Introduction

A ttem pts at the construction o f theoretical models o f therm al decom posi­
tions have been made since decades on th e  basis o f free-radical m echanism s 
consisting o f th e  primary reaction steps and th e  kinetic param eters o f  these 
reactions. The first to develop such a m odel for the decom position o f  hydro­
carbons, e.g. ethane, were R ice and H erzfeld  [1] in 1934.

It was in  the 1960’s th a t sem i-em pirical m odels based upon stoichio­
m etric overall reaction equations (m olecular reactions) and upon k in etic  data 
found for these were applied. Am ong such efforts the best known are th ose of 
My e r s  and W atson [2], A ndrew s  and P ollock [3], Snow  and Shutt  [4], 
Shah  [5], and F eigin  et al. [6], which refer to  the pyrolysis o f  ligh t hydro­
carbons, viz. to  th at o f ethane and propane. A m odel also based upon the 
above principle w as developed in  recent years for the thermal decom position  of 
ethane, propane, butane and th e  m ixtures o f  these, by F roment et al. [7, 8], 
further, for th e  description o f the decom position o f propane, b y  A lbright  et 
al. [9].

In  the 1970’s again the theoretical m odels based on prim ary reaction  
steps were discussed and then also the m ost im portant secondary reactions 
betw een chain-propagating radicals and olefin ic products were considered. 
In th is  field  th e  studies by A llara and E delson  [10], Ser es  et al. [11],
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Zalo tai et ál. [12] and th e  unpublished work o f  B e n e d e k  and Váci should  
be m en tion ed  concerning m odels for the th erm al decom position process o f  
hydrocarbon  gases via m u ltistep  primary reaction  system s. Based upon th ese  
m odels a description, in  sem i-quantitative agreem ent w ith empirical data  for 
th e  ran ge o f  low  or m edium  conversions, has been  th e  result. In  past years, 
F e i g i n  et ál. [13, 14] developed  a model, based  upon  a similar principle, for 
re-paraffins o f  greater m olecular weight and for th e  m ixture o f these: th is  
m odel, w h en  applied to  hydrocarbon gases, led  to  sem i-quantitative agreem ent 
w ith  th e  experim ental data.

In  th is  paper we discuss a theoretical k in etic  m odel worked out on th e  
basis o f  a general decom position m echanism for norm al paraffin hydrocarbons. 
The p ra ctica l application o f th is  m odel is exem p lified  by pyrolysis te sts  [15, 
16] w ith  re-butane.

K in e tic s  m o d e l b a s e d  o n  a  d e c o m p o s itio n  m e c h a n ism

In  order to  facilitate th e  k inetic description, w e write th e  decom position  
of re-paraffin hydrocarbons in  a generalized form  th a t conforms to  the reaction  
schem e show n in Table I.

Table I

M echanism, o f  the decomposition o f  no rm a l p a ra ffin  
hydrocarbons

1. A „ -— *■ C H 3 +  C2H 5 +  C2H ,

kt
>- b2J

3. A „ +  H  ^  +  H 2

l i n e

*,./Rnp

!\
k̂ R n

CHj

A„ +  C2H6 /  +  C,H„

4. R n p R „
К
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5. R np ► gjM t -f- a  C H 3 +  ß  CtH 5

к n_1
R ns Д  g jM j  +  >-CH3 +  áC 2H 5

6. M3 + H  С2Н 4 + сн3
М3 + СН3 С3Н4 + сн4 + н

7. СН3 +  СН3 С2Н6 

СНз +  С2Н5 С3Н8 

С2Н5 +  С2Н5 -Í2*. С4Н 10

w here A n is th e  p a re n t  p a ra ffin  h y d ro c a rb o n ; n  is th e  n u m b er o f c a rb o n  a to m s in  m olecule 
A n, in  p r im a ry  ra d ic a ls  R™ , a n d  *n seco n d ary  rad ica ls  R ns. M3 is th e  sym bol fo r C3H 6, th e  
in h ib ito ry  o lefin , a  is zero, p is u n ity  if  n  is an  ev en  n u m b er, у  -)- ő =  1. M2, M 3 . . . Мj sym bol­
ize olefins; gj is th e  w eigh ting  fa c to r fo r th e  o lefin  yield.

According to  the free-radical hain-theory propounded by R i c e  and 
H e r z f e l d  [1], and K o s s i a k o f f  and R i c e  [17], the m ost im portant reaction  
steps o f the prim ary decom position o f  paraffin hydrocarbons are the therm al 
dissociation o f  hydrocarbon m olecules (reaction 1, in th e  reaction schem e), 
abstraction o f  hydrogen from parent m olecules by chain-propagating radicals 
(reaction 3), isom erization o f the alkyl radicals formed (reaction 4), and their  
decom position (reactions 5), further th e  recom bination o f th e  radicals (re­
actions 7).

Besides th e  prim ary reaction steps just m entioned also th e  tw o m ost 
im portant inh ib ition  processes (reactions 6) o f the propylene (M3) produced  
are included in  th e  reaction schem e. According to the literature [19], when  
paraffin hydrocarbons are subjected to  pyrolysis, propylene and iso-butylene  
exert the strongest inhibition effect, w hich  consists of addition o f propagating  
radicals H and CH3, to olefins. H ow ever, practically no iso-butylene is formed 
when normal paraffin hydrocarbons decom pose.

In order to  sim plify the derivation , the radical decom position reaction  
R 3s —► M3 -)- H , characteristic o f th e  pyrolysis o f propane exclusively  is left 
out o f  the generalized schem e thus m aking it  valid  for n-butane, and normal 
paraffins w ith  m ore carbon atom s. The description o f th e  decom positions o f  
radicals in such a generalized form  allows easier handling o f  the reaction  
system  and is su itab le, at the sam e tim e, for th e  description o f the actual 
process o f th e  decom position o f a g iven  hydrocarbon, after the num erical 
values are inserted  for factors a , ß, у, ő, and for gj, th e  w eighting factor for 
the olefin y ield s. The schem e can be extended  to  branched-chain hydrocarbons 
provided th e  hydrogen abstraction steps are com plem ented w ith  th e  form ation  
of the tertiary  radicals R„(, and the series o f the decom position o f radicals is 
com plem ented w ith  the decom position reactions o f th ese  radicals, further
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provided th a t  also the inhibitory effect o f iso-butylene, besides that of propyl­
ene, is ta k e n  in to  account. This is disregarded here because th e  treatm ent and  
the in terp reta tio n  already of th e  k in etics  according to  the schem e given involves  
serious d ifficu lties . A further sim p lifica tion  consists in th a t secondary reactions 
of o le fin s larger than propylene are not included into th e  scheme though  
also s lig h t am ounts of 1-butene and o f heavier a-olefins are produced in th e  
prim ary decom position of n -p en tan e and heavier n-paraffins. H owever, th e  
therm al decom position of these is rapidly accom plished through the fission  
i f  th e  C — C bond in /З-position w eak en ed  by the double bond.

I t  sh ou ld  be mentioned th a t  th e  kinetic treatm ent of th e  reaction schem e  
generalized  for normal hydrocarbons has been expounded by F e i g i n  et al. [13]. 
In th e  h y d ro g en  abstraction process th ese authors envisage the form ation o f  
radicals o f  th e  types R15 R2, and R 3 and, according to  th e  definition given by  
them , ra d ica l R x decomposes via  th e  cleavage o f a hydrogen atom , R2 via 
th at o f  a m eth y l, and R3 via th a t  o f  an ethyl radical. (R 1? R 2 and R 3 m ay  
belong eq u a lly  to  the group e ith er  o f  primary or o f secondary radicals.) W ith  
regard to  th e  diverse activation energies o f the decom position of the radicals 
just m en tio n ed  this grouping is q u ite  logical but cannot be carried farther than  
up to  p e n ta n e  because secondary a lk y l radicals produced b y  hydrogen abstrac­
tions d ecom p ose through the sim ultaneous cleavage o f m ethyl and ethyl radi­
cals. ( F e i g i n  et al. have applied th e  m odel actually  to  ethane, propane and n- 
butane, fu rth er  to mixtures o f  th ese  w ith  propylene.) On th e  other hand, a 
grouping o f  radicals according to  th e ir  having primary or secondary character 
is ad v a n ta g eo u s from a point o f  v ie w  focused on hydrogen abstraction reactions 
also b ecau se  thus the activation energies differ by about 2 kcal m ol-1  (in th e  
case o f  p rim ary  vs. tertiary rad ica ls th is difference is about 4 kcal m ol-1 ).

A  fu rth er  departure o f our reaction  schem e from th e one given by  
F e i g i n  et al. consists in th at th e  la tter  did not reckon w ith  the participation  
of e th y l rad ica ls in the hydrogen abstraction reactions, thus did not reckon  
w ith  th e  form ation  of ethane. I t  w ould  seem that th is sim plification  is not 
ju stifia b le , even  under the con d ition s (high tem perature) o f  pyrolysis because  
of th e  s ig n ifica n t amount of e th an e produced.

A p p lica tio n  of a stead y-sta te  treatm ent leads to  th e  follow ing balance  
eq u ation s for th e  concentrations o f  th e  radical to be w ritten  on the bases o f  
the gen era lized  reaction schem e proposed.

F or hydrogen atom:

k2[C2H 5] +  fc62[CH3][M3] -  (k31 +  ^ ) [H ] [A „ ]  -  &61[H ][M 3] =  0 (1)

For C H 3 radicals:

* i[A „ ] +  k51a[R np] -f- &52y[Rns] +  A6i[II][M 3] — (k32 +  ^зг)[СН3][А п] —

-  Ы С Н 3][М3] -  2/c71[CH3] 2 -  /с72[СН3][С2Н5] =  0 (2)
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For C2H5 radical.

* i[A „ ]  +  kslß [R np] +  AMá [R ní] -  *2[C2H 5] -  (Л3 3  +  &зз)[С 2 Н 5 ] [А „ ]  -  

-  *72[CH3][C2H5] -  2к73[С2Н5]2 =  0. (3 )

For R np radicals

*3i[H][A„] +  fc32[CH3][A„] +  *33[C2H5][A„] -  *51[R n p ]  =  0. (4)

For R„s radicals:

*á[H ][A „] +  fc32[CH3][A„] +  ^ 3[C2H 5][A n] -  fe52[Rns] =  0. (5)

Further, the concentrations o f  chain-carrying radicals H , CH3, C2H3 
w ill be expressed in terms o f k inetic constants and concentrations o f  th e  initial 
substance An and that o f propylene M3 w hich exerts the in h ib ito ry  effect. 
For th is  purpose R np and R ns w ill be su b stitu ted  from Eqs (4) and (5) into  
Eqs (1), (2) and (3). The first tw o equations thus obtained are th en  added 
together, th is sum is then added to th e  corresponding Eq. (3) (w ith  R„p and 
R„s substitu ted ), and the equality  k72 =  2 1Гк71к13 is utilized to  g ive  th e  equa-

Follow ing th is, the corresponding Eq. (3) is subtracted from th e corresponding  
E q. (2) (w ith R„p and R ns substituted) and by utilizing Eq. (6) a new  linear 
equation  results. Thus the set o f  linear equations (6), (7) and (8) becom es 
availab le to  replace w ith it the set o f equations (1), (2) and (3), containing  
squared term s, viz.

[C2H 5]fc2 +  [CH3]k62[M3] -  [H ] [ (* 31 +  *b)[A n] +  k01[M3] ]  =  0 (7)

[C2H 5] [fc2 +  fc33(a -  ß  +  1)[A„] +  k33(y  -  6 +  1)[A„]] -  [CH3] [* 62[M3] +  

+  k32(ß — a +  1)[A„] +  *32(<5— y - )■ 1) [A„] -f- 4 у *j*71 [А„] ]

+  [H ] [fc31(* - /3 ) [A „ ]  +  *3i(У -  <5)[A„] +  *61[M3]] =  - 2 * , ^ ]  (8)

tion

(6)

The coefficients can be w ritten as
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аз — k2 -f- k33 (a — ß  +  1)[A„] -(- k33 ( y — d -f- 1)[A„]

t>2 =  6̂2 [AI3]
b3 =  — [&бг1Жч] +  k32(ß — a - f  1)[A„] +  k'32{d — у  +  1)[A„] -f- 

+  4 Г В Д

Q =  —(*31 +  3̂1) [An] — fe6i[M3]
C3 =  fc3i(a  — ^)[A„] +  k31(y — <5)[A„] -j- &61[M3] •

d, * ![A n] d3 — 2 k3 [A„] .

W ith  the new coeffic ien ts the set o f linear equations (6), (7), and (8) 
w ill be

[C2H 5K  +  [CH3] =  d,

[C2H 3]a2 +  [CH3]62 +  [H ]C2 -  0 

[C2H 3]a3 +  [CH3]63 +  [H ]C 3 =  d 3 .

The solution o f th e  set o f  equations (9) is th e  follow ing

|-q jj j _  ^ 2^3 d1(b2C3 • b3C2)
a2^3 ~  a3^2 al(k2C3 - b3C2) 

[CH3] =  d, -  a i [C2H5]

[H ] =  ~  [[C2H5](a i62 -  a2) -  b2d 3] .
^ 2

(9)

( 10)

Application of the k inetic model obtained on the basis of the 
decom position mechanism to n-hutane

B ased  on the general reaction  scheme in T able I , and with the derivations  
and relationships applied  to  n-butane, and th e  num erical Runge — K u tta  
in tegration  o f the set o f  linear equations describing th e  change in tim e o f th e  
three com ponents, ca lcu lations can be carried out concerning the change in  
tim e o f th e  concentration o f n.-butane, ethylene and propylene involved in the  
secondary reaction, and concerning the changes o f  th e  yields of these as a 
function  o f the conversion. W ith  these com putations, the characteristics o f  
the curves which represent th e  concentrations o f  th e  principal com ponents  
and th e  y ield s, can be stu d ied  and also it can be exam in ed  whether the th eoret­
ica lly  deduced model is appropriate to the exp erim en tal conditions obtain ing  
here.

A cta  Chim . Acad. Sei. Hung. 101, 1979



ILLÉS, SZALAI: THERMAL DECOMPOSITION OF HYDROCARBONS 273

The program used com putated th e  change in tim e o f th e  concentrations  
of n-butane, ethylene and propylene, according to the follow ing relationships

Гд„ =  M a ;,] -  (fc31 +  k'3i) [H] [A„] -
" dr

(^32 ^з2)[СН3][А л] — (k33 fc33)[C2H5][A n]

( И )

d[M 2]
dr

*x[A„] -f- /c2[C2H 5] +  g2^5i[Hnp] +  ^ e i[H ][M 3] ( 12)

- ® I  =  g3k52[Rns] -  fee i[H ][M 3] -  fc62[CH3][M 3], (13)
dr

w here

n =  4 , g2 =  1, g3 =  1, ж =  0 , ß  =  1, у =  1, (5 =  0 .

The kinetic param eters o f th e  prim ary reactions referring to  th e  pyrolysis 
o f n-butane are collected in Table II.

R np and R„s, taken from E qs (4) and (5), can be used for calculations 
in  E q s (12) and (13); in other respects th e  relationships (10), w hich  refer to  
chain  carrying radicals, are applicable. A ty p e  H P 9830 A  com puter was 
used.

The diagrams in F ig. 1 allow a com parison of conversion curves for n- 
b u tan e as found at various tem peratures w ith  conversion curves com puted  
on th e  basis o f th e  k inetic m odel for th e  sam e tem peratures. T he pyrolysis 
o f  n-butane was carried out in a flow  reactor under isotherm al and isobaric

Actual reaction time 111,5

F ig .  1 .  Variation of the conversion as a function  o f the actual reaction tim e for the pyrolysis
of n-butane

------- curves calculated b y  m eans o f the kinetic m odel

Acta Chim. Acad. Sei. H ung. 101, 1979



2 7 4 ILLÉS, SZALAI: THERMAL DECOMPOSITION OF HYDROCARBONS

cond itions at tem peratures betw een 602 and 810 °C, and at a pressure o f 1 atnx 
w ithout an y  diluent [15, 16]. As this Figure show s, th e  com puted curves prac­
tica lly  coincide w ith  data  found by experim ent, w ith  the exception o f 667  
and 696 °C, where em pirical data  lie above and below , respectively, the th eoret­
ical curve, i.e. are scattered in  consequence o f  experim ental errors. Thus th e  
m odel g iven  describes correctly  the overall rate o f decom position o f re-butane 
in  th e  tem perature and conversion range studied .

Ac t ua l  r e a c t i o n  t ime  ( T) , s  Conve r s i on  , X

F ig .  2 .  V ariation  of the concentration  of n-butane, ethylen e and propylene as a fun ction  o f  
the actu a l reaction  tim e (a); variation  of the yield of ethylen e  and propylene as a fu n ctio n  

of conversion (b) for the pyrolysis o f n -butane, at 602 °C

Figures 2 — 5 show changes o f concentration o f  re-butane, ethylene and  
propylene, found by experim ent, and calculated from  th e model, as functions  
of the actu a l reaction tim es, and the curves representing th e  yields o f eth y len e  
and o f propylene as a function  o f the conversion. An especially  good agreem ent 
is to  be seen  for the experim ental concentration vs. tim e curves w ith th e  corre­
sponding theoretical data for re-butane; also in  the cases of concentration and  
yield curves o f ethylene and propylene this agreem ent is nearly qu an titative. 
A slight system atic error is in  evidence for eth ylen e: all the experim ental 
values are higher than th e  calculated ones.

T he concentration and yield  curves for eth y len e  and propylene reveal 
characteristic differences. In th e  initial period o f decom position the concentra­
tion  and th e  yield  o f propylene is greater than  th ose o f  ethylene; how ever, as 
the decom position  proceeds, th e  concentration and y ie ld  o f ethylene substaiv
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F ig .  3 . Variation of the concentration of n-butane, ethylene and propylene as a function of 
the actual reaction tim e (a); variation o f the y ield  o f ethylene and propylene as a function  

o f conversion (b) for the pyrolysis o f n-butane at 667 °C 
------- curves calculated by m eans o f the kinetic m odel

t ia lly  exceed those o f  propylene. The concentration  andyield curves o f  propylene  
show  a m axim um ; th e  m axim um  of th e  concentration curve sh ifts  to  shorter 
reaction  tim es as th e  tem perature rises; th e  maximum o f th e  y ie ld  curve 
appears in the conversion range from 0.7 to  0.8 practically regardless o f the

F ig .  4 . Variation of the concentration o f n -b utan e, ethylene and propylene as a function of 
th e  actual reaction tim e (a); variation o f the y ie ld  o f ethylene and propylene as a function  

of conversion (b) for the p yrolysis o f  n-butane at 742 °C 
-------curves calculated by m eans o f  the kinetic m odel
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F ig . 5 . V ariation  o f the concentration  of n-butane, ethylen e and  propylene as a fun ction  o f  
the actual reaction  tim e (a); variation  of the yield of ethylen e  and propylene as a fu n ction  

o f conversion (b) for the pyrolysis o f  n -butane at 802 °C 
-------  curves calculated b y  means of th e  k in etic  model

tem perature. The secondary reactions explain th e  sign ificant deviation o f th e  
concentration  and y ield  curves for ethylene from  th ose  for propylene (th e  
tw o ta rg et substances). The reaction C3He +  H  -  C2H 4 -)- CH3 is th e  m ost 
im portant am ong these secondary ones (cf. group 6 in  th e  scheme o f Table I); 
in it  som e o f  th e  propylene form ed by prim ary decom position of re-butane is  
converted  in to  ethylene and m ethane. Due to th is  reaction , the relative am ount  
of e th y len e  increases and th a t o f propylene decreases, when the conversion  
becom es greater. This is very  clearly shown in F ig . 3, where also the in itia l 
slopes o f  th e  y ie ld  curves are drawn. The ethylene y ie ld  curve deviates progres­
sively  upw ards and the propylene yield  curve dow nw ards, from the respective  
in itial slopes.

T he calculated  and found yield  curves for eth y len e (Fig. 6) and propylene  
(Fig. 7) are p lotted  against th e  conversion. The course o f the curves, found  
and ca lcu la ted , and th e  absolute values of y ields are in  good agreement for  
both o f th ese  com pounds. A sign ificant effect o f  tem perature is put in ev idence  
by th e  y ie ld  curves for ethylene; w ith  propylene a sim ilar effect, but in a lesser  
degree, is  observable w hen th e  conversion is greater th an  50%.

The production o f eth y l radicals (reaction group 5 in  the reaction schem e) 
in the reaction  sequence o f th e  prim ary decom position o f  n-butane is th e  p ri­
m ary reason w h y  the ethylene y ields sign ificantly increase w ith  the tem perature  
at a g iven lev e l o f conversion. According to reaction 2, e th y l radicals decom pose  
to give e th y len e  and hydrogen atom s or are converted in to  ethane by hydrogen  
abstraction , according to  reaction  group 3. Since th e  activation  energy (40 kcal
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F ig .  6 . Y ield of ethylene (found and calculated) as a function  of the conversion in  th e  pyrolysis
of n-butane at various tem peratures

m ol-1 ) o f the decom position reactions o f  e th y l radicals is su b stan tia lly  greater 
th e  activation  energies (10.4 and 12.6 kcal m o l-1 ) o f hydrogen abstraction, 
higher tem peratures increase th e  relative rate o f decom position and th is in 
turn increases the y ield  o f ethylene. T hough to  a far lesser degree, in  th e  same 
sense are ethylene yields affected b y  th e  fact that the activation  energy for 
H -abstraction  from a primary carbon atom  is greater by about 2 kcal m ol-1  
than  th at from  a secondary one; thus th e  relative quantity o f  prim ary butyl 
radicals th at decom poses w ith  the form ation  o f ethylene s lig h tly  increases 
when the tem perature is raised.

W ith propylene, w hich is formed through the decom position o f  secondary  
b u ty l radicals, consideration o f th is la tter  effect suggests a sligh t decrease of 
the y ield  when the tem perature is raised. The yields found (Fig. 7) reflect this

F ig .  7. Y ields o f propylene (found and calculated) as a function of conversion in  th e  pyrolysis 
of n-butane at various tem peratures
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effect. In  th e  case o f  calcu lated  yield curves, th e  situation is the reverse: 
higher tem peratures sligh tly  enhance the propylene yields. This can be e x ­
p lained  on  th e  basis o f  th e  diverse activation energies o f  the primary reactions  
designed as the form ation and th e  decom position o f  propylene in the theoretical 
m odel. T h e reaction m arked fc52, leading to  th e  form ation  of propylene has an 
activ a tio n  energy (according to  Table II) o f 31.9 kca l m ol-1 , -while the a c tiv a ­
tion  energies o f processes k61 and k62 which describe th e  decom position o f p rop y l­
ene, are 2 .9  and 7.4 kcal m o l-1 , respectively.

T h e Figures show n perm it th e  statem ent th a t  the model developed on  
the basis o f  the sim plified schem e of Table I , describes the experim ental data  
even at h igh  conversions w ith  a satisfactory accuracy, provided that the k in etic  
param eters are appropriately selected from th e  literature.

W ith  relationship (11) as a basis, we can s tu d y  the effect o f changes in  
th e  concentration  o f the parent hydrocarbon and th a t  o f rising tem perature on 
th e  overa ll kinetic order of decom position in th e  initial period, viz. w hen  
[A„] ^  1 0 -2  m ol d m -3 , [M3] =  0, and in the reaction  affected by the p ropyl­
ene produced , viz. when [An] =  [M3] З х Ю - 3 .

T h e analysis o f the overall kinetic relationship  found for the rate o f  
con su m p tion  o f the in itia l A n hydrocarbon su ggests the following general 
sta tem en ts .

Table II

Kinetic parameters o f the primary reactions in 7'able I  fo r  the pyrolysis o f n-butane [10, 18]

Rate
constant log A E

(cal mol-1)
Reaction rate

8̂73 К 1̂073 К

*i 16.3 81 400 8 .2 x  10-5 0.52

К 17.0 85 400 4.1 X lO -5 0.40
к.. 13.0 40 000 9 .6 x  10-2 7.0 x 104

3̂1 11.1 9 700 4.7 X 108 1.3 x 1 0 s

^31 11.3 8 400 1.5 x  10» 3.8 x 1 0 s
9.1 11 600 1.5 x  10G 5.4 x 1 0 s

/с32 8.9 9 500 3.3 x  10s 9.2 x 1 0 s

kj:t 8.0 12 600 7.0 x lO 4 2.7 x 1 0 s

^33 8.0 10 400 2.4 x 1 0 s 7.6 XlO5

^51 12.2 28 000 1.5 x  105 3.1x10s

k s . 13.4 31 900 2.6 x 1 0 s 7.9 x10s

^61 10.0 2 900 1.9 x 1 0 s 2.5 x 1 0 s

К , 8.5 7 400 4.4 x 1 0 s 9.8 x10s
k l l 10.4 0 2.5 X lO 10 2.5 x lO 1»
k „ 9.8 0 6.3 x 1 0 s 6.3 x10s

^73 8.6 0 3.9 x 1 0 s 3.9 x 1 0 s
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a)  In the tem perature range from 600 to 700 °C, th is being the initial 
tem perature of industrial pyrolysis processes, the decom position o f  the initial 
substance An can be approxim ately described by a kinetic equation o f  the order 
o f 3/2.

b)  W ith increasing the tem perature besides the 3/2 order k inetic term, 
a first order kinetic term  xvill progressively gain in im portance in th e  complex 
decom position process, thus the overall order of the reaction ten d s towards 
unity . A similar effect results from the dilution o f the reaction m ixture (i.e. 
o f the initial concentration).

c)  The statem ents in  a )  and b)  unequivocally  account for th e  fact that 
the overall order o f th e  decom position o f the parent com pound changes contin­
uously w ith the changing conditions o f th e  reaction, therefore, it  is justifiable  
to  write the equation for th e  overall decom position rate as (a form  used in 
a general form previously  [15, 16, 20])

rA„ =
d*

dco
=  к C°A( 1 - x )  T  

. 1 +  ( £ , - ! ) *  _ '
(15)

The results obtained [15, 16, 20] by means o f this equation are in good 
agreement w ith conclusions a)  and b) arrived at through derivations discussed 
before, nam ely a figure close to  3/2 is obtained for the decom position of n- 
butane at abound 700 °C (cf. Fig. 8); th is value tends to  decrease towards 
un ity  when the tem perature is raised.

F ig . 8. Logarithm of the rate as a function of the logarithm of actual concentration in the
pyrolysis of n-butane

♦

The authors wish to thank Mr. Antal P u k l e r , mathematician, for the programming 
of the kinetic model.
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T h e  p e tro leu m  e th e r  so luble  l ip o p ro te in  (lipop u ro th io n in ), th e  chloroform - 
m eth a n o l soluble g lyco lipopro te ins a n d  w a te r  soluble g lycopro te ins o f  w h e a t were 
stu d ied .

T h e  e lec tro p h o re tic  p ro p e rtie s , am in o  acid  com position  a n d  th e  n a tu re  o f th e  
lip id  a n d  c a rb o h y d ra te  com p o n en ts  w ere de te rm in ed . T he c h a ra c te r  o f  th e  p ro tein - 
lip id  in te ra c tio n  w as also in v estig a ted .

T h e  re su lts  su p p o rt th e  a ssu m p tio n  t h a t  th e  com plex is fo rm ed  b y  e lec tro sta tic  
in te rac tio n s  b e tw een  th e  nu m ero u s p o la r  side  chains o f p ro te in  a n d  p o la r  phospho- 
o r  glycolipids. T he effect o f h y d ro p h o b ic  in te ra c tio n s  m ay  n o t be  ex c lu d ed .

Introduction

On the basis o f the classical investigations o f O s b o r n e , f iv e  types of 
protein are distinguished in wheat flours: album in, soluble in w ater; globulin, 
soluble in salt; gliadin, soluble in alcohol; glutenin, extractable w ith  dilute 
alkali or acid; and finally  a more closely not defined protein ty p e  material, 
called proteose.

The rapid developm ent in the separation techniques o f  proteins, the 
widespread application o f various extraction , chrom atographic, electrophoretic  
and m olecular sieve separation m ethods have brought some new  results that 
claim  for the extension or revision o f the classification used so far. The data 
published in several reviews [1 — 9] lead to  the conclusion th a t th e  classical 
w heat protein fractions are not at all hom ogeneous, and can be separated to 
several, possibly more than a hundred, further com ponents. W ith  regard to 
biological function and related chem ical properties, differences can be found 
betw een the protein com ponents o f the germ , endosperm and aleurone layers. 
Furtherm ore, not only the embryo part, but also the endosperm contains many 
types o f  enzym e protein. As shown particularly by most recent investigations, 
w heat flour also contains m any com plex proteins which have been ignored in 
previous classifications.

Consequently, according to  our present knowledge, the proteins o f  wheat 
can be classified as shown in Table I.
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Table I

Classification o f  wheat proteins

O n the  basis of structure
O u the basis of the 

function  o f the proteins
On the basis of protein 

chemistry

G erm  pro teins 

A leu ro n e  proteins 

E n d o sp e rm  proteins

E n zy m e proteins
(A m ylases, P ro teases, 
O xydoreductases, etc.)

S im p le  proteins

H istones

A lbum ins

G lobulins

G lu telins

E n zy m e proteins

S to rag e  proteins (G liadin, 
G lutelin)

Complex proteins 

N ucleoproteins 

L ipopro te ins 

G lycoproteins 

E n zy m e proteins

M em brane proteins 

R e g u la to ry  proteins, etc.

A  m ore detailed view  about wheat proteins m ay  be of interest for re­
search w orkers and practical experts dealing w ith  cereal processing. Of th e  new  
problem s em erging, the question  o f com plex proteins is extrem ely in teresting  
from b o th  th e  chem ical and technological aspects, n o t on ly  because very little  
research w ork has so far been devoted to the com posite  proteins o f w heat 
flour, b u t also because according to the most recent investigations these pro­
teins h a v e  a very im portant role in influencing th e  properties of gluten w hich  
are im p o rta n t in food technology .

W ith in  the project o f w heat protein chem istry  in  our institute, consider­
able stress has been laid in the la st few  years on com p lex  proteins, particularly  
on lipo- and glycoproteins. Som e o f the results ob ta in ed  are reviewed in  th is  
paper.

A n  increasing am ount o f  practical experience and experim ental results 
ind icate th a t  wheat m illing products and dough prepared there of contain  
lipoproteins, protein-lipid com plexes, which affect both  the technological 
properties o f  dough and the q u ality  of bakery products.

T h e  m uch different properties of the protein com ponents o f these com ­
plexes from  other proteins o f  w heat, and th e  presence of m any apoprotein  
fractions o f  biological a ctiv ity  detected so far, in d ica te  th at these substances 
play a u n iq u e role, from physiological aspects too , in  th e  developm ent o f  w heat  
plant.

Lipoproteins and glycoproteins in  wheat
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It is com m only known th at the m ajority o f  protein-lipid complexes 
detectable in  dough, as first proved by McCaig and McCalla [10], are formed 
in the presence o f phosphatides during the hydratation o f proteins. In addition 
to  these com plexes, w hich are m ost im portant owing to  their  influence on the  
quality o f bakery products, various other “ lipoproteins” have been isolated  
by Balls [11, 12], Carter  [13], F ischer and B roughton [14], Coockson 
et al. [15], H o sen ey  et al. [16], R ohrlich et al. [17, 18], Garcia -Olmedo et 
a l .  [19]. These com plexes have in common that th ey  can be extracted  from  
wheat flour b y  organic solvents, and even if  the problem o f artefact character 
m ay emerge in connection  w ith  them , it is clear on th e  basis o f  th e  large number 
of experim ents th a t th e  protein com ponents o f  th e  com plexes show very  
great affin ity  tow ards lipids.

Our research group has been dealing for several years w ith  the most 
w idely studied w heat “ lipoproteins” , the purotliionin-lipid com plexes first 
isolated by B a l l s .

Purothionin can be extracted  from flour in  the form o f a lipid-protein  
com plex by petroleum  ether. E xtraction  m ethods using sodium  chloride [19, 
20], or d ilute acids [21, 22] are also known.

Purothionin is a m ixture o f basic protein fractions, w hich, although 
in very sm all am ounts, can be found in all w heat species, including diploid 
wheat, which can be íegarded as primordial w heat. Purothionin  differs in 
amino acid com position  from other wheat proteins; it contains about 20%  
of cysteine, and more than  20%  of basic amino acids (Arg -)- L ys), whereas 
histidine, m ethionine and tryptophane are absent, and the am ounts o f glutam ­
ic acid, aspartic acid and proline are also smaller in purothionin.

The m ost thoroughly investigated  tw o purothionin fractions were the low  
molecular w eight fractions called a and ß purothionin on the basis o f gel electro­
phoretic m obility . The fractions A —I and A —II obtained b y  the isolation  
m ethod o f O k a d a  [23] are identical w ith  the a fraction and ß  fraction. The 
amino acid sequences o f  the above purothionin fractions are known: J o n e s  

and M a k  [24] separated the a fraction into tw o subfractions and determined 
the sequence: in a second paper [25] th ey  reported the sequence of the ß- 
fraction. These sequences can be regarded to be th e  sam e as the primary 
structure given by O i i t a n i  et al. [26].

The biological effect o f purothionin has already been described by the  
first isolator, B a l l s : the com pound exhibits antim icrobial and uterus con­
tracting properties. As to  the to x ic ity  of purothionin the ex ten sive  studies of 
G a r c i a - O l m e d o  et al. [19] and O k a d a  et al. [23] have revealed  m any facts. 
The m ost in tensely  studied field is its to x ic ity  towards brewer’s yeast, the 
m echanism  o f w hich is also known. R elatively  little  is know n on the lipid 
binding ability  o f purothionin, and on the protein-lipid com plexes. A method 
was described for the isolation o f the com plex by R e d m a n  and F i s h e r  [27].
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The lip id s o f  the isolate proved to  he m ostly polar lip ids, whereas triglycerides 
w ere ab sen t.

T h e  first studies on th e  purothionin  content o f w heat grown in H ungary  
were p ub lished  by L á s z t i t y  et al. [28]. The iso lation  m ethod elaborated by  
B a l l s  w as revised by B é k é s  [29], S m i e d  and B é k é s  [30] com pared the pro­
perties o f  products isolated b y  extraction  w ith petroleum  ether and dilute su l­
furic ac id , respectively.

A ccording to the results o f  B é k é s  [31, 32, 33, 34], several fractions, 
sim ilar in  amino acid com position , can be found in addition  to  the tw o lower 
pu roth ion in  fractions, and puroth ionin  can be regarded as a m ixture o f  four 
proteins on the basis o f m olecular size, and of at least eight proteins on the 
basis o f  electrophoretic m ob ility .

T ab le  II  shows the m ain characteristics o f th ese fractions.

T a b le  II

M a in  characteristics o f  purothionin fractions

Characteristic
Fraction

A /l A/2 В C/1 C/2 D /l D/2 E

iV -term inal group A rg Asp Lys Glu A rg Lys Ser Ala

C -te rm in a l g roup A sp Ala Leu Leu V al Lys Arg Gly

M olecu lar w e igh t . 10 " 3 132 132 1 2 0 57.3 57.3 8 .8 8 .8 8.7

T h e primary aim o f our investigations was to  determ ine the types of 
lip ids w ith  which these protein fractions m ay form com plexes and to  deteim ine  
th e  sto ich iom etry  of com plex form ation. Therefore, th e  com plex had to  
be prepared and then its protein  and lipid com ponents studied.

A n  other type of com plex  proteins was isolated  from  w heats by R o h r - 

l i c h  and N i e d e r a i t e r  [17, 18]. A chloroform -m ethanol (2:1) m ixture was 
used for extraction. The protein  part of the iso lated  com plexes was similar 
to  som e glu ten  protein fractions. In  the lipid part phospholip ids and unsatu­
rated  triglycerides were found.

M any authors have su ccessfu lly  isolated carbohydrate-protein com plexes 
from  w h eat. K ündig  and N eukom  [37, 38] prepared an aqueous extract 
from  ground wheat, from w hich  th e  fractions contain ing carbohydrate were 
iso la ted  after dialysis on D E A E  cellulose column. In th e  carbohydrate unit 
o f th e  glycopeptide part arabinose and galactose were found, and o f the amino 
acids tyrosin e  and tryptophane were determined.

W r e n c h  [39] extracted  glycoproteins, besides other proteins, from  
a com m ercial flour prepared from  Australian w heat w ith  0.01 m ole pyro­
p h osp h ate  solution. The fraction  containing carbohydrate was separated on
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Sephadex G-75 gel. The molecular w eight w as found to be around 40 000, 
and as it had no UY absorption in the 278 nm  region, the presence o f  tyrosine, 
tryptophane and phenylalanine could be excluded.

The fraction  was decom posed w ith  pronase, and the peptide fractions 
were separated by ion exchange chrom atography. In the peptides o f  carbo­
hydrate content Leu, Val, Glu, Ser, Asp, and Ala were detected.

The carbohydrate part contained glucose, galactose and arabinose. The 
glucose-galactose ratio was found to be 4:1 . Interesting by, the peptide part 
in  the neighbourhood o f the carbohydrate u n it could not be decom posed en­
zym atically , probably owing to steric hindrance.

R o h r l i c h  et al. [40, 41] investigated  th e  properties and com positions 
o f  glycoproteins in com m ercial flour and in flours prepared from four thorough­
bred wheats. The effect o f proteins on th e  v iscosity  of the solutions and, by  
farinographic m ethods, th e  w ater absorption capacity, were also studied .

The glycoprotein fractions (I — II) were obtained from an aqueous 
extract, by separation  on D ow ex 50 X  and D E A E  Sephadex gel. The amino 
acid com position o f  the glycoprotein from th e original aqueous extract was 
determ ined, and the quality  and q u an tity  o f  amino acids were found to be 
sim ilar to th ose o f gliadin.

Our in vestigations were concerned w ith  the w ater soluble glycoproteins 
о f 11 ungarian л\Ьеа1 species.

Experim ental

L i pop uroth io n i n 

Isolation

Figure  1 show s th e  schem e of th e  in v es tig a tio n s  carried  out.
P u ro th io n in  frac tio n s  w ere iso la ted  from  th e  p e tro leu m  e th e r e x tr a c t  in  fo u r w ays,

(i) b y  co n v en tio n a l hyd ro ch lo ric  acid  c leavage ,
(ii) th ro u g h  th e  lip o p u ro th io n in  iso lation  m e th o d  e lab o ra ted  b y  F is h e r  et al. [21] 

u sing  m e th y l a c e ta te , b y  c leaving th e  iso la ted  com plex,
(iii) from  th e  frac tio n s  o b ta in ed  b y  th e  m e th y l ace ta te  m eth o d  a n d  s e p a ra te d  acco rd ­

ing to  th e  m olecu lar size, and
(iv) d ire c tly  fro m  th e  p e tro leu m  e th e r  e x tr a c t ,  from  th e  p ro te in  p o sitiv e  frac tio n s 

s e p a ra te d  on a S ephadex  L H -20 co lum n.
The p e tro leu m  e th e r  e x tra c tio n  of w h ea t f lo u r  w as perfo rm ed  in th e  follow ing m anner.
2000 g of w h e a t f lo u r (T ype 112) wras sh a k e n  w ith  1600 m l of p e tro le u m  e th e r  (b .p . 

40 -6 0  °C) for 2h. A fte r  15 m in  of se d im en ta tio n  th e  clear liqu id  ph ase  w as d eca n te d , and  
th e n  th e  solid w as f ilte re d  off. A dding again  1600 m l o f pe tro leum  e th e r to  th e  flo u r, shak ing  
w as repeated .

The p e tro leu m  e th e r  so lu tions w ere e v a p o ra te d  in a ro ta tin g  film  v a cu u m  still, a n d  th e  
residue  was s to re d  a t  10 °C for 2 weeks. D u rin g  th is  tim e th e  ste ro id  c o m p o n en ts  p recip i­
ta te d ,  and could  be  se p a ra te d  from  th e  oil.

P uroth ion in  was prepared  by  a m odified  v e rsio n  [13] of th e  d ry  h y d ro g en  ch lo ride  m eth o d  
developed  by  B alls [12]. T h e  m eth o d  consists in  a d d in g  a sixfold a m o u n t o f 1 N  an h y d ro u s 
alcoholic HC1 so lu tio n  to  th e  e x tra c t dissolved in  d ie th y l e th e r. T he p ro te in s  p re c ip ita te d  
u p o n  th is t r e a tm e n t  a re  th en  purified  w ith  v a rio u s  so lven ts to  p rep are  p u ro th io n in .
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Fig. 1. Schem e o f th e  in v es tig a tio n s o f lip o p u ro th io n in

L ip o p u ro th io n in  was isolated b y  th e  m eth y l a ce ta te  m e th o d  of R ed m an  an d  F is h e r  [27] 
P u ro th io n in  w a s  separa ted  from  l ip o p u ro th io n in  b y  a sem i-m icro  v a r ia n t  of th e  Ba lls  m e th o d . 
B o u n d  l ip id s  w ere  sep ara ted  b y  F o l c h  w ashing.

L ip o p u ro th io n in  and th e  p e tro le u m  e th e r e x tra c t  w ere  se p a ra te d  according to  m o lecu la r  
size on  a S e p h a d ex  L H -2 0  co lu m n  w i th  chloroform  co n ta in in g  5%  of e thanol.

A s c a n  b e  seen in Fig. 1, th e s e  t re a tm e n ts  en ab led  u s to  iso la te  th e  “ free”  lip id s  an d  
th o se  in te r a c t in g  w ith  p ro te ins. I n  a d d it io n  th e  frac tio n s  p re p a re d  in fo u r d iffe ren t w ay s 
give p o s s ib i l i ty  to  determ ine w h e th e r  a ll p u ro th io n in  frac tio n s  ta k e  p a r t  in  th e  fo rm a tio n  of 
th e  c o m p le x , a n d  w hether th e  c o m p lex  co n ta in s  an y  o th e r  p ro te in  in  ad d itio n  to  th e  p u ro th io ­
n in  f ra c t io n s .

In vestig a tio n s on pro te ins

F o r  a  com parison  of th e  p ro te in  p re p a ra tio n s  p ro d u c ed  in  d ifferen t w ays, th e  fo llo w ­
ing  in v e s tig a tio n s  were carried  ou t.

80 - 

60 -

40 -

Hours

F ig . 2 . C h arac teristic  e lu t io n  c u rv e  of p u ro th io n in  on  S ep h ad ex  G-75 co lu m n
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F ig . 3. T he e lphogram  of p u ro th io n in  o b ta in e d  on PA G  a t p H  — 3.1

(i) S e p a ra tio n  accord ing  to  m o lecu la r size on  a Sephadex  G -75 co lu m n . T h e  ch arac ­
te ris tic  e lu tio n  cu rve  of p u ro th io n in  is show n in Fig. 2.

(ii) D e te rm in a tio n  of th e  m olecu lar w e ig h ts  o f th e  frac tions un ifo rm  in  m o lecu la r size 
b y  m ean s of an  u ltracen trifu g e , w ith  low -speed equilib rium  m easu rem en ts .

(iii) Gel e lec tro p h o re tic  in v es tig a tio n  o f  th e  frac tio n s . T he e lphogram  o f p u ro th io n in  
o b ta in e d  on p o ly acry lam id e  gel a t  p H  =  3.1 can  be  seen in  F ig . 3.

(iv ) D e te rm in a tio n  of th e  gross am ino  ac id  com position  by  m eans o f a n  au to m a tic  
am ino  acid  analyser.

(v ) D e te rm in a tio n  of te rm in al am ino acid : iV -term inal d e te rm in a tio n  b y  th e  D N F B  
m eth o d , C -term in al in v es tig a tio n s  b y  carb o x y p ep tid a se  d igeston .

A ll th ese  in v es tig a tio n s  hav e  been d esc rib ed  in  one of ou r p rev ious p a p e rs  [29].

Investigations on lip ids

“ F re e ”  a n d  “ b o n d ed ”  lip ids w ere a n a ly z e d  q u a lita tiv e ly  and  q u a n ti ta t iv e ly  b y  th e  
fo llow ing  m eth o d s .

(i) G roup  frac tio n  on florisil co lum n a c tiv a te d  b y  acid  t re a tm e n t, w ith  e lu en ts  of 
v a ry in g  p o la rity .

(ii) F u r th e r  sep a ra tio n  an d  q u a n ti ta t iv e  ana ly sis  of group fra c tio n s  b y  th e  TLC 
tech n iq u e . T h e  eluen ts and  d e te c tin g  ag en ts  app lied  are  d e sc rib ed  in  d e ta il in 
a n o th e r  p a p e r  [34].

(iii) M icro ana ly sis  fo r p h osphorus in  th e  g ro u p  frac tions [33].
(iv ) D e te rm in a tio n  o f gross f a t ty  ac id  com positions of th e  g roup  fra c tio n s  b y  gas 

ch ro m a to g rap h ic  analysis [30].

Glycolipoproteins soluble in  the system  chloroform -m ethanol

Iso la tion

T h e  tech n iq u e  described  by  R ohrlich  an d  N iederauer  [17, 18] w as app lied , and  
a f te r  e x tra c tio n  w ith  p e tro leu m  e th e r  th e  a p p ro p ria te  com plex p ro te ins w ere  e x tra c te d  w ith  
a  m ix tu re  o f ch lo ro fo rm  a n d  m ethanol.

T h e  p re p a ra tio n  o f th e  p ro te in -lip id  co m plex  a n d  th e  in v estig a tio n s c a rr ied  o u t a re  
show n sch em a tica lly  in F ig . 4.
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F ig. 4. S chem e of th e  p re p a ra tio n  an d  in v estig a tio n  of w h e a t g lyco lipopro te in  com plexes

Investiga tion  o f  the lip id  com ponents

T h e  lip id  co m ponen ts w ere in v es tig a te d  by  TLC. T h e  ch ro m ato g ram s w ere dev elo p ed  
on S ilica  gel G lay e r w ith  th e  so lv en t system  a ce to n e /b en zen e /w a te r (91:30:10). T h e  sp o ts 
w ere d e te c te d  b y  five  m ethods.

1. 1 %  a -n a p h th o l in  90%  e th a n o l, co n ta in ing  10%  H 2S 0 4. A t 100 cC glycolipids a p p e a r  
in  red  co lo u r.

2. P h o sp h o lip id s  w ere v isu a lized  w ith  D it t m e r  — L e s t e r  [35] reag en t on th e  basis 
o f th e  m o ly b d e n u m  blue reac tion .

A ) 16 g o f (N H 4)2M o04 w as d isso lved  in 120 m l o f w a te r .
. B ) 40 m l of cone. HC1 +  10 m l o f m ercu ry  w ere a d d e d  to  80 m l of so lu tion  A), sh a k e n  

fo r 30 m in , a n d  filte red  on a G3 g lass-filter.
200 m l o f cone. H 2S 0 4 a n d  so lu tio n  B) were ad d ed  to  th e  re s t  of so lu tion  A): th e  so lu ­

tio n  w as co o led  an d  filled u p  to  1 litre .
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T he p la te s  sp ra y e d  w ith  th e  re ag e n t w ere  h e a te d  a t  110 °C in  a  d ry in g  oven. L ipids 
co n ta in in g  ph o sp h o ro u s gave blue colour.

3. S tero id  g lycosides can  be d e te c te d  b y  sp ra y in g  th e  p la tes w ith  a  c h lo ro fo rm  solution 
o f  a n tim o n y  ch loride. T h e  sp o ts are v isib le in  U V  ligh t.

4. A m ino g ro u p s a n d  p h o sp h a tid y l ch o lam in e  were d e tec ted  b y  1 %  n in h y d rin e  in  
ace tone .

5. E le m en ta ry  iod ine is ad so rb ed  by  m o s t o f  th e  frac tions, th u s  i t  c an  b e  u sed  to m ake 
v isib le  all th e  sp o ts  in  a  n o n d estru c tiv e  w ay.

E xperim enta l conditions o f  TLC

System
T em p era tu re
T im e
L ay e r

ace to n e /w a te r/b en zen e  (91:10:30) 
25 °C 
40 m in
Silica  gel G (in ac tiv a ted )

D eterm ination o f  the carbohydrate components

F o r th e  d e te rm in a tio n  of th e  c a rb o h y d ra te  c o n te n t of the  com plex, th e  lip o p ro te in  was 
h y d ro ly zed , an d  id en tif ie d  b y  p ap er c h ro m a to g ra p h y .

H y d ro ly s is: 0.6 g o f  a ir d ry  m a te ria l w as p laced  in to  tw o h y d ro ly z in g  te s t  tubes. The 
sam ples w ere h y d ro ly ze d  a t  105 °C fo r 8 h  w ith  10 m l each of 2N  H 2S 0 4. A fte r  hydrolysis, 
th e  so lu tions w ere w ash ed  in to  glass vessels, a n d  su lfuric  acid was n e u tra liz e d  b y  w arm ing 
w ith  solid B a(O H )2. T h e  B a S 0 4 p e rc ip ita te  w as rem oved  by f i ltra tio n  on  a G3 glass filter. 
T h e  p u re , n e u tra l  f i l t r a te  w as ev ap o ra te d  to  a v o lu m e of 5 m l, and th is  so lu tio n  w as used  in 
th e  su b seq u en t e x p erim en ts .

C hrom atography: O n th e  basis of p re lim in a ry  experim ents, fro m  th e  sam ples 50 /zl 
a n d  fro m  th e  sam ples 50 p i  an d  from  th e  s ta n d a rd s  5 p \  were app lied  on  to  th e  paper. Ara- 
b inose , galactose  a n d  ribose  w ere used  as s ta n d a rd s  in a co n cen tra tio n  o f 5 m g/m l.

D escending c h ro m a to g ram s w ere ru n  in  a  cy lin d rica l vessel of th e  u su a l size. Schleicher — 
Schüll 2043/B p a p e r  w as used , from  w hich  s tr ip s  o f 1 0 x 4 5  cm were cu t. T h e  s ta r t  line was 
a t  a d is tan ce  of 10 cm  fro m  th e  edge o f th e  p la te , th e  m ix tu re  w ere p laced  in  a  P e tr i  dish to  
th e  b o tto m  of th e  so lv en ts . A fter ap p ly in g  th e  sam ple , the  p ap er s tr ip s  w ere  fa s ten ed  in to  
th e  b o a t by  m eans o f a  glass ro d  so th a t  th e  s t a r t  line  was a t  th e  sam e h e ig h t as th e  b o tto m  of 
th e  b o a t. T his care fu l a lig n m en t before  ru n n in g  th e  ch ro m ato g ram  is v e ry  im p o r ta n t,  since 
i t  ensu res well d iscern ib le , parallel ru n n in g  sp o ts , even a fte r long runs. A f te r  th ese  p re p ara ­
tio n s  th e  b o a t w as filled  w ith  th e  m ix tu re , th e  vessel was covered, a n d  th e  ch ro m ato g ram  
w as ru n  fo r 24 h. T h e  sp o ts  of th e  c h ro m a to g ra m s were d e tec ted  w ith  a g e n ts  o f d ifferen t 
sen sitiv itie s  (d ip h en y lam in e-an ilin e  p h o sp h o ric  acid  and  silver n i tra te  re ag e n ts ) .

Gel chromatography a n d  electrophoresis

th e
T he com plex w as separed  on S ep h ad ex  G 

following:
C olum n height
In te rn a l d iam e te r o f co lum n

Flow  ra te  
B u ffe r

150 gel. The p a ram ete rs  o f  se p a ra tio n  were

40 cm 
20 m m  
24 ml 

125 ml 
15 20 m l/h

0.5%  acetic  -f- 7 %  Al la c ta te

Gel e lec tro p h o resis  was perfo rm ed  on p o ly acry lam id e  gel a t  p H  8.9 T R IS -g lycine  
b u ffe r  o f pH  =  8.3 w as used  as th e  e lectro d e  b u ffer. T he deta ils of se p a ra tio n  h av e  been d e ­
scribed  in a n o th e r  p a p e r  [36].

A m in o  acid com position a n d  N -term inal groups

T he am ino acid  com positions o f th e  f ra c tio n s  w ere de term ined  by  a n  a u to m a tic  am ino 
acid  an a ly se r (A  881 M IK R O T E C H N A  P R A H A ). T he IV-terminal g ro u p s o f th e  fractions 
w ere d e te rm in ed  w ith  l-d im eth y lam in o n ap h th a len e-5 -su lfo n y l chloride re a g e n t  (d an sy la tion ).
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Glycoproteins

T h e  f lo u r  of “ B esostaya-1”  w h e a t  species (со. 70%  e x tra c t io n )  was used  for th e  in v es­
tig a tio n s . T h e  g lycopro te ins w ere e x tra c te d  w ith  d istilled  w a te r  a t  20 — 25 °C. A fter c en trifu g ­
ing, th e  a q u e o u s  e x tra c t w as p u rif ie d  b y  dialysis. The p u rif ie d  e x tra c t  was fu r th e r  se p a ra te d  
on S e p h a d e x  G—75 gel.

T h e  c a rb o h y d ra te  co n te n t o f th e  frac tio n s  was d e te c te d  b y  m eans of th e  M olish re a c tio n  
and  re so rc in e  te s t.  P ap e r e lectro p h o resis w as carried  o u t w ith  th e  following p a ram ete rs .

P ap e r W h atm an n  1

Buffer A cetic ac id -p yrid ine-w ater 
(p H  =  5.6)

Voltage 220 V

C urrent 2 m A per strip

Tim e 6 h

Sam ple
in tro d u ced

0.05 ml

A fte r e le c tro p h o re s is , th e  p a p e r s tr ip s  w ere  d ried  a t  105 °C, a n d  a  p a r t  of th em  was d ev elo p ed  
w ith  a fu c h s in e  so lu tion  in acetic  acid . A s d iffe ren tia tin g  so lu tio n  a 10%  acetic  acid  so lu tio n  
was u sed .

A n o th e r  p a r t  of th e  p a p e r s tr ip s  w as te s ted  for c a rb o h y d ra te s , w ith  a 4:1 m ix tu re  o f  
1%  re so rc in e  in  alcohol an d  2N  p h o sp h o ric  acid. C a rb o h y d ra te s  w ere sep a ra ted  b y  d ia ly sis  
a f te r  h y d ro ly s is ,  a n d  in v es tig a ted  b y  p a p e r  c h ro m a to g rap h y . T h e  m eth o d  was id en tica l to  
th a t  d e sc rib e d  fo r glycolipoproteins.

T h e  am in o  acid  com positions w e re  d e term ined  b y  an  a u to m a tic  am ino acid  a n a ly se r  
(A 881 M IK R O T E C H N A , P R A H A ).

R esults and Discussion

Lipopurothionin

In  th e  com plex coagulated w ith  m ethyl aceta te  a protein-lipid ratio o f  
3:7 w as fou n d . After cleavage b y  hydrochloric acid , the protein part could  
be id en tif ied  unam biguously w ith  the purothionin fractions. The lipid part had  
a polar character and a high con ten t of phospholipids (about 90% ). A  sm all 
am ount o f  sterols was observed (Table III).

T he m ain com ponent o f th e  lipid part was phosphatidyl etlianolam ine.
L ipopuroth ionin  coagulated  w ith  m ethyl a ceta te  was separated accord­

ing to  m olecu lar size on a Sephadex LII 20 colum n. A s can be seen in F ig. 5, 
the e lu tio n  curve indicates a very  inhom ogeneous fraction . The elution curves, 
as regards th e  fraction ratios, strongly  vary w ith  th e  age o f the preparation; 
in the experim ent shown in th e  Figure 5, spearation was done im m ediately  
after iso la tio n .

E xam in ation  of the eight m ain fractions iso la ted  has shown th at their  
protein and lipid com positions differ only in re la tive  proportions, but all 
com ponents can be found in every  fraction.
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F ig. 5. E lu tio n  cu rv e  of th e  (ch loroform  e x tra c t)  on Sephadex L H -2 0  c o lu m n

Table 111

Characteristics o f  lipopurothionin separated by precipitation with melhylacetale

Characteristic Lipopurothionin
Lipopurothionin

II. III.

Q u a n tity  o f th e  frac tio n  (% ) 100 41.1 32.3 26.5

P ro te in  co n ten t (% ) 27.4 30.4 26.4 25.7

Gel e lectrophore tic  su b fractions o f the  

p ro te in  p a r t  (% )

P u ro th io n in  A 49.8 59.8 41.3 19.7

P u ro th io n in  В 17.3 28.7 43.6 46.5

P u ro th io n in  С 18.3 6.9 13.2 19.7

P u ro th io n in  D 14.6 4.6 1.9 14.1

P u ro th io n in  E 14.6 4.6 1.9 14.1

L ip id  co n ten t (% ) 72.6 69.6 73.6 74.3

Phosphorus co n ten t (m g/m g) 20.0 21.3 18.4 19.2

L ip id  subfractions

P h o sp h atid y l inosite - + +
P h o sp h atid y l choline + + + +
P h o sp h atid y l e thano lam ine + + + +
L ysophosphatidy l choline + + - —
L ysophosphatidy l e thano lam ine + + + +
M onogalactosyl dig lyceride + + — -
Stero l glycoside

+ + + —
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T hese results seem to  su p p ort the assum ption th a t  the com plex is form ed  
b y  e lectrostatic  interactions b etw een  the numerous polar amino acid side chains 
in  puroth ionin  and the polar lip id s. The instability  o f  th e  system  and the alm ost 
s ta t is t ic a l composition o f  th e  lipopuroprotein fraction s practically exclude th e  
ex isten ce  o f a covalent bond  betw een the proteins and lipids.

T his schematic p icture w as enriched in severa l aspects by the results 
o b ta in ed  in the direct fraction ation  of the p etro leu m  ether extract.

E lu tion  of the ex tra ct w ith  chloroform on a Sephadex LH 20 colum n  
g ives th e  elution curve sh ow n  in  Fig. 6. Of th e  separated  fractions, only th e  
fir st tw o  had a detectable p ro te in  content (Table IV ). According to the results 
o f m ore detailed in v estig a tio n s, this protein w as undoubtedly purothionin. 
T he lip id  composition o f  th e  fractions containing protein was sign ificantly

Table IV

Characteristics o f  the protein l ip id  com plex  isolated directly by frac tio n a tio n  o f the petroleum ether
extract

Characteristic
F rac tio n

I II I I I IV V V I

Q u a n t i ty  o f  frac tion  (%  ) 11.7 53.3 11.7 15.0 3.3 5.0

P ro te in  c o n te n t (% ) 14.9 10.6 — - - —

Q u a n t i ty  o f th e  protein

su b fra c tio n s  (% )

A

В
1 48.5 79.2 - — - —

C 43.6 19.7 — — -

D

E
j 48 .5 79.2 — — - —

P h o sp h o ru s  co n ten t (/ig/'mg) 12.8 8.87 — — - —

L ip id  c o n te n t  (% ) 85.1 89.4 100 100 100 100

L ip id  su b frac tio n s (% )

P o la r  lip id s 46 .5 32.2 19.2 16.1 17.4 13.7

F re e  s te ro ls — — 8.8 10.1 8.8 8.7

1 — 2-dig lycerides — — 11.4 13.0 14.9 6.0

1 — 3-dig lycerides — — 14.8 12.6 10.3 6.2

T rig ly ce rid es 48.5 60.0 29.4 29.1 33.8 65.0

S te ro l e ste rs 4 .8 7.8 16.4 19.1 15.4 5.4
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Fig. 6. F ra c tio n a tio n  o f w h ea t (p e tro leu m  e th e r)  e x tra c t  on  S ep h ad ex  L H -20  colum n

different from th a t o f  the further four fractions: the proportion o f polar lipids 
was higher in th e  former. The difference was also characteristic in the fa tty  
acid com position; whereas w ith  “ free” lipids th e  main bulk consisted of linoleic 
and linolenic acids, in the two fractions o f  protein content the proportion o f  
oleic acid m arkedly increased.

The com position  of the protein-lipid com plex prepared by this method  
had one sign ificant difference as compared w ith  the preparate ion isolated b y  
m ethyl acetate coagulation: the former contained a substantial amount (more 
than 10%) o f triglyceride. For the interpretation o f th is fact our hypothesis 
concerning th e  structure o f lipopurothionin m ust be extended .

In addition to  the electrostatic and perhaps hydrogen bond interactions 
between polar lip ids and the basic amino acid side chains in purothionin, 
which occur very  abundantly in w heat proteins, one m ust also assume the  
presence o f hydrophobic interactions betw een the fa tty  acid side chain of phos­
pholipids and triglycerides (lipid-lipid interactions). These interactions, being  
very weak, m ay already be elim inated b y  m ild environm ental effects, such as 
m ethyl acetate treatm ent.

Glycolipoproteins

The protein content o f the com plex was found to be 85.3% . Of the lipids, 
the following 10 com ponents could he separated:

phosphatidyl choline  
phosphatidyl ethanolam ine  
phosphatid ic acid 
sulfoglycolipid  
digalactosyl diglyceride  
polyglycerine phosphatide
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m onogalactosy l diglyceride  
stero y l glycosides and neutral lip ids.

One com ponent could not be id en tified .

O f th e  carbohydrate con stitu en ts arabinose and galactose were identified  
u n an im ou sly  in  the hydrolysate.

T h e  com plex was separated in to  two fractions on Sephadex G-150 gel, 
o f w h ich  th e  first fraction m ay presum ably be decom posed into further frac­
tions. T h is seem s to be supported b y  the iV-terminal amino acid analysis of 
the fraction s, too. The first fraction  w as glycine, phenylalanine, and unidenti­
fied; th e  second fraction contained arginine as the iV-terminal amino acid.

T h e iV-terminal amino acids o f  th e  lipid-protein com plex were also deter­
m ined from  th e undecom posed com plex . The IV-terminal amino acids deter­
m ined b y  m eans of l-d im ethylam inonaphthalene-5-su lfonyl chloride (D N S—Cl) 
were as follow s:

arginine
g lyc in e
phenylalanine
u n identified

T he com plexes could be decom posed into four fractions by PAG electro­
phoresis. Electrophoresis was carried out at four gel concentrations. The 
sam ple w as dissolved in T R IS -g lycin e buffer of pH =  8.3, contain ing 0.1 g/m l 
of urea. T h e best separation w as observed for a gel concentration o f 3.75% .

iV-term inal amino acid analysis and PAG electrophoresis both indicated  
the presence o f  four fractions. The investigations o f th e  iV-terminal amino 
acids o f  th e  com plexe have also show n four amino acids, o f  which three could  
be id en tified  qualitatively. The am ino acid com position o f lipoglycoprotein is 
given in  T able V.

Glycoprotein

B y  separation on Sephadex G-75, one fraction contain ing carbohydrate  
could be iso lated  from the aqueous extract, w ith a m olecular w eight o f ca. 
16.000. T his fraction could be separated  further b y  electrophoresis in to  tw o  
fractions, one practically carbohydrate-free and one glycoprotein fraction. 
Of th e  carbohydrate com ponents galactose, glucose and arabinose were id en ti­
fied , th e ir  ratio being 6:3:1.

T he data  on the amino acid com position  (see Table V I) support th e  acidic 
character o f  the protein com plex observed in the electrophoretic in vestig a ­
tions.
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Tabic V

The am ino acid composition o f  the lipoglycoprotein complex

Amino acid
g/100g
protein Amino acid

g/100 g 
protein

Asp 1.17 M et 0.45

T h r 2.76 P e 5.31

Ser 1.22 L eu 4.60

Glu 23.40 T y r 1.60

Pro 22.20 P h e 4.71

Gly 1.55 A rg 2.20

Ala 1.65 fjL y s 2.35

Cys 8.20 H is 1.22

V al 2.14 A m m onia 1.46

Table VI

A m in o  acid composition o f  the wheat glycoprotein 
(Acidic p ro te in  iso lated  from  th e  w h ea t v a rie ty  B esostaya-1)

Amino acid g/100 g protein

Cys 3 .8 2

Lys 5 .8 2

Arg 4 .5 7

Ser 8 .9 1

H is 1 .4 0

Asp 1 1 .8 1

T h r 3 .0 0

Glu 1 1 .8 1

Ala 7 .9 1

Pro 7 .1 4

T y r 6 .3 6

M et 1 .8 1

Val 5 .6 0

Phe 7 .9 1

Leu 7 .9 1

lie 3 .9 1
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János L isz i: Nemelektrolit folyadékok dielektromos tulajdonságai 
(Dielectric Properties of Non-electrolyte liquids)

A kém ia ú jab b  e red m én y e i 

( A dvances in  C hem istry)  V ol. 38 

A kadém iai K iadó , B u d a p e s t  

1977, 262 pages (A/5), 70 fig u res , 38 tab les

T he book of J . L iszi rev iew s th e  theo ries o f d ie lec tric  po lariza tio n  a n d  re la x a tio n  of 
d ie lectric  liqu ids a n d  re la tio n sh ip s  be tw een  th e  s tru c tu re  an d  d ielectric  p ro p e rtie s  o f  liqu ids 
co n ta in in g  no ch arg e  carrie rs . I t  also deals w ith  som e re la tio n sh ip s  be tw een  s tru c tu re s  o f m ole­
cules in , an d  d ie lectric  p ro p e rtie s  o f th e  liquid .

T h e  second c h a p te r  (58 p p  in leng th ) discusses th eo rie s  o f th e  s ta tic  re la tiv e  p e rm it tiv i ty  
o f liq u id s; th e  th ird  c h a p te r  (o f a b o u t sam e len g th ) is co n ce rn ed  w ith  th e  th eo ries o f d ie lectric  
re la x a tio n , i.e., th e  freq u e n c y  dependence of d ie lec tr ic  p ro p erties .

T he n e x t tw o  c h a p te rs  discuss in m ore d e ta il th e  re la tio n sh ip s be tw een  th e  s tru c tu re  
a n d  d ielectric  p ro p e rtie s , i l lu s tra te d  b y  d a ta  a n d  re la tio n sh ip s  p e rta in in g  to  in d iv id u a l su b ­
stances. T he fo u r th  c h a p te r  (53 pp ) is d ev o ted  to  l iq u id s  in  w h ich  th e  m olecules a re  n o t  a sso c ia t­
ed , a n d  th e  f if th  c h a p te r  (73 p p ) to  “ associative”  liq u id s .

T he sec tions d ealin g  w ith  theo re tica l, sem i-em p irica l a n d  em pirical re la tio n sh ip s  be ­
tw een  s tru c tu re  a n d  d ie lec tric  p ro p erties  are  p a r tic u la r ly  va luab le .

T he p re se n ta tio n  o f b asic  theo ries c rea tes th e  im p ress io n  as if  th e y  h a d  n o t  b een  q u ite  
a ssim ila ted  b y  th e  a u th o r . Som e incom plete  d e fin itio n s  (e.g. t h a t  o f e lectric  d ipo le , p. 15), 
in accurac ies (e.g. id e n tif ic a tio n  of ran d o m  d is tr ib u tio n  w ith  eq u al ra d ia l d is tr ib u tio n , p . 16; 
o r E q u a tio n  2.3.8, p. 20), a n d  erroneous eq u a tio n s  (e.g. E q u a tio n  2.5.6, p. 29 o r  E q u a tio n  
2.5.14, p. 31) seem  to  co n firm  th e  above im pression  a n d  suggest th e  lack  of due  care.

S. Len g y el

Lecture Notes in Chemistry, Vol. 5.

R a m o n  C a r b o , Joseph M . R i e r a : A General SCF Theory 

S pringer-V erlag , B erlin  —H eidelberg  —N ew  Y o rk , 1978, 210 pages

T he su b jec t o f th is  b o o k  is th e  m ost im p o r ta n t a p p ro x im a te  m eth o d  in  m o d ern  q u a n tu m  
ch em istry , th e  se lf-co n sis ten t fie ld  (SCF) m ethod . T h e  rev iew er is n o t com ple te ly  h a p p y  w ith  
th is  vo lum e because  th e  p re se n ta tio n  is v e ry  h e te ro g en eo u s. S tran g ely , th e  f ir s t  p a r t  is th e  
m o st d em and ing  one; as one  proceeds, th e  p re se n ta tio n  becom es m uch  sim pler. I t  is h a rd  to
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see fo r  w h o m  th e  book was in te n d e d : th e  f ir s t  p a r t  is s im p ly  too  general a n d  c o m p lica te d  for 
th e  b e g in n e r ,  w hile  a reader w ith  a  g o o d  b ack g ro u n d  in  q u a n tu m  ch em istry  w ill f in d  m u ch  
of th e  m a te r ia l  a lread y  fam iliar.

A f te r  a  b rie f  h isto rical in tro d u c tio n , th e  g en era l SC F form alism , developed  b y  H irao 
a n d  b y  th e  a u th o rs , is described. D e sp ite  i ts  occasionally  p o e tica l s ty le , th is  is v e ry  h a rd  re a d ­
ing , a n d  th e  p re se n t review er fo u n d  i t  n ecessa ry  to  c o n su lt th e  o rig inal papers. U n fo r tu n a te ly ,  
th e  p r a c t ic a l  ad v an tag e s  of th e  g en era l SC F  th e o ry  are  n o t  stressed , a n d  th e  ex am p les t r e a te d  
c an  b e  c a lc u la te d  by  conven tional H a r t re e  — F o ck  ro u tin e s . D isp ro p o rtio n a lly  m u ch  is w r i t te n  
a b o u t  t h e  p a ire d -ex c ita tio n  m u ltic o n fig u ra tio n a l SC F m e th o d  w hich  is l ittle  u sed  n o w ad ay s . 
T h is is  n o  w o n d e r  considering th a t ,  as a  re su lt  in  th is  b o o k  show s, a 5 6 -configu ra tion  p a ired - 
e x c i ta t io n  S C F  w avefunction  y ields o n ly  a b o u t 4 p e r c e n t o f th e  e s tim a te d  c o rre la tio n  e n erg y  
in  w a te r .  S C F  p e rtu rb a tio n  th eo ry  is w ell covered , as w ell as th e  m u ltico n fig u ra tio n a l case  for 
tw o  a n d  th r e e  electrons. T he f in a l p a r t  o f  th e  b o o k le t describes va rio u s p ra c tic a l dev ices , e.g. 
b asis s e ts ,  p o p u la t io n  analysis, etc., a n d  co n ta in s  a  co llec tio n  of fa ir-q u a lity  SC F c a lcu la tio n s . 
T h e  l a t t e r  sh o u ld  be quite  u sefu l fo r  th e  novice.

T h e r e  is a  serious erro r on  p . 32, w h ich  deserves se p a ra te  tre a tm e n t here. F ro m  th e  fa c t 
t h a t  o n e  c a n  a d d  to  the  F ock  m a t r ix  a n  a rb itra ry  p ro je c to r  w hich  is d iagonal in  th e  SCF 
o rb ita ls , t h e  a u th o rs  conclude t h a t  K o o p m a n s’ th eo re m  h as  ab so lu te ly  no s ig n ificance , an d  
o rb ita l  e n e rg ie s  are  com pletely a r b i t r a r y  q u a n tit ie s . I f  th is  w ere tru e , th e  a p p ro x im a te  co rre ­
sp o n d e n c e  b e tw e e n  th e  observed  io n iz a tio n  p o te n tia ls  a n d  H a rtre e  —Fock o rb ita l  energ ies 
w o u ld  c o n s t i tu te  a m ystery . I n  r e a l i ty ,  a n  o rb ita l  e n e rg y  is equal to  th e  d ifference  in  th e  
e n e rg y  e x p e c ta t io n  value of th e  g ro u n d -s ta te  d e te rm in a n t  an d  a d e te rm in a n t in  w h ic h  th e  
c o rre sp o n d in g  o rb ita l has been  d e le ted . A n a rb it ra ry  lev e l-sh ift o p e ra to r c a n n o t h a v e  any  
e ffec t o n  th is  q u a n tity . T hus, as f a r  as o rb ita l  reo rg a n iza tio n  an  co rre la tio n  effects c a n  be 
n e g le c te d , K o o p m a n s’ theo rem  re m a in s  valid .

P .  P U L A Y

H ein rich  N o t h  a n d  Bernd W r a c k m e y e r : Nuclear Magnetic Resonanec
Spectroscopy of Boron Compounds,

N M R  Basic P rin c ip les  and Progress, V olum e 14 

(P. D ieh l , E . F lu ck , a n d  R . K o sfeld , Eds). 

Springer-V erlag, B e rlin  — H e id e lb erg  — N ew  Y o rk , 1978, 461 pages

O v e r  th e  la s t  decade, b o ro n  c h e m is try , especia lly  th e  ch em istry  o f h ig h er b o ra n e s , has 
u n d e rg o n e  m a jo r  developm ents. T o  a  fa ir ly  h ig h  e x te n t , th is  has been  due to  th e  ev er in c re a s ­
ing  a p p lic a t io n s  o f  boron-11  n u c le a r  m ag n e tic  re so n an ce  ( UB N M R ) spectroscop ic  m e th o d s  
iu  th e  e lu c id a tio n  of com position , s t ru c tu re  a n d  d y n a m ic s  o f b o ro n -co n ta in in g  m olecu les 
a n d  sy s te m s . S ince th e  p ro life ra tio n  in  th e  ea rly  70’s o f m o d ern  F o u rie r tran sfo rm  N M R  e q u ip ­
m e n t p ro v id in g  UB NM R d a ta  on  m o d e ra te  q u a n tit ie s  o f  sam ples w ith in  re la tiv e ly  s h o r t  pe ­
rio d s o f  t im e ,  a  considerable b o d y  o f  UB N M R  in fo rm a tio n  has been accu m u la ted . T h is  in ­
fo rm a t io n  h o w e v e r  is w idely s c a tte re d  in  th e  l ite ra tu re . T h e  rem ark ab le  ta s k  o f co llecting  
th e se  d a t a  h a d  been  u n d e rta k en  b y  I I .  N oth a n d  B. W rackmayar, w ell-know n e x p e r ts  of 
th is  f ie ld , a n d  re su lted  in  th is  im p ress iv e  vo lum e 14 o f th e  N M R  B asic P rinc ip les a n d  P ro g ress  
series.

D a ta -o r ie n te d  in th e  f i r s t  p lac e , th e  vo lum e is b u i l t  u p  a ro u n d  th e  co llection  o f  UB 
N M R  d a ta  fo r  m ore th a n  3000 c o m p o u n d s  lis ted  in  w ell-o rgan ized  tab les  t h a t  o ccu p y  som e 
300 o f a  t o t a l  o f 460 pages. T he d e sc rip tiv e  p a r t  is d iv id e d  in to  8 ch ap ters . A fte r th e  in tro d u c ­
to ry  r e m a r k s  ou tlin ing  th e  m ajo r scope  o f th e  vo lu m e (c h a p te r  1), a b rie f su m m ary  o f  th e  
N M R  p ro p e r t ie s  o f boron is g iven  (c h a p te r  2) in c lu d in g  th e  m ain  em pirical a n d  sem iem p irica l 
c o rre la t io n s  o f  l lB chem ical sh ifts  a n d  o n e-bond  co u p lin g  c o n stan ts  [ 4  ( l lB X )]. C h a p te r  3 
su rv e y s  t h e  few  11В NM R d a ta  on  tw o -c o o rd in a te  b o ro n  to  b e  follow ed b y  a  d e ta ile d  acco u n t 
on  UB c h e m ic a l sh ifts of th ree -co o rd in a te  bo ro n  (c h a p te r  4) in  a large  v a r ie ty  o f co m p o u n d s 
w ith  sp e c ia l  em phasis on co rre la tio n s  o f  l lB chem ica l sh if ts  w ith  su b s ti tu e n t, a n iso tro p y , 
a  a n d  71 b o n d in g  effects, th e  in flu e n ce  o f  rin g  size, s te ric  h ind ran ce . In  th is  a n d  su b seq u e n t 
c h a p te rs ,  th e  descrip tion  of th e  m a jo r  t r e n d s  an d  c h a ra c te ris tic s  o f 1 'B  chem ical sh if ts  is c a re ­
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fu lly  m atch ed  w ith  th e  o rg an iza tio n  of th e  d a ta  collection . C hapter 5 d e a ls  w ith  th e  available 
d a ta  on n B NM R of tran s itio n  m eta l b o ro n  co m pounds, ch ap ter 6 is d e v o te d  to  n B NMR 
o f d ib o ran e  a n d  d e riv a tiv e s w hile c h a p te r  7 d isse rts  on com pounds w ith  te tra -c o o rd in a te  boron 
in c lu d in g , am ong o thers , m eta l b o ra te s , d o n o r-accep to r com plexes, b o ro n  a d d u c ts  w ith  
v a rio u s  donors, etc. S p in-sp in  coupling  c o n s ta n ts  invo lv ing  n B [ny(11B X )]  a re  d e a lt w ith in 
c h a p te r  8. D iscussion of th is  p a ra m e te r  is e x te n d e d  over boron-boron a n d  b o ro n -o th e r  elem ent 
co u p lin g  from  th e  d irec t (n  =  1) to  lo n g -ran g e  (n  ]> 4) in te rac tions.

T he tab le s  o f n B NM R d a ta  (c h a p te r  9) a re  organized as follow s. A t  th e  h ead  of each 
ta b le  s tru c tu ra l sym bols a re  p ro v ided . T hese  sy m b o ls  show th e  atom s to  w h ic h  th e  boron  a tom  
is d irec tly  bonded . In  ad d itio n , th e  h ead lin es o f  each  tab le  ind icate  th e  c lasses o f com pounds 
t re a te d .  T he com b in a tio n  of classes o f c o m p o u n d s w ith  th e  s tru c tu ra l sy m b o l allow for an 
easy  w ay  of re triev in g  a specific co m p o u n d . F o r  th is  purpose, a c o m p ila tio n  o f com pounds 
acco rd in g  to  Chem ical A b s tra c t fo rm ula  is p ro v id ed . T he volum e is c o m p le te  w ith  form ula 
a n d  a u th o r  index  an d  references.

T he book is a m o st v a lu ab le  d a ta  co llection  fo r all those w orking in  th e  fie ld  of borane 
a n d  o rg anoborane  chem istry .

L .  R a d i o s

J .  U l b r i c h t : Grundlagen der Synthese von Polymeren

A kadem ie-V erlag , B e rlin , D D R , 1978 

260 Seiten , 59 A b b ild u n g en , 39 Tabellen

D ie th eo re tisch en  u n d  p ra k tisc h en  K e n n tn is se  der einzelnen D isz ip lin en  sin d  in  den 
m ittle rw e ile  e rsch ienenen  H a n d b ü ch e rn  zusam m en g efasst. Ü ber E n tw ic k lu n g e n  w ährend 
u n d  se it ih re r  E rsch ein u n g  b e rich ten  jed o c h  n u r  F ach ze itsch riften , d e ren  S tu d iu m  viel Zeit 
u n d  M ühe b e an sp ru ch t.

D ie w issenschaftliche B eh an d lu n g  d e r  P o ly m erisa tio n sreak tio n en  h a t  in  den  letz ten  
J a h rz e h n te n  s ta rk  an  In te n s itä t  gew onnen.

V ersch iedene F a c h ric h tu n g e n  e rfo rd en  e ingehendere  K enn tn isse  a u f  d iesem  Gebiet, 
d ie d u rc h  spezielle V orlesungen, Ü b u n g en  u n d  P ra k tik a  e rm itte lt w erd en .

U m  eine gezielte R e a k tio n ss te u e ru n g  verw irk lich en  zu k ö n n en , i s t  es erforderlich, 
m e h r  ü b e r  den A b lau f de r E le m e n ta rre a k tio n e n  d e r P o lym erisa tion  zu  w issen .

Im  vorliegenden  B u ch  w erden  die fo lg en d en  Them enkreise e rö r te r t:  E in o rd n u n g  des 
V erlau fes  der P o ly m erisa tio n sreak tio n en , ra d ik a lisch e  u n d  ionische E le m e n ta rs c h r i t te , die 
N a tu r  von  Io n en  u n d  Io n e n p aa ren  sow ie d e ren  B eeinflussung du rch  p o la re  bzw . sterische 
E ffe k te  bzw . d u rch  E ig en sch aften  des M edium s. D as B uch  b eh an d e lt d ie K e tte n p o ly m e risa ­
tio n , d ie  G leichgew ichtslage, S tru k tu rp r in z ip ie n  sow ie M echanism us u n d  K in e tik  de r hom o­
g en en  u n d  h e terogenen  rad ik a lisch en , io n ischen  u n d  k o o rd inativen  K e tte n p o ly m e risa tio n . 
U n te r  analogen  G esich tsp u n k ten  w ird  d ie S tu fen p o ly m erisa tio n  u n d  d ie  E n ts te h u n g  von 
L e ite rp o ly m eren , P räp o ly m eren . Io n o m eren  u n d  sem iorganischen P o ly m e re n  besprochen. 
D es w e ite ren  w erden  noch die M u ltip o ly m erisa tio n , die A bm ischung m it a n d e re n  Polym eren, 
p o ly m eran a lo g e  R e ak tio n en  (d a ru n te r  P fro p fu n g e n ) ur.d  die M o d ifik a tio n  d e r Polym ere 
b e h a n d e lt .

D as B u ch  b e h an d e lt das T h em a  log isch  u n d  konsequent. E in  g ro ß e s  V e rd ien st des 
B u ch es is t eine ausführliche  B eschreibung  d e r  G ru n d p rin zip ien . D er S til d es B u ch es is t k lar 
u n d  k n a p p , d ie T abellen  sind  Ü b e rsich tlich , d ie  A bb ildungen  u n d  d ie s e h r  g u t  gew ählten  
B eisp ie le  e rle ich tern  das V e rstän d n is  des S toffes. E s  lie g t in  der N a tu r  des B u c h es , d aß  bei der 
E rö r te ru n g  de r einzelnen B egriffe  au ch  a u f  d e ren  p rak tisch e  A n w en d u n g  großes Gewicht 
g e leg t w ird . D ie B eispiele e rle ich tern  die A n e ig n u n g  des W issensgebietes u n d  fö rd e rn  die sich 
a u f  d ie  p rak tisch e  V e rw en d b ark e it b ez ieh en d en  K en n tn isse .

U m  den L esern  den Z ugang  zu r O r ig in a llite ra tu r  der beh an d e lten  G eb ie te  zu  erleichtern , 
sin d  d en  e inzelnen T eilen  L ite ra tu rh in w eise  a n g efü g t. E in  ausführliches S ach v erze ich n is  am 
E n d e  des B uches e rle ic h te rt d ie O rien tie ru n g . D ie  T y p o g rap h ie  u n d  die A u s fü h ru n g  des reichen 
T ab e llen - u n d  A b b ild u n g sm ate ria ls  is t  r e c h t  g u t.

D as B u ch  is t als L eh rb u c h  fü r  die A u sb ild u n g  an  U n iv e rsitä ten  u n d  H o ch sch u len  der 
D D R  a n e rk a n n t.

A ls L eserk re is k ö n n en  fo r tg e sch ritte n e  S tu d e n te n , die sich bereits  m it  d e r  m ak ro m o lek u ­
la re n  C hem ie v e r tr a u t  gem ach  h a b en , in  F ra g e  k o m m en . P ra k tik e r  in  F o rsc h u n g s in s ti tu te n
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u n d  in  d e r In d u s tr ie ,  die ü b e r die F ra g e  d e r  P o ly m erisa tio n sreak tio n sm ech an ism en  in fo rm ie rt 
sein m ö c h te n , o h n e  se lbst als S p e z ia lis te n  a u f  diesem G eb iet tä t ig  z u  sein, kö n n ten  dem  B u ch  
n ü tz lich e  A n re g u n g en  en tn eh m en . D a rü b e r  h inaus w ird a u ch  d e r  P ra k tik e r  die M öglichkeit 
eines Ü b e rb lic k s  ü b e r  sein A rb e itg e b ie t w ahrnehm en.

A u c h  d ie  in  der L ehre  tä t ig e n  L ese r w erden in  dem  B u c h  v ie le  geschickte pädagogische 
G e sic h tsp u n k te  u n d  Ideen  fin d en , d ie ih n en  zu r V erbesserung  ih re r  Vorlesungen ve rh e lfen  
können.

D e r E rfo lg  eines F ach b u ch es  w ird  neben  der g u ten  V e rw e n d b a rk e it  u n d  dem  h o h en  
N iveau b e i d e r  B eh an d lu n g  des G eg en s tan d s durch  einen le ic h tv e rs tä n d lic h e n  S til u n d  eine 
k lare  u n d  lo g isch e  A u sfü h ru n g  des S to ffes  bestim m t. A ll d iese v o rte ilh a f te n  E ig en sch aften  
kön n en  b e i d e m  vorliegenden  B u c h , dessen  V erfasser a u f  d iesem  G eb iet der W issenschaft 
ein a llg em ein  a n e rk a n n te r  W isse n sc h a ftle r  is t e indeutig  fe s tg e s te ll t  w erden.

D e r A u to r  b e re icherte  d ie F a c h li te r a tu r  m it einem  B u c h , d a s  sow ohl den F a c h le u ten  
als au ch  d e n  L esern  w ertvo lle  u n d  leh rre ich e  K enntn isse  v e rm it te l t .

I. GÉCZY

Structure and Bonding, Vol. 34 

Novel Aspects

Springer-V erlag , B e r l in —H eidelberg —N ew  Y o rk , 1978 

220 pages, figu res 37, tab les 39

T h is  v o lu m e  con ta ins f iv e  com p en d io u s trea tises w h ich  d esc rib e  th e  p re sen t s ta te  o f 
som e r a th e r  d iv erse  fields o f c h e m is try : fro m  q u arkon ium  c h e m is try  to  lan tan id e  com plexes.

S. H u b e r t , M. H ussonnois, a n d  R . Guillaumont are  th e  a u th o rs  of th e  f irs t  p a p e r , 
e n tit le d  “ M easu rem en t o f C om plex ing  C o n stan ts  by  R ad io ch em ica l M ethods” . The e q u ilib riu m  
co n s tan ts , d e te rm in e d  by  m eans of th e  classic ex trac tio n  m e th o d s , a n d  th e  fo rm ation  c o n s ta n ts , 
are s ig n if ic a n tly  affected  b y  th e  p H  o f  th e  aqueous p h ase  a n d  b y  several p a ram ete rs  o f th e  
tw o -p h ase  sy s te m : v e ry  o ften  th e  acc u rac y , th e  re p ro d u c ib ili ty  o f ex p erim en tal d a ta  leav e  
m u ch  to  b e  desired . H ow ever, th e  s ta b il i ty  co n stan t can  b e  d e te rm in e d  very  accu ra te ly  p ro ­
v id ed  th e  ra d io a c tiv e  iso tope o f th e  e le m en t in  question  is in tro d u c e d  in to  th e  system  a t a v e ry  
low c o n c e n tra t io n , viz. a t  10 ~ e M  o r low er. T he c itra to - a n d  th e  th eo n y l-tr if lu o ro ace to n a to - 
(T T A )-com plexes o f th e  la n th a n id e s  a n d  actin ides serve as m o d e ls  on  w hich to  d e m o n s tra te  
th e  e ffic ien cy  of th is  m eth o d . In  th e  case  o f com plexes o f  M e3+ io n s w ith  n  f3'4, n  f 7, n  f 10' 11 
(n — 4, 5) e le c tro n  co n fig u ra tio n s th e  lg/3 vs. Z  d iagram s re v e a l th e  w ell-know n “ w eak  acc i­
d e n ts” : th e  phen o m en o n  m ay  be  in te rp re te d  as a th e rm o d y n a m ic  consequence of th e  n ep h el- 
a u x e tic  e ffe c t. O th e r m eth o d s  w h ic h  u tilize  rad ia tin g  iso to p es , e.g. rad io p o laro g rap h y  o r 
ra d io c o u lo m e try , also fu rn ish  a c c u ra te  th erm odynam ic  d a ta . 29 re fe ren ces to re lev an t l i te ra tu re  
are lis ted .

T h e  second  trea tise , o n  “ P re d ic ta b le  Q uarkonium  C h e m is try ” , is au th o red  b y  С. K . 
J or g en sen . B y  q u o tin g  60 ite m s o f th e  lite ra tu re , th is  a u th o r  su m m arizes here q u a rk o n iu m  
c h em istry  o n  18 pages. T he p o ss ib ility  o f con cen tra tin g  q u a rk s , th e i r  p roperties, th e ir  a d d u c ts  
fo rm ed  w ith  a to m s, ions, m olecu les a re  discussed. The f u n d a m e n ta l  differences be tw een  p o si­
tiv e  a n d  n e g a tiv e  qu ark s a re  ex p la in ed . T he p roperties o f u -, d -, a n d  s-quarks, also o f th e  c- 
qu ark s in tro d u c e d  by  som e a u th o rs ,  a re  described. T he a n a lo g y  b e tw een  neu trinos, m u o n s, 
and  o th e r  w ell know n  p a rtic le s  is d e a l t  w ith ; th e  p rincipal fe a tu re s  o f th e  theories a b o u t q u a r ­
k o n iu m  c h e m is try  are p resen ted .

“ C h e m istry  of P lu to n iu m  a n d  th e  T ransu ran ics in  th e  B io sp h e re ” , b y  R . A. B ulm an , 
is th e  t h i r d  p a r t ,  covering 30 pages. H e re  a v ery  in te re s tin g  a n d  to p ic a l question  is exposed . 
A fter a  s h o r t  review  of th e  e le c tro n  s tru c tu re  and ch em ica l p ro p e rtie s  of th e  tra n su ra n ic s  
th e ir  o ccu rre n ce  in our b io sp h ere , n o ta b ly  in the  soil, th e  h u m ic  acids as lan tan id e -b o n d in g  
agen ts, th e i r  com plexes, th e ir  in c o rp o ra tio n  by  p lan t o rg an ism s c an  be  read  ab o u t. F u r th e r ,  
th e ir  o ccu rre n ce  an d  d is tr ib u tio n  in  w a te r  an d  th e ir in c o rp o ra tio n  b y  anim al o rgan ism s are  
m en tio n ed . T h e  possib ility  o f re m o v a l o f actinides fro m  o rg a n ism s  b y  m eans of m ed ic a tio n  
is rev iew ed  in  th e  la s t, sh o rt c h a p te r . 193 references h e lp  to  g e t  acq u a in ted  w ith  th is  v e ry  
in te re s tin g  to p ic .

J .  W . B uchuer, W . K ok isch , a n d  P. D. Smith w rite  a b o u t  “Cis, Trans, a n d  M e ta l 
E ffec ts  in  T ran s itio n a l M etal P o rp h y r in s” . P rincipal p a r ts  a re :  e lectron-effect in th e  case  o f
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m eta l-p o rp h y rin s ; cis-trans effect in  th e  case  o f Os-, Co-, Fe-, a n d  R u -p o rp h y rin  system s. 
T h ree  ty p es  o f th e  sp e c tra  are  d e a lt w ith , g iv in g  a d e ta iled  acco u n t o f  co m p o u n d s w hich 
co rre sp o n d , re sp ec tiv e ly , to  a  “ n orm al ty p e ”  sp e c tru m , i.e. those  o f cen tra l m e ta ls  w ith  d and  
d 10 e lectrons, to  a  “ hypso  ty p e ”  sp ec tru m , i.e. th o se  w ith  low sp in  d 5- d 9 m e ta l ions and  to  
a  “ h y p e r  ty p e ”  sp ec tru m , i.e. those  w ith  C r ( I I I ) ,  Mo(V), W (V), M n (II I ) ,  R e(V ), F e (I I I ) ,  
O s(IV ), a n d  Os(V I). “ B ack b o n d in g ”  p lay s a n  im p o r ta n t  ro le also in m eta l p o rp h y rin s . Chem ical 
sh if t  in  H -N M R  fo r th e  series o f cen tra l m e ta ls  follow s th e  sequence F e  >  M n >  Cr; for th e  
series o f ax ia l lig an d s th is  sequence is I  >  B r >  Cl >  N 3 >  F  >  O P h ; th e  p h enom enon  is 
in te rp re te d  as a  change  of th e  я -in te rac tio n  b e tw ee n  m eta l an d  p o rp h y rin , re sp ec tiv e ly , m eta l 
a n d  ligand . A sh o r t  su rv ey  of hem o-/hem i-ch rom ic  system s com pletes th is  c h a p te r . 158 item s 
fro m  th e  l i te ra tu re  are  cited.

“ Com plexes o f  th e  L an th an id e s  w ith  N e u tra l  O xygen D onor L ig an d s”  is th e  t itle  of 
th e  f if th  a rtic le , b y  D. K. K oppikar , P. Y. S ivapullaiah , L. R am akrishnan , a n d  R. Soun- 
da rajan . T he com plexes a re  classified acco rd in g  to  do n o r a tom s, viz. C -O , N -O , P -О , A s-O , 
S -O , Se-О . T he m eth o d  of p re p a ra tio n , th e  s to ich io m e try  of th e  com plexes, th e  possib ilities 
o f sp e tia l a rra n g e m e n ts  follow. A m ong th e  tec h n iq u es  here app licab le, v ib ra tio n a l spec tra , 
viz. lig an d -, an ion ic-, m eta l-oxygen  v ib ra tio n s , e lec tro n  sp ec tra , fluorescence em ission  sp ec tra , 
H -N M R  sp e c tra  a n d  re su lts  o f these  a re  d iscussed , also d a ta  fo und  b y  m ea su re m e n ts  of con­
d u c tiv ity , d e te rm in a tio n s  o f  m olecu lar w e ig h t, a n d  X -ra y  d iffrac tio n  are  rev iew ed . These 
com plexes a re  fo rm ed  w ith  co -o rd in a tio n  n u m b ers  6, 7, 8, 9, 10, an d  12. E x p e r im e n ta l resu lts 
su g g est th a t  b o n d in g  in  th e  com plexes is ch ie fly  e lec tro sta tic . 406 references close th e  article .

T hese fiv e  com prehensive  pap ers  o ffer a  v e ry  good su rv ey  of th e  in te re s tin g  top ics 
th e y  deal w ith : also th is  vo lum e of th e  series “ S tru c tu re  and  B ond ing”  is a v a lu a b le  a n d  useful 
a d d itio n  to  th e  sc ien tific  lite ra tu re .

J .  C s á s z á r

W .  B a r t k n e c h t : Explosionen — Ablauf und Schutzmaßnahmen

Springer-V erlag , B erlin  — H eid e lb erg  — N ew  Y ork , 1978. 264 S eiten

E s t  is t schw ierig  die G efahr v o n  E x p lo s io n en  fü r  M enschen u n d  S ach  g ü te r  einzu­
sc h ä tz en ; d ie G efah r is t  u m  so grösser desto  w enigere  H inw eise de r e in tre te n d e n  E xplosion  
vorliegen. Z um  S ch u tze  des Lebens u n d  m a te rie lle r  G ü te r  ist es also von au ß ero rd en tlich e r 
W ichtigkeit, E x p los ionsgefah ren  d o rt, wo ex p losib le  S toffe vorliegen u n d  v e ra rb e ite t  w erden, 
e rk en n en , den  E x p lo s io n sab lau f u n te r  k o n tro lle  z u h a lten  u n d  vo r allem  die E n ts te h u n g  einer 
E x p lo sio n  zu v e rh in te rn .

D as B u ch  “ E x p losionen  — A b lau f u n d  S c h u tzm a ß n ah m en ”  w urde  m it de r A bsich t 
gesch rieb en , die K en n tn isse  der F ach leu te  ü b e r  d a s  G eb iet der S ich erh e its tech n ik  zu  erw eitern , 
u n d  zw ar n ic h t so seh r a u f  der th eo re tisch en  E b en e , als v ielm ehr in  der a lltäg lich en  P rax is. 
D er V erfasser — ein se it 25 J a h re n  a u f  d iesem  G eb iet tä tig e r  S pezia list — s tü tz t  sich  bei der 
g e m e in v ers tän d lich en  B eschreibung  de r K en n ze ich en  v o n  S tau b en ex p lo sio n en , a u f  d ie neuesten  
w issenschaftlichen  E rgebn isse  u n d  tech n isch en  E rfah ru n g en .

A uf b re n n b a re  Gase u n d  D äm pfe w ird  n u r  d o rt hingew iesen wo sich eine. G egenüber­
s te llu n g , ein V ergleich  als no tw endig  e rw iß t. D e r  V erfasser t r i t t  jed o ch  se lb st h in sich tli desch 
b e a rb e ite te n  G eb ietes n ich t m it dem  A n sp ru ch  a u f  V ollständ igkeit auf, zum al zahlreiche 
F ra g e n  noch a u f  ih re  K lä ru n g  w arten .

E in ige  so lcher P rob lem e sind:

— K en nzeichen  der A usbreitung  v o n  g ro ß en  e n tflam m te n  G asw olken,
— A b la u f d e r E xplosion  von b re n n b a re n  G asen u n d  S tau b en  in  m it R o h rle itu n g en  

u n te re in a n d e r  v e rb u n d en n en  B e h ä lte rn ,
— E n tw ic k lu n g  eines L ab o ra to riu m sv e rfah re n s , das die B estim m u n g  v o n  K en n w erten  

d e r E x p lo sio n  von  explosib len  S ta u b e n  erm öglich t.

D as B u ch  is t in  drei Teile gegliedert.
Im  E rsten  Teil b e h an d e lt der V erfasser d ie V orbed ingungen  u n d  den A b la u f v o n  E x p lo s­

io n en  in  geschlossenen B eh ä lte rn  u n d  in R o h rle itu n g en .
D ie H e ftig k e it des A blaufs d e r E x p lo s io n  in  geschlossenen B e h ä lte rn  gegenw ärtig  

fü r  b re n n b a re  G ase u n d  S tau b e  m itte ls  einer k u b isc h en  G leichung m it h in re ich en d e r G enauig­
k e it  a n n äh e rn d  b e s tim m t w erden, falls
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a) d ie  A r t  b rennbaren  Stoffes,
b ) d e r  R a u m in h a lt  des B e h ä lte rs  u n d  sein  F ü llu n g sg rad  m it  dem  explosiblen G em isch,
c) d e r  T u rb u len zg rad ,
d ) d e r  im  M om ent der E in w irk u n g  de r Z ündquelle  h e rrsch en d e  D ru ck  sowie,
e) d ie  A r t  u n d  Größe de r Z ü n d q u e lle  b e k a n n t sind.

D ie  b e re c h n e te n  W erte  k ö n n e n  a u c h  im  L a b o ra to r iu m  m itte ls  kugel- oder w ürfe l­
fö rm ig en  V ersu ch sg e fäß en  e rh a lte n  w e rd en , w obei die Z ü n d q u elle  im  geom etrischen  M itte l­
p u n k  a n g e b r a c h t  w ird. D er R a u m in h a lt  d ieser G efäße d a rf  bei b re n n b a re n  G asen h ö ch sten s 
e inen  L i te r  b e tra g e n .

F ü r  b re n n b a re  S taube  sollen  d ie  V ersuche  in  e in e r n eu en tw ick e lten  L ab o ra to riu m s­
an lage  m i t  e in e m  R au m in h a lt v o n  1 m 3 d u rc h g e fü rt w erd en , u m  w irk lich k eits treu e  E rg eb n isse  
zu e rh a lte n .

S o g e n a n n te  “ H ybridgem ische” , b e s te h e n d  aus S ta u b , L u f t  u n d  Gas bzw . D am p f, 
m ü ssen  m i t  b e so n d e re r  A u fm erk sam k e it b e h a n d e lt  w erden , se lb s t w enn  ih re  Gas- bzw . D a m p f­
k o n z e n tr a t io n  t ie f  u n te r  der u n te re n  E x p lo sio n sg ren ze  lieg t. So k a n n  z.B . ein  n ich t-ex p lo s ib ler 
S ta u b  u n d  e in  n ich t-explosib les G as-L u ftg em isch  ein exp losib les H ybrid g em isch  bilden.

D e r  A b la u f  von  Gas- u n d  S tau b ex p lo sio n e n  in  am  e in en  E n d e  geschlossenen R o h r ­
le i tu n g e n  i s t  s ta r k  davon abhängig , ob  d e r  B ra n d  sich v o m  offenen  R oh ren d e  zum  geschlosse­
n en  o d e r  in  en tg eg engese tz te  R ic h tu n g  bew eg t. D er A b la u f w ird  au ß erd em  d u rch  die A r t 
de r S trö m u n g  (lam in ar oder tu rb u le n t) ,  d u rc h  die L än g e  u n d  den  D urchm esser de r R o h r ­
le itu n g , d u r c h  die V erb ren n u n g s-g esch w in d ig k eit usw . b e e in flu ß t.

I m  zw e iten  Teil u n te rsu c h t d e r V e rfasse r M öglichkeiten  v o n  M aßnahm en  zu r V e rh in ­
d e ru n g  d e r  E x p lo s io n en  bzw. zu r A b sh w äch u n g  ih rer A usw irk u n g en .

D a  d e r  L eser im  ersten  T eil d ie  B ed in g u n g en  de r E n ts te h u n g  u n d  den A b lau f der E x ­
p lo s io n en  k e n n e n  gelertn  h a t,  s te h en  n u n  d ie D a ten  zu  V erfü g u n g , a u fg ru n d  derer die e n t ­
sp re c h e n d e n  S ich erh e itsm aß n ah m en  fü r  d e n  S chu tz  der B e h ä lte r  u n d  R o h rle itu n g en  u n d  d a m it 
fü r  d e n  S c h u tz  de r gesam ten P ro d u k tio n sa n la g e  ergriffen w e rd en  können .

E in e  d e r  aussich tsreichsten  M e th o d en  de r V orb eu g u n g  is t  die In e rtis ie ru n g . Z ur V e r­
h ü tu n g  d e r  E x p lo s io n  sowohl v o n  b re n n b a re n  G asen als a u ch  v o n  b re n n b a re n  S tau b en  k ö n n e n  
als I n h ib i to r e n  S tickstoff, K o h len d io x id , ha lo g en ierte  K o h lenw assersto ffe , L öschpu lver a u f  
A m m o n iu m p h o sp h a t-B as is , in  b e s t im m te n  F ä llen  auch  L ö sch p u lv e r a u f  N a triu m h y d ro g en c a r­
b o n a t  b z w . K a liu m h y d ro g en c a rb o n a t-B as is  v e rw en d e t w erden .

E in  u n fach g em äß es U m g eh en  m it  d iesen  S toffen  b irg t  jed o ch  die M öglichkeit e in e r 
V e rg iftu n g s g e fa h r  in sich.

D e r  E x p lo sio n sch u tz  v o n  B e h ä lte rn  k a n n  d a d u rch  g ew äh rle is te t w erden , d aß  sie au s  
e inem  W e rk s to f f  hergeste llt w erd en , d e r  dem  m ax im alen  E x p lo s io n sd ru ck  w id ersteh t. I s t  
dies u n m ö g lic h , so m uß irgendeine V o rr ic h tu n g  zu r A b le itu n g  des bei de r E xplosion  en steh en - 
den  Ü b e rd u c k s  gew ählt w erden. F ü r  e in m alig en  G eb rau ch  w erd en  zu r A b le itung  des Ü b e r­
d ru ck s  B e rs tsc h e ib e n , fü r  m eh rm alig en  G eb rau ch  K la p p d ec k e l verw en d e t. F ü r  dense lben  
Z w eck w e rd e n  bei G ebäuden sp a ltö ffn e n d e  F läch en  au sg eb ild e t.

D ie  v e rsch ied en en  L ösungen  z u m  A b le iten  des Ü b e rd ru ck s  u n d  die M ethoden  fü r  ih re  
D im e n s io n ie ru n g  w erden im  B u ch  a u sfü h rlic h  b eh an d e lt.

V o rr ic h tu n g e n  zum  E rs tic k e n  d e r  E xp lo sio n  (im  a llgem en inen  e lek tron ische V o rrich ­
tu n g e n )  s in d  anspruchsvolle r in  d e r W a r tu n g , teu re r  u n d  v ie lle ich t gerade desw egen in  d e r  
I n d u s tr ie  n o c h  w enig v e rb re ite t. D as  W esen tliche  d ieser V o rrich tu n g en  is t ein A n sp rech ­
sy s te m  m i t  th erm o elek trisch en , o p tis c h e n  oder D ru c k -F ü h le r , d as d ie L ö sch v o rrich tu n g en  
a u to m a tis c h  in  B etrieb  setzt.

B e i R o h rle itu n g en  u n d  A rm a tu re n  w erden  ebenfa lls  v e rsch ied en tlich  S ich erh e its­
v o r r ic h tu n g e n  z u r  V erh inderung  v o n  E x p lo s io n en  bizw . zu r A bsch w äch u n g  ih rer A u sw irk u n ­
gen a n g e w e n d e t,  so u n te r  an d erem  m ech an isch e  F eu erab sch lü sse , au to m a tisch e  A uslü su n g  
des L ö sc h v o rg a n g s  ve rsch ied en artig e  d ru c k ab le iten d e  V en tile , D eckel usw .

I m  d ritten  Teil des B uches w e rd e n  S c h u tzm a ß n ah m en  fü r  A p p a ra te  u n d  A nlagen  b e ­
h a n d e lt .  A u c h  h ie r  h eb t der V e rfasse r die sog. p r im ä ren  u n d  se k u n d ä re n  S ch u tzm aß n ah m en  
h e rv o r, a lso  je n e , die sich au f die V o rb eu g u n g , u n d  jen e , d ie sich  a u f  die A bschw ächung  d e r 
A u sw irk u n g e n  beziehen. Bei d e r V o rb e u g u n g  v o n  E x p lo sio n en  soll neb en  der A nw endung  v o n  
In h ib ito r e n  so w eit als n u r irgend  m ö g lich  de r A ussch luß  v o n  Z ü n d q u ellen  (m enschliche N a ch ­
lä s s ig k e it ,  B e trieb s-Z ü n d q u e llen  w ie F u n k e n , R eib u n g sw ärm e , e lek trische  D efekte, e le k tro ­
s ta tis c h e  A u fla d u n g  usw .) b e a c h te t  w e rd en .

In s o f e r n  B e triebszündquellen  n ic h t  auszuch ließen  sin d , m üssen  seku n d äre  S c h u tz ­
m a ß n a h m e n  ge tro ffen  w erden: exp lo s io n ssich ere  K o n s tru k tio n e n , V o rrich tu n g en  zum  A b le iten  
des E x p lo s io n sü b e rd ru c k s  bzw . zu m  E rs t ic k e n  der E x p lo s io n  oder eine K o m b in a tio n  v o n  
F e u e ra b sc h lü sse n , L ö sch m itte lau slö su n g en , S chnellabsch lüssen , Sperren .
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D ie in  de r schem ischen  In d u s tr ie  an zu tre ffe n d en  m öglichen E x p losionsgefah ren  u n d  
die M ethoden  ih re r  B ek äm p fu n g  e rlä u te r t  de V e rfasse r a n h a n d  von  üb lichen  V e rrich tu n g en , 
wie z.B . S acköffner, W irb e lsch ich t-T ro ck n er u n d  — M ah lan lagen , T a u b a b tre n n e r-F ilte r  usw .

A bsch ließend  s te ll t  d e r  V erfasser fest, d a ß  v o n  a b so lu t explosionssicheren  A n lagen  
tro tz  a lle r S chu tz  — u n d  sonstigen  M aßnahm en  keinesw egs gesprochen w erden  k a n n . E s  
B e s teh t s te ts  ein  G efah ren risiko  dessen G röße z ah len m äß ig  k a u m  b e stim m t w erd en  k a n n . 
In w iefern  die b e s teh en d e  G efah r noch “ e rträg lich ”  is t ,  h ä n g t  v o n  den E rfah ru n g en  u n d  den  
E rgeb n issen  v o n  sy s te m atisc h en  ex perim en tellen  U n te rsu ch u n g e n  ab. K einesw egs k a n n  
jed o ch  g ed u ld e t w erden , d aß  P ro d u k tio n  u n d  W irtsc h a ftl ic h k e it  u m  jed en  Pre is ü b e r  die 
B e trieb ssich erh e it g e s te llt w erden.

K .  K lT T R IC H

Springer Series in Chem ical Physics 3 

Advances in Laser Chemistry

E d . A. II . Zew ail , Springer-V erlag , B erlin  —H e id e lb e rg —New  Y ork , 1978

463 pages, 242 f ig u res

T h e  book co n ta in s th e  P roceedings of th e  C onference on  A dvances in  L aser C h em istry  
h e ld  a t  th e  C alifornia I n s t i tu te  o f Technology, P a sa d e n a , M arch  20 — 22, 1978. D iv id ed  in to  
fiv e  sec tions, i t  g ives an  acco u n t on  th e  recen t a p p lic a tio n s  o f lasers in  chem istry .

T h e  f irs t  c h a p te r , “ L aser In d u ced  C h em istry ”  deals w ith  chem ical reac tio n s in d u ced  
o r en h an ced  b y  laser ra d ia tio n . T he in tro d u c to ry  p le n a ry  lec tu re  b y  S. A. R ice sum m arizes 
o u r know ledge on th e  in te rn a l energy  tran s fe r  in  iso la te d  m olecules, w hich  is o f p a r tic u la r  
im p o rta n ce  in in te rp re tin g  th e  resu lts  o f laser in d u ced  chem ical reac tions. C o n trib u te d  p a p e rs  
re p o rt  on  laser sy n th e tic  ch em istry , p h o to g en e ra tio n  o f  c a ta ly s ts , iso tope en rich m en t. S ev eral 
speakers tre a te d  th e  q u estio n s ou tlin ed  in  th e  p le n a ry  lec tu re  in  de ta il, p resen tin g  d a ta  on  
th e  p a r titio n in g  o f e lec tro n ic , v ib ra tio n a l, ro ta tio n a l a n d  tra n s la tio n a l energies in  u n im o lecu la r  
processes.

T h e  second sec tio n  o f th e  book is d ev o ted  to  p icosecond  processes an d  tech n iq u es. T he 
p len a ry  lec tu re  b y  R . M. H ochstrasser com prises sev e ra l closely co rre la ted  top ics, in v o lv in g  
p icosecond  e x ita tio n  a n d  d e tec tio n . T he p a p e r  o f R obinson  et al. is a v a lu ab le  su m m a ry  o f 
how  a  p icosecond sy s te m  sh o u ld  be  se t up . P icosecond  p h en o m en a  are  o f p a r ticu la r  im p o rta n ce  
in  th e  follow ing a reas: e a rly  stages o f b ac te ria l p h o to sy n th e s is , m echan ism  of v ision  (p h o to ­
re ac tio n  o f rh o d o p sin ), fo rm a tio n  dynam ics o f ch arg e  tra n s fe r  com plexes a n d  laser d y e  c h a ra c ­
teris tics . In fo rm a tio n  a b o u t  so lven t s tru c tu re  is d e d u ce d  fro m  m easu rem en ts o f  p icosecond  
ch ro m o d y n am ics o f e lectrons.

T h e  th ird  c h a p te r , e n tit le d  “ N on-L inear O p tica l S pecroscopy  an d  D ephasing  P rocesses” , 
s ta r ts  w ith  th e  th e o ry  of o p tica l dephasing  in  c o n d en sed  phases, delivered  by  К . E . J ones 
a n d  A. H. Zew ail . R e la tiv e ly  lit t le  ex p erim en ta l w o rk  is re p o rte d  on dephasing  processes. 
O n th e  o th e r  h a n d  a h a n d fu l o f novel spectroscop ic  m e th o d s  is show n to  y ield  v a lu a b le  in ­
fo rm atio n . C oheren t A n ti-S to k es  R a m a n  S p ec tro sco p y  is u tilized  in m an y  cases, a n d  th e  th e r ­
m al lensing  or th e rm a l b loom ing  m eth o d  is f re q u e n te d  also. T hese  new  techn iq u es, w ith  th e ir  
ex cep tio n a lly  h ig h  reso lv in g  pow er in  th e  v isib le p a r t  o f th e  sp ec tru m  are  grow ing in  im p o r­
tan ce  in  o rd er to  o b ta in  b asic  p a ram éte res  o f re la tiv e ly  sim ple m olecules.

T h e  n e x t sec tion  deals w ith  m u ltip h o to n  e x c ita tio n . O nce again  th e  fa te  of th e  ab so rb ed  
energy , i.e. its  p a r ti t io n in g  be tw een  d ifferen t s ta te s  is a m a jo r p rob lem  of th e  field . T h e  p le ­
n a ry  lec tu re  b y  R . A. Marcus, D. W . N oid an d  M. L . K oszykowski discusses th e  th e o re tic a l 
asp ec ts  o f  th e  p rob lem . M u ltip h o to n  ion iza tion  sp ec tro sco p y , D oppler-free  tw o p h o to n  sp e c tro ­
scopy , tw o  p h o to n  sp ec tro sco p y  com bined w ith  in tr a c a v i ty  dye  laser de tection  are  th e  m ain  
a reas w h ich  m ay  b e  o f in te re s t  to  spectroscopists.

T h e  la s t c h a p te r  is d ev o ted  to  m olecu lar d y n a m ic s  b y  m olecu lar beam s. T h e  p le n a ry  
lec tu re  b y  R . B. Ber n ste in  p re sen ts  th e  possib ilities o f  th e  u tiliza tio n  of lasers in  m o lecu la r 
b eam  ex p erim en ts . A tte n tio n  is focused on th e  so -called  v a n  de r W aals m olecules (e.g. A r l2). 
N ew  a n d  im p ro v ed  tec h n iq u es  are  discussed fo r th e  s tu d y  of fa s t  d eso rp tion  processes fro m  
m eta l surfaces.
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A lto g e th e r  th e  book is d e v o te d  to  new  tec h n iq u es  em ploying  lasers, th ere fo re , th e  m o st 

im p o r ta n t  a p p lic a tio n  of lasers, viz. iso to p e  e n ric h m e n t does n o t receive  specia l a tte n tio n , 
b ecau se  o f  i t s  w ell-know n u tiliza tio n . T h e  conference  su p p o rts  th e  op in ion  t h a t  la se rs  alone 
w ill n o t  so lv e  c e r ta in  chem ical p ro b lem s o f in te re s t ,  b u t  m ig h t p ro v e  to  be  a n e a rly  id ea l tool 
in  s tu d y in g  th e m .

T h e  b o o k  gives an  excellen t c ross-sec tio n  of th e  w o rk  done in  th e  field  on  th e  w e ste rn  
h e m isp h e re  — i t  is h ighly re g re tta b le  t h a t  th e  o u ts ta n d in g  re su lts  o f th e  Sov ie t a n d  F re n c h  
sc ien tis ts  a re  m issing.

E v e r y o n e  who is in te re s ted  in  th e  d ev e lo p m en ts  o f spectroscopic te c h n iq u es  a n d  of 
re a c tio n  d y n a m ic s  should read  th is  b o o k , becau se  i ts  f a s t  p u b lica tio n  assures th e  a v a ila b ili ty  
o f u p - to -d a te  re sea rch  ideas an d  re su lts .

T. VlDÓCZY

Springer series in  Chem ical Physics 4 

P i c o s e c o n d  P h e n o m e n a

Ed. С. V. Sh a n k , E. P. I p p e n , S. L. S hapiro

Springer-V erlag, B e r l in — H eid e lb erg  — N ew  Y ork , 1978 

359 pages, 222 F ig u res

T h e  b o o k  contains th e  P ro ceed in g s o f th e  F ir s t  In te rn a tio n a l C onference on  P ico seco n d  
P h e n o m e n a , h e ld  a t  H ilton  H ead , S o u th  C arolina , M ay 24 — 26, 1978. T he conference  was 
o rg a n iz ed  as a  T op ical M eeting of th e  O p tica l Socie ty  o f A m erica, an d  b ro u g h t to g e th e r  sc ien ­
tis ts  d e a lin g  w ith  w idely v a ry in g  d isc ip lin es w ho sh a re d  a com m on in te re s t  in  s tu d y in g  u l t r a ­
fa s t  p ro c esse s .

T h e  b o o k  is divided in to  n in e  sec tio n s — six  o f th ese  are ded ica ted  to  specia l a reas, 
tw o  p a r ts  p re s e n t  p oster sections a n d  th e  la s t  c h a p te r  is fo r th e  postd ead lin e  p apers.

T h e  f i r s t  section, “ In te ra c tio n s  in  L iq u id s a n d  M olecules” , an d  th e  fo llow ing p o ste r  
sec tio n  m ig h t  p ro v e  to  be  th e  m o st in te re s t in g  to  ch em ists. T here  are pap ers  dealing  w ith  new  
te c h n iq u e s  fo r  m easuring  R a m a n  d e p h as in g  d y n am ics  a n d  tra n s ie n t o p tica l p h en o m en a . 
A v e ry  a c t iv e  a rea  is th e  s tu d y  of th e  k in e tic s  o f l ig h t ab so rp tio n  an d  ev en ts  ta k in g  p lace  
im m e d ia te ly  a fte rw ard s. T he tec h n iq u es  em p lo y ed  d iffer essen tia lly  an d  th e y  are  in te re s tin g  
in  th e m se lv e s .

I n  so m e  cases exp erim en t seem s to  be  a h ea d  o f th eo ry , e.g. tw o-pulse  sp e c tra  (sp e c tra  
ta k e n  w ith  tw o  sim ultaneous pu lses o f d iffe ren t w av elen g th s) a re  read ily  o b ta in e d , b u t  th e  
in fo rm a tio n  c o n ta in ed  th em  is n o t  fu lly  u n d e rs to o d  as y e t. I t  is possib le to  c a p tu re  c lea rly  
u n re la x e d  s p e c tra  of th e  excited  s ta te s  o f a ro m a tic  m olecules. F luorescence sp ec tro sco p y  on 
a su b p ic o se c o n d  tim e  scale is r e p o rte d , y ie ld ing  d a ta  a b o u t  sh o rt-liv ed  u p p e r  s ta te s . IC. B. 
E ise n t h a l  c o m m en ted  on th e  p ico seco n d  c h em istry  o f tw o  sm all e le m en ta ry  p a r tic le s :  th e  
e le c tro n  a n d  th e  p ro ton .

T h e  th i r d  ch ap te r  gives an  a c c o u n t on  sources a n d  tech n iq u es tu n a b ility  be ing  th e  m o st 
im p o r ta n t  f e a tu re  o f th e  sources d iscussed . A n ti-S to k es  em ission can  serve as a  so u rce  of 
v a c u u m  U V  a n d  even soft X -ra y  ra d ia tio n .

B io lo g ica l processes are d iscu ssed  in  th e  fo llow ing ch ap ter. As m o st o f  th e  p a p e rs  deal 
w ith  p h o to sy n th e s is , i t  is e v id en t t h a t  th is  p a r t  is as in te re s tin g  fo r chem ists as fo r b io lo g ists .

T h e  fo llow ing  p oster sec tio n  seem s to  co llect th o se  pap ers  w hich  cou ld  n o t  h e  p u t  
e lsew h ere  — th e ir  sub ject ranges fro m  u l tr a fa s t  e lec tr ica l sw itch ing  to  th e  design  o f  a  p la n a r  
s tre a k  c a m e ra .

C o h e re n t techniques are co llec ted  in  th e  s ix th  sec tion . P ap ers  on w idely  d iffe re n t a rea s 
a re  in c lu d e d , e.g. e lectron lo ca liza tio n  in  liq u id s, v ib ra t io n a l  re la x a tio n  in  S F e.

S o lid s  a re  tre a te d  in  th e  s e v e n th  c h a p te r , m o s tly  invo lv ing  sem ico n d u cto r m a te ria ls .
T h e  e ig h t  ch ap te r  is d ev o ted  to  h ig h  p ow er lasers  a n d  p lasm as. In te re s tin g  c o n s id e ra ­

tio n s a re  r e p o r te d  for designing a m a s te r  o sc illa to r fo r  la se r  fusion  resea rch , a n d  f if th  h a rm o n ic  
g e n e ra tio n  is  considered  as a source  o f  e x trem e  U V  ra d ia tio n . P lasm a  d iagnostics w i th  th e  
a id  o f  la s e rs  a re  discussed.
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F ro m  th e  p o s td e ad lin e  papers ( las t c h a p te r )  th e  w ork  of S. L. Shapiro  o n  excited  
s ta te s  p ro to n  t ra n s fe r  reac tio n s , th e  so-called la se r  p H  ju m p  techn ique  sh o u ld  b e  m en tio n ed .

T he d iv e rs ity  o f  th e  them es is re flec ted  in  th e  p o o r  d iv id ing  of th e  p a p ers  in to  ch ap te rs . 
I t  is im possible to  g ive  a  fu ll p ic tu re  on th e  re sea rc h  in v o lv in g  u ltra fa s t processes, n ev erth e le ss  
th e  e ffort of th e  o rg an ize rs  o f th e  conference (E d ito rs  o f th e  book) to include  as m a n y  areas 
o f  in te re s t as possib le  succeeded  in a t ru ly  in te rn a tio n a l  a n d  in te rd isc ip lin ary  conference.

T he fa s t p u b lic a tio n  of th e  book, a c re d it  to  Springer-V erlag , ensures th e  av a ilab ility  
o f  u p -to -d a te  in fo rm a tio n  in  th e  field. T he b o o k  c a n n o t be considered as a re fe ren ce  book, 
r a th e r  as an  o u ts ta n d in g  collection  of ideas a n d  tec h n iq u es .

T. VlDÓCZY

Curt W e n t r u p : R e a k t i v e  Z w i s c h e n s t u f e n  I  u n d  I I

G. Thiem e V erlag, S tu t tg a r t .  1979 

459 Seiten , T a sc h e n b u c h -F o rm a t

D ass o rgan isch -ch em isch e  R eak tio n en  n ic h t u n b e d in g t d irek t zu den P ro d u k te n  füh ren  
m üssen , sondern  a u c h  ü b e r  Z w ischenstufen  v e rla u fen  kön n en , weiss m an  schon  lange  (s. z.B. 
die H u g h es-In g o ld sch en  A rb e iten  ü b e r Sjvl- u n d  E l-R eak tio n en , die W h elan d sch e  Lehre 
ü b e r  die in te rm e d iä re n  ст-K om plexe bei de r S g -A r-R e a k tio n , die F ran c issch en  u n d  Zelinski- 
schen  A rbeiten  ü b e r  g em isch te  A d d itionen  an  O lefine , die R o b erts  K im b allsch e  L eh re  ü b er 
cyclische H a lo n iu m -Io n e n  usw .). E ine w irk lich  s tü rm isc h e  E n tw ick lu n g  u n se res  W issens ü b er 
d ie reak tiv en  Z w isch en s tu fen  de r o rgan ischen  C hem ie se tz te  jedoch  e rs t se it e tw a  E n d e  der 
sechziger J a h re  ein . Sie w u rd e , paradoxerw eise, u .a . d u rc h  die F o rm ulierung  des B egriffs der 
cyclischen  E lek tro n v e rsc h ieb u n g e n  u n d  de r k o n z e r t ie r te n  (dh. nicht ü b e r  Z w ischenstu fen  
v e rlau fen d en ) p e ricy c lisch en  R eak tio n en  u n d  d e r  A u fk lä ru n g  ih rer B eso n d e rh e iten  (W ood- 
w a rd -H o ffm an n -R e g e ln ) an g ereg t u n d  du rch  die E n td e c k u n g  neuer U n te rsu ch u n g sm e th o d en  
(N M R , E S R , C ID N P , sp in  trap p in g , ESCA usw .) e rm ö g lich t. Diese stü rm isch e  E n tw ic k lu n g  
sch lug  u n d  sch läg t sich  notw endigerw eise  u .a . in  e in e r anseh lichen  R eihe v o n  M onograph ien  
u n d  H a n d b ü ch e rn  ü b e r  re ak tiv e  Z w ischenstufen  n ied er.

D as vo rliegende  W erk  von  C. Wen tru p — B a n d  8 u n d  9 der Serie A, “ T h eo re tisch e  
u n d  allgem eine G eb ie te”  des T aschen leh rbuches d e r  o rg an isch en  Chemie des V erlags G. T hiem e 
— is t die neueste  E rsc h e in u n g  au f diesem  G ebiet. W en n  k u rz  n ach  dem  E rsch e in en  in  v e rh ä lt­
n ism ässig  ra sch e r F o lg e  v o n  n-1 Z usam m en fassu n g en  ü b e r  ein b estim m tes G eb ie t a u c h  noch 
e ine  га-te  e rsch e in t, m u ss d ie F rage , ob dies ta ts ä c h lic h  no tw end ig  w ar, u n b e d in g t a u ftau ch en . 
In  A n b e trac h t e in ig e r B eso n d erh eiten  des v o rlieg en d en  W erkes g laube ich, d iese F ra g e  m it 
j a  b ean tw o rten  zu  dü rfen .

B esonders w ic h tig  in  diesen Z u sam m en h an g  is t  m eines E rach ten s, dass n e u n  v o n  den 
in sg esam t zehn K a p ite ln  v o n  ein u n d  dem selben  A u to r , einem  S pezia listen  dieses G ebietes, 
b e k a n n t v o r a llem  d u rc h  seine A rbeiten  ü b e r  C arb en e  u n d  N itrene, v e rfa ss t w o rd en  sind. 
(D as K ap ite l ü b e r  C a rb o k a tio n en  h a t  P. V ogel geschrieben .) Dies e rm ö g lich te  u n b e d in g t 
eine bessere H e ra u sa rb e itu n g  de r Z u sam m enhänge  u n d  A nalogien sowie die V e rm eid u n g  von 
überflü ssigen  W ied erh o lu n g en . Sehr zu beg rüssen  is t  w e ite rh in , dass der A u to r sich  de r M ühe 
n ic h t gescheut h a t,  das  W esen  u n d  die T heorie  d e r  a u f  dem  b e tra ch te te n  G eb ie t an g ew an d ten  
n eu eren  U n te rsu ch u n g sm e th o d en  wie E S R  u n d  C ID N P  kurz  zu b esch re iben . U n d  n ich t 
z u le tz t: de r P reis d e r  b e id en  B ände  is t im  V e rh ä ltn is  d azu , w as in ihnen  g e b o ten  w ird , ange­
b ra ch t.

Das W erk  is t  in  e rs te r  L inie als L eh rb u ch  fü r  fo rtg esch ritten e  S tu d e n te n . D o k to ra n d en , 
a b e r auch  fü r d en  F orsch u n g sch em ik er g ed ach t u n d  b e s te h t  aus den fo lgenden  10 K a p ite ln : 
1. A llgem eine P rin z ip ie n  (14 Seiten), 2. R a d ik a le  (94 Seiten), 3. B irad ik a le  (27 S e iten ), 4. 
C arbene u n d  N itren e  (67 Seiten), 5. G espann te  R in g e  (23 Seiten), 6. A n tia ro m a tisc h e  System e 
(11 Seiten), 7. C a rb o k a tio n en  (122 Seiten), 8. C a rb an io n en  (28 Seiten), 9. Z w itte rio n e n  (14 
S eiten) u n d  10. S ch lussb em erk u n g en  (10 Seiten ). Z u  jed em  K ap ite l g eh ö rt e ine  L is te  von 
L ite ra tu rz ita te n  ( in sg e sa m t fa s t  500 Z ita te ; d ie L i te r a tu r  w urde bis E n d e  1976 b e rü ck s ic h tig t, 
einige w ichtigere A rb e ite n  aus dem  J a h r  1977 w u rd e n  ebenfalls z itiert). D as B u ch  schliesst 
m it  einem  a u sfü h rlich en  S achreg ister (39 Seiten).
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B e sc h rie b en  w erden in  jed e m  K a p ite l die B ild u n g , die C harak terisie rung  u n d  d ie R e ­

a k tio n e n  d es be tre ffen d en  T y p s d e r  o rgan ischen  Z w isch en stu fen  sowie die b e n u tz te n  U n te r-  
su ch u n g s- u n d  C h a rak teris ie ru n g sm eth o d en . Die w ich tig e ren  physika lischen  D a ten  s in d  in  
in sg e sa m t 28 T abellen  zu sam m en g este llt. Am  e in g eh en d sten  w erd en  die R adikale, die C arb en e  
u n d  N it r e n e  sow ie die C arb o k atio n en  besp rochen , w as d e r B e d eu tu n g  dieser Z w isch en stu fen  
a u ch  e n ts p r ic h t .  D ie besonders in  d e r  P h o tochem ie  w ich tig en  B irad ika le  (w arum  e ig e n tlich  
n ic h t D ira d ik a le  nach  dem  M u ste r D ik a tio n  u n d  D ia n io n ? ), ü b e r  welche unser W issen  in  d e r 
le tz te n  Z e it  sich  rasch  b e re ich ert, u n d  die C arban ionen  scheinen  m ir jedoch  dabei e tw a s  zu  
k u rz  zu  k o m m e n . N itren ium - u n d  d ie  noch d isk u tie r ten  O x en iu m -Io n en  w erden ü b e rh a u p t  
n ic h t e rw ä h n t ;  die R ad ik a lan io n en , d e ren  B ed eu tu n g  s tä n d ig  z u n im m t (S f^ l-R e a k tio n e n  0* 
w erd en  z w a r  versch ieden tlich  e rw ä h n t, ab er in einer N eu au flag e  so llte  le tz te ren  v ie lle ich t ein  
e igenes K a p i te l  gew idm et w erden.

D e r  S to f f  is t gu t v e rs tän d lich  d a rg este llt, D ru ck  u n d  P a p ie r  u n d  ü b e rh au p t die Q u a l i tä t  
de r A u s s ta t tu n g  sind  gu t; le ider is t  je d o c h  die A nzahl d e r n ic h t  ganz  präzisen  F o rm u lie ru n g e n  
u n d  d e r  a u c h  n ach  eigener E r fa h ru n g  gänzlich  n ic h t v e rm e id b a re n , aber in einem  Lehrbuch  
ganz  b e so n d e rs  stö renden  D ru c k feh le r  re la tiv  hoch. D ie fo lgende, sicherlich u n v o lls tä n d ig e  
L is te  m ö g e  a ls Beleg fü r diese B e h a u p tu n g  d ienen u n d  d ie Ü b e ra rb e itu n g  des T ex tes  fü r  eine 
sp ä te re  N e u au fla g e  — ich b in  d a v o n  überzeu g t, dass d as W erk  m ehrere A uflagen  e rleb en  
w ird  — e rle ic h te rn .

A u f  S. 12., Zeile 1 — 3, w ird  e in  h y p o th e tisch es C yc lo h ex atrien  ohne R esonanz , jed o c h  
t ro tz d e m  m it konjugativen E ffek ten  zw ischen  den D o p p e lb in d u n g e n  e rw ähn t — is t d ies k e in  
in n e re r  W id e rsp ru c h ?  In  Form el 5 a u f  S. 22 fehlen die p -s tä n d ig e n  t-B u ty l-S u b s titu en te n  d e r 
b e id en  P h e n y l-G ru p p en  u n ten . I n  F u s sn o te  b) au f S. 23 la u te t  de r N am e des d r i t te n  A u to rs  
Nauta , n ic h t  N anta. Form el 23 a u f  S. 35 ist u n rich tig : b e id e  /^-ständigen H -A tom e b e fin d e n  
sich  in  W irk lic h k e it  h in te r de r Z eichenebene, das eine o b e rh a lb , das andere u n te rh a lb  de r 
E b en e  d e r  d re i C-Atome. D ie p e rsp ek tiv isch e  Form el 37 a u f  S. 37 is t s ta rk  v e rze rrt w ie d e r­
gegeben , w ie  a u c h  die der A u sg an g sv erb in d u n g  im  selben  F orm elsch em a. Als E lem en ten sy m b o l 
fü r  J o d  w ird  b a ld  J  (S. 52, e rs tes  F o rm elschem a), b a ld  I  (S. 53, Tabelle  2.7) v e rw en d e t. In  
G le ich u n g  (8 ) a u f  S. 58 h a n d e lt es sich  u m  A cyloxy-, n ic h t  u m  A cyl-R adikale , ebenso in  Zeile 
1, S. 59. A zo-Y erb indungen  w erd en  ö fte rs  D iazo -V erb indungen  g e n an n t (S. 67, Zeile 3 u n d  6; 
S. 72, le tz te  Zeile; S. 116, Zeile 11 u n d  le tz te  Zeile; S. 134, Zeile 2). Aus den in T ab e lle  2.17 
fü r  d ie  v e rsch ied en en  S te llungen  des P y rim id in -R a d ik a lan io n s  angegebenen W erten  d e r 
H y p e rfe in -K o p p lu n g sk o n s ta n ten  fo lg t zw ar (wie a u f  S. 103, oben, b em erk t), d ass in  d e r 
n u c le o p h ile n  S u b s titu tio n  des P y rim id in -M o lek ü ls -  in  Ü b e re in s tim m u n g  m it der E rfa h ru n g  
S te llu n g  4 g egenüber Stellung 2 b e v o rz u g t sein so llte; d och  w ürde  m an  au fg rund  d e r in  d e r 
T ab e lle  an g eg eb en en  a H-W erte  des P y rid in -R ad ik a la n io n s  fü r  das Pyrid in-M olekül das g leiche 
e rw a rte n , w as  ab er — w enigstens fü r  d ie R eak tio n  m it A m id -A n io n en  — der E rfah ru n g  w id e r­
sp r ic h t. E in  H inw eis auf, geschw eige d en n  eine E rk lä ru n g  fü r  diese D iskrepanz fehlen  le id e r — 
oder so llte n  d ie angegebenen aj-j-W erte u n rich tig  se in?  In  d e r gleichen Tabelle is t w e ite rh in  
de r a j.j(3 )-W ert des P y rid a z in -R ad ik a la n io n s  in  die fa lsch e  S p a lte  geraten . In  Zeile 3 sow ie  
im  e rs te n  F o rm elschem a au f S. 132 w ird  das J 1-1 ,2 -D iaze tin  fälschlicherw eise als 1 ,2 -D iaze t 
b e ze ic h n e t. F o rm el 46 au f S. 133 i s t  k e in e  m esom ere G renzfo rm el, w ährend  die d a rü b e r  s te ­
h en d e  F o rm e l eine G renzform el d e sse lb en  B irad ika ls d a rs te ll t;  das Zeichen de r M esom erie  
zw ischen  d iesen  beiden F o rm eln  is t  d e m n a ch  n ich t a n g e b ra c h t. D as Gleiche g ilt fü r  das Z eichen  
d e r M eso m erie  zw ischen F o rm el 53d a u f  S. 343 u n d  d e r  d a ru n te r  stehenden  G ren zfo rm el; 
u n d  a u c h  d ie  a u f  S. 397 u n te n  lin k s ab g eb ild e te  F o rm el is t  k e in e  G renzform el u n d  s te h t  d a h e r  
m it d e n  d re i an d eren  Form eln  im  g le ich en  F o rm elschem a nicht im  V erhältn is der M esom erie . 
A u f S. 157, ob en , w ird das P ro b le m  d isk u tie r t, a u f  w elche W eise m an  en tscheiden  k a n n , ob  
ein  P r o d u k t  d e r R eak tio n  e iner D iazo v e rb in d u n g , w elches sich  im  P rinz ip  ü b er eine C arb en - 
Z w isch en s tu fe  ab le iten  lässt, a u ch  ta tsä c h lic h  ü b e r eine so lche e n ts te h t;  als B eispiel w ird  d ie  
R e a k tio n  e in es A zid s  an g eführt. I n  d e r  2. Zeile u n te r  d em  F o rm elsch em a auf S. 190 fe h lt  d a s  
S u b sc r ip t 2 in  d e r Form el des C arb en s: CF2. A uf S. 191 lie s t m a n  ü b e r 1 ,3 -T rip le tt-R ad ik a le  
s t a t t  1 ,3 -T rip le tt-B irad ik a le . A us d e m  B efund , dass d ie  P h o to ly se  von zwei v e rsch ied en en  
m o n o -d eu te r ie r te n  A u sg an g sv erb in d u n g en  zum  gleichen D eu tero cy clo b u tad ien  fü h r te  fo lg t — 
im  G e g en sa tz  d azu , was m an  a u f  S. 233 lie s t — n ich t, d ass d ie s ta tisc h e  rechteckige S t r u k tu r a l ­
te rn a tiv e  des C yclobutadiens au sgesch lossen  w erden  k a n n ;  dies fo lg t e rst aus den  (ü b rig en s  
eben fa lls  in  d e r  z itie rten  A rb e it besch rieb en en ) an a lo g en  R e su lta te n  bei der P h o to ly se  d e r  
e n ts p re c h e n d e n  d i-deu terie rten  A u sg an g sv erb in d u n g en . I n  d e r F orm el des n -P ro p y l-R a d ik a ls  
(zw eites F o rm elsch em a, S. 250) fe h lt  d a s  S ub scrip t 2. D ie F o rm e l des P ro to a d a m a n ty l-P ro d u k -  
te s  (zw eites  Form elschem a, S. 277) e n th ä l t  eine fa lsch  e ingeze ichnete  C —C -B indung. In  d e n  
b e id en  le tz te n  F orm eln  au f S. 278 fe h lt  je  ein R -S u b s titu e n t. Im  Form elschem a a u f  S. 327 
so llten  in  d e n  beiden  le tz ten  F o rm e ln  die Sym bole -Tos d u rc h  -OTos e rsetz t w erden . D ie  im  
F o rm e lsc h e m a  au f S. 340 b e sp ro ch e n e n  beiden  R e a k tio n e n  k ö n n en  zw ar ü b e r d ie g leiche
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Z w ischenstufe , n ic h t a b e r (wie unrich tigerw eise  d a rg este llt)  über den g leichen , zu  dieser 
Z w ischenstufe  fü h ren d e n  U b erg an g szu stan d  v e rla u fen ; d ie Form el in eckigen K la m m e rn  ist 
d e r  Ü b e rg an g zu stan d  d e r Solvolyse des C holestery l-, n ic h t  ab er des C yclocho lestany l-D eriva- 
tes . D ie N u m erierung  des R in g sy stem s in F o rm el 62 a u f  S. 341 ist falsch; d a h e r  is t d e r  A us­
d ru c k  .~tq_ 2 ^-B eteiligung im  Form elschem a u n v e rs tä n d lic h ; in der 6. Zeile u n te r  d em  F o rm el­
schem a sollte  es C -2 ,3 -s ta tt C -l,2 -jr-B indung  heissen , ebenso  zwei Zeilen sp ä te r  C-2,3-HOM O 
s t a t t  C -l,2-H O M O . I n  de r fo lgenden  Zeile w ird  d ie S tab ilisierungsenerg ie  m it e, in  d em  e n t­
sp rech en d en  МО-D iag ram  (F ig . 7.12 S. 343) m it <5e b eze ichnet. In  der zw eiten  F o rm el oben 
a u f  S. 348 feh lt ein  H -A to m . D ie M ehrzahl de r a u f  S. 363 u n d  364 au fg ezäh lten  L ö su n g sm itte l 
i s t  n ic h t in d iffe ren t u n d  k o m m t fü r die D a rs te llu n g  v o n  m etallo rgan ischen  V erb in d u n g en  bzw. 
den  en tsp rech en d en  C arb an io n en  n ich t in F rage. F ü r  d ie D epro ton ierung  des M alonesters ist 
die W ahl von N a tr iu m h y d ro x id  (S. 375, e rstes F o rm e lsch em a) w eniger glücklich . In  d e r Form el 
des Ü b erg an g szu s tan d es de r R eak tio n  von H g B r2 m it de r quecksilbero rgan ischen  V erb in d u n g  
fe h lt  ein  B rom -A tom  (S. 381, zw eites F o rm elsch em a); s tö re n d  w irk t h ier a u sse rd em , d ass zur 
S ym bolis ie rung  e in e rse its  de r in  S p a ltu n g  bzw. B ild u n g  begriffenen, an d e re rse its  d e r h in te r  
die Z eichenebene w eisenden , d u rch  die R e ak tio n  n ic h t betro ffenen  B in d u n g en  d ie gleichen 
g estrich e lten  L in ien  b e n u tz t  w erden . S ch lim m er is t ,  d ass zudem  aus dem  an g eg eb en en  Bei­
spiel s tren g  genom m en  eigen tlich  ga r ke ine  Sch lüsse  ü b e r  die S tereochem ie d e r  S u b s titu tio n  
gezogen w erden k ö n n e n  ! (100%  R e te n tio n  k ö n n te  a u ch  d a n n  b eo b ach te t w e rd en , w enn  regio- 
se lek tiv e  S p a ltu n g  d e r zu r Iso p ro p y lg ru p p e  fü h re n d e n  H g  —C -B indung s ta t t f in d e n  w ürde.) 
In  de r z itie rten  A rb e it  w urde die R eak tio n  e in e r a n d e re n  V erb indung , n ä m lich  des ( )-sec. 
B u ty l-(-f-)-sec .-bu ty lquecksilbers m it H g B r2 u n te r s u c h t  u n d  aus den e rh a lte n e n  R e su lta te n  
k o n n te  d an n  ta tsä c h lic h  au f 100%  R e te n tio n  gesch lossen  werden. In  Zeile 1, S. 389 liest 
m an  ü b e r  eine “ o p tisc h  a k tiv e  C R 3-G ruppe”  (sic!).

Schliesslich n o ch  ein  V orschlag  fü r  die k ü n ftig e  N euauflage: eine L is te  d e r b e n u tz ten , 
m e is t therm o ch em isch e  Sym bole  w ürde die B e n u tz u n g  des W erkes sehr e r le ich te rn .

K .  L e m p e r t

Acta Cliim. Acad. Sei. Hung. 101, 1979





PHYSICAL AND INORGANIC CHEMISTRY

E lec tro ch em ica l B eh av io u r o f E th y le n e  G lycol an d  its  O x id a tio n  P ro d u c ts  o n  a P la tin u m  
E lec tro d e , V. E x p e rim e n ta l S tu d y  o f E lec tro -O x id a tio n  a n d  O x id a tio n  P ro d u c ts
o f G lycolaldehyde a n d  G lycolic A cid, Gy. I nzelt, Gy. H o r á n y i ............................. 215

E lec tro ch em ica l B eh av io u r o f E th y le n e  G lycol a n d  its  O x ida tion  D e riv a tiv e s  on a P la ti­
n u m  E lec tro d e , V I. O x id a tio n  o f E th y le n e  Glycol, Gy. In zelt , Gy. H orányi . . . 229 

In v e s tig a tio n s  on  th e  A ssocia tion  o f P e n ta n o l Isom ers in  L iqu id  P h a se , F . R atkovics,
T. Salamon ..............................................................................................................................................  241

Id e a l G as T h erm o d y n am ic  P ro p e rtie s  fo r C H 30  • and  • CH2O H  R ad ic a ls , A. B urcat,
S. K u d ch a d k er  ....................................................................................................................................  249

I R  S p e c tra  of H y d ro carb o n s C hem isorbed  on  T ran sitio n  M etals, I. T h e  In f ra re d  Cell 
a n d  C hem isorption  of E th y le n e  on  N i/S i0 2 C a ta ly st, T. Szilág yi, A. Sárk án y ,
J .  Min k , P. T é t é n y i ........................................................................................................................  259

M odelling  of th e  T h erm al D ecom position  of H y d ro carb o n s , V. Illés , О. Sz a l a i ............ 267

ORGANIC CHEMISTRY

In v e s tig a tio n s  o f th e  Com plex P ro te in s  o f W h ea t, R . Lásztity , F . B é k é s , J .  N edel-
k o v i t s , J . V a r g a  ..................................................................................................................................  281

IN D E X

RECEN SIO N ES 297



Printed in Hungary

A kiadásért felel az Akadémiai Kiadó igazgatója 
A kézirat nyomdába érkezett:

Műszaki szerkesztő: Zacsik Annamária 
1979. III. 6. — Terjedelem: 8,4 (A/5) ív, 32 ábra

79.6917 Akadémiai Nyom da, Budapest — Felelős vezető: Bernát György



ACTA CHIMICA

TOM 101— В Ы П . 3

РЕЗЮМЕ

Электрохимическое поведение этиленгликоля и его окисленных производных
на платиновом электроде, V

Исследование электроокисления гликольальдегида и гликолевой кислоты,
и продукты их окисления
Д Ь . И Н З Е Л Ь Т  и Д Ь . Х О РА Н И

Электрокисление гликолевой кислоты и гликольальдегида было исследовано на 
электроде платинированной платины в 1М-ом растворе НСЮ4. На начальном участке ста­
ционарной потенциостатической поляризационной кривой наблюдалось две ступени. Это 
было свойственно и поляризационным кривым, полученным ранее в исследованиях с 
глиоксалем и глиоксалевой кислотой. На основе аналогии и в данном случае полагаем, 
что появление ступеней объясняется, с одной стороны, ингибиционным влиянием вслед­
ствие хемосорбции, а с другой стороны, изменением глубины окисления. Опираясь на ре­
зультаты различных аналитических методов, было установлено, что в случае гликольаль­
дегида и при не слишком высокил потенциалах доминирует процесс с переходом два F на 
каждый моль. В результате этого, в большинстве образуется глиоксахь и лишь в меньшей 
степени глиоксалевая кислота. С повышением потенциала в фазе раствора среди продуктов 
реакции все в большей степени была обнаружена щавелевая кислота, а при потенциалах, 
соответствующил второй ступени, конечным продуктом реакции является двуокис 
углерода.

В случае гликолевой кислоты в интервале потенциалов, соответствующил первой 
ступени, в растворе были найдены глиоксалевая и щавелевая кислоты, а при потенциалах, 
соответствующих второй ступени, опять-таки образование двуокиси углерода становится 
доминирующим.

Электрохимическое поведение этиленгликоля и его окисленных 
производных на платиновым электроде, VI

Окисление этиленгликоля
Д Ь . И Н З Е Л Ь Т  и Д Ь . Х О Р А Н И

Электроокисление этиленгликоля было исследовано в кислой среде на электроде 
платинированной платины. В противоположность более ранним литературным заключе­
ниям было установлено, что на первой ступени реакции окисления образуется гликоль- 
альдегид, и использование тока по отношению к гликольальдегиду, при не слишком высо­
ких положительныл потенциалах, может достигать 70—80%-ов. Дальнейшее окисление 
гликольальдегида приводит к образованию глиоксаля, глиоксалевой кислоты и щавелевой 
кислоты. На основе этого следует изменить более ранние представления относитехьно ме­
ханизма окисления этиленгликоля. Опираясь на более ранние результаты дальнейшего 
окисления окисленных продуктов этиленгликоля, ход потенциостатических поляриза­
ционных кривыл объясняли тем, что реакция дегидрирования, приводящая к образованию 
гликольальдегида, не зависит от электродного потенциала, однако, покрытие хемисорби- 
рованными молекулями, образующимся в побочной реакции, т. е. размеры мест, доступ­
ный для реакции, зависят от электродного потенциала.



Исследование ассоциации изомеров пентанола в жидкой фазе
Ф . Р А Т К О В И Ч  и Т. Ш АЛАМ ОН

В зя з к о с т ь  семи изомеров п е н т ан о л а  была иссл едо ван а  в интервале тем ператур  
2 0 —70°С . Б ы л а  расчитана эн та л ь п и я  а к т и в а ц и я  лам и нарн ого  теч ен и я , которая  у в ел и ч и в а ­
ется  с  ч и сл о м  разветвлений: от п -п ен тан о л а  (20,4 к д ж /м о л ь ) до  2 ,2 -дим етилпропан-1-ола 
(30,3 к д ж /м о л ь ) . И сходя из и ссл ед о в ан и й  смесей 1-м етилбутана и 1,1-диметилпропана с 
н -гексан о м , м ож но  заклю чить, что эн т а л ь п и я  активация л ам и н ар н о го  течения зав и си т  от 
средн ей  степ ен и  ассоциации сп и р то в  (т а к ж е  и в случае  изом еров) таким  ж е  образом, к а к  
это бы ло най ден о  и дхя н о р м ал ьн ы х  спиртов. Бы ло н ай ден о , что изомеры , со держ ащ ие 
больш е р азветвлен и й  обладаю т более  вы сокой общей степенью  ассоциации . Это о б ъ я сн я ­
ется  повы ш енны м  экранированием , вследствие р азветвлен и й  углеродной  цепочки что 
с тер и ч ески  препятствует обр азо ван и ю  ци клических  м о л ек у л , в  р езультате  чего о б р азу ­
ю тся ассоции рованн ы е м ультим еры  с  более длинными цепочкам и .

Термодинамические свойства радикалов СН30' и -СН^ОН как идеальных
газов

А. Б Ё Р К Э Т  и Ш . К У Д Ч А Д К Е Р

Т ерм одинам ические свой ства  С Н 30 '  и 'С Н 2О Н  рассчи тан ы  из отношенных к о л еб а ­
ний м ет а н о л а . Полученные вели чин ы  ср авн и ваю тся  с более ран н и м и  расчетами, прои зве­
денны м и д р у ги м и  методами.

ИК спектры углеводородов, адсорбированных на переходных металлах, I

И К  камера и хемосорбция на катализаторе Ni/Si02
Т. С И Л А Д И , А . Ш А Р К А Н Ь , Й. М И Н К  и П . Т Е Т Е Н И

О п и сы в ается  кю вета, и с п о л ь зу ем а я  д л я  исследований И К  спектров  адсорбирован­
ного эт и л е н а . Этилен был х ем о со р би р о ван  при 55 и 150°С н а  никелевом  к атали заторе , 
нанесенном  н а  S i0 2. Согласно с п е к т р а м , на поверхности им ею тся соединения лиш ь с  б- 
связью . Н ек о то р ы е  характерны е с в о й с т в а  спектров адсо р б и р о ван н о го  этилена о б ъ ясн я­
л и сь  н а  о сн о ве  исследований р еак ц и о н н о й  способности п о вер х н о стн ы х  соединений с во ­
дородом.

Моделирование термического разложения углеводородов
В. И Л Л Е Ш  и О. САЛАИ

Н а  о сн ове  обобщенного м е х а н и зм а  р азлож ения  углево до р о до в  дряд а  норм альны х 
п араф инов , б ы л а  составлена к и н е т и ч е с к а я  модель, описы ваю щ ая терм ическое разлож ение. 
П ри  с о ст ав л е н и и  модели п о л агал и , что  в  реакции отрыва Н  при ним аю т участие атомы 
водорода, м етал ь н ы е  и этильны е р а д и к а л ы , а радикалы  б о л ьи е , чем этил, приним аю т 
участие искл ю чи тел ьн о  в реакци и  р а зл о ж е н и я . Среди втори чн ы х  реакци й  приним али во 
вним ание ингибирую щ ие реакци и  п р о п и л ен а , к ак  прдукта  и в  кач естве  обрыва цепи — 
р еко м б и н ац и и  м етальны х и эти л ьн ы х  р ад и к ало в .

К о н к р е тн о е  применение к и н ети ч еск о й  модели дем о н стр и р у ется  на примере эксп ер и ­
м ентов п и р о л и за  н-бутана. С огласие и зм еренны л  и рассчитанны х  и з теоретической модели 
данны х я в л я е т с я  удовлетворительны м  во  всем интервале к о н вер си й .

Р а с с м а т р и в а я  кинетическую  зав и си м о сть , описы ваю щ ую  терм ическое разлож ение, 
м ож но в и деть , что кинетический п о р я д о к  вы раж ен ия, описы ваю щ его  разлож ение исход­
ного в ещ ества , с  повышением тем п ер ату р ы  постепенно у м ен ьш ается  от 3/2 до единицы.



Исследование комплексов белков пшена
Р . Л А С Т И Т И , Р. Б Е К Е Ш , Й. Н Е Д Е Л К О В И Ч  и  Й. В А РГА

Б ы л и  исследованы  белки пш ена: ли п оп ротеи н  (липопуротионин), растворим ы й в 
в петролейном  эф ире, гликолипопротеины , растворим ы е в смеси х л о р о ф и р м а  с  метанолом, 
и гликопротеины , растворим ы е в воде.

Б ы ли  определены  электроф оретические сво й ства, содерж ание а м и н о к и с л о т  иири- 
рода липоида, а  т а к ж е  углеводны е ком поненты . Б ы л  такж е  исследован х а р а к т е р  взаим о­
действий белок-липоид.

Р езультаты  подтверж даю т то закл ю чен и е , что за  счет эл ек тр о стати ч еск и х  взаим о­
действий , м еж ду многочисленны м и по л яр н ы м и  боковыми цепями б ел к о в  и полярны м и 
фосфо- или глн коли поидам и  образуется  ко м п л екс . Н ел ьзя  исклю чать и эф ф ект  гидрофоб­
ны х взаимодействий.
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The a u th o rs  e lab o ra ted  m e th o d s  o f heterogeneous iso tope- a n d  ion -ex ch an g e  
fo r th e  d e te rm in a tio n  of ra d io ac tiv e  io d in e . T h e  o p tim u m  ex p e rim e n ta l c o n d itio n s  of 
reac tions h av e  been  s ta te d  b y  s te p -b y -s te p  m eth o d  (b a tch  e x tra c tio n ) , th e n  a con­
tin u o u s m easu rin g  device based  o n  th e  p rin c ip le  o f A u to an aly zer w as c o n s tru c te d .

In m ulticom ponent system s the determ ination of radioactive iod ine iso­
topes —  first o f  all in biological sam ples —  can generally be perform ed only  
after previous separation. The case is sim ilar when exam ining th e  primary 
cooling water o f  reactors where, because o f  the presence of other radioactive  
com ponents o f considerable a c tiv ity , previous separation should be applied.

Various processes have been developed  for the selective separation  of 
a ctiv e  iodine in  different sam ples. J a w o r o w s k i  [I] determ ined iod ine-131 in 
urine using asbestos m ats. F a i r m a n  and S e d l e t  [2] separated I-1 3 I  in milk 
on a silver chloride colum n. B r o o k s , W a l k e r  and R e h n b e r g  [3, 4] stripped  
1-131 from anion-exchange resin w ith  appropriate eluent, their m eth od s have  
been elaborated for m ilk. B r e v n o v a  et al. [5] used satin scraps coated  with  
silver iodide to retain the radioiodine. E c k h a r d t , H e r r m a n n  and S c h ü s s l e r

[6] utilized isotope or precipitate exchange reactions taking p lace in  thin  
layers of adequate, preformed precip itates for the rapid iso la tion  o f  short­
liv ed  radionuclides. Fission brom ine and iodine activities were retained  by  
silver chloride. S c h ü s s l e r  et al. [7] h ave developed an autom atic equipm ent 
for increasing the speed of separation b y  m eans of which 9 0 —99%  o f  radio­
iodine in iodide form  can be retained in 2 —3 seconds on a silver chloride layer 
o f 16 m g/cm 2 th ickness. C s a d a  et al. [8] retained fission iodine iso top es from  
reactor water on silver iodide precip itate fix ed  in paper. In order to  separate 
th e  fission iodine isotopes, L a v i  [9] oxid ized  iodide ions to iod ate , th en  they  
w ere reduced to  iodine using hydroxilam ine hydrochloride. A fterw ards, the 
iod ine was extracted  w ith  carbon tetrachloride. Following reduction and bring­
ing  the iodine back into aqueous phase, th e  activ ity  was m easured in the form 
o f silver iodide. W a r e , O l d h a m  and B i b b y  [10] oxidized iod ide-131 to  iodine 
w ith  dichrom ate in fast reactor coolant system s. The iodine vo la tilized  was 
collected  on copper gause which was subsequently  checked for a c tiv ity . B a t e  

and D y e r  [11] elaborated a m ethod for the determination o f  iod ine-131 in
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reactor dust particles co llected  on silver filters. L o v e r i d g e  and G o r d o n  [12] 
developed  an extraction  m ethod combined w ith  oxid ation  and reduction for 
th e  determ ination o f rad ioactive  iodine in reactor effluent. J a c o b s  and L e h ­

m a n n  [13] utilized isotope-exchange reaction ta k in g  place on silver iodide for 
the rapid isolation o f rad ioactive  iodine present in  w ater. D o b o s z  [14] applied  
th e  follow ing process for environm ental sam ples: after mineralization he per­
form s extraction , then  th e  iod ine is retained on a th in  film  of anion-exchange  
resin. The rad ioactiv ity  is measured also in th is  form . Z a d u b a n  et al. [15] 
m easured directly th e  iod ine-131 content o f th e  aqueous phase after isotop e  
exchange w ith a liquid scin tilla tor. P a l a g y i  [16, 17, 18] thoroughly discussed  
th e  separation and concentration  of radioiodine b y  isotop e exchange in h etero­
geneous liquid system s. H e also used a liquid an ion  exchanger for the rapid  
determ ination of iodine-131 in environm ental w aters.

For the separation o f  radioactive iod in e isotope- and ion-exchange  
m ethods have been elaborated  by us applying chloroform  solution of tetra- 
b u ty l am m onium  iodide (T B N I) and that o f te tra b u ty l ammonium brom ide  
(T B N B r):

TBNIorg +  * 1 - ^  T B N  *Iorg +  I -  

T B N B rorg +  *1- ^  T B N  * Iorg +  B r -

The optim um  experim ental conditions o f  separations have been sta ted  
b y  step-by-step  m ethod, th en  a continuously operated  apparatus based on 
the principle of A utoanalyzer was constructed.

Step-by-step extraction experim ents

Chemicals, solutions, apparata

te tra b u ty l ammonium  brom ide (TBNBr) 
te trab u ty l amm onium  iod ide (TBN I) 
potassium  iodide
carrier-free, sterile N a 131I solution  of 25 mCi/ml rad ioactive concentration  
chloroform

For radiometric assay  a nuclear spectrom eter (ty p e  Nuclear Enterprise) 
and a w ell-type N al(T l) scin tilla tor were used. T h e effic iency  of exchange w as 
determ ined so that th e  in ten sity  of the sam e phase was measured before

h ~ hand after the exchange: Q°/0 =
h

100, w here 1г is the relative a c tiv ity

o f so lution  before, and I2 is th e  relative a c tiv ity  o f  solution after shaking. 
A ctiv ity  values presented in Tables are m ean v a lu es o f  6 measurements cor­
rected  for the background values.
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Determination of radioactive iodine with 
tetrabutyl ammonium iodide ( T B N I )

Table I contains the value o f exchange yields vs. concentration  of TB N I

Table I

V ariation o f  exchange y ie ld  on T B N I  concentration

T B N I
M

7,
cpm

1.
cpm Q%

i o - 3 71 526 41 466 42

i o - 2 70 530 19 746 72

i o - 1 72 900 5 940 92

solution. In these experim ents the aqueous phase was labelled w ith  iodine-131 
in the form of sodium  iodide, its in itia l a c tiv ity  and the a c tiv ity  o f  the aqueous 
phase following extraction  were m easured, and on the hasis o f  these values 
exchange yields were calculated. Perform ing the experim ent w ith  0.1 M  tetra­
butyl ammonium iod ide an exchange o f 92%  can be achieved, therefore later 
on T B N I solution o f th is concentration was em ployed.

The tim e o f atta in ing  exchange equilibrium  was determ ined using car­
rier-free aqueous iodine-131 (N a131I), and applying m echanical shaking of dif­
ferent tim e periods. From Table II it can be seen th at exchange equilibrium  
is instantaneously atta ined .

Table II

Dependence o f  exchange y ie ld  upon the shaking tim e

I
S

I ,cpm cpm Q %

10 71 140 5 827 92
90 72 041 6 141 91

300 72 974 5 587 92

600 71 626 5 902 92

Concerning th e  effect o f the concentration o f potassium  iodide carrier, 
if  it is higher than 1 0 ~ 2 M,  the activ ity  of the organic phase starts significantly  
to  decrease, w hile at a concentration of 1 0 -1  M  the to ta l a c tiv ity  is halved  
betw een the tw o phases. Similar curves are obtained in both  cases, when either 
th e  aqueous phase or the organic phase is labelled w ith iodine-131 in the ade­
quate form. In F ig. 1 a curve obtained b y  a series of experim ents is dem on­
strated , when the chloroform  solution o f tetrabutyl am m onium  iodide con-
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F ig . 1. E xchange y ield  as fu n c tio n  o f th e  carrier c o n ce n tra tio n ; 0.1 M  T B N I

ta in in g  radioactive iodide w as sh ak en  w ith inactive potassium  iodide solutions  
o f d ifferen t concentrations.

Determination o f  radioactive iodine with 
tetrabutyl ammonium bromide ( T B N B r )

W h en  labelled aqueous p otassiu m  iodide solution is shaken w ith  a chloro­
form  so lu tio n  of tetrabutyl am m onium  bromide, alm ost the whole a ctiv ity  is 
transferred into the organic p h ase. The activ ity  o f  th e  aqueous phase can 
p ra ctica lly  be decreased to th e  background value by tw o extractions. In  Table 
I I I  th e  exchange yield is to be seen as a function of T B N B r concentration.

Table III

Variation o f  exchange y ie ld  on T B N B r  concentration

TBNBr
M hcpra

I2
cpm Q%

5 X 10-3 80 844 14 609 82
1 X 10-2 81 627 11 537 86
1.5 x  10-2 82 114 7 452 91
3 x  i o - 2 79 921 5 582 93
5 x  10-2 79 897 4 892 94
1 x  io - ' 80 624 3 277 96
1 5 x  10-' 81 014 1 720 98

A ccording to  the data, the ex tra ctio n  is expedient to  be carried out w ith  a 
reagent 1 0 _1 M. The effect o f  th e  carrier concentration upon the exchange  
yield  is presented in Table IV. I f  the potassium  iodide concentration is 0.1 M
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in  th e  aqueous phase, the m axim um  o f the to ta l activ ity , according to  equi­
librium , is to  be seen in the organic phase. As a m atter o f fact, in  experim ents

Table IV

Effect o f  carrier ( K I )  on exchange y ield

c
M A

cpm
J,

cpm Q %

1 X 1 0 -* 7 0  10 4 2 9 7 7 96

l  x  i o - 3 6 8  8 1 4 3 3 36 95

l  x  i o - 3 6 4  0 6 4 2 94 6 95

1 x  i o - 1 6 9  86 8 2 92 4 96

2  x  i o - 1 7 0  0 9 4 9  222 8 7

1 X 10° 6 8  6 2 2 59 90 4 13

sum m arized in Tables III  and IV , th e  aqueous phase w as labelled  with  
iodine-131.

I t  has been stated  that the exchange yield  is not influenced b y  th e  pH  be­
tw een  pH  0 and 14 (Q =  96% ). A lkali-m etal chlorid es up to th e  concentration  
of 1 M ,  su lphate, nitrate and chloride ions added as potassium  salts sim ilarly  
up to  1 M  concentration do not in fluence the high exchange y ie ld .

A fterwards it  has been exam ined by gam m a-spectrom etry w hether some 
radionuclides —  N a-24, Cr-51, Co-58, Fe-59 and Zn-65 — added to  th e  aqueous 
phase as chlorides and sulphates, resp., w ill occur in the organic phase or not. 
I t  w as found th a t the above radionuclides added to the aqueous phase do not 
occur in the organic phase, so in  presence thereof the radioactive iodine iso­
topes can selectively  be extracted  from the aqueous phase.

Determination o f fission  iodine isotopes present 
in the primary cooling water of reactors

To a given volum e o f th e  fresh reactor water potassium  iodide carrier, 
som e diluted sulphuric acid and ascorbic acid are added, then  th e  sam ple is  
shaken w ith  0.1 M  chloroform solution  of tetrabutyl am m onium  iodide or 
brom ide. Follow ing the separation o f phases, the gam m a spectrum  o f the  
organic phase is recorded on a 1024-channel analyzer and Ge(Li) detector. 
In the spectrum  only the photopeaks o f  the fission iodine isotopes (1-129, 1-131, 
1-132, 1-133, 1-134 and 1-135) appear, on the basis o f w hich their quantity  
can be determ ined previously calibrating th e  detector and perform ing absolute 
a ctiv ity  m easurem ents.
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Developm ent of an autom atic analyzer

B ecause of the h igh radioactive concentration o f  sam ples to be analyzed, 
the p lan o f constructing an autom atic analyzer has been realized. The apparatus 
con stru cted  by us (see F ig. 2) consists of the fo llow ing units: 

autom atic  sam pler and feeder 
peristaltic  pum p
spiral extractor w ith  th e  separating vessel
specia l m easuring tube placed into a w ell-typ e scintillator
o f  N al(T l) detector
nuclear spectrom eter w ith  x —  t recorder and printer  
T he autom atic sam pler puts into the sam pler tubes doses of 10 mis of  

each o f th e  sam ple at atm ospheric pressure and room  tem perature com ing from  
the prim ary cooling w ater o f nuclear reactors. P rev iou sly , to  the sampler tubes 
som e solid  potassium  iodide carrier (m aintaining 1 0 -3  M  concentration of K I), 
som e drops o f d ilute sulphuric acid and a few mgs o f  ascorbic acid were added. 
The sam ple is sucked from  here by a peristaltic pum p in to  the m ixing tube and  
the extraction  spiral, resp. where the extraction takes place with the chloro­
form so lu tion  o f the reagent. The liquid stream  is segm ented  by air addition. 
From  th e  extractor the liqu id  gets into the separating vessel, where the phases 
separate. U nderneath th e  chloroform  phase is dropping out through a teflon

Fig. 2. A u to m a tic  A n a ly zer; 1 a u to m a tic  sam pler, 2 p u m p , 3 e x tra c to r ,  4 sep ara to r, 5 m easu r­
ing tu b e , 6 d e te c to r, 7 ra d io a c tiv e  o rg an ic  w aste  so lu tion , 8 n u c le a r sp ec trom eter, 9 p r in te r ,

10 л: — t recorder
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siphon and then  reaches through a funnelled pipe a special m easuring tube 
placed in the detector. The volum e o f the tube is 13 mis. In operation the tube  
is slow ly filled —  in the m eantim e the detector signals are processed by the  
nuclear m easuring device —  then its content gets through a siphon into the  
radioactive organic phase reservoir and thus a new cycle is starting . Each 10 
m is o f the sam ple is follow ed by adding 3 mis o f wash w ater (see in the right 
lower corner o f F ig . 2).

The addition o f  the organic phase (reagent solution) is perform ed by the  
su b stitu te  vessel principle. From vessel A  w ater is sucked b y  a perista ltic  pump 
and pressed in to  the su b stitu te  vessel B , from where the organic reagent solu­
tion  is pressed ou t. V essel В is refilled in the follow ing w ay: vesse l A is eva­
cuated, then by properly turning the three-w ay cocks Tj and T2, th e  chloroform  
reagent solution is sucked from reagent vessel C into the su b stitu te  vessel B.

The developm ent o f  a dosing apparatus was necessary since the chloro­
form  solution can n ot be pressed through the peristaltic pum p at a constant 
volum etric rate, ow ing to  the very short life-tim e o f S o lvaflex  and Acidflex  
pum p tubes w hich sw ell rapidly and consequently their transporting capacity  
is changing. H ow ever, the precondition o f  the good working o f our device 
is th a t the sam e volum e stream s o f the organic and aqueous phases should 
be ensured.

The faultless operation o f the device was controlled in th e  w ay that 
inactive chloroform iodine solution was extracted  by an aqueous solution of  
sodium  th iosu lphate. W orking tim e was about 30 hours.

Afterwards an iodide solution —  w hich was 10 -3  M  w ith  respect to 
K I —  of about 2000 cps/10 mis radioactive concentration w as extracted  by  
10 -1  M  chloroform solution  o f tetrabutyl am m onium  brom ide. The radioactive 
iodine was applied in th e  form o f 1-131. (The nuclear spectrom eter was adjusted  
in ratem eter print position  w ith an integration tim e o f 10 s, F .S .D . 104). The 
curves obtained b y  our m easuring instrum ent are to  be seen in Fig. 3. One
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m easu rin g  cycle lasts for 12 m in s, during which the isotope and ion-exchange  
eq u ilib riu m , resp., sets in. R eproducib ility  was determ ined on the basis o f  the  
data g iv en  b y  the printer and b y  planim etring the area o f  the curves (F ig. 3). 
Our experim ental results are in c lu d ed  in Table У . A ccording to  Table V I and 
F ig. 4 , lin ear  relationship w as fou n d  between the tw o  signals and the radio-

Table V

Reproducibility o f  exam inations performed by the use o f  autom atic analyzer

C ounting
ra te
cpm

Surface mea­
surement w ith A verage of 

counting  ra te  
cpm

Average of 
planimetry 

cm2

M aximal deviation 
from  average value

planimeter
cm2 Counting ra te Planim etry

3323 101.6

3374 115.5

3231 95.7

3326 Ю3.1 +  1-8% ± 1 0 .6 %

3387 116.0

3267 93.4

3311 96.4
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Table VI

Recording o f  calibration curve w ith  automatic analyzer

1-131 
nCi/10 ml

Counting rate 
cpm

Surface measurement 
with planimeter

cm2

62

31

15.5

7.8

3.9

2296

1140

571

283

140

715.1

355.0

180.6

92.2

42.2

active concentration. The detection lim it w as found to be about 1 nCi w hich  
is equal to  a signal/noise ratio 2 : 1 .  Thus, our autom atic analyzer is able to  
determ ine about 1 nCi radioactiv ity  o f 1-131 contained in various sam ples after 
appropriate preparation o f sam ples.
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T he S c h m id t reac tio n  o f 19-norcho lesta-l,3 ,5 (10)-trien -6 -one  (1) o r  B eck m an n  
rea rra n g em en t o f  th e  correspond ing  o x im e  (3) gives 6-aza-B -hom o-19-norcholesta - 
-l,3 ,5 (10)-trien -7 -one(5 ). S im ilarly , 1-m e th y l-1 9 -n o rch o les ta -l,3 ,5(10 )-tr ien -6 -o n e  (2) on 
Schm id t re ac tio n , and  its  oxim e (4) on B eck m an n  rearran g em en t, g ive  6 -aza -B -h o m o -l- 
m e th y l-1 9 -n o rch o les ta -l,3 ,5 (1 0 )-trien -7 -o n e  (8). In  view of th e  ex c lu s iv e  fo rm atio n  
o f th e  6 -aza -lac tam s 5 an d  8 from  th e  ox im es 3  an d  4 , the co n fig u ra tio n  o f  th ese  oxim es 
is assum ed to  be  anti w ith  re sp ec t to  r in g  A.

In keeping w ith  interest [1] in th e  synthesis o f steroids con ta in in g  n itro­
gen as part o f  th e  ring system , we felt inclined to undertake th e  syn th eses of 
azasteroids from 19-norcholesta-l,3 ,5(10)-trien-6-one (1) and its  1 -m eth y l ana­
logue (2). Schm idt reaction o f the ketones 1 and 2, and B eckm ann rearrange­
m en t o f the corresponding oxim es 3 and 4 , were em ployed to  ach ieve the  
desired end.

The Schm idt reaction o f 1 carried ou t w ith  sodium azide and sulfuric acid 
in benzene gave a single lactam  form ulated  as 5 on spectral ev id en ce. The 
lactam  was analyzed for C26H 39NO. Its  IR  spectrum  gave bands at 3280 ,3150  
(N i f ) ,  1670 (CONH), 1645 and 1580 c m -1  (arom atic C =C ) [2]. T h ese values 
are also com patible w ith the possible isom eric lactam  6. A d istin ction  betw een  
5 and 6 was obtained by PM R spectroscopy w hich gave a singlet a t b 10.0 ppm  
for one proton; th is signal disappeared on the addition of D 20 ,  im p ly in g  that 
it  w as due to  a proton on nitrogen. The four aromatic protons w ere observed  
at <5 7.11 ppm as a broad singlet. A m u ltip let at d 2.2 ppm was ascribable to  C7a- 
m ethylene protons. These firm ly support th e  structure 5. On deuterium  
exchange, there w as no appreciable change in  any part of the sp ectru m , except 
for th e  disappearance of the signal at ö 10.0 ppm . The alternative structure 6 is 
exp ected  to give a m ultip let for — C O N H — CH2. Moreover, in 6 a signal for 
tw o  protons should appear in the region around Ő3.5 ppm (C O N H — CH 2) [3], 
w hich would be sim plified on deuterium  exchange.

Beckm ann rearrangem ent o f  the ox im e 3 obtained fro m l b y  th e  usual oxi- 
m ation  procedure, w hich was carried out by converting it to the ox im e tosy late  
7 b y  p-toluenesulfonylchloride-pyridine and then rearranging it  on a column  
o f alum ina. This also provided 5 as the sole product. The form ation  o f single
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C>Hl7

R X

1 H 0

2 Me о
3 H хон
4 Me хон
7 H N — OTs

10 Me X — OTs

R X Y

5 H X H CO

6 H CO XH

8 Me X H CO

9 Me CO NH

lactam  (5) from the ox im e (3) shows that the ox im in o  hydroxyl group is aw ay  
from  ring A i.e. an anti ox im e. Rearrangement o f  th e  syre-oxime (OH tow ards  
ring A) would have resu lted  in  the formation o f th e  isom eric lactam (6 ) .

T h e  S chm idt re a c tio n  o f l-m e th y l-1 9 -n o rch o les ta -l,3 ,5 (1 0 )-trien -6 -o n e  
(2) w as carried  ou t e x a c tly  b y  th e  m ethod  d esc rib ed  fo r 1. The single la c ta m
(8)  th u s  o b ta ined  w as c h a ra c te r iz e d  on th e  b as is  o f  its  spectral p ro p e rtie s , 
w h ich  w ere analogous to  th o s e  of 5. A s tro n g  s t r u c tu r a l  resem blance is th u s  
su g g ested  betw een 5 a n d  8 . B y  advancing  th e  sam e  arg u m en ts  as in  th e  case  
o f 5 , i t  m ay  safely be co n c lu d e d  th a t  also in th e  p re s e n t  case th e  PM R  sp e c tru m  
u n am b ig u o u sly  su p p o rts  s t ru c tu re  8, in p re fe ren ce  to  9.

The ketone 2 w as converted  to its oxim e 4 w hich , in turn, was tra n s­
form ed in to  the oxim e to sy la te  (10). B eckm ann rearrangement o f 10 over  
alum ina furnished only 8 and none of 9. This also requires 4 to be an anti ox im e.

To th e  best o f o u r know ledge, th is  s tu d y  re p re se n ts  p robab ly  th e  f i r s t  
in s ta n c e  of th e  sy n th es is  o f  azasteroids from  s u b s tra te s  where th e  k e to n ic  
fu n c tio n  is con juga ted  w ith  th e  arom atic  ring . A few  re p o rts  [4—5] are  a v a il­
ab le  concern ing  th e  p re p a ra t io n  of azastero ids f ro m  a ro m a tic  k e to ste ro id s , b u t  
th e se  are  re s tric ted  to  th e  e s tro n e  series.

E x p erim en ta l

A ll m .p .’s are u n c o rre c te d . I R  spectra  were m e a su re d  o n  P erk in -E lm er 621 g ra t in g  
in f ra re d  sp ec tro p h o to m ete r a n d  P M R  spectra  on a V a ria n  A 60D  in stru m en t w ith  SiMe4 as 
th e  in te rn a l  s tan d ard . UV sp e c tra  w ere tak en  in e th a n o l o n  a  B eck m an n  D K , sp e c tro p h o to ­
m e te r . T h in -lay er c h ro m a to g ra p h ic  p la te s  were coated  w ith  s ilica  gel and  sprayed w ith  a 2 0 %  
a q u eo u s  so lu tion  of P e rch lo ric  ac id . L igh t pe tro leum  re fe rs  to  a  frac tio n  of b. p . 60— 80 °C. 
A n h y d ro u s  sodium  su lfa te  w as u se d  as the  drying ag en t. ( I R :  s , s trong ; w, w eak . P M R : s ,  
s in g le t; d , doub let; m , m u ltip le t) .
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6-A za-B -hoino-19-n orcholesta-l,3 ,5 (10)-tr ien -7-on e (5 )

A m ix tu re  o f  th e  k e to n e  1 (m .p . [8] 110 °C; 400 m g), d ry  benzene (5 m l) and  cone. 
su lfu ric  acid  (2 m l) w as h e a te d  to  a  tem p e ra tu re  o f  50— 60 °C a n d  sod ium  azide (100 m g) was 
ad d ed  slow ly, w ith  s tir r in g . T he reac tio n  m ix tu re  w as p o u red  on to  c ru sh ed  ice. T he benzene 
lay e r w as se p a ra ted  a n d  th e  aqueous lay e r e x tra c te d  severa l tim es w ith  ch loroform . The 
ch loroform  so lu tion  w as w ashed  successively w ith  w a te r , sod ium  b ica rb o n a te  so lu tio n  (5% ) 
a n d  w a te r , an d  dried . R em o v a l o f th e  so lven t left a  sem isolid  m a te ria l w h ich  w as ch ro m a to g ra ­
p h ed  o v er silica gel (10 g), co llecting  frac tio n s  of 15 m l. E lu tio n  w ith  benzene  chloroform  
(4 : 1) y ie lded  th e  la c ta m  5, w hich  was recry sta llized  fro m  lig th  p e tro leu m  to  o b ta in  (250 mg) 
o f th e  p ro d u c t, m .p . 88 °C.

C ^H ^N O . Calcd. C 81.87; H  10.21; N  3.67. F o u n d  C 81.71; H  10.01; N 3 .43% .
IR :  vmax 3280, 3150 (N — H ), 1670 (C O N H ), 1645 a n d  1580 c m " 1 (a ro m a tic  C = C ).
P M R : ö 10.0 s p p m  (d isap p eared  on  th e  ad d itio n  o f D20 ,  C O N H ), 7.11 b r, s (4H , 

a ro m a tic , b 2.2 m  (C 7a— H 2), 0.71 (C13— C H 3), 0.88 an d  0.81 (rem ain in g  m e th y l signals).
U V : Amax 239 n m  (e, 6000),
MS: M +  381 (С26Н таЖ >).

19-N orehoIesta-l,3 ,5(10)-trien -6-one oxim e (3 )

T h e  ke to n e  1 (400 m g), h y d ro x y lam in e  hyd ro ch lo rid e  (700 m g), so d iu m  ace ta te  t r i ­
h y d ra te  (800 m g) an d  e th a n o l (50 m l) were m ixed to g e th e r an d  h e a ted  u n d e r re flu x  for 1 h. 
T h e  excess o f th e  so lv en t w as rem oved  u n d e r reduced  pressu re  an d  th e  resid u e  d ilu ted  w ith  
cold  w a te r . T he crude  p ro d u c t th u s  o b ta in e d  was recry sta llized  fro m  lig h t p e tro leu m  e th e r  to  
give (300 m g l of 3, m .p . 195 °C.

С26Н та]ЧО. Calcd. C 81.87; H  10.21; H  3.67. F o u n d  C 81.21; H  10.20; N  3 .29% .
IR :  i'max 3250 s (N — OH ), 30.70 w ( = C —H ), 1620, 1600 c m - , (a ro m a tic  C = C ).
P M R : b 8.26 p p m  b r  (d isap p eared  on th e  ad d itio n  of D 20 ,  = N — O H ), 7.5 h r , s (4 H, 

a ro m a tic ) , 0.73 s (C13 — C H :i), 1.0 a n d  0.86 (rem ain ing  m ethy ls).
U V : Amax 255 n m  ( f , 5500).
M S: M + 381 (C ^H ^N O ).

19-IV orcholesta-l,3,5(10)-trien-6-one oxim e tosylate (7 )

T h e  oxim e 3 (500 m g) w as d issolved in py rid in e  (25 m l) an d  p -to lu en esu lfo n y l chloride 
(500 m g) w as ad d ed  to  th e  so lu tio n ; th e  reac tio n  m ix tu re  w as k e p t a t  ro o m  te m p e ra tu re  for 
15 h. I t  w as p oured  in to  ice-cooled w a te r , e x tra c te d  w ith  e th e r  a n d  th e  e th e rea l e x tra c t  was 
w ashed w ith  w a te r, d ilu te  h y d ro ch lo ric  acid , sod ium  b ica rb o n a te  so lu tio n  (5 % ) and  w a te r, 
a n d  dried . R em oval o f th e  so lv en t p ro v id ed  an  oil (450 m g) w hich  w as c h ro m a to g ra p h e d  over 
silica gel (15 g); frac tio n s  o f 15 m l w ere tak en . E lu tio n  w ith  lig h t p e tro leu m  benzene  (4 : 1) 
gave th e  oxim e to sy la te  (7), w hich  w as recry sta llized  from  lig h t p e tro leu m  e th e r  to  o b ta in  
(420 m g) o f th e  p ro d u c t, m .p . 170 °C.

C33H 15N 0 3S. Calcd. C 74.01; H  8.41; N 2.60. F o u n d  C 73.98; H  8.22; N 2 .41% .
IR : r max 1600 c m -1 (a ro m a tic  C = C ).
PM R : ö 8.15 a n d  7.5 p p m  d each  (4H , ty p ic a l o f p -d isu b s titu te d  b enzene; J  =  9 Hz 

each), 7.48 (overlap p in g  sin g le t, 4H , a ro m atic  ring-A ). 2.55 s (СH  a tta c h e d  to  benzene ring  
o f th e  to sy la te  p a r t) ,  2.2 m  (C7 — H ,), 0.71 s (C13 —CH 3), 0.96 a n d  0.88 (rem a in in g  m eth y ls).

Beckm ann rearrangement of 7

T he oxim e to sy la te  7 (400 m g) w as dissolved in lig h t p e tro leu m  an d  k e p t o v e r a colum n 
o f n e u tra l  a lu m in a  (25 g^ fo r 10 h  and  th e n  e lu ted  in 15 m l p o rtio n s . E lu tio n  w ith  lig h t p e tro ­
leum  benzene (5 : 1) gave  th e  la c tam , w hich was recry sta llized  fro m  lig h t p e tro leu m  to  o b ta in  
(320 m g) o f 5 , m .p. a n d  m ixed  m .p. 88 °C.

6-A za-B -h on io -l-m eth y l- 19-norcholesta-1,3,5 (10)-trien-7-one (8 )

To a  so lu tion  of 2 (m .p . 140 °C [9]; 400 m g) in  d ry  benzene (5 m l) an d  cone, su lfuric  
acid  (1 m l) was ad d ed  so d iu m  azide (70 mg) w ith  s tirr in g  a t  55— 56 °C on a w a te r  b a th . A 
v igorous reac tio n  en sued  a n d  a f te r  h e a tin g  for 10 h , the  reac tio n  m ix tu re  w as p o u red  in to
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c ru sh e d  ice . T he benzene la y e r  w as se p a ra te d  an d  th e  aqu eo u s la y e r  e x tra c te d  severa l tim es 
w ith  c h lo ro fo rm . A fter th e  u su a l w o rk -u p  of th e  o rganic e x tra c t ,  th e  so lv en t w as rem o v ed  u n d e r 
re d u c e d  p re ssu re  and  th e  sem isolid  su b s ta n c e  (300 m g) th u s  o b ta in e d  c h ro m a to g rap h ed  over 
silica  gel (15 g). F rac tio n s o f 15 m l w ere  collected . E lu a tio n  w ith  l ig h t p e tro leu m  chloroform  
(2 : 1) p ro v id e d  8; recry sta llized  fro m  lig h t p e tro leu m  e th e r : 160 m g, m .p . 170—71 °C.

C27H 41N O . Calcd. C 82.02; H  10.37; N  3.54. F o u n d  C 81.89; H  10.16: N  3 .43% .
№ :  v max 3190, 3130 (N H ), 3030 w ( = C - H ) ,  1670 (C O N H ), 1645 an d  1585 c m " 1 (a ro ­

m a tic  C = C ) .
P M R  <5 10.15 p p m  s (d isa p p ea red  on  th e  ad d itio n  of D 20 ,  C O N H ), 6.95 m  (3H , a ro m a ­

tic ) , 2 .45  s (C l— CH3), 2.2 m  (C 7a— H>), 0 .91, 0.85 an d  0.80 (rem ain in g  m ethy ls).
TXV: ;.max 240 nm  (e 6200).
M S : M +  395 (C2,H 41NO ).

l-M ethyl-19-norch olesta-l,3 ,5 (10)-trien -6-one  oxim e (4 )

A  m ix tu re  of th e  k e to n e  2 (600 m g), h y d rcx y lam in e  h y d ro ch lo rid e  (1.14 g), sodium  
a c e ta te  t r ih y d ra te  (1.6 g) an d  e th a n o l (50 m l) w as h e a ted  u n d e r  re flu x  fo r 2 h. M ost o f th e  
so lv e n t h a s  rem oved  u n d e r re d u ce d  p re ssu re  and  th e  residue  th u s  o b ta in e d  w as recrysta llized  
fro m  l ig h t  p e tro leu m  to  give (500 m g) of 4, m .p . 185 °C.

C „ H 41NO. Calcd. C 82.02; H  1037; N  3.54. F o u n d  C 81.85; H  10.25; N  3 .44% .
I R :  r max 3250 s (N-—O H ), 3070 w  ( = C —H ) and  1660 c m “ 1 (a ro m a tic  C = C ).
P M R : ó 9.45 ppm  h r , s (d isa p p ea red  on th e  ad d itio n  of D 20 ,  = N — O H ), 7 .85— 7.16 

h r , s (3 H , a ro m atic ). 2.15 s (CIO— C H ,), 0.68 s (C13— C H 3), 0.93 a n d  0.83 (rem ain ing  m ethy l).
U V : / тах 255 n m  (e 5750).
M S: M  + 395 (C2-H 41NO ).

B eckm ann rearrangement of 4

T o  a so lu tion  of th e  ox im e 4 (580 m g) in p y rid in e  (12 m l), p -to lu en esu lfo n y l chloride 
(900 m g ) w as added  an d  th e  re a c tio n  m ix tu re  allow ed to  s ta n d  a t  room  te m p e ra tu re  fo r 15 h. 
I t  w a s  th e n  poured  in to  ice-cooled w a te r  a n d  w orked u p  in  th e  u su a l m an n er. R em o v a l o f  th e  
so lv e n t le f t  an  oil (450 m g). T he c ru d e  m a te ria l  in lig h t p e tro leu m  benzene w as allow ed to  s ta n d  
o v e r a  c o lu m n  of n e u tra l a lu m in a  (15 g) fo r ab o u t 15 h  a n d  e lu te d  in  15 m l p o rtio n s . E lu tio n  
w ith  l ig h t  pe tro leu m  ch lo ro fo rm  (2 : 1) a fforded  th e  la c ta m , w h ich  w as recry sta llized  from  
lig h t  p e tro le u m  e th e r to  o b ta in  (400 m g) of 8, m .p . an d  m ix ed  m .p . 170— 171 °C.

W e  th a n k  Prof. W . R ahm an , H e ad , D e p a rtm en t o f C h em istry  for th e  n ecessary  facil­
i tie s  a n d  P rof. M. S. Ahmad fo r  a  h e lp fu l discussion. F in a n c ia l assistance  fro m  TJ.G.C. is 
g ra te fu lly  acknow ledged.
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T he sy n th es is  o f 2-deoxy-(2-3H )-D -ribose (5), s ta r tin g  fro m  3,4-di-O -acetyl-D - 
rib a l (1), as well as t h a t  o f 2-deoxy-di-(2 ,2-aH )-D -ribose (10) b y  tre a tin g  2-deoxy-D- 
ribose u n d e r  basic  co n d itio n s w ith  T20  is described . T he s ta b ili ty  fo th e  labe lling  of the  
d ifferen t d e riv a tiv e s  w as in v es tig a ted  b y  re p e a te d  rec ry s ta lliza tio n s  fro m  e thano l.

The great biological im portance of 2-deoxy-D -ribose ju stified  the syn­
thesis o f the l - 14C-labelled com pound, which w as first published in 1959 [1]. 
Another, independent synthesis has also been reported [2]. In terestingly , the 
corresponding 3H -labelled analogues, which are m uch cheaper and also su it­
able for certain biological investigations, have not been synthesized  so far. 
Here we describe the synthesis o f 2-deoxy-2-3H- as well as -2 ,2-d i-3H-D-ribose 
and its derivatives and our investigations concerning the sta b ility  o f the  
labelling.

M ono-tritiated D-ribose was synthesized b y  applying the route described 
by V a r g h a  and K u s z m a n n  [3]. As starting m aterial 3,4-di-O-acetly-D-ribal 
[1] was used, w hich was converted by the addition o f TCI [4, 5] into the  
2-3H -labelled acetohalogen derivative 2; th is com pound gave, on treatm ent 
with m ethanol in the presence o f silver carbonate, the acety la ted  m ethyl- 
riboside 3. The latter w as deacetylated  according to  Z e m p l é n  to  4, y ield ing on 
hydrolysis w ith benzoic acid 2-deoxy-2-3H-D-ribose [5] w hich was isolated as 
its crystalline iV-phenyl riboside 6.

For in vestigating  the stab ility  of the incorporated tritium , th e  anilide 6 
was boiled in 20-fold ethanol for 1 h, and the a ctiv ity  o f the com pound obtained  
after crystallization  w as com pared w ith th a t o f the starting m aterial. This 
procedure was repeated four tim es and the results (Table I, colum n A) proved  
th at the incorporated tritium  is stable under these conditions.

R a d a t u s  et al. [ 6 ]  obtained similar results when in vestigatin g  the mono- 
2 -2H -labelled anilide, and both the isotope proportion and the steric arrange­
m ent o f the incorporated 2H  remained unchanged, even on hydrolyzing the 
anilide by acid [7].

In the n ext experim ent we investigated  w hether any a c tiv ity  can be 
incorporated into the in active  anilide 7 by boiling it in T20  containing ethanol. 
The resulting active m aterial 9 was subm itted to  the same treatm ent as the
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Table I

Change in  the specific activ ity  (cpm/mmole ■ 10*) on recrystallizations

------------------ 1'------------------------------------------
В

1 4.129 100.0% 6.438 100.00%

2 4.218 102.2% 1.287 19.90%

3 4.151 100.5% 0.098 1.52%

4 4.307 104.3% 0.028 0.43%

5 4.210 102.6% 0.007 o . n %

2 - 3H  analogue, but in th is case a sharp decrease o f  the incorporated a ctiv ity  
w as observed (Table I, colum n B ), proving that on ly  th e  protons reversibly  
b ound  to  the hetero atom s had been exchanged. (The N H  proton can be 
exch an ged  either d irectly, or via  interm ediate 8.)

F or obtaining 2 -d eoxy-2 ,2 -d i-3H-D-ribose (И ) , first the free sugar 10 was 
b oiled  in  T20  containing e th an ol and the a ctiv ity  o f  the separated crystalline  
an ilid e was determined. In order to  check the sta b ility  o f the labelling, the  
com p ou n d  was recrystallized four tim es from ethanol. The a ctiv ity  decreased  
rap id ly  during this procedure (Table II, column C), proving th at no C— H  pro­
ton  had been exchanged to  tr itiu m , consequently, the structure o f the labelled  
com p ou n d  corresponds to  9.

Table II

Change in  the specific  activity  ( opm/mmole • 10*) on recrystallizations

C D

1 6.722 100.00% 7.533 100.00%

2 0.859 12.80% 4.196 55.70%

3 0.222 3.30% 3.071 40.76%

4 0.108 1.06% 3.019 40.08%

5 0.008 0.12% 3.078 40.86%

In our next experim ent the free sugar 10 w as treated in T20  containing  
e th a n o l in the presence o f N aO H  (pH  7.8), as under basic conditions the pro­
ton s at C-2 should be exchanged  via  the aldehyde 12 enolate 13 equilibrium , 
accord ing  to the m echanism  o f the Lobry de B ruyn, van E kenstein  epi- 
m erization .*

T he labelled sugar w as again separated as its  crystalline anilide 14 and 
th is  w as subm itted to  th e  recrystallization  process, as described before. This

* In  th e  case of 2 -d eo x y -su g ars  C-2 is n o t an  a sy m m etric  ca rb o n  a to m , th e re fo re  no 
e p im e r iz a t io n  takes place.

A c t a  C h im .  A c a d . S e i.  H u n g .  1 0 1 , 1 9 7 9
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tim e the original a c tiv ity  decreased on ly  b y  60% , i.e. only 3/5 part o f  the 
incorporated tritium  was bound exchangab ly  (Table II, colum n D ). This is in 
full agreem ent w ith  th e  N -glycoside 14^=^aldim ine 16 equilibrium , according  
to  which three 3H  atom s can be easily exchanged , leading to  15. On the other

10 R = H 12
11 R = T

13

14 R = H  10 17
15 R = T

2 Acta Chim. Acad. Sei. H ung. 101, 1979
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hand, th e  aldim ine 16 does n o t undergo a tautom erization  to 17, w hich is th e  
p o stu la ted  interm ediate of th e  A m adori rearrangem ent [8], as in th is case th e  
3H  a t C-2 should be exchanged too.

Experim ental

M .p .’s w ere  de term ined  on a B o e tiu s  h o t  stage a n d  are  u n co rrec ted . R a d io a c tiv ity  w as 
m e a su re d  w ith  a P ack ard -T R I-C A R B  liq u id  sc in tilla tio n  sp ec tro m ete r. TLC w as ca rried  o u t 
on  S ilica  G el H F 264 and a B erth o ld  T L C  scan n er w as u sed  fo r ev a lu a tio n . All ev ap o ra tio n s  w ere  
c a rr ied  o u t  a t  dim inished pressure .

A-Phenyl-2-deoxy-(2-3H)-D-riboside (6)

T o  b e n zo y l chloride (10 m l) T 20  (0.54 m l; 30 m m oles, 8 m C i/m m ole) w as ad d ed  d ropw ise  
a t  150 °C a n d  th e  form ed TCI w as p a sse d  w ith  a slow s tre a m  of n itro g en  in to  an  ice-cooled  
so lu tio n  o f  d iacety l-D -arab inal [3] (2 g; 10 m m oles) in benzene (10 m l). The organic so lu tio n  
w as t h e n  e v a p o ra te d  and th e  residue  tw ice  re -e v a p o ra ted  w ith  benzene (2 x  10 m l). T h e  ye llow  
sy ru p y  re s id u e  (2.45 g) was d isso lved  in  m eth an o l (15 m l) a n d  boiled in th e  presence o f silv er 
c a rb o n a te  (3 g) fo r 30 m in. T he p H  o f th e  cooled a n d  f i lte re d  so lu tion  was a d ju s te d  w ith  1 M  
m e th a n o lic  so d iu m  m ethoxide to  9. A fte r  s ta n d in g  a t  ro o m  tem p e ra tu re  o v ern ig h t, th e  so lu ­
tio n  w a s  e v a p o ra te d , th e  residue w a s  d isso lved  in  wTa te r  (30 m l) an d  1 M  h y d ro ch lo ric  acid  
w as a d d e d  to  a d ju s t p H  6. T he so lu tio n  w as boiled  a f te r  th e  ad d itio n  of benzoic ac id  (1.5 g) 
fo r 45 m in . B enzoic  acid was f ilte re d  o ff  fro m  th e  cooled so lu tio n  an d  th e  f iltra te  w as e x tr a c te d  
w ith  e th e r  (3 X  10 ml). T he a q u eo u s  so lu tio n  w as e v a p o ra te d  an d  th e  residue t r e a te d  w ith  
a so lu t io n  o f  an iline  (1.5 ml) in  e th a n o l  (15 m l). N e x t d a y  th e  p re c ip ita te d  crysta lline  m a te r ia l  
w as f i l te r e d  o ff  an d  was w ashed w i th  e th a n o l  (5 m l), to  give th e  chem ically  and  ra d io ch em ica lly  
p u re  c o m p o u n d  6 (1.5211 g; 7 3% ); m .p . 171 °C (d .); R p  0.78 (e th y l ace ta te -iso p ro p an o l 63 : 35). 
L it.  [3 ]m .p . 171— 173° (d.).

_Y-Phenyl-2-deoxy-di-(2,2-3H )-D-riboside (14)

T o  a  so lu tio n  of 2-deoxy-D -ribose (1.34 g; 10 m m oles) in  e th an o l (15 m l) 0.1 M  so d iu m  
h y d ro x id e  (1 m l) and  T 20  (0.3 m l) w a s  a d d ed . T he so lu tio n  W'as boiled for 1 h , cooled a n d  th e n  
a n ilin e  (1 .2 5  m l) was added. N e x t d a y  th e  p re c ip ita te d  c ry s ta ls  w ere filte red  off a n d  w a sh e d  
w ith  e th a n o l  (1 ml) to  give 1.3681 g o f m ate ria l. T h is  w as boiled  in  20-fold e th a n o l fo r  1 h  
a n d  th e  d e p o s ite d  crystals were f i l te re d  o ff n e x t d ay . T h is t r e a tm e n t  w as rep ea ted  fo u r  t im e s  
to  y ie ld  0 .8348  g (4 m m oles) o f th e  an ilide  14. m .p . 171— 172 °C (d .); TLC: id en tica l w ith  
c o m p o u n d  6.
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SYNTHETIC LINEAR POLYMERS, XXXIV*
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A ccep ted  for p u b lica tio n  S ep tem b er 11, 1978

The specific  vo lum e, p a rac h o r a n d  — in one case — th e  re fra c tiv e  index  of 
d im ethy lsiloxane  (DM S) co-oligom ers co n ta in in g  m eth y lp erflu o ro p ro p y lb u ty ro silo x an e  
(M P FP B O S), cy c lo p en th y lsilo x an e  (SC PS), m ethy l-/? -cyanocthy lsiloxane  (M BCS) and 
m eth y lch lo ro m eth y ls ilo x an e  (MCMS) g ro u p s have  been in v es tig a te d  as a  fu n c tio n  of 
th e  chem ical co m position  an d  th e  recip roca l m olecu lar w eight. T hese  p ro p e rtie s  p lo tted  
ag a in st th e  recip ro ca l m olecu lar w e igh t sim ilarly  to  re su lts  o b ta in e d  ea rlie r for 
m onoalky l-, a n d  p -a lk y lp h en y l po lyeth y len e-o x id es — give a s tra ig h t  lin e , th e  in te rcep t 
o f w hich is c h a ra c te ris tic  o f th e  re p ea tin g  u n i t  in v estig a ted , w hile  i ts  slope is p ro p o r­
tio n a l to th e  p a r tia l  degree of p o ly m erisa tio n  of th e  o th er re p ea tin g  u n it.

T he v a lu es o b ta in e d  fo r th e  change of th e  slope of th e  s tra ig h t  lines as a funcion 
o f th e  chem ical com position  w ere com p ared  w ith  th e  values c a lcu la te d  on  th e  basis of 
th e  re la tio n sh ip  d e riv ed  earlie r; a good ag reem en t was found. As in d ic a te d  b y  th e  inves­
tig a tio n s , th e  specific  p ro p e rtie s  can  possess on ly  values falling  inside  th e  triang le  
d e term ined  b y  th e  p o in ts  ( p q p v.

I t  is i llu s tra te d  by  ex am p les how  th e  m ag n itu d e  of h ith e r to  u n k n o w n  specific 
p roperties can  be  e s tim a td  on  th e  basis o f th e  resu lts o b ta in ed , o r how  th e  accuracy  
o f a lready  av a ilab le  d a ta  can  be checked.

It has been show n earlier [1] for linear polymer hom ologous oligomeric 
com pounds, represented by the general form ula

X  (M)„ Y

(where X  and Y  are identical or different end groups, M is th e  repeating unit, 
n the degree o f polym erization) th a t a relationship of general v a lid ity  —  sup­
ported also by deduction  —  exists betw een the molecular w eigh t and the  
specific properties derived from the add itive ones:

^  ^  (I)

where cpsp is som e specific property (e.g. specific refractivity, refractive index, 
specific parachor, specific volum e, etc.), M  is the m olecular w eigh t, a is a 
con stan t im plicitly  characteristic o f the end groups, while b is a constant

* P a rt  X X X I I I :  M agyar K ém . F o ly ó ira t, 81 ,  177 (1975); T enside , 14 ,  64 (1977)
** P ap er p re sen te d  a t  th e  session of th e  M acrom olecular C om m itee o f th e  H u n g a rian  

A cadem y of Sciences, J a n u a ry  17, 1977
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e x p lic it ly  characteristic o f  th e  repeating units w ith in  th e  chain. It has been  
sh ow n  th a t the equation is also valid  for cyclic polym er hom ologous oligom eric 
com pounds represented b y  th e  general formula:

L (M)„-

T he v a lu e  o f the constant b is  characteristic also in  th is case of the repeating  
u n it, and its value is id en tica l w ith  that o f th e  con stan t b referring to linear  
com pounds of similar stru ctu re [2]. Moreover, it  has been established th at the  
eq u ation  is equally applicable to  linear or branched polym er homologous o ligo­
m eric com pounds represented b y  the following general form ula:

Ry -  [(ML -  x ] y-

w here R  is a hetero atom  or atom ic group o f у  v a len cy . In this case, the con ­
sta n ts  o f  the equation are characteristic of the segm en t betw een the hetero  
atom  or atom ic group o f th e  m olecule and one o f  its  end groups, and can be 
ca lcu la ted  therefrom [3].

In  our further in v estig a tio n s the relationship has also been applied to  
n on -ion ic  surfactants o f th e  general formula:

X  — (M')m - (M"L — Y ,

i.e. essen tia lly  to such oligom eric molecules, in  w hich  th e  repeating units are 
b u ilt  up from two d ifferent building elem ents in  varying  proportion, and  
w here M’ represents th e  hydrophobic part of th e  non-ionic surfactant, while  
M” is th e  hydrophilic part(m onoalkyl-polyethylene oxides [4]; p -alkylphenyl- 
p o ly  eth y len e oxides [5]).

I t  has been shown th a t  in  this case Eq. (I) has the following form:

<Psp
(mx" +  b')

M
+  Vk ( И )

w here <pk has the sam e m ean in g  as earlier [constant b o f  Eq. (I)], the sym bols’ 
and ” , respectively, refer to  one (M’) or th e  other (M” ) repeating unit, x  is 
the partia l degree of polym erization  of the repeating un it,

m =  M"k(<p'k -  <p"k), (III)

M k b e in g  the molecular w eigh t o f the repeating unit,

b' =  2 M v(<pv -  <p'k), (IV)

A c ta  Chim . Acad. Sei. Hung. 101t 1979
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■where M v is the m olecular w eight of the end group (in the case o f identical 
end groups); fin a lly , indexes v and к refer to  th e  end groups and to  the repeat­
ing units, respectively.

On the basis o f the equation (II), we stud ied  th e  change of the refractive  
in d ex , specific volum e, specific refractivity and in  th e  case of m onoalkyl-poly­
ethylene oxides also the specific reciprocal m elting  poin t, as a function o f the  
m olecular w eight for the different surfactants. These properties were propor­
tional to the reciprocal m olecular weight, and th e  in tercept o f the straight 
lines obtained was characteristic of the repeating un it. I t  has been shown th at  
th e  slope of the straight lines is proportional to  the partial degree o f p o ly ­
m erization of the other repeating unit.

The results perm it to  predict the expected  value o f specific properties 
for a given m olecular w eight, further the range o f m olecular weight w ith in  
w hich a given specific property can be realized b y  changing the chem ical com ­
position . These results are valid  for oligomers o f  any chem ical com position  
and sequence, because deductions and conclusions show that the specific  
properties depend only on the relative ratio o f  th e  different repeating units.

Recent investigations

Non-ionic surfactants based on silicone w ere developed rather recently  
[6]. They reduce the surface tension of liquids, even  in dilute solutions sub­
stan tia lly  more, than any o f the conventional surfactants. The chem ical struc­
ture of surfactants based on silicone is considerably different from th at of 
conventional surface active agents due to  th e  com plete absence of a long  
hydrophobic hydrocarbon chain. Therefore, surfactants based on silicone 
require a revaluation o f a series of theoretical concepts [7]. On the basis of 
these considerations, our aim was to in vestiga te  how far the relationships 
established earlier for non-ionic surfactants are applicable to non-ionic sur­
factants based on silicone, w hich are essentially  siloxane co-oligomers.

I t  m u st be m en tio n ed  in ad v an ce  th a t  as y e t th e re  a re  re la tiv e ly  few d a ta  in  th e  l i te ra ­
tu re  concerning th e  po lym er-hom ologous m em bers o f th e se  co-oligom ers; these  a re  know n 
m ain ly  from  th e  recen t S ov ie t l ite ra tu re  [8, 9, 13, 14].

The dim ethylsiloxane (DM S) co-oligomers investigated  and their charac­
teristic properties are given in Tables I, II , III  and IV.* The specific properties 
calculated on the basis o f  these characteristics are sum m arized in Table V.

D iffering from  th e  ea rlie r  in v estiga tions, b o th  en d  g ro u p s of these  co-oligom ers are 
id en tica l [(C H 3)3—Si— 0 „ ,6]. O w ing to  th is , it was to  be e x p ec te d  th a t  th e  re la tio n sh ip s e s ta b ­
lished  earlie r can  be fu r th e r  im p ro v ed  or will ap p ear in a s im p le r fo rm .

* M P F P B O S : m e th y lp erflu o ro p ro p y lb u ty ro silo x an e
SCPS: s ilacy clopen ty lsiloxane
MBCS: m ethyl-/S -cyanoethy lsiloxane
MCMS: m eth y lch lo ro m eth y ls ilo x an e

Acta Chim. Acad. Sei. Hung. 101, 1979
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Table I

D ensity , refractive index , and surface tension o f  
the co-oligomers (D M S -M P F P B O S )  o f  the composition

CKL

CH3

C H 3 \
( СНз \1

^0.5 S' O0 5 Oo.5 Si O0 5

C H 3 }n (CH„)3
V 1 /

CH.,

C H ,

COOC3F ,

as a fu n c tio n  o f  n and m  [8]

No. n m di° " i f y20° (raN/m)

I — — 0.7640 1.3774* 15.48

i i 1 — 0.8205* 1.3848* 16.96****

h i 2 — 0.8536 1.3895* 17.60

IV 3 — 0.8780*** 1.3925 18.10*

V 4 — 0.8910 1.3949 18.45

V I 5 — 0.9074*** 1.3962 18.60*

V II 6 — 0.9130 1.3972 18.82

V III 7 — 0.918*** 1.3983 19.24

IX 8 — 0.925 1.3989 19.35

X 9 — 0.930*** 1.3994 —

X I 15 — 0.9428 — 19.87

X II 23 — 0.9617 1.4042** 2 0 .8 6

X I I I — 4 1.3260 — 21.43

X IV - 6 1.3645 — 21.89

XV — 8 1.3871 — 20.55

X V I 4 2 1.1453 — 20.82

X V II 3 3 1.2517 — 20.97

X V II I 2 6 1.3202 — 21.77

* see [10],
** see [9],

*** see [11],
**** see [12].

D iscussion

On the basis of the data contained  in Table Y, the specific volum e, specific 
parachor, and where availab le, the refractive index have been p lo tted  against 
the reciprocal molecular w eight for the different oligomers o f the polym er

A cta  C him . Acad. Sei. Hung. 101, 1979
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Table II

D ensity  refractive index, and  surface tension o f  
the co-oligomers ( D M S  — S C P S )  o f  the composition

C H 3

S i - C H 3
I

C H 3

as a function  o f  n  a n d  m  [8]

CH3

C H 3
I

C H .

CH3
I

s — Si — I
I
CH3

C H .-
I

C H 2
\  /  

On.s SI­

C H .

C H .

No. n - rfT п Г ' y20° (m N /m )

X IX 8 1 .0 7 6 0 — 2 1 .6 9

X X 1 8 5 0 .9 8 8 1 1 .4 1 5 9 2 1 .8 8

X X I 1 3 10 1 .0 3 2 2 1 .4 4 2 1 2 2 .1 2

X X II 2 1 2 — 1 .4 1 2 1 —

* see [9]

Table III

D ensity and surface  tension o f the co-oligomers (D M S  — M B C S ) o f  the composition

CH3
Í  CHa )

(  C H ,

CH3—Si —o 0.5 — _ O 05 —Si — O05
.1

^0.5 S i - O 0.5

CH3 V CH3 >n C H t - C H 2C N /

C H 3
I

- S i - C H 3
I
C H 3

as a function  o f  n a n d  m  [ 1 3 ]

N o. n m d*° y20° (m N /m )

X X II I 2 4 — 0 .9 5 5 7 2 0 .0 0

X X IV 2 3 .5 * 2 .5 * 0 .9 7 3 2 2 1 .6 2

X X V 21 4 0 .9 8 2 1 2 2 .1 3

X X V I 15 7 0 .9 9 8 0 2 2 .9 1

X X V II 9 9 1 .0 4 9 7 2 5 .3 1

X X V III — 2 0 1 .1 0 8 4 3 2 .8 7

* Mean values (see [13])

A d a  Chim. Acad. Sei. Hung. 101, 1979
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Table IV

D ensity o f  the co-oligomers (D M S  — M C M S ) o f  the composition

C H 3
f  C H ’ \ f C H 3

C H 3 Si O0>5 O0>5 Si O 0.5 0(>.5~ 11© Ó01 
ел1

C H 3 C H 3 . C H 2C1 /

CH3
I

C H .

as a fu n c tio n  o f  n and m  [14]

No. n m d]*

X X IX — 4 1.1739

X X X — 8 1.2097

X X X I — 13 1.2330

X X X II — 18 1.2791

X X X II I 12 1 0.9987

X X X IV 11 2 1.0091

X X X V 10 3 1.0266

X X X V I 9 4 1.0590

X X X V II 8 5 1.0696

X X X V III 6 7 1.1102

X X X IX 4 9 1.1554

X L 2 11 1.1974

h o m o lo g o u s  series in v es tig a ted  (F igs 1— 8). I t  can  be seen from  th e  F ig u re s  
t h a t  th e  co rrespond ing  p o in ts  lie to  a close ap p ro x im atio n , along a s t r a ig h t  
lin e . T h e  F ig u res  also clearly  show  th a t ,  in  acco rd an ce  w ith  our ea rlie r re su lts , 
th e  v a lu e s  o f  th e  in te rc e p ts  a re  c h a ra c te r is tic  o f  th e  rep ea tin g  u n its  in  th e  
case o f  d im eth y ls ilo x an e  o ligom ers being  id en tica l w ith  th e  co rresp o n d in g  
v a lu e s  fo u n d  in our earlier in v e s tig a tio n s  fo r  hom o-oligom ers. In  th e  o th e r  
cases, no  com parison  can be m ad e  for lack  o f d a ta  on th e  hom o-o ligom ers.

F u r th e r  on, i t  has been  in v e s tig a te d  w h e th e r  th e  re la tio n  ded u ced  ea rlie r 
fo r th e  slo p e  of th e  s tra ig h t lin e  o f E q . ( I I )  ( m i”  — 6’) is va lid  also in  th is  
case, i .e.  how  th e  slopes of th e  s tra ig h t  lines co rrespond ing  to  v a rio u s ch em ica l 
c o m p o s itio n s  depend on th e  n u m b e r  o f th e  o th e r  rep ea tin g  u n it. O u r re su lts  
a re  sh o w n  in  Tables V I—V II  an d  in  F igs 9 —14. T he F igures also show  th e  
slopes a n d  in te rcep ts  of th e  s tra ig h t  lines o b ta in ed  from  th e  p o in ts  b y  th e  
m e th o d  o f  averages.

I t  m u s t be m en tioned  t h a t  ow ing to  th e  re la tiv e ly  few d a ta  a v a ila b le  in 
p a r t  o f  th e  cases, th e  slopes o f  th e  s tra ig h t lines correspond ing  to  v a rio u s chem i-
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Table V

Reciprocal molecular weights o f  the com pounds investigated and 
their specific properties calculated on the basis o f  Tables I ,  I I ,  I I I  and I V

No. 1/AÍ • 10« y20O (y'l'/d) 20 °C

I 61.65 1.309 2.596
и 42,32 1.219 2.459

h i 32.22 1.171 2.398
IV 26.01 1.139 2.357
V 21.80 1.122 2.325

V I 18.74 1.102 2.289
V II 16.48 1.095 2.281

V II I 14.69 1.089 2.282
IX 13.25 1.081 2.267

X 12.06 1.075 —
X I 7,85 1.061 2.240

X II 5.36 1.040 2.222
X I I I 7.05 0.7541 1.622
X IV 4.88 0.7328 1.585

XV 3.74 0.7209 1.535
X V I 9.20 0.8732 1.865

X V II 7.54 0.7990 1.710
X V III 4.56 0.7575 1.636

X IX 10.38 0.9294 2.006
X X 5.01 1.012 2.189

X X I 4.70 0.9688 2.101
X X II 5.22 — —

X X I I I 5.13 1.046 2.213
X X IV 4.57 1.028 2.216

X X V 4.61 1.018 2.208
X X V I 4.84 1.002 2.192

X X V II 5.41 0.9527 2.137
X X V III 4.12 0.9022 2.160

X X IX 17.76 0.8518 —
X X X 9.70 0.8266 —

X X X I 6.35 0.8110 —
X X X II 4.72 0.7818 —

X X X II I 8.62 1.0114 —
X X X IV 8.37 0.9910 —

X X X V 8.14 0.9741 —
X X X V I 7.92 0.9443 —

X X X V II 7.70 0.9350 —
X X X V III 7.32 0.9007 —

X X X IX 6.96 0.8655 —
X L 6.66 0.8351 —

cal com positions in F igs 1 —5, 8 have been calcu lated  only from tw o points. 
In spite o f this, it  can be seen from Tables V I— V II and from Figs 9— 14 th at  
the slopes in Figs 1— 5, 8 are linearly proportional to the number of one or 
the other repeating un it in the molecule, in accordance w ith our earlier results, 
and ju st as expected  and predictable from E q. (II). A som ewhat larger scatter­
ing o f  certain points in Figs 9 —14 can be a ttributed  to the lim ited accuracy  
o f the determ ination o f the slopes of the stra ight lines in Figs I— 5, 8.
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Fig. 1. C h an g e  o f th e  specific vo lum e o f m eth y lp erflu o ro p ro p y lb u ty ro silo x an e -d im e th y ls ilo x an e  
c o p o ly m e rs  w ith  th e  recip roca l m o lecu la r w e igh t as a fu n c tio n  of th e  chem ical c o m p o s itio n

I t  follo\vs from the right- side term  in parentheses of Eq. ( I l l )  th a t when  
the s lop e o f the straight line obtained increases w ith increasing num ber of 
one o f  th e  repeating units, the slope o f the straight line obtained w ith  increasing  
num ber o f  the other repeating unit is decreasing, as can also be seen  from  
Figs 9 — 14.

Fig. 2. C hange  of the  specific  p a ra c h o r  o f  m eth y lp erflu o ro p ro p y lb u ty ro silan e -d im e th y ls ilo x an e
c o p o ly m e rs  w ith  th e  recip roca l m o lecu la r w e ig h t as a  fu n c tio n  of th e  chem ical com position
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1 / M  . 104
Fig. 3. Change o f th e  specific  volum e o f d im e th y ls ilacy c lo p en ty ls ilo x an e  co po lym ers w ith  the 

recip roca l m o lecu lar w eight as a fu n c tio n  o f  th e  chem ical co m position

Fig. 4. Change of th e  specific  p a rach o r o f d im e th y ls ilacy c lo p en ty ls ilo x an e  co po lym ers w ith  the
reciproca l m o lecu lar w eight as a fu n c tio n  o f th e  chem ical co m position
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F ig . 5. C hange of th e  specific  v o lu m e  o f d im eth y ls ilo x ane-m ethy l-/? -cyanoethy lsiloxane  
c o p o ly m e rs  w ith  th e  reciproca l m o le c u la r  w eigh t as a fu n c tio n  o f th e  chem ical co m p o sitio n

~ 1.487

1.48

1.47

1.46

1.45 
n

144

143

1.42

1.41 
1403 

1.40

1.39

138

137

Fig. 6. C hange of th e  re fra c tiv e  in d e x  of d im eth y ls ilacy c lo p en ty ls ilo x an e  copolym ers w ith  th e
reciprocal m o lecu lar w e ig h t as a function  of th e  chem ical com position
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F ig. 7. C hange o f th e  specific p a rac h o r o f  d im eth y ls ilacy c lo p en ty ls ilo x an e  c o p o ly m ers  w ith  the  
recip ro ca l m olecular w e ig h t as a  fu n c tio n  o f th e  chem ical co m position

Fig. 8. C hange o f th e  specific volum e o f  m e th y lch lo ro m e th y ls ilo x an e-d im eth y ls ilo x an e  copo­
lym ers w ith  th e  reciprocal m olecu lar w eigh t as a  fu n c tio n  of the  chem ica l com position
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Table VI

Changes o f  the slope o f  E qua tion  ( I I )  as a fu n ctio n  o f  the num ber (x )  o f  the dimethyl- 
siloxane groups ( D M S )  in  the case o f  co-oligomers o f  different composition

M ethylperfluoropropyl-
butyrosiloxane

(M PFPBOS)
Silacyclopentylsiloxane

(SCPS)

Methyl-/3-
cyanoethyl-

siloxane
(MBCES)

Methylchloro-
m ethylsiloxane

(MCMS)

In  the ease of In  the  case of In  the case of In  th e  case of In  the case of In the case o f
the  spec, volume the  spec, para- the spec, volume th e  spec, para- the spec, volume the  spec, volum e
on the basis of 

Fig. 1
chor on the  

basis of Fig. 2
on the basis of 

Fig. 3
chor on the  

basis o f F ig. 4
on the basis 

of Fig. 5
on the basis of 

Fig. 8

0 1 0 1 .4 1 8 2 .8 7 4 .0 1 1 5 .1 7 0 .7 5 5 .6

о 1 4 9 .5 2 7 2 .5 — — — 1 3 1 .4

3 1 8 4 .2 3 5 0 .3 — — — —

4 1 9 7 .5 3 6 5 .1 — — — 1 7 2 .8

6 — — — — — 2 1 2 .1

8 — — — — — 2 6 3 .1

9 — — — — 1 8 3 .9 3 1 5 .7

1 0 — — — — — 2 5 5 .6

11 — — — — — 2 6 6 .8

1 2 — — — — — 2 8 4 .7

1 3 — — 2 4 6 .4 4 5 5 .3 — —

1 5 — — — — 1 9 6 .0 —

1 8 — — 3 1 7 .4 602.8 — —

21 — — — — 321.0 —

23.5 — — — 345.7 —

Since the values o f  th e  term s in relations (II I )  and (IV) are know n or 
can b e calculated, th is allow ed a comparison o f  th e  values of the slopes and  
in tercep ts o f the straight lines in Figs 9— 14 w ith  the values calculated on  
the basis o f  Eqs (III) and (IV ). To facilitate th e ir  survey, the values used in  
the ca lcu lations have been sum m arized in Table V II I .

V alues calculated in th is  w ay and th ose actu a lly  found are listed  in  
T able I X .

I t  can be seen th a t there is a rather close agreem ent betw een th e  ca l­
cu la ted  and experim entally  found values of the slopes. As concerns th e  in ter­
cep ts, an agreement better than  within an order o f m agnitude cannot be  
exp ected ; y e t the agreem ent is remarkably good also in this case, w ith  th e  
ex cep tio n  o f three values.
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Table V II

Changes o f  the slope o f  Equation ( I I )  in  the case o f  dimethylsiloxane co-oligomers as a 
fu n c tio n  o f  the number ,(x ) o f  the other group ( co-monomer)

T he o th e r  g roup

X

MPFPBOS SCPS MBCES MCMS

In  the case of 
the spec, volum e 
on the basis of 

Fig. 1

In the case of 
the spec, para- 

elior on the 
basis of Fig. 2

In  the case of 
the  spec, volum e 
on the  basis of 

Fig. 3

In  the case of 
the  spec, para- 

chor on the 
basis of Fig. 4

In  the case of 
the spec, volume 
on the basis of

Fig. 5

In  the  case of 
the spec, volume 
on the basis of

Fig. 8

0 45.3 68.3 45.3 68.3 45.3 45.3

1 — — — — — 10.0

2 - 1 5 9 .6 338.0 — — — 34.6

2.5 — — — — 17.5 —

3 - 2 9 3 .1 -6 1 8 .0 — — — -  56.4

4 - 3 7 7 .2 -7 8 5 .8 — — 4.3 104.6

5 — — -  16.0 26.0 — - 1 1 0 .4

6 - 5 8 8 .5 -1 5 9 3 .8 — — — —

7 — — — -  37.2 - 1 6 3 .0

8 - 7 9 9 .7 -1 7 1 3 .9 -  87.3 - 1 6 3 .8 — —

9 — — — — 124.4 222.0

10 — — - 1 0 8 .9 - 1 5 9 .6 — —

11 — — — — 277.6

20 — — — — -  285.9 —

In view  o f  th e  few  data available at present, a closer agreem ent should  
not he required for the tim e being. These investigation s have shown th a t our 
statem ents estab lished  earlier for m onoalkyl and p -alkylphenyl polyethylene  
oxides hold also for d im ethylsiloxane copolym ers o f various chem ical com posi­
tion , and the relations thus derived can also be extended to  the specific para- 
chor. Furtherm ore —  over and above the earlier investigations —  it is unam bi­
guously evident from  the present work th a t specific  properties only can possess 
values which are inside the triangle determ ined by the points <pk<; (p^; cpv.

It follows from  these results th a t the expected  value o f a specific prop­
erty  is predictable.

This m ethod is o f  particular in terest w hen data concerning the hom o­
polym er or hom o-oligom er of one o f  the repeating units are still m issing, e.g. 
the value of n '̂ in the case of poly- and oligocyclopentylsiloxanes (see Table 
II and Fig. 6), i.e. one o f the envelop lines is unknow n, hut the data for the  
co-oligom ers are at once’s disposal.

Acta Chim. Acad. Sei. Hung. 101, 1979



340 GÉCZY: SYNTHETIC LINEAR POLYMERS, XXXIV

F ig . 9. C h an g e  o f th e  slope (a) o f E q . ( I I )  as a fu n c tio n  o f th e  n u m b er o f th e  m e th y lp erflu o ro - 
p ro p y lb u ty ro s ilo x a n e  (M P FP B O S) a n d  d im e th y ls ilo x an e  (DM S) groups (x) in  th e  case o f  th e

specific  v o lu m e on th e  b asis o f F ig . 1.

Fig. 10. C hange of th e  slope (a) o f  E q . ( I I )  as a fu n c tio n  o f th e  n u m b er o f th e  m e th y lp erflu o ro -
p ro p y lb u ty ro s ilo x a n e  (M P F P B O S ) a n d  d im eth y ls ilo x an e  (DM S) groups (x) in  th e  case o f th e

spec ific  p a ra c h o r  on  th e  basis o f Fig. 2.

A c ta  C him . Acad. Sei. Hung. 101, 1979



CÉCZY: SYNTHETIC LINEAR POLYMERS, XXXIV 341

Fig. 11. Change o f th e  slope (a ) o f  E q . ( I I )  as a fu n c tio n  o f th e  num ber o f s ilacy clo p en ty l 
(SC PS) and  d im eth y ls ilo x an e  (D M S) groups (*) in th e  case  o f th e  specific vo lum e on th e  basis

o f Fig. 3.

F ig . 12. Change o f th e  slope (a ) o f  E q . ( I I )  as a  fu n c tio n  o f th e  nu m b er o f s ilacy c lo p en ty l
(SCPS) and  d im eth y ls ilo x an e  (D M S) g ro u p s (x ) in th e  case  o f  th e  specific p a rach o r on th e  basis

o f Fig. 4.
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F ig . 13. C hange of th e  slope (a ) o f E q . ( I I )  as a fu n c tio n  of th e  n u m b er of m eth y l-/J -cyanoethy l- 
s ilo x an e  (M B C ES) and  d im e th y ls ilo x a n e  (DM S) g ro u p s (x) in  th e  case o f th e  specific  vo lum e

on  th e  basis o f F ig . 5.

Fig. 14. C hange of th e  slope (a) o f E q . ( I I )  as a fu n c tio n  of th e  nu m b er of in e th y lch lo ro m e th y l-
s ilo x an e  (MCMS) and  d im e th y ls ilo x an e  (DM S) g ro u p s (x ) in  th e  case of th e  specific  v o lu m e  on

th e  basis o f F ig . 8.
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Table VIII

Values required fo r  calculations on the basis o f  Equations ( I I I )  and ( I V )

Reciproca m olecular
weights (1/M  • 104) belong-

Vk ing to the oligomers o f  the
Repeating unit yt„ given degree (P) ot Ро |У-

m en/.ation

V y>l4d P 1 /M  • 10‘

CH3 74,1 1.020 2.176 13 8.88
1 18 6.68

- S i - O - 21 5.82
1 23.5 5.25
CH3

C II3 314.1 0.683 1.481 2 12.65
1 3 9.05

- S i - O -

(C H j)3— COOC3F ,

C H j - C H j 2 27.59
I 1 100.1 0.853 1.887 5 15.09

CH„ C H , 10 8.60
\ /

- S i - O -

CH3 2.5 22.47
1 113.1 0.873 - 2 .0 9 4 16.27

- S i - O - 7 10.48
1 9 8.47
C H jC H jCN

CH3 1 36.93
1 108.6 0.766 — 2 26.36

- S i - O - 3 20.49
1 5 14.18
CIIjCl 7 10.85

9 8.78
11 7.37

E nd group M v

CH3

CH3- S i - 0 - 81.1 1.309 2.596

C H 33

* see Figs 9 —14
** from  d irec t m easu rem en t (see values referring  to  substance No. I)
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Table IX

C om parison o f the values o f  the slopes and intercepts calculated on the basis o f  Equations
( I I I )  and ( I V )  w ith the corresponding values o f  the straight lines in  Figs 9 — 14

1 Id y 'l '/d 1/4
Ф

DMS M PFPBO S DMS M PFPBO S DMS SCPS

m caJc. -1 0 5 .8 25.0 -2 1 8 .3 51.5 - 1 6 .7 12.4

mfound -1 0 4 .8 26.2 -2 4 6 .6 51.4 - 1 7 .3 ~ 1 3 .5

^calc. 46.9 101.6 68.2 180.9 46.9 —

Mfound 38.5 99.3 115.1 177.8 58.0 —

yll /4 1/4 1 Id
<P

DMS SCPS DMS MBCES DMS MCMS

m calc . -2 8 .9 21.4 - 1 6 .6 10.9 - 2 7 .6 18.8

m found - 3 2 .1 ~ 2 7 .1 - 1 7 .1 10.5 - 2 6 .9 19.2

^calc . 68.2 — 46.9 74.0 46.9 88.1

Mfound 127.4 — 56.6 80.3 22.1 85.5

I n  th is  case th e  in te rc e p ts  o f  th e  s tra ig h t lines o b ta in e d  b y  connecting  th e  av ailab le  
p o in ts  a n d  th e  po in ts o f th e  m o le c u la r  weights co rresp o n d in g  to  th e  hom o-oligom ers on  th e  
o th e r  en v e lo p  line — w hich  are  v is ib ly  converging a p p ro x im a te ly  in  th e  sam e p o in t — will 
p ro v id e  th e  value of th e  sp ec ific  p ro p e r ty  of the re p e a tin g  u n i t ,  in  o u r case th e  re frac tiv e  
in d e x  (nf,°° =  1.487) of th e  r e p e a tin g  u n it: CH2—C H 2 o f  in f in ite ly  h igh  m olecular w eigh t.

I I
CH2 CH2
\  /
— Si— о —

On the basis of the en v e lo p  line plotted in  th is  w ay , the unknown specific  
p ro p erty  o f the different liom o-oligom ers can be estim ated .

T his method is also su ita b le  for the estim ation  o f the accuracy of data  
to b e  found in the literature; thus the reciprocal m olecular weights of som e 
hom o-oligom ers are also g iven  in  Table V III.

O ne th e  basis o f th ese  v a lu e s ,  i t  can  be estab lish ed  t h a t  th e  in d iv id u a l s tra ig h t lines 
in  F ig s  1 — 8 actually  cu t th e  a p p ro p r ia te  envelop line a t  a  p o in t  ap p ro x im a te ly  co rresponding  
to  th e  m o lecu la r w eight o f  th e  hom o-o ligom er. A t th e  sam e tim e  F ig . 7 shows th a t  th e  v a lu es 
g iv e n  fo r  th e  surface ten s io n  o f th e  co-oligom ers o f th e  ch em ica l com position  co rresponding  
to  N o s , X X Y II  and X X V III  a re  r a th e r  inaccurate; also in c o n s is te n t are th e  d a ta  in th e  o rig ina l 
p a p e r  [13] on the  chem ical co m p o s itio n  of com pound X X V I I I .
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SPECTROCHEMICAL INVESTIGATION OF VOLATILE 
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A ccep ted  fo r p u b lica tio n  S ep tem b er 11, 1978

B y  m ean s o f th e  m easu rem en t tech n iq u e  desc rib ed  in p a r t  I , th e  th e rm a l p ro ­
cesses o f cad m iu m  sa lts  (ch lo ride , n i tra te , su lp h a te  a n d  ox ide) were in v es tig a te d  in 
d e ta il up  to  1200 °C in a rg o n  a tm o sp h ere , using  p la t in u m  an d  g ra p h ite  crucib les, an d  
recording th e  cad m iu m  signal o f th e  v a p o u r phase . B ased  on th e  ch ara c te ris tic  conver­
sion te m p e ra tu re s  e stab lish ed  w ith  th e  know ledge o f  th e  tim e  —te m p e ra tu re  fu n c tio n , 
several p rocesses (red u c tio n , o x id a tio n , th e rm a l deco m p o sitio n , ev ap o ra tio n , etc.) 
could be id en tif ied . T h e  th e rm a l p ro p erties o f m ercu ric  sa lts  (ch loride, n i tra te ,  su lp h a te  
and  oxide) w ere  s tu d ied  u n d e r  low er h ea tin g  ra te  u p  to  750 °C. Som e re su lts  concerning 
o th e r  th e rm a l processes (e v ap o ra tio n  of BeCl2, release o f v o la tile  fluo rine  com pounds) 
a re  m en tioned .

B ased  on  th e  ex p e rim e n ta l re su lts , i t  w as s ta te d  t h a t  essen tia l differences ex is t 
be tw een  th e  processes ta k in g  p lace in  p la tin u m  a n d  g ra p h ite  crucib les, re spec tive ly , 
a n d  the  su rface  q u a lity  a n d  co n d ition  of g rap h ite  c rucib les sig n ifican tly  a ffec t th e  ox i­
d a tio n —re d u c tio n , d ecom position  an d  ev ap o ra tio n  processes.

Introduction

Several therm ochem ical processes were investigated  betw een 150 and 
1350 °C, such as evaporation , and reactions o f several salts o f selected  m etals 
w hich volatilize in th is range; tests were carried out b y  m eans o f  th e  resistance- 
heated m icroreactor, stabilized  d.c. arc source, as w ell as radiation resolving  
and detecting system  for recording the em ission signal o f the vapour phase, 
described in a previous publication  [1]. M icrocrucibles m ade o f platinum  and 
different graphite sorts were used, and the effect o f  several additives (acids, 
salts) and conditions on th ese system s was tested . Main results o f th is in vestiga­
tion, and the conclusions are given as follows.

Investigation of cadmium salts

D etection  and determ ination of cadm ium  as a significant tox ic  elem ent 
is o f  outstanding im portance, and the behaviour o f  its com pounds in the gra­
phite cuvette used in atom ic absorption spectrom etry causes m any difficulties.
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To in v estig a te  therm al properties o f these com pounds, experim ental conditions 
w ere selected  so as to  arrive at conclusions at the sam e tim e also on the pro­
cesses occurring in the graphite cuvette.

For the tests, 25 p i solutions o f chloride, n itrate or sulphate stock  solu­
tion s o f  100 fig Cd/ml concentration  acidified w ith  the corresponding acid 
(0.1 N ), were weighed in to  th e  crucibles; thus each sam ple contained 2.5 pg Cd. 
B esid e  solutions, experim ents were carried out also w ith  suitable solid salts 
b u t w ith  greater, irregularly flu ctu atin g  am ounts o f the sam ples w eighed-in,

F ig . 1. Scann ing  electron  m ic ro g rap h s  of th e  in n er surface  o f R W -crucib les (see tex t), N  — 
=  1500 X;  a) u n u se d  cru c ib le ; b ) th ree  tim es h e a ted  crucib le (w ith  sam ple)

therefore the records are to  b e compared w ith  the records o f th e  solution  sam ­
ples on ly  for estim ation.

B eside the p latinum  crucible, tw o different sorts o f graphite crucibles 
w ere adopted of spectral p u rity , w ith different degree o f graphitization and 
p o ro sity . The crucibles denoted  RW  were m ade o f highly graphitized, dense 
(s lig h tly  porous) spectral graphite o f RW  I ty p e  supplied b y  “ Ringsdorff- 
W erke GmbH” (G .F .R .), and the crucibles denoted Tc o f less graphitized  
and m ore porous spectral graphite o f SU ty p e  obtained from “ Elektrokarbon, 
K ab lo  Topolcany” (C zechoslovakia). The original structure o f th e  graphite 
crucibles after the heating  cycles was sign ificantly  changed; m icrocrystalline  
grains and fragm ents, w h ich  were present on the freshly m achined surface, 
disappeared or burned out, and th e  porosity o f  th e  graphite increased. The 
ch an ges can be observed on th e  scanning electron micrographs o f  the surfaces 
(F igs 1 and 2, a and b); further inform ations are given w ith  th e  changes of
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em ission signals, deta ils o f which will b e d ealt w ith at the d iscussion  o f the  
results. As a rule, it w as observed th a t in  crucibles used for th e  first tim e, 
cadm ium  evaporates earlier, i.e. the signal can be observed at low er tem pera­
tures than in the case o f repeatedly used  crucibles.

In agreem ent w ith  our experiences, im portant statem ents have been 
m ade by S t u r g e o n  and C h a k r a b a r t i  [2] in connection with the role o f  surface 
porosity of the graphite cuvette. They reported  that, in contrast w ith  a pyro- 
lytic-graphite-coated  surface of very low  porosity , on an uncoated  graphite

Fig. 2 . S canning  e lec tro n  m icrographs of th e  in n e r  su rface  of Т ё-crucibles (see te x t) ,  N  =  
1500 X : a) u n u se d  crucible; b) th re e  t im e s  h e a te d  crucible (w ith  sam p le )

surface the porosity rapidly increased under use, and the solu te m ore and 
more penetrated in to  th e  pores, as a consequence of which the atom ization  
process becam e m ore d ifficult, detection w as sm oothed, and “ m em ory effects” 
took place.

A t the discussion o f results it is to  be taken into account th a t under 
heating o f the m icroreactor there is no therm odynam ic equilibrium  in the  
system . In spite o f  th is  fact, thermal decom position  and conversion processes, 
in general, can be characterized more or less b y  equilibria, and tem peratures 
belonging to signal changes or m axim a on the emission curves are charac­
teristic and reproducible. W ell-defined id en tifica tion  (or appearance) tem pera­
ture is observed w ith  th e  increase of the spectra l line intensity at th e  appearance  
of cadm ium  in the gas phase, and the signal m axim um  shows d ecay  o f  the 
process (e.g. loss o f  the compound or the m eta l). Peak intensities and integrated

A d a  Chim. Acad. Sei. H ung. 101, 1979



3 5 0 GEGUS et al.: SPECTROCHEMICAL INVESTIGATION

in ten sitie s  (areas below the curves), however, depend not only on the am ount 
o f th e  sa m p le  but also on th e  characteristics o f  th e  detector system  (p h o to ­
m u ltip liers).

F o r  th e  sake of com parison, the records w ere norm alized (Fig. 3). A t th e  
repeated  te stin g  of cadmium chloride solution sam ple in  the same R W -crucible,

F ig . 3. N o rm a liz e d  in ten sity  — tim e  cu rv es o f  cad m iu m  sa lts , w ith  characteris tic  te m p e ra tu re s .  
(T he t im e  — te m p e ra tu re  axis on  th e  d iag ram s is in creas in g  le f t  to  r ig h t, in c o n tra s t w ith  th e  

original reco rd s .)  C om m ents to  1, 2, 1_-, 2- see Fig. 4

fu rth er changes were observed on the records o f  sam ples, as can be seen below  
(F ig . 4 ); in  all other cases th e  character o f th e  records has not been changed  
after th e  second heating. The te s t  results are grouped and discussed according  
to  th e  cadm ium  salt types as follow s.
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Cadmium chloride
It is striking on the records obtained using CdCI2 sam ple so lu tions (Fig.

4) that in all cases tw o peaks appear, i.e. evaporation occurs in  tw o steps. 
According to S t u r g e o n  et al. [3], CdCL, under similar conditions does not 
undergo therm al dissociation, so in our case, from a hydrochloric acid solution  
it  partly evaporates in a m olecular form (first peak), and partly it  is converted  
in to  oxide b y  hydrolysis. U nder heating in a platinum  crucible (denoted  as Pt 
in  the Figs), cadm ium  oxide itse lf  undergoes therm al decom position  causing  
a second peak at 1030 °C. On the other hand, in a graphite crucible (R W  or 
Tc) CdO formed from CdCl2 w ill be reduced to m etal (second peak  o f lower 
tem perature). Partial evaporation o f CdCl2 below  its boiling point (960 °C) is 
in accordance w ith  the observation  th at the vo la tility  o f m aterials in  th in  layers 
can be sign ificantly  enhanced (e.g. thin layer of cadm ium  m etal begins to  
evaporate at an increasing rate above 450 °C, though its boiling point is 
765 °C [4]). S im ilarly to the appearance and peak tem peratures o f  the first 
peak, low CdCl2 evaporation tem peratures (300—450 °C) have been given  by  
Y a s u d a  and K a k i y a m a  [5], as w ell as by F e g e § et al. [6]w ho observed a signif­
icant loss in chloride at 490 °C at the atom ic absorption electrotherm al atom ­
ization  m easurem ents.

On the serial tests perform ed b y  using RW -crucibles (F ig. 4 , c) one can 
observe that th e  second peak obtained after the first heating cycle  w ith  the  
sam ple is of low  in ten sity , i.e. on ly  a sm all portion o f CdCl2 was con verted  into  
oxide (RW  1). W hen the surface o f  the crucible becam e m ore porous (R W  2, 
R W  5), the in ten sity  ratio o f the peaks changed so as the in ten sity  associated  
w ith  the second peak, i.e. the signal o f cadm ium  originating from  th e reduction  
o f oxide increased. Before the eighth  cycle the crucible w as h eated  on the 
open air for 1 m in at 1100 °C ;th u s, after th is cycle, under v isu a lly  observable  
change o f the upper graphite layer, the first peak alm ost com p lete ly  d isap­
peared. A sim ilar effect could be observed in the serial tests  perform ed w ith  
th e  originally more porous Tc-crucibles, where the surface layer had becom e 
loose much earlier. The rate o f  ox idation  was determ ined by th e  rising am ount 
o f w ater bound on the surface layer formed.*

On the records o f tests perform ed w ith  solid sam ples o f CdCl2 • 2.5 H 20 ,  
double peaks could be identified  on ly  by using platinum  crucible, where the  
second peak o f higher tem perature refers to  the oxide form ation. According  
to  therm ogravim etric tests, the w ater o f crystallization  o f the chloride has 
resulted in oxide form ation in the solid phase already at 600 °C [3]. Since 
w ater o f crystallization  evaporates early, and does not adhere to  th e  surface, 
on th e  reducing graphite surfaces hydrolysis does not take place in th e  absence 
o f  water, and th is is w hy only  a single peak is observable.

* U bbeloh de  and Lew is  [7] called the layers obtained in the reaction o f  graphite  
and water as “ lam ellar com pounds” .
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F ig . 4. T e s t resu lts of cad m iu m  ch lo ride  solution, a) in  p la t in u m  crucib le , b) in  g ra p h ite  Tc- 
c ru c ib le , c) in g raphite  R W -c ru c ih le ; 1̂ for th e  f irs t w eig liing-in , 2, 5, 8 a t  th e  second, f i f th  and  
e ig h th  cycle, 1- or 2- u n ch an g ed  a t  th e  fu rth e r te s ts ,x b e fo re  th is  te s t  th e  crucible w as h ea ted  
on  th e  open  air a t 1100 °C fo r 1 m in . (O riginal records, th e  t im e  —te m p e ra tu re  axis is increasing

rig h t to  left.)
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Cadmium nitrate

In platinum  crucibles only a single peak w as observable: the C d(N 03)2 in 
the solid  sam ple or a nitric acid solution com pletely  decom posed to  oxide, which 
underw ent therm al dissociation above 900 °C. (A greater am ount of solid 
sam ple weighed-in caused the rise of the area below  the curve.) As in the case 
o f chloride, especially for RW -crucibles (F ig. 4), the effect o f  the surface 
changes was detectable here as well; the low -tem perature peak obtained in 
graphite crucibles on the first heating disappeared on the second heating (Fig. 
3). According to the experim ents of Y asuda  and K akiyam a  [5], w ith  aqueous 
solutions o f cadm ium  nitrate the signal of cadm ium  was obtained at 100— 
150 °C, and the signal o f NO above 150 °C, i.e. a part o f  the n itrate decomposes 
already at a low  tem perature, especially on an active surface.

Cadmium sulphate

Introduced in solution  into a platinum  crucible, C dS04 resulted in a single 
peak starting above 900 °C, i.e. the evaporation and decom position o f the sul­
phate could not be resolved on the emission curve. The solid sa lt evaporated, 
presum ably as an undecom posed molecule above its m elting point (1000 °C), 
resulting from the greater am ounts o f the sam ple w eighed-in. The effect of 
the active surface at the first heating was strongly  expressed using RW -cru­
cibles and less characteristic using Tc-crucibles, y ield ing peaks starting at low  
tem peratures (Fig. 3). The decom position o f th e  sulphate was h igh ly  sensitive  
to  surface quality; the curves at the first heating showed stronger variations 
than for other salts (F ig. 5, 1A, 111, 1C). The peaks or breaking points visible  
on th e  curves at about 740— 780 °C (as for the chloride —  th e oxide reduction) 
refer to  the boiling point o f the m etal (765 °C). Authors cited [5] found in 
graphite cuvette  te sts  o f C dS04 solution a cadm ium  signal at 450 °C, and 
others [8] at 440 °C, these being comparable to  our characteristic tem pera­
tures o f about 400—300  °C.

Cadmium oxide

CdO weighed-in into a platinum  crucible show ed a cadm ium  signal only  
above its decom posing tem perature. On the fresh surface o f  an RW -crucible 
was obtained a cadm ium  signal well below th e  decom posing tem perature; in 
these cases the reduction o f the oxide occurred in one or tw o steps (dotted  line 
on F ig. 3). According to  [9], the reduction o f the oxide can take place already 
above 577 °C (AG° <[ 0), and others [4] claim  th at it is betw een 600 and 
700 °C, and the ex ten t o f  reduction depends on the rate o f  heating  and the 
am ount o f the graphite (carbon).

R eduction o f CdO, obtained from a sm all qu an tity  o f cadm ium  salts 
weighed-in as an aqueous solution  and formed v ia  hydrolysis or therm al decom-
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F ig . 5. T e s t  re su lts  of cad m iu m  s u lp h a te  so lu tion  w eighed-in in to  R W -crucib les; 1A, I B , 1C 
n e w  crucib les a t  th e  f irs t  h e a tin g , 2- ty p ic a l curve a t  th e  second  a n d  fu r th e r  cycles.

p o sitio n , yields in the case o f  rapid heating a m etal vapour, and therefore a 
signal can  be observed below  its boiling point (appearance tem peratures of 
ox id e peaks on the curves o f chloride, nitrate and su lphate). H aving a smaller 
co n ta ct surface area w ith  th e  crucible wall, solid- phase CdO o f greater q u antity  
show ed  a slower reduction in w hich  a m etal o f solid or liquid phase is obtained, 
and th is  is w hy a signal can be identified  only above th e  boiling point o f the 
m eta l.

I t  need to be m entioned th a t tests were carried out w ith  Cd-115 isotope  
in ch loride, nitrate and su lp h ate  form, to check the am ount o f cadm ium  
rem ained  in the platinum  and graphite m icrocrucibles, after heating up to  
1150 °C. The amounts rem aining in graphite crucibles after the first heating  
w ere as follows (average o f  4 m easurem ents): CdCl2 0.54% , C d (N 03)2 1.60%  
and C d S 0 4 3.98% . After the second and third cycles (weighing-in and heating), 
the reten tion  increased, e.g. in  th e  case of C d(N 03)2 from  1.6%  to  4.2 and 6.1% . 
In p la tin u m  crucibles the cadm ium  retention w as sligh tly  higher than  in 
grap h ite  crucibles. I t  m eans th a t  during the heating period up to the tem pera­
ture range used in all experim ents th e  total am ount o f cadm ium  was practically  
vo la tilized .
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Investigation of mercuric salts

Conditions o f  investigations o f mercuric salts were sim ilar to  those de­
scribed above for th e  cadm ium  salts. H ow ever, the m uch higher vo la tility  of  
the sam ples needed a slower heating-up, and to  lower tem peratures. As regards 
the HgO sam ple, a rapid heating o f the m icroreactor gave a record (Fig. 6) 
which could be evaluated , but w ith  other mercuric salts, ow ing to  their higher 
v o la tility , the heating  o f the reactor was not sw itched on at th e  beginning of 
the test, i . e .  the sam ple weighed-in into the crucible contacted  at first only  
w ith th e  heat transferred from the arc plasm a and the electrode by conduc­
tion . The heating rate was optim al at an arc current o f 8 A. The signal of 
m ercury was detectable also at th e  tem perature o f break-out o f water and 
acid vapours, and therefore the stabilization o f the d.c. arc b y  an external 
m agnetic field had to  be om itted  (see the remark m ade on th e  experim ental 
conditions in [1]). Before the therm al equilibrium  was atta ined , the tem pera­
ture o f  the m icroreactor was raised by a slow  heating to  750 °C, so that the  
processes could be studied at a sufficient resolution; under th ese conditions, 
the characteristic tem peratures rem ained essentia lly  unchanged (Fig. 7). 
In graphite crucibles, in general, th e  first peak appeared at a lower tem pera­
ture, obviously as a result o f  reduction, as can be seen in F ig. 8 representing  
the norm alized curves o f the mercuric salts tested .
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T h e quality  o f the surface o f  th e  graphite crucibles, and its change dur­
in g  th e  repeated use w ith  so lu tion  sam ples o f chloride and nitrate failed to  
ch an ge th e  character of the curves, b u t in  the case o f  solid sam ples o f  nitrate  
and o x id e  th e  surface effect w as detectab le. The changes of the m ercury signal 
w ere stu d ied  in detail by using m ercuric sulphate sam ples. W eighing in greater 
am ou n ts o f  samples in p latin u m  crucibles, the first peak increased, but the 
second  one remained unchanged, along w ith  the area below  the curve, pre­
su m a b ly  because the excita tion  efficiency deteriorated w ith  the rapid evapora-

F ig . 7. T e s tin g  of m ercuric oxide in  p la t in u m  crucib le a t  a red u ced  ra te  o f h e a tin g : in te n s ity  ( / )
a n d  te m p e ra tu re  (7 )  curves.

tio n  o f  m ercury, whereas th e  em ission  in ten sity  did not increase. The effect 
o f th e  active  graphite surface on th e  decom position process o f  the sulphate is 
clearly  illustrated  on the curves o f  F ig. 8.

F or studying rapid th erm al processes of mercuric salts at low  tem pera­
tu res, i t  seem s to be practical to  accom plish a program m able heating o f the  
m icroreactor which could b etter  approach equilibrium  conditions in this 
sy stem . The building o f th is d ev ice  is planned later on.

Investigation  o f other compounds

T en ta tive  tests were carried ou t to reveal the therm al behaviour of lead 
sa lts . H ow ever, lead vapour w as bound on platinum  surfaces form ing alloy  
w ith  it ,  and therefore the experim ental system  w as not su itable for th is in ­
v estig a tio n .
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W hen operated under appropriate conditions, the device dealt w ith  here 
was suitable for studying  the v o la tility  o f  beryllium  chloride. In th ese  tests, 
beryllium  chloride tended to form oxide, and for this reason it  d istilled  out 
only partly  from a platinum  crucible; th e  addition of graphite, or a greater

Fig. 8. N o rm alized  in te n s i ty  — tim e curves o f m ercu ric  sa lts , w ith  ch arac te ris tic  te m p e ra tu re s ;  
a) enhanced  (5 X ) a m o u n t o f  sam p le , b) fa s te r  h eatin g

am ount o f  chloride ions (NaCl, HC1), com pleted  the evaporation process. 
E xperim ental results were similar as illu strated  with cadmium salts.

The form ation o f volatile com pounds o f fluorine could be stu d ied  w ith  
therm al reactions carried out in the device described. Prelim inary spectro- 
graphic in vestigations were performed on th e  decom position of N aF , CaF2 and 
A1F3 by the addition  of S i0 2, and experim ents were carried out w ith  volatiliz-
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ing  a d d itiv e s  N a2W 20 7, W 0 3, N a3P 0 4 and V20 5. I t  was found that the ap p lica­
tio n  o f  a m ixture of sam ple: S i0 2 : W 0 3 in a ratio o f 1 : 1 : 3 b y  w eigh t for 
the re lease  o f SiF4 yielded th e  optim al results. These investigations are dealt 
w ith  in  another work [10].

Conclusions

In v estig a tio n  of therm al processes o f cadm ium  salts in argon atm osphere  
in  d e ta il dem onstrated th a t evaporation and conversion processes, as w ell as 
th erm al reactions, were clearly  identified  w ith  th e  cadm ium  signal in  th e  
exp er im en ta l device elaborated; characteristic tem peratures on the em ission  
cu rves w ere reproducible ( ; t 2 0 oC), and th e  occurrence o f  several processes 
w as estab lish ed . In vestigation  o f therm al processes of mercuric salts under­
lined  th e  statem ents.

T h e  stu d y  o f the correlation betw een th e  q u ality  of the graphite surface  
and th e  course of the therm al reactions needs further investigations for its  
basic spectroscopic significance.
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In  th e  f ir s t  p a r t  o f our w ork  th e  e x p e rim e n ta l physico-chem ical d a ta  (u ltra v io le t 
sp e c tra , d ipole m o m en ts , ion iza tion  p o te n tia ls , 13C chem ical sh ifts) o f p h en o l e thers 
w ith  general fo rm u la  XC4H 4O C H 3 (w here  X  =  H , o-, m-, p -C H 3, C H 30 ,  Cl, N O ,, F , 
N H 2) a n d  th e  in p u t p a ram ete rs  o f  c a lcu la tio n  m eth o d s  (Del R e , 'ite ra tiv e  P P P ,  E x te n d ­
ed  H ückel) w ere p u b lished .

The m olecular structures of phenol ethers have been in v estig a ted  by  
several physico-chem ical m ethods. This work is concerned w ith calcu lations by  
quantum -chem ical approxim ations, w ith  th e  interpretation o f th e  physico­
chem ical properties o f phenol ethers on th e  basis o f these calcu lations, and with  
the effect o f substituents. Molecules o f  the general formula X C 6H 4OCH3 were 
studied , w here X  =  H , o-, m-, p-C H :!, CH 30 ,  Cl, N 0 2, F or N H 2.

Experimental data

Ultraviolet spectra

The uv spectroscopic data o f the com pounds were taken from  th e paper 
o f D e a r d e n  and F o r b es  [1 ], and from  tw o, slightly later p ub lications of 
F o r b e s  [2].

The spectra were recorded in cyclohexane solution. Table I  show s the 
w avelengths o f th e  m axim a of a and p bands (AK and Ap). For m -nitroanisole  
the m axim um  of th e  ß  band is also given.

According to  the uv spectra o f su b stitu ted  anisoles, the m axim a of oc 
bands show in m ost cases a bathochrom ic displacem ent w ith respect to  anisole. 
This shift is significant in the case o f p -d im ethoxybenzene, and in am ino- and 
nitroanisoles. In the case o f o- and m-fluoro derivatives hypsochrom ic d isplace­
m ents can be observed. In the m axim a o f p bands quite significant bathochro­
mic effects can be seen w ith  the am ino and nitro derivatives, w hereas from  
the m axim a o f the other com pounds no unanim ous conclusion can be drawn. 
The uv spectra o f  m ethyl and chloroanisoles are generally very sim ilar to  the
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Table I

The experim ental data o f  phenol ether o f  type
C H 3O C 6H 4X

X
U ltraviolet m axim a 

[1. 2]
Dipole m om ent

[3, 4]
Ionization 

potential [5] 
I.P . (eV)Яр jnm) Я* (nm) MD) solvent * <(°С)

H 220 275 1.25 average 8.39

2 - C H 3O 225 275 1.32 в 25

3 - C H 3O 220 271.5 1.60 в 20 8.17

4 - C H 3O 226 290 1.70 average 7.88

2 - C H 3 215.5 270 1.09 в 20

3 - C H 3 217 277.2 1.25 в 20 8.35

4 - C H 3 222.5 276.5 1.24 в 20 8.33

2-Cl 219 283 2.44 в 20

3 - C i 219 275 2.06 в 25 8.72

4 -C 1 228 282 2.32 в 20 8.52

2-N O „ 248.5 304 4.80 в 20

3 -N O a** 260 313 4.0 в 20 9.09

4-N O  2 — 291 4.98 в 20 9.04

2 -F 219.5 271 2.31 в 25

3 -F 220 269.5 — 8.70

4 -F 218.5 281.5 2 .1 1 в 20 8.58

2 -N H j 237 286 1.99 в

3 -N H j 233.5 283 1.72 в 25 7.76

4 -N H j 236 303 1.80 в 25 7.60

*B : benzene, **Xß\ 223 nm

sp ectru m  o f anisole itself, in d icatin g  that these su b stitu en ts do not affect the  
electron ic  structure to a sign ificant extent. P arasu b stitu ted  derivatives show  
the fo llo w in g  sequence o f bathochrom ic d isplacem ent:

H <  CH3 <  F  <  Cl <  CH30  <  N O , <  N H , .

Dipole moments

T h e experim ental dipole m om ents of phenol ethers were taken from  th e  
com prehensive works o f M c C e l l a n  [3] and O s i p o v , M i n k i n  and G a r n o v s k i i  

[4]. O f th e  experim ental data, i f  possible, th e  ones m easured under the sam e  
exp erim en ta l conditions (at 20 or 25 °C in benzene) were selected. For anisole  
and p -d im eth o x y b en zen e , the m ean values ca lcu lated  from the m ost probable  
exp er im en ta l results given in  the work of M c C e l l a n  [3] were selected  as
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experim ental dipole m om ents. The data used are shown in T ab le I (1 D e b y e =  
1/3 • 1 0 ~ 29 Cm).

Ionization potentials

The experim ental ionization potentia ls o f phenol ethers were selected  
from the papers o f B r o w n  [5]. The data used are also given in T able I.

13C chemical shifts

Several papers deal w ith  the 13C NM R spectra o f phenol ethers [6— 9]. 
The 13C chem ical shifts of the arom atic carbon atom s o f su b stitu ted  phenol 
ethers were selected  from  these papers. The data are show n in T able II . Some 
papers report chem ical shifts w ith  respect to  carbon disulfide, th e y  were con­
verted  into chem ical shifts w ith  respect to  benzene b y  th e  conversion factor 
0c(C6H 6/CS2) =  65.0 ppm .

Molecular geometry

Of the phenol ethers, the m olecular geom etry o f p -d im eth oxyb en zen e is 
know n from the X -ray  diffraction studies o f G o o d w in  et al. [10]. The other 
structural param eters necessary for the calculations were tak en  from  the data 
o f  substituted  benzene derivatives [11]. Bond lengths and angles used in the

Table II

The 13C chemical sh ifts o f  the aromatic carbon atoms o f  phenol ethers 
(ppm, related to benzene) [6 — 9]

X

X C-l C-2 C-3 C-4 C-5 C-6

II - 3 0 .2 14.7 -  0.9 8.1 - 0.9 14.7

2-CH30 -2 2 .6 -2 2 .6 15.5 6.9 6.9 15.5

З-СН3О 33.3 27.0 - 3 3 .3 21.7 2.2 21.7

4-CH3O - 2 6 .4 13.1 13.1 26.4 13.1 13.1

2-CH3 - 2 8 .9 2.7 — 1.7 7.9 1.5 18.6

З-СН3 - 3 0 .9 14.1 -1 0 .0 7.6 -  0.2 17.9

4-СНз - 2 9 .7 14.5 -  1.7 0.9 1.7 14.5

4-C1 - 3 0 .1 12.9 1.2 3.3 1.2 12.9

4 -N 0 2 - 3 7 .1 13.3 2.1 - 1 1 .3 2.1 13.3

4-F - 2 7 .1 13.2 13.2 - 2 8 .7 13.2 13.2
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ca lcu la tion s are given in T able I I I  (1 pm  =  0.01 Á ). T he m olecules were assum ed  
to  be p lan ar, and therefore a ll substituents were p laced in the plane o f  the  
ring, e x c e p t  o f  course the hydrogens o f m ethyl and m eth o x y  groups. In the  
ca lcu la tion  o f dipole m om ents, a free rotation o f m eth o x y  groups was assum ed.

Table III

Geometry data [10, 11]

Bond B ond  leng th  (pm) N ote

c - c 139.7 arom atic -aro m atic

152 arom atic -a lip h a tic

C - H 108.4 arom atic

109.3 aliphatic

C - 0 136

C - F 130.5

C - C l 170.6

C - N 148 in n itro  co m pounds

142.6 in am ino com p o u n d s

О1 121

N - H 101.4

COC valence angle: 121°

Calculation methods

Del Re method

T h e a electron system  o f  com pounds was stu d ied  b y  the approxim ation  
o f D e l  R e  [12]. Of the original param eters, the va lu e  o f  inductive param eter 
Усн w as m odified, and the m eth o d  was extended to  m ore types of atom s and 
bonds [13]. The D e l  R e  param eters used in the calcu lations are given in  
T able IV .

Iterative Pariser—Parr-Pople method

T h e л  electron system  o f  com pounds was stu d ied  b y  an iterative P P P  
m eth o d  [14, 15]. During th e  calculation  ionization energies were varied as a 
fu n ctio n  o f effective nuclear charge, whereas electron affin ities and resonance 
in tegra ls were constant. Io n iza tio n  energies were determ ined by exponential 
fu n ctio n s o f the Form I,-=  — at exp (6, Zf),  w here Z f  is effective nuclear 
charge, and constants a, and were determined from  th e isoelectronic series 
o f  a to m s and ions belonging to  th e  same electronic sta te . E ffective nuclear 
charge w as calculated b y  th e  m ethod  of B u r n s  [16]. This m ethod m akes dis-
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Table IV

Del Re parameters [12, 13]

i—j ‘it УЧ УЦ

c - c 1.00 0.1 0.1 0.07 (sp3) 0.07 (sp3)

0.12 (sp1) 0.12 (sp2)

C - H 1.00 - 0 . 2 0.4 0.07 (sp3) 0

0.12 (sp3)

C - 0 0.95 0.1 0.1 0.07 (sp3) 0.40

0.12 (sp3)

C - N 1.00 0.1 0.1 0.12 (sp2) 0.30 (sp2)

C - F 0.85 0.1 0.1 0.12 (sp2) 0.57

C Cl 0.65 0.2 0.4 0.12 (sp2) 0.35

N  — O 1.00 0.1 0.1 0.30 (sp2) 0.40

N - H 0.45 0.3 0.4 0.30 (sp2) 0

t in c tio n  betw een  s a n d  p o rb ita ls , can  also b e  used  fo r d o rb ita ls , a n d , in  
c o n tra s t  w ith  th e  S la te r  ru les, i t  p roduces sm a lle r  overlap  betw een  th e  o rb ita ls . 
A c tu a l effective n u c le a r  charges Z*  necessary  fo r  th e  ite ra tio n  w ere ca lcu la ted  
acco rd in g  to  th e  e q u a tio n

Z f  =  Z f °  +  0.35(11, +  Srt - q!)

w h ere Z f °  is th e  e ffe c tiv e  nuclear ch arge g iv e n  b y  th e  B u r n s  m eth od , 
r i f  is  th e  n u m b er o f  electrons su p p lie d  to  th e  n  e lectron  sy s te m  b y  

th e  a tom ,
d f  is  p artia l a  ch arge from  th e  D e l  R e ap p rox im ation , and  
qf  is л  e lec tron  d en sity .

O n th e  b asis  o f P a r is e r  [17], th e  o n e -c e n te r  e lec tron  in te ra c tio n  in te g ra ls  
Ун w ere ta k e n  as th e  d ifference betw een  th e  v a len ce  s ta te  io n iza tio n  energ ies 
/,■ an d  elec tron  a ffin itie s  Ay.

Yu =  h  — A t

T h e a to m s w hich  su p p ly  tw o electrons to  th e  rc e lec tro n  system  o f th e  m olecule 
(F , Cl, N , 0 )  w ere  acco u n ted  fo r w ith  doub le  e lec tro n  in te ra c tio n  in te g ra ls  y f  ■

Yu =  I f  -  I t

w here  I f  is th e  second  io n iza tio n  energy .
V alence s ta te  io n iza tio n  energies an d  e lec tro n  a ffin ities w ere ca lcu la ted  

b y  th e  em pirica l fo rm u la  of Mataga  an d  N ish im o t o  [21] from  th e  co rre sp o n d ­
in g  ex p e rim en ta l g ro u n d  s ta te  values [1 8 —2 0 ]:
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Vtj ■
aa +  Rt У a +  Yjj

w h ere  R/ j  is th e  in te ra to m ic  d is tan ce .
R eso n an ce  in teg ra ls  ß ° j  w ere  c a lc u la ted  b y  th e  W o l f sb e r g — H elm h o lz  

re la t io n s h ip  [22]

ßij  =  \ k ( h  +  I j )  S'j

w h ere  к  is c o n s tan t, and
Sj j  is th e  overlap  in te g ra l.

T h e  v a lu e  o f к w as d e te rm in e d  from  th e  re so n an ce  and  overlap  in te g ra ls  of 
th e  C— C b o n d  of benzene, to  o b ta in  к  =  0.6426.

T h e  m ost im p o r ta n t p a ra m e te rs  o f I P P P  ca lcu la tions are  g iven  in  
T a b le  У .

Table V

Parameters o f  iterative P P P  calculations

i bi YU (eV) i—j

c 0.6133 1.0362 11.13 C - C 2 .3 9 2 -2 .4 5 3

0 + 0.8660 0.8459 21.53 c - o 2 .1 6 9 -2 .1 7 8

о 0.7093 0.8144 15.23 C -^nitro 1 .8 6 8 -1 .8 7 4
N+ 0.9702 0.8723 17.44 Г —N •^ ^amino 2 .0 5 7 -2 .0 6 5
F+ 0.7093 0.8144 21.713 2 1 о 2 .5 5 0 -2 .5 5 1

Cl+ 0.4348 0.7417 12.949 C - F 1 .8 5 0 - 1.856

C - C l 1 .7 1 0 -1 .7 2 3

Ex te nd ed  Hiickel  method

P h e n o l e thers w ere also in v e s tig a te d  b y  th e  E x te n d e d  H iickel [E H T ] all 
v a le n c e  e lec tro n  m eth o d  [23, 24]. T h e  io n iza tio n  energies req u ired  fo r th e se  
c a lc u la tio n s  w ere ta k e n  from  th e  w o rk  o f H in z e  [18] th e  o rb ita l e x p o n e n ts  
w ere  d e te rm in e d  on th e  basis o f  th e  ru les o f B u r n s  [16]. T he io n iza tio n  en erg y  
I d o f  th e  3d  o rb ita l of ch lo rine  w as ta k e n  from  th e  p a p e r of L e v iso n  a n d  P e r ­
k in s  [25]. T he p a ram e te rs  o f E H T  ca lcu la tio n s  a re  given in  T ab le  V I.

T h e  resu lts  of ca lcu la tio n s , d iscussion  an d  conclusions on m o lecu la r 
s t ru c tu re  a re  th e  su b jec t o f P a r t  I I  o f th is  series.
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Table VI

Parameters o f  Extended H iickel calculations

>. («V) f. Ip (eVJ tp Id (eV) id

H 13.60 1.000 — — —

c 21.01 1.575 11.27 1.400 — —

N 26.92 1.900 14.42 1.725 — —

0 36.07 2.225 18.53 2.050 — —

F 38.24 2.550 20.86 2.300 — —

Cl 24.02
A w f .----

2.266 15.03 1.733 2.20 1.083
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E x p e rim en ta l physico-chem ical d a ta  (e lectro n ic  tra n s itio n s , dipole m om ents, 
ionizations energies a n d  13C chem ical sh ifts) o f p h en o l e th e r  o f  th e  ty p e  XC6H 4O C H 3 
(X  =  0-, m -,p -C H 3, C H 30 ,  Cl, N 0 2, F , N H s) h av e  b een  in te rp re te d  b y  m eans of q u a n tu m  
chem ical c alcu la tio n s. D el R e , i te ra tiv e  P P P , a n d  E H T  a p p ro x im a tio n s  w ere u sed , th e  
p a ram ete rs  o f I P P P  m e th o d  were d e term ined  b y  new  re la tio n sh ip s . T he calcu la tions 
were perfo rm ed  on p la n a r  m odel, and  a free ro ta t io n  o f m e th o x y  groups w as assum ed. 
F rom  th e  co rre la tio n s be tw een  e x p erim en ta l a n d  c a lcu la te d  d a ta  conclusions have  
been d raw n  on m o lecu la r s tru c tu re .

Part I of our paper [1] was concerned w ith  the physico-chem ical data of 
substituted  phenol ethers o f the type XC6H 4OCH3 (X  =  o-, m-,  p -C H 3, 0 C H 3, 
Cl, N 0 2, F, N H j), w ith  the quantum  chem ical approxim ations, and the param ­
eters used. This paper deals w ith  the results o f  calculations, discussing the  
conclusions drawn on the structure of m olecules.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 101 (4), pp. 367 — 377 (1979)

Results

Charge distributions, partial charges, bond orders

The partial charges obtained w ith the D el R e m ethod show the follow ­
ing characteristics. The partial charge of oxygen  atom s is nearly constant, 
dg. =  —  0.3020, independently  o f the su bstituents. The partial charges of 
hydrogens increase in the sequence of m ethyl, m eth oxy , arom atic, amino. The 
partial charges o f  arom atic carbon atoms show already sign ificant variation; 
the highest value can be found in o-fluoroanisole, on the carbon attached to  
the fluorine atom  ( +  0.1799), and the low est in p -m ethylan iso le  on the carbon 
attached to the m eth y l group (—0.0588). The partial charges o f aromatic 
carbons are characteristic o f the inductive effect o f  the substituents. The sub­
stitu en t effect can be studied  m ost advantageously  in m etasubstituted  com ­
pounds. In m etasu b stitu ted  phenol ethers da o f  the carbon atom  between the 
tw o substituents increases in the sequence

CH3 <  N O , <  N H , <  F <  C H 30  <  Cl .
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T his sequence is identical to  th a t o f  the inductive effects o f th e  above sub­
s t itu e n ts .

T h e partical charges дл obtained  w ith  the IP P P  m ethod show  the fo l­
low in g  features. The partial charge dn of the oxygen atom  changes m ore strongly  
w ith  th e  substituents than da', it  is the low est in o-am inoanisole (-(-0.1173), 
and th e  highest in o-nitroanisole (-(-0.1482). Carbon atom s have generally  
n eg a tiv e  dn values, positive charges can be found only in  nitroanisoles. The 
дж charges of aromatic carbon atom s can be correlated w ith  the m esom eric 
effects o f  substituents, in th e  fo llow ing sequence (in m etasu b stitu ted  phenol 
ethers):

N H 2 <  CH 30  <  Cl <  CH3 <  F <  NOo .

The com bined  a n  partial charges increase in  the sequence

N H 2 <  CH 30  <  CH3 <  Cl <  F <  N 0 2 .

This sequence reflects the orien tation  effect of the substituents; am ino, m eth- 
o x y  and m ethyl groups are first- order substituents, chlorine and fluorine are 
first-ord er  desactivating groups, whereas the nitro group is a second-order 
su b stitu en t.

IP P P  calculations produced th e  following n  bond orders. The C— О bond  
order varies between 0.328 and 0.368, being only sligh tly  m odified  b y  the  
su b stitu en ts . The C— C bond order in  the aromatic ring was found to  vary  b e­
tw een  0 .603  and 0.683. The su b stitu en ts  have the follow ing ranges o fp ^ .

C— Cl 0.176— 0.186
C— F 0.153— 0.161
C Namino 0.399—0.413
C---Nnitro 0.216—0.233
N — 0 0.602— 0.611

T h e partial charges g iven  b y  th e  EH T  m ethod correspond to  unreason- 
ab lv  stron g  shifts. For in stan ce, th e  charge on the oxygen  atom  w as found to  
be — 1.06 , th at of the nitro n itrogen  varied around -(-1.70, and w idely  different 
charges w ere obtained for the carbon atom s: -(-0.31 in m eth oxy  groups, — 0.31 
in  m e th y l groups, and charges betw een  — 0.30 and -[-0.82 in the arom atic  
ring. T h e  sequence of the h ydrogen  charges was also different from  th a t  
ob ta in ed  w ith  the D el Re m ethod: arom atic <  m ethoxy <[ m ethyl <  am ino. 
The resu lts  indicate that the p artia l charges given b y  E H T cannot be applied  
to  draw  conclusions on m olecular structure.

Electronic transitions

T he singlet electronic tran sition  energies obtained from  IP P P  calcula­
tion s -were compared w ith  th e  tran sition  energies corresponding to  th e  experi­
m en ta l u v  absorption m axim a. [In th e  calculations configuration  interaction
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Table I

Experim ental and I P P P  results o f  phenol ethers o f  type CH;iOC6H ,X

X AEexp
(eV>

/exp
(eV)

■ECI calc (eV)
/calc
(eV)

/̂ ex p
(D)

Iх calc
(D)

Iх m
(D>

i P , .p
(«V)

I-P-calc
(eV)

H 4.51 0.050 4.56 0.032 1.25 1.414 8.39 9.040
5.64 0.180 5.59 0.295

2-C H 3O 4.51 0.061 4.34 0.044 1.32 2.102 1.853 —
5.51 0.171 5.20 0.212

З-СН.,0 4.57 0.053 4.39 0.022 1.60 1.790 1.766 8.17 8.665
5.64 0.175 5.42 0.115

4-C H 30 4.28 0.077 4.23 0.077 1.70 1.579 1.722 7.88 8.313
5.49 0.233 5.27 0.490

2-C H 3 4.59 0.048 4.56 0.031 1.09 1.474 1.386 —
5.75 0.180 5.59 0.294

З-С Н 3 4.47 0.046 4.57 0.032 1.25 1.374 1.276 8.35 9.050
5.71 0.168 5.60 0.294

4-C H 3 4.48 0.053 4.56 0.035 1.24 1.318 1.218 8.33 9.035
5.57 0.206 5.60 0.295

2-Cl 4.38 0.059 4.52 0.032 2.44 1.750 1.881 —
5.66 0.180 5.51 0.236

3-Cl 4.51 0.052 4.54 0.026 2.06 2.385 2.190 8.72 9.022
5.66 0.175 5.57 0.238

4-Cl 4.40 0.046 4.51 0.043 2.32 2.646 2.329 8.52 8.904
5.44 0.281 5.52 0.362

2-N 0 2 4.08 0.060 3.14 0.105 4.80 3.920 4.016 —
4.99 0.082 4.82 0.031

3 -X 0 2 3.96 0.058 3.44 0.036 4.0 4.560 4.394 9.09 9.503
4.77 0.146 4.80 0.043
5.56 0.312 5.70 0.616

4 - N 0 2 4.26 0.290 3.80 0.300 4.98 5.148 4.571 9.04 9.586
2-F 4.57 0.041 4.55 0.035 2.31 1.945 1.794 —

5.65 0.170 5.57 0.273
3-F 4.60 0.037 4.54 0.033 — 2.641 2.093 8.70 9.085

5.64 0.180 5.58 0.269
4-F 4.40 0.077 4.55 0.031 2 .И 2.937 2.228 8.58 9.070

5.67 0.129 5.55 0.322
2 -N H , 4.33 0.083 4.09 0.067 1.99 2.263 2.093 —

5.23 0.204 4.81 0.313
3 -N H , 4.38 0.054 4.16 0.034 1.72 1.723 1.892 7.76 8.003

5.31 0.153 5.06 0.315
4 -N H 2 4.09 0.064 3.92 0.085 1.80 1.317 1.782 7.60 7.693

5.25 0.218 4.92 0.594

(C l) was taken into account.] T he experim ental and calcu lated  transition  
energies are com pared in Table I, and a p lot o f the experim ental data vs cal­
cu lated  values is shown in Fig. 1.

As can be seen from the data , the agreem ent betw een experim ental and 
calculated  transition  energies is satisfactory , the average differences being 
0.186 eV for the a hands and 0.159 eV for the p bands. For the to ta l data set 
the average difference is 0.173 eV (3.7% ), and the correlation betw een  the two 
quantities is 95% . Differences greater than  average occur w ith  nitroanisoles 
and o-bis-dim ethoxybenzene. For th ese com pounds the assum ption o f planarity  
is unjustified , and thus the results o f  IP P P  calculations disagree w ith  the

Acta Cliim. Acad. Sei. H ung. 101, 1979



370 HENCSEI et al.: QUANTUM CHEMICAL METHODS, II

experim ental data. N on-p lanarity  is also ind icated  b y  th e  follow ing facts. The 
differences betw een th e  uv m axim a of anisole and phenol derivatives su b sti­
tu ted  in  the same w ay  are as follow s [2, 3]:

o-nitro  
m -nitro 
p-nitro  
o-m ethoxy

38 nin (a) and 18.5 nm (p) 
6 nm  (a)
4 nm  (a)
9 nm  (p)

Fig. 1. C a lcu la ted  tE c j v a lu es of p h e n o l e th e rs  as a fu n c tio n  o f e x p e rim e n ta l e lectronic tr a n s i ­
tions

These differences are readily  interpreted i f  it  is assum ed th at substituted  
anisoles are different in  steric structure from  th e corresponding substituted  
phenol derivatives. I t  can also be seen from the data  o f  the table th a t the  
calcu lated  and experim ental oscillator strengths o f  phenol ethers agree very  
well, w ith  an average difference of 0.02 for a bands and 0.10 for p bands.

Dipole moments

The dipole m om ents o f th e  m olecules were ca lcu lated  from the partial 
charges ba obtained from  D el R e calculations and th e  partia l charges дл obtained  
from  I P P P  calculations. I t  w as assum ed in the calcu lation  o f dipole m om ents
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th a t the m ethoxy groups o f phenol ethers m ay execute free ro ta tion  around the 
oxygen —  arom atic carbon axis. The rem ainder o f the m olecule, including the 
other substituents, is fixed , and thus th e  to ta l dipole m om ent con sists  of a con­
stant vector and the rotating vectors o f rotating groups (see F ig . 2).

The average dipole m om ent o f  a group executing free rotation  can be 
determ ined by integration:

Fig. 2. C alcu lation  of d ipole m o m en t w ith  free  ro ta tio n

During rotation, the charge distribution o f the m olecule w as assum ed to be 
invariant.

In addition to  the charge distribution m ethod, the d ipole m om ents of 
th e  m olecules were also determ ined b y  the m ethod o f group m om ents. The 
results can be found in  colum n p m o f T able I. According to  th e  m ethod, the 
m olecular dipole m om ent is assum ed to  he the vector sum  o f th e  moments 
o f atom  groups. W hen a m olecule contains tw o free rotating polar groups (see 
Fig. 3), the resulting dipole m om ent is given b y  the equation [4, 5]

J r  =  +  l i \  -(- 2/Xx f l 2 COS ©! cos <92 cos co12

where p x and p2 are group m om ents,
and 0 2 are the angles betw een the directions o f ro ta tion  axes and 

the group m om ent vectors, and 
co12 is the angle betw een the axes (60° for ortho, 120° for meta 

and 180° for para  substitution).
The values of p i and 0,- used for the calculations and given in  T a b le  II  were 
taken from the literature [6]. The calculated dipole m om ents are shown in 
Figs 4 and 5 as a function  of the experim ental values.
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fC  1 Й Г Г  Fig. 3. C a lc u la tio n  o f dipole m om ent from  g ro u p  m om ent

F ig . 4. D ipo le  m om ents o f  p h en o l e th e rs  calcu la ted  from  ch arg e  d is tr ib u tio n s , as a  fu n c tio n  of
ex p erim en ta l values

Table II

Group moments [6]

C. 1IS—X W(D) Oi

C H , 0.37 0

C H :iO 1.28 72°

F -1 .4 7 0

Cl - 1 .5 9 0

N H , 1.53 48.5°

NO о - 4 .0 1 0
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The data o f Table I and the p lots in  F igs 4 and 5 perm it th e  following  
conclusions to be drawn. The group m om ent method provides b e tte r  results 
than  the calculated charge distributions. In  the former case th e  average dif­
ference between experim ental and ca lcu lated  data is 0.252 D (1 1 .2 % ), whereas 
in  th e  latter case it  is 0.375 D (18.4% ). W ith  either m ethod, th e  largest dis­
crepancies were obtained for the orthosubstitu ted  derivatives, in d ica tin g  that 
in these molecules the rotation of the m eth oxy  group is h indered. T he better 
agreem ent obtained w ith  the group m om ent method suggests th a t  C H 3, Cl, F,

Pexp ID]
F ig . 5. D ipole m o m en ts  o f  p h eno l e th e rs  c a lcu la te d  from  group m o m en ts , a s  a  fu n c tio n  of

e x p e rim e n ta l va lues

CH30  and N H 2 substituents have w eak effect on the л  bond sy s te m . T he larger 
difference obtained for nitroanisoles can be explained by th e  stro n g  -M  effect 
o f the nitro group.

Ionization energies

As proposed b y  K o o p m a n s  [7], experim ental ion ization  energies were 
com pared to the energy o f the h ighest occupied molecular orb ita l. Experi­
m ental and calculated data are g iven in  Table I and Fig. 6. C alcu lated  ioniza­
tion  energies are higher by 0 .4 —0.5 eV, in average, than exp er im en ta l values, 
but the correlation betw een the tw o d ata  sets is good, r =  0 .952.

N M R  correlations

The NMR chem ical shifts o f various nuclei (1H, 13C, 19F , etc.) are usually 
correlated w ith calculated electron d ensities. Thus, e.g. according to  K a r l s s o n  

and M a r t e n s s o n  [ 8 ] ,  there is a sim ple proportionality b e tw een  th e  NMR 
chem ical shifts 4 1  or 13C and the charges on the corresponding carbon atoms. 
It is m ost custom ary to correlate th e  to ta l electron densities ob ta in ed  from 
CNDO or EH T calculations w ith  13C chem ical shifts, but th e  resu lts of PPP
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approxim ation  can also b e  u sed  for correlation. I t  is  also possible to introduce  
a r e la tiv e  param agnetic sh ie ld in g  factor cr* j, and to  use this quantity in stead  
o f  a d irect comparison w ith  electron density. A ccord in g  to  E n g e l h a r d t  et al. 
[9 ] , cr*i of the carbon a to m s o f aromatic com p ou n d s is evaluated b y  th e  
exp ression

a *
rel

0.35Ó 3 

Z*

F ig . 6 . Com parison of c a lc u la te d  a n d  experim ental io n iz a tio n  energies of phenol e th e rs

w h ere P n is a function o f  th e  hybridization and occu p ation  of p orbitals, and  
can be eva lu ated  from  bond polarities, 

d is partial charge, an d  
Z*  is effective n u clear  charge (2.80).

On th e  basis of this eq u ation , a%i can be eva lu ated  for all carbon atom s, and  
th e  resu lts  can be correlated w ith  13C chemical sh ifts .

T h e partial charges o b ta in ed  for phenol eth ers b y  Del Re and IP P P  
m eth o d s are plotted aga in st 13C chemical shifts in F ig . 7. EH T partial charges 
are p lo tte d  against 13C ch em ica l shifts in Fig. 8. F in a lly , relative param agnetic  
sh ie ld in g  factors cr*l are p lo tte d  against 13C chem ical sh ifts in Fig. 9. The data  
u sed  in  NM R correlations are g iven  in Table I I I .

A s can be seen from  F ig s  7, 8 and 9, and from  th e data of Table I I I ,  
th ere  is  a relatively good correlation  in all the three cases between 13C chem ical 
sh ifts  and the calculated q u a n titie s . The best correlation  was obtained w ith  
E H T  partia l charges, for w h ich  the linear regression coefficien t was r =  0.953, 
w h ereas for the other tw o  q u an tities r == 0.875 and 0 .881, respectively. This 
sh ow s th a t  although th e  E H T  approximation p rod u ces unreasonable charges 
for m olecu les containing h etero  atom s, the ten d en cies o f  NMR chemical sh ifts  
are reproduced quite sa tis fa c to r ily  by the relative charges of aromatic carbon
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Fig. 7. P a r t ia l  charges o f th e  a ro m a tic  carbons of p h en o l e th e rs  calcu la ted  bv  Del Е е  a n d  I P P P  
m e th o d s , as a function  of 13C ch em ica l sh ifts

F ig . 8. P a r t ia l  charges o f th e  a ro m a tic  carbons of p h e n o l e th e rs  calcu la ted  by  E H T  m e th o d , as
a function  of 13C ch em ica l sh ifts

F  ig. 9. T he re la tiv e  p a ram ag n e tic  shielding facto rs o f p h e n o l e th e rs  as a function  o f 13C chem ica l
shifts
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Table I I I

N M R  correlation results fo r  phenol ethers o f  type  CH3OC6H 4X

X Atom
13C

(ppm) ói (Del Re +  PPP) 6t (EHT) °r*rel

H 1 - 3 0 .2 0.0469 0.7241 - 0 .0 3 4 1
2 14.7 - 0 .0 5 7 4 -0 .1 5 7 0 0.0062
3 -  0.9 -0 .0 4 2 0 -0 .0 5 2 1 0.0004
4 8.1 - 0 .0 5 9 7 -0 .1 1 4 1 0.0071

2-C.H30 1 - 2 2 . 6 0.0352 0.6419 -0 .0 3 0 2
3 15.5 —0.0584 -0 .1 5 2 1 0.0065
4 6.9 - 0 .0 5 9 3 -0 .1 0 2 9 0.0069

З -С Н 3 О 1 - 3 3 .3 0.0435 0.7333 -0 .0 3 2 8
2 27.0 - 0 .0 6 6 1 -0 .2 5 2 9 0.0089
4 21.7 - 0 .0 7 5 4 -0 .2 0 6 3 0.0128
5 -  2.2 —0.0430 -0 .0 4 1 5 0.0008

4 -C H 3O 1 - 2 6 .4 0.0319 0.6759 —0.0287
2 13.1 — 0.0580 -0 .1 4 6 3 0.0063

2-C H 3 1 - 2 8 .9 0.0504 0.6669
2 2.7 -0 .0 7 0 7 0.0738
3 -  1.7 - 0 .0 3 8 7 -0 .1 1 8 8
4 7.9 - 0 .0 5 8 0 -0 .1 1 1 2
5 1.5 - 0 .0 4 2 8 -0 .0 9 3 0
6 18.6 - 0 .0 5 6 3 -0 .1 5 6 9

З -С Н 3 1 - 3 0 .9 0.0470 0.7255
2 14.1 - 0 .0 5 5 4 —0.2222
3 - 1 0 .0 - 0 .0 5 4 3 0.1722
4 7.6 - 0 .0 5 6 7 -0 .1 7 5 3
5 -  0.2 - 0 .0 4 3 3 -0 .0 4 9 5
6 17.9 - 0 .0 4 7 7 -0 .1 9 6 8

4-C H 3 1 - 2 9 .7 0.0468 0.6858 -0 .0 3 4 0
2 14.5 - 0 .0 5 6 4 —0.1543 0.0057
3 -  1.7 - 0 .0 3 8 7 -0 .1 1 4 3 —0.0009
4 -  0.9 - 0 .0 7 1 5 0.1131 0.0115

4-C1 1 - 3 0 .1 0.0458 0.6680 -0 .0 3 3 7
2 12.9 - 0 .0 5 0 4 -0 .1 5 2 4 0.0035
3 — 1.2 - 0 .0 1 6 7 -0 .1 9 5 3 —0.0093
4 3.3 0.0365 0.2513 -0 .0 3 0 9

4 - N 0 2 1 - 3 7 .1 0.0669 0.8200 -0 .0 4 1 4
2 13.3 - 0 .0 4 3 4 -0 .1 4 1 9 0.0009
3 2.1 - 0 .0 0 4 9 0.0084 -0 .0 1 3 6
4 - 1 1 .3 - 0 .0 0 0 4 0.2721 - 0 .0 1 6 5

4 -F 1 —27.1 0.0506 0.6819 —0.0355
2 13.2 -0 .0 5 1 2 -0 .1 4 3 9 0.0038
3 13.2 - 0 .0 1 4 8 -0 .1 3 8 3 - 0 .0 0 9 9
4 - 2 8 .7 0.1036 0.7638 -0 .0 5 8 3

benzene 0.0 -0 .0 4 0 9 0.0

atom s. A  comparison o f Figs 7 and 9 show s th a t  the relative param agnetic  
sh ield in g  factors derived from  the partial charges do not give better correlation  
than  th e  ал  partial charges them selves.

Discussion

E xperim ental physico-chem ical properties o f  phenol ethers w ere com ­
pared to  th e  results o f quantum  chem ical calcu lations, and from th e  correla­
tion s conclusions were drawn on the structures o f  molecules. From the D e l Re
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partial charges öa th e  in d u ctive effects of su b stitu en ts, from the IP P P  partial 
charges <5„ the m esom eric effects, and from th e gross an partial charges the  
orientation effects o f  the substituents could be interpreted. E xperim ental and 
calculated transition energies were in good agreem ent. D iscrepancies greater 
than average were found for o-bis-d im ethoxybenzene and for nitroanisole 
derivatives, which could be explained by the non-planar structure of these  
m olecules. Assum ing th e  free rotation o f m eth oxy  groups, th e  dipole m om ents 
calculated from charges densities agreed satisfactorily  w ith experim ental dipole 
m om ents. The agreem ent was poorer for orthosubstitu ted  derivatives, ind icat­
ing th at the rotation o f m ethoxy groups is hindered in these com pounds. The 
agreem ent of dipole m om ents calculated by th e  group m om ent m ethod was 
better, suggesting th a t the substituents, except the N 0 2 group, have only weak  
effect on the n electron system . The poorer agreem ent observed w ith nitro- 
anisoles can be attributed  to  the strong -M  effect o f  the nitro group. An equally  
good correlation w as found to  exist betw een experim ental and calculated  
ionization energies, as w ell as between the 13C chem ical shifts o f arom atic car­
bon atom s and the partial charges and relative param agnetic shielding factors, 
respectively. The sa tisfactory  agreements prove the appropriateness o f the 
m ethods used for th e  calculations (D el Re, itera tiv e  P P P ), the correct choice 
of the basic quantities and relationships used for the calculation o f the param ­
eters, and the v a lid ity  o f  the planar model.

F inally, it  can be stated  on the basis o f  th e  results th a t the m ajority of 
phenol ethers has planar structure, and th e  rotation  o f m eth oxy  groups is 
free. W ith the exception  o f the nitro group, th e  effect o f  th e  substituents on 
the electron distribution o f the molecules is  insign ificant. The rotation is hin­
dered in orthosubstituted  derivatives, and th e  structure o f nitroanisoles is 
non-planar.
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PHOTOCATALYTIC METHODS, II
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A ccep ted  for p u b lica tion  S e p tem b e r 28, 1978

P h o to -o x id a tio n  o f Safranine T  w as o b se rv ed  du rin g  th e  TJV ir ra d ia tio n  of dye 
solutions co n ta in in g  iro n ( I I I )  ions as sensitizer. T h e  possible step s o f  p h o to -o x id a tio n  
as well as th e  d ep en d en ce  of th e  fad ing  o n  e x p e rim e n ta l cond itions a re  discussed.

We have show n recently  that the iron (III)-cata lyzed  photo-oxidation  of 
Erioglaucin A is brought about by hydrolyzed iron(III) species [1], while the  
excited  states o f 0 2 and the dye molecule p lay  on ly  subordinate roles. In this 
paper we present resu lts obtained in connection  w ith  the catalyzed  photo­
oxidation  of Safranine T (henceforth S-T). This dye was chosen because its 
y-radiolysis was in vestiga ted  thoroughly [2-—5], and this allows som e com ­
parison between radiolysis and UV photolysis.

Experimental

Chemicals. C o m pounds em ployed  in th e  m ea su re m e n ts  were o f p .a . p u r ity . S-T s 
(G rü b le r p rep ara tio n ) w as re p ea te d ly  recrysta llized  fro m  aq u eo u s alcoholic so lu tio n . Solutions 
w ere p rep ared  w ith  t r ip ly  d is tilled  w ater.

M easurem ents. T h e  a p p a ra tu s  used for ir ra d ia t io n  w as described  e lsew here [1]. Solu­
tio n s  o f ap p ro p ria te  co m p o sitio n s were th e rm o sta te d  a t  25 °C for 20— 25 m in  du rin g  w hich 
th e y  w ere sa tu ra te d  w ith  o x y g en , o r flushed w ith  n itro g e n  to  rem ove d isso lved  oxygen . Then 
3.0 cm 3 of the  so lu tio n  h a n d le d  as above was filled  in to  a 1 cm  q u a rtz  cell a n d  ir rad ia te d  for 
10 m in . D uring  irra d ia tio n , th e  so lu tions were th e rm o s ta te d . A fte r ir rad ia tio n  th e  change in  the  
ab so rbance  com pared  to  th e  u n p h o to ly zed  so lu tions w as d e te rm in ed  a t  530 nm .

Results

S-T (3,6-diam ino-2,7-dim ethyl-10-phenylphenazonium chloride) is a redox  
indicator with a standard potential o f  E° =  0.235 V. Under norm al conditions 
S-T is present in the oxid ized  form, its aqueous acidic solution has an intensive  
blu ish-violet colour, b u t is brown in basic m edia. Its reduced form is colourless. 
The oxidized form  (R ) has 3 peaks at 520, 275 and 247 nm in the pH  range of 
2— 6 (Fig. 1, curve 1). In more acidic m edia (pH  <7 1) a new peak can be 
observed at 577 nm , w hich corresponds to  the protonated form (R H  + ) o f the 
dye. The molar absorptiv ities o f the oxidized form s are: £(r°) =  43333, e(R°H+) =
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=  13880 , £(rh+) =  32330 dm 3 m o l-1  cm -1  [5]. Solutions acidified w ith  per­
chloric ac id , when the dye concentration  exceeds 1 0 “ 4 M , are not stable and  
a co llo id a l precipitate is form ed in  a relatively  short tim e.

S -T  w eak ly  lum inesces w h en  i t  is excited b y  irradiation at its  520 nm  
ab sorp tion  band. The m axim um  o f th e  emission spectrum  is at 590 nm  (F ig. 1, 
curve 2 ).

2.9

1.6

1.2 E
0.8 

0.4 

0.0
200 250 300 350 450 550 650 750 

nm

Fig. 1. A b s o rp tio n  and em ission s p e c tra  o f  S a fran ine  T  C urve 1: 3.5 X 10 -5  M  dye, ab so rp tio n  
sp e c tru m ; curve 2: 3.5 X 1 0 -5  M  d ye , em ission sp e c tru m  excited  a t  520 n m

Fig. 2 . p H  dependence of th e  i ro n (I II ) -c a ta ly z e d  p h o to -o x id a tio n  of S a fran ine  T . C ond itions: 
8 .0  X 1 0 -5  M  dye, 8.14 X 1 0 - 6  M  F e  (C104)3, p H  =  2.7, ir ra d ia tio n  tim e  10 m in

S-T  is fairly photo-resistant, a decolourization of 2— 4%  can be observed  
only  a fter  longer (> 2 0  min) irradiation . In the presence o f iron(III), how ever, 
a fa d in g  o f  considerable e x te n t can be observed w hile the concentration  o f  
iro n (III) rem ains unchanged. I t  can be seen from Fig. 2 that in  th e  presence  
of ir o n (III )  th e  bleaching o f S-T strongly  depends on the pH . According to  the  
A E 520 v s . p H  and the zl[dye] vs.  p H  plots, the m axim um  of the fading is at 
pH  2 .7 , w h ich  does not depend on th e  concentration o f the dye, iron (III) and 
d isso lved  oxygen either.

T h e  photo-decolourization depends on the dye concentration (F ig. 3). 
The fo rm  o f AE vs. zl[dye] curve is  determ ined b y  the cell thickness at w hich  
the absorbance is measured: in  th e  case of a longer optical path a m axim um ,
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w hile at short cell paths a saturation curve can be obtained. The dependence  
on th e  dye concentration does not alter on changing the concentration  
o f iron(III).

The p hoto-oxidation  strongly depends on the iron(III) concentration . 
U nder th e  experim ental conditions applied, th e  absorbance difference is pro-

F ig . 3. D ependence o f th e  p h o to -o x id a tio n  of S a fra n in e T  on  th e  dye co n ce n tra tio n . C onditions: 
8.14 X 1 0 -5  M  F e  (C104)3, p H  =  2.7, ir ra d ia tio n  t im e  10 m in. Values m easu red  a t  cell p a th s 

o f  1 cm  (1), 2 m m  (2) an d  1 m m  (3), converted  to  1 cm

F ig . 4. D ependence o f th e  p h o to -o x id a tio n  of S a fran in e  T  iro n (III)  co n ce n tra tio n . C onditions: 
4 .0  X 10 -5  M  dye, p H  =  2.7 ir ra d ia tio n  tim e 10 m in

portional to the iron(III) concentration in  the range of 0.056— 5.0  у  Fe/cm 3, 
w hile at higher cata lyst concentrations th e  d eco lon iza tion  approaches a lim it­
ing  value (F ig. 4).

The influence o f  foreign ions on th e  catalyzed  photo-oxidation  o f  S-T is 
show n in Table I. According to these d ata , chloride ions do not in flu en ce  the 
photooxidation , w hile bromide, th iocyan ate  and nitrite ions exert strong inhi­
b iting effects. N itrate ions proved to  be inert at low concentrations, but in 
th e  presence o f a larger quantity  ( > - 2 х Ю -3 M ) they prom ote th e  fading of 
the dye in the absence o f iron(III) too . The effect of iodide and cerium (III)
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Table I

E ffect o f  various ions on the iro n (Ill)-ca ta ly zed  photo-oxidation  o f  Safranine T  
E x p erim en ta l conditions: 8 .0  X 10-5 M  Safranine T , 8.14 X 10-5 M  Fe(C104)3, 

pH  =  2.7, 1.3 X 1015 photon s ” 1, ir ra d ia t io n  tim e 10 min

с  X 10s 
(M)

А Е ьг о

C l- B r- S C N - n o 2- N O ,-

0 0.520 0.520 0.520 0.520 0.520
4 0.520 0.450 0.410 0.500 0.500
8 0.515 0.400 0.350 0.390 0.495

20 0.518 0.340 0.250 0.330 0.493
40 0.520 0.280 0.190 0.280 0.495
80 0.515 0.235 0.160 0.180 0.492

200 — — — 0.100 0.510

400 — — 0.080 0.530

ions co u ld  not be in vestiga ted  by an optical m eth o d  because the dye is pre­
c ip ita te d  in  the form o f co llo id a l particles. T he photo-oxidation  can also be 
in h ib ited  b y  copper (II) ion s, especially w hen th e ir  concentration exceeds  
1 0 ~ 3 M . In  the presence o f  copper, iron(II) is also form ed.

T h e  photo-oxidation o f  S-T takes places in  th e  absence of oxygen  too  
w hen  th e  solution contains iro n (III). In such cases th e  decolourization o f 1 m ol 
S-T is  accom pained by red u ction  of ca. 4 m ol iro n (IIIp  In the presence o f  
o x y g e n  ferrous ions do not form , the photo-oxidation  takes place at the exp en se  
of d isso lv ed  oxygen: the m ole ratio of oxygen reduced  to the dye oxid ized  is 
ca. 1 .6 — 1.8. In the presence o f  oxygen the fad ing  o f  the dye is 1.4— 1.5 tim es  
greater th an  in its absence.

T h e  photo-oxidation o f  S-T was also in v estig a ted  in the presence o f  
M eth y len e  Blue and fluorescein  both in aqueous and  in  4 : 1 benzene-m ethanol 
so lv en t. In  the absence o f  iron (III) these ad d itives did not give rise to per­
cep tib le  decolourization in  an oxygen-saturated d y e  solution.

A ttem p ts  were m ade to  establish the products of photo-oxidation b y  
sep a ra tin g  them  on silica gel th in-layer plates (M erck Silikagel G) pre-treated  
in v a r io u s  w ays and w ith  runnung mixtures o f  chloroform  or benzene-m ethanol 
in v a r io u s proportions. In  sam ples irradiated for 10— 15 min the product(s) o f  
p h o to -o x id a tio n  could n ot be distinguished b y  TLC from the original d ye . 
A t p rolonged  (exhaustive) photo lysis, two m ain fractions were found: one  
co n sist in g  o f fragments m ov in g  together w ith th e  so lv en t front and th e  other  
rem ain in g  near to the startin g  point.

In  th e  difference spectra three bands were observed  at 560, 450 and 290  
nm  (reference solution: unphotolyzed  S-T so lu tion  diluted according to  th e  
actu a l fad in g). The ratios o f  band  intensities are 5 : 6.2 : 12.5 (Fig. 5).
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F ig. 5. D ifference sp e c tru m  o f th e  pho to ly s is p ro d u c t  o f Safranine T . C o n d itio n s: 1.0 X 10 ‘ M  
[d y e , 8.14 X 1 0 ~ 5 M  Fe (СЮ4)3, p H  =  2.7, irrad ia tio n  tim e  10 m in

D isc u ss io n

For explain ing the photo-oxidation  o f S-T, the direct p h oto -activa tion  of 
th e  0 2 m olecule cannot be assum ed because at the w avelen gth s em ployed  
(A >  250 nm) 0 2 does not absorb to  a perceptible extent. A ccording to our 
experience, S-T exh ib its a weak lum inescence when excited  a t its  520 nm 
absorption band. The energy o f em itted  photons (m aximum at 590 nm ) would 
be high enough to  excite  the 0 2 m olecule, i.e. one could reckon w ith  th e  activa­
tion  o f 0 2 through excited  dye m olecule ( S —► S*; S* -|- 0 2 —> S -f- O*). In the 
absence of the iron(III) ph oto-cata lyst, how ever, a fading o f  o n ly  2— 4%  was 
observed even after prolonged irradiation, and the bleaching rem ained the 
sam e when the photolysis was carried ou t under exclusion o f o x y g en . Further, 
no change was found even in the ex ten t o f  fading when irradiation w as carried 
out either in aqueous and non-aqueous solution  in the presence o f  fluorescein  
and M ethylene B lue. These dyes are k now n, however, to be e ffec tiv e  sensitizers 
for the production o f singlet oxygen , particularly in non-aqueous m edia , where 
th e  life-tim e o f excited  oxygen is long enough to give rise to  p ercep tib le  chemical 
reactions. Since even  these sensitizers did not enhance the fa d in g  o f S-T, 
it  m ay be concluded th at singlet oxygen  does not participate or p lays only a 
subordianate role in  the photo-oxidation  o f S-T.

The iron(III)-cata lyzed  p h oto-oxidation  o f S-T exhibits a m axim um  at 
pH  2.7 at the sam e pH  at which the iron(III)-catalyzed  p h oto -ox id ation  of 
other dyes shows an optim um  [I]. In  th is  system  the pH  op tim u m  does not 
sh ift i f  decolourization is m easured at different w avelengths. T h is is obvious 
because the spectrum  o f S-T in this pH  range is independent o f  th e  p H . A band 
sh ift and changes in  th e  in tensities can be observed only at p H  <7 1. In agree­
m ent w ith the iron(II)-catalyzed  photo-oxidation  of other dyes, th e  oxidative  
fading o f S-T w as observed only at w avelengths shorter than  350 nm . Based  
on th is finding, we have to  assum e th a t in th is system  too hydrolized  iron(III) 
species are responsible for the photo-oxidation:

Fe(O H )2+ +  hv — F e 2+ +  OH (1)
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I f  th e  k in etic  energy of OH rad ica ls produced in reaction  (1) is high enough to  
escape th e  solvent cage, th e  d y e  w ill be attacked. B y  analogy to the general 
reactions o f  aromatic com pounds w ith  OH radicals, it  is assum ed that S-T reacts 
sim ilarily  and substituted  cyclohexad ienyl radicals are form ed:

The d ye  radical can be further oxidized at its am ino or m ethyl group, leading  
to  ex ten d ed  conjugation in com parison to the original molecule. This can be  
concluded  from the appearence o f  the 560 nm band in  th e  difference spectrum . 
In th e  absence of oxygen th e  fa d in g  of 1 mol dye is accom panied by the form a­
tion  o f  about 4 mol of iron (II). According to th is sto ich iom etry , 4 OH radicals 
are consum ed by each S-T m olecu le.

In  th e  presence o f o x y g en  it  is probable th a t d ye  radical reacts w ith  0 2 
very  rap id ly  and a dye p erox id e  radical is form ed:

R (O H ) +  0 , -  R(OH)0~ (3)

Since iron (II) ions are not form ed  during the p h oto lysis  i f  sufficient oxygen is  
p resent, it  m ust be assum ed th a t  the dye peroxide radical oxidizes the iron (II)  
back  to  iron(III). This is w h y  w e speak of p h o to -ca ta lysis . Besides, dye per­
oxide radicals react w ith  each other, giving stab le product.

A ccording to our exp erim en ts, only one ox id a tio n  product is form ed up  
to  35— 40%  bleaching. T his can  be seen in F ig. 6: sp ectra  taken after different 
irradiation  tim es show 2 iso sb estic  points, at 572 and 442 nm. Only longer  
(exh au stive) irradiation resu lts  in the destruction o f  th e  primary product o f  
ph oto-oxid ation . In such cases th e  spectra no longer show  isosbestic points.

I f  th e  yields of decolourization , both in th e  presence and absence o f o x y ­
gen, are compared and it  is assum ed that the O H  y ie ld  is the same in  b oth  
cases, one has to conclude th a t  0 2 exerts a m u ltip lica tiv e  effect on the d ye  
radicals form ed in reaction  (3). The enhancing fa cto r  am ounts to 1.4— 1.5. 
T he d ata  at hand are n o t su ffic ien t to elucidate th is  m ultiplicative effect, 
h ow ever, it  is conceivable th a t  dye peroxide radicals p lay  an im portant role, 
in an a logy  to autooxidation  processes.

I t  should be m en tion ed  th a t during th e  y-rad io lysis of S-T solutions  
con ta in in g  0 2, G(-Safranine T ) =  0.65 was found a t pH  =  3 by M a r k e t o s  

and R a k i n t z i s  [3]. H av in g  com pared this va lu e w ith  th e  generally accepted  
Goh =  2.6  (pH =  3) the conclusion  was drawn th a t  4 OH radicals are con ­
sum ed per dye m olecule during the radiolytic o x id ation . A t lower doses on ly  
one oxid ation  product w as fou n d  by the above authors but the isosbestic poin ts
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o f  the spectra were found at 558 and 445 nm . (In  our y-radiolysis study the  
isosbestic points were found at 556 and 450 nm ). U pon y-radiolysis at lower 
doses, the difference spectra show new bands at 558, 450 and 292, the ratios 
o f the peaks being 5 : 7.2 : 17. The absorption hands o f the y-radiolysis product 
and the iron(III)-catalyzed  photo-oxidation o f S-T agree perfectly well but 
th e  in ten sity  ratios are different. This latter and the fact that the isosbestic  
points are shifted from 556 to 572 and from 450 to 442 nm can be explained

F ig .'ó  'A b so rp tio n  sp ec tra  o f S a fran in e  T  a fte r d ifferen t i r ra d ia tio n  tim es. C urves 1 to  7 : 0. 1,
2, 4, 5, 16 and  33 m in

b y  interaction betw een the dye and iron(III) ions. A nother reason for the  
observed deviation m ay be th a t during the iron (III)-cata lyzed  photo-oxida­
tion , only OH radicals are produced, while the y-radiolysis o f a dye solution  
saturated w ith  oxygen results in  both OH and H 0 2 radicals. According to  the  
literature [2— 4], S-T is not attacked directly by H 0 2 radicals, but the primary 
product of the reaction o f OH radicals m ay react w ith  HO., radicals present in  
the radiolyzed system . In our experim ents, the addition  o f  H 20., causes strong  
decolourization o f the dye during photolysis.

The results show th at the decolourization varies according to a m axim um  
or a saturation curve, depending on the dye concentration  (Fig. 3). This can 
he explained, assum ing th a t in  more concentrated  dye solutions polym eric 
species are present. These colloidal particles scatter the ligh t and this apparent
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absorbance m ay com pensate th e  decrease in absorbance accom panying photo­
ox id ation .

T he ex ten t of photo-oxidation  is proportional to  the concentration  of the  
p h o to -ca ta ly st. The probable cause o f  saturation at higher ca ta ly st concentra­
tion s (see F ig. 4) is th at the solution  becom es depleted in  oxygen . A  further 
cause m a y  be a slight change in  th e  sto ich iom etry of decoulorization.

T he photo-oxidation  y ie ld  rem ains the same when chloride is added to  
the reaction  m ixture. This is in  good agreem ent w ith the fact th a t the quantum  
y ie ld s o f  F eO H 2+ and FeCl2+ ions are equal. Brom ide, th iocyan ate and nitrite  
ions act as inhibitors, possib ly  because th ey  scavenge OH radicals rapidly, 
w hereas th eir  oxidized forms react m ore slow ly w ith the dye m olecule than do 
OH radicals.

T he inhibiting effect o f  copper(II) ions is probably due to  th e  faster 
reaction  o f  the dye peroxide radical w ith  copper(II) than w ith  iron (II). In  the 
course o f  th is reaction copper(I) is form ed, which reduces iron (III). T his latter  
reaction  m ay be responsible for the appearance of iron(II) in the system  in 
sp ite o f  th e  presence of oxygen .

A nalytical conclusions

T he iron(III)-catalyzed photo-ox id ation  of S-T can be used to  determ ine 
iron (III) on a micro scale (0 .05— 5.0 yF e/cm 3) and in the presence o f other 
tran sition  m etal ions. The procedure is sim ilar to th at described earlier [1] and 
has no special advantage over the Erioglaucin A m ethod. The precision of the  
estim ation  depends prim arily on th e  stab ility  of the ligh t em ission  source. 
In  favorab le  cases, the reproducibility  can be kept w ithin  i 2 % .

*

L u m inescence  sp ec tra  were ta k e n  by  G áb o r Laczkó ( In s t i tu te  o f B io p h y sics , A. Jó zse f 
U n iv e rs i ty ,  Szeged) to  w hom  th e  a u th o rs  ex p ress  th e ir  sincere th an k s .
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T he re d u c tio n  of th e  a d d u c t o b ta in ed  fro m  th e  enam ine  of ty p e  2a  a n d  n itr ile  
y ielded  th e  d e riv a tiv e s  4a  and  5a, w hich u n d e rg o  ep im eriza tio n  in m eth an o lic  su lfu ric  
acid  w hen  c o n v e rted  in to  th e  este r. In  a lk a lin e  m ed ia  th e  conversions -► 4b -► 4c and 
5a -► 5b — 5c p roceed  w ith  re ten tio n .

In our previous work, the interm ediates o f  the synthesis o f v inca  alka­
loids were adducts form ed from the enam ine 2a , obtained from the sa lt la ,  
and from oc-acetoxy-acrylic ester [2] or acrylic ester [3], and the reduction  
products of these adducts.

The possib ility  o f application of acrylonitrile as the addition com ponent 
has now  been in vestigated .

The addition product o f the enam ine 2a and acrylonitrile was isolated  
as the perchlorate (3a) in a satisfactory y ie ld . R eduction of the adduct 3a 
either cata lytica lly  or w ith  sodium borohydride was achieved in about 80%  
y ield , and tw o stereoisom ers (4a and 5a) could be isolated. The isom eric ratio  
(4a : 5a) was 64 : 20 in the catalytic (Pd/C) reduction , and it  varied betw een  
77 : 15 and 43 : 29 w hen sodium  borohydride w as used, depending on th e  rate 
of adding the reagent. In order to confirm th e  steric structure and to  convert 
the m ain product trans-4a into the w ell-know n vincam ine interm ediate, 5c, 
having cis configuration, the nitrile group w as to  be transform ed in to  an 
ester group.

W hen com pound 4a was refluxed w ith  m ethanolic sulfuric acid, a 3 : 2 
m ixture of the know n 4c and 5c stereoisom eric esters [3] was obtained. The 
reaction thus gave no unam biguous evidence for th e  steric structure o f 4a.

The hom ogeneous esters 4c and 5c prepared earlier were then refluxed  
separately in m ethanolic sulfuric acid, w hereupon the above m ixture was 
again obtained; thus it  corresponds to the therm odynam ic equilibrium . I t  fo l­
lows th a t under the given conditions the derivative  4c carrying th e  annella- 
tion  hydrogen and the eth y l group in trans position  is the more stable isom er.

* F or P a r t  X , see R ef. [1]
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R 1 R 2

a H C2H ä

b H ii-CjH)

c CH;|0 CVH-,

1! It2 R :i

4, 5 a H g h 5 c x

b H G H , COOH

c H C2H5 COOCHa

d H ■ GH-, C H i—\H o

e H C2 H3
/С Н

C H ..- - \ .;
f'H :

f H и -Ci Ho c x

g H я -Ci Ho CHiX’Ha

h CH:tO Ci H j c x

In  ac id  m e d ia  th e  e p im e r iz a tio n  ta k e s  p la c e  p ro b a b ly  a t  th e  12b  a n n e lla -  
t i o n  s i t e ,  acco rd in g  to  t h e  m e c h a n is m  s tu d ie d  b y  G a s k e l  a n d  J o u l e  [4] in  
c o n n e c t io n  w ith  th e  is o m e r iz a tio n  o f  re se rp in e .

Epim erization in  sulfuric acid m edium  also rendered possible th e  iso­
m erization  of the undesired isom er 4c, appearing in  the synthesis o f  v incam ine, 
in to  th e  desired 5c, im proving thereby th e  effectiveness of the procedure.

In  order to establish  an unam biguous correlation between the n itriles 4a 
and 5 a  and the esters o f know n structure, hydrolysis was then effected  in 
alk a lin e  medium, and th e  carboxylic acids 4b and 5b, obtained in satisfactory  
y ie ld s , were esterified w ith  diazom ethane. As a result o f these reaction  steps,
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ester 4c or 5c was iso lated  exclusively , depending on the startin g  material; 
thus the steric structure o f 4a and 5a can be regarded as confirm ed.

The result is in  accordance w ith  our earlier observations, w h ich  indicated  
th at the higher the space requirem ent o f the substituent entering position 1 
during the addition on the enam ine 2a, the greater is the ex ten t o f  th e  formation  
of the ethyl *+■ 12bH  cis com pound during the reduction o f th e  > C  =  N —- 
bond. Of the reactions exam ined so far, one extrem e of the series is the reduc­
tion o f the adducts form ed w ith  eth yl a-acetoxyacrylate or t-b u ty l acrylate, 
where the cis se lectiv ity  is 9 : 1; acrylonitrile is on the other extrem e side giv­
ing 3a which can he reduced w ith preponderant trans se lectiv ity .

The addition and subsequent reduction were also effected  starting with 
tw o other enam ine derivatives, 2b and 2c. The reduction o f adducts 3 f  and 
3h yielded practically one single product in th is case; their probable structures, 
4 f  and 4h, are suggested on th e  analogy o f the above results.

In order to prepare sam ples for pharm acological te sts , th e  nitriles 4a 
and 4 f  were reduced to  the am ines 4d and 4g [7]. Am ine 4d can also be prepared 
b y  the direct, one-step reduction o f adduct 3a and it  can be converted  into  
the iV,iV-dimethylamino derivative (4e) by the Leuckart— W allach reaction.

Experimental

T he IR ] sp e c tra  w ere reco rded  in IvB r p e lle ts  w ith  a S p ek tro m o m  2000 in s tru m e n t; 
th e  N M R  sp ec tra  w ere o b ta in e d  w ith  a P e rk in -E lm er R 12 (60 M H z) sp e c tro p h o to m e te r, 
th e  U V  sp ec tra  w ere ta k e n  o n  a U n icam  S P  800 sp ec tro p h o to m ete r.

I - E thyl- l-(2 -cy a n o eth y l)-1,2.3,1 .6 ,7-iievalivdro-12/ /  
indolo[2 ,3-a]quinolizin -5-ium  perchlorate (3a)

C om pound l a  (10 g; 28.4 m m oles) w as susp en d ed  in  d ich lo ro m eth an e  (100 ml) and 
d is tilled  w a te r  (75 m l) a n d  2iV sod ium  h y d ro x id e  (20 m l) w ere ad d ed  to  i t  u n d e r  continuous 
s tir r in g  in a rgon a tm o sp h e re . T he re ac tio n  m ix tu re  w as s tirred  fo r 10 m in , th e  o rg an ic  phase 
w h ich  se p a ra ted  w as rem o v ed  a n d  d ried  o v er an h y d ro u s  p o tassiu m  c a rb o n a te . T h e  solution 
w as f ilte red  from  th e  d ry in g  a g en t a n d  m ix ed  w ith  fresh ly  d istilled  a c ry lo n itr ile  (10 m l; 149 
m m oles) ad ded  slow ly; th e  sy s tem  w as flu sh ed  w ith  a rg o n  an d  allow ed to  s ta n d  a t  room  tem ­
p e ra tu re . A fter s ta n d in g  fo r 2 days (w hereupon  th e  colour o f th e  so lu tio n  s tro n g ly  deepened 
and  no s ta r tin g  m ate ria l cou ld  be d e tec ted  in  i t  b y  c h ro m a to g rap h y ) th e  so lu tio n  w as ev ap o ra ted  
in  v a cu u m  and  arg o n  a tm o sp h e re  (m ax  40— 50 °C, w a te r  b a th )  to  leave a d a rk  re d  oil (9.6 g).

T he oil w as d isso lved  in  h o t m eth an o l (180 m l), 70%  aqueous p e rch lo ric  a c id  was added  
dropw ise in an  a m o u n t e q u iv a le n t to  th f  base  ( th e  p H  o f th e  so lu tion  w as 6 — 6.5). A yellow 
c ry sta llin e  p ro d u c t se p a ra te d  on  cooling (10.08 g; 87 .5% ), m .p . 210— 212 °C. A fte r  rec ry s ta l­
liz a tio n  fro m  m eth an o l, th e  m .p . rose to  211 — 212 °C.

C20H„4ClN3O4 (405.86). Calcd. C 59.18; H  5.96; N  10.35. F o u n d  C 59.08; H  5.71; N 
1 0 .4 3 % .’ (+)

IR (K B r): 3250 (indole  N H ), 2260 (— C = N ) ,  1596, 1612 c m " 1 ( > C = N — ).
UV (M eOH): Amax log e : 248 (3.8639); 253 (3.8041); 366 (4.2624).

la-E thy l-l|9 -(2 -cy an o eth y l)-l,2 ,3 ,4 ,6 ,7 ,1 2 ,1 2 b /3 -o c tah y d ro in d o lo [2 ,3 -a ]q u in o liz in e  (4 a ) 
an d  la-e thy l-l/S -(2 -cy an o eth y l)-l,2 ,3 ,4 ,6 ,7 ,1 2 ,1 2 b a-o c tah y d ro in d o lo [2 ,3 -a ]q u in o liz in e  (5 a )

(a) 5%  Pd/C  c a ta ly s t  (a b o u t 1 g) th o ro u g h ly  w ashed  w ith  d is tilled  w a te r  th e n  w ith  
m eth an o l was p re h y d ro g e n a te d  in  som e m eth an o l. A fte r th e  a b so rp tio n 'o f  h y d ro g e n  h ad  s to p ­
p ed , a  so lu tion  of 3a (1.88 g; 4.64 m m oles) in  m eth a n o l (150 m l) was slow ly a d d e d  to  th e  cata-
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ly s t .  H y d ro g e n a tio n  teas e ffec ted  a t  ro o m  tem p era tu re  an d  a tm o sp h e ric  p ressure . T he calcu­
la te d  a m o u n t  (115 ml) o f h y d ro g e n  w a s  ab so rb ed  in  15 m in . A t  th e  e n d  o f th e  re ac tio n  th e  
c a ta ly s t  w a s  filte red  off a n d  th e  so lu tio n  co n cen tra ted  in v a c u u m . D istilled  w a te r w as ad ded  
to  i t ,  th e n  th e  p H  of th e  so lu tio n  w as  a d ju s te d  to  9— 10 w ith  s a tu r a te d  sod ium  carb o n a te  so lu­
tio n . D ic h lo ro e th a n e  w as a d d ed , th e  so lu tio n  was shaken, th e  o rg a n ic  ph ase  w as se p a ra ted  a n d  
d ried  (M g S 0 4). The d ich lo roethane  so lu tio n  w as filte red  from  th e  d ry in g  ag en t an d  e v ap o ra te d  
so lu tio n  w a s  in  vacuum  to  o b ta in  a  so lid  p ro d u c t (1.35 g).

R e c ry s ta lliz a tio n  fro m  tw e n ty  p a r ts  o f  m ethano l gave  4 a  as a  w h ite  c rysta llin e  su b ­
s ta n c e  (0 .9 2  g ; 64 5% ), m .p . 228— 229 °C.

C ^ H jjN g  (307.42). Calcd. C 7 8 .1 3 ; H  8.20; N  13.67. F o u n d  C 78.36; H  8.39; N  13 .38% .
I R  (K B r):  3370 (indole N H ); 2248 c m " ,  ( - C = N ) .
N M R  (CDC13): <5 7.91 (s, 1 H , in d o le  N H ); 7.62—7.09 (m , 4 H , a ro m a tic  H ); 3.42 (s, 1 H , 

12b/3H ); 0 .87  ( t ,  3H , - C H 2- C H 3).
O n  co n cen tra tio n  of th e  m o th e r  liq u o r, an  ad d itio n a l a m o u n t o f a c rysta llin e  p ro d u c t 

(5a) (0 .2 8  g ; 19.63% ) w as o b ta in e d , m .p . 160— 164 °C.
C joH jjN g (307.42). Calcd. C 78 .1 3 ; H  8.20; N  13.67. F o u n d  C 78.33; H  8.04; N  14 .07% .
I R ( K B r ) :  3380 (indole N H ); 2305 c m '1 (— C = N ).
N M R (C D C 13): ö 7.69 (s, 1 H , in d o le  N H ); 7.60— 6.94 (m , 4 H , a ro m a tic  H ); 3.29 (s, 1H , 

1 2 b a H ); 1 .12 ( t, 3H , - C H 2- C H 3).
(b) C om pound За (1.88 g; 4 .64  m m oles) was suspended  in  m e th a n o l (100 m l) an d  cooled 

to  0 °C. S o d iu m  borohydride  (1.00 g ; 26.5 m m oles) was ad d ed  to  th e  suspension  in  sm all p o r­
t io n s , w i t h  con tinuous stirrin g . T h e  m ix tu re  w as s tirred  for 1 h  m ore  a f te r  th e  en d  o f ad d itio n  
a n d  th e  re a c tio n  m ix tu re  w as a c id ifie d  w ith  5Л7 HC1 to  p H  3. T h e  ac id  so lu tion  w as concen­
t r a t e d  to  10 m l in v acuum , th e  re s id u a l  suspension was m ix e d  w ith  d istilled  w a te r  (50 m l) 
a n d  m a d e  a lka line  w ith  4 0 %  N a O H  so lu tio n  to  p H  9— 10, w ith  cooling; i t  w as th e n  e x tra c te d  
wdth d ic h lo ro e th a n e  (30, 20 a n d  10 m l). T h e  organic phase w as d r ied  (M gS 04) a n d  e v a p o ra te d  
to  d ry n e s s  in  vacuum . T he solid  re s id u e  w as crystallized  fro m  m eth a n o l to  o b ta in  0.97 g 
(6 8 .0 % ) o f  com pound 4a, m .p . 228— 229 °C.

C o n c en tra tio n  of th e  m o th e r  liq u o r  yielded 5a (0.25 g ; 17 .54% ), m .p . 160— 164 °C.
T h e  p ro d u c ts  were id e n tic a l in  all respec t w ith  th o se  d esc rib ed  u n d e r (a).

Conversion o f 4 a  and  5a in  m ethanolic  su lfu ric  acid

C o m p o u n d  4a or 5 a  (11.30 g ; 36.9 m moles) w as su sp en d ed  in  a n h y d ro u s m eth an o l 
(140 m l) , cone, sulfuric acid  (45 m l) w as  ad ded  dropwise a n d  th e  so lu tio n  w as th e n  re flu x ed  
fo r  11 h .  T h e  h o t reaction  m ix tu re  w a s  p o u red  onto ice an d  th e  p H  w as a d ju s te d  to  9— 10 w ith  
cone, a m m o n iu m  hydrox ide  so lu tio n .

I t  w as th en  e x tra c te d  w ith  d ich lo ro e th an e  (80, 50 a n d  30 m l), and  th e  o rgan ic  phase  
w^as d r ie d  (M gS 04). The so lv en t w as  e v a p o ra te d  in vacu u m  to  leav e  an  oil (11.80 g) w hich  w as 
ru b b e d  w i th  m ethano l (25 m l), w h e re u p o n  i t  becam e c ry sta llin e . F i l tra t io n  w ith  su c tio n  gave 
a  m ix tu r e  o f th e  esters 4c a n d  5c (8 .60  g; 68.6% ). F ra c tio n a l c ry s ta lliz a tio n  fro m  m eth an o l 
y ie ld e d  4 c  (3.15 g; 25.1% ), m .p . 150— 152 °C.

C2,H ,8N 20 2 (340.45). C alcd. C 74.08; H  8.29; N  8.23. F o u n d  C 74.18; H  8.37; N  8 .16% . 
I R (K B r) :  3303 (indole N H ); 1708 c m - 1 ( > C = 0 ) .
N M R (C D C i3): S 7.75 (s, 1 H , in d o le  N H ); 7 .6 0 -6 .8 7  (m , 4 H , a ro m a tic  H ); 3.52 (s, 3H ,

— O C H 3); 3.35 (s, 1H , 12b/?H); 1.15 ( t ,  3 H , - C H 2- C H 3).
W h e n  th e  m other liq u o r  w a s  c o n ce n tra ted  to  o n e -th ird  v o lu m e, co m pound  5c (2.00 g; 

1 5 .9 % ) se p a ra te d , m .p. 139— 141 °C.
C2,H 28N 20 2 (340.45). C alcd. C 74.08; H  8.29; N  8.23. F o u n d  C 74.17; H  8.50; N  8 .26% . 
IR (K B r) :  3400 (indole N H ); 1730 c m - 1 ( > C = 0 ) .
N M R  (CDC13): Ö 8.83 (s, 1 H , in d o le  N H ); 7.67— 6.95 (m , 4 H , a ro m a tic  H ); 3.77 (s,3H

— O C H 3); 3.32 (s, 1H, 12 b aH ); 0.67 ( t ,  3 H , — CH2- C H 3).

E p im e riz a tio n  (4c -- lc  -f- 5c -  - 5c )

C o m pound  4c or 5c (0.35 g ; 1.03 m m oles) was d isso lv ed  in  a  m ix tu re  o f a n h y d ro u s 
m e th a n o l  (4 m l) and cone, su lfu ric  ac id  (1.30 ml). The so lu tio n  w as re flu x ed  fo r 12 h. T he 
v e llow ish -b row 'n  solution w as p o u re d  o n to  ice, th en  m ade a lk a lin e  (p H  10) w ith  solid  p o tass iu m  
c a rb o n a te .  I t  was th en  e x tra c te d  w i th  d ich loroethane  (20, 15 a n d  10 m l) an d  th e  o rgan ic  phase  
w as d r ie d  (M gS04). The so lu tio n  W'as e v ap o ra te d  to  d ry n ess in  v a cu u m , an d  th e  resid u al oil
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(0 .32 g) v a s  c rysta llized  fro m  m eth an o l to  o b ta in  co m p o u n d  4c (0.18 g; 5 1 .5% ), m .p . 150 — 
152 °C an d  com pound 5c (0.08 g ; 22 .7% ), m .p . 139— 141 °C.

T he isom ers w ere  id en tica l in all re sp ec t w ith  th e  p ro d u c ts  described  in  th e  foregoing 
p a ra g ra p h .

la -E thy]-l/i-[(2 -m eth oxycarbon yl)ethyl]-l,2 ,3 ,4 ,6 ,7 ,12 ,12b /i,
-octally(lroindolо [2 ,3-i/J quinolizine (4c)

C om pound 4 a  (1.00 g; 3.27 m m oles) w as su sp en d ed  in  e th a n o l (30 m l) a n d  a so lu tion  
o f  so d iu m  h y d rox ide  (1.30 g; 32.6 m m oles) in d istilled  w a te r  (10 m l) w as ad d ed  to  i t .  T he reac ­
t io n  m ix tu re  w as re flu x ed  fo r 16 h , th e n  th e  m ixture! w as e v ap o ra te d  to  d ry n ess in  vacu u m . 
T h e  re sid u al p a s te  w as d isso lved  in  d istilled  w a te r  a n d  th e  p H  of th e  so lu tio n  w as a d ju s te d  
to  7 w ith  20%  ace tic  acid . T he sep a ra tio n  of c ry sta ls  s ta r te d  on  sc rap in g ; th is  con tin u ed  du rin g  
s ta n d in g  a t  room  te m p e ra tu re . A fte r  s tan d in g  fo r a few h o u rs , th e  w h ite  c ry s ta ls  w ere filte red  
o ff a n d  w ashed w ith  d is tilled  w a te r , to  y ield  co m pound  4b (1.00 g).

T he crude 4b w as d isso lved  in  d ioxan  (100 m l), a n d  e th e rea l d iazo m eth an e  so lu tio n  
w as ad d ed  to  i t  (u n til th e  yellow  colour o f th e  so lu tio n  p e rs is ted ) a n d  it  w as allow ed to  s ta n d  
o v e rn ig h t. T he excess d iaz o m eth an e  was decom posed w ith  g lacial ace tic  acid  a n d  th e  so lu tion  
w as e v ap o ra te d  in  v a cu u m  T h e  residual oil w as su sp en d ed  in  d is tilled  w a te r , d ich lo ro e th an e  
(50 m l) w as added  to  th e  so lu tio n , and  it w as m ad e  a lk a lin e  w ith  4 0 %  N aO H  so lu tio n  to  p H  
9— 10. T he organic p h ase  w as se p a ra ted  an d  d ried  (M gS 04). T he so lu tion  w as e v ap o ra te d  in  
v a c u u m  and  th e  resid u al oil c rysta llized  from  m eth an o l to  give 4c as a  c ry sta llin e  pow d er 
(0.75 g; 67 .2% ;, m .p . 150— 152 °C.

T he p ro d u c t w as in  a ll respec ts id en tica l w ith  t h a t  described  above.

la -E thyI-l/?-[(2-inethoxycarbonyl)ethyl]-l,2 ,3 ,4 ,6 ,7 ,12 ,12ba- 
-ortahydroindolo[2,3-a]quinolizin (5 c )

C om pound 5a! (1-00 g; 3.27 m m oles) w as d isso lved  in  m eth a n o l (30 m l) an d  a so lu tion  
o f so d iu m  hy d ro x id e  (1.30 g; 32.6 m m oles) in  d istilled  w a te r  (10 m l) w as ad d ed  to  it .  T he 
so lu tio n  was re flu x ed  fo r 16 h . T h e  m ix tu re  w as e v a p o ra te d  to  d ry n ess in  v a cu u m , th e  residual 
m ix tu re  was d issolved in  d is tilled  w a te r  and  th e  p H  of th e  so lu tio n  w as a d ju s te d  to  7 w ith  
2 0 %  ace tic  acid. C ry sta lliza tio n  s ta r te d  on  scrap ing . A fte r  s ta n d in g  fo r a  few  ho u rs  a t  room  
te m p e ra tu re ,  th e  c ry sta llin e  p ro d u c t w as filte red  off an d  w 'ashed w ith  d is tilled  w a te r  to  o b ta in  
5b (0.95 g).

T h e  crude p ro d u c t 5b w as d issolved in  d io x an  (100 m l), th e  so lu tio n  w as filte red  an d  a 
so lu tio n  of d iazo m eth an e  in  e th e r  w as ad ded  to  it .  A fte r  s ta n d in g  o v e rn ig h t, th e  excess d iazo ­
m e th a n e  w as decom posed an d  th e  so lu tion  e v ap o ra te d  to  d ry n ess in  v a cu u m . T h e  residual oily  
m a te r ia l  w as suspended  in d is tilled  w a te r, d ich lo ro e th an e  (50 m l) w as a d d ed , a n d  th e  p H  was 
a d ju s te d  to  9— 10 w ith  4 0 %  N aO H  so lu tion . T he o rg an ic  ph ase  w as se p a ra te d  a n d  d ried  
(M g S 0 4). T he so lu tion  w as e v ap o ra te d  to  d ryness in  v a c u u m , th e  resid u e  w as crysta llized  
fro m  m eth a n o l, to  give 5c (0.62 g; 55 .7% ) m .p . 138— 141 °C.

T h e  p ro d u c t teas in all re sp ec t id en tica l w ith  th a t  d escribed  above.

l-n -B u ty l- l-(2 -< Y a iie e th y l)-]2 ,3 ,4 ,6 ,7 -h ex a h y d rc -1 2 J i-  
• ird o lt  [2 ,3 -o ] iu ii o l iz in - i- irm  p e rd ile ra te  (3 f)

C om pound lb  [5] (5.00 g; 13.1 m m oles) w as su sp en d ed  in  d ich lo ro m eth an e  (50 m l), 
th e n  d is tilled  ura te r  (40 m l) an d  2iV N aO H  so lu tion  (10 m l) w ere ad d ed  to  i t  u n d e r  con tinuous 
s t i r r in g  in argon  a tm o sp h e re . T h e  reac tio n  m ix tu re  w as s tir re d  fo r 10 m in , th e  organic  phase  
w as se p a ra ted  an d  d ried  o v er an h y d ro u s  po tassiu m  c a rb o n a te . A fte r  f i lt r a tio n , fresh ly  d istilled  
acry lo n itr ile  (5 m l; 71 m m oles) w as poured  to  th e  so lu tio n , th e  sy s tem  w as flu sh ed  w ith  argon  
a n d  allow ed to  s ta n d  a t  room  te m p e ra tu re . A fte r s ta n d in g  fo r 2 d ay s, th e  so lv en t w as e v ap o r­
a te d  in  v acu u m  and  in  argon  a tm o sp h e re , on a w a te r  b a th  o f m ax im u m  40 — 50 °C te m p e ra ­
tu re . T h e  residual oil w as d isso lved  in h o t m eth an o l (80 m l), an d  an  a m o u n t o f 70%  aqueous 
p e rch lo ric  acid  e q u iv a len t to  th e  base  w as ad ded  to  i t  d ropw ise  (th e  p H  of th e  so lu tion  w as 
6 — 6.5). On cooling, a yellow  crysta llin e  substance  se p a ra te d  (3.70 g; 6 4 .1% ), m .p . 225— 230 °C.

R e c ry s ta lliza tio n  fro m  m eth an o l gave su b stan ce  w ith  m .p . 230— 231 °C.
C22H 28C1N30 4 (433.91). C alcd. C 60.87; H  6.50; N 9.68. F o u n d  C 60.60; H  6.29; N 9 .82% .

IR (K B r):  3335 (indole  N H ); 2310 ( -  C ^ N ) ;  1629, 1609 c m - 1 ( > С = # - ) .
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la-n-B utyl-l/S -(2-cyanoethyl)-l,2 ,3 ,4 ,6 ,7 ,12 ,12b^i- 

-octahydro-indolo[2,3-a]quinolizine ( I f )

C o m p o u n d  3f (5.60 g; 12.9 m m o les) w as suspended  in  m eth a n o l (200 m l) a n d  cooled 
to  0 °C. S o d iu m  borohydride  (2.80 g ; 73.9 m m oles) w as th e n  ad d ed  to  th e  su sp en sio n  in  sm all 
p o r tio n s  u n d e r  continuous s tirr in g . S tir r in g  w as co n tin u ed  fo r 1 h  m ore; th e  p H  w as th e n  a d ­
ju s te d  to  3 w ith  51V HC1 so lu tio n . T h e  ac id  so lu tio n  w as c o n ce n tra ted  in  v a cu u m , th e  re sid u al 
su sp en s io n  w as m ixed w ith  d is tilled  w a te r  (100 m l) an d  th e  so lu tio n  w as m ade  a lk a lin e  w ith  
21V N a O H  (to  p H  9—10), th e n  i t  w as e x tra c te d  w ith  d ich lo ro e th an e  (100, 70 a n d  50 m l). T he 
o rg a n ic  p h a se  w as dried (M gS 04) a n d  e v a p o ra te d  to  d ryness in  v acu u m . T he re s id u a l solid  was 
c ry s ta l l iz e d  fro m  m ethano l to  o b ta in  a  w h ite  c rysta llin e  su b s tan ce  (2.30 g; 5 3 .1 % ), m .p . 
190— 192 °C.

C22H 29N 3 (335.48). Calcd. C 78 .76 ; H  8.71; N  12.53. F o u n d  C 78.98; H  8.72; N  12 .34% .
IR ( K B r ) :  3400 (indole N H ); 2310 c m " 1 (—C = N ) .
N M R(CD C13): ö 8.80 (s, 1 H , indo le  N H ); 7 .60— 6.64 (m , 4 H , a ro m a tic  H ); 0.82 ( t, 

3 H , C H 3— ).

l-E th y I-l-(2 -cy a n o etliy l)-9 -n ie th » x y -l,2,3,4,6,7-hexaliydro-12.fi- 
indolo[2,3-a]quinolizin -5-ium  perchlorate (3h )

C o m p o u n d  lc  [6] (3.00 g; 7.8 m m oles) w as su spended  in  d ich lo ro m eth an e  (30 m l), 
d is tilled  w a te r  (22 ml) and 21V N a O H  so lu tio n  (6 m l) were a d d ed , a n d  th e  m ix tu re  w as shaken  
v ig o ro u s ly  fo r  10 m in. The o rg an ic  p h a se  w as se p a ra ted  an d  th e  aqueous phase  w as e x tra c te d  
tw ice  w i th  d ich lorom ethane  (10 a n d  5 m l). T h e  com bined  organ ic  so lu tio n  w as d ried  (K 2C 0 3), 
th e n  a c ry lo n itr i le  (6 m l; 90 m m oles) a n d  t-b u ta n o l (1.2 m l) we re ad d ed  to  i t  a n d  th e  m ix tu re  
w as a llo w e d  to  s tan d  a t room  te m p e ra tu re  fo r 2 days in argon  a tm o sp h ere . T he so lu tio n  w as 
e v a p o r a te d  to  dryness in v a cu u m  a n d  in  a rg o n  a tm o sp h ere  on  a w a te r  b a th  o f m ax im u m  40 
50 °C te m p e ra tu re ,  the  residual re d  oil w as d isso lved  in  som e m eth an o l, a n d  th e  p H  w as a d ju s te d  
to  6 w i th  7 0 %  aqueous pe rch lo ric  ac id . T h e  c ry sta ls  w hich  se p a ra ted  on  cooling w ere filte red  
o ff, a n d  recry sta llized  fro m  m e th a n o l. A yellow  crysta llin e  p ro d u c t w as o b ta in e d  (2.00 g; 
5 8 .0 % ), m .p .  201—202 °C.

C21H 26C1N30 5 (435.90). C alcd. C 57.86; H  6.01; N  9.64. F o u n d  C 58.01; H  5 .71; N  9 .26% .

IR (K B r) :  3230 (indole N H ); 2280 ( — C = N );  1620 c m “ 1 ( > C = N — ).

lx-Kt hyl- L,4-(2-cya tmel liyl )-9-m et lio Yv-1.2.3, t.6 .7 ,12.1264- 
-octahydroindolo[2,3-o] quinolizine (4h )

(а )  1 0 %  P a llad iu m -o n -carb o n  c a ta ly s t  (a b o u t 1 g) was w ash ed  w ith  w a te r  a n d  m eth a n o l, 
a n d  th e n  p reh y d ro g en a ted  in  m e th a n o l. A  so lu tio n  o f th e  base  (m .p . 172— 174 °C) lib e ra te d  
fro m  th e  s a l t  3f (1.00 g; 2.84 m m o les) in  m eth a n o l (150 m l) w as ad d ed  slow ly to  th e  c a ta ly s t  
a n d  h y d ro g e n a tio n  was e ffec ted  a t  ro o m  te m p e ra tu re  an d  a tm o sp h e ric  p ressu re . T h e  ca lcu ­
la te d  a m o u n t  o f hydrogen (68 m l) w as ab so rb ed  in  20 m in. A t th e  en d  o f th e  re ac tio n  th e  c a ta ly s t  
w as f i l te r e d  off, th e  so lven t e v a p o ra te d  in  v a cu u m  a n d  th e  residue  crysta llized  fro m  m e th an o l, 
to  g ive  a  w h ite  crystalline su b s ta n c e  (0.70 g ; 73 .0% ) m .p . 201 — 203 °C.

C2lH 27N 30  (337.47). Calcd. C 74.74; H  8.06; N  12.45. F o u n d  C 74.47; H  8.23; N  12 .19% .
IR (K B r) :  3370 (indole N H ); 2800— 2710 (B o h lm an n  b an d s); 2300 c m -1 ( — C = N ) .
NM R(CDC13): <5 7.78 (s, 1 H , in d o le  N H ); 7 .40—6.75 (m , 3H , a ro m a tic  H ); 3.88 (s, 3H , 

— O C H 3); 3.20 (s, 1H, 12b,SH); 0.68 ( t ,  3 H , - C H 2- C H 3).
(б) S a lt  3f (1.00 g; 2.84 m m o les) w as su sp en d ed  in m eth a n o l (50 m l), an d  so d iu m  b o ro ­

h y d r id e  (0 .60  g; 15.8 m m oles) w as a d d e d  to  th e  suspension  in  sm all p o rtio n s , w ith  co n tin u o u s 
s t i r r in g ,  a t  0 °C tem p era tu re . A fte r  h a v in g  com ple ted  th e  a d d itio n , th e  m ix tu re  w as s tir red  
f u r th e r  fo r  1 h  a t  0 °C, th e n  th e  so lu tio n  w as acid ified  w ith  51V HC1 to  p H  3. T h e  so lv en t w as 
e v a p o r a te d  in  vacuum , th e  re s id u e  w as d isso lved  in  a  m ix tu re  o f  d ich lo ro m eth an e  (30 m l) 
a n d  d is t i l le d  w a te r  (30 m l), th e  p H  w as a d ju s te d  to  10 w ith  21V N aO H  so lu tio n  a n d  th e  o rgan ic  
p h a se  w a s  sep a ra ted  and  d ried  o v e r  M g S 0 4. T he so lu tio n  w as e v a p o ra te d  to  d ry n ess a n d  th e  
re s id u e  c ry s ta lliz ed  from  m e th a n o l to  y ie ld  a w hite  c ry sta llin e  su b s tan ce  (0.60 g; 6 3 .0% ), 
m .p . 2 0 2 — 204 °C.

T h e  com pound was in  a  re sp e c ts  id en tica l w ith  th a t  desc rib ed  u n d e r  (o).
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la-E thyl-l/9 -(3-am inopropy])-l,2 ,3 ,4 ,5 ,6 ,7 ,12 ,12b/i-  
-oetahv<lroin<]olo[ 2 ,3-«] quinolizine (4 d)

Com pound 4a  (3 .10  g; 10.1 m m oles) w as d isso lved  in m eth an o l (250 m l) w ith  gentle 
h e a tin g , th en  R a n ey  n ick e l c a ta ly s t (2 g), wdiich h a d  been  w ashed  w ith  d is tilled  w a ter th en  
w ith  m eth an o l, w as a d d e d  to  th e  so lu tion  u n d e r  co n tin u o u s s tirrin g  a t  48 — 50 °C. A suspen­
sion of sodium  b o ro h y d rid e  (0.50 g; 16.3 m m oles) in  81V N aO H  so lu tio n  (2 m l) w as poured  to 
th e  m ix tu re . F izzing  s ta r te d  im m ed ia te ly  a f te r  th e  ad d itio n , an d  c o n tin u e d  fo r a b o u t 30 m in. 
T h en  m ore R aney  n ick e l c a ta ly s t  (2 g), p rep ared  as ab o v e, w as ad d ed  to g e th e r  w ith  a suspension 
o f sod ium  b o ro h y d rid e  (0 .50  g; 16.3 m m oles) in  81V N aO H  so lu tion  (2 m l). T h e  reac tio n  m ix tu re  
w as re flu x ed  for 4 h , th e n  th e  c a ta ly s t  w as rem o v ed  b y  f i ltra tio n , w ash ed  w ith  m ethano l and 
th e  so lv en t was e v a p o ra te d  in v acuum . T he re s id u a l oil w'as dissolved in  som e m ethanol and 
acid ified  to  p H  4— 5 w ith  m e th an o l s a tu ra te d  w ith  h y d ro g en  chloride  gas. O n th e  add ition  
o f e th e r , th e  p ro d u c t se p a ra te d  as th e  h y d ro ch lo rid e  (3.50 g). R e c ry s ta lliz a tio n  from  a m ix tu re  
o f  m eth an o l and  e th e r  gave  th e  w hite  d ih y d ro ch lo rid e  (3.20 g; 8 3 .5 % ), m .p . 249— 251 °C.

C20H„9N 3 • 2 HC1 (384.38). Calcd. C 62.48: H  8.12; N  10.93. F o u n d  C 62.22; H  7.90; 
N  10.71% .

IR (K E r): 3305 c m -1 (indole N H ).

la -n -B uty l-l/l-(3-am inopropyl)-l,2 ,3 ,4 ,6 ,7 ,12 ,12b /?- 
-octahydroindolo[2,3-<i] quinolizine (4g)

C om pound 4 f (6 .17  g; 18.4 m m oles) w as susp en d ed  in m eth a n o l (500 m l), and R aney  
n icke l c a ta ly s t (8 g), w h ich  h ad  been w ashed w ith  d istilled  w a te r  a n d  m e th a n o l, was added.

T he m ix tu re  w as h e a ted  to  48— 50 °C, a  suspension  o f sod ium  b o ro h y d rid e  (8.0 g; 
210 m m oles) in 81V N a O H  (32 m l) w as added . A fte r  h av in g  m a in ta in ed  th e  ab o v e  tem p era tu re  
fo r 3 h , a fu rth e r a m o u n t o f p rep ared  R a n ey  n ickel c a ta ly s t  (8 g) a n d  so d iu m  borohydride  
(8.0 g; 210 m m oles), su sp en d ed  in 8JV N aO H  so lu tio n  (32 m l), w ere a d d e d  to  th e  reaction  
m ix tu re . I t  was re flu x e d  fo r 3 h , th e n  th e  c a ta ly s t  w as f ilte re d  off. T he so lu tio n  w as con cen tra ted  
to  50 m l in  vacu u m , d is tilled  w a te r  (200 m l) w as a d d ed , an d  th e  so lu tio n  w as e x tra c te d  w ith 
d ic lilo rem eth an e  (100, 70 an d  50 m l). T he o rg an ic  ph ase  w as dried  (M gS 04), th e n  evap o ra ted  
to  d ry n ess in v acu u m  T h e  o ily  residue w as c ry sta lliz ed  from  m eth an o l to  give a  w h ite  c ry sta l­
line  pow d er (3.20 g; 5 1 .0 % ), m .p . 161 — 164 °C.

C„„H „N 3 (339.51). Calcd. C 77.82; H  9.80: N  12.38. F o u n d  C 77.78; H  9.83; N  12.14% .
IR (K B r): 3310 c m - 1 (indole N H ).
NM R(CDClg): <5 7 .72— 6.98 (m , 5H , indole N H  a n d  a ro m atic  H ); 3.46 (s, 1H , 12b/?H).

la - E t h y l - lJ0-(3-dim ethylam inopropyl)-l,2,3,4,6,7,12,12b/?- 
-octahydroindolo[2,3-a] quinolizine (4e)

Com pound 3a (2 .00  g; 6.20 m m oles) w as su sp en d ed  in m eth an o l (100 m l), and  R an ey  
n icke l c a ta ly s t  (2 g), w h ic h  h a d  been  w ashed  w ith  w a te r  an d  m eth a n o l, w as ad d ed  to  i t .  The 
so lu tio n  was stirred  a n d  h e a te d  to  48— 50 °C an d  a suspension  of so d iu m  b o ro h y d rid e  (2.00 g; 
53 m m oles) in 8JV N a O H  so lu tion  (8 m l) w as ad d ed  to  it .  T he m ix tu re  w as re flu x ed  for 3 h . 
I t  w as th en  cooled to  50 °C an d  R an ey  n ickel c a ta ly s t  (2 g; p rep ared  as ab o v e  a n d  a suspension 
o f sod ium  bo ro h y d rid e  (2.00 g; 53 m m oles) in  8iV N aO H  so lu tion  (8 m l) w ere added . T hen 
m ix tu re  w as re fluxed  fo r  3 h , an d  th e  c a ta ly s t  w as rem o v ed  b y  f i ltra tio n . T h e  so lu tio n  was ev a ­
p o ra te d  to  dryness in  v a c u u m , th e  residual oil w as d issolved in a sm all a m o u n t of m ethanol, 
an d  acid ified  to p H  4 w ith  m eth an o l sa tu ra te d  w ith  h y d ro g en  ch lo ride. O n th e  add ition  of 
e th e r  a  crysta lline  sa lt  (2 .20  g) sep a ra ted . R e c ry s ta lliz a tio n  from  a m ix tu re  o f m ethano l and 
e th e r  gave the  w h ite , c ry s ta llin e  d ih y d roch lo ride  (4d • 2 HC1) (1.85 g; 7 7 .8 % ), m .p. 248— 
251 °C.

Com pound 4d (6 .95  g; 22.4 m m oles) l ib e ra te d  from  th e  d ih y d ro ch lo rid e  sa lt w as dissolved 
in 9 8 %  form ic acid (14 m l; 368 m m oles), an d  3 0 %  aqueous fo rm ald eh y d e  so lu tio n  (6.30 m l; 
63.2 m m oles) was a d d e d  to  th e  reac tion  m ix tu re . I t  w as re flu x ed  fo r 4 h , th e  h o t  solution was 
p o u re d  on to  ice and  m a d e  a lk a lin e  (pH  10) w ith  4 0 %  N aO H  so lu tion . T he so lu tio n  w as e x trac ted  
w ith  d ich lo roethane  (70 , 50 and  30 m l), th e  o rg an ic  phase  was dried  (M g S 0 4) a n d  the  solvent 
e v a p o ra te d  in v a cu u m . T h e  residual oil w as d isso lved  in an h y d ro u s benzene  (150 m l) and h y d ­
rogen  chloride was p a sse d  in to  th e  so lu tion , w h e reu p o n  a pale yellow  sa lt (7.85 g) separa ted . 
T h e  p u re  d ihyd ro ch lo rid e  o f 4e (7.15 g; 78 .1 % ) w as o b ta in ed  on re c ry s ta lliz a tio n  from  a 
m ix tu re  o f m ethano l a n d  e th e r , m .p . 276— 278 °C.
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C2jH 33N 3 • 2 HC1 (412.42). C a lcd . C 64.06; H  8.55; N  10.19. F o u n d  63.97; H  8.27; 

N  1 0 .4 4 % .
I R ( K B r ) :  3385 c m -1 (indole N H ).
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PHOTOKATALYTISCHE SYSTEME, XVII*
S P IN -T R A P P IN G  VO N  R A D IK A L E N  B E I  D E R  PH O T O L Y SE  V O N  

C E R (IV ) IN  A L K O H O L E N

D . R e h o r e k

(S e k tio n  Chemie der K a rl-M a rx -U n ivers itä t Leipzig , D D R )  

E ingegangen a m  8. M ai 1978 

Z u r V eröffen tlichung  an g en o m m en  a m  11. O ktober 1978

U n te r  V erw en d u n g  von N itro so d u ro l Jjzw. Phenyl-iV -ter(.-bu ty ln itron  a ls S p in - 
T rap s w u rd en  d ie bei de r Photo lyse  v o n  a lk o h o lisch en  C er(IV )-Lösungen e n ts te h e n d e n  
R ad ik a le  E S R -sp ek tro sk o p isch  nachgew iesen  u n d  id en tifiz ie rt.

Bei Z im m ertem p e ra tu r w urden  n e b en  A lk o x y lrad ik a len  sowohl A lky l- als auch  
H y d ro x y a lk y lra d ik a le  b eo b ach te t, w as a u f  R e ak tio n e n  der p rim är e n ts ta n d e n e n  Al- 
k o x y lrad ik a le  zu rü ck g e fü h rt wird.

1. Einleitung

Obwohl die Photooxidation  von A lkoholen  m ittels Ce(IY) in  den letzten  
Jahren sehr in ten siv  E SR -spektroskopisch sow ohl in flüssiger [1] als auch in 
gefrorener Lösung [2] untersucht wurde, b estehen  noch einige U nklarheiten  
bezüglich des M echanism us dieser R eaktion.

So wurden in gefrorener Lösung hauptsächlich  H ydroxyalkylradikale  
beobachtet, w ogegen in flüssiger Lösung vor allem  durch C— C-Bindungsspal- 
tung entstandene Alkylradikale nachgew iesen werden konnten.

D iese U ntersch iede wurden von G r e a t o r e x  et al. [1 ]  m it der im  Ver­
gleich zur C— H -S p altung größeren A ktivierungsenergie für die C— C-Bindungs- 
spaltung erklärt.

C— C -Bindungsspaltung sollte dem nach vor allem bei höheren T em pera­
turen beobachtet werden. Allerdings kann  dam it das Fehlen von  H yd roxv- 
alkylradikalen n ich t erklärt werden.

Wir verm uten  vielm ehr, daß die H ydroxyalkylradikale bei höheren T em ­
peraturen unter den gegebenen Bedingungen für einen direkten E SR -N achw eis  
wegen ihrer geringen Stabilität in zu niedrigen K onzentrationen vorhan­
den sind.

Wir haben daher versucht, die S p in —Trapping-M ethode [3, 4 ] für den 
N achw eis der R adikale zu verwenden.

* X V I. M itte ilu n g : R e h o r e k , D ., Sa l v e t t e r , J . ,  H antschm ann , A ., H e n n ig , H .: 
J .  p ra k t.  Chem. 321, 159 (1979).
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H ierb ei werden die bei der R eaktion entstehenden  Radikale R- an die 
N = 0 - B in d u n g  einer N itrosoverbindung bzw . an die C =  N-Bindung eines A ldo- 
nitrons zu  stabilen N itroxiden addiert (vgl. Gin. l a  und b).

0

R 1— N — R ( la )

0
1

R 2— CH— N — R 3 ( lb )
I
R

In früheren  M itteilungen dieser R eihe [5— 8] kon n ten  wir zeigen, daß die von  
T e r a b e  e t  a l .  [9] bzw. J a n z e n  und B l a c k b u r n  [10 ] eingeführten Spin-Traps 
N itrosod u rol (2,3,5,6-T etram ethylnitrosobenzol, N D )  und Phenyl-IV-tert.-butyl- 
nitron (P B N ) für die U ntersuchung von photoinduzierten R edoxreaktionen  
von  M etallkom plexen geeignet sind.

R- +  R i— N = 0

О
t

r . +  R 2— C H = N — R 3

2. Experimenteller Teil

E s  w u rd e n  L ösungen v o n  (N H 4)2C e(N 0 3)6 (Y E B  L ab o rch em ie  A polda) in v e rsch ie d en e n , 
n a c h  S ta n d a rd m e th o d e n  [11] g e re in ig ten  A lkoholen  u n te r s u c h t .  D iesen L ösungen w u rd e  de r 
in  M e th y le n c h lo r id  gelöste S p in -T rap  zu g esetz t, so d a ß  d ie G esam tkonzen trion  des Spin- 
T ra p s  im  B e re ich  von  0,005 M  bis 0,1 M  v a riie rte . In  e in ig en  F ä llen  w urde anstelle  v o n  M e th y l- 
len c h lo rid  a u c h  C hloroform  als L ö su n g sm itte l fü r  d en  S p in -T rap  verw endet.

D ie  f ü r  die U n te rsu ch u n g  g ü n stig s te  K o n z e n tra tio n  a n  Ce(IV) b e tru g  e tw a  5 x  1 0 - 4 Af 
b is 5 X  10 ~ 3 M .  Bei hö h eren  K o n z en tra tio n e n  an  C e(IY ) g ing  die E S R -S ig n a lin ten s itä t d e r  
e rh a lte n e n  S p in -A d d u k te  s ta rk  zu rü ck .

A ls S p in -T rap s w urden  N itro so d u ro l (N D )  u n d  P h eny l-lV -ieri.-bu ty ln itron  ( P B N )  v e r ­
w e n d e t. D ie  D a rste llu n g  der S p in -T rap s erfo lg te n ach  [12, 13].

D ie  P ro b e n  w urden  m itte ls  e in e r Q u cck silb e rh ö ch std ru ck lam p e  HBO -200 (Y E B  N a rv a  
B erlin ) d i r e k t  im  R eso n a to r e ines E S R -S p e k tro m e te rs  v o m  T yp JE S-2B Q  (Je o l, J a p a n )  
b e s t ra h l t .

A lle  S p e k tren  w urden  bei R a u m te m p e ra tu r  im  X -B a n d  aufgenom m en.
D ie  F e ld e ich u n g  erfo lg te m itte ls  P ro to n en reso n an z .
A lle  L ö su n g sm itte l w u rd en  d ire k t vo r der M essung  e tw a  20 M inuten  m it S t ic k s to f f  

g e sp ü lt.

3. Ergebnisse

B e i der Bestrahlung beobachteten  wir die Bildung charakteristischer  
S p in -A d d u k te , deren E SR -Param eter in T abelle I  angegeben sind. D urch  V er­
gleich  m it  früher nachgew iesenen Spin-A ddukten [7— 9, 14] konnten diese in  
den m eisten  Fällen auch identifiziert werden.
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Tabelle I

E SR -P aram eler der Sp in -A ddukte

A ddiertes R adikal Spin-Trap

•C H jO II N D

•CH2C6H (C H 3)2NO N D

CHJCHOH N D

1ЧО, N D
•CH3 N D

•C„H5 N D

CH3CH„CHO H N D
n o 2 N D

(CH3)2C0I1 N D

CH3 N D

CH3C H 2C H 2C IIO H N D

CH„CH2C H 3 N D
•C ,H 5 N D

CH3C(C2H 5)OH N D

CH3C H (O H )C H C H 3 N D

•CH(CH3)„ N D

C(CH3)2C H ,O II N D

(CH3)2C H C H 20 N D

(CH3)3CO- N D
•CH3 N D

(CH3)3C- N D

C H 2C(CH3)2O H N D

•CC13 N D

•C0C1 N D

CH30 - P B N d)

c h 3c h „o P B N ä)

CH.,CH2C H 20 P B N d)

(CH3),C H O P B N d)

CH3C H 2C H 2C H ,0 P N B d)

C„H5(C H 3)CHO P B N d)

(CH3),C H C H 20 P B N d)

(CH3)3CO- P B N d)

“N *) «H

1,34 ± 0,02 0,81 ± 0,02 (2H )

1,32 ± 0,02 0,59 ± 0,03 (2H )

1,38 ± 0,02 0,69 + 0,02 (1H )

1,43 ± 0,02 —
1,43 ± 0,03 1,31 + 0,03 (3H )

1,42 + 0,02 1Д9 ± 0,02 (2H )

1,48 ± 0,02 0,27 + 0,02 (1H )

1,42 + 0,02 —
1,42 ± 0,02 —

1,44 + 0,03 1,31 ± 0,03 (3H )

1,39 + 0,02 0,69 ± 0,02 (1H )

1,42 ± 0,02 1,16 ± 0,02 (2H )

1,43 ± 0,02 1,18 ± 0.02 (2H )

1,43 + 0,02 —
1,38 ± 0,02 0,94 + 0,02 (1H )

1,42 + 0,02 0,91 ± 0,02 (1H )

1,42 ± 0,02 —

2,65 ± 0,05 —

2,77 ± 0,03 —

1,40 ± 0,03 1,30 + 0,02 (3H )

1,40 ± 0,02

1,41 ± 0,03 0,33 ± 0,02 (2H )

1,08 ± 0,03 0,13 + 0,02 (3C1)

0,81 + 0,01 —

1,42 + 0,02 0,27 ± 0,02 (1H )

1,44 ± 0,02 0,26 ± 0,02 (1H )

1,43 ± 0,02 0.25 ± 0,02 (1H )

1,44 ± 0,02 0,22 ± 0,02 (1H )

1,43 ± 0,02 0,25 + 0,02 (1H )

1,44 ± 0,02 0,22 ± 0,02 (1H )

1,44 ± 0,02 0,23 ± 0,02 (1H )

1,40 + 0,02 0,14 ± 0,02 (1H )

m T: in K lam m ern : A nzahl der w echselw irkenden H -A tom e 
Ukoholen w urden  dieselben R adika le  beobach te t, vgl. T ex t 
aufspaltung
i den h ier angegebenen R adika len  w urden noch Spin -A dduk te  v o n  A lkyl- 
iikalen  b eo b ach te t, die jedoch  n ich t iden tifiz iert w erden k o n n ten .
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3.1. Bestrahlung in Gegenwart von Nitrosodurol

D ie folgenden E rgebn isse beziehen sich au f d ie U ntersuchungen der Alko- 
hol/M ethylenchlorid-G em ische.

B e i der P h otoox id ation  von Methanol k on n ten  in Gegenwart hoher 
Spin-T rap-K onzentrationen (0 ,1  M ) zwei Spin -A ddu kte beobachtet werden, 
von  denen  das eine als -CH2O H -A ddukt (1) id en tifiz iert wurde. B ei dem zw ei­
ten  A d d u k t handelt es sich  ebenfalls um das A d d u k t eines -CHjR-Radikals an 
N D .  D a  bei V erwendung v o n  Chloroform als L ösungsm ittel (siehe 3.2.) 
dieses A ddukt ebenfalls beob ach tet wurde, kann  es sich hierbei n icht um  
das -CH2C1-Addukt handeln . E s ist denkbar, daß es sich bei dem A ddukt 
(2) u m  das Spin-A ddukt des durch H -A bstraktion  aus N itrosodurol en t­
stan d en en  •CH2C6H (C H 3)3N O -R adikals an N D  h an d elt. Für diese Annahm e  
spricht die Tatsache, daß 2  bei geringen N D -K onzentrationen nicht nach­
gew iesen  werden konnte. A llerdings konnte die B ild u n g  von  2 im  Falle anderer 
A lkohole nicht beobachtet w erden.

In  Ethanol w urden b e i Bestrahlung hauptsäch lich  das A ddukt des 
CH3CH O H -Radikals (3 ) sow ie  ein einfaches T rip lett m it =  (1,43 ^  0,02) 
mT (4 ) beobachtet. B e i le tzterem  handelt es sich  wahrscheinlich um  das 
N 0 2-A ddukt an ND  (verg leich e [8]). Nach längeren B estrahlungszeiten konn­
ten  zusätzlich  -CH3-A ddukte (5) registriert w erden.

B e i der Bestrahlung v o n  Ce(IV) in n-Propanol werden Ethylradikale und  

1-H ydroxypropylradikale (C H 3CH2CHOH) geb ild et, die m ittels N D  abgefan­
gen und  als Spin-A ddukte 6  bzw . 7 nachgew iesen werden konnten. D aneben  
w urde das Triplett des N 0 2-A ddukts (8) b eob ach tet.

In  iso-Propanol k o n n ten  (CH3)2C O H -R adikale (9) und M ethylradikale
(10) registriert werden.

In  n-Butanol wurde neben  der B ildung v o n  1-H ydroxybutylradikalen
(11) das Entstehen von  Propylradikalen (12) nachgew iesen .

D ie  Bestrahlung in  sec.-Butanol lieferte dagegen in großer A us­
b eu te  Ethylradikale (13) neben geringen M engen CH3C(C2Hs)OH- und 

CH3CH(OH)Í!HCH3-R ad ik a len  (14 und 15, siehe A bbildung 1). Der Nachweis 

der C H 3C(C2H5)O H -R adikale war wegen der Ü berlagerung durch die ESR - 
Signale des E thyl-A ddukts erschwert. D ie U ntersuchung der Zeitabhängig­
k e it der ESR-Spektren ergab jedoch eindeutig , daß den Ethyl-S ignalen  ein 
ein faches Triplett geringer S tab ilitä t überlagert ist.

In  iso-Butanol w urde zunächst ein aus in sgesam t sechs Linien b estehen­
des E SR -Signal (16) b eo b a ch tet, welches therm isch  und photochem isch außer­
ordentlich  stabil ist. H ierbei handelt es sich um  das iso-Propylradikal. D aneben  
w urde ein intensives T r ip le tt registiert, das dem  A ddukt des -С(СН3)СН 2ОН- 
R ad ik a ls an N itrosodurol (17) zugeordnet w erden kann. W eitere Linien gerin­
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ger In tensität, die an den Rändern des Spektrum s auftraten, lassen  sich dem 
iso-B utoxyl-Sp in -A dd ukt (18) zuordnen.

D ie Bestrahlung von  Ce(IV) in tert.-Butanol lieferte fo lgende Radikale: 
(CH 3)3CO- (19), -CH.. (20) und (CH3)3C- (21) sowie bei geringeren iVD-Konzen- 
trationen das CH2C(CH3)2O H -R adikal (22).

Abb. 1. E S R -S p e k tru m  der S p in -A d d u k te , die bei der B estrah lu n g  v o n  C e(IV ) in  sec .-B u tan o  
e rh a lte n  w urden. (0,05 M  N itro so d u ro l; о kennzeichnen  die E S R -L in ien  eines n ich t id en tifi­

z ie rten  S p in -A dduk ts)

3.2. Bestrahlung in Alkohol Chloroform-Gemischen 
in Gegenwart von Nitrosodurol

D ie Bestrahlung der alkoholischen Ce(IV)-Lösungen ergab bei Zusatz von 
Chloroform -Lösungen des Spin-Traps N itrosodurol neben den in A bschnitt 3.1. 
aufgeführten R adikalen zusätzlich das -CCl3-A ddukt (23), w elches sich nach 
einigen M inuten in  ein einfaches Triplett (24) m it aN =  (0,81 ±  0,01) mT 
um w andelte.

In Anlehnung an [15] nehm en wir an, daß es sich hierbei um  das Addukt 
des -COCl-Radikals an Nitrosodurol handelt, welches durch O xidation von  
23 en tsteh t.

A uf Grund des L inienreichtum s des Spin-Addukts 23 war die Ausweertung  
der in Gegenwart von Chloroform erhaltenen E SR -Spektren außerordentlich  
erschwert. Chloroform muß deshalb als ungeeignetes L ösungsm ittel für den 
Spin-Trap angesehen werden.
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3 .3 . Bestrahlung in Gegenwart von Phenyl-N-tert.-butylnitron (P B N )

B ei Verwendung von  P B N  als Spin-Trap konnten  in  allen Fällen A lkoxyl- 
radikale (vgl. Tabelle I) nacbgew iesen  werden. D aneben  wurden E SR -Signale  
m it etw as größerer /S-H -H yperfeinaufspaltung (aH ~  0,4 mT) beobachtet, bei 
denen es sich sowohl um  A lk y l- als auch H ydroxyalkyl-Spin-A ddukte handeln  
k ön n te  [10, 14]. Eine genaue Identifizierung ist nur sehr schwer m öglich und, 
da d iese Radikale m it H ilfe vo n  N D  wesentlich besser identifiziert werden  
k ön n en , auch nicht u n b ed ingt erforderlich.

B ereits nach 30 Sekunden Bestrahlungszeit w urde zusätzlich  zu den oben  
erw ähnten  Spin-Addukten des ESR -Signal des D i-fert.-butyln itroxids [aN =  
=  (1 ,59  ±  0,02) mT] b eob ach tet. Hierbei handelt es sich um  ein Zerfalls­
prod u k t des P B N  [16].

M it zunehmender B estrahlungszeit wird das S ignal des Di-tert.-butyl- 
n itrox id s intensiver, so daß eine Auswertung der E SR -Spektren  nur bei relativ  
kurzen B estrahlungszeiten (t <C 30 s) möglich ist.

4. Diskussion

Obwohl die bei der B estrah lung von Ce(IV) in A lkoholen erhaltenen  
Spin-A ddukte bedeutend in stab iler  sind als im  F alle des kürzlich von uns 
untersu ch ten  Uranylnitrats [8 ], konnten bei Zim m ertem peratur auswertbare 
E S R -S p ek tren  erhalten w erden, die eine Reihe von A ussagen über den M echa­
nism us der photoinduzierten A lkoholoxidation g esta tten . Verglichen m it 
d irek ten , d. h. ohne V erw endung von  Spin-Traps durchgeführten E SR -U nter- 
suchungen  [1, 2] erfordert jed o ch  die Spin-Trapping-M ethode einen w esentlich  
geringeren experim entellen A ufw and.

In  Tabelle II sind die m it den einzelnen M ethoden (P h oto lyse in flüssiger  
und gefrorener Lösung sow ie Spin-Trapping) nachgew iesenen radikalischen  
R eaktionsprodukte der A lkohole zusam m engefaßt.

D ie  Bildung des tert.-B utylrad ikals, das bei der P h oto lyse  von Ce(IV) in 
tert.-B u tan o l beobachtet w urde, läß t sich auf den therm ischen Zerfall des tert.- 
B utylduryln itroxids zurückführen [17]. Die B ildung von  N 0 2 wurde auch bei 
der P h o to ly se  in gefrorener L ösung beobachtet [2] und en tsteh t w ahrschein­
lich  durch die Reaktion von  H ydroxyalkylradikalen  m it NO^- In [8] konn­
ten  w ir zeigen, daß die B ild u n g  der Spin-Addukte des T yps 4 und 8 auf die 
R ea k tio n  von ND  m it freiem  N 0 2 zurückzuführen is t , wenn auch über die 
genaue Struktur des Spin-A ddukts-U nklarbeiten bestehen .

W ie Tabelle II  zeigt, k o n n ten  m it Hilfe der Spin-Trapping-M ethode alle 
von  G r e a t o r e x  und K e m p  [2] in  gefrorener Lösung gefundenen organischen  
R ad ik a le  nachgewiesen w erden. D urch ESR-M essungen an flüssigen Lösungen  
k on n ten  ohne Verwendung v o n  Spin-Traps [1] led iglich  die durch C— C-Bin-
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Tabelle II

Vergleichende Übersicht über die bei der Photolyse von 
C e ( IV )  in  A lkoholen zu  beobachtenden Radikale

Alkohol Spin-TrappmgÄ) Gefrorene Lösung“) Flüssige Lösung®)

M ethanol

M ethanol

C H 3o-

CH..OH CH..OH keine R ad ika le

E th an o l C H 3C H 20 — —

E th an o l C H 3C H O H CH3C H O H —

E th an o l •CH3 ■CH3 •CH3

rc-Propanol C H 3C H 2CHjO —

n-Propanol C H 3C H 2CHO H C H 3C H 2CHOH —
n-Propanol ■CH2C H 3 C H 2C H 3 C H ,C H 3

iso-Propanol (C H 3)2CHO- — —

iso-Propanol (C H 3)2COH (CH.,)2COH -
i.o-Propanol ■CH3 C H 3 •CH3

n-B utano l C H 3C H 2C H 2C H 20 - — —

n-B u tano l C H 3C H 2C H 2C H O H C H 3C H 2C H 2CHOH —

n-B u tano l •CH2C H 2C II3 - C H 2C H 2C H 3

iso-B utanol (C H 3)2C H C H ,0 - — —

iso-B utanol (C H 3)2CH — —
iso-B utanol •C(CH3)2C H 2OH — —
iso-B utanol - (CH3)2CHCHOH —

sec.-B utanol C2H 5(C H 3)CHO- — —

sec.-Butanol C H 3C(C2H 5)OH - -
sec.-B utanol C H 3C H (O H )C H C H 3 - -
sec.-B utanol •CH2C H 3 — —

sec-B utanol - •CH3 -

terl.-B utanol (C H 3)3CO- — —

tert.-B utanol •CH3 CH3 —
terl.-B utanol C H 2C(CH3)2OH C H ,C (C H 3(2OH -

a) Diese A rbeit, M eß tem p era tu r ca. 300 К
b) G R E A T O R E X  u n d  K E M P  [2], M eß tem p era tu r 77 К
c) G R E A T O R E X  et al. [1], M eß tem p era tu r ca. 200 K , d irek te r  E SR -N achw eis

d u n g ssp a ltu n g  e n ts te h e n d e n  A lk y lrad ik a le  reg is trie rt w erd en , w o b ei die M eß­
te m p e ra tu r  e tw a  200 К  b e tru g . D ie T a tsa c h e , daß  w ir bei w esen tlich  höheren 
T e m p e ra tu ren  (ca.  300 K ) in  den m eisten  F ä llen  sow ohl A lky l- als au ch  Hy-
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droxyalkylradikale nachw eisen  konnten, spricht gegen einen merklich tem pera­
tu rab h än gigen  K onkurrenzprozeß [Gl. (2)] bei der B ildung von A lkyl- und  
H y d r o x y  alkylradikalen.

RCHoOH +  Ce(IV)
R- +  CH20  +  H +  +  Ce(III) 
RCHOH +  H +  +  C e(III)

(2a)
(2b)

V ielm eh r nehmen wir au f G rund vorliegender Ergebnisse an, daß sowohl A lk y l­
ais au ch  H ydroxyalkylradikale Produkte von Sekundärprozessen sind.

Im  ersten Schritt w ird ein  Elektron vom  A lkohol zum Ce(IV) übertragen  
(vg l. G in . 3a und 3b).

4“ '
RCH2OH +  C e(IV ) — >- RCH2OH +  C e(III) (3a)

RCH2OH — * RCH20 -  +  H + (3b)

D as h ierb ei entstehende A lk oxylrad ik al, das auf d irektem  W ege E SR -spektro- 
sk op isch  nur schwer n ach gew iesen  werden kann [18], wurde von uns m ittels  
Spin-T rapping mit P B N  u n d  teilw eise auch m it N D  nachgew iesen (vgl. 
T ab elle  I). Dieses R adikal k a n n  fragmentieren (Gl. 4) oder unter H -Abstrak- 
tio n  m it dem Alkohol u nter B ild u n g von H ydroxyalkylradikalen  reagieren
(Gl. 5).

RCHoO- — ► R- +  CH20  (4)

RCH20 - +  R C H 2OH —-  RCH2OH +  R CH O H  (5)

Im  F a lle  primärer Alkohole en tsteh en  nach G leichung 4 die um  ein C-Atom  
kürzeren  Alkylradikale. B ei unsym m etrisch  su b stitu ierten  sekundären A lko­
h o len , z. B . sec.-Butanol, is t  dagegen  die Bildung zw eier verschiedener Radikale  
m öglich . In Ü bereinstim m ung m it den Ergebnissen von  Gil b e r t  et al. [19] 
und früheren U ntersuchungen am  Uranylnitrat [8] fin d en  wir ausschließliche 
B ild u n g  von  E thylradikalen. G r e a t o r e x  et al. [2 ] beobachteten  dagegen  
M ethylradikale. Wir können zur Z eit noch keine p lausib le Erklärung für diesen  
W iderspruch  angehen.

D a  die nach G leichung 5 entstehenden H ydroxyalkylradikale starke 
R ad u k tion sm itte l darstellen, is t  eine thermische Folgereaktion  (6) sehr w ahr­
sch ein lich . Diese R eaktion is t  unserer Ansicht nach  der w esentliche Grund 
dafür, daß in flüssiger L ösung H ydroxyalkylradikale n ich t mehr auf direktem  
W ege ESR -spektroskopisch  nachgew iesen werden k onnten .

RCHOH +  C e(IV ) — * RCHO +  H +  +  C e(III) (6)

D u rch  Einfrieren der Lösung w ird die Reaktion 6 unterdrückt und der E SR - 
N a ch w eis  der H ydroxyalkylradikale möglich.
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D ie entsprechende Bildungsreaktion für die H ydroxyalkylradikale (Gl. 5) 
sollte durch das Einfrieren in  w eit geringerem  Maße beeinflußt werden, da die 
K onzentration  des A lkohols wesentlich größer is t  als die des Ce(IY). D arüber  
hinaus sind auch Isom erisierungsreaktionen vom  Typ (7) zu b erü ck sich ti­
gen [20].

CH30 -  — * CH2OH (7)

Dafür, daß der R eaktion  6 größere B ed eu tu n g  zukom m t, spricht auch die 
T atsache, daß die A usbeute an H ydroxyalkyl-Spin-A ddukten m it zunehm ender  
C er(IV )-K onzentration bei konstanter K onzentration  an Spin-Trap stark her­
abgesetzt wird. In diesem  Fall konkurrieren Ce(IV) und N itrosodurol um  die 
H ydroxyalkylradikale. Zusätzlich ist auch eine R eaktion des Ce(IV) m it den 
Spin-A ddukten in B etrach t zu ziehen.

D ie O xidation der Alkylradikale w irkt sich  dagegen erst bei C e(IV )-K on- 
zcntrationen von größer als etwa 1 0 ~ 2 M  m erklich auf den E SR -N achw eis aus.
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T he co m p lex es o f ru th e n iu m ( ll l ) ,  r h o d iu m (I I I ) ,  p la tin u m (IV ), p a lla d iu m (II)  
a n d  p la t in u m (I I )  o f tw o p o ten tia l p e n ta d e n ta te  ligands, 2 ,6-dipicolinic acid  h y d raz id e  
(D P H ) a n d  A^iV’-d ibenzylidene d ip icolin ic  a c id  h y d raz id e(D B P H ) hav e  b een  sy n th e ­
sized an d  c h a ra c te riz ed . T he ru th e n iu m ( ll l ) ,  r h o d iu m ( l l l)  and platinum (T V ) com plexes 
a re  found  to  b e  h e x a -co o rd in a ted , while th e  b iv a le n t  pa llad iu m  and  p la t in u m  com plexes 
are p e n ta -c o o rd in a te d , as revealed  by  th e ir  e le m en ta l analyses, m ag n e tic  su sce p tib ility , 
u ltra v io le t-v is ib le  an d  in frared  sp ec tra l m ea su re m e n ts . In  th e  fa r  in fra re d  region 
v(M -py), v(M — O) a n d  i'(M— N) v ib ra tio n s  h a v e  b een  assigned and an  a t te m p t  h a s  heen 
m ade  to  assig n  th e  ste reo ch em istry  o f th e  co m p lex es on  th e  basis o f 6a  a n d  16h v ib ra ­
tio n s  o f th e  p y rid in e  ring .

In tro d u c t io n

The penta-coordinated  com plexes o f  ruthenium (III), rh od iu m (III), pal­
lá d iu m u l)  and p latin u m (II) are know n [1, 2 ], but the chem istry  o f  such 
com plexes o f p latinum  m etals has n o t received  as much a tten tion  as the  
com plexes o f th e  m etals o f the first tran sition  series [1, 3]. N o system atic  
study has been m ade o f the penta-coordinated com plexes o f th ese  m etals, 
except those o f  palladium (II) and p la tin u m (II) w ith  phosphines and arsines 
[4— 7]. The lack  o f higher m ultidentate ligands com plexed w ith  platinum  
m etals is n otew orth y  and a survey o f literatu re  reveals that no penta-coordi­
nated com plexes in vo lv in g  pentadentate ligan d s have been reported to  date.

In th is paper, w e wish to  report th e  synthesis and characterization of 
the com plexes o f  ruthenium (III), rh od iu m (III), platinum (IY), pallad iu m (II), 
and p latinum (II) w ith  tw o potential p en tad en ta te  ligands, 2 ,6-dipicolin ic acid 
hydrazide(D PH ) and IV̂ IV’-dibenzylidene dipicolinic acid hydrazide(D B P H ), 
involving all “ hard” donor atom s. The structures of the ligands, D P H  and 
D B P H  are g iven in the figure.

* F o r  co rresp o n d en ce  a t 10 Shikshak  N iw a s, M eeru t College, M eerut-250001 (In d ia )
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(DBPH)

Experimental

M a te ria ls : D im ethy l e s te r  o f  d ip icolin ic  acid  w as p ro cu red  from  M idland Y o rk sh ire  
T a r  D is t i lle rs  L td . Co., Ű .K . A ll o th e r  chem icals a n d  so lv e n t used  were o f re ag e n t g ra d e .

S y n th esis  of ligands: T h e  lig a n d s , 2 ,6-dip icolin ic  ac id  h y d raz id e(D P H ) a n d  N , N '-  
d ib e n z y lid e n e  dipicolinic acid  h y d ra z id e (D B P H ) hav e  b een  sy n th ez ised  by  th e  m eth o d s  g iv en  
in  th e  l i te r a tu r e  [8]. The p u r i ty  o f  th e  ligands has b een  co n firm ed  by  TLC an d  e le m e n ta l 
a n a ly s is  (T ab le  I).

P re p a ra tio n  and  isolation  o f th e  com plexes

(a) M onochloro  monodipicolinic acid  hydrazide ru then ium (111) dichloride

D P H  (0.3 g) dissolved in  e th a n o l  (95% ) was ad d ed  to  1%  e thanolic  so lu tion  o f  r u th e ­
n iu m  tr ic h lo r id e  (60 ml). A yellow  co lo u r deepens on  re flu x in g  th e  reac tio n  m ix tu re  (p H  ~  2 .5). 
T h e  m ix tu re  w as d igested on  a  w a te r  b a th  fo r h a lf  a n  h o u r  w hen  th e  d a rk  b row n p re c ip ita te  
s e p a ra te d  o u t .  I t  was filte red  a n d  w a sh e d  successively  w ith  h o t  w a te r  an d  e th an o l a n d  d r ie d  
a t  85 °C fo r  th ree  hours. Y ield  ~ 7 5 % .

(b )  JAfo no d ip ico lin ic  acid hydrazide r h o d iu m (I I I )  trichloride

T h e  so lu tio n  of D P H  (0.3 g) in  h o t  e th a n o l (200 m l) w as ad d ed  to  an  e th an o lic  so lu tio n  
(1 % ) o f  rh o d iu m  chloride (60 m l) w h e n  a ch erry -red  co lou r dev elo p ed . The m ix tu re  w as re flu x e d  
o n  a  w a te r  b a th  and co n ce n tra ted  to  h a lf  o f  i ts  v o lu m e (p H  ~ 3 .0 ) .  A yellow  co loured  m ass  
w h ich  s e p a ra te s  ou t was f ilte red , w a sh e d  several tim es  w ith  d is tilled  w a ter and  e th a n o l, a n d  
d r ie d  a t  85 °C. Y ield ~ 7 0 % .

c) M onochloro  monodipicolinic acid hydrazide p la tin u m (IV )  trichloride

T h e  c lea r  solution of c h lo ro p la tin ic  acid  (0.2 g) in  e th a n o l (100 ml) co n ta in in g  1 m l 
h y d ro c h lo r ic  acid  was tre a te d  w ith  a  so lu tio n  o f D P H  (0.2 g) in  e th an o l (50% ), 100 m l) a t  
p H  ~ 2 . 5 .  Im m e d ia te ly , a go lden  ye llo w  colour ap p ea red . T h e  reac tio n  m ix tu re  w as re flu x e d  
on  a  w a te r  b a th  fo r h a lf an  h o u r  w h ic h , a f te r  e v o p o ra tio n , gav e  faw n  p rec ip ita te . I t  w as w a sh e d  
w ith  h o t  w a te r ,  e th an o l, an d  d ried  a t  85 °C. Y ield ~ 7 0 % .

(d ) M o n o d ip ico lin ic  acid hydrazide p a llá d iu m u l I )  dichloride

A  so lu tio n  of D P H  (0.2 g) in  d is tilled  w a ter w as t r e a te d  w ith  a  so lu tion  o f  p a lla d iu m  
c h lo rid e  (0 .2  g) dissolved in  w a te r  (25 m l) w ith  a tra c e  o f  c o n ce n tra ted  hydroch lo ric  a c id  a t  
p H  ~ 3 .5 .  Im m e d ia te ly , th e  m ix tu re  becam e can ary  yellow  w h ich , o n  s tirrin g , gave yellow  p re c i­
p i ta te .  T h e  m ix tu re  was d igested  o n  a  w a te r  b a th  fo r one h o u r  w hen  th e  colour o f th e  p re c ip i­
t a t e  c h a n g e d  to  brow n. I t  w as f i l te re d ,  w ashed  successively  w ith  d istilled  w a te r  an d  e th a n o l ,  
a n d  d r ie d  a t  80 °C. Y ield ^ 8 5 % .
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(e) M onodipicolin ic acid hydrazide pa lla d iu m  dichloride dihydrate

B y  follow ing th e  p rocedure  ou tlin ed  in  (a ), p a lla d iu m (II)  chloride gave a  c a n a ry  yellow  
p re c ip ita te  w hich  w as filte red  a n d  w ashed th o ro u g h ly  w ith  h o t w a te r and  e th a n o l. T h e  com plex  
w as d ried  in an  ov en  a t  115 °C fo r five h o u rs  a n d  w eighed  to  a co n stan t w e ig h t. I t  changed  
its  co lo u r to  d a rk  b row n  a n d  w as found  to  c o n ta in  tw o  m olecules o f w a te r  o f  c ry s ta lliz a tio n . 
Y ie ld  ~ 8 0 % .

( l)\M o n o d ip ico lin ic  acid hydrazide p la lin u m (I I )  dichloride

P la tin u m  ( I I )  ch loride  (5 m ole) in aq u eo u s e th a n o lic  so lu tion  (50% , 25 m l)~w as ad d ed  
to  e th a n o lic  so lu tion  o f th e  D P H  (5 m m ole) a n d  th e  p H  o f th e  reac tio n  m ix tu re  w as b ro u g h t 
d o w n  b y  add in g  d ilu te  h y d roch lo ric  acid (p H  ^ -3 ). T h e  reac tio n  m ix tu re  w as re flu x e d  fo r an 
h o u r, c o n ce n tra ted  to  a sm all volum e to  y ield  ye llow  p re c ip ita te . I t  was f i lte re d , w a sh e d  w ith  
h o t  w a te r  an d  e th a n o l, a n d  dried . Y ield ~ 7 0 % .

Sam e p ro ced u res w ere ad o p ted  fo r th e  sy n th e s is  o f  D B P H  com plexes w ith  d ifferen t 
m e ta ls . A ll these  p re p a ra tio n s  w ere carried  o u t in  ab so lu te  e th an o l or ace to n e . T h e  an a ly tic a l 
e su lts  a re  given in  T ab le  I.

M ethods of m easu rem en ts  an d  analysis

M agnetic  su sce p tib ility  w as d e te rm in ed  b y  th e  G ouy’s m eth o d , u sing  c o p p e r su lp h a te  
p e n ta h y d ra te  as a  c a lib ra n t. D iffuse re flec tan ce  sp e c tra  w ere recorded on  a B e ck m an  D K -2A  
sp e c tro p h o to m e te r. In fra re d  sp ec tra  in p o tass iu m  b ro m id e  pelle ts were reco rd ed  o n  a  P e rk in  
E lm er-621  (4000— 650 c m -1 ) an d  in  N ujo l m u ll (650— 200 c m -1) sm eared  on  a  p o ly e th y len e  
d isc  o n  a B eck m an  IR -12  sp ec tro p h o to m eter.

T h e  m eta ls  w ere d e te rm in ed  by  th e  m e th o d s  o u tlin e d  in  th e  l i te ra tu re  [9]. T h e  m ic ro ­
a n a ly s is  o f  carb o n , h y d ro g en  a n d  n itro g en  w as p e rfo rm ed  b y  M icro an a ly tica l D iv isions o f 
C en tra l D rug  R esearch  In s t i tu te ,  L ucknow , a n d  D e p a r tm e n t of C hem istry , B a n a ra s  H in d u  
U n iv e rs ity , V aran asi (In d ia).

Results and Discussion

E lem ental analysis indicates the 1 : 1 m etal-to-ligand sto ich iom etry  for 
all th ese  com plexes. The com plexes o f  palladium (II) and p latin u m (II) have  
the form ula o f the typ e [M (L)Cl,]nH20 ,  w here L =  D P H  or D B P H  and n =  0 
or 2, w hile ruthenium (III), rhodium (III) and platinum (IV) m ay be represented  
b y  [M(L)Cl]Cln, where n =  2 or 3. The proposed form ulations are supported  
b y  infrared spectra.

Infrared spectra

The infrared spectra o f the ligands have not been reported, but studies 
on sim ilar com pounds are available [10]. The present assignm ents are based  
on th ese studies.

The ligands are 2 ,2’-d isubstituted  pyridine derivatives. The vibrations  
generally  affected [11] on pyridine-nitrogen coordination to  m etal ions are 
th e  four r(C =C ), v(C =  N) bands observed betw een 1450 and 1610 cm -1 , the 
ring-breathing m ode ~ 9 9 0  cm -1 , a skeletal m ode around 740 c m -1  and an 
out-of-p lane C— C deform ation vibration ~ 4 1 0  cm -1 .

7* A d a  Chim. Acad. Sei. H ung. 101, 1979
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Table I

A n a ly tica l data

Compound Colour
Calculated % Found %

C H N Cl M C H N Cl M

c 7h „n 50 2 43.07 4.61 35.89 — — 43.01 4.70 35.62 — —

C2iH 17N 50 2 67.92 4.58 18.86 - — 68.05 4.70 18.78 - -

[R u(C7H 9N 50 2)C1]CI2 D ark  brown 20.86 2.23 17.38 26.45 25.10 21.12 2.42 17.50 27.09 25.32

[R u(C21H 17N 60 2)C1]C12 Brown 43.53 2.93 12.09 18.40 17.47 43.40 2.95 12.01 18.38 17.50

[Rh(C7H 9N 50 2)Cl]Cl, Yellow 20.77 2.22 17.30 26.33 25.44 20.80 2.19 17.42 26.01 25.12

[R h(C 21H 17N 60  2)C1] Cl 2 Pale yellow 43.41 2.92 12.06 18.34 17.73 43.37 2.95 12.01 18.40 17.70

[Pt(C 7H 9N 50 2)Sl]Cl3 Faw n 16.91 1.81 14.09 21.44 39.28 16.70 2.02 14.21 21.12 39.71

[P t(C 21H 17N 50 2)Cl]Cl3 B row n 35.58 2.40 9.88 20.05 27.55 35.65 2.42 9.91 20.01 27.48

[Pd(C7H 9N 50 2)]C l2 Brown 22.55 2.41 18.79 19.06 28.57 22.12 2.29 18.61 18.82 28.92

[Pd(C7H 9N 50 2)]Cl2 • 2 H 20 C anary  brow n 20.56 3.18 17.14 17.38 26.05 21.02 2.30 17.32 17.72 27.01

[Pd(C 12H 17N 50 2)]Cl2 B row n 45.95 3.09 12.76 12.94 19.40 46.05 3.12 12.71 13.02 19.45

[Pt(C 7H 9N 60 2)]Cl2 Yellow 18.21 1.95 15.18 15.39 42.31 18.72 1.82 15.02 15.55 42.02

[P t(C 2iH 17N 50 2)]C l2 Yellow 39.55 2.66 10.98 11.14 30.62 39.65 2.62 11.04 11.19 30.50
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The four p(C =C ), r (C = N )b an d s are found -~1580 , ~ 1 5 6 0 , and 1440 c m -1 
in th e  spectra o f  the ligands. The 1580 c m -1  band shows an upw ard shift 
(10— 15 c m -1 ) in the spectra o f the com plexes. The ring-breathing band ~ 9 9 0  
cm -1  is replaced by a new  band ~ 1 0 2 0  c m - 1 . T w o strong bands in th e  spectra  
of the ligands 790 and 730 cm -1 are assigned to  Y (C —H) and Ф(С— C) vibra­
tional m odes [12], respectively. On com p lexation , the later band sp lits into  
tw o com ponents ly ing  betw een 720 and 760 c m -1 , while the ~ 7 9 0  c m -1  band  
appears as a broad band at 800— 810 c m - 1 . T he 415 cm -1 band also shifts 
tow ards higher frequencies (~ 4 3 0  cm -1 ). A ll th ese changes in the v ibrations  
of th e  pyridine ring indicate coordination o f  pyridine-nitrogen to  m eta l atom  
[11, 13]. The m agnitudes o f “ shifts” ,th o u g h  sm all, are m eaningful. T his sm all 
“ sh ifts”  m ay be interpreted in terms o f  w eak interaction betw een pyridine  
nitrogen and m etal atom  [14].

Amide group vibrations: An amide group can coordinate either through  
nitrogen or oxygen  atom , depending upon th e  experim ental cond itions. The 
vibrations o f  interest in an amide group in clu d e [15] amide I band (consisting  
m ainly  o f  v C = 0 )  near 1680 cm -1 , am ide I I  and III bands (arising from  
rCN -f- ŐN— II) around 1520 and 1240 c m -1 , respectively; amide IV  and VI 
bands near 690 and 480 cm -1 (originating from  C = 0  out-of-plane and C = 0  
in-plane deform ation vibration m odes, resp ectively ) [16]. In th e  spectra of 
com plexes, amide I band shifts to lower frequencies (1640— 1650 c m - 1 ), while 
am ide I I  band increases in frequency (1535— 1540 cm -1) and am ide I I I  band  
splits in to  tw o com ponents appearing b etw een  1200—1210 and 1380— 1388 
cm -1 , respectively . T he position of am ide IV  band remains unchanged, while 
the am ide V I band shows an upward sh ift. T h ese changes in the am ide group 
vibrations reveal th e  coordination of the am ide-oxygen  to the m etal ions [15]. 
The various changes occurring on am ide-oxygen  coordination m ay be explained  
by assum ing the decrease o f the double bond character of C = 0  group and the  
subsequent increase o f  the C = N  double bond  character [17].

Hydrazinic and azomethine group vibrations : The spectrum o f D P H  con­
ta in s sharp bands betw een 3000 and 3210 c m -1 , while two bands o f  m edium  
in ten sity  at 3200 and 3030 cm -1  are observed  in  the spectrum  o f  D B P H . 
T hese bands m ay be assigned to sym m etric and asymmetric N H  strectch ing  
vibrations, respectively . The hands appearing 980 cm -1 are attr ib u tab le  to  
v(N H ) vibrational m odes. In addition to  th ese  bands, another tw o bands at 
1630 and 840 cm -1  (in the case of D P H  on ly) appear which m ay be assigned  
to  N H  deform ation coupled with OCN antisym m etric vibrations and N H  
out-of-p lane bending m odes [18], resp ectively . In  the spectra of the com plexes  
o f D P H , the bands assigned to N H  stretch in g  vibrations exhibit a downward  
sh ift and appear as a broad band betw een  3200 and 3030 cm -1 , th e  band at 
1630 c m -1  disappears altogether and the N H  out-of-plane bending at 840 c m ' 1 
dim inishes appreciably in its intensity . A ll th ese  changes show coordination
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Table II

Im portant Infrared Spectral B ands ( in  em ~ ')  w ith Assignm nets

Compound
Amide

I
Amide

II
Amide

II I
Amide

IV a<C=N) 166 16a ,.(M—py)

.

»4M—o) r(M —N)

D P H 1688 s 1505 s 1240 s 484 in _ 405 in 610 in
D B P H 1680 s 1510 s 1234 8 480 m 1642 s 

1630 sh
415 s 415 m — — —

[R u(DPI1)C1]C12 1642 in 1535 s 1205 in 
1385 in

500 m — 425 in 650 in 295 in 340 in 480 in

[R u(DBPH)C1]C12 1640 m 1535 s 1205 ш  
1382 m

502 m 1625 s 430 in 657 m 292 w 340 in 478 w

[R h(D PH )C l]C l2 1640 m 1540 m 1210 m 
1380 in

500 m — 432 in 650 m 294 w 330 w 440 in

[R h(D B P Il)C l]C l2 1645 in 1535 m 1207 m 
1385 m

500 m 1625 s 435 w 650 w 295 m 328 m 438 in

[ P t IV(D PII)C l]C l3 1640 m 1535 in 1200 s 
1380 in

495 m — 425 ш 645 m 290 w 345 w 480 in

[ P t IV(D B P ll)C l]C l3 1650 m 1540 s 1205 m 495 m 1620 m 435 m 650 m 295 in 345 m 480 w

[Pd(D P H )]C l2 1640 m 1535 s 1210 m  
1380 s

505 m — 425 m 648 in 270 w 330 m 455 in

[Pd(D P H )]C l2 • 2 H 20 1645 m 1537 m 1200 ш 
1382 m

490 ш — 432 w 650 in 280 m 330 in 450 in

[Pd(D B PH )]C l2 1648 s 1540 s 1200 m  
1385 m

505 in 1625 s 430 m 540 w 275 m 332 m 455 in

[P t(D P H )]C l2 1650 s 1540 rn 1205 m 
1385 m

500 m — 425 in 640 m 292 w 355 in 460 w

[P t(D B P II)]C lj 1645 in 535 in 1205 m  
1380 ш

505 w 1620 s 435 w 645 w 290 m 355 w 460 w
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o f the hydrazinic nitrogen to the m eta l atom . The changes in th e  various NH  
vibrations are a consequence o f drainage o f electrons from nitrogen  atom, 
resulting in the w eakening of N — H  bond  [19].

The spectra o f  D B P H  show one strong band 1640 cm -1  w ith  a shoulder 
at 1630 cm - 1 . These tw o vibrations m a y  be assigned to sym m etric  and asym ­
m etric stretching vibration modes o f  th e  azom ethine linkage [20] b y  com paring  
its spectra w ith  th at of the hydrazide. In  the spectra o f th e  com plexes of 
D B P H , the 1640 c m -1  band shifts to  low er range by 15— 20 c m - 1 . This lower­
ing m ay be taken as an indication th a t  th e  azom ethine nitrogen is coordinated  
to  the m etal atom . The “ shifts” are sm all, but it  is expected  in  v iew  o f the 
stronger force present in the (C = N ) bond  [21].

The presence of broad bands 3600— 3450 cm -1  in  th e  spectra of 
[P d (D P H ) Cl2] 2 H 20  indicate the presence o f water of crysta lliza tion  [21].

Far infrared spectra (650—200 cm*1)

in  th e  infrared region, the b an d s appearing at 610, 550 , 415 and 
280 cm -1  m ay be assigned to in -p lan e ring deformation, N H 2-rocking, C— C 
out-of-plane deform ation and C— C torsional mode [18], resp ectively . Some 
unassigned bands occur around 495, 360 , 235 and 204 cm -1 .

N ew  bands are observed in th e  far infrared spectra o f  th e  com plexes. 
These bands appear in three regions: 270— 295, 325— 345 and 4 4 0 — 480 cm -1 . 
The bands appearing at 295, 290, 275 , and 290 cm -1 m ay be assigned  r(R u-py), 
r(R h-py), r (P tIV-py), v(Pd-py) and r (P tn -py) vibrations [22], respectively . 
The bands around 340, 328, 345, 332 , 335 cm -1  are ten ta tiv e ly  assigned to  
v(Ru-O), r(R h-O ), r(P tIV-0 ) , r(Pd-O ) and r(Pt-O) v ibrations, respectively . 
Sim ilarly, the new  bands appearing 47 8 , 438, 480, 455 and 460 c m -1  m ay be 
assigned to  r(R u-N ), r(R h-N ), r (P tIV-N ), v(Pd-N) and r(P t-N ) vibrations, 
respectively . The in ten sity  o f these b an d s vary  from medium to  w eak  and the  
assignm ents are com parable to those reported  earlier [22— 24].

The values o f these various m eta l-oxygen  and m etal-n itrogen stretching  
frequencies observed for Pd and P t  com plexes are different from  4-or-6-co- 
ordinated com plexes o f these m etal io n s and are in betw een th ese  tw o geo­
m etries. T hese va lues indicate th at th e  com plexes are penta-coordinated .

Various m etal chlorine stretch ing frequencies are observed 302 and 315, 
325 and 355, 345 and 358 cm -1  m ay  b e assigned to v(Ru-Cl), r(Rh-Cl) and 
r(Pt-Cl) frequencies.

The changes observed in the i.r . spectra of the com plexes in d icate  that 
D P H  and D B P H  are pentadentate ligan d s. The coordination sites are the 
pyridine nitrogen, am ide-oxygens and hydrazinic or azom ethine n itrogen . Both  
the side chains are sym m etrical.
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Stereochemistry and fa f  infrared spectra

G i l l  et al. [25] and C l a r k  et al. [22] have show n th a t the 6a (an in -plane  
p yrid in e rin g  deform ation) and the 166 (an out-of-p lane ring deform ation) 
v ib ra tio n s suffer significant sh ifts  towards higher frequencies on coordination  
of p y r id in e  to  a m etal atom . T he m agnitude o f th e  sh ifts  depends on the stereo­
ch em istry  o f  the com plexes and on the m etal a tom s, but are virtually in d e­
p en d en t o f  coordinated halogen atom s. A ccordingly, th e  stereochem istry o f  a 
large n u m b er o f tetra- and hexa-coordinated com p lexes of the first, second  
and th ird  row  transition m etals has been estab lished  on the basis of 6a and  
166 v ib ra tio n s . B ut no such a ttem p t appears to  h a v e  been made in the case  
of fiv e-co o rd in a te  com plexes.

In  th e  spectra of the ligan d s 6a and 166 bands appear 610 and 415 c m - 1 , 
resp ec tiv e ly . The bands observed in  the spectra o f  th e  complexes are noted  
aga in st each  m etal: ru th en iu m (III) (650, 425 c m -1 ), rhodium (III) (650, 432  
cm -1 ), p latinum (IV ) (645, 425 c m -1 ), palladium (II) (648, 425 cm -1) and p la ti-  
n u m (II) (640 , 425 cm -1 ). The sh ifts observed for 6a and 166 vibrations are 
co m p a ra tiv e ly  small on accou n t o f weak in teraction s betw een m etal atom s  
and p y r id in e  nitrogen. Thus, th ese  values are o f  l it t le  diagonistic value for  
assign ing  th e  stereochem istry o f  the present com p lexes.

Magnetic and electronic spectral studies

I t  has been found th a t, ow ing to  the greater ox id izin g  power of the m eta l 
ions o f  th e  fourth and fifth  transition  series, th e  charge-transfer bands in  
com p lexes appear at much low er w ave numbers [26]. In  addition, the ex tin c ­
tion  c o e ffic ien t o f the bands in  th e  spectra o f IV  and V  transition series m etal 
ions are large. Thus, it becom es d ifficult to m ake d efin ite  assignments to  th e  
bands w h ich  appear as shoulders [27].

Ruthenium(111) complexes

T h e m agnetic m om ents o f  ruthenium  com plexes lie in  the range 1 .98—  
2.02 B M  at room tem perature (300 °K ). These va lu es are close to the spin- 
only  v a lu e  o f  2.10 BM (calcu lated , using a va lue o f  — 1180 cm -1 for the free 
ion a t 300  °K ) norm ally observed for hexa-coordinated ruthenium com plexes  
[27]. S p in -orb it coupling p lays an im portant role in  describing the m agnetic  
b eh aviou r o f  4d5 (configuration o f ruthenium ) com plexes. The value o f spin- 
orbit co u p lin g  constant can be calculated  by th e  fo llow ing equation [26]

2 К , 8 K 2kT \
10 Dq Dq )
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Table III

Electronic spectral and magnetic data

Electronic spectra Mangetic data

Observed bands 
(cm -1)

Assignment 10 Dq
c m ~ l

Racah param eters 
(cm -1)

4-ett
BM

A cm -1

1 2 3 4 5 6 7 8

[ R u ( D P H )C 1 ]C 1 2 17 200 
21 700 
25 900 
32 800

*T,i -  - A  

~ гА ч
л  — t . A n * )

32 993 В  =  643 
C =  2154

0.00 1.98 - 1 2 3 0

[ R u (D B P II )C 1 ]C 1 ., 17 000, 21 500, 25 500 
& 32 500

- D u - 32 946 В =  646 
C =  2108

2.02 - 1 4 6 0

[R h(D PH )C l]C l, 12 500 
17 480 
20 500 
27 000 
33 000

1 А 37 ’
4 Z  3 Т  8

_  ! T 2g 1 le
-  • n *

C harge-transfer

24 500 В  =  406 
C =  4000

0.56 Diam ag.

[R h(D B P H )]C lj 12 500, 18 200, 20 450, 
26 800„ & 33 550

- D o - 24 425 В  =  397 
C =  3975

0.55 D iam ag. —

[ P t lv(D PH )C l]C l3 20 000 
27 000 
36 500 
40 200

' - 4 , i  -  3Т ,„  
-  ‘Г *
_  \ т

1 2g
Charge-T ransfer

31 250 В  =  563 
C =  3750

0.78 D iam ag.

[P t(D B PH )C l)C I3 20 700, 28 000, 36 700 
& 40 000

- D o - 31 610 B =  544 
C =  3650

0.75 D iam ag.

[Pd(D P H )]C l2 17 200
26 300
27 700 
3 4400 
40 300

'■A 1 -  ' B ,
-*  ' E ,  
-  ' A ,

C harge-transfer

D iam ag.

[Pd(D P H )C lj • 2 H „0 20 500, 26 000, 27 900, 
35 000, & 41 000

- D o - — — — D iam ag. —

[P d (I)B P H )]C l2 21 000, 26 200, 27 000, 
34 500 & 40 000

-  Do — — — D iam ag. —

tP t(D P H )]C lj 24 000 
28 200 
30 500 
34 000 
39 500

' A ,  — ' B t 
-  %  
-  ' A ,

C harge-transfer

D iam ag.

[P t(D B P H )]C l2 24 000, 28 500, 30 500, 
34 500, & 39 500

- D o - — — — Diam ag.
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as app licab le for 2T2g term  for th e  low -sym m etry m olecules and neglecting
8 K 2kT

th e  la s t  term  — — —  . T he va lu es o f spin-orbit coup ling  constant are in the

range suggested  [27] for pseudo-octahedral ru th en iu m (III) com plexes and  
su g g est distortion along one o f  th e  axes of the octahedron  [26].

F our well defined bands are observed in th e  electron ic spectra of these  
com p lexes. The bands are observed  in the regions 17 000, 21 700, 25 900 and  
32 500 c m -1 , and m ay be assigned  to 2T2„ —*■ 2A 2g, 2T2g —► 2Eg, 2T2g —► 2A lg 
and л  —*■ t2g{n*), respectively , in  an octahedral fie ld  [2 8 ]. The hexa-coordinated  
n atu re  o f  the ruthenium  com p lexes is revealed b y  th e  far infrared spectra  
w hich  show  characteristic b an d  [28] of r(Ru-Cl) around 315 cm -1 . The values 
o f lig a n d  field  and Racah interelectronic param eters have been calculated by  
m eth od s suggested in th e  litera tu re  [30,31] and are g iven  in  Table III.

Platinum(IV) complexes

T he platinum (IY) com p lexes are hexa-coordinated. The hexa-coordinated  
n atu re  o f  platinum (IY) com p lexes is revealed b y  far infrared spectra w hich  
con ta in  band at 345 cm -1  assignab le to v(PtIV-Cl) v ib ration s. The com plexes 
are d iam agnetic as expected .

T he platinum (IV) com p lexes show hands 20 000, 27 500, 36 500 and 
40 200 c m -1 . The first th ree hands may be assigned  [28] to 1A lg —► 2T lg, 
xA ig —► 1T lg and xA lg —*■ 1T2g, in  the order o f increasing energy. The band  
~ 4 0  200  cm -1  appears to  h a v e  its  origin in charge-transfer phenom enon [27].

T h e values of ligand f ie ld  splitting energy (1 0 Dq) and Racah in ter­
e lectron ic repulsion param eters have been evaluated , using the equations [30]. 
ap p licab le  to  low-spin com p lexes o f de system s. The va lu es o f 10Dq, В and C 
are g iv en  in Table III  and th e y  are consistent [31] w ith  th e  pseudooctahedra- 
geom etry  o f the platinum (IV ) com plexes.

Rhodium(III) complexes

T he magnetic m easurem ents of the rhodium com p lexes at room tem pera­
ture sh ow  th at they are d iam agnetic . The rhodium  com plexes are hexa-coor­
d in ated . The five  donors are provided by the ligands D P H  and D B P H  and  
th e  s ix th  ligand is Cl as revealed  by far infrared spectra which contain a 
band 325 cm -1 assignable to  r(Rh-Cl) vibrations [24].

R hodium (III) is a d6 sy stem  like co b a lt(III). H ow ever, relative to  
co b a lt(III )  the crystal fie ld  bands of rhodium (III) m ove to  higher energies, 
w h ilst th e  ligand-to-m etal charge-transfer bands m ove to  lower energies [30]. 
In  th e  spectra of rhodium  com plexes five bands are observed in the regions 
12 500 . 20 000, 27 000 and 33 000  cm -1 . The bands are very  distinct, and first
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tw o bands appear as shoulders. The first four bands m ay be assigned [30] to  
*Alg —*■ 3Tlg, 1A lg —*■ 3T2g, *Alg—*-1T1? and iA lg-+ 1T2g in th e  order o f  increasing 
energy.T he 33 000 band is probably d u eto ligan d -to -m eta l charge-transfer [27].

The values o f various ligand field  and nephelauxtic param eters have been 
calculated, using th e  equations suggested b y  L e v e r  [30] for d6 spin-paired 
system s. The values o f  these parameters are g iven in Table III .

Palladium(II) and platinum(II) complexes

The m agnetic m easurem ents o f palladium  and platinum  com plexes reveal 
the diam agnetic nature o f the com plexes. These tw o m etal ions have d8 electron­
ic configuration, b u t unlike nickel(II), th ey  form  diam agnetic complexes 
both  w ith “ hard” and “ so ft” donor atom s. T hus, the m agnetic properties of 
these m etal ions do n ot help in the assignm ents o f  the stereochem istrv of their 
com plexes and to ascertain their coordination number.

The electronic spectra have been of specific use in estab lish ing the stereo­
chem istry of such com plexes. The electronic spectra of palladium  complexes 
contain  bands in the regions 20 500, 26 300, 27 700, 34 400 and 40 300 cm -1 . 
These bands resem ble those o f tetra-coordinated square planar com plexes of 
palladium (II). B u t the presence of a well defined band 20 500 c m -1  is puzzling. 
Penta-coordinated palladium (II) com plexes show  [5] a characteristic band 
around 20 500 c m -1 . Sim ilarly, platinum  com plexes show  bands 24 000, 
28 000, 31 000, 34 000 and 39 500 cm -1 . The 24 000 band is characteristic of 
penta-coordinated p latinum (II) com plexes [6]. Thus, it appears th a t palladium  
and platinum  com plexes are penta-coordinated.

The m olecular m odels o f the com plexes were constructed  which showed 
th a t the square-pyram idal structure is the m ost lik ely  structure to result 
w hen the tw o am ide-oxygens and two hydrazinic-nitrogens form  the basal 
plane, with pyridine-nitrogen being present on the Z -axis. T hus, a square pyra­
m idal geom etry m ay be assum ed for these com plexes. The electronic absorp­
tion and circular dichroism  spectra o f square-pyram idal com plexes have been 
reported [32] and various assignm ents can be m ade, assum ing the energy level 
sequence as dxy dxa, dyi, d2> <( dx2_ y2. A ccordingly, various assign­
m ents can be m ade as 1A l —*• 1B l (20 500. 24 000 c m -1 ), (d ,2 — dx2_y2), 
1A 1 -+ ! £  (26 300, 28 000 cm -1 ), (dx, dyi — dx2- v=) and ÍA Í -* KA, (27 700, 
31 000 cm -1 ), (dxy —► dx-_y2) for palladium  and platinum  com plexes, re­
spectively  assum ing th? effective sym m etry to  be C4p. The calcu lation  of ligand 
field  parameters can not be attem pted  in the absence o f energv leve l equation.

*

T he au th o rs  are th a n k fu l  to  C SIR  an d  UGC, N ew  D elh i, for f in an c ia l a ssistance . T hanks 
are due to  R SIC , I IT , M ad ras , fo r sp ec tra l m easu rem en ts . T he g ift sam ple  o f  d im e th y le s te r o f  
dip icolin ic acid b y  M id land  Y orksh ire  T a r  D istiller L td . ,  U .K . is g ra te fu lly  acknow ledged.
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RECENSIONES

Lecture Notes in  C hem istry , Vol. 8

E . E . N ik it in  a n d  L . Zü licke : Theory o f  C hem ical E lem entary Processes 

Springer-V erlag , B erlin , H e id elb erg , N ew  Y o rk  (175 pp)

D uring  th e  la s t  d ecade  q u a n tu m  chem istry  h a s  m ad e  an  im pressive p rogress in  th e  
q u a n tita tiv e  in te rp re ta tio n  o f th e  e lectronic s tru c tu re s  o f  a to m s, m olecules and  ions. T he 
q u a n tita tiv e  t re a tm e n t  o f th ese  s ta tio n a ry  system s is , ho w ev er, m uch  less p ro b lem atic  th a n  
to  a p p ly  q u a n tu m  c h em is try  to  processes in  w hich  e lec tro n ic  s tru c tu re  a n d  n u c lear m otions 
ra p id ly  change in  t im e . R e a c tio n  k inetics , discussed in  th is  vo lum e, belongs to  th e  la t te r  group. 
N everthe less , d esp ite  th e  d ifficu lties em erging, sev era l re sea rch  groups deal w ith  th e  rigorous 
th eo re tica l in te rp re ta tio n  o f  chem ical reactions. F o r tu n a te ly  enough , a n u m b er o f experim en ta l 
m eth o d s, p rim arily  th e  m e th o d  o f M olecular B eam  S p ec tro sco p y , m ay  be of h e lp  in  u n d e rs ta n d ­
ing reac tion  m ech an ism s a n d  te s tin g  th eo re tica l re su lts .

N ik itin  a n d  Zü lic k e  are  concerned w ith  th e  th e o ry  o f gas phase  reac tio n s . In  th e  f irs t 
c h a p te r  of th e  vo lu m e th e  a u th o rs  d iscuss classical a n d  q u a n tu m  chem ical m odels w ith  such 
eloquence th a t  even  fo r th o se  u n fam ilia r w ith  th e  a u th o rs ’ a c tiv itie s  and re p u ta tio n  i t  becom es 
clear th a t  th e  know ledge o f th e  a u th o rs  is fa r b ey o n d  th e  level o f th e  p re sen t t r e a tm e n t.  T he 
ch ap te rs  discussing a p p ro x im a te  m ethods are so m ew hat m ore  d ifficu lt to read . I t  is also stressed  
b y  th e  au th o rs  th a t  fo r th e  fu ll u n d e rstan d in g  o f th e se  c h ap te rs  th e  o rig inal p ap ers  given in 
th e  references sh o u ld  be  co n su lted .

In  accord w ith  th e  t i t le  o f th e  vo lum e, b u t  p e rh a p s  n o t  q u ite  p ro p erly , th e  ex p erim en ta l 
m eth o d s do n o t receive  an  a tte n tio n  deserved b y  th e ir  g re a t im p o rtan ce .

In  m y op in io n , th e  b o o k  is h a rd  to  u n d e rs ta n d  fo r those  com ple te ly  u n fa m ilia r  w ith  
th e  fu n d am en ta ls  o f q u a n tu m  ch em istry  and  th e  th e o ry  o f v ib ra tio n a l an d  ro ta tio n a l sp ec tra . 
T hose, how ever, w ith  su ffic ien t th eo re tica l b ack g ro u n d , receive  a v e ry  c learly  com piled  review  
of th e  p resen t s ta te  o f re a c tio n  th eo ry .

F .  T ö r ö k

D ynam ic NM R Spectroscopy: Alois S t e i g e l , Mechanistic Studies of Rearrange­
ments and Exchange Reactions by Dynamic N M R  Spectroscopy; H ans W olfgang  

S p i e s s , Rotation of Molecules and Nuclear Spin Relaxation

N M R  B asic P rincip les a n d  P ro g re ss , Vol. 15 

(P . D ie h l , E . F luck an d  R . K ö sfeld , E d s)

S p ringer-V erlag , B erlin , H e id elb erg , N ew  Y o rk , 1978, 214 pp .

H isto rica lly , d y n a m ic  N M R  (D N M R ) sp ec tro sco p y  encom passes tw o  m ajo r fields o f 
research  a c tiv ity : chem ica l s tu d ie s  based  on N M R  b a n d  shape  phenom ena in liq u id s u n d e r 
s te ad y  s ta te  co n d itio n s a n d  p h y sica l stud ies o f th e  m o tio n  o f sp ins in liqu ids a n d  solids th ro u g h  
m easu rem en ts o f th e  n u c lea r re lax a tio n  tim es. R e ce n t d ev e lo p m en ts  o f N M R  in s tru m e n ta tio n  
an d  theories, h o w ev er, h av e  ren d ered  such a clear d is tin c tio n  betw een  th e  tw o groups o f stud ies 
som ew hat a rb itra ry . T h eo ries  now  allow fo r th e  e x tra c t io n  o f d e ta iled  re la x a tio n  in fo rm atio n  
from  b an d  shapes o f m u ltisp in  N M R  sp ec tra , w hile F o u rie r  tran s fo rm  N M R re la x a tio n  sp ec tro ­
scopy  m ay prov ide  d e ta ile d  m o tio n a l descrip tion  of fa ir ly  com plex  m olecules in clud ing  th e  d y n a ­
m ical p a ram ete rs  fo r in te rn a l m otions o f in d iv id u a l g ro u p s.
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I n  th e  p re se n t volum e, tw o  spec ific  to p ics o f D N M R  are  d e a lt  w ith . T he f irs t  p a r t  (56 p p .), 

w r i t te n  b y  A . Steigel , is d ev o ted  to  th e  uses o f m odern  b a n d  sh ap e  analyses to  o b ta in  m ech an ­
is tic  in fo rm a tio n s  on re a rra n g em en ts  a n d  dyn am ica l ex change  processes. A fte r  in tro d u c to ry  
re m a rk s  ( c h a p te r  I ) , th e  a u th o r  o u tlin e s  th e  basic ex p erim en ta l req u irem en ts  a n d  gen er j  
m a th e m a tic a l  p rocedures (c h a p te r  2). T h e  fo rm u la tio n  o f th e  exchange  p ro b lem  in  te rm s  of 
a  k in e tic  ex ch a n g e  m atrix  (c h a p te r  3) is i l lu s tra te d  b y  tw o  classical D N M R  stu d ies  (c h a p te r  4) 
to  show  t h a t  d issim ilar k in e tic  m a tr ice s  are  a  n ecessary  b u t  n o t  suffic ient p re co n d itio n  fo r a 
c le a r-c u t d ifferen ce  in D N M R  b e h av io u r . A n o th e r classical D N M R  ap p ro ach , th e  use  o f pro- 
ch ira l C H 2Y -g ro u p s as m ech an istic  p ro b es  is d e a lt w ith  in  c h a p te r  5 an d  illu s tra te d  b y  e x am ­
ples t a k e n  fro m  recen t l ite ra tu re . P e rm u ta t io n a l  a p p ro ac h  to  p o ly to p a l re a rra n g e m e n ts  (i.e . 
r e a r ra n g e m e n ts  proceeding v ia  in te rm e d ia te s  w hose sp a tia l a rra n g e m e n ts  can  be d esc rib e d  in 
fo rm s o f  id ea lized  po lyhedra) is p re se n te d  in  c h ap te r  6 an d  com p ariso n  of th e  k n o w n  m eth o d s  
of a n a ly s is  fo r  N M R -differen tiab le  p e rm u ta t io n a l  iso m eriza tio n  reca tions is m ad e  o n  th e  basis 
o f l i t e r a tu r e  exam ples. D esc rip tio n  o f  th e  ch em ica l-sh ift-b ased  b a n d  shape ana ly sis  is co m p le ted  
w ith  a  b r ie f  acco u n t un  sp lit m odes o f  re a rra n g e m e n t (c h a p te r  7) using  ex am p les f ro m  spiro- 
cyclic  p h o sp h o ra n e s . M echanistic  an a ly se s  o f exch an g in g  sy s tem s in  w hich sp in -sp in  couplings 
are  u se d  a s  a  to o l are dea lt w ith  in  c h a p te rs  8  (f irs t-o rd e r sp in  system s) an d  9 (n o n -firs t-o rd e r- 
sp in  sy s te m s)  to  be follow ed b y  a b r ie f  o u tlin e  o f th e  m ech an istic  analysis o f in te rm o le cu la r  
e x ch an g e  re a c tio n s  (ch ap ter 10). T h e  p re se n ta tio n  of th e  e n tire  m a te ria l is e x tre m e ly  c lear and  
w e ll-b a la n c ed  an d  th e  read er in te re s te d  in  m ech an istic  s tu d ies  w ill c erta in ly  f in d  a n u m b e r  of 
s t im u la tin g  n ew  ideas for his ow n re sea rc h . T h e  b ib lio g rap h y  co n ta in s 76 references a n d  includes 
c ita tio n s  o f  e a rlie r  review  a rtic le s  a n d  m onographs.

T h e  seco n d  p a r t  of th is  vo lu m e (150 p p .) ,  com piled  b y  H . W . Spiess , p re sen ts  th e  th e o re ­
tic a l b a c k g ro u n d  necessary to  o b ta in  in fo rm a tio n  a b o u t th e  ty p e s  and  ra te s  o f m o lecu la r r o ta ­
tio n s  in  so lid s  an d  nonviscous l iq u id s  th ro u g h  analysis o f th e  N M R  line shapes in  so lids and  
n u c le a r  sp in  re lax a tio n  tim es in  so lids a n d  liqu ids. In tro d u c tio n  (ch ap te r  1) an d  fo rm u la tio n  
of n u c le a r  sp in  H am ilton  o p e ra to rs  (c h a p te r  2) are follow ed b y  calcu la tions o f th e  N M R  sp ec tra  
o f so lid s (c h a p te r  3) for th e  cases o f  v a rio u s  ty p es  o f in te rac tio n s : chem ical sh ift an iso tro p y , 
sp in - ro ta t io n , quadrupo le , d ip o la r a n d  sca la r couplings. A tte n tio n  is focussed on  th e  an iso tro p ic  
p a r t  o f  th e  sp in  H am ilto n ian  p ro v id in g  d y n a m ic  in fo rm atio n s a b o u t m olecular m o tio n s. C hap­
te r  4 is  o f  p a r tic u la r  in te res t. H ere  a d e ta ile d  d escrip tion  is g iven  of how  to  c a lcu la te  N M R  
line  sh a p e s  fo r  slow ro ta tio n a l ju m p  m o tio n s  in  solids, an d  a un ifo rm  d e riv a tio n  o f th e  sp in  
re la x a tio n  ra te s  in  liquids for a ll th e  in te rn u c le a r  couplings, an d  com plete ly  an iso tro p ic  ro ta t io n  
of th e  m o lecu le s  in liquids u sin g  irred u c ib le  ten so r  calculus. T h e  d e riv a tio n  of re la x a tio n  ra te s  
closely  fo llo w s A bragam ’s tr e a tm e n t  fo r , as th e  a u th o r  p o in ts  o u t, it p rov ides e x p lic it fo rm u las 
d ire c tly  a p p lic ab le  to  the  an aly ses o f  r e la x a tio n  d a ta . F o r  such  analyses, th e  coup ling  c o n s ta n ts  
o f th e  re sp e c tiv e  re lax a tio n  m ech an ism s h a v e  to  be know n. T he th eo ry  an d  e x p e rim e n ta l 
d e te rm in a tio n s  o f th e  va rio u s co u p lin g  ten so rs  are discusses in  ch ap te r  5, w ith  p a r tic u la r  
e m p h a s is  o n  an iso trop ic  couplings d e riv a b le  fro m  solid  s ta te  m easu rem en ts. R e p re se n ta tiv e  
e x p e r im e n ta l  exam ples illu s tra tin g  th e  ap p lica tio n s o f  th e  th e o ry  given in  p reced in g  c h ap te rs  
are d isc u sse d  in  chap ter 6, w h ich  is fo llow ed  b y  a series o f appendices (c h ap te r  7) d e v o te d  to  
som e o f  th e  fu n d a m e n ta l m a th e m a tic a l  re la tio n sh ip s . T he references co n ta in  som e 300 c ita ­
tio n s  c o v e rin g  th e  fu n d am en ta l w o rk s , m o n o g rap h s as well as o rig ina l p ap ers  u p  to  m id-1976.

A m o n g  th e  m erits o f th is  re p o r t  one shou ld  p o in t o u t th e  un iform ness o f p re se n ta tio n , 
th e  h ig h ly  p ra c tic a l app ro ach  o f th e  a u th o r  in  d iscussing  th e  in te rre la tio n s  bew een th e o ry  a n d  
e x p e r im e n ts . T h is w ork m ay  be reco m m en d ed  b o th  as a good in tro d u c tio n  to  th e  f ie ld  o f  n u ­
c lea r re la x a tio n s  and as a co m p reh en siv e  reference book  fo r read ers  in te re s ted  in  m o lecu la r 
m o tio n s.

L. R a d i c s

Topics in Current Chemistry, Volum e 76 

(M anaging Editor: F. L. B o s c h k e )

Aspects o f  M o lybdenum  and Related C om pounds 
b y  G. A. T sig dinos  an d  G. М он

S pring er-V erlag , B erlin , H e id e lb erg , N ew  Y o rk , 1978 159 pp  w ithJ71 figu res 

T h e  boo k  consists o f th re e  n e a r ly  in d ep e n d en t review s:
1) G. A. T sigdinos: “ H e te ro p o ly  C om pounds o f M olybdenum  an d  T u n g s te n ”  (pages 

1 — 64; w i th  275 references)
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2) G. A. T sig d in o s: “ In o rg an ic  S u lfur C o m pounds o f M olybdenum  a n d  T u n g sten  
(T h e ir  P re p a ra tio n , S tru c tu re  an d  P ro p e rtie s)”  (pages 66 — 105; w ith  228 references)

3) G. М он: “ H ig h -T em p era tu re  M etal Sulfide C h em istry ”  (pages 107— 159; w ith  261 
references).

In  sp ite  o f th e  t itle s , th e  m o st im p o r ta n t a n d  so m etim es th e  on ly  e lem en t d iscussed  is 
m o ly b d en u m .

T h e  th re e  review s are good exam ples how  d iffe re n t such  sum m aries cou ld  be : th e  f irs t 
one is a gen era l, well u n d c rs tan d a n b le , “ p rofessional”  w o rk  (w ith  i ts  m is tak es, to o ); th e  second 
one deals w ith  a  m ore special fie ld  b u t  deeper; th e  th ir d  one is a  su rvey  a b o u t th e  re su lts  of 
a  v e ry  specia l tech n iq u e  on  a v e ry  specia l field .

T h e  m ore d e ta iled  references a b o u t th e  bo o k  are  as follows.
T h e  f ir ts  p a r t  e n tit le d  as “ H etero p o ly  co m p o u n d s of m o lybdenum  a n d  tu n g s te n ” 

sum m arizes th e  c lassifica tion  a n d  n o m en c la tu re  p r in c ip les , ty p ica l p ro p erties  o f  h e te ro p o ly  
an io n s; g ives a  sh o rt su rv ey  on  p re p a ra tio n s  an d  s tru c tu re s  in  solid and so lu tio n  p h ases. (A ll 
o f  th ese  ta k e  on ly  18 pages b u t  th e  m o st im p o r ta n t  — n o t  alw ays th e  new est — in fo rm a tio n s  
a re  g iven .)

T he sh o rt review s a b o u t p re p a ra tio n s , s tru c tu re s  chem ical and  p h y sical p ro p e rtie s  o f 
d iffe re n t p o ly an io n s, as those  o f th e  12- (b o th  series A a n d  B), 11-, 10-, 9-, 6- (ag a in  b o th  
series) a n d  dim eric 9- an d  o th e r  (som etim es m ixed) h e te ro p o ly  anions are co llected  in  th e  n e x t  
c h ap te rs  o f  th is  p a r t ,  w hich  closes w ith  som e ra th e r  sh o r t  sum m aries on general p ro p e rtie s  of 
h e te ro p o ly  com pound. T h is p a r t  is n o t com plete  a t  a ll ex cep tin g  th e  las t c h a p te r  a b o u t uses 
in  p rac tice .

I t  is easy  to  read  an d  u n d e rs ta n d  th is  rev iew  — b u t several m is tak es a n d  m isp rin ts  
can  be fo u n d . As an  ex am p le: th e  m o st d is tu rb in g  m is ta k e  is m ade ab o u t R ,A sM o40 4( 0 H ) 2 - , 
w h ich  is a  1 : 4 he te ro p o ly  an ion  in  re a lity , in th e  o rig in a l p a p e r and  on p. 52, b u t  in  an  in co r­
re c t  fo rm  th e  rep re se n ta tiv e  of 1 : 1 h e te ro an io n s in  T ab le  2 (and  in th e  legend  o f  F ig . 25).

T h e  second review  deals w ith  th e  ino rg an ic  su lfu r com pounds of m o ly b d e n u m  and  
tu n g s te n , b u t  v e ry  ty p ica l is t h a t  e.g. th e  f irs t m ain  c h a p te r  on sulfides (a lto g e th e r 15.5 pages: 
n e a r ly  4 0 %  o f th e  w hole p a r t)  co n ta in s 10 pages a b o u t MoS2 and  on ly  six lines a b o u t  th e  sul­
fid es  o f  tu n g s ten . T he o th e r  top ics a re : oxysu lfides, th io h a lid e s , th io m o ly b d ites , re a c tio n  p ro d ­
u c ts  o f m o ly b d en u m  com pounds w ith  H 2S /H 2, th io m o ly b d a te s  an d  th io tu n g s ta te s .

T h is  review  differs from  th e  f ir s t  one b y  i ts  s ty le , to o : m ore recen t d a ta  a re  su m m arized  
fo r a d e fin ite  aim . So it  is u n d e rs tan d a b le  th a t  th e  M oS2, i ts  lu b rica tin g  an d  c a ta ly t ic  p ro p e r­
tie s  as w ell as th e  c a ta ly tic  e ffects o f  o th e r  M o— S co m p o u n d s in h y d ro d e su lfu riz a tio n  p roces­
ses a re  em phasized .

I n  th e  th ird  p a r t  w hich  has a v e ry  general t it le :  “ H ig h -tem p era tu re  m eta l su lfide  chem ­
is t ry ” , th e  m o st im p o rta n t c h ap te r  is a v e ry  sh o r t  one ab o u t th e  e x p erim en ta l p ro ced u res, 
as all re su lts  sum m arized  in  th e  n e x t ch ap te rs  cou ld  o n ly  be reached  by  a sp ec ia l, new  and  
v e ry  effec tive  m eth o d , b y  th e  so-called “ tu b e -in - tu b e -in - tu b e ”  procedure .

In  a  c h ap te r  b in a ry  sy s tem s, th e  Cr— S, Mo — S an d  W — S system s are  d iscussed ; in 
t h a t  a b o u t te rn a ry  system s th e  system s co n ta in in g  F e  o r Cu beside th e  th ree  m en tio n ed  m eta ls  
(an d  su lfu r); and  in th e  th ird  one a b o u t th e  q u a te rn a ry  sy s tem s, th e  F e —C u— M o— S, F e — 
C u —W — S system s an d  Z n— Mo — W —S phase  e q u ilib ria  (som e of th em  even  u p  to  2000 °C).

T he a u th o r  trie s  to  re fer to  all recen t re su lts  o f th is  v e ry  special field  w ith  th e  h ig h es t 
ex p e rtn ess  an d  precision .

T h e  7 6 th  V olum e of “ T opics in C u rren t C h em istry ”  (“ A spects o f  M o ly b d en u m  and  
R e la ted  C h em istry ” ) co n ta in s th ree  review  p a p ers  o f v e ry  d ifferen t sty les b u t  o n  ra th e r  h igh 
leve l co rrespond ing  to  th e ir  ow n o b jec ts.

T he f irs t  p a r t  sum m arizes d a ta  o f n e a rly  g en era l in te re s t for in o rgan ic  c h em istry ;
th e  second p a r t  is less genera l b u t  in te re s tin g  fo r several specia lists;
th e  th ird  su m m ary  is v e ry  special b u t  could  be e x trem e ly  in te res tin g  fo r a few  people, 

f i r s t  o f all for researchers in geochem istry .
L .  B a r c z a
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G EL C H R O M A T O G R A P H Y

The authors give a general and detailed description on the origin, character and 
utilization of gels. The book is divided into three parts: 1) Theory; 2) Methods and 
Techniques; 3) Applications of Gel Chromatography. A detailed subject index and a 
bibliography complete the work. The diagrams, tables and connexion schemes given 
may be of great help in numerical calculations and in the everyday work of spe­
cialists.
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G ánti, Tibor:

a  THEORY OF BIOCHEMICAL SU P E R ­
SYSTEMS. Its application to problems 
of natural and artificial biogenesis

The chemoton theory represents a conceptionally new approach to the 
deduction of the simplest physical —chemical, macromolecular super­
systems satisfying those criteria of life which have been reformulated by 

the author almost axiomatically, in a more exact presentation than 
commonly known from the literature. The prospects of the further develop­
ment of the theory are promising, because the principles of the chemoton 
model are simple and clear, making the deduction of many basic bio­
logical phenomena possible already in its present form, and offering a 

feasible explanation for the origin of living systems from which the out­
lines of the strategy for the artificial synthesis of living systems also emerge.

In English — Approx. 80 pages — /7x25 cm — ISBN 963 05 1719 I — 

Cloth
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ACTA CHIMICA
TOM  101— В Ы П . 4

РЕЗЮМЕ

Изотопное и Ионо-обменное разделение и определение 
радиоактивных изотопов иода

О. ГИ М ЕШ И  и Е . Б А Н Ь А И

Был разработан метод изотопного и ионо-обменного определения радиоактивного 
иода, используя технику экстракции. Оптимальные экспериментальные условия были оп­
ределены с помощью ступенчатого метода (порционная экстракция), на основе которых был 
сконструирован аппарат непрерывного измерения по принципу Автоанализатора.

Синтез 6-аза-В-гомо-19-норхолеста-1,3,5(10)-триен-7-она и его 
1-метильных производных

Ш А Ф И У Л А Х  и И С Л А М У Д Д И Н

Реакция Шмидта для 19-норхолеста-1,3,5(10)-триен-6-она (1) или бэкмановская 
перегруппировка соответствующего оксима (3) дают 6-аза-В-гомо-19-норхолеста-1,3,5(10)- 
триен-7-он (5). Подобным образом 1-метил-19-норхолеста-1,3,5(10)-триен-6-он (2) в реак­
ции Шмидта и его оксим (4) в бэкмановской перегруппировке дают 6-аза-В-гомо-1- ме- 
тил-10-норхолеста-1,3,5(10)-триен-7-он (8). В соответствии с исключительным образо­
ванием 6-аза-лактамов 5 и 8 из оксимов 3 и 4, полагается, что конформация в этих окси­
мах является анти по отношению к кольцу А

Синтез 2-деокси-д-рибозы и ее производных, меченных Н3
Г. ЗО Й О М И , Д . Б А Н Ф И  и Й. КУСМ АН

Описывается синтез 2-деокси-(2-Н3)-о-рибозы (5), исходя из 3,4-ди-О-ацетил-о 
рибала (1), а также синтез 2-деокси-ди-(2,2-Н3)-ц-рибозы (10) обработкой 2-деокси-о- 
рибозы Т20  в щелочных условиях. Стабильность меченности различных производных была 
исследована повторной перекристаллизацией из этанола.

Синтетические линейные полимеры, XXXIV

Изменение удельных свойств соолигомеров диметилсилоксана 
в зависимости от состава и размера молекул

Й. Г Е Ц И

Удельный объем, удельный парахор и — в одном случае — коэффициент рефрак­
ции соолигомеров диметилсилоксана,содержащих группы метилперфторопропилбутироси- 
локсана, циклопентилсилоксана и метил-^-цианэтилсилоксана,были исследованы взависи- 
мости от состава, а также обратной величины молекулярного веса. Эти свойства, изобра­



женные в зависимости от обратной величины молекулярного веса, — подобно ранее полу­
ченным результатам с моноалкил- и п-алкилфенилполи(этиленоксидом) — дают прямую, 
отрезок на оси ординат которой является характерным для повторяющегося звена, а 
наклон пропорционален парциальной степени полимеризации другого повторяющегося 
звена.

Сравнивались величины, полученные из изменения наклонов в зависимости от 
изменения состава, с величинами, рассчитанными на основе ранее выведенных уравнений. 
Из исследований видно, что удельные свойства могут приобретать лишь значения, находя­
щиеся в треугольнике, ограниченном точками <рк, <рк, <pv. На примерах демонстрируется, 
как может быть оценен на основе полученных результатов порядок удельных данных, 
отсутствующих на данном этапе, а также как может быть проверена точность уже имею­
щихся данных.

Спектрохимическое исследование летучих компонентов 
в термохимических процессах, II

Экспериментальные результаты некоторых систем и их обсуждение
Е. ГЕ ГУ Ш , Й . К Р Е Й Т Е Р , Л . М Е Р Е И  и  Й . И Н Ц Е Д И

С помощью установки, описанной в первой части цикла сообщений, были подробно 
исследованы термические процессы солей кадмия (хлорида, нитрата, сульфата и окисла) 
вплоть до температуры 1200°С, записывая сигнал кадмия в паровой фазе. Исходя из ха­
рактеристических температур превращений, определенных при знании функций время- 
температура, можно делать заключения относительно хода некоторых процессов (вос­
становления, окисления, терморазложения, испарения и т. д.). Термическое поведение 
ртутных солей (хлорида, ниграта, сульфата и окисла) было исследовано при медленном 
нагреве вплоть до температуры 750°С. Упоминаются также опыты других термических 
процессов (испарение ВеС12, выделение летучих соединений фтора).

Основываясь на результатах экспериментов, утверждали, что значительные расхож­
дения имеют место между процессами, протекающими в платиновых и графитных тиглях 
соответственно, и качество поверхности и условия графитных тиглей значительно влияют 
на процессы окисления-восстановления, разложения и испарения. Разработанная уста­
новка пригодна для детального исследования дальнейших термохимических процессов.

Исследование молекулярной структуры фенольных эфиров с помощью 
квантово-химических методов, I

Экспериментальные данные и методы расчета
П. Х Е Н Ч Е И  и Й. Н А Д Ь

Приводятся экспериментальные физико-химические данные (УФ спектры, диполь­
ные моменты, потенциалы ионизации, химические сдвиги 13С) фенольных эфиров с основ­
ной формулой ХС6Н4ОСН3 (где X =  Н, o-, м-, п-СН3 СН30 ,  Cl, N 02, F, NH,) и исходные 
параметры для различных методов расчета (Дэль Рэ, итерационного ППП, расширен­
ного Хюккеля).

Исследование молекулярного строения эфиров фенолов с помощью 
кванотово-химических методов, II

Результаты и их обсуждение
П. Х Е Н Ч Е И , Г. П О Н ГО Р и Й . Н А Д Ь

Экспериментальные физико-химические данные — электронные переходы, диполь­
ные моменты, энергии ионизации, химические сигналы С13 — эфиров фенолов и общей 
формулой ХС6Н4ОСН3(гдеХ- о-,м-, п-СН3СН30 , Cl, N 02, F, NH,) были интерпретированы с



помощью кванотово-химических расчетов. Для расчетов были использованы методы Дель 
Рэ, итеративный ППП и ЭХТ. Для определения параметров ИШШ были разработаны новые 
зависимости. Расчеты проводились на плоской модели и полагаллись на плоской модели и 
полагалось свободное вращение метоксигруппы. Исходя из корреляций между экспери­
ментальными и расчетными данными делались заключения относительно молекулярного 
строения.

Фотокаталитические методы, II

Фотоокисление сафранина Т в присутствии железа(Ш)
А. П Е Т Е Р  и Л .  Й . Ч А Н И

Наблюдалось фотоокисление сафранина Т при УФ облучении раствора красителя, 
содержащего ионы сенсибилизатора железа(Ш ). Обсуждаются вероятные ступени окисле­
ния, а также зависимость обесцвечивания от экспериментальных условий.

Синтез алкалоидов Винка и их аналогов, XI

Аддукты акрилонитрила как промежуточные продукты
Д Ь . К А Л А У Ш , Л . С А Б О , П . Д Ь Ё Р И , Е . С Е Н Т И Р М А И  и Ч . СА НТА И

Восстановление аддукта, образующегося между энамином типа 2а и акрилонитри 
лом, дает производные 4а и 5а, которые в сернокислом растворе метанола, наряду с пре­
вращением в эфир, претерпеваютэпимеризацию. В щелочной среде превращения протекают 
по пути 4а -► 4Ь 4с и 5а -*• 5Ь -*■ 5с.

Фотокаталитические системы, XVII

Спиновые ловушки радикалов при фотолизе Ce(IV) в спиртах
д. ре х о ре к

Применяя нитрозодурол и фенил-Н-трет.-бутил нитрон в качестве спиновых ловушек, 
были детектированы и идентифицированы радикалы, образующиеся при фотолиз Ce(IV) 
в спиртах. При комнатной температуре наблюдались как алкоксильные, так и алкильные и 
гидроксильные радикалы, что указывает на реакции первичных алкоксильных радикалов.

Пяти- и шестикоординированные комплексы платиновых металлов 
потенциальными пентадентатными лигандами

В. Б . P A H A , С. К . С А Х Н И  и Ш А Н ГА Л

Были синтезированы и охарактеризованы комплексы рутения(Ш), родия(Ш), пла- 
тины(1У), палладия(П) и платины(П) с двумя потенциальными пентадентатными ли­
гандами: гидразидом 2,6-дипиколиновой кислоты и гидразидом N, N ’-дибензилиден-ди- 
пиколиновой кислоты. Комплексы рутения(П I), родия(1 II) и платины(1У) имеют координа­
ционное число, равное 6, а комплексы двухвалентных палладия и платины являются 
пятикоординированными, что было найдено, исходя из данных их элементраного анализа, 
измерений магнитной восприимчивости, УФ-видимых и ИК (обычных и далеких ИК) 
спектров. Характерные параметры лигандного поля были определены там, где это возмож­
но. В далекой ИК области были отнесены колебания г(М_ру), и i '(m - N ) ) .  а также были 
сделаны попытки определения стереохимии комплексов на основе колебаний 6а и 16ь 
пиридинового кольца.
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