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From the point of view o f the elucidation of convection-free U F 6 diffusion- 
adsorption processes, the knowledge of functions for the solution of non-stationary  
transient tran sp o rt is of im portance.

For the determ ination of th e  transien t functions of a convection-free diffusion- 
adsorption operational unit, a m athem atical model, taking into consideration the 
adsorption isotherm  of Freundlich, and assuming rapid , instantaneous kinetics, has 
been interpreted.

The solution function is discussed, and the calculated values of the /(C , /, t) 
function are presented for a m odel of given param eters.

Investigation o f the processes o f diffusion and adsorption (boiling) 
in a system  free o f convection

The sim ultaneous in vestigation  of convection , diffusion and adsorption, 
the analysis o f adsorption fronts have been started as early the operational 
units of adsorption had been introduced into the technology. In order to  prove  
th e  necessity o f  th e  sim ultaneous investigation  of convection-free diffusion  
and adsorption, the already know n theoretical and experim ental d ifficulties  
of the interpretation of adsorption fronts should be sum m arized. A com m on  
characteristic o f  the equations o f  adsorption fronts is their specific nature  
and the fact th a t th ey  become inapplicable in the cases when

a)  the adsorption front is not “ stationary” ;
b )  the k inetics of adsorption is a process retarded in tim e;
c) the adsorption equilibrium  is not linear.
Let us presum e that an “ ideal” operational adsorption unit and an 

“ ideal” front curve exist. In th a t  case, this ideal adsorption front is actually  
deform ed by th e  factors listed above. On investigating  these anom alies o f the  
adsorption front (which is in fact the interpretation  o f the real transport 
phenom ena o f adsorption proper) it appears th at the technique o f  frontal 
chrom atography does not afford any possibilities for the separate in vestiga 
tion  of the single deform ation effects w ith in  the sam e m aterial transport 
process.

* P a rt I I I :  A cta Chim. Acad. Sei. Hung. 59, 305 (1969).
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Besides the theoretical problems o f th e  adsorption fronts evolved in 
th e  convectional flo w  also those experim ental d ifficulties are to  be m entioned  
w h ich  emerge when th e  course of adsorption k inetics in tim e is actually  a process 
n o t  com m ensurable w ith  th e  progress rate o f  the front evolv ing  on the effect 
o f  th e  convectional flow . In  this case it is a problem  o f m easurem ent technique  
w h ich  line is in fact accepted  as adsorption front and w hich is considered to  
b e an equilibrium sta te . This effect m anifests itse lf  sharply on comparing 
th e  static  kinetical d a ta  o f  the adsorbent system s of uranium  hexafluoride  
a n d  the gas chrom atographic front curves o f the sam e experim ental system s.

I t  appears th a t th e  investigation  o f processes tak ing place in  a system  
free  o f  convection m akes possible to stu d y  the effects o f non-linear isotherm s 
an d  o f kinetics prolonged in tim e w ithin th e  sam e m aterial transport unit. 
T h e experim ental eq u ipm ent em ployed in the investigations o f static diffusion  
p roved  to be d irectly  applicable for the stu d y  of adsorption fronts free of 
con vection .

The exam ined adsorbent system s o f uranium  hexafluoride possess non
lin ear isotherms and k in etics prolonged in  tim e. For th is reason, in our experi
m en ts  we attem pted to  m aintain  conditions w hich secured the form ation, 
in  som e particular cases, o f  an equilibrium  sta te  w ith in  th e  adsorption zone, 
fa c ilita tin g , however, th e  prevailing of also th e  kinetical effect in a general 
case . The condition o f  equilibrium  in th e  diffusion adsorption apparatus is 
a tta in ed  by varying th e  concentration  o f adsorbate in the entering gas flow. 
I f  th e  condition

dx ) x = 0 dt / ( ( 1 )

is m et, the diffusion front is o f  a quasi equilibrium  nature because the condition

( 9C(Q

l 9 *  Jx
<

' Э C(t)
dx

is fu lfilled  for all the poin ts o f  th is front.
T h e  equation describing th e  process of adsorption diffusion, on applying  

th e  general sim plifying presum ptions introduced already earlier, reads as 
fo llow s:

£
9 c

dt d x 2
( 2)

In  the case of linear isotherm s and equilibrium , the solution  o f Eq. (2) is

9 C
dt

D £
d2C
Ъ х 2

on dC 
dc dt (3)
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where the term =  H  fo llow s from the condition  o f adsorption equ i

librium .
On converting Eq. (3), w e ob ta in  a correlation resem bling F ick’s second  

equation
8C n  92C

(f +  У И ) ----- =  D — -
0t Эдс2

(4)

Dior, on introducing the sym bol D'  -- ----------------
(f  -F yH)

3 C 
3t

=  D' Э 2C 

Э* 2
(5)

The in itia l and limit con d ition s are:

c Co if  ж =  о and t ;> 0
c  = c _ if  x =  L and

c  = «?(*) if  0 ^ x < _ L and t =  0
( 6)

The solution o f E q. (4) w ith th e  conditions (6) is the following:

r  r  I í r  r  \ x  i 2 x.' C» cos n7t — C„ • nnx C =  Cu +  (C„ -  C0) —  H------> -------------------------- sin — —
L  л  1 n  E

I 2 C  • пля e L2 4----- >  s in ---------
L 1 X/

Рл2я2
'  • j / ' ( * ) «

TÍ71X  7 .
s in ------- ax (7)

Now let us examine th e  effect of the non-linear isotherm , on presum ing  
an adsorption equilibrium for th e  diffusion process.

On presum ing an adsorption equilibrium and an isotherm  equation  of 
Freundlich ty p e , Eq. (2) can be rewritten:

where

3n \ 3C ,r-7 02C
f  +  у —  —  =  U  D -----

0 С / 0t 0x2

i 3 n

l a c ) e
=  kmC"'-1

Now le t us find the so lu tion  of the equation

(f  +  ykmCm i) —  =  V f D —  
3i 0*2

( 8)

(9)

( 10)
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w ith  the following in itia l and lim it conditions:

c  =  c 0 if x  =  0 and t >  0

C =  0 if  x — L and t >  0 (ID
c  =  e(x) if  0 <[ x L and t =  0

where

e(*) =  c 0 «4 II О

ОIIJCj if  0 <7 x  <  L

Let us introduce th e symbol

yk
к =  A (12)

and let us consider variab le  C as the sum o f tw o functions when

C =  w(x; t) -j- p(x)  (13)

Eq. (10) reads on tak in g  into account E qs (12) and (13) as follow s:

(14)-9 - (w(x; t) +  p(x)) + A - -  (w(x; t) +  p(x))m =  D 
9f v 7 91 v Эл:2

Let us convert E q . (14), om itting the sym bols used for denoting the  
independent variables:

d2Cо
—  ( w + p ) - f  A p m —  
8 ( 91

1 D
Эл:2

(15)

Let us em ploy th e  binom ial approxim ation for the exp lication  of the 
sum  o f exponentials:

—  (m) +  P )  +  A p m -8-
8 1 Ы

1 +  m
=  D ^ c

Эл:2

The condition for th a t  is
j iv 

! P
< 1

(16)

(17)

D eriving from (16) we m ay write

Qw I  л-------- b A t
8 1

i.e.

_ x 01* 
at

=  d 92C
Эл:2

(18)

-i)_?C
at

=  1 ) Э2С

Эл:2
(19)
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N ow  let us define the function p(x),  taking in to  account unequality  (17)

p(x) =  C0 1 - j -

In this case, E q . (19) can be converted in to  the form

1 +  mAC™-1 11 — —
m—1 Э C d2C

8 1 8 л:2

( 20 )

( 21)

Correlation (21) is actually the linearized form o f the nonlinear E q. (10), 
obtained by binom ial approxim ation.

Let us introduce the designations:

and

X =  -

У  =  1 +  т Л С у - 1 

m(m — 1) AC™-1
( 22)

Then, instead  o f Eq. (21), w e m ay w rite at a fair approxim ation th a t

(23)(Y +  X x ) ~  =  D  — C- 
81 dx2

Let us solve E q . (23) by the Fourier m ethod; then

C =  f(x) g{t)

R esubstituting condition (24) into Eq. (23) we obtain

=  - K *g'(i) = D f"(*) 1
g(t) f ( x )  Y  +  X x

(24)

(25)

where — K*  is the ow n value (the negative sign being the condition o f  decrease  
in tim e).

Since, from (25)
g(t) =  K e - * ' 1

and

the general so lu tion  is

and

/ '(* )  =  (Y +  Xx) ~ - f { x )

C =  2  Eifi(x)e-xr>
i—1

f ,(x) = f ( x ;  K*)

(26)

(27)

Acta Chim. Acad. Sei. H ung. 60, 1969
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L et us solve th is equation under hom ogeneous conditions, introducing  
th e  new  variable e =  У  -|- Xx.  From E q . (26), it  follows because f '(x)  —
=  X 2f'(e)  [1]:

f ( s )  =  f e A 1/3

_2 _

X
K f _

D p3/2

w here [2, 3]:
^ 1'зМ  — X 1J l 3(x) I К 2 N lt3(x)

(28)

(29)

The values К г and K 2 are to be determ ined from the in itia l and lim it 
con d ition s. Since th e  hom ogeneous cond itions are

C(0; i) =  0 or г =  Y ; f ( Y )  =  0

C(L; 0) =  0 or e =  ( Y  +  XL);  f ( X  +  XL) =  0 . (30)

W e m a y  write that

K J 1/3

and

K J 1/3 3X

3X  D 

K *

/ у з /2 +  X 2iY1/3( - 2

-—— (У  +  XLf l 2 +  K 2N 1/3 I 
D  ' I ,3\ 3 X

3X

2

K *I — i_ у з /2 =  0 
D I

—É ( y  _|_ X L ) 3'2 
D

(31)

0 .

D en otin g  function  J 1/3JV1/3 by U , and converting Eqs (31), w e obtain:

u 2 K*/  ‘ Y  3/2 =  l / ( — l
3 X 1 D J \ 3X

K *  1
(У +  X x f ' 1 (32)

H ow ever, in the course o f the function  analysis of U we have proved  
th a t th e  function  дЛ^'з is “ quasi” periodical [4], from this it  follow s th at

1 2 K* \ 9 X *
\ - = - / -Zl у  2/3 __ / — ^  (У  +  XL)2'3
V 3X D I 3X D

np (33)

where n =  1, 2, 3 . . . and p  is the period o f th e  function. 
From  th at, the own values are

К f  =  D
3X np
2 (У  +  X L У'12 -  У 3/2

(34)
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Let us presum e that ][K \  =  and le t us take into account th a t  
K 2 =  —K XUn{Y ) .  Then the hom ogeneous solution  function  will be

fXn;x  =  \ x  \ K J 1/3 3X
^ - X 3l2j — K 1Un( Y ) N ll3 ■1 2 1/ — ^ -X 3/2)]

\ 3X D 1

0

Let us fin d  полу the solution  under the in itia l and lim it conditions (11).
0 c

I t  must he n o ted  that if  t —*■ oo then  ---------*■ 0, therefore the function C(x;oo)
9 1

is the solution  o f the equation. The concentration  function  is being form ed  
from the sum  o f  tw o functions [5]:

Let us presum e that
C =  Vi +  %

rji == 0 if * =  0 and X  =  L and t >  0

Vi =  ею if  o ^  *  <; l and t — 0

definition o f follows from the hom ogeneous conditions), and

to II О

VI«Vо—
and t =  0

Vi =  C0 if  x — 0 and

ОII if  x =  L and t >  0

Thus, r)2 is a solution w hich m eets the conditions

1 —

and

C(x ; 0) =  — C0 11 -j- ; C(0 ; i) =  C(L ; t) =  0.

(36)

Let us u tilize  the conditions of orthogonality  o f the function in d eterm in 
ing r]l and r}2. The condition o f orthogonality is

Y +XL
xf(Xn ; x) f(Xn ; x ) d x  =  0 (37)

A t th e  point C(e ; 0) the solution function  (27) is 

C(e ; 0) =  Z  £ , / ( / ,  ; e).

Acta Chim. Acad. Sei. Hung. 1969



8 M Ü L L E R , FÁY: ADSORPTION O F U R A N IU M  H EX A FLU O R ID E , IV

Let us m u ltip ly  both  sides o f the equation  by /(Я,- ; e), then

Y + X L  Y + X L
I eC(e; 0)/(A,e) de =  E t ( / 2(A,e)de

Y  Y
From  that:

Y + X L

J £Q(e)f(^ie)de
Y___________________

Y + X L
J ef2ßi£)de

w hile

V 2 1 —
e — Y

X L i- 1

Sim ilarly to  th e  above described w a y  [5]:

Y + X L

1
e — Y

X L
f ( M )  de

Y + X L
e / 2(A,e)(ie

Let us denote th e  sum  of F, E b y  G,. The general so lution

s - Y
l

C(e; t) =  C0 1
XL

е е — Ki t
a )

Y +  X L
r e — Y U

o(e) — C0 1 ------
) X L

f(?.jE)de

G , =
Y + X L

e / 2(A,e)de
*)

w here

e(e) =  C0 if  Y ^ e ^ Y  +

X L

XL
N

g(e) =  0 i f  Y  -|------— <  e <  Y  -)- X L
N

th e  fu n ction /(A , e) reads as follows:

К Щ  =  h J 1/3
2

3 X

K *

D
; e3/21 -  Un( Y ) N ]j3 . I

[ K f _ e3/2 .

L> 3X
and

(38)

(39)

(40)

(41)

(42a)

(42b)

(42c)

-4cia Chim. Acad. Sei. Hung. 60, 1969



M Ü L L E R , FÁY: A DSO RPTION  O F U RANIUM  H E X A F L U O R ID E , IV 9

U„(Y) =
K f

n
уз/2

(42Л)

Eqs (42a, b, c, d) describe the com bined processes o f adsorption and diffusion.
In a general case: C(L ; t) =  0. Let us denote the equilibrium  concentra

tion  by C„, in th a t case the su bstitu tion

C ' =  C -  CL

is to  be carried ou t in the solution  function.
Consequently, the initial and lim it conditions w ill be

C  (x ; 0) =  q(x) — C„
C ' ( 0 ; t )  =  C0 - C _

C' (L-,t)  = 0

C  ( x ; o o ) =  C „

(43)

The value C_ is apparently th e  function o f the space ve lo c ity  o f  flow ing  
gas at x =  L. In  th e  course of th e  experim ent, the equilibrium  concentration  

can be designed according to  th e  follow ing considerations.
The concentration C„ is being  formed at the outflow  side o f the packed  

colum n when th e  material transport becom es stationary. The m aterial flow  
of th e  column can be described as follows:

J l =  D C° C” (44)
L

The condition  o f stationarity  at the outflow  side o f the packed colum n  
m eans at the sam e tim e that an equilibrium  exists betw een the diffusion  
flow  and the convection  flow o f th e  inert gas, i.e.

and from that

Г —C
GC„ =  D 0 “ 

L
(45)

1) r
C .  = - -------

l ^ t

(46)

In the fo llow ing considerations we shall deal w ith the calculation  technical 
problem s of a diffusion adsorption model.
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10 M Ü L L E R , FÁY : A D SO RPTIO N  OF U RA N IU M  H E X A F L U O R ID E , IV

Let us in vestiga te  th e  changes in th e  concentration  o f diffusion and 
adsorption taking p lace in  a packed colum n, p lo tted  against tim e and local 
coordinate.

The param eters o f  th e  colum n are:

L  =  5; I  =  0 .6  and у  — 0.9

w hile the constants o f  th e  Freundlich equation:

к =  102; m =  0.8; D  =  0.7; C0 =  1; C„ =  0.

Let us now calcu late  th e  com bined constants required for the solution:

A = ? L =  150

Y =  1 +  С " '1 mA  121

X  =  - A C r l ! ^ n ~ 1)- =  4.80
L

X L  = 2 4

Let us determ ine first the own values:

K *  =  A? =  D X np
3 (Y +  X L ) 312 -  y :i/2 

The values obtained  from  Eq. (34) are listed  in  Table I

(34)

Table I

i K*l *

1 0.001740 0.0417
2 0.006960 0.0834
3 0.01566 0.1251
4 0.02784 0.1660

L et us now determ ine th e  values G, using E q. (42b):

Gi =

Y + X L

e o(e) — C0 [l E- U }\
xL 1

/(Я,е) de

Y  +  X L

j £ /2(A,e)de

(42b)
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L et us determ ine the integral b y  an approxim ation technique, tak in g  
into account th a t the function is equal to  zero at Y  and Y  -f- X L  (the use o f  
the Sim pson form ula in a general case is m ade rather cum bersom e b y  th e  fact 
th at th e  function  is periodical and thus it is more practical to  app ly  gra
phical integration).

On applying approxim ation, th e  sim ple correlation

Л  Y + -
XL

is obtained for G, 

where th e  function  / ,
X L ]  .

/Л 135 .5 ) — /1 3 5 .5 J 1/3

-  ^ ( 7 - 6 5 0 ) Q1149
7Vi/3(7.650) 1/3

is num erically from E q. (42c): 

0.1149

0.00174

/  ° ‘0017-  (135.5)3'2 -  
0.7

and from this
0.7

/Л 1 35 .5 ) =  -6 8 .1 5 1

(135.5)3'2

On substitu ting  the own values (eigenvalues):

/ 2 (135.5) =  - 0 .6 7 1 3  

/ 3 (135.5) =  + 0 .7 6 0 6  

/ ,  (135.5) =  -0 .9 7 1 1

Note: The Bessel functions o f  th e  order of 1/3 are to  be found in tab les. 
In the case o f  a great argum entum , the function values are determ ined on 
the basis o f  th e  following correlations (4):

J L c o s  (2 -  1.309)
Zl l

I J L s in  (г _  1.309)
/ 2Л

On resubstitution , the G,- va lu es are

Л / з ( * ) ~  I

Л + з (2 )~

Gl =  + 0 .0 0 7 3 3  

G2 =  0.745
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G3 = - 0 .6 4 1  

G4 =  0.515

The functions /(A ie) are calculated on th e  basis o f th e  correlation (42c), 
u sin g  already fix ed  longitudinal coordinates, and in vestigating  the changes 
o f  concentration versu s tim e, at the va lu es x =  1, 2, 3, 4. In the case of 
x — 0 and x =  L  =  5, th e  solution is determ ined on tak ing  into account 
th e  initial and lim it conditions.

I f  * =  1 a =  126.8

/ 1(126.8) =  /1 2 6 .8  [J 1/3 (0.005748 • 126.83/2) -  U1 (Y)

T he solution is 

and similarly,

w h ile  the product f G j

N ll3 (0.005748 • 126.83'2)].

/ i  (126.8) =  -39 .51

/ 2(126.8) =  -1 .6 2 1 6  
/ 3(126.8) =  +1.8313  
/,(126.8) =  -0 .3 8 6 8

1 -0 .2 8 9 8
2 1.202
3 1.190
4 0.1993

In the know ledge o f  th e  p rod u ct/G ,, it  is already rather easy to calculate  
th e  function  values for C (1 ; t) on the basis o f  th e  correlation (42a) (с/. Table II).

Table II
ж =  1

t C(I; <)

150 0
200 0.0367
225 0.2347
250 0.2700
300 0.4758
400 0.5847
500 0.6404
700 0.7148
000 0.7490
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In the case o f x  =  2, 3 and 4, the calculation is quite analogous to  the  
preceding one. The concentration functions are given  in  Table III.

Table III

x  — 2 x =  3

1 C(2; 1) 1 C(3;<)

200 0 300 0.1079

250 0.0943 400 0.1580

300 0.1833 500 0.1963

350 0.2510 700 0.2561

400 0.3090 800 0.2798

600 Г0.4308 1000 0.3144

800 0.4971 1500 0.3645

ж =  4

t C(4; <)

300 0
400 0.0130

500 0.0440

800 0.1090

1000 0.1353

1500 0.1735

The C(t) concentration curves calculated for th e  condition x  =  const, 
are p lotted  in Fig. 1.

t(sec)
Fig. 1. Curves of diffusion adsorption fronts of the colum n packed w ith adsorbent

A cta  Chim. Acad. Sei. H ung. 60, 1969
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Also the functions t =  const. C(x) have been plotted  on th e  basis of the  
cu rves of adsorption fron ts. The functions o f th e  distribution o f concentration  
in  th e  columns packed w ith  adsorbent, p lo tted  against various tim es (t) are 
sh ow n  in Fig. 2.

I (cm)
Fig. 2. Curves of concentration  d istribu tion  calculated by E q. (42)

Also a particular fea tu re  of the solution  function  is to be m entioned  here. 
T h e term  containing th e  in fin ite  series does n o t approxim ate m onotonously  
th e  conditions C(t) = 0 w h en  only a fin ite num ber of series m em bers are taken  
in to  account. After d issectin g  the tim e axis, th e  function approaches it  with  
a period ically  dam ped run. Consequently, th e  function  value C(t) <  0 follows 
ju s t  from  the properties o f  th e  function series proper.

In this paper it  w as n o t possible to  carry out the full theoretica l and 
num erica l analysis of E qs (42). It m ust be n oted , however, th at th e  comparison 
o f  th e  informations o b ta in ed  by investigating  convection-free diffusion and 
adsorption  can be carried ou t by the m ethod evolved  by F a y  [ 6 ] ,  on applying  
certa in  sim plifications.

L ist of sym bols

C; Cn; concentration m oles/cu.cm ; g/cu.cm 
D  diffusion constant sq.cm /sec
G m a te ria l transport volum e cu.cm/sec
J  m a te ria l flow mole/sec
H  equilibrium  constant of linear isotherm 
k; m  constan ts of the F reund lich  equation 
L  len g th  of column cm
8 П

—— ra te  of absorption (boiling)
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t time
x  local coordinate
v  m(m — 1) AC™*1
X  L
Y  1 +  mAC™~1 
у  density  of adsorbent g/cu.cm 
(  free volume factor
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A rap id  paper chrom atographic m ethod, su itab le  for series m easurem ents was 
worked ou t for th e  approximate determ ination  of th e  m olecular weights and m olecu lar 
w eight d is tribu tions of polydim ethylsiloxanes.

“ N arrow ”  fractions and polydisperse sam ples p repared  by mixing th e  fo rm er 
were used for th e  measurements.

I t  was found th a t in the range M „  =  100 X lO 3 — 300 XlO3 a solvent m ix tu re  of 
the composition toluene—ethyl a c e ta te —acetone acetic acid in the p ro p o rtio n  
1.5 : 6 : 0.5 : 0.27 is appropriate for the  separation of fractions of different m olecu lar 
weights. The location of the spot on the chrom atogram  provides inform ation on th e  
m ulecular w eight of the substance, and the shape of th e  spot on its po lyd ispersity .

The experim ental conditions for elim inating th e  edge effect of the p ap e r and  
the m utual interference of the spots were determ ined.

Introduction

D eterm ination o f the exact m olecular w eigh t and molecular w e ig h t  
distribution o f polym ers by the usual m ethods (ultracentrifuge [1, 2 ] , lig h t  
diffraction [3], osm om etry [4]) is a len gth y  and cum bersom e task, w hile q u ite  
often an approxim ate value of th e  m olecular w eigh t m ay furnish su ffic ien t  
inform ation on th e  substance. This la tter is th e  case in the study o f  silicon  
organic polym ers, m ore specifically o f d im ethylsiloxane chain polym ers. T hus  
it was intended to  develop a less tim e and labour consum ing procedure for 
obtaining sem i-quantitative, yet su ffic ien tly  characteristic  data for p ractica l 
purposes. For th is  end an appropriate adaptation  o f paper chrom atography  
seem ed to be th e  m ost expedient because o f its sim p lic ity  and rap id ity  and  
the low  m aterial consum ption.

Experimental

The polydim ethylsiloxane subjected  to in vestiga tion  is a h ighly h yd ro-  
phobic non-polar polym er enabling work only b y  reversed phase paper ch rom a
tography. Prelim inary experim ents led  to th e  choice o f  acetylized paper for
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th e  ta sk  in hand. For th e  first experim ents papers acetylized in th is  laboratory  
w ere used, but later it  could be stated  th a t  among com m ercial acetylized  
papers the progress o f  th e  solvent front is th e  slow est on the M acherey N agel 
263 AC type paper w ith  w hich the best resu lts  were obtained.

The sam ples w ere “ narrow” fraction s o f  commercial p o lyd im eth y l-  
siloxan es. The fractions were prepared b y  precip itation  w ith  e th y l acetate as 
th e  so lven t and acetone as the p recip itatin g  agent. The m olecular w eights  
and polydispersities o f  th ese fractions w ith  narrow  molecular w eigh t distribu
tio n s  were determ ined b y  D ebye’s m eth od  o f  light-scattering w ith  a Brice 
P h o en ix  apparatus.* The molecular w e ig h ts  o f the three fractions under 
in v estig a tio n  were in  th e  range betw een 100 X Ю3 and 300 X Ю3. D rops of 
th e  sam ples in to lu en e solution  were applied  to  1 8 x 5 6  cm paper strips. A bout 
2 (Л o f  the 10% so lu tion s was used to  o b ta in  spots of ap p roxim ately  3 mm  
diam eter, and in no case over 5 mm diam eter.

Experim ents w ere carried out to d eterm in e the optim um  q u a n tity  o f the  
sam p le. Using d ifferent quantities of th e  polym er fractions w ith  identical 
m olecular w eights, th e  optim um  under th e  prevailing circum stances w as found  
at 2 j i \  of the 10%  polym er solution. Larger quantities caused m arked elonga
tio n  and spreading o f the spot while w hen  developing smaller q u an tities the  
paper easily  soaked through under the sm all q u a n tity  of hydrophobic substance
(F ig . 1).

The runs were perform ed by descending chrom atography in  th e  Cliropa 
(Y E В Glaswerke, Ilm enau) paper chrom atograph. Prior to the insertion  o f the 
p ap er the chrom atographic vessel was sa tu ra ted  with the vapours o f the  
so lv en t m ixture for 12 hours, after w hich th e  preliminary satu ration  o f the 
p ap er w ith  the so lven t m ixture vapours appeared  to be superfluous.

I t  is one o f th e  essential characteristics o f  the method th a t  th e  hydro- 
p h ob ic  property o f  polydim ethylsiloxane can  be advantageously utilized  in 
th e  developm ent o f th e  chromatogram. W hen  th e  dried chrom atogram  is m ois
te n e d  w ith  w ater all parts of the paper n o t covered by the hydrophobic sub
sta n ce  will soak through. The location of th e  sp ots is more easy to  observe when  
a copper salt so lution  is used for m oisten ing follow ed by an exposure o f the  
p ap er to  am m onia. Should the developing solution  contain acetic  acid the  
acety lized  paper w ill be instantaneously soak ed  through and the sp ots appear 
m ore sharply. The com position  of the d evelop in g  solution w as th e  following:
6.2  g o f Cu(CH3COO)2 • I120  dissolved in  a m ixture of 60 ml o f  91%  acetic 
acid  w ith  440 ml o f  w ater. The sen sitiv ity  o f  developm ent can be increased  
b y  spraying the paper prior to  developm ent w ith  a slightly acidic 3%  hydrogen  
perox id e solution w hich enhances the hyd rop h ility  of the paper w ithout

* The m easurem ents were carried out in the L ab o ra to ry  for Chemical S tru c tu re  Research 
o f  th e  H ungarian A cadem y of Sciences by Mr. Gy . S ch ultz  to whom th e  au tho rs  wish to 
exp ress  their sincere thanks .
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affecting in any w ay the polydim ethylsiloxane polym er thereby increasing  
the difference betw een th e  hydrophobities o f  th e  paper and the spot.

Selection o f the appropriate solvent m ixture for the runs required th or
ough investigation . B u t for the 91%  acetic acid o f  chrom atographic grade 
(B D H ) th e  other solvents were of analytical grade m anufactured b y  R eanal.

The so lven t m ixture had to  m eet the solub ility  requirem ents and at th e  sam e  
tim e one o f its com ponents had to form a sta tion ary  phase on the acety lized  
paper. Am ong others th e  follow ing solvents form  stationary phases on a ce ty 
lized paper: eth yl acetate , chloroform, trich loroethylene, chlorobenzene and 
benzyl chloride [5]. The tested  solvent m ixtures alw ays contained one o f  these  
so lvents. From the point o f  v iew  o f separation th e  solvent m ixtures to lu en e : 
chlorobenzene 3 : 1 and toluene : ethyl acetate 1 : 6 were found to  be sa tisfa c
tory, b u t the reproducibility o f the chrom atogram s did not m eet th e  require-
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m e n ts . W hen small q u an tities o f acetic acid w ere added to the so lven t m ixture  
th e  sp o ts  had a regular shape w ithout ta ils. These observations led  finally  
to  th e  choice of the m ix tu re  o f toluene — eth y l acetate — acetone— acetic acid 
in  th e  proportion of 1.5 : 6 : 0.5 : 0.27.

Q uite frequently th e  extrem e spot corresponding to  the low est m olecular 
w e ig h t fraction lagged b eh in d  w ith  an Rf  va lu e  other and m uch lower th an  the

Fig. 3. Substance: M lv=  110 X Ю3 fraction

e x p e c te d . As this fraction  w as alw ays applied la st near to the edge o f  th e  paper, 
i t  w a s assum ed that its  to o  close v ic in ity  to  th e  edge of the paper caused it 
to  la g  behind. The v a lid ity  o f  this assum ption was checked by app ly ing  the 
sa m e fraction  to different parts of the paper in such a w ay th a t th e  distance  
b e tw e e n  the spots should  be 2 cm while th e  distances of the first and last 
sp o t from  the edges o f th e  paper were varied. W hen the first i.e. la st sp ot was 
o n ly  1, 2 or 3 cm from th e  edge of the paper it  kept lagging behind and that
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the more so the closer it was to  th e  edge o f th e  paper, while the Rf  values  
of the spots in th e  m iddle of th e  paper were identica l. These findings are 
illustrated in F ig. 2. W hen the drops were applied in such a w ay as to  have  
th e  extrem e spots located  5 cm from  the edges o f  the paper, these spots no 
longer lagged beh ind , but instead tended to  sh ift tow ards the edges and to  
occupy positions w ith  the greatest possible d istance betw een them  (F ig. 3).

Fig. 4. 1. M „ =  2 9 1 x 1 0 s fraction — 2. M w =  215 X 103 fraction  — 3. M n, =  1 1 0 x l 0 3
fraction

In the fo llow ing experim ents we tried to determ ine the sm allest d istance  
at w hich the spots do not influence each other. The sam e fraction was again  
applied to various points on the paper, but now the distance o f the extrem e  
spots from the edges was 5 cm and the distance betw een  the other spots has 
been varied. It w as found that w hen the drops were applied at least at 4 cm
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in terv a ls  the spots after th e  run were above the points o f application , th at 
is a n y  undesirable lateral m igration  was elim inated.

T h e method could at th a t stage be applied to the determ ination  of 
m olecu lar  w eights, as show n on the exam ples o f  the M w =  219 X Ю3 215 X Ю3 
and 110 X l 0 3 fractions. The chrom atogram s are presented in F ig. 4 indicating  
th e  lo c a tio n  of the spots depending on the m olecular w eight, or, in other words, 
th e  R j  va lu es corresponding to  the different fractions decrease in th e  order of 
in creasin g  molecular w eigh t. Thus in the particular solvent m ixture m entioned  
ev en  re la tiv e ly  only sligh tly  different m olecular w eights can still be d istin 
gu ish ed . I t  is quite obvious th a t  for other m olecular w eight ranges th e  com posi
t io n  o f  th e  solvent m ixtu re m ust be appropriately altered; in th e  case of 
higher m olecular w eights m ore developing solvent, for sm aller m olecular 
w eig h ts  more of the p recip itan t m ust be used.
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A ccuracy o f the m ethod

T he comparison o f th e  Rf  values o f 20 runs carried out under identical 
co n d itio n s  gives som e in form ation  on th e  reproducibility o f  th e  m ethod. 
T h e resu lts  are sum m ed up in  Table I. It appears that there is a fairly consider
ab le  scatterin g  betw een th e  Rj  values w hich was attributed  to differences 
in  th e  properties of the papers. This effect can be m inim ized b y  referring 
th e  ob ta in ed  Ду values to  th e  R v a lu e  o f a certain fraction o f know n m olecular 
w eig h t run on the sam e paper. This Rj  va lu e is then an internal standard. 
T ab le  I contains also th e  (Rf)rel values w hich refer to the M w =  215 х Ю 3 
fraction . The scattering o f th e  relative values is considerably less than  th a t of the  
a b so lu te  .Revalues. C onsequently for the determ ination of th e  m olecular w eight 
o f a fraction  of unknow n m olecular w eight at least one or tw o fractions of 
id e n tic a l m aterial com position , and of know n m olecular w eight have to  be 
ap p lied  concom itantly as reference substances, when fairly reliable results 
m a y  be expected.

A s substances occurring in practice are generally polydisperse it  was 
in v e stig a te d  whether the shape and elongation  o f the spot m ay offer a clue 
on th e  polydispersity o f th e  substance applied to  the paper. W ith  th is end 
in m in d  a 1 : 1 m ixture o f  th e  fractions M w =  291 X 103 and M w =  110 X l 0 3 
w as applied  sim ultaneously w ith  the sam e tw o pure fractions to  the same 
p ap er. This chrom atogram  is presented in Fig. 5.

In  accordance w ith  exp ectation  the spot o f the m ixture is located  be
tw een  th e  lower i.e. upper lim its of the spots corresponding to  th e  pure frac
tio n s . T he degree of separation  can be altered b y  altering the q u an tity  of 
a cetic  acid in the m ixture. W ith  more acetic acid than given above separation  
w ill b e more com plete and th e  tw o com ponents m ay be com pletely  separated,
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Tabic I

No . Mw =z 291 x  10 * Mw =  215 x  103 Mw =  110 x 10я Mw =  291 x  103 Mw =  215 x lO 3 Mw =  110x 10»

Я/ (K/) rel

l 0.447 0.491 0.619 0 .910 1.00 1.26

2 0.552 0.581 0.569 0 .898 1.00 1.13

3 0.608 0 .674 0.782 0 .902 1.00 1.17

4 0.585 0 .646 0.749 0 .907 1.00 1.16

5 0.579 0 .644 0.764 0 .907 1.00 1.19

6 0.570 0 .644 0.717 0 .905 1.00 1.23

7 0.555 0 .617 0.703 0 .900 1.00 1.14

8 0.599 0.645 0.723 0 .908 1.00 1.12

9 0.588 0 .628 0.708 0 .906 1.00 1.13

10 0.565 0 .620 0.693 0 .914 1.00 1.12

11 0.572 0 .640 0.716 0 .893 1.00 1.18

12 0.490 0 .545 0.654 0 .900 1.00 1.20

13 0.470 0 .522 0 .614 0 .900 1.00 1.17

14 0.449 0.498 0.593 0 .901 1.00 1.19

15 0.489 0 .538 0.650 0 .908 1.00 1.20

16 0.437 0.485 0.581 0.901 1.00 1.19

17 0.452 0.501 0.604 0 .902 1.00 1.20

18 0.458 0 .506 0.613 0 .9 C.5 1.00 1.21

19 0.467 0 .528 0.621 0 .884 1.00 1.18

20 0.460 0 .512 0.614 0 .898 1.00 1.20

average: 0.518 0 .573 0.669 0 .902 1.18

± 0.056 0.061 0 .053 0 .007 0.03

w hile w ith  less acetic acid separation will be more lim ited . H ow ever, as separa
tion  becom es more perfect the w idth o f the m olecular w eight range to  which  
the g iven  solvent m ixture is applicable will be obviously  narrower. Thus for 
th e  separation o f h igh ly  polydisperse sam ples a so lvent m ixture w ith  less 
acetic acid should be used, while in the case o f sam ples of lower polydispersity  
separation  m ay be enhanced b y  using more acetic acid.

These experim ents prove the applicability  o f  paper chrom atography to  
the determ ination o f the approxim ate values o f th e  m olecular w eights o f poly- 
dim ethylsiloxanes from the location  of the spots and o f the m olecular w eight 
distributions from the shape o f the spots.
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Fig. 5. 1. M w =  291 X 103 fraction  — 2. 1 : 1 m ixture of the M a — 291 X 103 
and M „ =  H O x l O 3 fractions — 3. l i „  =  H O x l O 3 fraction

Discussion

The main advantage o f  the m ethod described above is its s im plicity  due 
to  th e  utilization of the stron g ly  hydrophobic nature and chem ical stability  
o f  p olyd im ethylsiloxanes. T he stab ility  of the polym ers perm itted  e.g. treat
m en t w ith  peroxide and th ereb y  a sim ple w ay o f developing the spots. For 
a n a ly tica l application it is unavoidable to  have at our disposal át least one 
pure (narrow) fraction o f know n m olecular w eight which should be of the 
sam e order as that o f the sam ple under investigation . Should such a fraction  
n o t be available the m ethod  is applicable on ly  to  the com parison o f several 
sam p les, but even then  because of its sim plicity  and rapidity it  still may 
offer certain practical advan tages (e.g. in works control).
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We should like to m ention fin a lly  th at th is m ethod is obviously  adaptable  
to the determ ination of the m olecular weights o f a lo t o f  other polym ers too,
hut an appropriate m ethod o f  developm ent corresponding to  the nature o f the  
substance has to  he found.
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ÜBER DIE HYDRATE DES ALE MINIUMSULFATS

I. N á r a y -S za b ó

(Zentralforschungsinstitut fü r Chemie der Ungarischen Akademie der Wissenschaften, Budapest)

Eingegangen am  17. April 1968

Das gewöhnliche (höchste) H y d ra t des A lum inium sulfats en thält 17 Molekel 
Kristallwasser. Es ist triklin , a =  7,420 +  0,004 Ä, b =  26,900 i 0,04 Á, c =  6,105 
0,004Ä, a 90,00 +  0,03°, ß  97,30 +  0,13°, у  =  91,80 +  0,07°; Z  =  2, dx =  
1,782 g*cm ~ 3, dgem 1,771 g*cm -3 . Durch D ehydratisierung kann m an aus dem 
17-Iiyd ra t das 14-H ydrat und das 12-lJydrat hersteilen, die durch ihre D iffratograinm e 
charak terisiert sind; ersteres ist rhom bisch indizierbar. E in 16-H ydrat konnte n ich t 
dargestellt werden, das dieser Zusamm ensetzung entsprechende P roduk t en th ie lt 
hauptsächlich  die Linien des 17-IIydrats, daneben einige des 14-IIydrats. Bei der 
D ehydratisierung zeigt sich ein scharfer Knick in dem TG bei einem dem 3 -IIy d ra t 
entsprechendem  W assergehalt, ein solches P rodukt g ib t aber ein am orphes D iffrakto- 
gram m . Das D erivatogram m  des 17-IIydrats wird m itgeteilt.

Obzwar A lum inium sulfat bzw . dessen H ydrate schon seit altersher 
bekannt sind und in der Industrie ausgedehnt verw endet werden (z.B . betrug  
die Produktion in den USA  schon 1929 350 000 t), sind die E igenschaften  
und die Zusam m ensetzung der A lum inium sulfat-H ydrate überhaupt noch n icht 
sicher bekannt. D ie äußerst breite Literatur, welche bis 1924 im  B uch von  
Mellor [1], danach in den H andbüchern von Gmelin [2] und P a s c a l  [3] 
zusam m engefaßt ist, enthält eine Menge widerspruchsvoller und fast durch
weg unbefriedigender Angaben. D aher schien es w ünschensw ert, diese Frage  
m it neueren M ethoden, d.h. m it dem  Derivatograph und m it der R öntgendif- 
fraktion anzugreifen.

In der Industrie ben ü tzt m an zweierlei A lum inium sulfat-Sorten; die 
eine en thält 14,3 — 14,5% A120 3 (also bedeutend weniger als das sog. 18- 
H ydrat m it 15,13% A 1 ,0 3); die andere, das sog. konzentrierte A lum inium 
sulfat dagegen 17 -18% A120 3, w as etwa 12 — 14 Mol K ristallw asser pro 
A l2(S O ,)3 entspricht ( N e u m a n n  [4]). Mit der E ntw icklung der Papierindustrie, 
der A usdehnung der W assereinigung usw. wird die W ichtigkeit des A lum inium 
sulfats ständig  erhöht.

B isherige Arbeiten

Es wurde eine Anzahl von A lum inium sulfat-H ydraten beschrieben. Im  
folgenden behandeln wir nur die H ydrate des norm alen A lum inium sulfats  
A l2(SO,,)3, die der sauren und basischen A lum inium sulfate also nicht.
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Nach Metzger [5] kann man K ristalle des 27-H ydrats durch Verreiben 
vo n  K ristallen des 16-H ydrats m it W asser unter 9,5 °C hersteilen; dieses 
27-H ydrat ist nach Rammelsberg [6] rhom boedrisch. An Luft verlieren seine 
K ristalle W asser, im  geschlossenen Gefäß sind sie aber beständig, sogar bei 
E rhitzung. D iese sehr alten  Arbeiten so llten  w iederholt werden.

Das bei gew öhnlicher Temperatur stab ile H ydrat kom m t in der N atur  
als das Mineral A lunogen  vor; es wurde durch Hlawatsch [7] und Gordon [8] 
kristallographisch u n tersu ch t. Die M essungen des letzteren Autors zeigen, 
daß die sehr seltenen , m eßbaren K ristalle trik lin  sind m it dem A chsenverhält
nis a : b : c =  0,8355 : 1 : 0,6752 und m it den W inkeln a =  89°58', ß =  97°26', 
y  =  91°52/. Sie sind op tisch  zweiachsig p ositiv ; der m ittlere B erechnungsindex  
is t  1,479 und ändert sich m it dem W assergehalt. N ach der A nalyse enthält 
der Alunogen von  Francisco da Vergara (Chile) 46,10%  H 20  (berechnet für 
das 16-Hydrat 45 ,7% ) [8]; die D ichte ist 1,77 g • c m '3. — Eine andere 
A nalyse von J irkovsky [9] am Mineral von  V alchov, Tschechoslowakei, 
ergibt fast genau den dem  16-H ydrat entsprechenden W ert.

Nach einer a lten  A rbeit von Marguerite-Delacharlonny [10] soll das 
gew öhnliche künstliche Salz ein 16-H ydrat m it rhom bischer K ristallsym m etrie  
sein . Smith und Walsh [11] fanden in einer sehr gründlichen U ntersuchung, 
daß das bei Z im m ertem peratur stabile H ydrat 17 Mole W asser enthält; nach 
ihnen ist aber auch ein 16-H ydrat m öglich und die beiden wären ineinander 
löslich . Das würde b ed eu ten , daß das G itter des 17-H ydrats bis ein Mol W asser 
pro Form eleinheit verlieren kann, ohne wahrnehm bare Änderung der G itter
struktur. Die A utoren bem erken auch, daß das Salz ein Mol W asser »zeolitisch« 
verlieren kann.

W eitere H yd rate sind in der älteren Literatur ebenfalls beschrieben. 
Verläßlicher scheint aber die Feststellung von  Thiard u . M itarbeiter [12] zu 
sein , daß näm lich ein  14- und ein 12-H ydrat durch ihre D iffraktogram m e 
charakterisiert w erden können; sie sind m it den entsprechenden H ydraten  
des C hrom (III)sulfats isom orph. Tiiiard u . M itarbeiter zeigten , daß keine 
kristallisierten H yd rate  des A lum inium sulfats m it weniger als 12 Mol K ristall
w asser existieren; beim  Verlust von mehr W asser tr itt Am orphisierung ein. 
Ü ber die Z usam m ensetzung des höchsten H ydrats s.w .u.

Eigene Untersuchungen

Die B estim m ung der genauen Form el des unter gew öhnlichen U m stän
den stabilen A lum inium sulfat-H ydrats bereitet Schw ierigkeiten, da der W asser
gehalt der höheren H yd rate prozentuell w enig verschieden ist, dabei kann 
das Präparat auch hygroskopisches W asser enthalten .

Die verläß lichste M ethode zur B estim m ung der Zusam m ensetzung ist 
die Bestim m ung des Volum ens der kristallographischen E lem entarzelle,
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zusam m en m it der experim entellen D ichte. Zu diesem  Zweck sind n atürlich  
gute — wenn auch kleine — K ristalle nötig. D iffraktogram m e kann m an bei 
niedriger Sym m etrie nicht ohne weiteres indizieren; sie genügen aber zur 
sicheren Identifizierung und außerdem  können die K anten und W inkel der 
E lem entarzelle m it ihrer H ilfe sehr w eitgehend verfeinert werden.

D ie V ersuche zur E rhaltung von K ristallen  aus A lum inium sulfat- 
lösungen haben wenig Erfolg gebracht. E ine sta ttlich e  Zahl von K rista llisation s
versuchen — etw a 40 — unter verschiedenen B edingungen ergaben fa st  aus
nahm slos nur unregelm äßig verw achsene Lam ellen. D ie Änderung der L öslich 
keit m it der Tem peratur ist sehr groß und die Zahl der sich bildenden K eim e  
ebenfalls, so daß man E inkristalle kaum  herstellen  kann. Es ist led ig lich  
gelungen, zw ei äußerst dünne, rhom boidförm ige Lam ellen zu erhalten, die zu 
O szillationsaufnahm en geeignet waren; aus d iesen konnte die Identitätsperiode  
in der R ichtung der Achse c zu 6,0 Á bestim m t w erden. Auch eine W eißenberg- 
Aufnahm e wurde angefertigt, die B estim m ung der übrigen Parameter w ar aber 
wegen der V erzwillingung und w egen der Schw äche der R eflexionen n icht  
genügend sicher.

D ie D ich te von kleinen, künstlichen K ristallen  wurde mit der F lo ta tio n s
m ethode in Brom oform -Toluol-G em isch b estim m t und ergab sich zu  1,771 
g ■ cm -3 bei 21 °C, in guter Ü bereinstim m ung m it der Angabe von Gordon 
1,77 g • cm 3.

N un habe ich natürlichen A lunogen aus verschiedenen F undorten  u n 
tersucht, zunächst ein faseriges Mineral aus B öhm en, das ich Herrn Prof. 
Schrader (Freiberg, D D R ) verdanken kann. D ies hat ein Faserdiagram m  er
geben m it der Faserperiode von  c — 6,0 Á; die sehr zahlreichen R eflex ion en  an 
den Schichtlin ien  konnten in diesem  Stadium  noch  n icht indiziert w erden. Herr 
Dr. Cs. Ravasz aus dem U ng. N ationalm useum  hat mir freundlicherw eise  
kleine K ristalle von einer A lunogen-Stufe aus Böhm en überlassen, w ofür  
ich ihm  auch an dieser Stelle danke. U nter d iesen  haben wir einen zw ar ver- 
zw illingten, aber gut brauchbaren K ristall gefunden und davon W eißenberg- 
A ufnahm en gem acht. Diese konnten vollständ ig  indiziert werden; sie ergaben  
für die E lem entarzelle die folgenden Achsen und W inkel, die durch die In d i
zierung eines Diffraktogram m s (Tabelle I) vo n  einem  reinen, k ü n stlich en  
A lum inium sulfathydrat-Präparat verfeinert wurden:

a =  7,420 ±  0,004 Á a =  90,00 ±  0,03°

b =  26,900 ±  0,04 Á ß  =  97,30 ±  0,13°

c =  6,105 ±  0,004 А у  =  91,80 ±  0,07°

Volum en der Zelle 1207,98 Ä 3 G ewicht der Zelle 2139,4 ±  5,8 • 10 24g
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Tabelle I

Diffraktogramm von A12(S 0 4)3 • 17H20

2 К sin2 0O sin2 &c А • 105 I n t  p i d  Á hkl

6,58 0,00329 0,00329 0 100 13,426 020
9,88 00741 00740 -  1 2 8,948 030

12,06 01104 01099 — 5 2 7,335 100
12,38 01163 01162 — 1 2 7,145 110
12,58 01200 01200 0 1 7,033 110
13,17 01315 01315 0 8 6,718 040
13,50 01382 01389 +  7 1 6,555 120
13,88 01460 01466 +  6 < 1 6,377 120
14,70 01637 01621 - 1 6 < 1 6,023 001
14,80 01659 — — < 1 _ _
19,80 02956 02949 -  7 1 4,482 060

02959 +  з 041
20,20 03075 03058 - 1 7 1 4,394 150

03060 - 1 5 ■ 101
20,51 03169 03165 -  4 1 4,328 111

03168 -  1 131
20,75 03243 03251 +  8 4 4,279 150
21,13 03362 03344 - 1 8 1 4,202 121
21,42 03454 03434 — 20 1 4,145 121
22,36 03759 03732 - 2 7  1 3,974 131

03759 0 j 141
22,78 03900 03868 - 3 2  1 _ 3,902 131

03943 + 4 3  J D 160
24,20 04394 04355 - 3 9  ) 3,675 lo i

04395 +  1 ) 200
24,52 04509 04515 +  6 1 3,628 210

04516 +  7 J
2 151

24,72 04582 04562 - 2 0  "j 3,599 061
04601 +  19 j 061

25,25 04777 04801 +  24 1 3,525 220
25,76 04969 04992 +  23 9 3,457 170
26,49 05250 05229 - 2 1 3,363 151

05244 -  6 161
05251 +  1 15 230
05263 +  13 080
05263 +  13 170

28,20 05894 05864 — 30 3,162 161
05885 -  9 1 161
05885 — 9 240

28,81 06189 06207 +  18 5 3,997 180
29,00 06269 06257 - 1 2 1 3,077 250

06297 +  28 \
3 171

29,52 06491 06485 -  6 3,024 002
06516 +  25 ■ 10 180
06521 +  30 171

29,82 06621 06643 +  22 1 2.995 250
06661 +  40 r 090

30,18 06778 ' 06737 - 4 1 2,960 211
06821 +  43 211

30,52 06928 06904 - 2 4 2,927 102
06932 +  4 171

30,66 06990 06972 - 1 8 2,914 112
06998 +  8 112

31,04 07152 07123 - 3 6 2,879 260
07206 +  47 1 032
07207 + 4 8 122
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2 К sin* O0 sin2 &c А 10* Intf, d A hkl

31.47 07355 07337 - 1 8 2 2,841 081
31,85 07628 07514 - 1 4 2,806 181

07563 +  35 1 231
07568 +  40 251

32,40 07787 07771 - 1 6 2,762 181
07775 - 1 2 1 042
07827 +  40 042

32,64 07897 07933 +  36 1 2,741 190
33,34 08229 08223 (> 2,685 0, 10,0

08253 +  24 , 091
08265 +  36 102
08270 . 4 4 1 142

34,12 08607 08574 - 3 3  ) 2,626 052
08645 +  37 J 122

35,42 09248 — — 1 2,532 —
35,95 09528 09477 - 5 1 2,496 142

09518 - 1 0 2 191
09518 - 1 0 202

36,03 09565 09568 +  3 о 2,493 212
09576 + 11 ' 3 152

36,62 09870 09877 +  7 2,452 0, 10, 1
09909 +  37 261

36,80 09963 09950 - 1 3 2,441 0, 11, 0
09925 - 3 7 191
09940 - 2 3 2 162
09966 +  з 280
09988 +  25 300

Die sin2 # C-W erte wurden m it der Gl. sin2 =  0,010987 h2 +  0,000822 к2 +  0,016213 
l2 +  0,000193 hk +  0,000033 kl +  0,003400 hl berechnet. Die In tensitä ten  Inlp/ sind m it den 
Flächen der Reflexionen proportional.

Nehm en wir 2 Form eleinheiten in der Zelle an, so ist das berechnete  
G ewicht der Zelle im  Falle von

16- H ydrat 2093,2 • 10 ^ g
17- H ydrat 2153,0
18- H ydrat 2212,4

Man sieht also, daß wir es m it dem 17-H ydrat zu tun haben; die beiden  
anderen angeführten H ydrate würden ein um rund 3%  kleineres bzw. höheres 
G ewicht für die Zelle ergeben, was außerhalb der ob igen (m axim alen) V ersuchs
felder liegt. D ie für das 17-H ydrat berechnete röntgenographische D ich te  ist  
dx =  1,782 g • cm -3, der U nterschied gegen die gem essene D ichte 1,771 g • cm  3 
ist also gering und liegt in der erwarteten R ich tu n g. D ie Zelle en th ä lt 58 
[CF-, O H -, H 20 ] ,  es entfällt au f eines ein V olum en vo n  21,31-10 24 cm 3, ein  
ebenfalls vernünftiger W ert.

Es sei hier erw ähnt, daß ein anderer, kleiner K ristall von der erw ähnten  
A lunogen-Stufe eine andere u .zw . m onokline Zelle ergab; die Zusam m ensetzung  
dieses K ristalls wurde noch n icht sicher bestim m t; es handelt sich aber w ahr
scheinlich um ein basisches A lum inium sulfat.
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Derivatograpbische Untersuchung

D ie  D ehydratation  des A lum inium sulfat-17-H ydrats w urde m it dem  
D erivatographen  von  Paulik, Paulik und  Erdey [13] verfo lgt. Es wurden  
500 m g von  einem künstlichen , m ehrm als um kristallisierten Präparat m it einer 
T em peraturerhöhung von  12 °C pro M inute erh itzt, ein weiteres D erivatogram m  
w urde m it 4,5 °C pro M inute aufgenom m en.

D ie  W asserabgabe beginnt schon u n ter  40° C und wird m it steigender 
T em peratur immer schneller. Bei 130 °C fin d en  wir einen Bruch au f den DTG- 
u n d  D T A -K urven, danach folgt bei 140 °C bzw . 143 °C ein sehr starkes M ini
m u m  au f den zwei K urven. Der W assergehalt ablesbar von der TG -K urve — 
en tsp rich t bei 130 °C dem  14-H ydrat und bei 140 °C etwa dem  12-H ydrat. 
K ein es von  diesen H ydraten  ist aber stab il, da ihr D am pfdruck so hoch ist, 
daß sie bei den angegebenen Tem peraturen ständig W asser verlieren. Bei 
320 °C zeigt sich ein kleineres M inimum au f der DTG-Kurve und bei 330 °C 
ein ähnliches auf der D T A -K urve. D ie Z usam m ensetzung bei 320 °C entspricht 
n ach  der TG -K urve dem  3-H ydrat; hier zeig t diese Kurve eine scharfe Inflexion. 
D a n a ch  wird die W asserabgabe langsam er und es fängt bei 400 °C eine fast 
w aagerechte Stufe an, die bis 700 °C dauert. Die Z usam m ensetzung ändert 
sich  innerhalb dieses Tem peraturbereiches w enig und entspricht bei 600 °C 
dem  w asserfreien A12( S 0 4)3; die G ew ichtsabnahm e betrug hier 47,0%  gegen
über dem  für das 17-H ydrat berechneten W ert 47,25% . W eitere Erhitzung  
ru ft langsam  sich erhöhenden S 0 3-Verlust hervor, der bei etw a 800 °C stür
m isch  wird, bis bei 937 °C an der D T G -K urve und bei 940 °C an der DTA- 
K u rv e  scharfe Minima auftreten. Kurz danach wird das G ew icht der Probe 
k o n sta n t (bis 1200 °C gem essen); der R ü ck stan d  ist A120 3 und b eträgt 15,6%  
(berechnet für das 17-H ydrat 15,73% ); s. A bb. 1.

A us der B estim m ung der kristallographischen E lem entarzelle und aus 
der derivatographischen U ntersuchung ergibt sich also eindeutig, daß das bei 
gew öhnlicher Tem peratur stabile H ydrat 17 Molekel K ristallw asser enthält. 
D ie  w eiteren , im D erivatogram m  erscheinenden H ydrate sind w enig  stabil. 
Watelle-Marion und Thiard [12] haben Pulverdiagram m e des v o n  ihnen für 
16-H yd rat gehaltenen höchsten H ydrats, w eiterhin  des 14- und des 12-H ydrats 
m itg e te ilt . Leider sind ihre M essungen w en ig  genau; die R eflex ion en  werden  
nur v o n  6,1 Á N etzebenenabstand angefangen bis 4,0 bzw. 4 ,4  Á  nur auf ein 
Z eh n tel Á  angegeben, obzwar m an m it dem  Diffraktom eter die M eßgenauig
k e it  ^  0,002 Á ohne w eiteres erreichen kann. Allerdings sieht m an aus den 
T ab ellen  der letztgenannten  Autoren, daß ihre Präparate n ich t einheitlich  
w aren . D ie stärkeren Linien ihres »16-H ydrats« stim m en ohne A usnahm e m it 
d en en  unseres 17-H ydrats überein. A ußerdem  sind aber noch ein ige Frem dlinien  
vorh an d en , die zum  14-H ydrat gehören. D as R öntgendiagram m  des 12- 
H y d ra ts  der französischen A utoren zeigt dagegen auch die starken  Linien des
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14-H ydrats; übrigens ist das 12-H ydrat schon weniger gut krista llisiert, da 
bei der starken D ehydratisierung auch Undefinierte, amorphe Teile auftreten . 
Unsere D iagram m e des 17- und 14-H ydrats sind vollständig indiziert, ersteres 
m it der aus den W eißenberg-A ufnahm en gefundenen triklinen Zelle, le tzteres  
m it einer rhom bischen Zelle (Tabelle II). Das D iffraktogram m  des 12-H yd rats  
s. in Tabelle III.

Abb. 1. D erivatogram m  des A IjiSO da • 17 11,0

D urch weitere E rhitzung bei etwa 120 °C haben wir auch ein dem  
3-H ydrat entsprechend zusam m engesetztes Präparat hergestellt. D as D iffrak to 
gramm zeig t keine K ristallreflexionen, sondern nur verwaschene am orphe  
Ringe.

B ei über 500 °C dehydratisiertes A lum inium sulfat, welches schon w asser
frei ist, is t wiederum kristallin; die R eflexionen und In tensitäten  sind in 
Tabelle IV  zusam m engefaßt.

Man kann also feststellen , daß A lum inium sulfat nur ein — v erh ä ltn is
m äßig stab iles — H ydrat, u. zw. A12(S 0 4)3 ■ 17H 20 ,  besitzt; weitere, defin ierte,
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aber sehr wenig stab ile  H ydrate sind das 14-H ydrat und das 12-H ydrat. 
D an n  fo lg t ein am orphes Gebiet und bei A bw esenheit des W assers eine U m 
kristallisierung.

Tabelle II

Diffraktogramm von A12(S 0 4)3 • 14H 20

2 e s sin2 0 0 sin2 Oc 4,_„ io- In t fl d A hkl

7,24 0,00399 0,00398 — 1 26 12,203 100
12,68 01219 01216 -  3 1 6,977 020
14,48 01588 01592 +  4 11 6,114 200
15,80 01889 01896 +  7 1 5,606 210
16,85 02147 02138 -  9 1 5,259 022
19,00 02724 02736 +  12 1 4,668 030
20,02 03021 03038 +  17 2 4,433 221
21,10 03352 03364 +  12 7 4,208 131
21,82 03582 03582 ±  o 100 4,071 300
22,27 03730 03730 ±  o 5 3,990 222
23,03 03985 03992 +  7 9 3,860 014
24,19 04291 04390 1 2 3,677 114
25,48 04863 04864 +  1 1 3,494 040
27,37 05594 05584 - 1 0 2 3.257 214
29,16 06337 06368 +  31 d 3,060 400
29,52 06491 06496 +  5 4 3,024 224
32,10 07644 07658 +  14 < 1 2,787 215
32,69 08014 07998 - 1 6 < 1 2,737 150
33,87 08485 08498 - 1 3 1 2,645 035

08504 +  19 422
35,78 09437 09422 - 1 5 1 - 2 2,213 522
45.68 15067 15056 - 1 1 1 1.895 018
52,35 19459 19456 -  3 2 1,746 080

Die Indizierung erfolgte m it der Gleichung 
sín2 %  =  0,00398 h2 +  0,00304 k2 +  0,002305 l2

Tabelle II I

Diffraktogramm von A12(S 0 4)3 • 12H 20

2 sin*^ I n tFi d A

15,23 01756 9 5,799
16,34 02020 26 5,383
18,10 02474 1 4,899
23,01 03978 72 3,853
24,66 04560 100 3,608

Gordon [8] schreibt, daß zerriebenes A lunogen  bei gewöhnlicher Tem pe
ratur in 2 bis 7 T agen 6,33%  Wasser verloren hat und über konzentriertem  
H 2S 0 4 in 21 Tagen w eitere 0,82% . Das en tspricht ebenfalls einem  Gemisch  
von  17-H ydrat und 14-H ydrat. Unsere eigenen Versuche zeigten, daß zerriebe
nes, künstliches 17-H ydrat bei Z im m ertem peratur in 7 Tagen 2,34%  an 
G ew icht verloren h at; die Luft war bei uns wahrscheinlich nicht so trocken, 
w ie bei den Versuchen von  Gordon.
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Tabelle IV

Diffraktogramm von A12(S 0 4)3 (wasserfrei)

20% ein* O0 d А Intjr

15,23 01756 5 ,815 40

21,06 03340 4 ,215 15

25,10 04721 3 ,545 23

25,50 04871 3 ,491 100

30,72 07016 2 ,909 21

33,72 08412 2 ,656 21

34,32 08705 2 ,611 16

35,10 09093 2 ,555 1

38,05 10626 2 ,364 2

38,66 10957 2 ,328 4

40,75 12122 2 ,213 6

44,24 14179 2 ,046 7

45,43 14910 1,996 3

46,65 15677 1,947 4

47,72 16363 1,905 2

48,50 16869 1,876 2

50,12 17941 1,819 3

51,30 18739 1,780 1

52,15 19320 1,752 7

53,18 20035 1,721 2

55,38 21594 1,658 6

56,28 22244 1,634 5

57,79 23350 1,594 1

58,95 24211 1,565 2

60,38 25396 1,532 5

60,82 25615 1,522 3

61,90 26449 1,498 1

62,35 26797 1,489 2

63,75 27886 1,459 1

65,02 28885 1,434 4

66,08 29728 1,413 3

6 6 ,8> 30344 1,399 5

68,55 31716 1,368 1

69,30 32327 1,355 1

69,62 32604 1,349 2

70,05 32941 1,342 6
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F ü r die W eißenberg-A ufnahm en danke ich H errn  Gy . A rgay  und fü r die Deriva- 
togram m e F rau  Dr. P. F e j e s .
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A simple and rapid  m ethod has been found for the  assay of b inary  m ix tu res 
of the two struc tu ra l isomers of N -allyl-dl-cam phoram ic acid. The accuracy of the 
m ethod is ± 5 % .

N -allyl-d/-a-cam phoram ic acid  was first prepared in 1910 [1]. I t  was 
show n [ 2 ]  th a t the reaction m ixture o f W o o t o n  contained the a and ß  
isom ers together and the pure a-isom er was obtained only after several 
recrystallizations.

W e searched for a m ethod perm itting the q u an tita tive  assay o f  the tw o  
structural isom ers, viz. N -ally]-d/-a-cam phoram ic acid (I) and N-allyl-tZZ-Д- 
cam phoram ic acid (II), in the presence o f each other.

N o sufficient difference can be noticed  betw een I and II to perm it their 
assay b y  the usual analytical procedures. Of the custom ary physico-chem ical 
m ethods, the m ost effective w ould  be the estim ation o f the acid d issociation  
con stan t. In  our case the difference betw een the tw o pK a  s is too sm all to  
allow developm ent of a convenient analytical procedure on th is basis. T here
fore we tried to  solve the problem  b y  the therm oanalytical technique.

Therm al m ethods have becom e wide-spread only  during the la st ten  
years. Organic com pounds have been rarely analyzed b y  th is technique ow ing  
to  problem s which rendered the evalu ation  of the results difficult [3]. To our 
know ledge, the therm oanalytical m ethod has been very  little  used for the  
q u an tita tive  analysis o f m ixtures o f  structural isom ers.

* A bstracted from  a thesis by R. G. H e n e i n  (U. A. R .) in  fulfilm ent of the req u ire 
m ents for the degree of Doctor of Philosophy, In s titu te  of Pharm aceutical Technology, M edi
cal U niversity , Budapest.

THERM O AN ALYTICA L M ETHOD

Introduction

II
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Experim ental

We prepared I  and  I I  according to H e n e in  et al. [4]. Pure I and II  were mixed in p rop
er am ounts to  give a series o f m ixtures increasing by  5% in one of the com ponents. To ensure 
hom ogeneity , the m ix tu res w ere dissolved in acetone, dried and pulverized in an agate m ortar.

The experim ents w ere perform ed using a G YEM  6016 derivatograph. The sample 
(300 mg) under exam ination  was placed in a p la tinum  thim ble of the special form used 
fo r ord inary  derivatographic  m easurem ents. This also m ade possible th e  exam ination  of 
m elts . W e used A1,03 ig n ited  over 1200 °C as in e rt m aterial. The tem pera tu re  was raised 
during  th e  period of exam ina tion  (100 min) a t a co n stan t ra te  of 3 °C/min. As the samples 
decom pose soon a fter m elting , it  was not possible to  construct a cooling curve, thus only 
th e  m elting  points were considered. G reat care was tak en  to  minimize experim ental errors 
w hich m ay arise owing to  differences in particle size, com pactness, or in weighing the samples.

F ig. 1 Fig."[2

Results and discussion

The derivatogram s o f pure I and II were sign ifican tly  different (see 
F igs 1 and 2). In order to  observe the en thalp ic changes occurring as a result 
o f heating, we fo llow ed  the heating up processes using a B oeticus block. The 
endotherm ic change o f  I occurring at 125 °C (F ig . 1, peak A) indicates a p o ly 
m orphic transform ation, since at th is tem perature the m icrocrystals m elt, 
and are im m ediately  replaced by needle crystals which rem eit at 176 °C 
(F ig . 1, peak В). II m elts  a t 144°C w ithout an y  polym orphic transform ation.

A cta  Chim. Acad. Sei. H ung. 60, 1969
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F i g .  5

We exam ined  then the different m ixtures o f I an d II and noticed  the  
positions o f the DTA peaks in relation to the com position , as it can be seen  
in Figs 3 and 4. The DTA  peaks indicate endotherm ic changes which occur 
w ith ou t change in w eight, as show n by the TG curve. The curve in F ig. 5

Acta Chim. Acad. Set. Hung. 60, 1969
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sh ow s th e  m elting tem peratures as obtained from  the D TA  peaks as a func
tio n  o f  the com position: th u s it  is som ew hat sim ilar to  the m eltin g  tem pera
tu re  curve, but it  is n o t e x a c tly  the sam e.

I t  can be seen th a t th e  curve has tw o critical points, at com positions 
50%  I, and 95% I. A d iscon tin u ity  in the liquidus curve at A  (peritectic point) 
in d ica tes  the existence o f  a com pound form ed. M elts w ith  com positions 
b etw een  points A and D h a v e  three phases, and the system  is invariant. 
P o in t E is the eutectic p o in t.

T he curve can be used  to  analyze m ixtures o f unknow n com position  
w ith  an accuracy o f + 5 % , w hich is the lower lim it of accuracy sta ted  b y  the 
m anufacturers of the instrum ent.

*

The authors thank  Prof. D r. E . P a n d u la  and Dr. Á. D ávid  for the ir in te rest and en
couragem ent.
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THE SORPTION OF METAL IONS FROM SOLVENT 
MIXTURES ON CELLULOSE ION EXCHANGERS

A. L á s z t i t y , Zs. R e m p o r t - H o r v á t h , I. P o z s o n y i  and K. V e r e s s  

(Institu te  o f Inorganic and A nalytical Chemistry, L . Eötvös University, Budapest)

Received June  1, 1968

The sorption of m etal ions (Cu2+, Co2 + ) on cellulose ion exchangers from  d if
feren t solvents has been investigated. I t  is concluded th a t  no t only water, b u t also th e  
solvents m ethanol, ethanol, acetone, or form am ide are suitable ion exchange m edia. 
In  m ost of the solvents P-, SE-, and C-cellulose were the most advantageous ion 
exchangers for retain ing the m etal ions. In  some cases, th e  anion exchanger D E-cellu- 
lose could also be used for th is purpose. B oth th e  percentage and the rate  of so rp tion  
are reduced when the dielectric constan t of the so lven t is decreased, as i t  has been 
observed in the case of a liphatic alcohols.

N on-aqueous solvents are recently often used  as com ponents o f  th e  
media for ion exchange processes. M ostly solvent m ixtures, one of the com p o
nents being w ater, have been suggested. P ossib ilities for the separation of 
m etal ions in so lvent acid m ixtures were reported b y  K o r k i s c h  et al. [1 — 3 ] .  
Separation o f m etal ions was accom plished b y  M u z z a r e l l i  [4] on a cellu lose  
ion exchanger using ether-acid  m ixtures.

In our previous papers the m icroanalytical uses o f cellulose ion ex ch a n 
gers were considered. The identification  and rem oval o f  traces of m etals from  
distilled w ater and organic substances (drugs) had been reported earlier. Our 
recent in vestiga tion s have included the use o f organic solvents, allow ing the  
detection o f m etal im purities in water-insoluble organic substances, b y  m eans  
of cellulose ion exchangers [5— 7].

The id entification  and rem oval o f sm all am ounts o f heavy m etals are 
of great im portance in the telecom m unication  in d u stry . Comparative te sts  
were carried out to  select th e  m ost suitable cellu lose ion exchanger for the  
rem oval o f  m etal ions from a particular so lvent, and to  find the m ost con 
venient so lven ts best allow ing the identification  and rem oval of m etal ions  
from organic substances. Since no data were availab le  concerning th e  rate o f  
ion exchange on cellulose exchangers in different so lven ts, the tim e d ep en d 
ence o f th e  exchange had to be investigated .

Our m ain purpose was the detection and rem oval of heavy m etals;  
copper and cohalt were used in the present stu d y . The experim ents were per
formed at low  m etal ion concentrations, and air-dry ion exchangers were used  
in the hydrogen form . The w ater content o f th e  so lven ts was adjusted  to
0.05 mole fraction.
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Experim ental

Reagents

CoCl2 • 6H20 , analy tica l grade 
CuCl2 • 3H20 , analy tica l grade 
C-cellulose (carboxycellulose; 0.23 meq/g) [7]
DE-cellulose W hatm an  (d iethylam inoethylcellulose; 0.70 meq/g)
CM-cellulose W hatm an  (carboxym ethylcellulose; 0.46 meq/g)
P-cellulose W hatm an  (cellulosephosphate; 0.33 meq/g)
SE-cellulose N agel (sulphoethylcellulose; 0.14 meq/g)
R exyn  resin (carboxylic resin; R-102 (H ); 12.1 meq/g)
All solvents used were of analytical g rade; w hen necessary, th ey  were purified by 

d is tilla tio n , or by passing th rough  a cellulose ion exchange column.

Procedure

0.100 g of C-cellulose or another exchanger w as added to 20.0 ml of organic solvent 
co n ta in in g  100 fig of m eta l ion.

T he m ixture was allowed to stand  for a ce rta in  period w ithout shaking, then  the 
ex ch an g er was separated by  filtra tion , and the m eta l re ta in ed  on the exchanger was m easured. 
T he m e ta l ion was elu ted  by dilute m ineral acid; b o th  cobalt and copper w ere determ ined 
spectrophotom etrically , th e  form er as Co(DMG) (H D M G )I~[8] and the la t te r  as Cu(DDC)2 
(DM G =  dim ethylglyoxim e; DDC =  d ie thy ld ith iocarbam ate). In  most o f th e  ru n s th e  m etal 
c o n te n t o f the filtra te  was also determ ined. In  com paring the cellulose ca tion  exchangers 
0.046 m eq cellulose exchanger was added to  50 m l of a 5 • 10-1 N  m etal ion  solution, the 
co n ta c t tim e was 24 hours.

Results and discussion

Tables I and II  show  the percentage absorption of m etal ions from  differ
en t so lv en ts . The results indicate th a t b o th  the extent of sorption  and the 
period  required to a tta in  equilibrium  in d ifferent solvents depend on the 
q u a lity  o f the so lven t.

According to I z m a i l o v  [9], the ion exchange constant is in verse ly  pro
p ortio n a l to the dielectric constant o f the so lv en t and to the d istance betw een  
th e  counter ions and the functional group. The change in the energy  of ion- 
d ip o le  interaction , w hen a particular ion b ecom es attached to an ion  exchanger, 
sh ou ld  also be considered. This effect is neglig ib le  when resins o f  high degree 
o f  cross-linking are used. Further the difference in the so lvation  energies of 
th e  exchangeable ions, and the difference in  the swelling energies of the  
exch an gers should be taken  into account. W hen H-form exchangers are used, 
th e  proton  affin ity  o f the solvent is another im portant factor. T w o effects 
m a y  counteract: the dielectric constant and  th e  chemical properties (basicity, 
co m p lex  form ing ability) o f the solvent. E .g., cobalt ion is absorbed on C-cellu
lose from  dim ethylform am ide, but copper is retained in the liqu id  phase, 
ow in g  to  differences in the com plex stab ilities.

C h a r l o t  and T r e m i l l o n  [10] d ivide so lven ts into three groups accord
in g  to  their effects on the salts dissolved: (1) Solvents causing com plete dis
so c ia tio n , e >̂ 40; (2) partial dissociation, e ~  15-40: and (3) p ractica lly  no
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Table I

Absorption o f Co2+, %
(100 pg  Co2 + ; 20.00 ml solvent; 0.10 g C-cellulose)

Contact
time,
min.

Water Form-
amide

Dime
thyl- 
form - 
araide

Metha
nol

Etha
nol

n-Pro-
panol n-Buta-

nol Acetone Dioxan

Co*+ retained %

l 84.3 61.1 58.1 12.9 6.1 5.3 3.2 28.2 12.8
5 86.4 67.0 73.6 14.9 7.0 5.9 3.3 32.0 15.1

10 84.8 69.4 72.6 18.0 10.6 5.9 4.3 35.5 16.6
30 — 66.5 75.2 29.1 15.0 7.2 4.5 38.1 21.3

60 69.5 78.9 33.0 18.0 7.5 5.5 44.5 24.3

120 — 69.1 78.9 34.3 18.6 9.7 6.5 51.6 30.8

180 — 70.2 79.0 38.7 19.9 10.1 6.6 59.6 36.3

240 — 70.5 85.2 39.7 20.2 10.3 6.6 62.6 38.4

300 — 70.8 84.1 40.5 23.7 12.1 7.1 66.5 41.4

360 — 71.0 84.2 41.6 23.3 13.4 8.1 66.3 41.1

960 85.4 72.3 84.2 41.8 38.7 14.9 11.0 68.6 61.7

12 days 86.2 75.1 84.2 42.1 75.3 69.5 38.7 79.3 70.0

dissociation at all, e <  15. From solvents belonging to Group (1), such as 
water and form am ide, the sorption o f m etal ions is considerable, the rate of 
ion exchange is high, the equilibrium  is atta ined  w ithin 1 m inute. U sing the  
solvents o f  Group (2) (dim ethylform am ide, aliphatic alcohols and acetone), 
the rate o f sorption is lower, and the am ount o f m etal ion fixed  within 1 day  
is less than w ith  solvents of Group (1). A regular decrease in the q u an tity  o f  
sorbed m etal is to  be seen going from m ethanol to butanol. This is due to

Table II

Absorption o f  Cu2+, %
(100 /ig Cu2 + ; 20.00 ml solvent; 0.10 g C-cellulose)

Contact
time,
min.

Water Methanol
Ethanol n-Propanol

n-Butanol Acetone
Cu2+ retained %

l 93.1 22.0 19.3 10.5 7.0 24.1

5 90.2 22.0 20.8 11.3 7.8 30.5

10 -— 32.1 21.5 11.8 8.6 32.8

60 — 42.0 34.6 15.9 11.1 32.8

120 — 44.0 35.8 17.2 13.1 37.7

180 — 48.0 35.5 23.1 13.1 41.4

1440 91.2 73.9 71.5 38.9 30.9 66.7
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a decrease in the dielectric constants and so lven t basicity , and an increase in 
v isc o s ity . The partial d issociation  of m eta l salts in these solvents accounts  
for th e  slow  equilibration. D ioxan  and pyridine were chosen as so lvents in 
Group (3). O nly a few  per cen t o f copper w as sorbed from dioxan and pyridine, 
h ow ever, a considerable am ount o f cobalt w as retained b y  the exchanger  
from  dioxan .

In  organic solvents n o t on ly  ion exchange but also adsorption phenom ena  
p la y  an im portant part. A t low  m etal ion  concentrations, it  is d ifficult to  
m easure q u an tita tively  th e  am ount o f  hydrogen ion liberated in th e  ion  
ex ch an ge process. A pproxim ate figures for th e  exten t o f adsorption can be 
ob ta in ed , how ever, b y  m easuring the am ount o f m etal ion retained on the  
cellu lose powder. The results are given in Table III . The adsorption o f CoCl2 
and CuCl2 on cellulose is negligib le from so lvents o f high dielectric constant. 
From  acetone and dioxan th e  adsorption o f CoCl2 is significant. In  acetone also 
th e  reta ined  chloride was determ ined. The adsorbed CoCl2 could be eluted  
w ith  acetone.

The behaviour o f CoCl2 is peculiar in non-aqueous solvents [10]. In 
eth a n o l, acetone and n-propanol CoCl2 undergoes dim erization and th is  leads 
to  th e  follow ing equilibria:

2 CoCl2 Co2Cl4 ^  CoCl+ - f  CoCl^

T his m eans th at cobalt is retained on anion exchangers also in  th e  above- 
m en tion ed  solvents. DECI and D E O H  were used in these in vestigation s, and  
th e  resu lts are given in Table IV a. On D E O H  cellulose, cobalt is retained  in

Table III

Absorption o f  Co2+ and  Cu2 + on cellulose powder from  various solvents 
(C ontact tim e: 16 hours; 100 pg  m etal ion; 20.0 ml solvent; 0.10 g cellulose powder)

Solvent e
Cu2+ Co>+

retained %

W ater 80.0 17.3 12.7
Methanol 32.6 7.0 8.5
E thanol 24.3 3.5 12.4
n-Propanol 20.1 2.0 10.9
n-Butanol 17.1 1.9 3.9
Form amide 109.5 0.0 0.0
Dimethylformam ide 36.7 0.0 12.6
Acetone 20.7 31.5 79.2
Dioxan 2.2 14.0 72.7
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Tabic IVa

Absorption o f Co2 + on diethylaminoethylcellulose (DE-cellulose) from  different solvents 
(Contact time: 24 hours; 100 fig Co2 + ; 20.0 ml solvent, 0.10 g DE-cellulose)

Solvent

Retained %

DE-cellulose 
(Cl-  form)

DE-cellulose 
(OH- form)

W ater 0.0 9.5
Methanol 0.0 34.3

E thanol 42.3 70.3
rc-Propanol 14.6 48.7

n-Butanol 13.8 59.3
Form amide 0.0 0.0
D im ethylform am ide 5.5 79.7

Acetone 45.9 92.0

Dioxan 63.9 75.3

the form of its chloro com plex, on th e  other hand, it is adsorbed on th e  exch an 
ger as a slightly soluble hydroxide. N am ely , using th e  anion exchanger in OH  
form , m etal sorption can be observed even from  so lven ts in which the dim eri
zation o f CoCl2 does n o t occur.

For the case o f  using C o(N 03)2 instead  o f CoCl2 , the percentage values  
o f sorption are shown in Table IVb. In  m ost ion exchangers (see also T ables III  
and V) higher values w ere obtained. The form ation o f cobalt nitrato com plexes  
can be neglected. Cobalt is not absorbed from  eth an ol on D E N 0 3 cellu lose

Table IVb

Absorption o f Co2+ from  Co( NO-3) 2 solutions 

(Contact time: 24 hours; 100 fig Co2 + ; 20.0 m l solvent; 0.10 g ion exchanger)

Retained % on

Solvent Cellulose
powder C-cellulosc DE-cellulose 

(NO;,-  form)
DE-cellulose 
(OH-  form)

Methanol 10.6 48.8 0.0 35.8

Ethanol 10.8 39.3 5.0 75.8

n-Propanol 11.4 27.5 6.0 59.3

n-Butanol 4.9 17.6 5.5 53.3

Acetone 60.8 84.6 52.0 79.8

Dioxan 54.0 70.0 66.2 61.7

W ater 16.8 85.6 0.0 10.0
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w h en  Co(N 0 3)2 is applied , but a considerable sorption can be observed on 
DEC I when CoCL, is used.

E xperim ents were m ade to  compare the sorption of cobalt ion  on R exyn  
carb oxy lic  resin and on CM -cellulose from different solvents. The results are 
g iv en  in Table Y, where th e  figures obtained using  C-cellulose are also included. 
T he difference in the percentage of sorption does not reflect the great differen
ces in  the capacity o f  exchangers (see E xperim ental).

water methanol ethanol propanol butanol

F ig . 1 . S o rp tion  o f Co2+ an d  Cu2+ on d iffe re n t cellulose ion e x ch a n g e rs

F in a lly , to find th e  m ost suitable cellulose cation exchanger for the col
lec tio n  o f m etal ions from  solvents, com parative m easurem ents were made 
w ith  exchangers contain ing equivalents o f active  groups. The results are 
com p iled  in Fig. 1. A ll exchangers were in  H -form , and for th is reason  
th e  acid  strength of the a ctive  group had a great influence on th e  sorption. 
T his fa c t is reflected in the figures obtained for th e  sorption of cobalt in water. 
C opper(II) ion is readily bound by carboxyl groups, therefore th e  adsorption  
o f copper on C-cellulose and  CM-cellulose is higher than expected .
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Table V

Absorption o f  Co2+ from  solvents
(Contact time: 16 hours; 100 fig Co2 + ; 20.0 ml solvent; 0.10 g ion exchanger)

Solvent

Retained % on

Rexyn
(COOH-reein) CM-cellulose C-celluloee

W ater 93.8 96.3 85.4
Methanol 53.5 56.3 41.8
Ethanol 82.4 8.7 38.7
n-Propanol 61.7 6.9 14.9
n-Butanol 22.6 7.9 11.0
Formamide 79.2 60.4 72.3
Dimethylformamide 82.4 49.4 84.2
Acetone 31.1 35.1 68.6
Dioxan 8.9 31.9 61.7
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ANWENDUNG DER OSZILLOMETRISCHEN 
ENDPUNKTSANZEIGE 

IN DER ASCORBINOMETRIE, III
BESTIM MUNG VON Q U E C K SIL B E R (II)-IO N E N

M. T. VÁNDORFFY und L. E r DEY
(Lehrstuhl f ü r  Anorganische Chemie, Polytechnische Universität, Budapest 

und Lehrstuhl fü r  Allgemeine und  Analytische Chemie, Polytechnische Universität, Budapest)

Eingegangen am  3. Ju n i 1968

Der E n d p u n k t der ascorbinom etrischen B estim m ung geringer M engen von 
Q uecksilber(II)-Ionen wurde oszillom etrisch angezeigt. Die B estim m ung k an n  auf 
zweierlei A rten  durchgeführt w erden: es kann m it Ä scorbinsäurem aßlösung bis zur 
R eduktion zu m etallischem  Q uecksilber ti tr ie r t werden, oder m it chloridhaltiger A scor
binsäurem aßlösung bis zur R eduk tion  zu Q uecksilbcr(I)-Ionen. Die Q uecksilber(II)- 
Ionenkonzentration  der zu titr ie renden  Lösungen betrug  10-3 — 10~2 n; die M eßgenauig
ke it 1—2% .

Uber die B estim m ung von Q uecksilber(II)-Ionen m it oszillom etrischer  
E ndpunktsanzeige liegen verschiedene Arbeiten vor. Japanische V erfasser  
verw endeten  dabei Kalium chlorid- und K alium cyanid-M aßlösungen [1] bzw . 
K alium rhodanid-M aßlösungen [2 ,3 ]  in K onzentrationen von  0,01 re und 0,1 re. 
A ndere japanische Verfasser verw endeten Pikrinsäure- [4] bzw. Ä th y len tetra 
m in [5] M aßlösung und erhielten E rgebnisse m it einem  m ittleren M eßfehler  
von  2 % .  B l a e d e l  und M a l m s t a d t  [6 , 7 , 8 ]  schlugen ebenfalls N atriu m 
chlorid- und K alium rhodanid-M aßlösungen für die B estim m ung von Queck- 
silber(II)-Ionen  vor. L a n e  [10] titr ierte  Q uecksilber(II)-Ionen in Form  von  
K upferpropylendiam injodom erkurat in E isessig, m it Perchlorsäure-M aßlösung, 
w ährend H a l l  und G i b s o n  [11] das D inatrium salz der Ä th y len d iam in tetra
essigsäure als M aßlösung anw endeten.

In  säm tlichen angeführten A rbeiten wurden die Q uecksilber(II)-Ionen  
m it F ällungstitration  bzw. kom plexom etrisch  bestim m t. Über reduktom etri- 
sche B estim m ungen berichten die V erfasser nicht.

E r d e y  und B ú z á s  [12] fanden  die M öglichkeit einer ascorbinom etri
schen  B estim m ung von Q uecksilber(II)-Ionen durch die A nw endung von  
Variam inblau als R edoxindikator, w obei die Endpunktsanzeige dadurch erm ög
lich t wird, daß sich  das R edoxpotentia l im E ndpunkt sprunghaft ändert. 
B ei der oszillom etrischen E ndpunktsanzeige ist dagegen die starke Ä nderung  
der L eitfähigkeit im  Laufe der T itration  m aßgebend. In der R eaktion

H g2 + +  C„H8Oc -  H g +  CeHeOe +  2H  +

4 Acta Chim. Acad. Sei. Hung. 6Ф, I960
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tr e te n  hochbew egliche W asserstoffionen an die Stelle der w eniger beweglichen  
Q uecksilber(II)-Ionen , w odurch die L eitfäh igk eit w esentlich  gesteigert wird. 
N ach  dem Erreichen des E ndpunkts ändert sich die L eitfäh igkeit durch die 
Z ugabe weiterer M engen von  Ascorbinsäure nur geringfügig [13], folglich  
erscheint im E ndpun kt ein  wohldefinierter K nickpunkt der T itrationskurve.

D ie Titration w ird in chloridfreier L ösung bis zur A bscheidung von  
m etallischem  Q uecksilber durchgeführt, da die Ascorbinsäure die Quecksilber- 
(I l)-Io n e n  in G egenw art von  Chloridionen nur zu Q uecksilber(I)-Ionen redu
ziert. Letztere w erden in Form  von Q uecksilber(I)chlorid ausgeschieden; eine 
w eitere Reduktion zu m etallischem  Q uecksilber geht selbst bei hohen Ascorbin
säure-Ü berschüssen n ich t vor sich [12, 14].

D ie R ed oxp oten tia le , Löslichkeiten und K om plexstabilitätsangaben  der 
einzelnen  Vorgänge sind die folgenden:

CcH50 e -  CfiH 0O6 +  2H  + +  2e

H g2 + +  e -> l /2 H g l+ E°
l/2H g2+ +  e — H g° E°
2HgCl2 +  2e — H g2Cl, +  2С Г E°
Hg2Cl2“+  2e 2H g° +  2C1- E°

" Für H g2Cl2 : L25 oC =  2 ■ 1 0 - 18 
Für HgCl2 : K 25oC =  2.6 ■ IO“ 15

D ie  N orm alpotentiale lassen  erkennen, daß die Ascorbinsäure im stande ist, 
se lb st die Q uecksilber(II)chlorid-K om plexe zu reduzieren, w ogegen das Queck- 
silber(I)chlorid m it A scorbinsäure in schw ach saurer Lösung überhaupt nicht 
zu m etallischem  Q uecksilber reduzierbar ist.

Diese T atsache b o t die M öglichkeit, die R estim m ung der Queck- 
silber(II)-Ionen  m it oszillom etrischer E ndpunktsanzeige unter A nwendung  
v o n  Ascorbinsäure als M aßlösung auf zw eierlei Arten durchzuführen, und  
zw ar einerseits in chloridfreiem  Medium bis zur A bscheidung von  m etallischem  
Q uecksilber, andererseits m it einer chloridhaltigen A scorbinsäurem aßlösung  
bis zur Abscheidung von  Q uecksilber(I)chlorid.

=  + 0 ,1 9  V (pH  4) 
+  0,36 V (pH  0) 

=  + 0 ,9 2  V 
-  + 0 ,7 9  V 
=  + 0 ,6 3  V 
=  +  0,268V

Lösungen und M eßgeräte

1. Q uecksilber(II)nitrat-S tam m lösung. M etallisches Quecksilber w urde in Salpeter
säu re  gelöst. Der W irkungsw ert der Lösung w urde durch  T itrieren m it 0.1 n A scorbinsäure
m aßlösung in G egenw art von  V ariam inblau als In d ik a to r bestim m t. Die Q uecksilber(II)- 
Ionenkonzentration  der S tam m lösung betrug 11,21 m g/ml.

2. 0,1 n A scorbinsäurem aßlösung. Der T ite r der Lösung wurde au f 0,1 n K alium jodat- 
lösung eingestellt [13].

3. 0,1 m Chlorid en th a lten d e , 0,1 n A scorbinsäurem aßlösung. Es w urde eine ungefähr 
0.5 n Ascorbinsäurelösung hergestellt, ihr W irkungsw ert m it 0,1 n K alium jodatlösung bestim m t, 
die berechnete Menge N atrium ch lo rid  zugefügt und  die Lösung auf 0,1 n oder 0,05 n verdünnt.

A cta  Chim, Acad. Sei. H ung. 60, 1969
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Anschließend w urde der W irkungsw ert der Lösung von neuem  bestim m t. Auch die zeitliche 
V eränderung der au f die beschriebene Weise hergestellten  chloridhaltigen A scorbinsäurelösung 
wurde un tersuch t. D abei w urde gefunden, daß der W irkungsw ert der Lösung im  L aufe von 
zwei Tagen um  0,01 abgenomm en h a tte , von /  =  1,000 au f  den W ert von /  =  0,990.

4. Die oszillom etrischen Messungen w urden m it zwei verschiedenen G eräten  d u rc h 
beführt, und  zwar m it dem  G erät nach T a r n a y  und J u h á sz  [5], dessen G rundfrequenz 5 MHz 
geträg t und m it dem  O szillo titrator nach P u n g o r  [15] m it der Grundfrequenz von  130 MHz.

5. Die konduktom etrischen Messungen w urden m it dem Gerät »K onduktom eter« 
purchgeführt.

6. Bei der potentiom etrischen T itra tion  w urde der Po tentialunterschied  zwischen 
einer g la tten  P latinelek trode und einer gesä ttig ten  K alom el-Referenzelektrode m it dem 
G erät »Pehavi« gemessen.

Abb. 1. T itra tionskurven  von Q uecksilber(II)-Ionen m it 0.1 n  A scorbinsäurem aßlösung: 
1 — im  130 M Hz-Gerät, 2 — im  5 M Hz-Gerät

B estim m ung der Q uecksilber(II)-Ionen in  chloridfreiem Medium

Es wurden 2 ,2 -12 ,45  mg bzw . 11-33  m g Q uecksilber(II)-Ioneu en t
haltende M engen der Stam m lösung in die 20 bzw . 100 ml fassenden Zellen  
der Geräte eingeführt, m it soviel destilliertem  W asser verdünnt, daß die Ober
fläche der Lösung über den K ondensatorringen stand und zwecks E rle ich te
rung der N iederschlagsbildung wurde eine M esserspitze Glaspulver zugefügt. 
D arauf wurde der Magnetrührer in Gang gesetzt und gewartet, b is sich der 
Zeiger des Geräts einstellte . Erst dann w urde m it der Titration begonnen , 
wobei die 0,1 n Ascorbinsäurem aßlösung aus einer M ikrobürette in P ortionen  
von 0 ,1 -0 ,2  ml zugegeben wurde. D ie T itrationskurven sind in A bb. 1 gezeigt.

D ie B estim m ung wird in schw ach saurer, jedoch höchstens 0,02 n 
salpetersaurer Lösung durchgeführt. D ie M eßergebnisse enthält T abelle I.

Um die M eßgenauigkeit zu bestim m en, wurden 12 Parallelm essungen  
m it 1 0 ~ 3 n Lösungen durchgeführt. Die Streuung a ergab sich zu — 7,5% , 
die Streuung des M ittelwerts crK zu 2.2%  (Tabelle II).
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Tabelle I
Bestimmung von Quecksilber( II)-Io n en  m it Ascorbinsäuremaßlösung, 

mit dem 5-MHz-Gerät
K onzentration  der Hg2+-Ionen 1 • 10-3—5 • 10- 3 n

Einwaage mg Hg2+ Gefunden mg Hg2̂ Abweichung %

2,26 2,25 — 0,05
2,26 2,28 ±0,1
5,09 5,10 ± 0 ,2
5,09 5,16 ± 1 ,3

11,32 11,28 —0,3
11,32 11,43 ± 0 ,9
12,45 12,53 +0,6
12,45 12,40 - 0 ,4

Bestimmung von Quecksilber (II)-Io n en  m it Ascorbinsäuremaßlös и n g ,  
mit dem 130-MHz-Gerät

K onzentration  der Hg2+-Ionen 1 • 10 _3—5 • 10- 3 n

Einwaage mg Hg2+ Gefunden mg Hg2+ Abweichung %

11,02 10,99 — 0,3
11,02 10,99 — 0,3
22,81 22,77 — 0,2
22,81 22,87 ± 0 ,3
33,06 32,97 — 0,3
33,06 33,27 ± 0 ,6

Tabelle 11
Bestimmung von Quecksilber(II)-Ionen m it Ascorbinsäuremaßlösung, 

mit dem 130-MHz-Gerät 
H g2+.K onzentration der Lösung 3 • 10- 3 n

Einwaage mg Hg2+ Gefunden mg Hg2+ Gefunden mg Hg2+

22.87
22.87
22.87

22.87
22.98
22.98

= ± 7 ,5 %

± 2,2%

22,81

M ittelw ert: 22.84 mg Hg2

aK

n — 1

22.77
22.77
22.77 
22,80 
22,80 
22,80

±0 ,075  cr%

± 0,022 crK%  —
Yn
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Bestim m ung der Q uecksilber(II)-Ionen  
m it chloridhaltiger A scorbinsäurem aßlösung

D ie Q uecksilber(II)-Ionen bilden m it Chloridionen stabile K om plexe. 
Ist die K onzentration  der Chloridionen in der zu titrierenden Lösung hoch, 
so geht die R eduktion m it Ascorbinsäure nur sehr langsam  vor sich.

W ird jedoch  die Ascorbinsäurem aßlösung m it einem  C hloridionengehalt 
hergestellt, der den reduzierten Q uecksilber(II)-Ionen  äquivalent is t , d. h. 
nur zum A bscheiden des Q uecksilber(I)chlorid-N iederschlags ausreicht, oder

Abb. 2. Po tentiom etrische T itra tion  von Q uecksiIber(II)-Ionen m it 0.1 n ch loridhaltiger
A scorbinsäurem aßlösung

liegen die Chloridionen in der M eßlösung nur in geringem  Überschuß vor, so 
verläuft die R eduktion der Q uecksilber(II)-Ionen zu Q uecksilber(I)-Ionen  
schnell. D a das Q uecksilber(I)chlorid aus der L ösung abgeschieden wird, kann  
die R eduktion der Q uecksilber(II)-Ionen bei der Stufe der Q uecksilbcr(I)- 
Ionen gestoppt werden.

U m  zu entscheiden , ob die R eaktion  stöchiom etrisch  verläuft, wurden  
potentiom etrische T itrationen durch geführt.

Lösungen m it bekanntem  Q uecksilber(II)n itrat-G ehalt wurden m it der 
chloridhaltigen 0,1 n Ascorbinsäurem aßlösung titr iert (Abb. 2). W ie ersich t
lich, weisen die T itrationskurven an dem  Ort, der dem  Ü bergang Hg + + +  H g + 
entspricht, einen hohen Potentialsprung auf. D urch Steigerung des Chlorid
ionengehalts der M aßlösung wird dieser P otentia lsprung nicht verändert, 
es verschiebt sich nur der erste, niedrigere K nickpunkt der Kurve und das 
G leichgew icht ste llt sich langsam er ein.

D ie Änderung der Leitfähigkeit im  Laufe der oszillom etrischen T itration  
ist hauptsächlich durch die leitfäh igkeitssteigernde W irkung der in der R eak-
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Lion entstehenden  W asserstoffionen bed ingt, jedoch  steigt die L eitfäh igkeit 
auch  nach  dem E ndpun kt, infolge des N atrium - und Chloridionengehalts der 
M aßlösung, wenn auch in geringem  Maße. D er V erlauf der konduktom etrischen  
und  der m it dem 5-M H z-G erät erhaltenen T itrationskurve entspricht dieser 
E rscheinung. Bei den m it dem  O szillotitrator ausgeführten T itrationen können  
jed o ch  —1 infolge der für dieses Gerät charakteristischen glockenförm igen  
E m pfind lichkeitsku rven  —  die T itrationsparam eter so eingestellt w erden, daß
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Abb. 3. T itra tion  von Q uecksilber(II)-Ionen m it 0.1 n chloridhaltiger A scorbinsäurem aßlösung 
m it dem  130-MHz-Gerät, in  der 20-ml-Meßzelle

der zw eite  A bschnitt der T itrationskurven parallel zur Abszisse oder in en t
gegen gesetzter R ichtung verläuft, wodurch die Auswertung der K urven w esent
lich  erleichtert wird (A bb. 3).

Durch Zugabe verschiedener M engen chloridhaltiger Lösung zu der zu 
titr ieren d en  Q uecksilber(II)-Lösung wurde festgeste llt, daß die B estim m ung  
se lb st dann durchführbar ist, wenn 50%  der Q uecksilber(II)-Ionen in Form  
des Q uecksilber(II)chlorid-K om plexes gebunden sind. Bei der A bnahm e des 
W irkungsw ertes der Ascorbinsäure en tsteh t ein Chloridionenüberschuß, jedoch  
lieg t dieser — bei dem  üblichen Verbrauch von  1— 2 ml M aßlösung bei der 
oszillom etrischen B estim m ung von geringen Ionenm engen —  w eit unterhalb  
der Störgrenze. D ie T itrationskurven werden zw ar m it zunehm endem  Chlorid
ionenüberschuß verzerrt, der Endpunkt aber wird nicht verschoben (Abb. 4).

D ie B estim m ung der Q uecksilber(II)-Ionen wurde ebenso durchgeführt, 
w ie es für chloridfreie M aßlösungen beschrieben wurde. D ie M eßergebnisse 
si.id  in Tabelle III  angeführt. Um die G enauigkeit der Methode zu bestim m en,
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Abb. 4. T itra tion  von Q uecksilber(II)-Ionen m it 0.05 n chloridhaltiger A scorbinsäurem aß
lösung m it dem 130-M Hz-Gerät. W irkung des Chloridionenüberschusses auf die T itra tio n s
kurven — 1 — ohne Ü berschuß — 2 — 10% der H g2+-Ionen im Q uecksilber(II)chlorid- 
Komplex gebunden 3 — 50%  der H g2+-Ionen im Q uecksilber(II)chlorid-K om plex gebunden

wurden 12 Parallelm essungen m it 10 3 n H g2+-L ösung durchgeführt. D ie  
Streuung a betrug + 4 ,2 4 % , die Streuung des M ittelwerts a K +  1,2%  
(Tabelle IV).

Tabelle III

Bestimmung von Quecksilberf 11 )-Ionen mit chloridhaltig er Ascorbinsäuremaßlösung, 
mit dem 130-MHz-Gerät

K onzentration der Hg2+-Ionen 10~2—5 • 10~3 n

Einwaage mg Hg2+ Gefunden mg Hg,+ Abweichung %

5,66 5,60 1,0

5,66 5,69 +  0,5
5,66 5,74 +  1,2

11,21 11,17 — 0,35
11,21 11,27 + 0 ,5

22,42 22,44 +  0,1
22,98 22,86 - 0 , 5

33,74 33,90 +  0,4

33,74 33,81 +  0,2
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Tabelle IV

Bestimmung von Quecksilber( II)-Io n en  mit chloridhaltiger Ascorbinsäuremaßlösung,
mit dem. 130-MHz-Gerät 

K onzentration der Hg2+-Ionen 5 • 10 ~3 n

Einwaage mg Hg2+ Gefunden mg Hg2+ Gefunden mg Hg2+

11,21 11,15 11,20
11,17 11,20
11,17 11,20
11,17 11,25
11,17 11,27
11,20 11,27

M ittelw ert: 11,19 mg H g2 +

a  =  J / ^ y  ±0 ,042  a%  =  ± 4 ,24%

о  к  =  = ± 0,012 ок %  = ± 1,2%
У n
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ELECTRON EXCHANGE REACTION RETWEEN 
IRON(II) AND IRON(III) IONS IN FORMAMIDE
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The kinetics of the electron exchange reaction  between iron (II) and  iro n (III)  
ions has been stud ied  in formamide. T he reaction  is first order in bo th  re a c ta n ts  and 
depends slightly on acid concentration. The ra te  of exchange is m uch low er in  fo rm a
mide than  in w ater. The enthalpy and  en tropy  of activation  is 5.2 +  1.4 kcal/m ole and 
-—41 +  5 e.u., respectively. The resu lts  co n trad ic t th e  electrostatic po larization  theories 
of electron tran sfe r reactions which p red ic t h igher ra te  in formamide th a n  in w ater. 
The pH  dependence can be in te rp re ted  by the  band model, which gave a reasonable 
value of 13 Á for the reactan t d is tance  in  th e  ac tiva ted  complex.

Introduction

The various theoretical m odels on the m echanism  of electron transfer  
reactions can be classified  into two groups: one o f  them  involves th ose  theories 
w hich presum e an indirect transfer, m ed iated  b y  a particle unnecessary  for 
the in itia l and final sta te  of the reaction , w hile in the other theories a direct 
transfer is assum ed. The interm ediate particles supposed b y  th e  form er 
theories are H -atom s [1— 3] or H 30  and O H  radicals [4— 9] w hich transport  
the electron or (in th e  case of OH) th e  hole. So the calculation o f rate  (if p os
sible at all) is essentia lly  based on th e  properties o f these ions and radicals in 
aqueous solutions. In the theories o f  d irect transfer m ainly the Coulom bic  
repulsion betw een th e  reactant ions and th e  polarizability of the m edium  in 
the v ic in ity  o f the ions are assumed to  be the rate-determ ining factors [10— 19].

Thus there is a fundam ental d ifference in the predictions how  a change  
in the so lven t w ould influence th e  electron exchange process. For indirect 
transfer, the change in the solvent w ould  result in the change o f th e  in ter
m ediate species and th e  reaction rate could be b oth  higher and lower depending  
on w hether the form ation [4— 8] or m igration  [1— 3] of the interm ediers is 
easier or not. H ow ever, for direct transfer m echanism , the behaviour o f the  
rate w ould be governed by the d ielectric properties of the so lven t, n am ely  
the rate would decrease when decreasing th e  dielectric constant.

This gives a possib ility  to te st th e  ap p licab ility  of the different theories 
just b y  com paring the kinetic param eters o f  som e electron transfer reactions  
in aqueous solutions and in other so lv en ts . O nly a few m easurem ents have  
been perform ed so far in non-aqueous or m ixed  solvents.
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M e i e r  and K a h n  [20] investigated the k inetics of the tw o-electron  
ex ch an ge reaction b etw een  tin (II) and tin (IY ) in dehydrated ethanol. U nfor
tu n a te ly , there is no p o ssib ility  to compare their results with the rate obtained  
in w ater, because th is  reaction has not been stu d ied  in aqueous so lu tions.

The rate law  o f th e  uranium (IY)— uranium (Y I) exchange has been  
determ ined  by W e a r  [ 2 1 ]  in aqueous eth an ol, ethylene glycol and acetone  
m ixed  solvents. The reaction  is highly accelerated  b y  the addition of the non- 
aqueous com ponent.

C o h e n  et al. [22] p o in ted  to a discrepancy in the direct transfer theories, 
in connection  with th e ir  results on the nep tu n iu m (V )—neptunium (VI) system . 
T his reaction takes p lace w ith  the same rate in  different m ixed so lven ts of 
variou s macroscopic d ielectric constants and becom es lower when the con
cen tration  of the organic com ponent reaches th e  range where the selective  
so lv a tio n  of water ceases. The conclusion o f th e  polarization theory th a t the  
neighbourhood outside the first coordination sphere of the reactant ions has 
a m arked influence on th e  rate is in contrad iction  with these experim ents. 
T he assum ption th a t th e  electron transfer proceeds by the G r o t t h u s  m echa
n ism  [2— 4] does n o t harm onize with these resu lts either, since a re la tively  
lon g  route is thus supposed  for the H -atom  to  be done that would have to  be 
broken b y  the organic m olecules built-in in th e  chain of water m olecules.

Considering th e  iro n (II)—iron(III) exch an ge, some investigations have  
b een  m ade by H o r n e  [23], and W a d a  and R e y n o l d s  [24]. This reaction  is 
in h ib ited  by adding m eth an ol, ethanol, n-propanol or acetone to the aqueous 
so lu tio n  [23], but th e  rate constant does not fo llow  the law In к =  a -j- b/D 
as predicted  by the d irect transfer theories. S im ilar contradiction has been  
show n by discussing the results obtained in d im ethyl sulphoxide m edium  
[23], where the energy  and entropy of a c tiv a tio n  has been m easured to be 
9.6  kcal/m ole and — 20 e.u ., respectively. Com paring these figures w ith  th ose  
o f 9 .9  and — 25, resp ective ly , for aqueous so lu tion  and considering th a t the  
dielectric constant o f  the dim ethyl su lphoxide is about half of the value  
o f w ater, neither C oulom bic repulsion nor polarization  phenom ena seem  to  
be sign ificant.

Since all the above-m entioned  experim ental results have been obtained  
in  so lven ts with low er dielectric constant than  th a t of water, the in fluence  
o f  a so lvent w ith ex trem ely  high dielectric co n sta n t on the reaction rate seem ed  
to  be o f particular in terest. For this reason form am ide was chosen for our 
experim ents being a good solvent for inorganic salts and possessing a dielectric  
co n sta n t of 117 at 25 °C.

Experim ental

M aterials. Form am ide was purified by vacuum  d istilla tion . Its w ater conten t was less 
th a n  0.06 g per 100 ml. All th e  o ther reagents were of analy tica l grade.

The Fe20 3 isotope p rep ara tio n  used in some runs contained 10 per cent Fe-59, 88 per
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cent Fe-55, 1.28 per cent Co-60, and 0.17 per cent Mn-54. A fter dissolution in hydrochloric 
acid FeCJ3 was ex tracted  from  an 8 M  HC1 solution by di-isopropyl ether. After back e x tra c t
ing the iro n (III) chloride in to  w ater, Fe(OH)3 was p rec ip ita ted  and dissolved in form am idc, 
containing equivalent am ount of hydrochloric acid. In  o th er runs carrier-free 69FeCl3 was 
applied to  label iron (IIl).

Stock solutions. Iro n (III )  chloride stock solution was prepared two days before use. 
Its  concentration was 0.01 M  for F e (III), 0.01 M  or 0.1 M  for (excess) HC1, and 1 M  for 
NaClOj.

1 M  HC1 stock solution was made by in troducing dried gaseous hydrogen chloride in to  
form am ide, and diluted w ith form am ide to ob tain  the p roper concentration.

Separation. The separation  of iron(II) and iro n (II I)  in aqueous solution based on 
complexing iron(II) w ith d ipyridyl, and either p rec ip ita ting  iro n (III) as hydroxide [25] or 
extracting  the iro n (III) acetyl-acetone complex w ith  carbon tetrachloride [26], canno t be 
applied in  formamide, because the stability  of the iro n (II I)  form am ide complex is high enough 
to hinder the form ation of the corresponding species even in  d ilu te aqueous form am ide. The 
o-oxyquinoline forms a complex w ith iron (III) even in form am ide, the form ation how ever 
is com pleted only in 15 m inutes and during this tim e the  ox idation  of iron(II) in its  d ipy ridy l 
complex can be observed. In  the presence of Fe2 + , how ever, the reaction of the iro n (II I)  
w ith o-oxyquinoline is fast. (P robably  the iro n (III) form am ide complex is substitu tion  in e rt 
and Fe2+ ions catalyze the ligand exchange by electron exchange.) Thus, the separation  te c h 
nique was as follows: To 2 ml aqueous solution of 5 x lO -2 M  a ,a ’-dipyridyl 2.0 ml sam ple, 
containing about 10-3 M  iron (II) and -(III) was added. The excess dipyridyl was com plexed 
w ith 2 ml of a 2 X 10-2 M  aqueous solution of inactive F e2 + and iron (III) was ex trac ted  w ith 
5 ml chloroform containing 5 per cent o-oxyquinoline.

A fter the separation  of the two phases, the ac tiv ity  of the phase containing iro n (II I)  
was counted. The activ ity  of the stock solutions was ad justed  so as to  obtain a coun t-ra te  of 
about 4000 cpm w ith  each of the samples.

R uns. E ach run  was s ta rted  by mixing 25 ml of iro n (II I)  solution w ith 25 ml of iio n (II )  
one. The concentrations of iron  ions varied from 10-3 to  4 x l 0 ~ 3 M  and th a t of hydrochloric 
acid from  10~4 to  2 x 10-3 M . In  all runs the concentrations of NaC104 was 0.1 M . The two 
parts of the reaction m ix ture  contained all the com ponents except the iron ions in  the sam e 
concentrations. The tw o solutions, containing each com ponent except iron(II), had  been 
deaerated  by hydrogen for tw o hours, then solid iron (II) su lphate  was added and a fte r one 
hour the reaction was started .

The iron (II) concentration  of the solution was controlled spectrophotom etrically.

Results

The results obtained could be fitted  to  a rate equation being first order 
both in iron(II) and iron(III). B y replacing NaCIO,. w ith NaCl, no effect o f  
chloride catalysis has been observed which could be interpreted by the great 
stab ility  of the iron(III) formamide com plex (see the separation m ethod).

The second order rate constants, m easured at 50, 60, 70 and 80 °C, are 
given in Table I as the function of acid ity. The large experim ental errors are 
probably due to the applied separation m ethod. Thus, the scattering o f  the  
measured points of the M acK ay equation was unusually  large for such a rela
tive ly  slowr reaction. A typ ica l plot is show n in F ig. 1.

In some experim ents the influence o f  w ater was tested . In 90 and 95 
per cent form am ide solutions the reaction is acid-catalyzed , hut the increase  
in rate is less than tw ice.

As it can be concluded from the data in T abic 1, there is a slight, though  
significant dependence of к on acidity. P lo ttin g  lg к versus — lg [H + ] (F ig . 2), 
one gets about — 0.2 for the order of hydrogen ion.
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Fig. 1. T ypical p lo t according to  the M acK ay equation . Iron(II): 7 x l 0 ~ 4 M , iro n (III) 
1.3 X lO -3 M , hydrogen ion: 6 x l 0 -4 M , NaC104: 0.1 M , t  =  50 °C

Table I

t ,  °c [H+] x  104 M [Fe2+]xlO <M [Fe3+ ] x  104 M fcx 102, lit/mole sec

50 20 9 .0 11 .0 4 .8  ±  0 .5

20 8 .2 1 2 .6 5 .2  ±  1.8

10 7 .0 14 .1 4 .3  ±  1 .0

8 .0 9.5 1 0 .8 6 .1  ±  0 .6

6 .0 7 .0 1 3 .0 7.1  ±  0 .7

2 .0 8 .8 1 2 .2 6 .5  ±  1 .0

1.0 8 .0 1 2 .4 8 .5  ±  3 .0

1 .0 8 .3 1 1 .6 6 .7  ±  0 .4

1 .0 1 7 .6 1 2 .4 7 .1  ±  0 .4

1 .0 3 5 .6 2 3 .2 5 .4  ±  2 .0

60 20 7 .0 1 3 .9 6 .5  ±  1 .9

10 8 .7 1 1 .6 7 .2  ±  0 .9

5 .0 8 .4 1 2 .3 11 .7  ±  1 .9

2 .0 8.1 1 1 .0 7 .2  ±  0 .8

1 .0 8 .0 12 .7 10 .0  ±  0 .3

70 20 9.1 11.5 9 .8  ±  2 .0

10 7 .2 12 .3 12 .3  ±  2 .4

10 8 .9 1 2 .3 11 .6  ±  2 .5

5 .0 7.1 1 0 .4 7 .3  ±  1.0

5.0 6 .5 13 .5 9 .6  ±  0 .7

2 .0 8 .6 1 1 .4 11 .2  ±  2 .9

2 .0 8 .8 1 1 .9 10 .0  ±  1.5

1.0 7 .8 12 .8 12 .0  ±  2 .0

80 20 7.7 1 2 .3 10 .3  ±  0 .9

10 7 .0 1 2 .9 1 4 .9  ±  1 .4

5 .0 9 .4 11.1 10 .6  ±  2 .0

2 .0 6 .0 1 4 .6 1 3 .3  ±  1.2

1.0 7 .0 1 3 .0 11 .6  ±  2 .5
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Fig. 2. Acid dependence of the rate  
constant a t d ifferent tem peratures

Fig. 3. A rrhenius plots a t different 
acidities

The Arrhenius p lot at different acidities show s sim ilar uncertainty, h ow 
ever, the energy o f activation , given  in Table I I , seem s to  be independent o f  
acid concentration, th e  weight average value being 5.8 +  1.4 kcal/m ole.

Tabic II

Hydrogen ion 
concentration, 

M
Ea, kcal/mole

2 x  1 0 - 3 5 . 66  ±  1 . 3 2

l x i o - 3 8 . 05  ±  1 . 9 5

5 x l 0 - 4 5 . 93  ± 0 . 9 1

2 x  1 0 _1 5 . 13  ±  2 . 3 9

l x l O - 1 5 . 36  ±  0 . 5 7
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D iscussion

The main conclusion from  the results is th a t the reaction proceeds much 
slower than in water contrary to the predictions of the theories supposing  
d irect transfer. These are nam ely the follow ing:

The tunneling th eory  o f  E y r i n g  et al. [10] results a reactant d istance in 
th e  a ctiva ted  com plex o f about 4 Á for form am ide m edium . Since th is  is the  
ap p rox im ate diam eter o f  one form am ide m olecule, it suggests an inner sphere 
m ech an ism , while the w hole theory has been outlined for outer sphere transfer,
i.e. th ere is a fundam ental contradiction.

According to the M a r c u s  th e o r y [ l l— 15], the free energy o f activation  is 
a lso  predicted to becom e sm aller w ith increasing dielectric con stan t. A lthough  
th e  sm aller energy o f activation  is in accordance with such a low ering o f the  
C oulom bic repulsion, th e  large n egative va lu e o f the entropy o f activation , 
b e in g  about — 41 e.u . in  th e  case under d iscussion, while, in w ater, on ly  — 25 
e .u ., cannot be in terpreted . According to  M a r c u s  the entropy w ould  depend 
on  th e  tem perature dependence o f the dielectric constant [12]. For the 
1JD vs T  function has approxim ately  the sam e slope for both  w ater  and for
m am id e  [27], the en trop y o f activation  ought to  be around — 14 e.u . in both  
cases. I f  the difference betw een  the calcu lated  and observed va lu es arises 
from  th e  effect o f th e  inner coordination sphere — for w hich calculation  
ca n n o t be done, because th eir  exact structure is unknown —  th is portion  of the 
free energy of activation  should not stand but for entropy term  w hich is very  
u n lik e ly . More or less th e  sam e discrepancies appear in the other theories of 
th e  d irect transfer group [16— 19] as well.

Considering th e  “ band m odel” , published by one of us (I .R .) [4— 8], 
th ere  are also some d ifficulties to  determ ine the theoretical va lu es of the 
e n th a lp y  and entropy o f activation , because som e necessary data are unknown. 
T h is m odel is based on the assum ption th a t electron transfer proceeds through  
th e  interm ediate form ation  o f H 30  or O H  radical by electron or hole transfer, 
resp ective ly . In form am ide, the analogous species would be

(HOCNH3)SO|Vated +  electron or (H O CNH )solvated -f- hole

S in ce  the energy of th ese system s as w ell as the oxidation-reduction  potential 
o f  th e  iron(II)—iron (III) couple are unknow n, the height o f th e  potential 
barrier to  he overcom e b y  the electron cannot be given.

There is still an opportun ity  to  te s t  the applicability  o f  th is  model, 
sin ce  i t  yields a rule for th e  pH  dependence of the rate [5]. For th e  top of 
th e  barrier is determ ined b y  the electronic energy corresponding to  the inter
m ed ia te  species m entioned  above, and th e  Ferm i level o f these is shifted by  
ch an g in g  acidity, th e  tunneling probability  and so the entropy o f activation  
is m odified  at various hydrogen ion concentrations. This can be explicitly
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given as follows: the total entropy of activa tion , /IS t, consists o f three 
parts [7]:

/IS* =  /IS* ■+■ /IS* +  /IS* -  R (1)

where ISt corresponds to  the collision probability  and is given by:

A S } =  -  2 К I n c , .  (2)

In th is equation is the so-called  norm alized concentration  for w hich we 
have:

c. =  • IO“ 3)“ 1, m ole/litre (3)

where d is the distance betw een  the reactant ions in the activated  com plex  
and N a is the A vogadro num ber. Measuring d in Á , one gets:

IS* =  27.32 lg d  — 29.29. (4)

AS} in Eq. (1) stands for th e  change in rotational degrees of freedom  when  
form ing the activated  com plex from  the free reactants. I f  outer sphere transfer  
is assum ed, we have:

A s j  at  0. (5)

/ISÍ is the electronic transfer probability term  that could be given  
by the tunneling formula:

/IS* =  R —  d /  2 nT(TJ~- Ea ±  2 .3 k T p H )  (6)
h

where h is the P lanck con stan t, m is the mass o f  th e  electron, and Ea is the  
energy o f activation . The barrier height, U is given for electron transfer:

U — E + —  Ed o n o r ,  e  (?)
and for hole transfer:

u  =  Edonor.ft -  E-  (8)

where E + is the electronic energy due to the lionium  radical (in water H 30 )  E_  
is th at o f the bate radical (OH) under standard conditions, while E'donor e and  
-i'donor, h are the electronic energies of the electron or hole donor reactants, 
respectively. The sign before th e  pH  term in E q. (6) is positive, w hen the  
reaction takes place, in fact, b y  electron transfer and negative, w hen hole 
transfer is in operation.
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U nless solvolytic reaction  occurs pH  dependence w ould appear only in 
th e  en trop y  term  of th e  free energy o f activation , according to  E qs (1), 
(4), an d  (6). Since th e  en ergy  o f activation  o f th e  reaction under discussion  
ex h ib its  no significant change w ith  pH , it can likely  be th e  case discussed  
ab o v e .

F ig . 4. T h e  d e p e n d e n c e  o f  t h e  e n t r o p y  o f  a c t iv a t io n  o n  p H  a c c o r d in g  t o  E q .  (1 1 )

L et us introduce a and  b w ith  the fo llow ing m eaning:

a = ^ - d * m ( U - E a) (9)

and
42 tt'1

b =  2.3 k T ------ d2m, (10)
h-

and le t  us suppose A St  to  b e zero for the first iteration step , we have:
*

[d S t/K ]2 =  a ±  6 -p H . (11)

P lo ttin g  the exp erim en tal data according to  E q. (11) a stra igh t line is 
o b ta in ed  (Fig. 4) the slope o f which gives d =  13.4 Á  and th e  intercept 
U =  2 .23 e.v. Calculating A S t  from Eq. (4), one gets 1.6 e.u . th a t is smaller 
th a n  th e  errors in determ ining the entropies, so the iteration need not be 
con tin u ed .

Since d Ш, 13 Ä m eans the presence o f  three form am ide m olecules 
b etw een  two iron ions, th is  result can be considered as a very  reasonable one, 
b ecau se , in this case, th e  reactan ts approach each other up to  th e  penetration  
o f th e  second coordination spheres.

A s it is shown in F ig . 4 , the sign o f b is n egative w hich corresponds to 
th e  ho le  transfer p ath  in  an alogy  w ith th e  reaction in w ater [4].

Thus it can be sta ted  th a t the band m odel does not contradict th e  experi
m en ta l results, m oreover th e  interpretation  o f the pH  dependence yields 
reasonable data on th e  reactan t distance and barrier height in th e  activated  
com p lex .
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CALCULATION OF THE INFLUENCE OF THE OHMIC 
RESISTANCE OF THE CELL IN A.C. POLAROGRAPHY 
IN THE CASE OF REVERSIBLE ELECTRODE REACTION

J .  D É V A Y , L. M É S Z Á R O S  a n d  T. G a R A I

(Department o f  Physical Chemistry, U niversity o f Chemical Engineering, Veszprém, 
and Research Group fo r  Electrochemistry o f  the Hungarian Academy o f Sciences, Veszprém )

R e c e iv e d  F e b r u a r y  1 0 , 1 9 6 8

T h e  t h e o r e t ic a l  r e la t io n s h ip s  d e r iv e d  fo r  t h e  f ir s t  a n d  se c o n d  h a r m o n ic  a .c .  
f lo w in g  th r o u g h  a ce ll u n d e r  t h e  e f f e c t  o f  a  s m a ll  a m p litu d e  s in u s o id a l v o l t a g e  s u p e r im 
p o s e d  o n  t h e  d .c .  p o la r iz in g  p o t e n t ia l  in  t h e  c a s e  o f  a  r e v e r s ib le  p o la r o g r a p h ic  r e a c t io n  
w e r e  a m e n d e d  b y  c o r r e c tio n  t e r m s  t a k in g  in to  a c c o u n t  t h e  o h m ic  r e s is ta n c e  o f  t h e  c e l l .  
C a lc u la t io n s  a c c o r d in g  to  t h e  c o r r e c t io n  t e r m s  sh o w  t h a t  t h e  d e c r e a s e  o f  t h e  f i r s t  a n d  
s e c o n d  h a r m o n ic  a .c . a m p l i t u d e s  u n d e r  t h e  e f f e c t  o f  t h e  o h m ic  r e s is ta n c e  o f  t h e  c e l l  
i s  g r e a te r  w h e n  t h e  a n g u la r  f r e q u e n c y  o f  t h e  a .c .  v o l t a g e  a n d  t h e  c o n c e n t r a t io n  o f  t h e  
d e p o la r iz e r  a re  in c r e a se d  a n d  w h e n  t h e  n u m b e r  o f  th e  e le c t r o n s  in v o lv e d  in  t h e  e l e c 
t r o d e  r e a c t io n  is  h ig h er . F u r t h e r  t h e  d if fe r e n c e  o f  t h e  d .c .  p o te n t ia ls  c o r r e s p o n d in g  
t o  t h e  p e a k s  o f  t h e  se c o n d  h a r m o n ic  a .c .  a m p litu d e s  is  in c r e a s e d  a t  in c r e a s in g  c e l l  
r e s is ta n c e . T h e  d iffe r e n c e  is  t h e  g r e a te r  t h e  h ig h e r  a re  t h e  a n g u la r  f r e q u e n c y  o f  t h e  
a .c .  v o l t a g e  a n d  t h e  c o n c e n t r a t io n  o f  t h e  d e p o la r iz e r , f u r th e r  t h e  n u m b e r  o f  e l e c t r o n s  
in v o lv e d  in  t h e  e le c tr o d e  r e a c t io n .

In a previous com m unication  [1] we gave a theoretical trea tm en t o f  
the dependence o f the first and second harmonic com ponents o f the a ltern a t
ing current flow ing through th e  cell, when a sinusoidal voltage o f sm all am pli
tu d e is superim posed onto th e  polarizing d.c. potentia l, upon the angular  
frequency and the am plitude o f  th e  a.c. vo ltage, the overpotential, th e  transfer  
coefficien t and the exchange current density , in the case o f d iffusion and  
charge transfer polarizations. The results were discussed in detail for th e  case  
o f reversible polarographic reactions. The formulas obtained for the am plitudes  
o f th e  first and second harm onic a.c. current densities, ix and i 2, are *n agree
m ent w ith  the data published in  th e  literature:

M c io VD1 +  c . J d 2)

Do C20
z F

I ) , c 10

]j2RT
1 + Dp C2n R T  ” ■

D , C10

( 1 )

: ^ - f o ) ( C 10VD1 +  C20V b 2)

r -------  z F

I D 2 C20 cRT
Ц1 /2

D, Clo

1 + 1), c.
D , C

z F  \2

10

-f- ioC
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and

( 2 )

Acta Chim. Acad. Sei. H ung . 60, 1969

F i g .  1 .  E q u iv a len t c ir c u it  o f the e lectrode, th e  cell re sis tan ce  being  eq u a l to  zero

respectively , of the com ponent taking part in  th e  electrode reaction, z is the  
num ber of electrons in v o lv ed  in the electrode reaction, со is the angular fre
q u en cy  of the a.c. v o lta g e , is the am plitude o f  the a.c. voltage, rj= is the tim e  
average value of th e  overpotential, T  is th e  tem perature on the K elvin  scale, 
R  is the universal gas con stan t, F  is the F arad ay  constant and C is the capacity  
o f th e  double layer.

These equations are valid only w hen th e  a.c. voltage, sin cot, super
im posed  on the p o larizing  potential, appears w ithout any distortion on the  
electrode im pedance com posed  of the faradaic im pedance Z F and the capacity  
o f  th e  double layer C connected parallelly (F ig . 1). H ow ever, the to ta l a.c. 
v o lta g e  r]° sin cot im p osed  on the cell is n o t applied  to  the electrode im pedance  
sin ce a considerable oh m ic drop arises on th e  ohm ic resistance of the solution  
an d  o f the electrode as w ell as on that o f  th e  m easuring instrum ent em ployed  
for th e  current m easurem ent. D enoting th e  sum  of these resistances by R 0, 
th e  cell can be rep resented  by the eq u ivalen t circuit shown in F ig. 2.

The resistance R 0 can be decreased b y  em ploying a supporting electrolyte  
o f  relatively high co n d u ctiv ity  and using a p o ten tio sta t for the m easurem ents. 
T h e cell com posed o f  th ree electrodes used  in  potentiostatic m easurem ents

w here D x and D 2 and  C10 and C20 are th e  d iffusion coefficients and the con
centrations in the b u lk  o f  the solution o f  th e  reduced and oxidized forms,
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renders possible the com pensation for the effect o f the external resistances  
connected to  the cell and allows for the regu lation  o f the potential o f  th e  w ork
ing electrode independently  from the p oten tia l drop caused by th e  current 
flow ing through the resistance of the solution  betw een the electrode under 
in vestigation  and the auxiliary electrode. H ow ever, the ohmic drop on the  
solution betw een  the tip  o f the Luggin cap illary  connected to the reference  
electrode and th e  electrode under in vestiga tion  cannot he com pensated . 
It is th eoretica lly  im possible to attain th a t R () be zero, since by increasing  
frequency o f the a.c. vo ltage even when R 0 is v ery  sm all it becom es com m en 
surable to  the electrode im pedance and thus th e  ohm ic drop is no m ore neg li
gible. Therefore th e  experim ental data can be com pared to theory on ly  i f  the  
expressions given by Eqs (1) and (2) are corrected  for the ohmic drop appear
ing on R 0.

Fig. 2. E quivalent c ircuit of the electrode in th e  case of cell resistance R

Several authors attem pted  to correct for th e  ohmic potential drop on 
the resistance R (). Delahay and Adams [2] derived a graphical m eth od  to  
account for th is factor. Schmidt and Stackelberg [3] employed a correction  
term neglecting  th e  faradaic impedance and tak in g  into consideration on ly  
the poten tia l drop arising on the resistance o f th e  solution  (i?0) and the ca p a c ity  
of the double layer (C). Bauer and Elving [4] ap p ly  an approxim ate correc
tion not accounting for th e  phase angle d ifference between the vo lta g es  
appearing on the resistance R 0 and the electrode im pedance.

The correction term s described in th e  ab ove papers apply on ly  to  the  
first harm onic com ponent (o f angular frequency со) o f the a.c. current flow in g  
through th e  electrode.

In  th e  present paper we derive correction term s for Eqs (1) and (2) re la t
ing to th e  first and second harm onic a.c. current densities taking in to  accou n t  
the cell im pedance precisely.

The correction term  relating to the first harm onic a.c. current d en sity  
can easily  be derived, noting (cf. Fig. 2) th a t th e  a.c. voltage am plitude in  
Eq. (1) appearing on the double layer can be calcu lated  from the a.c. v o lta g e
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am p litu d e  applied to  th e  cell if  the voltage d iv id er formed by R 0, Z F and C 
is k n ow n .

w here j У -  1 and

jcoC

Z F 4-
jcoC

Ro +
jmC

Z F 4 -
jcoC

is the faradaic

1

1 +  R 0 + j'«c]
.^ F

ad m ittan ce,

1

z 7
I(-----Ь jcoCp
tip

(3)

(4)

i.e. th e  resultant o f the polarization resistance R p and the pseu d ocap acity  
Cp in  parallel connection. The latter term s can  be derived from E q . (1) since 
th e  q u o tien t of the am plitudes of the a.c. p o ten tia l and a ; C .  current yields  
th e  ab so lu te value o f th e  electrode im pedance form ed by the parallel connec
tio n  o f  th e  faradaic adm ittance and the double layer capacity. T hus

L 1 1 1 1 1 ( 1= —  =  — + > c  = / h r -
V~ z e \ 1 Z F l R p

-|- (coCp -(- coC)2. ( 5 )

W h en ce  com paring E qs (1) and (5)

1

Rr
=  a>Cn (z F )2 у —( r  1ГТГ л r  V tT \  D i C

i  f f l ( C i o  v -f~ C 20 у D 2 )

f  D 2 C20 J / г '

2 RT ------ - ZF \ 2
С2о kt

Cin
1 +

N o w  E q s (4) and (6) are introduced into E q . (3):

( 6 )

V ~ =
'1  +  A

R p ,
+ j ~ +  °>R»C I

t i p
R

i + t

R \ 2
—°- +  a)R0C\ 
R p I

(3a)

T h u s E q . (1) relating to  the first harm onic com ponent of the a.c. current 
d e n s ity  takes the fo llow ing form:
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h =

1

R~P
+

R ,
4- coC

l + - ^ - ) 2 +  | ^ -  + c o R tiC 2
R l R I

( la )

Tw o effects are to  be taken into account in order to obtain the correction  term  
relating to  the second harm onic com ponent o f the a.c. current d en sity :

a)  first, the decrease o f  the a.c. vo ltage am plitude according to  E q . (3) 
is to  be considered. Thus introducing E q. (3a) into Eq. (2) we o b ta in  the  
corrected term  i*

+  C2Q1ЛВ2)

[  D 2
z F

Co„ R T  V- 1 - [  D ~
z F

C2n „RT4-
1 Dc C10° 1 D> Cio

2 1 2 (RT)2
1 +

------- - z F  \ 3A> C,„ R T n -

D x C10

oO2
(2a)

R l 2
— +  coR„C
Rp

b) m oreover, i* is further decreased under the shunting effect o f  the  
resistance R 0. In order to account for th is effect the equivalent circu it o f  the  
cell has to  be transform ed in  v iew  o f the second harm onic com ponent (F ig . 3).

A

Fig. 3. E qu ivalen t circuit of the electrode relating  to the second harm onic com ponent
of th e  a.c. current

A sine-w ave voltage o f angular frequency со th at does not con ta in  higher  
harm onic com ponents is im posed onto the points A  and В of the cell i.e. onto  
th e  resu ltant o f R 0 and Ze connected  in series. Thus A  and В  are at equal 
poten tia ls as far as the second harm onic a.c. com ponent is concerned and  
th ey  can be considered as short circuited in the equivalent circuit. A ccord ingly , 
in th is case the resistance R 0 and the electrode im pedance Ze (2со) can  be
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represented in parallel connection . The electrode im pedance Z e (2со) is given  
b y  th e  following form ula

—  1—  =  —  ------- 1- j2(oC, (7)
Z e(2co) Z p{2co) v

i.e. i t  is defined as in E q . (5) but at the angular frequency 2co o f the second  
harm onic. The appearance o f the second harm onic com ponent in the a.c. 
current flow ing th rough  th e  cell is a consequence o f the non-linearity of the  
electrode im pedance, th u s  th e  latter can be represented  as a current generator 
producing a current i* and having an in ternal resistance equal to  Ze (2w). 
A ccording to the eq u iv a len t circuit o f F ig. 3, tak in g  into consideration Kir- 
ch o ff’s law , we have

*2 - ^ 0  =  (̂ 2 H ) Z e { 2 c o ) ,

w here i 2 is the second harm onic current flo w in g  through the electrode.
H ence

R n 1 +  j R,
2 mR0C

Z e(2co) R P(2co)

and thus the absolute v a lu e  of the second harm onic current density is

I . I =

/ R,. 2
/ 1 4 ---------

Rp(2co)
+

(8)
R,

R p(2co)
-+2coR„C

F in a lly  uniting the correction  terms derived in  paragraphs a)  and b)  we obtain

I f—  -  zF -

lo
(zFY  

2) 2(HT)
Щ С , , У  D ^ C j D o )

I K  C.

Ű, c
20  R T  e 1 -

D2 C20 
-  e

D } C10

1 +
zF  \ 3

D„ C.,„ r t  ,l= I

D 1 Clt

n<)2
(2b)

1 R„
RP(<o)

R„
R p (co)

+  coR0C
2 / 2 (/ 1 +  0 +R p{2°j)j 1

R„
\Rp(2co)

+  2 cc>R0C

Form ulas (la ) and (2b) represent the am plitude o f  the first and second har
m onic a.c. current d en sities resp. flow ing th rou gh  the cell under the effect 
o f  a sine wave a.c. v o lta g e  of am plitude rf^, superim posed on the direct 
p oten tia l rj= as a fu n ctio n  o f z, C10, C20, ]/ft>, and R 0.

I t  is convenient to  rew rite Eqs (la ) and (2b) by introducing the variable 
A rj —  r]= — V1I2 in stead  o f th e  overpotential r]= w here 7]1 2  is the polarographic 
half-w ave potential d efin ed  by (c f Delahay [5]):
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RT  Cln R T
Vll2 — ------*n ------------------ 1,1

' zF  C2n zF

Thus E qs (6) and (2b) take the follow ing form

/ А
и .

1

R,
СО'c P - T ^ \ rH c^ D l + c2j ü ; i) 

2 t i  /

z F
R T (г)--Чиг)

Z F  ,  л^  i/»)
(6a)

»2 =
i*F)3

21 2( RT)'1

z F
R T (Ч--Чцг)

> (£*10 I + Qo I 2̂) 1 -
г г  , . I

(^7 e* *71 /2 )

1 (- e

z F
R T ( .Ч --Ч и г )

(2c)

«0  2
t fp M j l«p(ö>)

Kn ß)jR()C 1 и— A  
«я(2 со).

----- +  2(oR.C
Rp(2co)

C alculations were made in order to  evaluate E qs ( la )  and (2c) since  
the form ulas containing m any variables are rather com plicated. The resu lts  
of these calcu lations are represented in F igs 4 to  13 p lotted  as a function  of 
each variable. (For sake of convenience th e  values D  =  1 • 10 _5 cm2 sec _1 and  

== 1 - 1 0 -2 Y  were assumed.)

Fig. 4. The cu rren t density  of the first harm onic a.c. com ponent (i,) p lo tted  vs. the d.c. p o ten tia l 
for K0 =  0.2S, 50 and 100 Ohm resp. (C10 =  0, C„„ =  1 • 10 —a mole/1 and '̂cu =  20.) a) z — 1;

b) * =  2; c) 2 =  3
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F ig. 4 shows th e  am plitude o f  th e  first harmonic a.c. com ponent as a 
fu n ctio n  of Arj— in  case o f  z =  1, 2 and 3 resp. for R 0 =  0, 25, 50 and 100 Q 
resp . w hile C10 =  0, C20 =  1 • 10 _3 m ole/1, yöJ =  20. It is apparent from F ig. 4 
th a t  th e  am plitude o f  th e  first harm onic a.c. current density  decreases b y  
in creasin g  R 0 and z. This result is easily  understood on the basis o f  E qs (3a) 
and (6a) since the v o ltage  am plitude appearing on the double layer is decreas
in g  w hen  z and R 0 are increased.

F  ig. 5a

F ig . 5b

A c ta  Chim , Acad. Sei. H ung. 60, 1969
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Fig. 5c
Fig. 5. The m axim um  of the current density  of the f irs t harm onic a.c. com ponent ( i“ ax) 
p lo tted  vs. the  concentration C20 (C10 =  0) for R 0 =  0, 25, 50 and 100 Ohm resp. a) yco =  10 
and z — 1, 2, and 3, resp. b) уй> =  20 and z =  1, 2, and  3, resp. c) y«J =  50 and z =  1, 2,

and 3, resp.

Figs 5 and 6 represent the m axim um  values o f the first harm onic a.c. 
com ponent i™ax as a function of the concentration  C20 and the square root 
o f the angular frequency l  et), respectively , for different values o f R n. I t  is 
apparent th at at low  concentrations and low  frequencies the d eviation  from  
the curve pertaining to  R 0 =  0 is sm all, how ever, b y  increasing the frequency  
and th e  concentration  the deviation  from th e  theoretical values w ill be the  
greater the higher R 0 is. I t  is notew orthy th a t i™ax tends to  a lim iting  value  
by increasing frequency since, considering E q . ( la )

lim  il — lim

f l  1 2 1 2
/ — + ------b coC

\ R P R P i'l'L

I
R l 2

R n )  '
+  o)R0C

Rn

i.e. at su ffic ien tly  high frequencies the electrode impedance is practically

short-circuited by th e  im pedance -----  o f the double layer capacity  C and thus
wC

the current is only determ ined by the resistance R 0.
The lower frequencies are needed for th is  effect the higher are th e  con 

centration o f the solution  as well as the num ber o f electrons involved  in the  
cell reaction.
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Fig. 6a

Fig. 6b

F ig . 6. T he m axim um  of the cu rren t density of the f irs t harm onic a.c. com ponent (tylax) p lo tted  
vs. th e  square root of the angular frequency of the a.c. voltage for R 0 =  0, 25, 50 andlOO Ohm 
resp. a) C20 =  1 • 10 ~3 mole/1 (C10 =  0) and 2 = 1 ,  2, and 3, resp. b) C20 =  1 • 10—4 mole/1

(C10 =  0) and 2 = 1, 2, and  3, resp.
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It is notew orthy th at at low  concentrations i',Tlax is proportional to  the  
angular frequency instead o f th e  square root of the latter even at low  frequen
cies. This phenom enon can be explained if  we consider th at in th e  present 
case the faradaic current is negligible as com pared to  the current flow ing  
through the double layer capacity  the latter being proportional to  th e  angular 
frequency.

In Fig. 7 the am plitude o f  the second harm onic com ponent o f  th e  a.c. 
current density  i 2 is p lotted as a function  of the d.c. potential for the theoretica l 
case when R 0 =  0 at a given concentration  and frequency.

Fig. 7. The am plitude of the second harm onic a.c. curren t density ( i2) plotted vs. the d.c. poten tia l 
for z 1, 2 and 3 resp. in the case of C,„ 0, C20 1 • 10 mole/1, ] cö =  10 and  i?0 =  0

Fig. 8 show s the deform ation o f the curves in Fig. 7 under th e  in fluence  
of R 0 in the case of | <w =  20. It is apparent th at at low concentrations the  
effect is hardly noticeable, how ever, i 2 is decreasing and the difference in  the  
potentials corresponding to the m axim um  am plitudes and the h alf-w ave  
potentia l is increasing at higher concentrations. The phenom enon becom es  
more pronounced at higher values o f z.

Fig. 9 represents the sam e effect at higher and lower frequencies (Vco =  10 
and \iсо =  50), respectively. It is apparent that the decrease in i., as w ell as 
the increase in the difference o f  the peak potential, and the half-w ave potentia l 
at higher frequencies are the greater the larger are the values o f R 0 and z.
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Fig. 8 a

Fig. 8b
F ig . 8. The amplitude of th e  second harmonic a.c. cu rren t density  ( i2) p lo tted  vs. the d.c. 
p o te n tia l in the case of yU5 =  20, for R {) =  0, 25, 50 an d  100 Ohm, resp. a) C2(, =  1- 10-3 
mole/1, (C10 =  0) and z =  1, 2 and  3, resp. b) C20 =  1 • 10_4 mole/1, (C10 =  0) and z =  1,

2 and 3, resp.
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Fig. 9 a

Fig. 9b

Fig. 9. The am plitude of th e  second harm onic a.c. current density  (i2) plotted vs. the d.c. 
potential for R 0 — 0, 25, 50 and 100 Ohm resp. a) ytö =  10 and z =  1 ,2  and 3, resp. b) ]/tu =  50

and » =  1, 2 and 3, resp.

Acla Chim . Acad. Sei. Hung. 60, 1969
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F ig. 10. The m axim um  am plitude of the second harm onic a.c. cu rren t density  (itpax) plotte 
vs. th e  square root of the angular frequency for R 0 =  0, 25, 50 and 100 O hm , resp. (Cll, 0 

C2(l = 1 • 10_3 mole/1) a) z = 1; b) z =  2; c) z =  3

Fig. 11a
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Fig. lib

F ig. 11c
Fig. 11. T h e  m a x im u m  a m p litu d e  o f  t h e  s e c o n d  h a r m o n ic  a .c .  c u r r e n t  d e n s i t y  ( i p lo t t e d  
vs. t h e  c o n c e n t r a t io n  C 20 (C 10 =  0 )  fo r  Ii„ =  0 , 2 5 , 50  a n d  100  O h m , re sp . a ) yZ5 =  10 a n d  z — 1 

a n d  3; b )  yZö - 20  a n d  2 = 1  a n d  3 ; c )  y d i =  5 0  a n d  z =  1 a n d  3

Figs 10 and 11 represent the m axim um  am plitudes (i™ax) o f th e  second  
harm onic a.c. com ponent p lotted  as a function o f the frequency and o f the  
concentration , respectively . The deviation  from th e theoretical values (i.e. 
when R 0 =  0) is increasing by increasing values o f  R 0, z and jfa>.
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VG

Fig. 12. The m axim um  am plitude  of the second harm onic a.c. current density  (iij1®*) p lo tted  
vs. th e  square root of the angular frequency of a.c. voltage in case of z =  2 and for R„ =  0, 
25, 50 and  100 Ohm, resp. a) C20 =  1 ■ 10 mole/1, C10 =  0; b) C20 =  1 • 10 ~4 mole/1, C10 =  0

I t  is notew orthy th a t the ohmic correction becom es very significant at 
h igh  frequencies (j/co =  100, ]/o) =  200), since th e  faradaic im pedance is short- 
circu ited  b y  the im pedance of the double layer capacity  and thus the second  
harm onic com ponent o f th e  a.c. current flow in g  through the electrode tends 
to  zero. Hence m axim um  values o f the am plitudes of the current density  
(i"' x) p lo tted  as a function  o f the square root o f the angular frequency exhib it 
a m axim um  in the case of R n =f= 0. Fig. 12 represents the values o f  i™dX plotted  
as a function  of Vm at various values o f  R 0 w hen z =  2 and C20 =  1 - 1 0 -3 
m ole/1 and 1 • 10 ~4 m ole/1 resp.

In Figs 13 and 14 th e  difference o f  th e  potentia ls corresponding to  the 
m axim u m  of the am plitudes of the second harm onic a.c. current density  and the  
h alfw ave potentia l is p lo tted  as a function  o f the concentration and o f the  
freq u en cy , respectively . N o deviation is found from the theoretical value
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0.034/z У [1] at low concentrations even at [/'со =  50 and R 0 =  100; th e  devia
tion  from  this value, how ever, is increasing at higher concentrations w hen R 0, 
2  and |/co are increased. These data  support the results o f  B r o w n  et al. [9 ] while 
according to  B a u e r  and F o o  [6] th e  value of 0.034/г is independent from  the 
con d u ctiv ity  of the supporting electrolyte and the capacity  o f th e  double 
layer. This statem ent is va lid  at sufficiently low  frequencies and con
centrations only.
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Fig. 13c
F ig . 13. Deviation of th e  p o te n tia l corresponding to th e  m axim um  am plitude of the second 
ha rm o n ic  a.c. current den sity  from  the theoretical value, 0.034/z, p lo tted  as a function of 
th e  concentration C20 (C10 =  0), for R a =  0, 25, 50 and  100 Ohm, resp. a) ]/w =  10 and 
z  =  1, 2 and 3, resp. b) ]/m =  20 and  z =  1, 2 and 3, resp. c) ) cd =  50 and z =  1, 2 and 3, resp.

F ig. 14. Deviation of the p o te n tia l corresponding to th e  m axim um  am plitude of the second 
ha rm o n ic  a.c. current density  from  the theoretical value, 0.034/z p lo tted  as a function of 
th e  square root of the an g u la r frequency of a.c. voltage, for R 0 =  0, 25, 50 and 100 Ohm, 

resp. (C10 =  0, C2о =  1 • 10—3 mole/1.) a) z  =  1; b) z =  2; c) z =  3

A c ta  Chim. Acad. Sei. Hung. 60 , 1969



D ÉV AY  et ni.: CALCULATION IN  A.C. PO L A R O G R A P H Y 85

Our calculations led to the conclusion th a t th e  ohmic drop appearing  
on the resistance R 0 is considerably altering th e  theoretical relationships  
represented by E qs (1) and (2). These deviations are negligible at low freq u en 
cies and low concentrations only, provided th a t R 0 is sufficiently low .

Hence, it is advisable to em ploy a low -resistance cell in a.c. polarograpliy  
in order to  obtain  a linear relationship betw een  the concentration o f  th e  
depolarizer and th e  harmonic com ponents o f  th e  a.c. current as su ggested  
b y  B r e y e r  and B a u e r  [7] as w ell as by other workers [2, 3, 8, 9]. T o th is  
end it is preferable to  select a supporting electro ly te  having high co n d u ctiv ity  
and to  em ploy a dropping mercury electrode o f  low  resistance [8]. F urther  
the a.c. voltage superim posed on th e  d.c. polarizing potentia l is to be app lied  
by m eans of a p oten tio sta t (i.e. th e  potentia l appearing between the reference  
and the m easuring electrode should always be th e  sum  of the d.c. p o ten tia l 
and the sine-w ave a.c. voltage) since in this case th e  resistance R n is p ractica lly  
com posed o f the resistance of the solution betw een  the tip of the reference  
electrode and th e  m easuring electrode, further o f  th e  resistance of the dropping  
mercury electrode.
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KINETISCHE ANALYSE 
EINIGER FOLGEREAKTIONEN, IV

D IE  K O N K U R R E N T E N  FO LG EREA KTIO NSSY STEM E Л — С, А  +  С — Е
UND Л +  В — С, Л + С  — Е

Т. K e l e n

( Forschungsinstitut fü r  die Plastindustrie, Budapest)

Eingegangen am 23. F eb ruar 1968

Die konkurrenten Folgereaktionssystem e А  С, А C E  bzw. A  -f- В  C, 
A  -f- C —► E  wurden kinetisch un tersuch t und es wurde festgestellt, daß  die exak te  
Lösung der bezüglichen Differentialgleichungssystem e im Falle des А -*■ С, A  +  C — E  
Systems m it Hilfe der unvollständigen G am m a-Funktion, im Falle des Л В  C, 
A  -f- C — E  System s m it Hilfe der unvollständigen B eta-Funktion anzugeben ist.

Im dritten Teil unserer M itteilung [1] haben wir die kinetische A nalyse  
des konkurrenten Folgereaktionssystem s

А +  А — С А +  С -  Е  (1)

eingehend behandelt: wir gaben die A ufstellung des D ifferentialgleichungs
system s und dessen exakte Lösung an und analysierten  ausführlich die A bhän
gigkeit der K onzentrationen der in den R eaktionen teilnehm enden Substanzen  
voneinander und von der Zeit.

In dieser Arbeit befassen wir uns nun m it der kinetischen A nalyse von  
zwei weiteren konkurrenten F olgereaktionssystem en; wir behandeln die A uf
stellung und exakte Lösung des bezüglichen D ifferentialgleichungssystem s; 
wegen der chem ischen A nalogie, die mit dem in der vorangegangen M itteilung  
behandelten  Fall b esteht, befassen wir uns hier jedoch nicht m it der ein ge
henden A nalyse der Ergebnisse.

1. Das System А —► С, А  -|- C —* E

Es seien die geschw indigkeitsbestim m enden konsekutiven Schritte der 
vollständigen  chem ischen R eaktion

А -  C (2)

А +  C — E  (3)

Vorgänge erster und zw eiter Ordnung. Die zur E ntstehung von je einem  Mol 
des Zwischenproduktes C verbrauchte Menge der Substanz A  sei Mol, 
die zum Verbrauch des Zwischenproduktes C b en ötig te  Menge der Substanz  
A  sei a 2 Mol, ferner sei m it e Mol die Menge der Substanz E  bezeichnet, die
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dabei entstanden ist; die jew eiligen  m olaren K onzentrationen der versch iede
n en  Substanzen seien m it den entsprechenden großen B uchstaben (A, C, E ), 
ihre A nfangskonzentrationen hingegen m it dem  Index о (A n, C0, E 0) bezeich
n e t;  so können die Ä nderungsgeschw indigkeiten  der in den R eaktionen  
(2) und (3) teilnehm enden Substanzen folgenderm aßen aufgeschrieben werden:

— —— =  a ^ A  -j- a0k0AC  (4)
dt

-----=  k.A  — k0AC
dt

(5)

dE
dt

=  ekoAC . (6)

Z w ischen  diesen G eschw indigkeiten ist folgender Zusam m enhang festzu 
ste llen :

dA dC a,— 17 _L 1 t- a2 dE
dt — “ l Jdt e dt

( 7 )

w oraus durch Integration , w eiters durch B erücksichtigung der A nfangsbedin
gu n gen  (am Anfang der R eaktion  C0 =  E 0 == 0) folgende stöchiom etrische  
R ela tion  zwischen den K onzentrationen zu gew innen ist:

A 0 -  A =  aiC +  a i +  g2 E .  (8)
e

Zwecks Lösung des D ifferentialgleichungssystem s seien die G leichungen  
(4) und (5) vereinigt:

dC _  kxA  -  k2AC  
dA  «,/г, А А  a2k2AC (9)

F alls  wir die Bezeichnung

( 10)

einführen , kann (9) nach  Vereinfachung m it k^A in folgender Form  aufge
schrieben  werden:

dC 1 — xC
-  ; •  ( 11)

dA  dj a2xC

D ies wird nach Trennung der Veränderlichen integriert und auf diese W eise  
fo lgender А =  A(C) Zusam m enhang gew onnen:
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A = A 0 +  a.,C +  —  —  ln |1 -  xC\.
X

(12)

H iervon ist m it H ilfe der stöchiom etrischen R elation  (8) folgender E  =  E(C)  
Zusam m enhang zu gewinnen:

E =  — C +  1 ln |1 -  xCI
X

(13)

Zwecks F eststellung der Z eitabhängigkeit der K onzentrationen sei unser  
Ergebnis laut (12) in die D ifferentialgleichung (5) substituiert:

—  =  M i  -  * c)
dt

A 0 -)- a2C -f- - 2 ln 11 —- xCI
X

(14)

und die neue Veränderliche

Q ßo +  ln 11 — xC\ 

ßl
(15)

eingeführt, wo

e
e' 

+

II (16)

und
_  o , +  xA0 

P 2 --
ax +  a>

(17)

ist. Mit der laut (15) definierten neuen  Veränderlichen kann C folgenderm aßen  
ausgedrückt werden:

c = JL(1_ £+) (18)
X

w o íq (bzw. eä) folgenden exponentiellen  Ausdruck bedeutet:

4  =  exp  [ i f o ß - / ? , ) ] .  (19)

Mit Hilfe dieser Ausdrücke kann  die D ifferentialgleichung (14) au f eine 
einfachere Form gebracht werden:

^ -  =  k1^ - e +a ( l - Q e ö ) .  (20)
dt ß 1

N ach Trennung der Veränderlichen gew innen wir aus (20) das Integral

m  =  —  f- dQ =  0  +  I(Q0) . (21)
o2 J  1 — iJBa

D ie B edeutung des in diesem Z usam m enhang vorkom m enden©  ist fo lgende:
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в  =  kyt .  (22)

E s kann gezeigt w erden, daß das In tegra l I(Q)  auch in folgender Form  
aufgeschrieben w erden kann:

I(Q) =  —  _>’ exp  [ß2(n +  1)] I ß"  exp  [ — ß^n  +  1 ) Ü ] d ü . (23)
a 2 71 =  0

D er W ert des hier bezeich n eten  Integrals k an n  m it Hilfe der sog. unvoll
stän d igen  G am m a-F unktion  [2] angegeben w erden, in allgem einer Form  

(* > 0 ) :
X

\ z1”-1  exp ( — /uz) dz =  /u~vy(v, /их). (24)
о

D a  in unserem Fall die Veränderliche x der unvollständ igen  G am m a-Funktion  
Q  is t , ihre Param eter h ingegen

v =  n +  1 (25)

/X =  ßßn +  1) (26)

sind , kann das In tegra l (23) mit Hilfe der unvollständ igen  G am m a-Funktion  
folgenderm aßen aufgeschrieben werden:

ЦО) =  —  2  exp [ßo (n +  1)] -  1 y [ n + l , ß , ( n + l ) f J ] .  (27)«2 , 0 ß 1  + \ n  + 1 ) » + 1

Die in (27) vorkom m ende unvollständige G am m a-Funktion — wegen 
des Spezialwertes v o n  v la u t (25) — kann m it H ilfe  folgender Form el berechnet 
w erden:

n ftm ( n  4 -  1 ) m
y [ n  +  l , ß 1(n +  l ) ß ] = n ! { l - e x p [ - ß 1(n +  l ) ß ] ^  Pl { 1 Пт} . ( 28)

m = 0 m -

E s sei bemerkt, daß die W erte der un vo llstän d igen  G am m a-Funktion für die 
verschiedenen W erte der Veränderlichen und der Param eter in Tabellen aufzu
fin d en  sind (z. B. [3] und [4]).

Mit Hilfe des in  (27) aufgeschriebenen Integrals kann der die Z eitabhän
g igk eit enthaltende Z usam m enhang (21) in  folgender Form aufgeschrieben  
w erden:

e  =  I ( Q ) -  I(.Q0).  (29)

H ier  bedeutet I ( ß 0) den  W ert des Ausdruckes (27) beim  A nfangsw ert (t =  0) 
der Veränderlichen; d ieser W ert is laut (15):

=  ( 3 0 )
ßi

da am  Anfang der R eak tion  (i =  0) C0 =  0 und so ln 1 — xC0 '■ =  0 ist.
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D ie K onzentrationen der in der R eaktion teilnehm enden Substanzen  
können m it H ilfe der in (15) defin ierten  Veränderlichen Q wie fo lgt angegeben  
werden [die Funktion C =  C(ü)  is t in (18) enthalten]:

A = ^ . ( ß - e S )  (31)
X

bzw.

E =  - [ ( ß i - ß 1Q ) - ( l - k + ) ] .  (32)
x

(18), (31) und (32) geben also die A bhängigkeit der K onzentrationen der in 
der R eaktion teilnehm enden Substanzen  von der Veränderlichen ü .  (29) h in
gegen gibt die Zeitabhängigkeit der Q  an; auf diese W eise kann die Z eitab
hängigkeit aller in der Reaktion teilnehm enden Substanzen berechnet werden.

W ie dies aus der D ifferentialgleichung (5) feststellbar ist, ergibt sich  
der W ert des M aximums der Z w ischenprodukt-K onzentration  als

Cm =  I  . (33)
x

Die U ntersuchung der Zusam m enhänge A =  A(C)  laut (12) bzw. E =  E(C) 
laut (13) zeigt hingegen, daß C d iesen M aximalwert bei keinerlei x erreicht. 
Aus diesen Zusam m enhängen kann gleichzeitig festgeste llt werden, daß die 
Z w ischenprodukt-K onzentration am E nde der R eaktion jew eils einen begrenz
ten W ert annim m t und bei keinerlei x gleich Null wird. Der Z usam m enhang  
C_ =  f(x)  kann, wegen des transzendenten  Charakters der L ösungsfunktionen  
in expliziter Form  nicht angegeben werden.

2. Das System A  -}~ В ~1► С, А +  С —► Е

Es seien die geschw indigkeitsbestim m enden konsekutiven  Schritte der 
vollständigen chem ischen R eaktion

А +  В -  С (34)

А +  С -* Е (35)

Prozesse zw eiter Ordnung; ferner sei die zur E ntstehung von je  einem Mol 
des Zwischenproduktes C verbrauchte Menge der Substanz В (ihre jew eilige  
K onzentration  ist В , die A nfangskonzentration  B 0) b Mol (die sonstigen  
B ezeichnungen stim m en m it dem in Punkt 1 angegebenen überein), som it 
können die Ä nderungsgeschw indigkeiten der in den R eaktionen (34) und (35) 
teilnehm enden Substanzen folgenderm aßen aufgeschrieben werden:
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dA
-----------  ajt ,  Л В  -(- a2k.2AC

dt

dB
dt

=  ЪкгА В

—  =  к, А В  — кс,АС 
dt

dE
dl

=  ek2A C .

(36)

(37)

(38)

(39)

Zwischen diesen G eschw indigkeiten können folgende Zusam m enhänge fe s t
gestellt werden:

dA ax a„ dB dC
=  a2-----

dt b dt ~ dt
(40)

dA ал dB  a2 dE
dt b dt e dt

dA dC
—  =  a 1 —
dt dt

+
al -(- a2 dE  

e dt

(41)

(42)

woraus durch In tegra tion , weiters durch B erücksichtigung der Anfangsbe
dingungen (am A nfang der Reaktion ist C0 =  E 0 =  0) die folgenden stöch io
m etrischen Z usam m enhänge zwischen den K onzentrationen gewonnen werden  
können:

А  — A 0 — + "2 (В -  B0) +  a2C
b

A 0 - A  =  ^ ( B 0 - B )  +  ^ E
b e

A 0 — A =  a f i  +  —1 +  ° 2 E.

(43)

(44)

(45)

Es seien die G leichungen (37) und (38) zwecks Lösung des D ifferential
gleichungssystem s verein igt:

dC _  k ,AB -  k,AC 
dB ~ bk, А В

(46)

F alls wir die neue Veränderliche

(47)

einführen und ferner berücksichtigen, daß au f Grund von  (47) (da C =  Bip)
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d e  dxp
----  =  y) - f  В  -----
dB dB

(48)

ist, so kann unsere Gleichung (46) in  folgender Form geschrieben w erden:

(49)
„  dy> 1 —xw 

— w — В  —— - -
dB  b

N ach Ordnung und nach Trennung der V eränderlichen gelangen wir aus (49) 
zu folgender R elation:

dB bdip
В ~

(50)
! + ( / >  — x)v

Nach Integration vo n  (50) gewinnen wir den В  =  B(yj) Zusam m enhang:

В =  R„[l — (x — b)y>] ^ Ъ .  (5 1 )

Falls wir für die relative K onzentration der Substanz В die B ezeichnung

В
B r

B n
(52)

einführen, gewinnen wir auf Grund von  (51) und (47) die ip =y>(B r) und  
C =  C(Br) R elationen:

1

und
x — b 

Bn

1 — B r ь

C =  ^ - B r \ l - B r ь
x —b

(53)

(54)

E s seien zw ecks Feststellung der R elation  А  =  A [ B r) die G leichungen  
(36) und (37) verein igt:

dA a1kiA B  -|- a.,k2AC  
dB bklA В

(55)

D ies kann auf Grund von (52) und (53) — nach Vereinfachung m it kxA B — 
folgenderm aßen aufgeschrieben werden:

1 dA
+

a., x x — b\

1 - B r * . (56)
ß () d B r b b x — b 

Nach Integration gew innen wir hieraus folgenden А =  A ( B r) Z usam m enhang:

A  =  A 0 — B 0 (gj +  aa) x — 0 ,6 q  _  в  ч _
b (x — b) x — b

1 -  Вг ь (57)
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D urch E inführung der Bezeichnungen

Л
a l = -------------в п

0C„ =
(dj -f- a2)x — a,fc 

b{x — b)

y. — b

(58)

(59)

(60)

kann unser E rgebnis (57) folgenderm aßen aufgeschrieben werden:

А  =  В,!«! — ocoBr — tx3B r b). (61)

Das Ergebnis (61) sei, zwecks F estste llu n g  der K onzentrationen, in die 
D ifferentialgleichung (37) substituiert:

dBL
dt

=  bkxB()
X

— a ,Br — a3B r b Br-

E s sei ferner die neue Veränderliche

(62)

t  =  1 -
/Nr *

(63)
*1

eingeführt. Som it wird

B r = h |
4 )

b b
x (1 — t )  * (64)

und
d B r b I a , b , b ~ x d t (65)* ( 1 - 0  x
dt * ( аз dt

m it deren H ilfe die D ifferentialgleichung (62) folgenderm aßen u m gesta ltet  
werden kann:

dt
dt M - c -

„ i  +  b 
-  0  * 1 -  “i- aA

b
~ * t (  1 -

b-
- t y ~ x

« з / a2 a 3 _
• ( 66 )

N ach Trennung der Veränderlichen und durch Bezeichnung bzw . D urch
führung der In tegrale  gewinnen wir fo lgen d es Ergebnis:

Q =
1 «1

xx2 B„ a:s

wo die B edeutung von в  wie in
Veränderlichen f  la u t (63)

*  [  J ( C 0 )  -  J(t)] ,

(22) is t  und der Anfangswert (i

(67)  

0) der
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Co =  l  - ( 6 8 )

bedeutet, ferner J(C) das folgende Integral bezeichnet:

/b

J(C) =
J 1 - « « c a - i ) - -

dC

wo die B edeutung von a 4 die folgende ist:

a„

(69)

(70)

Es kann gezeigt werden, daß das Integral J ( f )  in folgender Form  aufge
schrieben werden kann:

J(0 =  2 '  «7 J  C "(i -  0  -  ß (" +1) + 11 dQ (71)

Der W ert des obigen Integrals kann m it H ilfe der sog. unvollständigen B eta- 
Funktion [5, 6] angegeben werden, in allgem einer Form:

' zP -  1 (1 -  z)< -  1 dz =  B x( p ,q ) . (72)

D a in unserem  Fall die Veränderliche x der unvollständigen B eta-F u n k tion  
7 ist, ihre Param eter hingegen

P  =  n +  1 (73)

q =  — — {n +  l ) , (74)

kann das Integral (71) m it H ilfe der unvollständigen  B eta-F unktion  fo lgender
m aßen aufgeschrieben werden:

J { t )  =  2 < B e ” +  1’ — (" +  1) n = n  I ^
(75)

Es sei hier bem erkt, daß die W erte der unvollständigen B eta-F unktion  bezüg
lich der verschiedenen W erte der Veränderlichen und der Param eter in  T abellen  
aufzufinden sind (z. B. [7]).

D ie K onzentrationen der in den R eaktionen  teilnehm enden Substanzen  
können m it H ilfe der in (63) defin ierten  Veränderlichen C wie fo lgt angegeben  
werden:

A  =  B Ü «,c -  « , W * ( i
Ь

- 0 =1 аз !
(76)
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в  =
b ь
= (1 _  f)S

C =  Bu
b — ■ x

W ( i - o
1  - [ * L

*  _ i
x ( 1  —  £ ) x

( a 3  / l a 3

E = ^ - Л _  ß - a i R 0£ +  ( a i - I , «1
*  h  +  т BA  ! - £ ) "

CLo [ b 1 аз1 l ь

(77)

(78)

(79)

D ie  R elationen  (76) — (79) geben also die A bhängigkeit der K onzentrationen  
der in  der R eaktion teilnehm enden Substanzen von  der Veränderlichen £ an: 
die R elation  (67) h ingegen zeigt die Z eitabhängigkeit der Veränderlichen £. 
A u f diese W eise kann die Z eitabhängigkeit der K onzentration aller, in der 
R eak tion  teilnehm enden Substanzen berechnet werden.

L I T E R A T U R

1 . K e l e n , T ., T ü dő s , F .:  K in e t is c h e  A n a ly s e  e in ig e r  F o lg e r e a k t io n e n . I I I .  D a s  k o n k u r r e n te
F o lg e r e a k t io n s s y s te m  A- \ - А  С , А C E.  A c t a  C h im . A c a d . S e i. H u n g . 59 (1 9 6 9 )

2. B a t e m a n , Н .,  E r d é l y i , A .:  H ig h e r  T r a n s c e n d e n ta l  F u n c t io n s ,  Y o l. I I .  M c G r a w -H ill
B o o k  C o., I n c . ,  N e w  Y o r k  — T o r o n t o — L o n d o n , 1 9 5 3

3 . P a g u r o w a , W . I .:  T a b liz ü  n je p o ln o j  U - F u n k t i i .  W ü ts c h is l i t j e ln ü j  Z e n tr  A N  S S S R , M o s k a u ,
1 9 6 3

4 . P e a r s o n , К .:  T a b le s  o f  th e  I n c o m p le t e jT -F u n c t io n . B io m e t r ik a  O ffic e , U n iv e r s i t y  C o lle g e ,
L o n d o n , 19 3 4

5 . K e l e n , T .: K in e t is c h e  A n a ly s e  e in ig er  F o lg e r e a k t io n e n .  I I .  D ie  S y s t e m e  A  -f- В  ->  C ,
C E  u n d  А  + C  — С , С  +  C — E  Z . p h y s .  C h e m . (N e u e  F o lg e )  6 0 , 191 (1 9 6 8 )

6. B a t e m a n , H ., E r d é l y i , A .:  H ig h e r  T r a n s c e n d e n ta l  F u n c t io n s ,  Y o l. I . M c G r a w -H ill  B o o k
C o ., I n c . ,  N e w  Y o r k — T o r o n to  — L o n d o n , 1 9 5 3

7 . P e a r s o n , К .:  T a b le s  o f  t h e  I n c o m p le t e  B e t a - F u n c t io n .  B io m e tr ik a  O f f ic e ,  U n iv e r s i t y
C o l l e g e ,  L o n d o n , 1 9 3 4

T ibor K e l e n ; Budapest II. Pusztaszeri út 57/69

A cta  Chim. Acad. Sei. Hung. 60, 1969



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 60 (1— 2),pp .97— 102 (1969)

ON THE PARAMETER FORM 
OF FORCE CONSTANTS MATRIX, IX

T H E  CONNECTION B ET W E E N  NORMAL AND SYMMETRY COORDINATES

F .  T ö r ö k

( Institute o f General and Inorganic Chemistry, L. Eötvös University, Research Group for Inorganic 
Chemistry o f the H ungarian Academy o f Sciences, Budapest)

Received March 11, 1968

An investigation of th e  connection between th e  sym m etry  and normal coordi
nates has led to  the conclusion th a t  the force constan t sets belonging to a given assign
m ent can be restricted to narrow er limits. Since th e  signs o f the columns of the tran ss  
form ation m atrix  between sym m etry  and norm al coordinates are no t fixed it follows 
th a t all the possible force constan ts can be formed by  param eters having their valuee 
between the limits —я/2 and  -\-7tl2. Methods are given for the calculation of th . 
param eters characterizing th e  connection between sym m etry  and normal coordinates -

Normal coordinates g ive com plete inform ation about the vibrational 
m otion of a m olecule. The norm al coordinates can on ly  be determ ined in the  
knowledge o f both the force field  and m olecular geom etry [1]. H ow ever, 
to  construct the sym m etry coordinates, it is on ly  th e  m olecular geom etry  
th a t is needed. Accordingly, th e  connection betw een sym m etry and norm al 
coordinates depends on the force constants, and th is fact underlines th e  
im portance o f  its investigation .

In order to  investigate th e  connection betw een sym m etry  and normal 
coordinates, le t us denote th e  colum n m atrix o f  sym m etry  coordinates and 
th at o f normal coordinates b y  S  and Q, respectively . As it  is known, the tran s
form ation betw een the tw o colum n matrices is g iven by

Q =  L S ,

where L is an re-dimensional m atrix, which can be obtained  by solving th e  
secular problem

G F  L =  L Л.  (1)

G can be constructed in the know ledge of the m olecular geom etry and th e  
m asses of the atom s: the elem ents of m atrix F  are th e  force constants; Л is 
a diagonal m atrix whose elem ents can readily be obta ined  from the normal 
frequencies, and the colum ns o f m atrix L are th e  eigenvectors of m atrix  
GF  [1]. The order o f the sym m etry  coordinates is determ ined by the sequence  
of the rows (or colum ns) o f m atrix  G, and th at o f  the norm al coordinates by  
the elem ents o f m atrix Л.

In our previous paper [2] it has been pointed out th a t m atrix L can be 
w ritten  as

L = g U ,  (2)

7 Acta Chim. Acad. Sei. Hung. 60, 1969
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w h ere g  =  G1 2, and U is an orthogonal m atrix satisfying th e  equation

g F g U  =  UA  ,

F rom  th is relation we get all th e  m atrices F  reproducing th e  m easured normal 
frequencies:

F  — g -1 и Л и тё ~г (3)

w h ere U  is an arbitrary proper orthogonal m atrix (i.e. one w ith  th e  determ inant 
eq u a l to  + 1 ) ,  and U 1 m eans th e  transpose o f U.

T he following tw o parameter representations o f m atrices U  are know n [3]: 
( a )  A ngle parameters

L et us define the Ttj  elem entary rotation m atrix as follow s:

Ti) =

1
К  IК  1 1
- c o s  d v

1
- — s i n  ofjj

1
1

• 1 ^- S i n  r f i j ------------ :-------- — COS O n.

i
w here a  у  is the i j -th  param eter. A ll th e  possible rc-dimensional m atrices U 
can  b e given as a product o f  (n) elem entary rotational m atrices:

гг _ 7’ 7’
u  —  1 1 2 1 13 T T1 i n 1 23 T T± on • • • 1 n- (4)

( b )  A ntisym m etric param eters
T he matrices U can also be form ed by antisym m etric m atrices, К :

U =  (E -  К )  {E +  * 0  - 1 =  2(E +  IC) - 1 -  E

w h ere th e  elem ents o f К  are th e  n param eters having any arbitrary real 
va lu es:

/ 0 1̂2 • •  în\
_ í12 0 •  2̂ n

V-— ̂1/7 . о )

I t  follows from the foregoing th a t E q. (2) gives all th e  possib le m atrices 
L  as function  of the proper orthogonal m atrices U. As it w as expounded in 
our previous papers [2, 4, 6 ], the assignm ent betw een th e  sym m etry  coor
d in a tes  belonging to  the rows o f m atrices G and F  and the norm al coordinates
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belonging to the norm al frequencies in m atrix Л, is the closest, if  U — E,  where 
E  denotes the unit m atrix . In  this case L — g, w hich m eans th at th e  start
ing position  is fixed  b y  m atrix  G. The exact m atrix L  o f the m olecule is deter
m ined b y  the difference betw een  the exact force constants and th e  elem ents 
o f m atrix

F 0 =  g ~ ' A g - \

which can be obtained from  Eq. (3) by su b stitu tin g  U =  E.  This difference 
is m easured by m atrix U, therefore, w ith a given m atrix  G, it is m atrix  U that 
m ust be exam ined in order to  obtain inform ation about m atrix L.

I t  is known th a t a proper orthogonal m atrix defines a rigid rotation  of 
an orthogonal coordinate system  about its origin [3]. An arbitrary [/*,• elem ent 
o f m atrix  U is equal to  th e  cosinus of the angle betw een the k-th axis o f the  
reference coordinate system  and the i-th  axis o f  the rotated one. In the case 
o f an n-dim ensional problem , m atrix U defines the rotation  of an orthogonal 
coordinate system  in th e  n-dim ensional space. Let the starting reference 
system  be fixed by U =  E.  I t  follows from the foregoing and from our previous 
papers [5, 6] that th is U — E  position corresponds to  the assignm ent centre 
w ith  th e  closest connection  betw een the k-th sym m etry coordinate and k-th 
norm al one (k =  1, 2, . . . ,  n). I f  the rotation o f the coordinate system  from  
th is position  is sm all, th e  projection of every rotated  axis is th e  greatest to 
th e  reference axis from  w hich it has been rotated  out. I t  is also possib le that 
after rotation the k-th rotated  axis coincides w ith  the reference axis ik ( fc = l ,  
2, . . . ,  re), where i x, i 2, . . . ,  in denote an arbitrary perm utation  o f num bers 1, 
2, . . . ,  re. In this case U belongs to the centre o f  the assignm ent, ordering the  
k-th sym m etry coordinate to  the ik-th normal one (fc =  1, 2, . . . ,  re).

On the basis o f  th ese considerations, we can say that the k-th normal 
coordinate has the closest connection with i-th  sym m etry coordinate, if  the 
fc-th colum n of m atrix U  has its elem ent o f greatest absolute va lu e in the 
i-th  row.

W hen the assignm ent is uncertain, several colum ns m ay have elem ents 
of m axim um  value in th e  sam e row, but it does not occur in the case o f  a defi
n ite assignm ent. In th e  la tter  case, it is advisable to  rearrange the order of 
the colum ns of m atrix U  in such a way th at the diagonal elem ents in each 
colum n should have the greatest absolute values. In this way, o f  course, the  
sequence of the elem ents in m atrix Л  will be changed, thus the fc-th sym m etry  
coordinate and the k-th norm al one (k =  1 , 2 ,  . . . , r e )  will have again the 
closest connections. As m atrix  U never m eans reflection but on ly  rotation, 
it can always be achieved th a t all the diagonal elem ents have p ositive  signs 
after the aforesaid rearrangem ent.

According to our previous paper [5], all the m atrices U generating ma
trices F  belonging to a g iven  assignm ent can be form ed by the param eters
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ta k e n  from  the тт/4 region o f  the zero point, i.e. by

— Ji/4 <  ecu <  jt/4 i <  j ,  j  =  2, 3, . . . ,  n. (5)

T h is suggestion was m ade on th e  basis of an arrangem ent o f the centre points 
in  th e  space of param eters. I t  should be noted  th a t near the borders of the  
v a r io u s regions, there are cases when the projections of the rotated  axes are 
no longer the greatest to  th e  original ones. Considering this fact, the narrowing  
o f  th e  region given b y  E q . (5) is possible. As either the projections to  all the  
ax es are equal to 1/1 n, or a t least there is one axis to  which the projection is 
greater  than  1/| n, in form ing matrices F  belonging to  a given assignm ent, 
it  is reasonable to restrict ourselves to the m atrices U whose diagonal elem ents 
are greater than l/[  n.

T o illustrate the a b o v e  ideas, let us consider the m atrix U form ed by  
th e  angle parameters a 12 =  oe13 =  x 23 =  40°. The corresponding antisym m etric  
p aram eters are: i 12 =  0 .4828 , f13 — -0 .2 7 9 9 , t23 =  0.7689.

/0 .58676 -0 .80889  0.03602 \
£7 =  0.49238 0.32116 -0 .8 0 8 8 9

\0 .64280 0.49238 0 .58676 /

I t  appears that one o f  th e  d iagonal elem ents is sm aller than  l/[ /3  =  0.5773, 
and th e  m atrix U corresponds to  an assignm ent ordering the 1st, 2nd and the  
3rd norm al coordinates to  th e  3rd, 1st and 2nd sym m etry ones, respectively . 
A fter  rearranging the co lum ns in this sense, we get

U =
Í 0.80889

- 0 .3 2 1 1 6
-0 .4 9 2 3 8

-0 .0 3 6 0 2  0.58676 \
0.80889 0.49238

-0 .5 8 6 7 6  0 .64280 /

T h is m atrix  can be form ed w ith  the angle param eters

a 12 =  —29° 2 5 ', a 13 =  —21° 40 ', a 23 =  - 4 2 °  25',

and  w ith  the antisym m etric  parameters t12 =  —0.1094, t13 =  — 0.4141, 
t23 =  — 0.4141. In the rearranged form, the sum  o f the absolute values of the 
param eters is smaller th an  in  the original case, indicating th at when starting  
from  th e  second centre, th e  rotation  required is smaller.

A s it  can be observed from  the foregoing, a g iven  m atrix F  can be formed  
b y  several matrices U  d iffering in the sequence o f their colum ns. As the 
m u ltip lica tion  of the eigen vectors by a constant is allowed, the sam e m atrix  
F  w ill be formed by m atrices U which only differ in  the signs o f all elem ents 
in  som e o f the columns. In  th e  case of angle param eters it can be proved that, 
i f  th e  absolute values o f  one or several param eters exceed л/2, another set 
o f  param eters can alw ays be found, all the m em bers of which are from the  
тг/2 region  of the zero p o in t, i.e.:
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— я/2 <  Xi j  <  я /2  i <  j ,  j  =  2, 3, . . . ,  n

and the m atrix U formed by them  differs from th e original one on ly  in the 
signs o f  all elem ents in the even num bers o f colum ns. An im portant conse
quence of this fact is that all m atrices F can be form ed by param eters taken  
from the я/2 region o f the zero p o in t. It can also be show n that, on th e  other 
hand, it is not possible to find even  two sets of param eters in the я /2  region  
w hich give the sam e m atrix F  (naturally Л rem aining unchanged).

Let us suppose that all the param eters form ing a given m atrix  U are 
from the я/2 region, w ith the excep tion  of ay. In stead  o f ay  let us tak e the 
param eter а у + я  w hich is in the я /2  region. A t th e  sam e tim e, le t us change 
the signs of the param eters xps w ith  the indices p  =  i, j  and s =  n, n — 1, . . .,
j  -f- 1, furthermore those with s =  j  and p  =  j —1, jr — 2 , .............. . i -f- 1. In
this case all the new  parameters are from the я/2 region, and they  generate a 
m atrix  U differing from the original one only in the signs of the i-th  and 
/с-th colum ns. For exam ple, if  am ong the param eters generating a 5-dim ensional 
m atrix  U, it is only a 12 for which а 12| >  я/2, let us choose a 12+  я and reverse 
the signs of param eters а )3, a 14, a 15, a 23, a 24, a 25. The new  param eters w ill give 
a m atrix U differing from the previous one on ly  in  the signs of th e  1st and 
2nd columns.

In this w ay the significant role of m atrix U  in the connection betw een  
sym m etry and norm al coordinates has been dem onstrated . For characterizing  
a m atrix U, its param eters are very  convenient. T aking into consideration that 
all the quantities depending on th e  force constants can be expressed as func
tion  o f param eters, it is necessary to  calculate th e  param eters b elonging  to 
a solved eigenvalue problem characterized by m atrix  L. W e m ention  th at 
the parameters belonging to m atrix  F , obtained at the end of an iteration  
process, are not at our disposal even in the know ledge of the ind ividual 
steps [4]. In the follow ing two m ethods will he given for determ ining th e  param 
eters o f m atrix U =  g -1L, which can be calculated from  L  w ithout d ifficu lty .

(a)  The param eters of the skew  sym m etric m atrix К  can be form ed  
by sim ple m atrix m anipulations:

K  =  ( E — U) ( E  +  U)  - 1 =  2 (E +  U)  - 1 -  E.

I f  the problem is o f higher d im ension, com puter calculations are needed. 
In the case of a three-dim ensional problem, the param eters can read ily  be 
calculated from the elem ents o f  m atrix U:

<12 =
u2l - u12

1)
и , uv

1)
<23

I V - ^
D

where D =  1 +  C7n  +  U 22
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(b)  The calculation  o f  the angle param eters is som ew hat m ore difficult. 
In  carrying out such ca lcu lation s, we make use o f  the fact th a t th e  parameters 
a 12, « 13, . . Xin can be ob ta in ed  from the first colum n. N am ely, th e  elem ents 
o f  th e  first column are th e  following:

COS x l,n co s a l,n-T • . . co s X 12
c o s x l,n cos « l .n - l  • . . c o s x 13 sin « 1 2

c o s * 1  ,n cos x l , n - l  ■ . . co s «14 sin a 13

c o s x l,n sin x l , n - l
sin  « ! „

L e t  us apply the n o ta tion  U  =  U XU 2, w here Ux =  T12T 13. . . Tln . H aving  
o b ta in ed  the param eters a 12, « 13, . . ., a ln  from  the first colum n o f m atrix U, 
m a tr ix  Ux can be form ed and U2 can also be determ ined by

u 2 =  u \ u.

A s it  can be seen, U 2 has tfollow ing partitioned  construction:

Ua =
1 0  \
0 1/3 I

w h ere m atrix U3 has th e  sam e construction as U, therefore, from  the first 
co lu m n  of U3 the param eters a 23, <x24, . . . ,  x 2n can be determ ined. In this 
w a y , th e  «-dim ensional problem  has been reduced to an (n — l)-d im ensional 
on e. T hese steps m ust be repeated in order to  obtain  all param eters. N otably, 
th is  m ethod can only be applied if all the param eters are from the тг/2 region 
o f  th e  zero point.
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ГИДРОДИНАМИКА ТОНКИХ ПЛЕНОК ЖИДКОСТИ, 
ТЕКУЩЕЙ ПО ВЕРТИКАЛЬНОЙ ПОВЕРХНОСТИ

Й. НЕМЕТ и В. ШЕР
И ссл ед о ва т ел ь ск и й  И н с т и т у т  Т е х н и ч е с к о й  Х и м и и  В е н ге р с к о й  А к а д е м и и  Н а у к  

и  И ссл е д о в а т е л ь с к и й  И н с т и т у т  А в т о м а т и к и  В е н г е р с к о й  А к а д е м и и  Н а у к

Поступило: 12. IV. 1968.

Статья занимается проблемой жидкостной пленки, стекающей по верти
кальной поверхности. Сравниваются теории, описывающие исследоваемое явле
ние с собственными и литературными данными. Для средней толщины жидкост
ной пленки вводится линеаризированное уравнение типа

1} — А  • й е \

характеризующее диапазон течения в области О <  Re <  80 000, где А  и к  константы.
На основании литературных уравнений и собственных измерений высчиты

ваются значения А  и к для 3-х режимов течения. Измерения средней толщины 
жидкостной пленки как при волновом, так и при безволновом течении показы
вают, что теория Нуссельта в пределах точности опыта, в режиме, где R e <  1000, 
хорошо описывает течение жидкостной пленки.

Наблюдение и измерение волнового течения на поверхности пленки по
казало, что характер волн, за исключением места их образования отличается от 
предсказанного теорией. На основании измерений, проведенных при специальных 
условиях опыта дается выражение, выражающее зависимость дли ныволны и ско
рости волнового движения от скорости подачи жидкости, выраженной числом Re.

Вопросы гидродинамики тонких пленок («falling film») за последние 
несколько лет вызвали к себе повышенный интерес исследователей и с теоре
тической и с экспериментальной точки зрения. Этот интерес вызывается в 
первую очередь тем фактом, что скорости тепло- и массопередачи в жид
костной пленке тесно связаны с ее гидродинамикой. Несмотря на большое 
количество опубликованных теоретических и экспериментальных работ, 
целый ряд вопросов гидродинамики тонких пленок жидкостей до сих пор 
удовлетворительно не решен.

Данная статья занимается вопросом средней толшины жидкостной 
пленки, стекающей по вертикальной поверхности, и волновым движением 
на поверхности пленки.

I. Средняя толщина жидкостной пленки
7. Обзор литературы

Одним из параметров жидкостной пленки, характеризующих ее гидро
динамику является средняя толщина пленки.

На основании теоретических работ Нуссельта [1] возможно вывести 
уравнение для предсказания средней толщины пленки. Предполагая, что
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движение жидкости в пленке стационарно, что жидкость в прилегающем к 
твердой поверхности слое неподвижна и, что на границе жидкость-газ 
значительных касательных напряжений не имеется, распределение скоро
стей жидкости в пленке в направлении, перпендикулярном к движению 
жидкости, выражается следующим уравнением:

U = J - ( 2 m y - y * ) .  (1)
2v

На основании уравнения (1) с максимальной скоростью UM жидкость 
течет на поверхности жидкость-газ. Отношение между UM w средней по всей 
толщине пленки скоростью Ucp будет

где и ср можно выразить как

UM _ 3

Ü7P ~ ~ 2 ’

т

( 2)

( 3 )

Средняя толщина жидкостной пленки, текущей по вертикальной 
поверхности выражается следующим уравнением:

3 Qv 

8

1/3
(4)

В случае невертикальной поверхности в знаменатель правой части урав
нения (4) входит значение sin «, где ос — угол наклона поверхности к гори
зонту.

Результаты некоторых работ, опубликованных за последнее время 
[2], [3] указывают на то, в экстремальном случае, когда а — 0 уравнение 
(4) не соответствует экспериментальным данным.

Во многих случаях для характеристики течения удобно пользоваться 
зависимостью коэффициента трения на границе жидкость-стена/от значения 
числа Re.

Если число Re для жидкостной пленки выражается как

Re =
4Q

( 5 )

то в интервале течения, характеризуемым теорией Нуссельта

/  =
96
Re

(6)

Теория Нуссельта предполагает, что течение жидкости в пленке ламинарно. 
В то же время на поверхности жидкостной пленки, начиная с числа Re  =
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=  20—30 замечается волновое движение. Это явление привело многих 
исследователей к предположению, что при появлении волн течение пленки 
не описывается моделью Нуссельта.

Р и с . 1. Зависимость коэффициента трения /  от числа R e  по данным различных авторов

Проведенное рядом исследователей [4], [5], [б], [7] с целью проверки 
уравнения (2) измерение скорости жидкости на поверхности пленки привело 
к противоречивым результатам. Так измерение скорости движения краски 
[4] и пластмассовых палочек [5], нанесенных на поверхность стекающей 
пленки жидкости, показало, что до наступления волнового движения урав
нение (2) верно, а затем отношение между поверхностной и средней скоро
стью пленки становится больше 2-х. С другой стороны измерения Порталь- 
ского [6], недавно подтвержденные результатами Веста и Кола [7], указы
вают на то, что отношение UM/U cp как при наличии, так и при отсутствии 
волн приблизительно равняется значению 1,5.

По поводу методики измерений поверхностной скорости путем нане
сения краски или палочек на поверхность пленки можно заметить сле
дующее.
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По теории волнового движения скорость волнового фронта превы
шает скорость поверхности пленки. Таким образом волны, толкая перед 
собой нанесенные на поверхность пленки капли краски или палочки, уве
личивают их скорость. Это подтверждается наблюдением Брауэра [5], что 
палочки, нанесенные на поверхность пленки, по мере своего движения 
группируются по фронту волн.

Проведенные различными авторами измерения средней толщины 
пленки также привели к противоречивым выводам.

Р и с .  2 . Зависимость коэффициента трения /  от числа R e  по данным Брётца [14]

В качестве примера на рис. 1 и 2 изображены пересчитанные резуль
таты различных авторов [4], [9—14]. Как видно из рисунка 1, результаты 
измерений средней толщины пленки до некоторого определенного числа 
Re  хорошо выражаются уравнением (6). Сходную закономерность показы
вают и результаты, приведенные на рис. 2, хотя в последнем случае разброс 
точек значителен.

С другой стороны, результаты ряда работ [5], [15—17], проведенных 
в том же интервале чисел Re, противоречат теории Нуссельта. Так приве
денные на рис. 3 результаты измерений Портальского в интервале 10 <  
<  Re  <  400 выражаются лучше теорией Капицы [8], чем теорией Нуссельта. 
По теории Капицы, характеризующей течение пленки при волновом дви
жении средняя толщина пленки

2,4 Qv

g

1/Я
( 7)
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Для характеристики пленочного течения взамен теории Нуссельта 
рядом авторов [9], [15], [16] было предложено применение теории универ
сального профиля скоростей Кармана [18]. Даклер и Бергелин [9], пред-

Р и с . 3 . Зависимость коэффициента трения /  от числа R e  ио данным Портальского [15]

положив, что пленка жидкости при всех режимах содержит ламинарный, 
переходный и турбулентный подслой, вывели следующее уравнение:

Re =  12г] +  Щ \ п 1) — 256,  (8)

где между параметром г] и средней толщиной пленки можно вывести зависи
мость:

„ V  из
т = ^ ~  . (9)

ё

На рис. 4 в двойных логарифмических координатах изображено 
(сплошная линия) уравнение (8). Из графика видно, что с уменьшением числа 
Re кривая становится почти параллельной оси Re,  что на основании урав
нения (9) означает следующее: значительное изменение в этой области числа 
Re приведет к весьма небольшому изменению средней толщины пленки.
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Этот вывод противоречит опытным результатам. Так, например, результаты 
измерений, приведенные на рис. 1, показывают, что в области малых чисел 
Re уравнение (8) не применимо.

Портальский [15] преобразовал уравнение (8) Даклера и Берге- 
лина [9]. В результате преобразования для ламинарного режима в области, 
где О <  г] <, 5 было получено:

Re =  2 rf- (10)

и для переходного режима, где 5 <  г] <  30. (11)
Для турбулентного режима, где »; [> 30, уравнение (8) осталось дей

ствительным. Уравнения (10)—(11) сравниваются с уравнением (8) на 
рис. 4 (пунктирная линия).

Нетрудно доказать, что уравнение (10) может быть выражено в форме 
уравнения (4); т. е. в виде

т =
' 2 Q v  \ !/»

8 I
( 12)

Преимущество теории универсального профиля скоростей перед 
теорией Нуссельта заключается в том, что она действительна не только для 
ламинарной, но и для переходной и турбулентной области. Величины числа 
Re, при котором течение перестает быть ламинарным (Rekp), определенные 
различными авторами отличаются друг от друга (таблица 1).

Результаты измерений, проведенных рядом исследователей [9], [14], 
[15] в турбулентном режиме при Re >  2000, показали повышенную сред
нюю толщину пленки по сравнению с высчитанной из уравнения (8) тол
щиной. Например, результаты Брётца (рис. 2) группируются вокруг линии, 
параллельной оси Re. На основании своих измерений Брётц для режима
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Т аб ли ц а  1

Автор

Портальски15 1 160
Брауэр5 1 600
Живайкин19 1 800
Уарден12 2 000
Брётц14 2 360
Джексон20- 5 000

Re  >  2360 предложил эмпирическую формулу

=  0,17? Q2 1/3
(13)

В формуле (13) в числе независимых параметров отсутствует вязкость, 
т. е. в этой области коэффициент трения не зависит от числа Re и по Брётцу 
является постоянной величиной, равной 0,048. Сходные результаты полу
чил и Портальски [15] (рис. 3) с той разницей, что у н е г о / 0,06.

В противоречии с этими выводами результаты измерений, приведен
ные на рис. 1, показывают, что зависимость коэффициента трени я/от числа 
Re не прекращается и при режиме, где Re >  2000.

2. Введение линеаризированного общего уравнения средней толщины пленки

Из литературного обзора видно, что ни теория Нуссельта, ни теория 
универсального профиля скоростей Даклера и Бергелина не в состоянии 
характеризовать среднюю толщину жидкостной пленки во всем встречаю
щемся в практике диапазоне скоростей. Наряду с этим из уравнений (8)— 
(11), выведенных из теории универсальной профиля скоростей, функцио
нальная зависимость между средней толщиной пленки и определяющими 
ее параметрами не может быть выражена в эксплицитной форме. Так как 
при расчете скоростей тепло- и массообмена в жидкостной пленке как раз 
эта зависимость имеет важную роль, мы ее выразили линеаризированным 
приближением уравнения (8). В нашей работе мы попытались ввести общее 
уравнение, которое применимо для всех областей течения.

Введение общего уравнения средней толщины пленки исходит из 
следующих предположений:

1. Значением средней толщины пленки можно пренебречь в срав
нении с двойным радиусом поверхности, по которой течет пленка. На по
верхности жидкость-газ значительных касательных напряжений нет.

2. В ламинарной области течения пленки применима теория Нус
сельта .
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3. В турбулентном режиме течения жидкостной пленки в области 
1000 <  Tie <  80 000 функция log г) от log  Re может быть выражена мини
мальным числом прямых.

На основании вышесказанного зависимость г] от Re может быть вы
ражена как

у\ =  ARek. (14)

Подставляя уравнение (14) в уравнение (9), получаем:

! A 2Re2kv2 \ з/з

— b r i  • (15)
Аналогичным путем выводится уравнение для коэффициента трения:

/ =  128 H W * - 2. (16)

Совместным решением уравнений (4) и (15) или уравнений (5) и (16) для 
ламинарного режима (Re <  1000) получается А =  0,865 и к =  0,5.

В области больших чисел Re (104 <  Re  <  105) кривая, изображенная 
на рис. 4, была замещена прямой. Методом регрессии для этой области мы 
получили:

Г) =  0,0535 Яе0'87. (17)

Подставляя значения А  и к в уравнения (15) и (16) получаем:

2,85 • 10~:! Re1’™ v2 j

S )
/ =  0,365 Re~0’26.

1/3
(18)

(19)

В целях проверки полученных уравнений, уравнение (19) сравнивалось с 
эмпирическими уравнениями, известными из литературы.

Течение жидкостей в трубах при турбулентном режиме характери
зуется известным уравнением Блазиуса:

/ =  0,316 Я е-°'25. (20)

Живайкин [19] на основании собственных и литературных данных выразил 
коэффициент трения в турбулентном течении жидкостной пленки следую
щим эмпирическим уравнением:

/ =  0,360 К е-°'25. (21)

На основании своих измерений Брауэр [5] нашел, что в турбулентном 
режиме коэффициент трения зависит от числа Re в степени 0,266.

Вышеприведенные примеры показывают, что приближенные урав
нения (18) и (19) хорошо совпадают с литературными данными.

Попытка вывести уравнение для жидкостной пленки в интервале 
1000 <  Re <  10 С00 на основании приближения кривой на рис. 4 не при-
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вела к удовлетворительным результатам. Этот режим течения был нами 
характеризован на основе экспериментальных результатов.

3. Экспериментальная часть

Экспериментальные методы определения средней толщины жидкостной пленки 
хорошо описаны в статье Портальского [15].

В наших измерениях мы пользовались методом отсечки питания («hold up»). Схема 
установки изображена на рис. 5. Жидкостная пленка стекала по внешней поверхности 
трубки, диаметр которой изменялся между 18,5 и 20,2 мм, а длина между 448 и 694 мм.

Р и с . 5  Схема установки

В измерениях применялись стеклянные и медные трубки. Для распределения жидкости 
по периметру трубки служила распределительная головка (на рис. 5 изображена от
дельно).

Рабочей жидкостью служила вода из водопровода при 10°С и 15°С. Для измерения 
средней толщины пленки в безволновом режиме к воде добавлялось поверхностно-актив
ное вещество (п. а. в.) марки Никепон.

Измерение проводилось следующим образом: Напорный бак 1 (см. рис. 4) запол
нялся жидкостью и открытием клапана 8  жидкость подавалась в колонну 6 . После уста
новления смачивания трубки пленкой по всей её длине, скорость подачи и температуры 
устанавливались на заранее определенное значение. Поворотом трехходового крана 4  
подача жидкости прекращалась (жидкость из распределительной головки отсасывалась 
эжектором 5). Одновременно с отсечкой питания начиналось обирание жидкости, задер
жавшейся на поверхности трубки, в предварительно взвешенный сборник. Жидкость 
собиралась в течение 2 минут, затем остаток на поверхности трубки собирался предвари
тельно взвешенной фильтровальной бумагой, затем бумага вновь взвешивалась и коли
чество жидкости добавлялось к задержавшейся жидкости. По меньшей мере 3 измерения 
проводились при одинаковых условиях п затем брался средний результат.

Среднюю толщину пленки получали делением 'объема собранной жидкости на 
рабочую поверхность трубки.
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4. Обсуждение результатов измерений

Средняя толщина пленки измерялась в интервале от Re =  67 до 
Re =  5830. Результаты измерений в виде значения средней толщины пленки 
как функции числа Re  изображены на рис. 6 в двойных логарифмических 
координатах. Прямые линии на рисунке отвечают изображению уравнения 
(4) при 10°С и 15°С. Из рис. 6 видно, что при Re <  1000 результаты из
мерений согласуются с теорией Нуссельта. Переход от ламинарного режима,

1 I 1 1 1 I I ■

жидкость т иинныы труики сипе
d-10г  1 Мат. 

Вода 15 Z,OZ Q607 стекло▼ 
Вода Ю 2,01 0,685 медь о 
Вода 10 1,85 0,6% медь + 
п.а.Ь. 0,0125°/, 10 2,02 0,612 стекло •  
Вода 15 2,02 0,44? стекло д

ю л

+

Л~ ■ “ I
ЬненСте

14)а
" ура

-

-

10
15 c ' f

-
4 в  в  10г 2 4 6 в  103 2 4 6 Q 10е*

R e

Р и с .  6 . Зависимость средней толщины пленки от числа Re при двух различных темпера
турах жидкости

выражаемый характерным отклонением результатов от прямой, не одно
значен. Так результаты измерений, проведенных с металлической трубкой, 
показывают, что ламинарный режим кончается около Re ^  1000, в то же 
время значение перехода для результатов, полученных со стеклянной труб
кой, лежит около Re  2000.

Приведенные в таблице 1 данные показывают разнообразие точек 
перехода, полученных различными авторами. Можно предположить, что 
это разнообразие вызывается не только разницей в экспериментальной ме
тодике (в случае наших измерений методика не менялась), а что на значение 
критического числа Re  влияют и такие факторы как шероховатость по
верхности, по которой течет жидкостная пленка. Это предположение под
держивается и результатами Брауэра [5].

Одной из целей измерений было изучение теоретически трудно опре
деляемого переходного режима, расположенного между ламинарным и
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турбулентным течением в области 1000 <  Re <  10 000. По техническим 
причинам измерения были проведены до Re =  5830.

На рис. 7 в двойных логарифмических координатах приведены резуль
таты измерений в виде функции г) от числа Re.  В области Re =  1076 —

Р и с . 7. Зависимость параметра г) от числа R e

5830 получилось 26 точек измерения; они приближаются уравнением, 
полученным с помощью метода наименьших квадратов:

у] =  0,196 Re0’71. ( 22)

Подставляя рассчитанные таким путем значения А и к в уравнение 
(16) получаем:

/  =  4,91 Ке-0,57. (23)

Уравнения, полученные для трех режимов течения, приведены в таблице 2.

Таблица 2

Р е ж и м /  m

Ламинарный 
Re <  103

96 R e - 1 ^ 0,75 йет- j 1/3

Переходный
103 <  Re  <  10‘ 4,91 Ke” 0’57

f  3 ,84 .10 -*  Д*1.4*** -\lh
1 g )

Турбулентный
10* <  Re <  105 0,365 Re 0’-6

(  2,85 • 10-3  Ke1’7V- У /з
1 g J
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В целях сравнения полученных уравнений с результатами измерений 
уравнения для / из таблицы 2 нанесены на рис. 1, 2 и 3.

В предыдущей главе мы упомянули, что на поверхности жидкостной 
пленки, начиная с определенного числа Re (20—30) появляется волновое 
движение. Волны заметны на поверхности пленки только на некотором 
расстоянии от места образования пленки.

Многочисленные измерения показали, что с появлением волн на по
верхности пленки скорость тепло- и массопередачи в пленке заметно по
вышается. Это явление вызывает значительный интерес к волновому дви
жению на поверхности пленки.

Хотя волновое движение описывается несколькими отличающимися 
друг от друга теориями [8], [21], [22], в настоящей работе мы остановимся 
только на выводах из теории Капицы [8], так как эта теория наиболее ши
роко описывает изучаемое явление.

По модели Капицы волновое движение на поверхности пленки явля
ется установившимся движением с волнами синусоидального характера. 
Скорость движения волн постоянна по времени и в 2,4 раза больше средней 
по всей толщине пленки скорости Ucp.

Длина волн по теории равняется:

а средняя толщина пленки выражается уравнением (7). По теории Капицы 
волнообразование на поверхности пленки возникает при определенном 
числе Re и это значение для каждого специального случая может быть 
высчитано. Так, например, для случая воды при 20°С это значение равно 
Re  =  23. Это значение более или менее подтверждается рядом опытных 
наблюдений [4], [15], [21], [23], [24]. С другой стороны, по мнению Брука 
[21], волнообразование не ограничено нижней границей — при достаточно 
большой длине поверхности волны будут образовываться при любом малом 
значении числа Re.  Кроме этого, по его выводам в области Re <  16,5 для 
воды амплитуда волн настолько мала, что волны невооруженным глазом 
не замечаются.

Другой возможностью проверки теории Капицы является измерение 
средней толщины волнистой пленки. Затруднение заключается лишь в том, 
что предполагаемые значения из теории Капицы (уравнение (7)) и из теории

II. Волновое движение на поверхности жидкостной пленки

7. Обзор литературы

(24)
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Нуссельта (уравнение (4)) отличаются друг от друга лишь на 7%, что меньше 
погрешности большинства измерений средней толщины пленки. Результаты 
некоторых измерений, однако, по их авторам [15], [17], [25] лучше харак
теризуются теорией Капицы, чем теорией Нуссельта.

По теории Капицы волновое движение является периодическим — 
синусоидальным. По наблюдениям [5], [26], [27], [28] волны такого рода 
замечаются только в месте их возникновения и на коротком от этого места 
расстоянии. По мере дальнейшего движения волновое движение теряет 
свою регулярность.

Измерения длин волн на месте их возникновения показали [26], [29], 
что в противоречии с уравнением (24) длина волн с изменением объемной 
скорости не уменьшается, а является приблизительно постоянной вели
чиной.

2. Экспериментальное исследование волнового движения

2.1 Визуальные наблюдения. Волновое движение на поверхности 
пленки жидкости изучалось на установке, изображенной на рис. 5. Одно
временно с образованием жидкостной пленки на ее поверхности и нево
оруженным глазом наблюдались волны, движущиеся по направлению к 
движению жидкости. Для улучшения видимости внутренняя часть стек
лянной трубки заполнялась матовой белой жидкостью, а пленка окраши
валась перманганатом. Образование волн было заметно на расстоянии не
скольких сантиметров от места образования пленки. В зависимости от ско
рости подачи жидкости это расстояние изменялось.

При малых скоростях подачи жидкости (Re =  30—40) волны стекали 
в форме правильных колец. С увеличением подачи скорость движения волн 
увеличивалась, нарушалась их правильная кольцеобразная форма. С даль
нейшим увеличением подачи жидкости скорость волн настолько увеличи
валась, что их наблюдение невооруженным глазом становилось невозмож
ным.

Наименьшим числом Re, при котором еще наблюдалось волновое 
движение было Re =  28. Это значение немного выше значения, предсказан
ного теорией Капицы, но при меньших подачах пленка разрывалась. Волны 
при Re =  28 были видны не по всему периметру трубки, а только на одной 
ее части. Сходное неравномерное распределение волн было обнаружено и 
другими авторами [29], [30]. При этой скорости длина волн по всей трубке 
была постоянной и приблизительно равнялась величине 10 мм, предсказан
ной Стэинторпом и Алленом [26]. При повышении подачи жидкости вол
новое движение восстанавливалось по всему периметру трубки.

Для более подробного изучения волнового движения снимались 
кино- и фотосъемки с них. На приведенных фотоснимках 1—3 видно место
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образования волн. Волны имеют периодический характер, длина волн при
мерно 10 мм. После нескольких сантиметров течения волны теряют свою 
правильную форму, расстояние между ними увеличивается (фото 4—7). 
При больших подачах жидкости профиль волн размывается. Визуальные 
наблюдения позволяют сделать вывод, что за исключением малых чисел 
Re и места образования, волновое движение носит неровный характер.

Ф от о 1 Ф от о 2  Ф от о 3

2.2 Измерение волнового движения на поверхности пленки. По теории 
Капицы, при постоянной подаче жидкости волны на поверхности пленки 
движутся с постоянной скоростью, которая в 2,4 раза больше средней 
скорости пленки. На основании визуальных наблюдений можно сделать 
вывод, что хотя профиль волн особенно при больших числах Re не показы
вает правильную форму, волны с примерно одинаковой скоростью следуют 
друг за другом.

Измерение скорости волн производилось их киносъемкой, где фикси
ровался пройденный путь волны за определенное время (количество кад
ров). Съемка производилась при скорости 24 и 48 кадров в секунду. Уже 
на основании фотоснимков можно было предположить, что волны не дви
жутся с постоянной скоростью по всей длине трубки. Из снимков видно, что 
при образовании расстояние между волнами (длина волны) примерно по
стоянно, затем это расстояние увеличивается. Можно сделать вывод о том, 
что после образования волны проходят промежуток пути с ускорением, а 
затем их скорость опять становится постоянной.

По наблюдениям Стэинторпа и Аллена [26] волны сначала ускоряются, 
а затем замедляются. При замедлении волны должны бы накопляться, а 
этого ни на фото-, ни на киносъемках не замечается. Измерение скорости 
волн проводилось с окрашенной перманганатом водопроводной водой с тем-
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Ф от о 4 Ф о т о  5 Ф от о 6 Ф о т о  7

пературой 16°С, текущей по поверхности трубки с внешним диаметром
20,2 мм, длиной 630 мм.

На рис. 8 приведены средние скорости волн, измеренные на отрезках 
трубки, расположенных на различных расстояниях от места образования 
пленки. Измерения подтверждают предположение об ускорении волн.
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Р и с .  8 . Скорость движения волн на отрезках поверхности, расположенных на различ

ных расстояниях от места образования пленки

Р и с . 9 . Зависимость скорости волнового движения от числа R e

Результаты измерений скорости волн в зависимости от числа Re сте
кающей пленки приведены на рис. 9.

Уже упомянутые Стэинторп и Аллен [26], на основании своих изме
рений скорости волн в месте их образования получили эмпирическую фор
мулу:

W  =  1,48 ■ 10~2 Re°’->. (25)

На основании теории Капицы скорость волн:

W  =  0,71 (vg)113 Re213. (26)

Уравнения (25) и (26) вместе с результатами некоторых авторов [30], [31] 
приведены на рис. 9. Измеренные нами скорости волн, хотя их зависимость 
от числа Re находится в том же порядке, значительно больше результатов,
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полученных упомянутыми авторами [26], [31]. Это объясняется тем, что их 
измерения проводились в области образования волн, а мы измеряли ско
рость волн в области их стационарных скоростей.

На основании наших измерений, для скорости волн в зависимости от 
числа Re жидкостной пленки мы получили эмпирическое уравнение:

W  =  ВКе°'5, (27)

где при условиях нашего опыта В =  3 ,82 -10-2.

10
8
6

-

-

-

- n < e (30)
• о J ö'

___ 1__ ___ 1___ 1 ! 1 _1_ 110'
R e

Р и с . 10 . Зависимость длины волн от числа R e

На основании уравнения для скорости движения волн, возможно 
получить изменение длины волны в зависимости от числа Re. Для этого 
мы воспользовались литературным [26] эмпирическим уравнением, харак
теризующим волновой поток (под волновым потоком подразумевается число 
волн, проходящее мимо внешнего наблюдателя, за единицу времени): 

Волновой поток равен:
/> =  1,3 Be0'5. (28)

Делением уравнения (27) на уравнение (28) получаем выражение для длины 
волны:

А =  2 ,9 4 - 1 0 - 2. (29)

По уравнению (29) длина волны не зависит от числа Re жидкостной 
пленки. В целях проверки этого вывода мы попытались определить среднюю 
длину волн в области установившегося течения. Для этого на фото- и кино
съемках подсчитывалось количество волн на определенном отрезке трубки 
и затем рассчитывалась средняя длина волны.

Результаты, приведенные на рис. 10, подтверждают независимость 
длины волны от числа Re. В данном случае для средней длины волны в 
области Re =  44—785 мы получили значение

А =  2,61 • IO“2. (30)
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Так как при измерениях волнового движения изменялась только 
скорость подачи жидкости, то полученные результаты нельзя считать окон
чательными. Необходимы дальнейшие теоретические и экспериментальные 
изыскания для выяснения механизма волнового течения жидкостной пленки 
на поверхности.

SUMMARY

E xperim ental d a ta  ta k e n  from the literatu re  an d  th e  authors’ own results are used to  
com pare different theories o f th e  flow of faning film s on vertical surfaces The following 
eq ua tion  is proposed to  characterize  the average th ickness  of the faning film  in th e  range 
0 <  R e <  80,000:

rj =  A Re*

w here A  and к are constan ts. T he values of A  and  к  a re  calculated for three flow  ranges, 
using known equations and  orig inal data. M easurem ents o f th e  average thickness of th e  fan 
ing  film  indicate th a t th e  N usselt theory adequately characterizes the observed phenom ena 
in  th e  range where R e <  1000. The observation of, an d  th e  measurements carried  o u t on, 
th e  w aves formed on th e  surface of the faning film  show  th a t  the theory only pred icts 
co rrec tly  the location of w ave-form ation, other ch arac te ris tics  being a t variance w ith  the 
theo ry . On the basis of th e  p resen t measurements, th e  speed and  length of the waves are de
scribed as functions of th e  in p u t of liquid.

Обозначения

A — Константа в уравнении (14) —

В — Размерный коэффициент в уравнении (27) м/сек
Q — Удельная скорость подачи м2/сек
Re — Число Рейнольдса —

b — Волновой поток 1/сек
f — Коэффициент трения —

g — Ускорение силы тяжести м/сек2
k — Константа в уравнении (14) —

m — Средняя толщина пленки м
U — Линейная скорость течения м/сек
UCP — Средняя по толщине пленки линейная скорость течения м/сек

— Максимальная скорость течения м/сек
У — Расстояние от стенки мw — Скорость волнового движения м/сек
V — Значение безразмерного расстояния от стенки на поверхности пленки —
A — Длина волны м
V — Кинематическая вязкость м2/сек
Ő — Динамическое поверхностное натяжение м3/сек2
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EINE NÄHERUNGSMETHODE ZUR KINETISCHEN 
ANALYSE VON FOLGEREAKTIONEN

T. K e l e n

(Forschungsinstitut fü r  die Plastindustrie, Budapest)

Eingegangen am 23. F ebruar 1968

Es wurde eine handlichere N äherungsm ethode zur kinetischen A nalyse von 
aus zwei uni- und/oder bim olekularen konsekutiven Prozessen bestehenden Folge
reaktionen ausgearbeitet. Die M ethode wurde an dem  Beispiel des auch ex ak t beh an 
delten Folgereaktionssystem s A  f  В -* C, C +  D ->- E  dargelegt und auch  ihre 
Fehlergrenze wurde geschätzt.

D ie exakte kinetische B ehandlung der Folgereaktionen ist, wie in unseren  
früheren M itteilungen [1— 4] gezeigt wurde, im Falle von  System en, die aus 
zw ei uni- und/oder bim olekularen konsekutiven R eaktionen  bestehen, im m er  
durchführbar. Die exakte L ösung führt aber m anchm al zu weniger bekannten  
höheren Funktionen, deren praktische Anwendung (besonders für einen Che
miker) gewisse rechnungstechnische Schwierigkeiten verursacht. O bwohl diese 
Schw ierigkeiten überwindbar sind, hielten wir es für zw eckm äßig, eine N äh e
rungsm ethode auszuarbeiten, die hei mehreren System en leicht anzuw enden ist.

D iese N äherungsm ethode, grundsätzlich eine Polygon-A pproxim ation , 
soll in der vorliegenden A rbeit beschrieben werden und zwar im  Interesse  
der besseren V erständlichkeit für den Fall des auch exak t behandelten  [1] 
System s

А +  B - + C  (1)

C +  D -  E  (2)

1. Das D ifferentialgleichungssystem  und die exakte Lösung

D ie zur E ntstehung von  je  einem  Mol des im  Zuge des G esam tprozesses 
entstehenden Zwischenproduktes C verbrauchte M enge der Substanz A  sei 
a Mol, die der Substanz В  sei 6 Mol, ferner sei m it d die Menge der Substanz  
D  bezeichnet, die zum Verbrauch von je 1 Mol des Zw ischenproduktes b en ötig t  
wurde und mit e die Menge der entstandenen Substanz E;  die jew eilige m olare 
K onzentration  der verschiedenen Substanzen sei m it den entsprechender  
großen Buchstaben (А , В, C, D, E) und die A nfangskonzentration m it dem  
Index  о (A0, Bu, C0 =  0, D0, E0 =  0) bezeichnet: zur B ezeichnung der m ola
ren Q uantität der bis zum Z eitpunkt t laut (1) en tstandenen  Substanz C diene
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d ie  F u n k tion  x =  x( t)  u n d  zur B eze ich n u n g  der lau t (2) b is zu m  Z eitp u n k t
t  verb rau ch ten  m o la ren  Q u a n titä t  von  C  d ie F u n k tio n  у  =  y ( t ) ,  d. h. defini-
t io n sg em ä ß  sei

C =  x  — у (3)

fer n e r  seien die fo lg e n d e n  B eze ich n u n gen  ein gefü h rt:

А
ao

а
(4)

в ° 1T  = b‘
(5)

Do Й
- J = d °

(6)

abk l =  x.± (7)

dki-) — 2̂ (8)

d a n n  kann das D iffe r e n tia lg le ic h u n g ssy ste m  fü r die 
w ie  fo lg t  au fgesch rieb en  w erden:

R ea k tio n en  (1) und (2)

dx
—— =  *i К  — x) (b0 — x)  

dt (9)

- ~  =  x2( x - y )  (d0 — y ). 
dt

(10)

D ie  L ösung der D iffe re n tia lg le ic h u n g  (9) la u te t  [bei t =  0 is t  x(o)  =  0]:

,  \ , 1 — £1 (t) 
x(t) =  a j ) 0 ' 

b0 — a0 e± (t)
b z w . dam it

(И )

4 _  ̂ №  ЬАо) £\ (t )
a B 0 —  b A 0e1 (t)

(12)

J ß  _ J ß  ^ 0
a B 0 — b A 0 ex (t)

(13)

w o b e i e1(i) für fo lg en d e n  A u sd ru ck  steh t:

si  (0  =  exp  [ — (b0 — a0) t]. (14)
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Für die K onzentration des Zwischenproduktes C ist, nach E inführung der 
neuen Veränderlichen,

x — a0

bzw . der Funktion
C(t) =  W(z)

die folgende Lösung zu gewinnen:

C = W ( z ) =  ---? ■ Ь° z ( z -

wo die Funktion /j(z )  für alle W erte

1)

<%(») ! к
dz dz
Ш  +  В Д  ~

von z

(15)

(16)

(17)

f i (z)  =  z1-* ( l —z y - e - 1 (18)

b ed eu tet, die F unktion / 2(z) ist aber für beliebige W erte von  
niert:

z folgend defi-

im  Falle von z <  1:

/ , ( z )  =  2F i (1,/9; y; z) (19)

im Falle von z •< — 1:

f 2( z ) =  — 1 l , 2 - y ; 2 - ß ; ~ \ (20)

im  Falle von z >  + 1 :

/2  (*) = - j , F i j  1, 2 -  y; 2 +  ß -  у;  1 -  -*-j. (21)

D ie D eutung der K onstanten  in den Ausdrücken (17) — (21) ist, w ie folgt:

x1
(22)

J *2 d0 — a0_ 
«1 — «„

(23)

D ie Funktion 2FX (a, b; с; £) in den G leichungen (19) — (21) ist die sog. hyper
geom etrische F unktion , die durch die folgende Potenzreihe definiert ist
(с ф  0, -1 ,-2 ,...):
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2F,(o,fe;c;f) =  1 +  —  JL + ?(fi± .1>b<b + I> ü  +  ..
c 1! c ( c + l )  2!

(24)

D er  W ert der K on stan ten  К  in (17) wurde aus den A nfangsbedingungen  
gew onnen:

d f M

К
dz

d f2 (z0)
dz

(25)

w o b e i z0 den A nfangsw ert von z bedeutet:

ao —  bo
(26)

Abb. 1. Beispiel fü r die zeitliche Ä nderung von А , В  und  x

A u s der Lösungsfunktion (17) für C erhält m an m it H ilfe der Zusam m enhänge 
(3) und (11) die F u nktion  y(t):

W O  =  X ( t )  -  C (27)

u n d  dam it auch die K onzentrationen  der Substanzen D  und E :

D =  D0 -  dy(t) (28)

E =  ey(t).  (29)

D ie Zeitabhängigkeit der K onzentrationen А ,  В, C, D  und E  bzw. der 
F u nktionen  x und у  is t  a u f Grund der exakten  Lösungen [der R eihe nach: (12),
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(13), (17), (28) und (29) bzw. (11) und (27)] in den A bbildungen 1 und 2 
dargestellt. [Im  dargestellten B eisp ie l einer anorganischen R eaktion [5] betru
gen: A 0 =  a0 =  0,1505 (a =  1), B 0 =  3 b 0 =  0,5783 (b  =  3), D 0 =  3 d0
=  0,2877 {d =  3), E  =  у  (e =  1), k x =  5,16, k2 =  0 ,28.]

Abb. 2. Beispiel für die zeitliche Änderung von C, D und  у

Abb. 3. Beispiel für die A bhängigkeit der Größen C, D, E  und  у  von x

In Abb. 3 werden dieselben W erte des angew andten Beispiels als F unk
tion  der Veränderlichen x dargestellt. Aus dieser A bbildung ist ersichtlich, 
daß die Lösung laut (17) gut zu behandeln ist, solange der W ert der V eränder
lichen x sich dem Grenzwert n ich t allzusehr nähert. Es ergeben sich jedoch  
gew isse rechnerische Schw ierigkeiten (die aber n icht unüberw indlich sind), 
wenn man die exakte Lösung n ach  (17) bei den dem Grenzwert naheliegenden  
дс-W erten anw endet. Im angeführten Beispiel ändert sich der #-W ert nach
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5 S tu n d en  R eaktionszeit praktisch  nicht mehr (s. A bb. 1: die Ä nderung beträgt 
w en ig er  als 10~3 % u n d  w ird  ständig kleiner), obzwar die R eaktion  (2) noch 
v ie le  Stunden hindurch die M enge des Zwischenproduktes verm indert (Abb. 2).

2. Die annähernde Lösung des D ifferentialgleichungssystem s

Im  Zusam m enhang m it Abb. 3 wurde schon darauf hingew iesen, daß 
bei langen  R eaktionszeiten  die Anwendung der exakten  Lösung laut (17) 
g ew isse  rechnungstechnische Schwierigkeiten verursacht. W eitere Schwierig
k e ite n  entstehen beim  R ech n en  mit hypergeom etrischen R eihen, wenn die 
B estim m u n g  der R eak tion sk on stan ten  aLif Grund von  experim entellen  Daten  
b e n ö tig t  wird. Daher w ird im  folgenden eine handlichere A nnäherungsm ethode 
beschrieben . Unseres E rach ten s ist diese M ethode bei sinngem äßer Anwendung 
au ch  dazu geeignet, bei k in etisch en  Problem en b en ü tzt zu w erden, die zu exakt 
n ic h t  lösbaren D ifferentialgleichungen führen.

2.1 Die Näherungsfunktion у  =  y( t )

D ie D ifferentialgleichung (10) wäre, w ie aus dem Vergleich m it (9) zu 
seh en  ist, in geschlossener analytischer Form  integrierbar, falls

x =  konstant (30)

se in  sollte. Theoretisch w ird  diese Bedingung nie, praktisch aber dann erfüllt, 
w en n  x  seinem G renzwert schon ziemlich nahegekom m en is t  (z. B . in dem 
in A bb . 1 bis 3 vorgefü h rten  Beispiel bei t >  5 Stunden R eaktionsdauer). 
F ü r ein ganz kleines Z eitin terva ll wird aber kein großer Fehler begangen, 
w en n  in diesem der ж-W ert als konstant b etrach tet und die D ifferentialglei
ch u n g , analog zu (9), für das erwähnte Z eitintervall integriert wird, und sodann 
m it dem  erhaltenen R e su lta t  für das nächste —  ebenfalls sehr kleine —  Zeit
in terv a ll neue A nfangsbedingungen  bestim m t werden.

D ie Grundlage der je tz t  beschriebenen P olygon-A pproxim ation  bilden 
die folgenden R elationen:

D ie A nfangsbedingungen des n-ten In tervalles

—  ln  ln —15 ( 3 1 )

1
d. h . die Werte von C u n d  — D am A nfang dieses In tervalles seien cn_ x bzw.

d
dn_ x- Diese können fo lgenderw eise errechnet werden:

G - i  =  *n- i  — Уп-1 (32)
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bzw .

w obei

bzw .

dn- i  — dj. у  „_i 

* „ -i +  xn
%n—1

П—1
Уп- i = 2  лу 1 

/=1

(33)

(34)

(35)

Abb. 4. Beispiel für die K on stru k tio n  der T reppenfunktion x(l)

bedeuten . In (34) geben xn_x und xn die W erte der :r(t)-Funktion für den  
A nfang bzw. das E nde des n-ten In terva lles an, daher ist xn_i  das arith m eti
sche M ittel der beiden. Im w esentlichen  erfolgt hierm it der Übergang von  der 
F u nktion  x(t) zur Treppenfunktion x(t) (Abb. 4). H ierm it wurde einerseits  
erreicht, daß unser Verfahren auch  für das erste Z eitintervall anw endbar  
wurde [x0 =  0, w ogegen x0 =  (x0 +  xy)/2 =  xJ2 ф  0], anderseits aber, 
da die U ngleichheit

[*„ -i x n - i  (36)

b esteh t, wird bis zu einem  gewissen Grade auch berücksichtigt, daß die B ed in 
gung (30) nicht erfüllt ist und daher der W ert von x im  fraglichen In tervall 
tatsäch lich  anw ächst, obzwar wir diesen als eine K onstante in R echnung  
ziehen.

Aji  in der Sum m ierung (35) bezeichnet den Zuwachs der N äherungs
funktion  y( t ) für das i-te  Z eitintervall. Mit H ilfe der A nfangsbedingungen (32) 
und (33) kann näm lich die D ifferentia lg leichung (10) folgenderw eise auf
geschrieben werden:

( 3 7 )

9

- f -  =  *2 (c„_i — 50 (d„ -1 -  50
dt
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und nach  Integrierung für das n-te Z eitin tervall ergibt sich

w obei

А  у  П —  c n—1 '
e2 {Atn)

d n — l  c n—l  e 2 ( A t n )

«2 (dtn) =  exp [ — %2 {dn_  1 — cn—j) Atn]

(38)

(39)

b ed eu tet. Dieses Verfahren kann bis zu einem  Z eitpunkt tk fortgesetzt werden, 
in dem  die F unktion  x(t) praktisch den Grenzwert erreicht, d. h . laut (34)

~  _  *k +  xk+1 2xk lim  x(t) (40)

is t , w odurch die F unktion  x(t) m it der T reppenfunktion H(t) praktisch zusam 
m en fällt. D ie m it den hiernach berechenbaren Anfangsbedingungen

Ck =  xk — y k (41)

dk =  d0 — y k

au fgestellte  D ifferentialgleichung

dy
"  =  ^  (ck — У) (dk — J)

dt

(42)

(43)

kann für die Z eitw erte t tk schon u nbestim m t integriert werden, w om it 
die für die Zeitwerte

anw endbare Lösung

gegeben ist, in w elcher

T  — t — tk

j ( T) c k d k
1 —  e 2 ( t ) 

dk — ck e2 ( T)

e ,  ( t ) =  e x p  [ — *2 (dk —  ck) r]

(44)

(45)

(46)

b ed eu tet. Im  Zuge des durch die Schritte (31) bis (46) charakterisierten N ähe
rungsverfahrens erhielten wir die annähernde Lösungsfunktion у  =  y(t),  
w elche laut (35) (r >  0) in der Form

y( t )  =  Ау,  +  у(т) (47)
i=i

geschrieben werden kann; unter Z uhilfenahm e dieser G leichung können auch  
die N äherungsw erte der Funktionen C, D  und E  errechnet werden, indem  wir 
uns der Zusam m enhänge (3), (28) und (29) bedienen:
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c =  x(t) — y(t) (48)

D =  D0 — dy(t) (49)

E  — ey(t) (50)

2.2 Fehlerabschätzung der Näherungslösung

Zur übersichtlichen Durchführung der Felilerabschätzung bedienen wir 
uns für die B ezeichnung der D ifferentialgleichung (10) der F unktion g(x ,y ) :

g ( x , y ) = - y -  =  x2( x — y ) { d 0 - y ) .  (51)
dt

Sinngem äß lau tet die m it den N äherungsgleichungen x — x(t) und у  — y(t) 
aufgeschriebene Differentialgleichung

gß,y )  =  =  *2 (x — У ) (d0 -  y)  ■ (52)
dt

Wir suchen die m axim ale Abweichung dieser zwei Funktionen; da die B ez ie 
hung ]a  +  / ? | < [ | a | - | - | / ? |  besteht, ist

\g{x,J)  — g(x,y)  I ^  I g(x, y)  — g(x,y) \  +  \g{x,y)  - g { x , y ) |.  (53)

B etrachten wir die erste Differenz der rechten  Seite der U ngleichheit (53):

—  g(x,y) I =  «2 \ ( x — y)  +  (d0 — y \ -  ( 5 4 )

Da der m axim ale W ert des U nterschiedes des x — у  =  C den W ert von  
С тах  hat (d. h. die M axim alkonzentration des Zwischenproduktes, berechnet  
nach der N äherungsm ethode), und der H öchstw ert der d0 — у  D ifferenz d0 
beträgt (sow ohl С т а х  als auch d0 p ositiv ), daher ist

I g(x, J)  -  g(x, у) I < > 2  (С т а х  +  d0) ■ \ у  — J  |. (55)

Der zw eite A usdruck auf der rechten Seite der U ngleichheit (53) kann fo lgen 
derweise um gew andelt werden:

Ig(x,y)  - g ( x , y ) \  =  x2\d0 - y \ - \ x —x\. (56)

Der m axim ale W ert dieses Ausdrucks, da du ^ > y  ist, beträgt:

\g(x,J)  — * |-  (57)
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D ie hier vorkom m ende Differenz x —  x \ soll nun untersucht werden. Aus 
der D efin ition  (34) der Treppenfunktion fo lgt:

i* —x  I i s  I
x(t At) x(t)

x(t)\
At dx 
2 dt

(58)

wo z lt das größte Zeitintervall unserer A pproxim ation  bezeichnet. W erden  
in der G leichung (53) die Ausdrücke (55), (57) und (58) eingesetzt, so ergibt 
sich als R esu ltat:

\ g ( x , y ) — g ( x , y ) \ ^ n 2 ( Cmax+ d 0) - \ y — y \ + ^ d o ~  ■ (59)
z dt

D ie linke Seite der U ngleichheit (59) ist laut (51) und (52) nichts anderes als

g(x ,y) — g(x, y)  I =
dy dy
dt dt

(60)

1 a 1 -  \ ß \ ^ a — ß\ b este llt , kann

dy dy  1 _ A (y — y)
d ^

>  —  \ydt dt dt dt
(61)

geschrieben werden. W enn zur B ezeichnung der absoluten Differenz zw ischen  
den exak ten  und den nähernden Lösungen die zeitabhängige Funktion Zfab s (0  
eingeführt wird, ist

\ y  — y \  — 4 . b s ( f )  ( 6 2 )

w om it au f Grund vo n  (61) die U ngleichung (59) in  folgender Form geschrieben  
w erden kann:

d , . . . ~  . . . At dx
—~ ^ a b s W  =  ^ 2 \ ^ m a x  H“  ®o)  ^ a b s w  ^ 2 '  I •dt 2 dt

(63)

Es ist bew eisbar, daß sich für diese die Lösunc

^ a b s (0  ^  ез ( 0 d x2 d0 -
If P dx  1

2 J dt' e3(t')
dt'

ergib t, wo £3(f) fo lgende B edeutung hat:

(64)

e3(f) =  exp [x, (Cmax +  d0) t] (65)

und ö eine In tegrationskonstante ist. D a einerseits die Relation z2(Cmax 4 ” 
+  d0) 0 b esteh t, ist offenbar
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P dx
J dt7
О

t

О

( 66)

und da andererseits im  Zeitpunkt t =  0 sinngem äß / l abs(*) =  0 ist, ist der 
W ert der Integrationskonstante

ö = 0 ,  (67)

und deswegen kann die Lösung (64) in folgender Form  geschrieben werden:

^abs(*)^ 0 x.,d0 At x(t) e3(t) . ( 68 )

A us der hiermit für die höchste Fehlergrenze abgele iteten  Schätzung (68) kann  
einerseits festgestellt werden, daß das ausgearbeitete Näherungsverfahren  
konvergent ist:

l im J abs( t ) = 0  (69)
Jf-»o

was soviel b edeutet, daß durch Verm inderung der Größe der Zeitintervalle die 
N äherungsm ethode R esultate liefert, welche sich dem  exakten R esu lta t  
nähern, anderseits w ird aber durch (68) auch die A bhängigkeit der Güte der 
N äherung von den R eaktionsparam etern angezeigt. D ie relative A bw eichung  
(% ) der mit der N äherungsm ethode erhaltenen C Z w ischenprodukt-K onzentra
tionen  [-dabs(i)] wurde gemäß (68) berechnet:

Аг, re,(0  =  4 #  lo o  (70)

—  im  Falle des in den Abb. 1 bis 4 angeführten B eisp iels und bei einer A pproxi
m ation , wobei id entisch  0,25stündige Intervalle (At =  0 ,25) benützt wurden —  
übersteigt nicht 4% , auch bei einer R eaktionsdauer von  5 Stunden [da laut  
A bb. 1 die F unktion  x(t) hei 5 Stunden praktisch den Grenzwert erreicht, 
m ußte die N äherungsm ethode nur für 5 Stunden R eaktionsdauer angew andt 
werden; für die 5 Stunden übersteigende R eaktionsperiode konnte schon die 
R elation  (45) b en ü tzt werden]. T atsächlich übersteigt die Differenz zw ischen  
der m it der N äherungs- und mit der exakten M ethode (17) errechneten W erte 
bei dem in den A bbildungen vorgeführten B eispiel in keinem  Falle 1% , was 
darauf hinw eist, daß der sich tatsächlich  ergebende Fehler durch die Form el 
(68) stark überschätzt wird.
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A program  was elaborated  for the com puter U RA L-2 th a t  fits a plane to  a 
given set of atom s. The ite ra tion  m ethod of S c h o m a k e h  was used for the com putations. 
The program  is w ritten  in m achine code, and com putations of crystals having a m ono
clinic and higher sym m etry can be perform ed w ith it . M axim al num ber of atom s of 
th e  set determ ining the plane is ten , while the  distance o f ten  o ther atom s from  the 
plane can be com puted, too.

The m olecule o f an organic com pound or one part o f it is often plane, 
especially if  the m olecule contains arom atic rings. In  the case of X -ray  struc
ture investigations it is necessary to  find the plane th a t fits  best to  the  
positions of a set o f  atom s. The distances o f  the atom s from this plane give  
significant inform ations about th e  structure and the accuracy o f the structure  
determ ination.

The problem  can be solved m ost correctly by the m ethod o f least squares: 
The sum  of squares o f the distances of the chosen atom s to  the plane shall be 
a m inim um . S c h o m a k e r  et al. [1] give an iterative solution  that m akes the  
convergence very  rapid. A program  has been elaborated to  perform the com 
putations on th e  com puter U R A L -2.

The essential m athem atical outlines o f the iterative procedure is the  
following.

The position  o f one atom  is given by the coordinates Xk,Jki Zk, resp., b y  
the vector r*. The distance o f  th is atom  from the plane to  be determ ined  
is Dk - This plane is defined by its u n it normal vector, m  and by its perpendicular  
distance from th e origine, d. The atom -to-plane d istance is then

D  =  m • rk — d

Such values of m and d are to  be found which m inim ize the function

S =  2  Щ  =  2’(m ■ г  к —  d ) 2
к к

The sum  is taken  over the chosen atom s o f the m olecule. The condition th at 
m is a unit vector

m  ■ m =  1
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is ta k en  into account using the m ethod o f the L agrange m ultiplier. B y  m eans 
o f  th e  known procedure w e get for d th e  follow ing expression

d =  nijX +  m2y  -f- ira3S

ntj, m2, m3 are the com ponents o f  th e  vector  m,  and x, y ,  z are th e  coordinates 
o f  th e  centroid o f th e  set o f  atom s. For m and for the Lagrange  m ultiplier  
Я w e obtain a system  o f hom ogeneous linear equations th a t can be w ritten  in 
m a tr ix  notations:

(A — Ág) m =  0 (1)

T o o b ta in  the m atrix A n ew  coordinates o f  the atom s are in troduced  related  
о th e  centroid o f the set o f  atom s

X k =  xk — x, Y k = y k — y,  Zk =  zk — z.

D en o tin g  the m atrix o f  th e  coordinates X k, Y k, Zk by  X

A =  X • X*

X* is th e  transposed m atrix  o f  X. (So is A lx =  X  X \ ,  A 12 =  A 21 =  E  X kY k, etc.)
к к

The m atrix g contains the products o f the reciprocal la ttice  vectors  
a*, b*, c*, th at is g u  =  a*2, g12 =  g21 =  a*b*, etc.

I f  the system  o f the hom ogeneous equations has a non-trivial solution, 
its  determ inant shall van ish : ) A —  Я g j =  0.

This is a cubic equation  for Я and gives three roots Я , Я<2\  Я<3) and so 
w e ob ta in  three vectors m ^ \  m('̂ , 7n< !). Since the id en tity  S  =  Я can easily  
be proved , the “ best p lane” is represented by the sm allest Я value, say  Я^\ 

This procedure is ted ious (solution o f cubic equation, in addition to  a 
set o f  linear equations). B y  v irtue o f the sm allness of the Я(1) va lue com para
t iv e ly  to  the tw o others, Schomaker et al. suggest the fo llow ing iteration  
procedure:

W e introduce a new  m atrix  В b y  th e  id en tity  В =  A -1  g ;  A -1  is the  
in verse o f A. (The original publication uses the adjoint m atrix  being more 
co n v en ien t for hand com putation . The inverse m atrix is easier calcu lated  in 
com p u ter  programs.) B y  m ultip ly ing  (1) from the left w ith  A -1 and using  
th e  properties A • A ^ 1 =  I and I • m =  m (I is the unit m atrix), after rear
ran gin g  the equation obtained , we have

В • m =  A -3 • g • m =  (1/Я) • m (2)

A s a zero approxim ation we can choose any vector m ^  th a t is n ot perpen
d icu lar to  m(i>. (The approxim ate orientation  o f the m olecule is know n in th is  
sta g e  o f  the investigations.) m (0) can be w ritten  in the form

m(0) =  Cj • m(1) -j- c2 • m(2) +  c3m(3). (3)
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W e repeatedly m u ltip ly  (3) with B , m aking use o f the property (2). So we 
obtain  the first, second etc. approxim ations:

m(i)=  В ' "i(0) =  (ciM(1)) • m(1) +  (c2M(2)) ' m<2) +  (сзМ(3)) ‘ m<3)> 
m(2) =  В •!«(,) =  c ß l ß W ) 2 • mW +  с2(1/Д(2̂ )2 • mW c3( 1/Я̂ 3>)2 • m ® ,

I
etc .

I f  the set o f atom s is really coplanar, is o f the order o f  10 4, so
for th e  nth approxim ation the follow ing expression is valid  with h igh precision:

m(n) =  Cl • (1 Д (1))" • "i(1)

W e are going to see th a t one step is enough to  evaluate mvl>. The second step  
gives the value of

The com puter program

W e have defined the fundam ental vectors o f the crystal as u n it vectors:
I « I =  I b I =  [ c I =  1.

The reciprocal la ttice  fundam ental vectors are given b y  th e  conditions 
a • a* =  b • b* =  c • c* =  1.

Xk, yk, Zk shall be given in A n gstrom  un it. The program is m ade for 
m onoclinic crystals and it is good also for crystals having a m onoclinic or 
higher sym m etry.

In the m onoclinic case

m ■ m — (1/sin2 ß*) • (m2 | m\ 2m, m3 cos ß*) +  mjj, 

tak en  mW — mya* -f- m2/>* -f- m3c*.

l/s in 2/9*

g =  0
cos/S*/sin2/l*

ß* is the angle betw een a* and c*.
Coordinates o f tw o sets of a tom s are given as input data:
a) The set o f atom s to which th e  plane shall be fitted , called  further as 

“ inner atom s” .
b) The set o f th e  “ external a to m s”  th a t does not determ ine th e  plane 

but w hose distances from  the plane are com puted, too.
The following block diagram presents the general outlines o f  th e  program: 
The operations m atrix-m atrix m ultip lication  and m atrix-vector m ultip li

cation  figure as subroutines. The calcu lation  o f the third approxim ation serves 
to  check the speed o f convergence. 10 “ inner atom s” and 10 “ ex tern a l” ones 
can be drawn into th e  com putations.

0 cos/J*/sin2/?*
1 0
0 l/s in 2̂ *
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M atrix  m ultiplication A =  X  • X*

C om putation  of the inverse m atrix: A  1

M atrix  m ultiplication B  =  A  1 g

F irst approxim ation: — В  • тт1(0)

Second approxim ation: m^\ =  В hi)

Third approxim ation: 7П(3) =  В  • m ( 2)

D ivision  o f  th e  corresponding com ponents of 
and 7/1(2) gives three va lu es for A,42

D ivision o f  th e  corresponding com ponents of 
TTI(2) and 771(3) gives A23

I
A verag in g  of the six  A values

I

Absolute va lu es j j, [ ТП(2)[ and [ ttI(3)| and determ ination of 
77i^ from  the three approxim ations

D eterm ination o f d  an d  of the Dk values for both  sets of atom s
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The program has been used  for the crystal o f th e  3-nitro-phenylhydrazon- 
acetone. The carbon atom s belonging to the benzene rings were taken  as 
“ inner atom s” , all the others (excluding hydrogens) were the “ external”  ones. 

The (?) direction was chosen for m(0). The results are given in T able I.

Table I

1«*Л. 10M„
components of mW

from from from п*(з)

2 .0 8 2 2 2 .0 8 3 4 0 .0 0 7 8 0 .0 0 7 8 0 .0 0 7 8

2 .0 8 3 6 2 .0 8 3 4 0 .8 9 2 0 0 .8 9 2 0 0 .8 9 2 0

2 .0 8 2 7 2 .0 8 3 4 —  0 .4 4 6 2 — 0 .4 4 6 4 —  0 .4 4 6 4

d from m(,) —2.513 Á, from  m(2) —2.514 Á, from  m(3) —2.514 Á

The d a ta  in Table I verify th a t  the firs t approxim ation gives mb) w ith a precision 
corresponding to  the accuracy of th e  la ttice  param eter m easurem ents and the second one 
gives a good Ah) value.

*

The program  is w ritten  in  the  m achine code of the com puter. The program  is available 
a t th e  D epartm en t for E xperim ental Physics, L. Eötvös U niversity  (B udapest V III., Múzeum 
k rt. 6—8). We are indebted to  th e  coworkers of the U niversity  C om puting Center for th e ir 
k ind  help a t the com putations.
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HYDANTOINS, THIOHYDANTOINS 
AND GLYCOCYAMIDINES, XXVID

RED U CTIV E R EA R RA N G EM EN TS O F T H E  R ET R O B E N Z IL IC  ACID T Y P E  
INDUCED BY L E W IS  ACIDS, IV +*

SCOPE OF T H E  ALUMINIUM C H L O R ID E  IN DU CED  REACTIONS 
O F  D ITH IO H Y D A N TO IN S W IT H  A REN ES

J .  N y i t r a i , R .  Ma r k o v i t s - K o r n i s  and K .  L e m p e r t

(D epartm ent o f  Organic Chemistry, Technical University, Budapest) 
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5,5-D iaryldithiohydantoins (w here aryl =  phenyl and p-chlorophenyl), when 
refluxed w ith benzene in the presence of a lum inium  chloride, are desulfurized and 
rearranged to yield th e  corresponding 4,5-diaryl-4-imidazoline-2-thiones. 5 ,5-D im ethyl- 
and 5,5-dibenzyldithiohydantoin do no t yield analogous rearrangem ent p roducts, 
whereas 5-aryl-5-m ethyl-dithiohydantoins (where ary l =  phenyl, p-to ly l and  p-cliloro- 
phenyl) are desulfurized under m ig ra tion  of th e  ary l group.

In previous parts o f the present series th e  reductive desulfuration under 
rearrangem ent, brought about by treatm en t o f  5 ,5-d iphenyl-4-th iohydan toin  
or 5 ,5-d iphenyld ith iohydantoin  ( la )  [1, 2] or o f  their N- and/or S -a lk y l deri
va tiv es  [1 — 3] in benzene or to luene w ith  alum inium  chloride and yield ing
4,5-diphenyl-4-im idazolin-2-ones and -2-th iones, respectively (or their  N-  
and/or S-alkyl derivatives), has been described. In the case of la ,  th e  reaction  
could be form ulated as shown in Schem e 1.

a: R =  R ' =  C„H5 
b: R  =  R ' =  p-ClC„H4 
c: R  =  R ' =  p-C H 3OCeH4 
d: R  =  C„H3; R ' =  p-ClCeH4 
e: R =  R ' =  CH3 
f: R  =  R '  =  C„H5CH„ 
g: R  =  CH3; R ' =  CeH 5 
h: R  =  CH3; R ' =  p -C H 3C„H4 
i: R  =  CH3; R ' =  р-С1С„Н4

a: R =  R ' =  CBH5 Secondary
b: R  =  R ' =  p-ClC6H, p roduc ts
d: R =  C„H5; R ' =  p-ClC0II4 
g: R  =  CH3; R ' =  CeH5 
h: R  =  CH3; R ' =  p-C H 3CeH 4 
i: R =  CH3; R ' =  p-ClC„H,

Scheme 1

* W ith solvent chlorobenzene (R" =  Cl) no reaction  occurred under reaction  conditions 
successfully applied for the  rearrangem ent in arenes.

+ For P a rt X X V I, see [3].
++ Considered as P a rts  I —III  are the  papers [1 — 3].
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Since the sulfur elim inated from position  4 o f l a  has been found to  sul- 
fu ra te  the solvent arene, it  was postu lated  th a t  th is atom  becam e detached  
from  th e heterocycle in sex te t state. U n fortu n ately , from this assum ption, 
ev en  i f  it means th e  transien t form ation o f an interm ediate of ty p e  3 (com - 
p lex ed , o f course, in som e w ay  to alum inium  chloride), the actual sta te  o f  th e  
p h en y l group during m igration  (with or w ith o u t the electron pair b y  w hich it 
has been attached to  C-5) cannot be deduced. The active site o f 3 w ould  be 
a carbenoid centre w hich m ay exhibit either nucleophilic or electrophilic  
a c t iv ity  [4], therefore, th e  phenyl group m ight, in principle, m igrate both  as 
an electrophil or as a nucleophil,* the la tter , o f  course, being more probable.

c 0H6 4

c5H6/ Г Л :
HN N H

S
3

In  order to  gain deeper insight in to  th e  m echanism  of th e  reaction , 
w e decided to  stu d y  th e  behaviour of d erivatives o f  l a  carrying different para  
su b stitu en ts in the p h en yl rings.

5 .5 - D iaryld ith iohydantoins are best prepared from the corresponding  
h yd an to in s or 2-th ioh yd an toin s b y  treatm en t w ith  phosphorus pentasu lfide  
in  tetra lin  [6, 7], th e  startin g  com pounds th em selves being prepared b y  the  
B iltz  synthesis, i.e. b y  th e  base-catalyzed condensation  of the appropriate 
b en zil w ith  urea and th iourea, respectively [8]. U nfortunately, the in troduc
tio n  o f  substituents other th an  alkyl groups in to  the benzene rings o f  benzil 
stron g ly  interferes w ith  th e  B iltz condensation  (cf . [9]), or the sulfuration  
step , or both, therefore, on ly  three such d erivatives of l a ,  viz. th ep ji'-d ich lo ro  
( lb ) ,  p^p'-dim ethoxy ( lc )  and p-chloro (Id ) d erivatives could be prepared.

5 .5 - D i(p-ch lorophenyl)-d ith iohydantoin  ( lb ) ,  when refluxed w ith  ben
zene in the presence o f  alum inium  chloride, rearranged norm ally under desul
fu ration  to  2b. The m onochloro compound I d  w as found to behave analogously. 
S ign ifican t rate enhancem ent or rate decrease has not been found in either  
case com pared w ith  th e  reaction  of l a ,  at least in th e  preparative work. The 
di(p -an isyl) derivative l c ,  on the other hand, did not yield the exp ected  2c 
on treatm en t w ith  alum inium  chloride and on ly  untractable tars were form ed. 
In  th is  connection it  is im portant to note th a t 2c, prepared independently , 
is decom posed b y  trea tm en t w ith alum inium  chloride in hot benzene. Accord-

* The situation  is som ew hat analogous to the  so-called electrophilic rearrangem ents 
e.g. th e  Ste v e n s  and W i t t i g  rearrangem ents. For a critical review, see [5].
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ing to the IR  spectra of the crude products, the reagent had caused at least  
partial O -dem ethylation.

N ext th e  behaviour o f 5 ,5-d im ethyl- ( le )  and 5 ,5-d ibenzyldith iohydan- 
to in  (If) was investigated  h u t, under th e  conditions successfully applied for 
the transform ations o f la ,  lb  and Id , neither was found to  rearrange into the  
expected 2e and 2f, respectively.

On the other hand, th e  “ m ixed” 5-m ethyl-5-aryl derivatives ( lg — li)  
could easily be rearranged under desulfuration into the corresponding 4-im id- 
azoline-2-thiones (2g—2i).

From our experience th a t the 5,5-diaryl derivatives ( la , lb  and Id )  
are unstable tow ards alum inium  chloride, whereas th e  dim ethyl d erivative  
( le )  is stable tow ards the sam e reagent, it  seem ed practically  certain th a t,  
in the case o f  l g — l i ,  it is a lw ays th e  aryl group w hich m igrates. T reatm ent 
of the 3-m ethyl derivatives 4 , instead o f com pounds l g — l i ,  w ith alum inium  
chloride and an independent synthesis o f the products 5 afforded a rigorous 
proof for the selective m igration of the aryl groups (Schem e 2).

Ar  I I C lb

S s

(A r— CóHv p-Cl Ci,H i) CHj.NCS

Scheme 2

Hi(’. - C H —C—Ar

\H2 о
6

Experim ental*

Preparation of hydantoins and 2-thiohydantoins**

5,5-Di(p-chlorophenyl) -2-thiohydantoin

To a suspension of 4,4'-dichlorobenzil [10] (27.9 g; 0.1 mole) (prepared by selenium  
dioxide oxidation  of the corresponding desoxybenzoin in dioxane solution) and th iou rea  
(20.0 g; 0.26 mole) in  methanol (400 ml) there was added an aqueous solution (50 ml) o f p o ta s 
sium hydroxide (20.0 g; 0.36 mole), and the m ixture was refluxed for 2 hrs. The ho t solution 
was decolorized w ith  Norite, d ilu ted  w ith  w ater (2 1) and the pH  ad justed  to 4 by the add ition  
of acetic acid, to  obtain  a colourless precip ita te  (32.5 g; 96.5% ), m .p. 304—305°C (from  
aqueous m ethanol).

C16H 10C12N2OS (337.20). Calcd. Cl 21.25; N 8.31; S 9.51. Found Cl 21.01; N  8.55; 
S 9.65%.

* All m .p .’s are uncorrected.
** Only th e  preparation of hydanto ins and 2-th iohydantoins thus far unknow n and 

the compounds prepared by new procedures are described.
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S - M ethyl derivative

T h e  a b o v e  p r o d u c t  (2 .6  g ;  7 .8  m m o le s )  a n d  s o d iu m  h y d r o x id e  (0 .3 1  g ;  7 .8  m m o le s )  
w e r e  d is s o lv e d  in  a m ix tu r e  o f  m e th a n o l  (3 0  m l)  a n d  w a te r  (1 m l) , a n d  t r e a t e d  w it h  m e t h y l  
i o d id e  ( 0 .5 3  m l;  8 .5  m m o le s ) .  A f te r  s t a n d in g  o v e r n ig h t ,  t h e  m ix tu r e  w a s  d i lu te d  w it h  w a te r  
( 1 0 0  m l)  a n d  t h e  o i ly  p r e c ip i t a te  a llo w e d  to  s o l id i f y  in  a  r e fr ig e r a to r , t o  y ie ld  2 .6  g  (9 5 % )  
o f  a  p r o d u c t  w h ic h  c o u ld  b e  c o n v e n ie n t ly  p u r i f ie d  b y  s u b lim a t io n  a t  4 T o r r  a n d  1 6 5 °;  m .p .  
8 5  —  8 6  °C .

C lfiH ,2Cl2N 2O S  (3 5 1 .3 ) .  C a lcd . N  7 .9 8 ;  S  9 .1 3 .  F o u n d  N  7 .7 6 ;  S  9 .1 3 % .

H ydrolysis

T h e  S -m e t h y l  d e r iv a t iv e  (1 .5 0  g ; 4 .3  m m o le s )  w a s  r e f lu x e d  in  a  m ix tu r e  o f  c o n e . HC1 
( 4 .5  m l)  a n d  e t h a n o l  (7 .5  m l)  fo r  5 h r s ., d u r in g  w h ic h  p e r io d  t h e  e v o lu t io n  o f  m e th a n e t h io l  
g r a d u a l ly  c e a s e d . A f te r  c o o l in g , t h e  m ix tu r e  w a s  d i lu te d  w it h  w a te r  (1 0  m l)  to  y ie ld  1 .3 3  g  
( 9 7 % )  o f  5,5-di(p-chlorophenyl)-hydantoin , m .p .  3 2 0  °C  (fr o m  b u ta n o l) ,  l i t .  m .p . [1 1 ]:  3 2 2 ° .

C i5 H io C12N 2 ° 2  ( 3 2 1 .2 ) .  C a lcd . Cl 2 2 .0 8 ;  N  8 .7 2 .  F o u n d  Cl 2 2 .1 0 ;  N  8 .4 4 % .

5,5-Dibenzyl- and 5-aryl-5-methylhydantoins w e r e  p rep a red  a c c o r d in g  t o  M e th o d  A  
d e s c r ib e d  b y  G o o d s o n  et al. [ 1 2 ] ,  se e  T a b le  I .

5-Aryl-3,5-dimethylhydantoins  w e r e  p r e p a r e d  b y  d is s o lv in g  th e  c o r r e s p o n d in g  5 - a r y l-5 -  
- m e t h y lh y d a n t o in  in  a n  e q u iv a le n t  a m o u n t  o f  1 0 %  a q u e o u s  N a O H , fo l lo w e d  b y  t h e  a d d it io n  
o f  1 m o le  o f  m e th y l  io d id e ,  a n d  a llo w in g  t h e  m ix t u r e  to  s ta n d , w i t h  o c c a s io n a l  s h a k in g , fo r  
a b o u t  15  h r s .;  t h e  p r o d u c t  c r y s ta l l iz e d  g r a d u a l ly  f r o m  t h e  s o lu t io n  ( s e e  T a b le  I ) .

Preparation of dithiohydantoins

5 ,5 - D im e t h y l-  (le ) a n d  5 - m e t h y l - 5 - p h e n y ld i t h io h y d a n t o in  (lg ) a re  k n o w n  s u b s ta n c e s ;  
t h e  fo r m e r  h a s  b e e n  p r e p a r e d  b y  t h e  p r o c e d u r e  d e s c r ib e d  in  th e  l i t e r a tu r e  [1 7 ] .

T h e  o th e r  d i th io h y d a n t o in s  w ere  p r e p a r e d  b y  s u lfu r a t io n  o f  t h e  c o r r e s p o n d in g  h y d a n -  
t o i n s  o r  2 - t h io h y d a n to in s  b y  p h o s p h o r u s  p e n t a s u l f id e  in  t e tr a lin . T h e  d e t a i le d  d e s c r ip t io n  
o f  t h e  p r e p a r a t io n  o f  5 ,5 - d i ( p -c h lo r o p h e n y l) -d i t h io h y d a n t o in  se r v e s  a s  a n  e x a m p le ;  fo r  th e  
p r e p a r a t io n  o f  t h e  o th e r  d i t h io h y d a n to in s ,  se e  T a b le  I I .

5 ,5 -D i(p  - chlor ophenyl) -dithiohydantoin  (lb )

A  m ix tu r e  o f  5 ,5 - d i ( p - c h lo r o p h e n y l ) - 2 - t h io h y d a n t o in  (1 3 .5  g ; 4 0  m m o le s ) ,  p h o s p h o r u s  
p e n t a s u l f id e  (1 0 .7  g ; 4 8  m m o le s )  a n d  d r y  t e t r a l in  ( 1 0 0  m l)  w a s  s t ir r e d  fo r  2 h rs . a t  1 9 5 — 2 0 0 ° .  
A f t e r  c o o l in g ,  t h e  y e l lo w  h o m o g e n e o u s  m ix tu r e  w a s  d i lu te d  w ith  p e tr o le u m  e th e r  (5 0  m l)  
t o  y i e l d  a  c r y s ta l l in e  p r o d u c t  (1 2 .7  g ) w h ic h  w a s  p u r if ie d  b y  d is s o lv in g  i t  in  5 %  a q u e o u s  
N a O H  ( 2 0 0  m l) , t r e a t in g  t h e  s o lu t io n  w it h  N o r i t e ,  a n d  a d ju s t in g  t h e  p H  o f  t h e  f i l t r a t e  b y  th e  
a d d i t io n  o f  a c e t ic  a c id  t o  4 . Y ie ld :  1 2 .3  g  ( 8 0 % )  o f  lb , m .p . 282  °C  (fr o m  b e n z e n e ) .

C 15H 10C12N 2S2 (3 5 3 .3 0 ) .  C a lcd . Cl 2 0 .0 7 ;  N  7 .9 3 ;  S  1 8 .1 5 . F o u n d  Cl 2 0 .3 6 ;  N  7 .8 3 ;  
S 1 7 .9 3 % .

R earrangem ents of the dithiohydantoins (c f. [2 ])

M ix tu r e s  p r e p a r e d  f r o m  t h e  a p p r o p r ia te  d i th io h y d a n t o in ,  d r y  t o lu e n e  (2 0  — 3 0  m l for  
1 g  o f  t h e  d i th io h y d a n to in )  a n d  f r e s h ly  s u b lim e d  a lu m in iu m  c h lo r id e  (2 .2  — 2 .5  m m o le s  fo r  
1 m m o le  o f  t h e  d i t h io h y d a n to in )  w e r e  r e f lu x e d  fo r  1 .5 — 2 h rs. a n d , a f te r  c o o l in g ,  p o u r e d  in to  
d i lu t e d  (3  : 1 ) a q u e o u s  H C1 (1 5 0  m l fo r  1 g  o f  t h e  s t a r t in g  d ith io h y d a n to in ) .  A f te r  s t ir r in g  fo r  
15  m i n . ,  t h e  c o lo u r le s s  c r y s ta l l in e  p r e c ip i t a te s  w e r e  s u c k e d  o f f , w a s h e d  w i t h  w a te r  a n d , a f te r  
r e c r y s t a l l i z a t io n ,  id e n t i f ie d  b y  m .p . a n d  m ix e d  m .p .  a n d /o r  b y  c o m p a r in g  t h e ir  I R  s p e c tr a  
w it h  t h o s e  o f  th e  a p p r o p r ia te  a u t h e n t ic  4 - im id a z o l in e -2 - t h io n e s ,  p r e p a r e d  a s  d e s c r ib e d  b e lo w .  
F o r  d e t a i l s ,  se e  T a b le  I I I .

W h e n  th e  a b o v e  p r o c e d u r e  w a s  a p p lie d  t o  5 ,5 - d ib e n z y ld i t h io h y d a n t o in  (If), a c r y s t a l 
l in e  s u b s t a n c e  w a s  o b ta in e d  w h ic h  p r o v e d  to  b e  d i f f e r e n t  fr o m  t h e  e x p e c t e d  r e a r r a n g e m e n t  
p r o d u c t  (2f). T h e  s t r u c tu r e  e lu c id a t io n  o f  t h i s  p r o d u c t  is  in  p ro g ress .
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T a b l e  I

Preparation o f some hydantoins

Substituent Method®) Y -ld  ' M .p. S
Formula

L it.m .p . (Mol. wt.)
Calcd. /Found

References
C H N

5,5-Dibenzyl A 89% 316 °C ethanol 20 8 -2 0 9  °C 13

5-M ethyl-5-phenyl A 53% 196 °C ethanol 187 °C 14

5-M ethyl-5-(p-tolyl) A 70% 205 °C ethanol 203—204 °C cu h 12n 2o 2
(204.23") "

64.68
64.79

5.92
5.88

13.72
13.43 15

5-(p-Chlorophenyl)-5-
-m ethyl A 86% 272 °C ethanol 260—261 °C Cn H 9C lN ,02 

(224.65) "
53.46
53.95

4.03
4.32

b) 15

3,5-Dim ethyl-5-phenyl В 86% 184 °C
50% m etha

nol 188 °C Cn H 12N 20 2
(204.23)

64.68
64.27

5.92
5.93

13.72
13.42 16

3,5-Dimethyl-5-(p-chloro-
phenyl) В 70% 187 °C ethanol — Cu H n ClN20 2

(238.67) C) 11.74
11.35 —

a) Method A  is identical w ith the Method A ,  described by  G o o d s o n  et al. [12]; Method В : IV-methylation by m ethy l iodide in 15% 
aqueous sodium hydroxide solution.

b) Cl, Calcd. 15.78. Found 15.55%.
c) Cl, Calcd. 14.87. Found  14.98%.
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Table II

Preparation o f dithiohydantoins by sulfuralion

Substituent
Starting com

pound Temperature
Work up of 
the reaction 
mixture a)

Yield М. р.
Recryst.
solvent

Formula 
(Mol. wt.)

Calcd./Found

C H N s

5,5-Di(p-anisyl)
(lc)

2-Thio-
hydantoin[18] 165 —170°Cb) A c) 

A

75% 192 °С benzene c 17h 16n 2o 2s 2
(344.45)

59.27
59.27

4.68
4.69

8.13
7.85

18.63
18.43

5-(p-Chlorophenyl)- 
-5-phenyl (Id)

2-Thio- 
hydantoin [19] 1 95 -200  °C 64% 252 °С aqueous

m ethanol
C15H n ClN2S2

(318.85)
56.50
56.25

3.48
3.76

20.11
20.28

5,5-Dibenzyl
(If)

H ydantoin
[13]

1 8 0 -190  °C В 96% 198— 
201 °С

aqueous
m ethanol

C17H ieN2S2
(312.45)

65.34
65.84

5.16
5.07

8.97
8.80

20.52
20.38

5-Methyl-5- 
phenyl (lg) [17]

H ydantoin
[14] 190 °C В

в

78% 173— 
174 °С <1)

aqueous
m ethanol

5-Methyl-5-
-(p-tolyl) (lh )

H ydantoin
[15] 190 °C 70% 198— 

199 °С
aqueous

m ethanol
C „H l2N2S2

(236.36)
55.89
55.63

5.12
4.89

11.85
11.80

<9

27.13
27.14

5-(p-Chlorophenyl)- 
-5-methyl (li)

H ydantoin
[15] 190 °C в 83% 218 °С ethanol C10H 9C1N2S2

(256.78)
46,77
47.09

3.53
3.59

24.93
24.97

3,5-Dimethyl-5- 
phenyl (4; Ar =  
=  C6H 5)

H ydantoin
[16] 190 °C в 70% 129 °С aqueous

m ethanol
Cn H 12N 2S2

(236.36)
55.89
56.03

5.12
5.31

11.85
11.69

27.13
27.06

5-(p-Chlorophenyl)- 
-3,5-dimethyl 
(4; Ar =  p-C1C6H 4)

H ydantoin 190 °C А 70% 136 °С m ethanol CUH UC1N2S2
(270.80) f) 10.35

10.03
23.68
24.04

a) Method A : The clear solution obtained a t the end of the reaction was allowed to  cool and then  diluted w ith petroleum  ether, whereupon 
th e  crystallization  of the crude product began. I t  was purified by reprecip itating  it from its solution in 5% aqueous N aOH  by acetic acid. 
M ethod В : The clear supernatan t of the ho t reaction m ixture was decanted and allowed to stand. On cooling, the p roduct directly  crystal
lized; dilution w ith  petroleum  ether was unnecessary.

b) A t higher tem peratures extensive charring occurred.
c) According to TLC, the m aterial of m. p. 184—186 °C, obtained on recrystallization from  benzene, still contained approxim ately  2% 

of the starting  m aterial as an  im purity , b u t it  could easily be purified by  chrom atographing its chloroform solution th rough  a colum n of 
alum inium  oxide (Brockm ann I I  grade) and eluting w ith chloroform, the individual fractions being exam ined by TLC. Recovery: 80%.

d) L it. m. p. 173—174 °C [17] e) Cl, Calcd. 13.80, Found 13.44%. f )  Cl, Calcd. 13.09. Found 12.24%.
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Table III
# Rearrangement o f the dithiohydantoins

Starting compound mmoles Product Yield M. p.
Recryst.
solvent Formula Mol. wt.

Calcd./Found

C H N I S Cl

lb 4 2b 90%«) 324 °C acetic acid CisHioCbNjS 321.3 9.98
10.18

22.07
22.16

id 1 2d 91% 306— 
307 °C

ethanol C15H u C1N2S 286.76 9.77
9.67

11.18
11.26

12.36
12.13

ig 1 0 2g 87% 293 °СЬ) aqueous
m ethanol

c I0h 10n 2s 190.26 63.12
63.54

5.29
5.50

14.72
14.50

16.85
16.60

ih 4 2h 95% 314°C aqueous
ethanol

Cu H 12N2S 204.30 64.66
64.60

5.92
5.60

13.71
13.02

15.69
15.88

l i 4.7 2i 86% 308 °C 95% ethanol c 10h 9c in 2s 224.72 15.77
15.74

4 (A r =  C6H 5) 10 5 (Ar =  C6H 5) 100%«) 228 °C aqueous
m ethanol

Cn H 12N2S 204.30 64.66
64.58

5.92
5.93

13.71
13.81

15.69
15.58

4 (Ar =  
P -C1CSH 4)

1 5 (Ar =  
р-Г.1СвН 4)

79% 292 °C 95% ethanol C i j H j j C I N j S 238.74 55.33
55.09

4.64
4.76

11.73
11.16

13.43
13.38

a) On evaporation  of the toluene phase of the filtrate of the crude product, 7% of the starting  substance could be recovered.
b) L it. m. p. [23]: 29 0 -2 9 5  °C.
c) P a r t  of the product crystallized directly  when the reaction m ixture was poured into dilute HC1; the rest was obtained by evapo 

ra tin g  th f  toluene phase of the filtrate of the first crop and recrystallizing the residue.
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W hen 5 ,5-dim ethy ld ith iohydanto iu  was tre a ted  w ith  alum inium  chloride and the 
m ix tu re  poured into aqueous HC1, no crystalline p rec ip ita te  was obtained. The toluene phase 
w as therefore separated , w ashed u n til neu tral and, a fte r drying over M gS04, evaporated. 
T he oily residue could be sublim ed in  vacuum  and its  m .p. proved i t  to  be iden tical w ith  the 
s ta r tin g  substance. The aqueous phase, a fter separation  from  the toluene phase, was ex tracted  
tho rough ly  w ith ether and  th e  ethereal solution w orked up as usual, to  yield a crystalline 
residue  which, again, p roved  to  be identical w ith  th e  s ta rtin g  substance, th e  to ta l recovery 
o f th e  la t te r  being alm ost 100% . The same result was ob ta ined  in an a tte m p t to  perform  the 
re a c tio n  in boiling xylene.

Synthesis o f authentic 4-iniidazolinc-2-thiones

The 4,5-diaryl derivatives 2b—d were prepared by  condensing the  appropriate  benzoin 
w ith  th iourea. The p rep a ra tio n  of 4,5-di(p-chlorophenyl)-4-im idazoline-2-thione (2b), described 
in  d e ta il below, serves as an exam ple. The 4-aryl-5-m ethyl derivatives 2g—i were prepared, 
s ta r tin g  w ith the appropria te  propiophenone, by ison itrosation  and subsequent reduction 
according to the m ethod of H o u s e  and B e r k o w i t z  [20] and , fina lly ,by  reacting  th e  a-am monio- 
-propiophenone chlorides (6 • HC1) thus obtained w ith potassium  th iocyanate.

The 5-aryl-l,4-dim ethyl derivatives 5 were prepared  s ta rting  w ith  th e  same compounds, 
6 • HC1, and reacting th em  w ith  m ethy l isothiocyanate.

Of the a-isonitrosopropiophenone in term ediates, th e  following were already known: 
a-isonitrosopropiophenone [21] and  a-isonitroso-p-chloropropiophenone [22]; o f the a-am mo- 
niopropiophenone chloride in term ed ia tes, only the com pound unsubstitu ted  in  the benzene 
rin g  has been described previously  [23].

Among the 4-aryl-5-m ethyl derivatives again th e  com pound u n su b s titu ted  in  th e  ben
zene ring  (2g) [23] has been know n.

a-Isonitroso-p-methylpropiophenone, m.p. 118 °C (from  chloroform; С ,„11,,N ,0  (177.20). 
Calcd. C 67.77; H 6.25; N  7.90. Found C 67.83; H  6.25; N  7.90%.

a-Ammonio-p-methylpropiophenone chloride (6 • HCl; Ar =  p-C H 3-C6H 4), m .p. 217 °C 
(by  precip ita tion  from  an e thano lic  solution w ith etber). C10H 14C1NO (199.67). Calcd. Cl 17.75; 
N  7.01. Found Cl 18.04; N  7.06% .

a.-Ammonio-p-chloropropiophenone chloride (6 • HC1; Ar =  p-ClC6H4), m .p. 208 °C (puri
fied  as above). C9H UC12N 0  (220.10). Calcd. Cl 32.31; N  6.36. Found Cl 32.45; N  6.18% . Lit. 
m .p .: 245 °C [22].

4.5- Di(p-chlorophenyl)-4-imidazoline-2-thione (2b)

4,4'-D ichlorobenzoin [10]* (1.0 g; 3.7 mmoles) and  th iourea (0.42 g; 5.5 mmoles) were 
tho rough ly  mixed and th e  m ix tu re  m elted in an oil b a th . A t 195—200 °C a vigorous evolution 
of steam  started . A nother po rtion  of finely pulverized th iourea  was added, and the  tem perature  
ra ised  to  210 °C. A ccom plishm ent of the reaction was ind ica ted  by gradual solidification of 
th e  m elt. After cooling, th e  solid was pulverized, tre a ted  w ith  m ethanol (10 ml) and filtered 
off. T he product could be purified  by reprecip itation  from  its  alkaline solution by acid to 
y ield  0.60 g (51%) of 2b, m .p. 324 °C (from ethanol).

C15H 10C12N2S (321.3). Calcd. Cl 22.07; S 9.98. Found  Cl 22.44; S 9.72% .

4.5- D i(p-anisyl)-4-im idazoline-2-thione  (2c) was prepared  in  essentially the  same w ay, 
s ta r tin g  w ith  anisoin, in  50%  yield , m .p. 266—7 °C (from  m ethanol), lit. m .p. [26]: above 280 °C.

C47H 16N20 2S (312.4). Calcd. N  8.97; S 10.26. Found  N 8.65; S 10.25% .

4 -(p-Chlorophenyl) -5-phenyl-4-imidazoline-2-thione (2d) was prepared  sim ilarly to  the
4,5-di(p-chlorophenyl) analogue, 2b, starting  w ith 4-chlorobenzoin [25], in  35%  yield. M.p. 
306— 307 °C (from ethanol).

CjjHjjClNjS (286.76). Calcd. Cl 12.36; N 9.77; S 11.18. Found Cl 12.13; N 9.67; S 11.26%.

* 4,4'-D ichlorobenzoin was prepared from l^ -d ich lo ro d eso x y b en zo in  [24] by brom i- 
n a tio n  w ith  IV-bromosuccinimide and benzoyl peroxide in  carbon te trach lo ride  to  obtain 
a-brom o-p,p '-d ichlorodesoxybenzoin  (yield: 87%, m .p. 84° [from ligroin]. C14H9BrCl20  [344.0]. 
Calcd. C 48.81; H  2.63; halogen as Cl 30.88. Found C 48.65; H  2.86; halogen as Cl 31.04). 
T his com pound was th en  converted  in to  the required dichlorobenzoin in 82%  yield according 
to  th e  general method described by  J e n k i n s  [25].
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4-M ethyl-5-(p-tolyl)-4-im idazoline-2-thione (2h)

A m ixture of 6 • HCl (Ar =  p-C H 3C6H4) (0.45 g; 2.2 mmoles), potassium  th iocyanate  
(0.22 g; 2.3 mmoles), w ater (10 ml) and e thano l (5 m l) was refluxed 1 hr. and subsequently  
evaporated  to dryness. The residue was recry  stall ized from  aqueous ethanol to  yield 0.10 g 
(23% ) of 2h, m.p. 314 °C. F or the analysis results , see Table II I .

4- (p-Chlorophenyl)-5-methyl-4-imidazoline-2-lhione (2i) was prepared sim ilarly  in  50% 
yield, m .p. 306 °C (from  95%  ethanol).

1,4-Dimethyl-5-phenyl-4-imidazoline-2-tliione (5; Ar =  CBH 5)

A m ixture of a-am m oniopropiophenone hydrochloride (6 • HCl; Ar — C„H6) [23] (0.31 g) 
1 ,8  mmoles), m ethyl isothiocyanate (0.14 g; 1.9 m m oles), triethylam ine (0.2 g; 2 mmoles) 
a n d  m ethanol (10 ml) was refluxed for 1 hr. W hen a p a rt of the solvent was evapora ted , 
th e  p roduc t crystallized on cooling to yield 0.19 g (50% ), of 5 (Ar =  C6H 5), m .p. 227 °C (from 
aqueous methanol).

5- (p-Chlorophcnyl)-l,4-dimethyl-4-imidazoline-2-thione (5; A r =  p-ClC6H ,) was p re
pared  similarly in 23%  yield , m.p. 286 °C (from  ethanol).

*
The m icroanalyses were perform ed by  Miss K .  Ó f a l v i , Mrs. S . Y i s z t - S i m o n  and  Mrs. 

I. Z a u e r - C s ü l l ö g , and the IR  spectra were tak en  by  Mrs. M. S z i r á n y i - K i s s . T he au tho rs 
wish to  express the ir thanks for the valuable assistance of the persons nam ed, as well as to 
Mrs. M e g y e s - P a p p  and Miss Z s . S z a l a y  for th e ir technical assistance in  th e  experim ents.
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In  principle, six tau tom eric  forms (two spirane and four open-chain form s) 
can partic ipa te  in the tautom erism  of spiroxazone. Two of the tautom ers are stab le ; 
when isolated, these (a-spiroxazone w ith spirane structu re , la , and /?-spiroxazone of 
an  open structu re , containing an endocyclic C = N  bond, Ic) re ta in  the ir s truc tu res 
a t room  tem perature .

In  the case of the open structu re  of spiroxazone, the  stab ility  of the two desm otropic 
forms is due to  a relatively high po ten tia l barrier hindering the rearrangem ent o f th e  
C = N  bonds, and in the case of the  cyclic hydrazide group, to the greater s tab ility  of 
the sem i-im inohydrine tau tom er as well as to  the difference in  proneness to  add ition  
of the C = N  double bond depending on its exo or endo position. The position  o f the 
C = N  bond has been elucidated by NMR spectra and by investigating th e  alcohol 
addition reaction.

Sp iro-(l,2 ,3 ,4 -tetrah yd rop h th a lazin e-l,2 ’-oxazolidine)-4-one, or sp iroxa
zone (I), w hose structure has heen verified by preparative m ethods and IR  
spectroscopy, is converted in basic m edium  into a com pound th at is identical

LiF NaCI KBr
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w ith spiroxazone if  the m elting poin t, other physical properties and chem ical 
characteristics are considered, y e t it has an IR  spectrum  (Fig. 1) very  sim ilar 
to but not quite identical w ith th a t o f spiroxazone (F ig. 2).

* P a rt I  A cta Chim. Acad. Sei. H ung. 39, 93 — 108 (1963).
P a rt I I  A cta Chim. Acad. Sei. H ung. 39, 109 — 128 (1963).
P a rt I I I  A cta Chim. Acad. Sei. Hung. 39, 453 — 464 (1963).
P a rt IV A cta Chim. Acad. Sei. H ung. 44, 327 — 340 (1965).
P a rt V A cta Chim. Acad. Sei. H ung. 45, 333 — 356 (1965).
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The elem ental an a lyses and the U V  (F ig. 3) and IR  spectra o f  the deriv
a tiv e s , e.g. of the m onoacetates [1], are th e  sam e for both com pounds. This 
su ggests th at this is a case o f tautom erism . In  order to  d istinguish one com 
p ound  from the other, th e  parent substance w ill be designated as a-spiroxazone, 
and th e  nam e /З-sp iroxazone is proposed to  denote the new  com pound produced  
in basic media.

LiF NaCI KBr

Fig. 3. UV spec tra  of a- (---------) and /З-spiroxazone (--------- )
a: in 0.1 N  HC1 
b: in 0.1 N  NaOH

Spiroxazone (I) is a com bination of tw o  structural elem ents (Ila  and I lia )  
th a t  show  a tendency to  tautom erize. One o f th ese is a cyclic hydrazide. Such 
com pounds, e.g. m aleic hydrazide or phthalic hydrazide [2], form a possible 
tau tom eric  system  o f three com ponents. A ccording to the literature [3, 4, 5] 
th e  three tautom ers differ in stab ility  and their equilibrium  is a function of 
th e  so lven t. The NM R spectrum  of phthalic hydrazide recorded in dim ethyl 
su lphoxide suggests a d i-охо  structure (H a), w hereas in ethanol or in propylene

A cta  Chim. Acad. Sei. Hung. 60, 1969

Fig. 2. IR  spectrum  of a-spiroxazone
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carbonate, the sem i-enolized  form ( lid )  predom inates, as it was also found  
b y  E l v i d g e  [4]. E l v i d g e  expresses som e d ou b t in connexion w ith  R o w e ’s 
sta tem en t [5] th at in a n eu tra l or acid m edium  phthalic hydrazide should be 
p resen t in the 1 ,4 -d ih yd roxy  form (lie). This tau tom er has only been defin itely  
id en tified  in the form  o f  its  derivatives.

On the basis o f  con sisten t experim ental results, of the three possible 
tau tom ers the half-en o lized  form, l ib ,  m ight be regarded as the m ost stable. 
T h u s, generally, in th e  case o f cyclic hydrazides m ostly  the tautom er analogous 
to  l i b  will be form ed. T h is so-called iisemi-iminohydrine rule” plays a decisive 
p a rt in  the chem ical b eh aviou r of cyclic hydrazides.

The other stru ctu ra l elem ent of sp iroxazone is the oxazolid ine ring. 
A  tautom eric change ( I l i a  Illb ) in th is structure has been reported by  
B e r g m a n n  [6 ].

A com bination o f th e  possible tautom eric changes of the tw o structural 
elem en ts would th eo retica lly  suggest for sp iroxazone the form ation o f a com 
p le x  equilibrium sy stem  comprising six  tau tom ers. Two of these w ould be 
sp irane (la  and lb ), and th e  remaining four sem i-cyclic  amidrazon tautom ers  
(I c — I f ) .

In  order to  decide w hich of the six  tau tom ers represent the structure  
o f  a- and ^-spiroxazone, syn th etic  and sp ectroscop ic studies have been under
ta k en .

Since a-spiroxazone is converted by bases in to  the ^-com pound, it  seemed  
reasonable to suppose th a t  /1-spiroxazone corresponds to one o f th e  imino- 
h yd rin e tautom ers ( lb , Id  an d l f ) ,  and th at th e  tw o  m odifications are members 
o f  one of the am ide-im inohydrine tautom eric pairs ( la  and lb ;  Ic  an d Id; 
I e  and  I f) .

H owever, the con version  proved to  be irreversible: /З-spiroxazone could 
n o t be re-converted b y  acid into эс-sp iroxazone. This and other findings, 
to g eth er  with the IR  sp ectra , contradicted our first supposition.

The IR  spectra do n o t allow unequivocal d istinction  betw een th e  ta u to 
m eric structures d iscussed , because the stretch in g  vibration bands w hich are 
m o st characteristic o f  th e  O H  and NH groups, th e  am ide-I band o f the amide 
group and the stretch in g  vibration band o f  th e  straight-chain tautom ers, 
fu rth er  that of the C =  N  bond in the enol form s, appear nearly at th e  same 
freq u en cy  values and w ith  equal intensities.

In the NMR spectra o f  a- and /i-spiroxazone sam ples dissolved in dim ethyl 
su lp h oxid e (Figs 4 and 5), not counting th e  absorption of the so lven t itself, 
f iv e  m axim a or groups o f  maxim a are d iscernible. Am ong these th e  proton  
o f  th e  amide group (i.e. th a t  of the N H  at p osition  3) absorbs at low est field: 
th e  signal appears at b — 11.6 ppm in both  spectra , at the sam e place where 
it  appears in the case o f  phthalic  hydrazide u sed  as a m odel, and generally  in 
th e  case of amides o f  a sim ilar structure [7]. (I t  m ight be noted th a t the со-
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incident signals o f the tw o N H  protons in phthalic hydrazide, and the sym 
m etric structure o f th e  signals o f the arom atic protons prove, in accordance  
w ith data of the literature [3], that the solution  in d im ethyl sulphoxide  
contains the diam ide tautom er, and the sem i-im inohydrine tautom er does not 
occur in  verifiable q uantities.) The fact th at at 11.6 ppm  there is a signal in 
the spectra of the oc- as w ell as in those o f the /3-compound, seem s to  exclude  
the possib ility  o f the occurrence o f tautom ers lb, Id and If in a- and /3-spi- 
roxazone.

Б PPM
Fig.  4. NMR spectrum  of a-spiroxazone 

a: in  DMSO-dc a t 100 °C 
b: in DMSO a t 25 °C

5 ppm
Fig.  5. NMR spectrum  of /S-spiroxazone 

a: in DMSO-dc a t 25 °C 
b: in  DMSO a t 25 °C

The m ultiplet signal system  of the arom atic protons appears betw een  
450 and 510 cps w ith  the sam e band structure in the tw o spectra. H ow ever, 
the spectra are different in other regions, and th is supports the conclusion  
m ade on the basis o f  the IR  spectra, i.e. th at a- and /З-spiroxazone have differ
ent structures.

The spectrum  o f the /З-com pound (in anhydrous (CH3)2SO) has tw o  
trip lets at about 6.5 and 4.7 ppm; these m ay be assigned on the basis of
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sp in -sp in  splitting (J =  6 cps), to N H  or OH protons adjacent to  tw o m ethylene  
groups. These signals disappear on th e  addition o f D 20 .  This is an unequivocal 
in d ica tio n  that the structure o f /I-spiroxazone m ust be Ic (the tw o  signals are 
a ttr ib u ted  to  the protons — CH2— OH, and — CH2— N H , respectively), since 
o n ly  one triplet can be exp ected  for la  and Ie.

T he triplet at about 6.5 ppm  in the spectrum  o f a-spiroxazone (in anhy
drous (CH 3)2SO*) is the sam e as th a t shown b y  th e  ^-com pound. Instead  of 
th e  sign al group at 4 .7  ppm  in th e  ^-spectrum  (whose pattern is sim ilar to  
th a t  o f  the 6.5 ppm  group), th e  a-spectrum  has a diffuse, th ou gh  w ell dis
cern ib le , m axim um  betw een  210 and 330 cps, its h igh-field  side being merged 
in to  th e  coalescent absorption o f the m ethylene groups and so lven t, and of 
th e  w ater  present as a con tam in an t of the solvent.

The appearance o f th e  trip let at about 6.5 ppm  can be interpreted  w ith  
eith er  structure la  (— CH2N H ) or Ie (— CH2— O H ). Therefore, in th e  case of 
a-sp iroxazone the NM R spectra do not allow decision betw een  these two  
a ltern atives.

I t  is im portant to  n ote  th a t th e  foregoing statem ents on ly  app ly  to  solu
tio n s  in dim ethyl su lphoxide, and there is no proof th a t these spiroxazones 
ex ist in  the same tautom eric form s in the solid phase. N evertheless, it is h ighly  
probab le that a- and /З-sp iroxazone in the solid phase cannot ex ist, at least 
n o t in any significant proportion , in th e  im inohydrine tautom eric forms 
lb , Id  and If. This is in d icated  b y  the appearance of a diffuse N H  stretching  
v ib ra tio n  band w ith  secondary m axim a at low  w ave num bers in  their IR  
sp ectra , characteristic o f an am ide group in the 3,4-position . This band is 
ch aracteristic  of cyclic  dim eric associations (IV) o f lactam s [7 — 8] th at can

О ОН О OH

on ly  b e formed in th e  case o f la , Ic and Ie [8 15]. Though an analogous
association  structure (V) w ith  a sim ilar N H  stretching vibration  band is also 
possible; w ith am idines and am idrazons (i.e. w ith Id and If) [10], such asso
c iation  structures are h igh ly  im probable in the present case, since interm olec-

* The trip let struc tu re  can be m ore clearly recognized in the spectrum  obtained in 
(CD3)2SO; this is probably the consequence of the higher pu rity  (less w ater conten t) of this 
so lven t.
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ß -Sp iroxa /.on r

ular association b y  the C-4 hydroxyl groups gives rise to  stronger and m ore 
stable hydrogen bonds. Structure Ic is not likely  either, as the presence o f  
the éndocyclic C =  N  bond does not favour the form ation o f association  
structure IV.

A certain am ount of inform ation concerning these structures is furnished  
b y  th e  intense band between 1100 and 1000 cm -1  in the IK  spectra o f  a- and  
/З-spiroxazone. In the a-spiroxazone spectrum  this band presents very  sharp  
outlines at 1070 c m -1 , while in that o f /?-spiroxazone it is sligh tly  more d iffuse  
at 1063 c m -1 . This absorption can equally  be ascribed to  the rC — O(H) v i
bration o f the OH o f a primary alcohol, or to  the vasC— О — C vibration m axim um  
o f the ether bond in the spiro ring. This alternative possib ility  o f assignm ent 
prevents again decision betw een the open-chain and cyclic  tautom er. H ow ever, 
the pattern and frequency o f the tw o  bands in the tw o spectra are not th e  
sam e, thus it is h igh ly  probable th a t th ey  have different origin in th e  tw o  
com pounds, i.e. in  one case th is band is assignable to  a rC — 0 (H ), and in th e  
other to  a rasC — О — C vibration. The presence o f tw o inserted m eth y len e  
groups in structures I c —If seem s su fficien t to ju stify  the view  th a t th e  
vC — O(H) band should remain unchanged, especially  since there is no s ig n if
icant change in the association conditions either. Sim ilarly, in the spectra  
corresponding to  structures la  and lb , no change of the pasC —0  — C band  
can be expected . I f  we also take in to  account th at the IR  spectrum  o f a -sp i
roxazone has a very  intense band also at 910 c m -1 , which is m ost probab ly  
due to  i»sC — О — C vibration , being absent in the IR  spectrum  o f the ß-com-
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pound, then it seem s obvious th at the tautom eric  structure la  is the correct 
choice for a-spiroxazone.

The form ation o f tautom er Id con ta in in g  a heteroarom atic ring is also 
im probable for chem ical reasons, as it  has been shown [3] b y  NM R spectra  
o f  m aleic hydrazide th a t the sem i-im inohydrine and the diam ide tautom ers  
are th e  stable structures, since m esom erism  o f the am ide group allows more 
favourable energy sta tes  than given b y  delocalization o f the jr-electrons in 
th e  hetero ring [16].

Sum m ing up, th e  NM R spectra recorded on sam ples dissolved in d im ethyl 
su lphoxide, and th e  IR  spectra recorded on solid sam ples in K Br pellets, 
show  that m ost probably  a high proportion o f /S-spiroxazone m olecules have  
th e  open Ic structure, w hile a-spiroxazone is th e  la  spirane com pound or, less 
lik e ly  according to  th e  IR  spectra, the Ie exocyclic am idrazon tautom er, or a 
m ixture of these tw o .

According to  data  in the literature [17] and earlier results [18], the  
ex te n t o f the addition  o f  nucleophilic reagents, e.g. o f  alcohols, to  a C = N  
group depends on th e  exocyclic or endocyclic  position of th is double bond. 
Since addition to  an exocyclic C—N  double bond occurs more readily, the  
structural position  o f  the C = N  group can be concluded from the degree of 
alcohol addition.

0

U ;N -(C H ,)."O H Ic N.ll,

О

The same O -tr ity l derivative (YI) is produced in pyridine m edium  from  
b oth  a-spiroxazone and /J-spiroxazone. F or tr ity la ted  spiroxazone the equilib
rium  o f four tautom ers (Via—VId) m ust be considered. Since, on recrystalli
zation  from alcohol th e  tr ity l derivative retains one m ole o f alcohol and this 
is f ix ed  by addition and not as alcohol o f  crystallization , the exocyclic ta u to 
m ers Vic and VId seem  to  represent th e  true structures best.

Thus the exocyc lic  position o f the C = N  bond is considered the cause of 
q u an tita tive  alcohol addition. This is also supported b y  the fact th a t the  
tr ity l com pound, before alcohol addition, can be hydrolyzed w ith hydrochloric  
acid  to  a-spiroxazone. According to  our spectroscopic studies, a-spiroxazone  
m a y  have a spirane (la) or an open exocyclic  amidrazon (Ie) structure. Since 
a-spiroxazone does n o t add any alcohol, th e  open structure Ie can be excluded. 
O w ing to the strong ten d en cy  of its exocyclic  C = N  bond for additions, struc-
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ture Ie is not stable and it is im m ediately  converted  b y  ring closure in to  the  
spirane la . The cleavage o f th e  spirane ring and ring closure of the straight- 
chain tau tom er are both reversible processes, therefore a-spiroxazone can be 
considered to  be an equilibrium  system  consisting o f tautom ers la  and Ie, 
w ith  th e  spirane form predom inating.

On th e  basis o f spectroscopic studies, we have assigned th e  open Ic 
structure, containing an endocyclic C = N  bond, to  /S-spiroxazone. In  accord
ance w ith  th is, when th is com pound is boiled in alcohol, it takes up 6.6%  
o f a lcohol b y  addition. The low  yield of this addition reaction is exp la in ed  
by th e  low  reactiv ity  o f the endocyclic C = N  double bond.

O bviously , the exo-endo tautom erism  o f the C = N  bond in sp iroxazone  
is m uch more hindered than  in am idines, hydrazidines, and am idrazons. 
O therw ise, it would not be possib le to  prepare x- and /З-spiroxazone sep arate ly , 
since th e y  would be in terconvertib le.

T he possibility o f interconversion is given. The conversion (ß —► a) 
opposite to  ring cleavage (x —*■ ß) occurring in basic m edium , can be effected  
by chem ical reactions, e.g., b y  th e  hydrolysis o f the trity l derivative o f  sp iroxa
zone, or b y  the fusion o f /S-spiroxazone.

Our synthetic work included the preparation o f /S-spiroxazone in order 
to prove its structure. This synthesis has been achieved from 4 -ch loro -l(2 II)-  
phthalazinone (VII) as the starting  com pound [19].

T he product thus prepared had the sam e IR  spectrum  as ß-spiroxazone.
T he reaction o f 2-benzyl-3-(/S-hydroxyethyl)-phthalam idine (VIII) w ith  

hydrazine [21], form erly stu d ied  b y  us on the basis of a pub lication  by  
F litsch [20], can also be regarded as a synthesis proving the structure, since 
the form ation o f /З-spiroxazone has been observed in the course of th is reaction .

Experimental*

a-Spiroxazone [Spiro-(l,2 ,3 ,4-tetrahydrophthalazine-l,2 '-oxazolidine)-4-one; la ]

(а) Freshly prepared 2-o-carboxyphenyl-zl2-oxazoline (19.1 g; 0.1 mole) w as suspended 
in e thano l (90 ml), and a solution of 100% hydrazine hydra te  (4.14 g; 0.09 moles) in e thanol 
(15 ml) was added under vigorous stirring  during 5 min. A yellow solution was ob ta ined  which 
soon gave a deposit of a-spiroxazone (15.8 g; 85.4%). R ecrystallization from w ater yielded 
colourless needles, m.p. 254—256 °C.

C10H u N?O2 (205.2). Calcd. C 58.5; H  5.4; N 20.5. Found 58.6; H  5.5; N 20.3% .
(б) ^-Spiroxazone (1.00 g) was fused a t 260 °C in a W ood’s alloy b a th  and k e p t a t  this 

tem pera tu re  for 15 min. The solidified m elt was twice recrystallized from w ater using decol
ourizing carbon, to obtain colourless needles, m.p. 254—256 °C (0.82 g; 82%).

(c) The tr ity l derivative of spiroxazone (448 mg; 1 mmole), recrystallized from  a m ix
tu re  of chloroform and ether, was refluxed in a m ixture o f се. HC1 (5 ml) and w a te r (1 ml). 
D uring boiling, the m ixture tu rned  yellow, bu t this colour slowly faded and an  oily phase 
separa ted . A fter 3 hrs of boiling, the  m ixture was cooled and the precip ita ted  triphenyl- 
carbinol filtered  off on a glass filter. The crystals were ex trac ted  w ith abs. ethanol. T he undis-

* All m .p.’s were determ ined on a Boetius apparatus.
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solved spiroxazonium chloride w as added to the f ilte red  H Cl solution, w hich was then  several 
tim es evaporated in vacuum , w ith  the addition of w ater, to  dryness. The residue was recrystal
lized  from  water to o b ta in  colourless needles, m .p. 254— 256 °C (0.16 g; 78%).

Beilstein’s halogen te s t  w as negative. (A positive resu lt indicates th a t  recrystallization  
from  w a te r must be rep ea ted .)

T he substances p rep a red  according to these th ree  m ethods have the sam e IR  spectra. 
W h e n  crystallized from  alcohol, no alcohol is re ta in ed  b y  the crystals.

/З-Spiroxazone. [4-(2-hydroxyethy lam ino)-l(2H )-phthalazinone; Ic]
(а) This com pound w as form ed in the reac tio n  of 2-o-carboxyphenyl-.J2-oxazoline 

(191 g; 1 mole) w ith an excess o f hydrazine (1.1 m ole) in  alcohol (1 1) [22].
(б) From  a solution in  d ry  pyridine (dried over K O H ), a-spiroxazone crystallized as 

spectroscopically hom ogeneous /S-spiroxazone.
(c) A m ixture of /S-spiroxazone (100 mg) and cc. HC1 (2 ml) was boiled for 30 min. The 

so lu tion  was evaporated to  d ryness under reduced pressu re  several tim es, w ater being added 
a f te r  each evaporation b u t th e  la s t. The residue con ta ined  no halogen, and was obtained as 
colourless crystals from  w a te r (85 mg; 85%), m.p. 254— 256 °C. According to  the IR  spectrum , 
th is  p roduc t was pure /S-spiroxazone.

M ixture of a- and ß-spiroxazone

(а) As shown by th e  IR  spectrum , the p ro d u c t (100 mg) obtained from  th e  hydrolysis 
w ith  HC1 of the alcohol ad d u c t o f the tr ity l derivative (500 mg) of spiroxazone (cf. hydrolysis 
o f tr ity la te d  spiroxazone) consisted  mainly of a-spiroxazone, b u t i t  was con tam inated  w ith 
a considerable q u an tity  o f /S-spiroxazone.

(б) A hot solution o f ^-spiroxazone (2.05 g) and  K O H  (1.68 g) in  w ater (50 ml) was 
q u ick ly  mixed w ith cc. HC1 (30 ml). The excess o f HC1 w as rem oved by repeated  distillation 
u n d e r  reduced pressure. T he d ry  residue was recrystallized  from  hot w ater (150 ml) to  obtain 
1.70 g (83% ) of the p ro d u c t, m .p . 254—256 °C. A ccording to  the IR  spectrum  i t  consisted of

-spiroxazone containing som e a-spiroxazone as an im purity .

T rity l derivative of spiroxazone (VI)

a-Spiroxazone or /S-spiroxazone (2.05 g; 10 m m oles) was dissolved in  abs. pyridine 
(50 m l), and tr ity l chloride (5.58 g; 20 mmoles) was added . N ext day the p roduc t was precip
i ta te d  by the addition of w a te r , dried, and recrystallized  from  a m ixture of chloroform and 
e th e r  to  obtain 3.50 g (78 .2% ) o f colourless p lates, m .p . 213 °C.

C,9H25N?0 2 (447.5). Caícd. C 77.8; H 5.6; N  9.4. F ound  C 77.6; H 5.6; N  9.5% .
Boiling in HC1, rap id ly  hydrolyzed the p roduct to  a-spiroxazone and tr itano l. R ecrystal

liza tio n  from alcohol gave colourless needles containing one molecule of alcohol. The ethoxyl 
c o n te n t of the alcohol ad d u c t rem ained unchanged w hen th e  product was k ep t a t 65 °C over 
phosphorus pentoxide in  v a c u u m  for 5 hrs, or w hen i t  w as three tim es recrystallized from 
a m ix tu re  of abs. chloroform  an d  e ther, or chloroform and  petro leum  ether. The alcohol content 
could  be removed by d ry ing  o v er phosphorus pen tox ide in  vacuum  a t 100 °C for 10 hrs.

C29H25N30 , • C2H 5O H  (493.6). Calcd. EtO  9.1. F ound  EtO  9.0%.
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N-GLYCOSIDE, XIY
U N TERSU CH U N G EN  AN /9-d-G LUCOPYRANOSYLM ORPHOLIN

R. B o g n á r , H . F r e n z e l  und I. F a r k a s  

(Institut für Organische Chemie der L. Kossuth Universität, Debrecen) 

Eingegangen am 4. Ju n i 1968

D arstellung und E igenschaften des 2,3,4,6-Tetra-0-acetyl-/?-D-glucosylm orpho- 
lins (I) und des /?-D-Glucopyranosylmorpholins werden beschrieben. L etzteres liefert 
ein kristallines, stöchiom etrisch zusam m engesetztes N atrium acetat-A dditionsprodukt 
(II). I  t r i t t  in  zwei verschiedenen M odifikationen auf. I  läß t sich nach E ntacety lieren  
in die bereits bekannte  1-Desoxy-l-m orpholino-D-fructose (III) um lagern.

H o d g e  und R is t  berichten über die D arstellung von G lucosiden ver
schiedener sekundärer Am ine und ihrer AMADORi-Umlagerungsprodukte [1, 2]. 
Vom  Morpholin und Glucose bzw . Mannose ausgehend stellten  sie jedoch nur 
das AMADORi-lJmlagerungsprodukt, die 1-D esoxy-l-m orpholino-D -fructose dar. 
St a n e ü  und C e r n y  haben später [3] 2 ,3,4,6-Tetra-0-acetyl-/?-D -glucopyrano- 
sylm orpholin (Ia) durch die U m setzung von 2,3,4,6-Tetra-O -acetyl-a-D -gluco- 
pyranosylbrom id m it 2 Mol M orpholin in Ä therlösung synthetisiert. Andere 
Angaben über Glucoside des Morpholins sind in der Literatur nicht beschrieben. 
Daher hatten  wir uns das Studium  der U m setzungen und D erivate des d -G1uco- 
pyranosylm orpholins zum Ziel gesetzt.

Die H erstellung von kristallinem  D-G lucopyranosylm orpholin bzw . seines 
T etraacetats haben wir nach verschiedenen bekannten Verfahren versucht. 
D ie M ethoden, die von freien Zuckern bzw. von Zuckeracetaten vom  verschie
denen Typ ausgehen [4, 5, 6, 7, 8 ], führten zu keinem  Ergebnis.

Die Synthese von Ia gelang in 50%  A usbeute durch U m setzu n g  von
2.3.4.6- T etra-O -acetyl-a-D -glucopyranosylbrom id m it überschüssigem  Morpho
lin (4 Mol) in CHC13-Lösung, analog der D arstellung des H epta-O -acetyl- 
cellobiosylpiperidins [9]. Bei der M ethode nach K o e n ig s  und K n o r r  [10] bzw. 
nach deren Varianten (m it K O H  oder Ag20  bzw . A g2C 0 3) lagen die Aus
beuten bedeutend niedriger (0 —15% ). Ä hnliche K upplungsversuche mit
2.3.4.6- Tetra-0-acetyl-/S-D -glucopyranosylchlorid [11, 12, 13] verliefen erfolg
los. D irekte K upplung von wasserfreier D-Glucose m it Morpholin und A cety- 
liereu des amorphen R eaktionsproduktes führte aber zum  Ziel und Ia  wurde 
in 60 % A usbeute dargestellt.

2,3,4,6-Tetra-0-acetyl-/?-D -glucopyrano ylm orpholin wurde in zwei Modi
fikationen (Ia und Ib) beobachtet, die in beiden R ichtungen ineinander über- 
führbar sind. M odifikation Ia  schm ilzt bei 121 — 122,5 °C; bei Tem peratur-
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I I I II Vн н он о

I I I

(R ingstruktur nicht untersucht)

erh öh u n g wandelt sie sich  in  Ib um: die klare Schm elze verfestigt sich und  
sch m ilz t bei 134 —135 °C. B eide Formen sind kristallsolvensfrei. D ie IR- 
Sp ek tren  beider M odifikationen (in KBr) sind vö llig  identisch und zeigen für 
die N -substitu ierten  M orpholinderivate charakteristischen B anden bei 2850, 
1117, 1080 und 867 c m -1  [14]. A uf Grund der A nalogie zu G lucosiden anderer 
sekundärer Amine kann das Yorliegen einer /9-G lucopyranosid-Struktur als 
sich er angenom m en w erden.

D esacetylierung vo n  I m it N atrium m ethylat in abs. M ethanol lieferte 
auch  b ei Aufarbeitung u n ter  sorgfältigem  A usschluß der L uftfeuchtigkeit nur 
ein am orphes und äußerst hygroskopisches acetylfreies Produkt.

D ie direkte R eaktion  von  Morpholin m it Glucose lieferte das gleiche 
P rod u k t. Beim A cetylieren dieser Substanz in Pyrid in-A cetanhydrid  erhielten  
w ir ein  Tetra-O -acetat das sich  mit dem oben dargestellten I als identisch  
erw ies.

E ine stabile, kristalline Form  des ß-D -C lucopyranosylm orpholins konnte 
in F orm  seiner N atrium acetat-A dditionsverbindung (II) durch D esacetylieren  
v o n  I und anschließender Z ugabe von molarer Menge N atrium acetat isoliert 
w erd en . Nach der A n alyse  besitzt II die Z usam m ensetzung C10H 19OeN • 
• C H 3COONa. Die Substanz ist bedeutend w eniger hygroskopisch und ohne 
V eränderung der Z usam m ensetzung um kristallisierbar. Ihre Lösung in abs. 
M ethanol ist stabil, auch in W asser tritt nur eine sehr langsam e Veränderung
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der spezifischen Drehung auf; jedoch  steigt der pH  schnell an. Som it dürften  
neben H ydrolyse gleichzeitig andere U m lagerungen stattfinden.

Nach D esacetylieren von I m it N atriu m m etliy lat kann das sirupöse  
E ntacetylierungsprodukt — nach H o d g e  und R i s t  [2 ]  in Alkohol und D iä tliy l-  
m alonat erhitzt —  durch AiUADORi-Umlagerung in mäßiger A u sb eu te  in 
1-D esoxy-l-m orpholino-D -fructose (III) überführt werden.

Beschreibung der Versuche

2 ,3 ,4 ,6 -T c tra -O -a c e ty l-ß -D -g lu c o p y ra n o s y ln io rp lio lin  ( I a )

A) Zur Lösung von 10 g (0,02 Mol) 2,3,4,6-Tetra-O -acetyl-a-D -glucopyranosylbrom id 
in 50 ml abs. Chloroform gibt man in einem  Guß 7 m l (0.08 Mol) Morpholin und  lä ß t 30 Std. 
bei 20 °C stehen. Allmählich scheidet sich Morpholin H B r aus. Von diesem wird ab filtr ie r t, 
die Chloroformlösung einige Male m it W asser gewaschen, m it CaCl2 getrocknet u n d  im  V ak. 
bis zum sirupösen R ückstand  eingeengt, der bald e rs ta rr t. N ach zweimaligem U m kristallisieren  
aus je  10 ml abs. A lkohol erhält man farblose K ristalle.

A usbeute 5.1 g (50% d. Th.). Die Substanz schm ilzt bei 121—122,5 °C; m eist e rs ta r r t 
die Masse von einem  kleinen verbliebenen K rista llisationszen trum  aus sofort w ieder, um  bei 
135— 136 °C von neuem  zu schmelzen. [a ]p  =  — 3,8 °C (e =  9, CHC13). Lit. [3] Schm p. 120°C ; 
|« ]0 =  - 2 1 ,3 ° C  (CHC13).

(C„H I7O10N, 417.4):
Вег. C 51,79%  H 6,52% N 3,35%  CIRCO 41,2% ,
Gef. C 52,01%  H 6,54% N 3,22%  CH3CO 41,0% .
B) 2,34 g 2,3,4,6-Tetra-O -acetyl-a-D -glucopyranosylbrom id werden in 7 m l A ceton 

gelöst, m it 0,5 ml Morpholin und dann u n te r  E iskühlung tropfenweise m it 2,4 ml 2,5 n K a li
lauge versetzt. N ach 48stündigem S chü tte ln  dam pft m an die neutral reagierende L ösung im 
Vak. bis zum Verschwinden des A cetongeruches ein, löst den R ückstand in C hloroform  und  
schü tte lt schnell m it l% iger K OH -Lösung und dann m ehrm als m it Wasser aus. A ufarbe itung  
der Chloroformlösung wie oben.

A usbeute 0,35 g (15% d. Th.), [ot]D =  -3 ,3 ° C  (c =  4,6, CHC13); Schmp. 121 — 122 °C 
bzw. 134— 135° C. Bei M ischschm elzpunktsbestim m ung keine Depression.

C) 2,0 g fein gepulverte wasserfreie D-Glucose w erden m it 2 ml Morpholin verrieben , 
bis leichte E rw ärm ung au ftritt. Nun e rh itz t m an u n te r Feuchtigkeitsausschluß au f dem  W asser
bad in In tervallen  so, daß die T em peratu r der Mischung 12 Min. lang zwischen 70 u n d  80 °C 
liegt. Es en ts teh t ein k larer fast farbloser Sirup, den m an nach  dem  Erkalten m it einer geküh l
ten Mischung von 7 m l Acetanhydrid u n d  14 ml abs. P yrid in  übergießt. Man sc h ü tte lt bis zur 
Lösung und  k ü h lt dabei anfänglich so, daß  die T em peratu r nu r allmählich au f e tw a  25 °C 
sinkt. Is t alles gelöst, stellt man 16 S td . in den K ühlschrank  und läß t dann noch 8 Std. 
bei 20 °C stehen. N un wird bei 50 °C B ade tem pera tu r im  V ak. eingedam pft, der sirupöse R ück 
stand  in  20 ml Chloroform gelöst, dieses m it W asser, B icarbonatlösung und wieder m it  W asser 
ausgeschütte lt, m it CaCl2 getrocknet un d  m it Kohle gek lärt. Im  Vak. destilliert m an  das 
Chloroform ab und  kristallisiert den bald  erstarrenden  R ückstand  zweimal aus je  5 m l abs. 
Alkohol um.

A usbeute 2,8 g (60% d. Th.), Schm p. 121 — 122 °C bzw. 135—136 °C; [<х]р =  — 3,7° 
(c =  4, CHC13). Bei M ischschm elzpunktsbestim m ung keine Depression.

D arstellung von Modifikation 1b

Eine gewogene Menge (etwa 100 mg) von 2,3,4,6-Tetra-0-acctyl-/?-D -glucopyranosyl- 
morpholin (M odifikation Ia) wird in einem  engen, oben offenen Glasrohr in ein P a ra ffin b ad  
von 100 °C gebrach t und  dieses innerhalb von 30 M inuten au f 140 °C erhitzt. Is t die M asse voll
ständig geschmolzen, läß t man das R öhrchen im E xsikkato r erkalten. Es t r i t t  kein w ägbarer 
G ewichtsverlust auf. Schmp. 135—136 °C; [<x]q =  —3,9° (c =  1,5, CHC13).

Вег. C 51,79%  H 6,52% N 3,35% ,
Gef. C 51,90%  H 6,54% N 3,29% .
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U m w a n d lu n g  von M o d if ik a t io n  Ib  in  Ia

80 mg Ib  werden in  einigen Tropfen heißem  A lkohol gelöst. Beim E rk a lten  scheidet 
sich M odifikation I a  aus.

A usbeute 73 mg (9 1 % d .T h .) , Schmp. 121 — 122°C  bzw. 136°C; [<x] d  =  — 4,1° (c =  2,4> 
CHC13). Die Substanz g ib t keine Schm elzpunktdepression m it dem auf anderem  Wege her
geste llten  Ia .

ß -D -G lu c o p y ra n o s y lm o rp h o lin -N a tr iu m a c e ta t  A d d itio n sp ro d u k t ( I I )

1,1 g I a  werden in  25 m l abs. Methanol m it 0,3 m l 3,5 n abs. m ethanolischer N atrium - 
m ethylat-L ösung  bis zur A uflösung geschüttelt u n d  1 S td . hei 20 °C stehen gelassen. N ach 
N eu tra lisieren  m it einer M ischung von Eisessig u n d  abs. Methanol gegen Phenolph thalein  
w ird die Lösung im Y ak. e ingedam pft. Die zurückbleibende flockige Masse löst m an  in 50 ml 
abs. (über wasserfreiem K 2CÖ3 getrocknetem ) n -B u tan o l, erw ärm t auf 60 °C un d  v erse tz t m it 
1.5 m l einer 1 n Lösung von  wasserfreiem N a triu m ace tä t in  abs. Methanol. Die Menge des 
bei d e r N eutralisation des N atrium m ethylats en ts teh en d en  und des zugesetzten N a trium 
ace ta ts  is t so berechnet, daß  das Glucosid in 5% igem  U berschuß  vorhanden ist. Beim  E rka lten  
scheidet sich das P rä p a ra t in  schönen tafelförm igen K ris ta llen  aus, die m an  am  nächsten 
T ag  absaugt.

A usbeute 0,787 g (95%  d. Th.). Die Substanz schm ilzt bei 158—159 °C u n te r Zersetzung. 
[oc] d  =  — 3,5° (c =  0,5, abs. M ethanol 5 Min. —► 48 S td .) bzw. —3° (c =  0,2. W asser; 
5 M in.) — 0° (24 Std.).

(Ci„H,9OeN • CH3COONa 331.3):
Вег. C 43,50% H  6,69%  N 4,23% CH3CO 13,0%  Sulfat-Asche 21,74% ,
Gef. C 42,92% H  6,63%  N 4,25% C H 3CO 13,1%  Sulfat-Asche 22,22% .

1 -D e so x y - l-m o rp h o l i i io -D - f ru c to s e  ( I I I )

2 g I a  werden in  50 m l abs. Methanol m it 0,15 m l einer 3,5 n Lösung von N atrfum - 
m e tb y la t in  abs. M ethanol wie oben verseift. N un d a m p ft m an  die Lösung im  Vak. zum  Sirup 
ein, lö s t diesen in einer M ischung von 4,5 ml abs. A lkohol und 4,5 ml abs. D iä thy lm alonat 
u n d  h ä lt  2 Std. auf dem  W asserbad bei leichtem R ü ck fluß . Die braungelbe Lösung versetzt 
m a n  nach  dem E rkalten  m it 20 ml abs. Äther un d  lä ß t  zwei Tage im K üh lsch rank  stehen. 
Die K ris ta lle  werden abgesaug t und  zweimal aus abs. M ethanol um kristallisiert.

A usbeute 0.407 g (34%  d. Th.), Schmp. 145— 146 °C (unter Zersetzung), [oc] d  = — 115° 
(c =  0,5, abs. Pyridin 5 M in.) — —51° (48 Std.). D ie D aten  der Substanz zeigen gute 
Ü bereinstim m ung m it der von H o d g e  und R i s t  [2] dargestellten  1-Desoxy-l-morpholino-D- 
fructose  (Schmp. 145— 146 °C, [<x ] d  =  —117° (c =  2,0, abs. Pyridin, 12 Min.) —<-—50,8° 
(48 S td .)). M ischschm elzpunktsdepression tr it t  n ich t auf.
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HERSTELLUNG UND REAKTIONEN 
YON LITHIUMSALZEN AROMATISCHER 

SULFENSÄUREN
E .  V lN K LER, F .  K b lV É N Y I, J. LÁZÁR und  I. KOZAKIEWICZ 

(Institut fü r  Pharmazeutische Chemie der Medizinischen Universität, Szeged) 

Eingegangen am 10. J u n i  1968

Bei der R eaktion von  Thiolsulfinsäureestern m it L ithium phenyl konn ten  bisher 
wenig bekannte  L ithium salze von einfach g ebau ten  Sulfensäuren iso liert w erden. 
Es w urde festgestellt, daß  diese Verbindungen n u r in  der Abwesenheit von  L u ft en t
stehen bzw. aufbew ahrt w erden können. E s w urden  verschiedene R eak tionen  der 
L ithium sulfenate, nam entlich  ihre H ydrolyse, A u toxydation , D isproportionierung und  
R eak tion  m it verschiedenen Halogeniden u n te rsu ch t. A uf W irkung von W asser en t
stehen Thiolsulfinate, au f W irkung von L uft L ith ium sulfinate , beim E rh itzen  Sulfin- 
säure und  Disulfid. M it organischen V erbindungen, die bewegliche H alogenatom e en t
halten , entstehen im Stickstoffstrom  Sulfoxyde, in  Gegenwart von L uft Sulfone. Bei 
der R eaktion  m it schw efelhaltigen Säurehalogeniden en tsteh t m it Sulfinsäurechlorid 
T hiolsulfonat, m it Sulfonsäurechlorid »Disidfid-Trioxyd«.

Theoretischer Teil

Die chem ischen E igenschaften  der T hiolsulfinsäureester (T hiosulfinate) 
wurden erst im  letzten Jahrzehnt eingehender untersucht [1, 2, 3]. In unse
rem In stitu t befassen wir uns seit Jahren m it diesen Verbindungen [4, 5]. 
Unter anderem  schien es in teressant, zu en tscheiden , in welcher R ichtung das 
Elektronenpaar der Schw efel-Schw efel-B indung in d u k tiv  polarisiert ist. Auch  
interessierte uns die Frage, ob das Sulfenyl-Schw efelatom  oder das Sulfinyl- 
Scliw efelatom  das nukleophile Zentrum des M oleküls ist. Um sie zu en tsch e i
den, wurde die Spaltung der Schw efel-Schw efel-B indung mit verschiedenen  
R eagenzien untersucht. D ie Versuchsergebnisse zeigten , daß der nukleophile  
Charakter des Thiolsulfinat-M oleküls nicht ausschließlich  dem Sulfenyl- bzw . 
Sulfinyl-Schw efelatom  zugeordnet ist [6].

Um  das Problem eingehender zu prüfen, w urde versucht, die T hiolsu lfinate  
mit Phenyllith ium  zu spalten . Es wurde z .B . die Lösung von p -T oluyltliio lsu l- 
finsäure-p-toluylester (Ia) in absolutem  B enzol m it der berechneten Menge 
L ith ium phenyl (II) unter trockenem  S tick sto ff in Reaktion gebracht. Als 
Produkt der lebhaften R eaktion  konnte neben  p-T oluylplienylsu lfid  (III) das 
Lithium salz der p-Toluylsulfensäure (IVa) iso liert werden [7, 8 ]. B ei der 
R eaktion von  Phenylth iolsu lfinsäureplienylester m it L ithium phenyl sp ielt 
sich ein analoger Vorgang ab. Das L ith ium salz wird in Form eines leichten  
weißen Pulvers abgeschieden, und kann von  Sulfid  leicht getrennt werden
[Gl- (!)]•
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I  Ar—S—

o

ii

S - A r

[Ar—S = 0 ] _  L i+ +  A r - S —C6H 5 

IV  I I I

(1)

a) Ar =  p-Toluyl
b) Ar =  Phenyl

D as A rylsulfinyllith ium  (IV) ist eine äußerst hygroskopische feste  Sub
sta n z . Sie kann aus dem  R eaktionsgem isch in ziemlich reiner Form  isoliert 
w erd en . Der L ith ium gehalt des R ohproduktes zeigt gute Ü bereinstim m ung  
m it d em  berechneten W ert.

L iteraturangaben  [9, 10, 11] weisen darau f h in , daß  nur einige Sulfensäuren bzw. 
su lfensau re  Salze isoliert w erden können, die du rch  die Gegenwart von bestim m ten  funk 
tio n e ilen  G ruppen (z. B. Chinon) stab ilisiert werden. Sehr wahrscheinlich sind die Sulfensäuren, 
die ke ine  derartige »stabilisierende« Gruppe en th a lten , wegen ihrer starken  N eigung zur 
D isproportion ierung  gar n ich t existenzfähig. Die im  Laufe unserer U ntersuchungen isolierten, 
e in fach  gebauten Sulfensäuren erm öglichen eine eingehendere U ntersuchung dieser Ver
b in d u n g en .

U m  die E igenschaften der Lithium salze der Sulfensäuren zu un tersuchen , w urden 
fo lgende Reaktionen durchgeführt.

Hydrolyse

A u f Einwirkung von  W asser hydrolysieren die Sulfensäuresalze unter 
B ild u n g  des Thiolsulfinsäureesters (I) schnell. D ie  Reaktion geht schon  auf 
E in w irk u n g  von feuchter L uft vor sich. D ie H ydrolyse wird verm u tlich  durch 
die B ild u n g  von Sulfensäure (V) gemäß Gl. (2) eingeleitct, w onach die beiden  
ta u to m eren  Formen der Sulfensäure (Va und Vb) gemäß Gl. (3) unter W asser
a b gab e  in Thiolsulfinat (I) überführt w erden. D as tautom ere G leichgew icht 
k o m m t wahrscheinlich dadurch zustande, daß das Sulfenatanion an beiden  
P u n k te n  protoniert w ird, in höherem  M aße, jedoch am basischen Zentrum , 
d. h . am  Sauerstoff. Im  G leichgewicht dom iniert deshalb verm u tlich  die 
ta u to m ere  Form Vb.

E s konnte experim entell bewiesen w erden [12], daß das tau tom ere Vb 
m it P rotonen  oder elektrophilen  R eaktionspartnern unter A b sp altu n g  von  
H y d ro x y lio n en  reagiert. So ergibt z. B. die R eaktion  mit dem Proton der Sul- 
fin sä u re  Thiolsulfonat (A r— S 0 2—S — Ar). Is t ein solcher Partner n icht zugegen, 
so reagieren  die beiden tautom eren  Form en der >>in-situ«-Sulfensäure [5] m it
e in an d er  und es en tsteh t T hiolsulfinat (siehe [2] Band 2, S. 371).

U nsere U ntersuchungen können m it der Arbeit von S h e l t o n  und  
D a v i e s  [ 1 1 ]  in Zusam m enhang gebracht w erden. Diese am erikanischen For
sch er  bestä tig ten  auf Grund von  IR -Spektren die gleichzeitige G egenw art beider 
ta u to m eren  Formen der tert. B utylsulfensäure.
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I^Ar —S = o j e  I,i® ili(> >- [ A r — S = ö j e  H® +  lлОН ( 2)

IV

Es kann auch ein anderer A blauf der E n tsteh u n g  des Thiolsulfinats 
angenom m en werden. So kann z. B . das Sulfenation m it nukleophilem  Charak
ter durch die W irkung von  W asser am  stärker elektronaffinen Sauerstoffatom  
protoniert werden, u n d  die so geb ildete Sulfensäure kann m it dem Sulfenatan- 
ion eines anderen M oleküls in W echselwirktm g treten . Im  letzteren ist das 
Schw efelatom  das nukleophile Zentrum , folglich kann in der R eaktion —  unter  
A bspaltung eines H ydroxylanions —  eine Schw efel-Scliw efel-B indung zustande  
kom m en [Gl. (4)].

Ar-  S — О I 'V r - S - O )

- s-^ои ,| S —Ar
II

K)l

W

Ar—S — S —Ar 4- |OH

■ .ft.

Autoxydation

Beim  Stehen an der Luft, in A bw esenheit von F eu ch tigk eit, autoxydieren  
die Salze der Sulfensäure im Laufe von einigen Stunden  vollständ ig  zum  
L ithium salz der Sulfinsäure [(VI) Gl. (5)].

[Ar—S =  0 ] ~  
IV

Stehen an der Luft 
L i+------------------------------- ^ [A r —S 0 2]_ Li+

VI
( 5)

Acta Chim. Acad. Sei. Hung. 60, 1969



170 V IN K L E R  e t  a l.: LITH IU M SA LZE AROM ATISCHER SU L FE N S Ä U R E N

D ie Bildung der Sulfinsäure wurde au f zw ei versch iedenen  Wegen 
b e s tä tig t . Ein Teil des nach  dem  Stehen an der Luft erhaltenen  Produktes 
w urde in Gegenwart von  w en ig  Salzsäure in W asser gelöst und anschließend  
w urde E isen(III)ch lorid-L ösung zugefügt. D abei wird das E isen(III)su lfinat 
in  F orm  eines orangeroten N iederschlags fast q u an tita tiv  abgeschieden [13]. 
E in  anderer Teil des P rodukts wurde in der H itze m it versch iedenen  Alkyl- 
u n d  A rylhaloiden v ersetzt, w obei das entsprechende Sulfon und n ich t Sulfoxyd  
en ts ta n d  [siehe Gl. (4)].

D isp rop ortion ierun g

D ie Salze der Sulfensäure wurden ohne L ösungsm ittel im  Stickstoff
strom  am  W asserbad erh itzt. U nter diesen U m ständen tr itt  D isproportionie
rung der Verbindung ein. Aus dem  R eaktionsgem isch konnte —  nach Zugabe 
v o n  w enig Salzsäure und E isen (III)ch lorid  enthaltendem  W asser —  E isen(III)- 
su lfin a t (VII) und D isulfid  (VIII) isoliert werden [Gl. (6)].

, N 2
2[A r—S =  0 ] ~  L i+ -----L>.[Ar—SO»]- Li+ +  [A r—S l" L i+ ------- >100° L J

(6 )
H ,0  FeCL

---- i-*-A r—S 0 2H + A rS H  ------- 1 [A rS02] 3Fe +  (A rS)2
VII VIII

D  as D isulfid  en tsteh t aus dem  primär entstandenen T hiophenol durch die 
o x y d a tiv e  W irkung des zum  A bscheiden der Sulfinsäure im  U berschuß ange
w en d eten  E isen(III)ch lorids.

R ea k tio n  m it A lk ylh alo id en *

E s wurde bereits erw ähnt, daß bei der R eaktion des autoxydierten  
su lfensauren  Salzes m it V erbindungen, welche bew egliche H alogenatom e ent
h a lten , anstelle von S u lfoxyd , Sulfon en tsteh t. Dieses Produkt ist offensichtlich  
das Ergebnis der A u to x y d a tio n  des Sulfenatsalzes zum Sulfinatsalz.

D aher wurde, abw eichend vom  obigen Prozeß, w ährend der ganzen 
R eak tion szeit bei 50 °C unter S tick sto ff gearbeitet. U nter d iesen Um ständen  
erfo lg t keine A u toxyd ation , und es en tsteh t —  gem äß Gl. (7) —  Sulfoxyd  
(X I  und X II). (Außer dem  Sulfoxyd  erscheinen im R eaktionsgem isch  auch 
P rod u k te  der D isproportionierung D isulfid , Sulfinsäure, Sulfon —  in wech
se ln d en  Mengen.)

* Zu den w eiteren V ersuchen w urde das L ithium salz der p-T oluylsulfensäure (IVa) 
gew äh lt, da das entsprechende T hiolsu lfinat (Ia) stabil ist und — im  G egensatz zur Verbin
d u n g  Ib  — wenig zur D isproportionierung neigt.
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5 0 °
[Ar—S =  O p  Li+

IV a

IX  =  Benzylchlorid  
X  =  A thylenbrom id

‘"Ar—S—CH2—C„H5 +  LiCl 
XI

О о
X II II

—>-A r-S-C H 2- C H f—S—Ar +  LiBr
XII

(? )

Durch die in den vorangehenden A bschnitten  behandelten R eaktionen  
konnte die Struktur der hergestellten  Salze der Sulfensäuren zufriedenstellend  
geklärt werden.

R eak tion  m it A ry lsu lfin y l- und -su lfon y lh a logen id en

Das Salz der Sulfensäure wurde bei Z im m ertem peratur, unter S tick stoff, 
m it verschiedenartigen schw efelhaltigen Säurehaloiden in R eaktion gebracht.

a) Bei der R eaktion von L ithium sulfenat und A rylsulfinylchlorid (XIII) 
enstand das entsprechende Thiolsulfonat (XIV). V erm utlich lagert sich das 
primär entstehende »D isulfoxyd« zum stabilen T hiolsu lfonat [G l.(8)] [14, 15].

IVa _L C l - S —Ar
II

A r - S - S - A r

i  <f

Ar — S

() Ar—S
X III  XIV

+  LiCl

Ar =  p-T oluyl—

( 8)

b) Verbindung IVa und p-Toluolsulfochlorid w urden —  im geschlossenen  
Rohr, in Äther suspendiert —  unter milden B edingungen in R eaktion gebracht. 
Aus dem  R eaktionsgem isch wurde —  gemäß Gl. (9) —  p-T oluylsu lfinyl-p - 
to luylsu lfon  (XV) isoliert.

IVa +  C l - S O , - C 6H4 —CH3
4 5 °

6 T age

О
11

CH3-C „ H 4—S—S—Cr,H4

J J
XV

-CH, (9)

Die Verbindung XV erwies sich als identisch  m it der zuerst durch  
K noevenacel  und P ollack [16] hergestellten V erbindung, deren richtige  
Struktur durch B redereck  und Mitarbeiter [17] au f Grund ihres IR -Spektrum s 
geklärt und als »D isulfid-trioxyd« genannt wurde.

Bei der U ntersuchung der E igenschaften der V erbindung XV wurde 
festgeste llt, daß sie bei der R eaktion mit B enzvlm agnesium chlorid au f charak-
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teristische Art zum  Salz der Sulfinsäure und zu p -T oluylbenzylsu lfoxyd  
u m gesetzt wurde. U m  das Sulfinat zu charakterisieren, wurde es durch weitere 
R eaktion  mit B enzylch lorid  zu ja-Toluylbenzylsulfon u m gesetzt (Gl. (10)).

О
II

A r — S — S —Ar
II i II
О О

C6H 5C H 2— MgCl

Ar =  jo-Toluyl

A r—SO —CH2—C6H ,

+

[A r—SO„]MgCl

C6H 5CH2C1

A r—S 0 2—CH2—C6H 5

( 10)

Experimenteller Teil

(Schm elzpunkte unkorrig iert)

1. Reaktion von p-Toluyllhiolsulfinsäure-p’-toluylester (Ia ) m it Lithiuinphenyl

Zur Lösung von 2,62 g (0,01 M)  Thiolsulfinat in  50 m l absolutem  Ä ther wurden un ter 
R ü h ren  und in trockener S tickstoffatm osphäre 0,84 g (0,01 M)  L ith ium phenyl, in absolutem 
Ä th e r gelöst, tropfenw eise zugegeben. (Die ätherische Lösung des L ith ium phenyls ist fast 
brom idfrei; ihre K onzen tra tion  wurde nach V ersetzen m it W asser alkalim etrisch  bestim m t.) 
I n  der lebhaften R eaktion  en ts ta n d  ein heller pu lverartiger Niederschlag. N ach kurzem  Stehen 
w urde  der Ä ther dek an tie rt u n d  das feste P roduk t m it absolutem  Ä ther noch zweimal schnell 
gew aschen. Ausbeute 0,65 g (44,5% ) fast weißes Pulver. Der L ithium gehalt w urde nach dem 
V eraschen in Form von Sulfatasche bestim m t.

p-Toluylsulfensaures L ith ium  (IVa). Analyse: C ,H7SOLi (145,05). B erechnet Li 4,75, 
gefunden Li 5,16.

Die Hauptm enge des nach  dem Eindam pfen der ätherischen W aschflüssigkeit zurück
b leibenden R ohproduktes b e s te h t aus p-T oluylphenylsulfid  (1,2 g 60% ). Die Verbindung 
w urde durch V akuum destillation  gereinigt. Ih r S iedepunkt is t m it dem  L ite ra tu rw ert [18] 
iden tisch . Analyse: C13H ]2S (200,15). Berechnet S 16,03, gefunden S 15,65.

2. Reaktion von Phenylthiolsulfinsäurephenylester (Ib) m it L ithium phenyl

2,3 g (0,01 M)  der V erb indung  Ib wurden m it 0,83 g (0,01 M)  L ith ium phenyl auf die 
in  1) beschriebene Weise in  R eak tion  gebracht und  w eiterverarbeitet. A usbeute: 0,35 g (28%) 
phenylsulfensaures L ith ium . A nalyse: C(;II-SOLi (132,11). B erechnet Li 5,25 gefunden Li 5,10. 
D iphenylsulfid (Illb) 1,3 (69,8% ). Siedepunkt identisch  m it dem L itera tu rw ert [18]. Analyse: 
C12H 10S (186,27). B erechnet S 17,2, gefunden S 16,9.

3. H ydrolyse des Lithium salzes der Sulfensäure

Je  0,32 g der V erb indungen  IVa und IVb w urden m it Gemischen von 50 ml W asser 
u n d  5 m l verdünnter E ssigsäure 10 M inuten lang geschü tte lt. Die unlöslichen P roduk te  wurden 
m it Ä ther extrahiert. D er lösungsm ittelfreie R ückstand  besteh t aus 0,20 g Ia  bzw. 0,21 g Ib 
(A usbeute  nahezu q u an tita tiv ) . Gemische m it authen tischen  P räpara ten  zeigten keine Schmelz
punktdepression [5].

4. A utoxydation des Lithium salzes der Sulfensäure

1,4 g (0,01 M )  der V erbindung IVa bzw. 1,3 g (0.01 M)  der V erbindung IVb wurden 
u n te r  Ausschluß der F eu ch tig k e it an der Luft stehen gelassen. Nach einigen S tunden  wurden 
die Verbindungen in je  100 m l W asser, welches m it 2 ml verdünnter Salzsäure angesäuert
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war, suspendiert, einige M inuten lang geschü tte lt und m it je  5 g kristallinem  E isen (III)- 
chlorid versetzt. Der entstehende orangerote N iederschlag wurde abfiltriert. A usbeuten:
1,4 g bzw. 1,2 g E isen (III)su lfina t (theoretische Menge 1,7 bzw. 1,6 g). Zur wäßrigen Suspension 
des Niederschlages w urde Ammoniaklösung zugefügt. Aus der vom  ausgeschiedenen E isen (III)- 
hydroxyd  abfiltrierten Lösung kristallisierten die Sulfinsäuren nach dem A nsäuern m it Salz
säure aus. Mischungen m it authentischen P räpara ten  zeigten keine Schm elzpunktdepres
sion [19].

5. D isproportionierung des Lithiuinsalzes der Sulfonsäure

1,4 g (0,01 M)  der V erbindung IVa bzw. 1,3 g (0,01 M )  der Verbindung IVb wurden 
ohne Lösungsm ittel, im  trockenen S tickstoffstrom  zwei S tunden  lang auf dem W asserbad 
erh itz t. N ach dem A bkühlen wurde das P ro d u k t m it einer Lösung von 5 g kristallinem  Eisen- 
-(Ill)ch lo rid  in W asser zersetzt, das m it Salzsäure angesäuert war. Das abfiltrierte E isen (III)- 
su lfinat wurde mit Ä ther gewaschen und das F iltra t m it Ä ther ex trah iert. Isolierte P roduk te : 
0,9 g (100% ) bzw. 0,75 g (95% ) E isen (III)su lfina t und 0,3 g (50% ) p ,p ’-D itoluyldisulfid 
(Schm elzpunkt 44—45 °C) bzw. 0,4 g (74% ) D iphenyldisulfid (Schm elzpunkt 60—61 °C). Die 
Sulfinsäuren und D isulfide waren m it au then tischen  P roduk ten  identisch [19, 20, 21].

6. Reaktion des Lithiumsalzes der Sulfensäure m it Alkylhalogeniden

Die in der nachstehenden Tabelle angegebenen Mengen der sulfensäuren Salze wurden 
*n absolutem  Benzol gelöst und mit der nötigen Menge des entsprechenden Halogenids ver
setzt. Das Reaktionsgem isch wurde 48 S tunden  lang im trockenen S tickstoffstrom  bei T em 
pera tu ren  von 50—80 °C gehalten. Das ausgeschiedene Salz w urde abfiltriert und der R ück
stand  nach dem A bdestillieren des Lösungsm ittels m it P e tro lä th er versetzt, wobei das Sulfoxyd 
in kristalliner Form abgeschieden wurde.*

In  einigen V ersuchen wurde das H alogenid im U berschuß angew andt und zusam m en 
m it dem  Lösungsm ittel du rch  W asserdam pfdestillation en tfern t.

Bei Anwendung von Produkten, die durch Stehen an der L uft au toxyd iert waren, 
konnten  folgende drei Sulfone isoliert werden:

a) p-Toluylbenzylsulfon. Schm elzpunkt 142—143 °C, identisch m it dem L itera tu rw ert 
[22]. A usbeute: 52% C14H 110 2S (246,31). B erechnet S 13,0, gefunden S 13,6.

Tabelle I

Sulfensaures 
Salz, 

g (M)
Halogenid

g (M)

Isoliertes 
Produkt, 

g (%)
Schmelzpunkt, 1 Charakterisierung 
Lösungsmittel

IVa
1,4 (0,01)

IX
1,6 (0,01)

XI
1,5 (65,2)

136— 137 °C 
Ä ther m it wenig 

M ethanol

Identisch m it authentischem  
p-Toluylbenzylsulfoxyd [18]

IVa
2,8 (0,02)

X
1,9 (0,01)

XII
0,5 (16,3)

150—151 °C 
M ethanol

c,„H „,o2s
(306,44)
Вег. C 62,6 
Gef. C 62,5 
Вег. H 5,9 
Gef. H 5,8
a,/?-bis(p-ToIuylsulfinyI)- 
athan [26]

Die prozentuellen Ausbeuteangaben wurden auf das Salz der Sulfensäure bezogen.

* Ein Teil der du rch  D isproportionierung en ts tandenen  N ebenprodukte blieb im 
P e tro lä th er gelöst bzw. konnte  durch W aschen m it W asser en tfern t werden. Das Sulfon 
wurde vom  Sulfoxyd d u rch  empirische C hrom atographie au f Silikagel m it einem Gemisch 
aus Benzol und P e tro lä ther getrennt.
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b) a,ß-bis-(p-ToluyIsulfonyl)äthan. Schm elzpunkt 194—195 °C, iden tisch  m it dem 
L ite ra tu rw e rt [23]. A usbeute: 20%  C16H 180,S2 (338,44). B erechnet S 18,9, gefunden S 19,3.

c) 2,4-Dinitrophenyl-4’-toluylsulfon. Schm elzpunkt 179—180 °C. A usbeute: 45%
Ci 3H 10O6N2S (322.15). B erechnet S 9,9, gefunden S 9,8.

7. Reaktion des L ithium salzes der Sulfensäure m it Arylsulfinylchlorid

13,1 g (0,05 M )  des T hiolsulfinats Ia  w urden in  50 m l absolutem  Benzol gelöst und  in 
tro ck en er S tickstoffatm osphäre tropfenw eise m it der Lösung von 4,1 g (0,05 M )  L ith ium phenyl 
in  abso lu tem  Ä ther versetzt. O hne Isolierung des L ithium salzes wurden 8,7 g (0,05 M )  p-Toluyl- 
sulfinsäurechlorid  (X III), in  40 m l absolutem  Benzol gelöst, tropfenweise zugegeben. U nter 
dauerndem  Rühren wurde das R eaktionsgem isch 24 S tunden  lang bei 50 °C gehalten . Das aus
geschiedene Lithium chlorid w urde abfiltriert. D er lösungsm ittelfreie R ückstand  kristallisierte 
n ach  Zugabe von P e tro lä ther aus. A usbeute 5,1 g (36,7% ). Schm elzpunkt (aus M ethanol 
um krista llis iert) 75 — 76 °C, iden tisch  m it au thentischem  p-Toluylthiolsulfonsäure-p-toluyl- 
es te r [24].

8. Reaktion des L ithium salzes der Sulfensäure m it p-Toluolsulfochlorid

1,4 g (0,01 M)  L ith ium su lfenat (IVa) und 1,9 g (0,01 M)  Tosylchlorid w urden in abso
lu te m  Ä ther suspendiert und  im  geschlossenen R ohr 6 Tage lang bei 50 °C gehalten. D anach 
w urde  das Lösungsm ittel bei Z im m ertem peratur, u n te r A usschluß der F euch tigkeit abdestil
lie rt. D er R ückstand e rs ta rr te  beim  A bkühlen. E r w urde m ehrmals m it e iskaltem  Ä ther 
gew aschen. Schm elzpunkt nach  dem  U m kristallisieren aus einem Gemisch von  Benzol und  
P e tro lä th e r  (1 : 4) 77—78 °C. E in  Gemisch m it p-Toluylsulfinyl-p-toluylsulfon, welches nach 
dem  V erfahren von K n o e v e n a g e l  [16] bzw. B r e d e r e c k  [17] hergestellt w urde, zeigte keine 
Schm elzpunktdepression.

9. R eaktion der Verbindung XV m it Benzylmagnesiumchlorid

2,9 g (0,01 M)  der nach  K n o e v e n a g el  [16] hergestellten V erbindung w urden in abso
lu tem  Ä ther gelöst, hei Z im m ertem peratu r tropfenweise m it der Lösung von 1,5 g (0,01 M)  
B enzylm agnesium chlorid ve rse tz t und eine Stunde lang in  mäßigem Sieden gehalten. Das 
R eaktionsgem isch wurde filtr ie r t, wobei 2,1 g (100% ) M agnesium chlorid-p-toluylsulfinat in 
F o rm  eines farblosen Pulvers erha lten  wurde. Diese V erbindung geht beim  E rw ärm en m it 
salzsäurehaltigem  W asser schnell in  Lösung. Mit festem  E isen(III)chlorid  kann  das Eisensalz 
der Sulfinsäure abgeschieden un d  das Magnesium aus dem  F iltra t q u an tita tiv  zurückgew onnen 
w erden . Durch Kochen m it überschüssigem  Benzylchlorid u n te r R ückfluß se tz t sich die V er
b in d u n g  zu p-Toluylbenzylsulfon um . Schm elzpunkt 142— 143 “C, identisch m it dem  u n te r 6a) 
e rh a lten en  Sulfon.

D er A bdam pfrückstand des ätherischen F iltra ts  betrug  2,0 g (87% ). Aus Ä ther m it 
w enig M ethanol um kristallisiert, betrug  der Schm elzpunkt 136—137 °C. Die V erbindung war 
m it dem  un ter P unk t 6 erhaltenen  p-T oluylbenzylsulfoxyd identisch.
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REACTIONS CATALYZED BY STRONG ACIDS,
IN NONAQUEOUS MEDIA, IIP

SY N TH ESIS O F l,4 -D IH Y D R O -l-PH E N Y L -3(2H )-ISO Q U IN O L IN O N E  
AND ITS D ERIV A TIV ES FR O M  AROMATIC A LD E H Y D E S AND A RY L 

A CETO N ITR ILES IN  T H E  P R E S E N C E  OF PO LY PIIO SPH O R IC  ACID CATALYST

Z .  C s ű r ö s , G y . D e á k , I .  H o f f m a n n  a n d  A .  T ö r ö k - K a l m á r

(Department o f  Organic Chemical Technology, Technical University, Budapest, and
Research Group fo r  Organic Chemical Technology o f  the H ungarian Academy 

o f Sciences, Budapest)

R eceived June  28, 1968

A procedure has been elabora ted  for the synthesis of 1 ,4-dihydro-l-phenyl- 
3(2H)-isoquinolinone and its su b s titu ted  derivatives from  arom atic aldehydes and 
arylacetonitriles in  polyphosphoric acid. Fourteen new derivatives of th e  p a ren t com 
pound have been synthesized by th e  procedure. The structu res of the p roducts obtained  
from  m -m ethylbenzyl cyanide and  hom overatronitrile (3,4-dim ethoxybenzyl cyanide) 
have been elucidated on the basis o f the infrared spectra. I t  has been proved th a t  the 
reaction proceeds through the in term ed iary  p roduct benzylidene-bis-phenylacetam ide, 
which can also be prepared in  o th e r ways. In  polyphosphoric acid, th is com pound 
readily undergoes ring closure to  l,4-dihydro-l-phenyl-3(2H )-isoquinolinone, and 
phenylacetam ide is split off sim ultaneously.

In a preceding com m unication [1] of this series it was reported th a t the  
reaction  of benzaldehyde and b en zy l cyanide in abs. acetic acid and in the  
presence of boron fluoride or sulphuric acid gave benzylidene-b is-phenylacet- 
am ide. When the above aldehyde and nitrile were allowed to  react in  p o ly 
phosphoric acid (PPA ) of high a c id ity , an exotherm ic reaction occurred and  
a yellow  product w as obtained w hich  m elted at 165 °C. The product was iden
tica l neither w ith  a-phenylcinnam onitrile obtainable in basic m edium , nor 
w ith  benzylidenc-bis-phenvlacetam ide accessible in acetic acid solution  in 
th e  presence o f B F 3 or H2SOj ca ta ly st. According to  the infrared spectrum  
(F ig. 1), the com pound contains no nitrile group. The characteristic bands in 
th e  infared spectrum  at 3050 cm -1 , 3180 and 1665 cm -1  indicated  th e  presence  
o f  a carboxam ide group. A further characteristic feature o f the spectrum  was 
th e  band system  in the region betw een  800 and 700 c m “ 1, arising from  the  
out-of-p lane deform ational v ibrations o f the hydrogen atom s attached  to  the  
arom atic ring. O f th ese, the bands at 750 and 700 c m “ 1 m ight presum ably  
be assigned to a m onosubstituted , and the band at 740 cm “ 1 to a 1 ,2-disubsti- 
tu ted  arom atic ring.

As the infrared spectrum ind icated  the presence o f a carboxam ide group, 
it w as assum ed that condensation had been accom panied b y  hyd ratation  o f

* P a rt II : Z. C s ű r ö s , Gy . D e á k , M. H a r a s z t h y - P a p p  and I. H o f f m a n n : A cta Chim. 
A cad. Sei. Hung. 59, 119 (1969).

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 60 (1— 2), pp. 177— 190 (1969)
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th e  n itrile  group. In first approxim ation th is assum ption was supported by  
th e  identical m elting p o in t o f  the product w ith  th a t o f a-phenylcinnam am ide  
and  furtherm ore th a t it  cou ld  be produced b y  th e  reaction o f phenylacetam ide  
and benzaldehyde, as w ell. The only contradiction  to  the supposed structure 
w as th e  observation th a t, in disagreem ent w ith  literary data, it could not be

35  40
MICRONS
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100

Fig. 1. IR  spectrum  of l,4-dihydro-l-phenyl-3(2H )-isoquinolinone in  K B r

Fig. 2. IR  spectrum  of cis-a-phenylcinnam am ide in  K B r

con verted  into the corresponding nitrile by heating  w ith phosphorus pentoxide  
in to lu en e. Further doubts arose concerning th e  structure of the com pound  
w hen  the m elting p o in t o f  the product obta ined  w ith  p-nitrobenzaldehyde  
differed from that o f  a-phenyl-p-n itroeinnam am ide reported in the literature.

Therefore, trans-a-phenylcinnam ic acid w as partia lly  isom erized to  the  
cis derivative by h eatin g  [2], the isolated and purified cis isom er was trans
form ed to the acid chloride with phosphorus pentachloride, and the latter  
con verted  to cis-oc-plienylcinnamamide w ith  am m onia. This com pound showed  
considerable m elting p o in t depression w ith  our product, and th e  infrared 
spectra to be entirely different (Figs 1 and 2).
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The n ext step  in the elucidation o f the structure of the product w as the  
determ ination o f the m olecular w eight. A fter the failure of the ap p lica tion  
o f several m ethods (R ast, boiling point e levation ), mass spectroscopic deter
m ination showed the m olecular weight to  be 223, corresponding to th e  em pir
ical form ula C15H j3NO. The results o f  elem ental analysis were con sisten t  
w ith the above em pirical form ula. In order to  check the role o f th e  a ctive  
m ethylene group, the reaction was also carried out w ith  phenylisobutyronitrile , 
which has no active m ethylene group; th e  product thus obtained was id en tica l 
in character w ith  the parent com pound both according to  analysis and infra
red spectroscopy.

It was also found that the com pound was sligh tly  basic; on trea tm en t  
w ith  dry hydrogen chloride in abs. benzene, the colourless hydrochloride w as  
obtained. This sa lt proved rather unstable: on exposure to air it gradually  
decom posed to  the parent com pound, w ith  the sim ultaneous re-appearance o f  
the yellow  colour. The com pound was resistant to  acids and bases, it could  
be recovered unchanged after refluxing w ith  d ilute or concentrated acids for 
longer periods, or after heating in a sealed am poule at 125 °C for 8 hours. 
Treatm ent w ith  lith ium  alum inium  hydride in tetrahydrofuran or h ea tin g  
with palladium  on charcoal in decaline left th e  com pound unchanged.

H ydrogenation with R aney nickel at 125 °C and 100 atm . for 8 hours 
afforded a new  product m elting at 137 — 139 °C. The m ost characteristic changes  
in the infrared spectrum  of the hydrogenated substance (Fig. 3), as com pared  
w ith th at o f the parent com pound, were the follow ing: the band at 2940 c m -1  
indicating the presence o f the m ethylene group was considerably stren gth en ed , 
and only  a single, strong band at 740 c m “ 1 rem ained in the region b etw een  
800 and 700 c m “ 1.

These changes indicated the saturation o f the m onosubstituted arom atic  
ring. W hen th e  hydrogenation was effected  at 140— 150 °C and 120 a tm ., 
in addition to  th e  above com pound, a further new  derivative was form ed as 
th e  m ain product, which m elted at 195 —197 °C and according to its infrared  
spectrum  (Fig. 4) both o f its arom atic rings had been saturated.

R eduction  w ith sodium  in abs. ethanol led to  1-phenyltetrahydroiso- 
quinoline. These experim ental findings show  the product to  be 1 ,4 -d ih yd ro-l-  
phenyl-3(2H )-isoquinolinone, a com pound unknow n so far:

CJIs— CHO +  2C6H5—CH2—CN

U nlike  th e  case o f  3 ,4 -d ih y d ro -l(2 H )-iso q u in o lin o n es (isocarbostyrils), th e re  a re  o n ly  
a few  d a ta  in  th e  l ite ra tu re  concern ing  th e  p re p a ra tio n  o f l,4 -d ih y d ro -3 (2 H )-iso q u in o lin o n es. 
T he p a re n t  co m pound  w as f ir s t  syn thesized  b y  v o n  B r a u n  a n d  R e ic h  [3] b y  th e rm a l cycli-
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zation  of o-am inom ethylphenylacetic acid, or by  th e  alkaline hydrolysis of its  ester hydro 
chloride in  alcohol solution. In  addition, among th e  derivatives containing no substituen t 
on th e  nitrogen atom , 4,4-diphenyl-l-m ethyl- and l,4-dihydro-4-phenyl-3(2fi)-isoquinolinones 
are known. The form er w as synthesized by P e t y u n i n  et al. [4] by the ring closure of 
benzylic acid y-phenylethylam ide w ith sulphuric acid, while the 4-phenyl derivative by  
G a r d e n t  and H a m o n  [5] by  the cyclization of m andelic  acid benzylamide by  m eans of 
phosphoric acid.

MICRONS

MICRONS
2 5 3 0 3 5 4 0 50 6 0 7 0 8 0 10 0 12 0 16 0

Fig. 4. IR  spectrum  of l-cyclohexyl-l,4,5,6,7,8-hexahydro-3(2H )-isoquinolinone in K B r

After having elucidated  the structure o f  th e  product, the optim um  con
ditions o f the reaction  were investigated . F irst o f all, the effect o f  the varied 
com position  o f the polyphosphoric acid c a ta ly st  was examined.

As i t  is know n [6], the composition of po lyphosphoric acid depends on th e  ra tio  of 
th e  s ta rtin g  m ateria ls, i.e. phosphoric acid and phosphorus pentoxide. The com position is 
usually  characterized by  th e  per cent ratio  of phosphorus pentoxide. M ixtures w ith  less than  
85%  P 20 5 contain only linear polyphosphoric acids besides ortho- and pyrophosphoric acids. 
In  the  case of higher anhydride contents, the m ix tu re  also contains cyclic and cross-linked 
polym ers. According to  H u h t i and Ga rta ga n is  [7], th e  linear polymers are characterized 
by  the following general form ula:

0

H O - P  О 

OH

О

P — O

OH

о
I!

—P -O H  

n Ó H
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A polyphosphoric acid w ith 82%  P 20 5 conten t consists, in  about 64% , of 3- to  10-mem- 
bered polymers (n =  1 — 7). In the case o f 84%  P20 5 con ten t, the ratio  of polym ers w ith 
n =  7 or higher am ounts to about 20% .

In the fo llow ing, the various polyphosphoric acids w ill be characterized  
b y  the ratio o f 85%  phosphoric acid (ml) and phosphorus pentoxide (g) used  
in their preparation. The P20 5 con ten ts o f these polyphosphoric acids are shown  
in Table I.

Table I

Percentage PjOb contents o f polyphosphoric acids

Polyphosphoric acid
100% 85%

1 : 2 1 : 1.5 1 : 1 orthophosphoric acid phosphoric acid

p  о  o/r 2KJS /0 82.8 80.0 76.0 72.5 61.6

On attem p tin g  to carry ou t ring closure w ith  the cata lysts listed  in 
T able I, it was found that cyclization  did not occur w ith 85%  phosphoric 
acid, but it proceeded with 100%  acid (orthophosphoric acid). A lm ost the 
sam e results were obtained w ith th is  latter and various polyphosphoric acids, 
the on ly  difference being that w hen the h ighly v iscous 1 : 2 and 1 : 1.5 p o ly 
phosphoric acids were used the m ixtures becam e even thicker during the  
reaction causing difficulties in handling. This effect was not observed w ith  
1 : 1 polyphosphoric acid. As th e  reaction is exotherm ic and thus thorough  
stirring is required, 1 : 1 polyphosphoric acid w as used in our further experi
m ents.

N ext the question  was stu d ied , w hether the reaction could be accom 
plished with su b stitu ted  derivatives o f benzaldehyde and benzyl cyanide. 
It was found th at nitro, halogen and alkyl su b stitu en ts in the a ldehyde com 
ponent did not affect the reaction, w hile anisaldehyde, o-m ethoxybenzaldehyde  
and phenylacetaldehyde failed to  give the corresponding derivatives. W ith  
substituted  benzyl cyanide derivatives it was found th at m ethoxy, nitro and  
chlorine substitu en ts in p-position  prevented th e  reaction or other products 
were obtained, w hile m ethyl and 3 ,4-d im eth oxyb en zyl cyanide afforded the  
expected  products. The latter was also accessible from pyridine carboxaldehyde. 
D ata o f the parent compound and its derivatives are sum m arized in T able II.

In  the in frared  spectrum  of 1-phenyl-1,4-dihydro-3(2H)-isoquinolinone derivatives 
substitu ted  in the nucleus, the i>NH stre tch ing  vibration  bands appear a t 3200 3190 and
3080—3060 cm -1 , and the amide-I hand  a t 1680 —1650 cm “ 1. (The infrared spectra  were 
taken  in K Br pellets w ith  a Perkin-Elm er 237 instrum ent.) The hand a t 1430 cm -1 appearing 
in the spectrum  of the  paren t compound is absent in the spectrum  of the 1-phenyl-1,4-diliydro- 
4,4-dim ethyl-3(2H) derivative, therefore i t  presum ably originates from  the /S8CH2 deform a
tion  vibration of th e  m ethylene group betw een the >C= О group and the arom atic ring. 
This band appears in the spectrum of various derivatives in  the region betw een 1430 and 
1410 cm -1. The y (= C H ) deformation v ib ration  bands depending on, and characteristic  of, 
the p a tte rn  of su b stitu tio n  also appear betw een 880 and 700 cm -1 . In  the spectrum  of the
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n itro  derivatives the vs and  vas stretching vibration  bands appear a t 1510 and  1350 cm -1 
in  th e  case of the com pound ob tained  from p-nitrobenzaldehyde and a t 1540 and 1360 cm -1 
in  th a t  from  the m-isomer. The spectrum  of the fluorine derivative has the rC— F  stretching 
v ib ra tio n  bands at 1220 and  1160 cm -1.

E xam ination o f the reaction conditions show ed that phenylacetam ide  
cou ld  be isolated as a by-product o f the reaction  catalyzed  b y  polyphosphoric  
acid . I t  was assum ed th a t th is com pound had  been formed from  th e excess 
b e n z y l cyanide under th e  effect of the polyphosphoric acid. W hen, how ever, 
th e  ratio  of benzyl cyan id e was lowered, the y ield  o f isoquinolinone also 
decreased , and the m axim u m  yield of the la tter  was obtained w hen the molar 
ratio  o f  benzaldehyde and benzyl cyanide was 1 : 2 .  This ind icates the for
m a tio n  of some in term ediary  product under the reaction conditions applied, 
from  1 mole aldehyde and 2 moles of the n itrile , which then transform s to  the  
end-product with th e  elim ination  of phenylacetam ide. The correctness o f this 
assu m p tion  was supported  b y  the fact that at lower tem peratures benzylidene- 
-b is-phenylacetam ide could  be isolated from  the crude product. On the basis 
o f  our experim ents w e assum ed th at this com pound is form ed first in p o ly 
phosphoric acid, too , b u t under the cyclizing effect o f polyphosphoric acid it 
is converted  into th e  isoquinolinone d erivative, while a phenylacetam ide  
m olecu le is split off. Indeed , when benzylidene-b is-phenylacetam ide was 
h ea ted  at 100 °C in polyphosphoric acid, it  was converted into 1-phenyltetra- 
hydroisoquinolinone w ith in  10 m inutes.

A s it has been m entioned  p-ch lorobenzyl cyanide failed to y ield  the  
corresponding isoquinolinone derivative. Therefore, benzylidene-bis-(p-chloro- 
phenyl)-acetam ide w as synthesized  indirectly  [1] and then heated  in poly
phosphoric acid. Com parison o f the infrared spectrum  of the bis-am ide (Fig. 5) 
w ith  th a t of the product obtained on working up th e  polyphosphoric acid melt 
(F ig . 6) showed th a t th e  conversion of th e  bis-am ide was again very  fast, 
occurring within 10 m in u tes. The m ost characteristic changes in th e  spectrum  
w ere th e  appearance o f  th e  double carbonyl band of identical in ten sity  at 
1660 and 1655 cm “ 1, th e  disappearance o f th e  band at 1555 c m -1  (presum ably  
assignab le to the secondary amide group, an am ide-II band) and th e  sim ul
ta n eo u s appearance o f  th e  am ide-II band at 1630 cm “ 1, characteristic of 
prim ary amides.

These changes are also reflected in the region betw een 3500 and 3000 cm “ 1 
w hich  is characteristic o f  th e  N — H stretching vibrations: instead o f the bands
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Fig. 6. 1R spectrum  in K B r of the p roduct obtained in the reaction of benzylidene-bis- 
-(p-chlorophenyl)-acetam ide in  polyphosphoric acid
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Pig. 7. IR  spectrum  of p-chlorophenylacetam ide in K Br

at 3285 and 3100 cm -1 , ascribed to  secondary am ides, a strong band appeared 
at 3410 c m -1 and three bands o f  m edium  in ten sity  at 3320, 3300 and 3210 cm -1 , 
respectively . According to  th e  spectral data, the bis-am ide transform ed to
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a p r im a ry  amide in p olyp h osp h oric  acid. On com paring the spectrum  o f the  
p ro d u ct (Fig. 6) w ith th a t o f  p-chlorophenylacetam ide (Fig. 7), the conclusion  
m a y  b e drawn that th e  reaction  o f benzylidene-bis-(p-chlorophenyl)acetam ide  
in  polyphosphoric acid resu lted , instead o f ring closure, in a conversion to

€1
О

H,
с о
I

+ J \H  
HC

I
QHs

1- 1‘I‘A
2. H20 p Cl—C6H 4— CH2-C O N H 2 +  C6H ;,-C H O

p-ch lorophenylacetam ide. T h is reaction path is presum ably due to  th e  deacti
v a t in g  influence of the ch lorine atom  on the carbonium  ion which is produced  
from  th e  bis-amide under th e  effect of polyphosphoric acid; th is affects most

ju s t  th e  carbon atom  w h ich  participates in th e  cyclization  reaction. Thus 
sp lit t in g  to p-ch lorophenylacetam ide and benzaldehyde proceeds faster than  
r in g  closure to the corresponding isoquinolinone derivative.

O f the compounds lis te d  in Table II, elucidation  o f the structures o f  the 
isoquinolin ones obtained from  3,4-d im ethoxybenzyl cyanide and m -m ethyl- 
b e n z y l cyanide required fu rth er investigations. N am ely , depending on the  
s ite  o f  ring closure, d im eth oxyb en zy l cyanide m ay afford either th e  6,7-
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M.p.,*
°c Colour Formula C%

Calcd./Found
Hal%R1 R* R3 % H% N%

c6H5 H H 52 164 yellow c15h 13n o 80.71 5.83 6.27
80.70 5.98 6.16

m-02NC6H4 H H 63 184 white ^lsHJgNJOg 67.70 4.48 10.45
67.82 4.53 10.20

p -0 2NC6H, H H 66 180 orange ^ 1 5 ^ 1 2 ^ 2 ^ 3 67.70 4.48 10.45
68.05 4.62 10.36

m-ClC6H, 11 H 54 143 pale yellow C15H 12C1N0 69.80 4.66 5.43 13.78
70.10 4.96 5.44 13.63

p -cic6H4 H H 39 170 white c15h 12c in o 69.80 4.66 5.43
69.77 4.69 5.14

m-BrC6H4 H H 54 138 pale yellow C13H 12BrNO 59.62 3.98 4.64 26.40
59.47 4.22 4.73 26.30

p-FC6H4 H H 43 141 white c 15h 12f n o 5.81
5.63

2,4-Cl2CeH3 H H 58 195 white C15H u C12NO 4.78 23.90
4.55 23.45

p-CH 3CGH4 H H 46 139 white c16h 15n o 81.00 6.38 5.90
80.88 6.41 6.13

C3H4N H H 52 187 pale yellow C14H 12N20 75.00 5.35 12.50
75.04 5.64 12.83

c 6H3 5-CH3 H 55 177 yellow c16h 15n o 81.00 6.38 5.90
81.22 6.26 5.80

c 6H5 8-CII3 H 45 142 yellow ^leHisNO 81.00 6.38 5.90
81.20 6.20 5.81

C6H5 7-CH3 H 63 179 white 81.00 6.38 5.90
81.10 6.24 5.79

c6H3 7-OCH3 0 CH3 50 198 pale yellow Ci7H 17N0 3 72.10 6.06 4.95
71.89 6.12 5.00

* All melting points reported are uncorrected
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d im eth oxy- or the 7 ,8 -d im eth oxy  derivative, and m -m ethylbenzyl cyanide  
m a y  give the 6-m ethyl or 8-m ethyl derivative.

Taking into accou n t the electron-releasing effect of the m eth o x y  and  
m e th y l groups, there is equal probability for th e  form ation o f b oth  typ es o f  
p rod u cts. I f  steric factors are also considered, th e  form ation o f the 6,7-diineth- 
o x y  isom er and th e  6 -m eth y l derivative, resp ectively , is to  be expected . 
T he yields and m eltin g  points indicated th a t  th e  products obta ined  were 
a ctu a lly  hom ogeneous. T he elucidation o f th eir  structures did not require the  
ch em ica l methods regu larly  used in quinoline and isoquinoline syntheses, 
as th e  problem could be so lved  by a stu d y  o f th e  infrared spectra. The bands 
appearing in the region betw een  900 and 700 c m “ 1, arising from  th e out-of
p lan e  deformation v ib ra tio n s of the hydrogen atom s attached to  th e  arom atic 
n u cleu s, constituted th e  basis for the determ ination  o f the sites o f su b stitu tion . 
T h ese  bands are know n to  be characteristic o f  th e  pattern of su b stitu tion . The 
sp ectru m  of the d im eth o x y  derivative possessed  three bands in th e  above  
reg ion , at 860 (m), 750 (s) and 700 cm -1  (s). Since it had been determ ined  
earlier th at the bands at 750 and 700 c m “ 1 arise from the m onosubstitu ted  
arom atic  ring a ttached  to  C -l of the isoquinolinone skeleton, th e  pattern  
o f  substitution  of th e  fu sed  aromatic ring w as deduced from th e band at 
860  c m -1 , which is characteristic  of a 1 ,2 ,4 ,5-tetrasu b stitu ted  benzene ring. 
T herefore, the product obtained from 3 ,4 -d im eth oxyb en zyl cyanide is the  
ex p ected  1-phenyl-1 ,4 -dihydro-6 ,7-d im ethoxy-3(2H )-isoquinolinone.

The structure o f  th e  product obtained from  m -m ethylbenzyl cyanide 
w as elucidated an a logou sly , by com parison o f its infrared spectrum  w ith  
th a t  o f  the products ob ta in ed  from o- and p -m eth y lb en zy l cyanide. The char
a cter istic  bands in th e  spectra  of the three m eth y l derivatives were as follows:

l-p h en yl-l,4 -d ih yd ro-5-m eth y l-3 (2H )-isoq u in o lin on e

1-p h en yl-l,4 -d ih yd ro-6(or 8)-m ethyl-3(2H )-isoquinolinone

l-p h en y l-l,4 -d ih yd ro-7 -m eth y l-3 (2 if)-isoq u in o lin on e

795 c m “ 1 (m) 
760 c m “ 1 (s) 
705 c m “ 1 (s) 
700 c m “ 1 (s)

790 c m “ 1 (m) 
750 cm _1 (s) 
710 c m “ 1 (s) 
695 c m “ 1 (s)

820 c m “ 1 (m) 
755 c m “ 1 (s) 
700 c m “ 1 (s)

I t  can be stated  th a t  the bands at 700 -  695 and 760 — 750 c m “ 1 in the 
sp ectru m  of the m eth y l derivatives are to  be assigned to the p h en yl group 
a tta ch ed  to the C -l a tom . In the spectrum  o f the product obta ined  from
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o-m ethylbenzyl cyanide, the bands at 795 and 705 cm -1 indicate a 1,2,3- 
trisubstitu ted  arom atic ring (5-m ethylisoquinolinone derivative), w h ile  the  
band at 820 c m -1  in that obtained from p-m eth ylb en zyl cyanide show s the  
presence of a 1 ,2 ,4-trisubstituted  arom atic ring. The spectrum  of the p rod u ct, 
w hose structure was to be elucidated  and which originated from m -m eth y l-  
benzyl cyanide, had two bands at 790 and 710 cm “ 1, and thus it w as very  
sim ilar to th at o f  l-p h en yl-l,4 -d ihydro-5-m ethyl-3(2H )-isoqu iuolinone, u n eq u i
voca lly  ind icating the presence o f  a 1 ,2 ,3-trisubstituted  aromatic ring in the  
com pound. T his, again, means th a t instead  o f the isomer expected  on the  
basis o f  steric considerations, m -m ethylbenzyl cyanide gave 1-p h en y l-1 ,4- 
dihydro-8-m ethyl-3(2H )-isoquinolinone.

Since, as it has been m entioned , benzylidene-b is-phenylacetam ide can  
also be prepared from phenylacetam ide, the assum ption seem s reasonable  
th at as far as it is possible for the phenylacetam ide by-product, form ed  in 
the reaction o f benzaldehyde and b en zy l cyanide in the presence o f  poly-  
phosphoric acid , to  transform again to  benzylidene-b is-phenylacetam ide, in 
principle the sam e yield as obtained  under the above conditions w ill also be 
attainable w hen benzaldehyde and benzyl cyanide are used in 1 : 1 m olar 
ratio. Under appropriate reaction conditions th is expectation  could a c tu a lly  
be realized: th e  m odification m ay have advantage particularly in th e  cases 
when more exp en sive benzyl cyan ide derivatives are used.

On the basis o f our experim ents it is assum ed th at the reactions w hich  
m ay occur betw een  benzaldehyde and benzyl cyanide in the presence of 
strong acids are th e  following:

Ar—Cl l j—CONHa

In acetic acid containing boron fluoride, benzylidene-b is-phcnylacet- 
am ide is form ed either directly or through phenylacetam ide. P resum ably th is  
is the interm ediary product in polyphosphoric acid, and it im m ediately  under
goes cyclization . H owever, it can also be supposed th at in the first step  a car
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b oxam ide is form ed from  the nitrile, and th is  la tter  is converted through the  
bis-am ide to give th e  isoquinolinone d er iv a tiv e . Further experim ents are in 
progress to clarify th is  problem , and k in etic  m easurem ents are in tended to  
ob ta in  further in form ation  about the reaction .

E xp erim en ta l

1 . 1 - p h e n y l- l ,4 -d i l iy d ro -3 (2 H ) - is o q u in o l in o n e

(a )  From benzyl cyanide

In  a four-necked round-bottom ed flask equ ipped  w ith  a mechanical stirrer, a therm om 
e te r , a dropping funnel an d  a gas-outlet tube, was p laced  100 g of 1 : 1 polyphosphoric acid. 
23 g (0.196 mole) of ben zy l cyanide was added in  po rtio n s, w ith  continuous stirring. The tem 
p e ra tu re  of the m ix ture  rose to  60 °C. I t  was th en  h ea te d  to  95 °C and stirred a t th is  tem pera
tu re  for 30 min. 10 g (0.09 m ole) of benzaldehyde w as added  in  portions a t  such a ra te  (during 
a b o u t 20 min) th a t th e  tem p era tu re  rose to 110— 120 °C. The m ixture was stirred  a t 120— 
125 °C for a further 3 h rs , allow ed to cool to 60 °C and  poured  into 1 1 of w ater, w ith  thorough 
stirring . The product se p a ra te d  as yellow semi-solid clots. The supernatan t was decanted, 
th e  product suspensed in  1 1 of w ater, the suspension m ade alkaline w ith am m onium  hydroxide 
a n d  heated to boiling, w hen  th e  product transform ed to  a yellow powder-like precip ita te . 
I t  was filtered off, w ashed  w ith  water until n eu tra l and  dried a t 60 °C to  ob tain  29.6 g, m .p. 
150— 157 °C. The w ashing contained  the main portion  of phenylacetam ide formed in  the reac
tio n , and also this com pound  was the main con tam ina tion  of the product. R ecrystallization 
o f th e  crude product from  200 m l of abs. ethanol afforded 11 g (52%) of the pure substance, 
m .p . 164 °C.

All derivatives o f th e  p a ren t compound listed in  T able I I  were synthesized analogously. 
T he compounds were soluble in  warm alcohol and benzene, or in acetone a t room  tem perature .

(b ) From phenylacetamide

0.8 g (0.0075 m ole) o f benzaldehyde and 2.04 g (0.015 mole) of phenylacetam ide were 
reac ted  with 6.0 g of polyphosphoric  acid. The reac tio n  m ix ture  was worked up as described 
u n d e r (a) to obtain 1.4 g o f a crude product, m.p. 155— 160 °C, which on recrystallization from  
seven parts of alcohol y ie lded  0.76 g (45%) of th e  p u re  com pound, m.p. 164— 165 °C.

(c ) From equivalent am ounts o f  benzaldehyde and benzyl cyanide

In  the appara tus described  above, 100 g of 1 : I polyphosphoric acid was mixed w ith 
19.0 g of benzyl cyanide a t  room  tem perature. The m ix tu re  was heated to 80 °C, and 8.0 g 
o f benzaldehyde was ad d ed  dropwise with stirring a t  th is  tem perature. The tem peratu re  was 
ra ised  to 100 °C, w hich w as m aintained for 1 hr. A fu r th e r  8.0 g of benzaldehyde was added 
in  th ree portions over a perio d  of 30 min, the m ix ture  s tirred  for 1 hr., and worked up as above 
to  yield 27.6 g (84% ) o f 1-pheny l-1,4-dihydro-3(21i)-isoquinolinone, m.p. 162— 163 °C.

2. 1 - P h e n y l- l ,4 -d ih y d ro -4 ,4 -d im e th y l-3 (2 H ) - is o q u in o l in o n e

3.3 g (0.0224 m ole) o f 2-phenylisobutyronitrile [8], 20 g of polyphosphoric acid, and 
1.2 g (0.0113 mole) of benzaldehyde were reacted a t  100 °C for 2 hrs as described under 1 (a). 
T he reaction m ixture w as w orked  up as usual, and th e  2.3 g of crude product, m .p. 160—165 °C, 
w as recrystallized from te n  p a r ts  of benzene to yield 1.2 g (42% ) of 1-phenyl-1,4-dihydro-4,4- 
dim ethyl-3(2R )-isoquinolinone, m .p . 168.5—169.5 °C.

C17H17NO (251.32). Calcd. C 81.30; H 6.78; N 5.75. Found: C 81.26; H 7.01; N 5.67% .
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3. c is-l-Phenylcinnainide

(a) trans-a-Phenylcinnamic acid

The com pound was prepared according to B u c k l e s  and H a u s m a n  [9 ] by th e  conden
sation of benzaldehyde and phenylacetic acid in the presence of acetic anhydride and  trie thy l- 
amine cata lyst.

(b) cis-a-Phcnylcinnamic acid [2]

3 g of irans-a-phenylcinnam ic acid was heated a t 400—450 °C for 1 min. The m elt w hich 
solidified on cooling was dissolved in 50 ml of 5%  am m onium  hydroxide, the solu tion  was 
decolourized w ith  charcoal, filtered, and the unchanged trans isomer was p rec ip ita ted  by 
acidification w ith  50%  aqueous acetic acid to pH  4.5. The filtered solution was th e n  trea ted  
w ith 1 : 1 aqueous HC1 to precip itate th e  cis isomer in crystalline form (0.5 g), m .p. 134—135 °C.

(c) cis-a.-Phenylcinnamide [2]

0.3 g of eis-a-phenylcinnam ic acid was refluxed w ith  0.4 g of phosphorus pen tach loridc 
in 5 ml of abs. e ther for 1 hr. 100 ml cone, am m onium  hydroxide solution was added , and 
the p roduct w hich precip itated  was filtered  off, washed u n til neutral, and dried to  give 0.2 g 
(67% ) of cis-a-phenylcinnam am ide, m .p. 165—166 °C (lit. m .p. 167—168 °C).

4. l,2,3,4-Telrahydro-3-oxo-l-[ihenyIisoquinoliniuin chloride

1.0 g o f l-phenyl-l,4-dihydro-3(2ii)-isoquinolinone was dissolved in a m ix tu re  of 
benzene (35 ml) and m ethanol (5 ml), and dry hydrogen chloride gas was passed th ro u g h  the 
solution a t 25 — 30 °C for 2 hrs. The solution was evaporated  to dryness in vacuum  a t 30 °C 
b a th  tem pera tu re . An oily product was obtained, w hich solidified to white cry s ta ls  when 
rubbed w ith  10 ml of dry petroleum  ether. A fter drying in vacuum  0.8 g (70% ) o f 1,2,3,4- 
tetrahydro-3-oxo-l-phenylisoquinolinium  chloride was ob tained , m.p. 129—131 °C.

C ,,H 14C1N0 (259.72). Calcd. HC1 14.05%. Found: HC1 13.90%.
U nder the effect of w ater or alcohol, or simply on exposure to air, the  hydrochloride 

salt decomposed to the yellow starting  m aterial.

5. Reduction of l-phenyl-l,4-dihydro-3(2II)-isoquinolinone 
to 1-phenyltetrahydroisoquinoline [5]

In  a three-necked round-bottom ed flask equipped w ith  a mechanical s tirre r, a reflux 
condenser and  a stopper, 10 g of l-phcnyl-l,4-dihydro-3(2if)-isoquinolinone was dissolved, 
w ith stirring , in 600 ml of abs. ethanol, and then  70 g of sodium metal, cut to sm all pieces, 
was added in  portions to the boiling solution over a period of 45 min. The m ixture w as refluxed 
for a fu rther 30 min with stirring; during this period the N a reacted completely. T hen  300 ml 
of w ater was added, w ith stirring, in  sm all portions u nder cooling, and the solu tion  was 
concentrated in vacuum  un til the alcohol was com pletely removed. The w hite, crystalline 
precip itate was collected, dissolved in 100 ml of 5%  HC1, and the solution was filte red  and 
trea ted  w ith 10% aqueous am m onium  hydroxide to  prec ip ita te  the base. A fter filtra tio n  and 
drying 7.5 g (80% ) of the crude p roduct was obtained, m .p. 96—97 °C. R ecrystallization  from 
20 parts  o f petroleum  ether raised the m .p. to 97 °C (lit. m .p. 97 °C).

The au thors wish to express their thanks to Dr. M. V a j d a  for his valuable suggestions 
concerning the structu ra l elucidation of the paren t com pound. The m icroanalyses were per
formed in th e  M icroanalytical L aboratory  (head: Mrs. M. K á l o v it s -S á r i ) of Gedeon R ich ter 
Pharm aceutical W orks, B udapest.
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1 . M e a s u r e m e n ts  w e r e  m a d e  w ith  p a d d le - ,  c e n t r i fu g a l- ,  a n d  p r o p e l le r -m ix e r s  
in  c o n c a v e  b o t t o m e d  v e s s e ls  w i t h  l iq u id s  o f  v a r io u s  v i s c o s i t i e s ,  fo r  t h e  d e t e r m in a t io n  
o f  t h e  p o w e r  c o n s u m p tio n  o f  m ix e r s .  T h e s e  m e a s u r e m e n t s  w e r e  carr ied  o u t  in  t h e  
t u r b u le n t  r a n g e  o f  f lo w , Re =  3 0 0  to  4  • 105. W e  h a v e  f o u n d  th a t ,  i r r e s p e c t iv e  o f  
Fr n u m b e r , m e a su r e d  d a ta  f a l l  o n  th e  sa m e  Eu vs. Re c u r v e  u n t i l  th e  v o r t e x  d o e s  n o t  
rea ch  t h e  im p e lle r  b la d e s , i.e. u n t i l  d isp e r s io n  o f  a ir  in t o  t h e  l iq u id  d o es  n o t  b e g in .  
T h is  “ s t a n d a r d  c u r v e ”  is d e f in e d  b y  t h e  c o r r e la t io n  Eu =  A  ■ Re~a, w h ere  t h e  c o n s t a n t  
A  is  a f u n c t io n  o f  th e  t y p e  o f  m ix e r  a n d  o f  t h e  g e o m e t r ic a l  d im e n s io n s  o f  t h e  v e s s e l ,  
s n d  t h e  e x p o n e n t  a o f  t h e  Re n u m b e r  is  a n  e m p ir ic a l  v a lu e  t h a t  v a r ie s  w i t h  t h e  Re 
n u m b e r .

2 . W it h in  o n e  se r ie s  o f  e x p e r im e n ts ,  i.e. w it h  d, H , h, D, b, fu r th e r  f t ,  a n d  Q
s e v e r a l ly  t h e  sa m e , a t  a c e r t a in  nait n u m b e r  o f  r e v o lu t io n s  t h e  v o r t e x  g e n e r a t e d  o n  
th e  s u r fa c e  o f  t h e  liq u id  s in k s  d o w n  to  t h e  le v e l  o f  t h e  im p e lle r  b la d e s  a n d  d is p e r s io n  
o f  a ir  in to  t h e  l iq u id  b e g in s . F r o m  t h is  p o in t  o n , c h a r a c t e r iz e d  b y  a  Recrn, f u r th e r  in c r e a s e  
o f  n c a u s e s  t h e  Eu vs. Re^v ccnst) c u r v e  to  d e v ia t e  f r o m  t h e  fo rm e r  s ta n d a r d  c u r v e .  In  
t h is  t w o - p h a s e  m ix in g  d o m a in  t h e  v — sa m e  c u r v e s  r u n  a b o u t  p a r a lle l to  e a c h  o t h e r ,  
Eiitfjsp =  • Re~a, w h e r e  a =  0 .7  t o  1 .2 .

3 . W e  r e p e a te d  o n e  o f  t h e  e x p e r im e n ts  o f  R u s h t o n , C o s t i c h , a n d  E v e r e t t , 
a n d  h a v e  f o u n d  th a t

a)  t h e  d a ta  g iv e n  b y  R u s h t o n  et al. le a d  t o  Eu n u m b e r s  to o  h ig h , p r o b a b ly  
b e c a u s e  o f  a  s y s te m a t ic  e r r o r  d u e  to  f r ic t io n a l lo s s e s  in  th e ir  in s tr u m e n t;

b) i t  m a y  b e  a lso  d u e  t o  s y s t e m a t ic  error t h a t  R u s h t o n  et al. r ep o r t  d i f f e r e n t ia 
t io n  a c c o r d in g  to  Fr n u m b e r s  fr o m  Re =  3 0 0  o n ;

c) c o n tr a r y  to  f in d in g s  o f  R u s h t o n  et al., w it h  n o n e  o f  th e  l iq u id s  a n d  w i t h  
n o n e  o f  t h e  im p e lle r s  u s e d  c o u ld  d if fe r e n t  Eu vs. Re c u r v e s  b e  d is t in g u is h e d  o n  t h e  
g r o u n d s  o f  d iffe r e n c e s  in  iso-Fr v a lu e s  t i l l  th e  im p e lle r  d id  n o t  d isp erse  a ir  in t o  t h e  
l iq u id . T h u s  iso-Fr l in e s  h a v e ,  in  p r in c ip le , n o  m e a n in g  a t  a ll;

d) a c c o r d i n g  t o  o u r  e x p e r i m e n t a l  f i n d i n g ,  a n d  i n  c o n t r a s t  t o  t h o s e  o f  R u s h t o n  
et al., a f t e r  d i s p e r s i o n  o f  a i r  i n t o  t h e  l i q u i d ,  p o w e r  c o n s u m p t i o n  d o e s  i n c r e a s e  e v e n  
i f  n o t  i n  a  p r o p o r t i o n  t o  n 3, y e t  i n  a  p r o p o r t i o n  t o  a b o u t  re2.

4 . I n  o u r  o p in io n  t h e  Eu-Re-iso-Fr m e th o d  o f  p r e s e n ta t io n  a d o p te d  b y  R u s h t o n  
et al. i s  b e t t e r  d isca r d e d . I t  s e e m s  m o re  c o r r e c t  t o  u s e ,  b e s id e s  t h e  Eu vs. Re s t a n d a r d  
c u r v e  c h a r a c t e r is t ic  o f  m o n o - p h a s e  m ix in g , t h e  p lo t t in g  o f  Eu vs. Re^v const) c u r v e s  fo r  
t h e  c h a r a c t e r iz a t io n  o f  t h e  tw o -p h a s e  d o m a in .

Introduction

According to  experience, the power to  be supplied to agitators is a 
function o f th e  dimensions o f  the vessel and o f th e  impeller, further o f  the  
number o f revolutions, and o f  the density and th e  v iscosity  of the liqu id  to  
be stirred.

N = f ( d ,  b, D, H, h, n Q, , г ) .................................. (1)
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w h ere  N  — the power consum ption, kg • m 2/sec3 =  w att 
d =  the d iam eter o f  the im peller, m  
b =  the w idth  o f  th e  im peller b lad e, m 

D  =  the d iam eter o f  the vessel, m
H  =  the height o f th e  liquid lev e l at rest in the vessel, m  
h =  the d istance betw een  the im peller and the bottom  o f th e  vessel, m 
n =  the num ber o f revolutions, sec -1 
q =  the d en sity  o f  the liquid, k g /m 3 

/ 1 =  the dynam ic v isco sity  of th e  liqu id , kg/m • sec 
v =  fj,/g, th e  k inem atic  v iscosity  o f  th e  liquid, m2/sec

B y  dim ensional analysis, W hite and B r en n er  solved th is  problem  [1] 
in  1934 , and arrived to  th e  follow ing correlation.

N  =  A  • d> • n3 • q •
d2 -n-Q ~ a ( b \c ‘ D \ e H f k

I d  I d I d i d J ( 2)

T h e va lu es for the con stan t^ !, and for th e  exponents were determ ined  experi
m en ta lly .

I f  the full-scale equipm ent is geom etrica lly  similar to  th e  experim ental

ap p aratu s, i.e. the ratios
b D i l l

and
h

d , d d d
, the so-called  “ internal

sca le  factors” or dim ensionless “ length  ra tio s”  are the same for b o th , Eq. (2) 
p resen ts  a more sim ple form

N

w here
d5 ■ n3 ■ Q 

d2 • n ■ Q

A - d2- П ■ Q

=  ReJ A e m i x

(3)

(4)

=  th e  m ixing Reynolds number abbreviated  as Re.

' . Na = E u  (5)
d °  - n J • Q

=  p ow er number, or m ix in g  Euler number

or Eu — A ■ Re~a (6)

E ffe c ts  o f the F rou de num ber upon  p ow er con su m p tion  o f  m ix in g

I f  the vessel is not provided w ith  b affles th at would brake th e  rotation  
o f th e  liqu id  then therein a vortex  is generated  of which depth  and surface 
sh a p e  are functions o f  th e  gravitational and centrifugal forces acting upon  
th e  liq u id  in rotation. T hus the dynam ics o f  the flow  is a fu n ction  also of 
g ra v ita tio n a l force.
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Hixson and Baum [2], in th e  course o f their  experim ents w ith  turbine  
im pellers, in 1942, pointed to th e  fact that w hen the vortex reaches down  
to the impeller b lades the power num ber curve branches aw ay, steep ly  dow n
ward, from the “ standard” Eu vs. Re curve. The above authors did not stu d y  
th is phenom enon in details and did not m ention its  correlation w ith  the Fr- 
num ber. (According to  them the standard curve is defined by the H  =  D 
geom etrical criterion.)

In the literature, it is only Kafarov [3, F ig . 32] who published a diagram  
for th e  linear correlation betw een Fr-num ber and surge o f liquid level (Ah), 
but he did not s tu d y  the question at which operational parameters (n, i.e. Re, 
or Fr) does the v o rtex  extend dow n to the im peller blades or to the depth
( Я  -  ft).

Rushton el al. [4, 5] were the first to account also for gravitational 
acceleration in a calculation of th e  power consum ption  of m ixers. B y  dim en
sional analysis th ey  worked out th e  following correlation

where

Fr

Eu =  A -  Re a ■ Fr ~b 

, the m ixing Froude number

( ? )

( 8 )

and since the peripheral speed, v =  d • tt ■ n, and the centrifugal acceleration  
produced by it,

О J 9   9  9
i r  a -  • t t  • n "

r
2d • л 1 • ri1

the physical sense o f  the m ixing Froude number is

Fr  =
1

9 Л1
ac
g

(9)

where ac =  centrifugal acceleration, m • sec ~2 
g =  gravitational acceleration, m • sec

Thus in the dynam ics of m ixers the Froude number expresses the ratio  
of th e  centrifugal force to the gravitational force acting upon a unit mass 
of liquid.

In their experim ents, Rushton used various types of m ixer-im pellers 
of which one [4, F ig. 12] is shown in Fig. 1, and another [4, Fig. 14, Curve 4 
com plem ented w ith  the same v values] in Fig. 7.

In the course o f  their experim ents, R ushton noted that at Re <  300 
the vortex  of the liquid  in the vessel is small and th at Eu numbers, calculated  
on the basis of m easured power consum ption va lu es, describe one curve. T hey  
found that the Fr num ber does not affect pow er consum ption but from  
Re > 3 0 0  onwards. A lso in this Re > 3 0 0  dom ain the points m easured for
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one certain substance (thus: v =  const.) fall upon one Eu vs. Re.v—const) 
stra ig h t line, but results o f  m easurem ents on various liquids do n o t align 
th em selv es  on a com m on E u vs. Re curve (cf. F ig. 1) even i f  Re num bers are 
sev era lly  the same. Rushton et al. joined the points assignable to  th e  same 
Fr  num ber, thus th ey  got iso-Fr  lines.

F ig. 1. P lo t of power num ber vs. Reynolds num ber for propeller mixer, according to
R u sh to n  [4]

In  this domain th ey  applied E q. (7) to  the Eu vs. Re^Fr const) lines. Accord
in g  to  data measured b y  th em , the exponent of the Fr number w as a function

also o f  Re, the value o f b varied betw een 0 and — !
О

H ow ever, w hile each

Eu vs. Rep, consi) curve describes an operation carried out w ith  one specific 
su b stan ce, the presentation o f such an iso-Fr curve as if  it  were th a t o f the 
m ain  param eter is m isleading since every point on it is assigned to  a different 
liq u id , thus it is not an operating line.

Our other objection to  th is diagram consists in that, though th e  correla
tio n  betw een Fr num ber and vortex is a well-know n fact, data  and dia
gram s published by R ushton unfortunately do not indicate at w hich point 
adm ixture of air into the liquid  begins, i.e. at which critical Re or Fr number 
th e  v o rtex  sinks down to th e  critical depth o f the impeller (critical depth, 
hcr(t, is the distance betw een  the im peller and the level o f liqu id  at rest,
i.e. H  — h, cf. Fig. 1).

Further, we th ink it advisable to stu d y  more closely th e  statem ent 
m ad e by Rushton et al., purporting that the p oin t of adm ixture o f  air is also 
th e  extrem e lim it of the pow er capable to  be im parted to the liquid: “The 
m axim um  power th at can be im pressed on the fluid is reached w hen vortex  
d ep th  is equal to propeller depth . . .” [4, p. 404].
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Our aim was to  settle  our doubts in connexion w ith  the data and inter
pretation  o f R u s h t o n ,  further, to  clarify the interaction betw een experim ental 
param eters and adm ixture o f air (Recrn or Frcra values), in order to  propose 
a graphical presentation more suitable from an operational p oin t o f v iew .

Experim ental apparatus

The axis of the driving m otor is arranged perpendicularly, its speed  
in fin ite ly  variable. The housing o f  the m otor is allowed freely to  rotate  on 
m inim um  friction ball bearings attached to its upper and low er ends. The 
electrical term inals o f the m otor dip into channels filled w ith  m ercury thus 
do n ot hinder the m ovem ent o f the m otor housing.

During the m ixing the torque generated on the housing o f  the m otor 
is balanced by a m easurable opposing torque of the sam e m agnitude, from this 
the power consum ption o f the m ixer can be calculated

I sec j

where P  =  weight m easured by the balance 
(kg w eight =  9.80665 newtons) 

к =  arm o f force P,  (m)
(in our apparatus 0.494 m) 

n =  revolutions, sec -1
„  _  . . .  , . kg w eight • m
IMote. Rower input Jy was m easured in —° ------- - --------- units,

sec
1 unit =  9.80665 abs.w atts

The m axim um  power o f the m otor was 600 w atts, th at is about 60 kg 
w eight • m • sec -1. A ccuracy o f m easurem ents was betw een 1 and 2 gramme 
w eigh t, thus betw een 0.5 and 1 -1 0 -3 kg w eight • m etre torque; b y  tak ing  
th e  m ean of several readings the accuracy can be im proved. The m axim um  
revolu tion  of the m otor was n =  900 m in-1, or 15 sec-1.

E xperim ents were carried out in  a vessel o f D =  0.380 m diam eter, 
at liquid  levels H  =  0.440 m, w ith  im peller blades of radial d iam eters from  
d =  0.130 to d =  0.160 m, w ith  w ater and with aqueous glycerol solutions, 
in a concave bottom ed vessel (cf. Figs 3, 4). In a separate experim ent in a 
fla t b ottom ed  vessel one o f the experim ents of R u s h t o n  was reproduced under 
perfectly  similar conditions (cf. Fig. 5), w ith w ater and aqueous solutions  
o f sugar.

W ith the dim ensions o f the vessel and the im peller as m entioned, m easure
m ents only in the turbulent dom ain (Re >  300) were feasible, th is being  
appropriate to our aim since significant vortex form ation cannot be expected  
but in  the turbulent zone (thus we worked m ainly betw een Re =  5 • 103 and 3 • 105).
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Fig. 2. E x p erim en ta l apparatus used in th is  work

R esults

Experim ents w ere carried out w ith 10 d ifferent typ es o f im pellers. 
E xperim ents with tw o o f  th ese , with 3 liquids each, are show n in Tables I and 
I I , and Figs 3 and 4, resp ectively .
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Table I (с /. Fig. 3)

Measured data for a three-blade propeller mixer working in a concave bottomed vessel without 
baffles

d =  1.554 • 1 0 - 1 m

n
(sec-1)

p
(g • weight) (cP) ( - 4\  cm3 /

N
/ kg weight» m  \  

\  eec '
E t Re Fr

3 .0 5 13 1 3 .0 3 1 .1 6 1 .2 4  • 1 0 - 1 3 .8 3  • 1 0 - 1 6 .5 5  • 1 0 3 0 .1 4 7 4

1 0 9 0 1 2 .7 4 1 .1 6 2 .8 3 2 .6 4  • i o - 1 2 .2  • 1 0 J 1 .5 8 5

15 1 4 0 1 2 .6 4 1 .1 6 6 .5 9 1 .8 3  • 1 0 - ' 3 .2 2  • 1 0 1 3 .5 6 5

3 8 2 .4 1 .0 4 8 7 .5 4  • 1 0 - 2 2 .8 8  • 1 0 - 1 3 .1 6  • 1 0 1 0 .1 4 2 6

9 51 2 .4 1 .0 4 8 1 .4 3 2 .0 2  • 1 0 - 1 9 .4 7  ■ 1 0 4 1 .2 8 3

12 7 2 2 .3 9 1 .0 4 8 2 .7 1 1 .6 1  • 1 0 - 1 1 .2 6  • 1 0 5 2 .2 8

6 22 1 .0 8 1.0 4 .1 4  • 1 0 - ' 2 .0 7  ■ 1 0 - > 1 .3 4  • 1 0 5 0 .5 7 1

9 4 2 1 .0 5 1.0 1 .1 9 1 .7 6  • 1 0 - ' 2 .0 9  ■ 1 0 5 1 .2 8 3

12 6 0 1 .0 3 1 .0 2 .2 6 1 .4 1  ■ 1 0 - > 2 .8 1  • 1 0 5 2 .2 8

Note. In  the course of these experim ents we recorded data  of 1 0  to 1 2  m easurem ents 
a t  n —  2  to 1 5  revolutions per second. From  th is series of d a ta , Tables I and I I  include only 
3 values, one is the point on the standard  curve, the o ther two are the two ex trem e values 
of the  two-phase mixing (adm ixture of air). Figs 3 and 4 show all the m easured values.

In contrast to results o f R u s h t o n ,  in prelim inary experim ents in a 
concave bottom ed vessel we found th at if the liquid vortex did not y e t  reach  
dow n to the impeller of the m ixing vessel and thus the impeller did n o t disperse 
air in to  the liquid, the sam e Eu num ber appertains to the same Re num ber in

Table II (с /. Fig. 4)

Measured data for a centrifugal mixer (on top suction) in a concave bottomed vessel without
baffles

d =  1.600 • 1 0 - 1 m

n
(sec-1)

P
(g • weight) (cP)

Q
НЧ)\  cm3/

N
/  kg weight • m \
\  sec /

Eu Re Fr

2 6 1 2 .7 4 1 .1 6 3 .7 7 ■ i o - 2 3 .8 0 • 1 0 " ‘ 4 .6 5  ■ 1 0 s 0 .0 6 5 3

8 6 5 1 2 .0 7 1 .1 6 1 .6 3 • i o - 1 2 .5 7 • i o - > 1 .9 7  • 1 0 4 1 .0 4 3

1 5 1 4 0 1 2 .0 7 М б 6 .5 9 1 .5 7 ■ i o - 1 3 .6 9  ■ 1 0 4 3 .6 7

3 10 2 .3 8 1 .0 4 8 9 .4 2 • i o - 2 3 .1 1 • i o - 1 3 .3 7  • 1 0 4 0 .1 4 6 8

6 28 2 .3 8 1 .0 4 8 5 .2 8 • i o - 1 2 .1 8 • i o - > 6 .7 4  ■ 1 0 4 0 .5 8 7

1 4 8 2 2 .3 8 1 .0 4 8 3 .6 0 1 .1 7 • i o - 1 1 .5 7  • 1 0 5 3 .2 0

2 4 0 .9 3 6 1 .0 2 .5 1 ■ I O " 2 2 .9 3 ■ i o - 4 5 .4 7  ■ 1 0 4 0 .0 6 5 3

6 2 8 0 .9 3 2 1 .0 5 .2 8 • i o - 1 2 .2 9 ■ i o - > 1 .6 5  ■ 1 0 4 0 .5 8 7

12 58 0 .9 3 2 1 .0 2 .1 8 1 .1 8 • io-> 3 .3 0  • 10= 2 .3 5
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ev ery  case, also w hen th e  revolutions per second , thus the Fr num bers, are 
n o t th e  same. A ccordingly , within errors o f  m easurem ent, points fall on a 
com m on curve, on th e  so-called “standard curve” , as long as dispersion of 
air in to  the liquid does n o t occur. In other w ords, w ithin the dom ain of 
th e  standard curve th e  exp on en t of the Fr  num ber is zero (b =  0), or, instead  
o f  E q . (7), Eq. (6) is va lid .

F ig. 3. P lo t of power nu m b er vs. Reynolds num ber for propellers in tanks w ithou t baffles.
D =  0.380 m; H  =  0.440 m ; h =  d

Re
F ig. 4. P lo t of power nu m b er vs. Reynolds num ber for centrifugal impellers (on top  suction) 

in tanks w ith o u t baffles. D — 0.380 m ; H  =  0.440 m ; h == d

In the case o f an y  stirred liquid (v being th e  sam e), at a value псгц (R Ccri t 
or Frcrit, respectively) th e  depth of the v o r tex  reaches the im peller (hcrit =  
— H  — h), i. e. adm ixture o f  air begins (dom ain o f tw o-phase stirring). From  
th is  point on a further increase of n causes th e  Eu vs. Re curve to branch off 
th e  slightly  sloping standard  curve (“break p o in t” ).

According to  our m easurem ents, in th e  case o f the tw o stirrers shown  
in  F igs 3 and 4, the ex p o n en t of Re is in the tw o-p h ase  m ixing dom ain, a =  —0.7 
to  — 0.8 (also after th e  dispersion of air in to  it , we calculated the values of  
th e  Re numbers from  th e  param eters of the till now  m ono-phase liquid).

This break p o in t appears at lower Re num bers when the liquids have  
a h igh  v value, liquids o f  low er v values con tin u e to  follow the standard curve 
and it  is but later th a t p o in ts begin to branch aw ay.

The iicrit critical num ber of revolutions assignable to the beginning o f  
d  spersion of air into th e  liquid  can be determ ined on the basis of the follow ing  
dim ensional correlation

hCrit = f { d *, gß, nYcrit , vd) (11)
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W hen writing th is equation , geometrical s im ilar ity  was assum ed to  hold, 
i.e. it  was assum ed th a t the dimensions b, H , D, h are always proportional 
to  the diam eter o f the im peller (“ internal sca le  factors” are the sam e).

B y  dim ensional analysis, Eq. (11) leads to  the following so lu tion

J^L =  A-Re-frFr-f t ( 12)
a

where hcrn =  the distance betw een the im peller and the liquid lev e l at rest 
(hern =  H  — h, cf. F ig. 2).

The constant A,  further the exponents d and ß  have values th a t  depend  
on the ty p e  of im peller. Since in the course o f  experim ents carried ou t w ith

10 typ es of im pellers in a concave b ottom ed  m ixing vessel we n ever found  
th at Eu num bers were functions of Fr num bers, we reproduced an experim ent 
of R u s h t o n  (Chem. E ng. Progress, 46, 468, F ig . 14, Curve 4) under th e  sam e 
conditions. For this experim ent we took a d  =  6 inch (0.1524 m) diam eter  
6-straight-blade turbine impeller, and a Ö =  18 inch ( =  0.4572 m ) diam eter  
fla t bottom ed cylindrical vessel. The im peller reached down to h =  6 inches 
above the bottom , and the liquid level was H  =  18 inches in the vesse l. No 
baffles were m ounted. M easurements were m ade at various tem peratures, 
w ith w ater and w ith aqueous solutions o f  sugar in various concentrations  
(/u =  0.643 — 255 cP; о == 993 — 1335 kg/m 3). R esults are show n in Table 
I I I , and Fig. 5. (For com m ents, cf. Tables I and II.)
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Table III (cf. Fig. 5)

M easured  data for a six-straight-blade turbine impeller
baffles

working in  a fla t bottomed vessel without 

d =  1.524 • IO“ 1 m

(se e -1)
P

(g • weight)
P

(°P)
О

(  B 'i
N

/kg weight • m \ Eu Re Fr
\  cm3/ \  sec /

3 96 261 1.335 8.934 • 10-1 2.95 3.56 • 102 0.14
9 590 251 1.335 1.647 • 10 2.02 1.11 • 103 1.25

12 695 246 1.335 2.587 • 10 1.34 1.51 ■ 103 2.24
3 94 199 1.333 8.748 • 10-* 2.899 4.67 ■ 102 0.14
8 502 198 1.333 1.246 • 10 2.18 1.25 • 103 0.995

11 610 195 1.333 2.081 • 10 1.40 1.75 • 103 1.88
4 122 113.2 1.328 1.514 2.12 1.09 • 103 0.249
8 372 113.8 1.328 9.232 1.62 2.17 • 103 0.995

11 495 114.4 1.328 1.689 • 10 1.14 2.97 • 103 1.88
4 112 79.5 1.326 1.39 1.96 1.55 • 103 0.249

8 325 81 1.326 8.07 1.419 3.05 • 103 0.995
11 450 83.5 1.326 1.54 • 10 1.04 4.07 • 103 1.88

3 65 57.1 1.315 6.049 • 10 - 1 2.03 1.61 • 103 0.14
8 297 58 1.315 7.370 1.31 4.21 • 103 0.995

11 405 59.8 1.315 1.382 • 10 9.42 • IO“ 1 5.62 • 103 1.88
2 26 31.4 1.273 1.613 • i o - 1 1.89 1.88 ■ 103 0.0622

7 216 31.6 1.273 4.690 1.28 6.55 • 103 0.762
11 340 31.7 1.273 1.160 • 10 8.17 • IO“ 1 1.03 ■ 101 1.88

3 50 22.05 1.287 4.653 • 1 0 - ' 1.59 4.07 • 103 0.14
8 230 22.8 1.287 5.708 1.04 1.05 • 104 0.995

11 320 23.2 1.287 1.092 • 10 7.60 • IO -' 1.42 • 10J 1.88
2 20 13.8 1.224 1.241 ■ 1 0 - 1 1.51 4.12 • 103 0.0622
7 172 13.8 1.224 3.735 1.06 1.44 ■102 0.762

11 260 13.8 1.224 8.872 6.49 • 1 0 -1 2.27 • 104 1.88
2 18 9.75 1.224 1.117 • IO“ 1 1.36 5.83 • 103 0.0622
8 175 9.8 1.224 4.343 8.26 • IO“ 1 2.32 • 104 0.995

11 238 9.82 1.224 8.121 5.94 • IO - ' 3.18 • 104 1.88
3 34 6.97 1.187 3.160 • i o - 4 1.178 1.19 ■104 0.14
8 162 6.97 1.187 4.020 0.79 3.16 • 104 0.995

11 216 6.97 1.187 7.370 0.56 4.35 • 104 1.88
2 13 3.32 1.187 8.065 • IO“ 2 1.01 1.66 • 104 0.0622
6 97 3.38 1.187 1.805 8.40 ■ IO“ 1 4.89 • 104 0.559
8 142 3.41 1.187 3.524 6.92 ■ IO -' 6.47 • 104 0.995

11 194 3.45 1.187 6.62 5.00 • IO "1 8.79 • 104 1.88
2 11 2.045 1.123 6.824 ■ IO -2 9.07 • IO - ' 2.55 • 104 0.0622
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n
(вес-1)

P
(g • weight)

P
(CP)

0

( — )  V cm3 /

N
/ kg weight • ш v 
\  se° '

Eu Re Fr

5 61 2 .0 5 1 .1 2 3 9 .4 6 1  • 1 0 - 1 7 .8 0  ■ io-1 6 .3 6  • 1 0 4 0 .3 8 8

8 1 2 2 2 .0 5 5 1 .1 2 3 3 .0 2 8 6 .2 9  • 1 0 - ' 1 .0 1  ■ 1 0 5 0 .9 9 5

11 1 71 2 .0 6 1 .1 2 3 5 .8 3 5 4 .6 6  ■ io-1 1 .3 9  • 1 0 5 1 .8 8

4 3 3 1 .1 3 1 .0 0 9 4 .0 9 5  • 10 7 .5 7  • io-> 8 .2 9  • 1 0 J 0 .2 4 9

7 9 1 1 .1 3 1 .0 0 9 1 .9 7 6 6 .8 1  • io-1 1 .4 5  ■ 105 0 .7 6 2

11 1 4 0 1 .1 3 1 .0 0 9 4 .7 7 7 4 .2 5  • 1 0 “ 1 2 .2 8  ■ 1 0 5 1 .8 8

4 3 2 0 .8 5 2 0 .9 9 8 5 3 .9 7  • 1 0 - 1 0 .7 4 1 .0 9  • 1 0  s 0 .2 4 9

7 9 2 0 .8 5 5 0 .9 9 8 5 1 .9 9 0 .6 9 1 .9 0  ■ 10s 0 .7 6 2

1 0 1 31 0 .8 5 6 0 .9 9 8 5 4 .0 6 3 0 .4 8 2 .7 7  • 1 0 r> 1 .5 5 4

5 4 7 0 .6 4 2 0 .9 9 2 8 7 .2 8  • 1 0 - ' 0 .7 0 1 .8 0  • 105 0 .3 8 8

7 8 8 0 .6 4 5 0 .9 9 2 8 1 .9 1 0 .6 7 2 .5 1  • 105 0 .7 6 2

10 1 1 9 0 .6 4 9 0 .9 9 2 8 3 .4 7 0 .4 4 4 3 .5 6  • 1 0 5 1 .5 5 4

Similar to our previous m easurem ents carried out in a concave bottom ed  
vessel with paddle-, centrifugal-, and propeller m ixers, also in this control 
experim ent we found th at as long as the m ixer did not disperse air into the  
liquid the points m easured fell on the same Eu vs. Re curve (the “ standard  
curve” ), thus no differentiation  according to Fr num bers was possible up to  
th is state though o f course w ith  a change of n, resp ectively  o f the Re num ber, 
also the Fr number changed so th at each point of the standard curve correspond
ed to  a different Fr num ber. This finding was in com plete accord w ith  those  
noted by H i x s o n  andBAUM [ 2 ] . The conclusion to  be drawn is that the standard  
curve is defined by Eq. (6), th e  corresponding constants being those in Table IV. 
As soon as the im peller disperses air into the liquid  (Recru) the experim ental 
data show a change of direction and take a course th a t is directed more steep ly  
downward off the hitherto com m on standard curve. The slope o f each o f these  
downward curves — at least in the case of one and the same im peller — is 
nearly the sam e. (In these experim ents the slope varied  betw een — 1.0 and  

-1 .2 .)  The abrupt fall o f  Eu  values is easily explained  if  account is taken  
of the fact th at air dispersed in  a liquid abruptly changes the v iscosity  as well 
as the density o f the stirred liquid.

Thus, according to  our experim ents, su b seq u en tly  to the “ break” or 
“ critical” point, in the “ tw o-phase m ixing dom ain” , Eu  numbers can again  
be described by an equation o f typ e (6), that is independently  of the Fr num 
ber, where the exponent o f  the Re number has va lues betw een —0.7 and — 1.2 
according to the typ e of im peller and according to  m aterial constants of the  
liquid.

Eudisp =  B M ■ Re a (6a)
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Table  IV

Constants o f the E u  vs. Re curve, measured with a 6-straight-blade turbine impeller 
(so-called standard  curve; no adm ixture of air)

(E u  =  A  • Re~a)
(For experim ents in  th is labora to ry , cf. also Fig. 6)

Re domain Eu A a

3 ■ 102 3.2 _ _
3 • 102 . . .  3.2 • 104 — 15.1 0.272

3.2 • 104 0.9 — —
3.2 - 104 . . .  1 ■ 105 — 5.2 0.170

1 • 105 0.73 — —
1 • 10 s . . .  2.5 ■ 105 — 1.87 0.08

2.5 ■ 105 0.69 — —

T he con stan t В (,,) o f th is equation is the function  o f the locus o f the inflexion  
p o in t (Recrit, Frcrit), thus it  can be determ ined on the basis o f E q . (12). The 
discu ssion  of this we reserve for a n ex t com m unication.

From  the course tak en  b y  th e  Eu vs. Re function o f the tw o-phase  
m ix in g  it  follows th a t in th is dom ain th e  power consum ption o f m ixing is 
the function

N  =  B(„) • Q • d5 • n3 ■ Re~a (2a)

or th a t  th is power, in a g iven  vessel and w ith  a given liquid to  be stirred, is 
proportional to  the 2.3 to  1.8th  power o f  the process param eter n revolu
tion s per second, i.e. w hen air is dispersed into the liquid a further increase 
o f  n resu lts in a further increase, b y  about the second powder o f n, o f power 
consum ption , like in  th e  v iscous dom ain (cf. Fig. 6). Also th is  our statem ent 
con trad icts that of R ushton  who suggested  th at for a given  apparatus and 
liq u id  a higher value o f pow er consum ption than  th at needed for the beginning  
o f th e  dispersion o f air in to  the liqu id  cannot be attained.

R ushton  described his above-m entioned  experim ents b y  an Eu ■ Fr~b 
vs. Re  diagram only; on th e  basis o f th is curve and using E q . (7) and the 
corresponding b powers w e calculated  the Eu vs. Re curve w ith  constant 
iso-Fr  lines and com pleted  the original Figure w ith several v =  constant 
cu rves (Fig. 7).

In to  Fig. 7 we have drawn the curve th at represents our m easurem ents 
(cf. T able IV). This Figure shows th a t th e  curves drawn b y  R ushton  et al. 
run above that drawn according to  our data. The deviation  is particularly  
discernible at high Re num bers (Re 104). This seems to allow the conclusion  
th a t  in  the instrum ent used b y  R ushton  for the m easurem ent o f torque
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(d ifferential gear dynam om eter) friction was considerable because o f the  
series o f  linked transm issions and caused percentually  significant inaccuracies 
in tw o dom ains, i.e. at low  power consum ptions or revolutions per second, 
and in m easurem ents on liquids of low  v iscosity  (high Re-num bers). W e think  
it h igh ly  probable that th is w as the cause w hy the Eu vs. Re curve took  an, 
according to  “ Froude num ber” , premature turn, i.e. one previous to  dispersion  
o f air in to  the liquid (hvort <C. h c r i t ) .

Acta Chim. Acad. Sei. H ung. 60, 1069

Fig. 6. P lo t of power input vs. Reynolds num ber for tu rb ine im pellers w ith six s tra ig h t blades 
in tanks w ithout baffles. Dimensions: D =  18 in ., d =  6 in., H  =  D , h =  d
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Thus, e.g. in F ig . 7, according to R u s h t o n  the Eu num bers o f a liquid 
w ith  th e  viscosity v =  1 .73 • 10 ~5 m2 • s e c -1 becom e sharply differentiated  
according to the Fr num ber, in the dom ain o f Re =  2 -1 0 3 to  104, whereas 
our m easurem ents seem  to  indicate that the p o in ts of a liquid of th is v iscosity  
con tin u e  on the standard curve irrespective o f Fr num bers up to  Recrn csz 8 • 103 
(с/. F ig . 5).

Fig. 7. P lo t of power num ber vs. Reynolds num ber for six straight-blade turb ines in tanks 
w ith o u t baffles. (Comparison of experim ents of R u s h t o n  w ith  those of the au thors of this

paper)
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ACTA CHIMICA
TOM 60 — ВЫП. 1 -2

РЕЗЮМЕ

И з у ч е н и е  а д с о р б ц и и  ш е с т и ф т о р и с т о г о  у р а н а ,  IV

Л. МЮЛЛЕР и Л. ФАЙ

С точки зрения изучения неконвекционных процессов диффузии-адсорбции UF„, 
важно знать нестационарное решение уравнения транспорта.

Для определения переходных функций неконвекционного диффузионно-адсорб
ционного аппарата используется математическая модель с учетом изотермы адсорбции 
типа Фрайндлиха, при условии быстрой кинетики реакций.

Дается функция решений и приводятся значения функции /  (С, I, t ) для модели с 
заданными параметрами.

П р и б л и з и т е л ь н о е  о п р е д е л е н и е  м о л е к у л я р н ы х  в е с о в  
и  п о л и д и с п е р с н о с т и  к р е м н е о р г а н и ч е с к и х  п о л и м е р о в  

с п о м о щ ь ю  б у м а ж н о й  х р о м а т о г р а ф и и

А. МЕСТИЦКИ и T. ХАЛМОШ

Был разработан метод бумажной хроматографии для быстрого серийного опре
деления молекулярного веса и распределения по молекулярным весам полидиметил- 
силоксанов. Для измерений использовались узкие фракции, а также искусственные 
полидисперсные образцы полученные их смешиванием. Согласно нашим исследованиям, 
разделение по молекулярным весам в интервале 100.103 +  300.103 может быть осуществ
лено с помощью смеси растворителей следующего состава: толуол/этилацетат/ацетон/ 
уксусная кислота/ =  1,5 :6  : 0,5 : 0,27. Из позиции пятна на бумаге можно судить о 
молекулярном весе нанесенного вещества, а из формы пятна — о полидисперсности об
разца. Были разработаны такие экспериментальные условия, которые позволяют устра
нить помехи, возникающие за счет влияния края бумаги и взаимодействия пятен.

О г и д р а т а х  с у л ь ф а т о в  а л ю м и н и я

И. НАРАИ-САБО

Обыкновенный (высший) гидрат сульфата алюминия содержит 17 молекул рикстал- 
лизационной воды. Этот гидрат является триклинным: а =  7,420 4  0,004 Ä, b =  26,900 4- 
+  0,04 Ä, с =  6,105 ±  0,004 Á, а  =  90,00 ±  0,03°, ß  =  97,30 ±  0,13°, у  =  91,80 ±  
±  0,04°; Z =  2, dx =  1,782 г • см~8, бэк сп . =  1,771 ±  0,002 п • см-3. Путем дегидратации 
17-гидрата получаются 14- и 12-гидраты, которые характеризуются диффрактограммами. 
Первому можно приписать ромбические индексы. Получение 16-гидрата оказалось не
возможным; соединение, которое соответствует такому составу, содержит, главным обра
зом, линии 17-гидрата, а также некоторые линии 14-гидрата. При дегидратации наблю
дается резкий перелом на термогравиметрической кривой, который соответствует 3-гид
рату. Этот продукт, однако, дает аморфную диффрактограмму. Приводится деривато- 
грамма 17-гидрата.

О д н о в р е м е н н о е  о п р е д е л е н и е  с т р у к т у р н ы х  и з о м е р о в  а л л и л а м и д а  

к а м ф а р н о й  к и с л о т ы ,  I

Р. Г. ХЕНЕИН и Й. Ч. ХОРВАИ

Был разработан простой и быстрый метод определения бинарных смесей, содер
жащих два структурных изомера и-аллиламида dc-камфарной кислоты. Точность метода 
вполне высока, принимая во внимание сложность данной проблемы.



С о р б ц и я  и о н о в  м е т а л л о в  и з  в о д н о - о р г а н и ч е с к и х  р а с т в о р и т е л е й  

н а  ц е л л ю л о з о и о н и т а х

А. ЛАСТИТИ, Ж. РЕМПОРТ-ХОРВАТ, И. ПОЖОНИ и К. ВЕРЕН!

На основе изучения сорбции металлических ионов (Си+2, Со+2) на целлюлозных 
ионнообменниках из различных растворителей было установлено, что при сорбции ионов 
тяжелых металлов оказалось благоприятным использование, наряду с водой, метанола, 
этанола, ацетона и формамида, в качестве растворителей, т. к. металлические ионы из 
этих растворителей сорбируются относительно хорошо на целлюлозоионитах. Среди 
ионообменников наиболее подходящими для этий растворителей являются ФЦ (фосфо- 
целлюлоза) и КЦ (карбоксицеллюлоза), а в некоторых случаях могут успешно испола, 
зоваться и целлюлозоаниониты. Как степень сорбции, так и скорость ионного обмена 
понижаются с уменьшением диэлектрической постоянной растворителя. Этот еффект 
можно хорошо наблюдать в ряду метанол-етанол-пропанол-бутанол.

П р и м е н е н и е  м е т о д а  о с ц и л л о м е т р и ч е с к о й  и н д и к а ц и и  к о н е ч н о й  т о ч к и  

т и т р о в а н и я  в  а с к о р б и н о м е т р и и ,  I I I

Определение ионов ртути(П)
М. T. ВАНДОРФИ и Л. ЭРДЕИ

Метод осциллометрической индикации конечной точки использовался в аскорбино- 
метрическом определении ионов ртути(П) при малых концентрациях. Определение может 
быть произведено двумя путями: 1) восстановление ионов ртути до металлической ртути, 
титруя измерительным раствором аскорбиновой кислоты; 2) восстановление ионов 
ртути(П) до ионов ртути(1), титруя измерительным раствором аскорбиновой кислоты, 
содержащей хлористые ионы. Концентрация ионов ртути(П) при измерениях находи
лась в пределах 10— 3 —10—2 н. Точность измерений равна 1—2%.

Р е а к ц и я  э л е к т р о н н о г о  о б м е н а  м е ж д у  ж е л е з о м ( П )  и  ж е л е з о м ( Ш )

в  ф о р м а м и д е

И. РУФФ и Э. РЕНДЕК

Изучалась кинетика реакции электронного обмена между железом(П) и желе- 
зом(Ш ) в формамиде. Реакция имеет первый порядок по обоим реагентам и показывает 
слабую зависимость от pH. В формамиде реакция протекает значительно медленнее, не
жели в воде. Энергия активации — 5,8 ±  1,4 ккал/моль, а энтропия активации равна 
—41 +  5 кал/моль • град. Результаты находятся в противоречии с электростатической 
поляризационной теорией реакций перехода электронов, согласно которой скорость 
реакции в формамиде должна быть больше, чем в воде. Зависимость от pH объяснялась 
с помощью полосной модели, что дает для расстояния между реагентами в активирован
ном комплексе значение 13 Á, которое является вполне приемлимым.

Р а с ч е т  в л и я н и я  с о п р о т и в л е н и я  я ч е й к и  в  п о л я р о г р а ф и и  
с  п е р е м е н н ы м  т о к о м  в  с л у ч а е  о б р а т и м о г о  э л е к т р о д н о г о

п р о ц е с с а

Й. ДЕВАЙ, Л. МЕСАРОШ и  Т. ГАРАИ

Теоретические зависимости для первого и второго гармонического составляющих 
переменного тока, возникающего в обратимых полярографических процессах под влия
нием синусоидного переменного напряжения с небольшой амплитудой, наложенного на 
постоянное напряжение, были дополнены факторами поправки, принимая во внимание



омическое сопротивление ячейки. Из расчетов, проведенных на основе этих зависимостей, 
было установлено, что под влиянием омического сопротивления R0 (рис. 2) амплитуды 
первого и второго г армонического уменьшаются по сравнению со случаем, когда R,, =  О, 
в мере увеличивания круговой частоты переменного тока, концентрации компонентов, 
принимающих участие в электродной реакции, а также изменения элементарного заряда. 
Величины потенциалов, соответствующих максимальной амплитуде второго гармони
ческого, с увеличением R,, удаляются от потенциала полуволны, и в тем большей степени, 
чем больше круговая частота переменного тока, концентрация компонентов электродной 
реакции и изменение элементарного заряда.

К и н е т и ч е с к и й  а н а л и з  н е к о т о р ы х  п о с л е д о в а т е л ь н ы х  р е а к ц и й ,  IV

Системы последовательно-параллельных реакций А — С , А 4 - С - - Е  и 
А В -» С, А +  С -  Е

т. к е л е н

Проведен кинетический анализ систем А — С, А +  С —* Е и A -f  В С, А +  С ■— 
-*• Е. Установлено, что в случае системы А -► С, А +  С - > Е  точное решение системы 
дифференциальных уравнений получается с помощью неполной гамма-функции, а в 
случае системы А +  В -► С, А +  С Е с помощью неполной бета-функции.

П а р а м е т р и ч е с к о е  о п р е д е л е н и е  F - м а т р и ц ы  с и л о в ы х  п о с т о я н н ы х ,  I X

О связи между нормальными и симметричными координатами
Ф . Т Ё Р Ё К

На основе изучения связи между симметричными и нормальными координатами 
было заключено, что область силовых постоянных, относящаяся к заданной классифи
кации (определение которой было приведено в предыдущем сообщении) может быть далее 
сужена. Гот факт, что знак перед столбцами матрицы, трансформирующими симметричные 
и нормальные координаты друг в друга, не определен, приводит к тому, что величины 
угловых параметров, из которых получают все возможные ряды силовых постоянных, 
изменяется лишь в пределах — п / г и я/2. Приводятся методы получения параметров, харак
терных для заданной связи между симметричными и нормальными координатами.

М е т о д  п р и б л и ж е н и я  д л я  к и н е т и ч е с к о г о  а н а л и з а  п о с л е д о в а т е л ь н ы х

р е а к ц и й

Т. К Е Л Е Н

Изложен простой метод приближения для кинетического анализа системы, состоя
щей из двух последовательных моно- и/или бимолекулярных реакций. Этот метод проил
люстрирован на примере реакционной системы А +  В -► С, C + D - * -  Е,для которой име
ется также и точное решение. Оценивается также погрешность приближения.

П р о г р а м м ы  д л я  с ч е т н о й  м а ш и н ы  т и п а  У Р А Л - 2  с  ц е л ь ю  

р е н т г е н о д и ф р а к ц и о н н о г о  и с с л е д о в а н и я  с т р у к т у р ы ,  I I

Определение плоскости, наиболее хорошо соприкасающейся к данной группе атомов, 
с помощью итерационного метода Шомакера

д .  М Е Н Ц Е Л Ь

Была разработана программа для счетной машины УРАЛ—2, с помощью которой 
определяется плоскость, наиболее хорошо соприкасающаяся к данной группе атомов. 
Для расчетов использовался итерационный метод Шомакера. Программа описывается



в машинном коде и пригодна для расчетов веществ с моноклинной и более высокой сим
метрией. Количество атомов, определяющих плоскость, не более чем 10. С помощью дан
ной программы могут быть определены расстояния еще 10 других атомов от рассчитан
ной плоскости.

Г и д а н т о и н ы ,  т и о г и д а н т о г ш ы  и  г л и к о ц и а м и д и н ы ,  X X V I I

Перегруппировки типа ретробензиловой кислоты под влиянием кислот Лыоиса, IV. 
Область действительности реакции дитиогидантоинов и аренов, вызванной хлористым

алюминием
Й . Н И Т Р А И , Р . М А Р К О В И Ч -К О Р Н И Ш  и  К . Л Е М П Е Р Т

5,5-Диарил-дитиогидантоины (где арил =  фенил и п-хлор-фенил) при кипячении 
в бензольном растворе с хлористым алюминием, перегруппируются и одновременно, 
десульфурилуются в соответствующие 4,5-диарил-4-имидазолин-2-тионы. 5,5-Диметил- 
и 5,5-дибензил-дитиогидантоины не дают аналогичный продукт, в то время как 5-арил- 
5-метил-дитиогидантоины (где арил =  фенил, п-толил и п-хлорфенил), десульфурилу
ются с одновременным перемещением арильной группы.

Г е т е р о ц и к л и ч е с к и е  с п и р о - с о е д и н е н и я ,  V I

К . К Ё Р М Е Н Д И , П . Ш О Х А Р , А . П Ф И С Т Н Е Р -Ф Р А Й Д  и Ф . Р У Ф Ф

В таутомерии спироксазона могут принимать участие шесть таутомерных форм 
(две спирановые, и четыре открытые формы). Среди таутомеров две формы являются 
стабильными: а-с п и р о к с а зо н  спиранового строения 1а и открытый ß -с п и р о к с а зо н  со строе
нием 1с, содержащий эндо-циклическую C =N  связь. Эти в изолированном состоянии, 
при комнатной температуре продолжительно сохраняют свою структуру.

Стабильность двух дезмотропов вызвана относительно высоким потенциальным 
барьером экзо-эндо перегруппировки связи C =N  в открытой форме спироксазона, 
повышенной стабильностью полу-иминогидринового таутомера с точки зрения цикли
ческих гидразидных групп, а также избирательностью присоединения в зависимости от 
экзо- или эндо-положения двойной связи C=N.  Положение связи C =N  доказалось с 
помощью спектров ямр и реакцией присоединения спирта.

N - Г л и к о з и д ы ,  X I V

Изучение ß —  D-глюкопиранозил-морфолина
Р . Б О Г Н А Р ,  X .  Ф Р Е Н Ц Е Л Ь  и  И . Ф А Р К А Ш

Описываются получение и свойства 2Д4,6-тетра-0-ацетил-/3-1)-глюкопираиозил- 
морфолина (I) и /S-D-глгокопиранозилморфолина. С ацетатом натрия последнее соединение 
образует кристаллический продукт присоединения (II), имеющий сложную стехиомет
рию. I имеет две модификации. Путем деацетилирования I может быть превращен в из
вестную 1-дезокси-1-морфолино-0-фруктозу (III).

П о л у ч е н и е  и р е а к ц и и  л и т и е в ы х  с о л е й  а р о м а т и ч е с к и х  

с у л ь ф е н о в ы х  к и с л о т

Э. В И Н К Л Е Р ,  Ф . К Л И В Е Н И , Й . Л А З А Р  и  И . К О З А К Е В И Ч

На основе реакции взаимодействия фениллития с эфирами тиолсульфиновой кис
лоты были изолированы, до сих пор мало исследованные, литиевые соли сульфеновой 
кислоты простого строения. Было установлено, что эти соединения образуются и могут



сохраняться лишь в отсутствии воздуха. Изучались гидролитические и автоокислитель- 
ные реакции литий-сульфенатов, а также их диспропорционирования и взаимодействия 
с различными галогенидами. Под влиянием воды они превращаются в тиолсульфинаты, 
воздуха — литий-сульфииаты и нагрева — сульфиновую кислоту и дисульфид. Взаимо
действуя с органическими соединениями, содержащими подвижный атом галогена, в 
токе азота превращаются в сульфоксид, а в присутствии воздуха — в сульфон. При реак
ции взаимодействия с галогенидами кислот, содержащих серу, с хлоридом сульфиновой 
кислоты они дают тиолсульфонат, а с хлоридом сульфокислоты — «триокись дисуль
фида».

И з у ч е н и е  р е а к ц и й  к а т а л и з и р о в а н н ы х  с и л ь н ы м и  к и с л о т а м и ,  

в  н е в о д н ы х  с р е д а х ,  I I I

Синтез 1-фенил-1,4-дигидро-3(2Н)-изохинолинона и его производных на основе реакции 
ароматических альдегидов и арпл-ацетонитрилов, катализированной полифосфорной

кислотой
3. ЧЮРЁШ, Д. ДЕАК, Й. ХОФФМАНН и А. ТЁРЁК-КАЛМАР

Был разработан метод получения 1-фенил-1,4-дигидро-3(2Н)-изохинолинена и его 
замещенных производных из ароматических альдегидов и арил-ацетонитрилов в поли
фосфорной кислоте. С помощью данного метода было получено четырнадцать новых произ
водных основного соединения. Структура продуктов, образующихся при взаимодей
ствии м-метил-бензил-цианида и гомовератронитрила (3,4-диметокси-бензилцианид), 
определялась на основе ик-спектров. Было доказано, что промежуточным продуктом 
является бензилиден-бис-фенилацетамид, который может быть приготовлен и другим 
путем. Этот промежуточный продукт циклизуется быстро в полифосфорной кислоте с 
отщеплением фенил-ацетамида в 1-фенпл-1,4-дигидро-3(2Н)-изохинолинон.

В л и я н и е  ч и с л а  Ф р у д а  н а  п о т р е б л я е м у ю  м о щ н о с т ь  м е ш а л о к

К. ТЕТТАМАНТИ, Г. ХАВАШ и Й. ШАВИНСКИЙ

1. Изучалась потребляемая мощность лопатных, центрифугальных и пропеллер
ных мешалок в круглодонных сосудах, в турбулентной зоне при значениях Re =  300 — 
4 • 106. Пока глубина воронки не достигает лопаты мешалки, т. наз. с т а н д а р т н а я  к р и в а я  
потребляемой мощности не зависит от числа Фруда и описывается следующим урав
нением:

Е й  =  A R e ~ a

где а  также зависит от числа Рейнольдса.
2 .  Если воронка достигла лопаты мешалки ( n k r jt , Rekrit), то кривая потребляемой 

мощности отделяется от стандартной кривой, и в этой области «двухфазового перемеши
вания» кривые г  =  id e m  лежат почти параллельно и описываются следующим урав
нением:

Eudisp =  B(v) Re~a
где а  =  0,7 — 1,2 в зависимости от v , но не зависит от числа Re.

3. Критически обсуждались исследования Р а ш т о н а , К о с т и н а  и Э в е р е т т а  и было 
найдено, что число Fr не оказывает влияния на потребляемую мощность в области одно
фазного перемешивания (стандартная кривая). Также было установлено, что после под
мешивания воздуха — хотя и в пониженной степени — потребляемая мощность перемеши
вания продолжает возрастать.

4. Вместо изображения, типа Р а ш т о н а , кривых Eu—Re по и з о - Ф р у д -парамет
рам, согласно нашим измерениям, кажется более правильным изображение кривых 
Eu—Re при параметрах v =  id e m .





The A cta Chim ica publish papers on chem istry  in E nglish , German, F rench  and 
Russian,

The Acta Chimica appear in  volumes consisting of four p a rts  o f varying size, 4 volum es 
being published a year.

M anuscripts should be addressed to

Acta Chimica
Budapest 112/91 Műegyetem

Correspondence w ith  the editors should be sen t to the sam e address.
The ra te  of subscription is 165 forints a volum e. Orders m ay  be placed w ith “ K u ltu ra ”  

Foreign Trade Com pany for Books and N ew spapers (B udapest I., F 6  u tca 32. A ccount N o. 
43-790-057-181) or w ith  representatives abroad.

Les Acta Chimica paraissent en fran<jais, allem and, anglais e t russe et p u b lien t des 
mémoires du dom aine des sciences chimiques.

Les A cta Chimica sont publiés sous form e de fascicules. Q uatre  fascicules seront réunig 
en un volume (4 volum es par an).

On est prié d ’envoyer les m anuscrits destines a la redaction ä l’adresse suivante:

Acta Chimica
Budapest 112/91 Műegyetem

Toute correspondance doit étre envoyée ä ce tte  mérne adresse.
Le prix de l’abonnem ent est de 165 forin ts p a r volume.
On peut s’abonner & l’Entreprise pour le Commerce E x térieu r de Livres e t Jo u rn a u x  

«Kullurab (B udapest I ., F6 u tca 32. C om pte-courant No. 43-790-057-181) ou ä l’é tranger chez 
tous les représen tan ts ou dépositaires.

«Acta Chimica» издают трактаты из области химической науки на русском, фран
цузском, английском и немецком языках.

«Acta Chimicat, выходят отдельными выпусками разного объема. 4 выпуска со
ставляют один том. 4 тома публикуются в год.

Предназначенные для публикации рукописи следует направлять по адресу:

Acta \lh im ica
Budapest 112/91 Műegyetem

По этому же адресу направлять всякую корреспонденцию для редакции.
Подписная цена «Acta Chimica» — 165 форинтов за том. Заказы принимает пред

приятие по внешней торговле книг и газет «K ultura* (B udapest I . ,  Fő utca 32. Текущий 
счет № 43-790-057-181) или его заграничные представительства и уполномоченные.



80 , —  Ft

R e v i e w s  o f  t h e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s  a r e  o b t a i n a b l e  

a t  t h e  f o l l o w i n g  a d d r e s s e s :

ALBANIA
Ndermarja Shtetnore e Botimeve 
Tirana

AUSTRALIA 
A. Keesing 
Box 4886, GPO
Sydney

AUSTRIA
Globus Buchvertrieb 
Salzgries 16 
Wien I

BELGIUM
Office International de Librairie
30, Avenue Marnix
Bruxelles 5
Du Monde Entier
5, Place St.-Jean
Bruxelles

BULGARIA
Raznoiznos
1, Tzar Assen 
Sofia

CANADA
Pannónia Books
2, Spadina Road 
Toronto 4, Ont.

CHINA
Waiwen Shudian
Peking
P. О. B. 88

CZECHOSLOVAKIA
Artia
Ve SmSckách 30 
Praha 2
PoJtovní novlnová slu2ba 
Dovoz tisku 
Vinohradská 46 
Praha 2
Mad’arská Kultúra 
Vádavské nám. 2 
Praha I
PoStová novinová sluzba 
Dovoz t?a2e 
Leningradská 14 
Bratislava

DENMARK 
Ejnar Munksgaard 
Nörregade 6 
Copenhagen

FINLAND
Akateeminen Kirjakauppa
Keskuskatu 2
Helsinki

FRANCE
Office International de Documentation
et Librairie
48, rue Gay-Lussac
Paris 5

GERMAN DEMORATIC REPUBLIC 
Deutscher Buch-Export und Import 
Leninstraße 16 
Leipzig 701 
Zeitungsvetriebsamt 
Fruchtstrasse 3—4 
1004 Berlin

GERMAN FEDERAL REPUBLIC 
Kunst und Wissen 
Erich Bieber 
Postfach 46 
7 Stuttgart S.

GREAT BRITAIN 
Collet’s Holdings Ltd.
Dennington Estate 
London Rd.
Wellingborough. Northants.
Robert Maxwell and Co. Ltd. 
Waynflete Bldg. The Plain 
Oxford

HOLLAND 
Swetz and Zeitlinger 
Keizersgracht 471—487 
Amsterdam C.
Martinus Nijhof 
Lange Voorhout 9 
The Hague

INDIA
Current Technical Literature 
Co. Private Ltd.
India House OPP 
GPO Post Box 1374$
Bombay I

ITALY
Santo Vanasia 
Via M. Macchi 71 
Milano
Libreria Commissionaria Sansoni
Via La Marmora 45
Firenze

JAPAN 
Nauka Ltd.
92, Ikebukur O-Higashi 1-chome
Toshima-ku
Tokyo
Maruzen and Co. Ltd.
P. O. Box 605
Tokyo-Central
Far Eastern Booksellers
Kanda P. О. Box 72
Tokyo

KOREA
Chulpanmul
Phenjan

NORWAY
Johan Grundt Tanúm 
Karl Johansgatan 43 
Oslo

POLAND
RUCH
Ul. Wronia 23 
Warszawa

ROUMANIA
Cartimex
Str. Aristide Briand 14—18 
Bucurefti

SOVIET UNION 
Mezhdunarodnaya Kniga 
Moscow G —200

SWEDEN
Almquist and Wiksell 
Gamla Brogatan 26 
Stockholm

USA
Stecher! Hafner Inc.
31, East 10th Street 
New York, N. Y. 10003 
Walter J. Johnson 
111, Fifth Avenue 
New York, N. Y. 10003

VIETNAM 
Xunhasaba 
19, Tran Quoc Toan 
Hanoi

YUGOSLAVIA
Forum
Vojvode MiJiéa broj 1 
Novi Sad
Jugoslovenska Knjiga 
Terazije 27 
Beograd

16. V I .  1969 In d ex : 26.007



ACTA
CHIMICA

A C A D E M I A E  S C I E N T I A R U M  
H U N G A R I C A E

ADIUVANTIBUS

I,. ERDEY. K. POLINSZKY, G. SCHAY 
AC

R. BOGNÁR, GY. BRUCKNER, Z. CSŰRÖS, T. ERDEY-GRÚZ, Z. FÖLDI, 
M. FREUND, Á. GERECS, GY. HARDY, J. HOLLÓ, M. KORACH, F. MÁRTA, 

F. NAGY, E. PUNGOR, Z. SZABÓ, P. TÉTÉNYI, L. VARGHA, К. VAS

R E D IG IT

В. L EN G Y EL

TOMUS бо FASCICULUS

AKADÉMIAI KIADÓ. BUDAPEST 
1 9 6 9

ACTA CHIM. ACAD. SCI. HUNG.



ACTA CHIMICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  
K É M I A I  T U D O M Á N Y O K  O S Z T Á L Y Á N A K

I D E G E N  N Y E L V Ű  K Ö Z L E M É N Y E I

S Z E R K E S Z T I

L E N G Y E L  B É L A

T E C H N I K A I  S Z E R K E S Z T Ő K

D E Á K  G Y U L A  é s  H A R A S Z T H Y - P A P P  M E L I N D A

Az A cta Chimica ném et, angol, francia és orosz nyelven közöl értekezéseket a kémiai 
tudom ányok  köréből.

Az Acta Chimica változó  terjedelm ű füzetekben jelenik meg, egy-egy k ö te t négy füzet
ből áll. É vente átlag négy kö te t jelenik meg.

A közlésre szánt kézira tok  a szerkesztőségeim ére (B udapest 112/91 M űegyetem) kü l
dendők.

U gyanerre a cím re küldendő minden szerkesztőségi levelezés. A szerkesztőség kéz
ira to k a t nem ad vissza.

Az Acta Chimica előfizetési ára kötetenként belföldre 120 F t, külföldre 165 F t. Meg
rendelhető  a belföld szám ára az „A kadém iai K iadó” -nál (B udapest V., A lkotm ány utca 21. 
B ankszám la 05-915-111-46), a külföld szám ára pedig a  „ K u ltú ra ”  K önyv- és H írlap Külkeres
kedelm i V állalatnál (B udapest 1., Fő utca 32. B ankszám la: 43-790-057-181) vagy annak kü l
földi képviseleteinél és bizom ányosainál.

Die A cta Chimica veröffentlichen A bhandlungen aus dem Bereiche der chemischen 
W issenschaften in deutscher, englischer, französischer und  russischer Sprache.

Die Acta Chimica erscheinen in H eften w echselnden Umfanges. Vier H efte bilden einen 
B and. Jäh rlich  erscheinen 4 B ände.

Die zur V eröffentlichung bestim m ten M anuskripte sind an folgende Adresse zu senden:

Acta Chimica
Budapest 112>91 M  'egyetem

An die gleiche A nschrift ist auch jede für die R edak tion  bestim m te Korrespondenz zu 
richten .

Abonnem entspreis p ro  B and: 165 Forin t. B estellbar bei dem B uch- und Zeitungs- 
A ußenhandels-U nternehm en *Kultúra* (B udapest I., Fő u tca 32. B ankkonto  I\ r. 43-790- 
057-181) oder bei seinen A uslandsvertretungen und K om m issionären.



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 60 (3), pp. 205—212 (1969)

JÁNOS PROSZT

(1892— 1968)

On Ju ly  6, 1968, at the age of 76 died J ános P roszt, Corresponding 
Member o f the H ungarian A cadem y o f Sciences, em eritus professor, K ossuth- 
Prize winner, an outstanding scientist in the field  of physical and inorganic  
chem istry.

János Proszt w as born on February 6, 1892, in B udapest. H e stud ied  at 
the U niversities o f  B udapest and Berlin. H e sp en t the years preceding W orld  
War I in Berlin, a prom inent center o f exact sciences w ith an influence reaching  
far beyond the borders o f Germany. A num ber o f N obel-Prize winners, am ong  
them  E in st e in , P lanck , N ernst , and v a n ’t H off , were active in the u n i
versities and research in stitu tes of the country. This atm osphere apprehended  
the students, am ong them  János Proszt, w ho all his life proudly confessed  
him self a pupil o f N er n st , whose suggestive personality  obviously p layed  
a decisive part in shaping Proszt’s future career.

A fter his return to  H ungary in 1913, he w as appointed an assistant at 
the N o. I l l  In stitu te  o f Chemistry, U n iversity  o f B udapest, where he later  
becam e a senior assistant. The director o f  th e  In stitu te , G usztáv B uchböck , 
was a pioneer o f physico-chem ical research in H ungary. H is profound k n ow l
edge, critical approach, experim ental skill, and la st hut not least his readiness 
to help younger associates directed P roszt’s in terest finally  towards physica l 
chem istry. He com pleted  his Ph. D. thesis a t th is In stitu te , but his a c tiv ity  
was interrupted for a longer period b y  four years o f  m ilitary service and the  
post-war conditions hardly favourable for sc ien tific  research.

In 1924 he was appointed Professor o f Chem istry at the Sopron College 
of Forestry E ngineering. After m oving to  Sopron, he began his enthusiastic  
efforts to  develop the D epartm ent. His appoin tm ent occurred only  a few  
years after the College had been transferred from  Selm ecbánya to  Sopron. 
The financial m eans were very lim ited, therefore, th e  organization of the tea ch 
ing and research activ ities required much energy and persistence. Proszt was 
glad to take this work upon him self. H e w orked in Sopron for full 24 years 
and kept his D epartm ent after the College had been reorganized to becom e the  
F acu lty  o f Mining, M etallurgical and F orestry  Engineering o f the “ J ó zse f
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N ádor” P olytech n ica l U niversity . In  1940 and 1946 he was elected D ean  of  
th e  F acu lty .

The year 1948 m arked a turn ing-poin t in  his life: he was offered a pro
fessorship  at the D epartm ent o f Inorganic Chem istry, Technical U n iversity  
o f B udapest. H e took  office on N ovem ber 1, 1948, and th is date w as the  
beginn ing  o f a new  period o f creative a c tiv ity  in his life. The new  conditions 
offered greater possibilities and, surrounded b y  a team  o f young assistants, 
he m arkedly  extended  his field  o f research. To m eet the increased requirem ents, 
he accom plished very  much in raising th e  level o f teaching in chem ical edu
cation .

The H ungarian A cadem y o f Sciences recognized his m erits b y  electing  
him  a Corresponding Member in 1956. The Hungarian G overnm ent awarded  
him  th e  K ossuth-P rize in 1953, and the Order o f Labour in 1962.

H is retirem ent in 1963 did n ot break his activ ity . Up to his death , he 
to o k  active part in the work o f num erous com m ittees of the A cadem y and the  
H ungarian Chem ical Society.

II is life-w ork prim arily concerns pure and applied physical chem istry. 
In  his Ph. D. thesis dealing w ith the chem istry  o f variously coloured iodine  
so lu tions he show ed th at the colour changes were not due to  the varying  
degree o f  association  of iodine m olecules as assum ed earlier, but are to  be 
ascribed to  addition  com pounds form ed w ith  the solvent. The brown solutions 
con ta in  the largest am ounts o f these com pounds, the shift of the colour tow ards 
v io le t  being due to  a gradual decrease in  the concentration of the addition  
com pounds.

D uring his Sopron period, as a consequence of the specialized educational 
objective  o f th e  College, he becam e interested  in the flo tation  process w idely  
used for the concentration o f ores. Though there were several hypotheses  
attem p tin g  to  explain  the m echanism  o f flo ta tion , the actual process was 
alm ost exclu sively  based on practical experience because o f the com p lex ity  
and ind iv idual character o f the system s. Proszt recognized th at flo ta tio n  is 
essen tia lly  a special kind o f coagulation , i.e. a com plex surface in teraction  
betw een  suspended solid particles, droplets and fine bubbles. Since the m edium  
contains electro lytes, ion adsorption and the electrokinetic potentia l at the 
solid /liqu id  interface play an im portant part in the processes.

H is system atic  studies were carried out on sim ple m odels, using galenite  
and quartzite suspensions and em ulsions in paraffin oil/water. H is first objec
t iv e  w as to  stu d y  the phenom enon o f coagulation  of coarse dispersions under 
th e  influence o f ions. Proszt confirm ed th a t, sim ilarly to sols, the strongest 
coagu lating  effect on coarse dispersions occurred at the isoelectric point. 
Further, he show ed th at the electric condition  of the slurry could be specifically  
influenced  by ion adsorption; this fact is im portant in connection w ith  se lec tiv 
ity  problem s.
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Later his in terest gradually turned towards electrokinetic phenom ena in 
general. First o f  all, he wanted to elucidate the dependence of electrophoretic  
m obility  on the particle size. This dependence w as know n in an im plicit form , 
since the constants o f the Sm oluchowski or H iickel equation  for electrokinetic  
m obility differ for spherical and cylindrical p articles. H owever, it was not 
y e t  recognized th a t the different behaviour o f th ese twro m odels was not caused  
b y  the shape itse lf  but rather b y  the curvature, w hich can be form ulated as 
a general particle-size effect, regardless of the actu al shape. Proszt deserved  
credit for m aking th is clear and' confirm ing it exp erim en tally  in two indepen
dent ways. In one o f his two studies on this su b ject, he showed th a t the  
electrophoretic m ob ility  of m icroscopic paraffin oil droplets em ulsified in 
w ater increased w ith  the size of the droplets. T hough th e  experim ental m ethod  
seem s to be overly  sim plified according to standards o f  today, and no correct 
particle size determ ination  could be performed due to  th e  lack of a su itable  
technique, the q u a lita tive  observation is of considerable value.

In the second study, Proszt m ade further generalizations and experi
m entally  com pared the displacem ent caused by th e  electrokinetic potentia l o f 
a surface having fin ite  curvature, i.e. a particle, w ith  th a t of a plane having  
zero curvature, using  a simple b u t ingenious m eth od . In an open m icro- 
electrophoretic cham ber he m easured the m obility  o f  glass and mica suspen
sions between horizontal plates m ade of the sam e m aterials. He established  
th a t at a given cham ber-depth the direction of m igration  changed. The reason  
is th at the speed o f the electroosm otic m igration o f th e  liquid due to  the  
electrokinetic p o ten tia l at the surface of a w all w ith  an infinite radius o f  
curvature is h igher (but has, o f course, reversed sign) than  that around the  
particle. U nfortunately , this second paper does n o t contain  any num erical 
data but is restricted  to a description of the ob servation , which is an experi
m ental verification o f the interesting assum ption m ade in the introduction.

Another im portant field o f P roszt’s in vestiga tion s was the stu d y  o f  
vapor-liquid equilibria in binary system s. In con n ection  with earlier efforts 
to  increase the effic ien cy  of separation of com ponents o f  liquid m ixtures b y  
distillation, am ong other attem pts, certain solids w ere dissolved to  effect 
favourable shifts o f  the equilibrium . In order to  throw  more light on the  
nature of these effects, Proszt determ ined the vapor—liqu id  equilibrium curves 
for a number o f b inary m ixtures (m ethanol—benzene, ethanol-w ater, m eth a
nol-acetone, carbon d isu lfide-acetone) contain ing dissolved electrolytes  
(lithium  chloride, lith iu m  iod ide,sodium  iodide, calcium  chloride). He estab lish 
ed that the azeotropic point can, in general, be sh ifted  b y  adding a salt and, 
in som e cases, th e  azeotropic property can even  be elim inated. Substances 
w hich cannot undergo dissociation (sulphur, naphthalene) do not have any  
effect. On the basis o f  his observations he concluded th a t added salts m ake th e  
com ponent with th e  sm aller dielectric constant m ore vo la tile .
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S tu d yin g  the reason for this sa lt effect, he performed ebullioscopic  
m easurem ents. H e found th a t the boiling poin t rise curves o f  th e  sa lt solutions 
in  all cases showed fla t m inim a or m axim a. In  system s th a t form  azeotropes, 
sharp m axim a or m inim a were observed in  addition to this. T he sharp m axim a  
and m inim a appear at the azeotropic com position , while th e  f la t  ones are at 
th e  com position  where th e  experim ental vapor-liquid  equilibrium  curves 
in ter sec t w ith those calcu lated  from  R aou lt’s law, i.e. where th e  real m ixture 
b eh a v es  ideally.

T his special point w as nam ed the R aou ltpoin t by Proszt. T he solvation  
o f ion s responsible for the sa lt effect is th e  strongest and m ost se lec tiv e  at this 
p o in t. A s a consequence o f so lvation , the com position m ay sh ift so as to  cause 
a b o ilin g  point depression. This effect, if  strong enough, m ay exceed  th e  extent 
o f th e  “ classical” ebullioscopic effect resu lting in boiling p o in t depression  
a c tu a lly  observed in som e cases (“ ebullioscopic paradox”).

A s a result of ebullioscopic m easurem ents on system s conta in ing  dis
so lv ed  sa lts, one can determ ine both  the azeotropic and the R a o u lt point, the 
tw o  m o st im portant points on the vap or-liq u id  equilibrium  curve, which  
em p h asizes the practical usefulness o f th ese studies.

Polarography is one o f the m ost sign ificant electrochem ical m ethods of 
th e  la s t  decades. Its theory  and application  have reached a v ery  h igh  level as 
a resu lt o f  Nobel-Prize w inner H ey r o v sk y ’s outstanding work. S ince the first 
p u b lica tio n  by H eyrovsky in  1922, more th an  15,000 papers h a v e  b een  publish
ed and  now  the yearly  production  is over 1000 papers.

P roszt’s interest turned towards th is subject about 15 years ago. B y  con
cen tra tin g  on various aspects o f the technique and its practical application, 
h e so lv ed  a number o f problem s from w hich th e  following should be m entioned.

H e established the ex a ct conditions for producing alum inum  w aves that 
are th e  b est for evaluation , and increased th e  sensitiv ity  o f A1 analysis so that 
sev era l tenths of a per cent of alum inum  could be determ ined in  steel with  
sa tisfa c to ry  precision. In  order to  increase the selectiv ity  o f  th e  A1 analysis, 
h e u sed  the known m ethod o f derivation , but im proved it  b y  leading the 
polarographic current to  th e  prim ary coil o f a transformer and recording the 
secon d ary  current.

In  connection w ith  th e  polarography o f ammonia, P roszt recognized the 
e ffec t o f  the pH  on the heigh t of the N H 4 w ave and worked ou t th e  conditions 
for m axim um  sen sitiv ity . Proper adjustm ent o f the pH  is esp ecia lly  im portant 
w h en  on ly  a small vo lum e o f the so lu tion  is available. This case occurs, for 
ex a m p le , in the analysis o f the very  sm all nitrogen contents o f  “ n itride steels” , 
w h ere polarographic determ ination  is preceded by converting nitrogen into  
am m on ia  b y  the K jeldahl m ethod. P roszt also applied th is m eth od  to the 
determ ination  of sm all am ounts o f n itrogen (a few tenths o f  a per cent) in 
petroleu m .
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P roszt’s m ethodological innovation , called polarocoulom etry, consists of 
m easuring the am ount o f charge carried b y  th e  diffusion current o f  a given  
com ponent by coulom etry at a fixed  potential. This technique is su itab le for 
perform ing serial q u an tita tive  determ inations for practical purposes.

In addition to  original papers, the wide range o f  his activ ities in the field  
of polarography is reflected  by his bulky tex tb ook  “ Polarography” w ritten  
w ith co-authors, w hich  has been published both  in Hungarian and German.

H is studies concerning the preparation o f organosilicon polym ers (sili
cones) were aimed at purely practical problem s. The results are described in 
several patents but h a v e  not been used in actual technology.

The scientific a c tiv ity  of Proszt was decorously com plem ented b y  his 
achievem ents in chem ical education during his career as a professor. H is care
fu lly  prepared and colourful lectures alw ays attracted  the a tten tion  o f his 
audience. To increase th e  efficiency of teaching, he w rote tw o chem ical t e x t 
books w ith co-authors. The “ Practical Physical Chem istry” ran into ten , the  
‘‘General and Inorganic C hem istry” into five  ed itions. B y  revising and enlarg
ing the subsequent ed itions, he was able to  keep these books up to  date.

Professor János P roszt’s life-work produced im perishable results and  
influence; his m em ory is cherished with the tribute o f respect in H ungarian  
science and higher education .
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( Institute o f  Pharmaceutical Technology, M edical University, Budapest, 
and Chinoin Pharmaceutical Industry , Budapest)

R e c e iv e d  M a y , 2 3  1 9 6 8

A  q u a n t i t a t iv e  a n a ly t ic a l  m e th o d  h a s  b e e n  d e v e lo p e d  w h ic h  is  b a s e d  o n  th e  
m e a s u r e m e n t  o f  t h e  p e a k  in te n s i t ie s  in  t h e  X - r a y  d if fr a c to g r a m , fo r  t h e  d e t e r m in a t io n  
o f  t h e  s t r u c tu r a l  is o m e r s  a -  a n d  /? -N -a l ly l-d i- c a m p h o r a m ic  a c id s  in  t h e  p r e s e n c e  o f  
e a c h  o th e r . T h e  a v e r a g e  sq u a re  error  is  2 .1 % .

Introduction

Q uantitative phase analysis perform ed b y  the X -ray m ethod has been  
known for m any years [1]. G o r d o n  and H a r r i s  [2] applied th e  X -ra y  dif
fractogram  peaks for the determ ination o f tw o com ponents o f a m ixture. 
They chose tw o proper peaks and determ ined the in tensity  ratio w hich  was 
connected w ith the relative amounts o f the com ponents. In this w ay  a calibra
tion curve was constructed  b y  which the com position  of the m ixture could  be 
determ ined. W e in vestigated  the application o f this procedure for th e  case of 
a- and /2-N-allyl-d/-cam phoram ic acids (I and II), in the hope th at th e  m ethod  
will be more accurate than  therm al analysis [3].

The in ten sity  o f  a reflection hkl w hich is characteristic o f th e  « -com po
nent in a binary m ixture is the following:

j  __  ^ -h k la .  ту/
' h kla . — ------------- '  УУ x

P m

where contains th e  diffraction and other constants characteristic  o f  the
X -ray technique, fiM is the resulting linear absorption constant of th e  m ixture, 
and JVa is the w eight ratio. Let us select a characteristic peak for I and II, 
respectively , and le t us denote them , for th e  sake o f sim plicity, b y  A  and 
B. The in ten sity  ratio m entioned above w ill he:

I ax 
+  Ißß

K A *  .  I frr a
_______Pm____________

*A!L.Wb +  — ß-  • Wß 
P m  P m

* A b s t r a c t e d  fr o m  a  t h e s is  b y  R . G . H e n e i n  in  f u l f i lm e n t  o f  th e  r e q u ir e m e n ts  fo r  th e  
d e g r e e  o f  D o c t o r  o f  P h i lo s o p h y ,  I n s t i t u t e  o f  P h a r m a c e u t ic a l  T e c h n o lo g y , M e d ic a l U n iv e r s i t y ,  
R u d a p e s t .

Acta Chim. Acad. Sei. Hung. 60, 1969



214 H E N E IN  e t a l.: N-ALLYL-JÍ-CAM PHORAMIC ACID, I I

In our case the constants К д  ct/цм and К в  ßlfiM are approxim ately equal, 
becau se  th e  two structural isomers differ on ly  v ery  slightly from each other. 
So w e can  write

Ma ' Rß +  w
w ,  .

p
( 1 )

I f  th e  tw o  com ponents o f th e  m ixture do not in teract at all, Eq. (1) holds for 
all w e ig h t ratios and is applicable for the accurate determ ination o f th e  com- 
p ositio n  o f the system .

E xp erim en ta l

I n  o r d e r  to  c o n s t r u c t  a c a l ib r a t io n  c u r v e , w e  o b t a in e d  t h e  d if fr a c to g r a m s  o f  m ix t u r e s  
c o n t a in in g  5 , 10 , . . . 9 0 , 9 5 %  o f  I. T h e  s a m p le s  w e r e  p r e p a r e d  u s in g  p u re  I  a n d  I I  h o m o 
g e n iz e d  b y  d is s o lv in g  th e m  in  a c e t o n e  a n d  e v a p o r a t in g  t o  d r y n e s s .  T h e  s a m p le s  w e r e  v e r y

Table I

a-isom er /?-isomer

dhki Щ ,0 dfikl Wo

9 .3 1 1 .0 8 7 .8 1 0 .7 8

7 .5 1 1 0 .0 0 7 .0 1 0 .8 5

6 .3 5 0 .7 8 6 .0 5 5 .5 2

5 .9 5 1 .7 9 5 .5 5 1 0 .0 0

5 .5 2 0 .2 5 5 .1 2 7 .3 2

5 .4 0 0 .5 0 4 .7 1 0 .7 9

4 .7 7 5 .7 2 4 .4 8 2 .4 3

4 .5 9 2 .2 3 4 .0 4 0 .5 9

4 .4 8 1 .0 7 3 .9 1 1 .9 4

4 .0 0 0 .2 0 3 .8 1 1 .5 8

3 .9 1 0 .2 0 3 .7 4 0 .3 1

3 .8 1 0 .2 0 3 .6 9 0 .3 5

3 .7 3 0 .4 5 3 .3 2 0 .8 2

3 .5 7 0 .4 8 3 .2 2 1 .4 7

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

3 .3 9 1 .1 5 2 .9 9 0 .2 5

3 .2 7 0 .5 0 2 .9 1 0 .4 9

3 .1 8 0 .4 0 2 .8 2 —

3 .1 3 0 .1 3 2 .8 0 —

2 .9 6 0 .1 6 2 .7 9 —

2 .8 5 0 .4 0

2 .7 1 1 .3 5

2 .6 7 0 .5 8

2 .5 4 0 .2 6
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carefully pulverized, and great care was taken in their p reparation  in order to ensure 
standard  experim ental conditions. The diffractogram s were obtained w ith  a M ÜLLER 
MICRO 111 ap p ara tu s  w ith Cu/Ni tube  (voltage: 36 kV; stream  in tensity : 18 mA; sensitivity: 
4 • 102; needle sensitiv ity  8; paper speed 800 min/hr).

R esults and discussion

The m ost intense peaks o f I and II are given in Table I. The d^i  — 9.31 Á 
and the d̂ ui =  3.81 Á peaks are th e  m ost convenient for the analysis (peak A 
o f I and peak В  o f II, respectively). The former is com pletely absent from  the 
diffractogram  o f II, but the latter occurs w ith a slight in ten sity  in the diffracto- 
gram of I. Therefore, we made a correction o f peak В  so th at we took , instead  
o f Ißß, Ißß —  0.1851 / д ,  in E q. (1). So in the case o f pure II, Wx =  0, and 
in th at of pure I, Wx — 1.

COOH
------/N H - C H 2- C H = C H 2

NH—CH2—C H =C H 2

COOH

II

Fig. 1 shows the theoretical curve corrected according to E q. (1) in full 
line. The points of m easurem ent are along this line up to  Wa =  0 .5 , hut here 
the curve has a break, and there is another break at Wa ----- 0.95 (dashed line). 
This is in good agreem ent w ith the breakpoints o f the m elting tem perature  
curve (see Part I o f this series) and confirms the fact th a t an in teraction  occurs 
betw een I and II.

Wx

Fig. 7

Using the calibration curve, the average square error of the m ethod is 
2.1% , while the greatest absolute errors are -(-3.6%  and — 4.4% . The accuracy
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is greatly  influenced b y  th e  preparation o f th e  sam ples and the m easurem ent 
o f  th e  intensities. I f  th e  sam ples are not pulverized  satisfactorily , there is an 
in ten se  background, and accurate m easurem ent o f  the in tensities is im possible.

*

The autors are in d eb ted  to  Prof. Dr. E. P a n d u l a  and  Dr. Á. D á v i d  for stim ulating 
discussions, and to Mr. T. K o t s i s  for the preparation of th e  diffractogram s.
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OSZILLOMETRISCHE ENDPUNKTSANZEIGE 
BEI DER BESTIMMUNG YON ORTHOPHOSPHATIONEN 

MIT EISEN(III)CHLORID

M. T. V Á N D O R FF Y , F .  D Ö M Ö LK I u n d  L .  E r DEY

(Lehrstuhl fü r  anorganische Chemie, Technische Universität, Budapest 
Pflanzenölunlernehmen »Rákospalotai Növényolajipari Vállalat«, Budapest 

Lehrstuhl fü r  allgemeine und analytische Chemie, 
und Technische Universität, Budapest)

Eingegangen am 3. Ju n i 1968

Bei der Bestim m ung von O rthophosphationen m it E isen(III)chlorid-M aßlösung 
wurde der E ndpunk t oszillometrisch angezeigt. Die Bestimm ung der O rth o p h o sp h a t
ionen kann innerhalb der K onzentrationsgrenzen von 3 und  25 mg pro 15 m l selbst 
bei dreißigfachem Frem dionenüberschuß m it einer Genauigkeit von 1— 2%  durchgeführt 
werden. Die Methode wurde zur B estim m ung des G esam tphosphatgehalts von  W asch
m itte ln  angewendet.

Es ist seit langem  bekannt, daß O rthophosphationen in saurer Lösung  
m it E isen(III)-Ionen  K om plexe b ilden. Schon im Jahre 1878 erw ähnte 
E r len m ey er  [1] einen E isen(III)phosp hat-K om p lex . W e in l a n d  und E ns- 
graber  [2] konnten die E xistenz von  E isen(III)phosp hat-K om p lexen  experi- 
m entell-preparativ nachweisen. D e d e  [3] sow ie auch R icca und Me d u r i [4] 
untersuchten die L eitfäh igkeit von  verschiedenen E isen(III) und Ortho- 
phosphat enthaltenden Lösungen. Aufgrund der berechneten und gem essenen  
L eitfäh igkeiten  nahm en sie an, daß in  saurer Lösung ein 1 : 1 -K om plex  gebil
det wird. D iese Zusam m ensetzung wurde auch von Lanford  und K ie h l  [5] 
b estä tig t und die S tab ilitätskonstante des K om plexes bestim m t. D er S tab ili
tä tsexp on en t des K om plexes [F e (H P 0 4)] + beträgt nach ihren M essungen 9,35. 
B a n e r je e  [6] titrierte eine E isen(III)ch lorid lösung m it Phosphorsäure und 
beobachtete  dabei die Änderung verschiedener physikalischer E igenschaften  
der Lösung, u. a. Tem peratur-, L eitfäh igkeits-, Färb- und Ionenw anderungs
änderungen. Durch Messung der Tem peraturänderungen konnte die B ildung  
von  drei K om plexen nachgew iesen werden und zwar bei V erhältn issen  von  
E isen (III)-Ion en  zu O rthophosphationen von 1 : 1, 2 : 3 und 1 : 2. Durch 
Leitfähigkeitsm essungen konnten 1 : 1- und 1 : 2-K om plexe, durch die op ti
sche Messung der Änderung der gelben Farbe des E isen(III)chlorids im  Laufe 
der Phosphorsäurezugabe die B ildung des 1 : 1-K om plexes nachgew iesen  
werden. B ei der U ntersuchung der Ionenw anderung zeigten die V ersuche, daß 
bei einem  Verhältnis des E isen(III)ch lorids und der Phosphorsäure v o n  1 : 1 
die Phosphationen in der U m gebung der K athode auffindbar sind , daß sie
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also m it den E isen (III)-Ion en  ein kom plexes K a tio n  bilden. Ist jedoch die 
Pliosphorsäure auf die E isen (III)-Ion en  b ezogen  im  Uberschuß vorhanden, 
so w andern  die P h osp h ation en  in Form eines k om plexen  Anions zur Anode. 
A ufgrund der mit viererlei M ethoden durchgeführten Versuche nim m t B a n e r - 

j e e  die Existenz vo n  [F e(H P O .)] + und [F e (H P O .)2]~  an. D ’ A m o r e  [7] 
k o n n te  au f spektrophotom etrischem  Weg nur die E x isten z  des 1 : 1-K om plexes  
b estä tig en . Mehrere V erfasser [8 -12 ] führten polarographische U ntersuchun
gen der K om plexe durch, w o b e i d ieE xisten zd esk om p lexen A n ion s [F e (H P 0 4)2]~  
b e s tä tig t  wurde. F a u c h e r r e  und M s i i c a  [13] b erich ten  über potentiom etrische

ml ml
Abb. 1. T itration  von O rthosphosphationen  in L ösungen m it verschiedenen pH -W erten , 
m it 0,1 m  E isen(III)chlorid-M aßlösung. 1 — pH  5; 2 — pH  4; 3 — pH  3; 4 — pH  2; 5 — pH  1;

6 — pH  0,5

U ntersuchungen und fo lgern  auf Grund ihrer E rgebnisse, daß 1 : 1-K om plexe  
dann  gebildet werden, w en n  die Menge der P hosphationen  gering und die 
L ösu n g  schwach sauer is t , während der 1 : 2 -K om p lex  bei höheren P hosphat
m en gen  und in stark saurer Lösung entsteht.

D as Ziel unserer V ersuche war, festzustellen , m it welchem  K om plex hei 
der quantitativen  B estim m u n g  von P hosphationen  m it einer E isen(III)- 
M aßlösung, unter A n w en d u n g  der oszillom etrischen Endpunktsanzeige, zu 
rechnen  ist. Die O rthophosphationen wurden in Lösungen m it verschiedenem  
p H  m it einer E isen(III)chlorid-M aßlösung titr iert. D ie oszillom etrischen  
T itrationskurven zeigten  b e i pH  =  1 -2  einen K nickpunk t bei dem Verhältnis 
P h o sp h a t : F e(III)-Ion  = 1 : 1  (Abb. 1). Der V erlau f der Titrationskurve kann  
fo lgen d  gedeutet werden:

B ei der G rundreaktion

Fe3+ +  Н 2РО Г [F eH P O .]+ +  H +  Stab. exp. 9,35

w erden  W asserstoffionen frei, folglich nim m t die L eitfäh igkeit zu. Letztere wird 
au ch  durch die mit der salzsauren E isen(III)chlorid-M aßlösung in die Lösung
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gelangenden sonstigen Ionen  erhöht. Bis zum  E ndpunkt der T itration erfolgt 
also ein wesentlicher A nstieg  der L eitfähigkeit. D ie Form  der oszillom etrischen  
T itrationskurve nach dem E ndpunkt wird durch die E m pfindlichkeitskurve  
einer der G esam tionenkonzentration entsprechenden M aßlösung bestim m t.

Abb. 2. Em pfindlichkeitskurven von Salzsäure. 1 -  in der G egenw art von 0,1 m N atrium -
n itra t, 2 — in der G egenw art von 0,2 m N atrium nitra t, 3 — in der Gegenwart von 0,25 m

N atrium nitra t

Abb. 3. T itration von Phosphationen m it 0,1 m E isen(III)chlorid-M aßlösung. 1 — pH  1;
2 -  pH  1,2; 3 -  pH  1,5

A d a  Chitn. Acad. Sei. Hung. 60, 1969
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D a w ährend der T itration —  gem äß der R eaktionsgleichung —  W asserstoff
ionen  frei werden, und die Ä nderung der L eitfähigkeit hauptsächlich  durch 
diese W asserstoffionen b eein flu ß t w ird, übt der pH -W ert der A usgangslösung  
eine W irkung auf die T itrationskurve und auf die B estim m barkeit aus. In 
A bb. 2 s in d  Salzsäureem pfindlichkeitskurven dargestellt, die in  G egenwart von  
versch ied en en  Frem dionenkonzentrationen aufgenom m en w urden. D as M ini
m um  der Kurven, d. h . das für die T itration unem pfindliche G ebiet, liegt  
zw isch en  pH  1 und 2 bzw . b e i höherer Frem dionenkonzentration unter pH  2.

D er  pH  der A usgangslösung m uß also —  der Frem dionenkonzentration  
en tsp rech en d  —  zw ischen 1 und 2 liegen, dam it die T itration  m it unserem  
G erät überhaupt durchführbar wird. D ies wird auch durch A bb. 1 bestätigt. 
Is t  a lso  die zu untersuchende A usgangslösung stärker sauer, so m uß ihre W as
serstoffionenkonzentration  m it N atrium hydroxyd oder N atriu m acetat herab
g e se tz t  werden. D ie in Abb. 3 gezeigten  T itrationskurven w urden m it einer 
O rthophosphatlösung erhalten , deren pH  ursprünglich 0,5 war und m it 
N atriu m h yd roxyd  auf 1, 1,2 bzw . 1,5 abgestum pft wurde. D ie  so erhaltenen  
L ösu n gen  wurden dann m it der E isen(III)chlorid-M aßlösung titriert.

D urch  die E instellung der geeigneten  Ionenstärke und pH -W erte kann  
also erreich t werden, daß die T itrationskurve einen gut ausw ertbaren K nick
p u n k t aufw eist (Abb. 3, K urve 2).

Experim enteller Teil

Lösungen und Gerät

1. 0,1 m  K H 2P 0 4-Lösung. P 20 5-G ehalt 7,09 mg/ml. Die entsprechende Menge von 
an a ly tisch  reinem  kristallinem  K H 2P 0 4 wurde in dest. W asser gelöst. Der W irkungsw ert der 
L ösung w urde  gravim etrisch (in F orm  von M agnesium pyrophosphat) bestim m t.

2. 0,1 m FeCl3-M aßlösung. Die Fe3+-K onzentration  der Lösung wurde gravim etrisch 
b e s tim m t (Abscheidung m it A m m onium hydroxyd in Form  von Fe(O H)3, W ägung in Form 
von F e20 3).

3 . 3  n Salpetersäurelösung
4. 1 m NaOH-Lösung
5. 1 m  N atrium acetatlösung
6. 1 m  N atrium nitratlösung.
D ie Bestimm ungen w urden m it dem O szillotitrator Typ OK-302 (H ersteller: Radelkisz, 

B u d ap est) ausgeführt.
E s w urden 20 ml-Meßzellen verw endet.

A usführung der Bestimm ungen

A us der 0,1 m K H 2P 0 4-Lösung w urde soviel in die 20-ml-Meßzelle e ingeführt, daß die 
O rthophosphationenkonzen tration  zwischen 3 und 25 mg pro 15 ml lag. Der pH -W ert der 
L ösung w urde  m it Salpetersäure oder Salzsäure auf einen W ert zwischen 1 und  1,5 eingestellt. 
Die d azu  nötige Säuremenge w urde durch die pH -T itration  einer anderen Probe der Lösung 
b es tim m t. D er M agnetrührer w urde in  Gang gesetzt und  es wurde so lange gew artet, bis der 
Zeiger des G erätes zur Ruhe kam . Die T itra tion  wurde dann m it der 0,1 m  E isen(III)chlorid- 
M aßlösung durchgeführt, die aus einer M ikrobürette in Portionen von 0,1—0,2 ml zugegeben 
w urde. D ie bei der T itra tion  von O rthophosphatlösungen verschiedener K onzentrationen 
e rh a lten en  T itrationskurven sind in  Abb. 4 dargestellt. Die Frem dionenkonzentration  wurde 
m it N atrium nitra tlö sung  v erändert. Dabei wurde festgesteüt, daß die B estim m ung selbst bei 
d reiß ig facher F rem dionenkonzentration durchführbar ist. Die Ergebnisse sind in Tabelle I
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Tabelle I

Einwaage 
P,O t, mg

Gefunden 
P.O», mg

Abweichung

mg %

3,54 3,61 +  0,07 +  1,9
7,09 7,18 +  0,09 +  1,3

10,63 10,55 —0,09 -0 ,7 5
14,18 14,30 +  0,12 +0,85
17,73 17,60 —0,13 —0,73
21,27 21,15 —0,12 —0,56

K onzentration  der Lösungen: 10 3 — 10 2 m P20 6

Abb. 4. Bestim m ung von Phosphationen m it 0,1 m Eisen(III)chlorid-M aßlösung. 1 — 14,18 
mg P 20 5; 2 -  17,73 mg P ,0 5; 3 -  21,27 mg P 20 5

enthalten . Um die G enauigkeit der B estim m ung zu berechnen, wurden 12 Parallelm essungen 
m it einer 10“ 3 m O rthophosphatlösung durchgeführt. Die Streuung a  betrug  + 6 ,1 7 % , die 
Streuung des M ittelw erts ak +  1,8% (Tabelle II).

Tabelle II

Einwaage 
PjO,, mg

Gefunden 
P .O ,, mg

Gefunden 
PjO ,, mg

10,63 10,55 10,60
10,55 10,66
10,55 10,66
10,55 10,66
10,55 10,70
10,60 10,70

M ittelw ert: 10,61 mg P20 5
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A bb. 5. Bestimmung des G esam tphosphatgehalts von W aschm itte ln  m it 0,1 m E isen(III)chlo-
rid-Maßlösung

ö =  1/  2e‘ =  +0 ,062 cr% =  + 6 ,2 %\ n  — 1

a k =  - ^ r  = + 0 ,0 1 8  ak%  =  + 1 ,8 %
\n

D ie B estim m ungsm ethode w urde zur U ntersuchung des G esam tphosphatgehalts von 
W asch m itte ln  angewendet. D er V orteil der Methode zeigte sich darin , daß der G esam tphosphat
g e h a lt nach  der H ydrolyse d e r  kondensierten P hosphate  un m itte lb ar titr ie r t w erden konnte. 
D ie B estim m ung wird durch  die in  der Probe en thaltenen  T rübungen  und durch ihren Ölemul
s ionscharak te r nicht gestö rt, so d aß  die bei sonstigen B estim m ungen notwendige Zerstörung 
d e r  organischen Stoffe ü b erflü ss ig  war. Die D auer der B estim m ung wurde gegenüber den 
f rü h e r  angewendeten M ethoden  a u f  die Hälfte herabgesetzt.

D ie Bestimmung des G esam tphosphatgehalts von  W aschm itteln  wurde wie folgt durch
g e fü h r t:  je  nach dem zu e rw arten d en  Phosphatgehalt w urden  2— 3 g W aschm ittel eingewogen 
u n d  in  einem Becher m it 25 m l 3 n Salpetersäure eine halbe S tunde lang gekocht, um  die 
k o n densie rten  Phosphate zu hydrolysieren. Aus dem  H ydro ly sa t wurde in einem  100-ml- 
M eßko lben  eine Stam m lösung bere ite t. 5 ml dieser S tam m lösung wurden in die Meßzelle des 
G e rä ts  p ipettie rt und m it d es t. W asser auf 15 ml v e rd ü n n t, wobei der gewünschte pH -W ert 
m it  N atrium hydroxyd- oder N atrium acetatlösung e ingeste llt wurde. Die O berfläche der 
L ö su n g  lag über den K ondensatorringen . Nachdem der M agnetrührer in Gang gesetzt worden 
w a r u n d  das Gleichgewicht sich  eingestellt ha tte , w urde m it der 0,1 m E isen(III)chlorid- 
M aßlösung  titriert. Nach der Z ugabe der Maßlösung ste llt sich das Gleichgewicht jeweils nach 
10— 20 Sekunden ein. Die e rh a lten en  T itrationskurven sind in Abb. 5 dargestellt. Die Ver
suchsergebnisse sind in T abelle  I I I  zusammengefaßt.

Tabelle I I I

Bestimmung des Gesamtphosphalgehalts von Waschmitteln mit 0,1 m 
E ise n f III)chlorid-M aßlösung

Einwaage 
P zOs, mg

Gefunden 
P 2Os, mg

Abweichung
о//0

Gefunden 
P 2Os, mg

Abweichung
0//0

17,61 17,50 —0,63 17,68 +0,40

17,55 —0,34 17,68 +  0,40

17,55 —0,34 17,80 +  1,07

17,68 +0,40 17,90 +  1,6

Mittelwert: 17,63 m g P 20 -; Abweichung: + 0 ,1 1 %
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INVESTIGATIONS ON ION EXCHANGE EQUILIBRIA 
WITH RADIOACTIVE TRACER METHOD, XIV

COMPARISON O F STABILITY CONSTANTS AND THERM ODYNAM IC 
FUNCTIONS OF 1 : 1 E U R O PIU M -T R IC A R B A L L A T E  

AND E U R O P IU M -C IT R A T E  CO M PLEX ES

T. L engyel

(Institu te  o f Isotopes, H ungarian Academy o f  Sciences, Budapest)

Received Ju ly  1, 1968

W ith the aid of the tem pera tu re  coefficient m ethod  the enthalpy and en tropy  
changes accom panying complex form ation were determ ined in th e  systems europium — 
tricarballylic acid and europium —citric acid, using liquid  ion exchange technique. The 
comparison of th e  results im plied th e  chelating effect o f the  hydroxy group of the 
citric acid, while th e  tricarballylic acid, functioning as a m onodentate ligand in  th e  
concentration region investigated, gave evidence of sim ple complex form ation only.

Introduction

In the previous paper o f th is series [1] it was show n th a t the tem perature  
coefficient m ethod can be used for the determ ination o f enthalpy and entropy  
changes accom panying com plex form ation. H ow ever, th is statem ent m ay be  
generalized only w ith  the assum ption that the tem perature dependence o f th e  
form ation constants is high enough to  obtain reliable data , as it  is to be expected
e.g. when chelate com plexes are form ed.

The principle aim of the present work was in fact th e  com parison o f th e  
effect o f chelation, so the tw o ligands chosen as m odels differed only in th e  
ring-forming hydroxy group from each other.

Since the first hom ologues o f  sim ple carboxylic acids are soluble both  
in organic solvents and aqueous solutions, the tw o ligands investigated  were 
the tribasic tricarballylic and citric acids, the la tter  having an additional 
hyd roxy  group as compared w ith  the former.

In order to  avoid the d ifficulties in in terpreting the data when —  due  
to  the stepwise dissociation of the acids —  more than  one species are form ed, 
only the 1 : 1 com plexes have been investigated  m aintain ing the free ligand  
concentrations fairly low, partly b y  working in the low  pH  region.

E xp erim en ta l

The conventional therm ostated  sta tic  equilibration technique described in detail 
previously [1] was used. D istribution m easurem ents were carried o u t using 0.1 F  di-2-ethyl- 
hexyl phosphoric acid dissolved in toluene, as liquid ion exchanger.

Europium  concentration  was set to 10 6 M ; the 152~ IME u tracer of high specific ac tiv ity  
assured considerable precision of the m easurem ents.
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Ionic streng th  was ad justed  to  0.75 M  w ith  perchloric acid and  sodium  perchlorate. 
C areful pre-equilibration of the aqueous and  organic phases rendered possible to  keep the  pH  
a t  co n stan t values, being 1.65 +  0.02 in  th e  europium —citrate  and 1.75 +  0.02 in the euro
p iu m —tricarballa te  system s, respectively.

The free ligand concentrations were calculated  after having determ ined th e  dissociation 
co n s tan ts  a t  the same ionic streng th  for the  firs t step of deprotonation. The p K ä values (3.59 
fo r tricarbally lic  acid and  2.91 for citric acid, respectively) proved to  be in  good agreem ent 
w ith  lite ra tu re  da ta  [2]. In  the region 12— 38 °C no tem perature  dependence exceeding limits 
o f e rro r was observed.

R esu lts and d iscu ssion

The results o f equilibrium  m easurem ents performed at 12.5, 25.0 and 
37.5 °C are presented in F igs 1 and 2. As it  has been show n [3], if  the free 
ligan d  concentration is kept low  enough to  restrict form ation o f higher com-

F ig. 1. l/D  as a function  of free ligand concentration  a t 12.5, 25.0 and  37.5 °C in the system
europium —tricarbally lic  acid

p lex es , from a p lot o f  l /D  vs. [L] th e  first stab ility  constant K ri can he easily  
ca lcu la ted , according to  th e  relation

~  =  1 +  * i3  [L] (1)

w here K 13 denotes the stab ility  constant of the 1 : 1 com plex o f  the central 
ion  and the ligand, form ed b y  th e  first step  of deprotonation, D  and D°  are 
th e  distribution ratios o f the m etal betw een  the organic and aqueous phases, 
in  th e  presence and absence of the com plexing agent, resp ectively .

The perturbing effects due to the loss of the second and third protons 
from  the carboxylic groups can be excluded  as the corresponding dissociation  
con stan ts are considerably lower.

According to  the values presented in Figs 1 and 2, the tem perature  
dependence of the sta b ility  constants show n in Fig. 3 can be represented as 
fo llow s:
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Europium-tricarballate

log K t3 =  - 9 . 2 8 x 1 0 - !  +  7.34 X IO-3 T  +  1.05 x  10-5 T 2 (2)

Europium-citrate

log K a  =  2.03 X 10 2 +  8.51 X IO '3 T  +  2.25 X 10“ » T 2 (3)

Fig. 2. l/D  as a function of free ligand concentration a t 12.5, 25.0 and  37.5 °C in the system
europium —citric acid

In the previous paper [1] it  has been shown th at in the know ledge of 
the constants b and c o f the

log K n =  a +  bT +  cT2 (4 )

equation the enthalpy change can be calculated from the relation

/ l t f 13 =  2.303 R T 2 (6 +  2 cT),  (5)

whence the entropy change accom panying com plex form ation m ay be obtained  
with the aid of Eq. (6):

_  /1Я 13 +  2.303 RT  log K i3

The results o f the calcu lations performed are sum m arized in Table I. 
As the error o f the determ ination o f the stab ility  constants does not exceed  
0.02 units on logarithm ic scale, th e  values of the therm odynam ic constants  
calculated on the basis o f tem perature dependence can be considered as reliable 
ones.
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F ig. 3. S tab ility  constants of 1 : 1 complexes as a function  of 1/T. A: europium  — tricarballate,
B: europium —citrate

T ab le  I

Stability  constants and thermodynamic functions in  the system europium —tricarballylic 
acid (A )  and europium — citric acid ( B )  at 12.5, 25.0 and 37.5 °C

12.5 °C 25.0 °C 37.5 °C

A В A В A В

l o g  K u 2.03 2.44 2.19 2.54 2.37 2.65
ZlG13 k c a l /m o le — 2.65 — 3.19 — 2.99 — 3.46 — 3.37 — 3.77
A H 13 k c a l /m o le 4.97 3.13 5.52 3.41 6.11 3.70

d S 13 e .  u. 26.7 22.1 28.6 23.0 30.5 24.1

The figures of T able I ind icate th at, in  sp ite of th e  higher proton affin ity  
o f tricarballylic acid (as it  is obvious from the corresponding dissociation  
con stan ts) the citrate com p lex  is of considerably higher stab ility . This fact 
can  be a consequence o f ch ela te  form ation only. A t th e  sam e tim e it  is to  be 
m entioned  that the va lues refer to ionic strength of 0.75 M;  no extrapolation  
to  in fin ite  dilution was a ttem p ted  and therefore th e  corresponding stab ility  
con stan ts are lower th an  i t  m ight be expected  from literature data available  
for sim ilar system s [2].

I t  is striking th a t —  in accordance w ith  Eq. (6) —  the form ation con
s ta n t  o f  the chelate com p lex  is higher than  th a t of the non-chelated  tricar
b a lla te  com plex, w hile th e  va lu e of enthalpy change is higher in the form ation  
o f  th e  latter.

On the contrary, th e  entropy contribution to  com plex form ation is rela
t iv e ly  more pronounced in  th e  chelated citrate system , as it  is associated w ith  
ring closure; this phenom enon was observed also earlier [1 ,4 ] , and is in 
good  agreement w ith configurational considerations. As the central ion is
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rather electropositive, the strength  o f the bond betw een the oxygen  and hydro
gen atoms in th e  hydroxy group is released giving rise to  the form ation o f the  
five-m em bered ring of decreased strain  through hydrogen bonding.

The au th o r’s thanks are due to Mr. Gy. T ó t h  for his valuable help in perform ing  the 
m easurem ents.
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The structu ral analysis of SOCL and S 0 2C12 based on electron d iffraction  da ta  
was repeated using complex scattering  factors in  the theoretical m olecular in tensity  
expression. In  a previous study  a constant sca ttering  function was used. T here was 
no significant difference in the results obtained  in the two refinem ents.

M olecular structure studies on SOCl2 and S 0 2C12 by sector-m icrophoto
m eter electron diffraction m ethod were recen tly  carried out in th is Labora
tory [1, 2]. In both cases a least-squares refinem ent based on th e  experi
m ental m olecular intensities (m odified by th e  experim ental background) was 
perform ed using constant values for the scatterin g  functions in the correspond
ing theoretical m olecular in ten sity  expression.

V isiting the Oslo E lectron D iffraction Group it was decided to  repeat the 
structural analysis using partial w aves atom ic scattering factors. The results 
of this reinvestigation  are reported in this paper.

The experim ental m olecular in tensities referred to as curve M  in [1] 
for SOCl2 and curve M  1 in [2] for S 0 2C12, respectively , were used.

Since there was a possib ility  to calculate com plex scattering am plitudes, 
the follow ing scattering functions were used in the present work:

£ ,7 / b ( s )
nuM s)\ l/y(s)l 

IJ(s)
cos [t?,(s) -  rjj(s)]

where ! f(s)  [ and r/(s) are the absolute value and phase of the atom ic com plex  
electron scattering am plitude, and Ц (s) denotes the theoretical background  
function . A description o f the theory m ight be found in the literature [3]. 
(It should be m entioned that instead of the theoretical background th e  experi
m ental one could not be used as a m odification  function for the theoretical 
m olecular intensities because it was unknow n after averaging the experim ental 
m olecular intensities.)

The partial waves electron scattering factors for chlorine, sulphur and
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o x y g en  at 50 kV accelerating voltage as w ell as th e  scattering functions were 
calcu lated  using Str a n d ’s programs [4, 5]. F ig. 1 shows the g,7/B(s) functions  
a) for SOC1, and b) for S 0 2C12.

Fig. 1. g ijlß (s) functions; a) for SOCI2; b) for S 0 2C12

Table I

Results o f the least-squares refinement fo r  SOCl2 
(see tex t)

A В c

17$ о > 1.444 ( +  0.007) 1.4429 +  0.0045 1.4425 +  0.0032

r(CI S ), Ä 2.076 ( +  0.006) 2.0755 +  0.0021 2.0755 +  0.0015

Cl— S — Cl° 96.2 (± 1 .0 ) 96.11 ± 0 .6 6 96.10 ± 0 .48
Cl — s  o ° 107.3 (± 0 .6 ) 106.28 + 0 .6 0 106.28 ± 0 .41
r (C l . . . Cl), Á 3.091 ( +  0.014) 3.0875 +  0.0157 3.0871 +  0.0112
r(Cl . . .  0 ) , A 2.860 ( +  0.010) 2.8405 +  0.0096 2.8402 +  0.0068

/(S — 0 ) , A 0.031 (± 0 .010) 0.0239 +  0.0114 0.0243 +  0.0080
/ ( c i - S ) ,  A 0.052 (± 0 .004) 0.0512 +  0.0035 0.0512 +  0.0025

/(Cl . . . Cl), A 0.102 ( +  0.012) 0.1009 +  0.0118 0.1013 +  0.0085

/ ( C l . . .  0 ), A 0.075 (± 0 .008) 0.0758 +  0.0087 0.0760 +  0.0062
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Thionyl chloride

In this reinvestigation  both  for S 0 C 1 2 and S 0 2C12 S e i p ’s least-squares 
program [6] was used with an approparite w eight function.

In the case o f  the th ionyl chloride all the bond lengths and angles and 
th e  mean am plitudes of v ibration  were taken as independent param eters. 
Column A in T able I contains th e  input param eters taken  from [1] (the uncer
tainties shown in parentheses include both the standard  deviation o f the least- 
squares refinem ent and the scale error). Column В  show s the results obtained

Fig. 2. Molecular in tensities for SOCl2, circles — experim ental. Full line theoretical 
(com puted from  th e  param eter values of Column C ,.Table I); below — their difference

Fig. 3. Radial d is tribu tions for SOCl2, circles experim ental. Full line — theoretical:
below — their difference
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i n  t h i s  r e i n v e s t i g a t i o n .  T h e  r e s u l t s  o b t a i n e d  a f t e r  a  m o d i f i c a t i o n  o f  t h e  b a c k 

g r o u n d  ( e l i m i n a t i n g  t h e  t r e n d  o f  t h e  d i f f e r e n c e  c u r v e  b e t w e e n  t h e  e x p e r i m e n t a l  

a n d  t h e o r e t i c a l  i n t e n s i t i e s )  a r e  s h o w n  i n  C o l u m n  C .  I n  C o l u m n s  В  a n d  C  t h e  

s t a n d a r d  d e v i a t i o n  o f  t h e  l e a s t - s q u a r e s  r e f i n e m e n t  i s  p r e s e n t e d  t o o .  F i g .  2  

s h o w s  t h e  e x p e r i m e n t a l  m o l e c u l a r  i n t e n s i t i e s  a f t e r  t h e  m o d i f i c a t i o n  o f  t h e  

b a c k g r o u n d  ( c i r c l e s )  a n d  t h e  t h e o r e t i c a l  m o l e c u l a r  i n t e n s i t i e s  c o r r e s p o n d i n g  

t o  t h e  p a r a m e t e r s  o f  C o l u m n  C ,  T a b l e  I .  T h e  c o r r e s p o n d i n g  r a d i a l  d i s t r i b u t i o n s  

a r e  s h o w n  i n  F i g .  3 .

T h e  r e s u l t s  o f  C o l u m n  C ,  T a b l e  I  s e r v e d  f o r  c o m p a r i s o n  i n  a  s p e c t r o s c o p i c  

a n a l y s i s  o f  t h e  m e a n  a m p l i t u d e s  o f  v i b r a t i o n  [ 7 ] .

Sulfuryl chloride

T h e  u n p u b l i s h e d  r e s u l t s  o b t a i n e d  i n  a  l e a s t - s q u a r e s  r e f i n e m e n t  b a s e d  o n  

t h e  e x p e r i m e n t a l  m o l e c u l a r  i n t e n s i t i e s  r e f e r r e d  t o  a s  M  1 i n  [ 2 ]  u s i n g  c o n s t a n t  

s c a t t e r i n g  f u n c t i o n s  a r e  s h o w n  i n  C o l u m n  A ,  T a b l e  I I .  T h e s e  p a r a m e t e r s  

w ' e r e  u s e d  a s  i n p u t  d a t a  f o r  t h e  p r e s e n t  r e i n v e s t i g a t i o n ,  t h e  r e s u l t s  o f  w h i c h  

a r e  s h o w n  i n  C o l u m n  B ,  T a b l e  I I .  A t  f i r s t  t h e  b o n d  l e n g t h s  a n d  a n g l e s  a n d  a l l  

t h e  m e a n  a m p l i t u d e s  w e r e  t a k e n  a s  i n d e p e n d e n t  p a r a m e t e r s .  T h e n ,  b e c a u s e  

o f  i t s  i m p r o b a b l y  s m a l l  v a l u e  o f  1 ( 0  . . .  0 )  o b t a i n e d  i n  t h e  r e f i n e m e n t  ( s i m i l a r l y  

t o  t h a t  i n  [ 2 ] )  i t  w a s  d e c i d e d  t o  k e e p  1 ( 0  . . . 0 )  u n v a r i e d ,  a  v a l u e  t a k e n  f r o m  

V e n k a t e s w a r l u  e t  a l .  [ 8 ]  q u o t e d  i n  C y v i n ’s  b o o k  [ 9 ] .

I t  w a s  t h e  p a r a m e t e r s  o f  t h i s  C o l u m n  w h i c h  s e r v e d  f o r  c o m p a r i s o n  i n  

a  s p e c t r o s c o p i c  a n a l y s i s  o f  t h e  m e a n  a m p l i t u d e s  o f  v i b r a t i o n  ( [ 7 ] ,  f o l l o w i n g  

p a p e r ) .

Table II
Results o f the least-squares refinement fo r  S 0 2C12 

(see tex t)

A В c

r(S— O), Á 
I-(C1— S), A

Cl— S— Cl°
<í Cl— S— 0 °  
■f 0 — s — o °
r(Cl . . . Cl), A 
r (C l. . . O), A 
r(0  . . . 0 ) , A

1.407 ( +  0.009) 
2.011 ( +  0.008) 

100 ± 2
108.3 ± 0 .6
121.4 ± 2  

3.085
2.784 (± 0 .010) 
2.478 (± 0 .023)

1.4069 +  0.0033 
2.0100+0.0028

100.3 ± 1 .2  
107.8 ± 0 .4
122.3 ± 1 .6  

3.0873+0.0238 
2.7840 +  0.0058 
2.4717 +  0.0200

1.4038 +  0.0015 
2.0111 +  0.0013 

100.0 ± 0 .5  
107.7 ± 0 .2  
123.45 ± 0 .7  

3.0815 +  0.0109 
2.7810 +  0.0026 
2.4727 +  0.0089

/(S—O), A 0.035 (± 0 .003) 0.0350 +  0,0069 0.0342 +  0.0032
Z(C1— S), A 0.047 (± 0 .003) 0.0464 +  0.0044 0.0461 +  0.0020
/(Cl . . . Cl), A 0.108 (± 0 .021) 0.1012 +  0.0182 0.1019 +  0.0083
/(Cl . . .  0 ) , A 0.072 (± 0 .006) 0.0716+0.0063 0.0693 +  0.0028
/(0  . . . 0 ) , A 0.070 (ass.) 0.0612 (ass.) 0.0612 (ass.)
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The param eters obtained after  a m odification o f  th e  experim ental b ack 
ground are show n in Column C, T able II.

Figs 4 and 5 , respectively sh ow  molecular in ten sities and radial d istribu
tions for S 0 2C12 in  a sim ilar way as it  was for SOCl2in F igs 2 and 3, respectively .

Fig. 4. Molecular in tensities for S 0 2C12, circles — experim ental. Full line — theo re tica  
(com puted from th e  param eter values of Column C, Table I I ) ;  below — their difference

Fig. 5. Radial d is tribu tions for S 0 2C12, circles — experim ental. Full line theoretical:
below — their difference

C onclusions
There was no significant difference in the results obtained in the tw o  

refinem ents using th e  expressions (1) and (2), resp ectively , for gy/в (c f the  
data presented in  Columns A and  В  in Tables I and II).

Only one o f  th e  param eters [r(S— 0 )  in th ion y l chloride] was sign ifi
can tly  influenced b y  the m odification  of the background which in general 
reduced the standard deviation.
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The final values o f bond lengths and angles and the m ean am plitudes 
o f v ib ration  (with their uncertainties including the scale error for the former) 
are presented in Table III .

T a b le  I I I
Final results

S0C12 S 02C12

r(S — 0 ) ,  Ä 1 .4 4 3  +  0 .0 0 6 1 .4 0 4  +  0 .0 0 4

r(C l— S ), Á 2 .0 7 6  +  0 .0 0 6 2 .0 1 1  +  0 .0 0 5

+  Cl - S — C l° 9 6 .1  ± 0 . 7 1 0 0 .0  ± 0 . 7

•z C l— s — o c 1 0 6 .3  ± 0 . 6 107 .7  ± 0 . 4

<í 0 — S — 0 ° 123 .5  ± 0 . 8

! о > 0 .0 2 4 + 0 .0 0 8 0 .0 3 4 + 0 .0 0 3

/(C l— S ), Á 0 .0 5 1  +  0 .0 0 3 0 .0 4 6  +  0 .0 0 2

/(C l . . . C l), Á 0 .1 0 1  +  0 .0 0 9 0 .1 0 2  +  0 .0 0 8

/ ( C l . . . O ) , Á 0 .0 7 6  +  0 .0 0 6 0 .0 6 9  +  0 .0 0 3

/ ( 0  . . . 0 ) ,  Á 0 .0 6 1  (a s s .)

The good agreem ent betw een the m ean am plitude values obtained by  
e lectron  diffraction and calculated from spectroscopic data (see n ex t paper, [7]) 
in d ica ted  an appropriate choice of som e o f the conditions (e.g. the geom etry  
o f th e  nozzle and the electron beam ) of the electron diffraction experim ent [10].

Since there was no sign ificant change in the structural param eters, all 
conclusions made for sulphur bond lengths in [1] can be considered as valid.
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A tten tion  is called to  th e  fac t th a t  cu rren t therm odynam ic theories o f mono- 
layer adsorption seem n o t to  be able to account satisfactorily  for th e  behav iour of 
surface ac tiv ity  coefficients, because in m any instances ideality  or non-ideality  o f the 
bulk  liquid does no t involve a parallel behaviour in the adsorption layer. U sing a sim pli
fied liquid model and assum ing a hole mechanism to be operative in th e  elem entary  
acts of desorption and adsorption  a t  the interface, energetic considerations lead  to the 
derivation  of a basically linear relationship betw een th e  logarithm  of th e  separation  
fac to r and the equilibrium  mole fraction of any  of th e  com ponents in th e  bu lk  of a 
b inary  m ixture. A ctual experim ental examples of such behaviour are show n, and  devi
ations m et w ith in o ther cases discussed in the ligh t of some possible refinem en ts of 
the crude theory.

Som e years ago, together w ith  L. G. N a g y  [1], the study o f th e  adsorp
tion  isotherm s o f binary liquid m ixtures o f non-electrolytes on solid adsorbents 
led us to  distinguish five  fundam ental types o f experim ental isotherm s in 
cases o f physical adsorption. E xpressed in term s o f directly  m easurable quan
tities, th e  adsorption isotherm  o f species i is defined b y  the function:

/(* /)  =
n°{x4 — xj) 

m
( i =  1, 2) ( 1 )

where n° is the number of m oles o f the m ixture brought into con tact w ith  m 
grams o f the adsorbent, in w hich the original m ole fraction of th e  species in 
question  was x,-, this fraction changing to the final value Xj in the b u lk  o f  the  
liquid in  adsorption equilibrium . The five  types ju st  m entioned are show n on 
Fig. 1. Three o f them  (I I— IY) exh ib it a more or less long section  w hich is 
practically  linear, w ithin the lim its o f experim ental error. Such portions m ay  
be represented algebraically:

f (x ,) =  a — ftx15 f ( x 2) =  —/(x j )  =  (6 — a) — bx, (2)

a and b being constants, respectively .
I t  is w ell known, on the other hand, th a t an expression for / ( x x) can be 

derived on the basis of a sim ple m aterial balance i f  the liquid in co n ta ct w ith  
the adsorbent is m entally  d ivided  into two parts, one o f them  b eing  w ith in
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Fig. 1. The five basic ty p e s  of adsorption iso therm s of b inary  liquid m ixtures [1, 2]

th e  reach of the ad sorp tion  forces em anating from  the solid and containing  
n° and щ, moles per gram  o f  adsorbent, resp ectively , of the tw o species, whereas 
th e  remaining “ free” liq u id  is characterized b y  th e  equilibrium m ole fractions 
xx and x2, respectively:

/ ( * i )  =  n ? (  1  —  X j) -  n%Xl =  n ?  —  ( n ?  +  n g ) * !  ( 3 )

B y  a comparison w ith  (2), one feels induced to  postu late  for the linear section  
o f  an isotherm the re la tion s:

n° — a and (n“ -f- n 2) =  b (4)
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Such a conclusion is fallacious, how ever, as long as one does not h ave a defin ite  
notion  about the ex ten t of the adsorption layer (i.e. the num ber o f m oles 
contained  in it), since any algebraic difference rem ains unchanged i f  its tw o  
term s are altered b y  identical q u an tities, respectively .

L. G. N a g y  and S c h a y  (l.c.) could show th a t the num bers o f m oles 
com puted  according to  (4) are p ractica lly  equ ivalent with a com plete m ono- 
layer w henever adsorption is of the purely physical typ e, the m olecules o f  the  
m ixture are not too different in size and the entire adsorbent surface is equally  
accessible to both kinds of m olecules. The authors could show th at th is eq u iva 
lence proves to be so good as to m ake specific surface area determ inations  
possible w ith an accuracy not worse than  th at o f  other usual m ethods.

The notion o f m onolayer adsorption has been fam iliar for long in con 
nexion w ith the liquid/vapour interface and since the first attem pt o f  B utler  
in 1932 [2], m any authors were concerned w ith  the elaboration o f an adequate  
therm odynam ic theory. W ithout entering into details, the essential features  
o f the theory in its present status can be outlined as follows. F irst o f  all, it  is 
derived th at the chem ical potentia l o f any com ponent appears augm ented in 
th e  adsorption layer b y  a term w hich is the product of the surface tension  у 
and of th e  surface area A, occupied b y  one m ole o f com ponent i :

Hi =  у  Af +  Hi (5)

This basic relation is th en  developed in  more detail by introduction o f activ ities  
and a ctiv ity  coefficien ts, with the result:

lg al =  Igfl +  lgx1 =  (y -  y^Ai/R T  +  lg a,-, (6)

where upper index a refers to th e  m onolayer (ff  being the surface a c tiv ity  
coefficien t, x / the m ole fraction in th e  adsorption layer), and y { is th e  surface 
tension  o f pure i.

In the case o f liquid/vapour in terfaces, the surface tension can be d irectly  
m easured as the function  of and if  the a ctiv ity  coefficients / ,  o f  the bulk  
liquid are known, у  can be represented as a function  o f a,. B y  graphical differ
entiation  of the la tter function, and by m aking use of Gibbs’s w ell-know n  
adsorption equation on the one hand, and o f the algebraic relations valid  for 
the m odel of a com pact m onolayer, on the other hand, the x° pertaining to  
any Xj can he com puted, and then also /7  b y  Eq. (6).

I f  the notion o f the adsorption m onolayer is transferred, as done b y  us, 
to  the solid/liquid interface, Eq. (6) is still applicable to  the calcu lation  o f  
surface a ctiv ity  coefficients, in principle at least. I t  is not possible in th is case, 
how ever, to measure the surface ten sion , the correct interpretation  o f th is  
q u an tity  becom ing even  problem atic since originally it is defined for sm ooth  
surfaces only. An alternative in terpretation  o f у  is, on the other hand, th a t o f
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a free energy excess, and th is latter defin ition  m ay be extended w ith ou t am bi
g u ity  to  rough surfaces also as those o f real adsorbents. I t  can be show n then  
th a t  Gibbs’s fundam ental equation rem ains va lid  for th is case also. I t  is the  
concentration  sh ift x° —  Xi, caused b y  adsorption, which can be m easured  
d irectly  now, and xi  can be com puted w ith ou t d ifficu lty  b y  relying on the  
m odel o f the adsorption m onolayer. B y  in troducing these surface concentra
tion s in to  the Gibbs relation , a graphical in tegration  enables us to  determ ine  
th e  difference у  —  у,- (n ot the absolute va lu e  o f  any y), and th en  surface 
a c tiv ity  coefficients can  be com puted b y  E q. (6). An alternative m ethod for 
fin d in g  these coefficien ts w ithout recurring in an explicit w ay to  the surface 
ten sion  has been proposed b y  Everett [3].

As the forces actin g  betw een the m olecules o f the m ixture are certainly  
th e  sam e w ithin th e  adsorption layer as in  the bulk liquid, one w ould expect 
to  find  more or less sim ple relations betw een  the f i  and respectively , such 
as th e  f i  assum ing va lu es practically equal to  u n ity , w henever th e  m ixture  
beh aves ideally, or th e  deviations from id ea lity  are showing some parallelism . 
In  fact, any attem p ts at the theoretical prediction  o f surface a c tiv ity  coeffi
c ien ts are based on such ideas. In our opinion, how ever, existing experim ental 
ev id en ce is rather disillusioning in this respect.

A lthough sets o f  really exact data are very  seldom  available for a quite  
reassuringly reliable determ ination o f the course o f the surface a c tiv ity  coeffi
c ien ts, the general im pression is nevertheless th a t it  would be d ifficu lt if  not 
im possible to find an y  clear correlations betw een  t h e / f  and the corresponding f ,  
respectively . This v iew  m ay be illustrated b y  a few  exam ples. T h e /f  o f  m ixtures 
o f  w ater and alcohol are scarcely different from  u n ity , although the behaviour  
o f  th ese m ixtures is far from  being ideal in  the bulk; th is statem ent is true for 
th e  case of the liqu id /vapou r interface (where there is no foreign m atter, as an 
adsorbent, present) as w ell as for the adsorption on charcoal, the isotherm  
(o f  T ype III) being even  o f a very sim ilar character in both cases. M ixtures of 
benzene and 1,2-dichloroethane, on the other hand, which behave practically  
id ea lly , give on charcoal an isotherm  of T ype Y  from  which values o f f f  can  
be derived, beginning below  0.5 at the low est concentrations and increasing  
stea d ily  up to 1 at th e  lim its x\ — Xi =  1.

Exam ples o f  such contradictions could  be m ultiplied, so th a t one is led 
to  th e  conclusion th a t the existing therm odynam ic theory of m onolayer adsorp
tion  is too form alistic and not very fruitful. In  fact, such a m onolayer cannot 
be regarded as an autonom ous phase, and it  m ay be doubtful w hether  
on e is justified  to  treat adsorption equilibrium  b y  therm odynam ic m ethods 
w hich  were developed  and are fundam entally  valid  for equilibria betw een  
autonom ous phases. Form ally correct relations can be established w ithout 
doubt b y  the in troduction  of surface a c tiv ity  coefficien ts, but it  m ay be ques
tion ed  whether th ese coefficients will ever be accessible to any in tu itive  inter
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pretation. We think especially th at it is fa llacious to  treat the excess free 
energy at the interface and the activities in  th e  adsorption layer as tw o  sep a 
rate param eters, both o f them  being m anifestations o f the same interm olecular  
forces.

The follow ing is the outline o f a ten ta tiv e  theory, based on k in etica l-  
statistica l considerations, taking account o f  th e  dynam ic character o f  adsorp
tion  equilibrium . From this latter point o f v iew , an eventual difference b etw een  
the com position o f the interfacial layer and th a t o f  the bulk liquid has to  be  
a consequence o f  the m ean residence tim es o f  th e  com ponents at th e  surface  
being different. L et us suppose, for the sake o f  sim plify ing the argum entation , 
th at the portions o f  surface area occupied b y  th e  single molecules are about 
equal for the tw o species o f the m ixture, so th a t the to ta l concentration  in  
the m onolayer is constant, independent o f th e  com position:

Г  =  Г г +  Г 2 — con st. (7)

A ny m olecule o f  the m onolayer cannot get desorbed but by a ju m p  in to  
a neighbouring hole present in the next layer o f  th e  liquid, leaving now  a hole  
in the adsorption layer w hich, however, w ill be filled  in  autom atically, in  order  
to ensure the constant to ta l surface concentration  (at the liquid/vapour in ter 
face, holes in the surface layer can and w ill be produced by evaporation also, 
hut th ey  will be filled up decisively from the liquid  side, as long as th e  vap ou r  
density  is low  enough).

L et Tj and r2 be the respective m ean residence tim es of the tw o  k inds  
of m olecules at the interface. Generally, these tim es w ill be different as a con 
sequence of the adsorption energies being d ifferent, on the one hand, b u t also  
because the activation  energies necessary for th e  jum p into a neighbouring  
hole m ay be different for the tw o kinds of m olecules. As w ill be seen p resen tly , 
this latter point is a v ita l one in the theory, b u t not im portant for the m om en t, 
because by sim ply accepting that Tj and r2 are not identical, one can w rite  
for the respective rates o f desorption:

— -̂ 2T2 1 (8 )

and for the tota l rate o f production o f holes in the interfacial m onolayer:

= Л Т11 +  Г 2Ч 1 (9)

According to  our m odel, these holes are refilled autom atically  by m olecules  
com ing from the neighbouring first layer o f the liquid, and that in proportion
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o f th eir  m ole fractions and x ^  in th at layer. The resulting adsorption rates 
w ill be accordingly:

— 1 =  4 1* ( A h 1 +  A V )  -  r tTr 1 x ? I \ rr1

and naturally:

dJ \  _  ЛЦ 
dt dt

( 10 )

( И )

sa tisfy in g  the requirem ent o f  the adsorption layer remaining com plete, so that 
an accum ulation  o f one o f the com ponents can n ot occur but at the expense of 
th e  other one.

The above resu lting rates have to  van ish  in equilibrium, and at the  
sam e tim e, according to  the m onolayer m odel, the com position o f th e  next 
first layer has to  becom e equal to th at o f th e  bulk liquid. B y  introducing  
surface mole fractions, one can then write for th e  adsorption equilibrium :

 ̂ x2xl _  
xtx% r 2

oc being the enrichm ent factor, defined at th e  analogy of other separation  
processes, such as d istilla tion , etc. B y  th is analogy , the result (12) seem s alm ost 
tr iv ia l, indeed.

R elation  (12) is an im plicit equation o f th e  adsorption isotherm . To m ake  
i t  exp lic it, particulars have to be sta ted  as to  the dependence o f  th e  m ean  
residence tim es on th e  com position of th e  m ixture. Since the sizes o f  the tw o  
kinds o f m olecules h ave been assum ed to  be sim ilar, it is the energetic cond i
tion s on ly  which h a v e  to  be considered. For th is  purpose, the sim plest possible  
m odel shall be used here, th at of regularly arranged molecular cubes, w ith  the  
adm ission  of the presence of holes, how ever, in  order to account for transport 
processes. A ny m olecule in a com plete layer has eight, or more generally  z 
neighbours in the sam e layer. Fig. 2 is a schem atic  picture o f a single desorp
tio n  act according to  th is crude model.

L et gj and e2 be th e  fundam ental va lu es o f the respective desorption  
energies of the tw o  kinds o f m olecules, w hich  represent their direct interaction  
w ith  th e  solid surface, and eu , e12, e22 th e  energies necessary for severing the  
resp ective  contacts betw een  two m olecules o f  the liquid. The to ta l potentia l 
energy  o f a m olecule o f species 1 w ill th en  be:

£j -j- z(xl £u  x% e12) +  Z(xi i'n +  x 2 е1г) before desorption and:

z(xl eu xl  e12) -[-(2 2 + 1) (xx en -f- x2 e12) after desorption,

( 12)
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and sim ilar expressions can be w ritten  for species 2. The energy changes  
accom panied w ith th e  elem entary acts o f desorption are the differences o f  the  
above expressions, i.e

e l  —  (« +  ! )  (*1 «11 +  *2 «12) =  «1 —  (* +  1) «12 —  (2 +  1 («11
and

e2 —  (Z +  ! )  (*1  «12 +  *2 «22) =  «2 —  (2 +  ! )  e22 —  (2 +  1) («12

e l 2)  *1
(13)

«22) *1

before
desorption

Z

Z

Z + l

1Л
i_D
Оn

JCgi
<bc.

Fig. 2. S c h e m a t ic  m o d e l  o f  a n  e le m e n t a r y  d e so r p t io n  a c t

I t  is rem arkable and at the sam e tim e characteristic of the trea tm en t  
adopted here th a t these differences do not con ta in  any explicit dependence  
on the x /, i.e. on th e  com position o f  the adsorption layer. An im p licit depen
dence m ay be anticipated , however, through th e  values and resp ectiv e ly , 
w hich w ill probably not remain str ic tly  con stan t.

The mean tim es and r2 are determ ined b y  the activation  energies 
needed for the desorption acts to occur. L et us suppose that these a c tiv a tio n  
energies are not so le ly  governed b y  th e  in teraction  energies w ith th e  surface  
b u t th a t they  conta in  also an accessory term  characteristic of the ju m p  in to  
a neighbouring hole, an idea fam iliar in connexion  w ith  all transport processes  
in  the liquid phase. W ith allusion to  th e  P olányi rule, it m ay be supposed  th a t  
these accessory term s are proportional w ith th e  respective energy differences, 
so th a t one can w rite for the mean residence tim es, w ith ß1 and ß2 as th e  respec
tiv e  proportionality  factors:

Tj =  r^exp

t 2 =  * 2  e x p

«1 ßi(z +  1) «12 

«2 ~  /^ 2 (2  +  1 )  «22

—  ß i ( z  +  1) ( « и  -  « i2) * i  j

— ßi(* + 1) («12 -  «22)*1
(14)
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and for their quotient, i.e. the enrichm ent factor:

(£i £г) * (z '* 1) {ßie22 ßisri)
Ti т? ( 1

а =  —-  — —  exp  \ -----
т, т2 1 кТ

(z 1) (ßl£ll ßl£12 ß2ei2 ß~ ß‘lS2'l)Xl

( 15)

T h at la st one has to  be regarded as the fu n d am en ta l relation o f our theory. 
I t  can  be given the general form:

lg ос =  А —  Вхг , (16)

w here В  has to be a con stan t, while A w ill b e constant only w hen constancy  
o f  ег and e2 is supposed. I t  can be predicted th a t  the second term on th e  right 
h an d  side has norm ally to  be negative, as in d icated  in (16). Indeed , b y  the  
assum ption:

ßi =  ß2 =  ß  (17)

w hich  will probably n o t fall far from tru th , th e  last term of (15) becom es:

(z +  1) ß(en  — 2 £12 +  £22) *! (18)

and if  the theory o f  regular solutions can be applied, one has:

£11 — 2£]2 +  £33 =  (|/fin  — (У£22)2> 0  ( 1 9 )

This latter reasoning suggests also th e  probability  of the second term  
o f (16), linear in x1, becom in g  the decisive one, w henever the m ixture in  question  
is far from behaving id ea lly . As a m atter o f  fa c t , this latter conclusion seem s 
to  b e corroborated b y  experience. Fig. 3 (th is  and all the fo llow ing figures 
co n sist o f three parts, show ing: the course o f  y2 —  y, in cal/m2, as determ ined  
b y  th e  graphical m eth od  outlined above; th e  equilibrium  diagram o f th e  system  
in  question , i.e. x\  as th e  function of xx; and fin a lly , lg oc as the function  o f xx) 
show s the behaviour o f  m ixtures of acetic acid  and benzene on a charcoal of 
620 m 2/g, and F ig. 4 th a t  of mixtures o f  e th an o l and benzene on another  
charcoal of 615 m2/g . E v id en tly , the dep en d en ce o f lg x on xx is surprisingly  
linear in both cases and th e  slope is n eg a tiv e , as predicted.

I t  has to be a d m itted , however, th a t th e  linearity  is not alw ays so good. 
F igs 5 and 6 show  th e  behaviour of th e  sam e pair, ethanol—benzene, on a
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Fig. 3. A dsorption of acetic acid—benzene m ix tu res on charcoal, 620 m2/g [4]

Fig. 4. A dsorption of e thanol—benzene on charcoal, 615 m2/g [6]

different charcoal w ith  a greater specific surface area of 720 m2/g  and on an 
alum ina gel o f 274 m2/g, respectively. In th ese exam ples, the graphs o f  lg a 
are v isib ly  curved, hut not to a decisive ex ten t, and what is im p ortan t, their 
m ean slopes are more or less identical w ith  th ose  in Figs 3 and 4 , show ing  
thus the preponderant role o f the factor B. T his la tter factor proved to  be the  
sam e in the case o f  the pair m ethanol—benzene, too, on the sam e kind of 
charcoal of 720 m2/g  (F ig. 7). A more pronounced heterogeneity of th e  adsorbent
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X1
Fig.  6. A d so rp t io n  o f  e th a n  c —benzene  on  a lu m in a  gel, 274 m 2/g [7]

surface m ay be suspected  to  be responsible for th e  marked curvature in  the  
la tter  cases, for it is qu ite possible th at an increased heterogeneity causes a 
v a ria tio n  o f the values o f  and e2 w ith th e  com position of the m ixture.

T he pair m eth y laceta te  — benzene had g iven , w ith  the same charcoal as 
th a t o f  F ig. 4, an isotherm  from which a very  satisfactory straight p lo t could  
be derived  for lg a (F ig. 8), the slope of th e  stra ight line being, how ever, 
m ark ed ly  less steep, th is being  in good agreem ent w ith  the fact th a t th e  depar
ture o f  th is  system  from  id ea lity  is far less pronounced.
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*1

Fig. 7. Adsorption o f m ethano l—benzene on charcoal, 720 m2/g [5]

In the system s quoted so far, one of the com ponents M as polar, while 
the other one (benzene) is, if  not polar, hut easily  polárisaidé. It is o f  interest 
to exam ine th e  situation arising when benzene is coupled with an apolar and 
scarcely polárisaidé liquid, such as e.g. cyclohexane. A lthough th is system  
is far enough from behaving ideally , not more than a tendency o f  a linear 
dependence o f  lg % on x { can be detected , as illustrated by Figs 9— 12. Three 
of the show n curves are decided ly  sigm oidal, and their average slopes are 
m arkedly different. This behaviour shows clearly th at in this case th e  factor

Acta Chim. Acad. Sei. H ung. 60, 1969
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Fig. 9. A dsorption  o f benzene—cyclohexane on charcoal, 615 m2/g [6]

Fig. 10. A dsorp tion  of benzene—cyclohexane on graphite , 88 m2/g [6]
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Fig. 11. Adsorption of benzene—cyclohexane on carbon black, 80 m2/g [6]

F ig . 12. A dsorption of benzene —cyclohexane on alum ina gel, 274 m 2/g  [7]
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В  in  E q. (16) is not th e  on ly  main decisive one, b u t th at the factor A  is more 
or less far from b eing  constant and th at in  add ition  this latter term  has a 
strong influence on th e  average slope of th e  curve. In  the case o f carbon  
black  (F ig. 11), w here th e  varia tion  of th e  surface free energy is n o t only  
greater but also o f a character different from  th a t in the other system s, the  
term  A  seems to h ave even  a com pensating effect, w ith  the result th a t a does 
not m ore than oscillate around an alm ost co n sta n t value.

Fig. 13. A dsorp tion  of pyridine—ethanol on charcoal, 615 m 2/g [6]

Of further in terest are system s with liqu id  m ixtures behaving ideally  in 
the therm odynam ic sense, i.e. characterized b y  a c tiv ity  coefficients practically  
not different from u n ity . From the energetic poin t of view , such m ixtures  
sa tis fy  the relation:

e u  —  2  e 12 - f-  e 22 0  ( 2 0 )

so th a t the factor В  should be expected to  be zero, provided assum ption (17) 
is va lid . Figs 13 and 14 show  the separations obta ined  in the system s pyridine  
ethanol and 1,2-dichloroethane —benzene, resp ectively , w ith the sam e kind of  
charcoal of 615 m2/g  w hich figured already in som e o f the previous exam ples. 
E v id en tly , lg x is far from  being constant so th a t  the assum ption ßx =  ß2 does 
n o t seem  to be va lid , w hile the linearity p ostu la ted  in our fundam ental equa-
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Fig. 14. Adsorption of 1 ,2-dichloroethane—benzene on charcoal, 615 ma/g [6]

Fig. 15. Adsorption of 1,2-dichloroethane —benzene on silica gel, 580 m2/g [7]

tion is approxim ately fu lfilled  (except at the tw o  ends of the com position  
intervals where, however, experim ental determ inations are always m uch less 
exact). Independent o f an y  theoretical in terpretation , these exam ples are 
instructive by dem onstrating th a t ideal behaviour o f  a m ixture is b y  no means
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a gu aran tee  for adsorption b e in g  “ ideal” , in  the sense of the therm odynam ic  
th eo ry  o f  the m onolayer, i.e . for the surface a c tiv ity  coefficients b e in g  equal 
w ith  u n ity . Figs 15 and 16 sh ow , however, th a t there are cases, in  w hich  this 
la tter  cla im  is fulfilled: th e  separation factor proved to rem ain practically  
c o n sta n t in  the case of m ix tu res o f 1,2-dichloroethane and b en zen e, on silica 
and alum ina gel, resp ective ly . W ithin the fram e of our theory, th is  result 
m ay b e  explained b y  the com pensating effect o f  term A,  as m en tion ed  pre
v io u s ly .

F ig. 16. Adsorption of 1 ,2-dichloroethane—b e n z e n e  on alumina gel, 274 m2/g [7]

T he theory outlined in  th is paper is certain ly  far from being q u an tita tively  
correct, and we are aware th a t  there is not m uch more to be hoped  for as long 
as w e do not dispose o f a m ore detailed know ledge about the in terv en in g  m olec
ular interactions. W ithin  th e  frame of the th eory , the type o f iso th erm  to be 
m et w ith , i.e. preferential adsorption o f the sam e com ponent throu gh ou t or 
appearance of an adsorption azeotrope, depends on the relative m agnitudes of 
A  an d  B ,  respectively, w h ich  occur in the fundam ental Eq. (16). T he exam ples 
sh ow n  in the figures prove th a t  the approxim ate linearity o f lg a as a function  
o f th e  com position m ay b e fu lfilled  irrespective o f the actual ty p e  o f  the iso
th erm , and we think th a t it  is ju st this com m on feature which m ay  be o f inter
est and  which has not b een  noticed until now.
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Several l,2-disubstituted-6,7-dim ethoxy-3,4-dihydro- and 1 ,2 ,3 ,4-tetrahydro- 
isoquinoline derivatives were prepared . The stereoselectivity of the q u a te rn iza tion  
reactions of l-substituted-2-m ethyl-6,7-dim ethoxy-l,2 ,3 ,4-tctrahydroisoquinolines (w here 
the  su bstituen t in the 1-position was isopropyl, phenyl or 3 ,4-dim ethoxybenzyl) w ith  
e thy l and benzyl iodides, as well as o f th e  corresponding 2-ethyl and 2-benzyl d e riv a 
tives w ith  m ethyl iodide, were exam ined. I t  was dem onstrated by  m eans of p ro ton  
resonance spectroscopic and chrom atographic analyses, and by fractional c ry s ta lliza 
tion of th e  crude products th a t  quatern iza tions of N -ethyl and N-benzyl bases w ith  
m ethy l iodide, as well as of the N -m ethyl bases w ith ethyl iodide took place w ith  only  
m oderate selectivity. On the con tra ry , the  quaternization  of N -m ethyl bases w ith  
benzyl iodide afforded, w ithin the lim its o f proton resonance spectroscopic evalua tion  
(5% ), only one quaternary  product. The m ain com ponent of the equilibration of isom eric 
N -benzyl quaternary  salts in chloroform  solution is identical w ith the p roduct ob ta ined  
in the quaternization  of N-alkyl bases w ith benzyl iodide.

In  our previous publication [1] th e  quaternization reaction o f 1-m eth y l-  
2-a lk y l-6 ,7-d im ethoxy-l,2 ,3 ,4-tetrahydroisoqu inoline bases was reported. It  
was show n b y  m eans of proton resonance spectroscopic analysis and b y  th e  
preparative work up of the crude products that both “ direct” and “ reverse”  
quaternizations o f the exam ined tertiary  bases proceeded w ith m oderate  
stereoselectiv ity . On the contrary, full stereoselectiv ity  was found in th e  
quaternization  reaction of l,2 -d im eth y l-6 ,7 -d im eth oxy-l,2 ,3 ,4 -te trah yd ro iso -  
quinoline (carnegine) with benzyl iodide, at least w ith in  the lim its o f  proton  
resonance spectroscopic evaluation, w hile quaternization o f l-m eth y l-2 -b en zy l-  
6 ,7 -d im eth oxy-l,2 ,3 ,4-tetrahydroisoqu inoline with m ethyl iodide resu lted  in 
a practically  1 : 1 mixture of the tw o  isom eric quaternary salts. In the e x 
am ined 1-m ethyl-tetrahydroisoquinoline series and in the case o f m eth y l, 
eth y l, n-propyl and n-butyl su b stitu en ts attached to  the nitrogen a tom , 
“ direct” quaternization (N -m ethyl base +  alkyl iodide) proved to  be a lw ays  
more se lective  than  “ reverse” quaternization  (N -alkyl base -j- m eth y l iod ide). 
In these reaction  series the main products o f “ direct” and “ reverse”  quaterni-

* P a rts  I I I  and I: B e r n á t h , G., K o c z k a , K ., K ó b o r , J .,  R a d i o s , L., K a j t á r ,  M .; 
Acta Chim. Acad. Sei. Hung. 55, 331 (1968).

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 60 (3), pp. 255—272 (1969)

4* Acta Chim. Acad. Sei. Hung. 60, 1969



256 K Ó BO R e t «I.: STEREOCH EM ICA L STU D IE S, IV

zations were alw ays different quaternary salts being diastereom eric to one 
another, but the stereose lectiv ity  o f the quaternization  reaction o f the N -alkyl 
derivatives was a lw ays low er than th at observed in the reaction o f the N -m ethyl 
base w ith benzyl iod id e . From  the changes in th e  dependence of stereoselectiv
i ty  upon the relative spatia l requirem ents o f the substituents attached to  the  
tertiary  nitrogen a tom , and those entering in the quaternization reaction, 
m oreover on the b asis o f  proton resonance spectra o f the diastereom eric quater
n ary  salts, assum ptions have been m ade concerning the steric course of quater
nization , as w ell as th e  configuration o f th e  quaternary salts obtained.

The experim ents have been extended  to  the quaternization of tertiary  
tetrahydroisoquinoline bases containing rather bulky substituents attached  
to  the Сг carbon a tom . The purpose o f th ese  experim ents was a study of the  
effect of substitu en ts upon the stereose lectiv ity  o f quaternization, and the  
determ ination o f th e  configuration o f th e  diastereom eric quaternary salts 
obtained, as w ell as exam ination of th e  conform ational relationships of
1 .2 - d isubstitu ted-l,2 ,3 ,4-tetrahydroisoqu inolin e derivatives. N am ely, it appear
ed evident th at th e  steric course o f the quaternization  reaction o f 1,2-disub- 
stitu ted  tetrahydroisoquinoline derivatives is subjected  to the influence of the  
substituents a ttach ed  to  th e  Ca and n itrogen atom s, and of the entering alkyl 
group. It was assum ed  th a t an interpretation  of the courses o f the reactions 
accom plished w ith  a system atic  variation  o f the relative space requirem ents 
o f these substitu en ts w ould afford data concerning the conform ational rela
tion s of the 1,2,3 ,4-tetrahydroisoquinoline skeleton , which had been little  
stud ied  earlier from  a conform ational p o in t o f  v iew  [2 -4 ].

In the present com m unication the first part of our investigations, the  
quaternization o f 6 ,7-d im eth oxy-l,2 ,3 ,4 -tetrah yd ro isoq u in o lin e tertiary bases 
(IIId-1) containing p h en y l, isopropyl, or 3 ,4 -d im eth oxyb en zyl groups attached  
to  the Сх carbon a tom , is reported. An in terpretation  of the stereoselectiv ity  
data to be show n below , as well as our further results concerning the steric  
structures of th e  stereoisom eric quaternary salts w ill be described in detail 
in our next p ub lication . In the “ direct”  and “ reverse” quaternization proc
esses the m ethyl, e th y l and benzyl groups were varied.

Several procedures have been tried  in the course of preparation o f
1 .2 - disubstituted  tetrahydroisoquinoline bases ( I l ia —1). In connection w ith the  
processes listed in  F igs I and 2, and concerning the data given in detail in the  
experim ental part, th e  following general rem arks m ay be m ade. The synthesis  
o f  the isoquinoline sk eleton  followed th e  generally  applied B ischler- N a p ie - 
ralski [5] procedure. The starting m aterial was hom overatrylam ine, except 
in  th e  case o f th e  d erivative  containing a 3 ,4-d im ethoxybenzyl m oiety in  the  
1-position, when 3,4-dihydropapaverine w as accessible. The cyclodehydratation  
o f th e  N -acyl-hom overatrylam ines was effected  w ith phosphorus oxychloride  
in chloroform [1, 6, 7 ].
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F i g .  1

The 3,4-dihydroisoquinoline bases (la —Id) obtained this w ay were treated  
w ith the corresponding a lk yl iodides (benzy iodide) to  afford the 6,7-d im eth- 
oxy-3,4-dihydroisoquinolinium  iodides (Ila—k), w hich were then reduced in 
the presence of Adams ( P t 0 2) ca ta lyst at room tem perature and atm ospheric  
pressure. In a few cases the reduction of the above quaternary 3,4-dihydro- 
isoquinolinium  salts ( l i e ,  I lh —k) was also accom plished w ith sodium  boro- 
hydride [8, 9], and the products obtained by these tw o independent m ethods 
were identical and form ed in nearly equal yields.

The synthesis o f l-isopropyl-2-alkyl- and l-isopropyl-2-benzyl-6 ,7-d i-
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a n o th er  way. It is know n [10] that the azom ethine group o f quaternary 3,4- 
-d ihydroisoquinolin ium  sa lts  reacts with Grignard reagents. Thus th e  reaction  
o f  N -substituted-6 ,7-d im ethoxy-3,4-d ihydroisoquin olin ium  iodide (I la —c) and 
iso p ro p y l magnesium iod id e  gave directly th e  corresponding 1-isopropyl-tetra- 
hydroisoquinoline d er iv a tiv e  (Ilid , e, 1). The products obtained b y  Grignard- 
a d d itio n  and by c a ta ly tic  reduction of th e  corresponding N -substituted-1- 
-isopropyl-3 ,4-d ihydro-6 ,7-d im ethoxyisoquinolin ium  salts proved to  be iden
t ic a l both  on the basis o f  m elting points and chrom atographic behaviour.

The “ direct” (R 2 =  C H 3— CH2, or CeH 5— CH2) and “ reverse” (m ethyl 
io d id e) quaternizations o f  th e  l,2 -d isu b stitu ted -6 ,7 -d im etlioxy -l,2 ,3 ,4 -tetra -  
hydroisoquinoline bases (H id —1), obtained as outlined above, were effected  
w ith  an excess of th e  appropriate alkyl iod ide (benzyl iodide) in acetone at 
room  temperature (F ig . 3). The tim e necessary for the com pletion  of the  
q u atern ization  reaction var ied  from a few  m inutes up to  1— 2 days. In  a few  
ca ses , for the sake o f  com parison, the a lkylations were also accom plished in 
m eth a n o l, ethanol, or a ceton e at reflux tem perature. A ccording to  proton 
reson an ce spectroscopic d a ta , the stereoselectiv ity  of the quaternization  reac
t io n  w as not affected fu n d am en ta lly  by these varying experim ental conditions.

CHjO

ClIjO

СШО

CHjO

СНзО

R2 -t
CM;;

CH, I

СНзО

II I  d - i
d )  R 1 =  (CH,)iC H -  
f )  R j =  C6H 5—
i )  Rj =

3,4-(СН30 )2СеН 3—

IV a, b - I X  a, b
IV. R, (CH3)2CH—

R, =  CH3-C H 2-
V. Rj =  (CH3)2CH—

CH„ R„ =  CGHS—CH2
VI. R3 C6H5—

R„ =  CH3-CH„
VII. R, =  C6H5-

R2 =  C6H5-C H 2
VIII. Rj =

3.4- (CH30)2C6H3— CH2
R„ =  ch3- c h !,

IX. R]
3.4- (CH30)„CgH3— CH2 
R2 C6H5—c h 2—

I I I  e —1
e) Ri (CH3),,CH-

R„ = CH3- CH2-
g) R, = C„H5

r2 CH3- CH2-
h) R, C6H5-

R„ C6H5--CH2
i ) R,3,4-(CH30)„C.H.-CH,

r2 CH3—CH2-
k) Ri3,4-(CH30)2C6H3-CH2

R, = c6H5~CH„
l ) Ri = (CH3)2CH

r2 = C6Hä-CH,

F ig . 3. W ithin the isom eric pa irs, designation a ind icates the diastereom eric sa lt formed as 
th e  m ain  product in th e  “ d ire c t”  quaternization reaction , and b the o ther diastereom eric salt 
fo rm ed  as a by-product, w hile in  case of the “ reverse” quaternization  b indicates the main

product

In accordance w ith  our earlier observations [1], attem pted  quaterniza
tio n s  with secondary and tertiary alkyl iodides did not lead to  the desired
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result. A ttem pted  quaternization w ith tertiary b u ty l iodide y ie ld ed  the hy- 
driodides o f the tertiary bases as th e  on ly  product, while in the case o f  isopropyl 
iodide the product consisted o f  a m ixture o f  the N-isopropyl quaternary  salt 
and the hydriodide o f the tertiary  base.

The stereoselectiv ity  o f  th e  quaternization reaction of th e  exam ined
1,2-disubstituted  tetrahydroisoquinoline bases was determ ined b y  m eans of 
proton resonance spectroscopic analysis o f  the crude reaction p rod u ct. The 
separation of the pure isom eric quaternary am m onium  salts was also a ttem pted  
b y  fractional crystallization o f th e  reaction products. Conclusions w ere drawn 
concerning the steric structures o f  the diastereom eric quaternary sa lts  from  
proton resonance spectroscopic, isom erization and chrom atographic d ata .

As we have already poin ted  out [1], the stereochem istry o f  th e  quater
nization reaction of l,2 -d isu b stitu ted -l,2 ,3 ,4 -tetrah yd ro isoq u in o lin e  deriva
tives had only  been studied [11— 13] in a few  classical in vestiga tion s, which  
are difficult to  evaluate. O f the 1 ,2-disubstituted  tetrahydroisoquinolines  
exam ined b y  us, e.g. the quaternary salts of l- (3 ’,4 ’-d im ethoxybenzyl)-2- 
-m ethyl-6 ,7-d im ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline (dl-laudanosine) (1Ш) and 
a few related derivatives are know n [14— 16]. H owever, the stereoisom eric  
quaternary sa lts, which ev id en tly  form ed together, were not separated  or sub
jected  to  any stereochem ical in vestigation . P ictet [17] prepared laudanosine  
ethiodide, but no reference w as m ade to  the form ation of isom eric salts. 
W e found th at laudanosine eth iod ide (m .p. 202— 3 °C) described b y  P ictet 
was not stereohom ogeneous, b u t the m ain product laudanosine ethiodide  
(V illa ) was contam inated w ith  2-ethyltetrahydropapaverine m eth iodide  
(VIHb).

The stereochem ically bi-directional character o f the quatern ization  
reaction could be dem onstrated in  the m ajority o f cases sim ply b y  fractional 
crystallization  of the crude reaction  products [see E xperim ental, quaterniza
tion o f laudanosine (ПК) and 2-ethyltetrahydropapaverine ( I l l j ) ] .  In the 
case o f 1-phenyl- and l- (3 ’,4 ’-d im ethoxybenzyl)-tetrahydroisoquinoline deriv
atives, the diastereom eric sa lts were successfully  isolated from  th e  reaction  
products (Via VIb and V il la  -f- VHIb) of the “ direct” and “ reverse”  quater- 
nizations effected by varying the m ethyl and eth yl groups a ttach ed  to  the  
nitrogen. In all cases, the m ain product of the “ direct” quaternization  reaction  
was the by-product in the “ reverse”  reaction and vica versa. W ith th e  1-isopro
pyl derivative, when the above groups at the nitrogen were varied , repeated  
crystallization  of the crude reaction product (IVa +  IVb) resu lted  in the  
enrichm ent o f  the same diastereom eric salt, l-isop rop yl-2 -eth y l-6 ,7 -d im eth oxy-  
-1,2,3,4-tetrahydroisoquinoline m ethiodide (IVb), due to its special so lub ility  
and tendency for crystallization , while th e  other diastereom eric sa lt (IVa) 
could be obtained from the m other liquor only, and it was con tam in ated  
with IVb.
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W hen methyl and b en zy l groups were varied  at the nitrogen atom , 
o n ly  one of the d iastereom eric salts (Va, V ila ,  IX a ) could be separated from  
th e  reaction products o f  th e  “ direct” quaternizations o f each 1-substituted  
tetraliydroisoquinoline d eriva tive  examined. F ractional crystallization o f the  
quatern ization  product (IX a  -f- IXb) of l - (3 ’,4 , -d im ethoxybenzyl)-2-benzyl- 
-6 ,7-d im eth oxy-l,2 ,3 ,4 -tetrah yd ro isoq u in o lin e w ith  m ethyl iodide gave the  
m ain  product (IXa) o f  th e  “ direct” reaction. T he preparative work up o f the  
p rod u cts of “ direct” and “ reverse” quaternization  reactions are illustrated  
in  d eta il on the exam ples o f  laudanosine (1Ш) and 2-ethyltetrahydropapaverine  
(H íj) . The quaternization reactions exam ined, and the physical constants and 
an a ly sis  data of the iso la ted  quaternary salts are sum m arized in Table IV.

Though no sa tisfa cto ry  results have been obtained  previously [18], we 
a ttem p ted  the separation  o f  the diastereomeric sa lts and the determ ination  
o f  th e  stereoselectivity o f  th e  reaction by chrom atographic technique. Though  
in  th e  case of salt-pairs contain ing m ethyl and e th y l groups at the nitrogen  
a to m  there were som e s lig h t differences in the Ry va lu es o f the pure diastereo- 
m ers applied separately beside one another, th is  proved insufficient for a 
separation  of m ixtures, according to experim ents in  a great number of paper 
and thin-layer chrom atographic system s. On th e  contrary, easily observable 
characteristic  differences appear in the paper and , even more, in the thin- 
la y er  chrom atography o f th e  isomeric quaternary iodides containing m ethyl 
and  benzyl groups (F igs 4 and 5).

Each exam ined iod id e  salt, obtained b y  th e  quaternization of ^ -s u b 
s t itu te d  tetraliydroisoquinoline tertiary N -m etliy l bases w ith benzyl iodide, 
p roved  to be chrom atographically  hom ogeneous even  in the crude sta te , i.e. 
prior to  purification. On th e  contrary, chrom atographic analysis o f the crude 
reaction  products from  th e  quaternization w ith  m eth y l iodide of 2-benzyl- 
-6 ,7 -d im ethoxy-l,2 ,3 ,4-tetrah ydroisoqu inoline b ases containing the same sub
s t itu e n t  at the Cj-carbon a tom  (“ reverse” quaternization) showed in each case 
th e  presence of two d is tin c tly  separating spots o f  com parable in tensity , w ith  
differences in the R y  v a lu es of about 0.05— 0.07 . O f the two spots, the one 
w ith  th e  lower R y  va lu e h ad  th e  same R y  as the prod u ct of the “ direct” quater
n iza tio n  reaction. R ep ea ted  recrystallizations o f  the crude product o f the  
“ reverse” quaternization reaction  gave the m ain  product of the reaction, 
w ith  th e  exception o f th e  1-m ethyl- anti l- (3 ’,4 ’-d im ethoxybenzyl) derivatives, 
w h ere fractionation fa iled ; these main products proved to be hom ogeneous, 
and  their  R y  values w ere h igher by 0.05— 0.07 th a n  those of the corresponding  
quaternary products o b ta in ed  in the “ direct” quaternization  reaction.

The above procedure represents the first successful paper chrom ato
graphic separation o f diastereom eric quaternary am m onium  salts, and appa
r e n tly  it is a suitable m eth od  for the determ ination  of the degree of stereo
se le c t iv ity  in the qu atern ization  reactions o f tertia ry  amines.
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Fig. 4. Thin-layer chrom atogram  of the  crude products of quaternizations (cf. Fig. 2) of 1-sub- 
stitu ted-2-m ethyl-6 ,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinolines w ith benzyl iodide, and 
l-substitu ted-2-benzyl-6 ,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinolines w ith  m ethy l iodide,

respectively
1.: H id  +  С„Н5СНЛ; 2.: I l i i  +  CH3I; 3.: IH f +  C„H5C H ,I; 4.: H lh  +  CH3I; 5.: I l i i  +  

+  C„H5CH2I; 6.: IH k -f- CH3I; 7.: l,2-dim ethyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline-j- 
+  C„H5CH2I (X) [1]; 8.: I-m ethyl-2-benzyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline +  
-|- C H 3 (X) [1 ]; 9.: l-ethyl-2-m ethyl-6 ,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline -f  Cr,H5CH2I 
(XI)*] 10.: l-ethyl-2-benzyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline -f CH3I (XÍ)*.

M ethod: th in-layer chrom atography according to  S t a h l  [19]; adso rben t: silicagel; 
solvent: n -bu tano l-w ater-acetic  acid ( 7 : 2 : 1 ) ;  detection: in iodine vapour, or w ith Dragen-

dorff reagen t [20]

Fig. 5. T hin-layer chrom atogram  of diastereom eric l-substitu ted-2-m ethyl-2-benzyl-6 ,7-dim eth- 
oxy-l,2 ,3 ,4-tetrahvdroisoquinolin ium  iodides separated  by fractional crystallization .

1.: Va; 2.: Vb; 3.: V ila ; 4.: V llb ; 5.: IX a ; 6.: IX b; 7.: X a; 8.: X b; 9.: X Ia ; Hi.: Xlb- 
M ethod: th e  same as w ith Fig. 4

* R esults to be published later.
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E valuation  o f th ese  preparative and chrom atographic findings led to  
th e  conclusion th a t th e  reaction of the exam ined l-su b stitu ted-2-m ethyl-6 ,7- 
-d im eth oxy-l,2 ,3 ,4-tetrah yd roisoq u in olin e bases w ith  benzyl iodide gives rise 
to  practically  one quaternary salt, while both  th e  “ direct” and “ reverse” 
quaternizations o f th e  other l,2 -d isu b stitu ted -6 ,7 -d im eth oxy-l,2 ,3 ,4 -tetrah y-  
ciroisoquinoline bases stud ied  occur only w ith  m oderate stereoselectiv ity . 
In accordance w ith  experim ents o f sim ilar character carried out w ith  other 
substrates [18, 21, 22], the m ain product o f  “ reverse” quaternization was 
id en tica l with the diastereom eric salt form ed in inferior am ount in the “ direct” 
quaternization process.

Though these exam inations do not y ie ld  exact inform ation about the  
actu al steric structures o f th e  diastereom eric sa lts, som e stereochem ical con
clusions m ay be drawn from  the chrom atographic behaviour of the diastereo
m eric 1-substituted  tetrahydroisoquinolin ium  iod ide derivatives containing  
a m eth y l or benzyl group attached to the nitrogen. N am ely , the fact that the  
alm ost hom ogeneous m ain product (isom er a) o f the benzylation of each  
l-su b stitu ted -2-m eth y l-l,2 ,3 ,4 -tetrah yd ro isoq u in o lin e  (“ direct” quaternization) 
exam ined  by us has low er Ry values than  the corresponding diastereom eric 
salts (isomers b) iso lated  from the product o f the “ reverse” quaternization  
reaction , leads to  th e  conclusion that all isom ers a correspond to  one o f the  
tw o  possible steric structures and sim ilarly, isom ers b to  the other.

In order to obtain  further inform ation about the steric structures of 
th ese derivatives, th e  equilibration reaction o f the diastereom eric salts con
ta in in g  m ethyl and b en zy l groups attached to the nitrogen was carried out, 
the reaction being characteristic of quaternary am m onium  salts containing  
a benzyl su b stitu tent [21]. The isom er-equilibrium  was established in  boiling  
chloroform  solution o f stereohom ogeneous salt pairs containing isopropyl and 
p h en yl substituents at Cx (Va, Vb and V ila , Vllb). It was found th at those d ia
stereom eric salts (Va and V ila) were prevailing w hich had been the m ain prod
ucts o f the “ direct” quaternization  reaction. The isom erization experim ents 
th u s revealed a difference in  the stab ility  o f isom ers a and b. On the basis of 
general stab ility  considerations, the greater sta b ility  o f the diastereom eric 
salts a supports the assum ption th at in these derivatives the relative spatial 
orientation  of the su b stitu en t attached to Cx and o f the larger group (e.g. benzyl) 
linked to  the nitrogen atom  is trans. H ence the direction trans to the su b sti
tu en t at Cj seems to  be preferred for the quaternizing agent. These stereo
chem ical conclusions o f  th e  chrom atographic and isom erization studies are 
also supported b y  th e  proton resonance spectroscopic analysis of the d ia
stereom eric salts.

For an exact q u an tita tive  determ ination o f the stereoselectiv ity  o f the 
exam ined  quaternization reactions, and in  order to  elucidate more exactly  
the configurational and conform ational relationships in  the diastereom eric
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salt-pairs obtained, the crude products o f both  the “ direct” and “ reverse” 
quaternization reactions, as w ell as the quaternary salts obtained therefrom  
by means of fractional crystallization were subjected to proton resonance 
spectroscopic analysis. The distribution o f the diastereom ers in the crude prod
ucts and the assignm ent o f the relative configurations to the diastereom ers 
on the basis of proton resonance spectroscopy are shown in Table III; the 
purity and steric structures of the purified products are given in Table IV.

The proton resonance spectroscopic data of the diastereom eric salts 
described in the present com m unication, a detailed analysis o f the spectra, 
and a discussion o f the specific properties appearing in the quaternization  
reaction of l,2 -d isu b stitu ted -6 ,7-d im eth oxy-l,2 ,3 ,4-tetrah yd roisoq u in olin e  
bases carried out so far will constitute the subject m atter o f our next publi
cation [24].

Experim ental

1 . P re p a ra tio n  o f  l- su b s ti tu te d -3 ,4 -d ih y d ro -6 ,7 -d im e th o x y iso q u in o lin e  d e r iv a tiv e s  ( l a — d)

The l-substituted-3,4-dihydro-6,7-dim ethoxyisoquinoline derivatives ( l a  — d) were pre
pared from the corresponding N -acyl-hom overatrylam ine w ith phosphorus oxychloride in 
chloroform [1]. The dihydroisoquinoline base was purified by distillation in vacuum , or by 
crystallization.

(a) 6 ,7 -D im e th o x y -3 ,4 -d ih y d ro is o q u in o lin e  ( l a ) .  I t  was prepared from hom ovcratryl- 
am ine and 92% form ic acid in 80% yield, b.p. 143 °C a t  1.5 — 2 mm. Pale yellow oil. The pic- 
ra te  had m.p. 203—205 °C (lit. [25] m.p. 201—203 °C).

(b) l - I s o p ro p y l-6 ,7 -d im e th o x y -3 ,4 -d ih y d ro is o q u in o lin e  ( lb ) .  I t  was obtained from 
hom overatrylam ine and isobutyric acid in 84% yield, as a pale yellow oil. The hydrochloride 
had m.p. 192— 193 °C (from ethanol).

С14Н ,„Ш ,С1 (269.76). Calcd. C 63.33; H 7.47; Cl" 13.14. Found: C 63.56; H 7.20; 
CJ- 13.42°/".

The "methiodide had m.p. 199—201 °C (lit. [9] m .p. 200—202 °C).
(c) l -P h e n y l-6 ,7 -d im e th o x y -3 ,4 -d ih y d ro is o q u in o lin e  (Ic ) . I t  was obtained by Schotten— 

B aum ann acylation of hom overatrylam ine w ith benzoyl chloride and subsequent ring closure 
as above, in 84% overall yield. M.p. 121-122 °C (lit. [26] m.p. 120.5-121.5 °C).

2 . 2 -A lk y l-3 ,4 -d ih y d ro -6 ,7 -d im e th o x y is o q u in o lin iu m  iod ide  d e r iv a t iv e s  (H a  —c )

(a) 2 -B e n z y l-6 ,7 -d im e th o x y -3 ,4 -d ih y d ro iso q u in o lin iu m  io d id e  (H e). A solution of 6 g 
(0.0313 mole) of 6,7-dim ethoxy-3,4-dihydroisoquinoline in 30 ml of benzene was refluxed with 
10 g (0.0458 mole) of benzyl iodide for 30 min. The crystals which separated  were collected 
and washed w ith benzene to  obtain 11.1 g (86.4% ) of a pale yellow powder. R epeated crystal
lization from ethanol (70 ml) gave pale yellow prism s, m.p. 180 °C.

C|8H,„NO,I (409.22). Calcd. C 52.82; H  4.92; I 31.00. Found: C 52.89; H 4.98; 
I -  31.24%."

The 2-alkyl-6,7-dim ethoxy-3,4-dihydroisoquinolinium  iodides (H a, l i b )  were prepared 
analogously w ith the corresponding alkyl iodides.

(b )  2 -M e th y l-6 ,7 -d im e th o x y -3 ,4 -d ih y d ro iso q u in o lin iu m  io d id e  ( H a ) .  9.55 g of base l a  
afforded 15.6 g (94% ) of the product as orange crystals, m.p. 201 — 203 °C (from m ethanol) 
(lit. [27] m.p. 202 °C).

(c) 2 -E th y l-6 ,7 -d im e th o x y -3 ,4 -d ih y d ro iso q u in o lin iu m  iod ide  ( l i b ) .  The yield was 93% . 
Yellow crystals, m .p. 183— 184 °C (from ethanol) (lit. [28] m.p. 186.5 °C).

3 . l -S u b s t i tu te d -2 -a lk y l-6 ,7 -d im e th o x y -3 ,4 -d ih y d ro is o q u in o lin iu m  io d id es  ( l i d  — k )

These derivatives were prepared from the corresponding te rtia ry  dihydroisoquinoline 
bases ( l b —d) w ith excess quaternizing alkyl iodide (benzyl iodide) a t the boiling tem perature
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Table I

Y ields, melting points and analyses of l,2-disubstituted-6,7-dimethoxy-3,4-dihydroisoquinoline iodides ( l id —к)

Com
pound Rj r 2 Solvent, reaction time, 

yield
M.p., °c
(solvent)

Empirical
formula

(Molecular
weight)

Analysis, Calcd./Found

Remarks
C „ 1 I-

l i d (CH3)2CH CH3 benzene, 5 hrs, 
92%

199-201
(methanol)

c15h „2n o j
(375.24)

48.00
47.73

5.91
5.78

33.81
33.40 a)

He (CH3)2CH CH2CH2 ethanol, 12 hrs, 
94%

183—185
(ethanol)

QßH24̂ "02I
(389.26)

49.36
48.94

6.21
5.84

32.60
32.92

Ш  C,;H5 CH3 acetone, 2 hrs, 
98%

194—195
(ethanol)

c18h 20n o 2i
(409.25)

52.69
52.82

5.06
4.92

31.23
31.00

b)

Hg C«H5 CH3CH2 benzene, 8 hrs,
96%

196-197
(ethanol)

c19h ,„n o j
(423.27)

53.91
53.50

5.39
5.45

29.98
29.88

nil Cr,H5 C„H5CH2 benzene, 30 min, 
98%

161 163 
(acetone)

C24H 24N 0 2I
(485.34)

59.38
59.75

4.98
5.22

26.14
25.83

Hi 3,4-(CH30 )2CbH 3CH2 CH3 benzene, 30 min, 
90%

185—186
(ethanol)

C2jH2GN 0 4I
(483.33)

52.18
52.29

5.42
5.00

26.25
26.18

Ilj 3,4-(CH30 )2C6H 3CH2 CH3CH2 benzene, 2 hrs, 
78%

177—178
(ethanol)

c22h 28n o 4i
'(497.35)

53.12
53.37

5.67
5.84

25.51
25.25

Ilk 3,4-(CH30 )2CcH 3CH2 CcH5CH2 acetone, 2 hrs, 
88%

184—185
(ethanol)

C27H30NO.,I
(559.42)

57.96
57.61

5.40
5.26

22.68
22.89

Remarks: a) L it. [9] m .p.: 200—202 °C;
b) L it. [23] m .p.: 188— 190 °C.
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Table II
.Melting points and analyses o f l,2-disubstituted-6,7-dirnethoxy-I,2,3,4-tetrahydroisoquinolines^

Analysis

Compound R | r 2 M.p. °c
(solvent)

Empirical formula 
(Molecular weight)

Calcd.
Found Remarks

c H I"

IIIa .H I H CH3 162— 163 CleHJ4NCM 43.00 5.41 37.85 b)
(ethanol) (335.19) 43.08 5.48 37.80

ШЪ.Н1 H CH3CH2 169—171 C13H20_\O J 44.71 5.77 36.34
(ethanol) (349.20) 44.52 5.65 36.55

IIIe.H I H C6H 5CH2 216—217 ClaH „N O ,I 52.56 5.39 30.85 c)
(ethanol) (411.27) 52.88 5.33 31.02

1Ш.Н1 (CH3)2CH CH3 220—221 c15h 24n o 2i 47.75 6.41 33.63 d), e)
(methanol) (377.25) 47.54 6.35 33.87

IIIe.HCl (CH3)2CH CH3CH, 182—183 Ck H .6Nt0 2C1 64.08 8.74 0
(ethanol-ether) (299.83) 63.42 8.00

IHf. III C6H5 CH3 206—208 ClaH„,NO,I 52.56 5.39 30.85 g)
(ethanol) (411.27) 52.92 5.57 30.70

IIIg.H I C„H5 CH3CH„ 198—199 c19h 24n o 2i 53.65 5.68 29.83 h)
(ethanol) (425.29) 53.89 5.75 29.64

IIIh Cr,H5 C(H 5CH2 double m. p. c,4h „ o ,n 80.18 7.01
125— 126 and 
131—132

(359.47) 79.85 7.26 i)

Remarks: a) The compounds have been prepared by cataly tic hydrogenation. For the experim ental conditions, see 4 (a), b) Base I l ia
m.p. 84—85 °C (lit. [30] m.p. 83—84 °C). P icrate, m.p. 160— 161 °C (MeOH) (lit. [30, 31] m .p. 159— 160 °C). c) Base IIIc 
m.p. 97 °C (ether), d) IIId.HCl, m.p. 215—216 °C. e) l-Isopropyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline base [III, 
Rj =  (CH3),CH; R , =  H ], m.p. 94—95 °C (ether): C14Hn NO, (235.32). Calcd. C 71.45; H  8.99. Found C 71.30; H  8.71% . 
Hydrochloride, m.p. 247—248 °C (MeOH) (lit. [32] m.p. 243 °C). C14H22N 0 2C1 (271.78). Calcd. C 61.86; H  8.16; C l- 13.043. 
Found C 61.87; H 8.00; Cl“ 13.02%. f) Cl~ calcd. 11.82; found 11.90%. g) Base IH f, m.p. 82—83 °C (lit. [34] m.p. 
81—82 °C). h) Base Illg , m .p 76—78 °C (petroleum  ether), i) N calcd. 3.89; found 3.95% .

K
Ó

B
O

R
 ct al.: STER

EO
C

H
EM

IC
A

L ST
U

D
IE

S, IV
 

265



260 K Ó B O R  e t a!.: STEREOCH EM ICA L STU D IES, IV

of th e  solvents used. The experim en ta l conditions, m elting  points and analyses of the obtained 
q u a te rn a ry  l,2-substituted-6,7-dim ethoxy-3,4-dihydroisoquinolinium  iodides are summarized 
in T ab le  Í.

4. P reparation  of 2-alkyl-6,7-dim ethoxy-l,2,3,4-tetrahydroisoquinolines ( I l ia  —c) and the
1-substituted derivatives (H id—1)

(a ) By catalytic reduction

T he catalytic hydrogenation  of l,2-disubstituted-6,7-dim ethoxy-3,4-dihydroisoquin- 
o lin ium  iodide homologues ( H a —k) was carried ou t in m ethanol solution in th e  presence of 
p re-hydrogenated  Adams P t 0 2 ca ta ly s t [29] a t room  tem perature and atm ospheric  pressure. 
A fte r th e  absorption of th e  theoretical am ount of hydrogen, the reaction m ix tu re  was shak
en fo r 30 min, filtered to  rem ove the catalyst, and th e  filtra te  was concen tra ted  in vacuum 
un til crystallization com m enced. The crude te trahyd ro  derivative was purified  by repeated 
recrystallizations. The yields w ere alm ost quan tita tive . The m.p. and analysis da ta  of the 
p ro d u c ts  are summarized in T able  II.

(b ) By reduction with sodium borohydride

1 - (3’,4’-D im ethoxybeiizyl)-2-m ethyl-6,7-dim ethoxy-l,2,3,4-tetrahydroisoquinolm e (lau- 
danosine) (I lii) . 11 g (0.0227 mole) of 2-m ethyl-3,4-dihydropapaverinium  iodide (Hi) was dis
solved in  a m ixture of 200 m l of m ethanol and 20 m l of w ater, 3.5 g (0.0927 mole) of sodium 
b o rohyd ride  was added, and  th e  m ixture heated on a w ater ba th  for 15 min. A fter cooling, 
th e  m ix tu re  was diluted w ith  600 ml of w ater, the crystalline prec ip ita te  collected and 
th o ro u g h ly  washed w ith w ater. T he crude laudanosine (7.95 g; 97.7%) was recrystallized from 
m e th an o l several times to  o b ta in  m.p. 115— 116 °C (lit. [17] m.p. 115 °C).

T he following derivatives were prepared analogously:
2- E thyl-l,2 ,3 ,4-tetrahydropapaverine ( I l l j ) .  F rom  2-ethyl-3,4-dihydropapaverinium  

iod ide (I lj)  in 98% yield, m .p . 89—91 °C (from ether) (lit. [30] m.p. 89 °C).
2-B enzyl-l,2 ,3 ,4-tetrahydropapaverine ( I l ik ) .  F rom  2-benzyl-3,4-dihydropapaveriniuin 

iod ide  (Ilk ) in 95% yield. W hite  needles (from ether), m .p. 91—92 °C.
C27H 31N 0 4 (433.53). Calcd. C 74.49; H 7.20; N  3.28. Found: C 74.80; H 7.20: N 3.42%.
l-Phenyl-2-m ethyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline ( I l lh ) .  F rom  1-phenyl- 

-2-benzyl-6,7-dim ethoxy-3,4-dihydroisoquino)inium  iodide (Ilh) in q u an tita tiv e  yield. White 
need les, showing double m elting  point: the substance m elts first a t 125— 126 °C, then  re-soli- 
d ifies and  melts again a t 131- 132 °C (cf. Table II).

C24H 25N 02 (359.45). Calcd. C 80.18; H  7.01; N 3.89. Found: C 79.85; H  7.26; N 3.95%.
1- Phenyl-2-m ethyl-6,7-dim ethoxy-l,2,3,4-tetrahydroisoquinoline ( I l l f ) .  F rom  1-phenyl- 

-2-m etliyI-6,7-diinethoxy-3,4-dihydroisoquinolinium  iodide (Ilf) in q u an tita tiv e  yield, m.p. 
85— 86 °C (from ether). The p ro d u c t was identical w ith  th a t obtained by ca ta ly tic  hydrogen
a tio n  (see Table II).

2 -  Benzyl-6,7-dim ethoxy-l,2,3,4-tetrahydroisoquinoline (IIIc). F rom  2-benzyl-6,7-di- 
m ethoxy-3,4-dihydroisoquinolinium  iodide (He). W hite needles, m.p. 97 °C (from  ether). The 
p ro d u c t was identical w ith th a t  obtained in the ca ta ly tic  hydrogenation of l i e  (see Table II).

(c) By Grignard reaction

l-Isopropyl-2-m ethyl-6,7-dim ethoxy-l,2,3,4-tetrahydroisoquinoline (IH d ). 9.9 g (0.03 
m ole) o f thoroughly dried and  finely  powdered 2-m ethyl-6,7-dim ethoxy-3,4-dihydroisoquinoli- 
n iu m  iodide (Ha) was added  in portions, w ith stirring , to  0.1 mole of isopropyl magnesium 
iod ide  in  30 ml of ether. The m ix tu re  was stirred for 90 min, and the com plex was decomposed 
b y  add ing  a solution of am m onium  chloride in am m onium  hydroxide, w hile cooling in ice- 
w a te r. T he ethereal phase w as separated , and the aqueous phase ex trac ted  four times with 
60 m l e th e r each. The com bined ethereal fractions were dried over anhydrous N a2S 0 4, decol
orized w ith  charcoal, and  concen tra ted  in vacuum  to give 7.35 g (98.4% ) of a colourless oil. 
T he  hydrochloride had m .p . 215— 216 °C (from ethano l—ether).

Cl5H 24NO.,Cl (285.80) Calcd. C 63.03; H 8.46; Cl~ 12.40. F ound: C 62.94; H  8.41; 
C l- 12.32% .
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The hydriodide m elted at 220— 221 °C after crystallization  from m ethanol. No depres
sion was observed in th e  mixed m.p. de term ination  w ith the p roduct obtained from 1-isopropyl- 
-2-m ethvl-6,7-dim ethoxy-3,4-dihydroisoquinolinium  iodide by cataly tic hydrogenation  (see 
Table II).

The following tetrahydroisoquinoline derivatives were synthesized analogously from 
the corresponding 2-alkyl-dihydroisoquinoliniurn salts (1 mole) and alkyl m agnesium  halide 
(3 moles):

l - lH o p ro p y l-2 -e th y l-6 ,7 -d in ie th o x y - l ,2 ,3 ,4 - te t r a h y d ro is o q u in o l in e  ( I l l c ) .  From  2-ethyl- 
-6,7-dim ethoxy-3,4-dihydroisoquinolinium  iodide ( l ib )  in 96%  yield. Colourless oil, th e  h y d ro 
chloride melted a t  182— 183 °C (from m ethanol—ether).

CieH2eN 0 2Cl (299.83). Calcd. Cl" 11.82. Found: Cl" 11.90%.
l - Is o p ro p y l-2 -b e n z y l-6 ,7 -d im e th o x y - l ,2 ,3 ,4 - te t ra h y d ro is o q u in o l in e  ( I I I  1). From  2-ben- 

zyl-6,7-dim ethoxy-3,4-dihydroisoquinoliniuin iodide (H e )  in 98% yield. The hydrochloride 
had  m .p. 207—208 °C (from ethanol-ether).

C21H 27N 02C1 (361.89). Calcd. Cl" 9.79. Found: Cl~ 9.60% .
l - P h e n y l-2 -m e th y l-6 ,7 -d im e th o x y - l ,2 ,3 ,4 - te t r a h y d ro is o q u i i io l in e  ( I I I f ) .  F rom  2-m ethyl- 

-6,7-dim ethoxy-3,4-dihydroisoquinolinium  iodide (Ha) w ith phenyl magnesium brom ide in 
85%  yield, m.p. 82— 83 °C. No melting p o in t depression was observed with either of th e  p ro d 
ucts obtained by ca ta ly tic  hydrogenation and sodium borohydride reduction.

5 . Q u a te rn iz a tio n  o f  l ,2 -d is u b s t i tu te d -6 ,7 -d im e th o x y - l ,2 ,3 ,4 - te t r a h y d ro is o q u in o l in e  b a se s
( I I I d - 1 ) .

The quaternizations (see Table I I )  were carried o u t w ith 1 —5 g of th e  corresponding 
base in 20% acetone, m ethanol or ethanol solution, w ith 30—50% excess of alkyl iodide (benzyl 
iodide), either a t room  tem perature (1— 5 days), or a t  the boiling tem perature  of the solution 
(1 10 hours). The reaction  mixture was evaporated  to dryness in vacuum , th e  residue was
w ashed w ith a little  e th e r and 1—2 ml o f acetone. The yields varied between 92 and  100%. 
The isomeric com position of the crude reaction  products was determ ined by proton resonance 
spectroscopy (see T able  III). The crude products were subjected  to repeated recrystallizations 
from  the solvents show n in Table IV. T he stereochem ical pu rity  and steric struc tu res  o f the 
crystallized substances, determined by p ro ton  resonance spectroscopy, are given in T able  IV.

6 . “ D ir e c t”  a n d  “ r e v e r s e ”  q u a te rn iz a tio n s  o f  la u d a n o s in e  ( I l i i )  an d  2 - c th y l tc tr a h y d ro p a p a v e -  
r in e  ( IH j)  and  w o rk in g  u p  o f  th e  c ru d e  p ro d u c ts

a )  L a u d a n o s in e  e th io d id e  ( V il la )

A solution of 11.0 g (0.0308 mole) of laudanosine ( im )  in 200 ml of acetone was mixed 
w ith  7.0 g (0.045 mole) of ethyl iodide an d  allowed to stand  a t  room  tem peratu re  for a week. 
The solvent and excess ethy l iodide were rem oved in vacuum  and the residue was crystallized 
from 80%  ethanol to  give 10.6 g (65.9%) of greenish-yellow lentiform  crystals, m .p. 161— 162 °C 
(1st fraction). On rep ea ted  crystallizations from  80%  alcohol the m.p. raised to 163 °C.

C„3H,„0.1NI • 1/2 H.,0 (522.43). Calcd. C 52.88; H 6.38; I "  24.29. Found: C 52.98; H  6.30; 
I '  24 .56 '% .'

The substance was kept in an exsiccator over P .0 5 for 12 hrs, and then dried a t  117 °C 
and  25 mm pressure.

C23H320 4N I (513.43). Calcd. C 53.80; H 6.28; I 24.72. Found: C 53.49: H  6.08; 
I -  24.60%.

A fter recrystallization  from abs. ethanol the m .p. was 208—209 °C. On subsequent 
recrystallization from  aqueous ethanol th e  m.p. was 162— 163 °C again. (Lit. [17] m .p. 202 
203 °C.)

According to  p ro ton  resonance spectroscopy, th e  substance was stereohom ogeneous, 
and  free from the diastereom eric 2 -e thy lte trahydropapaverine  m ethiodide (V ll lb ) .

The picrate derivative prepared from  laudanosine ethiodide (V i l la )  in the usual way 
only slowly solidified in water. C rystallization from  80%  ethanol gave lentiform  crystals , 
which, after three crystallizations, m elted  a t 118 °C.

C2eH34On N4 (614.63). Calcd. C 56.67; II 5.70; N 9.12. Found: 56.95; H 5.86: N 9.00% .
Evaporation of the mother liquor o f the 1st fraction  to  dryness gave 3.7 g (23.4% ) of 

w hite, rosette-like crysta ls  (2nd fraction), m.p. 194— 195 °C. After two recrystallizations from
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ethanol, the m.p. increased to  196— 197 °C. No m .p. depression was observed w ith  2-ethyl- 
te trahydropapaverine  m ethiodide (V U Ib) obtained from  2-ethy ltetrahydropapaverine ( I l l j )  
w ith m ethy l iodide as the m ain product. The p icrate  separa ted  from 90% ethanol in  the form 
of w ell-crystallized needles, m .p. 157 °C. Two recrystallizations raised the m .p. to  162— 
163 °C. No m.p. depression was observed w ith the  p icra te  prepared from 2-ethy lte trahydro- 
papaverine  m ethiodide.

A fu rther 0.8 g (5% ) of crystalline m aterial, m .p . 180— 195 °C, could be isolated from 
the m o ther liquor of th e  2nd fraction.

( b )  2 - E th  y l te t r a h y d ro p a p a v e r in e  m e th io d id e  (V U Ib )

A solution of 7.0 g (0.019 mole) of 2-ethy lte trahydropapaverine ( I l l j )  and 4.0 g (0.028 
mole) o f m ethy l iodide in 200 ml of acetone was allowed to  stand  a t room tem perature  (23 +  2°C) 
for a week. The reaction  m ix tu re  was concentrated  in  vacuum  and the residue crystallized 
from  80%  ethanol to  yield 8.1 g (83.7% ) of alm ost hom ogeneous 2-ethy ltetrahydropapaverine 
m eth iod ide (V U Ib ) (1st fraction), m .p. 196— 197 °C. Two recrystallizations from  80%  ethanol 
y ielded 5.15 g of the p roduct, w hite needles, m .p. 200 °C.

C„3H 320 4N I (513.43). Calcd. C 53.80; H  6.28; I -  24.72. Found: C 53.65; H  6.11; 
I -  25.15% .

According to  p ro ton  resonance spectroscopy, th e  p roduct was stereohomogeneous, and 
free from  the diastereom eric ethiodide (V i l la ) .  T he p ic ra te  crystallized from  ethanol, the 
well developed needles had  m.p. 162—163 °C.

C29H 3. A iN4 (614.63). Calcd. C 56.67; H 5.70; N  9.12. Found: C 56.84; H 5.50; N 9.29% .
The 1 : 4 and 4 : 1 m ixtures of 2 -ethy lte trahydropapaverine m ethiodide (V U Ib ) (m .p. 

200 °C) and of laudanosine ethiodide ( V il la )  (m.p. 208 °C) m elted a t 194—203 °C and 184— 
192 °C, respectively.

The m other liquor of the 1st fraction was concen tra ted  in vacuum  to deposit 0.7 g 
of a substance (2nd fraction), m .p. 162 °C, which consisted mainly of laudanosine eth io 
dide • 1/2 H 20  (V il la ) .  The p roduct was recrystallized and  converted into the p icrate , lentiform  
crystals , m .p. 117— 119 °C (from ethanol), which did n o t give m.p. depression w ith the p icrate 
of laudanosine ethiodide • 1/2 H 20  (m.p. 118 °C).

A fu rth e r 1.0 g of a substance could be iso lated  from the m other liquor of the 2nd 
fraction , w hich consisted m ainly of laudanosine eth iodide • 1/2 H20 , m.p. 150— 154 °C.

7. P ro to n  re so n a n c e  sp e c tro sc o p ic  e x a m in a tio n s

The p ro ton  resonance spectra were taken a t  60 MHz w ith an A EI RS-2 instrum ent. 
The solvent used was deuterochloroform , w ith te tram ethy lsilane  internal reference. Calibration 
of th e  spectra  was done by  the usual side-band technique. The error lim it in the determ ination  
of th e  percen tage d is tribu tion  of the isomers is less th a n  5%.

8 . I so m e r iz a tio n  e x p e r im e n ts

(a) 100 mg of l-phenyl-2-m ethyl-6 ,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline N-ben- 
zyl iodide (V i la )  was dissolved in 120 ml of abs. CHC13 and heated in a sealed tube  a t 80 °C 
for 20 hrs. The solution was evaporated  to  dryness and  the homogenized residue subjected to 
p ro ton  resonance spectroscopic analysis, which showed it  to  consist of a 70 : 30% m ixture of 
l-phenyl-2-m ethyl-6 ,7-d im ethoxy-l,2 ,3 ,4-te trahydro isoquinoline N-benzyl iodide (V ila )  and 
l-phenyl-2-benzyl-6 ,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoline methiodide (V llb ) .

(b) Analogous tre a tm en t of 100 mg of l-phenyl-2-benzyl-6 ,7-diinethoxy-l,2 ,3 ,4-tetra- 
hydroisoquinoline m ethiodide (V llb )  gave again th e  sam e 70 : 30 m ixture of V i la  and V llb .  
Isom erization  of the V a—Vb diastereom eric salt pa ir gave, in accordance w ith the foregoing, 
an ab o u t 70 : 30 m ixture of the trans and cis m odifications.

The au thors express their thanks to Dr. K. K o c z k a  for his kind in terest in the early 
phase of th is work, to  Dr. K. L. L á n g  and Mrs. G. B a r t ó k  for the m icroanalyses, and to 
Mr. L. F ö l d h á z i  for his technical assistance.
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Table I I I

I s o m e r  d i s t r i b u t i o n  a n d  s le r i c  s t r u c tu r e s  o f  th e  c r u d e  p r o d u c t s  o f  th e  “ d i r e c t”  a n d  “ r e v e r s e ”  q u a t e r 
n i z a t i o n  r e a c t io n s  o f  1 , 2 - d i s u b s l i t u t e d - 6 , 7 - d i m e l h o x y - 1 , 2 , 3 , 4 - t e t r a h y d r o i s o q u i n o l i n e  d e r i v a t i v e s

(n i d - i ;*»

Isomer distribution,
%Compound I «.direct”  ““ reverse”

quatemizationb)

Relative spatial orien
tation of the sub

stituents attached to 
Cx and the N (in the 
latter case the larger 
substituent is meant)

CH3 O4  УЧ y \  (+)

/o f  N / C H - CH a

C1L.O Y  СНз I<_) 
*— C3H ,

6 0 + 5  

40 +  5

17 +  5 

83 +  5

t r a n s  IV a  

c is  IV b

С Н 3О ч  (-)

YoYVCHi_c,Hs
C H 30 / \ / Y  'С н з I(-> 

i — C3 H 7

95 +  5

5 +  5

4 0 + 5

6 0 + 5

t r a n s  V a 

c is  Vb

CH3(X у ч  л  (+)

YoYVCH--CH-
CH3(K Y  X c H 3 I<_) 

C6 H 5

76 +  5 

24 +  5

1 4 + 5  

86 +  5

t r a n s  V ia  

c is  V Ib

С Н 30 Ч  у Ч  у .  (+)

i o Y V c h ’ - c ‘ h ‘

C H 3o / \ / Y  C H 3 I<_)
C6 H 5

95 +  5 

5 +  5

3 5 + 5  

65 +  5

t r a n s  V i l a  

c is  V l lb

С Н 30 Ч  у ч  у ч  (+)

Y o Y / y c h - c h ^

CH3 0 / \ / ' Y  X C H 3 I (- }
CII2 - C 0 H 3  (OCH3 ) 2

65 +  5 

35 +  5

30 +  5 

70 +  5

t r a n s  V i l l a  

c is  V H Ib

С Н 3Оч / ч  у ч  ( + )

1 О  /  ^ / C H * ~ C“H s

CH3 0 / \ / \ /  C H 3 I<->
CH 2 - C eH 3 (OCH3 ) 2

95 +  5 

5 +  5

40 +  5 

60 +  5

t r a n s  IX a  

c is  IX b

a> C f.  Fig. 3.
t) “ D irect”  quatern iza tion : N -m ethyl com pound -|- e thy l iodide or benzyl iodide; “ re v e r

se” quatern iza tion : N -ethyl or N-benzyl derivative +  m ethyl iodide.
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Table IV

Stereohomogeneity, melting points and analysis dataa) o f the quaternary salts ( IV a , b — IX a , b) obtained by fractional crystallization from  the 
reaction products o f “direct” and “reverse” quaternizations o f l,2-disubstituted-6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline derivatives ( I I I d — l)

Reaction1̂
Substituents0 

Ri R 2 R3

M.p.; °C; yield, % 
(solvent, number 
of crystals)

Empirical formula 
(molecular weight)

Analysis
Calcd.
Found

Stereochemical 
purity, %; 

configuration0'
Remarks

C H I-

H id +  E tI i-Pr Me E t 193—194; 40; С „Н ,Л О Л 50.37 6.96 31.31 >  90 cis d)
(ethanol, 4) (405.30) 50.63 6.98 31.54 IYb

H ie +  Mel i-Pr E t Me 194; 53: C17H ?,N 0 2I 50.37 6.96 31.31 > 9 5  cis d)
(ethanol, 4) (405.30) 50.46 6.85 31.35 IVb

IHd +  Bzl i-Pr Me Bz 174—175; 90; C „H ,nN O J 56.53 6.47 27.15 >  95 trans e)
(ethanol, 3) (467.37) 56.70 6.62 27.40 Va

1Ш +  Mel i-Pr Bz Me 177—178; 42; C,,H„„NOJ 56.53 6.47 27.15 > 9 5  cis 0
(ethanol, 3) (467.37) 56.60 6.41 27.25 Vb

H íg +  E tI Ph Me E t 191 -192 ; 35; C20H2RNO2I 54.67 5.96 28.88 > 9 5  trans g)
(acetone, 4) (439.32) 54.82 5.98 28.97 Via

IIIli +  Mel Ph E t Me 199-200 ; 39; C„„H,(1NO„I 54.67 5.96 28.88 > 9 5  cis h)
(ethanol, 5) (439.32) 54.75 5.85 29.08 Vlb

Illg  +  Bzl Ph Me Bz 178 -1 7 9 ; 70; G ,,H ,aNO,I 59.88 5.63 25.31 >  95 trans i)
(ethanol, 3) (501.38) 59.77 5.68 25.23 V ila

IHi +  Mel Ph Bz Me 194-195 ; 48; c25h 28n o 2i 59.88 5.63 25.31 > 9 5  cis j)
(ethanol, 4) (501.38) 59.51 6.01 24.98 YTIb

I l l j  +  E tI (MeO)„Bz Me E t 2 0 7 -2 0 8 ; 42; C23H32N 0 4I 53.80 6.28 24.71 > 9 5  trans k)
(ethanol, 5) (513.40) 53.49 6.08 24.60 V il la

IH k +  Mel (MeO),Bz E t Me 198-2 0 0 ; 45; c23h 32n o 4i 53.80 6.28 24.71 >  95 cis 1)
(ethanol, 4) (513.40) 53.65 6.11 25.15 VHIb

270 
K

Ó
B

O
R

 et al.: ST
E

R
E

O
C

H
E

M
IC

A
L

 ST
U

D
IE

S, IV



Acta C
him

. Acad. Sei. H
ung. 60, 1969

СЛ*

I l l j  +  Bzl (MeO)„Bz Me Bz 178; 82; c23h 31n o , i 58.43 5.95 22.05 > 9 5  trans m)
(ethanol, 2) (575.46) 58.43 5.90 22.12 IXa

n i l  +  Mel (MeO)2Bz Bz Me 179—180; 20; 
(ethanol, 3)

c2sh 34n o ,i
(575.46)

58.43
58.27

5.95
5.86

22.05
22.26

>  90 trans 
IXa

m)

Remarks: a)
b)

c)
d)

e)
0

i)
j)

k - 1 )
m)

Cf. Rem arks a) and b) in Table II I .
The designations cis and trans refer to the relative steric position of the substituen t a ttached  to Cx (Rj) and the bulkier 
substituen t a t the nitrogen atom .
Me =  CH3; E t =  CH3CH2; i-P r =  (CH3)2CH; Ph  =  CeH 5; Bz =  CeH 5CH2; (MeO)2Bz =  3,4-(CH30 )2C6H 3CH2.
Though considerable differences were observed in the solubilities of the crude quaternary  salts obtained by “ d irect” and 
“reverse” quaternization , repeated recrystallizations resulted the same diastereom er salt (IV b) from both  reaction products. 
A m ixture (IV a , b) consisting m ainly of the diastereom eric trans quaternary  salt (IV a) could be isolated from the m other 
liquors of the “ d irect”  and “ reverse”  quaternizations in 40 and 10% yields, the m.p. being 185—6 °C and 188—9 °C, respec
tively.
Colourless needles. According to proton resonance spectroscopy, the product is practically  pure trans isomer.
Large, colourless tables. Needles (m .p. 173—5 °C) can be isolated from the m other liquor (Va).
Well developed tables. G littering plates (m .p. 198—9 °C) can be isolated from  the m other liquor.
G littering plates. The solubility of V ia , obtained from the direct quaternization  is lower. From  the m other liquor fu rther 
crystals, m.p. 193—4 °C, consisting m ainly of the trans (V ia )  isomer, could be isolated.
Colourless needles.
Well developed light-yellow plates. V ila ,  m.p. 178—80 °C, could be isolated from the m other liquor in 17% yield.
Cf. Experim ental.
R epeated recrystallizations from ethanol gave the trans isomer ( IX a )  as the only product from  the reaction products of 
either “ d irect”  or “ reverse” quaternization.
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As a resu lt of an elucidation [1] of the tau tom eric  equilibria of spiroxazone, th e  
struc tu ra l form ulas of the acyl and N-alkyl (aryl) derivatives had to be m odified. 
Using IR  and  NMR spectroscopic as well as syn thetic  m ethods, it  has been show n th a t  
the structures of monoacyl derivatives (V II I )  m ust uniform ly be deduced from th e  open- 
chain endocyclic am idrazon tau tom ers ( I I I ) .  T he N ,0-diacylspiroxazones prepared  
w ith an acid anhydride have also been shown to be open am idrazon derivatives ( X V I I I ) ,  
while acylation  of spiroxazone in  pyridine produces 0 ,0 -d ia c y l derivatives, X V .

Some m ixed 0 ,0-diacylspiroxazones m ay undergo О 71I N acyl m igration; th is  
is accom panied by an endo —*• exo migration of th e  C = N  bond. Thus molecules w ith  
structure  X IV  are formed beside those of s tru c tu re  X V .

The exo or endo position of the C = N  bonds of the various acylates has been  
determ ined by  acid hydrolysis. The exocyclic tau to m er yields a-spiroxazone, th e  endo
cyclic gives /S-spiroxazone.

Some alkyl(aryl)-spiroxazones described earlier have now been shown to  be 
N (2)-substitu ted  spiroxazones (X X V ). Their m onoacyl derivatives are open co-O-acyl 
com pounds containing an endocyclic C = N  bond, while th e  diacyl derivatives ob ta inab le  
by  trea tm en t w ith an acid anhydride, have s tru c tu re  X X V III , where R2 and  R 3 are 
acyl groups.

I. S tructure o f  acy lsp iroxazon es  

Introduction

Spiroxazone m ay exist in s ix  tautom eric form s (I  — V I). The preparation  
of desm otropic a- and /9-spiroxazone [1] and their interconversion have show n  
that at least tw o ( I  and III) o f the tautom ers do actu a lly  exist, therefore it  is 
not sufficient to consider only structures I and II  as form erly supposed [2— 6]. 
O f course, it is possible th at w hen derivatives are synthesized , com pounds  
corresponding to  other tautom ers m ay also be form ed.

In view  o f th is , it seem ed appropriate to  revise our former suggestions  
about the structures o f spiroxazone derivatives and to  correct them  if necessary  
on the basis o f th e  new results.
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A. Structure o f  m onoacy lsp iroxazon es

Since the IR  spectra indicated the presence of ester groups in m onoacyl 
sp iroxazon es [3] (с/. F igs 1 and 2: IR  spectra  of m onoacetyl- and mono

LiF NaCI KBr

c m  1 

Fig. 1
LiF NaCI KBr

Fig. 2
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benzoylspiroxazone), on the basis o f  structures I and II we bad to  suppose  
th a t esterification o f th e  im inohydrin tautom er II occurred, to  give 0(4)-m on o-  
acyl derivatives (VII).

O—сои

The carbonyl frequencies were not greater than  those characteristic of 
sim ple esters (cf. F igs 1 and 2), in sp ite of the fact th a t the — I  effect o f the  
C = N  double bond adjacent to the ether oxygen  should have increased the  
frequency of the r C = 0  band like in the case o f  phenolic esters [7— 10]. H ow 
ever, we did not consider this enough to ju stify  the exclusion o f structure VII, 
because association, conjugation w ith  the arom atic ring, and the -j-T effect 
o f the two nitrogen atom s in the hetero ring m ight cause a frequency change 
in the opposite sense, and thus the r C = 0  band m ay not be shifted towards 
higher wave num bers.

I f  tautom ers III—VI are also taken  into consideration, acylation  o f their 
prim ary hydroxyl groups m ay give rise again to  ester derivatives (VIII—XI) 
w hose structures are fu lly  com patible w ith the carbonyl frequencies and w ith  
the presence of ester hands.* Thus, for a defin ite elucidation  o f the m onoacyl- 
spiroxazone structures, a study o f NM R spectra becam e necessary.

Since the band at about d =  11.6 ppm  characteristic o f the CONH  
group at the 3 position  appeared in the NMR spectra o f  both the m onoacetyl

* Altogether 18 m onoacyl compounds can he deduced from the six spiroxazone ta u 
tom ers.
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and th e  m onobenzoyl derivatives (cf., e.g., Fig. 3) —  in addition to  structure 
V II suggested  previously —  also tautom ers IX and XI had to  he excluded; 
th u s , th e  m onoacetyl and m onobenzoyl spiroxazones and all other mono- 
a cy la tes  of spiroxazone m u st have structure VIII or X. The signal appearing  
a t about 6.9 ppm —  w hich can either be due to  the exocyclic N H  (structure 
V III) or the N (3)-H  (structure X) —  is a tr ip let in the spectrum  o f th e  benzoyl 
d eriv a tiv e  and probably also in the acety l derivative (the signal around 6.7 
ppm  is very  diffuse in the spectrum  of th is la tter com pound and the trip let 
p a ttern  is not discernible, cf. Fig. 3); on th e  basis o f this evidence, structure X 
m a y  also be elim inated. C onsequently, a t least in d im ethyl su lfoxide solution , 
ta u to m er  VIII m ust be present, and esterification  occurs at the prim ary alcoho
lic  h y d ro x y l which becom es available b y  the fission  o f the spiro-ring, and 
n o t a t hydroxyl groups o f  th e  im inohydrine tautom ers. So the structure of 
monoacylspiroxazones is not V II as form erly supposed, but VIII.

5 PPM
F ig. 3

Support from preparative work for the structure VIII of the m onoacyl 
d eriva tive  containing an endocyclic C = N  bond is furnished b y  an earlier 
ob servation  [1] according to  which <x- and /З-spiroxazone are not interconver
tib le  in  acid medium; thus in the acid hydrolysis o f m onoacylspiroxazones of 
stru ctu re VIII, the form ation o f jS-spiroxazone is to  be expected . The experi
m en ta l results agree w ith  th is  expectation , thus confirm ing the deductions 
from spectroscopic studies concerning the structure of m onoacylspiroxazones.

B. Structure of diacylspiroxazones

The reasons discussed above m ade it  necessary to  m odify  our view s 
ab ou t the structures o f the d iacyl com pounds. A t the sam e tim e, ligh t was shed  
on  th e  causes of some deviations found in the pattern of IR  spectra w hich we 
p rev iou sly  attem pted to  exp lain  b y  postu lating different association structures 
and electron configurations in  the various m odifications of the d iacyl deriva-
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tives. I f  the opening of the spiro ring did not occur, as we form erly supposed  
to  be the case, m ost o f the d iacyl com pounds would have one chem ical struc
ture (XII) only, deductible from th e im inohydrin spirane-ring tautom er (II), 
since this is th e  only one th a t could account for the presence o f the /9NH band  
at about 1550 cm -1 [originally assigned to the spirane N (3’)-H  group and the  
ester bands] in the IR  spectrum . In  the case of a spirane structure, only acyla
tion of the im inohydrin tautom er II can give rise to  an ester derivative.

H ow ever, the situ ation  is quite different if  the open am idrazon ta u to 
mers III—VI o f spiroxazone are also taken into account. Then the appearance 
of ester bands can be ascribed to  the ester groups form ed b y  acylation  of the 
prim ary alcoholic hydroxyl groups. The fact th at the co-O-acyl group is always 
present also in  d iacylspiroxazones is supported by our earlier observation [2] 
th at partial alcoholysis o f the d iacyl derivative alw ays leads to the com 
pounds having the sam e structure as the corresponding m onoacylspiroxazones.

B .l.  Diacyl derivatives with the two identical acyl groups

Supposing the form ation of an co-O-acyl group, there are eight possible  
alternatives for the d iacyl com pounds if the acyl groups are the sam e: in three 
of them  (X III—XV), the appearance of the /SNH band at about 1550 c m ' 1 
can be expected . According to our observations [1 2 ], sim ilarly to the /?NH 
band of the N H  group o f the oxazolidine ring, the analogous band of amidines 
(— N = C — N H — ) is also very  intense, representing another exception  am ong  
secondary am ines. This is not surprising, since am idines are com pounds related
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to  am id es in which the group-vibrational (am ide-II) band o f /SNH character 
is gen era lly  intense [7— 10].

T he appearance in  th e  IR  spectrum  o f the intense /SNH band (together 
w ith  th e  ester bands) is th u s in  agreem ent w ith structures X III—XVI besides 
th a t  o f  structure XII. In  th e  case o f the few  com pounds w hose spectra have  
th e  ester  bands, but th e  /SNH band is absent, instead  o f the 0 (4 )-N (3 ’)-diacyl 
stru ctu re  formerly proposed (XVII), the possib ility  of structures XVIII—XXI

m u st b e  considered. All in all, th e  follow ing statem ents can be m ade concerning 
the structures of d iacylspiroxazones.

A cetylation  of sp iroxazone w ith acid anhydrides yields diacyl com 
p ou n d s, whose IR  spectra contain  (cf., e.g., Spectrum  4 o f th e  d iacetyl com 
p ou n d , or Spectrum 5 o f  th e  d ibenzoyl derivative) ester, am ide and i’N H  bands 
(th e  la tter  being characteristic o f cyclic dimers), but the in tense /SNH band is 
a b sen t. The diffuse iN H  band  sp lit into sub-m axim a and appearing at low  wave

LiF NaCl KBr

F ig . 4

LiF NaCl KBr

F ig. 5
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numbers (betw een 3300 and 2800 cm -1) [11— 13] suggests that the lactam  
group has rem ained unchanged in these com pounds. This is also supported  
by the NMR spectra, the signal due to the lactam  N H  proton appearing at
11.2 ppm for the benzoyl and at 12.8 ppm for th e  acety l derivative. This shows 
th at structure XVII form erly proposed cannot be correct. The NMR spectra  
also prove the presence o f the tw o acyl groups. The signals of the COCH3 
protons are at 1.9 ppm  and 2.1 ppm (Fig. 6), whereas in the spectrum  o f the  
dibenzoyl d erivative the relative overall in tegrated  in tensity  of the signals 
of the arom atic protons betw een 420 and 480 cps increases, com pared w ith

5 ppm
Fig. 6

the value observed w ith  spiroxazone, b y  the 1 : 3.5 proportion, as expected . 
Thus, only isom er XVIII or XX can be considered for these diacyl d erivatives, 
and no certain choice betw een them  seems possible on the basis of spectroscopic  
evidence.

In the isom ers XVIII and XX, the position  o f the C—N groups is exo  
and endo, respectively . As no exo endo m igration  o f this bond is possible 
during acid treatm ent o f the nonacylated spiroxazone [1], decision betw een  
these tw o structures can be readily made on the basis o f preparative evidence. 
Acid hydrolysis o f  the N ,0-d iacylsp iroxazones y ields a-spiroxazone. This is 
evidence for structure XVIII (cf. [1 ] the hydrolysis o f trityl-sp iroxazone, 
containing exocyclic  C =  N bond), because the XX diacyl derivative should
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g iv e  ß-spiroxazone under such conditions.* According to th is , the correct 
structure of the N,O-diacyl derivatives produced by an acid anhydride is XVIII 
and not XVII. (The singlet structure of the N H  signal in the N M R spectrum  
m akes th e  exo position o f th e  C = N  group lik ely , too.)

A cylation  with an acid chloride or acid anhydride in pyridine produces 
d ia cy l com pounds of other structures, as it  is also shown by deviations in the 
IR  sp ectra  (cf. spectra o f  th e  d iacetyl and d ibenzoyl com pounds, F igs 7 and 8).

LiF IMaCI KBr
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Fig.  8

T he IR  spectra (F igs 7** and 8) of both the diacetyl and d ibenzoyl deriv
a tiv es  h a v e  the ester bands and also the in ten se  /?NH band, w hile th e  absence 
o f th e  pN H  band (characteristic of a cyclic  dim eric association) and of the 
sign a l due to  the N (3)-H  group at 11.5 ppm  in the NMR spectrum , indicate  
th a t th e  exocyclic N H  group (or the endocyclic N H  group o f th e  open-chain  
ex o cy c lic  tautom ers) carries no substituent. Therefore, structures X III—XVI 
(R 1= R 2= P h ,  or Me) com e into  consideration.

S ince the frequency o f th e  ester carbonyl band is 1695 c m -1  in the IR  
sp ectru m  (Fig. 2) of m onobenzoylspiroxazone, and no such band is found in 
th e  I R  spectrum  (Fig. 8) o f th e  dibenzoyl com pound, the p ossib ility  m ight be

* I t  is an exception of th e  “ sem i-im inohydrin ru le” ; shortly  we shall give m ore s ta te 
m en ts  a b o u t this problem.

** R ecen t spectroscopic stud ies revealed th a t ou r form er samples of diacetylspiroxazone 
[2, 3] h ad  been somewhat con tam inated , m ainly b y  m onoacetylspiroxazone, as a resu lt of 
rec ry sta lliza tion  from alcohol. Fig. 7 is the IR  spectrum  of a recently  prepared hom ogeneous 
sam ple (m .p . 166 °C; recrystallized from a m ixture of chloroform and ether).
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considered th at the benzoyl group is not connected  to the term inal oxygen  
atom  in th e  former case. H ow ever, in  d ilute chloroform solution the r C = 0  
band appears at 1725 cm -1 , at the sam e frequency as in the case o f dibenzoyl- 
spiroxazone. The low  frequency (at 1695 c m -1 ) in the spectrum  o f a solid  
sam ple of the m onobenzoyl derivative is thus due to  association.

B oth the increase in relative in ten sity  o f the ester band at about 1280 
cm -1  and th e  frequencies and intensities o f the bands in the double-bond  
region suggest that d iacetyl or dibenzoylspiroxazones contain an enol ester 
group beside the co-O-acyl group, thus pointing to structure XV, or possib ly  
to  XVI. I f  structures XIII or XIV were present, three carbonyl bands ought 
to  appear in the IR  spectra, at about 1770, 1740 and 1710 cm -1  for th e  d iacety l 
derivative, and at som ew hat lower w ave num bers, owing to conjugation  
(i.e ., at 1750, 1715 and 1685 c m -1) for the dibenzoyl com pound, as show n by  
spectral data o f  acyl derivatives of phthalic hydrazide, l(2H )-phthalazinone, 
and 4(3H )-quinazolinone [11, 14].

Thus on ly  structures XV and XVI can be present of which the la tter  is 
unlikely, as show n by preparative evidence (the form ation of x-spiroxazone 
b y  hydrolysis with hydrochloric acid points to  an exocyclic position  o f  the  
C =  N group [1]), chem ical evidence (greater stab ility  of the sem i-im inohydrin  
tautom er [1, 15]), and spectroscopic evidence (the 1>C=N band appears at 
1660 or 1670 cm ^ 1 in the IR  spectrum , further, the signal of the N H  group 
is a singlet in the NM R spectrum , while it ought to  be a triplet for structure  
XVI in d im ethyl sulphoxide, because o f the adjacent m ethylene group). Thus 
we m ay sta te  th a t both diacetyl- and dibenzoylspiroxazone prepared in pyridine  
have structure XV (R x — R.2 =  Me, and Ph, respectively)  and not structure XII 
as hitherto supposed.

B.2. M ixed diacyl derivatives

The situation  is still more com plicated in m ixed diacyl derivatives since, 
in principle, here 36 isomers are possible. H ow ever, the m ixed diacyl deriva
tives have been synthesized in tw o steps via  m onoacyl com pounds o f  uniform  
structure [3], so the number o f actually  possible com pounds is su b stan tia lly  
lower. From  the four tautom ers (VIII—X I) o f co-O-acylspiroxazone eight 
isomers can be deduced, because in either case there are two possib ilities for 
the entry o f the second acyl group. O f course, since structure VIII o f  the 
m onoacyl derivatives is other than supposed originally (V II), the m ixed diacyl 
com pounds cannot have structure X II, either.

As it  has been reported [3, 4 ], when m onoacetylspiroxazone is benzoyl- 
ated in pyridine, two reversibly interconvertible substances, the a- and ^-m odi
fications are form ed, which considerably differ in physical properties, such as 
colour and crystal form, and in the IR  spectra (Figs 9 and 10). The intense
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/SNH band is present in the IR  spectra, thus the exocyclic N H  group, or in 
the tautom ers th a t correspond to structures V and VI, the N (3)-H  group, 
is certa in ly  not su b stitu ted  either in the a or in the ß m odification. The ester 
bands, appearing at the sam e w ave num bers as in m onoacetylspiroxazone, 
in d icate th a t the a cety l group is linked to  the co-0 atom . Thus, the form ulas 
correctly representing the tw o substances should  be selected from am ong the 
four isom eric structures X III—XVI (R x =  Me, R 2 =  Ph).

F ig. 9

UiF NaCI KBr

cm"1
Fig. 10

The pattern o f the arom atic bands is not changed either in the IR  or 
in th e  NM R spectra: in the latter also th e  trip lets of the m ethylenes are 
unchanged (cf. NM R spectra of the a- and /^-modifications in Figs 11 and 12). 
This excludes structure XVI; the tw o substances are represented either by  
X III, or XIV and XV, respectively . Since the colourless substance (the а -m odifi
cation) has an in tense band at 1675 cm -1  in its IR  spectrum (Fig. 9), whereas 
the yellow  substance (/^-modification) shows a w eak and broad band at about 
1660 c m ” 1 (Fig. 10), obviously  structure X III or XIV belongs to the colourless, 
and structure XV (R x= M e , R 2= P h )  to th e  yellow  substance. The band at 
1675 c m “ 1 in the spectrum  shown in Fig. 9 can be assigned to the low -frequency  
rsC =  0  v ibration  o f the im ide group* (the >’asC =  0  vibration absorbs, together  
w ith  th e  ester carbonyl band, at 1730 cm “ 1), and th at at 1660 cm ” 1 in  F ig. 10 
to th e  r C = N  vibration .

* In  th e  case of im ides, the stretching v ibration  band  of the C =  0  bond appears instead 
of th e  am ide-I band, b u t owing to coupling of two bands, they  are shifted tow ards lower and 
higher frequencies, according to the v ibration  modes r asC =  0  and rsC = 0 ,  respectively [9, 16].
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Structures XIII and XIV cannot be directly distinguished by th e  spectra, 
but the frequency of the im ide carbonyl in the spectrum  of the colourless 
substance is the sam e as that o f N -acety l-l(2H )-p h th a lazin on e [11], therefore  
structure XIV is probably the correct choice.

Our assum ptions about the structures of the tw o m odifications w ere con 
firm ed by hydrolysis experim ents w ith hydrochloric acid. As exp ected , the  
yellow  /^-modification identified by spectroscopy as structure XV was con

verted  into x-spiroxazone. In a sim ilar operation the colourless a-m odification  
yielded ß-spiroxazone: this con stitu tes evidence for structure XIV (R x =  Me, 
R2 =  Ph). In such a treatm ent tautom er XIII ought to h ave given эс-spiroxazone.

K nowing th a t XIV and XV, respectively, are the structures o f th e  ben- 
zoylated  co-O-acetylspiroxazone m odifications, we m ay sta te  that th e  rever
sible 0 (1 ) N (2) acyl m igration also causes exo endo m igration o f th e  C =  N
bond. This is in good agreem ent w ith the “ sem i-im inohydrin rule” [1] which  
is obeyed also in this case.*

* The “ sem i-im inohydrin rule”  is based on the fact th a t  of the tau tom eric  form s of 
phthalic  hydrazide, the sem i-im inohydrin form is the m ost stab le; therefore, during th e  for
m ation of derivatives, sim ultaneous am ide-im inohydrin tautom erisation  (endo ^___ 2" exo
m igration of the C =  N bond) is also possible if this is the only w ay to arrive a t a substance 
derivable from the semi-iminohydrin form
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The acetylation o f  co-O-benzoylspiroxazone in pyridine [3, 4] gives again 
a substance whose I R  spectrum  (Fig. 13) has an intense /JNH band, while 
no am ide-I band is p resen t. The rC = N  band  is a t 1665 c m -1 , the carbonyl 
b an d s are at 1760, and 1715 cm -1 , resp ectively , th e  in tensities o f the m axim a  
b e in g  nearly identical. A ll th is  is evident for structure XV (R x =  P h, R2 =  Me).

The splitting o f the carbonyl bands m ay  be interpreted as follows. In the  
p resence of two eq u iv a len t acyl groups, th e  ester carbonyl band belonging 
to  th e  im inohydrin ester  group appears at som ew hat higher w ave numbers, 
b ecau se  the —I  effect o f  th e  C = N  double bond  raises the bond order of the  
carbonyl group, and th ereb y  increases th e  rC =  0  frequency (cf. analogous 
cases o f enol-, phenol- and  vinyl esters [7-—10]).

LiF NaCI KBr

Fig. U

In  mixed esters, th e  structure of the acy l group also affects the r C = 0  
frequency. Owing to  con ju gation  of the carbonyl groups, the carbonyl band in 
arom atic esters appears a t  lower wave num bers than  in aliphatic esters [7— 10]. 
T h u s, if  the im inohydrin group is esterified w ith  an arom atic, and the co-hy
d ro x y l with an a liphatic  acid , the frequencies o f  the tw o carbonyl bands will 
b e about the same, s in ce , in  the first case, th e  frequency-increase due to the  
— I  effect is counterbalanced  by the contrary effect o f conjugation. This is 
w h y  th e  two bands coa lesce  if  Rx = M e and R 2 =  Ph in the spectra of com 
pou n d s of structure XV. H ow ever, if  Rĵ  =  P h  and R 2 =  Me, th e  case is reversed: 
com pared with the sim p le  aliphatic ester frequencies, the carbonyl band of 
th e  aliphatic (term inal) ester group is sh ifted  tow ards lower, and th at of the  
4-group towards h igh er w ave numbers, so th a t the two carbonyl bands in 
the spectrum  becom e separated.

The difference in  th e  tendency of th ese three substances to form asso
c ia t io n s  is also co n n ected  with this. I f  R x =  Me and R 2 =  Ph in structures 
X IY  and XV, sharp pN H  bands characteristic o f m onom eric groups are seen 
in  th e ir  spectra. A t th e  sam e tim e, if  R x =  P h  and R 2 =  Me in  structure XV, 
th e  rN H  hand becom es diffuse, and the decrease of its frequency constitutes 
ev id en ce  for association . T his can be explained  as follows.

In  all the three cases the NH groups can m ainly associate w ith the ter
m in a l (aliphatic) carb on yl groups, since the ten d en cy  of the carbonyls in the
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im inohydrin ester and diacylam ino groups to  form  hydrogen bonds is less 
pronounced. The carbonyl o f aromatic esters has a more negative character 
owing to conjugation , therefore its role as an electron reservoir is m ore prom 
inent. Thus it  is understandable th at in the case o f structure XV association  
occurs w hen Rx =  Ph and R2 =  Me. W hen Rx =  Me and R2 =  P h, the slight dif
ference betw een the rN H  frequencies in the cases o f  XIV and XV is due to the  
difference in the basicities o f the exo- and endocyclic N H  groups. In XV, 
owing to  the added — I  effects of the im inohydrin ester group and C =  N  
double bond, the endocyclic N H  group is som ew hat more acid th an  the exo- 
cyclic N H  group adjacent to  the aliphatic chain in structure XIV (the vNH  
frequency is higher, th e  hand is sharper and less intense).

LiF NaCI KBr
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A cetylation  of co-O-benzoylspiroxazone w ith  acetic acid anhydride [3, 4] 
gave the derivative XVIII (Rj =  Phe, R2= M e ). The IR  spectrum  o f th is com 
pound is shown in F ig. 14.

B.3. Modifications of diacylspiroxazones

In our further work we exam ined w hether there was any difference 
betw een the d iacylspiroxazones formerly designated  as <x, /5, у,- and ^ -m o d ifi
cations, th a t exhib ited  different spectra. I t  w as known that the structures of 
the diacyl derivatives form erly denoted as the oc-modifications are analogous to  
structure XIV, while to  modifications ß, у,, yj structure XV can be ascribed.*

D ue to the electron donor substituent Rj in y^type  substances, the ten 
dency o f the co-ester carbonyl to form hydrogen bonds is great enough to  
bring about the form ation o f such bonds (c/., e.g., Spectrum  6 in [4], o f di-/>- 
to ly l-sp iroxazone), w hile in the ß- and yj-types the electron w ithdraw ing  
substituent Rx prevents any kind of association . A transition betw een  these  
tw o lim iting cases can also be observed. E.g. th e  spectrum  (cf. Spectrum  8 
in [4], o f co-0-butyroyl-0(4)-benzoylsp iroxazone) shows the sim ultaneous 
presence o f у,- and /5-type (associated and m onom eric) m olecules.

* The diacetylspiroxazone formerly believed, on th e  basis of spectra of contam inated  
sam ples, to  be the а -form is, in  fact, a /5-m odification on th e  basis of a spectrum  of the pure 
substance.
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I f  substituent R2 o f th e  acyl group at position  1 is electrophilic, the 
su b sta n ces are labile, because th e  im inohydrin ester group is readily sp lit off 
( уf-m odification). This is th e  reason why it  is so difficult to prepare Ty-type 
su b sta n ces in pure form, all th ese  products being contam inated by th e  m ono
a cy l derivative  (c/., e.g., Spectra 5, 10* and 11* in [4], of di-p-nitrobenzoyl-, 
and £o-0-cinnam oyl-0(4)-benzoylsp iroxazone). This also explains the fa c t that 
th e  pN H  band becom es m ore intense and more d iffuse, but its frequency is 
n ot low ered  (i.e. the N — H  bond  becom es polar).

I f  on ly  the Rx su b stitu en t o f the co-acyl group is electrophilic, th e  sub
sta n ce  is the chem ically sta b le  ß-modification (cf'., e.g., Fig. 8, dibenzoylspir- 
o x a zo n e). Thus substances o f  the types ß and y j are identical both structurally 
and in  their association properties.

(A  preparative d istin ction  can be m ade on the basis of the greater in 
s ta b ility  o f  ту-m odification.)

Structure XIV ( x-modification)  is form ed only  when R 2 in the second  
a cy l group (linked at p osition  2) is not an electrophilic substituent. In  this 
case u su a lly  there is an equilibrium  betw een tautom ers XIV and XV, and 
b esid es th e  а -type, m olecules o f the ß- or у ; typ es (monomeric or associated  
stru ctu res XV) are also form ed. Exam ples are th e  dipropionyl- (a y,) and 
co -0 -acety l-0 (4 )-b en zoy l sp iroxazones (* +  ß) (see Spectrum  7 in [4] for the  
form er m ixture, and Figs 9 and 10 for the spectra o f  the separated com ponents  
o f  th e  latter).

I t  follows that the sta tem en ts concerning the correlation between the 
chemical character of acylspiroxazones and the alternation of their modifications 
are correct as described earlier, though the structures of the modifications are not 
those form erly supposed.

II . 2 -N -alk yl- and ary lsp iroxazon es and their acy l d erivatives

I f  tautom ers III—VI o f spiroxazone are considered, our earlier ideas about 
th e  structures of the a lkyl and aryl derivatives m ust be m odified. W hereas 
from  tautom ers I and II on ly  6-m onoalkyl (aryl) derivatives could be deduced, 
18 ty p e s  of m onosubstituted  alkylspiroxazones can be derived from  forms
I — VI.

I t  has been shown on th e  basis o f preparative exam inations [5] that 
a lk yl (aryl) substitution can  on ly  occur on one o f the N atom s in  th e  six- 
m em bered  heterocyclic ring. I f  on ly  tautom ers I and II are taken into  account, 
o n ly  structures XXII and X X III can be formed. On the basis of the U V  spectra, 
stru ctu re  XXIII could be excluded .

* These two spectra were obtained with a more and a less contaminated sample.

A c ta  C him . Acad. Sei. Hung. 60, 1969



SOHÄR et ul.: HETEROCYCLIC SPIR O  COMPOUNDS, V II 287

XXII XXIII XXIV

I f  the spiroxazone tautom ers III—VI are also taken into consideration, 
esterification  can occur at the co-O-atom, and consequently  structures XXIV— 
XXVII (R  =  alkyl or aryl) becom e possible. From  these XXVI and XXVII 
can be excluded in view  o f preparative evidence [5]. Choice betw een th e  rem ain
ing structures is facilitated  b y  the IR  spectrum  (F ig. 15) of the tr ity l deriv-
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ative o f m ethylspiroxazone, where the intense /3NH band can be seen u n 
changed at 1540 cm -1 .* The presence o f the trity l group is proved b y  the appear
ance o f the very intense y (= C H ) and yCC bands in the 800 and 670 cm -1  
region, characteristic o f a m onosubstituted  arom atic ring. Since the trity l 
ether group can only form  at a primary H ydroxyl, structures XXII and 
XXIII can also be excluded.

* The appearance of the unaltered  /SNH band a t  1540 cm 1 m eans th a t  our modified 
assignm ent of the /9NH hand to the amidine group, is correct (cf. page 277).
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Thus the structure o f alkyl- and arylspiroxazones is not X X II but either 
X X IV  or XXY, the latter being more probable on the basis of chemical evidence 
and the U V  spectra [6]. In  dimethyl sulphoxide solution structure XXV is present, 
as ev id en ced  by the tr ip let pattern  (J =  8 cps) o f the signals (Ő =  6.7 and 
4 .7  ppm ) assignable to  th e  OH and N H  groups in the NM R spectrum  of 
m ethylsp iroxazone (F ig. 16). The correctness o f this assignm ent was also

6 7 6 5 4 3 2 1 0
5 PPM

Fig. 16

ch eck ed  b y  the addition o f  h ea v y  water when both  signals disappear in con
seq u en ce  of rapid exchange reactions.

T hus, XXVIIIa, X X V IIIe and XXVIIIf are the structures o f the mono- 
and d iacety l derivatives, and  o f the trity l ether o f m ethylspiroxazone, respec
t iv e ly .*  The acyl su b stitu en t and the nature o f the substituent on the N (2)-H

a

b

Ri  =  Me  

Me 

Me

I) Pr 

Ph

M e

— (CH2)|B r  

— (('.Hs).»OAc

H K s =  Ai- 

fl В /  

Ac 

Ac 

Ac 

H 

H 

H

OK;

XXIX

group do not affect th e  structures of the acyl derivatives. For instance, 
X X V IIId (Spectrum 16 in [6]) represents the structure o f d iacetyl-N (2)-n- 
p rop y l-, and XXVIIIe (Spectrum  8 in [2]) th a t o f d iacetyl-N (2)-phenylspiroxa- 
zon e. XXVIIIb (Spectrum  6 in [6]) corresponds to  benzoyl-N (2)-m ethylspir- 
oxazon e.

* F o rm u las XXIXa— h  a re  fo rm er v a r ia n ts  o f XXVIIIa—h; th e  t r i ty l  co m p o u n d  
X X V IIIf is an  excep tion , since  th is  w as sy n th esized  re c e n tly  an d  fo rm u la ted  o rig ina lly  in 
th is  w ay .
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From these considerations, the structure o f  со-substituted b u ty l d eriva
tives is evident. The structure of N(2)-(ft>-bromobutyl)-, and of N(2)-(co-acetoxy- 
butyl)-sp iroxazone (Spectra 9 and 11, in [5]) is XXV (R =  (C H ^ B r , and  
(CH2)4OOC • CH3, respectively). The structure o f  the m onoacyl d eriva tives  
of these tw o substances is XXVIIIg and X X V IIIh, respectively (Spectra  10

О ‘ О

u K, = K2 = H
b Ri =  Ac Ik
c Ri =  R2 =  Ac

and 12 in [6]). XXXa, XXXb and XXXc (w hich were formerly erroneously  
thought to  be XXXIa, XXXIIli and XXXIIc) present the structure o f  the

XXXI XXXII

brom ine-free derivative obtained with tetram eth y len e dibromide (Spectrum  13 
in [6]), and of its mono- and diacetate (Spectra 14 and 15 in [6]), resp ectively .

According to earlier investigations [6], th e  rNH  band of som e r-O- 
-acyl-N (2)-substituted  spiroxazones is split ow ing to  the sim ultaneous presence  
of m onom eric and associated m olecules, w hile th e  rN H  band of other sp iroxa
zones is attributable to uniform ly associated or to  uniformly m onom eric  
groups. This can be connected with the electron egativ ity  of the acyl and alkyl 
(aryl) substituents o f spiroxazone. The am ide-I band changes parallel to  the  
j»NH band: if  the latter is sp lit, the am ide-I band also shows a doublet pattern ;  
if  the i>NH band is sharp (m onom eric m olecules) th e  am ide-I hand is a lso  sharp  
and is found at higher frequencies; if  the rNH  band becom es diffuse and appears  
at lower frequencies due to  association, the am ide-I band behaves sim ilarly .

This phenom enon can be interpreted on the basis o f structures X X V IIIa  
and its analogues, by assum ing the possib ility  o f  an interm olecular association  
betw een the amide carbonyl and exocyclic N H  groups. Association is favoured  
when the amide carbonyl is negatively  polarized, therefore if  su b stitu en t R,
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is an  electron donor, association  is more probable. I f  a series of m odels is stu 
d ied  w herein su b stitu en ts R x with gradually increased electron egativ ity  are 
b ou n d  to  the N(2) atom , th e  spectra of the su b stan ces first show th e  character
istics o f  uniform ly associated  molecules and change gradually through m ono
m eric and associated m olecules to uniform ly m onom eric m olecules.

A ccordingly, th e  correlation found earlier betw een the properties o f the 
su b stitu en ts and typ es o f  association is sa tisfactor ily  explained. This is well 
illu stra ted  by Table I, w hich  shows the correlation  between the electron  affin
ity  o f  a lkyl or aryl su b stitu en ts at position  2 and the association structures 
form ed.

Table I

Association form s o f N (2)-alkyl(aryl)acylspiroxazones
XXVIII

R, R z R3 Type of association
IR

spectrum*

M ethyl H Benzoyl in term olecrlarly  associated 
molecules 6

i-Propyl H Acetyl the same 18

p-Tolyl H Acetyl the same 21

Phenyl H Acetyl m onom eric an d  intermolecularly 
associated molecules 19

p-N itrophenyl H Acetyl monomeric molecules 20

p-N itrophenyl II Benzoyl the same 22

* In  the last colum n th e  serial numbers used in  th is paper for form erly  published 
sp ec tra  [6] of the com pounds are given.

Experimental

Hydrolysis of acylspiroxazones w ith  hydrochloric acid

200—300 mg sam ples of th e  monoacyl- (V H I) an d  diacylspiroxazones (XIV, XV, XVIII) 
w ere boiled in 5—7 m l of cone. HC1 for 3 hrs. A fte r cooling, the solution was filtered  and 
th e  solid washed w ith w ater. T he combined filtra te  and  washing was evaporated  th ree  or four 
tim es to  dryness in vacuum , w ith  w ater added each tim e. The residue was taken  u p  in  5— 10 ml 
of w a te r and the separated  spiroxazone base recrystallized  from w ater to  o b ta in  colourless 
needles, m .p. 254—6 °C. The p roduct was identified b y  th e  IR  spectrum.

<u-0-Trityl-N (2)-m ethylspiroxazone (4-[2-trityloxyethylam ino]-2-m ethyl-l(2II)-phthaIazinone)
XXVIIIf

M ethylspiroxazone (2.19 g; 10 mmoles) dissolved in  abs. pyridine (40 ml) was allowed 
to  re a c t w ith  tr ity l chloride (5.58 g; 20 mmoles) a t  room  tem perature. N ext day  th e  product 
w as separated  by the add ition  of water, and the a ir-d ry  substance recrystallized from  alcohol 
to  o b ta in  3.68 g (79.9% ) of colourless needles, m .p. 207— 208.5 °C. Prior to analysis, th e  sub
s tan ce  was dried in vacuum  over phosphorus pen tox ide  a t  100 °C for 10 hrs.

C30H 27N3O2 (461.6). Calcd. C 78.1; H 5.9; N  9 .1% . Found C 78.2; H 5.8; N 9.2% .
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All m elting points were determ ined using a Boetius apparatus. The IR  spectra  were 
obtained w ith  a UR-10 (Zeiss, Jena) spectrom eter, in  R B r pellets or in chloroform  solution, 
using sodium  chloride cells of 1 mm, a t concentrations of about 10-1  M . The N M R spectra

Table II

Hydrolysis o f acylspiroxazones with hydrochloric acid

HC1
Лгуlspiroxazone------ >- Spiroxazone tautom er

co-O-acetyl (V H !) ß
co-O-benzoyl (V III) ß
co-0,0(4)-diacetyl (XV) a
w -0,0(4)-dibenzoyl (XV) a
N(3)-a>-0-diacetyl (X V III) a
N(3)-co-0-dibenzoyl (X V n i) a
0(4)-benzoyl-co-0-acetyl (XV) a
0(4)-acetyl-co-0-benzoyl (XV) a
N(2)-benzoyl-ai-0-acetyl (XIV) ß

were recorded w ith  a 60 MHz JNM-C-60 (JE O L ) spectrom eter, using TMS in ternal s tan d ard , 
and concentrated  solutions of the com pounds in carbon tetrachloride, deuterochloroform , 
dim ethyl sulphoxide or deutero-dim ethyl sulphoxide.
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TRANSACYLATION REACTIONS IN THE FLAVONOID
SERIES, IV*

N EW  SY N TH ESES O F 5-M ETH Y LG EN ISTEIN ,
P R U N E T IN , BIOCHANIN-A AND SISSOTRIN
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Genistein-7-benzoate was transform ed in to  th e  4’-benzoate by  tr e a tm e n t with 
Ag2C 03 in pyridine. An equim olecular m ixture of genistein and its  4’,7-dibenzoate  
gave under the same conditions 2 moles of genistein-4’-benzoate. F rom  these  in te r
m ediates new syntheses of th e  na tu ra l isoflavones 5-m ethylgenistein, p ru n e tin . bio- 
chanin-A  and sissotrin have been achieved.

In  preceding papers o f th is series [I— 3] we have reported about a 
novel base-catalyzed isom erization  of partially benzoylated flavon es, th a t can 
be depicted  by the fo llow in g  general equation:

Fig. 1

T he driving force o f this transacylation  reaction  is the difference in acid ity  
o f the various hydroxyl groups attached to  th e  flavone nucleus; th u s acyl 
groups are transferred from the more acidic oxygen  at C7 to th a t on C4.

A sim ilar gradient in the acidities of the hydroxyl groups, sh ow n  b y  the 
enhanced reactiv ity  o f C7-O H , has been observed several tim es also w ith  
isoflavones (eg.  [4]); therefore, it could be anticipated  that the scope o f  these  
transacylation  reactions m ay also be extended  to this class o f  flavon oid s.

In this paper we report about transacylation  reactions o f  th e  partial 
benzoates of 4 ’,5 ,7-trihydroxyisoflavone, genistein  (1 ) . The m odel com pounds 
and som e o f their derivatives were prepared as follows.

T he C5-OII group is deactivated  owing to  chelation w ith th e  adjacent 
carbonyl, therefore, 4 ’,7-dibenzoylgenistein  (2 )  can be con ven ien tly  prepared  
by acylatin g  genistein (1 )  w ith tw o equivalents o f benzoyl chloride.

The structure o f  2 was supported by its positive ferric ch loride colour

* Preceding paper in th is series: F a r k a s ,  L., W o l f n e r , A., N ó g r á d i , M., W a g n e r , H ., 
H ö r h a m m e r , L.: Chem. Ber. 101, 1630 (1968).
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rea ctio n , and by m eth y la tio n  to 5-m ethoxy-4’,7 -d ib en zoyloxyisoflavon e (3). 
S ap onification  of 3 afforded 5-m ethylgenistein  (4 ) ,  a com pound isolated  from  
C ytisus laburnum b y  C h o p i n  et al. [5] and, p reced ing  its isolation from  plant 
m ateria l, prepared in an oth er  w ay by H e i t z  and M e n t z e r  [ 6 ] .

OR1

Fig. 2

1: R = R 1 =  R2= H  
4: R  =  R i= H , R 2= C H 3 
6: R = R 2 =  H, R i =  -j0-D-glucosyl 
9: R  =  R2= H , R 1= C H 3 

10: R = -/3-D-glucosyl, R 1 =  CH3, R2 =  H 
11: R  =  R2= H , R ^ P h C O  
12: R =PhC H „, R 1 =  R 2= H  
13: R=PhCHŐ, R l =  PhC O , R 2= H  
14: R =  CH3, R 1= R 2= H

On benzoylating g en iste in  (1 ) with one eq u iva len t of benzoyl chloride, 
preferentia l attack on th e  C7-O H  group was ob served , and genistein-7-benzoate  
( 5 )  w as isolated as the m ain  product. Pure 5 can be prepared more conveniently  
b y  carefu l benzoylation o f  genistein-4’-/?-D-glucoside, sophoricoside (6 ) , in 
aq u eou s alkali and su b seq u en t cleavage of the sugar by treating the product 
(7 )  for a short time w ith  a m ixture of acetic acid and hydrochloric acid.

T he position of th e  b en zo y l group has been  further supported b y  careful 
m eth y la tio n  yielding th e  m onom ethyl ether 8 , th a t was saponified to 4 ’-m ethyl- 
g en iste in  (9 ) , i.e. b iochan in -A , a substance found , am ong other plants, in  Cicer 
arietinum  by Siddiqui [7]. T h e first synthesis o f  9 has been accom plished by 
B a k e r  and Ollis [8].

R ecently  the 7 -g lu cosid e  of biochanin-A, 10 , nam ed sissotrin has been 
iso la ted  from Dalbergia sissoo  [9] and its structure proved by coupling 9 with 
acetobrom oglucose [10]. N o w  sissotrin has been  prepared by partial m eth y l
a tio n  o f  genistin (genistein-7-glucoside) [4].

In  order to obtain g en iste in -4 ’-benzoate (1 1 ) ,  7-benzylgenistein  (1 2 ) [11] 
w as transform ed to its m onobenzoate (13). Short boiling with a 20%  solution  
o f h yd rogen  bromide in a ce tic  acid effected se lec tiv e  elim ination of th e  more 
se n s it iv e  benzyl group afford ing  11. Cautious m eth y la tion  with diazom ethane  
and saponification o f th e  product gave 4 ’,5 -d ih ydroxy-7-m ethoxyisoflavone, 
p ru n etin  (14), a con stitu en t o f  Prunus puddum  L. [12], first prepared by  
I y e r  et al. [13].

A s partially acylated  derivatives of fla v o n o id s are liable to therm al re
arrangem ent during m .p. determ ination [2], 2 , 5 and 11 were further char
acter ized  as the acetates.

OR О

2: R = H , R 1 =  PhCO 
3: R =  CH3, R! =  PhCO 
5: R  =  Ri =  H
7: R = H , R 1 =  -/9-D-gIucosyI 
8: R =  H. R 1 —CH3
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Sim ilarly to the corresponding flavone analogue, when treated  in  p yri
dine at room  tem perature w ith  silver carbonate, genistein-7-benzoate (5) was 
sm ooth ly  converted to an isom eric com pound, th a t proved to  be id en tica l 
with genistein-4’-benzoate (11). I t  gave a positive ferric chloride colour reaction  
indicating the presence o f free C5-OH, and its acetate was clearly d ifferent 
from th a t o f  5. Thus the benzoyl group on C7-O H , rendered more acid ic  by  
the electron attraction of the carbonyl group in para  position, was transferred  
to the less acidic C4-OH. P articipation  of the C5-OH group in th is reaction  
was prevented by chelation.

■ I
Fig. 4

О
II

ОСИ.

B enzoyl transfer betw een different m olecules can also be realized. I f  an 
equim olecular m ixture o f genistein  (1 )  and its 4 ’,7-dibenzoate (2 )  is treated  
under the above reaction conditions, about tw o m oles of gen istein-4’-b en zoate  
( И )  are obtained.

These experim ents reveal the close analogy of flavones and iso flavon es  
in respect o f the behaviour o f  their partial benzoates.

D ifficu lties were encountered in the course of the preparation o f  the 
acetates o f  4 ’,7-dibenzoyl- and 7-benzoylgenistein  (2 and 5 , resp ectively ). 
A cetic anhydride/sodium  acetate at 100 °C failed to convert the d eactiva ted  
C5-OH; instead  displacem ent o f  the 7-O -benzoyl group was experienced at the 
boiling point.

Acta Chim. Acad. Sei. H ung. 60, 1969



296 F A R K A S  et al.: FLAVONOID S E R IE S , IV

Thus short a ce ty la tio n  of 7-benzoylgenistein  (5 )  afforded 4 ’-acetoxy-7- 
-ben zoy loxy-5-h yd roxy iso flavon e, but prolonged treatm ent gave genistein  tri
a ce ta te . The desired d ia ce ta te  of 5 was f in a lly  prepared in  three steps from  
7-benzylgenistein  (1 2 ) b y  acetylation  to th e  d ia ceta te , catalytic debenzylation  
to  4% 5-diacetoxy-7-hydroxyisoflavone and b en zoy la tion .

Sim ilarly, 4 ’,7-d ibenzoylgenistein  (2 )  w as transform ed b y  boiling acetic 
anhydride in the presence o f  sodium acetate to  4 ’-benzoyloxy-5 ,7-d iacetoxy- 
iso flavon e . The m on oaceta te  has been prepared b y  acid-catalyzed acety la 
tio n  o f  2.

In  conform ity w ith  th ese  results, th e  trib en zoate [14] o f gen istein  was 
transform ed by prolonged boiling with acetic  anhydride and sodium  acetate  
to  th e  diacetate o f 4 ’-benzoylgenistein .

Experimental

G enistein-4’,7-dibenzoate (5 -hydroxy-4 ’,7-dibenzoyloxyisoflavonc) (2)

A solution of genistein (1 ) (1.0 g) [14] in d ry  p y rid ine  (4 ml) was heated  w ith  benzoyl 
chloride (0.95 ml) for 3 h rs on a w ater bath. The reac tio n  m ixture was poured in to  5% TICI, 
and  th e  precipitate th a t  sep a ra ted  was filtered off, g iv ing 1.5 g of a crude product. I t  was 
recrysta llized  several tim es from  acetic acid—dim ethylform am ide to obtain  th in  needles 
(1.1 g), m .p. 232—234 °C. FeC l3 reaction in m ethanol: violet.

C29H180 7 (478.4). Calcd. C 72.80; H 3.76. F ound  C 73.00; H  3.99%.

5-A cetoxy-4’,7-dibenzoyloxyÍ8oflavone

A solution of 2 in acetic  anhydride (4 ml) con ta in ing  two drops of perchloric acid was 
h e a te d  for 2 hrs on a w ater b a th . Dilution with w ater p rec ip ita ted  an oil, th a t  slowly crystal
lized. R epeated  recrystallizations from  chloroform—m eth an o l (1 : 1) and acetic acid afforded 
colorless needless (190 mg), m .p . 247—250 °C.

C3iH 2(J0 8 (520.5). Calcd. C 71.53; H 3.87. F o u n d  C 71.51; H 3.93%.

5-M elhylgenistein dibenzoate (4 ’,7-dibenzoyloxy-5-methoxyÍ8oflavone) (3)

A m ixture of 2 (400 m g), d ry  potassium ca rb o n a te  (400 mg) and dim ethyl sulphate 
(0.4 m l) was boiled for 2.5 h rs in  acetone (40 ml) w ith  s tirr ing . The crude product th a t  crystal
lized d irec tly  from the filte red  so lu tion  was recrystallized from  acetone and then  from  dioxan 
to  o b ta in  3 as colorless needles (150 mg), m.p. 237 —239.5 °C.

C3„H ,(lO, (492.5). Calcd. C 73.16; H 4.09. F ou n d  C 73.14; H 4.01%.

5-M ethylgenistein (4’,7-dihydroxy-5-m ethoxyisoflavone) (4 )

3 (130 mg) was refluxed  for 30 min with 1 N  sodium  m ethoxide (2 ml). A fter evapora
tion , th e  residue was trea ted  w ith  aq. N alIC 03 and filte red , to afford a product of m .p. 294 °C 
(lit. [6] m .p. 300 °C), th a t w as d irec tly  acetylated to  y ield  4’-7-diacetoxy-5-m ethoxyisoflavone 
(70 m g), m .p. 163 °C (lit. [6] m .p . 173 °C).

Genistein-7-benzoate (7-benzoyloxy-4’,5-dihydroxyisoflavone) (5)

(a) From genistein. 1 (1.0 g) in pyridine (8 ml) w as tre a te d  w ith benzoyl chloride (0.7 ml) 
for 16 h rs  a t room tem peratu re . T he solution was poured  in to  5% aq. HC1, and the precip itate 
separa ted . The crude p ro d u c t w as dissolved in hot acetone, and  diluted w ith an equal volume
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of m ethanol, whereupon the by-product (2) p recip itated . After having filtered  off 2, the 
m other liquor was concentrated , and the residue crystallized repeatedly from ethanol —acetone 
to ob ta in  colorless needles (200 mg), m.p. 247—249 °C. FeCl3 reaction in m ethano l: violet.

C22H140 (5 (374.3). Calcd. C 70.58; H 3.77. Found C 70.18; H 3.80%.
(b) From  7-benzoylsophoricosidc. Cone, hydrochloric acid (5 ml) was added  to a boiling 

solution of crude 7 (2.5 g) in acetic acid (20 nd). A fter 10 min, the solution was cooled, where
upon 5 separated. R ecrystallization from acetic acid —dioxan gave pure 5 (0.9 g), identical with 
the above product.

7-Beiizoyloxy-4’,5-diacctoxyisoflavone

4’,5-D iacetoxy-7-hydroxyisoflavone (200 mg) was benzoylated in cold pyridine for 
24 hrs, to  afford, after th e  usual work-up and recrystallization  from acetic acid, colorless 
needles (180 mg), m.p. 191— 192 °C.

C2eH180 8 (458.4). Calcd. C 68.12; H 3.96. Found C 67.98; H 4.05.

7-Benzoylsophoricoside (7-benzoyloxy-4,,5-dihydroxyisoflavone-4’-/9-D-glucoside) (7)

A solution of sophoricoside (2.5 g) in 0.4 N  N aO H  (20 ml) was mixed, w ith vigorous 
stirring , w ith benzoyl chloride (0.7 ml) for 10 min. A fter th e  addition of 1 N  N aO H  (4 ml), 
th e  p recip ita te  was im m ediately filtered  off and washed w ith  some methanol. The crude product 
(2.5 g), th a t can he used w ithou t fu rther purification, was recrystallized for analysis several 
tim es from acetic acid to give colorless needles, m .p. 222 -224 °C.

C28H 24On (537.4). Calcd. C 62.68; H 4.51. Found C 61.28; H 4.63% .

7-Benzoyloxy-5-hydroxy-4’-m ethoxyisofIavone (8)

A solution of 5 (400 mg) in dry  acetone (50 ml) was stirred  a t reflux tem p era tu re  with 
anhydrous potassium carbonate  (0.4 g) and dim ethyl su lphate  (0.2 ml) for 3 hrs. The filtered 
solution was evaporated, and  th e  residue crystallized from  methanol to o b ta in  colorless 
needles (0.22 g), m.p. 205— 208 °C.

C23H lfiO(! (388.4). Calcd. C 71.13; H 4.14. Found C 70.82; II 4.17% .

5 .7 - D ihydroxy-4’-m ethoxyisofIavone (biochanin-A) (9)

8 (0.2 g) in m ethanol (3 ml) was boiled for 5 min w ith 10% NaOH (L m l). The solution 
was acidified with 10% HC1, th e  precip itate filtered off, washed w ith w ater and petroleum 
ether. The crude product was crystallized from aq. m ethanol to yield 9 (50 mg), m .p. 212 
214 °C (lit. [7] m.p. 212—216 °C).

5 .7 - Dihydroxy-4’-methoxyisoflavone-7-/?-l)-glucoside (s issotrin) (10)

A solution of genistin [15] (0.6 g) in dim ethylform am ide (10 ml) was trea ted  for 2 hrs 
w ith  dim ethyl sulphate (0.15 ml) and anhydrous potassium  carbonate (1.8 g) at 60 °C. The mix
tu re  was diluted with w ater, th e  precip itate separated  and recrystallized from  aq. m ethanol 
to o b ta in  colorless plates (80 mg), m .p. 214—215 °C (lit. [9] m.p. 213—214 °C). FeCl3 reaction 
in m ethanol: deep orange. [a]j§—33 °C (c 1.0, pyridine), lit. [9] [a]2̂  — 35.5 °C (dim ethyl
form am ide).

C22H22O10 (346.4). Calcd. C 59.18; H 4.96. Found C 58.88: H 5.27% .

7-Benzyloxy-4’-benzoyloxy-5-hydroxyisofIavone (13)

A solution of 12 [11] (1.0 g) in pyridine (4 ml) was heated  w ith benzoyl chloride (0.8 ml) 
for 30 min a t 110 °C. After cooling, the m ixture was d ilu ted  w ith methanol (20 ml) and the 
p ro d u c t th a t crystallized in a short time was filtered off. The crude product ( l . l  g) was re
peated ly  recrystallized from acetic acid to yield colourless needles (0.8 g), m .p. 208 -210 °C. 
FeCl3 reaction in m ethanol: violet.

С29Н 20ОГ! (464.48). Calcd. C 74.99; H 4.34. Found C 75.01; H 4.31% .
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G eniste in -4 ’-benzoate (4 ’-benzoyloxy-5,7-dihydroxyisofIavone) (11)

(a) From 7-benzyloxy-F-benzoyloxy-5-hydroxyisoflavone (13). A solution of 13 (200 mg) 
in a ce tic  acid (6 ml) was boiled fo r 10 min with a 20% solution  of hydrobrom ic acid in acetic 
acid  (1 m l). The dark solution w as poured  into w ater, the p rec ip ita te  separated , washed w ith 
m e th an o l and  recrystallized from  d io x an  to yield colorless needles (100 mg), m.p. 233—236 °C.

C22H 140 6 (374.3). Calcd. C 70.58; H 3.77. Found C 70.13; H 4.36%.
(b) From genistein-7-benzoate (5). A solution of 5 (700 mg) in pyridine (7 ml) was 

sh ak en  fo r 1 hr. a t room te m p e ra tu re  w ith silver carbonate  (700 mg). The filtered  solution 
w as d ilu te d  w ith 5% aq. perchloric acid  (200 ml), the p rec ip ita te  was filtered off, and washed 
th o ro u g h ly  w ith hot w ater and  th e n  w ith  some m ethanol. T he crude product (700 mg) was 
rec ry sta llized  several times from  d io x an  to yield a p roduct th a t  was identical w ith 11, prepared 
in th e  foregoing experiment.

(c) From genistein and genistein-4\7-dibenzoate  (2). A solution of 1 (339 mg) and 2 
(600 m g) in pyridine (6 ml) was sh ak en  for 1 hr. a t room  tem pera tu re  w ith silver carbonate 
(600 m g). W orking up as described above gave 900 mg of essentially  pure 11, th a t  a fter pu ri
f ic a tio n  was completely iden tical w ith  the above product.

4’-Beiizoyloxy-5,7-diacetoxyisofIavone

11 (400 mg) was acety lated  b y  th e  usual procedure to  yield, after working up  and rep ea t
ed recrystallizations from d ioxan  an d  acetic acid, colorless needles (450 mg), m .p. 250— 
252 °C.

C26H 180 8 (458.43). Calcd. C 67.97; H 3.94. Found C 67.80: II 4.01%.

P ru n e tin  (4 ’,5-dihydroxy-7-methoxyisofIavone) (14)

A  solution of 11 (200 m g) in  d ioxan  (20 ml) was allowed to stand  overnight w ith  an 
excess o f ethereal diazom ethane so lu tion . After evaporation, th e  residue was boiled for 30 min 
w ith  1 N  sodium methoxide (2 m l), evaporated, and the residue dissolved in a sm all am ount 
of w a te r. Saturation with carbon diox ide precipitated p ru n e tin  of m.p. 234—236 °C (lit. [13] 
m .p . 239— 240 °C), th a t was a c e ty la ted  w ithout fu rther pu rifica tion . After the usual w ork up, 
th e  c ru d e  product was repea ted ly  recrystallized from e th an o l—chloroform. Colorless plates 
(40 m g), m .p. 224—226 °C (lit. [15] m .p. 224—226 °C).

4’-A cetoxy-7-benzoyloxy-5-hydroxyisoflavone

5 (200 mg) was acety la ted  w ith  acetic anhydride (1 m l) containing anhydrous sodium 
a c e ta te  (0.2 g) a t 100 °C for 1 hr. A fte r the usual work-up and  repeated  recrystallizations from 
acetic  ac id , colorless needles (200 m g), m.p. 213—215 °C were obtained. FeCl3 reaction: violet. 

C24H 160 7 (416.4). Calcd. C 69.23; II 3.87. Found C 69.20; H 4,39.

7-B enzyloxy-4’,5-diacetoxyisoflavone

12 [11] (2 g) was ace ty la ted  in  th e  usual way to  afford , a fter repeated recrystallizations 
from  ace tic  acid, colorless cry s ta ls  (2.0 g), m.p. 184- 186 °C.

C2r>I I?n0 7 (444.4). Calcd. C 70.26; H 4.54. Found C 70.22; H 4.79.

4% 5-Diacetoxy-7-hydroxyisoflavone

7-Benzyloxy-4’,5-diacetoxyisoflavone (1.5 g) was hydrogenated  in dioxan (50 ml) in 
th e  p resence  of palladium on cha rco a l un til the up take  of one equivalent of hydrogen. The 
filte red  solution was evaporated , an d  the residue recrystallized  twice from 80%  aqueous 
m e th an o l to  obtain colorless spears (0.6 g), m.p. 214 °C.

C19H 140 7 (354.3). Calcd. C 64.40; H  3.98. Found C 64.06; H 3.86%.
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a-K etocarboxylic acids have been used as the carbonyl com ponents in  the 
Strecker synthesis. The m ethod has been found suitable for the preparation  of DL-glut- 
am ic-l-14C acid. The reaction m echanism  of the decarboxylation and hydro lysis of 
a-am ino-(cyano-1JC)aeetic acid ty p e  com pounds has been studied.

For the preparation o f am ino acids labelled w ith  14C in the carb oxy l 
group, the Strecker synthesis is used alm ost exclu sively  [1, 2]. G enerally, 
the experim ental m ethods follow  the reaction routes originally developed  for 
the syntheses o f  th e  non-labelled com pounds [3— 6], the on ly  difference being  
reduction o f the scale and the use o f labelled cyanide. I t  m ay he n o ted  th a t  
K ourim and Zik m u n d  [7], utilizing the reversib ility  o f cyanohydrin form a
tion, prepared th e  labelled amino nitrile interm ediates b y  an exchange reac
tion  betw een inactive  cyanohydrins and labelled potassium  cyanide, fo llow ed  
b y  treatm ent w ith ammonia. This m odification , how ever, did not gain m uch  
ground in practice.

In a num ber of cases d ifficu lties have been encountered in perform ing  
the Strecker synthesis, since the starting  aldehydes are not readily availab le  
or th ey  are unstable; in reactions carried out w ith small am ounts, th is in sta b il
ity  m ay considerably lower the y ield s. For th is reason, in the preparation  
of variants o f  glutam ic acid labelled w ith various isotopes, instead  o f  the  
Strecker syn th esis, m ethods starting  w ith  the stable and readily availab le  
a-ketoglutaric acid are preferred. R eductive am m onolysis o f x -ketoglu taric  
acid con ven ien tly  gives DL-glutamic acid [8]. This reaction has been used  for 
the preparation o f glutam ic acids labelled w ith deuterium  [9], 15N  [10] and  
14C [11, 12]. K ögl et al. [11] prepared a -k etog lu taric-l,2 -14C acid for use as 
a starting  m aterial, from labelled sodium  oxalate, in five  reaction  steps; 
H en d l e r  et al. [12] achieved the synthesis from labelled oxalic acid in  three  
steps, in 60— 65%  yield. U sing the various radioisom ers o f a -ketoglu taric  
acid, glutam ic acids labelled at other sites can be prepared under th e  sam e  
conditions.

The synthesis of labelled a-ketocarboxylic acids involves m any d iffi
culties which have been studied in connection  with the syntheses of the various  
radioisom ers o f  pyruvic acid [13]. R ecently , the m icro-scale syn th esis  of
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radiochem ically pure labelled  a-ketocarboxylic acids has been described in 
d eta il [14]. This sy n th esis  consists in the reaction  of acid chlorides, freshly  
prepared from carb oxy lic  acids, with copper cyanide, followed b y  careful 
hydrolysis. H ow ever, th is  m ethod cannot be applied directly to the synthesis  
o f  a-ketodicarboxylic acids. It is not easy  to  accom plish the synthesis of 
oc-ketoglutaric-l-14C acid , or of D L-glutam ic-l-14C acid, in this w ay.

R —CH— l4CN +  CO,
I

N H , 

hydrol.
I

R —CH -14COOH +  1JCO,
I
NH.

amino acid 
alanine 
aspartic acid 
glutam ic acid

Fig. 1. P rep a ra tio n  of a-amino acids labelled  in the carboxyl group, 
from inactive a-ke to  acids

R—С—COOH

0

,4CN
K 14CN

------------> R—C—N H ,

COOH

R,hydro!.

44COOH

Rdec.

w here: R=CHo

R—C—N H ,

COOH

keto acid 
pyruvic acid 
oxalacetic acid 
a-ketoglutaric acid

In view of th e  problem s outlined ab o v e , a synthesis o f labelled amino 
acids has been a ttem p ted  starting with a non-labelled  a-ketoacid  th a t can be 
ea sily  prepared. T he reaction  between an a -k eto  acid and labelled potassium  
cyan id e has been fo u n d  to  be the m ost su itab le  for this purpose, when the  
reaction  is carried o u t under experim ental conditions sim ilar to those of the  
Strecker synthesis. N o report has been found in  th e  literature for such reactions. 
F rom  the theoretical p o in t of view, such a reaction  is, in essence, a com bina
tion  o f the Strecker and th e  cyanoacetic ester syntheses, because it  proceeds 
v ia  an interm ediate o f  a-am inocyanoacetic acid typ e. The interm ediary amino- 
(cy a n o -14C)acetic acid  allow s, on the basis o f  a sim ple m easurem ent of the  
specific  activities, th e  com parison of the re la tive  decarboxylation and hydro
ly sis  rates of the com pounds mentioned.

R esults and d iscu ssio n

Fig. 1 shows th e  Strecker type reaction  o f a-ketocarboxylic acids w ith  
radioactive potassium  cyan ide, and Table I lists  the results o f such reactions. 
T he data in this T ab le show  that though various a-keto acids undergo the  
reaction , the yields o f  th e  amino acid end-products are lower than  those obtain-
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T ab le  I

Strecker syntheses with a-keto acids

a-Keto acid

Specific activity 
/iCi 
mM Act.

%

Yield, %

Product amino acid

K ,4CN
Amino

acid >*co2 Chem. Rad.

1. P y ru v ic — — — — 4 DL-alanine

2. Sod ium  
p y ru v a te 0.205 0.172 84 14

D L -alanine-l-14C

3. O xalacetic* 0.205 0.158 0.41 77 10.7 D L -asp artic -l- ,4C-
acid

4. a -K e to -  
g lu ta ric 2.27 1.92 0.31 82 32.2 25.8

D L -g lu tam ic -l-u C-
acid

5. a -K e to -  
g lu ta ric 2.27 1.91 0.34 84 12 10.1

D L -g lu tam ic -l-14C-
acid

6. a -K e to - 
g lu ta ric 0.205 0.174 0.028 84.5 13.6 —

D L -g lu tam ic -l-14C-
acid

* T he chem ical an d  rad io ch em ica l p u rity  o f th e  D L -asp a rtic -l-u C acid  fo rm ed  w as only
88— 92% .

able in the usual Strecker synthesis. The fact th a t the yields in Strecker syn 
theses are generally not h igher than 50% is attributed  m ainly to the reversible 
form ation of the interm ediate a-am ino nitriles. I t  seem s probable th a t in 
reactions of a-keto acids the equilibrium reaction is sh ifted  more in the direc
tion  o f the initial com ponents, because the carbon atom  in а -position is steri- 
cally  more hindered than  the carbonyl carbon o f aldehydes. A nother exp lana
tion  m ay be found in the connection between the sta b ility  of the in itial a-keto  
acids (a-ketoglutaric acid ]> sodium  pyruvate oxalacetic acid) and the 
decreasing yields of the reactions. On the basis o f these considerations con
cerning the reactiv ity  o f a-keto  acids, it is also exp ected  that the decarboxyla
tion  of the interm ediate o f  a-am inocyanoacetic acid ty p e  proceeds faster than  
the hydrolysis o f its nitrile group.

I f  the hydrolysis o f the nitrile group (Rh) and decarboxylation  (Ro) are 
com petitive reactions, and the isotope effect is le ft out o f consideration, a com 
parison of the molar a c tiv ity  o f the amino acid produced with th a t o f  the 
in itial potassium  cyanide allows an approxim ate estim ation  o f the ratio of 
the rates of the tw o com peting reactions. I f  the hydrolysis and the decarboxy
lation o f the interm ediate proceed at an equal rate, 75%  of the a c tiv ity  will 
be contained in the labelled amino acid produced, and 25% will be found in
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th e  carbon dioxide. H ow ever, should either o f the tw o processes, viz. decar
b o x y la t io n  or hydrolysis, be sign ificantly  faster than  the other (the ratio being  
a h u n d red , at least), th en

(a) а 50% loss o f a c t iv ity  is to be expected  when hydrolysis is the  
fa ster , or

(b) decarboxylation o f th e  interm ediate occurs w ithout loss o f activ ity , 
w h en  th is  is the faster process.

T h e  latter case w ould  resu lt in considerable radiochem ical advantages  
b oth  in  Strecker syntheses o f  th is type and in  syntheses starting w ith  sub
s t itu te d  x-acylam ino(cyano-14C )acetic acid derivatives.

F rom  Table I it is to  b e seen that the m olar activ ity  o f  x-am ino acids 
form ed  in  the reaction is ab ou t 80 to 85% of th e  m olar activ ity  o f th e  starting  
p o ta ssiu m  cyanide. C onsequently, decarboxylation and hydrolysis o f  the sub-

-Rhydrol.

Fig. 2. T he  specific activ ity  of am ino acids as a function of th e  relative rates of th e  decarboxyl
a tio n  an d  hydrolysis of the in te rm ed ia te  formed in  the  Strecker reaction of a-keto  acids

A c ta  C him . Acad. Sei. Hung. 60, 1969

s t itu te d  a-am ino(cyano-14C )acetic acid derivatives are com peting reactions o f  
w hich  decarboxylation is th e  faster. No doubt, th is is favourable from  the  
radiochem ical point of v iew , b u t it is, unfortunately , associated w ith  th e  d is
a d v a n ta g e  of poor chem ical y ield s.

Rd
F ig . 2 shows the ratio o f  th e  reaction r a t e s ----- , calculated on a theo-

R h
retica l b asis , as a function o f th e  percentage m olar activ ity  o f the am ino acid 
p roduced  in the reaction. T he course of th is curve indicates th a t reaction

R a
rate ra tio s  varying b e tw een -—— =  1.4 and 2.7, can be calculated for reactions

Rh
of th is  ty p e . This estim ation has reality  only if  th e  molar a ctiv ity  o f the amino 
acid form ed  in the reaction is m easured after the com pletion o f the com peting  
rea ctio n s, since further chem ical conversions are possible w hose effects are 
n ot exp ressed  in the q uotien t o f  reaction rates.
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I t  is evident on the basis o f  a sim ple estim ation  of errors th a t, in  the 
dom ain around the in flexion p o in t, a 1% error in the determ ination o f the  
molar a c tiv ity  of the amino acid end-product causes an error o f about 5— 10%  
in the estim ation  of the q u otien t o f reaction rates. Further aw ay from  the  
inflexion  point, however, the experim ental error increases, first gradually,

R d ‘
then for values outside the range — -  =  0.3 — 4.0 , exponentia lly . Therefore,

«ft
prior to  a ctiv ity  m easurem ent, any  radioactive and radio-inactive im purities 
of the am ino acid end-product should be rem oved very carefully, e.g., b y  ion- 
exchange chrom atography.

The 14C-isotope effect th a t arises in decarboxylation practically
Rd . . r '

does not affect the -----  values. This is unequivocally  show n b y  th e  fa ct that
Rh

the experim ental intram olecular isotope effects found when a-acetam idom alo- 
nic ester derivatives are hydrolyzed  and decarboxylized, depend on ly  sligh tly  
on the a-alkyl substituents (cf. Table II). The experim ental values found by

Table II
Intramolecular '*C-isotope effect in the hydrolysis and decarboxylation

“ C O O C 2H 5

o f  R  — C — R ’ derivatives
I
COOCjH,

R R’

Specific activity

1 0 -
к
к

Intramolecular 

- isotope effect

Starting
material

Amino
acid

Carbon
dioxide Found Mean Calc.

H H 15 .991 1 .0 4 1.062»

1 .928 1 .8 2 8 1 .051 1 .0 5 8 b

H N H — A c 3 . 7 4 7 1 .928 1 .8 1 9 1 .0 6 2 1 .0 5 8

1 .925 1 .8 2 2 1 .0 5 9 +  0 .0 0 7 1.040'

l .* 2 7 1 .8 2 0 1 .0 6 2

1 .967 1 .8 3 7 1 .0 7 2 1 .0 7 7 1 .0 3 8 d
C H 3 N H  A c 3 .8 0 4

1 .982 1 .8 2 2 1 .0 8 3 +  0 .0 0 6

1 .989 1 .7 8 9 1 .093 1 .0 9 0
C H 3 C II , N H  A c 3 .7 8 7

1 .978 1 .8 0 9 1 .0 8 7 ± 0 .0 0 3

2 .0 1 7 1 .7 8 2 1 .1 4 8 1 .143
C J I .C H . N H  A c 3 .7 9 9

2 .0 3 3 1 .7 6 6 1 .1 3 9 +  0 .0 0 6

Notes
a E y r in g — C a g le  m o d e l. 
b Z e ro  p o in t  e n e r g y  d if fe r e n c e s .  
c B ig e le i s e n ’s a p p r o x im a t io n  fo r  h e a v y  a to m s .  
d O n  th e  b a s is  o f  S la te r ’s c o o r d in a te .
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us v ary  within the lim its given in the literature for sim ilar reactions [15]. 
In  fa c t, the difference b etw een  our experim ental values and those calculated  
on a theoretical basis for intram olecular iso top e effect is o f the sam e order

jR
as th e  experim ental error in  the quotients ------ o f the reaction rates. Thus the

Rh
experim ental determ ination  o f the decarboxylation  and hydrolysis rates of 
a-am ino(cyano-14C )acetic acid  derivatives can  be carried out b y  our m ethod  
w ith in  the limits of error w hich have been found  for the intram olecular iso 
to p e  effects m easured in  th e  decarboxylation  o f 14C-labelled m alonic acid 
d erivatives.

Experimental

S y n th e s is  o f a -a m in o  a c id s  f ro m  cc-keto ac id s

D L -g lu ta m ic - l - l4C ac id

A c t iv e  K 14C N  (1 .6 3  g ;  2 5  rnM ; m o la r  a c t iv i t y  2 .2 7  m C i/m M ) a n d  N H 4C1 (1 .4 4  g )  w ere  
d i s s o lv e d  in  a m ix tu r e  o f  w a t e r  (6  m l)  a n d  cc . N H 4O H  (6  m l) . T o  t h is  s o lu t io n  a -k e to g lu t a r ic  
a c id  ( 3 .6 5  g ; 25 m M ) w a s  a d d e d .  T h e  r e a c t io n  m ix tu r e  w a s  a l lo w e d  to  s ta n d  a t  r o o m  t e m p e r 
a t u r e  f o r  1 h r, th e n  k e p t  a t  6 0  °C fo r  4 h rs. T h e  s o lu t io n  w a s  t h e n  c o o le d  in  ic e - w a t e r , a c id if ie d  
w i t h  c c . HC1 (25  m l) , a n d  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e . T h e  r e s id u e  w a s m ix e d  w it h  cc . 
H C 1 (2 5  m l)  a n d  r e f lu x e d  f o r  6 h r s ,  th e n  e v a p o r a te d  u n d e r  r e d u c e d  p r e s su r e . T h e  r e s id u e  w a s  
m ix e d  w i t h  e th a n o l ,  a n d  t h e  in o r g a n ic  s a lt  w a s  f i l t e r e d  o f f .  T h e  e t h a n o l ic  s o lu t io n  w a s  d ilu te d  
w i t h  a n  e q u a l v o lu m e  o f  w a t e r  a n d  p a sse d  th r o u g h  a  c o lu m n  o f  D o w e x - 5 0  ( H + )  r e s in . T h e  
l a b e l l e d  a m in o  a c id  w a s  e lu t e d  w i t h  N H 4O H  fr o m  t h e  c o lu m n , t h e  s o lu t io n  e v a p o r a te d  in  
v a c u u m ,  a n d  th e  r e s id u e  d i s s o lv e d  in  a sm a ll  a m o u n t  o f  w a t e r .  T h e  p H  o f  t h is  a q u e o u s  s o lu t io n  
w a s  a d ju s te d  to  3 .1  w i t h  6 N  H C 1. I n  ord er to  c o m p le t e  t h e  s e p a r a t io n  o f  t h e  c r u d e  la b e lle d  
D L - g lu t a m ic - l - 14C a c id , e t h a n o l  (3 0  m l)  w a s  a d d e d  t o  t h e  m ix tu r e ,  a n d  i t  w a s  k e p t  in  a r e fr i
g e r a t o r  fo r  2 h rs, th e n  f i l t e r e d ,  a n d  t h e  p r o d u c t  w a s  w a s h e d  w it h  e t h a n o l  to  o b t a in  1 .3 7 5  g  
o f  c r u d e  g lu ta m ic  a c id .

This product was dissolved in hot water (1 0  ml) and treated with decolourizing carbon; 
the filter was washed with hot water (3  ml). E thanol ( 2 6  ml) was added to the solution and 
the product which separated was filtered off after standing for 2 hrs, washed with ethanol, 
and dried at 60  °C, to obtain 1 .1 8 5  g (3 2 .2 % ) of pure DL-glutamic-14C acid.

S p e c if ic  a c t iv i t y  1 3 .0 5  (« C i/m g .
M o la r  a c t iv i t y  1 .9 2  ,u C i/m M .
R a d io c h e m ic a l  in c o r p o r a t io n  8 2 % .

D L -a - a la n in e - l - 14C

A c t iv e  K 14C N  (1 .6 3  g ;  2 5  m M ; m o la r  a c t iv i t y  0 .2 0 5  m C i/m M ) a n d  N H 4C1 ( 1 . 4 4  g ) w ere  
d i s s o lv e d  in  a m ix tu r e  o f  w a t e r  (6  m l)  a n d  cc . N H 4O H  (6  m l) .  S o d iu m  p y r u v a t e  (2 .7 5  g ;  25  m M )  
w a s  a d d e d ,  a n d  t h e  r e a c t io n  m ix t u r e  w a s  a llo w e d  t o  s t a n d  a t  r o o m  te m p e r a tu r e  fo r  1 h r ., 
t h e n  a t  6 0  °C for  3 h rs. I t  w a s  t h e n  c o o le d  in  ic e -w a te r , a n d  a c id if ie d  w it h  c c . HC1 (2 5  m l) . E v a 
p o r a t io n  u n d e r  re d u c e d  p r e s s u r e  g a v e  a re s id u e  w h ic h  w a s  t a k e n  u p  in  c c . HC1 (2 5  m l) , a n d  
r e f lu x e d  fo r  6 h rs. T h e  s o lu t io n  w a s  e v a p o r a te d  in  v a c u u m ,  t h e  r e s id u e  m ix e d  w i t h  e th a n o l ,  
a n d  t h e  in o r g a n ic  s a lt  f i l t e r e d  o f f .  T h e  e th a n o lic  f i l t r a t e  w a s  d i lu te d  w it h  a n  e q u a l  v o lu m e  o f  
w a t e r ,  a n d  p a sse d  th r o u g h  a  D o w e x - 5 0  ( H + )  c o lu m n . T h e  la b e l le d  a m in o  a c id  w a s  e lu te d  w it h  
N H .,O H , a n d  th e  e lu a t e  e v a p o r a t e d  in  v a c u u m . T h e  r e s id u e  w a s  d is s o lv e d  in  a s m a ll  a m o u n t  
o f  w a t e r ,  a n d  th e  c r u d e  la b e l l e d  D L -a -a la n in e - l-14C w a s  p r e c ip i t a te d  w i t h  e t h a n o l  (2 5  m l) ,  
f i l t e r e d  o f f ,  a n d  w a s h e d  w i t h  e t h a n o l .

The crude D L-a-alanine-l-14C (521 mg) was dissolved in ho t w ater (3 ml) and  precipi
ta te d  w ith  ethanol (10 m l). A fter starting  for 2 hrs in a refrigerator, filtra tion  and  washing 
w ith  ethanol gave 307 m g (14% ) of the pure product.

S p e c if ic  a c t iv i t y  1 .9 3  ,ttC i/m g.
M o la r  a c t iv i t y  0 .1 7 2  /tC i/m M .
R a d io c h e m ic a l  in c o r p o r a t io n ,  8 4 % .
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D e c a r b o x y la t io n  o f  a lk y l  a c e t a m id o m a lo n ie - l - u C e s te r

A lk y l  a c e t a m id o m a lo n ic - l - u C e s te r  (1 0  m M ) w a s  w e ig h e d  in to  a t h r e e - n e c k e d  f la s k  
e q u ip p e d  w it h  a  d r o p p in g  fu n n e l ,  g a s  in le t  t u b e ,  a n d  a c o n d e n s e r  c o n n e c te d  to  a n  a b s o r p t io n  
f la s k .  T h e  w h o le  a p p a r a tu s  w a s  f lu s h e d  w i t h  n i tr o g e n , t h e n  a 10%  s o lu t io n  o f  K O H  ( 1 0  m l)  
w a s  p la c e d  in to  t h e  a b s o r p t io n  f la s k . 4 8 %  h y d r o g e n  b r o m id e  (1 0  m l)  w a s  a d d e d  d r o p w is e  fro n t  
t h e  fu n n e l ,  a n d  t h e  o il  b a th  w a s  h e a te d  to  1 2 0 — 1 4 0  °C . A t  t h i s  te m p e r a tu r e  d e c a r b o x y la t io n  
t o o k  p la c e . T h e  la b e l le d  ca r b o n  d io x id e  w a s  a b s o r b e d  b y  t h e  a lk a li ,  w h ile  h y d r o g e n  b r o m id e  
w a s  t r a p p e d  in  t h e  c o n d e n s e r  a n d  f lo w e d  b a c k  in to  t h e  r e a c t io n  v e s s e l .

I n  t h e  a b so r b e r  la b e l le d  b a r iu m  c a r b o n a t e  w a s  p r e c ip i t a te d  w it h  b a r iu m  h y d r o x id e ,  
c o l le c t e d  b y  f i l t r a t io n ,  w a s h e d  w it h  a n h y d r o u s  a lc o h o l ,  d r ie d , a n d  i t s  a c t iv i t y  w a s  m e a s u r e d .

T h e  a c id  s o lu t io n  in  t h e  d e c a r b o x y la t io n  f la s k  w a s  e v a p o r a t e d  in  v a c u u m , t h e n  w a te r  
(1 0 0  m l)  w a s  a d d e d  a n d  a g a in  e v a p o r a t e d . T h is  p r o c e d u r e  w a s  r e p e a te d  th r e e  t im e s .  A f t e r  t h e  
l a s t  e v a p o r a t io n ,  t h e  r e s id u e  w a s  d i lu te d  w i t h  w a te r  (1 0 0  m l)  a n d  p a s s e d  th r o u g h  a  D o w e x - 5 0  
( H + )  r e s in  c o lu m n . T h e  r e s in  w a s  w a s h e d  t o  n e u tr a l  w i t h  d is t i l le d  w a te r , a n d  t h e  a m in o  a c id  
e lu t e d  w it h  a 1 : 1 m ix tu r e  o f  c c . N H 4O H  a n d  w a te r . T h e  e lu a t e  w a s  e v a p o r a t e d  in  v a c u u m ,  
t h e  r e s id u e  s t ir r e d  w it h  d r y  a lc o h o l (1 5  m l)  a n d  t h e  la b e l le d  a m in o  a c id  p r e c ip i t a te  w a s  c o l 
le c t e d  b y  f i l t r a t io n ,  w a s h e d  w it h  d r y  a lc o h o l ,  d r ie d , a n d  t h e n  i t s  a c t iv i t y  m e a s u r e d .
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ACTA CHIMICA

TO M  60 —  В Ы П . 3 

РЕЗЮМЕ

О д н о в р е м е н н о е  о п р е д е л е н и е  с т р у к т у р н ы х  и з о м е р о в  а л л и л а м и д а  

к а м ф а р н о й  к и с л о т ы ,  I I .

Р . Г. Х Е Н Е И Н , Г . Н А РА И -С А БО  и Ч . Й . Х О Р В А И

Был разработан количественный аналитический метод одновременного определения 
структурных изомеров а- и /S-N-аллиламидов dl-камфарной кислоты на основе измерения 
интенсивностей пиков рентгенодиффрактограммы. Средняя квадратичная ошибка равна
2,1 Го-

О п р е д е л е н и е  о р т о ф о с ф а т н ы х  и о н о в  с п о м о щ ь ю  х л о р и с т о г о  ж е л е з а  

( I I I )  и  о с ц и л л о м е т р и ч е с к о й  и н д и к а ц и е й  к о н е ч н о й  т о ч к и  т и т р о в а н и я

М. т .  ВАН ДОРФ И, Ф. ДЁМ ЕЛКИ и Л . Э Р Д Е И

Ортофосфатные ионы определялись титрованием их хлористым железом(П1)с 
осциллометрической индикацией конечной точки. Определение ортофосфатных ионов 
может быть осуществлено в пределах содержания Р2Оа в 15 мл раствора от 3 до 25 мг, 
причем концентрация посторонних ионов превышает концентрацию ортофосфатных 
ионов в 30 раз, с точностью измерения не ниже 1—2%. Метод использовался для изме
рения общего содержания фосфатов в стиральных порошках.

И з у ч е н и е  и о н о о б м е н н ы х  р а в н о в е с и й  р а д и о а к т и в н ы м  м е т о д о м ,  X I V .

Сравнение констант устойчивости и термодинамических функций для комплексов евро- 
пий-трикарбаллилат и европий-цитрат, со составом 1:1

т. Л Е Н Д Ь Е Л

С помощью метода жидкого ионообменника и температурных коэффициентов опре
делялись изменения энтальпии и энтропии, сопровождающие комплексообразование, 
протекающее в системах европий-трикарбаллиловая кислота и европий-лимонная кислота. 
При сравнении результатов было найдено, что гидроксильная группа лимонной кислоты 
оказывает хелатирующее влияние, в то время как трикарбаллиловая кислота, ведущая 
себя как монофункциональный лиганд, в изученном интервале концентраций дает лишь 
простой комплекс.

Д а л ь н е й ш е е  у т о ч н е н и е  э л е к т р о н о г р а ф и ч е с к и х  д а н н ы х  д л я  п а р о в

SOClo и S 0 ,C 1 2

И. Х А РГИ Т ТА И

Был повторен структурный анализ электронографических данных для SOCI2 и 
SOXl2, используя комплексные амплитуды рассеяния атомов. В предыдущей работе по
стоянное значение было использовано для функции рассеяния. Не была найдена сущест
венная разница между результатами, полученными в этих двух исследованиях.



Попытки кинетической интерпретации адсорбционных изотерм 
бинарных смесей неэлектролитов

Г. Ш А Й

Обращается внимание на тот факт, что существующие термодинамические теории 
однослойной адсорбции не в состоянии удовлетворительно объяснить изменение коэффи
циентов поверхностной активности, т. к. во многих случаях идеальность или неидеаль- 
ность жидкости не сопровождается параллельным поведением в адсорбционном слое. 
Используя упрощенную модель жидкости и полагая, что дырочный механизм справедлив 
для всех элементарных актов десорбции и адсорбции на поверхности, по энергетическим 
соображениям может быть выведена линейная зависимость между логарифмом фактора 
распределения и равновесной молярной долью любого компонента в бинарной смеси. 
Приводятся фактические экспериментальные примеры такого поведения, и отклонения, 
встречающиеся в других случаях, обсуждаются в свете уточнений к основной теории.

С т е р е о х и м и ч е с к и е  и с с л е д о в а н и я ,  IV .

К в а т е р н е р и з а ц и я  1 , 2 - д и з а м е щ е н н ы х  1 , 2 , 3 , 4 - т е т р а г и д р о - и з о х и н о л и н о в

II. Изучение кватернеризации и стереоселективности кватернеризации 1-фенил-, 
I-изопропил- и 1-(3’,4’-диметокси-бензил)-2-алкил-6,7-диметокси-1,2,3,4-тетрагидро-

изохинолинов

Й . К О Б О Р , Г . Б Е Р Н А Т , Л . Р А Д И Ч  и М. КАЙТАР

Были приготовлены некоторые 1,2-дизамещенные производные 6,7-диметокси-3,4- 
дигидро- и 1,2,3,4-тетрагидро-изохинолинов. Изучалась стереоселективность реакции 
кватернеризации 1-замещенных 2-метил-6,7-диметокси-1,2,3,4-тетрагидро-изохинолинов 
(где заместителями в положении 1 являются: изопропил, фенил, 3,4-диметокси-бензил) 
с иодистыми этилом и бензилом, а также соответствующих 2-этил- и 2-бензил-производ- 
ных с йодистым метилом. На основе исследований сырого продукта реакции ЯМР спек
троскопии, хроматографическим анализом, а также дробной кристаллизацией было 
установлено, что кватернеризация N-этил- и N -бензил-оснований с йодистым этилом 
обладает лишь слабой селективностью. В противоположность этому, кватернеризация 
N-метил-оснований с йодистым бензилом, в пределах погрешности измерений спектров 
ЯМР ( ±  5%), дает единственный четвертичный продукт. В смеси, установившейся во 
время эквилибрации изомерных N-бензил-четвертичных солей в хлороформе, основным 
компонентом является продукт кватернеризации N-алкильных оснований йодистым 
бензилом.

Г е т е р о ц и к л и ч е с к и е  п т н р о - с с е д к к е к к я ,  V I I .

П. Ш ОХАР, к. К Ё Р М Е Н Д И , А. П Ф И С Т Н Е Р -Ф Р А Й Д  и Ф. Р У Ф Ф

После выяснения сложных условий таутомерии спироксазона [1], необходимо 
было модифицировать строение ациловых и 1М-алкиловых(ариловых)-производных. С 
помощью ик и ямр спектроскопических и препаративных методов было установлено, что 
структура м о н о а ц и л -с п и р о к с а зо н о в  (VIII) может быть однозначно выведена из открытого 
эндоциклического таутомера амидразона (III). Диацил-спироксазоны, получаемые с 
помощью ангидрида кислоты, также являются производными открытого амидразона 
(XVIII), в то время как ацетилирование спироксазона в пиридиновой среде приводит к 
образованию д и а ц и л о вы х  с о е д и н е н и й  со строением XV.

Отдельные смешанные 0,0-диацил-спироксазоны склонны к обратимому переходу 
ациловой группы N Д  О, и переход ациловой группы сопровождается экзо-эндо смеще
нием связи C =  N. Таким образом, наряду с молекулами строения XV, образуются моле
кулы со строением XIV.

Экзо- и эндо-положение связи C=N в некоторых ацил-производных определя
лось с помощью солянокислого гидролиза. Из экзо-циклического таутомера был получен 
а-спироксазон, а из эндо-циклического — (З-спироксазон.



Уже ранее описанные нами, а л к и л (а р и л ) - с п и р о к с а з о н ы  оказались 1Ч(2)-замещен- 
ными спироксазонами (XXV). Их м о н о а ц и л -п р о и зв о д н ы е  (напр., XXVI Па) представляют 
собой открытые св-О-ацил-соединения, содержащие эндоциклическую C =N  связь, а 
д и а ц и л -п р о и зв о д н ы е , получаемые с помощью ангидрида кислоты, имеют структуру 
XXVIII,  где R2 и R3 — ацильные группы.

Р е а к ц и и  т р а н с а ц и л и р о в а н и я  в  с е р и и  ф л а в о н о и д о в ,  I V .

Новый синтез 5-метил-генистеина, пруметина, биоханина-А и сиссотрина

Л .  Ф А Р К А Ш ,  М. Н О Г Р А Д И ,  Г. М Е З Е И - В А Н Д О Р  и  А.  Г О Т Т З Е Г Е Н

Под влиянием Ag2COs в пиридине, генистеин-7-бензоат превращается в 4 ’-бензоат. 
Эквимолекулярная смесь генистеина и его 4’,7-дибензоага при тех же самых условиях 
дает 2 моля генистеин-4’-бензоата. На основе этих промежуточных продуктов был разра
ботан новый синтез природных изофлавонов 5-метилгенистеина, прунетина, биоханина- 
А и сиссотрина.

М е ч е н ы е  а м и н о к и с л о т ы  и  и х  п р о и з в о д н ы е ,  I .

Синтез Стрекера с а-кетокарбоновыми кислотами 

И .  Т Е П Л А Н ,  И .  М Е З Е ,  Л .  Б У Р Ш И Ч  и  Й .  М А Р Т О Н

В качестве карбонильного компонента в синтезе Стрекера использовались а-ке- 
токарбоновые кислоты. Данный метод пригоден для получения DI.-глутаминовой-1 -С1,1 
кислоты. Изучались механизм реакций декарбоксилирования и гидролиза соединений 
типа а-амино-(циан-С14)-уксусной кислоты.
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Investigation  of u ltraviolet absorption  spectra of several cyclic and linear phos- 
phonitrilic derivatives led to the conclusion th a t  in the phosphonitrilic ring  there  is 
no р (я )—d(n) electron delocalization of high degree similar to arom atic ring  system s.

The problem  o f the electronic structure o f  inorganic unsaturated cyclic  
com pounds w ith bonds between different atom s only has not yet been correctly  
solved [1]. For solving th is problem experim entally , their ultraviolet and infra
red spectra, chem ical behaviour and com plex-form ing abilities [1] were in v e sti
gated.

The cyclic com pounds containing no carbon atom ** can be d iv ided  into  
tw o m ain groups: saturated and unsaturated cyclic com pounds, e.g. hexa- 
m ethyl-hexahydroborazine and borazine (in the earlier nom enclature: bora- 
zole) [2]. In our investigations the unsaturated  com pounds were stu d ied  to  
make a com parison betw een them  and the organic, truly aromatic ones.

From  the point o f view  o f electronic structures there are three possible  
cases, based on the typ e o f the orbitals o f  th e  unsaturated я -bonds:

1. So called homomorphic unsaturated rings w ith р(л ) — р (я )  bonds, 
e.g. borazine and its derivatives [2].

2. U nsaturated rings w ith р ( л ) — <1(л), so called heterom orphic bonds, 
as e.g. d isubstitu ted  derivatives o f phosphonitrilic com pounds [3].

3 U nsaturated rings with <1(я) — d(n),  hom om orphic bonds as e.g. hexa- 
m ethylcyclotrisilth iane [4].

In m ost cases the s2lone electron pair or р(л)  electron of the donor n itro
gen atom  and the em pty p(n)  or outer «/(я) orbitals o f the acceptor atom  take  
part in the form ation o f the я -bonds o f the ring. Thus normal and co-ordi- 
n ative unsaturation can form ally he considered.

The cyclic я -bonds o f р(л)  — «/(я) ty p e  prom ised to be the th eoretica lly  
m ost in teresting ones, so we decided to  in vestigate them  first. Since there are

** The com pounds w ith one or more carbon atom s in the ring skeleton are considered as 
organic heterocyclic ones used only for comparison.
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good  descriptions for the preparation of cyclic  trim eric and tetram eric phospho- 
n itr ilic  derivatives, we started  our in vestiga tion s on them . X -ray  [5 a —o] 
and  electron diffraction [6] studies on th ese com pounds proved the cyclic  
structure and the equal P =  N  bond lengths in th e  ring disproved their pseudo
arom atic  character. For th is reason, these com pounds were generally considered  
“ arom atic” like benzene, sym m etrical tr iazin e and borazole, though  som e  
exp erim en ta l data seem ed to  he inconsistent w ith  th is picture. Therefore, an 
electron ic structure sim ilar to  the corresponding noncyclic (m onom eric) un 
sa tu ra ted  inorganic com pounds was also su ggested  for these com pounds con
ta in in g  an unsaturated ring w ith bonds o f  p{n)  — d{n) type.

This problem could not be solved even  b y  quantum m echanical calcula
tio n s . On the basis o f  MO-LCAO calculations C r a i g  et al. [7 a —e] derived an 
arom atic , heterom orphic р(л )  — d(n) conjugation  non-H iickel-type, exp an d 
in g  over the whole ring; th ey  supposed th e  participation  of its one single 3dxz 
orb ita l, w ith  lobes directed tangentially  to  th e  ring and different electronegati
v it ie s  for the 3d-orbitals o f  the phosphorus atom :

T h ey  assum ed the presence o f  another arom atic conjugation too — it is non- 
H iick el-typ e — delocalizing over the w hole ring but outside of it:

T his la tter  should he form ed between the 2s2 lone electron pair o f nitrogen atom  
and th e  3dxy electrons o f  phosphorus atom :
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H ow ever, th e  calculations of D e w a r  et al. [7 f — g] resulted in n on aro-  
m atic, P —N —P  three-centre bonds, so-called islands — breaking o ff at th e  
phosphorus atom s — because o f the orthogonality  o f  th e  used — more th a n  
one — phosphorus 3d-orbitals o f nearly equal electronegativ ity .

Only weak interaction was supposed to  occur b etw een  the three-centre л- 
islands.

Later th e  calculations o f C r a i g  et al. [7 c — d] were extended not o n ly  
over the planar but also over the m ost probable steric conformations o f  th e  
cyclic system s, using more d-orbitals and considering a w ider range of the va lu es  
of electronegativ ity , resonance and overlapping param eters. They found th e  
three-centre island я -electron model to  be a special case o f  the perfect arom at
ic delocalization occurring w ith  the nearly equal electronegativ ity  va lues o f  
the d(n) orbitals. The approxim ate nature o f the calcu lations, lack of the e lec 
tron correlation, very weak approxim ation o f th e  S later-type orbitals and  th e  
absence o f  the actual values of im portant param eters m ake it im possible to  
decide d efin itely , w hich model is the better approxim ation .

So far, by the help of therm ochem ical [8 a — b] and X-ray diffraction  
[5 a — o] m easurem ents, force constants calculated  from  infrared spectra [9 ], 
m agnetic susceptib ility  values [7 b], nuclear m agn etic  resonance [10 a — b ]  
and nuclear quadrupole resonance [10 c —e] spectra rendered possible to  p o in t  
out the m ultip le, “ unsaturated” character o f  th e  P = N  bonds of these rin gs, 
but could not provide an unam biguous evidence for th e  aromatic or n on aro
m atic character o f  the я -electron system  o f th e  ring.

A fter considering these results the in vestiga tion  o f  the ultraviolet a b 
sorption spectra o f  the phosphonitrilic derivatives w as found to be the m o st  
im portant step including the evaluation of th e  previous results given in  th e  
literature.

A m ong the halogen derivatives, the flu oro-d erivative, hexafluorocyclo- 
triphosphazatriene: (N P F 2)3 in n-hexane solution , did not show sign ificant 
absorption in the near u ltraviolet region, betw een 400 — 180 nm [11 a]. H a v in g  
no instrum ent su itable to measure the absorption a t about 150 nm due to  th e  
excitation  o f the lone or rather я -bonding electrons o f  the fluorine atom , th e  
data o f W a l s h  et al. [11 b] have been accepted . According to these, tr i-  
meric and tetram eric cyclic phosphonitrilic fluorides begin  to  absorb at a b o u t  
170 and 180 nm , resp., the m axim um  o f the trim er and the tetram er w ere
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fou n d  at 149.4 ^  0.5 nm  and 147.5 di 0 .5  n m , resp., with log e ~  4 in ten sities, 
an d  a m inim um  w as found at 141 nm . F rom  this wave length  th e  in ten sity  of 
th e  absorption rap id ly  increases, at 135 n m  reaches a value h igher than  that 
o f  th e  m axim um , and continues th is increase up to the end o f th e  m easuring  
range, 110 nm , w ith ou t showing any m axim um . The first m axim um  can be 
assigned  to л  —► гг* excitation  of the flu orin e atom, the second band is prob
ab ly  due to the excita tion  of the lone pair electrons of the n itrogen  atom s of 
th e  ring, more e x a c tly  o f those form ing th e  exocyclic л  bond ou t o f  the ring 
togeth er  w ith th e  phosphorus atom s.*

Several papers [12 —15] m ention th e  ultraviolet absorption spectra of 
cyc lic  phosphonitrilic chlorides, but th ey  are quite contradictory. A ccording to 
th e  first m easurem ents o f K r a u s e  [12] in  cyclohexane, cyclic  trim eric and 
tetram eric phosphonitrilic chlorides show  a sharp maximum at 217 nm  with  
an  in ten sity  va lue o f  emax =  1.8 • 103. N ear ly  equal m axim a w ere found in 
th e  spectra of th e  pentam er (216 n m ), hexam er (217 nm ) and heptam er 
(212 nm ) w ith emax 10*. D e w a r  et al. [14 c] found a m axim um  at 199 nm  
o f  th e  cyclic trim cr and at 203 nm o f th e  tetram er, also in cycloh exan e, with  
in te n s ity  values increasing with th e  m olecular weights. A ccording to  this, 
th e  m axim um  of th e  absorption o f th e  tetram er derivative has undergone a 
bathochrom ic shift as compared to the trim er, in contrast to th e  fluoro-deriv- 
a tiv es . D e  M a i n e  et al. [13 a —b] observed  a single m axim um  betw een  250 
and 200 nm  w ith  w ave length and in te n s ity  strongly depending on the solvent, 
concentration  and tem perature, less sign ifican tly  on the m olecular w eight. It 
w as m easured by a B ausch and Lom b R ecording Spectronic 505 instrum ent. 
E.g.  the hexachlc-iocyclotriphosphazatriene showed absorption m axim um  at 
211 nm  [13 b] w ith  £max =  350 in ten sity ; in the case of the octachlorocyclo- 
tetraphosphazatetraene the obtained v a lu es were / max =  213 nm  and smax — 
=  390; both were m easured in n-heptane at 20°. Working in different hydro
carbon and halogenated  hydrocarbon so lv en ts  very different va lu es were ob
ta in ed , e.g. the absorption maximum o f th e  cyclic trimer com pound was found  
a t 220 nm  in re-pentane, at 214 nm  in re-hexane and at 229 nm  in re-undecane. 
B efore m easuring th e  solutions th ey  w ere saturated with dry n itrogen .

P a d d o c k ’ s  co-worker, D. R. S m i t h ,  however, found, using  a Unicam  
S P  500 spectrophotom eter [14 a —b ], th a t no maxima exist betw een  210 nm

* This seems to  be probable when com paring th e  ionization potential values of the cyclic 
phosphonitrilic  fluorides and chlorides m easured b y  a mass spectrograph:

[N PF2]3 [N P F 2]4 [N P F ,]5
11.64 eV 10.86 eV 11.1 eV
[NPCLl, [NPCLL [NPCLL [NPCLL
10.26 eV 9.80 eV 9.83 e'V 9.81 eV

w ith  th e  following ionization  potentials: n itrogen a to m : 14.555 eV; nitrogen m olecule: 15.51 eV; 
m ethylam ine: 9.8 eV; dim ethylam ine: 9.6 eV; trim ethylam ine: 9.4 eV; phosphorus trichloride: 
12.2 eV; phosphorus a tom : 10.43 eV; fluorine a to m : 17.422 eV; te trafluorom ethane: 17.8 eV; 
su lp h u r hexafluoride: 19.3 eV.
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and 350 nm , only a continuous increase could be observed in the case o f  th e  
cyclic trim eric, tetram eric and higher hom ologues o f  phosphonitrilic chloride in  
n-hexane. Other so lvents as cyclohexane and m ethanol did not alter the spectra  
sign ificantly , even cone, sulphuric acid  resulted in a hypsochrom ic sh ift o f  a 
few  nm  only. A lm ost no change due to  increasing m olecular weights w as fou n d  
in the spectra and no regular shift w as observed. These results were supported

by the m easurem ents o f  W a l s h  et al. [ 1 1  b] recording the absorption spectrum  
of the hexachlorocyclotriphosphazatriene in cyclohexane solution in th e  250 — 
185 nm  region by an Optica recording spectrophotom eter, oxygen being  e x 
cluded from the optical path. Absorption m axim um  did not appear, th e  in te n 
sity  continuously increased up to 185 nm , reaching there log e =  3.34 on ly .*

R ecently  A llcock et al. [15] reexam ined th e  maxima found b y  D e 
Maine  and others at about 210 nm  and stated  th a t those appeared due to  
scattered light. N ot did these authors observe an y  absorption m axim um  
above 199 nm in n-heptane solution o f  hexachlorocyclotriphosphazatriene.

W e recorded the ultraviolet absorption spectra o f very pure hexachloro- 
cyclotriphosphazatriene and octachlorocyclotetraphosphazatetraene in n- 
hexane solutions betw een 300 nm and 190 nm  b y  a Beckman D U  spectro-

* N or could vacuum  ultraviolet spec tra  be recorded in the vapour s ta te  in heated  
cuvettes [ H e ] .

Acta Chim. Acad. Sei. Hung. 60 , 1969



314 LA K A TO S e t  a l.: INORGANIC U N SA TU R A T ED  CYCLIC COMPOUNDS, I I

photom eter equipped  w ith  photom ultiplier. Absorption started below  250 nm  
and increased gradually  showing no m axim um  in the measured range. A t every  
w avelengths the in ten s ity  values of the tetram er were higher than those o f the  
trim er (Fig. 1 ). T his is in accordance w ith  th e  m easurem ents o f W a l s h  et al. 
[11  b —c] and P a d d o c k  et al. (14 a, b) th a t  could not be explained b y  D e  
M a i n e  et al. [13  a ]. U sin g  solutions of d ifferent concentrations, th e  va lid ity  o f

th e  Lambert — B eer equation in the case o f  th is  system  was proved at 200 nm . 
(Curve a in F ig. 2).

To interpret th e  absorption of th e  cyclic  phosphonitrilic chlorides, the  
knowledge o f th e  spectra of linear p olym eric phosphonitrilic chlorides w ith  
(NPC12)„PC15 com p osition , insoluble in petro leum  ether was also needed. These 
com pounds can be obtained partly as by-p rod u cts of the preparation o f cyclic  
phosphonitrilic chlorides from phosphorus pentachloride and am m onium  chlo
ride in sym .-tetrachloroethane [14 b ], p a rtly  b y  the direct heating o f  cyclic  
phosphonitrilic chlorides w ith phosphorus pentachloride, for a longer period  
at a higher tem perature (350°C for 5 hours [14 b] or 200 — 220°C for 72 hours 
[16]) in a sealed tu b e  filled with nitrogen gas. D . R. S m i t h  [17 a, b] recorded  
th e  ultraviolet spectra o f  polymer oils o f  different molecular w eights, w ith  
(NPC12)„PC15 com p osition , insoluble in petroleum  ether owing to  their non- 
cyclic structure. A  U nicam  SP 500 spectrophotom eter was used to  measure
0 .1 —0.2 w eight%  solu tions in carbon tetrach loride in the 260—450 nm  region. 
Two sharp m axim a were found at 315 nm  and 365 nm and only  in ten sity  
changes but not w avelen gth  changes were found  when com pounds o f different 
m olecular w eights w ere investigated [17 b ]. A s our assum ption was th a t th ese  
tw o  maxim a resu lted  from possible con tam inations of the solvent, a m ixture  
o f  linear polym er oils insoluble in petroleum  ether was prepared w ithout any
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so lvent and its spectrum  was recorded b y  an Optica Milan CF4 recording  
spectrophotom eter. Curve a in Fig. 3 shows th e  spectra of these linear p o ly 
meric hom ologues: no m axim um  appears in th e  4 0 0 —290 nm  region, on ly  a 
slow hut continuous increase o f  absorption. N either samples o f th e  reaction  
m ixture o f  phosphorus pentachloride and am m onium  chloride in very  carefu lly  
purified sym .-tetrachloroethane did show a sharp m axim um  betw een 290 and  
400 nm  (Curve b in F ig. 3).* F inally , hexachlorocyclotriphosphazatriene was 
heated w ith  an excess o f  phosphorus pentachloride in 1 : 2 and 1 : 1 ratio  at 
350°C in a sealed tube for 5 hours. After d issolving the resulting oil in  carbon  
tetrachloride its spectrum  was recorded b y  an Optica Milan CF4 recording  
and a B eckm an D U  spectrophotom eter too  (curves c and d in F ig . 3). 
Again a slow ly, continuously  increasing absorption was found w ith  no  
sharp m axim um  in th e  4 0 0 —290 nm  region. These facts contrast w ith  
the th eory  o f P addock  et al. concerning th e  re-electron structure o f  th e  
linear phosphonitrilic halogenide polym ers statin g  th at it is su b stan tia lly  
different from th at o f th e  cyclic derivatives.

A m ong the cyclic phosphonitrilic brom ides th e  ultraviolet absorption  
spectrum  o f the trim eric derivative was recorded b y  D. R. Smith  [17 c] in 
л-hexane and in cone, sulphuric acid betw een 300 nm  and 210 nm . G radually  
increasing in ten sity  o f  absorption was observed w ith  a log e value ab ou t 3.8  
at 210 nm  but no m axim um  was reached. The spectrum  of the cone, sulphuric  
acid solution  was sim ilar, on ly  a hypsochrom ic shift o f about 8 nm  w as n oticed . 
W e prepared very pure hexabrom ocyclotriphosphazatriene and octabrom o- 
cyclotetraphosphazatetraene and recorded the spectra of their so lu tions in 
re-liexane in the 300 — 190 nm  region b y  a B eckm an D U  spectrophotom eter  
[18]. Curves a and b in F ig. 4 show the u ltraviolet absorption m axim um  o f  th e  
hexabrom ocyclotriphosphazatriene at 200 nm  (log e == 4.4) and th a t  o f  th e  
tetram er at 199 nm  (log e =  4.5). In both  cases the va lid ity  of the L am bert — 
Beer equation in the given system  was proved at the w avelengths o f  th e  ab 
sorption m axim a (curves b and c in F ig. 2). A t the m easurem ents in cone, 
sulphuric acid a shift o f 8 nm  was also observed, w ith  the m axim um  appear
ing at 192 nm  (log t =  4.3).

The u ltraviolet absorption spectrum  o f one o f the cyclic trim eric m ixed  
halogenides: tetrachlorodibrom ocyclotriphosphazatriene N3P3Cl4Br2 w as also  
recorded (F ig. 5). The absorption m axim um  appeared at 192 nm  (log e ~  4), 
near to  th e  end o f the m easuring range.

T hough some notes were found also on phosphonitrilic iodide d eriva tives  
in p aten ts [19 a, b, c] dealing w ith  phosphonitrilic halogenides, w e d id  n ot  
succeed to  prepare them  up to now . The usual dry reaction o f am m onium  
halogenide w ith  phosphorus pentahalogenide or th e  m ethods working in sol-

* Sim ilar shape m ay be obtained by  PC15 in sim . tetrachloroethane.
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A(mp)
Fig. 4

v en ts  (sym.-tetrachloroethane, m onochlorobenzene or o-dichlorobenzene) could  
not be applied as neither phosphorus (V) iod ide nor m ixed phosphorus (V) 
iodide-halogenide derivatives are known [20 a, b ]. Similarly to the preparation  
o f fluoro-derivatives, the hexachlorocyclotriphosphazatriene was reacted w ith  
sodium  iodide in acetone [21 a] and in sulphurous dioxide [21 b] m edium . 
T hough som e m onths later the chloride w as quantitatively  precip itated  as
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sodium  chloride, the separation o f  iodine started  im m ediately  after m ixing  
the reagents and no iodine derivative could be iso lated . Sim ilarly to  diazoti- 
zation reactions used in the preparative organic chem istry  [22], hexam ido- 
cyclotriphosphazatriene was reacted w ith  sodium  nitrite  in acetic acid medium  
at a low  tem perature, then  sodium iodide was added to  the m ixture in the pres
ence o f  a catalyst, copper(II) salt. Iodine and nitrogen evolved  and the hydro
lyzed product hexahydroxidocyclotriphosphazatriene [N P (O H )2]3 was obtained  
but no iodine derivative was found. On analogy o f th e  reaction o f phosphorus- 
(I ll)-a m in e  derivatives w ith  anhydrous hydrogen iodide [23 a — d] also the  
reaction o f bisdim ethylam inotetrachlorocyclotriphosphazatriene w ith  hydrogen  
iodide (N 3P3C14[N(CH3)2]2 -f- 2 H I) w as tried to  carry out in absolute ether 
m edium  but the starting m aterials remained unchanged. F inally  bisethyl- 
m ercaptocyclotriphosphazatriene N 3P3C14(SC2H 5)2 in absolute ether was 
reacted w ith  an excess o f anhydrous hydrogen iodide sim ilarly to the method  
of preparation of the iodine derivatives of inorganic unsaturated cyclic boron 
com pounds [24 a —с]. The u ltraviolet and infrared spectra o f the products show 
ed the presence o f ethylm ercaptane, ethyl-iso-th iocyanate, unreacted starting  
m aterials and unidentified  substances, some iodine w as formed too , hut no 
iodine derivative o f  phosphorus n itride was obtained. Probably iodine deriva
tives o f  phosphorus nitride are as instab le as phosphorus (У) iodide itself. Taking 
into consideration the Van der W a a l s  radii, th is in stab ility  is not o f steric 
origin. To the form ation o f the phosphorus (У) va lence sta te , the em pty 3d 
orbitals o f the free phosphorus atom  are required. How'ever, to  stabilize these  
by the contraction o f th e  3d orbitals [25 a, b ], atom s o f high electronegativ ity  
— fluorine, oxygen, n itrogen, chlorine, bromine — m ust he attached  to the  
phosphorus atom . The e lectronegativ ity  of the iodine atom  is not high enough  
to  produce this effect, therefore even th e  formed iodide com pound suffers in room  
tem perature discontinuous deform ation accom panied b y  iodine evolution.

Table I

Data o f ultraviolet absorption spectra o f cyclic phosphorus nitride dihalogenides

Compound *m*x l°g emax

N A F . 1 4 9 . 4 4 . 0

N4P4F 8 1 4 7 .5 4 . 0

N3P3C10 ( 1 7 5 ) ( 4 . 0 )

N4P 4C18 ( 1 7 3 ) ( 4 . 0 )

N3P3Cl6Br 1 9 2 4 . 0

N3P3Cl4B r2 192 4 . 0

N3P3B r 2 0 0 4 . 4

N4P4Br8 1 9 9 4 . 5
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The position o f the m axim um  of the uv. absorption spectra o f the phos- 
p h on itr ilic  dihalogenides depend on the absorption o f the halogen atom. 
T h u s the absorption m axim a o f trim eric and tetram eric phosphonitrilic chlo
r id es, not having been m easured , yet can be extrapolated  to  А — 175 nm  and 
to  X —  173 nm, resp., w ith  an in ten sity  value o f log  e — 4 in b oth  cases (Table I).

The order of m agnitude o f  the absorption in ten sity  (log p  — 4) and the  
s lig h t dependence on the p o larity  of the solvent (the shift produced b y  cone, 
su lphuric  acid corresponds to  th e  energy of hydrogen bonding) point to a 
tra n sitio n  of л  —► n* ty p e . M olecular weight shows only  a slight effect on the  
sp ectra . They are sim ilar to  th ose  o f the corresponding inorganic linear unsat
u ra ted  homologues and str ic tly  differ from the conjugated unsaturated  hydro
carb on s. No bands characteristic  o f  arom atic system s are found, as e.g. the  
Л -b an d  (so-called benzenoid  band) between 2 3 0 —270 nm .

The pseudohalogenide derivatives o f the cyclic phosphonitrilic com 
p o u n d s were represented b y  th e  azide and iso-th iocyanate as u ltravio let spectra 
o f  com pounds containing th ese  tw o groups suitable to com parison have already 
b een  accurately in v estig a ted  [26 a —d, 27 a — d]. The data o f th e  spectra of 
so m e  organic azides, o f com pounds o f (CH3)3MN3 com position (M =  C, Si, Ge) 
an d  o f  hexaazidocyclotriphosphazatriene and diethylazido-phosphate, the  
la t te r  tw o being determ ined  b y  us, are given in Table II . A s can be seen

Table II

Data o f ultraviolet absorption spectra o f some azides

Compound
л  y(2py R—N J - *  

1N J
sPx (R —> Tty* ( N j f  N 2) Tty —> о a

«max e ^max E r̂aax e

n-buty lazide 287.0 25 216.0 540
Cyclohexylazide 287.1 26 216.7 440
2-chloroethyIazide 283.4 34 214.1 609
Benzylazide 284.0 medium
Phenylazide 283.0 very strong
Cyanoazide 275.0 103 220.0 2157
A zoimide 264.0 200
H y d ra ted  azide ion 230 440 188 >10000

T  rim ethylm ethylazide 288 23 215.5 500

Trim ethylsilylazide 255.1 19 212.3 260 < 1 8 0 >10000

T  rimethylgerm anium azide 266.1 23 211.9 252 < 1 8 0 >10000

Diethylazido-phosphate 250.0 20 208.0 316
H exaazidocyclotriphosphaza-

tr ien e 260 20 210 (6300) —  197.0 10000
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in it, the u ltraviolet absorption spectra o f azides contain tw o bands of 
lower in tensity , and one band o f high in tensity  is observed near to  th e  end of 
the m easuring range. C l o s s o n  and G r a y  [26 a] assigned these bands to  the  
follow ing transitions, based on MO-LCAO calcu lations. The absorption of 
low est energy found at 290 — 250 nm is o f л у(2p y, R —Nx) N 2)
ty p e , that of higher energy appearing between 200 — 235 nm corresponds to  
spx(R  — Nj) —*■ 7г*(1Чл1—N 2) ty p e . The R — N x— — N 2 bond schem e shows:

я т

th a t both transitions are forbidden as a consequence th a t th ey  are due to  tran
sitions between tw o perpendicular planes, so th ey  are o f low in ten sity . The 
third band of high in ten sity , appearing at the end o f th e  measuring range is 
assigned to  a transition o f  л у —*■ a* typ e, th is is, o f  course an allowed transi
tion . I t  can be seen in Table I I  th a t both  bands o f  sm aller in tensity  o f  th e  ali-
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p h a tic  azides suffer a hypsochrom ic shift because o f the in d u ctive  effect ot 
m ore electronegative su b stitu en ts, e.g. chlorine, as the energies o f the spx and 
Py  orbitals are decreased. The hypsochrom ic shift becom es m ore significant 
w h en  th e  carbon atom  a tta ch ed  to the “first”  nitrogen atom  (N x) is substituted  
b y  a silicon or germ anium  atom  in the (CH3)3MN3 molecule. The reason is that 
th e  acceptor effect o f  th e  em p ty  outer d-orbitals o f the central silicon or ger-

Л (гид)
Fig. 6

m anium  atom produces a strong dative .^ (N j) —* d(7r)(Si) bond w ith the 
neighbouring N-l atom , w hich  decreases m ost o f all the energy o f the 
orb ita l and in a lesser degree th at o f the spx(N x) orbital, w hile on ly  negligibly  
in fluencing  the energy o f th e  nonbonding ones. This regularity can be seen well 
in  th e  spectrum o f (C2H 50 ) 2P 0 N 3 in hexane m easured b y  us (F ig . 6) showing 
a decrease of w avelength  va lu es (Amax =  250 nm , s =  20 and Amax =  208 nm , 
e =  316, the third tran sition  could not be m easured) due to  th e  stronger accep
to r  effect o f 3d orbitals o f  phosphorus atom  com pared to silicon and germanium  
atom s. The u ltraviolet absorption spectrum  o f hexaazidocyclotriphosphaza- 
tr ien e in hexane recorded b y  a Beckm an D U  spectrophotom eter in the 240 — 
190 nm  region (Fig. 7 a) and an Optica M ilan CF4 spectrophotom eter too, 
(F ig . 7 b) resembles th e  form er very much. The m axim um  o f th e  band of lowest 
in te n s ity  is found at about 260 nm , the second band, appearing at about 210 nm
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is probably overlapped by the third one o f  high in ten sity  which occurs near to  
the end o f the m easuring range. The u ltraviolet absorption spectrum  o f  liexa- 
azidocyclotriphosphazatriene is certain ly  sim ilar to  those of the noncyclic  
diethylazido phosphate and trim ethylsily lazide and not to arom atic azides.

The investigation  o f the isoth iocyanates gave similar results (Table III). 
Two bands were generally observed, disregarding the aromatic iso tliiocya-  
nates [28]. One o f them  is found at about Amax =  250 nm (log 3 .5 ), due to  
л —*■ я* excitation  o f the sulphur atom .*

* This conclusion is based partly  on the  high in tensity  of the band, partly  on the я  я* 
transition  of the sulphur atom  in n-alkyl-m ono-thiocarbam ates resulting in a band  a t  Amax =  
=  226— 236 nm (log e =  4) and on the observation th a t nitriles and isonitriles show no ab 
sorption between 220—770 nm.
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T a b le  I I I

Data of ultraviolet absorption spectra of some isothiocyanates

Compound
Nfr— 71*) S(7I— 71*)

^max log e ^max log £

Methyliso thiocyanate 192 4 249 3.34

E thylisothiocyanate 250 2.94

n-butyliso thiocyanate 249 3.50
Allyliso thiocyanate 249 3.10
Phenylisothiocyanate 220 (4.38) 281 (4.12)
Trim ethylsilylisothiocyanate 198 4.83 246 3.09
Phosphorus triisocyanate 206 4.08 230 3.96
Phosphorus oxy-isothiocyanate 213 4.00 250 3.50
H exaisothiocyanatotriphosphazatriene 196 5.09 250 3.44

The second band (Table III) is of higher in ten sity  (log s ]> 4) and on 
the basis o f  the u ltravio let absorption spectra o f  azides, amides and diam ine  
d erivatives it probably belongs to the excita tion  o f  the “ lone” or partly  bond
ing electron  pair o f th e  nitrogen atom . The u ltravio let absorption spectrum  
of cyclic  [N P(N C S)2]3 in n-heptane (curve a in  Fig. 8) resembles th ose o f  
P(N C S)3 (curve b in F ig. 8) and (CH3)2Si(NCS)2 (curve c in Fig. 8) in n-heptane  
so lu tions. Significant difference is found in th e  spectra of aromatic iso th iocya
nates e.g. phenylisoth iocyanate in hexane (curve d  in Fig. 8).

T he weak diffuse m axim um  (log e < f 1.0), found in the 2 0 0 —400 nm  
region in th e  spectra o f  cyclic [NP(OCH3)2]3, and  [NP(OCH2CF3)2]3 and the  
corresponding linear polym ers in m ethanol so lu tion  is due to contam inations  
present in  traces [15]. W e recorded the spectra o f  very pure [N P(O C H 3)2]3 
and [N P(O C H 2CH3)2]3 in n-hexane (curves a and  b in Fig. 9) and did n ot find  
any m axim a but a continuous increase of absorption  up to the end o f th e  m eas
uring range o f the instrum ent. In the u ltrav io let spectrum o f th e  prepared  
sulphur derivative, cyclic  N3P3C14(SC2H 5)2 in  n-heptane (Fig. 10) on ly  a weak  
shoulder is found at about A ~  240 nm  (log e ~  3) due to я —► л* excitation  
of th e  sulphur atom , follow ed by a gradual increase of in tensity  up to  the 
m easuring lim it.

In vestiga tin g  th e  nitrogen derivatives, a w eak  absorption band (log e <( 
<( 0.4) w as observed in the spectra o f  th e  linear [NP(NH C2H 5)2]„ and 
[N P (N (C H 3)2)2]„ polym ers w ith  high m olecular w eights, due to th e  presence 
of contam ination  trace [29 a], no other absorption was found up to 200 nm . The 
spectra o f  cyclic N 3P3C14[N(CH3)2]2, N3P3C12[N (C H 3)2]4 and N 3P3[N(CH 3)2]6 
in h exan e solutions (Curves a, b and c in F ig . 11) show a m axim um  o f high in 
ten s ity  near to the end of the measuring range. This probably belongs to  the
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Mmp)
Fig. 8

excitation  o f the “ lon e”  electrons o f  th e  exocyclic  nitrogen atom s, more pre
cisely, o f  those form ing а р(л)  — d(?i) bond together w ith  the phosphorus atom s.

Sv e t s h o v  et al. [29 b] found a m axim um  in th e  spectrum  o f the 1,3-bis- 
-(am ino)-l,3 ,5 ,5-tetrak is-(d im ethylam ino)-cyclotriphosphazatriene in re-hexa- 
ne betw een 2 0 0 —210 nm  (e =  1000). T h ey  w orked on a SzF sp ectro
photom eter. W e in vestigated  the spectrum  o f d iam inotetrachlorocyclotri- 
phosphazatriene in re-hexane and did not find  an y  m axim um  up to  190 nm .

Finally , the stu d y  o f the carbon derivatives show ed th at [N3P3(CH3)2]e 
in re-hexane has no sign ificant absorption in the m easured region. The position  
o f the phenyl group does not affect considerably th e  w avelengths of th e  ob 
served bands either connected directly to  th e  phosplionitrilic ring, e.g. in 
[NP(C6H 5)2]3 [30], or through an 0 ,  S or N H  group, as in
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/ 4о о
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Ar
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( > /  4 .N /  4  -О '

[31 a, b], where Ar =  arom atic group. So re-hexane solution o f [N P(C 6H 5)2]3 
show s a m axim um  at 2.max — 260 nm  [30]. The spectrum  o f cyclic phosphonitrilic  
derivatives contain ing an arom atic ring connected  through an O. S or N H  group is

a lm ost identical to  th a t o f the com pound being attached, e.g. in the above case to  
th a t  o f o-dim ethoxybenzene [31 a ,b ].*  A ll th ese  show that no sign ificant in terac
tio n  exists betw een th e  phosphonitrilic ring and the л-electron system  o f the aro
m atic  ring. The low  delocalization degree o f  th e  л -electron system  o f phospho
n itrilic  ring can account for this.

P aciorek [32] obtained similar resu lts, investigating th e  u ltraviolet 
absorption spectra o f linear phosphorus nitride diphenyl derivatives,

* N a g y  et al. [Per. Polytechnica 10, 451 (1966) and 11, 33 (1967)] investigated  the 
u ltrav io le t absorption spectra  of ^ Р (О С сН 3)2]3, P[O C eH 5]3, OP[OC6H 5]3, CeH 3OCH3 and 
C„H5OH, and also established th a t no significant conjugation exists betw een th e  я -electron 
system  of the arom atic phenoxy group and th a t  o f th e  phosphorus n itride ring. The u ltrav io le t 
spectrum  of cyclic [NP(OC6H 5)2]3 is similar to th a t  of noncyclic OP(OCBH 5)3 (Amax =  262.4 nm  
and  261 nm).
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A(mM)
Fig. 10

(CeH 5)2P (0 ) - [N = = P (C 6H 5)2]n- A r ,  where Ar m eans CcH 5-  or - N H - P ( O ) -  
(CeH 5)2 groups and n — 1, 2 or 4. Increasing — P = N — chain length did not  
result in bathochrom ic shift.
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Sum m ing up, we can state th at th e  u ltraviolet absorption spectra of  
cy c lic  and linear polym eric phosphonitrilic disubstituted  com pounds primarily 
d ep en d  on the substituents. Cyclic derivatives do not show bands characteris
t ic  o f  arom atic system s; their u ltraviolet absorption spectra are similar to  
th o se  o f  noncyclic phosphorus derivatives containing the sam e substituents  
an d  to  those of the corresponding linear polym ers. Considering these facts, 
th e  conception o f the “ arom atic” , h ighly delocalized structure o f  th e  я -electron

F ig . 12. A =  vessel for th e  adsorber; В =  oil b a th ; К  =  vessel for freezing; C =  sublim ation 
space ; V  =  connection to  vacuum  (made by a suction  engine or diffusional pum p); M =  m ano

m eter; R  =  buffer space

sy ste m  o f the phosphonitrilic ring m ust be refused. The three-centre я -electron  
m o d el suggested b y  D ew ar seem s to  be m ore probable. This m odel helps to  
ex p la in  the failure o f preparation o f tran sition  metal com plexes o f  sandwich  
ty p e  w ith  cyclic phosphonitrilic derivatives [1, 33]. Further, investigations  
o f  infrared absorption in tensities proved th e  low  delocalization degree o f the  
я -electron s of the phosphonitrilic rings [34].

Experim ental

P rep ara tio n  of tr im e ric  and te tram e ric  phosphon itrilic  d ichlorides

T he reaction of am m onium  chloride w ith phosphorus pentachloride w as used [35, 36]. 
A  m ix tu re  of 1.5 :1 molar ra tio  o f am m onium  chloride and phosphorus pen tach loride in mono
chlorobenzene was refluxed and  stirred  for 30—40 hours a t 124— 127°C. The unreacted  solid 
re s id u e  was filtered off and  th e  solvent was distilled. The cyclic p roduct was ex trac ted  from 
th e  o ily  residue w ith benzene and  the solution was tre a te d  w ith active carbon to  ob tain  a clear 
liq u id . A fter evaporating the benzene, a white crystalline product was ob ta ined . The trim eric 
an d  te tram eric  homologues were separated  by repea ted  recrystallization from  petro leum  ether 
an d  b y  vacuum  sublim ation (a t 124°C/10 Hgm m  fo r th e  trim er and 185°C/10 H gm m  for the 
te tra m e r) . The apparatus used for this separation is shown in Fig. 12. P u rity  te s t was perform 
ed b y  recording the infrared spectra. M.p of the tr im er: 112.80C; M.p. of the te tram er: 123.5°C.

P rep ara tio n  of tr im e ric  and  te tram e ric  phosphonitrilic  d ibrom ide

Ammonium brom ide and  phosphorus trib rom ide was reacted w ith  brom ine [37]. 
O p tim a l yield in cyclic trim eric and  te tram eric hom ologues (50% trim er, 8%  te tram er) was 
o b ta in e d  by the following m ethod.
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The 2/3 of the brom ide needed for th e  reaction was added to  a m ixture of calculated 
quan tities of ammonium brom ide and phosphorus tribrom ide in sym .-tetrachloroethane. The 
reaction  m ixture was stirred  vigorously and the  tem perature was raised according to th e  follow
ing program m e:

1. d ay up  to 60—  70°C
2. d ay *» 70—  90°C
3. d a y »» 90— 100°C
4. d ay »» 100— 110°C
5. d ay »* 135°C
6 . - 7 . d a y 135— 145°C
7.— 11. d a y  ” 145°C

A fter the second day the second portion of brom ine required was added to it. The tem pera tu re  
range between 110 and 135°C — less advantageous to  the form ation of cyclic homologues — 
was swiftly passed. The trim eric and te tram eric  derivatives were separated  by fractional re
crystallization from petroleum  ether and by  vacuum  sublim ation. The purity  of the products 
was checked by their infrared spectra. M.p. of the trim er: 188°C, M.p. of the te tram er: 197°C

P re p a ra tio n  o f p e n ta c h lo ro -m o n o b ro m o c y c lo - tr ip h o s p h a z a tr ie n e

Reaction of am m onium  bromide and  phosphorus pentachloride in sym .-te trach loro
e thane  was used [38]. Separation of the reaction product was carried out as follows: after 
accom plishm ent of the reaction the unreacted  solid residue was filtered off. The f iltra te  was 
vacuum -distilled and the obtained oily residue was allowed to stand  in the refrigerator over 
n ight. The crystalline product formed was filtered off by vacuum . I t  was extracted  w ith petro
leum  ether and this solution was trea ted  w ith active carbon. A fter evaporation of petroleum  
ether a colourless crystalline m aterial was obtained. I t  was recrystallized from benzene and 
purified by vacuum -sublim ation. M.p.: 122.5°C. Identification was based on the infrared  spec
tru m  published in Ref. [38].

P re p a ra tio n  o f  te tra c h lo ro -d ib ro m o c y c lo tr ip h o sp h a z a tr ie n e

The reaction of am m onium  chloride w ith phosphorus pentachloride and phosphorus 
tribrom ide in sym .-tetrachloroethane was applied [38]. Separation  of the formed products 
was carried out in the above described way. Colourless crystalline substance was obtained. 
M .p.: 134.5—135°C.

P re p a ra tio n  o f  h e x a m e th o x y -  a n d  h e x a e th o x y c y c lo tr ip h o sp h a z a tr ie n e

H exachlorocyclotriphosphazatriene was reacted w ith sodium  m ethylate  [39] or w ith 
ethanol [401. H exam ethoxy derivative is a colourless crystalline substance, m .p.: 48°C; the 
hexaethoxy derivative is a colourless oil, b .p .: 116°C/0.1 H gm m .

P re p a ra tio n  o f  d ie th y lm c rc a p to - te tr a c h lo ro c y c lo tr ip h o s p h a z a tr ie n e

I t  was prepared by  the reaction of hexachlorocyclotriphosphazatriene and sodium 
ethylm ercaptidc [41]. I t  is a pale yellow oil, b.p.: 128 130°C/0.2 Hgmm. Sodium ethylm ercap-
tide was prepared from ethylm ercaptane w ith metallic sodium.

P re p a ra tio n  o f  h e x a k is -n - iso th io c y a n a to c y c lo tr ip h o sp h a z a tr ie n e

H exachlorocyclotriphosphazatriene and sodium th iocyanate  was reacted [42]. I t  is a 
pale yellow crystalline substance. M.p.: 41.0—41.5°C. Identification  was based on the infrared 
spectrum .
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P r e p a r a t io n  o f  h e x a -a z id o c y c lo tr ip h o sp h a z a tr ie n e

T he reaction of hexachlorocyclotriphosphazatriene and  sodium azide was carried out 
[43]. Colourless oily product, exploding violently on m echanical effects. I t  should be stored in 
e th e r  o r carbon tetrachloride solution.

P r e p a r a t io n  o f  d ie th y laz id o  p h o sp h a te

I t  was prepared from  diethylchlorophosphate w ith  sodium azide [44]. Colourless liquid, 
b .p .:  70— 71°C/2—3 H gm m . ( I t  is a poison for nerves, inhalation  of its vapours causes visual 
tro u b les .)

P r e p a r a t io n  o f  d ie th y lc h lo ro p h o sp h a te

D iethyl phosphorous acid  w as chlorinated [45]. I t  is a colourless liquid, w ith  a pleasant 
odou r. B .p.: 103.0—104.5°C/20 H gm m .

P r e p a r a t io n  o f d ie th y l p h o sp h o ro u s  ac id

Phosphorus trichloride w as reacted w ith ethanol [46]. Colourless, mobile liquid, b.p .: 
90— 100°C/25 Hgmm.

P re p a ra tio n  o f  d ia m in o - te tr a c h lo ro c y c lo tr ip h o s p h a z a tr ie n e

H exachlorocyclotriphosphazatriene was reacted  w ith  am m onia [47]. W hite crystalline 
su b s tan ce , m.p.: 166.5°C.

P r e p a r a t io n  o f  p h o sp h o ru s  tr i- is o th io c y a n a te

T he reaction of phosphorus trichloride w ith m ercury  th iocyanate  was used [48]. Colour
less liqu id , b.p.: 128°C/3 H gm m .

P r e p a r a t io n  o f  p h o sp h o ru s  o x y - iso th io c y a n a te

Phosphorus oxy-chloride w as reacted w ith potassium  th iocyanate  [49]. Pale yellow oil, 
b .p .:  170— 175°C.

P r e p a r a t io n  o f  d im e th y l-s ily l-d i- iso th io c y a n a te

I t  was prepared by  th e  reac tion  of dim ethyl-silyl dichloride and silver th iocyanate  [50]. 
C olourless, mobile oil, i t  becom es yellow on air. B .p.: 92°C/9 Hgmm.

P r e p a r a t io n  o f p h e n y l- iso th io c y a n a te

The reaction of aniline w ith  carbon disulphide and  am m onium  hydroxide was used. 
T he form ed m -phenyl-dith iocarbam ate was decomposed by  lead n itra te  [51]. Colourless liquid 
b .p .: 121— 122°C/37 H gm m .

P r e p a r a t io n  o f  m e th y l- is o th io c y a n a te

Methylamine, carbon disulphide and sodium hydroxide was reacted. The formed N- 
m e th y l sodium thiocarbam ate w as decomposed w ith  chlor-form ic acid e thy lester [52]. Colour
less oily liquid, b.p.: 118 — 119°C.
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P re p a ra tio n  o f  b ie -N -d im e th y la m in o - le tra c h lo ro c y c lo tr ip h o sp h a z a tr ie n e , te tr a k is -N -d im e th y l- -  
a m in o -d ic h lo ro c y r lo tr ip h o s p lia z a tr ie n e , h e x a k is -N -d im e th y la n iin o c y c lo tr ip h o s p h a z a tr ie n e

T h ey  wert; p rep ared  b y  th e  re a c tio n  of h cx ach lo ro cy c lo trip h o sp h aza trien e  a n d  d im e- 
th y la m in e  in a b so lu te  e th e r so lu tion  b y  p ro p e r  v a ria tio n  o f co n ce n tra tio n  and  d u ra tio n  o f  th e ’ 
re ac tio n  [53 a, b ]. Y ield : 40, 74 an d  8 0 % . T h e y  are  w h ite  c ry sta llin e  su bstances, m .p .:  103 .5°C , 
104°C and  100°C, resp .

P u rity  o f all substances w as c h eck ed  n o t on ly  b y  m .p . o r  b .p . d e te rm in a tio n s  a n d  e le 
m e n ta ry  analysis b u t  by  careful co m p ariso n  o f th e ir  in frared  sp e c tra  w ith  th e  p u b lish e d  ones 
fo u n d  in th e  c ited  pap ers . T heir p u r i ty  w as fo und  to  be th e  sam e as th o se  given in th e  l i te r a tu re .

T he u ltra v io le t  ab so rp tion  sp e c tra  w ere reco rded  in n -h ex an e  a n d  п -h ep tan e  o f  “ fo r sp e c 
tro sc o p y ”  p u r ity  [m ade  by  B D H ] so lu tio n s . A n h y d ro u s so lv en ts  w ere p rep ared  a cc o rd in g  to  
th e  m onographs o f W eissb er g er  [54 a ] , H o u b e n —W e y l  [54 b] a n d  P este m e r  [54 c], j u s t  
a s  to  a p riv a te  com m u n ica tio n  of H ir e s  [54 d] an d  th e  h a n d b o o k  o f K e il  [54 е].

R E F E R E N C E S

1. L akatos, B ., B o h u s , J . ,  H esz , Á .: A c ta  Chim . A cad . Sei. H u n g . 31, 357 (1962) P a r t  I.
2. H a id u c , I .:  In tro d u ce re  in Chim. C icluriloc A norganice , E d . A cad . R ep. Pop . R o m . 1960

H a id u c , I .:  S tu d ia  U niv. B abe? B o ly a i, Ser. 1. (N o. 9) 9 (1961)
3 . D a vid o va , Y. P .,  V oronkov , M. G .: Polifoszfazenii Izv . A kad . N au k . U SSR  1962
4. K rieg sm a n n , H ., Claus, H .: Z. an o rg . alig . Chem . 30J, 210 (1959)
5 . a)  D o u g il l e , M. W .: J .  Chem. Soc. 1963, 3211 ,1961 , 5471

b)  J a g o d z in sk i, H . el al.: Z. an o rg . a lig . Chem. 302, 81 (1959). Z. K ris ta llo g rap h ie , 113, 
242 (1960)

c) McGe a c h in , H . McD .,T ro m a n s , F . R .: J .  Chem. Soc. 1961, 4777; Chem. In d . 1960 , 1131
d)  W ilso n , A ., Carrol , D. F .: C hem . In d . 1958, 1558. J .  Chem . Soc. 1960, 2548
e)  H a zek a m p , R ., Mig c h e l s e n , T ., V os, A .: A c ta  C ryst. 15, 539 (1962)
/ )  D e  Sa n t is , P ., G ig lio , E ., R ip a m o n t i, A.: J .  Ino rg . N ucl. Chem. 24, 469 (1962)
g )  R ip a m o n t i, A ., P ompa, F .: R ice rca  Sei. 29, 1516 (1959)
h )  B u l l e n , G. J . :  Proc. Chem. Soc. 1960, 425 J .  Chem. Soc. 1962, 3193
i )  A n se l l , G. B ., B u l l e n , G. J . :  C hem . Com m. 1965, 493; 1966, 361

j )  Ma n i, N. V ., A h m ed , F . R ., B a r n e s , W . H .: A c ta  C ryst. 19, 693 (1965); 21, 375 (1966) 
B25 316 (1969)

k )  Co h b r id g e , D. E . C.: A c ta  C ry st. 6, 104, (1953)
l )  W a g n er , A. J . ,  V os, A.: R ec. T ra v . Chim . 84, 63 (1965); A c ta  C ryst. В24, 707. 1423 

(1968)
m )  Gig l io , E .,  P u l it i, R .: A c ta  C ry st. 22, 304 (1967)
n )  Go lesw o r th y  R . C. et al.:  J .  C hem . Soc. 1962, 1507
o)  Sc h l u e t e r  A. W ., J acobson  R . A .: J .  Am. Chem. Soc. 88, 205 (1966)

6. B rockw ay , L. O ., B r ig h t , W. M .: J .  A m . Chem. Soc. 65, 1551 (1943)
7. a )  Cra ig , D. P . et al.:  J . Chem . Soc. 1959, 997

b) Cra ig , D. P . et al.: J .  Chem. Soc. 1961, 1376
c) Cra ig , D. P . et al.: J .  Chem. Soc. 1962, 4118
d) Cra ig , D. P ., M itc h el l , K. A. R .:  J .  Chem. Soc. 1965, 4682
e)  Mit c h e l l , K . A. R.: J .  Chem . Soc. A 1968, 2683
f )  D ew a r , M. J .  S. et al: J .  C hem . Soc. 1960, 2423
g )  D e w a r , M. J .  S.: R ev. M od. P h y s . 33, 586 (1963)

8. a)  H a r t l e y , S. B ., P add o ck , N . L ., S e a r l e , H . T .: J .  Chem . Soc. 1961, 430
b) J a cau es , J .  K ., Y ole , M. F ., P a d d o c k , N. L .: J .  Chem . Soc. 1965, 2112

9. Ch apm an , A. C., Ca roll , D. F .: J .  C hem . Soc. 1963, 5005
10. a)  H e f f e r n a n , M. L ., W h it e , R . F . M .: J .  Chem. Soc. 1961, 1382

b) H e a t l e y , F . ,  T o d d , S. M.: C hem . Soc. 1966A, 1152
c) W it e h e a d , M. A.: Can. J .  C hem  42 , 1212, (1964)
d )  K a pl a n s k y , M ., W h it e h e a d , M. A .: C an. J .  Chem . 45, 1669 (1967)
e)  D ix o n , M. et al.:  T rans. F a ra d a y  Soc. 63, 2852 (1967)

11. a)  Se e l , F ., L a n g e r , J .:  Z. ano rg . a lig . Chem. 295, 316 (1958)
b) F o st er , R „  Ma y o r , L „  W a r s o p , P „  W a lsh , A. D .: Chem . In d . I960 , 1445 — 1446
c) W a lsh , A. D .: P riv a te  com m . 1968

12. K r a u se , H. J . :  Z. E lectrochem . 59 , 1004 (1955)
13. a)  J u r in s k i, N. B., T h om pso n , C. C., Ma in e , P . A. D .: J .  In o rg . Nucl. Chem. 27 , 1571

(1965)

A cta  Chim. Acad. Sei. Hung. 60 , 1969



330 LAKATOS e t «1.: INORGANIC UNSATURATED CYCLIC COMPOUNDS, II

b) J u r i n s k i , N. B ., M a i n e , P. A. D.: J . Inorg. N ucl. Chem. 27, 1591 (1965)
14. a) P a d d o c k , N. L ., S e a r l e , H. T.: Adv. Inorg . Chem. Radiochem. 1, 347 (1959)

b) L u n d , L. G., P a d d o c k , N. L., P r o c t o r , J .  E ., S e a r l e , H .T .: J . Chem. Soc. 1960,2542
c) D e w a r , M. J . S. et a l.: J .  Chem. Soc. 1960, 2423. Rev. Mod. Phys. 33, 586 (1963)

15. A l l o c k , H. R., K u g e l , R . L ., V a l a n , K. J .:  Inorg . Chem. 5, 1709 (1966)
16. F l u c k , E.: Z. anorg. alig. Chem. 315, 191 (1962)
17. a) S m i t h , D. R.: P r iv a te  comm. Letter, 1966. X II .  28.

b) See Ref. 14.a, p . 351. Fig. 1.
c) See Ref. 14.a, p. 371, F ig . 6.

18. L aka to s , B., H e s z , Á ., H o l l y , G., H orvá th , G .: N a tu rw . 49, 493 (1962) P re lim in ary
Report

19. a) B a r t h , G., W e h r e n a l p , P a r k , E., K o w a l s k i , A.: U. S. P a te n t 2,975,028 (1961)
b) Cia pe tta , F. G.: C anad ian  P aten t 460.232 (1949)
c) L i p k i n , D.: U. S. P a te n t  2,192,921 (1940)

20. a) Geo rg e , J .  W .: P ro g r. Inorg. Chem. 2, 47 (1960)
b) F i a l k o v , У .  A., K u z m e n o v , A. A.: J. Gen. Chem. USSR 19, 797 (1949)

21. a)  Sch ärpe , A. G.: P r iv a te  comm. Ref. 14. a.p . 350 
b) Shaw , R. A. et a l.: Chem. Rev. 62, 254 (1962)

22 . H o u b e n —W e y l : M ethoden  der Org. Chem. S tickstoffverbindungen I. Teil 3. p  7.
G. Thieme V erlag. S tu ttg a r t 1965.

23. a) P a r r y , R. W ., F l e m i n g , M. A.: Inorg. Chem. 4, 1339, (1965)
b) Cavell , R. G.: J .  Chem . Soc. 1964, 1992
c) Mu lle r , A., H o r n , H . G ., Glem ser , O.: Z. N a tu rfo rsch . 20b, 1150 (1965)
d )  C h a r l t o n , T. L ., C a v e l l , R. G.: Chem. Comm. 20, 763 (1966)

24. a) W ib er g , E., S t u r m , W .: Angew. Chem. 67, 483 (1955)
b) W ib er g , E., St u r m , W .: Z. Naturforsch. 8h, 529 (1953)
c) S t u r m , W.: Ü ber D eriv a te  eines Borsulfols. D iplom awork, München, 1955

25. a) C r a i g , D. P. et a l.:  J .  Chem. Soc. 1954, 332; etc.
b) C h a n d l e r , G. S., T h i r u n a m a c h a n d r a n : J .  Chem. Phys. 47, 1192 (1967)

26. a) C l o s s o n , W. D „ G r a y , H. B.: J . Am. Chem. Soc. 85, 290 (1963)
b) T h a y e r , J . I., W e s t , R .: Inorg. Chem. 3, 889 (1964)
c)  V a r s á n y i , G y . ,  H o l l y , S., S z a t m á r y , J .:  Per. Polytechn. 2, 211 (1958)
d )  Sc h ein k e r , J . N .: D oki. Akad. Nauk. U SSR  77, 1043 (1951)

27. a)  Svatek , E. et a l.:  A c ta  Chem. Scand. 13, 442 (1959)
b) K r e m a n n , R ., R i e b l , R .: Z. Phys. Chem. A165, 372 (1933)
c) P e s t e m e r , M., L i t s c h a u e r , B.: M onatsh. 65, 239 (1935)
d) L a pper t , M. F ., P y s t o r a , H.: Proc. C hem . Soc. 1960, 350

28. R a o , C. N. R. el a l.:  C urr. Sei. 27, 474 (1958)
29. a) A l l c o c k , H. R ., K u g e l ,  R. L.: Inorg. Chem. 5, 1716 (1966) 

b) S v e t s h o v , N. H . et a l.:  Zhur. Obsh. Him. 33, 3936 (1963)
30. S h a w , R. A., W e l l s , F . B . G.: Chem. Ind. 1960, 1189
31. a) A l l c o c k , H. R ., K u g e l , R. L.: Inorg. Chem. 5, 1016 (1966)

b) A l l c o c k , H. R .: J .  A m . Chem. Soc. 85, 4050 (1963). ibid. 86, 2591, 5140 (1964)
32. P a c io r e k , K. L.: In o rg . Chem. 3, 96 (1964)
33. D y s o n , J ., P a d d o c k , N. L .: Chem. Comm. 1966, 191
34. See P a rt I I I  (following paper)
35. A u d r i e t h , L. F .: Chem . R ev. 32, 109 (1943)
36. See Ref. 14. b
37. J o h n , K., M ö l l e r , T .: J .  Inorg. Nucl. Chem. 22, 199 (1961)
38. R i c e , G., D a a s c h , L. W . et al.: J . Inorg. Nucl. Chem. 5, 190 (1958)
39. F ritzsim m ons , B. W ., S h a w , R. A.: J . Chem. Soc. 1964, 1735
40. See Ref. [39]
41. C a r r o l , A. 0 ., S h a w , R . A.: Chem. Ind. 1962, 1908
42. A u d r ie t h , L. F. et a l . : J .  Am. Chem. Soc. 82, 528 (1960)
43. G r u n d m a n n , G., R ä t z , R .: Z. Naturforsch. 10b, 2 (1955)
44. K a ba rch n ik , M. I., G il ja r o v , V. A.: Izveszt. A kad. N auk. USSR 1961, 819
45. B a i l a r , J. C.: Inorg. S y n th . Vol. IV. 1953, p. 78. M cGraw-Hill Publ. Co. London
46. B a i l a r , J . C.: Inorg. S y n th . Vol. IV. 1953, p. 58. M cGraw-Hill Publ. Co. London
47. S o w erby , D. B., AuDRiETn, L. J .: Ber. 94, 2670 (1961)
48. G a i l , H., S c h u p p e n , I.: B er. Bunsenges. 63, 482 (1930)
49. D i x o n , A. E.: J . Chem . Soc. 1904, 350
50. A n d er so n , H.: J .  A m . Chem. Soc. 69, 3049 (1949). ibid. 62, 761 (1940)
51. D a i n s , F. B., B r e w s t e r , R . A., G a u d e r , C. P .: Org. Synth. 1, 447 (1947)

A cta  Chim. Acad. Sei. H u n g . 60, 1969



LAKATOS c t  a l.: INORGANIC U N SA TU RA TED  CYCLIC COMPOUNDS, I I 3 3 1

Acta Chim. Acad. Sei. Hung. 60, 1969

52. M o o r e , М. L., C r o s s l e y , F .  S.: Org. S yn t. 21, 81 (1947)
53. a )  B e c k e - G o e h r i n g , M.: Z. anorg. alig. Chem. 302, 103 (1959) 

b) R a y , S. K ., S h a w , R . :  J .  Chem. Soc. 1961, 872
54. a )  W e i s s h e r g e r , A.: Technique of O rganic Chem istry. Yol. V II. Intersci. P ub l. L on

don, 1955
b) H o u b e n  — W e y l : Methoden der organischen Chemie. Vol. 1/2. G. Thieme, S tu t tg a r t ,

1959
c) P e s t e m e r , M.: Angew. Chem. 63, 118 (1951)
d)  H i r e s , J .: P riva te  comm. 1967
e )  K e i l , B.: A szerves kémia laboratórium i módszerei. Műszaki K önyvkiadó, B u d ap est

1966

Béla L a k a t o s ;  B udapest II., Pusztaszeri ú t  57 — 69 .
Árpád H e s z  1 0  _
„  _T 1 szeged , Dom  ter 7.
Zsuzsanna V e t e s s y J

G. H o r v á t h  Budapest IV ., Tó u. 1 — 5.





Acta Chimica Academiae Scientiarum Hungaricae, Tomus 60 (4), pp. 333—340 (1969)

THE ELECTRONIC STRUCTURE OF INORGANIC 
UNSATURATED CYCLIC COMPOUNDS, III

IN F R A R E D  A BSO RPTIO N  BAND IN T E N S IT IE S  O F T R IM ER IC  P H O S P H O N IT R IL IC
PSE U D O H A L O G E N ID E S

P. P u l a y ,  B. L a k a t o s * ,  G. T ó t h ,  Á. H e s z *  and Zs. V e t é s s y *

(Inorganic Chemistry Research Group o f  the Hungarian Academy o f Sciences, Budapest and

* Reaction Kinetical Research Group o f the H ungarian Academy o f Sciences, University o f SzegedУ

Received Ja n u a ry  2, 1968

Investigating  the infrared absorption  spectra of cyclic trim eric ph  osphonitrilic- 
azide and isothiocyanate, the in teg ra ted  in tensity  values of the antisym m  e tric  s tre tch 
ing vibrations of the azide and iso th iocyanate  groups were determined. These values 
were compared w ith those of several analogous aliphatic and arom atic d eriva tives, as. 
well as of noncyclic silicon, phosphorus and sulphur derivatives. This com p arison resu lt
ed in sta tem en t of the presence o f a less delocalized P N P  three-centre л - electron dis
tribu tion  in the phosphonitrilic ring , instead of a heterom orphic “ arom atic”  л -electron 
system.

The structure o f the л-electron system  o f disubstituted phosphonitrilic  
derivatives is a long argued topic. I t  cou ld  not be decided by sim ple MO-LCAO  
calculations. Some authors supposed a non-H iickel-type heterom orphic p ( л) — 
—d(n) arom atic delocalization, so-called “ quasiarom atic” structure for th e  cyclic  
derivatives. Others suggested three-centre P N P  л -bond units (w ith  w eak in
teractions), sim ilarly to  the m onom ers and linear polym ers. Our stud ies on 
the u ltraviolet absorption spectra o f  phosphonitrilic dihalogenides, pseudo- 
halogenides and oxygen , sulphur, nitrogen and carbon derivatives m ade it 
very probable th at no sim ilarity ex ists  betw een the aromatic л-electron sy s
tem s and the phosphonitrilic rings [1]. In  the present paper this w as confirm ed  
on the basis of the infrared absorption spectra o f  cyclic trimeric phosphonitrilic  
pseudohalogenides, e.g. azide and iso th iocyan ate derivatives. In tegrated  infra
red absorption intensities of bands due to  the antisym m etric stretch ing  
vibrations of the azide and isoth iocyanate groups were determ ined.

Infrared and Ram an spectra o f  several cyclic  phosphonitrilic d isu b stitu t
ed derivatives have been recorded, e.g. those o f  trim eric and tetram eric di
fluorides [2], dichlorides [3 a —f] , dibrom ides [4 a —c], m ixed chloride bro
m ides [5 a — d], dim ethylam ine derivatives [6 a — b], and d i-isoth iocyanate [7]. 
The infrared absorption spectrum  o f hexaazidocyclotriphosphazatriene  
[N P (N 3)2]3 how ever was not in vestigated . The infrared absorption spectrum  of 
[N P (N 3)2]3 prepared by us is shown in F ig. 1. The band due to the P  — N  bond  
o f the ring (ras(P — N) =  1200 c m -1) and th e  azide bands (vas =  2165 c m -1,.
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Table I

vas( P —N ) frequency m axim a in the infrared absorption spectra o f trimeric 
cyclic phosphonitrilic derivatives

X  substituents of the 
[NPX2]3 ring

»«.(P—N) r!“g
frequency in cm-1

Fe 1297
C1,F4 1283, 1276
ci4f 2 1246, 1226
Cl6 1231, 1220
(N2H 3)6 1218

(NCS),, 1216
CI5Br 1212
c i.B r, 1203
С1зВг3 1200

(N3)6 1200
Cl2Br4 1192
ClBr5 1188

B r6 1173
[(CH3)2N ]6 1195
[CH3(CH2)nN H ]e (n = 1 —5) 1192
(CH3)6 1180
(CH3N H )6 1175
(N H 2)6 1170
(CH3CH2)„ 1157

vs =  1255 cm -1, ö =  800 cm -1) were easily  id en tified . In the infrared absorp
tion  spectrum  of hexaisoth iocyanatocyclotriphospliazatriene [N P(N C S)a]3 the  
vas b an d  o f ring P —N stretch ing appears at 1216 cm  -1 (Table I) and the bands 
of th e  isoth iocyanate group are found at vas — 1940 c m _1, vs =  1060 cm _1 
and d =  412 c m -1 [7].

A cta  Chim. Acad. Sei. Hung. 60, 1969



PU LA Y  e t al.: INORGANIC UNSA TU RATED  CYCLIC COM POUNDS, I I I 335

The most characteristic com m on feature o f  th e  infrared spectra o f cyclic  
and also o f linear phosphonitrilic d isubstituted  d erivatives is theappearance  
of a strong band in th e  1200 —1400 cm -1 region, assigned  to  the P — N stre tch 
ing vibration (vas). In th e  case of cyclic com pounds its  actual value depends on  
n, the number o f atom s o f the ring, — increasing va lu e  o f  n results in decreas
ing frequency — and on the electronegativ ity  o f  th e  substituents. The higher  
the values for the electronegativ ity , th e  higher th e  frequency, resulting in in 
creased stab ility  o f  th e  ring and decreased b asic ity  o f  th e  nitrogen atom s o f  
the ring (Table I). As seen in Table I, also a steric e ffect, commensurable w ith  
the inductive and m esom eric ones, m ay act togeth er w ith  those, as in th e  case  
o f ethyl, propyl, e tc ., amino and dim ethylam ino derivatives (1192 c m -1 , 
1195 cm -1), in contrast to  the m ethylam ino d erivative (1175 c m -1). The stru c
ture of the latter is represented by the mesom eric form ula II, while the higher  
hom ologues o f th e  alkylam ines correspond to  I.
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X -ray investigation  o f tetram eric dim ethylam ino derivatives showed one o f  
th e  dim ethylam ino groups attached to  phosphorus atom s to  have a shorter  
P = N  bond than th e  other, according to  II , and th e y  are placed into the p lane  
o f the ring. Several other deform ation vibrations o f  phosphonitrilic ring appear  
in the region o f low er w ave num bers. These are o ften  coupled with other v i 
brations, so their analysis is rather difficult.

Considering th ese facts, we decided to deal on ly  w ith  that part o f  th e  
infrared spectra o f  cyclic  trimcric phosphonitrilic d erivatives, which is charac
teristic m ainly o f th e  substituents. As our aim w as to  in vestigate the л-electron  
system  o f the ring, substituents w ith  significant m ultip le bonds and ea sily  
polarizable я -electron system  were needed, being d irectly  attached to the ring. 
Significant interaction was expected to  occur betw een  th e  substituents and  
the я -electron system  o f the ring. A fter theoretical and preparative consider
ations our choice fell on the azide and isoth iocyanate derivatives.
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The assignation o f characteristic bands of azide and isoth iocyan ate  
groups, as being cova len tly  bonded tr ia to m ic  groups, was carried out on the  
a n a lo g y  o f free triatom ic linear ions and  m olecules. So the tw o  stretch ing  v i
brations are the follow ing:

a) vas asym m etric [8 a —d] or antisym m etric  [9 a —c] v ibration  o f azides. 
I t  is a so-called pseudoantisym m etric one [9 a, b] in the case o f  isoth iocya
n a tes .

b) vs sym m etric vibration o f azides; pseudosym m etric one o f  iso th iocya
n a tes .

D eform ation vibrations (d) m ay tak e  p lace in plane or perpendicularly to  it.
The vas v ibration , appearing at 2040 — 2237 c m -1 in the spectra o f azides 

in v estig a ted  up to  now , and at 1900 — 2150  c m -1 and at 2260— 2280 cm ~ 4 n  
th e  spectra o f isoth iocyanates and iso cy a n a tes , resp., shows th e  follow ing u- 
n iq u e characteristics:

1. The above-m entioned w ave num ber range is very su itab le  for m easur
in g  in tegrated in tensities, as most o f th e  com pounds have no other fundam en
ta l v ibration  here.

2. The vas v ibration  — its ap proxim ate form is shown in th e  following  
schem e:

z / n - n - 3

is very  slightly  coupled with the v ib ration s o f other parts o f  th e  m olecule. 
T h is is also supported by the fact th a t th e  position of vas v ibration  shows on ly  
a litt le  change when studying different azide and isoth iocyanate derivatives. 
T herefore, the more sensitive in tegrated  absorption in tensities and not th e  
w avenum ber values were used in our in vestiga tion s. The low  ex ten t o f  th e  coupl
in g  can be attributed  to  the follow ing facts:

a) The m echanical coupling is n o t too  strong, since th e  Z — N — N and  
Z — N  — C angles differ from 180° (in th e  case of Z =  CH3 it is 117° [10]).

b) N othing indicates the presence o f  considerable interaction  force con
s ta n ts .

c) The frequency o f vas vibration is far from those o f the v ibrations of the  
sk eleton  (in our case it is the phosphon itrilic  ring).

It is well know n th at values o f  th e  infrared absorption in tensities are 
v e r y  sensitive to the changes in the shape o f  the vibration. In  th is  case the  
above-described facts promise no change in the intensities due to  changes o f  
the shape of vas v ibration , especially w hen comparing com pounds w ith  identi
cal Z atom s. No band split was observed  in compounds w ith  tw o or more 
N 3 or NCS groups substituted  on the sam e atom and also th is  fact points 
to  th e  negligible ex ten t o f coupling.
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3. The values o f  infrared absorption in ten sity  o f  th is vos v ibration is 
strikingly high. Considering the tw o possible lim itin g  structures o f the azide 
and isoth iocyanate groups:

0 0
/ N - N = N |

//

(I)
_ e \©

/ N = N = N

©  ©
/ N —C =S!

0  ©
/ N ^ C - S J

(II)
structures I and II are supposed to alternate during the vas vibration. The  
dipole m om ents o f  the tw o lim iting structures are opposite in direction, there
fore a considerable change in the dipole m om ent is resulted by the vas v ib ra 
tion and th is explains the high in tensity  o f th is transition .

W hen an easily  polarizable, mobile я -electron system , e.g. a carbon- 
carbon m ultiple bond or an arom atic system  is connected  w ith the azide or 
isothiocyanate group, the value o f integrated absorption in tensity  o f th e  vas 
vibration is sign ificantly  increased [11] (Tables II  and III). This can be as-

ТаЫе II

Integrated intensity values o f the vas band o f azides

Compound
Frequency Intensity */group

vat cm-1 This paper Ref. [11]

Phenylazide 2128, 2096 6.1 6.5
2,4,6-Tribromophenylazide 2147, 2112 6.1
m-Nitrophenylazide 2132 6.2

Trimethylsilylazide 2141 6.2
Diethoxyazide phosphate 2166 5.4
Hexaazidocyclotriphosphazatriene 2165 4.7
Diethoxyazido thiophosphate 2166 4.6
Methylazido sulphate 2143 4.2

n-Butylazide 2097 4.1
Cyclohexylazide 2093 4.6
l-H ydroxy-2-azidoethane 2105 4.5
Azidoacetic acid ethylester 2108 4.4
Benzylazide 2097 4.4 4.5

s-Tetrafluoroazidoethane 2163 2.4

* 104 cm 2 mole 1 liter units
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cribed to  the strong dipole formed in the course o f the vibration, exerting a polar
iz in g  effect on the m obile electron system  thus enhancing the resulted dipole 
m om en t change and through th is th e  in ten sity  o f the absorption band. So 
th e  high intensity  o f  the vas band proves th e  existence o f a m obile delocalized  
electron  system .

T able  I I I

Integrated intensity values o f vas bands o f isothiocyanates

Compound
Frequency

Intensity */group

vas cm -1 This paper Ref. [9b] Ref. [14]

M ethylisothiocyanate 2124 8.4 11.3 (4.0)

Allyliso thiocyanate 2140 10.1 10.4

Benzylisothiocyanate 2100 11.9

Phenyliso thiocyanate 2090 17.5 15.3 15.7

p-M ethoxypbenyliso thiocyanate 2105 15.3 14.9

p-Chloropheayliso thiocyanate 2060 17.1 17.9

p-Brom ophenylisothiocyanate 2050 18.1

p-N itrophenyliso thiocyanate 2045 20.8

a-N  aphtyliso thiocyanate 2080 18.8

3-Pyrenisothiocyanate 2120 20.2

Dimethylsilyl-diiso thiocyanate 1865 13.6
Phosphorus tri-isothiocyanate 1940 18.3
Phosphorus oxyisothiocyanate 1923 20.1
Hexaisothiocyanatocyclotriphosphazatriene 1960 15.7

* 104 cm 2 mole 1 lite r units

According to  Table II  (data o f azides), the in tensity  o f the vas band de
creases w ith increasing electron egativ ity  o f the attached Z atom  (silicon <  
phosphorus <[ sulphur <  carbon); so th e  sam e Z atom  should be present in 
b o th  cases when com paring the in ten sities o f  cyclic (being supposed to  contain  
a delocalized electron system ) and noncyclic  compounds.

The data given in Tables II  and I I I  show  no increase o f in tegrated  in ten 
s ity  o f  the vas band o f cyclic trim eric phosphonitrilic azide and isoth iocyanate  
as com pared to  th a t o f  the corresponding noncyclic phosphorus azide and iso
th iocyanate*  derivatives.

H owever, w ithout exception , a h igh (50 —100%) increase w as observed  
for th e  aromatic derivatives as com pared to  the aliphatic ones. Also th is fact 
in d icates the unlikeliness o f  a strongly delocalized, heterom orphous p{n)  — d(n)

* Analysis of th e  infrared and R am an absorp tion  spectra of phosphorus tri-iso th iocya
n a te  and  phosphorus oxyisothiocyanate was carried  o u t by Oba et al. [12].
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electron  sy stem  in cy c lic  p h osp h on itr ilic  d isu b st itu te d  com p oun ds as su g g ested  
b y  C r a i g  and others. T h e freq u en cy  and in te n s ity  v a lu es  o f  th e  vas (N N N ) and  
(NCS) resp . b ands o f  cy c lic  trim eric p h osp h on itr ilic  az id e  and iso th io cy a n a te  can  
w ell h e f it te d  in to  th e  series o f  azide and iso th io c y a n a te  n on cyclic  d er iv a tiv es  
co n ta in in g  central a tom s w ith  e m p ty  outer d -orb ita ls o f  low  en ergy  (e.g. s ilicon , 
p hosp h oru s, su lphur). T h us sim ilar  n on -arom atic , tw o  or th ree-cen tre  (see P N P  
л -islan ds su ggested  b y  D e w a r ) ,  m ore loca lized  л -electron  sy stem s seem  to  be 
probable in  b oth  cases. T h is d ifferen ce is after all d u e  to  th e  d ifferent sy m m e tr y  
prop erties o f  2 p ^ )-o r b ita ls  o f  carbon a tom s an d  3 d ^ )-o r b ita ls  o f p h osp h oru s  
atom s.

Experim ental

T hanks are due to D r .  S. D o b o s  (Inorganic Research G roup of the H ungarian A cadem y 
of Sciences) for his help in recording the spectra and to  I. P i n t é r  (Central Chemical R esearch 
Institu te  o f the H ungarian A cadem y of Sciences) for m aking available for us several organic 
azides and trim ethylsilylazide samples.

We should no t miss this occasion to express our thanks to  Prof. Z. S z a b ó  for supporting  
o f  work and  to Prof. B. L e n g y e l  for making possible the in frared  measurem ents in his In s ti
tu te.
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The investigated com pounds were prepared according to methods given in our previous 
paper [1] and in Ref.-s [13 a—с].

Merck carbon tetrachloride w ith  spectroscopic p u rity  was used as solvent w hen record
ing the infrared spectra.

The spectra were recorded by a Hilger H800 (prism ), a Unicam SP 100 (grating  and 
prism) and a Perkin—Elm er 225 (grating) infrared spectrophotom eter. In  the 2500— 1800 cm “ 1 
w avenum ber range the spectral slit w idth was about 2— 3 cm “ 1 a t  the Hilger H800 spectro
photom eter, using LiF prism ; 1—2 cm “ 1 a t  the Unicam SP 100; and about 1 cm“ 1 a t  the P e r
k in—E lm er instrum ent. E rro r due to  lim ited resolution of th e  instrum ents was no t observed. 
The in teg ra ted  in tensity  values spread irregularly as the function  of concentration and layer 
thickness, since the value of h a lf w idth  of bands was considerable greater (especially in the 
case of isothiocyanates) than  th a t  of the ideal curve; so the ac tua l value of in tegrated  in tensity  
of the band  was determ ined by averaging. The line of 0% absorp tion  was recorded before and 
after the spectra. A t least six spectra were recorded in the case of every compound, using two 
different concentrations and three different layer thicknesses (usually 50, 100 and 200 /и). Most 
of the spectra  were recorded by means of a potassium brom ide microm eter cuvette, the th ick 
ness was checked by the interference method.

Calculation of intensities was carried out by the m odified Wilson—Wells m ethod; in te 
gration was perform ed by the Sim pson approxim ate equation . The range of in tegration  was

T
about 150— 200 cm“ 1 wide in m ost cases. The individual values of log — • were read by  every 10,

6.66 and 5 cm “ 1 values. As th e  deviation of parallel m easurem ents was lower th an  10% , the 
accuracy of our result is + 1 0 % .

In every compound only the strong vas antisym m etric stretching vibration of the azide 
and isothiocyanate group was investigated, and its in teg ra ted  in tensity  m easured. In  some 
compounds, as e.g. phenylazide, also combination bands (am plified by Ferm i resonance) and 
overtone bands appeared together w ith  the fundam ental band . These were added to  th e  m ain 
hand when m easuring in tegrated  intensities, as their in tensity  was gained probably from  th a t. 
D ata are given together w ith lite ra tu re  da ta  in Tables II  and  I I I  [9b, 11, 14]. Our resu lts are 
well consistent w ith those of S i i e i n k e r  et al. on azides [11] and  of H a m m  and W i l l i s  on iso
th iocyanates [9b]. There are perfectly  different data  of m etliylisothiocyanate published by 
C a l d o w  and T h o m p s o n  [14]. A lready H a m m  and W i l l i s  s ta ted  th a t  the m ethylisothiocyanate 
used by C a l d o w  and T h o m p s o n  was strongly contam inated. Considering the higher resolution 
of our instrum ents, our results seem to be the more correct.
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The adsorp tion  of cobalt ( I I)  from water—solvent and  formainide—solvent m ix
tures on carboxycellulose (C-cellulose) ion exchanger (H -form ) has been studied. The ex
perim ental resu lts show th a t bo th  th e  quantity  of m eta l ion adsorbed, and the ra te  of 
ion exchange on C-cellulose in the H -form  are strongly  increased when a basic solvent 
w ith high dielectric constant is added  to a less basic so lven t w ith  a lower dielectric con
stan t. There is no linear relationship between the e x ten t o f adsorption and the dielectric 
constant of the m ix tu re  in the case o f alcohol—w ater and  alcohol—formamide m ixtures. 
In  the case of th e  Co(II)-hydrogen exchange, the selective swelling of carboxycellulose, 
the basicity of th e  solvent, and com plex formation are m uch more im portant th an  th e  
dielectric constan t of the m ixture.

In a previous paper [1] th e  adsorption o f co b a lt(II) ions by carboxy
cellulose and other cellulose ion exchangers has been  described using solvents  
containing 0.05 m ole fraction o f water. The exp erim en tal results ind icated  
th a t the am ount o f  Co2+ retained b y  carboxycellulose from  solvents w ith  low  
dielectric constants (e ~  20) was, even after one d ay , very  small com pared  
w ith  the am ount tak en  up from w ater (100.0 fig Co2+ (20.0 ml solvent) 0.100 g 
C-cellulose). The studies were extended  to w ater—so lven t and formamide—sol
ven t m ixtures. A liphatic alcohols, acetone, and d ioxan  were used as so lvents. 
The objective o f th e  experim ents w as to study th e  effect o f  solvents w ith high  
dielectric constants (water and form am ide) on th e  rate and extent o f Co2 + 
exchange on carboxycellulose.

The process o f  ion exchange in water—alcohol and  w ater-aceton m ixtures  
has been exten sively  studied. Gable and Strobel [2] observed that the ion  
exchange constant for the H  + — N a + exchange from  m ethanol-w ater m ixtures 
on a sulphonic acid resin had a m axim um  in 85%  aqueous m ethanol (the con 
stan ts differ by one order of m agnitude).

A linear relationship betw een 1/e and the logarithm  o f the ion exchange  
constant (K)  has been observed b y  several authors [3, 4] in alcohol—w ater  
m ixtures. H owever, th e  ion exchange resin used in  th e  above studies w as not 
in th e  H +-form.
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Experim ental

R e a g e n ts

C oC l2 • 6 H 20 ,  a n a ly t ic a l  g r a d e
C -c e llu lo se  ( c a r b o x y c e l lu lo s e ;  0 .2 2  m e q /g  [5 ] ) .
A n a ly t ic a l  g ra d e  s o lv e n t s  w e r e  u s e d . T h e  s o lv e n t s ,  w h e n  n e c e s s a r y , w e r e  f u r th e r  p u r i

f i e d  b y  d is t i l la t io n  or io n  e x c h a n g e  o n  c e l lu lo s e  t o  r e m o v e  m e ta l im p u r it ie s .

M e th o d

0 .1 0 0 0  g  o f  C -c e llu lo se  ( in  t h e  h y d r o g e n  f o r m )  w a s  a d d e d  to  2 0 .0  m l o f  a  w a t e r - s o lv e n t  
o r  f o r m a m id e —s o lv e n t  m ix tu r e  c o n t a in in g  1 0 0 /tg  o f  Co2+ . T h e  m ix tu r e  w a s  s h a k e n  m e c h a n i
c a l l y  fo r  a  g iv e n  t im e , t h e n  t h e  t w o  p h a s e s  w e r e  s e p a r a te d  b y  f i lt r a t io n . T h e  a m o u n t  o f  Co2 + 
w a s  d e te r m in e d  s p e c tr o p h o t o m e t r ic a l ly  a s  C o (D M G ) (H D M G )I2-  (D M G  =  d im e t h y lg ly o x im e )  
a f t e r  e lu t in g  w ith  a c id  [6 ] .

Fig. 1. M e t h a n o l-w a te r  m ix t u r e s  w it h  m o le  f r a c t io n s  o f  A : 0 .0 5 , O: 0 .1 7 ,  ® : 0 .3 1 ,  Д: 0 .4 6 ,
■  : 0 .5 2 ,  □ :  0 .6 1

Results and discussion

The extent of adsorption o f Co2+ b y  C-cellulose from w ater—solven t m ix
tu res w as followed in tim e. The fraction o f Co2+ retained b y  th e  exchanger 
U  =  B t/B о, (В , =  per cent o f  to ta l Co2+ adsorbed up to  tim e t, В =  per 
cen t o f  tota l Co2+ adsorbed at equilibrium ), is shown as a fu n ction  o f tim e in 
F igs 1, 2, 3 and 4 for different w ater—alcohol mixtures. The w ater  contents 
are g iven  in mole fractions.

I t  can be seen from  F igs 1 —4 th a t the rate of ion exch an ge strongly  
in creases with increasing w ater content. The half-tim e o f th e  exchange (i1/2) 
ta k en  at U =  0.5 is less th an  1 min. in water-rich m ixtures. The equilibrium, 
is a tta in ed  within 1 m in.
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Fig. 2. E thano l-w ater m ixtures w ith mole fractions of A: 0.05, O: 0.23, □ : 0.36, Д : 0.52,
•  : 0.60, ■ : 0.67

Fig. 3. n-P ropanol-w ater m ixtures w ith mole fractions of A: 0.05, o :  0.30, □: 0.50, Д : 0.60,
•  : 0.68

The effect o f increasing water content on the q u an tity  o f Co2+ bound at 
equilibrium  is shown in F ig. 5. There is no direct proportionality betw een the  
q u an tity  o f Co2+ adsorbed and the water content o f  th e  solvent m ixture. The 
am ount o f retained Co2+ first increases w ith increasing w ater content, b u t later  
reaches a lim iting value. The per cent of m etal ion retained by the exchanger  
at equilibrium is shown in F ig. 6 as a function o f the dielectric constant o f  the.

3* A cta  Cliim. Acad. Sei. Hung. 60 , 1969'
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F ig . 4. n -B utanol-w ater m ix tu res  w ith mole fractions of A: 0.05, о : 0.10, □ : 0.22, Д: 0.27’
•  : 0.36

F ig . 5. Solvent-w ater m ix tu res . O: n-bu tanol-w ater, Д: n-projianol-w ater, □ : e thanol- 
water, ®: m e th an o l—w ater, ■: acetone-w ater, A: dioxan-w ater

so lv en t mixture. I t  is observed  that the am ount o f bound Co2+ increases w ith  
increasing dielectric co n sta n t o f the w ater—m ethanol m ixture, b u t no further 
in crease takes place a t e 40, the lim iting va lu e being equal to  th a t measured  
in  w ater  [1]. The d ielectric  constants at w hich  the m axim a are reached de
crease in the order e th a n o l— n-propanol—acetone-n -butanol. The effect of 
th e  dielectric constant is different w ith d ioxan  because o f  th e  possib ility  of 
stro n g  CoCl2 adsorption [1].
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e
Fig. 6. O: M ethanol-w ater, •  e thano l-w ater, д : re-propanol-w ater, □ :~acetone-w ater,

A : dioxan—w ater

time(min)
Fig. 7. M ethanol-form am ide m ixtures w ith formamide mole fractions of ф : 0.05, Л ■ 0 .1 0 ,

□ : 0.15, o :  0.20

Thus there is no clear-cut relationship betw een th e  dielectric con stan t  
and the qu an tity  o f  adsorbed Co2+ ion. Since w ater is more basic, and causes 
a stronger sw elling o f cellulose than  the rest o f  the so lven ts, selective sw elling  
of the C-cellulose takes place in aqueous solvent m ixtures, water being pre
ferred in the process. This condition leads to the observed types of curves.

M easurement o f  the rates o f  ion exchange in form am ide—alcohol m ixtures  
gave the follow ing results.

Acta Chim. Acad. Sei. Hung. 60, 1969
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Fig. 8. E thanol-form am ide m ixtures Щ: 0.07, D: 0.14, A: 0.21, O: 0.27

Fig. 9. n -P ropanol-form am ide m ixtures • :  0.09, Д : 0.17, □ : 0.26, O: 0.31

The exchange constants obtained in different form am ide—solvent m ix
tu res are shown in F igs 7, 8, 9 and 10 as a function o f tim e. I t  was observed  
th a t  th e  value of t1/2 decreased, i. e. th e  rate o f  ion exchange increased, w ith  
increasing formamide content mole fraction . The half-tim e o f exchange in 
creases in the direction from  m ethanol to  re-butanol at constant form am ide 
m ole fraction.

F ig . 11 shows th e  am ount o f m eta l ion bound at equilibrium  plotted  
a g a in st the mole fraction o f form am ide. The am ount of Co2+ first increases,

A cta  Chim. Acad. Sei. H ung. 60, 1969
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Fig. 10. n-B utanol-form am ide m ixtures ©: 0.11, A: 0.20, □ : 0.29, O: 0.37

Fig. 11. Solvent—formamide m ixtures A: n-butanol-form am ide, O: га-propanol—form am ide, 
□ : ethanol-form am ide, Д: m ethanol-form am ide

then slow ly decreases w ith  increasing formamide con ten t. As the la tter  in 
creases, the adsorption o f the Co(II) ion starts to be influenced by the Co-form- 
am ide com plex, therefore, th e  effect o f dielectric constant becom es less pro
nounced.

Comparing the results w ith  those obtained for w ater—solvent m ixtures  
it can be established th at the rate and extent o f exchange are strongly increased  
by adding a basic solvent w ith  a high dielectric constant (e. g. w ater or form 
am ide) to  a less basic so lvent w ith  a lower dielectric constant. W ater increases 
the rate o f  ion exchange stronger than form am ide.
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MOLYBDÄN- UND WOLFRAMELEKTRODEN ZUR 
POTENTIOMETRISCHEN INDIZIERUNG DER 

MASSANALYTISCHEN MOLYBDAT-, WOLFRAMAT- 
UND BLEI BESTIMMUNG

( Technische Hochschule fü r  Chemie »Carl Schorlemmer« Leuna-M erseburg , Institut f ü r  A n a ly 
tische Chemie)

R .  G e y e r  u n d  M .  N e u m a n n  

Eingegangen am 8. O ktober 1968

Molybdän- und W olfram elektroden sprechen au f Bleiionen an, bei 50 °C an n ä
hernd im  Sinne der N ernstschen  Gleichung. D urch diese fremdionige Poten tia lb ildung  
e rk lä rt sich die schon lange bekann te  Indizierbarkeit der potentiom etrischen Fällungs
titra tio n  von W olfram at u n d  M olybdat m it Blei(II) in gepuffertem  Medium. In  n icht- 
gepuffertem  Zustand erg ib t sich ein M ischpotential; es w irk t sich zusätzlich die hy d ro 
lytische pH -Änderung au f die H öhe des Po tentialsprungs im  Ä quivalenzpunkt aus.

Der A nnahm e von B r i n z i n g e r  und J a h n  [1], daß Chrom-, M olybdän- 
und W olfram elektroden a u f ihr Anionen CrOj“ , MoO^-  bzw. W O |— k on
zentrationsrichtig ansprechen, stellten  M ü l l e r  und M e h l h o r n  [2] als Ursache  
für die m ögliche potentiom etrische Indizierung der Fällungsvorgänge dieser 
Ionen eine hydrolytische Änderung der W asserstoffkonzentration  en t
gegen, die zufolge einer p H -F u n k tion  jener E lektrodenm etalle angezeigt wird. 
Zuvor hatte B a y l i s s  [3] a u f die Eignung der W olfram elektrode zur p H -B e
stim m ung aufmerksam gem acht, und die durch vorangehendes kurzes Glühen  
der Elektroden gebildete O xidschicht schien zw anglos den Potentia lgang nach  
positiven W erten m it sinkender A nionenkonzentration zu deuten [2]. G anz im  
G egensatz hierzu stehen jed och  Beobachtungen von  G r u b i t z s c h ,  O z b i l  und  
K l u g e  [4], denen die potentiom etrische Indizierung der P b W 0 4-F ällung auch  
in gepufferter Lösung an blanker W olfram elektrode gelang. Im  übrigen er
zielten K l i n g e r ,  S t e n g e l  und  K o c h  [5] im A nschluß an V ersuche von  
D i c k e n s  und B r e n n e c k e  [ 6 ]  bei der potentiom etrischen M olybdatbestiinm ung  
m it BaCl2 als Titrator nach dem  Brinzingersclien Verfahren keine befried igen
den Ergebnisse. Im  H inblick a u f die praktische B edeutung, die einer fä llu n g s
analytischen M olybdat- und W olfram attitration m it elektrochem ischer In d i
zierung beizum essen ist, versuchten  wir durch system atische P otentia lm essun
gen zur K lärung jener W idersprüche beizutragen.

Bei den von uns durchgeführten  Versuchen wurden die Poten tia le  nach der Poggendorf- 
schen K om pensationsm ethode gem essen. Dabei fand ein K om pensator vom Typ R F T  0145 
Verwendung. Als N ullinstrum ent d ien te  ein L ichtm arkengalvanom etcr m it einer E m pfind 
lichkeit von 5,3 • 10“ 9 A/Skt. Die Indikatorelektroden, deren Poten tia le  gegen die gesä ttig te
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K alom elelektrode gemessen w u rd en , bestanden aus W- un d  M o-Draht von 0,5 cm freier Länge. 
D as T itrationsgefäß stand in  e inem  Heizbecher, den zwecks K onstan thaltung  der T em peratur 
W asse r aus einem T herm osta ten  kontinuierlich durchfloß. Die Lösungen w urden w ährend der 
T itra tio n  m it einem M agnetrüh rer gerührt.

T itration  von  W olframat und Molybdat

]Nach erfolglosen V ersuchen , die T itrationen  von M olybdat und W olfra- 
m a t m it Ba + + oder H g2 ' an  einer blanken oder oxydierten Mo- bzw . W -Elek- 
tro d e  zu indizieren, fü h rten  wir die T itration von  W olframat m it B leinitrat 
an e in er blanken W -E lek trod e durch.

Abb. 1. Indikation der T itra tio n  von  N a2W 0 4 m it 0,05 M  P b (N 0 3)2 an der W olfram - und der
Glaselektrode (50 °C)

Die W olframat en th a lte n d e  alkalische Lösung w urde m ittels H N 03 schw ach sauer ge
m a c h t , nach Zugabe von drei T ropfen  0,1% B rom thym olblau  zur A ustreibung des C 02 einige 
M in u ten  gekocht und dann m it N aO H  genau auf die g rüne Umschlagsfarbe des B rom thym ol
b lau s  eingestellt. Die T itra tio n  erfo lg te unter R ühren bei 50 °C m it 0,05 m P b (N 0 3)2, wobei die 
Z ugabe  des Titrators tropfenw eise erfolgte.

W ir konnten die E rgebnisse von G r u b i t z s c h  u . Mitarb. [4] bestätigen, 
led ig lich  machten sich zur Potentia leinstellung in der Nähe des Aquivalenz- 
p u n k tes  W artezeiten v o n  2 — 3 min nach jed em  R eagenszusatz erforderlich. 
O b w oh l die erhaltenen P otentia lkurven , wie A bb. 1 (Kurve 1) erkennen läßt, 
k e in e  Symmetrie au fw eisen , sind sie bei den geringen T itratorzusätzen im 
Ä quivalenzpunkt der rechnerischen A usw ertung zugänglich. A uch ist der 
Ä quivalenzpunkt gut daran  zu erkennen, daß bei kleinen R eagenszusätzen  
das Galvanom eter im  E n d p u n k t einen plötzlichen  Ausschlag zeigt.
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Abb. 2. Ind ikation  der T itration  von N a2M o04 m it 0,05 M  P b (N 0 3)2 an der M olybdän- und
der G laselektrode (50 °C)

Abb. 3. Ind ikation  der T itration  v o n  N a 2W 0 4 m it 0 ,0 5  M  P b ( N 0 3) 2 an der W -  und  Mo- 
E lektrode in gepufferter Lösung ( 5 0  °C)

U nter den gleichen Versuchsbedingungen erfolgte die Titration von  Mo- 
lybdat m it B leinitrat; zur Indizierung diente eine M o-Elektrode. Die M olybdat- 
lösung wurde au f die Um schlagsfarbe des Phenolrot eingestellt und bei 50 °C 
m it 0,05 m P b (N 0 3)2 titriert (Abb. 2, K urve 1). Der Potentialsprung war zwar 
nicht so scharf wie bei der W olfram attitration , ließ sich aber noch gut ausw er
ten . E ine Tem peraturerhöhung au f 85 °C erbrachte eine schnellere P o ten tia l
einstellung und einen größeren P otentialsprung, der aber erst kurz nach  dem  
Ä quivalenzpunkt auftrat.
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U m  zu überprüfen, ob eine hydrolytische Indizierung der Fällungsreak
tion  vorliegt, w urden die Titrationen g leich zeitig  m it der Glaselektrode ver
fo lg t. W ie aus A bb. 1 und 2 (jeweils K urven 2) hervorgeht, wird auch an der 
G laselektrode im  Ä quivalenzpunkt ein P otentia lsprung erhalten. Aber bei 
der Titration von M olybdat und W olframat in gepufferter Lösung (Abb. 3 und  
4) ergaben sich gleichfalls Potentialsprünge, die allerdings kleiner waren als 
in  ungepufferter L ösung. Dieser Sachverhalt schließt eine pH -Ä nderung als 
alleinige Ursache der Indikation aus.

Abb. 4. Indikation  der T itra tio n  von N a2M o04 m it 0,05 M  P b (N 03)2 an der Mo- und  W- 
E lektrode in gepufferter Lösung (50 °C)

R echt charakteristisch  für die E lektrodenvorgänge sind die Ergebnisse 
von  Versuchen, bei denen die Elektroden gegeneinander ausgetauscht wurden, 
so daß unter denselben Bedingungen wie vorher die Titration von W olfram at 
an der M o-Elektrode und die Titration von  M olybdat an der W -Elektrode er
fo lgte . Dabei stellte  sich  heraus, daß sich die E lektroden sowohl in ungepuffer
ter als auch gepufferter Lösung gegenseitig ersetzen können. In Abb. 3 und 4 
sind die T itrationskurven für W olframat u n d  M olybdat, jeweils erhalten m it 
einer Wolfram- bzw . M olybdänelektrode, w iedergegeben. An der M olybdän
elektrode waren die Potentialsprünge in der R egel niedriger als unter gleichen  
B edingungen an der W olfram elektrode.

Titration von Blei m it ÄDTA

B udanowa u. P latonowa [7] titr ierten  in  schwach amm oniakalischer 
L ösung in G egenwart geringer Mengen W einsäure m it ÄDTA verschiedene  
K ationen , wobei der Ä quivalenzpunkt m it dem  Elcktrodenpaar P t —W  an
gezeigt wurde; sie erw ähnen, daß bei der T itration  von Pb + + der P oten tia l
sprung besonders stark  ausgeprägt ist. W ir führten zunächst Vorversuche 
durch, in denen wir die A lkalität und die W einsäurekonzentration der Blei-
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lösungen  sowie die K onzentration von  Titrand und T itrator variierten . In  
gepufferten System en zeigten sich sow ohl im sauren (pH  =  4) als auch  im  
alkalischen Gebiet (pH  =  10) gut ausgeprägte Potentialsprünge. Im  alkali
schen Bereich m achte es sich erforderlich, B lei m ittels geringer M engen W ein
säure in Lösung zu halten . Ein zu großer W einsäurezusatz und zu hohe A lkali
tä t  verursachten eine Verkleinerung des Potentialsprungs sowie eine geringere 
S teilh eit der K urve im  Ä quivalenzpunkt. Folgende Arbeitsweise ist am  em p
fehlensw ertesten :

Arbeitsweise: Zu einer Lösung, die 5— 100 mg Pb in 200 ml H20  en thä lt, w erden 5 —10 
T ropfen 25%ige W einsäure und tropfenw eise konz. NH3-Lösung, bis pH  8,5— 9 erre ich t ist,

Abb. 5. Titration von P b ++ m it 0,05 N Ä DTA  in am m oniakalischer Lösung an der Mo- und
W -E lek trode (40 °C)

T abelle  I

Bleibestimmung mit ADTA
Indizierung mit der Wolfram- und der Molybdänelektrode

Blei vorgelegt 
mg

Blei gefunden

W-Elektrode
mg°

Mo-Elektrode 
mg

5.10
5.10

5,09
5,12

5.11
5,07

10,20 10,23 10,17
10,20 10,29 10,24

51,0 50,9 51,0
51,0 50,7 51,4

102,0 102,4 102,2
102,0 102,1 101,7
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hinzugesetzt. D ann w ird die Lösung bei 40 °C m it 0,05 n  ÄDTA titr ie rt. Die Indizierung des 
A quivalenzpunktes erfo lg t m it einer Wolfram- oder M olybdänelektrode. Zum Vergleich d ien t 
eine ges. K alom elelektrode.

Abb. 5 zeigt T itrationskurven für die chelatom etrische B leibestim m ung. 
An der W olfram elektrode wurden steile Potentia lsprünge von 170 —190 mV  
erhalten. Ebenfalls gu te Ergebnisse erbrachte die M olybdänelektrode, obwohl 
der P otentialsprung hier n ich t ganz so groß war w ie an der W olfram elektrode. 
In Tabelle I sind ein ige Analysenergebnisse eingetragen.

Potentialm essungen

E s wurden die P oten tia le  der W- und M o-Elektrode in Abhängigk it von  
der K onzentration der einzelnen an den R eaktionen  beteiligten Partner unter
sucht. Innerhalb des pH -B ereiclies 2 —10 zeigten  beide Elektroden einen linea-

Abb. 6. Potentiale der W - un d  Mo-Elektrode in A bhängigkeit von der Konze' tr  1. der
R eaktionspartner (50 °C)

rcn Zusam m enhang m it dem  pH der Lösung, im  M ittel 53 mV/pH. Zur A us
schaltung des p H -E in flu sses auf die E lektroden wurden die Potentialm  sun- 
gen in gepuffertem  M edium  vorgenom m en. D abei ergab sich überrasch der- 
w eise eine A bhängigkeit der E lektrodenpotentiale von  der Pb + +-K o iz  ra
tion , während M olybdat und W olframat w ie auch Ba + + bei 50 °C nur g r r g -  
fügigen Einfluß ausüben. Aus Abb. 6 ist zu en tnehm en , daß sich die Pot< i; le 
der W- bzw. M o-Elektrode um  20 — 25 mV ändern, w enn die P b + + -K onz ra
tio n  um  eine Z ehnerpotenz steigt bzw. fä llt.

Sofern die W olfram elektrode, wie B r i n z i n g e r  u . Mitarb. [1] annal ten, 
nur au f W olfram ationen ansprechen w ürde, m üßte bei der W olfram titr ion 
m it Pb + + der P oten tia lgan g  in negativer R ichtung verlaufen. Tatsäc lieh
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werden die P otentia le aber p ositiv . B ereits M ü l l e r  und M e h l h o r n  [2 ]  weisen  
au f diesen W iderspruch hin, m einen jedoch , daß der Potentialgang sich h in
reichend erklären lasse durch die m it der Fällung einhergehende Ä nderung des 
pH -W ertes, hei Oxidbelag der E lektrode. D agegen kann, wie dargelegt, in 
Ü bereinstim m ung mit den B eobachtungen  von G r u b i t z s c h  u . M itarh. [4] 
die Indizierung auch in gepufferter Lösung erfolgen. Der Potentia lsprung hei 
der Titration von W olframat bzw . M olybdat m it Pb + + in ungepufferter L ö
sung resultiert som it vorwiegend aus der Em pfindlichkeit der W olfram - bzw. 
M olybdänelektrode sowohl gegenüber W asserstoff- als auch B leiionen. D afür 
spricht, daß in gepufferten Lösungen unter vergleichbaren B edingungen die 
Potentialsprünge im Ä quivalenzpunkt durchw eg niedriger waren als in unge- 
pufferten System en.

Die A bhängigkeit der P oten tia le  von  der Blei- sowie W olfram at- bzwr. 
M olybdatkonzentration ist prinzipiell von ähnlicher Art wie an einer P b W 0 4- 
Membran, über die rn anderer Stelle [8] bereits berichtet wurde. Für das Zu
standekom m en der Potentiale an W olfram - bzw. M olybdänelektroden nehm en  
w ir an, daß das E lektrodenm etall sich m it einer D eckschicht [9] (vgl. auch [6]) 
oder einem  Oberflächenfilm  [10] überzieht, w odurch sich zwar kein N ern st
sches M etallpotential bildet [10], wrohl aber unter Mitwirkung von A dsorp
tionsvorgängen ein »M embranpotential« resultiert. Nur trennt die »Membran« 
hier nicht — w ie üblich zwei L ösungen, sondern anstelle der einen tr itt  die 
M etallphase. M etall/M em bran-Elektroden hat bereits P u n g o r  [11] hergestellt 
und beschrieben. Durch G leichartigkeit der Adsorption erklärt sich das led ig
lich graduell unterschiedliche V erhalten beider E lektrodenm etalle. Mit ste i
gender Tem peratur geht die A dsorption der A nionen fast ganz zurück, während  
die B leipotentiale nahezu unverändert bleiben. In gepufferter L ösung bei 
50°C verhalten sich diese E lektroden som it annähernd wrie B leielektroden im  
Sinne der N ernstschen Gleichung. D iese V erhältnisse der frem dionigen P o ten 
tialbildung, W /P b ++ bzw. M o/Pb + +, werden von uns noch weiter u ntersucht.
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VINYL DERIVATIVES OF THE ELEMENTS 
IN GROUP IV/1

J .  N a g y , S. F e r e n c z i - G r e s z  and S. G . D u r g a r i a n

(Department for Inorganic Chemistry, Technical University, Budapest) 

Received Ju n e  15, 1968

(i) T he dipole moments of the  trim ethy lv iny l derivatives of the Group IY/1 
elem ents of th e  Periodic Table (CH3)3ECH =  CH2 where E  =  C, Si, Ge, Sn and of some 
phenylvinyl derivatives of silicon

(CH3)nSi—CH =  CH,
where n =  0 and 2

ÍGJI :,):i n
w e r e  d e t e r m i n e d  b y  t h e  m e t h o d  o f  O n s a g e r  a n d  o f  H e d e s t r a n d , r e s p e c t i v e l y .

(ii) T he dipole moments of th e  central a to m —carbon bond and of the  v iny l 
group were calcu lated  vectorially for trim ethy lv iny l derivatives. W ith  the help o f these 
dipole m om ents th e  resultant dipole m om ents of th e  phenylvinylsilanes were vectoria lly  
determ ined.

(iii) T he silicon trim ethylvinyl derivative was found to have the lowest dipole 
m om ent of th e  trim ethylvinyl derivatives of th is group; this was explained by  th e  
additional mesom eric (—M) effect of opposite direction to  the inductive ( +  / )  effect 
which appears in silicon, germ anium  and tin , con trary  to carbon which has only an  in 
ductive effect.

(iv) T his sta tem ent was supported  by th e  resu lts of some simplified q u an tu m  
chemical calculations.

In an earlier paper [1] on silicon alkenyl derivatives we have cla im ed  
th a t the physical properties of tr im eth ylv in ylsilan e can unequivocally be e x 
plained only b y  assum ing a d n —p л  bond betw een th e  silicon and th e  v in y l 
groups. As a continuation  of these studies we in vestiga ted  the v in yl and p h en y l 
derivatives o f th e  elem ents in Group IY/1. In th e  present paper we describe  
our study on th e  molecular structure o f v in y l derivatives.

These com pounds are of particular in terest, because they  are subject to  
polym erization an d  copolym erization, their reactiv ity  is m uch higher than  th a t  
of the analogous carbon com pounds. Various in d u ctive and mesomeric effects  
have obviously a considerable influence on polym erization  rate. A more th o r 
ough study o f th ese  effects necessitated  the m easurem ent o f the dipole m o
m ents o f the v in y l derivatives. The tw o groups o f  com pounds subjected  to  
investigation  are th e  following:

(CH3)3E H  =  CH2 and  
(CH3) „ S i - C H = C H 2

(C6H 5)3_„
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w here

E =  € , Si, Ge, Sn and  
n =  0, 1, 2, 3.

W ith  the exception  o f tr iphenylv inylsilane the dipole m om ents o f the  
com pounds were determ ined in the liq u id  sta te  by Onsager’s [2] m ethod, 
w h ile  th e  dipole m om ent o f  crystalline triphenylvinylsilane w as m easured in 
d ilu te  cyclohexane solutions b y  the m eth od  o f H edestrand  [3].

For the calculation o f th e  dipole m om ents the densities, refractive indices, 
dispersion  values and dielectric constants o f  the com pound (or, in  th e  case of 
so lid  com pounds, o f  their solutions) have to  be accurately know n.

The above p h ysica l param eters w ere measured at 25°C, th e  accurate  
tem p eratu re was ensured b y  m eans o f  an  u ltratherm ostat.

D en sity  (d ) w as m easured w ith  a graded dilatom eter; the refractive in 
d e x  w ith  reference to  th e  sodium  D -line (/tű) an(l  the nF — tiq d ispersion value  
w ere determ ined w ith  an Abbé refractom eter. The dielectric con stan t at 
10 ,0 0 0  Hz frequency w as m easured w ith  an instrum ent constructed  in th is 
lab oratory  [4].

According to  Onsa g er ’s equation [2]:

H =  0.22123 y p * ( 1 )

w here

P*  =  (£o -  Ecff)
2e0 +  eeff 

eo +  (Eeff +  2 У
. V ( 2)

e0 is th e  measured dielectric constant o f  th e  com pound and  
V  is th e  molar volum e

2 R +  V  3 
= -------------  ana (3)

V - R

R — Pe +  P A (4)

th a t  is the sum o f electronic and atom ic polarization. 
H ed estr a n d ’s equation  [3] is as fo llow s:

w here

« i — l \M2 M J 1
ei +  2 di dy 1

3 M tq

(£i +  2)2 dx
(5)

d± is the extrapolated  value for in fin ite  dilution from the straight line d en 
s ity  vs. molar fraction;
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ex is the extrapolated value for infinite dilution from  the straight line di
electric constant vs. m olar fraction; 

ß  is the slope o f  the straight line density vs. m olar fraction;
x is the slope o f the straight line dielectric con stan t vs. molar fraction;
M i is the molecular w eight o f  the solvent;
M 2 is the molecular w eight o f the solute.

I f  Poo is known the dipole m om ent can be given  b y  the expression

=  0.22123 Y P W — R  (6)

where R  is the sum o f electronic and atom ic polarization.
B oth  m ethods require the accurate know ledge o f  the sum o f electronic 

and atom ic polarizations.
In general th is sum  can be calculated by m u ltip ly ing  the molar refraction  

b y  a factor of 1.05 to  1.1. This yields not too accurate values and has been  
used on ly  in the case o f  trim ethylvinylgerm anium  having no figure for its  
atom ic polarization. For the other compounds the electronic and atom ic polari
zations were calculated separately according to  th e  follow ing m ethod.

From  the experim ental results the refractive in d ex  pertaining to  electro
nic polarization (re„) w as calculated by using th e  w ell known interpolation  
form ula for anom alous dispersion as described in one o f  our earlier paper [17].

The accurate calculation o f atom ic polarization is based on th e  m ethod  
o f A u d s l e y  [5] and A l t s h u l l e r  [6] according to  w hich atom ic polarization  
(Рл)  is obtained add itive ly  from the bond increm ents ( P b )  of the bonds in  
the m olecule. We used the follow ing bond increm ent values:

C - H 0.02 ml S i - H 0.44 ml
C - C 0.03 ml S i - O - C 0.732 ml [7]
S i - C 0.06 ml S i - C 6H 5 2.60 ml [8]

The calculations should account for the anisotropic correction of the  
approxim ated space:

x  =  0.21 +  0 .006 -C (7)

where C is the num ber o f carbon atoms in the m olecule.
Table I contains the results obtained b y  m easurem ents, according to  

O n s a g e r , and b y  calculations in the above described manner; in Table II 
are given the values needed for the determ ination o f  the dipole m om ent of 
triphenylvinylsilane b y  H e d e s t r a n d ’ s  m ethod.

The study o f the v in y l derivatives o f Group IV /1 elem ents w ith  silicon, 
carbon, germanium or tin  as the central atom  seem ed particularly prom ising. 
R esults o f  the investigation  o f trim ethylvinyltin  have been reported in an
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Table I

(CHS)3C—CH =G H , (CH3)3Si—CH=CH2 (CH3)3Ge—C H = CH2 (CH3)2C,H5SiCH=CH,

d 0.65044 0.68653 0.97735 0.88429
e 1.968 2.031 2.184 2.3798
nc 1.3732 1.3875 1.4258 1.5034
z 40.9 39.9 38.78 36.02
V 129.40 146.0 148.10 183.55

M R d  theor. 29.44 34.44 38.04 54.26

M R d  meas. 29.49 34.41 37.82 54.29
n F---Hq 0.00786 0.00936 0.01128 0.01591
П  oo 1.36135 1.37339 1.4088 1.47942

Pc 28.6434 33.2923 36.5940 52.0866

P a 0.704 2.978 — 4.942
R 29.36 36.27 *39.82 57.029

£eft 1.8804 1.9917 2.1069 2.3523
P* 2.2243 1.0700 2.0069 0.7954
liD 0.330 0.229 0.319 0.197

Table II

(C 6H 5) 3S i— CH — CH„ in cyclohexane

Number of 
solution 1 2 3 4 5

JV2 4.5699 4.10397 3.510 2.9798 2.646
n D 1.4443 1.4399 1.4382 1.4358 1.4350
z 40.84 40.86 41.01 41.15 41.11
d 0.80439 0.80074 0.7963 0.79416 0,79120
V 116.12 115.47 114.61 113.57 113.14
£ 2.1007 2.0892 2.0780 2.0696 2.0611

Pe 30.05 29.63 29.33 28.94 28.77

from  th e  formula 5.
M ,  = >  84.1625 
M 2 =  286.45246

=  2.016 from  th e  function  г/7V, extrapolated  to
dt =  0.7738 from  th e  function  dIN, infinite dilution
a  =  1.8182 slope o f e/N ,
ß =  0.72348 slope o f d/N
P«, =  104.698 
P A =  8.78 ml 
P e =  93.9670 ml
R  =  102.7470 Ц =  0.22123 — IT P „  — R  =  0.309 D
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0,40

□  0 ,3 5  
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C Si Ge Sn
Fig. 1. The dipole moments of th e  m em bers of the homologous series vs. the  principal quan tum

num ber
Vml MRDmi £

1 5 0

1 4 5

- 4 0
1 4 0

- 3 5
1 3 5

- 3 0
1 3 0

- 2 5  
1 2 5

C Si Ge Sn
Fig. 2. M olar refractions of the m em bers of the homologous series ns. the principal quan tum

num ber

earlier publication [9]. The dipole m om ents (Fig. 1), m olar refractions, molar 
volum es and dielectric con stan ts o f the members o f  the hom ologous series vs. 
the principal quantum  num ber are p lotted  in Fig. 2.
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I t  appears from F ig . 2 th at with the excep tion  o f the dielectric constant 
th ere  is a very great d ifference between the p h ysica l properties o f  the carbon 
a n d  silicon com pounds, b u t  a considerably less difference is observed be
tw e e n  the properties o f  s ilicon  and germanium, on the one hand, and germani
u m  and  tin com pounds, on  the other.

The change o f th e  d ip ole  moment vs. th e  principal quantum  number in 
F ig . 1 reveals a m in im um  a t the silicon derivatives, w hich can be explained  
o n ly  b y  the fact th a t con trary  to carbon, silicon has not on ly  an inductive  
( - j - J ) ,  but also a m esom eric ( — M)  effect w hich has a direction opposite to  the  
f ir s t  and  both germ anium  an d  tin  have also -)- I  and  —M  effects.

In  the case o f m e th y l and phenyl su b stitu ted  v in y l silanes the picture is 
n o t  quite so unam biguous, as the dipole m om ent changes w ith  the num ber of 
th e  different substitu en ts in  different w ays.

The individual b o n d  m om ents of v in y l derivatives were determ ined by  
th e  vectorial calculations described in one o f  our earlier papers [1].

The structure o f  tr im eth y l-v in y l derivatives can be illustrated  b y  the  
fo llow in g  vectorial d iagram

H

H

I t  is possible to  ca lcu la te  from this diagram  the bond m om ents o f the  
E  — C and C =C  bonds perta in ing  to the v in y l group, provided the dipole m o
m e n ts  o f the various v in y l derivatives, the bond  m om ents o f  th e  C — H  and 
C — E(aliphatic) bonds are know n. The bond m om ent o f  C — H  was know n, 0.4 D, 
th e  m om ents of the v a r io u s E — C bonds were tak en  from the literature [1, 16, 
9 ] and  in the case o f  th e  carbon derivative it  w as calculated from the dipole 
m om en t of (CH3)3C — Cl.

It follows from  th e  sp 2 hybrid levels o f  th e  carbon atom s in the vinyl 
group that the va len cy  an g les around the la tter  are 120°.

B y  accounting for th e  -\-I and —M  e ffects the follow ing approxim ate 
structural formula con sid erin g  the electron sh ift and indicating the partial 
charges may be w ritten

<5(+) « ( - ) * ( + )
E — CH =  CH2
2f; £ i -  £i I  effect
1/2 £< — 1/2 et -(- c, M  effect
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where

£,• stands for the charge fraction due to I  effect
et stands for the charge fraction due to M  effect
f) for th e  resultant charge fraction.

It follow s that

ml =  (2 si — 1/2 e,)RE_ c 
m2 =  (e< — £i)R cc

where R e—c and -Rcc are th e  pertaining bond distances.
From  th e  vectorial diagram  it follows further th at if

m — ml =  mA

then

m,, =  mB.

The cosine law can be w ritten for the dipole m om ent of the com pound as 
follows:

/л2 - m A -)- mg -f- 2 m A • mg cos 0

where cos 0  =  —0.5, as 0  =  120°

thus

f i 2 =  m \  +  тпв —  m A ■ m g

C onsequently the vector  m om ent values for th e  bonds E — C and th e  
double bond  C =  C can be calculated for every tr im eth y lv in y l derivative (see  
Table III).

The d ata  in Table I I I  show that the va lu es o f both vector m om ents

T ab le  I I I

E "«E-C mc-c

c 0.230 0.141

Si .0.338 0.157
Ge 0.351 0.242
Sn 0.488 0.323
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in crease  from carbon to  tin , due prim arily to  the increase o f  th e  inductive  
e ffec t , the я interaction being very slight — as proved by our earlier quantum  
m ech an ical calculations. Thus the value o f  th e  dipole m om ent is prim arily  
determ ined  by the vectoria l sum o f the d ipole m om ent vectors o f th e  a bond.

The vectorial calculations carried out for phenyld im ethylvinylsilane and 
tr iphenylv inylsilane in v o lv ed  the supposition  o f  free rotation in b o th  cases.

In  an analogous m anner the vectoria l calculation of the dipole m om ent 
o f  (C6H 5)3S iC H = C H 2 is based on the fo llow ing equation:

о 2 , 2juz =  mA mg — т Атв
w here

m A =  msi_c6h5 -  m, 
mB — m2
titsi-CeH5 =  0-16 D  [91
m1 =  m si—vin =  0-34 D  
m2 =  mc—c =  0 .16 D

Substituting th ese values into the ab ove equation we obtain

Ц =  0.295 D  
^exp =  0.309 Ü

The dipole m om ent o f  the m olecule C6H 5(CH3)2S iC H = C H 2 can also b e  
ca lcu la ted  vectorially b y  supposing free rotation:

0  =  120°

& =  110° 
m() =  0.16 D [9] 
m, =  0.34 D 
m2 =  0.16 D 
in., =  0.2 D

/и2 — гщ m\  +  m I +  2m\  -)- 2(m um1 cos & +
fn0m2 cos ■& cos 0  -f- m1m2 cos 0  +  2m0m cos -\~ 

-f- m | cos 1? +  21/г^ з  cos #  +  2m3m2 cos & cos 0 )
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Substituting the above values into this equation  we get

H =  0.162 D  
^exp =  0.197 D

Thus there is a very satisfactory agreem ent between the vecto r ia lly  
calculated dipole m om ents and the experim entally  obtained values. T his leads  
to the conclusion th at in  first approxim ation the group vectors m ay  he con 
sidered constant independently  o f  the su b stitu en ts, thus the group vectors  
as g iven above serve for a satisfactory ca lcu lation  o f the dipole m om en ts o f  
the various derivatives.

As already m entioned in connection w ith  F ig. 1 the dipole m om en t o f  
tr im ethylv inylsilane is the low est o f all the v in y l derivatives. This w as e x 
plained b y  the appearance o f an additional m esom eric effect from silicon onw ards, 
while in the case o f carbon derivatives on ly  an inductive effect prevails and  
the dipole m om ents a and n are known to  h ave opposite directions. To prove  
th is assum ption quantum  chem ical calculations were carried out for sim plified  
conditions according to the follow ing considerations:

The v inyl group w as substituted  b y  a pseudoatom  with tw o electrons:

n / ы
E i y  V 

a

Sim ilarly to  the original problem  a co lligative a bond and a coord in ative
d:г—p n  bond are supposed betw een the E (S i, Ge, Sn) atom and th e  p seu d o

ox
atom  y .

In both cases the generalized eigenfunction  (y>£ v) is obtained b y  th e  linear  
com bination o f th e  eigenfunctions o f the tw o atom ic system s (y)F-, yty):

y > E V  = с Е У > Е - \ -  c  V y> V ( 8 )

The pertaining param etric m atrix is:

x hF ß  — £ kß
! =  0 (9)

kß % +  hv ß  — e I

where ос and ß  are the coulom b and interchange integrals respectively  o f  an  
arbitrarily chosen basic system ; h and к are variation  parameters. S u b stitu tin g

a, = oc -f- h Fß  — £ ос -{- h y ß  — £
and a, — -

k - ß k - ß
( 10)
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the fo llow ing m atrix is obtained:

1
1 °2

where

°1 — °2 +  a
and

hv — hE
a = -------------

к

The ratio o f the linear coefficients in E q. (8) is:

( П )

( 12)

—  =  A (13)
CE

and from  this the polarities of the colligative a  bond and the coordinative л 
bond are:

la
Ад — 1

A* +  1 
2

In
1 +  К

(14)

(15)

A ccording to  Eqs (11) and (12) the determ inant o f  the m atrix is th e  follow ing:

a\  -f- a — 1 =  0 (16)

from  w hich for ax tw o  values m ay be ob ta in ed  w hich at the sam e tim e deter
m ine th e  value o f A according to the correlation:

A =  -  «Tr (17)

B y  su b stitu ting  E q. (17) into Eq. (16) th e  fo llow in g  correlation is obtained

A2 — a • A — 1 =  0 (18)

so th a t depending on th e  variation param eter a various values are obtained  
for A, ia and i„.

Changes in ia and  in vs. the variation param eter a are p lotted  in F ig. 3. 
According to  F ig . 3 ia increases and in decreases with increasing values  

o f a, th a t is w ith th e  increase of the -\-I  and  —M  (mesomeric) effects o f the  
E atom  the values o f  b o th  ia and will increase. According to Mu llik a n  [15] 
a correlation exists betw een  the coulomb in tegra l and electronegativ ity  o f  the  
ith  atom :

(a,- -  a 0) =  B { X t -  X 0)ß0 (19)
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so th a t as an approxim ation a sim ilar proportionality m ay be supposed be-
О X

tw een the parameter a and th e  electronegativities o f  the atom s E and V :

a =  N  A X EV (20)
where

A X ev =  X v  -  X E,

Fig. 3. Changes in  i^  and in vs. the varia tion  param eter a

th e  difference between the electronegativities, N  is a proportionality  factor  
w ith  th e  following values (obtained by correlation calculations):

N a =  0.666 N„ =  4.83 (21)

The electronegativities o f  the E atom s (C, Si, Ge, Sn) are the follow ing:

C Si Ge Sn
2.5 1.9 1.8 1.7

W ith  th e  help of these data th e  values o f ia and i„ can be calculated from  Eqs 
(18), (14) and (15). The in itia l data and the results o f the calculation are given  
in Table IY. It should be m entioned here th at the e lectron egativ ity  va lu e of

О X

carbon was chosen for th e  electronegativ ity  o f the Y pseudo-atom  since the  
carbon atom  is responsible for the bond in the v in y l group.

Table TV

E Xc Xe A Xec a£T a7t *(Г l7t •<r —  *?c

c 2.55 2.45 0.1 0.066 — 0.05 — 0.05

Si 2.50 1.90 0.6 0.400 2.9 0.19 0.16 0.03

Ge 2.50 1.80 0.7 0.466 3.38 0.20 0.14 0.06

Sn 2.50 1.70 0.8 0.534 3.86 0.25 0.11 0.14
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Figure 4 shows th e  changes in the polarities o f the a and л  bonds from  
th e  va lues of ia, in and  i„— in vs. E.

As the difference b etw een  the coulom b integrals increases and the ex 
ch an ge integral decreases, th e  polarity o f th e  a bond w ill increase and th at of 
th e  л  bond decrease, con seq u en tly  the difference betw een the electronegati
v it ie s  o f  the v inyl group, w hich  has been replaced by a carbon-like pseudo
a to m , and of the Group IY /1 elem ents increases from  carbon to  tin  accom panied  
b y  an increase in th e  d ifference between th e  coulom b integrals. The bond dis-

F ig . 4. The changes in th e  po larities of the a and л  bonds from  the values of i i n and G

ta n ce  E — C is know n to  increase with th e  increase o f the atom ic num ber, 
so th a t  starting from  silicon  the exchange in tegral (hi) and the value o f the  
rela ted  variation param eter к also decrease. These tw o factors together deter
m ine the value of o, so th a t  w ith  increasing atom ic num bers ia increases and 
i„ decreases, while th e  d ifference of the tw o has a m inim um  at the Si — C bond, 
in agreem ent w ith th e  resu lts  o f dipole m om ent m easurem ents o f com pounds 
o f th e  type CH2= C H  — E (C H 3)3.

This simple quantum  chem ical variation m ethod confirm s th at the -\-I 
e ffec t increases in th e  order C, Si, Ge, Sn, w hile the —M  (m esom eric) effect 
decreases in the order Si, Ge, Sn.

E xact quantum  chem ical calculations were carried out for tertiary  
b u ty leth y len e and th e  analogous trim ethylvinylsilanes [10] and the following 
resu lts  were obtained:

CH3
I -0 .0 4 2 4  —0.0455—0.0606 +0.0344
C----------------------------------- CH<-------------H

f (+0 ,0386) (—0,0386) л  
CH3 H

+  0.0394

Fa =  0.1299 D
=  0 .2480 D

[̂ on =  0 .319 D

^exp =  0 .330 D

+  0.0194 —0.0394
H— ------------ > C H 2-
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The case o f tertiary buty leth y len e shows th at the partial charges o f  th e  
hydrogens o f the m eth y l group are considerably lower than  those o f the h y d ro 
gens in the vinyl group, which m ay prim arily be explained w ith  the various h y 
brid states o f the carbon atom s. W hile in the case o f  m ethyl groups the carbon  
atom s are in s p 3 sta te , the carbon a tom s o f the v in y l group are in the s p 2 h y 
brid state. The electron shifting effect o f  the tertiary b u ty l group also co n tr ib 
u tes to  this result, causing the x  carbon atom  o f th e  v in y l group to  h ave a 
p ositive and the ß  carbon atom  to  h ave a negative partial charge fraction  w ith  
a value o f 0.0386 e. From the partia l charge fractions a value o f 0 .1299 D  is 
obtained for the dipole mom ent a  w hich is less than  the dipole m om en t n 
w ith  a value of 0 .248 D.  In our case th e  directions o f  the dipole m om ents cr and  
jt coincide, so th at from  their vectoria l sum 0.319 D  is obtained for the d ipole  
m om ent of the m olecule. This figure is in full agreem ent w ith  the exp erim en 
ta lly  determ ined one.

The charge distribution in trim ethylv inylsilane (CH3)3Si — CH =  CH2 is th e  
following:

CH3
+  0.0114 —0.0870 I +0.2458 —0.1116 —0.0731 +0.0336

a  H--------------- s-CH.-«----------- Si----------------s-C--------------- i-C H -i-------- — H
I t

CH3 H
+  0.0301

0.281 D  
0.153 D  
0.080 D 
0.229 D

—0.0136 —0.0017 +0.0153
л  (CH3)3Si-i--------- ------ С Н ч--------------- CH,

Am -  1.9650 ß

/+  — 
И* =
Пая
И'хР =

сн3
+  0.0114 —0.0870 I +0.2282 —0.1123

а л  Н--------------- í»-CH2-<---------------Si----------------=»-С-------
I t
CH3 II

+  0.0301

msic(e) =  0.7779 1) 
mSic(n) =  0 .1210 I) 
msiĉ an) =  0 .6569 D

+  0.0578 
-^ C H -

+  0.0336 
-----H

It appears from  the foregoing th a t for partial a charge distribution th e  
charge fractions are higher than in th e  case o f analogous carbon com pounds, 
consequently  the dipole moment a is also higher, about tw ice the value o f  th e  
first, that is, 0.281 U.  Because o f th e  — M  effect o f silicon the direction o f  the
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dipole m om ent is th e  op p osite  o fthat which appears in the analogous carbon com 
pou n d , and its value is low er; 0.153 D. F rom  th e vectorial sum  o f the a and л  
dipole m om ents o f op p osite  directions a v e r y  low  value is obtained for the di
pole m om ent o f th e  trim ethylvinylsilane m olecule, nam ely 0.08 D  which, 
how ever, is near to  th e  experim entally fou n d  0.229 D ebye.

The reason for th e  fact that tertiary  bu ty leth y len e has a higher dipole 
m om en t than the corresponding silicon com pound follows unequivocally  from  
th e  bond structures ob ta in ed  by the above exact calculations. This explains 
further the finding th a t  w hile tertiary b u ty le th y len e  forms addition com pounds 
w ith  hydrogen halides according to the M arkovnikov rule, addition products 
o f  tr im ethylv inylsilane and hydrogen halides are formed according to  the anti- 
M arkovnikov rule, since, compared to th e  central atom , in th e  case o f tertiary  
b u ty leth y len e the a , in  case of tr im ethylv inylsilane the ß  carbon atom  has a 
m ore positive character.

Experim ental

The investigated compounds were prepared according to the following principles:

CH3
I

1. 3,3-Dimethylbutene-I(CH,=CH—C—CH3)
I

CH3

was prepared from 2,2-dimethylbutane by dehydrogenation in the presence of a catalyst con
taining aluminium, chromium and potassium [11]. Boiling point: 41.2°C at 760 mmHg.

CH3
I

2. Vinyltrimethylsilane (CH2=C H —Si—CH3)

CH3

was prepared from vinyltrichlorosilane and methyl magnesium bromide in a dibutylether me
dium [12] with a 90% yield. Boiling point: 54.4°C a t 745 mmHg.

CH3
I

3. Vinyldimethylphenylsilane (CH„=CH—Si— C6H 5)
I
CH3

was prepared from vinylphenyldichlorosilane and m ethyl magnesium bromide in diethylether 
medium. The yield was 80% [13]. Boiling point: 69°C a t 4 mmHg.

C6H 5
I.4. Vinyltriphenylsilane (CH2=C H —Si—C6H 5)

cgh 5

was prepared from vinyltrichlorosilane and phenyl magnesium bromide in diethylether me
dium with a 40% yield [12]. Melting point: 58—59°C.
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CH3
I

5. V inyl trim ethylgerm ane CH2 =  C H — Ge— CH3
I ■
CH3

produced by  the  reaction of the N orm an reagen t w ith  trim ethyliodogerm ane contained traces 
of te trahyd ro fu rane  which were difficult to  rem ove. For this reason viny ltrim ethylgerm ane 
was produced from  trim ethyliodogerm ane and  v iny llith ium  which la tte r  was ob tained  by  ra d i
cal rearrangem ent from te trav iny ltin  and phenyllith ium . Pure v inyltrim ethylgerm ane was 
obtained u nder these conditions in a 50% yield [14]. Boiling point: 70.6°C a t  736 m m H g.

3 ,3-D im ethylbutene-I, v inyltrim ethylsilane, vinyldim ethylphenylsilane and  v in y ltr i
m ethylgerm ane were dried over calcium chloride, sodium  m etal and lithium  hydride, rep ea t
edly frac tionated  and the fractions collected in  narrow  tem perature  intervals corresponding 
to  the ir boiling points.

Since for the determ ination of the dipole m om ent substances of high pu rity  are required , 
th e  p u rity  o f th e  preparations was checked b y  th e  identification of their m olar refractions 
(Table I) and  gas chrom atographically by m eans of the W. Giede Type 18.2 gaschrom atograph 
using nitrogen of 0.6—0.8 atm osphere pressure as a carrier gas. The 1 m long and 4 m m  diam e
te r colum n was packed w ith 80— 120 mesh ceolite carrying 3% of silicone grease. The record
ing was of sensitiv ity  4 w ith a 200—600 m m /hour paper speed; the detector cu rren t was 125 mA. 
All com pounds were found both optically and  gaschrom atographically pure.
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INVESTIGATIONS ON ION EXCHANGE EQUILIBRIA 
WITH RADIOACTIVE TRACER METHOD, XV

L IQ U ID  ION EX C H A N G E T E C H N IQ U E  FOK INVESTIGATING T H E  M IX E D  COM
P L E X  SPECIES O F ZINC W ITH GLYCOLIC AND a-H Y D RO X Y ISO BU TY K IC ACID

T. Lengyel

( Institute o f Isotopes, H ungarian Academy o f Sciences, Budapest)

Received Ju ly  1, 1968

W ith the aid of liquid ion exchange technique, using di-2-ethylhexyl phosphoric 
acid, the form ation of the m ixed com plex species has been studied in the system  zinc — 
glycolic acid -  a-hydroxyisobutyric" acid. Rased on theoretical considerations the for
m ation constan t of the mixed com plex [M L /1] was determ ined using a graphical way 
of calculation, yielding the value log K m =  0.88.

Ion exchange and liquid liqu id  partition  techniques are already more or 
less well proved tools for the chem ist for in vestigating  the form ation and stab il
ity  o f  com plex species. In the recent years a considerable am ount o f  data de
term ined by these techniques has been published, and the excellent com pila
tion  o f  Sillen and Martell [1] ind icates the usefulness of these results. H ow ev
er, as regards com plexes w ith m ixed ligands, literature data are far from  being  
com plete and the results quoted refer first o f  all to  spectrophotom etric m eth
ods; extraction  and ion exchange have been scarcely used. In th is  paper the  
attem p t to  extend  the liquid ion exchange m ethod, used also previously  [2 — 5] 
is described, sum m arizing the results obtained for the system  zinc — glycolic  
acid —a-hydroxyisobutyric acid.

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 60 (4), pp. 373— 379 (1969)

Theoretical

Let us take into consideration the form ation o f the m ixed com plex  of 
the d ivalent m etal ion M w ith ligands L and Л  (both being bound in th e  same 
coordination sphere), according to  the reaction

[ML.,] +  [ALL] =  2[M L /1] (1)

The form ation constant of th is com plex can be determ ined as

*  . _ [ M L A f
[M L 2] [ M A 2\
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In th e  course o f further calculations the fo llow ing assum ptions were m ade:

1. W hen using liquid ion exchanger on ly  th e  M2 + species are in volved  in  
the partition  process.

2. H igh ly  coordinated com plexes e.g. [M L 3] [M L4]2 [МЛ3] [МЛ4]2 ~ 
etc. do not form.

3. Under the given conditions polynuclear or hydroxo com plexes do not 
ex ist in  appreciable am ount. Introducing the distribution  ratios w ith  sim pli
fied n otation s we have

D l

D o =  o[M]
A M ]

___  o[M] ___
A M ]  +  A M L ]  +  w[ M L 2\

D.

D n

AM ]
AM]  +  „[МЛ] +  а м л 2]

о[М]
AM] - ) -  AML] - f -  AML2] - ( -  a m a ] - | -  а м л 2] 4 -  Амьл]

(3)

(4)

(5)

(6 )

from w hich the follow ing relation is obtained

D m D l

w hich on rearranging yields

A M L A ]  =  AM ]  

T aking into  consideration th at

ßiL —

1 1 A M L A ]

D A

oQ

AM ]

L>m +

1 1 1

D° L>l L>a

A M l 2]

and

ßiA —

ÁM] AL]2

А М Л 2]

AM] АЛ?

Eqs (2), (8), (9) and (10) can be com bined to  result in

D°2
K m =

—  +  —--------1
Dm D° D L D a

ßzLßuALfAAy-

(7)

( 8 )

(9)

( 10)

(ID
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For graphic calculation , in th e  knowledge o f  D °, ß2L and Д2/Ь and the va lu es  
D l , Da and D m as a function o f  [L] and [Л ], resp ectively , the term

V  =

d ° 2

ß i  L ß i  A
( 12)

is plotted against W[L]2 „,[Л]2, y ield ing a linear correlation w ith slope K n,.
In these m easurem ents care must be tak en  to  keep concentrations o f  

w[L] and „.[Л] in the same order o f  m agnitude, th u s to  avoid any discrepancies 
because of form ation of higher m ixed com plexes.

Fig. 1. D istribution  ratio  as a function  of the pH  [Zn2 + ] =  2 • 10 ~6 M , [D EHPA ] =  0.1 F,
ionic s treng th : 0.75 M  as perch lorate

Experimental

E quilibration of the aqueous and  organic phases was carried ou t by shaking th e  sam 
ples filled in sealed ampoules a t 25°C for 15 hours.

D istribution coefficients were determ ined by rad iom etric  assay of the metal concentra
tion in both phases, while the pH  of th e  aqueous phase was m easured by means of R adiom eter 
PH-4. 65Zn tracer of high specific ac tiv ity  was produced b y  th e  conventional (n, y)  reaction  
by irradiating specpure zinc ta rge t w ith  a therm al n eu tro n  flu x  of 5 • 1013 n • cm -2 sec-1 . 
The systems investigated  were 2 • 10-5  M  for zinc, w hile th e  ionic strength  was ad ju s ted  to
0.75 M  w ith perchloric acid and sodium  perchlorate. The p H  of th e  aqueous phase was k e p t a t 
about 2.4—2.8, depending on the set o f m easurem ents.

D i-2-ethylhexyl phosphoric acid  (D EH PA ) dilu ted  w ith  toluene in 0.1 F  concentration  
was used as liquid ion exchanger, representing the organic phase.

Chemicals o f c.p. grade and redistilled w ater were used all over the m easurem ents.
The free ligand concentrations were calculated in  th e  knowledge of the pH  and th e  disso

ciation constant values of the corresponding acids.

Results and discussion

The aim  o f  the first series o f  m easurem ents w as to  determine the d istri
bution ratio o f  zinc between th e  organic and aqueous phases as a function  o f  
the pH , in the absence of any com plexing agent. The data obtained are show n  
in Fig. 1.

The second power dependence from the hydrogen ion concentration in 
dicates the partition  of the d ivalent zinc ions.

5* Acta Chim. Acad. Sei. Hung. 60, 1969
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Table I

Results o f equilibrium, measurements fo r  the system zinc—glycolate

103 • [L] VDL pH

7.2 0.029 2.82

12.0 0.039 2.82
18.4 0.050 2.83
25.4 0.061 2.84

30.9 0.077 2.84

36.4 0.092 2.84
40.0 0.103 2.84
48.5 0.140 2.82
51.8 0.135 2.85
59.6 0.167 2.86

69.0 0.188 2.86
77.3 0.220 2.86

Table I I

Results o f equilibrium measurements fo r  the system zinc—ct-hydroxyisobulyrate

103 • [Л] 1 IDA p H

3.0 0.137 2.42

6.0 0.160 2.42

9.6 0.181 2.43
12.2 0.201 2.43

16.1 0.240 2.43

19.3 0.240 2.45

22.9 0.271 2.46
26.6 0.285 2.47
30.9 0.317 2.48
35.0 0.351 2.49
39.8 0.397 2.49
42.4 0.407 2.50

Starting out from the data o f  Tables I and II, which refer to  equilibrium  
m easurem ents in the presence of the tw o com plexing agents, th e  p lots shown 
in F igs 2 and 3 were constructed. The corresponding stab ility  con stan ts were 
determ ined  as slopes (ß2) and intercepts ( K x) o f the linear correlations accord
in g  to  the m ethod developed by L e d e n  [ 6 ] .
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D°/d — 1Fig. 3. jyjj as a function  of the free a-hydroxyisobutyrate  ligand concen tra to r 
[Zn2+] =  2 • 10~5 M , [D EHPA ] =  0.1 F , ionic s treng th : 0.75 M  as perchlorate

о /

Fig. 4. The terra y> (determ ined according to  Eq. (12) as a function  of [L]2 [Л]2 in the system  
zinc—glycolic acid—a-hydroxyisobutyric acid 

[Zn2+] =  2 • 10 M , [D EHPA ] =  0.1 F, ionic s treng th : 0.75 M  as perchlorate

Acta Chim. Acad. Sei. Hung. 60, 1969
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Fig. 2. -  " —  as a function of the free glycolate ligand concentration [L]

[Zn2 + ] =  2 • 10~5 M , [D EHPA ] =  0.1 F , ionic s treng th : 0.75 M  as perchlorate
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Table III  sum m arizes the results o f  equilibrium m easurem ents per
form ed  w ith  the aim o f m ixed  com plex form ation. Based on these data  the plot 
o f  W vs. [L]2 [Л]2 shown in F ig. 4 was constructed  using Eq. (12).

Table II I

R esults o f equilibrium measurements in  the mixed complex system zinc—glycolate—a-hydroxy-
isobutyrate

pH 1/D° 1/Dl i /Da I/O™ m И ] 10« ■ [Ь]2[Л]2 10« у,

2 .6 3 0 .0 4 4 5 0 .2 0 6 0 .2 6 0 0 .6 4 0 0 .0 3 2 6 0 .0 4 8 0 2 .4 5 19.9

2 .6 5 0 .0 4 1 0 0 .2 5 6 0 .2 5 1 0 .6 8 4 0 .0 4 2 1 0 .0 5 0 0 4 .4 5 23.3

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

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

2 .7 1 0 .0 3 0 9 0 .6 2 0 0 .1 2 2 1 .0 3 8 0 .0 9 6 0 0 .0 3 4 1 1 0 .7 0 92 .0

2 .6 8 0 .0 3 5 7 0 .3 9 0 0 .2 3 4 0 .9 3 9 0 .0 6 3 0 0 .0 5 3 0 1 1 .2 0 79 .2

2 .6 8 0 .0 3 5 7 0 .4 6 8 0 .2 3 4 1 .0 7 6 0 .0 7 2 0 0 .0 5 3 0 1 4 .6 0 108.5

2 .7 1 0 .0 3 0 9 0 .6 2 0 0 .1 4 5 1 .1 0 8 0 .0 9 6 0 0 .0 4 0 0 1 4 .7 5 120 .0

2 .7 1 0 .0 3 0 9 0 .6 2 0 0 .1 6 8 1 .1 6 0 0 .0 9 6 0 0 .0 4 5 7 1 9 .1 8 140 .0

2 .6 8 0 .0 3 5 7 0 .6 5 0 0 .2 3 4 1 .3 3 0 0 .0 9 0 0 0 .0 5 3 0 2 2 .9 0 151 .0

2 .6 9 0 .0 3 4 0 0 .6 4 1 0 .2 3 1 1 .3 6 2 0 .0 9 2 0 0 .0 5 4 4 2 5 .1 0 19 6 .0

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

2 .6 7 0 .0 3 7 5 0 .6 6 0 0 .3 0 2 1 .5 2 5 0 .0 8 7 9 0 .0 6 2 1 2 9 .8 0 21 2 .0

2 .6 7 0 .0 3 7 5 0 .6 6 0 0 .3 3 8 1 .6 5 5 0 .0 8 7 9 0 .0 6 7 3 3 5 .0 0 282 .0

From  the figure it is striking th at, in accordance w ith  previous expecta- 
t io n s , a straight line w ith  slope K m =  7.5 is obtained. The reliab ility  of the 
graphic presentation is in d irectly  also proved b y  the fact th at th e  straight line 
s ta r ts  from the origin.

The formation constant o f the m ixed [M L A ] com plex as defined in Eq. (2) 
a n d  those of the system s zinc—glycolate and zinc—a-hydroxyisobutyrate  
are com piled in Table IV . The error of the determ ination o f the К г and K 2 val-

ТаЫе IV

F orm ation constants o f complex species in the system zinc—glycolic acid—a -hydroxyisobutyric
acid

System log*:, >0g K s ft log *'m

Zn-glycolate 1.86 1.25 1280 —
Zn-a-hydroxyisobutyrate 1.74 1.23 950 —

Zn-glycolate-a-hydroxyisobutyrate — — — 0.88
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ues did not exceed 0.02 u n its  on logarithm ic scale which corresponds to  a 
m axim um  error o f ^ 0 .0 5  for th e  value o f log K m.

These data im ply th at th e  com plex species o f  the two ligands in vesti
gated  reveal similar stabilities and th at the form ation o f the m ixed com plex is 
not d istinctly  favoured under th e  conditions chosen. H ow ever, th e  va lue ob
tained  for K m is about tw ice o f  th a t to  be expected  from theoretical considera
tion s, as according to  Eqs (1) and (2) the statistic  partition would y ie ld

(0.25) (0.25)
(13)

Symbols

D° d istribution  ratio  in the absence of complexing agent 
D i  d istribu tion  ratio  in the presence of glycolate ligand 
D a  d istribution  ratio  in the presence of a-hydroxyisobutyrate  ligand 
D m d istribution  ratio  in the presence of glycolate and a-hydroxyisobutyrate  ligands 
K i  successive form ation constant o f th e  species [ML,] and  [М Л,], respectively 
K m form ation constan t of the m ixed com plex as defined in  E q. (2)
L  glycolate ligand 
M  m etal (zinc)
Л  a-hydroxyisobutyrate  ligand 
4* term  defined in E q. (12)

Indices

w  aqueous phase 
о organic phase
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STEREOCHEMICAL STUDIES, V*
Q U A TER N IZA TIO N  OF 1,2-D ISU BSTITU TED  1,2,3,4-TETR A H Y D R O ISO Q U IN O LIN ES
III .*  STEREOCHEM ISTRY OF D IA STER EO M ER IC  QUATERNARY SALTS AS ST U D IE D  

BY PROTO N  RESO N AN CE SPECTROSCOPY

L. R adios, Mária  K a jt á r , J. K óbor an G. B e r n á t h

(Radiofrequency Spectroscopy Laboratory, Central Research Institute fo r  Chemistry o f  the H un
garian Academy o f Sciences, Budapest, and Institute o f Organic Chemistry, A . Józse f U niversity

Szeged )

Received March 4, 1968

The proton magnetic resonance spectra of diastereoineric 1-phenyl-, 1-isopropyl-, 
and l-(3 ’,4’-dim ethoxybenzyl)-2,2-dialkyl-6,7-dim ethoxy-1,2,3,4-te trahydroisoquinoli- 
nium  salts have been studied. I t  has been established th a t the substituen t in position 1 
is trans to bulkier substituen t a t  th e  nitrogen and the quaternary  salts have highly  p re
ferred conformations th a t  are characteristic  of all stereoisoineric derivatives w ith  a given 
substituen t in position 1. The 1-phcnyl group is probably pseudo-equatorial in the p re
ferred conformation, while th e  1-isopropyl and l-(3,4-dim ethoxybenzyl) groups are 
p robably  pseudo-axial. I t  is concluded from  stereochem ical properties and stereoselec
tiv ity  data  th a t the steric course of quaternization  is strongly influenced by th e  in te rac 
tion of the entering alkyl group w ith  the substituents in positions 1 and 2. The preferred  
direction of a ttack  for the quatern izing  group is trans relative to the su b s titu en t in 
position 1.

Introduction

R ecen tly  we investigated  th e  stereochem istry o f diastereom eric quater
nary salts obtained by alkylation  o f l-m eth y l-2 -a lk y l-6 ,7 -d im eth o x y -l,2,3,4- 
-tetrahydroisoquinoline bases and the steric course o f the quaternization  reac
tion [1]. In order to check the correctness o f some o f our assum ptions m ade in 
[1] and at the same tim e to  estim ate  the possible effect o f  the su b stitu en t at 
C— 1 on the stereoselectivity o f  quaternization we extended  our stu d ies on 
further tetrahydroisoquinoline bases containing, respectively , p h en yl-, iso
propyl- and 3,4-d im ethoxybenzyl groups at C — l .T h e  synthesis o f  parent bases 
and the fractional yields o f diastereom eric quaternary salts in the crude reac
tion  m ixtures o f “ direct” (N -m eth y l base -|- alkyl iodide) and “ reverse”  (N -al- 
kyl base +  m ethyl iodide) reactions were described in the previous part of 
this series [2]. In this paper we present the proton resonance stu d y  o f  th e  iso 
lated  diastereom eric quaternary salts and discuss the results in term s o f  their  
stereochem istry. Furthermore, additional deductions are m ade about th e  steric 
course o f  quaternization o f 1 ,2-d isubstituted  tetrahydroisoquinoline bases.

* For parts  I I I  (I) and IV (II) o f th is series, see B e r n á t h , G., K oczka , K ., K ó b o r , J .,  
R a d ic s , L. and K a jt á r , M. This Jo u rn a l 55, 331 (1968), and K ó bo r , J .,  B e r n á t h , G., R a d io s ,
L. and  K a jt á r , M. This Journal 60, 255 (1969)
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The quaternary sa lts  studied are g iven b y  Form ula I.

R ^ C H ^ C H ,  C6H 5, 3,4-(CH30 ) 2C6H 3CH2;
R 2= C H 3;
R3= H ,  CH3, CH3CH2, C6H 5CH2.

Formula I

For quaternary sa lts  w ith unsym m etrically  substitu ted  nitrogen I refers 
to  diastereomeric pairs th e  members of w hich are usually  form ed sim ultane
ou sly  in the “ d irect”  and “ reverse” quaternization  reactions.

In the case o f  cy c lic  N-bases w ith h igh ly  preferred (or rigid) and known  
conform ations the prob lem  o f stereochem ical characterization o f the quaterni
zation  can be reduced to  th e  determ ination o f th e  stereochem istry o f diastereo
m eric salts. Once th ese  are known it is usually  possible to distinguish between  
an  equatorial or axial  a tta ck  o f incom ing group resulting in a given diastereo
m er. The fractional y ie ld s o f  the two diastereom ere, along w ith  the conform a
tional equilibrium co n sta n t of the parent base then  allow one to  decide in 
w hich direction is th e  a tta ck  sterically preferred. More quantitative inform a
tion  about the steric course is obtainable from  k inetic m easurem ents [3] y ield 
ing  specific rates o f  quaternization  in both steric directions (e.g. kax, and feequ)‘ 
T he stereochem istry o f  th e  diastereomers is usu a lly  determ ined b y  com bined  
use o f  various chem ical and  physical m ethods [4 — 10]. A m ost powerful tech 
n ique is provided b y  p roton  resonance spectroscopy, a sim ple w ay o f its applica
tion  in the study o f  diasterom eric quaternary salts being due to  Closs [11].

Little, and m a in ly  qualitative, inform ation is available about the con
form ational properties o f  tetrahydroisoquinoline bases. In the first place the  
recent series of work b y  K n a b e  et al. on m ercury (II) acetate dehydrogenation  
o f  l,2 -d ia lk yl-l,2 ,3 ,4-tetrah yd roisoq u in olin e derivatives should be m entioned  
[12 — 16]. From th e  ch em ica l structure and rela tive  yields o f dehydrogenation  
products the above authors concluded th a t th e  parent bases ex ist m ostly in 
preferred conform ations, th e  extent of preference and the actual conform ation  
being determined b y  th e  steric requirem ents o f  th e  substituents at positions 
1 and 2. In laudanosine [ l - (3 ’,4’-d im ethoxybenzyl)-2-m ethyl-6 ,7-d im eth oxy- 
-1 ,2 ,3 ,4-tetrahydroisoquinoline], for exam ple, th e  benzyl group at C — 1 possesses 
a preferred pseudo-axial  and the N -m ethyl group an equatorial position, whereas 
for other 1 ,2-d isu b stitu ted  derivatives conform ations w ith pseudo-equatorially 
oriented C — 1 su b stitu en ts  are favoured. I t  should  be noted, however, th at  
th e  authors do n o t g ive  satisfactory evidence th a t the product ratio is gov-
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erned solely b y  the conformer ratio  o f  the parent base (i.e. the C u r t i n  — H a m m e t t  

rule [17] does not hold for th is reaction) and therefore, their deductions on the  
conform ational properties o f  tetrahydroisoquinoline derivatives do n o t seem  
perfectly justified . If, in spite o f  th is , their conclusions are accepted, it  should  
follow  th at th e  stabilizing effect o f  a pseudo-equatorial substituent in position  1 
relative to  th a t o f a pseudo-axial one is considerably less than  the w ell-know n  
stabilizing effect o f an equatorially oriented group in cyclohexane-like m olecules. 
This seem s to  be in agreem ent w ith  recent data reported on som e cis-trans 
1,2,4-trisubstituted  tetrahydroisoquinoline derivatives [18] and observations  
made on other system s w ith  1 ,2-d isubstituted  cyclohexene ring [19, 20 , 21].

There are no data in th e  literature concerning the conform ational prop
erties o f th e  tertiary and quaternary salts o f tetrahydroisoquinoline bases.

It follow s from the above considerations th at an exact treatm en t o f  the  
steric course o f  quaternization w ould  require quantitative conform ational 
analysis o f the parent bases and  quaternary salts, as well as detailed  k inetic  
m easurem ents o f  the quaternization  reaction. H ow ever, certain deductions  
about the stereochem istry o f  diastereom eric salts can be made b y  m eans of 
their proton resonance spectra. T hese in turn, com bined w ith  our p reviously  
reported results (stereoselectiv ity  data , relative stab ility  and chrom atographic  
properties o f N -benzyl-m ethyl sa lts  [2]), allow us to  give the quaternization  of 
1,2-disubstituted  tetrahydroisoquinoline bases a first order characterization .

R esu lts  and  d iscussion

The com ponents isolated from  the crude reaction m ixtures b y  fractional 
■crystallization can be divided, according to  their proton resonance spectra  
(and values in the case o f  th e  N -benzyl-N -alkyl salts [2]), into tw o  groups, 
isomers A  and В , where the lab e l A  refers to  the stereoisom ers predom inating  
in the direct reactions. The sym m etrica lly  substituted  N ,N -d im eth y l d eriva
tives are in all cases, regardless o f  the substituent at C — 1, stereochem ically  
hom ogeneous. This is in accordance w ith  the expectation  th at the a sym m etr i
cally  substitu ted  isomers A and  В  are related betw een them selves as d iastereo
mere rather than  conform ational isom ers. The proton resonance ch aracteristics  
o f the tertiary and quaternary sa lts investigated , such as the chem ical shifts 
o f the assignable protons and proton groups, some o f the more im portant m u lti
p licities and coupling constants, are collected in Table I, com plete for con 
venience w ith  the fractional y ie ld s o f  diastereom eric salts published earlier [2]. 
Some o f the spectra are reproduced to  illustrate the experim ental d ata .

In order to  determine th e  stereochem istry o f  the diastereom ere decision  
should be m ade as to whether or n o t the quaternary salts can be characterized  
b y  a preferred conform ation, i.e. w hether the conform ational equilibria g iven  by
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Table  I

Proton resonance characteristics o f  tertiary and quaternary salts and fractional yields o f diastereo-
Solvent: CDC13; chemical shifts, <5 (ppm );

Isomer

Substituent

R, r 2 Rs C8 —H C5—H Cl—H

(CH„)2CH CH3 H 6.77 6 . 6 6
('

4.02
- 2 .0 )

(CH3)2CH CH3 CH3 6.67 6.78 4.87

A (CH3)2CH CH3 CH3CH2 6.69 6.78 4.73

В (CH3)2CH CH3CH2 CH3 6.82 6.78 4.68

A (CH3)2CH CH3 CeH 5CH2 6.91 6.62 4.57

В (CH3)2CH C6H 5CH2 CH3 6.78 6.61 4.92

More
stab le

C6H 5 CH3 H 6.05 6.70
5.79

( 6 .0 )

Less
stab le

C6H 5 H CH3 6.33 6.73
('

5.73
-2 .5 )

CcH 5 CH3 CH3 6.35 6.83 6.50

A C6H 5 CH3 CH3CH2 6.48 6.85 6.43

В C6H 5 CH3CH2 CH3 6.48 6.83 6.60

A C6H 5 CH3 CGH 5CH2 6.43 7.00 6.50

В C6H 5 CcH 5CH2 CH3 6.43 6.93 6.82

3,4-(CH30 )2C6H 3CH2 CH3 H 5.65 6.53
4.40

- 2 .0 )

3,4-(CH30 )2C6Hj)CH2 CH3 CH3 5.75 6.67 5.17
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mers in  “ direct”  and  ‘‘reverse”  quaternization reactions 
coupling constants (in parentheses) (Hz)

Protons Fractional yields of 
isomers, %

“Direct” “Reverse”
C6—OCH, C7-OCH, NCH, NH NCH,Cffs NCHjjCgHj CH(CHj), quatemiza- quaterniza-

tion tion

3.00 0.97
3.89 10.9

(3.5) 1.33

3.43 __ . __ 0.65 __ ___
3.91

3.73 1.36
__ _ 0.65

3.91 3.55 1.60 60 17
1.38

_ _ 0.63
3.91 3.24 1.61 40 83

1.30

4.78 0.68
3.93 3.48 95 40

4.94 1.23

3.88 5.22 0.72
3.10 5 60

3.90 5.47 1.37

2.92 _ __ _ _ __
3.88 3.55

(5.0)
9.6

2.59 __ __
3.88 3.65

(5.0)
10.3

3.24 _ __ __
3.91 3.66

3.68

3.92 3.67 3.08 — 1.58 — — 76 14

3.91 3.67 3.50 — 1.49 — — 24 86

5.08
3.94 3.70 2.95

5.18
100 35

_ 5.62 __ 0
3.90 3.70 3.45

6.00
65

3.50 2.96
3.83 (5.0) 10.5 — — — — —
3.87

3.40 3.51
3.85 3.82 — — — — —
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T a b le  I

Substituent

Isomer

R, r 2 Rs C 8 -H C 5 -H C l - H

A 3,4-(CH30 )2C6H 3CH2 c h 3 CH3CH2 5.74 6.68 4.98

В 3,4-(CH30 )2CeH 3CH2 CH3CH, CH3 5.88 6.68 4.98

A 3,4-(СН30 )2С6Н 3СН2 CH3 CcH 5CH, 5.77 6.68 4.93

В 3,4-(СН30 )2С6Н 3СН2 C6H 5CH2 CH3 5.65 6.65 4.90

Form ula II are sh ifted  in one direction or th e  other. (In Form ula II, and 
throughout in the fo llow ing discussion, on ly  th e  generally accepted half-chair  
conform ations are tak en  into account.)

On the basis o f  th e  literature m entioned in the introduction, a certain  
degree of conform ational preference can a lready be expected in 1,2-disubsti- 
tu te d  tetrahydroisoquinoline bases. Further, it  seem s reasonable to  assum e 
th a t  th e  presence o f  an additional substituent on the nitrogen atom  w ill make 
an energetically favourable conformation even  more stable in the quaternary  
sa lts . This concept is supported by our proton resonance results, as dem onstrat
ed b y  the follow ing considerations. The spectra  o f the N ,N -dim ethyl deriva-
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continued

Protons Fractional yields 
of isomers, ° 0

C6 -OCH3 C7 —OCH3 IMCH3 N H NCH 2CH3 NCH,CeH6 CH (CH ,),
“Direct” 

qua térni/, u- 
tion

“ Reverse” 
quuterniza- 

tion

3.40

3.84 3.71 1 . 4 5 — 65 30

3.43

3.83
3.27 — 1 . 6 8 — — 35 70

3.74

3.78 3.43 — — 4.80 — 95 40
3.88

3.30

3.78

3.84
t

3.09 — —
5.30

5.85
— 5 60

tives show considerable chem ical shift differences (0.30 — 0.45 ppm) betw een  
the tw o N -m eth y l groups. A sim ilar phenom enon is observed when th e  spectra  
of diastereom eric salt pairs are compared. The follow ing factors are ob v iou sly  
responsible for these relative shifts: the steric arrangem ent of the N -m eth y l 
groups relative the to m olecule as a whole (axial or equatorial), and relative to  
the substitu en t in position 1 (cis or trans). I f  th e  molecule has no preferred  
conform ation th e  contribution o f the first factor w ill obviously be reduced b y  
the averaging effect o f the rapid conform ational changes. According to  the  
literature, the observed relative shifts o f N -m eth y l protons (cf. Table II) are 
too high to  be attributed on ly  to  the second factor, and as it will be show n in  
the follow ing, th ey  are actually  related to  th e  axial and equatorial orientations  
of the N -m eth y l groups. A satisfactory exp lan ation  o f the relative sh ifts  is 
provided b y  th e  anisotropy effect o f the arom atic ring giving rise to  different 
shieldings o f  th e  differently oriented N -m eth yl protons. O bviously th is can be 
the case on ly  i f  the N -m ethyl groups possess w ell defined orientations relative  
to the m olecule as a whole, i.e. if  one o f  the conform ations is predom inating.

One m ore conclusion is possible concerning th e  conformation o f th e  d ia
stereomere. According to th e  relative shifts o f  th e  N -m ethyl protons, th e  N- 
m ethyl groups in isomers A  and В have d ifferent orientations. Since A  and В 
are diastereom ers, this m eans th at the orien tation  of the substituent in posi
tion 1, and together w ith th is , the preferred ring conform ations, are identica l 
in both diastereom ers.

A lthough PMR studies suitable for conform ational analysis have not 
been perform ed, the im portance o f these problem s prom pted us to in vestigate
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T a b le  I I

Chemical shifts and relative chemical shifts o f the N-m ethyl protons in quaternary salts
Solvent: CDC13

_ - . 6 (ppm) Substituent in isomers
A ö (ppm)

K, r 2 R3 1 A В

(CH3)2CH CH3 CH3
3.43
3.73

0.30

(CH3)2CH CH3 CH3CH, 3.55 3.24 0.31

(CH3)2CH CH3 C6H 5CH2 3.48 3.10 0.38

Ц Н 5 CH3 CH3
3.24
3.68

0.44

CfiH 5 CH3 CH3CH„ 3.08 3.50 0.42

C,;H5 CH3 CeH 5CH2 2.95 3.45 0.50

3,4-(CH30 )2C6H3CH, CH3 CH3
3.51
3.82

0.31

3,4-(СН30),С сН3СН2 CH3 CH3CH2 3.71 3.27 0.44

3,4-(СН30),С6Н3СН2 CH3 CcH 5CH2 3.43 3.09 0.34

th e  tem perature dependence o f the spectra o f  som e tertiary and quaternary  
sa lts. These m easurem ents, how ever, did n o t g ive conclusive results since the  
re la tiv e  shifts o f the N -m eihyl protons w ere independent of the tem perature  
w ith in  th e  range in vestigated  (20 — 150°C).

T he n ex t step was th e  determ ination o f th e  actual relative orien tation  
o f th e  su bstituents in the diastereom eric sa lts. Equilibration of the N -m eth y l-  
-N -b en zy l salt pairs in chloroform  [2] has in d icated  th at isomers A  are more 
stab le  in  all cases. General stab ility  considerations permit to conclude th a t in  
th ese  diastereom ers the su b stitu en t at C— 1 and the bulkier (benzyl) group  
a tta ch ed  to  the nitrogen atom  are trans oriented . Similar conclusions can be 
m ade on the bases o f the proton resonance spectra o f the relevant salt pairs. It  
is kn ow n  [22, 23] th at the m ethylene protons o f  th e  benzyl group a ttach ed  to  
a centre o f assym m etry are m agnetically  non-equivalent. The ex ten t o f  the  
non-equ ivalence becom es larger if  the rotation  o f the benzyl group is restricted . 
The data  in Table III  show a smaller chem ical sh ift difference for m eth ylen e  
protons in  isomers A  (0 — 0.15 ppm) than  in th e  corresponding isomers В  (0.25 — 
0.55 ppm ). Thus, higher barrier to  free ro tation  o f N-benzyl group is present 
in isom ers В which, in accordance w ith  sim ilar observations [22], suggests  
th a t isom ers В represent th e  less stable form  in that Rx and th e  N -benzyl 
group are cis oriented, whereas isom ers A  th e  more stable form w ith  trans 
orientation  of relevant groups. Since the m agnitude and direction o f th e  changes
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T ab ic  I I I

Chemical shifts and relative chemical shifts o f the N -benzyl methylenic protons
Solvent: CDC13

Substituent Isomer A Isomer В

R. R. R. i  (ppm) A Ö (ppm) 6 (ppm) A Ö (ppm)

4 .7 8 5 .22
(С Н з )Х Н C H 3 C „H 6C H 2

4 .9 4
0 .1 6

5 .47
0 .2 5

5 .0 8 5 .62
C, II- C H 3 ( II 1 II 0 .1 0 0 .3 8

5 .1 8 6 .00

5 .30
3 ,4 - (C H 30 ) ,C eH 3C H 2 C H 3 C6H 5C H 2 4 .8 0 0

5 .85
0 .5 5

in the chem ical sh ift o f the N -m ethyl protons betw een  isomers A  and В  
are identical w ith in  a series (w ith identical su b stitu en ts in position 1) and inde
pendent of the N -alkyl group, th e  above sta tem en t concerning the N -m ethyl- 
-N -benzyl quaternary salt pair is probably valid  for N -m ethyl-N -ethyl dia- 
stereom ers, too . In other words, the bulkier su b stitu en t on the nitrogen is 
trans to the substitu en t in position  1 in all isom ers A ,  and cis in all isomers B. 
Since the N -substituents introduced in the present quaternization studies do 
not differ strongly from a conform ational point o f  v iew , the stereochem istry  
o f th e  main products obtained in  a given (e.g., th e  “ d irect” ) type o f reaction  
is expected  to be identical, and therefore, the above generalization seem s to  be 
justified .

The follow ing tw o conclusions can be drawn about the stereochem istry  
o f the diastereom ere: the quaternary salts have a h igh ly  preferred conform a
tion  and, therefore, defined orientations of the su b stitu en ts. W ithin a given  
salt pair the orientation of N -m eth yl groups is d ifferent for isomers A  and В 
w hich, in view  o f the existing diastereoisom erism , m eans th at the orientation  
o f Rj is the sam e. Since, m oreover, all isomers A  are trans and all В cis, it 
follow s that presum ably the sam e conform ation m ay  be ascribed to each dia
stereom er w ith identical su b stitu en t at C — 1.

The actual conform ation o f the diastereom ers can he determined m ost 
easily  for the I-p h en yl derivatives, since in th is case th e  proton resonance 
spectra of the corresponding tertiary  salts provide direct inform ation about 
the orientation o f  substituents in positions 1 and 2.

The spectrum  o f the tertiary  salt formed from  l-phenyl-2-m ethyl-6 ,7- 
-d iinethoxy-l,2 ,3 ,4-tetrahydroisoquinoline and trifluoroacetic acid is shown  
in F ig. 1. (In order to  avoid overlapping o f im portant lines, this spectrum  has 
been recorded in a 1 : 1  m ixture o f  CDC13 and C6D 6. V alues given in Table I 
were obtained w ith  a solution o f  th e  corresponding iodide in CDC13.) The spec
trum  exhibits tw o  N -m cthyl doublets o f d ifferent in tensities (the doublet
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character of absorption is due to  spin spin coupling betw een th e  N -m eth y l and 
N — H  protons), and resonance doubling o f  the other lines w ith  th e  sam e in ten
s ity  ratio . This m eans th at th e  tertiary  salt under consideration is a m ixture of 
tw o  isom ers, the one present in excess being obviously more stab le . The m agni
tu d e  o f  the spin — spin coupling con stan t betw een the C — 1H  and the N + -—H  
p roton s (which is equal to  th e  sp littin g  o f the C—1H line) g ives inform ation  
ab ou t th e  orientation o f th e  substitu en ts in positions 1 and 2. From  the dou
b le ts  at 5.08 and 5.58 ppm  in F ig. 1, th is value for the more and th e  less stable

H

i I I I I I I I I I I ' I------- 1 ..
7 6 5 4 3 2 1 0

PPM
F ig . 1. Spectrum  of l-phenyl-2-m ethyl-6 ,7”d im ethoxy-l,2 ,3 ,4-tetrahydroisoquinolin ium  tri-

fluoroacetate. Solvent: CDC13—C6D 6

isom er is 6.0 and 2.5 H z, resp ectively . According to  recent data [24], the value  
o f  th e  vicinal H —C — N —H  coupling constant is not influenced b y  the posi
t iv e  charge on the n itrogen atom , th e  m easured values alw ays being smaller 
th a n  th ose  for the corresponding H —C — C — H  coupling con stan ts [25]. The 
dependence on the dihedral angle can be described [26] b y  a function  similar 
to  th e  K a r p l u s  equation [27]. The data pertaining to the la st sta tem en t are 
in com p lete , rendering a m ore precise estim ation  of the dihedral angle im pos
sib le. H ow ever, the fact th a t the coupling constant for the m ore stab le isomer 
is h igher than 5 Hz, corresponding to  free rotation about th e  C — N  bond (cf. 
th e  sp littin g  of the N -m eth y l doublets in F ig. 1), and much larger than  2.5 Hz 
fou n d  for the less stable isom er, in d icates that in the more stab le isom er the 
dihedral angle betw een the protons under consideration assum es its  m axim um  
v a lu e  for the given skeleton , i.e. th e  protons have a trans pseudo-axial— axial 
arrangem ent. C onsequently, the su b stitu en ts in positions 1 and 2 are pseudo- 
equatorial and equatorial. O bviously , the less stable isomer is th e  diastereoiso-
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meric pair o f the former because o f the new  centre o f asym m etry form ed as a 
result o f protonation. The relative shift found for th e  N -m ethyl protons (0.33 
ppm ), therefore, indicates different orientation for the N -m ethyl group in the  
tw o isom ers, i.e. axial in the less stable cis isomer.

Fig. 2. Spectrum  of l-phenyl-2-m ethyl-2-ethyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoli- 
nium  iodide (isomer A ). Solvent: CDC13

PPM
Fig. 3. Spectrum  of l-phenyl-2-m ethyI-2-ethyl-6 ,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinoli- 

nium  iodide (isomer В ). Solvent: CDC13

Comparison o f the chem ical shifts o f N —CH3 protons of th e  tw o  differ
en tly  oriented N -m ethyl groups shows th at in the case o f 1-phenyl-N -inethyl 
tertiary  salts larger value corresponds to  the equatorial and lower one to  the  
axial orientation o f the relevant groups.
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Since the alkyl group introduced b y  quaternization is not expected  to  
ch a n g e  the sign of th e  re la tiv e  shift of N -m eth yl protons (it cannot lead to  an 
“ in terchange” of the N -m eth y l resonances), th e  above statem ent can presum 
a b ly  be extended to  th e  quaternary salts. T hus the N -m ethyl group is axial 
in  th e  trans A isomers (exh ib itin g  higher field  N -m eth y l resonances), and equa
torial in the cis В isom ers. (This obviously im plies th at the tertiary and qua
tern a ry  salts are supposed  to  have the sam e preferred conform ation.)

The same conclusion can  be made concerning the orientations o f N -m eth
y l groups if, as p reviously  m entioned, it is assum ed th at the relative chem ical 
sh ift o f  N-m ethyl protons are determined m ain ly  b y  the anisotropy effect o f  
th e  arom atic ring (ring A  o f  the tetrahydroisoquinoline m olecule). Molecular 
m od els and calculations m ade on the basis o f  J ohnson — Bovey tab les [28] 
in d ica te  that protons o f  th e  axial  N -m ethyl group w hich are closer to , and above 
th e  p lane of the arom atic ring are shielded (lower shift values), while protons 
o f  th e  equatorial N -m eth y l group, situated more rem ote from the ring but closer 
to  its  plane are deshielded (higher shift values).

Comparing the N -m eth y l shift in Table I I , it is found th at for quaternary  
sa lts  w ith  isopropyl or 3 ,4-d im ethoxybenzyl group at C — 1 the shift values 
are larger for the trans isom ers, i.e. the situation  is opposite to  th at observed  
w ith  th e  1-phenyl d er iva tives. Following th e  above assignation schem e th is 
m ean s that in these qu atern ary  salts the N -m eth y l group is oriented equatori- 
ally  in the more stable trans diastereomere (isom ers A)  and axially in the less 
s ta b le  cis (В) isomers. A possib le objection to  th is  m ay be th at such an inter
ch an ge of N -m ethyl sh ifts is due to the an isotropy effects associated w ith the  
p resence of the arom atic ring at С —1 in the case o f  1-phenyl derivatives rath
er th a n  to a change in  th e  orientation o f N -m eth y l groups. M easurem ents on 
D reid in g  model and ca lcu la tion s based on th e  J ohnson—Bovey tab les, how 
ev er , unam biguously preclude th is possibility. The m axim um  anisotropy effect 
ca lcu la ted  for the 1 -p h en yl group in both  o f  its possible orientations (i.e. 
pseudo-axial and pseudo-equatorial) on the chem ical shifts o f th e  axial and 
equatorial N -m ethyl p roton s is 0.2 —0.3 ppm , and has a sign th a t would  
cau se  the two N -m ethyl resonances to shift closer to  each other. In  order to  
o b ta in  interchange o f  th e  N -m eth y l lines and a relative shift o f 0.45 — 0.5 ppm  
b etw een  them, the a n iso tro p y  effect of the p h en yl group should be at least 
0.8  ppm . The interatom ic d istances in these m olecules, how ever, do not make 
su ch  a high value possib le.

Owing to the cis-trans relationship betw een  th e  diastereomere th is con
clu sion  also involves th a t th e  orientation o f th e  substituent Rj in the preferred 
conform ation of the 1-isopropyl and l- (3 ’,4 ’-d im ethoxybenzyl) quaternary  
d eriva tives is also different from  that of the 1-phenyl group, i.e. pseudo-axial. 
T h is statem ent receives support from the proton resonance data for the ter
t ia r y  salts, specifically from  values of the H — C (l) — N + — H  coupling con-
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8 7 6 5 A 3 2 1 0
PPM

Fig. 4. Spectrum  of l-isopropyl-2,2-dim ethyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinolinium
iodide. Solvent: CDC1.,

stan ts. In the proton resonance spectra o f both  1-isopropyl- and l - ( 3 ’,4 ’-di- 
m ethoxybenzyl) - 2 - m ethyl -6 ,7  -d im eth oxy- 1,2,3,4 -tetrahydroisoquinolin ium  
iodide only the lines due to  the more stable trans isomer can be identified . 
(O nly one isomer o f the first com pound is form ed, and in the second case the 
less stable isomer is present on ly  in minor am ounts, therefore, th e  m ost im 
portant spectral lines cannot be identified.) The values o f the H — C — N  + — H 
coupling constant could on ly  be estim ated indirectly , from the line-narrow ing  
caused by deuterium exchange o f  the N + — H protons (with D 20 )  (cf. F ig. 7). 
For both  tertiary trans salts th is value was about 2 — 2.5 Hz, thus precluding  
a trans diaxial position o f  the interacting protons, i.e. the orientation  o f the 
groups in positions 1 and 2 is actually  pseudo-axial and axial.

The statem ents concerning the stereochem istry o f the quaternary salts, 
particularly the actual orientation  o f the substituents in position 1, obviously  
need further confirm ation. The different orientations found for th e  isopropyl 
and phenyl groups in the preferred conform ation are of particular interest. 
These results are not surprising in the light o f th e  special conform ational prop
erties o f  position 1, as described in the literature.

A fter having elucidated the stereochem istry o f the diastereom ers, it is 
possible to  make some deductions about the steric course o f the quaternization  
reactions.

On the basis o f the fractional yields found for the com ponents o f  dia- 
stereoisom eric pairs (cf. the last column o f Table I), the following sta tem en ts  
can be made. The stereoselectiv ity  o f quaternization is, in general, m oderate,
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F ig . 5. Spectrum of l-isopropyl-2-m ethyl-2-benzyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquino- 
lin ium  iod ide (isomer A). So lvent: CDC13

PPM
F ig . 6. Spectrum of l-isopropyl-2-m ethyl-2-benzyl-6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquino- 

lin ium  iodide (isomer B). So lven t: CDC13

sim ila r ly  to the case o f  th e  1-m ethyl derivatives [1]. However, w ith  th e  latter  
com pounds, the direct reaction  clearly had higher selectiv ity . In the present 
ca se , when the size o f  R L is larger than that o f  th e  m ethyl group, higher stereo-
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se lec tiv ity  is observed either in th e  direct or in the reverse reaction, depend
ing on th e  relative steric requirem ents o f  the R2 and R3 groups. For exam ple, 
if  R 1= (C H 3)2CH or C6H 5, and both R 2 and R3 are small (CH3 or CH3CH2), the  
reverse reaction is more stereoselective. On the other hand, i f  R 2 and R3 are 
of different size (e.g., CH3 and C6H 5CH2), higher product ratios are observed  
again w ith  the direct reaction. Since we are dealing with derivatives o f  the  
sam e m olecule, these changes in se lectiv ity  should probably be ascribed to  the  
interaction  o f the substituents in positions 1 and 2.

1-H
!

6,5c.ps. h ~

-2,0 c.p.s. -A -f!

^ N \
° )

1-HI
л_

7,0 c p .s - 4  }*-

bP-2 ,0 c p s

1-H

A

Fig. 7. Resonance patterns of C-1H proton in l-isopropyl-2-m ethyl-6 ,7-dim ethoxy-1,2,3,4- 
tetrahydroisoquinolinium  trifluoroacetate (a and 6), and in l-(3 ’,4’-dim ethoxybenzyl)-2-m ethyl- 
6,7-dim ethoxy-l,2 ,3 ,4-tetrahydroisoquinolinium  trifluoroacetate (c and d ); a and c before, and 

b and d after, deuterium  exchange. Solvent: acetone-d6

On the basis o f the known relative steric positions o f groups R 3 and R3 
in stereoisom ers Л and B, and tak ing  into account th at in th e  m ajority  of 
direct quaternizations isomers A  are form ed predom inantly (in b enzylation  
alm ost exclusively), we m ay interpret the stereoselectiv ity  data b y  assum ing  
a preferred trans N-alkylation with respect to the actual orientation o f  substituent 
at C —1. The degree o f preference th en  should be influenced b y  the effective  
steric dem ands o f the interacting groups in the transition state. Thus th e  un
expected  higher product ratios in the m etliylation  reaction o f 1-p h en yl-N -eth y l 
and 1-isopropyl-N -ethyl bases m ay also be understood in th is approxim ation  
if  we suppose that in these cases th e  trans orientation o f m ethyl, rather than  
the eth y l group is favoured, i.e. th e  factors determ ining the e ffective  steric 
requirem ent o f the incom ing group [7] are such that m ethyl w ill act as a 
“ larger”  quaternizing group.
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Conclusions con cern in g  the steric course in term s of preferred axial or 
equatorial attack can b e derived from the ab ove stereochem ical considerations, 
how ever, it must be assum ed  that the form ation  o f quaternary salts is not 
accom panied by conform ational changes o f  th e  hetero ring. W ith th is adm is
sion , our results in d ica te  th a t  the trans N -a lk y la tion  corresponds to a preferred 
equatorial approach o f  incom ing group w ith  the 1-phenyl bases, and an axial 
one w ith  the other (1-isopropyl and 1-d im ethoxybenzyl) derivatives.

W ithin a g iven  m olecular framework changes in the direction of pre
ferred steric approach o f  incom ing quaternizing group, if  concluded from the  
product ratios in th e  crude reaction m ixtures, m ay  quite generally be a ttri
b u ted  either to changes in  the ratio o f th e  rate constants o f N -alkylation  in 
th e  respective d irections (kax vs. kequ), or to  a considerable shift in the confor
m ational equilibrium o f  th e  parent base. This is so because the rate o f form a
tio n  o f a given d iastereom eric salt (and con seq u en tly  its  percentage in the crude 
reaction  mixture) is determ ined  by the product o f the rate constant and the  
concentration of the reactin g  base conformer. I t  has been observed in previous 
quaternization studies (e.g. [3]) that the rate con stan ts corresponding to  the  
tw o  directions differ b y  orders of m agnitude, and , therefore, it is their ratio  
w hat primarily determ ines the com position o f  the diastereom eric m ixtures. 
T hus, a drastic shift in  th e  conform ational equilibrium  o f the reacting bases is 
required that, due to  th e  lack of the corresponding conformer, the rate o f  
quaternization in th e  preferred direction should  be less than  the rate in the  
unfavoured direction. In  th e  present case th e  relative conform ational energies 
o f  substituents Rx an d  R 2 are not expected  to  differ to such an exten t as to  
overcom pensate the large difference betw een th e  rate constants corresponding  
to  th e  axial and equatorial directions. It is also conceivable th at the Curtin — 
H ammett principle [17] is not valid, i.e. th e  activation  energy for the in ter
conversion of the base conform ers is larger th an  th a t o f  the reaction, therefore, 
th e  product com position  is primarily determ ined b y  the conform ational equi
librium  of the bases. In  such  a case the cis to  trans isom er ratio in the products 
is expected  to be in d ep en d en t of the character o f  th e  R3 group. H ow ever, th is 
is not observed in th e  present case.

As a consequence o f  w hat has been said , th e  ratio of diastereom ers is 
probably determ ined b y  th e  ratio of the corresponding rate constants. The 
change of the preferred direction of attack  can be interpreted b y  assum ing  
th a t the actual value o f  rate constants depends on the direction relative to  
th e  substituent in p osition  1, rather than on th e  absolute direction w ith  respect 
to  th e  nitrogen atom . T herefore, altogether 4 rate constants should be taken  
in to  account, nam ely

к c i s  
a x  9

i C  i s  
^equ?

T trans 
Kax n and г  t r a n s  

^equ
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which obey the follow ing inequality: У
r t r a n s  i t r a n s  , c i s  ж c  is
^ a x  1 " - e q u  " - a x  i " e q u *

In other words, the steric course o f  quaternization o f 1 ,2-disubstituted tetra-  
hydroisoquinolines is determ ined b y  the interaction  o f th e  groups in positions  
1 and 2.

On the basis o f  the above conclusions, the results obtained w ith 1-m ethyl 
derivatives [1] can be interpreted more precisely from the point o f v iew  o f

Fig. 8. Spectrum  of 1-m ethyl-2-m ethyl-6,7-dim ethoxy-1,2,3,4-tetrahydroisoquinolirium  tri-
fluoroacetate. Solvent: CDClj-CgD,.

both the stereochem istry o f the diastereom ers, and the steric course of q uater
nization. In diastereom eric salts containing m ethyl group in position 1 th e  
relative shifts o f th e  N -m ethyl protons are considerably sm aller than thos" for 
the derivatives described in the present paper. In addition  to  this, in the sp ec
trum  o f carnegine liydroiodide, indicating the presence o f  tw o tertiary sa lts  
(cf. Fig. 8), the relative shift o f the tw o N + — H  protons is significantly sm aller 
(0.15 ppm) than  th e  value obtained for the l-p h en y l-2 -m eth y l tertiary salt 
pair (0.7 ppm). This is explained b y  assum ing th a t from  am ong the factors  
determ ining the relative shifts o f these protons, th e  steric contribution is more 
or less averaged out. Therefore, the 1-m ethyl derivatives are presum ably con- 
form ationally lab ile, i.e. the diastereom ers — first o f  all th ose of the cis form  
are equilibrium  m ixtures containing both conform ers in about equal propor
tion . Such conform ational properties do not ju stify  th at th e  preferred direction  
of attack o f the a lkyl group entering in quaternization be defined as e ith er  
axial or equatorial w ith  respect to  the nitrogen atom .
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Experimental

T he proton resonance spectra were recorded a t  60 MHz w ith an A E I RS-2 high-resolu- 
tio n  spectrom eter, a t room  tem peratu re . D euterochloroform  was used as th e  solvent, w ith 
te tram eth y ls ilan  in ternal reference. In  general, 5— 10% (W/Y) solutions were used. The spectra 
w ere calib rated  by side-band technique. The chem ical shifts are accurate to  + 0 .0 1  ppm .
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T h e  S tre ck e r sy n th esis h a s  been  used  fo r th e  p re p a ra tio n  of D L -g lu tam ic-l-14C 
acid  fro m  /?-cy an o p ro p io n a ld fh \ de  d ie th y lac e ta l. F ro m  y -b e n zo y lam in o b u ty ra ld eh y d e , 
p re p a re d  from  fi-cyanoprop ionaldehyde  d ie th y la c e ta l, D L -o rn ith in e-l-I4C, an d  fro m  
th is , D L -arg in ine-l-14C h av e  been  syn thesized .

Modern biochem ical research requires m any am ino acids specifically  
labelled w ith  isotopes. The preparation o f DL-glutamic acid, DL-ornithine, and  
DL-arginine is closely connected, since the know n m ethods, including th e  
various radio-syntheses, proceed through a com m on interm ediate, and orni
thine is the interm ediary product in all known syntheses o f arginine [1].

For th e  preparation o f am ino acids labelled w ith  carbon-14 in the carbo
xy l group, th e  Strecker synthesis is used alm ost exclu sively  [2, 3]. The m ethod  
is equally know n for the preparation o f in active DL-glutamic acid [4, 5, 6, 7] 
and DL-ornithine [8]. DL-glutamic acid is readily prepared from th e hem i- 
aldehyde o f succinic acid [4, 6], from the eth y l ester o f the hem i-a ldehydeof 
succinic acid [5, 6] and from /3-cyanopropionaldehyde [6, 7]; DL-ornithine 
has been prepared from y-benzoylam inobutyraldehyde, which can be easily  
synthesized  from /3-cyanopropionaldehyde [8]. In spite o f the synthetic m eth 
ods worked out in principle, no reference could be found in the literature  
concerning the preparation o f derivatives labelled  w ith  carbon-14 in the car
boxyl group.

On th e  o th e r  h a n d , a n u m b e r o f m e th o d s  h a v e  been proposed  fo r th e  
sy n th esis  o f  th e  v a rio u s rad io isom ers o f D L -glutam ic acid  an d  D L-ornithine 
from  lab e lled  acy lam in o m alo n ic  esters  or from  acy lam in o cy an o ace tic  e s te rs , 
using  th e  co rresp o n d in g  acry lic  acid  or p ro p io n ic  ac id  d eriv a tiv es . T h u s , DL- 
g lu tam ic -5-14C acid  has been p rep a red  b y  Spe e r  et al. [9] b y  th e  co n d en sa tio n  
o f  /? -b ro m o p ro p io n ic -l-14C acid  e th y l e s te r w ith  p h th a lim id o m alo n ic  e s te r, a n d  
by  T ie d m a n n  [10] b y  th e  reac tio n  of ac ry lo n itrile  (n itr ile -14C) and  fo rm am id o - 
m alonic e s te r . A n in te re s tin g  v a r ia n t o f th is  re a c tio n , also due to  T ied m a n n  
[10], consists  in  th e  reac tio n  o f a c e to a c e tic - l-14C e s te r  w ith  ac ry lo n itrile  (n it- 
rile-14C) follow ed b y  t re a tm e n t w ith  hyd ro g en  az ide  a n d  hydro lysis , to  give
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D L - g l u t a m i c - l , 5 - 14C  a c i d .  T h e  l a b e l l e d  a c r y l o n i t r i l e  f o r  t h e s e  s y n t h e s e s  w a s  

p r e p a r e d  b y  Tiedmann b y  t h e  r e a c t i o n  o f  e t h y l e n e  o x i d e  w i t h  l a b e l l e d  p o t a s s i 

u m  c y a n i d e  a n d  s u b s e q u e n t  e l i m i n a t i o n  o f  w a t e r .  S t a r t i n g  w i t h  l a b e l l e d  a c e t y 

l e n e  P ichat e t  a l .  [11] s y n t h e s i z e d  t h e  m e t h y l  e s t e r  o f  a c r y l i c - 2 , 3 - 14C  a c i d ,  

w h i c h  w a s  t h e n  a l l o w e d  t o  r e a c t  w i t h  a c e t a m i d o m a l o n i c  e s t e r ,  a n d  h y d r o l y z e d  

t o  o b t a i n  D L - g l u t a m i c - 3 , 4 - 14C  a c i d .

I n  a  r e a c t i o n  o f  a c e t a m i d o c y a n o a c e t i c  a c i d - 2 - 14C  e t h y l e s t e r  a n d  N - ( y - i o d o -  

p r o p y l ) p h t h a l i m i d e ,  Fields e t  a l .  [12] o b t a i n e d  a  p r o d u c t  w h i c h ,  o n  h y d r o l y 

s i s ,  g a v e  D L - o r n i t h i n e - 2 - 14C .  E s s e n t i a l l y ,  t h i s  m e t h o d  i s  a  f u r t h e r  d e v e l o p m e n t  

o f  t h e  o r i g i n a l  o r n i t h i n e  s y n t h e s i s  w o r k e d  o u t  b y  Fischer [13] a n d  Sorensen; 
[14].

L a t e l y ,  P ichat e t  a l .  [ 1 5 ]  h a v e  w o r k e d  o u t  a  r a d i o s y n t h e s i s  f o r  t h e  

p r e p a r a t i o n  o f  D L - g l u t a m i c - 5 - 14C  a c i d  a n d  D L - o r n i t h i n e - 5 - 14C . C l e a v a g e  o f  

a - b e n z o y l a m i n o b u t y r o l a c t o n e  w i t h  l a b e l l e d  p o t a s s i u m  c y a n i d e  g i v e s  a - b e n -  

z o y l a m i n o - y - c y a n o - 14C - b u t y r i c  a c i d ;  t h e  h y d r o l y s i s  o f  t h i s  p r o d u c t  y i e l d s  

D L - g l u t a m i c - 5 - 14C  a c i d ,  w h i l e  r e d u c t i o n  a n d  s u b s e q u e n t  h y d r o l y s i s  a f f o r d  

D L - o r n i t h i n e - 5 - 14C . A l s o  t h e  s y n t h e s i s  o f  D L - a r g i n i n e - 5 - 14C  f r o m  l a b e l l e d  o r n i 

t h i n e  h a s  b e e n  d e s c r i b e d  b y  t h e s e  a u t h o r s .  I n  s p i t e  o f  t h e  r e l a t i v e l y  d i f f i c u l t  

a c c e s s i b i l i t y  o f  t h e  s t a r t i n g  m a t e r i a l s  a n d  r a t h e r  p o o r  c h e m i c a l  a n d  r a d i o 

c h e m i c a l  y i e l d s ,  t h i s  s e e m s  t o  b e  t h e  b e s t  m e t h o d  a m o n g  t h e  s y n t h e s e s  k n o w n  

f o r  g l u t a m i c  a c i d  a n d  o r n i t h i n e  l a b e l l e d  w i t h  r a d i o c a r b o n  i n  t h e i r  c a r b o n  c h a i n s .

I n  o r d e r  t o  p r e p a r e  D L - g l u t a i n i c  a c i d ,  D L - o r n i t h i n e ,  a n d  DL-arginine 
l a b e l l e d  w i t h  14C  i n  t h e  c a r b o x y l  g r o u p ,  w e  s e l e c t e d  t h e  S t r e c k e r  m e t h o d ,  u s i n g  

Д - c y a n o p r o p i o n a l d e h y d e  d i e t h y l a c e t a l  as a  s t a r t i n g  s u b s t a n c e .  T h e  u s e  o f  t h i s  

c o m p o u n d  g i v e s  p o s s i b i l i t y  a t  t h e  s a m e  t i m e  f o r  t h e  p r e p a r a t i o n  o f  s o m e  f u r 

t h e r  a m i n o  a c i d s  s p e c i f i c a l l y  l a b e l l e d  w i t h  c a r b o n - 1 4 ,  o r  w i t h  t r i l i u m .  O u r  

s t u d i e s  i n  t h i s  d i r e c t i o n  w i l l  b e  r e p o r t e d  i n  a  l a t e r  c o m m u n i c a t i o n .

T h e diethylacetal o f  /S-cyanopropionaldehyde was prepared according  
to  W ohl  [ 1 6 ] .  The reactions used for th e  preparation of D L -glutam ic-l-14C 
acid , D L-ornithine-l-14C, and D L-arginine-l-14C are summarized in  F ig. 1.

In stea d  of the general procedure of hydrolysis w ith dilute acid, hydrolysis  
w ith  D ow ex-50  (H +) ion exchanger was em ployed for the preparation o f the  
free a ld eh yd e from /?-cyanopropionaldehyde d iethylacetal, since in th is w ay  
n eu tra liza tion  and extraction , operations th a t involve substantia l losses, were 
u n n ecessary . After the ion exchange resin has been filtered off, a de-ionized  
so lu tio n  suitable for im m ediate use in the further steps of the synthesis was 
a va ilab le .

U tiliz in g  the reversib ility  o f  cyanohydrin form ation, K ourim and Zik - 
mund [17] developed a radiochem ical m odification of the Strecker synthesis. 
A ccord in g  to  this m odification , labelled cyanohydrins are prepared b y  ex 
ch an ge reaction betw een th e  inactive cyanohydrin and labelled potassium  
cy a n id e; th e  labelled amino acids are then produced by treatm ent w ith  am m o-
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I E tO H /N a
I

NC— CHj— CH2—C H (O E t) ,

D o w e x - 5 0  ( H + )

HjN—CH2 -CHj—CHj— CH(OEt)j NC—CHj—CHj CHO

BzCl/Py K ,4CN/NHjCl

C6H 6CO— N H — C H S— C H „ -  C H „ -  C H (O E t)2

2N H 2S 0 4

NC-CHj—CHf-C H —1JCN
I
NH2

hydrolysis

C6H 6— CO— N H — C H , C H 2- C H , — CHO H O O C — CH2— СН,— C H l4C O O H
I

1. Kl*CN/NH,CU ^ H 2
2, hydrolysis 

Y

H  C l.H jN — C H j— C Hj— C Hj— C H —14COOH

N H .

1 . C u + +

2 .  C A s S C ( N H ) N H i  

8 .  D o w c x  5 0 H ++

HCl.HjN-C—HN— CHj—СН,—CHj—CH” COOH
II I
N H  N H .

Fig. 1. R eac tio n s ap p lied  for th e  p rep ara tio n  of D L -g lu tam ic -l-1JC acid, D L -o rn ith in e -l-I4C,
and  D L -arg in ine-l-l ,C

nia and hydrolysis. From  the radiochem ical poin t o f view , we found it m ore  
suitable to allow the labelled potassium  cyanide o f  high specific a c t iv ity  to  
react first w ithout dilution for 15 — 20 m inutes, th en  to  add inactive potassiu m  
cyanide according to  the specific activ ity  required, and to  complete the reac
tion b y  continued heating. Under these experim ental conditions no, or very  
little , labelled am inonitrile w ill participate in th e  reversible exchange reaction  
with th e  inactive cyanide ions subsequently added, also the tar-like b y -p rod 
ucts w ill m ainly be form ed from the inactive cyan id e, consequently the sp ec if
ic a c tiv ity  and radiochem ical yield o f  the product w ill increase. This is esp ec ia l
ly  conspicuous in the synthesis o f ornithine w here, by th is change o f  te c h 
nique, at a chem ical y ield  o f  28% , a radiochem ical y ie ld  o f 49% , and an increase  
by about 39% o f the specific activ ity  was achieved .
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According to  the m ethod o f P ichat et al. [15], the in term ediate in the  
sy n th es is  o f ornithine is a-benzoylam inoornith ine. Thus, during th e  synthesis  
o f  arginine labelled w ith radiocarbon in  th e  carbon chain, the a-am ino group 
o f  th e  labelled ornithine w as protected b y  benzoylation. In our syn th esis of 
arg in in e , however, D L-ornithine-l-14C w as availab le as an in term ediate, there
fore i t  seem ed better to  protect the oc-amino group by the form ation o f a copper 
c o m p le x  [18] instead  o f selective b en zoy la tion , and then to  convert the d- 
am in o  group into guanidine group b y  m eans o f  S-m ethyl isothiourea sulfate  
in  th e  usual w ay [15]. H ow ever, th is reaction  is never q u an tita tive , th u s the  
arg in in e produced m ust be separated from  th e  unchanged ornithine. P ichat 
et al. [15] achieved th is b y  elution o f th e  unreacted labelled ornith ine w ith  
2 N  hydrochloric acid from  the m ixture b o u n d  to D ow ex 50X -12 ( H +), and 
th e n  arginine was eluted  w ith  4 N  hydrochloric acid. We have fou n d  th a t, 
ow in g  to  a more selective elution, b etter  separation can be ach ieved  w ith  
1.5 N  hydrochloric acid, since thus the unchanged  labelled ornith ine can be 
recovered  in a chem ically  and radiochem ically  pure state. A fter e lu tion  w ith  
4 N  hydrochloric acid, arg in in e-l-14C m ust be purified by repeated chrom a
to g ra p h y . Even after repeated purification there are instances w hen a 2 to 4%  
con tam in ation  w ith  labelled  ornithine p ersists, which can be rem oved  by  
rep eated  chrom atographic purification.

Experim ental

/?-Cyanopropionaldehyde diethylacetal was p repared  from /?-chloropropionaldehyde di- 
e th y lace ta l in aqueous alcoholic medium w ith po tassium  cyanide in th e  presence of po tas
sium  iodide, according to  W o h l  [19, 20].

[ D L - g l u t a m i c  ac id -1 -14C

/5-Cyanopropionaldehyde diethylacetal (3 ml) in  w ater (20 ml) was stirred  w ith  Do- 
w ex-50 (H + ) resin 5 ml, m oist) a t 40°C, for 1.5 hr. The resin was filtered  off, and the 
a ld eh y d e  content of the aqueous solution was determ ined  w ith hydroxylam ine in th e  pres
ence o f Bromophenol Blue indicator. A portion (19 ml) of the aqueous solution containing 
0 6 mM  of /?-cyanopropionaldehyde was stirred w ith  a cc. solution of NH4OH (10 ml). N H 4C1 
(0.4 g; 7.45 mM) and active K l4CN (65.8 mg; 12.56 aCi per mM) were added; in 20 min. this 
was follow ed by the addition  of inactive КС1Ч (328 m g; or 6.05 mM, in to tal). This m ix tu re  was 
allow ed to  stand for 1 hr. a t room  tem perature , th e n  warmed a t 70 —80°C for 2 hrs. The 
cooled solution was acidified to pH  =  1 w ith cc. HC1, then  evaporated to dryness in  vacu
um , th e  residue was dissolved in 35 ml of cc. HCl an d  refluxed for 10 hrs. The hydro lysate  
was evapora ted  in vacuum , from  the residue w ater was distilled off, finally it  was dissolved 
in  w a te r  and poured on a Dowex-50 (H +) colum n. T here it was washed un til neu tra l, and 
th e  labelled  amino acid was e lu ted  w ith a solution of am m onium  hydroxide. The e luate  was 
ev ap o ra ted  in vacuum . The residue was dissolved in w ater (4 ml) and its acid ity  ad justed  to 
pH  3.1 w ith  a few drops of cc. HCl, and the labelled am ino acid was precip ita ted  w ith  e tha
nol (20 ml). After standing for 2 hrs in a refrigerator, the precipitate was filtered  off, and 
w ashed  w ith  ethanol, to ob tain  0.6325 g of the crude product. This was dissolved in  water 
(4.5 m l), clarified, and filtered. The aqueous so lu tion  (about 6 ml) was m ixed w ith  ethanol 
(18 m l). Crystalline DL-glutam ic-l-l4C acid separa ted ; th is was filtered off and  w ashed w ith 
e th an o l; w eight 374 mg.
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Specific ac tiv ity  15.97 ^Ci per mg.
Molar ac tiv ity  2.34 mCi per rnM.
Radiochem ical pu rity  97.85% .
T he m o th e r liq u o r w as e v ap o ra te d  and , a f te r  th e  a d d itio n  o f in ac tiv e  D L-glutam ic acid , 

t re a te d  in th e  w ay  ju s t  d escribed . T he w eigh t of th e  D L -g lu tam ic -l-l4C acid  was 212 m g. 
Specific a c t iv ity  10.16 /iCi p e r m g.

M olar ac tiv ity  1.459 mCi per mM 
A ctiv ity  introduced 12.7 mCi 
A ctiv ity  recovered 8.126 mCi 
Yield in ac tiv ity  64% .

D L -o rn ith in e -l- ,4C hyd ro ch lo rid e

/1-Cyanopropionaldehyde diethylacetal was converted  in to  y-am inobutyracetal, accord
ing to the m ethod of S ch ö pf  [21]. After distillation, the  am ino acetal was benzoylated w ith  
benzoyl chloride in pyridine. The ethereal solution of benzam inobutyracetal was ex trac ted  
w ith a solution of sodium hydrogen carbonate. The crude y-benzam inobutyracetal left be
hind a fter the rem oval of e ther was used in the synthesis.

Crude y-benzam inobutyracetal (20 g) was stirred  for 2 hrs a t  30—40°C w ith 2 N  H 2S 0 4 
(100 ml). The aqueous emulsion was neutralized w ith N aH C 03 and extracted  w ith ether. The 
ether ex trac t was washed w ith a solution of N aIIC 03, and  dried over dehydrated K 2C 03. The 
solvent was then  distilled off to  leave a yellow oil (12.8 g). D eterm ined in an aqueous alcohol 
according to  the hydroxylam ino m ethod, the aldehyde co n ten t of th is crude aldehyde was 
65.8%.

The crude y-benzam inobutyraldehyde (11.3 g; 0 .685X 11.3 =  7.44 g; 39 mM) was d is
solved in ethanol (30 ml) and the stirred solution was m ixed w ith  am m onium  hydroxide (15 ml), 
which was added in several portions. A fter 20 m in, K 14CN (127 mg; 1.95 mM. 50 mCi; of 
25.65 mCi per mM activ ity ) and am m onium  chloride (0.2 g) were added in a m ixture of cc. 
am m onium  hydroxide (2 ml) and w ater (1 ml). The reaction  m ix ture  was stirred for 20 min, 
then a solution of inactive KCN (2.193 g; 33.7 inM) and am m onium  chloride (2.1 g) was pre
pared in a m ixture of cc. am m onium  hydroxide (15 ml) and w ater (6 ml), and added to the reac
tion m ixture. S tirring was continued a t room tem perature  for 2 hrs, then  a t 70—80°C. E v ap 
oration under reduced pressure left a viscous liquid w hich was d ilu ted  w ith cc. HC1 and again 
evaporated. A fter the addition  of cc. HC1 (75 ml), the m ix tu re  was refluxed for 7 hrs, then  
the solution was clarified w ith ac tivated  carbon, and evapora ted  in vacuum . The residue was 
stirred w ith a 90% ethanol (25 ml) and the inorganic sa lt th a t  separated  was filtered off. The 
filtra te  was adjusted  to pH  5, whereupon the labelled ainino acid slowly crystallized. A fter 
standing in a refrigerator for 3 hrs, DL-ornithine-l-l4C hydrochloride was collected by f iltra 
tion (2.117 g; chemical yield 28.1%).

Specific ac tiv ity  11.55 //Ci per mg 
Molar activ ity  1.946 mCi per inM 
A ctiv ity  introduced 50 mCi 
A ctiv ity  recovered 24.45 mCi 
Yield in ac tiv ity  49%
Radiochem ical pu rity  96% .

D L -arg in in e-l-14C h y droch lo ride

A solution of CuS04 • 5 H 20  (3.59 g; 15.8 mM) in w ater (10 ml) was mixed w ith a solution 
of N a2C03 (1.75 g; 16.5 mM) in w ater (10 ml). To th is suspension of copper carbonate, a solu
tion of S-m ethyl isothiourea sulfate (4.42 g; 31.8 mM) in w ater (10 ml) was allowed to flow. 
Then a solution of D L-ornithine-l-I4C hydrochloride (2.663 g; 15.8 mM; activ ity  1.8 mCi p e r  
mM) in w ater (10 ml), and finally  cc. ammonium hydroxide (6.5 ml) were added to the reaction 
m ixture. The dark  blue solution was warmed a t 70°C for 6 hrs. A fter cooling, it was acidified 
w ith cc. HC1, and the copper ions were removed w ith gaseous hydrogen sulphide. F iltra tio n  
and evaporation  in vacuum  left a residue which was dissolved in a small volume of w ater. 
This solution was passed through a Dowex-50 (H +) colum n. The resin bed was washed un til 
neutral, and unreacted D L-ornithine-l-14C was eluted w ith  ab o u t 1.5 1 of 1.5 N  HC1, un til the  
Sakaguchi reaction becam e positive in the eluate. Then the elu tion  was continued w ith a 4 N  
solution of HCI. This eluate gave a strong Sakaguchi reaction . This solution was evaporated , 
the residue dissolved in a small am ount of water, m ixed w ith  ethanol and the aqueous e tha-
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nolic solution was ad justed  to  pH  6 with aniline. An oily substance separated w hich solidified bu t 
d id  n o t crystallize. This crude substance was dissolved in w ater and passed again through 
th e  D ow ex column, and th en  eluted as before. The eluate in  4 N  HC1 was evapora ted  in  vacuum , 
th e  residue dissolved in w ater (1 ml) and, a fter th e  addition  of ethanol (15 ml), clarified. The 
so lu tion  was adjusted to  pH  6 w ith  a 1 : 1 m ix tu re  of aniline and ethanol. The substance sepa
ra te d  f irs t as an oily liqu id , b u t it  rap id ly  becam e crystalline. The m ix tu re  w as allowed to 
s ta n d  in a refrigerator, th e  p roduct washed w ith  ethanol and dried to ob ta in  1.3225 g of d l - 
-a rg in in e -l-14C hydrochloride.

Specific ac tiv ity  6.645 f i d  per mg 
M olar activ ity  1.40 mCi per mM 
A ctiv ity  recovered 8.788 mCi 
Radiochem ical p u rity  94.0% DL-arginine-l-14C 

4.5%  DL-ornithine-I-14C
T he 1.5 N  HC1 eluate was evaporated , and  th e  residue dissolved in  a m ix tu re  of water 

(1 m l) and  ethanol (15 ml). The solution was ad ju s ted  to  pH  5. The p roduct rap id ly  crystallized. 
T he w eight of DL-ornithine-l-14C hydrochloride recovered was 401 mg.

Specific ac tiv ity  8.90 /uCi per mg 
M olar activ ity  1.5 mCi per mM 
Recovered ac tiv ity  3.56 mCi 
R adiochrom atogram m  97.43% o rn ith in e -l-l4C 

2.2% a rg in ine-l-14C
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A m ethod has been developed for the p repara tion  of ketosteroid naphthylglycine 
esters. The absorption and  fluorescence spectra of these com pounds have been recorded. 
The above steroids can be quan tita tive ly  determ ined b y  a modified liquid scintillation 
m ethod where the naphthylglycine esters of the steroids function  as scintillators.

I t  lias been known since the studies of Gray  and H artley  [1] that the  
preparation o f fluorescent derivatives helps to  solve num erous analytical prob
lem s in biology and chem istry. The sim plicity o f  th e  detection  and determ ina
tion o f fluorescent substances on filter paper [2] or on a th in-layer [3] has 
prom pted us to  attem p t th e  preparation and q u an tita tive  analysis o f new  
fluorescent derivatives.

In th is work, we prepared fluorescent derivatives o f three characteristic  
representatives of ketosteroids carrying no side chain.

N-oc- a n d  N -jS -N n p h th y lg ly c in e  e s te r  o f  a n d r o s t - 5 -e n e - 3 / l -o I -1 7 - o n e  (d e h y d r o e p ia n d r o -  
s t e r o n e )  (I ) ;  m .p . 1 6 9 — 1 7 0 °C  a n d  174— 7 5 ° ;  A nal. C a lcd . fo r  C31H 3- 0 3N :  C 7 8 .9 4 ;  H  7 .9 1 .  
F o u n d :  C 7 9 .0 1 ;  H  7 .9 0 ;  a n d  C 7 8 .6 9 ;  H  7 .8 0 % .

N -o c -N a p h th y lg ly c in e  e s te r  o f  o e s t r a - l ,3 ,5 ( 1 0 ) - t r ie n e - 3 - o l - 1 7 - o n e  (o e s tr o n e )  (П );  m .p .  
1 7 0 — 1 7 2 °C . A nal. C a lcd . fo r  C30H 31O3N :  C 7 9 .4 3 ;  H  6 .8 9 . F o u n d :  C 7 9 .1 8 ;  H  7 .0 6 % .

N -a -N a p h th y lg ly c in e  e s te r  o f  5 - a -a n d r o s ta n e -1 7  / í - o l -З -о п е  ( I I I ) ;  m .p . 1 7 5 — 1 7 7 °C . 
A nal. C a lc d . fo r  C31H 330 3N :  C 7 8 .6 0 ;  H  8 .3 0 . F o u n d :  C 7 8  3 8 ;  H  8 .1 7 % .

The steroids were first converted to chloroacetates w ith  chloroacetic an
hydride at room tem perature in pyridine solution [4]. Since chloroacetates are 
not sufficiently  reactive, th e y  were converted in to  th e  corresponding iodoace- 
ta tes w ith  N a l. The reaction  o f the latter com pounds w ith  naphthylam ines  
resulted in the form ation o f the corresponding n ap h th ylg lycin e esters. The 
general procedure is show n in  F ig. 1 for dehydroepiandrosterone (I).

The chloroacetates were not purified. The product w as extracted  from  
the reaction m ixture after acid ification , the so lven t fevaporated and the residue 
reacted w ith  N a l in propanol solution. The alkylation  o f naphthylam ine was 
carried out in th is sam e solution . B y  this procedure nearly quantitative yields 
were achieved w ith  respect to  the steroids, w hich  is an im portant factor  
when working w ith b iological samples.
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N H

Fig. 1

The absorption and fluorescence spectra o f  the n ap h th y lg lycin e esters 
h a v e  been recorded in dichlorom ethane, th e  concentration being 2ц  g /m l (Fig. 
2). T h e spectra show th a t th e  w avelength  o f the em ission is so lely  determ ined  
b y  th e  fluorophore and is n o t influenced b y  the steroid skeleton even in the  
presen ce o f an arom atic ring. A  com parison o f the N-oc- and N -/?-naphthylgly- 
cin e esters of dehydroepiandrosterone shows th at the preparation o f the a- 
n ap h th y lam in e derivatives should  be preferred for practical purposes.

The spectrofluorim etric determ ination o f the naphthylg lycine esters of 
stero id s can also he carried out on the subm icro scale if  su itab le microcells 
are used .

In  order to m ake th e  direct determ ination o f fluorescent steroids pos
sib le  on filter paper, we u tilized  the principle generally em ployed in th e  analysis 
o f  radioactive substances u sin g  liquid scintillators. In the la tter case, various 
a m o u n ts o f radioactive substances are determ ined at a constant concentration  
o f  th e  scintillator. W e m easure various concentrations o f the scintillator, i.e. 
o f  th e  naphthylglycine ester, b y  counting the num ber o f light im pulses pro
d u ced  b y  a radiation source o f  constant activ ity .

A  glass plate was a ttach ed  to  the end window  of an EM I 9514 S photo-
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Fig. 2. A: N -a-naphthylglycine ester of I; B: N -/?-naphthylglycine ester of I; C: N -a-naphthy  1- 
glycine ester of II ; D: N -a-naphthylglycine ester of I I I

m ultiplier, using silicon oil. The naphthylglycine ester sam ple was applied to  a 
piece o f  filter paper (diam eter 20 mm ), which w as th en  saturated w ith  anisole  
and placed on the g lass plate. On top  o f the filter  paper a radiation source  
w ith the same diam eter (C14, 1.05 X 10'* cpm) w as placed. The im pulses w ere  
led to  a counter through a discrim inator and am plifier.
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In  Fig. 3 the num ber o f impulses is show n as a function o f  th e  concentra
t io n  o f  the oestrone-a-naphthylglycine ester. The curve was obta ined  b y  taking  
th e  average number o f  cou n ts obtained w ith  10 sam ples at each concentration . 
T h e deviation  from th e  m ean value is i ! 7 % ,  and i 2 0 %  for 5 and  10 ц g sam 
p les , respectively. The large scatter around th e  m ean value is probably  due to  
non-uniform  window sen sitiv ity  o f the photom ultip lier, because th e  diam eter  
o f  th e  filter paper w as sm aller than th a t o f  th e  window.

W ork on im proving the technique o f  determ ination o f fluorescent deriv
a t iv e s  o f steroids and  other natural substances is in progress. A t low er tem 
peratures toluene can be used  as a so lven t, w hich is characterized b y  a better  
effic ien cy . Other sources o f  radiation w ith  m ore suitable geom etry are expected  
t o  perm it analyses on submicro scale.
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THE ISOMERIZATION OF iV-PHENYL-iV-TRITYLCYAN- 
AMIDE TO iV-PHENYL-iV’-TRITYLCARBODIIM IDE

( P R E L I M I N A R Y  C O M M U N IC A T IO N )
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( Department o f  Organic Chemistry, Technical University, Budapest, and *Central Research 
Institute fo r  Chemistry, Hungarian Academy o f  Sciences, Budapest)

R eceived March 20, 1969

A recent com m unication [1] b y  American authors describing the photo- 
chem ically and, in one instance, also therm ally induced isom erization o f di- 
substituted  carbodiimides in to  th e  corresponding disubstituted  cyanam ides, 
has prom pted us to  report our prelim inary results concerning a case o f the  
reversed isom erization.

R ecently [2] we have described the preparation o f phenyl-tritylcarbo- 
diim ide (m.p. 85 — 87 °C; IR  in K B r pellet, rasN =  C =  N: 2125 cm -1 ) in 79%  
yield by refluxing anhydrous sodium  phenylcyanam ide w ith  trity l chloride for 
4 hrs. in dry acetone; under th ese  conditions not even traces o f the isomeric 
phenyl-tritylcyanam ide [3] w ere obtained.

B y  slight m odification o f  the conditions (using the potassium  instead of 
the sodium salt o f phenylcyanam ide; trity l brom ide instead  o f tr ity l chloride; 
the less polar benzene rather than  acetone as th e  solvent; and working at 
about 0 °C), the course of the reaction was dram atically  changed, and phenyl- 
tritylcyanam ide** (m.p. 117 — 120 °C, by precipitation from a cold benzene 
solution with cold petroleum ether;*** IR  in K B r pellet, v C = N  : 2215 cm -1 ) 
was obtained in 42%  yield under these conditions.

When the original K Br p ellet was allowed to  stand  for a few weeks, and 
the IR  spectrum  o f phenyl-tritylcyanam ide was obtained  again, a new and 
strong yasN = C = N  band was observed besides th e  original r C = N  band whose 
in ten sity  had considerably dim inished. This observation  suggested  that the 
cyanam ide gradually rearranged to  the isomeric carbodiim ide on standing. 
The correctness o f this assum ption has been dem onstrated  by th e  results o f 
experim ents N o. 2 and 4 in T able I, as well as b y  the observation th at, on 
refluxing an about 2% solution  o f phenyl-trity lcyanam ide in carbon tetra
chloride, phenyl-tritylcarbodiim ide is obtained in 69%  yield  (after recrystal
lization).

** The analysis agreed w ith the  С, II and N values expected for this compound.
*** Lit. [3] m.p. 124°C. In  view of our observations to  be described below, this sharp 

m,p. seems doubtful to  us.
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In  order to gain deeper insight into the nature o f  th is isom erization, 
k in etic  studies were started; th e  preliminary, sem iquantitative results are 
co llected  in Table I. W e h ave found that rearrangem ent occurs both  in the

Table I

Influence o f the reaction conditions on the rate o f isomerization o f phenyl-tritylcyanamide into
phenyl-tritylcarbodiimide

Medium Temperature, °C Reaction time Result

_1 r.t. 4 hrs. A weak vas N = C = N  band has appeared

_1 100 °c 1 hr. The original vC = N  band has completely 
disappeared; the IR  spectrum  is identical 
w ith th a t of an authen tic  sample of 
phenyl-tritylcarbodiim ide

K B r2 r.t. 380 hrs. A strong vűsN = C = N  band is observed, the 
in tensity  of the i>C=N band  being, how
ever, still the greater

K B r2 100 °c 2 hrs. The vC = N  band has practically  completely 
disappeared; the IR  spectrum  is alm ost3 
identical w ith th a t of an  authen tic  sample 
of phenyl-tritylcarbodiim ide

CC14 r.t. 200 hrs. The vC = N  band has practically  disappeared4

CC14 50 °C 
+  60 °C 
4-70 °C

2 hrs. 
1 hrs. 

45 min

The vC =N  band has practically  disappeared4

DMSO r.t. 46 hrs. The vC = N  band has practically  disappeared4

DMSO 60 °c 1 hr. The ^C = N  band has practically  disappeared4

1 Pure starting  m ateria l (phenyl-trity lcyanam ide), from  which a K B r pellet was made 
im m ediately  before obtaining th e  IR  spectrum .

2 K B r pellet prepared from  the  pure starting  substance.
3 Slight differences (in th e  contoures and the splitting of certain  bands) between the 

tw o spectra  were observed, p o in tin g  perhaps to  polymorphism.
4 A very weak absorption  a t  2215 cm -1 was found even in the IR  spectrum  of a sample 

o f phenyl-tritylcarbodiim ide p rep a red  by  structure proving synthesis [2, 4]. Should this 
abso rp tion  prove to be a ttr ib u ta b le  to  th e  presence of traces of phenyl-trity lcyanam ide, then 
it  w ould dem onstrate th e  reversib ility  of the isomerization described in th e  present paper, 
i.e. th e  existence of a non-p ro to trop ic  tautom eric equilibrium betw een phenyl-tritylcyanam ide 
an d  phenyl-tritylcarbodiim ide, ex trem ely  shifted tow ards the la tte r.

crysta llin e state and in so lu tion , its rate being enhanced in b oth  cases by  
raising the tem perature. In crease o f the reaction rate was also observed when 
th e  apolar solvent carbon tetrachloride was replaced b y  the dipolar-aprotic 
d im eth y l sulfoxide. The la tter  observation seems to  indicate th at th e  rearrange
m en t occurs by an ionic m echanism .
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Further studies w ith  the purpose to  obtain the rate constants and the  
activation  parameters o f the reaction , to investigate substituent and solvent 
effects, and to elucidate the reaction m echanism  as w ell as to dem onstrate the  
tautom eric equilibrium m entioned in footnote No. 4 o f Table I, are in  progress.

*

The authors are indebted  to  Mr. L . H a z a i  for his valuable assistance in perform ing some 
of the experim ents described in the presen t com m unication.
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REARRANGEMENTS OF STEROIDS, II
SCHMIDT R EA CTION  AND BECKM ANN REA R RA N G EM EN T OF 3/3-,17/S-DIACET- 

OXY 5a-ANDROSTAN-6-ONE AND -6-ONE OXIM E

(P R E L IM IN A R  Y  C O M M U N IC A T IO N )

B .  M A T K O V IC S  a n d  Zs. T E G Y E Y  

(Institu te  o f Organic Chemistry, A . József University, Szeged)
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The behaviour of oxim es w ith  androstane skeleton has been described  
only  for com pounds bearing th e  = N O H  group at positions 3 and 17 [1 — 3].

As an extension  of our earlier work on th e  steric configuration o f  steroid  
oxim es [4, 5], w e undertook a stu d y  o f 3/3-,17/3-dihydroxy- and -d iacetoxy-5a- 
androstan-6-one and its oxim es (IX , IV , V).

B y  reducing dihydrocpiandrosterone w ith  N aB H 4 and subsequent ace
ty la tion , we prepared 3/3-,17/3-diacetoxyandrost-5-ene. This com pound was 
converted by nitration to 3/3-,17/3-diacetoxy-6-nitroandrost-5-ene w hich  was 
reduced to  3/3-,17/3-diacetoxy-5a-androstan-6-one (I), the starting m aterial 
for further reactions (m.p. 164 °C).

The Schm idt reaction o f I was carried out w ith  H N 3 and cone. H 2S 0 4, 
or w ith  N aN 3 in  polyphosphoric acid. The reactions gave the isom eric liom o- 
lactam s, 3/3-,17/3-diacetoxy-6-aza-B-homo-5oc-androstan-6a-one (II) (m .p. 
133 —135 °C), and 3/3-, 17/S-diacetoxy-6a-aza-B-homo-5<x-androstan-6-one (III) 
(m .p. 217 — 218 °C). Lactams II and III form ed in approxim ately 1 : 1 ratio. 
The m ixture w as separated by chrom atography (cf. Table I).

O A c OAc OAc

I II III

Condensation of I with N H 2O H  • HC1 yield  a m ixture o f anti- (IV) (m .p. 
253 — 256°) and syre-3/3-,17/3-diacetoxy-5(z-androstan-6-one oxim e (V) (m .p. 
110 —115 °C), th e  ratio of the isom ers depending on the reaction con d ition s. 
O nly IV could be isolated if  the reaction was carried out in ethanol in th e
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Table I

Schmidt reaction

Solvent Reagent
Temperature,

Reaction time
Yield

°C
II III

1. Benzene-aconc. H2S 0 4 H N j 20° 2 hr. 25.8% 22%
2. Polyphosphoric acid NaN3 50—60° 9 hr. 23.4% 28%

presence of pyridine or sodium  acetate at 100 °C, and V was only detected  by  
th in -layer  chrom atography. However, if  the condensation  was effected at room  
tem perature using sodium  aceta te and ethanol, b o th  IV and V formed in isolable  
am ou n ts. The isomers w ere separated by fractional crystallization.

ОЛс ОЛг

Beckmann rearrangem ent was used to  determ ine the steric configuration  
o f  oxim es IV and V. T he rearrangement w as perform ed only w ith  IV as this 
w as available in larger quantities. In the presence o f th ionyl chloride or p- 
acety lam inobenzenesu lfonyl chloride (PAABSC1), lactam s II and III were ob
ta in ed , like in the Sch m id t reaction of I, in ratios depending on the conditions 
(cf. Table II).

The products from  oxim e IV indicate th a t th e  rearrangem ent m ust have  
b een  preceded by p artia l isomerization. This isom erization is m ost significant

IV — II +  III

Table II

Beckmann rearrangement

Solvent ^Reagent
Temp. Reaction time

Yield
C

II III

1. SOCl2 SOCl2 - 1 5  °C 40 m in. 73% Detected by TLC, 
not isolated

2. D ioxan SOCl2 20 °C 25 min. 60% Detected by TLC, 
not isolated

3. Absolute pyridine PAABSC1 20 °C 24 hr. 16,2% 40%
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in  absolute pyridine in the presence o f PAABSC1, as indicated by the form ation  
o f a larger am ount of lactam  III derived from oxim e V.

In order to  determ ine the structures o f  lactam s II an d III and  oxim es  
IV  and V, the former were hydrolyzed w ith  K O H  in m ethanol. H yd rolysis

OH

I
KOH

dioxan

OH

VIII

VI

NH. OH HCI

V
OH
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gave the corresponding deacetylated seco-am ino acids VI (m.p. 312 — 314 °C) 
and V II (m.p. 3 0 6 - 3 0 9  °C).

For com parison, 3/3-, 17/5-dihydroxy-5a-androstan-6-one oxim e (IX ) (m .p. 
280 — 285 °C) was prepared from ketone V III (m .p . 210 — 215 °C) obtained  by  
hydrolysis o f  I. The Beckm ann rearrangem ent o f  oxim e IX in d ioxan  w ith  
SOCl2, opposite to  previous experience, y ie ld ed  th e  seco-carboxylic acid VI, 
w hich was also ob ta in ed  b y  the hydrolysis o f  lactam  II.

In order to  prove th e  structures o f  com pounds VI and V II, th e y  were 
converted  to  quaternary ammonium salts (X , m .p. 315 — 318 °C; X I, m.p. 
294 — 304 °C) w hich w ere subjected to H ofm an n  elim ination. The IR  spectra  
o f th e  products (X II, m .p. 109 —110 °C; X III , m .p. 125 — 128 °C) show ed  
characteristic sh ifts perm itting conclusion about th e  structures o f th e  lactam s 
used as starting m aterials.

OH

R esults and d iscu ssio n

The experim ents led to the isolation o f tw o  isomeric ketoxim es (IV  and  
V) in the case o f  k eton e I . These isomers can be regarded as 5x-syn- (V) and 
-anti-ketoxim es (IV ), depending on w hether or not the hydroxyl group o f the  
oxim e is close to  th e  5a-hydrogen. The B -liom o-lactam s (II, III) derived from  
th e  known steric course o f  the Beckm ann rearrangem ent and Schm idt reaction, 
performed under various conditions, have also been isolated. The structures 
o f these products were also proved by con vertin g  them  into seco-amino acids. 
W ork is in progress to  obtain more exact inform ation on the stereochem ical 
changes involved.
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The hydrolysis o f I in aqueous dioxan yielded У Ш . Preparation o f the  
corresponding oxim e (IX) followed b y  Beckm ann rearrangement gave a hydro
lyzed seco-amino acid (VI), a derivative of B-hom o-lactam e II.

The described reactions represent an exam ple o f geom etrical isom erism  
in steroid ketoxim es w ith  5a-androstane skeleton. The structures o f  th e  isomers 
are unam biguously proved b y  rearrangem ent reactions.
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E. B o d o r : Szervetlen K ém ia  (Inorganic Chem istry; in H ungarian)
T ankönyvkiadó, B udapest, 1968. 735 pages, 231 illustrations

All over the world, teaching of modern inorganic chem istry is a g reat problem  to 
lecturers and text-book w riters. Certainly, introduction of results of quan tum  chem istry 
presents the greatest difficulties. I t  is well known, th a t the average studen t of chemical en
gineering or chemistry — especially when learning inorganic chem istry in the first year of 
his studies — does not possess sufficient knowledge of m athem atical fundam entals to under
stand  the basic principles and application of quantum  chem istry. However, th is is no t the 
only difficulty . Methods providing the best results in quan tum  chem istry require very  much 
calculation, and do no t have such descriptiveness which is a n a tu ra l dem and of a studen t 
ju s t  getting  acquainted w ith  science. Beginners need d is tinc t regularities to  guide them  
in  arranging and m astering a large subject. The m ost confortable solution w ould be to dis
regard  the results of quan tum  chem istry, b u t this cannot be done, as to teach  things which 
are known to be false goes against our basic principle of teaching. Thus, inorganic chemical 
un iversity  text-books m ust acquain t the studen t w ith the basic principles of q u an tum  chem
istry , and m ust give an aspect reflecting the results of quan tum  chem istry and m odern 
struc tu ra l research.

“ Inorganic Chem istry”  by E. B o d o r  is the first text-book w ritten  by a H ungarian 
au th o r which gives by basic principles of quantum  chem istry and a consistent discussion 
of s tru c tu ra l problems of inorganic chem istry based on these principles.

The au thor deduces th e  Schrödinger equation from the equation  of wave motion. 
The solution of this equation  is shown in the case of an electron in a potential box, then  the 
eigenfunctions of the hydrogen atom  are discussed in detail, and the electronic, struc tu res 
of polyelectronic atoms are briefly described. Bond relations in molecules are illu stra ted  by 
m eans of the m ost simple theory  of molecular orbitals. This is followed by a detailed description 
of hybridization which is ju stified  since this relatively readily  understandable  approxim ation 
provides good qualitative results, and it  is suitable for a consistent trea tm en t of stereochem ical 
problem s in inorganic chem istry.

In  connection w ith th e  s tructu res of complex com pounds, some im p o rtan t results of 
the crystal-field and ligand-field theories are also summarized.

P a rt I dealing w ith th e  s tructu re  of m atte r is followed by P a rt II  discussing the ele
m ents, and P a rt II I  which trea ts  inorganic compounds. Such an arrangem ent and trea tm en t 
of inorganic chem istry — based in detail on the S z a b ó — L a k a t o s  periodic system  
is undoubted ly  very advantageous, since it allows, and even invites, bo th  th e  au th o r and 
reader to present and recognize general relationships. This advantage is particu larly  revealed 
by the general summaries, e.g., of hydrides, halides and oxides, which precede and greatly 
facilitate the detailed discussion of these compounds.

This arrangem ent also m akes possible consistent application of the fundam ental p rin 
ciples of stereochem istry discussed in P a rt I. In  the course of discussing th e  individual ele
m ents, the reader obtains a clear p icture of the possible hybrid ization  sta tes allowed by the 
electronic structures of the given atom s, resulting in the structu ra l characteristics of their 
com pounds. The illustrations of the book, w ith lucid pictures of steric arrangem ents, will 
certa in ly  be of great use to  the students. Carefully collected da ta  of bond lengths, bond orders 
and electron densities fu rth er increase the value of the book.

The author, while m aking full advantage of the trea tm en t of inorganic chem istry 
in the above arrangem ent, in  P a r t II  also compares the physical and chemical characteristics 
of elem ents in identical colum ns of the periodic system , where g rea t help is rendered to the 
reader by very carefully constructed  tables.
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T he importance of ox idation-reduction  processes in inorganic chem istry need n o t be 
em phasized . Therefore, neg lec ting  m ention of the concept o f redox po ten tia l is surprising 
a n d  m a y  be criticized, since a n y  trea tm en t of ox idation-reduction  processes can hard ly  be 
ca rr ied  o u t a t the required level w ith o u t this concept.

Commenting the p a rts  o f th e  book dealing w ith  qu an tu m  chemical questions, we expect 
t h a t  v iv id  dispute m ay evolve in  connection w ith th is book of E .  B o d o r . I t  is alm ost natural, 
t h a t  in  a book, giving new asp ec ts  in  the trea tm en t of b ranch  of science, some concepts of 
th e  a u th o r  will provoke th e  c ritic ism  of specialists and  particu la rly  of teachers. Before turning 
to  th e  p a rts  of the book d isp u tab le  in our opinion, th e  reviewers would like to  point two 
insufficiences certainly p resen t. T he first is th a t th ings w hich are know n to lack valid ity  
sho u ld  never be stated, no t even fo r th e  sake of descriptiveness; so it  m ust n o t be w ritten , e.g.:

'P  (21- 1) = f(r)y =  Py V  ( 2 1  + l )  =  f(r)x =  px
etc .

Though these functions a re  solution of the Schrödinger equation , th ey  are no t eigen
fu n c tio n s  of the operator corresponding to component z of the angular m om entum . Therefore, 
th e  s ta tem en t th a t these fu n c tio n s represent states w ith  th e  m agnetic quan tum  num bers 
+  1 a n d  — 1 is incorrect. T he o th e r  po in t to be corrected is the repeated  sta tem en t in the book 
th a t  /-sp litting  in the case of polyelectronic atoms is caused by  a deviation of the potential 
fie ld  from  spheric sym m etry. A ccording to group theory , spherical functions having different 
/ v a lu e s  belong to d ifferent species of the three-dim ensional ro ta tional group, therefore 
th e y  represen t states of d iffe ren t energies. I t  is known th a t ,  from  this po in t of view, the hy 
d rogen  atom  is to be considered a special case.

W e understand the a u th o r  in  his endeavour to  avoid giving a too com plicated picture 
to  th e  studen t; however, too  serious discussion of elem entary  q u an tum  chemical approxi
m a tio n s  gives a feeling of insufficiency, and it m ay adversely affect scientific discernm ent. 
M ore em phasis ought to have  been  laid upon the q u an tita tiv e  character of the picture ob
ta in e d , mentioning th a t re a lity  an d  methods providing b e tte r  approxim ations are far more 
com plicated . Another defect is again  the result of neglecting closer approxim ations: several 
tim es th e  author makes com parison  between the valence bond and  m olecular orbital methods, 
m o s tly  to  the effect th a t th e  la t te r  one gives better results . However, if closer approxim ations 
a re  also considered, the two m ethods are found to  give th e  same final results. In  our opinion, 
re fu sa l of the author to discuss mesomeric lim iting s tructu res will give rise to  problems for 
m a n y  students, since th is concep t is often m entioned in  th e  lite ra tu re  and, in correct in ter
p re ta tio n , it  is an approx im ative m ethod, ju s t like m olecular o rb ita l theory .

Today, writing of a m odern  inorganic chemical tex t-book  requires far-reaching know l
edge in  so very diverse fields th a t  th is can only be provided by  a co-ordinated collaboration 
of specialists of several b ranches of science; such a co-operation is un fo rtunate ly , rarely  rea l
ized . W ith  this fact in m ind , tru e  appreciation is due to  the g rea t w ork of the au thor who 
u n d e r  took the task alone.

S tudents eager for new  know ledge and new aspects of trea tm en t, as well as chemist 
w ho ob tained  their diplom as several years ago b u t like to  follow up-to -date  results, will cer
ta in ly  welcome the book of P ro fesso r B o d o r . This w ork is considered a b rave and pioneering 
in itia tiv e  to modernite teach ing  of inorganic chem istry in H ungary .

B. C s á k v á r i  a n d  F .  T ö r ö k

D . T. E l m o r e : P eptides and Proteins. Cambridge U n iversity  Press,
L on d on , New York, 1968 . X I  -f- 154 pages (Paperback.).

This book has w ritten  fo r senior undergraduates in chem istry  and  biochem istry. Its  
p u rp o se  is to give a com prehensive, consistent and m odern p ictu re  of th e  fundam ental results 
in  th e  rapidly  developing fie ld  o f th e  chemistry and b iochem istry  of peptides and proteins. 
T h e  au th o r has m asterfully accom plished this difficult and  complex task , and his book affords 
v e ry  good reading. The o rder o f th e  chapters and th e ir re la tive  lengths well reflect the main 
tre n d s  o f modern peptide research .

A c ta  Chim. Acad. Sei. Hung. 60, 1969
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A fter a description of the isolation and separation  of peptides and proteins, th e  book 
deals w ith the elucidation of the prim ary  structure  o f p ro te ins, the determ ination of th e  amino 
acid sequence. F u rth e r on the m aerom olecular n a tu re  and  steric structure of p ro te in s are 
considered, followed by a brief review  of the principles o f peptide synthesis. T he volum e is 
concluded by trea tin g  the problem  of the biosynthesis of proteins and by a discussion of the 
relationship betw een structure  and biological effect o f peptides and proteins. I t  is charac
teristic of each chap te r th a t  a fter a clear presentation  of th e  m inim um  am ount of fundam en ta l 
concepts, the logical trea tm en t rap id ly  leads to the p resen ta tion  and evaluation o f th e  m ost 
modern results. The general subject is often illu stra ted  by  properly selected ac tua l exam ples, 
making easy th e  understanding even to a reader un fam iliar w ith the subject m a tte r .

Concerning the experim ental details which are beyond the scope of the volum e, ref
erence is m ade to  seventy, m ainly of secondary, sources. The modern, up-to-date  n a tu re  of 
the book published in 1968 is well shown by the fac t th a t  th e  overwhelming m a jo rity  o f the 
references cover publications w hich appeared after 1960, and  about one th ird  of th em  fall 
w ithin the  years 1965 to 1967. J u s t  this inclusion of th e  m ost modern literatu re  m akes the 
book an in teresting  reading even to  researchers well acqua in ted  w ith the field of p ep tide  and 
protein chem istry.

B oth th e  selection of the sub ject m atter and its  consistent and concise tre a tm e n t have 
elicited the h ighest appreciation of the  reviewer. I f  th is  review  is to offer criticism a t  all, per
haps objection could be made to  th e  necessity of devoting  one page to the tre a tm e n t of 
E . F i s c h e r ’s pep tide  synthesis using a-chloroacyl derivatives, though, doubtless, th is  m ethod  
is of decisive significance from a science historical p o in t of view. This part seems to  be in con
tra s t w ith the m odern approach consistently m ain tained  th roughou t the book.

All in all, it  can be sta ted  th a t  this book, owing to  the  uniform p resen tation  o f the  
chemical and biochem ical results of investigations on pep tides and proteins, will p rov ide a 
useful and enjoyable reading to  senior undergraduates of chem istry and biochem istry, as well 
as to chem ists who wish to  study  peptides and proteins, o r even those who are fam iliar w ith  
the field.

A. KÓTAI

F . Ge r so n : Hochauflösende ESR-Spektroskopie ( dargestellt anhand aro
matischer Radical-Ionen)
Chemische T aschenbücher I.
(H igh-R esolution E SR  Spectroscopy as Presented  on the Exam ple o f  A rom atic  
R adical-Ions) Chemical Pocket Books N o. 1. (In  German)
Edited b y  W ilhelm  Foerst and H elm ut G rünew ald. Verlag-Chemie, W einheim , 
1967. 210 -f- X  pages

In  recen t years, the high resolution version of e lectron resonance spectroscopy, dealing 
with dilute solutions of organic free radicals and radical-ions, has made im portant con tribu tions 
to our knowledge in organic and particularly  theore tica l organic chemistry. The hyperfine 
coupling constan ts obtainable from  electron resonance experim ents are directly  re la ted  to  
the spin-density d istribution  and, consequently, to th e  geom etry and electron configuration  
of the molecule. In  order to establish a quan tita tive  relationship  between the coupling con
stan ts and the m olecular param eters mentioned, i t  becam e necessary to refine th e  simple 
Hiickel-model w hich had been form erly in general use. F or th e  checking of the new theoretical 
models, which were constructed m ainly on the basis of e lectron interactions, excellent experi
m ental m aterial was furnished by  the high-resolution electron resonance spectra  o f stable 
radical-ions p repared from arom atic compounds. The m onograph by F. G e r s o n , published 
as the first volum e of the series Chemical Pocket-Books, makes use of this experim ental 
material. The aim  of the au thor has been to give, on hand  o f these data , a readily u n d e rs ta n d 
able in troduction  to  organic chem ists for the in te rp re ta tio n  of high-resolution elec tron  re
sonance spectra.

The book is divided into two nearly equal p a rts : In  the  first, general p a rt, th e  au th o r 
discusses briefly  the fundam entals of electron resonance spectroscopy, the various m ethods 
of preparation  of arom atic radical-ions, and the experim ental requirem ents and techniques
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o f  o b t a i n i n g  h ig h -r e s o lu t io n  s p e c tr a .  T h is  is  fo l lo w e d  b y  a  th e o r e t ic a l e x p la n a t io n  o f  h ig h -  
r e s o lu t io n  s p e c tr a . In  v ie w  o f  t h e  f a c t  t h a t  t h e  e m p h a s is  in  t h e  m o n o g r a p h  is  o n  t h e  r e la t io n s h ip  
b e t w e e n  e le c tr o n  r e s o n a n c e  s p e c tr a  a n d  t h e  e le c t r o n  c o n f ig u r a t io n  o f  t h e  m o le c u le s  i n v e s t i 
g a t e d ,  c h a p t e r s  in  th e  th e o r e t ic a l  p a r t  d e a l p r im a r ily  w i t h  t h e  d e te r m in a t io n  a n d  in t e r p r e t a t io n  
o f  t h e  h y p e r f in e  c o u p lin g  c o n s t a n t s .  F a c to r s  in f lu e n c in g  t h e  l in e  sh a p e  as w e l l  a s  t h e  g - fa c t o r ,  
a r e  d i s c u s s e d  o n ly  to  a n  e x t e n t  r e q u ir e d  fo r  t h e  u n d e r s t a n d in g  o f  so m e  a n o m a l ie s  o f  h ig h -  
r e s o lu t io n  s p e c tr a . T h e  t h e o r e t ic a l  c h a p te r s  le a d  t h e  r e a d e r  t o  u p - to -d a te  m e t h o d s  f o r  t h e  
c a lc u la t io n  o f  sp in  d e n s i t y .  T h e  p r o b le m s  o f  s ig m a - p i  a n d  p i-p i sp in  p o la r iz a t io n , fo r m in g  
t h e  b a s i s  o f  th e s e  c a lc u la t io n s , a n d  t h e o r e t ic a l  m e t h o d s  o f  t h e ir  d e te r m in a t io n  a r e  d is c u s s e d  
in  t h e  a p p e n d ix  to  P a r t  1.

I n  t h e  s e c o n d , s p e c ia l  p a r t ,  t h e  a u th o r  s u m m a r iz e s  e le c t r o n  r e s o n a n c e  d a ta  o n  a r o m a t ic  
r a d ic a l - io n s ,  g r o u p e d  a c c o r d in g  t o  t h e  fo llo w in g  t y p e s  o f  c o m p o u n d s :  a r o m a tic  h y d r o c a r b o n s ,  
h e t e r o c y c l i c  c o m p o u n d s , q u in o n e s , a ld e h y d e s  a n d  k e t o n e s ,  a n d  s u b s t itu te d  d e r iv a t iv e s .  A  s e p 
a r a t e  c h a p t e r  is  d e v o t e d  t o  t h e  e le c tr o n  r e s o n a n c e  s p e c t r a  o f  n o n  a r o m a tic  s y s t e m s .  I n  t h e  
a p p e n d ix  t o  t h i s  sp e c ia l  p a r t ,  t h e  a u th o r  g iv e s  a  s h o r t  a c c o u n t  o f  t h e  c h a r a c te r is t ic s  o f  h y p e r 
f in e  s t r u c t u r e s  c o n n e c te d  w it h  13C, o f  t h e  a s s o c ia t io n  o f  r a d ic a l-a n io n s  w it h  a lk a l i  m e ta l  
c a t io n s ,  a n d  f in a l ly ,  o f  t h e  e f f e c t s  o f  t im e - d e p e n d e n t  in tr a m o le c u la r  p r o c e s se s  ( p r im a r i ly  o f  
c o n f o r m a t io n  e q u ilib r a )  o n  e le c tr o n  r e s o n a n c e  s p e c tr a .

T h e  s t y l e  o f  t h e  b o o k  is  s im p le , i t s  r e a s o n in g  lu c id .  O n ly  a k n o w le d g e  o f  t h e  f u n d a 
m e n t a l  q u a n tu m -c h e m ic a l  c o n c e p t s  is  r e q u ir e d  fr o m  t h e  r e a d e r . T h e  v o lu m e  c o n t a in s  a b o u t  
f i f t y  w e l l - s e le c t e d  f ig u r e s  ( s p e c t r a ) ,  14  ta b le s ,  a n d  a n  e x t e n s iv e  r e v ie w  o n  t h e  l i t e r a t u r e  o f  
t h e  s u b j e c t ,  in v o lv in g  a b o u t  3 0 0  r e fe r e n c e s . T h e  b o o k  is  r e c o m m e n d e d  in  g e n e r a l  t o  o r g a n ic  
c h e m is t s  in te r e s t e d  in  t h e  a p p l ic a t io n s  o f  e le c tr o n  r e s o n a n c e  s p e c tr o s c o p y  in  o r g a n ic  c h e m is t r y ,  
a n d  p a r t ic u la r ly  t o  th o s e  e n g a g e d  in  th e o r e t ic a l  o r g a n ic  c h e m is tr y . O w in g  t o  t h e  a b u n d a n t  
a n d  w e l l  a r r a n g e d  r e fe r e n c e s , t h e  b o o k  w il l  b e  o f  v a lu e  a ls o  fo r  r e sea rch  w o r k e r s  a c t iv e  in  
t h i s  f i e l d .

L. R a d ic s

C. H a m il t o n  and J . A. I b e r s : Hydrogen Bonding in Solids W . A. 
B en jam in  Inc., N ew  Y ork — Am sterdam , 1968. 286 pages.

H y d r o g e n  b o n d in g  is  o n e  o f  t h e  m o s t  e x t e n s i v e l y  s tu d ie d  s p e c if ic  in te r m o le c u la r  
in t e r a c t io n s .  O w in g  t o  i t s  im p o r ta n t  ro le  in  c h e m is t r y  a n d  b io lo g y , i t  h a s  b e e n  in  t h e  c e n tr e  
o f  in t e r e s t  o f  r e s e a r c h  w o r k e r s  fo r  a  c o n s id e r a b le  t im e ,  a n d  a lm o s t  e v e r y  m e th o d  o f  s t r u c tu r a l  
i n v e s t i g a t io n  h a s  b e e n  a p p lie d  t o  e lu c id a te  t h e  n a tu r e  o f  h y d r o g e n  b o n d in g . N o t w i t h s t a n d in g  
t h e  g r e a t  a n d  s t e a d i ly  in c r e a s in g  n u m b e r  o f  p u b l ic a t io n s  o n  th is  s u b je c t ,  o n ly  a  f e w  m o n o 
g r a p h s  a r e  a v a i la b le  fo r  th o s e  w h o  w a n t  t o  g e t  a c q u a in t e d  w i t h  th is  f ie ld . T h e r e fo r e , t h e  p u b 
l i c a t io n  o f  t h e  b o o k  b y  H a m il t o n  a n d  I b e r s  is  c e r t a in ly  t im e ly .

T h e  v a lu e  o f  t h e  b o o k  d o e s  n o t  r e s t  s o le ly  o n  t h e  f a c t u a l  in fo r m a t io n  o f fe r e d  c o n c e r n in g  
t h e  r e s u l t s  o f  m o d e rn  r e s e a r c h ;  t h e  p r in c ip le  a p p l ie d  b y  t h e  a u th o r s  in  t h e  t r e a t m e n t  o f  th e  
s u b j e c t  d e s e r v e s  s p e c ia l  c r e d it .  T h e  d is c u s s io n  o f  t h e  v a r io u s  m e th o d s  o f  s t r u c tu r a l  c h e m is t r y  
u s e d  in  t h e  s t u d y  o f  th e  h y d r o g e n  b o n d  is  n o t  r e s t r ic t e d  t o  t h e  p r e s e n ta t io n  o f  a  f e w  e x a m p le s  
o f  t h e  a p p l ic a t io n s ,  b u t  a  c r it ic a l  a n a ly s is  o f  t h e  t e c h n iq u e s  is  g iv e n  y ie ld in g  v a lu a b le  in fo r 
m a t io n  t o  t h e  rea d er  a b o u t  t h e  p o s s ib il i t ie s  a n d  l im i t a t io n s  o f  e a c h  m e th o d . I n s t e a d  o f  a n  e n 
c y c lo p e d ic  d is c u s s io n  o f  t h e  r e s u l t s  in  t h is  f ie ld  o r  a  d e t a i le d  a n a ly s is  o f  a n y  o n e  p a r t ic u la r  
t o p i c ,  t h e  a u th o r s  e m p h a s iz e  t h e  p e r t in e n t  f a c t s  c o n c e r n in g  t h e  c h e m ic a l a n d  c h e m ic a l - p h y s 
ic a l  c h a r a c t e r is t ic s  o f  t h e  h y d r o g e n  b o n d . T h e r e fo r e , t h i s  b o o k  is  n o t  o n ly  a  u s e f u l  g u id e  
t o  t h e  r e a d e r  to  m o d e r n  l i t e r a tu r e ,  b u t  a lso  e n a b le s  h im  t o  m a k e  a  c r it ic a l e v a lu a t io n  o f  t h e  
p u b l ic a t io n s .

T h e  b o o k  is  d iv id e d  in to  e ig h t  c h a p te r s .  C h a p te r  1 g iv e s  a n  in tr o d u c t io n  t o  t h e  d is 
c u s s io n  o f  s p e c if ic  m o le c u la r  in te r a c t io n s ,  a n d  s u m m a r iz e s  t h e  p h y s ic a l a n d  c h e m ic a l  r e q u ir e 
m e n t s  f o r  t h e  h y d r o g e n  b o n d s  in  s o lid s . C h a p te r  2 d e a ls  w i t h  t h e  d iffr a c t io n  m e t h o d s  o f  s t r u c 
t u r a l  a n a ly s i s  ( e le c tr o n - , X - r a y -  a n d  n e u tr o n  d i f f r a c t io n ) ;  t h e  th e o r e t ic a l a n d  e x p e r im e n ta l  
b a s e s  o f  t h e s e  m e th o d s  a re  d is c u s s e d  a n d  s y s t e m a t ic  e r r o r s  in  d iffr a c t io n  e x p e r im e n t s ,  w ic h  
m a y  a f f e c t  th e  v a l id i t y  o f  t h e  d e r iv e d  g e o m e tr ic  s t r u c t u r e ,  a re  d e a lt  w it h  in  d e t a i l .  C h a p te r  3 
is  c o n c e r n e d  w ith  s p e c tr o s c o p ic  m e th o d s  s u ita b le  fo r  t h e  in v e s t ig a t io n  o f  h y d r o g e n  b o n d in g ,  
t h u s  p r im a r i ly  w ith  in fr a r e d  a n d  N M R  s p e c tr o s c o p y . W it h in  th is  sc o p e , t h e  p a r t ic u la r  fe a tu r e s  
o f  t h e  in fo r m a t io n  p r o v id e d  b y  s p e c tr o s c o p ic  m e t h o d s  a re  d isc u s se d  a n d  c o m p a r e d  w it h  
t h e  in fo r m a t io n  g iv e n  b y  d i f f r a c t io n  t e c h n iq u e s ;  t h u s  t h e  c o m p le m e n ta r y  c h a r a c t e r  o f  th e  
t w o  m e t h o d s  is  p o in te d  o u t .  C h a p te r  4  is  d e v o t e d  t o  r o t a t io n a l  m o tio n s  in  s o l id s ,  a n d  h o w
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th e s e  are  r e f le c t e d  in  N M R  a n d  n e u tr o n  s p e c tr a . T h e  d is c u s s io n  o f  th e  fu n d a m e n ta ls  o f  n e u tr o n  
in e la s t ic  s c a t t e r in g  is  o f  p a r t ic u la r  v a lu e ,  s in c e  t h i s  m o d e r n  e x p e r im e n ta l t e c h n iq u e ,  le s s  
k n o w n  t o  c h e m is t s ,  is  g a in in g  in  im p o r ta n c e  a s  a  s t r u c t u r a l  t o o l  o f  so lid  s y s t e m s .  C h a p te r  5 
p r e s e n ts  s o m e  e x a m p le s  o f  h y d r o g e n  b o n d in g  in  o r g a n ic  c r y s ta ls ,  w ith  p a r t ic u la r  e m p h a s is  
o n  t h e  g e o m e t r ic a l  c h a r a c te r is t ic s  o f  p r o te in s  a n d  n u c le ic  a c id s .  C h a p ter  6 d e a ls  w i t h  h y d r o g e n  
b o n d in g  in  in o r g a n ic  s y s t e m s ,  d is c u s s in g  p r im a r ily  t h e  s t r u c t u r e  o f  ic e , c r y s t a l l in e  h y d r a t e s  
a n d  a m m o n iu m  s a lt s .  C h a p te r  7 is  c o n c e r n e d  w it h  f e r r o e le c t r ic  m a te r ia ls  c o n t a in in g  h y d r o g e n  
b o n d s , a n d  f in a l ly ,  in  C h a p te r  8 , t h e  a u th o r s  g iv e  a  b r ie f  s u m m a r y  o f  fu tu r e  d e v e lo p m e n t s  
in  t h e  f i e ld  d is c u s s e d .

T h e  b o o k  h a s  s im p le  a n d  e x t r e m e ly  lu c id  s t y l e .  T h e  a r r a n g e m e n t  o f  t h e  s u b j e c t  m a t t e r  
b e a r s  w it n e s s  t o  th e  e x c e l le n t  p e d a g o g ic a l  s e n s e  o f  t h e  a u th o r s . I t  a ssu m e s  o n ly  f u n d a m e n t a l  
k n o w le d g e  in  c h e m is t r y  a n d  p h y s ic a l - c h e m is t r y ,  a n d  t h e r e f o r e ,  c a n  b e  r e c o m m e n d e d  p r im a r i ly  
t o  a d v a n c e d  u n iv e r s i t y  s t u d e n ts .  F u r th e r  m e r it s  o f  t h e  b o o k  are th e  c a re fu l s e l e c t io n  o f  t h e  
e x p e r im e n ta l  m a te r ia l  a n d  t h e  e x c e l le n t  s t e r e o s c o p ic  d r a w in g s  (w h ic h  m a y  b e  v i e w e d  w it h  
t h e  e n c lo s e d  s te r e o  v ie w e r ) . T h e s e  a re  o f  g r e a t  h e lp  in  u n d e r s t a n d in g  th e  s p a t ia l  a r r a n g e m e n t  
o f  t h e  m o le c u le s .  T h e  b o o k  w ill  b e  o f  im m e d ia t e  in t e r e s t  t o  a ll r e sea rch  w o r k e r s  c o n c e r n e d  
w it h  t h e  s t r u c t u r a l  a n a ly s is  o f  s o l id  s y s te m s .

L. R a d io s

J. H e y r o v s k y  and P . Z u m a n : Practical Polarography. An Introduction  
for Chemistry Students. Academ ic Press, L ondon, New  York, 1968. V II I  -f- 
237 pages

T h e  b o o k  is  t h e  l a t e s t  r e v is e d  e d it io n  o f  t h e  se r ie s  w h ic h  s ta r te d  w ith  t h e  P o la r o g r a p h i-  
sc h e s  P r a k t ik u m  (S p r in g e r , B e r l in , 1 9 4 8 ) . S in c e  t h e n  i t  h a s  b e e n  p u b lis h e d  in  m o r e  o r  le s s  
r e v is e d  fo r m  in  S lo v a k ia n , C zec h , H u n g a r ia n , P o l is h  a n d  G erm a n . G e n e r a t io n s  o f  s t u d e n t s  
a n d  c h e m is t s  h a v e  u s e d  i t  a s  a g u id e  in  th e ir  f ir s t  s t e p s  in  t h e  a r t  o f  p o la r o g r a p h y . T h e  p r e s e n t  
e d it io n  h a s  s o m e  v e r y  w e lc o m e  a d d it io n s  a n d  t h e  s u b j e c t  m a t t e r  h a s  b e e n  s l ig h t ly  r e a r r a n g e d .  
T h e  m a in  a d d it io n s ,  a s fa r  a s t h e  a u th o r  o f  t h is  r e v ie w  c a n  s e e ,  a re  th e  in c lu s io n  o f  s o m e  p o la r o -  
g r a p h ic  v e s s e l s  w h ic h  w e r e  n o t  in c lu d e d  ea r lie r , a n  a c c o u n t  o f  g en era l p o la r o g r a p h ic  in s t r u 
m e n ta t io n  in c lu d in g  p e n -r e c o r d in g  in s t r u m e n t s ,  w i t h  s p e c ia l  e m p h a s is  o n  t h e  p r o b le m s  o f  
d a m p in g , a f e w  h in ts  o n  t h e  p r o b le m  o f  p o la r o g r a p h ic  r e v e r s ib i l i t y ,  a n d  a m o r e  d e t a i le d  d is 
c u s s io n  o f  m a x im a . T h e  t a b le s  a lso  c o n ta in  so m e  a d d it io n s .

T h e  a r r a n g e m e n t  o f  t h e  b o o k  is  t h e  fo l lo w in g :  T h e  in tr o d u c to r y  c h a p te r  c o n t a in s  
t h e  m a in  p r in c ip le s  o f  p o la r o g r a p h y , a  d is c u s s io n  o f  t h e  d r o p p in g  e le c tr o d e  a n d  t h e  s im p le s t  
m e th o d  o f  r e c o r d in g  a p o la r o g r a p h ic  c u r v e . T h e  f u n d a m e n t a l  p r o p e r t ie s  o f  th e  p o la r o g r a p h ic  
c u r v e  a re  d is c u s s e d . T h is  is  f o l lo w e d  b y  a d e s c r ip t io n  o f  r e fe r e n c e  e le c tr o d e s  a n d  p o la r o g r a p h ic  
c e l ls ,  t h e  n e c e s s i t y  o f  u s in g  a  s u p p o r t in g  e le c t r o ly t e  in c lu d in g  th e  p o s s ib il i t ie s  g iv e n  b y  t h e  
u s e  o f  c o m p le x in g  a g e n t s ,  a n d  v a r io u s  p H  v a lu e s  fo r  t h e  s e p a r a tio n  o f  c o a le s c in g  w a v e s ,  
m e th o d s  o f  r e m o v a l  o f  o x y g e n  a n d  t h e  c a u t io n a r y  m e a s u r e s  a g a in s t  m e r c u r y  p o is o n in g .

T h e  s e c o n d  c h a p te r  d e a ls  w it h  t h e  in te r p r e ta t io n  o f  p o la r o g r a p h ic  w a v e s ,  a n d  t h e  
s ig n if ic a n c e  o f  t h e  m e r c u r y  h e a d  in  d i f f e r e n t ia t in g  v a r io u s  p o la r o g r a p h ic  c u r r e n ts . T h e  th ir d  
c h a p te r  d e a ls  w i t h  p o la r o g r a p h ic  in s t r u m e n t a t io n ,  t h e  g e n e r a l  p ro ced u re  o f  r e c o r d in g  c u r v e s  
a n d  t h e  c h e c k in g  a n d  s im p le  s e r v ic e in g  o f  t h e  a p p a r a tu s .

C h a p te r s  4  a n d  5 g iv e  v e r y  d e ta i le d  in s t r u c t io n s  fo r  v a r io u s  s im p le  d e t e r m in a t io n s ,  
w h ile  C h a p te r  6 d is c u s s e s  s o m e  e x a m p le s  o f  t h e  p r a c t ic a l  a p p lic a t io n  o f  p o la r o g r a p h y  in  v a r io u s  
f ie ld s  ( m e t a l lu r g y ,  o r g a n ic  c h e m is t r y ,  p h a r m a c y  a n d  b io c h e m is t r y ,  fo o d  in d u s t r y ,  m e d ic in e )  
a n d  a ls o  d is c u s s e s  m e th o d s  o f  m ic r o a n a ly s is  a n d  p o la r o m e tr ic  (a m p e r o m e tr ic )  t i t r a t io n s .

A  t a b le  o f  b u ffe r s ,  h a l f - w a v e  p o te n t ia ls  a n d  a  b ib l io g r a p h y  c o m p le te  t h e  b o o k .
A s  t h e  b o o k  is  m e a n t  fo r  s t u d e n t s  a n d  a s  a  f i r s t  p r a c t ic a l  in tr o d u c t io n , t h e  m e t h o d s  

are  d e s c r ib e d  in  g r e a t  d e t a i l .  I t  s h o u ld  b e  e a s y  fo r  t h e  a v e r a g e  s t u d e n t  or r e a s o n a b ly  e x p e r ie n c e d  
t e c h n ic ia n  t o  w o r k  th r o u g h  t h e  b o o k  a n d  le a r n  t h e  t e c h n iq u e  o f  p o la ro g ra p h ic  a n a ly s i s  w i t h o u t  
o u ts id e  h e lp . T h e  b o o k  is  a lso  e x c e l le n t  a s  a b a s is  fo r  a p r a c t ic a l  co u rse .

U n f o r t u n a t e ly ,  t h e  b o o k  o n ly  d e a ls  w it h  t h e  c la s s ic a l  fo rm  o f  p o la r o g r a p h y :  D C  p o 
la r o g r a p h y  u s in g  t h e  d r o p p in g  m e r c u r y  e le c tr o d e  a n d  a s lo w  p o te n t ia l  sc a n . T h is  a u t o m a t i c a l ly  
l im it s  i t s  u s e f u ln e s s  fo r  t h o s e  w h o  p o s s e s s  t h e  m o r e  s o p h is t ic a t e d  p o la ro g ra p h s ( s q u a r e  w a v e ,  
p u ls e , c a t h o d e  r a y )  a s  th e  s p e c ia l  p i t f a l l s  o f  th e s e  t e c h n iq u e s  a re  n o t  m e n tio n e d . T h e  t r e a t m e n t  
o f  t h e  h a n g in g  m e r c u r y  d ro p  a n d  i t s  a p p lic a t io n  fo r  t r a c e  a n a ly s is  is  a lso  o m it t e d .  V e r y  l i t t l e  
is  s a id  a b o u t  p o la r o g r a p h y  in  o r g a n ic  s o lv e n t s  a n d  t h e  p r o b le m s  o f  I . R . c o m p e n s a t io n .
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T h e  o u t lo o k  o f  t h e  b o o k  in  g en era l is  su c h  t h a t  i t  o n ly  d e m o n s tr a te s  th e  p o w e r  o f  p o /a r o -  
g r a p h y  a s  a q u a n t i t a t iv e  a n a ly t i c a l  to o l (d o in g  t h i s  v e r y  w e l l ) ,  a n d  i t  te n d s  t o  l e t  t h e  r e a d e r  
f o r g e t  t h e  o th e r  u s e s  o f  t h e  m e th o d . T h e  p o s s ib i l i t ie s  o f  p o la r o g r a p h y  in  o r g a n ic  c h e m is t r y  
a r e  d e f in i t e ly  n o t  l im i t e d  t o  t h e  q u a n t i t a t iv e  a n a ly t i c a l  a s p e c t ,  a n d  i t  w o u ld  h a v e  b e e n  a 
v e r y  w e lc o m e  a d d it io n  to  t h e  b o o k  i f  th is  te c h n iq u e  h a d  b e e n  in c lu d e d . T h e  rea d er  c a n , o f  c o u r s e ,  
f o l lo w  u p  t h is  s u b j e c t  f r o m  t h e  b ib lio g r a p h y , b u t  e v e n  h e r e  so m e  t e x t s  h a v e  b e e n  o m it t e d .  
E .g . ,  Z u m a n — K o l t h o f f : P r o g r e s s  in  P o la r o g r a p h y  ( I n t e r s c ie n c e ,  1 9 6 2 ) is  n o t  m e n t io n e d ,  
a n d  t h e  r eg u la r  r e v ie w s  in  t h e  jo u r n a l  “ A n a ly t ic a l  C h e m is t r y ”  are a lso  m iss in g .

N e v e r th e le s s ,  t h e  b o o k  in  i t s  p re sen t fo rm  w i l l  b e  v e r y  u s e fu l  for  s tu d e n ts  a n d  p r a c t is in g  
c h e m is t s  a s  a f ir s t  c o u r s e  in  p o la r o g r a p h y . T h e  r e v ie w e r  h o p e s  t h a t  so m e  o f  t h e  o m is s io n s  c a n  b e  
c o r r e c te d  in  a fu r th e r  e d i t io n .

M. V a j d a

D . A. J o h n s o n : Some Thermodynamic Aspects of Inorganic Chemistry, 
V I 224 pages. Cam bridge U niversity P ress, Cambridge, 1968.

T h is  r e a d a b le  a n d  u s e f u l  b o o k  h a s b e e n  p u b l i s h e d  in  t h e  C a m b rid g e  C h e m is tr y  T e x t s  
s e r ie s .  I t  c o n s is ts  o f  s e v e n  c h a p te r s .  A fte r  a sh o r t  in t r o d u c t o r y  c h a p te r  —  d e a lin g  m o s t ly  w i t h  
t h e  d i f f e r e n c e s  b e t w e e n  k in e t i c  a n d  th e r m o d y n a m ic  s t a b i l i t y ,  a n d  w ith  t h e  c o n t r ib u t io n  o f  
t h e  e n t r o p y  a n d  e n t h a lp y  t e r m s  t o  free  e n e r g y  —  t h e  p r in c ip le s  o f  th e  io n ic  m o d e l  a re  t h o r 
o u g h ly  d is c u s s e d . T h e  io n ic  m o d e l  is  th e n  a p p lie d  t o  t h e  c o m p o u n d s  o f  a lk a l i  a n d  a lk a l in e  
e a r t h  m e ta ls .  T h e  f o l lo w in g  th r e e  c h a p te r s  d e a l w i t h  p r o b le m s  o f  s o lu t io n  e q u il ib r ia  a n d  
e le c t r o d e  p o te n t ia ls ,  w i t h  t h e  s o lu b i l i ty  o f  io n ic  c r y s t a l s ,  a n d  w it h  t r a n s it io n -m e ta l  c h e m is t r y .  
T h e  lo n g  c o n c lu d in g  c h a p t e r  i s  d e v o t e d  to  t r e a t m e n t  o f  c o m p o u n d s  in  w h ic h  c o v a le n t  b o n d in g  
p r e d o m in a t e s .  A  n u m b e r  o f  im p o r ta n t  b o o k s a n d  p a p e r s  a r e  l i s t e d  a t  t h e  e n d  o f  t h e  c h a p te r s ;  
in  t h e  r e fe r e n c e s  t h e  r e v ie w e r  d id  n o t  f in d  t h e  e x c e l l e n t  r e le v a n t  p a p ers  a n d  b o o k s  b y  R .  T . 
S a n d e r s o n . In  th e  f i v e  a p p e n d ic e s  so m e  b a s ic  d e f in i t i o n s  a n d  c o n v e n t io n s  are  s u m m a r iz e d ,  
d e r iv a t io n s  o f  im p o r ta n t  r e la t io n s h ip s  are g iv e n  a n d  a  n u m b e r  o f  im p o r ta n t  th e r m o d y n a m ic  
d a t a  a r e  l i s t e d .

B e c a u s e  o f  t h e  p u r p o s e  o f  t h e  b o o k  t h e  r e v ie w e r  i s  f o r c e d  to  m e n tio n  t h a t  t h e  u s e f u ln e s s  
a n d  d id a c t ic  v a lu e  o f  t h e  b o o k  w o u ld  b e  e v e n  g r e a t e r  i f  s o m e  c o n fu s in g  p o in ts  w o u ld  b e  c o r 
r e c t e d .  D e a lin g  w it h  t h e  o x id a t io n  o f  ir o n ( I I )  w it h  io d in e  —  a n d  t h e  o x id a t io n  o f  io d id e  w it h  
i r o n ( I I I )  —  t h e  e f f e c t  o f  p H  is  c o n s id e r e d . I t  is  s t a t e d  t h a t  io d in e  is  p e r f e c t ly  c a p a b le  o f  
o x id iz in g  ir o n ( I I )  h y d r o x id e  in  a lk a lin e  s o lu t io n . I n  t h i s  fo r m  t h is  s t a t e m e n t  is  m is le a d in g  
i o d in e  n o t  e x is t in g  in  a lk a l in e  s o lu t io n . T h e  o x id a t io n  s t a t e  d ia g r a m  fo r  su lp h u r  (p . 9 5 )  i s  a lso  
c o n f u s in g  p a r t ly  b e c a u s e  t h e  o x id a t io n  s t a t e s  o f  t h e  d i f f e r e n t  su lp h u r  a to m s  a re  a v e r a g e d  fo r  
c o m p o u n d s  c o n ta in in g  n o n - e q u iv a le n t  su lp h u r  a t o m s ;  a n d  p a r t ly  b e c a u se  o x id a t io n  s t a t e  
eight is  r e n d e r e d  to  p e r o x y d is u lp h a t e .

T h e  p r in t in g  i s  g o o d ,  t h e  t e x t  is  p r a c t ic a l ly  f r e e  o f  m is p r in ts . A s  a w h o le  t h i s  s m a l l  
v o lu m e  p r e s e n ts  a w e l l - b a la n c e d  tr e a tm e n t  o f  t h e r m o d y n a m ic  a s p e c ts  o f  m o d e r n  in o r g a n ic  
c h e m is t r y  a n d  is  w a r m ly  r e c o m m e n d e d  b o th  fo r  t e a c h e r s  a n d  fo r  in te r e s te d  u n d e r g r a d u a te s .

M. T. B e c k

The Practice o f Gas Chromatography (E ditors: L. S. E t t r e  and A. 
Z l a t k i s ) .  Interscience Publishers, N ew  Y ork  1967. 591 pages

G a s c h r o m a to g r a p h ic  in s t r u m e n t a t io n  n o w  m a k e s  u p  p a r t  o f  th e  e q u ip m e n t  o f  v i r t u a l ly  
a l l  in d u s t r ia l  a n d  a c a d e m ic  la b o r a to r ie s  e n g a g e d  in  t h e  a n a ly s i s  o f  o rg a n ic  c o m p o u n d s . T h is  
w id e s p r e a d  u se  is  r e m a r k a b le  w h e n  o n e  c o n s id e r e s  t h a t  in  1 9 5 5  t h e  g a s  c h r o m a to g r a p h ic  t e c h 
n iq u e  w a s  k n o w n  t o  b u t  a  f e w  w o r k e r s , a n d  t h e  f e w  in s t r u m e n t s  in  u se  w ere  lo c a t e d  in  c e n t r a l  
a n a ly t i c a l  r e sea rch  f a c i l i t i e s  o f  la r g e  c o r p o r a t io n s  o r  u n iv e r s i t i e s .  T h e  l ite r a tu r e  a t  t h a t  t im e  
c o n s i s t e d  o f  a b o u t  4 0  p a p e r s ,  m a in ly  d e v o te d  t o  d e s c r ip t io n s  o f  e x p e r im e n ta l  a p p a r a tu s ,  
w it h  d e sc r ib e d  a p p l ic a t io n s  o f  t h e  te c h n iq u e  l im i t e d  to  f a t t y  a c id  a n d  l ig h t  h y d r o c a r b o n  
a n a ly s i s .  B y  t h e  c lo s e  o f  1 9 6 6 ,  o v e r  5 0 ,0 0 0  g a s  c h r o m a to g r a p h s  w ere  in  o p e r a t io n , a n d  m o r e  
t h a n  1 0 ,0 0 0  p a p ers  h a s  a p p e a r e d  re p o r t in g  th e  a p p l ic a t io n  o f  t h e  te c h n iq u e  to  v i r t u a l ly  e v e r y
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c o n c e iv a b le  a r e a  o f  sc ie n c e  a n d  t e c h n o lo g y  in  w h ic h  th e  q u a l i ta t iv e  o r  q u a n t i t a t iv e  a n a ly s i s  
o f  v o l a t i l e  m a te r ia ls  w a s  o f  in te r e s t .

I t  i s  th e r e fo r e  re m a r k a b le  t h a t  n o t w it h s t a n d in g  t h e  g r e a t  im p o r ta n c e  o f  t h e  t e c h n iq u e  
r e la t iv e ly  so  f e w  s u r v e y s  a n d  m o n o g r a p h ie s  w e r e  p u b lis h e d  in  t h is  f ie ld  in  r e c e n t  y e a r s .  T h u s  
r e a d e r s  w a n t in g  to  g e t  a c q u a in te d  w i t h  t h i s  m e th o d  o r  a c q u ir e  d e e p e r  k n o w le d g e , w e r e  m o s t ly  
r e s tr ic te d  t o  t h e  s t u d y  o f  th e  o r ig in a l p u b lic a t io n s .  H o w e v e r , t h is  is  n o t  a lw a y s  t h e  b e s t  a p p r o a c h  
fo r  t h e  b e g in n e r s ,  p a r t ic u la r ly  i f  t h e y  h a v e  to  f in d  th e ir  w a y  in  a  d e lu g e  o f  p u b lic a t io n s .  T h e r e 
fo r e , t h e  p u b lis h in g  o f  t h is  b o o k , e d i t e d  b y  L . S . E t t r e  a n d  A . Z l a t k i s , r e c o g n iz e d  e x p e r t s  
o f  t h e  s u b j e c t ,  in  c o -o p e r a t io n  w it h  i l lu s t r o u s  w o r k e r s  in  t h e  r e le v a n t  f i e ld ,  is  to  b e  w e lc o m e d .

T h e  o b je c t s  o f  th e  b o o k  a re  c le a r ly  p o in te d  o u t  in  t h e  in tr o d u c t io n  b y  t h e  e d i t o r s :  
“ T h e r e  a re  th r e e  r e a s o n s  w h y  w e  t h in k  t h a t  t h i s  b o o k  is  n e c e s s a r y . F ir s t ,  o n e  s h o u ld  n o t  f o r g e t  
t h a t  t h e  b a s ic  E n g lis h  t e x tb o o k s  o n  g a s  c h r o m a to g r a p h y  w ere  w r it t e n  w i t h o u t  a l m o s t  a n y  
e x c e p t io n  b e fo r e  1 9 6 2 , a n d  d u r in g  t h i s  f iv e - y e a r  p er io d  s ig n if ic a n t  c o n t r ib u t io n s  w e r e  m a d e  
t o  t h e  d e v e lo p m e n t  o f  t h is  t e c h n iq u e . S e c o n d ly ,  w h ile  th e  e x is t in g  b o o k s  are  s t r o n g  in  t h e o r y ,  
t h e  p r a c t ic a l  in fo r m a t io n  c o n ta in e d  in  t h e m  is  s o m e w h a t  l im it e d .  W e a re  a w a r e  t h a t  n o  p r a c t ic e  
c a n  e x i s t  w i t h o u t  a s u f f ic ie n t  k n o w le d g e  o f  th e o r y ;  h o w e v e r , t h e  p r a c t ic a l  g a s  c h r o m a to -  
g r a p h e r s  a ls o  n e e d  c o m p ila t io n s  w h ic h  h a n d le  t h e  p r a c t ic e  o f  th e  t e c h n iq u e  in  d e t a i l .  F in a l l y ,  
m a n y  s p e c ia l  m e th o d s  a n d  t e c h n iq u e s  e x i s t ,  w h ic h  are w e ll  d o c u m e n te d  in  t h e  s c i e n t i f i c  
l i t e r a t u r e ,  b u t  t h e  la r g e  n u m b e r  o f  p u b lic a t io n s  o n  th e  p a r t ic u la r  s u b j e c t  in  m a n y  d iv e r s e  
p u b lic a t io n s  m a k e s  a g e n e r a l u n d e r s t a n d in g  o f  th e  p a r t ic u la r  m e th o d  b y  t h e  p r a c t ic a l  g a s  
c h r o m a to g r a p h e r  a lm o s t  im p o s s ib le  . . . T o  su m m a r iz e  b r ie f ly ,  t h e  in t e n t  o f  t h is  b o o k  i s  to  
p r o v id e  a  b a s ic  g u id e  to  th e  p r a c t ic e  o f  g a s  c h r o m a to g r a p h y  fo r  t h e  u s e  o f  a n a ly t ic a l  c h e m is t s  
w h o  a r e  n o w  e m p lo y in g  or w h o  a re  c o n t e m p la t in g  t h e  a c t u a l  e m p lo y m e n t  o f  g a s  c h r o m a t o 
g r a p h ic  in s t r u m e n t s  fo r  th e  s o lu t io n  o f  p a r t ic u la r  p r o b le m s  in  c o n n e c t io n  w it h  s e p a r a t io n ,  
id e n t i f i c a t io n ,  a n d  m e a s u r e m e n t  o f  v o la t i l e  c o m p o u n d s .”

T h e s e  a im s  o f  th e  b o o k  are t o  b e  a t t a in e d  in  t e n  c h a p te r s ,  w h ic h  s u r v e y  a l l  t h e  im p o r t a n t  
p r o b le m s  a r is in g  in  t h e  p r a c t ic e  o f  g a s  c h r o m a to g r a p h y , fr o m  f u n d a m e n ta l  p r in c ip le s  to  
a u to m a t e d  s y s t e m s  a p p lie d  in  t h e  c o n t r o l  o f  c o n t in u o u s  in d u s tr ia l  p r o d u c t io n .

T h is  b o o k  c o n s is ts  o f  t e n  c h a p te r s  e a c h  o f  w h ic h  g iv e s  a d e ta i le d  d e s c r ip t io n  o f  a  d i f f e r e n t  
p a r t  o f  t h e  g a s  c h r o m a to g r a p h ic  s y s t e m  o r  o f  a  p a r t ic u la r  t e c h n iq u e  a n d  i t s  o p t im u m  u s e  
fo r  t h e  s o lu t io n  o f  a n a ly t ic a l  p r o b le m s .

C h a p te r  1 in c lu d e s  d e s c r ip t iv e  in fo r m a t io n  o n  th e  m e c h a n is m  o f  t h e  g a s  c h r o m a to g r a p h ic  
p r o c e s s  a n d  t h e  f u n c t io n  an d  o p e r a t io n  o f  a  g a s  c h r o m a to g r a p h ic  in s t r u m e n t .  A n  e f f i c i e n t  s t e p -  
b y - s t e p  p r o c e d u r e  is  o u t l in e d  fo r  p la c in g  a  c h r o m a to g r a p h  in  o p e r a t io n  a n d  o p t im iz in g  t h e  
a n a ly s is  o f  a n  “ u n k n o w n ”  s a m p le . T h e  s o u r c e s  o f  te c h n ic a l  in fo r m a t io n  u s e fu l  to  t h e  a n a ly s t ,  
s u c h  a s  l i t e r a tu r e ,  t e c h n ic a l  s o c ie t ie s ,  a n d  r e fe r e n c e  so u r c e s , are  a ls o  c o m p ile d .

C h a p te r  2 c o n s id e r s  th e  n a tu r e  a n d  e f f e c t  o f  th e  ca rr ier  g a s  in  t h e  g a s  c h r o m a to g r a p h ic  
p r o c e s s .

C h a p te r  3 d is c u s s e s  tw o  q u e s t io n s .  F ir s t  i t  c o n ta in s  a  d e t a i le d  t r e a t m e n t  o n  t h e  v a r io u s  
m e th o d s  u s e d  t o  fo r m  c e r ta in  v o la t i l e  d e r iv a t iv e s  p r io r  t o  a c t u a l  s a m p le  in t r o d u c t io n .  T h is  
w a s  f e l t  n e c e s s a r y  s in c e  th e  p r e p a r a t io n  o f  t h e s e  d e r iv a t iv e s  is  u s u a l ly  t h e  t a s k  o f  t h e  p r a c t ic a l  
g a s  c h r o m a to g r a p h e r . S e c o n d ly , t h i s  c h a p te r  d e sc r ib e s  t h e  d if f e r e n t  s a m p le  in t r o d u c t io n  
s y s t e m s .

C h a p te r  4  d is c u s s e s , in  d e t a i l ,  t h e  th e o r e t ic a l  a n d  p r a c t ic a l  p e r fo r m a n c e  a s p e c t s  o f  t h e  
c h r o m a to g r a p h ic  c o lu m n s .

C h a p te r  5 in c lu d e s  a s y s t e m a t ic  s u r v e y  o f  t h e  d e t e c t o r  s y s t e m s  w h ic h  h a v e  b e e n  e m 
p lo y e d  in  g a s  c h r o m a to g r a p h y  a n d  t h e  p h y s ic a l  c h a r a c te r is t ic s  a n d  p r a c t ic a l  a d v a n t a g e s  o f  e a c h .

C h a p te r  6  d is c u s s e s  th e  a p p l ic a t io n  o f  d ig i ta l  e le c tr o n ic  s y s t e m s  u s e d  in  g a s  c h r o m a t o 
g r a p h y  fo r  d a ta  h a n d lin g  a n d  e v a lu a t io n .

C h a p te r  7 e la b o r a te s  in  d e t a i l  t h e  in te r p r e ta t io n  o f  t h e  r e s u lts  o f  g a s  c h r o m a to g r a p h ic  
a n a ly s e s :  t h e  d e r iv a t io n  o f  t h e  q u a l i t a t iv e  a n d  q u a n t i t a t iv e  c o m p o s i t io n  o f  t h e  s a m p le  d e 
t e r m in e d  f r o m  t h e  c h r o m a to g r a m .

C h a p te r  8 s u m m a r iz e s  t h e  a u x i l ia r y  t e c h n iq u e s  u s e d  in  c o n n e c t io n  w it h  g a s  c h r o m a t o 
g r a p h y  f o r  t h e  id e n t i f ic a t io n  o f  t h e  in d iv id u a l  s e p a r a te d  s a m p le  c o m p o n e n t s .

C h a p te r  9 g iv e s  a s u m m a r y  o f  t h e  s o - c a l le d  r e a c t io n  g a s  c h r o m a to g r a p h y , i.e. t h e  t e c h 
n iq u e s  w h e r e  t h e  sa m p le  u n d e r g o e s  a c h e m ic a l  c h a n g e  in  t h e  GC s y s t e m .

F in a l ly ,  C h a p te r  10 d is c u s s e s  t h e  a p p l ic a t io n  o f  g a s  c h r o m a to g r a p h y  a s  a n  a u t o m a t e d  
a n a ly t ic a l  t e c h n iq u e  fo r  p r o c e s s -c o n tr o l  p u r p o s e s .

T h is  e x c e l le n t ly  e d ite d  b o o k , a p p e a r in g  in  a  ta s t e fu l  p r e s e n ta t io n ,  w i l l  b e  o f  g r e a t  v a lu e  
to  r e a d e r s  w is h in g  to  g e t  a c q u a in te d  w i t h  t h i s  t e c h n iq u e , a n d  to  a ll  th o s e  a n a ly t ic a l  a n d  o r 
g a n ic  c h e m is t s  c o n c e r n e d  in  th e  r o u t in e  a p p lic a t io n  o f  t h e  m e th o d .

Gy. D e á k
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4 2 6 BOOK R E V IE W S  -  BUCHBESPRECHUNGEN -  Р Е Ц Е Н З И И  К Н И Г

L. С. T h o m a s : “ А  New Chemical Structure Code for Data Storage and 
Retrieval in Molecular Spectroscopy” P ublished  b y  H eyden and Son L td .  
1968. 60 pages

T h is  m o n o g r a p h  d e a ls  w i t h  th e  p ro b lem s o f  s p e c tr o s c o p ic  d o c u m e n t a t io n  e n c o u n te r e d  
in  la b o r a to r ie s  t h a t  h a v e  a c c u m u la te d  a la r g e  b o d y  o f  s p e c tr a . T h r o u g h o u t  t h e  d isc u s s io n  
t h e  m a in  a sp e c ts  a re  t h e  s p e e d  a n d  e f f ic ie n c y  o f  d a t a  r e t r ie v a l .

T h e  a u th o r  d e s c r ib e s  i n  d e ta i l  th e  e x i s t in g  m e t h o d s  b a s e d  o n  n u m e r ic a l, a lp h a b e t ic a l  
a n d  m ic r o f ilm  f i l in g .  A m o n g  t h e  sp e c ific  s y s t e m  e x a m p le s  h e  g iv e s  t h e  c r it ic a l  e v a lu a t io n  
o f  t h e  “ S p e c -F in d e r ”  t a b u la r  b a n d  in d ic e s , p u n c h e d  c a r d  s y s t e m s ,  l ik e  t h e  w e ll-k n o w n  h a n d -  
s o r t e d  D M S  card s a n d  t h e  m a c h in e -s o r te d  W y a n d o tt e - A S T M  (I B M )  c a r d s . A s  a fu r th e r  p o s s i
b i l i t y  t h e  su p e r im p o s a b le  c a r d  s y s t e m  for o p t ic a l  c o in c id e n c e  s o r t in g  i s  a lso  d e sc r ib e d .

W ith  regard  t o  t h e  u s e  o f  c o m p u ters  fo r  s e a r c h in g  s p e c tr a  t h e  a u th o r  h o ld s  t h e  o p in io n  
t h a t  t h e  la rg er  d a ta  p r o c e s s in g  sy s te m s  are n o t  e c o n o m ic  fo r  t h is  s p e c ia l  p u r p o se .

T h e  m a in  b o d y  o f  t h e  m o n o g r a p h  is  c o n c e r n e d  w i t h  t h e  d e s c r ip t io n  o f  t h e  K o d a k  
M ir a c o d e  s y s te m . T h e  a b b r e v ia t io n  s ta n d s  fo r  “ M ic r o f i lm  I n f o r m a t io n  R e t r ie v a l  A c c e s s  C od e”  
a n d  t h e  s y s te m  w a s  o r ig in a l ly  d e v e lo p e d  fo r  t h e  s t o r a g e  a n d  r a p id  r e tr ie v a l  o f  in fo r m a t io n  
in  d o c u m e n t  fo rm . T h e  in h e r e n t  a d v a n ta g e s  a re  t h e  s p e e d  o f  r e t r ie v a l  a n d  t h e  f a c t  t h a t  w h e n  
r e t r ie v e d  th e  sp e c tr a  a r e  d i s p la y e d  o n  a r e a d e r  s c r e e n  a n d  a re  im m e d ia t e ly  a v a i la b le  fo r  
e i t h e r  p r in tin g  or c o m p a r is o n .

T h e  m o d if ic a t io n  o f  t h e  o r ig in a l M ira co d e  s y s t e m  b y  t h e  a u th o r  t o  s p e c tr o s c o p ic  d a ta  
i s  g iv e n  in  d e ta ils . N in e  a c t u a l  e x a m p le s  are g iv e n  t o  i l lu s t r a t e  t h e  c o d e  a n d  t h e  o p e r a t io n  
o f  t h e  s y s te m . T h is  s y s t e m  c a n  a lso  b e  u sed  fo r  h a n d l in g  u l t r a v io le t  a n d  m a g n e t ic  r e s o n a n c e  
s p e c t r a .

I n  th e  A p p e n d ix  t h e  c o m p le te  ch em ica l s t r u c t u r e  c o d e  is  g iv e n  fo r  t h e  M ira co d e  s y s te m  
f r o m  0 0 0  to  9 9 9 . T h e  p u b l i c a t i o n  co n ta in s  19 F ig u r e s  a n d  is  p a p e r b o u n d .

T h is  w ork  s h o u ld  p r o v e  u s e f u l  to  c h e m is ts  a n d  s p e c tr o s c o p is t s  c o n t e m p la t in g  to  d e v e lo p  
o r  im p r o v e  th e ir  o w n  d a t a  s t o r a g e  an d  r e tr ie v a l  s y s t e m s .

L. N e m e s

Acta Chim. Acad. Sei. H ung . 60, 1969
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ACTA CHIMICA

T O M  60 —  В Ы П . 4

РЕЗЮМЕ

Э л е к т р о н н а я  с т р у к т у р а  н е о р г а н и ч е с к и х  ц и к л и ч е с к и х  с о е д и н е н и й  

с н е н а с ы щ е н н ы м и  с в я з я м и ,  I I

Ультрафиолетовый спектр поглощения производных нитрита фосфора

Б .  Л А К А Т О Ш , А . Х Е С , Ж . В Е Т Э Ш И  и  Г . Х О Р В А Т

На основе изучения УФ-спектров поглощения нескольких циклических двух- 
замещенных нитридов фосфора и линейных производных, кажется вероятным, что в 
кольце нитридов фосфора не существует значительной, подобной ароматическому кольцу, 
р(.т) с 1 (я )  — электронной делокализации.

Э л е к т р о н н а я  с т р у к т у р а  н е о р г а н и ч е с к и х  ц и к л и ч е с к и х  с о е д и н е н и й  

с  н е н а с ы щ е н н ы м и  с в я з я м и ,  I I I

Интенсивность инфракрасной полосы поглощения тримера псевдогалогенидов нитрида
фосфора

П . П У Л А М , Б .  Л А К А Т О Ш , Г . Т О Т , А . Х Е С  и  Ж . В Е Т Э Ш И

Величины интенсивности интегрированной полосы антисимметричного азида и 
изо-тиоцианата из ИК-спектров поглощения циклических тримеров диазида и ди-изо- 
тиоцианата нитрида фосфора, измеренные авторами, сравнивались со значениями для 
нескольких аналогичных алифатических и ароматических производных, а также с не
циклическими кремниевыми, фосфорными и серными производными. На основе этого 
было установлено, что кольцо нитрида фосфора содержит не гетероморфную «аромати
ческую» л-электронную структуру, а менее делокализованное PNP трехцентровое л -  
электронное распределение.

С о р б ц и я  и о н о в  м е т а л л о в  н а  к а р б о к с и ц е л л ю л о з е  и з  с м е с и  р а с т в о р и т е л е й .

С о р б ц и я  к о б а л ь т а  ( I I )

А . Л А С Т И Т И  и  М . Е Ш И

Изучалась сорбция кобальта (II) на карбоксицеллюлозе (кц) в H-форме, из смесей 
вода-растворитель и формамид-растворитель. На основе экспериментальных данных 
было установлено, что если к менее основному растворителю с низкой диэлектрической 
постоянной добавить более основной растворитель с высокой диэлектрической постоянной, 
то в значительной степени возрастают количество сорбированного металла и скорость 
ионного обмена на карбоксицеллюлозе в H-форме. Не наблюдается линейная зависимость 
между степенью сорбции и диэлектрической постоянной среды в смесях спирт-вода и 
спирт-формамид. Гораздо более важное влияние оказывает на обмен Со(П)-водород се
лективное набухание карбоксицеллюлозы, основность растворителя и комплексообразо- 
вание, чем диэлектрическая проницаемость среды.
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М о л и б д е н о в ы й  и в о л ь ф р а м о в ы й  э л е к т р о д ы  д л я  п о т е н ц и о м е т р и ч е с к о й  

и н д и к а ц и и  п р и  с е р и й н о м  о п р е д е л е н и и  м о л и б д а т а ,  в о л ь ф р а м а т а  и  с в и н ц а

Р .  Г Е Й Е Р  и  М . Н Е Й М А Н Н

Зависимость потенциала молибденовых и вольфрамовых электродов от концент
рации свинца приблизительно описывается уравнением Нернста. Появление потенциала 
в присутствии посторонних ионов объясняет давно известную возможность индикации 
при потенциометрическом титровании вольфрамата и молибдата двухвалентным свинцом 
в присутствии буфера. В отсутствии буфера появляется смешанный потенциал. Изменение 
pH, вследствие гидролиза, изменяет высоту скачка потенциала в точке эквивалентности.

В и н и л о в ы е  п р о и з в о д н ы е  э л е м е н т о в  I V / I  г р у п п ы

Й . Н А Д Ь , Ш . Ф Е Р Е Н Ц И - Г Р Е С  и  С. Г . Д У Р Г А Р Ь Я Н

I. Методами Онсагера и Уедестранда были определены дипольные моменты три- 
метил-виниловых производных элементов IV/I группы,

(СН3)3Е—СН =  СН3, где Е =  С, Si, Oe, Sn
а также некоторых фенил-виниловых производных кремния

(CH3)n S i - C H =  СН,
I

(CeHä)3.„ где п =  0 и 2.
II. Для триметил-виниловых производных векторным путем рассчитывался ди

польный момент виниловой группы, а также связи между атомом и углеродом. С по
мощью этих данных векторным путем рассчитывались результирующие дипольные мо
менты фенил-виниловых производных кремния.

III. Было установлено, что минимальным дипольным моментом среди триметил- 
виниловых производных обладают производные кремния. Это объясняется тем, что если 
в случае углерода имеется лишь индуктивный (+1) эффект, то в случае кремния, германия 
и олова нужно считаться и с мезомерным (—М) эффектом обратного направления.

IV. Для доказательства вышесказанного проводились упрощенные квантово
химические расчеты.

И з у ч е н и е  и о н о о б м е н н ы х  р а в н о в е с и й  р а д и о а к т и в н ы м  м е т о д о м ,  X V

Использование жидких ионообменников для исследования смешанного комплекса цинка 
с гликолевой и а-гидрокси-изомасляной кислотой

т. Л Е Н Д Ь Е Л

С помощью метода жидких ионообменников, используя ди-этилгексил-фосфорную 
кислоту, изучались возможности образования смешанных комплексов в системе цинк- 
гликолевая кислота-О-гидрокси-изомасляная кислота.

Основываясь на теоретических соображениях, константа образования смешанного 
комплекса (MLA) определялась графически. В результате было получено log Km =  0,88.

О б р а з о в а н и е  ч е т в е р т и ч н ы х  с о л е й  1 , 2 - д в у х з а м е щ е н н ы х - 1 , 2 , 3 , 4 -  

т е т р а г и д р о и з о х и н о л и н о в ,  I I I

Изучение пространственной структуры диастереомерных солей методом протонного
магнитного резонанса

Л . Р А Д И Ч ,  М . К А Й Т А Р ,  Й . К О Б О Р  и  Г .  Б Е Р Н А Т

Изучались спектры пмр l -фенил-, 1-изопропил- и 1-(3’,4’-диметоксибензил)-2,2- 
диалкил-6,7-диметокси-1,2,3,4-тетрагидро-изохинолиновых солей, диастереомернйх на 
азоте. Было установлено, что в диастереомерах, образующихся преимущественно при 
алкилировании соответствующих N-метильных оснований («прямая» реакция), замести

A c ta  C him . Acad. Sei. Hung. 60, 1969



тель на атоме углерода С— 1 и группа на азоте, имеющая ббльший эффективный радиус, 
находятся в т р а н с  положении. Далее, пространственная структура четвертичных солей 
может быть описана одной, наиболее выгодной конформацией, и эта конформация харак
терна для всех диастереомеров, имеющих тот же самый заместитель на атоме углерода 
С—1. Предпологается, что в этой наиболее выгодной конформации фенильная группа 
в положении 1 п с е в д о е к в а т о р и а л ь н а , в то время как изопропильная, или 3,4-диметокси- 
бензильная группы — п с е в д о -а к с и а л ъ н ы . На основе стереохимии диастереомерных солей, 
а также данных по стереоселективности их образования, выдвигается предположение о 
том, что на ход образования четвертичных солей существенное влияние оказывает взаи
модействие присоединяющейся к азоту алкилной группы с заместителями, находящимися 
в положениях 1 и 2 . Наиболее выгодным направлением для присоединения является 
т р а н с  приближение алкильной группы по отношению к ориентации заместителя в поло
жение 1.

М е ч е н ы е  а м и н о к и с л о т ы  и и х  п р о и з в о д н ы е ,  I I

Получение ОЬ-глутаминовой-1-С14 кислоты, ОЬ-орнитина-1-С14 и ОЬ-аргинина-1-С14 

и. м езЕ, и. теплан и  й. мартон

Применялся синтез Стрекера для получения ОЬ-глутаминовой-1-С14 кислоты из 
ö-цианпропионацеталя. у-Бензоил-аминобутиральдегид, полученный из а-цианпро- 
пионацеталя, использовался для получения ОЬ-орнитина-1-С14, а затем из последнего 
был получен DL-aprHHHH-l-C14.

Acta Chim. Acad. Sei. H ung. 609 1 969
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