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FORMATION OF TRIACETYLTHIOCARBAMIDE CHROMIUM PERCHLORATE *

The method were e l a b o r a t e d  f o r  th e  p r e p a r a t i o n  o f  
[Cr(CHsC0NHCSNHt)4 l \ C 1 0 j ,  . In  t h i s  p a p e r  we ¿-ive c o n d i 
t i o n s  f o r  th e  s y n t h e s i s ,  c o m p o s i t io n ,  p r o p e r t i e s  and p ro 
pose th e  s t r u c t u r e  o f  th e  o b ta in e d  compound.

C e r v o n e ,  C a n c e l l i e r » i  and F u r  1 a  n 1 
[1  ] p re p a re d  a s o l i d  compound o f  Chromium ( I I I )  w i th  t h i o c a r b a -  
mide (TM) o f  fo rm u la  [ C r (T M ) j]C l j .  K h a n  [ 2 ]  used  t h i s  
complex to  p re p a re  o t h e r  s i x - c o o r d i n a t e d  mixed com plexes o f  th e  
ty p e :  [ Cr(TM X^LgCljjCl where L - p i r i d i n e :  [ C H T M ^ L ^ jc i j  where 
L* -  O « p h e n an tro l in e  and [C rC T M ^L ^Jc i  where L" -  p h e n y la r s e n ic  
a c i d .  In  l i t e r a t u r e  t h e r e  i s  a  l a c k  o f  d a t a  on C r ( I I I )  com
p l e x e s  c o n t a i n i n g  th io c a r b a m id e  d e r i v a t i v e s  i n  th e  i n t e r n a l  
s p h e r e .  During th e  i n v e s t i g a t i o n s  o f  t h e  com plex ing  r e a c t i o n  i n  
th e  sys tem : Cr(C10A) 3-AcTM-H20 ,  where A cT M -N -ace ty l th iocarbam i
de CH3CO.NH.CS.NH2 we d e te rm in e d  th e  fo rm a tio n  o f  a  v e ry  ch a
r a c t e r i s t i c  c r y s t a l l i n e  d e p o s i t  o f  a new compound. I n  t h i s  p a p e r  
we g iv e  c o n d i t i o n s  f o r  th e  s y n t h e s i s ,  com p& sition  p r o p e r t i e s  and 
p ro p o se  t h e  s t r u c t u r e  o f  th e  o b ta in e d  compound.

/
Experim ent a l

P r e p a r a t i o n  o f  (~Cr(CHj CO.NH.CS.NHp ^ ^ C ^ O y^ *

To 50 ccm o f  0 ,2 5  M aqueous s o l u t i o n  o f  C r (C 1 0 ^ ) j  k e p t  a t  
room te m p e r a tu re  we added 150 ccm o f  0 ,2 5  M ( s a t u r a t e d  s o lu -

* The work h a s  been c a r r i e d  o u t  w i th i n  t h e  r e s e a r c h  Problem  
M R-I-11.



t l o n )  aqueou3 s o l u t i o n  o f  N - a c e ty l th lo c a r b a m id e  ( Schuchardt-MUn- 
c h o n ) .  A f t e r  h a v in g  th o ro u g h ly  mixed th e  r e a g e n t s  t h e  s o l u t i o n  
was h e a te d  on a w a te r  b a th  u n t i l  t h e  moment o f  s h a rp  c o l o u r  
change  from g re e n  to  d a r k v i o l e t .  A f t e r  c o o l in g  th e  s o l u t i o n  
y i e l d e d  a m i c r o c r y s t a l l i n e  d a rk  v i o l e t  d e p o s i t .  The educed c r y 
s t a l s  were washed a  few t im e s  w i th  c o ld  w a te r  and  d r i e d  In  th e  
a tm o sp h ere  o f  a i r  a t  room t e m p e r a tu r e  t o  c o n s t a n t  w e ig h t .  • The 
r e a c t i o n  y i e l d  c a l c u l a t e d  i n  r e l a t i o n  to  th e  i n i t i a l  amount o f  
C r ( I I I )  i s  a lm o s t  100%. I t . w a s  e s t a b i l i s h e d  t h a t  t h e  s o l u t i o n  
w hich  u n d e rg o e s  c r y s t a l l i z a t i o n  sh o u ld  have an  a c i d i c  r e a c t i o n  
s i n c e  a t  h i g h e r  pH v a l u e s  t h e r e  t a k e s  p l a c e  t h e  d e s u l p h u r a t i o n  
o f  a c e t y l th l o c a r b a m i d e  com plexes o f  C r ( I I I )  w i th  t h e  i s o l a t i o n  
o f  H2S .  The p r e s e n c e  o f  chromium, a c e t y l th l o c a r b a m i d e  and p e r 
c h l o r a t e  i o n s  was d e te rm in e d  i n  t h e  o b t a in e d  p r e c i p i t a t e .

The c o n t e n t  o f  C, N, H, S and  Cl was d e te rm in e d  by elem en
t a r y  a n a l y s i s  m ethods and th e  c o n t e n t  o f  C r ( I I I )  by com plexo- 
m e t r i c  m ethod .

The a n a l y s i s  r e s u l t s  f o r  t h e  assumed fo rm u la  
[Cr(CHjC0.NH.CS.NHg)j](C104 >3

a r e  a s  f o l l o w s :
c a l c u l a t e d :  10.27% C r, 21.37% C, 16 . 61% N, 3.59% H, 19.01% S 

and 21.02% Cl:
fo u n d :  10.17% C r,  20.40% C, 16.7196 N, 3.57% H, 19.01% S and 

2 0 . C2% C l j

R e s u l t s

P r o p e r t i e s  and th e rm a l  r e s i s t i v i t y  o f  [C r ( A c T M ) j ] ( C 1 0 ^ j

The o b ta in e d  compound i s  ap anaqueous  d a r k - v i o l e t  s u b s ta n c e ,  
h a r d ly  s o l u b l e  i n  a c e to n e  and i n  w a te r .  . I t s  m .p .  t e m p e r a tu r e  i s  
191°C. D uring h e a t i n g  w i th  c o n c e n t r a t e d  a c i d s  i t  c o m p le te ly  
decom poses .  I t  i s  s i m i l a r l y  decomposed by s t r o n g  a l k a l i s  ( d e -  
s u l p h u r a t i o n  o f  com pound). I n v e s t i g a t i o n s  made by d e r i v a t o g r a -  
phl. s m ethods i n  t n e  a tm osphere  o f  a i r  showed t h a t  t h e  o b ta in e d  
c.--''.pound i s  a l s o  h a r d ly  r e s i s t i v e  to  t h e  a c t i o n  o f  h ig h  tem pe- 
r i . jf-os. Tne d e r iv a to g ra m  o f  th e  i n v e s t i g a t e d  compound i s  shown 
i n  F ig .  1.
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P i g .  1 .  Thermal a n a l y s i s  c u r v e s  complex [Cr(CH3CO • NH • CS • N ife^ ]  
(CIO^H . D e r iv a to g ra p h  made i n  Hungary, h e a t i n g  r a t e  5 C/min; 
sample mass 59 mg; s e n s i t i v i t y :  DTA -  1 /1 5 , DTG - 1 / 1 5 :  TG -

-  200 , R e fe re n c e  s u b s ta n c e  a  -A120 3

The d e r iv a to g ra m  o f  a c e ty l th i o c a r b a m i d e  i s  shown i n  p a p e r  3 .  
I t  f o l l o w s  from d e r iv a t o g r a p h i c  d a t a  t h a t  t h e  th e rm a l  decompo- 
s i t i d r t -  o f  t h e  o b ta in e d  compound i s  o f  a complex n a t u r e .  The 
ru n  0f  phenomena co n n e c ted  w i th  e f f e c t s  shown on DTG, DTA and 
TG c u r v e s  can  be d e s c r i b e d  by th e  fo l lo w in g  scheme:

[Cr(AcTM)3 ](C10A) 3 [Cr(AcTM)2 ](C104) 3



[Cr(AcTM )](Cł04 ) 3 - f sW * ' C r iC lO ^ j  

Cr0( 1 , 5 « )  4 C102 ♦ C12 * 2 5 *x)  0 2

The decom position  end product i s  Cr^Oy S ta g es  o f  th e  th e r 
mal decom position  proposed by us In Table 1 wsre confirm ed by 
a d d it io n a l a n a ly t ic  s tu d ie s  o f  ob ta ined  th e r m o ly s is  p rod ucts o f  
th e  in v e s t ig a te d  compound. A C r (I I I )  c a t io n  a t tr ib u te d  probably  
to  Ct2°j, was id e n t i f i e d  in  an agglom erate prepared a t  800°C. 
C on clu sion s drawn from our s tu d ie s  are in  accordance w ith  Buzas* 
d ata  [ 4 ] ,

T a b l e  1

S ta g es o f  therm al decom position  o f
[Cr(AcTM)3 ](C104 ) 3

( S ta g e

r.......
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Loss o f  mass
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Maximum o f  
e n d o e f f e c t  

on DTA 
cu rv e

Maximum o f  
e x o e f f e c t  

on DTA 
cu rv e

P ro c e s s
! range c a lc u 

l a t e d
i

I ( ° c ) found c
I

1

i .
20-120 8 120 . d e m o i s tu r i z a t i o n

2 i 180-210 - 191 - m e l t in g  o f  
sample

3 j 200-230 23.9 23.4 210 e l i m in a t io n  o f  
th e  f i r s t  mole
c u l e  AcTM

4 ! 270-320 47.1 46.7 290 e l i m in a t io n  o f  
th e  second mole
c u l e  AcTM

5 J 370-440 7 0 .5 7 0 .0 420 e l i m in a t io n  o f  
th e  t h i r d  mole
c u le  AcTM

6 I 440-460

i

- -
■

450 d ecom po s it io n  
o f  C r l C l O ^



IR s pec trum  o f  [Cr(CH3C0NHC3NH2 ) 3 ](C10/f) ?

T ab le  2 g i v e s  c h a r a c t e r i s t i c  bands  o b se rv ed  i n  IR s p e c t r a  
f o r  a c e t y l th i o c a r b a m i d e  and  f o r  t h e  o b ta in e d  compound. A n a ly s i s  
o f  t h e s e  d a t a  made on th e  b a s i s  o f  p a p e r s  [ 2 ,  3 ,  5 - 7 ]  shows t h a t  
t h e  C r ( I I I )  i o n  c o o r d i n a t e s  w i th  N - a c e ty l th io c a r b a m id e  th ro u g h

T a  b 1 e 2

C h a r a c t e r i s t i c  a b s o r p t i o n  bands  i n  IR s p e c t r a  
r e c o r d e d  w i th in  t h e  r a n g e  4600-700 cm1. 

Specord  71 IR , KBr p e l l e t s

E n t ry
C h a r a c t e r i s t i c  b an d s ,  cm“ 1 Types o f  

v i b r a t i o nCHjCO.NH.CS.NHg [Cr(CH3C0.NH.CS.NH2 >3 ](C104 ) 3

1 3420 vw .3420
2 3260 vw • 3250
3 3220 m 3200
4 3170 m 3170 J

5 1590 s 1600 v s 6NH2 (B.,)

6 1400 s 1420 a vNCN (A1) 
6NH2 (At ) 
VCS (An)

7 1360 m 1370 m 6 ch3

8 1035 v s 1040 vw
. y.

f i r  NH2 (At ) 
v(NCM) ( A^) 
6 r  NH2 ( B1) 
vCS (A.,)

9 715 s 700 s vCS (A1) uCH

t h e  s u lp h u r  atom  (C r-^---- S ) .  I t  i s  i n d i c a t e d  by a sm a l l  change
o f  th e  bands ( v N-H, 6 NH ) i n  t h e  com plex . A band  a t  715 cm" ,

c h a r a c t e r i s t i c  f o r  AcTM i s  s h i f t e d  i n  th e  complex to  lo w er  
f r e q u e n c i e s  s u g g e s t i n g  th e  fo rm a t io n  o f  a m e t a l - s u l p h u r  band 
1 5 ] .  Such a c o n c lu s io n  i s  a l s o  backed  by a  20 cm s h i f t  o f  a



com plex band ( v NCN, 6r  v ^ g ,  &CH ) t o  h i g h e r  f r e q u e n c i e s

i n  th e  complex (1420 cm"1 ) i n  com parison  to  AcTM (1400 cm“ 1 ) .  
Such a  d i r e c t i o n  o f  ch a n g es  was o b se rv e d  by Khan [ 2 ]  i n  IR 
s p e c t r e  o f  r e l a t e d  compounds.
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Joanna  Masłowska, E l ż b i e t a  Ł o d y g a-C h ru śc iń sk a

PO.','STAWANIE NADCHLORANU TRÓJACETYLOTIOKARBAMIDOCHROMOWEGO

B adając  r e a k c j e  kom pleksowania w u k ł a d z i e i  C r i C l O ^  -AcTM-H^O 
s t w i e r d z i l i ś m y  pow staw anie  b a rd zo  c h a r a k te r y s ty c z n e g o ,  k r y s t a l i 
cznego osadu nowego zw iązku , d l a  k tó re g o  . w o p a r c iu  o w ynik i  a n a 
l i z y  ch em iczn e j  proponujem y wzór [Cr(CH^CONHCSNH2)3 ] (C1 0 i ) 3 .

Wykonane widma w p o d cz e rw ie n i  w sk azu ją ,  że  jo n  C r ( I I I )  k o o r
d y n u je  z N -a ce ty lo t io k a rb a m id e m  p r z e z  atom S ( C r * — S ) .  Otrzyma
ny  zw iązek  j e s t  mało odporny n a  d z i a ł a n i e  w ysokich  t e m p e r a tu r .  
Z danych  d e ry w a to g ra f ic z n y c h  w ynika, ż e  badany zw iązek  ro z ę a d a  
s i ę  w k i l k u  e ta p a c h  w z a k r e s i e  t e m p e ra tu ry  -200-460°C, . a  końco
wym produktem  s ta ły m  j e s t  Cr20 3.



ÇaHHa MacJiOBcica, 3jiMc<5eTa JIojtura-XpycuMHCKa 

0BPA30BAHZE [C r (CH3CONHCSNH2 ) 3 ] (C10A) 3

B peanuhh KOUiuieKCOBaHHA b cH crene: Cr (C10¿ WAcTM-HoO (AcTM ■ 
CH3CONHCSNH2) nojiy^aetCH HOBoe coejiHHeHHe [Cr(A clM )3] ( 010^ ) 3,. npo- 
BeAeHHhift BM3JIU3 HHijpaKpacHbix oneKTpoB yxa3hiBaeT Ha cbhsb Tnna Cr-^S. 
3 to  coe^HHeHHe p a 3 J ia rae ica  np« tew iepaT ype 200-460°C.


