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Abstract 

Thermoanalyt ical  studies carried out on complex salts Ag3[Cr(SCN),,], TIa[Cr(SCN)6] 
and Hg.~[Cr(SCN),].,. On the basis of thermal analysis, and X-ray and chemical analyses of 
their decomposition products, schematic representat ions of the thermal decomposition 
reactions were established. From thermogravimetric  curves, kinetic parameters  were 
calculated using the methods of Coa t s -Redfe rn  and Zsako. A comparison of the thermal 
stabilities of the compounds was made. 

I N T R O D U C T I O N  

Hexathiocyanatochromate( l l I )  compounds form a large group of com- 
plex salts known since Roesler reported the preparation of (NH4)3 ~ 
[Cr(SCN)~], K3(Cr(SCN)~], Ag[Cr(SCN)~] and Pb3[Cr(SCN)~ [1]. Mohr 
obtained Bi[Cr(SCN)~] [2] and Karantasis and Sakellaridis succeeded in 
synthesizing Hg3[Cr(SCN)6]2 and TI[Cr(SCN)6] [3]. Some thiocyanato, 
chromate(I l I )  compounds have found analytical application, e.g. the 
very sparingly soluble bismuth heathiocyanatochromate has been used 
for the gravimetric determination of bismuth. The subject of the pres,  
ent work is a study of the thermal decomposition in dynamic conditions and 
an evaluation of the kinetic parameters  of the decomposition reactions, for 
Ag3[Cr(SCN)~], TIa[Cr(SCN)~] and Hga[Cr(SCN)~]2. Precise thermo- 
analytical studies of these compounds have not previously been performed. 
On the D T A  curve of TIa[Cr(SCN)6] Cherkasova et al. have found curve of 
T13[Cr(SCN)~] overlapping exothermic effects within a temperature range 
of 300-500°C [4]. These authors have also published the thermoanalytical 
curves of Ag3[Cr(SCN)6] and stated that the solid decomposition product of 
this compound is a mixture of Cr203 and AgzCrzO7 [5]. According to Liptay 
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et al. the final solid produc ts  of the thermal  decompos i t ion  of tha l l ium(I) ,  
si lver(I)  and potass ium h e x a t h i o c y a n a t o c h r o m a t e s  co r re spond  to a stoichi- 
omet r ic  mixture  of Cr203 + M2SO4 [6]. 

E X P E R I M E N T A L  

Apparatus 

The'rmal analysis of the c o m p o u n d s  unde r  s tudy was  carr ied  out  using a 
de r iva tograph  M O M  B u d a p e s t  type OD-102/1500°C.  

T h e  m e a s u r e m e n t s  were  made  in air over  the t e m p e r a t u r e  range  
20-1000°C at a hea t ing  ra te  of 5°C min-~. D T A  and D T G  sensit ivit ies were  
both  ! /10  and the T G  sensitivity was 100 rag. T h e  mass of the sample  was 
100 mg. a-A1203 was used as a re ference  mater ia l .  

In o rder  to follow the  course  of the the rmal  d e c o m p o s i t i o n  samples  of 
abou t  100 mg were  hea t ed  in V E B  E lec t ro - Indus t r i eo fenbau  R6mbi ld  type 
KO14 furnace  at a ra te  of 5°Cmin  -I to the app ropr i a t e  t e m p e r a t u r e  
de t e rmined  from the  the rmal  analysis curves.  

The  X-ray diffraction pa t t e rns  of the original  c o m p o u n d s  and the s inters  
were  ob ta ined  using a D R O N - 1  di f f rac tometer  with a nickel-f i l tered Cu Kot 
radia t ion source.  T h e  intensi ty  o f  the reflections was m e a s u r e d  with a 
scintil lation coun te r  SRS I-0. Diffracted rays were  r eco rded  with an 
au tomat ic  r eco rde r  over  the  range  of 20 angles 2 - 6 0  ° . 

Preparation, chemical and X-ray analyses 

Silver and thal l ium h e x a t h i o c y a n a t o c h r o m a t e s  were  p r e p a r e d  by dissolv- 
ing the appropr i a t e  quant i ty  of AgNO3 or TINO3 in 0.1 M HNOa and slowly 
adding an excessive of 5% K~[Cr(SCN)~] solution.  Fine  precipi ta tes  of 
Ag3[Cr(SCN)6] (pink)  and TI3[Cr(SCN)6] (grey) were  immedia te ly  formed.  
They  were  hea ted  on the  wa te r  bath  for abou t  1 h, fi l tered off and dr ied in 
air a m b i e n t  t empe ra tu r e .  A brown prec ip i ta te  of Hg3[Cr(SCN)6]2 was 
p repa red  analogously,  using HgCI2 solut ion in di lute hydrochlor ic  acid. 
K3[Cr(SCN)~] was ob ta ined  by the m e t h o d  descr ibed in the  l i tera ture  [I]. 

T h e  chemical  composi t ions  of the c o m p o u n d s  u n d e r  s tudy were  
confi rmed by chemical  analysis. Th iocyan te  was d e t e r m i n e d  by the  m e t h o d  
descr ibed by Mue l l e r  [7]; t h e  ou te r  s p h e r e  meta ls  were  d e t e r m i n e d  
gravimetr ical ly  as AgCI,  TII and HgS. T h e  solubili t ies of the c o m p o u n d s  in 
w a t e r  at room t e m p e r a t u r e  were  also de te rmined .  T h e r e s u l t s  of the 
analyses  a n d  the solubili ty de t e rmina t ions  of the c o m p o u n d s  unde r  s tudy 
are p r e s e n t e d  in Tab le  1. 

Ag3[Cr(SCN)6] and  TI.~[cr(scN)~] exhibit  wel l -def ined diffraction pat-  
te rns  reveal ing the  s t ruc tures  of these  c o m p o u n d s  to be crystal l ine,  whe reas  
the  diffraction p a t t e r n  of  Hg3[Cr(SCN)6]2 indicates tha t  this s a l t  is 
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T A B L E  1 

Results of chemical analysis and solubility in water of hexathioeyanatochrornate(II1) salts 

Compound Colour of Outer sphere SCN- Solubility 
precipitate cation ( w t . % )  ( w t . % )  (g 1 - I )  

Aga [Cr (SCN) , ]  P i n k  44.72 47.60 0.6 x 10 -'~ 
TI.~[Cr(SCN)~] G r e y  60.51 60.36 1.7 x 10 -a 
Hga[Cr(SCN)6]2 B r o w n  41.30 48.98 1.6 x 10 -'~ 

T A B L E  2 

X-Ray diffraction data of silver and thallium hexacyanatoehromate(llI) salts 

Ag3[Cr(SCN)~] TI.~[Cr(SCN).] 

din I d/n I 

7.14 53.1 7.10 72.7 
7.02 46.9 7.08 48.5 
4.15 100.0 6.86 36.4 
3.60 40.6 4.70 93.9 
2.73 50.0 4.40 36.4 
2.72 40.6 4.25 36.4 
2.53 21.9 4.00 42.4 
2.41 25.0 3.13 66.7 
2.21 18.7 3.06 100.0 
2.02 25.0 2.99 45.4 
2.75 40.6 2.86 42.4 
2.53 25.0 2.76 15.1 

2.36 15.1 
2.23 18.2 
2.13 12.1 

amorphous. X-ray diffraction data of silvor at~d thallium hexathio- 
cyanatochromates are presented in Table 2. 

Thermoanalytical studies 

Thermal analysis curves of the compounds under study are shown in 
Figs. 1-3.  The slight decrease in mass (2 -3%)  at low temperatures are 
connected with the removal of hygroscopic water and volatile impurities of 
the samples. On the D T A  curves no peaks corresponding to the  melting of 
the compounds are observed. The TG and D T G  curves of Ag3[Cr(SCN)6] 
(Fig, !)  show two gradual overlapping stages of decomposition with a loss 
o f  mass of 28% within the temperature range 230,'!'!.0°C. The D T A  curve 
shows a large e x o t h e ~ i e  peak beginning at 320°C with two weak maxima 
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Fig. I. Thermal  analysis curves of Ag.~[Cr(SCN)~]. 
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Fig. 2. Thermal  analysis curves of TI.~[Cr(SCN)~]. 
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Fig. 3. Thermal  analysis curves of HK~[Cr(SCN)~]2. 

at 360°C and  420°C and finishing at 560°C. The  small  bu t  distinct peak  at 
660°C co r r e sponds  to the  mel t ing  of one  of  the solid decompos i t ion  
p roduc t s  (Ag2SO4). A t  high t e m p e r a t u r e s  on the  D T A  curve a small sharp  
e n d o t h e r m i c  p e a k  at 980°C is observed .  This  co r r e sponds  to the fast loss o f  
mass  connec t ed  with the evapo ra t i on  of the mo l t en  Ag2SO4. 

The  the rmoana ly t i ca l  curves  o f  TIa[Cr(SCN)6] are  shown in Fig. 2. A lo s s  
of  mass  of  17% takes  place within the  t e m p e r a t u r e  range  320-460°C and  is 
a c c o m p a n i e d  by a large exo the rmic  effect with two p e a k s :  high a t  450°C; • 
distinctly lower  at 470°C. T h e  slight increase in mass  of abou t  3% obse rved  
on  the T G  curve  is p robab ly  a resul t  of  ox ida t ion  o f  the decompos i t i on  
p roduc t  0f t h e  or iginal  c o m p o u n d  to thal l ium su lpha te .  A c o r r e s p o n d i n g  
sharp  exo the rmie  p e a k  occurs  at  630°C. 

T h e  •main s tep in the  t he rma l  decompos i t ion  of  Hga[Cr(SCN)6]z (Fig. 3) 
t a k e s  place within t h e  t e m p e r a t u r e  range  220-470°C,  T h e  app rop r i a t e  loss 
of  mass  (77%)  is r e l a t ed  to the  occur rence  o f  a b r o a d  e x o t h e r m i e  p e a k  wi th  
two maxima:  370 and  480°C. A b o v e  470°C a slow mass  decrease  of abou t  
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8% is visible. At  higher  t e m p e r a t u r e s  (700-1000°C) the mass  of the sample  
does not  change.  

T h e  course  of  the the rmal  decompos i t i on  react ions  of  the  hexa th iocy-  
a n a t o c h r o m a t e s  under  s tudy was fol lowed by hea t ing  the samples  of  abou t  
100 mg of  these  c o m p o u n d s  in a silite furnace  at 5 ° min -1 in air (i.e. the 
condi t ions  were  similar to those  u n d e r  which the the rmal  analysis  curves  
were  p r e p a r e d )  up to app rop r i a t e  t e m p e r a t u r e s  d e t e r m i n e d  f rom the T G  
curves.  Sinters  of Ag3[Cr(SCN)6] were  p r e p a r e d  at 270, 390 and  700°C, of  
TI3[Cr(SCN)~] at  450°C and of Hg3[Cr(SCN)~]2 at  800°C. The  samples  
tes ted  were  those whose changes  in mass  were  similar  to those  ca lcula ted  

T~Ec~tsc~ 

t,50 ,r_ 

'6b ~ dO . . . . .  m 26 . . . .  
2 9  

66 ~b dO " - - " J 6 "  26 
29 

Fig' 5. X-ray diffraction patterns of TI~[Cr(SCN)~,], s inte~ and T12SO4. 
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Fig. 6. X- ray d~ffraction patterns of  I I [~[Cr(SCN), ]2,  sinters and Cr20.~. 

T A B L E  3 

K ine t i c  p a r a m e t e r s  o f  t he  d e c o m p o s i t i o n  
h e x a t h i o c y a n a t o c h r o m a t e ( I I I )  salts 

r e a c t i o n s  o f  s i lver ,  t ha l l i um a n d  m e r c u r y  

C o m p o u n d  C o a t s  a n d  R e d f e r n  ° Z s a k o  h 

E (kJ  m o l -  ' ) n E (kJ  m o l -  i ) n 

Ag.~[ Cr (SCN)~,] 68.5 0.3 71.2 0.4 
TI.~[Cr(SCN ),] 216.7 2.0 209.3 1.9 
Hg.~ [Cr(  S C N  )~] 2 88.0 1.0 87.9 1.0 

" Ref .  8. }' Ref .  9. 

f rom T G  curves at app rop r i a t e  t empera tu res .  Chemica l  analyses of the 
sinters  were  carr ied ou t  by the m e t h o d s  descr ibed earlier.  C h r o m i u m  was 
d e t e r m i n e d  i0dometr ica l ly  [7]. The  diffraction pa t t e rns  of the original 
c o m p o u n d s  and the  sinters  are shown in Figs. 4 -6 .  

Act iva t ion  energies  and  react ion orders  of the the rmal  decompos i t ion  
react ions  of the c o m p o u n d s  u n d e r  s tudy were  calculated f rom T G  curves 
using the m e t h o d s  of Coats  and Redfe rn  [8] and Z s a k o  [9]. C o m p u t e r  
p rog rams  were  based  on the  ma themat i ca l  fo rmulae  given by these  authors .  
The  final results of  these calculat ions are listed in Tab le  3. 

C O N C L U S I O N S  

The  sparingly soluble fine crystals of silver and thal l ium hexathio-  
c y a n a t o c h r o m a t e ( l l l )  sa l ts  a n d  a m o r p h o u s  mercury  hexa th iocyana to-  
c h r o m a t e ( l l I )  instantly separa te  f rom the m o t h e r  solut ions at r o o m  temper -  
a ture .  The  thermal  decompos i t ion  of these salts takes  place a round  200°C 
and  is not  p receded  by mel t ing  of the samples .  Accord ing  to the thermal ,  
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chemical and X ' ray  analyses of the solid intermediate  and final products of 
the decomposit ion of Ag.~[Cr(SCN)~] and TI3[Cr(SCN)6], crystalline silver 
sulphate,  thallium sulphate,  • and amorphous  Cr2Oa are formed, whereas 
crystalline Cr203 is the o n l y  solid product of the decomposit ion of 
Hg3[Cr(SCN)c,]3. The quanti tat ive composit ions of the gaseous decom- 
position products were not examined exactly, According to our tentative 
quantitat ive analysis and the available l i terature data, in the course of the 
thermal decomposit ion of the thiocyanatochromates  under  study SO2, 
CO2 and N2 a re  probably liberated. 

Chemical and X-ray analysis of sinters obtained by heating the complex 
salts examined to the appropria te  temperatures  determined from the TG 
curves allow t h e  following summary schemes of thermal decomposit ion 
reactions to be suggested.  

2Ag3[Cr(SCN)6]----> 3Ag2SO4 + Cr203 + gaseous products 

2TI3[Cr(SCN)6] > 3TIzSO, + Cr203 + gaseous products 

Hg3[Cr(SCN)~,]2----> Cr203 + gaseous products 

The thermal stabilities o f  the compounds  under  study (defined by the 
tempera ture  at which the decomposit ion starts) increase in the order  
Hg3[Cr(SCN)~]2 < Ag3[Cr(SCN)~] < TI3[Cr(SCN)~,]. The activation energy 
o f  the thermal decomposit ion reaction of Tia[Cr(SCN)6] (about  210 
k J m o l - ' )  is distinctly greater than that of Ag3[Cr(SCN)6] (about  71 kJ 
mol - ' )  or that of Hg3[Cr(SCN)~]2 (about 88 kJ tool- ' ) .  
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