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ABSTRACT 

Thermal and spectroscopic properties of 6 Cr(III1 and 15 Cr(IV) 

coordination compounds have been presented. The thermal (TG,DTG, 

DTA) decomposition of all the complexes has been carried out in 

argon and air atmospheres in the temperature range of 293-1273 K. 

The activation energies were calculated from the known Kissinger 

equation and compared with the charge transfer (L-Crl band energies 

observed in the diffuse reflectance spectra of all the compounds 

studied. For the better interpretation of the data a computer 

resolution was applied yielding some interesting results. 

INTRODUCTION 

The thermal and spectroscopic investigations of camp lex 

compounds may provide useful information on their physicochemical 

properties. Moreover, the properties of almost any type of 

substance can be investigated by thermosravimetric analysis. For 

this type of investigations. among others. numerous groups of metal 

complexes have been used [l-41 . 

The physicochemical properties of some Cr(II1) and Cr(IV1 

complexes have been the subject of our investigations for several 

years 15-91. Whereas, extensive studies have been devoted to the 

thermal analysis of Cr(III1 and Cr(V1) [e.g. 10-121, there are 

almost no reports concerning the thermal behavior of Cr(IV1 

compounds 15 I . 

In this paper six >ICr(NCS161+solid complexes; where M is K+ 

Cs+, As+, IAg(bipy) 2l , [ (CH31 4Nl and [ (C2H514N1 as well as 15 

Cr(IV1 compounds as the products of reactions of chrome 1 chloride 

and chromyl acetate with alkylaromatics have been investigated by 

thermal analysis and uv-vie spectroscopy. 

Thermal Analysis Proc. 9th IOTA Congress, Jerusalem, Israel, 21-25 Aug. 1988 
004~6031/88/$03.50 0 1988 Elsevier Science Publishers B.V. 



366 

EXPERIMENTAL 

The Cr(IV1 complexes were synthetized by the method described in 

t61 as the solid products of chromyl chloride and chromyl acetate 

reactSons with alkylaromatics. The Cr(III1 complexes containing 

[Cr(NCS1613- anion were prepared by using the method in ref. (81. 

Simultaneous TG/DTG/DTA curves were obtained with Paulik-Paulik- 

Erdey OD 102 thermobalance in air and argon atmospheres. The sample 

weight was -maintained as nearly constant (approximately 100 mgf. The 

thermal curves were obtained using the programmed heating of 5 

deg/min and were observed in the temperature range of 293-1273 K. 

The thermal decomposition products corresponding to discrete pla- 

teau regions were isolated. The initial compounds and the products 

were characterized via the methods of elemental analysis as well as 

by IR and uv-vis spectroscopy. IR spectra were measured with 

Specord M80 while the diffuse reflectance spectra were performed 

with Hitachi Model 356 spectrophotometers. The diffuse reflectance 

spectra aa well as DTA curves were resolved into component8 using 

computer methods elaborated in our laboratory [131. The activation 

energies of the particular steps of decomposition of the complexes 

studied were calculated from the Kissinger equation 1141. 

RESULTS AND DISCUSSION 

All the compounds studied in this paper are listed in Tables 1-2. 

Cr(IVl compounds. The thermal behavior of Cr(IV1 complexes was 

the subject of our investigations in f51. In this paper we have 

compared the data obtained from the spectroscopic investigations of 

these complexes with those resulting from thermal analysis. 

We have stated earlier that chromyl chloride products in argon 

atmosphere decompose as follows: 
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DTA curve analysis on Cr(OIiI2(CH3COGI2 in argon atmosphere 

indicates the existence of an intermediate with the formula 

Cr20(OHI2(CH3COGI2. The dichromium(IV) hydroxoacetate showed three 

step decomposition with the intermediate Cr203(CH3COC)2. 

In Table 1 we present the activation energies obtained from thermal 

investigations of these compounds in comparison to those obtained 

from the diffuse reflectance spectra on the basis of CT band 

transition. As one can observe the values of activation energies 

calculated from the CT energies are much higher than those obtained f'rcm 

the thermal decomposition data. The reason of such differences may 

very probably be due to interaction of other CT bands (e.9. Cl-Cr 
* 

as well as ligand n - n bands) in the complexes and therefore the 

shift of the 0-Cr CT band to higher energy. 

.TADLE 1 

The activation energies in Cr(IV) complexes from the thermal (air 
atmosphere) and spectroscopic data 

Compound E,IkJ/molel ECTW-'l EaIkJ/molel 

(thermal) (spectroscopic) 

2Cr02CL2-C6H5CH3 194 20400 244 

2Cr02CL2*C6H5C21i5 192 20400 244 

2Cr02CL2*C6H5(n-C3H,I 214 20620 247 

2Cr02CL2*C6H5(iso-C3H7) 202 21050 252 

2CrC2CL2.(C6H512CH2 171 20000 239 

Cr(OH) 2(CHpO)2 (C6H5CH3) 196 20830 249 
- *I - (C6H5C2H5) 194 20830 249 
- @I - (C6H5(n-C3H7)I 195 20830 249 
- (1 - (C6H5(iso-C31i71 1 195 20830 249 
- " - ( (C6H5) 2CH2) 199 20830 249 
- " - ((C6H513CHI 193 20830 249 

Cr202(OH14(CH3COO12 (C6H5CH31 192 19610 234 
- " - 

(C6HSC2HSI 203 19610 234 
- " - (C6H5(n-C$1711 200 20000 239 
- @I - ((C H 1 CH 1 196 20000 239 

Cr(IIII compounds Figs.1 and 2 show the TO and DTA curves for 

K31CrfNCS)614H20 and I(CH314N13[Cr(NCS)61 complexes in argon and 

air atmospheres as the examples. Table 2 presents the results of 

thermal decomposition of all the Cr(III) complexes studied. 

The DTA curves in Figs 1 and 2 of camp lexes studied in argon 

atmosphere are very complicated. Even the DTG curves in all canes 
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of ICr(NCS) 61 3- compounds are not resolved enough to separate the 

step8 .of decomposition of these camp lexee . Because of this 

complexity we have applied computer methods for getting more 

details. The DDTA curve8 ehown in the Fig8 are the derivative of 

DTA curvefi. 

373 573 773 973 T,K+ 

Fig.1. TG, DTA and DDTA curve8 of K3[Cr(NCS161.4H20 in air (-1 

and argon (----I atmospheres. 

Of the complexes etudied only K31Cr(NCS161 4H20 derivative contains 

cryetallization water. The water molecules must be linked to the 

cation through hydrogen bridges. For this complex the fir-et decom- 

position stage is endothermic with release of the cryetallization 

water, thie occurs in temperature range 318-413 K. On the DDTA 

curve we observe four peaks corresponding to .dehydration of four 

water moleculee. The activation energy for dehydration of 

K3[Cr(NCS161 4H20 calculated from the slope of Arrhenius plot was 

42 kJ/mole and 47 kJ/mole in air and argon atmospheres, 

respectively. In air atmosphere all the compounds show the 

exothermic DTA complex bands in the range *of about 500-800 K. They 

are probably connected with further decomposition of the complexes 

to thiocyanate compounds of the type M-NCS and Cr(NCS13 and then 

with their oxidation to metal oxides(the increaee of weight of the 

samples on TG curves) . In the caee of complexes with organic 

cations (see Fig.21 one observes the great weight loss of about 60% 

which correspond6 to decomposition to I(CH314NINCq and Cr(NC!313. 

The weight loss oooWrin8 between about 813-823 K presumable begins 

with an endothermic decomposition reaction but thie i8 traneformed 

into a more complicated exothermic process with the participation 
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of atmospheric oxygen. In argon atmosphere the decomposition is 

probably connected with the Cr253 or- Cr2N3 or CrCZ f onaation and 

then their decomposition at about 1000 K. The diffuse reflectance 

spectra as well as IR spectra of black residue show no appropriate 

bande. 

: 

i 

c 

Fig, 2. TS. 

80 

e 
373 873 773 973 T,K-, 

DTA and DDTA curves of f(CH3)4N13 ICrtNCS) 6l 

t -) and argon t---l atmospheres. 

Table 2 

The comparison of energies of CT transitions with the activation 
energies of Cr(III1 complexes 

in air 

Compound E,lkJ/molel ECT[cm 'I E,[kJ/molel 

K3tCr(NCS161*4H20 

(thermal) 

358 

(spectroscopic1 

33400 400 
27000 323 
29200 349 

Ce3 1Cr (NCS16 I 346 33200 397 
28000 335 
29800 357 

~(CH314N13[Cr{N~S)~l 362 33000 395 
28000 335 
29400 352 

I(C2RS14N13tCr(NCS161 371 33000 393 
28000 335 
29400 352 

Ag3 [Cr(NCS161 376 33600 402 
27000 323 
29200 349 

[As(bipu)213[Cr(NCS)61 372 34000 407 
27000 323 
29200 349 
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Cesium oomplex is nore stable. The decomposition of this 

compound in argon atmosphere occurs mainly in the formation of 

thiocyanates of Ce(1) and Cr(III1 and next to the decomposition of 

these into sulphides and dicyane (CN12. The residue after 

decomposition shows no characteristic bands. Only in the case of 

compounds studied in air atmospheres both the diffuse reflectance 

and IR spectra showed the bands characteristic for Cr203 compound. 

In Table 2 we show the activation energies -of the compounds 

studied together with the calculated from CT band energies. In the 

Table there are 3 CT bands observed in the diffuse reflectance 

spectra of these compounds but only the I-st one is the CT SCN-Cr 

band. In this case the activation energy calculated from the 

Kissinger equation is smaller than predicted from CT bands. The 

lowering of this value is connected probably with the interaction 

of neighbouring CT bands. 

REFERENCES 

8 

9 

10 

11 

12 

13 

14 

J.L. Wood, M.M. Jones, Inorg. Chem., 3 (19641 1553. 

E.W. Berg, J.T. Tremper, Anal. Cim. Acta. 32 (1965) 440. 

-D.T. Farra. M.M. Jones, J. Phys. Che., 68 (19641 440. 

M. I. Zaki, R.B. Fahim, J. Thermal Anal., 31 (19861,825% 

M. Sowinska, A. Bartecki, J. Thermal Anal.,29 (19841 61. 

M. Sowinska, A. Bartecki, Trans. Metal Chem., 10 (19851 63. 

M. Sowinska, J. Myrczek, A. Bartecki, Electronic spectra of 

some Cr(IV) complexes, to be published. 

M. Sowinska. J. Myrcxek. A. Bartecki, Reports of the Institute 

of Inorganic Chemistry and Metallurgy of Rare Elements of 

Technical University of WrocZaw. Wroclaw 1987, 91 p.(in Polish). 

A. Bartecki, Roczniki Chemii,'39 (19651 167. 

B.F. Aykock, J. Am. Chem. Sot.. 73 (19511 1351. 

G. Liptay, Cs.VdrheIyi. E. Brandt-Petrik, J. Zsakb, J. Thermal 

Anal., 22 (1981) 205; 23 (19821 123. 

J. Zsak6. J. Thermal Anal., 15 (19791 369. 

Electronic Spectra of Complex Compounds. Microcomputer Methods 

of Analysis, Storage and Retrieval, ed. A. Bartecki, WNT, 

Warezawa 1987 (in Polish). 

H.E. Kissinger, Anal. Chem., 29 (19571 1702. 


