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ABSTRACT 

The HTRS and DRS of [Co(NH3),H20]X3 and [Cr(NH,)SH20]X, compIexes 
were determined. The complexes undergo deaquation and anation reactions in the 
temperature range from 60 to I50 ‘C A reflectance minima shift to longer wavelengths 
was observed on heating the aquopentammine complexes. 

Wi-RODUCTION 

The aquopentamminecobalt(IIIl and chromium(II1) complexes are unstabie in 
the solid-state due to the reaction: 

The reaction takes place rather sIowIy at room temperature but proceeds quite 
rapidly in the temperature range from 75 to 100°C. Numerous studies have been 
carried out on these complexes. Jorgensen *-3 and Werner’ studied the cobalt(IiI) 
and chromium(III) complexes in order to develop a synthetic method for the prepara- 
tion of [Co(NH3)sX]X2 (X- = Cl. Br, I and N03) and [Cr(NH,),X]X, (X- = Cl, 
Br, I and NO,) type complexes. Mori and Tsuchidaj and Wendlandt’ reported the 
TGA cumes for the [Co(NH3),H20]X3 complexes whiIe Wendlandt and Bear6 and 
Tsuchiya er aL7 studied the [Cr(NH3)sH20]X3 complexes by this technique. The 
compIexes have aiso been studied by DTA by Lobanov ci ai.‘, Wendlandt and Bear9 
and others6-7. 

The kinetics and the heats of deaquation and anation have been determined 
by various investigatorsi*6*‘=g-10 but the results of these studies stili present many 
unsolved probIems. New data OR the heats of deaquation and anation obtained by 
the “sealed-tube” DTA technique appear capable of resolving the qustions generated 
by the earlier data * I_ 

The reflectance curves of several of the cobalt(III) and chromium(TII) com- 
piexes have previously been discussed * ‘*I 3, but a systematic investigation of these 
complexes at elevated temperatures has not been carried out. Accordingly, the com- 
piexes were studied by the HTRS (high temperature reflectance spectroscopy) and 
DRS (dynamic reflectance spectroscopy) techniques1’-‘6. 
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EXPERI!!TAL 

Apparatus 

The HTRS and DRS cur\-es were obtained using the heated sample holder 

described by Wendlandt and Dosch’7. The sample was contained in a I x 10 mm 

identation in the heated silver block; a static air atmosphere was present in the sample 
chamber_ Reflectance measurements were made on a Beckman Model DK-2A spectra- 

reffectometer using freshly prepared MgO as the reflectance standard_ 

Preparation of compounds 

The complexes were prepared as prwiously described6-9. Water contents were 
determined by mass-loss on the thermobalance 

A~~rcopentanlnrinecohalr(III) c0mpIexe.s 

The HTRS and DRS cumes of [Co(NHs)sH20]CI, are given in Fig. I_ For 

[CdNH,)J&OlCL. the reflectance cun-e at 23’C contained a broad reflectance 

Fig I_ HTRS and DRS curved for [Co(NH3)5HIO]Ci ,_ The DRS curves illustrate the effect of 
heating rate ftalues in Z.ktin~. 

minimum at about 485 nm. On heating to IOO”C, the minimum shifted to about 

525 nm. This shift is due to the deaquation and anation reaction; the 12S’C curve 

is that of [Co(NH,),CI]Cl, showing comp!ete water evolution as given by Eqn. (1). 
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The temperature dependence of the deaquation reaction is shown by the DRS curves 
obtained at 625 nm. At a heating rate of lO”/min the reflectance gradually decreases 
in the 25-75’C temperature range and becomes more rapid above 75 ‘C. At slower 
heating rates, say 5 or 2S”/min, the curves are similar except that the deaquation 
reaction is completed at a lower temperature. At 2,5”/min, the deaquation reaction 
appears to take place only from 75’ to IOO’C. 

The data for the other aquopentamminccobalt(III) complexes are given in 
Table I. The reflectance tunes for [Co(NH,),H,O]I, did not contain curve minima 

as were present in the other complexes. 

TABLE I 

HTRS ASD DRS DATA FOR [Co(NH&HzO]X, COMPLESES (DRS DATA AT 5=/m). 

Compound Reflectance minima (nm) Deaquation 

temperalure interrol 

[Co(NH,)Jf,O]X, [Co(NH,15X].Y, 

IC~(NH~ISHJYC~~ 485 53 75-1oo=c 

ICOWHJ)J~KW~~J 500 570 75-125 ‘C 
ICo(NHd,H,OlI, u a 6GIOO’C 
[CoCNH&H=O](NO,), aso 500 SO-ISO’C 

‘Not observed. 

.~qriopentanmlinecl~rontirrm(lll) complexes 

The HTRS and DRS curves of [Cr(NH,),H,O]CI are given in Figs_ 2 and 3_ 
The HTRS curve of [Cr(NH,),N,O]CIx contained a reflectance minimum of 

475 nm at 23°C. On heating to IOO’C, the minimum shifted to about 505 nm. The 

higher temperature curve is that of the deaquated complex, [Cr(NH,),CI]CI, _ Accord- 
ing to the DRS curve at 600 nm. the deaquation and anation reaction takes place 

between 75 and 1 IO’C. 
The HTRS and DRS data for the other [Cr(NH,),H,O]X, 

given in Table II. 

TABLE II 

complexes are 

R [Cr(~i-i3)sH:O]X3 COMPLFXES (DRS DATA AT ~‘;!UlNij. 

Compound Rej7ectance minima (nm) Deaquation 

temperature interral 

[CoWIf,) sHz 01X, &WH,),XlX~ 

CCrtNH,)d-id3CI~ 475 505 75-l IO’C 

[Cr~W-M,H~OlBr~ 470 52.5 85-I 20% 

tCrW-L),H,OlL 475 540 65-13O’C 

[Cr(NH,)sH~O](NO& 475 -so so-13O’C 
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Fig- 2 HTRS curves of [Cr(XH3)sHzO]C13. 

Fig- 3. DRS curv= of :CrWH3)sH20]C3; heating rate of S’imin. 

The [Co(NH,)sH20]X, and [Cr(NH,),H,0]X3 complexes have deaquation 
and anation reactions in the temperature range from 60 to 150 ‘C. The reflectance 
minima of the aquopentammine complexes shifts to higher wavelengths during the 
above reactions. The temperature measurement data were not sensitive enough so 
that any definitive conclusions concerning an order of thermal stability could be 
determined. The most stable of ?he cobalt(iI1) complexes appears to be [Co(NH,),- 
H,O](NO,), ; for chromium(M) complexes, [Cr(NH,),HtO]Br3 appeared to be the 
most thermaiiy stable. 
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