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The thermal deaquation and anation reactions of severai cis- and trculs- 
[Co(en)z(H10)z]X3-nH,0, (X = Cl-, Br-, and NO,-) complexes have previously 
been investigated by Chang and Wendlandt’. It was found that the chIoride com- 
plexes generally deaquated to give the c&[Co(en),C1,]CI complexes while the bromide 
complexes either gave the c&product or a mixture of cis- and tram- complexes. We 
wish to report here additional thermai deaquation studies of the cti-[Co(en),XY]Y - 

Hz0 and cis-[Co(en),(H,O)X]Y. -H,O complexes, where X is Cl- or Br- and Y is 
Br- or N03-. 

Preparation of compomci~ 

The compounds, cti-[Co(en),(H,O)Cl]Br, - Hz0 and c&[Co(en),ClBr]Br, - H20, 
were prepared as previously described by Vaughn and Lindholm’. The cti- 
[Co(en),(H,O)Br]Br, - Hz0 was prepared from cis-ICo(en)z&0)JBr3 -2H,O by 
heating the latter at 40°C with just enough water to give compiete dissolution. After 
the solution turned to a violet color, the former complex was precipitated by the 
addition of solid sodium bromide. The dark violet colored crystals were Ntered off, 
washed with small portion of 95% ethanol follow-ed by diethyl ether, and then air- 
dried at room temperature for 24 h. The complex, cis-[Co(en),(H,O)CI](NO& , was 

prepared by the reaction of cis-[Co(en)2(HzO)CI~CI, with silver nitrate, as previously 
described3. 

Analysis of the ccmplexes gave the following results: cis-[Co(en),(H,O)Cl]Br, - 

H20; Co, 14.36% theor., i4.8% found; HzO, 8.75% tbeor., 8.6% found. cis- 

[Co(en),ClBr]Br * H20: Co, 15.02% theor-, 1 S-4% found; HzO, 4.59% theor., 4.1% 
found. cis-[Co(en),(H,O)Br]Br, -H20: Co, 12.96% theor., 12.9% found: H20, 
7.92% theor., 7.9% found. ci+[Co(en),(H,O)Cl](N03)z: Co, 16.53% theor., 16.2% 
found; H,O, 5.05% theor., 5.0% found. 

‘Presented at the Recent Achlmces in Thermal Analysis Symposium, American Chemical Society 
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Therntoanaiytical techniques 

The TG and DTA data were obtained using the apparatus and procedures 

previous!y described * _ 

RESULTS iQiD DISCUSSIOX 

The TG and DTA curves of the complexes are given in Fi,o. I, whiie the oroce- 

dural thermal stability ranges are gven in Table I_ 

TG 

DTA 

Fig_ I_ TG and DTA curves of cobait~lII) complexes; (A) c~~-_[CO!C~)~U-I~O)CIJB~Z -HzO. (B) 
~is-[C0~en)~(H~O)Clf(N03)2, (C) cis-[Co(cn)2(H20)BrlBrr -H20. and (D) cis-[Co(en)KiBrJBr-H:O- 

TABLE I 

PR.XEDLRAL THERMAL 5i-ABILITY TEMPERATLi?lE RASGES OF COBALT(rII) COMPLEXXS 

co‘npkx Reaction inferraI, 

T,--T,C=c) 
Probable product(s) 

cti-[Co(en)2(H8KilBr2 -HZ0 75-125 
cis-[Co(en)Z(HrOlCI!(K03)2 105-130 
c-h-[Co(en),fH20)Br]Br= -H-O 70-103 
cis-[Co(en)zCIBr]Br -Hz0 SO-112 

cfs- i trots-[Co(en)&ZlBr]Br 
cis- i rrons-[Co(en)~C1NO~lN03 
cis- + rrunr-[Co(en)2BrJBr 
cis-[Co(en)AIBr]Br 

A singe-step deaquation reaction was observed for all of the complexes_ Hence, 
it was impossible to differentiate between the coordinated and the hydrate-bound 

water in those compounds containing both tygxzs of water molecules_ The products, 
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in all cases, were the dianionobis(ethyIenediaminejcobaIt(IIIj complexes, obtained 

according to the folIowing reactions: 

c&[Co(en),(H,O)X]Y, - H,O(s) --, cis- i irons-[Co(en),XY]Y(s) + 2HtO(g) 
cis-[Co(en)z(HzO)X]Yz(s) --, cis- -I- zrans-[Co(cn),XYJY(s) t H,O(g) 
cis-[Co(en),XY]Y - HZO(s) --, cis-[Co(en),XYJY(s) + H,O(g) 

For the c&[Co(en),(H,O)Ci]Brt -H,O compiex, the formation of a mixture of cis- 
and frans-[Co(en)&IBr]Br by thermai deaquation and anation has previously been 
reported as a synthetic method for the latter by Vaughn and Lindholm’. Accordingly, 

the pale green colored mixture of cis- and rrans-[Co(en),ClN03]K03 obtained by the 

thermal deaquation of &[Co(enjz(H,O)C1](NO,), provided a convenient synthesis 

for the preparation of the former compound. No attempt was made to isolate the two 

individua1 isomers from the mixture. 

All of the complexes deaquated in the 70-130% temperature range; the feast 

stabIe thermally appeared to be the cis-[Co(en)z(HLO)Br]Brz - HZ0 complex, whiIe 

the most stabIe was the cl~-[Co(en)z(H,O)C1](KO$z compiex. The dissociation 
temperatures were in the same range as the cis-[Co(en),X,]X-H,O complexes 

previously reported *. 

The DTA curves of the complexes, as given in Fig. I, aII contained a single 

endothermic peak with a AT’,, in the temperature range from I IS-185’C Because 
of the nature of the DTA sample holder, the procedura1 dissociation temperatures 
were somewhat higher in the DTA esperiments than those obtained by TG measure- 
ments. Both cix-[Co(en),(H,O)CI]Br, - Hz0 and cis-[Co(en),(H,0)CI](K003)z had a 
single endotrlermic peak in their DTA curves, with dT,i, vaIues of !25 and 115 “C, 
respectively. The curve for cis-[Co(en)zCIBr]Br- Hz0 also contained a single endother- 
mic peak with a dTmi, for the endothermic peak at 179°C which n-as similar to the 
LIT’,, values of 152 and IS5 ‘C previously reported’ for cis-[Co(en),CI,]C1~HzO and 

cz%-[Co(en),Br,]Br*HzO, respectively. 

It was observed in several of the isothermal experiments that the change in 

configuration of the complexes, cis -+ zram, for exampIe, was infiticnced by the 
experimental conditions in the furnace chamber_ Using Iower temper&ures (longer 

reaction time required) and low concentrations of water vapor, the c&product was 

preferentially obtained. The product, cix-[Co(en),Br,]Br, was obtained from cis- 

[Co(en),(H,O)Br]Br, -H,O by deaquation in a desiccator over potassium hydroxide 

at 50°C in cacuo. 
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