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ABS-IRACX 

The solid-solid and gas-solid reactions of [Co(NH,),X2]Y,_, (n = 1, 2) 

complexes with NH,X and HX were studied by various thermoanalytical techniques. 
The rranzs-preferred products were formed in most cases provided that NH: (H l ) and 
NO: were both present in the reaction mixtures. With an excess of NO, ion present, 
such as HN03, the completely nitrated product was obtained, according to the 
equation: 

&-[CO(NH~)~C~~]C~ -0.5H20 HNO, rruns-[Co(NH,),C12]N03 = 

(tram-[Co(NH,),CINO,]NO,) 5 tr~~zs-[Co(NH,),(NO,),1N03. 

I?XRODUCTiON 

In Parts I r and II’ of this series, the solid-solid and gas-solid rrans-preferred 
reactions of some diaquoammine-, aquohaloammine-, and dihalobis(ethylenediamine)- 
cobalt(III) complexes with various ammonium salts (NH,X) and gases (HCI and 
HNO,) were described. The subject of this investigation is to extend this series by the 
examination of the thermal trans-preferred reactions of the tetramminecobaIt(II1) 
complexes of the general formula, [CoA,X,rt, where A is ammonia and X may be 
an anion or water. 

The dihalotetramminecobah(II1) complexes, [Co(NH&CI,]Cl and [Co- 
(NH,),Brl]Br, have been reported3.s to be the thermal degradation products from 
both the diaquo or aquohalo-complexes, ]CO(NH,)~(H~O)JX, and [Co(NH,),- 
(H20)X]X, (X = Cl, Br). According to Mori et c11.‘, the products were the cis- 
isomers. However, Lemay and Bailar6 found that the product, cis-[Co(NH&Ci,]C1, 
obtained from the deaquation of the diaquo- or aquohalo-complexes was actually 
contaminated with other decomposition compounds. The reflectance spectrum of the 
product contained a strong absorption band in the 600-700 nm region which was due 
to the presence of the [CoCl,]‘- ion. The cis-[Co(NH,),Br,]Br complex is even more 
difficult to obtain by the analogous thermal deaquation reaction because the two 
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bromide ions in the &-position put an even greater steric strain on the structure than 
do the chloride ions. Chnng and WendIandt7-8 found that in most cases, ck-dihalobis- 
t:eth_vIenediamine)cobalt( III) complexes were the main products in the thermai 
deaquation of the diaquo- or aquohalo-complexes. 

Several ck-+fran-r thermal isomerization reactions have been reported for 
cis-[Co(NH,),CIZ]CI’-“. The reverse reaction. frans-+cis, has been reported for 
~~~~~-[CO~NH~),CI~]~O~-~H~O~.‘~, and was interpreted in terms of an aquation- 
anation reaction sequence_ For the chromium(W) complex, rrarrs-[Cr(NH,),(~HzO)- 
Br]Br, the c&isomer was formed by heating it at 153°C”. 

The subject of this investigation is two-fold: (1) the thermal properties of some 
diaquo- and aquohaIotetramminecobalt(II1) complexes; and (-2) the thermal solid- 
solid and gas-solid trans-preferred reactions of these complexes with ammonium salts 
and various gases. In the former investi@on, cis-[Co(~H,),(H,OjX]X, (X = Cl, 
Br) was the deaquation product from the diaquo- compIexes, as previously reported*. 
Efforts to obtain the pure cis-dichloro-, chIorobromo-l and dibromotetrammine- 
complexes were unsuccessful. For the latter investigation, the reaction of 

~Co(NH,);(HzO),l(NO,), \\-ith NH,CI and NH&, gave rrans-[Co(NHs),CI_.]CI and 
~r~~~5-[Co(KH3),Brl]Br. respectively. Likewise, analogous thermal reactions of 
[Co(NH;).JHtO),]X3, cis-[Co(NH,),(H20)X]X, (X = Cl, Br), and cis-[Co(NH,jj- 
CI,]CI -C.5H20, with NH,N03 all resuIted in the formation of the trans-[Co(NH,),- 
X2]N03 compiexes. Gas-solid reactions of the above complexes al1 gave frans- 
[Co(NH,),Ci2]N03 as the intermediate foIIo\sed by the formation of the dinitrato- 
complex, rrans-[Co(NH,),(_T\iTO,)z]NO, y as the final product. 

Prepararion t$ compowds 
‘The diaquo-complexes, [CO(NH,),(H,O)~]X~ (X = NOs, Br), were prepared 

by the addition of HNOJ or i-i& to [Co(NH,),C03]N03-OSH,O. The reddish 
colored compounds precipitated immediately upon the addition of the acid and were 
fihered off. washed with 95% ethanol, diethyl ether, and dried at room temperature 
in air. The chIotide comples, [Co(NH,),(H20)JCI,, was prepared in a simiIar 
manner except that [Co(NH,),CO,]CI was employed as the starting material. The 
compounds, [Co(NH,),CO,]NO, -0.5H20 and [Co(NHJ,C03)CI, were prepared 
by the method described by Schkssinger’ ‘_ 

The haIoaquo-compIexes, czk-(Co(NH,),H20X]X2 (X = CI, Br), were prepared 
by the thermal deaquation of the corresponding diaquo-complexes. Maximum 
aempentures of heating were 70 and 45”C, for the chloride and bromide complexes, 
respectively. The mixed halo-complexes, cis-[Co(NHs),HzO CI]Br2 and cis- 
@Zo(NH&H20Br]C12-0.5Hz0, were prepared by the addition of ice-cold concen- 
rrated HBr or HCI to saturated soIutions of ci.-[Co(NHs)3HZOC1]C12 and cis- 
[Co(%H&H20Br]Br2, respectively. The compounds, cis-[Co(NH,),H20Xl(No,), 
[X = Cl, Br), were prepared by a simiIar method except that dilute HNOA was 
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employed. Several hours were taken for the violet colored precipitates to separate 
from solution_ The nitrato-complexes, [CO(NH~),H,ONO,](NO~)~ * 3 and [Co- 
(NH3),(N03j2]N03’4, were prepared as previously described_ 

Trans-[Co(NHJ4Cll JCI - H,O was prepared by the method described by 
Schkssinger ’ ’ ; the anhydrous product was obtained by heating this compound at 
1OO’C for several hours. Cis-[Co(NH3~,C11]Cl-0.5H,0 was prepared by the method 
of Werner* ‘, as was the complex, cis-[Co(NH3j,C&S20, _ The compound, ~rans- 
[Co(NH,j,Br,]Br, was prepared as previousiy described ’ 6. 

Analyses of the compIexes are shown in Table I. 

TABLE I 

ASALYSES OF COMPLESES 

Compound 

Thcffr. Found Theor. Found 

[CO(NH,),(H~O)L](~O~)~ 16.88 IT.4 19.51 19.6 
[Co(NH&(HzO)JBr~ 14.63 il.5 16.91 16.1 
tCo(NHMH~0)X’L 21.87 22.0 -_ 15 __ 78 24.5 
[Co(-XHJrHIOCI]C12 23.44 ‘3.6 27.09 26.8 
[Co(FJHa)rH20BrjBr, 15.32 15.1 17.io 17.4 
[Co(NH,),H20C1]BrZ 17.32 17.2 20.02 20.8 
[Co(NH,),H20BrJCIZ-0.5HL0 19.33 30.2 22.34 23.1 
[Co(SHj)lH20ClJlN03)2 19.35 19.7 _-- ?’ 3-t 22.4 
[Co(SHs)aH;OBr](NO& 16.89 16.3 19.52 19.1 
[CoCNH~)*H=ONO~](h’O3)2 17.80 17-3 20.55 20.7 
[Co(NH3)~(NO&]NO~- Hz0 17.80 18.1 20.58 20.8 
[Co(NH,)rCi]CII 25.25 ‘5.9 29.1s 78-9 
[CO~H,)~CI~]CI-O.~H~O 54.3 I 23.9 28.10 28.5 

7krnral solid-solid reactions 

The mixture of solids was prepared as previously described’ by using a weight 
ratio of cornpIes-ammonium salt of 1:3 (for N H,N03) or 1: 10 (for NHSCl or NH,Br). 
The freshly prepared mixture was placed in an oven at reaction temperature; com- 
pletion of the reaction was indicated by the color change (for frans-[Co(NH,),CI,]+ - 
green; for rrans-[Co(NH,),Br,]* - yellowish green). The resuhing mixture was then 
extracted with ethanol several times. The products were insoluble in ethanol; however, 
pure compounds were difficuh to obtain. The purified products were identified by 
reflectance spectroscopy and by elemental analysis. The approximate reaction tempera- 
tures were determined either by a capillary tube method, using a Thomas-Hoover 
melting apparatus, or by high temperature reflectance spectroscopy (HTRS)’ ‘_ 

Thermal gas-solid reactions 

The procedure used was the same as that previously described’. 
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Rej?ecrance measurements 

A Beckman Model DK-2A spectroreffectcmeter was used to obtain the 
ret3 ectance spectra. FreshIy prepared MgO was used as the reff ectance reference_ 

Mass-loss and isothermal z-acumn deaqaation 
Mass-loss studies u-ere performed on the DuPont thermogravimetric analyzer, 

Mode1 950_ Sample &es used ranged in mass from 4-5 m,o; a heating rate of S’C/min, 
and a dynamic nitrosen furnace atmosphere were employed_ Low-pressure isothermal 

dmquation reactions were carried out by placin_e the weighed aqua-complexes in a 

vacuum oven at 90-I IO’C until the weight-loss corresponded to the loss of coordi- 
nated water_ 

Mass-ioss and isotherrnai deaquation studies 
The mass-loss curves of the complexes, cis-[Co(NH,),H,0Cl]Br2, cis- 

[Co(NH3),HIOBr]C12 -0_5H,O, c~~-[CO(NH,)~H~OCI](NO~)~, and c~~-[CO(NH~)~- 
H,OBr]( NO&, are shown in Fig. I_ Under the given experimental conditions, 

curves A and B do not indicate intermediate mass plateaus due to the deaquation of 
the coordinated water. In curve C, cis-[Co(NH,),H20Cl](N03)2 is found to dissociate 

Fig. I. Mass-loss am-es of compkxcs (A) ~~~-[COCNH,)~H~OB~]C~~-O.~H~O. (B) cis-[Co(NH3c 
HzOQJBrz _ (C) CI%-[C~(NH.),H=O~(XO~)~ _ (J3) cis-[Co(hH,),H,OBr](~O~)= - 

slightly before the deaquation is completed. Only the complex in curve C, cis- 
[Co(NH3),H,0Br](N0,)2, shows complete mass-loss due to the dcaquation reaction. 
Therefore, the preparaticn of the new complexes, [Co(NH&Cl(NO,)]NO, and 
[Co(NH,),Br(N),)]NO,. by low pressure isothermal deaquation appears possible. 
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At the present time, no attempt was made to prepare and isolate the product which 

would contain the cis- i trans-isomers. From curves A and B, the preparation of the 

dihalotetramminecobalt(II1) complexes by thermal deaquation appears to be difficult. 

From the low pressure isothermal deaquation reactions, bluish-violet colored 

deaquation products were obtained from cis-[Co(NH,),H,OCI]CI, cis-[Co(NH&- 

H,0Cl]Br2. and cis-[Co(NH,),H,OBr]Br, -0_5H,O; however, a dull-green colored 

product was obtained from cis-[Co(NH,),H,OBr]Br, _ Although the ammonia 

contents of all of the above suspected dihalotetramminecobalt(III) complexes were 

close to the calculated values, the deaquation product from cis-[Co(NH,),H20CI]C12 

exhibited the bluishviolet color characteristic of cis-[Co(NH3),C12]C! -0.5H20’ 2. 

The reflectance spectra of all of the dihalotetramminecobalt(IIIj compiexes, as 

shown in Fig. 2, indicate two common properties: (1) a strong absorption between 

Fig_ 2. Reflectance spectra of deaquation products. (A) ci~-(Co(~H~)~Cl~]~S~06- (B) deaquation 
product from c~~-[CO(NH&H~OCI]C~. (C) deaquation product from cis-[Co@JH~LH20CllBr2 - 
(D) deaquation product from ci.+[C&NHslJ110Br1C12. 0 deaquation product from cis-[Co(NH3)~ 
H20Br]Br2 - 

600-700 nm; and (2) two reflectance peaks at about 450 and 600 nm, respectively. The 

refiectance spectrum of cis-[Co(NH,j,CI.].S,O, shows clearly only one absorption -_ 
and one refi ectance maximum at 535 and 440 nm, respectively_ This complex has been 

shown to have the cis-isomeric configuration and the absorption maximum at 535 nm 

is in agreement with the IiteraPare6. Apparently, the absorption band at 600-700 nm 

is due to deaminated and/or a reduced product containing the ion, [COCI,]~-, or its 

bromide analog. Neither the cis- or trans-[Co(NH3),C1Brli complexes have been 
successfully prepared; we can predict, however, that cis-[Co(NH,),CIBr]+ should 
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have a spectrum similar to c~~CO(NH~)~CI~]~, with a slight shifting to a higher 

waveIen_gth_ Therefore, the suspected cis-[Co(NH,),CIBrli is probabIy contaminated 

with some reduced Co@11 product. Due to the greater steric strain for two coordinated 

bromide ions in the A-position, the possibility for the formation of cis-[Co(NHJ),BrJ i- 

is even more doubtful. 

Solid-stare Irans-preferreii reacf ions of complex nilraf es 

The reaction mixtures studied, the approximate reaction temperature range, 

and the main products are given in TabIe IT. 

TABLE i1 

.soLID-STATE REAtrIOS OF COMPLEX-SITRA-ES 

Reaction rnixrure Temperature .Wain product 

inlerrai (“0 

LB-1 [Co(XHS)JH20)&SOS), + PI;H,CI 
IO-2 [Co(2:H,),H:O(Pli’O,)](lr;O,), +NH,CI 
Ill-3 [Co(NH&(XO&]N03- Hz0 + NH&Cl 
in-r [CO(SH~)I(H~O)II(~O~)~~~~HZB~ 
Iii-5 [C.o(NHS)+(H20)J(X03i., + CHIINHSCI 
Iii-6 [Co~H,,,CH,O)JWO~lj + (CH,)=NH,CI 
18-7 [Co~HS)~(H10)~J(S03), f (CHx),XHCI 
Ill-S fCoch’H3j,(H,0,&X0,), + KC1 
III-9 [Co(NH3~JHIO)J(Ei’O~~~ + KBr 
ill-10 [CO(NH,)~(H~O)~J(KO~)~ t(CH,),NCi 
IE-I I [Co(XH3)~H20Cij(SOj-lz + NH&Cl 
Ill-12 [Ck(KH&H=Oa(h’O& i- SH*Br 
WI3 [Co(SH&H20Br](X0& tSHIBr 

115-125 
115-125 

I I-5-125 

~~.GN-[C~(NH,),CI,]CI’ 
rruns-[Co(-NH,),Cl,]CP 
rrans-[Co(NH,),Cl,]CI* 
rrunr-[Co(NHJ)4Brz]Bf 
cis- i rranr-[Co(NH,)&IJ+ 
cis- + rruns-[Co(?UH,)~CI,]’ 
r5S- + rrwrs-fCo(SH,)&iJ+ 
no rranr-product 
no tram-product 
no Irons-product 
‘rranr-[Co(NH,),CI,J+ 
‘rrur~~-[Co(NH,),CiBr] + 
‘rrunr-[Co(XH3)4Brl]+ 

7he product was identified by reflectance and other analytica methods after purification; halide 
ruther than nitrate in the product. me iczction mixture exhibits a color change of from pink-red to 
almost blue (ris-) even at room ccmpcraturc. ‘The product was idcntificd by ifs reflectance spectrum 

The reaction of [CO(NH,)~(.H,O)~](NO,), with NH,CI, as shown by the 

curves in Fig_ 3, indicates that rrans-[C~(NH&X~]~ is formed at temperatures 
between IOO-12S’C_ The complex, [CO(NH~),(H~O)~]~‘, has been found to undergo 

a cis-frans isomerization in soIution with an equilibrium constant of 6.OkO.5 at 2O’C. 

Apparently. the diaquotetrarnminecobaIt(II1) complexes (chloride, bromide, and 

nitrate) prepared here are in the cis- form because a precipitate is formed immediately 

before any isomerization occurs. 

The formation of rrans-[Co(NH,),CI,]’ from the reactions, [Co(NH,),- 

HIO(NOS)](NO& i- NHICI (II-Z) and [Co(NH3)JN0&]NOS - H,O+- NH4CI (H-3), 
occurs in about the same temperature ranges as the diaquo-nitrate (II-I). A slightly 

higher temperature is found for the reaction, [CO(NH~),(H~O)J(NO,)~ i- NH,Br 
(11-4); the green colored rrans-[Co(NH,),Br,]+ is obtained between I IO-125°C. 

Reaction temperatures are Iower for the reactions between [CO(NH,),(H,O)&NO~)~ 
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ail. 3. Reffcctance CUI-VCS of ICG(~~:H~)~(H~O)~I(NO~~~~~\~H~CI at various tCmPemu=s- 

and various onium chlorides (11-X 11-6, 11-7): but these mixtures evolve liquid water 
so that the final misture contains both cis- and ~r~~zs-[Co(NH,),Clz]’ products_ 
There is no rrans-[Co(NH,),Cl,li product from the reactions of [Co(NH,j,(H,O)J- 
(NO,), with KC1 or (CHS),NCl (II-S and I&IO); the lack of NHI;” ion or nitrogen 
bonded hydrogen is responsible for these negative results. The reactions, ci.s- 
[Co( NH,),H20CIJ(NOS)2 + NHSCl (11-l 1). show the rrans-preferred reaction as 
predicted. However, the percentage yield of the trans-product is lower than that for 
the diaquo-nitrate (II-l) reaction and higher temperatures and longer reaction times 
are nccessav_ Apparently, c~s-[CO(NH~)~H,OCI](NO~)~ is not khe intermediate 
product from cis-[Co(NH,)l(HrOj2](NO& + NHjCl (II-I) as expected. The product, 
frans-[co~NH,),clBr]Br, was qualitatively identified in the reaction mixture, 
[Co(NH3),(H20jCi](NOJj,tNHJBr (11-13). 

The reflectance maxima for rrans-[Co(NH,),C12]’ and rrans-[Co(NHjjJBrl]’ 
are 535 and 563 nm, respectively. The product from (II-IX) after purification showed 

a broad refiectance band with a ma..imum at 550 nm. It was not possible to obtain 
pure zru&Co(NH,j,CIBr]i from the reaction (11-I’) because of the rapid hydrolysis 
which made recrystallization impossible. 

Solid-state tram-preferred reactiorrs of complex-halides 
The solid-state rrans-preferred reactions of the compiex halides are summarized 

in Table III. The reflectance curves of a mixture of [Co(NH,),(H,0)&13 + NH4N03 
at various temperatures are illustrated in Fig. 4. 

For the reaction illustrated in Fig. 4, the product, rrans-[C0(NH~)~Cl~JN0,, 
is seen to be obtained between 75-IOO’C (S-95”C, color change observed). The 
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reaction temperature range for the mixture. ~is-[Co(h’H~)~H,0Cl]Cl~ +NH,NO, 
(III-2), was higher than that for the diaquo-chloride, namely, IOO-12O”C_ For the 

Reaction mixcure Reaction Afain product 

remperarure (“C) 

III-1 fCo(XH3)r(H20)JCi~ + h’Hah’O3 
111-t cis-[Co(XH3),HrOClJC: + NH&OS 
III-3 cis-[Co(E;H,),Cr,]Cl-0.5H~OfN~NO~ 
III-4 fCo(M-i&(H10)JC13 + KKO? 
HI-5 [Co(NH,),(H,O),]Brs + SHINO, 
III-6 cis-fwH,),HIOBr]Br2 + NH&X03 
III-T [Co(NH3),H20Br]Brz f NHaBr 
III-S (CO(XH,),(H,O)&~~ f NaN03 iNH,CI 
111-9 ci.r-_ECo(NH3)~HSO~Br2 +NHINO, 
III-IO &-[Co(NH3)~H20Br]CI_-0.5H=0+NHINO~ 

85-95 

106120 
loo-1 15 

75-95 

90-125 

rrns-[Co(NH3),ClJN0,= 
rr~nr-~Co~H~)~Cl~]NO,= 
rr~ns-[Co(KH,)&lJN0,~ 
never changed to green 
rronr-[Co~H3)J3rz]N03* 
rr~rrt-[Co(NH~)~Br~]NO~* 
never changed to green 
Crruns-[Co(NH3)&12]+ 
Cwz-[CoCru‘H,)&IBr]+ 
‘rrurrr-[cO(NH,),CI~+ 
+ (runs-[Co(XH&ClBr] +) 

*Product wx identified by refiectancc data and analysis for NH3 and Cl- after purification. *Product 
was identified by rcfkctance spectroscopy; pure compound was difficult to obtain. CIdentified by 
refkctanct- l Retkctance data showed rra&Co(NH3),ClJi in final product, but rrnr-[C.o(NH& 
CIBr]’ is aiso believed to be present. 

Fik 4. Reflectance curves of a mixture of [Co(NH&(HZO)&% i NH&NO3 at various temperatures. 

mixture, cis-[Co(NH&ClJCi - 0.5Hz0 + NH4NOa (III-3), the trans-preferred or 
cis-frans isomerization took place between 110-l 15”C, or slightly lower than that of 
reaction (III-2). By comparison with previously studied [Co(en),XJ”’ systems, the 



THERMAL REACTIONS OF COORDINATION COMPODKDS. III 77 

reverse order found for reactions (111-2) and (III-3) is interpreted in terms of the strong 
bonding of Co-OH, in cti-[Co(NH,),H,OCl]Cl,, as indicated by the evidence that 
higher temperatures are required for deaquation (170-200°C). As previously 
mentioned’, the bond breaking is important to obtain the trigonal bipyramid 
intermediate which is necessary for the trarrs-preferred reation. 

No rrans-product was found in the products from reaction mixtures (1114) and 
(III-7), because the rrans-preferred conditions’ were not met in those mixtures. The 
cornpIer., trans-[Co(NH,),ClBr]NO,, is the product from the reaction mixtures of 
cis-[Co(NHs)JH20Cl]Br-, f NH,NOs (111-g). From the reflectance spectra, trans- 

[Co(NH,),CI,l’ rather than trans-[Co(NH&ClBr]*. was the final product in the 
mixture, cis-[Co(NH,),H,OBr]C1, - OSH,O -!- NH,N03 (III-IO)_ 

Gas-solid iram-preferred reactions 
The reaction temperatures and products for the gas-solid reactions of the 

complexes are given in Table IV. 

TABLE IV 

GAS-SOLID IfUN-P.REFERRED REACTIOSS 

Reaction mixture Ex~erimeniul &fain product 

fenrperaiure (“C)’ 

iv-1 
IV-2 
IV-3 

IV-4 
IV-5 

IV-6 

IV-7 

IV-8 

IV-9 

iv-10 

U3(PI:H~L(H~OM~O~i)a + HCNg) 85 

[Co(NH>)~H~ON0J(X03)~ + HCI(g) 85 
[Co(NH,),(NO,)JNO,- Hz0 tHCl(g) S5 

~Co(~H~)r(HzO)zl(h’O~)~ + HBr(g) 85 

KoWHMH~OM(NW~ -f- CHKW I50 
[CO(NH3)~(H20)JC13 + HN03(gj 
cis-[Co(NH3)4HaOCIjC12 i HNO&) I15 
cis-[Co(NH&CIJCl-O3H20 i HNOs(g) 
tCo(NH;1).&&0)21~1 -f HCIO 150 

all compkxes +- NH&) I50 

rronr-[Co(NH~)~ClJCI(N03)* 
rrunr-[Co~H3)~C111~(~0,)* 
rranz-[C0fNH~)~C1,)Cl(~O~)* 
rram-[Co(NH3)4Br2]BriK03) 
~0 effect 

I 

rrunr-[Co(NHll),C12]N0,= 
4 prolonged time 

rruns-[Co(NH3)+(N03)JN03 
no effect 
no effect 

‘The temperature shown is the temperature at which the experiment was performed. *Gaseous HCI 
or HBr was passed through the preheated complex, brownish gas (NO*) and liberation of heat were 
observed. If HCI passed over the surface of precooled complex (-SaCI. the reaction is stow and the 
bluish-violet product (ciz-[Co(NH3),CIJ+) rather than green rrans-isomer is obtained_ <It is difficult 
to judge and to stop the reaction to obtain the green rrunr-[Co(NH&CIJ+ product. 

The green coIored trans-[Co(NH,),Cl,]Cl is the major product when gaseous 
HCI is passed through the complex nitrates as seen in reactions (IV-lj to (IV-3). 
Under these conditions, the product is formed almost instantly, and a brown gas 
(NO,) is evolved. The results indicate that HNOs is probably first formed between the 
HC1 and the complex-nitrate which in turn acts as a catalyst for the trams-preferred 
reaction. The gas-so!id reactions between HNOS and the compIex&ilorides also 
produced the traJzs-dichIoro products. The yellowish-green trans-[Co(NH,),BrJt is 

Tlermochim. Acta. 3 (1971) 69-80 
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ako found in the product from the reaction, [Co(XHH,),(HzO),](N0,j3 t HBr (IV+. 
There was no reaction between gaseous CH3CI and [Co(NH,j,(H20)&N0,), ; this 
indicates the roIe of H’ ion in the rrans-preferred reaction_ A similar negative result 
was found in the reaction between [Co(NH,j,(H~O),](NO~j3+(CH3j4NCI (II-IO). 
The results from Table IV indicate that the reactions between gaseous hydrogen 
halides (HCI and HBr) and complex-nitrates are related to the solid-state reaction 
with ammonium halides (NH&Cl and NH,Br). reactions (III-I) to (III-4). There is no 
green rrans-product formed in the reaction between gaseous HCI and [Co(NH,j,- 
(H,O),]CI, (or cis-[Co(NH,),HZOCI]C12)_ This result again emphasizes the important 
role of NO; in the rrans-preferred reaction. The most interesting reactions are those 
between gaseous HNO, and the complex chlorides. reactions (W-6) to (IV-S)_ As the 
hot gaseous HN03 passes over the surface of the compleses at elevated temperature, 
the green trans-dichloro product is first formed. On prolonged reaction, the red 
dinitrato-nitrate product is obtained_ In Fig. 5, curves A and B are the reflectance 

Fig_ 5 Reflectance spectra of various complcxcs. (A) [COWHJ)~(H~O)~]CI~. (B) cis-[Co(NH&- 
H20CfjC!, _ CC) rrunr-[Co(NH,),CI.~03 from IAi or (B) +HXO,(g). (D) rrun;-[Co(.NH,)i(h’0,)2)- 
SO3 from (A) or (B) iHNO,(g). (El [CO!XH~)~(XO,>&GO~ prepared from literature. 

spectra of [Co(NH,j,(H,0)JCi3 and ~~J-[CO(NH,),H~OCI]C~~ before treatment 
uith HN03 _9as, while curve C is the first intermediate product, ~rarzs-[Co(NH,),- 
C12]N03. Curve D is the red colored final product, rrans-[Co~NH,),(NO,),1NO,, 
obtained after prolonged HNO, (gj contact with the complex Analysis of the Iatter 
product and comparison with an authentic sample of [Co(NH3j,(N03)IjN03 
(curve E) confirm its structure and composition_ 
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The zrans-preferred and cis-frans isomerization reactions can be summarized as 
follows: 

[Co(NH,),W,O)W, 
cis-[Co( NH,),H,0CI]C12 

HtiOJ (9) 
- trorls-[Co(NH,),Cl,]NO, 

I I 5 ‘C 

cis-[Co(NH,),CI,]Cl -OSH,O 

I 

H NOJg) 
I15’C 
prolonged period 

(Ko(NH,),ChNO,)lNO,) 

1 
tram-[Co(N H3)J(N03)2]N03 

The other possible intermediate, [Co(NH3),Cl(N03~]N03. ~vas not isolated SO its 
existence is uncertain. 

Mechanism of tram-preferred reactions 
According to previous reports in this series’*‘, rrans-dihalo products can be 

obtained in all cases if both the proton (from HCI, HN03, NH,N03, or NH&l) 
and nitrate ions are present. It has been proposed that dissociation to a trigonal 
bipyramid transition state probabIy occurs in all of the rrans-preferred reactions, 
according to the reaction: 

where X,, X, = H,O, NO,, CI-, or Br-, etc.; X- = Cl-, Br. 

In this proposed mechanism, HiNO, (or NHlNO,) is necessary for two 
reasons: (I) to cause the formation of a trigonal bipyramid cobaltium ion, and (2) to 
induce the entering hahde ion to attack the nitrogen-nitrogen (rrans-effect). The 
H +NO, (or NHZNOJ) obviously plays an important role in the irans-preferred 
reaction, but the actual orientation of H’ and NO, in the transition state is unknown; 
it presumably associates to the coordinated chloride through a hydrogen bond. Such 
a mechanism has frequently been empIoyed to interpret cis-tram transformations in 
octahedral complex reactions. Very few of these mechanisms can satisfactorily 
explain why the entering group favors the trans-addition following the transition state 

Thermochim. Acfa, 3 (1471) 69430 
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reactions which means that enough energy has to be supplied for the 
formation of trigonal bipyramid transition states_ 

The repiacement of coordinated chloride ions by nitrate ions in the complexes, 

c&[Co(NHj)~Cl,JZI (or cis-[Co(en)lCl,]Cl), has to be Ga a cis-frans isomerization 

reaction in gas-solid reactions_ The whoie problem is simply that the Ifans-preferred 

or cis-lronr isomer&&ion reaction is nothing more than an intermediate step to form 

a suitable oriemation of the coordinated chlorides (03 ---, zrans) for further substitution 

by nitrate ions. The identification of the products from the sohd-state (or gas-solid) 

heterogeneous reactions are mom qualitative than quantitative. However, when 

chemical reactions occur which involve two solids, the progress of the chemical change 

is a complex process which depends upon the area and defect structure of contact 
areas between the reactants. Furthermore, for many solid-sohd reactions, the product 

:formed may have different properties from those prepared by other chemical methods 

due to different concentrations of defects and different crystalline structures’8. For 

solid-solid reactions of coordination compounds, the structure of the coordination 

sphere is easiIy identified by reflectance spectroscopy; it is much more difficult to 
identify the ions in the outer sphere by this technique_ 
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