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Asl-R4c-r 

Non-isothermal studies of some adduct molecules of metallic halides with 
tetrahydropyran as the type MX,(THP& in solid state, were carried out with a 
Derivatograph, where M = Mn(II). Co(H), Ni(II), Cu(II) or Cd(H), X = Cl- or 
Br-, THP = tetrahydropyran and y = 0.1-I. These adduct molecules lost tetra- 
hydropyran in single or multiple steps upon heating. Thermally stable intermediate 
products were isolated and characterised by eIementa1 anaIysis and IR spectral 
measurement The activation energy for each step of decomposition of the adduct 
was evaluated from the anaIysis of TG, DTG and DTA curves of the respective 
derivatogram. The enthalpy change was evaiuated from the DTA peak area and the 

order of reaction was found to be unity for each step of decomposition. Thermal 
parameters for the above adducts were compared with the adducts af other oxo- 
compounds like dioxan, tetrahydrofuran, ethylene glycol dimethyl ether and di- 
isopropyl ether. 

INTRODUCI-ION 

The works on the adduct molecuIes of tetrahydropyran have been carried out by 
several groups of workers I-’ They onIy prepared and characterised some adduct . 
molecules of metallic halides with this oxo-compound. We reported earlier, non- 
isothermal studies of adduct molecules of metallic halides with oxo-compounds like 
dioxan (D)*, tetrahydrofuran (THF)‘, ethylene giycol dimethyl ether (EGDME)” 
and di-isopropyl ether (DIPE)’ ‘_ In continuation to these works this paper deals 
with the thermal decomposition of tetrahydropyran adducts of some metal halides to 
evaluate the activation energy of decomposition by simultaneous TG, DTG and DTA 
measurements as well as the order of reaction (n) from the TG curve and AH from the 
DTA peak area- In addition to the evaluation of-these thermal parameters, this paper 
reveals a comparative picture on the thermal properties of decomposition of adducts 
of metallic halides relating the other oxo-compounds studied by u&I I_ 
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AI1 the adducts were prepared by the method described in our earlier work* and 
character&d by elemental analysis and IR spectral measurement- Tetrahydropyran 
used was sufficiently purified and dried according to the standard procedure”- 

The following adducts of metal halides were prepared: 1. M&l,-OSOTHP; 
2. MnBrz -0_75THP; 3. CoCI, -O.SOTHP; 4. CoBr, - I _OOTHP; 5. NiC12 -0.20THP; 
6. NiBr, -0.IOTHP; 7. CuCIz -0SOTHP; 8. CuBr, - 1 .OOTHP; 9. CdC12 -0.75THP; 
IO. CdCiz -0.2OTHP; 1 1 _ CtiBr, - 1 .OOTHP, where THP represents tetrahydropyran. 

A Paulik-Paulik-Erdey type MOM derivatograph was used for thermal 
analysis. A platinum crucible was used and the heating rate was about 1S”C mm-‘. 
l-he particle size of the sample was within 150-200 mesh. The volume of the sampIe 
in each case was the same- All these experiments were conducted in static air. 

REsULTs 

The adducts of MnCI, and CoCI, with tetrahydropyran are simiiar in com- 
position and lose oxo-compounds in two steps (Fig- 1) via an intermediate MCI,- 
0_25fHP where M = Mn(II) or Co(H), though CoCI,-0.25THP is not so thermally 
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Fig- I. Derivatograms for the decomposition of MnC&-O.SOTHP (-_---), MnBr=-0.75THP 
( - - -) and CbcI=-0.SUI-HP (-)- 

stabIe like the MnC& compound_ Figure 1 shows the derivatogram of the adduct 
MnBr,-0.75THP which loses tetrahydropyran passing through a thermally unstable 
intermediate MnBr, -O-6OTHP. Whereas, the adducts of NiCI, , NiBr,, CuCl,, 
CdCI= and CdBr, lose the oxo-compound in single step observed from the derivato- 
grams (Figs- 24), although th ese adducts differ in composition from each other 
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except the adducts of MCI, and CdCI,. The adducts of CoBr, and CuBr, are similar 

in composition and lose the oxo-compound in three steps upox heating. But none of 

the intermediates are thermalIy stable and also none of the compositions of the inter- 

mediates of these two adducts are similar as observed from the respective derivato- 

gram shown in Figs. 2 and 3. 
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Fig_ 2 Derivatograms for the decomposition of CoBr,- l.@OTHP (---- -), NC!,-02OTHF 

G - -) and NiBr,-O.lOTHP (-)_ 
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Fig. 3. Dcrivatograms for the decomposition of CuC&-OXOTHP (-------) and CuBr,- 1.00THP 
(---). 
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Fig_ 4. Dcrivatogrxns for the decomposition of CdCIZ-0.75THP (-.-.-), CdCf20_20THP (- - -) 
and Cd&,- LOOTHP (- )- 

Fig 5. Plots of A Iog (dzc/d#A log W, vs_ AT- ‘/A log W,. x lo3 from the TG curves for the decompo- 
sition of MnCl1*0-SOTHP 3 MnC12-OZTHP(Ia). M&i,-0255P --f MnC12(ib), MnBr2- 
0.6UlTiP--t MnBrz(iibI CoC12-OSOTHP+ CoC12-0.25THP(IIIa), CoC12-0.25THP--tCoC12(IIIb), 
CoBrz- LOCKHP -+ CoBrz-O.STHP(lVa), CuBr2-OS5THP + CoBr,-OZiTHP(XVb), CoBr2* 
OZSHP --f CoBrz<IVc) and NiC12-02mHP + NiC12CV)_ 



TABLE I 

THERMAL PARAMETERS FOR TfIf? DECOMPOSlTION OF ADDUCT MOLECULES OF SOME METALLIC HALIDES 
WITH TETRAfIY DROPYRAN 

Decot~rpodllon renctlon Tetrtp, rmge D TG penk 

(“Cl lenrp. (“C) 
Acllvorlot~ errergy (kc01 nrol- I) iWlrrr/p,v chrrrge 

’ (kcd nrol- ‘) 
TG DTG 1) T/i 

(Ia) MnCl~~O,SOL --c MnCII*0,25L 89-134 129 
(lb) MnCI~*0,25fd -+ MnCII 156-214 205 
(Ha) MnBrza0.75L -+ MnBrl~ 0,bOL 88-125 110 
(ilb) MnBra*O,GOL-r MnBrl 125-170 I55 
(Ill@ CoC12*0,50L -h CoC11*0,25L 100-145 135 
(Illb) C0C1~~0,25L -k CoCll 145-205 190 
(IVU) CoBr** l.OOL -+ CoBr~~0,55L SO-118 110 
(IV@ CoBra*0.55L -h CoBrl*0,25L IIS-139 127 
(IVc) CoBrl*0.25L 3 CoBrl 139-169 160 
(V) NiCll * 0.201, -+ NiCll 143-267 225 
(VI) NiBrl*O,lOL -h NiBrl 70-120 112 
(VII) cucl~*o,5oL 3 CllCII 75-129 II9 
(Vllh) CuBram I,OOL -+ C!uUrl~0,88L 43- 95 x3 
(Vlllb) CuBra10,88L --b CuBr,~O,G8L 95..185 173 
(VIIlc) CuBrz*0,6HL -F CuBra lH5-250 245 
(IX) CdCl~*O.75L --> CdCI~ 65-142 125 
(X) CtlCl~‘0.201, --> CtlCl* 75-131 127 
(XI) CdBrle 1,OOL + CdBrl 55-117 IOH 

35,8 
40,3 

SO,6 
5885 
5006 
2&O 
76.6 
82,X 
30.6 
41.4 
30.7 
30.6 
35.8 
37,o 
2G,3 
4680 
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35.8 
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5O.h 
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51,8 
41,4 
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4&O 46.0 
38,O 38.0 

33,o 66,3 
40,3 64.9 
3688 36.9 
50,6 23.5 
50,G 65,2 
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51,8 
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30,7 
2888 
3588 
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69.5 
8482 
8446 
73,3 
29,9 
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f5,2 
68.0 
19.5 

L dcnotcs tctrnlrydropyr;u, 
’ Thcsu indicuto the overall cnthnlpy chenycs whcro DTA curves ovorlnp too much, 
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Fig_ 6_ PIots ofA log (drc,‘dt)/A log IV, vs. AT- ‘/A log IV, x IO3 from the TG curyes for the decompo- 
sition of NiB- Iz-O.IOTHP ---f NiBr,(VI), CuCi2-O.SOTHP -+ CuCIz(VII). CuBr2- l.OOTHP --f 

CuBr2-0.88THP(VIlIa). CuBr,-0.88THP ---f CuBrz-0_68THP(VIIIb), CuBr,-0.68THP --f 
CuBr,(VIIIc). CdC12-O-7flHP +CdCII(IX). CdC12-0.2OTHP -+ CdC&(X) and CdBr,- l.OOTHP + 
CdBr, (XI)- 

Fig_ 7. Arrhenius plots of log k vs. 2- -I x IO” from thz DTG curves for the decomposition of 
MnCl,-OSTI-iP -+ MnCIz-OZTHP(Ia), MnCII-OZTHP -+ MnCl=(Ib), CoC&-O.SOTHP + 
CoCII-025lHP(IIIa), CoC12-0.25THP --f CoC&(IIIb), NiClz-0.2UTHP + NiClzor). NiBr,- 
O.I~P~NiBr~(VI),CuCII-O.SOTHP +CuCII(VII), CuBrZ- l.~P~CuBrZ-0.8~P(VIIIa), 
CdCl,- OLXYTHP --f CdCl, QC) and Cd&,- LOOTHP -S CdBr, @IL 
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Fig. 8. Arrhenius plots of log k vs. T- ’ x IO3 from the DTA curves for the decomposition of MnC12- 
0.50THP -_, MnC12-0.25THPfla). MnCII-0.25THP ---f MnC12flb), MnBr=-0.75iHP 3 MnBr,- 
0_6OTHP(Iia), MnBr,-0.6OTHP + MnBr,(Iib), CoCl,-O_SOTHP + CoCfz-0_25THP(IIIa), 
CoC12-OZTHP + CoCll(IIIb). NiClz-0.ZOTHP -z- NiClz(V) and NiBr,-O_IOTHP -+ NiBr,(VI). 

Fig- 9. Arrhenius plots of log k vs. T -’ x 10’ from the DTA curves for the decomposition of CuCIz- 
WOTHP --f CuCl,(VIr), CuBrz- l.OOTHP + CuBr*- 0.88TH?(VIIIa), CuBrz-0.88THP --t CuBrz- 
0.68THP(VIIIb), CuBrr-0.68THP --f CuBrz(ViIIc), CdClz-0.20THP --t CdCIZ(X) and CdBr,- 
l_OtYI-HP 4 CdBr, (XI)- 
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The decomposition reactions of all the adducts are endothermic. Temperature 
ranges of decomposition and the DTG peak temperatures for the adducts are listed 

in the second and third coIumns in TabIe 1, respectively_ The enthalpy change for 

each step of decomposition of the adducts was evaluated by the method of Sane’ 3 
using copper suIphate pentahydrate as the standard and the values are tabulated in 

the Iast coIumn in Table I_ When the two DTA curves overlap too much with each 

other, *the AH vahes are evaIuated from the overall area of the DTA peaks concerned. 

The activation ener_gy for each step of decomposition of the adduct moIecuIes 

was evaiuated from the analysis of the TG curves using Freeman and Carroll’sr4 

equation_ The va.Iues are tabulated in the fourth cofumn of TabIe I and the plots of 

A Iog (drc;ldt)/A log ?V, vs. AT- ‘/A log FV, x IO3 from TG curves are shown in Figs. 5 

and 6. 

The activation ener_gy for each step of decomposition was also evaluated from 

the analysis of the DTG curve using the method of Dave and Chopra r ’ and the method 

described in our earlier work’ and also from the analysis of DTA curve using 
Borchardt’s * 6 equation for first order reaction and the vaIues are tabulated in the 

fifth and sixth columns in TabIe I, respectively, and the Arrhenius plots of log k vs. 

T-I x IO3 from DTG and DTA curves are shown in Figs. 7-9. 

IR spectra of the adducts were taken to ensure the presence of tetrahydropyran 

moIecuIe in the adduct. 

Eariier, we isolated the adduct of MnCI, with oxo-compounds Iike tetra- 

hydrofuran’ and ethylene gIyco1 dimethyl ether I0 whose composition corresponds to 

the adduct of this saIt with tetrahydropyran. The nature of therma decomposition 

of &i&It -0_5OTHP, i-e_, formation of an intermediate MnCI, -025THP is also 

simiIar to that of tetrahydrofuran and ethylene gIyco1 dimethy ether. Whereas, the 

composition of the same salt with di-isopropyl ether’ ’ isolated by us differs from the 

present adduct, aithough the way of decomposition is simiIar. But the adduct with 

dioxan’ differs not only in composition but also in nature of decomposition_ The 

therma stability of MKI, -0SOTHP is ciose to that of tetrahydrofuran’ and MnCI, - 

0.4ODIPE and is low with respect to the corresponding ethylene gIyco1 dimethyl 

etherxo. Whereas, the thermaI stabiIity of MnCI, -0.25THP is high with respect to 

MnCl, -O-XL where L is THF or EGDME and is close to _MnCI, -0.20DIPE. We did 

not observe earlier the existence of any intermediate in the thermogram of the adduct 

of the same salt with dioxan like the adducts with oxo-compounds studied by us. The 

therma stabilities of the adduct of this salt with the present one-compound and the 

other oxo-compounds studied earlier, irrespective of composition, reveal that the 
adduct with dioxan is thermally most stable. The activation energy* for the decom- 

position of M&I, - OSOTHP ---, MnCI,-0.25THP is Iow with respect to that of 

fAvemge of the vahcs obtaiocd from TG. DTG and DTA curves_ 
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tetrahydrofuran and is high with respect to that of ethylene glycol dimethyl ether, 

whereas, the value of activation ener,oy for the decomposition of MnCl, - 0.4ODIPE d 

MnCl,.0.20DIPE is high with respect to the adduct of this salt with the present oxo- 

compound and the adducts with oxo-compounds studied by us_ Whereas, the activation 

energy for the decomposition of lMnCIt-0.25THP ---, MnCI, is lower than that of 

tetrahydrofuran and ethylene glycol dimethyl ether. For the decomposition of 

MnCl, - 0.20DJPE ---, MnCl, it is also high with respect to the value evaluated for the 

decomposition of the intermediate of MnCl, *O.SOTHP. The value of enthalpy change 

for the first step of decomposition of MnCl,-O.SOTHP is high with respect to the 
adduct which has a similar composition as tetrahydrofuran and ethylene glycol 

dimethyl ether and is low with respect to the decomposition of MnCl,-0.4ODIPE. 

Whereas, the value of enthalpy change for the decomposition of MnCI, -025THP is 

also high with respect to that of tetrahydrofuran and ethylene glycol dimethyl ether 

and the value is low with respect to the value for the decomposition MnClz- 

0.20DIPE --, MnCI,. The vaIue of enthalpy change of the adduct of the salt with 

dioxan was found to be low. This is probably due to the adduct having the oxo- 
compound in simple ratio. 

The composition of the adduct MnBr,-0.75THP differs from the adduct of 

this salt with dioxan, tetrahydrofuran, ethylene glycol dimethyl ether and di-isopropyl 

ether. It was observed earlier that other oxo-compounds studied by us produced 

adducts with a simple composition except di-isopropyl ether. The thermal stability 

with respect to the first DTG peak temperature of the adduct MnBr, -0.75THP and 

the adduct of this salt with the other oxo-compounds studied by us foliows an order 

irrespective of their composition EGDME> D > THP> DIPE> THF. Similarly the 

value of activation ener_gy for the first step of decomposition of the tetrahydropyran 

adduct and the adducts with other oxo-compounds follows the order: THP> 

DIPEzz EGDME >THF> D. The enthalpy change for the decomposition of MnBr, - 

0.75THP ---, MnBrt - 0.4OTHP is high in comparison to tie values evaluated for the 

decomposition of adducts with dioxan, tetrahydrofuran and ethylene glycol dimethyl 

ether but is low with respect to the adduct with d&isopropyl ether. The comparative 

high value for tetrahydropyran and di-isopropyl ether in comparison to the adducts 

of this salt with oxo-compounds studied by us is probably due to the presence of +-he 

oxo-compound in fraction. 

The composition of the adduct of CoCIz with tetrahydropyran is similar to that 
of dioxan, tetrahydrofuran and ethylene glycol dimethyl ether. The nature of thermal 

decomposition is also similar, though the adduct with dioxan showed decomposition 

in a single step observed from the respective thermogram but its corresponding DTA 

curve indicated the existence of an intermediate. Whereas, the adduct with di- 

isopropyl ether showed decomposition via an intermediate CoC12-0.20DIPE upon 
heating. The thermal stability of the adduct CoCl, -0SOL where L = dioxan, tetra- 

hydrofuran, ethylene glycol dimethyl ether and tetrahydropyran follows the order: 

D>THP = EGDME>THF_ It is observed that the thermal stability of CoCl, - 

034DIPE is close to that of CoCl,-OSOTHF. The value of activation enerm for the 
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decomposition of CoCl= - OSOTHP --, CoCl,-OZTHP is maximum in comparison 
to the value for the corresponding decomposition of adducts witb EGDME and THF. 
It is also high with req~A to the value for the decompositions of CoC12-OSOD + 
C&l2 and CoClz-OXDIPE + Co&-0.2ODIPE. The enthalpy change for the iirst 
step of decomposition of CoCl,-OSOTHP is high with respect to that of tetrahydro- 
fur-an and ethylene glycol dimethyl ether and is appreciably high with respect to the 
decomposition of C&l,-OSOD + CoCl,, though the composition of the adduct 
of this salt with oxo-compounds studied by us except DIPE is similar. It is noticed 
that the value of entbalpy change for the first step of decomposition of CoC12- 
0.34DfPE is high with respect to the value for the CoCl,-OSOTHP + CoCl, - 
O_mHP_ Thermal stabilities of the adducts CoCl, - 0.25L where L = THP, EGDME 
and THF are close to each other. It is observed that the thermal stability of the inter- 
mediate CoCl, -02ODIPE of the adduct CoCl, -0.34DIPE is also close to that of 
CoC&-0_25L where L = THP, EGDME and THF. The activation energy for the 
decomposition of an intermediate of this adduct is slightly higher with respect to the 
decomposition of the adduct with EGDME and THF. Whereas, the value for the 
decomposition of &Cl2 - 0.20DIPE --, CoClz is high with respect to the decom- 
position of CoCl,-OZTHP 3 CoCl,- The enthalpy change for the decomposition 
of the intermediate adduct with THP is high with respect to that of THF, EGDME and 
DIPE whose values are very close to each other. 

The composition of the adduct of CoBr, with tetrahydropyran is similar to 
that of the adduct with EGDME. This type of composition is observed as an inter- 
mediate in the thermogram of CoBr,-2OOD. Earlier, we observed the adduct of this 
salt with ethyiene glycol dimethyl ether which eliminated oxo-compound upon 
heating in three steps. SimilarIy, the adduct CoBr, - I _OOTHP shows decomposition in 
three steps for the elimination of the oxocompound but the compositions of the 
intermediates observed in the thermo_m are not similar to that of EGDME_ The 
elimination of the oxo-compound in three steps was also observed in the adduct of 
this salt with dioxan where the compositions of the intermediates are simple in com- 
parison to those of THP ana EGDME. The thermal stability of this adduct is close to 
that of ethylene glycol dimetbyl ether and is low with respect to CoBr,- l_OOD_ The 
enthalpy change for the first step of decomposition of this adduct is close to that of 
dicxan but for the latter step of decomposition the value is appreciably high. The 
composition of the intermediate CoBr, -0.23SlT-W is common, whereas, the com- 
position like CoBr,-OS5THP is not observed in the earlier work studied by us_ The 
activation energy for the first step of decomposition of this adduct is low, whereas, 
for the second and third step of decomposition, the values are appreciably high with 
respect to the decompositions of adducts with dioxan and ethylene glycol dimethyl 
ether. 

The composition of the adduct NiC12 - 0.2OTHP is similar to that of d&isopropyl 
ether. Earlier, we isolated the adduct of this salt with dioxan and EGDME in simple 
composition- Whereas, an adduct with tetrahydrofuran was isolated as NiClz- 
0.25THF. The thermal stabilities, the values of activation energies and enthalpy 
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changes for decompositions of the adducts with THP and DIPE are close, whereas, 

these thermal parameters of the adduct NiCl, - O.ZOTHP are high with respect to the 

adducts with dioxan, tetrahydrofuran and ethylene glycol dimethyl ether. In our 

earlier work’ ’ the activation energy for the decomposition of NiCl,-0.20DIPE + 

Ni& evaluated from the TG curve was appreciably low in comparison to the value 

evaluated from DTA and DTG curves. A similar phenomenon is observed in the 

evaluation of the activation energy for the decomposition of NiCl, - 0.2OTHP ---)r NiCl, . 
The adduct of NiBr, with tetrahydropyran isolated by us is very interesting. 

We never encountered this type of composition in our earlier works%‘l. The eom- 
position of the adduct of this salt with THF and DIPE was also interesting Whereas, 

the adducts with dioxan and ethylene glycol dime^rhyl ether were isolated in simple 

composition. The thermal stability of this adduct occupies the following position 

amongst the adducts irrespective of composition with oxo-compounds studied 

previously as D >DIPE>THP 2 EGDME>THF. The activation energy and 

entha!py change of this adduct are high in comparison to those of the adducts of this 

salt with other oxo-eompounds studied earlier, though the enthalpy change for the 

decomposition of NiBrz-O.lOTHP ---, NiBr, is low with respect to that of the 

decomposition NiBr= - 0.44DIPE --f NiBr, . 
Till now we could not isolate the adduct of CuCI, with oxocompcund in simple 

composition. The adduct of this salt with the present oxocompound isolated by us is 

similar in composition to that of EGDME and also in the nature of decomposition. 

This type of composition is observed in the thermogram of CuCl, -0.7OTHF as a 

thermally unstable intermediate. Whereas, dioxan produced an adduct CuCl, - 0.75D 

which lost the oxo-compound in a single step and di-isopropyl ether produced an 

adduct CuCl, -0.25DIPE which also lost the oxo-compound in a single step. Only the 

adduct with tetrahydrofuran lost the oxo-compound in three steps passing through the 

following intermediates CuCl,.OSOTHF and CuCl, - 0.15THF. The value of 

activation energy for the decomposition of CuCIr-0.5OTHP does not differ much 

from the values evaluated for the decomposition of adducts with oxo-compounds 

studied by us. But the value of enthalpy change is appreciably high in comparison to 
the values for the decamposition of adducts of the same salt with the oxo-compounds 

studied by us. The thermal stability of this adduct is appreciably lower with respect 

to the adduct with dioxan and is high with zqect to the adducts with THF, EGDME 

and DIPE. 
We isolated the adduct of CuBr, with this oxocompound in simple composition 

like the adduct with dioxan, tetrahydrofuran, ethylene glycol dimethyl ether and di- 

isopropyl ether. The composition of this adduct is similar to the adducts with oxo- 

compounds studied previously, though dioxan produced the adduct as CuBr, -2.OOD 

whose thermogram showed the existence of CuBr2 - 1 .OOD. Earlier, the elimination of 

oxo-compounds from the adducts which were similar in composition to this adduct 

took place in a single step observed from the respective thermogram. Whereas, the 
present adduct loses the oxo-compound in three steps. The compositions of the 

intermediates observed from the thermogram of CuBr, - I .OOTHP are very interesting. 
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The thermal stability of this adduct is very low in comparison to the other adducts of 
the same sa.It with the oxo-compounds studied by us and the order of the thermaI 
stabihties of the adducts CuBr, - I .OOL where L represents the oxo-compounds already 
studied by us is as follows: DIPE>THF> EGDME> D >THP_ The value of 
activation ener_e for the first step of decomposition of CuBr, - !.OOTHP does not 
differ much from the values for the decomposition of adducts with oxo-compounds 
reported earlier. But the value of enthalpy change is appreciably higher in comparison 
to those of adducts with dioxan, tetrahydrofuran etc. This noticeabIe difference in the 
vahre of enthaipy change of this adduct from the other adducts of this salt is probably 
due to the elimination of the oxo-compound in compiex fashion 

We isofated the adduct of CdCI, with this oxo-compound in two compositions. 
The adduct CdCI, - 0.2OTHP is isolated by keeping the adduct CdCI, -0.7STHP in a 

vacuum desiccator for Iong hours. Earher’, by adopting this technique we isolated the 
two adducts of NiBr, with dioxan, i.e., NiBr, -2.OOD and NiBra- I .OOD. However, 
the compositions of both the adducts with THP isolated by us are not simi1a.r to the 
adducts with other oxo-compounds studied earlier. Earlier, it was observed that the 
elimination of oxo-compounds from the adducts of this saIt took pIace in a single step. 
SimiIarIy here also both the adducts lose the oxo-compound in a single step_ We 
expected the existence of the adduct CdCIz - 0.2OTHP in the thermogram of CdCIz - 
0.73’THP but in actual practice we could not find it. Similarly, in the thermogram of 
NiBr, - 2.OOD, the existence of NiBr, - I .OOD was not indicated in the thermogram of 
NiBr, - ZOOD_ The thermal stabilities of CdCI, - 0.75THP and the adducts of this salt 
with other oxo-compounds follow the order: D>THP aTHF>EGDME. It is also 
observed that the thermal stabilities of the adducts CdC12 -0.7SlHP and CdCIz- 
OZOTHP differ slightly. Whereas, the activation energies and enthalpy changes differ 
appreciably_ The value of activation ener,T for the decomposition of CdCI,- 
0.75THP + CdCIl is close to that of the adduct with EGDIME. The value is slightly 
lower with respect to the adduct with THF and is appreciably lower with respect to 
the adduct with dioxan. The values of enthalpy changes for the decomposition of 
CdCI, - 0.75rl-U-3 + Cd& and the adducts with tetrahydrofuran and dioxan are 
close to each oti-er. But the value af enthalpy change for the adduct with EGDME is 
high with respect to that of the adduct with THP. 

TiII now we isoIated the adduct of CdBrz in simple composition, i.e., CdBr,- 1 
(oxo-compound). Like the decomposition of adducts with other oxo-compounds, 
here aiso elimination of oxo-compound takes pIace in a single step. The thermal 
stability of this adduct is close to that of THF and EGDME but is appreciably lower 
with respect to that of dioxan. The value of enthaIpy change for the decomposition of 
this adduct is cIose to those of dioxan, tetrahydrofuran and ethyIene gIyco1 dimethyl 
ether_ But the value of activation ener=T is slightly higher in comparison to the values 
of adducts with dioxan, ethylene glycol dimethyl ether and tetrahydrofuran. 

The thermal stabihty of the adducts of metaI chioride, irrespective of com- 
position with respect to the first DTG peak temperature, increases in the order: 
Ni > Co> Mn> Cd> Cu. It is observed that the thermal stability of the adduct 
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NiCI,-0.20THP is appreciably higher in comparison to the other metal chloride 
adducts. On the other hand the thermal stabilities of the adducts of metal bromide 
irrespective of composition are very close to each other except the adduct CuBr,- 
1 .OOTHP. 

It is observed in our earlier works that for the adduct moiecules of metaliic 
halides with oxo-compounds, which lose the oxo-compound in more than one step, 
the activation ener_gy for the Iatter step of decomposition gives a larger value than the 
earlier. The adduct moIecuIes of this oxo-compound show a similar phenomenon, 
except in the decomposition of CoCI,-0.50THP where activation energies of the 
former step of decomposition CoCIt -0SOTHP ---, CoC12 -0.25THP and the latter step 
of decomposition CoCI, - 0.25THP + CoCI, are close to each other. The variation in 
the values of activation energy for the decomposition of adducts evaluated from TG, 
DTG and DTA curves is not too much, though an appreciabie low activation enerm 
value is observed from the analysis of TG curves of NiCl* -0.20THP + NiCIz and 
CdBr, - 1 .OOTHP --, CdBr, in comparison to the values obtained from the respective 
DTA or DTG curves. 

In the present paper the vahres of enthalpy changes of decomposition of the 
adduct molecules range from -8-a-85 kcaI mol- ’ _ It is noticed that the vaiue of 
enthaIpy change is low, i-e., 19.5 kcal moi-1 where, the composition of the adduct is 
simpIe i.e., CdBr,- l.OOTHP and the value is high, i.e., 84.2 kcal mol- ’ where, the 
composition of the adduct is not simpIe, i.e., NiBr, -0. IOTHP. The same phenomenon 
is also observed in the decomposition of adduct molecules with d&isopropyl ether 
studied earlier. But in the decomposition of CuBr,- l.OOTHP + CuBr,-0.88THP the 
enthalpy change is high, i.e., 73.0 kcal mol- *, though the composition of the adduct 
is simple. The probable expIanation is already stated in the text. In general the latter 
step of decomposition gives a !arger AHvaIue than the earlier step. But such tendencies 
are not observed in the decomposition of al1 the adducts. On the contrary, an 
appreciable decrease in the value of enthaIpy change is observed for the Iatter step of 
decomposition in comparison to the earlier step in the case of the adduct CuBr,- 
I .OOTHP. 

Till now we carried out the thermal decomposition of adducts of metallic 
halides with oxo-ethers. Though thee ethers show differences in molecular volumes, 
nature of chain (open or dosed), number of adduct formation centre, etc., some 
similarities are observed with respect to the composition and thermal properties 
amongst the adduct moIecuIes of oxo-compounds studied by us. 
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