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The decomposition of p&line complexes of cadmium chloride has been 
studiedusingdiEiEreutial scarming calorimetry. The 2~1 complexes with 3-picoline and 
4-picoline dccomposc in three steps corresponding to the loss of one, one-third, and 
two-thirds of a molecule of figan& respectively, in these steps_ Sample size apparentiy 
controls the mode of decomposition of the I:1 complex with 2-picoline_ In so= cases, 
two-thirds of a molecule of ligaud is last and in other cases one-third is lost first. 
Thermal parameters have been determined for the various decomposition reactions. 

IN’IRODUCIlON 

A very large number of complexes have been studied thermaUy in which the 
&and donor atom is nitrogen’. However, many of the studies have been of a rather 
cursory nature, carried out to determine decomposition temperatures or relative 
stabilities of a series of complexes_ In recent years, modern thermaI methods have 
yielded a weaith of therm~yuamic and kinetic data on such systems, 

Somewhat surprisingly, the xiumbcr of studies carried out on cadmium corn- 
plexes is rather small. Among the most extensively studied cadmium complexes are 
the complexes with ammonia, ethyienediamine, and dipyridy12_ Also, the thermal 
decomposition of the pyridine complexes of cadmium halides have been investigated’_ 
It was reported that the decomposition of the pyridine compkzxes follows the steps 

.The AEZ values reported for these reactions were 15-6, 3.6, and II-2 kc4 mol-‘, 
respeztively3_ The work described here was carried out to provide reliable data 011 the 
decomposition of the picoline complexes of cadmium chloride and to d&-mine their 
&composition pattems- 
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The 21 compIexes of 3-picoline (3-pie) and 4picoIine (4-pit) were prepared by 
treating 0.02 moIes of finely ground CdC&-2.5Hz0 with 0.2 moIes of the picohne. 
The mixture was maintained at 100°C for 8 h and shaken f_uentIy. After heating, 
acetone was added to the mixture and it was cooled on ice. The soIid compIexes were 
washed with cold acetone. After washing, the products were allowed to dry in air at 
room temperature. As prepared, the complex with 4-pit yielded 17.17% CI due to 
some Cd@-pic).&& present as au impurity. To convert this impurity to Cd@-pic),CI,, 
samples were then heated at 50°C for 2 h. For two separate batches, the resuhs were 
as foIIows. Anal: c&d. for Ca(4-pic)&Iz: CI, 19.19%; found, 19.24% and 19.33%. 
G&d. for Cd@-pic),CI, : CI, 19.19%; found, 19.98%. The 1:I compIex with Z-pit 
was prepared as descrimbed above as we11 as by dissolving the CdcI,-25H,O in hot 
aIcoho1 and adding the 2-pit to the reIIuxing soIution. The product was treated as 
before. Anal.: caIcd. for Cd(2-pic)CI,: CI, 25.65% ; found, 25.69%. 

DSC studies were carried out as previously described* with mass losses 
determined by reweighing the sample after each endothermic peak was passed. 
Activation energies were determined by the method of Thomas and CIarke using a 
Ieast squares program to detcrmine the sIopess_ Peak areas were determined by 
,=phicaI integration, and enthaIpy vaiues were caIcuIatcd using the fusion of metaII.ic 

.tinasastanda.rd- 

-T’S AND DISCUSSION 

The i”l compIex of 3-pit with cadmium chIoride was obtained directly. In the 
cast of the complex with Z-pit, ouIy the I:1 complex was obtained ahhougb the 
cadmium probably maintains a coordination number of four by means of chloride 
bridges. The reason for this difference in the case of 2-pie may be the steric e&ct when 
the methyl group is in the 2-position. There is ample evidence to indicate that com- 
pIexes of 2-pie are frequently easier to dissociate than are the corresponding complexes 
of 3-pit and 4-pic6.‘- 

With epic, a greater thau 21 ratio of Iigand to metaI was obtained initially. 
This was due to some Cd@-pic),cI, present as an impurity. This material is relatively 
unstable and is converted iu 2 h at 50°C to Cd(LLpic)&I,. After heating, the material 
gave a good sndysis for Cd(4-pic)zCIt, and this material was used for aII quantitative 
DSC runs. When the impure 4-pie complex is used in the DSC, an endotherm occurs 
at sIightIy above room temperature corresponding to conversion of Cd(4-pic),Q= to 

Wbpic),cI,- 
DSC curves obtained during the decomposition ofthe 3-pit and 4-pit compIexes 

showed three endothermic peaks. IMass loss data were used to es&Wish that the 
reactions giving rise to these peaks are 



where pit represents either 3-pit or 4-pit. The mass losses and thermal data for these 
reactions are given in TabIe I. 

TABLE 1 

THERMAL DATA FOR DE~OAMPOSSTION OF Cd(3-pic)&lz AND Cd(4-pic)zQz* 

3-pie (1) 381 446 25.20 25s8fOS7 19.86fO.12 17.87% 1.02 
3-pit 0) 458 501 11.23 11.63&0.80 - 5.43 f I -27 
3-pit (3) 519 584 25.30 24.88 f 0.30 - 16.17-L I.11 
4pic (1) 391 452 25.20 23.7oi 1.19 23.1630.20 16.23fO.SO 
4-pit (2) 499 548 11.23 13.49f0.72 54.901135 5.73 f0.12 
4-Pk G) 556 600 25.30 23_42fO_61 - 9.50 zko.29 

l Men vaIuesfavaa@ deviation from the mean. * Additional mass loss for each sxcp. 

The data shown in Table 1 indicate that the loss of one molecule of lizand from 
the 3-pit and 4-pit complexes requires about three times as much heat as the loss of 
one-third of a &and molecule does in the second step. Such a result is expcctcd since 
there is probabIy no difference in the way in which the &and is bonded in the two 
cases. In the third step of the decomposition in which two-thirds of a picoiine is lost, 
AH should be about twice what it is for Step II and about two-thirds the value for 
Step I. Here the agreement is not as good, possibly owing to more extensive rearrange- 
ment in totally decomposing the complex. 

The decomposition of the material having the composition Cd(2-pic)Cl, was 
found to be similar to the second and third steps of the decomposition of the 3-pit 
and 4-pit compkxes. There was one significant difference which depended on the 
sample weight. cd(2-pic)Cl, was found to decompose in two steps with two difkrcnt 
patterns being followed. The fhst scheme is 

W2-pic)Q,, + Cd(2-pic),&l~~,i-2/3 2-pictiI (4) 

cd(2-pWx13~2~s~ + ~Cbcsl+ 113 2-pictij 0 

This pattern was followed for samples in the range of 2-5 mg. Expcckd additional 
mass Iosses for reactions (4) and (!5) are 224.6 and 14.48%, respectively. Mass losses 
found experimentally were 21.05 and 15.64% for these reactions. 

When samples in the 8-10 mg range were used, the decomposition followed the 
l-E%ZiOrrS 
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Cd(2-pic)~,&Ixs,_ + Ckitias,+2j3%p&, -: m 

For these re&tions, t.he.expecM mass losses are 1123 and 2!530%, respccGveIy- The 
experImcntal mass IoSses for deco&osi~ori of these huger sampIe+zre II.81 and 
24.33%, Thw it is apparent that huger samples of cd(&YiC)a~ decompose aazord.Sg 
tocqns(~and~,sevcralsamplesbeingusedineachcast.TheeifectofsampIe-~ 
isprobabljuluetodifE&Wes inthediffasionratesofthegreattramormtoffieeIigand 
hW Corn larger sampIe~ Less of this l&and w-out of the container and, 
thercforc. only one-third of a @and is Iost in the initial step_ Table 2 shows the ther- 
mal data for all these reztions of w2-pic)Ci, _ The data shown in Table 2 reveal that 
reaction (7) absorbs almost exactly twice as much heat as is absorbed in reaction (6)_ 
Sucharesnltisnd, Expected since the amonnt of figand being driven off is twice 
asgreatinreaction(7). 

TABLE 2 

THERMAL DATA FOR DECOMPOSlTION OF Cd@pic)CIf 

For rea&ons (Q-o-() in the decomposition of cdo,cI,, Beech et ai. reported 
AHv&es of W-6,3.6, and 11.2 kcaI mol-‘, respectively9 The slightly higher values 
obtained in this work for the 3pic and 4pit compIexe!s would be expected Corn the 
faCr that methyIpyridines are s&htIy more basic than pyridine- The difExences in the 
ability of the vzuions picoIines to form z-bonds and the eScts of basicity have been 
amPlY reviewedso and wiiI not be discussed fixrther here. Since the complex with 2-pit 
contains a metal/Egand ratio of 19, its decomposition should be compared with 
reactions (2) and (3) for the 3-pit and 4-pit complexes. Thus, reactions (6) and (7) 
represent the same decomposition pattern of the 2-pit complex a$ thatobserved in the 
last two steps of the decomposition of the 3pic and 4-pit compIexes. For the com- 
plexes of 3pic and 4-pit, the sum of the heats of reactio& (2) and (3) are 2i.6 and 
152kcal mol-‘, rqxctivefy- For the 2-pit compIex, the m_ of the heats of 
reactions (6) and (7) is 148 kcalmol- I_ Thns, the decompositioti of cd(2-pic)CIz 
does require less heat than the decomposition of either cdocI, or Cd@-pic)c1,, 
althoughnotsigni&zntiysointhelattercase~ -1. . : 
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