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Summary 

The enthalpies of reactions 1 and 2 have been measured as U(1) = -142 + 6 
and m(2) = -112 2 6 kJ mol-’ to determine whether thermochemical factors 
are a major influence in the formation of different reaction products (tcne = 
tetracyanoethylene). 

trans-Pt(PMe,Ph),MeCl (s) + Cz (CN), (g) + Pt(PMezPh)lMeCl(tcne) (s) (1) 

trarzs-Pt(PPh&HCl (s) + C1(CN)4 (g) + Pt(PPh&(tcne) (s) + HCl (g) (2) 

Whereas trans-Pt(PMezPh)zMeC1 reacts with tetracyanoethylene (tcne) in 
1,2-dichloroethane to yield an addition product [l], reaction of trans-Pt(PPh&- 
HCl leads to elimination of HCl [ 2]_ 

trans-Pt(PMezPh)zMeC1 + tcne + Pt(PMe,Ph)2MeCl(tcne) (1) 

trans-Pt(PPh&HCl + tcne + Pt(PPh&(tcne) + HCl (2) 

To establish whether or not this difference has a predominantly thermochemi- 
cal or kinetic cause we have determined the enthalpies of reactions 1 and 2 from 
calorimetric measurements of the enthalpies of reactions 3-8, 

trans-Pt(PMezPh)2MeCl(s) + [50 tcne, dce] (1) + 

[Pt(PMe,Ph)2MeCl(tcne), 49 tcne, dce] (1) (3) 

Pt(PMe,Ph).MeCl(tcne) (s) + [49 tcne, dce] (1) + 

[Pt(PMe,Ph),MeCl(tcne), 49 tine, dce] (1) (4) 

tcne(s) + [49 tcne, dce] (1) + [50 tcne, dce] (1) (5) 
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trans-Pt(PPh&HCl(s) + 150 tcne, dce] (1) * 

[Pt(PPh&(tcne), HCl, 49 tcne, dcel (1) (6) 

HCi(g) + [Pt(PPh&(tcne), 49 tcne, dce] (1) + 

[Pt(PPh&(tcne), HCl, 49 tcne, dcel (1) (7) 

Pt(PPh,),(tcne)(s) + 149 tcne, dce] (1) + [Pt(PPh&(tcne), 49 tcne, dcel (1) (8) 

where dce is lo4 mol1,2-dichloroethane. Values obtained were oN(3) - ‘71.7 2 
2_2,On(4) i- 8.92 t 0.36, AH(5) i- 19.9 + 1.1, AH(6) - 60.0 +_ 0.6, AZY(7) 
-13.7 t 0.2, m(8) + 4.5 t 0.7 kJ mol-‘. The enthalpy of sublimation of tcne is 
+81.2 kJ mol-’ /33 _ 

It is possible to estimate the enthalpy of the elimination reaction 9 in the 
following way. The enthalpy, AH(10) -58 5 IO kJ mol-‘. of reaction 10 and 

trans-Pt(PMezPh)zMeCl (s) -i- tcne (g) + Pt(PMezPh)l(tcne) (s) + MeCl(g) (9) 

trans-Pt(PPh,),MeI (s) -+ tcne (g) -+ Pt(PPh&(tcne) (s) + Me1 (g) (16) 

the bond dissociation energy difference D(Pt-Cl) --D(Pt-I) = 82 4 10 kJ mol-’ 
can be calculated from data published previously 14-6 3. If we assume that the 
enthalpies of sublimation of the platinum complexes are the same then 
the enthalpy, AH(10) can be adjusted to account for (i) the dissociation of a 
Pt-Cl rather than a Pt-I bond and (ii) the formation of a CH,-Cl bond rather 
than a CH,-I bond. Using the values D(CH,-Cl) 351 i 4 and D(CH,-I) 236 f 4 
kd mol-’ [7] we obtain an estimated value AH(9) -91+ 28 kJ mol-‘. Whilst 
the different phosphine ligand will have some influence on the estimate of AEl- 
(9), it is like1 y t o reduce the magnitude, as found 181 in the case of the adducts 
Pt(AsMezPh)2MeCl(C1F4). This estimated value for the enthalpy of the overall 
reaction 9 is less than that for the formation of Pt(PMelPh)lMeCl(tcne), m(l) 
-142 rt- 6 kJ mol-’ , so that this adduct is in an enthalpy “valley”. However, 
the entropy change of reaction 1, in which a mol of gaseous tcne becomes 
incorporated in the adduct, will be negative and of considerable magnitude_ On 
the other hand, the value of AS for reaction 9 will be small. Consequently, the 
free energy change, AG(l), for the adduct formation reaction could be equal to, 
or even of lesser magnitude than the value AG(9) for the overall reaction involv- 
ing elimination of MeCl. Thermodynamically, the formation of the adduct is 
not particularly favoured. It seems likely, therefore, that the different course of 
reaction between tcne and Pt(PMezPh)zMeC1 and between tcne and Pt(PPh,),HCl 
results mainly from kinetic than from thermochemical factors. 

The thermochemical analysis of reaction 2 may be taken a step further in an 
examination of whether the elimination of HCl results from inherent weakness 
of the Pt-H bond. The value of m(2), combiied with the enthalpy of replace- 
ment [4] of C2H4 in Pt(PPh&(C2H4) by C,(CN), and the value D(H-Cl) 431.6 
kJ mol-’ [9] can be used to yield a value, AH(l1) -476 + 14 kJ mol-l for the 
enthalpy of reaction 11, This may be compared with the value AH(12) -488 +- 
27 kJ mol-’ obtained from data in ref. 4 and 5, together with an estimated value 

Pt(PPh&(CzH4) (s) + H (g) + c1 (g) + tram-Pt(PPha)2HCl+ C2H4 (g) (11) 

Pt(PPhsL(CzH4) (s) + 2 Cl fg) + tians-Pt(PPh&Clz (S) + C2H4 (g) (12) 
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of AlY -15 t 2 kJ mol-’ for the isomerization cis -+ trans-Pt(PPh,),&. The 
trans-influence in platinum compounds is considerable and clearly the Pt-Cl bonds 
in trans-Pt(PPhs), Cl will be stronger than the Pt-Cl bond in trans-Pt(PPh,),- 
HCl, since Cl has a greater trcrns-influence than H. It is difficult to calculate the 
magnitude of this difference in bond dissociation energies of the Pt-Cl bonds. 
However, we can conclude that D(PtH) = L)(Pt--Cl). The Pt-Cl bond is strong 
so that reaction 2, which occurs with elimination of HCl, is encouraged by the 
formation of a strong H-Cl bond rather than because of the ease of rupture 
of the Pt-H bond. 

Experimental 

Tcne (Emanual) was recrystallised from dichloromethane, sublimed and 
stored over solid NaOH. 1,2-Dichloroethane was dried over MgS04 and distilled. 
Enthalpies were measured by use of the LKB 8700 calorimeter. 

Analyses. trczns-Pt(PMe,Ph)2MeCl. Found: C, 39.21; H, 4.97. Ci7H2&1P2Pt 
c&d.: C, 39.13; H, 4.83%. trans-Pt(PPh3)2HC1. Found: C, 57.45; H, 4.14. 
C96H31ClPzPt calcd.: C, 57.19; H, 4.13%. 
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