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ABslRAcr 

Measurements are reported for the enthaipies of the reaction 

L,Pt*a.lkyne(c)tn C&(l) + L$tCS,(sol+f-alkyne(so1 or g)+(n- 1) CS, (1) 

where L is triphenylphosphine and the alkyues used were ethyne, I-butyne, 2-butyne, 
phenylethyne and diphenylethyne. These enthalpies when combined with other data 
lead to the conclusion that the relative strengths of the pIatinurn+lkyne bonds 
increase in the order ethyne -C 1 -butyne c Z-butyne < p.henyIethyne < diphenylethyne. 

The above order is in agreement with qualitative observations on the relative 
stabilities of the compounds*. 

INlRODUCTIO3I 

In a recent paper* Evans and Mortimer have reported Se &haIpy for the 

reaction between crystalline bis(triphenylphosphine)etheneplatinum(O) and gaseous 
diphenylethyne to produce solid bis(triphenyIphosphine)diphenyIethynepIatinum(O) 

and ,oaseous ethene. They concluded that the platinum+iiphenylethyne bond is 
stronger thau the pIatinum+thene bond which is in agreement with the observed 
greater relative increase in the length of the carbon-carbon bond on complexation 
of diphenyIet.hyne (O-013 nm for diphenylethyne cornpared to O-009 nxn for ethene)2_ 

More recently Davies and Payne3 have reported their findings on the crystal 

and molecular stru&me of biitriphenylphosphine) (I -phenyIpropyne)pIatinum(O). 
They have also ta.buIated data for a number of other &Pt-alkyne complexes and 

with these data (8 compiexes) have demonstrated that a wide range of P&P and 
P&C (aIkyne) distances and P-P-P angks exist in these compI&xes. It was conchrded 

that at this time it does not seem possibly to correlate any trends in P&P and Pt-C 
distances or P-Pt-P angks with ekctron-withdrawing or -reIeasing behaviour of 

the substituents on the alkyne and that the value of interpreting small changes in 
pt-P or Pt< distances in terms of bonding can 0nIy be justified if the values differ 

markedly from the =mean” values for these parameters. It was suggested that either 
the,mode of bonding in these complexes is relatively insensitive to the nature of the 
subs&uent on the al&ne or that such di@rences in the bonding in these complexes 
aretoosmalltobedetectedbyx-ray~~onstudies, 
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It is a!so apparent from the data that they Iist that the probable steric effects of 
the substitucuts do not show any markedly unusual beha+iour_ 

In the light of these considerations we would iike to present somk data on 
caXorimetric studies of a series of complexes of the type L,Pt-RCiCR’ where 

R=R’=H; R=R’=CH,; R=R’=C,H,; R=CzH5, R’=H and R=C6H5 
andR’=H_ 

The enthalpies of reaction and solution were carried out with techniques and 
eq+ment that have been described in previous papersc6_ 

The compounds were all prepared by known methods either from the bis- 
(tripheny1phosphine)oxygenpIatinum(iQ’ complex or from carbouatobis(triphenyI- 
phosPhi+PIatinum(IQ*_ The products were all analyzed correctly and bad tieking 

points c&+espo~ding to * li_tel-ature vaIues. 

The reactions examined are listed below. The reiatiknurik~ of moles of 
compound and CS, are somewhat approximate: for instance 10000 CSz varied 
between So00 and 15000 CSz in different experiments, It was assumed that the 
exithalpy of dilution (or the reverse) of the actnal solution to reach a solution of 
aXmpo&ion l&PtC+lOcW cs, was negligible- In all cases the &ous were 
carriedoutat2!38K 

--TibeIX?aCtiOnS- . 
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TABLE 1 . 

SZNTHALPB OF~REACTION OR SOLUTION-AT 298 K 

A 58.9. 58.8. 61.9 59.9 flA 
B 
c 

71.4. 67.5; 68i 692 f1.4 
73.5. 693, 70.5 71.1 f1.6 

D 87.1, 81.1, 84.5 84.2 f21 
E 80.3, 759, 78.6 783 fl.6 
F 0.87, 137, 135 1.20f0.2. 
G 1030,10.61,10.40 10.5 fO.l 
H 21.9; 18.5, 20.7 20.4 fl.2 

1. 

Auxihary data were needed in order to enable a better comparison of the bond 
strengths to be made. 

The data used -were as fohows: reaction of Lzpt with CS,, 49.9j; enthalpies 
of vaporizatiorx 2-butyne, 26.69, phenylethyne, 40.7; enthalpy of sublimation: 
diphenyIethyne 88, ah in kJ mol- ’ . . The enthalpies of vaporization are from vapour 
presslltedata- 

~cnthalpyofsublimationofdiphenylie~~ewascstimatedas88~5kTmol-’, 
a value somewhat lower than the one used by Mortimer 190-i_ 10 kJ molY’)2. Our 
value was derived in two different ways: 

(i) By cakub&ng the entbalpy of vaporization of hydrocarbon compounds of 
similar for&la and melting po% to diphenyletbyne. These values were obtained 
by subtracting the known heats ‘of fusionxo~~r from the known heats of sublima- 
tion’*_ TEese valnes wexe then-averaged. 

(iii) By estimating the enthalpy of vaporization by Trout&% rule and uxreking 
it to 298 K by using SidgwicJc’s ruIe13. 

The values obtained by each of these methods is shown in Table 2. The enthalpy 
of fusion of diphenylethyne (21.4 kJ mol-l)xl was then added to the mean of these 

I. lIns value is appr&mateIy 4 &J mol’ r higher than that 
-for. l~-diphenylethanelz, a compound whose-boii point and molaxzlar weight 
art not v&y difkcut from thc~t of diphcnykthyne. This fact ampfed with the good 



-180 

agreement between the values from two independent methods Ieads us to beiieve that 
88 kJ mol- ’ is a good estimate of the enthaIpy of subiimation of diphenylethyne. 

DfSCUSSfON 

From these rest&s it is possible to caIcuIate the enthalpy for the reaction 

for each alkyne. A better cornpeon, admittedly, would be between enthalpies for 
the reactions in which aU of the compounds are in-the gas phase, but the platinum 
compounds are too unstable to be vaporized, so that the reIa$ve enthaIpies of 
vaporization are not avaiIable_ Howe&r, the reaction above gives an indication of 
the relative bond strengths provided that the enthalpies of subiimation of the various 
platihum complexes are not very diEkent 

The enthaIpies calculated for reaction 1 are Iisted in Table.3: 
. . 

‘JXBLE 3 -_ 

AW for L2PNc)faIkync(g)--tL2Pt-dLpc(c) 

GHZ -fO_Oi2 
C,H,Ci CH -x9.3*2 
CH,Cf CCHX -46.6f3 
GH,Ci CH -6uf3 
CdHICI CC6HS -9&Oi8 

: 

Tbe error limits reflect the errors in t+e experimentai enthdpies except in the 
case cf diphenylethyne where they ako incibde the estimated probable error in the 
e&aIpy- of subhmation of diphenylethyne. 

k is apparent from the data given in TabIe ; that the AH” for the reaction of a 
given @ecus aikyne reacting with solid bis(triphenylphcsphine)platinum(O) to. 
give a crystake product varies from one alkyne to another in a fairly regular fashidn. 
ThCSeiSZtgeneralill~ in the exothermkity of reaction (1) with substitution at the 
rcetyIenkcar~~_ me most exothermic _reac&ms bccur with alkynes. wbichkrk the 
beiirr-aoceptors_ 

It is aIs0 evident that the aIkyl substituted alkynes react u&e exothe&&I~y 
than ethyne... This is probabIy the resuIt of an increased sigma-donor capability 
(comparable to that of ethene) c&&d with ti &ill fk+okable z-aaazptpi capability, 

- The question of the effect of_.$eric i3++tic~ between the,_subst$uents on 
the zdkyue and the phenyl hydrogens of the triphenylphosphine on the enthaIpies for 
.&&ion (1) is open k &ecuIation_ It shouId be $cint&I out, though, that, barring 
an9 -unexpected ef&cts (e_g_, significan~y greater steric intebctioti. for methyl Corn; 
.gare$ to phen$ substitxients), the order of in creasinglyz unfavourabIe ‘kteric interac-. 
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tion is also the order of increasin g exothermicity for reaction (1). This would indicate 
that the favourabIe ekctronic effects apparently outweigh what should be the 
increasingiy unfavourable steric interactions in these complexes. It would also se&m 
likely; considering the magnitude of the values for reaction (I) with the different 
aUqnes, that X-ray crystallographic determinations are unlikely to yield values in a 
closely reIated series of compounds which could be CorreIated with the electron- 
donating or -withdrawing nature of the substituents on the aIkyne_ 

OUr results for the hypothetical reaction (1) also indicate that there is a possibil- 
ity for equilibrium mixtures of alkene and aikyne complexes under certain conditions 
of displacement reactions even with the simple unsaturated hydrocarbons. This has 
been found to be true in the ethene-ethpe system where bubbling ethyne through 
a solution of L$t-ethene led to a mixture of products and not to the complete 
displacement of ethene. Fur&her studies are at present underway in order to cl@ 
this situation, 
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