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some years ago the quiliium cotlstants (K) for the 
association of tetracyanoethylene with benzene and 
benzem_ds in cyclohexane were estimated from spec- 
trophotometric mcasmments of the intensities of the 
~~~0~ charge-transfer absorption bands cbarac- 
teristic of such interaction.’ It was assumed that the ratio 
ofdonor@)toacccptor(A)inthecompkxwasl:I.Tht 
resuhs ind&ted an isotope effect, the ratio of the K 
values for the C& to the CJ&. compkx being 1.3 at 33”. 
The estimated equiMum constants themselves were 
relatively small, for example K = 1.2 1 mol-’ for GDP 
TCNE at 3f. Such small donor-acceptor ~~~ 
constants are notoriously diilicuit to determine with ac- 
curacy, principally because the absorption coefficient 
(le& cannot be separately determined, but has to be 
derived from the same data as yield the value for K. 
Indeed, the product term Kco,, can be readily estimated 
fora1:lassociaM,whereastbescpara&quantitiesK 
and eDA are di&ult to evaluate.’ fn this particular 
e~~nt~~,~f~~~t~p~~~ 
KeoA at a given tempemture was the same for the 
CdXrTCNE and Cd&-TCNE systems. It seemed 
possible therefore that the reported ditkrences in K 
values cmld be an artefact of the method of estimation. 
In the same paper, the determination from NMR shift 

. ~~e~n~ of quip constants for the associa- 
tion of I$$-trinitrobenzene with benzene and benzene- 
& was descrii. No isotope effect was observed in this 
case. 

Since that work was reported there have been some 
developments in the technique of data collection and of 
imputation of equiliium cons%ts for this type of 

tera&m. There is now good evidence that in many 
*donor a-acceptor interactions where [Do] + [Ab (sub 
script zeros indicate the total free and compkxed spe- 
ties), not only bimolecular DA species, but also 
&molecular D2A species can be present at sign&ant 
concentrations. We have chosen to use the NMR shift 
method rather than use spectrophotometric methods to 
make a careful study of the degree of ~rn~~~ of 
benzene, tokene- and p-xylene and their perdeuter+ 
analogues with p&oranil in cyclohexane solution. ‘IEc 
results show clearly that the stoichiometry in thzse cases 
is not simply 1: 1. Fwbmore, titcisotopeeffectisin 
the opposite sense to that which had been conch&d 
from the original experiment. 

ExKNmrwAL 

TheNMRmcthodhasbcendescnkxlbyRaikyetaf.’Itisa 
devekpmant of a mathod previously described by Foster and 
Fyfe,‘&hougbthabasicformulptioaoatheopticalcquivalent 
was tint dcsaii by Scat&& 

Fathe&racMsz 

D+ A G= DA kt 11, = lDAl/[DllA] (I) 

DAtD=DzA kt Kz=[MII[DA]fD]. (2) 

If, for a series of sdutions in which @b+[Ak, the chemical 
~(A)~~~R~~~~ris~~ 
r&tivc to the absqtb of the sama nuckus when [Db-0. 
~f~~~~b~~K,~K~~y~ 
evahBtedakmgwitbAdl)alKIdd2),thechamkaIshihsofthe 
masurednuckiintheaccc#oriuthcfrceDAand~A 
~rrrpadivclyrrlPtivctothesbiltofthessmenuckiio 

uDewroaWdaazptor.Iftbcplotof~bisn&incar,this 
iSgCDCf8UYt8kClltOlllC8llth8ttC!UWkh ~~f~~ 
(~2)~~It~~~~ 
ov~8su~y~~of[Db~~~~~ 
ofthcfnaionofths~compkxsd,oftearcfu&toas 
the satura& fmctioa’ (s). Such an amount of experimental data 
isucc4saryiuo&rtoprovidcfortha&tec&mofpossibk 
cunntracoftbeplotofA/lD]vsAaadfurtheeva,luatioaoftha 
parpwm. 

~comspondiae&dkdmkpchas&n&scrii’in 
which fa a series of sohbms in which [I>b * [Ab, AJDklAb is 
plosted against AnAh wkre A is the abtioti due to the 
compkx. Here the paramaer~ KI, K2, WA ad C&A may, in 
phCipk,bCCvaloatad.CIhe~‘SbcisntbCabsaptionCOCfRdmts 
of the appropriate species at the wav&agth of &surcmant). 

In the FWR experiments. ‘eF shifts were measured usinn a 
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Fig. I. Plot of MDb vs A for com~kxc~ of lhwwpnil with: (a) 
bcnme~(b)bam1&Oiucy~uoeIt2g8K. 

flutberpurihcotioa.olberaromatkhy~ w=pni&d 
by standard tecbn+m and cbccked by GLC. m wan 
~ur%ul by vacwm &timafion. Tebracyauoetbykne wan ~urilkd 
as the benzene complex fotb4 by vacuum sublimation. 
Cyclohcxane was BDH spectroscopic &e. 

RmlLTsAND- 

InalltbeNMR&terminationstheplotofU[DbvsA 
were curved. The computed parameters are summa&d 
in Tahk 1. The v&es for bmzmbfluoranilarenot 
distinguish&k from those for benzeae-dstluoranil, al- 
though the relevant plots (Fig. 1) do not coincide pre- 
cisely. We therefore presume that if there is an isotope 
effect for the b-UuoraGl compkxes. it is only 
margin& However, for the wrrespomiinR Mene and 
p-xykne complexes with fh~oranil, the position is ckar; 
in both caqes K, for the de&rated donor is larger than 
K,fortbeundeute&eddonor.TheK~valuesareirmlis- 
tinguishahk within experimental error. This might have 

been expected hecause of the smallness of these v&es. 
pe.hift values of ho(l) and A&) show no isotope 

Mindful of our previous investigation we have 
separately treated the present data on the assumption 
that no termokcukr complexes exist-although the 
curvatu~ of the plots of bl[D] vs A indkate the 
contrary. The parameters we obtained, namely K,,, and 
A,4app)arelistedinTahk1,a!ongwiththeproductterm 
K~.,,&app). For the benzene compkxes, within the 
experimental error, there is no isotope effect. For both 
the tdueoe and the p-xylene systems the isotope effect 
ofK,issimilartothatfortheR,values.Andwhilst 
A&p) is independent of the particular isotopic donor, 
the product term, Kc-& (app). does show a distinct 
isotope effect. This observation suggests that the 
dilIerences for the toluene and p-xylene systems are real. 

Siocenohondsareheingformedorhrokeninthistype 
of compkx formation, the isotope effect is secondary and 
consequently smi3f.l. The direction of the observed effect 
is consistent with that usually expected in comparison 
between deuterium and hydrogen. l’lms, an isotope effect 
is sometimes descrii in terms of the higbcr ekctronc- 
gativity of hydrogen than deuterium or hecause hydrogen 
has larger sterk requirements than deutium. For 
example, the ratio of the dissociation constant of 
HCOOH to that of DCOOH at 250 in water is 1.0&1.12.9 
This isotope effect indicates that the force constants at 
theisotopicpositionaresmalkrintheionthaninthe 
undissociatedacid.‘IIiskadstotheargumentthatHis 
more ekctronegative than D. ‘Be greater ekctromga- 
tivity of the undeuterated donors should make them 
weaker donors than their deutcrated counterparts, aad if 
electron donation has any s&Scance in tbe ground state 
of these compkxes we would expect the deutezated 
donors to form the more stahk compkxes as is the case. 
However, from Mull&en’s or&nal work in this area,” it 
hasheenemphasisedthatthereareo&rmoremajor 
contriitioos to this ground state from so-called ‘ho- 
bond StructuES”. unkss these contriitions are 
constant from the deuterated to the luKkuterated donor, 
it is likely that their effect will overwhelm any contrihu- 
tion from a charge-transfer stahili&on of the ground 
state. In that case the larger sterk requirements of 
hydrogen over deuterium could be used to account for 
the isotopic difference seen in the equiliirium cunstants. 

&,be rod K+ ml-’ Aoo(l)b Ao,(2)b &,#a ml -’ A&m&b I&/k& mol-’ Ha 

F-W=@ 5.55 2 0.2 1.20+0.05 9626 188f12 2.66 2 0.06 182 + 2.5 52025 

_~hno-d,o 6.1 2 0.4 1.14 + 0.08 9523 20427 3.16 2 0.16 179 + 5 567 + 12 

T&mm 2.05 + 0.15 0.65 2 0.06 76 + 3 149 + 10 1.47 2 0.07 144 2 5.5 212 f 3 

Tel_ 3.1 + 0.15 0.64 2 0.06 74 2 2 159 + lo 1.58 2 0.06 143 2 4 226 + 2 

2.05 2 0.1 0.47 2 0.04 53 2 2 110 +6 1.05 + 0.03 104 + 2 log + 1 

-6 2.05 + 0.1 0.46 2 0.05 55 2 2 118 i 8 1.05 2 0.3 107 + 25 112 2 8 
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