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The stability constants and absorption coefficients of 7t-7t charge transfer complexes were measured 
in solution at pressures up to 6000 atm. The donors used were hexamethylbenzene, benzene, 
naphthalene, anthracene, and pyrene, the acceptors tetracyanoethylene, s-trinitrobenzene, 2,4,6-
trinitrochlorobenzene, and chloranil. The stability constants increased with pressure in every 
case and the volumes !:l V of formation of the complexes from their components, varied between 
- 2 and -12 ml mole-'. The pressure changes in K and mer can be interpreted in terms of shorten­
ing of the charge-transfer bond. For complexes of known crystal structure values of !:l V calculated 
for the solid agree with the values found in solution. 

The field of electron donor acceptor complexes has recently been reviewed I, 2 ; 
the basic theory has changed little since Mulliken's theory.3 According to this 
theory the stability of the complexes and the energy of the charge transfer absorption 
are sensitive to changes in the overlap of the molecular orbitals of the donor and 
the acceptor molecules and a small change in the separation of the two components 
should cause large changes in the stability constant K and the charge-transfer (CT) 
energy (hVCT)' The complexes should thus be sensitive to hydrostatic pressure. 
Ham 4 for the 12 + benzene system found general agreement with this prediction 
but analysis of his results was difficult because of the overlap of the CT band and 
the 12 absorption band. Gott and Maisch,s however, for the TCNE + benzene 
system obtained results contrary to Mulliken's prediction. 

The effect of pressure on solid CT complexes has been investigated by Drickamer 
and co-workers.6

• 7 Offen,8 in agreement with all the other measurements on solid 
CT-complexes found the CT absorption of TNB+ANT complexes to move to 
lower energies with increase of pressure. CT complexes in solution are sensitive 
to the solvent properties and different values are found for K and e (absorption 
coefficient) and even hvcr in different solvents. Early investigations of series of 
complexes having one component in common indicated an inverse relation between 
K and e, and Mulliken and Orgel 9 introduced the notion of contact charge transfer 
to account for this. These earlier results, however, often included weak complexes 
and are of doubtful significance. Io 

Increase of pressure can affect the solution spectrum of a given CT-complex by 
changing the CT energy, the oscillator strength! of the CT transition and the equili­
brium constant of complex formation, the two last being observed as an increase 
in optical density. . 

The effect of solvent on the energy of the C.T. bands depends on specific 
solute-solvent interactions. 1 2 Polar solvents often cause a blue shift relative to 
non-polar solvents and the effects can not be described by classical solvation theory.27 
As a rule, increased pressure causes a red shift of the absorption in solution as for 
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solid complexes.6
-

8 Excepti'Ooo;l btue shifts have 1!>een ~bserved for the same com­
plexes in liquid and in solid solution. 5 , 11 

The most marked change with pressure in CT-absorption spectra in solution is 
the increase in optical density. To ascribe all of this to an increase in the transition 
moment predicted 'by Mulliken woilld, Irowever; .ct 'the 'effect of pressure on 
the association equilibrium, 

(1) 

between the complex and its componeiil molecules. Only a complete analysis of 
the optical density observed over a range of donor and acceptor concentrations will 
allow one to evaluafe the two aistili'ct pressure effects on K and on the 'absorption 
coefficient e in liquid s6liitioiis. 

The effect on K can be due to the volume of the complex being smaller than 
that of the components, or to th'e i;ait"i'ai 'pola'r character of the complex leading to 
some electrostriction of the solvent around it.12 Offen and Kadhim, 11 usiag a 
'solid porymer as solvent for the complexes, consider that all the increase in optical 
density is due to increase in oscillator strength under those conditions. 

In the pr~ent work we have examined a numbelr 'of n-1t -CT--comPlexes fo'rnied 
t1e{ween 'Organrc -dono'r an'd acceptorm01ecules. We measured tne op'Ucaldensi'ties 
of 'their -liquid 'so'hitions o"ver a range of concentrations and pressures and were 
able to evaluate ie, e, f and ;'vCT' From the change tof {( with pressure We fururd 
the volume change 11 V which accompanies the formation of I mole of complex from 
its components. 

EXPERIMENTAL 

Hexan'iethy1berrzetie (HMB), pyrene (Pllt), nap'hthalen~ ~AP), 'a'nthnteene '(~NT) 
were l'eerystallized Troin appropriate solvents. Benzene '(BEN) was ptiri'fied 'by repea~ed 
recrystallization 'and fractional distillation and dried over sodium, Tefrachtoro..p­
benzoquinone (CA), s-trinitrobenzene (TNB), and 2,4,6,-trinitrochlorobenztfue '(Plq were 
recrystallized from ethanol while tetracyanoethylene (TCNE) was crystapized from thloro­
benzene and repeatedly sublimed at 100°C flt low pressure iIpmediately 'before use. 

Methylene chloride was dried over KOR and -freshly distilled before use. Methylcyclo­
hexane -(MCR) was 'freed 'from aromatic compounds by long ,(:iA h) stirring with 'o'leum 
followed by washing, dryJng and fractional distillation. 'Fresh solutions were made up 
eac'Ft thy by weighing the components on a tnicro-balance. 'trfose C6ritaJ!lifi~ TCNE 
were deoxygenated by 'bubbling s01vep.t-satnrated nitrogen through 'them. TCNE'dis-solved 
extremely slowly 'a'rldl'r6'longed shaking wall often n'ecessary. 

MOR is a poor solvent fOT 'a~l the acceptors ll't1d fOr the 'complexes. TIle !sollibiTIfy Of 
TONE in it is so low that measurements with it were rmpossible. MCK was 'Cb6sen ks Ii 
solvent fonystems containing RMB because this forms complexes with-chlorirlated solvents. 13 

The concentration of acceptors was ·ca. 10-4 mole fraction and {qat -of fhe donors was 
between 1'0::'3 and 10- 1 mole fraction ane. was varied ,lt!: least llve-fold for anyone !o/,stl?m. 
Botll 'concenfrations were adjusted so as -to keep the optical density within suitable limits. 
We denmtie"S of 'CIliCh and MeR over a range of preSsure are 'knoWn from 'aridgman's 
measurements. 14 In some solutions slow reactions took 1)1ace, 'c6'nse4uentlyfresb ~siiiilpJes 
\\fere u!;e6 :at 'e'rulh ~m:e. 

APPARATUS 

The sPeCtra were meaSdted on a tJNrCAM 'sPSoo sjlec(ro'P'hotom~ter 'ft16di'fiea to 
aecO'loofddate 'the high-pressure :Cell. -An :itddiriOnaq ctUartz 'lens 'conaenSed tl1e 1i~t be!lm 
after ~t e~ed from 'the mo'il6cnroiriatdr. 'Ttie Cell had two lpoo1ter 'type 'lS !>ib.lfflIek 


