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Charge Trans fer Complexes ,·ti th Hexa f1 uorobenzene and 
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GERALD A.CORKER* AND MELVIN CALVIN 

Laboratory of Chemical Biodynamics and University of California 

Berkeley, California 

October 31, 1967 

Charge transfer associations are a 0ell-established phenomena 

and a rather extensively investigated one also. l Since the acceptor. 

component of such complexes normally does not exist as a liquid 

under standard conditions,2 we wish to report on tHO orqanic liquids 

which function as acceptor components'with suitable complimentary 

molecules. 

As indicated in Figur~ 1 (the presence of an extended shoulder 

in the spectra of the mixture), pentafluorobenzonitrile (PFBN) corn­

p 1 exes ':Ii th N,N,N I ,N I - tetramethy 1-£-phenyl ened i ami ne (Tf.1rn), \"'; th 

N.N-dimethylaniline (DMA), and with phenothiazine in cyclohexane. 

In addition, crystalline complexes of n1Pf'!-PFBN and m·1A-PFBrl are 

obtained when the pure materials are mixed. 

These blo organic bases also form solid complexes ''lith hexa­

fluorobenzene (HFB) when the materials are mixed in the pure state 

ina ra t i 0 of 1: 1. 'IIm'lever, new ilb$OI~pt i on bands i1 rc not detected 

in the spectra (in cyclohexane solutions) of mixt'ures of nlPD or D~·tn. 

with HFB. When HFB is used as a solvent for T~PO or DMA. the solu­

tions are visibly yelloilJ. !iOllJeVer, \'lith time a reaction occurs as 

evident by the formation 'of a bl~ck precipitate. 
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The solid complex formed between Tr·1I'D-r>FnN. \·thich ;5 oranf7f.!, 

\'1as analyzed by a combination extraction and 5pectroscopic lilethod 

and by vapor phase chromatography and found to contain a ratio of 

the t\,JO 'components of 1:1 I'/hich a,grees with an elemental analysis 

of this complex. 

, Analysis of OMA-PFBN or DMA-HFB complexes were complicated by 

the presence of excesses of the 1 i qui d components on the crys ta 11 i ne 

complexes. t~hen attempts are made to dry the crystals, the crystals 

dissociate as the, excesses evaporate until the crystals and the t\·JO 

,components totally disappe~r. The TMPD-HFB comrlexwas' not' analyzed. 

The complex bet\'Ieen phenothiazine and PF13N VJas not isolated as a 

crystalline material. 

The association constants for the TMI'D-PFBN and DMA-PF3N complexes 
, " 

were determined according to the method of Hildebrand and Benesi. 3 

The data obtained for these complexes. plotted according to the 

tfildebrand-Benesi equation, are shown in Figure 2. The association 

constants and extinction coefficients are given in Table I. 

Although the NMR spectrum of th~,TMPD-PFBN complex suggested 

that free radicals were present in this complex (evidenced by line 

broadening compared to Tt1PD' in, CC1 4). ~o radical spec'ies' could be 

detected by EPR in any of the comp 1 ex'es report~d here; ei ther in' 

solution or in the solid complexes. Nor did illumination with ultra­

violet or visible light produce a detectable level of paramaonetic 

species. 
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1.·Tl1is work was suppo.rtl'lU by the U.S. Atomic ~ncr'l.'l Cornr115~io'n.·. 

*Present address: If3~1 \·Jatsol1 ~aboratory, Columbia University, r1p.IJ' York,' 

. N. Y. 

1. F. J. Bullock, Comprehensive l3iochemistrl.t·,. Florkin and E. H. 

Stotz~ Eds. (Elsevier pubiishing Campa'ny," lI.rnsterdafll.:.London-rle'tl 

York Ii 1967). 

2. G. Brieg1eb. E1ectron-Donator~AeceDtor Komp1exe, (Springer, 

l3er1in. 1961)~ 
:t. ,": 

3.' H. Benesi andJ.' H. Hildebrand,' J. Am: Chern. Soc. 70, 2832 (1948); 

ll. 2703 (1949,... 

TABLE I. Associatioh ~onstants and extinction coefficients for 

TMPD-PFSN and DMA-PFBN co~plexes 

Concentrations K 

PF[3N TI1PD Dt'1A (l/mole 

0.08 to 0.73 H 5.0 x 10-4 t4 0 380 '4.0 800 

.. .. .. .. .. 0 400 4. 1 700 

... .. .. .. II a 420 .4.3 600 ./ 
.. / - - - - - - - - - - ~. '- - - -- - - - -

. 0.07 to O.6~ !:1 O. 4.5x 10-3 t4 ",340:·; 2.7 500 

II II .. O· .. II 350 3. 1 400 

II .. .. 0 II .. 3GO 3. 1 310 

the cell path leng~h ~as 1 cm in all these experiments. 
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Fioure Caption~ .. 
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fiqure:l. Optical spectra in cyelohexane in one em, eell~. (a) 
.;...;..---.;.....;.. (, 

t, 

. 1. 0~74 M PF~N, 2. 1.3 ,x 10~3 tl phenothiazin~, 3. 

mixture of 1.3 x,iO~3 rr phenothiazirie and .0.11 ~ PFBN. 

(b) 1. 0.74.{II PFBN, 2. 4.5 x 10-3 r·l or·1A, 3. mix-
. - .-

tur~ of 4.5 x 10~3 M DMAand ,0.66·,M PFBN. (c) 1~ '- -
'0.74 M PFBN, 2~ '5~0 x 10-4 M TMPO,' 3~ mixture of 

5.0 x 10-4 MTMPD ~nd 0~74 M PFBN. 

Fiqure 2~, Hildebrand-Benesi plots of charge transfer. absorption. ; 

: (a) THPD-PFBN complex at 380 m).l (closed'triangles), . 

/' /. 

, ,', 

" . 

," . 

. 400 m).l (closed circles), and ·420 m).l (crosses). 

(b) Di1A-PFBN complex at 340 ·m).l· (closed squares) t 

350 m).l (closed ci'rc1es) and·360 'm).l (crosses). 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mISSIon, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

8. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or empJoyee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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