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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Charge Transfer'Comp1exes with Hexafluorobenzene and

Pentafluorobenzonitrile as Acceptor Components*

GERALD A. CORKERY

AND MELVIN CALVIN
Laboratory of Chemical Biodynamiés and Uﬁiveréity of California
‘ Berke]ey, Ca]ifornia
October 31, 1967

Charge transfer éssociations are a well-established phenomena
ahd a.rather extensively_inveétigated one a]so.] Since the ac;eptor
component of such complexes normally does not exist as a liquid |
under standard‘conditions,2 we wish tb report on two organic liquids
which function as accéptor compohentsfwith suitab]e‘complimenta%y
molecules. | | | |

As‘indicated in Fjguré'l (the pkesence df an- extended shoulder
in the spectra of the mixture),‘pentaf]uorobenzonifri]e (PF3N) com-
plexes with N,N,N',N'-tetramethyl-E;pheny]enediamine (THPD), with
N,N-dimethylaniline (DMA), and wfth phenothiazine in cyclohexane.

In addition, crystalline complexes of TMPH-PFBN and DMA-PFB} are
obtained when the pure materia]s ake mixed. ;

These two organic bases also form solid complexes with nexa-
fluorobenzerie (HFB) when the materials are mixed in the pure state
in a ratio of 1:1. 'llowever, new absorption bands are not detected
in the spectra (in cyclohexane so]utions)‘of mixthfes of TMPD or DMA
with HFB, When HFB is used as a solvent for TMPb or DMA, the solu-
tions are visibly vellow. However, with time a reaction occurs as

evident by the formation of a black precipitate.
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The solid complex formed betwegn-TMPD;PFBN. which is oranne,
was analyzed by a combination extraction and spectroscopfc method
and by vapor phase chromatography and found to ;ohtain a ratio of
the two~¢omp6nénts of 1:1 which agrees with‘én elemental analysis
of this complex. v

. Analysis of DﬂA-PFBN‘or.DMA-HFB complexes were complicated by
the presence of excesses of the liquid components on the crystalline
comp]exes. When attempts are made to dry the crystals, the crystals
dissociate as the excesses evaporate until the crystals and the two
components totally disappear. - The TMPD-HFR comp]ex'WQS’not‘analyzed.
~ The comnlex between phenothiazine and PFBN was not isolated as a |
 crystalline material. |
| The assqciation cohstants for the TMPD-PFB!N and DMA-PFBN complexes
.‘were determined écéording to the method of Hi]déﬁrand and Benesi.3
The data obtained for these complexes, plotted aécording io the'
Hildebrand-Benesi equation, are shown in Figure 2, The association-
constants and extinction coefficients are given fn Tahle f.

Although the NMR spectrum of the TMPD-PFBN compfex suggested-‘
that free radicals were present in this comnlex (evidenced by line
broadening compared to TMPDLin/CC]4).Vho radical species could be
detected by EPR in any'of the comp]eXes repérted here; either in
solution or in the so]fd complexes, Nor did illumination with ultra-
violet or visible light produce a detectable level of paramagnetic

species.
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work  was sﬂpborfnd by the U;S.‘Atomic Enerqy Comission,.

*Present addreSs: IBM watson Laboratofy. Columbia University; Mew York,
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1

F.“J. Bullock, Compkehensive Biochemistry, M, Florkin and L, H,

Stotz, Eds. (Elsevier Pubiishing Company, Ans terdam=London-Hew

" York, 1967).

G, Briegleb, Electron-Donator-Accentor Komp]exe; (Soringer,

Berlin, 1961);' o

H. Benesi and J. H. Hildebrand; J. Am. Chem, Soc. 70, 2832 (1948);

71, 2703 (1949). .. -

TABLE I, Association constants and extinction coefficients for

" THPD-PFBN and DMA-PFBN complexes -

- - Concentrations L K

L PfBN . | 'TMPD ~ | bMA' kmu)(moles/])(T/mole cm)
0.08 to 0.73 M 5.0 x 107 M o 380 4.0 800
cowow e g g0 40 700
o w o | a0 43 600
| 0.07 to 0,66 M 0. a.5x103m| 340 2.7 500
“owoom 0 " w130 3 400
o 0 " " 360 3.1 310

“%'5‘4 va.: - The cell path length was 1 cm in all these experiments.




Figure 1,
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Figure Captions . =

Optical spectra in qyc]ohexane'in one cm cells,  (a)

1. 0.74MPEBN, 2, 1,3x 1073 K phenothiazine, 3.

mixture of 1.3 x. ]0'3 M phenoth1az1ne and .0.11 M PEBN,

(b) 1. .74 PFBI, 2. 4.5 x 1073 1 oma, 3. mix-
turé of 4.5 x 1073 11 DMA and 0.66-4 PFRN. (c) 1.

L 0.74 M PFON, 2. 5,0 x.107% M THPD, 3, mixture of

Fiqure 2.,

5.0 x 1074 i THPD and 0.74 M PFBN,

H11debrand Benesi plots of charqe transfer absorpt1on.

() THPD- PFBN conp]ex at 380 My (closed ‘triangles), -

. 400 mu (closed circles), and .420 my (crosses)

(b) DiA-PFBi complex at 340 my (closed squares),

350 hp-(closéd circles) and 360 my (crosses).
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Fig. 2



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

B. 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 employee 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.








