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Compounds such as charge-transfer complexes (CTC) and radical-ion salts have several
unusual properties, including relatively high photosensitivity over a wide spectral range,
clear anisotropy of their properties, a wide range of electrical conductivity, and interesting
luminescence properties [1-3].

Various halogen derivatives of benzoquinone and diphenoquinone are quite strong 7 ac-
ceptors [4]; the CIC's of varied stoichiometry of tetrahalo-p- and -o-benzoquinones are best
known and most widely used. Their synthesis and properties have been rather extensively
described in the literature [1-7]. Information on tetrahalodiphenoquinones (I) is lacking
or extremely limited and contradictory.

R\\ //R
0:/— =/=\::O
Nee/ T N/

s AN
R R

R=Cl (Ia}, Br (Ib), I(Ic), F (Id), H (Ie)s

Magatti [8] prepared 3,3',5,5'~tetrachloro~ and 3,37,5,5'-tetrabromodiphenoquinones
(Ia) and (Ib) by halogenation of 4,4'-diphenol and oxidation of the synthetic preoduct with
concentrated HNOs. The report omitted any description of the course of the reaction, data
on the yields of the intermediates and final products, and information on the physical prop-
erties [8)}. Attempts to use this method for the preparation of 3,3',5,5'-tetraiododipheno-
quinone (Ic) were unsuccessful because of the problem of separating the difficultly separable
oxidation products [9, 10].

On the basis of analysis of the iodination products of phenols in alkaline medium [11],
Kammerer and Benzinger assigned the product, which has received the name '"Lautemann red,"
the structure (Ic) [12]. 1In support they gave an analysis of the reaction schemes rather
than a specific description of their course and characterization of the products. Hunter
and Morse {9] have questioned their work [12] and reported the preparation of (Ic) by rapid
oxidation of potassium triiodophenolate in 5.6% yield. Woollett et al. prepared 3,3",5,5'~
tetraiodo~4,4'~diphenol in 31% yield by rapid oxidation of 2,6~diiodophenol in weakly alka-
line medium, using Cr;0s; as oxidant [10].

Our intention in the work reported here was to synthesize the new acceptor 3,3',5,5'-
tetrafluoro-4,4"'-diphenoquinone (Id) and to make a complex study of the properties of
3,3',5,5"'~tetrahalodiphenoquinones (Ia-d) by various physicochemical techniques.

DISCUSSION

Analysis of the electronic absorption spectra (EAS) of the synthetic acceptors in films,
the fluorescence excitation spectra (FES) of their radical anions in films, and the EAS of
the radical anions generated polarographically in solution (Figs. 1 and 2 and Table 1) re-
vealed some of their distinctive features.

The EAS from 200 to 1587 am contain three relatively intense bands and a2 long-wave-
length tail at 667-1587 nm. The most intense long-wavelength band undergoes a bathochromic
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TABLE 1. Luminescence Properties of 3,3',5,5"'-Tetrahalo~
4,4'-diphenoquinones
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Fig. 1. Electronic spectra of a) (Id), b) (Ia), c) (Ib), and d) (Ic):
1) absorption of a thin film of the acceptor; 2) absorption of the
radical anion of the acceptor in CHCls; solution; and 3) fluorescence
excitation of the radical anion of the acceptor in a thin film.



shift in accordance with the polarizing effect of the halo substituent: 411 nm (Id), 427 nm
(Ia), 449 nm (Ib), and 476 nm (Ic). The nature of the polarization of this band (polarized
roughly perpendicular to the long axis of the molecule) and the low sensitivity te excitation
suggest assignment as the p-band, using Clar's classification for heterosubstituted compounds.

Recently, the absorption bands due to intramolecular charge transfer (IMCT) have been
conventionally set in a special category (they can be identified with the scheme of inter~
molecular charge-transfer bands) [13]. By this criterion, we can assign the longer wave-
length and less intense (in the ground state) band located next to the p-band with maximum
at 440 nm (Id), 459 nm (Ia), 478 nm (Ib), and 524 nm (Ic), both from the polarization and
the sensitivity to excitation, to the IMCT band due to the electronic transitions of the
halogen lone pair in the diphenoquinone 7 system (Fig. 1). In the flucrescence exciltation
spectrum (with lex 239 nm) Apgyx of the IMCT undergoes a slight long-wavelength shift (greatest
in (Ia)) and the intensity of the IMCT band generally increaes. Since for electronic transi-
tions of this type [13] the involvement of the ground and first IMCT excited states is mast probable
[14], we would expect that the weight of each state would substantially affect the position, shape,
and intensity of the IMCT band. Moreover, we cannot discount the effect of the vibronic states of
the molecule . Both these factors seem ta be involved, together with the electronic structure of the
of the 3,3",5,5"-tetraholodiphenoquinones, with the interaction in the extended r~conjugated system,
the increase in the inductive effect in the order F > C1 > Br >I, and the IMCT of the halogen lone pair
in the diphenoquinone m system. These features of the electronic structure of 3,3",5,5 ~tetrahalo-
diphenoquinone in turn.determine the ease of conversion to the radical-anion state. The film FES
of the synthetic radical anions of the acceptors are almeost identical in the short-wavelength
region with the EAS of these radical anions of the acceptors generated polarographically in
solution. The long-wavelength absorption maxima of the radical anions in solution are loca-
lized in the region of the long-wavelength tail of the film absorption of the acceptor, which
is also the case for the radical anion of the strong m-acceptor 7,7',8,8'-tetracyancquinodi-
methane. This seems to be a typical feature of extended quinoid systems. Moreover, in the
long-wavelength region the film absorption thresholds of the acceptor and its radical anion
in solution are identical. This could be used to identify the absorption threshold of com-
pounds of related series in the sclid state.

Polarographyof(Ia)—(Id)gavethehalf~waveredoxpotentialsEl/g, V: +0.32 (1d), +0.34
(Ta), +0.36 (Ib), and +0.39 (Ic), which are in good agreement with the values of E,,, found
earlier for (Ia) and (Ib) [2, 3]. TFigure 3 shows the dependence of Ey/2 on the electron af-
finity of (I). 1If we consider the absolute value of Ep = 2.80 eV for (Ia) to be accurate
[2], we can easily find Ey for the other (I) from the linear dependence (Table 1). 1In gen-
eral the polarographic behavior of the series (Ie), (Id), (Ia), (Ib), (Ic) is typical of
halo anils [15].

The EAS of (Ie) shows a very big long-wavelength shift relative to the diphenol (Figs.
1d and 2). The absorption of the diphenols in the shorter-wavelength region relative to the
diphenoquinones is caused by the reductionin the 7 conjugation as a result of the exclusion
of the O atom from the conjugated system.

When the phenocls contain groups with opposed strong donor (hydroxyl or amino) and accep-
tor (nitro) functions, the EAS in solution and in films generally show a very long-wave-
length absorption band due to the intermolecular donor—acceptor interaction of these groups,

log ¢
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T Fig. 2. Electronic absorption spectra in solution:
&0 1) phenol in cyclohexane; 2) p-nitrophencl in iscoc-
\ tane; 3) 2,6~diicdo-4-aminophenol in ethanol; 4) 2,6-
A\ diiodo-4-nitrophenol in ethanol; 5) 2,6-diiodophenol
§ > in ethanol; and 6) 3,3",5,5'-tetraiodo-4,4"~diphenol

in ethanol.
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Fig. 3. Correlation between Ep
and E,/a for (Ta-e): 1) (1Id);
2) (Ia); 3) (Ib); 4) (Ic); and
5) (Ie).

i.e., an intermolecular charge-transfer band (Fig. 2, curves 2-4) in the intermediates in the
synthesis of the acceptors: 380 nm in 2,6~diiodo-4-nitrophenol, 370 nm in 2,6-diiodo-4-amino-
phenol, and 372 nm in p-nitrophenol. The appearance of the maxima in the 240-340 nm region

in the EAS typifies the characteristic absorption of functionally substituted benzenes.

EXPERIMENTAL

The electronic absorption spectra in solution or of films deposited on quartz glasses
by vacuum sublimation (10™° torr) were recorded on Unicam SP-700 or Specord UV-VIS spectro-
photometers. The luminescence spectra of the films were recorded on a Hitachi MPF-3 two-
beam instrument. Polarographic measurements were carried out on a PPl-1 polarograph with
an electrolysis cell suitable for EAS and ESR measurements with a Hg dropping electrode under
N; in CH,Cl, or in CHCls. The physical and luminescence properties of the 3,3',5,5'~tetra-
halo-4,4'-diphenoquinones are summarized in Table 1.

3,3',5,5"'-Tetrachloro-4,4'-diphenol (IIa) and 3,3',5,5'-Tetrabromo-4,4'-diphenol (ITb).
The starting 4,4'-diphenol was prepared by the improved method [16]. Compounds (IIa) and
(IIb) were prepared by halogenation of (Ie) in glacial AcOH {8]. The yield of (IIa) was 607,
mp 233°C: the yield of (IIb) was 60%, mp 264°C (mp 264°C [8]).

3,3',5,5'-Tetrachloro-4,4'~diphenoquinone (Ia) and 3,3',5,5'-Tetrabromo-4,4'-diphenoqui-
none (Ib). Oxidation of (IIa) and (ITb) with concentrated HNOs in glacial AcOH [8] gave
(Ia) and (Ib) in 70% yield, decomposition point > 500°C; (Ib) mol. wt. 499.94 (ebullioscopy
in CHCls) .

3,3',5,5'-Tetraiodo-4,4"'~diphenoquinone (Ic). 3,3",5,5'-Tetraiodo-4,4'-diphenol (IIc)
was oxidized with freshly prepared Cr,0s in ethyl acetate {10]. The product was distilled
under vacuum (10~“ torr) until the photosensitivity was unchanged (the photocurrent exhance-
ment factor k = Iphot/Igaryx under constant illumination L = 0.015 W/em with identical applied
field 100 V/cm). The vield of (Ic) was 21%, decomposition point >500°C. Found: C 21.03;
H 0.61; I 73.75%. C1.H,0;I4. Calculated, %Z: € 20.96; H 0.59; I 73.80%.

3,3',5,5'~-Tetrafluoro-4,4 '~diphenol (IId). To a suspension of NaF (1.68 g, 0.04 mole)
in purified sulfolane (10 ml) [7] was added slowly with stirring (IIb) (5.01 g, 0.01 mole)
in sulfolane (150 ml). The mixture was stirred at 100°C for 2 h. The temperature was slowly
raised to 150-160°C, kept constant for 1 h, and then raised to 200°C for 3 h. The solution
was evaporated to '/ of the original volume and kept at 200°C for 1 h. After cooling, the
solvent was stripped under vacuum, and the precipitate was washed with water and with ether,
and dried. Vacuum distillation (10~* torr) gave (IId) (0.4 g. 167) as white crystallina
powder, mp 267°C. Found: C 55.75; H 2.425 F 29.277. Cy2He02F,. Calculated: C 55.83;
H 2.34; F 29.44%.

3,3',5,5"-Tetrafluoro-4,4'-diphenoquinone ¢Id). To a solution of (IId) (2.58 g, 0.01
mole) in glacial AcOH (40 ml) was added dropwise with stirring concentrated HNOs (0.56 ml).
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The mixture was heated on a water bath for 40 min. The precipitate was washed with water
and with ether and dried to constant weight at 100°C. The product was purified in the same
way as (Ic) to give (Id) (1.72 g, 67%) asa lilac crystalline powder, decomposition point
>500°C. Found: 56.23; H 1.62; F 29.71%. C;,H,0,F,. Calculated: C 536.27; H1.57;F29.67%.

CONCLUSIONS

1. We have synthesized 3,3',5,5'-tetrafluoro-4,4'-diphenoquinone and examined its lu-
minescence spectra,

2. We have made a comparative analysis of the luminescence properties of the 3,3',5,5'-
tetrahalo-4,4'-diphenoquinones.

3. We have measured the electron affinities of the 3,3',5,5'-tetrahalo-4,4"-dipheno~
quinones.
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