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Triplet-triplet absorption, phosphorescence, and ESR spectra have been measured on the 1,3,5-tricyano-

benzene complexes with toluene, mesitylene, durene, and hexamethylbenzene.
bands were commonly observed in the wave number region of 10000—30000 cm~* for all the complexes.

Four triplet-triplet absorption
The

observed phosphorescence and T-T absorption spectra could be understood systematically by considering the
interaction among zero-order charge-transfer triplet states and zero-order locally (within the acceptor) excited

triplet states.

From an analysis of the zero-field splitting values obtained from the observed ESR spectra, the

contribution of the zero-order charge-transfer triplet state to the lowest triplet state was determined to be 76, 65, 25,
and 99, for the 1,3,5-tricyanobenzene complexes with hexamethylbenzene, durene, mesitylene, and toluene,
respectively. From the consideration on the results obtained for various polycyanobenzene complexes, the phos-
phorescence lifetime was found to decrease remarkably for the complexes with the charge-transfer character higher

than 509, in their lowest triplet states.

The triplet states of electron donor-acceptor (EDA)
complexes have been studied in detail through measure-
ments of the phosphorescence and ESR spectra.l-? In
particular, concerning the TCNB complexes with ben-
zene and methyl substituted benzenes, the nature of
their lowest triplet states was investigated quantitatively
and the appearance of the charge-transfer (CT) phos-
phorescence characteristic of the electron donor-acceptor
interaction was confirmed.%®

Triplet-triplet (T-T) absorption spectra have been
measured with some EDA complexes.8~1? The analysis
of the results on the TCNB complexes with methyl
substituted benzenes supports the conclusions obtained
from the phosphorescence and ESR spectra.10:12

In the present paper, for the purpose of studying
the effects of the electron accepting ability and molec-
ular symmetry of the acceptor upon the triplet states
of EDA complexes, we have undertaken a study of the
phosphorescence, ESR, and T-T absorption spectra of
the 1,3,5-tricyanobenzene complexes with toluene,
mesitylene, durene, and hexamethylbenzene.

Experimental

1,3,5-Tricyanobenzene (TRCNB) used as electron acceptor
was prepared and purified by the method described in litera-
ture.13,14)

Hexamethylbenzene (HMB), durene, mesitylene, and
toluene were used as electron donors. HMB and durene
were recrystallized from ethanol. Mesitylene was shaken
with concentrated sulfuric acid, washed with water, dried
over calcium chloride, and finally distilled. Toluene (Dotite
spectrosol grade) was used without further purification.

T-T absorption spectra were measured at 77 K for the
TRCNB-toluene complex in a toluene-ethyl ether (1:1)
mixed solvent and for the other TRCNB complexes in an
ethyl ether-isopentane (1:1) mixed solvent (EP). The
samples were excited by a 500 W super-high pressure mercury
lamp combined with a Toshiba UV-D 25 filter. The details
of the measurement were described in a previous paper.!?

The electronic absorption spectra as shown in Fig. 2 were
measured with a Cary recording spectrophotometer model

14M. Phosphorescence spectra were measured with a phos-
phoroscope and a grating monochromator (Spex 1700-111)
attached with an EMI 9558 QB photomultiplier, and excita-
tion of the samples was effected with a 100 W high pressure
mercury lamp.

ESR spectra of the phosphorescent states were measured
in rigid solutions at 77 K with a JEOL ME 3X spectrometer
(9225.9 MHz, 100 kHz magnetic field modulation), the
samples being excited with a 500 W super-high pressure
mercury lamp. The microwave magnetic field was per-
pendicular to the external field.

Theoretical

In order to assign the observed T-T absorption spectra
and clarify the nature of the triplet states of the com-
plexes, theoretical studies were made by considering
the interaction among the zero-order CT triplet states
and the zero-order locally (within TRCNB) excited
(LE) triplet states. The details of the method were
described in the previous paper.!?® In actuality, we
took six zero-order CT triplet states and three zero-
order LE triplet states shown in Table 1.

The molecular orbitals of TRCNB were calculated
by the Pariser-Parr-Pople SCF MO method,!5:1% the
same parameters as those used for TCNB!?) being
adopted. The results are shown in Table 2. The
zero-order CT triplet states in Table 1, 3@¢r,(3@cr,),
30cr,(*Pcr,), and 3@crs(*@cr,), correspond to the elec-
tron transfer from the highest occupied orbital of the
donor, 0,(0;), to the lowest three vacant orbitals of
TRCNB, ¢,, ¢5, and @y, respectively. The zero-order
LE triplet states, 3@pg,, 3@yg,, and 3@, are represented
as follows:

30, = —0.64638 3%, +0.64719 3% +0.00040 3%, _,

—0.00081 3% 4 5+ ---

305, = 0.52383 3, ., +0.52037 3% o +0.33223 3% _,
—0.31785 3% g+ -

30, = —0.02656 3%, —0.02695 3%, _ s —0.44357 3% .,
+0.31901 3% g+ -
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TABLE 1. CONFIGURATIONS AND THEIR ESTIMATED ENERGIES USED IN
THE CALCULATION FOR THE TRCNB-HMB coMpPLEX
Configuration *Dcr, *Dcr, 2Dcn,y *Dor, *Dery *Dcrg *Ouk, *0pE, *Ore,
Energy (eV) 3.0 3.0 3.0 3.0 5.25 5.25 3.20 3.92 5.11
TABLE 2. ORBITAL ENERGIES AND THEIR WAVE FUNCTIONS oF TRCNB

Orbital energy (eV)

Wave function®

0.3704y,+0.3262y,+0.3715x5+0.32677,-+0.3715x5+0.32625,1-0. 2377,

¢, —14.430
40.23407,+0.23407,+0. 1774y, 4-0.1793x,,+0. 1793y,

¢, —13.148  —0.00097,40.16007;+0.28115,+0.00055,—0.2802x5—0. 16055,—0.0014y,
+0.4522y,—0.4508y,—0.0014 1y, +0.4358,— 0. 43725

¢ —13.142  0.32551,+0.09457,—0.1600y,—0.18397,—0.1616x,+0.0937y,10.5210%,
—0.25937,—0.2620,-+0. 5050y, —0.2521 5, — 0. 2544y,

¢ —11.857 0.1708y,+0.2399y,+0.17213540.2409%,+0.1721x5--0. 23997, —0.2991 y,
—0.2973y5—0.29737,—0.3979%;—0. 3963y, —0.3963,,

¢s  —10.208  —0.4827y,—0.2622y,+0.2464y,-+0.5356y,+0.2362y;—0.2735,-+0. 14831,

 —0.0754y,—0.07231,+0.3534y, —0. 1803y, —0. 1729y,

$s  —10.208  —0.0059,—0.4672y,—0.41515,-+0.00657,--0.4210x5--0.46077,--0.0018,
+0.1271y—0.12897,+0.0043y, +0.3037 5y, —0.3080%y,

¢, —1.669  0.15701,—0.5328y,+0.26057,+0.2003y,—0.4174y5+0.33247,1-0. 1016y,
-+0.1680y5—0.26937,—0. 1319y, —0.2185x,,,+0. 3502y,

¢s  —1.669  —0.3912y,40.0761y,-+0.33155,—0.4992y,+0.0596;--0.4233,—0.2532y,
+0.2139%5+-0.0384,+0. 3288y, —0.2782y,,—0.0500%y,

$o  —0.339  —0.13545,+0.2922y,—0.1370y,+0.2306y,—0. 137075--0.2292y,—0. 3683y,
—0.36727,—0.36727,+0.35667y, 1 0. 3558y, 0. 3558y,

$10 1.209  —0.3895y,+0.1198y,+0.1926y,—0.23547,+0.19397,--0. 1191405463y,
—0.27287,—0.27467,—0.4007,, +-0.2004xy,+0.2018,,

$u 1.216  —0.0007y,—0.20433,+0.3366y,—0.0004y,—0.3359y;+0.2047y,+0.0010y,
—0.4740y,-+0.4731,—0.0008y,, +-0. 34805, —0.3473y,,

b1z 2.807 —0.3834y,40.3410y,—0.3844y,+0.3415y,—0. 3844y, -+0.3410y,+0. 2274y,

+0.229174+0.29117,—0. 1304y, —O0. 1316y, —0. 13167,

a) xn is the AO of the n-th carbon atom. The numbering of the atoms is shown in the figure next to Table 2.

where 3% .,=0,0, - ¢:6, - 6;6;, ; and ¢, being the
J-th (occupied) and £-th (vacant) SCF MO’s of TRCNB,
respectively.

Rx,Ry,Rz)

(0,0,0) v
A
Fig. 1. Models assumed for the TRCNB-benzene com-
plex.
Model R, (A) R, (A) R, (A)

1 0.0 0.0 3.4
2 0.695 0.0 3.4
3 1.274 0.602 3.4
4 1.39 0.0 3.4
5% 0.0 0.0 3.4

* One of the benzene rings is rotated about the
z axis by 30° from the other.

The geometrical structure of this complex is not yet
known. Therefore, the actual calculation was made
with five tentative geometrical models shown in Fig. 1.
The separation between the two benzene rings was
fixed to 3.4 A. The off-diagonal elements of the total
electronic Hamiltonian representing the interactions
between the zero-order CT triplet states and the
zero-order LE triplet states were taken to be f=—kS;;,
where the parameter £ was assumed to be 10” and
the overlap integral S;;=J0;(1)¢;(1)dz was calculated
by the use of the SCF MO’s. The energies of the
zero-order triplet states were determined by the pro-
cedures described in the previous paper.'® The result
on the TRCNB-HMB complex is shown in Table 1.

Results and Discussion

Electronic Absorption Specira. The donors used in
the present study show absorption bands in the wave-
length region shorter than 280 nm.'® The acceptor,
TRCNB, exhibits the longest wavelength band at
300 nm. Methanol solutions containing TRCNB as
an electron acceptor and HMB or durene as an electron
donor exhibit a weak CT band in the 300—360 nm
region. TRCNB in mesitylene also shows a CT band
at 290nm. The CT band of the TRCNB-HMB
complex, as an example, is shown in Fig. 2. No CT
band could be observed with TRCNB in toluene.
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Fig. 2. The electronic absorption spectrum of the
methanol solution of the TRCNB-HMB complex.

s

26 24 22 20 18
 (10° cm™
Fig. 3. Phosphorescence spectra of TRCNB and its
Complexes in EP at 77 K. (a) TRCNB (b) TRCNB-
toluene (¢) TRCNB-mesitylene (d) TRCNB-durene
(e) TRCNB-HMB.

It is expected to appear around 270 nm and may be
covered with the strong absorptions of the component
molecules.

The Phosphorescence Spectra. The phosphorescence
spectra of the TRCNB complexes were measured by
use of a Toshiba UV-D2 filter so that the excitation
was effected only in the CT bands. The observed
phosphorescence spectra are shown in Fig. 3, together

TABLE 3. PHOSPHORESCENCE MAXIMA (V,.) AND LIFETIMES
(tr) oBSERVED FOR TRCNB AND ITS COMPLEXES WITH
METHYL SUBSTITUTED BENZENES

vmn.x T

(10 cm~1) (s)
TRCNB 25.8 7.0
TRCNB-Toluene 24.0 7.0
TRCNB-Mesitylene 22.8 6.7
TRCNB-Durene 23.0 5.5
TRNCB-HMB 21.5 5.0
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with that of TRCNB. Their peak positions are shown
in Table 3, together with the phosphorescence lifetimes.
The characteristics of the phosphorescences of the
TRCNB complexes are as follows: (1) the vibrational
structures appearing in the phosphorescence spectrum
of TRCNB disappear or become obscure in the spectra
of the CT complexes; (2) the phosphorescence spectra
shift to the longer wavelengths for the complexes than
for the acceptor; (3) the phosphorescence lifetimes are
slightly shorter for the complexes than for the acceptor.
These characteristics are similar to those observed for
the TCNB complexes® and suggest that the lowest
excited states of the complexes under consideration
have the CT character to some extent.

1300G 1400G 1500G 1600G

Fig.4. ESR spectra (Am=4-2) observed with the ternary
solutions containing TRCNB and various donors in
EP at 77K. (a) TRCNB (b) TRCNB-toluene (c)
TRCNB-mesitylene (d) TRCNB—-durene (¢) TRCNB-
HMB. Open circles denote the position of H,,;, The
signal due to the TRCNB was not observed for curve
(c) because of the high concentration of mesitylene.
The signals due to the complex and the TRCNB are
close to each other in curve (b). The H,,;, value in
this case was obtained with the curve corrected for
the contribution from the TRCNB.

The ESR Spectra. In order to discuss the character
of the lowest triplet state quantitatively, we measured
ESR spectra for TRCNB and its complexes. ESR
spectra due to the Am=42 transitions of the lowest
triplet states were observed for the EP solutions of
the CT complexes and of the acceptor itself by steady
irradiation with the 500 W mercury lamp through a
UV-D25 filter. The observed spectra are shown in
Fig. 4. The lowest possible resonance fields (Humin) were
determined as the midpoint between the maximum and
minimun of each of the observed derivative curves.
From the Huni, value, the zero-field splitting constant,
D*, was evaluated by the following equation:1?

0 = {2 oe—3(epHe)

where D*=(D2+43E2)12, D, E, », g, and 8 have
their conventional meanings. The g value was assumed
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TABLE 4. THE OBSERVED D* VALUES AND THE CT CHARACTERS

607

TRCNB TCNB®
Donor
D* (cm™?) CT (%) D* (cm™?) CT (%)
Toluene 0.1478 9 0.1189 11
Mesitylene 0.1237 25 0.0844 42
Durene 0.0698 65 0.0502 72
HMB 0.0557 76 0.0231 95
0.1567» 0.1317»
a) Ref.4). b) Values for the acceptors.

to be 2.003 and 2.000 for the acceptor and the com-
plexes, respectively.® From the D* values obtained
for the complexes we evaluated the degree of CT,
%#(%), in the lowest triplet state for the molecular
complexes by the following equation.?

D* = xDg* + (1 —x)D*

Here D,* is the observed valueof TRCNB itself (0.1567
cm™!) and Dcr* is the theoretical value of the zero-
order CT triplet state. By considering the electron
spin dipolar interaction, Dor* was calculated to be
0.0243, 0.0228, 0.0229, and 0.0250 cm~! for the zero-
order CT triplet states represented by @cr,, Dor,, Pors,
and @cr,, respectively. Since they are close to one
another, the average value, 0.0238 cm~! was used as
Dgr*. The D* and x values are given in Table 4,
together with those for the TCNB complexes.

The results show that the CT character of the lowest
triplet state increases for the TRCNB complexes with
the decreasing I, of the donor. This tendency was
also found for the TCNB and dicyanobenzene com-
plexes. Table 4 shows that the lowest triplet state is
mainly contributed by the CT structure in the TRCNB
complexes with HMB and durene, whereas by the LE
structure in those with mesitylene and toluene.

T-T Absorptions of the TRCNB Complexes with Methyl
Substituted Benzenes. The T-T absorption spectra

=
-

absorbance (arbitrary unit)

B A

\/\

T
e
/\

O

30 24

22 2016
) (10%cm™)

1%

Fig. 5. T-T absorption spectra observed with the
TRCNB complexes with (a) toluene (b) mesitylene
(c) durene (d) HMB.

observed for the TRCNB complexes with HMB, durene,
mesitylene, and toluene are shown in Fig. 5. The
spectrum of each complex apparently consists of four

bands, bands A and B in 10000—15000 cm-1,
bands C and D in >20000 cm—1.20

TaBLE 5. T-T ABsORPTION MAXIMA (IN 10%® cm™1) oBsErRVED FOR THE TRCNB
COMPLEXES WITH METHYL SUBSTITUTED BENZENES

and
Neither TRCNB

Donor Band A Band B Band C Band D
Toluene 11.8 13.3 27.0 29.4
Mesitylene 11.6 13.2 26.3 28.0
Durene 10.9 12.5 24.7 26.0
HMB 11.6 13.2 23.8 25.0

TABLE 6. OBSERVED AND CALCULATED TRANSITION ENERGIES (10® cm™) AND OSCILLATOR
STRENGTHS (IN PARENTHESES) FOR THE TRCNB-HMB coMPLEX

Calcd
Obsd®
1 2 3 4 5

T,«T, 2.6(0.004) 3.0(0.003) 2.2 2.6(0.003) 2.6
Ty« T, 4.5(0.004) 3.9(0.004) 2.3 2.7(0.001) 4.5
Ty« T, 4.5(0.001) 3.9(0.001) 2.3 2.7(0.000) 4.5
Ty« T, 10.6(0.330) 8.9(0.220) 5.6 6.4(0.150) 10.6 11.6(S)
Te«— T, 13.5(0.000) 12.5(0.090) 10.5 11.0(0.110) 13.5 13.2(M)
T,« T, 19.7(0.075) 19.8(0.030) 19.4 19.4(0.020) 19.7
Ty« Ty 22.7(0.170) 22.0(0.280) 20.5 20.9(0.240) 22.7 23.8(M)
Ty« T, 24.9(0.100) 23.4(0.050) 20.5 21.4(0.090) 24.9 25.0(M)

a) S and M in parentheses mean strong and medium intensities, respectively.
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TaBLE 7. 'WAVE FUNCTIONS CALCULATED FOR THE TRCNB-HMB coMPLEX (MODEL 2)

3,=0.5963 3@y, +0.3399 3Dgq,—0. 1784 30y, +0.3089 2Py, +0.6179 30,5 —0.1395 20, -
34y =—0.4179 3Py, —0.2363 3Py, —0.4085 3Py, +0. 7066 3y, +0. 1261 30, +0.298830,,;,

349, =0.8618 3@y, +0.4981 30,
3¢‘= - 0 . 4929 s¢crr1+0 . 8648 8¢0T3

3= —0.3446 30gq, — 0. 1965 3Dy, -+0.2224 3Pgy, —0.3850 3@gr, +0.7579 *Py.¢, +0.2618 30, 5,
394=0.3288 30y, +0. 1874 3y, +0.1090 3Dy, —0. 1670 °0, 5 +0.8975 30,

3, =0.2820 3@y, —0.4882 30y, +0.8193 *0; ¢,

3/4=0.8659 3@y, +0.5002 2Dx,

3y=—0.4078 30, +0.7061 3Py, +0.5712 30,

nor the donors show any T-T absorption in these
wave number regions. The observed absorption bands
for the respective complexes decay at the same rate
as the corresponding phosphorescences. Therefore, we
can safely assign them to the T-T absorption bands
of the complexes. The observed band positions are
given in Table 5.

Assignment of the T-T Absorptions. We interpreted
the observed absorption spectra considering the cal-
culated transition energies and oscillator strengths, the
TRCNB-HMB complex being taken as an example.
The observed and the calculated transition energies for
this complex are shown in Table 6. The calculations
were made with five geometrical models shown in
Fig. 1. In Table 6 are also shown the calculated
oscillator strengths for three of the models.

The calculated band positions and intensities vary
considerably with the choice of models. Model 1
(face-to-face model) is rather favorable from the com-
parison between the observed and calculated transition
energies, but the calculated intensities for this model
can not explain even qualitatively the observed ones;
particularly the intensity predicted for band B is too
weak. The transition energies calculated for models
3 and 4 become too low compared with the observed
data (particularly for band A). As a whole, the
overall feature of the observed spectrum (the appearance
of the two pairs of bands with comparable intensities)
seems to be reproduced by model 2.2

The wave functions calculated for model 2 are given
in Table 7.2» Since the lowest four zero-order CT
triplet states (3.0 ¢V) and the lowest zero-order LE
triplet state (3.2 eV) are close to each other in the
TRCNB-HMB complex, they mix with each other
efficiently and give rise to the five states, T7—T5.
The bands corresponding to the transitions from T
to To—7T, are expected to be too weak to be observed.
A fairly strong band due to the transition between
T, and T} is expected to appear in the lowest energy
region. Therefore, we assign band A in the near-
infrared region to the 73«7, transition. As is clearly
seen in Table 6, bands B, C, and D can reasonably

be assigned to the transitions from T to Tg, T, and
T, respectively.2?)

From the wave functions given in Table 7, it is
found that 73 is mainly contributed by the zero-order
CT triplet states, while the main components of T}
and Ty are 305, and 30yg,, respectively. Therefore,
bands A and B are assigned to the LE«—CT transitions.

The Ty—T; and Ty«T; transitions may be inter-
preted as due to the local excitations within the TRCNB
anion. The Ty and T, states arise mainly from the
interaction between the 3@¢r, and 3@, structures.
This means that the TyT; and Ty«T; transitions
correspond to the strong absorption of the TRCNB
anion appearing at 18500 cm—1.29 The shifts to the
higher frequencies (5300 and 6500 cm~2) caused by the
complex formation may partly be due to the stabiliza-
tion of the lowest zero-order triplet state.

Effect of Electron Donors. The calculated (model
2) and observed triplet levels are shown in Fig. 6, in
which the triplet-state energies of the complexes are
plotted against the ionization potentials of the donors,

[¢]

L

&~
(=]

R

energy(10°cm™)

T

o0 |

HMB Du. Mes. Tol. P

Fig. 6. The triplet state energy diagrams calculated
(model 2) and observed for the TRCNB complexes.
(Q: observed, @: calculated.

TaBLE 8. CT CHARACTERS (%,) ESTIMATED FOR THE TRIPLET STATES OF THE TRCNB coMPLEXES (MODEL 2)

Donor 7,® T, T, T, Ts T T, Te T,
Toluene 25(9) 42 100 100 76 76 4 100 96
Mesitylene 37(25) 72 100 100 57 34 8 100 92
Durene 53(65) 86 100 100 42 21 19 100 80
HMB 60(76) 89 100 100 36 16 32 100 67

a) The values in parentheses are estimated from the ESR spectra.
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I,. The calculated energy levels, though they are
commonly about 0.25 eV smaller for the Tj, Tg, Tj,
and T, states of all the complexes than the observed
values, can well explain the observed energy depend-
ences upon I,

The calculated contributions of the zero-order CT
triplet states to the T3~ T, states of the complexes are
given in Table 8. The character of T; is mainly of
the CT triplet for the complexes with HMB and durene
and mainly of the LE triplet for those with mesitylene
and toluene. A similar tendency was found for the
TCNB complexes with these methyl substituted ben-
zenes. The contributions of the zero-order CT triplet
states to 73 are 60, 53, 37, and 259, for the TRCNB
complexes with HMB, durene, mesitylene, and toluene,
respectively.  This estimation is semi-quantitatively
consistent with the results of the ESR study. The CT
characters of the T state are 36, 42, 57, and 769,
for the TRCNB complexes with HMB, durene,
mesitylene, and toluene. Consequently, it is confirmed
that the character of band A is of the LE«<CT transi-
tion for the TRCNB-HMB and TRCNB-durene com-
plexes, and of the CT«-LE transition for the TRCNB-
mesitylene and TRCNB-toluene complexes.

Band B is comparatively insensitive to the electron
donors. The calculation shows that the energies of the
upper and lower states of this band, T; and T, change
almost in parallel with each other by changing the
electron donor from toluene to HMB. This is a reason
why band B does not shift remarkably from donor to
donor.

Bands C and D shift toward the higher frequencies
with the increasing Ir of the donor. The upper states
of these bands, T and T, are mainly of the CT charac-
ter and their energies increase more steeply than that
of the T; state.

Comparison among Polycyanobenzene Complexes.

Table 9 shows the observed values of Av,=vg—»Gux,
%, and 7¢fta for the phthalonitrile (PN), TRCNB,
TCNB complexes with various donors. Here #3 and
¥iax are the phosphorescence 0-0 band frequency of

TaBLE 9.  dv,, X, AND 7¢/7, FOR VARIOUS
POLYCYANOBENZENE COMPLEXES

Av, (103 cm™?) PN® TRCNB TCNB»
HMB 3.6 4.5 4.4
Durene 2.8 2.8 3.2
Mesitylene 2.8 3.0 2.9
Toluene 1.8 2.1

x(%) PN® TRCNB  TCNBY»
HMB 48 76 95
Durene 65 72
Mesitylene 10 25 42
Toluene 9 11

Tc/ta PN® TRCNB TCNB®
HMB 0.89 0.71 0.44
Durene 0.84 0.79 0.60
Mesitylene 0.95 0.96 1.0
Toluene 1.0 1.0

a) Taken from Ref. 6. b) Taken from Ref 4.
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Fig. 7. Schematic energy diagrams of the lower triplet
states of the HMB complexes with (a) TCNB or
TRCNB; (b) PN.

the acceptor and the phosphorescence maximum fre-
quency of the complex, respectively, x is the CT charac-
ter of the phosphorescent state of the complex obtained
from the ESR spectrum, and 7, and 7¢ are the phos-
phorescence lifetimes obtained for the acceptor and the
complex, respectively.

As clearly seen in Table 9, 4v, and x increase, while
7o/Ta decreases, for a fixed acceptor with the decreasing
I, of the donor. This holds for all the complexes
under consideration. On the other hand, for a fixed
donor, Ay, is the largest for the TRCNB complex.
For example, taking HMB as donor, 4w, is 4500,
4400, and 3600 cm~! for the TRCNB, TCNB, and PN
complexes, respectively. The phosphorescent states are
mainly of the CT character for the TCNB and TRCNB
complexes and of the LE character for the PN complex.
As is seen in Fig. 7, 4v, is expressed as follows;

Av, = AEy + AEg, — AE,
for the TCNB and TRCNB complexes

Av, = AE;z — AE, for the PN complex.

The energy difference between the zero-order CT and
LE triplet states, AE,, is estimated to be 2480 and
1600 cm=! for the TCNB and TRCNB complexes,
respectively. The stabilization energy of the ground
configuration, AEg, is estimated to be 240—480 cm—!
for the TCNB complex,'?) and is expected to be smaller
for the TRCNB and PN complexes. Thus, the stabili-
zation energy of the lowest zero-order CT or LE triplet
state (4Eqr or AEpg, respectively), is expected to be
the greatest for the PN complex and the smallest for
the TCNB complex. This is reasonable in view of the
fact that the AE, value is the greatest for the TCNB
complex and the smallest for the PN complex (160
cm™t).

According to Table 9, the x values for a fixed donor
decrease in the following order of acceptors; TCNB>
TRCNB>PN. This is consistent with the expectation
that the electron affinities of the acceptors decrease in
the same order.

Finally let us consider the relation between the
phosphorescence lifetime of a complex and the CT
character in its lowest triplet state.¥ The 7¢/ts values
are plotted versus x in Fig.8. The figure shows that
7o/ta decreases with the increasing x, and the decrease
becomes appreciable, in particular, in the region of
x>509%,. This may suggest that such phosphorescence
quenching processes as ion-pair formation and ioniza-
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Fig. 8. Plots of 7¢/ts versus x for the complexes.
@: TCNB complexes, (O: TRCNB complexes, X : PN
complexes.

tion become important in that region of x.

The authors express their sincere thanks to Professor
Jiro Higuchi, Yokohama National University, for his
kindness in putting the ESR spectrometer at their
disposal.
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