1362

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN, VOL. 48 (5), 1362—1367 (1975)

Charge-transfer Complexes of Vinyl Polymers with Large
Pendant z-electron Systems. I. Poly(N-vinyl-
carbazole) and Related Compounds

Ken-ichi OkamoTo, Miyuki Ozeki, Akira ITava, Shigekazu KusaBayasHi,
and Hiroshi MikawA*
Department of Chemical Engineering, Faculty of Engineering, Yamaguchi University, Ube 755
* Department of Applied Chemistry, Faculty of Engineering, Osaka University, Suita 565
(Received October 18, 1974)

The absorption spectra and the thermodynamic constants (Kgp, 4H, and 4S of formation) of the charge-
transfer (CT) complexes of poly-N-vinylcarbazole (PVCz), the oligomers of N-vinylcarbazole (VCzOlig I and
II, DP=5 and 10 respectively), poly-N-carbazolylethylvinylether (PCzEVE), and the monomeric model com-
pounds were examined in solution in order to clarify the characteristics of the complexes of polymeric donors with
large pendant rm-electron systems. The apparent spectra were resolved into two CT bands. The complexes of
PVCz and VCzOlig II showed a lower frequency shift in the absorption maximum of the first CT band and
an increase in the intensity ratio of the first to the second CT bands as compared with those of the monomeric
complexes. This behavior, regarded as a kind of so-called polymer effect, seems to arise from some electronic
interaction between neighboring carbazolyl groups in one polymer chain; it can be explained by variation both
in the electron-donating character and in the distribution of the orientational isomers between the PVCz complexes
and the others. A comparison of the observed values of Kgp, 4H, and AS among the donors suggested that a
dominant factor in determining these values is the steric hindrance rather than the small difference in the electron-
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donating character in the case of the structurally related polymeric complexes.

The steric hindrance is important

in the complexes of PCZEVE and VCzOlig I, where the electronic interaction is hardly present.

There have been many spectrophotometric investiga-
tions concerning a charge-transfer (CT) complex in
which the donor consists of a polymeric species. The
characteristics of CT complexes of polymeric donors can
be clarified by a detailed comparison of both the absorp-
tion spectra and the thermodynamic constants (equili-
brium constant (K¢r), and enthalpy (4H), and entropy
(4S) of formation) of polymeric CT complexes with
those of the corresponding monomeric ones. However,
such a comparison has been made for only a few poly-
mers.1~® Iwatsuki and Arai have studied the CT
complexes formed between either poly-N-dimethyl-
aminostyrene, copolymers of N, N-dimethylaminostyrene
with styrene, or N,N-dimethyltoluidine and maleic
anhydride; they have found a bathochromic shift in
the CT absorption maximum and increases both in K¢y
and in 4H with an increase in the mean sequence length
of the N,N-dimethylaminostyrene units. They have
concluded that the electron-donating character of the
dimethylaniline group increases with an increase in the
number of groups attached to one polymer chain. This
may be regarded as a kind of “polymer effect.”

On the other hand, of the vinylpolymers with large
pendant m-electron systems, poly-N-vinylcarbazole (PV-
Cz) has been studied by two groups of investigators.
Rembaum and his co-workers® have reported that Ker
values determined by the Benesi-Hildebrand method?
were higher for the monomeric model, N-ethylcarbazole
(ECz), than for the polymer, while Boudevska® have
reported the opposite result for Ker values determined
by a modification of the successive dilution. Further-
more, the CT absorption maxima, AH, and A4S have
never been compared in detail between PVCz and ECz.
Thus, no information about the “polymer effect” has
been obtained in the case of CT complexes of the vinyl-
polymers with large pendant z-electron systems.

Recently, the present authors® have found, from the

absorption spectra of the vinylpolymers, that there is
some electronic interaction between pendant m-electron
systems in one polymer chain in solution only for the
vinylpolymers with large pendant z-electron systems
connected directly to the skeletal chain. It seemed
that it would be very interesting to see how the inter-
action affects the properties of the polymeric CT com-
plexes. In the present series of papers, the authors
have examined systematically the CT complexes of the
vinylpolymers with large pendant n-electron systems
and their monomeric compounds. This paper will
deal with the CT complexes of PVCz and related
compounds.

Experimental

Materials. "The donor compounds studied were the fol-
lowing seven compounds containing carbazolyl (Cz) groups.

The ECz, 1,4-bis(N-carbazolyl)butane (DCzB), and 1,3-
bis(N-carbazolyl)propane (DCzP) were used as monomeric
model compounds of PVCz. They were prepared from puri-
fied carbazole?) according to the literature.l®

The oligomers of N-vinylcarbazole (VCz) were prepared by
the HCl-initiated polymerization of VCz in acetonitrile. A
10-ml portion of acetonitrile containing 5x 10-5 mol of dry
HCI was stirred into 150 ml of acetonitrile containing 5 g of
purified VCz and 2 ml of methanol at 10 °C in the dark.
After half an hour, the solution was poured into 500 ml of a
methanol-water (1:1) mixture. The oligomer was then fil-
tered off, reprecipitated twice from the acetone solution with
a methanol-water (7:3) mixture, and dried in a vacuum. The
oligomer thus prepared (VCzOlig I) melts at 119—123 °C and
has a degree of polymerization (DP) of about 5. When no
methanol was present in the polymerization solution, the
oligomer (VCzOlig II) with a DP of about 10 and a mp of
175—185 °C was obtained.

The PVCz was prepared by the polymerization of a 0.5 M
benzene solution of VCz in the presence of 1 mol %, azobis-
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isobutyronitrile in an evacuated sealed tube at 60 °C for 5 hr
and was reprecipitated three times from the benzene solution
with methanol. The polymer has DP of about 600.

The poly-N-carbazolylethylvinylether (PCzZEVE) was used
as a high molecular compound related to PVCz, in which the
Cz groups are connected to the skeletal chain at a distance of
about 4 A by -O—CH,-CH,- bonds. The polymer was pre-
pared by the polymerization of a 0.2 M toluene solution of N-
carbazolylethylvinylether in the presence of 3 mol %, BF,0O-
(C.Hj;), under a nitrogen atmosphere at —25 °C for 9 hr9
and was reprecipitated three times from the benzene solution
with methanol. The polymer has a DP of 33 and melts at
137—148 °C.

Tetracyanoethylene (TCNE), tetracyanoquinodimethane
(TCNQ), p-chloranil (CA), 2,3-dichloro-5,6-dicyano-p-benzo-
quinone (DDQ), and 2,3,7-trinitrofluorenone (TNF) were
used as acceptor compounds. The TCNE was recrystallized
twice from monochlorobenzene and was subsequently sublim-
ed in vacuo. The TCNQ, CA, and DDQ were recrystallized
twice from acetonitrile, benzene, and methylene chloride
respectively. The TNF was prepared from fluorenone ac-
cording to the literature.!?

The ethylene chloride used as a solvent was purified by the
ordinary method.

Method. The absorption spectra and optical density
were measured by means of two Shimadzu spectrophotometers,
UV-200 and MPS-50 L, using 1-cm quartz cells and a temper-
ature-regulated cell holder.

The Ky was determined by the use of the Benesi-Hil-
debrand equation (1):?

[Alo(/42) = (1/eKe[D]o) + (1/e) (1)
where [A], and [D], are the initial concentrations of the ac-
ceptor and the donor respectively; [ is the path length; 4; is
the absorbance at 4 due only to the complex, and ¢ is the molar
extinction coefficient of the complex at 4. This equation is
valid for a 1:1 complex when [D], >[A],-

The K¢ was determined at six different temperatures from
2°Cto30°C. The AH and AS of formation of a CT complex
were calculated by using Eq. (2),

In Kgpe = (—AHJRT) + (AS/R) + Ing @)

Results and Discussion

The complexes with DDQ) were unstable, and the
CT spectra changed slowly with the time. Especially,
the complexes with PCZEVE and VCzOlig I were more
unstable and changes of the spectra began in a few
minutes after the mixing. The other complexes were
stable, and no change in absorbance with time was
observed even after 12hr. The 1:1 stoichiometry of
all the complexes studied was confirmed by the con-
tinuous-variation method.

CT Absorption Spectra. The absorption spectra
of the complexes with TCNE, TCNQ, CA, and DDQ
are shown in Figs. 1—3. The apparent CT absorption
maxima (v,,) and the shifts in v, (4v,.,) as compared
with that of the ECz complex are listed in Table 1.

The apparent v,,, appears at lower frequencies for
the polymeric donors than for the monomeric ones.
This is especially clear in the case of the complexes with
CA or DDQ). It is well-known that there is a linear
relationship between the energy of the CT transition
(fwer) and the ionization potential of the donor (I)
for a series of complexes consisting of like donors and
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Fig. 1. CT spectra of TCNE complexes in ethylene

chloride at 10 °C.
Donor

(1) ECz

(2) DCzB

(3) DCzP

(4) VCzOlig I

(5) VCzOlig I1

(6) PVCz

(7) PCzEVE

[Plo

0.0135 M

0.0135
0.016
0.0185
0.015
0.015

0.0134
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0.019
0.023
0.023
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Fig. 2. CT spectra of CA complexes in ethylene chloride

at 10 °C.
Donor

(1) ECz

(2) DCzB

(3) DCzP

(4) VCzOlig 11

(5) PVCz

(6) PCzEVE

[Dlo
0.050 M
0.050
0.050
0.054
0.056
0.043

(Al
0.011 M
0.011
0.011
0.011
0.011
0.011
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Fig. 3. CT spectra of DDQ complexes in ethylene chlo-

ride at 10 °C.
Donor

(1) ECz

(2) DCzB

(3) DCzP

(4) VCzOlig II

(5) PVCz

(6) PCzEVE

[D],
0.015
0.015
0.015
0.030
0.030
0.008

M

[Al,
0.006 M
0.006
0.006
0.006
0.006
0.003

TaBLE 1. APPARENT CT ABSORPTION MAXIMA (Vp.x)
AND THE SHIFTS IN v, (4vp,.-) AS COMPARED
wiTH THAT OF THE ECz coMPLEX™

Donor Acceptor  y_,. /Jem™ Ay . fem™
ECz TCNE 16810 —
DCzB 16950 140
DCzP 17090 280
VCzOlig 1 16530 -—280
VCzOlig 11 16530 —280
PVCz 16260 —550
PCzEVE 16530 —280
ECz TCNQ 17120 —
DCzB 17120 0
DCzP 17330 210
VCzOlig I1 17010 —110
PVCz 16860 —260
PCzEVE 16640 —480
ECz CA 18830 —
DCzB 18980 150
DCzP 19120 290
VCzOlig I 17550 — 1280
VCzOlig I1 17040 —1790
PVCz 16840 —1990
PCzEVE 18690 —140
ECz DDQ 15720 —
DCzB 15800 80
DCzP 15820 100
VCzOlig 11 11790 —3930
PVCz 11770 —3950
PCzEVE (15270) (—550)

a) at 10 °C in ethylene chloride; errors in vy ,, and

Avax are £20 cm™™

a common acceptor. However, in the present case,
the lower frequency shift in the apparent »,,, should be
considered not to correspond directly to a decrease in
the 7, of the polymeric donors. This is because it is
considered, for the following reasons that the spectra
of all the complexes studied are composed of multiple
overlapping bands: 1) in the spectra of the monomeric
complexes, the absorption shoulders are apparently
observed at frequencies lower than the apparent v,
and Klopffer has satisfactorily resolved the spectra of
the complexes between N-isopropylcarbazole, one of the
monomeric donors, and either TCNE or CA into two
CT bands!®: 2) in the case of the polymeric donors,
although the shoulders are hardly observed at all, the
spectra have asymmetric bands with exceptionally large
half bandwidths: 3) in the cases of CA and DDQ), al-
though considerably shifted, the apparent absorption
peaks for PVCz and VCzOlig II appear near the absor-
tion shoulder for the monomeric donors.

Therefore, the spectra were resolved into two CT
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Fig. 4. Resolution spectra of TCNE complexes of ECz
(1) and PVCz (2).
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Fig. 5. Resolution spectra of CA complexes of PVCz
(1) and PCzEVE (2).
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Fig. 6. Resolution spectra of DDQ complexes of DCzP
(1) and PVCz (2).

TasLk 2. First AND sEcOND CT BAND MAXIMA (v, AND
Va), THE DIFFERENCES Av;, (=V;—V,;) AND Ay, (v,—
V1 ECz)s AND INTENSITY RATIOS OF THE FIRST
TO THE SECOND CT BANDs (f,/f;)®

Charge-transfer Complexes of Vinylpolymers with Large Pendant z-Electron Systems

Avy,  Avy

v v

Donor  Acceptor %, &, 4 ot Slfe
ECz TCNE 13580 17400 3820 — 0.5%2
DCzB 13550 17400 3850 30 v.48
DCzP 13650 17400 3750 —70 0.40
VCzOlig I 13650 17400 3750 —70 0.45
VCzOlig I1 13500 17400 3900 80 0.58
PVCz 13350 17400 4050 230 0.64
PCzEVE 13650 17400 3750 —70 0.54
ECz TCNQ, 12800 17100 4300 — 0.20
DCzB 12800 17100 4300 0 0.17
DCzP 12900 17300 4350 —100 0.17
VCzOlig I1 12750 17100 4350 50 0.25
PVCz 12750 17100 4350 50 0.29
PCzEVE 12700 17200 4500 100 0.11
ECz CA 15350 19250 3900 — 0.34
DCzB 15350 19250 3900 0 0.20
DCzP 15450 19250 3800 —100 0.25
VCzOlig I 15500 19250 3750 —150 0.42
VCzOlig 11 15400 19250 3850 —50 0.63
PVCz 15500 19250 3750 —150 0.76
PCzEVE 15350 19250 3900 0 0.34
ECz DDQ 11700 15900 4200 — 0.32
DCzB 11700 15900 4200 0 0.30
DCzP 11650 15900 4250 50 0.27
VCzOlig 11 11500 15900 4400 200 1.4
PVCz 11400 15900 4500 300 1.7
PCzEVE (11000) (15300) (4300) (700) (0.27)
ECz TNF 18750 22900 4150 .43
DCzP (18750) (23000) (4250) (0.41)
PVCz (18750) (23000) (4250) (0.49)

a) Errors in vy, v,, 4vyy and 4v; are 100 cm™ for the
CA complexes of VCzOlig I, IT and PVCz and 450
cm™! for the other complexes. Errors in f,/f; are
+159%, for the former complexes and +109%, for the
latter ones. The parenthesized numerical values are
less reliable’ because of either decomposition of the
complex or overlapping of absorption of TNF with
that of the complexes.
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bands by the use of a curve-analyzer, based on the
assumptions that the individual resolved CT bands were
symmetrical and that the location of the second CT
band was almost the same for the complexes between a
series of donors and a common acceptor. These as-
sumptions seem reasonable judging from the spectra
of the complexes with poly-1-vinylpyrene and related
compounds.¥ The results were satisfactory, as is shown
by the examples in Figs. 4—6. The absorption maxima
of the first and the second CT bands (v; and v,), the
differences (dvyy and Ay, (dv,y=vy—v,;, and Ay;=v,—
v1.805))> and the intensity ratios (fj/f;) of the first to
the second CT bands are listed in Table 2.

As the Av,, values are regarded to be constant at
4100400 cm! for all the complexes studied, irrespec-
tive of the acceptors, the first and the second CT bands
are considered to be due to the CT from the highest
occupied and the second highest occupied levels of the
donor, respectively, to the lowest vacant level of the
acceptor.

There is no appreciable difference in either »; or
JSilf; among the monomeric donors, with the exception
of », for DCzP. DCzP shows a little higher frequency
shift in »; as compared with the », values for the other
monomeric donors. This is mainly due to the weak-
ness of the electron-donating character of the sub-
stituent group per Cz ring as compared with that of an
ethyl group, and not to some interactions between the
two Cz rings connected at 1,3-positions, as was found
in the study concerning the UV spectra.®) PVCz and
VCzOlig II show a lower frequency shift in »; (50—
300 cm™1), with the exception of the »; values for the
CA complexes, and a considerable increase in fi/fs,
especially in the cases of CA and DDQ, as compared
with those for the monomeric donors. The changes
are larger for PVCz than for VCzOlig II. VCzOlig 1
shows no clear shift in »,;, but a small increase in f;/f,
only in the case of CA. On the other hand, PCzZEVE
shows no appreciable change in either », or f;/f; as
compared with those for the monomeric donors, in spite
of the high value of DP.

It was thus clarified that the apparent complicated
varijation in the shape of the CT spectra between the
monomeric and the polymeric donors results from the
phenomena regarded as a kind of so-called polymer
effect—namely, a lower frequency shift in »; and a con-
siderable increase in f; [f, of the polymeric CT complexes
as compared with those of the monomeric ones. It
should be noted that the phenomena become clear with
an increase in the DP, although they are unobservable
for the pentamer, in a series of the polymers of VCz,
and that they are not observed for PCzEVE, which has
Cz groups apart from the skeletal chain in spite of the
high value of DP (DP=33). It is interesting that the
DP dependency of the shift in »; mentioned above is
quite different from that of the maleic anhydride com-
plexes of poly-N,N-dimethylaminostyrene and related
copolymers,® where the bathochromic shift results from
the aminostyrene unit with a DP value of only two.

The results mentioned above are closely related to
the results obtained from the UV absorption spectra
concerning the electronic interaction between pendant
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n-electron systems in one polymer chain.® The pheno-
mena mentioned above, therefore, seem to arise from
some electronic interaction between neighboring Cz
groups in one polymer chain.

The increase in f3/f; upon a replacement of the mono-
meric donors by the polymeric ones is an interesting
phenomenon which has hitherto never been reported,
to the knowledge of the authors. It has been suggested
that the complexes between either naphthalene or sub-
stituted benzenes and TCNE in solution have isomers
differing in the mutual orientations of the symmetry
axes of the donor and acceptor.!’® Kuroda and his
co-workers® have made a theoretical treatment of the
CT interaction in the TCNE complexes of naphthalene
and pyrene, considering the effect of the interaction of
higher CT states, and have concluded that the binding
energy varies little with the angle between the symmetry
axes of the donor and acceptor and that the energy
barrier hindering the rotation of one molecule relative
to its partner is less than 1kcal/mol. Therefore, in
some complexes, the orientational isomers are considered
to coexist in solution with an almost equal probability
because of the ease of the rotational interconversion
among them. They have also suggested that fi/f; is
a parameter which offers information on the orienta-
tion of the donor molecule to the acceptor one.’® The
variation in f;[f; in the present case may be a result of the
orientational isomers, the distribution of which is affected
by a perturbation effect of neighboring Cz groups to
the complex. No detailed explanation can be offered
at present.

TaBLE 3. TEMPERATURE DEPENDENCE OF APPARENT CT
ABSORPTION MAXIMA OF THE CA COMPLEXES
oF PVCz anp VCzOlig 11

Amax [nm]®

2°C  5°C 10°C 20°C 35°C 60°C
VCzOligII 590 586 585 573 556 —
PVCz 597 595 593 588 585 567

a) [D],=0.156 M (VCz unit), [A],=0.007 M in
ethylene chloride.

In the complexes between either PVCz or VCzOlig
II and CA, the apparent absorption maxima shifted
reversibly to higher frequencies with an increase in the
temperature, as is shown in Table 3. The shift was
apparently due to a decrease in f;/f, with an increase
in the temperature and was larger for VCzOlig II than
for PVCz. This suggests that the perturbation effect
of neighboring Cz groups on the complex weakens
according to the gradual disappearance of the local
helical structure and/or the gradual ease of the internal
rotation of a polymer chain with an increase in the
temperature. The NMR measurements!” have sug-
gested that the internal rotation of the polymer chain,
being restricted by neighboring bulky Cz groups, is
sensitive to the temperature. In the PVCz (or VCzO-
lig IT) complexes of TCNE and TCNQ ,such a shift could
not be observed, probably because of the small varia-
tion in f;/f, between the PVCz and the ECz complexes.

The hver for a series of complexes with a common
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acceptor can be described by the following expressions:
her = (L,—Gy) + Go/(I,—Cy) (3)
hvor = al, + b (4)

where (}, C,, a, and b are constants for a given acceptor.
The first and the second ionization potentials of ECz
are determined to be 7.43+0.03 eV and 8.02-4+0.04 eV
respectively by the use of sets of the constants for TCNE,
TCNQ, CA, and TNF.18 These values are in agree-
ment with those reported by Klopffer,!® and the first
ionization potential (I,;) is much smaller than the pre-
viously reported values, determined from the apparent
absorption maxima,419,20)

The lower frequency shift in »; of the PVCz complexes
as compared with the », of the monomeric complexes
cannot be explained by supposing an effect of insufficient
solvation due to both the polymer backbone and adjacent
Cz groups, because such an effect would tend to cause
a higher frequency shift, if it is present at all. The
lower frequency shift in »; may, therefore, be attributed
to a decrease in the I,; value of PVCz as compared with
those of ECz due to some electronic interaction between
neighboring Cz groups, assuming that the », varies
little with a variation in the distribution of the orienta-
tional isomers. A decrease in the I,; value of PVCz
is evaluated to be about 0.03 eV from the variation
in the »; of the TCNE complexes, which is most reliable.
This value seems reasonable, because it is comparable
to the value of 0.04 eV for poly-1-vinylpyrene, the CT
complexes of which show no variation in f;/f; as com-
pared with that of the monomeric CT complex.9

Thermodynamic Constants of the Formation of CT Com-
Plexes. For all the complexes studied, fairly good
straight lines of Benesi-Hildebrand plots were obtained.
The thermodynamic constants are listed in Table 4.
Although Livina and his co-workers?® have reported
that the values of ¢ in the PVCz complexes have de-
creased with an increase in the temperature, ¢ was
independent of the temperature in the region from 2 °C
to 30 °C with the exception of the values of the complexes
between either PVCz or VCzOlig II and CA. The
data for the CA complexes are less reliable because of a
little variation in the spectra with the temperature.

In a series of complexes with a common acceptor,
the e, values are almost constant, contrary to the
results reported by Boudevska.® The values of K,
—A4H, and —A4S are in the following orders: ECz>
DCzP~PCzEVE>V(CzOlig~PVCz for K¢r; ECz~
PCzEVE>PVCz=VC(CzOlig=zDCzP for —AH, and
PVCz>V(CzOlig~PCzEVE >ECz>DCzP for —48.

In general, there is a near-linear correlation between
Kor and —AH as well as between —AH and —AS for
a set of complexes of a common acceptor with a series
of structurally related donors.? In the present case,
this correlation holds roughly only for the complexes
with ECz and DCzP, where a dominant factor in deter-
mining K¢, AH, and A4S is the electron-donating
character rather than the steric hindrance. The steric
hindrance in a series of donors is considered to be in
the order of: PVCz>V(CzOlig>PCzEVE>DCzP>
ECz. The values of K¢r and —AH of the complexes
with PVCz and VCzOlig I and II are smaller than
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TABLE 4. THERMODYNAMIC CONSTANTS OF FORMATION OF CT CcOMPLEXES™
b) —1 _ _
Donor DL M Acceptor (i3l (i) Ko (300 kcal?rfxlol s
ECz 0.02—0.2 TCNE 1.5 25004-150 2.84+0.2 3.240.2 8.940.5
DCzP 0.04—0.18 1.5 25004150 1.940.2 2.540.2 7.04+1.0
VCzOlig 1 0.08—0.3 3.0 26004200 0.7-40.1 2.54-0.2 9.44-0.8
PVCz 0.06—0.3 3.0 24004250 0.64-0.1 2.840.2 10.8+1.0
PCzEVE 0.04—0.2 3.0 24004-200 1.94-0.2 3.14+0.2 9.6+0.8
ECz 0.04—0.13 TCNQ 1.0 26004-200 3.540.3 3.84+0.2 10.840.7
DCzP 0.04—0.16 1.0 2600-4-200 2.04-0.2 3.140.2 10.2+1.0
PVCz 0.08—0.30 3.0 23004-300 0.940.2 3.240.2 11.441.0
ECz 0.06—0.2 CA 3.0 17204150 1.34-0.2 3.0+0.2 9.44-0.6
DCzP 0.06—0.2 5.0 18004200 1.04-0.2 2.74+0.2 10.2-4-0.8
VCzOlig 11 0.06—0.2 6.0 14304-3002 0.64-0.2 2.940.5 10.74+1.7
PVCz 0.05—0.2 6.0 83041209 1.0-40.2 3.440.4 12.0+1.5
ECz 0.02—0.1 TNF 2.0 20004100 4.340.2 2.6+0.1 6.2+0.3
DCzP 0.03—0.18 2.0 20804100 3.74-0.2 1.840.1 3.7-4+0.3
PVCz 0.05—0.2 3.0 12004150 2.140.2 2.34-0.2 6.84-0.4

a) Solvent: methylene chloride for TNF and ethylene chloride for the other acceptors.

absorption maximum. c) at 15 °C.

those of ECz, in spite of a small enhancement in the
electron-donating character of PVCz as compared with
that of ECz. Futhermore, the value of K¢r of the
PCzEVE complex is smaller than that of the ECz com-
plex, in spite of no difference in the spectral properties
(v ¥, and f,[f;) between the former and the latter com-
plexes. Therefore, it is clear that a dominant factor in
determining K¢r, 4H, and A4S is the steric hindrance
rather than a small difference in the electron-donating
character in the case of the structurally related poly-
meric complexes. It should be noted that the situa-
tion is the same even in the case of VCzOlig I (DP=15),
as in the case of PVCz. This is quite different from the
situation of the variation in both »; and fi/f, resulting
from some electronic interaction between neighboring
Cz groups.

The results presented above are in contrast to the
results for the maleic anhydride complexes of poly-N, N-
dimethylaminostyrene and related copolymers, where
both K¢r and —A4H increase with an increase in the
DP. This may be explained as follows. Poly-N,N-
dimethylaminostyrene is one of the vinylpolymers with
small pendant z-electron systems, although it is a fairly
strong electron donor, and its electron-donating charater
is to a considerable extent localized on the dimethyl-
amino group. Therefore, the steric hindrance in form-
ing a CT complex may not be serious in this polymer.

It is important to examine whether the interesting
results for the PVCz complexes can be applied generally
to the complexes of the other vinylpolymers with large
pendant z-clectron systems. A further study concerning
the other polymeric complexes is now in progress.
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