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ABSTRACT: The two diastereoisomers of 2,4-di(N-carbazolyl)pentane were synthesized and characterized
by NMR. Their respective emission in the excimer region, at 420 nm for the meso isomer and 370 nm for
the racemic isomer, can be related to the two excimers observed in poly(vinylcarbazole).

A recent publication! proposing an interpretation of the
excimer kinetics of poly(NN-vinylcarbazole) in solution
prompts us to report preliminary results on the emission
properties of 2,4-di(N-carbazolyl)pentanes. We have al-
ready shown? that the classical kinetic scheme for inter-
molecular complex formation could not be extended to
systems where substantial barriers prevent fast confor-
mational equilibrium. The role of conformational equi-
librium upon intramolecular excimer formation was also
suggested by Morawetz.® As was pointed out by Bovey,*
one should, in the case of polymers such as polystyrene,
consider configurational aspects. Monnerie® has shown
that the excited-state properties of 2,4-diphenylpentane
are substantially different for the meso and the racemic
diastereoisomers, especially their capacity to form the
excimer.’® The nonvalidity of the classical kinetic scheme
of intermolecular excimer formation in poly(2-vinyl-
naphthalene)® could also be related to differences in ex-
cited-state properties of meso and racemic model sys-
tems.®

Poly(vinylcarbazole) has, however, in the realm of the
polyvinyl aromatic systems a particular aspect: dual ex-
cimer emission is observed, one excimer emitting at 380
nm (high-energy excimer, trap II) and the other (low-en-
ergy excimer) at 420 nm.” Attempts to interpret the

Table I
'H NMR Data of Diastereoisomers of
2,4-Di(N-carbazolyl)pentane in CD,Cl, at 313 K

group of
8 multiplicity protons J, Hz
Sample B (meso)
1.58 d CH,
2.76 (A), ABX, H5CHg Japg =—14.2
2.90 (B)
4.53 ABX,, q CH 3Jax = 1.8,
Jpx =17.6
6.9-7.4 m
7.98-8.05 m carbazolyl
Sample A (dd,l)
1.39 d CH,
3.02 AA'XX' CH,an J=-14.85
4.40 AA'XX',q CHxy' 3Jax = 4.45,
SJAX’ =10.80
6.2-7.6 hump IJxx' =0
7.9-8.05 m carbazolyl

fluorescence properties of poly(vinylcarbazole) were made
on the basis of a scheme in which an equilibrium between
the two excimers is included.!® It had, however, been
noted® that “the intensity of the high-energy excimer in-

0024-9297/82/2215-0406$01.25/0 © 1982 American Chemical Society



Vol. 15, No. 2, March-April 1982

racemic

]

meso

| | ] | | ! 1
3.2 30 2.8 268

Figure 1. 'H NMR spectra of samples A and B: (A) CH, group
of the racemic diastereoisomer under identical experimental
conditions (the meso isomer still contains £20% of the racemic
compound); (B) CH, group of meso-2,4-di(N-carbazolyl)pentane
in CD,Cl,; at room temperature.

creased with an increase in the content of the syndiotactic
sequences” in the polymer. To contribute to the elucida-
tion of this problem 2,4-di(N-carbazolyl)pentane was
synthesized. Two fractions were isolated by high-per-
formance liquid chromatography, both having an M*. of
m/z 402. "H NMR data, reported in Table I, characterize
sample B as consisting of more than 80% meso-2,4-di(N-
carbazolyl)pentane (1) and sample A as consisting of more
than 95% of racemic (dd,ll)-2,4-di(IN-carbazolyl)pentane
(2). Indeed, the CH, group of sample A (Figure 1) shows
no difference in shift for both protons while the same group
of protons in sample B shows a Arap of 14.5 Hz (Figure
1).

In view of the influence of the aromatic groups on the
absorption of the methine and methylene protons in com-
parison with 2 4-diphenylpentane!! and on the basis of the
3J coupling constant, it can be proposed that TG/GT is
the most stable conformation of 1 while TT and GG con-

H H H H H H
H CH R R R CH
o o S S & N
R M A R HY CH, c\;+3 H CH;\ H H R
2 17 266 1 T16/06T

R= carbazolyl

formations are present at room temperature for 2. A
calculation equivalent to the one reported by Bovey!® in-
dicates a distribution of 82% TT and 18% GG for 2 at 313
K in CD,Cl,.

Especially noteworthy is the important splitting of the
shift of the aromatic protons of 2 at 233 K (Table II) while
at 313 K only proton 4 can be distinguished from the other
coalescing protons.

For 1 under the same experimental conditions only the
splitting of proton H, (6 7.48 and 6.64) and proton H, (¢
8.08 and 8) can be followed at 100 MHz, H, and Hj ab-
sorbing in the narrow range 8 7-7.4. This further supports
the TG/GT conformation for 1 and the TT conformation
for 2 as being the more stable. In both compounds the
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Table I1
'H NMR Shifts of the Aromatic Protons of 2 and
N-Isopropylcarbazole at 233 K in CD,Cl,

N-isopropyl-
proton downfield upfield carbazole
H, 7.65 5.87 7.4-7.5
H, 7.4 6.59 7.4-17.5
H, 7.2 6.87 7.20
H, 8.09 7.9 8.10
350 400 450 500 350 400 450 500 nm
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Figure 2. Emission spectra of (1) the meso isomer in isooctane
at 197 K, (2) the meso isomer in isooctane at 293 K, (3) the racemic
isomer in isopentane at 133 K, and (4) the racemic isomer in
isopentane at 293 K. Excitation wavelength: 320 nm.

carbazolyl groups are no longer able to rotate at that
temperature.? In 2 two carbazole groups are lying in such
a spatial arrangement that one phenyl moiety is on top of
that of the other carbazole group. The coalescence tem-
perature is approximately 273 K for H,. Temperature
dependence of the NMR signals of proton H, indicate that
the rate constant for exchange at 273 K equals 42 s while
the activation free enthalpy at that temperature equals 58
kJ-mol™. The quantity of pure 1 and 2 necessary for
emission spectroscopy was obtained by repeated thin-layer
chromatography on silica with 30/70 toluene-hexane as
eluent. The absorption spectra of 1 and 2 at room tem-
perature in isooctane show a band pattern analogous to
the one reported for N-isopropylcarbazole.’®* The emission
spectra of 1 and 2 in isopentane are reported in Figure 2.
The emission spectrum of 1 at room temperature shows,
besides carbazole emission, an excimer band with its
maximum at 420 nm and a bandwidth of 3350 em™. The
maximum of this excimer, the so-called low-energy excimer,
shifts to 425 nm at 197 K. This excimer decays as a single
exponential with a decay parameter obtained by single-
photon counting, varying from 46.5 ns at 223 K to 34.9 ns
at 350 K. The relative intensity of the excimer over the
carbazole emission increases by a factor of 2 from 173 to
293 K, while the carbazole emission decreases by a factor
of 12 in the same temperature domain. The emission
spectrum of 2 at room temperature shows, besides carba-
zole emission, a new band at longer wavelengths. A new
maximum is observed at 370 nm with a bandwidth of 2600
cm™! upon spectral deconvolution. When the sample is
cooled to 133 K, the latter emission is almost the sole
contributor to the spectrum (Figure 2). The decay pa-
rameter of this excimer, the so-called high-energy excimer,
which also decays monoexponentially, equals 17 ns at 300
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Figure 3. Excitation spectra at room temperature of the racemic
isomer in isopentane at (---) 400 and (—) 365 nm and of the meso
isomer in isooctane at (---) 410 and (—) 370 nm.

K and 17.8 ns at 200 K.

The emission maximum of both excimers is not de-
pendent upon solvent polarity since no variation of the
respective values was observed in acetonitrile.

The excitation spectra of 1 and 2 are identical in the
monomer and excimer region (Figure 3) and identical with
the lowest transition of N-isopropylcarbazole. This clearly
establishes the origin of the two excimers in poly(vinyl-
carbazole) as being related to the isotactic (meso) and
syndiotactic (racemic) sequences. It further rules out the
probability that excimer II and excimer I are in equilibrium
via a direct pathway as proposed in the above-mentioned
schemes.!® Combining the NMR data and the emission
data furthermore substantiates the suggestion by Johnson™
and Itaya® that the high-energy excimer has an only
partially overlapping structure. A detailed NMR study
and kinetic and thermodynamic aspects of excimer for-

Macromolecules

mation in 2,4-di(N-carbazolyl)pentane will be reported
later.

Acknowledgment. We are indebted to the Belgian
National Science Foundation for support and a fellowship
to N.B. The University Research Fund and the Ministry
of Scientific Programmation are thanked for financial
support to the laboratory. K.D. is grateful to IWONL for
a doctoral fellowship.

References and Notes

(1) Ng, D.; Guillet, J. E. Macromolecules 1981, 14, 405.

(2) (a) Vanderauweraer, M.; Gilbert, A.; De Schryver, F. C. J. Am.
Chem. Soc. 1980, 102, 4007. (b) Meeus, F.; Vanderauweraer,
M.; De Schryver, F. C. Chem. Phys. Lett. 1980, 74, 218.

(3) Goldenberg, M.; Emert, J.; Morawetz, H. J. Am. Chem. Soc.
1978, 100, 7172.

(4) Longworth, J.; Bovey, F. A. Biopolymers 1966, 4, 1115.

(5) (a) Bokobza, L.; Jasse, B.; Monnerie, L. Eur. Polym. J. 1977,
13, 921. (b) De Schryver, F. C.; Moens, L.; Vanderauweraer,
M.; Boens, N.; Monnerie, L.; Bokobza, L. Macromolecules, in
press.

(6) (a) Demeyer, K.; Vanderauweraer, M.; Aerts, J.; De Schryver,
F. C. J. Chim. Phys. 1980, 77, 493. Meeting on Photochemistry
in Polymers, Mulhouse, 1979. (b) De Schryver, F. C.; Demeyer,
K.; Vanderauweraer, M.; Quanten, E. Ann. N.Y. Acad. Sci.
1981, 366, 93. Meeting on Luminescence in Polymers, June
1980, New York.

(7) (a) Klopffer, W. Chem. Phys. Lett. 1969, 4, 193. (b) Johnson,
P. C.; Offen, H. W. J. Chem. Phys. 1971, 55, 2945, (c) Johnson,
G. E. Ibid. 1975, 62, 4697. (d) Yokoyama, M.; Tamamura, T.;
Atsumi, M.; Yoshimura, M.; Shirota, Y.; Mikawa, H. Macro-
molecules 1975, 8, 101. (e) Venikonas, G. W.; Powell, R. C.
Chem. Phys. Lett. 1975, 34, 601. (f) Klopffer, W.; Bauser, H.
Z. Phys. Chem. (Frankfurt/Main) 1976, 101, 25.

(8) (a) Ghiggino, K. P.; Wright, R. D.; Phillips, D. Eur. Polym. J.
1978, 14, 567. (b) Hoyle, C. E.; Nemzek, T. L.; Mar, A.; Guillet,
J. E. Macromolecules 1978, 11, 429. (c) Ghiggino, K. P.; Ar-
chibald, D. A.; Thistlethwaite, P. J. J. Polym. Sci., Polym.
Lett. Ed. 1980, 18, 673.

(9) (a) Itaya, A.; Okamoto, K.; Kusabayashi, S. Bull. Chem. Soc.
Jpn. 1976, 49, 2082. (b) Itaya, A.; Okamoto, K.; Kusabayashi,
S. Ibid. 1978, 51, 79.

(10) Bovey, F. A. “High Resolution NMR of Macromolecules”; Ac-
ademic Press: New York, 1972; Chapter IX, pp 182-204.

(11) Bovey, F. A,; Hood, F. P.; Anderson, E. W.; Snyder, L. C.
Chem. Phys. 1965, 42, 3900.

(12) Hindered rotation was observed in poly(vinylcarbazole) by:
Williams, D. J. Macromolecules 1970, 3, 602.

(13) Klopffer, W. Ber. Bunsenges. Phys. Chem. 1970, 74, 693.



