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Picosecond Fluorescence Studies on 
Poly(N-vinyl-5H-benzo[b]carbazole) in Solution 

Chromophores bound in a polymer chain show in- 
trapolymer excimer emission whose dynamic behavior is 
sometimes quite different from that of the corresponding 
concentrated solutions. In the case of poly(N-vinyl- 
carbazole) (PVCz), a high-energy second excimer is ob- 
served in addition to the normal sandwich excimer.l-s 
Concerning their formation mechanism, Johnson proposed 
that the second excimer site exists prior to the excitation 
and that molecular conformational change during the 
monomer fluorescence lifetime produces the sandwich 
excimer.2 A recent picosecond pulse radiolysis study re- 
veals that the second excimer is formed immediately after 
irradiation with a 10-ps electron pulse, while the sandwich 
excimer emission shows a rise of several  nanosecond^.^ 
Similar rise and decay dynamics are observed by photon 
counting mea~urement,~ and these results seem to be 
consistent with the above proposal. However, Ghiggino 
et al. reported that the second excimer fluorescence shows 
a rise of 120 ps, corresponding to the decay of monomer 
fluorescence.s Thus, the formation mechanism of the ex- 
cimers is still unsettled at  the present stage of investiga- 
tion, and related experimental results should be accumu- 
lated. Here, we describe picosecond streak camera studies 
on poly(N-vinyl-5H-benzo[b]carbazole) (PV~BCZ),  since 
this is another polymer showing two kinds of ex~imers .~  

Fluorescence spectra of the present polymers and the 
transmittance of the filters used are shown in Figure 1. In 
the case of PV5BCz(r), prepared by radical polymerization, 
the second excimer (-22 550 cm-') and the sandwich ex- 
cimer (-20 350 cm-') are observed, while PV5BCz(c), 
prepared by cationic polymerization, shows monomer 
fluorescence with vibrational structure and the sandwich 
e~ci rner .~  Here, the mean degrees of polymerization of 
PV5BCz(r) and PV5BCz(c) are about 13 and 8, respec- 
tively, and the concentration of the benzo[b]carbazole 
chromophore is -9 X mol/L, indicating that the ob- 
served excimer emission is due to intramolecular interac- 
tions. These samples were excited with a single pulse (-25 
ps) of the third harmonic of a Nd3+:YAG laser, and their 
emission was recorded by a streak camera (Hamamatsu 
Temporaldisperser C979). Instead of a monochromator, 
appropriate filters were used to isolate the fluorescence, 
since the fluorescence intensity is rather weak under the 
present experimental conditions. Details of the present 
laser photolysis system are reported elsewhere.I0 

Fluorescence rise and decay curves of PV5BCz(r) are 
given in Figures 2 and 3a. In the short-wavelength region, 
an instantaneous rise determined by the time resolution 
of our apparatus (ca. 30 ps) is followed by the multiex- 
ponential decay. This consists of three decay components 
with time constants of 60 ps, 560 ps, and longer than a few 
nanoseconds. In the long-wavelength region, an instan- 
taneous rise is succeeded by a rapid rise that corresponds 
to the above decay of 60 ps (Figure 2c), and no other 
distinct change was observed in the present time range. 
When a Hoya Y-46 filter was used, such a curve was not 
observed, which may be due to mutual cancellation of the 
rapid rise and decay components (Figure 2b). In the case 
of PV5BCz(c), the relative contribution of the 60-ps decay 
component in the short-wavelength region was very small 
compared to that of PV5BCz(r), and the above decay 
component of 560 ps was replaced by a decay process with 
a time constant of 820 ps. All these results are common 
to MTHF and toluene solutions. 

When the time-integrated intensities of these compo- 
nents are correlated to the fluorescence spectra shown in 
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Figure 1. (a) Transmittance of filters used. (b) Fluorescence 
spectra of PVSBCz(r) (1) and PV5BCz(c) (2) in MTHF-THF 
mixed solvent. 
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Figure 2. Fluorescence rise and decay curves of PV5BCz(r) in 
MTHF solution. The filters used are B-370 (a), Y-46 (b), and 
Y-50 (c). The first sharp pulse is a reference pulse used for 
calibration and data processing. 

Figure 1, the subnanosecond component of PV5BCz(r) is 
ascribed to the second excimer. The rapid decay of 60 ps 
is considered to be due to a precursor of both excimers, 
namely, a monomer fluorescent state, although its spec- 
trum is not detected by conventional spectrophotofluoro- 
metry because of its short lifetime. On the other hand, 
the 850-ps component of PV5BCz(c) should be ascribed 
to the decay of the monomer fluorescence, since fluores- 
cence spectra of this polymer do not seem to include the 
second excimer emission (Figure 1). The longest decay 
component corresponds to the sandwich excimer, with a 
lifetime of 57 ns.I" These assignments are supported by 
the fact that the decay of ca. 60 ps is not so distinct in the 
case of PV5BCz(c) and are consistent with tacticity con- 
siderations. PV5BCz(r) is composed of both syndiotactic 
and isotactic sequences, showing monomer and two kinds 
of excimer emissions, while monomer and sandwich ex- 
cimer fluorescence of PV5BCz(c) is consistent with its 
isotactic s e q ~ e n c e . ~ J ~  

On the basis of the present results, we propose the 
mechanism of excimer formation of PV5BCz(r) shown in 
Figure 4. The notation e may involve excitation of the 
chromophore, its energy migration to the corresponding 
sites, and a very slight conformational change including 
rotational motion, all of which are completed within the 
time constant of our apparatus. The "monomer fluorescent 
state" may be different from the monomer excited state 
involved in the above process e. This monomer fluorescent 
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Figure 3. Fluorescence rise and decay curves of PV5BCz(r) (a) 
and PV5BCz(c) (b) in MTHF solution. A B-370 filter was used. 
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Figure 4. Scheme for excimer formation of PV5BCz(r). See text. 

state may possibly be assigned to an excited state trapped 
in a chromophore that takes a different conformational and 
configurational structure. Energy migration from this 
molecule to excimer-forming sites, which may be coupled 
to a slight movement of the main chain or side groups, 
determines the time constant of 60 ps. Although the rise 
curve of the second excimer was not observed directly, it 
is reasonable to assume that the latter excimer is formed 
in a way similar to that of the sandwich excimer. The 
second excimer-forming site may be produced more easily 
in the ground state than the sandwich excimer. All these 
sites can be covered by energy migration represented by 
the process e, since the mean degree of polymerization of 
the present systems is small. The process of the conversion 
from the second excimer to the sandwich excimer was not 
observed and accordingly can be excluded. In the case of 
PV5BCz(c), the “second excimer” is replaced by another 
monomer fluorescent state. This excited chromophore may 
not take such a geometrical structure as that of the second 
excimer because of its isotactic sequence. 

The present dynamic behavior of PV5BCz can be com- 
pared with those of PVCz and is summarized as follows. 
(1) The yield of the instantaneous formation of the sand- 
wich excimer of PV5BCz system is relatively large com- 
pared to that of PVCz. (2) The sandwich excimer for- 
mation process from the monomer fluorescent state ob- 
served in the PV5BCz(r) is similar to that of PVCz except 
that its formation rate is 2 orders of magnitude larger than 
that of PVCz. (3) The second excimer does not form the 
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sandwich excimer, which is common to both polymers. 
Results 1 and 2 may be explained by the difference of the 
steric restraints produced in the ground state. The 
sandwich excimer forming site of PV5BCz is more easily 
formed compared to that of PVCz because of its more 
bulky group, and a slight conformational change is enough 
to produce the excimer state. In order to establish the 
excimer formation mechanism of PVCz and related poly- 
mers proposed here, detailed studies involving solvent, 
viscosity, and temperature effects should be made. 
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Coil-Globule Transition of a Single Polystyrene 
Chain in Dioctyl Phthalate 

The collapse of a polymer coil, the so-called coil-globule 
transition, has been treated in several theoretical papers.’-’ 
The coil-globule transition can be either continuous or 
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