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ABSTRACT: The solution viscosity of poly(3-vinyl-10-methylphenothiazine) in 1,2-dichlo
roethane was found to decrease by as much as 50% on exposure to u1traviolet light (J > 290 nm) in 
the presence of carbon tetrachloride. The reduced viscosity again returned to the initial value by the 
addition of reductants, such as sodium dithionite. Absorption and ESR measurements of the 
solution suggested the formation of radical cations of pendant methylphenothiazine (MPT) groups 
by the interaction of the photoexcited MPT with carbon tetrachloride. Aggregation of ion-pairs of 
the cations and chloride ions due to dipole-dipole interactions is considered to be the driving force 
of the chain contraction. The addition of sodium dithionite reduces the radical cations to neutral 
forms and the chain again returns to the initial random conformation. 
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By incorporating a small amount of photo
ionizable chromophores into polymers, we 
have shown that the polymer chain confor
mation changes reversibly by photoirra
diation.1 Poly(N,N-dimethylacrylamide) hav
ing pendant triphenylmethane leucohydroxide 
groups expands the conformation on exposure 
to ultraviolet light. The expanded confor
mation returns to the initial random con
formation in the dark. The leucohydroxide 
chromophores dissociate into unstable ion
pairs upon ultraviolet irradiation with produc
tion of colored triphenylmethyl cations along 
the polymer chain and in the dark the cations 
recombine with the counter ions. 

Phenothiazine and its derivatives are well 
known to undergo electrochemical oxidation 
to produce a radical cation in polar solvents.2 

The electrochemical properties of polymers 
with pendant MPT groups have been exten
sively studied by Morishima et al.3 

To produce stable ions, which do not disap
pear in the dark, in pendant groups upon 
photoirradiation, we prepared poly(3-vinyl
l O-methylphenothiazine) (1, polyVMPT), and 
examined the photoresponsive behavior. 

Photochemical oxidation of phenothiazine 
is reported to produce a neutral radical in 
ethanol by splitting off a hydrogen from 
nitrogen.2• When the mobile hydrogen is sub
stituted by a methyl group, the MPT radical 
cation, instead of the neutral radical, is ex
pected to be produced by photoirradiation 
in the presence of electron acceptors. 
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EXPERIMENTAL 

Materials 
3-Vinyl- l 0-methylphenothiazine (VMPT) 

was synthesized according to the method of 
Gipstein.4 VMPT was isolated by column 
chromatography on silica and then purified by 
recrystallization from chloroform-methanol. 
Soft pale yellow needles were obtained (24 
% yield). mp 94--96°C. Anal. calcd for 
C15 H13Ns: C, 75.28%; H, 5.47%; N, 5.85%; S, 
13.40%. Found: C, 75.23%; H, 5.60%; N, 
5.77%; s, 13.35%. 

Solvents were distilled twice before use. 

Polymerization 
PolyVMPT was obtained by the radical 

polymerization of VMPT using AIBN as ini
tiator in tetrahydrofuran (THF) at 60°C. The 
polymer was purified by reprecipitation with 
dry acetone from THF solution. The mole
cular- weight of the polymer was estimated to 
be 3.2 x 104 with a gel-permeation chromatog
raphy (Toyo-Soda HLC-802) by comparison 
with standard polystyrenes. 

Measurements 
Photoirradiation was carried out with a Xe 

lamp (Ushio 15w). The light passed through a 
cut-off filter (Toshiba UV29, A>290nm) was 
used. y-Irradiation was carried out with 6°Co 
(dose rate 1 Mrad/h). Conformational change 
of the polymer was followed by measuring the 
viscosity of the polymer solutions at 30°C with 
an Ubbelohde viscometer specially designed 
for irradiation. Absorption spectra were mea
sured using a spectrophotometer (Shimadzu 
MPS-2000s). 

RESULTS AND DISCUSSION 

Photoirradiation Effects on Viscosity 
Figure 1 shows the viscosity of polyVMPT 

in the dark as well as after ultraviolet irra
diation for 20 min in a mixed solvent of carbon 
tetrachloride and 1,2-dichloroethane (volume 
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Figure I. Viscosity ofpolyVMPT in a mixed solvent of 
carbon tetrachloride and 1,2-dichloroethane (volume 
ratio= I : 4) at 30°C ( e) in the dark and ( O) after 
ultraviolet irradiation (J > 290 nm) for 20 min. 

ratio= 1 : 4). The intrinsic viscosity after ultra
violet irradiation was 45% lower than the 
viscosity in the dark. This indicates that the 
polymer shrinks upon ultraviolet irradiation. 
The possibility that the decrease is due to the 
degradation of the polymer chain is excluded, 
because the reduced viscosity again returned 
to the initial value by the addition of reduc
tants, such as sodium dithionite, Na2 S20 4 . 

Gel permeation chromatography measure
ment also indicated that the polymer degrada
tion after ultaviolet irradiation is negligible. 

Similar photo-decrease of the solution vis
cosity was observed in o-dichlorobenzene in 
the presence of carbon tetrachloride. In ben
zene or THF, precipitation of the polymer 
was observed after ultraviolet irradiation. 

Figure 2 shows the dependence of the de
crease of the solution viscosity on the photo
irradiation time along with the increase of the 
absorption intensity at 525 nm, attributable to 
the radical cation of the pendant MPT groups 
(see next section). The good correlation be
tween the viscosity and absorption intensity 
changes indicates that the shrinkage of the 
polymer chain is due to the formation of 
positive charges along the polymer chain. By 
the addition of sodium dithionite, the red 
colors due to the radical cation disappeared 
and at the same time the viscosity returned to 
the initial value. This result also supports the 
mechanism that the formation of radical ca-
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Figure 2. Changes of (a) the absorption intensity at 
525 nm and (b) viscosity of polyVMPT in a mixed 
solvent of carbon tetrachloride and 1,2-dichloroethane 
(volume ratio= I : 4) upon ultraviolet irradiation 
(}c > 290 nm) at 30°C. ( e) were measured after the 
addition of a droplet of methanol solution of sodium 
hydrosulfite. Concentration of the polymer is 0.1 g dl- 1• 

An absorption cell with I mm optical path length was 
used. 

tion shrinks the polymer conformation. 
The decrease of the solution viscosity de

pended on the polarity of the solvent. By 
changing the ratio of carbon tetrachloride 
(dielectric constant, 2.2) and 1,2-dichlo
roethane (10.4) in the mixed solvent, the 
solvent polarity was controlled. In less polar 
solvents, the ratio of the viscosity during ultra
violet irradiation to that in the dark decreased 
as shown in Figure 3. This suggests that the 
polymer with the ionized pendant groups has a 
compact form in less polar solvents. In the 
experiment, the concentrations of the radical 
ions in the pendant groups were adjusted to the 
same value. 

The photostimulated viscosity decrease was 
not affected by the addition of salt in contrast 
with the result observed for poly(N,N
dimethylacrylamide) with pendant triphenyl-· 
methane leucohydroxide groups. 1 Even in the 
presence of 10- 2 M tetra-n-butylammonium 
perchlorate, the viscosity decreased by as 
much as 50% upon photoirradiation. This 
results clearly indicates that electrostatic force 
does not play an important role in the confor-
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Figure 3. Solvent polarity dependence of the photo
decrease of the solution viscosity ofpolyVMPT at 30°C. 
Concentration of the polymer is 0.06gdl- 1. r,,p(p) and 
11,p(d) are the specific viscosities under ultraviolet irra
diation (J > 290 nm) and in the dark, respectively. 
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Figure 4. Temperature dependence of the photo
decrease of the solution viscosity of polyVMPT in a 
mixed solvent of carbon tetrachloride and 1,2-dichlo
roethane (volume ratio= I : 4). Concentration of the 
polymer is 0.1 g di- 1. r,,p(p) and r,,p(d) are the specific 
viscosities under ultraviolet irradiation (J > 290 nm) and 
in the dark, respectively. 

mational change of the present system. 
Figure 4 shows the temperature dependence 

of the ratio of viscosity during ultraviolet 
irradiation to that in the dark. The ratio 
decreased at higher temperature. The reduced 
viscosity of 0.1 g di - i polymer solution de
creased by as much as 67% upon photo
irradiation at 25°C, while the photostimulated 
viscosity decrease was only 18% at 40°C. The 
temperature dependence suggests that the con
traction of the polymer chain is controlled by 
weak interactions. 

Spectroscopic Study 
Absorption spectral measurements give de

tailed information concerning the photore-
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actions in the system. Figure 5 shows the ab
sorption spectrum of polyVMPT in the mixed 
solvent of carbon tetrachloride and 1,2-
dichloroethane (volume ratio= I : 4). Upon ul
traviolet irradiation, absorption bands at 530 
and 820 nm appeared. The bands were not 
observed in the absence of carbon tetra
chloride. 

In order to identify the bands, matrix isola
tion method combined with ')'-irradiation tech
nique was employed. According to Hamill,5 

solute radical cation is produced by ')'-irra
diation in halogenated hydrocarbon matrices 
at 77 K. Figure 6a and b show the absorption 
spectra of MPT and polyVMPT in n-butyl
chloride at 77 K after ')'-irradiation, respec
tively. Upon ')'-irradiation, a strong absorp
tion band appeared at 525 nm and weak ones 
at 780 and 880 nm in the matrix containing 
MPT. These bands are ascribable to a MPT 
radical cation. 6 When the sample was annealed 
at slightly higher temperature, the band at 
525nm showed a blue shift to 472nm and a 
new broad absorption band appeared at 
770nm. The band at 472 and 770nm are 
ascribable to a dimer radical ion of MPT, 
produced by the raction of the radical cation 
with the neutral molecule. 7 •8 Figure 6b shows 
the radical cation of polyVMPT, which has 
absorption bands at 540, 780, and 860 nm. 
Upon annealing the sample at slightly higher 
temperature, the band at 540 nm showed a 
blue shift to 525 nm and a new band appeared 
at 820 nm. Similar spectral change on annealing 
as observed in monomeric MPT suggests that 
the bands at 525 and 820 nm are assigned to a 
dimer radical cation, produced by the in
tramolecular interaction of a pendant MPT 
radical cation with a neighboring pendant 
group. Under the present experimental con
ditions, the ratio of ionized pendant groups to 
the neutral ones is estimated to be less than 
10%. Therefore, the assignment to a radical 
cation dimer3 cannot be adopted. 

According to the above assignment, the 
spectrum observed in Figure 5 is ascribed to 
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Figure 5. Absorption spectra ofpolyVMPT in a mixed 
solvent of carbon tetrachloride and 1,2-dichloroethane 
(volume ratio= I: 4) (---) before photoirradiation and 
(--) after ultraviolet irradiation (Jc> 290 nm) for 
IO min. An absorption cell with I mm optical path length 
was used. 
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Figure 6. Absorption spectra of MPT in n

butylchloride at 77 K (--) immediately after y-irra
diation (I Mrad) and (---) after annealing at slightly 
higher temperature. Concentration of MPT is 8 x 10- 3 

moll- 1. (b) Absorption spectra of polyVMPT in n

butylchloride at 77 K (--) immediately after y-irra
diation (1 Mrad) and (---) after annealing at slightly 
higher temperature. Concentration of the polymer is 
0.8gdl- 1. 

the dimer radical cation of the pendant MPT 
groups. In order to confirm the assignment, 
ESR spectrum of the polymer was measured in 
the mixed solvent of carbon tetrachloride and 
1,2-dichloroethane (volume ratio= I : 4). A 
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very strong singlet with l'!,.H ms= 1. 5 mT was 
detected. The ESR spectrum indicates that 
the photogenerated species has a paramagnetic 
property. The possibility of the absorption 
bands at 530 and 820 nm due to the dimer of 
the two radical cations is excluded in the 
present system, because the dimer is dia
magnetic. 

Mechanism of Photostimulated Viscosity 
Change 
Upon ultraviolet irradiation, polyVMPT in 

the mixed solvent of carbon tetrachloride and 
1,2-dichloroethane gives visible absorption 
bands at 530 and 830 nm and a singlet ESR 
spectrum, which are assigned to dimer radical 
cations of pendant MPT. These spectra were 
not observed in the absence of carbon tetra
chloride. The results indicate that photoex
cited MPT pendant groups ionize by the inter
action with carbon tetrachloride as follows, 

JMPT "" f1-1PT* -
JMPT° + CC\4 - JMPT-t + Cl- +·CCl3 

Then the monomer radical cations associate 
with neutral MPT molecules in the pendant 
groups to produce dimer radical cations as 
follows, 

\MPTt ---> 

The formation of radical ions along the 
polymer chain should expand the polymer 
chain, if the electrostatic repulsive forces con
tributed to the conformational change. The 
polymer chain, on the contrary, contracted 
upon ultraviolet irradiation. In the solvents 
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used in the present experiment, almost all 
ions are in pairs with the counter ions and 
the electrostatic repulsive forces play a minor 
role. This was confirmed by the fact that the 
addition of salts did not affect the photostim
ulated viscosity decrease. Instead, intramolecu
lar aggregation of the ion-pairs due to dipole
dipole interactions are considered to take 
place and the polymer chains contract upon 
photoirradiation. Although at the polymer 
concentration used intermolecular aggrega
tion was not observed, the intermolecular 
interaction is expected to occur at higher con
centration. Intramolecular dimer radical 
cation formation may also contribute to the 
contraction of the polymer chains to some 
extent. 
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