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ABSTRACT: The research focused on realizing the bire-
fringence of light-control polymer films. The photoelastic
birefringence exhibits when Poly (vinyl cinnamate) (PVCi)
films are stretched below their glass transition temperature
(Tg). The birefringence of PVCi decreases when the UV irra-
diation happens because the side chains of the PVCi photo-
react when the oriented films are exposed to UV light. A
method to quantify the birefringence ability of the polymer
films is created and verified. Using this method, the
decrease of the birefringence through the UV irradiation is

quantified. The result shows the birefringence of PVCi can
be controlled by altering the UV irradiation time. In addi-
tion, oriented PVCi films of different esterification degrees
were prepared and irradiated at different time, and the bire-
fringence of them was studied to clarify the birefringence
mechanism of light-control polymer films. VC 2010 Wiley
Periodicals, Inc. J Appl Polym Sci 116: 3367–3372, 2010

Key words: light-control polymer; poly (vinyl cinnamate);
birefringence

INTRODUCTION

Polymer materials exhibit no birefringence when the
polymer chains are randomly oriented, whereas the
photoelastic birefringence exhibits when polymer
films are stretched below their glass transition tem-
perature (Tg). It is convinced that the side chains’
orientation of the polymer molecules contributes to
the photoelastic birefringence.1 Optical birefringence
is widely used for information recording, such as
holographic recording.2 As an external stimulus,
light is a clean energy source that can be controlled
remotely, instantly, and precisely; furthermore, using
light as a stimulus no wires or connections are nec-
essary. This enables easy fabrication of the devices
and reduces the weight.3,4 Thus, if light can be used
to control the birefringence of polymers, it will not
only be a promising method of information record-
ing but also can lead to versatile applications to
optical devices, such as optical switching, channel
waveguide, waveguide lithography and so forth.

PVCi is the earliest synthetic photopolymer5 and
has played a leading role in the development of
photopolymers.6 The further advancement in polar-
ization photochemistry of ultrathin films leaded to
regulation of the orientation of liquid crystal mole-

cules,7–13 and these result in an enhanced interest in
PVCi. The crosslinking of PVCi as shown in Scheme
1 is due to the [2 þ 2] photocycloaddition.14 Because
carbonyl and phenyl groups provide favorable
polarization to the double bond, the photoreaction of
cinnamoyl groups takes place easily to form photo-
cross-linking. In addition, cinnamate group can
undergo rapid photodimerization without the addi-
tion of a photoinitiator. This ability is critically im-
portant in the context of the present investigation, as
will become more apparent later.
In this paper, we are working to make use of this

phenomenon to achieve light-control polymer bire-
fringence. The PVCi film is stretched below its glass
transition temperature (Tg) and photoelastic birefrin-
gence forms because of the orientation of the PVCi
side chains. Then, the oriented film is exposed to
UV light and the side chains of the PVCi photo
reacts, so the birefringence decreases under the UV
irradiation. In addition, how different esterification
degrees of oriented PVCi films effects the birefrin-
gence ability was studied. The results can be
obtained quantitatively by a measurement using
polarization spectrometer. It can be widely used in
information recording and optical devices.

EXPERIMENTAL

Synthesis of PVCi

Polyvinyl alcohol was added to pyridine, refluxed at
100�C for 12 h, and then pyridine was added to the
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solution. Cinnamyl chloride in 2-butanone solution
was dropped to polyvinyl alcohol–pyridine solution
with stirring for 40 min at 50�C. After stirring at
60�C for 5 h, the reaction solution was put into
water to precipitate. The precipitate was washed
by ethanol and dried. IR(KBr): 3420 cm�1(OH),
1750 cm�1(C¼¼O), 1620 cm�1(C¼¼C). UV–vis:
280 nm(C¼¼C). FTIR was recorded with spectrometer
(Nicolet 5700, Nicolet Company, simple measure-
ment method). UV–vis transparence spectrum was
recoded by using with a spectrophotometer (UV-
3010, HITACHI Company).

Film preparation

PVCi were dissolved in water. The PVCi solution
was then spin-cast onto a glass slide and dried for
48 h at room temperature. The film was stretched to
the extension ratio of 3.

Measurements of polarization character of
photosensitive film

The stretched film was placed between the polarizer
and the analyzer. The polarizer and the analyzer
were always at parallel state. The polarizer and the
analyzer were rotated simultaneously from 0� to 90�.
The light intensity was measured by UV–vis
spectrophotometer.

Film Photo-de-orientation and polarization
character measurements

After the stretched film was exposed for 5 min, the
film was placed between the polarizer and the ana-
lyzer. The polarizer and the analyzer were always at
parallel state. The polarizer and the analyzer were
rotated simultaneously from 0� to 90�. The light
intensity was measured by UV–vis spectrophotome-
ter. The light intensities were measured at the same
states, after the film was exposed 10 min, 15 min,
and 20 min.

RESULTS AND DISCUSSION

Photoreaction of PVCi

Because phenyl has influence on the conjugated sys-
tem, the narrowest energy gap is not n orbital!p*
orbital but p orbital!p* orbital. The strongest
absorbency peak at 274 nm is corresponding to the
vibration of C¼¼C double bond, and the decreasing
of the peak shows the reaction degree of photoreac-
tion clearly. Figure 1 shows the photoreaction rate of
the cinnamate decreases with UV irradiation. UV–
vis absorption spectra is a convenient method to
investigate the photoreaction of cinnamoyl moi-
ety.15,16 It allows an estimation of photoproduct dis-
tribution. Using absorbance at the maximal wave-
length and an isosbestic point of the UV–vis spectra,
the fraction of photoproducts can be calculated
according to the following equations:

fE ¼ eE=ðeE � eZÞ½A=A0 � ðeZ=eEÞðAiso=A
0
isoÞ� (1)

fZ ¼ eE=ðeE � eZÞ½Aiso=A
0
iso � ðA=A0Þ� (2)

fDimer ¼ 1� Aiso=A
0
iso (3)

A: absorbance at 274 nm for PVCi;
A0: initial absorbance at 274 nm PVCi;
Aiso: absorbances at the isosbestic points (304 nm

for PVCi);
A0

iso: initial absorbances at the isosbestic points
(304 nm for PVCi);
eE: molar extinction coefficients of the E-isomer

(2.12*104 for PVCi);

Scheme 1 [2þ2] Photodimerization of PVCi.

Figure 1 Cinnamate transmittance at different UV irradi-
ation time.
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eZ: molar extinction coefficients of the Z-isomer
(1.20*104 for PVCi).

The distribution of the photoproducts of both geo-
metrical E- and Z-isomers and photodimers of the
cinnamoyl moieties in the stretched PVCi film (ester-
ification degree 3%) is shown in Figure 2. Cinnamoyl
side chains of PVCi film produced the photodimer-
ized formation after the UV irradiation. Because the
orientation of the side chains of the polymer mole-
cules is believed to make a major contribution to
photoelastic birefringence, the birefringence of the
film should decrease followed by the photoreaction.

As we mentioned earlier, the orientation of the
side chains of the polymer molecules is believed to
make a major contribution to photoelastic birefrin-
gence; so, if the orientated side chains photoreact

and the orientation structure is destroyed, the bire-
fringence of stretched film should decrease. Because
of lacking a method to quantify the birefringence
ability of polymer film, establishing the method is
essential. So, we could identify the effects of the
photoreaction of the orientated side chains.

The method to quantify the birefringence
ability of polymer film

Birefringence is mainly occurred when the polymer
is oriented by stretching. In theory, when a linearly
polarized light irradiates the perfectly oriented film,

Figure 2 The fraction of photoprodicts.

Figure 3 Schematic of the incident linearly polarized
light vibration decompose.

Figure 4 Schematic setup of the polarization character spectrometer.
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all of the incident linearly polarized lights will
decompose into two kinds of vibrations. Some
vibrate in a plane paralleled with the main plane
and others vibrate in a plane perpendicularly to the
main plane (Fig. 3). In fact, only parts of incident
light will decompose into these two vibration planes,
and the rest will remain the original state and trans-
mit through the photoelastomer. The decomposing
incident light will increase, in pace with the increas-
ing of the birefringence ability of the polymers (Usu-
ally the birefringence ability of the polymer film is
proportional to the extension ratio of the film.). In
other word, light remain the original state decreases.
Therefore, the ratio of the decomposing light inten-
sity to the total incident light intensity can character-
ize the birefringence ability of the polymer. Sign g is
used to stand for the ratio.

The birefringence ability can be quantified by the
polarization spectrometer. The optical setup of the

polarization spectrometer is schematically depicted
in Figure 4. First, the incident light beam was line-
arly polarized. The measurement of the polarization
character of the photosensitive film is shown in ex-
perimental part.
We assume the angle between the vibration plane

of the incident light and the main plane is y. When
the polarizer and the analyzer are rotated a at the
same time, the angle between the vibration plane of
the incident light and the main plane is aþy. The g is
used to stand for birefringence ratio. The transmit-
tance of polarizer is K (the transmittance of analyzer
is obviously the same); the transmittance of the film
is k; T% is the final detected intensity, the equation is:

T% ¼ I3=IO ¼ K2k½1� g sin2ð2aþ 2hÞ=2�=2 (4)

The numerical values of K and k can be tested eas-
ily. The polarizer and the analyzer at parallel polar-
izer state were both rotated a1, and then they were
rotated a2, the numerical values of g and y can be
worked out.

The feasibility of quantifying the birefringence
ability of the polymer film

Figure 5 shows the absorbencies of the stretched
film. Take wave 650 nm light for example, k ¼
89.42%, K2/2 ¼ 11.64%. From Figure 4, when a ¼
20�, T% ¼ 8.551%, gsin2 (2yþ40�) ¼ 0.3569; when a
¼ 30�, T% ¼ 7.362% gsin2(2yþ60�) ¼ 0.5756.

Through

�g sin2ð2hþ40
� Þ¼0:3569

g sin2ð2hþ60� Þ¼0:5756

Figure 5 The film absorbencies measured in different
angles.

TABLE I
Contrast Between the Theoretic Absorbency and the

Practical Absorbency

a

Absorbency
of polarizer

and the analyzer
The theoretic
absorbency

The practical
absorbency

0� 0.931 0.9812 0.980
10� 0.932 1.0104 1.010
20� 0.934 1.0678 1.068
30� 0.937 1.1330 1.133
40� 0.942 1.1732 1.174
50� 0.948 1.1633 1.162
60� 0.952 1.1117 1.111
70� 0.956 1.0541 1.054
80� 0.959 1.0164 1.018
90� 0.961 1.0112 1.012 Figure 6 The film absorbencies measured in different

angles after exposed 5 min.
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We work out that y ¼ 3�, g ¼ 0.69.

T% ¼ K2k½1� g sin2ð2aþ 2hÞ=2�=2
¼ K2k½1� 0:69 sin2ð2aþ 6

� Þ=2�=2 ð5Þ

Then, we send a ¼ 0�, 10�, 20�, 30� ,40�, 50�, 60�,
70�, 80�, and 90� to eq. (5), and the theoretic absorb-
ency can be worked out. Table I shows the contrast
between the theoretic absorbency and the practical
absorbency.

After the film was exposed for 5 min, the absor-
bencies of the exposed film were measured in the
same way. According to Figure 6, we work out that
g ¼ 0.57, so the theoretic absorbency can be worked
out. Table II shows the contrast between the theo-
retic absorbency and the practical absorbency. There-
fore, this method to quantify the birefringence ability
of the film is feasible.

Birefringence of light-control polymer film

Figure 7 shows the oriented PVCi film’s ratio of the
decomposing light intensity to the total incident
light intensity under the UV irradiation. The ratio
decreases when the UV irradiation lasts. It means
that the birefringence of the polymer film can be
controlled by handling the time of UV irradiation.
Through photoreaction, cinnamoyl side chains of
PVCi film produced the photodimerized formation
of cinnamoyl moieties. Because the orientation of the
side chains of the polymer molecules makes a major
contribution to photoelastic birefringence, the bire-
fringence of the film decreases.
Table III shows the ratios of the decomposing light

intensity to the total incident light intensity of differ-
ent esterification degree PVCi films. When the esteri-
fication degree is low, the ratio does not change
though the UV irradiation time increases. This is
because the consistency of photosensitive group in
the oriented film is very low, so the orientation struc-
ture could not be destroyed through photoreaction.
As the esterification degree increases, the orientation
structure could be destroyed through the reaction
and the ratio decreases through the UV irradiation.

CONCLUSIONS

In this study, a feasible method to quantify the bire-
fringence ability of the polymer film is verified. The
orientation structure of the PVCi films can be
destroyed more efficiently through UV irradiation
when the esterification degrees are higher. For one
PVCi film, the birefringence ability changes while
the UV irradiation time is altered. Therefore, the
birefringence of the oriented PVCi film can be light
controlled by altering the UV exposing time. This is
a promising method for information recording and
can be applied in optical devices with light external
stimulus.
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