A IP I The Journal of )
Chemical Physics | /
Detérmination of transition rate constants of trans—cis isomerization in a oly(malohic

ester) containing disperse red 1
H. D. Shin, W. J. Joo, C. H. Oh, P. S. Kim, and Y. K. Han

Citation: The Journal of Chemical Physics 117, 1677 (2002); doi: 10.1063/1.1487825
View online: http://dx.doi.org/10.1063/1.1487825

View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/117/4?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in
Photoreactive phase conjugation strength in disperse red 1 doped poly(methylmethacrylate) thin films
J. Appl. Phys. 97, 013103 (2005); 10.1063/1.1829786

Homeotropic-planar anchoring transition induced by trans-cis isomerization in ultrathin polyimide
Langmuir—Blodgett films
J. Chem. Phys. 118, 10758 (2003); 10.1063/1.1574792

Novel mechanism of fast relaxation of photo-induced anisotropy in a poly(malonic esters) containing p-
cyanoazobenzene
J. Chem. Phys. 113, 8848 (2000); 10.1063/1.1315996

Further studies of the methyl nitrite cis—trans isomerization
J. Chem. Phys. 107, 5393 (1997); 10.1063/1.474261

Determination of rate constants for butene isomerization by a temporal inversion method
J. Chem. Phys. 107, 2845 (1997); 10.1063/1.474643

SUBSCRIBE TO



http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/327320036/x01/AIP-PT/JCP_ArticleDL_101514/PT_SubscriptionAd_1640x440.jpg/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=H.+D.+Shin&option1=author
http://scitation.aip.org/search?value1=W.+J.+Joo&option1=author
http://scitation.aip.org/search?value1=C.+H.+Oh&option1=author
http://scitation.aip.org/search?value1=P.+S.+Kim&option1=author
http://scitation.aip.org/search?value1=Y.+K.+Han&option1=author
http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://dx.doi.org/10.1063/1.1487825
http://scitation.aip.org/content/aip/journal/jcp/117/4?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/97/1/10.1063/1.1829786?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/118/23/10.1063/1.1574792?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/118/23/10.1063/1.1574792?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/113/19/10.1063/1.1315996?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/113/19/10.1063/1.1315996?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/107/14/10.1063/1.474261?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/107/8/10.1063/1.474643?ver=pdfcov

JOURNAL OF CHEMICAL PHYSICS VOLUME 117, NUMBER 4 22 JULY 2002

Determination of transition rate constants of trans —cis isomerization
in a poly (malonic ester ) containing disperse red 1
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We suggested a simple method for obtaining the quantitative transition rate consttatssetis
isomerization in the pseudo-stilbene-type of azobenzene molecule. The absorbances of the solution
and film of a polymalonic estercontaining disperse redRDR1) were measured with the pumping

beam intensity, and analyzed by the rate equation for the fractioimarefandcis conformers. The

rate constants of PDR1 solution and film were successfully determine@0@ American Institute

of Physics. [DOI: 10.1063/1.1487825

I. INTRODUCTION termining the rate constants. Therefore, another simple
- method is needed for determining the quantitative rate con-
The polymers containing azobenzene molecules have re- o S .
. . . ) Stants oftrans—cis isomerization in the pseudo-stilbene-type
ceived considerable attention because of the merits of fabri-
. - . S ._of azobenzene molecule.

cation, reversibility, high birefringence, and photochromic : : .

. ) - . In this article, we analyzed the rate equation of the
property for optical data storade® The origin of optical . L .

. : L trans—cis isomerization and suggested a simple method for
data storage is founded on the photoinduced birefringenc . o -
etermining the quantitative transition rate constants of

caused by the reorientation of the azobenzene molecule. The L L ) . .
) o - . rans—cis isomerization. With this method, we obtained the
reorientation is dependent on the rigidity of matrix, spacer

length, temperature, light intensity, and so fohhThe rate constants ofrans—cis isomerization in a polgmalonic

mechanism of the reorientation is mainly founded on theeSte) containing disperse redRDRY.

trans—cis isomerization that changes the shape of mesogens
(rod-shaped trans conformer and banana-shapedis Il. EXPERIMENT
conformej.® Recently, several experimental results that canA. Polymer material
not be explained by thérans—cis isomerization were re-
ported. The birefringence induced by pumping at the absorpl—oni

. i .
Zor:j ngs Ct)f Ith(:\ cs (;:?rr]\f?rtr::erthwa.; lrdeportecf a.n? [Fig. 4(@], which is characterized spectroscopically by the
nareienkoet al. snowed that the Threshold pumping INeN* -« hand of thetrans conformer that overlaps with the

sity for the Freedericksz transition dpcreased greatly iNveak n— 7* band of thecis conformer around the wave-
azobenzene polymefsTherefore, a detailed study of the ex- ength of 500 n{Fig. 1(b)].°
act process of the photoinduced birefringence is necessary. |n i i

. o : o New thermotropic liquid crystalline malonic ester mono-
order to determine the contribution of isomerization to the pic 1ig Y

photoinduced birefringence, the transition rate constants ognedr (cihfls?)zrls) ewrzzSly?ﬂz?;ﬁdd?gffrg;ﬂg?;?%I?gyfl O?IZT%Hde
trans—cis isomerization should be obtained quantitatively. y :

There are a lot of reports to determine the arameterslt was then condensed with 1,6-dibromohexane in THF in the
P ermi P presence of sodium hydride at 65 °C for 24 h to give a poly-
such as absorbance and quantum yields from the rate eq

i . A . . alonic ester(PDR1) with two symmetrical disperse red 1s
tion of trans—cis isomerization. In particular, Fischer re- . S

. ' . a photoresponsive group. The polymeric thin films were cast
ported a method to obtain the absorbance of poaie P P group POy

rom the polymer solution5 wt %) in CHCl; onto a glass

conformers® and several researchers suggested methods 9 polymel .r( 0 3 g
) . 4 ate for 30 s using a spin coater.
obtain the quantum yield$~** However, there are several
problems in the previous methods for determining the tran- .
i, S o B. Experimental setup

sition rate constants afans—cis isomerization. Each param-
eter had to be separately measured and calculated for obtain- We prepared an experimental setup for the real-time
ing the transition rate constants. Moreover, the thermameasurements of the absorbance in PDR1 solution and film,
isomerization was almost neglected in the case ofis shown in Fig. 2. The sample was irradiated by a pumping
azobenzene-type and aminoazobenzene-type molecules, mam(2) from a second harmonic generated Nd:YAG laser
cause thermalcis—trans isomerization operates very (Coherent 532-200with the wavelength of 532 nm. The
slowly.20-1214But, in the case of the pseudo-stilbene-typeNd:YAG laser was a continuous wave laser, and the intensity
molecule with relatively fast thermalis—trans isomeriza-  of the pumping beam was controlled by a variable attenuator.
tion, the thermal isomerization should be considered for deThe absorbance change was measured with a reading beam

The polymer used in our experiments was a folg-
c estey (PDRY) with two symmetrical disperse red 1

0021-9606/2002/117(4)/1677/5/$19.00 1677 © 2002 American Institute of Physics
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(a) as another light source. The absorbance was measured when
_ CH,CH, - the pumping beam was turned @qoumping periogl and off
Ol l (relaxation periogl
\?— O—CHZCHZ—N—O—N :N—O—N02
¢ tCH IIl. THEORY
-_— = , i i -
Y O_CHonz_N—O—N N—Q—NO When azobenzene molecules are irradiated by a mono
| O CH|CH dn chromatic beam, the rate equation for the fractionsrafhs
e andcis conformers can be expressed-by
dC(t)
1.4 — . T . T . T . Tlele(t)—mxl><C(t)—n><C(t)
b
ref ® 1 =IXIX[1=C(t)]-mXxIXC(t)—nxC(t), (1)
r ] [T(t)=1-C(1)]
8 osl 1 =11 =[(I+m)X1+n]xC(1), @)
S
2 o6} g wherel is the pumping beam intensit§(t) andT(t) are the
§ fractions ofcis andtrans conformers at time, respectively.
< 04F 1 The transition rate constants correspond to the following re-
ozl i actions:
. . . . | : T+hv—C (photoisomerizatioy
00 300 400 500 600 700

m : C+hv—T (photoisomerizatioy
wavelenth (nm)
n: C—T (thermal isomerization
FIG. 1. (a) Chemical structure of PDR1b) Absorption spectrum of PDR1. . . .
The first two terms on the right-hand side of Ef) are

related to thdrans—cis andcis—trans photoisomerizations,
and the third term is related to the thernsed—transisomer-
(1) split by a beam splitter. The intensity of the reading beanization. The transition rate constanksndm, are dependent
(1) was attenuated by a variable attenuator as small as 1@n the absorption coefficients, quantum yields and a function
uWi/cn?. Both pumping and reading beams were circularly[ (1—e~P®)/D(t)], whereD(t) is the measured absorbance
polarized to prevent them from inducing any anisotropy.in pumping period or relaxation peridd Because the varia-
Since the pumping beam and reading beam were cohereritpn of the function is very smallless than 2%during illu-
energy transfer between the two beams could occur throughination, we can consider this function as a constant param-
the formation of a grating. To avoid this coupling effect, the eter. In the pumping period, the fraction @ conformers is
phase of the pumping beam was modulated at about 1 kHgiven from Eq.(2) by
by a piezoelectric transducer. The reading beam was detected
by a photodiodédHamamatsu, S1336-18B(nterfaced with
a computer, in which the data transfer rate was about 80 Hz.
To determine the absorbance of the paoigconformers us-
ing Fischer’s methoflan argon ion laser at 514 nm was used

C(1) X (1— e {(Fmxi+nxty 3)

(I+m)X1+n
As can be seen in E@2), the fraction ofcis conformers
changes by a single exponentially growing function of time

in the pumping period. Since theans and cis conformers
coexist in the polymer sample, and each conformer has its
BS 532 nm, or 514 nm own absorption coefficient, the measured absorbabBge) |

M . . .
4) "I] E - light source of the polymer sample is given by
W

reading D(t):T(t)XDtrans+ C(t)XDcis
beam(1)

-D (Dcis— Dyrans) X1 X1
frans (I+m)XI+n

pumping

sample
beam(2)

(film or solution)
X (1_ ef{(l+m)><l+n}><t)
detector

=Dyrans—M X(l_e_kXt)i (4)

, _ whereDy, .5 @ndD ;s represent the absorbances of the pure
FIG. 2. Experimental setup for real-time measurement of the absorbance ?Fans conformer and the pureis conformer. respectivel
the PDR1 polymer sample in pumping and relaxation peridgdis- mirror, P ! P Y.

B.S.=beam splitter, Q.W.P: \/4 wave plate, V.A=variable attenuator, and Dtrans IS det_ermined when the sample was kept in_ the dark
P.Z.T=piezoelectric transducer for a long time, andD.;s can be calculated by Fischer’s

P.ZT
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. . FIG. 4. (a) Time constant in the pumping period arib) magnitude of
time (sec) time (sec) absorbance change vs pumping beam intensity in the PDR1 solution.

FIG. 3. Absorbances at 532 nm in the PDR1 solution with time at various
pumping beam intensitiega) in the pumping period(b) in the relaxation
period. IV. RESULTS
Figure 3 shows the absorbande(t)] for a diluted so-

lution of PDR1 at various pumping beam intensities during
pumping (a) and relaxation(b) periods. The magnitude of
absorbance chang®l increased with the intensity of the
pumping beaniFig. 3@)], and was saturated at 15 mW/&m
of the pumping beam intensity. The solid lines are the fitted
and the magnitude of absorbance chafiggis as curves with Eq(4) by nonlinear least-squares fitting method.

The values oM andk obtained from the fitting are shown in

Fig. 4. By fitting the curve of Fig. @) with Eq. (7), the
i (6)  value ofnwas determined to be 0.053).003 irrespective of
(I+m)x1+n the pumping beam intensity. The value Df,,,s was found

Since theD,,4 is bigger tharD. in our experimental con- to be 0.288 at 532 nnb ;s was calculated to be 0.173 using

dition, theM value is positive, and the measured absorbancgiSCher’S method with high pumping beam intenSitgp

also changes by the single exponential decaying function o[f)"émS_DCiS was 0.115.
time g y g P ying Figure 4a) shows the time constantk) with the pump-

The magnitude of absorbance chariy® and the time ing beam intensity, a}nd the vallue bfm was obtained by
constant(k) in the pumping period are dependent on thefitting the plots ofk with Eq. (5) in which the already deter-

pumping beam intensity and the transition rate constantdnined value ofn was included:
Therefore, from analyzing the values ™ and k for the

method with the pumping beam of high poéfor simplic-
ity, the time constantk) in the pumping period is defined as

k=(l+m)XIl+n 6)

D —Dyis) X I X1
MED“anS—D(OO)I( trans— Dcis)

various pumping beam intensities, we can determine the k=(I+m)x1+0.053. ®)
transition rate constants. The valueshdfand k can be ob- In this case, the linear least-square fitting method was
tained by fitting the measured curve D{t) in the pumping used. As a result, the value bfr m was determined to be
period to Eq.(4). 0.077+0.003. Figure &) shows the magnitudes of absor-

The process to change the fractiondrahsandciscon-  bance chang® with the pumping beam intensity. The curve
formers in relaxation periods is only the thermal isomeriza-of Fig. 4(b) was fitted by Eq.6) with the parameters ob-
tion. That is, the absorbance change in the relaxation periothined above, such ds-m, n, andDy,,ps— Dyis:
is independent of the pumping beam intensity and can be
described only by the thermal rate constantherefore, the
thermal rate constarih) can be obtained by fitting the mea- M=0.115¢
sured curve of absorbangB(t)] in the relaxation period to
a single exponential growing function:

X1
0.077<1+0.053" ©

In this case, the nonlinear least-square fitting method
was used. As shown in Fig.(l), the fitting result matched
well with the experimental one. As a result, the values, of
m, and n were determined to be 0.032.0001, 0.045

By again f|tt|ng thek values with the pump|ng beam +0.0001, and 0.0580.003, reSpeCtively. Therefore, the rate
intensity to Eq.(5), the value ofl +m can be determined. equation of both conformers in the PDR1 solution can be
Finally, with the obtained values of parameters such agepresented quantitatively as
Diranss Deis, N andl+m, the individual values of andm

i itti i i dC
can be_ obta_lned by fitting th# values with the pumping A 003241 X T—0.045¢ 1 X C—0.053<C. (10)
beam intensity to Eq6). dt

D(t)=D(%)+MX(1—e "), )
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FIG. 6. (a) Time constant in the pumping period ariid) magnitude of
FIG. 5. Absorbances in the PDR1 film with time at various pumping beamabsorbance change vs pumping beam intensity in the PDR1 film.
intensities:(a) in the pumping period(b) in the relaxation period.

0.088 using the ratio between the absorbancetsanis and
cis conformers Dy ans/Deis) in the case of the PDR1 solu-
The same method as in the case of the solution was usefn.

for obtaining the rate constants of thi@ns—cis isomeriza- Finally, the rate constants of isomerization were deter-
tion with some adjustments for the case of the PDR1 filmmined by | =0.0084+0.000 06, m=0.0336+0.000 06, and
The intensity dependence of the absorbance was similar t§’ =0.21+0.004. Comparing these constants with those of
the case of solutioriFig. 5), but as shown in Fig. (@), the  the PDR1 solution, the time constant’] of the film was
variation of absorbance was slower than that of the PDRhpout four times higher than that of the solution, because the
solution. The magnitude of absorbance change was not satytrainedcis conformers induced the fast anomalous relax-

rated even though the pumping beam intensity was as larggion. Also, bothl and m were smaller than those of the
as 80 mWi/cr Moreover, there might be another effect be- solution, because of very low quantum yields in the fifm.

sides the thermal isomerization in the relaxation period, since

the curve ofD(t) in the relaxation period did not match with \/ concLUSION

a single exponential growing function but with a bi- ) o
exponential growing function. Paikt al. reported that the A simple method was suggested for determining the
anomalous fast relaxation component was causedisgon-  transition rate constants @fans—cis isomerization quantita-
formers trapped in a strained conformation, and a slow on&Vely in the pseudo-stilbene-type of azobenzene molecule.
was due to the thermal isomerizatifiiTherefore, we used a The absorbances of the PDR1 solution and film were mea-

bi-exponentially growing function to obtain the time con- Sured with the pumping beam intensity, and analyzed by the
stants of the thermal isomerization. rate equation for the fractions dfans and cis conformers.

As the results in the PDR1 solution, the rate constants
m, and n were determined to be 0.03D.0001, 0.045

+0.0001, and 0.0580.003, respectively. In the PDR1 film,
the rate constant$, m, and n’ were 0.0084:0.000 06,

0.0336:0.000 06, and 0.2t 0.004, respectively.

whereng,g; andng,, are the time constants of fast and slow

components of relaxation, ard,s and Mg, are the mag- ACKNOWLEDGMENT
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