JOURNAL OF CHEMICAL PHYSICS VOLUME 118, NUMBER 7 15 FEBRUARY 2003

Study of photoisomerization of  azo dyes in liquid crystals
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Thetrans-cisisomerization ofizodyes in liquid crystalline hosts is studied. It is shown that the full

set of parameters governing the isomerization process can be deduced from polarized pump—probe
transmission measurements. The results indicate that the dye order parametettriangisomer

is relatively high and is strongly related to the liquid-crystalline order. Gisdsomer exhibits a

much lower dye order parameter and is not strongly dependent on the liquid-crystalline phase. The
barrier to the thermalcis-trans relaxation is found to be relatively unaffected by the
liquid-crystalline phase, while changes are observed in the pre-exponential facta2z00®
American Institute of Physics[DOI: 10.1063/1.1538598

I. INTRODUCTION time dependence of the light-induced birefringence in the
mesogenic side-chain nematic polymers. From a comparison
The optical properties of absorbing liquid crystals haveof theory with experiment, they determined, through a fitting
attracted considerable interest in the last several years. lprocedure, the average cross sections for botttrtves and
particular, a number of intriguing light-induced effects hascis isomers, as well as the quantum efficiencies of the light-
been found to occur in liquid crystals doped with, or consist-induced transitions. This method, however, is restricted to
ing entirely of azo derivatives. For example, lkeda and systems where reorientation is easily observed. In addition, it
Tsutsumt observed nematic-to-isotropic transition due todoes not give complete information for the relevant param-
phototransformation adizomolecules. Chen and Brarfdse-  eters.
ported self-diffraction effects in aazo dye doped nematic. In a paper, published in 1998 we proposed an alterna-
Folks et al® investigated photoinduced textural instabilities tive approach, which is based on polarized pump—probe
in a smectic liquid crystal containing amzdenzene transmission measurements. Our method is applicable to
derivative® Barnik et al* observed anomalous angular de- guest—host systems, in which a small amount ohaadye
pendence of the optical torque &zodye doped liquid crys- dopant is added to well-oriented, monodomain liquid-
tals, which was explained by taking into account the photoicrystalline hosts(typically to low-molecular mass liquid
somerization of the dopant molecufenother interesting  crystalg. During the experiments, macroscopic reorientation
phenomenon connected with photoisomerization occurs idoes not take place. This condition can be ensured partly by
azdenzene side-chain liquid-crystalline polymers, wherechoosing appropriate geometries and partly by keeping the
light-inducedtrans-cistransitions lead to the development of pump and probe intensities at sufficiently low levels. Fur-
macroscopic anisotropy in initially optically isotropic thermore, the probe intensity is kept low enough, to avoid
systems’ isomerization by its presence; transitions are only due to the
The quantitative interpretation of this phenomena repump beam.
quires the knowledge of the basic parameters of the photoi- Under the circumstances just outlined, transmission
somerization process. These parameters include the absofpeasurements of the probe beam alone can yield the ordi-
tion cross sections of the isomers, the quantum efficienciegary and extraordinarytrans absorption cross sections.
of the light-inducedtrans-cis and cis-trans isomerizations,  Transmission measurements, performed with pump intensi-
and the rate constant of the thernoa-transback relaxation.  ties high enough to saturate this concentration, allow for
As we deal with uniaxial anisotropic media, the absorptiondetermining thecis absorption cross sections and the ratio of
cross sections have two independent components; one for @e quantum efficiencies. In order to get the absolute values
ordinarily polarized beam, and the other for the extraordinarnpf the quantum efficiencies, the probe transmission must be
beam. Thus, the complete characterization of the isomerizaneasured as a function of the pump intensity. Finally, the
tion process requires, altogether, the determination of sevefate constant of the thermals-transtransitions can be ob-
parameters. tained by observing the probe relaxation after the pump is
One possible way to obtain these parameters is to inveswitched off. Thus, all relevant parameters can be derived
tigate the light-induced reorientation process itself. The Risgrom the data, using standard rate equations only.
group proposed such an approach for side-chain nematic |n the present article, we apply the procedure outlined
polymers?~'°They used a mean-field theory to describe theherein to certainazo dyes. We selected dyes that can be
useful in the nonlinear optical applications, mentioned in the
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experiments were performed. The therneé-transrelax-  where the saturation intensi%, is given by
ation times for these substances are relatively short, ranging i
from a second to few milliseconds. This circumstance en- i _ ‘TC(I)CT)_T
sures a fast recovery of the initial state after the light is S at®Prc/hv
turned off.

The dyes were dissolved
crystalline hosts. The first host, octyl-cyano-biphe(8CB)
exhibits smectic A, nematic and isotropic phases, while the XiS

1+ (3

i
or®rc

in two different liquid- From Eq.(2), the steady-state fraction ofsisomers is given

second host is nematic throughout the temperature range in- Xieq=—.—i, (4)
: - : o 1+1y/l

vestigated. One of our aims is to provide quantitative values

of the parameters of photoisomerization in these specifigyhere the saturationis fraction is

guest—host systems. In addition, we intend to gain insight to

the problem as to how these parameters are influenced by the i _ (Prc/Per) ®)

arrangement of the surrounding solvent molecules. In the S (o) +(Drc/Pey)

smectic phase, the host molecules possess both translational

and orientational order; in the nematic phase only orientaErom Egs(4) and(5), itis clear that the saturation intensity,
s, and the saturationis fraction, X5 determine the steady-

tional order is present, while in the isotropic phase both typeéS' ) TH . >
of order are absent. Therefore, measurements in 8CB shoufiate fraction of theeis isomer. The latter is dgterrplneid by
indicate the importance of the molecular order of the hosf® ratio ofcis andtrans absorption cross sectionsc/ov,
material on the photoisomerization process. Measurements #'d the ratio of the quantum efficiencieByc/®cr.

the nematic host are carried out in the same temperature On€ technique for determining these parameters is that
range as for 8CB, and serve as a comparison. of pump probe in which am-polarized probe beam tests the

The article is organized as follows. In Sec. II, we review 2Psorbance changes caused by-polarized pump beam at
the theoretical description of photoisomerization in liquid e same wavelength. In the absence of illumination, when
crystals. In Sec. IlI, the experimental techniques are de@NlY transisomers are present, the probe beam experiences

; e mo .
scribed. The results are presented and discussed in Sec. f# @bsorption coefficienty=N o7, with N being the total
and conclusions discussed in Sec. V. number density of dye molecules. The measurement of the

absorbanceAT=aTL (L is the sample thicknessunder
such circumstances allows for the determination oftthas
Il. THEORETICAL DESCRIPTION absorption cross sections.

In the presence of the pump, the absorption coefficient

_ Consider a planar aligned liquid crystal system doped,,, he assumed to be a linear superposition of the contribu-
with trace amount ofazo dye. The dye molecules can be tions from the two isomers:

made to isomerize via photoexcitation. Light-indudeshs-
cis andcis-transtransitions, as well as thermal relaxation of a™=af(1-X)+ alX, (6)
the cis isomer totrans are the elementary processes in-

volved in isomerization. For light normally incident on the , ) _—_ ,
sample, the optical field polarization can be resolved in term&UMP beam is much higher than the saturation intensity, the
cis fraction is equal to the saturation val¥g, given by Eq.

of the ordinary component, that which is orthogonal to the S ;
liquid crystal director, and the extraordinary component, thaf#- The saturated absorbances in this case are given by

whereal=N o is thecis absorption coefficient. When the

which is parallel to the director. The fraction ois isomers, AM=(1—DMX)AD @
X, is determined by the light polarization and intensity, and is s s
described by with
dx 0 R oc
E_UT(I)TCE(]'_X)_UC(DCTEX_;’ ) Dm=1—0—$1. (8)

wherel' is the light intensityo. and ¢ are the absorption

, . X , As shown in Ref. 11, measuring the saturated probe absor-
cross sections of theis andtransisomers, respectively, for

; S ~ bances at various combinations of ordinary and extraordinary
I|ght (.)f polarizationi, CI,)TC and,q)CT are the' quantum effi- light for the pump and probe, respectively, together with the
clencies of _thetrans-ms gnd Cis-trans transitions, respec- ., AT values, allows for the determination of the ratios

tively, and is the relaxation time back to steady state inthe i ; i ", 4o /.
absence of light. The first and second terms on the right-hand® = rerrer

side of Eq.(1) describe light-induced transitions, while the ~ ®&;. [ AT—AZ®| (A A2°
third term accounts for the thermal relaxation of tiecom- D |A_p%e/| A€ A" (9a)
CcT s s T T

ponent.
Equation(1) can be rewritten in terms of a saturation [ Prc

intensity | s as o As Doy
dx_ i(I) Ii_ Il+l X (2) ;;: i (DTC ii. (9b)
dt 77 Ty I T’ At Dy ~As
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With the help of these ratios, one can also calculatexhe compared with the procedure applied by the Risg group.

andD' values, according to Eqé5) and (8), respectively. Their approach requires light-induced director reorientation,
In order to determine the saturation intensities, measurewhich is hard to realize in smectic mesophases.

ments at intermediate pump intensities, with incomptase

saturation, must be carried out. In this situation, the steadyHl. EXPERIMENT

state attenuation of the probe and pump beams along the

sample normalz direction are described by the equations, dis

respectively:

The dyes investigated were disperse orangéd®3),
perse red 13DR13 from Aldrich, and methyl red from
Merck. The hosts were 8CB and the eutectic mixture E63,

dim - o - supplied by British Drug House. The samples prepared were
az - @ 1= ar(1-DTX I, (108 DR13in 8CB(0.1% wt%, DR13 in E63(0.1% wt%, DO3

_ in 8CB (0.4% wt%, DO3 in E63(0.47% wt%, methyl red
dl' . i . in 8CB (0.1% wt% and methyl red in E630.06% wt%).
E:_“l =—ar(1-DXl". (10D pignar aligned liquid crystal samples were prepared in the

usual way. Glass slides were spincoated with polyamic acid,
which was heated in an oven to form a coating of polyimide,
and then rubbed with velvet in the preferred direction. Each

Equations(10g and (10b) can be integrated, leading to the
following expression for the probe absorbarisee Appen-

dix): cell was 50um thick, set by a pair of spacers.
_ I™(L) AT DmxiS A schematic of the pump—probe experiment is shown in
AM=— InmzArT”vL A T-DX. Fig. 1. The pump was an Arlaser tuned to the 488 nm line.
T S

Saturation measurements were made by setting the intensity
|is/|i(0)_(DixiS_ D)I(L)/11(0) of the pump high enough to saturate the dye, but not high
T/1(0)— (D X : (11)  enough to heat the liquid crystal significantly. The polarized
J1'(0)—(D'X5—1) ;
pump beam was directed though a computer-controlled
This expression contains also the pump transmissiortwisted nematic cell, which set the polarization of the beam,
['(L)/1'(0). Forpump and probe beams of the same polar-and a computer-controlled shutter. The unfocused pump
ization, propagating colinearly, thiepolarized pump is at- beam was then directed through the liquid crystal sample. A
tenuated by the same amount as thpolarized probe. beam splitter was used to direct a portion of the pump beam
Hence, one hag'(L)/l'(0)=—InA". Furthermore, if we to a detector to measure the incident pump intensity. The
takeD' andX' as known parameters from the measurementprobe was from a second much weakef Aaser also tuned
with saturatectis concentration, Eq(11) can be considered to the 488 nm line and made a small anglew degrees
to be a transcendental equation fde‘(O). This can be with the pump. The polarized probe was also directed
readily solved numerically. In a more precise method, thehrough a computer-controlled shutter and twisted nematic
probe absorbance is measured as a function of pump intecell. Care was taken to make sure that overlap between the
sity (therefore giving the pump absorbance, as véllen the  pump and probe beams within the sample were optimized.
saturation intensity can be determined by numerically varyThe unfocused probe was then directed to a photodetector.
ing it so as to minimize the difference between the left- andThe output of the photodetector was sent to a storage oscil-
right-hand sides of Eq.11). loscope. The liquid crystal cell was placed in a holder with
The saturation intensity can be obtained also by measuexternal temperature control.
ing the transient relaxation time as a function of the intensity. ~ For the dyes methyl red and DO3, the linear absorbances
This possibility will be discussed in a future paper. (i.e., probe absorbance in the limit of zero intenkitthe
The thermal relaxation time can be determined by ob-nonlinear absorbances, and relaxation time were measured
serving the decay of the probe intensity after the pump idy sequencing the shutters and twisted nematics as follows.
switched off. From the values ¢§ andr, the absolute values For either ordinary or extraordinary probes, the probe shutter
of the quantum efficiencies can be determihed. Eq. (3)]. was opened. The transmitted probe was observed to increase
Thus, we demonstrated that in liquid crystals, the full set ofin intensity, indicating that even at the low pump intensities
parameters governing the isomerization process can be diiere was someis-transisomerization. The initial intensity
duced from polarized transmission measurements. was taken as the linear absorbange,,. With the twisted
It is interesting to note that this procedure breaks dowmematic set folo pump, the pump shutter was then opened.
for the isotropic phase. In this phase, only four independenéfter the probe intensity reached the new steady-state value,
guantities can be inferred from the data, namely the lineathe pump shutter was closed allowing for relaxation of the
and the saturated absorbance, the saturation intensity, and tpebe. With the twisted nematic now set ferpump, the
thermal relaxation time. The model contains, however, fivepump shutter was again opened, and the probe reached the
parameters for the isotropic phase: thensandcis absorp- new steady-state intensity. The pump shutter was closed
tion cross sections, the two quantum efficiencies, and thagain. After the probe signal relaxed back to the no-pump
thermal relaxation time. Hence, to obtain all parameters irsteady-state intensity, the probe shutter was closed. Figure 2
the isotropic phase, one has to use some assumption nshhows typical measurements of this sequence. Background
based on direct measurements. On the other hand, thimeasurements were also taken, with the probe blocked, to
method can be applied without any modification to smectianake sure that any scattering of the pump into the probe
phases. Therefore, demonstrating certain advantages wheetector was minimal and, if necessary, accounted for.
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The dye DR-13 has a significantly shorter relaxationcrystal host, saturation intensities could not be attained. Mea-
time than methyl red and DO3. In this case, a chopper resurements were made for all three dyes at temperatures rang-
placed the shutter for the pump beam. The storage scope wagg from about 20 to 55 °C. In the liquid crystal E63, these
set in averaging mode. While this method allowed for themeasurements were done in 5° increments. In the liquid crys-
measurement of the relaxation time for DR-13 in the liquidtal 8CB, 1° increments were necessary as the smectic/
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nematic transition occurred at around 32 °C and the nematidActors for the dyes in each of the three phases. Inspection of
isotropic transition occurred at around 40 °C. Fig. 3 indicates that this method is reasonable. These fits
To determine the saturation intensity for methyl red andshow that the potential barrier tis-transisomerization is of
DO3, the probe absorbance was measured for several puniige same order of magnitude for each of the three dyes, c.f.
intensities. In this case, the probe was chopped, and the sigaple |. This indicates that the relatively high rate of isomer-
nal sent to a lock-in amplifier. This was done in 8CB in thejzation for DR13, two orders of magnitude faster than either
smectic, nematic, and isotropic phases. In E63, where thei§oz or methyl red, cannot be explained by differences in the
is only a nematic phase, the measurements were made g o potential. Both in E63 and 8CB, DR13 and DO3 have

foom temperature. comparable barrier potentials, whereas methyl red has the
lower barrier potential. The fact that the relative isomeriza-

IV. RESULTS AND DISCUSSION tion rates are not explained by any differences in the barrier

A. Relaxation measurements potentials is even more apparent when considering that me-
thyl red, with the lowest barrier potential, is not the fastest to

Figure 3 shows characteristic Arrhenius plots dfiLla] isomerize
(7 being the measured relaxation timeesrses MT, in this '

case for the dye DO3 in 8CB and E63. The slope of the curve Any significant difference in isomerization rates is found
is the barrier potentialE,, and the intercept is [A] (i.e., in the pre-exponential factors shown in Table I. The low

1/r=Aexg —E,/KT]). Fit parameters are given in Table . pre-exponential fa_lctor fqr methy! red compensatt_as for its
While it is possible that the barrier potential for isomeriza-/0Wer-energy barrier, while the high pre-exponential factor
tion may be slightly different in the three different phases offor DR13 is responsible for its fast isomerization rates. In
8CB, such differences are smaller than the uncertainty in thaddition, it can be seen in Fig. 3 and Table | that in 8CB the
measurement. In other words, it appears as though the phaBee-exponential factor is slightly smaller in the isotropic
of the liquid crystal does not have a significant effect on thephase than in the nematic phase. The difference, however,
height of the barrier potential. An average barrier potentiawhile systematic for all three dyes, is on the order of 10%.
was calculated and used to determine the pre-exponentidhis suggests that in the isotropic phase, there is a small

TABLE I. Fit parameters for the Arrhenius plot of the inverse relaxation times.

Pre-exp factorA, st Energy Relaxation
Liquid Smectic, nematic, isotropic barrier time at
Dye crystal Nematic Ea (eV) 28.5°C, s
Methyl 8CB 1.2}<10°%, 1.2x10% 1.1x10° 0.17 0.51
red E63 3.4 107 0.15 0.80
DO3 8CB 2.x10°, 2.0x 1P, 1.8x 1Cf 0.37 0.75
E63 1.3 10 0.41 0.59
DR13 8CB 1.%10%, 1.3x10°, 1.2x10° 0.33 271073
E63 2.4<10° 0.40 1.6x10°°
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amount of hindrance to isomerization, perhaps mechanicais in 8CB, whereas the opposite appears to be true for methyl

that does not exist in the nematic phase. red. In E63, the energy barrier is about 21% greater than it is
The pre-exponential factor just discussed is determineth 8CB. For DO3, the energy barrier in E63 is about 11%

by the shape of the potential curve along the reaction coorgreater than that in 8CB. And for methyl red, the energy

dinate and by the “friction” experienced by the dye during barrier in E63 is about 12% less in E63 than in 8CB. Con-

isomerization? These results indicate that this friction, sidering that the viscosities of E63 and 8CB are comparable,

which should be inversely proportional to the isomerizationit must be concluded that the barrier shape is primarily re-

time in the absence of a barrier, does not necessarily scalponsible for these differences in the pre-exponential

with the viscosity of the liquid crystal host. Consider that for factor!® However, any conjecture beyond this is outside the

DR13 and DO3 the pre-exponential factor is larger in E63scope of the present study.

than it is in 8CB, whereas for methyl red it is smaller. It is

about 20 times larger for DR13, and about 6.5 times greateé Saturation measurements

for DO3. But the pre-exponential factor for methyl red in —

E63 is only 28% of that in 8CB. Similarly, the energy barrier Figures 4a) and 4b) show the linear absorption coeffi-

to isomerization for DR13 and DO3 is greater in E63 than itcients for thetransisomers of the dyes DO3 and methyl red,
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respectively. In the plots of Figs(&@ and 4b), the orienta- As can be seen from Fig. 5, tli@nsisomer has a relatively
tional average of the absorption coefficientse(2 a¢)/3,is  high dye order parameter in the liquid-crystalline phases, and
shown for 8CB also. Any change in this factor reflects varia-its temperature dependence resembles that of the order pa-
tions in the density of the host and in local field correctibn. rameter of the hosf

At the phase transitions, discontinuities are observed. Inter- The cis absorption coefficients were evaluated from
estingly, the average increases at the smectic—nematic trapump—probe experiments, using E§). In Fig. 5, the dye
sition, while it decreases at the nematic—isotropic transitionorder parameter of theis component is shown also. Al-
The average values measured in the smectic phase are rathigdugh it is essentially smaller than that of thens compo-
close to the isotropic values; possibly the changes in locahent, it still has a finite positive value in the liquid-crystalline

field correction and in density cancel each other. phases, indicating a certain order of ttis molecules. The
In Fig. 5, the dichroism is shown, characterized by asmall value of the dichroism can have two origins. First, the
“dye order parameter,” defined as angle between the transition dipole moment and the “long
axis” (defined, e.g., as the axis with the smallest moment of

S= @e” %o _ (12) inertia) can be much larger in thels configuration than in
aet2a, the trans Second, the guest—host interaction may be much
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(a) Temp (deg C) DO3 in 8CB (solid circles and in E63(open circles

(b) Saturated concentration ratigis)/[trans]|, vs tem-
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(b) Temp (deg C)
weaker for the V-shapecisisomer than for théransisomer, As discussed in Sec. Il, these quantities cannot be di-

which has a similar shape as the host molecules. As a comectly evaluated in the isotropic phase. In order to estimate
sequence, thé&rans isomer can be aligned more effectively their values in this phase, we assumed that isotropic absorp-
than thecis one. The dye order parameter of ttie compo-  tion coefficient for thetrans isomer is close to a weighted
nent of both dyes correlates with the liquid-crystalline orderaverage of the ando absorption coefficients in the smectic
in the smectic phase, but is more or less constant in thphase, and that this weighting holds for tbis isomer as
nematic phase. well. With this assumption, an isotropic value of ttis lin-

In Figs. 6a) and 8b) the quantum efficiency ratio and ear absorption coefficient was calculated and used to esti-
the saturatedcis]/[trans| ratios are shown respectively, for mate the quantum efficiency ratios, shown in Fi¢p)6c.f.
the dye methyl red. The results obtained for DO3 are qualiEqg. (9b). The saturatefcis]/[trans] ratio was then estimated
tatively similar to that of methyl red. It is important to note using Eq.(5). This estimated ratio was found to be between
that Fig. b) shows the photoinduced steady-state rtis)/  the e and o values of the calculated values in the nematic
[trans], determined from the saturatédis]/[trans] ratio us- phase, as shown in Fig.(@®. As a second possibility, we
ing Eq.(5), to be dependent on the pump polarization in thedetermined the isotropic absorption coefficient for trens
liquid-crystalline phases. isomer as a weighted average of theand o absorption
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coefficients near the nematic—isotropic transition, and useg L .

. o . . . . C. Saturation intensities and absolute values of the
this weighting to calculate the isotropic absorption coeffi-
cient of thecis isomer. Using this assumption, for both dyes _ .
in the isotropic phase, the estimated quantum flux ratios were ~ Figure 7 shows an example of the difference between the
about 3.3 times greater and the saturdteis]/[trans] ratios Il_nea_r ano_l nonlinear absorpance as a function of pump inten-
were approximately 2 times greater than that using the firsgity; in this case for DO3 in 8CB. The data were fit to Eq.
method. The saturatefetis]/[trans] ratios calculated in this (11 by varying the saturation intensity to minimize the dif-
manner were higher than either ther the o values in the ference between the left-and right-hand sides. The fit values
nematic phase. Although the situation depicted in Fig),6 for the saturation intensities are given in Table Il. From these
based on our first conjecture, seems to be more plausible, tfy@lues it can be seen that in both the smectic and nematic
second possibility cannot be excluded. Clearly, there is fhases of the liquid crystal host, the saturation intensity for

certain amount of ambiguity in determining these parametergrdinarily polarized light is about twice that of the extraor-
in the isotropic phase. dinarily polarized light. In the liquid-crystalline phases of

It can also be seen in Figs. 6 that in E63, both the quan8CB the saturation intensities for both dyes are comparable.

tum efficiency ratio and the saturatfis]/[trang] ratios are N the isotropic phase of 8CB and in E63, the saturation
relatively independent of temperature. This is true for botHintensity for methyl red is less than half that of DO3.
dyes. The quantum efficiency rati®,./®qr, was found to Th(_a saturatlo_n intensities for both DO3 and methyl red
be around 0.3 for DO3 and 0.7 for methyl red. For DO3, the2re quite small, in all cases, much less than 1 mW/mm
saturatedcis]/[trang] ratios for thee and o pumps, respec- Saturation, _howev_er, does not occur until the intensity is
tively, were 1.2 and 0.4, whereas for methyl red they were>®mewhat higher, in most cases greater than 5 m\/ifive
4.7 and 1.7. reason for this is that as the light propagates through the
Figure @b) also shows thee pumped saturatefcis]/ sample, it is attenuated.At the point where the Ii'ght intensity
[trans] ratio decreasing with temperature in the nematicdrops below the saturation intensity, the dye will no longer
phase of 8CB, but not in the nematic phase of E63. Theaturate. o - _
decreasingtrans absorption coefficients with temperature, Assuming the saturation intensities to be relatively con-
along with the increasing in thas absorption coefficients in
8CB, c.f. Fig. 4, is directly responsible for this. Smalliems
absorption coefficients and largeis absorption coefficients
translate directly into smalldris)/[trans| ratios. It is also  Dye/Liquid crystal ~ Temperatur€C)  IE (mW/mnP) 1S (mW/mn?)
possible, although presently not verifiable; that the entropy

quantum efficiencies

TABLE II. Saturation intensities.

. . . . . . 27 (smectig 0.10 0.20

of thetransisomer in the nematic phase might be increasingyog/gcs 37(nemati 0.14 0.27
with temperature while the entropy of tlés isomer remains 47 (isotropid 0.43 0.43
relatively constant, as indicated by the dye order parameter®03/E63 25(nemati 0.14 0.24
Such an increase in the entropy difference might possibly 27 (smectig 0.14 0.29
Methyl red/8CB 37(nematig 0.15 0.30

balance the positive energy difference resulting in tempera 47 (isotropio 019 0.19
ture independent quantum efficiency ratios in the nematiqvIethyl red/E63 25nematio 0.07 012
phase of 8CB.
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stant within a liquid crystal phase, the quantum efficiencies/. CONCLUSIONS

can be calculated, . L . .
In comparing dye properties in the smectic, nematic, and

isotropic phases, several items stand out. It is quite clear that
-1 the barrier tocis-trans isomerization is relatively unaffected
(13) by the liquid-crystalline phase. Yet, there is some additional
hindrance to isomerization in the isotropic phase, indicating
a slight increase in “solvent friction.” Regarding dye anisot-

The values of Ipd] for methyl red are shown in Fig. 8 as a ropy, our results show that the dye order pargmgter focrﬁng
isomer is not strongly dependent on the liquid-crystalline

function of 1kT. Methyl red DO3 shows similar results. hase, whereas the opposite is true for tiams isomer. As

These values may be subject to a systematic error, as they dre .
based on the determination of the dye number denity, discussed, this suggests that the dye order parameter for the

. . /27 trans isomer is a reasonably good measure of the liquid-
from the mass fraction of dye and the density of the liquid . . ) R, .
crystalline host. However, the trends exhibited in Fig. 8crystallme order. While this order varies insignificantly in

should be independent of such an error. Within a specifigematlc E63, that is not the case for 8CB, where in the nem-

liquid crystal phase, the linearity of [l] with 1/kT indi- atic phase thg qrder changes most dramatllclally._FmaIIy, our
A results also indicate that the quantum efficiencies disf

cates that these quantum efficiencies follow a Boltzmann: . L .

S . . trans isomerization and the saturatgcis]/[trans]| ratios are
type distribution. It shows that thas to trans quantum effi- A .

S . S dependent on the liquid-crystalline phase.
ciencies and thdrans to cis quantum efficiencies tend to
increase with temperature within that phase. Yet, in 8CB the
guantum efficiency®.t, in the smectic phase is greater
than that in the nematic phase, even though the smectéCKNOWLEDGMENTS
phase exists at lower temperatures. This is true for both dyes. The work was supported by the Copernicus Grant “Pho-
In addition, in both the smectic and nematic phasesy is  tonic Devices: New Liquid Crystalline Materials” IC 15-
always greater thad .. Figure 8 also indicates that the CT98-0806 and by the Hungarian Research G(iiat OM-
temperature dependence®# . in the nematic phase of 8CB 00224/200L One of the author¢D.S) would also like to
tends to be weak. acknowledge the Hungarian—American Fulbright Commis-
The quantum efficiencies in the isotropic phase were ession for its support.
timated based on the assumptions discussed in Sec. IVB
where the _smecu; absorptlgn coefﬁqgnts were usgd to Ca!&PPENDlX: DERIVATION EQ. 11 FOR NONLINEAR
culate the isotropic absorption coefficients and estimate thg
g . . . BSORBANCE

guantum efficiency ratio, c.f. Fig.(8. Had the nematic ab-
sorption coefficients been useli-; would have been about Equation(11) is derived by combining Eqg10a and
2.8 times smaller andb;c would have been about 20% (10b with Eg. (4). In particular, inserting Eq(4) into Eq.
greater. (109, with some rearrangement of terms, gives

(DTC:N

|isaiTm(l+ ;l: _(b-rc
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m_ _ _m . nm XIS
dim=—aT 1-D dz. (A1)

1+1y1!
From Eq. (10b), dz=dI'/af(D'Xy,—1)I'. This combined
with Egs. (4) and (Al), and some algebraic manipulation,
gives
D™X& di’

1DXS)( |

dIM=—afdz— (A2)

of
al :
B m)
The integration of Eq(A2) gives Eq.(11).
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