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Abstract

High pressure investigations have been carried out on the photo-stimulated phase transition exhibited by a guest—host system, where the
is a non-photoactive liquid crystal. As guest molecules we chose successive homologues of a dimeric photoactive azobenzene liquid crysta
molecule to understand the influence of the length and parity of the alkylene spacer on such a transition. Our studies show that applicatio
pressure as well as the parity of the spacer has a drastic influence both on the static and dynamic characters of the photo-stimulated phase tran
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of visible light (in the range of 400-500 nm) or spontaneously
through a process termed “thermal back relaxation” even when
The phenomenon of a beam of light, of a proper wavelengththe system is kept in the “dark”. When the azobenzene entities
inducing isothermal phase transitions in liquid crystalline mate-are integrated into a liquid crystalline medium, either by phys-
rials was first realized in 196 ]. However, this phenomenon ical mixing with a non-photoactive host system or by chemical
is attracting significant interest only in recent tinj2s9]. Such  bonding, the photo-isomerization can lead to interesting effects.
photo-stimulated phase transitions have been reported in a vafror example, owing to its rod-like shape the E form stabilizes the
ety of systems including spin-crossover compleked] and  liquid crystalline phase but the photoinduced Z isomer with its
w-conjugated polymerfl1]. The photo-isomerization and the bent shape acts like an “impurity” destabilizing the phase. Such
associated shape change of certain molecules, e.g. azobenzeng éestabilization can even cause a photoinduced transition from
a convenient but powerful mechanism that has been exploited fa liquid crystalline phase, say, the nematic phase to the isotropic
such studies. The molecules containing the azobenzene moigthase. The attractive feature of this light-driven transition is that
show reversible isomerization transformations upon irradiatiorit is isothermal, which has been investigated, not only from a
with UV and visible light[12]. Upon absorption of UV light basic point of view, but also for possible applications in optical
(typically 365 nm) the energetically more stable E configurationswitching, image storage and opto-mechanical dejit&sl7].
with an elongated rod-like molecular form, changes its shape to Bhotoinduced effects across different liquid crystalline transi-
bent banana-like Z configuration. The reverse transformation afons involving the nemati¢2,4,6], and polymorphic forms of
the Zisomer into the Eisomer can be brought about by irradiatiothe smectic phas€g,8,18,19]have been studied at atmospheric
pressure. Recently, we have investigated the effect of pressure
on the phase diagraf20] and the dynamicf21] of the pho-
— toinduced nematic-isotropic phase transition. In this paper we
* Corresponding author. Tel.: +91 80 2838 1119; fax: +91 80 2838 2044. . . .
E-mail address: skpras@gmail.com (S.K. Prasad). report the |r_1ﬂuence_of the spacer and parlty_ of a photoactive
1 present address: P.G. Department of Physics, University of Jammu, JamngHest dimeric material on the pressure behaviour of guest-host
180 004, India. systems in which the host molecule is non-photoactive.
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Fig. 1. Molecular structures of the (a) host and (b) photoactive guest molecules used in this study.

2. Experimental UV _source
365 nm filter
The liquid—crystalline host material is 4-n-octyloxy cyano IR filter ‘
biphenyl (8OCB, for short), procured from E-Merck and exhibit- &\*ﬁ < /ri?rTc;r”anSparem
ing nematic and smectic A mesophases. The UV-active guest -3¢ I° " _ High Pressure
compounds used are the C=4-11 homologues of the series _ ] Cell £ DMM With Multi-
«a,0-bis(4-n-butylazobenzene-4-oxy) alkaf@2]. The molecu-  jod "0 .. jchannel scanner card

lar structures of the host and the guest molecules are given in JThermocouPleé > —
Fig. 1. Notice that the guest compounds are dimeric in nature
with two mesogenic units linked via a flexible spacer. The pres-
ence of two azo groups symmetrically disposed about the centel Photodiode &
of these molecules is expected to enhance any photoinducec
effect. The actual materials used for the pressure studies were o _
mixtures of 8OCB with the UV-active compound doped at a IOW_F'g' 3_. S(_:hematlc diagram of the high pressure apparatus employed for the
concentration of 5% by weight. In the rest of the paper thesd' os19atons:
mixtures are designated as Mn{A—11) where: indicates the
number of methylene units in the spacer of the photoactive coneam transmitted through the sample. The UV apparatus used
pound. The nematic-isotropic (N-Iso) transition temperaturegor inducing photo-isomerization consisted of an intensity stabi-
(Tn-1s0) Obtained by polarizing microscopy observations for thelized UV source with a fiber-optic guide (Hamamatsu L7212-01,
various mixtures are shown as a function of the spacer length idapan) in conjunction with a UV-bandpass filter and an IR-block
Fig. 2. filter. The actual powelfyyy of the radiation passing through the

A schematic diagram of the optical transmission high presfilter combination, the sapphire rod pair, and falling on the sam-
sure set-uf20] employed for the experimentsis showrFig. 3. ple was measured to a precision of 0.1 m\Waith a UV power
It essentially consists of the sample sandwiched between twaieter (Hamamatsu C6080-03) kept in the sample position. The
optically polished sapphire rods enclosed in an elastomeric tubgrecision in the applied pressure measured using a Heise gauge
serving not only as a container but also to isolate the samplis reckoned to be:2 bar and that of the temperature measured
from the liquid pressure-transmitting medium. The phase tranwith a thermocouple mounted close to the sample iS0.1
sition is detected by monitoring the intensity of a He—Ne laser

3. Results and discussion
87

3.1. Phase diagram
0

For the different mixtures (M4, M5 and M6lsig. 4 shows
traces of the transmitted laser intenslfyser as a function of

o]
o]
2 temperature at room pressure, obtained when there is no UV
84 /\ and when the sample is irradiated with UV illumination of
y 0 3.5mW/cn?. In the illuminated as well as the non-illuminated
O
@]

TN-Iso (OC)

case the N-Iso transition is signified by an abrupt change in
the intensity. The first feature to note is that for all the mix-
turesTn-1so exhibits a significant diminution upon illumination
with UV radiation. Such a UV-induced lowering in the transi-
B 5 0 12 tion temperature is a consequence of the photo-isomerization
n of the photoactive molecules from their rod-like E form to the
Fig. 2. Spacer length (n) dependence of th_e nematic-isotropic tran_sition ten]%wtmztefr?;mgé_(ﬁfogvc?gﬁ;; igesrlj?fligi(:ﬁtsteos,loL\JNVerII?ﬁet g_;\r:g}/
peraturely.iso for the mixtures M4—M11. Notice thdiy.iso alternates with the
parity of the spacer. tion temperature by as much as“I5[6]. The second feature to
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Fig. 4. Temperature dependence of the probe laser beam inteqgity With ’
)

(O) and without (®) the UV radiation for the mixtures (a) M4, (b) M5and (c) (b
M6 at atmospheric pressure, showing the photoinduced sHif.igo.

Fig. 6. Minimum energy configurations in the E and Z conformer states for
representative (a) even$#) and (b) odd (= 5) spacer dimer molecules.
be noted is thaf 7, the shift in the transition temperature, does
not seem to have a monotonic variation with the spacer lengt . . _ . _
but exhibits an odd—even alternation with the parity of the space el pr(_esent stud_y IS t 0 mvestlgqte the influence of
(seeFig. 5), with the mixture having an odd-spacer guest Com_the Ier_lgth and parlty_of the dimeric photoactive molecule on the
pound showing a lowet T and the one with even parity spacer a photoinduced behaviour under pressure. .
higher value ofAT. Further as the length of the spacer increases The pressure—temperature phase diagrams obtained for all

the magnitude of the odd—even effect diminishes. For exampl%hetm'xtureﬁ t';]M_Mdl_l are sh_ov;/rr: 'flt% 7{\(|a|)—(f;)). A gommon
the shift is 16, 12 and 14C for M4, M5 and M6, respectively. cature in all these diagrams IS that the N-1So boundary appears

Such behaviour was indeed seen for another dimeric guest—hotgtbe I|ne_ar in the absence (.Jf QV’ whereas th? boundary obtained
ith UV is, even on a qualitative level, non-linear for M4, M5,

system and has been explained by considering the equilibriu . . . :

(in the E form) shape of the molecule and the extent of chang 6 and M9 mixtures. According to ch;smaI thermodynamps
in the Z form due to the photo-isomerization. The odd-space € pressur_e_-dep_endence of the transition temperature of_a first
dimers possess &5 in Fig. 6) a substantially bent form even order tranS|t|pn (like, for example,_ th.e N-1so) can be described
under equilibrium conditions and the change upon shining tth the Clausius—Clapeyron equation:

UV radiation is minimal. On the contrary, the even-spacer dimergr AV

exhibits a nearly rod-like shape in the E-form and alters signif-ﬁ = Tﬁ

icantly in the presence of UV @4 in Fig. 6). This results in

the alternation in the magnitude Aff. Previous studief0,21] ~ The drawback of this simple expression is that unless the pres-
have shown that upon application of pressure the magnitude ¢ure dependence afV and AH are known, this expression

AT decreases finally reducing to zero at a certain presggre  describes only a lineaP-T boundary. In the past, non-linear
phase boundaries in the-T plane have been described by

different empirical relations including higher degree polyno-
7 mial expressions. Among these the Simon-Glatzel (SG) law
o]
[23],

P T\"
() -1
o= (%)

&)
S~ 14 R R containing only two constantd,andm, has been quite popular.
= o More recently a modified form of this has been proposed by
/ \ Rein and Demug24], and Kechin[25] that is especially suit-
© o] o
o]

able for strongly non-linear curves including situations where a
maximum in the transition temperature is seen, like, for exam-
ple, in phase diagrams with a reentrant phase. In the present
L N T T T case, although non-linear behaviour is seen for the UV-induced
n transition boundary, no maximum is observed and therefore we
Fig. 5. Effect of the spacer length of the dopant dimeric molecul& @nthe describe the phase boundaries using the SG equation. The solid

photoinduced shift irfy.iso. Notice that both the parity and the length of the IN€S inFig. 7(a)—(h) show that the SG equation describes quite
spacer influence the value AfT. well the data for all the mixtures.
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Fig. 7. Pressure—temperature phase diagrams showing the nematic-isotropic (N-Iso) boundary obtained when there is no UV radiation (open circles) as well as
the presence of 3.5 mW/énJV radiation (open squares), for the mixtures M4-M11 (panels (a)—(h), respectively). The photoinducedlshifs tecreases with
increasing pressure becoming zero at a pressufg,offhose value depends on the length of the spacer. The data bByamd shown as solid circles. The solid

lines in all the cases are the result of fitting the data to Simon-Glatzel law.

An important feature to be noted kig. 7(a)—(h) is that the the concept in which the pressure dependence of volume and
magnitude ofAT, the UV-induced shift in the transition tem- the energy of the UV radiation counteract each other, we pro-
perature decreases with increasing pressure, a feature obseryebed[20] the following argument to explain the existence of
in our earlier similar studie§20,21]. The diminution results a pressuré, at which AT goes to zero leading to the meeting
in AT becoming zero, i.e. UV illumination does not shift the of the thermal and photoinduced N-Iso boundaries. Measure-
transition temperature, above a certain pres®yteBased on ments at constant temperature have established that there is a



V.K. Gupta et al. / Thermochimica Acta 440 (2006) 205-211 209

1.5
'3 Ty
o 8 h
I
W ‘P(g uvorr t 5
_S5[ ON

[

— 13 &
]

£ i '
Q
o
o] o} 4
e]
11+ \ / \ e
o I}
O E 5
Q Q . . -
4 6 8 10 12 !
n 0 200 400 600
Fig. 8. Odd—even behaviour of the pressBgeat which the photoinduced shift Time (sec)

in the transition ceases to exist as a function of the spacer length ) . . ) )
Fig. 9. Representative traces of the temporal variatidpgfupon UV illumi-

nation and subsequent switch off at a constant reduced temperature7C)
decrease in the specific as well as transition volumes with highé}nd two pressures (a)_ 0.19kbar and (b) Q.55 kbar for the mixture M_6. The nota-
transition pressures and temperatl,{lzﬁ]. Consequently, the tions used to determine the corresponding delay and response times are also

. . . shown.
intermolecular space available for the photoactive molecule t0

take a bent conformation decreases with increasing pressurg. o significant change in thisser value. Also defined is the
To accommodate such a feature, the system opposes the fokqnonse time grfor ON andz4 for OFF conditions) which is
mation of the Z isomers. Hence a finitel” caused by the Z 4 heriod over which the entire changdjigertakes place; these
isomer becomes smaller with increasing pressure and finally,ations are indicated ifig. 9(a). Increasing the pressure has
van|§hes. different effects on the delay and response times. The delay time
Itis also seen that the value B§ depends on both the length ¢, the on process ) hardly changes whereas for the off pro-
and the parity of the spacer (Fig. 8) displaying a pronouncedlags () it decreases drastically. The response times for the two
odd—even effect—mixtures exhibiting a higher valuexdf at - cesses show opposite behaviour wistifor the on process)
room pressure have a lower value f and vice versa with  j,creasing and, having a small decrease upon application of
the magnitude of the effect diminishing as the length of the, egsqure For one of the mixtures, M4, we have determined the

spacer is increased. This is somewhat puzzling because Opg|ay and response times at a constant pressure of 0.55 kbar as
would expect that ifAT is large, it would take a much higher , ¢ nction of the reduced temperatufeq (=T.so— 7) (S€€
pressure to suppress the UV-induced effect. The answer for thgg_ 10(a) and (b)), and when pressure is varied g is
anomaly can be found if we extend the argument given abovgeny constant (Fig. 11(a) and (b)). At a constant pressure, as
to explain the alternation oAT with the parity of the spacer. _the system moves deeper into the nematic phage iffereas-

The UV illumination causes a significant change in the equiyng) ‘the dynamics of the photoinduced transition gets slowed

librium shape of the even parity photoactive molecules but nofj5\un i e. the corresponding delay and response timear(d

of the odd parity ones. Therefore even quite low pressures caj)y jncrease. In contrast, the thermal back relaxation process
annul the effect of UV in the case of even parity members result(f3 andz.) becomes faster. In the case whagy is kept con-

ing in lower values of,. Thus, the spacer length dependencegiant and the pressure is varied (Fig. 11) the data corresponds
of Po should also mimic that oAT except it has the opposite 5 constant distance from the phase boundary at all pressures

sign. (in other words, on an imaginary line which is parallel to the
phase boundary). Thus the data shown will have only the effect
3.2. Dynamics of pressure without the influence of the temperature at which

the data is taken. Hence the datdig. 11suggests that the two
As stated in Sectiorl, the E isomer of the photoactive sets of pressure constafitzq varying andTeq constant; pres-

molecule is the equilibrium form and the Z form realized by UV sure varying, behave qualitatively in a similar fashion: the UV
illumination will relax back to the E form when the illumina- on dynamics gets slower and UV off dynamics becomes faster.
tion is stopped. The temporal variation/ggerupon turning the  In fact the pressure dependence of the delay énd response
UV on and subsequently off, at a constant pressure and temperéme (z4) values can be written in terms of an activation vol-
ture is shown irFig. 9(a). When UV is turned on, the consequentume asA U ~ dInt/dP; as expected the activation volume does
photoinduced N-Iso transition takes place on a much faster scatet depend on the magnitude ify used to excite the system.
compared to the recovery of the system when the UV is turned@hese features can perhaps be understood as follows. The UV
off. For both conditions we define the delay timg for ON  ONresponse s a stimulated one, taking place under the influence
and t3 for OFF conditions) as the period between the instanof the UV radiation, whereas the time durations for the recovery
when the UV is turned on (or off) and the instant at which thereto the original state through the thermal back relaxation process
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50 happens in the absence of the UV and is thus controlled by the
viscous forces of the medium.

In summary we have carried out detailed high pressure inves-
tigations of the influence of the length and parity of the spacer
group in successive homologues of azobenzene dimers. It is
observed that pressure has significant influence on both the
phase boundary and the dynamics of the photoinduced nematic-
isotropic transition. The shiftin the N-Iso transition temperature,
induced by light, decreases with increasing pressure finally van-
ishing at a certain pressure. The pressure at which this happens is
found to increase with increasing magnitude of the UV intensity
and exhibits a strong odd—even effect connected with the parity
of the spacer. The dynamics studied as a function of pressure
130 shows that the delay and response of the system in inducing
the isotropic phase is slowed down as pressure increases. In
contrast, the time scales associated with the thermal back relax-
ation become shorter (system relaxes faster) as the pressure is

s B increased.
- L
b
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Fig. 10. Dependence of the (a) delay éndz3) and (b) response timesyand
74) on the reduced temperature for the mixture M4. The data has been Obtain(igeferences
at a constant pressure of 0.55 kbar.
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