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Photon transmission technique for studying multiple phase transitions in a liquid crystal

Haluk Özbek, Sevtap Yıldız, and O¨ nder Pekcan*
Department of Physics, Istanbul Technical University, 80626, Maslak/Istanbul, Turkey

~Received 14 October 1998!

A photon transmission technique was used to monitor the multiple phase transitions in a 4-butoxyphenyl-
48-declyoxybenzoate~BOPDOB! liquid crystal. Drastic decreases in the transmitted photon intensity~I! were
attributed to the sequential phase transitions in BOPDOB upon cooling. In this paper, it is assumed that the
order parameterr is proportional to the transmitted photon intensity. The isotropic-nematic and nematic–
smectic-A transitions were observed and found to be of first order. It was observed that the smectic-A–
smectic-C and smectic-C–smectic-G transitions are second order. It was found that for the smectic-A–
smectic-C transition, critical exponent crosses over fromb50.51360.006, which is consistent with mean-field
theory, tob50.3560.009, which is consistent with heliumlike behavior, as the Ginzburg criterion predicts.
The critical exponent for the smectic-C–smectic-G transition was found to beb50.70360.001. Transition
temperatures were established at each phase transitions and found to be 84.92 °C, 74.85 °C, 52.96 °C, and
33.03 °C for isotropic-nematic, nematic–smectic-A, smectic-A–smectic-C and, smectic-C–smectic-G transi-
tions, respectively.@S1063-651X~99!01206-4#

PACS number~s!: 64.70.Md, 05.70.Fh, 61.30.Eb
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I. INTRODUCTION

Liquid crystals are composed of large asymmetric m
ecules. These crystals do not melt in a single step du
their transitions from the anisotropic solid to an isotrop
liquid state. The differences between orientational and s
tial ordering of these molecules define the mesophase s
tures. Crystal and liquid states are seen in a variety of
sophases, which present certain symmetries. Liquid crys
are excellent systems for studying melting processes, p
transitions, and critical phenomena. As far as the phase t
sitions are concerned, liquid crystals have a peculiar pr
erty, i.e., unlike most other materials, which have a sing
phase transition, liquid crystals may have a series of ph
transitions~multiple phase transitions! in a relatively small
temperature range@1#. In other words, the ordered phas
makes a continous phase transition to less ordered pha
TC that then undergoes to another phase transition at a hi
temperatureT1 to an even more disordered phase. In mos
the liquid crystals, the ratioTC /T1 is significantly smaller
than one. In this sequence of transitions, the order param
which is defined as a quantitative measure for the alignm
of the molecules in liquid crystalline phase, is associa
with the phase transition atT1. It is almost saturated atTC
and it will not dramatically affect the other order paramet
which sets in near the transition atTC @2#.

It is known that 4-butoxyphenyl-48-declyoxybenzoate
~BOPDOB! liquid crystal possesses the property of multip
phase transitions@3#. This material has the following se
quence of phases upon cooling: isotropic (I ), nematic (N),
smectic A (SmA), smectic C (SmC), and smectic
G (SmG). We present the following phase transitions@3#:
I82 °C N72 °C SmA53 °C SmC40 °C SmG, which are
usually observed by the polarizing microscope, which can
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used to determine only the critical temperatures and m
sophase textures@3#. In this paper, photon transmission tec
nique is used to study these phase transitions upon coo
We observed that the transmitted photon intensityI dramati-
cally decreased at four different temperatures upon cool
The behavior ofI is attributed to the four sequential pha
transitions of the BOPDOB liquid crystal. Critical temper
tures, order of transitions, and critical exponents were de
mined duringI -N, N–SmA, SmA–SmC, and SmC–SmG
transitions of BOPDOB.

II. EXPERIMENTAL

The structural formula of BOPDOB, which was pu
chased from Soyushim Reactive Inc.~Russia!, is shown in
Fig. 1. The sample purity was estimated to be 99.7%
liquid chromatograpy@3#. We prepared the sample by pla
ing the BOPDOB powder in between two glass plates, wh
were heated in an oven at 100 °C.In situ transmitted photon
intensity measurements were performed using a Pe
Elmer Lambda 2 ultraviolet/visible~UV/VIS! spectrometer
in the time drive mode at 750 nm. The sample is placed
the spectrometer after heating, then the isotropic liquid is
to be cooled to room temperature during UV measureme
The temperature was measured with a Cu-Sn thermocou
The linear dependence of time on temperature was confir
by using the calibration curve.

III. RESULTS AND DISCUSSION

The plot of transmitted photon intensity versus time f
the cooling BOPDOB sample is shown in Fig. 2. It can
seen that transmitted photon intensity decreased drastica

ic
FIG. 1. The structural formula of BOPDOB.
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FIG. 2. Plot of transmitted photon intensityI
versus time in the time drive mode at 750 nm.

FIG. 3. Plot of transmitted in-
tensity versus temperature.

FIG. 4. Plot of the first derivative ofI (T)
curve versus temperature.

FIG. 5. Log-log plot of the in-
tensity versus temperature for th
smectic-A–smectic-C transition.
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FIG. 6. Log-log plot of intensity versus tem
perature for the smectic-C–smectic-G transition.
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four different onset temperatures, which may correspond
the phase-transition temperaturesTC . Since the molecules o
the liquid crystal sample prefer to be reordered at cooli
the transmitted intensityI sequentially decreases. In oth
words, the intensityI is much higher for the isotropic liquid
phase and decreases as the system goes into the or
phases. As a result it can be assumed that the transm
photon intensityI is proportional to the order parameterr.

In order to quantify the above results we assume that
uid crystals have some physical quantities that can be
scribed by a power law relation above and below the criti
temperatureTC during the phase transition. The order para
eterr is given by the following relation:

ur2rCu5AuT2TCub, ~1!

whererC is the value ofr at TC , b is the critical exponent,
andA is a proportionality factor. Using the above assumpt
for the transmitted intensityI, Eq. ~1! can be written as fol-
lows:

uI 2I Cu5A8uT2TCub, ~2!

whereA8 is a new proportionality factor andI C is the value
of at TC . The data in Fig. 2 is replotted in Fig. 3 by using th
calibration curve between time and temperature. This re
can now be used to determine transition temperatures an
exponents. Transition temperatures were determined f
the maxima of the first derivative ofI (T) curve, which are
shown in Fig. 4. Transition temperatures are listed in Tabl
and they are consistent with the previous measurements
ing optical microscopy@3#.

In Fig. 3 it can be seen that the intensityI has a nearly
discontinuous decrease at 84.9 °C, which indicates that
phase transition is first order. Here we intuitively conclu

TABLE I. Transition temperatures of BOPDOB upon cooling.

Phases Transition temperature °C

Isotropic-Nematic TIN 84.92
Nematic–SmecticA TNA 74.85
Smectic A–Smectic C TCA 52.96
Smectic C–Smectic G TCG 33.03
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that the transition is from the isotropic to the nematic pha
of BOPDOB, which is consistent with the Landau model
de Gennes@4#. The mean-field theories of Kobayashi@5# and
Mc Millan @6# have shown that the smectic-A–nematic
(SmA–N) transition can be either first or second order d
pending on the value of the ratio of the nematic–smecticA
transition temperature to the nematic-isotropic transit
temperature (TAN /TNI), which is called the Mc Millan ratio.
In Fig. 3 a similar discontinuous behavior of the intensityI is
observed at 74.8 °C which shows that this phase transitio
also first order. The Mc Millan ratio can be used to pred
the nature of this phase transition. The ratio of 74.8/8
produces the value 0.881, which is consistent with the
Millan ratio of TAN /TNI,0.87. From this we conclude tha
the first-order phase transition at 74.8 °C is in between ne
atic to smectic-A phases of BOPDOB and corresponds to t
transition temperatureTAN . These results are consistent wi
the theoretical models of Kobayashi and Mc Millan. In Fig.
the third-phase transition, which occured at 52.9 °C, sho
continuous behavior. According to de Gennes’s sugges
@7# the smectic-A–smectic-C (SmA–SmC) phase transition
may be continuous and it can exhibit heliumlike critical b
havior, which has been of considerable interest in the field
critical phenomena@8#. It has been also reported that critic
exponents vary from mean field@9,10# to heliumlike behav-
ior @11–13# or may have values in between@14–16#. The
exponents in Eq.~2! can be determined from the log-log plo
of the intensityI versus temperature data. Over the reduc
temperature range 331023,u12T/TACu,131022 below
52.9 °C in Fig. 3, the critical exponent is found to beb
50.51360.006, which is consistent with mean-field theor
However, over the reduced temperature range 1.831023

,u12T/TACu,3.631023 below 52.9 °C in Fig. 3, the criti-
cal exponent is found to beb50.3560.009. This value of
the exponent is consistent with heliumlike behavior. A lo
log plot of the intensity versus temperature is shown in F
5, which presents a quite linear behavior. Here the value
b show that this phase transition is between SmA and SmC
and as a result the critical temperature at 52.9 °C sho
correspond toTAC . The values of the exponentb crossover
from mean-field exponent to helium exponent as the G
zburg criterion predicts@17#. In the fourth and the final phas
transition in Fig. 3, the critical temperature is observed a
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found to be 32.03 °C. Over the reduced temperature ra
1.231022,u12T/TCGu,1.931022, the critical exponent
is measured and found to beb50.70360.001, which is
greater than what is found in mean-field theory (b50.5). In
Fig. 6 the log-log plot of the intensity versus temperature
presented. Theb value ~0.703! predicts that this final phas
transition of BOPDOB is in between SmC to SmG and the
corresponding critical temperature isTCG .

In summary, we introduced a spectroscopic technique
study multiple phase transitions upon cooling in a liqu
crystal of BOPDOB by monitoring the transmitted phot
intensity as a function of time. The transmitted photon inte
sity is assumed to be proportional to the order parameter.
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Using this simple technique it was observed thatI -N andN–
SmA transitions are of first order, and SmA–SmC and
SmC–SmG transitions are continuous. The crossover fro
mean-field regime to heliumlike behavior was observed
the critical exponentb for the SmA–SmC transition.
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