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Photon transmission technique for studying multiple phase transitions in a liquid crystal
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A photon transmission technique was used to monitor the multiple phase transitions in a 4-butoxyphenyl-
4'-declyoxybenzoatéBOPDOB ) liquid crystal. Drastic decreases in the transmitted photon intefigityere
attributed to the sequential phase transitions in BOPDOB upon cooling. In this paper, it is assumed that the
order parametep is proportional to the transmitted photon intensity. The isotropic-nematic and nematic—
smecticA transitions were observed and found to be of first order. It was observed that the siectic-
smectic€ and smectics—smecticG transitions are second order. It was found that for the sméctic-
smecticC transition, critical exponent crosses over fr@w 0.513+ 0.006, which is consistent with mean-field
theory, to3=0.35+0.009, which is consistent with heliumlike behavior, as the Ginzburg criterion predicts.
The critical exponent for the smectit—smecticG transition was found to b@=0.703+0.001. 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—smeadiicsmecticA—smecticE and, smecticz—smectic transi-
tions, respectivelylS1063-651X99)01206-4

PACS numbe(s): 64.70.Md, 05.70.Fh, 61.30.Eb

[. INTRODUCTION used to determine only the critical temperatures and me-
sophase texturdS]. In this paper, photon transmission tech-
Liquid crystals are composed of large asymmetric mol-nique is used to study these phase transitions upon cooling.
ecules. These crystals do not melt in a single step durinVe observed that the transmitted photon intensityamati-
their transitions from the anisotropic solid to an isotropiccally decreased at four different temperatures upon cooling.
liguid state. The differences between orientational and spaFhe behavior ofl is attributed to the four sequential phase
tial ordering of these molecules define the mesophase strutransitions of the BOPDOB liquid crystal. Critical tempera-
tures. Crystal and liquid states are seen in a variety of metures, order of transitions, and critical exponents were deter-
sophases, which present certain symmetries. Liquid crystalmined duringl-N, N—SmA, SmA-SnC, and Sn€-SnG
are excellent systems for studying melting processes, phasensitions of BOPDOB.
transitions, and critical phenomena. As far as the phase tran-
sitions are concerned, liquid crystals have a peculiar prop-
erty, i.e., unlike most other materials, which have a single-
phase transition, liquid crystals may have a series of phase The structural formula of BOPDOB, which was pur-
transitions(multiple phase transitionsn a relatively small chased from Soyushim Reactive Inf®&ussia, is shown in
temperature rangé€l]. In other words, the ordered phase Fig. 1. The sample purity was estimated to be 99.7% by
makes a continous phase transition to less ordered phaselifid chromatograpy3]. We prepared the sample by plac-
T that then undergoes to another phase transition at a higherg the BOPDOB powder in between two glass plates, which
temperaturd ; to an even more disordered phase. In most ofwere heated in an oven at 100 °i@.situ transmitted photon
the liquid crystals, the ratid /T, is significantly smaller intensity measurements were performed using a Perkin
than one. In this sequence of transitions, the order parametedfJmer Lambda 2 ultraviolet/visibl€UV/VIS) spectrometer
which is defined as a quantitative measure for the alignmerit the time drive mode at 750 nm. The sample is placed in
of the molecules in liquid crystalline phase, is associatedhe spectrometer after heating, then the isotropic liquid is left
with the phase transition &t;. It is almost saturated &:  to be cooled to room temperature during UV measurements.
and it will not dramatically affect the other order parameter,The temperature was measured with a Cu-Sn thermocouple.
which sets in near the transition &t [2]. The linear dependence of time on temperature was confirmed
It is known that 4-butoxyphenyl‘ddeclyoxybenzoate by using the calibration curve.
(BOPDOB liquid crystal possesses the property of multiple
phase transition$3]. This material has the following se-
guence of phases upon cooling: isotropi¢, (nematic (),
smectic A (SmA), smectic C (SmC), and smectic The plot of transmitted photon intensity versus time for
G (SmG). We present the following phase transitidi@g: the cooling BOPDOB sample is shown in Fig. 2. It can be
182°C N72°C SmA53°C SnC40°C SnGG, which are seen that transmitted photon intensity decreased drastically at
usually observed by the polarizing microscope, which can be
ity —(O)y— o0 —~(O)—oc ,
* Author to whom correspondence should be addressed. Electronic

address:pekcan@itu.edu.tr FIG. 1. The structural formula of BOPDOB.
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E FIG. 2. Plot of transmitted photon intensity
g versus time in the time drive mode at 750 nm.
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FIG. 6. Log-log plot of intensity versus tem-
perature for the smecti€—smecticG transition.
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four different onset temperatures, which may correspond tehat the transition is from the isotropic to the nematic phase
the phase-transition temperatufigs. Since the molecules of of BOPDOB, which is consistent with the Landau model of
the liquid crystal sample prefer to be reordered at coolingde Genne$4]. The mean-field theories of Kobayaghj and

the transmitted intensity sequentially decreases. In other Mc Millan [6] have shown that the smectic-nematic
words, the intensity is much higher for the isotropic liquid (SmA—N) transition can be either first or second order de-
phase and decreases as the system goes into the ordefpehding on the value of the ratio of the nematic—smetic-
phases. As a result it can be assumed that the transmittgghnsition temperature to the nematic-isotropic transition
photon intensity is proportional to the order paramefer emperature Tay/Ty), which is called the Mc Millan ratio.

In order to quantify the above results we assume that liqy, £ig 3 4 similar discontinuous behavior of the intensity

wdrit():r)éstt)als ha\\’l\? rS(IJr\r/]ver plhi/iSﬁaIbQL\J/antlrglgsb t?avtv ?r?n ?ﬁi d bserved at 74.8 °C which shows that this phase transition is
SCrbed by a power law reiation above a elo € CriliCatso first order. The Mc Millan ratio can be used to predict

temperaturd ¢ during the phase transition. The order ParaM-e nature of this phase transition. The ratio of 74.8/84.9

eterp is given by the following relation: produces the value 0.881, which is consistent with the Mc
lp—pc|=A|T—T¢|?, (1) Millan ratio of Tan/Ty;<0.87. From this we conclude that
the first-order phase transition at 74.8 °C is in between nem-
wherep is the value ofp at T, S is the critical exponent, atic to smecticA phases of BOPDOB and corresponds to the
andA is a proportionality factor. Using the above assumptiontransition temperatur€,y . These results are consistent with
for the transmitted intensity, Eq. (1) can be written as fol- the theoretical models of Kobayashi and Mc Millan. In Fig. 3
lows: the third-phase transition, which occured at 52.9 °C, shows
continuous behavior. According to de Gennes’s suggestion
[I=1c|=A"IT-T¢[?, (2 [7] the smecticA—smecticE (SmMA—SnC) phase transition
may be continuous and it can exhibit heliumlike critical be-

havior, which has been of considerable interest in the field of

ofatTc. The datain Fig. 2 is replotted in Fig. 3 by using the cyiica| hhenomen48]. It has been also reported that critical
calibration curve between time and temperature. This resu xponents vary from mean fie[@,10] to heliumlike behav-

can now be used to determine transition temperatures and tli‘@r [11-13 or may have values in betwedf4—1§. The
exponents. Transition temperatures were determined fror@xponents in Eq2) can be determined from the log-log plot

the maxima of the first derivative d{T) curve, which are ¢ e intensityl versus temperature data. Over the reduced
shown in Fig. 4. Transition temperatures are listed in Table Itemperature range %810 3<|1—T/Tod<1X 1072 below

and they are consistent with the previous measurements US> 9°C in Fig. 3, the critical exponent is found to Ige

ing optical microscopy3]. =0.513+0.006, which is consistent with mean-field theory.

In Fig. 3 it can be seen that the intenslthas a nearly |\ over over the reduced temperature rangex1@
discontinuous decrease at 84.9 °C, which indicates that thg|1_-|-/-|’-AC|<3 6x 102 below 52.9°C in Fig. 3, the criti-

phase transition is first order. Here we intuitively concludeCal exponent is found to b= 0.35+0.009. This value of
the exponent is consistent with heliumlike behavior. A log-

log plot of the intensity versus temperature is shown in Fig.
5, which presents a quite linear behavior. Here the values of

whereA’ is a new proportionality factor anig: is the value

TABLE I. Transition temperatures of BOPDOB upon cooling.

Phases Transition temperature °C B show that this phase transition is between/Sand SnC
Isotropic-Nematic Tin 84.92 and as a result the critical temperature at 52.9°C should
Nematic—SmecticA Tna 74.85 correspond tdl 5c. The values of the exponest crossover
Smectic A—Smectic C Tea 52.96 from mean-field exponent to helium exponent as the Gin-
Smectic C—Smectic G Teo 33.03 zburg criterion predictgl7]. In the fourth and the final phase

transition in Fig. 3, the critical temperature is observed and
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found to be 32.03°C. Over the reduced temperature rangdsing this simple technique it was observed th&t andN—
1.2x10 2<|1—T/Tcg|<1.9xX1072, the critical exponent SmA transitions are of first order, and $mSnC and

is measured and found to bh&=0.703t0.001, which is SmC-Sn(G transitions are continuous. The crossover from
greater than what is found in mean-field theo/<0.5). In  mean-field regime to heliumlike behavior was observed in
Fig. 6 the log-log plot of the intensity versus temperature isthe critical exponeng for the SmA—SntC transition.
presented. Th@ value (0.703 predicts that this final phase
transition of BOPDOB is in between Sinto SniG and the
corresponding critical temperatureTs..

In summary, we introduced a spectroscopic technique to We thank Professor A. Nesrullayev for supplying us with
study multiple phase transitions upon cooling in a liquidthe liquid crystal material, and Professor N. Berker for help-
crystal of BOPDOB by monitoring the transmitted photon ful discussions. The Perkin Elmer Lambda 2 UV/VIS spec-
intensity as a function of time. The transmitted photon intentrometer was kindly donated by the Alexander Von Hum-
sity is assumed to be proportional to the order parameter boldt Foundation.
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