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In this work the quantitative theoretical treatment for two beam mode mismatched thermal lens
spectrometry is applied to investigate the thermal diffusivity anisotropy of two lyotropic mixtures:
(1) potassium laurate, decanol and water é2)chotassium laurate, potassium chloride and water in
the nematic calamitic phase. The ratio between the thermal diffusivities parallel and perpendicular
to the director has been shown to be smaller than those reported for thermotropic liquid crystal. This
observation is explained by using a simple model where this ratio is correlated to the micellar shape
anisotropy. ©1996 American Institute of Physids§0003-695(96)01624-5

There has been a growing interest in using photothermabeams at the sample, is a much more sensitive arrangement,
techniques to measure optical and thermal properties dllowing to measure samples with optical absorption coeffi-
highly transparent materials. These methods are advantaient as small as T0 cm™~.'**2Moreover, in order to make
geous when compared with conventional thermometry beguantitative measurements, the theoretical model for this
cause they allow the experiments to be performed withoutonfiguration has been develop€dt appears therefore, that
the difficulties of obtaining the steady state conditions. Therthe use of this configuration and its theoretical model could
mal lens spectrometr¢TLS) is a transient technique which be advantageous in the study of liquid crystals.
has been increasingly used to investigate the thermal trans- On the other hand, the thermal transport properties of
port properties of transparent materiat8. Thermal lens liquid crystalline materials are not well understdddt has
techniques are also non contacting thus removing the rébeen suggested in a qualitative way that for thermotropics
quirement for perfect thermal contact between the measurinthe anisotropy of thermal diffusivity in the nematic phase
device and the sample. The thermal It ) effect is cre- could be associated with the molecular shape. However, a
ated when the excitation laser beam passes through thguantitative description of this association is still lacking.
sample and the absorbed energy is converted into heathis reinforced our interest in using TLS in this study, since
changing the optical path length, and producing a lens-like this technique can provide the sample thermal diffusivity an-
optical element at the sample. The propagation of a prob&sotropy.
beam laser through the TL will result in either a spreading or  In this work the two beam mode mismatched TL con-
a focusing of the beam center, depending on the sampligguration is applied to determine the thermal diffusivity an-
properties. The TL signal intensity is mainly controlled by isotropy of two lyotropic mixtures in their nematic calamitic
the sample optical absorption coefficient and its thermal conphase. A simple model considering the sample as an array of
ductivity. thermal resistors is presented, indicating that for lyotropics,

The TL in liquid crystals(LC) can produce either laser the ratio between the thermal diffusivity parallel and perpen-
beam self-focusing or defocusing, depending on the temperahcular to the director can be associated to the micellar
ture coefficient of the refractive indegn/dT, and on both  shape. Furthermore, by using thermal diffusivity data from
laser beam polarization and intensity. The refractive indexhe literature, we have shown that this model can also be
dependence on laser intensity is associated with Kerr effecgpplied for thermotropics.
electrostriction, non linear electronic polarization and ther-  Lyotropic nematic liquid crystals are mixtures of am-
mal heating, and each one of these effects can be investphiphilic molecules and a solveriusually watey, under
gated varying the time scales for the experiménfsh more  proper temperature and concentration conditiorEhe basic
complete description of the basic processes and techniquesits of these systems are anisotropic miceifeShe mix-
associated with propagation of a laser beam through liquidures investigated in this work weréa) potassium laurate
crystals can be found elsewhér&arlier TL experiments in  (29.4 wt%, decanol6.6 wt%), water(64 wt%)—mixture 1;
thermotropic liquid crystals have been reported for both(b) potassium laurat€34.5 wt%, potassium chloridg3
pulsed and cw thermal leris®%1%In these experiments the wt%), water (62.5 wt%—mixture 2. The phase sequences
optical nonlinearity of the samples has been investigatedvere determined by optical microscopic and conoscopic ob-
The experimental arrangement used in these investigatiorservations which show that: mixture 1 is isotropic up to
was the single beam configuration. However, it has beed5 °C, calamitic nematic from 15 to 50 °C and isotropic
shown that the two beam mode mismatched TLS, a configuabove 50 °C; in mixture 2 the nematic calamitic phase upon
ration arranged to have different spot sizes for the two laseheating changes to hexagonal phase at about 40 Bdth
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samples were encapsulated in glass cells, with a Teflon sepa- 1.4
rator used to set the thickness at 1 mm. The axes of the ®  experimental
directors in the nematic phases were aligned for some hours
in a magnetic field0.8 T) for both orientations, parallel and
perpendicular to the sidewalls. The measurements were per-
formed at room temperature.

The higher sensitivity for the mode mismatched configu-
ration is achieved when the sample is positioned at the waist
of the excitation beam, where the power density is maxi-
mum, and at the confocal position of the probe beam. In
previous studies the mode mismatched configuration has
been used for quantitative investigations of both solid and
liquid samples:**31® Furthermore, considering that the g, 1. Thermal lens experimental data of mixture 1 with the director
more realistic and more accurate theoretical model to dealigned parallel to the sidewalls and their best fit curve.
scribe the thermal lens effect should consider the aberration
of the TL, the aberrant model for mode mismatched configu- .

ration has been developed. It treats the thermal lens as ans @ and the excitation beam spot size., at the

optical path length change to the probe laser beam, whicﬁample not larger than 8. ithin the employed boundary

" . conditions, a sample with thickness up to 1 mm must be
can be expressed as an additional phase shift on the probe ; .
. . .fréated as a thin sample. When these conditions are observed,
beam wave front after its passing through the sample. This ) . :
i ; . . I.e. the small ratiow,/w, and the short period of time, the

model provides a simple analytical expression for absolute ; . .
. . . analytical expressions for mode mismatched thermal lens,
determination of both optical and thermal properties of the

318 . . . which consider the sample as infinite in both radial and beam
samples>8 The variation of the probe beam intensity at the . . . o .

: 318 direction, can be used to determine quantitatively the optical
detector is expressed &8>

and thermal properties of thin samples.

0 The experimental setup used was described elsewfere.
I(t)=1(0)| 1- 5Xarctan An Argon lon laser was used as the excitation b&&a%.5
nm) and a He-Ne lase(632.8 nm as the probe beam. The
exposure of the sample to the excitation beam was controlled

13 ——  best fit curve
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2mV 2 by a shutter. The He-Ne probe laser beam was attenuated to
X t , (D) 0.1 mW at the sample by neutral density filter. The output of
[(1+ 2m)2+V2]—C+ 1+2m+V?2 the fast photodiode was coupled to the digital Hewlett Pack-
2t ard 7090A Recorder which was triggered by a second pho-
where todiode. Data were transferred from the Recorder to the com-

5 puter through a GPIB interface, and stored in sequential files
(()e . PeAelo dS

— as :é @ for further analysis. Each scan resulted in 1000 measured
€ 4a’ KN, dT’ zZ.' points. Moreover, the excitation beam spot size at the sample
we=6.1x10"3cm, and the probe beam spot size
0,=16.8X 10 3cm. The excitation beam power at the
sample was 50 mW and 100 mW.

Figure 1 shows the time resolved thermal lens signal for

In Egs.(1) and(2), 6 is the difference between the thermally
induced phase shift of the probe beam mt0 and
r=\2we, m= (wp/we)z, o, andw, are the probe beam and

excitation beam spot sizes at the 'sample! rgspgctlveiys, the mixture 1 with the directors aligned parallel to the side-
the sample thermal diffusivityP, is the excitation laser ;5. By using Eq.(1), the curve fitting gave the thermal
beam powefmW), A, is the optical absorption coefficient at diffusivity as a;=(1.71+0.01)x 10-3cnd/s. Table | shows
the excitation beam wavelength (¢, Z is the confocal e thermal diffusivity results for the two mixtures in both,
distance of the probe bear, is the distance of the probe heorpendicular and parallel directions of the director. It can be
beam waist to the sample an(D) is the value of (t) when  ohqeryeq that the ratios between the thermal diffusivity par-
tor g is zero. Moreoverl, is the sample thickness, is the 516 and perpendicular are|/ e, =1.20 for mixture 1, and
thermal conductivityA, is the probe beam wavelength, and aj/a; =1.18 for mixture 2. These ratios are smaller than

ds/dT is the temperature coefficient of the optical pathi,qse measured for thermotropic liquid crystdCB, 8CB

length. and MBBA), obtained by several techniques, which are

Therefore, in time resolved TL experiments,and the ot 2 F614We would like to stress here that the lyotropic
thermal diffusivity can be obtained from the curve fitting of

Eqg. (1) to the experimentally observed time profile of the
developing thermal lens TABLE I. Thermal diffusivity results of mixtures 1 and 2 and their ratio.

. . ... The ratioa|/a, estimated using Eq3) is shown in the right column.
The above model imposes some experimental conditions x g Ed3 g

to investigate thin samplé8.in order to avoid heat flow in a a oyl oylay
the laser beam direction it has been shown that experimentamples (1072 cn/s) (1072 cnf/s) (measurell (estimated
W|th thin samples must bg performed only f_or a short period o1 1770001 143001 120 127
of time t<5tc, wheretc is the characteristic thermal time \jixure 2 1.31+0.01 1.110.01 118 127
constant, and with the ratio between the probe beam spet
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micellar shape anisotropfy.e. the ratio between length_} in the calamitic phase, or to the molecular shape for thermo-
and diameter D) of the cylinder$ in the calamitic phase is tropic nematics. This picture explains why the ratio between
about 1.6 It is smaller than the thermotropic liquid crystal the components of thermal diffusivity is smaller in lyotropic
length-to-width ratio which is about . These results indi- than in thermotropic liquid crystals. It also provides a more
cate that the thermal anisotropy in liquid crystals can be corgquantitative way to understand why the thermal conductivity
related to the micellar shape anisotropy, as suggested sorhas its maximum value along the long micellar or molecular
years ago by Urbacht all* axis, as already pointed out by Urbaehal*

The physical behavior of this system can be tentatively  Furthermore, the thermal lens experiment we have pre-
understood if we consider the sample as an array of thermalented is very simple to perform. The technique is remote,
resistors of rod-like shape. The effective thermalnon-contacting, non-destructive, very sensitive. Moreover,
resistanc®?® is obtained by considering both the internal with the thin sample theoretical and experimental conditions
contribution coming from the properties of the micelles established for mode mismatched configuration, this tech-
themselves and the contribution from their interfaces. If wenique can be used to study optical and thermal properties of
assume that the interfacial term is proportional to the inverséiquid crystals without addition of dyes. To our knowledge,
of the interface area, and that it is much bigger than thehis is the first application of the thermal lens technique to
internal one, the maximum anisotropy in the thermal conducthe investigation of physical properties of lyotropic system.
tivity, , obeys the relation/x, =a|/a; =L/D. Thisre- It can be a powerful technique to investigate anisotropic
sult is similar to the one obtained from a quasi-lattice modeproperties of lyotropics and their interfaces with biological
for the ratio between mass diffusion coefficielté! Follow-  systems.
ing the same procedure of these authors, for imperfect nem- This work was partially supported by the Brazilian
atic orderS<1 the ratio between the thermal diffusivities is Agencies CNPq, FAPESP, and FINEP.
expected to be:
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