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Finite-size effects on the incommensurate phase transition of Hg-chlorophenyl)sulphone
studied by 3°CI NQR
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The temperature behavior of th&Cl nuclear quadrupolar resonan¢®QR) spectrum of thin bigl-
chlorophenyjsulphone films grown on fine powder samples of Ji@as studied. In order to characterize the
structural and dynamical changes, a comparative study of the NQR parameters of the film with respect to the
bulk samples was performed in the temperature range 80—-370 K. A shift of the incommensurate phase-
transition temperature from 150 in bulk to 156 K in film was detected. Also, the observed NQR spectra in the
incommensurate phase suggest qualitative changes in the modulation. The presence of a central intense peak
below the transition temperature indicates important contributions to the NQR spectra from periodic domains
in the film.[S0163-18206)09129-1

INTRODUCTION tase phase. The Mdsorption area is 13%g and the typical
particle size obtained by transmission microscopy isyh®

The study of the characteristic of the phase transition inThe TiO, powder was dried under vacuum at 250 °C for 48
thin films is a topic of experimental and theoretical h. The BCPS compound was the purum grade from Fluka.
interest'~® A wide range of phenomena can occur in thin  Both compounds were outgased and mixed under vacuum
films, such as surface meltifigshange of the order of phase in a glass tube. This sample holder was sealed and heated up
transitions; the appearance of new phaSec. In particular, to 5° above BCPS melting point. The sample was maintained
the interest in the study of thin films of molecular crystals gt this temperature for a week, cooled at about 2 °C below
has grown. the BCPS melting point and annealed for 70 h. Finally, the

On the other hand, biphenyl compounds show interestingsmperature was gradually lowered to room temperature in a
structural and dynamical features, like the incommensuratg o

phase transitions in biPheﬁyP and in big4-
chlorophenyisulphong BCPS.*%!In BCPS, a second-order
phase transition from a monoclini2/a structuré? to an
incommensurate phas¢C) was detected by°Cl nuclear
quadrupole resonanddlQR) at 150 K The IC modulation
in this compound involves the dihedral angle between phenyrl1
rings along the crystallographlz axis.

Until now, there are few studies on biphenyl filfis-*
Nakayama, Kawahara, and Isflishow, by means of Raman

The ratio of BCPS mass over Tj@owder surface is 0.5
g/49 nf=0.01 g/nf. The pore volume fraction of a TiO
powder filled with BCPS was 23%. The estimated mean
thickness of the BCPS filntsupposed uniforinwas 70 A.

%ClI NQR measurements were performed from liquid-
itrogen temperatures to 370 K. The NQR spectrometer was
described elsewhef®. The NQR line shape was obtained
from the fast Fourier transform ech@2—  reconstruction

.1 K during the measurements.
film second-order phase-transition behavior. In order to ana- 9

lyze how finite-size effects perturb an incommensuration, the

IC phase transition of BCPS was studied. This compound EXPERIMENTAL RESULTS AND DISCUSSION
has been extensively characterized by x-ray diffractfor,
Raman spectroscopy calorimetric measurementéneutron
scattering® NMR,'® and NQR?>2! Thus, BCPS is a suitable
compound to carry out a comparative study between film an

bulk behavior of the IC phase. N P :
. . quencies is plotted in Fig. 2. For a comparison, NQR fre-
n t.h's work., the temperature beha\.nor'%"CI NQR fre- quencies of the bulk sample are superimpd3detom Figs.
quencies of thin BCPS films was studied in the temperaturg > 2 ~ontinuous splitting of the NQR line can be ob-
range 80-370 K. In order to ch_aracterlze the structural an%erved f'or temperatures below 156 K. This behavior of the
dynamical change_s, a comparative study of the NQR paranNQR spectra of the BCPS film indicates a continuous struc-
eters of the film with respect to bulk samples was performedtural phase transition as in the bulk samPidlevertheless,

EXPERIMENTAL the transition temperature is shifted 6° above that obser_ved in

bulk. Thermal hysteresis effects were not detected in the

The TiO, powder was commercial grade. The crystallinetransition temperature or in the spectral features. The char-
structure of TiQ fine powder sample is the tetragonal ana-acteristics of the two observed phases are described below.

Figure 1 shows some observed NQR spectra of the BCPS
film at different temperatures. The frequencies of the peaks
in those spectra were obtained from a least-squares spline of

e experimental data. The temperature behavior of these fre-
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FIG. 1. Some typical ®Cl NQR spectra of

chlorophenyjsulphone film observed at different temperatures. The 3
arrows indicate the NQR frequencies measured in the bulk sample

at the same temperaturéRef. 2J).
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FIG. 2. Temperature behavior of NQR frequencies of the re-
solved peaks. Points: film data. Solid lines: bulk ddkaf. 21).

High-temperature phase(HTP) T>156 K

The NQR spectrum is composed of a single inhomoge-
neously broadened resonance line. The second moment of
this electric-field gradientEFG) distribution is one order of
magnitude greater than that observed in Bdlgpssibly due
to a distribution of film thickness values and different orien-
tations of the film crystalline axis with respect to the sub-
strate. In order to study the temperature behavior of the NQR
frequencies, only the first moment of the EFG distribution
will be regarded. Figure 3 shows the differente between
the NQR frequencies in the film and bulk samples. Follow-
ing Brunetti’* a comparative study of the frequency tem-
perature behavior can be done. The temperature behavior of
the NQR frequency in the high-temperature regime can be
expressed as

vo(T)=wo| 1~ 2 TS S5-3T2S Sy,
i (OF i [OF
where the summation ranges over all inter- and intramolecu-
lar oscillation modes involved in the average of the electric-
field gradient(EFG),%® w;(1—g;T) is the frequency of the
mode at the temperaturg, A; is a quantity related to the
inverse of the moment of inertia, ang is the limiting static
value of the NQR frequency.
Assuming only one dominant oscillation mode in the film
and the bulk sampleg\v can be expressed as

Avg(T)=Ave+aT+bT?, (1)
where
c v(f)Af VgAb
T2 W)
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guencies of two Gaussian functions fitted to the NQR spectra. Solid
FIG. 3. Temperature behavior of the difference between thdin€: linear fit of the data. The extrapolation of the lineo=0 was
NQR frequencies of bulk and film in the high-temperature phasetsed to estimate the transition temperaflife-156+1 K.
Points: vgy k — vem - Solid line: Fitting of expressiofl).

spectra have two clearly resolved peaks. The measured spec-

Vgngf VggbAb tra at 153.3 and 150.2 K, shown in Figgclland 1d) have
b=—3kg — |, anomalous shapes. The spectrum at 150.2 K has a flat peak
Wt @p whereas the spectrum at 153.3 K is strongly asymmetric.
wheref andb refer to film and bulk, respectively. Taking into account the continuous character of the phase
Fitting of expressior(1) to the experimental data yields {ransition, we assumed that both line shapes can be described
the following parameters: by the superposition of the two single peaks resolved at
lower temperatures. All the spectra in the range 130-160 K
Avo(T)=(—0.19+0.0010 T-1.4x 107% T2)MHz. were fitted with two Gaussian functions. Figure 4 shows the

_ _ o o differenceAr between the fitted frequencies of the peaks as a
The sign of the first and second coefficients indicates thafunction of temperature. In order to estimate the transition
vo<wg and Ay/wp>Adwf. The first inequality shows a temperature, a spline of the experimental data was extrapo-
change in the molecular packing, while the second indicategted toA»=0 giving the valueT;=156+1 K. Although the
a modification in the dynamic of the film. The third coeffi- procedure gives only a rough estimate of the transition tem-
cient gives the relatio;>gy, indicating larger anharmo- perature in the film, it clearly shows an increase with respect

nicities in the film. to the bulk. This increase of the transition temperature could
be expected if a compression on the BCPS thin film occurs.
Low-temperature phase(LTP) T<156 K This compression has been observed in thin metallic and

The NQR spectrum in this phase shows three peaks

comparable amplitudes. As can be seen in Fig. 2, the val 28
of the frequency separation between the two lateral peaks %ubstrat 2 In a more open structure than bulk, the molecular

of the same order as that of the observed in bulk. Thosgonformation could be mainly determined k_)y intramolecular
peaks can be associated with molecules having the maximutferactions, and consequently the competing mtermol_ecu_lar
dihedral angle distortion produced by the IC modulation, adnteractions could not perturb the stability of the periodic
in the bulk’® Nevertheless, the presence of a third peaKStrUCture' Con\{ersely,gmore compact structure increases the
shows important structural changes in the incommensuralfénerm.o.l.eCUIar Interaction energies. Thls. fact cogld produce
phase of BCPS films. This broad and intense central peak hé@Stab'“t'es of the molecular conformation at higher tem-
approximately 50% of the total area under the NQR specperatures.

trum at about 84 K. These features of the central peak indi-

cate that one half of the total number of molecules in the CONCLUSIONS

sample have a small dihedral angle distortion with respect to
the HTP conformation.

olecular films and small particlé’ and its origin lies in
ige van der Waals interactions between the film and the

The preceding discussion of the experimental results
shows how the van der Waals interactions between the film
and the substrate could perturb the crystalline potential. We
have not found any report in the literature on the shifting of

As it was described above, the NQR spectra for temperaa second-order phase-transition temperature in molecular
tures above 160 K show only one peak. Below 150 K, thecrystals thin films. More accurate determination of the tran-

Estimation of the phase-transition temperature
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sition temperature may be obtained by means of calorimetriion to the NQR spectra from periodic domains inside the
measurements. Also, the temperature behavior of the NQRIm. This behavior resembles the soliton regime of the IC
frequencies in the HTP shows structural and dynamicamodulation?
changes with respect to bulk samples. Taking into account

the small shifting of the resonance frequencies in the film,

the magnitude of the structural change could be small. The

observed NQR spectra in the LTP suggest some qualitative J.S. and A.B. thank the Concejo de Investigaciones Cien-
change in the incommensurate modulation. The presence tificas y Tecnolgicas (CONICET), Argentina for financial
the central intense peak could suggest an important contribisupport.
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