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The critical heat capacity associated with the nematic (N) to smectic-4 (Sm A) phase transition
has been studied in mixtures of nonpolar heptyloxypentylphenylthiolbenzoate (7S5) and polar oc-

tyloxycyanobiphenyl (80CB).

In this system, which exhibits both an N-Sm 4-SmC multicritical

point and an N-Sm 4 tricritical point, the N-Sm A transition temperature Ty, increases very rapid-
ly as the 80CB mole fraction X is increased. Data were obtained for a sample near the tricritical
composition, for two compositions where the N-SmA transition is second order, and for three
compositions exhibiting weakly-first-order transitions. Because of the large values of dTy, /dX,
Fisher renormalization was observed. The finite cusp in C, near the tricritical point yields the re-

normalized critical exponent aiz =—0.93+0.17.

Since ar =—a/(l—a), this corresponds to

a=0.48+0.05, in good agreement with the value 0.5 expected at a Gaussian tricritical point.

I. INTRODUCTION

Mixtures of the nonpolar liquid crystal heptyloxypen-
tylphenylthiolbenzoate (7S5) and the polar liquid crystal
octyloxycyanobiphenyl (80CB) exhibit an interesting
phase diagram in the 7S5-rich region. Pure 7S5 undergoes
a nematic (N) to smectic-C (SmC) transition. Addition of
a small amount of 80OCB gives rise to a nematic—smectic-
A —smectic-C (N AC) multicritical point at 80CB mole
fraction Xpy,c=0.0217 (wt% 80CB=1.68) and
Ty4c=314.95+0.2 K.»2 The phase boundaries in the
N AC multicritical region conform well with the universal
N AC phase-diagram topology established in mixtures by
Brisbin et al.? and confirmed by Shahidhar et al.*in pres-
sure studies of pure compounds. As the 80CB content is
further increased, the nematic—smectic-4 (SmA) transi-
tion temperature Ty, increases rapidly from the NAC
point to a nematic—smectic- A —isotropic (/) triple point
at XSOCB ~0.35 and TNAI ~372 K.

Recent investigations of 7S5 + 80CB mixtures
have focused on multicritical N AC behavior, which has
been extensively but somewhat inconclusively studied in
other systems for a decade (see references cited in Ref. 2).
Light scattering’® and x-ray scattering"? results on
7S5 + 80OCB show that the N AC behavior in the system is
best described by a Lifshitz-point model.” Neither x-ray
nor heat-capacity® investigations of the N-SmC transition
region near the N AC point show evidence of a biaxial
nematic phase that should exist if the NAC point is a
decoupled tetracritical point.?

We have carried out a high-resolution ac calorimetric
study of the C,(T) variation associated with the N-Sm 4
transition as a function of 80CB concentration. The N-
Sm A heat capacity has not been studie very close to the
N AC point since the correlation lengths for Sm 4 fluctua-
tions grow rapidly as X — Xy 4c,>° which leads to very
small C, peaks due to two-scale-factor universality.’~!!
The results reported here are for samples ranging from

1,2,5,6
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X=0.0326 (2.53 wt. % 80CB) to X=0.1012 (7.99 wt. %
80CB). The phase diagram for X <0.125, shown in Fig.
1, is based on the present work and results reported in
Refs. 2 and 12. The investigated composition range con-
tains a N-Sm A tricritical point that is estimated to be at
X;~0.063 and T, ~337.3 K. An almost tricritical sample
with X=0.0614, two second-order samples, and two sam-
ples undergoing a weakly-first-order transition have been
studied in detail. The tricritical N-Sm 4 behavior in this
mixture of unlike molecules (one polar and one nonpolar)
will be compared to that reported for mixtures of like mol-
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FIG. 1. Partial phase diagram for 7S5 4+ 80OCB liquid-crystal
mixtures; Xgocp is the mole fraction of 80CB. The compositions
of the samples studied are indicated by the small vertical arrows,
and the estimated position of the N-Sm A tricritical point is also
indicated.
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ecules (members of a homologous series). '2~!® In contrast
to other systems, the 7S5 + 80OCB tricritical point occurs
when the N-I and N-Sm A transitions are still quite far
apart (Th;—Tny4=20.7 K or a McMillan ratio
Twna4/Tyn;=0.942). Furthermore, the slope of the Ty,
transition line d7T'y 4, /dX=289 K at the tricritical point is
much larger than that observed in other systems.

As a result of the steep phase boundary, Fisher renor-
malization of the critical exponents!’ is observed. The
effect of Fisher renormalization on the heat capacity is
quite significant since a power-law divergence (critical ex-
ponent a>0) becomes a finite cusp (ar <0). Second-
order N-SmA transitions are often characterized by
effective heat-capacity exponents as large as a ~0.2 to 0.3
(Ref. 18) and the tricritical exponent is 0.5; thus Fisher re-
normalization makes a dramatic change in the shape of
the C,(T) peak. These 7S5 + 80CB mixtures represent
what we believe to be the best established example of Fish-
er renormalization near a tricritical point. The underlying
(unrenormalized) values of a are consistent with the cross-
over behavior from second order to tricritical seen in
homologous liquid-crystal mixtures.'>'%1® However, the
overall tricritical N-Sm 4 behavior in liquid crystals does
not conform exactly to Gaussian tricritical predictions
and remains a challenging theoretical problem.

II. METHOD AND RESULTS

The ac calorimeter used in this work is a micro-
computer-controlled automated instrument that has been
described in detail elsewhere.!® The essential features will
be reviewed briefly. A silver sample cell containing ~0.1
g of liquid crystal is hermetically sealed with a cold-
welded indium seal. The system operates at a constant
frequency w=0.196 (i.e., 32 sec period), and the sample
undergoes zero-to-peak temperature oscillation of about 6
mK for a power input of 0.5 mW. The temperature of the
thermostat bath can be scanned slowly up or down. The
typical scan rate for data taken near the transition is 70
mK/h within £0.5 K of T, and 360 mK/h in the range
05 K< |T—T,| <2.5 K, while faster scans of ~1.3
K/h were used over a broad temperature range to provide
the overall background variation in C,. For the almost-
tricritical (X=0.0614) sample even slower scans were used
close to T,.: 26 mK/h for | AT | <0.3 and 60 mK/h for
03K < |AT | <0.7 K.

The ac technique has been used as an absolute method
to determine the specific heat 5,, (heat capacity per gram

of sample),

g, — C,(obs)—C,(empty) , (n
m
where C,(obs) represents the total heat capacity of the
filled cell, C,(empty) denotes the heat capacity of the emp-
ty cell, and m is the mass of the liquid-crystal mixture in
grams. The value of C,(empty) was calculated from the
known weights and measured specific heats of all the
components used to construct the cell. There may be
small systematic errors in the absolute values of fp due to
imperfect correction for the heat leak through the electri-
cal leads, possible nonuniform heat flux over the area of
the cell, and any errors in the assessment of C,(empty).
However, such errors are not important for the present
purpose of determining the temperature dependence of C,
near the N-Sm A4 transition. Absolute temperature values
were obtained by calibrating the thermistor attached to
the cell with a platinum resistance thermometer mounted
in a metal block attached to the sample holder. The re-
sulting thermistor temperatures are estimated to have an
absolute accurate of =50 mK, but this is not a limiting
factor since we are concerned with analyzing the depen-
dence of Ep on the temperature difference T —T.
The structural formulas for 80CB and 7S5 are given
below:

80CB:  CgHyy 04—~ D—CN
785:  CyHi504D-C0S¥DI~CoHy, -

The 80CB was obtained from the British Drug House; a
99.8%-purity sample of 7S5 was obtained from the Liquid
Crystal Institute at Kent State University. The materials
used in the calorimetry were identical to those used for x-
ray and light scattering studies. >

Six samples were studied over a wide temperature range
spanning the N-I and N-Sm A transitions. The composi-
tions and transition temperature are listed in Table I. In
addition, the N-SmC transition near the NAC point was
studied previously in a sample with X=0.01945 (1.506
wt. % 80CB).® The overall temperature range studied for
the samples listed in Table I was from ~365 K down to
~325 K except for the 0.0326 sample, which was studied
down to 310 K (below the monotropic Sm A-SmC transi-
tion temperature).

The overall variation in C, through both the N-I and
N-Sm A transitions is shown in Fig. 2 for the 0.0614 sam-
ple. Aside from small shifts in temperature, the N-I
specific heat peaks are almost identical for all the samples

TABLE 1. Compositions of investigated 7S5 + 80OCB samples (in weight percent 8OCB and mole
fraction X of 80CB), the N-I and N-Sm A transition temperatures, and the integrated area 6Hy, of the
excess heat capacity associated with the N-SmA transition. The molecular weight is 398.61 g for 7S5

and 307.44 g for 80OCB.

wt. % 80OCB X Ty (K) Tya (K) 8Hy, Jg™h
2.53 0.0326 357.2 326.295 1.85
3.93 0.0504 357.6 334.241 2.00
4.80 0.0614 357.8 337.118 2.05
5.20 0.0664 358 337.637 ~2.14
5.97 0.0761 358.9 341.6
7.99 0.1012 359.6 348
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FIG. 2. Specific heat C, for a 7S5 + 80CB mixture with
X=0.0614 (4.80 wt. % 80CB). This mixture is very close to the
tricritical composition. The dashed line represents an extension
of the N-I heat-capacity peak and defines the quantity fp(NI )
used in Egq. (2) to determine AC,, the excess specific heat associ-
ated with the N-Sm 4 transition.

studied. Figure 3 shows a comparison of the N-I region
for the 0.0326 and the 0.0614 samples. This invariance of
the N-I peak shape makes it easier to choose a low-
temperature “‘tail”’ associated with the N-I peak, C_‘F(NI ),
which serves as a background for determining the excess
specific heat in the N-SmA transition region. That is,
EP(NI ) represents the specific-heat variation that would
occur if only the N-I transition took place. The C,(NI)
curve chosen for the 0.0614 sample is shown by the
dashed line in Fig. 2.

Slow scans carried out in the region of Ty, provide a
dense data set for later analysis. The excess specific heat
Afp associated with the N-SmA transition is obtained
from

AC,=C,—C,(ND . ()

Figure 4 shows the AC, variation for the 0.0614 sample.
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FIG. 3. Comparison of the N-I specific-heat peaks for sam-
ples with X=0.0326 (A) and X=0.0614 (0); AT=T —Ty;.
The C, values for the 0.0326 sample have been shifted down by
0.50 to facilitate comparison.
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FIG. 4. Excess specific heat AC, -associated with the N-Sm 4
transition in the nearly tricritical 7S5 + 80CB sample with
X=0.0614.

The Afp variations for the other five samples are shown
in Fig. 5. The 0.0614 data are shown separately for two
reasons: (a) this sample is very close to the tricritical
composition, as discussed below, and (b) the 0.0614 data
points lie sufficiently close to those for the 0.0664 sample
that confusion arises if both data sets are included in Fig.
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FIG. 5. Excess specific heats AC, associated with second-
order N-Sm A transitions (X=0.0326 and 0.0504), a very weakly
first-order N-Sm A transition that is close to the tricritical point
(X=0.0664), and definitely first-order transitions (0.0761 and
0.1012). The data on the 0.1012 sample represent a rapid survey
scan intended merely to sketch the position and size of this peak.
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5. Note that the sparse data for the 0.1012 sample
represent a rapid survey run to determine the rough size
and shape of AC, for this first-order N-Sm 4 transition.

It is obvious from Figs. 4 and 5 that all these N-Sm 4
specific heat runs exhibit nondivergent peaks which are
broad compared to typical N-Sm 4 peaks reported previ-
ously.'!"!? The integrated enthalpy changes

SHNA: fAEPdT’ (3)

listed in Table I, are also large compared to those in usual
second-order N-Sm 4 transitions (0.2-2.0 Jg—1!).1>%

For a better display of the detailed behavior near Ty,
Fig. 6 shows AC, versus AT =T — Ty 4 on two expanded
scales: +1.5 K and +0.15 K. These plots show clearly
that the N-Sm A heat-capacity peaks exhibit finite cusps.
Several runs made on the 0.0326, 0.0504, and 0.0614
samples showed no hysteresis and no indications of
rounding or truncation near the top of the peak. For the
0.0664 sample, a distinct rounding of the Aép peak
occurs over a 0.39-K interval marked by the small arrows
in Fig. 6. The data for the 0.0761 sample exhibit a
marked distortion near the transition and distinct hys-
teresis. Figure 7 shows some of the Aép data obtained on
warming and cooling runs for this sample. The heating
and cooling data agree very well over a wide range (not
shown in Fig. 7) but clearly disagree over a 1.34-K inter-
val close to the transition.

(@) o4} ]

AT (K)
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We consider that both the 0.0664 and 0.761 samples
undergo weakly-first-order N-Sm A transitions,?' whereas
there is no indication of first-order character for the
0.0614 sample. Thus the tricritical mole fraction xy ¢ is
0.0614 or some value between 0.0614 and 0.0664. Since
the distortion of the 0.0664 peak is limited to a 390-mK
region, those data points were omitted and the remaining
data were analyzed in terms of the same theoretical ex-
pression used to fit the 0.0614 data. The size and shape
of the Aép peaks for the 0.0614 and 0.0664 samples are
very similar, and the resulting fit parameters agree quite
well, as shown in Sec. III. Thus it was not felt necessary
to study another sample with an intermediate composition
around x=0.063. No attempts were made to carry out a
theoretical analysis of the data from the 0.0761 or 0.1012
samples.

ITII. DATA ANALYSIS

Let us begin with a brief description of the theoretical
form to be used in fitting the N-Sm A data shown in Fig.
6. For many pure liquid-crystal compounds and binary
mixtures of homologous compounds, the excess heat capa-
city associated with- fluctuations near a N-Sm 4 second-
order transition can be represented by a simple power law

AC,=A,1 “+B, )

(b)
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FIG. 6. Detailed views of Aé,, on two expanded scales AT =T — Ty, ==*1.5 K (lower data set ®) and +0.15 K (upper data set + ).
The smooth curves represent fits with Eq. (9) as described in Sec. III. For the sample with X =0.0664, the peak is rounded and all data
between the two small arrows were omitted from the fitting procedure; see text for further details.
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FIG. 7. Detailed view of the hysteresis observed very close to
the N-Sm A transition in a 7S5 4+ 80CB sample with X =0.0761.
Data on warming (+ ) and cooling (@) runs agree very well over
a range of several degrees above and below the range shown
here. The dashed curve represents the variation expected if this
transition had been continuous rather than first order with a
coexistence range and hysteresis.

or a form including a corrections-to-scaling term
AC,=A,t"*(1+D 1> +B, , (5

where t = | (T —T.)/T, | is the reduced temperature. In
most cases a is positive, which implies that AC, diverges
at T,.''~'* For mixtures, one should in principle measure
AC,4 as a function of t4, where constant ¢ designates a
path of constant chemical potential difference. For mix-
tures of liquid-crystal homologs, the distinction between
C,x and C,, does not seem to be important (probably due
to the small values of d7,/dX, see Ref. 22) and no ap-
parent problems arise in analyzing the data with Eqs. (4)
or (5).13-16

In the present system, however, the distinction between
constant mole fraction X and constant chemical potential
difference ¢ is important. Our experiments, carried out at
constant composition, yield values of AC,x as a function
of the reduced temperature ty. Fisher!” has shown that ¢,
and ty are related by

tg(14+e)+ety “=ty(l4¢"), (6)

where €~ (dT, /dX)? is a measure of the magnitude of the
deviation from ideal behavior, and €' and €" are both
small quantities proportional to €. If e << 1, then t5~1ty
and AC,;~AC,y, which means that no “Fisher renor-
malization” occurs. If € is sufficiently large, there will be
a physically accessible region close to T, where t}~% ~1y
since 147 goes to zero slower than ¢,. In this region one
finds??
Aty R
ACyy=B ————, (7)
1+Dty R

where the renormalized heat-capacity exponent ag <O is
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defined by
ag=—a/(l—a) . (8)

The size of the reduced temperature region over which
Eq. (7) is valid depends on the magnitude of d7, /dX and
.22 Large values of (dT,/dX)* and large positive
values of a imply a large region of Fisher renormaliza-
tion. We have already noted that dTy ,/dX is large for
the 7S5 + 80CB system. Furthermore, the effective ex-
ponent « is quite large (> 0.2) for many second-order N-
Sm A transitions'"'? and is ~0.5 at several N-Sm A tri-
critical points.!?~!'® Thus Fisher renormalization should
occur over a wider reduced temperature range than that
predicted!’ and seen®* for Ising systems.

We will show below that excellent fits to Afp can be
obtained with the fully renormalized form (7) in which the
scaling relations af =ag =ag and BT =B~ =B are im-
posed. Thus we will use the form

+, 7R
_p_ -4t ©)
1+D* R

ol
AC;

where the superscript denotes above (+) or below (—)T.
and ¢ is, of course, the experimentally accessible ty. In
order to test the compatibility of the data to the scaling
equalities for a and B, we also carried out independent
fits to the Sm 4 data alone and the N data alone. Details
will not be given, but scaling was well obeyed in all cases.
Typical results were Aag/agr=|ap —ag |/ag=0.05
and AB/B=|B*—B~ | /B=0.01.

In fitting the AEP data, there are six adjustable parame-
ters ag,B,A1T,D*, 4=, and D~ since T, is taken to be
the temperature where AC_p exhibits its maximum. Allow-
ing T, to be another free parameter typically alters this
value by less than =1 mK and does not change the other
fit parameters significantly. The least-squares parameters
for fits with Eq. (9) over the range |7 —T7,.| <1.5 K
(t <4.5x1073) are given in Table II. These parameters
are quite stable when the range is expanded to
| AT | <3.5 K or shrunk to | AT | <0.15 K.?*> The stan-
dard deviation in the critical exponent ay obtained from
the least-squares-fitting routine is given in Table II. Note
that the uncertainty figure is quite large for the 0.0326
sample. This is due partly to the small magnitude of this
excess heat capacity and partly to a small but systematic
oscillation in the 0.0326 data points (see Fig. 6). The latter
was caused by imperfect bath-temperature regulation dur-
ing the 0.0326 run and is also reflected in the larger X3
value.

The 95% confidence limits on each ai value were ob-
tained by stepping a through the region of its minimum
and applying the F test. For the 0.0614 sample, the varia-
tion of X2 with ay is shown in Fig. 8 and one obtains
ag = —0.92510.17. For the other samples, the results are
ag=—0.99£0.43 (X=0.0664) and ar=—0.65%£0.26
(X=0.0504). In the case of the 0.0326 sample, the X2
minimum is very broad and the F test does not provide
physically reasonable limiting fits. We estimate that
ag=—0.557823 (X=0.0326).

The quality of the fits is indicated by the smooth curves
shown in Fig. 6 as well as the X2 values. It should be not-
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TABLE II. Least-squares fitting parameters obtained from a simultaneous fit of data in the N and Sm A4 phases with Eq. (9). The
units of A+ and Bare JK~! g7, tmin denotes the smallest value of reduced temperature used in fits above ( + ) and below ( —) T,. The
number of degrees of freedom v=N — 6, where N is the number of data points. The uncertainties for the az values are the standard de-
viations given by the fitting routine; 7, values are fixed at the values given in parentheses.

X

8OCB T. (K) £ min aR B A+ A /AT D+ D-/D* v X2
—5.5%1073

0.0326 (326.295) 4 5.8 105 —0.551+0.17 0.2066 2.962 0.7607 13.72 0.3843 425 1.64
-5

0.0504 (324.241) ; };i 18_5 —0.653+0.03 0.3752 15.71 0.6541 40.50 0.6137 492 1.38
-5

0.0614 (337.118) ; :Zi }8,5 —0.925+0.02 0.3824 80.15 0.6368 224.7 0.6138 683 1.05
—4.7x107*

0.0664 (337.637) 468510~ —0.991+0.05 0.3958 113.3 0.5467 295.2 0.5838 179 0.81

ed that there are no systematic trends in the deviations be-
tween the data and the theoretical curves except for the
0.0664 data close to the transition. As discussed in Sec.
I1, the specific-heat peak was systematically rounded in all
runs done on the 0.0664 sample. The data points lying
between the two arrows in Fig. 6, which were omitted
from the fit, clearly show the character of this rounding.
Note also that the term Dt % in Eq. (9) is substantial in
all the fits and plays a significant role when ¢ >3 X 107%,
A fit with the simple form B — Ar % (i.e., D*=0) over
the range t <3.5x10™* yields ay values consistent with
those given in Table II. However, such fits are very poor
over a wider range and cannot be improved in a self-
consistent way by adding an empirical “correction term”
to give the form B — At~ “*(1+D,t®). The latter form
can mimic the data over a moderate range but exhibits
very large systematic deviations on range expansion.

2.0}
1.8 I -
1.6 -
X2}
1.4 | -
1.2 I -
i $ $ ]
1.0 L3 | B 1 4 1 2 1 A L
-4 -1.2 -1.0 -06 -04

-0.8
Qa

FIG. 8. X7 values for least-squares fit to AC, on the 0.0614
sample as a function of fixed values of ai . For this data set, 95%
confidence limits correspond to X2/X3(min)=F
(677,677)=1.13. These 95% confidence limits are indicated by
the two small arrows.

IV. DISCUSSION

The N-Sm A phase boundary is steep over the entire
range as shown in Fig. 1. Table III shows that the value
of (dTy 4 /dX) at the tricritical point is much larger for
7S5 + 80CB than for any other liquid-crystal system ex-
hibiting a N-Sm A4 tricritical point. Thus Fisher renormal-
ization, which depends on the magnitude of (dTy 4 /dX)?,
is expected to occur and is seen in all our samples. The
only other case of Fisher renormalization in liquid crys-
tals known to us involves the Sm 4 ,-Sm 4, transition in a
hexylphenylcyanobenzoyloxybenzoate  and  terephtal-
bisbutyl aniline mixture (DB;+TBBA).?°~2 In this case
(dT,/dX)~163 K and Fisher-renormalized Ising ex-
ponents were observed. Both the 7S5+ 80CB and
DB+ TBBA systems involve mixtures of one polar and
one nonpolar component. It seems physically reasonable
that constant-X and constant-¢ paths would not be
equivalent in a binary mixture of such dissimilar mole-
cules. No indications of Fisher renormalization are ob-
served in mixtures of two polar homologs (8CB 4 10CB)
(Ref. 16) or two mnonpolar homologs (6010+ 6012),!3
(40.8+60.8). 1

Assuming that the critical exponents found from fitting
our data with Eq. (9) are fully Fisher renormalized, we
can obtain the underlying exponents a from Eq. (8). In
the case of the tricritical region, the 0.0614 sample yields
a=0.481+0.05, which is confirmed by the somewhat less
reliable value obtained from the 0.0664 sample
(a=0.50%£0.11). The uncertainties quoted here corre-
spond to 95% confidence limits. The exponent value 0.48
is in good agreement with a, values for other N-Sm 4 tri-
critical systems, as shown in Table III. It also agrees well
with the theoretical Gaussian tricritical value of L. How-
ever, it should be noted that for 9CB and 10SS, the only
systems in which tricritical behavior has been studied with
x rays, the correlation exponents v, and v, and the sus-
ceptibility exponent ¥ do not quite agree with the Gauss-
ian tricritical exponents v,=v,=1 and y=1. For 9CB
v;=0.57%0.03, v,=0.37+0.05, ¥ =1.09+0.05, while for
1085 v;=0.61+0.03, v,=0.51£0.05, y=1.10%0.05.%
Table III also shows that the heat-capacity amplitude ra-
tios 4~ /A" do not exhibit a universal value, and the
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TABLE III. Comparison of several liquid-crystal systems near their N-Sm4A tricritical points (TCP’s).

width of the nematic range at the tricritical composition.
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AT = T;y] — T_,\'A is the

System Ref. LY Ty 4 AT Tya/Ty dTy4/dX a 4 /47
1085 12 358.56 352.45 6.11 0.983 ~5.53 0.45 ~1.7
+0.05
(near TCP) +
6010+ 6012 13 361.86 359.03 2.83 0.992 5.31 0.52 1.38
(X,,=0.40)
40.8 + 60.8 14 353.42 345.76 7.66 0.978 19.28 0.51 1.47
(Xo=0.35) St
9CB + 10CB 15 322.75 320.85 1.90 0.994 5.30 0.50 1.00
(X ,0~0) +0.05 +0.05
8CB + 10CB 16 316.96 314.26 2.70 0.991 10.80 0.50 1.00
(X10=0.3135) +0.02 +0.05
7S5 + 80OCB 357.8 337.12 20.7 0.942 289 0.48 (0.64)
(Xs0cp ~0.0614) +0.05

*This is the ratio for the Fisher-renormalized peak amplitudes obtained from Eq. (9). Since the C, peak is a finite cusp in this case, any
ratio A~/ A" <1 means that the excess heat capacity below 7, is larger than that above T,.

liquid-crystal values clearly disagree with the >He-*He tri-
critical value of ~7.3° This nonuniversality in amplitude
ratios indicates that measurements have not been made
sufficiently close to the tricritical point to obtain universal
behavior.?! It seems likely that nonuniversal, nonasymp-
totic amplitude ratios can be reasonably well described in
terms of a single parameter z ~(a /R ), where R, defines
the range of interactions relative to a microscopic length
a.’? Qualitatively, the liquid-crystal tricritical region is
characterized by a z value larger than that for the *He-*He
tricritical region (z=0.12), which implies that liquid-
crystal tricriticality is further away from the classical tri-
critical behavior obtained at z=0.

For the samples that undergo second-order N-Sm A
transitions, the unrenormalized a values are 0.35+0.13
for the 0.0326 sample and 0.40+0.11 for the 0.0504 sam-
ple. These are similar to the effective second-order ex-
ponents observed in other systems that are not too far
from a tricritical point; for example, a=0.30 for 8CB.*

The N-Sm A transition in 7S5 + 80CB has been studied
in the vicinity of the N AC multicritical point with x-ray
and light scattering techniques.>> For the analysis of
samples in the composition range X =0.0219-0.0260, it
was found necessary to take into account the effect of the

TABLE IV. Critical exponents associated

with the second-order N-Sm A

curvature of the phase boundary on the observed diver-
gences. For samples with X=0.0346 and 0.0356, the cur-
vature of the phase boundary had no effect on the critical
exponents; and these samples yield v,;=0.90+0.03,
v;=0.78+0.04, and ¥y =1.59+0.06. We believe that such
unusually large exponents represent the Fisher renormal-
ized values vg =v/(1—a) and yg =y /(1—a). Using our
value of @ =0.35 for this composition range, we obtain the
underlying true exponents v,=0.58+0.02, v,=0.505
£0.025, and y =1.03+0.04.

Table IV provides a comparison of the unrenormalized
critical exponents for X ~0.034 and the exponents ob-
served in 8CB, a polar liquid crystal in which the N-Sm 4
transition is second order but not too far from a tricritical
point at X ocg =0.3135 in a 8CB + 10CB mixture.'® The
correspondence in exponent values is quite good for a and
v, but less so for v; and y. It should be noted that the
trends reported previously for nonuniversal N-Sm A ex-
ponents'® seem to indicate that the variations in a and v,
are coupled as are the variations in v, and y. For exam-
ple, both @ and v, agree with XY values (—0.007 and
0.67) in 40.7 but v, and ¥ do not, whereas v, and y agree
reasonably well with XY values (0.67 and 1.32) in 8CB
but a and v, do not. Any significance of a coupling in

transition in a

7S5 + 80CB mixture with X ~0.034 and in 8CB. The theoretical X Y-model exponents are also given.
Anisotropic hyperscaling predicts that a+v;+2v,=2. The uncertainty value for this quantity is
based on standard deviations for the three exponents.

Material a v vy 4 a+v)+2v,
X ~0.034 —0.55 0.90 0.78 1.58 1.91+£0.28
(obs,renormalized)
X ~0.034 0.35 0.58 0.505 1.03 1.941+0.14
(unrenormalized)
8CB 0.31 0.67 0.51 1.26 2.00+0.13
(Refs. 32 and 34)
XY model —0.007 0.67 0.67 1.32 2

(Ref. 35)




36 CALORIMETRIC STUDY OF NEMATIC-SMECTIC-4 TRICRITICAL ...

the critical behavior of C, and the transverse correlation
length &, on one hand and the susceptibility o and the
longitudinal correlation length &, on the other hand is not
clear.

In summary, we have observed Fisher-renormalized tri-
critical behavior in the heat capacity of a 7S5 + 80CB
mixture with X=0.0614. The N-Sm 4 tricritical point in
this system occurs at a composition where the stability
range of the nematic phase is unusually large:
(Tni—Tn4)=20.3 K or Ty, /Ty;=0.943. The second-
order N-Sm A transition is also Fisher renormalized. The
underlying true critical exponents a, v, v,, and y for a
X ~0.034 sample are similar to those in pure 8CB but do
not agree with the XY model. The occurrence of full
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Fisher renormalization is related to the unusually large
value of (dTy4/dX)* in this mixture of a polar and a
nonpolar compound. We believe that this system consti-
tutes the best-established example of Fisher renormaliza-
tion of the critical heat capacity seen in any system other
than *He-*He. ¢
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