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A study of the phase diagram and thermal properties near the nematic —smectic-
A —smectic-C (NAC) multicritical point reveals the importance of the roles that biaxiality
and bare correlation lengths play in the description of this multicritical point. Compar-
ison with models of the NAC point by Chen and Lubensky, and Chu and McMillan, indi-
cate that these models lack qualitative agreement with the data in important areas. There

are, however, certain areas of agreement.

I. INTRODUCTION

When the nematic —smectic-4 —smectic-C
(NAC) multicritical point was initially suggested,
the two proposed explanations of it were very dif-
ferent. Chu and McMillan' (CM) proposed a
model in which smectic C had the dipolar order
parameter of McMillan’s theory,” while the
smectic-4 order parameter was the one-dimensional
density wave of Kobayashi,3 McMillan,* and de
Gennes.” Tilt of the director away from the layer
normal enters the CM model somewhat incidental-
ly through a gradient term coupling the two-order
parameters. Chen and Lubensky® (CL) found an
NAC point in a model where the only order
parameter was the one-dimensional density wave.
Tilt of the director relative to the layer normal is a
central feature of this model and occurs when the
coefficient of the transverse gradient term becomes
negative.

Differences between the two models are substan-
tial. For example, in the CL model, due to the
vanishing of a twofold degenerate gradient term
coefficient, the NAC point is a type (m=2) of
Lifshitz point,” which leads to the prediction that
x-ray scattering in the nematic phase near the
NAC point falls off in the transverse direction as
k[, rather than the usual k [ 2 predicted by the
CM model. Furthermore, the nematic —smectic-C
(NC) transition entropy is zero in the CM model
but is expected to be finite in the CL model be-
cause of fluctuations.®~1°

When the NAC point was discovered experimen-
tally,“’12 the NC transition was indeed found to be
first order with a transition entropy that went con-
tinuously to zero near the NAC point. Based on
the success of the CL model in predicting both the
existence of the NAC point and the finite NC en-
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tropy, the NAC point has been viewed theoretical-
ly'*~16 as an analog in liquid crystal systems of a
Lifshitz point (LP), which, as originally conceived,
was a magnetic multicritical point’ where the
para-, ferro-, and helically ordered phases become
identical. Recent x-ray experiments,” however,
failed to find the k | * angular dependence charac-
teristic of the LP, finding instead the usual
Lorentzian line shape. Furthermore, our recent
thermodynamic and microscope studies'® yielded a
phase diagram having the wrong topology and heat
capacity anomalies not readily explained by a LP
interpretation. On the basis of these results, we
suggested that the NAC point is not a LP.

The purpose of the present paper is twofold:
first, to present considerable new data that more
clearly characterizes the neighborhood of the NAC
point and, second, to point out what may be
learned about the NAC point by examining the ob-
served phase diagram and thermal anomalies in the
light of our general understanding of critical
phenomena, and in the light of existing theories of
the NAC point, namely, the CM and CL theories.

Section II describes the procedures unique to the
present experiments and presents the experimental
results in graphic form. In Sec. III the results are
discussed in general terms and also in relation to
(1) the theory of the liquid crystal LP, i.e., the CL
theory, and (2) the CM theory.

II. EXPERIMENT AND DATA

The materials studied in this work are mixtures
of 785 and 8S5, and 7- and 8-carbon chain
members of the 4-n-pentyl-phenylthiol-4'-
alkoxybenzoate (7S 5) homologous series. They
were synthesized and recrystallized three times
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from ethanol by M. E. Neubert and S. Laskos of
the Kent State Liquid Crystal Institute and are es-
timated to be 99 + % pure. In a previous study,'!
75 5-8S 5 mixtures were shown to exhibit an NAC
point at approximately 40 mol %7S5. Ten mol %
intervals were used leaving the question of the to-
pology of the phase diagram near the NAC point
open, notwithstanding the lines drawn as an aid to
the eye in Fig. 1 of that work which turned out to
be a good guess. Semiquantitative DSC
calorimetric measurements were reported there;
whereas, in this work, we have determined the
phase diagram and thermodynamic properties with
much higher resolution through the use of high
resolution ac microcalorimetry and quantitative
DSC measurements as well as thermal microscopy.
Specific-heat measurements in the vicinity of the
nematic —smectic-4 (NA), smectic-4-smectic-C
(AC), and nematic —smectic-C (NC) transitions ap-
pear in Figs. 1 —3, respectively. All were made us-
ing an ac microcalorimeter described previous-
ly.!"2° The present experiments required no modifi-
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FIG. 1. Specific heat versus reduced temperature
near the NA transitions of pure 855 and five mixtures
(15—42 % 7S5). The lowest temperature point has a
heat capacity of approximately 1200, 1150; 1125

J/mol°C for x=0, 15, 30%, respectively, and 1100
J/mol °C for the rest.
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FIG. 2. Specific heat versus reduced temperature
near the AC transitions of pure 855 and five mixtures
(15—42 % 7S5). The arrows designate NA transitions.
The 42% sample is very close to the NAC point.

cation of techniques. The amplitude of the thermal
oscillations was 0.005 K for all data reported.

In agreement with the previous work,!! NA and
AC transitions were found to be continuous and
NC transitions first order. A Perkin-Elmer DSC-2
scanning calorimeter was used in combination with
the high-resolution ac calorimeter to measure the
NC transition entropies. A typical DSC scan is
shown in Fig. 4 which also illustrates the technique
used to separate pretransitional enthalpy from la-
tent heat. As seen in Figs. 3 and 4, the specific

SMECTIC C NEMATIC ]
" __ 80
F /‘ 7 J
i e 50 1
I » S
& / 43.5
L R 42.5
o / 42.347
20 R
° e 42.15
-6 -4 -2 0 2 4 6
LR
T, !

FIG. 3. Specific heat versus reduced temperature
near the nematic —smectic-C transition of several mix-
tures. Zero of the ordinate is different for each concen-
tration of 7S5, 43.5—80 %. The baseline is approxi-
mately 1100 J/mol°C in each case.
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FIG. 4. DSC-2 scans of the NC transitions of 45%
and 42.9% 7S 5. Discussion of solid lines is given in the
text.

heat on the high-temperature side of the NC tran-
sition, measured by either ac or scanning
calorimetry is very nearly independent of tempera-
ture. Therefore, one can extrapolate this weakly
temperature-dependent specific heat to the low side
of the transition with high precision (see Fig. 4).
From the ac calorimetry measurements (see Fig. 3),
one can accurately find the jump, ACyc, in specif-
ic heat at the NC transition. The vertical line in
Fig. 4 was drawn at a position where the DSC
scan lies ACyc above the extrapolated line; hence
it divides the enthalpy into a pretransitional contri-
bution to the left of the vertical line and a latent
heat to the right of it. The error in this procedure
is primarily due to the uncertainties in the extrapo-
lation, the position of the vertical line, and, to a
much lesser extent, the measurement of ACyc by
ac calorimetry. Note that the precision of this
technique depends on the specific heat on the
high-temperature side being weakly temperature
dependent. Had there been a strong pretransitional
contribution above the transition, the method
would have been much less precise. The estimated
precision in measuring the nematic —smectic-C
transition entropy, ASnc, by this method is
~+0.001R,. Results are shown in Fig. 5. The er-
ror bars displayed were taken as the standard devi-
ation of many runs (see Fig. 5 caption).

The phase diagram in the vicinity of the NAC
point is shown in Fig. 6. Both thermal microscopy
and ac calorimetry were used in determining this
diagram because, for concentrations greater than
41%, the NA transition temperatures were un-
detectable by ac calorimetry as Fig. 1 suggested.
Transitions to the C phase (NC,AC) were precisely
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FIG. 5. NC transition entropy versus concentration.
Solid lines are fits to the data at concentrations greater
than 45%. Inset is an expansion of region enclosed by
dotted lines. Each point represents the average of 15 to
25 scans involving several samples.

measured (+0.01 K) by ac calorimetry (see Figs. 2
and 3). They are also easily observed under the
polarizing microscope using homeotropic align-
ment. In this configuration the field of view is
dark in the nematic-and smectic-4 phases but be-
comes suddenly bright in the C phase because the
layers remain (or come in) parallel to the film
while the director tilts relative to the layer normal.
This brings the optic axis (acute bisectrix) away
from the layer normal and produces birefringence.
Thus the C line in Fig. 6 has been precisely deter-
mined by both ac calorimetry and thermal micros-
copy. It was necessary to shift the C-line micro-
scope data uniformly by + 0.5 K to gain agree-
ment with the calorimetry data. The temperature
range of the A phase for 40 and 41% samples was
determined by both ac calorimetry and thermal mi-
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FIG. 6. Phase diagram near the NAC point. The
solid line through the AC and NC data is a straight line
fit but that through the NA data is an aid to the eye.
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croscopy. The NA thermal anomaly, though weak,
is readily observable as a small peak for the 40%
sample and as a change in slope for the 419% sam-
ple. An expanded graph of the 41% data is shown
in the inset of Fig. 1 where the change in the slope
can be seen. The temperature width of the 4 phase
for this sample was determined to +0.05 K with
the uncertainty coming primarily from the deter-
mination of the NA transition temperature. The
40 and 41% calorimetry points on the NA line are
plotted with respect to the fitted C line, not the
corresponding calorimetry point on the C line.
Thus the temperature interval between these points
and the solid C line represents the width of the 4
phase determined by ac calorimetry. The micro-
scope data on the NA line were determined by
vanishing of light scattered by director fluctua-
tions.

III. DISCUSSION OF EXPERIMENTAL
RESULTS

Present theoretical understanding of the three
phase transitions studied here is deficient. In spite
of vigorous experimental and theoretical efforts, the
NA transition remains one of the least understood
and most interesting examples of critical phenome-
na. Though currently less intensely studied, the
NC transition is likely to be at least as difficult and
interesting as the NA. Both transitions involve the
onset of translational ordering in one spatial direc-
tion: parallel to the director for the NA transition
but skewed to it for the NC. It is, therefore, natur-
al to think of the line of nematic —smectic transi-
tions (NA and NC) as a line of order-disorder tran-
sitions and the AC line as a line of more subtle
order-order transitions analogous to certain struc-
tural transitions in solids®! or the spin-reorientation
transition in certain magnetic systems.?? The anal-
ogy gains further appeal when pursued in some de-
tail”® as it would appear to explain the apparent
mean-field behavior of the AC transition on the
basis of a Ginzburg criterion.?*

From the discussion that follows, however, it
will be seen that the above view of the NAC phase
diagram may at best be somewhat naive in that the
thermal properties are, to say the least, not readily
explained by such a picture. The data suggest that
it is rotational ordering that dominates thermal
behavior in the vicinity of the NAC point while
the onset of layering is subtle indeed. This point
will be illustrated by discussing first the line of
nematic —smectic transitions (NA and NC lines)
and second the line of smectic-C transitions (AC
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and NC lines) with emphasis on the continuity, or
lack thereof, of thermal properties and phase boun-
daries.

A. Nematic—smectic transitions (NA and NC lines)

According to the phase diagram of Fig. 6, the
nematic —smectic line has a sharp discontinuity in
slope at the NAC point. Furthermore, examina-
tion of Figs. 1 and 3 reveals a profound difference
between NA and NC thermal anomalies. Whereas
the NA anomalies appear to be lambdalike indicat-
ing strong fluctuation effects and a broad critical
regime, the NC anomalies indicate very weak fluc-
tuations and a pronounced specific heat jump, sug-
gestive of mean-field or near mean-field (Gaussian)
behavior. It is, therefore, tempting to characterize
the nematic —smectic (NS) line as exhibiting
abrupt crossover between critical and classical
behavior at the NAC point. However, the truth
will not be known until the bare coherence lengths
have been measured (they are model dependent)
and a Ginzburg criterion examined. This point is
discussed further below. In any case it is true that
the introduction of tilt (biaxiality) profoundly alters
the nature of the nematic-to-smectic transition in a
way which, as we shall show, is not immediately
suggested by current models’® of the NA and NC
transitions. Clues to the significance of this may
be found by considering the NA and NC transi-
tions separately.

1. NA transitions

Although the NA transitions are lambdalike, in-
dicating strong fluctuations, the amplitude of the
anomaly is observed to decrease very rapidly as the
NAC point is approached and has nearly vanished
at 41% (Fig. 1). Even after the thermal anomaly
has become undetectable the transition can still be
observed under the microscope; or by light scatter-
ing, or by Freedericksz transition measurements of
the divergence of the bend (or twist) curvature
coefficients. The latter two kinds of measurements
were performed on a sample having a smectic-A4
range of 0.18 K (~41.7%), and established that
the NA transition remains sharp on a scale of a
few millidegrees.

The disappearance of the thermal anomaly is
probably not directly related to the NAC point as
similar behavior has been observed in systems hav-
ing no such point?>?® and indeed no C phases. A
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unifying characteristic of the systems studied is
that the strength of the NA anomaly decreases rap-
idly with increasing nematic range, suggesting that
the degree of nematic order near the NA transition
is important. Another unifying feature is that the
amplitude of the anomaly decreases as the bare
smectic-A coherence lengths,!”'#26 measured by x-
ray scattering, increase. For example, in the
present study these lengths are 916 A, §?| ~50
A for a sample with an 4 range of 0.28 K

(X ~41.6%) (similar values are found for a 41%
sample),'” whereas the corresponding values found
for pure 8S'S were only ~0.9A and ~61°X, respec-
tively.?” Thus the bare lengths increase rapidly
with nematic range. This particular result can ex-
plain why the anomaly vanishes, as shown by the
following discussion.

Whereas scattering probes of critical phenomena
sample a narrow range in wave-vector space,
specific-heat measurements sample fluctuations at
all wave vectors. Therefore, and because there is
no characteristic length in the problem, fluctua-
tions in all wavelength ranges between some small-
est and some largest length, i.e., £, and
E(t)=Et ", contribute. From the simple argu-
ment that the largest fluctuation should have a free
energy cost ~kgT, it follows that near a critical
point the free energy density should scale as?

F~gi'er” M
in units of kg T per unit volume, where

§||=§‘|)|t_" (2a)
and

Ei=E1". (2b)

Now C= —3%F/3t*=A |t | =% Therefore,
F~At*=% and Aé‘ﬂ(é’?)ztz_“'”:const. This im-
plies that 3v=2—a, which is the d=3 version of
the so-called hyperscaling law dv=2—a. Hence
we have the interesting result

Agﬁ(g(f)z:const , (3)

i.e., that the specific-heat amplitude, 4, scales in-
versely as gﬁ(g‘f ), in qualitative agreement with
our experiments. The constant in Eq. (3) is be-
lieved on theoretical grounds to be universal,” a
result known as two-scale factor universality be-
cause it reduces from three to two the number of
independent scale factors needed to describe an or-
dinary critical point. For the bare lengths given
above, Eq. (3) predicts that pure 855 has an ano-
maly 27 times stronger than the 419% sample. A

look at Fig. 1 suggests that this is not an unreason-
able prediction.

It would appear, then, that the NA line is a line
of critical points and that specific-heat and x-ray
results are at least in qualitative agreement with
general scaling concepts. The precise kind of criti-
cal behavior displayed by the NA transition is, of
course, the subject of intense current study. Earlier
work!® suggested that the heat capacity anomaly
for pure 8S5 is very nearly heliumlike [~ O(log)].
One would like to know whether this behavior per-
sists along the NA line, but such a study is compli-
cated by the rapid decrease in amplitude. Never-
theless, by using mixtures to study what appears to
be a crossover from tricritical to critical behavior
in the 7S 5 homologous series*® (1055, 955, 8S5), it
may be possible to establish the value of a and oth-
er critical exponents and amplitude ratios necessary
for a complete characterization of critical behavior
near the NA line. Such work is in progress.

2. NC transitions

Thermal behavior near the NC line is sharply
different from that near the NA line. Whereas the
NA transitions are continuous and exhibit strong
fluctuations, the NC transitions are discontinuous
(first order) and exhibit very weak fluctuations.
According to accepted concepts of fluctuation phe-
nomena, a crossover between strong and weak fluc-
tuation regimes could be explainable by some
Ginzburg criterion?*

k3

= 5 5.7 4
3274 AC)%ES @

e}

where AC is the specific heat jump, &, is the bare
coherence length [§g—+(§ﬁ)2(§?)4 for the uniaxial
system], and ¢ is the width of the critical regime
in reduced temperature units. For the 41% sample
ACna << R (Fig. 1). Taking £=50 A and
£)=1.6 A from x-ray measurements'” leads to

tc > 0.1, i.e., a wide critical regime. The NC criti-
cal regime appears by contrast to be very narrow.
Figure 3 suggests that t5 < 10~* which, for
ACnc~ 10R, (see Fig. 3), gives £5 > 8.3 A. This is
to be compared with the average smectic-4 coher-
ence length defined by §3=(§ﬂ§?2)‘/3 which for the
41% sample is 5.0 A. Clearly, therefore, a
Ginzburg criterion explanation of the change in
nematic —smectic thermal properties at the NAC
point implies a rather abrupt and substantial in-
crease of the bare correlation lengths. In a one-
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order parameter model such as the Lifshitz point
model’ of Chen and Lubensky,® the imposition of
such a sudden change in bare lengths would seem
rather ad hoc. Had ACyc gradually vanished on
approach to the NAC point so as to match
smoothly into NA behavior, or had there
developed a finite ACy, on the NA line such that
ACynp—ACnac=ACnc, a one-parameter model
would be more plausible. But, in fact, ACyc
remains constant (~10+1.2R,) and ACy, ~O0 right
up to the NAC point as can be seen in Figs. 1 and
7. There may, of course, be a reason other than
the Ginzburg criterion for the abrupt change in
properties. In particular, it should be noted that
the above arguments rest on the assumptions that
the discontinuities in C, at the NC transitions and
the absence of a divergence in C, above T'xc are
the signatures of a weak fluctuation, or near
mean-field regime. Alternatively, the divergence
may be cut out by the first-order phase transition.
One would then expect the disappearance of the la-
tent heat to be accompanied by a growth of pre-
transitional heat capacity anomaly, which does not
happen. However, the absence of such an anomaly
may result from large bare coherence lengths a la
Eq. (3) for the NA transition. Then by definition,
the critical regime would obtain. Such an inter-
pretation of the data introduces a degree of con-
tinuity to the thermal properties along the line of
nematic —smectic transitions; hence, it should not
be ignored. However, large bare lengths coupled
with large jumps in heat capacity are normally the

40
3
AO
« : .
o 2T s %
< ] 0 L H L
; 40 41 42 43
10 jﬁ E § §
f————F
i
0 . i . .

0 20 40 60 80 100
7SS CONC. (MOLE %)

FIG. 7. Jump in C, at the AC and NC transitions.
The three highest points are probably underestimated

because of rounding due to finite temperature resolution.

As discussed in the text, C, (42%)=Cnac(T) diverges
below T, but is regular above T, to within experimental
uncertainties. Hence, ACnac is actually infinite if the
effects of rounding are properly treated. It would ap-
pear, then, that AC,¢ diverges at the NAC point.

signature of mean-field, not critical, behavior. Of
course, the application of either the Ginzburg cri-
terion or two-scale factor universality [Eq. (3)] in a
region of first-order phase transitions must be con-
sidered tentative.

Coupled to the question of the nature of the
NAC point is the question of why the NC transi-
tion is first order since Landau theory allows it to
be continuous. If the NAC point is a LP of the
CL type then the answer is presumably that fluc-
tuations drive it first order as a result of the degen-
eracy of such fluctuations® on a ring in K
space.5% 101331 gwift’ and Swift and Mulvaney'?
have extended the perturbation calculation of Bra-
zovskii® to the NC problem and found ASyc
~k Bq(f/41r§ﬂ§(f, where ¢? is the component of the
density wave perpendicular to the director, i.e.,
q%/qo=tanw, where qo=2m/(layer spacing) and ®
is the tilt angle. Unfortunately, it is not currently
possible to test this result since q(f, §?|, and §(f,
which come directly from x-ray data, are not yet
known. The appropriate x-ray experiments are in
progress,>? but their interpretation will be model
dependent.

B. Smectic-C transitions

In contrast to the line of nematic —smectic tran-
sitions which exhibits a kink at the NAC point,
the line of smectic-C transitions (AC and NC) is
continuous as Fig. 6 shows. Furthermore the AC
and NC thermal anomalies are very similar, as
Figs. 2 and 3 show. Weak fluctuation contribu-
tions characterize these transitions and distinguish
them from the NA transitions.

It is of interest to compare the magnitude of the
specific-heat jumps along the smectic-C line. The
results are shown in Fig. 7. Far from the NAC
point ACnc~2ACsc~ 10R, a result for which we
have no explanation, and which may not be of
great consequence. Perhaps it is related to the ad-
ditional molecular degrees of freedom involved at
the NC transition.

As discussed above, ACyc is constant to within
experimental uncertainties all the way to the NAC
point. In contrast, AC ¢ diverges sharply in the
range 40% <X < Xnac=42%. Outside of this
narrow range AC,¢ varies slowly with concentra-
tion and C, shows little evidence of a divergence
above or below T'5c. Instead one observes the step
discontinuity characteristic of a mean-field transi-
tion. In earlier work!® on pure 855 the somewhat
cusplike nature of the AC transition led the au-
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thors to consider the possibility of critical
behavior. Later x-ray measurements?’ of the tilt
exponent (8~0.47),however, suggested mean-field
behavior. A Ginzburg criterion argument based on
de Gennes’s Ginzburg-Landau functional led to the
conclusion that an average bare coherence length

Eo=(£0Y)7*> 13 A would lead to a critical re-
gime less than 10> wide (tg < 1073). Very recent
light scattering measurements®* just above the AC
transition of pure 855 yielded £} ~13.5 A, £)~21
AEy~18 A), and v~0.55 for 103> >2x 107"
in essential agreement with a mean-field or near
mean-field description of the AC transition. Simi-
lar results were obtained from an X=36% sample.
It appears, therefore, that the AC line, at least for
X <40%, is a line of nearly mean-field transitions.
Such a statement is supported by exponents and
the Ginzburg criterion. It is clear from the above
discussions that the AC and NC lines have a great
deal more in common than the NA and NC lines.

Figure 8 is an expansion of the NAC point
specific-heat data (Xysc=42%). It was suspected
that the rather curious shape of this anomaly was
due to finite temperature resolution (+0.005) of the
apparatus. Therefore, the data were fit to a func-
tion of the form

_ 1 t+A
G=>x [, , Gt , 5)
where t=(T —T,)/T,, A=0.005 K, and
|4 +B, T<T, (6a)
P IB, (4=0), T>T, - (6b)
* 1
UCL
127 Ro
50.60 50?70

TEMPERATURE (°C)

FIG. 8. Specific heat versus temperature very near
the NAC point, 42% 7S 5. The solid line is a fit to a
simple power law with integral averaging to account for
finite temperature resolution. Discussion of results is in
the text.

This method of averaging over the finite tempera-
ture interval of the measurements was quite suc-
cessful as the results of the fit show in Fig. 8.
a'=0.67+0.1 was derived from the best fit. It ap-
pears that fluctuations above T, are weak even at
the NAC point. Conceivably, however, the often
universal ratio 4 /A’, which has not yet been calcu-
lated for any NAC point models, is just very small.
It is of interest, therefore, to compare the measured
value of a’ with the value predicted by the m=2
LP. To order ¢, =1+ m/2=2, a is calculated* to
be 0.6. The good agreement may be fortuitous
inasmuch as several other experimental features of
the NAC phase diagram seem to be in disagree-
ment with the concept of an NAC Lifshitz point.
Specifically, the phase diagram topology and con-
tiuity of thermal properties near the NAC point, as
discussed at length above, as well as the x-ray line
shapes,!” are not explained by any LP model. In
support of the Lifshitz point interpretation is this
value of a and the finite NC entropy“; the latter is
not directly related to the Lifshitz point as such
but does arise naturally in the CL model of the
NAC point as a result of fluctuations.®’

C. Chu McMillan model

Unlike the CL model this model employs two-
order parameters to describe the NAC phase dia-
gram. The free energy, ignoring gradient terms, is

F=ay§+3byd+eBd+ 5 fBE ,
where
a=a,(T—-T,), e=ey(T—T,), b,f>0.

1y is the usual density wave amplitude. B, is the
dipolar order parameter introduced by McMillan?
to describe the smectic-C phase. Although this
model has two-order parameters they are not intro-
duced symmetrically. Both terms involving 3, are
scaled by 1/1(2) because f3; is only defined in a layered
phase. Scaling B, terms by the density wave am-
plitude rules out the unwanted biaxial nematic.
The phase diagram predicted by the CM free ener-
gy has a continuous NS line and an oblique AC
line much like the CL model but unlike the present
experimental results. Adding gradient terms but
ignoring director fluctuations, the model predicts
Lorentzian x-ray scattering in the plane perpendic-
ular to the director in the nematic phase above the
NAC point. This agrees with experimental results
but is different from the distinctive k [ * prediction
of a LP theory like that of CL. Finally, the CM
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model predicts ASyc=0 in disagreement with the
present experimental results and with the CL
theory.

IV. CONCLUSION

Extensive data have been presented which pro-
vide a rather thorough characterization of the
NAC phase diagram topology and thermal proper-
ties, both globally and near the NAC point. Com-
parison of these data, and complementary x-
ray'"2332 and light scattering data,>* with two hy-
potheses central to phase transition phenomena,
namely, the Ginzburg criterion* and two-scale fac-
tor universality,?’ suggest that the NC and AC
transitions have more in common than the NA and
NC transitions. This suggests that biaxiality plays
a more important role in the description of the
NAC phase diagram and thermal properties than
had previously been thought.

If our application of the above hypotheses is
correct then the conclusion is that the C line is a
line of nearly mean-field transitions because of the
Ginzburg criterion. It may well be, therefore, that
thermal properties along the C line are continuous
and along the NS line discontinuous at the NAC

point because the onset of layering has been
washed out by two-scale factor universality leaving
the onset of biaxiality as the primary contributor to
C,. If so, this leads to the interesting question of
whether one can have systems where the bare
lengths are shorter near the NAC point resulting in
strong multicritical fluctuation phenomena.

As a final point it should be mentioned that
another potential reason for nearly mean-field
behavior is dimensionality. For example, certain
structural transitions involving soft acoustic modes
are at or above the upper critical marginal dimen-
sionality,”! d,. Although the AC transition has
similarities with such transitions, especially in the
presence of a magnetic field,” d, is actually four in
the de Gennes model,’ so its mean-field behavior is
likely not related to dimensionality. d, for the
m=2 LP is five.’
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