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We have carried out high-resolution x-ray scattering and heat-capacity studies of the nematic
(N)~smectic-A (SmA) transitions in 4'-(4"-n-alkoxybenzyloxy)-4-cyanostilbene with the alkyl chain
of length 7 (T7) and 8 (T8). The material T7 exhibits only a single nematic —to —smectic-A

&
transi-

tion where the SmA i period is commensurate with the molecular length l. T8 exhibits with decreas-
ing temperature the doubly reentrant sequence N-SmAd-N-SmA

& where the SmAd period is incom-
mensurate with d —1.2/. For both T7 and T8 we find second-order N-Sm A l transitions with identi-
cal reduced amplitudes and exponents; the critical exponents so obtained are y = 1.22+0.06,
v~~=0. 69+0.03, v~ ——0.63+0.03, and a=0.06+0.06. These are close, but not identical, to those ex-
pected for an ideal XY transition and they give v~~+2v&+a —2=0.01+0.15, in good agreement with
anisotropic hyperscaling. The lower N-Sm Ad transition in T8 gives y = 1.53+0.1, v~~

=0.88+0.05,
and v&

——0.76+0.05, in disagreement with all models. The heat capacity associated with this transi-
tion is too small to yield a reliable value for the critical exponent a. In the reentrant nematic phase
of T8, the Sm Ad and Sm A & fluctuations are essentially independent; the Sm Ad fluctuations change
over from being SmA-like to SmC-like with decreasing temperature in the reentrant nematic phase.

I. INTRODUCTION

Critical behavior at the nematic (N) —smectic-A (SmA)
transition has now been extensively studied in a wide
variety of liquid-crystal systems. ' From these experi-
mental studies a consistent pattern has emerged. The ex-
ponents typically are close, but not identical, to those ex-
pected for an idealized three-dimensional (3D) XY transi-
tion. However, the correlation lengths grow anisotropical-
ly, in violation of conventional scaling ideas. Further, the
exponents are nonuniversal although they are internally
consistent to the extent that various scaling laws are
satisfied. These nonuniversal exponents seem to vary in a
regular fashion with the nematic temperature range and it
has been suggested that the "true" N-Sm 2 exponents
would be obtained in systems with very long nematic
ranges. '

Concurrent with these detailed studies of critical phe-
nomena at the N-Sm A transition, it has been discovered
that the SmA phase itself is much richer than originally
anticipated. Specifically, researchers at Bordeaux and
others have synthesized new families of polar smectogenic
materials which exhibit phase transitions between distinct
SmA phases. ' These materials and the nature of the
different Sm A phases they exhibit are themselves extreme-
ly interesting and important. Studies of critical phe-
nomena in these materials have now just begun to be re-

ported. '

In this paper we report high-resolution x-ray scattering
and heat-capacity studies of the N-SmA critical behavior
in the materials 4'-(4"-n-alkoxybenzyloxy)-4-cyanostilbene
with alkyl chain lengths of 7 (T7) and 8 (T8). The molec-
ular structure and the general phase diagram" for alkyl
chain lengths between 7 and 9 are shown in Fig. 1. T7
exhibits the sequence of phases

-566 K -400 K
I ~ N ~ Smd~,

while T8 exhibits a reentrant sequence
-566 K -521 K -412 K -367 K

I ~ N ~ Smdd ~ N ~ SmA~ .

For T7 one has T~A /T~i ——0.7 compared with, for exam-
ple, 0.93 in N-(4-n-butyloxybenzylidene)-4'-n-heptylaniline
(40.7) which has previously been considered to show
characteristic N-Smd critical behavior. Clearly the very
long nematic range in T7 will allow one to test the conjec-
ture of Ref. 1 that in such materials one would observe
true N-Smd exponents. We should note, however, that
Chan et al. ' have already found exponents for the
N Sm Ad transition -in 4-n-hexylphenyl-4'-(4"-cyano-
benzoyloxy)benzoate (DB6) where Tiv~/Tivt =0.82 which
do not follow the suggested trend. Chan et al. ' have also
studied the N-Smd~ transition in mixtures of DB6 and
terephthalylidene-bis-butylanilene (TBBA) but the inter-
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Iwas dehydrated with formic acid yielding 4-bromo-4-

stilbene. The resulting stilbene was cyanated with cu-
prous cyanide, thereby producing 4-cyano- '-

hydroxystilbene, which in turn was esterified with the ap-
propriate acid chloride to give the desired 4'- 4"-n-
akloxybenzoyloxy)-4-cyanostilbene.

The purities of the products were determined at each
stage by reverse-phase high-performance liqui chromato-
graphyl over octadecylsiloxane using acetonitrile as the
eluant. Detection of the eluting fractions was made spec-
troscopically at 254 nm. The purities of the final products
were found to be better than 99%, with no trace of the cis
isomer being present. The structures of the products of
each stage of the synthesis were confirmed by infrared,
NMR, and mass spectral analysis.

B. Heat capacity

350K

8
n

FIG. 1. Phase diagram from Ref. 11 of Tn (cyanoalkylter-
hen 1) compounds and their mixtures. Data were taken on

T7 and T8 over the range of temperatures indicated y e
ted vertical lines. The structure of a Tn molecule is shown at
the top.

pretation of the exponents obtained in those experiments
is complicated by the presence of a nearby N-Smd~-
SmA2 multicritical point as well as possible Fisher renor-
malization effects.

Studies of T8 are of interest for two reasons. First, one
can compare the critical behavior for N-Smd~ and X-
S 3 transitions in the same material. Seco, h

~ ~ ~

1 Second the reen-
6712trancy itse is qui e in elf t

'
teresting. Qualitative studies of

th mectic fluctuations in the reentrant nematic phase
have been reported by Hardouin and Levelut. s
shall show, a more detailed quantitative study reveals new
and interesting behavior.

The format of this paper is as follows. The heat capaci-
t d x-ray experimental results and analyses are report-
ed in Sec. II. A brief discussion and conclusions ar' '

are
given in Sec. III.

The heat-capacity measurements on T7 and T8 were
carried out with a computer-controlled ac calorimeter, the
operation of which is described elsewhere. ' The observed
h 't C (obs) corresponded to the total heat capa-

* ofli uidcity of a sealed silver cell containing about 75 mg o iqui
crystal. The values of the liquid-crystal specific heat (heat
capacity per gram) were obtained from

C~ = [C~(obs) —C~(empty cell)]/rn,

where Cz(empty cell) is the measured heat capacity of the
empty si ver ce p u1 ll 1 s heater thermistor, and electrical
leads and m is the mass of the liquid-crystal sample.

~ ~ ~

C~(empty cell) is roughly one-half C~(obs) and it exhi its
a very weak (linear) temperature dependence over the en-
tire investigated range.

The specific-heat variation for T8 over a wide tempera-
ture range (335—415 K) has been reported elsewhere. '

The overall Cz behavior (see Fig. 5 of Ref. 16) exhibits a
noncritical background variation that is linear in T as ex-
pected and has two peaks associated with the X-SmAd
and X-Smd

~ transitions. The X-SmAd specific-heat peak
is very small, and the value of T, (N-SmAd) decreased

2.65

2.60—

II. EXPERIMENTAL RESULTS AND ANALYSIS

A. Material preparation

The compounds T7 and T8 were prepared by a classical
seven-step synthetic procedure from 4-bromophenyl-acetic
acid. Initially, this acid was chlorinated with thiony
chloride to give the corresponding acid chloride. is
was reacted with anisole in a Freidel-Crafts acylation re-
action to give 4'-bromobenzyl-4-methoxyphenone in goo
yield. The product was demethylated in the presence of

p enone. ish . This phenone was reduced with lithium a umi-
num hydride to the corresponding alcohol, which in turn

2.50,
I i I

397 398 399 400 401 402 403
w(K)

~ ~FIG. 2. Specific heat of T7 near the N-SmA1 transition. The
smooth curve represents a fit to the data wit q. g

'
h E . (2) usin the

parameters of fit 4, for which cr =0.047.
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FIG. 3. Specific heat of T8 near the N-Smd
~ transition. The

smooth curve represents a fit to the data with Eq. (2) using the
parameters of fit 2, for which a =0.066.

slowly with time. Thus the C~(N-SmAd) data are not
suitable for analysis in terms of critical exponents and will
not be discussed here.

Detailed measurements of C& in the vicinity of the X-
Smd ~ transition for T7 and T8 are shown in Figs. 2 and
3, respectively. These were carried out on material syn-
thesized in Bordeaux. It is quite clear that the size and
shape of these two X-SmA~ specific-heat peaks are very
similar, a conclusion that is confirmed by our quantitative
analysis in terms of power-law singularities.

The critical thermal analysis of our C~ values was car-
ried out using a scaling form (a+ =a and 8 + =8 )
which allowed for the inclusion of corrections-to-scaling
terms,

C~ =A —
~

t
~

(1+D*~ t
~

0')+8+F. (T —T, ),
where t is the reduced temperature (T —T, )iT„and the
superscript + denotes T )T, or T & T, . Least-squares
fits were carried out with both a simple power law
(D+=D =0) and the corrections-to-scaling form with
the exponent fixed at 0.5. The least-squares values of the
fitting parameters are given in Table I. In the case of T8,
the fit is not sensitive to the inclusion of corrections-to-
scaling terms, and good fits are obtained for a critical ex-
ponent a=0.07. In the case of T7, the fit is rather poor
for a simple power law, but good fits can be achieved
when corrections-to-scaling terms are included. With
D —&0, a=0.047 is obtained when a is taken to be a free
parameter. A fit of equal quality can also be achieved

when a is fixed at 0.066. The minimum in 7 is rather
broad for both T7 and T8, and the uncertainty in the crit-
ical exponent 0,' is estimated to be +0.06 in both cases.
This is a reflection of the fact that the magnitude of the
thermal-fluctuation specific-heat-peak is fairly small
(-6%) relative to the noncritical background.

In summary, the C~(N-SmA, ) peaks in T7 and TS are
quite similar in size and shape. Both peaks are best de-
scribed as very weak divergences (a=0.06+0.06), but a
sharp finite cusp such as that predicted for the XY model
(axr ———0.007) (Ref. 16) cannot be ruled out.

C. X-ray scattering results

The x-ray scattering experiments were carried out using
Cu Ea x rays from a Rigaku 12-kW rotating-anode
source operating at 8 kW. Two diff''erent spectrometer
configurations were used, one employing perfect Si(ill)
and the other perfect Ge(111) as monochromators and
analyzers. The longitudinal resolutions so obtained were
2.5&10 " A ' and 4.6X10 A ' full width at half
maximum (FWHM), respectively. The transverse in-
plane resolution was essentially perfect. The transverse
out-of-plane resolution, which was determined simply by
slits, was 0.05 A ' FWHM. The samples were placed in
beryllium cells in a two-stage temperature controlled
oven; the temperature was stable to better than +0.002 K
for periods of more than one hour.

We discuss first the x-ray measurements in T7; here the
Si spectrometer configuration was used. The results
shown in Fig. 4 were taken on material prepared in Bor-
deaux. The oven used in these measurements could not
be heated above 410 K; thus we only obtained data within
10 K of T, =400.55 K. The x-ray data in the nematic
phase near the Ã-Smd~ phase boundary are dominated
by a single peak centered about q=(0, 0,0.2119) A
This corresponds to a smectic lattice spacing of 29.65 A,
close to, but slightly less than, the length of —30.4 A for
a fully extended T7 molecule. ' It is evident from Fig. 4
that the longitudinal scan is slightly asymmetric with
weak excess scattering on the low-q~~ side. Comparison
with data in T8 suggests that this excess scattering arises
from local fluctuations into the SmAd state. Otherwise,
the overall scattering is very much like that at other X-
SmA transitions studied previously. We will postpone
our discussion of the quantitative analysis of these data
until after we present the results in T8.

Preliminary experiments on T8 were performed on
samples prepared at Bordeaux; more detailed studies were

TABLE I. Least-squares parameter values obtained on fitting the N-SmA I specific heat with Eq. (1). The value of T, is 401.170 K
for T7 and 367.163 K for T8. Parentheses indicate that a parameter was held constant at the indicated value.

Material

T8
T8
T7
T7
T7

0.075
0.066
0.016
0.047

(0.066)

0.1266
0.1455
1.0753
0.3453
0.2013

0.1421
0.1657
1.1053
0.3522
0.2067

(o)
0.217

(0)
—0.473
—1.007

(0)
—0.387

(0)
2.464
3.359

2.733
2.714
1.317
2.034
2.198

0.0053
0.0045
0.0006
0.0207
0.0190

1.26
1.12
3.00
1.16
1.16
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carried out on T8 samples synthesized at Bell Labora-
tories. The results are sample independent as one would
expect. We found that the phase-transition temperatures
for T8 when contained in a glass holder were stable in
time; however, the mosaicity was poor. When T8 was
placed in a beryllium cell, T~z„and Tzz, both decreased

markedly over the period of several days. However, they
stabilized at T~~„——401.41 K and Tyq, ——361.17 K and

were then independent of time for at least one month.
This rapid diminution in T, may be related to a change in
the cis- and trans-distribution since all-trans material ex-
hibits lower T, 's. We do not believe that any of our re-
sults are affected by this lowering of the phase-transition
temperatures. '

Figure 5 shows a series of scans in T8 in the rniddle re-
gion of the reentrant nematic (RN) phase. The data cover
the region from near the N-SmAd boundary to near the
X-Sm 3 ~ boundary. At the N-Sm Ad boundary the
scattering is dominated by a peak at q = (0,0, 0. 1745) A
while at the 2V-Smd

~ boundary there is a prominent peak
at q=(0, 0,0.2056) A '. These correspond to layer spac-
ings of ld ——36.01 A and l& ——30.56 A, respectively. Thus
the lower smectic phase is indeed a monolayer smectic 3

&

while the upper smectic phase is incommensurate Smdd
with d = 1.18l. Note that the Sm dd spacing is much
closer to the monolayer value than the bilayer spacing; in
materials such as DB6 ld =1.9l~ and this changes the na-
ture of the competing states and the concomitant phase
diagram completely. ' Survey scans were also carried out
along (0,0, q~~) over a wide range of qi~. No other scatter-
ing with a relative intensity greater than 10 was found.

At each temperature a longitudinal scan along (0,0, q~~~)

IO

20

1 I 1 1 I I I

q)(=0.847 T=398.55K

8
CD
(f)

10

o
5-

CA

10

I I F

386.32 K

and transverse scans along (q, ,0,0.848) and (q~, 0, 0.98)
(measured in units of q", =0.2056 A ') were performed.
For T =386.32 K and above only low statistics transverse
scans along (qq, 0, 1) were taken; these showed a broad,
temperature-dependent peak centered at (0,0, 1). These
scans are not shown in Fig. 5. It is evident qualitatively
that in the reentrant nematic phase there is a gradual
cross over from dominant Sm Ad to dominant Sm 3 ~

fluc-
tuations with decreasing temperature as noted previously
by Hardouin and Levelut. ' However, the fluctuations
appear to exist independently of each other. This is most
evident at the intermediate temperatures. This illustrates

10" 375.31 K q()
= 0.98

o 10~

10"
C3

0

t =2.9 ~ 10 4

I ' I ' I I I

371.1 I K

1 I I I I I I
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-0.5 0 0.5 0.80.9 1.0 -0.5 0 0.5
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FIG. 4. Transverse and longitudinal x-ray scans in T7 at a
series of reduced temperatures t. The solid lines are the results
of least-squares fits of Eq. (3) convolved with the instrumental
resolution function.

FIG. 5. Transverse and longitudinal x-ray scans in T8 at the
indicated temperatures. The left-hand column corresponds to
transverse scans along (q~, 0,0.847) while the right-hand column
displays data for scans along (q&, 0,0.98). The independent
Smdd and Smd& fluctuations are manifest, especially for the
middle panels. The solid lines are the results of fits to Eq. (3}
and (5) as discussed in the text.
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dramatically that the Sm Ad and Sm 3
~

states compete
with each other; presumably it is this competition which
drives the reentrancy. ' ' We should note that an alter-
native possibility was that the Smdd phase and its con-
comitant Auctuations would simply evolve continuously
into the Smd

&
phase such a scenario might or might

not involve reentrancy. One novel feature which is evi-
dent from the left-hand column of Fig. 5 is that with de-
creasing temperature the Smdd fluctuations go from be-
ing 3-like to being C-like. This implies that a SmAd-
SmCd transition occurs within the correlated droplets in
the RN phase. In order to discuss these results quanti-
tatively it is necessary to carry out a detailed line-shape
analysis of the measured profiles. We therefore proceed
to discuss our fits.

D. X-ray line-shape analysis

Previous experiments have shown that both Smd and
SmC fluctuations in nematic phases are well described by
the form

S(q) =
1+/~~(q,

~

—q ) +C q +D q
(3)

For Smd fluctuations CJ &0, while for SrnC fiuctuations
CJ &0 and one has a torus of scattering centered about
the transverse wave vector qq ——( —C&/2D&)' . As dis-
cussed by Martinez-Miranda et al. , the transverse correla-
tion length is conveniently defined as the inverse half
width and half maximum; with this definition

2=
J.

2DJ
2 &/2 '—Cg+ (CI+4Dj )

2DJ
1/2 1/2

2 C,—CJ + CJ +4DJ 1—
2DJ

( C )t/2

CJ (0.
(4a)

(4b)

Note that for Cz ~~Dz, gq=Cq as usual and for Cq=0,
gJ —D t . The data in Fig. 5 suggest that the Sm Ad and
Smd~ Auctuations are independent. Thus to analyze the
T8 data in the crossover region we assume

quite reminiscent of those at an ordinary Smh-SmC tran-
sition. The solid line is the power law (386.39—T)
which describes the data well. More detailed experiments
are required to establish the validity of this power-law

S(q) =St(q)+Sd(q) (5) I04

with q
~~ = q I and q J~, respectively; these q vectors are

treated as adjustable parameters.
Before discussing the critical behavior we first consider

the general evolution of the profiles in the RN phase in
T8. The solid lines in Fig. 5 are the results of the fits to
Eqs. (3) and (5). Clearly the model describes the measure-
ments quite well. (The slight disagreement for qt =0.5 in
the left-hand column is an artifact caused by the fringe
field from the magnet influencing the detector; this was
discovered after the measurements were completed. )

There is, of course, an extraordinarily large number of ad-
justable parameters: cr, g~~, Ct, Dz, and q for each peak.
Only in the crossover region are all ten parameters well
determined.

Parameters derived from the fits are shown in Figs.
6—8. The srnectic susceptibilities and the longitudinal
correlation lengths are shown in Fig. 6. The crossover
from dominant Sm dd to Sm 3 i fluctuations is dramati-
cally illustrated by these data. As noted above, the Smdd
fluctuations go from being 3-like to C-like with decreas-
ing temperature. In the line-shape fits this is signaled by
CJ changing sign. When CJ is less than 0 but small the
mean tilt is proportional to the transverse wave vector
qz=( —Cq/2Dq)' . The results for qt are shown in Fig.
7. It is evident that q J arises from zero quasicontinuously
for temperatures below about 387 K; indeed the data are

Og

~ g)

SmectIc Al Nem(jtic ,'ISrnectic Ad

10'—
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O.~ Io~-

0

I

~ ("

~ oo

10'— 0
0
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0~ ~ ~ eo

I I It0O i I I I
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FICz. 6. Smectic susceptibility vs temperature in the reentrant
nernatic phase in T8 for the Sm Ad and Smd l Auctuations.
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FIG. 7. Transverse wave vector qq =( —CI/2D~)' in TS for
the tiled SmAq Auctuations. The solid line is a simple power
law with exponent 0.30.

description.
The q~I vectors for the SmA~ and Smd& scattering are

shown in Fig. 8. The squares are the data of Hardouin
and Levelut' in the Smd& phase; all other data are from
this study. The apparent discontinuity for q) at the phase
boundary is an artifact of combining data from different
laboratories on diff'erent samples. Specifically, we find
that q) varies smoothly through the N-Sm A~ phase
boundary. We note that dq)/dT changes sign between
the SmA& and RN phases. Further, q) decreases smooth-
ly through the "3-C transition" while the peak q vector,
qq ——2~/lz, increases below the putative transition as ex-
pected since the layer spacing should decrease with in-
creasing tilt. Finally, we note that the monolayer q vec-
tor q'I increases by about 5% across the RN phase. This
corresponds to a decrease in the Smd& layer spacing by
about 1.5 A from the N-SmA~ to the N-Smd

&
phase

boundaries.

E. X-ray critical behavior

The data in the critical region were analyzed using Eq.
(3) since DI~ /Cq is always quite small; then to a very

0.21

good approximation gq =Cq. In the critical region, that
is, within t =10, the relevant divergent susceptibility
completely dominated the scattering so that one could not
reasonably fit all ten parameters in Eq. (4). For T7 the
diffuse scattering on the low-q!! side which was always
very weak was incorporated into a sloping background
which was independent of temperature. For T8 at the N-
Smd ~ transition the data were cut off on the low-q side to
eliminate the SmA~ fIuctuation scattering while a comple-
mentary cut off was used for the N-Smh~ transition.

Long range order is signaled by a sudden appearance of
mosaicity which in turn rejects itself as an anomaly in the
temperature dependence of the peak intensity. Using this
technique T, could be located to within +0.002 K in a
measuring time of about three minutes. The instantane-
ous T, was monitored using the technique during the ex-
periments. For T7 it was found that T, decreased by
0.002 K per hour; since scans at a given temperature took
about 20 minutes this constituted a negligible correction
for data at a fixed temperature. The data overall were,
however, corrected for this drift in T, . For T8 no such
correction was required.

The smectic susceptibility, longitudinal and transverse
correlation lengths for the N-Smd t transitions in T7 and
T8 are shown in Figs. 9 and 10, respectively. For these
plots T, was fixed at the value determined experimentally.
Allowing T, to vary within reasonable limits has no effect
on the plots. It is evident that in T7 and TS each of cr, g~~

and gq exhibit single power law behavior over the com-
plete reduced temperature range from —5 )& 10 to
2 X 10 . Remarkably, g~~q ", and (zq ", are identical in T7
and T8 over the complete temperature range. The ratio of
lengths g~~/gq and the fourth-order coefficient, defined as
C =Dq/C~, are shown in Fig. 11; the mean length ratio is
13.5, about twice the bare molecular ratio, and it evolves
by only -20% over more than two decades in reduced
temperature. Thus the N-SmA~ transitions in T7 and T8
are nearly isotropic, in contrast to many previously stud-
ied N-SmA transitions. ' We note that the fourth-order
term is negligible except for reduced temperatures of
—10

Explicit fits of single power laws to the data in Figs. 9
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FIG. 8. Peak wave vector vs temperature in TS; the solid
squares are from Hardouin and Levelut (Ref. 13). The other
points, which are primarily in the RN phase, are from this work.

q~ represents the magnitude of the wave vector at (q&, 0,q~)
when the SmAq Auctuations are tilted.

FICx. 9. Smectic susceptibility, longitudinal and transverse
correlation lengths at the IV-SmAl transition in T7. The solid
lines are the single power laws, Eq. (6).
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FIG. 10. Smectic susceptibility, longitudinal and transverse
correlation lengths at the N-SmAi transition in T8. The solid
lines are the single power laws, Eq. (7).

and 10 give, for T7,

o.—const)& t

(3 23+() 1)t —0.69+0.03

g q ", = (0.41+0.05 )t

and, for T8,

const ~ t —1.22%0.06

g q" =(3.14+0.1)t

" =(0.31+0.03)t

The mean N-SmA~ exponents then are y=1.22+0.06,
v~~

——0.69+0.03, and vg ——0.63+0.03.
The data for the N-Sm Ad transition in T8 are shown in

Fig. 12. The circles and triangles correspond to data tak-

FIG. 12. Smectic susceptibility, longitudinal and transverse
correlation lengths at the N-SmAd transition in T8. The solid
lines are the single power laws, Eq. (8). The open squares are
data taken with the Si(111) spectrometer configuration; the oth-
ers are from our experiment using the Ge(111) spectrometer
configuration.

en with the Ge(ill) spectrometer while the open squares
are data taken with the Si(111) configuration. The good
absolute agreement between these two experiments verifies
the deconvolution procedure. The correlation length at a
given reduced temperature is much larger than that at the
N-Sm A ~ transitions so it was only possible to obtain data
down to a reduced temperature t =2&10 . Again the
data are well described by single power laws with, for T8
(N-Sm Ad ),

cr = (const)t

g q" =(1.11+0.1)t

giq" =(0.25+0.02)t

20—

1
(

1

o T'8
T7

I ] l

N-Sm Al

The exponents y = 1.53+0. 1, v~~
——0.88+0.04, and

vq ——0.76+0.04 are all much larger than those obtained at
the N-SmA

~ transitions.
~ ~

o py ~ ~ ~15 g ~ ~
~ p'4+ 4 ~

~ ~~$~P ~~a

10—
TABLE II. Critical parameters in various N-SmAi transi-

tions.

Material T~g /Tpv b

5
0.4—

CD

0.5—
CD
O

0.2—
O

0

C3

~ ~
00

og ~ ~ 0
~y

~ oy + + 0
0 ~~P ~ 1~oo»

I l l I

10 4 10-~ 10 2

FIR. 11. Length ratio gl /(z and fourth-order coeKcient
C(D~ ——Cgq) at the N SmA

&
transitions in T7-and T8.

T8
T7
40.7 '
8S5
40.8 '
XY model

0.66
0.71
0.926
0.936
0.958

1.22
1.22
1.46
1,53
1.31
1.32

0.70
0.69
0.78
0.83
0.70
0.67

0.65
0.61
0.65
0.68
0.57
0.67

0.07
0.05

—0.03
0
0.15

—0.01

'The errors are typically +0.06.
'The errors are typically +0.03.
'Reference 1.
Reference 27; 8S5 is an abbreviation for 4-n-octyloxy-4'-(n-

pentyl)phenyl thiolbenzoate.
'Reference 26; 40.8 is an abbreviation for N-(4-n-butyl-
oxybenzylidene)-4'-n-octylaniline. Note that 4O.7, 8S5, and
40.8 are all nonpolar, in contrast to T7 and T8.
'Reference 16.
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Material Tx~ /Tel b

TABLE III. Critical parameters in various %-Sm Ad transi-
tions. — 407

——- DB6 TBBA 18 / mixture——TS, T7
I~ 4Q

T8
DB6'
CBOOA
8OCB '
XY model

0.74
0.82
0.94
0.963

1.53
1.29
1.30
1.32
1.32

0.88
0.67
0.70
0.71
0.67

0.76
0.52
0.62
0.58
0.67

0.15
0.2

—0.01

'The errors are typically +0.06.
The errors are typically +0.03.

'Reference 10.
"Reference 23; CBOOA is an abbreviation for X-(p-
cyanobenzylidene)-p '-octyloxyaniline.
'Reference 12; 8OCB is an abbreviation for 4-cyano-4'-(n-
octyloxy) biphenyl.
'Reference 16.

CD

O
C3
CD 10'—

I

iO-4 ]0-2

FIG. 13. Longitudinal correlation lengths in units of the peak
wave vector qo~~ at the iV-SmA transition in various materials.
The data are from 40.7, Ref. 1; DB6-TBBA, Ref. 10; T8, T7,
this work; 40.8, Ref. 26; T8(N-SmA&), this work.

III. DISCUSSION AND CONCLUSIONS

The results of these experiments and selected previous
measurements on N-Smd transition are given in Tables II
and III ~ As we noted in Sec. I, previous studies of the
X-Smd transition have indicated nonuniversal behavior
with anisotropic exponents. ' Nevertheless, various scal-
ing laws are satisfied. Unfortunately, there is so far no in-
formation on the nematic elastic constants so we cannot
test the predicted relationships between It. 2, K3 and

g~~

and gq nor can we estimate the crossover region of Luben-
sky et al. for g'q. We can, however, test the relationship
between the heat capacity and the correlated volume.
Specifically, on general grounds one expects

C~t g~gq=const .

This leads to the anisotropic hyperscaling scaling relation

vji+2vi+A —2=0

From Table II for T7 and T8 we have, for T7,

and T8 are indeed consistent with the data in Fig. 13 and
Eq. (9).

The situation vis-a-vis the critical exponents themselves
is much less satisfactory. For T~&/T~i near unity one
expects crossover to tricritical behavior () = l,
v~~

——vq=0. 5, a=0.5) and this is indeed observed. How-
ever, for smaller T~& /T~I previous N Sm 3 ~ and N-
Sm Ad investigations seemed to show a trend towards
larger values' of y, v~l, vq, with y = l. 5, v~~ -0.8,
vq=0. 65. This trend is explicitly violated by the N-Smd

~

transitions in T7 and T8 reported here as well as the N-
SmAd transition in DB6 studied by Chan et al. ' Indeed,
in T7 and T8 the measured exponents are quite close to
those expected for a simple XY transition as originally
predicted by de Gennes. On the other hand, the N-
Sm Ad transition in T8 exhibits values close to those given
above for y, v~~, and vz. Clearly there is some hidden vari-
able causing this nonuniversal behavior which is not made
manifest by Tables II and III. We have no sat-
isfactory explanation for this conundrum.

v~i+ 2vq+ u —2 =0.04+0.015,
and, for T8,

v~~+», +~—2= —o.o7+0. » .

Thus anisotropic hyperscaling is indeed well obeyed.
Equation (9) also provides a restriction on the absolute

lengths for C~ to be observable. %'e show in Fig. 13 the
measured longitudinal correlation lengths in various ma-
terials. The magnitudes of the heat-capacity peak in T7
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