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Calorimetric study of the smecticA—hexaticB transition in 3(10)0OBC
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High-resolution calorimetry has been used to study the sméq¢t8m-A) —hexaticB(Hex-B) transition in
n-propyl-4'-n-decyloxybiphenyl-4-carboxyla{g(10)OBC]. This transition is clearly first order with substan-
tial pretransitional heat capacity wings. Power law fitsMG, are possible and yield an effective “critical”
exponenta=0.68+0.10 and a discontinuity in the “critical” background terB).. These results are com-
patible with those recently reported for the homolog 650BC, where the first order character is very weak and
subtle. The nature of the Sh—Hex-B transition appears to bguasicritical which could be the result of a
coupling between the amplitude of the bond-orientational order and in-plane positional strain.
[S1063-651%98)03401-1

PACS numbg(s): 64.70.Md, 64.60.Fr, 65.26w

. INTRODUCTION effect on the SmA—Hex-B transition (except perhaps very
close to the SmA—Hex-B—Cr-E triple poin [13]. Further-
The phase transition in bulk liquid crystals between themore, systems exhibiting the &—Hex-B—Sm-A sequence
smecticA (Sm-A) phase, which exhibits liquidlike in-plane Wwith no indications of even short-range HBO have the same
behavior, and the hexatB-(Hex-B) phase, which exhibits anomalousgen values for the SmA—Hex-B transition as

long-range bond orientational order and significant but shortC-E—Hex-B—Sm-A materials[5,12].
Sm-A—Hex-B transitions in bulknmOBC compounds

range in-plane positional order, is still a challenge after morﬁ] b h > ed . d-ord :
than 15 years of experimental and theoretical work. The ther?@V€ been characterized as continuous second-order transi-
ns in spite of significant rounding in the, peak neaf .

mal properties of stacked hexatic phases have been review% L
by Huang and Stoebfl], and several structural studies of §’13_16' Thermal hysteresis is also reported to be absent

) ; for these compounds within an experimental resolution of 3
the HexB and analogous tilted hexatic phases have bee

. . ) . thk [1,17]. However, a recent high-resolution ac calorimetric
published 2-6]. Since the bond_-c_)rlentatlonBO) ord_er pa- study of bulk 650BC revealed subtle but persuasive evi-
rameter ¥ = |¥|exp(6y) describing the sixfold azimuthal

) ) %" dence of avery weak first-order character for the
modulation hasxY symmetry, it was expected that the criti- gq_A_Hex-B transition although the excess heat capacity
cal SmA-Hex-B behavior would conform to three- AC, could be well fit with a power law yielding the critical
dimensional(3D) XY universality. However, numerous ex- exponent 0.6% 0.05[18]. The present work involves an ac
periments show “critical” behavior that deviates markedly calorimetric study of 8L0)OBC, anothenmOBC compound
from this prediction. Numerous theories have been put for'previously reported to be second ordd;13-16. In this
ward to address coupling betwe¥hand various other quan- case we find unambiguous evidence of a distinct first-order
tities: herringbone ordeforientational order that occurs in -haracter. Moreover, evidence is presented that the
the crystalE phase [7], in-plane density and stral8], the  3(100BC data in Ref[16] are also consistent with first-
phase of¥" with positional density like that occurring in the orqer rather than second-order character. This detailed look
plastic crystaB (Cr-B)_phase[g], and the phase oF with ¢ the fit of earlier published data was not possible for
smectic layer fluctuationsi [10]. Unfortunately, none of g50BC since incomplete information was available on the
these theories has explained effecti¥g critical exponents fitting parameters for that compound]. As a result of the

in the rangea=0.48 to 0.641] or effective order param- new calorimetric data on both 650BC andL®OBC, the
eter exponent@e;=0.15 to 0.255,11,12. previous assignment of SI—Hex-B transitions immOBC

_ Extensive experimental work on the Sh-Hex-B tran- a5 second order is called into serious question. It is hoped
siton has been done on the homologous serieghat these C, studies will inspire new high-resolution
n-alkyl-4’-n-alkoxybiphenyl-4-carboxylate, which has the sm-A—Hex-B work with other techniques and will also

structural formula stimulate new theoretical efforts.
The experimental results are described in Sec. Il. A power
CmH2m+10—©—©— COO— C,Hy, law analysis, carried out in spite of the presence of a two-
phase coexistence region associated with the weak first-order
and the conventional nantemOBC. Most of this series ex- character, is presented in Sec. lll, and a discussion of the

hibits the phase sequence Ke-Cr-E—Hex-B—Sm-A—l, Sm-A—Hex-B transition in 310)OBC is given in Sec. IV.

where CrK is the rigid crystal form stable at room tempera-
ture, CrE is a 3D plastic crystal with herringbone orienta-
tional order(HBO), and | is the isotropic phase. It has, how- The compound @0)OBC (M =396.5g mol?l) exhibits
ever, been shown that coupling to HBO has no significanthe phase sequence

Il. EXPERIMENTAL RESULTS
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where the approximate transition temperatures are taken X .
from Refs.[13—15. The crystal phase Cf-is of unknown . .
structure[13] but is presumably the same as the phas&Cr- o 5 [ X HexB : SmA
that is stable at room temperature. Although theEQulastic | i j
crystal is not stable for @0)OBC, it is seen in (10)OBC, I l ,\
2(10)0OBC, and 21000BC+3(10/OBC mixtures containing  f e e
up to 86 wt. % 310)OBC [13]. Furthermore, Stoebet al. L
[19] report that films of 8LO)OBC in the HexB phase show ob .
weak diffuse herringbone diffraction spots that indicate 330 340 350
short-range HBO. It should also be noted th&tIOB ex- T (K)
hibits a first-order SmA—Hex-I transition, and mixtures of
3(10)0OBC+4(10)0OBC with 72.6—-74.3 wt. % @A0)OBC ex- FIG. 1. Heat capacity of @0)OBC observed in a cooling run
hibit the sequence SmA—Hex-B—Hex-l, where the ©n cell 2 (run 20 with an ac calorimeter operating aby/2
Sm-A—Hex-B transition is probably first orddi5]. (f=15.62mHz). The dashed line represents the noncritical back-

Our I100OBC sample, which was synthesized by J. W_ground heat capacity. The tiny peak marked by the arrow represents
Goodby and obtained fro’m C. C. Huang, was from a differ—the freezing of HexB on cooling at the rate- 0.5 K/h below 335 K,
ent synthetic batch than that u.sed in Rélé’i—la The crys- and this region is shown in the inset on an enlarged scale.
talline material melted at 345.84 K when heated at a rate of

+0.1K/h, and the behavior o€, on melting included a Cpl Clitea( @, T) = Cemppd/m, ()
very sharp drop between 345.76 and 345.91 K, which is
indicative of a high-purity sample. On cooling at a rate of Cfilea=0, 2

—0.02 K/h, SmA froze at 340.08 K. This temperature is
above our SmA—HexB transition temperature of WhereCenyyyis the heat capacity of the empty cell plus gold
~339.6 K, making that transition monotropic. Thus fasterwire determined ato, andm is the mass of @0)OBC in
cooling rates must be used to study it. On cooling fromgrams.Cyq and Cfjoq are the real and imaginary compo-
above 346 K at-0.2 K/h to~ 336 K and then without a long nents of the heat capacity of a cell containing liquid crystal.
delay heating at- 0.2 K/h, C,, data can be obtained through Data were obtained for both cells afy, wo/2, and we/5
the SmA—Hex-B transition on both heating and cooling. (31.25, 15.625, and 6.25 mhz
However, even when (20)OBC in the HexB phase was Figure 1 shows an overview @, at wy/2 over a wide
cooled at the rapid rate of 0.5 K/h it froze at~330.23 K.  temperature range for cooling run 2c, which was carried out
Thus the freezing temperature is very sensitive to the coolingt a scan rate of- 100 mK/h near the transition temperature.
scan rate, and faster cooling was presumably used in Reffdentical results were obtained f@, as a function of T
[13-16. —Tpeay Over the 320—355 K temperature range for cooling
Many runs were made on two cells containind@OBC.  runs atw, and /5, except that the magnitude Gf; at w,
A small mass of liquid crystal6.4 or 26.4 mg was cold- is lower over the region pe,—0.125 K 10 Te4+0.085 K,
weld sealed into a silver cell. Cell 1 was0.75 mm thick whereT .,~=339.633 K is the position of the maximum ob-
and filled with liquid crystal plus a helical coil of gold wire servedC, value. Shown in Fig. 2 is the excess heat capacity
to enhance the internal thermal conductivity, and cell 2 wasssociated with the StA—Hex-B transition, obtained from
0.5 mm thick but contained only a 0.1 mm thick layer of
3(10)OBC and an air gap. The data to be power law analyzed AC,=C,—C(backgroung, 3
in Sec. lll were from cooling run 2c with the latter cell, but
there was good agreement among runs made on both cellwhereC,(backgroundyB,+E(T—T,) represents the non-
The SmA—Hex-B transition temperature was quite stable critical heat capacity that would be observed in the absence
with time; theT,, drift for cell 1 was less than 1 mK over two of this transition. The thermodynamic first-order transition
weeks, and & drift of +3.6 mK/d was observed for cell 2. temperaturel; lies somewhere in the coexistence region to
Thus cell 2 data taken ovea 1 K range near the be discussed below. THe,(backgrounglterm, given by the
Sm-A—Hex-B transition were subject to &; drift of only  dashed line in Fig. 1, is described by 1.988.00068 {T
1.5 mK. The high-resolution ac calorimeters have been de-T;), where T.=339.61 K was taken as the effective
scribed elsewherg0], and the equations for processing the “critical temperature” (see the power law fits in Sec. )l
observedr ,.response to gP,4 exp(wt) heat input are given  Also shown in Fig. 2 are values @C, obtained from data
in Refs. [18] and [21]. The standard frequencywg in Refs.[13] and [16]. The latter data were obtained at
=0.196 s ! used in most previous work corresponds ,@  ~1 Hz on very thin cellgthickness~ 60 um of liquid crys-
period of 32 s or a frequendy= wy/27 of 31.25 mHz. Inthe tal), and we have assumed a(18)OBC density of
one-phase regigrone has 1.0gcm?3. The Cp(background lines used were 2.10
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FIG. 2. Comparison oA C,(Sm-A—Hex-B) data for 10 OBC e TR
obtained at MIT in run 2c Wi.thp values from Refs[13] and 339.0 3395 340.0 3405
[16]. See text for further details. T (K)

+0.01AT J K_i g_i for data from Ref. [13,] and 2.77 FIG. 3. Temperature dependence[ @, sin ¢—(L/wR)] near
+0.0AT JK™ g for data from Ref.[16]; in the latter o 5ma_Hex-B transition, wherap is the phase shifisee text for
case, this is a linear version of the background curve given ifyrther details. The open circles for run 2c correspond to points
Ref. [16]. It is clear from Fig. 2 that there are substantial yhoseC, values were not used in power law fits. The anomalous
differences in the magnitude &fC,, obtained in the present (nonzerg peak indicates a region of two-phase coexistence.
work and that inferred from Ref$13] and[16]. In order to .
match the presenAC, data atT,=0.6 K, which is the curred over 0.26 K for runs on cell 2. A good way to display
broadest range of data available frdm3] and [16], one  @n anomalous phase shift is to pldap, sin —(LUwR)],

needs to scale the previous excess heat capacities up by""g?recapp:|Pao|/ | Tod and the thermal resistané®is the

factor of 1.4. This scaling factor is similar to that needed for'€CiProcal of the thermal conductankg of the link between
650BC, where scaling C., works very well[ 18]. However the sample cell and the bath. If there are no internal tempera-
the ove'rall agreement is ppoor fof1®)OBC even after suéh ture gradients in the cell, which is valid for the present data,
scaling. Much better agreement can be achieved between t@ée]d no two-phase Coexisten¢€qp, Sin ¢—(L/wR)] should

AC d led heat ities H ,bé zero. Figure 3 shows this quantity for three cooling runs
presenf L, and scaled excess heat capacilies Irom Huang g, .q|| 2 carried out at different frequencies. This quantity is
group if one choosesC(backgroung values of 2.30

NPTy zero for runs 1c, 2c, and 3c over the rafigg,*5 K except
+0.0ATJ K_l 9 for Ref. [13] and  2.95 ¢4 3 neak 0.26 K wide fo, andwe/2 and~ 0.4 K wide for
+0.08AT JK™*g~* for Ref. [16]. The scaled quantities , /5 The temperature and frequency dependences shown in
2.6AC; (Ref.[13]) and 2.AC, (Ref. [16]) then match the Fig 3 are incompatible with critical dynami¢&1] but are
presentAC,, values almost exactly except in the region from exactly the sort of behavior expected in a region of two-
aboutT.—0.22K to T;+0.12 K. As discussed below, this phase coexistenc&hird, ac calorimetry is not able to detect
range corresponds to a two-phase coexistence region for oguantitatively latent heat effects, but a nonadiabatic scanning
data. Although this scaling is excellent, the multiplicative technique(linear-ramp relaxation methd@1-22) detected
factors 2.6 and 2.3 seem suspiciously high. a total enthalpy chang®H=(6H+AH)=6.37Jg" for

Let us now review the experimental evidence for a weakcell 1, wheresH=[AC,dT is the integral over the pretran-
first-order character for the(BO)OBC Sm-A—Hex-B transi-  sitional wings andAH is the latent heat. This total enthalpy
tion. First, a hysteresis iff e 0f 14.6 MK was observed on is greater by 0.03 J'¢ than the integrated C,, value 5H for
a pair of heating and cooling runs carried out on cell 1 at &n ac cooling run done ai(/2, and the extra enthalpy is in
scan rate of+200 mK/h and frequencw,. The C, wings ~ an approximately 200 mK wide region arourid. The
from Tpeact0.120 K 0 Tpeact5 K and Tpea—0.215K to  dH(ac) value almost certainly contains some smeared con-
Tpeai—5 K coincide, but there is a systematic shift observedfibutions from latent heat, thuH has a minimum value of
within a region 0.335 K wide near the peakecondthere 0-03Jg~ and might be as large as-0.4Jg- for
was an anomalous phase shife ® + /2, whered is the 3(10)OBC. Fourth, the _analy3|s of the(&O)OBC Cp _da_ta
shift in the phase off,. with respect to that oP,.. An  9Ven in Ref. [16] vyield large systematic deviations

anomalous rapid increase i is a qualitative indication of _ACP(ObS)_ACP(f't) nearT, that indicate two-phase coex-
two-phase coexistence and is seen routinely in ac canrimet|J)§’tence over-100 mK for that sample as well.

data through the nematicN{j-isotropic transition for ex-
ample[20]. The phase shifp anomaly for the two runs on
cell 1 described above was 0:28.01 K wide with the same In spite of the weakly first-order nature of the
hysteresis value of 14.6 mK. A comparable peakdiroc- Sm-A—Hex-B transition in 310)OBC, we have carried out

I1l. ANALYSIS OF DATA
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TABLE |. Least-squares values of the adjustable parameters for filtgwith Eq. (4). All data except
for fits 7 and 11 are from run 2c in cell 2; these two fits are to data from run 6c in cell 1. Quantities held fixed
during a fit are enclosed in brackets. Rar@&277 point$ has|t|m.,=5x10"3, rangeD (565 point$ has
[t|max=10"2, and rangeE (711 point$ has|t|ma=1.5<10"2. In all fits to run 2c,t;, =4.4x10"* and
tin=—6.6xX10"* in order to avoid the coexistence region. The unitAéfandB_ are JK1g™, and the
estimated standard deviatienis 0.0115 JK*g™*. For all these fitsD; =0.

Fit Range T, (K) aks agy  100AT  AT/AY B, B, X2

1 C 339.549  0.734 [ag;] 0836 0916 —0.048  [B]] 4.90

2 339531  0.675 [ag] 1385 0844 —0.122 [B]] 7.34

3 E 339.527 0.664 [aJ] 1518 0830 -0.133 [B;] 7.27
4 C 339.596  0.701 [ag]  0.877 1.391 0.019 -0.209 1.09
5 D 339.598  0.683 [ag]  1.017 1.366  —0.009 —0.224  1.49

6 E 339.596  0.680 [ag;]  1.063 1330 —0.023 —-0.220 1.70
7% 0012 339597 0707 [al]  0.861 1.347  —-0.011 —-0.215 155
8 C 330.631 0545 0.824 2720 0196 -0.120 [B] 0.90
9 D 339.634 0532 0817 3.005 0189 -0.134 [B;] 1.13
10 E 3390.632 0536 0812 2937 0199 -0.135 [B]] 1.10
1 0.012 339638 0535 0791 2950 0230 -0152 -0.169 1.11

These fits are for run 6¢ in cell 1, whet§,,=2.9x10™* andt,,=—7.8x 10 *.
bNote that theA /A* ratio does not have any universality significance siadet = andA™ values are
strongly coupled tax™.

power law fits. This is feasible since the width of the two- istence gap. Fits 1-3 are simple power-law fits Wil
phase coexistence region is only moder@ai®.24 K for cell =0 andB_} =B, . These fits yieldr4=0.67+0.10, where
1 and~0.26 K for cell 2 and the pretransitional wings are the uncertainty represents 95% confidence limits obtained
substantial. Such a fitting procedure will allow a comparisonwith the F test. However, such fits are not very good, as
with publishedaf critical exponents for @0)OBC and the indicated by they? values and the presence of clear system-
aefs Value recently obtained for 650BC, where the first-ordergtic trends in the AC,(obs)—AC,(fit) residuals (not
character is extremely weak. _ shown. Fits 4—6 allowB_ #B_ and the quality of the fit
Fits to AC, data of run 2c obtained awo/2(f  jmproves significantly; see the residuals given in Fig. 4. The
=15.6 mHz) with cell 2 and run 6c obtained @ (31.25  exponenta, for rangeD andE is aey=0.68+0.10. A com-
mH2) with cell 1 were based on the empirical form parable fit to run 6c in cell 1 is included as fit 7. Here

. . . |t max=1.2¢< 102 and 4=0.71=0.10, while the quantities
AC =A*|t| "% (1+D|t|)+B 4) max f

E )

wheret=(T—T.)/T, is the reduced temperature aBd is a 0.04
critical contribution to the regular nonsingular behavior. A [
detailed discussion of the theoreticaC, power law expres-
sion expected and observed for XY liquid crystal systems
is given in Ref[23]. The criticalC, exponent is denoted as I
aq Since these Smiv—Hex-B data are formally first order -0.02
and do not yield a value fawr that corresponds to any pres-
ently known second-order universality class. Usually, the
correction exponen is the corrections-to-scaling exponent

0.02 +20

0.00

p

-0.04

0.04 |- E

AC (obs) - AC (fit)

A;=0.5. Note that if a.4>0.5, the correction term N C ® ]
A*Dj A1 e will diverge atT, rather than going to zero as 0.02 =" ;-@----,----07,;.-.;8-5(3;%;v-;+20
it usually does. Thus, we will explore also the purely empiri- A %6’50"?’ ¢ g ]
cal choiceA=0.75 used in the analyses of Huang’s group 000 . °; 503'«"."%6 S
[1,13-18. The usual scaling constraint @) is B, =B . Fl et ”%6%8%? ]

In order to avoid any data points in run 2c¢ with anoma- 002¢ R TR R L
lous phase shifts o€, distortions due to two-phase coexist- 004 i it 10 ]
ence, data in the range 339.380 K to 339.754 K were ex- e N
cluded from the fitting procedure. This means thg}= 103 102
—6.56x< 10" % andt,,,=+4.44< 10 *. Table | shows the fit- It
ting parameters for three values|tff,., with three different
fitting forms. RangesA(|t|n.,=10"3) and B([t|max=3 FIG. 4. Plot of residuals vs the reduced temperatufer fit 6

% 10~3) used for range shrinking tests of 650BC dft&8]  and fit 10 to run 2co is the estimated standard deviatid®;de-
could not be used for(20)OBC due to the size of the coex- notes data witiT>T, andO denotesT<T,.



57
A~/A* andAB.=B_ —B_ are both in good agreement with
the results of fits 5 and 6 on run 2c in cell 2.

Fits with Bf =B_, A=0.5, andD; #0 yielded 2 val-
ues essentially the same as fits 4—6, but the parameters for
such fits are not shown since they seem physically artificial
with two divergent termgA=|t| =%t and A*D |t|%-5 “ef)
and aD; /D; ratio of 0.09-0.17far from the theoretically
expected value of)1 The net effect of the correction term
was to generate an effective step far fran. The value of
ATD|t|95 @ei— ATD] |t|%5 @t is 0.208 for rangeD and
0.183 for rangekE, values that closely resembleB = Bj
—B; =0.215 for fit 5 and 0.197 for fit 6. Fits that allowed
TS # T, did not change ther.; values or the quality of the
fits sinceT, — T, =0.000 to 0.002 K, which is a trivial dif-
ference. We even tried fits with a second correction term
D, |t| added to Eq(4), but such fits were completely artifi-
cial and unstable to range shrinking. Fits with E4). using
A fixed at 0.75 and8; =B_ gave reasonablg,? values if
the value ofa.4 was held fixed at Huang-like values in the
0.56-0.60 range, but the principle role of
A=D1 |t|075 @i terms was to generate a rounded step of
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FIG. 5. Log-log plots of AC,—B,) vs|t| for 3(10)OBC run 2c
data. TheB_ values are given in Table | for fits 6 and 10. A typical
error bar is shown gt|=10"2; the error bar is smaller than the size
the of the plotted points aftt| <103,

magnitude 0.19 ajt|=10"2. Furthermore, fits of this type when two-phase coexistence exists with some smearing of
with a.¢ as a free parameter yielded somewhat better fitshe latent heat over a narrow temperature interval.

where a.;=0.86, but theA*D [t|%"> “ff terms dominate
for |t|>10"3, which is unphysical.

Fits 8—11 in Table | allow scaling to be broken with
ady# agy I view of the first-order nature of this transition.
This type of fit has been employed for fittin§C, at the
weakly first-order N-I transitior{24]. The resulting expo-
nents yield aqg>agy, but aer=(ags+ agy)/2 values range
from 0.66 to 0.69 in reasonable agreement with fits 4—7.
Finally, a fit with agy#ag; and T, # T, was tried since fits
of that type have also been used for N-I transitif@®4] and
for first-order SmA—-Hex-B transitions in n4COOBC
(n-alkyl-4'-n-pentanoyloxy-biphenyl-4-carboxylajes
which exhibit the SmA—Hex-B—Cr-B phase sequen¢gs].
Such fits yielded AT,=T_, —T; values ranging from
—0.007 to —0.013 K anda¢ values very similar to fits
8-10 (ae;=0.66).

The behavior of residuals is the best way to compare fits
for possibly subtle systematic deviations, and the residuals

for fits 6 and 10 from Table | are given in Fig. 4. Log-log "‘m‘
plots of (AC,—B,) versus|t| are given for fits 6 and 10 in ¥
Fig. 5. Since there are so many data points available, only =
every third point is shown in Fig. 5 for clarity. As can be o”

seen from Figs. 4 and 5, the region where fit 10 witfy
Fag; IS better than fit 6 is for data far in the high-
temperature tail tt>8x 10 %), which makes fits withagy
# a; Of dubious significance.

Figure 6 showsAC,, data for run 2c over a narrow tem-
perature range of 1.2 K near the Si-Hex-B transition.
The open symbols closest1qQ represent data not used in the

fits. None of the filled points used in the fitting analysis were g5 ¢ ¢

subject to any distortion due to fini{&,J amplitude effects

15

IV. DISCUSSION

1
ranomalous

! phase

0
339.0

339.5
T (K

The conclusion to be drawn from Table I, Figs. 4—6, and
the above discussion of other fitting attempts is that the
3(10)OBC transition is clearly first order but can be modeled
by a power law form with eitheB] #B_ or ag# ay, both
of which are classic indications of first-order transitions. The
effective exponentags (Or aqy) for our sample 0.68)
agrees quite well witlr.=0.65*+ 0.05 obtained recently for
650BC[18], and theAB,=B_ —B_ values are similar in
both cases since the averafyB, for 650BC fits was 0.187.

p data close to the SM—Hex-B transition tempera-
ture for 310)OBC run 2c. Open symbol€O) denote points not

since the maximum value ¢T,J was 8 mK zero to peak far ysed in the fitting procedure. The “theory curve” represents fit 6.
region of anomalous

from T and less neaf .. The deviations of the observeét},

The vertical

dashed

points from the fit curve close . are typical of those seen [C,,,sin ¢—(1/wR)] from Fig. 3.

lines mark the
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15— given in Ref.[15] is 340.37 K, which is a bit odd since the

- C, data sets are the same in R¢fs3] and[15] but different
(a) ] in Refs.[13] and[16]. The absolute accuracy in these latter
cases is not given, but can be estimated ta-ie20 K[17].

I ] Thus the samples studied in Reff$§3—16 may be of higher
10k i purity, but the sharp melting transition for our sample indi-
cates that the present sample is quite good.

The SmA-Hex-B transition in allnmOBC compounds
and binary mixtures that exhibit the SA~Hex-B—Cr-E
sequence and also(IM)OBC, where the sequence is
Sm-A-Hex-B-Cr-X, have been reported to be second order
[1]. However, a recent calorimetric study of 650BC provides
evidence of an extremely weak first-order transition with
dominant pretransitional wingsl8], and the present study
shows that BLO)OBC is clearly a weak first-order transition.
Indeed, we believe that all Sth—Hex-B transitions may be
weakly first order, usually with small smeared latent heat
effects which round th€, peaks, as is usually the case in
othernmOBC data with the possible exception of 370BC
. : — : [14].

3400 T K 3405 It is proposed in Ref[18] that SmA—Hex-B transitions
are quasitricritical (or perhapsquasitetracritica) in the

FIG. 7. (a) Plot of C,, data from Ref[16] and the fitting curve sense of Bergman ar_1d Hal_per[6], who developed the
A*[t]~en(1+D[(°™)+B given in that reference. The dashed theor.y pf a compress!ble Ising mgdel. In ghe prgsent case,
curve representd*DZ[t|075 “r+B with aw=0.59 taken from duasicritically could arise from g|“p or |W|< (strain cou-

[16]. Note that this empirical quantity exhibits a rounded step, thusPling between the amplitude of the€Y hexatic order param-
acting much likeB; #B_ for our fits 4—7 withD; =0. (b) Residu-  €ter'¥ and the in-plane positional density or strain; see
als C,(obs)— C,(fit) for the above data. A gap of 60 mK was used Ref.[18] for further details. Without such coupling, the la-
in obtaining the fits reported if16], but systematic deviations tent heatAH along the first-order section of the phase tran-
clearly extend over a-105 mK region. sition line decreases to zero at an isolated tricritical point and
remains zero along the subsequent second-order section of
. - . . . the transition line. A quasitricritical system is always first
we 7beI|ev+e tha,t .the explicit b,rea"'”g of scgl-lng.wm order, withAH decreasing rapidly to a small value but con-
#Be OF agi# ag IS expected since this transition is clearly (inying to be nonzero along what would be the second-order
first order. The use of the empirical ¢1D7[t|>%) correc-  section in the absence of couplif@g]. Such quasicriticality
tion form does not seem justified by theory or our fitting ¢ould explain a line of SmA—Hex-B transitions with
results; see also footnote 17 in REE3]. anomalousee values. For 8L0) OBC, AH is small but the

Our exponent a;=0.68-0.10 differs considerably first-order character is easily detected. Thus it should lie near
from the a4 values of 0.56 and 0.59 reported previously 5 triple point (Sm-A—Hex-B—Hex-I in this casg where
[13,15,18, and the magnitudes afC, differ considerably  conventional tricritical points are predict@,10], and this
(see Fig. 2 and the text in Sec).lThus we give in Fig. 7 seems to be borne out by a generalized smectic-hexatic phase
a plot of C, data from Ref.[16] with the fitting curve  diagram[27] as well as data in Ref15]. On the other hand,
reported there and the residuals from that fit. It is Clear6508c should lie Considerab|y further from such a tr|p|e
from this figure that there are systematic deviations of thgyoint since the first-order character is very weak, and this
data in Ref[16] from the fit curve over a region of about also seems to fit well with the generalized smectic-hexatic
105 mK. Although the width of this first-order coexistence diagram.
is smaller than in our sample, we believe that the behavior |t should be noted that there is some evidence that the
of both samples is qualitatively the same. As a demonstrasm-A—Hex-B transition in bulk 650BC exhibits Gaussian
tion of the rounded step nature of th&"Di[t|®"> et  nseudocritical behaviof18], which is consistent with the
correction terms, we show as a dashed line in Fig. 7 thédea of a quasicritical transition. If the theoretical fixed point
quantity A=D7 |t|%7> @efi+B, whereB=B, + B, is given in  that determines the quasicritical behavior prior to the first-
Ref. [16] and it is stated there that the regular contributionorder instability is tricritical the heat capacity exponent
EAT to the slope ofC,(background) is zero. The difference associated with that point is=1/2, whereas a tetracritical
between the quantityAD,|t|%7> *ef+B] att=+10"2 and  fixed point has a characteristicvalue of 2/3. The GLO)OBC
t=—102is 0.189JK* g%, and comparable pseudosteps effective exponentr.z=0.68+0.10 is very close to the tet-
occur in othemmOBC compound$13]. The magnitude of racritical value, but that may be accidental since there is no
this 3(10)OBC rounded step is comparable to duB, steps clear reason for a dominant tetracritical point. If quasitricriti-

(JK-1g)
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N
T

C (obs) - C (it
P
(=]
T
oo
WQDO

3

'
N

in fits 5-7. cality is involved, the problem is to reconcide,=0.68 with
A comparison of theabsolutevalues reported for T.” the expectedr value of 0.5.
may be of some value. Our value is 3396215 K. The Additional experiments on bulkmOBC compounds, es-

value given in Refs[13] and [16] is 340.24 K; and that pecially high-resolution data concerning the in-plane posi-
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tional order, are needed. Much interesting work has already ACKNOWLEDGMENTS

been done on very thin film sampl§$,28—30, but these

have a distinctly different critical behavior from bulk  The authors wish to thank C. C. Huang for providing the
samples and well may be second order. In any case, th&10)OBC sample, originally synthesized by J. W. Goodby,
behavior of two-layer films differs dramatically at the and both C. C. Huang and G. lannacchione for many helpful
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