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High resolution x-ray diffraction study of smectic polymorphism and fluctuations in a mixture
of octyl- and decyl-oxyphenyl nitrobenzoyloxy benzoate
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Reentrant nematic phases and smectic antiphases occur as intermediate states between two one-
dimensionally ordered frustrated smectic phases, characterized by two competing and, in general, incommen-
surate smectic density waves. Using high-resolution x-ray diffraction, we have examined the evolution of the
two density waves as a function of temperature in all phases of a mixture of polar liquid crystals octyl- and
decyl-oxyphenyl nitrobenzoyloxy benzoa#7.4 mol% DBONO,+52.6% DB ONO,). This mixture exhib-
its at temperatures below 127 °C the liquid-crystal phase sequence: sigctieentrant nematic phasal
andN,, smecticA, tilted antiphaséNZ, smecticA,, and smecticc, phases. Detailed investigations of several
order-disorder transitions and the evolution of fluctuation effects in this system are reported.
[S1063-651X97)04411-3

PACS numbgs): 61.30-v, 61.10—i, 64.70.Md

. INTRODUCTION decyl-oxyphenyl nitrobenzoyloxy benzoatédB;ONO,)
[8]. A microscopic model developed by Berker and co-
The study of frustrated smectic phases, marked with twavorkers [9] also provides a theoretical frustrated-smectic
competing incommensurate length scales, has been an actigase diagram in very good agreement with the experimental
field of research since the first observation in 1979 of phaseB,0ONO, and DB, ONO, phase diagram. One very inter-
transition between two optically identical smecficphases esting aspect of the Prost-Toner mofi#] is the prediction
[1]. Polymorphism and frustrations occur in smectic liquidthat a smectic-smectic critical point will be replaced by a
crystals primarily due to the dipole-dipole interactions be-nematic region(“lake” ) with an associated liquid-gas-like
tween polar molecules that can form antiferroelectric pairs ocritical point between two uniaxial nematics. A first-order
dimers[2]. The length of the molecular dimér,, is tempera- phase transition between the two predicted nemaigsand
ture dependent, and typically~ (1.4—1.8)l, wherel is the ~ Ni, characterized by Smy and SmA, short range order,
molecular length. Thus there are two competing lendths respectively, has been discovered recently with high resolu-
and|’, leading to three kinds of smecti-phases: a mono- tion ac calorimetric and x-ray diffraction techniquids].
layer smecticA; with layer thicknessd=I, a bilayer Mixtures of the polar liquid crystals DfONO, and
smecticA, with d=2I, and a partial bilayer smectisg with ~ DB1)ONO, are one of the classic systems of frustrated smec-
|<d=<2l. A phenomenological model for frustrated smecticstics and have been studied using various experimental meth-
was first proposed by Prost and co-workg8$ This model ~ 0ds [8,10-12. Its temperature-concentratiorT{X) phase
has been very successful in explaining smectic polymordiagram has been well documented in the literaf@@0-
phism and predicting diverse phase diagrams and the exid2l- In the nematic “estuary,” a Sriy—Sm-A;—N triple
tence of new phases. Two-dimensionally ordered phaseoint is located approximately at=125.5°C andX=55,
with local smectic order, denoted as the antiphasend the ~ WhereX denotes thenolepercentage of DRONO,. In pre-

tited antiphase&, have been observéd—6], and are two of viously reported work, a mixture witiX=52.6 was studied

the phases predicted as a consequence of an escape fr69npr°.v'de calonmet_rl.c and x-ray ewdgnce of a nematic-
incommensurability between the two density waves. Anemat|c phase-transnlc{aO] gnd x-ray gwdenge for the on-
fluctuation-corrected model for frustrated smectics develS€t and evolution of the tilted smectic antiphaSe[12].
oped by Prost and Tondf] predicted the existence of a Here, we present 'results of a compr.ehenswe' study of the
reentrant nematic region surrounded by smectic phasegyctu'atlon effects in frustrated smech_cs. In this paper, we
Their model also indicated that at a smectic-smectic criticalVill first present the x-ray confirmation of the uniaxial
point, the smectic-layer compressibility would vanish andSM-Ad—Ng—N;—Sm-A; phase sequence in more detail
the entropy would increase dramatically to unbind disloca@nd demonstrate the evolution of the two incommensurate
tion loops. Positional order was thus lost and a smectic phasgMectic density waves as a function of temperature. We then
therefore melted into a nematic phase. The phase diagrangéscuss the onset and evolution of the tilted antiphadee-
based on the new model present a remarkable variety of tdween the SmA; and smectidA, (Sm-A;) phases. The tran-
pologies, one of which is in agreement with the observedsition from the SmA; phase with short range partial bilayer
nematic “estuary” flanked by the smectk; (Sm-Ay) and  order to the antiphaseé has been analyzed by analogy to the
smecticA; (Sm-A;) “coasts” in mixtures of octyl- transition between Sm-like and Smc-like fluctuations in
oxyphenyl nitrobenzoyloxy benzoatdDBgONQ,) and the Chen-Lubensky mode[13]. Furthermore, we have
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closely examined the undulation and tilting of smectic layers
at the onset of the tilted antipha§kand determined com- 140
pletely the structural evolution and fluctuation effects from Sm-Ay4
the SmA, phase to the Sni, phase. Nr

Sm-A,
Il. EXPERIMENTAL DETAILS ///

The alkoxyphenyl nitrobenzoyloxy benzoates, denoted a
DB, ONO,, have the general chemical formula

C
CqiHzn1+10-¢-00C—4-00C—4-NG;,

O L

where ¢ denotes the benzene ring amdis the number
of carbons in the alkyl chain. Pure QBNGO, exhibits the
following sequence of phase transitions on cooling ai
atmospheric  pressure[14]: |—(224 °Q—N—(195 °Q
—SmA;—(152°0—N, —(134.6 °Q—SmA;— (124 °0—N, Sm-C,
—(121.6 °Q — Sm-A;—(119 °Q—-C—(100 °Q— SmA,
—(96°C—Sm-C,. The symbol| denotes the isotropic
phase, and the subscript denotes the reentrant nematic Crystal
phase. A binary DBONO,+DB,;;ONO, mixture with 70
X=52.6 exhibits the same phase sequence agON®,. 40 X (mol %) 60
Partial phase diagrams for this system adapted from Re
[14] and Ref.[10] are shown in Fig. 1. Approximately 100
mg of the X=52.6 mixture was placed between twoun '
thick Mylar sheets and mounted in an oven that provided ¢ \ Sm-A4
thermal stability of£0.01 K. The sample was chemically \
stable over two months. A magnetic field of 0.65 T was 126.5
produced by a pair of rare-earth permanent magnets wit Ne .-
tapered pole faces, as shown in Fig. 2. These magnets we
installed inside the oven to ensure good alignment during th -
experiment. TCP
The experiment was conducted using a four-circle x-ray
diffractometer with a copper rotating anode source and twe
germanium single crystal$111) surfacd as monochromator
and analyzer in a nondispersive setup. KCa characteristic
radiation was selected and the wavelength of the incider
x-ray beam was 1.54178 A(« doublet was not resolved in | ' ‘ 125.0
this experiment The power of _the x-ray generator was held 54 52 53 54 55
constant at 15 kW. A pair of slits was placed 135 mm before X (mol %)
the sample to define the size of the incident beam to a di
mension of 1.5 mm in horizontal and 6.0 mm in vertical
directions, respectively. The resolution of the diffractometer FIG. 1. Partial phase diagrams for pBNO,+ DB;qONO, mix-
was ~4x10°% A"l in the longitudinal direction, tures adapted from Ref14] (upper panéland Ref.[10] (lower
~4x10"° A1 in the transverse in-plane direction, and pane). The downward arrow represents the=52.6 mixture used
~2%x10°2 A~ Yin the direction perpendicular to the scatter- in the present study. TCP shows the location of a tricritical point.
ing plane. Two NéTII)l scintillation detectors were used to

measure the scattered beam intensity and to monitor the iRgantrantN phase(T=125.9 °Q with the help ofin situ
cident x-ray flux. A thin sheet of Kapton placed in the evacu- r

ated beam line before the sample scattered a small portion g?agnetlc field. To improve the ahg_nment, the sampl(_a was
the incident radiation vertically into the monitor. The inten- cycled through the reentrant nematic phase by changing the
sity of the scattered beam was normalized against the mon@MPple temperature between 134 t6m-A, phas¢ and
tor counts to remove any possible effects of power fluctual22-8 °C N; phasé three or four times. The intensity and
tions in the source. To assure high resolution in the data, this!ll Peak widths at half maximurtFWHM) of the condensed
zone modef four-circle geometry15] was used to perform SM-Aq peak were 38 000 per 100 000 monitor coufus
both linear and mesh scans in the scattering plane. The stru400 counts/secA26=0.011°, andAw=2.0°. Alignment
ture and texture of the sample in the out-of-plane direction®f the molecules was initially symmetric with respect to the
were examined withy and ¢ scans. Q, axis (z being parallel to the directprand nearly perfect.
The sample was aligned by first heating to the high-The minimum mosaic width of the condensed 3m-Bragg
temperature nematic phasabove 200 °C and then in the peaks wasAw=1.6° measured just below thd,-Sm-A;

127.0
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FIG. 2. The sample was mounted inside the oven and aligned o ©
with an in situ magnet field. The x-ray wave vectoks and K, - ' ’ - ' '
were defined by the incident beam and position of detect®ris2 0.04 0 4 0.04 -0. 04 0 . 0.04
the scattering angle ar@ is the scattering vectoQ is the com- 0, 4D URU
ponent ofQ parallel to the long axis of the molecules defined by the
magnetic field, an@, is the perpendicular component. FIG. 3. Competing monolayer and partial bilayer fluctuations in

the uniaxial SmAy, Ng, N;, and SmA,; phases. Ten evenly
transition temperature. The shape of the 8mBragg peak spaced iso-intensity contours are plotted for each peak.
indicated excellent alignment of the sample, almost as good
as a single crystal. tively (after the correction for the Lorentz-polarization fac-
tor) in the SmAy phase, 1/73 and 0.45 in the Si-phase,
respectively. The drastic change of maximum intensities of
29 andq’ peaks from SmA, to Sm-A; phases is associ-
A. Uniaxial phase sequence: SmA3—Ng—N;—Sm-A; ated with the dramatic change in the Skg-and SmA;

Figure 3 shows the diffraction patterns in the s susceptibilities, while a small change in the ratio of inte-
Ng, N;, and SmA, phases, which clearly illustrated the grated intensities off’ to 2q, peaks is primarily due to the

competition between two collinear but incommensuratg@tio of form factors. o o

wave vectors corresponding to lengtds= 2/2q, and In a narrow range of-0.8 K between the Sy and
d=2m/q’. The two scattering peaks agig andq’ in all SM-A1 phases, the two nematic phashig,andN, shown in
phases, either condensed or diffused, are symmetric with ré:-'gs' 3b) and 3(:)'_ Eavﬁ bef?n |den_t|f|ed prewo(;Js[)‘LO,l]]f_ Id
spect to theQ; direction defined by an external magnetic I agreement with the fluctuation-corrected mean-fie
field. At 126.51 °C in the SmhA, phase they’ scattering was theory of frustrated smectics proposed by Prost and Toner
condensed into a quasi-Bragg peak(@t0, 0.1365 A1 [7]. The confirmation of a first-order transition between these
while the 2y, scattering was diffuse arou’r(d), 0, 0.2034):r two uniaxial nematic phases ha_s alrea_ldy been repotteid
A~1 with two orders of magnitude lower peak intensity, 4 .BOt.h q and 2, peaks were d!ffuséﬂgs. 3b) a.n_d 30)]
times wider inQ, and ~10 times wider inQ, directions indicating the absence of quasi-long range positional order.

than those of thg’ peak. The position, intensity, and widths ;Il—hc?t t\ellvt(')or?sem;rtrl}i\s ?Ilffcetr ;.éze gitnli'rﬁa?; q:r:;]l;ant ;Erlmzcnc
of both 29, andq’ peaks as a function of temperature are uctuations. d huctuations : ' d phas

listed in Table I. The smectic layer spacing was 46.0 A af"d SmA, fluctuations dominate in thil; phase. In theNg

this temperature in the Sy phase. Ten evenly spaced iso- o _ _
intensity contours are plotted for each peak in Fig. 3, indi- TABLE 1. The position, intensity per 100 000 monitor counts
cating the nature of condensed and diffuse scatterings corr&d Widths of 2, andq” peaks at SmAq and SmA, phases.
sponding to the two incommensurate density waves.

At a temperaturd125.7 °Q in the SmA; phase, shown

Ill. RESULTS AND DISCUSSION

Peak T(°C) Q(A™) AQ A™Y) AQ, (A~h) Intensity

in Fig. 3(d), the situation was reversed. Scattering 52 q’ 126.51 0,0,0.1365 0.0007 0.005 38 000
condensed into a quasi Bragg peak, witlescattering be- 2q, 126,51 0,0,0.2034  0.0028 0.054 200
came diffuse. The smectic layer spacing in the Bmphase g’ 125.70 0,0,0.134 0.012 0.08 422
was 30.9 A. The ratios of the peak intensities and the inteaq, 125.70 0,0,0.2034 0.0009 0.0065 14 000

grated intensities fog’ to 2q, peaks were 86 and 2, respec-
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FIG. 4. LongitudinalQ)) and transvers&Q, ) scans of the monolayer ¢g) peak in the SmA3—Ny—N; —Sm-A, phase sequence. The
transverse scans were performed at@jepeak positions observed in longitudinal scans. The data and the fits have been shifted vertically
for clarity.

phase at 126.11 °C, the susceptibility and the longitudinamined by the correlation lengths and the type of smectic
and transverse correlation lengths of 2gfluctuations are fluctuations. The value o is positive for uniaxial and nega-
more than one order of magnitude stronger than those dfve for biaxial fluctuations[13]. While traversing the
Sm-A; fluctuations. On the other hand, in tiNg phase at Sm-Ay;—Ny—N;—Sm-A; phase sequence on cooling, both
125.82 °C, the dominant fluctuations are due to short-rangkngitudinal and transverse scans of the two pealyg, #hd
Sm-A; order. The ratio of the two incommensurate lengthsq’, were conducted at 0.05 K intervals. Figure 4 and Fig. 5
in this system is about 1.49 according to the positions of theresent the 8, andq’ peaks and their fits to Eq1). Only
g’ and 2y, peaks in the two reentrant nematic phases. every other scan has been shown in these figures, and the
The temperature dependence of smectic correlations neacans have been vertically shifted for the sake of clarity. The
the two transitions from one of the nematics to the neighborsolid curves represent the best fits.
ing smectic phase were determined by analyzing the line Following Martinez-Miranda, Kortan, and Birgeneau
shape using the empirichl3] form [16], the correlation lengthg; and ¢, for both uniaxial and
biaxial smectic fluctuations can be calculated from the pa-
rameters obtained from the fits, as follows:

g
S(aq)= : (o
1+B(Q~Qo)*+CQf +DQ! 5 172
convoluted with the resolution function. Heseis the smec- &= —1+ 1 C(QO)Z] , C<O0 @
tic susceptibility,Q the longitudinal, andQ, the transverse I 2 +
component of the scattering vect@, represents the peak \/§ C>0
position along the) axis, which could be eithey’ or 2q,.
The coefficientsB, C, D are adjustable parameters deter-and
V2D c<0
, <
{-C+[C?+4D(1~ C?2D)]"3¥2—[-C
&= 1/2 ©)

2D
—C+(C?+4D)*

1 C>Oa
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FIG. 5. Longitudinal and transverse scans of the partial bilégér peak in the SmA4, Ny, N;, and SmA,; phases. The transverse

scans were performed at i peak positions observed in longitudinal scans. The data and fit curves have been shifted vertically for clarity.

where Q° is the peak position along th@, axis. In the & and&, plots belonging to the Sy order at 125.97 °C.

uniaxial phase sequence wh@@:O, the paramete€ is
positive. The values of the correlation lengtfjsand ¢, for

A description of the smectic susceptibilities and short-range
layer spacings as functions of temperature at the first order

the uniaxial phase sequence are summarized in Fig. 6. The&ematic-nematic phase transition has been reported previ-
first orderNg4-N; phase transition is evident from the jump in ously[10].
& and¢, of the SmA, order and a sharp change in slopes of
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FIG. 6. Evolution of correlation lengths; and &, of partial
bilayer (Sm-Ay4, open circlesand monolayefSm-A, full circles)
smectic order in the Smy;, Ng, N4, and SmA; phases.

B. Fluctuations in the Sm-A,; phase
1. Partial bilayer and antiphase fluctuations

Below theN;—Sm-A; transition temperatur€l25.8 °Q,
upon cooling from 125.5 °C to 124.5 °C, the condensqg 2
peak became only slightly broader in tQg direction due to
a mild increase in mosaicity. But the changes in the diffuse
g’ peak were pronounced. Figure 7 shows the profiles of the
q’ peak in both longitudinalQ|) and transvers€Q, ) direc-
tions as a function of temperature. For clarity, only every
other data set is shown. The solid curves are best fits to the
data with Eq.(1). Theq’ peak position shifted nearly lin-
early from 0.1357 Al at 125.5°C to 0.1347 Al at
124.5°C at a rate of 0.001 & per K. The longitudinal
correlation lengthé of partial bilayer SmAy fluctuations
decreased at first and then remained nearly constant at a
value of 220 A below 125.3 °C, as shown in Fig. 8.

The transverse scans were performed through the center
of the peak at each temperature during cooling. The param-
eter C decreased linearly and remained positive above
124.85 °C. The transverse correlation lengthwas nearly
constant at 19 A in this uniaxial fluctuation region for the
partial bilayer short range order in the Siy-phase. As the
temperature was lowered below 124.85 TChecame nega-
tive and ¢, started to increase, indicating the onset of an-
tiphase fluctuations. This pretransitional region was previ-
ously identified as the Smy phase[17]. The value of the
in-plane wave vectog?! was found to be 0.026 A" at the
Sm-A, —C transition at 120.49 °C, yielding a value of 242 A
for the antiphase modulation, which is comparable to the
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FIG. 7. Growth of biaxial fluctuations in the Si; phase, as indicated by the diffuse scattering’atTheQ, scans were performed at
the peak positions found in longitudinal scans at different temperatures during cooling. Splitting @f geak into a doublet in the
transverse direction at lower temperature is evident. The peaks have been shifted vertically for clarity.

longitudinal correlation length, rather than the transverse

correlation length, of the short-range partial bilay®m-Ay- 300 T '
like) order at this temperature. 200 | Biaxial i 3 )
2. Smectic layer undulations 100 1 E E } ¢ t E ]
The exolution of the ao peak across the Sml— ) oF - .E.' ............................
antiphaseC phase transition is shown in Fig. 9. High reso-  ~100 Uniaxial 7

lution Q andQ, scans with fine temperature steps were also  -20p { E E {
performed for quantitative analysis. In the middle of the

0.0053 A"* in the Q, direction. The orientational fluctua- = 250 |
tions increased upon cooling, which reflected a broadenlng,m % % %

due to sample mosaicity of the peak that was accompanied 200 §
by a decrease in layer spacing. A+120.5 °C, the mosaic- 150}
ity (Aw) of the SmA; domains and the fractional layer
spacing change AL/L) attained the values of 8° and
—0.7%, respectively. When temperature was decreased by 40
10 mK, atT=120.49 °C, two off-axis peaks appeared sym- 3B % % %

Sm-A; phase at 125.5 °C, the condensed quasi-Bragg peak 400 : : }
was located af0, 0, 0.204 A~* with a nearly resolution lim- 330 ¢ 1
ited FWHM of 0.0008 A* in Q and a minimum width of 300 + % ]

IR Q

metrically at (+0.025,0,0.20%4 A~! superimposed on = 30+t
the on-axis peak with broad mosaicity. The off-axis peaks .- 25 |
became sharp and intense without moving gnspace, 50 % % % 4
and they grew at the expense of the intensity of the on- % %; % %; i
axis peak, indicating coexistence and an evolution from un- | . .

tited to tilted smectic domains. The peak intensity at ' ' '
(—0.025, 0, 0.204A~1 was about 1.5 times higher than at fe. 50 12d 7o 1T2(50'£U fes.es 1es.50
(+0.025, 0, 0.204A 1, which is attributable to experimen-
tal geometry. The similarity of the shapes of the off-axis
peaks inw scans led us to conclude that the layers of the

o
antlphaSEC were zigzag shaped with an angle of 14°, twice near the uniaxial-biaxial transition of fluctuations. Near the transi-

the molecular tilt of*+7° [18]. Figure 10 shows the evolu- tion, the longitudinal correlation length does not change noticeably,
tion of the 2y, peak from the uniaxial smecti&; phase to ¢ the transverse correlation length changes from being nearly a
the biaxial tilted antlphaséZ The positions of on-axis and constant in the “uniaxial fluctuation” region to values that mono-
off-axis peaks are indicated by squares and circles, respetnically increase on cooling into the “biaxial fluctuation” region.

FIG. 8. The correlation Iengthfﬂ and ¢, , and the fitting pa-
rameterC (see text for the q' peak as a function of temperature
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FIG. 9. Evolution of the B, peak across the SmiAantiphaseC transition. In the SmA; phase, right below th; phase, the peak was
on-axis and sharp. The peak became gradually broader and moved up sligllyuipon cooling, mainly due to the development of
undulations in the smectic layers. At the transition, which occurred at 120.49 °C, the off-axis doublet appeared, indicating the set of inplane
density modulation associated with periodic tilt of smectic layers with respect to the director, which had been fixe@jinliteetion by
an external magnetic field.

tively. The vertical lines represent the full widths at half C. The Sm-Al—E—Sm-Az—Sm-C2 sequence

maximum inw scans and the gray scale of the circles and  Growih of the antiphase modulation is primarily illus-
squares represent qualitatively the intensity of thg @eaks.  ated via the evolution of thg’ peak, as shown in Fig. 11.
As the temperature decreased, the magnitude of smectif the SmA, phase, Fig. 1(h), the diffuseq’ peak at(0, 0,
layer undulation increased and turned into tilted domains of) 135 A~! arises from the Sniyy phase fluctuations which
the C phase. In what follows, we discuss the details of onlyare incommensurate with the wave vector corresponding to
the off-axis peak at{0.025, 0, 0.204A %, referring toitas  the smecticA; modulation. The onset of antiphase fluctua-
the 2q, peak. The same description applies to the symmetritions became evident as two off-axis diffuse peaks began

counterpart peak at+0.025, 0, 0.204A 1. developing at 124.83 °C in the Sy phase/17]. This off-
1[] T T : T
| P P |
4 - §§: SmA,
S - ! ]
F E A [ [ 71,
< 0F 0 OEID E mE
. J !
-5 F L i i
K ° e o7 ]
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FIG. 10. Peak positiongircles and squargsind their full widths at half maximun(indicated by the error baref 2q, scattering near

the SmA; — Cphase transition representi@gand SmA; layer modulations. The gray scale of the circles and squares qualitatively indicates
the intensities of quasi-Bragg and Bragg peaks.
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' ' ' domains would then serve as domain walls between two ad-

0.14¢ (@7 jacent antiphase tilted domains. The lateral size of the

0. 12+ , i smecticA; domains could be random, which would intro-
q duce random phase shifts. The tilted antiph&e&omains
0101 ¢ 4 hose 195 5050 ] grow at the cost of smecti8, domains, as indicated by the
L P . , ' . evolution of the 2 peaks in Fig. 10. The on-axis peak
0.14b ' ' ) 1 gradually became a weaker peak as the tilted antiphase de-
veloped. An important requirement for generating such a
0.12}F . specklelike diffraction pattern is the special attachment rules
[19], such as those which apply to the antiphase domains in
PR, 120,500 ] metallic alloys[20]. These rules have been met in our ex-
P , , ' periment by both the tilted and untilted domains since their
0. 14} ' ' directors were aligned by an external magnetic field.
The antiphas€ fully developed at 119.02 °QFig. 11(d)]
O.12r when theq’ peaks condensed into two pairs of Bragg peaks:
o 10k 120, 4t - q; ,q{:(Zqo—qi) with 2qo=(—0.0.25, 0,0.204 A~ for
L g one pair andq;,q;=(20o—0q;) with 2gy,=(+0.025, 0,
e 0.204 A~! for the other. Theon-axis 2q, peak of the
0.14F (DA Sm-A; phase eventually vanished. The companion peaks at
0ol e e ] (299—4q;) and (Xp—q,) are not seen in this figure because
’ A qi they lie outside our high-resolution experimental angular
0.10F ~ _ range. Their positions were determined later withlaw
. C phase 119.02°C resolution Siemens diffractometer.
0. Q% 6 0.04 0.02 6 0 '02 004 0.06 Figure 12 shows the evolution of various peaks in the

4 antiphaseC with temperature. The lines of pointgsanda’
0, &9 represent changes in the position of off-axis peaks; a&nd

14 ! H H
FIG. 11. Onset and temperature dependence of antiphase modflt ~ (2qo_— q1)_' respe(_:t|ve|y_ The @, scattering .Cor_respond-
lations indicated by changes in té scattering (@) In the SmA, ing to this pair remained stationary. The projections of the
phase, the diffuse’ peak is due to the Smy phase fluctuations. InCOmmensurate wave vectgy parallel and perpendicular
(b) The antiphase fluctuations gradually develop into off-axis dif-to the smectic layer normal were]; cosa and Q,
fuse scattering afj; and g, . (c) Diffuse scattering due to broad =q; sina. Here,a (=22.1°) is the angle betweermg and

mosaic arising from layer tilttd) Development of antiphase modu- q; at 119.0 °C. The period of the antiphase modulation in the

lation is indicated by the condensationgifandq; peaks. Note that smectic plane Wasﬁl(lqilsin 2)=130 A at 119 °C, and it

only theq; andq; peaks are visible in the high-resolution results ; . . . .
shown here. See the text for further details. increased with decreasing temperature with a fixed molecular

tilt angle (y=7°). Theaverage domain size increased nearly
axis scattering moved to a slightly lower value@f and the ~linearly with temperature ag; and q;=(2do—d;) reflec-
intensity increased as the SA-C transition was ap- tions tended to approach the one-dimensional lock-in posi-
proached, as shown in Fig. (). At a slightly lower tem- tion atdo, indicated by the large open circle in Fig. 12. The
perature, the incommensurate and antiphase fluctuations beeriod of the antiphase modulation attained a value of 237 A
came equally pronounced, a specklelike diffraction patterrpefore discontinuously jumping to infinity at the
consisting of sharp peaks randomly distributed over theC—Sm-A, transition at 100.5 °C, as shown in the inset of
broad diffuse ring was observed for scattering ngaras  Fig. 12. At the transition, positions of the peakgitandqj
shown in Fig. 11c). This diffraction pattern is not the x-ray giscontinuously jump to the “on-axis” position indicated by

speckle pattern that normally contains information abouty,q big open square. The complementary painjaand d,

fluctuations within a single domain because of the poorexhibiting a similar behavior, also jumps to the open square.

transverse coherenc_e length in our se.tup. This patterp Is also Figure 13 shows the longitudinal and transverse scans
not due to the mosaic of the sample since the scattering con-

densed into two Bragg peaksig. 11(d)] at lower tempera- through theq;, g, andgo peaks near th€-A, transition.
tures. A previous studyl1] observed excess heat capacity in At 101.1°C, the two antiphase peaks were at0(012, 0,
this region and attributed it to defects in polarization and0-1085 A~ with some diffuse scattering centered around
mass-density orders and energy changes associated with t60,0.098 A~1. At 101.0 °C, the antiphase peaks moved
development of a long-rang€ polarization modulation. closer towards £0.010, 0, 0.1088A~*. At temperature be-
This diffraction pattern could be interpreted as being due tdow 100.5 °C, a single on-axis condensed peak gradually de-
random phase shifts introduced by domain walls of the anveloped from diffuse scattering. This peak iS@t0, 0.102%
tiphase modulation. Initially, the tilt domains could be ar- A~*, commensurate with the on-axis part of thgy2eak at
ranged in a zigzag pattern in compliance with the antiphasé0, 0, 0.203 A=, These two on-axis commensurate peaks
modulations because the antiphase fluctuations were stronggained intensity at the expense of the off-axis peaks, indicat-
than the orientational fluctuations. The coexisting sme&iic- ing the advent of the bilayer S, phase. At 100.5 °C, the
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FIG. 12. Temperature dependence of the off-ayjs q;, df 0.08 0.10 0.11 0. 12 ]
Q, A
1

=(290—01), 9=(20do—0qy) peaks and the on-axis §3) peaks in g, (A1
the antiphas€. The 2y, peaks remained stationary. The positions
of anti-phase peaks indicated by lines of poiatandb were mea- FIG. 13. Longitudinal and transverse scansqef q;, anddo

sured at 119.0, 116.0, 112.0, 109.0, 107.0, 105.0, 104.0, 103.Gcattering near th€ — Sm-A, transition. Longitudinal scans shown
102.5, 102.1, 101.4, 101.1, 101.0, and 100.5°C. The shadedere conducted at the highest peak positions shown in the trans-
squares on linesa(') and (b’) were obtained from a low resolution verse scanga) and(a’): the off-axis antiphase peak#) and(b’):
experiment in the same temperature range. Representative uncéfe off-axis antiphase peaks with a single on-axis condensed peak at
tainties in the values of the scattering vectors for these points aréo. (C) and(c’): the condensed peak @ gained intensity while the
shown for one point. The; andq] peaks moved towardsog/2 antiphase peaks became diffuse with decreasing temperétire.
(big open circlé but jumped to the position shown by the big open and (d’): the off-axis antiphase peaks disappeared as the sample
square at the transition to the Sfg-phase. The vectors represent entered the Sn, phase.

the positions of the scattering peaks in reciprocal space
119.00 °C. The contour map is a plot of tiefluctuations mea-
sured at 120.5 °C. Temperature dependence of the in-plane mod
lation, Q, is shown in the inset. At temperatures just below the
transition (dashed line in the insgtpeaks corresponding to the IV. CONCLUSIONS

antiphaseC and SmA, phase were observed simultaneously. Using high resolution x-ray diffraction, we have explored
the smectic polymorphism and fluctuation effects in a mix-

single condensed peak, located now(@t0, 0.1030 A~1,  ture of octyl- and decyl-oxyphenyl nitrobenzoyloxy benzoate
coexisted with two diffuse antiphase peaks at0(008, 0, (DBgONO,+DB;iONG,) with 52.6 mol% of the decyl-
0.1065 A~ At 100.3 °C the two antiphase peaks disap-homolog, a concentration below that for the Pgy-—
peared. At the same temperature and after an equilibratioN —Sm-A, triple point. The direct observation of a nematic-
time of about 10 minw scans of the peaks atjg (=0.209 nematic Ny—N;) phase transition in the narrow nematic
A=) andqq (=0.1045 A1) were found to be identical. The estuary between the Sy and SmA; phases is in accor-
profiles of the quasi-Bragg peaks at bothy2and q, con-  dance with the dislocation-loop melting theory of reentrant
sisted of a strong on-axis peak and two off-axis peaks amematics with fluctuations taken into account. The develop-
o=*+7°. The intensity of the off-axis peaks started to in- ment of lateral fluid antiphase fluctuations from the partial
crease with time af =100.3 °C, suggesting the development bilayer fluctuations in the monolayer SAi- phase has been
of the SmC, phase. Molecular tilt in the Sri-, phase cal- probed and analyzed by analogy to the transition between
culated from separation of peaks inscans increased with Sm-A-like and Sm€-like fluctuations using the Chen-
decreasing temperature. The intensity of the off-axis peakkubensky[13] model, and the uniaxial-biaxial fluctuation
also increased with a decrease in temperature. The tiransition in this system was quantitatively determined. The
reached 14° at 87.5 °C. The system eventually crystallized atndulations of the smectic layers in the S-phase and at
87.3 °C. Since the bilayer smectlg: phase appeared for a the onset of the tilted antiphasg were closely examined.
very narrow temperature range and is not very stable in naFhe observation of an anomalous speckle-like diffraction

at _ _ : . : .
ture, it could have been missed in previous calorimetric mea-
ﬁ_uremen[ll] or in studies of less well aligned samples.
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