.70

CHAPTER 4

INFRARED SPECTROSCOPIC gerypY OF PHASE TRANSFORMATIONS
IN LI QU D CRYSTALLINE CBOOA

4.1 Introduction

| n the previous chapter on the far-infrared and
Uhe Raman spectra of crystalline CBOOA, the occurrence
of a s0lid-solid transition below the onset of the
smectic A phase was demonstrated and the inplications
of this transition for the formation of the mesophase
were considered. The purpose of this chapter is to
present and discuss the results of a near and far-
infrared study of ligquid crystalline CBOOA inits
different phases. The experimental results are discu-~
ssed i N relation to tho influence of molecular structure
on the far-infrared absorption of the fluid phases as
well as certain features characteriging the crystal-

smectiec A transition.

4.2 Experimental

Near infrared spectra were recorded in the range
2-15 p using the Leitz double beam prism spectrograph.
Samples were contained between a pair of NaCl windows.

S80lid samples in Phase I were prepared without using any
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spacer between the windows. The resultant polyerystalline
film, a few microns thick, was adequate to yleld good,
reproducible spectra. The |iquid ecrystal and isotropic
phases were studied using samples Of 20 u thickness,

a mylar spacer being used for this purpose. Nematic
liguid ecrystalline samples aligned in the homeotropic
configuration were prepared following the method described
in Chapter 2. These samples showed good extinetion under
crossed polarigers. Also upon cooling to the smectic A
phase, the homeotrepic alignment was still very wel |

preserved.

Far infrared spectra I n the range 30-700 cm"'1

were obtained using the Polytec FIR-30 Fourier spectro-

1

meter. fThe range 30-700 em = was covered using spectral

range Ros. 1, 2 and 3 (see table 2.1, Chapter 2).
Sanpl e eells with a—-quartz windows were employed in the

1

region 3u~250 em ', while diamend windows were used in

the range 250-700 cm™'. The gpeetral resolution was
between 3-4 en™'. The spectrum of Phase II (of the solid)
waa investigated using a thin layer of sieved powder.
Polycrystalline samples of Phase I were obtained by slow
cooling and solidification of a bubble free film of the

liquid erystal.

For dichroic measurements iN the range 30-250 cm"1,

homogeneously aligned liquid crystalline samples were



contained between square a-quarts windows and the expsri -

ments were carried out as described in chapter 2.

4.3. Experimental Results and Discussion

(a) Near Infrared spectra: Figure 4.1 shows the near

infrared spectra of the different phases of CB0OA, in the
range 2-15 u. Spectra of solid Phase Xl are not shown
because except for minor intensity changes, NO significant
differences were observed as compared to the spectra Of
Phase I. As noted in Chapter %, in the internal mode region,
the Raman spectra Of the two phases also show a similar
behaviour. 7This IS consistent with the expectation that when
the crystal symmetry of a complex molecular crystal change8
due to a pol ynorphic transition, the intramolecular modes
would be affected mud | ess eompared to the intermolecular
modes. From Fig. 4.2 we note that in a few oases, the
characteristic splittings observed in the solid (Phase I)
disappear in the fiuid phases. The spectra of smectic A

and nematic phases were obtained using homeotropically
aligned sanples. The flat baseline at wavel engt hs shorter
than 3 p indicates that Y%he alignment is very good. If we
define the'dichroic ratio' R as the ratio of ths integrated
absorption of the band in the Liquid crystal to that in the

isotropic, we see, on comparing the intensities of the bands
inthe fluid phases that R is | ess than unity for certain
bands, while it is greater than unity for some others. (Phis

is indicative of the fact that the transition dipole moments



FIGURE 4.1

Near infrared spectra of CBOOA i N the
solid (Phase I), smectic A, nematic and
isotropic phases. The temperature
corresponding to each phase IS also

shown.
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of these bands have their major component along the

long axis or perpendicular to the long axis of the
molecule, respectively. The observed 'dichroic!' ratio

of each band ia hence useful | n ascertaining the predomi-
pant polarization direction of that band. Along with

the observed freguencies of the bands, the polarization
features of the bands are also useful in making vibrational
azsignments to the spectra. To consider adme examples,

1

the strong modes at ~ 970 and 838 cm ' are assigned t O

out-of-plane ¢~H wibrations of the benzene rings and all

of these do have R > 1. | n contrast, the mode at — 1160 om™?!
which is assigned to a skeletal mode of the octyl tail (w,)
may be expected to have R <1 and this is what is observed.
The ~C=N stretching mode at 2247 c::m"1 provides another
clear illustration of this type of behaviour, the transition
moment being nearly parallel to the long axis of the

molecule.

The vibrational assignnments to the Raman and far-
infrared spectra of the solid phases of CBCOA were given
I n Chapter 3. AS noted there, there is SOMA cverlap
between the freguency reglsms of the various possible
modes arising from the different molecular units consti-

tuting GBOCA. | n addition, designations such as rocking
and twisting modes are only approxi mate as considerable
coupling between these motions can occur in a complex

molecule, For these! reasons, conplications can ariae i n



the assignments of some of the modes. However, from a
comparison of the present spectra with those of other
liquid crysta181"3 and organi ¢ compounds that contain
gtructural groups similar to those comprising CBOOA, a
tentative correlation of several of the cbeerved modes
with characteristic group vibrations can be mads. The
observed infrared frequencies together with the assignments
proposed On this basie are listed in Table 4.1. The

1

frequencies below 650 em~ ' were obtained from the far-

infrared neasurements which are discussed below.

(») Par Infrared Spectra

(1) Crystal-Mesophase Transition: The far-infrared

spectra Of the solid (Phase I) and smectic A phases, in

the range 150650 em™ |

» are shown in Fg. 4.2, Spectra of
the nematic and isotropic phases were almost identical

to that of the smectic A phase and hence they are not shown
here. Owing to an upper limit of ~ 40 p On the average
particle size in samples Of Phase 31, strong scattering

L and this madeit

was present i n the range above 300 em™
difficult | 0o cbtain meaningful spectra of Phase II at

higher frequencies.

while some intensity differences are apparent
between the two spectra shown i N Figure 42 the observed
frequencies i N the solid and smectic A phase are al npbst
identical except for two interesting features, which we
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consider below in further detail. PFirst, the distinct
! 45 absent in
the smeetic A phase. We have followed the intensity

mode observed in the crystal at 518 em”

change of this mode inrelation to the neighbouring line

1

at 530 em ', as a function of temperature, and thin is

shown i N Fig. 4.3. The mode at 530 cm '

under goes some
broadening and attenuation in intersity as the tempersture
approaches the crystal-smectic A transition and such a
behaviour was noticeable | n the caces of other neighbouring
i

lines also. However, the mode at %18 em~ ' is seen to

exhibit 2 much more rapid change in intensity i n comparison
to the line at 530 em™~'. The former nearly disappears at
the erystal-smectic A transition, whereas the mode at

530 on” persiats i n the smectic A phase, although with
reduced intensity. From an infrared stuly of p-azoxyanisole

and its higher homologues, Bulkin et al. reported a similar
4

benaviocurs™ the intensity of certaln mid-infrared bands
was found to decrease continuously as the crystal-nematic
transition was approached from below. However, they
noted that thi s phenomenon could NOt be observed near a
crystal-smectic transition. The present results show

t hat such effects can occur near the erystal-smectic

transition also.

In 8ll these cases, tte disappearing infrared bands
occur at too high a freguency to correspond to typical
lattice modes. Bulkin et al. suggested4 +hat such bands



FIGURE 4.3

Tamperature dependence of the far-
infrared absorption of polyerystalline

CBOOA (Phase |), in the range 500-550 cam™ '
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could be combination modes between external gnd internal

vibrations and rel ated the disappearance of the bands to
the onset of progressive disorder in the lattice. In
the case Of erystal-nematic transition, the pretransition
effects observed i N the infrared spectra were attributed
to the movement of molecules from lattice to interstitial
sites,4 | eading to positional disorder inthe lattice.
More recently, Kirov and simova® have also adopted the
same easoning. However, neutron scattering studies by
Riste et a1.® i ndicate that the pretransition effects in
the vicinity of the crystal-nematic transition are caused
by increasing rotational freedom of the molecules rather
than positional dieorder. During a study of p-~azoxyanisole
t hese authors noticed that with increasing temperature,

the integrated intensity of several. Brogg diffracted peaks
decreaged gradual |y and became zero at the crystal-nematic
transition. A SO, two broad, diffuse peaks characteristic
of the nematic phase were seen to emerge in the crystalline
phase itself nearly 10°C below the transition to the
mesophase and their intensity wae seen to i ncrease as the
transition point was approached from below. fThe widths

of the disappearing Bragg peaks were found t o be essentially

independent of temperature. This implies that long range

correlations of melecular centres of mass are maintained
until the onset of the liquid crystalline phase and that

these pretransition changes are not effected by positional
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disorder. On the basis of model calculations,7

Riste et al. have concluded that the changes observed

by them can be accounted for by assuming that the molecules
execute uncorrelated, torsional osecillations about their

| ong axes, the amplitude of the oseillations increasing

as the temperature i s raised towards the crystal-nematic
transition. The molecules, however, were assumed t0 remain
parallel and al the sites of arigid lattice t11l the
melting point was; reached. This picture thus corresponds
to progressive Trotational disorder rather than pasitional
disorder; it also suggests that the positional order is
loet in such systews | N a much more abrupt manner very
close to the melting point. The latter notion i s not
inconsistent with the theory of melting presented by
Kobayashia for liquid crystalline materiale. As emphasiged
by Kobayashi, the apparvently gradual disappearance of the
translational order parameter at the melting point, as

seen from his calculations, is a consequence of certain
simplifying assumptions and it is Not essential to the

t heory.

The above model of rotational disorder may also be
applicable to erystal-smectic transitioms involvingthe
| ess ordered smectic phasesy; IN these cases also, as at
the crystal-nematic transition, the nol ecul es become nearly
free to rotate about their long axes at the transition

temperature.



As the external vibrations of a crystal would be
sensitive {0 changes in lattice forces and intermolecular
coupling, one might expect that their behaviour in the
pretransition region would provide a direct check of
either hypothesis. For—-infrared3’ %12 and Raman
apectra2,13-15 of lor-frequency medes have been reported
for materials exhibiting crystal-nematic transition. In
all these cases, the pretransition effects generally
consist of broadening and intensity changes in the spectra.
It should however be, mentioned that the interpretation of
the results as reported in these cases doeg nNot permit
one to unambiguously conclude as to whether rotational or

positional disorder is the dominant cause of these changes.

More definitive results have been reported i n the
low-freguency modes of mesogens exhibiting erystal-smectic
transitions. The crystal structure of smectogenic compounds
i s known do exhibit a parallel, layered arrangement of
molecules with some interpenetration between adjacent

17,18

layers. This IS to be contrasted with the imbricated

structure found | a nematogenic materials. At the crystal-
smectic transition, the coupling between t he layers IS
weakened and the spacing between them increases, thus
allowing them to glide freely, one on top of the other.

An intermolecular mode arising from t he coupling of
molecules in adjacent layers is then expected t 0 reflect

t hese changes preceding the melting of the crystal.
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this basis, Amer and Shen19

et a1.2C

as well as Dvorjetski

have interpreted the softening of low-frequency
Raman modes Near the ecrystal-smectic transition as arising
from a pre-melting relaxation of the bonding between layers.
The latter authors also nocte that this process 38 probably
accompanied by increased IOt ational motion of the molecules

around their long axes.

From the foregoing congiderations, the intensity

variation of the band at 518 em"1

in Fig. 4.3 can be
explained gqualitatively if it is attributed to a combi-
nation between a ‘'soft', low~frequency intermolecular mode
and an internal vibration, The direct observation of the
low-frequency mode i N question has Not yet been reported

19, 20

INn this case. From earlier studies, It seems likely

that this mode can occur at a frequency below 30 omvl, a
range not covered in our study of the vibrational gpectra

of CBOOA. The softening of the internol ecul ar mode probably
occurs due t 0 the increased rotational freedom of the
molecules accompanied by the weakening of inter-layer
coupling, while approaching t he crystal-smectic transition.
The rel ative contribution of these two factors can be
assessed only after crystal structural and neutron scattering
data on CBGOA become available over a sufficient temperature

interval preceding t he crystal-smectic transiti on.

The rocle played by conformational changes I N alkyl
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chains is also of considerable interest in the study
of solid-fluid phase transitions. |n the case of
n-alkanes, the polymethylene chain is known t0 adopt the
Sully extended, trans conformation | N the solid phase,
while many possible gauche conformers resulting i N chain
shortened forme appear iN the fluid phases. Schaufele?!
obtained evidence for such a behaviour froam a study of
the longitudinal, accordion |i ke modes associated with
the echain backbone. Alego, schmur?? found a similar
behaviour during a Raman study of alkoxyazoxybenzene Serfes
of liquid erystals. As compared t0 the solid phase, the
intensity of the bands assigned to the aeccordion nnde was
seen t0 decrease markedly upon entering mesophase. This
wag interpreted to signify that the allowed conformations
of the alkoxy taile differ significantly between the
various phases. As the UBOOA molecule possesses a long
octyl tail, we expect On the basis of previous results21,22
that a similar accordi on mode may be cbservable i n the
present case slsoy; 4if so, it should occur in the frequency
range between 250-3GC e~ 1. Considering the molecular

symmetry oi CBGOA, the mode Can exhibit infrared activity.

Figure 4.4 shows the detailed behaviour of the
Aifferent phases in this range, as a function of tenperature.
Bat h Phase II and Phase 1 are Seen t o exhibit two absorption

maxima at room temperature. The band at the higher
frequency occurs at 288 em™! in Phase 11 and at 296 cm™



FIGURE 4.4

Far-infrared absorption spectra of the solid
and smectic A phases of CBOOA i n the range
250-330 am™'. (A) Smectio A (80°C); (B) Solid
(Phase I) (72°C)s (C) Solid (Phase |) (25°C);
(D) Solid (Phase II) (25°C).



TRANSMITTANCE (%)

30}~

\
—

_ \
VvV

A
\

30

I

|
250

O
280

FREQUENCY (Chi™ "

I
\




81

in Phase |. The slight shift in the position of this
band is probably related to the differences in the
molecular environnent and erystal structure between the
two s0lid phases. At temperatures above 65°C, the doublet
is still eclearly present in the solid (Phase 1), although
some broadening is evident. A4t the transition to the

smectic A phase, the mode at 296 om™ !

virtually disappears,
as was the case in the nematic and isotropic phases. This
behaviour is in agreement with that already observed in

22 and hence the mode at 296 c:m“"1 is

alkoxyagoxybenzenes
identified as the ‘accordion' mode belonging to the ocectyl
tail. 7This value is als¢o in good agreement with the

1

calculated value23 of 3C0 em” ' for the case of n-octane.

Additional evidence for conformational changes I N
the oetyl tail is discernible from an inspection sf Table
4.1 as well as Pigure 4.1. Several other spectral features
agsociated with the rocking, twisting and wagging progre—
salon modes of the (C“:H?_}ri group as well as the 2liphatic
C-H stretching frequenciea show INnteresting differences

as compared to the solid, new conformations of the octyl

between the two phases. #his would be as expected

tail are allowed in the smectic phase, The present results
thus indicate that the erystal-smectic A transition in
CBOOA IS accompanied by intranol ecul ar changes asgocia ed
with the octyl tail and that such changes may be a general
feature of solid-mesophase transitions, especially when
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the constituent molecules of the mesongen possess long,

flexible end chains.

(1i) Dichrolec Effects: We NOW turn to 2 discussion

of the @ichreiec behaviouvr Off the far-infrared absorption

of liquid erystalline CBOOA. To our knowledge, nO
pelarization studies on liquid erystals have been reported
so far in the far-infrared region. Figure 4.5 shows the
dichroic behavionr of homogerecusly eligmed samples in

the range 30-250 cm'f. Ae noted earlier;, the aligmment was
Not quite uniform over the entire sample in the nmematic
phase and it deteriorated noticeably in the emectio A
phase., In spite of this departure from uniform alignment,
the spectra do show evidence of a clear dichroic behaviour
I N both smectic A and nematic phases. At freguencies

f

below 130 em ', for incident radiation polarized perpendi-

cular to the direction of alignment, (f _Lﬁ), one observes
a strong, broad absorption band centred at ~ 140 om~!in
addition to a shoulder at -~ 65 cm“1. In contrast, for
radiation polarized parallel | o the direction of alignment,
(2 || B), three weak absorption maxima are present at 50,

80 and 110 em” ‘. It should be noted that without the ald
of polarigzatiov studies, it would have been very difficult
to establish the presence of these weak features, as the
spectrum is otherwise dominated by the stroug band centred

at ~ 100 em™~?t, The modes at 175 and 200 cm°1 persist In



PIGURE 4.5

Dichroic behaviour of the far-infrared absorption
of CBOOA in the smectic A and nematic phases. The
sample was honmogencously aligned. The two traces
at each temperature correswnd to the electric

. SN .
vector being parallel {nllE) and perpendicular

A e
(nlE) to the direction of alignment,
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both polariszations, although they are more intense for

ALE.

The spectra do not show any significant changes
between smectic A and nematic phases or as a function
of temperature. The spectrum in the isotropic phase was
essentially a superposition of the speotra hown here
for the two different polarizations. This shows that
the long range molecular ordering i N the ligquid crystalline
phases has very litile eflect un the far-infrared absorption
of CBGOA, Rather, the spectra appear to be more sensitive
La the molecular structure and short range effects in the
fluid phaeses. Tho broad absorption band at 10C em™? e
sinilar to those observed earlier in other liguid

25, the weak, yet distinct

crystals,>’ =11 ana organic liguids
low freguency s8truciure seen here for a “ i? was not
reported in previovus studies. Larlier far-infrared
studies on liquid orystals were limited to those with
relatively shorter mulecular end groups, whereas CBUUA
possesses a long ootyl tall. Thie suggests that some of
the weak modes observed here may be characteristle of the
octyl tail. In the case of n-alkanes, noimsal mode

calculatione by JSechachtschnelder and EnyderZG

indicate

that sueh low frequency modes can arise from J/(-C-C bend
and Ui, vH, torsional modes when the polymethylene chain
lg suiiiciently long. Moreover, althougt p-azoxyanisole

itself does not e¢xhibit such modes, A preliminary study



on higher members c¢f its homoelogous series with hexyl
and heptyl end chains indieate327 that they too possess
similar weak bands in this range. These considerations
lend additional support to our assignment of these weak
bands in CBOOA as orlginating from the octyl tail.

4.4. Conclusions

The far-infrared spectra Of eryetalline CBOCA give
evidence Of pretransition effects as well as intramolecalar
changes near the erystal-smectic i tranaition. 1Isn tle
fluid phases, Lhe far-infrared absorption appears Lo be
sensitive %o the strueture of $he umolecular end ohain.

In tho case of golymesomorphic materizls, thie offers the
posaibility of investigating the influence ol 1ifferent
types of molecular ordering on flexible end ehains and
the conformatlional changes assoviated with them In each

phass.
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Table 4.1

Infrared absorption frequencies (in cm"1) of CBOOA in the
801id (Phase |) and smectic A phases, |n the range

30-3100 em™ | and their proposed assignments. * The absorption
frequencies of solid (Phase |) below 220 em~! are also
listed here for comparison. Wavelengths corresponding to
frequencies above 730 cm™! are accurate to & 0.01 py below
700 om™! the frequencies are accurate to % 2 em™ .

Solid

(Phase I) Smectioc A Proposed assignment
b
45 (vw) 50 T
70 (sh) 65 (sh) Lt(CHZCHz ;
84 (sh) 80 /¢~c-C¢ bend |
(Cgiyq) ‘
88 ] )
93 (sh) dLatt(i C?'d)
modes (soli
g8 LLibration GSH4
101 100
110 ]
128 130 (sh) v(CHQCHz) '
157
166
174 |
187
> T(CH.)
204 200 3
219 (sh)
274 278
Accordion
8

336 (vw) 334 17



(%ggig 8 Smectic A Pr oposed assignment

361 (vw) 361 (vw)
Libration CHN

389 386
406
423 420
454 457 )
462 (sh) 466
470 (sh) 474 /C-C-C bend
484 482 } (CgHys)
499 499 >06H4-c“:':~2€ interaction
518 T
532 536 |
563 559 .
592 (sh) 594
602 602
638 637 7
647 646
662 662 > T
671 671

712 (sh) |
121 720 (sh)

128 :}P(cmz} T
754 771 P(c,)

792 795 W z
809 802 (sh)
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(Pﬁggidl) Smectic A Proposed assignment
830 | 825 (sh)
840 838 } !
848 (sh) | 4
886 884 P(CH4)
912 (vw)
g7
933 931 | P(ct,)
956 947
973 970 } Y
1000 999 (sh) }
1015 (sh) 1018 W,
1028 1029 (ash)
1043 v
1062 ( ah) 1063 (sh)
1675 (sh)
1104 {sh) 1103 |
1106
1127 1126 (sh)  ©(CH,) § T
1166 1161 G ; | |
1172 (sh) | ;
1191 1192 J ' i
1217 (sh) v(CH,) ﬂcfl2)

1244 1247 6-0-C stretch } | v(cEy)
1261 (sh)



N1)

(ngggﬁx) Smectic A Proposed assignment
1292 1285 }CQ l
1305 (ww) 1305 (sh) 7(Qﬂa)
1315 l
1340 (vw)
1369 1365 ] y(CH,)
1380 (sh)p  8(CHs)
1351 1391 J
1412 1411 |
1459 {sh) 1463 (sh)|  6(CH,)s
1470 1472 } 6(CHy)
1500 1507 Wy 6(CH3)
1524 (sh)
1558 (vw) 1561 (sh)
1575 1578 (sh)
1589 1591 ]
} aa; C=N stretch
1620 1624
1885 (vw)
1938 (vw)
2028 (vw) 2018 (ww)
2077 {vw)
2212 2233 =X stretch
2460 (vw)
2527 (ww)
2746 (vw)



O
[y

(bigiédl) Smectic A Proposed assignment
2827 2849 o h ( )
-H stretch (C.H
2891 2919 8717
3025 (vw) 3036 C-H streteh (C.H,)
*Note: sh = shoulder; ww = very weak.

| N the case of the symbols describing the
proposed assignments, we follow here the
notations given I n Table 3.3.



