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' :Réﬁan SCattefing was uséd té pfob; the phase transitions
of fhe nematlc liquid crystalllne materiz 1 p- azokydldnlséle
The intenaltles of sevgral Raman ‘modes were ahown to chanve
‘abruptly at the phase tran51tlors, but no detectable frequ°QCJ

) shift of any mode was obsarved Our r;sults suggest that th»
Raman soectgﬁm.of P- ézox&dlallsole is onlélgffected by ShOru;
range Qrderlng,' Qualitatlve inge*pr:tatlon of the. rESUIto T

is'givep.‘ '_f.; 'f"f:?':.7fl"t';f_ ot
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.ﬁeins Raman scattering technique}.ue have investigated the.phase‘

;transitions'of‘the ncmaticlliquid crystal‘inc subvtance p—azoyydianisolc
f (PAA). Althoucn Raman spectra of this subatance have prcv;ousll

teen obtalned"] 2 no systematlc investigation of»the temperature dencndence
.,Qf the Raman modes~hae‘been rcpcrted. _Furthermdre, to our knouiedge,b

no'inveetigation of the lov-freéuency Raman modes nae'ever_been made.

In this note we would like to report the results of our measurements

of the terﬁpﬁzaturo dependence of the Raman modes 1nvtwo epectral

reglons: 30-100. cm’; and 1225 1300 om 1. The intensities of these
.modee’change significantly'durlng the phaee_transitiens. Our results
- indicate that the Rawan spectrum of PAA is-affected nainiy'by short-range
o interactlon between nelghbozlnu molecules, and that Reman scattering in
& :general can ’b‘= used to Drobe the change of i; short—range crderlng

during the phase tran31tlons -

<<
The experlmental setup was the same as that descrlbed by ‘Landon 2nd

-

’Porto,B with a 40 mw He-Ne laser as the exciting source. The PAA sample
P ' : - ’ T - \ -'.‘ ‘. . .. . -
- . was recrystallized three times for purity. For better temperature
‘:control the sampie cell waslinserted in a copper dblock and then.immersed

' in an oil bath Thn sample temperature was monltored constantly, and

. temperature fluctuatlona were leSa than 0. 035°C ’

A spectral range of % 1900 em -1 about the laser line wa; Investizated.

There are around 30 strong Raran llnes (of the same order as the 992 em
line of pure benzene) in that range As the substance changes phasee

. from solid to nematic and into ieotropic'liquid,'some‘of.thevlines'

-.}disappear, but most of them decrease in intensity and become broadar.

P, . .
A d .’
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Three‘ofithe lines, however, show little change (< 10%) in their inte-
grated intensities. In particuler, the line at_1095 cm—1 also shows

essentially no change in-its'linewidth, Itvwas, therefore, chosen

-aéithe_internal calibration line in our intensity measurements. Generally

spéaking, the Spectraiof the.nemétic phgée reéemble those of~the'isotrobié
liqgid moré than thosg of the solid. None ofvthe observed Ramen lines
show.any détectable frequehcyshift in the phase tranéformation. ~ For the
highefréquéﬁcy'Ramaﬁ-modes, our spectra have general resemblénce‘to those

obtained by others,1’2 but the deteiled structure is quite different,

.especially for nematic‘énd liquid phases. -The difference may be attribu-

ted to_the better quality of our spectra.h_ ,*

Two spectral regions show more significent changes‘uﬁder phase

"trgnSfOfmatibn (see Fig. 1). The first region from 1225 to 1300 cm'-1 was

first investigated by Freymann and Servar}t.1 They reported observing two
lines at.12LT and 1276 em L in the solid and nematic phases and that the
line at 1247 em ™t disappeared in the liquid phase. Our spectrum for

solid PAA in Fig. la; however, indicates that the composite spectrum of

. this region can be decomposed into four symmetric lines at 126 (£ 2),

1252, 1261, and 1276_cmf1 with the respective intensity ratio of
3.7:1&ﬁ;2:6.3. The strongest line is roughly 1/2 as strong as the 992 em 1

line of beﬁzene; As the temperature increases through the solid-nematic

‘transition, the three lines at lower frequencies decrease sharply in

intensity and merge~into‘a sinéié broaé peak. .However, assuming that
the‘lines are always'symmefric; we can still-deCompoée the‘spectrum into
four 1inés at approximately tﬁe_same frequencies as befqre} In Fig. 2a,
we have plotted the normalized integrated intensity of the 1246 et line

(calivrated againét thevintensity of thé 1095 cmhl_line) as a function of



. o .. UCRL-191L8

temperaturé.s It is seen that tﬁé'cﬁrve'has tﬁé-characteristic quasi
discontiﬂuity at the'solid—nemgtic phésé transition.‘ However, no such
discohtinuity occurs at the-nematic—isotorpic:ﬁransition. The integrated
intensity'of the 1276 cm»-;l liné remains»unchanged through the phase.tfansi—
tidns, bﬁf the linewidth éhanges as shown in Figf 2b. Again, the variation
of thefiinewidth with temperature has a quasi discontinuity at the
solidghémaﬁic tfansitiéﬂ;

The lbw—freqﬁencf ;egion from 30-100 Cm-l is also of intéreét;
Thé.spéctfum of solid PAA shovs three Raman mode§ at 40 (%2), 52, and T2 emt
located onvtﬂé teil of the ceﬁtral scattering_compgﬁent,.as shown in
Fié._i.' The intensity ratio is 1:1.4:2.4 respectively, the 72 cmt
‘mode 5einé I/L as intense as tﬁé;i276 cmnl mode. In transition from
jsolid to fhe'nema£ic éhase, the Té cm.-j'1 ﬁgdg vanishes complefely,
end the ihﬁensities of the‘modes-at Lo and Sé»cm-l drop sharply with
'their_inténsity ratio becomihg h:l. rThe latter two modés also
disappear su@denly at the nematiq—to;liquid ﬁransitibn. While tHe'
intensities véfy; the fréquéngies and thé linewidths of thevthreé
modes reméin’unchanged.. Figuré 3 shows_thé variatioh of the normalizea
integratéd'intensities of t£e three modgsvwith témperéture. Here
ag;iﬁ,r£he cu:vég'éxhibit the characteristic discontinuities at the

phase transitions.
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To explaln our results qualltatlvcly, we can use the simple model
'sucgested for FAA, 7,vIn'the solid phase, the molecules
CH'O—(C6 h)-N O—(Céﬂh)—CH3O are all aligned and fixed in-regular positions.
Two nelghborlnc molecules are half~oxerlapped with the benzene rings
facing eacb other and the CH30 groups in close contact with the V 0
‘,éroups§5 ln the nematicfphase, the long axes of the molecules are still
| essentlallj aligned, but the molecules are no longer rigidly fixed .
in position and they can rotate more or71ess freely about their own
vllong axes.T The rotation .of the benzene-ring gzoups is presunably
less hlndered because no permanent d1pole moment is attached to the
benzeneoring;3‘Finally, in the liquid phase;vdisorderiné in-the molecu~
lar alignnent sets in; | | . | |

As suggested'by Fre&nann and Servant 1 the Raman llnes around
1266 em” -1 ~should arise from the v1bratlonal modes of the CH 0- (C6 h) N 0]
group;l TheSe ‘modes are llkely to be strongly affected by 1nternolecular
' vinteractlon when nelghborlng molecules are overlapping in a -
'“manner described above for'the solid‘phase; In the nematic phase, since
the molecules can move'and can rotate about’their'long axes; the |
probabll1ty of flndlng two nelghborlng molecules with thls particular
relatlve p051t10n and orientat1on is smaller than that of the solld c“ase.
Conseqpently, the intensities of these modes drop sharply. That the
.;mode frequencies remaln unchanged suggests’ that here only the optical

excited states are modified by the intermolecular interaction., The
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sudden iﬁcrease in the linewiéth of the Raﬁah rnodes at the phase
transition_indicates the onset of rotational f#eedom the'ﬁdleculee
aeqﬁife in goiﬁg £o the nematic phase.

fheesehe‘model can be used terxpldin the observation of the
'1ow—frequency modes. Unlike the soft lattiee modes iﬂ ferroeleetries,f3
these modes do not change in- frequency during the phase transition.

. They are most likely the 1ntermolecular modes arlslng from 1nteracblon

between the CH (B (06 h) -N, 0 groups of two nelghborlnn molecules and sbou_d

3
be affected prlmarlly by short—range ordering.- The T2 em -1 mode may

- dependvstrongly, and the other two less strongly, on zhe relative.
.pdSition and orientation of the geighbofing melecules. As a result,
the kd and .52 cm-l.modee persiet.in the nematic phase although their
inieﬁsiﬁies decrease. It fs interesting to.note from Fig. 3 that the
modes with higher frequencies show more drastic changes.at the eolid—
nematic tfansition. This seems to suggest that_the modes with higher.
frequencies'have deeperebut narrewer intermolecuiar notential welis.
:"These 1ntermolecular modes do not have 51debande due to rotatlon or .
libration ef indlvidual melecules, Consequently, little change in

their linewidths should be expected at the phase transition.
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In an attempt to study the rnzluence of mavnetlc field on ordering
in PAA we applled a field of h 0 kOe on the samplp and varled the
temperature This field is strong enouvh to induce macroscopic
allgnment and hence, satuzatlon of the dlelectrlc constant in PAA.?Y
We have” however, seen no effect of the fleld on the phase- tran51tlon' N
temperatures of PAA.V-The Raman spectrum -after callbrated against
the 1095‘cm_1 llne, also. snowed no fleld dependence at any temperature.
The fleld 1s apparently not strono enouvh to modlfy the short—rance

interactlon betweenmmolecules. This is an agreement with the conclu-
, : B A L TeTE T A _

sion draun,by others-that in nemetic Substances;ve'magnetic field has

effect only on & macroscopic scale but not on local individual molecules.”

wé eISO observed_in our experiment abrupt'broedening of the central
‘vRaylelgh—W*ng compohent at both solid-toenemetic end nematic-to-liquid
vphase tran51t10ns This is eleeriy due to the onset of rotation and
- libratldn-of'the moleeules at the phase transitions. However;vsystematic
:investlgatlon on this Rayleigh—wing scatterlntr is yet to be performed

We have shown here that Raman scatterlng can be used to probe
vphase tran51t10ns .and short-range orderlnv in 11qu1d crystalllne
‘materlals, Comblnatlon of Raman studles w1th other methods. of.lnvestl-.
éation, such as NMR, etc., may yield a better plcture of 1ntermolecular'
,pinteractdon inuthese haterials:. We are extending our studyito the other :
members of the homologous series of the L,k'-bis (alkoxy) azo;&benzenes.
Preiiminary re:ults indicete that, in general the tehoerature dependence
of both the low—frequency and the high- frequenCJ Raman modes conform

-

-with the results obtained from PAA. A full report of the investigation
will be publlshed elsewhere ' )

rd
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* FIGURE CAPTIONS

1;. Raman spectra of PAA from 30 to 100 cm ; and from 1225 to

1300 em -1 in the three pheses.

. (a) Solid phase at T=113.9°C

©(b) Nemetic phase at T=116.8°C

" (c) Liquid phase at T=13%.8°C

‘The s1it width is 2 en .

vFig.

‘ Fig.

2(a). Normallzed integrated 1nten51ty of the 12h6 em L line as

-1 function of temperature.

‘.Cb). Varlation of the linewidth.of the 1276 cm -1 Raman mode with

temperature..

3.‘ Normalized_integrated intensity of:the low-frequency Raran

'eﬁodes as a function of temperature.
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