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ABSTRACT : The anisotropic Raman scattering properties of oriented syndiotactic poly pro—

pylene have been investigated using FT —Raman spectrometer in which the fluore scent

problem of polymer samples can be removed. To assign the observed Raman bands to their

respective symmetry species, the anisotropic scattering results for four different com —

binations of incident and scattered polarization were compared with those predicted by

normal coordinate analysis and infrared dichroism measure ment data.
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Figure 1. Experimental scattering geometry used for
polarized Raman measurements of uniaxially oriented
sample.
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H]&d (inactive) ©]A|%F RamanollA+ &4 3=
2 yelA #) By, By, Bs symmetry speciest
infrared$} Raman spectroscopyellA B /4?14,
°] & By, Bz speciesel &3t FeEES in—
frared spectroscopy®llX] L&A} AlE Fol 7O
2 AE-FS 3l perpendicular dichroisme X
o] WHH Bj speciesel] &3 A5 1At
AREEY Ft A55s YERE® HY infrared
AF o)A parallel dichroisme HIt} T3+ Snyder
7} A|eket WF Raman #3223 e)XE= polariza—
tion geometry®l] W&} Z} symmetry speciesl &
3= 2EL-Fo] thE polarizability tensor (o) #<
7EAA ol s3] AZI7F vE2A e HER
o] W& HY infrared AE I} AZHAH O 7 o]
gotd Aoz AFHA= JAEE symm—
etry speciese] st JRE AL 5= 9lA Fr}20722

Cyy point group symmetryE 7FA+= planar 73
9] s—PP AFES] HEFE2 Al A By, By sy—
mmetry species® W7ol Zt} Table 29 A%
o] Z} species®ll &3 AF+EE> A species?)
739 infrared®} Raman EFolA &4dld|, HF in—
frared 2o+ perpendicular dichroisme, Z12]
3 #\F Raman APIHE X(YVXE X(ZZ)X

Table 1. Infrared and Raman Scattering Activities
for Helical s-PP Chain (D, Symmetry)

symmetry species infrared dichroism
A inactive
By polarized L to chain axis
B, polarized L to chain axis
B; polarized // to chain axis

Raman (molecular polarizability)

experimental symmetry species
polarization A B; By B,
X(V)X dhy 0 0 0
MIAD 0 05dy 05dy O
X(V2)X 0 05dy 05dy 0
XZDX (BB dyt2ayat3d,) 0 0 05dy
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Table 2. Infrared and Raman Scattering Activities
of Planar Zigzag s-PP Chain (C,v Symmetry)
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Table 3. Calculated and Observed Frequencies of
the Helical (D,) s-PP Chain

symmetry species infrared dichroism
Ay polarized L to chain axis
A, inactive
B polarized // to chain axis
B, polarized L to chain axis

Raman (molecular polarizability)

experimental symmetry species

polarization Ay Ay B; B,
X(YVX i 0 0 0
X@ZVX 0 0.5d 0.5d, 0
X(Y2)X 0 050 05d, 0
XZDX  (1/8) 3+ 2aa,t3dh) 0 0 05d,,

geometry®] A~FNEHo|M 17371 YJERA ®Th
Ay speciesel &k XEEES infraredol A&
H]&4o]3l Ramang X(ZY)X HF+ X(Y2)X A9
geometry ] A Ee AR 9371 vEhue] X(YY)X
¢} X(ZDX geometryel = WERA =t By
species®l| 8= MEEY A+ HF infrared
o X+= parallel dichroisms X.o]:= ¥ W% Raman
Ao A= A, species® T2 S HILh By
species®l] &3l WFEE2 infraredollA+ per—
pendicular dichroism& Wel™ #3% Raman A3
oM X(ZZ)X geometryd wwt 3327} YER}A
o} o]9} o] Z+ symmetry species?}t} H% in—
frared®} Ramanelx ©=Z2A YepdA HERE 43

HetHoR o]lgstd Ui AFE symmetry

speciesE /& AE}
WA s—PPE A3k 3 100 C XA 1247k

Z¢l annealingd}®] =H]|3F Dy symmetry2] helical
TZ2E /M s—PPe A% infrared 237} Raman
A8 AHE normal coordinate analysise] 2|3}o]
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Ha5o] B3 Raman A3¥ geometryel wet
Z} symmetry species®] &3 IEFE0] tE
polarizability tensor &2 7FAA EHo] 332 A7
7} g2A YehE A& Figure 2014 gt &
T AUt WFol @ Hs O]*‘l?‘f} Raman A 3elA+
d&Eo 7 ANE ARl W ik 2 AbeEE 4
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748

calculated observed frequencies (cm™)
symmetry .t
species frequer1c11es infrared Raman
(em™)

B; 1465 1464 1
A 1463 1465
B; 1462 1463 // 1443°
A 1452 1448
A 1353 1344°
B; 1352 1346 //
A 1339 1324/1298
B; 1300 1293 //
B; 1265 1264 //
A 1259 1260"
B, 1223 1242 1 1243
B, 1174 1168 // 1169
A 1168
B: 1167 1157
B, 1159 1153 a
Bs 1068 1060 // 1061
A 996 997
B, 974 977 //
B; 971 976 L 980
B, 878 870 L 870"
B; 867 867 // 868"
A 839 849"
B, 829 825

//: Polarized parallel to chain axis. L: Polarized
perpendicular to chain axis. a: Amorphous band.
“New assignments through this work. T: Reference 7.
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Figure 2. Polarized FT —Raman spectra of helical
s—PP obtained from four combinations of polarizer
and analyzer positions.
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Toll M AMFA 1465, 1344, 1298, 1260, 849
em™! 59 IAE A symmetry speciesel &3H=
s Gl
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frared®lA] perpendicular dichroism< X.o]™ Ra—
manelXs YAbE BARA S HFwEEe) Alshd HA}
o] waggke] 2o ¥z X(Y2)X, X(ZY)X geo—
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parallel

- perpendicular

e 1464

977

Absorbance (a.u.)

1500 1400 1300 1200 1100 1000 960 800 700
Wavenumber(cm™")

Figure 3. Polarized FTIR spectra of uniaxially stre—
tched helical s—PP film.
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2 W3 FTIR 2~FERRI Figure 514 78 per—
pendicular dichroisme Xo]= 1466, 1380 cm™*
J7E50] A; species®ll 43}, Raman X(YY)X¢t
X(ZZ)X geometryol 2 1450 cm™'ellM Aeha e
2 s vebdth Ay speciesoll &3 IEF
< infraredelA+= B]&/do]3 RamanelA v @2
H X(ZY)X EE X(YZ)X geometry?] 1460, 1210
em™ellM I 54 93E depdoh 2Ed 1210
cm ™19 IFE= B; symmetry speciesel] 48k 1225
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Figure 4. Polarized FT—Raman spectra of planar s—
PP obtained from four combinations of polarizer and
analyzer positions.
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Figure 5. Polarized FTIR spectra of uniaxially stre—
tched planar s —PP film.
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roism& Holw Raman 23A X(YZ) XA UERY}
£ 1225, 1134, 963, 828 cm ™' XE-8-50] °}7]
of &gty oly et WHS AMESH WAH infrared$}
A3 AIEFE Cov symmetrys 7HAE
planar 7% s—PP F&%%9] infrared ¥ Raman

Y35 7 symmetryol] wel B 4 9lgloH,

Raman

TR T
o] A3}= normal coordinate analysis® A A3}
¢} v]ste] Table 40 YehhSith 2= H3d
infraredt} Raman AEWHE o] &skA HH s
T HAEFE] #Ao] 7hsstA EHo o]E o] gt

B BATE 4] B8] Helet oA,

£l

z =

s—PP+ D, symmetry® helical &2 =&
backbone©| trans T%E 7} Cov symmetry 2]
planar 7%¢ MZ & F 714 AETEE 7K
Infrared spectroscopyE ©]&3s s—PPel| gt A+
= AS7HA] vlaE &is] o] Fo]x gk} Raman

spectroscopy® ©]&43 A= A2 RaEoe] 9lA

L

Table 4. Observed and Calculated Frequencies of
the Planar (C,,) s-PP Chain

calculated observed frequencies
symmetry .t -1
species frequenﬁclles : (cm™)
(cm™) infrared Raman
Ay 1464 1466 L 1450
Ay 1463 1460
Ay 1373 1380 L 1376
Bo 1372 1380 L
Ay 1364 1360 1358
Ay 1242 1250 L 1257
B 1228 1233 1l 1225
Ay 1185 1210
A 1152 1154 a 1154
B, 1154 1131 1 1134
B 946 963 |l 963
B 847 836 |l 828

//: Polarized parallel to chain axis. 1: Polarized per—
pendicular to chain axis. a: Amorphous band. T Re—
ference 7.
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