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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 fluorescent
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.

Keywords  polarized Raman, syndiotactic polypropylene, symmetry species, chain conformation

M g ingdte] 98 4 9lar, planar 7F3= g4 oA

TG o ABRE A dAAE A HE dE

Syndiotactic polypropylene (s=PP)& 5 7}4] 4= olth. Infrared spectroscopyd ©1-88 s—PPl

Mz o AleTEE /L 2de ddsted 1 g A AF7AA ulEE s ol Foj o

= s TERE Dy symmetry? twofold helix Raman spectroscopyZ ©]4% @17+ FT—Raman

conformation®]™ ¥ THE F-Z+ all-trans TEE o] A g3tElo] o]Z o]fs W Ayl o]Fo|X| L

7}A= Cov symmetry 2] planar zigzag conforma— Qe HI7XE A olFolARr 9 it 53

tiono]th.'™ Helical FZelA AF&2 TTGG con- helical ##2] s—PPe]l tiaixe E 49 77} B

formationg 7F=H], o= &4l M8l F w¥le] 9ot w2 BT 29 planar &9
232 A7 planar zigzag T2 A2 anneal— o] Ramans o] &8t bt A=sl A &oju},

EolH #2698 A6x 20023 119 745



.0l
=]

lot,

ke

P

Ramans ©]8-¢ helical s—PPol| thdt Ad7= Zerbi
¢} Hendracl® 98] Hgoz RuEoy 0.633
ume He-Ne laser® #9105 AM-3HE scanning
Ramang o|&3sto] A7t o]FolF7] wie] #HF
FAE Qe AHERS F4o] mf¢ 029 Raman
oA 743 4718 Bol= A symmetry mode?] 54
w3 JErto] #AHJTE I ot Ramang o4&
& s—PPY A7 A9 el ol 7B 99
o] W& Fgow x}28H= scanning Raman®] 7%
FFEAZ At ATl hG Ago] Wk s—
PP zHAI7E 74l Asta) &2 E4E AT A
ol AHFES #AE TojeA &3Sy "Rl
gy #Zol metallocene Fvlle] T3 2E WEA}
o oFE Azt ZteaA Ho =2 JATEA
< = s—PPY o] Adgol] wel AQNEA B
Ag EA H0°w, FT-Raman® 712 Ag9
E AAE = UAA =
#34 Raman #3HE& o]43 s—-PP
T+ W3 Raman depolarization 2€& ©|-&3
A9 7 wiFo Raman 3 YFEY EAgke] 7}
satded O Zdrx AgetA] Zagivh B ATl
A st nA s g wE el H3 Raman
B3NS o]gsk= 71 Snyderel’ oste] A&
B Eold AN Fab niEA AlEe] F oo Fo] ¥
Ag B 9o o]g5glen, 1 F Rabolt7}
ArFa &2 Abee F A Fo] 5 7350l
ez o] AFHE Hgstalch. B dAFedre
Figure 19 24X)% back scattering ¥ & o] &8t
o} Raman 2%8& £330, YAtE= ol Dy
3 Abgtsls 9o 33 B3E k505 FUASE
Z700A AFRE o] &3l Z HHoAM 9 ~FHEH

Z] 5]—

Spaced Fixed
Axes

;
LAt

N

Z
Iy E,

Back scattering

Figure 1. Experimental scattering geometry used for
polarized Raman measurements of uniaxially oriented
sample.
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2 N%&%S 3+ perpendicular dichroismg R
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Table 1. Infrared and Raman Scattering Activities
for Helical s-PP Chain (D, Symmetry)

symmetry species infrared dichroism
A inactive
B, polarized L to chain axis
B, polarized 1 to chain axis
B polarized // to chain axis

Raman (molecular polarizability)

experimental symmetry species
_ polarization A B, By Bs
X)X e 0 0 0
(A 0 05dy 05d, 0
X(YD)X 0 05dy 05dy O
(Z7)

XZDX BB dytlayatddy) 0 0 05dn
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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
Ao Inactive
B polarized // to chain axis
B, polarized 1 to chain axis

Raman (molecular polarizability)

experimental symmetry species

polarization A A, B By
X(YV)X e 0 0 0
X(ZV)X 0 0.5d 0.50% 0
XY2)X 0 050 054 0
XEZDX (18 (B layaat3d) 0 0 054,
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HlgAdol Raman® X(ZY)X v X(YDX A¥
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o4+ parallel dichroism< HO]% ¥ H¥ Raman
Ao = A, speciesd TS AL HATL B,
speciesol] &3l AF5EFLS infraredo A= per—
pendicular dichroism< Werd®e] % Raman 4%
oAEs X(ZZ)X geometryd w2t 337} YEhA
) o)g} 7] ZF symmetry speciestltt HF in—
frared®} RamanolX ©2A vERGA HEE A
HAROF olgstdl tfE IFLEFY symmetry

species® +H& 5 9

WA s-PPE AAIE ? 100 T 25oa 1241z¢
Qt annealing3le] &v]E D, symmetry 2] helical
& 7 s—PP % infrared 433 Raman
zE<B
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E
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£ normal coordinate analysis®l| 2]3}o]
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symmetry speciesoll &3k=
olarizability tensor &< 7FAA Hel =] A7)
7} 2A el A Figure 204 #dsA &
F 9tk Hgo] ® g o] §3 Raman AP AA =
dFow g Alge] wan A 9l Abgtsls Wl
o] Pgrtero] whel ZF symmetry speciesoll &&=
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calculated observed frequencies (cm™)
symmetry Ty
) frequencies .
species -1 infrared Raman
(cm™)

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 //
Bs 1265 1264 //
A 1259 1260°
B, 1223 1242 1 1243°
B; 1174 1168 // 1.69°
A 1168
B, 1167 1157
B, 1159 1153 a
B3 1068 1060 // 1061
A 996 497
Bs 974 977 // 080
B, 971 976 L
B, 378 870 L 870"
B3 867 867 // 868°
A 839 849°
B; 829 825"

//: Polarized parallel to chain axis. 1: Polarized
perpendicular to chain axis. a: Amorphous band.
“New assignments through this work. T: Reference 7.

Raman Intensity
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N
X(YY)X
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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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TFolME AMEAl 1465, 1344, 1298, 1260, 849
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& st

B, B, specieso] #@eh= AFEES XF in—
fraredell X perpendicular dichroisms 2o°]¥ Ra-—
manoAE YA BAMA S AT AbtE BA)
Mo Agggro] g2o] H X(YDX, X(ZV)X geo—
metryoll Al 738t A7IE Btk 222 HF in-
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cee- 1464
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Figure 3. Polarized FTIR spectra of uniaxially stre—
tched helical s—PP film.
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T29) s—PPiz Table 2ol AW3l%0] Ay Ay, By,
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BHAM 23 geometryoll Wt ZF symmetry spe—
ciesoll %3Hs AF 50| & polarizability tensor
& 7HAA Hol Rl w4 speciesel &
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A& o)A perpendicular dichroism< B9t} 782
2 #A3%F FTIR ~FE#9l Figure 5°4 718t per—
pendicular dichroism& ol 1466, 1380 cm™
H|AE0] A speciesoll &3, Raman X(YY)X$
X(ZZ)X geometry M E 1450 cm™ oA Arc)a o
2 748HA vebdoh Ay speciesdll &3k B¢

infraredel| A= B]&/ o] RamanolA %k #E ]
o X(ZY)X =& X(YZ)X geometry®] 1460, 1210
cm 'elA 2 B4 93g vhadch et 1210
cm ™l A= B symmetry speciesell £31= 1225

IPNNY
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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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roisme E2o|™ Raman @A X(YZ)XellA et
= 1225, 1134, 963, 828 cm™'9 AF-LFo] o37]
of &3irh. ojd BMHE ARES HY infrared$
Raman A% ZA#ZHE Cpv symmetrys 7HA &=
planar 7% s—PP %%&%9 infrared ® Raman
H3E 7t symmetryel] @t EFE F ARoH,
o] A3}Z normal coordinate analysis®] A4t A}
¢} vlwate] Table 40l Yepfsich T8 22 #gd
infraredt} Raman AgEWH-E o|&3tA4 4 AF
+F I EY Aol 7hsehA Hol o]F o] &% 1
A BATE #A ol mgo] Helgh of AT

species®l| &8l IF2TS

2 B

s—PP¥ D
backbone®] trans T&& 7}4& Cyv syrmetry 2
planar 7%9 A& tE F 7] AETEE 7RI
Infrared spectroscopy & ©]&3t s—PPef| digt 4+
= A7k vlnd Zes] o]Fo)xgert Raman

spectroscopy® ©]-43 A= 72 RiuHo glA

o e
AT

symmetry2l helical 3%

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

calculated observed frequencies
symmetry .t -1
species frequen_clles 4 (ecm™)
(em™) infrared Raman
Ay 1464 1466 1 1450
A, 1463 1460
Ay 1373 1380 L 1376
B, 1372 1380 L
A 1364 1360 1358
Ay 1242 1250 1L 1257
B; 1228 1233 1 1225
A, 1185 1210
Ay 1152 1154 a 1154
B; 1154 1131 1 1134
B, 946 963 |l 963
B, 347 836 I 828

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

Polymer (Korea) Vol. 26, No. 6, November 2002



#H3% Raman %39S ©]&3% Syndiotactic Polypropylenec] #3t a5
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