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Three-Dimensional Orientation Study on the Uniaxially
Drawn Poly(trimethylene terephthalate) Films with Polarized
FTIR-ATR Spectroscopy using Germanium Crystal

urd, oA, HBE

Jatdistw AfFetd, s A48t
1. A4 &

Hold EFHE nEAUY Z49 segment o 5A4E AEAoz #IF 5 Yo FHOE QA
R 229 wg 2 conformation, 24 AFE A del AHSHe] ok HAM B3y
g Wy o2 A ATR W'H-2 denser medium ¢! crystal & AW} IR beam ©] crystal 3 rarer medium ¢ A &9}
o] AdolM dojubs UiF- HwkAL @A 383 otk UiR N dof'd M AR} crystal ©f
AR A= evanescent wave 7t TERF Al 9] 435 Aol 28 absorption spectrum & F3 Al
o) B4& BEXse whdoltt. wWEA ATR spectroscopy & AHEE AF Al59 W EATE AHZH0
2 23g £ Jde SR A H9H EFH MY 9y AEEHD dE T oOF ¥eEs @
zo] B7153 thick film 2 fiber, fabric, coating & TF¥E Hejo] |59 FAMo] 7bed FHo] YT =
3, FART ATR Wgo] #E 7hd & 332 Rbeam o A7]F JEo] Algde F IR 77 3%
o2 2% EA57] o] #FE Rbeam & Ag5t] A5 32k g £40] 7hesitts Holoh!

£ ATl A= polarized FTIR-ATR spectroscopy & AH&-3t U= Al poly(trimethylene terephthalate,
PTMT) ¥&9] 3 X91 segment ¥Wi& 2 conformation W 8}, strain-induced crystallization J3-& #2313

2. 249 WA

21 Al &

PIMT ¥S2 ©ig ZS2HTPA)T 1,3-propanediol & HEE F3 DEA HE 245CAAM (T,=228T)
1.5metric tons @] ¢ o2 28 F¢F meltpressing @ Foll FEol FIAA TEAT  olFA HEAR
non-oriented amorphous PTMT film € 55C (Tg =35T)1 A 10% / sec o] £ =2 Y% HAAE 814 oriented
PIMT film & £H])5}9th. Fig 1014 WE9 7 wekg A HFAZ Uitk

2.2 ATR measurement

Sung and Hobbs o] ©]3] 119HE symmetrically double edged germanium crystal ( 25x25x3mm, 45° )7} rotatable
sample holder, variable angle ATR attachment £ 7-AJ¥ ATR setup & AFM8-3Fo] 2 ATR crystal & #4+= IR beam
o] Azote] A JAIAE 45° 2 3t spectrum & AUtk ATR crystal 3 detector ARO]oll wire
grid polarizer & A5t crystal 2 S HF IR beam &) TF WP} W71 RO detector 2 A 3}
)y Az As= JZE mercury-cadmium-telluride detector & A}-§-3+9 resolution 2.0cm™, 100 scan & =
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Hdeoz 2zto] Algeje} A 29} polarizer o) WS 242t 90° A 3] A3k 4 7] spectrum & BATH

Fig. 1  Definition of three spatial axes of PTMT film

3.3 2% ¢ 31 &

2 7 £ dFell ¥4 ojn] KRS-5 ATR crystal & AF438t] 9% 2 o]% @] PIMT B39 1)
% A conformation 3} Aol g ATFE FAsATE> oA AFolA KRS-5 crystal & AHE3HA o
< spectrum & F3AIE 1600~1200cm™ %} 9] peak & A 2§ L R| peak 9] absorbance 7} @} $- A A
F BAo] Z@sgict. aEy B AFolA germanium crystal & AMEE AolE EE 999l peak 9
absorbance 7} A& EAJdl HZ{ spectrum & BE F AN ©)E germanium &) FAHEO] 4002
KRS-59 24§ 2382t w1¢ =7] o)) germanium crystal & A}&ste] P& spectrum @) effective
thickness 7} °F 1/10 7} &7] WjE2o2 AZtEth. ! (d, (TE wave, KRS-5) = 3.29 ym, d, ( TE wave, Ge) = 0.32
tm forn,=1.58, incident angle=45" , wavenumber = 1500cm™) wWa}A] £ @) AM = germanium crystal &
AH8-35ke] Table 1 olA YERA PIMT 9 48} peak o] £Ao] 7bss] ol wpal o] A2l KRS-S crystal & &
& #EsrG PTMT 9 glycol unit ©f #§%F AHF# ofd} aromatic ring & M AF2 Bao] 7153
Jez Qs PIMT o AAAQ] wig AFES ol8l@ + Ak

Table 1. IR band assignment of PTMT

Wavenumber (cm™)

1715 =0 stretching

1475, 1450 CH, bending
1410 Aromatic ring vibration
1385 CH, wagging (gauche conformer)
1358 CH, wagging (trans conformer)

1120, 1020 Aromatic ring C-H in-plane vibration

875,730 Aromatic ring C-H out-of-plane vibration

Age] 3k wiE EME AsiMs 7o Algattt Ag9] WE polarizer o WFE 22 907 4
5] 73t ( Transverse Electric (TE) / Transverse Magnetic (TM) wave ) 4 7§12} spectrum & Fojo} 3it}. o]l A
L A7) spectrum S 2R E 5 peak 2| absorbance E TEHA HY, A1) T AEY x vy, z W
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Fe| attenuation indices ( k, k, k, )& ANME 7 Utk Attenuation indices &= IR beam ©] AIE9] x,y,z Haol
9] absorbance gto2 Azl WigFE el gtolth  Structural factor (4, = (kh, k)3 Y AME x,y,
z 3ol 247he] attenuation index & SYFFHOEA, o= gk BAIglol AlE AA9 EF4HE vehdich
Orientation parameters (4', =k, /4,, A’y =k, /4, A, = k,/4,) = NES x v,z BFIM Y ¥ Fre F=
£ Yedis gtolth

o= 4n’cos @
A = a4, (sin29—n2)%(1—n2)
Apy » = BAy + 74, s 4n‘jcos9(sin2—n2)
A TE ,y = o A y (sin2 6—n2)/:’(sin2 0—2n2+n4cos2 8) (1)
4n” cos Osin* 6

ATM T BAx * YAZ 7’=(sinz0—)12)%(51'112—nz+n"'cos29)

i pomr

R erystal

Fig. 29 Fig3 2 &4 9% <d4l PIMT ©E9 d4lvlo] thgt 1358cm™” peak 9 1385cm™ peak <]
attenuation indices 2 structural factor, orientation parameters & ¥ 3E Uehd Zolt}. ©] F peak & EF
PTMT 9] methylene unit & 543-8 e} = peak A transition moment vector &) *38Fo] 1184} chain ol
%33t parallel dichroism & Y}ERYE peak o]t} 3], CH, group 2} trans conformer & E4-& Uehi:=
1358cm™ peak += PTMT 9] 249 EAE VBN peak o]th* Fig 2914 1358cm™ peak & AA1H] 1 9]
A x,y, 2z W3 59| attenuation index 9} orientation parameter 7} 25 22 gh& 2= isotropic amorphous
Fejol x| gk, dalo] 74 Al AA WE(x)O.2 9 attenuation index 9 orientation parameter 7+ AA1B] 2.5 o]
&7k A48 Frhalrkrt Aalnl 25 ol elA F23] Frlete AAE dEhl Aok =3 1358cm?
peak 9] structural factor HA] AAH] 2.5 o] ollA FH3I) Friste AFAE Ukl Utk ol PIMT
dEo] dF Aalo g3l Aaluvl 25904 A4l WaFez o] wigk trans conformer o] o] F73] 7t
3t AL Uell= Aoltk 93, methylene unit 9 gauche conformer ¢ E43-8 el = 1385cm™ peak &
Al AAIRIZE FS7tE whet Al wpo g o] wigo] FUskE e B & A, olE 1358cm™ peak o H]
ey Hjgo] w9 A F/istE A B £ Atk ol PTMT HEo] €4l¥] 25914 strain-induced
crystallization @40l F¥57] AF ABst] YA4T £ Yot S, Al ] Al WFo= wjgd
273 AECl AAYA =9, viEdAR GG vl Bxhe] A0l w9 AL AL N FHAA g
g3t Azt Fopx|7| wjEol), 2HAHoz FAHHE wiFo] F {5 o] 1358cm™ peak o] HEFI} Fo] A
AH 25604 43 Frtete Aotk AA Y SAE YEIRA ¥ 1385em! peak & HHAHOR
e gsto] Awst IA Z83to] 1358em™ peak ol HI3 viES] A=rF AA UEuE Zlolth 1385cm
peak Al AAlH] 25004 thE Aalnjol] g wjgo] Frists A= A v € B+ Utk

ol dAlBl 25 M FE] Aol ofd wigrE FAo] FAFT, amorphous PR HlF FHoz B
o] F&Aol &2 Aol HAA dd BA &5 Folsls 8A4A% AFsid A HEA JIgw &
Aet= FeHETE HlEA dQolr e wiF 48 E ZAA7I7] oz A4 & ok Eg, Aal8)vt
Z7tgtoll met trans conformer o o] F713lE AT AHEE A gauche conformer o & FAsteE E
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#}E Yetda ok ol @aldl A3 Z719) amorphous 9| random coil FE}S} TEA} chain o] HHH
22 extended FEE v 7F7] oz A £ AT

Fig. 4 9l A& C=0 stretching (1715cm™) peak 2 attenuation indices 9} orientation parameters 2] HAldjo} BE
W3S YERRACE 1715cm ™ peak &= perpendicular dichroism & WENRE peak 241 @AAalv|7} F71E ol what
4] BFeEO = 9] attenuation index 9 orientation parameter & ZA3Me W, J41 #Eko] £3E WEQ y,
z o 2o mige e AL B 4 vk £33 1715em! peak = FAl) 2] structural factor & H
gto] Arrt Ao YEhA @ AL B 4 Uk ©l= 1715em™ peak 7F A1&9 conformation 3 233}
Zo)) 8% peak ©]7] WEOE o] 1715em™ peak o] WY AFo] AR vjAA BT HHS Y
= AEY H7AQ gy FxE vehle Ade ¢ + Aok

Fig. 5 ¢} Fig. 6 &= 212} PTMT ¢ aromatic ring unit 9] C-H in-plane bending (1120cm™, 1020cm™)#} C-H out-
of-plane bending vibration peak (875cm™, 730cm™)2} FAlH)o] WE orientation parameter 2] ¥ 3HE e Zlo]
. Fig 59 C-H in-plane bending vibration & parallel dichroism S43-& 2t peak ¢ ¥HH, C-H out-of-plane
bending vibration 2 perpendicular dichroism 548 % peak ©ltk. wWekA Fig. 59 C-H in-plane bending
vibration peak = QA1H]7} 27130l whal Al HHekx) 2 2] orentation parameter 7} F715tT A4l ko]
29l F HHaKy, 2)2. 2 9} orientation parameter = ZAstE AHE Jehdlm ot €A, Fig 6 9 C-H out-
of-plane bending vibration peak 3= HA18|7} Z718h) wlal 4l ¥}aF o 2 9] orientation parameter 7} A 311
Al gkol] $22)Q] T 93E0 2 9] orientation parameter © A% E Z23}E Yehlo ok gy A4l
Hjo] sl gt aromatic ring © ¥l A5 methylene unit o] widFo] AAIH] 2540 FA ] M=
AF 2] Al s Ao AMH oz s ARE Yeh o ok

R

ojAtoll A d%E Al PTMT BE 2 Hainldl @2 MD, TD, ND %332 #& #F2 polarized FTIR-ATR
spectroscopy & AFg3Fe] #a31Uch PIMT 2} methylene wnit @ E42 UYehlE peak o wiaF AL
strain-induced crystallization @4c] UYeEh} = GAl8 258 71Fo= @Al wgoz wigko] A Frtste
A2E YEluE= 9H, aromatic ring 2 A& YEME peak & JAIH|G] sl A4 oz wjgo)
AL Ao R Frletes AS TEHET

5.3 1 A
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Fig. 2  Attenuation indices and orientation parameters of CH, wagging vibration ( trans
conformer, 1358cm™ ) of uniaxially drawn PTMT films as a function of draw ratio
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Fig.3 Attenuation indices and orientation parameters of CH, wagging vibration gauche
conformer, 1385cm™ ) of uniaxially drawn PTMT films as a function of draw ratio
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Fig.4  Attenuation indices and orientation parameters of C=O stretching vibration
( 1715cm™ ) of uniaxially drawn PTMT films as a function of draw ratio
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Fig. 5 Orientation parameters of aromatic ring C-H in-plane bending vibration
of uniaxially drawn PTMT films as a function of draw ratio  ( A: 1120cm™, B: 1020cm™)
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Fig. 6 Orientation parameters of aromatic ring C-H out-of-plane bending vibration
of uniaxially drawn PTMT films as a function of draw ratio. ( A: 875cm™, B: 730cm™)
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