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ware 2 data system?] 73} high resolution,
high sensitivity 9+2& 5& dA49 24% FT-IR
spectrometero]] o] 27 i), 1~
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Dispersive IR spectrometerv 3¢, sample
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olof] s} FT-IR-& monochromator tjAle] Mi-

i
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FT-IR Application for Polymer Analysis

=78 71edTY (Jyongsik Jang and Chul Rim Choe, Korea Institute of Science and Technology, Polymer
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354 ©ilh Detector2 HE|Q &8 ARE FF
Elol| A digitalize¥]™ time domainollA] frequency
domainZ H¥E oj I},

Spectrometer:= A4 Hd EFFX B¢
¥ EHo] 71857 JME 8 Ato] 23}
o) uhs), FT-IRE RE spectrum$ ol 7]
2, 55 2 Adgo] o]Fojzinh,

2orke 99 2o 39S AW FT-IR spect-
rometerg o] &3ted, TEA} B BNz I

2 1 geg ARFHor vgstaal ok
FT-IRe] ¥4y 2 1 99

Transmission Measurement

Transmission& YAtgo] A g8E FHA A
o §4 G0l o3 YRS dohhe w2 713
A BPolANE 712He] Blavot O™ g
2 e 9] 98 solvent castingo]tt compres-
sion moldinge] AFEEH AT glom, A& Ax F
AF 94, 7V 27440 9 EA0] H¥HE &
b, AlE7t 282 23 739, micro-samplingol]
2]&} AL} KBr micro-diskE ]88 % gt} olg
A 3}o] Ado)x spectrum®] F4AFEE AlES AE
Exo o3 vy FBAAAE 7HAA Ed 29
B 2 transmission spectroscopy<> Beer-Lambert W
& fA3R BN FF £ o] 7HedtA Hot.
¥ B gloJME digital subtractiong F3) <
7} 7hssln], ZubE 9] coating EEE FEE] &
A% 4 AUch

Fig. 1& A& 71E3PA 893X A=d E-
glass A1%-¢] transmission spectrum© 24, digital
subtraction ol o8 feldf A A& 7R
FA Q) vk i AR £AE vede 18
olt},

Attenuated Total Reflectance Spectroscopy

(ATR)

ATR-& internal reflectiong 71223 EAHHo]

t}, 2% QAlte Zx 9o)) A refractive index ngl

DA oo 7la AM2dW 13 19919 19

A. 05 wt% A—174 Silane .
AQ. SOL. Treated E— Glass VAR
Fiber, Dried at RT. for ~  ° L /]

HRS
0 1205 o
1430 - |
B. E— Glass Fiber o 799
! 11671105
1720 W\
11639'300° ", 900
C.A-B S M0 e

1800 1400 1000  600cm’

Fig. 1. E-glass fiber treated with aqueous solution of
0.5% by weight of y-methacryloxypropyl trimethoxy-
silane. A : Silane-treated E-glass fiber. B : E-glass fi-
ber control. C : Difference spectrum (B-A).

Z|Eo 2 Eojon, sample HHYE 2T AL
F3F dhatbs]o] o}, of7]A sampled] EHE ny
v Zeg 28E n B v

UAFRE Hel oz F43l= sampleo] HHALE

A JEshe F9d AREE, YA B 45
A5 SeHY ¥ B3, A A ", of
ad BE gAste 2HEZnEY o8 3 &
2 plot HojxH, sample?] &4 spectrumo 2
FoiAA Aot A~HEZHS] intensity7} % A
YIRS SR gt F5EE SUME 5 A

t}. Internal reflector platee] =7} 50mm X50
mmX2mm FAolH, JAF Zxr} 45T A$
ok 2591 9] WALE A Ath

ATRe] A}85+= Multiple Internal Reflection
(MIR) Unit®] 79 two mirror optical system¥}
four-mirror optical systemo] §1t}. Two-mirror op-
tical system YAHgo] 45C 2] - 99 WALE
3, Alg9| FA¢) F@sieg st galele
EX APHA o2 7 Bol AHg-H 1 lth. Four-
mirror optical system-& ¢JAFZo] 30°, 45°, 60°Z

£ 7HAH, 25%¢] ¥iALE 3HA] €}, o] system
& FF zolE 3WAE wWANY £ o
low-absorption sampleo] &# & o]},

Fig. 2= Reaction Injection Molding(RIM) ¥}y
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o] 213t Nylon 62] ¥+¢ kineticsS 3z1¢ 3 plot-&
olg3le Uehz ek EAWYL single ATR
uho] Mg Edom, 60 olulel wWE kgl o
HME we EFAHQ WS BoFa ok
go] Z7}3te] we} 1540 cme] amide I peak”}
HAHo 7 Zr13Hg 898 4 Jlrh

Reflection-Absorption Infrared Spectroscopy

(RAS)

R-A spectroscopys QAMHCl Haoz HPH
Ao NFE o] &3 B 7&olth B8 i 4w
67} 90° Kt} ¢kt HE B, WAPES &< mirror
Eo A A3 AEL 717 standing waveE
atA Ao} o] waver &HE film EAEH 43
8-S 37 ") o] B vled W Hige 1
5 Awst QAP B2 4% wiiel A A
o] Q 233 By thacl, ¢RI metal mir-
ror9) 9] sample filmol| 218} reflectivity$] fractional
change (AR)&

-2
AR____S%EI (9.212 sin“ 0
n cos 0

N

. molar absorptivity for sample

. absorbing sample?] %

:filme] 54

. absorbing sample 2] refractive index

L AE

[<~J- B = N e ]

Absorbance

1700 1600 1500 ° <
Wavenumber (cm™)

Fig. 2. Fast reaction kinetics of Nylon 6 reaction in-
jection molding (RIM).

R-A unitE oj# o) EFFAx &olsHAl
A% AlgEo] & £ glen, SJAHES monochro-
mator®] ¢ slit A polarizers ¥0.EZA],
AgBr wire grid polarizeroll 2}s} BHFH A H
1=

Fig. 3& A3HA17} gl o ZHA] =4} copper &
& Fude] weS R-A WS olgdtd E4%
spectrume]th, 150C2} ¥H3-253lol| A 7]l o
ZA] 9] Ast whgo] UEhtA] ekor, AJZto]
A3 5kl wat oA EA 9] A whgo] FgY e 3
& 4 ith

Microspecular Reflectance Spectroscopy

B3 Zakay FE, o ZA FE, 54 ZW9
HEg} o] wats o] A & gl HH filme] £3
#el2 98l microspecular reflectance spectros-
copyZ} o445 0] Aok, YARE-E mirrordl| ¥HALE o]
20T 9] Yrtztoe s sampled] =YE ™, sample &

1510 1184
/\L 1245 ' 1046
; L AA
n | 0001

0 o n N
! |

A
th\/ W™ M
¢, |

/A‘ »/V‘\/‘A TS
B N \vv/"A / k/W\M\t

| |

’,f N \\//M\\'\,\ ’,,J‘/\NW

‘u-

A

n " o "

1600 1300 1000
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Fig. 3. The reflection-absorption infrared spectra of
the polymerized epoxy resin on copper plate after im-
mersion in an uncatalyzed epoxy resin at 150T. A) 2
min B) 10min C) 30min D) 60min E) 120min.
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ol ] ¥hA}Eo] THA] mirroroll A HHAL, BAHA
ft}, sample2 ZZo| o8] Ao xn, sample
plateo] %28 spring clipell &J&] FA1=Al o},
Surface-aluminized mirror2} Aperture 3o W&
transmission & o8& 2T},

2mm diameter : 28~30% transmission

5mm diameter . 68~70% transmission

10mm diameter : 80~81% transmission

Diffuse Reflectance Spectroscopy(DRIFT)

DRIFT #e] 2%, IR #& Age #3743
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o2 vAlEA "k, o] dRE FFEIL U Ae
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gt 43S 248 F Uch.¥ 7™ Diffuse reflec-
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g 7R3 €

DRIFT ol25& =A th¥EsH  Continuum
theory$} statistical theory’} I=Hl, kubelka-
Munk theory® Continuum theoryol &3t}
DRIFT ¢} 92l BH A o 2 Kubelka-Munk theory
o o8] A9sojxt}. Continuum theorys AR
298 homogeneous BAZ FF3dlH, scattering
propertyr} reflectivity= ¥%e] oz HE Aol
t}. Kubelka-Munk theoryoll &J3bd, &4 f(R o)
' F5AeK S BAHAS(s) 9] H|2 Fol7,

F(Roo) =K/S= (1—Re0)*(2Re0)

Roo 3 5-313] gF&-%2] absolute reflectance

AAole ¥F A3 E A28 reflectances th
9 #A7} Foirt,

R'=R’ (sample) /R’ (standard)

DRIFT?] ¥FA82% vlA3 kBr £¢0] o|&
)1 9k, DRIFT signal® A 89 17 =27], A
29 g, HHA 94 @719 o8 FFL BE
)}, B AFo] 9|3 overabsorption FAto] o}7]
7% sk, ole A7l &3 drh =

aExiney vl M2P 13199149 1€

3 Axpel =719} FE|E scattering propertyol®
ke v}, AFEo 2 A 719 Fei= spect-
glof dgke FA4 Bk AFF £4S A8

W47 QA fA8E Hol neral

DRIFT spectra®] particle size 93& Fig, 40l
o3 veht gith. 2R H7RE 7HAE AR spec-
trum ZE7} o RELE Z HA9 ARANME 4
thA ez e vehta dok 221t spectrum]
Fej= & J49 A8 BF broad® Fde o
23 olt}, o] XA Z overabsorption 4ol
Ueh}7] W&olct, DRIFTSE surface sensitivity S
742 7] W Bol] FH) JoF BAo] v AAH B
ol A]E ¥ o) optical element®) F&Fo| Z
3 glolx, BA%F UAte] 27] 2 ¥, packing?|
wsl7t Al FEE 7R Qi

DRIFT g0l ols) a#aoz #H £40l 7k
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lay Wgo] MAEH I ek o) WhHe A ES G
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F(Rw)
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1500 1000
Frequency (cm™)

Fig. 4. Effect of particle size on the diffuse reflectance
spectrum. A) d>90um B) 75<d<90um C) 10<d<75
um D) d<10 pm.
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Fig. 5& +&9%3}dA] 2 e]¥ Aramid 472 &
W —F_P‘ < DRIFT #43 KBr overlay s °l] )&
)=]
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Surface Electromagnetic Wave Spectroscopy
(SEW)
F&u)x) TE A9, critical angle F2o| A &
A8 sl F4RH e SEWS excitingol] 23 su-
rface specieso] <%k
of7|Hr}, 88 SEWE excitingA]7]&= WHoz:
prism, grating, edge couplings- A}&3l= 3 50|
k. SEW spectroscopy?] ZAHE &9 #r &%
(sensitivity enhancement), uj) 8k} A (orientation
selectivity), A" A (interface selectivity) 5-o]
t}, SEW excitation =& vHEAF= YA
Fig. 60X HXo] mle F& Jdon, SEWE &
&R Ho e yejoz g3},
Fig. 72 ODP Langmuir 3 £-& Reflection Abso-
rption, Transmission ¥ 3 SEW ¥ & o] 23}
Wgolv R-A
ool ukay,

spectrum®] intensity Z-Z-9j

#4138 spectrumo]t}. Transmission
o) 23] Aojx)+= intensity7} v -$-

3326 (N—H)

400 3700 3400 3100 2800 2500
Wavenumbers (cm')

Fig. 5. Diffuse reflectance spectra of polyaramid fiber

exposed to water. A) with 30mg KBr B) without KBr

overlayer.

SEW
2.00-
z
Z 1001
1 R—A
0 |
0 30 80 90

Angle of incidence

Fig. 6. Theoreticlal calculation of intensities of the
SEW and RA spectra of polyvinylacetate on copper as
a function of the angle of incidence.
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Fig. 7. (A) R-A spectra of ODP Langmuir films of 5
Monolayers (solid line) and 17 monolayers (dotted
line), (B) Transmission spectra of 5 monolayer film
(solid), (C) SEW spectra of a 5 monolayer film (solid
line) and 3 monolayer film (dashed line) measured
by SEW spectroscopy.
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Emission Spectroscopy
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& A|2¢] optical contacto] glom 1o 7FEH
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Fig. 8<& 250C9] 1238loA Ag plate 9]¢ poly
(vinyl acetate) TE-& ¥4} emission spectrum
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(vinyl acetate) 7} GRS oRX = A&
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Photoacoustic Spectroscopy(PAS)
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Fig. 8. Emission spectra of a poly (vinyl acetate) thin
film on Ag (250C) (a) 10 min (b) 180 min (c) 405
min (d) 520 min.
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Fig. 9. Photoacoustic spectra of as-received polyara-
mid (Kevlar-49) fibers ; (A) xenon coupling gas .
(B) helium coupling gas . (C) the difference spect-
rum (A-B).
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