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XPS Analysis of Surface of Polymer Films Utilizing Chemical Modification
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X-ray photoelectron spectroscopy (XPS) has been widely used for surface elemental composition analy-
sis of polymeric films. However it is difficult to evaluate the surface composition of functional groups quan-
titatively by a conventional XPS method. As a more qualitative technique, chemical modification XPS has
been studied to detect functional groups such as carboxy group on polymer films. Corona treatment is
known to be an effective method to improve adhesiveness, and it is generally assumed that corona-
discharge induces some polar functional groups leading to the improvement of adhesiveness. We have ap-
plied chemical modification XPS analysis with gas-phase derivatization to elucidate the surface composition
of corona treated ARTON films. It was found that the contents of functional groups, carboxy group and hy-
droxy group, were correlated to the adhesive strength. On the other hand, the contents of functional
groups decreased with content of tetracyclododecene methylether unit (TCD-COOMe) in the polymer. We
will also apply this analytical method to develop materials for semiconductor, liquid crystal display and oth-

ers.
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Figure 1 Typical structure of ARTON® (cycloolefin
copolymer).

Table 1 Test sample

TCD-COOMe ratio

(relative content) Adhesiveness
Polymer A 1.00 good
Polymer B 1.09
Polymer C 1.25
Polymer D 1.33
Polymer E 1.45 poor

Corona treatment condition - 1. 1kw

COOH COOH COOH COOH COOH

Trifluoroethanol
Cat.;C6H5N +
CF3CH20H

[ CF3  CF3 CF3 CF3 CFSL\
| N — |
?HZ (H2 C‘Hz ?HZ C‘Hz Fluorine detected
0

NENSIBERELTHEHLZ. 3618, AVRFIIVE
DAL B SO O BIRVEFEFR D720, K)FLrTL
75V —NPET) 74V 2% AL 7-.

2.2 /&

2.2.1 AILRF Y ILEDOLREETRIG

VKR FVIVEERICE, N7V FOTy ) —)L (TFE:
CF:CH.OH), ¥-t7 F LV # IV &K ¥ 4 3 F(Di-t-BuC:
(CH,);C=NC=NC(CH))s), ¥VU¥ ¥ (CH:N) %M\ L3
BB (IR 2 filEe L THVRF L3
N7V FaxLy )=V O-CH.CF 2 &% 3%
Wiz, AVKRFDVIEOALFAEHIXPS T D AF — 2%
X279,

WEH > T VEREOEE DR MAHT 5720, ¥
TNV FT 2 RO R3E (TFE0. 9ml, Di-t-BuC:0. 3ml,
¥V 0.4m) 2 A, FlemAOREY 7 EEbiC
AT ARG H LU IMEE, 40T, 60CHHELEA
CHTE I [ RS S8 7z

R-COOH+CF;CHOH+ (CH) :C=NC=NC (CHs) s

GHN{Cat) pc00CH.CF:+ (CH,) CNHCONHC (CH,),

(1)
2.2.2 KEEED(LRBERIN
KR EICIE, EARNITIV A OEERE (TFAA:(CF;
C0O).0) Z I WTALFA UG (IR §738D), P74 n
TYFVEEEAT L ER Wz, KEBIEDOIL 54
XPSHHT D AF— 2% KUK,
IVRF DI FAB L F I, 7T 2B
Y7V RORIE (TFAAL OmD) 2% H L HHT
T 5 R[] OGS S8 7.

Reaction condition

Temp.: room temp.
Reaction time : 24 hrs

di-t-butylcabodiimide
(CH3)3C=NC=NC(CH3)3

by XPS

Figure 2 Analytical scheme of carboxyl group.
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Figure 3 Analytical scheme of hydroxyl group.
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Figure 4 Relation between reaction temperature and the concentration of F on the surface of PAA film.
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Table 2 Surface elemental ratio measured by XPS
conventional method

Elemental ratio (atomic %)

C 0

Polymer A 78.1 21.6
Polymer B 79.4 20. 3
Polymer C 77.7 21.5
Polymer D 78.2 21.5
Polymer E 77.8 21.7

—O—RT.

——40°C

—>—60°C

Fluorine (atomic %)

0.5 \<>\<>

Reaction time (hr)

Figure 5 Relation between reaction temperature and the concentration of F on the surface of PET film.
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Figure 6 XPS spectra of C 1s of ARTON® film without chemical modification.
(a) Before corona treatment, (b) After corona treatment.
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Figure 8 Angle resolved XPS analysis of ARTON
(Comparison polymer A and D).
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