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Abstract

This work develops a tube-based DBD plasma treatment for improving the
performance of the slippery coating layers on medical catheters. The raw materials of
the polymer catheters usually exhibit hydrophobic surface property and need a
hydrophilic slippery coating layer for reducing the friction during catheter insertion.
However, the high friction force may cause an uncomfortable feeling or even the infective
or thrombosis injuries on the epithelium. This study develops an atmospheric tube-based
DBD plasma for treating the surface of the plastic catheter for enhancing the coating
performance of the slippery layer coating on medical catheters. The tube-based DBD
plasma system is a semi-close and co-axial concentric circles system composed of a glass
tube as the DBD layer and the inner supporting hook for catheter production as the center
electrode for DBD discharges. The treatment for the inner and outer catheter tube can be
achieved simultaneously with a small carrier flow rate of 30.0-100.0 sccm. Results show
that the contact angles of these catheter tubes are significantly reduced after plasma
treatment and the hydrophilicity of the treated surface maintains 57% for more than 30
minutes after the treatments. The catheters with different plasma treatments are coated
with the commercial slippery layer and tested the kinetic friction under the ASTM D1894
standard. The kinetic friction test indicates that the catheters with plasma treatment
exhibit lower kinetic friction force, indicating that lower friction during catheter medical
insertion operations. The experimental results have shown that the medical catheter
treated by the developed tube-based DBD plasma can be effectively modified and

facilitated in the subsequent coating process.

Keywords: Atmospheric pressure plasma, DBD plasma, lubricious coating, hydrophilic

treatment, medical catheter
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Implantable Venous Access Port, TIVAP)2. R & fia & # B ¥ ¢ cheh fv& H &H F
[35] > Hg % Am » GAkfE r3ho KA RE Bl M EFY - HY 396 6% PU %
By 302605 R ARHPE - K EET] 146 BIRF ¢ P 211 B
A 183 Gls i PUSRE > @ 28GRI 5 ¥ o dd > ¥ ¥ g PU % H
(732320 REgdr ap BEFRIRIKE OPRCRI O blooirB & E ¢
A TS e PR AP 3 R EE A s AR 6 Rt LB
PURFsIAan g p el p 45 AR OP 2 RAA0H > 5 F4
PA AL G e A FNEFARAEEE TG o Neoh 3 AR E2 L F 0§
FAPM L R HFR[B6] FEEH SR B A G EREAFLTL DA R

BB d BAEFY R 9 R fg Ry o F]F e g ed B A
FIE (524 PEN AR REFRET MR > AR 2 0 o) e FF R b 4
TRAE AR B A P SRR TR AN A P B Rk
0o fopcd R RERL g 4 o e Bl 1-1 97T o
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(B)

Fibrin
sheath

clot

Mural
thrombosis

thrombosis

B o1l $FEET B2 FEEERY (AT a2 FrEF M PR

BALBE F & PP aRE L R A TER 2R Y o B 2 L RE R AL

i d MG B RY IR 2 BN - [36]

PG L iR R EE AN e B2 0 s Ed R g
fp AT A i SR A RRRRIEFHE AR L R
§ BERE DB Y DR TR B RFR S ERmEA A AR F
F o R FERE S~ BN AR B R B R % (Catheter-Associated Urinary Tract
Infection, CAUTI) ¥ &3 & ¥ it PR E AR ERE ORFRT > B A
FEE R~ el F FE BB AR A > 22 F S s FEHRE
Bl %23 2224 § b > @ g 4 e 45 < 5 % F(Escherichia Coli) ~ % 3k

(Enterococcus) ~ ¥ #¢ j#Fj(Pseudomonas) ~ % 1% j#](Enterobacter) ) 2 £ 7k #)(Candida)

e B ¥ €05 4 FF A h2 T & SR CAUTI ehF R € *odf 5237, 38] > 7]
BB ER AEE DR ARG H Fehr o a > A e ZBIF%
Bo— i Bk R W R R G R FAF AT EF ) E R T
ok 13477 WA Y NI I AR AT REFEE A FHEE LG 0 - &
Moo R MA G A S A MR R FRERE AR A B RERE R R

TG R R AR EEARM AT FI AT - &g HE Y A G kLR
VRRWARE A5 o e I - R R R IR .



14 F* $§ 46 Rk A

W AR B TR E T A Ao Fe

7

FELH[F odm 20 fRAY N FREEMPE LG BT kR HEF L LY
AZRR S AZE ke g A AR B RIE Y R R B e e - A ER U E A

F g A kDF L FHBEEEF o BRFISEE ARAMAESFT 2
RBALY o B HOKIME A S R F EUk R gk s 10 G g

Fod e o A AU RIS B AR K oA A R 2 B AR B ST A G
Frmechhs e R Ao T B REH L B R TNz RS F R

z v%&w@‘;ﬁl o

1.4.1 $ e vt

PGk g R AR A FARR OB R G R A A S Y
R A G b B AR R F R A G A2 d SR T N @ s R

W e

%
e

e e 2 Jaete st “XKITTL}E"* S /ﬂ\’*/f*kff* L iR | B s

o

[l
At e M BB TEARY o URAE € A WA A BRI RS R SR A - Ad G R
oo BT R PR G o R 2 A R IR R L E R R S
MAH A G BRI LY AF B i 4 BE GG AR A G o poaRE @
ROk F A F R E PG R e (Polyvinyl Alcohol, PVA) ~ F 5 4 % v
(Polyacrylamide, PAAM) ~ & ¢ = f% (Polyethylene Glycol, PEG) ~ & % i 2 %
(Polyethylene Oxide, PEO){- ¥ 2 f v v% *= fit (Polyvinylpyrrolidone, PVP)%& » @ H ¢

B R 44 % chE_PEG fr PVP #fchg &4 F 1l o PSS 8 B K% 5
EitR A e P mE i [ HD {4 g roliPeo 5 L o Elam & 4 7 1993 &1t

1 R Rfrige Arge At kG A OFREE[39] BE AP SBL G B4
R AP F P EE R BB E P R i o McGinty ¥ 4 A& 2008 # i 4 12

BHHE @ Aog AL D AR 0 2 594 & 424 ] PVC I [40] 0 B R IR B sk



Hpd AR R G REF A G BB EMRBEREFA D ARE B
PESN e R X MR T T R H R RS R R E L P

g 17
B TR R B 4 K R R SO B L A B

| ]
Initiator g
Deposition VacuumDry & = AIBN adsorbed
T :: onPVC
PVC
o AIBN + Acetone Monomer
24 h | MeOH 70°
| 1
Clean ron
4+ [ . .3
|:| MeOH70° | & 3
B |
Surface Grafted PVC “un

o MeOH o Monomer + MeOH
Bl 1-2 PVC 26 seh GlAem Ll B A e daMpikitp d AsIg A g - 27
% (Azobisisobutyronitrile, AIBN)4» s i 3] PVC 4 6 > 12 & #-k 4 7 hp o

AAE © [40]

Raod wERAFFOEr S A F R RLT R SR ea
R AR A )0 FI R RS R oA G L R A F S S e
| E A AR AR F S - 5 N o A R E S R R b R

Loh DA ETT AP T R o T o | BRI R i B

142 i £
R A MR PR S IR A G ) hE 0 B H R R R
HFOL G EF B B AR R R AT G AR A S8

_\\3_.
hbs

BA AR EUR AR KT FF HAEF R i ik > TR 4G B Y
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AH 2 @A s 0 26 b7 Gt BB BN 4 & R
DL F G AR F Rl inF iy om o N H BN I v g 4 0 2
NG ARE- A E AR A = B = e s e

Krishna % + #2005 4 -3 ' % fh 24 2 (Acryloyl End Group) % o Fetc & ¥
PR 4] Aleh B F L R E 4G L EARFHROT fﬁ%%‘x@ gy
FOFEERRIOA B ARG B E A G L R FIEK P kA
BEig R R E c B RMT o B iRk w ATAR e RS > F E R DIRG
¥ (Pseudopodes) & B f » @ AP NEHF L 5 g7 < Ei ] R AT ORE 0 F
EVELE- S0 gl SERHCIE RN (I Nk 3 AV E ek Ol Uk i RURTR S W 2 -
B £ LG E A R

Kucinska-Lipka & 4 #2013 & & * {* & 42 &P W R r,_/f]‘ e H g gz P
M F AT E AR A Feap F Aol 3 0E iR 1[42] 0 de R 1-3 #r BLE P e an
§ e ks f fendp s er § o s iEE o @ B RIRE AR T @ ElE
*ANE AR b WEH S P e AR B M A1 BB B SRR K i
ERE G LR

Zhang & A % 2019 E B 37 - UL el FohFHESp d AR E
(Surface-initiated Atom Transfer Radical Polymerization, SIATRP) » & % % fig T]&L £
F AR EPRE B RIALE TR G 1S 2 e ok[43] 0 HES 46 R3- [
T A2-(2-2-7 B 2k BR)e 1T Se AR 2-1-A F il (Poly(3-[dimethyl-[2-
(2-methylprop-2-enoyloxy)ethyl]azaniumyl]propane-1-sulfonate), PDMAPS) ™ & & |
B oy & R T AR % i (Poly(methacrylic acid), PMAA) + & | 3] % 45
Yol 13 477 o T Ap R PR E fad 0 BB LS IS EE S o
PR M RER B ER  BF U AT B e PR R TS R

fiy ~ E’ﬁ LHFn R AR R e i e F M Hab g ivendom ﬁ_%;";{t'fr'jﬁ%gﬁé 4

oy

EET 5 0B 4 3 A P T ok ?ﬁ'fiﬁ‘i °



> i W
APTES-Br LN I | DMAPS ::’» -\'5 :’
/ LI | ' > :’ /
PU i PU-Br PU-D
%5853 35 062
e 43
MAA z \E > > HHC36 S? 5? >
aiain Nt b
PU-DM PU-DMH
1 APTES-Br DMAPS (, PDOMAPS ® MAA PMAA
L e e e
)§=o o 0 OH HO N0
H 0 0
2 HHC36 : KRWWKWWRR
+N— +N—
k S0, S05

B 1-3 %6 F it o PU-DMH @ A2 L Bl 223 &8 d PDMAPS /3] FHAr

PMAA || g4~ 5 155 T K 2 + & o [43]

1.43% ’% P

zﬁg_&‘i&;&#&*}/ﬁ R N W ]uu oo HEmRBILE WL
BERP omd NP ICHE S F R RETRY AL TR
f,;z’}frml B RIDLR-FEERATAL 2 EB AR fepd A X
e
RIL ALY o PE b B A 3R A5 i T H A A AR e LA o
e -

; SHL fd’ ’gﬁ %3\

HEZ0 ZRPEFFEF B KEI ML PREE F ML g0 & LT

TG G T SR A B e )

Lee % % f 2005 ## % ? A # ¥ ‘= (Polydimethylsiloxane, PDMS)

ik d TR H R ER R PR o8] 1-4 97 o § PDMS AR ETRE Y 4p

’]\/&}‘@“’ @ £ K 4 (Amphiphilic Copolymers) %
R IRt 0 ¢ FERIRE LR

$%° PDMS  #+ % » i 16§

R R TR -HE 3 P - IkF ¢ = (Poly(ethylene
oxide)-block-poly(propylene oxide)-block-Poly(ethylene oxide), PEO-b-PPO-b-PEO)4r
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F & ¥ 5 pa-F ¢ = pg(Poly(L-lysine)-graft-Poly(ethylene glycol), PLL-g-PEG) » + =
FMER LG DB oq REHAY Y T Sl E e RFRIN O BEAp LY
FHEBEZ N DERFIPN  HEGIFRAPF - F BEEELRF EF LR RILPFRT
Bok P E LR B B R Tl E%%$°%ﬁ’a§?%@ﬁﬂ’ﬁk

ERIAEF R L o BF T PDMS £ & ekt 4 IR T EF o J @ s
A5 KRR K [44] -
T Y ¥ PP

PDMS

(A)

PPO

‘ PDMS \

(B)

‘Hl PLL

v e o Al R
PDMS
(C)

Bl 14 &% TRfra M Rb# PDMS 26 s 7 LW - (A)SBF T AIL2

PDMS(B)# 3 PEO-b-PPO-b-PEO 71 PDMS(C)#% § PLL-g-PEG 7 PDMS -k ¥ i3
7T & B o [44]

Erdogan # % & 2008 & 8T R & ¢ = ekt /3 ¢ (Foley Catheter)ie
FipA o T FEBRBEERRUD P AR AERE A L BEHT(F

1-4) TS FEET Lo kit B0 R R R BEH e oA THE B
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-‘“\

BH 4 g Ao ivfione 2 > RGPy RERFL0 5 L8 PR
kfte ipAAT Y Y o d 2N R FEm F FIAL B oERIE S Bl ERE A6 R

kb ensg Aot K A B AR E A o ARHARR[19] o

£ 1-4 %z - P nﬁfﬂ?%?( R jﬁ "fr’% k@ﬁﬁﬂ*)@‘m%ﬁ% *
PR EER R RRERFEH RGP fiene SR RERE A6
£ 3 L& kit o [19]

Bacterial Contact Angle (°) Bacterial Contact Angle

Sample Adherance (CFU) ©) Sample Adherance (CFU) (°) (6)
Unmodified 6x108 7711 Unmodified 6x108 771
Catheter Catheter
(10 min/15 W 105 6742 (10 min/25 W EDA 105 66+3
EDA Plasma) Plasma)
(10 min/25 W 105 6613 (20 min/25 W EDA 105 67+1
EDA Plasma) Plasma)
(10 min/35 W 104-10% 701 (30 min/35 W EDA  5x103-7x103 65+3
EDA Plasma) Plasma)
Initial Bacterial 2x108 Initial Bacterial 2x108
Population Population

Zheng ¥ 4t 2016 & B4 — 5% »T R 2 G wohat i PR fed g A [45] -
FRAAFE MR A G R OHE ¢ RERC G T F TR X sk
= Iy ¥4 7 (Carbodiimide Coupling of Cysteamine) I 4 %] sh 2 % W ~ 4242 & e vie
hEE ARG L R BRC FAE BETE A s K T o SRR ARIE RS
Bt Bd F DHRIET o R ki A ARG R AR A 20 6-2 4
A vt ez L "F(Diaminopyridinyl Heparin, DADHP):E 7 e & st p a7 { X g A
O o] 125 0T o Y & Bl A P § F T RRUL{o Tl U DAPHP #5524
BB R GG DT R A R KA S RERFAG kAR T
U RS ek o ] R B R o L s B e g b Bk oG iR
FOLLE S R eRR N o S iR
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(A) 96.7 +-14 (B) 84.9 +#-1.2 (C) 65.4 +-1.1

Bl 1-5 7 b WARARIL R ¢ i & 2R - (A)R e Funiig £ 2 %% 5 (B)*
§ R RASLE SR 5 (0))5 DAPHP-AGNPs % i s 2 4 % o %% M7 6§

TRAILT » Re G erkof £ &R R S E - [49]

Taheran % 4 % 2016 & | # #Ek3cq %/@%—ﬁl*p‘: 5 0 T AT
G ALK AL[46] B 1-6 2 % KT 0 R % ke T IASTHR L B (R
FEFEA G i S R AR X PR TR SR F o E

X AR A A s kA E AR O R e

non-modified polymer
modified polymer

224
20.]

1.8
16
1.4
1.2.]
1.0
0.8 ]

intensity

0.6
0.4
0.2
0.0
0.2

d T L 1 L T L ] L L] . 1 b 14 " 1 . 1
0 500 1000 1500 2000 2500 3000 3500 4000 4500
wave number

Bl 1-6 sefter 2ea B R &P L5 chld = ke i oh LR o H ¢ 4 #3448 em v
1632cm™ % 4 OH v C=0 t& i+ A B » AR s chdk o & = H ik i b k3% B

BF b o [46]
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MY AR R A G AGLS o B e e SRR T 2 T2
EEFE LA HPEA G B R 2 FERA T Fnier 4 8 F P g2 E 4
BOL TR BRI A o A it YRR M B Kok kR R AR
R FRR RIIFERE AR F 2 WA A TR IR - A TE
/Fgm%@ P A e T Hcp B A #] 10.0 um 2o B o FR A g AR AL eh
RARHIE £ 4 DA o i R RILER et 50t o TA L T ARG
Al FARUSH AT G TR Bl A E R R R RIS 6§
ER DR SRR R KT b g g ok o A R K

Eh A g LT - HFRFEFERAL

b SRITRFTE- AR ERT TFF I N A AL &4
AfE B L bR LAY o BREGF RER A b [ 5 TR
EEREHMFRET UK AHE A G AR - RN Y - A NS U R S
RF Lh: fiof FEFAG AN A BE A R G R TR s
MR Aokt PR ARIERI N R M A G A2 MR 2 IR R
KR g Gk RS LT L F R E R A Rk T eetd o %K AE

AL e o R R G o R DA AR X AR A G o FAT R
RSLR A (S0 R R ERAKTR R RGBT 0 X A f iR
FIRFREREAG PR RARE - FIRL S ks E2AFEL T 27 Rabo

TR R R G R AT - ] Sy o

1.5.1p 2% 4

2 e pH B g 20 e AR L T § R R P
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chd o TN EE A e AR DR T FRARS K kA SRR
et o B LA ROKNRE SRR 0 B SR 17 o 0 g g
Benppt i 4 G ok & R e S AR 0 R AR S8 RILI LBFIR S
SR ABEH R A G 2 Tk o A A AET RS RIS BRI r @
HLEREGF ¢ LR AP LI AP F de (Poly(carboxybetaine methacrylate),
PCBMA) ~ [ N-G-Fi [ 24)-N-7 273 s e A&-N> N-2 7 249 Fdg](Poly[ N
-(3-sulfopropyl)- N -methacryloxyethyl- N , N -dimethyl ammonium betaine], PSBMA)
fo B2 " A[F Y% e ¥ A& ¢ A B L "% dg )(Poly(2-methacryloyloxyethyl
phosphorylcholine), PMPC) » ¢ {# 3 KR &4 e Z i85 Hjvd f e R ZA7 3
OITRARE K 0 ¢ B R e - R > R(2-7 A -2-vE & ok )(Poly(2-methyl-2-oxazoline),
PMOXA) fe . 4 pk > 4 AAN BB T > o - oA i i ikd 5
TS ERE FITERTIN SR SR NSRS PO SR Y
AP v R R A B RS ARG G (s A £ Y A il

Bak o2 4007 % 5 5 B 4 [ § hst 5%[36] -

a. OY O _NH,
A Live bacterium ,{vo\/‘to,.‘ AN Aon ﬂ\
n n
() PEG PMOXA PAAM
= J_
b. F‘S’;
/ \[;kﬁo \i;%lio o
02 02 02
= —N— o
0=P-0
o
: .S
o SO, i
PCBMA PSSMA PMPC
B
Dead bacteria Live bacteria
c ( )
s Dnd bacteria Lnu bacteria
[ 3

WO

@L7%$Mmr#%mi%1ﬁ%m%#7a@(m KRS S B A
% (a)PEG ~ PMOXA 4= PAAM(b)PCBMA - PSBMA {r PMPC =% L éﬁé °

(B)E# &k K +n1E % f541(a) 2 i F(b) 421§ 17 - [36]
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L5240 5% 4

FUR S FRG R AT A A 8 - S G AR S & A R R
LSRR B R A2 wRTr o B wAA W H AR LG 2K
¥ * A A @ 45% % & (Chlorhexidine)fr= # 2 (Triclosan) sk F#| » {rfl45
(Rifampicin) » # v v fit (Nitrofurazone)fr F #% 3% % (Minocycline) % o2 % » 121 2 441
FoeR kRS o - WA o R SHREH Y E 2 2 LS AR R

GHBRY A G LT BRI M A G LI % X 2010 E 4% T A s

_g_

RS VR g L H TR H v A R P B F ) foRTE 5 A i A
PR s B[47]cYu B A A 2018 EUEHFT FY &4 21 - AT B
BTMRE-20 A0 AAFLEEH R T Y ABES BB -A RS

(Poly(Hexamethylene Biguanide) Hydrochloride-Sodium Stearate, PHMB-SS) > # 14 %

F_L

IR ST 4*,,%5;5.?“1& BoREAMERE T LI R 3T

B et h R R AL A end Sdn §E[48] 0 4o 18 B

¥
j Blocom patibility
\

Vz 2
| Uncoated catheter

Coated )
- catheter

Uncoated
catheter

B O1-8 * 't Eh A g Lo fF BT AR A FIREF L P RRROR S -

el ts nEE 4 5 il B PHMB kB m F 2 7 7 4 o 0ehg 4 o [48]
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M F - SRR SRR R E R AR A G 0 R R R R
pvt o BRI E RE BRI A P P RELE D gk P > Tt E
# (Quaternary Ammonium Compounds, QAC) = A L * (F4&ff B % Kk » Bk
B P RADQAC E ERERTIEAL AR P o UE BA AR f‘f]’\f??/@_‘l
chio G bR (T 4-2 3 Fheter(4-Vinylpyridine)d & R 0 2R 18 W i R A dp MR
Pleg RIE (T F 4% [36] o ¥ b > Choi & % %2016 #f|* B Rk &3 2 W L5
g o EAemtpod AR R ohE 1 T & % (Graphite Oxide, GO) » & #-H % 7 &
5@-’? EO I ey ﬂ:}“rb%ﬁﬁﬂﬁi%_ﬁ’%ﬂmﬂ v 4o 1-9 #7510 FRm Lﬁﬁ:}‘ﬁﬁf?ﬁ"}%‘f%
P AR A DR AR LT 6§ A e hed AR AL oS 4 g b
FARMAR S oFF P g REAOEEDEF B X2 AH FAIA A FnES
EREFERLAOFIL AT [ ERAL A2 FEEGRHLG R 2B
RAUGE SRBER AT RS

E. coli (Antibiotic Resistant)

GOIhGO

| Llpnd peroxidation

' R-CH=CH-CH,X “ConGO, ¢ CH=CH."CH-X Lipid radical

I
I
I
I
I
Unsaturated lipid \ :
|
I
I
I
I
|

I
I
I
I
: R-CI-I-CH-CH-X R-CH=CH-CH,-X + R-CH=CH-CH-X
I
I
I
I

@)
2 0,
Lipid peroxide Lipid peroxyl radical |

17



153k 5EB(CRBZHER & F)

KRR A T LB A KGR (Hydrogel) @ ok 503 A - fife 5 Aok e
:ﬁ%#iﬁlﬁ»“*#%ﬂ%?&ﬁﬁ&$ﬁﬁii%§§%ﬁ£¢%@m@
oo R TBEARR AT Rk B R o YRR ARG kB AR
Mom RE@EBY VR ERTPUMIFAZN & LB E 99%  FR R f AT
%2 FMS AR 2R PR S A RE R T R AR 6 R
IR T k508 e RS o FIORGOR K KA KR e T

2

B o A o RAM BB RIE T G F o FIU AR P RRRAYEEL

s

FIHvHE LG  REFEMPFL F RABEEX 5 AWM PRRE ¥ * ok
BB AR E S G RF % A (Poly(acrylic acid), PAA)-K G ~ B2 bt fip
(Polyvinylpyrrolidone, PVP) ~ X ¢ JTF frfcRe - @E o B L My ARG
BooHi ko BEERFELRBERL A d R LG DR G KR R T
JUT L E IS Gen GG ER D e SRR 0 Bk 4 GRS 0 T AN R
Pl ¥ vk g rFF A% o
Foo GmAdiEe o Gigehp 3 AR S A X SR e e 4 fia (Polyvinyl
Acetate) » #R{s i H gt i By AB-KfEH F o F BoKERAETED Z B2
G R At R g T LR oA BATRL R R OB 25 G kR
R e GEE Y Ak BB REGE S B R e a2 g 8

Mot it b s A dF fg T fomf it B okm /EH;Z";JF% i E B Jﬁﬁ%’]\é;{’;a}} h e

*37}

PR PR PR €A FENAD REAERERI R TG
FATI on 3 AT MR MR KEMITRY it Bk AP d SR e A3
BAKORE S o ST T ok P g R R A [50] o
o s A - BN kR AT A BRI RS 4
FARE L B SHESAoR 110 977 > R ok am iy §F R pRs o A5

AR AR R SIS GO S TR N R
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ek AR R AR o BT et ekm i ok Y Rl IR L a3 P gk ok A S
WA R IR N A R A Bk Y g AR )R BRI B R
SRR Bl R e R L R A F AR G KRR 2 R
FrdRenin s B 5 £ & st 0@ Babcock ¥ 4 2013 # @& * A B Ap 0B (e
AR T D B e ket ek R MR R e e E s A 2 Pk
o4l 1-10 577 > B R AP > LK B K B h K - BT Rk A

Bk B R AR o TROE B R A 2 okt 1 5 [50] e

PVP PVA/PVP hydrogel
\\'A'{ER: |

H,0

[ 0@1

[

@ Carbon atom
{_ Hydrogen atom
@ Oxygen atom
@ Nitrogen atom

Bl 1-10 PVA ~ PVP f= PVA/PVP -k 5% el % 4 » [50]

B FRAKFBE F H2ha 3 B ML HE L A AT Rk D
TR OFRT U ARNBE SRS BB A & £ R E KA
FAER SR AR Y AT KD Btk kRS R PR P g R
FA D R RFEERT L MR .

Anders % A %1999 i B3 - fE 4 & scfh 2 o @ % X A 3 ¢h3 14 #(Initiator)
RRAMIEEREA D ARE > oW -1 457 o R Lz 2 s
RPFRAREALERE P 25 (blek )L - 2 AE i o dpr o RS
2 f TR kR R R R 0 9596[51] -
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oNNS ol
~C nG
isopropanol | - AT, H,0O —t ,
polymeric macroinitiator acrylic acid hydrogel on
substrate water insoluble ‘ substrate

Bl 1-11 @ * R} {fﬁﬁ—‘éi’vkéﬁﬁfﬂ ARG sl ahfl Az h e gL h ok
B4 TR EAEI KR E A o RE R IR T T L R Aok P RS e

g B A 5 o0 ok B o [S1]

167§ 4821 p ¢

FrEFARAFE Y AAT KRB HTEUFAEHRE > 0 mrBFE

B ok 2P LG MILIBRAL d N AR T P EN ALY AR

$t
I

RAEY TR FRAT MR SRR R S AAELR

4?3%
P
\a‘q:
e

it

=k

PERV G ON e o RREE IR AL P R ERFER
AR A2k phl @Az, 2 MEE TR AT S R WL T
Efrisa AMET o
moaie FRARRERE > B YR n N R R G- K
e hffHE D §oeeh O AR OREPUEFAREPEFEF v G H

FRIDCAFERRARET LGRS EREL T L2 Pafg vt Sl o

b

Fo X R R S e R e SRR GBS R d N EFORH
B P AFAFREF A EHPLT R G - ST Fli G ifeita g 4
oo R pkengio gk i B 3 A EFIEAT FEHF ORI & EREE T
PERE A oo N R R AT A R R B 3 S AT AR E e

EEAL A PRSI BRI A FF CE L AR o
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FRCERRE KRB EASLA G R4 o R Hlled BT R AR
CERRONET NG S AEFEFOER o 2 R R Fl g B R
R RREFAG A B AT P RE R L RET R FRT R A
GATRLF I Z A A UARPFTRE LR Y AR LA A LR
TR A ERE Y 1 EEAER BRI AR S AR RIS T LR
FIEGE P R AT AIL G RARE AR

Flpt o AT R E - AN RAR PR LR LA A1 g 2 TR
C S A e R Y A T e e SRR CA L L R
R @At @FRA T N B R g F 2
FF A G R B R f AR PR R M A id S R

Uz 2 Z3&AA0KH - 20 088 A flagarey o
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A BERE AT BRE o F- FRARIFE DT R U E AP M HOEE
Bon - ¢4 HATT 1 (FRILEFRM 5= 0] 0P F S WA
HALZ HRRIRATIAL A S R EHFTHREPIRFEFAITEF B R 5T
FeRRF e FNRE PN G TRP AFTORKEY o

— &%

— HRFE: HNERAEEEARALLALMERE

— SEMHERE: NEBREREETHME AR ER

— HEEFBRKRIE: RABAHHETHERBRES R

— HETRER: NBEETRMERREER

| HkdiBe: ERASKRKTZIERLABREN T ABRRRARK
o LRSEABRRETT ML

— ITAERHE

— TREAANBERBN: GNERNEL

— ER;BERRE: RARBRERURFTRERYREREE
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@— @— G)=G) THE FINGERPRINT REGION - 1500CM"' TO 500CM"*
The fingerprint region of the spectrum contains a complex set of
absorptions, which are unique to each compound. Though these are

avp avpd avpD hard to interpret visually, by comparison with references they allow
identification of specific compounds.
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