creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

A9 B

WA 2 Fubele s g Aol
G4y Telzedd Ry

UV photochemical modification of polypropylene
non-woven for enhanced durability and antiviral

and antibacterial properties

2025 24



UV Zatsy A %

o

UV photochemical modification of polypropylene
non-woven for enhanced durability and antiviral

and antibacterial properties



oAHe ANFPERS AFF

2025 24

nbad

-~
2
Ho,
e
oX

2 & A f)kh@]
o] 8l & )
e

4 A 44 —E-Aé%@

4 A9




94 &4

/\gj

- = O
1. 3T

(PNW)

hYA
-

]

)

53] 29 WdY 73 F2t PNW

u}

)
=

Az Q1A= 9lch el v 2o

T &

B
o
ofy
ol
B8r
o
o]
Nfo
)

—_
1o

o)
M
-

jze]

Jo

o

ﬁo
w5
o
Ujo
A

—_—

=y

mia
<

0]

AE oF7lekd
o] &

=
LA

ate] e 7]

‘%]

A A&

o &

F PNW

5|
pul

Ho

i W-Ade] Hojxint

9

°of 9

=
)=

e -, SE5/9E WAAY

ol

&= 3}

—

A

Jo

E (AF) 7154 A

SE| o]

B A b

oF
=

o WA, 47}

z:;l_

A A

KR
=

il

o]

£ °

AF 2te 2 JHA A

Fah teow,

A5

o

Ton

—_
fite)

2,47 dEF &8av et UV

stk UV 3 Wb

gyl

oy
B%
—_
fite)
o
w
el
Jo
70
of
i
=
w

L o

e

e
oo H

k.

Ql

—_—
fite)

_Lmo
Bo

ﬁo
e
™
fIfe)
L
3

il

sl

)?)]'

-0 3
s ¥

Ao 2 PNWE 7]

2P T, Futole 2



x.ﬂl;gl- /\1 % .................................................................................................. 1
21]27(%1- E B 7

2.1 A0

2.1.1

212
2.1.3

2.14
2.15

216

AJ QF oeriissseneiss s 7
Tri(ethylene-glycol)-di-azidoformate (GDAT) «weeeereerrmemrsnnenene. 9
GDAF$¢}  polyl(2-ethyldimethylammonioethylmethacrylate  ethyl
sulfate)-co—(1-vinylpyrrolidone)]= ©]&% PNWe x¥ 74
(PQ-G-PINW) #rerssseesssressssssssasssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 11
Azo radical initiator with azidoformate end groups (AFIN) - 13
AFIN¥} [2-(acryloyloxy)ethylltrimethylammonium chlorideE  ©]

&3 &2 (AF-PAETO)® @43 o]& o83 PNWe xwW
TN (PAT) wooversseeeeessssssssssssssesssssssssssss s sssssssssssssss s 16
[2-(acryloyloxy)ethylltrimethylammonium chloride s A
(OAETC)S] ¥ o5 o]&g PNW<E W 7I& (PAB) - 17

2.2 54 ¥4

2.2.1

2.2.2
2.2.3

224
2.25
2.2.6
2.2.7
2.2.8

Fourier transform infrared spectroscopy (FT-IR) «eeeeeeeeseeeeeeees 20

NUClear magnetic resonance (NMR) ................................................ 20

Fourier transfom ion cyclotron resonance mass spectrometry

(FT71CR MS) ......................................................................................... 20
Differential Scanning Calorimetry (DSC) ......................................... 21
X—ray photoelectron Spectroscopy (XPS) ....................................... 21
Gel permeable Chromatography (GPC) ............................................ 22
X—ray diffraction (XRD) ...................................................................... 29

Field emission scanning electron microscopy (FE-SEM) -« 23



229 ZVAI A Q1A ZFIE B A cereereerieiiii 23

2210 Water contact angle (WCA) - 24
2211 Water absorption capacity (WAQC) -wwessessessessmssssssissiininisniniae, 24
2212 Grafting efficiency (GE) s, 25
2213 WEE 7] 5B BEEA] 25
2214  FHFO B 2/BFTE BFA] HLA] s 2%
2214 MFEIEAIE FA] i 27
23 2% &% 1F

231 GDAFE] TZE EA] v 30
232  GDAFY FEFZ B A i 32
233 PQ-G-PNWE| grafting efficiency (GE) wwrrssrssrssssssiessnninans. 38
234 PQ-G-PNW2 @A EA i, 42
235  PQ-G-PNWZE] XRD HA] oo 45
236 PQ-G-PNW2 T SHESFA EAJ v, 48
237 PQ-G-PNWZ2| 7]A1Z EAl EA] o, 52
238 PQ-G-PNWSE wettability S-A] «weerereeressrssessmssissnisniiesiei i, 54
239 PQ-G-PNW¢| ahujo]e] 2/3hiF SFA BEA] v, 58
2310 AFING FZ A B A v, 61
2311 AF-PAETCS] TF-Z A E A s, 63
2312 PAF9 %W EA 9 ghulo]g] A FA A 65
2313 OAETCE T-ZE EA] s 63
2314 PABY BA A e 70
2315 PABQ 2‘501-3}013{11 %/\é _Llﬂt}q ............................................................. 77
2316 PABY 33 A 2 A FTEALE EA e, 30
ASEF ZD B e ]3
A 4FZF FETLFEG] coeevererernee 35

AbStraCt ........................................................................................................ a9



H
w

H
>

e

WO KK

F

e 7154 SEES o §% PNW 7] 8ke] o w5

PQ-G-PNW AxE 3 =¥y HB W 2o o3t

grafting 7&31], .............................................................................. 12
PAFS} PAB A ZE 38F FE AR 18
theke ko] GDAFel wg AF g9 #&s g A%
O] A ELAFEL  cevererseesssessesis sttt 37
PNWQ, PQ*G*PNWQ/] OE:]Z(j E_ET/%] ....................................... 44
XRD #2107 A2 PP AA EA 47
EDXE £3) 248 PNWst PQ-G-PNWe| 94 24 -51
PNWSl PQ-G-PNWe| WCA 2 WAC A% 23} oeee 57
thkek PQ-G-PNWe| ol e]s 2hd AlFEARES oo 60
XPSel ol PABIS®] A% oldx 2 22 HE B4
ﬁejq_ .............................................................................................. 76



o os W

10.

11.

12.

13.

2™ =32k

AFe] #¥al2 g48 Yede] C-H @] g v
()9t UV 202 %82 53 5W Ad ZAR(D) -6
GDAFQ] %H]—/\é ............................................................................ 10
AFINT} AF-PAETCE] FHA] oeeeeereereesemememesisiisiscenisisis 15

UV ZALe} st 335 &3 PNWE 712 24 % 19
GE#S A=3t7] 98te] FT-IRES Agste 3 PQ9

PNqu 7&]% 5_7'_-}1\j_ .................................................................... 28
AF 2ot 7|53 % HIFE 3 A e 29
GDAF9 FT-IR(a), "H-NMR(b), FT-ICR MS(c), DSC(d)
13C NMR AP AT} ettt 31

9/] %%—SH ﬁ%%(b) ................................................................. 34
theFgk 9ol GDAFOl W& AF 1%9 0xHa), 12Hb) =
Zx}.(c) ]?_‘% 7«]%_ ....................................................................... 35

1Y UV ZAF AzrolA GDAF w29 I<5EzA
G-PNW2] AF ES] AT e, 36
PQ-G-PNW¢| GE: PNWellA PQe] o] Z} 0.21 mg(a),
2.1 mg(h), 16.8 mg(c)d A5 ©¥3s GDAF A&}

/ﬂ]z—l 7*7] ._[_oﬂ [q_% 74% ...................................................... 40
210 mge PQ7F AF8¥ PQ-G-PNW¢l wxg PNWe
1500 ~ 1900 cm "ol Al S E FT-IR AFEF o 41

PNW, PQ-G-PNW¢] + ®A4 7t<d(a) 2 F+ ¥4 YZb)



a4
a4

a4

a4

a4

14.
15.

16.

17.

18.
19.
20.

21.

22.
23.
24.
25.
26.
217.
28.

29.

PNWQ} PQ*G*PNWQ] XRD _}::EQEFT; ............................... 46
PNW(a), QGP3(b), QGP6(c), QGPI(d), QGP10(e)¢] W

QGPB(b), QGPG(C), QGP9(d), QGPI10() #wrerreeersrsnssnsrunsnnans 50
gpEgrol o] A= gkd UV FAF At wE
PNW(a), t©}3 <9k PQ¢  GDAF7F  Agd

PQfopNW(b) .......................................................................... 53
PQ—G—PNWQ] WCA %7(617‘%3!/]_ ............................................. 55
PQ*G*PNWQ/] WAC %Xézjijq_ ............................................. 56
PQ-G-PNWE =33k thekst AEo] Fujojef= &4
log(a), ﬂ%%(b)g} reduction term ...................................... 59
AFIN?] FT-IR(a), 'H-NMR(b), FT-ICR MS(c), DSC(d),
13C*NMR(6) B AT e 62
AF-PAETC®] FT-IR(a), 'H-NMR(b) #4] A} e 64
thst PAFS] 3 3] AlA F FT-IR SFEF e 66
PNW-M¥} PAF05, PAF209] gnfo]e] s ZAg v 67
OAETCQ Gpc(a)g]_ DSC(b) T,‘:_L/:} ...................................... 69
PNW% PABI15¢] 7td(a) 2 ¥ZH(Db) F71¢ DSC =4 72
thekstk PABS FT-IR AHE B i 73
PAB15¢] XPS ==E&: C Is(a), O Is(b), 0 ~ 1400 eV
ol A 9] full survey scan (c), N 1s (d), Cl 2p (e) ===e-ee 74

PAB152] 500(a), 1000(b) ®j&ellAe] FHYGE ofw] x|}



ad 30.

a9 31.

10° PFU/mle] MS2 ulo]zlzo] wjgh Fujole]s~ A
OAETCe] <3 A3 F7]7F v& PAB(a), A3 =x0]
t}2 PABIOWI1O(b), B ¥ 2 7§ 3 PABIOWIO(c) - 79
PABIOW102] 2 /¥ ®»¥ AF 3t HAs(a), AE 54

AN ATHD) D I AT O] T K| (C) rerreereeeereenersinees 31



=

A 1 A

el

(PP) #2132 (PNW)+= A/

LA

B
Hjgo= <l

2l

v =)

A2

Atk [1-4].

ARE-= a1
Hlol#] A~ Qo g H

27

=

=

Eofoll

(COVID-19)7]%F ‘&<t PNW

AR}

[}

=

s wiE e, A, A48 A3

S

(PPE)
o

A
bk [5-71

<

o

Y

H

|

PN
T

o

A gutol

of A=l A dtk= Aotk [89]. Hio]?

Ton

=
-

0

i+
4

o

st

)

dhed o vk [10-12].

o} [6-8].

ol
Gl
o
|

N

=
=

A (SUP)

W

K

ojo
,_Hdﬂ

0

B!

o] %3

il

WO

-
it

o2l 747

t‘ﬂ,

b1 9

d|

3}

]
~

3t F

Ao}

A
o

Mo
o
o)

Ho

_#O

—_—

Aol a79v [13-15]1

ijN

‘oK

oH

X
%

245 A

o

&

<)
AegFo 2 azido-

=

o

R

shet. [22-28].

FaAt

°©

[16-21]. u}zkA
formate (AF) 3}3HE 9

oL
[}



e ARgEA e C—H Z2F Ay w8& Atdrh 18649 Peter
Griess®] #Hzx°| 7] #E ofrtol=¢] A3 18901 Theodor Curtius®
ol ofztol= WA ol gk Fofell Ao F7] ofxfol= &gof gk
Bade] EopAar 9t} [29,30]. f7] ofxteo]l=e] A

Aujdo]l dojt= hE A< non-rigid azide F91 o} ofxloj=so} Ty
AF, sulfonyl azide?} 22 rigid zide & Audo] dojyA o YE

Wom el oAzt FRen A AW WweHE AH ohdehing

2

tri(ethylene glycol) di(azidoformate) (GDAF)®} azo radical initiator with
azidoformate end groups (AF-IN)& A3 tha PNWe W 7fdof A

AHog &831x gt =3 GDAFY UV (254 nm) 3 ZALS E3)

Y

PNWe| &rZ23d Md Aol &= & WRez dg UV A
g o] &d FfHNAe] A=k PNW W] UV # ZAE o PP AL
£ o] HE A3y WA el tertiary C—H A9 Adto] 93] peroxy @F
tzo] APHE F olo] alkoxy #@ttiZ=E 4bstEm SES THHIAAZ



Eo noal ,I
o_e = ™ oE —~
» = B o & 3T
=0 N o0 ° Jl ~
= o - o o = QO
N B = o < 70 T = 5 A
N oW ﬂxéﬂ ﬂmm%mc T Ot
R — M T T N o =0 g B0 N oo
0 Lo o= B oz oy T oy w N
= Mﬂ r o= n o wo & = < 3 o - = ~ ..m —~
Yo BT R ﬂlug@@ A @&auo%ﬂ
0| I” w o =~ o = o il ey o o Sl X © ° 5 Qi
) o o F Mo ol T To 7 ™ 3 A > o M
A 0 o X Te} _— Ho oy (S % o
—_ ) N ol [ X e S z 5 o ~ iy o TR
~ = —_ ojn S s T o o 050 70 = ﬁ - N\ = - il X
N o = % op ) 5 = o do o)y o NG g = XN
. 2 ST S E o @@ﬂ%%ﬂw 5 v
5N o F m oo W ; R i o 8 2 Mo
T _ ~U Ty ol — o X o X 5 o S N n,ﬁ X JJJ iy X
SR JlﬂA} o T zupi S o ™
~ BN =z W B o = T il ol W
T No ) @um 160 an mo _ma w5 o o = % = umw Mo Mﬂ T E Mo 7o
e — X roho wp oF o L roo%e Jo T
@»nggm,mmgﬂﬂﬁ £3% 3. ZERY
= N < °
" S W 3 o B oy wOw = 5 Al < T o N o
5 — | o 10 s N <
mr 0 _/J\ o o % oo | X & o oy ~ dlo o my ol y ‘wAI Jlo X
W o= ™ & = =oowr i 'y o ~ M Ay A = do on M MH__H — B
~ N TS zi q Enﬁ 1:0 o X 0 W ~ ,Ul ml 03 ﬁ_.c Mﬂu N3 o N Wﬁ
o a}%@ﬂﬂ %&M%@ i B Q%%Mm
g AT %wrgoé qm%giﬂpgl
R - W I oo = O oo o ol
% y ur Iz 2 S i W R
mo}%%}g?].@%oe 3 L& uﬂqmﬂﬁ
= W o jns oy ~ do a M o VR 1H B o TN ok
=) ﬁo o o Z_.ﬂ o _EE Lo —_ X i ‘_a Z._._ \mﬂ ﬂ ‘uArO rl e} N J f
T e X U io° o= T T m M S i & e
b o ok oM 35 LT W T o T <
o»zo§44uﬂuoxﬂrﬂ%%moﬂﬂ%mnelvmmﬂ6mwwmm
A w ol ﬁm oF % = = MUM s g - CE B m ,,_A o
ar h TR T D T X Am < 7 g% 3y T =g o £ X
ﬂ%@%ﬂg? &%LAE 44m777
T o K =T ' e} — o| < S [, Jo
G e & =R T DN
© ) =y BT M S B oy
(s SR ul B m oF 50
T mo = £ Mo Tl
T 7 ° 1k
i A
™



73 = At

%L

=2l 24

—_
file)



7]L‘§], ‘:'7\1

s 3 T

=7

74, ofel

T B A i EE =9
Qo) % Tel/old B

[62]

Zaf A¢E Ed PNWS A4
g3 2 9w AHA S o g

otel =%

[63]

rlo

g5 FAEAG} AAE GG ol @

PNWe] Abd &3} 2] @ 2 899
E Yo}l 2E o 93t metallization

[64]

Ak ol Wl Aol 93 PNWe ARd
A3 9 o ERE 2¥HY FAHS 53

[65]

Te 5
ZhaAl Bl S s Ed &ejade &

TepEe (1207130 °C, 2 T 30 #

lo
=)

[66]

N
o

/19 sl BeE I-94 A% A
¢ GsERe 49 29 33

[67]

UV ZAF (365 nm, 1 ~ 20 &)efl &3t
4-vinylpyridine®] graft-polymerization %
benzyl bromide& ©]-§ 3+ benzylation (90,

30 & "5 Az Aa #97D

[68]

o
i
ox

N-Isopropyl

acrylamide,

acrylic acid,
2o,

benzoyl peroxideE ©] &3 N-isopropyl
acrylamide¥} acrylic acid®] grafting (80, 90
T, A4 97 2 S/ EA £ E Y
7FR A S o]-&3F multi-layering &4 (4 °C,
18 A|7h)

[69]

P
&

L

kiss—roll Wil 93 PNWY 44
AHZHA A2l 2 PE 55 o83 hot
melt 2 2rjdloly] FA

[70]

hydroperoxide©l ©] & PNW<] A} A2 2
AERZQ ol AZYAE o] 83 943
(110 °C, 30 #)

[74]

Zwitterionic

polymer

M ZEkzvl AP E 9 PNWe AR
g3 @ UV FA} el A Zwitterionic
polymer®] graft polymerization (50 &)

[72]

N
ofr
oX,
S

st = < °l83 PNW 7]

s3] o




.0 N=N=N -N 0 N 0 Ne
(a) R Y 2 > R Yo. s R Troo
(o] hv (o} (o]
Azidoformate Singlet nitrene Triplet nitrene

Rfolzyo 4’]\/)7, x:%: |nserﬂon H‘;:

Recombinatlon

_’.
o) o] H-abstraction (o]

b " i I’cl n
B b oK \W\ﬁ

9 N2C€ O
\\\N AETC . l\
N

AIBN A OAETC -~ \©

Polypropylene
(PP) PP-1 PP 2 PP-3

PP-1,2,3 Chain scisson of PP /& ,I\ OR Ao ,K
E b

Surface modification of PP 1+

a9 1. AF9 FEse 4% JEMS C-H 2939 e R4 5E(a)9t
UV gz wrgSs 53 39 7hd 24 %(Db).



A7 B =

T

2.1 A3 =y

211 A ¢

Fo ME Ao R E£FE (Solueta Co., Ltd., Korea)oll A A&t
& PNW (MB #E, §%F 95 L/min® et o deo oigk deE&
99.6%, F#HE<L=2 11.7 mmH0)¢F 414 22 2 (Shin Jung Glove Co., Ltd.,
Korea)oll | +9dgt 448 38 vt~ PNW-MZF <= AH&stadth 44
Ho g v 7h53k 47F G EF 3T E polyl(2-ethyldimethylammonioethyl
methacrylate ethyl sulfate)-co—(1-vinylpyrrolidone)] (PQ, M, < 10°
g/mol)e} [2-(acryloyloxy)ethylltrimethylammonium chloride (AETC, &80
wt% in water)= (Sigma-Aldrich, USA)ZFE Fujste] A3
AFIN TS Sakis 3FetE 2 2,2'—(Diazene-1,2-diyl)bis(5-hy-
droxy—-2-methylpentanenitrile) (96 25, Angene, China), magnesium sulfate
(MgSOQy4, 98 9%, Samchun, Korea), N,N-diisopropylethylamine (99 %,
Daejung, Korea), silica gel (pore size 0.2-0.5 mm, 40 angstrom, Fisher
scientific, UK), sodium azide (99 %, TCI, Japan), sodium chloride (NaCl,
99.5 %, Samchun, Korea), triphosgene (99 %, acros organics, Belgium)&
T3l & triphosgene< dichloromethane (DCM, TCI, Japan)ol] ¢
datel HAa E9171 s Baste] Abgsksith. GDAFE #ddt7] 9@
MgSO, (98 %, Samchun, Korea), sodium azide (99 %, TCI, Japan),
tri(ethylene glycol) bis(chloroformate) (96 %, Sigma-Aldrich, USA)E
wjsle] AFESEA T 2,2'-Azobisisobutyronitrile (AIBN, 98 %, Samchun,



Korea), calcium chloride (CaCly, Sigma-Aldrich, USA), D-(+)-glucosen
(Sigma-Aldrich, USA), hydrochloric acid (HCl, 37 %, Duksan, Korea),
polyethylene glycol sorbitan monolaurate (TWEEN®-20, Samchun,
Korea), potassium bromide (KBr, 99.0 %, Alfa Aesar, USA), sodium hy-
droxide (NaOH, 98 %, Samchun, Korea)t= A A ¥ Fujx] 258 F-vfslo]
A& Acetone (995 %, Samchun, Korea), acetone (99.8 9%,
SupraSolv, Germany), chloroform-d (CDCls, 99.8 %, Sigma-Aldrich,
USA), DCM (995 %, Samchun, Korea), DCM (995 %, TCI, Japan),
deuterium oxide (D20, 99.9 9%, Sigma-Aldrich, USA), dimethyl sulf-
oxide-D6 (DMSO-dgs, 99.8 %, Eurisotop, France), diethyl ether (99.5 %,
Samchun, Korea), 1,4-dioxane (99.5 %, Daejung, Korea), ethanol (EtOH,
945 9%, Samchun, Korea), ethyl acetate (99.5 %, Samchun, Korea), hex-
ane (95 9%, Samchun, Korea), methanol (MeOH, 995 9, Samchun,
Korea), phosphate buffer saline (PBS, pH 7.4, Sigma-Aldrich, USA)% 9|

Q= (A" FulHRRE Fulste] AVLE QY. Emesvirus zinderi

(MS2) coliphage WS 91k st wi#], EFE 2 g8 FE5E5S X3
n] A E8h& Al k& Becton Dickinson (Franklin Lakes, USA)ol A w3}

o, RE gHe =HE (> 182 MQ cm, Milli-Q Integral Water
Purification System, Millipore)E& AF&3le] £HISIAL 4Tl A R A LS
, BE P AES ARE Ao 121 TollA 156 3+ 1k A7 ske] HLtst

.

@ B



2.1.2  Tri(ethylene-glycol)-di-azidoformate (GDAF)

ofzfol= Rt ES tE dde <Sbdel 53 For dastth
[29,30,41]. Sodium azide (5 g, 7.69 x 10 mol)E 100 mle] ZH ol =
ofzfol= g AE|E  FH]3FStE. Tri(ethylene glycol) bis(chlor-
oformate) (10 g, 3.64 x 10 mol)Z acetone 100 mle] o] o}zlo]l= 4=
SdS Hrrsdnh g &AS 0 CTolA 2 A &3k Alg askd

b3 3 evaporatorE ©]£3}9] acetoned 229 300 hPa ¢ 7] 3stoll =

AR Y EFES DCMOR FE53 uS THFE A3

N

ol

Aol 57155 MgSO4%2 ©3}al evaporators AFE3fo] A9 AFE
71 skl Al DCMe A ZT. @& =94 7|5 4 H 9 GDAFE &%
StATHEFSE 902 %). rgel W3 Aol #3437 (FT-IR 19 7), v
(em'): 2950, C-H stretching; 2170, N3 stretching; 1730, C-O stretching;
1240, O-C-O stretching. %A A7 &% 237 (‘H-NMR, CDCls, 500
MHz, 1% 7), § (ppm): 3.71 (s, 4H), 3.80 (m, 4H), 4.40 (m, 4H). &24-13
) A} 7) g %47 ("C-NMR, CDCls, 500 MHz, 19 7), §(ppm): 158, 70.7,
687, 67.5. FrElel W3 o] Aol FRERE IH A A 7|(FT-ICR MS,
m/z, 19 7): $9¢A: YEF fF= ¥4 o] I3 [M + Nal 311.07105;
found, 311.07102.
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]

GDAF*<t poly[(2-ethyldimethylammonioethylmetha-
: o

2.1.3
crylate ethyl sulfate)-co-(1-vinylpyrrolidone)]<

€3 PNW9 £9 /& (PQ-G-PNW)

a.¢

¢

PQ-G-PNW+ 19 4o u}z} 7k
= AlHe] g

H Atk WA PNW+=

75 cm’, @ufole] 2/

QE &S AlA3Y

GDAF¢} &7 EtOHel
o] &3 EF=S AdE PN

bser 2
o] ARHS
% % UV ¥37] (Rayonet Chamber Reactor, 254

HXES

A Z

E
o

at the center of the

Ak A

nm, 16 RPR-2537A lamps, 12800 u—watts/cm

chamber, The Southern New England Ultraviolet Co., Branford, CT

§3kel UV 4 24 w2 Fasgion, UV 3 24 e
Wl gHE Wz A @

USA)E 9]

g gz 7
Batlch.
of A=Atk Ao WA BrHE 913 GDAFS] A
FAG g o

AN
Ray pQE 7h7 PNWEEA -

PNWE EtOH
3
2 Az
| ZFA3] YER AT

P
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¢ Grafting efficiency (GE) 3
4 Grafted PQ + GDAF 9] <%

? Grafted PQ + GDAF ¢
£ PNW-M (2 x 2 cm? 10.0 mg)°] AF-45

uv Grafting
PQ | GDAF | 24| efficiency | Crered PQ
mn | A= - Y GDAF (mg)
Al H (GE)
mg ng | wte” | & % Calc." | Obser.
G GP1 - 225 | 100 | 10 NA. ' - -
GP2 - 2250 | 100 | 60 NA. ! - -
PNW ™Gp3 = 11250 | 100 | 240 NA. - -
PQ QP1 | 021 - - 10 0 0 0
QP2 | 210 - - 60 0 0 0.07
/PNW I™0p3 [ 105 | - — 1240 | 1809 = 462 | 190 | 214
QGP1 | 021 | 002 | 001 | 10 | 1782 =+ 942 | 004 | 002
QGP2 [ 210 | 023 | 001 | 10 | 685 + 195 | 014 | 017
QGP3 | 105 | 225 | 001 | 10 | 1312 = 408 | 138 | 156
QGP4 | 021 | 225 | 106 | 10 [ 4681 + 11.30 | 0.10 | 0.10
QGP5 | 210 | 225 | 1.06 | 10 | 4680 + 511 | 099 | 1.05
QGP | QGP6 | 105 | 112 | 106 | 10 | 3175 + 443 | 337 | 318
QGP7 [ 021 [ 225 [ 51,7 | 10 [ 8536 = 1230 [ 037 | 029
QGP8 | 210 | 2250 | 51.7 | 60 | 100.00 + 1.47 | 435 | 3.42
QGP9 | 105 | 11250 | 51.7 | 240 | 68.07 = 529 | 1481 | 127
QGPI10® | 256 | 8241 | 763 | 240 | 63.01 + 229 | 681 | 832

D

AR

Not applicable.

o
g
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2.1.4 Azo radical initiator with azidoformate end groups

(AFIN)

Triphosgene (7.12 g, 240 x 107° mol)& A3t & xE9] 7] A]
DCM 20 ml.o]] &3 = o DCM 25 mLol| 83l 3t
2,21-(Diazene—1,2-diyl)bis(5-hydroxy-2-methylpentanenitrile) 6.06 g

El

240 x 107 moD)< triphosgene &80l 7}k, 0 CellA 20 # &9k
w4 th. N,N-diisopropylethylamine (6.20 g, 4.80 x 10 mol)& ¥H$-

Szl 45 & ot WA Arpstal Frk2 10 AlE e ankssitt A

ot

o,

d g ERRS ASBE WS

o\

AR oW DCM 250 ml & 343 o}
= % & 250 ml 9} brine 5 ml F&HoZ A H3AT. MgSO.Z2 &35}
I gmE A9 200 hPaolAl evaporatorE o] &3te] ZukAzl & dk&-
A4 & [crude intermediate product (initiator with chloroformate end
groups, CFIN)]& hexane/ethyl acetate (2:10)¢] &l HS AL-83F column
chromatography < ©]-83te] AAa%t}l. CFIN (528 g, 140 x 10 mol)<
acetone 65 mldl 21 & sodium azide =& (2,79 g, 429 x 10 mol in
7T 30 mDE H7Fstdoh v £ = TLCE ol&3 ZYUHHM 0
TolA 2 A 7Hs¢t wwtE @}l Evaporators AR&3le] 422 200 hPacl A
acetones ZFWA|Zl & diethyl ether® F338}1, =75 250 mle} brine 15
mle] F&Hom  MHAY. AAEEES MgSO=E gt e
evaporatorg Abgsto] A2 Agold TUAA HFHow EFHI W
Aol AFINS F58%t (58 780 %). FT-IR (2% 2D, v (em )
2950, aliphatic C—H; 2170, N=N=N; 1730, C=0; 1240, C—O. 'H-NMR
(DMSO-ds, 500 MHz, ¥ 21), § (ppm): 4.2 (m, 4H), 2.2 (m, 4H), 1.8
(m, 2H), 1.7 (s, 3H), 1.7 (s, 3H), 1.6 (m, 2H). "C-NMR (DMSO-ds, 500

_’|3_



MHz, =9 21), § (ppm): 157, 119, 72, 68, 34, 24, 23. FT-ICR MS (m/z,
1Y 21): calculated for [M + Nal', 413.14047; found, 413.14023.

_’|4_



%\C /LN‘I\ o \%
HD'V\I‘CN:N OH W _ @ AO’V%N:,,IMGEQ
)

Y ca o ¢l “N
2,2'{Diazene-1,2-diyl)bis m’i‘o%tm
(5-hydroxy-2-methyl pentanenitrile) I I CFIN

N
0 * . 0 >
CE’“‘D N'-'-NMD‘IJ N=N"=N _ NajowCN:NMOENE
\\\

Y N
CFIN AFIN
N, 0 , 0
0 't HLDW > ,lofv\lkjj'
i 1 -~ 3 n
N}ADI\/*N-_NMDH N+ | % Nﬂ & oPo
\\'h H
A M*‘Et.
AFIN AF-PAETC 7 N

19 3. AFINZ} AF-PAETCY] 4.
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2.1.5 AF-IN3 [2-(acryloyloxy)ethylltrimethylammonium
chlorideg °¢] €% 1¥A (AF-PAETC)Y A4 o]
£ ol &% PNWE 9 712 (PAF)

AFIN (0.097 g, 249 x 10 mol)< 14-dioxane 7.5 mlel] 50]i
sonicatorg °]-&3te] 30 w1t 253 AHgste] 7HEEE g FU]E&Ae
7 Azagrr. ¢=A AETC 5 g, 258 x 107 moDE ZH5 7.5 milol
377 5 AFIN &7 g7 100 ml Fube Egt2a2 &4 15 &

w9 7] 8 70 CollA Lyt

=] [e) o) [e)
B AaNEY WAL e EHES

i,

£

ol AAZ AAea, 24 AT F AA

i
ol

&S acetone 50 mlE A&
dto] A HAA AT o]F EtOH 50 ml¢}t diethyl ether 50 mle] &3t S o]
Lol HMFSAMES AFHS= AAHS 3 F 9HESAT. AP ES diethyl

ether 50 mlZ F&3l3, 50 T2 AFNA 6 A7t AXAIA HFTHL
=
TF5E: 734 %, M, = 11,300 g/mol, My, = 11,700 g/mol, Mw/M, = 1.04)=
B

2 x 2cm® A7)|2 AwrE PNW ZHo] drop coating H< AF4314

I3

AF-PAETCE 3839ttt AF-PAETCE MeOHo| 152 wt%= &35
2~E golog AxHon F 30 wet ZHEAY m€E 42S A%

AL 5 UV ¥E3-715 AbEete] UV (254 nm)oll A 4 AR WAt o

<, "dkg AF-PAETCE AAs7] 98 /7= 3 23+ 3 3 vkEAMFH
3l %] MeOHZE 20 %= 7F AlF &) o]3 50 ColA] 6 A7+ H<F 23 A

EN

stel A AxE g

_16_



2.1.6 [2-(acryloyloxy)ethylltrimethylammonium chloride
<937 (OAETC)Y A #} ol& o] &3 PNWY
H71&d (PAB)

AIBN (0.330 g, 20 x 107 moD< 14-dioxane 7.5 mlol] o]
sonicatorg ©]-&3ate] 30 w3 2T APt 7HEIE A% FUlE&Qe
2 Azsdrh. @¥A AETC (10 g, 516 x 10° moDE FH5 25 mlel
alA7 F AIBN §93 97 100 ml Foute FHaA2 &4 15 &

w9171 8F 65 TollA uwk
ato] Whg-& fAlEkaL, 12 AIRF & AP EFE S acetone 50 mlE AME-

ml®} diethyl ether 50 ml<]
EgAE ol &sto] AMAstE AAHES 3 3] vt A ES diethyl
ether 50 mlZ F&3l3, 50 T2 AFNA 6 A7t AXAIA HFTHL
2 94 FE2A SoleS TgF3 471 dEF & (OAETC, 753 g,
5&: 7530 %, M, = 1,160 g/mol, My = 1,170 g /mol, Mw/M, = 1.01)&

2 x 2em® A7]2 ATE PNW WA drop coating B AM&3}¢]
OAETCE FH®3Ith OAETCE MeOHOl 152 wt%Z &3]¥ o] ~5% &
dog AzHPoew, F 3o wet ZHHAY 2EE AZSE AxA F
UV W87 5 AFE3te] UV (254 nm)oll Al 4 A7 RES A AT o] &, w]ikg
OAETCE AAs7] S8 THFFZ 3 B3 3 3 wrEAFEd 5 MeOHZ
20 = 7+ AlHESTE o] F 50 TollA 6 AZF st 1&g dxste] A& A

_’|7_



o o PR A}8E] AE QOHO] oF (ml) AF-PAETC E=
OAETCO] ¥ (g)
PAFO1 0.06 0.01
PAF05 0.34 0.05
PAF * | PAFI10 0.69 0.10
PAF15 1.04 0.15
PAF20 1.39 0.20
PABO1 0.06 0.01
» | PABO5 0.34 0.05
PAB PAB10 0.69 0.10
PAB15 1.04 0.15

3 3. PAF¢ PAB Al x& 93 39 AH,

“PNW-M (2 x 2 cm®, 10.0 mg)o] AH&5 S
P PNW (2 x 2 cm® 168 mg)o] AFEH S

_’|8_



N

|

Spray v e
Coating > \“0'[3' S8

GDAF

uv
Irradiatiol \

Washing
process \

Tailored PNW e = . = Excess QGP
o { =PQ " materials
Aws ) I
\ Drop > \‘/‘J 4, uv > Washing >
Coating =4 Irradiation, \ process \
Tailored PNW ~ < = AF- ~+.) = Excess
© 7 PAETC : materials PAF
‘/: Ay \_\ 7 x/\ Ay \\
\ Drop > Q’»\l Y uv > il Washing >
Coating = Irradiation, \ process \
Tailored PNW i+ = OAETC . = Excess PAB
" materials

a3 4,

Virucidal activity

9 5%

UV ZApe} TRk

@

_‘|9_

=3 PNWe] 712

Water absorbency

N

B



(\V]
[\
Jm
oX,
Mo
i

2.2.1 Fourier transform infrared spectroscopy (FT-IR)

dAaE ggE R A AEY 2 A5 Nicolet Magna-IR 380
spectrometer (Thermo Fisher Scientific, USA)S ©o]&3le] 3=
FT-IR 2=#2~82 4 cm 'Y resolution, 400 ~ 4000 cm ‘o] s34 H9 = 7

=59l

2.2.2  Nuclear magnetic resonance (NMR)

F49 AgEe 72 HNMR 2 "C-NMR £4& 53 #45H
Ak 2+ ~FEHAL 500 MHz Bruker Avancell HD500 (Bruker

Daltonics, Germany)ES A}83F9] composite pulse decoupling moded] A =

g At

2.2.3 Fourier transfom ion cyclotron resonance mass

spectrometry (FT-ICR MS)

4
o]&3le] 150 T 1200 m/ze] HY oA electrospray ionization positive

mode (ESI positive mode)®} 15.0 V& o] & A A< &t =A = A}

e
b

A BAEe SolariX 2XR (Bruker Daltonics, Germany)<

_20_



2.2.4  Differential scanning calorimetry (DSC)

FEof th3k DSC #4418 DSC4000 (PerkinElmer, USA)S AF-&3}
A Y714 1 C/ming 719 £52 30 ~ 210 T HY oA 35
G-PNW AZo] tJ3dt DSC B4 AR 7]94 10 C/minY

. PQ
52 210 CT7HA] 71d3dle] & o|dHe ¢33t o EoE Hya
o

ot
n:°"

o g3l d(heat fusion)ol 93 AA3}= (x2°9)= F WA &§ JAHS
ol &ste] SAHHIUTE &5 AlFe A ARAFYH A 4o F& F &

e e mugeld S48 993 244 A PP aiA

REs

T ALY = 207 J/g= A=A [73,74].

AHy
XP5C(%) = ﬁ,}” %100

2.2.5 X-ray photoelectron spectroscopy (XPS)

XPS 242 monochromated Al Ka (1486.6 eV)ES ©]-&3F PHI 5000
Versa Probe III (ULVAC PHL, Japan) #H] S o] &3dlo] =85 ¢}t

_Z’I_



2.2.6  Gel permeable chromatography (GPC)

daE SYaver unEAe EAEFESE A7l sk 4749
ultrahydrogel column¥ refractive index detector’} ©3*] ¥ Alliance 2695
(Waters, USA)E AF&3to] GPC 45 3339tk 0.8 mL/mine] %2
0.02N Sodium nitrate &< (Sigma-Aldrich, USA)S &g o 2 Al&359
ow ®xzpzFo] 10° ~ 2.63 x 10%Ql Polyethylene glycol standards (Shodex,

Japan)< calibration®] A}-83}% .

2.2.7 X-ray diffraction (XRD)

A
=

i

o] A4 Ass #FEsHr] fsted XRD #£41> D8 Advance
(Bruker Daltonics, Germany)< ©]-83te] Cu Ka X-ray generator®} 37|
reflextion WO 2 F35 At} XRD pattern= A= 0.15418 nme] HARA
4 st A 40 mAS] W E HiF, 1.6 kve] sk, 10 7 60 °9 20 H
oA 0.1 ° stepe] G E 7IEHAT. 2 EY F Dua)e 3 =29
XM Z (FWHM, B) #t3 Scherrer WA 2S o] &3le] AxbE AL} [75].
K ©@907F §ls 44, 09 ol A2 0.15418 nme] WARA m3oln o=
B2 Zhed efggkt [75]

o

K\
Dy =———
hkl ﬁCOSQ
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XRD patternf-li Oé% 7?—_3’.;(6] §]’ = ;ﬂjﬂ Ud;ﬁl (Acrystalline + Aamorphous)

Tﬂlﬂ] g;g j’]ﬂ ‘:EZ—} (Acrystalline)'o/] H]%i ﬁl}d’ﬂ ?j\‘:]' [76]

A

crystalline

X2 (%) = A

X
y 100

crystalline amorphous

2.2.8 Field emission scanning electron microscopy

(FE-SEM)

A AZe ®W FEey wsts dEstr] fjske] SU8010
(Hitachi, Japan)& ©]-&3to] dA W& FAF dA dAv)d £4& +33H3

t}. FE-SEMo| #=% oY= 218 XA #337] (EDX, Horiba Co Ltd,

Japan)®= WA AT A BEE ZASIE ° AFEEH QTR

229 7I1AH A7 %

iy
J[m
oX,

a2 AEe] A A 542 ASTM D5035-06 ol w& &
@4 2ER HAE A we HE HZAE 7|4 (UTM, AGS-5kNX,
Shimadzu, Japan)® ZAFE AT B AEE 75 mmel gauge length & 300
mm/min®] crosshead rate® A -ZAl Fq=H A} Hit A A gt &

3

|

1<

A EET

FA T

45 GEl7) detel 7 AZel dal Ha A W] SA4L wu

¢

ol

_23_



Water contact angle (WCA)

2.2.10

7

o

]

)
R

7o
o)

2
il

=z

]
ﬂ

& dA¥ WCAZ contact

TC

o]

angle goniometer (Theta, Attension, Biolin, Finland)

al

ol
AR

—_
fi%e)

g

=X
=

Ao

=
=

Water absorption capacity (WAC)

2.2.11

of wek WAC

A AL ASTM DI1117-80¢] A #

P
T

~d

o
i

=n

iz
™

=

75 X 75 cm® 9 #

3 O
AES

LA

ZHE i [77].

3

bol =

S

HAEES o] &

ol
K

PN
T

500 mL H|#A

e

5 cm

sheie.

TS

Aol 10 23+ FFolA ol

el
Hjn

=0

[77,78,79] W,

—_
fite)

b %100

W, —
W,

WAC(%) =
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2.2.12 Grafting efficiency (GE)

AZ o] GE #2 FT-IR AHFHFA AzZS Soto] ZAFAY. tpgst
Fo] PQE PNWel @5 z®A7 4z 4%24 AZd ¥ FT-IR 273
s3algy. 7+ Fz AZo FT-IR ~9Ed W 1660 cm '¢] C=0O-N

tlo

stretching ¥ 325 PQY #=x wa=Z Aesta 2720 cm ‘9] C-H stretch-
ing I32E PNWe Fx Ia=z Adgste PQ a9 FEE Aifststa
o, A" 5, R > 0.99)& AMEe AAM YR \/}E}M_uq GE 3%

LR 4

o o WA Ael wek Axs ek [35,36]

. . Amount of PQgraftedonto PNW (mole)
= X
Graftingefficiency (%) Original amount of PQonto PNW (mole) 100

OHH
_O|L
2
i
Xl
i,
32
5
i)
O
<
5
Z
o
>
0
.%
(@)
lo
(il
AC)
2
=

'H-NMR #4]<
o] & 49 &£=s Hx
t}. AF 189 9 3= N=N=N stretching (2110 cm 9] &% Z == ul

10

M)
s

e

it

N
o
&
o)
—
=
L
o
_|J
2
o
i
4%

2 9l = e E N'(CHs)s bending (950 cm el &3 A w2 At3}s)
o Zt T&dE T4 S A=Esta o &
6, R* > 0.99)< A atart.

"H-NMR & ©] &3 2ote] 753w oty #A 2o wah AAbE

Aot AT A W Haemse 428 SEFE 259 T4 720 "YE, Incuss
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dw vz ARz (Ao 139770 om@th EE Hal AF-
¥ 487 W CH, 94 789 $4 59 28, Lyt AF va9] 4%

# (Aydgom 201 9udtt. M, AF-PAETCS St Ex3
(11,800 g/mol)& WEFN™, Maprcs ©EAle] A% (5, WhE oo &
ek 1937 g/mol)S ovlEm R "583"S uEbith ERol £ap "2=
AF-PAETC At&9 AF &2 753t 9= &statr] flste] £33
At

Hy(cmsys X M,/ My pre

%100 (%)
2><HAF><]:V(CH3)3/IAF !

Chain— endfunctionality(% ) =

2214 dufolyP /AT A B

gufoleix~ HIAEE 98] MS2 gt 34 (ATCC 15597-BD)E
S gl C3000 (ATCC 15597) 3% A A&ttt 5 gt E
dE (10 g/L), NaCl 8 g/L), &% F==& (1 g/L), =3 (1 g/L), CaCly
(2 mM), Eopdl (001 g/L)o]l *3e E-HE wjA oA wjFetaity. MS2
&3 gt dgdel HEste] 37 TollA 18 AlF &k vkt o
it MS29] £FES 3000 x gell Al 15 3 Atk MS2 ¢
AZzAS 022 ym ZYHEHZSFo A FAL7] DERE o 751

rr

rir

Astg . MS2 AF (10" PFU/mL; PFU = plaque forming units)-<
AbE HA7FA] 4 CTolA BASIAT. A5l Enfolg] 2~ &2 vlo]g
gl (10° PFU/mL) 0.1 mLE 2 x 2 cm® 27]9] PNW W] 2 7}3}o]

3718kl 37 Cold 24 Azt EoF wlgEd T OAEE 24 mLo

o,
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phosphate buffer saline (PBS, pH 7.4)0] Y1 A 8ol H2te vlo]z]x ¢

b EYet] faE AstA stk 1 mLe] EHS AFH S 0.22 um
ZYHEGEF A FA] HEE A3 5 wES FAAT] 7] ¢
dl PBS® A% A8ttt MS29| = S 5ol 244 05 %9 1.5
% RS AR Foa EAMoR SASAT [80] MS2 &4 <= 3 7
Fas AEsEATh Wi A (N0 24 A[F wig & (N)] whole]x~
H] 3= log reduction, log(N/NO)Z YERUATE o] 2 wgF & n|&dA
sty wpole]so] WIRGR WHE T

QGP10el 2§ FA At Wi &t Aes ARSI

Lo

N

PAB1Ow109] 19 <44 Aoy 23 544 Aldd digh I s =
stk AHS AAZE (2 x 2 em®) FHE AAsATE 29 &4 g
i (Ecoli; 10° CFU/mL)Z® %4 SAEET3F (S, aureus; 10
CFU/mL £+ 10° CFU/mL) €4S 7t A313 93] A& es 2959)
o} o] & A vkE3 At §9S LB soy broth iAo ZEkale]
Fotd o, PBSE gAetdnt. HE &S b wyo] =wsto] 24 A
b Fek ket iAo w F2YUS ASstn ooy vad w

oA Ete] Aol T BHFOZ AEATH (81

2215 ANEXEAE EXA

PAB10Ow109] Al XZ 542 ISO-10933-5 Aol whre} F7F= Ak Al
=45 FAs7 98 MTT 4 39S Argsden, AdEE=
formazan®] & (B<E 7Fad Ax ol HlEH)S £33 F=AE ARESH
540 nmell A o] F3%= o= AAstAth HaCaT AE= 24-well AlE ul
& HAlel welld 20,000 7 MES] W= HF = AT
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—
ra
1 M

=
=]
1 M

y=0.24017x + 0.38592
R*=0.99601

ﬂ T T T T T T T T T ¥ 1
0 10 20 30 40 50

PQ/(PQ+PNW) (wWt%)

Intensity of [H1655/H27201

19 5. GE#S 2=387] 98t FT-IRS AF&3te] 3k PQO PNW9

A T

il

u| ]
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Intensity of [Hy440/Hgs0]

0.24 -

0.22 4
y=-0.0025x-0.3810

“=0.9987

ﬂ.Eﬂ:
EI.1B:
ﬂ.1E:
0.14:

0.12 4

ﬂl1ﬂ ¥ T L T L T ¥ T L T L) T b T ol 1
65 70 75 8o B35 20 85 100 105

™ 6. AF 29 7IsstE gbE 917 ARl
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23 243 9@ 3

2.3.1 GDAFY F+x4 &4

4 E GDAFe 33 +x+= FT-IR, 'H-NMR, “C-NMR, FT-ICR
MS, DSC 48 S #Z5A. 28 7acl =AIE ule} o], AFS x
3 HFo] dFst= N=N=N stretching® C=0 stretchinge] Z+z} 2170
cm #1730 em oA #BAEE QT 1 8te % aliphatic CHs stretching,
CH: bending, C - N stretching, C - O stretching®ll 3193} peak’} z}z}
2950 cm ', 1460 cm', 1370 cm ', 1240 cm "ol A #EE Ak 'H-NMR 2
HEHS CHY FAdAbel sldst= 4H/4H/4HS] 21%7F 371 ppm, 3.80
ppm, 440 ppmolA #ZH A BC-NMR ~HEZ (19 7e)9 158 ppm,
70.7 ppm, 68.7 ppm, 67.5 ppme] AT = GDAFQ &4 T2 A X5kt
FT-ICR MS(1¥ 70)& %% [M + Nal” 9|39 o3 A24H GDAF9 #
A G ol&A EAF #el 311.07102 g/mol¥ LAk 1 7dol
®EAE DSC Z1gize} o] GDAFS N3 n A%te] €4 5442 110 ~ 150
CTollA ¥r34d YEA IF 2 249 w3 34 vebd 7hae g o

Az FelshA dEE AT

i
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b ¢ o
T NgTrO\/\O/\,O\/\OJ'L N3 (b)
8 o @
g a bjc
2 CDCl, l
8 1
g 3.974.133.98
3500 3000 2500 2000 1500 1000 8 7 6 5 4 3
Wavelength (cm"') Chemical shift (ppm)
M+ Na]* i
o
i 311.07102 5
o]
>
x
"§ )
7] E
E g -—
it
g Decoposition of
(c) =T Azidoformate  (d)
1 Il
200 400 600 800 1000 1200 60 80 100 120 140 160
m/z Temperature (°C)
(e) d||b
0
c d C
N3 20 A~~~ O~ AN
‘n’ b 0 0" 'Nj;
(0]
a CDCl,
LA NGB ELELE R LR AL LR B IR B TR ILELE D LR B AL B R ST B RSt LA R |
180 160 140 120 100 80 60

Chemical shift (ppm)

29 7. GDAF? FT-IR(a), 'H-NMR(b), FT-ICR MS(c), DSC(d),
BC-NMR(e) #4143},
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=4

GDAF<] ZE 3

2.3.2

L
i

3

!

R

oF71 A7tk [82,83]. whebA

&

34 A

=]
=

bol amEAle] B 71 AA

7}s

i

b 9lstel & 2

ZA}FS

3 Ae=

=
PNWel| t}2

-
34

EA3A T [84,85]. AF9

of wel Al 74A el GDAF

=
=

w
iz

~
O

=
=

el
K
X

~N

N stretching

N

8acll utEb HRel o] N

2]
=1

[

)

B

37F doldol wet PP &

2 AFI1Eo]

Njo

stretching 3] =9

A

—_
fife)

wal AFel 90 %ol

GDAF9 S71d F=o

o
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1.0

UV irradiation [ FR%=0.96189 (b)
) 5 0.- R?=0.98709
@ B R’=0.97518
@ o
] 9 0.:-
£ c
] o
= Q 0.4-
o 3 » GP1
£ ‘N 0.2 . GP2
< < 4 GP3
. . y y . , 00—
3600 3300 3000 2700 2400 2100 1800 0 20 40 60 80 100 120
Wavelength [nm"'] UV irradiation time (minutes)

I 8.t UV FAF Al Hscte] GP2o] FT-IR 2~FEH (a)d} thk3t

4ol GDAF ¥ UV ZAF AIHS 717 azide 159 &3] d3-&(b).
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1.0 30
R*=0.90278 = GP1 0 (b) ©
0.8 &« GP2 o
& GPY 21 .—'5_.20 R?=0.69332 - g:;
= - =
@06 R?=0.93783 | & R'=0.98356 | & e
— = -2 =15 -
= 0.4 E R¥*=0.99086 g‘ .Ré—U.SWTB
o o I
= = R?=0,97908 L =T - R?=0.98326
i GP3
0.0 - - - - . - -4 . - . . . .
0 20 40 80 80 100 120 0 20 40 8O0 80 100 120 0 20 40 60 B0 100 120

UV irradiation time (minutes)

ki3

a8 9. v

UV irradiation time (minutes)

g 71E.
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1.5%107

y= 0.00256*x(0.36468)
R’=0.99884

1.0x10° 4

y=0.00289"x"(0.42404)

5.0x10™ R“=0.99784

s t=5min
¢ t=10 min

Reaction rate (mole/s m?‘}

0.04 . . : . . .
0.00 0.05 0.10 0.15
GDAF concentration on PNW (mole/m?)

a9 10. 1A E UV ZAF AR A GDAF %9 524 G-PNW9

AF Z&a 7&.
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N N o AAAFR)

A= Elas ]’T bﬂ‘ o Tjg o+
GP1 y = —0.09626x +0.86875 0.90278

GP2 0 y = -0.01467x +0.79112 0.86953 | = 0.9034
GP3 y = —0.00546x +0.92335 0.93783

GP1 y = —0.33035x +0.17772 0.97906

GP2 1 y = -0.04279x -0.05354 0.99086 | = 0.9845
GP3 y = —-0.00920x -0.03298 0.98356

GP1 y = +2.41238x —-3.18660 0.69332

GP2 2 y = +0.17618x -0.27398 0.89078 | = 0.8491
GP3 y = +0.01686x +0.90751 0.96326

® 4. s 4ol GDAFY mE AF 159

REN
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2.3.3 PQ-G-PNW¢9] grafting efficiency (GE)

AH F7] 4, GDAF % PQO btk AH&=F o wizh e wE
PQ-g-PNWel A el GE A& ZAAY. FT-IRe $3 AEdF4(21H
5% AMgste] wEEAQl AlF ¥4 & PNWel ol PQe 4S GE %
o= Aestatdvh(1d 11). A& F7] F (Ho 457Dl #ARle] GE g%
o] Ao T3 FAHUSTES HFm, o= GDAFl 93 PQol PNW
of digh kgHelx WFAHUE FHATS IRES At GDAFE
sk 2 QP1T QP2E @Y AlFH Fox Ao BE PQ7F "oy
o, GDAFE 3 PQet PNW zte] A&HHQ ¥/ AFS 1HHo=

o_:]'

s, £, olua 2%E Fa AF 4x

H~l

FAE2] e PQE A&sHA AAGEd T8 aAAd PHAS F

& & itk PQY & 105 mgZhA F7FAIZIa UV EAF AIZE ES

240 Fo2 AFs9 S w, GDAFZF ¢l QP3:= oF 18 %< wAw &

7bset GE @S YERATHIE 1lc). ol FAIZEe] UV AR A% &

ZH Fo] A ow PQSH PNW Atole] i gtz AE"] W&
3

B
of
do

AN E7] jFo g FAHAT [82]. PPY tertiary C-H Z%3 PQ
°] PVP W9 ofn= 52 a-YAA UV ¥tgo] wE peroxy &tz
of AHE F Jd&E FHoZ HIuFJT Peroxy #UZ2 2 2 Ee= 3 A
e 9k A9 alkoxy #HUZS A5t PNWe A4%d PQE =
4 9t [82,83]. &1k PQ (0.21 mg)et UV ZAF A|ZE (10%) Z7olA,
o= GDAF9 E9jvre=® QGPlYA fAeE GEE Rom(1¥ 1la),
GDAF9] %ol Z7tstel wet GE #hel dA3] F7iets o] ## AT
(ell: QGP19] 17.82 % thH] QGP4¢] 46.81 % tH] QGP7¢] 85.36 %, ¥ 2
a9 11 #E). o] GE #2 4319 A7 Fox tgH oz FAHAT, o

’
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Hg A¥= C-H A3 A9 "H&S Sl PQe PNW Afole] b AQl &
fr A% Al Aol GDAFS A&& HEs| BoAFAT PQY 4s 7
AAS W= (210 mg), QGP AR5 o135 HAFAQ GE & dEbin
(QGP2¢] 6.85 %<} QGP59] 46.80 %, 3 29F 219 11b #x). ¢ w2 %
o] GDAF (2250 pg)el 6002 A%E UV ZAF AIZE 2o A (3R 23 1
g 11be] QGP8), A ¢l 100 %°ll Eat= ¢ =& GE Fto] #Z= A=,
°l&= PQE PNWd &f A3A7]& GDAFe 7= C-H 49 &S
RoFE 29 112 PQ-G-PNW A=A PQe GDAFe 54 3aE& 9
3] HojFm, o] PNWd PQ¢ GDAF7 & ZAEs o] Ad&S v
sk glsler. ' 1les ®3 B9 PQ (105 me)olAE Fw3 =

GE #S yehdfloy, 240 9 UV AP x E38ka o] &
g 7o & ARERY ot SRtk(el: QGP9e] GE °F 68 %). °ol=
GDAF7} PNW] =gk I 3hs A8k Al Ho] PQ #4+8] 3 5ol o]

JHd Ao F5HAT

[UO
O

rlo
Ho
>

flo

e

>
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100 a—* aGe7 1004 »— o ey 100
e = i 5 aGPre (<) More amounts of GDAF
B0 i 80 i 80 .
| More amounts of GDAF | More amounts of GDAF e QGPI
. i ' — — —
&0 . =680 ] GRS 80 '
2 '__'_._._._;E,p—. £ ——— e | &# !
wdo{ | . w 40 i w40 ocea QGPE
T - g " (C] —
2] (a) ! g 2] (B) o, 2] =iy o —3
" ] aF3
8] a— L B o A"'f"""'l——QT o
1 2 3 4 1 2 3 4 1 2 3 4
Number of washing cycles Number of washing cycles Number of washing cycles

a9 11. PQ-G-PNW¢ GE: PNWellA PQe] <Fo] 7} 0.21 mg(a), 2.1
mg(b), 16.8 mg(c)Q! -7 th¥gk GDAF AHE 3 A& F7] g0 we

e,
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C=0 stretching C=0-N stretching

Absorbance (a.u.)

PNW

Lo Mawe ol
D o TR
| Mooz

of GDAF of PQ
(1720 em) f (1660 em-')

3500 3000 2500 2000 1500
Wavelength (cm™)

a9 12, 210 mg®] PQ7F AF&H PQ-G-PNW< mA 2] PNWE] 1500

1000

1900 1800 1700 1600 1500
Wavelength (cm™)

1900 cm 'l A &g FT-IR ~HEH,
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234 PQ-G-PNWY €7 EA

g2 EA LS PNW PQ-G-PNWe QGP3, QGP6, QGP9E A}&-3}o

DSC= A=t 7F A= F WA 7t 3 W7 45 29 139 &
5o WERAITE PNWe] & &8 75 shhe] 9 94 (Tw) ol F w4

dow ARzt shte] TE (Th) A= YEHYE a-monoclinic 2
ge] FeE Ve [74,87,88]. PQ-G-PNW= Hulgh T,.0 d5S
o, o= GDAF®| 3t&o] S71ed45 o] F=eA &6-24st A4 A
Aol 7H4EE AN SS YERNATH ™ 13bet . 5). PP Fo T
2%d PQ7F ol oldAom #gote] olF MG A JTE sl
[38,39,89,90]. =3t PQ-G-PNWoll A PQ 3t&Fo] F7hghol whe} A4 st w7}

daste o] #FHA=U(R D), ol JAGAN=ERE & AMEY olF

32

Aol Aol upel PP AlEo] AA oz wldE = Ao Waigty] wiEo

4 ¥ A v [38,39,891.
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Heat flow (endo up)

QGPa (a} . QGPS
g bl
QGPe % QGP8 _\/
c
L | aeP3
QGP3 z \/
' 2
= PNW
PNW E N
(b)
50 75 100 125 150 175 200

100 120 140 160 180 200
Temperature (°C)

29 13. PNW, PQ-G-PNWe| F+ WA 71d(a) 2 F WA WdzH(b) =4,

_43_

Temperature (°C)

Al



A= Tm (°C) AHn (J/g) X5 (%) Tme (°C)
PNW 157.17 99.30 4797 109.19
QGP3 156.36 90.22 43.59 107.54
QGP6 158.87 18.25 37.80 111.86
QGP9 158.46 47.39 22.89 113.36

¥ 5. PNW¢ PQ-G-PNWE&] €7 EA.
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235 PQ-G-PNWY XRD £4

PQ-G-PNW<e] Z#A #&& PNW, QGP3, QGP6, QGP9 A &S A&
sted, XRD #41S B3 ZAMEAT 29 149 2 AEZ9] XRD Hel
Miller A4=5 YeEbAATH 2 A Zo| A PP /3 a-monoclinic 24 3
=20 7 141 ° 169 ° 186 °, 21.7 °, 255 ° 2 283 °o A #FE o
W, ol Zkzb (110), (040), (130), (131), (111) 2 (060) #el &Patsict
[74,87]. PNWoll H]3le] PQ-G-PNWE ©] ol Y& 34d FEE B
om ol FHZAZFE PQY Fol TUiHel wEt AASEV BaASS

LhER T [35,89].
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Intensity (a.u.)

20 (degree)

(=1 o8 oo o
=) gﬁ e B
- — =
e’ NN QGP9
__-j\'/\"\/\— QGP6
" QGP3
. PNW
10 15 20 25 30 35 40

a9 14. PNW¢ PQ-G-PNW¢] XRD A~ E .
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o o o o »

= FWHM * (°) Dpa " (nm) c a| X

}\\H = Acrysta]]ine Aamorphous
(110) (040) | (110) | (040) (%)
PNW | 0.56137 | 0.46863 | 14.270 | 17.151 | 3717.2 3360.3 52.522
QGP3 | 0.69506 | 0.52599 | 11.525 | 15282 | 4160.3 4205.5 49.730
QGP6 | 0.73571 | 0.62084 | 10.890 | 12947 | 2567.3 3370.2 43.239
QGP9 | 0.71144 | 0.58059 | 11.260 | 13.845 | 1229.7 1297.9 48.651
¥ 6. XRD #2407 o8 PPe| A4 EA.

Full width at half-maximum.
s|dHel AAY A7)
EERIEED R
H 2744 939 WA,
XRDENH ZAAH AQ3%E.
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236 PQ-G-PNW¢ &9 FEHsH 54

PQ-G-PNW?e| ¥ ejet2 wstE ##str] 98 FE-SEM 4]
S st FE-SEMol #ztE EDXT e 2A¥ 94 IS
ZAretE d AFEE T QGP3oI A &= PQSE GDAF &3HEo] PNW A9l
A2A ZEE] ATHTH 15b). QGPI ¢, FHLls aepzygow
A3 PNWe 7]ge] Aol ¢xd3d] wyar, whaAl Al dAap Fok o
AE7E FAEATHE 16d). QGP62 QGP102] EjgH%] on| x|o A=
ZEE PNW A9 dEses 7130 2% #AZHJHd 15¢, 15e).
EDXE 53 24 EAdAs A die] vuy dda 33 #xrt 3
AR em (1Y 16, & 7), o= PQ9 £ Ath i Ao T7F +A

(QGP3 < QGP6 < QGP9)¢t & F-grsh= 23l
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a9 15. PNW(a), QGP3(b), QGP6(c), QGPI(d), QGP10(e)¢] %™ & &Y

oA,

5
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PNW(a), QGP3(b),

&3 ¥4 09 mapping ©]vA:

QGP6(c), QGPI(d), QGP10(e).
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A Z C (wt%) O (wt%)
PNW 98.33 £ 0.80 1.67 + 0.80
QGP3 9566 + 2.13 433 + 2.13
QGP6 9427 + 1.32 570 + 1.30
QGP9 7838 £ 2.39 2149 £ 2.35
QGP10 9241 + 0.78 756 £ 0.76
# 7. EDX A5 PNWeF PQ-G-PNW2] H4 =4,
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237 PQ-G-PNW9 7|43 EA EA

PNWe] UVEALZ <13 &4 Astel dig oy #dE5o] By
th 29 17aldE ASTM-D5035-06 ¥+ A @WHS o] &dto] thafsh
UV ZAF AIZE 2270 A 9] PNWE AR 71 A4 g s zAs

L}

" 172 PNWeol 23] vt 7144 A AmollA ko] Alatde

d

BRI o= PNWO| 7219 Fxo] & v WEdA] 7]0s 524 A]
F=® Adoltt [91]. PNWE s&Egkel A 2] Q1 X UV ZAF A7
wet AR o FAAHE AFS HYom XA 4 A TG 167
MPa9] 17 Z ol 3t o= Wy A PNWe A&7 %= 314
°F 53 %ol s>t UV A B dojd Al PNWE| 33 g =7}
A (G AA MY W PNWe 4 AEe] oF 28 %, 0.83 MPa) UV =
PNWe] EAS H3Fa7] s Hd 4 Aoz A543
PNWE ao|ux UVE A&EHoz Aeld u) PP uiEa A& Hi2 2l
sh7b #Aste] C-H A9 & &3 duo] o8 gozs 44 5+ 2
oo AdE g4 gozde 79 v AbE whEste o g8 sk 4
S FHsta Fid AAHER Pteeas 2 2R
Tk PP A&9] 239k PN sHol] AbstEo] A=W Af b Aol oFst
w31 71AH 5ol AstEm AnkAQl x4 Aghe] Aot [82,91].
B A= QGP3F QGP6S 10 E¢ UV XA Fo
B ot £ AW AE e YERATHIE 17b). ole 9 A= F
7b= FE-SEM ©]"| A (1§ 15b, 15c)0ol A4 Eelel wkel o] PNW A 3%
Hell '/ E PQS GDAF 3t3E wEel Aoz HRIth Z3td PQ
GDAF®] w7 a3 giel QGP99 94 k= 413ke] UV A} Foli
A=A FE& PNWeF A9 sdd 758 FAYHLH 17bst X 2).

AR 7131

flo

f
i
=
D
a°)
Z
=

i



—
e &
b i g
o
w
bt 3 W
=]
Ll
bt 5
=]
. ..W
o
" - © o~ - o

(ediN) Hea1q 3e Wbuans ajis

c
o
[

100

24.11)

120 180
Duration of UV irradiation (minute)

BIU

10

T T T
-t “ o - L=]

{ediN) ¥eaiq e yabuans ajisuay

PNW(a),

o w&

o] PQ%t GDAF7F A8 PQ-G-PNW(b).

& %

%

o}
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2.3.8 PQ-G-PNW9| wettability 5§74

PNWe| 353 244 1He 154 PQR MAS F3lo] HEy]
o] WCA % WAC 54& =& B7hEdvi (g 18, 19 19, £ 8). WCA
5 TAANT FA AR 29 18 vEtdTh 1
H PNWe} PQ-G-PNW (QGP3, QGP6, QGP9)E Al-&3}
WAC #< A3t vt 538 32 PNWeF &

53] QGP6E 0 °2 WCA 247t} 835 %9 Hold &5 %
#HS Hol PQ9 GDAF 3t¢=9 Add =9le= w2 Ie4d x4 Ad
o] o]Fo|H S At PQ GDAFe| F 3ol ¥ =2 QGPI(E

2= &3k, FE-SEM o] n[A|(1¢ 15d)oll Al #Hz¥ npe} o] Adts
PQ9t GDAFZ 1% 7|33 #¥W AH7] A= 3] QGP6ET W&
WCA % WAC %< derdl [7879]. 3H 48 PNW-ME 7[ito =z gt
QGP102 QGP3 (WCA = 100 °, WAC = 201 %)3 fAFgF WCA # (112
°)3 WAC % (237 %)& RSt}
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rri

1 =&~ GDAF 0.01 wt%

Contact angle (degree)
o
(=

Eld

QGP3

QGP9

4"'_ —o— GDAF 1.06 wt%

20 - —v— GDAF 51.7 wt%

0 P ———

0 1 2 3
PQ (mg)

a3 18. PQ-G-PNW<] WCA =

_55_
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~e 1000

PNW QGP3 QGP6  QGP9

=

2 L.

g w00 77

g 1 :'-"..-

S 6004

= 4

0

o 4
- i
0 -

2 2004

4] ] S

-
ool ,, -
=

a9 19. PQ-G-PNW¢] WAC 4 A3
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A Z WCA (degree) WAC (%)
PNW 12242 + 1.3811 42.840 + 40.794
QGP3 100.09 = 13.216 201.01 £ 8.4403
L QGP6 0 835.01 * 78.064
PQ-G-PNW QGP9 87.874 £ 10.371 361.51 + 16.499
QGP10 112.15 = 6.0090 237.37 + 42.343

® 8. PNW¢} PQ-G-PNWe| WCA 3 WAC A& 23},
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239 PQ-G-PNW9| #ulolgjx/3ad 54

Fgrpoly)~ EAe g Frh= FE FA IS B3 MS2 v
A& Bd npolgf s Abgate] P T o mE v A PNWS
PNW 4A]3e] UV AP & Al W] AlxH F7]5 7% PNW (control) €]
gutolg 2~ e Hrrstgnh 19 200 YERE BEel o] PNW, control,
QP3+&= gufole s~ gAo] FHAasty Wk GP3E ofite] A a8 24
th 53] QGP6= =2 dufolels A4S Blom o= i Ao &
A Gulolel 2 AEQ PQOl 71203 9441 %9 wiolyaA Aes EAd
Aoz yetwth FaE PQO fF Fupolys EAE HES] HFS
S gelEgdon, PQol od MS2 Fzlulxe] 99 % H|EAstE HolF
Atk PNW-Mo 2 7/fd " QGP10%E 9897 %<e] wlolglx w|&Astz -
2 AsS e =3 QGP10S A E =it thek &
T ZA48 1o 9920 % A adEs EAsAh o] dFE GDAFS PQ

o Ao B CH AY AU wge Ba Fuloles R FF 549

oo

7Hx HMEgd PNWe AxE A5t

e BdHor FA8H oA Al

22
®

T 2 PNWe 8 71448 &

283 2 PPEo| W3 #A%4 &

JE

ofo
o
>
>~
>
o
kv
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98.97
=204 (a) 1004 (b) 94.41
g =
=2 < 20+ 77.99
E\-‘E.E- %‘"
= = 60+
i (5]
O .1.04 m
o= - 28.71
® g 40
= 3 21.45
ke Z =) -
= =z <
2.23
q Oru T ¥ T T T T n L ¥ ¥ L L T
PNW Control QP3 GP3 QGPE QGP10 PNW Ceontrel QP3 GP3 QGPE& QGP10

29 20. PQ-G-PNWE &3 tdat A= @nteleix &4 logla),

W 9-(h)2] reduction term.
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Sample Log reduction Percent reduction (26)
PNW -0.21261 38.70968
Control -0.00979 2.228412

GP3 -0.65747 77.99443

QP10 -0.10485 21.44847

QGP6 -1.25248 94.40860
QGP10 -1.98842 98.97297

¥ 9. PQ-G-PNWE £33t t}hokst A2

i
lly
o,
ot

S N S S
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2.3.10 AFINY +z3 54

AFIN?] A4S FT-IR, 'H-NMR, “C-NMR, FT-ICR MS, DSC
A B3 oyl FT-IR ~2FEH (28 2la)dx] EAAS AF #

r-1m

of

o] N=N=N ¥ C=0 stretching ©] Z+Z} 2170 cm '9} 1730 cm ‘ol A e}
o} 2950 em ), 1450 em !, 1380 cm’, 1240 cm el A 9] AT & 77} X
z= C

B
o2

okt

Hs stretching, CH: bending, C-N stretching, C-O stretching© =
A¥ATh 'H-NMR == E# (19 21b) AFINS 318 725 Ho|F3o
W, 42 ppm, 2.2 ppm, 1.8 ppm, 1.6 ppmol A& A& = 27 4H/4H/2H/2H
of Fst= CHy Fael Z3HAT. F7F 22 1.7 ppmel A+ 719
gl A7t #FEew, o= 3H/3Hel a3t CHs protonol] 3@ st
At BC-NMR =#E&(23d 2le)dlA 157 ppm, 119 ppm, 72 ppm, 63
ppm, 34 ppm, 24 ppm, 23 ppmel A ¢ AT = AFINS| &4 3o 4ot

Btttk FT-ICR MS(18 21¢)9] electrospray ionization mode©l| A ¥
2 AFINS [M+Nal® 93%= o272 EAF % 41314023 g/mol o=
AFIN®| o] &4 Eapol| st F-3Fsaitt.
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N=¢ T 0o
[ b a
= M b
N33O - N’Nhro N, (b)
o @ e C,-:-.‘N H,0 f
) e
b
DMSO
o J | HL"
4.00 4002.202.673.292.09
I (RO i T A Y

3500 3000 2500 2000 1500 1000 & 7 & 5 4 3 2 1

Wavelengh (cm-1) Chemical shift (ppm)
M+ Na]* t
\ :
o°
> o
@ 2
c )
£ 2
£ g decomposition of
= azo azidoformate
| © 2 (d)
200 . 400 | 600 800 1000 1200 60 80 100 120 140 160
m/z Temperature (C)
(e) f DMSO-ds
S e
a (';I:Ce J,L b ©
NSTTO N$N~(/\/\0 N, d
b d =
9 Csy g
a f
180 160 140 120 100 80 60 40 20

Chemical shift (ppm)

23 21. AFIN9 FT-IR(a), 'H-NMR(b), FT-ICR MS(c), DSC(d),
BC-NMR(e) ¥4 Az},
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2.3.11 AF-PAETCY +x37 &4

Hif
flo

AETC= AF 715719 &&= =49 W 4ds 193]
EARS 25 1E84E G4 HAT. AF-PAETCY &A%< PEG
S A& GPCE A Ao, FHT A= M, 11,800 g/mol, & =31
TAFF My 12,200 g/mol, TtAHA 5= PDI 1.03& YEFW T o2 gk a1i-;
AbE2 mbolel s iApeke] ek Fez-g3 §4 PNWel tigh PAETCS]

FAY 7heAS S7HAA, WA e FuelY s Heow olod
oIt} AFINO.ZRE 34d® AF-PAETCY T7x4 EA<S FT-IR, 'H
NMRE &3l et 27 22a0l vebd npeh 2ol AFINS 54 %<l

7t N=N=N 2% 2 C=0 AFo| s23s 2110 em "9 1730
cm oAl #AF T 7K o2 N'(CHs); stretching, C-H stretching,
CH:> bending, C-O stretching, C-N stretching, N (CH3)3 bending®] %%

b
M

o] 7tz} 3400 ecm ', 2970 cm ', 1480 cm!, 1170 em™’, 1030 em ', 950 cm'’
oA #elsfdrt. 'H-NMR ~HEZS AF @d 7]%5 358 AF-PAETCY
3tk Fxeo dAsg e, 1521 ppm (-CH,, -CHs), 2.2 ppm (-CHb),
25 ppm (CH), 3.2 ppm (N'(CH3)3), 3.7 ppm (-CH>), 45 ppm (-CH»)¢] 4l
So sjFsteich FT-IR #4< B3t A&e AF3A(1d 6)S 53k
AXE AF-PAETCS #d 7158 %% 631 £ 022 %%tk AF 21 7%

} AFHYon, AFA 0T 6602 %=
FT-IRE o] &3 &4 A3t fAs dA4dS 2tk AF-PAETCY %

FT-IR® 'H-NMR #4]¢] Hit#kel 6460 %= 245

of A3+ A oA AF 1F°] HEHASS HoFH, 354 %= AF
T s gl Ae®, AETCY ApEs < JhAel @& Mayo %+



Ve

vc-o SN'(CH:)J

4000 23500 3000 2500 2000 1500 1000 500
Wavelength (cm™)

o)
g H,0
h

N
I ZACF h ag

LK

7

6 5 4

Chemical shift (ppm)

13 22. AF-PAETC?] FT-IR(a), 'H-NMR(b)
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=]
A 2

diethyl ether

\-—‘écél—

77.06 84.89397.70 42.42 2.00 76.34
S N T T gy

2

P

1

(b)



2312 PAF9 £9d &4 2 Futolgx &4 &4

PAF® C-H insertion ®F-&-o] m& #WH W= FT-IR 4

gate] gelatgdth(1g 23). 1730 cm oA W &etA B2 E AF-PAETC
o] 7lrd (-C=0)9] 54 ¥aE tF AAH Fol= WEastA veryon,
AH&¥l AF-PAETCO] %ol F7bgel wet o F7ke A7l AsS dERY
ALk o= AF7]9] PNW ®¥wHo=Rol FHAF X

PAFS] ol Ao dis] zAbstdth. PNW-Me] 49 u}
olg]x Aol 1338 %< Wk, PAF209] 4% 9947 %, PAF059] 7%
99.18 %® E& wiolglx B8A4st A4S UEUATh UV 2AL dellA
PNW 7ol AF 7]571¢ #&a7F 2oy PAETCe W o] o] Fof
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Heat flow endo down
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Temperature (°C)
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2.3.14 PABY B4 24
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Heat flow (endotherm)
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¥ 29. PAB15¢] 500(a), 1000(b) wi&ol e A ol x/2k Cle)t

O(d) 2 ¥4 mapping 23 o]u] x|, EDX &4 Z¥}(e).

_75_



Bindin. Ener Atomi
Elements @ %eV) oe concenttroatiocn (%)
C 284.10 95.17
0] 531.43 4.20
N 398.55, 401.94 0.63
Cl 196.8 -

E 10. XPSell ¢ PAB159 2% oA
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Anti=viral performance (%)
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Antl-viral performance (%)
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= 20 After 2 months 204
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10*CFUfmL 107 CFU/mL 107 CFUfmL 10%CFU/mL (PNW)

I8 31. PABIOW109] 2 /€Y B# AS 34F A% (a), AE =4 A3

23 (b) B FF A oA (o).

_8‘]_



= ol A A
A= Al
o o log WES (%)
PNW _ -0.213 38.71
PNW-M -0.062 13.38
QGP6 * gl -1.252 94.41
@9 = GDAF
QGP10 ® S : ( -1.988 98.97
PP non-woven
PAFO05 ° W"t:i -2.087 99.18
A\a
PAF20 " W-\ -2.276 99.47
PP non-woven
PABO1 * -2.327 99.53
PABO5 i -3.407 99.96
PAB10wW10 * . -4.000 99.99
PABI15 * \ -3.977 99.99
PAB10-acid-w10 * -\ = -2.734 99.82
PAB10-base-wl10 *? /‘i\‘;, -0.552 71.92
PAB10-80°C-w10 * Lo -1.867 98.64
PAB10-sur-wl0 ? o TP T -4.000 99.99
PAB1OW10 @ PP non-woven
-4.000 99.99
(after 2 months)
¥ 11 B AFoA =&F9 JHd F2Eo o3k gufol~ A FE
a  PNW (2 x 2 cm?, 16.8 mg)°] A8 A+
P PNW-M (2 x 2 cm?, 10.0 mg)e] AFE= S
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Abstract

UV photochemical modification of polypropylene
non-woven for enhanced durability and antiviral and

antibacterial properties

Oh Sevin
Department of Nanotechnology and
Advanced Materials Engineering

The Graduate School

Sejong University

Polypropylene nonwoven fabric (PNW) is widely utilized in hygiene
products, medical supplies, and personal protective equipment due to its high
biocompatibility, thermal stability, and cost-effectiveness. Particularly during the
COVID-19 pandemic, PNW was recognized as an essential material, playing a
crucial role in protecting frontline healthcare workers and public safety.
However, its susceptibility to bacterial and viral contamination and lack of
functionality due to its inherently hydrophobic surface have not only limited its
use and applications but also contributed to single-use plastics (SUP) waste
issues.

To solve these contradictions, several approaches of functionalization of

PNW have been introduced, but most approaches dependent on high energy



input or high-cost metal or complicated chemical processes or simple
attachment process while still producing poor durability. Specifically,
metal-based functionalization is costly and raises potential concerns about
toxicity/impurities.

Herein, this study suggests durable, practical, cost-effective and metal-free
functional surface modification strategies as sustainable solutions, utilizing
antiviral/antibacterial organic compounds and UV irradiation. The strategies of
C-H insertion to PNW utilizing azidoformate (AF) functional group and radical
coupling reacion through simple UV irradiation have been attempted.

First, hydrophilic antiviral and antibacterial functional PNW surface
modification was achieved through the photolytic C-H insertion strategy of
quaternary ammonium polymers and AF functional coupling agents. Second,
antiviral surface modification was accomplished through the photolytic C-H
insertion strategy of AF-functionalized quaternary ammonium polymers
synthesized using AF radical initiators. Lastly, highly durable non-toxic
antiviral and antibacterial surface modification of PNW was achieved through
surface covalent bonding using quaternary ammonium oligomers and radical
generation reactions via UV irradiation. After UV photoreaction, the
compounds were covalently bonded to PNW, demonstrating durable coating
performance even after multiple washing cycles, exhibiting enhanced or novel
functionalities.

This research provides a promising strategy for addressing public health
concerns and mitigating environmental impacts by improving PNW functionality
through practical and cost-effective modification strategies under mild reaction

conditions at room temperature.

Keywords : Polypropylene non-woven fabric, quarternary ammonium compound,
photolytic C-H insertion, UV photo-reaction, coating durability, antiviral activity
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