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01 Introduction

1) SAM

SAMO|Zt Self-assembled monolayer2| 2fXt2 FOTl substrate?| EHO| AtHMo= A K| =,
nHHez & H2E /7] 2AHHOICH

v terminal group

' hydrocarbon chain

SAMs2| M Z0| O|8kl= ATHEEN 2At= M 7Hel #2222 O|F0|N UCH TA J[E Z
giote HE|R&2l B8 7|(head group), THAIEQ At & HHEE 7IsoH St 28 #2292

o
U7t AMZ, 2|1 £X 90| 7|58 AQsle Ma| 22| X2 7|(terminal group)E LHFO{FICH
JbE TS B8TIRE 2B 120 UL BX S| S43 J15S £0is7] Y SH, NH2

OH, COOHS = 03 7tX| tHE 1&S0[ 0|&&2 RUAC,.

| 204 S Ciget 7O SAMs7t JHRE|D AFE|O REH OS2 substratento| o=t
A u]

2

-1 O

of 2t chZak 20| L= & RALE 7[=1r 0|2 ?E‘E.*E O|F= ZH:t (alknoic acid) 22 ZHS0f
a

Zl SAMs, charge-transfer complex2 &-d5t= /7|& (organosulfur)2= ZHE 0Tl SAMs, 12|
=3t SQATYS O|F & /7|74 (organosilicon)Z PHSO{El SAMsZt RUCH

= ME

o2 7|77t EQstu EET 20| "dL|7| ofECL :LEl_Tl_ =X} otg}
b 2ol HHEl7l= O{ECL 0|0l Et5td SAMSs

2#HD IS O|RA &l= XS Atolo] ZFHXQ 3tet

=

=
9= TS =+ UACh d2|2 7|Ze] 2oLt 37|

7E‘E.*OI UE 27 WotN 02 EEDH Xt
A2 BHX| Qo BT 2ol 7|E OME NZEZF Jtsotl CHHASIO = &0|StCt. ek
SAMs= LBECLCH oF CHA| 2HMot S7| 2Xt gtato|zta g +=QICt



SAMs= X2 = d dZF MANLR B2 D530 25 A5 2t Xg2 ] o ©
2 977t T Fof A= Ofe st FFFOFOICE =7] A7 E F2 SAMs2| stetE MY, ¥
- % 2 ‘E-_rloil HEEO 2CF7F 19900 SOMEL &

™

HICH 2o U= Hi EHEO= o2 i

e
I} IESO| SEO TS oY DaS
S5 2 4 QUCt O[NE Hjo| HIEtTIo] 2ojYls
Q71252 foulingOl2ta BC}. o Mol O+
20 BO| ZXT HS B9 452 Hojma|n
dE Q2 S7MAZICH MEkM fouling= 2| M
g2 ofmstn 4iofhol By QuERS HBd

< 20| "4 o|L},

al (=13 H o H

L8 2 WA B0l ERES Founlings Ol2{st BHS anti-foulingO|2HSHCt B{X|TH Bk
S Anti-fouling ZEHES0| ShY WSHOIA S40| Y= Ho2 AyH QUCH MH2kA nontoxicdt

o
2 2

HetFHOl anti-fouling0| ERSICE F=42|  Anti-fouling

hydrophobicst &2 O[8%Z1t hydrophilicst E&22 0| &%HHAI0|Ct Hydrophobicst &%
4<% OtEo] 2 AHO|HX|ZF 27|10 O 4E50| EEtEXl XA =1, Hydrophilic®t 4=
hydrationO| 2O{Lt7| MfjZ0f CHMEO| MA O EHEt=X| XSHA E L

2 5 M gHez Jhseiy,

10

3) PEG(polyethylene glycol)

E3|, 22| MEOA A Anti-fouling & & ¢ B
=232 PEG(polyethylene glycol)O|C}. PEGE .( i ;_ l 1 / ' "Ih___}
hydrophilicst I&AtEMN CHHEO|  CHst B ' 1
anti-fouling 2IP7} ACh E3 Hoy HxEZ &% u %

Ho| biocompatibility® Z7F AIZAA drug 3 ;? %?%«?g ? %"j; E H%?%ig

delivery?| gt g == QUCt

PEG2| anti-foulingdl &S O|X|= QA= a8 3. PEGO| 2|3t Antifouling 21}
hydrophilicity@® 2t OfL|2t Steric hinderance

effect, chain length, grafting density, Chain conformations0| AL}



02 Strategy & Purpose

O|&H MHO|ME substrated| SAMZ O|83t0 Anti-fouling&17F U= PEG(Polyethylene glycol)
= UESHA RSt WYHE AIZRCE Ol AT substrate, SAM, PEGe= 2t Si wafer,

MPTMS(3-Mercapto propyl trimethyl silicon), PEGDA?(poly ethylene diacrylate) O|LCt.

CH2FN Q1 procedures O ZHTHSICE Si Substate®I0l MPTMSE 0|83l SAMS &M AlZICt,

- —

1 2|0l PEGDAE Coating?tCh. Ol MPTMS2| -SH”Z|2F PEGDAS| & & Ehe| o|FZZAE0| otF

A Bt3SHHAM coatingO| FIME ZAO|2t O AL (by click reaction®) 2|1 IR, AFM,

=

>

o
Contact Angle, Cell TestE Sdlf S82 &4 L HIt 2 ULt

1. 2. ©
_S‘i/\/\/ > WOMOW

3
RS
= .
RS- + —_— Y
R R
RS RS H
_ , Ky . \
- RSs—H e RS- + ~
R

Thiol-ene click reation

ol AMzol @It o=2 Ctadh L,
@ Siwafer?|0f MPTMSZ} & 2=7122
@ 1 2ol PEGDAZt 1Z2H & E/=7172?

® Antifouling2 17t & LIEFL=7}2?



03 Experiment

Material

Si Wafer, MPTMS(3-Mercapto propyl trimethyl silicon), PEG DA(Poly ethylene glycol diacrylate),
Irgacurel84(&7H Al K

IR/AFM/Contact Angle/Cell Test

Procedure
STEP 1 STEP 2
Firanha
luti OH OH OH OH
SolUTIon MF"TMS

[ siwafer  [NEEETWSS  Siuce | —‘
Stirrer Sh

SH SH 5H sH

STEF 4
IR
- chemical analysis
AFM
- morphology
Contact Angle
- hydrophilicity
Cell Test
- cell viability

STEF 3

PEGDA+Z FHAI K|

UV 1h (340nm)

STEP 1 - Si wafer &H]|

1) HIFHO| &t bbb 31

l

hu
i

1 & MOo{EC} 80ml (piranha solution)
2) Siwafer 107§ € piranha solution®| 45min&sQt &2 =, JHLHO| DWOf| M OfHCt

(BB 77|21 2 HXSS HMAstE, BES -OH7|E Q3AAFT| ?I8HA)

 Hydroxylation

Piranha
treatment




3) H|FHO| DWe Siwaferg 211, Sonicator0| 20min ¢t X2|PICt (EHO| 2= M)
4) 1 T siwafer& HLHO| HAZA|ZICE
STEP 2 - MPTMS coatingdt?| (SAM)

£2:Z(5:1) 100ml + MPTMS 5mM2| 0] SiwaferE EOE F stirrer2 5A|ZH5Qt
HOE=LCL Si?lof MPTMS7H & Hetg & &)

2) 1 % ButanolO| 0] sonicator2 2259t cleaning. (RIS & 7)
SH
SH SH _SH
Piranha cleaned thermal
oxide on Si
OH OH MeO—%i—OMe “““Orflii-.O;SiaHO_Sil—{}"’r

OH
| [ OMe i—i
d _

STEP 3 - MPTMS coatingdt?| (SAM)

1) ButanolO] PEGDAR} Irgacurel84(&7HAIX)E 5% 4110 40EF S spincoating!
2) 340nm2| UVE 1haQt E|O{FLCt (PEGDAZL Eet = E))

Ot

3) 1 F sonicatorZ cleaning. (210 gt otet 2E S X 7H3H7| fISiA)

r

STEP 4 — 2M3}7|

1) IR(Infrared Spectroscopy)

- BXe| TS 2S(vibration)@Al2 A = ZHX|O|CE X} AtO| ZRZO|7t ZOIMCH B OFMCE
St= Streching vibrationdt XIS At0|Q] ZgtZf0| #StE= BendinglAI0|Ct IR 2tet=0] X e
ME X O Xt 37 ZT0| &2 TS o X|(vibration Energy)E=0AM =2 TS OHX|
E9I=o| MO|E BEBICL M2 CHE 87|52 23 Zo|7t th2sg, &gt S8 A
E™O| Y0jX|1, 0| S0 EFo g 2 E =l & &= UCh

ot MHO|AME, MPTMSO U&= Thiol7|(-SH)2F PEGDA2|(C=0) peake S8 MPTMS®} PEG7} &
== X o g = Ak

2) AFM(Atomic Force Microscopy)

- AIM2 B&2| #HE WEIH 2t1 =2(= A2 U7t scand SHH, O] O Cantilever €0
=0 A= BHip)ol Alz B Y25t BE 2 ;XL A|ZHEHS| AR A0 Mz2| 7t



transmittance

A0 ot S0 7[ALKRE, BHEEA o) EX= EHE, 2§ )0l HESHA &[22, of o
olgf HE 7 ot = 2OX|A EHH, O] 2= =& FToI0] g= US0M HXEH?

O| morphologyE IH{sHA & = UA ECH

O7|M£ Si, MPTMS, PEGS| EHO| morphologyZfZt =9l 10§ roughhnessE H|Wsta DEH|
DRERA=A] 27| st AFESHIALCE.

3) Contact Angle

2= 1LEoe=R o, &Ml hydrophilicitydl M2t Contact AngleO| H2tZICt FEHO|
Hydrophilicst™H 20| &HO| Aol XA mE Z0|1, HydrophobicStCHH =0 M2 S8M &

=5 WA & Ao|ch

Stepl, Step2, Step32| contact Angle2 FEE2EM MPTMS, PEG2| coatingO| MIHE Z|A=X]|

2ol = = AUACH
4) Cell Test

Cell Test= PEGDAZQ| Antifouling §d2 O|&%t A™O|Ct T@Polystyrene&7|, @bare Si wafer,
®MPTMS + Si, @PEG + MPTMS + Siy o 4712 &0 2tzt 3¢&¢et x7(0f 15000012|9]
MC3T3(F|2| Z=ME)E 7|9IM CellO] HOtLt F =X o2& &M 2 sTEPO| & TAH
=X {FE mefetrt.

1=
Ot

04 Analysis

1) IR
— only MPTMVS MTPMS +PEG
(none UV treatment)
TN
/ A /\\
o \‘_\ , \\ /
R / .
|J["-\I A I/.' "\H _.....‘,{,-_ﬂ\ A 1

SH \\‘\ A _r'\-’l[ \ 8 /! I'\ h‘\'}} :.\V,': I|_"|i
J I| < ‘u"l =|
i g |

\lf'. Iad 1| £ b,

v 2 C=0 |

I'.I g |

| \

| |
l
T T T T T T T T T T T T T T T T T N T
3000 2500 2000 1500 1000 3500 3000 2500 2000 1500 1000
wavenurrbers (cm') wavenumbers (cm’”)

Jd2f= 1. MPTMS (step2) Jd2f= 2. MPTMS+PEG(UVX{ 2| 2tgt)



MPTMS+PEG
(UV treatment for 1h)

///"'-\,1 P
[~ \ /[ T
|/ _rﬁ‘"““"ﬂjl
"! L
8 fm \
5 e
E r s i\.l \/\.
g F
S
=C-H bond C=0 bond C-O bond
1
1
2800~2900cm +7pdem £1000~1200cm -
I ! I ' 1 N I N I
3500 3000 2500 2000 1500 1000

wavenumbers (cm™)

Jd2f= 3. MPTMS+PEG(UV 1A|Zt X 2|) step3

Z+ZF At

1T =2 2l

—

IRS O|83§A STEP2, STEP3 0o MPTMS 2} PEGDA 7}
SE, UV treatment O] = 1H0f| CHOHA] LOrE DXt FHCE
- Jdej= 1 2 Step2 2| IR data OICt si 20 MPTMS 7t MCHZ S2}ZCHH, -SH(Thiol) Peak Of

coating &l A=A A E

ot

2600cm 2K 0|4 LIEFE Z40[2hD o ASHCH. J2iL}, -SH Peak 2 XOtE == QIUCH

- J2= 32 Step3 2| IR data O|Ct C=0 bond Off 2|8t peak O| 1750 O] LtE}t HE & =+
£, matM PEG 7t coating EIIS2 & 4 UL, step2 £t MHZE T 0{OF THset LO|RALCE
STEP2 OfM MPTMS ©| -SH peak O] LIEFLIX| §i2 O|F= OHOH= MPTMS 2 &7t L{F %0t

[e]]
A

peak O] 2t LtEHEH Zi0[2F F=HFICE
- d2|3 wHE|E oK %42 = 20 M= C=0 bond peak & H|Z%t CtE peak 50| LIELLL

K| S4UCtH = PEGDA £ coating @ M UV Ol 2|3t Radical Bt80| ER34iCH= AE & = ULCL

2) AFM

Si wafer
Roughness: 1.53nm

Z-axis : 3nm

lum x 1uym

3% 4. STEP1 AFM image




MPTMS only
Roughness : 3.25nm
z-axis : 20nm

3um x 3um

3% 5. STEP2 AFM image

PEGDA
Roughness : 1.30nm
z-axis : 20nm

3um X 3um

% 6. STEP3 AFM image

-AFMEE A1} step2 step3 ZF Rounghness?t &= nm scaleZ2 012 cleargt2 & = RUCH £

PEGDA2| A2 23|2f MPTMS MLt 232 11122 EHS EOjFE X 04 Ho|ALt
PEDGA2le2| FELHO| MPTMSS| -SHZ|O 2t2F StLIY 20fM NI Z|X| RS77 Of & AHLL

3) Contact Angle

CA:349 Temperature - 26 8 CA: 974 Temperature : 273
CA(L):347 Humidity . 68.7 CA(L)-989 Humidity - 66.4
CA(R):35.1 Angle :0.0 CA(R):959 Angle : 0.0
y_Iv: Too small droplet. Volume - 4.3 ul ¥_Iv: Too small droplet. Volume 4.7 ul
Pbase :68.0 Pa Phase : 153 1Pa
Ptop:619Pa Plop:1398Pa

Water droplet

~ Water drop

MPTMS

on Si wafer

Si wafer

3% 7. STEP12| contact angle
1% 8. STEP22| contact angle



CA:280 Temperature : 27.5
CA(L): 283 Humidity : 66.0
CAR):26.7 Angle:0.0

y_Iv: Too small droplet. Volume: 4.0 ul
Pbase :13.7 Pa

Plop:84 Pa

Water droplet

PEGDA
on MPTMS

3% 9. STEP32| contact angle

-Silt hydrophilicstZ |0 &

=2 HEHO & ZetE2fAad7) MPTMSS| Z< Thiol7|of 2|
M hydrophobicst22 SHE0| M2 &

X|H =2 contact angleS LIEFICHAES).

-PEDGAG R+ si2L} hydrophilicst22 § %2 contact angle2 20FACHAE9). SHX|2H 2
2[o| Rlef Od2=+= PEGDAE 0°0| 7i7t2 2= E LIEFLOF ULt discussionZ1t RE[7F AL
St PEDDAS| ZXHE0| 7008 =2 =2 PEGDASE AE37|0| o2t E hydrophilicshEl Ho2
S ZLEICE (28§ MW20000| & AFE..)

r

>~

4) Cell Test

15 MC3T3 (mouse osteoblast cell)
Seeding ~ 1.5x1074
Media : MEMa

12

Viability

—&— Polystyrene

—O— Si wafer

—v— MPTMS

—/— PEGDA on MPTES

o R

1 2 3

Days

Jd2f= 1. cell viability test



|MCHZ2tH STEP3 O A=PEG7t 27| WE Antifouling® 10| 2Jslf Cell9] THHZEO| Z
SetEX| Z5HA E|4, Cello] & At2HX| 2 AO0|Cf
-PS 7|2} none-coatingEl si waferOA Cell2 & Xf2t=

— = = 7-|O % =
coating® wafer= PSIt Aol H|ot +=F2 2 XIFtCH =

= A2 7 ALk #H PEGDAZG
Antifouling2 StX| Z5IRULCH.
- MPTMSE coating®l Si waferC| 22 3R Thiol?|9] S WE0] cell0] 7| A|ZHCH

05Conclusion
MPTMSE2HE SAME O|83810] Si?l0| Antifouling2 &2 PEGDAZS coatingdte AMYS SHEQUCH
STEPEE IR, AFM, Contact angle, Cell TestE &3l Z=H0| FEA =S 02 7HAE HIIHERYL
ct.
@ Siwafer?|0| MPTMS7t & A E712?
-step22| IRAIMIOIA SH7|E HOota AAKTL step32| ZAIHI0|A PEGDAS| C=0 peakO| Lt
Eftd, MPTMSZF 2QICt THEHEICH Contact angle= OiS hydrophobicStl S8t Cell TestOi| A
step20f| 22| cell0] 32 ZASHE A2 MPTMSS| SHZ|0f S-42| 2|st ZA0|Ct AFM image0i| A
BX0| MPTMSZt 12 & 2L
@ 1 ?/0l PEGDAZ} 1E2H #H

=A=7122

UCH IR peak® O|AOt PEGDAZl coating=| &=
PEGDAZ} O

& & QUCL EBH AFM imageS SoliA
DA coating=l2S & %= UCH.
® Antifouling&1}7¢ & LIEILLETH??
-Cell TestZ1 PEGDAO] 2|8t Anti-fouling 217k 79| AL
H| %) EESF Contact AngleO| O &t =&

LAY polystyrene®| A A2k Zd1t
o T

Z(0°)LLCH E hyrophilicZ{Ct. 0|2{3t 24912 PEGDAS| £X}
2F 2 Z0|Ct 2E20000/A0] MWO|X|CH 2|7} AR

%t PEGDAE MW7000|
PEG2| anti-fouling22t= chain?| length?t ZO{ &=
CHEOl B

At

ZEsiCt 71 chain®| PEG
gtsfstct. oj2{st AME EZ Self-assembled monolayer2t
St Aty

=
PN =)
=

T

Skt
PEGDAE AtE

AL

= brushA &
= Aol o &
MetdXo|d & = AS A2 MZHEC

MHOI anti-foulings SHE
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