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Characterization and Applications of

Poly(4—vinylpyridine) Thin films

Min Sung Kim

Department of Image System Science & Engineering,

The Graduate School, Pukyong National University

Abstract

Polymer immobilization on solid substrates is a fast and intensively
developing technique for several applications that include imaging and
semi—conductor industries. Immobilized polymers exhibit ‘a variety of
properties useful for such applications. In this regards, a variety of
polymer molecules have been studied. Amongst the polymers studied,
poly (4—vinylpyridine) (P4VP) is a chiefly studied polymer because of
its outstanding properties and its use as a universal surface modifier.

In the present study, UV.cross—linked P4VP ‘has been utilized in
studying the patterning —~of immobilized~ polymer thin films by
photo—lithographic technique as well as these immobilized films were
used as model templates to further modification with various metal
nanoparticles, especially gold owing to its biological importance. Also,
bimodal metal nanoparticles substrates were prepared using a
bifunctional cross—linker namely 1,6—hexanedithiol.

Studies on pH responsive P4VP polymer films were done. The

preliminary results indicate that this methodology 1is wuseful in



preparing pH nanosensors. The variation of SPR of the immobilized
nanoparticles with a change in interparticles distances are caused by
the swelling/de—swelling behaviour of the pH responsive polymer
films.

The prepared samples in all the above cases were analytically well
characterized. Several microscopic techniques, such as force
microscopy and field—emission scanning electron microscopy were

employed for analyzing the morphologies of the samples.
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1. AeF & B49717]

Al
=2

2

o AF&HE Al¢F poly(4—vinylpyridine) (Mw = 160,000 g/mol),
sodium borohydride, sodium citrate tribasic dihydrate (99%), hydrogen
tetrachloroaurate(Ill) 30w% ~ solution in— dilute hydrochloric acid
(99.99%), 1,6—Hexanedithiol (96%) + Aldrich A}, PMMA+
Manufactured for Waters Corporation Polymer Standards-Service Gmbh.
INC(U.S.A.)/ Abell A )8t dar &v& ALg¥ 2-butanol@} toluene>
Junsei AbellAl FFisto] (Al Qlo] A&t A2l dloldE A48
A8l AH&% sulfuric acid ¢ 30wt% hydrogen peroxide i= 717 PFP A}
¢} Junsei AbollA Fdste] Al {19 ARRERlal, AFEE SRTE 20
= (DIW, deionized water) ¢} &7~ (DDW, double distilled water) &
ARt A2 dlold ol A} HekS @ dAal7) 7] f1a JD TECH
Ake] el JSP—4A spin coaterg ARESISial, 2~ I o i Ar @t
o] F7A= Gaertner AFe] 29 L2WI16E 9 ellipsometer & He/Ne dl o]
S Abgste] QAR 70° o= =AFY T UV =37+ low—pressure
Hg lamp (10 Watt) & AR&SFlaL, Al&sl g Atolo] AY= 4 =

SFSith. 2] water contact angle = SEO A}e] 24l 300s 2 A2 A]

rr

1 ule] SF5E golxd A% A 5 FRol= F8&99 F59
A3} 89 pH Walo| w} 7haE PAVPO] BWA/FFo] oste] 1 9l

g = H=dA 3re] b4 W3k Perkin Elmer LB 40 229



UV—vis absorption spectrometer (PERKIN ELMERA}2] Lambda 40)=
SAsth. U=dxrt ngdd g1 et " oA E HY] #I8
Atomic force microscopy (AFM) (Digital Instruments (USA),
multimode TM SPM) ¢} Field Emission Scanning Electron Microscope
(FE-SEM) (Jeol (Japan), JSM—6700F), Fourier Transform Infra Red
Spectrometer ~ (FT—IR)  (Bruker(Germany), IFS88 /  Perkin
Elmer(USA), Spectrum GX), EDX& A}&-3}3itt.

2. A2 Aol quartze] AlA

1 x 1 oar/ /3719 A8 Zrdel# kquartzE 80 ~ 90, C= 7€ €
piranha €9 (7:3' v/v HsSOs 35wt% Hz03) S & 1 A&t AlAsAL,
a2 e 90 CTY deionized waterdl] .1 AlZF EoF A At & AA 7lA=

oM Hzslke] FH 8.

3. PAVP &R} vhdtol & A

t}. spin castingS ©]g&3te] A|XRT RE aEx wielo] A¥ HES
1800 rpmollA 15 Z(1 step) &<t 7Hek F AHH =2 2000 rpmolA]
45 %(2 step) &<t Al o]t spin casting= F3le] 7]HL o 2
H ENS golmeA At whhg A28kt 10 mg/ml & 2—butanoll

ok Sl PAVP &S =9 IEste] alwAk v gAARl & =3
F¥ ¥ aEA vkl Jow—pressure Hg lamp(10 Watt)E 4 cm®] 47

g molo|Al 2 B Zol UV =%S Fo| ¥ stuwE P4VP uluS A3}



A31]. olZEA A FH P4VvP wale] FAE 40 nm AER

ellipsometer 574 A= 215}l T)

M.Wange] ®H[32](Biosinsors and Bioelectronics 19  (2004)
575—582) 0.2 NaBH/Citrate ®d¥& ©]83t9 20 nm =7]9 & F=
ol FgANE Azt WA FekaTe] 100 ml & FRHTE Y21
%< HAuCl, &9 m & F7F 5 AehA wwkdth 1 E Fol 1 %
s

0.5
trisodium citrate &

oM 0.275 ml & H7Fstax, 5 . 3 0.075 %9
) 0.75'ml & H7}sh

sodium borohydride (1 % trisodium citrate -8 <}
of Ao gl g wj74A] 500 rpm O

ok 40 nm<} 70 nm A7]e] F FEol= T8N Frens's method[32]5
0|3l trisodum citrate &K HAuCly 8K S dste] #Alxs)
REH18]. WhEoX | FEOl= FEAE A ALRSAL A4 Ho

o] Wyarel Wy}l

o

Adsorption Ho 2 F 7luE P4VP A
Azle]l 5 FRol= F& 15 & ¢ FF AU ve SHRTFE 1 &
¢t A7 70 nm 2719 5 YRS PAVP HiEte] 183l
Bilayered & W=t &S =71 98] WA thiol L

A E=E 70 nm 2719 F Y=dA7F 28 E P4VP ¥t A5 E 5 mM
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6. 5891 pH W3lo] WE 7}iE PAVP ubehe] /53

H3F 20 nm, 40 nme 70 nm =79 & F=

M

MAE quartz 7] 3ol
2

stol & WeSiAE 3 Zhald PAVP aLiAb dpete]

LAt
7}l PAVP A Bhek 9jo ag g 5 yYieAE e quartz 7]
S pH 2 F8Ho =2 AN AMES cuvetteol H13 7 Y=gA 7]

w2 F3skA &S UV-vyisible absorption spectroscopys AF&3te] &

¢} quartz 7]l ZAEHO U= F Hx=PA9] SPR bhandE =H

2 dAFE PMMAS F7+= 67 nm ZEE Ellipsometer =4S =3
gletsitt. PMMAZE 4% o] = A2 Ellipsometer, FT—IR, FE—SEM
I} AFM =AH o=z golstglt}.

123l PMMAE 9 g4A41717] 918 floF 22 o= P4AVP uief
o] PMMAE 2% ¥ % quartz crystal photo—maskE ©]&3sle] UV =



Fo] F 7HuE A7]a 7R e B2 & toluene o E A|A
g =4

ste] wlEo] FAgE PMMAS vlo]la2 el AFM SH o2 3lskich




V. 23 5 a3

1. P4VP v}9td] Bimodal & Y=Y A3}

}oF WegRe B3 54

=

o U=gAte]l 27| FE= trisodium citrate®] Fkol F-ghth

adH A At} trisodium citrated FEVF FSFE SN JAS Hu <
Aol A7) FolAH LTt SEgE AMS wa dape A7 AXA
"ot & Aol F#Hzhs FEOE 8o Mol YATH AEFF F
FAE Ha, A AdES BEA S Ho| a5 UeygAe] A
71& e 4 1tE 20 nm, 40 am®} 70 nm A7|9) F FROE &
€9& & 7tulg P4VP AR A BE flel A st ¥ F ik 2710
w2 3skA QS UV-visible absorption spectroscopy s AF&3te] &

5)
o el quartz Z19Eel ASH = w WA UV-vis. &5
peakE FAst] Hieizte] I7E gelsith

Figure 104 H&= A Zo] 5§ F=olt F&Ne HF-
webs UV-vis. &5 peak’} 4#e] A77F 2555 &5 peak’} T

F EFow, QA A77F F4E A9 HOE olFdte AFE £

38

Ry o Yxe=dzke] A7]o] mE SPR band peak(Amax) intensity®} &
Fupgo] z dX e sk ltH[33,34].
283l quartz 7] ¥E ARESEY] 5 U= AE 7halE P4VP HhERe] a1
7

ABIAAE o] UV-vis. &5 peaks ZF 584 nm, 544 nm, 529 nmoll A

_10_



e} (Figure 2)

20 nm =7]9]

SPR band”} &

HA HER T

o:‘
oL

peak’} WA HA3

surface plasmon

ki3

o

Wol o2 F Yrgatd o

=
T

To-

13

o

7] 2ol

0]
AR

o]

—

[e)
H

resonance effect’} YEF%7] wj&o|t}, SPR effect= &3

}+= surface plasmone] ©]7] o]

A&

PApEHe =

52 ol

o] 7}3&

T4 9 vE plasmon¥}

H]
=

7} Ve

11



1.2 A

Absorbance
—
%

04 -
0
400 500 600 700 300
‘Wavelength, nm

SPE band
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T0nm Au colloidal selution 23%nm

40nm Au colleidal solution 228 nm

20nm Au colleidal solution 221l nm

Figure 1. UV—vis spectra of the 20 nm, 40 nm and 70 nm diameter Gold

colloidal solution
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T

=T 740 nm

70 nm

0.2 1

Absorbance

0 v T T T T
400 500 600 700 300
Wavelength. nm

SPR band
peakifmps)

TOnm AuNFPs on guartz 529 nm

40nm AuNPs on guartz 544 nm

20nm AuNPs on quartz 584 nm

Figure 2. UV—vis spectra of gold nanoparticles of 20 nm, 40 nm and 70 nm

diameter immobilized on quartz substrate
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Figure 3. FE—SEM image of 70 nm gold naoparticles immobilized onto the
P4VP thin films.
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0 1 2 3

4 5 7 9 10

ull Scale 5324 otz Cursor: 0.000 =

Element Weight% Atomic%

C K 24.84 42.80

N K 1.39 2.05

O K 1.41 1.83

Si K 72.36 53.32

Totals 100.00

Figure 4. EDX result of P4VP thin films

Spectrum 1

I 1 2 3 4 5 7 9 10
ull Scale 6653 cts Cursor: 0.000 ket

Element Weight% Atomic%

C K 25.05 46.99

N K 1.30 2.09

O K 4.38 6.17

Si K 52.52 42.14

Cl K 1.34 0.85

Au M 1541 1.76

Totals 100.00

Figure 5. EDX result of AuNPs immobilized onto P4VP thin films

_16_



t}. Bimodal & Y=A FA 9 &

Bimodal T%¢ #F Ywxdxrt A" AL Fslr] g HA
Ak}, Figure 69l quartz 7|83 o] 83ho

UV-—vis & peaks =
7FalEl PAVP BFo ZF 20 nm, 70 nm 7|9 ¥ Y=UAF 2A-/EH S

T peak®t 70 nm ¢ 20 nm A7]¢Y F Yx=UAE FAHE bimodal T+F
o] &5 peakEs YEMNSTE Bimodal 7322 FAAE v U=dAe] F+
peak”7} &9t 2oz o3t o]Fsal peak R Yol WA HAoH FF
B FA] oFeAl YERETE o] AL YA FAC] 1 iAE] v 9

gt} ol A Al &H SPR band7} Z3 2o =2 o] =3, broaddl X

Al intensity 7} &3ttt Mie theory[35] .2 AW x]o] & 4 it}

(2

1.2 1 ====-70nm
......... -
—— Bilayer
0.9 4 \
g \
2 0.6 1
< X
g
\\
0.3 - i
_.__.—l—-_‘__——_‘\ﬂ-—______\
0 L L) L) L)

450 500 550 600 650 700

Wavelength(nm)

Figure 6. UV visible absorption spectra of immobilized gold nanoaprticles
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2}. FE-SEM / AFM £4

Bimodal &4 = Wx=YAe morphologyE dolE7] 915t
FE-SEM ¥ AFM =A< 3tk WA Figure 7914 70 nm 2719 &
U2z mA4E P4VP wtute] FE-SEM =4 232 Yehydoh
Figure 79 SAZE &3 PAVP vtote] & Yx=dxte] Je7 98
oz SHEA ¢ HHI BAEHel IAHE AE FAT & AUAth
Figure 8o+ 70 nm% 20 nm I7]19 AAE T4 % bimodal A &
Uiedz2rt a4std p4vp wteke] 54 A #RE eI Figure 89
S4 ANE B3 DAL SR figure 7] olWX KT} L iAte] 317 st
Byt e 28 e A2 20 am. 37|19 & Y=dRrt 14 5o
A As g9AE F Ut 50k Hi= Shofgk o mX|oll A bimodal W7ol =
Y=gt "= figure 79 70 nm 279 & Y=g 9] 20 nm A
719 3 d=gart Bolgls Aoz SQlEe]

Figure 9914 bimodal 34}e & Ux=<YA7F A4 3steE P4VP whubs
AFM =274 ZA%2 Yeeh. 5 X 5 m’ F719 oW E JEhH
AFM ZHA] scan =& 1.0
2 gto] Also] FE7F 7HA 2 EF 3
A3} Z P4VP vteto]l bimodal Ao &
HolFE

d

_18_



Figure 7. FE~SEM images.of 70 nm gold nanoparticles immobilized onto the

P4VP thin films

Figure 8. FE—SEM images of bimodal structures. Insets are magnification

images of respective films.
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Figure 9. AFM image of bimodal structures immobilized on P4VP thin films
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Figure 10. (A) UV-vis spectra of P4VP immobilized with 20 nm diameter
AuNPs, in the fully stretched (pH 2 water) and fully collapsed (pH 7 water)
state. (B) UV—vis spectra of P4AVP immobilized with 40 nm diameter AuNPs

in same condition.
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Figure 12. Shift in UV—vis absorption peak maxima of immobilized different

diameter AuNPs(20 nm, 40 nm) as the solution pH was cycled.
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Figure 13. The experiments were carried out by spin coating a 10 mg/mL
PMMA/toluene solution at 2000 rpm on P4VP thin films(A). The film which

was formed by UV irradiation was then extracted with toluene for 5 min(B).
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Figure 14. The experiments were carried out by spin coating a 10 mg/mL
PMMA/toluene solution at 2000 rpm on P4VP thin films(A). The film which

was formed by UV irradiation was then extracted with toluene for 5 min(B)
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Figure 15. FE—SEM images of immobilized PMMA on P4VP thin films. Insets

are magnification images of respective films.
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Figure 16. FT—IR image of P4VP thin films(A) and immobilized PMMA on

P4VP thin films(B)
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Figure 17. Micropatterned PMMA, Mw 173,000. (scan area is 30 X 30 m2)
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