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Immobilization of Nanoparticles on UV cross—Iinked
Poly(vinylpyridine) Thin Film

Young Hwan Park

Department of Image System Science & Engineering, The Graduate School,

Pukyong National University

Abstract

In this work, I have described a convenient process for the immobilization of
nano particles on the surface of polymers. I have chosen Au and Algs as
nanoparticles source due to their remarkable applications in the field of
microelectronic devices and P4VP as a polymer support, hence the strong
affinity of pyridyl moiety towards metal particles.

Si-wafer has been used as a solid support for P4VP coating. By adopting
spin—coating method P4VP film on Si—-wafer has been achieved. To make the
polymer film quiteuniform and stability while washing, the spin coated P4VP
film exposed in UV rays. Analysis of the results observed from elipsometry
and UV supported the expected result. The UV-crosslinked P4VP film was
taken for the nano particles immobilization by using literature methods.

The individual analytical reports observed from AFM and SEM techniques for
the immobilized Au and Algs nano particles on P4VP film were found to be
good. The pattering of the nanoparticles on UV-crosslinked P4VP film by using
photomask method has also been carried out. AFM and SEM analysis ensured
the uniform and applicable nanoparticles patterining.

From the extensive study of the process 1 have concluded that
UV-crosslinked spin coated P4VP film as a good surface for uniform
nanoparticles and pattering. Morphological studies support the characteristics of

the resulted immobilized nanoparticles having the scope for the applications.
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A mE A

A1 A AF R EH7V

Aglo] Alg® Al9F poly(4-vinylpyridine) (Mw = 160,000
g/mol), polystyrene (Mw = 97,000 g/mol), aluminum
tris—(8-hydroxyquinoline) (Alqgs) [8-hydroxyquinoline aluminum
salt, 98%] ¥} sodium borohydride, 10-40mesh(98%), sodium
citrate tribasic dihydrate (99%), hydrogen tetrachloroaurate(IIl)
30w% solution in dilute hydrochloric acid (99.99%)+ Aldrich
At A tdetdar Sul2 AFgE  toluene ¥ 2-butanol &
Junsei Abell A FUsto] AA glo]l AL&SESATE Si wafer £ Al
Ast7] Y8 AFEw  sulfuric acid &F 30wt% 2] hydrogen
peroxide & ZtZt PFP A9} Junsei AFell A ske]l A A glo]
AV A, AFRE SRS 2ol (DIW, deionized water)
o} ZHF5(DDW, double distilled water) &= A}F&3tth Si
wafer o &zt whehs FAA 717l 918l EHC Ae] R2E
SC-300 spin coater & A}-&3}$1aL, spin coating ¥ &%} 4f

ulo]l F7+= Gaertner A9 Ed L2WIGE 9] ellipsometer =



He/Ne o] A& Ab&ato] dAbZE 700 o2 FA3dv. UV =
7]+ low-pressure Hg lamp (10 Watt) & AP35t 3L, A
o} Fd Alole] AYE 4 cm 2 Itk ®W el water contact
angle & SEO 2d¥ 300x & 1 ul & THFE Hojx=d A%
A A SAS A o T2 Alg3 7F 24 EHo A= B
°f FF99% A7IE F43t7] 98] Perkin Elmer LB 600 &

kil

o] 9l Algs ¢ gold nanoparticles 9 59 d9S 47 949
Perkin Elmer LB 40 =292 UV-vis spectrometer & A}&3}%
o U= dArE F2d mHel FEiel dE olwAE 17| s
Atomic force microscopy (AFM) (Digital Instruments (USA),
multimode TM SPM) ¢} Scanning electron microscopy

(SEM) (Hitachi Japan S-2700) < A}-&3}%it}.

A 2 A. PAVP ¥4 Alg3 ¢ A3

7}. Si wafer A&

15 cm x 15 cm Z7]E 7FA+= Si wafer & 80°C ~ 90°C
2 7FE ¥ piranha €9 (7:3 v/v conc. H2S04/35w% H202)
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nitrogen gas & WEXAIZHT
P4VP uteta pS wbeke]l FAE ZAS 3 Hg lamp o A
UV =32 Fo] % sbagl PAVP uhebah pS

27 | 2] 81 W 5. 10, W5, %20430,%,60

vl
e
a2
Lo,
c
<
b
o
>,
=
ftlo

Z} \kake chloroform ol

M

UV =33 98 3 7tad o
}

Algs & =<9 &0l 1 Ak &<t

o

2 A

A Algs YAE 1173
A7l o+ chloroform &2 7FH A o] W $ nitrogen 7}~
2 dxstdoh 228al Algy o sE7F oAwd IS P =A

ol H 7] 93] 1 ml ¢ chloroform o] 5, 10, 15, 20 mg ]
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Algz 7} o 3+ o8 sE5E 7IX] &40 FAH3 L o]
#% A3+ PL, UV-vis spectrometer, SEM, AFM ©. & &9l
5} A T

2t Algs 7} 2R " L&A =2 Y FA

Lithography A& o]&3sle] Algy 7F 2dd dA date
HelS FAs Y. WA spin coating ¥ PAVP iz} wbut
o quartz crystal photo-mask & AF&3le] UV =332 59
#F g RHEI ZtaEA S RS §H] 2-butanol 2 Al
Aste] siElo] ¥

of A% M4 o A5 ol goke] Algy 82N o] 2

A BAVErELaEc ) dl SESL el Hhut

B

+ SEM 3 AFM o2 Hlsigit).

A 3 A. PAVP ¥ gold Y= Ao 1743}

7}. Gold nanoparticles &< FH]

NaBH4/Citrate 9 S ©]&3}] gold nanoparticles = A

zagch WA Eesel 100 ml o FR4E 91 1% o
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HAuClH & 05 ml & 7k 5 AsAl wrkgth 18 59
1% trisodium citrate =& 0275 ml & #7}star, dvfe] A
to] EE % 0.075% 2] sodium borohydride (1% trisodium
citrate &) 0.75 ml & F7lste] F2oA ZMo] L&

w72 500 rpm ©.2 5 A|7F S0 wukae) tH23-24].
Y. PAVP 18 A} vtete] A

AAE  Si wafer © P4AVP BterS @ AE7] 98]
adsorption ¥} spin coating He] F 7}% BHS A} g5l 1
= AU WA 10 mg/1 ml & 2-butanol ° =

o} & P4VP £ o] AAA Si wafer = 9 A7+ Tt A

M
Y
=
=)

A7l g 2-butanol = 3 Fo] W th3 pitrogen 7t E AR

ato] PAVP Hhehg AR, 2L FLS F =2 PAVP &4

< ellipsometer & P4VP vtEto] FAE =743} % 3 adsoprtion
W3} spin coating Ho = A HE P4VP Hl¥o| Hg lamp = 1
B 5o UV =338 F9of 33 7Fug P4VP dhks & A 519t
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t}. LB vtete)] gold nanoparticles ¢ 1A 3}

adsorption Ho & 7lwE FX & P4AVP vty 33 7ud
P4VP 2t 5 7Fx] 9} spin coating WO®E ZFuE A e
PAVP ®rdtzt 3 shnlE PAVP ¥heks wg] F#HjE gold
nanoparticles &4 15 & &< FH A7 oF THTFE 1
T 5 Aol Uglth o] A& UV-vis spectrometer <F

SEM, AFM o2 413}

Ay O-5 ¢ 22 4ol PAVP I2A 29t quartz
crystal photo-mask &€ A}&£3to] UV =3& Fo & 7luE
e JluERA @2 FE2 & 2-butanol =
Hol FAE PAVP ¥ubs A st olegk vbdto] 2 A9
(th) dA= o] &3}e] gold nanoparticles & ILAAZH L o] A

W= SEM ¥ AFM °o. & #helsh gt}
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AN Z 29 2 n&

A 1 &, PAVP ¥eto] Alg3 14 3}

7h 288 ZE2AY FA% 2 54 &

A whE ] PJAS dotr 7] 918kl PAVP 9 PS & spin
coating ¥ ®¥e] FAE ellipsometer & =433, spin
coating & ©o|&3to] W JNAES AHE Flstr] fst] AA

d A& dolet PAVP ®peh, Je]m PS 9ol A H=E

Figure 1. o UV w3 AJzto] w2 nkuke] L= Llely gl
t}. P4VP ulule mjnzE e w3

2-butanol o g3F FZ=o] WA X 90% o]ito] ol ot

d

1+ toluene 2.2 F& YU S W AHS T4 60% AERE 71A

A @k H %9 spin coating ¥ P4VP veta pS wluke] H

= ZF ZF 43 nm ¢ 32 nm ©]3 Figure 1 ¢ A= P4VP 4}
2

w3 ps uube] FHe] WA 7t 7 183} R ew



st olufe] whEke] FAE 41 nm 9F 18 nm o]t o]
Ay 2Z5E P4VP 7} ¢ PS Bt} ¢ £ 34 7tn EAS V1A
I YteE AL & ¢ Ak

Figure 2. o AA® AglZ dolse H=7, P4VP vluto

—

B S8 Agol oA AIZE W stel] wet HFZo] W stsy]
3ol micro-syringe & Ak&3te] &wje] 4& 0.0lcc & 114
sho] FWol] AHsprza, 20 = ool SAsAT. A EH A
e AEE ol FHFZHT} piranha solution &2 AlA
< 3 AYE doHrt ¢ =2 A= ntE Ul 9la, PAVP

=
S whnte] HZzow uPA stete] A Hths A
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Figure 1. The thickness of PAVP (A) and PS (@) thin

films at different exposure times
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Figure 2. Water contact angle of polymer thin films
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Y. 28% wtute] 2439 Algs o 24

F 7ty aE = vwbebS chloroform o FollE Algs £
of StHAFoZH A vhdte| Algs & A nAHSAZE
AATE FAF vt Algs 7F 2A-E AS gAstr] 9 sk

PL 24 @39S S48, UV-vis spectroscopy = 5
[e=]
-

S 4359 em, SEM ¥ AFM © & Hete] morphology

>

Figure 3. ° Algs 7} A& ¥ P4VP wat3 pS Hhako] PL
spectra & YeEATE (A) 9 (B) ¥ 15 mg/ml ¢ 10 mg/ml
9o PAVP FEE e (C) ¢ (D) = 15 mg/ml ¢ 10
mg/ml ¢ PS FXEE& el Algs 7ZF 228 ¥ P4VP, ¥t
PS dtate]l PL Z 25 H Enax ST0aies Bl <) = 7] X 52 3]

P4VP uhuhko] | BS.HMEk G T-- BEPIE 714 A S <&

Rl

T A £F a2 sRe T AT ZA B

52

7P AFE Al €4 =5 2] 9kl 5 mg/ml, 10 mg/ml,
15 mg/ml, 20 mg/ml ¢ A= & %9 Algy/chloroform &<
= AR&3te] PAVP ubebat PS ubeel Algs & 1243 AlZH o
A3te] PL spectra & Figure 4. o YEFWHSA . Algs & %7}
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10, 15, 20 mg & @ PL ¢ &3 A7|7F A9 WA FErvhes
AL 4 F A 5mg & wl PL 9 w33 A7|7F wjg grhes A
S o g gk o] A% ERE 10 mg/ml ¢ Algs/chloroform ©]
=
[e)

wehs e FAsg
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] A&B - P4VP

500 H C&D - PS
400 -

=

8

> 300 4

B _

G

= 200 4.
100

0 L I I ] = 1 ]
400 450 500 550 600 650 700
Wavelength (nm)

Figure 3. The PL spectra of Algs immobilized P4VP (A,
15 mg/ml & B, 10 mg/ml), similarly C&D represent PS
thin films prepared by UV cross—link method
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Figure 4. PL spectra of UV cross—linked P4VP films

immersed in different concentration of Algs solutions
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Figure 5. o] P4VP w3t Algs 7} 1243w PAVP dHeto
UV absorption spectra & YWENII T UV absorption & 74
at7] flste] 7wt AEE dlolHolA quartz B WAL
PAVP o &4 % Algs 9 1Aste w43 49 Yo X
FE At o] AA}ZFE Algs 7F A StE PAVP ¥kl 400
nm S§THGe 7HAH Algy 7F A3t HA 42 PAVP Hhet
o A= 400 nmel A < YEYA e Aol Bl o
AL Algz 7F 7FA= 400 nm o] gk St A X gk
UV absorption spectra ¢ Z3 = PAVP H9o Algs 7} 1A
Hol o= AZ WAl & Atk 260 nmelA (A) ¢k (B) 7+
Frdds Uehla d=d oA quartz & F5tH ol

PAVP 9ttt Algy 7 317gste PAVP Hbete] ¥ FEE
Figure 6. 2]SEM ©]v] #| ¢} Figure 7. ¢ AFM o]|v] % & e}
WAt Figure 6. ¢ (A) = methanol & A}&3l4] spin
coating ¥ P4VP ¥l2o]al (B) ¥ 2-butanol & AF-&3}ed spin
coating ¥ P4VP ¥4kS yERATE (A)oll A pin hole ©] YEMY
= olfre HluA F=Fol B methanol & A&7 Wi
o ugue dAeldta XL FeAlol Hu =

2-butanol 2 &WjE 2LA8tS pin hole @& AAL 5 AN

t}. Figure 6. ¢ (C) & pin hole ©] AA % PAVP v}t

=
@)
w
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coating & st 7F AYS 10 kV 2 =A319 ). Figure

7. ¢ (A) = PAVP ¥te& dEla (B) = Algs 7F a1 3hd

AFM ZAA] scan &=+ 10 22 HA
Tapping mode = 3to] Al=d FE7} 714 @¥&E% st
o]#]3+ SEM ¥} AFM ¢ Z3}=Z P4VP uFo]| Algs 7} 7] 38}
A 1A stE A= AS HolFEh

>

_23_



2.5

2.0 4

Absorbance

0.5 T T T T T
200 300 400 500

Wavelength (nm)

Figure 5. UV—Visible absorption spectra of P4VP film
(A) and Algs immobilized P4VP film (B) on quartz

substrate

_24_



Figure 6. SEM images of cross—linked P4VP film (A)
and Algs immobilized P4VP film (B)

_25_



Figure 7. AFM topography image (5x5um) of cross—linked
P4VP film (A) and Algs immobilized P4VP film (B)
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oh Algs 7t 2R E L&A 2] Y FA

spin coating ¥ P4VP ®9te]l photo mask (20x20 ym) & +

31UV 23S FAS 9 UV =3 32 B2 e A=
A F Jhurh dojwten, UV =35 WA &2 7S
2-butanol ° A AA ol Mot T Wiow Ad A

® P4VP Hehs wbs 5 d9la, o ¥ Algs/chloroform
o] & = A YA PAVP dhete] Algy U= JAIF
1A o] At} Figure 8. o Algs 7} 143t 5ol & e &

(¢}

4% PAVP uFre] SEM ol Aok ARM ol MX= Uehyt

B

e Al oF 20 um EA A9 dAF A

Sl 2=
L "2a

E‘I‘g}]\

o
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Figure 8. SEM (A) and AFM (B) pattern images of

Algs immobilized P4VP film
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A 2 A. PAVP 859 gold Y= Ao 143

7 gold =97 49 #a

gold nanoparticles ¢ Z7]¢} ¥ El= trisodium citrate 9 =
Lo #F9$ st &elA 9t} trisodium citrate ¢ %7} =
RO blue ¢ ML W Ao mA7|= ZolAH =
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Figure 11. Immobilization of gold nanoparticles on non
cross—linked (A) and UV cross—linked (B) P4VP film

_36_



Figure 12. Immobilization of gold nanoparticles on non
cross—linked (A) and UV cross—linked (B) spin coated
P4VP film
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(A) P4AVP film

(B), (C) Immobilized Au nanoparticles on P4VP film

Figure 13. SEM images of cross—linked spin coated P4VP

film and immobilized gold nanoparticle on P4VP film
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Figure 14. Immobilization of gold nanoparticles on UV

cross—linked spin coated P4VP film at different time interval
[A — 5 min, B — 15 min, C — 30 min]
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Figure.15 Patterned SEM images (A) and AFM image
(B) of immobilized gold nanoparticles on P4VP film
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