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Fig.4 Survey-scan X-ray photoelectron spectra (a) of the
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nanotubes films and the high-resolution XPS spectra
(b) of PTES modified TiO, nanotubes films before
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LT 25 J 21 SI0, 1 Si—O—Si [ 2 55 4.
B SR, IO, 44K 5 91 2 6 T 1 S R
BUK S ELBE TiO, [ B0 AL R R
I S i Zeit PTES 409 Ti, 49K 551
W () B ILL AN (b) 5K Ay
FTR S TR i, KR TE I 5 PTES 1 82 2 7 2
BUERIR e 20 157° , B LR 42 TR K
fy i 5 AR AR 4 R S T B PTES 1915
i BB, R F TIO, AR R HA R
FFLIG S, 2 T2 26 T 0 490K 5 5 0 T B T B
B2 TE Rl 2 SR HOBELES PR, Bk 55 303
T T AR N 45 il K. L8 2 01O
T (b)), KT T2 2 6 T 43 i P PR, 4
F )T 5°, I 2 AR A B ph B K e
K.
2.3 MRREERAESHEERS
ST bR R T 1Y R 5 L

1 H

FPEJLT R TSR FTSHE L A 7S
HR T A RS B 5 40 B8 3% T AR 1, 0 HOR £ i AR
P12 AR B AT DG TR R TR il (1
TS 5y Wi B, TS 2 240 - 598 500 7 B N A A A
M. A BTN R AR K B b R M
PRI WU — 2 K B BT T A4 BRI 2 18] Y
MR R AR 2 [ 5236 W35 S0k i R
R LI K 14 3% T B RE I B B P g AR SC Y S
AR (WK 6) , KInHT s e B HiK TiO, 3Kkl
B 22 T LA e ek /0, AR T el PR O 225 PTES
A ) TiO, B4 RH N K S [ 51 5= 0 3R T, 42 fik
PR IR15T° , L2 38 B0 7K S T B K, BT A L

K6 HEK(a) MBI (b) TiO, 99K 145 B Z %
TET R g A s Dt A o L R
Fig. 6 The amounts of E.coli attached to different TiO,
nanotubes array surfaces

a. superhydrophilic; b. superhydrophobic



554 3]

T 45 - BRI 2 MR SR S X A R - 391 -

(ST P30 0 A, A 28t BEL BB 1 400 T 7 HG 3 T Y
i Bfs
3 &

LA S BB A Ik AR PR R A S T — )2
UL (Y TiO, QKRB M IRZ , AR5 Zead A 42 AE
% Ti0, MBI — J= K ¥ B A i K ZE AT ) PTES
B TR, P B S SMSE IR 51 R K Tio, StfEfl
WA, MR T B K FRE 2K A TiO, 3%
1. FERBIBT K FE 16T, 7K 5 ARG $E il ffy S 157° 10
TEMA AR, K A Al A o 5°. R T Bl A
JK 3T 114 WU e P S L A 2 R I Y . R
WA SR e ik i i K A AR B BRIV AT A R RH 1k 20
BRI RS, B2 i FLBT TR P RE.

Bt SR AT SR e e B AT DR X AR SR S
AR BT AISLE Y SFF

2 2 3R ( References) -

[1] Lawson M C,Bowman C N, Anseth K S. Vancomycin de-
rivative photopolymerized to titanium kills S. epidermidis
[J]. Clinical Orthopaedics and Related Research,2007 ,
461:96-105.

[2] Hartvig R A, Weert van de M, Ostergaard J, et al. Pro-
tein adsorption at charged surfaces: The role of electro-
static interactions and interfacial charge regulation [ J].
Langmuir,2011,27(6) :2634-2643.

[3] Price C, Waters M G J, Williams D W, et al. Surface
modification of an experimental silicone rubber aimed at
reducing initial candidal adhesion [ J]. Journal of Bio-
medical Materials Research,2002,63(2) :122-128.

[4] Everaert E P J M,van der Mei H C,Busscher H J. Ad-
hesion of yeasts and bacteria to fluoro-alkylsiloxane lay-
ers chemisorbed on silicone rubber [ J]. Colloids and
Surfaces B:Biointerfaces,1998,10(4) :179-190.

[5] Tang H Y, Cao T,Wang A F, et al. Effect of surface
modification of siliconeon Staphylococcus epidermidis
adhesion and colonization [ J]. Journal of Biomedical
Materials Research Part A,2007 ,80A(4) :885-894.

[6] Cao T,Tang H Y,Liang X M,et al. Nanoscale investiga-
tion on adhesion of E. coli to surface modified silicone
using atomic force microscopy [ J]. Biotechnology and

Bioengineering ,2006,94 (1) ;167-176.

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

Raulio M, Jarn M, Ahola ], et al. Microbe repelling coa-
ted stainless steel analysed by field emission scanning e-
lectron microscopy and physicochemical methods [ J].
Journal of Industrial Microbiology and Biotechnology,
2008,35(7) :751-760.
Lerebour G, Cupferman S, Bellon-Fontaine M N. Adhe-
sion of Staphylococcus aureus and staphylococcus epi-
dermidis to the Episkin ( R) reconstructed epidermis
model and to an inert 304 stainless steel substrate [ J].
Journal of Applied Microbiology,2004,97(1) ;7-16.
Okada A, Nikaido T,Ikeda M,et al. Inhibition of biofilm
formation using newly developed coating materials with
self-cleaning properties [ J|. Dental Materials Journal ,
2008,27(4) :565-572.
Song X Y,Zhai J,Wang Y L, et al. Fabrication of supe-
rhydrophobic surfaces by self-assembly and their water-
adhesion properties [ J]. Journal of Physical Chemistry
B,2005,109(9) :4048-4052.
Lai Y K, Lin C J,Huang J Y, et al. Markedly controlla-
ble adhesion of superhydrophobic spongelike nano-
structure TiO, films [ J]. Langmuir, 2008, 24 (8):
3867-3873.
Wu Y G,Simonovsky F I, Ratner B D, et al. The role of
adsorbed fibrinogen in platelet adhesion to polyure-
thane surfaces: A comparison of surface hydrophobici-
ty, protein adsorption, monoclonal antibody binding,
and platelet adhesion [ J]. Journal of Biomedical Mate-
rials Research Part A,2005,74A(4) :722-738.
Hanein D, Geiger B, Addadi L. Fibronectin adsorption
to surfaces of hydrated crystals. An analysis of the im-
portance of bound water in protein-substrate interac-
tions [ J]. Langmuir,1993,9(4) :1058-1065.
Jonsson U, Ivarsson B, Lundstrém 1, et al. Adsorption
behavior of fibronectin on well-characterized silica sur-
faces [ J]. Journal of Colloid and Interface Science,
1982,90(1) :148-163.
Absolom D R,Zingg W, Neumann A W. Protein adsorp-
tion to polymer particles: role of surface properties
[J]. Journal of Biomedical Materials Research, 1987,
21(2):161-171.
MacDonald D E, Deo N, Markovic B, et al. Adsorption
and dissolution behavior of human plasma fibronectin
on thermally and chemically modified titanium dioxide

particles [ J]. Biomaterials,2002,23(4) ;1269-1279.



2392 - W it 2011 4

e

Superhydrophilic/Superhydrophobic Surface Constructions on
Titanium and Their Effects on Anti-bacterial Properties

WANG Guo-wei', HUANG Qiao-ling', HU Ren', LIN Chang-jian'* ,
WANG Hao®, ZHANG Li-hai’, TANG Pei-fu®
(1. State Key Laboratory of Physical Chemistry of Solid Surface, Department of Chemistry,

College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005,
Fujian, China; 2. Chinese PLA General Hospital, Beijing 100853, China)

Abstract ; The microbial infection of biomaterials often causes clinic problems and sometimes even leads to the
prosthesis failure. It is, therefore ,important to prevent the biomaterials from bacterial contamination. This can be
done by using anti-bacteria drugs. However, this method causes physiological burdens to the patients and does not
always work. To stop the contamination from the just beginning is believed to be a better choice. The first step for
infection is the attachment of bacteria on the material. In this work,the thin TiO, nanotubes array films we con-
structed with totally different wettabilities showing either superhydrophobic or superhydrophilic. The bacterial at-
tachment behaviors on them were evaluated. It is shown that the numbers of viable colonies on the superhydro-
phobic film were significantly less than those on the superhydrophilic one.

Key words: TiO,; wettability; anti-bacterial
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