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Abstract: Fourier transform infrared spectroscope (FTIR) and X-ray photoelectron spectroscope
(XPS) were used to characterize the surface component and bonding state, and these analyses show
that the content of hydroxyl group on the surface of Ti-O-N film is enhanced by the chemisorption
of phosphoric acid, and the reaction sites with 3-aminopropyltriethoxysilane (APTES) are amplified,
furthermore the concentration of immobilized heparin molecules are increased. Fluorescence staining
analysis qualitatively proves that the terminal amino groups of APTES are in existence. The result of
the toluidine blue - method shows that the concentrations of the immobilized heparin on the Ti-O-N film

2. The evaluation of the platelet adhesion test in vitro indi-

treated by ‘phosphoric acid are 6.6ug/cm
cates that the Ti-O-N film treated by phosphoric acid and then immobilized with the heparin molecules

can effectively suppress the adhesion and activation of the platelets, and has a better antithrombotic
property.

Key words: Ti-O-N film; chemisorption of phosphate; covalent immobilization of heparin;

antithrombogenicity

B P HUBE L P R 6 1 4 B 2 JEHLAEBE A T-O 5
KBMRTEI OV S 0 0. 0 T i — 48
RETGHLBE B R T ILAE, 23 45 2 UL 955
MATILIREM BT, DSOTREIERI LN ooy gtk 9, BTG BB B T 56
BB BB BT S SRR, B
WFSHHE:  2006-09-30, WeEli&ekFEEE: 2006-11-24

EeWH: EHRESEMBFRRBEITIR « 973 7 (2005CB623904); E&K B R B %4 (50673081)
EEEA T FEE (1981- ), &, M54, E-mail:hourx130@163.com. BIREARA: F #. E-mail: jinxxwang@263.net

1 5]

i




534 BRI, % Ti-O-N Rl AFR 1 ry L4 B2 Kpuse kot 58 997
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DATARIE. A TARR R AR A 0 R 0 B A~ W Y 7
WY MR mERE, JHEN - ANE= CEHER
e N EERFEAE, LA R 778 Ti-O-N # R m
g LA 18 2

2 ZERFAE

2.1 HaflE

36 $ JE B 0 S 0 B R AE Si(100) Fr BT
il #5 B Ti-O-N JHE 5 h 56 5 b1k} -7

8.5%(V/V)HsPOL! Wi i Ti-O-N i, 30°C
KV E R 3h, FEFHIR 2 100°C /K 6h J5BUH, 120°C
T4 3h, KGR IR, LAYE 2 R TH ¥ 78
W R 6 B ER , B AR iC  TiON-P.

o B B2 A0 PR J5 R 5 & F 100°C, 71.67mmol /L 1
APTES/ HZEVE W P8 BE B 4h, SR )5 R ERAZEX
#5 [0l 15 6 Sh, #4712 8 TiON-P-APTES.

W5 2 1% (W / V) (50mmol /L [ 2-(N- I HEw) Z,
WEER VA R]) . 30mg N- ¥ 38 H1 Bk WA 125mg1-
(3- ZHFFEWNIE)-3- 2 Fm W I w5 B FE
BNF A, 25 °C FRCE 4h, 54718 R TiON-P-
APTES-Hep.

2.2 HERE

Fi NICOLET 5700 £1. 4Pt 33 18 5 5t =0 i R
[F] B T A F XSAMS00 Bl X §f 46 H 7
RE I AN RAE 7 MR L 22 B F AL 22 45 5 3

K bRkl CAPTES oK i 24 & FREL
15mg 4B W EE, A 1.5mL JG/K 2 B )S,
A 90mL f# 0.05mmol/L (pH=9.3) VU T 245 W
B, Hr g 1.5mL2- #idk 2.8, IR 55 BT g
b, ST RIE . R RE S BN B3R O Y. 10min,
B e H pH=9.3 W H RGN WE Ve, LREREY
PRI B g B — H B, 7€ Leica 3856 W58 T W%
B R T 76 B

R IR RN & 9.5ug/mL
FFZEGKBHO. 01, 02, 03, 04 ., 05,
06, 0.7, 1.0, 1.2mL i F 45 mA NaCl K&
W 0.2%(w/v), AR 5.0mL. 17 &AM R4 4
B 1mL B 2B NaCl KW (50mg/1), B4
Y51, & 3mL IE O ke, FIZIRY —BLRtEl, A
A3 VU SR B T R VR M T 3 R B 44 i b v i
2, FABA - /R EHREHEHFRN & & P
2.3 I/ AR RSB R 38

4y %Al TiON . TiON-P-APTES-Hep W fl K

s S RTEERY N E ML/MRILIKAE 37°C | IR &M
MR 4h, 2 FEVE. R B WE 2, KR
BE, CO: 5T, #&)5, HAfBEsE (QUANTA
2000) Mg 1O FEHEATRCR LT, A SPSS GEitEk
HATGE A, BUEAR R (z+5) IR, HELE
KHTTZAN, WEAR B ¢ Kk, P <0.05

3 ZRFITE

3.1 BEER¥E Ti-O-N [ERE VL FEHH
3.1.1 FTIR 447

ME 1R, SRAEGERAL R TiION K AH
e, TiON-P K1 # R g & £ T 20%, 3600cm ! 4
(9 37 T WU Ay <O 44 45 9% 3h 0%, 1100~1600cm
A 1) B VAT RE S I BT ~OH - T 22 £ 41 2 W Wi s
A AN OH MR, P=0 {4 ik3h1E
xRS, RRSREABER S T7E TiON
R AL =W Y, KRBT Ti-O-N ¥ i
(T 2 R B R AR VR B, INTITZEZL A6 3 T A iRk
.

3.1.2 XPS &%

R 27 (a) #1 (b) ATRAFR H,  (a) B
W T, O, NxExK, (b) FHEBRTHE=MT
RO HE T 455 BBTE 140eV 1) P2p Hl 195V 1Y
P2sl'2. JiHf Ti-O-N LB A R, RET K
N, FRC&%ZTZREREFR, EI HPOy 77
-7 v R THD T A 27 W% A T S 4 28 R

F 1 FUBRRALFERTS [O]/[Ti] By 0.81 3 hn %
1.68, [O]/[N] Hy 4.56 & hn%| 6.48. [P]/[Ti] By O ¥4/
] 0.30, X W Hr & & 88, FEREEIRE P=0 Al
P-OH F1 P-O-Ti 45#), X —FUEM T HsPO4
Ti-O-N &4 T2 M.
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Fig. 1 FTIR spectra of (a) TiON and (b) TiON-P
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Fig. 2 XPS survey spectra of TiON (a) and TiON-P (b)
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Table 1 High resolution spectra of TiON and TiON-P

Samples [Ti] 0] (N] [0]/[T] (N)/[T] [P1/[T] [O]/[N]
TiON 8091.5 6520.0 1430.1 0.81 0.18 0 4.56
TiON-P 3215.5 5412.9 835.4 952.1 168 0.26 0.30 6.48

3.2 APTES 7£7# IR R 89 {REX

APTES J& — 74 —~Si(OCH,CH;); Ml ~NH,
HOBUE RE A REGE BERGR, BA R R ek, RN
FA T b iy e ek 11,

Bl 3 @R T APTES 7pF-7E TiON-P 3R § I}
HYRE Al T ZLA GRS R, S 1 b MR A
3600cm ™~ Kb XK F ~OH {y ZLSMIR T 2%, 3 FT RE
Je T e dh R T B K 40 B A 5 APTES 73 TRk
TSR, 2928cm™ i BLAY IS~ CHy— Y 3R XK
AE IR B &, XY T APTES 43, ZLAPIGIER4AS
FRIUESE T APTES 7E3R MW B M T (HEx.

B 4 2 M 5 R I 3k AT A Ti-O-N 3
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Fig. 3 FTIR spectrum of TiON-P-APTES
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Bl 5 XPS 2R HET S, Na%L&K, S
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s 43 51 B F] 3548cm " FI 1000~1750cm ! f F5 1 |
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K FH F 28 e i <8 B 51 45 TiON-P-APTES-Hep
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Fig. 7 Statistical quantity of platelets adhered on the
surface of TiION and TiON-P-APTES-Hep after 240min
of incubation in PRP
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Fig. 8 Morphology of adherent platelets on (a) TION
and (b) TiON-P-APTES-Hep after 240min of incuba-
tion in PRP observed by SEM
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