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Abstract

In this work, we synthesized titanium oxide thin films containing different tantalum using magnetron sputtering to meet the challenge
of enhanced biocompatibility. The structure characteristics of the films were characterized using X-ray diffraction (XRD), X-ray photo-
electron spectroscopy (XPS) and atomic force microscopy (AFM). The biological behavior of human umbilical vein endothelial cells
(HUVECs) on the film surface was investigated by in vitro cell culture. Study of cultured HUVEC onto films revealed that the growth
and proliferation behavior of EC were varied significantly due to the different Ta content which resulting the characterization of films is
different. The adherence, growth, shape and proliferation of EC on Ti–O film with high Ta content and smoother surface was excellent.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The behavior of titanium oxide and its interaction with
blood have been investigated [1]. The surface induced
thrombo-embolism remains an important clinical compli-
cation issue [2], because in many cases the surface of pros-
theses organ is not recognized by blood. To minimize
thrombi and emboli generation and to increase the lifetime,
a number of different surface treatment processes have
been adopted [3]. The thin solid film technique is an
extensively employed method for surface modification of
biomedical inorganic materials to improve and control bio-
compatibility for blood and cell attachment [4,5]. However,
this study revealed that its biocompatibility is still far from
0168-583X/$ - see front matter � 2005 Elsevier B.V. All rights reserved.
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ideal. It is believed that seeding with endothelial cells on
vascular prostheses may overcome this problem because
of non-thrombogenic properties of the cells in nature state
in contacting with blood [6,7]. Therefore endothelialization
of cardiovascular device surfaces has been regarded as an
important means to prevent thrombogenicity. In this work,
we focus on experimentally investigation of the biological
behavior of ECs on titanium oxide film containing tanta-
lum with a range from 1 at.% to 5 at.% to meet the chal-
lenge of enhanced biocompatibility.
2. Experimental

2.1. Film preparation and characterization

Titanium oxide films containing different Ta were
synthesized on (100) silicon wafers using a UBMS500
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Fig. 1. The XRD patterns of the as-deposited Ti–O films containing Ta.
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magnetron sputtering system by sputtering a high-purity
inlaid Ti–Ta complex target of 170 5136 mm in size and
sustaining an oxygen partial pressure by a flow monitor
system. Changing Ta content of target can easily control
the composition of the film. The film thickness is about
1.2–1.6 lm measured by a-step measurement system. The
structure, composition and surface morphology of the
Ti–O films containing Ta were characterized using XRD
(X�Pert Pro MPD), XPS (XSAM-800) and AFM (SII,
Autoprobe SPA400).

2.2. Biological investigation of HUVECs

HUVECs were harvested from freshly obtained human
umbilical cord using the collagenase isolation technique
described by Jaffe et al. [8] with slight modification. After
harvesting ECs, cells were resuspended in complete growth
medium 199 contained similar component described in [9].
All samples were subject to autoclaving at 120 �C for
30 min before seeding the ECs. Sterilized samples were
placed in the wells of a 6-well culture plate. The above com-
plete medium 199 was seeded onto these samples surface
at a drop of 1 ml. All EC incubations were at 37 �C in a
humidified atmosphere containing 95% air and 5% CO2

for 3 days. The samples were subsequently rinsed, fixed,
dehydrated and critical point dried as described in [10].
The specimens were then coated with a gold layer 10–
20 nm thick and examined by scanning electron micros-
0 200 400

0

50000

100000

150000

200000

250000

300000

C
 1

s
Ta

 4
d

Ti
 2

p

Ti
 3

s
Ta

 4
f

In
te

ns
ity

Bind En

a

C
ou

nt
s

445 450 455 460 465 470
6000

8000

10000

12000

14000

16000

18000

20000

22000

Ti 2p 1/2

Ti 2p 3/2

C
ou

nt
s

Binding Energy  (eV)

b

Fig. 2. XPS spectrum of the as-deposited Ti–O film con
copy (SEM, JSE-5900LV type, Japan). All experimental
conditions are identical to different film material for better
comparable results.

3. Results and discussion

3.1. Characterizations of the films

With the Ta content increasing, the microstructure of
the films is obviously different. Fig. 1 shows the XRD pat-
terns of the prepared films. It is clear that, the structure of
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Fig. 3. The AFM surface morphology of the (a) low and (b) high Ta
content Ti–O film.

Fig. 4. The SEMmorphology of the adherent ECs of the (a) 1 at.% Ta, (b)
2.5 at.% Ta and (c) 4.0 at.% Ta (cultured time: 3 days).

28 J.Y. Chen et al. / Nucl. Instr. and Meth. in Phys. Res. B 242 (2006) 26–29
the Ti–O film containing Ta has been transferred from low
index TiO2(200) to a mixture of high index TiO2(112) and
non-stoichiometric suboxides of TiO(222) etc. poly-crys-
talline type with Ta content increasing. Fig. 2 displays
the XPS spectra of the film. XPS narrow scan of titanium
and tantalum peaks indicate that the valence state of Ti
and Ta is Ti4+, Ti2+ and Ta0+, respectively. Different tita-
nium oxides of the film are identified as TiO2 and TiO
which verified the results of XRD. It existed no evidence
of Tantalum oxide in films. The surface morphology of
the films was appeared in Fig. 3. In each case, we show rep-
resentative images of these films. The high Ta content Ti–O
film surface is slightly flatter than the low Ta content film.
Many acute peaks were appeared on the surface of low Ta
content Ti–O film. The results imply that, the Ta atom was
helpful to grain growth of as-deposited Ti–O film because
Ta atom accelerate diffusion of Ti atom and O atom during
film deposition and grain growth.

3.2. Biological investigation results of HUVECs

The biological properties of the films were also different
significantly due to the different Ta content. The SEM mor-
phology of ECs adhesion and growth behavior on Ti–O
film surface containing different Ta is displayed in Fig. 4,
which are from the random SEM field. After incubation
in complete medium 199 for 3 days, the ECs are of different
biological behavior onto different materials surface. With
the Ta content increasing, the ECs on film surface are
progressively growing in quantity and gradually forming
a single layer, keep the natural original shape and display
the cobblestone road metal rank, as seen in Fig. 4(c). Our
experiments thus unequivocally indicate that the ECs are
significantly amicable with the proper Ta content Ti–O film
materials. It further implies that special Ti–O film contain-
ing Ta is of good tissue (ECs) compatibility and of good
endothelialization property.
4. Conclusion

We synthesized Ti–O film containing different Ta using
magnetron sputtering technique with different inlaid
Ti–Ta complex target. The different characterization of
the Ti–O films such as structure, composition and surface
morphology etc due to the different Ta content would influ-
ence significantly biological behavior of EC. The ECs are
significantly amicable onto the optimized Ti–O film con-
taining proper Ta with excellent biological behaviors of
adherence, growth, shape and proliferation. Our study fur-
ther implies that special Ti–O film containing Ta is of good
endothelialization property. This work supplies a new path
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for improving thromboresistance or biocompatible surface
of inorganic materials.
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