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Recently, TiQ has been introduced as one of the most promising 4
photocatalysts in the degradation of different pollutaritand the HA,
destruction of bacteri&.” The main drawbacks of the low quantum 5 5 ¥
yields and the lack of visible-light utilization hinders its practical = A "fi AgBr
application. To overcome these problems, numerous studies have g A i L8
been recently performed to enhance the photocatalytic efficiency i | Aghr Agh ,
and visible-light utilization of TiQ which include impurity doping, wh b A M AR
metallization®~12 and sensitizatio®'4Chun Hu et al*demonstrate jc 4
that AgBr on P-25 TiQ support is the main photoactive species 20 G ITE SIS
for destruction of the bacteria under visible light. Their evidence 26 (degree)

indicates that AgBr is the visible-light active component of the Figure 1. XRD pattern of () Ag/TiQ, (b) Ag/AGBI/TIOs, (c) apatite-

catalyst and that Ayspecies on the surface of the catalyst is coyered Ag/AgBI/TIQ, (d) apatite-covered TIgIA, anatase; R, rutile; HA,
probably contributing to enhancing the electrdiole separation hydroxy apatite).

and interfacial charge transfer. On the other hand, Nonami‘ét al.
showed that a multifunctional composite material titanium dioxide
covered with apatite can adsorb bacteria without exposure to the
light. They also reported that whenever Ti® coated with apatite,

the photocatalytic activity decreased.

In this Communication, we prepared Ag/AgBr/Ti@overed
apatite with deposition of hydroxyapatite as adsorption bioceramic Apatite
and AgBr as photosensitive materials. One gram of P-25 @it
0.05 g hydroxyapatite was added to 100 mL of distilled water, and
the suspension was stirred magnetically. Then 1.2 g of cetyl methyl :
ammonium bromide (CTAB) was added to the suspension, and Figure 2. Scanning electron microscopy (SEM) of apatite-covered Ag/
while the mixture was stirred magnetically, 0.21 g of AghiD AgBI/TiO, (the scale bars in the figure represent 500 nm).

2.3 mL of NH,OH (25 wt % NHs;) was quickly added to it. The

£ o
resulting suspensions were stirred at room temperature for 18 h. T a
Then the product was filtered, washed with distilled water, and §
dried at 86-110°C. Finally, the prepared photocatalyst was calcined 2%
in air at 500°C for 3 h. Other catalysts such as Ag /Ti(®he Ag 3 :
concentration in the sample was 5% m&lgpatite-covered Ti© 7 4 b
in SBF solutiont” and Ag/AgBI/TiG:!2 were also prepared to make 1 .
1} -

a comparison of the efficiency and activity of the catalyst with them. ] 7
Figure 1 shows the XRD patterns of the catalysts. The calcined Timeh
photocatalyst displayed crystalline reflection peaks that are char- Figure 3. The efficiency of theE. coli inactivation (1x 107, 30 mL) in

acteristic to the anatase and rutile Fiénd also Ag, AgBr, and aqueous dispersions including 12 mg of catalysts (a) Ag/Tig) Ag/AgBr/
hydroxyapatite (HAP). TiO2, and (c) apatite-covered Ag/AgBr/TiQunder visible light.

2

The energy dispersive X-ray (EDX) spectrometry clearly shows o
the presence of Ti, Ag, Ca, and P elements on the surface of catalyst” 250-W mercury lamp (MBFOsram) placed over a petri dish
Figure 2 shows scanning electron microscopy (SEM) of apatite- Was used as a light source. The reaction mixture was stirred with
covered Ag/AgBI/TiQ. The SEM pattern indicated that the HiO magnetic stirrer to prevent the precipitation of the photocatalyst,
surface is coated by apatite particles, and the average size gf TiO and in certain time intervals, 2 mL of the reaction mixture was

is about 100 nm. diluted with 0.9% saline. Then 1 mL of diluted solution was
Photocatalytic activity experiments on Ag/TiQAg/AgBI/TiOy, incubated at 37C for 24 h on sybeen caseion digest agar, and the
and apatite-covered Ag/AgBr/TiOfor degradation ofE. coli colonies were counted. Figure 3 shows photocatalytic degradation

(ATCC 8739) were carried out by preparing«110” colony-forming of E. coli over Ag/TiO,, Ag/AgBI/TIO,, and apatite-covered Ag/
units (CFU/mL) bacteria cell concentration. The photocatalytic AgBI/TiO, photocatalysts. Unlike Ag/Ti&® Ag/AgBr/TiO, pho-
reaction was started by irradiation of the mixture under visible light. tocatalyst exhibited a high activity fd€. coli degradation under
visible light. The new synthesized photocatalyst showed higher
T Pasteur Institute. photoactivity compare to Ag/AgBr/TiOphotocatalyst.
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7 of transmission electron microscopy (TEM) investigation, that outer
abed membrane of the cell was not damaged (Figure 5), which is due to
the catalyst nanoparticles adhering to the outer membrane of the
cell. Hence the bacteria cannot nourish from aqueous media.
g During the preparation steps of the sample for TEM including
e double washing with buffer phosphate and addition of solvents,
adsorbed particles of catalyst were stable. Thus, it seems that
hydrogen bonding between phosphate groups of apatite and
polysaccharide strings of membrane is formed whenever the apatite-
coated Ag/AgBI/TiQ particles adsorb to cell wall (Scheme 1); a
strong evidence for this interaction is that the EDX spectroscopy
result indicates that the surface of catalyst is covered by a phosphate
group near to 50%.

The inactivation oft. coli is mainly due to destruction of the
cell wall by various reactive species (e.g., OH radical,,H@nd
H.0,).1813However, this photocatalyst has the ability to adhere to
the outer cell ofE. coli so it enhances the photocatalytic activity
under visible light.

In conclusion, the prepared Ag/AgBr/Ti@overed apatite has
a high ability to adsorb bacteria in the dark and also has a
significantly high photocatalytic activity under visible light.
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Figure 4. Temporal course of thE. coli inactivation (1x 107, 30 mL) in
aqueous dispersions containing 24 mg of catalysts (a) Ag/Ti® Ag/
AgBI/TiO, (c) apatite-covered TiQ(d) TiO./P-25, and (e) apatite-covered
Ag/AgBI/TiO2 under dark condition.
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Figure 5. TEM image of apatite-coated Ag/AgBr/Tidanoparticles adhere
to the outer cell oE. coli in dark media.

Scheme 1. The Outer-Cell Wall

References
(1) Zang, Y.; Farnood, RAppl. Catal. B2004 57, 273.
(2) Zuo, G. M.; Cheng, Z. X.; Chen, H.; Li, G. W.; Miao, T. Hazard.
Mater. B200§G 128 158.
3) A80, C. H.; Lee, S. C.; Zou, S. C.; Mak, C. Bppl. Catal. B2004 49,
187.
(4) Lu, Z. X.; Zhou, L.; Zhang, Z. L.; Shi, W. L.; Xie, Z. X.; Xie, H. Y.;
Pang, PLangmuir2003 19, 8765.
(5) Linkous, C. A.; Carter, G. J.; Locuson, D. B.; Ouellette, A. J.; Slattery,
D. K.; Smitha, L. A.Environ. Sci. Technol200Q 34, 4754.
(6) Jacoby, W. A.; Maness, P. C.; Wolfrum, E. J.; Blake, D. M.; Fennell, J.
A. Environ. Sci. Technol1998 32, 2650.
(7) Sunada, K.; Kikuchi, Y.; Hashimoto, K.; Fujishima, &nviron. Sci.
Technol 1998 32, 726.
(8) Zhang, L.; Yu, J. C.; Yip, H. Y.; Li, Q.; Kwong, K. W.; Xu, A, W.;
Wong, P. K.Langmuir2003 19, 10372.
(9) Vamathevan, V.; Amal, R.; Beydoun, D.; Low, G.; McEvoy, &.
Photochem. Photobiol., 2002 148 233.
(10) Sano, T.; Negishi, N.; Tanaka, J.; Matsuzawa, S.; Takeuchi].K.
Photochem. Photobiol., 2003 160, 93.
(11) Stathatos, E.; Lianos, Bangmuir200Q 16, 2398.
(12) Sunada, K.; Watanabe, T.; Hashimoto,Bwiron. Sci. Technol2003
37, 4785.
(13) Houéec.; Lan, Y.; Qu, J.; Hu, X.; Wang, Al. Phys. Chem. B00§ 110,
4 .

Lypopolysachcaride

Fatty acids

Porous
protein

Porous
protein

Peptidoglycan

Cytoplasmic membrane

. . . (14) Liu, Q.; Ding, J.; Mante, F. K.; Wunder, S. L.; Baran, G BRomaterials
To measure the catalytic activity under dark media, 24 mg of 2002 23, 3103.

each photocatalyst was added to bacterial suspension, and the(15) Nonami, T.; Hase, H.; Funakoshi, Katal. Today2004 96, 113.

experimental was carried out under similar conditions.

The result demonstrates that only apatite-covered Ag/AgByTIO

can inhibit the growth of bacteria (Figure 4).
The inactivation ofE. coli was evaluated in the dark in the
presence of apatite-coated Ag/AgBr/Tighotocatalyst. As a result

(16) Xin, B.; Jing, L.; Ren, Z.; Wang, B.; Fu, H. Phys. Chem. BR005 109,
2805.

(17) Hayakava, S.; Osaka, A. Non-Crys. Solid200Q 263 409.

(18) Fu, G.; Vary, P. S;; Lin, C. TJ. Phys. Chem. BR005 109, 8889.

JA072492M

J. AM. CHEM. SOC. = VOL. 129, NO. 31, 2007 9553



