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Abstract The photocatalytic activity of AgBr has been

investigated. AgBr(N2) was prepared by solid(AgNO3)–

solid(KBr) reaction at different temperatures in a stream of

N2. AgBr(N2) prepared at 250 �C showed the highest H2

generation activity although the larger crystallites of Ag

were observed. When the preparation was carried out under

air [AgBr(air)] at 250 �C, the photoactivity and the crys-

tallization of Ag were lowered by the formation of silver

oxides species in AgBr(air) probably during the natural

cooling under air. It is pointed out however that the amount

of hydrogen of both AgBr(N2) and AgBr(air) increased

linearly increasing with reaction time regardless of the

formation of large Ag crystallites even after UV irradiation

for 50 h. This suggests that the behavior of Ag formed

might be different from that of the latent image in the

photographic process.

Keywords Photocatalyst � H2 evolution � Ag metal �
Aggregation

1 Introduction

Photosensitive property of silver bromide (AgBr) is used in

photographic film in the past but many efforts have been

made to develop the photosensitive silver halides systems

for the creation of the clear latent image formed as Ag

metals [1]. It was believed that when AgBr was used as a

photocatalyst, the formation of the latent image decreased

the photocatalytic activity of AgBr. We have previously

evaluated the photocatalytic activity of AgBr from the

hydrogen evolution. Although Ag metals were formed in

AgBr, the hydrogen evolution was continuously observed

from CH3OH/H2O aqueous solution under UV irradiation

for 200 h [2]. In addition, the photo-evolution of oxygen

was observed using AgBr dispersed in silver nitrate aque-

ous solution. This means that the potentials of the con-

duction band (CB) and the valence band (VB) are

allowable for the photo-water splitting reaction. This was

supported by potential studies concerning both CB and VB

of AgBr [3–5]. On the other hand, the VB position of AgCl

promotes the photo-generation of oxygen but no photo-

generation hydrogen occurs [6, 7], which indicated that the

position of CB is not enough.

Recently, photocatalytic studies on silver halides have

been reported in the various fields due to the lower band

gap energies of 2.6 eV for AgBr and 3.0 eV for AgCl,

respectively [8]. Hu et al. [9] reported the photoactivities of

Ag/AgBr/TiO2 and Ag/AgBr/Al2O3 [10] prepared by the

unique preparation of Ag/AgBr, which were used cetyltri-

methylammonium bromide (CTAB) or polyethylene gly-

col–block–polyethylene glycol (P123). The catalysts

showed high activities for the degradation and minerali-

zation of toxic persistent organic pollutants by the effective

electron-transfer processes on AgBr. The roles of silver

metal species were explained by the hole scavenger [9] and

the plasmon-induced Ag nanoparticles [10, 11].

Porous AgCl/Ag derived from Ag20Al80 alloy foil showed

a good performance in the degradation of methylic orange

dye as a visible-light catalyst reported by Li and Ding [12].

They explained that the nanocomposite and the nanoporous

silver with original structure caused the photoactivity in the

B. Kobayashi � R. Yamamoto � H. Ohkita � T. Mizushima �
A. Hiraishi � N. Kakuta (&)

Department of Environmental and Life Sciences, Graduate

School of Engineering, Toyohashi University of Technology,

Tempaku, Toyohashi 441-8580, Japan

e-mail: kakuta@ens.tut.ac.jp

123

Top Catal (2013) 56:618–622

DOI 10.1007/s11244-013-0020-7



visible-light region. Core shell Ag@AgBr has been prepared

by the ion-exchange reaction between Ag2MoO4 and HBr,

and Ag@AgBr showed an efficient visible-light photocata-

lytic activity, too [13]. The photoactivities of silver halides

supported on various materials (BiOBr [3, 4], Bi2WO6 [14,

15], TiO2 [9, 16], Al2O3 [10], H2WO4 [17], AlMCM-41 [18],

ZnO [19] and Zeolite [20, 21]) were investigated. Iijima and

coauthors [22] reported that the inner space of single-wall

carbon nanotubes acted effectively for the photoreactivity

preservation of AgBr nanowires.

The photochromic effect is also known as another

property of AgBr. A commercial sunglasses was manu-

factured by Corning Incorporated in past. The color of

glass was changed reversibly between clear at dark places

and opaque at bright places [23]. The sunglasses were

prepared by a solid–solid reaction (melting method), which

is an interesting method to avoid carbon residues in AgBr

by the emulsion method using a gelatin. In this study, AgBr

was prepared by the melting method in order to compare

the photoactivity of AgBr prepared by the conventional

precipitation method. The activity of AgBr was evaluated

through H2 evolution under UV light irradiation. The effect

of the preparation condition (N2 and air) on photoactivity

of AgBr was also examined.

2 Experimental

Silver bromide (AgBr) was prepared by the melting

method under deferent environments (N2 and air). All

chemicals were purchased and used without further puri-

fications. In brief, physically mixed KBr–AgNO3 powder,

with equimolar composition, was heated using quartz tube

at different temperatures (250, 350 and 650 �C) for 2 h.

After the reaction, products were naturally cooled in the

stream of N2 or air down to room temperature. Products

were washed to remove KNO3, and then the samples were

dried at room temperature. AgBr by the precipitation

method was also prepared. The AgNO3 solution was

poured into the KBr solution at 60 �C. The temperature of

mixed solution was kept at 60 �C. In order to assist the

crystallization of AgBr, the precipitate samples was further

aged at 100 �C for 2 h in boiling water, and then finally the

precipitate samples was dried under vacuum.

The photoactivity under UV light irradiation (100 W

High pressure Hg Lamp: Ushio) was evaluated using an

inner-irradiated photoreaction cell and generation of H2

was recorded by using an on-line gas chromatograph(GC-

8A, Shimazu) equipped with a thermal conductivity

detector (TCD). X-ray diffractometer (XRD, RINTO 2000,

Rigaku) was operated at 30 kV and 20 mA for the deter-

mination of crystallite structures before and after

photoreactions.

3 Results and Discussion

Figure 1 exhibits XRD patterns of AgBr prepared by the

melting method with different reaction temperatures and

the precipitation method. No clear differences in XRD

profiles were observed. The crystallite size of AgBr was

calculated by Scherrer equation from XRD (200) peak

position. The crystallites sizes prepared by the melting

method were found to be more than 50 nm, while the

crystallite size by the precipitation method was somewhat

small (46 nm). The larger crystallite sizes indicated the

formation of crystallized AgBr.

The hydrogen evolution activity of AgBr is exhibited in

Fig. 2. Na2S/Na2SO3 aqueous solution was used as a sac-

rificial reagent. AgBr prepared by the melting method at

250 �C showed the highest H2 production activity for 5 h

in comparison with the activities of other silver bromides.

The H2/Ag molar ratio exceeded 1.0, indicating that pho-

toelectrons excited to the CB were not completely trapped

by the electron traps for the formation of latent image but a

part of photogenerated electrons of CB were consumed for

the formation of H2 molecules. Presumably, the silver

atoms act also as the electron trapping sites and promote

the formation of H2 molecules such as Pt on TiO2.

In order to investigate the effect of the preparation

condition (N2 and air) on the hydrogen evolution activity,

AgBr(N2) and AgBr(air) were prepared by the melting

method at 250 �C. The result is shown in Fig. 3. The

photoactivities were clearly different, where AgBr(N2)
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Fig. 1 XRD patterns of fresh AgBr prepared by melting and

precipitation methods
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showed higher H2 evolution activity as compared to

AgBr(air). The induction period was observed on

AgBr(air) but not on AgBr(N2). It is reported that silver

oxide (Ag2O) was decomposed by the exposure to light

even at 25 �C [24]. It is expected that the concentration of

oxidized silver species in AgBr(air) is higher than that of

AgBr(N2). Those oxidized silver species in AgBr(air)

inhibited the H2 evolution at the beginning of the photo-

reaction. The hydrogen evolution rate was not so improved

after the induction period as expected (Fig. 3). This seems

that the active sites (Ag metals) created during the induc-

tion period, which the concentration was dependent on the

light penetration depth, do not facilitate effectively for the

hydrogen generation due to the lower concentration of

AgBr species which promotes the absorption of UV-light in

the neighborhood of active sites. On the other hands, when

the preparation was carried out in a N2 stream, the induc-

tion period caused by oxidized silver species was not

measured on AgBr(N2). Figure 4 shows the H2 evolution

activities of the prolonged photoreaction for 50 h. The

hydrogen evolution on both AgBr(N2) and AgBr(air)

increased linearly with irradiation time, although the evo-

lution activity of AgBr(air) was still low. The low activity

of AgBr(air) suggests that the amount of oxide silver

species acted negatively to the photoproperty of AgBr

although no XRD peaks assigned to silver oxides were

detected as shown in Fig. 1. We presume that oxide silver

species are amorphous phase or unstabilized form. How-

ever, the formation of surface oxide or oxygen-adsorbed

species on AgBr(N2), which were probably formed by the

exposure to air at room temperature, did not affect the H2

evolution efficiency. XRD results after the photoreaction

for 50 h are shown in Fig. 5. XRD peaks corresponding to

Ag were clearly observed. The peak intensity ratios of

Ag(111)/AgBr(200) were 0.13 for AgBr(air) and 0.20 for
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Fig. 2 H2 production activities of AgBr prepared by melting and

precipitation methods. Sacrificial reagent is used 10 mM-Na2S/

6 mM-Na2SO3 aqueous solution
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Fig. 3 Evaluation of photoactivity between AgBr(N2) and AgBr(air).

AgBr(N2) is prepared by melting method at 250C in N2 stream;

AgBr(air) is prepared by melting method at 250 �C in air; sacrificial

reagent is used 10 vol% C2H5OH aqueous solution
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Fig. 4 Behavior of prolonged photoreaction of AgBr(N2) and

AgBr(air)
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AgBr(N2), respectively. This means that the crystallization

of Ag species is assisted by the photoreaction. The AgBr

property might be influenced by the presence and the

concentration of oxidized silver species in the preparation

of AgBr in air at 250 �C. As the decomposition of silver

oxides begins around 160 �C [24], most of silver species

might be not oxidized at 250 �C (reaction temperature).

However, it is possible that silver oxides species might be

re-formed during the natural cooling down to room tem-

perature in the furnace. The location and concentration of

silver oxides species in AgBr might be changeable by the

cooling down condition. The formation of Ag atoms

derived from those species is one of the reasons for the

lower photoactivity of AgBr(air). In addition, the species

caused by oxygen act negatively the aggregation of Ag

species formed during the photoreaction from peak inten-

sity ratios of Ag/AgBr between AgBr(air) and AgBr(N2).

We know that when AgBr is exposed to light, the color

is changed due to the formation of Ag metals. This means

that the location of Ag metals is expected to be distribut-

able on the AgBr surface, indicating the formation of thin

Ag metal islands. Therefore, the photoreaction is deacti-

vated by Ag metal islands covered on AgBr surface. When

AgBr was prepared under the N2 stream, the XRD results

after the photoreaction confirmed the formation of Ag

metals with larger crystallite size. However, the H2 evo-

lution activity of AgBr(N2) increased linearly with

increasing irradiation time. This means that Ag metals, the

10 20 30 40 50 60 70

2  / degreeCuK

In
te

n
si

ty
20

00
cp

s AgBr

Ag

AgBr(N2)

AgBr(air)
(200)

(111)

(111)

(200)
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Fig. 6 Antibacterial activities of Ag/AgBr and AgBr against E. coli in dark. E. coli was incubated at 37 �C for 1 day

Top Catal (2013) 56:618–622 621

123



size is surprisingly larger, do not fully cover with AgBr

surface to inhibit the absorption of UV light, as reported

previously [4]. It is believed that Ag metals as latent image

formed on AgBr are located within the specific sites (such

as Frenkel defect sites and electron trapping sites); the

locations are limited due to a very small number of those

sites [1]. Presumably, the mechanism of the crystal growth

of Ag metals induced by the photoreaction in the liquid

phase seems to be the the different from that of the latent

image formation of photographic films in air. Futher

investigation is necessary to evaluate the behavior of Ag

formed, resulting in the formation of larger Ag crystallites

in AgBr, and development of a new preparation method for

the retarding the formation of Ag crystallite during the

photoreaction.

In addition, it is known that Ag species play an impor-

tant role to inhibit bacterial growth. We examined the

antibacterial effect of AgBr and Ag/AgBr. As shown in

Fig. 6, the inhibition of colony growth was also observed

on AgBr with Ag metals. The occurrences of antibacterial

activity were observed mainly the interface of AgBr

regardless of the presence of Ag atoms, which indicated

that AgBr is useful also for the sterilization such as Ag

species.

4 Conclusion

AgBr was an effective photocatalyst although the aggre-

gation of Ag metals occurred during the photoreaction. The

photoactivities of AgBr(N2) and AgBr(air) increased line-

arly with increasing irradiation time and the activities were

not deactivated by the formation of larger crystallites of Ag

even after UV irradiation for 50 h. The presence of silver

oxide formed during the cooling process [AgBr(air)] gave

the induction period for hydrogen generation but the

aggregation of Ag metals was retarded somewhat. It is

pointed out that the hydrogen generation activity of

AgBr(air) was low but the amount of hydrogen generation

increased linearly with increasing irradiation time as

mentioned above. The photoactivity suggests that the

behavior of Ag formed seems to be different from the

mechanism of the latent image formation of photographic

field. As AgBr is an effective photocatalyst for the

hydrogen generation, it is necessary to evaluate the

behavior of Ag formed during the photoreaction. This leads

to development of a new AgBr with new electron trap

elements, resulting in the retarding the aggregation of Ag

metals. In addition, AgBr was also effective for the ster-

ilization such as Ag species.
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