
Nano Res. 2010, 3(12): 863–873 

 

863

 
 
 

Ag2Se Complex Nanostructures with Photocatalytic Activity and 
Superhydrophobicity  

 
 

Huaqiang Cao1 ( ), Yujiang Xiao1,2, Yuexiang Lu1, Jiefu Yin1, Baojun Li1, Shuisheng Wu1,3, and Xiaoming Wu1,4

 
1 Department of Chemistry, Tsinghua University, Beijing 100084, China 
2 School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China 
3 College of Chemistry and Chemical Engineering, Hunan University, Changsha 410082, China 
4 School of Chemistry and Chemical Engineering, Nanjing University, Nanjing 210093, China 
 
Received: 2 July 2010 / Revised: 11 September 2010 / Accepted: 9 October 2010 
© The Author(s) 2010. This article is published with open access at Springerlink.com 
 

 
ABSTRACT 
Single-crystalline Ag2Se complex nanostructures have been synthesized via a solvothermal route in which 
selenophene (C4H4Se) as a selenylation source reacts with AgNO3 at a temperature of 240 °C. An orthorhombic 
phase β-Ag2Se nanostructure was identified by X-ray diffraction (XRD), Raman spectroscopy, field emission 
scanning electron microscopy (FE-SEM), high resolution transmission electron microscopy (HRTEM), and 
photoluminescence (PL) spectroscopy. The wettability of the as-synthesized β-Ag2Se nanostructure was studied 
by measurement of the water contact angle (CA). Static water CA values of over 150° were obtained, which 
can be attributed to the β-Ag2Se complex nanostructure having a combination of micro- and nanostructures. The 
superhydrophobic Ag2Se nanostructure may find applications in self-cleaning. Additionally, the photocatalytic 
activity of the as-synthesized β-Ag2Se nanostructure was evaluated by photodegradation of rhodamine B (RhB) 
dye under ultraviolet (UV) light irradiation. 
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1. Introduction 

Creation of complex nanostructures on multiple- 
length scales with novel properties and functionalities 
will be one of the most important scientific and 
technical challenges in the coming years [1–3].  
Many inorganic complex nanostructures with novel 
properties and applications have been synthesized 
through self-assembly routes. In particular, the 
superhydrophobicity of nanostructures on which 
water forms a nearly perfect spherical bead and rolls 
off—known as the lotus effect [4]—has aroused great 

interest. The lotus effect can be attributed to 
hierarchical micro- and nanostructures on the surface 
of a material. This has inspired the construction of 
complex inorganic nanostructures having superhy- 
drophobicity. Herein,we report for the first time the 
self-assembly of semiconductor Ag2Se nanoparticles  
into a plate-like nanostructure.  

Ag2Se, an important band-gap semiconductor, can 
exist in two polymorphs at atmospheric pressure: a 
low-temperature orthorhmobic phase (β-Ag2Se) with 
a narrow band-gap of 70 meV at 0 K, and a high- 
temperature cubic phase α-Ag2Se, with a transition 
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temperature of 135 °C [5]. β-Ag2Se is used as a 
photosensitizer in photographic films and in ther- 
mochromic materials due to its relatively high Seebeck 
coefficient, low lattice thermal conductivity, and high 
electrical conductivity [6], while α-Ag2Se, being a 
superionic conductor, finds application in solid 
electrolytes in photochargable secondary batteries [7]. 
Various shapes of Ag2Se nano- and microstructures 
have been obtained by different methods, such as a 
solution-phase synthesis approach [5], a sacrificial 
template route [8], a template-engaged reaction method 
[9], and a hydrothermal route [10]. The study of 
possible industrial applications of such nanomaterials 
has also received tremendous attention. Here we 
demonstrate for the first time, to the best of our 
knowledge, that an as-synthesized Ag2Se plate-like 
nanostructure possesses both superhydrophobicity  
and photocatalytic activity. 

The contact angle (CA) is the angle formed by a 
liquid drop at the three-phase boundary where a 
liquid, gas and solid intersect. The measurement of 
CA is very important in the paint and coating 
industries [11]. When the CA is less than 90°, the 
liquid is said to wet the solid, while a surface with a 
CA greater than 90°is said to be non-wetting, and 
materials with CA values larger than 150°are said to 
be superhydrophobic [4]. In fact, the interactions 
between solids and liquids play a key role in 
understanding the chemical and physical processes 
in many industries—for example, a car body coating 
can be evaluated by measuring the hydrophobicity of 
the lacquer surface. Recently, CA measurements have 
been used to evaluate the cleanliness of semiconductor 
surfaces in the electronics industry, which is of great 
potential interest for the rapidly developing 
nanotechnology field [4]. In recent years, the focus of 
nanotechnology research has been steadily moving 
away from the preparation of high-quality nano- 
materials and the understanding of their physicoche- 
mical properties, to the field of applications [12], 
especially, to industrial applications [13–16]. Compared 
with superhydrophobic surfaces composed of organic 
polymer coatings, such as poly(methyl methacrylate) 
(PMMA) fibers [17], rambutan-like hollow spheres of 
polyaniline [18], and poly(N-isopropylacrylamide)- 
co-poly(acrylamido-phenylboronic acid) copolymer 

films [19], superhydrophobic inorganic nanostructures, 
such as Ag2Se, can withstand higher temperatures and 
have good tolerance to acids and alkalis, which  
suggests they may have a wider range of applications. 

2. Results and discussion  

The phase structure and purity of the as-synthesized 
materials (see Experimental section below) were 
studied by X-ray diffraction (XRD) and Raman 
spectroscopy. Figure 1(a) shows a representative XRD 
pattern of the as-synthesized sample S-1 (see Table 1 
for details of the synthesis conditions for the different 
samples). XRD demonstrates that the sample is 
single-phase orthorhombic β-Ag2Se with lattice 
constants of a = 4.333 Å, b = 7.062 Å, and c = 7.764 Å 
(JCPDS file No. 24-1041). The Raman spectrum 
(Fig. 1(b)) of the as-synthesized sample S-1 shows a 
peak at 132 cm–1 which is characteristic of Ag–Se bond 
formation [20–22]. A series of products using different 
concentrations and molar ratios of Ag+ to C4H4Se, and 
reaction temperatures and times were prepared 
(Table 1 & Fig. S-1 in the Electronic Supplementary  
Material (ESM)). 

The morphology and structure were further 
studied by field emission scanning electron microscopy 
(FE-SEM) and high-resolution transmission electron 
microscopy (HRTEM). Typical FE-SEM images (Figs. 
2(a) and 2(b)) show that the as-synthesized Ag2Se 
particles in sample S-1 cluster into plate-like aggregates 
ca. 33 nm in thickness and ca. 900 nm in size. ZnO 
with a similar bowl-like nanostructure has been 
reported by Krishna and co-workers [3]. HRTEM 
images (Figs. 2(c) and 2(d)) show a clearly visible set 
of lattice fringes with a period ~0.24 nm, characteristic 
of the {013} planes of β-Ag2Se. The selected-area 
electron diffraction (SAED) pattern (top-right inset in 
Fig. 2(c)) further confirms that the material has a single  
crystalline structure.  

A possible mechanism for the growth of the Ag2Se 
nanostructures is as follows. It is usually believed 
that the growth of nanostructures in solution involves 
two important processes, namely nucleation followed 
by growth [23]. In the case of our Ag2Se samples, these 
two processes are followed by assembly of the plate- 
shaped structure. In the first stage, Ag2Se nuclei are 
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Figure 1 (a) XRD pattern and (b) Raman spectrum of the as- 
synthesized sample S-1 

Table 1 Experimental parameters for the synthesis of the different 
products 

Sample 
No. 

Ag+/C4H4Se 
(molar ratio) 

Reaction 
temperature (°C) 

Reaction 
time (h) 

S-1 4: 0.5 240  10  

S-2 1: 0.5 240  10 

S-3 1: 1 240 10 

S-4 2: 1 240 10 

S-5 1: 0.5 240  5 

S-6 1: 0.5 240 24 

S-7 0.5: 0.25 240  10 

formed in solution through heat treatment of the 
mixture containing Ag+ and C4H4Se. The freshly 
Ag2Se nuclei are thermodynamically unstable due to 
their high surface energy and tend to aggregate, 
driven by the minimization of interfacial energy [24], 

 
Figure 2 (a) and (b) FE-SEM images and (c) and (d) HRTEM 
images of as-synthesized As2Se sample S-1. The inset in (c) shows 
the corresponding SAED pattern 
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which leads to larger particles. Assembly of these 
larger particles occurs in the third stage. All self- 
assembling systems are driven by energy minimization 
[25]. In this case, the van der Waals interaction between 
Ag2Se particles can be regarded as the driving force 
of the self-assembly process.  

We found that the Ag+/C4H4Se molar ratio 
significantly affects the morphology of the products. 
FE-SEM and SEM images of Ag2Se prepared with an 
Ag+/C4H4Se molar ratio of 4:0.5 (S-1) are displayed in 
Figs. 1, 2, and S-1(a) in the ESM. The majority of 
Ag2Se particles have sizes in the range 200–300 nm. 
The FE-SEM and SEM images show that the plate- 
shaped particles tended to aggregate. We varied the 
Ag+/C4H4Se molar ratio in the synthesis mixture with 
the other conditions remaining constant. When the 
Ag+/C4H4Se molar ratio was 1:0.5 (S-2, Fig. S-1(b) in 
the ESM), the predominant size of the particles was 
~300 nm. This suggests that a high Ag+/C4H4Se molar 
ratio favors the aggregation of Ag2Se particles to 
afford complex nanostructures. The predominant size 
of Ag2Se with an Ag+/C4H4Se molar ratio of 1:1 (S-3, 
Figs. S-1(c) and S-1(h) in the ESM) was in the range 
300-400 nm. Increasing the Ag+/C4H4Se molar ratio to 
2:1 (S-4, Fig. S-1(d) in the ESM), gave particles with  
similar size to that of sample S-3.  

Increasing the reaction time from 5 h (S-5, Fig. S-1(e) 
in the ESM) to 10 h (S-2, Fig. S-1(b) in the ESM) or 24 h 
(S-6, Fig. S-1(f) in the ESM) without changing the 
other conditions, gave particles with predominant 
sizes in the range 200–300 nm, 300 nm, and 500 nm, 
respectively. Particle aggregation was observed in S-6. 
This suggests that prolonged reaction times favor 
both particle growth and aggregation. 

We also investigated the effect of varying the reactant 
concentration when the molar ratio of Ag+/C4H4Se 
was kept fixed. Increasing the reactant concentration 
(from S-7 (Fig. S-1(g) in the ESM) to S-5 (Fig. S-1(e) in 
the ESM) to S-4 (Fig. S-1(d) in the ESM)) favored the 
formation of larger particles. 

The optical properties of as-synthesized Ag2Se were 
investigated by ultraviolet–visiable (UV–vis) and 
photoluminescence (PL) spectroscopy. The UV–vis 
absorption properties of the the Ag2Se sample were 
investigated by dissolving Ag2Se in ethanol (0.5 mg/mL) 
(Fig. 3(a)). The UV–vis spectrum showed a broad 

absorption peak centered at a wavelength of about 
755 nm (corresponding to a photon energy of 1.64 eV). 
This value is similar to that reported for Ag2Se  
nanotubes [26]. 

The room temperature PL spectra of as-synthesized 
Ag2Se nanobowls with different excitation wavelengths 
(λex = 275, 280, 285, 290, and 295 nm) are shown in 
Fig. 3(b). All the PL spectra exhibit three emission 
peaks: a violet emission centered at ca. 418 nm (2.96 eV), 
a blue emission centered at ca. 460 nm (2.69 eV), and 
an indigo blue emission centered at ca. 495 nm 
(2.50 eV). The emission peaks are almost independent 
of the excitation wavelength, with the maximum   
PL intensity observed for λex = 275 nm. These results 
indicate that the PL emission comes from the as- 
synthesized complex Ag2Se nanostructures and not 
from impurities [27]. Similar results have been observed  
by Zhang and co-workers for Ag2Se nanotubes [26].  

 
Figure 3 (a) UV–vis spectrum and (b) PL spectra with different 
excitation wavelengths of as-synthesized Ag2Se nanostructures 
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Dyes in the effluents from the textile and paper 
industries are regarded as major environmental 
pollutants, because of their non-biodegradability and 
toxicity. Rhodamine B (RhB) is one of the most 
important cationic xanthene dyes and is widely used 
in the printing, textile, and photographic industries 
[28]. Semiconductor photocatalysts have been exten- 
sively studied as catalysts for the degradation of 
environmental pollutants [29]. It is known that RhB  
is very stable and is usually not biodegradable in 
waste water. The photocatalytic activities of the as- 
synthesized Ag2Se nanostructure were evaluated for 
the degradation of RhB dye solution (10–5 mol/L) with 
UV light irradiation at different pH. The intensity of the 
characteristic absorption peak of RhB at λ = 553 nm 

was selected to monitor the photocatalytic degradation 
process. As control experiments, we carried out the 
degradation of RhB in aqueous solution at pH 7 in the 
presence of Ag2Se nanoplates in darkness (Fig. S-2(a) 
in the ESM) and in the absence of Ag2Se nanoplates 
at pH 7 under UV light irradiation (Fig. S-2(b) in the 
ESM). These experiments showed that the degradation 
of RhB over a period of 15 h was relatively low, being  
<12% in each case.  

However, RhB underwent an obvious photo- 
degradation in the presence of Ag2Se nanoplates 
under UV irradiation. Figure 4(a) shows the UV–vis 
spectral changes during the photodegradation of RhB 
in the presence of Ag2Se nanoplates at pH 7. After 
15 h, the degradation of RhB reached 89.8%. The 

 

Figure 4 Temporal UV–vis absorption spectral changes observed for RhB solutions at pH 7: (a) in the presence of Ag2Se nanoplates
(S-1); (b) in the presence of reused Ag2Se nanoplates (S-1) after washing and drying; (c) photodegradation curves of RhB in water in the
presence of Ag2Se nanoplates at different pH values under UV irradiation, without adding any Ag2Se catalyst under UV irradiation, and
in the presence of Ag2Se nanoplates in darkness; (d) selected fitting results using the pseudo-first-order reaction equation. The initial
RhB concentration was 10–5 mol/L in each case 
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XRD pattern (Fig. S-3 in the ESM) of the catalyst after 
the reaction was identical to that of the pristine 
β-Ag2Se catalyst, showing that the material is stable 
under photocatalytic conditions. This was confirmed 
by washing the used β-Ag2Se catalyst three times 
with deionized water and absolute alcohol followed 
by drying at 80 °C for 4 h, and then repeating the 
photodegradation reaction under the same con- 
ditions as above. The degradation of RhB (Fig. 4(b)) 
reached 87.5% after 15 h, similar to the value for the  
fresh catalyst. 

For a pseudo-first-order reaction, the concentration 
changes can be fitted by the equation 

ln c0 /c = kt                 (1) 

where c0 and c indicate the initial RhB concentration 
and that after irradiation time t, respectively, and k is 
the reaction rate constant [30]. Figure 4(d) shows that 
there is a linear relationship between ln c0/c and t, 
confirming that the photodegradation reaction is 
indeed pseudo-first-order. Under UV light irradiation, 
the pseudo-first-order rate constants for the photo- 
degradation of RhB are 0.0756 h–1 (i.e., 1.260 × 10–3 
min–1), 0.0783 h–1 (i.e., 1.305 × 10–3 min–1), and 0.1427 h–1 
(i.e., 2.378 × 10–3 min–1) at pH values of 2, 12, and 7, 
respectively (Fig. 4(c)). The pseudo-first-order rate 
constants for the degradation of RhB without catalyst 
or in darkness, however, are only 0.0055 h–1 (i.e., 9.167 
×10–5 min–1) and 0.0078 h–1 (i.e., 1.300 × 10–4 min–1), 
respectively. To the best of our knowledge, this is the 
first time it has been demonstrated that semiconductor 
Ag2Se is an active catalyst for the photodegradation  
of RhB. 

The blank experiments showed that the degradation 
of RhB was negligible in darkness or in the absence 
of Ag2Se nanoplates. The pH value of the RhB 
solution also had a significant influence on the 
photocatalytic activity. After 15 h irradiation at pH 2 
or 12, the degradation of RhB reached 69.3% and 
67.9%, respectively (Figs. S-2(c) and S-2(d) in the ESM), 
whereas at pH 7 the degradation of RhB reached 
89.8%. These results suggest that neutral conditions 
favor the degradation of RhB. The degradation of 
RhB reached only 11.6% after adding the as- 
synthesized Ag2Se nanostructure under visible light  
irradiation at pH 7 (Fig. S-2(e) in the ESM).  

In a further control experiment, we also evaluated 
the photodegradation of RhB in the presence of 
spherical Ag2Se particles (S-3, Figs. S-2(c) and S-2(f) 
in the ESM). After 15 h, the degradation of RhB only 
reached 60.3%. This shows that the particle shape has 
a great effect on the degradation, with the presence 
of a larger number of active sites on the surface of 
Ag2Se nanoplates being responsible for their higher  
activity.  

It is known that β-Ag2Se is an n-type semiconductor 
[31, 32]. After activating the Ag2Se nanoplates by UV 
irradiation with photon energies which match, or 
exceed, the band-gap energy (a wavelength which 
matches, or is shorter than, the absorption edge for 
β-Ag2Se), conduction-band electrons (e–) and valence- 
band holes (h+) pairs are generated at the surface   
of Ag2Se nanostructures, as shown in Eq. (2). An 
electron (e–) is excited from the valence band into the 
conduction band, generating a hole (h+) when a photon 
with an energy of hν matches or exceeds the band-gap  
energy, Eg, of the semiconductor Ag2Se. 

2Ag2Se + hν ⎯⎯→ Ag2Se(e–) + Ag2Se(h+)     (2) 

Holes can react with water adsorbed on the surface 
of semiconductor Ag2Se to generate highly reactive 
hydroxyl radicals (⋅OH), while O2 acts as an electron 
acceptor to generate a superoxide anion radical (⋅O2

–). 
Also the ⋅O2

– may act as oxidizing agent or as an 
additional source of ⋅OH, as shown in Eqs. (3)–(5)  
[33, 34]: 

H2O + Ag2Se(h+) ⎯⎯→ ·OH + H+ + Ag2Se     (3) 

O2 + Ag2Se(e–) ⎯⎯→ ·O2
– + Ag2Se        (4) 

·O2
– + H+ ⎯⎯→ ·OOH            (5) 

These radicals have extremely strong oxidizing 
ability and are able to degrade the RhB dye [35]: 

RhB + O2/·O2
–/·OH/⋅OOH ⎯⎯→ (intermediates) ⎯⎯→     

degradation products               (6) 

It has been demonstrated that a large surface area 
helps to increase the number of photocatalytic reaction 
sites and promote the efficiency of the electron–hole 
separation [36].  
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The experimental data show that neutral con- 
ditions favor the degradation of RhB, while both acid 
and alkaline conditions are less favourable for 
degradation of RhB. A similar phenomenon has been 
observed by other groups for other semiconductors 
[37–39]. The photocatalytic behaviour of semiconductors 
is mainly dependent upon the separation of 
photogenerated electron–hole pairs and transfer of 
the separated electrons from the photocatalyst to the 
organic dye through defects on the surface of 
photocatalyst [39, 40]. This suggests that both acid 
and alkaline conditions can inhibit the formation of 
defects on the surface of Ag2Se nanostructures. 

The wettability of glass modified by the as- 
synthesized Ag2Se nanoplates was determined by CA 
measurements. In the first step, a glass surface 
modified by Ag2Se nanoplates was fabricated by slow 
evaporation of a dilute ethanol dispersion of 
nanostructured Ag2Se on glass, followed by drying at 
30 °C for 15 min. The coating process was carried out 
either 5 or 9 times. As shown in Figs. 5(a) and 5(b), 
the CA values were 146.7° (148° ± 1.3°, Fig. 5(a)) and 
145.4° (140.7° ±  4.7°, Fig. 5(b)) for 5 and 9 coating 
cycles, respectively. If the glass modified by the 
as-synthesized Ag2Se nanoplates was further treated 
with an ethanol solution of n-dodecanethiol [v(n- 
dodecanethiol): v(ethanol) = 1: 3] for 1 h at room 
temperature, followed by drying at 80 °C for 3 h, the 
CA values increased to over 150°. As shown in Figs. 
5(c)–5(f), the CA values were 126.8°(unstable, Fig. 
5(c)), 148.7° (148.5°±0.8°, Fig. 5(d)), 151.7 (152.4° ± 
0.7°, Fig. 5(e)), 151.0° (151.5° ± 0.5°, Fig. 5(f)), 151.4°
(151.8° ± 0.4°, Fig. 5(g)), and 151.6° (151.8° ± 0.2°, 
Fig. 5(h)), for 1, 3, 5, 7, 9, and 11 coating cycles, 
respectively. The CA values were also larger than   
150° after the glass modified by as-synthesized  
Ag2Se nanoplates was subsequently treated with    
a methanol solution of 2% (v/v) 1H,1H,2H,2H- 
perfluorodecyltriethoxysilane [(C2H5O)3Si(CH2)2C8F17] 
for 1 h at room temperature, followed by drying at 
120 °C for 1 h. As shown in Figs. 5(i)–5(m), the CA 
values were 145.2° (145.1° ± 1.0°, Fig. 5(i)), 152.1° 
(152.4° ± 1.1°, Fig. 5(j)), 151.2° (151.5° ± 0.3°, 
Fig. 5(k)), 151.3° (150.8° ± 0.6°, Fig. 5(l)), and 152.8°  

 

Figure 5 Surface wetting behaviour of glass modified by the 
as-synthesized Ag2Se nanostructures. Water CA measurements of 
glass coated with Ag2Se nanostructures with different numbers of 
coating cycles: (a) 5, (b) 9; Water CA measurements of glass coated 
with Ag2Se nanostructures with different numbers of coating 
cycles and then treated by an ethanol solution of n-dodecanethiol: 
(c) 1, (d) 3, (e) 5, (f) 5, (g) 9, and (h) 11 coating cycles; Water CA 
measurements of glass coated with Ag2Se nanostructures with 
different numbers of coating cycles and then treated by a methanol 
solution of 2% (v/v) 1H,1H,2H,2H-perfluorodecyltriethoxysilane: 
(i) 1, (j) 3, (k) 5, (l) 7, and (m) 9 coating cycles 

(152.8° ± 0°, Fig. 5(m)) for 1, 3, 5, 7, and 9 coating 
cycles, respectively [41–51]. The results indicate that 
the number of coating cycles can affect the CA values. 
This is because surface modification using as- 
synthesized Ag2Se nanoplates can influence the 
roughness of the surface of the glass, which leads to 
the observed changes in wettability. 

Figure 6 and Movie S-1 in the ESM show a water 
droplet on a glass plate (coated 5 times with the 
as-synthesized Ag2Se nanobowls, followed by a  
methanol solution of n-dodecanethiol) with a sliding 
angle of 1°.  

This work confirms that the surface wettability of 
solid can be tuned via combining the formation of 
physical roughness with chemical surface treatment. 
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3. Conclusions 

We have succeeded in developing a facile solvothermal 
method for the preparation of semiconductor plate- 
like β-Ag2Se nanostructures showing both superhy- 
drophobicity and photocatalytic properties. The as- 
obtained β-Ag2Se nanostructures exhibited excellent 
photocatalytic activity for the degradation of RhB 
under UV light irradiation: the degradation of RhB 
reached as high as 89.8% after 15 h, which can be 
attributed to the special morphology and high 
specific surface area of the material. Additionally, the 
β-Ag2Se nanostructures display superhydrophobic 
characteristics, with the water CA value being over 
150°, with a sliding angle of 1°. This is a result of the 
surface being composed of micro- and nanostructures, 
similar to a lotus leaf, which strongly repel water. 
This approach provides a new strategy to generate 
novel multifunctional semiconductor Ag2Se nano- 
structures with potential industrial applications, 
including photodegradation and self-cleaning for 
protection of Ag2Se devices. 

4. Experimental  

4.1 Synthesis  

AgNO3 (analytical reagent, AR), selenophene (C4H4Se, 
AR), and aniline (C6H5NH2, AR) were purchased and 
used without further purification. In a typical 
synthesis, 4 mmol of AgNO3 was added to 20 mL of 
C6H5NH2 with stirring for 1 h to form solution A. 
0.5 mmol of C4H4Se was dissolved in 20 mL of C6H5NH2 
with stirring for 30 min and to form solution B. 
Solution B was added to solution A with stirring for 
30 min at room temperature. Then, the mixture was 
sealed in a 50 mL Teflon-lined autoclave, heated to  

240 °C, and maintained at this temperature for 10 h. 
After the autoclave was cooled down to room 
temperature naturally, the products were collected 
and washed by centrifugation at 5000 r/min for 5 min 
using deionized water and then absolute alcohol. The 
washing-cycle was repeated twice. Then, the products 
were treated with 4 mol/L HNO3 for 0.5 h followed 
by washing three times using deionized water, and 
then treated by 20 mol/L NaOH for 1 h, and washed 
four times with deionized water. Finally, the products 
were washed using absolute alcohol, followed by  
drying at 60 °C for 6 h. 

4.2 Characterization  

XRD patterns were obtained using an X-ray diffrac- 
tometer (Bruker D8 Advance) with Cu Kα radiation 
(λ = 1.5418 Å, operating at 40 kV and 40 mA) in the 2θ 
range from 10° to 70°. Raman spectra were recorded 
on a Renishaw RM-1000 laser Raman microscope with 
excitation from the 514.5 nm line of an Ar-ion laser 
with a power of about 5 mW. FE-SEM images were 
obtained using a JEOL JSM-7401F instrument. HRTEM 
images were recorded on a JEOL JEM-2010 electron 
microscope, operating at 200 kV. PL spectra were 
obtained using a fluorescence spectrophotometer  
(PerkinElmer LS55). 

4.3 Photocatalytic activity tests 

A 250 W high-pressure mercury lamp (Beijing Huiyixin 
Electric-light Source Technology Development Co.) 
was positioned inside a cylindrical vessel and 
surrounded by a circulating water jacket to cool the 
lamp. 30 mg of Ag2Se catalyst was suspended in 
30 mL of an aqueous solution of 10–5 mol/L RhB. The 
solution was continuously stirred for about 30 min at 
room temperature to ensure the establishment of an 

 

Figure 6 Sliding angle measurements with glass coated 5 times with Ag2Se nanoplates and then treated by an ethanol solution of
n-dodecanethiol 
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adsorption–desorption equilibrium between the 
photocatalyst, RhB, and water before irradiation. The 
distance between the light source and the bottom of 
the solution was about 10 cm. The concentration of 
RhB was monitored using a UV–vis spectrometer 
(Unico Corp. UV-2102PC). The pH values of RhB 
solutions were adjusted by adding HCl or NaOH  
solution. 

4.4 Wetting behavior tests 

Water CA and sliding angle measurements were carried 
out with a water droplet (drop volume 8 μL or 8.5 μL) 
by using an optical contact angle meter (DataPhysics  
Inc., OCA 20) at room temperature. 
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