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3D hierarchical CdS assembled with mesoporous nanosheets are prepared via a facile hydrothermal method in the presence of 
soulcarboxymthyi chitosan. By investigation of various reaction parameters, it is demonstrated that the reaction temperature and the 
amount of ammonia, thiourea and Cd(NO3)2 play important roles in the formation of 3D hierarchical CdS. The optical property of 3D 
hierarchical CdS is investigated by ultraviolet-visible (UV-vis) spectroscopy. The photocatalytic activity experiment reveals that the as-10 

synthesized 3D hierarchical CdS exhibits an excellent photocatalytic performance for the degradation of methyl orange (MO) aqueous 
solution under the visible-light illumination, suggesting that the 3D hierarchical CdS nanomaterial might be used as a promising 
candidate for the treatment organic pollutants in the waste water.  

1. Introduction 

During the past decades, the controlled synthesis of inorganic 15 

macro/nanostructured materials with desired morphology and 
dimensionality has attracted considerable interest for their 
distinctive properties.1-5 In particular, 3D hierarchical structures 
with porous materials, which are able to interact with liquids and 
gases not only at the surface, but also in the inner part of the 20 

materials, have been attracting considerable attention for their 
broad applications in catalytic, sensors, energy storage, 
environment protection and biomedical fields. Therefore, the 
design and fabrication of 3D hierarchical structures with porous 
materials represents a hot topic in the material fields.6-17 So far, 25 

several approaches have been reported for the fabrication of 3D 
hierarchical structures materials. Among them, hydrothermal 
treatment is one of the simplest routes owing to its easily tunable 
synthesis condition. 

As an important II-VI semiconductor, CdS with a direct band 30 

gap of 2.5 eV has been extensively studied because of its 
promising application in catalysis, optical materials and 
photonics. 18-21 Recently, some 3D hierarchical structures CdS 
materials such as dendritic, urchin-like nanoflowers, 
flower/sphere networks and hyperbranched, 22-25 have been 35 

successfully fabricated to improve their physical and chemical 
properties. However, the development of convenient and feasible 
approach for synthesis of 3D hierarchical CdS is expected to be 
further development. Biomolecule assisted-synthesis has been 
proven to be a new focus and promising routes in the preparation 40 

of metal chalcogenides 3D hierarchical structures because of its 
convenience, environmentally friendly and strong function in 
morphology control. For example, PbS, In2S3, Ni3S2, and Bi2S3 
3D hierarchical structures have been fabricated through the 
biomolecule assisted-synthesis route. 26-29 More importantly, CdS 45 

with various morphologies recently have also been prepared via 
the biomolecule assisted-synthesis route. 30, 31 Soulcarboxymthyi 

chitosan is a kind of representative polyanion green biomolecular 
and has been widely used in biomedical fields, 32 which contains 
a large number of carboxymethyl groups and has ability to 50 

coordinate with Cd2+. Therefore, these reasons inspired the use of 
soulcarboxymthyi chitosan in the preparation of nanomaterials. 

Herein, we firstly present a simple hydrothermal approach to 
prepare 3D hierarchical mesoporous CdS in the presence of 
soulcarboxymthyi chitosan. Moreover, the effect of the 55 

experimental parameters on the morphology of 3D hierarchical 
structures CdS was further studied. More importantly, the 
photocatalytic activity of as-prepared 3D hierarchical structures 
CdS was also evaluated by the degradation of MO aqueous 
solution under visible-light illumination. 60 

2. Experimental Section 

2.1 The synthesis of 3D hierarchical CdS 
In a typical synthesis, 0.5 mmol Cd(NO3)2·5H2O (analytically 
pure) was dissolved in 7.0 mL of deionized water with magnetic 
stirring, then 3.0 mL of ammonia solution (25%, analytically 65 

pure) and 3.0 mmol thiourea  (analytically pure) were added, 
followed by the addition of a solution of 10.0 mL of 11.2 g L-1 
soulcarboxymthyi chitosan aqueous solution. After stirring for 5 
min, the resulting solution was transferred into a 50 mL 
autoclave. The autoclave was sealed, heated at 80 ºC for 6 h and 70 

cooled down to room temperature naturally. The precipitate was 
collected by centrifugation under 3000 rpm min-1 for 10 minutes 
and washed with distilled water and ethanol several times, then 
dried at 50 ºC for 12 h. 
2.2 Characterizations 75 

The phase of these obtained samples was characterized by X-ray 
diffraction (XRD) with a Shimadzu XRD-6000 powder X-ray 
diffractometer with Cu Kα radiation (λ=1.5418 Å). The 
morphology of the samples was taken by a Hitachi S-4800 field-
emission scanning electron microscope (FE-SEM) at an 80 

acceleration voltage of 10.0 KV. Transmission electron 
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