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Abstract: Cadmium sulfide (CdS) nanoparticles were successfully anchored on the surface of yeast via a 

hydrothermal process, forming fructus rubi-like CdS@yeast hybrid microsphere. In this method, the innate 

functional groups inherited from the hydrophilic cell wall of microbial cells were utilized to anchor Cd
2+

 

ion, and then the CdS@yeast hybrid particles with fructus rubi-like morphology were obtained in the 

presence of thioacetamide (TAA) by a hydrothermal treatment process. The products were characterized 

by scanning electron microscopy (SEM), confocal laser scanning microscope (CLSM), powder X-ray 

diffraction (XRD) and UV-Vis diffuse reflectance spectra. The sedimentation performance of CdS@yeast 

microspheres in aqueous solutions was evaluated to demonstrate the unique features of CdS@yeast in 

comparison with bulk CdS nanoparticles. The interaction between host core yeast and guests CdS 

nanoparticles was investigated by fourier transform infrared (FT-IR) spectroscopy and the possible 

mechanisms for formation of CdS@yeast hybrid microspheres were proposed. The model photocatalytic 

test showed that the fructus rubi-like CdS@yeast microsphere could efficiently remove metylene blue (MB) 

dyes from aqueous solutions due to the combined functions from the bio-sorption of the yeast core and 

photocatalytic degradation driven by the attached CdS nanoparticles. The present approach represents a 

guide for the preparation of a variety of hybrid composites with similar structure for treatment of the toxic 

organic pollutants. 
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1. Introduction 

The hybrid particles have become one of the most effective sources for advanced materials 

because they usually exhibit enhanced and even novel properties (e.g., mechanical, chemical, electrical, 

rheological, magnetic, and optical) in comparison with traditional composites [1-2]. For instance, the 

unique surface configuration or heterogeneous textural characterization of hybrid composites have 

revealed substantially different properties from that of their own host core or guest particle, such as 

different surface chemical composition, increased stability, and different magnetic or optical properties 

[3]. In return, these properties make the hybrid composites suitable for a wide range of potential 

applications including surface enhanced Raman scattering (SERS) [4], catalysis [5], non-linear optics 

[6], bio-analysis [7], and capsules for controlled release of therapeutic agents [8, 9]. Traditional 

methods used for the fabrication of hybrid composites include the assembly of small particles on large 

particles by chemical bond cross-linking [10], charge compensation [11], hydrogen-bonding interaction 

[7], electrostatic self-assembly [12], seeded emulsion polymerization [13] and stepwise 

heterocoagulation method [14] etc. Recently hydrothermal process are regarded as an alternative 

approach for the construction of composite particles with hybrid structure since this route has avoided 

the complex reaction procedures and high operating costs. 

CdS is a well known II–VI semiconductor with a suitable band gap of 2.42 eV well corresponding 

to the solar spectrum [15, 16]. In recent years, nanoscaled CdS particles have been extensively studied 

for possible application in various fields due to its unique photo-chemical and photo-physical properties 

[17-23]. Extended applications of CdS have verified that the applicable scopes are restricted by their 

various inherent disadvantages, such as small specific surface area, photo-corrosion and undesirable 

agglomeration in the aqueous solutions during the reaction. Therefore, obtainments of the stable CdS 

nanoparticles to satisfy the requirement for practical use are still a great challenge. Normally, there are 

two strategies to improve the application of CdS nano-particle. One is to directly fabricate CdS 

nanoparticles using additives as stabilizers [24-25]. Another approach is to incorporate the CdS 

nanoparticles into a stable host matrix to form composites. Typically, CdS/rectorite [26], CdS/PMMA 

[27], CdS/PVA [28], CdS/polystyrene [29], and CdS/PSA [30] hybrid nano-composites have been 

reported. 
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Based on the above considerations, we report a simple strategy for fabricating novel CdS@yeast 

hybrid microspheres with fructus rubi-like morphology by a hydrothermal process. The novel 

CdS@yeast hybrid microspheres which may have integrated combined properties originating from their 

hybrid components, including bio-sorption or bio-molecule recognition function from yeast and the 

photocatalytic function with visible light response exerting by the immobilized CdS nano-particles. The 

as-prepared CdS@yeast composites were characterized by scanning electron microscopy (SEM), 

confocal laser scanning microscopy (CLSM), Energy Dispersive Spectrometer (EDS) and X-ray 

powder diffraction (XRD) and UV-Vis, respectively. The setting experiments were conducted to 

evaluate the suspension performance and stability of the hybrid microsphere in aqueous solutions. Then 

the cationic dye MB (methylene blue) with complex aromatic chemical structure was selected as object 

pollutant to examine the decolorization ability of the designed hybrid materials and the removal 

efficiency for MB aqueous solutions was investigated evaluated under different conditions.  

2. Experimental section 

2.1Preparation and characterization of fructus rubi-like CdS@yeast hybrid 

microspheres 

All the reagents were of analytical grade purity and used as purchased without further purification. 

In a typical procedure, 1.0 g yeast powder was dispersed in 35 mL of distilled water (neutral pH) and 

0.266 g of cadmium acetate was added. The mixture was stirred continuously at room temperature for 

5.0 h and subsequently 0.24 g thioacetamide (TAA) were added. The pH value of the resulting 

suspension was adjusted to about pH 10 by addition of aqueous NaOH solutions. Then, the suspension 

was stirred vigorously for 10 min and transferred into a Teflon-lined stainless steel autoclave (50 mL 

capacity). The autoclave was sealed and maintained at 80°C for 6.0 h. After the reaction was completed, 

the resulting solid product was collected by filtration, then washed with deionized water and ethanol to 

remove any possible ionic species in the product, and then dried at 50 °C for 2 h. 

2.2 Characterization of Samples. 

The morphology of samples was studied by a JEOL-6300F Field-emission scanning electron 

microscope (FESEM). For fluorescent microscope study, the samples were completely sonicated before 
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dribbling onto the tape. The dried particles were observed by confocal laser scanning microscope 

(CLSM, Olympus). X-ray diffraction (XRD) of the samples was determined by powder X-ray 

diffraction (PANalytical; -X’pert MPD Pro; CuKa). The diffuse reflectance spectra were recorded by a 

Varian Cary 100 Scan UV-Vis spectrophotometer. Malvern laser-velocimetry Doppler utility (Zeta 

sizer Nano series HT, Malvern, UK) was used for ζ-potential analysis. Fourier transform infrared 

(FT-IR) spectroscopy was recorded in a Bruker TENSOR 27 FTIR spectrometer.  

2.3 Decolorization of methylene blue 

Typically, 1.0 g of CdS@yeast hybrid composite catalysts was suspended in 100 mL of MB (1.5 

mg L
-1

 initial concentration). The suspension was magnetically stirred in the dark for 120 min to 

establish an adsorption-desorption equilibrium prior to irradiation with a 350W Xe lamp. For 

decolorization on of methylene under visible light the UV part of the light was removed by a cut-off 

filter (λ≥430 nm, T=65%). Before and after irradiation, samples (3 mL) were collected at regular 

intervals. Each sample was centrifuged to separate the catalyst from the liquid and the supernatant was 

analyzed on a 722-100 spectrophotometer to determine the residual MB concentration (λmax=664 nm). 

The samples were returned into the reactor immediately after each analysis in order to avoid the loss of 

catalyst dose as soon as possible in the after steps. All experiments were carried out in duplicate. 

2.4 The setting performance 

500 mg CdS@yeast samples, yeast, CdS nanoparticles were dispersed into 50 mL of distilled water 

in a vertical cylindrical burette at room temperature, respectively. At regular intervals, the falling 

height was determined. The sedimentation ratio R was measured by: 

%100×

+

=

ba

a
R                              (1) 

a is the length of the clear fluid and b the length of the turbid fluid, respectively. 

3. Results and Discussion 

3.1 Physiochemical properties of the samples 

Fig.1 

FE-SEM images of samples are shown in figure 1. Figure 1(a) displays the primitive yeast cells, 
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which are shown to be ordered ellipsoids with the length of 2.6 ± 0.4 µm and width of 2.0 ± 0.2 µm. 

Figure 1(b) shows a general observation of the CdS@yeast hybrid microspheres. The particles maintain 

the ordered ellipsoid shape of the native yeast cores and possessed relatively good mono-dispersion. 

The slight increasing in diameter (length = 2.6 ± 0.5 µm; width = 2.0 ± 0.3 µm) in comparison with the 

primitive yeast cells confirms that the CdS nanoparticles were successfully attached onto the surface of 

the yeast core. The higher resolution image shown in figure 1(c) indicates that all the CdS@yeast 

microspheres have distinct fructus rubi-like morphologies (in the insert figure 1(c)). Further magnified 

image of selected surface area of the CdS@yeast microsphere in figure 1(d)) verifies that the yeast 

surfaces are interspersed with the nano-sized CdS particles and some residual bare area on the surface 

of the yeast shell still remain. Additionally, figure 1(c) and (d) show that the CdS nanoparticles were 

attached onto the yeast cells as a monolayer, whereas a minority of them aggregated into clusters. 

The insert image in figure 1(d) shows the EDS spectrum of the typical synthesized CdS@yeast 

composite particles. The existence of Cd and S on the particle surface can be clearly seen. As shown in 

the Table 1, the molar ratio of Cd to S on the surface of yeast is close to 1 which confirmed the 

stoichiometric formation of CdS. Here, the concentration of S element was a little more than Cd 

element possibly owning to S element from the yeast core, which is a kind of microorganism often 

containing the S element.  

Table1 

The confocal laser scanning microscopy and optical images of CdS@yeast samples are shown in 

figure 2, respectively. Each of the CdS@yeast hybrid microspheres in figure 2 (a) and (b) has exhibited 

clear bright blue fluorescence owing to the electronic transition of CdS nanoparticles [31]. The higher 

resolution image of a typical CdS@yeast specie shown in figure 2 (c) indicates that the external surface 

of yeast are densely and uniformly covered with the nanosized CdS nanoparticles, whereas some tiny 

residual bare area around the CdS nanoparticles on the surface of the yeast shell can be discerned still. 

In appearance, the hybrid microspheres exhibited a distinct fructus rubi-like morphology. Hereby, it is 

further demonstrated that the CdS nanoparticles anchored on the surface of yeast can emit fluorescence 

under laser stimulating. With the consideration of the yeast representing a kind of microorganism, this 

fluorescent characteristic also provides a possibility for their application in biological markers.  

Fig.2 
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Figure 3 shows the XRD image of the samples. The diffraction peak at about 2θ=20° corresponds 

to the amorphous yeast cells. For the CdS@yeast, besides the diffraction peak from the yeast, all the 

other diffraction peaks are similar to the bulk CdS. For instance, the peaks at 26.5, 43.9 and 51.6
o
 can 

be indexed to the (111), (220) and (311) planes, respectively, for the cubic phase β-CdS 

(JCPDS01-0647) [32]. Again, CdS nanoparticles were proved to be successfully obtained through 

hydrothermal process and were anchored on the surface of yeast cores. No peaks from impurities were 

detected, indicating the high purity of the products. Meanwhile, the peaks are fairly broad, suggesting 

the small particle size of the as prepared CdS. According to Scherrer's equation, the average size of the 

CdS nanoparticles was estimated to be around 17.0 nm. 

Fig.3 

Figure 4 displays the UV-Vis diffuse reflectance spectra (DRS) of bare yeast, CdS and CdS@yeast 

hybrid particles, respectively. It is found that the bare yeast only exhibit the fundamental absorption 

edge at 380 nm in the ultraviolet region. The bulk CdS sample has wide photo-absorption from UV 

light to visible light, and the wavelength of the absorption edge is 580 nm, which could be responsible 

for the visible-light induced photocatalytic activity. Compared to the pure yeast and CdS nanoparticles, 

the CdS@yeast microspheres displayed wider absorption from ultraviolet to near-infrared region 

facilitating the enhanced absorption in the visible light region which accounts for almost half of the 

solar spectrum. Correspondingly, the color of the samples changes from brown to orange after 

incorporation of CdS onto the surface of yeast. 

Fig.4 

The sedimentation performance of CdS@yeast microspheres in aqueous solutions was also 

evaluated to demonstrate the unique features of CdS@yeast in comparison with CdS nanoparticles. In 

each experiment, yeast, CdS@yeast samples and CdS nanoparticles were dispersed in distilled water 

without any additional additive. From the figure 5, it is clearly observed that the CdS@yeast species 

have excellent suspension ability than that of CdS nanoparticles. To be more specific, the setting ratio 

of CdS@yeast only went down 19.6% after 330min, which is less than a quarter of that for CdS 

nanoparticles. The outstanding suspension stability of CdS@yeast samples is ascribed to the apparent 

density of yeast, as a kind of aquatic microorganisms, whose wet density (1.09±0.008 g⋅cm
−3

) is 

almost equal to that of water. The analogous phenomenon also was observed in our previous study [33]. 
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The realistic sedimentation photographs at different time are recorded as the insert images in figure 5. 

The lower setting ratios of samples suggest that the CdS@yeast could maintain a good dispersed state 

for a long time in aqueous solution. Such particular feature is beneficial to the application of 

CdS@yeast in removal of various pollutants in wastewater such as toxic organic, heavy metals, and dye 

decolorization.  

Fig.5 

The stability of CdS@yeast aqueous suspension was also performed in its zeta potential. The 

negatively charged surface of CdS@yeast (kept for 24 h at room temperature) was determined in figure 

6.The zeta potential plot in figure 6 shows the average surface charge around -25.4 mV, indicating that 

the CdS@yeast aqueous suspension have a good stability in neutral condition because of the 

electrostatic repulsion effect between particles. The above-mentioned results give a further verification 

that CdS@yeast exhibited the important potentials for practical and long-term applications.  

Fig.6 

3.2 Formation of the CdS@yeast hybrid microspheres 

In order to illustrate the formation mechanism of CdS@yeast via one-step hydrothermal, FT-IR 

spectra of yeast cells, pure CdS and CdS@yeast composites were recorded, respectively, as shown in 

figure 7. The characteristic adsorption peaks of bare yeast in figure 7 (a) at 3375.39, 2925.98, 1652.97 

and 1074.37 cm
-1

 can be ascribed to the O–H stretching vibration, CH2 asymmetric stretching vibration, 

amide group and C-O stretching vibration, separately [34-38]. Compared with pure yeast, the 

characteristic peaks of O–H in the spectrum of fructus rubi-like Cd
2+

@yeast composites shifted to 

3386.96 cm
-1

 and the C-O stretching vibration moved to 1076.96 cm
-1

. These shifts imply that the 

hydroxyl and carboxyl of yeast have some kind of interaction with Cd
2+

 ions to form intermediate 

product Cd
2+

@yeast. Meanwhile, from the spectrum of CdS@yeast, it can be seen that all the 

characteristic bands of O-H, CH2, amide group and C-O showed certain degree of shift compared to the 

pure yeast and Cd
2+

@yeast. 

Fig.7 

Accordingly, above observations suggest that the abundant functional groups on the surface of the 

pristine cells played an important role in the formation of the fructus rubi-like CdS@yeast hybrid 
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microspheres. In the case of pristine yeast cells, the cell wall contains an appreciable amount of 

complex organic compounds and polymers such as glucan (28.8% w/w), mannan (31%), proteins (13%), 

lipids (8.1%) chitin and chitosan (2%) and inorganic ions [39]. Hence, these diverse chemical 

substances in the cell wall would provide a wide range of hydrophilic anionic groups including OH
-
, 

-CONH
-
, -COO

-
, and -OPO3

2-
 [39], as also demonstrated by the FT-IR spectra in figure 7. These 

hydrophilic groups on the yeast cell-wall provide ideal binding sites for the anchoring of the Cd
2+

 ion. 

Thereafter, abundant Cd
2+

 ions pre-absorbed on the walls of the yeast cells will form the CdS colloids 

on the surface of the yeast cells during the hydrothermal processes in the presence of TTA, which 

gradually grow into the CdS@yeast microspheres with a fructus rubi-like morphology. These processes 

can be partly explained by the traditional combined sorption–micro-precipitation mechanism [40]. The 

possible fabrication mechanism of the CdS@yeast is schematically illustrated in figure 8. 

Fig.8 

3.3 Photocatalytic test 

The fructus rubi-like CdS@yeast microspheres exhibiting a partially covered surface of yeast cell 

cores could provide unique properties for removal of water pollutants. The inlaid yeast surfaces might 

facilitate bio-sorption of organic species while the outer CdS nanoparticles can be responsible for the 

photocatalytic degradation of the species. The environmental application of the fructus rubi-like 

CdS@yeast hybrid microspheres is demonstrated for the decolourization of MB aqueous solutions as 

model organic dye. The results are shown in figure 9.  

Fig.9 

Near absorption-desorption equilibrium was established through two hours in dark preceding the 

irradiation of the dyes solutions. In figure 9 almost the same temporal absorption profiles by the naked 

yeasts and CdS@yeast microspheres for MB aqueous solutions can be seen with the absence of Xe 

lamp illuminating, which imply that the attachments of CdS nanoparticles onto yeast surface have not 

serious effects on the adsorption of MB molecular. Such agreements can also be affirmed by 

contrasting the pseudo first-order kinetic constant k1 in dark under above-mentioned different 

conditions. The results were listed in table 2. As seen in table 2, the extremely slight discrepancy of 

pseudo first-order kinetic constant k1 suggest that the adsorbent of bare yeast and CdS@yeast 
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microspheres have a nearly similar absorption capability for the MB molecular in dark. In theory, the 

favourable absorption ability by the primitive yeasts for MB molecular can be attributed to the 

negatively charged surface [41], which favours the capture of the cationic MB dye through electrostatic 

attraction or hydrogen bond interaction. Interestingly, the succedent occupation of absorption sites 

through anchoring CdS nanoparticles onto the surface of yeast did not lead to a serious descent of 

adsorption efficiency for MB aqueous solutions compared to that of naked yeast. The real cause lies in 

that the CdS nanoparticles on the surface of yeast were also negatively charged in neutral condition 

[42-43], which compensating for the loss of active absorption sites from the invasion of CdS 

nanoparticles.  

With Xe lamp as simulated light, the experiments of decolourization of MB aqueous solutions 

were carried out under UV light (λ>300 nm) and visible light (λ>430), respectively. With the help of 

light exciting the decolourization of MB aqueous solutions should be governed by the absorption and 

photocatalysis synchronously. The former one could transfer the MB molecular from aqueous solutions 

to the vacant sites of CdS@yeast surface by absorption function, while the latter one could decompose 

the MB molecular by photocatalytic function. Usually these two procedures take place simultaneously 

in the presence of CdS@yeast microspheres under irradiation. As a result, it is a cooperative effect that 

results in the decrease of MB concentration with the irradiation time prolonged. The temporal curves of 

MB removal efficiency under the light irradiating were also shown in figure 9. It could be seen in 

figure 9 (a) that MB aqueous solutions is barely photolyzed by the UV irradiation alone, whereas 

approximately 44.4% of MB was removed from the aqueous solutions by bio-sorption on the naked 

yeast in figure 9 (b). With the presence of the fructus rubi-like CdS@yeast microspheres under UV 

light irradiation, approximately 61.2% of MB decolorization efficiency was accomplished in figure 9 

(d). Eliminating 300~430 nm light band through a cutoff filter from UV light (changed to visible light) 

deliberately has turned the decolorization efficiency down to 57.5% in figure 9 (c). Obviously, 

attachment of CdS nanoparticles onto the surface of yeast and illuminating with UV light are beneficial 

for the decolorization of dye commonly. The inflection at time zero provides further assertive evidence 

of the MB decomposition. Moreover, the higher removal efficiency of MB molecular from the aqueous 

solutions in dark in comparison with in the light illumination conditions suggests that the bio-sorption 

function of yeast seems act as predominant roles for the removal of MB. 
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Fig.10 

To further illustrate the role of CdS nanoparticle and the illumination of the simulated sunlight in 

the photocatalytic decolourization, the experimental data were fitted by applying a pseudo first order 

model as expressed by Eq. (2), which is well established for the photocatalytic experiments when the 

pollutant is in the millimolar concentration range [42]. 

tk
C

C
t

⋅=

0

ln                                     (2) 

Where C0 is the initial concentration and Ct is the concentration of MB aqueous solutions at the 

time t, k is pseudo first-order kinetic constant, respectively. Figure 10 shows the comparison of pseudo 

first-order plots for the decolorization of MB aqueous solutions by different methods. From the figure 

10 we could see that all the plots of irradiation time t versus the ln(Ct/C0) displayed a nearly straight 

line. The regressed pseudo first-order kinetic constant k2 and adj. R-Square R
2
 were summarized in 

table 2. As shown in table 2 the rate constant k2 of the photolysis alone is closed to zero for the 

duration of the test. Moreover, the independent absorption by naked yeast for 6.0 h has the lowest rate 

constant (k2= 1.4×10
-3

 g/mg·min), whereas the CdS@yeast hybrid microspheres under the 

illumination of the UV light has the highest rate constant (k2 = 12.0×10
-3

 g/mg·min), which is almost 

ten times of that for the naked yeast at the same conditions. In contrast, irradiation with visible light 

has resulted in a smaller rate constant (k2 = 6.61×10
-3

 g/mg·min) compared to CdS@yeast under UV 

light. Clearly, the attachment of CdS nanoparticles on the surface of yeasts and the illumination with 

UV light had a great significant influence on the removal rate of MB aqueous solutions.  

Table 2 

These results suggest that our prepared CdS@yeast composites can be effective for the removal of 

MB dye. The integration of bio-sorption by the yeast with photocatalysis by the CdS nanoparticles 

attached on the yeast cells has showed a combined function in the removal of the dye from the aqueous 

solutions. More specifically, the removal of MB via bio-sorption of the yeast core surface is preserved 

by keeping the adsorption sites unsaturated through the decomposition of the molecules by CdS 

photo-catalysis. In return, the simultaneous bio-sorption of MB molecule via the reborn surfaces of the 

yeast core provides a continuous supply of substrate to the CdS nanoparticles for its destruction by 
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photocatalysis. Thus, the bio-sorption performance of yeast and the photocatalytic performance of the 

attached CdS nanoparticles have been integrated as a novel property for the fructus rubi-like 

CdS@yeast composites.  

4. Conclusions 

In summary, a strategy based on the single-step hydrothermal process was successfully developed 

to fabricate stable fructus rubi-like CdS@yeast hybrid microspheres. In this method, the pre-existence 

of functional groups inherited from the hydrophilic cell wall of microbial cells are responsible for the 

anchoring of CdS guest nanoparticles onto yeast cells host surfaces. The potential applications of these 

new composites were demonstrated for the decolourization of methylene blue from wastewater. The 

enhancement of the removal efficiency is attributed to the integrated properties of bio-sorption and 

photocatalysis originating from their constituent components. Moreover, the obtained CdS@yeast 

samples have good stability and outstanding suspension property, suggested their great potentials in the 

treatment of the toxic organic pollutants. 
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Figure captions 

Fig.1. SEM images of (a) naked yeast, (b) overall observation of fructus rubi-like CdS@yeast 

microspheres, (c) close observation of (b), (d) EDS spectra for the selected square (within dotted 

line) in (c) 

 

Fig.2. Confocal laser scanning microscopy (a), (b), (c) and optical image (d) of CdS@yeast 

microspheres  

 

Fig.3. XRD patterns of the yeast, fructus rubi-like CdS@yeast samples and CdS nanoparticles, 

respectively 

 

Fig.4. UV-Vis spectra of bare yeast, CdS and CdS@yeast hybrid microspheres, respectively 

 

Fig.5. Settling curves of pure yeast, CdS nanoparticles and CdS@yeast microspheres, respectively 

 

Fig.6. Zeta potential plot of the CdS@yeast aqueous suspension in neutral conditions 

 

Fig.7. FT-IR spectra of (a) pristine yeast, (b) Cd
2+

@yeast, (c) CdS@yeast microspheres 

 

Fig.8. Mechanism for the formation of the CdS@yeast microspores with fructus rubi-like 

structures 
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Fig.9. Temporal changes in the relative concentration of MB due to: (a) UV photolysis, (b) UV 

photolysis and adsorption by the naked yeast, (c) decolorization by the CdS@yeast microspheres 

with visible light (d) decolorization by the CdS@yeast microspheres with UV light 

 

Fig.10. Pseudo first-order plots for the decolorization of MB by (a) UV photolysis, (b) UV 

photolysis and adsorption by the naked yeast, (c) decolorization by the CdS@yeast microspheres 

with visible light, (d) decolorization by the CdS@yeast microspheres with UV light 
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Fig.3 
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Fig.4 
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Fig.5 
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Fig.6 
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Fig.7 
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Fig.8 
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Fig.9 

-120 -60 0 60 120 180 240 300 360

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

d

b

c

a

 light onIn dark

 

 

D
e
c
o
lo
n
iz
a
ti
o
n
 e
ff
ic
ie
n
c
y
 C
/C

0

Irradiation time /min

 

S

N

N N
CH3

CH3

CH3

CH3

Page 30 of 34RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Fig.10 
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Table captions 

Table 1 The element distribution on the surface of CdS@yeast microsphere 

 

Table 2 Pseudo first-order kinetic constant k1 (in dark), k2 (light on) and Adj. R-Square R
2
 for 

decolorization of MB under different conditions 
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Table1 

 

Element C O Al P S Cd Au 

Weight 

percentage 
42.71 16.40 32.01 0.56 1.49 3.64 3.19 

Atom percentage 60.47 17.43 20.18 0.31 0.79 0.55 0.28 
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Table2 

Name 

Decolorization of 

MB by UV 

photolysis alone 

Decolorization of 

MB by yeast 

absorption and 

UV photolysis  

Decolorization of 

MB by 

CdS@yeast with 

visible light 

Decolorization of 

MB by 

CdS@yeast with 

UV light  

k1  (g/mg·min) 2.20×10
-5

 4.18×10
-3

 4.05×10
-3

 3.90×10
-3

 

R
2
 0.867 0.964 0.930 0.972 

k2  (g/mg·min)  5.9×10
-5

 1.40×10
-3

 6.61×10
-3

 12.0×10
-3

 

R
2
 0.856 0.601 0.997 0.994 
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