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Abstract - Elegant Bi,S; were prepared via simple
precipitation method by different capping agent and doping. The
synthesized powders were characterized by X-ray diffractometry
(XRD), scanning electron microscopy (SEM), Dynamic Light
Scattering (DLS) and Ultraviolet and visible spectroscopy (UV-Vis).
The formation mechanism of the Bi,S; nanostructures with
different morphologies was discussed.
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|. INTRODUCTION

Nano-sized materials exhibit novel physical, chemical
and biological properties compared with their bulk
counterparts due to high specific surface area, small particle
size, reduced number of free electrons and possible
guantum confinement effect.

Semiconductor nano-particles are of particular interest for
both, fundamental research (e.g. for quantum size
phenomena) and technology. Due to their low production
costs, simple handling and novel size dependent properties,
unlike their bulk counterparts, they have become potential
candidates for technological applications like Photo catalytic
applications, Opto-electronic devices, Solar Cells, Single
Electron Tunneling devices, and computing devices.

In the past few years AVZBV'3 (where A= As, Sh, Bi and B =S,
Se, Te), have received ever increasing attention as valuable
semiconductors. As a representative of good semiconductor,
Bismuth Sulphide (Bi,S;) has been attracting a considerable
interest owing to its potential application in thermoelectric,
electronic and optoelectronic devices and IR spectroscopy,
etc.

In addition, it has an energy band gap of 1.3 to 1.7 eV, which
is suitable for making photodiode arrays and photovoltaics. A
band gap can be tuned depending on the size of the
subcomponents.

A. Synthesis using precipitation method

Samples were prepared by precipitation method. Total
seven samples were made. Those are listed as below.

1) Bi,S; by CTAB as capping agent

2) Bi,S; by UREA as capping agent

3) Bi,S; by TEA as capping agent

4) Bi,S; by CTAB as capping agent with doping of Co™
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5) Bi,S; by CTAB as capping agent with doping of Ni*?
6) Bi,S; by UREA as capping agent with doping of Ni*
7) Bi,S; by TEA as capping agent with doping of Ni*

Bi,S; with Cetyl TriMethyl Ammonium Bromide (CTAB) as

Capping Agent

1) 2 mmol Bismuth Chloride (Bi,Cl;) was dissolved in to
distilled water at room temperature and then
hydrochloric acid (HCI, 6M) was added drop wise until a
clean solution was formed.Another solution was formed
with 2 mmol CTAB dissolved in water. These two
solutions were mixed and stirred vigorously for 30
minutes to gives white precipitates of BiCl, CTA".. 1.588
gm of the obtained BiCl, CTA" precipitates was dissolved
in 200ml conductivity water.

2) 25ml from this dissolved mixture was taken and 150 ml
Methanol was added in it.

3) 1.3 gm Na,S was dissolved in 25ml conductivity water.
This solution was added drop wise into the above
mixture containing Methanol to obtain brown black
precipitates of Bi,Ss.

4) The concentration of Na,S was reduced four times and
the same procedure as above was repeated.

For doping Ni** and Co™

1) 0.794 gm BiCl, CTA" obtained from step 1 was taken and
dissolved in 75 ml conductivity water.

2) Similar to step 3, 0.325 gm Na,S was added in 25 ml
conductivity water.

3) 0.0209 CoCl, was added in the solution obtained in step
4.and Na,S solution was added drop wise under constant
stirring.

4) The above three steps were repeated for doping of Ni*
by using Nickel Acetate.

Bi,S; with UREA As Capping Agent:-

1) 0.73 g Bi (NO3); was dissolved in 50ml conductivity water.
2) To this mixture was added the solution obtained by mixing
0.6 gm of urea ((NH,),CO) in 25ml conductivity water.

3) 1.53 gm Na,S was dissolved in 25 ml conductivity water.

4) After the starting materials dissolved completely, the Na,S
solution was added drop wise into the Bismuth Nitrate
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solution under vigorous stirring. This whole mixture is
developed in a round bottom flask. This will give brownish
black precipitates of Bi,Ss.

Bi,S; with TEA as Capping Agent

1) Repetition of the step 2 by using 0.7 ml TEA instead of
UREA

2) Repetition of the same procedure to obtain nano Bi,Ss.

For doping of Ni*

1) Add 0.0212 gm nickel acetate to the solution obtained

from stepl and repeat the procedure.

2) Add 0.0212 gm nickel acetate to the solution obtained

from step5 and repeat the procedure.

B. analysis

XRD

Intansity(Arb, unit)
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Graph 1- X-ray diffraction pattern of Bi,S;

Experimental data

Corresponding to the 20 values, d values have been
calculated using the formula

nA =2d.sinB,. They have been matched with standard 26
values obtained from JCPDS card (17-0320). Some of the 26
values and d values for data available in JCPDS card and that
obtained for the synthesized sample are in good agreement.

Calculation of crystallite size

k=0.94(constant)

Table 1
dA° 1/l 20
2.7525 100 32.49
3.4424 88 25.85
2.6826 66 33.36
2.2048 32 40.88
1.9928 29 45.46
1.9443 47 46.66
1.8392 31 49.5
1.6932 39 54.1
1.6658 38 55.06
1.5734 39 58.6

Graph-1 shows the XRD pattern of Bi,Ss. It has several peaks
at different 20 values as mentioned in table 1.

A=1.54 A’
20 0 cos O FWHM (B) L=k A/B cos ©
(nm)
32.4898 16.2449 0.9601 0.2099 64.5
25.85 12.925 0.9746 0.4432 23.38
Table-2

The peaks show some broadening .The FWHM values for
peaks at 20 values 32.48 and 25.85 have been found to
around 0.21 and 0.44 respectively. The crystallite size
calculated by Scherrer formula L=k A/B cos 0 using these
values of FWHM are given in table 2.

Scanning Electron Microscope (SEM)

S i
= ﬁs 1oLV
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The image in Figure 2 for a scale of 500 um distinctly shows
the random nature of particles, many of whom are identical.
It shows the size distribution in the synthesized sample. The
size variation is seen to be very wide.

The second image in Figure 3 at the scale of 100 um
reinforces the above contention. The wide variation in size is
more evident in this image.

Figure 4 focuses on the closer features of the individual
chunks, which shows cracks, voids and certain degree of
porosity.

A further close investigation in the image of Figure 5
indicates the agglomeration of smaller features.

Dynamic Light Scattering Result
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Graph 6- Bi,S; with capping agent CTAB
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Flgure 5 SEM images of Bi,S; with CTAB as capping agent T I
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The samples were subjected to Scanning Electron er 0 ol 1m4 o ol ond W o0
Microscopy on a machine of  JOEL make (M/s. Japan 88 0 0| 1738 5 1| 3435 0 100
: M5 0 0| 2278 11 3| 45084 0 1m0
Electronics) model JSM-5610 LV. The scans were taken for 151 0 ol S8 m 8l esse o 100

different resolutions and scales as shown in the above
images (figure 2 to 5 SEM images of Bi,S; with CTAB as Graph 7- Bi,S; with a capping agent UREA
capping agent). Here the accelerating potential is 15 KV. It

shows wide variation in diameter. The hazy images are due

to accumulation of surface charges.

The images are of a single specimen PNS — 1. As the original

sample was very small in quantity, it was prepared again.

The repeated sample was given for SEM analysis.
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Graph 8- Bi,S; with capping agent CTAB and doping of Ni*
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Graph 9- Bi,S; with capping agent TEA and doping of Ni*
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Graph 10- Bi,S; with capping agent CTAB and doping of Co™

In dynamic light scattering the samples were dispersed in
distilled water. In the above tables, d(nm) indicates the
diameter of the particles, G(d) stands for the group
distribution in terms of size the particles and C(d) indicates
the intensity. On the right side of the each figure the bar
graph is shown.

Graph | Mean particle size Size range
(nm) (nm)
1 1039.3 1026.6 to 1052.8
2 1227 173.6 to 2620.4
3 4780.7 249.3t0471.1
7752.3 to 10000
4 6248.3 622.1to0 925
8200 to 10000
5 396.1 57.2t074.5
333t0517.2

Graph 6 shows the DLS of Bi,S; with capping agent CTAB.
Here the mean size of particles is 1039.3nm and the particle
size varies from 1026.6 nm to 1052.8 nm. The graph is a
straight line. It can be easily concluded that the material is
mono disperse. The size distribution is in a very short range
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and the average of the group distribution is around
1039.6nm.

Graph 7 shows the DLS of Bi,S; with a capping agent UREA.
The mean size of the particles is 1227nm and the size
distribution is from 173.6 to 2620.4nm. From the graph it 53 UV-Visible spectra of BL,S,
can be concluded that there is a wide variation in the Yo,
particle size with average around 1522.7 nm.

Graph 8 shows the DLS of Bi,S; with capping agent CTAB and
doping of Ni** Here the size distribution of the particles is in
two range as shown in the table. The first range is from
249.3 to 471.1nm and the second range from 7752.3 to
10000nm. There are no particles in between these range.
Hence mean size of the particles is 4780.7 nm. The bar chart 05+
clearly indicates the dual size distribution.

Graph 9 shows the DLS of Bi,S;with capping agent TEA and 00
doping of Ni*? . Here also, the size distribution of the T SR L e e e
particles is in two range as shown in the table. The first M M R RS R W
range is from 622.1 to 925 nm and the second range from
8200 to 10000nm. Hence mean size of the particles is 6248.3
nm. Figure 12- Bi,S; with UREA as capping agent
Graph 10 shows the DLS of Bi,S; with capping agent CTAB

and doping of Co"™ . Here, the dual distribution is between

57.2 to 74.5 nm and 333 to 517.2 nm. The mean size of the

particles is 396.1 nm.

synthesized by precipitation method

absoption (arb.unit)

wavelength (nm)

Ultraviolet and Visible Spectroscopy (UV-Vis)

UY-Visible spectra of B1 S
synthesized by precipitaton method
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Figure 13- Bi,S; with CTAB as capping agent with doping of
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Figure 11- Bi,S; with TEA as capping agent
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Figure 14- Bi,S; with CTAB as capping agent
Figure 16- Bi,S; with UREA as coping agent with doping of
Ni*
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Figure 15- Bi,S; with CTAB a;i(i?pplng agent with doping of Figure 17- Bi,S; with TEA as capping agent with doping of

Ni*?
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Graph 18-band gap measurement

Figure 11 to 18 show the UV-Visible characteristics of the
synthesized Bi,S; samples. The samples are allowed to
disperse in the methanol.

In fig.-11 the maximum peak is seen at wavelength 205 nm.
At this wavelength the absorbance is at 2.459 unit. The
second peak at 279 nm which shows absorbance is at 0.488
unit.

In fig.-12 the maximum peak is seen at wavelength 207
nm.At this wavelength the absorbance at 2.973 unit. The
second peak at 278 nm which is seen absorbance at 0.127
unit.

In fig.-13 the maximum peak is seen at wavelength 202
nm.at this wavelength the absorbance is at 1.932 unit. The
second peak at 270 nm which shows absorbance at 0.589
unit.

In fig.-14 the maximum peak is seen at wavelength 201
nm.at this wavelength the absorbance is at 0.955 unit. The
second peak at 281 nm which shows absorbance at 0.12 unit.
In fig.-15 the maximum peak is seen at wavelength 203
nm.at this wavelength the absorbance is at 1.876 unit. The
second peak at 281 nm which shows absorbance at 0.282
unit.

In fig.-16 the maximum peak is seen at wavelength 203
nm.at this wavelength the absorbance is at 1.876 unit. The
second peak at 277 nm which shows absorbance at 0.289
unit.

In fig.-17 the maximum peak is seen at wavelength 202
nm.at this wavelength the absorbance at 3.5 unit. The

second peak is at 280 nm which shows absorbance at 0.488
unit.
By graphical analysis, the band gap of the material for a

typical sample has been found to be around 2.5 eV.

REFERENCES

1. LiuZhaoping, Liang Jianbo, Li Shu, Peng Sheng, Qian, Synthesis and Growth
Mechanism of Bi2S3 Nanoribbons, Chem. Eur. J., 2004, 10, 634-640.

2. Lliu.Z, PengS, Xie Q. Hu Z, Yang Y, Zhang S, Qian Y, Large-Scale Synthesis of
Ultralong Bi2S3 Nanoribbons via a Solvothermal Process, Adv. Mater.,
2003, 11,936 -940 .

3. Liao Xue-Hong, Wang Hui, Zhu Jun-Jie, Chen Hong-Yuan, Preparation of
Bi2S3 nanorods by microwave irradiation, Materials Research Bulletin,
2001, 36,2339-2346.

4. Zhang Hong, Wang Lijiu, Synthesis and characterization of Bi2S3 nanorods
by Solvothermal method in polyol media, Materials Letters, 2007, 61,
1667-1670

5. Y.Xia, P.Yang, Y. Sun, Y. Wu, B. Mayers, B. Gates, Y. Yin, F. Kim, and H. Yan,
Adv. Mater. 15, 353 (2003)

6. X.Cao, L. Li,andY. Xie, J. Colloid. Interf. Sci. 273, 175 (2004)

7. B. Gates, B. Mayers, B. Cattle, and Y. N. Xia, Adv. Funct. Mater. 12, 219
(2002).

8. C.A.Haberzettl, Nanotechnol. 13, R9 (2002).

9. S.K.Srivastava, M. Pramanik, D. Palit, and H. Haueseler, Chem. Mater. 16,
4168 (2004).

10. H. Cui, X. Liu, X. Li, J. Wang, F. Han, and X. Zhang, J. Solid. State Chem. 177,
4001 (2004).

11. D. Arivuoli, F. D. Gnanam, and P. Ramasamy, J. Mater. Sci. Lett. 7, 711
(1998).

12. B. B. Nayak, H. N. Acharya, G. B. Mitra, and B. K Mathur, Thin. Solid Films
105, 17 (1983).

13. Y. Xia, P. Yang, Y. Sun, Y. Wu, B. Mayers, and B. Gates, Adv. Mater. 15, 353
(2003).

14. Y. W. Koh, C. S. Lai, A. Y. Du, E. R. T. Tiekink, and K. P. Loh, Chem. Mater.
15, 4544 (2003).

15. C. H. Ye, G. W. Meng, Z. Jiang, Y. H. Wang, G. Z. Wang, and L. D Zhang, J.
Am. Chem. Soc. 124, 15180 (2002).

16. Y. Yy, C. H. Jin, R. H. Wang, Q. Chen, and L. M. Peng, J. Phys. Chem. B. 109,
18772

17. J. Dutta & H. Hofmann: NANOMATERIALS.]

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
International Journal in Physical & Applied Sciences

http: //www.ijmr.net.in email id- irjmss@gmail.com

Page 65



http://www.ijmr.net/
mailto:irjmss@gmail.com

