
S
c

S
a

b

a

A
R
R
2
A
A

K
C
X
A
P
T

1

r
f
r
m
a
m
u
t
s
s
[
r
o
e
b

(

0
d

Journal of Alloys and Compounds 513 (2012) 118– 124

Contents lists available at SciVerse ScienceDirect

Journal  of  Alloys  and  Compounds

j our na l ho me  p ag e: www.elsev ier .com/ locate / ja l l com

tructural,  optical  and  photoconductivity  characteristics  of  manganese  doped
admium  sulfide  nanoparticles  synthesized  by  co-precipitation  method

heo  K.  Mishraa, Rajneesh  K.  Srivastavaa,∗,  S.G.  Prakasha,  Raghvendra  S.  Yadavb,  A.C.  Pandayb

Department of Electronics & Communication, University of Allahabad, Allahabad 211002, India
Nanophosphor Application Centre, Department of Physics, University of Allahabad, Allahabad 211002, India

 r  t  i  c  l  e  i n  f  o

rticle history:
eceived 24 June 2011
eceived in revised form
8 September 2011
ccepted 3 October 2011
vailable online 17 October 2011

eywords:
dS
RD
nomalous photoconductivity

a  b  s  t  r  a  c  t

Mn-doped  CdS  nanoparticles  (NPs)  have  been  synthesized  by co-precipitation  method  and  effect  of  Mn
concentration  on the  structural,  photoluminescence  and  photoconductivity  properties  have  been  studied.
The X-ray  diffraction  (XRD)  patterns  show  that  the  synthesized  NPs  have  a cubical  (zinc blende)  phase.
The  clear  lattice  fringes  in  the  high-resolution  transmission  electron  microscopy  (HRTEM)  image, and
selected  area  electron  diffraction  (SAED)  patterns  with  bright  circular  rings  with  spots  further  confirms
cubical  nature.  The  estimated  average  particle  size  is  found  to  be ∼3.1  nm  by  TEM  image.  UV–visible
(UV–vis)  absorption  spectroscopy  is  used  to  calculate  band-gap  of  material  and  blue  shift  in  absorption
peak  indicates  quantum  size  confinement  effect.  In photoconductivity  study,  variation  of photocurrent
with  voltage  on  ln–ln  scale  is  found  to  follow  power  law  superlinearly  due  to injection  of  additional
charge  carriers  from  one  of  the  electrodes.  The  growth  and  decay  in photocurrent  spectra  exhibit  anoma-
L
EM

lous behaviors  which  may  be  attributed  to photo-induced  chemisorptions  of  oxygen  molecules  on surface
of NPs.  A  significant  improvement  in  photocurrent  has  been  observed  in  Mn-doped  CdS  NPs  with  concen-
tration  of  Mn  as  3 mol%  as compared  to un-doped  CdS  NPs.  Photoluminescence  (PL)  spectra  of  un-doped
as  well  as  Mn-doped  CdS NPs  have  one  emission  peak  centered  at ∼526 nm  whereas  Mn-doped  CdS  NPs
show one  additional  emission  peak  centered  at ∼575  nm  which  may  be assigned  to 4T1 → 6A1 transitions
of  Mn2+.
. Introduction

Currently, a nanometer-sized material is a subject of intensive
esearch for their potential applications in the fabrication of
unctional nanodevices [1–4]. Due to large surface to volume
atio and quantum confinement effects, the electronic, optical and
agnetic properties of nanometer-sized materials get significantly

ltered as compared to their bulk counterparts. Nanometer-sized
aterials such as ZnO, ZnS, CdO and CdS have been successfully

sed in a number of applications such as transistor, light emit-
ing diodes (LED) and nanolasers [1,2,5–7]. Among these II–VI
emiconductor compounds, CdS is a direct band gap (∼2.42 eV)
emiconducting material with exciton binding energy as 28 meV
8]. It has promising applications in optoelectronics, solar cells, X-
ay detectors and photoconductive devices [1–7,9].  Doping is one

f the most intensively used methods to modify the luminescence,
lectrical and optical properties of semiconducting nanomaterials
y introducing traps and discrete energy states in the band gap
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for the excited electrons. Doped II–VI semiconductor materials
with transition metal ions (Cu, Fe, Co, Ag and Mn)  have attracted
researchers and scientific communities as their incorporation leads
to tailored structural, optical and luminescence properties [10–12].
Mn-doped CdS NPs have got much attention due to modified struc-
tural, electrical and luminescence properties [13–19].  Un-doped
as well as Mn-doped CdS NPs are synthesized by co-precipitation
method, sonochemical method, sol–gel method and reveres
micelles method, etc. [14–20].  Co-precipitation method is simple,
inexpensive and high yield producing method. In the present work,
we have synthesized CdS and Mn-doped CdS nanoparticles by
co-precipitation method and structural, photoluminescence and
photoconductivity properties have been investigated. Photocon-
ductive materials usually exhibit an increase in conductivity under
illumination which is a direct result of the absorption of photon
energy greater than band-gap of material. This phenomenon is
known as positive photoconductivity. Though most of semicon-
ductors are found to exhibit positive photoconductivity [21–28],
there are several reports on anomalous photoconductivity (APC)

wherein the conductivity decreases even under steady illumina-
tion. ZnO nanowire and nanoparticles, Co-doped ZnO nanobelts,
TiO2 nanocrystalline, CeO2 NWs, ZnO NPs in a SiO2 matrix, PVA
capped ZnO NWs  in air [29–38],  etc. have been reported to exhibit
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Fig. 1. (a) Powder XRD pattern of un-doped and Mn-doped CdS NPs with different
S.K. Mishra et al. / Journal of Alloy

nomalous photoconductivity. The synthesized CdS and Mn-doped
dS NPs are found to exhibit anomalous photoconductivity.

. Experimental

.1. Chemicals

Cadmium acetate dehydrate (Cd(CH3COOH)2·2H2O), sodium sulfide (Na2S),
anganese acetate (Mn(CH3COO)2·4H2O) are procured from E. Merk Ltd. Mumbai,

ndia. All the chemicals are of high purity (99.999%) and are A.R. grade. These are
sed directly without any special treatment.

.2. Sample preparation

In a typical experiment, cadmium acetate dehydrate (Cd(CH3COOH)2·2H2O)
s  mixed in 50 ml  of ethanol. In the above 50 ml  solution, aqueous solution of
odium sulfide (Na2S) is added drop wise to form CdS NPs. Manganese acetate
Mn(CH3COO)2·4H2O) is used with cadmium acetate (Cd(CH3COOH)2·2H2O) to pre-
are  Mn-doped CdS NPs. Finally, the obtained product is washed with ethanol
everal times and is dried in vacuum oven at 40 ◦C for 4 h.

.3. Instrumentation

The crystal structures of un-doped as well as Mn doped CdS NPs have been
haracterized by X-ray diffraction (XRD), using Rigaku D/MAX- 2200H/PC, Cu K�
∼1.5404 Å) radiation. Techni-G20 Stwin Transmission Electron Microscope has
een used for recording TEM image. UV–visible absorption spectrum has been
ecorded using Perkin Elmer LS-35 spectrometer. The FTIR spectrum has been
ecorded on ABB FTLA 2000 FTIR spectrometer (Canada) in the wavenumber range of
000–500 cm−1 on pellets obtained by mixing the sample in KBr. For photoconduc-
ivity measurements, a cell type device is used. The cell is formed by putting a thick
ayer of powdered sample in between two Cu electrodes having a spacing of 1 mm.
he powdered layer is pressed with a glass plate for providing illumination area of
.25 cm2. The cell is mounted in a dark chamber. The light illumination is allowed to
all over the cell with a slit. The Hg lamp of 300 W is used as photo-excitation source
t  490 nm excitation wavelength. A stabilized dc field (50–500 V/cm) is applied
cross the cell. For dark-current versus voltage (Idc–V) measurements, the cell is
rst kept in the dark for several hours. Voltage dependence of dark-current and
hotocurrent is measured using a digital dc nano-ammeter. The time-resolved rise
nd decay of photocurrent spectra are recorded using RISH Multi 15S with adapter
ISH  Multi SI-232. The spectral response of photocurrent is measured at a fixed bias
oltage of 30 V by illuminating the cell with wavelengths of visible light using a set
f  filters (405 nm,  436 nm,  490 nm,  546 nm,  580 nm, 610 nm and 691 nm)  and an Hg
amp source of 300 W.  All the observations have been recorded at room temperature
n  ambient air.

. Results and discussion

.1. Structural study

Fig. 1(a) shows XRD patterns of un-doped CdS as well as Mn-
oped CdS NPs. XRD patterns are broadened as compared to those
f bulk CdS which is confirmation of nano-sized particles formation.
ll the peaks corresponding to (1 1 1), (2 2 0), (3 1 1) of un-doped as
ell as Mn-doped CdS can be indexed to cubical zinc blend struc-

ure [37–41].  The lattice constants (a = c) are calculated for the most
rominent peaks (Table 1) which are found to be close to standard
alues for the CdS phase in the JCPDS data (JCPDS card no: 10-454)
42]. The lattice parameters for the cubical zinc blend phase are
alculated using formula [43] (1/d2) = (h2 + k2 + l2/a2) where ‘a’ is
attice parameter, dhkl is the interplaner separation correspond-
ng to Miller indices (h, k and l) which are given in Table 1. The
verage crystallite size (D) of un-doped as well as Mn-doped CdS
Ps is estimated using Scherer’s formula [43,44] D = (0.9�/  ̌ cos �)
here, D is crystallite size, � is X-ray wavelength of Cu K� radi-

tion, ˇ is full width at half maxima [FWHM] in radians, and �
s Bragg’s angle. The estimated average crystallite size of these
Ps is given in Table 1. No diffraction peak associated with Mn

elated compounds is observed which may  be due to low Mn  con-

entration. It is found that the variation in the lattice constants of
n-doped CdS NPs are different as compared to that of un-doped

dS NPs which may  be attributed to difference in ionic radii of Cd
nd Mn  (r2+

Cd = 0.98 Å and r2+
Mn = 0.66 Å ). Variation of crystallite
doping levels of Mn,  (b) variation of crystallite size of CdS:Mn NPs with different Mn
doping levels.

size determined by Scherer’s formula with different Mn concen-
trations is shown in Fig. 1(b). It is found that the CdS:Mn (1 mol%)
NPs are smaller than un-doped CdS NPs. CdS:Mn (3 mol%) NPs are
of reduced size as compared to CdS:Mn (1 mol%). At high concen-
tration of Mn,  CdS:Mn (5 mol%) are found to be larger than CdS:Mn
(3 mol%). At low concentration, Mn2+ ions replace Cd2+ ions inside
the nanoparticles. As the radius of Mn2+ ion (0.66 Å) is smaller than
that of Cd2+ (0.98 Å), the size of nanoparticles reduces. If Mn con-
centration is increased further, the Mn2+ ions start replacing Cd2+

ions residing at surface of the nanoparticles which further reduces
the size of nanoparticles. At high concentration of Mn  (5 mol%),
Mn2+ ions are supposed to reside on the surface forming Mn–Mn
complexes. As Mn2+ ions are not replacing any Cd2+ ions, the size
of the nanoparticles increases.

3.2. Morphology study

The morphology of CdS:Mn (3 mol%) NPs having parti-

cle sizes 2–5 nm are shown in Fig. 2(A). It is well evident
that the particles are spherical in nature with little agglom-
eration and good crystallinity. Fig. 2(B) exhibits the particle
size distribution histogram and corresponding Gaussian curve
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Table  1
The 2� values corresponding to peaks, d-spacing of the planes, miller indices, average crystallite size, and lattice constants.

Mn-doping in CdS Positions [2�] d-Spacing [Å] h k l Average crystallite size (nm) a = c [Å]

0 mol% Mn  26.640 3.343 1 1 1 3.66 ± 1.12 5.79024
–  43.987 2.057 2 2 0 –
–  52.041 1.756 3 1 1 –
1  mol% Mn 26.492 3.362 1 1 1 3.44 ± 0.98 5.82314
– 43.883 2.061 2 2 0 –
–  52.218 1.750 3 1 1 –
3–mol%  Mn  26.478 3.363 1 1 1 3.02 ± 1.15 5.82488
–  43.676 2.071 2 2 0 –
–  52.135 1.753 3 1 1 –

fi
3
H
t

F
c

5  mol% Mn 26.561 3.353 

– 44.215 2.007 

– 52.188 1.751 
tting of CdS:Mn (3 mol%) NPs. An average particle size of
.08 ± 0.053 nm is determined from particle size histogram.
RTEM image and selected-area electron differaction (SAED) pat-

ern (Fig. 2C and D) indicate that the Mn-doped CdS NPs are

ig. 2. (a) TEM image of CdS:Mn (3 mol%) NPs synthesized by co-precipitation method, (b
urve fit, (c) high resolution TEM (HRTEM) image and (d) selected area electron diffractio
1 1 1 3.31 ± 0.92 5.80756
2 2 0 –
3 1 1 –
cubical (zinc blende) polycrystalline material with diffuse halo
type pattern, which are indicative of the reduction of parti-
cles (small size). The SAED patterns is used to know the type
of crystalinity, i.e., single crystalline, polycrystalline and difuse

) histogram representation of particle size distribution and corresponding Gaussian
n (SAED).
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ig. 3. UV–visible absorption spectrum of un-doped and Mn-doped CdS NPs syn-
hesized by co-precipitation method. The inset shows plot of (˛h�)2 vs. (h�) CdS:Mn
3  mol%).

olycrystalline-textured similar to amorphous nature [45,46].
he estimated average particle size of these spherical NPs
3.08 ± 0.053 nm)  from histogram is similar to those obtained by
RD.

.3. UV–vis absorption spectra study

The UV–vis absorption spectra of un-doped as well as Mn-doped
dS NPs are shown in Fig. 3. The absorption edge of bulk CdS is
eported as 512 nm (2.42 eV) [47] while that of un-doped as well
s Mn-doped CdS NPs is found at lower wavelengths. The absorp-
ion coefficient (˛) is calculated using absorption data and formula
47]  ̨ = A (h� − Eg)n/h� where, A is a constant, Eg is optical band
ap of the material and n depends on the type of transition. In
ur case we have direct allowed transitions with n = 0.5. The opti-
al band gap is determined by extrapolating the plot of (˛h�)2 vs.
�, which is found to be 2.91 eV for CdS:Mn (3 mol%) as shown
n inset of Fig. 3. Particle size of CdS:Mn (3 mol%) is calculated
sing effective mass approximation (EMA) formula [48,49]:�Eg =
h̄2�2

2�d2

]
− 1.8e2

Pd − 0.248ER

where �Eg = En − Eb is change in band gap due to quantum con-
nement, En and Eb are band gaps of nano and bulk CdS respectively,
R is effective Rydberg energy, d is particle radius, P is permittivity
f space with value as 5.5, �m is the combined effective mass of elec-
rons and holes (1/�m = 1/me + 1/mh). The values of effective mass
f electron and hole in CdS nanoparticles are approximatly 0.19 m0
nd 0.8 m0 respectively, where m0 is free electron mass. The first
erm in the EMA  equation represents the electron–hole pair con-
nement kinetic energy, the second term is Coulomb interaction
nergy between electron and hole, and the last term is the result
f the correlation effect. The calculated particle radius of CdS:Mn
3 mol%) NPs is found to be around 2 nm which is very close to
article size estimated by TEM micrograph as well as by XRD. As
he Bohr exciton radius for CdS is 5.8 nm [40], this result is an evi-
ence of strong quantum confinement in Mn-doped CdS NPs and
s indicative of increase in band gap with decrease in particle size.
n semiconductor materials confinement effects are strong for the
article having radius r, significantly smaller than the Bohr exciton
adius, i.e., r � aB, and intermediate confinement for those having
Fig. 4. PL spectra of Mn-doped CdS NPs synthesized by co-precipitation method.
The inset shows the PL spectrum of un-doped CdS NPs.

r ∼ aB while weak confinement for the particles having radius few
times larger than Bohr radius, aB, i.e., r � aB.

3.4. Photoluminescence study

In photoluminescence, an electron excited by photon of fixed
energy undergoes radiative recombination either at valence band,
i.e., band edge emission or at surface/trap states within the for-
bidden gap [50]. In CdS NPs, the possible defects are cadmium
vacancies (VCd), sulfur vacancies (Vs), cadmium interstitials (I+Cd)
and sulfur interstitials (I−s ) [15,20]. Fig. 4 shows the photolumi-
nescence spectra of undoped as well as Mn-doped CdS NPs at
room temperature with excitation wavelength of 437 nm. The PL
spectrum of CdS NPs shows emission peak at ∼526 nm (∼2.35 eV).
However, Mn-doped CdS NPs exhibit two major emission peaks,
a broad emission peak centered around at ∼526 nm (∼2.35 eV)
and one emission peak at ∼575 nm (∼2.15 eV). The green emis-
sion at ∼526 nm is due to radiative recombination of electrons
and holes via the surface/defect states present in the NPs [50,51].
The reduced PL intensity of green emission indicates transfer of
energy from excited carriers trapped at the surface to Mn2+ ions.
The orange emission ∼575 nm is due to 4T1 → 6A1 transition of
Mn2+ [15,20,50–54]. Maximum orange emission intensity is found
for 1 mol% Mn  concentration. Orange emission intensity decreases
when the Mn2+ content is increased beyond this limit, which may
be attributed to Mn–Mn  interactions. Taguchi et al. [55] has also
reported that at high concentration (above 2–3 mol% Mn ions),
Mn–Mn  interactions cause reduction in luminescence activities.
Variation as slight reduction in intensity of emission at ∼575 nm
is being accompanied by a small increase in intensity of emission
at ∼526 nm.  High concentration of Mn  doping helps formation of
defect states responsible for emission at ∼526 nm.

3.5. Photoconductivity study

3.5.1. Voltage dependence of photocurrent
Fig. 5 shows variation of photocurrent with applied voltage
for un-doped CdS as well as Mn-doped CdS NPs on ln–ln scale.
The variation of photocurrent, Ipc with applied voltage is found
to have two straight line segments for both un-doped CdS as
well as Mn-doped CdS NPs and can be expressed by power law,
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NPs are higher than photocurrent found in un-doped CdS NPs.
In CdS:Mn (5 mol%) NPs, this is close to the initial value in un-
doped CdS NPs (Table 2). Variation of initial value of photocurrent

Table 2
Maximum dark-current, stabilized dark-current before light is switched on, and
maximum photocurrent of un-doped and Mn-doped CdS NPs.

Mn-doping in
CdS

Max. dark-current
(nA)

Stabilized
dark-current (nA)

Max. photocurrent
(nA)
ig. 5. Variation of photocurrent with voltage on ln–ln scale for un-doped and Mn-
oped CdS NPs at room temperature.

 ∝ Vr, where ‘r’ represents slope of each segment. Both segment
f photocurrent for un-doped as well as Mn-doped CdS NPs show
uperlinear behavior (r > 1). It indicates that the additional charge
arriers are being injected from one of the electrodes [54–57].

.5.2. Time-resolved photocurrent rise and decay spectra
The doping effect of Mn  has been studied by investigating the

ime-resolved rise and decay of photocurrent spectra of CdS NPs.
ig. 6(a) shows the rise and decay of photocurrent spectra for
n-doped as well as Mn-doped CdS NPs, measured at room tem-
erature under visible illumination (490 nm). The variation of dark-
urrent with time before light illumination for un-doped and Mn-
oped CdS NPs is shown in Fig. 6(b). The dark-current is measured
ntil it gets stabilized. CdS NPs are usually n-type semiconductors
ue to sulfur vacancies and other native defects. These vacancies
nd native defects act as active sites for the adsorption of oxygen
nd water molecules. These surface-adsorbed oxygen and water
olecules largely affect the dark and photoconductivity behavior

f nanostructured materials because of their high surface to volume
atio [26]. The increase or decrease in dark-conductivity depends on
he dominance of one of the two processes, i.e., adsorption of oxy-
en and desorption of oxygen. Oxygen molecules are first physically
dsorbed onto the CdS NPs surface and then the chemisorptions
rocess takes place by capturing free electrons. The process of
dsorption of O2 may  be represented by O2 + 4e− = 2O2−, that cre-
tes a depletion layer in the near-surface region of the nanoparticles
esulting in a decrease in free charge carriers [58]. On the contrary
ree charge carriers increases due to desorption of O2. In un-doped
dS as well as Mn-doped CdS NPs, dark current is initially high,
hich may  be attributed to field induced desorption of oxygen
olecules because the electric field appears to assist the process

f desorption of oxygen [59,60].  With time dark current decreases
nd eventually it gets stabilized. This decrease in dark-conductivity
s ascribed to dominance of the process of chemisorptions of oxygen
fter initial dominance of the process of field-assisted desorption
f oxygen [59,60].  The stabilized dark-current in CdS:Mn (1 mol%)
nd CdS:Mn (3 mol%) NPs are higher than dark-current found in
n-doped CdS NPs. In CdS:Mn (5 mol%) NPs, this is close to sta-

ilized dark-current in un-doped CdS NPs. After doping of Mn,
ark-conductivity in CdS:Mn (1 mol%) increases due to increase

n thermally activated free carriers released from defect states
ntroduced by incorporation of Mn  inside the CdS NPs. At higher
Fig. 6. (a) Time-resolved rise and decay photocurrent spectra of Mn-doped CdS NPs
(inset figure shows rise and decay photocurrent spectrum of CdS NPs), (b) variation
of  dark-current with time before illumination.

concentration of Mn  (3 mol%), more defect states are introduced
contributing more to the dark-conductivity. When concentration
of Mn  is high (5 mol%), due to Mn–Mn  interaction, concentration
of defect states are supposed to get reduced thereby reducing the
dark-conductivity in CdS:Mn (5 mol%) [55]. When the visible light
is switched on, free carriers are generated due to absorption of pho-
tons of sub band-gap energy causing increase in current. Initial
value of photocurrent in CdS:Mn (1 mol%) and CdS:Mn (3 mol%)
0 mol% Mn 240 130 196
1  mol% Mn 750 360 575
3  mol% Mn  12,500 6200 6800
5 mol% Mn 190 90 200
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Fig. 7. FTIR spectrum of CdS:Mn (3 mol%) nanoparticles.

ith concentration of Mn  is associated with variation of dark-
urrent in Mn-doped CdS NPs. All the samples are found to exhibit
nomalous photoconductivity wherein the photocurrent decreases
nder steady illumination. With time, photocurrent drops below
he stabilized dark-current resulting in negative photoconductiv-
ty (NPC). Such anomalous photoconductivity may  be attributed
o dominance of the process of photo-induced chemisorptions
f oxygen molecules. The anomalous photoconductivity may  also
e attributed to photo-induced desorption of chemisorbed water
olecules [61]. Peng et al. [34] have reported similar anoma-

ous behavior of photocurrent in Co-doped zinc-oxide nanobelts
nd explained it on the basis of photo-induced desorption of
hemisorbed water molecules. The presence of oxygen and water
olecules on the surface of Mn-doped CdS NPs is confirmed by FTIR

nalysis of Mn-doped CdS NPs as shown in Fig. 7. A series of absorp-
ion peaks from 500 to 4000 cm−1 can be found, corresponding to
he vibration mode of adsorption. Peaks between 600 and 800 cm−1
re due to oxygen stretching vibration. It is well-known that oxy-
en adsorbs on the surface in several forms like O2, O2

2−, O2
−, O−,

nd O2− depending on the adsorption capability of semiconductor

ig. 8. Spectral response of un-doped and Mn-doped CdS NPs synthesized by co-
recipitation method.

[

[
[
[

[

[

[

[
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and experimental conditions [62]. A broadband at 3200–3600 cm−1

is assigned to the O–H stretching mode of hydroxyl group [63].

3.5.3. Spectral response of photocurrent
Fig. 8 shows the wavelength-dependent photocurrent spectra of

un-doped as well as Mn-doped CdS NPs by illuminating the sam-
ples with light in visible range (400–700 nm). Photocurrent spectra
of un-doped CdS and Mn-doped show a broad band from 450 to
550 nm which is consistent with the UV–visible absorption spectra
(Fig. 3). Photocurrent spectra of Mn-doped CdS NPs show an addi-
tional band from 550 to 580 nm,  which may  be attributed to defect
states due to doping of Mn.

4. Conclusions

We have studied photoconductivity and photoluminescence
properties of un-doped as well as Mn-doped CdS NPs with particle
size lying in the range of 2–5 nm synthesized by co-precipitation
method. XRD, TEM and HRTEM patterns of CdS:Mn NPs confirm
the cubical structure with good crystallinity. High-resolution TEM
images show clear lattice fringes. The Bright rings and discrete light
spots in selected area electron diffraction (SAED) patterns reveal
diffuse polycrystalline-textured cubic nature. UV–visible absorp-
tion spectra of un-doped as well as Mn-doped CdS NPs show blue
shift as compared to their bulk counterpart. Both un-doped as well
as Mn-doped CdS NPs show PL emission peak centered at around
526 nm.  This green emission may  be due to radiative recombina-
tion of electrons and holes via surface or defect states present in the
NPs. The Mn-doped CdS NPs exhibit one additional emission peak
centered at around 575 nm which is attributed to 4T1 → 6A1 tran-
sitions of Mn2+. Un-doped as well Mn-doped CdS NPs are found to
exhibit an anomalous photoconductivity which may  be attributed
to dominance of the process of photo-induced chemisorption of
oxygen molecules on surface of NPs. Improvement in photocur-
rent has been observed in CdS:Mn (3 mol%) nanoparticles which
is one order of magnitude higher as compared to photocurrent in
un-doped CdS NPs.
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