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ABSTRACT 

In this study, we investigated the impact that the incorporation of a magnetic field has on the properties of cadmium sulfide CdS 
nanoparticles as well as the performance of an n-CdS/p-Si heterojunction photodetector that was developed by the use of the pulsed 
laser ablation in a liquid method. Nd:YAG laser pulses (1.064 μm, 550 mJ) were utilized to ablate cadmium sulfide CdS nanoparticles 
in water. The synthesized nanoparticles were shown to have a polycrystalline hexagonal structure, as evidenced by the findings of 
the X-ray diffraction experiment, the crystallite size for cadmium sulfide CdS decreased from 4.611 nm to 4.518 nm. The lattice 
constants of cadmium sulfide CdS nanostructures were determined to be a = 4.1302, c = 6.702, and c/a=1.622. The strain and 
dislocation density of cadmium sulfide CdS exhibited an increase. Images taken from a field emission scanning electron microscope 
demonstrated the formation of spherical nanoparticles on the surface. A magnetic field was applied, increasing the CdS film's 
crystallinity. As a consequence of this enhancement, the particle size of the CdS decreased from 25.18 nm to 12.17 nm. A comparison 
was made between this and the size of the crystallites that appeared when no magnetic field was present. The EDS spectrum of 
magnetically prepared cadmium sulfide CdS films indicates the presence of Cd and S, and the weight percentage ratios [Cd]/[S], 
increase from 3.72 to 3.80. The transmission electron microscopy (TEM) pictures of CdS samples that were generated using a 
magnetic field contained particles of small size with a mean of 10.10 nanometers. From the FT-IR spectra of cadmium sulfide CdS 
prepared using a magnetic field within 400–4000 cm−1, the peaks (bands) of cadmium sulfide CdS at 617 cm−1 represent the 
bending vibration of Cd-S.  As a result of the influence of a magnetic field, the optical energy gap of CdS nanoparticles increased from 
2.30 eV to 2.72 eV, as indicated by the UV-Vis study. From PL emission spectra the values of the energy band gap of cadmium sulfide 
CdS increased from 2.45 eV at 505.7 to 2.47 eV when a magnetic field was applied. CdS NP films produced under the influence of a 
magnetic field were identified as having n-type characteristics by Hall effect assessments, Particle mobility was influenced by 
particle size. The effect of applying a magnetic field on the efficiency of the n-CdS/p-Si photodetector was investigated and analyzed. 
When a magnetic field was applied during ablation, the responsivity of n-CdS/p-Si heterojunction photodetectors increased from 
0.498 A/W to 0.830 A/W at 510 nm. This was the result of the application of the magnetic field. 
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1. INTRODUCTION 

Cadmium sulfide (CdS) is one of the most desirable types II 
and VI semiconductors because of its direct and wide (2.42 
eV) band gap at room temperature[1, 2]. CdS is a stable 
substance that enables visible emission with optical 
absorption at 515 nm. Huggins compared the distribution 
of electrons in the valance band of CdS and diamond when 
he began researching CdS in 1925. In 1947, the French 
synthesized CdS from Cd vapor and H2S and referred to it 
as incomplete phosphorus due to its lack of 
phosphorescence but strong photoconductivity[3]. CdS has 
two types of crystal structure, namely, wurtzite and zinc 
blend; wurtzite is the most stable and simplest phase to 
synthesize and is observed in bulk and nanostructures. By 
contrast, zinc alloy is utilized[4, 5]. CdS is not soluble in 
water but can be converted into soluble forms in dilute 
mineral acids. CdS demonstrates inherent n-type 
conductivity due to its significant band gap, which is 

 

crucial in various fields such as photonics, 
photoelectronics, photovoltaics, and photocatalysis [4]. 

Nano CdS exhibits distinct physical, chemical, and 
structural characteristics in comparison to its bulk form [4, 
6]. There are a number of different processes that can be 
utilised in order to produce nano-CdS. These include 
chemical colloidal, sol-gel, hydrothermal, micro-emulsion, 
and solvothermal techniques [3]. Among II–VI compounds, 
CdS is a viable candidate for visible radiation detection[2]. 
Nano CdS has the ability to be shaped into a wide variety of 
shapes, including crystals, spheres, nanowires, dendrites, 
and sea urchin like. 

Pulsed laser ablation in liquids (PLAL) is the most recently 
developed method for producing nanoparticles (NPs) and 
has received considerable attention as an innovative
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 technique[7]. PLAL is a physical method for the synthesis 
of NPs and does not involve any chemical reactions. It is 
environmentally friendly because of the lack of hazardous 
or toxic gases emitted[7]. This technique produces NPs in 
the form of a colloidal suspension and is safer than dry 
processing[7, 8]. Various parameters, including laser 
wavelength, laser energy, number of laser pulses, type of 
colloid solution, and pulse duration, can affect the 
characteristics of NPs synthesized using this method. This 
paper describes the synthesis of CdS NPs by ablation of a 
CdS target in distilled water with an Nd:YAG laser. The 
effect of magnetic field on the properties of NPs was 
determined and compared with published results. 

 
2. EXPERTIMENTAL PART 

CdS NP suspension was prepared by PLAL of CdS pellets at 
the bottom of a glass vessel with 2 mL of distilled water 
(DW) above the solid target. The target was created using 
99.99% high-purity powder cadmium sulfide from Sigma–
Aldrich with high-purity CdS. The distance between the 
solid target and the laser lens was 10 cm. A Q-switched 
Nd:YAG laser with a laser wavelength of 1064 nm was used 
to prepare colloidal CdS NPs at 300 pulses, 550 mJ laser 
energy, a laser frequency of 1 Hz, and with or without an 
external magnetic field by using four small external 
neodymium magnets of around 19 mT during laser 
ablation. The setup is shown in Figure (1). This was 
accomplished by positioning four magnets around the 
ablation vessel in such a way that the magnetic field was 
oriented at a right angle to the laser beam that was coming 
in. A Gauss and Tesla metre, more precisely the NVIS 621, 
was utilised in order to take the readings of the magnetic 
field. When it came to laser ablation with the assistance of 
a magnetic field, identical conditions were employed. The 
absorption spectra of the CdS NP solution were analyzed in 
the spectral region of (190–1100) nm under various 
conditions by using a spectrophotometer (model-
Shimadzu, 1800) with a double beam of UV-vis at room 
temperature [9-11]. The solutions were placed in quartz 

cells (1 cm optical path). The optical properties of CdS NP 
colloids were determined. Wavelength absorbance output 
data were analyzed using OriginLab 8.5 to determine the 
optical energy band gap and absorption coefficient. A PL 
spectrophotometer (ELICO, SL174, Xe lamp as power 
supply) was utilized to investigate photoluminescence, 
which is a physical phenomenon used to examine the 
electronic structure of matter. External energy was utilized 
to stimulate electrozz. PL data were used to evaluate 
importation characteristics, including the determination of 
band gap. In PL measurements, the wavelength range was 
approximately 200–900 nm. The structure and 
crystallinity of NPs were analyzed using an X-ray 
diffractometer (XRD, SHIMADZU, 6000). A field emission 
scanning electron microscope (FE-SEM, MIRA3 model-
TESCAN) was used to investigate the structure of NPs. 
Transmission electron microscopy (TEM) was used to 
measure the size, shape, and type of CdS assemblies. FTIR 
(IRAFFINITY-1) was used to determine the type of bonds 
between the resultant compound (CdS) within 400–4000 
cm−1) by evaluating the groups and bands in the infrared 
spectrum. A highly reflective p-type silicon substrate 
orientated along the (111) plane, measuring 1 cm2 in area, 
and possessing an electrical resistance of 3–5 Ω.cm was 
utilized as the base for constructing the photodetector. 
After a washing procedure, the silicon substrates were 
etched with diluted HF to eliminate any natural oxide 
present on the surface. Following this, the substrates were 
rinsed for 15 minutes with distilled water in an ultrasonic 
chamber (Cerry PUL 125). At ambient temperature, a CdS 
NP colloid measuring 0.8 µm in thickness was applied to 
the silicon substrate via a Holmarc HO-TH-05 spin coater. 
By employing thermal resistance, In and Al films were 
deposited onto the rear side of the silicon substrate and 
the nanostructured CdS NP colloid film to establish ohmic 
contacts (Fig. 1(b)). Electrodes and external devices were 
connected with silver paste. The current-voltage 
properties of the CdS NP colloid heterojunction were 
investigated under illumination and without light at room 
temperature. Figure 2 shows the experimental setup used 
to measure photodetector responsivity. 

 

 

 

  

 

 

 

 

 

Figure 1. (a) Schematic of pulsed laser ablation with magnetic field assistance. (b) Cross section of CdS/Si film photodetector 
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3. RESULTS AND DISCUSSION 

3.1. Structure Properties 

The XRD analysis in Figure 2 for CdS NPs prepared with 
and without a magnetic field revealed that CdS has a 
polycrystalline hexagonal structure according to JCPDS 
card (no:41-1049) with different orientations (002), (110), 
and (112) and a preferred orientation in the (002) 
direction with 2θ = 26.5783ο, 43.8014ο, and 51.9674ο [12, 
13]. From 2θ = 26.5783° and 43.8014°, the lattice 
constants of CdS nanostructures were determined to be a = 
4.1302, c = 6.702, and c/a=1.622. These results correspond 
to those reported in the literature[14-16]. Several factors 
influence the FWHM of XRD data, including crystal quality, 
grain size, and inhomogeneous stress distribution. In 
comparison with the XRD pattern without a magnetic field, 
it was observed in the XRD pattern of CdS nanoparticles 
that were synthesised with a magnetic field that the 
strength of the CdS peak significantly increased. This 
conclusion can be attributed to the elevation in growth and 
nucleation qualities that occurred as a result of the low 
diffusion mobility of deposited atoms and the increase in 
crystallinity of the film material, which ultimately led to an 
improvement in the crystalline structure [17]. The average 
crystallite size (Dav) can be calculated using the Debye–
Scherrer’s formula[18]. 

 

Dav = K λ / β cosθ                                                                           (1) 

 

K represents a constant determined by the material's form, 
ranging between 0.9 and 1; β: is the full-width at half 
maximum in radians; θ is the angle of Bragg diffraction; 
and λ is the wavelength of the X-rays that hit the target. 

The crystallite size for CdS decreased from 4.611 nm to 
4.518 nm due to the improvement in the crystallinity of the 
CdS film applied with a magnetic field compared with the 
crystallite size without a magnetic field. Dislocation 
density and strain for CdS NPs generated on the film were 
calculated using the following equations: 

δ = 1/ (D2av)                                                                                     (2)  

𝜀 = (β cos θ) / 4                                                                              (3) 

where δ represents the dislocation density, and ε 
represents the strain. 

Under the influence of a magnetic field, the strain and 
dislocation density of CdS exhibited an increase as shown 
in Table 1. Applying a magnetic field while using a laser 
caused the plasma to be contained and led to a higher 
degree of particle fragmentation. [19]. 

 

 

 

Figure 2. XRD patterns of CdS NPs synthesised with and without magnetic field 

Table 1. Dislocation density and strain of CdS NPs with and without magnetic field. 

CdS (δ) Dislocation density 

nm-2 

(ε) Strain 

(unit-free) 

Without magnetic field 10.9295*10−2 6.5692*10−1 

With magnetic field 11.094*10−2 6.6185*10−1 
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The FESEM images of the CdS thin films that were made by 
laser ablation in a magnetic field (B=0 and B=19 mT) are 
shown in Figure 3. The CdS that is made without a 
magnetic field is spherical and has an average size of 25.18 
nm. Some of the CdS particles are NPs that have clumped 
together to make big particles (Fig. 3(a)). If you took away 
the magnetic field, the film morphology was less even, less 
thick, and less packed together. When a magnetic field was 
applied, the CdS film became more crystallised. This 
caused the crystallites to get smaller, from 25.18 nm to 

12.17 nm. The difference was measured against the size of 
the crystallites when a magnetic field wasn't present. The 
plasma plume was contained by a magnetic field that was 
made when four magnets used for the same reason were 
put together. It looks like this result and the XRD data are 
linked. The XRD data agrees with this outcome. This result 
is consistent with the XRD data.  

 

 

 
 

Figure 3. FESEM images of CdS NPs synthesized: (a) without a magnetic field, (b) with a magnetic field 

 
   The EDS spectrum of magnetically prepared CdS films is 
shown in Figure 4. The spectra indicate the presence of Cd 
and S as well as peaks related to the glass substrate, 
including O, C, S, Si, and Na. The lack of magnetic peaks 
indicates that the position of the magnet has no effect on 
the laser plume. The weight percentage ratios [Cd]/[S], as 
determined by EDS analysis, for CdS NPs with and without 
a magnetic field are 3.72 and 3.80, respectively. The 
increase in the relative weight ratio of cadmium and sulfur 

in CdS films could be attributed to the magnetic field's 
effect on nanoatom deposition and film formation. 
Exposure to a magnetic field can cause a change in the 
arrangement and distribution of atoms in films, altering 
the ratio of their constituent chemical constituents. For 
example, the magnetic effect may cause a change in atoms' 
chemical transitions during film growth, resulting in a 
minor alteration in the final film composition [18]. 

 

a 

b 
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Figure 4. EDX spectra for CdS NPs synthesized (a) without a magnetic field and (b) with a magnetic field 

A comparison of the particle size distribution of CdS 
nanoparticles that were synthesised with and without the 
use of a magnetic field is shown in Figure 5. The 
transmission electron microscopy (TEM) pictures of CdS 
samples that were processed without the use of a magnetic 
field revealed the production of aggregated spherical and 
elongated nanoparticles (NPs), as shown in Figure (5a). 
CdS has an average size of 12.56 nanometers, as indicated 
by the particle size distribution and its measurements. 
According to the illustration in Figure (5b), the CdS sample 

that was generated using a magnetic field contained 
particles of a small size. The fragmentation of CdS 
nanoparticles was sped up by the application of an 
external magnetic field, which led to a particle size 
distribution with a mean of 10.10 nanometers. The 
application of the magnetic field resulted in an increase in 
the temperature of the plasma, but the size of the cluster 
also decreased [19]. This result is consistent with the data 
obtained from XRD and FESEM. 

 

 

Figure 5. TEM images and size distribution histograms of CdS colloidal NPs prepared a) without a magnetic field and b) with a magnetic 
field. 

Figure 6 displays the FT-IR spectra of CdS prepared using a 
magnetic field within 400–4000 cm−1. As shown in Figure 
(6), the peaks (bands) of CdS at 617, 1111, 1620, 2924, and 

3433 cm−1 represent the bending vibration of Cd-S, C-O, O-
H, C=O, O-H, and O-H/N-H, respectively. Because of the 
moisture content in CdS nanoparticles, vibrations 

b a 
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associated with the O-H out of plane bending vibration of 
H2O molecules have been detected. The presence of 
respective absorption peaks and bands in the FT-IR 
spectrum confirms the presence of CdS molecules, 
impurity traces caused by the chemical reaction of the 
various precursors utilized, and water molecules or 
hydroxide ions in the produced nanoparticles [20]. When a 
magnetic field is present, the absorption band intensity 

decreases and the FT-IR spectra shift slightly to higher 
wavenumbers. Changes in FT-IR spectra can represent the 
effect of a magnetic field on the arrangement of molecules 
or atoms in samples, influencing their interaction with the 
optical radiation utilized in FT-IR analysis and resulting in 
changes in the material's optical and chemical properties 
[20]. 

 

Figure 6. FT-IR spectra of CdS NPs synthesized with and without a magnetic field 

3.2. Optical Properties 

   The optical absorption of colloidal CdS NP solution 
prepared with and without a magnetic field is illustrated in 
Figure 7. The results indicated that the light absorption of 
cadmium sulfide nanoparticles manufactured in the 
presence of a magnetic field was much higher than that of 
those manufactured without the presence of a magnetic 
field. Whether samples were treated with or without a 
magnetic field, the quantum size effect (QSE) was found to 
be responsible for the detection of an absorption peak at a 
wavelength of 500 nm. The application of a magnetic field 
resulted in a decrease in the size of CdS nanoparticles 
(NPs) and an increase in the concentration of NPs. This 
discovery is interesting because it shows that optical 
properties can be changed by applying a magnetic field to 
the material. The presence of an external magnetic field 

increased the plasma lifetime and density [21, 22]. By 
using the Tauc relationship, we were able to confirm the 
energy gap, for example, of CdS NPs with and without the 
presence of a magnetic field  [20, 21]. Through the 
utilization of Tauc's relationship, we were able to ascertain 
the energy gap Eg of CdS NPs with and without the 
presence of a magnetic field [23]. 

αhν= A(hν – Eg)1/2                                                                         (4) 

A is a constant, while hv represents the energy of a photon. 
The energy gap was determined by plotting (ahν)2 against 
(hν) and identifying the intercept of the straight line with 
the hν axis as the band gap[24, 25]. 

.  

Figure 7. Absorbance versus wavelength of CdS NPs prepared with and without a magnetic field 
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The energy gap is depicted in Figure 8. The transition 
between CdS NPs is direct [26]. The optical energy gap for 
CdS NPs increased from 2.30 eV to 2.72 eV when a 

magnetic field was applied because of the increase in NP 
concentration and the decrease in the particle size of CdS.

 

 

Figure 8. Direct optical energy gap for CdS NPs prepared with and without a magnetic field. 

Figure 9 illustrates the PL emission spectra of CdS NPs 
prepared with and without a magnetic field. The PL spectra 
show a peak located at 501.094 nm, corresponding to 2.47 
eV. The PL emission of the CdS sample prepared with a 
magnetic field has a single identifiable emission peak and a 
high intensity with a narrow FWHM. The values of the 
energy band gap of CdS increased from 2.45 eV at 505.7 to 
2.47 eV when a magnetic field was applied, corresponding 

to optical absorption measurements. This change in the 
band gap implies that the magnetic field modifies the 
electronic makeup of CdS NPs, influencing their optical 
characteristics [27]. Magnetic fields can improve the 
mobility of charge carriers (electrons and holes) within 
CdS nanoparticles. This improved mobility may result in 
more effective radiative recombination processes and 
higher-intensity photoluminescence emission [27]. 

 

Figure 9. PL spectra of CdS NP colloid synthesized with and without a magnetic field 

3.3. Electrical Properties 

   CdS NP films produced under the influence of a magnetic 
field were identified as having n-type characteristics by 
Hall effect assessments. Table 2 shows the electrical 
mobility and resistivity of CdS produced with the 
application of a magnetic field. Particle mobility was 
influenced by particle size, with the mobility of CdS 
nanoparticles decreasing in the presence of a magnetic 
field. A magnetic field can align CdS NPs along the field 
lines or lead them to form aggregates, limiting their 

movement and decreasing their mobility [28]. The 
magnetic field can introduce additional scattering 
mechanisms for charge carriers within CdS NPs, leading to 
a decrease in their mobility. These scattering mechanisms 
include interactions with magnetic field-induced defects or 
changes in scattering caused by the field. Despite the 
decrease in electrical mobility, the electrical resistivity of 
CdS NPs decreases in the presence of a magnetic field. The 
decrease in resistivity can be influenced by factors, such as 
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changes in carrier concentration, carrier scattering 
mechanisms, or changes in conductivity because of 

magnetic field effects[28]. 

 

Table 2. Electrical mobility and resistivity of CdS NPs synthesized with a magnetic field 

 

 

 

 

 

    As depicted in Figure 10, the dark I-V characteristics of 
n-CdS/p-Si heterojunction were measured over the voltage 
range of – 7.5 V to + 7.5 V by applying a magnetic field. The 
heterojunction exhibited rectification properties, which 
were enhanced by the application of a magnetic field by 
increasing the charge transfer and decreasing the 

resistivity[29, 30]. The dark forward current increased 
from 490 μA to 600 μA, and the reverse current increased 
from 15.4 μA to μ10.5A, as illustrated in Figure 10. The 
rectification factor decreased from 31.818 to 57.142. This 
improvement is attributed to an improvement in junction 
properties (a reduction in structural defects and surface 
states). 

 
Figure 10. Dark I-V characteristic of n-CdS/p-Si heterojunction prepared with and without a magnetic field under forward and reverse 

bias 

   Figure 11 shows the I-V characteristics of the n-CdS/p-Si 
heterojunction under white light of different intensities 
and a magnetic field. The creation of electron-hole pairs 
enhanced the current of the photodetector when exposed 
to light. As the light intensity grew, the photocurrent rose 
due to the growing number of photogenerated electron-
hole pairs [31].  As illustrated in Figure 11, the 
photocurrent of the magnetically field-made photodetector 
was greater than that of the non-magnetically field-made 
photodetector. The substantial surface area and light-

absorbing capacity may be the cause of the rise in 
photocurrent that occurs after the introduction of a 
magnetic field. When a 7.5 V bias magnetic field was 
introduced, the photodetector exhibited an on/off ratio of 
371.428, calculated as the ratio of photocurrent to dark 
current (Iph/Id). Enhancing the photodetector's 
photosensitivity was achieved by utilising a magnetic field, 
leading to an increase in the sensitive region and a 
decrease in particle size[31]. 

CdS Electrical Mobility 

(cm2 V-1 s-1) * 103 

Electrical Resistivity 

(Ω cm)  

Without magnetic field 2.83 5.28 

With magnetic field 0.0843 9.177 *10−2 
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Figure 11. Dark and illuminated (I-V) characteristic of n-CdS/p-Si HJ photodetectors synthesized (a) with a magnetic field and (b) 
without a magnetic field  

The spectral responsivity of n-CdS/p-Si heterojunction was 
measured within the wavelength range of 360–910 nm 
with a bias of 0.65 V and calculated with equation[33]. 

Rλ=(ph/in or V/in)                                                                        (5) 

  where the photo current is denoted by ph, the voltage 
current is denoted by V, and the power under light is 
shown by in. In Figure 12, there is an illustration of the 
impact that the application of a magnetic field has on the 
spectrum responsivity of a nanostructured n-CdS/p-Si 
heterojunction photodetector.  

There are three response peaks seen by the n-CdS/p-Si) 
photodetector. It is located at 411 nm and has a 
responsivity of 0.299 A/W. The initial peak is located at 
this wavelength. In terms of its responsivity, the second 
peak can be seen at 560 nm and has a value of 0.498 A/W. 
The absorption edge of the bulk silicon substrate is centred 
at 860 nm, which corresponds to the third peak that can be 
found at that wavelength [34]. Following the application of 
a magnetic field, it was determined that there were just 

two peaks. Both the first peak, which is located at 510 nm 
and has a rising responsivity of 0.830 A/W, and the second 
peak, which is located at 860 nm, are located there. The 
short-wavelength response was brought about by photon 
absorption in the CdS film, which was brought about by the 
shift of the depletion region towards the CdS which was 
brought about by the application of bias. Due to the 
significant amount of photon absorption that happened in 
the silicon substrate, the reaction that took place at NIR 
wavelengths took place. A blue shift, which is a widening of 
the energy gap, and the appearance of a shallow new 
energy level, which is the result of the division of CdS 
energy levels as a result of an external magnetic field, are 
the two factors that contribute to the formation of the peak 
at 510 nm [35]. It was possible to improve the separation 
of photogenerated carriers by applying a reverse bias to 
the photodetector, which resulted in an increase in 
detector sensitivity. Outside of the depletion region, 
carriers were manufactured, and the diffusion length was 
recombined; nevertheless, this did not contribute to the 
photocurrent accumulation [36, 37]. 

 

 

Figure 12. Spectral responsivity of n-CdS/p-Si photodetector synthesized by laser ablation with a magnetic field 
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4. CONCLUSION 

Cadmium sulphide nanoparticles (CdS NPs) can be 
produced in distilled water using laser ablation with the 
assistance of a magnetic field. The X-ray diffraction pattern 
of CdS nanoparticles synthesised under the influence of a 
magnetic field exhibited heightened intensity in the CdS 
peak. Upon the application of a magnetic field, the particle 
size of CdS NPs reduced from 25.18 nm to 12.17 nm, as 
indicated by FESEM and XRD data. Applying a magnetic 
field raised the optical energy gap of CdS NPs from 2.30 eV 
to 2.72 eV. An investigation was conducted on how the 
magnetic field impacts the operation of the n-CdS/p-Si 
photodetector. The photodetector's performance was 
significantly enhanced upon exposure to a magnetic field. 
The responsivity at 510 nm rose from 0.498 A/W to 0.830 
A/W. 
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