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Abstract:- In this study, we synthesized three distinct 

CdS nanocrystals through a straightforward chemical 

method employing different organic sulphur salts, 

namely thiocarbonhydrizide, thiocarbonic acid 

dipotassium salt, and thiocarbonyl bis-thioglycolic acid. 

The synthesized nanocrystals underwent comprehensive 

characterization utilizing various analytical techniques, 

including transmission electron microscopy, FT-IR 

spectroscopy, H1-NMR spectroscopy, Mass Spectra 

analysis, X-ray diffraction, and UV-vis 

spectrophotometry. 

 

We identified crucial characteristics, including 

production efficiency, elemental makeup, lattice 

dimensions, crystallite dimensions, microstructural 

distortions, light transmittance, light absorption, and 

energy band gap, for each of the synthesized CdS 

nanocrystals. Our findings revealed crystal sizes of 22.56 

nm, 12.70 nm, and 4.65 nm, as well as energy band gaps 

of 4.87 eV, 3.22 eV, and 5.03 eV for the CdS (I), CdS (II), 

and CdS (III) samples, respectively. 
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I. INTRODUCTION 

 

The synthesis of metal sulphide nanoparticles, with a 

particular emphasis on cadmium sulphide (CdS) 

nanocrystals, has garnered substantial attention within the 

dynamic field of nanomaterial research [1-5]. The strategic 

use of salt forms derived from simple organic sulphur 

compounds in nanoparticle synthesis has emerged as a 

pivotal facet in this research domain, offering a promising 

avenue for the precise tailoring of properties and 
characteristics exhibited by these nanocrystals [6-11]. 

 

Remarkably, the incorporation of these organic sulphur 

salts into the nanoparticle preparation process has 

consistently yielded nanocrystals characterized by 

exceptional attributes and well-defined properties. This 

intriguing phenomenon has captivated researchers 

worldwide, prompting them to delve deeper into the 

underlying mechanisms responsible for these favourable 

outcomes [12-18]. One prevailing hypothesis canters on the 

distinct kinetics governing organic reactions in contrast to 

their inorganic counterparts. 

In comparison to the rapid and often uncontrollable 
kinetics associated with inorganic reactions, organic 

reactions tend to proceed at a more deliberate and controlled 

pace [19]. This temporal contrast in reaction rates presents a 

unique opportunity for researchers to exert precise control 

over critical aspects of the CdS nanocrystal formation 

process, including nucleation, growth, and surface chemistry 

[20-22]. Consequently, the incorporation of organic sulphur 

salts into the synthesis process represents a strategic choice, 

empowering researchers to tailor not only the size but 

moreover the resulting CdS nanocrystals' structure and 

optical characteristics [23]. 

 
Considering these compelling prospects, the present 

study embarks on a comprehensive exploration aimed at 

unravelling the intricate interplay between various organic 

sulphur salt precursors and the synthesis and properties of 

CdS nanocrystals. Leveraging a diverse array of cutting-

edge characterization techniques and in-depth analyses [24, 

25], we endeavour to elucidate the nuanced factors that 

underlie the rational design and optimization of CdS 

nanocrystals [26, 27]. 

 

Our investigation holds the promise of shedding 
valuable insights into how the choice of organic sulphur salt 

precursors can be effectively harnessed to fine-tune the 

morphology, size, and optoelectronic characteristics of CdS 

nanocrystals. Beyond its contributions to fundamental 

scientific knowledge, the outcomes of this research bear 

significant implications for a wide range of applications in 

nanotechnology, materials science, and related disciplines 

[28, 29]. As we embark on this exciting journey of 

exploration, we anticipate that our findings will pave the 

way for the development of innovative and tailored 

nanomaterials with enhanced functionalities and superior 
performance across a spectrum of technological domains 

[30, 31]. 
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II. EXPERIMENTAL 

 

A. Preparation of Sulphur Sources: 

 

 Thiocarbohydrazide TCH (l) 

The 250 ml round bottom flask was filled with 150 ml 

of 99% aqueous hydrazine hydrate, and the temperature was 

decreased to 10°C. Dropwise additions of 50 mL of carbon 
disulphide were made during the course of about 30 minutes 

of stirring at a temperature below 15°C. The reaction 

mixture was allowed to settle at room temperature for 30 

minutes. The resulting thick mixture was then heated under 

reflux to 70° C for 25 hours using mental heater. After 

cooling, the reaction mixture was filtered off, washed with 

benzene, dried and then crystallized with hot water contains 

drops of hydrochloric acid to give white needles in 93% 

yield; m.p= 170 ºC; IR (KBr): ν 3350-3204 cm-1 (NH and 

NH2), 1286 cm-1 (C=S); 1H-NMR (DMSO-d6, 400 MHz): δ 

9.2 (NH, 2H), δ 4.49, (NH2, 4H); MS: m/z=106 m/z (100%) 

for CH6N4S. 

 

 Synthesis of Thiocarbonic Acid Dipotassium Salt (ll): 

A mixture of potassium sulphide (11 gm, 0.1 mol) and 

carbon disulphide (6 ml, 0.1 mol) in 40 ml distilled water 

was stirred at room temperature for 24 hours. The heavy red 

syrup formed was left to stand for few days till dryness. The 

solid formed was used directly without further purification: 

81% yield; Chars without melting at 280 oC; IR (KBr): ν 

1132 cm-1 (C=S); MS: 126 (0.93 %) for CS2K2. 

 

 Synthesis of Thiocarbonyl-Bis-Thioglycolic Acid (lll):  
Compound III was prepared from the salt II according 

to the literature method [32,33]. To the red syrup of the salt 

II, simultaneously a solution of chloroacetic acid potassium 

salt (13.2 gm, 0.1 mol) in 100 ml of dist. water (After 

neutralization of 9.4 gm by 10 gm of KHCO3) has been 

added dropwise. The resulting solution has been further 

stirred for 1 hour and let to stand. After 24 hours the 

reaction mixture was acidified by concentrated HCl to the 

PH= 3. The resulted precipitate has been filtered off and 

crystallized by hot water to give yellow needles in 88% 

yield; m.p= 150 ºC; IR (KBr): ν 3452 cm-1 (Carboxylic-

OH), 2919 (CH-aliphatic), 1700 cm-1 (C=O), 1346 cm-1 
(C=S); 1H-NMR (DMSO-d6, 400 MHz): δ 12.87 ppm 

(carboxylic (OH, 2H), δ 4.27 ppm (2CH2, 4H); MS: 

m/z=226 (3.33 %) for C5H6O4S3.  

  

B. Synthesis of CdS nanoparticles 

 

 General Procedure: 

A solution of Cd (NO3).4H2O (1.54, 0.005 mol) in 

warm Ethanol (100 ml) was gradually added to solution of 

thiocarbohydrazide, thiocarbonic acid dipotassium salt 

and/or thiocarbonyl-Bis-thioglycolic acid (0.01 M) in hot 
water (100 ml) with constant stirring for 30 minutes, 10 ml 

of aqueous solution of potassium hydroxide (0.7 g, 0.0125 

M) was added with stirring to the reaction mixture. A white 

precipitate was formed at first, which turns to yellow 

precipitate of CdS by heating under reflux for 3 hours. The 

solid formed was filtered off on hot, washed with hot 

distilled water and dried at 100oC to give CdS (I), CdS (II) 

and/or CdS (III) respectively.  

 

C. Characterizations 

High purity chemicals are the starting materials 

utilized to create CdS nanocrystalls. An FT-IR 8101 PC 

spectrometer from Shimadzu was used to record the IR 

spectra. The 300 MHz Varian Mercury VX 300 NMR 
spectrometer and the AVANCE-III 400 MHz High-

Performance FT-NMR Spectrum BRUKER, both 

manufactured by BioSpen International AG in Switzerland, 

were used to determine the 1H-NMR spectra in DMSO-d6. 

Tetramethylsilane is used as an internal standard, and 

chemical changes are reported in parts per million and 

expressed in units. A GCMS-QP 1000 EX spectrometer was 

used to produce electron impact mass spectra at 70 eV. X-

ray powder diffraction (XRD), using a PANalytical 

diffractometer with a Cu target and a graphite 

monochromator (λ=1.54056 Å), was used to determine the 

phase purity and structure of the prepared samples. High 
resolution transmission electron microscopy (HRTEM) 

images were captured using a JEOL JEM 2100 microscope 

(Japan). An energy dispersive x-ray analysis (EDX) 

spectrometer (Elemental Analyzer EDXRF, JSX3222, 

JEOL, Japan) connected to a scanning electron microscope 

was used to identify the chemical composition of the 

materials. A computerized double beam SPECORD 200 

PLUS spectrophotometer (Germany) was used to measure 

the UV-visible absorption spectra in the wavelength range 

of 200-1100 nm at normal incidence at room temperature. 

 

III. RESULTS AND DISCUSSION 

 

In conjunction of our previous works in the preparation 

of metal sulphides nanoparticles [32,33], present a 

comparison study in the synthesis of cadmium sulphide 

nanoparticles between three different organic sulphur 

sources such as Thiocarbohydrazide (I), thiocarbonic acid 

dipotassium salt (II) and thiocarbonyl-bis-thioglycolic acid 

(III) using simple chemical reaction in basic medium.  

 

So, boiling of any of the above sulphur sources I, II 

and III in equivalent amount of ethanol/ water with 
Cd(NO3).4H2O will produce three different CdS (I, II and 

III) nanoparticles in there characterizations. (Scheme 1) 
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Scheme 1 

 

The chemical structure of all the prepared sulphur sources was characterized by FT-IR, 1H NMR, and MS spectra as shown 
in the experimental part. The mass spectra of the used sulphur sources are shown in Figures 1, 2 and 3. 

 

 
Fig 1 The Mass Spectrum of TCH 

 

 
Fig 2 The Mass Spectrum of Thiocarbonic Acid Dipotassium Salt 
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Fig 3 The Mass Spectrum of Thiocarbonyl-Bis-Thioglycolic Acid 

 

A. X-ray Analysis 
In conjunction of our previous works in the preparation of metal sulphides nanoparticles, the prepared CdS samples from the 

three different sulphur sources were investigated using XRD analysis. The spectra confirm the crystalline nature of the prepared 

samples. For the first sample CdS(I), the spectrum was characterized by eight mean peaks (100), (002),  (101), (102), (110), (103), 

(112) and (300) which refer to hexagonal CdS phase [34], while the spectra for CdS(II) and CdS (III) samples were defined by the 

Cubic CdS phase's three average peaks (111), (220), and (222) [35] . 

 

 
Fig 4 XRD of CdS NPs 

 

 Calculation of Lattice Parameters 

Figure 5 displays the variation of lattice parameters with the angular function F(θ) for the grown samples. According to the 
data in the Figure, the lattice parameters for the CdS (I) nanoparticles that were obtained are a = b = 4.086Å and c = 6.618Å. In 

contrast, for CdS (II) and CdS (III), the lattice parameters are a = 5.5Å and 5.79Å, respectively. These determined lattice 

parameters align with the standard lattice parameters of hexagonal and cubic CdS crystals [34,35]. 
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Fig 5 Lattice Parameters for CdS NPs 

 
 Crystallite Size and Microstrain 

The generated CdS nanoparticles' crystallite size (D) 

can be calculated using the Debye-Scherrer equation [36]: 

 

𝐷 =  
𝑛𝛫𝜆

𝛽𝑐𝑜𝑠𝜃
 ………………………………………………..(1) 

 

λ represents the wavelength of the X-ray radiation, D 

stands for the size of the crystalline particles, θ denotes the 

incident angle (the angle formed between the incident ray 

and the scatter plane), n is an integer, β signifies the full 

width at half maximum of the diffraction peak measured at 

2θ, and K is the Sherrer constant. The average crystallite 

size of the CdS nanoparticles that were synthesized was 

determined using Debye-Scherrer's equation [37], resulting 

in values of 22.56, 12.706, and 4.65 for the respective 

samples CdS (I), CdS (II), and CdS (III). Table (1) 

summarized the obtained values.  
 

The size of the crystalline particles (D) and the level of 

microstrain (ε) in the nanoparticles can be determined by 

analyzing the X-ray diffraction (XRD) patterns through the 

Williamson-Hall method. The Williamson-Hall equation 

accounts for the overall broadening of the diffraction peaks, 

involving two distinct factors: the first factor relates to the 

size of the crystalline particles (D), while the second factor 

represents the impact of strain (ε). 

 

β = βD + βε……………………………………………………………………….......(2) 

 

The Williamson-Hall equation can be expressed as 

follows [38]: 

 

β cosθ = 
0.94 𝜆

𝐷
 + 4 ԑ sinθ…………………………………..(3) 

 

The size broadening (βD) is proportional to cos-1θ and 

the strain broadening (βε) is proportional to tanθ. 

 

To calculate the crystallite size and the microstrain of 
the CdS nanoparticles, a relationship between β cosθ/λ and 

sinθ/λ is drawn for the prepared samples and is shown in 

Figure 6. The average crystallite size of CdS nanoparticles 

is 20.76, 20.18 and 24.76 nm, while its microstrain value are 

about 0.00084, 0.00266 and 0.0174 for the prepared samples 

CdS (I), CdS (II) and CdS (III) respectively. 
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Fig 6 Williamson- Hall Plot for CdS NPs 

 

Table 1 Size and Lattices Parameters of CdS NPs 

Sample Lattice Parameters measured (Å) Crystal size (nm) Microstrain x10-3 

a=b C Scherrer Williamson – Hall 

CdS(I) 4.086 6.618 22.56 20.76 0.00084 

CdS(II) 5.5 5.5 12.706 20.18 0.00266 

CdS(III) 5.79 5.79 3.18 24.76 0.0174 

 

B. FTIR of CdS nanoparticles  

FTIR is employed for examining the composition of the produced materials and identifying the functional groups and bond 
types within the system. The FT-IR spectra of the three CdS nanoparticle samples revealed distinct broad absorption bands in the 

range of (3414 – 3376) cm−1, which can be attributed to lattice water (OH group). [39] due to the presence of small amount of 

water adsorbed on the samples. The absorption bands located at 604 - 616 cm−1 is due to S-S bond (crystal s-s bond) [40], which 

are broad in CdS (II) and CdS (III), and the bands between 423– 473 cm-1 are signify to the existence of Cd-S bond (CdS 

nanoparticles) [41]. Strong bands position at ~1580 cm-1 is possibly due to stretching vibrations of the sulphate group. As shown 

in Figure 7, the FTIR results indicate the fabrication of pure CdS and Cds (III) samples. 

 

 
Fig 7 FTIR of CdS NPs 
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C. Morphology of CdS nanoparticles  

 

 
Fig 8 Morphology of CdS NPs 

 

Figure 8 displays the SEM and HRTEM images of the CdS samples that were prepared. As shown from the Figure, the used 

sulfur source affects the morphology and the size of the obtained CdS samples. The HRTEM results confirm XRD data, where 
CdS (I) has particle size higher than that for CdS(II) and CdS(III). 

 

D. EDX of CdS NPs:- 

 

Table 2 The Ratio Cd: S in Obtained CdS N 

Sample Cd% S% 

CdS(I) 78.36 21.64 

CdS(II) 75.13 24.87 

CdS(III) 74.25 25.75 

Stoichiometry (Cd:S) 77.848 22.196 

 

 
Fig 9 EDX of CdS NPs 

 

Figure 9 depicts the EDX spectra of CdS nanoparticles sourced from various sulfur sources, revealing the presence of both 

Cd and S elements. It is noteworthy that there are no extra peaks corresponding to impurities or contaminants, confirming the 

purity of the obtained samples. The ratio of Cd to S varies when different sulfur sources are used. As indicated in table (2), the 

CdS(I) sample is the one that most closely approximates the stoichiometric ratio of Cd to S. 
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E. Optical Properties of CdS nanoparticles  

 

 

 
Fig 10 Absorbance and Transmittance Spectra of CdS NPs 

 

Absorbance and transmittance measurements were conducted at nearly perpendicular incidence angles, covering a spectral 

range from 200 to 1100 nm. While the shapes of the curves were comparable, variations in absorption and transmission were 

observed. The using thiocarbonyl bis-thioglycolic acid as sulphur salt led to get the highest absorbance between the prepared 

samples, while using thiocarbonhydrizide as sulphur salt gives CdS sample has the highest transmittance between the prepared 
samples.  

 
Fig 11 The Relationship between (αhν)2 and hν for the Produced CdS NPs  
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Table 3 Energy Band Gap of CdS NPs 

Samples CdS(I) CdS(II) CdS(III) Bulk CdS 

Energy band gap (eV) 4.87 3.22 5.03 2.42 

 

The direct optical band gap, associated with a direct 

transition, can be determined using the following formula 

[42]:  

 

αhν = B (hν – Eg )
1/2,……………………………………( 4 ) 

 

Where hν is the energy of the photon, B is a constant 
influenced by the likelihood of the transition, α stands for 

the absorption coefficient, and Eg signifies the optical band 

gap. From the Figure 14 the values of Eg are 4.87, 3.22 and 

5.03 eV for CdS(I), CdS(II) and CdS(III) respectively. 

 

The effective mass model [43] used to calculate the 

particles radius according to: 

 

∆𝐸g =Eg nano –Eg bulk = ℎ2/ 8Mπr2..........................................(5) 

 

Where r is the radius of the particle, me is the effective 
mass of the electrons, mh is the effective mass of the holes, 

m0 is the free electron mass, e is the relative permittivity, ԑo 

is the permittivity of free space, h is the reduced Planck’s 

constant and e is the electron charge. 

 

The characteristics of nanocrystalline materials deviate 

from their bulk counterparts when the size of the crystallites 

becomes comparable to the Bohr excitonic radius (rB) [44]. 

 

rB = h2ε[1/me
* + 1/mh

*]/πe2……………………………….(6) 

 
Where ε is the permittivity of the sample, me

* =0.21 mo 

and mh =0.80 mo are the effective mass of electron and hole 

in CdS, respectively, where mo is the mass of a free electron. 

From the above relation the Bohr radius of CdS has been 

calculated to be 2.8 nm [44, 45]. 

 

The values of particles radius are 2.66, 3.9 and 2.41 nm 

for CdS(I), CdS(II) and CdS(III) respectively. 

 

From the previous, show that the obtained CdS 

nanoparticles are confined, and the band gap increasing with 

decreasing particle redius. 
 

IV. CONCLUSION 

 

In summary, the structural properties of CdS 

nanoparticles were significantly influenced by the choice of 

the organic sulphur source employed in the synthesis 

process. Specifically, the utilization of thiocarbohydrazide 

as a sulphur source resulted in the preparation of hexagonal-

phase CdS nanoparticles, whereas the usage of thiocarbonic 

acid dipotassium salt and thiocarbonyl-bis-thioglycolic acids 

as sulphur sources yielded cubic-phase CdS nanoparticles. 
 

Moreover, our investigation revealed a notable impact 

of the selected sulphur source on the particle size of the 

prepared CdS nanoparticles. Thiocarbohydrazide yielded 

CdS nanoparticles with a particle size of 22.56 nm, while 

thiocarbonic acid dipotassium salt produced CdS 

nanoparticles with a reduced particle size of 12.7 nm. 

Remarkably, the utilization of thiocarbonyl-bis-thioglycolic 

acids as the sulphur source resulted in the smallest particle 

size observed, with CdS nanoparticles measuring only 3.18 

nm in diameter. 

 
Furthermore, the optical band gap of the prepared CdS 

NPs exhibited sensitivity to the choice of the organic 

sulphur source. Specifically, CdS NPs synthesized with 

thiocarbohydrazide exhibited an optical band gap of 4.87 

eV, whereas those derived from thiocarbonic acid 

dipotassium salt displayed a reduced band gap of 3.22 eV. 

Remarkably, the utilization of thiocarbonyl-bis-thioglycolic 

acid as the sulphur source resulted in the widest band gap 

observed, measuring 5.03 eV for the prepared CdS 

nanoparticles. This variation can be attributed to the 

pronounced reduction in particle size induced using 

thiocarbonyl-bis-thioglycolic acid. 
 

Importantly, our findings underscore the role of the 

sulphur source in tailoring the structural and optical 

properties of CdS nanoparticles, highlighting the potential 

for fine-tuning nanoparticle characteristics through rational 

selection of precursor materials. Furthermore, the purity of 

the synthesized CdS samples was confirmed through FT-IR 

and EDX analysis, validating the integrity of the prepared 

nanocrystals. 

 

In conclusion, this study provides valuable insights 
into the versatile influence of organic sulphur sources on the 

synthesis and characteristics of CdS nanoparticles, offering 

a foundation for further exploration and application of these 

nanomaterials in diverse scientific and technological 

domains. 
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