JOURNAL OF NANO- AND ELECTRONIC PHYSICS
Vol. 12 No 1, 01017(4pp) (2020)

MYPHAJI HAHO- TA EJIEKTPOHHOI ®I3UKH
Tom 12 No 1, 01017(4cc) (2020)

The Role of pH on Infrared Spectral, Structural and Morphological Properties

of Room-temperature Precipitated CdS Nanoparticles
C.K. Sheng*, Y.M. Alrababah

Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, 21030 Kuala Nerus,
Terengganu, Malaysia

(Received 18 December 2019; revised manuscript received 15 February 2020; published online 25 February 2020)

In this work, room-temperature treated CdS nanoparticles were prepared in KOH solution via precipita-
tion at different pH values by varying the ammonium nitrate (NH4sNOs) concentration. The crystallite phase
and size, surface morphology and infrared frequencies of functional groups were characterized by X-ray dif-
fractometer (XRD), scanning electron microscopy (SEM) and Fourier transform infrared (FTIR) spectroscopy,
respectively. The SEM images show that the CdS nanoparticles are spherical in shape. Meanwhile, the FTIR
result reveals that a broad band occurred in the range of 400-700 cm -1 could be attributed to the molecular
bonding structure of CdS. The XRD patterns exhibit four well-resolved crystalline peaks that represents the
diffraction planes of a cubic CdS phase. Nevertheless, a minor decrement in the intensity for both infrared
and crystalline bands denotes a slight reduction in structure crystallinity and further indicates that a higher
purity of finer CdS nanoparticles is obtained as the pH value decreases. Also, the diffraction peak becomes
slightly widen that implies a decrease in the mean crystallite size as validated by Debye-Scherrer method.
Owing to their unique nanostructural and morphological features, the CdS nanoparticles obtained in this

study have potential applications in photonic devices, optoelectronics, photocatalysis and solar cells.
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1. INTRODUCTION

In recent years, research scientists discovered that
semiconductor quantum dots (QDs) in nanometer-size
could exhibit some unique physical and chemical prop-
erties as compared to the bulk materials due to the
quantum confinement effect on their band structure.
Nowadays, the II-IV group semiconductor has emerged
as one of the most studied materials because of its ad-
vanced optical and electronic properties. Cadmium
sulphide (CdS) is one of the well-known and most stud-
ied II-IV group semiconductor materials due to its wide
and direct band gap (2.42 eV) and also unique non-
linear optical properties. Besides, it has been exploited
in many vital applications, such as optical sensors,
fluorescence probe, solar battery, photo-electrocatalysis
and other optoelectronic devices [1-7].

Many methods have been introduced to synthesize
the CdS nanoparticles including vapor deposition, bio-
synthesis, sonochemical, electrodeposition, solvothermal
and precipitation methods [8-13]. Among them, precipi-
tation has been recognized as one of the most effective
methods to produce the CdS nanoparticles with a well-
defined structure through a simple preparation route.
In this work, the CdS nanoparticles were synthesized by
aqueous precipitation in the KOH based alkaline medi-
um that involves a reaction between the metastable
precursors of thiourea and cadmium chloride at differ-
ent pH values. The pH values were adjusted by varying
the concentration of ammonium nitrate, which acts as a
surface-active agent that favors the formation of nano-
particles with a narrow size distribution. The elemental
analysis and structural properties were characterized
by FTIR and XRD, and the morphological properties
were characterized by SEM.
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2. MATERIALS AND METHOD

In the current study, all the chemical reagents were
of analytical purity and used as received without further
treatment. Cadmium chloride (CdCls), potassium hy-
droxide (KOH), ammonium nitrate (NH4NOs3) and thiou-
rea were procured from Merck with 99.9 % purity. Dis-
tilled water was used as a solvent for the aqueous solu-
tion preparation under air atmosphere conditions.

CdClz and thiourea were used as the precursors in
generating the Cd* and S~ ion sources in the KOH alka-
line medium, respectively. The ammonia nitrate was
used as a complexing agent and pH buffer in the chemi-
cal reaction for the purpose to control the formation and
properties of CdS nanoparticles by adjusting the pH
value of the solution at a desired level. Firstly, an aque-
ous solution was prepared by dissolving the CdCl2
(0.02M) and thiourea (0.2 M) into the KOH (0.5 M)
solution. Then, a desired amount of NH4sNOs was grad-
ually added into the aqueous mixture solution. The
solution was constantly stirred under magnetic stirring
at 80 °C in the water bath for 2 hours. The color of the
mixture turned slowly from milky into light yellow.
After that, the yellow precipitates were collected by
filtration from the aqueous solution. The precipitates
were then repeatedly washed with distilled water and
acetone several times to remove the unreacted reagents
and further dried at room temperature overnight prior
to characterizations. The CdS nanoparticle samples
were prepared at different pH values by varying the
NH4NO3 concentration.

The crystalline structure of the as-synthesized CdS
nanoparticles was characterized using the XRD (Rigaku
Miniflex-TM II) with CuKaradiation (1= 1.541 A) gen-
erated at operating voltage of 40 kV and 40 mA current.
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The samples were scanned at room temperature in the
diffraction angle range 20= 20-80° with a scan speed of
0.02° per second. The mean crystallite sizes of the sam-
ples were then calculated by Debye-Scherrer method.
Morphology of the samples was examined using SEM of
model JSM JEOL-6360 at an acceleration voltage of
15 kV with x20,000 magnification. The functional groups
of the samples were identified by FTIR spectrometer
(Thermo Nicolet Alvatar 380 FTIR), at which the FTIR
spectrum was scanned in the mid-infrared spectral re-
gion between 4000 and 400 cm —1! with 2 cm — ! resolution.

3. RESULTS AND DISCUSSION

FTIR analysis was executed to identify the character-
istic functional groups of the CdS samples. Fig. 1 dis-
plays the FTIR spectra of the CdS synthesized at room
temperature with different pH values in the range of 10-
13. From the spectra, the wide band emerged in the
range from 400 to 700 cm -1 is related to the molecular
structural bonding of CdS nanoparticles [14]. This band
becomes slightly smaller and narrower as the pH in-
creases, which implies that the arrangement of CdS
nanocrystallites becomes less ordered and would result
in a minor decay in transmission efficiency. The broad
band positioned in the range of 3600-3000 cm~1! is as-
cribed to O—H stretching vibrations of the water mole-
cules [15]. As the pH value decreases, the intensity and
size of this band also decrease, which is mainly due to
the repellence of water molecules from the particle sur-
face, since more OH- ions would contribute to the hy-
drolysis of thiourea for CdS formation at increased
NH4NOs3 concentration. Furthermore, the peaks situated
at 2341 cm-1, 2000cm~-1, 1624 cm~-1, 1380 cm~! and
1120 cm 1! are associated with S—H stretching vibration,
R-N=C=S groups, CO2 molecules attached to the CdS
surface, CHs bending deformation and S-O bonding,
respectively [12, 15-18]. As the pH value decreases at
higher NH4sNOs3 concentration, the intensity of these
peaks decreases or becomes negligible, which could be
simply due to the surface area reduction of the nanopar-
ticles, once evidenced from the smaller crystallite size
formation as validated by XRD analysis.

The pH value plays a crucial role in controlling the
morphology and size of the synthesized nanoparticles.
The growth behavior can be greatly influenced by the
OH- concentration [19]. Subsequently, the surface mor-
phology of the CdS nanoparticles was examined by
(SEM). The SEM images of the as-synthesized CdS na-
noparticles grown under different pH values are dis-
played in Fig. 2. Clearly, the SEM images reveal that
most of the nanoparticles are spherical in shape with an
average particle size distributed in the range of 70-
130 nm. This implies that the nanosized CdS particles
were successfully synthesized in the present alkaline
medium. Additionally, it can be observed from the figure
that there is an obvious variation in morphology at dif-
ferent pH values.

The CdS exhibits smaller particle size at higher pH
values. As the pH value decreases or the solution be-
comes less alkaline, the nanoparticles tend to grow
abundantly with larger particle size as initiated by high-
er ammonium nitrate content. The average diameter of
nanoparticles for the CdS synthesized at pH of 12.90,
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11.28 and 10.00 is estimated to be ~ 73 nm, ~ 82 nm, and
~ 88 nm, respectively. Moreover, it can also be observed
the formation of agglomerates of small grains and some
dispersed individual nanoparticles at higher pH value.
Meanwhile, as the pH decreases, the nanoparticles syn-
thesized were in the mixtures of larger oval and spheri-
cal shape and exhibited a more uniform and homogene-
ous particles size distribution. According to Alrababah et
al. [20], the nanoparticles could be built up from the
aggregation of many small nanocrystallites. The corre-
sponding crystallite size can be determined from the
XRD analysis, which will be discussed as follows.
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Fig. 1 — FTIR spectra of the CdS synthesized at room temper-
ature with pH values of 12.90 (a), 11.28 (b), and 10.00 (c)
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Fig. 2 — SEM images of CdS nanoparticles synthesized at pH
values of 12.90 (a), 11.28 (b), and 10.00 (c)

It is well known that XRD is an effective method to
characterize the crystallite structure and size of the CdS
samples. Fig. 3 depicts the XRD pattern of the precipi-
tated CdS nanoparticles synthesized at different pH

01017-2



THE ROLE OF PH ON INFRARED SPECTRAL, STRUCTURAL ...

values by adjusting the ammonium nitrate concentra-
tion. Commonly, CdS can crystallize in cubic zinc blende
and hexagonal wurtzite structures with so-called miner-
al names of hawleyite and greenockite, respectively [21].
From the recorded XRD pattern, four major well-
resolved broad peaks were identified at 26 values of
26.3°, 43.7°, 51.9°, and 70.8°, which correspond respec-
tively to diffraction planes of (111), (220), (311), and
(331) of a cubic crystal system of CdS, referring to
JCPDS card, file no. 75-1546. Moreover, no peaks related
to other phases were detected, implying that a pure
cubic CdS was formed in this study. The mean lattice
constant obtained is a =0.5820 nm for the present CdS
cubic structure, which is in accordance with the litera-
ture reported value for zinc blende structures [13, 22]. In
addition, the broad band discernible in the XRD pattern
indicates that very fine dimension of CdS nanocrystal-
lites is attained in this study. Also, all the CdS nanopar-
ticles show a prominent and sharp diffraction peak,
which denotes a high degree of crystallization.

However, when the pH value decreases, the diffrac-
tion peak becomes slightly broadened accompanied with
a minor reduction in peak intensity. This phenomenon
indicates that the crystallite size becomes much finer
and the sample crystallinity is reduced for the CdS
nanoparticles synthesized at higher ammonium nitrate
concentration. The average crystallite size of the CdS
nanoparticles was evaluated from the XRD diffracto-
gram using the well-established Debye-Scherrer equa-
tion D =0.94/fcosf, where D represents the crystallite
size, A is the X-ray wavelength, 8 denotes the full width
at half maximum (FWHM) of the crystalline peak in
radians and @ is the Bragg diffraction angle explicated
from the angle between the incident and reflected
beams of lattice planes [6, 8]. The average crystallite
sizes for the samples prepared at pH values of 12.90,
11.28 and 10.00 are determined to be 3.52 nm, 3.38 nm,
and 2.97 nm, respectively. This result indicates that a
desired crystallite size can be produced at room temper-
ature by adjusting the pH to within a proper range.
Furthermore, the crystallite size becomes smaller as the
pH value decreases, which could be attributed to the
increase of ammonium nitrate content that initiates the
gradual construction of the isolated cell lattice in ag-
glomerated form. The present finding implies that the
room temperature treated CdS remains cubic structure
at the studied pH value range. However, as reported
earlier by Alrababah et al. [20], the CdS would be trans-
formed into hexagonal phase at increased ammonium
nitrate concentration with specific annealing heat
treatment temperature up to 160 °C.
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Fig. 3 — XRD pattern of CdS nanoparticles synthesized at
different pH values

4. CONCLUSIONS

In conclusion, we have successfully investigated the
effect of pH value on the structure, bonding and morphol-
ogy of high-quality CdS nanoparticles synthesized via
precipitation in the KOH solution by varying the ammo-
nium nitrate concentration. The pH value could play a
key role in modifying the morphology and size of the
synthesized nanoparticles. XRD patterns indicate that
the as-prepared CdS nanoparticles show a good crystal-
linity with cubic phase. The intensity of the diffraction
peak decreases and the peak becomes slightly broader
when the pH value is decreased. Also, the calculated
average crystallite sizes were in the range of 2.90-
3.50 nm and increased with pH value. SEM images re-
veal that the CdS nanoparticles were spherical in shape.
The particle size grows larger and becomes more visible
and homogeneous with the increase in NH4NOs3 concen-
tration. Meanwhile, the FTIR spectrum confirms the
existence of a broad band in the range of 400-700 cm ~1
that belongs to CdS molecular bonding. In addition, the
FTIR result indicates that the organic or hydrogen bonds
attached to the surface of CdS molecules become weaker,
leading to the formation of CdS with high purity.

AKNOWLEDGEMENTS

The authors would like to acknowledge the Faculty
of Science and Marine Environment, University Malay-
sia Terengganu and Malaysian Government for the
technical and financial support of this work through
the research grant (FRGS-59140).

6. Y.M. Alrababah, C.K. Sheng, M.F. Hassan, Chalcogenide
Lett. 16, 297 (2019).

7. S.R. Dhage, H.A. Colorado, H.T. Hahn, Mater. Res. 16, 504
(2013).

8. D. Ayodhya, M. Venkatesham, A.S. Kumara, G.B. Reddy,
G. Veerabhadram, Int. J. Ind. Chem. 6, 261 (2015).

9. M.R.M. Dris, M.LLN. Isa, M. Ismail, C.K. Sheng, Int. J. Elec-
troact. Mater. 1, 23 (2013).

10. K. Prasad, A.K. Jha, J. Colloid Interface Sci. 342, 68 (2010).

11. P. Praus, O. Kozak, K. Koci, A.Panicek, R.Dvorsky,

01017-3


https://www.researchgate.net/profile/Yashar_Azizian/publication/236899754_Structural_compositional_and_optical_characterization_of_water_soluble_CdS_nanoparticles_synthesized_by_ultrasonic_irradiation/links/0046352f352b7b76e0000000/Structural-compositional
https://doi.org/10.1186/1556-276X-9-686
https://doi.org/10.20964/2017.11.75
https://doi.org/10.1155/2009/914501
https://doi.org/10.1016/j.arabjc.2014.05.033
http://www.chalcogen.ro/297_AlrababahYM.pdf
http://www.chalcogen.ro/297_AlrababahYM.pdf
https://doi.org/10.1590/S1516-14392013005000020
https://doi.org/10.1007/s40090-015-0047-7
http://www.electroactmater.com/IJEM/1-2-23-27.pdf
http://www.electroactmater.com/IJEM/1-2-23-27.pdf
https://doi.org/10.1016/j.jcis.2009.10.003

C.K. SHENG, Y.M. ALRABABAH

12.

13.

14.

15.

16.

J. Colloid Interface Sci. 360, 574 (2011).

M.R.M. Dris, C.K. Sheng, M.I.N. Isa, M.H. Razali, Int. <J.
Tech. 1, 1 (2012).

W. Wang, Z. Liu, C. Zheng, C. Xu, Y. Liu, G. Wang, Mater.
Lett. 57, 2755 (2003).

X. Lu, H. Mao, W. Zhang, C. Wang, Mater. Lett. 61, 2288

17.

18.

19.

JJ. NANO- ELECTRON. PHYS. 12, 01017 (2020)

N.B.H. Mohamed, M. Haouari, N. Jaballah, A. Bchetnia,
K. Hriz, M. Majdoub, H.B. Ouada, Physica B 407, 3849 (2012).
M.F. Kotkata, A.E. Masoud, M.B. Mohamed, E.A. Mahmoud,
Physica E 41, 1457 (2009).

R. Singh, S. Dutta, Nano-Structures & Nano-Objects 18,
100250 (2019).

(2007). 20. Y.M. Alrababah, C.K. Sheng, M.F. Hassan, Nano-Structures
Z.K. Heiba, M.B. Mohamed, N.G. Imam, J. Mol. Struct. 1094, & Nano-Objects 19, 100344 (2019).
91 (2015). 21. M. Ristié, S. Popovié, M. Ivanda, S. Musié, Mater. Lett. 109,

N. Qutub, B.M. Pirzada, K. Umar, S. Sabir, J. Environ. Chem.
Eng. 4, 808 (2016).

22.

179 (2013).
G.Z. Wang, W. Chen, C.H. Liang, Y.W. Wang, G.W. Meng,
L.D. Zang, Inorg. Chem. Commaun. 4, 208 (2001).

Bruiue pH ua indgpavepBoHi criekTpasibHi, CTPYKTYpPHI Ta Mmopdosioriudi BiaacTupocTi

"HaunouactuHok CdS, ocamkenux 3a KiMHaTHOI TeMIeparypu

C.K. Sheng, Y.M. Alrababah

Faculty of Science and Marine Environment, Universiti Malaysia Terengganu, 21030 Kuala Nerus,

Terengganu, Malaysia

V¥ poboti Harowactuaku CdS, 00pobiieHi 3a KiMHATHOI TeMItepaTypH, roryBasiau B posunai KOH nuisxom
ocasKeHHs IIPY PISHUX 3HaYeHHAX pH, amiHioloun koHenTpario amiaunol cemitpu (NHsNOs). Kpucramiuna
dasza Ta poamip, MopdoJIOTisI ITOBEPXHI Ta 1H(PAYEPBOHI YACTOTH (PYHKITIOHAIBHUX I'PYI XapaKTepU3yBAJIUCh
BIIIIOBIAHO PEeHTTEHIBCHKOI0 audparTomerpieio (XRD), cramyouomo esleKTpoHHOI0 Mikpockommeo (SEM) ra iu-
dpavepBoHOIO cexTpockorieio 3 nmepersopenaaM DOyp'e (FTIR). Bo0paskenns SEM mokasyoors, 110 HaHOYAC-
tuarn CdS marors cepruny dopmy. Tum wacom, pesyiabrar FTIR memoncrpye, mo mupoka cmyra, sxa BH-
HukJa B Aianadoni 400-700 cm -1, Moske OyTH BiIHECEHA [0 CTPYKTYPH MOJIeKyIsapHuX 3B'sa3kiB CdS. Kapruru
XRD imrocTpyoTs YoTHPHU H0Ope IOMITHI KPHUCTAIIYHI KM, 110 IIPEICTABIIAIOTE CO0010 TU(PAKITIIHI IIIOIIH-
au KyOiusoi dpasu CdS. Tum He MmeHIN, He3HAYHE 3MEHIIEHHS IHT€HCUBHOCTI K JJIs 1HQPaUYepPBOHMX, TAK 1
JUISI KPUCTAJTIYHUX CMYT II03HAYAE He3HAYHE 3HIKEHHS KPUCTAJIYHOCTI CTPYKTYPH 1 JaJI BKa3ye Ha Te, 110
Ol/IBIII BUCOKA ymcTOoTAa MeHImX HaHouacTuHok CdS mposisiserses i3 samenmenasam saavenus pH. Kpim toro,
IUPAKITIHHAN MK cTae JeIo PO3IMMUPEeHUM, 10 03HAYAE 3MEHIIEHHS CePeIHBOr0 PO3MIPY KPHCTAJITY, SKe
miaTBepmKyerhbea meroaoMm Jebas-Ileppepa. 3aBasaku cBoOiM yHIKAJIBHUM HAHOCTPYKTYPHHUM Ta MOP(OJIOrid-
HUM 0co0JmMBoCTAM HaHouacTuHkn CdS, oTprMaHi B paMKax IIbOTO JOC/IIKEHHS, MAlOTh HOTEHIHE 3aCTo-
CyBaHHA Y (DOTOHHMX IIPHUCTPOSX, OITOCJIEKTPOHIIT, (POTOKATAI3] TA COHAYHUX eJIeMEHTAaX.

Kmiouosi cinosa: Hanouacruukn CdS, OynaritionanbHa rpymna, Kpucramiuna xybiuma crpykrypa, Mopdo-
JIOTiSA ITIOBEPXHi.
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