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CdMnS semiconductor nanorods were successfully prepared by the hydrothermal reaction 
of CdCl2·2.5H2O and MnCl2·5H2O with (NH4)2S in aqueous solution. Energy dispersive 
X-ray (EDXs) was used to determine the Mn content of these complex nanorods. The 
samples were characterized by X-ray diffraction (XRD), transmission electron microscopy 
(TEM), UV–vis. absorption spectra, and compared with the undoped CdS nanorods. The 
results showed that nanostructured compounds with high aspect ratio were obtained via 
hydrothermal method. The products showed almost totally rodlike morphology with 
approximately identical diameters average 14.5nm and maximal lengths up to 80 nm. The 
magnetic susceptibility measurements were done on Cd1-xMnxS samples with different x 
values. 
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1. Introduction 
 
Recently much progress has been made for preparing and characterizing dilute magnetic 

semiconductors with nanocrystal materials of wide variety [1-3]. Dilute magnetic semiconductors 
(DMS) are ternary alloys in which cations of semiconductor matrix are randomly substituted by 
magnetic ions that exhibit unique physical and chemical properties due to confinement effect [4,5]. 
Mn-based compounds have been extensively investigated as typical diluted magnetic 
semiconductors because of their wide direct band gaps and outstanding magneto-optical properties 
[6-8]. 

The presence of localized magnetic ions such as Mn2+ in semiconductor alloys leads to 
exchange interactions between s-p band electrons and manganese d-electrons with altered band 
gap. So it is important to investigate the optical properties of DMS since their deep or shallow trap 
states contain useful information about the quantum size effect in the electron or hole bound to the 
trap center. Optical properties attributed to quantum size effect have been studied before by several 
groups [8,11].  The Mn-based DMS can be grown over a wider composition range than Fe- and 
Co- based DMS (9). Because of tunable band gaps, lattice parameters of the Mn-based alloys are 
excellent candidates for fabrication* of quantum wells and superlattices [7,10]. Numerous reports 
have been devoted to either semiconducting or magnetic properties of only selenides and 
tellurides. However, studies on sulphide are very few. 

In this paper the preparation of Cd1-xMnxS DMS nanorods by hydrothermal method was 
tried. Then the morphology and composition of the prepared samples with different manganese 
content were characterized by XRD patterns. Transmission Electron Microscopy (TEM) as well as 
Energy Dispersive X-ray spectrometer (EDXs), optical properties and magnetic properties were 
studied and reported.  
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2. Experimental procedure 
 
Cd1-xMnxS nanorods were hydrothermally prepared. All chemicals used in the present 

work were analytical-grade without any further purification. The steps involved in this 
hydrothermal process can be described as follows. 

1.14 g of CdCl2.2.5ml H2O and various amounts of MnCl2.5H2O verify the concentration 
of Mn with x= 0.05, 0.10, 0.15, and 0.20 were placed into the 50ml Teflon-lined stainless steel 
autoclave which has been filled with 30g of distilled water and 20g of ethylendiamine. In the next 
step, 0.4g of (NH4)2S were injected dropwise into the used autoclave with a syringe. A clear 
yellow solution was obtained due to the reaction of Cd2+, Mn2+ and S2-. The autoclave was sealed 
carefully and put into an oven maintained at 180oC for 48 hours, then cooled down to room 
temperature gradually. The precipitates were separated from the aqueous solution and washed with 
absolute ethanol and then distilled water repeatedly. The final products were dried in a vacuum at 
60oC for four hours and were collected for characterization. 

The elemental composition of the synthesized materials in powder form were determined 
by using the energy dispersive X-ray spectrometer (EDXs) unit that interfaced to Scanning 
Electron Microscope (SEM)(Philips-XL) operating at an accelerating voltage of 30 KV. The 
relative error of determining the indicated elements did not exceed 5%. 

The X-ray diffraction patterns were obtained using computer controlled X-ray 
diffractometer (formally made by Diano cooperation).  

Samples for TEM were prepared by putting a few drops of absolute ethanol solution of 
ultrasonically dispersed products on a copper grid. TEM micrographs and corresponding 
diffraction patterns were taken on Jeol TEM-1230 Electron Microscope at high tension of               
120 KV. 

Optical absorption was recorded on a spectrophotometer type (Jasco V-570) by scanning 
the absolute ethanol solution in 1cm quartz cell as a reference for the samples that were dispersed 
on the same amount of absolute ethanol. The wavelength range was scanned from 200nm to 700 
nm.  

Magnetization behavior of Cd1-xMnxS system for x = 0.05, 0.01, 0.15 and 0.2 were studied 
at room temperature in the magnetic field up to 100 kOe using a vibrating sample magnetometer 
model 960001-VSM. 

 
 
3. Results and discussion 
 
3.1. Composition analysis 
 
The atomic percentage and/or weight percentage of elemental composition of the prepared 

materials are computed from analysis of energy dispersive X-ray spectrometry (EDXs). The 
composition analysis of the four compounds of Cd1-xMnxS with indicated x confirmed the presence 
of Cd, Mn and S elements. From the obtained results, it is revealed that all the prepared samples 
are nearly stoichometric with an error not exceed 5%.  

 
3.2. XRD Characterization 
 
The X-ray diffraction patterns of the synthesized materials are shown in Fig. 1. 
Although, the general form has the same features, the peak positions shift slightly on 

passing from one composition to the other. All the patterns can be distinctly assigned to the 
hexagonal Cadmium Sulphide phase with six main diffraction peaks which are corresponding to 
(002), (100), (101), (110), (103) and (112) planes. It is also clear from this figure that in all the 
XRD patterns, the broadening of the diffraction peaks indicate the nanostructure nature of the 
samples which agree well with the work done by Qingsheny et al.(11).  
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Fig. 1. XRD patterns for Cd1-xMnxS prepared samples with different x-values. 

 
 

3.3. Morphology analysis: 
 
TEM was used to measure the particle size of the prepared nanostructure materials. Fig. 2. 

shows TEM images of the four tested compositions. It is clear from this figure that Cd1-xMnxS are 
almost all rod-like and the yield of the nanorod is about >85%. A general view of TEM images of 
the prepared compositions at low magnification in Fig.(3) demonstrates that the diameter of the 
nanorods are around (11 nm-14.5 nm) and the lengths vary from 45 nm-80 nm. 

 

 
 

Fig. 2.  TEM images for Cd1-xMnxS samples with different x-values. 
 
 

3.4. Optical analysis 
 
The optical absorption spectra of Cd1-xMnxS at room temperature are shown in Fig 3. It is 

clear that all the absorption band edges shift a little to shorter wavelength with increasing the 
Manganese content which agree well with the published work of Wang et al.,(12,13) while Levy et 
al. observed a nonlinear increase in the band edge of Cd1-xMnxS nanoparticles with increasing the 
amount of Mn(14). But Reddly et al.,(15) found for prepared thin films of these compositions that the 
optical band gap decreases directly with increasing of the Mn concentration, and explained this 
behaviors on the basis of the chemical bonding between atoms. The unsaturated bonds that might 
be present in the film at low Mn concentrations are responsible for the formation of some defects 
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which produce localized state in the band structure and therefore reducing the optical band gap. 
For colloidal nanoparticles of CdS an absorption threshold can be seen at 2.62eV corresponding to 
the lowest 1s-1s transition. Whereas for colloidal nanoparticles of CdMnS an absorption threshold 
can be seen at 2.83 eV (16). 
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Fig.3.  Absorbance of Cd1-xMnxS samples with different x-values versus the wavelength. 

 
3.5. Magnetic Properties: 
 
3.5.1. Hysteresis loop and susceptibility: 
 
The magnetic behavior of Cd1-xMnxS powder has been studied as a function of Mn 

concentration. Fig 4. shows the magnetic hysteresis loop of Cd1-xMnxS powder at room 
temperature. It is clear from this figure that the hysteresis loop is symmetric with respect to zero 
fields. 
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Fig. 4. Hysteresis loop of  Cd1-xMnxS samples with different x values at room  temperature. 

 
The magnetic saturation induction Bs increases with increasing the Mn concentration. 

Also, the coercive force Hc increases with increasing the Mn concentration for x= 0.05, 0.10 and 
0.15 and then decreases for x=0.20. The increase of Hc with Mn concentration is due to the 
ferromagnetic behavior of CdMnS samples. 

The magnetic susceptibility studies were carried out at room temperature and magnetic 
field 10KOe using vibrating sample magnetometer. Fig.5. shows the magnetic susceptibility as a 
function of Mn concentration. It is clear from the figure that the susceptibility varies nonlinearly 
with increasing of the Mn concentration. Veer Brahnam et al., (17), found the same behavior in Zn1-



179 
 

xMnxTe at room temperature and the slope of the susceptibility at lower concentration is more 
compared with the slope at higher concentration. This behavior may be understood in this material 
by the fact that each Mn+2 ion has a total spin s =5/2 originating from the half-field "3d'' shells. 
Mn+2 spins are coupled by short-range antiferromagnetic interaction [8]. 
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Fig. 5.  The magnetic susceptibility of Cd1-xMnxS samples versus the Mn concentration 

  
Nonlinear variation of susceptibility with respect to the composition (x) may be explained 

as follows. At lower concentration of Mn, the "sp" electrons with spin opposite to the spin of the 
atom in ZnTe lattice interact with spin of Mn atom, which causes a decrease in susceptibility. At 
higher concentrations of Mn, the d-d exchange interaction between Mn atoms dominates over the 
sp-d exchange interaction resulting in an abrupt increase in susceptibility (18). 

 
 
4. Conclusions 
 
In summary, one can demonstrate that the hydrothermal process is a good technique for 

the synthesis of DMS nanorods. The Mn content is determined and all our results are consistent 
with each other very well. EDX spectra confirmed that the composition is Mn. The nanorods 
prepared as such have high productive rate and are rod-like with a diameter of about 14.5 nm. 
From repeated TEM examinations and powder XRD patterns of Cd1-xMnxS are indexed as the 
hexagonal phase just as CdS. When Cd2+ is partly substituted by Mn2+ ions, the absorption band 
edge of Cd1-xMnxS moves to shorter wavelength relative to CdS.  The magnetic susceptibility of 
Cd1-xMnxS samples varies nonlinearly with increasing of the Mn concentration. 
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