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Abstract  

Polymerization of aniline (AN) is carried out with ammonium persulfate under influence ultrasonic irradiation (USI) in 
cadmium sulfide (CdS). USI offers us a different technique to prepare polymer/inorganic composites. Polyaniline (PANI) is 
polymerized on the surface of CdS, which results in the formation of composite of PANI/CdS structure. Nucleation growth of 
composite particle takes place under USI treatment. The resulting composite particles of PANI/CdS are sphere-shaped and 
the magnitude varies along-with concentration of CdS. The particles of PANI/CdS composite were synthesized by chemical 
route which has cumulative structure and which is dissimilar from that attained under USI treatment. USI is able to break the 
aggregation of PANI/CdS composites. USI can enhance the composite proportion. When there is polymerization of PANI on 
the exterior surface of CdS, microfiber behavior of PANI is disturbed and the extent of polymerization reduces. X-ray 
diffraction (XRD) confirmed formation of composite of PANI/CdS and explains effect of USI on the composite of the two. 
Under USI treatment, it is deduced that although both the materials retained their crystal structures yet from the XRD of 
composite it is apparent that their crystallinity decreased significantly. Transmission and Scanning Electron Microscopy 
analysis conducted over the composite supports the results of XRD.  
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1. Introduction 

Polyaniline is a significant conducting polymer which is 

extremely popular as it has easier preparation method and has 

excellent environment stability.[1-4] The surface energy of the 

conducting polymers is high due to which their nanoparticles 

are not aggregated easily, hence it is not easy to prepare 

conducting polymer composite with inorganic nanoparticles 

such CdS (cadmium sulfide), ZnO (zinc oxide), TiO2 (titanium 

oxide), SnO2 (tin oxide) etc. by the conventional blending or 

in melt form.[5] For the composite preparation, PANI is the 

only conducting polymer which can be used to prepare 

composites with inorganic materials due to its very excellent 

environmental stability and extraordinary electrical and 

optical properties.[6-8] PANI has excellent magnetic and 

electrochemical properties which can be easily tuned by end 

group substitutions.[9-15] CdS is an important III-V 

semiconductor, as it offers unique electronic, optical 

properties besides being used for the applications in solar 

energy conversion and heterogeneous photo catalysis.[16-21] 

PANI/CdS composites provide the advantages of PANI and 

CdS particles and hence have probable applications in anti-

photo corrosion,[22] photocatalysis[23,24] and photovoltaics.[25] 

The ultrasonic irradiation (USI) is a well-known technique 

which has been extensively exploited in the chemical 

synthesis methods.[26-33] CdS particles were re-dispersed in the 

aqueous solution then USI takes place under the 

polymerization of AN and APS on the prepared CdS particles. 

This will be the formation of PANI-coated crystalline 

composite particles. Gedanken et al.[34] had performed the 

chemical synthesis of CdS particles on the surface of sulfate 

dioxide (SiO2-) ions by using USI for the slurry of SiO2. 

Previously reported data show that, polymer/nano silica 

composites were also synthesized by utilizing USI for long 

term stability.[35,36] Such a treatment broke apart the masses of 

nano-sized silica which might be re-dispersed in the aqueous 

medium. Xia and Wang[26] used USI to formulate zero 

dimension to 3-dimensional (0D-3D) PANI/nanocrystalline 

TiO2 composite nano-particles. However, the obtained 

particles of the composite were very small in size. Better 

interface of two materials of the composites ensures better 

performance of these materials in various devices because 

such types of structure or films absorb visible and UV light 
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photons under the natural photosynthesis process which are 

analogous to the charge transportation between polymer and 

inorganic materials which has many applications in anti-photo 

corrosive coatings and photovoltaic devices.[22] The present 

report discusses a simple and facile method of preparing 

PANI/CdS composites through USI. In view of the above, 

synthesis of organic/inorganic composites with better 

interfacial properties have recently gained importance. This 

work is probably first of its kind, where in we synthesize 

PANI/CdS composites with improved interfacial contact 

through USI.  

In this work, we have focused on the study of morphology 

of PANI/CdS composites structure which are synthesized by 

simple chemical route method with and without USI treatment 

and then characterized. This work is novel as it presents a 

simple and easy route for the fabrication of PANI/CdS 

composites which have excellent structural properties.  

 
Fig. 1 Representation of experimental setup for USI treatment for 

in situ CdS/PANI composites at room temperature.  

 

2. Methodology 

PANI was prepared by using the same method as explained in 

the previously performed research work[37] by mixing equal 

amounts of aniline and ammonium persulfate and then 

filtering the obtained precipitates followed by drying at 70 ºC 

for one and half hour. Then, 20ml of 20% NH3 solution was 

mixed with 20 ml 50 mM cadmium sulfate (CdSO4) which 

was stirred continuously for 10 min. To this solution 2 mg of 

the prepared PANI powder was added followed by addition of 

20 ml 50 mM thiourea at 70 ºC for 1.5 hr. Then, the synthesis 

of PANI/ CdS was carried out by conventional stirring. 50 mg 

of the prepared colloid particles of CdS was placed in situ 

PANI and the assembly was left for 4 hr at room temperature 

for the polymerization so that the resultant solution forms the 

composite of PANI/CdS. The same procedure of composite 

was repeated under ultrasonic bath as shown in Fig. 1 having 

frequency ≈ 25 kHz at about 25-30 °C. As the temperature 

increases above 25 °C, water bath was replaced by fresh water. 

 

2.1 Characterization 

Rigaku D/max-2400 X-ray diffractometer (Tokyo, Japan) was 

utilized to collect the X-ray diffraction (XRD) data for all the 

prepared samples by taking copper Kα radiation at λ = 0.154 

nm. Scanning electron microscope (SEM) were noted utilizing 

a JEOL JSM-6360A scanning electron microscope. Tecnai G2 

20 U-Twin instrument (FEI, Eindhoven, Netherland) was 

utilized to perform the Transmission electron microscope 

(TEM) for both PANI as well as CdS/PANI composite. 

 
Fig. 2 XRD plots of (a) Cadmium Sulfide (b) Polyaniline, (c) 

PANI/CdS composite without sonication and (d) PANI/CdS 

composite under USI. Green asterisk on the first peak of Fig. (c) 

and (d) represents formation of composites of PANI with CdS 

while green and orange asterisks are the signatures of PANI and 

CdS formation respectively.  

 

3. Results and Discussion 

3.1 XRD Analysis 

The XRD plots of PANI, CdS and PANI/CdS composites with 

and without USI are shown in Fig. 2. The diffraction 

intensities at around 26.5, 44.1, and 52.1° in Fig. 2(a), 

substantiate the formation of cadmium sulfide’s cubic phase 

and are in agreement with the standard data (JCPDS 80-0019) 

corresponding to (111), (220), and (311) reflections. The 

diffraction intensity at 25.1° in Fig. 2(b), is the signature peak 

confirming the formation of PANI and has been attributed as 

that due to the presence of consistent space amongst the 

phenyl rings of adjacent chains in a parallelized 

orientation.[38,39] Figs. 2(c) and (d) respectively indicate the 

XRD-pattern of the PANI/CdS composite without and with 

USI. As shown in these patterns, the crystalline cubic phase of 
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CdS and the signature intensity related to PANI, both are 

retained in XRD pattern of their composites. It may be inferred 

from the above that; both the materials have retained their 

individual identity even after the formation of their composites. 

As PANI is a polymer, therefore it becomes difficult to 

determine the phase by analyzing the XRD data.[40] It may also 

be seen in the XRD pattern of composite formed after USI that, 

the intensities of CdS decreased indicating the better 

formation of PANI/CdS composite.[22] This apparently, infers 

about improved interface formation between PANI and CdS 

and so a better composite of both materials. 

 

3.2 Scanning Electron Microscope (SEM)  

The SEM image of PANI have mixed morphology of 

microfibers and their aggregation as shown in Fig. 3(a). But 

there are irregular shapes of large CdS chunks observed in Fig. 

3(b). After the formation of PANI/CdS composite, their 

morphology has become quite different from that of individual 

materials as shown in Fig. 3(c). In the in situ PANI/CdS 

composite formation, polymerization of PANI takes place 

along the prepared CdS particles. The resultant morphology of 

PANI/CdS has large aggregated particles (lumps) of 

composites which are in the submicron ranges. However, the 

surface of the composites is not observed as we had observed 

for CdS. In the composite of PANI/CdS, as visualized in the 

Fig. 3(c), the AN is polymerized over the prepared CdS 

particles. Interestingly, during the composite formation, PANI 

couldn’t retain its microfiber like morphology. The microfiber 

behavior of PANI in the composites of PANI/CdS (width: 0.16 

± 0.03 µm and length: 3.5 ± 1µm) are hampered and irregular 

shape of aggregated particles (lumps) of its composites having 

average size (width: 2.4 ± 1.2 µm) are formed. It is also 

observed that the compact grains of CdS disintegrated into 

large chunks of CdS facilitating the polymerization of AN over 

their surface resulting in the apparent morphology. These 

composite lumps are even bigger in sizes than the aggregated 

particles of CdS (1.6 ± 0.2 µm) which seems to be separated 

by some micrometer wide ditches (0.72 ± 0.2 µm) as shown in 

Figs. 3(b) and (c). There are some broken microfibers of PANI 

(length: 0.2 ± 0.02 µm) that have been found in the composite 

of PANI/CdS morphology which represents that, there is a 

random growth (incomplete nucleation) of PANI microfibers 

under the polymerization. During the heterogeneous 

polymerization, the polymerized PANI molecules grow on the 

previously formed PANI particles and these hetero-nuclei tiny 

particles of PANI act as nano-scale sticky particles, leading to 

the agglomerated morphology of PANI/CdS composites.[41,42] 

Thus, heterogeneous polymerization is responsible for the 

broken microfibers of PANI in the PANI/CdS composites. 

Since the reported data show,[38] fiber growth of PANI polymer 

is due to homogeneous nucleation which leads to the 

microfiber morphology of PANI as shown in Fig. 3(a).  

 
Fig. 3 SEM of (a) PANI, (b) CdS, (c) PANI/CdS composite before USI treatment (d) PANI/CdS composite after USI treatment. 

(a) (b)

(c) (d)
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However, in the PANI/CdS composites, the presence of 

prepared CdS has a strong impact on the nucleation growth of 

PANI microfibers. Hence the microfiber behavior of PANI 

was disturbed in the composites due to vicinity of CdS 

particles during the polymerization of PANI. The microfibers 

of PANI have not grown properly as it is observed in its 

undoped formed, so the composite of PANI/CdS nucleation 

must be through heterogeneous polymerization. Fig. 3(d) 

show the in situ PANI/CdS composites formation along with 

USI treatment. It shows that the larger chunks of CdS got 

disintegrated into smaller CdS particles due to the USI 

treatment and the AN polymerized along these particles giving 

rise to formation of a dense PANI/CdS composites. The 

average sizes of these disintegrated particles are 1.2 ± 0.2 µm 

and a very few microfibers of PANI (length: 0.66 ± 0.03 µm 

and width: 0.12 ± 0.02µm) are also observed. It appears that, 

the formation of smaller CdS particles after USI, results in the 

increase in their surface to volume ratio which results in to 

dense polymerization on the CdS particles. Thus, undoped 

PANI show microfiber morphology however after formation 

of composites with CdS its morphology has abruptly modified 

into large chunks of composite structure.  

 

3.3 Transmission Electron Microscope (TEM) 

The TEM images of CdS and PANI/CdS composites are given 

in Figs. 4(a) to (c). A closer look at Fig. 4(b) show fiber like 

structures along with spherical aggregations attached to them. 

As discussed above, the fiber like structure is probably of 

PANI and spherical aggregations are of crystalline CdS. Fig. 

4(c) show the image of PANI/CdS composites under USI 

treatment which reveals that, the fiber like structures is no 

more visible in it. Apparently, the large fiber like structures 

which appeared in the composite formed without USI, has 

now taken the shape of small non-uniform ribbon like 

structure.  The CdS particles have aggregated to act as a 

platform for the polymerization of AN which leads to the 

production of a PANI/CdS composite with better interface. As 

discussed earlier the disintegrated particles after USI treatment 

facilitated such an interface formation between PANI and CdS. 

The composite formation without and with USI treatment is 

illustrated in the schematic diagram of Figs. 4(a) to (c). Many 

of these are straight shapes with some other particles lying 

within them as demonstrated in Fig. 4(b). The average length 

and diameter of these fibers in PANI are 1.4 ± 0.2 µm and 160 

± 25 nm, respectively which are similar to the results obtained 

from their SEM image measurements. This unveils that, PANI 

polymer is a microfiber structure. The images of PANI/CdS 

composites (Fig. 4(b)) without USI and PANI/CdS composites 

under the USI treatment (Fig. 4(c)) show that the 

polymerization of PANI occurs on the exterior of prepared 

CdS particles, which leads to the creation of clearly-defined 

hetero-structure of PANI/CdS. After the USI treatment, the 

formation PANI/CdS structure becomes easier. It is also found 

that a greater number of CdS particles are impregnated within  

 

Fig. 4 TEM images of (a) CdS particles, (b) PANI/CdS composite before USI and (c) PANI/CdS composite upon USI. 
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PANI microfibers under the USI treatment. Fig. 4(c) also show 

that more CdS particles impregnated are within the PANI 

microfibers which are mostly not observed in its without USI 

treatment structure as shown in Figs. 4(b) and (c). The average 

particle size of the composites has increased to a value of 70 

± 5 nm as compared to CdS particles size (40 ± 2 nm). Post 

USI, PANI/CdS composite particles lie within the irregularly 

shaped PANI microfibers as shown in Fig. 4(c), which is 

explained by schematic diagram below the TEM images. It is 

also observed that after USI, the particles of CdS are not 

clustered inside the disintegrated microfibers of PANI and 

such structure results in novel composites of PANI/CdS 

hetero- structure. Thus, the Schematic diagram of TEM 

images show that, after USI the microfiber behavior of PANI 

has been disturbed and a large number of CdS particles are 

impregnated within disintegrated PANI fibers. These 

impregnations of CdS are more in number as compared to the 

without USI treatment effect. 

 

4. Conclusions 

In this study, we report the effect of USI on the formation of 

PANI/CdS composite. In summary, it was observed that, PANI 

easily gets polymerized on the exterior of the CdS leading to 

an inorganic/ polymer hetero-structure forming a composite of 

PANI/CdS. XRD studies revealed that both CdS and PANI 

have retained their identity in the composites even after USI 

treatment. SEM and TEM studies indicated that the PANI/CdS 

composite formed under USI treatment appeared to have 

resulted in better PANI/CdS interface than that without USI. 

Such an improved interface may be attributed to the increased 

surface to volume ratio of CdS transpired from USI treatment 

which facilitates polymerization of AN over the CdS particles 

with large surface area. The PANI/CdS composite has 

excellent conductivity and dielectric behaviour and hence can 

be explored further for designing better transistors, nano-

based dielectric and energy storage devices.  
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