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Abstract
Pure copper chromite nanoparticles were prepared through an efficient route using copper nitrate and chromium nitrate. 
For the first time, various amino acids were employed as capping agents in the presence of propylene glycol and ethylene 
glycol in order to prepare these nanostructures. A number of experiments were performed to examine the effect of stabiliza-
tion agents, alkaline agents and connecting agents on the shape, grain size and photodegradation behavior of  CuCr2O4. The 
results showed that the type of stabilization agent and reducing agent creates numerous changes in terms of the size and 
photocatalytic performance of copper chromite. The effects of several factors, including the type of pollutant, grain size of 
 CuCr2O4 nanostructures, pH and dosage of dye, on the photocatalytic behavior of copper chromite nanostructure were evalu-
ated. Solutions of methylene blue, methyl orange and rhodamine B were employed as model contaminants. The maximum 
photocatalytic activity of the  CuCr2O4 nanostructure was achieved for the rhodamine B contaminant under UV irradiation. 
When the  CuCr2O4/Ag nanostructure was used instead of  CuCr2O4 nanoparticles, the photocatalytic activity during the 
degradation of rhodamine B increased from 76 to 91%.

1 Introduction

In recent decades, nanomaterials have aroused great inter-
est due to their unparalleled properties including optical, 
electronic and magnetic properties as well as potential 
application in nanodevices [1–9]. Therefore, the controlled 
preparation of nanostructures is a significant objective for 
modern materials, owing to their size- and shape-dependent 
physical properties and diverse applications. Facile synthesis 

approaches are required for easy adjustment of the nuclea-
tion and growth kinetics to enable tuning of the morphol-
ogy and size of the nanomaterials [10–12]. Bimetallic nano-
structures are a new category of materials, which exhibits 
interesting properties compared with monometallic struc-
tures [13–15]. Relative to monometallic nanostructures, the 
preparation of perfect quality bimetallic nanostructures with 
controllable size, morphology and structure is much more 
difficult; therefore, an easy and reliable preparation route 
remains a challenge for researchers [16–18].  CuCr2O4 spi-
nel structures have been described as a significant category 
of bimetallic oxides which act as versatile catalysts [19]. 
Additionally, spinel  CuCr2O4 is an appropriate catalyst for 
use with composite solid propellants, employed for rocket 
propellant [20–23]. Moreover,  CuCr2O4 nanostructures have 
been employed as catalysts for different industrial activities 
such as dehydrogenation, alkylation, hydrogenation, and 
have thus found a vast range of commercial applications 
[24–26].

Almost all properties of nanoparticles pertain on their 
chemical formula, structure, phase and morphology. Con-
trol of the shape is one of the important requirement for 
improving the performance of a photocatalyst [27–29]. In 
this context, various approaches have been reported for the 
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synthesis of nanoparticles, including hydrothermal [30, 31], 
microwave [32], precipitation [33], microemulsion [34–38], 
melting [39], sonochemical [40–44], sol–gel methods [45, 
46], etc. However, some methods are not desirable for con-
trolling the morphology and size distribution of nanostruc-
tures. Therefore, simple and cost-effective methods of prepa-
ration of nanostructures from non-toxic and environmentally 
benign precursors remain an important subject of research. 
Among the various approaches used for the preparation of 
nanostructures, the sol–gel combustion method seems prom-
ising due to the low calcination temperature needed, very 
high purity and the possibility of controlling the size and 
shape of the nanomaterial. Moreover, this approach is more 
environmentally friendly than the other alternatives, as no 
waste liquid is released during the whole synthesis process.

Environmental contamination has become a critical prob-
lem and many methods have been used to reduce the levels 
of pollutants. The use of photocatalyst materials with par-
ticular photo-activity ranges can be an attractive method for 
pollutant reduction [47–56]. The preparation of new struc-
tures of nanocomposites based on various substrates, and 
use of deposited systems for improvement of the photocata-
lytic activity and photo activity area of photocatalysts have 
been widely investigated by scientists and gained consider-
able attention in recent works [57–59]. Semiconductors are 
employed for photodegradation due to their suitable band 
gaps. The optical properties of  CuCr2O4 demonstrated that 
this nanostructure is a semiconductor with a band gap of 
3.25 eV, making it suitable for the photodegradation pro-
cess. The photodegradation potential of  CuCr2O4 was stud-
ied based on three dyes, methylene blue, rhodamine B and 
methyl orange, under UV irradiation for 60 min.

This study concerns the synthesis, morphology and 
photocatalytic performance of  CuCr2O4 and  CuCr2O4/Ag 
nanostructures.  CuCr2O4 nanostructure synthesized using 
the Pichini method and amino acids were used for the first 
time as stabilization agents for the preparation of copper 
chromite. Several factors, such as the role of the molar ratio 

of the stabilization agent on the purity as well as grain size 
and morphology of copper chromite, synthesized by a new 
simple route, were studied. Additionally, the photocatalytic 
behavior of  CuCr2O4/Ag and  CuCr2O4 nanostructures was 
studied by based on the degradation of different organic 
pollutants.

2  Experimental

2.1  Characterization

Copper nitrate, chromium nitrate, silver nitrate, ethanol, gly-
cine, alanine, valine and leucine were purchased from Merck 
and used without further purification. XRD patterns were 
obtained in order to study the crystalline structure. SEM 
analysis was employed (LEO model number 1455VP) for 
investigation of grain size and morphology of nanomaterial. 
FT-IR spectra were obtained by preparation of potassium 
bromide pellets and spectroscopic analysis in a range of 
400–4000 cm−1. EDS analysis was carried out with accel-
erated voltage (20 kV). Transmission electron microscope 
(TEM) images were taken using a Philips EM208 instrument 
under 200 kV accelerating voltage. To determine the cop-
per, chromium and silver contents in the final catalyst, the 
nanostructures were analyzed by inductively coupled plasma 
(ICP), using a Jarrell-Ash 1100 ICP device.

2.2  Synthesis of spherical  CuCr2O4 nanostructures

Generally,  CuCr2O4 nanostructures were prepared by a reac-
tion between Cu(NO3)2 and chromium nitrate. In all experi-
ments, the  Cr+3:Cu+2 molar ratios were 2:1. First, 1 mmol 
of copper nitrate was added into 30 mL of distilled water; 
then a stoichiometric amount of amino acid (as shown in 
Table 1) was dissolved in the solution under stirring at 70 
°C for 20 min. In the next step, 2 mmol of Cr(NO3)3 was 
dissolved in distilled water, added to the maintained mixture 

Table 1  Optimization steps 
for synthesis of  CuCr2O4 and 
 CuCr2O4/Ag via a sol–gel 
method

Sample no. Type of amino acid Cr3+/amino acid 
(molar ratio)

Figure show-
ing SEM

Temperature of 
calcination

Ag deposited

1 Glycine 1:10 4a 650 –
2 Alanine 1:10 4b 650 –
3 Valine 1:10 4c 650 –
4 Leucine 1:10 4d 650 –
5 Leucine 1:10 – – –
6 Leucine 1:5 6a 650 –
7 Leucine 1:15 6b 650 –
8 Leucine 1:10 – 650 1%
9 Leucine 1:10 7a and b 650 3%
10 Leucine 1:10 – 650 5%
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(copper salt and amino acid with temperature maintained at 
the same level for 30 min). With the increase of temperature, 
a porous solid mass was formed. The prepared gel was then 
calcined at 650 °C for 3 h. To investigate the role of the cap-
ping agent, a test was carried out under the same preparation 
conditions using no amino acid. The production conditions 
of  CuCr2O4 structures were summarized in Table 1. A sche-
matic diagram of the synthesis of  CuCr2O4 nanoparticles 
was presented in Scheme 1.

2.3  Synthesis of  CuCr2O4/Ag nanocomposite

CuCr2O4/Ag nanostructures were prepared using a pho-
todeposition technique. First, 0.5  g of the synthesized 
 CuCr2O4 nanostructures (sample 3) were dissolved in 50 mL 
water, and 0.025 Ag(NO)3 was added to the resulting solu-
tion. The mixture was placed minutes in an ultrasound bath 
for 45 to obtain a uniform dispersion of the copper chromite 
nanostructure in the solution. Next, the solution was trans-
ferred to a quartz tube and placed under ultra violet irradia-
tion for 3 h. The final sediment was separated, washed three 
times with ethanol and water, and dried.

2.4  Sampling for photocatalytic tests

The degradation of various organic contaminants was car-
ried out to evaluate the photocatalytic properties of the final 
products. The photodegradation potential of  CuCr2O4 and 
 CuCr2O4/Ag systems was investigated using a 120 mL quartz 
tube. In each case, 0.04 g of the synthesized photocatalyst 

was added to 40 mL of a pollutant solution (methylene blue, 
rhodamine B or methyl orange) at an initial concentration of 
10 ppm. The solutions were stirred by bubbling an air cur-
rent into the suspensions to obtain the topmost adsorption 
of contaminants on the nanocatalyst surface and to achieve 
appropriate homogeneity of the solution. The photodegra-
dation reaction was carried out under ultra violet irradia-
tion: the vessels were placed in a compartment 40 cm from 
the light source, consisting of 400 W mercury lamps. After 
10 min, a 5 mL sample of the mixture was taken and cen-
trifuged. Next, the absorbance spectra of the dye solutions 
were obtained using a UV–Vis spectrometer device and the 
degradation efficiency was determined based on the change 
in absorbance at λmax for the organic pollutants. The effi-
ciency of organic pollutant photodegradation was estab-
lished using the following equation [60]:

where C and  C0 are the absorbance values of the pollut-
ant solution before and after the photodegradation process, 
determined respectively using a UV–Vis spectrometer.

3  Results and discussion

This study is focused on the synthesis of  CuCr2O4/Ag in 
order to increase the efficiency the photocatalytic perfor-
mance of  CuCr2O4 under UV light. The effect of various 
parameters, such as surfactant and calcination temperature, 

(1)Degradation (%) =
C0 − C

C0
× 100

Scheme 1  Schematic diagram 
of the synthesis of  CuCr2O4/Ag 
nanostructures
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on the morphology of the final nanostructure was also inves-
tigated. The  CuCr2O4 was synthesized by a modified sol–gel 
method using a new stabilization agent. First, one of the 
capping agents (amino acids) was selected as an optimal 
sample based on the SEM results, in order to ensure that the 
synthesis is time- and cost-effective. In the next step, the 
effect of annealing temperature on the purity and crystallin-
ity of the products was investigated.

The crystalline structure of the synthesized  CuCr2O4 was 
studied using XRD analysis. The XRD results of the synthe-
sized  CuCr2O4 with Cu(NO3)2 and Cr(NO3)3 precursors 
(samples 3, 5 and 10) were presented in Fig. 1. The XRD 
pattern of sample 5  (CuCr2O4 before calcination) was shown 
in Fig. 1a. This pattern does not contain sharp peaks, in view 
of the low crystallinity of this sample. The available peaks 
in the XRD spectra of  CuCr2O4 after calcination (Fig. 1b) 
match with a tetragonal structure, corresponding to cards no. 
87-0432. The XRD spectra of  CuCr2O4/Ag (sample 10) were 
presented in Fig. 1c. The presence of peaks in the XRD 
matches with the silver compound, corresponding to JCPDS 
standard cards no. 87-0719. The crystalline sizes were cal-
culated using the Scherrer’s equation, Dc = K�

�Cos�
 , where the 

K value is equal to 0.9 and considered as shape factor, β 
corresponds to full width at half maximum and λ is the X-ray 
wavelength which usually equal to 0.154 nm for Cu  Kα 

radiation. Additionally, the average particle size was esti-
mated at ~ 37 nm by using of highest peak (3 1 1), FWHM 
and above equation.

To further confirm the successful formation of nanostruc-
tures  (CuCr2O4/Ag), EDS analysis was employed (Fig. 2) 
in addition to XRD patterns. This analysis confirmed the 
presence of silver (Ag) in the final compound. The spectrum 
showed that the nanostructure was composed of chrome, 
copper, oxygen and silver, with respective percentage con-
tents of 38.04, 18.22, 42.81 and 0.93.

To determine the precise quantity of silver in the pho-
tocatalyst, the  CuCr2O4/Ag (sample 1% Ag) was analyzed 
by means of ICP spectrometry. The presence of silver in 
the sample was corroborated, with a content of 0.081 mmol 
silver per gram of support.

The Fourier-transform infrared spectroscopy (FT-IR) 
spectrum of sample 3  (CuCr2O4) was presented in Fig. 3. 
Two peaks at 519 and 607 cm−1 correspond to stretching 
vibrations of the M–O (metal–oxygen) bonds [61]. The pres-
ence of such peaks indicated that Cu and Cr are surrounded 
by oxygen in the tetragonal structure. Based on the FT-IR, 
EDS and XRD results, it was established that pure tetragonal 
phase of  CuCr2O4 nanoparticles was prepared via the sol–gel 
method. Additionally, the presence of a band at 3464 cm−1 is 
attributed to –OH groups (surface hydroxyl) [62, 63].

Various recent studies concerning the possible replace-
ment of chemical reagents with natural materials to reduce 
environmental pollution have been carried out. In the pre-
sent study, amino acids were employed as a capping agent 
and reducing agent. The FESEM was used to evaluate the 
performance of certain factors, such as the type of capping 
agent and reducing agent and the temperature, on the shape 
and grain size of the copper chromite nanostructure. To 
illustrate the effect of steric barrier on the size and shape 

Fig. 1  XRD patterns of  CuCr2O4 synthesized before calcination (a), 
 CuCr2O4 synthesized with calcination at 650 °C (b) (sample 3) and 
(c)  CuCr2O4/Ag (sample 10) Fig. 2  EDS curve of  CuCr2O4/Ag nanostructures (sample 8)
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of  CuCr2O4, four amino acids—glycine, alanine, valine and 
leucine—were used as capping agents (samples 1–4). Fig-
ure 4 shows FESEM images of samples 1–4 prepared in 
the presence of glycine (Fig. 4a), alanine (Fig. 4b), valine 
(Fig. 4c) and leucine (Fig. 4d). Since glycine (Fig. 4a) is 
the smallest stabilization agent, its steric barrier is weak; 
hence an agglomerated particle with uncertain morphology 
were produced. Among the obtained nanostructures, sample 
3, synthesized with leucine as capping and reducing agent, 
exhibited analogous sphere-like nanomaterials (Fig. 4d). It 
is estimated that among amino acids, leucine is characterized 
by the suitable steric barrier effect (Fig. 5). Considering the 
structure of the amino acids, it may be concluded that the 
larger structures possess greater steric hindrance, which may 
be useful for the preparation of subminiature particles. Fur-
thermore, the effect of the molar ratio of  Cr3+ to leucine on 
the morphology and size of the nanostructures was checked. 
The SEM images of synthesized nanoparticles with various 
molar ratios of  Cr+3 to leucine were presented in Fig. 6a 
and b. Figure 6a shows the agglomerated and heterogeneous 

Fig. 3  FT-IR spectra of  CuCr2O4 nanostructures (sample 3)

Fig. 4  FESEM images of 
samples obtained with various 
amino acids; glycine (a), ala-
nine (b), valine (c) and leucine 
(d)



 Journal of Materials Science: Materials in Electronics

1 3

structure of  CuCr2O4 nanoparticles prepared at the molar 
ratio of  Cr3+ to leucine of 1:5 (sample 6). By increasing this 
ratio to 15 (Fig. 6b) unknown structures with very large size 
were obtained (sample 7).

Ag(NO3) was deposited via the photodeposition tech-
nique. The morphology of  CuCr2O4 nanostructures depos-
ited with silver was presented in Fig. 7a and b. As can be 
observed, the size and surface of the  CuCr2O4 nanostruc-
tures deposited with silver (sample 9) were rougher and 
larger than in the case of the pure  CuCr2O4 particles, which 
confirms the coating of the surface with Ag particles.

We believe that the oxidation state of Ag is zero. This 
assumption is based on the fact that these nanoparticles were 
anchored on the substrate surface using the photodeposition 

method and previous investigations demonstrated that metals 
deposited on surface nanostructures by UV deposition were 
mainly metallic species with zero oxidation state  (M0) [64, 
65]. The metal particle acts as a sink for photogenerated 
electrons and reduces the rate of their recombination with 
holes so that photocatalytic activity will increase. It is com-
monly believed that the metallic state  (M0) induces greater 
enhancements of the photocatalytic activity of  TiO2 semi-
conductor by creating a Schottky junction between the metal 
and the semiconductor.

To provide additional information regarding the shape 
and size of the produced  CuCr2O4/Ag nanostructures (sam-
ple 9), a TEM survey was carried out. The TEM images 
of the  CuCr2O4/Ag nanostructure prepared using leucine as 
capping, with quasi-spherical morphology were presented in 
Fig. 8a and b. The TEM images of  CuCr2O4/Ag nanostruc-
tures with size about 30–60 nm were presented in Fig. 8.

To determine the band gap and study the optical proper-
ties of the  CuCr2O4 nanostructure, UV–Vis spectrometry 
was applied. The band gap can be calculated based on the 
following equation:

The UV–Vis absorption spectra of sample 3 (prepared 
using leucine with molar ratio 1:10) and sample 9  (CuCr2O4/
Ag (3%)) were presented in Fig. 9a and b. Peaks close to 
225, 265, 285, 300, 307, 335, 353 and 383 nm (Fig. 9a) can 
be observed in the DRS pattern of sample 3. The energy 
gap can be specified by using Tauc’s equation [66, 67]. The 
energy gap of sample no. 3 was determined by extrapolat-
ing the linear section of the plot of (αhν)2 against hν to the 
energy axis (Fig. 9c). The calculated Eg amount of the pre-
pared  CuCr2O4 particle was equal to 3.25 eV. The absorption 
bands at 218, 280, 306, 322, 345, 350 and 368 nm for sample 

(2)(�h�)n = B
(

h�−Eg

)

Fig. 5  Molecular structure of rhodamine B, methylene blue and 
methyl orange

Fig. 6  SEM images of samples 
6 (a) and 7 (b)
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9 were presented in Fig. 9b. This diagram showed the DRS 
spectrum of the  CuCr2O4/Ag particle. The calculated Eg 
of the  CuCr2O4/Ag nanostructure (sample 9) was equal to 
approx. 3.05 eV (Fig. 9d). The calculated Eg values indicate 
that the prepared  CuCr2O4/Ag and  CuCr2O4 samples may be 
used as photocatalysts under UV irradiation.

Based on the appropriate band gap of the prepared nano-
structures, the photocatalytic activity of these nanocompos-
ites under UV irradiation was evaluated. Three dyes (methyl 
orange, rhodamine B and methylene blue) were considered 
as pollutant sources, and their degradation efficiency was 
investigated in the presence of  CuCr2O4/Ag and  CuCr2O4 
nanoparticles as photocatalysts. The influence of several 
factors, including the type of pollutant, size and shape of 
 CuCr2O4 particles on the photodegradation of the products 
was investigated. The effect of the quantity of Ag doped on 
 CuCr2O4 (samples 8, 9 and 10) on the degradation of the 
pollutants was also investigated. The mechanism of degrada-
tion may be presented as:

The mechanism of degradation of pollutants based on 
the copper chromite product has been depicted in Scheme 2. 
As shown in this diagram, a photon can produce  e− and  h+ 
in the conduction band and valence band of  CuCr2O4/Ag, 
respectively.

The results of adsorption and degradation of rhodamine 
B under ultra violet irradiation were presented in Fig. 10. 
Adsorption without light led to the removal of approx. 8% 
of the rhodamine B by the  CuCr2O4. The adsorption of pol-
lutant on the particles was low. The photolysis experiment 

CuCr2O4∕Ag + UV irradiation

→ CuCr2O4∕Ag
∗ + electron + hole

hole + H2O → OH

electron + O2 + hole → O−
2

OH., O−.
2
, hole + organic molecules → degraded products

Fig. 7  SEM images of  CuCr2O4 
nanostructures (sample 9)

Fig. 8  TEM images of 
 CuCr2O4/Ag nanostructures 
(sample 9)



 Journal of Materials Science: Materials in Electronics

1 3

resulted in the degradation of approx. 6% of the rhodamine 
B (RhB).

The results for photocatalytic experiments under UV 
irradiation (400 W mercury lamps) of RhB, methylene blue 
(MB) and methyl orange (MO) using sample 3 were shown 
in Fig. 11. As shown, the degradation efficiency of RhB 
in the presence of  CuCr2O4 (sample 3) was greater than in 
the case of methylene blue and methyl orange. The results 
confirmed that maximum degradation of the dye occurs 
during the initial minutes; this is related to the decrease in 
the density of dye molecules and their concentration in the 
vicinity of the photocatalyst. The catalytic efficiencies of 
the nanostructures during the degradation of RhB, MB and 
MO were equal to 76%, 65% and 41%, respectively. The 
highest yield of photodegradation is obtained for rhodamine 
B dye. It is evident that the photodegradation of anionic 
contaminants with a negative charge is lower compared to 

Fig. 9  UV–Vis diffuse reflectance spectrum and plot to determine the band gap of  CuCr2O4 (sample 3) (a and c) and UV–Vis diffuse reflectance 
spectrum and plot to determine the band gap of  CuCr2O4/Ag (sample 9) (b and d)

Scheme  2  Schematic diagram of the reaction mechanism of rhoda-
mine B photodegradation by  CuCr2O4/Ag
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that of cationic contaminants with a positive charge. These 
results revealed that in the photocatalytic process, cationic 
pollutants are better adsorbed on the  CuCr2O4 than anionic 
pollutants. Since the nanostructured  CuCr2O4 possesses oxy-
gen with high electron density on its surface, it seems that 
the negatively charged  CuCr2O4 can adsorb the positively 
charged cationic pollutant.

In the next step, the influence of silver on the decom-
position of rhodamine B was studied. The photocatalytic 
performance of  CuCr2O4/Ag with different concentrations 

of silver (samples 8, 9 and 10) was compared under UV 
irradiation (Fig. 12). The photocatalytic efficiency of sample 
10 is clearly greater than that of the other samples, as dem-
onstrated in Fig. 12. Calculations using Eq. (1), indicated 
that in case of rhodamine B in the presence of samples 8, 
9 and 10, degradation after 60 min was equal to 81%, 87% 
and 91% respectively, compared with approx. 76% for the 
 CuCr2O4 nanocomposite (sample 3). It seems that the higher 
photocatalytic activity of the prepared  CuCr2O4/Ag system 
compared with  CuCr2O4 can be associated with its lower 
band gap value. It is considered that the recombination of 
electrons and holes has a notable impact on photocatalytic 
performance. The decreasing of recombination leads to the 
increase of photocatalytic activity. By decreasing the band 
gap, the likelihood of electron–hole recombination may be 
decreased, whereupon photocatalytic activity increases. For 
nanostructured  CuCr2O4/Ag with a lower gap, the recom-
bination was reduced and better photocatalytic activity 
was obtained. On the other hand, silver particles serve as 
electron acceptors. This property results in the collection 
of the photo-generated electrons, leading to a decrease in 
recombination of holes and electrons. Hence, the fraction 
of photoholes for oxidizing interfacial charge-transfer reac-
tions will increase and enough sites for dye decomposition 
will be available. Additionally, an increase in content of Ag 
corresponds to the increased amount of reactive sites, and 
hence the degradation efficiency was improved.

To investigate the impact of pH on the degradation rate, 
the samples were evaluated at two different values of pH. 
The degradation of rhodamine B was determined under 
acidic (pH 5) and neutral conditions (pH 7) (Fig. 13). The 
lower pH resulted in a lower quantity of rhodamine B 

Fig. 10  Degradation of the dye in the presence and absence of irra-
diation

Fig. 11  Photocatalytic efficiency of  CuCr2O4 nanostructures (sample 
3) during the degradation of rhodamine B, methylene blue and methyl 
orange

Fig. 12  Effect of silver content on the photocatalytic efficiency of 
 CuCr2O4/Ag nanostructures
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adsorbed on the nanoparticles surface. Scheme 3 demon-
strates that surface of particles under acidic conditions pos-
sesses a notable positive charge and, consequently, cationic 
molecules are more likely to be desorbed on the surface 
[68]. The maximum yield of rhodamine B degradation was 
obtained under neutral conditions. The catalytic efficiencies 
of sample 10 during the degradation of rhodamine B at pH 7 
and pH 5 were equal to 91% and 73%, respectively.

Additionally, the photodegradation activity of the pre-
pared catalyst was compared with commercial  TiO2 (P25) 
(Fig. 14). Based on Eq. (1), the degradation of rhodamine 

B after 60 min under UV irradiation (400 W mercury 
lamps) for sample 10 and commercial  TiO2 was equal to 
91% and 63%, respectively.

4  Conclusion

In summary, the photodeposition and sol–gel methods 
were used to prepare a  CuCr2O4/Ag nanocomposite photo-
catalyst. Amino acids were used to prepare  CuCr2O4 nano-
structures for the first time. The prepared nanoparticles 
were studied using the ICP-OES, DRS, XRD, SEM, EDS, 
TEM and TEM, techniques. In order to obtain high-grade 
nanostructures with high purity, various parameters were 
altered. Finally, the structure synthesized using leucine 
and calcined at 650 °C was accepted as the suitable sys-
tem. Next, silver particles were doped on the  CuCr2O4 
using Ag(NO3). The  CuCr2O4 and  CuCr2O4/Ag nanostruc-
tures were then tested as photocatalysts in the degradation 
of methyl orange, methylene blue and rhodamine B. The 
influence of grain size of  CuCr2O4 nanostructures, type 
of pollutant and pH on the photocatalytic activity of the 
products was evaluated. By using sample 10  (CuCr2O4/
Ag nanostructure) instead of sample 3  (CuCr2O4 nano-
particles), the photocatalytic activity could be increased 
from 76 to 91%. Additionally, lowering the pH from 7 to 
5 decreased the degradation efficiency of rhodamine B to 
from 91 to 73%. This occurs because cationic molecules 
are more likely to be desorbed on the surface under acidic 
conditions.

Fig. 13  Effect of pH on the photocatalytic degradation of rhodamine 
B by  CuCr2O4/Ag nanostructures (sample 10)

Scheme 3  Effect of pH on the 
adsorption and desorption of 
rhodamine B on the surface of 
 CuCr2O4/Ag nanostructures
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