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Abstract: An easy method for preparing CuO nanoparticles incorporated in a mesoporous structure was presented based on the 
thermal decomposition of a copper complex. The novel copper coordination compound of [Cu(anic)2]·0.75H2O (anic=        
2-aminonicotinate) with the microflake morphology was synthesized through the reaction of 2-aminonicotinic acid (Hanic) and 
copper(II) nitrate. Using elemental analysis and Fourier transform infrared (FTIR) spectroscopy, the chemical composition of 
CuC12H11.5N4O4.75 was proposed. Calcination process at 550 °C for 4 h transformed the microflakes into CuO nanoparticles 
incorporated in a mesoporous structure. The FTIR peaks assigned to 2-aminonicotinate were completely removed after calcination, 
confirming CuO formation. X-ray diffraction (XRD) analysis also confirmed the generation of pure and crystalline CuO. SEM 
showed CuO nanoparticles with the average diameter of 75 nm. The diffuse reflectance spectrum (DRS) of the CuO nanoparticles 
showed a band gap energy of ~1.58 eV. The degradation efficiency toward rhodamine B was almost 100 % after 5 h illumination 
when both CuO and H2O2 were utilized. The results show that the product can be used as an efficient photocatalyst for water 
treatment. 
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1 Introduction 
 

The nanostructures of CuO, as a p-type semi- 
conductor with narrow band gaps of 1.2−1.4 eV [1−4], 
have widely been used as catalysts [5,6], ultraviolet 
and/or visible light-driven photocatalysts [7−12], 
antibacterial materials [13−15], lithium ion batteries [16] 
and biosensors [17]. The physicochemical properties of 
CuO nanomaterials strictly depend on their size and 
morphology [18,19]. Hence, lots of efforts have been 
carried out to prepare various nanostructures. So far, 
numerous morphologies of copper oxide nanostructures 
have been synthesized and reported [20−23]. For 
example, it was reported that Cu(OH)2 could maintain 
the initial nanowire morphology during the chemical 
transformation into CuO applied in more active 
electrochemical reactions [24]. Nanowhisker-like CuO 
thin films with high photocatalytic activity were prepared 
by electrochemical route [25]. Morphologies such as 
leaf-like, oatmeal-like and hollow spherical CuO were 

also synthesized by solution and hydrothermal  
reactions [26]. A gradual transformation from Cu2O to 
CuO one-dimensional nanostructures was observed by 
increasing the deposition temperature in CVD process 
utilizing β-diketonate diamine precursor [27]. 
Additionally, CuO nanocubes, nanorods and nanosheets 
were synthesized using tetraoctylammonium bromide as 
a surfactant in a wet chemical method [28]. 

A well-known and low-cost method for preparing 
metal oxide nanostructures with high purity is the 
thermal decomposition of precursors. Concerning this, 
rod-shaped CuO nanoparticles were synthesized by 
direct thermal decomposition of [Cu4(SO4)(OH)6] [13]. 
Nanosized three-dimensional supramolecular, 
[Cu(L)2·(H2O)2] (L=1H-1,2,4-triazole-3-carboxylate), 
was synthesized by sonochemical process and 
subsequent calcination process yielded CuO 
nanoparticles [29]. High specific surface area (>70 m2/g) 
of CuO was also reported by the decomposition of 
copper(II) oxalate where the use of hydroxyl- 
propylmethylcellulose polymer was responsible for the 
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cubic morphology and large specific surface  area [30]. 
The possibility to obtain pure metal oxide nanostructures 
from metal complexes paves the way to connect 
coordination science and nanotechnology. In fact, 
coordination compounds with different kinds of ligands 
are suitable candidates to prepare metal oxide 
nanostructures [31−33]. On the other hand, due to the 
specific topology of 2-aminonicotinic acid, it is 
potentially capable of coordinating to the metals through 
carboxylic acid groups or via two distinct amine sites. 
For example, this ligand acted as a light collector      
in the structure of the photoluminescent [Tb(anic)3]·  
0.5Hanic·7H2O [34]. Ag2-µ-O, O′(anic)2-(NO3)2]n with 
considerable antibacterial activities against Ps. 
Aeruginosa is another sample of Hanic coordination 
compounds [35]. In the structure of [TlMe2(anic)]n, the 
ligand played the role of a bridge to link two [TlMe2]+ 
moieties, via two oxygen atoms of the carboxylate group 
and the pyridine nitrogen atom [36]. To the best of our 
knowledge, there are no reports on the synthesis of CuO 
nanostructures by thermal decomposition of copper 
complex with 2-aminonicotinic acid.  

In this research, at first, the novel coordination 
compound of CuC12H11.5N4O4.75 with microflake 
morphology was synthesized through a solution 
precipitation method. Then, the synthesized 2-amino- 
nicotinate copper complex microflakes were used as a 
precursor to prepare CuO nanoparticles by thermal 
decomposition. The products were characterized by 
elemental analysis, FTIR and UV–Vis spectroscopies, 
XRD, scanning electron microscopy (SEM) and BET N2 
adsorption−desorption analysis.  
 
2 Experimental 
 
2.1 Chemicals and synthesis 

All of the reagents were purchased from the Merck 
Company and used without further purification. A KOH 
aqueous solution (2 mmol KOH in 30 mL deionized (DI) 
water) was added into a 2-aminonicotinic acid solution  
(2 mmol in 30 mL ethanol) until the pH of the total 
solution was 7, measured by a Metrohm pH meter. A 
copper(II) nitrate trihydrate aqueous solution (1 mmol in 
20 mL DI water) was then added dropwise to this 
solution while stirring for 30 min. It gave the green 
precipitate of copper coordination compound (with a 
melting point of ~280 °C) which was then filtered, 
washed and dried at room temperature during the night. 
The coordination compound, as a precursor, was calcined 
at 550 °C in air for 4 h to prepare CuO nanoparticles. A 
schematic representation of the reaction is shown as 
follows:  

 
 
2.2 Characterization  

The powder X-ray diffraction measurement was 
performed using a JEOL diffractometer with 
monochromatic Cu Kα radiation (λ=1.5418 Å). Rapid 
Heraeus elemental analyzer was used to perform 
elemental analysis. Diffuse reflectance spectra (DRS) 
were obtained by a Shimadzu (MPC–2200) spectro- 
photometer. FTIR spectra were recorded on a Shimadzu− 
8400S spectrometer in the wavenumber range of 
400−4000 cm−1 using KBr pellets. SEM images were 
taken by a VEGA/TESCAN microscope at an 
accelerating voltage of 30 kV. The surface area of the 
product was obtained using the Brunauer−Emmett−Teller 
(BET) technique with micromeritics (Gemini) in the 
relative pressures range of 0.0−1.0. The sample was 
degassed at 473 K for 2 h, before measurement. 
Furthermore, the pore size distribution was determined 
from the desorption branch of the isotherm curve using 
the Barrett−Joyner−Halenda (BJH) model. The UV−Vis 
absorption study was performed at room temperature in 
the wavelength range of 190−800 nm on a UV−Vis 
spectrophotometer (Shimadzu UV−1700). The pH was 
measured by a Metrohm pH meter type 1.712.0010 that 
was purchased from Metrohm Herisau, Switzerland. 
 
2.3 Photocatalytic test 

Rhodamine B (RhB) was used as the representative 
pollutant to evaluate the photocatalytic activity of the 
produced CuO. The photodegradation experiments were 
carried out under the following conditions: 0.05 g CuO 
nanoparticles as the photocatalyst were added into a  
100 mL dye aqueous solution with the initial 
concentration of 10 mg/L at room temperature and 
neutral pH, followed by addition of 1.5 mL H2O2. The 
resultant suspension was stirred using a magnetic stirrer 
for 1 h in dark to establish an adsorption−desorption 
equilibrium. The concentration of the residual dye was 
measured using UV–Vis spectrophotometer at proper 
wavelength that corresponds to the maximum absorption 
of RhB (554 nm). The reaction vessel was subjected to 
light irradiation in the photo-reactor to continue the 
photodegradation process. Light irradiation was supplied 
by a 500 W high-pressure mercury-vapor lamp (λ=  
546.8 nm) that was mounted 10 cm from the reaction 
solution. The mercury lamp (HWL, 500 W, 225 V, E40) 
was purchased from the OSRAM Company in China and 

(1)
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the short-wavelength components of the supplied light 
(λ=350 nm) were cut off using a filter. At given 
irradiation time intervals, the portions of the suspension 
were taken from the reaction vessel, centrifuged at  
14000 r/min for 5 min and analyzed by UV–Vis 
spectrophotometer. 
 
3 Results and discussion 
 
3.1 Compositional characterization, morphological 

and optical studies 
The elemental analysis was utilized to determine the 

mass fractions of carbon, hydrogen and nitrogen in the 
composition of the copper complex. It verified the 
product of a copper coordination compound for which 
the empirical formula of CuC12H11.5N4O4.75 was proposed. 
The calculated mass fractions of elements for 
CuC12H11.5N4O4.75 are as follows: 40.48% C; 3.21% H; 
15.63% N. The measured mass fractions of elements for 
CuC12H11.5N4O4.75 are as follows: 41.02% C; 3.28% H; 
15.95% N. 

The FTIR spectra of the complex and the copper 
oxide nanostructures are shown in Figs. 1(a1) and (a2), 
respectively. All the corresponding peaks of the ligand 
functional groups were present in the spectrum       
of [Cu(anic)2]·0.75H2O[34]. Aromatic C—H bending 
vibrations were seen at 688−840 cm−1. The bands 
originated from the N—C and C—O vibrations were 
observed at ~1257 cm−1. The peaks at 1500 and     
1550 cm−1 were ascribed to the C=C stretching and   
N—H bending vibrations, respectively. The peaks at 
3159 and 3319, and ~3400 cm−1 were representative for 
water molecules and amine group, respectively. In the 
complex, there was no shift to lower wavenumbers for 
amine peaks after coordination, suggesting that the 
ligand was not coordinated to metal through the nitrogen 
atoms of amine group. Asymmetric vibrational mode of 
the carboxylate group in the complex shifted to lower 
wavenumbers (at 1672 cm−1) and the symmetric 
vibrational mode shifted to higher wavenumbers (at  
1658 cm−1), as compared with free ligand, anic, located 
at 1704 and 1548 cm−1, respectively. These shifts implied 
coordination through carboxylate group [34,37]. It was 
suggested that in the structure of copper complex, the 
ligand was coordinated to copper via the two oxygen 
atoms of the carboxylate groups which might in turn 
participate in hydrogen bonding. All the characteristic 
peaks of the ligand disappeared after calcination process 
and only the peaks at 530 and 578 cm−1 remained, which 
was attributed to the Cu—O bond (Fig. 1(a2)). 

XRD was used to clarify the CuO phase formation. 
All the reflections were well indexed to monoclinic 
phase of CuO (JCPDS card No. 00−045−0937). As it can 
be seen from Fig. 1(b), the diffraction peaks at 2θ values 

of 35.40°, 38.73°, 48.73°, 53.45°, 58.34°, 61.53°, 66.25° 
and 68.09° match the respective (002), (111), )022( , 
(020), (202), )131( , )113(  and )202(  planes of 
monoclinic CuO with a space group of C2/c and lattice 
parameters of a=4.68 Å, b=3.43 Å and c=5.13 Å, α=90°, 
β=99.55° and γ=90° are obtained. The excellent 
crystallinity and absence of impurities can be inferred as 
a result of sharpness and exact number of peaks in the 
XRD pattern. Additionally, it indicates that the product is 
a single phase. 
 

 
Fig. 1 FTIR spectra of copper complex (a1) and CuO 
nanostructure (a2) and XRD patterns of CuO nanostructure and 
standard CuO (JCPDS card No. 045−0937) (b) 
 

SEM was used to study the size and morphology of 
the products. It is obvious in Figs. 2(a,b) that the copper 
complex consisted of distinct microflakes with lateral 
dimensions of ~2.92 µm and thickness of ~685 nm. A 
porous structure of CuO nanoparticles (with average 
particle size of ~75 nm) was produced after calcination 
step, as clearly seen in Figs. 2(c) and (d). The average 
size of the nanoparticles was determined using the 
microstructure measurement program and Minitab 
statistical software. The histogram of the particle    
size distribution according to SEM images is illustrated 
in Fig. 2(e). It is concluded that during thermal 
decomposition of the complex, volatile gases, i.e., carbon 



Azadeh TADJARODI, et al/Trans. Nonferrous Met. Soc. China 25(2015) 3634−3642 

 

3637
 

 

 
Fig. 2 SEM images of copper complex microflakes (a,b), CuO nanoparticles (c,d) and histogram graph of particle size distribution (e) 
 
dioxide, water vapor and nitrogen oxides were released. 
Since the decomposition and boiling points of the 
organic compounds are lower than those of inorganic 
metal oxides, when a coordination compound is calcined, 
at first, the organic section of the complex (containing C, 
H, N and O) will be decomposed and released. The metal 
oxides resulting from the metal complexes have 
ultra-high boiling points which are higher than the 
calcination temperature. Thus, after the calcination 
process, the only remained precipitate will be the copper 

oxide. Consequently, a morphological evolution from 
continuous microflakes to porous structure of CuO 
nanoparticles occurred. It is believed that the gas 
liberation (carbon dioxide, water vapor and nitrogen 
oxides from the organic section of the complex) is 
mainly responsible for the formation of CuO 
nanoparticles. 

Figure 3(a1) shows the nitrogen adsorption− 
desorption isotherm and the corresponding pore size 
distribution curve of the CuO nanostructure using the  
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Fig. 3 Nitrogen adsorption (full line) and desorption (dashed 
line) isotherms for CuO nanoparticles (a1) and BJH plot of 
product (a2), DRS of copper complex (b); DRS of CuO 
nanoparticles (c1) and plot of (αhν)2 vs hν for CuO 
nanoparticles (c2) 
 
Barrett–Joyner–Halenda (BJH) model. A hysteresis loop 
in the range of 0<p/p0<1 corresponding to diagram V 
with an H3 type loop is clearly observed which clarifies 
the presence of mesopores in the CuO nanostructures. 
The existence of mesopores is further confirmed by the 
corresponding pore size distribution (Fig. 3(a2)). The 
Brunauer−Emmett−Teller (BET) surface area was 
calculated to be 4.20 m2/g. Although the sizes of 

mesopores are not uniform, they are centered at    
12.33 nm. 

To study electron transitions in the structure of the 
copper complex and copper oxide nanostructures, optical 
absorption spectroscopy was carried out. Figure 3(b) 
shows that there are three peaks in the DRS of the 
complex. The first two peaks with high intensities at 250 
and 362 nm were ascribed to the transition of electron 
from π to π* and n to π* molecular orbitals of the ligand 
section, respectively. The weak peak at 574 nm was 
assigned to the electronic transition from d to d metal 
orbitals of the complex which was a good evidence for 
the presence of copper in the composition [38]. The DRS 
of CuO (Fig. 3(c1)) revealed broad absorption bands 
ranging from ultraviolet to visible regions (200−800 nm). 
The optical absorption data near the band edge were 
utilized to calculate the band gap of the product using the 
following equation: 
 
αhν=A(hν−Eg)n⁄2                              (1) 
 
where α, ν, A and Eg are the absorption coefficient, light 
frequency, proportionality constant and band gap energy, 
respectively. Here, n identifies whether the transition in a 
semiconductor is direct (n=1) or indirect (n=4). The 
values of n and Eg can be estimated as follows:        
1) presuming an approximate Eg value, ln(αhν) vs 
ln(hν−Eg) should be plotted, and the value of n can be 
obtained from the slope of the straightest line near the 
band edge; 2) (αhν)2/n vs hν should be plotted, and the 
band gap energy Eg can be calculated by extrapolating 
the straightest line to the hν axis intercept [39]. Using the 
plot of (αhν)2 vs hν (Fig. 3(c2)) obtained from the optical 
absorption spectrum of CuO (Fig. 3(c1)), the band gap 
energy of CuO was calculated to be ~1.58 eV. The most 
conventional reported band gap energy for CuO was  
1.2 eV [40], but because of different morphologies, its 
range in the literature is reported to be from 1.2 to   
2.71 eV, for example, 1.37 and 1.39 eV, respectively for 
the as-synthesized and annealed films at 300 °C [41] and 
2.71 eV for porous CuO hollow microspheres [42].  
 
3.2 Photocatalytic activity 
3.2.1 Photocatalytic experiment 

The photocatalytic activity of the CuO nanoparticles 
was investigated by the degradation of toxic dye of RhB 
from aqueous solution. The removal efficiency (η) is 
calculated by the following equation:  
 

%100
0

0 ×
−

=
c

cc tη                             (2) 

 
where c0 is the initial concentration of dye and ct is the 
concentration of dye after treatment at different time 
intervals, t (0−5 h). The control tests revealed that the 
maximum RhB removal efficiency, after 5 h of 
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illumination, was 100% when 0.05 g of CuO was applied 
along with 1.5 mL of H2O2.  

Only very little adsorption of the dye pollutant was 
observed when CuO was used without H2O2. The 
removal efficiency was 66.24% after 5 h in the case of 
H2O2, and when both CuO and H2O2 were applied, 
photocatalytic efficiency was almost 100% after 5 h 
illumination as shown in Fig. 4(a). As it is obvious in  
Fig. 4(b) that, most of photodegradation occurred in the 
first 1 h of addition of H2O2 to photocatalyst, therefore, it 
can be concluded that H2O2 could successively activate 
copper oxide and trigger the photocatalysis process. 

Figure 4(c) showed that there was not great 
difference in the adsorption process of CuO, and CuO 
and H2O2 in the dark, so, H2O2 did not change the 
structure or porosity of CuO.  
3.2.2 Photocatalytic reaction kinetics  

To evaluate the kinetics of photocatalysis, the 
decolorization rate of RhB dye was recorded at different 
time. A linear relationship between ln (c0/ct) vs reaction 
time, t, was observed (Fig. 4(c)), which is indicative of a 
pseudo-first-order kinetic model (Eq. 3) for the 
photocatalytic degradation process by CuO, and CuO 
and H2O2. 

ln(c0/ct)=kt                                  (3) 
 
where c0 is the initial concentration (mmol/L), ct is the 
instantaneous concentration of the dye in different 
intervals of illumination, and the slope, k, is the apparent 
rate constant. From the diagrams, the rate constants of 
photodegradation reactions for RhB dye by CuO and 
CuO and H2O2 were 0.0082 and 0.0034 min−1, 
respectively. 
3.2.3 Photodegradation mechanism   

The photocatalytic activity is mainly originated 
from strong oxidizing agents such as hydroxyl (•OH) and 
superoxide (O2

•−) radicals. They result from the 
formation of electron/hole pairs as a consequence of light 
irradiation. When the dye molecules are illuminated, they 
would be excited and the electrons transfer to the 
conduction band of the photocatalyst. The produced dye 
radicals react on the surface of the catalyst to give 
oxygen radicals such as O2

•−, H2O2 and O2
•.  

The decolorization rate would increase in the 
presence of H2O2 which occurs as a consequence of the 
produced hydroxyl radicals through absorbing light [43]. 
H2O2 as an oxidizing agent has various advantages such 
as commercial availability, thermal stability and infinite 

 

 
Fig. 4 Comparison of photocatalytic degradation of RhB in presence of CuO, CuO and H2O2, and H2O2 (a), removal efficiency of 
CuO, CuO and H2O2, and H2O2 toward RhB dye solution over 5 h (b), photocatalytic kinetics for degradation of RhB molecules  
after light illumination (c), UV absorption spectra of RhB in the presence of 0.05 g CuO and 1.5 mL H2O2 upon light illumination for 
5 h (d) 
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solubility in water. The common mechanism for the 
photolysis of H2O2 is its cleavage into hydroxyl radicals. 
The •OH radicals undergo radical-chain reaction with the 
pollutant molecules forming intermediates, which react 
with •OH radicals to be mineralized, ultimately. It is 
noteworthy that increasing H2O2 concentration has two 
opposite effects: 1) As the concentration of H2O2 is 
increased, more hydroxyl radicals will be produced to 
attack the aromatic rings and hence the rate of reaction 
increases; 2) When H2O2 is used in excess, hydroxyl 
radical will react with H2O2 and produce HO2

•, also •OH 
radicals are generated at high concentration, dimerize to 
H2O2. Also, the hydrogen peroxide would accept the 
photogenerated electrons from the conduction band to 
form hydroxyl radicals, thus preventing the 
recombination of charges. In addition, H2O2 may shift 
the absorption spectrum of the photocatalyst towards the 
visible region by the formation of complexes on its 
surface, and furthermore, it produces O2 during its 
photochemical reactions. The photochemical reaction 
occurred by the photocatalyst, broke down the dye 
pollutants to CO2, H2O and inorganic acids which were 
no more toxic [44,45].  
 
4 Conclusions 
 

1) The coordination compound of 
[Cu(anic)2]·0.75H2O was synthesized with microflake 
morphology by the reaction of Hanic and copper (II) 
nitrate trihydrate. In this structure, the ligand was 
coordinated to the metal center through the carboxylate 
group in a bidendate mode.  

2) Calcination of the copper complex microflakes at 
550 °C for 4 h made CuO nanoparticles incorporated in a 
mesoporous structure. No additional purification 
treatments such as washing and/or heating are required 
for the nanoparticles in this method. These features make 
this method an easy technique to prepare high crystalline 
and purified CuO nanoparticles.  

3) The produced CuO showed a very good 
photocatalytic performance against RhB dye molecules.     
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以双(2-氨基烟酸)铜(II)微晶片为原料制备介孔结构 
CuO 纳米颗粒的光催化性能 
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摘  要：基于铜络合物的分解性质，提出一种制备具有介孔结构 CuO 纳米颗粒的简易方法。通过 2-氨基烟酸(Hanic)

与硝酸铜(II)反应，制备一种具有微晶片行貌的新型铜络合物[Cu(anic)2]·0.75H2O(anic=2-氨基烟酸根)。元素分析和

傅里叶红外光谱(FTIR)分析结果表明，该铜络合物的化学组成为 CuC12H11.5N4O4.75。铜络合物在 550 °C 烧结 4 h

后由微晶片结构转变为具有介孔结构的 CuO 纳米颗粒。经烧结过程后，铜络合物中归属于 2-氨基烟酸盐的 FTIR

吸收峰完全消失，证明形成了 CuO。XRD 分析结果亦证明生成了 CuO 纯晶。SEM 结果表明，CuO 纳米颗粒的平

均晶粒尺寸为 75 mm。CuO 纳米颗粒的漫反射光谱分析结果表明，其带隙能约为 1.58 eV。在 H2O2存在及经光照

射 5 h 后，CuO 纳米颗粒对罗丹明 B 的催化降解率达到 100%。以上结果表明，所制得的 CuO 纳米颗粒是一种用

于水处理的高效光催化剂。 

关键词：氧化铜；纳米结构；2-氨基烟酸；光催化剂；热分解；降解率 
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