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In this report, stable copper nanoparticles (Cu NPs) were prepared by a facile annealing process using 

humic acid as the reducing and stabilizing agent. The products were characterized by X-ray powder 

diffraction, scanning electron microscope and Fourier transform infrared spectroscopy. The prepared Cu 

NPs show remarkable intrinsic peroxidase-like activity, which can fleetly catalyze the oxidation of 

peroxidase substrate 3, 3′, 5, 5′-tetramethylbenzidine (TMB) in the presence of H2O2 to produce a blue 10 

color reaction. The detection limit of H2O2 by Cu NPs can be as low as 1.32 × 10-7 M. More importantly, 

the prepared Cu NPs shows excellent stability, which can hardly been oxidized even after 6 months. 

Based on the above mechanism, a simple, rapid and selective colorimetric method for the glucose 

detection was developed, and the detection limit of the glucose was 6.86 × 10-7 M. This work provides a 

novel method for the preparation of stable Cu NPs, which may have wide applications on the detection of 15 

glucose in human body and pear juice. 

1. Introduction 

Glucose is indispensable in life cycles and involved in the 

reaction of the organism’s metabolism. Generally, alternations in 

glucose level directly link to a number of diseases associated with 20 

the eyes, kidneys, heart, blood vessels, nerve of chronic damage 

and dysfunction1, 2. Therefore, detecting the concentration change 

of glucose in real time is obligatory. At present, the most 

common method for detecting glucose is by the detection of H2O2 

produced during glucose oxidase catalyzing glucose oxidation, 25 

while peroxidase can catalyze the oxidation of peroxidase 

substrate TMB in the presence of H2O2 to produce a color 

reaction under very mild and favorable biological conditions3, 4. 

However, the applications of these enzymes are limited owing to 

their intrinsic properties (such as easy denaturing under extreme 30 

pH and high temperatures), rigorous storage requirements and 

high cost5. Therefore, artificial enzymes have aroused extensive 

attention because of their stability, highly catalytic activity and 

wide range of reaction conditions.  

Recently, nanomaterials have received intense interests as 35 

enzyme mimetics due to their unique size, shape, composition, 

and structure-dependent properties. Gao et al. reported Fe3O4 

nanoparticles have the peroxidase-like activity which paved the 

way for nanoparticles as enzyme mimics6. From then on, a lot of 

literatures reported numerous nanomaterials possessing 40 

peroxidase-like activity. Recently, the widespread application of 

noble metal nanostructures has attracted great interest7. Noble 

metal nanoparticles such as Ag nanoclusters8, 9, cubic Pt 

nanocrystals10, positively charged gold nanoparticles11, 12 BSA-

stabilized Au13, 14 and BSA-stabilized Pt nanoclusters15-17, have 45 

also been found to possess enzyme-like activities. However, high 

cost of those noble metal nanoparticles largely limits their 

applications. More recently, bimetallic nanoparticles18-20 and 

hybrids nanomaterials21, 22 have been synthesized as the 

peroxidase nanomaterials, however, the synthetic method is 50 

complicated with many complex steps. In a word, to improve the 

catalytic efficiency and reduce the costs, a cheap, simple and one-

step preparation method of metal nanoparticles with peroxidase-

like activity is highly desired. 

Compared with noble metal nanostructures, copper is cheaper 55 

than noble metals, which supports its wide range of applications 

such as catalysts23-25, sensors26-29 and biomedicine30, 31. However, 

the chemical synthesis of Cu nanostructures was limited due to 

the difficulty in reducing Cu salts to metallic Cu, and the easy 

oxidization of Cu nanostructures in the presence of air32, 33. In 60 

some synthetic processes of Cu nanocrystals, hydrazine has been 

proved to be an effective reducing agent34-36. However, using this 

method, the yield of the products was too low to be satisfied. 

Meanwhile, hazardous hydrazine is undesirable. In 2010, Bartosz 

A. Grzybowski and his co-workers reported that low-65 

polydispersity copper nanoparticles (NPs) and nanorods (NRs) 

were synthesized by thermal decomposition of copper (II) 

acetylacetonate precursors in the presence of surfactants37. 

However, these copper nanoparticles were stabilized with easily-

broken bound alkylamine ligands. Xia and co-workers reported 70 

the synthesis of Cu nanocrystals with hexadecylamine serving as 

a capping agent38. Therefore, it is challenging to develop a 

synthetic method of stable Cu NPs with peroxidase-like activity. 

Without protective or stabilizing agent, Cu NPs are easy to 

aggregate due to its high surface energy, which could cause the 75 

rapid decay of its catalytic activity and stability39. Seldom reports 

have applied Cu NPs as peroxidase mimetics due to their low 
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stability property. Recently, Lianzhe Hu et al.40 prepared Cu 

nanoclusters and applied them as peroxidase mimetics for 

detection of H2O2 and glucose. However, they did not investigate 

the structural stability of the Cu nanoclusters. 

In this study, a simple method was proposed to synthesize 5 

stable Cu NPs. The stable Cu NPs were synthesized using humic 

acid as a reducing and stabilizing agent at 600 ºC for 2 hours. 

Additionally, the studies on the stability of Cu nanoparticles 

indicated excellent stability property, which can hardly been 

oxidized even after 6 months. Furthermore, we discovered that 10 

the Cu NPs have wonderful intrinsic peroxidase-like activity, 

which can fleetly catalyze the oxidation of peroxidase substrate 3, 

3′, 5, 5′-tetramethylbenzidine (TMB) in the presence of H2O2 to 

produce a blue color reaction. Thus, a simple, sensitive and 

selective colorimetric method for glucose detection has been 15 

established (scheme 1) and used for the glucose detection in 

blood and pear juice samples. This work provides a stable 

peroxidase mimetic with low cost and highcatalytic activity, 

which would have wide applications in medical diagnostics and 

biotechnology fields. 20 

 
Scheme 1 Schematic of detection of glucose by using glucose oxidase 
and Cu NPs-catalyzed reaction. 

2. Experimental 

2.1 Chemical reagents and apparatus 25 

TMB, glucose oxidase (GOx) and humic acid were purchased 

from Aladdin (Shanghai, China). Copper acetate, H2O2, glucose, 

fructose, lactose and maltose were purchased from Kay Tong 

Chemical Reagents Co., Ltd (Tianjin, China). The blood samples 

were provided by the University Hospital. All reagents employed 30 

were of analytical grade and used without further purification. 

Phosphate buffer solution (PBS, pH from 2.0 to 10.0) was used in 

this work and double distilled deionized water was applied 

throughout the experiment. 

2.2 Synthesis and characterization of the Cu NPs 35 

During the synthetic process, 5.0 g copper acetate and 2.5 g 

humic acid were added into a 250 mL conical flask. Then a 

certain amount of water was added with vigorous stirring. After 

the adsorpton saturation, the solution was centrifuged and washed 

with water three times and dried at 60 ºC. The dried samples were 40 

grinded on the agate mortar. Then the mixture was put into a 

porcelain crucible covered with a lid and heated at 3 ºC/min up to 

600 ºC for 2 hours in the nitrogen atmosphere. The different mass 

ratios of copper acetate and humic acid were also operated in the 

same procedure. 45 

X-ray powder diffraction (XRD, Rigaku DLMAX-2550V) was 

used to characterize the phase of as-synthesized products. The 

morphologies of the products were characterized by field 

emission scanning electron microscope (FESEM, S4800). Fourier 

transform infrared (FTIR) spectra were performed on a Bruker-50 

Tenson 27. Kinetic measurements and UV-Vis absorption spectra 

were carried out on a UV-2450 Shimadzu spectrometer (Japan). 

Photographs were taken using a Canon G11 digital camera. A 

Guohua SHA-C constant-temperature shaker (Shanghai, China) 

and a Jingli Ld4-2 low-speed centrifuge (Beijing, China) were 55 

used in this work. 

2.3 Study on catalytic activity and the detection of glucose 

Peroxidase-like activity of Cu NPs was explored in 400 μL 

reaction solution with 800 μM TMB as a substrate in the absence 

or presence of H2O2. Moreover, catalytic experiments were 60 

performed when the concentration of substrate TMB was constant 

and the concentration of Cu NPs or H2O2 was varied respectively. 

At a wavelength of 652 nm, the kinetic measurements were 

carried out in time course mode34. And double reciprocal plots of 

the activity of Cu NPs were obtained with the concentration of 65 

one substrate (TMB or H2O2) constant and the other varied. The 

Lineweaver-Burk double reciprocal plot: 1/v = (Km/Vmax) (1/[S]) 

+ 1/Vmax was used to calculate the Michaelis-Menten constant. In 

this equation, v is the initial velocity, Vmax is the maximal reaction 

velocity, and [S] is the concentration of the substrate41-43. 70 

Glucose detection was done in air-saturated solution as 

previous reported34. 5 μL 40 mg/mL GOx was added to 100 μL 

glucose of different concentrations. Then, they were incubated at 

37 ºC for one hour. Firstly, 95 μL 25 mM PBS (pH 3.0) was 

added into the above 105 μL glucose reaction solution. Then 100 75 

μL 8 mM TMB ethanol solutions and 100 μL Cu NPs suspension 

solutions were added into the above reaction solutions. After 

reacted for 10 min, the absorption spectra were measured. 

For glucose determination in blood and pear juice, the samples 

were firstly treated by centrifugation at 12000 rpm for 40 min and 80 

then the supernatants were diluted with 0.5 mM buffer (pH 7.0) 

for the next-step measurement. 

3. Results and discussion 

3.1 Characterizations of Cu NPs 

X-ray powder diffract meter (XRD) was conducted to investigate 85 

the crystal structures and phase purities of the as-synthesized 

products. In the XRD pattern (Fig. 1A), all the diffraction peaks 

can be indexed to that of standard pattern in the PDF card (04-

0836) with a primitive hexagonal unit cell. No other characteristic 

peaks of impurities, such as CuO or Cu2O, were present. Fig. 1B 90 

shows the XRD pattern of Cu NPs after exposing to air for 6 

months, almost as same as that of freshly prepared Cu NPs. This 

demonstrates that few Cu NPs have been oxidized to CuO or 

other Cu based compounds even after staying in air for such a 

long time, indicating the excellent stability of our prepared Cu 95 

NPs. The XPS characterization of the Cu NPs was provided in 

Fig. S1A. The dominant Cu 2p3/2 peak at 932.7 eV and the small 

Cu 2p5/2 peak at 952.6 eV can be assigned to Cu (0). These 

peaks are in onsistent with those of the Cu NPs44, which further 

comfirms the successfully synthesis of Cu NPs. The morphology 100 

of the Cu NPs was characterized by FESEM. The SEM images 

(Fig. 1C) show that the Cu NPs have an average diameter of 80-
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120 nm. These nanoparticles were adhered on the surface of or 

well wrapped by humic acid, which can also be confirmed by the 

TEM image (Fig. S1B). These results clearly demonstrate that 

stable Cu NPs have been successfully prepared, and the high 

stability property of Cu NPs may be mainly due to the stabilizing 5 

and reducing properties of humic acid. In addition, Cu NPs 

obtained at different raw mass ratios of copper acetate and humic 

acid were characterized by FESEM, as shown in Fig. S2. As the 

ratio increased, the distribution density of Cu nanoparticles 

changed little, indicating that Cu2+ ions can be well distributed in 10 

humic acid to form uniform distributed Cu NPs. However, the 

size of Cu nanoparticles gradually increased. While the ratio is up 

to 2.5:2.5, the size of Cu nanoparticles almost kept the same. 

 
Fig. 1 XRD patterns of Cu NPs (A) freshly prepared and (B) after 6 15 

months in air, FESEM image of the fresh Cu NPs (C), and (D) FTIR 
spectra of (a) humic acid, (b) humic acid calcinated at 600 ºC for 2 h, (c) 
the co-calcinated product of humic acid and copper acetate at 600 ºC for 
2 h. 

The FTIR spectra of three products (Fig. 1D) are employed to 20 

confirm the changes of humic acid during the synthesis of Cu 

NPs. The absorption band at 3450 cm-1 is ascribed to the 

stretching of O-H and N-H, the peak at 1350 cm-1 is due to the 

stretching vibration of C-O, the peaks at 1460 cm-1 and 1650 cm-1 

are assigned to the vibration of C-H and C-C respectively, and the 25 

2300 cm-1 absorption peak represents the stretching of C≡N. 

Compared with pure humic acid (curve a in Fig. 1D), in the 

calcinated humic acid (curve b in Fig. 1D), the intensity of peaks 

at 3450 cm-1 and 1500 cm-1 become weakened, but at 2300 cm-1, 

little enhancement could be observed, which indicates that C-H 30 

and O-H in the humic acid changed little. And a new peak 

appearing at 2300 cm-1 confirms that C≡N bond was formed after 

the humic acid was calcinated in N2 atmosphere. In addition, 

although the intensities of these characteristic peaks are decreased 

(curve c in Fig. 1D), the positions of these characteristic peaks 35 

are almost unchanged. Moreover, the peaks at 1650 cm-1 and 

3500 cm-1 indicate that the carboxyl and hydroxyl are still partly 

remaining in humic acid, which can protect Cu NPs well. The 

Raman spectra demonstrate that two obvious bands at 1330 cm-

1and 1600 cm-1 are attributed to the carbon material44. The Raman 40 

shift at 2800 cm-1 comes from the humic acid according to the 

Raman spectra of humic acid. The Raman and TGA spectra (Fig. 

S3C and S3D) further confirm that humic acid is not completely 

converted to carbon material. Therefore, in the final product, 

humic acid is only transformed to partially polymerized humic 45 

acid at 600 ºC. 
In order to further testify the stability of Cu NPs, the XRD and 

SEM images of the Cu NPs before and after participating in the 

catalytic reaction were measured as shown in Fig. 2. The XRD 

pattern of Cu NPs after catalytic reaction (Fig. 2A) was matched 50 

well with that of the freshly prepared Cu NPs (Fig. 1A) and that 

of Cu NPs after exposing to air for 6 months (Fig. 1B), indicating 

the stability of Cu NPs during the catalytic reaction process. 

Meanwhile, the FESEM image (Fig. 2B) can also confirm that the 

morphology of Cu NPs after catalytic reaction was almost 55 

unchanged compared with that of freshly prepared Cu NPs in Fig. 

1C. 

 
Fig. 2 XRD pattern (A) and FESEM image (B) of Cu NPs after 
participating in the catalyst reaction. 60 

3.2 Peroxidase-like activity of Cu NPs and optimization of 
conditions 

To study the peroxidase-like activity of Cu NPs, absorbance 

spectra were carried out in different reaction systems. As shown 

in Fig. 3A, the TMB + Cu NPs system shows a negligible 65 

absorbance at 652 nm. The spectrum of TMB+ H2O2 system 

without Cu NPs catalyst shows almost no difference to that of 

TMB + Cu NPs system. The absorbance spectra of system 

TMB+H2O2+product from the direct annealing of humic acid 

(namely the ratio of copper to humic acid is 0:1) in TMB 70 

oxidation by hydrogen peroxide is higher than the systems (a and 

c). But the absorbance at 652 nm for TMB reaction solution 

catalyzed by Cu NPs in the presence of H2O2 increased 

intensively. This is corresponding to the different color intensity 

in various systems as shown in Fig. 3B. These results clearly 75 

show that Cu NPs can well catalyze H2O2 oxidizing the TMB to 

produce a blue color reaction, indicating that our prepared Cu 

NPs possess excellent intrinsic peroxidase-like activity. In 

addition, we conducted a series of experiments by adjusting the 

raw mass ratio of copper acetate and humic acid, and investigated 80 

the influence on the catalytic activity of the products, as shown in 

Fig. S4. The catalytic activity of Cu NPs with different raw mass 

ratios from 1.0:2.5, 2.5:2.5, 5.0:2.5 to 7.5:2.5 was conducted. It 

was found that with the ratio increased from 1.0:2.5 to 2.5:2.5, 

the catalytic activity increased correspondingly, however, further 85 

increased, the catalytic activity kept almost the same. 

Similar to peroxidase, the catalytic activity of Cu NPs is 

dependent on pH, temperature and other experimental conditions. 

Herein, the optimum pH and temperature for Cu NPs were 

explored to ensure that the Cu NPs could reach its highest level of 90 

activity. Phosphate buffer was selected as the reaction medium. 

The activity of Cu NPs was investigated with the pH of 

phosphate buffer varying from 2.0 to 7.0. Fig. 3C shows that the 
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absorbance is up to the maximum when the pH was 3.0. In Fig. 

3D, as the temperature increased from 20 ºC to 35 ºC, the 

absorbance at 652 nm first increased slightly and then 

significantly. After 35 ºC, it decreased dramatically. Therefore, 

pH 3.0 and 35 ºC are chosen as the optimum pH and temperature 5 

in the following experiments except with special instructions or 

marked. 

 
Fig. 3 (A) Absorbance spectrum of TMB (800 μM) in different reaction 
systems. Solutions in 100 μL 25 mM PBS (pH 3.0) incubated at the room 10 

temperature for 10 min and (B) photographs of solutions in different 
systems. Dependence of peroxidase-like activity of Cu NPs on (C) pH 
and (D) temperature. Experiments were carried out using 1 mg/mL Cu 
NPs in 400 μL of 100 μL 25 mM PBS with 100 μL 25 mM H2O2 and 100 
μL 800 μM TMB as substrates. Inset: photographs of solutions in 15 

different pH values. 

3.3 Michaelis constant determination 

To test the catalytic activity of Cu NPs, influence of its 

concentration on the catalytic reaction were studied. The time-

dependent absorbance at 652 nm changes when 800 μM TMB 20 

was mixed with different concentrations of Cu NPs (Fig. S5). The 

time-dependent absorption curves are not very smooth because 

the solutions may not mix uniformly before tested. However, the 

reaction rate is promoted with increasing sample concentration, 

and the concentration of 125 μg·mL-1 was used in the following 25 

research due to the fine absorption curve. 

Further research was performed to analyze the catalytic 

mechanism. Michaelis-Menten constant with H2O2 and TMB as 

substrates was measured. Kinetic data were obtained by changing 

one substrate concentration with the other concentration 30 

unchanged. In Fig. S6A and S6B, Michaelis-Menten curves can 

be given for both H2O2 and TMB in a range of concentrations of 

one substrate, and a series of the initial reaction rates were 

calculated. The double reciprocal plots were obtained according 

to the calculated series of the initial reaction rates. In Fig. S6C, 35 

every straight line was obtained by reciprocal initial velocity 

changing with reciprocal TMB concentration while keeping the 

H2O2 concentration constant. Three approximate parallel lines 

were obtained by varying concentration of H2O2. Similarly, 

reciprocal initial velocity versus reciprocal H2O2 concentration 40 

was collected by varying concentration of TMB as shown in Fig. 

S6D. The results show that the slopes of the plots are almost the 

same, which should be the characteristic of a ping-pong 

mechanism. Moreover, Lineweaver-Burk plot was used to 

calculate Michaelis-Menten constant (Km) and maximal reaction 45 

velocity (Vmax) in this system. And the calculated values are 

recorded (Table S1). The peroxidase-like activity of Cu NPs with 

H2O2 and TMB as substrates was concluded according to the data 

in the table. 

3.4 Detection of H2O2 and glucose using the Cu NPs 50 

 
Fig. 4 (A) Absorption spectra of TMB reaction solutions catalyzed by Cu 
NPs in the absence or presence of different concentrations of 100 μL H2O2 
in 100 μL 25 mM PBS (pH = 3.0) at 37 ºC temperature. (B) Linear 
calibration plot for H2O2 solutions in the absence or presence of different 55 

concentrations of H2O2. (C) Absorbance spectra in the TMB reaction 
solutions catalyzed by material in the presence of different concentrations 
of glucose in 25 mM PBS (pH 3.0) at the room temperature. (D) A dose-
response curve for glucose detection. Inset: linear calibration plot for 
glucose. The error bars shown are the standard errors derived from three 60 

measurements. 

The excellent peroxidase-like activity of Cu NPs was testified by 

the above series of experiments. On this basis, the colorimetric 

method was developed to determinate H2O2 and glucose. The 

catalytic activity of Cu NPs is H2O2-concentration-dependent, 65 

and thus can be used to detect H2O2. Fig. 4A shows the typical 

H2O2 concentration-response curve under the optimal conditions 

(pH 3.0, 35 ºC). In Fig. 4B, the linear calibration plot ranges from 

1.5 × 10-7 to 1.25× 10-5 M. The detection limit  (S/N = 3) for 

H2O2 is 1.32 × 10-7 M under the optimal conditions. H2O2 is the 70 

main product of glucose oxidase oxidating glucose in the 

presence of O2. A facile colorimetric approach for glucose 

detection can also be established according to the linear 

relationship between glucose and H2O2 as shown in scheme 1. 

The typical glucose concentration-response curve in Fig. 4C 75 

reveals that the glucose can be visually determined. From the 

linear calibration plot of Fig. 4D, the linear range of glucose 

detection is from 1 × 10-6 to 1 × 10-4 M with a detection limit  

(S/N = 3) of 6.86 × 10-7 M. The peroxidase-like activity of Cu 

NPs is compared with that of gold nanoparticles in Table S1. The 80 

detection limit of glucose in this assay is lower than those of 

previous reports based on Fe3O4 nanoparticles (3 × 10-5 M) or 

[FeIII(biuret-amide)] complex on mesoporous silica nanoparticles 

(1 × 10-5 M)45. In addition, The peroxidase activity of Cu NPs 

with that of gold nanoparticles has been compared (Table S1 and 85 

S2). For nature enzymes, Km indicates the affinity for the 

substrate. So, a smaller Km means higher affinity The Km value 
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for the Cu NPs was 1.047 mM, which is much lower than that of 

the AuNPs/PVP-GNs (2.63 mM). The result indicated that the Cu 

NPs prepared in our experiment have a significantly higher 

affinity than AuNPs/PVP-GNs.  

3.5 Determination of glucose in the pear juice and blood 5 

samples 

 
Fig. 5 (A) Time-dependent absorbance changes at 652 nm for different 
samples (buffer solution, diluted blood and pear juice samples) after 
incubation with GOx. Blood and pear juice was diluted 500- fold, 10 

respectively. (B) Selectivity analysis for glucose detection by monitoring 
the relative absorbance. The analyte concentrations were as follows: 10 
mM fructose, 10 mM lactose, 10 mM maltose, and 5 mM glucose. The 
error bars represent the standard deviation of three measurements. 

In order to test the selectivity of the colorimetric method for 15 

glucose, 10 mM fructose, 10 mM lactose, and 10 mM maltose 

were used as control samples, respectively. Fig. 5B shows the 

absorbance of solution in the presence of glucose or other 

analogues. The obvious difference of solution absorbance can be 

observed between glucose and the analogues, even the 20 

concentration of analogues were 2 times higher than that of 

glucose. The main reason is that glucose oxidase has a certain 

degree of specificity to oxidized glucose, so the absorbance 

hardly increased for glucose, fructose, lactose and maltose in Fig. 

5B. Even though the control sample was used at the 25 

concentrations of 10 mM, the signal remained as low as the 

background signal. On this basis, we developed a simple, speed, 

and highly selective and sensitive colorimetric method to detect 

glucose. To test the application of this method on real samples, 

blood sample and pear juice were used to determine their glucose 30 

concentration. Fig. 5A shows the time-dependent absorbance 

changes of solutions in the absence or presence of samples. The 

concentrations of glucose in blood and pear juice were 59.7 μM 

and 49.4 μM, respectively. Therefore, glucose would be detected 

by colorimetric method in medical diagnostic and biological 35 

analysis. 

4. Conclusions 

In summary, stable Cu NPs were prepared by a facile method 

using humic acid as a stabilizing and reducing agent. Cu NPs can 

generate a blue color reaction in the presence of H2O2 and TMB. 40 

Additionally, the prepared Cu NPs were very stable in a long 

period time of six months. Furthermore, utilizing the Cu NPs as a 

biosensor platform, H2O2 and glucose can be detected ranging 

from 1.5 × 10-7 to 1.25× 10-5 M and 1 × 10-6 to 1 × 10-4 M 

respectively. On this basis, we promote a novel simple 45 

ultrasensitive and highly selective colorimetric strategy to detect 

glucose in blood and pear juice samples. The prepared stale Cu 

NPs with high catalytic activity is valuable, which would have 

potential application in medical diagnostics and biotechnology. 
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Graphical Abstract 

 

Stable Cu NPs were prepared using humic acid as the reducing and stabilizing agent for 

application in glucose detection. 
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