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In this paper ultrafine copper nanoparticles (CuNPs) were prepared from copper salt via chemical reduction

method with sodium citrate dispersant and polyvinylalcol (PVA) capping polymer. The colloidal CuNPs were

characterized by using UV–Visible spectroscopy, Transmission Electron Microscopy (TEM), and X-ray

Diffraction (XRD) techniques. Our obtained results indicated that the CuNPs were produced ranging from 2 to

4 nm in diameter. The colloidal solution at 7 ppm of CuNPs exhibited a powerful antifungal activity against

Corticium salmonicolor (C. Salmonicolor). Fungal killing assays showed colloid solutions containing 10 ppm

of CuNPs killed entirely the cultured fungus. A highly killing activity against the fungus was also performed

when the CuNPs were sprayed on pink disease-infected rubber trees. These positive results may offer a great

potential to produce CuNPs-based eco-fungicide for pink disease.
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Introduction 

Use of metallic nanoparticles for biomedical and industrial

applications has recently been much attention due to many

novel properties such as optical, catalytic and antimicrobial

as compared to their bulk metallic form.1-5 Among them,

copper nanoparticles (CuNPs) exhibited interesting thermal

and electrical conductivity, antifriction and antimicrobial

property resulting in several practical applications such as

heat exchangers, conductive copper lines in inkjet printing,

antifriction additive in lubricant and antimicrobial agent.6-14

Several prepared methods of the CuNPs have been reported

such as chemical method, thermal decomposition, microwave

heating, microemulsion techniques, etc.15-19 It is well-known

that at small sizes, CuNPs and other metallic nanoparticles

offer special chemical, physical and biological properties

due to an increase in surface area of the nanoparticles.

Therefore preparation of small-sized CuNPs has been much

attractive.20-22 

Several kinds of metallic nanoparticles like silver, copper

and gold exhibiting strong activity against some microbes

and microorganisms. Among of them, nanosilver has been

the most studies and applications. The nanoparticles also

performed a strongly antifungal activity against various

plant pathogenic fungi such as Phytophthora, C. Salmoni-

color, etc.23 However, studies on fungal activity of CuNPs

have recently received attention because the nanoparticles

are much cheaper than that of Ag or AuNPs. This advantage

could offer the antifungal applications of the CuNPs in

agriculture. Up to now, antifungal activity of CuNPs has just

been evaluated on a few of microbes but there has not been

done with microorganisms like C. Salmonicolor.12-14 The C.

Salmonicolor microorganism causes pink disease on rubber

and wood trees in tropical regions. This disease causes

damage to the trunk and branches of the rubber trees

resulting in a significant reduction of latex yield.24

In this study, ultrafine CuNPs were prepared by chemical

reduction method in the presence of the sodium citrate

dispersant and polyvinylalcol (PVA) capping polymer. UV-

Vis spectroscopy, TEM and XRD technique were used to

characterize CuNPs. Antifungal activity against C. Salmoni-

color on petri dishes and rubber field were then evaluated.

Experimental

Materials. Copper(II) chloride dihydrate (CuCl2·2H2O,

99.0%), Glycerol (C3H5(OH)3, 99.0%), trisodium citrate di-

hydrate (99.0%), hydrazin dihydrate (N2H4·2H2O, 50%) were

purchased from Acros Organics. Polyvinyl alcohol (PVA,

Mw = 60.000 g/mol) was obtained from Merck. All other

reagents were used without further purification. C. salmoni-

color was isolated from pink disease-infected rubber trees at

Dong Nai Rubber Company (Dong Nai province-Vietnam).

Synthesis of CuNPs with Dispersant and Capping

Polymer. Colloidal CuNPs (220 ppm of the nanoparticles)

were prepared with a simple method in a short period of time

that could scale up for practical production. Briefly, the

capping polymer (PVA) 2 g, CuCl2 (0.1 M, 10.4 mL; copper

salt/PVA = 7 wt/wt %) and trisodium citrate (0.1 M, 4.8 mL)

were dissolved in 275 mL glycerol. Mixture was heated to
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predeterminated temperature by using a microwave oven

(Sanyo EM-S2088W, 800W). Once the mixture reached the

set temperature (around 80 Sec), the oven was turn-off and

hydrazine hydrate solution (0.1 M, 10.4 mL) was immedi-

ately added dropwise to the mixture under stirring. The

reaction mixture was stopped to obtain a colloidal CuNPs

after one minute of the addition completed. The colloidal

CuNPs was characterized by UV-Vis, TEM and XRD. 

Characterization of CuNPs. The UV-Vis absorption

spectrum of the colloidal CuNPs solution was measured by

Jasco V670. TEM images were measured by JEM-1400.

The samples were prepared by dropping CuNPs solution

onto a carbon-coated copper grid. XRD result was charac-

terized using D8 advanced Bragg X-ray with Cu Kα radia-

tion. For sample handling, glass slide was used as a substrate

for measurement. Leaned substrate was covered with the

colloidal CuNPs and dried in air.

Determination of Antifungal Activity. The antifungal

activity against C. salmonicolor was evaluated by using the

in vitro plate dilution method. The colloidal CuNPs were

mixed with 25 mL of melting Potato Dextrose Agar (PDA)

medium then were poured into Petri dishes with final con-

centration of 3, 5 and 7 ppm. The control dishes contained

distilled water instead of the colloidal CuNPs. The fungus

was transferred equally onto center point of the prepared

petri dishes and incubated at room temperature for 6 days.

The growth inhibition of the fungus was evaluated by

measuring diameter of colony growth and calculated with

formula: growth inhibition (%) = (d1 − d2/d1) × 100, where

d1 and d2 are diameters of the colony of control and CuNPs-

contained samples, respectively. All experiments were per-

formed in triplicate.

Determinaton of Fungal Killing Ability. C. salmonicolor

was grown on potato dextrose agar (PDA) medium at room

temperature for 7 days. Samples of with CuNPs concentra-

tion of 7 and 10 ppm were sprayed directly on each dish one

or two times (0.5 mL per dish). The fungal killing ability

was assessed after 24 h. If the fungus had not been collapsed,

the fungal petri dishes were sprayed second time then

reassessed after 24 h.

Results and Discussion

Characterization of CuNPs. Preparation of the CuNPs in

the presence of PVA capping polymer and citrate dispersant

was done at different ratios of copper salt and PVA (5 and

7 wt/wt %). Color of the CuNPs colloidal solutions are

slightly difference as shown in Figure 1 that may indicate a

difference in size of produced CuNPs in two colloidal

solutions. This could be predicted from UV-Vis spectro-

scopy of two colloidal solutions in which peaks appear at

562 nm and 558 nm for the prepared CuNPs samples

stabilized with 5 and 7 wt/wt % of PVA, respectively (Figure

2), In the figure, a broadened absorbance region from short

wavelength to 558 nm or 562 nm are reported as the surface

Plasmon of a ultrafine CuNPs colloidal solution.19,25

Figure 3(a) and 3(b) show TEM images of the prepared

CuNPs in which CuNPs ranging 2-3 nm in diameter are

prepared at 5 wt/wt % of copper salt and PVA and histogram

shows a narrow size distribution (Figure 3(a)). The result

from TEM observation accorded with results from UV-Vis

measurement of the colloidal solutions in which a broadened

region of the surface Plasmon was observed for CuNPs at 2

nm in diameter.20 When ratio of copper salt and PVA was

Figure 1. Color of colloidal solutions 5 (left) and 7 wt/wt % (right)
of CuNPs. 

Figure 2. UV-Vis absorbance of the colloidal solutions at different
ratio of copper salt and PVA: 5(1) and 7 wt/wt % (2).

Figure 3. TEM images and their size distribution histogram of the
produced CuNPs at different ratio of copper salt and PVA: 5 (a)
and 7 wt/wt % (b).
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used at 7 wt/wt %, the produced CuNPS size are ranging

from 2 to 5 nm (Figure 3(b)). Surface Plasmon resonance of

the colloidal CuNPs was also observed but absorbance of

surface Plasmon resonance was partially decreased due to

slightly increase nanosize of the CuNPs. An additional

experiment was conducted with ratio of copper salt and PVA

at 10 wt/wt %, the obtained CuNPs was around 15 nm in

diameter (data not shown here). These experiments indicated

that increase in ratio of copper salt and PVA contributed to

the increase in diameter of obtained CuNPs. That could be

explained that the increment CuNPs produced resulting in

reduction of PVA-protecting efficiency and increased CuNPs

aggregation. According to a previous report, CuNPs could

obtain in a smaller size under protection of PVA as compared

to polyvinylpyrolydone (PVP)-protecting polymer at the same

condition. The result could be explained that PVA and PVP

possess hydroxyl groups or amide groups that can form

complex with transition metals. However, higher concent-

ration of hydroxyl groups presents in PVA when compared

to amide groups in PVP.26 Moreover, aqueous solution of

PVA is more viscous than that of PVP at the same polymer

concentration. These result in reducing CuNPs size growth

or aggregation in PVA. 

Purity and stability of the CuNPs produced at the condi-

tion which were tested by XRD. The Figure 4 doesn’t show

any peak of copper oxides but appears only metallic copper

with high crystallinity at 43.2, 50.4 and 74,0o in XRD pattern.

These peaks correspond to the typical face centered cubic of

copper with miller indices at (111), (200) and (220), respec-

tively.27 In some previous reports, depending on synthetic

methods or solvents, copper oxides (Cu2O and CuO) could

form in preparation of CuNPs. In these cases, a strongest

peak of each copper oxide appears around 36o (Cu2O) and

38o(CuO) in XRD patterns.28,29 Our obtained results confirm

that the prepared CuNPs are high purity. The colloidal solu-

tion didn’t change color after one month without storage in

any inner gas (Image not shown here). 

Antifungal Activity Against C. salmonicolor. Colloidal

solutions (particles at 2-5 nm in diameter) containing 220

ppm of CuNPs were diluted into colloidal solutions: 3 ppm,

5 ppm and 7 ppm for evaluating antifungal activity. Figure 5

shows powerful antifungal ability against C. salmonicolor at

CuNPs concentration of 7 ppm at which 100% of the fungus

was inhibited to grow according to formula for growth

inhibition. At the lower concentrations of 3 ppm and 5 ppm,

CuNPs were less effective with 90.54% and 95.60% of

fungal growth inhibition, respectively. Strong antimicrobial

activity of CuNPs has recently been reported that released

copper ion can cause microbial membrane damage.30

The result is very interesting for antifungal application of

the ultra CuNPs. Bui et al. investigated antifungal activity of

silver nanoparticles (7 nm in diameter) against C. salmoni-

color, they reported that 50% of the fungus was inhibited

growth at 27.2 ppm of the nanoparticles. However, at the

same study, 98.98 and 99.99% of E. coli growth inhibition

obtained when the fungus was cultured on PDA media

containing 5 and 7 ppm of the silver nanoparticles, respec-

tively.30 Different behavior of these Ag and Cu nanoparticles

in antifungal activity against C. salmonicolor may be due to

ultrafine nanosize of CuNPs providing a powerful antifungal

activity or differences in organisation, structure and function

of microbes.31,32

Fungal Killing Ability. According to results from anti-

fungal activity studies, the colloidal solutions containing 7

ppm of CuNPs was selected for spraying on C. salmonicolor

that had been cultured for 7 days. Figure 6 shows that most

of the fungus was killed after spraying second time at the

CuNPs concentration of 7 ppm. When CuNPs concentration

increased up to 10 ppm the fungal killing ability was

increased. Figure 7 shows that all fungus was killed after 1st

spraying. 

Figure 4. XRD pattern of the obtained CuNPs at the synthetic
condition (5 wt/wt % of copper salt and PVA).

Figure 5. C. salmonicolor on media after 6 days culture (top
panel); C. salmonicolor on media contained CuNPs after 6 days
culture (bottom panels).

Figure 6. C. salmonicolor was killed by 7 ppm of CuNPs.
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These results indicated that fungal killing ability of CuNPs

was more effective at a higher concentration of (10 ppm) in

comparison with antifungal test (7 ppm). It could be explain-

ed due to the outgrowth of C. salmonicolor in fungal killing

test, it was necessary to spray a higher CuNPs concentration

to kill the C. salmonicolor. 

Evaluation of the antimicrobial activity and fungal killing

ability is very significant in our study because we have

strongly expected to produce an ecofungicide for treating

pink disease on rubber trees. It is well-known that the C.

Salmonicolor causes pink disease on rubber fields in Vietnam.

It causes damage to the trunk and branches resulting in a

significant reduction of latex yield.

In addition, a preliminary result obtained from treating

diseased rubber trees with ultrafine CuNPs showed that

disease index reduced significantly after 2 times spraying.

The obtained efficacy was similar with Validacin 5 L treat-

ment (2 wt %, current fungicide for pink disease on rubber

trees). The experiment has been ongoing to evaluate fungal

killing ability of CuNPs and protecting ability for rubber

fields from C. salmonicolor. Our project has been expecting

to pave the way for use of ultrafine CuNPs as an eco-

fungicide for rubber fields.

Conclusion

In this work, the ultrafine colloidal CuNPs (ranging from 2

to 5 nm in diameter) were prepared via chemical reduction

method in the presence of PVA capping polymer and citrate

dispersant. The method could produce the ultrafine CuNPs

at a high concentration and the high stability. The nano-

particles exhibited a powerful antifungal activity against

Corticium salmonicolor and high killing ability at concent-

ration of 7 ppm and 10 ppm, respectively. Positive results

from spraying the ultrafine CuNPs on pink disease-infected

rubber trees promise its potential application as a cheap

ecofungicide for agriculture.
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