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Abstract: Cu nanoparticles dispersed in water were prepared by the reduction of
Cu'*? originated from the copper salt solution. The stability of the Cu nanoparticles in
dispersion was monitored through the analysis of the absorbance spectra at different
stages during the process of synthesis. The stability of the Cu nanoparticles dispersed
in agueous medium was investigated after different time intervals. Cu colloid was
found to be stable up to 18 hours without major aggregation under atmospheric
condition. The size and size distribution of the particles were examined by particle size
analyzer. The morphology of the particle synthesised was examined by SEM and AFM.
After 24 hours of storage in open air there was some agglomeration of nanoparticles
as observed by particle size analyzer and AFM studies. But found stable with the use
of 1 % trisodium citrate as stabilizer.
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1. Introduction

In recent decades, nanotechnology has attracteehtsts from many different areas. The
fundamentals of nanotechnology lie in the fact giraperties of substances dramatically change when
their size is reduced to the nanometre range [IW2Jen a bulk material is divided into small size
particles with one or more dimensions (length, hidir thickness) in the nanometre range or even
smaller, the individual particles exhibit unexpecfgoperties which are different from those of the
bulk material. It is known that atoms and molecydessess totally different behaviour than those of
bulk materials; while the properties of the forraee described by quantum mechanics, the properties
of the latter are governed by classic mechanics. Géhaviour of a material changes between these
two distinct domains and the nanometre range isidered as the threshold for the transition of a
material's behaviour.
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Metal nanoparticles, due to their special propsrtéd also small dimensions, find important
applications in optical, magnetic, thermal, sercsdavices, catalysis, etc. Many metal nano pasticle
are under active research because they possesstitigrphysical properties differing considerably
from that of the bulk phase [3]. It comes from #imeall sizes and high surface/volume ratio. The most
common method employed for the synthesis of metabparticles is the reduction of metal ions in
solution [4, 5, 6]. However, the control of sizedesshape at the nanometer level is a real proldem,
the mechanism of size/shape control is still efyely unresolved.

In this work, an attempt has been made to analyseaftion of Cu nanoparticles from copper salt at
different stages of synthesis as well as afterirgidior variable time in atmospheric condition. The
effect of time after synthesis on the shape anel sizhese particles was investigated using Particl
size analyzer, SEM and AFM systems. Further, tfecedf trisodium citrate as stabilizer for the nan
particles was also investigated.

2. Experimental

2.1 Preparation of Cu Colloid

Copper sulphate CuS0Osodium borohydride NaBHand tri-sodium citrate ElsO;Nag of analytical
grade purity were used without further purificatemstarting materials.

The copper colloid was prepared using chemical aieolu method. The solutions of all the reacting
materials were prepared in distilled water. 100aflL-10° M CuSQ solution kept in a specially
designed reaction chamber was reduced by dropamidition of highly dilute and chilled solution of
sodium borohydride in a nitrogen atmosphere. Dutirggprocess of reaction, the solution was stirred
vigorously. As the colour of the solution turnedlight yellow 5 ml of 1 % trisodium citrate was
added drop by drop as stabilizer.

2.2 Analysis Techniques

The absorbance of colloidal solution was recordediféerent stages of synthesis using UV-visible
spectrophotometer (Shimadzu UV-2450, Japan) imidneelength range: 300 nm to 700 nm. Particle
size and size distribution of the Cu colloid wersalgzed using particle size analyzer (Malvern
instrument, DTS version 4.20. U.K.), Copper nanbpas were deposited on carbon coated
aluminium sheet and on glass plate for examinaitioscanning electron microscope (SEM) and
atomic force microscope (AFM) respectively. Morpghg} of Cu nanoparicles deposited on glass
plate was examined with an Atomic Force Microscépasy Scan 2, Nanosurf AG, Switzerland)
operating in a contact mode (cantilever force cams8 N/m). Image processing and analysis of the
Scanning Electron Microscopy data was performe&BM instrument (model JSM5610LV, version
1.0, Jeol, Japan). The synthesized nano partictes also elementally detected on SEM using oxford
—Inca software (Oxford, U.K.).

3. Results and Discussion

3.1 Optical Properties of Cu Colloid

Figure 1 (a, b and c) represent the absorptiontispet different stages during the formation of Cu
nanoparticle colloid from copper sulphate solutitins seen from the adjacent photographs of the
absorbance curves that a blue green solution gfezogulphate gradually turned to yellow indicating
the formation of Cu nanoparticles. The shiftingcolour is due to the surface plasmon resonance,
with a significant contribution from the interbatransition which produces yellow colour hydrosol
having maximum absorption at 580 nm (Figure 1 c)&dicating nano Cu particles generation. The
plasmon resonance of Cu nano particles was alsengdas at near 580 nm by Kazakevich et al [7].
Metals with free electrons possess plasmon resesandhe visible spectrum, which give rise to such
intense colours. These properties are mainly oleseirv Au, Ag, and Cu because of the presence of
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free conduction electrons. The electric field o incoming radiation induces the formation of a
dipole in the nanoparticle. A restoring force ie tianoparticle tries to compensate for this, regplt

in a unique resonance wavelength [8]. The osaifatvavelength depends on a number of factors,
among which particle size and shape, as well agdhdre of the surrounding medium, are the most
important factors [9]. For elemental analysis, siathesized nanoparticles were deposited on carbon
coated aluminium sheet and the particles on thetskere further coated with gold which was then
observed on SEM-Inca instrument. Fig.4 (a) showesittiage of this observation and the elemental
analysis results presented in Fig. 4(b) confirnesgiesence of copper particles.

To monitor the stability of the Cu colloid in awe have measured the absorption of the colloid afte
different periods of time. The UV-VIS spectrumsamted after different time intervals are shown in
Figure 2 (a, b and c). There was no change in peakion for 12 hrs and 18 hrs (Figure 2a and 2b)
except for the increase of absorbance. As thegiestgain in size, the absorption peak usuallytshif
towards redder side as we find in Figure 2c. Ingeea absorption indicates that the quantity of Cu
nanoparticles increased. The stable position dfrhlasce peak in Figure 2a and 2b indicates that new
particles do not aggregate. During the initial Itrexperiments when Cu nanoparticles were
synthesized without the addition of trisodium dixathe yellow colour of the solution was persisted
for few hours only in atmospheric condition. Theref trisodium citrate was introduced into the
system as a stabilizer. Since the Cu colloidaligiagt possessed a negative charge due to the adsorb
citrate ions, a repulsive force worked along theigas and prevented further aggregation. Butrafte
storing for 24 hrs or more in atmospheric conditthe wavelength for maximum absorbance was
found to be slightly shifted towards redder sideclitindicates aggregation of the particles eveeraft
the addition of citrate anions. However the scagmilectron micrographs (SEM) of Cu nanoparticles
(Fig. 5) evident that the average size of the ®gited and citrate anions stabilized nano particles
was below 100nm even after 4 weeks.

The patrticle size distributions of the freshly pegrd nano Cu colloid and after storing for 24 hours
(Fig 3a & Fig 3b) in atmospheric condition were lgpad on Malvern instrument. It is seen that the
size of the majority of the nanoparticles when preg fresh was about 70 nm but after storage for 24
hours the same was increased to about 400 nm.isTtige to the aggregation of nanoparticles which
resulted a broadening of peak in Fig.3b.

Stability of the nano Cu particles synthesisedhsemce of tri-sodium citrate was not satisfact@y a
observed from the rapid change in colour of thdoyelcoloured solution. AFM pictures of freshly
prepared Cu nano particles and after storing foh@drs in air are represented in Fig. 6. From the
AFM pictures we can see that the size of nanopestis slightly increased, after 24 hours. However,
when tri-sodium citrate was used, the particle sims controlled up to 4 weeks, which is also
supported by the scanning electron micrographsuh&hoparticles (Fig. 5 a & b). Cu nanoparticles
because of their high reactivity tend to form aggtes. The tendency of getting aggregated was
controlled by the citrate anions.

4. Conclusions

Nano Cu colloids were successfully prepared, byuced Cu? using chemical bath deposition
technique. The absorbance spectrum of the solutaandetermined at different stages of the synthesis
process. The plasmon resonance absorbance of yatlmured nano colloids was noticed at 580 nm.
These particles were elementally detected by SEM-isoftware. The particle size and their
distribution, of freshly prepared system and atering for 24 hours in atmospheric condition, were
examined by particle size analyzer shows that theimmum size of the particle was increased from 70
nm to 400 nm during storage for 24 hours. The Btabif the particles was improved by the
introduction of citrate anions in the colloidal ®®. Addition of citrate anions resists major
agglomeration of particles.
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Fig. 1 The UV-VIS spectrums of Cu nano colloids at difetr stages of synthesis [(a) Stage 1: Cu salt
solution, (b) Stage 2: After the addition of redhgcagent, (¢) Stage 3: formation of Cu nano cafloid
and (d) Stage4: stabilized Cu nano colloids.]
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Fig. 2 UV-VIS spectra of Cu nano colloids [Time after dyesis: (a) 12 hours, (b) 18 hours
and (c) 24 hours]



Int. J. Pure Appl. ci. Technol., 9(1) (2012), 1-8.

...............................................................................

257
7[is cERLERERREREES e ASERREREERE foareeneeeee e :
& Y T BE 'I'.": ..................
& (|
£ , .
E (1 SREEEEEEE PR SRRRREEEELRCEEE prmemme e I'- . .:I .............................. :
Bife v e onnmeneas ............... P .'I" .. .ﬁ:'l.l .............. ............... :
— /AN S
01 1 10 100 1000 10000
Size (d.nm)
Fig. 3 (a) Particles Size and their distribution for frgsptepared Cu nano colloids
e e e e i b
T : : | & .
o s e h ~:
) R e R . |" """ ".I """ )
-'El Fife e e e R e o e e e e L e et e I.' ........ I.I. ..................
k= d | 1
E ' |I I' '
fd ' | s
I S S 3 ! |
| : : oo \ :
2 ................ : ............... :. .............. .:.. .l;l. ........... ::.II .............. 1.
\ f \ .'I .'III |
: i i g ! g
0 o et - ek - D N Vi
0.1 1 10 100 1000 10000
Size (d.nm)

Fig. 3 (b) Particles Size and their distribution after istgifor 24 hours
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Fig. 4 (a) Selected area of gold coated Cu nano particteSEM — Inca elemental analysis

spectrum 1

Fig. 4 (b) Elemental analysis of the synthesised partig#sg Inca software
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(a) (b)

Fig.5 Scanning Electron Microscope (SEM) images of sysiiesl copper nano particle&)

freshly prepared ; (b) after 4 weeks of synthesis]
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Fig. 6 (a) Atomic force microscopic image of freshly paegd Cu nano colloids and
(b) After storing over 24 hrs




Int. J. Pure Appl. Sci. Technol., 9(1) (2012), 1-8. 8

References

[1]
[2]

[3]

[4]
[5]
[6]
[7]
[8]

[9]

D.P. Chattopadhyay, Nanotechnology-the emergingigdextiles, 33 (2006), 21-24.

B.H. Patel and D.P. Chattopadhyay, Nano-particles their uses in textilesThe Indian
Textile Journal, 118 (2007), 23-31.

D.P. Chattopadhyay and B.H. Patel, Improvementisjzal and dyeing properties of natural
fibres through pre-treatment with silver nano pde8, Indian Journal of Fibre & Textile
Research, 34 (2009), 368-373.

D.P. Chattopadhyay and B.H. Patel, Modificatiorcofton textiles with nano structural zinc
particles,Journal of Natural Fibers, 8 (2011), 39-47.

D.P. Chattopadhyay and B.H. Patel, Effect of namedscolloidal copper on cotton fabric,
Journal of Engineered Fiber Fabrics, 5 (2010), 1-6.

N.R. Jana, Z.L. Wang, T.K. Sau and T. Pal, Seediated growth method to prepare cubic
copper nano particle§urrent Science, 79 (2000), 1367-1370.

P.V. Kazakevich, V.V. Voronov, A.V. Simakin and G.8hafeev, Production of copper and
brass nano particles upon laser ablation in liqudsntum Electron, 34 (2004), 951-956.

A. Henglein, Physicochemical properties of smaltahearticles in solution: microelectrode
reactions, chemisorptions, composite metal pagtiated the atom-to-metal transitiaghPhys.
Chem., 97 (1993), 5457-5471.

P. Mulvaney, Surface plasmon spectroscopy of naadsimetal particlesl.angmuir, 12
(1996), 788-800.



