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ABSTRACT

Using starch asthe stabilizing agent, glucose as reducing agent, nano-size
silver particles colloidal sols have been synthesized via ultrasonic irrita-
tion in aqueous solution. The synthesis process is completely green and
the colloidal sols are safe to environment and human, and can be used as
antibacterial agent in biology, medicine, food packaging and hauseware

KEYWORDS

Nano-sizesilver
particles sol;
Green synthesis;
UV-Visspectra;
Antibacterial.

fields. The synthesis technology parameters for the silver particles with
diameter of 15 to 45 nm, such asthe ultrasonic power, reaction time, reac-
tion temperature, concentrations of silver nitrate and capping agent were
determined and discussed. The typical colloidal was characterized by ul-
traviolet-visible spectroscopy (UV-Vis), transmission el ectron microscope
(TEM), X-ray powder diffractometer (XRD) and Zeta Sizer Nano Series.
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INTRODUCTION

Silver nanoparticlescolloidd isuseful inareassuch
asink-jet printing, photography, catalysis?, conduc-
tivity®4, sensord™, antibacteria or antimicrobia pack-
aging®19, and so on. Recent years, there hasbeenin-
creased emphasi son thetopic of “green” chemical syn-
thesisof silver nanoparticles!. Therearethreemain
stepsin the preparation of nanoparticlesthat should be
eva uated from agreen chemistry perspective: thechoice
of thesolvent medium used for thesynthesis, thechoice
of an environmentally benign reducing agent, and the
choiceof anontoxic materid for thestabilization of the
nanoparticles*d, Themgjority used chemicalsinthe
reported methodsto preparesilver particlesaretoxic
chemicals, such as hydrazine, sodium borohydride

(NaBH,), dimethylformamide(DMF), polyvinyl
pyrrolidone (PVP)*¥, and thesechemicasdl havesome
potentid risksto theenvironmental and human hedth.
Itiswdl knownthat slver nanoparticleisapromis-
ing antibacterial material. While being relatively non-
toxicto humancdl, thelargesurfaceareaof silver par-
tidlescanimprovethar antibecterid effectivenessagainst
a broad spectrum of bacteria strains. The silver
nanoparticlesmay beused inform of colloidal solsor
doping agentsfor alot of compostematerid swith poly-
mersor papers matrix, asan additivefor antibacterial
packaging used in pharmacy or food packaging el e-
ments. Starch isarenewable polymer, and it hasexten-
sive number of hydroxyl groupsin agueous solution,
which canfacilitate the complexation of metal ionsto
themolecular matrix. Infact, starch isfound to be not
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only an effectivereducing agent but also anew mor-
phology directing agent. Inthe present investigation, a
clean, non-toxic, environmentally acceptable green
chemistry synthesis procedure has been adopted. H,O
isutilized astheenvironmenta ly benign solvent through-
out the preparation. Glucoseisused asthereducing
agent, and starch is selected asthe stabilizing agent.

MATERIALSAND METHODS

Materials

All chemicd regentsused inthisinvestigation were
of analytical grade and they were used without further
purification. Silver nitrate (AgNO,) waspurchased from
Beljing Chemicd Factory (Beijing, Ching). Glucoseand
starch were supplied by Sinopharm Chemica Reagent
Co., Ltd (Beijing, China). De-ionized water wasused
to prepare agueous solutions.

Prepar ationsof nanosized silver colloids

Thepreparation of nanosized silver colloidsisvery
graight-forward. Firstly, sarch wasadded tothedeion-
ized water under magneti ¢ heating and agitation. Then,
AgNO, agueous sol ution was added into above sol u-
tion after starch completely dissolute. Findly, glucose
agueous solution was added. The reaction was pro-
cessed in aKQ500DB Ultrasonic Cleaner (Kunshan
Instruments Co., Ltd. China) at the temperature of
70°C. Severa minutesafter reaction, the solution be-
came a little light yellow, illustrating that silver
nanoparticlesweredready generated gradudly.

Characterizations

The UV-Visabsorption speculawereobtained in
the range between 300nm and 600nm using an ultra-
violet-visible spectrophotometer (UV-2501PC,
Shimadzu, Jgpan). Didtilled water was used asthe blank
and all sampleswerediluted fivetimesbeforethemea:
surements. Partidleszewasmessured usingaZetaSizer
Nano Series (Malvern, England). The TEM images
wereobtained us ng atransmiss on € ectron microscope
(H-700, Hitachi, Japan) and its samplewas prepared
by drying adrop of thesilver colloidal solutionona
TEM copper grid. The XRD pattern of Ag NPsisre-
corded by an X-ray power diffractometer (D8, Bruker,
Germany).
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RESULTSAND DISCUSSION

AgNO, concentration

The concentration of the starch agueousis deter-
mined as 0.005W1t% to get asuitableviscosity. In or-
der to get aproper sizeof thesilver particles, thereac-
tion temperature isdetermined as 70°C and reaction
timeis 180 minutesby experimenta results. To study
the effect of AgNO, concentration on theformation of
the silver nanoparticles, silver nanoparticlescolliods
were prepared with different various concentrations of
AgNO, ina300W ultrasonic oscillation at 70°C for
180 minutes. It iswell reported that the size and the
shape of metal nanoparticles determine the spectral
position of theplasmon band aswdll asitswidthi*4. As
the particlesgrow bigger, the plasmon band broadened
and shift to longer wavelength. Figure 1 givesUV-Vis
spectraof the prepared colloids. The spectrum hasan
absorption band in the 400-420nm region, which sug-
gested that thesize of thesilver particlesinthe colloids
is5-120 nm[*¥, Figure 2 isthe photographs of silver
colloids prepared by different AQNO, concentration.
Thecolloid prepared from lowest AgNO, concentra-
tion (0.05mol/L) gppearslight yellow, showingamaxi-
mum plasmon peak at 413.0nm. AstheAgNO, con-
centrationincreased, the color of thecolloidsgradualy
changesto goldenbrown. Asthefirstly disolay adightly
blue shift from 413.0nm (0.05mol/L AgNO,) to
402.4nm (0.15 mol/L AgNQ,), thenadlightly red shift
from 402.4nm (0.15mol/L AgNO,) to 404.8nm
(0.3mal/L AgNO,), with continuingincreasesinitsin-
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Figurel: UV-Visabsorption spectraof silver colloidal sols
prepared by different AQNO, concentration
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(a) 0.05 mol/L

(b) 0.1 mol/L

tensity, as shownin Figure 1. These suggest that the
higher theinitia AgNO, concentration, thesmaller size
and higher yid dsof slver nanoparticles. However, while
theAgNO, concentration ismorethan 0.15mol/L, the
slver nanoparticlesaggregatedtoform larger particles,
leading to ared shift of the absorption peak. Hence,
the proper concentration of AgNO, isdetermined from
0.1t00.15mol/L.

The weight ratio of starch aqueous to AgNO,
agqueous

The concentration of the starch aqueous is
0.005W1t%, and the concentration of theAgNO, aque-
ousis0.1mol/L. Sampleswere prepared with differ-
ent weight ratio of starch aqueousto AgNO, aqueous
ina300 W ultrasonic oscillation at 70°C for 180 min-
utes. Figure 3 shows UV-Vis absorption spectraof
colloidswith different weight ratio of starch aqueous
to AgNO, aqueous. When there is no starch, there
areonly afew silver nanoparticles produced. Asthe
weight ratio of starch agueousto AgNO, aqueousis
varied from 0.5:1to 1.5:1, the position of plasmon
absorption peak blue shiftsfrom 415.8nmto 402.2nm.
However, they do not change significantly astheratio
of starch aqueous to AgNO, aqueous varied from
1.5:1t02.5:1. Theextensvenumber of hydrogen bonds
in the starch provides surface passivation or protec-
tion agai nst nanoparticles aggregation. With thein-
creasing of the starch amount, theintensity isincreased
remarkably, rendering higher yields of silver
nanoparticles. When theweight ratio of starch aque-
ousto AgNO, aqueousis morethan 2.5:1, thevis-
cosity of the colloid istoo big to dispersethesilver
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(c) 0.15 mol/L

(d) 0.2moal/L
Figure2: Photographsof silver colloidal solsprepared by different AQNO, concentration

(e) 0.25 mol/L

nanoparticlesuniformly. To get the size of silver par-
ticleswithin 15to 45 nm, the proper ratio of starchto
AgNO, isdetermined as2:1.
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Figure3: UV-Visabsorption spectraof silver colloidal sols

prepared with different weight ratio of starch aqueousto
AgNO, aqueous

Theconcentration of glucose

Silver nanoparticlescolloid sampleswere prepared
with different various concentrations of glucosein a
300W ultrasonicoscillationat 70°C for 180 minutes. In
Figure4, theeffect of the concentration of glucoseon
theAg* conversionisexhibited. When theglucose con-
tentisrelativelower, nanosilver generatedisless, and
theUV-Visabsorption intensity islower. With thein-
cread ng of glucose concentration, The UV-Visabsorp-
tionintensity increases. Thecurve“e” and “f” is over-
lappedin Figure4. The UV-Visabsorptionintensity did
not increase obvioudly after the concentration of glu-
coseachievesto 0.4mol/L.Asshownin Figure4, the
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curve‘e (0.4mol/L)” and “f (0.5mol/L)” is overlapped.
Thus, the proper concentration of glucoseis0.4mol/L.
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Figure4: UV-Visabsor ption spectraof Ag colloids prepared
by different concentration of glucose
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Ultrasonic power

Figure 5 givesthe UV-Vis absorption spectra of
slver nanoparticlescolloidsprepared at different ultra-
sonic power. Astheincreasing of the ultrasoni c power
from 0 to 300 W, the absorbance intensity of silver
colloidsincreases and thewidth at half- height of the
absorbance peak decreases. It impliesthat the particle
sizedistribution of theslver nanoparticlesisnarrower
astheincrease of the ultrasonic power. Theultrasonic
power isdetermined as 300 W.
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Figure 5 : The UV-Vis absorption spectra of silver
nanoparticles colloids prepared at different ultrasonic
power.

Thetypical nanosilver particlessol and itschar-
acterizations

The concentration of the starch aqueous is
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0.005W1%, and theAgNO, agueousis0.10moal/L. The
typica nano-sized slver particlessol wasprepared with
theweight ratio of starchto AgNO, at 2.0:1 at 70°C
for 180 minutes, and the ultrasonic power is 300W.
The sol was charactered by Zeta Sizer Nano Series,
XRD and TEM. Figure6istheparticlesizedigtribution
of thetypical sol. Figure 7 isthe TEM imagesof silver
nano- particlesol. Thesizeof theslver nanoparticlesis
from 15 to 45nm. The nanoparticlesare mostly spheri-
cal inshape. Figure8isthe XRD pattern of typical sol
after dried. Thediffraction pattern wasin agreement
withthevduesof sandard, pure, crysalinesiver sruc-
ture (JCPDS4-0783). The XRD pattern confirmsthat
thestructure of resultant silver nanoparticlesistheface-
centered cubic (FCC) crystd structure. However, only
thediffraction pesk at 26 = 38.1°, marked by the indi-
ces(111) ispresented. Thelow intengity of other silver
peaks can be attributed to their embedding in soluble

Y of particles

25 30 40 48 55

Particle diameter/nm
Figure 6 : Diameter distribution of the typical nano-sized
silver particles sol
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Figure7: TEM imagesof thetypical nanosilver particlessol
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Figure8: XRD of thetypical nano silver particle sol after
dried.

starch. Thereisabroad reflection at about 20°, which
isduetothelow crystalline solublestarch.

CONCLUSION

A completely green and cost-effective method to
synthes ze nanosized silver colloidswithamean diam-
eter of 25nm was devel oped by using starch and glu-
coseassabilizingand reducing agent. It issafeto envi-
ronment and human, and can beused inthefieldssuch
aspackaging materidsfor biology, medicine, food, etc.
The concentration of the starch aqueousis0.005W1t%,
and theAgNO, agueousis0.10moal/L, and theglucose
agueousis0.4mal/L. Thetypicd nano-szedsilver par-
ticlesol wasprepared with theweight ratio of starchto
AgNO, at 2.0:1 at 70°C for 180 minutes, and the ul-
trasonic power is300W.
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