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Abstract

We prepared gold nanoparticles (Au NPs) by reduction-oxidation reaction

betweenHAuCl4 andtrisodium citrateandmeasuredthesizeandmorphologyof

AuNPsbyTEM forvariousmolarratiosofHAuCl4 tocitrateandforvarious

concentrationsofHAuCl4.UV-visspectroscopywasusedtocharacterizetheoptical

propertiesofAuNPs.AuNPsinthesizerangefrom 14.3nm to20.3nm were

preparedwithmonodispersedistribution.  
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1.Introduction
1)

Becauseofmanypromisingpropertiesofgold

nanoparticles(AuNPs)suchashighabsorption

andscatteringcoefficient,largesurfaceareaand

high sensitivity, gold nanoparticles can be

applied to catalysis,biological and chemical

sensing,surface-enhanced Raman spectroscopy

and electronics [1]～[3]. There are several

methodstoprepareAuNPs:photochemistry[4],

reversemicelles[5],arcdischarge[6],radiolysis

[7]andreduction-oxidationmethod[8]～[10].

In the reduction-oxidation method, gold

nanoparticlesareroutinelypreparedbychemical

* Combined course, Dept. of Chemical Engineering, 

Kangwon National University

** Ph.D., Dept. of Chemical Engineering, Kangwon 

National University

*** Professor, Dept. of Chemical Engineering, 

Kangwon National University, corresponding author

reductionofgoldprecursorsuchasAuCl4
− ions

withreducingagents.Therearemanyreducing

agentssuchasorganicacids,sugars,aldehydes,

alcoholsand strong reducing agents(NH2NH2,

BH4
−
).Citrate is well-known as one ofthe

mostwidely used reducing agentsto prepare

monodisperse sphericalgold nanoparticles [8]

andcanalsobeusedtopreparebranchedgold

nanocrystals[11],nanowires[12],tadpole-shaped

goldparticles[13],goldnanoplates[14],etc.The

gold precursors are reduced to gold

nanoparticlesbythereactionwithcitrate.The

goldnanoparticlesgrow bythecoagulationwith

otherparticlesand also by the deposition of

goldprecursoron theirsurface.Thesizeand

morphology of Au NPs depend on various

process variables such as reactants

concentration,temperature,pH and additives.

There are some researches to discuss the

effects of those process variables on the
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Fig.1.UV-visspectra(a)andTEMimagesofAuNPspreparedforthemolarratiosof1:4(b),1:8(c)

and1:12(d).

formationkineticsandthesizeandmorphology

ofAuNPs[9],[10],[15]～[18].

In this study,we prepared Au NPs by

reduction-oxidation reaction for various molar

ratiosofHAuCl4 to trisodium citrateand for

various concentrations of HAuCl4 and

investigated the optical properties and

morphologyofAuNPs.

2.Experiment

Allequipmentswerecleaned in aquaregia

solution(HCl:HNO3 = 3:1),andwashedout

with deionized H2O. We used hydrogen

tetra-chloroauratehydrate(HAuCl4.3.5H2O)asa

gold precursorand trisodium citrate2-hydrate

(Na3C6H5O7.2H2O) as a reducing agent. We

preparedtheHAuCl4solutionsof0.18mM,0.36

mM and 0.72 mM concentrations and the

trisodium citratesolutionsof0.5%,1% and2%

concentrations.

We added trisodium citrate into the gold

precursor solution at 65oC and kept the

temperature of the mixed solution untilthe

colourofthesolutionchangedtoredandthen

boiledthesolutionfor20minutes.Wechanged

themolarratioofgold precursortoreducing

agentandtheconcentrationofgoldprecursorto

investigatetheeffectsofthoseprocessvariables

onthegrowthofAuNPs.TheAuNPswere

preparedforthemolarratioofgoldprecursorto

citrateof1:4,1:8and1:12byadding4mL,8

mLand12mLof1% trisodium citratesolution,

respectively,into100mL of0.36mM HAuCl4

solution.

8 mL of0.5% and 2% trisodium citrate

solutionswereaddedinto100mL of0.18mM

and0.72mM HAuCl4 solutions,respectively,to
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Fig.2.UV-visspectra(a)andTEMpicturesofAuNPspreparedby0.18mM (b),0.36mM(c)and

0.72mM(d)ofHAuCl4solution.

changetheconcentrationofgoldprecursorwith

thesamemolarratioof1:8.UV-visabsorption

spectroscopy has been used most widely to

characterizetheopticalpropertiesofAu NPs.

TheopticalpropertiesofAuNPsweremeasured

by UV-visible spectrophotometer (UV-1600PC,

Shimadzu).ThesizeandmorphologyofAuNPs

were examined by transmission electron

microscope(TEM)(LEO912ABOmega).

3.Resultsanddiscussions

Electroncloudscanoscillateonthesurfaceof

nanoparticles by the absorption of

electromagneticradiationataparticularenergy

and thus solution of colloidalgold particles

showsadistinctiveredcolour,correspondingly

the absorption wavelength of 520 nm.This

resonanceknownassurfaceplasmonresonance

isaconsequenceoftheirsmallsizebutitcan

be influenced by numerous factors and in

particular,solventand surfacefunctionalization

are importantcontributors related with exact

frequency and intensity ofthe band.Fig.1

showstheUV-visspectra(a)andTEM images

ofthegoldnanoparticlespreparedforthemolar

ratios of1:4 (b),1:8 (c)and 1:12 (d).The

maximum absorptionwavelengthsofallsamples

arelocatedataround523nm.Withthesame

amountofsuppliedgoldprecursor,theparticle

sizewouldbethesame.Inthiscase,trisodium

citrate does not play an important role in

UV-visabsorption.By TEM measurement,for

themolarratioof1:4,1:8and1:12,theaverage

sizesofAuNPsare15.0nm,15.6nm and15.3

nm, respectively. In the reduction-oxidation

reaction between HAuCl4 and citrate,citrate

reducesAuprecursortoAuNPsandsurrounds
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thoseAuNPstopreventthecollisionofthose

Au NPs with other particles and the

monodisperse Au NPs can be prepared.The

decreaseinthemolarratioofgoldprecursorto

citrateortheincreaseinamountofcitratenot

onlypromotesthenucleationofAuNPsbythe

faster reduction reaction and results in the

smaller particle size but also enhances the

dispersityofAuNPsandexpeditethegrowth

processbythediffusionofgoldatomsintothe

Au NPs surface and tends to form bigger

particles. The strong and narrow UV-vis

absorption peaks in Fig. 1(a) indicate that

monodisperseAuNPswereprepared,whichcan

beseenintheTEM measurement.

Fig.2.showstheUV-visspectra (a)and

TEM imagesofAuNPspreparedfortheAu

precursorconcentrationsof0.18mM (b),0.36

mM (c)and 0.72 mM (d).Forthe HAuCl4

concentrationsof0.18mM,0.36mM and0.72

mM,the maximum absorption wavelengths of

theAuNPscolloidalsolutionsare520nm,523

nm and541nm,respectively.Thered-shiftof

absorptionbandindicatesthattheparticlesize

increases with the increase of HAuCl4

concentration.ByTEM observation,theaverage

particlesizesweremeasuredas14.3nm,15.6

nm and20.3nm,respectivelywiththenarrow

size distribution.As the concentration ofAu

precursor increases, nucleation rate becomes

fasterandthesmallerAuNPsaregenerated.

However,astheconcentrationofAuprecursor

increases,Auatom concentrationbecomeshigher

byreductionreactionandAuNPsbecomelarger

by thefasterdiffusion ofAu atomsintothe

surfaceandgrowthprocess.

4.Conclusion

Gold nanoparticles were prepared by the

reductionofHAuCl4 with trisodium citratefor

variousmolarratiosofHAuCl4tocitrateandfor

variousconcentrations ofHAuCl4.Au NPsin

thesizerangefrom 14.3nm to20.3nm were

prepared with monodisperse distribution.The

increasesin theamountofcitrateand in the

concentration of Au precursor enhance the

nucleationrateofAuNPsandresultinhigher

particleconcentration.As the concentration of

Au atom increases,the coagulation between

particles and diffusion become fasterand Au

NPs grow more quickly, which results in

formationofbiggerparticles.
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