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Abstract　CdS nanocrystals w ith a m ean diam eter 5 nm have been p repared by so l2gel m ethod.

F luo rescence (FL ) p ropert ies of CdS nanocrystals modified w ith tw o differen t m ethods w ere

studied at room temperatu re. A ctivat ion of CdS nanocrystals by a cadm ium hydrox ide p recip i2
ta te leads to an enhancem en t of FL in tensity by a facto r of 15 compared w ith the ones w ithou t

act ivat ion . W e have first ly cho sen CuS as a shell to coat CdS nanocrystals by ion subst itu t ion

react ion, and the FL of the coated CdSöCuS w as also invest igated. W ith the modificat ion of

CuS the in it ia l su rface defect sta tes of CdS nanocrystals w as passivated, w h ich resu lted in the

appearance of the direct‘band2edge’recom bination of the electron2ho le pair in CdS nanocrys2
ta ls.

PACC: 7855, 8265

1　 In troduction

R ecen t ly, the study on the characteriza t ion of the sem iconducto r nanocrysta ls p re2
pared by so l2gelm ethod has been m ade includ ing alm o st a ll Ê 2Î com pounds. Som e Ë 2Í

sem iconducto rs[ 1 ] and even Ì 2Ì sem iconducto rs[ 2 ] a lso can be p repared in so lu t ion. Since

quan tum confinem en t of electron s and ho les in a nanocrysta l, the co llo ida l sem iconducto r

nanocrysta ls have disp layed som e novel linear and non linear op t ica l p ropert ies com pared

w ith the bu lk m ateria ls. Bu t as the size of nanocrysta ls decreases, the su rface to vo lum e

ra t io of nanocrysta ls increases and the su rface effect becom es im po rtan t. E specia lly, the

in terface2rela ted defects st rongly affect the FL p rocess of nanocrysta ls. O n the one hand

the strong FL from the defects m ake the‘band2edge’recom b ina t ion diff icu lt to be detect2
ed, on the o ther hand som e defect sta tes as the non rad ia t ive recom b ina t ion cen tres of the



charge carries m ake FL efficiency of nanocrysta ls very low. In o rder to im p rove FL fea2
tu res of nanocrysta ls the su rface m odifica t ion techn iques have been u sed to increase the FL

quan tum yields. Fo r exam p le, CdS has been u sed to p roduce a fu lly ep itax ia l shell a round

CdSe nanocrysta ls w h ich disp lays lum inescence quan tum yields as h igh as 80% at room

tem pera tu re[ 3 ] , CdSe quan tum do ts passiva ted w ith a ZnS layer d isp lays strong lum ines2
cence (35 to 50% quan tum yield) a t room tem pera tu re [ 4, 5 ]. T he coated CdSeöCdS system

has been u sed as fluo rescen t p robes fo r the study of b io log ica l m ateria ls[ 6 ].

In th is paper w e p resen t deta iled stud ies of op t ica l p ropert ies of co llo ida l CdS

nanocrysta ls t rea ted by su rface m odifica t ion w ith tw o differen t m ateria ls. A ct iva t ing CdS

w ith a rela t ively w ide2bandgap Cd (OH ) 2 resu lts in an dram atic enhancem en t of fluo res2
cence in ten sity of CdS nanocrysta ls, w h ile coa t ing CdS w ith a rela t ively narrow 2bandgap

CuS m ake the d irect‘band2edge’FL of CdS nanocrysta ls ob servab le.

2　Exper im en t

T he CdS base so lw as p repared by so l2gelm ethod. 915 m l of 2mM N a2S aqueou s so lu2
t ion w as slow ly in jected in to 10 m l of 2mM Cd (NO 3) 2 aqueou s so lu t ion con ta in ing 10 m l of

014% gela t in as the stab ilizing agen t under vigo rou s st irring. T he PH of so lu t ion befo re

the p recip ita t ion w ith N a2S w as adju sted to 8. T he w ho le syn thet ic t im e w as abou t 5 m in.

T he analyses of T EM and ED revea l tha t the size of CdS nanocrysta ls syn thesized in th is

m ethod is abou t 5 nm , and the crysta l st ructu re is the w u rtzite st ructu re [ 7 ]. T he act iva t ion

of the base so l con sisted of the dropw ise addit ion of 1M N aOH to estab lish a pH of 11, fo l2
low ed by the dropw ise addit ion of 112×10- 5 M Cd (NO 3) 2.

In o rder to m ake the coated CdSöCuS nanocrysta ls, to the CdS base co llo id so lu t ion

above, 4m l of 2mM Cu (NO 3) 2 so lu t ion is added under st irring. Becau se of the ab sence of

excess S2- ion s in the so lu t ion, the separa ted CuS sing le nanopart icles can no t be fo rm ed

direct ly. A t first, Cu2+ ion s are a t tached to the su rface of CdS nanocrysta ls, and then the

Cu2+ ion s d isp lace Cd2+ in the Cd—S bond to fo rm a Cu—S bond on the su rface of CdS

nanopart icles. T hese CdS nanopart icles w ith a shell of CuS on the su rface are ca lled coated

CdSöCuS nanocrysta ls. T he p rocedu re of ion disp lacing is show n in Eq11.

Cu2+ + CdS Cd2+ + CuS (1)

H ere, w e selected CuS w ith a rela t ively narrow 2bandgap as coat m ateria l becau se the so lu2
b ility p roduct of CuS is a t least 16 o rders of m agn itude sm aller com pared to tha t of CdS,

w h ich assu re tha t the sub st itu t ion2type react ion (1) can occu r.

3　Results and D iscussion

F igu re 1 show s the ab so rp t ion ( cu rve a) and FL spectra of CdS nanocrysta ls a t room

tem pera tu re befo re (cu rve b) and after act iva t ion (cu rve c) (Κexc= 400nm ). T he ab so rp t ion

spectrum of CdS nanocrysta ls show s tha t the on set of ab so rp t ion is near 460nm , w h ich

m ean s the bandgap of CdS nanocrysta ls is abou t 2170eV. Com pared w ith the bandgap
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F IG11　A bso rp tion (a) and

fluo rescence spectra of CdS

befo re (b) and after

act ivat ion (c)

(2145eV ) of bu lk CdS there is 0125eV b lue sh if t, w h ich

show s eviden t quan tum sized effect. T he base so ls had a

w eak FL band in the 500 nm to 700 nm range, w h ich is

a t t ribu ted to recom b ina t ion of charge carries imm ob i2
lized in trap s of d ifferen t energ ies. T he low quan tum

yield is due to the dom inat ing of the non2rad ia t ive re2
com b ina t ion of the charge carries. A fter act iva t ion the

FL in ten sity have an enhancem en t by a facto r of 15 and

the FL peak po sit ion (Κ= 570nm ) alm o st does no t sh if t.

W e ten ta t ively p ropo se tha t the su rface of CdS

nanocrysta ls be passiva ted by Cd (OH ) 2. It is becau se

du ring act iva t ion, SH - group s of the su rface of CdS

nanocrysta ls are converted in to S2- ion s w h ich then b ind

excess Cd2+ ion s, po ssib ly in the fo rm of S2- ⋯Cd2+ ⋯

OH - st ructu re. T he rem oval of SH - group s and the ac2
cum u la t ion of Cd2+ ion s on the su rface destroy the sites

w here non2rad ia t ive recom b ina t ion of the charge carries can occu r, so the rad ia t ion recom 2
b ina t ion of charge carries t rapped in sha llow trap s is enhanced rela t ively. T he strong FL

band is clo se to the on set of ab so rp t ion (Κ= 460nm ) , so w e can deduce tha t it is a t t ribu ted

to the recom b ina t ion of charge carries t rapped in sha llow trap s (near band gap recom b ina2
t ion).

T he FL spectra of CdS (cu rve a) and coated CdSöCuS system (cu rve b) a t room tem 2
pera tu re are show n in F ig12 (Κexc= 400nm ). Com pared b w ith a tw o fea tu res are of in ter2
est: (1) T he‘band2edge’f luo rescence (Κ= 460nm ) of CdS nanocrysta ls becom es eviden t

in the coated CdSöCuS system ; (2) T he in it ia l FL peak of CdS nanocrysta ls sh if ts from

570nm to 680nm. F rom the tw o fea tu res w e p ropo se tha t after CdS nanocrysta ls w ere

coated by CuS layer the su rface defect sta tes of CdS nanocrysta ls w ere passiva ted by CuS

layer. So the strong FL from the trap s on the su rface of CdS nanocrysta ls is ex t ingu ished

and the‘band2edge’FL rela t ively enhances. T he FL peak at 680nm w as at t ribu ted to the

lum inescence of CuS layer fo rm ed on the su rface of the CdS nanocrysta ls, becau se the FL

energy is clo se to the bandgap (210eV ) of CuS nanocrysta ls. T he schem e of the band

structu re fo r exp la in ing the FL p rocess of coa ted CdSöCuS is show n in F ig13. A s the su r2
face of CdS nanocrysta ls w as coated by a layer of CuS, the in it ia l su rface defect sta tes of

CdS nanocrysta ls w as passiva ted and the band of CuS is fo rm ed. T he FL p rocess of coa ted

CdSöCuS system p roceeds in tw o w ays: one is the d irect‘band2edge’f luo rescence of CdS

nanocrysta ls, the o ther is f luo rescence from CuS layer. Becau se FL in ten sity from CuS

layer is m uch w eaker than tha t from the su rface defect sta tes of CdS nanocrysta ls and FL

peak po sit ion from CuS layer devia te p rom inen t ly from that from ‘band2edge’of CdS

nanocrysta ls, the d irect‘band2edge’FL becom es ob servab le.
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F IG12　F luo rescence spectra of CdS (a) and

coated CdSöCuS system (b) (Κexc= 400nm )

F IG13　Energy schem es illu stra t ing the FL

p rocess of coated CdSöCuS system

4　 Conclusion

Tw o differen t m ethods have been u sed to m odify the su rface of CdS nanocrysta ls. Cd

(OH ) 22act iva ted CdS nanocrysta ls have an enhancem en t of FL in ten sity as the resu lt of

su rface passiva t ion. D ue to the fo rm ation of CuS layer on the su rface of CdS nanopart i2
cles, FL from the su rface defect sta tes of CdS nanocrysta ls is ex t ingu ished and the d irect

‘band2edge’FL becom es ob servab le.
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