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Abstract-CdSe na:oparticles were synthesized by using colloidal methods at room temperature. Na:opartlcle size 
was controlled by the amount of stabiIizez; pH, and stabilizer type m:d was characterized by TEM and XRD. AI1 the 
synthesized CdSe nanoparlides showed the quantum confinement effect. With increased amounts of mercaptoacetic 
acid as a stabilizer, the size of nanoparficles decreased. The UV-VIS absorption and photolummescence (PL) properties 
could also be tailored by controlling particle size. The solubility in organic solvent m:d the PL characteristics were 
etthanced tt=-ough surface capping by an orgmlic passivator. 
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INTRODUCTION 

Nanoscience is rapidly emerging field of science. The synthesis 
and cot:aol of matehals in nanometer dimensions can lead to access 
to new matenaI properties and device characteristics in unprece- 
dented ways [Jung et al., 1997; Oh and Pa-k, 2000; Park et al., 2001 ]. 

Semiconductor nanoparticles, which exhibit properties different 
fi-om Ix@ materials, are a new class of matenals that hold consid- 
erable promise for numerous applications in the field of ele~onics 
and photonlcs. Nanoscale modification of molecular design and 
morphology of such particles provides a powerful approach to con- 
Irol their elecbonic and optical properties as well as their process- 
ability. These properties include cltantt~ size effects on photore- 
activity and photocatalytic activity. In a&-iitiotl, they have applica, 
tiom in notRinea optics. The physical properties of semiconductor 
nanocrystalIites are dominated by quan~::  confme~nent, the wid- 
enitg HOMO-LUMO gap with decreasing particle size that dfl-ectly 
affects the photophysics of a material. Consequertly, the proper con- 
h-ol of particle size is ciitical in any investigation involving these 
materials [Winia-z et al., 1999]. 

For preparation of CdSe nanocrystals, the pyrolysis of organo- 
metallic molecules and H2Se methods have beet: the main meth- 
ods. These methods involve, respeetively, the use of complex or- 
ganometalIic molecular precursors and H2Se toxic agents [Watg et 
al., 1999]. The nanoparticles prepared by the organometalIic pre- 
cursor method are of high quality, but the reaction requires harsh 
and difficult conditions, such as the injection of hazardous metal 
akyls at elevated tempera~es (ca. 350 ~ which ks clearly unde- 
sirable [Green and O'Bnen, 1999]. While over the past decades the 
Ik-nitations of these metho& bare been an obstacle, considerable 
efforts have been made to explore new sokaion routes to CdSe K- 
VI semiconchctor crystals with the goal of Iowermg processing tem- 
perature and avoiditg complex reactions and toxic l:eeu~ot~, as 
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well as searching for milder l:eparation conditiorts [Wang et al., 
1999]. 

Recently, novel methods for the prel:aration of CckSe n~:oparti- 
cles under milder conditions bare been proposed Naloparticles 
have been synthesized fi-om aqueous solutions while adapting the 
approaches of colloid chemistry in these methods. We can easily 
expect that the size of CdSe na:oparticles can be cot:a-olIed by c t ~ g -  
lng ion coneenlranc~, pH, or stabilizer concentratiort However, there 
have been few stalies in this regard In this study, we itwestigated 
the optical properties and synthesis of CdSe nanoparticles with stabi- 
lizer concet:a-ation using an aqueous method. In addition, the op- 
tical properties of the st~face passivation of the CdSe core with 4- 
methylbenzenethioI as an organic stabilizer were investigated. 

EXPERIMENTAL 

1. Aqueous Method 
ColIoidaI CdSe nanoparticles were prepared by chemical meth- 

od in an aqueous solution according to the followmg reactions [Xu 
et aI., 1998]: 

Cd~++2OH-+ SeSO~ - >CdSe+SO~-+H~O (1) 

Cd 2§ aqueous solution was made by dissolvmg CdC12 in deiomzed 
water. The Na2SeSO3 reagent was fleshly prepared by dissolving 
Se powder in Na2SO3 solution under sfmitg. During the growth of 
CdSe, mercaptoacetic acid can work as a stabilizing agent. In the 
ethylenedia::inetelraacetic acid (EDTA) stabilizer system, Cd 2+ aque- 
ous solntion was made by d/ssolving CdC12-5/21-t20 in EDTA aque- 
ous solutiolr The alkaline selenium aqueous solution was prepared 
as follows: 0.56 tool NaOH and 0.0025 tool of elemental Se were 

added to 50 mI of distilled water. Then the Cd "*+ aqueous solution 
was combined with the alkalme selenium aqueous solution through 
rapid stirring 
2. Inverse Micelle Method 

CdSe nanopartlcles were prepared in micelles according to the 
above reaction (1). Two sel:~-ate solntiom were prepared by dis- 
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solving suffactant AOT (sodium dioctyl sultbmccinate) in heptane. 
Then deiotlized w'ater w ~  added to the above solutions. Sthring gave 
two homogeneous micelle solutions with W=6.7([H20]/[AOT]). 
Under quick stirring, a standard solution of Co e+ was added to one 
of the above miceUe solutions, while SeSO~-solution was added 
to the second miceUe solution. Then the Cd > micelle solution was 
slowiy transferred to SeSO~ solution, mmlting in an orange or red 
solution. The size ofCdSe nanocrystals could be conlrolled by chang- 
ing the Cd a+ concentration, SeSO~ concentration, or W value of 
the miceller solution. 
3. Characterization 

X-my diffiaction patterns were obtained by using aRigaku X- 
ray difli~ctometa" equipped with C~K~ radiation and a curved gra- 
plfite crystal monochromator. Optical absorption speclra were col- 
lected at room temperature on a Jasco V-530 UV/Vis ~-peclropho- 
tometer. The samples for Irmlsanission electron microscopy ('I'EM) 
were prepared by placing a drop of solution of a sample on a cop- 
per grid. Bright field images were obtained with aJEOL JEM-2010 
tiananission electron microscope operating at 200 kV. The photo- 
luminescence (PL) speclrawere obtained by using aPerkiu-Ehner 
Luminescence Spectrometer LS 50. 

RESULTS AND DISCUSSION 

1. Aqueous Method 
Fig. 1 show~ the UV-VIS absorption spectra at room tempem- 

ttae for colloidal CdSe made with different mercaptoacetic acid con- 
centrations With increased content ofmematXoacefic acid as a stabi- 
lizer [from (a) to (d)], the pH of the reaction medium has lower val- 
ues, while pH ofsanple  (d) is conlrolled to 8.9 by adding NaOH 
aqueous solution. With increased mercaptoacefic acid concentra- 
tion, the color of the solution changes fi'onl orange-red to orange, 
yellow and light yellow. The range of the absorption edge lies be- 
tween 630 tml to 520 tin1, which is a pronounced blue shi.ff fi'om 
712 nm of the bulk CdSe band gap [Xu et at, 1998]. By inaeasing 
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Fig. 1. UV-VIS absm'plion speclra for colloidal CdSe made with 
diffa~at mercaptoacetic add concentrations. With increas- 
ed mercaptoncetic acid, the pH of file reaction medimu ha~ 
a lower value,  
(a) pH 10.7, (b) pH 7.9, (c) pH 72, (d) pH 8.9 (pH conlrolled 
by adding NaOH) 

140 . . . . . . . .  

120 4 

1oo ~ 

D 80 .I 
< j  

60 
= t 

-~ 40 
- ; (8 

20 / 

o , " = ~  .............. //" 
-20 - - ~  . . . . .  ~ . . . . . . . .  , - 

5 0 0  550 600 650 700 

W a v e l e n g t h  ( n m )  

Fig. 2. Photohnninesecnce specWa of the CdSe nanoparfides shown 
in Fig. 1. 
(a) pH 10.7, (b) pH 7.9, (c) pH 7.2, (d) pH cordlolled to 8.9 

the ma'captoacetic acid concenlration or decreasing quantum dots 
size, the range of absorption edges is blue shifted to high enagy. 
This result is evidence of aquantum confinement effect in the CdSe 
quantum dols. It is also worth noting that an obvious absorption 
Iramition (1S-1S transition) has been observed in all absorption spec- 
tra, indicating that our samples have arelatively nan'ow size dislri- 
bution [Brus, 1986]. 

Photohmlinescence (PL) spectra of  colloidal CdSe nanoaystals 
made with the sane conditions as those outlined in Fig. 1 are shown 
in Fig. 2. All speclm show'visible PL peaks in the range of 550 mn 
to 700 nm. With increased mercaptoacetic acid concentration, the 
peak was blue sh~ed to short wavelength. But for all samples, they 
show a small Stokes shift. These broad bands are mostly at~ibuted 
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Fig. 3. ]Panmfission e l e c ~ n  miffoscope (TEM) inlage of CdSe 
na~op articles by ruing aqueous method [(d) in Fig. 1]. 
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Fig. 4. X4ay diffraction patterns of the CdSe nanopa~qicles shown 
in Fig. 1; (a) pH 10.7, Co) pH 7.9, (c) pH 722, (d) pH con- 
troUed to 8.9. Sizes calculated by Scerrer's equation are (a) 
29.3/~, 0b) 282./~, (c) 21.6/~, and (d) 10.5/~, respectively. (e) 
10 gm commercial CdSe powder for reference. 

to the recombination of the can-iei~ b-apped in the surface states of 
bare CdSe quan~n dots. These surface defects are mostly associ- 
ated with Cd 2+ and Se 2- vacancies (such as unstoichiome~c defects 
and dangling bonds), which can induce noi~adiative or radiative 
emission [Liu et al., 2000], resulting in the degradation of lumines- 
cence properties. Since the trap energies changed with the band gap 
of C&Se nanocrystals, the PL peaks blue st~fted with decreased C&Se 
size. This result is consistent with the theory reported by Chestnoy 
and Brus [Chestnoy et al., 1986]. 

The s~ucture of C&Se ilanoparticles is ch~-acteiized by b-ans- 
mission electron microscopy (TEIVl) and X-ray diffractiorL FN. 3, 
a TEM image of (d) in Fig. 1, shows that the agglomerated parti- 
cles of 20-30 r~a scale are composed of sphe~icaI particles with an 
average di~aeter of about 1 r~a. Tim implies that a sez-ies ofnano- 
sized CdSe colloiclal particles were successfully produced and that 
the size distribution could be controlled This result coincided with 
the XRD data in Fig. 4. Howevez; the C&Se ~moparticles fon~aed 
agglomerates with a size of about several tens ~ a  due to coagula, 
tion in the aqueous system. 

To confmn that the blue shif~ observed in these sm~aples was ac- 
comparned by the expected reduction in average size, size determi- 
nation was conducted tt~-ough ~ in conjunction with the Sd~er- 
rer fonnula [Kak~do and Kasa~, 1972; Azaroff and Buezge~; 1958], 

0.9X d 13(2e)cose (2) 

where )~ is the waveleng~tl of the scanting radiations, [3(20) is the 
flail wiclth at half-maximum of the peak in questio~, and 0 is the 
angle at which the peak is centered. This f o r m ~  quantitatively re- 
lates the observed broade,~ng of X-ray diffiaction lines with the 
finite size of the spbalez-ite crystalIme particles. Fig. 4 shows 
pattems of CdSe nanoparbcles. Using Eq. (2), it was calculated that 
the size of the l:artides is (a) 29.3, (b) 28.2, (c) 21.6, and (d) 10.5 
respectively. XRD obtained for 10 pin commercial CdSe powder 
is included for the Impose of comparison. The selected area elec- 
tron diffi-action pattern fmhen~aore ide~fies that the nanocrystaI- 
line CdSe is a ~m~zite crystal stmctLtre. From the pattern, the re- 
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Fig. 5. XRD patterns of CdSe nanoparticles using different stabi- 
lizers, (a) mercaptoacetic acid, and (b) ethylenediaminetet- 
raacetic acid 0gDTA). 

flections of planes 002, 110, and 112 are clearly seen. 
To investigate stabilizer effects, two kinds of stabilizer, mercap- 

toacetic acid and EDTA, were used Fig. 5 shows XRD patterns of 
CdSe nanoparticles by using different stabilizez~. The broadening 
of the X-ray diffraction line in mercaptoacehc acid system was more 
pronounced than that of the EDTA system. Mercaptoacetic acid 
has a stronger stability that EDTA since the sulfur group can fon~a 
a slrong bond with the Cd of CdSe to prevent CdSe fi-crn growing 
large. 
2. Inverse Micelle Method 

Bare C&Se quantum dots prepared by colloidal methcx:ls have 
many surface defect states, such as strface nonstoichion~etry, unsat- 
urated bonds, etc., which act as norradiafive recombmahon or radia- 
tive luminescence centez~, as shown in Fig. 2. The Iummescence 
yield is reduced due to the recombination of can-iez~ on these de- 
fect states. Applications of bare s~ruc~-e ilanoparticles have been 
limited due to their surface instability when exposed to Iight and 
ai~ Because these defect states are located at the strface of colloi- 
dal quantum dots, surface passivation with vmious organic or in- 
ozgalic ~-oups by using chemical methods can modify them and 
consequently raise quantum yield as well as improve the lumines- 
cence properties. For applicatioils such as optoelectronic devices 
using a polymer/semiconductor nanocomposite, the strfaces of the 
CdSe nanol:articles should be treated to be oiganophilic. There- 
fore, the CdSe quan~n dots were synthesized by the it~a~erse micelle 
methcd and their surfaces were heated with 4-methylbenzene thiol 
as an organic modifier in this section. 

Fig. 6 shows a TEIvl image of C&Se before and after strface mod- 
ification with an org~lic thioI. It shows that most l:articles are spher- 
ical with an average diameter of about 4 i~a before the strface beat- 
merit_ After the strface trea~nent, however, the pal~cles have a broad- 
er size distribution than the bare CdSe particles, ranging flora 4 to 
10nm. Howevel; the majority of particles maintain their initial size, 
while only some pafacles show much bigger size. This could be a 
result of coagv.Iation of CdSe particles due to the interaction of the 
shell part in the process of surface a-eatment, washing, and ullra- 
centrifugal sepaatioi1 The phenyI capping reaction effectively chang- 
es the crystallite surface flora hychophilic to hy&ophobic. The crys- 
tallites leave the water pools and then precipitate. Therefore, the ul- 
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Fig, 6. TEM intage of CdSr nanoparlides (a) before and (b) alter 
mrface modification ~ i th  an organic fltioL Graphs in inset 
show the size distribution of each case. 

ttacallrifugal sepa'aion is easier. Furthermore, file hyffophobic clus- 
ter molecules obtahred me completely soluble in pyridhre. 

Fig. 7 shows the UV-VIS absorption spectra at room tempera- 
ture for colloidal CdSe made by file iuvet~e micelle method. Tile 
absorption edge lies at about 550 tun, both before and aria" airface 
trea~nent, ~hich is a pronounced blue shiti :from file bun CdSe ab- 
sorption edge. However; file I_IV-VIS absorption of coated CdSe 
nanopmticles wkh an organic capping agent has not changed fig- 
nificantly comp~a'ed wkh that of uncoated CdSe. This suggests not 
only that file first electrctlic ~tates of CdSe core have been little mod- 
i.fled but also that file coagulation of CdSe nanop~ticles does not 
take place between CdSe cores. 

Fig. 8 ~hows file PL spectra of the CdSe nanoparticles before and 
after surface trealment. Tile effects of surface trealment are gently 
pronotmced in PL bdlaviot: PL behavior before slwface lreatment 
shows abroad emission peak because of the unstable surface state. 
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Fig, 7. UV-VIS absorption specWa of colloidal CdSe made by the 
inverse micdle  method; (a) before and (b) ofter the san'face 
Ireatment. 
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Fig, 8. Ph~tohmdnesc~nce spedra of colloidal CdSe made  by the 
inverse micdle  method; (a) before aitd (b) ofter the san'face 
treatment. 

Fig. 8('0) exhibits two peaks, a low-wavelength peak arising fi'om 
band-edge emission and a high-~vavelength peak caused by sarface 
states. This figure shows file decrease of surface-state emission by 
the surface capping with athiol. Two emission peaks in PL behav- 
ior mean that file saarface ofCdSe nmlopatticles was incompletely 
covered. These p~tially capped n~alop~ticles have advantages for 
applications of chmge ll~ansfer devices. On the other hand, it is ex- 
pectedthat the greater eanotmt of  surface cappiug agent would lead 
to acomplete capping of the CdSe an'face andthe enhancement of 
the braid-edge emission [Xu et al., 2000]. 

CONCLUSIONS 

In sununay, CdSe nanoparticles and organically capped nano- 
particles were succe~ully synthesized by ushlg colloidal methods 
at room tempere~ure. Tile size ofnanopartides could be conlrolled 
by the eanount of stabiliza; pH, and stabilizer type. Tile UV-VIS 
absorption and file PL propafies could also be tailored by control- 
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ling l:article size. The st~face chaxactezistics and PL stability were 
enhanced through surface capping by an organic passivator This 
not only gives solubility to conunon organic solver,s and polymers 
but also has potential benefits in applicafions such as photot~c de- 
vices and optoeleca-onic devices. 

A C K N O W L E D G E M E N T S  

This work ks partially supported by the Brain Korea 21 Project 
of  the Ministry of  Education (MOE) of Korea. 

REFERENCES 

Azarof*~ L. V m~d Buelgei; M. J., ~176 Powder Method m X-ray Crys- 
talIograph~,' McGraw-Hill Book Company (1958). 

Brus, L. E., "Zero-Dimelzsional "Exdtons" in Semiconductor Clusters~' 
IEEE J. Quantum. Electron., 22, 1909 (1986). 

Chestnoy, N., Harris, T. D., Hull, R. m~d Brus, L. E., "Luz~m~esce1~ce 
and Photophysics of CdS Semiconductor Clusters: The Nata-e of 
the Emitting Eleclronic State;' J. Phys. Chem., 90, 3393 (1986). 

Green, M. and O'Bz'ie~, R, '<Recent Advances in the Preparation of Se- 
miconductoz~ as Isolated Nanometric Particles: New Routes to 
Quantum Dots,' Chem. Commun., 2235 (1999). 

Ju~g, K. T., Shu, Y G., Anpo, M. and Ym~aashita, H., "Preparation of 
Transparent TS-1 Zeolite Film and Its Photocatalytic Isomerization 
Under UV IrradiatioN' Korean J. Chem. Eng., 14, 213 (1997). 

Kakudo, M. m~d Kasai, N., <~ Diffraction by Polymers~' Elsevier 
Publishing Company (1972). 

LiE S.-M., Guo, H.-Q., Zhang Z.-H., Li, R., Chezl, W and Wang, Z.-G., 
"Characterization of CdSe and CdSe/CdS Core/Shell Nanodusters 
Synthesized in Aqueous SolutiozCPhysicaE, 8, 174 (2000). 

Oh, S. M. m~d Park, D. W, <<Preparation of Ultra,Fine Alumina Pow- 
ders by D. C. Plasma J~ '  Korean J. Chem. Eng., 17, 299 (2000). 

Park, J. H., Kwozl, M. H. a'td Park, O. O., "Rheolo~cal Properties and 
Stability of MagnetorheoloNcaI Huids Using Viscoelastic Medium 
and Nm~oadditives~' Korean J. Chem. Eng., 18, 580 (2001). 

Wang, C., Zhang, W. X, Qiaz~, X. F., Zha~g, X. M., Xie, Y and Qial, 
Y. T., "An Aqueous Approach to ZnSe and CdSe Semiconductor 
Nm~ocrystals~' Mater. Chem. Phys., 60, 99 (1999). 

wmiarz, j. G., Zhm~g, L., Lal, M., Fz'ie~ld, C. S. and lh-asad, P N., <�9 
servation of the Photorefractive Effect in Hybrid Organic-Inorganic 
Nm~ocomposite~',Z Am. Chem. Soe., 121, 5287 (1999). 

Xu, L., Huang, X., Huang, H., Chen, H., Xu, J. and Chen, K., "Surface 
Modification and Ei~hanceme~lt of Luminescence Due to Qualtau 
Effects m Coated CdSeJCuSe Semiconductor Nanocrystals~' Jpn. 
Appl. Phys., 37, 3491 (1998). 

Xu, L., Wang, L., Huang, X., Zhu, J., Chen, H. and Chen, K., "Surface 
Passivation and Enhm~ced Qualtau-Size Effect m~d Photos~ability 
of Coated CdSe/CdS Nanocrystals~'PhysieaE, 8, 129 (2000). 

Xu, L., Hua~g, X, Zliu, J., Chezl, H. and Chezl, K., "Reduced Photo- 
Instability of Luminescence Spectrum of Core-Shell CdSe/CdS 
Nanocrystals~' J. Mater. Sci., 35, 1375 (2000). 

Korean J. Chem. Eng.(Vol. 19, No. 3) 


