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º £

�î�fj �Ï~� ¾��V �V~ PbS �ã¶& �W>î
. ê��WB�B AOT¢ ÒÏ� î���öfböB

;WB �î�ff b�>º b" AOT~ jö V¢ �î�f~ �V& �¢æ² >� �¢ �Ï~� �W>º PbS �ã

¶~ �V& �.F > ®ê� ~&
. �WB PbS �ã¶~ �Vº b" AOT~ j� w 8j 1öB 8ræ æz�Úö

V¢ ï� �V& £ 18çöB 31ç ;êræ æzF > ®rj �&
. ��¾ w 8� 10 �çöBº �î�f� n

;~æ pj z× � �V~ PbS �ã¶¢ áj > ìî
. ;W>º PbS �ã¶~ çã" w 8f F;'� jf&ê¢

�&b� � jfç>º 1.8� ��r
. 

Abstract − Nanocrystalline PbS particles were synthesized in reverse micelles. The size of reverse micelles derived from a

functional surfactant AOT was controlled by changing the water-surfactant molar ratio(w=[H2O]/[AOT]), and so the PbS syn-

thesis reaction was allowed to occur only in the reverse micelles. The average sizes of PbS nanocrystals were in a range of

18ç-31ç in diameter, when the value of w changed from 1 to 8. At the higher values for w, the reverse micelles were not so

stable that it was impossible to obtain the larger PbS nanocrystals controllably. The diameter of PbS nanocrystals was found to

show a linear proportionality to the w value, of which the constant was 1.8. 
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1.B �

PbSº IV-VI� >êÚ�B ö.æ Z��� 
Ö ·j "� '�

F ¦ÂV �~ ß>� Ïê~ 7�²¶~ Òò� ÒÏ>Ú z
[1, 2].

PbSº ö.æ Z��� çNöB 0.41 eV�B £ 3.0µm �~~ 2

Ëj &ê �j Îv �>~V r^ö ¦;ïj jÚ �·*æf ?

f 7*Vz� ²¶~ Òò�Bº �ÏWö B£� ®Ú z
. ��

¾ bî~ �V& ¾��V �V� ·j^B >êÚ �ã¶~ �V&

exciton~ Bohr çã" jÝ�æ� ¾æ¾º ·¶�³Î"(quantum

confinement effect)� �� bî~ ö.æ Z��� 6N 
æ² >

� bî~ 7�' ßW 6� æz�
º Ò
[3] r^ö ôf ��¶


� ¾��V �V~ PbS �ã¶¢ �W~� 7�²¶�~ �Ï &

ËWö &� ��& �B® ê¯>� ®
[4-9]. PbS~ ãÖö ��

� ·¶�³Î"º 105B~ ö¶ �V� £ 18 nm ;ê~ �VöB

¾æ¾º ©b� rJ^ ®
[6].

¾��V �V~ >êÚ �ã¶¢ �W~V *� �� &æ O»�

;�>Ú �Ï>� ®æò � ��öBº �î�f(reverse micelles)

j ¾��V �V~ z�>wV� �Ï~� >êÚ �ã¶~ �V¢

êÏ® BÚ� > ®º î���öfb(microemulsion) O»j ÒÏ

~&
[5, 7, 8]. � �î�fj �Ï� ¾��V �V~ �ã¶ �W

f "� z�' �W� FÒ� CdS �~ II-VI� >êÚ¾ .³�ã

¶ �ö ��>Ú ��>îb¾ �"öº PbS �~ z�b �öê

'Ï>Ú ôf ��[1, 10]& >¯>� ®
. ��¾ �"~ ��Ö"

ö V�� PbS~ ãÖöº �î�fj �Ï~� ¾��V �V~ «

¶~ �V¢ �.~V ÚJÚ ©b� rJ^ ®b� � �Fê «{

® C&ææ pf ç��
. PbS �ã¶~ �Vº >w�*ö ~�

Bò �.� &Ë~� �î�f~ �Vö ~�B �W>º PbS �ã

¶~ �V¢ B�~æ á~º ©b� ��>Ú ®
[1].

� ��öBº ê��WB� AOT¢ ÒÏ� �î�f~ �V¢ w

8(w=[H2O]/[AOT])ö V¢ æz�B �W>º PbS �ã¶~ �V¢

�.� > ®rj ÚÚ��¶ ~&
. ��B :ö V�� b" ê�

�WB~ j� w 8ö V¢ �î�f~ �V& Ö;>� � ç&&

êº �î�f~ >ã" w 8� ç7 jf&ê& ®º ©b� rJ

^ ®
[7]. � ��öB �î�f ÚöB �WB PbS~ �Vº ç7

TEMj Û� {�~æº p~b¾ ¶�F/&�7F ª7V¢ Û� &

VB �>2Ë" ��'b� êÖB PbS �ã¶~ ö.æ�[4, 11]b†E-mail: smcho@yurim.skku.ac.kr
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z��� B38² B1̂ 2000j 2ú

�¦V �ã¶~ �V¢ Fº~&
.

2.
 þ

¾��V �V~ PbS �ã¶~ �Wj *� ê��WB� AOT[Ae-

rosol OT : sodium bis(2-ethylhexyl) sulfosuccinate]¢ ÒÏ~� �î�

fj ò
� �î�f ÚöB PbS& �WF > ®ê� ~&
. � 


þöB AOT¢ ÒÏ~� �î�fj ;W� �Fº AOT ¶Ú& n;

B¢ ÒÏ~æ pjê jv' n;'�¢º ßûj &æ� ®V r^

�
. �î�f~ �Vº b" ê��WB~ ³ê~ j� w 8j æz

�Ê�B �.~&
. PbS �ã¶~ �Wö ÒÏB �£f Pb(NO3)2f

Na2SÁ9H2O&b� ''~ �£j ö~º ³ê~ >Ï�b� ò
�

AOT 0.1 mole" n-heptane 100 ml¢ b�~� n-heptane ÚöB AOT

�î�f� ;W>ê� ~&
. v B~ >wb~ j� x 8(x=[Pb2+]/

[S2−]) �� 7º� 
þ æ>�B � 
þöBº "� Pb(NO3)2f

Na2SÁ9H2O¢ '' 4.0Ü10−3 M" 1.6Ü10−2 M~ ³ê� ~�(x=0.25)


þj >¯~&
. v &æ öò~ î���öfbj '' ò
ÚB

£ 3�* �ç ÏR~² v>�Î ê ~¾~ Ï�j 
� Ï�ö �'

ç�� ÂÂ® b�~�B v>j ê³~� ��² Df ê ;WB �

î�f Ú¦öB PbS~ �W>w� ¢Ú¾ê� ~&
. �r PbS~ �

ö ~� 'Ëj VB~V *~� �¦öB �� �Ò>æ pê� z


öB >wj ê¯~&
. 6� 
þÖ"& >wNêö 'Ëj Aæ p

² ~V *�B Î� 
þf çN(25oC)öB >¯>î
. w 8� 1�

¦V �·~� 6N Ã&�ö V¢ R«~² ��º öfb Ï�f +

f �¦ ïöB¦V ÿf .ïb� 6N æz~� ß® w 8� 9�ç

� >� �î�f~ �V& 
^ öfb~ n;ê& 6²~� PbS �

ã¶
� B� w÷~� �
 � ¦;ï~ w÷Ú& ò
Úæº ©j

Gnb� &V� > ®
. � 
þöBº b" ê��WB~ j, ¯ w

8j 1öB¦V 40ræ æz�Ê�B PbS �ã¶¢ �W�V
. >w

�*j rj�V *� v �î�f~ Ï�j b�� ê 30ª� æ¾

B¦V 30ª *Ïb� �>Ê¿Þ"j G;~&b� �>Ê¿Þ"~

æz& ìÚæ� >wj «ò~&
.

¾��V �V~ PbS Ï�j ªö� áÚÚV *� �W� jòB

PbS öfb Ï�ö zêRj BB® Î&~� � Ï�j ¾ b�~

� Zï~ R«� n-heptane [, �^� PbS¢ �F~º zêR [,

�Ò� � Ò�ö �WB PbS «¶& w÷B ^ B~ [b� ªÒB


. � 7öB PbS «¶~ w÷[j �~� 
� zêRj b�~�

�� ® ö�ªÒ¢ >�~� PbS «¶¢ áî
. ��� ";j �

� PbS ªöf w 8ö V¢, ¯ «¶~ �Vö V¢ �¦ïb�¦V

J2æï, .ï, ¦fï � �� &æ ïj n
.

3.Ö" 5 �V

ê��WB¢ FVÏ
ö ��² >� �;~ �î�fj ;W�
.

��� �î�ff b� �Ò~�¾ _f �Ò~æ pz¢ê ;W>

Vº ~æò b� ìº ãÖöº �î�f~ �V& 
Ö ·�¾ _

f 
ªÖç� ;W>² B
[7]. ��¾ b� �Ò~² >� ç&'

b� � �î�f� ;W>� ê��WB~ �W¦& b" Ö�~�

²* “water pool”�¢ ®ÒÖº �î�f� ;WB
. ��� �î

�f~ ;Wö ®ÚB &Ë 7º� æ>º b" ê��WB ³ê~

j(w=[H2O]/[ê��WB])�
. � ��~ &çê� b" ê��WB

� AOT~ jö V¢ Ï� Úö ;W>º �î�f~ �Vº 
r~

�" ?� F;'b� æz~º ©b� rJ^ ®
[7].

D = aÁw (1)

�VöB Dº «¶~ çã, wº [H2O]/[AOT], �Ò� aº jfç>

�
. bö '' Ï�B >wb� Pb(NO3)2f Na2SÁ9H2Oº b�B

�î�f Ú¦öB B� >w� ¢Ú¾² >� �î�f Ú¦öB ¢

Ú¾º PbS «¶~ �W>wf �*~ ã"ö V¢ ê³ ê¯>
&

�î�f Ú¦~ >wb~ 6²ö V¢ «òB
. �r >wö ~�

;W>º PbS «¶~ �Vº ;WB �î�f~ �V 5 .Vö �

/�& >wb~ ³êö ~� B�B
. �º z�>w� >wV~

�V 5 >wb~ ³êö �J®º ©" îR&æ�
. Fig. 1öº

x=0.25, w=7� ãÖö �W�*ö V� Ï�~ ¶�F/&�7F '�

~ �>Ê¿Þ"~ æz¢ �&
. �>Ê¿Þ"f �Wj �·~�

B¦V 30ª �*� �W� Úö ®º öfb ç�~ PbS �ò¢

j�~� �>Ê¿Þ"~ æz& 
Ö 'j rræ G;~&
. �â

öB r > ®º :f ?� >w�*� £ 3-4�*�ç ã"~� ;

W>º PbS �ã¶& î�f~ �Vö B�>Ú z �ç 
ææ p

�¾ _f >wb� �~ ²Î>V r^ö �>Ê¿Þ"~ æz& /

Ï® 6²~º ©j {�� > ®
. PbS �W>w� �*ö V¢

ê³ ê¯>Ú �î�f Ú¦ö PbS «¶& ;W>V �·~�B ¶

�F '�~ �~ �>¢ ��º Ê¿Þ"� áÚæV �·~� �

*~ ã"ö V¢ 6N &�7F '�~ �>& Ã&~º Ö"¢ �

�
. �B J«� :f ?� ²�ç�~ PbS ö.æ�f çNöB

0.41 eV� �>2Ëf '�Fö ��~æò PbS «¶~ �V& 
Ö

·j^B ¾��V �V& >� ·¶�³Î"� �� ö.æ�f �

² Ã&~² B
[3]. �âöBê r > ®º :f ?� >w~ .V

ö ;WB PbSº � �V& 
Ö ·j � ö.æ�j &æV r^ö

¶�F '�~ �> Ê¿Þ"j ��² >æò �*ã"ö V¢ «

¶~ �V& 6N 
æ�B 6N Z 2Ë~ �j �>~² B
. �

�¾ «¶~ �Vº >wb� Ïª® �/B ãÖöº �î�f~ �

V �~� B�>V r^ö Ïª� >w�*~ ã" êöê �>Ê¿

Þ"� z �ç Ë2Ë ãb� æz~æ(red shift) p� ;æ~² B


. ��� Ö"�¦V �î�fj �Ï~� ¢;� �V¢ &æº ¾

��V �V~ PbS �ã¶~ �W� &Ë�j r > ®
. � ��ö

Bº �î�f Ú¦öB PbS �ã¶~ �Wj *� Ïª� >w�*

b�B �� &æ w ��öB ÿ¢~² £ 3-4�*j F�~&
.

x 8j 0.25� �;~� '' w 8~ æzö V� >w «ò ê~

�>Ê¿Þ"~ æz¢ Fig. 2ö ¾æÚî
. >wf >w�· ê £

3-4�* êö «ò~&b� �W�ö ®º öfb ç�~ PbS «¶


j j�~� �>Ê¿Þ"j G;~&
. w 8~ Ã&ö V¢ �

î�f~ �V& � (1)" ?� F;'b� Ã&~� �ö V¢ ;W

>º PbS �ã¶~ �Vê Ã&� ©b� .GB :f îR&æ�, w

Fig. 1. Absorption spectra of PbS particles prepared from the solution
after different length of time.
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8~ Ã&ö V¢ �>Ê¿Þ"f Ë2Ë ãb�~ æz¢ ��
. �

�� Ö"º w 8~ Ã&ö V¢ z× � PbS �ã¶& áÚæV

r^ö Ë2Ë ãb�~ æz¢ ��º ©b� ��>� 
B� á

Úê öfb Ï�ê w 8~ Ã&ö V¢ �ïb�¦V �¦ï, J2

æï, ¦;ïb� æz~º ©j Gnb� &V� > ®î
. � Ö

"º �î�f~ �Vö V¢ �W>º PbS �ã¶~ �V& �.F

> ®rj ��º ©b�B, PbS �ã¶~ ãÖöº CdS �ã¶~

�W"º �Ò î���öfb»b� �ã¶~ �V& �.>V Ú[


º V�~ ��[1]f 
� Ö"�B 7ºWj æò
. z× � PbS

�ã¶¢ �¢~² ;W~V *~� x 8j 0.25� �;�Ê� w 8

j Ã&~&b¾ Fig. 3ö �� :f ?f 
� ·çj �&
. w&

10�çb� 
ê ãÖöº &�7 '�öB ��² �~ �>& ¢

Ú¾º ©b� �j �î�f� n;~æ p� B� 
� �V~

PbS �ã¶& ®�¢~² ;W>º ©b� 6�B
. 
þ";öBê

>w� �·N" ÿ�ö � çãj &æº ¦;ï~ «¶& ;W>º

©j Gnb� &V� > ®î
. Fig. 2~ �>Ê¿Þ"öB �� &

æ w 8ö &~� �~ �>& �·>º 2Ëj Ö;~� ��¦V

''~ ãÖö &� ö.æ Z��j �~&
. 6� � ö.æ Z�

�b�¦V «¶~ çãj ��'b� êÖ~� Fig. 4ö ¾æÚî
.

PbS �ã¶~ ãÖö FÎîï"Ò»(effective mass approximation)j

ÒÏ� particle in a box modelf 100ç �~ �V~ «¶ö &�

B ¾ �æ pº ©b� rJ^ ®
[4]. V¢B ¢>'b� �¢ æ

;� hyperbolic band modelj ÒÏ~² >º� �¢ �Ï~� «¶

~ çãj �~� jv' ·f �V~ PbSê ¾ �º ©b� rJ^

®b� � Ö"º � (2)f ?� "Úê
[11].

(2)

� (2)öB ∆Eº ¾��V �V~ PbS ö.æ Z����, Egº

bulk ç�~ PbS ö.æ Z���
. Dº «¶~ æª�� m*º F

Îîïb�B PbS~ ãÖ FÎîïf m* = 0.085 me�
. Fig. 4öB

�� :f ?� .ç®~ &� «¶~ �V& w 8ö V¢ F;'b

� Ã&~º Ò
j {�� > ®
. w& 1öB 8ræ æ�ö V¢

«¶~ ï� �Vº £ 18çöB 31çræ æz~&b� ï� ö.

æ Z�Sf 3.07 eVöB 1.79 eVræ æz~&
. w 8� 10 �ç

� >� �î�f~ ;W� ®n;~� ¢;� �V~ PbS «¶&

;W>æ pV r^ö � �ç~ 8öBº «¶~ çã�¾ ö.æ

Z��j �� > ìî
. Fig. 4f ?� «¶~ �Vº w 8� Ã&

�ö V¢ Ã&~� � VÞV aº 1.8 ;ê�B[7] ê��WB�

AOT~ ��¢ �J� ��'� model�¦V êÖB 8� 3.0�


£ 60%;ê Ôf Ö"¢ �&
.

PbS �ã¶~ �Wö 'Ëj "º æ>º w 8 ��ö >wb~ j

� x 8 (x=[Pb2+]/[S2−])j 
 > ®
. w¢ 5� �;~� x 8~ æ

∆E Eg
2 2h2Eg

2π D⁄( )2

m∗
--------------------+

1 2⁄
=

Fig. 2.Absorption spectra of PbS particles for different water/surfactant
molar ratios.

Fig. 3.Absorption spectra of PbS particles for different water/surfactant
molar ratios; (a) w=8, (b) w=10, (c) w=20, (d) w=40.

Fig. 5. Absorption spectra of PbS particles for different [Pb2+] / [S2−]
molar ratios; (a) x=0.25, (b) x=1.0, (c) x=2.0.

Fig. 4. The dependence of PbS particle diameter on the water content
and optical bandgap of the particles. The optical bandgap of the
particles was calculated from the hyperbolic band model as a
function of the particle diameter.
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zö &� Ê¿Þ"~ æz¢ Fig. 5ö ¾æÚî
. �ò~ j�º 30

ª �*� ~&b� x 8� 1¢ rf 2¢ rº >w�*� 2-3�*

;ê ²º>î
. x 8~ æz¢ *�B Pb2+~ ³êº �;�Ê�

S2−~ ³ê¢ 6²�V
. PbS �ã¶~ �W >wj *� ·�j�

x=1� ãÖö 7�>êº ¶�F 5 &�7F '�öB *Ú'b�

�² ¾æÒb�, 
þ ê7 ¦;ï «¶~ w÷j &V� > ®î
.

��� Ö"¢ Û� x& ·�j �çb� � ãÖö �î�f� n

;~æ pj �W «¶
� � w÷Ú¢ ;W~º ©b� 6�� >

®
. x 8� 2�B z× 
ê ãÖö öfb Ï�~ n;Wf z×

ÎÚæº ©b� ��
. x 8� 
î>� «¶~ �V& Ã&>º

�F¢ rj�V *�B ê��WB¢ Iæ pf 
þ��b� >Ï

� çöB PbS¢ �W� �~
. x 8� 1 �çb� � ãÖöº >

wbj I¶î¶ «¶~ �* *çj &V� > ®î
. >�, x 8

� 1 �~� ãÖöº >w� BB® ê¯>�B «¶~ �V& ·

j >Ï� Úö Ú¶ ;ê ªÖB ç�¢ Fæ~º ©j &V~&
.

V¢B x 8� 1 �çb� 
æº ãÖöº �W>w~ ³ê& Ã&

~� «¶~ �Vê 
æV r^ö öfb~ n;Wf 6²~º ©

b� º�� " > ®
.

w 8� 5¢ r �WB PbS �ã¶¢ ªÒ� ê 
� .r2¢ Ò

Ï~� zêRö ��² ªÖ~� 7�>Ê¿Þ"j áÚ 2Ëö V

� «¶~ �>ª�¢ �Ò~&
. �ö &� Ö"¢ Fig. 6ö ¾æÚ

î
. áÚê ªö «¶º ªÖB ç�~ ª�ö j� z � «¶&

ôj z � 2Ë '�öB ¸f �>ê¢ �&
. ��� �Fº «

¶~ ªÒ";öB w÷>æ pf ç�� zêRö ªÖ>Ú ®º 


Ö �^� «¶~ ªÒ& £æ p~V r^�
.

� ��¢ Û� ¾��V �V~ PbS �ã¶¢ î���öfbj

Û� B�~&
. B�B PbS «¶º � ï� �V& £ 18-31ç

;ê� ¾æÒ� � �ç~ �Vº ÒÏ� ê��WB� AOTf n-

heptaneê~ î���öfb� n;~æ pV r^ö �.� ®&Ë

~&
. � ��¢ Û� î���öfb Úö ;W>º �î�f~

�Vö V¢ PbS~ �ã¶ �V& ¾��V �V '�öB �.F

> ®rj �&
.

4.Ö �

î���öfbj ÒÏ~� IV-VI� >êÚ� PbS¢ ¾��V �

V~ �ã¶� �W~&
. î���öfb Úö ;WB �î�f~

�Vº b" ê��WB AOT~ j� w 8ö V¢ F;'b� Ã&

~� �î�f Ú¦öB ¢Ú¾º PbS �W>wf � �î�f~ �

V� B�>º ©j {�~&
. �î�f Ú¦öB ¢Ú¾º PbS �

W>wf �*~ ã"ö V¢ ê³ ê¯>Ú PbS �ã¶~ �V&

6N 
ææò £ 3-4�* ;ê ã"� êöº z �ç 
ææ pr

j {�~&
. �WB PbS �ã¶º w 8j 1öB¦V 8ræ æz

~� � ï� �V¢ 18çöB 31çræ �.� > ®îb� � �

V �ç~ �ã¶º z ¸f w 8öB �î�f� n;~æ pV r

^ö áj > ìî
. �WB PbS �ã¶~ çã" w 8f F;'�

jf&ê¢ �&b� jfç>º 1.8� ¾æÒ
.
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