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Abstract − Silica nanoparticles were synthesized by the ammonia-catalyzed hydrolysis of tetraethyl orthosilicate (TEOS)

using water-in-oil (W/O) microemulsion. Phase behavior experiments were performed to characterize single phase W/O micro-

emulsion region in ternary systems containing ammonia solution, surfactant, and oil, where 3 different types of surfactants and
5 different kinds of oils were used during the experiments. It was found that both surfactant and oil caused a substantial change

in microemulsion phase behavior and microemulsion region increased with an increase in the alkyl chain length of an oil. With

the information of phase behavior experiments, silica nanoparticles prepared using single phase W/O microemulsion showed

that relatively monodisperse particles of spherical shape were obtained. Photographs from transmission electron microscopy

showed that average particle size, particle size distribution and number of particles formed were dependent on microemulsion

composition, especially contents of ammonia solution solubilized in the microemulsion region.
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1. � �

�� �� ����	 
��, 
���, ���, ��, ����, �

��, ����  ! "# ��$%&' ()*+ ,-., /01 23

1 $%&' 4)*+ ,	 ���� 5��# 67(, 8�(, 79(

:�+ ��(� ;&'! "# �<-= �>? @)ABC << D

�E F-= GH*+ ,2[1]. I
(� �� 5J KL-=	 )ML

N "/ O)>P-� Q# &RST UV= >., WXY! 5ZC �

[\ �] 5�! Y�(^79( _�T `abc	 d<�N CS+

,2[2-4]. /01 d<N �e1 KL-=' ��( 7LN 7f= 1

5J KL& g1 hi/ <j kl m	n op=, qr/ s�t u

)v w	 S)v 6x�(precursor)T $� uy&' z{bc[	 b

�| }p=, ~��, ��, &���  � �# KLN /)>? �#

�((droplet)-=�� $�N �vb�-=� ��! �7| ��( �

IvN 5�>[	 b�= x$� u ,2. : � �/�=&��
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(microemulsion)N /)1 �� 5JKL# $� dB! z{N /)>

�= �I�C �� Q-., ��v/ ���+ ��1 �)  ! "#

�<N C� KL-=' �� ���� 5J& ({1 KL-= �[

l ,2[5, 6].

�/�=&��# I
(� &��(emulsion �# macroemulsion)�

�� � �(-= ��>+ 8�(-=  Kv�(isotropic) $� b¡

¢-= �!*., g£(� F-=	 ¤rH(continuous phase)! u)

� r& ¥I/ $�*� ,	 oil-in-water(O/W) �/�=&��� 


g= ¤rH! ¥I r& Y/ $�*� ,	 water-in-oil(W/O) �#

reverse �/�=&�� :�+ ¥I� Y/ ¦b& ¤rH-= §¨>

	 bicontinuous middle-phase �/�=&��/ ,2. �/�=&��

N /)1 ��a¨ {vL# $� uy&'! J�/ C©>7 ª«

& ~>	 �vN CS	 f¬­�T 5J� u ,	 �<N ®+ ,2. G

T �; �7)� H& §¨>	 3-30 nm �7! 9;4v5 ¯{��

 �/°(reverse micelle)# ¯{� ±�& YN $�b² u ,7 ª«

& ³uv YEN C)�(solubilization)b² u ,N ´ µ¶· /01

³uv YE/ W/O �/�=&�� O/ w	 W/O �/�=&���

¸� u)� O/&' /¦¹ u ,7 ª«& /01 vEN /)>;

 �/°N /)1 ��
@/ C©º�2. w1  �/° ±& $�*

	 Y»¼/(water pool)	 ½�� J¾ >&' I�1 �7T ®+ ,

7 ª«& ��! ¿v�(nucleation) À v� r�(particle growth)T Á

Â JÃ� u ,-., � �(� ��v-= �>? I
(� ¬Ä �

� 5J&' I��	 ��! @¯N Å�(-= KS� u ,2. Æ,

 �/°# $� uy! ¬Ä
@7(microreactor)= �)s-=� 
@

Y/ ÇÈ(� �/�=&�� ÇÇ! ¬Ä
@7 ±& $�*� 
@

>7 ª«& ¿! �v� v�N Å�(-= 5�� u ,	 É�1 ©

ÊN ®+ ,2[2-6].

W/O �/�=&��N /)1 Ë�Ì(silica) ���� {v# I


(-= ÍÎ¶µ �� >&' /Ï�S., �� 
v# �� ÐÑ1 �

�N ZÒ �v*� ��¿ �v� �� v� ��-= �Â �Ó u

,+ �](-= 
v*	 Ë�Ì ��! Ô� �� �7 À Çu& Õ

Ö×N ¬Ø	 F-= �[l ,2[5-14]. ��¿ 
v ��# W/O �

/�=&�� H& C)�t ÍÎ¶µ u)�! Y� 6x� YE O

!! Cu$º 
@& !º I��., �/�=&�� �((droplet) ±

&' I��	 intramicellar nucleation� �/�=&�� O/! ÙÚ À {

�& !1 YE ÛÜ ��& !>? I��	 intermicellar nucleation

��-= xÈ� u ,2. ��¿ 
v ��# �� �� {v& O)

>	 Y/9;4v5! mole �Ý� RÞ& !>? �Â Ö×N ß-.,

RÞ/ Õ à�&	 ½= intramicellar nucleation& !>? ��¿/ �

v*+ 
;& intermicellar nucleation# RÞ/ �# à�& I��	

F-= �[l ,2[5-16]. 1á 
vt ��¿# Brownian motion&

!1 6x� YE! âC 
@N ã>? �/�=&�� ±&' ��

= v�>	 ��� �/�=&�� O/! ÙÚ À {� ��&' 9

;4v5 Uä/ åæ*;' �vt �/�=&�� O/! �çN ã

1 YE ÛÜ& !>? �{
@/ 9r �è*;' ��C v�>	

é ��& !>? I�ê2[17-21].

��¿ 
v ��# ¥I H& §¨>	 9;4v5 ¯{��  �/

°! u|  �/° ±= C)�*	 Y� 6x�! 3& !>? ½=

ë�*., /	 9;4v5 �²7! ì/, h©7! ]í À BØ, HLB

(hydrophilie lipophilie balance)  ! 9;4v5! ��( xJ| î�,

6x�(precursor)! ]í, xJ À î�, ï�, pH, âCY À counter ion

! §¨�ð, �/°! packing density  & !>. ñ�t2. 1á �

�v� ��&' �/�=&�� b¡¢&'! 
@Y! ÛÜ r�

(intermicellar exchange rate)	 �/�=&��! 9; _�(interfacial

rigidity)& !>? �Â ñ�*., 9; _�	 âCY/� �J9;4

v5(cosurfactant)& !>? JÃ/ C©>2[22-26].

�/�=&��N /)1 Ë�Ì ���� 5J& h>? ò¨óS

�è*� ï g�$! ¤x�# ½= 9;4v5 À 6x�! ]í|

Y/9;4v5 �Ý À 6x�! 3 ô�& õö ��! �7 �Û| b

÷& õö ��! v� r�& hº'ø uè*ù-.[5, 6, 17-21], �

�a¨! 5J& ,�' �I>+ ¬Ä1 ��T ú	n �V1  �

N >	 dIH(single phase)! �/�=&��! �v Ö & hº'

	 �9(� ¤xC uè*S ûü2. �/�=&��/ �v*	 Ö 

! BØ| AB	 9;4v5 À ¥I! ]í| î�, âC*	 6x�

]í, Y �# ¥I� 6x�! �Ý, ï�, pH  ! ?0 CS ôu�

& !>? ë�t2. õ·' ý ¤x&'	 Ë�Ì ���� 5JT B

>? 9;4v5, ¥I, ÍÎ¶µ u)�! þv$-= /Ï�� b¡

¢& g>? HÔ�(phase equilibrium) ËÿN uè>? ���� 5J

& ({1 dIH! W/O �/�=&��/ �v*	 Ö � ABT ë

�>P-., / ë�T ��-= >? � b¡¢&' ��t Jv&'

����T 5J>P2. �� ¤rH! ¥I ]íC dIH! W/O �

/�=&�� �v Ö & ¬Ø	 Ö×� � ¥I b¡¢&'! ÍÎ

¶µ u)� s�, 9;4v5! ]í À î�C Ë�Ì ���� �7

À $�& ¬Ø	 Ö×& h>? �<(-= �	�ü2.

2. � �

2-1. ����

W/O �/�=&�� 5JT B>? ý Ëÿ&' O)1 9;4v5

! ��
N Table 1& ��±ù2. �/ï 9;4v5 NP 4	 I��

�&' x�>P-., �/ï 9;4v5 Brj 30� 
/ï 9;4v5

AOT	 Aldrich&' x�>? È2ö �5 ��N ZØS û+ Ëÿ&

O)>P2. AOT	 sodium bis(2-ethylhexyl) sulfosuccinate! 
/ï

9;4v5= Hï&' �Û( D# W/O �/�=&�� Ö N �v

� u ,�' �/�=&��N /)1 ���� 5J& ç� O)*+

,2. 1á �/�=&��! ¤rH ¥I=	 X� 98%! n-heptane,

n-decane, iso-octane, cyclohexane, tolueneN Fluka&' x�>? ��

O)>P-., Ë�Ì ���� 5JT B1 6x�=	 tetraethyl

orthosilicate(TEOS)T Sigma&' x�>? O)>P2. w1 ��| 6x

� YE! Cu
@ )�=	 28 wt%! ÍÎ¶µ u)�N O)>P2.

2-2. ��� ��

�I>+ ¬Ä1 ���7! ��T 5J>7 B>? dIH! W/O

�/�=&�� 
v Ö N ��>7 B1 HÔ� ËÿN uè>P2.

Table 1. Type of surfactants used during this study

Type Name Chemical  formula

Anionic Aerosol OT(AOT) ROOC-CH2

ROOC-CHSO3-Na+

Nonionic Polyoxyethylene(4) lauryl ether(Brj 30) C12H25-(OCH2-CH2)4OH

Polyethylene(4) nonylphenyl ether(NP 4) C9H19- -(OCH2-CH2)4-OH 
HWAHAK KONGHAK Vol. 41, No. 2, April, 2003
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/T B>? ±à 13 mm flat-bottomed bÿh& 9;4v5, ¥I :

�+ ÍÎ¶µ u)�! JvN ô�bc;' 6� E�/ 5 g *Â b

�T 5J>P-., 5Jt b�	 |í�'(vortex mixer)&' � 20f

÷ Û
1 � �0.1oCóS ï�JÃ/ C©1 �ïJ& �+ 25oC&

' é )�/ e6� Ô�& ���N ª! H! ]í| uT h�>P

2. �/�=&�� �v Ö # º�*	 b�C éH-= $�*Z�

lamellar liquid crystalline phase(Lα)= 6/*	 à9<N 7y-= >

? ë�>P2.

2-3. �	
� �� � 
�

ý Ëÿ&' O)1 Ë�Ì �� 5J��N Fig. 1& ��±ù2. �

���! 5J	 B! HÔ� Ëÿ& !>? ë�t dIH! W/O �

/�=&�� Ö  ±&' ËÿN uè>P-., Ëÿ& O)t �/�

=&�� JvN 7y-= >? 6x� TEOST mole� 7y-= ÍÎ

¶µ u)�/TEOS! �Ý/ 6*Â âC1 � magnetic stirrerT O)

>? 700 rpm J¾&' 72b÷ ¦� Ù$� Û
>;' ��T 5J>

P2. 5Jt ����! �7| $��, morphology& g1 ��	 75

kVóS �¦/ C©1 transmission electron microscopy(TEM, JEOL

JEM-1200X) O� �ÖN ã>? úù2. TEM O� �ÖN B>? b

�T carbon/ ��t 200 mesh �7! copper grid B& $�b� 2


 ¤rH! ¥IN 5Z>7 B>? >Ï �� ¾Jb� � ��>P

-., ��! Ô� �7| $��	 image analyzerT O)>? $�>

P2.

3. �� 	 
�

3-1. ���

�/�=&��N /)1 Ë�Ì ���� 5JT B>? 9;4v

5, ¥I, ÍÎ¶µ u)�! þv$ b¡¢& g1 HÔ� ËÿN uè

>P2. 9;4v5=	 
/ï 9;4v5 AOT| �/ï 9;4v5

Brj 30� NP 4T O)>P+ ¤rH! ¥I=	 n-heptane, n-decane, iso-

octane, cyclohexane, tolueneN O)>? ��! 9;4v5 b¡¢&'

¥I! ]íC dIH! W/O �/�=&�� �v Ö & ¬Ø	 Ö

×& h>? �	�ü2.

Fig. 2	 AOT 9;4v5 b¡¢&' ¤rH-= O)1 ¥I/ d

IH! W/O �/�=&�� �v Ö & ¬Ø	 Ö×& h1 Ëÿ ë

�=', HÔ��(phase diagram)& ��� à9�# ��! b¡¢&

' dIH! W/O �/�=&�� Ö N ë�>	 �g ÍÎ¶µ u

)� JvN ��� F/2. Æ, à9� µ & º�>	 S # dIH

-= §¨>	 W/O �/�=&��N ��±., à9� B& º�>	 S

 # �!! u)�/ âC"& õ· W/O �/�=&��� excess water

phaseC Ô�N /Ï	 é H-= §¨>	 Ö N ��� F/2[18].

¤rH ¥I! ]í& õö Fig. 2! ë�T �Ûº �;, 9;4v5

î�C �C�u# dIH! W/O �/�=&��/ §¨>	 Ö #

�C>., w1 dIH! Ö # O)1 ¥I! $v À O% ì/& õ

· Õ Ö×N ß	 FN � u ,ù2. ¤rH! ¥I= n-decaneN O

)1 à�& ,� C� Õ dIH! W/O �/�=&�� Ö / §¨

>P-., : 2
-= iso-octane, n-heptane, cyclohexane! X'= `

a>P2. ý Ëÿ&' O)1 ¥I �&' O%! ì/C C� & n-

decane! à�&	 18%! 9;4v5 î� J¾&' ÍÎ¶µ u)�

! à� 12% ��óS dIH! �/�=&�� ±& C)�*ù2.

1á iso-octaneN ¤rH-= O)1 à�&	 n-decane! à��2	

�Sø n-heptane� cyclohexane! à�| �Û>? ' Õ Ö &' �

/�=&��N �v>P-., 9;4v5 î�T 18%óS �Cb�

à�&	 11% ��! Y/ $�H! �(= §¨>	 dIH! �/

�=&�� Ö / §¨sN )�� u ,ù2. 
;& ý Ëÿ&' O

)1 ¥I �&' O% ì/C C� *# cyclohexane! à�& ,�'

	 auv! 9;4v5 +� �$� ¥I O% O/! H,�)/ �

� ��= 9;4v5 +� �$-=! cyclohexane -.C )/>+

Hg(-=  �/° r-= -.º ��C	 Y! 3/ Ëÿ&' O

)1 2ö ¥I� �Û>? �� �-�= �/�=&��/ �� /

# Ö &' �v*., 9;4v5! î�T 18%óS �Cb0N ª&

� �/�=&�� ±& $�H! �(= §¨>	 Y! s�# 7% �

�= C� �ü2.

Fig. 3� 4	 Brj 30� NP 4! �/ï 9;4v5 b¡¢&' ¤rH

-= O)1 ¥I/ dIH! W/O �/�=&�� �v Ö & ¬Ø

	 Ö×& h1 Ëÿë�T �� ��� F-= 9;4v5 î�C �

� 1# J¾N 5¸>+	 Fig. 2& ��� AOT 9;4v5 b¡¢!

ë�| ¦I1 à×N �?½+ ,
N � u ,ù2. Æ, Brj 30 9;

4v5! à� 9;4v5 î�C �C�u# dIH! W/O �/�=

&��/ §¨>	 Ö # �C>., dIH! Ö # O)1 ¥I!

$v� O% ì/& Ö×N ßSø AOT| NP 4 b¡¢& �º'	 H

g(-= ¤rH ¥I! Ö×/ �# FN � u ,ù2. w1 Fig. 4&

��� NP 4 b¡¢! à�&� 9;4v5 î�C �C�u# dIH

! W/O �/�=&��/ §¨>	 Ö # �C>., w1 W/O �/

�=&�� Ö # 2! à�| ¦I>Â n-decane > iso-octane > n-

Fig. 1. Experimental procedure for silica nanoparticle preparation.

Fig. 2. Effect of oil on water in oil microemulsion region in AOT sur-
factant system at 25oC.
���� �41� �2� 2003� 4�
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heptane > cyclohexane > toluene! X'= ��32.

Ô� H(&' W/O �/�=&��& !1 Y! C)�	 9;!

curvature| �/�=&�� �( O/! H,�)& !>? Ö×N ß

-., /	 interfacial layer! xJ| ¤rH ¥I! ]í& !>? ½

= ë�*	 F-= �[l ,2[22-26]. GT �;, ¤rH ¥I! O

% ì/C �C�u# �/�=&��! radius of spontaneous curvature

	 �C>Â *� C)�	 �C>Â *�, 
;& �/�=&�� �(

O/! H,�Ê& Ö×N ½	 9; 4! -. ì/(penetration length

of interfacial layer during interpenetration of droplets)	 �C>Â "&

õ· H,�Ê# �C>? C)�	 `a>Â t2. õ·' ¤rH ¥

I! ô�C �/�=&��! C)�& ¬Ø	 Ö×# é Ö× ��

! Hg(� �7& !>? ë�t2. Fig. 2-4& ��� AOT, Brj 30,

NP 4! ��! 9;4v5 b¡¢&' ¥I O% ì/ �CC dIH

! �/�=&�� Ö & ¬Ø	 Ö×& h1 Ëÿë�& !>;, �

/�=&��! radius of spontaneous curvature �C Ö×/ �/�=

&�� �( O/! H,�Ê �C Ö×& �>? Hg(-= Õ FN

� u ,2. õ·' ¥I O% ì/C �C�u# dIH-= §¨>	

�/�=&�� Ö # �2 D�SÂ t2. :0� ¥I O% ì/ �

C& õ· 9;4v5 5{�(aggregate)�  �/°! curvature|

rigidity	 Hg(-= `a>Â *., /01 ë�	 Ë�Ì �� 5J

& ,�' ¤rH-= O)>	 ¥I! ]í| O% ì/& õ· �/

�=&�� O/! 
@ r�, Æ intermicellar exchange rate& Ö×N

¬Ø., õ·' 
v*	 Ë�Ì ��! �7| $��& �V1 Ö×

N ¬� u ,2.

3-2. �	 
�

 9;4v5, ¥I, ÍÎ¶µ u)�! þv$-= /Ï�� b¡¢&

g>? 9;4v5| ¥I! ]íT ô�bc;' dIH! W/O �/

�=&��/ �v*	 Ö � ABT ë�1 HÔ� Ëÿ ë�T �

�-= >? � b¡¢&' ��t Jv&' ����T 5J>? H

Ô� Ëÿ ë�|! Hh h9T �	�+� >P2. �� ���� 5

J Ëÿ&'	 ÍÎ¶µ u)� s�, 9;4v5! ]í À î� :�

+ ¥I! ]í| O% ì/ ô�C 
vt Ë�Ì ��! �v& ¬Ø

	 Ö×& h>? �<(-= �	�ü2.

3-2-1. ¤rH ¥I Ö×

HÔ� Ëÿ& !>? ë�t �/�=&�� Ö &'! ����

5J Ëÿ& 2' dIH! �/�=&�� Ö  à9� 6! W/O �

/�=&��� excess water phase! é H-= §¨>	 Ö &' ¤

rH! ¥I= n-decane� tolueneN �� O)>? Ë�Ì �� 5J

ËÿN uè>P-., : ë�T Fig. 5! (a)| (b)& �� ��±ù2.

Fig. 5	 E� 7y-= 8% Brj 30 9;4v5, 87% ¥I :�+ 5%

! ÍÎ¶µ u)�& º�>	 Jv J¾&' ËÿN uè1 ë�=

', / Jv J¾# Fig. 3& ��� Brj 30 9;4v5 b¡¢! HÔ

� Ëÿ ë�&' 7 u ,8/ dIH! W/O �/�=&�� Ö  6

& º�>	 FN � u ,2. Fig 5! (a)| (b)! ë�&' 7 u ,8

/ W/O �/�=&��� excess water phase! é H-= §¨>	

Ö &' �� 5J ËÿN uè1 à�&	 J�1 �� $�!

monodisperse1 ��C 
v*	 F/ µ¶· 
vt ��C é ]í!

$�T ®	 FN � u ,2. GT �;, n-decaneN ¤rH! ¥I=

O)1 à�&	 Ô� �� �7C � 30 nm� �# ��| � 110 nm

� Õ ��C ¦b& 
v*ù-., tolueneN O)1 à�&	 Ô� �

� �7C �� � 40 nm� �# ��| � 280 nm� Õ ��C ¦b

& 
v*ù2. /| �/ W/O �/�=&��� excess water phase

! é H Ö & º�>	 J¾&' �� 5J ËÿN uè1 à�&

,�' 
vt ��! �7C �Û( �+ é ]í! �� $�T ®	

F# �� {v 
@/ �/�=&�� �( ±&'ø I��	 F/

µ¶· bulk u)�� �/�=&�� H&' ¦b& I�ê FN ��

±	 F/2. NP 4| AOT 9;4v5 b¡¢&' dIH! W/O �/

�=&�� Ö  6! J¾&' �� �� 5J ËÿN uè1 à�&

� ¦I1 à×N ��±ù-., õ·' �/�=&��N /)>? �

I1 ����T 5J>7 Bº'	 º� b¡¢& g1 HÔ� Ëÿ

N ã1 dIH! �/�=&�� Ö  ë�/ ��*�% sN � u

,2.

1á Brj 30! ¦I1 9;4v5 b¡¢& g>? dIH! W/O �

/�=&�� Ö  ±! ¦I1 JvN ®	 J¾(E� 7y-= Brj 9

;4v5 15%, u)� 3%, ¥I 82%)&' ¤rH! ¥I=' cyclohexane

n-heptane, iso-octane, n-heptaneN �� O)>? Ë�Ì ��T 5J1

Ëÿ ë�T Fig. 6! (a)-(d)& �� ��±ù2. :9! ë��&' �

	7 u ,8/ ¤rH-= O)1 ¥I! ]í& h9:/ 
vt Ë

�Ì ��! $�C �� �+ �� Ô� �7C 32 nm&' 51 nmó

S! x� ��T 5J� u ,ù2. /	 Fig. 5! (a)| (b)& ���

ë�| �Û>? 7 ª dIH! �/�=&��/ �I1 ¬Ä ��

��T 5J� u ,	 �� ;<1 ��
@7!  �N >	 FN �

Fig. 3. Effect of oil on water in oil microemulsion region in Brj 30 sur-
factant system at 25oC.

Fig. 4. Effect of oil on water in oil microemulsion region in NP 4 sur-
factant system at 25oC.
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u ,2.

Brj 30 9;4v5 b¡¢&' ¥I O% ì/ ô�C dIH! �/

�=&�� Ö & ¬Ø	 Ö×& h1 Ëÿë�T ��� Fig. 3& !

>; dIH! Ö # cyclohexane < n-heptane < iso-octane < n-decane

! X-= ��32. Fig. 6& ��� Ëÿë�| �Û>; D# dIH!

W/O �/�=&�� Ö N ®	 ¤rH! ¥IIu# 
v*	 Ë�

Ì ��! Ô� �7	 �C>	 FN � u ,2. NP 4| AOT 9;

4v5 b¡¢&' dIH! W/O �/�=&�� Ö  ±! ¦I1 J

vN ®	 J¾&' ¤rH! ¥I=' cyclohexane n-heptane, iso-

octane, n-heptaneN �� O)>? Ë�Ì ��T 5J1 Ëÿ&'�

Brj 30 b¡¢� ¦I1 à×N ��±ù2. NP 4 9;4v5 15%, Í

Î¶µ u)� 1% :�+ ¥I 84%! JvN ®	 J¾&' ¤rH!

¥I= cyclohexane n-heptane, iso-octaneN �� O)>? ��5J Ë

ÿN uè1 ë�, 
vt Ë�Ì ��! Ô��7	 �� 30.64 nm,

42.2 nm, 48.74 nm=' dIH! �/�=&��! Ö / �C>	

¥IIu# Ô� ���7C �C>P2. w1 AOT 9;4v5 13%,

ÍÎ¶µ u)� 4% :�+ ¥I 83%! JvN ®	 J¾&' ¤rH

! ¥I= cyclohexane n-heptane, iso-octaneN �� O)>? ��5J

ËÿN uè1 ë�&'� 
vt Ë�Ì ��! Ô��7	 �� 11.66

nm, 12.33 nm, 17.23 nm=' dIH! �/�=&��! Ö / �C

>	 ¤rH ¥IIu# Ô� ���7C �C>P2.

¤rH ¥I! ]í À O% ì/ ô�C dIH! �/�=&��

Ö & ¬Ø	 Ö×&' =>1 �| �/ ¤rH ¥I! ]í À O%

ì/ ô�	 W/O �/�=&�� ̄ {�! rigidity| curvatureT `a

bc., õ·' ¤rH ¥I! ô�C 
vt �� �v& ¬Ø	 Ö×

# é Ö× ��! Hg(� �7& !>? ë�t2. ¤rH ¥I! O

Fig. 5. TEM image and particle size distribution of silica nanoparticles prepared by using 8% Brj 30, 87% oil and 5% aqueous solution on a weight
basis at 25oC(×100,000). The initial composition corresponds to the region above one phase water in oil microemulsion in all cases; (a) with n-
decane, (b) with toluene.
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% ì/C �C>Â *; ¥I! 9;4v5 auv +� �$-=!

-.C �[\SÂ *. õ·' ¥I� 9;4v5 +� �$�! H

,�)# `a>Â *	 
;& �/�=&�� �( O/! H,�)

# �C>Â t2. õ·' �/�=&��! rigidity `a& õ· é Ç

! �/�=&��/ ÙÚ>? ?�l 
@Y/ /¦>	 intermicellar

exchange rate	 �C>Â t2. Intermicellar exchange rate! ô�	 �

�¿! 
v r�| �� v� r�& Ö×N ¬Ø., õ·' �](-

= 
v*	 ��! Çu| �7& Ö×N ¬ØÂ t2. GT ��, �

�¿ 
v À �� v�/ intermicellar ��& !>? I��	 à�&

,�'! intermicellar exchange rate �C	 é Ç! �/�=&��/

ÙÚ>? ?�l 
@Y/ /¦s& õ· ��¿N 
v>	 r�T �

Cbc� Hg(-= ��! v� r�	 `abc�= 
v*	 ��

! �7	 �µS+ Çu	 @��Â t2. /| �/ �/�=&��

b¡¢&'! 
@Y! ÛÜ r�	 �/�=&��! 9; _�& !

>? �Â ñ�*., 9; _�	 �J9;4v5| �# âC5& !

º JÃ/ C©>2[22-26]. õ·' ¤rH ¥I O% ì/! �C& õö

�/�=&��! rigidity `a Å�øN +[� à�&	 intermicellar

exchange rateC A·SÂ *� 
v*	 ��! �7	 �µS+ Çu

	 @��Â t2. /01 à×# AOT 9;4v5! �/�=&��N

/)>? AgCl �� 5J&' ¤rH! ¥I O% ì/C �C�u#, Æ

D# dIH! W/O �/�=&�� Ö N ®	 ¤rH ¥IIu# 
v

t AgCl Ô� ��! �7C �µS	 Ëÿë�&' �	7 u ,2[27].


;& �� rigid1 9;N ®	 �/�=&�� b¡¢! à�& ,

�' ¤rH ¥I O% ì/ ô�& õö intermicellar exchange rate ô

�	 Z! ðb� u ,	 
;& �/�=&�� ¯{�! curvature

& k2B Ö×N y2. Æ, ¤rH ¥I O% ì/C �C�u# �/

�=&��! radius of spontaneous curvature	 �C>Â t2. õ·'

�� rigid1 9;N ®	 �/�=&�� b¡¢! à�| �/

intermicellar exchange rateC CD à�&	 ��¿ 
v À �� v�# ½

= intramicellar ��& !>? I��Â *., ��¿! 
v r�	 �

� C�� ��! 
v r�	 �Û( EFÂ �èt2. õ·' ¤rH

¥I O%ì/ �C& õ· �/�=&��! radius of spontaneous

Fig. 6. Effect of oil on silica nanoparticles prepared in systems containing 15% Brj 30 and 3% aqueous solution at 25oC(×100,000); (a) cyclohexane,
(b) n-heptane, (c) iso-octane, (d) n-decane.
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curvature	 �C>Â *�= �](-= 
v*	 ��! �7	 �C

>Â t2. /01 à×# Fig. 2-4& ��� AOT, Brj 30, NP 4! �

�! 9;4v5 b¡¢&' ¥I O%ì/ �CC dIH! �/�=

&�� Ö & ¬Ø	 Ö×& h1 Ëÿë�&' �/�=&��!

radius of spontaneous curvature �C Ö×/ �/�=&�� �( O/

! H,�Ê �C Ö×& �>? Hg(-= Õ F�� �{>	 FN

� u ,2.

3-2-2. 9;4v5 î� Ö×

dIH! W/O �/�=&��N /)>? 5J1 G=/H ��!

�7	 �Â é V�& !>? ë�t2[17-21]. op	 
@YN �s

>+ ,	 �/�=&�� �( Çu=' I
(-= �/�=&��

�(! ÇuC "Nu# �2 "# ��¿N �v>Â t2. w >�	

�/�=&�� �( O/! 
@Y! ÛÜ r�(interdroplet dynamic

exchange rate)T ë�>	 9;4v5 Uä! steric hindrance Å�=

' �/�=&�� �( £;& IJ*� ,	 9;4v5 Uä!

rigidityC Ku# w	 �(& g1 IJ/ _�u# �/�=&�� �

( O/! ��vN �Cbc	 9;4v5 Uä! barrier  �# �C

>Â t2. ¦I 9ã! 9;4v5 b¡¢! à�, 9;4v5 Uä!

rigidity	 auv O%ì/C �C�u# �C>	 F& 
>? �(&

g1 IJ# ³uv �$/ �C�u# �C>Â t2. õ·' �/�

=&�� �( O/! 
@Y ÛÜ# Z! I��S ûÂ *�= ��

¿ 
v# ½= intramicellar nucleation& !>? I��., 
vt �

�! �7	 `a>+ 
;& Çu	 �C>Â t2. ý Ëÿ&'	 G

=/H �� �7& Ö×N ¬Ø	 é V�& Ö×N L u ,	 Ëÿ

ôu=' 9;4v5 î�T ��>? 9;4v5 î� ô�C 
vt

Ë�Ì ��! �7| $�& ¬Ø	 Ö×& h>? �	�ü2.

9;4v5 î�C 1# J¾&'	 9;4v5 ¯{�T /Ï+ ,

	 9;4v5 d��! Çu� aggregation number| 9;4v5 ¯{

�! �7	 Õ 
;& 
vt ¯{�! Çu	 (2. Æ, ��! 9;

4v5 ¯{��  �/° ±& §¨>	 Y# �� 9;4v5 ³u

v �$� ë{>.(bound water), �MS Y# 9;4v5 ³uv �

$� ë{>S û# H(! Y(free water)= §¨>Â t2. õ·' �

�! 9;4v5 ¯{� ±& §¨>	 TEOS 6x� $� Çu� �

C>? �/�=&�� ±&'! 6x�! u�
@(hydrolysis) r�	

�C>Â *., õ·' 
vt ��! Ô� �7	 �+ 
;& ��!

Çu	 "µSÂ t2. 
;& 9;4v5 î�C Q# J¾&'	 9

Fig. 6. Continued.
���� �41� �2� 2003� 4�



Water in Oil �������� �	
 ��
 ���� �� 181
;4v5 ¯{�! �7	 �+ aggregation number	 (# 
;& 


vt  �/° ¯{�! Çu	 "2. õ·' ��!  �/° ±& §

¨>	 g�$! Y# 9;4v5 ³uv �$� ë{1 H(= §¨

>Â *�' TEOS $�| u�
@N �è� u ,	 free water! 3

/ �-�= �/�=&�� ±&'! 6x�! u�
@ r�	 `a

>Â t2[17-21]. õ·' 9;4v5! î� �C& õ· 9;4v5

¯{��  �/°! �7	 `a>+ 
vt  �/° ¯{�! Çu

	 �C>�= 
vt Ë�Ì ��! �7	 `a>., 
;& Çu	

�C>Â t2.

2' Fig. 4& ��� NP 4 b¡¢! HÔ� Ëÿë�&' 7 u ,

8/ dIH! W/O �/�=&��# AOT| Brj 30 b¡¢& �>?

�� /# Ö &' �v*�= NP 4 b¡¢N 5¸1 AOT| Brj 30

��! 9;4v5 b¡¢& g>? ÍÎ¶µ u)�! JvN E� 7

y-= 3%= +�b� H(&' 9;4v5! s�N 8%&' 15%ó

S �Cbc;' ËÿN uè>P2. ¤rH! ¥I= n-heptaneN O

)1 AOT| Brj 30 9;4v5 b¡¢! ë�(Fig. 7, 8)&' �	 �

| �/ 9;4v5! î�T 8%&' 15%= �Cb�& õ· 
vt

Ë�Ì ��! �7	 `a>	 
;& Çu	 �C>	 FN � u ,

2. GT �� AOT 9;4v5 b¡¢! à� 9;4v5 î�T 8%

&' 15%= �Cb�& õ· Ô� �7	 55 nm&' 21 nm= `a>

P-., 
;& Çu	 78Ç&' 470Ç= �C>P2. w1 Brj 30 9

;4v5 b¡¢! à�&� Ô� �7	 59 nm&' 46 nm= `a>

+ 
;& Çu	 107Ç&' 150Ç= �C>� AOT 9;4v5 b¡

¢� �Û>? 9;4v5! î�& g1 Ö×/ �Û( �# FN �

u ,2.

1á Fig. 7� 8& ��� ë�& !>; 9;4v5 î�C �Cs

& õ· 
vt ��! �7	 `a>+ ÇuC �C� ´ µ¶· ��

$�C �C>	 FN )�� u ,2. 2&' =>1 �| �/ 9;

Fig. 7. Effect of AOT concentration on silica nanoparticles prepared in systems containing n-heptane and 3% aqueous solution at 25 oC(×100,000);
(a) 8 wt%, (b) 15 wt%.
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4v5 î�C �Û( 1# à�& ,�'	 9;4v5 ¯{� ±&

§¨>	 free water 3/ Ù$>�= ��¿ 
v# ½= intramicellar

nucleation& !>. I��., 
vt ��! �7	 �C>+ Çu	

`a>Â t2. õ·' ��! Ë�Ì �� £;& IJ*� ,	 9;

4v5 Çu	 �C>Â *� ��! ��v# �C>Â *., �� O

/! 
@Y ÛÜ/ N I��S ûÂ *�= �� $�C �Û( �I

1 ��C 
vt2. 
;& 9;4v5 î�C �Cs& õ· 
v*

	 9;4v5 ¯{�! �7	 �+ aggregation number	 (# 
;

& 
vt  �/° ¯{�! Çu	 "µSÂ t2. õ·' ��!  

�/° ±& §¨>	 g�$! Y# 9;4v5 ³uv �$� ë{

1 H(= §¨>Â *�' TEOS $�| u�
@N �è� u ,	

free water! 3/ �Â *� �/�=&�� ±&'! 6x�! u�


@ r�	 `a>Â *�=[17-21], 9;4v5! î� �C& õ· 


vt Ë�Ì ��! �7	 `a>+ 
;& Çu	 �C>Â t2. w

1 9;4v5 î�C Q# à�& ,�'! ��¿ 
v# ½=

intermicellar nucleation& !>. I��., 9;4v5 î�C 1# à

�| �Û>? �� O/! 
@Y ÛÜ/ ~4>Â I���= ��

$�	 �C>Â t2.

3-2-3. ÍÎ¶µ u)� s� Ö×

Fig. 2-4& ��� HÔ� Ëÿ ë�& !>; dIH-= §¨>	

W/O �/�=&�� Ö # ¥I O%! ì/C ìu# :�+ O)

1 9;4v5 Jv/ �C�u# D�ON � u ,ù2. õ·' ý Ë

ÿ&'	 ÍÎ¶µT �s1 u)� 3! ô�C 
vt ��! �7

| $�& ¬Ø	 Ö×& h>? �	�ü2. /T B>? AOT 9;4

v5 b¡¢& g>? 9;4v5! JvN E� 7y-= 8%= +�

b� H(&' ÍÎ¶µ u)�! s�N 3%&' 4%| 5%óS �C

bP Ëÿ>P2. Fig. 2-4& ��� HÔ� Ëÿ ë�&' 7 u ,8

/ u)�! s�N 5%= �Cb² à�, AOT 9;4v5 b¡¢&'

n-decaneN ¤rH! ¥I= O)1 à�T 5¸1 ÎQ à�& ,�'

º�>	 Jv/ dIH! �/�=&�� Ö  6& BØ>�= AOT

Fig. 8. Effect of Brj 30 concentration on silica nanoparticles prepared in systems containing n-heptane and 3% aqueous solution at 25 oC(×100,000);
(a) 8 wt%, (b) 15 wt%.
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9;4v5 b¡¢&' ¤rH! ¥I= n-decaneN O)1 à�& g

º'ø ÍÎ¶µ u)� s�& õö Ë�Ì ���� 5J ËÿN u

è>P2.

Fig. 9& ��� n-decane b¡¢! ë�&' �	 �| �/ u)�

! s�N �Cb�& õ· 
vt Ë�Ì ��! �7	 �C>	 


;& Çu	 �µS	 FN � u ,2. I
(-= u$/ :	 H(

! �$v ¥I H& §¨>	  �/°& YN âC>; Y$�	 9

;4v5! ³uv �$� ë{>? �RD H(! �/°(swollen

micelle)H(C *., YN ' âC>; 9;4v5 $�| ë{*S û

# H(! Y! 3/ �C>? 9;4v5 ¯{�! �7	 �C>Â

t2. w1 ��! 9;4v5 ¯{� ±& §¨>	 TEOS 6x� $

� Çu� �C>? �/�=&�� ±&'! 6x�! u�
@ r�

	 �C>Â t2. w1 �/�=&�� Ö  ±&' Y! 3N �Cb

�& õ·', �� dIH! Ö N ��±	 à9 ��& S��u#,

�/�=&�� b¡¢&'! 
@Y! ÛÜ r�	 �C>	 F-=

�[l ,2[17-21]. õ·' 9;4v5 î�T I�>Â �S1 J¾

&' Y! âC�N �Cbc; 
v*	 Ë�Ì ��! �7	 �C

>., Çu	 L��Â t2. GT �� O%ì/C C� & n-decaneN

O)�N à� u)� s�N 3%&' 4%| 5%= �� �Cb�& õ

· Ô� �7	 14 nm&' 22.66 nm| 61 nm= �� �C>P-.,


;& Çu	 625Ç&' 276Ç| 98Ç= �� L��ù2.

4. � �

ý ¤x&'	 �/�=&��N /)1 Ë�Ì ���� 5JT B

>? 9;4v5, ¥I, ÍÎ¶µ u)�! þv$-= /Ï�� b¡

¢& g>? 9;4v5| ¥I! ]íT ô�bc;' HÔ� ËÿN

uè>? ���� 5J& ({1 dIH! W/O �/�=&��/ �

v*	 Ö � ABT ë�>P-., / ë�T ��-= >? � b¡

¢&' ��t Jv&' ����T 5J>? HÔ� Ëÿ ë�|! H

h h9T �	�ü2. �� ÍÎ¶µ u)� s�, 9;4v5! ]í

À î� :�+ ¥I! ]í| O%ì/ ô�C 
vt Ë�Ì ���

Fig. 9. Effect of concentration of aqueous solution on silica nanoparticles prepared in systems containing n-decane and 8 wt% AOT at
25 oC(×100,000); (a) 3 wt%, (b) 5 wt%.
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� �v& ¬Ø	 Ö×& h>? �<(-= �	�ü-. 2
� �

# ëTN úù2.

(1) 9;4v5, ÍÎ¶µ u)�, ¥I= /Ï�� þv$ b¡¢&

g>? HÔ� ËÿN uè1 ë�, dIH! W/O �/�=&��!

Ö # ¥I! O%ì/ À $v& õ· �Â Ö×N ß	 FN � u

,ù2. Æ, ¥I! O%ì/C �C>Z� �# $v/ �C�u# 9

;4v5! ³uv/ �Cs& õ·  �/° r-= -.º ��C	

ÍÎ¶µ u)�! 3/ �C>Â *� dIH! W/O �/�=&��

Ö # D�S	 FN � u ,ù2. Ëÿ& O)1 9;4v5 �&'

NP 4 9;4v5C C� /# W/O �/�=&�� Ö N ��U-.,

Brj 30� AOT 9;4v5�# Hï&' �Û( D# dIH! W/O �

/�=&�� Ö N �v>P2.

(2) HÔ� Ëÿ ë�T ��-= >? dIH! W/O �/�=&�

� Ö &' ��T 5J1 à�, �� $�C J�1 x�! Ë�Ì �

�T úN u ,ù2. 
;& W/O �/�=&��� excess water! é

H-= §¨>	 Ö &' �� 5J ËÿN uè1 à�&	 bulk u

)�� �/�=&�� H&' ¦b& ��C 5J*7 ª«& é C

S /H! �� $�T ®	, �Û( �7C Õ ��! 
v/ /Ï�

ON )�� u ,ù2. õ·' �I>+ ¬Ä1 Ë�Ì ���� 5J

T Bº'	 º� b¡¢& g1 HÔ� ËÿN ã>? dIH! W/O

�/�=&�� Ö N ë�>	 F/ Uu(� FN � u ,ù2.

(3) dIH! W/O �/�=&�� Ö  ±& º�>	 J¾&' ¤

rH-= O)1 ¥I O%ì/T �Cb²u# 
v*	 Ë�Ì ��

! Ô��7	 �C>P	n, /	 ¥I O%ì/C �C& õö �/

�=&��! radius of spontaneous curvature �C Ö×/ �/�=&

�� �( O/! H,�Ê �C Ö×& �>? Hg(-= �7 ª«

� F-= 
�t2.

(4) AOT| Brj 30 9;4v5 b¡¢& g>? 9;4v5 î�T �

Cb²u# ¥I H& §¨*	  �/°! �7	 ̀ a>+ 
;& Ç

u	 �C>�= 
vt Ë�Ì ��! �7	 `a>+ Çu	 �C

>P2. w1 9;4v5 î� �C& õ· �� $�	 �C>P	n

/	 Ë�Ì �� £;& IJ*� ,	 9;4v5 ÇuC `as&

õ· 
vt ��! ��v/ �>*., õ·' �� O/! 
@Y Û
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