
Journal of the Korean Chemical Society
2003, Vol. 47, No. 4
Printed in the Republic of  Korea

riton

d using a

as been

sult, it

/[Surf])

7 ns±0.79,
Methylene Blue� ��� ����	 
� � 
� ��� 
�� ���� ��

���������	
���
*
����� ������ 	��

(2003. 3. 21 
�)

Spectroscopic Study on Three States of Water in the Reverse 
Micelle Using Methylene Blue as a Probe

Bum Young Park, Kab Sang Jung, Soo-Chang Yu, and Ho Seob Choi*
Department of Chemistry, Kunsan National University, Jeonbuk 573-701, Korea

(Received March 21, 2003)

� �. Cyclohexane� 
��� Triton X-100/n-hexanol/water �� ���� ���(reverse micelle)� �� �

� ����  !��" #$ methylene blue(MB)  �%&' () * +) ,)-./ 01&23. ���� 4�

56(polar core)�7 8� �� 9:� �� ��� MB; Triton X-100 <�� =8+�� %>	?@(solvatochromic)

ABC D<$ E./F GC � �H.I, ���� JK 4� 56�7 3LM 9:/ NOPC ! � �H3. 8� �

LM 9:� �� W(= /[Surf])QR 0.71, 4.98, 7.26./ S�TH.I, U� �� MB� +)�VR 15.45 nsW

0.56, 12.27 nsW0.79, UX0 8.28 nsW0.82./ YZ[3.

���: MB, Triton X-100, (�, +), ���, +)�V

ABSTRACT. In order to find out the microscopic environmental information on the nonionic reverse micelle of T

X-100/n-hexanol/water in cyclohexane, an absorption and fluorescence spectroscopic study has been conducte

methylene blue(MB). The information on the microscopic states of water in the polar core of the reverse micelle h

found by investigating complex formation and solvatochromic behavior between MB and Triton X-100. As a re

was found that there exist three states in the polar core of the reverse micelle. The measured values of W(=

for the three states of water are 0.71, 4.98, and 7.26, and the corresponding lifetimes of MB are 15.45 ns±0.56, 12.2

and 8.28 ns±0.82, respectively.
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� �.I �� ���� �] ^�_g Triton X(TX)-

100  �%� ���� hD �h� ESR spin probe, +

) probe method, NMR relaxation�� '� �-��

�%T��3.8 ��� ,� �-�R Y��/ ���

� NO&M� ����� 8� ��C �h&�j L

� rR �-5� &Y�  ¡D<_(dye probe)  �

%� +),�-�3. � �-R  ¡D<_� +)�

����� ?	� �$ ¢£� wxC ��" ���

����� 8� ��� ?	  !���j �¤� �

-�3 ¥c&3. Kumar; Balasubramanian� �� �

���� 8� �fS�� )�¥ ���� �hL �

¦¥g ��I,9-11 7-Azatryptophan D<_� +)��

C �%� ��� ��� �� Sengupta� �h�f rR

sn§� �3.12 � t� �; \<� �h/7 �%¨

���7  ¡,��� \">d�� 9©ª%� ��

+)�� * ,)�¥g ?	  D<&�j auramine-O  

¡  <%� Warner13 * q¥«¬ ­��7 pH� �

® ¯c %¨� 4� S� �� q¥«¬C (�&�

+)�(near-IR-absorbing fluorophore)  �%� Gabor

Patonay14-17 �C � ��3.

° �h�7� MB(methylene blue)n� D<_  �

%&' ����� 8� 9:  �h±3. �� MB�

2²� ³B´µL ¶# �� ��� �n () * +)

·µ  3�� YZ�¸/ �  �%&' ·µ� ?	

  ¹SP./F �ºd(monomer); �cd(dimer)�

»�¼C ��§ � �" ��� ����7 8� 9:

?	� �� ��  �h&�j ¥c&3.8,18 Limin�

JimingR D<_/7 MB; MO(methyl orange)  <

%&' ����7 8� �� �® ()� +)½¾¿

À� ?	  S�&' �0� Á �3.8 &M� Â
¥

g ��  _�$Ã � �� �,$ +)(time-resolved

fluorescence)� yR B��¥g �h� MB� �$7

�Â Ä¦T� �M ÅR 9:�3. �n7 ° �h�7

� �,$ +),)-C �%&' ����7 Æ�Ç.
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�� � ��

���� �]^�_(Nonionic surfactant) TX-100�

n-hexanol, cyclohexaneR ËÌ samchunychemical<�

extra pure _ÍC <%±0 ´Î %>�R Ï3® ÐÑ�

� Ò� Á/ <%±3. TX-100/n-hexanol/water/cyclohexane

C �%� ���C ��" #$7, TX-100� n-hexanol

C 4:1(v/v)/ Ó�¶0 É �w�Ô3. �Õ� �w{

%¨R 3� cyclohexane� 10%(v/v)� $Ö&� ��

C ×$ Ó�¶H3. �� TX-100� Øf� 0.13 M �

TH.I, � DÙ�7 TX-100 ���� +�T0 8

C ÚL&I S�±3. �� ÚL{ 8� »Øf  �

�&' �] ^�_� Øf/ YÛ� ¶] W(= /

[Surf])QC h§ � �H3. D<_/ <%T� MB�

¦Ü%¨R 1Ý10−3 M(in MeOH)/ ��H.I � Æ

Þ� ß�� �C G" #$ %"(vial)� ß�� �C

×� à 50oC�9�7 áâã�C ÙDvÐÄ � à

<%±3. ����7  ¡L 77� %$T" ���

ÆÞ 3~Ë� ���ä %¨C <%±.I, �� 8�

NO&M Å� ����7 %¨� @åR ³� æa@

�ç�H3. UvV-Visible (� ½¾¿ÀR SHIMADZU

<� UVPC photometer UV-2401PC  �%±0, �­

�R 10 mm  <%±.I 9� 25oC�7 S�&23.

+) ½¾¿À� +) �V, �,$ +)R PTI<�

QM-2003 series  �%&23. �Ñ9:(Steady-state)

+) S�R �èé�(excitation wavelength)C ãX0

ê(oligomer); �ºd� p� (�é�� $ÖT�

470 nm; 620 nm  ëë <%±.I, +) �VC S

�&" #$7� �èé�C 620 nm/ 0��ì à

670 nm�7 +)C S�&23. �,$ +)R 53 nsÌe

58 nsíM 1 nsî ïðLI 500~750 nm ñ#�7 S�

&23. )ò./� PTI<� GL-3300 N2 laser; GL-302

Dye laser  �È&' <%&23.

�� � ��

Absorption spectra of MB in TX-100 Reverse micelles

TX-100/n-hexanol/water/cyclohexane./ h�{ �

���7 8� �ó 9:/ NO&�M  D<&" #

$ D<_ MB  �%&' ����7 ÚL{ 8� �

� �® MB� ()f ?	  S�&' Fig. 1� YZ

�H3. Fig. 1� �'³ MB� (�½¾¿À ABR

Ë+¥g %>	?@(solvatochromic) ô9C YZ��

j, (�·µ� �é�·µ(507 nm); 5Ç·µ(600 nm),

UX0 �é�·µ(645 nm)/ h�T� �3. MõíM

� �h� �&] 600 nm; 645 nm� ëë �cd;

H2O[ ]
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�ºd ·µ/ ö÷ø0 507 nm� ·µ� ùcd(trimer)

ú� <cd(tetramer) � '� ²� MB,�L ´'7

{ bcd/ ö÷ø318(��C ‘ãX0ê’n V&û3).

�cd; ãX0êL �ºd�3 �é��7 YZY�

ô9R ,�Ç� stacking�ü� exciton �ü �� �

$ É ýVT�þ �3.19

ãX0ê� ~w¥./ ØfL 9Ö� ³���Y U

«� �¶ �Ï� ��� �$7� ¹1k � ��j,

° ÆÞ�¬ 2Ý10−5M� ÿR Øf�7f ¹1TH3.

8� Øf� �® MB� %>	?@ ô9C ¹1§ �

�3� �R MBL ���� �� ��� �� �h�

�¶ ¥c&3� �C ���3. 8� ABC D<&"

#$ S�� ()f j�e  deconvolution &' ë ·

µ� »,¼(mole fraction)QC GH3. Fig. 2� 8�

0.12 mlÚLTHC �� j�e  deconvolution� �

�3. Deconvolute { �ºd ·µ� �é�K� �U

�� ·µ(shoulder)L YZY ��j, ��R �ºd

(�·µL 2²� ³B·µ  LM0 �" ���3.18

Deconvolution&' GR ë �,� »,¼ Q� ��R

�cd·µ� »,¼ Q� 3® �,·µ� Q�3 9

Ö� ª�.I(<< 0.03%), 8ØfL ÐL&�nf A�

?	L ÒH3. �n7 ° �h�7� �cd� NO�

�$7� 0ð&M Å�3.

8� �� �� �f ÐL&] � �9 ()f� ?	

L ~�YM Å�.I Y5�� 9,X(phase separation)

L ~�[3. ��� ô9R %¨� @å ?	/f !

�L �H�j 8� ��L" Ë�� ³� æa@�H

� �� 8� ÚL�� �n é�@ ./ ?P� ¹1

TH3. � %¨� TX-100C 	� ÚL&] %¨� @

åR 3� æa@./ 
���j �� @å?	 ô9�

Fig. 1� YZ� 557 nm q�� �()�./ �
�

�� # wx� L�wx�C ! � �H3.

Fig. 3R deconvolution./ GR �ºd; ãX0ê

� »,¼QC W(=[H2O]/[Sirf])Q� P�/ f�� �

�3. U�C ���] WQ� ÐLP� �n �ºd�

»,¼QR ÐL� w] ãX0ê� »,¼QR £�&

�j WQ� 4�9� T], � <�� ,¼� ~�&�

\M�C ! � L �3. �; yR ÆÞ¥ <ÆR �]

^�_� 9:L 8� Øf� �N¥�C �'¶0 �3.

Fig. 3� �ºd »,¼ ?	�¬C ���] WQ�

�&' MB� ?	hÇ� � hÇ./ YÛ�³3�

�C ! � ��j, ��R Limin� FimingL TX-100

���� 8C ÚL ±C � 8� 3LM 9:/ NO�

Fig. 1. Absorption spectra of MB in reverse micelle, [MB]
2×10-5M, [water](1) 0.037 M, (2) 0.093M, (3) 0.15M, (4) 0.19M,
(5) 0.26 M, (6) 0.30 M, (7) 0.37 M, (8) 0.42 M.

Fig. 2. The deconvolution of the absorption band of MB sur-
rounded by 0.12 ml of water in reverse micelle. The dotted
line corresponds to the deconvoluted dimer band, and the
dashed line corresponds to the oligomer bands. The dotted
and dashed line represents the deconvoluted monomer band.

Fig. 3. Monomer and oligomer mole fractions of MB as 
function of W.
2003, Vol. 47, No. 4
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30 �0� �� �¶ É ~Ê&0 �3.8 �n7 MB

� ?	� ���� JK 4� 56(polar core)�7 8

� 9:� �� ��  É w­&0 �3. MB� ?	

  hÇÏ/ ���] � �� 9:� 8� ÚLT�f

MB� ?	L A� Ò� hÇ./ 8R TX-100� }

�U�g ethylene oxide(EvO)U�� 9©ª%&I

MB�� Ï3® ­�C �ÊM �&� hÇ�3. � �

� 9:� 8� Øf� �n MB� ?	L ��� Ð

LT� hÇ./ ��R ÚL{ 8� � �� 9: 

MY MB; 9©ª%&I 8�(water pool)C +�&�

���3. � �� 9:� ÚL{ 8� �$ � �9

MB� ?	L ~�YM Å� hÇ./ ÚL{ 8R �

� ��f 9©ª%C &M Å� 9:(free 9:)/ N

O�3. 	� ��� ýV&], D<_ MB� ���

����7 TX-100� 1:1 =8C +�&I JK� }

��K� ´' ãX0ê9:/ NO�3. � 9:�7

8R TX-100� MB�  C !0 ��L TX-100� EvO

U�C �	�ì3. U à � ÐL{ 8R 8�(water

pool)C +�&I ��Èc�� 9©ª%C "$ MB

,�  �ºd/ $X �ì3. È#$ 8R free 9:L

TI U �9 8C ÚL�%] 9�¥g }��� &þ7

9,XL ~�Y�{3. Kumar� U� '��7 TX-

100 ���� ÚL{ 8� TX-100� EvO U�� �

�ÈcC �30 ¶��Á �3.9 ° �h�7 S�{

8� ��� 9:� WQ� 0.71, � �� 9:� 4.98,

UX0 � �� 9:� 7.26�H3.

Fluorescence spectrum of MB in TX-100 Reverse Micelles

(�½¾¿À�7 GR È�  (�/ ãX0ê�

470 nm, �ºd� 620 nm�7 �)� &' +)½¾¿

ÀC G� Fig. 4� YZ�H3. 8� �C ÐL�%I

S�� +) ½¾¿Àf (�½¾¿À� ��� \<

&� YZ[3. *, ãX0ê� $ÖT� 550 nm� ·

µ� £�&0 �ºd� $ÖT� 670 nm� ·µ� Ð

L&23. &M� 550 nm� ãX0ê +)·µ� �º

d� +)·µ� �$ £���� ~�&M �&0 �

é��B� P+ 3� +),fL ÐL&3 £�&�

��� ¹1-3. ��R TX-100 ���� �� ~�

º� 8� Ó�] 9?� ��C "$ ̈ �C +��3

� Kumar� Ä¦; yR �\n0 <¡{3.9

�. ��� B��¥g ��  G" #$ WQ� 1.7

~� Y`/ ñ#�7 �,$ +)C S�$ ��3.

Fig. 5R �,$ +) ½¾¿À�3.

Fig. 4. Fluorescence spectra of MB with added water in reverse micelle, (a) Excitation 470 nm, (b) Excitation 620 nm.

Fig. 5. Time-resolved fluorescence spectra of MB in rever
micelle, When W is 1.7; Excitation 470 nm. The time afte
the excitation is shown in the figure.
Journal of the Korean Chemical Society
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550 nm(ãX0ê); 670 nm(�ºd) ?	0C ��

$ ��C �, à�� ?	0� a3� <ÆC Fig. 6

� �Ç� �® +) ,f�(F(550 nm)/F(670 nm))� f�/

1g § � �H3. �n7 ãX0ê +)�3� ÚL

{ 8� �$ $X{ �ºd� +)� 2�� �)�

C ! � �3. �)� 2�"L 3�� YZ� �R

���� 4�56� �� 8� 9:� �n MB �

ºd;� ��Èc, \Ë9�� ?	� �$ "g{ �

./ <¡{3.

� <ÆC !��" #$ 8� Øf� �® MB �

ºd� +)�VC S�$ ��.I U È�  Fig. 7�

YZ33. Fig. 7� YZ4 +)�VR �èé�(excitation

wavelength)C 620 nm, +)é�(emission wavelength)

C 680 nm/ 0�&' S�&2.I, D<_/ <%�

MB +)�(fluorophore)� � LM� 3® �� ���

�3� L� &� ́ Î +)�V(lifetime)C biexponential

P�/ fitting &23. 5 +)�V QR ãX0ê +)

�V./ ÚL{ 8� MB +)�C �	 �%M Å0

�] ^�_� }��g EvO U�C �	 �Ô" �

�./ uë{3. �;� w�/ 6R +)�VR �ºd

� �� �./ MB +)�� ÚL{ 8� �$ �	

T� MB +)�� ��Èc� '� LM� �)

(quenching) �/  "$ +)�V� 6�M� �./

<¡{3. �� �� ÐA/7 7�� 8 %>� 8�

{ MB� +)�VC � �L ��j � �VR

biexponential� 6R�� A� ~Ê&0 �3. 8� g


� �]^�_Y D<_ MB; 9©ª%C &M Å

� 9:(free 9:)/ NO&� Øf �9�¬ +)�

V� ?	� ÒH3. ��R ÚL{ 8� MB +)�

� � �9 9©ª%C &M Å�C ���3. �� 8

� ØfÐL� �n fitting{ +)�V� £�L �H

�j U Q� 9�L ªR ��R yR +)�V./,

: 9�L Y� �R 3® +)�V./ Ç¶&', U

Q�C Table 1� YZ�H3. � È��C ���]

8� ���� 4� 56�7 � LM 9:/ NO�

3� <ÆC �¶ É ! �L �3. 

� �

° �h�7� TX-100/n-hexanol/cyclohexane/wate

/ �
�³ �½;�7 ���� ���� ����

� �$ D<&23. �  #&' D<_  ¡8�/

MB  <%±.I MB� ()fl� �mn +)� +

)�V UX0 �,$ +)C S�&' ,�&23. 8

� Øf ÐL� �® MB� �ºd; ãX0ê� »,

¼ W(=[H2O]/[Surf])Q./Ìe ��� 4�56�7

8� � LM 9:/ NOPC 1g§ � �H.I �

�� ÆÞÈ�� ()f * +)� P+ +) �VC

S�P./F �3 1<§ � �H3.

Fig. 6. The fluorescence intensity ratio as a function of time�

Fig. 7. Lifetime analysis of MB fluorescence with added
water in reverse micelle, W is (1) 0(zero), (2) 1.7, (3) 6.1 (4)
MB monomer in pure water.

Table 1. Various lifetimes of MB with added water in the
reverse micelle

W(= ) 1(ns) 2(ns)

0~0.68 1.55 15.45 
1.09~2.86 1.28 12.27
3.27~6.26 1.11 8.28
Monomer in pure water 1.51 7.97

H2O[ ]
Surf[ ]

---------------
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