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A65tract 

7he v15161e 5pcctra 0f 5af1•an1nc 7 1n rever5e m1cc11e51nd1cate 1:1 (dye:rcver5e m1ce11e) char9e tran5fer c0mp1ex f0rmat1,m w1th the n0n- 
10n1c 5urfactant5 7r1t0n X- 100, 7wccn 20, 7wecn 40, 7ween 60 and 7ween 80. 7he c0mp1ex1n9 5tren9th f0110w5 the 0rder 7ween 80 > 7ween 
60 > 7r1t0n X- 100 > 7ween 40 > 7ween 20. 7he f1u0re5cence 5pectrum 0f the dye 15 a150 enhanced 6y the rever5e m1ee11ar 501ut10n c0nf1rm1n9 
the f0rmat10n 0f 1:1 c0mp1ex hav1n9 c0mpara61e c0mp1ex1n9 5tren9th a5 revea1ed fr0m the 9r0und 5tatc 5pectra. 7he e4u1116r1um c0n5tant5 
0f the dye-rever5e m1ce11e c0mp1ex are d1rect1y pr0p0rt10na1 t0 the car60n num6er 0f the n0n-p01ar ta11 0f 7ween5 and the1r a99re9at10n 
num6er. 7he 1atter ha5 6een determ1ned t09ether w1th the cr1t1ca1 m1ce11e c0ncentrat10n5 0f the rever5e m1ce11e5 a5 we11 a5 the1r e0re p01ar1t1e5. 

Keyw0rd~: 5afran1ne 7; Rever5e m1ce11e; F1u0re5cence; A650r6ance; Cr1t1ca1 m1ce11e c0ncentrat10n; A99re9at10n num6er 

1. 1ntr0duct10n 

Ph0t0phy51ca1 pr0ce55e5 may exh161t 5pec1a1 character15- 
t1e5 at the 1nterface5.7he m1ce11e5 pr0duce n0n-p01ar-p01ar 
1nterface5 where a650rpt10n and em15510n pr0pert1e5 0f dye5 
ete. 6ec0me enhanced 0r 4uenched. 5uch phen0mena may 1n 
m05t 0cca510n5 6e e0rwen1ent1y exp101ted t0 acc0unt f0r the 
nature and 5tren9th 01 the 1nteract10n a5 we11 a5 e5ta6115h1n9 
phy51e0ehem1ca1 character15t1c5 0f the 5urfactant5,1.e. cr1t1ca1 
m1ce11e c0ncentrat10n (CMC), a99re9at10n num6er, m1ce11ar 
p01ar1ty etc. 1n the 11terature, 5tud1e5 0n dye-5urfaetant 1nter- 
act10n 1n a4ue0u5 (p01ar) med1a are f0und 1n a6undance [ 1- 
10]; 4uant1f1cat10n 0f re5u1t5 0n the 6a515 0f appr0pr1ate 
e4uat10n5 ha5 a150 6een rep0rted [3,9,10]. Very recent1y, we 
have w0rked 0n the 1nteract10n 0f the dye 5afran1ne 7 (57) 
w1th the 5urfactant m1ce11e5 0f cety1 tr1methy1 amm0n1um 
6r0m1de, 50d1um d0decy15u1phate, tert.6uty1 pheny1 p01y- 
0xyethy1ene ether (7r1t0n X-100) and p01y0xy ethy1ene 
50r61tan m0n01aurate, m0n0 pa1m1tate, m0n0 5tearate and 
m0n001eate (7ween5 20, 40, 60 and 80 re5pect1ve1y); the 
character15t1c5 0f the n0rma1 m1ce11e5 and the1r 1nteract10n5 
w1th 57 have 6een rep0rted [9,10]. 1n a 5eparate 5tudy [ 11 ], 
we have exam1ned the ph0t0phy51ca1 6ehav10ur5 0f 57 1n 
p01yethy1ene 91ye015 (PE65) 0f vary1n9 m01ar ma55e5 wh1ch 
e0n5t1t0te the p01ar head 9r0up5 0f 7r1t0n X-100 and 7ween5 
and many 0ther n0n-10n1c 5urfactant5.7he 1nteract10n char- 
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acter15t1e5 0f the 57-PE6 5y5tem5 have 6een 4uant1tat1ve1y 
e5t1mated. 

1t 15 kn0wn that the p01ar-n0n-p01ar 1nterface 0f rever5e 
m1ce11e5 d1ffer5 fr0m that 0f the n0rma1 m1ce11e5; the 1nter10r 
water c0re may exh161t pr0pert1e5 d1fferent fr0m th05e 0f 6u1k 
water [ 12,13]. 7he ac1d-6a5e e4u1116r1a (man1fe5ted 1n pK) 
may 6e 519n1f1cant1y 1nf1uenced 6y the rever5e m1ee11e5 
[ 12,13 ]; the k1net1c5 0f hydr01yt1c, 0x1dat10n and reduct10n 
react10n5 may a150 6e 519n1f1cant1y 1nf1uenced 6y rever5e 
m1ee11e5 [ 14,15]. 7here are rep0rt5 0n 5tud1e5 cf the ph0t0- 
phy51ca1 pr0pert1e51n rever5e m1ee11ar med1a [ 16-19]. 

1n c0nt1nuat10n 0f 0ur 1ntere5t 1n the ph0t0phy51ca15tud1e5 
u51n9 57 a5 the pr061n9 c0mp0nent, we here1n rep0rt the 
a650rpt10n and em15510n character15t1c5 0f the dye 1n rever5e 
m1ce11ar 5y5tem5 0f the 7ween5 (20, 40, 60 and 80) and 
7r1t0n X-100 1n ch10r0f0rm med1um. 7he 57 ha5 very 10w 
501u6111ty 1n CHC13 and h19h 501u6111ty 1n water. 7he a4ue0u5 
dye 501ut10n added 1n the CHC13-7ween m1xture f0rmed the 
a4ue0u5 c0re 0f the rever5e m1ce11e5 and the ph0t0phy51ca1 
chan9e5 065erved can, theref0re, 6e rec09n12ed a5 c0n5e- 
4uence5 0f the 1nf1uence 0f the CHC13-H20 1nterface and the 
water p001 0f the rever5e m1ce11e5. 

2. Exper1menta1 deta115 

57 (E. Merck) wa5 cry5ta1112ed tw1ce fr0m ethan010 water 
6ef0re u5e. 7he 5urfactant5 0cty1pheny1p01y0xyethy1ene 
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04 3.2. A650rpt10n 6ehav10ur 0f the dye 1n rever5e m1ce11e5 

03 

7 

J 

00  ~ -  0 
-100 [5urf0ct001 ] ~ .  

F19. 1. P10t 0f a650r6an~ v5. 109 [5] at 520 nm at 298 K: curve 0, 7 w ~ n  
20~ curve 6, 7ween 40; curve c, 7ween 60: curve d, 7ween 80; curve e, 
7r1t0n X0100, 

ether (7r1t0n X- 100), p01y0xy0thy1ene 50r61tan m0n01aurate 
(7ween 20), p01y0xyethy1ene 50r61tan m0n0pa1m1tate 
(7ween 40), p01y0xyethy1ene 50r61tan m0n05tearate 
(7ween 60) and p01y0xyethy1ene 50r61tan m0n001eate 
(7ween 80) were e1ther 8DH 0r 519ma pr0duct5. 7he1r char- 
a¢ter15t1c5 and pur1ty 5tandard5 were the 5ame a5 rep0rted 
prev10u51y [ 20,21 ]. D0u61y d15t111ed c0nduct1v1ty water wa5 

f0r 501ut10n preparat10n. 5pectr05c0p1c 9rade ch10r0- 
f0rm fr0m E. Merck wa5 u5ed. Ch10r0f0rm wa5 dr1ed acc0rd. 
1n9 t0 5tandard pr0cedure5 and pur1f1ed 6y fract10na1 
d15t111at10n. 7he pre5ence 0f 1mpur1t1e5 wa5 checked 6y em15- 
510n and they were f0und t0 6e a65ent. 

A650rpt10n 5pectra were rec0rded u51n9 a 5h1mad2u 
(Japan) 160A UV-v15161e 5pectr0ph0t0meter w1th a matched 
pa1r 0f 5111ca cuvette5. F1u0re5cence 5pectra were mea5ured 
u51n9 a F1u0r0108 F111 A 5pectr0f1u0r1meter (5pex 1nc., NJ, 
U5A) w1th a 511t w1dth 0f2.5 nm. A115pectra1 mea5urement5 
were dup11¢ated 1n a c0n5tant temperature water 6ath accurate 
t0 w1th1n ~ 0 . 1 ~ ,  and the mean va1ue5 were pr0ce55ed f0r 
data aaa1y$15. 

• Rem115 

3,1. 7~e cr1t1ca1 m1ce11e c0ncentrat10n 

7he CMC 0f rever5e m1ce11e5 0f the n0n-10n1c 5urfactant5 
1n CHC1~ wa5 determ1ned fr0m 5pectra1 mea5urement5. 7he 
a650r6an¢e5 0f 57 at d1fferent c0ncentrat10n5 0f the 5urfactant 
were mea5ured and the a650r6anc0 v5. 108 [ 5 ] p10t y1e1ded 
tw0 5tra19ht 11ne5; the p01nt 0f the1r 1nter5ect10n c0rre5p0nded 
t0 the C, MC. 5uch 9raPh1ca1 repre5entat10n5 are 5h0wn 1n 
F19. 1.7hey 1nd1cate decrea5ed CMC w1th 1ncrea5ed hydr~ 
ph~1c ta111n the 7ween5.7he CMC va1ue5 are pre5ented 1n 
7a61e1. 

7he a650rpt10n 5pectra 0f 57 1n rever5e m1ce11e5 0f 7r1t0n 
X-100 and 7ween5 are pre5ented 1n F19. 2(a). 7he dye 57 
exh161t5 a max1mum a650rpt10n at 518 nm w1th an ext1nct10n 
c0eff1c1ent E 0f 16 000 dm 3 m01- ~ cm- ~ at 295 K 1n ch10- 
r0f0rm. 1n the rever5e m1ce11e, there 15 an enhancement 1n the 
a650r6ance w1th a 6ath0chr0m1c 5pectra1 5h1ft 0f 20 nm. 
F19. 3 repre5ent5 the a650rpt10n 5pectra 0f the dye 1n 7ween 
60 5urfactant 1n ch10r0f0rm. 7he chan9e 1n the 5pectrum 0f 
the dye 1t5e1ft0 that 0f the c0mp1ex (f0rmed 6y 1t51nteract10n 
w1th the rever5e m1ce11e) pa55e5 thr0u9h an 15056e5t1c p01nt. 
7h15 5upp0rt5 the f0rmat10n 0f a 1:1 dye-rever5e m1ce11e 
c0mp1ex. 

7he ana1y515 0fthe c0mp1ex1n9 e4u1116r1um wa5 perf0rmed 
acc0rd1n9 t0 the f0110w1n9 rat10p~¢. 7he rever5e m1¢e11e 15 
c0n51dered t0 6e 1n ••p5eud0pha5e•• (1.e. the m0n0mer c0n- 
centrat10n 15 c0n5tant and e4ua1 t0 the CMC); 1t5 c0ncentra- 
t10n 15 then e4ua1 t0 ( [ 5 ] - [ M ] c ) / n ,  where [5] 15 the 
c0ncentrat10n 0f the 5urfa¢tant, [M]c 15 the CMC and n 15 
the a99re9at10n num6er. 51nce [5] wa5 kept much 1ar9er 
than the CMC, the m1ce11ar c0ncentrat10n 1n ch10r0f0rm wa5 
v1rtua11y e4ua1 t0 [ 5 ]/n. 7he f0110w1n9 dye-m1ce11e e4u1116- 
r1um wa5 c0n51dered. 

D+M (0r5/n) ~ D M  (1) 

where D, M and DM repre5ent the dye, m1ce11e and 1:1 dye- 
m1ce11e c0mp1ex re5pect1ve1y, and K,: 15 the c0mp1exat10n 
c0n5tant. F0r the determ1nat10n 0f Kc, the m0d1f1ed e4uat10n 
0f Lan8 [ 22] wa5 u5ed. 

n(~e0) = [A1+[D]- [A] 

1 
-0 (2) 

where ~.,, e and e0 are the ext1nct10n c0eff1c1ent5 0f the c0m- 
p1ex, the dye-5urfactant m1xture and the n0n-a4ue0u5 dye 
501ut10n re5pect1ve1y at the a650rpt10n max1mum 0f the c0m- 
p10x. [A] and [D] are the 1n1t1a1 m01ar c0ncentrat10n5 0f57 
and the 5urfactant rc5pect1v01y and £ 15 the path 1en9th ( 1 cm 
1n the pre5ent exper1ment). 

51nce [5] wa5 10 ~ t1me5 0r m0re 9reater than [57], E4. 
(2) reduce5 t0 the f0rm 

[D]=  [D] 4 ] (3) 

wh1ch 15 the 5ame a5 that deduced 6y Kete1aar et a1. [23]. 
7he p10t5 0f [D]/(e-E0) a9a1n5t [D] were f0und t0 6e 
11near (F19. 4) 5u99e5t1n9 a 1:1 D--RM c0mp1ex, e~ and Kc 
were eva1uated fr0m the 510pe5 and 1ntercept5 0f the 11near 
p10t5 6a5ed 0n a 1ea5t-54uare5 pr0cedure acc0rd1n9 t0 E4. 
(3). 7he re5u1t5 are pre5ented 1n 7a61e 1. A re1at10n 51m11ar 
t0 E4. (3) der1ved 0n the 6a515 0fa 2:1 D--RM c0mp1ex c0u1d 
n0t f1t the exper1menta1 data further, 5upp0rt1n9 the f0rmat10n 
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0f a 1:1 c0mp1ex. 1t 15 5h0wn 1n 5ect10n 3.3 that the f1u0re5- 0.~4 
cence data a150 5upp0rted a 1• 1 c0mp1ex. 

7he 1:1 D-RM c0mp1exe5 f0rmed w1th d1fferent de9ree5 
0f aff1n1ty; the K~ va1ue5 f0110w the 0rder 7ween 80 > 7ween 0~2 
60>7r1t0n X-100>7ween 40>7ween 20. 51nce the 
7ween5 p055e551dent1ca1 head 9r0up5, the d1fference51n the1r • 
react1v1ty may 6e a5cr16ed t0 the hydr0car60n cha1n 1en9th5. ~ 0.~c 
W1th 1ncrea5e 1n the hydr0car60n cha1n 1en9th the 512e5 0f 
the rever5e m1ce11e51ncrea5e and 50 a150 d0 the1r a99re9at10n ~0a 
num6er5. K~ var1e511near1y w1th the car60n num6er nc 0f the 
n0n-p01ar ta115 0f the 7ween5. 7he pr0f11e 15 5h0wn 1n 0,0 
F19. 5(a). 1t f1t5 1n the e4uat10n ~0e 

(4a) 00~-- 
(0) 

109 K~ = 3.18 + 0.108nc 

f0r a650rpt10n 0r 

109£~=3.52+0.111nc (46) 

f0r 0m15510n. 
7he va1ue 0f th0 1ntercept r0f0r5 t0 109 K~ at 2er0 car60n 

num6er 0f t11e hydr0ph061c end 0f the rever5e m1ce11e5.7h15 
may 1nd1cate the c0mp1ex1n9 1nteract10n 0f 57 w1th the 
hydr0ph111c p01y0xyethy1ene head 9r0up5 0f the 7ween5. 

3.3. F1u0re5cence 6ehav10ur 0f the dye-rever5e m1ce11e 
5y5tem5 

7he em15510n 5pectra 0f 57 1n rever5e m1ce11e 0f 7r1t0n X- 
100 and 7ween5 are pre5ented 1n F19.2(6). 7he enhancement 
0f the f1u0re5cence 1nten51ty 0f the dye 1n rever5e m1ce11ar 
med1a 15111u5trated 1n F19.6.7he dye re51de51n the 1nner c0re 
0f the rever5e m1ce11e5 (501u6111ty 0f 57 15 p00r 1n CHC13) 
and under90e5 a chan9ed 5tate 0f em15510n 0n exc1tat10n at 
518 nm. 7he f1u0re5cence 1nten51ty F 0f 57 at a c0n5tant 
c0ncentrat10n 15 enhanced 1n the rever5e m1ce11e5 0f 7ween5 
and 7r1t0n X-100. W1th 1ncrea5e 1n RM c0ncentrat10n, F 
1ncrea5e5 f0rm1n9 a p1ateau. A55um1n9 that the dye f0rm5 a 
1:1 D-RM c0mp1ex, Fma,, - F0 (where F015 d1e f1u0re5cence 
1nten51ty 0f D 1n the a65ence 0f m1ce11e5 and Fm, c0rre5p0nd5 
t0 the max1mum 1nten51ty at 1ar9e c0ncentrat10n 0f m1ce11e5) 
can 6e c0n51dered t0 6e pr0p0rt10na1 t0 [c0mp1ex]. 7hu5 

/;max -- F0 = K[ Dc0mp ] (5 )  

where K 15 the pr0p0rt10na11ty c0n5tant and [D¢.mp] 15 the 
c0ncentrat10n 0f the dye 1n the c0mp1exed f0rm (1.e. the t0ta1 
dye 1n the pre5ent c0ntext). 

( 6 )  

5 

t•• 1 t J - -  1 

500 550 
W0v01en9th 1 nm ~ .  

t1 

560 5~0 d 0  d0 ••- d0 - 
Wa~1en9th 1 nm. - , .  

F19. 2. (a) A650rpt10n 5pectra 0f the dye 1n d1fferent mver5e m1ce11e5 at 298 
K at [57] =6.082× 10 -~ m01 dm-3: 5pectrum 1, 7ween 20; 5pectrum 2, 
7ween 40; 5pectrum 3, 7ween 60; 5pectrum 4, 7ween 80: 5pectrum 5, 7r1t0n 
X-100. (6) Em15510n 5pectra 0f the dye 1n d1fferent rever5e m1ce11e5 at 298 
K at [57] =6.082× 10 -~ m01 dm-~: 5pectrum 1, 7ween 20; 5pectrum 2, 
7ween 40; 5pectrum 3, 7ween 60; 5pectrum 4, 7ween 80•, 5pectrum 5, 7r1t0n 
X-100. 

7he F va1ue at any 5ta9e 0ther than/;•max can 6e re1ated 
51m11ar1y t0 the c0mp1exed dye [D~,,mp] a5 

F-F0~K[D~0mp] (6) 

C0m61n1n9 E45. (5) and (6), we have 

~ - - .  F-F~----------~ =F R (7) 
[Dc0mp] Fm~-F0 

7heref0re, the rat10 0f the enhanced f1u0re5cence 1nten~1ty 
at any 5ta9e t01t5 max1mum va1ue 15 a mea5ure 0fthe fract10n 
0f the dye 1n the C0mp1exed f0rm. U51n9 the c0mp1exat10n 

7a61e 1 
81nd1n9 c0n5tant5, a99re9at10n num6er and cr1t1ca1 m1ce11e c0ncentrat10n va1ue5 0f the rever5e m1ce11e5 at 298 K 

5urfactant Kc x 1 0 -  5 (dm 3 m01 - ~ ) K•c X 10 -  5 (dm 3 m01- ~ ) 

f0r a650rpt10n f0r em15510n 

CMC × 103 (m01 d1n- ~) 

7r1t0n X.100 1.45 (3.5) 1.3 (2.2) 145 (135) 
7ween 20 0.21 (2.0) 0,8 (3.0) 117 (86) 
7ween40 0.35 (2.6) 1.0 (3.6) 163 (91) 
7ween 60 1.15 (4.0) 2.0 (4.2) 182 ( 111 ) 
7ween 80 2.07 (5.2) 3.0 (4.8) 204 (123) 

2.18 (0.25) 
2.66 (0,05) 
2,63 (0.023) 
1.99 (0,021) 
1,90 (0.01) 

Va1ue51n parenthe5e5 refer t0 re5u1t5 06ta1ned f0r 571nteract10n w1th n0rma1 m1ce11e5 [ 10]. 
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0.25 

~ 0.20 

0.1• 

0.10 

450 
~ . . . .  . •=. . . .A 

500 550 800 
W0ve1en9th / n m  ===- 

R$. 3, A1m0rp110n 5pectra 0f the dye 1n 7ween 60 5ur1•actan11n ch10r010rm at 298 K ( [57]  - 6,685 X 10 +e m01 dm+ + f0r the f0110w1n9 va1ue5 0f  [7ween 60] 
( × 10 = + m01 t1m ~ +~) ): 5pectrum 1, 0,0; 5pectrum 2, 1,0: 5pectrum 3, 3,0; 5pectrum 4, 5,0; 5pectmm 5, 6.0+ 

e4u1116r1um ( 1 ) and the 5ame m0de1 a5 rep0rted ear11er, [ 10], 
we 06ta1n 

t.~L~ 9~ [5] 
K~[Dr1 (8) t - F .  n F. 

A p10t 0f 11( 1 - FR) V5, [ 5 ]  1FR 5h0u1d 6e 11near t0 y1e1d 
K¢ and n fr0m the 1ntercept and the 510pe re5pect1ve1y. 7he 
f1u0re5cence re5u1t5 treated 1n th15 manner (F19. 7) have 
y1e1ded £~ va1ue5 that fa1r1y c0mpare w1th th05e E,+ f0und 
u51n9 v151610 5pectra1 mea5urement5 (7a61e 1). 7he K~ and 
n va1ue5 are a150 rep0rted 1n 7a61e 1.7he 108 £~ (a150 108 
A~) v5. a88re$at10n num6er p10t5 f0r the 7w¢en5 5x,+ exem- 
p11f1ed 1n F19, 5(6), 7he c0rre1at10n 15 fa1r1y 11near and the 
re5u1t5 f1t the e4uat10n5, 

108 K~- 3,04+0,011n~ (4) 

j ~e) 

¢ ~ * , 1 
$ 0  ~ 100 

t01,10 - - -  

7ween 2~ cm.ve t~ 7weea 40: curve c. 7weea 60; curve d .rwmn 80: curve 
e~ 7-f1t0a X-1t)0. 

f0r a650rpt10n and 

109 K~ == 3.56 + 0.009n~a (9) 

f0r em15510n. 

3.4. 501vent parameWr5 

1n the pure 501vent5 acet0n1tr11e, ethan01, d10xane, f0nnam- 
1de, tetrahydmfuran, ethy1ene91yc01 and ac~:t0ne, the v15161e 
5pectra1 tran51t10n5 0f 57 0ccur 1n the ran9e 524-535 nm 
[ 24 ] wh1ch 15 526-530 nm 1n rever5e m1ce11e5.7he ~m1551un 
max1ma 1n the tw0 type5 0f med1a 0ccur 1n th~ ran9e~ ~¢,~:- 
587 nm and 577-580 nm re5pect1ve1y. 

7he 5pectra1 5h1ft5 A ~ 0f 57 1n var10u5 501vent 5y5tem5, 
5tud1ed ear11er [ 15 ], are c0rre1ated w1th the K050wer 2 va1ue5 
and the tran51t10n ener91e5 E7(30) f0r 1ntram01ecu1ar char9e 
tran5fer 1n F19. 8; th15 15 a repr0duct10n 0f c. ~ ~ar11er pre5en- 
tat10n. Except f0r d10xan the c0rre1at10n5 01" A P w1th 60th 2 
and E7(30) are fa1r1y 11near. H0wever, the t~ 'J va1ue5 0f the 
501vent5 d0 n0t exh161t a d1rect c0rre1at10n w1th ~1e d1e1ectr1c 
c0n5tant D. A55um1n9 that 51m11ar c0rre1at10n5 0f A P w1th 
60th 2 and Er(30) va1ue5 a150 h01d 1n rever5e m1ce11e5, the 
2 and F.4,(30) va1ue5 f0r the m1ce11ar med1a have 6een f0und 
u51n9 the mea5ured A P va1ue5 fr0m the appr0pr1ate 11ne5 1n 
F19, 8.7he va~ue5 are pre5ented 1n 7a61e 2. 51nce A P d0e5 
n0t 6ear a d1rect c0rre1at10n w1th the d1e1ectr1c c0n5tant D, an 
1nd1rect meth0d ha5 6een ad0pted f0r 1t5 eva1uat10n 1n rever5e 
m1ce11ar 501ut10n. 1t ha5 6een 065erved [ 24] that D 6ear5 a 
11near c0rre1at10n w1th 60th 2 and E7(30) (111u5trat10n5 n0t 
5h0wn). F0r the rever5e m1ce11ar 5y5tem5 the a60ve-der1ved 
2 and Er(30) va1ue5 have 6een u5ed t0 e5t1mate the c0rre- 
5pend1n9 D va1ue5 fr0m the 11near p10t (n0t 5h0wn) 6etween 
e1ther D and 20r D and E7(30) a5 ha5 6een d0ne ear11er [24] 
f0r n0rma1 m1ce11ar 5y5tem5. 7he D va1ue5 rea112ed are pre- 
5ented 1n 7a61e 2. 
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F19, 5, (a) P10t5 0f 109 K,~, v5, 11u1nh0r 0f car60n at0m5 1t1 the n0np01ar ta115: ¢11rvt~ 1, a11:10rpt10n; t:11rve 2, 011115510n, (6) P10t5 0f 109 K,, v5, a99re9at10n nun11~r: 
eurv0 1, a650rp1~0n; e11rvt~ 2, 0m15510a, 
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F19.6. Em15510n 5pectra 0f the dye 1n 7ween 60 5.rfactant 1n ch10r0f0rm at 
29/~ K ( 1571 ~ 6.685 × 10-* m01 dm- *) f0r the f0110w1n9 vah1e5 0f 17ween 
601 ( X 10 7 ~ m01 am ~ :~): 5pectrum 1,0,0; 5pectrum 2, 1.0; 5pectrum 3, 3,0; 
5pectrum 4, 5.0; 5pectrum 5, 6.0. 

4. D15cu5510n 

D-RM c0mp1ex ( 1:1 ) f0nnat10n 15 e5ta6115hed fr0m 60th 
9r0und and exc1ted 5tate pr0pert1e5, 7he a550c1at10n c0n5tant 
va1ue5 are a150 0fthe 5ame ma9n1tude 1n the tw0 5tate5. Ear11er 
pu611cat10n5 [ 25-28] 0n m01ecu1ar c0mp1exe5 0f dye5 and 
0ther e1ectr0n aecept0r5 w1th 5urfactant5 1n m1ce11ar and 
rever5e m1ce11ar med1a have n0t c0n51dered the m1ce11e5 0r 
rever5e m1ce11e5 t0 6e the react1n9 ent1t1e5; the 5urfactant 
m01ecu1e5 have 6een taken a5 the 1nteract1n9 5pec1e5.5pectra1 
5h1ft5 and e4u1116r1um c0n5tant5 0f 10w ma9n1tude have 6een 
06ta1ned and the 1nteract10n5 have 6een c0n51dered t0 6e 0f 
ehar9e tran5fer type. 1n 11ne w1th the ear11er w0rk and 0ur 
065ervat10n5, the 6ath0chr0m1c 5pectra1 5h1ft 0f 57 1n RM 
5upp0rt5 char9e tran5fer mteract10n; the appearance 0f th15 
5h1ft a60ve the CMC ha51nd1cated that the m1ce11e5 are act1ve 
5pec1e5 1n th15 1nteract10n. 7he 10eat10n 0f the 1nteract10n 15 
the m1ce11ar c0re where the dye re51de5 t0 9enerate the ph0- 

t0phy51ca1 1~hen0men0n. 7h15 15 5upp0rted 6y the h19h 501u- 
6111ty 0f 57 1n water and very 10w 501u6111ty 1n ch10r016rrn. 
51nce the 1nteract1n9 ent1t1e5 are RM5, the e4uat10n 

D + 5 ~ C0mp1ex 
11 

15 appr0pr1ate f0r the eva1uat10n 0f K¢ and K~¢ fr0m 9r0und 
and exc1ted 5tate mea5urement5 acc0rd1n9 t0 E45. (3) and 
(8) rc5pect1ve1y. A51n n0rma1 m1ce11e5 [ 10], f09 K¢ and 109 
K~ 6ear 11near re1at10n5 w1th the a99re9at10n num6er n. 

51nce the 5t0ke5 5h1ft 0f57 0ccur5 a5 a re5u1t 0fa550c1at10n 
0f the 5urfactant m01ecu1e51n the f0nn 0f rever5e m1ce11e51n 
n0n-a4ue0u5 501vent, 1t 15 a150 expected t0 6e a funct10n 0f 
n. 1n F19.9, A F 15 p10tted a9a1n5t n, An 1nver5e re1at10n 

5•0 r ~ 1 a )  

(6) te) 

-1 -0 

. 5 , 0 1 ~  1.0 20 3,0 4,0 5,0 
151M10~1~ 

F111, 7. P10t 0f ( 1 - FH) °+ ~ v5, 15 ]/121~ fr0m e11115~10n re5u11~: curv~ a, "1~w~en 
20; curve 6, 7wcen 40; curve c, 7 w ~ n  60•, curve d, 7ween 80; curve e. 

7r1t0n X- 100. 
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F19, 8. P10t 0f AF v5. (a) K050wer 2 va1ue and (6) Er(30) f0r var10u5 
501vent5, 

6etween A ~ and n 15 065erved 1n wh1ch the 7ween5 c0rre1ate 
we11 w1th the 11ne ¢r0m wh1ch 7r1t0n X-100 dev1ate5. 7hc 
re5u1t5 5u99e5t that 1ncrea5ed p0pu1at10n 0f the head 9r0up 
ha5 a rever5e effect 0n the 5t0ke5 5h1ft. 7r1t0n X- 100 dev1ate5 
fr0m th15 re1at10n5h1p 6ecau5e 0f the d1fferent m01ecu1ar 
5t1X1CtUre 0f the amph1ph11e (the avera9e num6er 0f p01y- 
0xyethy1ene ~51due5 1n the head 9r0up 0f 7c1t0n X-100 
15 9.$, wherea51n the 7ween51t 15 20). 

1n 7a61e 1, the Kc, K•c, n and CMC va1ue5 06ta1ned f0r D- 
RM 1nteract10n 1n rever5e m1ce11e5 0f 7r1t0n X-100 and 
7ween5 are c0mpared w1th th05e 06ta1ned f0r n0rma1 
m1ce11e5. 7he Kc va1ue5 1n rever5e m1ce11e5 are d15t1nct1y 
10wer. 7he a99re9at10n num6er5 are 519n1f1cant1y h19her and 
50 the CMC5.1nteract10n5 w1th 10wer K~ (and K~) and h19her 
n and CMC are env15a9ed. 1t ha5 6een rep0rted [ 11 ] that the 
num6er 0f p01y0xyethy1ene 9r0up5 (-CH2--CH2-0-) 15 a 
dec1d1n9 fact0r f0r 57 1nteract10n w1th PE6 1n a4ue0u5 
med1um. 7h15 ha5 a150 6een f0und t0 6e the rat10na1e f0r the 
trend5 1n 60th K~ and K~ 1n the RM env1r0nment. 7he dye 
57 re51de5 1n the 1nter10r (c0re} 0f the RM and under90e5 
char9e tran5fer 1nteract10n w1th the p01ar p01y0xyethy1ene 
(-CH2-0-CH2-) head 9r0up5; 1ncrea5ed c0ncentrat10n 
(6ecau5e 0f 1ncrea5ed n where n 15 ;he a99re9at10n num6er) 
may re5u1t 1n 1ncrea5ed K¢ and K•,:. 7he 1nter10r 0f the RM 
ha5 a h19her p01ar1ty than that 0f n0rma1 m1ce11e5 (a5 man1- 
fe5ted 1n the der1ved D va1ue5). 7h15 ha5 1nc1uded weaker 
char9e tran5fer 1nteract10n 1n RM5 c0mpared w1th n0rma1 
m1ce11e5 (NM5) (7a61e 3). 7he 10wer f1u1d1ty 0f the c0re 
re910n 0f RM5 may have a reduc1n9 effect 0n ph0t00x1dat10n 
and ph0t0reduct10n pr0ce55e5 c0mpared w1th a4ue0u5 med1a. 
H0wever, a c0mpar150n 6etween the eff1cac1e5 0f the pr0ce55 
1n n0rma1 and rever5e m1ce11ar 501ut10n may n0t 6e 0ut 0f 
p1ace. 7he 7ween5 ~ave 1dent1ca1 head 9r0up5 c0mp05ed 0f 
twenty p01y0xyethy1ene (P0E) m01t1e5 wh1ch e55ent1a11y 
under90 1nteract10n w1th 57; the1r n0n-p01ar ta115 (a1th0u9h 
d1fferent) are n0t d1rect1y 1nv01ved 1n the pr0ce55. Whether 
1t 15 n0rma1 0r rever5e m1ce11e5, the num6er 0f P0E 9r0up5 
1n a m1ce11e 5h0u1d pr1mar11y c0ntr16ute t0 the eff1c1ency 0f 
the pr0ce55.7he t0ta1 num6er 0f P0E5 1n a 7ween m1ce11e 15 
e4ua1 t0 20. D1v1510n 0fthe avera9e 0fK,: and K•,: 6y 20 0ffer5 
the c0ntr16ut10n per P0E 9r0up 10 the 61nd1n9 extent. 5uch 
re5u1t5 0n n0rma1 and rever5e m1ce11e5 are c0mpared 1n the 
f1fth c01umn 0f 7a61e 3.7he rc5u1t5 revea1 519n1f1cant 10w- 
er1n8 0f the 61nd1n9 c0n5tant51n a rever5e m1ce11ar med1um. 
7he c0mpartmenta112ed a4ue0u5 med1um ha5 adver5e1y 

7a61e ~ 
$pet~1 che~ter15t1¢5 0f 5afren1ae 71n var10u5 med1a and 501vent parameter5 

Med1em P. Pt 
(cm••) (cm••) 

P0- ~, 2 D Er(30) 
(cm- •) (kc~ m01-•) 

ACN 19048 17730 
AC 19084 17637 
1~ 1876,2 17391 
1~3 18762 17152 
DX 19231 17036 
Water 19157 17123 
PA 18797 17361 
71~ 18695 17241 
"1~1tea X-100 1a957 17331 

20 19011 17361 
V•eea 40 1895"/ 17331 
7weea 60 18921 17331 
7w0ea 80 1885"/ 17331 

1318 71,3 37.4 46.0 
1447 65,7 20.7 43.2 
1371 79,6 24.6 51.9 
1610 85,1 40.7 56.3 
2195 76.7 2.2 49.0 
2034 94.6 78.5 63.1 
1436 83.3 109.5 56.6 
1451 75.0 76.0 37.4 
1626 81.0 27.0 43.5 
1650 82.0 31.0 44.0 
1626 81.0 27.0 43.5 
1590 80.0 24.0 43.0 
1526 81.0 27.0 43.5 

ACN, a9et0a1tr11e; AC, acet0ne; EL, ethan01: E6, ethy1ene 91yc01; DX, d10xane; FA. f0rmam1de; 7HF. tetrahydmfuran. 
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7a61e 3 
C0mpar150n 0f 6ehav10ur5 0f n0rma1 and rever5e m1ce11e5 f0r the char9e mm5fer 1nteract10n w1th 5afran1ne 7 at 298 K 

5urfactant n 

RM NM RM NM 

/(cX 10 -5 

(dm 3 m01- t) 

RM NM 

([~dn) x 10 -2 
(dm 3 m01 - 1 ) 

RM NM 

7r1t0n X-100 145 135 27 5 1.38 2.8 
7ween 20 117 86 31 12 0.05 2.5 
7ween 40 163 91 27 12 0.68 3.1 
7we0n 60 182 111 24 5 1.58 4.1 
7ween 80 204 123 27 5 2.53 5.0 

9.52 
0.43 
4.17 
8.68 
12.40 

19.31 
21.36 
19.01 
22.52 
40.65 

NM, n0rma1 m1ce11e; RM, rever5e m1ce11e; R~0 avera9e 61nd1n9 c0n5tant (avera9e 0f Kc and ~ ) .  

1 
t 0 

15 

F19. 9. P10t 0f A ~ v5. avera9e a99re9at10n num6er ~ 0f var10u5 5urfactant5. 

affected the D-RM 1nteract10n pr0ce55.7he phy51ca1 chem- 
1ca15tate 0f the c0r¢ water 1n RM 15 d15t1nct1y d1fferent fr0m 
th¢ a4ue0u5 env1r0nment 1n the 1nterfac1a1 re910n 0f n0rma1 
m1ce11e51n term5 0f 1nf1uenc1n9 the tran5fer 0fchar8e 6etween 
57 and the P0E centre5.7he p01ar1ty 0f the a4ue0u5 c0re 0f 
RM5 ha5 6een f0und t0 6e 9reater than that 0f the 1nterfac1a1 
re910n 0f the n0rma1 m1ce11e (re5u1t5 5h0wn 1n 7a61e 3). 7h15 
may 6e an 1mp0rtant rea50n f0r the c0mparat1ve1y retarded 
char9e tran5fer pr0ce551n the f0rmer. 
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