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Kinetic Studies of the Redox Reaction between
N-Benzoylleucomethylene Blue and Iron (III) Ions
in Aqueous Micellar Solutions

Toshio UCHIHARA* , Akihito ABE*, and Akio KINJO*

Abstract

The kinetics of redox reaction between N-benzoylleucomethylene
blue (BLMB) and iron (III) ions were investigated by using stopped
flow spectrophotometric techniques in water, water-ethanol, SDS,
DTAB and Brij 35 micellar solutions each containing sulfuric acid.

In SDS solutions, the rate constant abruptly increases with increas-
ing concentration of SDS around cmc, and reaches almost 150 times
as large as that in water at the maximum point, then decreases grad-
ually with further increase in SDS concentrations. The values of the
rate constant both in DTAB and Brij 35 solutions are, on the other
hand, about same as that in water. In water-ethanol mixed solvent,
the slightly smaller value was obtained. These results could be ex-
plained by considering the protonation of BLMB and its location in
aqueous micellar solutions.
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Fig. 1 Second order plots for the reaction between BLMB and iron(III) ions in

various solutions containing 0.025M sulfuric acid at 25 °C. (1) 0.025M SDS, (2)
0.012 M Brij35, (3)0.028M DTAB, (4) water, (5) water-ethanol (1:1).
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Table.1 Second order rate constants (k), Frequency factors (A), and Activation
energies (Ea), for the reaction between BLMB and iron (III) ions in various solu-
tions containing 0.025M sulfuric acid.

water
Temp. SDS Brij 35 DTAB water —EtOH
(C) (0.025M)  (0.012M) (0.028M) 1:1)
15.0 - — — - 0.0263
20.0 1.85 0.0518 0.0486 0.0446 0.0382
23.0 2.60 0.0725 0.0703 0.0660 -
k
25.0 3.18 0.0895 0.0888 0.0845 0.0612
(M-ts71)
27.0 4.15 0.105 0.112 0.107 —
30.0 4.59 0.140 0.151 0.150 0.102
33.0 5.85 0.187 0.208 0.214 -
35.0 7.81 0.224 0.267 0.266 0.167
40.0 - - - - 0.262
Ea(kcal mol1) 15.6 17.2 19.3 21.1 16.6
A(M-1s?) 7.9X1011 3.3X10'' 1.3X10'3 2.4X10' 1.0Xx10!!
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Fig. 2 Arrhenius polts of the second order rate constants for the reaction bet -
ween BLMB and iron (III) ions in various solutions containing 0.025M sulfuric
acid. (1) 0.025M SDS,  (2)0.012M Brij35, (3)0.028M DTAB, (4) water, (5) water-
ethanol (1:1).
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Fig. 3. Plots of the second order rate constant as a function of the surfactant con-

centrations at 25 C.
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Fig. 4. Plots of second order rate constants as a function of the acid

concentrations at 25C.
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Fig. 5. Absorbances of BLMB solutions containing sulfuric acid at 260 nm as a
function of the DTAB concentrations. Concn. of BLMB: 1.04 X 10~5M. Concn. of
sulfuric acid: (1) 0, (2)5x10~*M, (3)1 x10-3M, (4)5 x10-3M, (5)2.5 X 10-2M.
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Fig.6 Absorbance of BLMB solubilized by 0.025M sulfuric acid at 260 nm as a func-

tion of the added concentrations of BLMB.
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Fig.7. Absorbance of BLMB solubilized in water by sulfuric acid at 260 nm as a
function of the latter concentration.
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Fig.8. The percent of BLMB bound to micelles in the solutions containing 0.025M
sulfuric acid as a function of DTAB concentrations. Concn. of BLMB : 1.04 X10-5M.
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3.5. 2 SDS

SDS iz2vT 4 BLMB OBER % -~ T a7z, Fig. O3B 1 L7 W4 & 0.025M
FET 534 260nm i 3317 5 BLMB OWRt#E ) SDS BEKEM 2R L2 LD Th b, ik
%70.025 MFET 234, SDS BENLHEBUIC BV TRLEHIT & A ¥ —%F . BLMBH* &
LTHETBZLERLTwS, o b bMbhi k5ic, BLMBHHIAMTY 3 wIETH
13UIFE LK E 0 NLIRNFRE 2 Fo7dOBREEE(D 6 I L AMH~ADREE L KDDL = L iz T
v, LL, 1D RANKREERN L NDHENMHEIER TIZ L A &£ T BLMBH* #:3
CNVBICHFET I EEZ LN,

Absorbance

Concn. of SDS (M)

Fig.9. Absorbances of BLMB solutions in the absence (0) and presence (® ) of
0.025M sulfuric acid at 260 nm as a function of the SDS concentrations. Concn.

of BLMB : 1.04 X1075M.
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