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¢ The oxidation of malachite green, ( Wit niitrite ions i aqueous sofu(: " sodi
; s i i . § daqueous solution: -
SDS). Triton X-100 (TX-100), and thejy mixtures I ot Sulliiin dodeny]

S at 25°C has been used as g > for investivat
(4500 e - . ! > Dectiused as a probe for investigwis the
gtalytic/inhiortive pe operty of SDS/TX-100 mixeq systems. “The results showed that the ¢ i
caldi) ;

R omposition of the mixed
urfactants has quite mg;}lh{nu:t mﬂuencc on the rate constant of the oxidution reaction when compared with the
reaction 1n the smg'IL “‘F" ‘: ‘”‘i SYS[“"{“”\% the eflect of SPS was found crucial. The results revealed 62-85% lower

. . e o b Crease "V i T M
reactivity as the mole fraction increased. We alsq observed g higher pseudo-{irst order rate in aqueous solution than

Abstract
suiphate {

i the surfactants or .lheir mi&ures. f?‘ rapid decrease in the obse
observed w}hl sa!uratm_n was 1cachc.:d n pure S.DS indicating an o
icellar effects was prubcm_i an'd rationalized using existing Clint’s
heories for mixed nuccllql systems.. Stroug clectrostatic atlraction
curfactant aggrcgatcs. was lmportan} n the reaction process.
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rved pseudo-first order rate constant (k)was
verall inhibition. The kinetic mechanism of the
» Menger and Portnoy, Rubingh's and Maeda’s
between tive protonated species and the anionic
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1. Introduction

Much attention  has  been focused on
experimental and theoretical aspects of mixed micel|ay

of micelles coupled with changes in the micellar
environment.

4-[(4-(!imctf1ylaminophenyl}-phcnylmethyl]-N,

systems [1, 2 3, 4]. In many applications,‘ surfactants N-dimethyl-aniline, known as malachite green,
are usually mixtures as a result of blending process (JMG'*) ) . ) ‘ .
that aims to improve synergy [5]. H(.JWE.’VCI" in the ;15 basm.organlc dxe used for matena_ls
majority of industnal applications, it i common such qs silk, wool, jute, ceramic, [c:llth.cr: paper, in
clice to employ mixtures of surfactants in place of aquaculture . i;»l.-.[ as cytor_hcm'lcal staining agent.
Przivi dual ones because these mixed surfaclants However, niitiv accumulation in blood and tissues
:)]astems possess superior  qualities in terms of PSRUBEENT a-.‘f_i'}*l.figicéf IP‘O(I)I fﬂi‘}'ﬁ_lllf"lc e Ql{o)
detergency. lower interfacial tension, solubilisation generation e AL “"“l_“'_”““mm‘_’ i
in the modification of rheological properties of enzymes an. metdllolurmer.lmse_ posscss  nitrite
anii & s [6, 7, 8]. Mixed surfactant systems th reductase aclivity such as Xaunthine oxidoreduclase
S;(:hyif;)??;)ﬂm‘rgi;tic behaviour may be cxploite.d to (XPRI) anddllihyde OK‘ldﬂ‘;C fAE)), hEITl‘C lfgl‘lfgisgd
reduce the total amount of surfactant employed in an PR ondr 1"‘:\.&’P}fﬂt01)f; alimzymbbhF >0} 3
application and thereby reduce the cost and “L"‘““.l t“"l’l;"#:“?o“ itr'(t)e vasf)dil:tf? “:::“ hur;luz:n
environmental impact [1, 9]. The tendency to form a 2 hCllVﬁ'IOI‘Ib hat - n lh o logi 'tl v e iitfons
micellar structure in mixed surfactant solutions will be ciren ah‘o'n ‘ 3E e B .YSIIO ogica Cogcl‘-'; V17
subslanlially different from ihat in bm‘e surfactant supports a role (or nitrite in 1YPOXIC vasodilatiol s

solutions [ 10]. 18]

- The mlhience of mixed surfactants on reaction

Ver: cers  have  worked on  studies o e e  SRIGE

imolg“;}i C\]‘;‘O r};(’(l); mlim.d surfactants on reaction rate has become a new field in kinetics \\]ucl% 115

olvin cllec 1 ts I s ) s 12, 1L 131 The
: receiving etoasing attention [12, 11, 13].

2, 13 ; -worker [11] in AR s : pim. s B !

lrﬁ;:l[l&dl : L[I 13‘{:‘4][. K}}?::;]?digﬁic 'm\d cEtio]nic kinctics and nnociminisms of the oxidation reaction of

tudy on the etfects o - ¢ {

¥ " . § . : L
micelles on the aqueous cleavages of phenyl benzoute MG wilth ticwe djon have Teon studied in acidic
and phenyl salicylate in alkaline solution described mediun [19] .. one step in .~a‘i-;h reaction, s rencited
the micellar effect in terms of u pseudo phuse mudel is frequently o clectron transfor process. However at

; . 2 . e
- the moment, crmation and knowledge of the redox
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reaction of MG by nitrite ions mediated by mixed
urfactants are limited, This paper, in continy
h]

v -}
our work on the reaction of MG [13, 20], reports the
investigation of the effect of mixed surfactants of SDS

and Triton X-100 on the oxidation of MG

: hy nitrite
ions. 1U18 ol interest (o mvestigate how
l } o

the distribution
~ + i i . .

of MG iy the bulk solution is gomg to affect (he

redox reaction when compared (o the same reaction

taken place in micelte free medium.,

2. Experimental Procedures
Materials and Methods
All the materials and reagents used in this work
are analar grades and were used as received. The SDS
used was a pmdu_ct of BDH chemicals. The critical
micelle concentration was determined in order o test
its degree of purJty In-aqueous medium at 25°C, This
ave 8.16 x 107 M that agrees with literature values
[13, 21, 22]. Malachite green was obtained froim
Bektoh (Germany). The Triton X-100 (TX-100) was
an Aldrich product. A wavelength scan of its aqueous
solution shows a maximum absorbance peak at 276nm
which agrees with the work of Gratzer and Beaven

[23] which reported a ~max of3 278 nml and an
extinction coefticient of 1670 dm mol” cm™ for TX-
100 in water. The CMC of each surfactant was
determined by conductometric method using electric
conductivity meter DDS-307 made by Jenway at

controlled temperature 25 HC

The Sodium nitrite used was a product of BDH
chemicals. All the solutions were prepared as mgle
fractions with glass distilled water. Thermo Helios
Zeta  UV/visible Spect'rophotometer (Thermo
Scientific) was used to monitor the absorbance of the

reaction complex at /1“"‘”‘ of 620 r1rr1I and a molar

.1 2 . - I
extinction coefficient of 105 M cm™ which is in
agreement with the literature value [24].

3. Kinetic Studies

2 : MGT .
Kinectic studies for the reaction of and

Nitrite ions NO, in the presence of. SDS, '.I..‘X-l?ﬁ
and their mixtures were performed by monitoring the

G* sorption
decrease in absorbance of the MG™ y absorpti

maximum Amax of 620 nm as a function of time using
a thermostated double beam Helios zeta UV/wsxbl::1
spectrometer at an interval of 5 minutes and at elx ﬁ‘xe] :
temperature of 25.0 + 0.1 °C. All the stock so unonrc
were put in the thermostated wate:r b‘ath to eni;;w
constant temperature in the kinetic run.

ation of

Haw oo
XASAYANA 7
e ‘J()['!l

nericans

Ci_(;‘_‘_‘il,,t_‘.urg
B

| T—

spectrophotometric

specti titration was done using (he
mndividual surf

actants Separately. The surfactant apd
out the dye were mixed firstin a 5 m
standard flask from which 3m| was pipetted intg 4

cuvette of 4 x |em quartz cell and the dye added
immediately for each kinetic run. Care was taken (o

prevent  exposing the MG’ to light. The
concentration of the dye was maintained at 5.77 x 10
mol/dm’ (0.208 Absorbance) for all the reactions. The
concentration off MG
reactions while the
least 50 fold i exc
titrations werc done

was kept constant for all the
oxidant concentrations were at
ess. All the spectrophotometric
under pseudo first order kinetics.

The pseudo-first-order rate constants (k) were
obtained from the slopes of the

In(A bsorbanc

plot of
: e) versus time (min).

4. Results and Discusion

The effect of mixed surfactants of SDS and TX-
100 was monitored at 0.00, 0.27, 0.42, 0.52. 0.63, and
1.00 mole fractions of SDS (Xsps). The linear plots of

ln(Absorbm.'ce)

/versus time (min) are presented in
Figures 1A, B & C.
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Figure 1A: Plot of (A4, - 4,) versus Time
(min) for the redox reaccicn of Malachite green
N~
| SVl in agueous
and B ' oy
lM(r"J:S.'??xl\) mol/dm 1
solution,

NO; | = 6.41x107 mol/ dm’

MGS“ - 0'208' l‘“‘“ - 620nm, Temperature =

25.0 +0.1°C A = 0.065 , Pscudo-first order
k, =0.1306

rate, !
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Table 1 presents the mean pseudo-—first-grder

o e v "O “ * o I (k)
= Ty . T"(ﬂ(’,ﬂ of the reaction of malachite gree
. nitrite in aqueous medium, SDS, TX-100 an n and
e ’ S, ()
4 - ratios of thesr mixtures, and various
s ge00uE 00 T Tinie (min)
< ¥y V
< g * 1N
3 Tew
L
! ..
3 'Y ¥ z
< < &
3 ,) o &
In(4, - 4,,) N e
L . n — - . - 'Y
ure 1B: Plot of L 7 versus Time (min) s ey
?g the redox reaction of Malachite green and s oy
or
NO; in SDS surfactant,
5 3
:1-5.77x107 mol/dm ; 1 -
1MG ] 5.7 ) Figure 1C: Plot of n(4, - 4.) versus Time
s X 0‘3moi/dm3 ' (min) for the redox reaction of Malachite green
\;0 .-64 pd
‘ ) ’ NO, ; . :
Y G; _ 0_205’ A = 620nm and 2 1? rmxgd surfactant,
o 3 \ . MG |=577%107 mot dm’
[SD5]=8-2X10 mol/dm Temner. , 3 ’
+ Temperawre = |NO; |=6.41x107 mol/dm
g 0 lu C Aoo = 0063 P d ‘
0 TV S , Pseudo-first order rate, MGZ, - 0206, i = 620nm
k, =0.0796 . ’

[SDS] =8.2x107 mol/dm’
’ —4 3
[rx -100]=2.28x10" mol/dm’ 10 oracure

Stoichiometric studies show that one mole of the
dye is consumed by one mole of the nitrite ions. The
cesults  showed that the SDS/TX-100 system

N : Ceat0.1°C A, =0085 L
composition has quite significant influence on the rate = 250 e, e , Pscudo-first order

constant of the oxitation of MG \hen compared rate, ky =0.0606
with the reaction in the single surfactant systems.

There is a higher pseudo-first-order rate in aqueous

solution than in the surfactants or their mixtures.

Table 1: Mean pseudo-ﬁrst—order rates (k) of the reaction of malachite green and nitrites in Aqueous

+

medium, SDS, TX-100 and various ratios of their mixtures. MG™)_ §.77x10° mol/dm’, (SDS] = 7.8 x10®
N 02_) = (1.154-2.89) x10™ mol/dm’, Temperature =25.0 + 0.1°C

moldm’, [TX-100] = 2.28x10™* mol/dm’,
10°] NO, | mol/dm’ ki (without surfactant) I, (with SDS) ks (with TX-100) ky (with mixed surfactant)
1154 0.1612 0.0882 0.1581 0.0606
8.240 0.1096 0.0621 0.0884 0.0420
6410 0.0852 0.0508 0.0832 0.0224
4810 0.0691 0.0432 0.0602 0.0105
4120 0.0362 : 00185 0.0303 0.0005
2890 0.0110 0.0086 0.0110 0.0014
N
These results show that the reaction i faster b clectrostatic attraction between the SDS and MG™-
bulk water phase than in micellar phase. The decrease This is in agreement with the interactions between

dyes and anionic surfactants [25]. The observed rate

in the k of the rez in SDS surfactant compared . o). T ‘
1o reetion ! inhibition in the mixed micelle implies that either the

with the K of the aqueous solution is due to the

76
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electron a[thmcm is different in the micellar
te 0 hase than In the bulk aqueous phase or (g
P qetration of electron present in aqueous sofutiop
ihe Pe° e of solubilized malachite green cagion is
o 0 sl clectroslatically by the negatively chargm‘l
hinderet_ce”ar surtace. The dye is assumed (o pe
sD mloncentmtcd on the SDS micellar phase where
locauy. C, environment Was non-aqueous and there jg
the M rong pinding of the triarylmethylcation to he
s & 5 1y charged SDS micelle and hence the SpS
negat'_: fhe substrate less available to nuclenphi[i;

k by the N i0|1_[26]. Howevm-‘ the effects of
attac 100 (a non-ionic) surfactant compared with
the onic curfactant SDS on the reaction of nityite
the an! MG’ suggest that the non-ionic TX-100 did
io;: ﬂi‘eriously alter the rate of reaction. This g

! tively in conformity with previous work [27],
qu ' :
The mean pseudo-first order rate, k was in the

0.0110 - 0.1612 s in aqueous medium, 0.0086-

Bagggz ¢'in SDS, 0.0110- 0.1518 5™ in TX-'00 and
0'0044 _ 0.0606 s in the mixed surfactants. The

howed a highcr_ pseudo- first order rate in
olution than 1n _the surfactants or their
This result is highly influenced by the

aqueous
mixtm‘es.
MG distribution between the bulk water and the

qurfactant aggregates. The SDS/TX-100 effect on &
for the oxidation of malachite green with nitrite
reveals 62-85% lower reactivity as the mole fraction
increases. ‘

The experimental results of the observed pseudo-
first order rate constant, k as a function of total
surfactant concentration at different mole fraction of
SDS is presented in figure 2 below.
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l{‘igﬁ?é“é:' Variation of the observed rate constant
k

) as a function of the Total surfactant
toncentration for the redox reaction of Malachite
green at various fixed mole fraction of SDS.
NOZ ) = 1.154 X 10—3 mol / dﬂ'13 and
TempuratUre =25.0 :{::I: 0.1 ¢ C

-— —— s

— e—

It is observed in figure 2 that the rate is very

SBITﬁlhv_e to the medium effects as Kk decreases with
'f‘“'f'k-“HSIllg total surfactant concentration for all mole
ractions of SpS, Figure 3 also shows that the
observed rate constant increases as the mole fraction

(“l IX_“JU, (X1x.100) increases at fixed total surfactant
concentration,

atms 4
* & (£IO0SIA-0 094
0y
A
» TX100+515-0.0155
[ooms "
g +
| g 0.0 P X 4 TEIO0AIS=D (M
8 : b
| o X ¥ 1004505-0.0157
ooz g B
X
oms X
(iv]
0 0.2 0.4 06 19

Mole Fraction of Triton X-100

Figure 3: k””*‘ ~Xtxa00 profiles for the redox
reaction of Malachite green at various fixed t({tal
concentralions of mixed surfactants. N 2/ =
1.154 x 10° moldm® and Temperature =
25.0+0.1°C

The observed rate constant decreased rapidly
until saturation is reached in pure SDS, suggesting an
overall inhibition. This inhibition is as a result of the
negative charge on the SDS micellar phase attracting
the triarylmethyl cation, which leads to the local
concentration of the dye in SDS micellar phase being
greater than that in the bulk phase and, on the other
hand, they repclled the nitrite ions. There is also the
possibility that the nitrite ion would be predominantly
in the bulk water region due to the columbic repulsion
between the negatively charged surfactant aggregates
and the nitritc ions. Also, there is inhibition because
strong hydrophobic interaction would keep a greater

proportion of MG ithin the micelle and this would
remove the bulk of the complex from the bulk water
region and thus inhibit the reaction. This repulsion
also leads to the local concentration of the dye in the
SDS micellar phase being lower than in the bulk
phase. Consequently, when nitrite ions approach the
triarylmethyl cations to form the transition state, they
are repelled by the negative charges on SDS micellar

phase.
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d Mechanism of the reaction of

cories an

h
E s in SDS/TX-100

d pitrite ion

MG ﬂnclinl"‘ Rubingh'b‘ and Maeda’s theories for
The ; miceller systems  were employed to
G atal data. For ideal mixed

al ~ axperime
ide ¢ ONPU . :
<« Clint's equation [28] can be

anald <tems,
l::icel S'\'“‘;‘gwrmiuc the expected CMC of the Y
loyed © ach utilized Clint’s equation | A} is the mole fraction of surfactant in th
e " our first approd¢ ! 'S BquAanoR ant 1 in the
mi,\'mrf- - the expcctcd CMC of the mixture and the W &y x o
0 detert;:‘::n .1 table 2: mixed micelle, ! is the molc_ fraction of surfactant |
SiL !
Ul . in the bulk solution and MC, i is the experimental
: :Z”L CMC value. F ion 2 X1 was caleul
/&E" S CMC, '"MC value. From equation z, was calculated and
i () the interaction parameter (ﬁ ) obtained from equation
CMC, % and CMC, 3 [29]). The P which is an index of surfactant
Where ) ', an o are the interaction in the mixed micclle has negative values
expﬁded CMC of (e RIS the mole fraction of (table 2) indicating that the system exhibit synergism
component i in the solution and the CMC of the pure and also suggesting that the surfactant monomers are
to onent i respectively. Our results show that the atfractively interacting with one another.
L?n:;imemal CMC is lower when compared with the
e:«-p cted CMC (Table 2). This deviation from ideal | CMC .«
;:Eﬁviour is due to the differing composjtion of i J/CMC X,
qrfactant monomers in the micelle compared to the p= _x )3
pulk solution [29)- _ ( T (3)
The actual composition of the mixed micellar
hase Was calculated using the regular solution o
approximation. The following equation  Was The excess free encrgy of mixing, ', Was
employed: determined from the values of the interaction
parameter and those of activity coefficients of the
surfactants using Rubingh’s approach in equation 4.
The values are shown in table 2.
Table 2: Rubingh’s arameters and the excess free energy of mixing values
: . CMC CcMC .
System I(\ZUI‘T f:‘racnon 1(\;19'? | Eraseon (observed) (expected) B % 72 ?lfi‘/mol)
il rriest e mM mM
0.78 0.22 0.566 0.943 4575 0215 0.446 -2.759
$DS-  0.63 0.37 0.353 0.588 -6.614 0.108 0.347 -3.836
TritonX- 0.52 0.48 0.277 0.401 27.907 0.056 0.249 -4.996
100 0.42 0.58 0.231 0.385 9.078 0.037 0.202 -5.728
0.27 0.73 0.185 0.309 6,144 0.107 0.338 -3.883
—— b

2
AG:‘:R]Z)(:‘ Iny,
- 0)
ea Where”! and 72 are activity coefficients for

¢hof the surfactants.

POssEme table 2, it is observed that the TritonX-lQO
indic:tses a much lower CMC than the SDS. This
pokaies that more of the TritonX-100 will be
rporated into the mixed micelle as 2 result of the

e e e e

78
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1, [CM (= |‘
I- ,\]]h( 0! ”](,'Mg[r -X,])

(2)

decrease in ionic head group repulsion caused by the
positioning of the ionic surfactant monomer between
the charged head groups (8]

The negative values of vxcess frec cnergy of
mixing indicate favourable mixing of the surfactant
monomer within the mixed micelles. Also the smaller
values of the activity coefficients for cach of the
surfactants show that both surfactants deviate from the
standard statc in the mixed micelle [8]. Maeda

observed that a mixed ionic-non-ionic surfactant
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o exhibits @ CMC much lower than the
system  ited by employing Clint’s equation. This is
’C pr the decrease in ionic head group
pute the presence of the non-ionic
ST etween the jonic head groups.
sllflacm_- © Maeda’s approach (equation 5), the free
:bof micellization was calculated as a function of

caused

http:/ jol:
DUp/Awww.jolamericanscience.or

o T —— —#

B,=-f
: (8)

In equations 6 - 7, ¢ is the CMC of the py
re

Hon-(l:(:\l;lw surfactant on the mole fraction scale < is
Bl N . . ~ : : at
e C of the pure ionic surfactant on the mole

fraction scale, ¢ B is thei '
fraction scale, and / is the interaction parameter, B

encfg) d
A - 2 in the mixed micelle [30];
; ccoml)‘)”““[ m , ! is a atietsr indicative of ;
e foni \ T__,RT(BO +B|X2 +BzX2“) 5 | parameter  indicative of the  chain-chain
W. (5) lllle}‘actiuzjs. ‘A negative value of B, indicates that
wheret ch.am-cha_m interactions are serving to stabilize the
B = InC, ©) mixed micelle [28]. According to the values of both
B ;
i _C_Z_ 1andﬂ, the mixed micelle is most stable at lower
B+ B,=In C contents of the SDS surfactants (Table 3).
: (7)
Table 3: Maeda’s Parameters and free energy of micellization
System Mole Fraction (@sps) B, AG,. (kJ/mol)
0.78 3300 22206
0.63 -5.339 -23.436
gs-TritonX-100 0.52 6,632  -24217
0.42 . -7.803 -24.923
N 0.27 -4,869 -23.155
chemical reactions in the o K 5 o
The dissociation constant ( ) decreased as the

The importance of the
micellar phase, bulk water p

in Surfactant solutions are crucia
end, the Menger and Portnoy Pseudo pha

equation (9), [31] was employed to explain this;

k,—k,
g2\ =nlogD]-logKs

L 9)

hase and simultaneously
| in this work. To this
se kinetic

k ) .
Where ¥ = observed rate constant In the mixed

micelles
k, ,
= rate constant in the bulk phase

k
m = rate constant in the micellar phase

M= number of surfactant molecule D to form

. n
micelle D ; KD’—' the dissociation constant between

the substrate and the micelle.

Ky = k,
=Ky against log[ ],

1t)’Pica] plots of log
were linear for the reaction at all th

SDS considered, from which n oand TP were

obtained.

e mole fractions of

79

mole fraction of SDS increased as shown in Table 4,

This is in agreement with the observed rate
constant which decreased with SDS concentration as a
result of stronger binding of the triarylmethyl cation to

the negatively charged SDS micelle.
The 0.76 which represents the mean number of

surfactant, 1 obtained in SDS/TX-100 mixed micelle
in this study is lower than that obtained [or SDS alone
(=359 and 1= 1.98), in previous reports which is
an indication of looser packing of hydrocarbon chains
in the mixed micelle [13, 32]-

Table 4: Variation of the binding constant (KD)
and /! with changes in mole fraction of SDS
_X_gg_s,/&’— I S
1.00 211x 107 1901
0.78 4.70 x 107 1014
0.63 7.14x 107 0.958
0.52 3.25x 10 0.408
0.42 2.14x 10" 0.407
0.27 132x 10" 0.376
0.00 TR (U— 261
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cof inhibition factor with mole

jation
1‘}16{‘:[;5 is shown in Table 5 below.
.On 0
foc!
\/qriaﬁﬂ" of inhibition factor with mole

mbe n'off.l,)fs-/-/—‘

1 ops [& k )
ion SDS_ Inhibition factor 27 "7

—

14 fr e

700 1.62
052 1.26
0.42 3
o -
—

- energy of the transition state of the oxidation

o G" in SDS micellar phase is presumed to be
U-f[:er han in the bulk phase. This 1 supported by the
highe! ™

k'l\'
. k,
Je inhibition factor as the mole

k. ..
§DS increases. The (" )18 defined as
¢ for the reaction in bulk aqueous

porease i1

fraction of the
the rate constan

d in the absence of surfactant white ¥ s
the observed T1ate constant in the mixed micelles.
Thus, the reaction will be faster in bulk water phase

than in micellar phase. There is increase in the

k

medium an

W

inhibition factor as the mole fraction
increased (" Table 5). This is evident in figure 3, which
k, _ Xpx00 profile at fixed Eotal surfactant
8.4 x 10, 1.05 x107, 1.3 x10” and

: ]
. This observation is asc ibed to

shows
concentrations of

157 x 10° moldm™
reduced charged density on SDS when mixed with

TX-100. The reduction in charged density of SDS will
reduce the number of MG™ pound to SDS micelle,

MG will be in the bulk phase
This is in agreement with
erties of the mixed
[26], in which the
y in the mixed
ty reduction and
in the mixed

thus more of the
where the reaction is faster.
the previous work on the prop
micelle of SDS and TX-100
workers interpreted the non-idealit
surfactants in terms of charged densi
decrease in activity cocfficient of SDS
micellar phase.
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5. Conclusion
The catalytic or the inhibitive property of mixed

of SDS/TX-100 on the oxidation of
and nitrite ions has been imvestigated.
n lowers (he reactivity

surfactants
malachite green
The SDS/TX-100 mixed syster
as the mole fraction of SDS
The resulls showed that the 5HS/TX-100
composition  has relatively — significant
on the rate constant of the oxidation of the

of MG ith nitrite ions
Increases.
system
influence
4

MG when compared with the reaction i the single
surfactant systems. The results also showed a higher
pseudo- first order rate in aqueous solution than in the
surfactants or their mixtures. The cftect of SDS/TX-
100 on rate constant for the oxidation of malachite
green with nitrite revealed 62-85% lower peactivity as
the mole fraction increased. The experimental data
were analysed within the frame work of the existing
kinetic mechanisms of micellar system.

It is important L0 note that in pure TX-100 (Xt
= 1), the surfactant solution has little or 10 cffect on
of MG* and nitritc o1, lience the

the redox reaction

reduced  inhibition by TX-100 at fixed SDS s

significant. k gecrcases rapidly until sutucation i
| inhibition.

$DS, indicating an overal
ative chuarge on the

frethyi cation.
iurylmethyl

reached in pure
“This inhibition 1s duc 1O the neg
3DS micellar phase attracting the triary

oach the

Thus when nitrite ions appt

cation to form the transition state, they aiv repelled by

the negative charges on SDS micellar surtice. The

overall inhibition observed in the mixcd curfactants 18

ascribed to the strong electrostatic interactions
II'V[G T

between the SDS anc

Acknowledgements:

The authors are
Chemistry and thc Centi
University of Agriculture
providing the facilities and some of the
used for this work

orateful to the Dopurtment of
al Laboratory ¢ Federal

Abeokuta, Nigeria for
chemicals

Corresponding Author:

Dr J.T. Bamgbose,
Department o Cherustry,
Agriculture, Abecokuta,
P.M.B 2240, Nigeria.

Tel: +2348033353508

E-mail: titibam60E@ vahoo.com

Federal U iversity of



peft

I

1

can Science 2018;14(9)

http: 'w.jol; i
bttp:/fwww.jofamericanscience. oy o

Solutions, Australia Journal of Chemistry. 1990,

43,11-19.

I];-)/Ihandnn C Sachin US, Jaima Z,
'fjecyldlmethy]armnonimn bromid
universal, roburst, and highly potent P

and Yoel S.
¢ (DDAD): a
hase-

gl

Joumal of Ameri
o e
ces 5 _ transfer catalyst o .
lg:rgstfom M and E.ulfsson :IC. Theorepca] lrﬂnslbl‘lnzlliuns‘)'/l'cll:thg()lir(m ;hvg,'.'"\”, organic
" sis of Synergistic Effect in Mixed 14 Soriyan O i » 2007, 63, 7696-01
na> | Systems: Langmuir, 2000, 16, 7173 - RIS 0, Owoyomi O, and amgbose I
Surfacmm y , - The effect of mixed surfactants of i()diun;
8l cC and Agula T. Mixed micelles of Triton l(:(::‘l“:)!yl“““’lh\”* ””"l. Iriton X-100 on the base
Rlliz(): intcracliO“- composition, stability and (Tj:lluiyt)::-l; L(‘)mfl'1-1|;)l(c\rl)lll)lc();irur;;f;l, I:l').'li tion Kinetic
Journa f ¢ | 3 A0y J - ?{l}lcl(; H, King SB, Gladwin MT, Hogg N, an(i
3. . . & im-Shapiro, D13, The reaction t msper: Al
%gl-aljllls M. Formation of Mlxeq Micelles in and dcnxlyhcnmglul')in; I‘Cas:lé::nii:::lﬂ:lk'11]'c:éttl;:)t;
’ queou $ odec toaifag e
galt Free Aqueous SOILIthlIQ.C.)f Sodium Dodecyl kinetics and  stoichiometry, I'ro. Natural
culfate and C12EO. Langmuir, 2003, 19, 7214 - Academy of Science USA, 2003, 100 (20)
21. «rs CC Rakshit AK ke
Rodgers M. RO‘dgbe_ aksint Al and 16 Furchgoh RF in: P.M. Vanhoulle (Ed.)
palepu RM: lﬂ\feﬁl}gall({ﬂ‘ on the M'lxcd Micellar Vasodilation vascuiar smooth muscle, ;:cptides‘
Systems of cu.tlomc-smfactants w1t!1 Propylene and endothelium, Raven press, New York, 1998:
Glycol a1 s oligomers, Colloid Polymer 401.
Sciences 2003, 281, 800 - 05, o 17 Huang Z, Shiva S, Kim-Shapiro DU, T'uel RPA,
Magnus B: and Jan Christer E. Kingtics of Ringwood [rby LCL, [uang KT, i10 ¢, H10g8 N,
oxidation Qf nitrite by“hypochlonte in aqueous Scheeter AN, and Gladwin M. {.in‘/y;natic
basic solution- Langmuir, 2000, 10, 71:/3-81. function of haemoglobin s nitrite reductase that
Lutz M. Aaron RD, anq David C. Micelle produces nitric oxide under allosteric control,
Formation and’ Hydrophobic Effect;, Journal of Journal of Clinicul Jmvest, 2005, 115, 2099 - 07.
physical Chemistry- B, 2004, 108, (?778—81_ 18 Hunter CJ, Dgam A, Blood AD, Shiclds H,
Rakshit AK, and Palepu RM. Mixed Micellar Kim-Shapiro DB, Machado RF, Tarcikegn S,
Assemblies in SOllltl_On- A review In Recxent Mulla N, Hopper AO, Schechter AN, Power GG,
development in colloids and Interface Rescarch; and Gladwin MT. Inhaled nebulized nivite 1s @
pandalai S5.0. Ed.; Trivandrums, Transworld hypoxia-sensitive NO- dependunt sclective
Research network, 2003, 7112-34. pulmonary vasodilator, Nature Medicine, 2004,
Aiysha E. Al-wardian and Palepu RM. 10, 1122-27.
Investigations O Mixed  Systems of 19 Mohammed Y, Iyun JF, and Idris SC. Studies
Alkyltriphenylphosphonimn Bromides (Cio- Cis) into the kinetics and mechanism of the redox
with Tween 20 in Aqueous Media, Journal of reaction of Malachite greett and nitrite ions in
Dispersion Science and Technology, 2005, 20, aqucous acidic medium, Journal ol Clhiemical
155 - 62. Society Nigetid, 2010, 35(1): 111 =27
Blankschtein D, and Shiloach A. Predicting 20 Bamgbose JT, Bamigbude AA, uad Nkiko MO.
Micellar  Properties of Binary Surfactant Adsorption  kinetics and  thermodynanics of
Mixtures, Langmuir, 1998, 14, 1618-80. malachite green onto chitosan/sodiwn  citrate
Yoshikazu T, Hirotata U, and Masa SA. beads, 1fe Journal of Science, 2013, 13(2): 385-
Malachite green: A toxicological review. Journal 98.
of Physical Chemistry, 1994, 98, 6167-71. 21  William RJ, Philips JN, and Myseis KJ. The
Kl_lfln MN, and Ismail E. Effects of non-ionic and critical micellc concentration of sodium lauryl
mixed non-ionic—cationic micelles ot the rate of sulphate at 257 €, Trans Faraday Sovicty, 1955,
aqueous cleavages of phenyl benzoate and 51,728 -37.
phenyl salicylate in alkaline medium, Jearnal of 22  Soriyan O, and lee 1. Micellar hibition of the
Ph_ysical Organic Chemistry, 2004, 17,376 -89, equation of wris-(3. 4 7 g-tetcvmethy i-4, 10-
Reinsborough VC, Timothy DM, and Xiang X. pllcnumln'olinc) con (1) by sudin dodeeyl
Rate Enhancement of Nickel (11)-pada Complex- sulphate I Ut acid mediuay, anal of
Formation in Mixed Sodium Chemical Socicty Paraday Trans & 1286, 82,
Perfluorooctanoate/Octanesulfonate Micellar 2001-43.
23 Gratzer W, and oanen HG. tae cleet of
eyl state and

mixed surfactants o sodium dody

Triton X-100 on the  base
Malachite green, Journal ot Physica
1969, 78(7): 2270 =¥7.

Livdrolvsis of
. Coomistry,



25

26

27

Chcmistf)/,

27 gunton €A

Journnl of American Science 2018;14(9)

== - CC.ui

Olteanu A, Puiu M, and Oancea D.
R gued® ’of species giving spectral changes in
on interaction with cationic
an pelow  the critical ~ micelle
on, Central European
2008. 0. 1895 - 00.
 and Jhamb OP. The nature o species
;:ctral changes in an azo dye on
with cationic surfactants below the
; micelle concentration,  Journal of
critic! ytical Chemistry, 1970, 27, 1511-23.
jer JH and Fendler EJ. Catalysis in Micellar
pendlef ,I.c;mo]ecular Systems Academic Press,
df\’ork 1975, 23 '
o Lawrence B. Robinson TM, and
L Structural effects upon catalysis
. micelles, Journal of Organic
1968, 35(1): 108-14.

/252018

Journal of

29

30

31

(98]
2

hittp:// ; :
hp//www jolfamericanscien

e
Clint  JI1. Micellization  of  mixed YA
surfactant active agents, .lmu‘nnl. ol (ll\(:gs().n‘l_c‘
Society Faraday Trans, 1975, V(73 \),';;]_4;““
Rubingh DN. Mixed micellar soluion: in
solution chiemistry of surfactants, Mittal, K.L
Ed. Plenum: New York, 1979, 1, 337 :
Maeda 1. A simple thermodyninmie an Hysis of
the stability of ionic/nonionic niixed 1nicelles,
Journal of Colloid Tnterface Science, 1995, 172,

998-03.

Menger  FML and Portnoy  Ch. iea ron of
saturated  (S.adpha- and S.betan-) ydroxy
steroids with mixed phosphorus i alogen
conlaining  reagents, Journal ol Aamnerica
Chemical Socicty, 1967, 90, 5972 - 35,

Park JW, Chung MA, and Choi M. Surface
Tensiometric  Studics  on the lmeraction  of
Anionic Polycetrolytes with Cationic
Surfactants, Bull  Korean Chemical  Society,

1989, 10(5): 437 - 38.



