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Abstract

Steady-state and time resolved luminescence quenching measuremémEir(phen)®* were used to investigate the association of
phenols to sodium dodecyl sulfate (SDS) micelles. Steady-state results show the quenching process occurs in the micellar pseudo phas
Scatchard plots indicate that the process is a partition between aqueous and miceliesaridie. rate constant have been evaluated from
time resolved data and the binding constants were obtained. The trend foundis Were 4-H-Ph < 2,6-diMe-Ph < 4-Br-Ph. We concluded
that it is possible to use *Cr(phesi) as a luminescent probe to determine association parameters for quenchers to micelles of SDS.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction photochemical treatment of industrial effluents in addition
to the probability of their use in photo-cleaning processes.
The photochemistry and photophysicswefliimine-metal Itis known that the solubility of a hydrophobic compound

complexes have been extensively studied in homogenous sysin water can be dramatically enhanced by the addition of a
tems whereas there are fewer works in microheterogeneoussurfactant to the aqueous solution. This change is produced
systemg1-4]. In our laboratory there is a continuous interest by the formation of micelles by the surfactant. This effect
in the study of electron transfer reactions involving excited in phenolic compounds was observed in inverted and direct
states of ruthenium(ll) and chromium(lll) complexes with micelles[4].
phenolic derivatives and their characterization in aqueous as There are some previous studies that deal with the inter-
well as in micellar media. Previous papers have dealt with action between phenolic compounds and ionic or neutral
the photophysics and mechanistic aspects of polypyridyl surfactants using tris(2;bipyridine)ruthenium(ll) as lumi-
chromium complexes with pheno]§-8]. We also studied  nescent prob§10-13] A more recent study has used the
the binding of the polypyridyl chromium complexes to uranyl ion as luminescence probe through the study of the
sodium dodecyl sulfate (SDS) micelles, i.e. we found that quenching processes between the %30and phenols in
the tris-1,10-phenantroline chromium(lll) (Cr(phett) SDS micelleg14]. Nevertheless, the use of the Cr(phgh)
binds tightly to SDS micellef9]. Besides, the phenols are as luminescent probe has not been reported to the best of our
one of the main contaminants of industrial waste so the knowledge. This complex shows interesting photophysical
kinetic processes involved in the photo-oxidation of phenolic properties to be considered as probe. The addition of surfac-
compounds are of interest owing to their relevance in the tant changes its lifetime as well as its luminescent properties.
This complex binds tightly to SDS micelles and its excited
state shows good oxidant properties and it can undergo a
* Corresponding author. Tel.: +54 3514334169; fax: +54 3514334188,  Dimolecular reaction with a number of organic compounds
E-mail address: gerardoa@fcg.unc.edu.ar (G.A. Awglo). [7].
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In the present work, we describe the interaction of phenol 3. Results and discussion
(4-H-Ph), 4-Br-phenol (4-Br-Ph) and 2,6-dimethyl-phenol
(2,6-diMe-Ph) in their neutral forms, with sodium dodecyl 3.1. Luminescent quenching method
sulfate employing the luminescent quenching of Cr(pg&n)
by phenolic compounds as a method to determinate the bind- In water, linear Stern—\Volmer are obtained from steady-
ing parameters. state and time resolved experiments. Very close values of the
quenching rate constants are obtained, indicating that only
dynamic quenching by phenols is taking plg¢p
2. Experimental Inthe presence of SDS micelles Stern—\Volmer plots either
by steady-state or lifetime measurements were always lin-
Tris-phenantroline  chrommiun(lll) perchlorate (Cr €&r in thg range of quencher cqncetrations used. However,
(phen}(ClO4)3) was obtained from previous studies slightly higher slopes were ok_)talneq from stefidy-state data
[7]. Phenol (4-H-Ph), 4-Br-phenol (4-Br-Ph) and 2,6- at the same SDS concentration; this should .|nd|cate tha_t a
dimethylphenol (2,6-diMe-Ph) (Aldrich) compounds were St?.tIC quench.mg is present. In fact, the quenching processina
purified by vacuum sublimation. Sodium chloride (Merck) Micelle containing an f(;r(phegﬁ* and a quencher molecule
and sodium dodecyl sulfate (Sigma, purity >99%) were used 1S faster than the Iumlnls_cence decgy so that, luminiscence
without further purification. Deionized water used for the IS 0bserved only from micelles retaining *Cr(phg??) and
preparation of the solutions was obtained with a Milli-Q devoid of quenchers, and therefore, its luminiscence life-
System Millipore. time is redg_ced by the dynamic dn‘fuspnall guenching by
The quenching measurements with phenols were Carriedyvatersolublllzed guencher molecu[és. This k.md.ofbehav-
out by steady-state as well as time resolved methods usingiOr Was found befor¢13,15-17]and clearly indicates that
a PTI-QM2 spectrometer. The excitation wavelength was e quencher associates with SDS micelles. healues
330 nm. Cut-off filter (620 nm) was placed between the sam- 0Ptained by both techniques are collectedanle 1
ple and the entrance slit of the emission monochromator to  FromTable 1 itis evident that the luminescent quench-
prevent scattered light from reaching the photomultiplier of ing efficiency by phenolic compounds decreases with the
detection. The luminescent spectrawere recorded in the rangdncrease of SDS concentration, as was previously found in
of 690-750 nm and the decay was monitored at 730 nm. TheOther systems already studigi8, 14}
estimated experimental errors are within 10%.
The samples were typically (1.0-20Y10°M in 3.2. Stationary results
Cr(phen}3*, in NaCl 0.1M and 0.01 M HCI. The experi-

ments were carried out at 3H00.2°C and the SDS concen- The Stern—\Volmer plots obtained by steady-state mea-
trations were in the range of 0.0015-0.10 M. The occupancy surements can be used as diagnosis of the site accesibles
numberd, (i = [Cr(phen)s3+]' where M] is the micelle con- by the quenchef18] if we use the following rearrenged

centration) was he‘glless than 0.1 to assure that only oneStern-Volmer equation:
molecule of fluorosphore were inside the micelle according o—1
to Poisson statistidgl]. log () = log Ksy + log[Q] Q)
In a typical experiment, 2.0 mL of aqueous solution of I
Cr(phen}®* with or without SDS was added to the fluo- \wherero and! are the luminescent intensity in absence and
rescence cell, and successive aliquots of concentrated phem presence of quencher, respectively.
nol stock solution were added USing a Hamilton microliter A quenching that occurs in On|y one site of the micelle

syringe. should give a linear plot of loglg — 7)/I) versus log Q] with
Table 1
Quenching rate constantig] for the reaction between *Cr(pheflf and phenols (SDS concentrations higher than icmc =1.0 mM, pH 2 and 100 mM NaCl)
[SDS] (M) 4-H-Phkq (M~1s71 x 1078) 4-Br-Ph,kg M~1s71 x 1078) 2,6-diMePhjq (M~1s71 x 1079)
Tolt Ioll Tolt Ioll Tolt Ioll
0.0159 3.75 4.76
0.02 3.48 341 10.5 11.2
0.03 3.035 2,97 7.25 8.37
0.0384 2.62 2.93
0.04 3.00 2.88 6.25 6.59 2.54 2.54
0.06 2.69 2.69 4.80 5.40
0.0698 1.68 1.94
0.0799 2.39 2.57 3.51 4.04 181 2.14
0.0999 241 2.25 2.89 241 1.76 2.01

Steady-state/¢/l) and time resolvedr(/t) experiments.
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Fig. 2. Representation offr] as a function of 4] for quenching efficiencies
62 -6.0 58 5.6 54 52 50 48 46 44 472 Io/[=1.5 (), 2.0 @), 2.5 (), 3.0 (v) and 3.5 ¢) from experiments were
Log( [Q]) Q=4-H-Phenol at pH 2 in 0.1 M NaCl.

Fig. 1. Logarithmic Stern—\Volmer plots for the steady-state quenching of

*Cr(pheny®* by 2,6-diMe-Ph at different SDS cdoncentrations: the slope for (Q) and [Qw] were evaluated from the slopes and abscissa
8';8 g)ég'%ﬁg(;gr?dof é?'rgfpze(;i)vz'lySDs and pure wate are 104, jntercept, respectively. With these values, Scatchard plots
R o ’ were madeKig. 3). As it can be seem from the plots, phenols
a slope equal to 1. If the slope is higher than 1, a steady- show constant Scatchard plots indicating that the process is a
state quenching could be present. Otherwise, if it were lesserPartition between the aqueous and the SDS micellar pseudo
than 1 it could be understood as the presence of two kindsphase mlce'llar. Senzand gspoperfound as.|m|lar behaviorin

of fluorophores, one of each would be inaccessible by the the quenching of Ru(bpy}* by nitro-phenols in presence of
quencher. SDS[13]. In that study the steady-state Stern—\Volmer plots

Fig. 1shows a representative plot of lofy(( I)/I) versus showed an upward deviating curvature at every SDS concen-
log [Q] for 2,6-diMe-Ph at different concentrations of sur- trationused forallthe phenols studied and there was proposed
factant. The slopes of the plots are close to the unity within a}partition process for the distribution of nitro-phenol deriva-
the experimental error. Similar behavior was found for 4-H- tVes.

Ph and 4-Br-Ph, and as we stated before, Cr(pffémjinds In view of the results we already have, it is possible to
tightly to SDS micelles, the present results indicate that the €valuate the association constants of phenols to micelles
quenching process occur in the micellar phase. K= [Q[V%’E‘Z]W] = %) introducing this expression into Eq.

On the other hand, when the probe is completely incorpo-
rated into the micelle, the quenching process occurs only in
the micellar pseudo phase and #hé4 ratio depends on the

average concentration of the quencher in the micelle. In these 0.8
cases, the steady-state measurements could be used to differ
entiate between partition and binding processes of distribu- 0.41 - * - - .

tion of the probe in the micelld$7,19] If we define the aver-

age number of quenchers per micelles@% = [Om]/[M]

as an independent variable, the total quencher concentration
[OT] =[Om] + [Qw]could be expressed as:

0.0

. 000 002 0.04 0.06 008 010 012
20,

10+

[O71] = (Q)[M] +[Qw] (@) e

If the distribution is only a partition process between both 0

<Q>[OwW](x107)

0.02 0.03 0.04 0.05 0.06 0.07

phases, a Scatchd@D] type plot(Q)/[ Ow] versus{Q) should 10.0+

be lineal with slope equal to zero. Conversely, if only the 7.5

binding process is present, a straight line with negative slope 5.0 o - ,

should be found and if both processes are present at the same 2.5 =

time, negative curved plots should be obtaifted. 0.0 . : : ; ; ;
Flg ZShOWS p|OtS Of [Q] versus mice”e Concentration at 0.000 0.005 f).()l(f)Q> 0.015 0.020 0.025

the same quenching efficiency and the results were evaluated
on the basis of Encinas and Lig46] method. The chosen  Fig 3. scatchard plots for the interaction of phenols with SDS micels. (
efficiency values weré/I=1.5, 2.0, 2.5, 3.0 and 3.5. Then  4-H-Ph, &) 4-Br-Ph and W) 2,6-diMe-Ph in 0.1 M NaCl.
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Table 2
Association parametétor phenols in SDS micelles obtained by the use of Cr(pf&ms luminescent probe
Phenol Steady-state Time resolved

Kx103 (M1 Kx103 (M1 ke (x 10251 M1) ko (x105s71)
4-H-Ph 0.44 0.66 3.84 5.85
2,6-di-Me-Ph 3.9 2.6 5.32 20.8
4-Br-Ph 7.3 6.0 2.22 3.72

a Estimated experimental errors wetrd 0%.

(2) as follow: we obtain:
ki [O]
[07] = (Q)[M] + % (3)  kobs=kam + (1~|—K[M] = kam + km[ Q7] (5)
From plots of D] versus M], K values were evaluated and Where
are shown iffable 2second column. ky
k= (6)
1+ K[M]
3.3. Time resolved results From these equations, a plot kfps versus [@] should be

) ) . . linear withkm, as slope, and the reciprocal of the slopes should
Itis known that Cr(phenf* binds tightly to SDS micelles depend linearly on¥],

[9] and the residence time is long enough to permit a quench-
ing process proceed in the micel21,22] If we assume 11
that one intramicellar quenching event occurs during the km k4
residence time of the quencher inside the micelle with a T o
quenching probability of 1, the mechanism for the quenching taking account thak = 7. Fig. 4 shows the variation of
of Cr(phen}3* by phenols could be described aSicheme 1 1/ky with the micelle concentration for the three phenols
In the Scheme 1A is the sensor, Q is the quencher and usedkny, values were obtained from the slope of plot&gs
the subscript m and w mean that the sensor or the quencherersus quencher concentration for the different SDS concen-
is in the micellar or aqueous pseudo phase, respectively. Thetrations. The inset dfig. 4shows a representative plot of the
k+ andk_ are the rate constants for the entrance and the exitvariation of kps with the quencher concentration for differ-
of the quencher from the micelle, respectivelyj, is the ent SDS concentrations and for 2,6-diMe-Ph. Thandk_
decay rate constant of the probe in the micelle &nis the values were obtained from the intersection and the slope of
guenching rate constant. these plots irFig. 4and are collected ifable 2
According to the mechanism and the assumptions made
the observed rate constant would be controlled by the 79

K 1 1 1

quencher concentration in the aqueous ph@geand by the ; " Pl
entrance rate constant of the quencher to the micelle, thenthe ¢4 | A
observed rate constarkpfg) is: =7 //" A
I R
kobs = kam + k[ Qu] ) AT R
The total quencher concetratiofy, is [Q[T] - [Om] +[Ow], Ea U e’y
.. . . . _ Qm ‘—'E
and combining this expresion witki = i and Eq(4), <
k. ‘ 2
+ Q“ AQO
1 -
k ’l"d-”_.'_r‘——l——
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Fig. 4. Plot of the reciprocal @f,, vs. [M] according to Eq(7) of the data for

phenols at pH 2in 0.1 M NaCl @) 4-H-Ph, &) 4-Br-Ph and M) 2,6-diMe-

Ph). Inset: Variation okqps as a function of the 2,6-diMe-Ph concentration
Scheme 1. at different surfactant concentratior#s, 0.02 M; @, 0.06 M; 4, 0.08 M).
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