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Electronic absorption spectra, fluorescence emission spectra, ATR-FTIR spectra, cyclic voltammetric
measurements, and ab initio quantum calculation are used to study the properties of morin in SDS
micelles of different microstructures and microenvironments and to gain the information about the
binding of morin with the SDS micelles. Morin can be located in the SDS micelles with its phenyl
group (deviating by 38.98° from the planarity), which leads to the increase of the planarity and the
extension of &z conjugation of the whole molecule. The embedment of two hydroxyl groups on the
phenyl into a more hydrophobic microenvironment makes the oxidation peak of morin move to a
higher potential with a decreased peak current. The binding constant (K) and the distribution coefficient
(P) of morin in the spherical SDS micelle are larger than those in the rodlike SDS micelle. The binding
of morin with SDS micelle is a spontaneous (AG < 0) and exothermic process (AH < 0), and the
hydrophobic force is the main driving force for its solubilization.

KEYWORDS: Morin; SDS micelle; binding constant; distribution coefficient; micropolarity; cyclic
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INTRODUCTION

Flavonoids, a group of more than 4000 polyhydroxyphenolic
products, are widely distributed in fruits and vegetablesyg).
Besides their important biological roles in plant pigmentation,
nitrogen fixation, and chemical defense, flavonoids possess
antiallergic, antiplatelet, antiviral, anticancer, and anti-inflam-
matory properties and possibly even possess protective effects
against chronic disease8<9), which are the consequence of Figure 1. Structure of morin.
their affinity to proteins (including enzymes) and their antioxi-
dant properties. The purpose of this investigation was to gain a deeper insight

Morin (3,2,4',5,7-pentahydroxyflavone}-{gure 1) is one of into the structural and electronic properties of morin in the
the most common flavonols present in nature and has attractedorganized sodium dodecyl sulfate (SDS), which not only can
the attention of many researchers because of its biological andsolubilize morin to increase its solubility and concentration in
pharmaceutical propertied@—12). Morin may act as antioxi- the aqueous solution but also can influence the antioxidant
dant in various ways including direct quenching of the reactive ability of the morin greatly with its diversification in structure
oxygen species, inhibition of enzymes involved in the production and microenvironment.
of the reactive oxygen species, chelation of low valent metal
ions such as P& or CL?*, and regeneration of membrane-bound MATERIALS AND METHODS
antioxidants such ast-tocopherol (13—15). However, the

solubility of morin in water, which is in the micromolar range, X !
. - - . Germany). SDS and pyrene were purchased from Sigma-Aldrich
may be too low to protect physiological species effectively from Chemical Co. (St. Louis, MO). The water used was double distilled,

free radical damage, and its polyphenol structure makes it Very 54 the other chemicals were of analytical reagent grade.
Sen§ltlve to Change§ In its StI’UCtl'Jre. and the polarity of Fhe Ab Initio Quantum Calculation. Ab initio quantum calculations
environment. Accordingly, the antioxidant property of morin  of morin were carried out at the level of B3lyp/6-3td(2d, p)//B3lyp/
varies dramatically with the change of the environment. 6-31+g(d, p) with the Gaussian 98 program.
* Auth h d hould be add q i UV—Vis Spectra MeasurementsMorin was dissolved in the SDS
guorAOLrJ,;@oryztS e\évu (():rr?) correspondence should be addressed (e-mail yicelles, and aftel h of mixing, the spectra were recorded by using
T Nanjing University. a UV-240 spectrophotometer (Shimadzu) in the wavelength range of
*Yangzhou University. 200—500 nm. Distilled water was used as blank.

Chemicals. Morin (99%) was obtained from Merck (Darmstadt,
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0.25 Figure 3. Mesomeric structure illustration of the excited states of morin.
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Figure 2. Absorption spectra of morin (1.0 x 10=* mol/L) in different
SDS micelles. SDS: (1) 0.0, (2) 1.0 x 1074, (3) 8.0 x 1073, and (4) 8.0 15000
x 1072 mol/L.

ATR-FTIR Spectral Measurements.FTIR spectra of morin in the
SDS micelles were recorded with a Brucker Equinox 55 FT-IR
spectrometer. Single-beam IR spectra were the resuibdfco-added
interferograms and ranged from 400 to 2000-&énwith a spectral
resolution of 4 cm!. A ZnSe ATR optical accessory set at°Abas
used as a reflectance medium.

Fluorescence Spectral MeasurementslThe fluorescence spectra
of morin were recorded with an RF-5301 PC spectrofluorophotometer
(Shimadzu) in the wavelength range of 48800 nm with the excitation ' . . . . .
wavelength being 370 nm. The emission intensities of the polarized 0= 300 325 350 375 400 425 450
light, parallel and vertical to the excitation-polarized lightand I,
were combined to give the following equation of steady-state polariza- A/ nm
tion P: Figure 4. Molar extinction coefficient (€) of morin with wavelength number.

Concentration of morin: (1) 1.0 x 1075, (2) 2.5 x 1075, (3) 4.0 x 1075,
P=(,— 1/, + 1) (4) 7.5 x 105, and (5) 1.0 x 10~* mollL.

10000

¢ (L mol'em™)
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Measurement of Microenvironment Polarity. Pyrene, used as  also show that morin exhibits H aggregation in high concentra-
probe, was dissolved in SDS/morin mixed solution. Its fluorescence tion (19). The relationship between the molar extinction
spectra show five emission peaks when it was excited at 338 nm. The cefficient ¢) and wavelength at different concentrations of
intensity ratio of the first (at-373 nm) and the third peaks (ai384 morin is shown inFigure 4. It can be seen frorRigure 4 that
nm) can _show the p_olgrlty of the pro_be mlcroenwronment._Furthermore, the maximum molar extinction coefficient) of morin occurs
the location of morin in the SDS micelles can be determined from the ) |
variety of I1/l5 values (1617). at_ 390 nm V\_/hen the concentratlon of morin |s;ilrﬁ(_)I/L; then, _

Determination of Voltammetric Properties of Morin. Cyclic with increasing concentration, tegax undergoes a hipsochromic
voltammetric experiments were carried out with a CH Instruments 660a Shift. When the concentration of morin is 0.1 mmol/L, thex
electrochemical workstation (Zhenghua, Shanghai, China). Glassy occurs at 370 nm, which means that a morin dimer is formed
carbon was used as working electrode (3.0 mm diameter), platinum as(19). Figure 2 represents the absorption spectra of morin in
auxiliary electrode, and saturated calomel as reference electrode. Thehe SDS micelles of different structures. The SDS pre-micelle
solutions were prepared in acetic aegbdium acetate buffers, andthe  exerts nearly no influence on the morin dimer's absorption
pH values of the system were d_etermined by a PHs-25 PH-meter (Leizi spectra (curve 2 iffigure 2), the SDS spherical micelle causes
Instrumental Factory, Shanghai, China). a bathochromic shift for band | from 370 to 390 nm and

increases the peak intensity (curve Fgure 2), whereas the
RESULTS AND DISCUSSION SDS rodlike micelle causes a hipsochromic shift with the

Absorption spectra of morin in different SDS micelles are absorption peak back to 370 nm and the peak intensity decreased
shown inFigure 2. In the range of 240500 nm, morin exhibits (curve 4 inFigure 2). However, no SDS micelles have distinct
two main absorption bands, referred to as band | (38W3-nm) influence on band Il of morin.
and band Il (246-280 nm) (curve 1 irFigure 2) (18). Band | As we know, with increasing SDS content, SDS can form
is supposed to be associated with the light absorption of the pre-micelle (before cmc1l), spherical micelle (after cmcl), and
cinnamyl system (the dashed-frame part of the morin molecule rodlike micelle (after cmc2) in the aqueous solution. Morin has
in Figure 1) and band Il with the absorption of the benzoyl aromatic rings, and its solubility in water is low; therefore, morin

moiety (Figure 1). These two transitions are-s* in nature will be easily extracted into the SDS micelles through hydro-
and can be represented by two resonance structures depicted iphobic interaction. As a result, the solubilizition of morin is
Figure 3. The zwitterionic or charge-separated form&igure inevitably influenced by the different structures and microen-

3 represent the excited states, and both transitions are elecvironment of the SDS micelle. When the SDS content is low,
tronically allowed because of their largevalues. The studies it forms pre-micelle in solution. The size and amount of SDS
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1aob cme2 Table 2. Binding Constant K and Distribution Coefficient P of Morin in
9 Spherical and Rodlike SDS Micelles
cme1 "
1.35 | O/O/O K P
130 L morin spherical rodlike spherical rodlike
A (10~5 mol/L) micelle micelle micelle micelle
125 \ 10 657.3 145.13 2672.95 590.93
< I o 2.0 745.0 178.16 3029.46 724.23
120k \ 3.0 924.4 191.41 3758.72 779.09
° 4.0 11437 222.63 4650.19 906.00
sl 5.0 1214.9 476.5 4939.62 1937.99
110 P The SDS spherical micelle is not so compact and therefore can
to5 I , ‘ . ] , . . . . | provide a relatively large solubilization space for morin; once
~ 0.00 0.02 0.04 0.06 0.08 0.10 morin is located in SDS spherical micelle, the spaces between
c SDS molecules are increased and allow the pyrene to be located
sps Mol /L at the outside of the micellar palisade, so the microenvironment
Figure 5. Influence of SDS concentration on the absorbance of morin. polarity of pyrene is increased. When morin is added to the
SDS rodlike micelle, the decreasing solubilization space and
Table 1. Micropolarity of Morin in SDS Micelles the more compact structure no longer permit the pyrene to be

locted at the outside of the micellar palisade, and, as a result,
pyrene is located in the inner part of the interphase and leads
to the decrease of its microenvironmental polarity.

micropolarity h/l;
0x10™° 20x107° 40x105 6.0x107°

(:EI/SL) ST:{'E:?E mﬁ r':glrllh mglrllh mgxt The binding constantk) of morin with the SDS micelles
- : was obtained by the fluorescence method. The model employed
g-g X i8_3 :SEE:EZ‘: i-ggg i‘z‘gg ig‘;g 1?‘;3 to determine the binding constant between fluorescent molecules
60x10-2  rodike 1163 1159 1140 1061 and micelles is based on the fluorescence quantum yields in

both aqueous and ordered micelles. The binding condfai,
obtained from the following equation (22):

pre-micelle are limited, and there exists a static repulsion
between SDS and the morin anidi®j, so the SDS pre-micelle I -1 I -1 1

almost has no effect on the morin dimer’s absorption spectra. ’( ) N ] - ’( ) N 1] x ’1 + yKC ] 1)
However, the solubilization of morin in the spherical and rodlike S

SDS micelles alters the aggl’egatlon behavior of morin. In the Here1| is the fluorescence intensity of the System'is the
spherical SDS micelle, the morin exists mainly in the form of flyorescence intensity of the system in the absence of micelle,
monomer with the absorption peak at 390 nm; whereas in the |, js the maximum fluorescence intensity obtain€d,is the
rodlike SDS micelle, morin exists mainly in the form of dimer  concentration of the surfactant, apds the extinction coefficient
with the absorption peak at 370 nm (Figure 2). The different (,, = 1). However, because the increase of morin fluorescence
effects of Spherical and rodlike SDS micelle on morin can also intensity a|WayS takes p|ace at a concentration h|gher than the

be seen fronfigure 5. When the SDS concentration is lower  critical micelle concentration (cmc), the correspondig/alues
than cmcl, the absorbance of morin exhibits almost no changemyst be changed to a micellar for@,, expressed by

with SDS concentration; when the SDS concentration arrives
at cmcl, the absorbance of morin increases rapidly to a higher Cy = (C5— cmc) (2)
value and then remains nearly unchanged; when the SDS
concentration is higher than cmc2, the absorbance of morin Therefore, by substitution of eq 2 into eq 1, an expression that
decreases suddenly. The two inflections on the cuRigufe relates the increase of fluorescence intensity with the concentra-
5) correspond well to the structural change of SDS micelle from tion of micellized surfactant can be obtained:
spherical to rodlike.

The nanoscale solubilization space provided by SDS micelles | -1 I -1 1
. ;i . . . — =||—]|— x1+—— (3)
is the key factor influencing the aggregation state of the morin. [( ) ] lo [ yK (Cg — cmc)
Therefore, we use pyrene as the probe to obtain insight into
the microenvironment of the SDS micelle in which morin exists.  The plot of [(/lg) — 1]~* versus 1/Cs — cmc) gives a straight

Itis known that thel /I3 of pyrene can be used to measure the |ine, and the value of the binding constant can be obtained from
environmental polarity20, 21). FromTable 1, it can be seen  the quotient of the intercept and slope of this line. The
that the values ofly/I; decrease from 1.368 to 1.163 with (distribution coefficient Pyw) of morin between the SDS micelle

increasing SDS concentration, which indicates the polarity of phase and the bulk aqueous phase can be obtained through the
the microenvironment for pyrene is decreased with the micelle following equation (23):

structure changing from spherical to rodlike. The solubilization B

of morin into the SDS micelle also leads to the change of the K= Puy — 1V 4)
value of I4/I3 (Table 1). When morin is added to the SDS

spherical micelle, the/l3 values increase; when morin is added where K is the binding constantPww is the distribution
to the SDS rodlike micelle, thig/l; values decrease (Table 1).  coefficient, andV is the partial molar volume Msps is
The hydrophobic interaction between morin and the SDS micelle 0.246L/mol). Table 2 shows the binding constatt and the
makes morin located in the palisade of the SDS micelle and, distribution coefficienf of morin in spherical and rodlike SDS
thus, changes the location of the pyrene in the SDS micelles. micelles, respectively. It can be seen frdrable 2 that the

lo lo

lo
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Figure 6. Linear dependence of the In K on 1/T.
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Table 3. Binding Constant of Morin with SDS Micelles and the
Thermodynamic Functions of the Binding Process

morin AG AS AH
T(°C) (10~>mollL) K (kJ/mol) (I/mol-K) (kJ/mol)
25.0 11437 -17.46 8.15
35.0 1069.3 -17.87 9.21
45.0 4.0 969.8 -18.19 9.93 -15.03
55.0 702.8 -17.88 8.69
65.0 568.9 -17.83 8.28

values of binding constart and the distribution coefficier®

of morin in the rodlike micelles are much smaller than those in

the spherical micelles, which further confirms our above

conclusion about the larger solubilization space provided by the
spherical SDS micelles. The thermodynamics functions of the
binding process can be calculated from the following equations:

AG = —RTIn K, )
_ _AH/1

InK = R(T)+c 6)

AG = AH — TAS @

Here AG is the Gibbs free energyH is the enthalpyC is a
constant, and is the absolute temperature. The slope of the
plot of In K versus 1/Tcan be used to calculate the enthalpy
(AH) (Figure 6). FromTable 3, we can see that the binding of
morin to the SDS micelles is a spontaneous behav® <

0), and the value ofAG becomes more negative with the
increase of morin contenAH < 0, indicating the process of
morin solubilization in the SDS micelles is an exothermic
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Figure 7. Optimized structure of morin molecule: (a) top view; (b) side
view.

both B- and C-rings and A- and C-rings in the molecule,
respectively (Figure 1). The ab initio quantum chemical
calculations of morin show that the stable structure of morin is
not planar, with the B-ring connected to the C-ring by a single
C—C bond around which rotation can occur, and the B-ring
deviates by 38.98from planarity (Figure 7, from top and side
views). Judging from its optimized structure, we deduce that
morin is very likely to be located in the SDS micelle with its
B-ring part. The changes of the morin absorption spectra in the
SDS micelle also confirm that conclusion. Seen frBigure

2, almost no SDS micelle can influence the absorption of band
Il 'in morin, which means ther—s* excitation of band Il has

not been interrupted; however, the absorption intensity of band
I in the SDS spherical and rodlike micelles is greatly increased.
As we know, the increase of the molecular planarity of morin
and the decrease of the collision frequency of solvent molecules
to the morin usually lead to absorption enhancement (13). It is
reasonable to assume that the location of the dashed-frame part
of the morin moleculeRigure 1) in the SDS micelle limits the
rotation of the G-C single bond linking the B- and C-rings
and leads to the increase of the planarity of the whole morin
molecule and the extension afconjugation of the band | of
the morin molecule. That is why the absorption intensity of band

| is increased greatly in the SDS micelles. In contrast to the
case for the dashed-frame part of morin, the SDS micelle does
not solubilize the rigid and planar A-ring of the morin; there-
fore, its r orbital involved in thex—sx* transitions remains
unaltered and the absorption intensity (band IlI) unchanged
(Figure 2).

ATR-FTIR spectroscopy has been used to validate the
proposed location mechanism. The ATR-FTIR spectra of the
free morin and the morin in different SDS micelles are shown
in Figure 8 with the spectra ranging from 1400 to 2200 ¢mn
where the very spectra we are interested in appear. For the free

process. The rise in the temperature is unfavorable to the locationmorin molecule, the two bands located at 1651 and 1596'cm

of the morin in the SDS micelle. Thus, the valuekoflecreases
with increasing temperature accordingly. In addition, the value
of AH (—15.03 kJ/mol) is smaller than the value of the
interaction energy of the chemical bond {00 kJ/mol) (21),
indicating the interaction force between morin and SDS micelle
is a weak intermolecular force (mainly hydrophobic force).
To make clear which part of the morin molecule can be
located in the micelle is also very important, for the location

are the stretching vibration of=€0 and the phenyl skeleton,
respectively (curve 1 ifrigure 8). The originalv(C=0) band

of the free morin is at 1651 cm, which is the expectant re-
sult of the coupling between C=0 and C=C stretching in the
morin molecule. The addition of the SDS micelles makes the
v(C=0) band take a shift to a lower frequency (1627 ém
with increasing intensity and cover phenyl skeleton stretching
vibration at 1596 cm! and eventually form a broad band

not only changes the electron structure of morin but also alters centered at 1627 cm (curves 2—4 in Figure 8). As we know,

its aggregation state and antioxidant properties. fher*
excitation of bands | and Il of morin involves thesystem of

with the extension ofr conjugation and the increase of the
planarity of the whole morin molecule, the=®© stretching
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Figure 8. ATR-FTIR spectra of morin (1.0 x 1072 mollL) in SDS micelles. Figure 10. Variation in the fluorescence polarization (P) of morin (1 x
SDS: (1) 0.0, (2) 8.0 x 1073, (3) 1.0 x1072, and (4) 2.5 x 1072 mol/L. 10~* mol/L) with SDS concentration.

with different structures have different effects on the fluores-
cence polarization of the morin. The enhancement of the proton-
transfer tautomer fluorescence of morin by SDS micelles can
be rationalized in terms of the interference of the intramolecular
hydrogen bonds of morin. It is known that the H-bond between
C(4=0---HO—C(5) will facilitate the nonradiative deactivation,
whereas that between C&p---HO—C(3) will permit the ESPT
process (2526).

s L s
D Fe
b\H/o HO O~ H

Relative Intensity

With the morin located in the SDS micelle with the
dashed-frame part shown iRigure 1, the formation of
a C(4)=0---HO—C(5) H-bond is restrained because of the
exclusion of C(5-OH outside the micelle, wheres the
C(4)=0---HO—C(3) H-bond is enhanced because of the solu-

Wavelength (nm) bilization of both C(4)=0 and C(3)—OH in the micelle. That

Figure 9. Effect of SDS micelles on fluorescent spectra of morin (1 x is to say, the nonradiative deactivation process is weakened and
10~ mollL). Ex = 370 nm. SDS: (1) 0, (2) 2.0 x 103, (3) 5.0 x 1073, the ESPT process is enhanced, so the PT tautomer fluorescence
(4) 8.0 x 1073, (5) 1.0 x 1072, amd (6) 2.0 x 102 mollL. band of the morin is enhanced by the SDS micelles.

As we know, the fluorescence polarizatid?) pas a relation-
vibration will move to a lower frequency and the band inten- ship with the molecular rotation velocity and the microviscosity.
sity will be greatly enhanced24). The ATR-FTIR spectra  The different change tendency of the fluorescence polarization
observations provide evidence for the location position of morin. (P) of morin with the SDS concentration can also indicate its
With the dashed-frame part of the morin molecule (B-ring) aggregation state. When morin is mainly in the form of
solubilized in the SDS micelle, the rotation of the B-ring is monomer in the SDS spherical micelle, the rotation velocity of
limited and the planarity of the whole molecule is increased, the morin molecules is increased and the microviscosity of the
eventually leading to the above change of the molecule vibration system is reduced, so the valuesPfecrease (Figure 10).
in the morin. With the formation of the rodlike SDS micelle, morin mainly

The interaction of morin with the SDS micelle is further exists in the form of dimer. The rotation of the morin molecules
studied by the fluorescence method. The fluorescence spectraslows, the microviscosity of the system increases, and the values
of the morin at~500 nm when excited at 370 nm can be of theP increase with the concentration of SDS rodlike micelles
ascribed to the proton-transfer tautomer fluorescence band (S accordingly (Figure 10).

— S, fluorescence)Rigure 9). When morin is mixed with SDS Cyclic voltammetry of morin in water and in different SDS
micelles, its relative fluorescence intensity is increased markedly. micelles has been studied to detect whether the SDS micelle
The plot of the fluorescence polarizatioR)(against the SDS  changes the antioxidant activity of the morin or not. The
concentration shows two inflections; when the SDS concentra- experiments are performed in acetic acsbdium acetate buffer
tion is larger than the first inflection, the values®fdecrease with weak acidity. Under this condition, morin show an oxidant
with the increase of SDS, and when the SDS concentration is peak and a reductiof{ andP¢) (Figure 11). The peak currents
larger than the second inflection, the valuePaghow a little of morin are linearly dependent on the scan rate, which indicates
increase. These two inflections are very close to cmcl and cmc2that the electrode reaction of morin is reversible, with both the
of the SDS micellesHigure 10), which shows that SDS micelles  reactant and product strongly absorbed on the electrode surface

L 1 . 1 s 1 L
400 450 500 550 600
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Figure 11. Cyclic voltammograms of morin (4.0 x 10 mol/L) mixed  4pcance (slid line) and presence (dashed line) of SDS (6.0 x 10-2 molf
with different concentrations of SDS in acetic acid—sodium acetate (0.2 L) at various pH values: (1) pH 5.6: (2) pH 5.0; (3) pH 4.4. Scan rate =

mol/L) buffer with pH being 5.0. SDS: (1) 0.0, (2) 1.0 x 1074, (3) 8.0 x 200 mV s
1073, and (4) 6.0 x 1072 mol/L. Scan rate = 200 mV s 1, '

044 L

(26). The peaks correspond to the redox of thd'zhydroxyl,

which is a two-electron and two-proton electrode react®.( o4z
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With the addition of the SDS micelle, the oxidant peak of weesr .
morin moves to a higher potential with lower peak current 0281 =3
(Figure 11), which means the presence of the SDS micelle 0.26 |- p
makes the oxidation of morin harder. The solubilization of the 024 - - e - - -

morin in SDS micelle is the key factor influencing the redox of
the morin. With the B-ring part of morin located in the SDS
micelle, the electroactive site of morin @-hydroxyl) is masked ~ Figure 13. Plot of peak potential (E) of morin (4.0 x 107> mol/L) versus

to some extent, which makes the oxidation more difficult and PH values. SDS: (1) 0, (2) 8.0 x 1073 and (3) 6.0 x 10~% mol/L.

the peak current decrease. The antioxidant and the free radical

scavenging capabilities of morin mainly lie in their ability to  13). The slope of the line shows almost no change compared
function as reducing reagent and terminator of radicals by rapid to that in morin aqueous solution, which means the solubilization
donation of one or two hydrogen atoms to the radica®)( of morin in SDS micelle does not change the electrode reaction
Therefore, whether the location of morin in the SDS micelle process of the morin. It is obvious that, with the solubilization
and the embedment of the,2-dihydroxyl group in a more of morin in the SDS micelle, the solubility of morin is increased
hydrophobic environment change the electrode reaction procesgvithout any destruction of its antioxidant capability.

tightly linked to the antioxidation capacity of the morin is our In conclusion, morin is an effective antioxidant substance
special concern. Investigating the variation of the oxidant from natural plants and vegetables. However, its application is
potential Epa with pH can provide valuable information about partly limited by its low solubility in aqueous solution. In this
the electrode reaction process in which we are interested. It canpaper, SDS micelles with a hydrophobic core and with rich
be seen fronfrigure 12that, with the decrease of the pH values, diversification in structure and microenvironment are used to
the oxidation peak of morin shows a higher potential and the solubilize morin. The electronic absorption and fluorescence
peak current is increased. After the addition of SDS micelle, emission spectra studies show that morin can be located in the
the peak current is decreased and the oxidation peak potentialSDS micelles with the B-ring part (dashed-frame pafigure
becomes higher, but it seems that the solubilization of morin in 1), which deviates by 38.98rom planarity in the molecule.
the SDS micelle does not alter the change tendency of morin The location of the morin in the SDS micelle leads to the
oxidation peak potential with the pH (Figure 13). That is to increase of the planarity and the extensionrafonjugation of
say, the SDS micelle can modulate rather than destroy the redoxthe whole morin molecule. In the SDS spherical micelle, morin
process of the morin. On the basis of our experimental data, amainly exists in the form of monomer, whereas in the rodlike
linear regression equatioBya = 0.588— 0.056pH (a4 Vv; pH, micelle, morin mainly exists in the form of dimer due to its
3.0-6.0; correlation coefficient,= 0.997), of morin is obtained = more compact structure and less solubilization space. The
(cruvel,Figure 13), which shows that the uptake of electrons embedment of the' 2'-dihydroxyl group linked on the B-ring

is accompanied by an equal number of protons. Whereas in theinto a more hydrophobic environment makes the oxidant peak
SDS spherical and rodlike micelles, the linear regressions give potential become higher accompanied with decreasing peak
Epa= 0.599— 0.056pH (spherical micelle) arfeha = 0.615— currents, but the solubilization does not change the redox
0.058pH (rodlike micelle), respectively (curves 2 andrigure electrode reaction process, which directly reflects the antioxidant
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capability of morin. Morin can be located in the palisade of the
SDS micelles, and the binding of the morin to the SDS micelle
is a spontaneou\G < 0) and exothermic procesal < 0).
The small value oAH (15.03 kJ/mol) shows that the interaction
force driving the binding of the morin to the SDS micelles is
the weak intermolecular force.
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