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ABSTRACT

In this paper, the condition of energy transfer between acidic fluorescent
dyesinmicellesof Cetyl trimethyl ammonium bromideor Hexadecyl pyridinium
bromide was investigated. It was indicated that in the micelles which were
formed by cationic surface active agent with dyes embedded, the effective
energy transfer between anionic dyes could occur. When the concentration
of cationic surface active agent reached to certain value, the energy transfer
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could occur. The model of energy transfer between dyesin micellesand laws

of it were deduced.

INTRODUCTION

There are many reports about fluorometry with
Huorescein sodiumand EosineY . Thesedyeshad strong
fluorescence, but thewavd ength differenceof optimd ex-
citation and emissonwaveengthweretoosmal. Soin
order toavoidinterferesof raylegh scattering light, gener-
alywedidn’t chosetheoptima excitation wave ength of
dyeswhich causethedecrease of sengtivity in practica
application™9, Energy trandfer fluorescence andysiswas
with high sengitivity and excd lent repegtability. Inenergy
trandfer fluorescenceandys's thegeneration of acoeptor’s
fluorescence depended on the donor’s florescence,
whichnat only assured maximum emitting of theacogptor’s
fluorescencebut couldavoid theinterfereof Rayleigh scat-
teringlighti*®. Therewere reportson theresearchand ap-
plication of energy transfer between cationic dyesinmi-
cellesof anionic surface activeagent (Dodecyl benzene
sodiumsulfonate)™12, Theapplication of surfactantsin
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fluorescence analysis was aso widg**#, But the re-
searchesabout therda- tionship betweentheefficiency of
energy trandfer and critical micelleconcentration(cmc) and
aboutthemodd of energy transfer have been nat reported.
According to the phenomenaof theenergy transfer be-
tweenHuoresceinsodiumand EcsineY indifferent kinds
of surfactants, wecond uded thet theeffectiveenergy trans-
fer could occur only inthemicelleswhosechargeswere
oppositeto dyes.

EXPERIMENTAL

Apparatus

All fluorescence spectra were recorded with a
Shimadzu RF-540 fluorescence spectrophotometer and
Hitachi F-4500 fl uorescence spectrophotometer; Absorp-
tion was measured with an UV-V 1S recording spectro-
photometer (UV-265 Shimadzu Jgpan). All pH measure-
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mentswere madewith apHS-3C acidity meter (Leici,

Shenghdl).
Chemicals

Huorescaein sodiumandEosneY (EY) waspurified
according tothe standard method!*¥:5.0x 104 mol/l as
stock solutions. Theworking sol ution concentrationsof
EY and Fluorescein sodium were 5.0x10™ mol/l and
5.0x10°6 mol/] respectively.

Surfactant gandard solutions: Cetyl trimethyl ammoni-
um bromide (CTAB): 5.0x 10"3 mol/; Hexadecy!
pyridinium bromide (CPB): 5.0x 10-3mol/l;
Dodecylberzenesodiumsuifonates(DBS): 5.0x103 mol/
I; Sodium dodecyl sulfate (SDS): 0.01 mal/l; Trtion X-100
solution: 2.0x10"3 mol/l.

Above reagent were all anaytical purity grades.
Water for experi-mentswasdl deionizedwater.

Procedures

To10ml colorimetriccylinder, chemicd saddedin fol-
lowingorder: 1.0ml Aluorescainsodiumof 5.0x1076 mol/
I, 0.5 ml EY of 5.0x10° mol/l, 1.2 ml CTAB of
5.0x10"3 mol/l, shook harmoniously, lay asdefor 30
min. Thefluorescent intengity of thesol utionwasmessured
ar /A, =470/556 nm agai nst reagent blank prepared
inthesameway.

RESULTSAND DISCUSSION

Thereaction between cationic surface active agent
(Cass) and dyemonomer

Thereaction between EY and CASSwassmilar to
that of Huorescain sodiumand CASS, becausethe struc-
tureof acidicdyeHuoresceinsodiumwassamilar toEY’s
Sowechose EY asan exampleto present the reaction
between dyemonomer and CASSof different concentra-
tions, seenfrom Figure 1. It wasdemonstrated that (we
divided the reaction courseinto four parts): (1) inthe
dilutesolution of CASS, thefluorescence of aqueousEY
solution was quenched (F, A_ =522 nm, A =540nm)
gradudly with theioncomplex formed between EY and
CASS, inthisregion, the concentration of CASSwas
no morethan 1.0x10"6 mol/!. (2 When EY wasfully
formed no fluorescent ioncomplex, thefluorescence of
thesol ution disappeared completdy (the CASS concen-
trationrange: 1.0x1076 mol/l ~ 1.6x10"4 mol/). (3) with
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theconcentration of CASS increased, when CASSwas
gathered moreand moreinthesolutionandthemicdles
wasmoreand moreand appeared anew fluorescence
pek (A, /A, =537/566 nm), thefluorescent intensity was
stronger and stronger (the CASS concentration range:
1.6x10"4 mol/l ~9.0x10"4 mol/l). (4) When the con-
centration of CASS reachedto certainva ue, thefluores-
cent intengity which reached to the maximum and kept
stablewasunchanged withtheincressement of CASS’s
concentration. Inthisregion, the concentration of CASS
was morethan 9.0x10"% mol/l. Thecritica micdlecon-
centration (cmc) of CTAB and CPB was9.0x 104 mol/
| and 9.2x10™* mol/I respectivel y?9. It wasindicated
that when the concentration of CASS was more than
cmc, thefluorescent intensity which reached to themaxi-
mum and kept stable.
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Figure 1: The cour se of florescence quenching and gener a-
tion of new fluorescencel. CPB 2. CTAB

I

Theinfluence of surfactants on the efficiency of
energy transfer system

The fluorescence spectrain water phase and ab-
sorption spectrain medium of CTAB between Huores-
ceinsodiumandEY wereshowninFigure2 and 3re-
spectivey. It waspresented that theemiss onwave ength
of Fuoresceinsodiumand EY were522 nmand 540nm
inFHgure2. Fromtheabsorption spectraof EY, weknew
themaximum absorptionwaveengthof EY (520 nm) was
2nm lessthan Fluorescein sodium’s emission wave-
length, which provided theprecondition of energy transfer
between Huorescein sodium (donor) and EY (acceptor).
The absorption spectra (Figure 3) of mix systemwere
only thedyes added smply and no new peak appeared
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therewas no reaction between them. It wasa so indi-
cated that the course of energy transfer didn’t depending
onthereaction of donor and acceptor; wechose470 nm
asan exditation wave ength, a whichtheabsorbance of
EY wascloseto zero, inthat case, it could beassured that
there was Fluorescein sodium’s strong fluorescence
generated and EY unexcited.

Thefluorescence spectraof mix sysemwereshown
inFigure2. It was demonstrated that the fluorescence
gpectraof mix syseminagueouswater wass mpleaddi-
tion, theenergy transfer couldn’t occur. Keep the con-
centration of dyesunchanged, with theincreasement of
CASS’s concentration; theenergy transfer occurred,
seen from Figure 4. When the concentration of CASS
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Figure?2: Fluorescence spectra of dyesmonomer in water
phase: (a) fluorescein sodium, (b) EY, (c) themixtureof fluores-
censodiumand EY, (d) atb. Fluorescein sodium: 5.0x10"/ mol/
I; EY: 2.5x106 mol/l
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Figure4: Influenceof CASSon ener gy trandfer sysem:from (a)
to(g):theconcentration of CTAB (0.2,0.4,0.6,0.8,1.0,1.2,1.4)
x10"3mol/l; luorescein sodium: 5.0x10"“mol/l; EY: 2.5x10"
Smol/1
Theinfluenceof fluorescein sodium and ey’s con-
centration on theefficiency of energy transfer

Inthe CASS’s concentration whichtheefficiency of
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was6.0x10"4 mol/l, theeffici ency of energy transfer (1)
reached to themaximum, but when the concentration of
CASSwent onincread ng; theefficiency of energy trans-
fer began to decrease, seenfrom Figure5. Accordingto
thecritical micelle concentration (cmc) of CTAB and
CPB, weknew themaximum efficiency of energy trans-
fer (n, ) wasat about 2/3 cmc. When surfactantswere
anionic surface active agents (SDS, DBS) and non-
ionicsurfaceactiveagent (Trtion X-100) with concentra:
tion being 2/3 cmc respectivey, there was no energy
transfer phenomenon. Thecritical micdlecon- centration
(cmc% of SDS, DBSand Trtion X-100 were 8.7x10™3

mol/I'™ 1.2x10"3 mol /1122, 3.1x10"4 mol /1123 respec-
tivy.
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Figure 3 : Absorption spectra of dyes monomer in medium of
CTAB: (@) fluorescein sodium, (b) EY, (c) themixtur eof fluores-
cein sodiumand EY. CTAB: 6.0x104 mol/l; fluor escein so-
dium: 5.0x10-7 mol/l; EY: 2.5x10"6 mal/l
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Figure 5 : Influence of CASS’s concentration on the

efficiency of energy transfer: fluorescein sodium: 5.0x10°7
mol/ I; EY: 2.5x107° mol/l

energy trandfer (n) wasthemaximum, kegptheconcentra:
tionof Huoresoain sodium unchanged, withthe changethe
concentration of EY westudied theinfluenceof Huores-
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ceinsodiumand EY ’s concentration on theefficiency of
energy trandfer, seenfromFgure6. It wasindi cated that
theeffidency of energy transfer reechedtothemaximum
whenthemolar ration between Huorescein sodium and
EY was 1:3t0 1:7. So we chose 1.5 asoptima molar
ratio, 1.0ml 5.0x10°6 mol/ | Fluoresceinsodiumand 0.5
ml 5.0x10™ mal/l EY asoptimd vaue.

Inthecourseof energy trandfer, theefficient of energy
transfer (n) can becd culated by formulal’?:;
n=1-(F/F,) (1)
where, F . thefluorescent intensity of donor inthe pres-
enceof acceptor, F_ : thefluorescent intensity of donor
without acceptor.
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Figure 6 : Influence of fluorescein sodium and EY’s concen
tration on theefficiency of energy transfer

Themodd of energy transfer

Whentheioncomplex wascompletey formed between
acidicdyesand CASSwiththeincreasement of CASS’s
concentration, thefluorescence of thesystem di sappeared
and theenergy transfer couldn’t occur; when the con-
centration of CASSreached to certain va uebut not to
the cmc, the aggregation number of CASSwassmall,
partsof CASSbeganto begathered andformed micelles,
thechargesof hydrophobicioncomplex wasneutrdized,
which was easy to be extracted by micelles. Whenthe
ioncomplex enteredinto themicelles, it wasprobably thet
themixturemiceles among Huoresceinsodium, EY and
origina micelles because of rearrangement. Herethe
termina hydrophilicgroup of dyeswhichwouldfacedto
water layer wasinfluenced by positivedectricfied of mi-
cdles the solid partsof big conjugatesystemwouldbein
thecore of micdles” hydrophobic group. Inthismicroen-
vironment of micedlles, dyeswasinthehydrophobicenvi-
ronment whichwasformed by long carbon chainof akyl,
because of narrow space of them and polar medium,
which madeFluorescein sodiumand EY closer andthe
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energy transfer occurred, seenfromFigure7. Whenthe
concentration of CASSreached to certain value, the ef-
ficdency of energy trandfer (n) wasthemaximum, but the
fluorescent intensity of acceptor didn’t reached to maxi-
mum, and if the concentration of CASSwent onincress-
ing, thefluorescent intensity wasunchanged. Whenthe
concentration of CASSwasexcesscmc, themolecular
number of dyesin micelleswas decreased oppositely,
herethe micellesof the system wasvery close, which
made parts of dyesmolecular waspiled out to thelayer
between micellesand water, the dyes molecul ar piled
out wasin completely polar medium and the efficiency
of energy transfer (n) decline. The effect of CASS’s
spikewasdominant and pesk wasblueshifted, thefluo-
rescence peak of acceptor was changed from 556 nm
to 540 nm, the peak at 540 nm wasfluorescent peak of
ioncomplex between EY and CTAB, the appearance
of thispeak indicated that the deducethat parts of dyes
molecular waspiled out to thelayer between micelles
and water was correct, seen from Figure4. When sur-
factantswereanionic surfaceactiveagents(SDS, DBS)
and nonionic surface active agent (Trtion X-100) re-
spectively, therewasno energy transfer phenomenon.
It was proved that the model of energy transfer was
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Figure7: Model of energy transfer

Finorescein CASS

CONCLUSION

Theconditionsthat theeffectiveenergytransfer could
occur between dyesindilutesolution were: (1) thediffer-
encebetween donor’semiss onwavd ength and acoeptor’s
absorptionwavdengthwaslittieaspossble. (2) Theme-
dium was surfactants whose charges were opposite to
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dyes'. (3) Theefficiency of energy trandfer (n) reached to
maximumwhenthesurfactants’ concentration valuewas
about 2/3 cmc. (4) Theacceptor sfluorescent intensity
depended onthe assistant influence of the efficiency of
energy transfer (1) and surfactants’ spike, sowhenthe
fluorescent intengity of acceptor wasmaximum, thecon-
centration va ue of surfactantsmay benot 2/3 cmc. (5)
Theenergy transfer mechanism between thedyeswhich
thechargeswereoppositewasawaited to research.
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