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FLUORESCENCE PROBE STUDIES OF IONIC MICELLES IN CONCENTRATED SALT
SOLUTIONS

JIN-MING CHEN ( Bsp85), TZU-MIN SU ( #£88) and CHUNG YUAN MOU* ( 2d:3)
Department of Chemistry, National Taiwan University, Taipei, Taiwan, Republic of China

We have investigated the effect of salt concentration and temperature on the average aggregation number and
micro-polarity of the interior of micelles of sodium dodecyl sulfate (SDS), sodium tetradecyl sulfate (STDS) and
lithium dodecy! sulfate {LiDS). The transfent fluorescence decay of micelle-solubilized pyrene has been measured and
analyzed. An exponeni weighted average aggregation number <(n >, was obtained by this technique. For SDS and
STDS in NaCl solution, <\n 2> increases as the temperature is lowered or salt concentration is increased, <n >,
increased from ~ 50 to ~ 250 over [NaCl] = 0 to (.8 M. Due to the strong counterion binding of lithium in the
micellar solution, the LiDS micette is much smaller and does not increase appreciabily even at [LiCl] =0.83 M. From
the fluorescence spectrum fine structure of pyrene and the fluorescence decay of the monomer and excimer, we can
undetstand the local polarity and the water penetration to the interior of the micelle upon addition of salts and with
changing temperature, The interior of the micelle becomes more nonpolar as the salt concentration is increased and
the temperature is lowered. A complete kinetic analysis of the time—dependence of the fluorescence is given. The

kinetic analysis is in agreement with the results reached by fluozescence spectral analysis.

INTRODUCTION

The formation of miceltar aggregates in amphi-
phile solutions is a well-known phenomenon clearly
established in early light-scattering studies!. Usually,
jonic amphiphiles form small and nearly spherical
micelles at low ionic strength. When one increases
the concentration of the counterion above some
ionic ¢oncentration the aggregation number can
increase up to 20-fold and the micelle is interpreted
to underge a sphere-to-rod shape transition. For
example, when static?? and dynamic light-scatter-
ing‘“; techniques were used to measure the aggrega-
tion number of sodium dodecyl sulfate micelles
(5DS) in NaCl solution, in the range [NaCl] = 0 —
0.8 M at 30°C, it was found that the aggregation
number ranges from 60 to 1000; it drastically
decreases at high temperature. In a previous paper9 s
we reported the use of fluorescence quenching of the
micelle-solubilized fluorophore to measure an average
aggregation number of the micelle. The idea is based
on the increase of self-quenching of the fluorescence
due to excimer formation. We concluded that the
large rodlike micelle is very polydisperse and the

difference in the average aggregation size obtained
by fluorescence and light-scattering studies reflects
different ways of averaging. The fluorescence
quenching technique measures an exponent weighted
In <n>, the

averaging is more heavily weighted toward smaller

average aggregation number <n>..

micelles; it is thus smaller than the weight average
aggregation number that is obtained by the light-
scattering technique.

For ionic micelles (cationic and anionic) in
aqueous solution, the size distribution is determined

by two factors!?.

One is the electrostatic repulsion
of head groups with counterion binding on the
micellar surface; the other is due to the hydrophobic
interaction of the hydrocarbon chain which is related
to the change of hydrogen bonding in water. When
one increases the concentration of a simple salt
added to the miceilar solution, the effect is to de-
crease the electrostatic repulsion between ionic head
groups, Thus the structure of the micelle (micelle
size, micropolarity and microviscosity) wilt change,
and the result is to favor micelle growth. This is
reflected in a lowering of the critical micelle con-

centration (cmc) and a larger average micelle size.
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In this paper. we use solubilized pyrene as a
fluorescence probe to investigate its fluorescence
behavior in aqueous micelles of sodium dodecyl
sulfate (SDS), sodium tetradedyl sulfate (STDS) and
lithium dodecyl suflate (LiDS§), over a range of ionic
concentrations. We monitor the time-resolved
fluorescence quenching due to excimer formation to
obtain an exponent average aggregation number of
the micelle <n>>e. We investigate the change of
micellar size upon the addition of salt from 0 to 0.8
M and upon the changing of the temperature from
30 to 70°C. At the same time, we use a boxcar
integrator to obtain the fluorescence spectrum of
pyrene. Complete kinetic analysis of the time-
dependent fluorescence of monomer pyrene and the
excimer gives us the rate constants for monomer
decay k,, excimer formation k5, and excimer decay
ks. From the fluorescence fine structure of pyrene
and the rate constants for the fluorescence decay of
the monomer and excimer, we can understand the
micropolarity and water penetration into the interior
region of the micelle as a function of salt concentra-
tion and temperature.

MATERIAL AND METHODS

A. Reagents and Solutions. SDS (Merck A. G.)and
STDS (Merck A. G.) used in this study were purified
by precipitation from ethanol solution; its purity
(~ 99.5%) was checked by HPLC. LiDS (Merck A.
G.) was analyzed by HPLC and determined to be of
higher purtty than 99.5% and was used without
further purification. Sodium chloride was dissolved
in deionized water and chlorine was bubbled into the
solution to remove any trace of bromide and iodide,
since they are probable fluorescence quenchers. It
Lithium chloride
(Merck A. G.) was used without further purification.
Pyrene (Riedel-Dehaen) was dissolved in benzene and
the maleic acid anhydride was added and heated at
80°C to remove color impurities. The solution was

was then recrystallized twice.
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column separated through silica packing. Finally,
pyvrene was collected by vacuum sublimation at
160°C and 30 millitorr.

Pyrene was dissolved in n-hexane and then the
n-hexane was pumped cut to leave a thin layer of
pyrene on the flask surface. Surfactant solution was
then added to the flask and stirred at 50°C for one
day to ensure complete solubilization. Oxygen was
removed by a special nitrogen bubble scheme or
a repeated freeze-pump and thaw operation to
ensure no loss of surfactant solution.

B. Measurements. A Nd-YAG laser (Quanta-Ray
DCR-2) was used to excite pyrene as 355nm. Fluore-
scence of wavelength 380 nm (monomer decay) and
480 nm (excimer formation and decay) were
collected at 90 degrees through a 0.5 Jarell-Ash
monochromator and detected by an RCA 1P28
photomultiplier.  The fluorescence decay was re-
covered by a transient waveform recorder (Gould-
Biomation 6500, 2-ns resolution) which was inter-
faced to a computer, The sample was kept at the
desired temperature in a water thermostat to within
0.2K.
laser shots. The fluorescence spectra of pyrene were
taken by a boxcar integrater (EGG-PARC model
102-164) with gate opening time 5 ps right after
the laser firing.

In most cases, data were averaged over 300

C. Data Analysis.
relating the monomer fluorescence decay to the

There have been many works

average number of fluorophores in each micelle 1! 13
In this paper, we follow the analysis of Atik ef gl 13
The kinetic scheme consists of the following pro-
cesses:

h
(a) A ., A*  excitation of the fluorophore

i P . -
(b) A* ———A + hy' intramicellar first-order

decay of the monomer
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ka (mn_"l)
E‘

intramicellar excimer formation

{c} A"+ (m.—[}A AAY +

( My — 2 ) A
and dissociation

(d) AA® —F5 A + A + M intramicellar first-

order decay of excimer

Here m, represents the occupation number of the
unexcited pyrene in micelles of aggregation number
n; ki, k; and kg are the rate constants for excimer
formation, monomer pyrene decay and excimer
decay, respectively.

We assumed that (1} pyrene dissolves only in
the micellar phase, {2) solubilization of pyrene is
only in minor quantities {~ 1 per rmicelle) so that

it does not change the size and structure of the.

micelle, {3} interchange of pyrene between micelles
is slow compared to the lifetime of excited pyrene so
that it does not influence fluorescence quenching,
(4) kg >> k, and (5) the distribution of pyrene in
micelles is random, that is, the distribution of m’
pyrene molecules in micelles of size n is Poissonian.

-y

fn(mr)’: (mnlzl;!e_ — (N

From the monomer fluorescence decay curve,

we measure the fraction of unguenched first-order

decay. This comes from those micelles having only

one excited pyrene without any other pyrene present

in it. The fraction of only one excited pyrene in
micelie of size n is

f(0)=eT™ (2)

Given a polydisperse micelle solution with size
distribution P(n), the fraction of only one excited
pyrene in all micelles is

{fo{0))= 2£(0)P(n) (3)

For a monodisperse micelle system with average
occupation number of fluorophores per micelle m.
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The time dependence of the fluorescence decay of
the monomer is

A*(t etpie kot

EA'EOE = glmemnt @
where [A*(t)] is the concentration of the excited
pyrene monomer, and [A*(()] is the initial excited
detected
monomer fluorescence intensity I(1) is proportional
to {A*(t)]. The long time behavior from eq (4) is

monoiner pyrenc concentration. The

I(t)/1(0) e 0™ (5)

For 'a ploydisperse micelle solution, we will
have to replace the factor ¢ ™ by <f,,(0%>. So

I(6)/1(0)= (fulO)y & (6)

Let Cp represent the stoichiometric concentration of
pyrene, C represents the surfactant concentration,
and cmc represents the critical micelle concentration,
then we have,

m &
n C—ecme (7)
Then,
TAMNE ge—wdlcﬂc;P(nJ (8)

We define an average aggregation number
<n>>p, which we call the exponent weighted average
aggregation number, by

(f. (0)) = e-'<ﬂ>°0p/(0—cmc5 (9)

<n>e is the exponent weighted average aggrega-
tion number reported in this study. In <>, the
average is more heavily weighted toward the lower
end. In light-scattering techniques, the average is
moere weighted toward the largest micelles, defined
by the weight average aggregation number <nZ>y;
therefore <n>»e is always smaller than <ar>y. For
a rod miceile in high salt concentration and at low
temperature, the difference can be substantial®.
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Fig. 1 Pyrene Monomer fluorescence decay : at = 380 nm,
[SDS] = 0.0347 M, {NaCI] = 08 M, T = 35°C,
ipyrene] = (A) 3 x 10° M (B} 6 x 105 M(C} 9 x 10%
M@D) 18x 104 M.

RESULTS AND DISCUSSION

The fluorescence decay of excited monomer
pyrene consists of two decay components: a slow
exponential component corresponding to micelles
having solubilized one pyrene molecule, and an
initia} fast nonexponential component (see Fig. 1}
due to the diffusion-controlled excimer formation
within micelles -having solubilized two or more
pyrene molecules (see eq. 4). A typical experimental
result is shown in Fig. 1 for the case of 8DS at
[NaClj = 0.8 M ai several pyrene concentrations.

To make sure that no residue excimer formation
exists at long time, we use the data pbints of approxi
mately parallel decay (first-order) between t = 500ns
and t = 1000ns to apply eq 6 and thus of obtain the

Mou et al.

Table | Variation of the average aggregation number <n2>,
of SDS, STDS and LiDS upon increasing salt con-
centration.

0M[NaCl] 02M[NaCl] 0.5M[NaCl] 0.8M[NaCl]

<n>, <n>, <n>, <n>,
SDps? 40 76 171, 242
STDS? 50 97 162 240
LiD§® <30 ~ 40 ~ 45 ~ 50

a. |SDS] =0.0347 M, T=35°C
b. [STDS] = 0.0347 M, T = 40°C
c. [LiDS] =0.0347 M, T = 40°C, salt is LiCl

exponent average aggregation number <n>>.. We also
studied the effect of varying the pyrene concentra-
tion from 3 x 10° to 1.8 x 10* M. We find that the
apparent <n>>s does not change more than 10% for
all the cases.

We measured the exponent weighted average
aggregation number of micelles over the salt con-
centration range from 0 to 0.8 M, the contration of
surfactant (SDS, STDS and LiDS) is 0.0347 M. The
experimental results are listed in Table 1.

From the Table 1, we can see that the micellar
size increases with an increase in electrolyie con-
centration. For the SDS and STDS micellar systems,
the mjcellar size increases from ~ 50 to ~ 250
over {NaCl}] = 0 to 0.8 M. As the concentration of
NaCl increases, it more effectively screens the electro-
static repulsion of the head group of the micelles and
decreases the free energy. One thus observes an
increase for the aggregation number of micelle. For
the LiDS micellar system, the micelle size is very
small. The LiDS micelle does not give much fluores-
cence at 480 nm and the excimer formation is toc
weak to evaluate a precise aggregation number, [t
is estimated that for [LiCl] = 0 M at 30°C, the
aggregation number is less than 30. At a higher LiCl
concentration, ([LiCl} = 0.8 M), the excimer vield
does not increase appreciablly (see next section).
This behavior is due to strong counterion banding of
lithium on the miceliar surface, and further addition
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of salt does not change the structure of this small
and tight micelle.

Since at high salt concentration, SDS can pre-
cipitate below 30°C, we measure <n>s over the
temperature range 30-70°C to avoid precipitation
or secondatry aggregation. The pyrene concentration
is fixed at 1.8 x 10* M. The average aggregation
numbers for various salt concentrations and tempera-
tures are listed in Tables 5, 6 and 7. From these
Tables, we observe an decrease of <m>p as the
femperature is increased; it drastically decreases at
higher temperature, This is consistent with our
previous resulis for SDS in reference 9. A thermo-
dynamic model by Missel 27 a5 has been constructed
by us® to explain the size change upon temperature
Basically, at high temperature the entropy
factor favors the breakup of rod micelles into smaller

change.

ones. At 70°C, the micelles are indeed small with an
average aggregation number around 100 at [NaCl] =
0.5and 0.8 M,

Both the
fluorescence fine structure of pyrene and the kinetic

Micropolarity of the micellar interior:

rate constants of kinetic scheme (a) to (d} are sensi-
tive to the polarity of the local environment 141
We have used these as indicators of the micropolarity
of the micellar interior.

By fitting the monomer fluorescence decay
curve (at 389 nm wavelength) to eq{4}, we can obtain
the rate constants for ‘monomer decay k, and for
excimer formation k3. The excimer fluorescence
consists of two processes: a rise process due to
excimer formation, the rise time of excimer forma-
tion is about 50 ns, and an excimer decay process,
the lifetime of the excimer is about 100 ns. From
fitting the excimer fluorescence curve (at 480 nm
wavelength), we can obtain the rate constants for
excimer formation k; and excimer decay k;. The
resulting rate constants, obtained by varying sali
concentration and temperature, are listed in Table
2 to Table 7.

A large drop of k; is observed when the salt
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Table 2 Kinetic Data Determined from SDS Solubilized

a

Pyrene
[NaCl], M 10%%,, s 107k5. 51 107k;, 87
0 2.4 2.8 2.2
0.2 2.6 2.5 I8
0.5 2.9 2.2 1.4
08 25 1.2 1.1

a. [SDS] = 0.0347 M, [pyrene] = 1.8 x 10 M. T = 35°C

concentration is increased and temperature is
lowered, that is, the lifetime of the excimer increases
from ~ 30ns to ~ 150ns over O to 0.8 M salt con-
centration at T = 35°C (for STDS and LiD§, T =
40°C). This is due to the dipolar nature of the AA*
excimer!’ . We interpret this to mean that as the size
of micelle increases it repulses water molecules and
the interior of the micelle becomes more nonpolar.
Smaller dipolar fluctuation in the medium leads to
a longer excimer lifetime.

Being a diffusion-controlled reaction, the
excimer formation rate constant &5 is dependent on
the micellar size and the micro-viscosity of the
micellar interior. The larger the micelle size and
the higher the interior micro-viscosity the slower the
excimer formation will be. From Table 2 to Table 7,
we can see that the excimer formation rate constant
k3 decreases as the ionic strength is increased and the

temperature is lowered. This is consistent with our

Table 3 Kinetic Data Determined from STDS Solubilized

Pyrene?
[NaCl]. M 10%%,, s 107k5. 81 107k, 81
0 26 2.5 1.7
0.2 2.8 2.1 14
0.5 28 1.8 0.9
0.8 3.0 1.6 0.7

a. [STDS} =0.0347 M, T=40°C
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Table 4 Kinetic Data Determined from LiDS Solubilized

Mou et al.

Table 6 < n > and Kinetic Data Determined from SDS

Pyrene? Solubilized Pyrene; [NaCll =05 M

Licy. M 10%,,s! 107k, 81 10765,80 1 <u>e  10%,,5T 107k, 87 107k, 87
0 48 47 18 3G 212 2.7 2.0 12
0.2 4.7 4.4 1.5 35 177 2.9 2.2 14
05 4.6 43 1.4 40 160 3.0 2.6 18
08 4.6 4.0 12 45 142 32 28 24
50 129 34 29 30
a. [LiDS] = 0.0347M, T = 40°C 60 11 33 3.0 5.0
70 g2 4.0 3.1 6.0

For the LiDS
micellar system, the k,; value is farge compared to
those for the SDS and STDS micelle systems. For the
LiDS micelle system, the rise of the excimer is about
25 ns; for the SDS and STDS micelle systems, the rigse
time of the excimer is about 50ns. The monomer
decay rate constant k, becomes larger the higher the
temperature, although it seems to appreach a con-
stant near the high temperature limit. The excimer
dissociation rate constant k, makes little contribu-

conclusion concerning size change.

tion to the excimer fluorescence curve and it is much
smaller than ks, thus we assumed &k, ~ 0.?

We use a boxcar integrator to obtain the fluores-
cence spectrum of pyrene. All experiments are run
at the same pyrene and surfactant concentration
while the salt concentration is varied. We show here

the spectra for SDS at [NaCll = 0, 0.2, 0.5 and 0.8

Table 5 <n 2>, and Kinetic Data Determined from SD§
Solubilized Pyrene; [NaCl] =08 M

T°C  <n>e 10%,,87 107k, 87 107k, s
30 270 2.3 1.0 0.9
35 242 25 12 1.1
40 206 26 1.3 1.4
45 181 2.8 1.4 1.8
50 158 2.7 1.6 25
60 118 2.7 2.0 40

70 95 28 23 5.0

M in Figures 2 and 3. The emission between 379 nm
and 420 nm is that of monomer pyrene, below
420nm the emission is due to the excimer®!3, It is
clear from Figures 2 and 3 that excimer yield in-
creases with increasing salt concentration.
total amount of pyrene and surfactant are kept
constant, this can only be due to the increased

Since

probability of binary encounters between pyrene
molecules in the micellar phase. As the exchange
of pyrene between micelles is slow (~ microsecond)
compared to fluorescence decay, one thus concludes
that there is an appreciable increase of micellar size
upon increasing the salt concentration. Similarly,
STDS and LiDS micelles have been investigated upon
addition of NaCl and LiCl

S8TDS micellar size is about the same way as for

The increase in the

SDS. The LiDS micelle is however, much smaller
and does not increase appreciabily even at [LiCl] =
0.8 M. The increase of excimer flucrescence is only
about twofold from [LiCij = 0 M to 0.8 M (Figure

Table 7 <{n > and Kinetic Data Determined from SDS
Solubilized Pyrene; {NaCl] =0M

TC  <a>e  10%,,8' 107k, 87 107k, 81
30 44 23 23 2.0
40 4 26 29 3.0
50 35 33 35 3.6
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¥ig. 2 Fluorescence spectra of SDS micelle solubilized pyrene,
[pyrene} = 1.8 x 104 M, {SDS] = 0.0247 M, tempera-
ture at 35°C, (A) no salt added (B) |NaCl] = 0.2 M.
Intensty in arbitrary unit,

4).

According to Dong et al'8 | the intensity of the
first monomer fluorescence peak (375nm) [;, and
the third fluorescence peak (326nm) Iy is sensitively
dependent on the local polarity. As the salt con-
centration increases and- the micelle becomes larger,
I, becomes smaller and I3 becomes larger. Following
Dong, etal, we use I,/l; as an indicator of the
changing of micropolarity of the micellar interior
upon the addition of salt and with changing tempera-
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Fig. 3 Fluorescence spectra of SDS micelle solubilized pyrene,
Ipyrene] = 1.8 x 104 M, [SDS] = 0.0347 M, tempera-
ture at 35°C, (A) [NaCl] = 0.5 M (B) [NaCl] =0.8 M.
Intensty in arbitrary unit,

ture. The resuits are listed in Table 8 and Table 9.
We can see that there is a gradual decrease of I, /I,
when the salt concentration is increased and the
temperature Is lowered. This indicates a gradual
decrease of local polarity in the micellar interior.
We interpret this to mean that the size of the micelle
increases as the temperature is lowered and the ‘onic
strength is increased. Water molecules are expulsed
and the interior of the micetle becomes more non-

polar. This is in agreement with the conclusion
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Fig. 4 Fluorescence spectra of LiDS micelle solubilized
pyrene, [pyrene] = 1.8 x 10 M, [LiDS] = 0.0347 M,
temperature at 40°C, (A) [LiDS] = 0 M (B) [LiDS] =
0.8 M.

reached by kinetic analysis. It is clear from Table 8
that the local polarity of the interior of SDS micelle
is about same as STDS. Since the LiDS micelle size
is much smaller, the local polarity of the interior of
LiDS micelle is higher than that for SDS and STDS.

Mou et al.

Table 8 Deoxygen Pyrene Fluorescence Spectra [y/I3 Value
upon increasing Sait Concentration.

OMNaCl  0.2M NaCl 0.5M NaCl  0.8M NaCi
L/l I {13 1,/1; I, /13
sDs? 0.96 0.88 0.86 0.81
STDSP 0.95 0.89 0.85 0.78
Libs® 0.99 0.93 0.89 0.84

a. [SDS} =0.0347M, T=35°C.
b. [STDS] =0.0347 M, T = 40°C.
c. [LiDS] = 0.0347 M, T =40 C, Salt is LiCl.

CONCLUSION

The problem of a large aggregation of micelles
at high ionic strength has been investigated. For
the case of SDS in high NaCl concentration, various
techniques give similar results at low ionic strength
(0 0.2M), but for a salt concentration abave 0.3 M
there are two types of results. Mysels and Princen!,
using a conventional light scattering technigue,
obtained a mean aggregation number of about 60
without NaCl and it increased slowly to 140 at
[NaCl] = 0.5 M near the critical micelle concentra-
tion. On the other hand, a recent investigation by
[keda et al®, indicate a large increase of m, up to
1060 at 35°C and [NaCl] = 0.8 M. So one inteprets
this to mean that the micelle size gradually shifts to
a rodlike micelle at high salt concentration. On the

other hand, Mazer et a®® used quasi-elastic light

Table 9 Deoxygen Pyrene Fluorescence Spectra I,/I; Value
upon increasing Temperature; [SDS] = 0.0347 M,

[NaCl] = 0.8 M.
T°C 30 35 40 50 60
L/l 076 081 0.84 0.88 087
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scattering to study the effect of NaCl on 8DS micelle.
They found that for SDS concentration at 0.069 M,
t = 25°C, an increase of ionic strength over 0—0.6 M
tesulted in an increase of the m form 80 to 1000,
These results do not agree with each other. We have
shown in this paper that the fluorescence technique
can help us understand the polydispersity of the
micelle size. Various technique gives us different
values of average size due to the different ways of
averaging.

We have investigated the effect of salt concentra-
tion and temperature on the average aggregation
numbers of SDS, STDS and LiDS over a salt con-
centration range from 0 to 0.8 M and a temperature
range from 30 to 70°C. We have shown that the
fluorescence quenching technique can be used to
study the sphere-to-rod growth of micelles in high
The method is based on the
increase of seif-quenching of the fluorescence of

sait concentration.

micelle-solubilized pyrene through excimer forma-
tion. It has been shown that an exponent weighted
average aggregation number <n’>e s obtained; it is
smaller than weight average aggregation number
obtained by quasi-elastic light-scattering technique
for a polydisperse miccelle system. For SDS and
STDS in NaCl solution, <n>e
temperature is lowered and the salt concentration is

increases as the

increased; the micelle size increase from ~ 50 to ~
250 over [NaCi] = 0 to 0.8 M. At high temperature,
T = 70°C, the SDS micelles are small with an average
number around 100 at [NaCl] = 0.5 M and 0.8 M.
On the other hand, LiDS micelles are small and do
not change much as salts are added.

There is a good possibility that the fluorescence
quenching technique can be used together with light
scattering and neutron sacttering to study the size
distribution for the polydisperse situation and
detailed thermodynamics of large micelles since they
furnish a very different way of averaging the micellar

size. Given recent interests in micelle thermody-
19-22

)

namics we believe the fluorescence guenching

technique used to obtain more experimental informa-

J. Chin. Chem. Soc., Vol. 36, No. 4, 1989 327

tion on the size distribution of micelles will be very
Indeed, given recent strong interests?® in
various spectroscopic probes of the self-assembly of
surfactants in solution, this technique should be of
more importance in the future.

useful.

From the fluorescence fine structure of pyrene
and the rate constants of the fluorescence decay of
moenomer and excimer, we can understand the local
polarity and water penetration into the interior of
the micelle upon variation of salt concentration and
temperature. From our experimental results, we can
conclude that the local polarity of the interior of
the micelle decreases upon addition of salt and with
decreasing temperature. A complete Kinetic analysis
of the time—dependence of f{luorescence has been
given, The resuits of the kinetic analysis are in
agreemen! with the results reached by fluorescence

spectra analysis.
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