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The techniques of evanescent wave induced fluorescence spec-
troscopy {EWIFS) and time-correlated single-photon counting
have been combined to investigate the photophysical properties
of auramine-O at a solid/solution interface. Interaction of the
dye with the surface causes an enhancement of the fluorescence
quantum efficiency through the restriction of intramolecular ro-
tations. The fluorescence kinetics of the adsorbed molecules are
shown to be a function of surface and bulk solution concentra-
tion. The application of the maximum entropy method to the
analysis of EWIFS decays is also introduced and discussed.
© 1995 Academic Press, Inc.

INTRODUCTION

Recently much attention has been focused on the study
of molecular interactions and dynamics at interfaces. This
is primarily due to their fundamental importance in many
areas of chemistry and physics (1, 2).

One technigque that has been used to probe interfacial
phenomena is evanescent wave induced fluorescence spec-
troscopy (EWIFS) (3-6). EWIFS utilizes total internal re-
flection geometry to generate a surface-specific, electromag-
netic field disturbance at the interface between two dielectric
media. This disturbance exists in the less dense medium and
is termed an evanescent wave. Subsequently, the evanescent
wave is used to selectively, excite fluorophores in the inter-
facial region (within ~300 nm of the interface).

The evanescent wave induced fluorescence intensity, I¢,
can be described as

e o J; e x)e{x)Moexp(—x/A)dx, [1]

where ¢ is the fluorescence quantum efficiency of the flu-
orophore, x is the distance from the interface, ¢{x) is the
fluorophore concentration profile, f; is the intensity of the
evanescent wave at x = (), and A is the penetration depth of
the evanescent wave. Therefore, if ¢¢(x)} is constant, eva-
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nescent wave induced fluorescence intensity measurements
directly relate to surface concentrations.

We have combined EWIFS with the method of time-cor-
related single photon counting { TCSPC) to extend the tech-
nique into the time domain.” This allows variations in the
photophysical properties of an interfacial species to be de-
tected through changes in the form of its fluorescence decay
profile. The fluorescence quantum yield of a fluorophore is
defined by

ke

T

br (2]

where k. is the radiative deactivation rate constant, &, is the
nonradiative deactivation rate constant, and 7y is the fluo-
rescence lifetime. Assuming that k; is independent of envi-
ronment, then Eq. [1] can be rewritten as

=k, J;w Te(x)e(x) pexp(—x/A)dx. [3]

This refinement of the technique enables:

(1} changes in the fluorescence quantum yield of a species
to be detected, through measurement of 7; and knowledge
of k;; and

(ii) interfacial concentrations to be directly calculated
from evanescent wave induced fluorescence intensity mea-
surements,

It has been demonstrated previously that the surface can
effect dramatic changes on quantum efficiencies of fluoro-
phores in the interfacial region. An EWIF study of the scluble
polydiacetylene poly(4BCMU ) indicated adsorption of the
polymer onto a fused silica surface. This adsorption process
is accompanied by a reduction in the nonradiative deacti-
vation rate constant and an increase in the fluorescence decay
time (8). A similar effect had also been observed for the
triphenylmethane dye, malachite green. Adsorption of the
molecule onto a glass surface restricts the out-of-plane mo-
tions responsible for the efficient nonradiative deactivation
mechanism, therefore leading to a significant lengthening of
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the singlet-state lifetime {9). Conversely, the surface can act
to enhance nonradiative deactivation pathways. Both di- and
tetrasulphonated aluminium phthalocyanine dyes exhibit a
quenched fluorescence decay time when in the vicinity of a
fused silica surface. This quenching effect can be switched
on and off by the variation of solvent characteristics (6, 10).

Although it is clear that the surface can induce changes
in the photophysical properties of molecules, the nature of
these changes is not fully understood. The adsorption of a
molecule onto a surface will result in a diversity of interac-
tions between the surface and other molecules (11). Even a
relatively homogeneous surface will provide a variety of “in-
terfacial environments™ for the molecule. Therefore, the sum
of all the interactions which add to the radiative and non-
radiative decay pathways should yield a distribution of flu-
orescence lifetimes. This picture is intuitively appealing, and
is further supported by the fact that the majority of decays
measured in the vicinity of a surface deviate from simple
exponential kinetics (12).

Lifetime distribution analysis (LDA) provides a significant
improvement on existing fitting routines (13). It allows the
differentiation of systems obeying a decay law made up of
two or three discrete components from systems where a con-
tinuous distribution of lifetime exists. Therefore LDA, in
theory, offers the possibility of reconstructing the true shape
of fluorescence decays originating from “interfacial environ-
ments.”

However, the application of this analysis technique to in-
terfacial systems is relatively new and beset by significant
problems, The motivation for the current study is to extend
this understanding of interfacial phenomena through the in-
vestigation of the photophysical properties of the diphenyl-
methane dye, auramine-Q (AQ). EWIFS is used to probe
the dyc in the vicinity of a solid /solution interface. Prelim-
inary data are presented to illustrate surface enhanced flu-
orescence processes, and the complexity of the fluorescence
decay profiles is investigated and discussed, using a variety
of analysis techniques.

MATERIALS AND METHODS

Auramine-O monochloride (Aldrich) was recrystallized
twice from 0.02 A7 NaCl at 25°C. Aqueous solutions were
made using doubly distilled water (Elgastat UHQ purified).
The molar extinction coefficient of AQ in water was assumed
to be 4.41 X 10° M~' cm™* at 430 nm. For EWIF spectro-
scopic measurements the sample was contained in a modified
cuvette which allowed the solution to contact the surface of
a hemispherical prism (Spanoptic, #, = 1.46). The AO so-
lutions were assumed to have a refractive index of 1.34 at
430 nm (i.e., that of water). The prism then acts as the
internal reflection element generating the evanescent wave
in the solution. The prism surface was cleaned prior to each
experiment by treatment with concentrated sulphuric acid
and waler.
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Fluorescence decays were recorded using a TCSPC system,
equipped with an EWIF spectrometer assemblage. Full details
of the system will be described elsewhere. Briefly, the exci-
tation light was provided by a cavity-dumped stilbene-3 dve
laser (Coherent 590 CD/7220), synchronously pumped by
the third harmonic of a mode-locked Nd:YAG laser (Co-
herent Antares 76-s). This produced a 3.8-MHz pulse train
at 430 nm. The detection system consisted of a 0.22-m single
monochromator (Spex 1681), microchannei-plate photo-
multiplier (Hamamatsu R1564U-(7), constant fraction dis-
criminator (Ortec 584), time-to-amplitude converter ( Ortec
547), and a multichannel pulse-height analyzer ( Tennelec
PCAZ2). Steady-state EWIF measurements were performed
on a similar EWIF spectrometer system. Here excitation was
provided by the 457.9-nm line of a cavity dumped argon-
ion laser (Spectra Physics 164 ). Under the present experi-
mental conditions, the critical angle for total internal reflec-
tion was approximately 65.6°.

Fluorescence decays were collected to 20,000 counts in
the channel of maximum intensity. Decays were analyzed
using two methods:

Method 1: Sum of exponentials. Decays were analyzed as
a sum of up to three exponentials, using a normat iterative,
reconvolution routine based on the Marquardt algorithm
{ 14). Both exponentials and lifetimes are variable parameters
of the fitting routine.

Method 2: Lifetime distribution analysis. The maximum
entropy method (MEM ) was utilized to obtain the under-
lving lifetime distribution from the EWIF decay. The method
assumes 100 exponents with fixed, logarithmically spaced
lifetimes.

Fluorescence emission spectra were obtained using a Spex
FluoroMax single photon counting spectrometer. The band-
pass of both excitation and emission slits was 0.6 nm, and
spectra were corrected for variations in lamp intensity.

Absorption spectra were recorded on a Perkin-Elmer
Lambda 2 spectrophotometer, using a standard 10-mm-
pathlength cell.

RESULTS

Figure 1 shows selected bulk fluorescence emission spectra
of AQ in water, Part (a) describes emission e¢xcited at 430
nm. It is observed that the fluorescence spectrum is distorted
by a narrow band occurring at approximately 510 nm. Figure
1b describes emission excited at 458 nm. The spectrum is
now distorted by a shoulder at approximately 345 nm. The
origin of this distortion is the symmetric stretching Raman
mode of water (Ar =~ 3650 cm™'). The existence of this
distortion demonstrates the very low fluorescence quantum
efficiency of AQ in free solution, The deconvoluted emission
spectrum is shown in Fig. lc to illustrate the true shape of
the fluorescence emission,
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FIG. 1, Bulk fluorescence emission spectra of AQ in water (107> mol

dm?): (a) excitation wavelength = 430 nm; (b) excitation wavelength =

457 9 nm; (c) deconvoluted fluorescence emission spectrum {Raman scatter
contribution removed).

A molecule in its first excited state can return to the ground
state via radiative or nonradiative pathways. Nonradiative
transitions are normally ascribed to the transfer of excited
state energy to vibrational energy of the ground state. The
vibrational energy is then transferred to the surroundings as
heat. Diphenylmethane dyes, such as AO, possess an alter-
native deactivation pathway. In a free environment, large
torsional motions of the two degenerate Ph-(CH, ), groups
around the central C atom allow excited state energy to be
dissipated through nonradiative pathways. Therefore, in
aqueous solution internal rotations dominate the deactiva-
tion pathways, and the fluorescence quantum efficiency of
AQ is very low (15).

Figure 2 shows an EWIF spectrum of AQ in water at a
glass surface (A ~ 100 nm). It is observed that the spectral
profile is identical to the deconvoluted bulk emission spec-
trum, and visual inspection of the EWIF spot indicates a
dramatic increase in fluorescence intensity. Alone, these two
observations imply that either {a) the fluorescence quantum
efficiency of the dye increases in the vicinity of the interface
or (b} the interfacial concentration of dye molecules is much
lTarger than the bulk concentration. To establish the real rea-
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FIG. 2. Evanescent wave induced fluorescence spectrum of AQ at a
glass/water interface, Bulk solution concentration = 107° mol dm ™3, A =
80 nm, and excitation wavelength = 457.9 nm.

son for the observed intensity increase, time-resolved mea-
surements were made. Since ¢; oc ¢ (Eq. [2]), the bulk
fluorescence guantum efficiency can be related to the inter-
facial fluorescence quantum efficiency through comparison
of the fluorescence decaytimes. Figure 3a represents the bulk
fluorescence decay of AO in water. With the current appa-
ratus the decay was almost indistinguishable from the in-
strument response function (FWHM ~ 80 ps), and was
satisfactorily described by a single exponential decay function
of 9 ps. A better description of the decay is obtained using
a biexponential fit (7 = 3 ps, 4, = 99.9/1, = 400 ps, 4, =
0.1). The radiative lifetime of AOQ was calculated (from ab-
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FIG. 3. (a) Fluorescence decay profile of AO in water (107° mol dm™>).
(b} Evanescent wave induced fluorescence decay profile of AQ at a glass/
water interface {instrument response function ~ 80 ps FWHM). Bulk solution
congentration = 107% mol dm™3, A = 80 nm, and excitation wavelength =
430 am.
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sorption measurements) to be approximately 3 ns, using the
Strickler-Berg relationship (16). Therefore, according to Eq.
[2], the fluorescence quantum efficiency of AO in bulk so-
lution was estimated to be ~0.003.

Figure 3b represents the time-resolved EWIF decay of AO
at a glass surface. It can be seen that the singlet-state decay
time has been lengthened to yield an average lifetime of 260
ps. Hence, the observed increase in fluorescence is predom-
inantly a consequence of an increase in the fluorescence
quantum efficiency of AQ in the interfacial region. This in-
crease is attributed to surface-molecule and molecule-mol-
ecule interactions inhibiting the torsional motions respon-
sible for deactivation by internal rotations.

The penetration depth of the evanescent wave is defined
as the distance required for the amplitude of the evanescent
wave to be attenuated to 1/e of its boundary value, and can
be mathematically approximated as

A [ 12
-~ 4
4 [sinzﬂi - (nz/nl)zl ’ o

where ) is the wavelength of incident light, #; is the incident
angle, n; is the refractive index of prism, and #, is the re-
fractive index of the sample (3). Therefore the depth probed
by the evanescent wave can be varied through changes in 6;.
Subsequently A was varied {between 50—150 nm) and decays
were measured. No change in the decay profile was detected,
indicating that the evanescent wave induced fluorescence
originates from a region which is small with respect to the
penetration depth. Hence, the existence of a thin adsorbed
dye layer is probable. This confirms that the inhibition of
the torsional motions is predominantly a surface phenom-
enon. Further studies are currently in progress to establish
the adsorbed layer thickness.

The complexity of the interfacial environment is dem-
onstrated by the heterogeneity of the EWIF decay, which
can only be successfully parameterized by a triexponential
decay function (v, ~ 60 ps, 7, ~ 400 ps, 3 ~ 1700 ps;
x? ~ 1.4). In general, the number of measured lifetimes
that result from a sum of exponentials analysis reflects the
number of noninteracting species contributing to the decay.
On this basis there are three distinct auramine-O species in
the interfacial region. All components are significantly longer
than the bulk fluorescence decaytime, indicating that the
evanescent wave induced fluorescence originates from species
which are spatially confined to some extent, The short com-
ponent describes species which are loosely interacting with
the surface, the middle component describes species which
are more strongly interacting, and the longest component
represents species which are irreversibly associated with the
surface (on the time scale of the experiment ). Nevertheless,
the quality of the exponential fits (1.3 < X2 < 1.8; 1.7 <
DW < 2.0) suggests that the resulting lifetimes may simply
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represent an average of the AQ species that really exist in
the interfacial region.

Since the bulk solution fluorescence decay kinetics appear
to be relatively simple, the apparent complexity in the EWIF
decay must be a consequence of the surface and/ or the con-
centration of surface species. To investigate the effect of sur-
face concentration, a “concentration series” was performed.
Solution was allowed to adsorb to the prism surface for 2 h.
Bulk solution was then replaced by fresh solvent and the
system allowed to equilibrate for 20 min. This process was
repeated a number of times, with an EWIF decay being mea-
sured prior to each solvent flush. The three decays are illus-
trated in Fig. 4. It is observed that “washing” the surface
leads to an increase in the decaytime of the molecule. If the
idea of three noninteracting species is correct, then washing
the surface should only change the relative yields of each
component; the individual lifetimes will remain constant.
Hence, the decays were analyzed globally, where three life-
times common to all decays were calculated (17).

The results given in Table 1 demonstrate three common
lifetimes of 55, 396, and 1574 ps. The relative yield of the
long lifetime component increases with washing, while the
relative yield of the short lifetime component decreases. This
is reflected by a general lengthening in the EWIF decay time.
The origin of this progresston is twofold. First, the process
of “surface washing” induces the removal of loosely asso-
ciated surface molecules from the interfacial region. The
“effective™ concentration of the strongly associated species
in the interfacial region therefore increases. This increase
manifests itself as a lengthening of the EWIF decay time.
Second, high surface concentrations facilitate efficient energy
transfer between adsorbed species (18). This ieads to the
quenching of fluorescence within the adsorbed layer, Since
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FI1G. 4. Evanescent wave induced fluorescence decay profiles of AO at
a glass/water interface. (a) Bulk solution concentration = 10~° mol dm™3,
A = 80 nm, and excitation wavelength = 430 nm; (b) after 2 “surface washes™;

(c) after 5 “surface washes.”
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TABLE 1
Variation in the Relative Yield of Each Lifetime Component
of the EWIF Decay as a Function of the Concentration of Sur-
face-Associated Species

Yield (%)

Experimental Average 7

conditions T =55ps 7,=396ps r;= 1574 ps (ps)
Bulk solution 71.1 20.2 08.7 260
Wash 1 64.7 230 12.3 320
Wash 2 56.7 250 17.3 410
Wash 3 51.1 274 21.5 470
Wash 4 47.6 271 253 530
Wash 5 434 26.2 304 610

quenching is dependent on the number of adsorbed moie-
cules per unit area, washing will diminish the probability of
quenching, and thus lengthen the observed decaytime.

Investigations into the effect of the surface on the decay
are currently being performed. The behavior of AO in water
(107*-107% M) near modified glass and PMMA surfaces
demonstrates interesting properties. Qualitatively, it is ap-
parent that the surface does play a role in determining the
form of the EWIF decay. Variations in the decay form are
observed. These results will be discussed in detail in a sub-
sequent communication.

As stated the “sum of exponentials™ global analysis yielded
the following decay law for AO in water at a glass surface:

I(1) = Ajexp(—i/71) + Ayexp(—t/73) + Asexp(—t/73),

N
2 4i=1. [5]

i=1

Here 7{/) 1s the decay intensity at time f, 7, = 55 ps, 72 =
396 ps, and 73 = 1547 ps. Nevertheless, it has been established
that acceptable 2- and 3-component fits can conceal under-
lying lifetime distributions (13). Therefore, the EWIF decays
were analyzed using the MEM. Decays reconstructed from
the MEM are free from the artifactual correlations inherent
in conventional iterative reconvolution routines. No as-
sumptions about the model are made until the lifetime pat-
tern is mapped out,

As observed, AO molecules adsorbed to a glass surface
possess complex decay characteristics. This is consistent with
a model describing a set of independent emitters, with life-
times distributed in some manner. Therefore, a probe func-
tion can be represented by the sum

100
I(t) = 2 aexp(—t/1;),

i=1

(6]

1.e., 100 fixed, logarithmically spaced lifetimes (r,) between
10 and 10,000 ps. Reconstruction of the amplitudes {(a; ) is
achieved by maximizing the entropy-like function (19, 20)
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100 100
S=- a;ln{a,/z a}. [7]
=

=1

The MEM-recovered lifetime distributions from two
EWIF decays are shown in Fig. 5. Part (a) represents low
surface concentration, and part (b) represents high surface
concentration. It is observed that both decays do not yield
three discrete lifetimes but a broad distribution of lifetimes.
Qualitatively, this is not surprising. As noted, the interfacial
environment is ong of significant heterogeneity. The dye
molecules can be imagined as associating with the surface
through electrostatic and hydrophobic interactions. The sur-
face is not uniform on a microscopic scale, and will provide
a variety of binding sites. This variation along with the added
effect of solute-solute interactions will intuitively yield a
continuous distribution of lifetimes. It is noted that both
distributions are bimodal, with local maxima at 40-70 and
600-700 ps. At high surface coverages the individual maxima
of the distribution are shifted to shorter lifetimes compared
to the maxima at low surface coverage distributions. This is
consistent with the sum-of-exponential analysis, where the
average decay time increases with decreasing surface con-
centration (and bulk concentration). This effect, as noted,
is a consequence of high surface concentrations facilitating
efficient energy transfer between adsorbed species.

To further investigate the significance of the shape of the
distributions synthetic decay curves were generated from the
impulse decay function

.
D(t) = 2 a(Dexp[—t/7(i)].

=1

[8]
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FIG.5. MEM analysis of fluorescence decays. (a) EWIF decay illustrated
in Fig. 4a; (b) EWIF decay llustrated in Fig. 4¢; (¢) simulated decay con-
structed from a “true” triexponential decay taw (r; = 55 ps, 12 = 400 ps,
and 75 = 1700 ps). Probe function of 100 terms over 10-10,000 ps, fitting
range of 400 channels (11,4 ps/channel).
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Here D{1} is the decay intensity at time ¢, g({) is the preex-
ponential assigned to the lifetime r(/), and N is the number
of exponentials describing the decay. An experimentally de-
termined instrument response function (1RF) having 20,000
counts in the channel of maximum intensity was subse-
quently used to generate a convelved decay curve C(¢),

c) = fo ® H)D(t — s)ds, (9]

where f(s) is the IRF, The simulated decays were scaled to
20,000 counts in the channel of maximum intensity, and
Gaussian noise was added to approximate Poisson counting
statistics (21).

Triexponential, convoluted decays were generated to pre-
cisely describe the results indicated in Table 1. These decays
were then analyzed using the MEM to generate the lifetime
distributions resulting from “true” triexponential decays. A
representative distribution is shown in Fig, 5¢. It is observed
that the distribution is trimodal, with the maxima of each
Gaussian, being described by the individual lifetimes ob-
tained from the sum-of-exponentials analysis (i.e., ~355, 400,
and 1700 ps). This demonstrates that a true triexponential
decay will yield a well defined trimodal distribution, There-
fore, the triexponential description of the EWIF decays which
were previously used, can only be an approximation of reality
and provide qualitative information. However, the MEM
analysis reveals a hidden complexity in the interfacial en-
vironment which can easily be overlooked.

DISCUSSION

Spectroscopic measurements of AO in solution demon-
strate an extremely low fluorescence quantum vield (¢g ~
0.003). Steady-state fluorescence emission is weak and dis-
torted by the symmetric Raman stretching mode of the sol-
vent. The fluorescence decay of AQ in water is short, and
can be approximated by a single lifetime of approximately
9 ps. However, the temporal kinetics are more precisely de-
scribed by a biexponential decay. This behavior is consistent
with the barrierless relaxation model proposed by Vogel et
al (22), Asstated, in the excited state AO molecules undergo
rapid conformationat change through rotation of both phenyl
rings around the central carbon atom. The rotations do not
possess an activation barrier and are facilitated by a driving
force imparted by the gradient of the excited state hyper-
surface. This gradient itself 1s dependent on the viscosity of
the immediate environment. Therefore, in high viscosity
media the gradient of the excited state hypersurface will be
lowered and deactivation via internal rotations will be re-
duced. Steady-state emission measurements of AQ in alco-
holic solvents demonstrate this phenomenon. As solvent vis-
cosity is increased there is a marked enhancement of the
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fluorescence quantum yield. This increase can -be generally
ascribed to the inhibition of internal rotations { 10).

EWIF spectroscopic studies of AO in water near a glass
surface demonstrate a significant enhancement of fluores-
cence emission. Steady-state emission is intense and no dis-
tortion due to Raman scatter is detected in EWIF spectra.
Time-resolved measurements yield a complex decaytime
which is significantly longer than the bulk decaytime. Hence,
the increase in fluorescence is predominantly a consequence
of an enhanced fluorescence quantum efficiency near the
surface. The increase in the fluorescence quantum efficiency
is rationalized in terms of inhibition of the barrierless rota-
tions, through interaction of the fluorophore with the surface.
Thus, deactivation of the excited state occurs through more
radiative pathways. Complexity is introduced into the decay
because of the heterogeneity of the interfacial environment.

The time-resolved measurements demonstrate important
effects. Firstly, development of EWIES as a sensitive surface
analysis technique, relies on the ability to quantitate surface
bound species. Use of Eq. [1] to calculate c(x) requires an
exact knowledge of ¢¢( x). Since the interfacial decays ob-
tained are complex, a single exponentiai lifetime cannot be
used to describe the profile. Therefore, an average lifetime
is constructed from the components of the decay. These are
listed in Table 1. Although this is a simplification, it provides
an approximation of the modified quantum efficiency of the
fluorophore near a surface. Hence, ¢{x) can be estimated
with greater confidence.

Second, the interfacial kinetics pose some interesting
questions. The MEM analysis of the EWIF decays reveals
significant interfacial heterogeneity. All decays are complex
and do not correspond to lifetime distributions resulting from
synthetic, triexponential decays. But what does the shape of
the lifetime distribution tell us? From this initial study, it is
apparent only that the EWIF decays are constructed from a
broad distribution of emitters, and not three noninteracting
fluorescent species (as indicated by nonlinear, least-squares
iterative reconvolution routine ). The nature of the surface—
molecule interactions appears to be critical in determining
the shape of the lifetime distribution, and further studies are
currently in progress to investigate these effects. However, it
is noted that the triexponential decay model does provide a
good working approximation, and can be successfully used
to obtain qualitative information about the interfacial en-
vironment,

Briefly, it is also recognized that the assumption used to
validate Eq. [ 3] (i.e., that &, is independent of environment )
is not strictly correct. Previously, it has been shown that &,
has a dependence on the refractive index of the local envi-

ronment:
5 f(”)
koo n f(——y )dv. [10]
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Here, the integrated term describes the area under the ab-
sorption spectrum of an emitting chromophore (23). The
significance of this relationship may be heightened when the
chromophore is located in the immediate vicinity of the
solid / solution boundary. For example, in the current study
adsorption of AQ molecules may modify the local dielectric
function very close to the glass surface. It has also recently
been demonstrated that the solid /liquid interface can influ-
ence the relaxation of a point dipole on the liquid side. These
calculations assume a nonlocal dielectric function (24, 25).
However, it is expected that any variations in &, should be
relatively small in most physical systems.

CONCLUSIONS

The techniques of EWIFS and TCSPC have been suc-
cessfully combined to study the spectral and temporal pho-
tophysics of auramine-O in the vicinity of a glass/water in-
terface. The ability to differentiate between surface-adsorbed
and bulk-solvated dye on the basis of emission kinetics has
been achieved. Results demonstrate that the interaction of
the surface with solute molecules leads to a significant mod-
ification of the fluorescence quantum efficiency. This mod-
ification is a function of bulk solution and surface concen-
tration.

The application of the MEM of decay analysis has illus-
trated the complexity of EWIF decays and thus the hetero-
geneity of the interfacial environment. This novel application
of the MEM to EWIF decays, although in its early stages,
ofters the possibility of revealing hidden complexity, and ob-
taining physical significance from fluorescence decays orig-
inating from interfacial regions,
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