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Evanescent Detection of Adsorbed Protein Concentration-Distance
Profiles: Fit of Simple Models to Yariable-Angle Total Internal
Reflection Fluorescence Data

W. M. REICHERT,.P. A. SUCI, J. T. MS, and J. D. ANDRADE
Departrnent of Bioengineerirg, and Center t'or Biopolyrnerc at Intert'aces, tJniuersity of lJtah, Salt Lahe City, Iltah 84i12

layer conform to a Laplacian format. Application of the
second approach for the numerical reconstruction of
more conplex protein concentration-distance profiles
direct\ from the collected fluorescence data is dis-
cusseo.

YA.TIRF THEORY
Fluorescence Excited Within the Eyanescent Volume.

Consider two transparent dielectric rnedia of different
optical densities sharing a connon boundary. The total
internal reflection phenomenon occurs when light prop-
agating the more optically dense medium (nr) strikes the
boundary with the less dense medium (nr) at an incident
angle (d,) greater than the critical angle (d"), which forces
the refracted light to travel parallel to the interface (Fig.
1a). From Snell's law (nrsin d,: nrsin dr) this critical
condition (d, : d" and 0" : r/2) is calculated as 0" :
sin r(n"/nr), where n, and n, are the refractive indices
of the more and less dense media, respectively (n, > nr).

If d, is increased beyond 0" then d, becomes complex
(0,: r/2 + iB, where F : cos h '[n,sin d,/n,]), causing
the refracted beam to rejoin the slightly shifted reflected
beam (Fig. 1b).5 ? This situation produces a zero net fllx
of light energy across the interface because all of the
incident light is eventually reflected back into the more
dense medium; hence the term total internal reflection,
However, the electronagnetic boundary conditions re-
quire a small fraction of the incident intensity to pene-
trate the interface into the less dense medium before
rejoining the totally reflected beam. The intensity ofthis
interfacial field, tlpically called the "evanescent wave,"
decays exponentially with distance away from the total-
ly reflecting interface into the less dense medium (de-
cays essentially to zero within one wavelength's distance
normal to the interface). The absorption or scattering of
the evanescent wave within the interfacial region of the
less dense medium is the basis of all total internal re-
fl ection spectroscopies.

The fluorescence intensity excited in a given volume
is proportional to the product of the fluor concentration
and the intensity of the exciting light contained within
that volume. In the TIRF configuration the fluorescence
intensity emitted from a difrerential volume of the less
dense medium a distance z below the totally reflecting
interface is proportional to:

c(z)1,(0,)expl- s (0,)zl (1)
where c(z) is the concentration of fluors in the plane
defined by the distance z and l,(d)exp[-s(d,)z] is the
light intensity (per unit area) of the evanescent wave at

Total intern.l reflection fluorescence spectroscopy (TIRF) is an estaF
lished technique for lolloving the course of intefacial reactions. The-
oretically, by gathering TIRF det! as a function of obse ation aogle,
on€ can obtain the density of fluorophores with respect to distance away
ftom a solid/liquid interface. In order that the practical applicrtion of
th€ theory might be explor€d, yariable obseryation angle det! from so-
Iutions oI fluorescein and from adsorbed layeN of fluotescein isothio-
cyanate lab€led immunoglobulin hav€ been snalyzed in terms of simple
concen&ationdistance profiles. In all csses the general shape ol the
data cuwes was found to conlorm to the thmretical exp€ctation. Layer
thickness deteminations varied over a range of 20 to 100 nm, with
concentations in th€ layer ranging ftom 12 to 61 mglml. The theoret-
ical background, sources of enor, and system improvements are also
discussed.
Index Headings: Analysis for protein adsorption; ATR spectroscopy;
Fluorescence; Surlace analysis.

INTRODUCTION
Total internal reflection fluorescence (TIRF) has pro-

vided a sensitive, real-time, interfacial technique for de-
tecting the fluorescence of proteins as they adsorb from
solution to the solidfliquid interface.L, Variable-angle
total internal reflection fluorescence (VA-TIRF) has been
used to determine the depletion layer thickness of flu-
orescent macromolecules near an interface.3,a In the same
manner VA-TIRF should provide a mechanism for cal-
culating the concentration-distalce profile of an inter-
faciaUy adsorbed fluorescent protein layer. We contend
that this variable-angle fluorescence technique is a
quantitative alternative to fixed-angle TIRF, multiple
total internal reflection infrared spectroscopy, and ellip-
sometry, as well as to the ultra-high-vacuum techliques
of variable-angle x-ray ald Auger photoelectron spec-
troscopy.

There exist two basic approaches for finding the con-
centration profile of fluors from VA-TIRF data: (1) make
a guess of the general form of the profile, which can be
expressed explicitly in an equation, c(z), and then cal-
culate how the estinated cune fits the data; or (2) use
an inverse Laplace tralrsform numerical method to con-
struct c(z) by expressing the fluorescence data in terms
of the Laplace transform. Here we used the first ap-
proach to test the fit of VA-TIRF data to two simpie
concentration profiles: a fluorescein solution approxi-
mated by a constant function and a fluorescein labeled
protein film approximated by a step function. This study
concludes that VA-TIRF data from an adsorbed nrotein

Received 28 August 1986.
* Author to whom corrcspondence should be sent.
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Inc idenl

a )

FIc. 1. Illustration of the total intemal rcflection phenomenon: (a)
for incident angle equal to the critical angle and (b) for incident angle
greater than the c tical angle (note the penehation of light across the
interface),

the distance z which has decayed exponentially from the
value transmitted across the interface at z : 0. For
transparent media where nr > n2 and. d, > d", we have
for perpendicular polarized light:

Fluorescence from
evanescen t
co  m  po  ne  n t s

9 0  8 0  7 0  6 0  5 0  4 0  3 0  2 0  1 0  0
OBSERVATION ANGLE (OEGBEES)

Frc. 2. Illustration of the principle of reciprocity as applied to VA-
TIRF: (a) concept ol the two superimposable evanescent fields repre-
senting the excitation and observation evanescent volumes (note: this
is a simple construct presented for the purposes of illushation); and
(b) calculated variable observation fluorescence spectrum from fluors
emitting from the water side of a quadzrirater interface.

simultaneously causes: (1) a decrease in the intensitv
transmitted across the interface into medium nr(ltrc)f
decreases); and (2) an increase in the decay rate of the
evanescent wave in medium n" (s(0,) increases). These
factors reduce the "size" of the evanescent volume,
which, in turn, reduces the amount of evanescentlv ex-
cited fluorescence (F(d,)). The above relationship be-
tween F(d,) and s(d,) means that Eq. 3 can also be ex-
pressed as a function of the decay factor s(0,):

t6
F[s(d,)] : h,e6A,I,lt(0,)12 

J, c(z)expl- s(0,)zl dz.
(41

Observation of Evanescently Excited Fluorescence.
Variable-angle TIRF (VA-TIRF) is based on the prin-
ciple that the collected fluorescence intensity is a func-
tion of three parameters: (1) the amount of light inten-
sity in the evanescent volume available to excite
fluorescence, (2) the distribution of ffuors in the evanes-
cent volume, and (3) the amount of evanescently excited
fluorescence that couples back across the totally reflect-
ing interface and propagates at a given angle to the pho-
todetector. The first and second parameters are ac-

o )b ) -
6z
F

fr>
o l t

J
IL

s(d) : (4n'Ar) f(n,sin 0,2 - n"2l'h
t , (0 ) :  I , l t (g , )1 ,

(2a)
(2b)

where \, is the vacuum wavelength of the totally reflect-
ed beam, l, is the incident light intensity and I f (d) | , is
the magnitude squared of the Fresnel transmission coef-
ficient given by:

It(ilf :4cos2q,lfl - (n,/n,)"|. (2c)
The total influorescence is proportional to the summa-
tion of all of the fluorescing difrerential volumes in the
region bounded by the intensity of the evanescent wave.
In the limit, the total fluorescence excited in the "eva-
nescent volume" is given by the integral (see Ref. 1,
Chap. 2):

F(0,): k,egA,I)t(dJ l' Jo c (z)exp l- s(0,)zl dz (3)

where e is the extinction coefficient and @ is the fluores-
cence quantum efficiency, A, is the area illuminated by
the totally reflected incident beam, and ft, is a propor-
tionality constant.

From Eqs. 2a-2c it can be shown that a continual
increase in d, beyond the critical angle for total reflection
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counted for by Eq. 4. The third parameter, the observed
fluorescence, is regulated by the observation angle d,
through the principle of reciprocity, which, in this con-
text, is essentially a reverse total reflection phenonenon.

In order to better understand the role of the obser-
vation angle, again consider the two transparent dielec-
tric media n, > n, (Fig. 2a). Snell's law and basic elec-
tromagnetic theory state that light propagating from n,
onto the nr/nrinterface at an angle d, > 0" will create an
evanescent wave in n, confined to the equation lt(d,)1,.
exp[-s(d,)z] (see Eqs. 1 and 2). Conversely, light ema-
nating from the n, side of t}:re nrfn, interface and prop-
agating into n, at an angle 0, > d" must originate from
an evanescent source in n, governed by the equation
l r (d, ) l 'exp[-s(d. )z ] .  The form of  l t (d , ) l 'and s(d, )  for
perpendicular polarized light is identical to that of Eq.
2 where d. and \, is substituted for d, and tr,. This reci-
procity argument can be applied to the field emitted by
a fluor near a dielectric interface.

The angular spectrum representation of a plane wave
decomposes the field emitted from a fluor into evanes-
cent and propagating components.s Therefore, it follows
from the principie of reciprocity that the evanescent
components of the fluorescence excited in n" will prop-
agatre in n, only at angles greater than the critical angle
(Fig. 2b). A similar analysis of Snell's law concludes that
the propagating dipole emission will be observed in n,
only ai angles less than the critical angle. In this paper
the fluorescent emission is excited by the evanescent
wave while the observed signal is collected from the eva-
nescent components of the near field fluorescent dipole
emission.sro This complicated process can be thought of
as exciting and collecting fluorescence from two differ-
ent evanescent volumes superimposed upon one another
(Fig. 2a). Given a fixed incident angle d, and a fixed
observation angle d, where d, > 0" < 0., one excites emis-
sion from the fluors contained within the evanescent ex-
citation volume:

l'a

Fts(d,)l : h,egA,I)t(0,)l' I c Q)exp[- s (0,)z] dz
(5a)

and collects the fluorescence that is contained within the
evarescent observation volume:

r[s(d.)] exp[ s(d")z] dz (5b)

where A, is the interfacial area subtended by the cone
of collection and &" is another proportionality constant.
The fluorescence excited at di and collected at d, is there-
fore given by the product of the two integrals in Eqs. 5a
and 5b:
F[s(d) + s(o") l :  Klt(0,)1, l t(o")1,

t *  .I  c(z)expl-[s(dJ + s(d") lzl  dz
r o  

( 6 )

where K : h;eQI;A;k.A..
In our VA-TIRF design one picks a fixed incident aa-

gle d, to produce a constant excitation evanescent vol-
ume and varies the observation angle from slightly less

t*. ,. 
- 

;";;;; ; vl-r1nr a".ie,,. r,,"ident ansre is adjusted by
rotation of the p sm. Observation angle is adjusted by rotation of the
fiber around the prism. Sectioned-of segment is drawn to scale. Co-
ordinate system located in upper right hand comer. I: 5-cm-focal-length
cylind cal lens; II: solution chamber; III: cylindrical p sm; IV: posi-
tion of fiber at focal plane of prism.

than the critical angle (d, < sin '(nr/n,)) to the glancing
angle (d" : r/2). The resultant argular spectrum sam-
ples the fluorescence fron molecules in a sequence of
decreasing observation volumes (or near field emissions)
that are increasingly confined to the interface with in-
creasing observation angles.

VA-TIRf' and the Laplace Transforrn. Normalization
of the collected fluorescence to the incident and obser-
vation Fresnel terms yields:

F ' [s(d, )  + s(0. ) ]  :  F ls(dr)  + s(0") l / lK l t (0 t )1"  l t (o . ) l , l

c(z)exp[- [s(d,) + s(0")lzl d.z.
(7)

The normalized fluorescence can be expressed in terms
of the Laplace transform if we define the function s as:

s : s(d,) + s(d,). (8)

Substitution of Eq. 8 into Eq. 7 yields:

Llc(z)1 : c(z)exp(-sz) dz : F'(s). (9)

The Laplace tralsform (Eq. 9) maps the function c of
the variable z into the function F' of the variable s.
Therefore, the Laplace transform of the concentration-
distance profile of fluors near the interface is the expres-
sion for the normalized VA-TIRF fluorescence snec-
trum.

EXPERIMENTAL
Ali of the experimental and theoretical work discussed

in this paper is described in detail elsewhere.rl Figure 3
illustrates the central components of the VA-TRIF ap-
paratus. An argon laser provided the excitation light with
an incident angle of ?5" (\ : 488 nm). Incident angle
variation was minimized by a cylindrical lens (5 cm f.l.)

: k"A"tt(DP I"

: I

J-
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Frc. 4. VA-TIRF data for various concentrations of fluoregcein. Con-
centrations (mg/ml) from top to bottom are 0.2,0.1, and 0.05 for plots
(a) and (c), and 3.125, 1.0, and 0.5 for plots (b) arrd (d). Solid lines in
(c) and (d) are best fits of Eq. 13 to (a) and (b), respectively.

which focuses the beam on the focal plane of the hemi-
cylindrical prism (Harrick Scientific; n : 1.4633 at 488
nm; n : 1.46648 at 514 nm). The focal plane refers to a
cylindrical surface a distance d fiorr the curved prism
surface defined by d.: lnr/(n1 nr)lB, where fi is the
prism radius. We mounted the prism on a rotation stage
to adjust the incident angle and rotated the collection
optics around the prism in order to adjust the observa-
tion angle. The fluorescence was detected at \" : 514
nm by an IP-21 photomultiplier tube (PMT) with cur-
rent-voltage electronics and a Hewlett-Packard 3478a
multimeter. The laser light from the totally reflected
laser beam was blocked fron the collection device by
two Pomfret 488-nm notch filters.

Fluorescence was gathered at the focal plane of the
prisrn. Since all rays which leave the interface at one
particular angle converge at an arc in this plane, the
observation angle was well defined. A short optical fiber
(2.2 cm long, 600 pm core, plastic cladded slica, step
index, numerical aperture : 0.4) was used to collect flu-

Obse rva t i on  Ang le

Frc. 5. VA-TIRF data tsken fiom an adsorbed layer of FITC-IgG.
Upper curve: after 30 min desorpiion, lower curvs after 60 min de-
sorption. Solid lines are the best fits of Eq. 14 to these data.
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ExPonen t  ( s )

FIc. 6. VA-TIRF data from the protein layers (Fig. 5) normalized to
the fluorescein solution data (Fig.4): (a) first wash normalized to 3.125
mg/ml; (b) firet wash normalized to 1.0 mg/ml; (c) second wash nor-
malized to 3.125 mg/ml; and (d) second wash normalized to 0.5 mg/
mL. Solid lines are best fits of Eq. 15 to the data. Circled points were
disregarded. The expooent s is given in Eq. 8.

orescence in the focal plane. A grin lens (Selfoc), placed
behind the fiber, was used to collimate and guide the
light to the sensing device.

Fluorescein (Sigma) solutions were chosen as the bulk
fluorescence substance. Goat immunoglobulin (Miles)
labeled with fluorescein isothiocyanate (Sigma) was cho-
sen as the fluoresceni protein. The labeling procedure,
described elsewhere,l2 produced a fluor-to-protein rnolar
labeling ratio of 4.6. All experiments used a static solu-
tion in a chamber adjacent to the prism surface (Fig. 3).
In the fluorescently labeled IgG (FITC-IgG) experi-
ments the protein was allowed to adsorb for 30 min and
then the solution in the chamber was twice replaced by
buffer solution (phosphate buffered saline) at 30-nin
intervals (first and second wash). Data were collected
after each wash.

RESULTS
Fit of VA-TIRF Data to Simple Concentration Pro-

files. Two simple forns of the concentration profile were
considered that yielded analy'tical solutions to the La-
place tralsform. A constant function was used to rep-
resent the concentration profile of a bulk fluorescein so-
lution:

c(z)o:  co for  z  > 0, (10)
and a step function was used to represent the concen-
tration profile of the adsorbed FITC-IgG protein layer.

c ( z ) o : c o  f o r 0 3 z 3 t ,
c ( z ) , : 0  f o r z  <  0 a n d , z >  t o  ( 1 1 )

where fo is the thickness of the protein film. Taking the
Laplace transform of Eqs. 10 and 11 by the intergration
of Eq. 6 yields the following angular fluorescence profiles
for the fluorescein solution and protein film, respective-
ry:

F(s\u:  Kucol t (0 ' )P l t (0 . )P1/s) .  ( r2)
F(s) , :  K,co l t (o)  l '? l t (0 , ) l ' (1 /s) [1 -  exp(-s to) ]  (13)

3=

a . o

z

20'to2 0

1 02 0t o

b

o



where Kb : hie#JAihA., Ko : kieoSrliAih"A,, and s is
given in Eq. 8.

Figure 4a and 4b are raw VA-TIRF data from various
concentrations of fluorescein in solution. In accordance
with the theory, all the fluorescence cuwes have a
peak at the critical observation aagle (0".. : sin 1(n"/
n,)). Figure 4c and 4d are the "best fits" of Eq. 12 to
the data presented in Fig. 4a and 4b for d"., < 0" < 2.
It(0)f , lt(Df , and s(d,, d") were calculated from Eqs.
2a-2c and, Eq. 8, while the product Kocu was adjusted
(via a least-squares routine) until a best fit to the data
was obtained. This analysis showed good adherence of
the fluorescence data to the shape predicted from the
Laplace transform.

Figure 5 presents VA-TIRF data from an adsorbed
FITC-IgG layer. The variable-angle data from the IgG
layer after both washes peaked at 65.5", indicating that
the effective interfacial refractive index remained at
1.333. Equation 13 was fit to the data in Fig.5 (solid
lines) in the same manner as above, except that the
product Koco and the thickness fo were adjusted until a
best fit was obtained. Again we see a good approxima-
tion of the shape of the fluorescence curve as predicted
from the Laplace transform.

Estimation of Protein Film Thickness and Concentra-
tion: Nornalized YA-TIRf' Data. The best fit of Eo. 13
to the data in Fig.5, after the first wash, was obtained
with a layer thickness of 18 nm. After the second wash,
the layer thickness needed to achieve a best fit ap-
proached zero. A layer thickness of 18 nm is within the
range expected on the basis of the size of IgG.13 How-
ever, a layer thickness which approaches zero means aLl
of the functionality in the measured fluorescence values
(with respect to angle) arises from the change in the
observation Fresnel term, I i (d.) | ,.11 This result prompt-
ed an attempt to fit an analytical expression to values
we obtained by normalizing the protein data to fluores-
cein solution data. It was anticipated that normalization
would eliminate the erroneous effects attributed to the
Fresnel terms.

If one assumes that the interfacial conditions for the
fluorescein solution and protein filrn are the same (i.e.,
the interfacial refractive indices and Fresnel terms in all
experiments are assumed to be identical and real), then
fron Eqs. 12 and 13 the normalization of the protein
variable-angle data (Fig.5) to the fluorescein solution
data (Fig. 4) should fit the equation:

F(s )p /F(s )6  :  K ' l l  -  exp( -s fo ) l (14)
where K' : <o6ocr/eo6o"u. The best fit of Eq. 14 to the
normalized protein data was performed by the numeri-
cal adjustment of the constant K' and thickness ,, untii
the diference between theory and experiment reached
a rninimum. The most convincing fits of Eq. 14 to the
norrnalized data sets are presented in Fig. 6. We present
the abscissa points in Fig. 6 in terms of the exponent s
(calculated from Eqs. 2 and 8) in order to present the
data as a Laplace transform (see Eq. 9). At large obser-
vation angles the voltage signal from the PMT was quite
small: thus the scatter in the data at large values of s.
We calculated fits to three of the four normalized data
sets by neglecting data points that deviated radically
from the expected result. The parameter x in Table I is

TABLE I. Estimated protein layer thickness and concentration.

(mc/ml) (mg/ml,) (x 105)' (x 10") Iange

0.042
0.028
0.061
0.143
0.105

0.223
0.004
0.23r
0.316
0.099

" Values of {, calculated from the protein solution absolption index
value ratioed to the estimated surface concentration values listed
above.

b X is fhe average distance of data points from the theoretical cuNe
normalized to the average magnitude of the data points.

" Values labeled (a), (b), (c), and (d) are plotted in Fig. 6a-6d, respec-
tively.

a measure of closeness of the best fit of the curve to the
data.

The protein layer concentration, c", was calculated
ftom tealrangement of the constant K';

co: K'cofe6g6/eo4of . (15)
The ratio e6g6/<ogowas determined experimentally from
the ratio of the quantum yields in a right-angle fluores-
cence configuration where the quantum yields of solu-
tion and adsorbed protein are assumed to be the same.ll
Table I lists all values of calculated protein film thick-
ness and concentration of the protein layer normalized
to each fluorescein solution concentration, the angular
range over which the curve fitting was performed, and
the absorption index, x, calculated spectrophotometri-
cally for the protein solution (x,) and for each fluores-
cein solution (xr) where x : ecl,,i/4rn. Note that all cal-
culated values of layer thickness yielded nonzero results.
The accepted literature values for adsorbed IgG thick-
ness and concentration are 10-15 nn and 100-200 mg/
ml,.r'r' r1 A cornparison of Table I with the literature
indicates that our estirnates of protein layer thickness
and concentration are high and low, respectively.

DISCUSSION
Estimated Profiles: The Laplace Transform. Although

the size of IgG is well known, its conformation on a given
surface and the uniformity of its layer formation are not
well characterized.l3ra As presented here, the variable-
angle tecbrtique for obtaining concentration-distance
profiles of proteins is based upon a relatively simple
mathematical model the Laplace transform of the con-
centration-distance profile results in the fluorescence
data curve. This model is completely valid only when
applied to measurements of materials which do not sig-
nificantly aiter: (1) the refractive index at the interface,
(2) the intensity in the evanescent wave through the
absorption of light, and (3) their interfacial concentra-
tion profile over the measurement duration.

(nm)

Wash 1
3.125 (a)"
1.0 (b)

0.1
0.05

Wash 2
3.125 (c)
1.0
0.5 (d)
0.1
0.05

60 61
4D 53

100 25
60 24
40 33

20 52
20 36
50 13
40 12
40 12

17.0
14.0
7.0
6.6
9.0

14.0
9.8
3.6

5.0 66.5-83.5
1.6 66.5-83.5
0.8 65.5-85.5
0.2 65.5 85.5
0.08 65.t84.5

5.0 66.5-85.5
1.6 66.5,69.5
0.8 65.5-85.5
0.2 65.5-84.5
0.08 65.5-85.5
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- Errors resulting from deviations in the interfacial re_fractive index or through optical- absorptio" *. upt tohare- a more pronounced effect when this model ii ap-plied to characterization of adsorbed tuy""s tt ar, IrJnapplied to characterization of depletion laye.s..,n ilrsobservatioqangles at which peak fl^uo"".""o"u u"l.r". *iobt3ined- (Fig. b) indicate ihat the protein f"v.* *"hydrated. producing a refractive index ar the i"nieifacemar rs. nof altered. appreciably from that of a quartzf
yaler. lntg{acg. Addiiionaly, the low values of n listedm labte I for the protein layer and fluorescein solutions(on t_he order of 10 -6 to l0 a) are several orders of mas_nltude too small to have a significant effect.

Figure 5 presents the best fit of a step profile (Eo. 18)to the raw VA-TIRF data from the protein laver. No._malizing the protein data to fluorestein data'(Eq. i+tshould improve the fit of the collected nuo."."*i"-tn
llg"C1gpg:"g model_by etiminarion of the Fresnet term
l l ( r^r1" .  thrs term (Eq.2c)  is  responsib le for  a substan_tral amount of the change in fluorescence intensities atdltterent observation angles, but does not contribute toconcentrationdistance profi le information. r I The shapesol the normalized data curves presented in Fig.6 arealso indhative-of a step profile. Unfort unately, "the relianve welght of the noise increases upon normalization,

especially with data curves of protein which have lowfluorescence values. This effect could le reauceJ iiitwere- polqible to separate out a contribution to the errorspecifically attributable to the Fresnel term.
. The desorption of the protein from the interface dur_rng rne data coltection process, the inherently diflusenature of a protein layer, and the interfacial scatter oflrght are other possible sources of error. Efforls to de_termine their contribution would tequire an imp.ovedsignal-to-noise ratio of the collected nuo.".."oi. 

-u.rd
the,testing of the improved system with .u.pt". nurangwell-characterized interfacial concentration profiles. "
- Reconstructed ProfiIes: The Inverse LapLce irans_forrn. It is generally accepted that proteins do not adsorbto.surfaces.in homogeneous dieleitric films of uniformthrcl{ness. but are osmophilic and difluse.' Unfortu_nately, virtually every technique used to quantitate thesurtace concenlration of adsorbed protein films assumesthat they adsorb in homogeneous fi-lns of unlform ihict_ness and concentration. An exception is variable_angle
x-ray photoelectron spectroscopy, which has been u#dto determlne the concentralion profile of surface fibnswith the use of numerical techniquesls.l6 and models forpatchy layers.r? However, ultra-high-"u"rr,r- te"hrriq.,".
are a poor approximation of ambient conditions. it istherefore.important to-develop a method that i. 

";p;i;of quantitatively analyzing more complex interiacial
con-centration profiles of samples in the hydrated state.If.F'(s) is the Laplace tra-nsform ot c(z), tfren li lspossible to construct the function c (z ) from f(s) 

"ia it einverse Laplace transform:

. The confornity of the VA-TIRF data presented inthis paper to the proposed simple solutioris i;;i;; L;:place translbrm (Eqs. 12 and lB) was encouragins. How_ever, the noise in the collected fluorescence "daia mu.tbe r-educed before a numerical inverse t;;l;;;iliproduce a meaningful result. Eflorts ro ir"p;o;;ih; 
";;_nar-r.o-norse level are being made through the adanta_tron oJ an x-ray goniometer as the rotating sample slageanq rhe devetopment of a quartz fiber array collectionsystem compatible with a double monochromator withphoton counting. Finalty. in order for rh" ;;;;;i;"i'i;:versron melhod to be useful quantitatively. it needs tooe lested on systems with well_defined concentration_

distance profiles. The current experimental efiort in_v.olves construction of a standard s"t of 
"o""""t"uiio.r-distance profiles of dye-impregnated fattv acia-Uv"i"wrlh the use of the Langmuir-Blodgett tecinique. s f,a_tstrng soltware for inversion of the Laplace hansformreis being adapted to predio the shape^oi tt es;;;;-fi[.rrom the variable-angle data. [f the standard profiles a.ereconslructed num_erically with some d"g.e" oi u""uru"y,Lhen the more difluse protein system *ill b" ."-"*u_-lned ln greater depth.
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