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Fluorescence Spectral Properties of Indocyanine
Green on a Roughened Platinum Electrode:
Metal-Enhanced Fluorescence
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The interactions of fluorophores with noble metal particles can modify their emission spectral prop-
erties, a relatively new phenomenon in fluorescence. We subsequently examined indocyanine green
(ICG), which is widely used in medical testing and imaging, in close proximity to an electrically
roughened platinum electrode. The emission intensity and lifetimes were decreased about 2-fold on
the roughened surface as compared to a smooth Pt surface, and the photostability about the same.
Platinum does not appear promising for metal enhanced fluorescence, at least for long wavelength
fluorophores.
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INTRODUCTION enhanced fluorescence (MEF) because it is chemically
more stable than silver. However, the visible absorption
In recent publications we described the effects of of gold is known to quench fluorescence [10].
metallic silver particles and colloids on nearby fluo- In an effort to identify other metals for MEF we ex-
rophores[1-5]. Excited state fluorophores behave as oscil-amined metallic platinum. The surface of a strip of plat-
lating dipoles, which interact with free electrons in metals inum (in essence an electrode) was roughened by oscillat-
[6-8]. These interactions can increase the radiative decaying voltages, Fig. 2, analogous to the procedure used for
rate,I", of fluorophores resulting in many desirable effects surface enhanced Raman scattering (SERS) [11,12]. We
such as, increased quantumyiel@s,, and decreasedlife-  found minimal effects of platinum on the long wavelength
times,tm, Fig. 1. These effects are likely to resultin many fluorophore indocyanine green (ICG), which is widely
applications of metal-enhanced fluorescence, such as inused in medical testing and diagnostics. These results sug-
medical diagnostics and imaging [1]. To date our studies gest platinum will not be useful for metal-enhanced fluo-
are limited to silver particles and colloids [1-5], plus one rescence, at least for long wavelength fluorophores.
study of gold colloids [9]. Gold is attractive for metal-

_— Experimental Materials
1 nstitute of Fluorescence and Center for Fluorescence Spectroscopy,

Medical Biotechnology Center, University of Maryland Biotechnology Indocyannine Green (ICG) and human serum albu-
, Instiwte, Baltimore, Maryland. ' min (HSA) were obtained from Sigma and used with-
Department of Biochemistry and Molecular Biology, Center for Flu- out further purification. The platinum foil (electrode) was

orescence Spectroscopy, University of Maryland School of Medicine, . .
725 West Lombard Street, Baltimore, Maryland 21201. roughened as described below. Concentrations of ICG

3To whom correspondence should be addressed. E-mail: cfs@cfs. @Nd HSA were determined using extinction coefficients
umbi.umd.edu of £(780)= 130,000 cm* ands(278) nm= 37,000 cn?,
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Fig. 1. Top—Classical Jablonski diagram for tfree space condition
and the modified form in the presence of metallic particles, islands or
colloids. E—excitation,Ey,—metal enhanced excitation rate aig—

radiative rate in the presence of metal. Bottom—~Predicted distance de-
pendencies for a metallic surface on the transitions of a fluorophore. The

metallic surface can caus®ister like quenching with a rat&,, can
concentrate the incident fiel&,, and can increase the radiative decay
rate,I'm.

respectively. Glass microscope slides were cleaned by im-

mersion in 30% v/v HO, and 70% v/v HSO, for 48 hr

and then washed in distilled water. The glass slides were
used to cover the platinum electrode in a sandwich type
conformation so as to keep the sample moist. Binding the
ICG-HSAtothe electrode was accomplished by soaking in

a 30um ICG, 60uM HSA solution overnight, followed
by rinsing with water to remove the unbound material.

Both the roughened and unroughened platinum surfaces y S =‘830 nm
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Fig. 2. Periodic voltage used to roughen the platinum electrode.
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were coated with the labelled HSA, which is known to pas-
sively absorb to noble metal surfaces and formra@mnm
thick monolayer [5], allowing us to study the fluorescence
spectral properties of noncovalent ICG-HSA complexes
in the absence and presence of roughened platinum. In
addition, we have previously shown that HSA coatings
are ideal “bio-spacers” for MEF [5], rendering a popula-
tion of ICG molecules out of the close proximity metal-
quenching range, Fig. 1, and into the range which affords
for an increase in fluorophore radiative decay rate [1-5].

EXPERIMENTAL METHODS

Excitation and observation of the sandwiched sam-
ples were made by the front face configuration (Fig. 3).
Steady state emission spectra were recorded using a SLM
8000 spectrofluorometer with excitation using a Spec-
tra Physics Tsunami Ti: Sapphire laser in the CW (non-
pulsed) mode with an attenuated as requix2D0 mW
760 nm output. This enabled the samples to be photo-
bleached as required, i.e. for matching the initial steady
state intensities or using the same excitation power.
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Fig. 3. Experimental geometry. The glass slide (cover slip) on the Pt
electrode was used to keep the protein layer moist.
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Fig. 4. ICG emission on both roughened and unroughened platinum.

Platinum foil, 0.1 mm thick, 99.99% was obtained
from Aldrich. A standard 10 mm cuvette was filled with
1.0 M H,SQ, and 2 platinum foil electrodes were installed.
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only half the Pt electrode was immersed in 1.0 YS@,,
allowing the unroughened portion to act as a control sam-
ple when coated with ICG-HSA. It should be noted that a
detailed literature is also available for the preparation of
roughened metal electrodes [13,14].

Time-resolved intensity decays were measured using
reverse start-stop time-correlated single-photon counting.
Vertically polarized excitation at760 nm was obtained
using a mode-locked argon-ion pumped, cavity dumped
Pyridine 2 dye laser with a 3.77 MHz repetition rate. The
instrumental response function, determined using the ex-
perimental geometry in Fig. 3, was typicaiyp0 ps fwhm.
The emission was collected at the magic angle (54us-
ing a long pass filter (Edmund Scientific), which cut off
wavelengths below 780 nm, with an additional 830 nm
+ 10 nm interference filter. Carefully undertaken control
experiments with both roughened platinum, and protein
only coated roughened platinum, showed that scattered
light was alleviated from the measurements.

The platinum electrodes were roughened by an electrical paa ANALYSIS

oxidation and reduction process, which involved potentio-
dynamically cycling the voltage between the electrodes
for 20 ms in the range+1.2 V to —0.4 V, for 1 min,

Fig. 2. The current was generated using a Lab 200, ID in-

struments, Australia, current generator. The electrode was

then washed with doubly distilled deionised water for ca.
3 min and then the whole electrode was coated with ICG-

The intensity decays were analyzed in terms of the
multi-exponential model:

1(t) = Do exp(-t/m) 1)

where «; are the amplitudes ang the decay times,

HSA, as described above. For the roughening procedure,X«; = 1.0. The fractional contribution of each component
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Fig. 5. Complex intensity decays of ICG-HSA on unroughened and roughened platinum.

RF—Instrumental response function.



456

Table I. Analysis of the Intensity Decay of ICG-HSA M
Single Photon Counting Technique

Geddes, Parfenov, Roll, Jamal Uddin, and Lakowicz

easured Using the Reverse Start-Stop Time-Correlated
and the Multi-Exponential Model

Sample o 7 (ns) fi 7 (ns) (1) (ns) x3
In buffer 0.158 0.190 0.05 — —

0.842 0.615 0.95 0.592 0.548 1.40
Roughened Pt 1.0 0.036 1.0 0.036 0.036 2.54
Unroughened Pt 1.0 0.055 1.0 0.055 0.055 1.47

Note.Using the multiexponential model offered no notal

to the steady-state intensity is given by:

o Tj
fi= =——— 2
Y
The mean lifetime of the excited state is given by:
=) fin (3)
i
and the amplitude-weighted lifetime is given by:
(t) = Zai T (4)
i

The values ofy; andt; were determined by non-linear
least squares impulse reconvolution with a goodness-
of-fit x2 criterion.

RESULTS
Figure 4 shows the emission spectra of ICG-HSA

on a smooth and roughened platinum surface. We found
no significant effect, about 2-fold lower intensity on the

ble improvement iy fher fitting.

required approximately 2-fold lower intensity incident on
the unroughened sample. Inthis case (Fig. 6, bottom) ICG-
HSA still appeared to be more photostable. From the areas
under these curves we estimate that roughly the same total
emission can be obtained from ICG-HSA on the smooth
and roughened surfaces.
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roughened surface as compared to the smooth surface.

Since it is likely that the roughened surface binds more
ICG-HSA than the smooth surface, the extent of quench-
ing is probably even higher.

We examined the time-dependent intensity decays of
ICG-HSA onthe two platinum surfaces, Fig. 5and Table 1.
The lifetime of ICG on the roughened platinum electrode

was shorter, as expected, as compared to the unrough-

ened electrode, i.e. 36 and 55 ps respectively. It is known

that decreased lifetimes can result is increased photosta-

bility [15]. Presumably this occurs because a shortened
lifetime allows less time in the excited state per excita-
tion de-excitation cycles. We examined the intensity of
ICG-HSA on the two platinum surfaces with continuous
illumination, Fig. 6. When observed with the same illumi-

nation intensity, ICG-HSA photobleaches more rapidlyon |
the smooth as compared to the roughened surface. Alter-

natively we adjusted the incident intensities to obtain the
same initial emission intensity from both surfaces, which
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Fig. 6. Photostability of ICG-HSA on roughened and unroughened plat-
inum (Pt), measured using the same excitation power at 760 nm (Top)
and with powerdjustedo give the same initial fluorescence intensities
(Bottom). In all measurements vertically polarized excitation was used.
The fluorescence emission was observed at the magic angle, i.e. 54.70.
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CONCLUSIONS

Platinum surfaces display high chemical stability

and thus promising for metal enhanced fluorescence. For

the long wavelength probe ICG we did not observe useful
spectral changes on platinum. However, the plasmon
absorption of platinum occurs at shorter wavelengths,

typically <300 nm [16,17], and platinum may thus find

use with shorter wavelength fluorophores, or even weakly
fluorescing bio-molecules. Further Investigations are

underway.
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