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Abstract 
 
NIR-dye encoded gold nanoparticles (GNP) are rapidly emerging as contrast agents in 
many bio-imaging/sensing applications. The coding process is usually carried out without 
control or a clear understanding of the metal-liquid interface properties which, on the 
contrary, are critical in determining the type and extension of dye-metal interaction. In 
this paper, we investigated the effect of gold surface composition on the adsorption of 
Indocyanine Green (ICG) on GNP, simulating the surface conditions of gold nanorods on 
citrate-capped gold nanospheres. These substrates allowed a careful control of the metal-
liquid interface composition and, thus, detailed absorption - and fluorescence 
concentration studies of the effects of each individual chemical in the colloidal solution 
(i.e. bromide anions, Cetyl trimethylammonium ions and Ag+-ions) on the ICG-gold 
interaction. This study reveals the drastic effect that these experimental parameters can 
have on the ICG adsorption on GNP. 
 
 
Introduction 
 
ICG is a water-soluble, amphiphilic tricarbocyanine near-infrared emitting dye, which is 
approved by the Food and Drug Administration (FDA) for in vivo applications. Currently, 
ICG is used extensively as a marker in clinical imaging applications 1-4 with a major role 
in the detection of tumor metastases. For example, ICG is applied in intra-operative 
surgery to detect the sentinel lymph nodes of, for example, breast cancer, gastric cancer 
and colon cancer.5-7 

In this field of in vivo cell and tissue targeting, gold nanoparticles (GNP) are rapidly 
emerging as contrast agents. GNP need to be functionalized with various (bio)chemicals 
for different applications. For bio-imaging and sensing they are usually coded with NIR 
dye reporters,8, 9 such as indocyanine green (ICG). However, the coding process is not a 
trivial issue, as the metal-liquid interface composition plays a key role in determining the 
type of interaction and the extent of analyte adsorption on the GNP.10 Nevertheless, 
labelling gold surfaces is usually carried out by simple addition of dye molecules to a 
GNP suspension without control or a clear understanding of the interface properties 
which affect the dye tagging of the nanomaterial. 
 Among GNP, gold nanospheres have been the most employed so far because the 
synthesis of monodisperse colloidal populations in a wide range of diameters (1.5-100 
nm) is relatively easy and well-controllable.11 However, their optical properties are 
poorly tunable in that their strong plasmon peak remains in the neighbourhood of 520 nm 
in the green region. This restricts their use in tissue as light penetration in this wavelength 
region is low. Recently, a large number of different nanostructures have become available 
which have unique plasmonic signatures in the far/red and near/infrared (NIR) regions, 
the so/called “biomedical window” of tissue, where light penetration is improved.  
 Structures such as nanoprisms, nanobars, nanoplates, nanocubes, nanorice and 
star-shaped GNP have been produced.12-18 Of these, gold nanorods (GNR) have attracted 
enormous attention due to the relative ease with they can be synthesized with an exquisite 
control of their plasmon peaks and are being actively investigated  for medical 
applications in (bio)chemical sensing and imaging, drug delivery and cancer therapy. 19-24  
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 In this paper, we aim to systematically investigate the effect of gold surface 
composition on the adsorption of ICG, in order to acquire insights of the roles played by 
each experimental factor on the coding process of the nanostructure. Specifically, we 
simulated GNR surface conditions on citrate-capped gold nanospheres. These substrates 
allowed a careful control of the metal-liquid interface composition and, thus, detailed 
absorption - and fluorescence concentration studies of the effects of each individual 
chemical in the colloidal solution (i.e. bromide anions, Cetyl trimethylammonium ions 
and Ag+-ions) on the ICG-gold interaction. Such investigations are more complex on 
GNR, because of their more involved synthesis 25-29 and high susceptibility to 
aggregation and reshaping upon surface reactions.30-32 
 GNR of different size and aspect ratios are grown from seed gold nanospheres in 
the presence of CTA+Br- (CTAB), which acts as surface directing agent.21, 33 CTAB 
regulates the shape of the GNR by forming densely packed CTA+ bilayers on specific 
facets on gold surfaces, directing gold deposition to other facets, which contributes to the 
anisotropic growth of gold nanocrystals.30, 34, 35  The bromide counterion plays an 
important role in nanorod formation. 25 Furthermore, Ag+ is commonly added to the 
growth mixture to generate higher yields of rod-shaped gold nanoparticles with 
controllable aspect ratios.33-35  
 Since gold nanostructures quench the fluorescence of dye molecules in close 
proximity to the metal surface,36 fluorescence spectroscopy directly informs about the 
ICG monomer population in the bulk solution. On the other hand, absorption 
measurements provide qualitative and quantitative information about the overall 
populations of both ICG monomer and dimer in the GNP suspensions. The amphiphilic 
character of ICG results in reversible self-organization into highly ordered aggregates 
upon an increase in concentration, predominantly caused by van der Waals forces and 
hydrophobic interactions.37-39 The organization of ICG in dimers, oligomers and higher 
order aggregates is accompanied by changes in optical properties, which allows 
complementary information to be gathered from different spectroscopic techniques.  
 Here, we demonstrate that changes in relative CTAB concentration and presence 
of Ag+ may have a dramatic effect on the ICG adsorption on the gold substrate. This 
points out that careful control of these parameters is crucial for the effective labeling of 
the nanostructure. Based on our results, we propose a model describing the dynamics of 
ICG adsorption to the gold surface in relation to the dye monomer-dimer equilibrium in 
the bulk solution.  
 
 
Results and discussion 
 
ICG adsorption on GNP 
Figure 1A shows the ICG absorption spectrum in aqueous salt solution that roughly 
reproduces the ionic strength and pH of GNP colloid. Figure 1A illustrates the reversible 
self-organisation into dimers upon a concentration increase as a result of ICG’s 
amphiphilic character.37-39 At low dye concentration (≤ 10-7 M) the mole fraction of 
dimers is negligible 37 and the absorption profile is dominated by the band at ~ 780 nm. 
An increase of the dye concentration to the range of 10-7-10-4 M results in dimer 
formation and a relative intensity increase of the feature at ~ 705 nm. 33 The progressive 
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shift of the M↔D equilibrium towards the dimer form upon an increase in dye 
concentration is represented in Figure 1B (black squares), by plotting the absorption ratio 
at ~780 nm (H780) and ~705 nm (H705) against the ICG concentration in logarithmic scale.  
 Figure 2A shows the fluorescence emission of ICG 3x10-6 M in salt solution 
(black line). Fluorescence intensity of ICG in salt solution initially increases with the ICG 
concentration (Figure 2B, black squares) reaching a maximum fluorescence at ~ 5x10-6 

M. At higher concentrations, quenching of the fluorescence emission signal occurs, due 
to the formation of ICG dimers and larger aggregates.45 In the presence of Citrate/GNP, 
fluorescence emission decreases for ICG concentration below ~ 10-5 M, and the 
maximum fluorescence intensity shifts towards higher ICG concentrations (Figure 2B, 
green stars).  
The quenching effect is more pronounced for Br/GNP (Figure 2, red).  
This is consistent with the preferential adsorption of monomer ICG on the metal surface, 
whose fluorescence emission is then subsequently quenched via an increased non-
radiative relaxation of the excited state due to energy and/or electron transfer with the 
plasmonic nanostructures. 36 This conclusion is further supported by the data shown in 
Figure 1B, since the adsorption of ICG monomers at the Br/GNP surface shifts the M↔D 
equilibrium in solution towards monomers suggesting an overall increase of monomer 
populations at the expense of dimers. However, it is not possible from absorbance and 
fluorescence spectra alone to determine potential self-assembly of monomers after 
adsorption on the GNP surface. 
  Addition of silver ions to Br/GNP solutions shifts the maximum of the 
fluorescence emission to even higher concentrations (ICG < ~3x10-5 M, Figure 2B, blue 
triangles), which indicates that Ag+ deposition on the gold surface provides a more 
effective adsorption of monomer ICG to gold nanoparticles. For dye concentrations larger 
than ~3x10-5 M, the fluorescence intensity of ICG-GNP solutions converges to similar 
values as for ICG in salt solution indicating that dimer formation is no longer affected by 
the presence of GNP. These data are in excellent agreement with the data from absorption 
spectroscopy in Figure 1B.  
 Furthermore, it can be noted that a high ICG concentration does not induce GNP 
aggregation (Figure S3 of the ESI†), which is advantageous for the potential use of ICG 
as a GNP marker, as other fluorescent dyes show a tendency to produce GNP aggregation 
at high surface coverage.46, 47  
 Like other organic molecules 48, 49, ICG possesses in its structure a positively 
charged aromatic nitrogen atom in the benzo[e]indole ring which has a high tendency to 
interact with the metal NP through Coulomb interaction with previously adsorbed halide 
anions such as Cl-, Br- and I-, which are known to adsorbs strongly on gold and silver 
surfaces 36, 50. Therefore, we suggest that ICG interacts with the gold surface via binding 
with residual chloride anions from the GNP synthesis (in the case of Citrate/GNP) or with 
the larger number of bromide anions added a posteriori to the colloid (Br/GNP). 
Moreover, in a recent paper, Sanchez-Cortes and co-workers demonstrated the self-
adsorption of Ag+ ions on GNP surfaces with the formation of strong Ag+-Cl- bonds and 
consequential marked alteration of the electronic properties of the halide anions at the 
metal surface. 51 Accordingly, we can ascribe the drastic increase of ICG adsorption on 
Br/Ag/GNP surfaces to the improved electron donor ability of bromide anions resulting 
from their interaction with self-assembled Ag+ ions onto the gold surface. 
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 The previous results support the notion that monomer ICG preferentially adsorbs 
to GNP, effectively shifting the well-known monomer-to-dimer equilibrium of ICG in 
aqueous solution to the monomer state. In Figure 3A and 3B the adsorption behaviour of 
ICG onto gold nanoparticles in the presence of Br- (Figure 3A) and Br- and Ag+-ions 
(Figure 3B) has been outlined for relevant ranges of the concentration of ICG. The 
relations between monomers M and dimers D are described, both in the bulk solution and 
with respect to the corresponding situation in aqueous solutions (no GNP).  
 At a dye concentration below 8x10-6 M, (Figure 3A, pane (1)), the mole fraction 
of ICG dimers in solution is negligible ([Mb]>>[Db]). The adsorption of ICG monomers 
on the Br/GNP surface (Ms) and the subsequent quenching of the fluorescence emission 
lead to a proportional decrease of the fluorescence intensity as compared to ICG in 
aqueous solution (Figure 2B) in the absence of GNP.  
 At an intermediate concentration of ~8x10-6 M, (Figure 3A(2)), the dimer 
population of ICG becomes more relevant as the ICG state in solution has to be described 
by the Mb↔Db equilibrium. As a result, a loss in [Mb], caused by the adsorption of ICG 
on the Br/GNP, is counterbalanced by a shift of the Mb↔Db equilibrium toward the 
monomer state (Figure 2B). This effect leads to an appreciable increase of the H780/H705 

ratio towards higher ICG concentrations with respect to aqueous solution in Figure 1B.  
 The presence of silver ions drastically enhances monomer ICG adsorption as 
indicated by the complete quenching of dye fluorescence up to a [ICG] concentration of 
~8x10-6 M. The concentration of GNP is 0.29 nM and the onset of fluorescence emission 
in the presence of Br/Ag/GNP is therefore consistent with a full surface coverage of GNP 
(Figure 3B(2)). As a direct consequence, silver deposition also increases the minimally 
required dye concentration to observe dimer formation in the bulk solution (Figure 
3B(3)). 
 The GNP-induced shift in the monomer-dimer equilibrium cannot be detected 
when the ICG concentration is raised above ~1.5x10-5 M (Figure 3A and B(3)), because 
at elevated concentrations the dimer population becomes dominant in the bulk. In fact, a 
high Db concentration maintains an approximately constant monomer concentration in the 
bulk, roughly independent of the fraction of dye molecules Ms adsorbed to the GNP 
surface. Consequentially the effect of silver ions on the Mb↔Db equilibrium is limited 
(Figure 3B(4)). 
Accordingly, the Mb↔Db equilibrium is hardly influenced by the presence of GNP, either 
in the absence or the presence of silver once full surface coverage is achieved upon a 
further increase in ICG concentration, over ~3x10-5 M (Figure 3(4)). The dimer 
population becomes dominant and unspecific physical multilayer deposition cannot be 
discarded, i.e. both monomers and dimers from the aqueous solution may adsorb onto the 
dye covered surface. As a result, both H780/H705 and fluorescence and data converge to the 
values observed for ICG in salt solution (Figures 1B and 2B). 
 
Effect of CTAB 
CTAB plays a key role in the production of many different morphologies of gold 
nanoparticles. The production of gold nanospheres does not require CTAB and the 
concentration of CTAB can therefore be adjusted at will. ICG is known to incorporate 
into the interface of CTAB micellar structures, which affects its optical properties.37  
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 Figure 4 shows that the concentration of unbound CTAB in aqueous solutions 
strongly modifies the aggregation states of ICG whereas, in this case, the effect of GNP 
appears marginal (Figure S4 of the ESI†). In Figure 4A, the peak height ratio H780/H705 
calculated from absorption spectra of ICG dissolved in CTAB solutions at different 
concentrations is plotted against the ICG/CTAB concentration ratio. The corresponding 
absorption spectra of 3x10-5 M ICG in aqueous solutions with different CTAB 
concentrations are shown in Figure 4B. 
 Above the critical micelle concentration (cmc) of ~1.2 mM for CTAB, 52, 53 the 
dye molecules are highly stabilized as monomer encapsulated in CTAB micelles,4 
referred to as M* (red, trace a). Micellar encapsulation of ICG reduces the formation of 
dye dimers and higher-order aggregates, 4 leading to an absorption spectrum dominated 
by monomeric responses (Figure 4B(a)). In addition, ICG micellar encapsulation also 
results in an up-shift of ~10-25 nm for absorption maxima, for both monomers and 
dimers, as compared to the spectrum of the dye in water (Figure 1A). 37 
 However, when the CTAB concentration is decreased to just below the cmc value, 
ICG molecules form dimers (D*) even at very low dye concentrations (blue, trace b). 
Thus, CTAB affects ICG dimerisation in aqueous environments.  When the CTAB 
concentration is further decreased, a sudden change of the optical properties of ICG 
occurs (green, trace c). This change indicates a transition from the highly dimerised state 
in a CTAB environment (blue, trace b) to a state reflecting the dye molecules in a water-
like surrounding (yellow, trace d). This transition takes place for [CTAB] ~ [ICG] and 
shows a broad absorption at ~ 820 nm (Figure 4B(c)), which we propose to be attributed 
to an intermediate form, labelled as I*. This marked red-shift of the absorption maximum 
may suggest the formation of larger ordered aggregates, similar to those reported for J-
aggregates. 39, 40 
 
 
Conclusions 
 
Citrate-capped spherical gold nanoparticles were chosen as an experimental model for the 
interaction of gold nanoparticle surfaces with the medical contrast agent ICG. Since 
spherical gold nanoparticles do not require either Ag+ or CTAB during synthesis, 
addition of these compounds in varying concentrations offers an opportunity to 
investigate the potential role of Ag+ and CTAB on the adsorption of ICG. ICG adsorption 
to gold nanoparticles and the effect of the presence of Ag+ and CTAB on the ICG 
adsorption was studied with fluorescence emission and UV-Vis absorption spectroscopy. 
Fluorescence emission of ICG adsorbed to gold is quenched,36, 45 and the absorption 
spectra provide quantitative information about the overall monomer and dimer 
populations in solution and colloidal suspensions.  
 ICG in aqueous solution exists in equilibrium between monomers, dimers and 
higher-order aggregates. The fluorescence emission data as well as the absorption data 
show that the presence of gold nanospheres shifts the equilibrium to increased monomer 
contribution. This result suggests that monomeric ICG exhibits higher affinity to the gold 
surface as compared to the dimer. The observed ICG adsorption is summarized in Figure 
3 for the relevant range of concentrations for which the existence of monomer-dimer 
equilibrium is noticeable. Additional Ag+ deposition on GNP leads to an overall increase 
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in ICG adsorption on the metal surface, as a result of a drastic strengthening of the dye-
metal interaction. 
 CTAB, which is an essential component in gold nanorod production and 
production of other gold nanoparticle geometries, affects the adsorption of ICG to gold 
nanoparticles because CTAB micellar structures compete for the available ICG. In the 
presence of CTAB above the critical micellar concentration (cmc), ICG intercalates in the 
micelles, which prevents ICG adsorption onto GNP. When the surfactant concentration is 
decreased to just below the cmc value, the monomer-to-dimer ratio decreases, suggesting 
stabilization of ICG in the form of dimers. Thus, the unbound surfactant concentration in 
the colloidal suspension may dramatically modify the dye aggregation state in the 
mixture and, in turn, its affinity to the metal surface. In addition, as CTAB constantly 
exchanges from the GNP surrounding bilayer to the solution, the CTAB concentration in 
the bulk plays a key role in the release of the surfactant from the GNP.54  
 These results show that the ICG adsorption on the spherical gold nanoparticles 
can be very different even for slight changes in the experimental parameters, such as 
concentrations of ICG, CTAB and presence of Ag+. Therefore, careful control of these 
variables is crucial for the effective dye labeling of gold nanostructures.  
 
 
Experimental 
 
All reagent grade chemicals were used as received. Milli-Q water was used throughout 
the experiments. Indocyanine Green (ICG) was purchased from Fluka. Gold(III) chloride 
hydrate (HAuCl4·nH2O) >99.9% was provided by Aldrich. Cetyltrimethylammonium 
bromide (CTAB) > 99% was obtained from Sigma. Silver Nitrate (AgNO3) >99% was 
purchased from Sigma-Aldrich.  
 Fresh ICG solutions, from 10-5 M to 10-2 M, were prepared in methanol before 
every set of measurements. The photostability and thermal stability of ICG molecules in 
methanol is considerably higher than in water.40 Besides, the tendency for ground state 
dimer formation is very weak in methanol, and ICG is predominantly present as a 
monomer up to a concentration of about 5x10-2 M.41 In this way, ICG molecules were 
always added as monomers to different samples, independently of the stock solution 
concentration. 
 Aqueous salt solution contains sodium citrate (5x10-4 M), hydrochloric acid 
(5x10-4 M) and potassium bromide (10-3 M) and shows the same pH of the gold colloid 
(pH~6). ICG concentration-dependent behaviour was investigated in this salt solution 
instead of pure Milli-Q water in order to broadly reproduce the pH and ionic strength 
conditions of the GNP suspension after the addition of KBr. In fact, these two parameters 
slightly affect the distribution of ICG molecules in solution.39 Stock CTAB solution (0.4 
M) was prepared by dissolving the surfactant in Milli-Q water and then appropriately 
diluting to the desired concentration. The resulting mixtures were sonicated before 
experiment for ~20 min. 
 
Citrate-capped gold nanoparticles (GNP)  
Citrate-capped gold nanoparticles of ~ 15 nm diameter (0.29 nM 42) were prepared by 
reduction of chloroauric acid with sodium citrate.43 0.1 mL of HAuCl4 0.118 M solution 
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was added to 50 mL of Milli-Q water. Then 1 mL of sodium citrate 0.0388 M solution 
was added under stirring. The mixture was boiled for 15 minutes under reflux. 
 Fresh ICG solutions, from 10-5 M to 10-2 M, were prepared in methanol before 
every set of measurements. The photostability and thermal stability of ICG molecules in 
methanol is considerably higher than in water.47 Besides, the tendency for ground state 
dimer formation is very weak in methanol, and ICG is predominantly present as a 
monomer up to a concentration of about 5x10-2 M.50 In this way, ICG molecules were 
always added as monomers to different samples, independently of the stock solution 
concentration. 
 Salt solution contains sodium citrate (5x10-4 M), hydrochloric acid (5x10-4 M) and 
potassium bromide (10-3 M) and shows the same pH of the gold colloid (pH~6). ICG 
concentration-dependent behaviour was investigated in this salt solution instead of pure 
Milli-Q water in order to broadly reproduce the pH and ionic strength conditions of the 
GNP suspension after the addition of KBr. In fact, these two parameters slightly affect 
the distribution of ICG molecules in solution.40  
 
Br/GNP  
By adding 20 µL of a KBr 0.05 M water solution to 1 mL of GNP suspension, Br/GNP 
were prepared. The final bromide concentration in the suspension is 10-3 M, which was 
selected as the optimum concentration to provide a large number of active sites for ICG 
adsorption but without inducing observable GNP aggregation in the experimental time-
scale (Figure S1 of the ESI†).  
 
Br/Ag/GNP  
To an aqueous solution to 1 ml of Br/GNP colloid, 5 µL of AgNO3 1.5x10-2 M was 
added. CTA/Br/Ag/GNP samples were prepared as for CTA/Br/GNP except that 5 µL of 
AgNO3 1.5x10-2 M aqueous solution was added to 1 ml of Br/GNP colloid before the 
addition of CTAB 0.4 M solution. 
 
CTA/Br/GNP  
A large excess of CTAB (0.125 mL of CTAB 0.4 M) was mixed with 1 mL of GNP. 
CTAB-capped GNPs were centrifuged from one to three times to progressively decrease 
the surfactant concentration: (1) 1st centrifugation: 12K rpm, 30 min; (2) 2nd 
centrifugation: 12K rpm, 30 min; and (3) 3rd centrifugation: 12K rpm, 5 min or 20 min. 
We will refer to these systems as CTA/Br/GNP (1), (2) and (3), respectively. The first 
two centrifugations do not produce significant GNP aggregation as judged from the 
absorption spectra, whereas the third centrifugation step causes a profound aggregation 
regardless of the time of centrifugation (Figure S2 of the ESI†).  
 
Instrumentation 
 Fluorescence spectra were measured with a Fluoromax-4 (Horiba Jobin Yvon) 
spectrofluorometer with the following set-up: excitation 780 nm, excitation slit 5 
nm/emission slit 10 nm, applied voltage 700 V. Samples for UV-visible absorption 
spectroscopy were prepared in the same way as those for the corresponding emission 
spectra and were recorded in a Shimadzu UV-2401PC spectrophotometer.  
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 Fluorescence and UV-Vis absorption measurements were performed on 
Citrate/GNP, Br/GNP, Br/Ag/GNP and CTAB solution by adding to 1 ml suspension 
different aliquots of ICG stock solutions up to the desired concentration. For both 
fluorescence and absorption measurements, samples were measured in 1ml polystyrene 
cuvettes (Plastibrand standard disposable cuvettes, Sigma-Aldrich). 
 The molecular footprint of ICG on GNP was calculated to be ~2.6 nm2, as 
obtained from a geometrical optimization of the dye molecular structure in water using 
the Hartree-Fock method with the 6-31G(d) basis set, Gaussian 09 program. 44 
Approximately 270 molecules of ICG may therefore be expected in the first monolayer of 
an individual GNP with a diameter of 15 nm.  
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Figure 1. Self-organisation from ICG monomers into dimers upon increase in ICG 
concentration. [A] Concentration-dependent absorption spectra of ICG in salt solution; 
from the top to the bottom, [ICG] = 7x10-5 M, 5x10-5 M, 3x10-5 M, 2x10-5 M, 1.5x10-5 M, 
1x10-5 M, 7x10-6 M, 5x10-6 M, 3x10-6 M, 1x10-6 M, 7x10-7 M and 5x10-7 M. [B] 
Experimental values of the spectral parameter H780/H705 at different dye concentration for 
ICG dissolved in salt solution, Br/GNPs and Br/Ag/GNPs colloids.  
 
Figure 2. [A] Fluorescence spectra of ICG 3x10-6 M and [B] fluorescence intensity 
(logarithmic value) vs. ICG concentration, for dye molecules dissolved in salt solution, 
Citrate/GNP, Br/GNP and Br/Ag/GNP colloids. Excitation wavelength was 780 nm, 
fluorescence intensity was determined at the maximum of the fluorescence peak (ca. 820 
nm) for monomeric ICG.  
 
Figure 3. ICG adsorption scheme on [A] Br/GNP and [B] Br/Ag/GNP surfaces at 
different dye concentration. Monomer is labelled M, dimer D. The subscripts indicate: b 
for “bulk”, referring to M and D existing in the bulk aqueous solution; s for “surface”, 
referring to M chemisorbed on the gold surface. Mm and Dm stand for “multilayer”, 
which refers to M and D physisorbed on the first ICG layer surrounding the GNP. Msalt 
stands for monomer dye molecules in pure aqueous solution (no GNP). The overall 
monomer population in the colloidal suspension is indicated as MTOT (=Mb + Ms). 
 
Figure 4. [A] Experimental values of the spectral parameter H780/H705 for ICG at 
different concentration in CTAB solutions (5000 μM, 500 μM, 50 μM and 5 μM) against 
[ICG]/[CTAB] ratio (logarithmic scale). [B] Absorption spectra of ICG 3x10-5 M in 
CTAB aqueous solutions at different surfactant concentration: (a) 5000 μM, (b) 500 μM 
and (d) 5 μM. (c) Absorption spectrum of ICG 3.7x10-5 M in CTAB aqueous solution 50 
μM. 
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