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Abstract

A detailed investigation on the adsorption behavior of Neutral Red (NR) molecules on mercaptoethane sulfonate-monolayer protected gold
clusters (MES-MPCs) has been conducted by the spectroscopic method. It is found that cationic NR molecules are adsorbed on the negatively
charged MPCs surfaces via electrostatic attractive forces. The absorption study shows that the optical properties of NR molecules are significantly
influenced upon the adsorption. Based on the electrostatic adsorption nature and the excellent stability of MES-MPCs against the electrolytes,
this association can be released by the addition of electrolyte salts, which can be monitored by both absorption and fluorescence spectroscopy.
In addition, dication Ca* is found to be more effective in the release of NR than univalent Na*. Moreover, the MES-MPCs exert energy transfer
quenching of NR fluorescence by both static and dynamic quenching. However, static quenching seems to be the dominating quenching mechanism.
Furthermore, this energy transfer quenching exhibits strong dependence of Au core size, and 5.0 nm MPCs show stronger ability in quenching the

NR fluorescence than that of 2.7 nm MPCs.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, nanostructured materials are gaining a wide
attention in nanotechnology, since materials in nanometer size
regime display widely interesting size-dependent optical, elec-
tronic and chemical properties [1-5]. Of particular interest are
the organic—inorganic nanohybrid assemblies that have poten-
tial applications in developing nanodevices and biosensors
[6,7]. Modification of the nanocluster surfaces with photoactive
molecules can enhance the photochemical activity, and render
the organic—inorganic nanohybrid materials suitable for sen-
sors and optoelectronic applications [8]. The key to create such
nanocomposite materials is to understand surface interactions at
the molecular level and develop strategies of refining properties
of nanoparticle superstructures. To date, most of these studies are
limited to semiconductor nanocluster systems, and considerable
interest has been shown to modify the surface of semiconductor
colloids with sensitizers and redox couples [9-12]. For exam-

* Corresponding author. Fax: +86 431 5689711.
E-mail address: dongsj@ns.ciac.jl.cn (S. Dong).

1010-6030/$ — see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.jphotochem.2006.10.008

ple, capping them with organic dyes and other semiconductors
are found to alter the photophysical and photocatalytic properties
of semiconductor colloids [13—15]. Besides semiconductor nan-
oclusters, basic understanding of the interaction between metal
nanoparticles and photoactive molecules such as dyes is also
important for developing organic—inorganic nanohybrid assem-
blies [7,16,17].

Several recent investigations have focused on understanding
the nature of those interactions between dye molecules and
metal nanoparticles. Chen and Chang have investigated the
assembly of Nile Red onto citrate-protected gold nanoparticles,
and found a highly fluorescent product forming on the surface
of gold nanoparticles [18]. Ghosh et al. have studied the
emission behavior of 1-methylaminopyrene upon adsorbing to
the gold nanoparticles. They described a straightforward exper-
imental verification of the size effect of metal nanoparticles on
fluorescence quenching of a molecular probe [19]. Ding et al.
have studied the adsorption characteristics of thionine on gold
nanoparticle surfaces by means of various analytical techniques.
Their studies showed that the addition of gold nanoparticles
resulted in an obvious aggregation of thionine [20]. However,
most of these studies are performed just on the commonly
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prepared colloids like citrate-protected metal nanoparticles, and
scarce attention has been paid to the adsorption of photoactive
molecules on thiolate ligands protected metal clusters which
are known as monolayer-protected clusters (MPCs) [21-23].
In fact, MPCs are of particular research interest in developing
nanoassemblies for applications in material science, biological
science and chemical platforms [22,24-26]. This mainly because
the metal core is coated with a relatively dense monolayer of
thiolate ligands, which gives rise to much better stability than
that of commonly prepared colloids like citrate-protected metal
nanoparticles. On the other hand, since the collective surface
area of the MPCs in a solution can be quite large, a substantial
sensitivity may be possible relative to the binding interactions
traditionally conducted on flat surfaces [27]. Therefore, modifi-
cation of such MPCs with photoactive molecules offers exciting
opportunities for the design of novel photon-based devices for
sensing, switching, and drug delivery [7,24]. In spite of these
potential advantages, scarce research has been reported on
studying the adsorption behaviour of dye molecules on MPCs,
which is of great importance in broadening their applications
[28-30]. In one recent work of our group [31], we described
the synthesis of water-soluble gold nanoparticles encapsulated
by mercaptoethane sulfonate by the way of one-phase method.
Here, in this paper, we present our efforts in understanding the
adsorption behaviour of dye molecule-Neutral Red (NR) on
mercaptoethane sulfonate-monolayer protected gold clusters
(MES-MPCs). NR is known as a representative phenazine dye,
which has been used in studies of biological systems, espe-
cially as an intracellular pH indicator [32,33], a non-toxic stain
[34,35], and a probe material [36-38]. In this article, the adsorp-
tion behavior of NR on MES-MPCs was investigated in detail by
UV-vis adsorption spectroscopy and fluorescence spectroscopy.
The nature of the adsorption, the mechanism of fluorescence
quenching of adsorbed NR, the size dependent quenching
effect were investigated. We also presented a quasi-reversible
nanoparticles/photoactive molecules binding equilibrium in this
contribution.

2. Experimental
2.1. Materials

Mercaptoethanesulfonic sodium salt (98%) was purchased
from Aldrich, sodium borohydride (98%) was purchased from
ACROS, HAICl4 was purchased from Beijing Chemical Com-
pany, Neutral Red was bought from Shanghai No.1 Chemi-
cal Company, and used after recrystallization from ethanol.
All other reagents were of analytical reagent grade, and used
as received. The water used was purified through a Millipore
system.

2.2. Synthesis of MES-MPCs

The MES-MPCs were synthesized by a modification of
reported procedure [31]. Briefly, a freshly prepared 0.4 M
sodium borohydride aqueous solution (NaBH4/Au=10) was
added quickly into a 50 mL aqueous solution of HAICl4 (1 mM)

and mercaptoethane sulfonate (1 mM) with vigorous stirring.
After further stirred for 1 h, the reaction was terminated. Finally
the solution was dialyzed before their use for further studies. The
MPCs with a larger core size were prepared by the same proce-
dure except that the mole ratio of thiol to AuCly~ of 0.1:1 was
used in the reaction. The nanoparticles core sizes are moderately
polydisperse, and the average core diameter is 2.7 &= 0.5 nm and
5.0 £ 1.0 nm, respectively, which was determined by TEM anal-
ysis. The MPCs employed in our experiment were the smaller
one (2.7 nm) unless otherwise stated.

2.3. Spectroscopic measurements

UV-vis absorption spectra were recorded with a Cary
500 UV-vis-NIR spectrometer (Varian), fluorescence measure-
ments were performed on a LS-55 Luminescence Spectrom-
eter (Perkin-Elmer). The emission spectra were recorded in
the wavelength of 570-800 nm upon excitation at 540 nm and
460 nm at pH 6.0 and 7.8, respectively, using 10 nm/10 nm slit
widths. The experiments were performed by keeping the concen-
tration of NR constant while varying the concentration of MPCs.
This was done by mixing an appropriate amount of NR solution
and various proportions of MPCs solution, while maintaining
the total volume of the solution constant. All test solutions were
incubated for 15 min before the spectra were obtained to ensure
complete adsorption. Moreover, the mixture of NR and MPCs
solutions prepared in our experiment was quite stable, and no
sign of aggregation was found within 1 week of storage. A
1.00 cm path length rectangular quartz cell was used for these
measurements. No buffer was employed in these experiments,
and the pH of the NR aqueous solution (pH 6.0) did not show
any perceptible changes in the presence of MPCs or electrolytes.
The experiments were repeated and found to be reproducible
within experimental errors. All the experiments were performed
at room temperature (293 K).

3. Results and discussion
3.1. Absorption characteristic of NR solution

As known, NR has pH dependent structural equilibrium
between the protonated form (acid form) and alkanolamine form
(neutral form) with a pK, 6.8 [39]. In aqueous solution, the
absorption spectrum of NR shows maximum absorption cen-
tered around 530 nm at low pH (e.g. 6.0) and 465 nm at high
pH (e.g. 7.8), corresponding to the acid form and neutral form
respectively [40,41]. Fig. 1 shows the structural equilibrium of
NR. As shown, NR is similar to other planar dyes in the chemi-
cal structures belonging to the acridine, thiazine, and xanthene
groups, and the acid form of NR is positively charged. A distinc-
tive color change from yellow to red as NR is protonated from
the basic form can be observed.

3.2. Adsorption of NR on MES-MPCs

Fig. 2 shows the absorption spectra of 5x 107°M NR
containing various concentrations of MPCs. As shown in
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Fig. 1. Structural equilibrium of Neutral Red in aqueous solution.

0.15

0.10

Absorbance

0.05

0.00

(A) Wavelength (nm)

0.15

0.10

Absorbance

0.05

0.00 . 1 . 1 . ;
400 500 600 700 800

(B) Wavelength (nm)

Fig. 2. Absorption spectraof 5 x 10~% M NR in the presence of various concen-
trations of MPCs (107° M): (a) 0; (b) 1.7; (c) 3.3; (d) 5; (e) 6.7; (f) 8.3; (g) 10;
(h) 13; (i) 20; (j) 26; (k) 33. Absorption spectrum of free MPCs (1 x 1075 M) is
shown in the lower part of (A).

Fig. 2(A), with the increasing concentration of gold nanopar-
ticles (1.7 x 1079 M—1.3 x 10~> M), the absorption intensity of
the 534 nm decreases gradually, accompanying with a slight
increase of the absorbance in the shorter wavelength. The peak
position of 534 nm remains almost unchanged, and two isos-
bestic points are observed at 488 nm and 594 nm. When the
concentration of NR is more than 1.3 x 107> M (see Fig. 2(B)),
the absorption in the entire visible region increases with the
appearance of a peak around 480 nm. The absorption peak at
534 nm gradually merges with the surface plasmon absorption
of the gold nanoparticles which is shown in the lower part of
Fig. 2(A). In addition, the color of NR solution is bleached to
some extent upon the mixing of gold nanoparticles.

The above changes of NR absorption spectrum on the addi-
tion of MPCs indicate a strong interaction of NR with MES-
MPCs. At pH 6.0, NR molecules are known to mainly exist in
the acid form with a positive charge, and the mercaptoethane
sulfonate stabilized MPCs prepared in the experiment have
abundant negative charges produced by the sulfonic groups.
Hence one can expect strong electrostatic interactions between
two components in aqueous solution. As a result, NR molecules
are closely adsorbed onto the surface of MPCs, which leads
to the formation of dye—nanoparticles assembly. The absorp-
tion at 534 nm, which is attributed to the acid form of NR,
appears to bleach upon adsorption to nanoparticles. This indi-
cates the preference of acid form of NR for the adsorption onto
the negatively charged nanoparticles. The appearance of two
well-defined isosbestic points when the concentration of NR is
less than 1.3 x 10~> M implies the equilibrium between the free
and adsorbed NR molecules, which further verifies the existence
of interaction in the solution.

It is very interesting to discuss the spectral changes observed
in Fig. 2(B) (increase of the absorption in the entire visible
region, and the appearance of an absorption peak around 480 nm)
where the concentration of NR is more than 1.3 x 107> M. As
known, dye molecules tend to form aggregates in aqueous solu-
tion, and strong electronic coupling between the molecules in
dye aggregates can cause either a blue shift (H-type) or red shift
(J-type) of the absorption band [13]. Thus, the appearance of an
absorption band in the shorter wavelength in our experiment may
arise from the formation of H-aggregation. However, there is also
another possibility that can contribute to this absorption band, on
considering that the neutral form of NR has intense absorption
in this region. In addition, the added gold nanoparticles at this
concentration (above 1.3 x 10~3 M) can also make subtle con-
tributions to the absorption changes in the visible region. Thus
it is difficult to assess the reason of the above spectral changes
from absorption spectra (Fig. 2) directly.

In order to clarify the intrinsic reason for the spectral changes
observed, we then adopted the difference spectra method
[16,42]. Difference spectra were obtained by subtracting the
nanoparticle-only spectrum from the dye—-nanoparticle mixture
(as shown in Fig. 3). It is important to note here that the absorp-
tion spectrum of MPCs actually is also altered on the adsorption
of dye, however, the change is rather small compared with that
of NR. As can be seen, in the difference spectra, the absorption
around the 480 nm does not show any increase on increasing the
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Fig. 3. The obtained difference spectra of Fig. 2 by subtracting the nanoparticle-
only spectrum from the dye—nanoparticle mixture. Note curve i—k overlaps each
other.

concentration of MPCs. It is evident that the absorption band
at 480 nm should originate from the original component existed
in the NR solution. On considering the structural equilibrium
between the acid form and neutral form in NR aqueous solution
at pH 6.0, the absorption peak at 480 nm can then be attributed to
the neutral form of NR, which survives after the adsorption onto
gold nanoparticles. In addition, the fact that no new absorption
band appears on the addition of MPCs also rules out the possibil-
ity of forming dye aggregates upon the adsorption of NR on the
MPCs. Previous studies have shown that the optical properties
of gold nanoparticles also change upon the adsorption of dye,
because the position and intensity of the gold surface-plasmon
absorption band depends strongly on the optical and electronic
properties of the medium surrounding the particles [5,43,44].
However, due to the intense absorption of NR in the wavelength
500-600 nm, the subtle absorption changes of gold nanoparticles
are masked. In addition, on the subtraction of MPCs absorption,
the resultant spectra remain almost unchanged when the con-
centration of MPCs is more than 1.3 x 107> M. It means that
the overall increase we observed in Fig. 2 is just caused by the
addition of the gold plasmon absorption. The addition of further
amounts of MPCs (more than 1.3 x 1073 M) to the NR solution
actually do not cause any perceptible changes, mainly due to the
absorption saturation of NR on MPCs.

3.3. Desorption of NR from MES-MPCs on addition of
electrolytes

From the above absorption results, we analyze that electro-
static interaction should be the dominating driving forces for
the adsorption of NR onto MPC:s. If the formation of NR-MPCs
complex is really driven by electrostatic forces, addition of elec-
trolytes to the NR-MPCs complex should result in desorption of
NR from the MPCs. Since this complex is formed by cooperative
electrostatic forces, due to the introduction of electrolytes, the
ionic strength of the medium will be increased which can screen
the charges on the assembly [45,46]. As a result, the coopera-
tive association becomes weaker and dissociation of the complex
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Fig. 4. (A) Absorption spectra of solutions containing 1.3 x 10~> M MPCs and
5% 107°M NR in the presence of various concentrations of NaCl (M): (a) 0;
(b) 0.0083; (c) 0.017; (d) 0.025; (e) 0.033; () 0.05; (g) 0.067; (h) 0.1; (i) 0.2;
(j) 0.25; (k) 0.3. (B) The absorbance value of the NR-MPCs mixture solutions
at 534 nm in the presence of various concentrations of electrolytes: (@) CaCl,
and (H) NaCl.

occurs. It is noteworthy that for the commonly prepared colloids
like citrate-protected metal nanoparticles, the addition of elec-
trolytes will result in obvious aggregation of the nanoparticles.
However, stemming from the densely packed thiolate layers and
the electrostatic repulsion, the as-prepared MES-MPCs can even
withstand the saturated NaCl solution without aggregation [31].
This excellent stability of MPCs further allows us to investigate
the effect of electrolytes on the NR-MPCs mixture, which is
composed of 1.3 x 1075 M MPCs and 5 x 10® M NR.

As shown in Fig. 4(A), with the addition of NaCl into the
solution, the absorption in the wavelength 500—600 nm increases
gradually and finally develops into a sharp peak at 534 nm,
which is the characteristic absorption band of free NR. Also,
two well-defined isosbestic points are observed at 492 nm and
600 nm, respectively. The absorption reaches a plateau when
the NaCl concentration is up to 0.25 M. The above phenom-
ena indicate that desorption of NR do occur on the addition
of electrolytes. This also verifies the electrostatic nature of the
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adsorption behavior. Moreover, with the addition of NaCl, the
NR solution turns to red in a short time, which also indicates the
release of NR from the MPCs. In order to investigate the charge
effect on the desorption of NR, we then tested CaCl,, the cation
of which is divalent. The experiment shows a similar desorp-
tion phenomenon, except that the absorption reaches a plateau
at a smaller electrolyte concentration (0.05M), and the final
absorbance is larger than that of NaCl (as shown in Fig. 4(B)).
This shows the dication Ca* is more effective on desorption of
NR from the assembly. Electrolyte salts with different anions
(C17, NO3 ™) were also investigated, and the results indicated
nearly no difference. As a control experiment, we also studied
the effect of electrolyte salts on the optical properties of both
dye molecules and MPCs individually. The results show that on
the addition of these electrolyte salts, the absorption spectra of
both components exhibit just slight changes which mainly due
to the alteration of the solution refractive index [42,47]. Thus on
desorption of the adsorbed dye molecules in the presence of elec-
trolytes, the electrostatic nature of the adsorption is confirmed.
Moreover, based on the electrostatic adsorption nature and the
excellent stability of MPCs against the electrolytes, we present
here a quasi-reversible adsorption/desorption model between
nanoparticles and photoactive molecules, which are expected
to find potential applications on the design of novel nanodevices
for sensing, switching, and drug delivery [5,18].

3.4. Quenching of NR fluorescence on the adsorption of
MES-MPCs

Since NR is a fluorescing dye [48], its absorption behav-
ior onto the MPCs can also be characterized by fluorescence
spectroscopy. In order to minimize effects of excitation atten-
uation and solution self-absorption, the experiments presented
here use quite dilute solutions. Fig. 5 shows the fluorescence
spectra of 2 x 107 M NR in the presence of various concen-
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Fig. 5. Fluorescence emission spectra of 2 x 107°M NR in the presence of
2.7nm MPCs at pH 6.0, with the concentration (1070 M): (a) 0; (b) 1.3; (c) 2.7;
(d) 4; (e) 5.3; (f) 6.7; (g) 10; (h) 13. Inset: Stern—Volmer plots of NR with the
increasing concentrations of MPCs.

trations of MPCs. Here, NR exhibits an emission maximum at
635nm when excited at 540 nm in aqueous solutions, at pH
6.0. It can be seen that with increasing the concentration of
MPCs, the NR fluorescence intensity decreases distinctly with-
out changing the position of emission maximum. Quenching
of the dye fluorescence by the metal nanoparticles that results
in energy transfer to the metal particles has been reported ear-
lier [17,20,49,50], and gold nanoparticles are known to exhibit
efficient energy transfer behavior as excited state quenchers. So
once the NR molecules adsorb onto the MPC surfaces, resonance
energy transfer occurs between NR and the MPCs. As a result,
the fluorescence of adsorbed NR is quenched. Addition of excess
amounts of mercaptoethanesulfonic salt to the NR solution pro-
duces no perceptible change of the fluorescence intensity, which
further shows that this quenching effect must be attributed to the
Au core of the MPCs.

Fluorescence intensity data were then analyzed using
Stern—Volmer equation [51]:

F{
20— 1+ KsvIQ] (1)
F

where F( and F are the fluorescence intensities at 635 nm in the
absence and presence of quencher (MPCs), respectively, Kgy the
Stern—Volmer fluorescence quenching constant, which is a mea-
surement of the efficiency of quenching, and [Q] is the quencher
concentration. The inset in Fig. 5 shows the Stern—Volmer plots,
Fo/F versus [MPCs], according to Eq. (1). Ksy, calculated by
linear regression of the plots, was 6.2 x 10> M~!. As known, flu-
orescence quenching can occur by different mechanisms, which
are usually classified as dynamic quenching (collisional quench-
ing) and static quenching (complex formation) [51,52]. In our
case, due to the formation of NR-MPCs assembly by the electro-
static adsorption, static quenching is certain to be responsible for
the quenching. Then question arises whether dynamic quench-
ing contributes to the quenching of NR fluorescence. Suppose
dynamic quenching did contribute to the quenching, we should
also observe the decrease of NR fluorescence intensity at which
the NR molecules mainly exist in the neutral form. Because
the neutral form of NR are not expected to exhibit electrostatic
adsorption to MPCs, dynamic quenching should be the only
reason responsible for quenching the fluorescence of the neutral
form of NR if the quenching did occur. We then choose to per-
form the quenching experiment at pH 7.8, since at this pH the
NR molecules mostly exist in the neutral form. The experiment
shows that NR fluorescence is also quenched on the addition
of MPCs at pH 7.8, but the quenching constant (Ksy) is two
orders less than that at pH 6.0 (as shown in Fig. 6). This indi-
cates that dynamic quenching also contributes to the quenching
of NR fluorescence on the adsorption onto MPCs. However,
the dominating quenching mechanism is static (formation of the
dye-MPCs assembly).

To study the size effect of this energy transfer quenching, we
then investigated the quenching of NR fluorescence by the MPCs
with average diameter of 5.0 nm. As shown in Fig. 7, at the same
concentrations of particles as used for the MPCs, the NR fluores-
cence is quenched to about 12% of its initial value for the 5.0 nm
MPCs, while nearly 20% survives for the 2.7 nm MPCs. It is evi-
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Fig. 6. Stern—Volmer plots of NR (2 x 10~¢ M) in the presence of various con-
centrations of MPCs at pH 7.8. The linear regression gives Ksy = 8.0 x 10 M~

dent that the MPCs quenching is strongly size-dependent, and
larger gold particles are efficient quenchers of molecular fluores-
cence, which agrees with the previous study [28,29]. This size
dependent quenching can be rationalized by the physical nature
and quantum size effects of metal nanoparticles. As known,
quantum size effects originate for gold nanoparticles below
3.2 nm, which results in their transformation from metallic to
semiconductor/insulator domain, thus larger gold nanoparticles
are metallic in nature and energy transfer mechanism dominates
in such systems. As a result, larger particles become efficient
quenchers of dye fluorescence than that with smaller core size.

3.5. Quenching release of NR from MES-MPCs on the
addition of electrolytes

The above experiments show that on the addition of elec-
trolyte salts, NR molecules will be released from the NR-MPCs
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Fig. 7. Fluorescence emission spectra of 2 x 10~® M NR in the absence (curve
a) and presence of 1.1 x 10~8 M gold nanoparticles with average core size of
5.0nm (curve b) and 2.7 nm (curve c) at pH 6.0.
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Fig. 8. (A) Fluorescence emission spectra of solutions containing 2 x 107 M
NR and 6.67 x 1076 M MPCs in the presence of various concentrations of NaCl
(M): (2) 0; (b) 0.0017; () 0.005; (d) 0.012; (e) 0.02; () 0.045; (g) 0.078; (h) 0.11;
(i) 0.15. (B) Relative fluorescence intensity (F/F) of the NR-MPCs mixture
solutions in the presence of various concentrations of electrolytes: (@) CaCl,
and (W) NaCl.

assembly, which can be monitored by the absorption spec-
troscopy. Based on the fluorescent property of NR dye, we
show that this release process can also be monitored by the flu-
orescence spectroscopy. As shown in Fig. 8(A), the emission
intensity of the NR-MPCs mixture solution (2 x 107 M NR
and 6.7 x 107 M MPCs) increases immediately on the addi-
tion of electrolytes (NaCl), which indicates a sharp release of
NR into the solution. This recovery of fluorescence on the addi-
tion of electrolytes is generally known as quenching release [28].
With increasing the NaCl concentration, finally about 83% of
the initial fluorescence is recovered when the NaCl concentra-
tion is 0.15 M. Further addition of NaCl causes no perceptible
changes on the fluorescence. This further indicates most of the
adsorbed NR molecules can be released on the addition of elec-
trolytes. As that in the absorption study, we also investigated
the effect of dication Ca®* on the quenching release. Fig. 8(B)
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shows the results in terms of F/F (F, Fo have the same mean-
ings as in Eq. (1)) versus the concentration of electrolyte salts.
As shown, the fluorescence intensity reaches its maximum at
a relatively smaller concentration 0.02 M compared with Na*,
and nearly 92% of its initial value is recovered at last. The
results here accord well with that in the absorption study that
the extent of release depends strongly on the specific elec-
trolyte cation, and dication Ca?* is more effective than univalent
Na* in releasing NR from the assembly. Thus here we present
a successful example of investigating the adsorption behav-
ior of photoactive molecules by utilizing the quenching effect
of metal nanoparticles. This unique quenching effect between
MPCs and adsorbed molecules is also expected to serve as
a detector of the extent of kinetic- or equilibrium-controlled
binding interactions such as host—guest, antibody—antigen, etc.
[53-55].

4. Conclusions

In conclusion, we studied the adsorption behavior of Neutral
Red dye on mercaptoethane sulfonate protected gold clusters by
UV-vis absorption spectroscopy and fluorescence spectroscopy.
NR molecules are closely adsorbed onto the surface of MPCs by
the electrostatic attractive interactions. The optical properties of
NR molecules are significantly influenced upon the adsorption,
and no aggregations form in the adsorption, which is revealed by
the difference spectrum method. On addition of electrolytes, NR
molecules are found to be released from the NR-MPCs assem-
bly, which is monitored by both absorption and fluorescence
spectroscopy. In addition, dication Ca* is more effective in the
release of NR than univalent Na*. Moreover, on the adsorption of
gold nanoparticles, NR fluorescence is significantly quenched.
Both static and dynamic quenching mechanisms contribute to
the quenching of NR fluorescence, while the former seems to
be the dominating factor. Also this energy transfer quenching
exhibits strongly dependence of Au core size. It is greatly antic-
ipated that this research will provide further insight into the
mechanism behind photoactive molecules—metal nanoparticles
interactions, and facilitate the design and fabrication of nanode-
vices, biosensors.
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