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Abstract Size effect of silver nano particles on the photo-
physical properties of 1,4-dihydroxy-2,3-dimethyl-9,10-
anthraquinone (DHDMAQ) have been investigated using
optical absorption and fluorescence emission techniques.
Silver nanoparticles of different sizes have been prepared
by Creighton method using magnetic stirrer and ultrasonic
field. Quenching of fluorescence of DHDMAQ has been
found to increase with decrease in the size of the silver
nanoparticles. Stern–Volmer quenching constants have also
been calculated.
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Introduction

Amino and dihydroxy substituted quinones are an impor-
tant class of molecules, having immense importance in the
dye industry, biology and pharmaceutical chemistry [1, 2].
Dihydroxy anthraquinones are compounds of significant
chemical and biological interest. These molecules have
important applications as a prominent family of pharma-
ceutically active and biologically relevant chromophores, as
an analytical tool for the determination of metals and in
many aspects of electrochemistry [3]. The hydroxy anthra-
quinone chromophore is the biologically active site in
several antitumor anthracyclines. The stacking interaction
between the chromophore of the drug and the base pairs of
DNA has been studied by means of several spectroscopic
studies. The preparation of uniform nanosized drug par-
ticles with specific requirements in terms of size, shape and
physical and chemical properties is of great interest in the
formulation of new pharmaceutical products [4, 5]. Hy-
droxy anthraquinone in certain medicinal plants such as
Rubia tinctorium L. is a genotoxic and rodent colon
carcinogen [6–8]. Hydroxy anthraquinone derivatives have
been isolated from the roots of Prismatomeris tetrandra
and Rubia cordiofolia L.[9, 10]. Hydroxy anthraquinone
glycosides are concentrated in leaves and flowers of Cassia
fistula Linn [11]. It is also found in leaves and bark of
Cassia podocarpa. It enhances its commercialization as a
laxative due to its antimicrobial effect [12].

The integration of nanotechnology with biology and
medicine is expected to produce major advances in
molecular diagnostics, therapeutics and bioengineering
[13, 14]. Nanoparticles in the diameter range 1–100 nm
would display new physical properties that are neither those
of bulk metal nor those of molecular compounds. These
properties strongly depend on the particle size, inter particle
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distance, nature of the protecting organic shell and shape of
the nanoparticles [13]. Nanoscale metal particles have
attracted significant attention because of their unusual size
dependent optical and electronic properties. These nano-
materials have found potential applications in electronics,
nonlinear optics, chemical and biochemical sensors, and in
catalysis [15]. Due to surface plasmon excitation, nano-
particles of silver, gold and copper may exhibit sharp
electronic absorption bands in the visible region [16]. The
size, shape and structure of nanoparticles define their
properties. Further the development of new procedures for
the synthesis of nanomaterials with a well defined mor-
phology is a very important research target [17]. Assem-
bling fluorophore-metal nanoparticles superstructures as a
two or three dimensional architecture provides routes to
design novel materials with tailored electrical, optical,
lithographic, sensing and photochemical properties [18,
19]. Resonant energy transfer systems consisting of organic
dye molecules and noble metal nanoparticles have recently
gained considerable interest in biophotonics as well as in
materials science [20].

The biological importance of 1,4-dihydroxy-2,3-dimeth-
yl-9,10-anthraquinone (DHDMAQ) molecule and silver
nanoparticles has prompted to the study the photo physical
properties and the influence of size effect of silver nano-
particles on this molecule. Interaction of a dye with the
medium at the molecular level is reflected in its visible and
fluorescence spectra [21]. Fluorescence quenching is a
technique to understand the interaction within the medium
in view of the special role of surfaces of the nanoclusters in
guiding and modifying physicochemical processes.

In the present study, optical absorption and fluorescence
emission spectroscopic techniques have been employed to
investigate the effect of silver nanoparticles on 1,4-
dihydroxy-2,3-dimethyl,9,10-anthraquinone (Fig. 1).

Experimental

Reagents

Spectral grade methanol was obtained from SISCO labora-
tory and was used without further purification. Silver nitrate
and sodium borohydride, purchased from Aldrich, were
used as received. 1,4-Dihydroxy-2,3-dimethyl-9,10-anthra-
quinone was prepared according to the literature [22].
Doubly distilled water was used throughout.

Procedure

The silver nanoparticles used in this study were synthesized
by two different methods.

In the first method silver sol were prepared according to
Creighton method [23]. In brief 2 ml of silver nitrate
solution (0.6 mM) was added drop wise to 25 ml of sodium
borohydride solution (1.2 mM) with vigorous stirring. It
was repeated for different volume of sodium borohydride
(4, 8 and 10 ml) at constant volume of silver nitrate solution
(25 ml). Both the solutions were chilled to ice temperature.

In the second method, in the presence of ultrasonic field
(150 KHz), 2 ml of silver nitrate solution (0.6 mM) was
added drop wise to 25 ml of sodium borohydride solution
(1.2 mM). It was repeated for different volume of silver
nitrate solution (4, 8 and 10 ml) at constant volume of
sodium borohydride solution (25 ml). The ultrasonic
treatment time was 1 h 30 min for all the cases. Both the
solutions were chilled to 0 °C.

The concentration of DHDMAQ in methanol was
0.02 mM. For the effect of silver nanoparticles on
DHDMAQ, DHDMAQ in methanol and silver sol have
been taken in 1:1 volume ratio.

Fluorescence quantum yield

Parker’s method was employed to determine the relative
fluorescence quantum yield (�rel) [24] in which 2,3-
dichloromethyl-1,4-anthraquinone in dichloromethane was
used as fluorescence standard (φ ¼ 4:87� 10�3) [25]. In
the present case the fluorescence quantum yield of
DHDMAQ in methanol was found to be 1.0836.

Apparatus

Optical absorption spectra were recorded using a (Shi-
madzu UV-1700 PharmaSpec) UV–visible spectrophotom-
eter. Elico Spectrofluorometer SL174 was used to record
fluorescence spectra. For fluorescence measurements the
excitation wavelength was 488 nm.

Fig. 1 Structural formula of 1,4-dihydroxy-2,3-dimethyl-9,10-
anthraquinone
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Results and discussion

Silver nano particle size determination

Gustav Mie was the first to provide an explanation on the
dependence of color on the metal particle size [26]. Surface
plasmon resonance can be thought of as the collective
oscillation of the conduction band electrons in the metals.
This is due to the small size of the particle and surface
property and is not exhibited by individual atoms or bulk
materials. When the size of the particle is less than one
tenth of the wavelength of the incident light, the electric
fields can be assumed as spatially constant and only the
temporal variation is taken into account. This state is called
the quasi-static regime. Conduction bands electrons of
alkali and noble metals interact strongly with the visible
range of the electromagnetic waves. The incoming electric
field of the electromagnetic wave induces a polarization of
the electron with respect to the heavy ionic nucleus. The net
charge difference is felt only at the surface (surface as
defined by depth of penetration of the electromagnetic
wave), which, it compensates with a restoring force in the
form of a dipolar oscillation of the surface electrons in the
same phase [27]. However when the size of the particle is
comparable to their skin depth, all the electrons in the
particle resonates, resulting in strong absorption of the
particular wavelength. Since skin depth is dependent on the
wavelength of the incident wave, particles of different sizes
resonate at different wavelengths. This gives rise to
different colors of silver colloid. The color of the colloid
depends not just on the particle size, but also on the shape,
the refractive index of the surrounding media and the
separation between the particles. A change in any of these
parameters will result in the quantifiable shift in the surface
plasmon resonance absorption peak [28].

The optical properties of dispersions of spherical
particles with a radius R can be predicted by Mie theory
[26], through expression for the extinction cross section
Cext. For very small particles with a frequency dependent,

complex dielectric function, " ¼ "0 þ i"00, embedded in a
medium of dielectric constant εm this can be expressed as

Cext ¼ 24π2R3"
3=2
m

1

"¶¶

"0 þ 2"mð Þ2þ"¶¶2
ð1Þ

The origin of the strong color changes displayed by
small particles lies in the denominator of equation which
predicts the existence of an absorption peak when

"¶ ¼ �2"m ð2Þ
In a small metal particle, the dipole created by the

electric field of light induces a surface polarization charge
which effectively act as a restoring force for the free
electrons. The net result is that, when condition Eq. 2 is
fulfilled, the long wavelength absorption by the bulk metal
is condensed into a small surface plasmon band. Using this
Mie theory the radius of the silver nanoparticles have been
calculated (Table 1).

In ultrasonic bath, standing wave field is formed in a flat
bottomed vessel and a diffusion field is formed in a round
bottomed flask. In the present case, silver colloids were
prepared in the flat bottomed vessel with standing wave
field. It is evident that in standing wave field the silver
colloidal particles are spherical, hexagonal or irregular
shaped. Apparently, this is associated with the ultrasonic
field distribution in the reaction vessel. Specifically, a
standing wave is a stack of two same amplitude coherent
waves traveling along a straight line but in reverse
direction. After stacking, the standing wave only fluctuates
in a limited area, but does not propagate outwards.
Therefore, in a standing wave field, the particles can grow
along some directions into a regular shape from a sphere
like or irregular shape [29].

In the present case the absorption spectrum has a
maximum in the range 380–400 nm, which is related to
the plasmon band of the formed nanosized silver particles
(Fig. 2a and b). This absorption band results from
interactions of free electrons confined to small metallic

Table 1 Photophysical prop-
erties of DHDMAQ in silver
nanoparticles

S.
No.

Volume of aqueous (ml)
AgNO3:NaBH4

Particle size
(radius) (nm)

Quantum
yield (�)

Concentration of
silver [Ag] (mM)

ΔA at
488 nm

Using magnetic stirrer
1 2:25 21.5 0.1889 0.0444 0.002
2 4:25 17.0 0.1059 0.0828 0.084
3 8:25 16.0 0.0855 0.1455 0.145
4 10:25 15.0 0.0542 0.1714 0.189
Using ultrasonic field
1 2:25 19.0 0.1446 0.0444 0.012
2 4:25 13.0 0.0925 0.0828 0.056
3 8:25 6.0 0.0799 0.1455 0.100
4 10:25 <5 0.0431 0.1714 0.218
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spherical objects with incident electromagnetic radiation.
Electronic modes in silver nanoparticles are particularly
sensitive to their shape and size, leading to pronounced
effects in the visible part of the spectrum. The observed
plasmon band shows that the silver nanoparticles are
spherical in shape [30].

Quenching of fluorescence

Interaction with chemical species alters the electron density
of the silver nanoparticles, thereby directly affecting the
absorption of the surface bound organic moiety as well as
surface plasmon absorption band. One can utilize these
spectral shifts to measure the binding constants of fluo-
rophores with silver nanoparticles. Dampening and broad-
ening of the surface plasmon band was evident as these
molecules complexed with the silver surface. In addition
both the radiative and nonradiative rates depend critically
on the size and shape of the nanoparticles, the distance
between the dye and the nanoparticles the orientation of the
molecular dipole with respect to the dye-nanoparticle axis
and the overlap between the molecular emission with the
nanoparticles absorption spectrum.

A fluorophore is an oscillating dipole. Nearby metal
surfaces can respond to the oscillating dipole and modify

the rate of emission and the spatial distribution of the
radiating energy. The electric field felt by a fluorophore is
affected by interactions of the incident light with the nearby
metal surface and also by interaction of the fluorophore
oscillating dipole with the metal surface. Additionally, the
fluorophore oscillating dipole induces a field in the metal.
These interactions can increase and decrease the field
incident on the fluorophore and increase and decrease the
radiative decay rate [31].

To investigate the size effect of metal nanoparticles on the
DHDMAQ absorption and emission profile, different sizes
of silver nanoparticles were elegantly employed. Figure 3a, b
and c show the absorption spectrum of DHDMAQ in
methanol and absorption spectra of DHDMAQ in different
sizes of silver nanoparticles respectively. Figure 4a, b and c
depict the fluorescence emission spectrum of DHDMAQ in
methanol and the fluorescence emission spectra of
DHDMAQ in different sizes of silver nanoparticles respec-
tively. The observed fluorescence quantum yield of
DHDMAQ in different sizes of nanoparticles has been
reported in Table 1. C.D. Geddes et al. described the effects
of metallic silver nanoparticles and colloids on nearby
fluorophores [32, 33]. Excited state fluorophores behaves
as oscillating dipoles, which interact with free electrons in
metals. These interactions can increase the radiative decay
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Fig. 2 a Absorption spectra of silver nanoparticles prepared using
magnetic stirrer (2:25; volume ratio of aqueous solution of silver
nitrate and sodium borohydride). b Absorption spectra of silver

nanoparticles prepared using ultrasonic field (2:25; volume ratio of
aqueous solution of silver nitrate and sodium borohydride)
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rate of fluorophores resulting in many desirable effects such
as, increased quantum yields and decreased life times. But
in the present case as the particle size decreases the
fluorescence quantum yield value decreases. It may be
due to the following reason.

It is well known that metallic surface induce strong
quenching of molecular fluorescence due to electromagnet-
ic coupling between the metal and the fluorescence
molecule. Weitz et al. [34] proposed a model to afford a
satisfactory treatment of nanoparticles-induced fluorescence
quenching. The excitation of the electronic plasma reso-
nance leads to an increase in the absorption rate. Again, the

molecular emission dipole excites the plasma resonance
leading to an increase in the rate of radiative decay.
However, the non-radiative branch of the decay provides
an additional damping effect, when the latter process
overwhelms the other two processes, quenching of fluores-
cence is observed.

In the present case the excitation wavelength is 488 nm
which does not coincide with the plasmon resonance peak
of silver colloid and the silver nanoparticles do not exhibit
any fluorescence. Therefore the change in the DHDMAQ
absorption mediated by the electrical near field due to silver
plasmon resonance is weak.
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Fig. 4 a Fluorescence spectrum of DHDMAQ in methanol. b Fluorescence spectra of DHDMAQ in silver nanoparticles prepared using magnetic
stirrer. c Fluorescence spectra DHDMAQ in silver nanoparticles prepared using ultrasonic field

0

0.02

0.04

0.06

0.08

0.1

400 450 500 550

Wavelength / nm Wavelength / nm Wavelength / nm

A
b

so
rb

an
ce

A
b

so
rb

an
ce

A
b

so
rb

an
ce

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

330 430 530 630
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

330 430 530 630

2:25

4:25

8:25

10:25

2:25

4:25

8:25

10:25

a b c

Fig. 3 a Absorption spectrum of DHDMAQ in methanol (concen-
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of DHDMAQ in silver nanoparticles prepared using magnetic stirrer.

c Absorption spectra of DHDMAQ in silver nanoparticles prepared
using ultrasonic field
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The surface plasmon band of silver sol shows a
maximum in the range 380–400 nm for different sizes of
sol. When DHDMAQ is added to the silver sol, the
plasmon band of silver shifts towards higher wavelengths
and its intensity decreases. i.e. a damping of the plasmon
band is observed (Fig. 3a, b and c). The damping of the
silver plasmon band indicates the attachment of the
DHDMAQ molecules on the particle surface.

Ditlbacher et al. [35] attempted to explain these
peculiarities of molecular fluorescence near a metal surface.
When using fluorescing molecules as local probes of the
surface plasmon field of metallic nanoparticles, in the
vicinity of a metal, the fluorescence rate of the molecules is
a function of the distance between the probe molecule and
the metal surface and when in direct contact with the metal,
the fluorescence of molecules is completely quenched.

The distance of closest approach of the probe molecules
to the nanoparticles core will change with the particle size.
Thus the origin of the nanoparticles size dependence on the
quenching process also lies in the core-size related
difference in the density spectrum of the electronic states
of the silver nanoparticles. Due to the chemisorption of the
DHDMAQ to the silver surface, the molecular orbitals of
the DHDMAQ molecules are mixed with the metallic band
states. Certain orbitals of DHDMAQ interact strongly with
the silver particles and are responsible for the chemisorp-
tion band, while others are little affected by adsorption [36].
Thus, the energy transfer quenching is also very sensitive to
density of electronic state changes.

For dye-nanoparticle distances of 1 nm a static model
should be accurate enough, hence an electrodynamical
treatment is not necessary. With the Gersten–Nitzan model
[37] the radiative rate is derived by assuming dipole
emitters. Here the dipole for the entire system is considered,
taking into account the intrinsic molecular dipole, the
molecular dipole induced by the dipole field of the
nanoparticles, the dipole of the nanoparticles driven by
the dipole field of the adjacent nanoparticles and the dipole
of the nanoparticles driven by the dipole field of the
molecule. The resonant energy transfer of the molecular
excitation is treated by calculating the absorption of the
molecular dipole field at the position of the metal nano-
particles. The observed drastically decreased emission rate
(lower quantum yield) is a consequence of a phase shift
between the molecular and the metal dipole leading to a
destructive interference effect.

It is well established that the binding of the probe
molecules to the metal surface results in quenching of the
excited states. Both electron transfer and energy transfer
processes are considered to be the major deactivation
pathways for excited fluorophores on the metal surface.
The electron transfer mechanism is predominant for particle
sizes of <5 nm as the particles do not exhibit any surface

plasmon band in the visible region [38, 39]. As the metal
particles are larger than 5 nm, energy transfer dominates the
quenching mechanism.

The degree of quenching depends on the structural
details that control proximity between the fluorophore and
metal nanoparticles core. When a donor molecule is placed
in the vicinity of the conductive metal surface, resonant
energy transfer between the donor and acceptor takes place
[39]. The probability of this Forster energy transfer depends
on the overlap of the emission band of the probe molecules
with the absorption spectrum of the nanoparticles. In the
present case there is no overlap of the emission band of
DHDMAQ and the absorption spectrum of the silver
nanoparticles which leads to the absence of Forster energy
transfer between DHDMAQ and silver nanoparticles.

The surface plasmon efficiently acts as energy acceptor
even at a distance of 1 nm between the probe molecules and
the metal surface [40]. Metal nanoparticles also have a
continuum of electronic states and exhibit energy transfer
behavior as excited state quenchers [36]. The observed
changes in absorbance of the absorption spectrum and
fluorescence intensity reflects the alteration of the electron-
ic properties of the DHDMAQ chromophore as it binds to
the silver nanoparticles which act as a excited state
quencher. The DHDMAQ has a high emission quantum
yield in the absence of nanoparticles, the dominant effect
for the quenching of excited state of DHDMAQ in silver
nanoparticles may be due to radiative energy transfer to the
metal surface. Fluorescence quenching may also result from
a photo induced electron transfer process between the
excited DHDMAQ and the silver nanoparticles. The
interaction with the dye and excited state surface reactions
may lead to morphological changes of the silver nano-
particles.

The Stern–Volmer equation accounting for both static
and dynamic quenching is generally written as 8 o=8 ¼
1þ Ksv [Ag] [31] where Ksv=Ks+KD where Ks and KD are
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the static and dynamic quenching constants respectively, ϕo

and φ are the fluorescence quantum yield of DHDMAQ in
the absence and presence of quencher [Ag], respectively.
There is no possibility of formation of static quenching
complexes via attractive electrostatic interaction between
fluorophore–quencher pairs collisional quenching is effec-
tively possible. Figures 5 and 6 show the plot of ϕo/ϕ vs
silver concentration at constant DHDMAQ concentration.
The plot is linear with Ksv ¼ 9:66� 104M�1 and 11.48×
104 M−1 in silver nanoparticles prepared by magnetic stirrer
and ultrasonic field respectively. The linearity of the Stern–
Volmer plot indicates that only one type of quenching
occurs in the system. In the presence of quencher the
absorption spectrum of DHDMAQ remains unaltered in
frequency. This indicates that static quenching does not
occur. The absence a new broad band indicates that

DHDMAQ has been bound to silver nanoparticles and so
has failed to exhibit excimer and exciplex formation due to
intermolecular interactions or if there is the formation of
any trace of the excimer, it is also quenched by the metal.
The Stern–Volmer quenching constant by silver nano-
particles in the solution is very high indicating the presence
of adsorption of the dye molecule on the quencher surface.
The high quenching efficiency of the solution results from
the larger surface area provided by the smaller nano-
particles, which enhances their dye adsorption capability.

The association constant for the complexation between
silver nanoparticles and DHDMAQ were obtained by
analyzing the absorption changes (Benesi–Hildebrand ap-
proach). The association constant of Kass=450 M−1 and
5555 M−1 in silver nanoparticles prepared by magnetic stirrer
and ultrasonic field respectively, was obtained from the plot
of [D]/ΔA vs 1/[Ag] (Figs. 7 and 8) where [D] is the
concentration of DHDMAQ, ΔA is the changes in absor-
bance of DHDMAQ with and without silver nanoparticles
and [Ag] is the concentration of silver. The high value of Kass

observed in these experiments suggests a strong association
between the silver colloid and DHDMAQ.

The size regime dependence of the silver nanoparticles
on the fluorescence quenching process can be rationalized
by the correlation of the structures of the nanoparticles in
terms of size. Having the same fluorescent probe and
nanoparticle of different sizes we can realize the role of size
and surface effect on the quenching. The smaller the
particle, the larger is the surface area to volume ratio of

ϕϕo
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the particles. The DHDMAQ molecules added to the
nanoparticles are in thermodynamical equilibrium between
the surface and aqueous phase and the only fluorescent
component is the free DHDMAQ in the solution. The
fluorescence is due to the unbound probe molecules in the
system. The adsorption of the probe molecules from
solution on to the nanoparticles surface is a function of
the chemical composition and structure of the metal
particles, as well as nature of the solution. For a fixed set
of solution parameters, the adsorption process is only
influenced by the particle size. As the size of the particles
decreases, there is the increasing contribution of the surface
atoms. The increased surface are with progressive decrease
in particle size can accommodate large number of probe
molecules around the silver particles. And therefore,
smaller particles become efficient quenchers of molecular
fluorescence than that of the larger ones. This result
suggests that collisional quenching plays major role in the
studied photo physical process in the presence of nano-
particles.

Conclusion

Optical absorption and fluorescence emission techniques
have been employed to study the photophysical properties
of DHDMAQ on silver nanoparticles. The process of
fluorescence quenching of DHDMAQ by silver nano-
particles indicate that the collisional quenching occurs and
the quenching depends on the particle size of the silver
nanoparticles. The DHMAQ molecules were adsorbed on
the surface of the silver nanoparticle which leads to
quenching of fluorescence.
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