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Abstract Concentration effect of silver nanoparticles

(AgNPs) on the photophysical properties of ciprofloxacin

(Cip) have been investigated using optical absorption and

fluorescence techniques. When performed AgNPs solution

was added to the Cip solution, metal-enhanced fluores-

cence intensity and a blue-shift of 20 nm in the maximum

emission spectra of Cip has been observed. The enhanced

intensity of this system is strongly dependent on the AgNPs

concentration and largest at the 6.0 9 10-6 mol L-1. With

increase of AgNPs concentration, quenching of fluores-

cence is observed. Stern–Volmer quenching constants have

been calculated at four temperatures. The results show the

quenching constants are directly correlated with tempera-

ture. It indicates the quenching mechanism is the dynamic

quenching in nature rather than static quenching. From

which we determined the activation energy for the

quenching of Cip-AgNPs to be about 31.1 kJ mol-1. In

addition, in the presence of optimum AgNPs concentration,

a sensitive fluorimetric method for the determination of

ciprofloxacin at the range 5.0 9 10-7–3.0 9 10-5 mol L-1

and the detection limit of 2 9 10-8 mol L-1 in solution is

proposed.
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Introduction

Metal nanoparticles have been investigated intensively in

recent years because of their size-dependent electronic and

optical properties and the possibility of arranging them in

micro and nano-assemblies [1]. In particular, a lot of effort

has been devoted to the synthesis and characterization of

stable dispersions of nanoparticles made of silver, gold,

and other noble metals [2, 3]. Due to surface plasmon

excitation, nanoparticles of silver, gold, and copper may

exhibit sharp electronic absorption bands in the visible

region spectrum [3]. Among them, silver nanoparticles

have been widely studied due to their useful optical,

electrical, and catalytic properties [4–9]. With the progress

of nanotechnologies and the spectral theories, the lumi-

nescence properties of metal nanoparticles have been

studied [10–13]. Resonant energy transfer systems con-

sisting of organic dye molecules and noble metal nano-

particles have recently gained considerable interest in

biophotonics as well as in materials science [14]. Interac-

tion of a dye with the medium at the molecular level is

reflected in its visible and fluorescence spectra [15]. This

interaction between the fluorophor-metal nanoparticle or

fluorophor-quantum dot is a lot of attention because of

important in design novel with materials electrical, optical,

lithographic, sensing, and photochemical properties [16,

17]. Fluorescence detection is a central technology of

biosciences. While fluorescence can be a very sensitive

technique, the detection of a fluorophore is usually limited

by its quantum yield, autofluorescence of the sample and

the photostability of the fluorophores. In this regard, one

important strategy to achieve fluorescence enhancement is

to utilize metallic nanoparticles, which are known to

drastically alter the emission of vicinal fluorophores.
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nanoparticles has already been observed experimentally

[18–21], including the first use and introduction of the term

‘‘metal-enhanced fluorescence’’ (MEF).

Improvements in the analytical utility of MEF-based

sensors will require recognition of other reaction that may

be compete with the desired reaction, such as quenching

process. One type of quenching is due to collisions between

quenching agents and fluorophores, and is called collisional

or dynamic quenching. The dynamic quenching provides a

non-radiative route for loss of the excited state energy. A

second type of quenching, sometimes confused with

dynamic quenching, is static quenching, in which the

quencher forms a non-fluorescent complex with the

quenching agent. Toward to the better understanding these

processes, we have sought to study fluorophor-metal

nanoparticle interaction, with enhance and quenching

effects.

Ciprofloxacin (Cip) belongs to the family of fluoro-

quinolone antibacterial agents that also include enoxacin,

norfloxacin, ofloxacin and some other molecules

(Scheme 1). These fluoroquinolone antibacterial agents are

synthetic derivatives of 6-fluoro-4-oxo-quinoline-3-car-

boxylic acid. They are fluorinated at position 6 and mostly

bear a piperazinyl moiety at position 7. Cip is one of the

most potent quinolone derivatives in clinical use with a

very broad spectrum of antibacterial activity and is often

used as an antibacterial agent [22–25].

The present work is a continuation of our earlier studies

on the investigation of different effect on the fluorescence

intensity of various systems [26–30]. In this study, optical

absorption and fluorescence emission techniques have been

employed to investigate the effect of silver nanoparticles

concentration on the enhancement and quenching of fluo-

rescence intensity of Cip (Scheme 1).

Experimental section

Reagents and procedure

All the chemicals and reagents analytical grade were from

Merck (Darmstadt, Germany) and doubly deionized water

was used throughout. Ciprofloxacin hydrochloride

monohydrate powder was obtained from Amin Co., Iran.

Stock standard solution of 10-4 mol L-1 was prepared by

dissolving accurately measured amounts of Cip in double

distillated water. The pH values in optimization stage were

adjusted by sodium acetate/acetic acid buffer addition. The

silver nanoparticles (AgNPs) in the presence of a cationic

surfactant, cetyltrimethylammonium bromide (CTAB)

were synthesized by following the literature [31]. In brief,

25 mL of silver nitrate solution (6.0 9 10-4 mol L-1) is

mixed with CTAB (2.0 9 10-4 mol L-1) and then adding

the mixed Ag?-CTAB drop wise to 25 mL of sodium

borohydride solution (1.2 9 10-3 mol L-1) 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. The reaction is performed in an ice-cooled

water bath to reduce the reaction rate, and ionic surfactants

are used as stabilizers in order to obtain stable silver

colloids.

Apparatus

Optical absorption spectra were recorded using a (Scinco

model 2100) UV-visible spectrophotometer with quartz

cell of 1 cm path length. The fluorescence spectra were

recorded by a Perkin–Elmer model LS 50B spectrofluo-

rimeter equipped with a thermostated cell compartment, at

all temperatures used, the accuracy of temperature mea-

surement was ±0.1 �C. Fluorescence data were obtained

by using the slit-width of the excitation and the emission of

the spectrofluorometer at 10 nm and the excitation wave-

length was 335 nm. Powder X-ray diffraction (XRD) pat-

terns were measured using Cu-Ka radiation (k = 1.5406 Å)

on a Philips. Scanning electron microscopy (SEM) was

done on a Philips XL-30 instrument. Infrared spectra were

recorded at 4 cm-1 resolution with a Nicolet 100 Fourier

transform infrared (FT-IR) spectrometer. The results of the

enhancing reactions between the AgNPs and Cip were

analyzed according to the Stern–Volmer and Benesi–

Hildberant equation [32, 33].

Preparation of sample tablet solutions

Ten tablets were weighed, finely powdered, and portions

equivalent to 500 mg Cip were transferred into a 100 mL

volumetric flask; 50 mL water was added, shaken thor-

oughly to dissolve, was brought to volume, mixed well and

centrifuged; the supernatant was used to prepare solutions

of 10-3 mol L-1 of Cip using water as the diluents. The

working sample solution (10-3 mol L-1) obtained by

dilution of supernatant was used to set up the concentra-

tions in the range of calibration studies and

6.0 9 10-6 mol L-1 AgNPs was added to each of sample.

Scheme 1 Chemical structure of ciprofloxacin
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Results and discussion

Spectral characteristics of AgNPs drug interaction

The UV-vis spectrum of the as-prepared AgNPs

(5.0 9 10-5 mol L-1) is shown in Fig. 1a. It exhibits a

surface plasmon resonance band at 400 nm, which arise

due to collective oscillations of the conduction electrons in

the electromagnetic field of the incident light [34]. The

observed plasmon band shows that the AgNPs are spherical

in shape [35, 36]. In Fig. 1b, we show XRD patterns of the

AgNPs. The obtained XRD spectrum of silver nanoparti-

cles is matched with JCPDS Card No. 4-0783, which

exhibits the characteristic peaks of the silver crystallites

observed at 2h = 38.09� (111), 44.33� (200), and 64.49�
(220). The position of the XRD peaks of the Ag nanopar-

ticles matches with those from metallic Ag in the face-

centered cubic phase. Thus, the XRD spectrum confirmed

the crystalline structure of silver corresponds to the parti-

cles 35 nm diameter [37].

Figure 1c shows SEM image of AgNPs. Average size of

the particles is 55 nm and nanoparticles are spherical in

shape. Also, in the Fig. 1d, we show the FT-IR spectra of

pure CTAB (solid line) and CTAB-capped AgNPs (dash

line) in regions of 500–4,000 cm-1. We can clearly observe

the CH2- and CH3-stretching modes in 3,000–2,800 cm-1

[38], the CH2 bending mode and the CH3–(N?) deformation

mode in 1,500–1,450 cm-1, and the CH2 rocking mode in

735–710 cm-1 [38], which appears in spectra of aqueous and

crystal CTAB. The spectra give unambiguous evidence of

sorbed CTAB on AgNPs.

The spectrum of Cip in aqueous solution exhibits an

absorbance maximum at 276, 324 and 335 nm (Fig. 2a)

and does not interfere with the plasmonic absorption band

of AgNPs located in the visible range of the spectrum.

However, when Cip solution was added to the preformed

AgNPs solution, a noticeable decrease in total absorbance

and a slight blue-shift of 3 nm in the maximum absorbance

of plasmonic band were measured (see Fig. 2a, curve c),

which clearly indicated the interaction of drug and

AgNPs. The spectral shift confirms the existence of drug-

AgNPs interaction. The absorption maximum at 276 nm

corresponds to the p–p* transition of the fluorobenzene

moiety, and other two correspond to n–p* as well as
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p–p*transitions of the quinolone ring [39] (Scheme 1).

After adsorption, the peak at 276 nm is shifted to 270 nm

and the other absorption peaks of Cip molecules at 324 and

335 nm also get shifted to longer wavelength (Fig. 2a,

curve c). The UV–visible spectra of AgNPs were also

recorded in different concentration of Cip in aqueous

solution Fig. 2b.

The equilibrium for the formation of the complex

between Cip and AgNPs can be given as shown below.

Kas ¼ ½AgNPs� Cip�=½AgNPs�½Cip� ð1Þ

The Benesi–Hildebrand equation can be utilized to obtain

Kas by using the changes in the absorption at plasmonic band

of AgNPs (4.0 9 10-6 mol L-1) at 400 nm. The association

constant of Kas = 1.70 9 106 L mol-1 was obtained from

the plot of (A0 - A)/A versus [Cip]. A0 and A are the

observed absorbance of the solution in the absence and

presence of drug at different concentrations (2.0 9

10-8–20.0 9 10-8 mol L-1), respectively. The high value

of Kas observed in these experiments suggests a strong

association between the AgNPs and Cip. The variation of

plasmonic absorbance versus Cip/AgNp mole ratio was

inserted in Fig. 2c.

Fluorescence spectra analysis

Enhancing and quenching of fluorescence 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 Fig. 3a, b fluo-

rescence spectra of free and intracted drug were compared

at different concentration of Cip (6.5 9 10-8 mol L-1,

Fig. 3a and 2.0 9 10-7 mol L-1, Fig. 3b). The variation of

AgNPs concentration was the same in both the cases, as

determined by fluorescence spectroscopy. Free Cip has a

broad emission peak around 430 nm, when excited at

335 nm (curve a). The curves b–f in Fig. 3b, c correspond to

the adsorbed species on AgNPs. The adsorbed species has

an emission spectrum centered at 410 nm and does interfere

with the plasmonic absorption band of AgNPs (Fig. 3c).

The observed blue shift in the emission and enhancing of

the intensity can be attributed to the electronic interactions

between the drug molecule and the AgNPs.

Figure 4 presents the effect of AgNPs concentration on

the fluorescence intensity of Cip at the two different con-

centrations obtained by plotting the normalized fluorescence

intensity at 410 nm as a function of AgNPs concentration.

An enhancement or quenching of the fluorescence can be

observed depending on the exact conditions. As can be seen,

the fluorescence intensity increases, with increasing AgNPs

concentration, up to about 6.0 9 10-6 mol L-1, due to the

interaction of drug with metal nanoparticle. However, for

both of the Cip concentrations a decrease in fluorescence

intensity was observed when AgNPs concentration increased

up to 3.0 9 10-5 mol L-1. This is most probably due to an

increased collision probability between complex and free

metal nanoparticles.

The quenching of fluorescence is known to occur by

excited state reactions, complex formation (static quench-

ing), energy transfer, and collisional quenching (dynamic

quenching) [40]. The last two processes are mainly con-

sidered. When a donor molecule is placed in the vicinity of

the conductive metal surface, resonant energy transfer

between the donor and acceptor takes place [41]. The

probability of Forster energy transfer depends on the
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overlap of the emission band of the probe molecules with

the absorption spectrum of the nanoparticles. The energy

transfer processes is considered to be the major deactiva-

tion pathways for excited Cip on the metal surface,

resulting from the spectra interfere of Cip-AgNP with the

plasmonic absorption band of AgNPs increasing. In the

present case, there is a overlap of the emission band of Cip-

AgNP and the absorption spectrum of the free AgNPs,

which leads to the presence of Forster energy transfer

between Cip-AgNP and excess free AgNPs (Fig. 3c).

On the other hand probably due to an increased con-

centration of AgNPs in solution, dynamic quenching

occurs between bounded and free AgNPs. Dynamic, i.e.,

collisional quenching occurs when excited state fluoro-

phore is deactivated upon contact with the quencher mol-

ecule in solution. In this case, the fluorophore is returned to

the ground state during a diffusive encounter with the

quencher.

The Stern–Volmer equation [30] accounting for

quenching is written as Eq. (2):

I0=I ¼ 1 þ Ksv½AgNPs� ð2Þ

where Ksv is quenching constant, I0 and I are the fluores-

cence intensity of probe molecule in the absence and

presence of quencher [AgNPs], respectively. The colli-

sional quenching is effectively possible at the concentra-

tions AgNPs [ 6 9 10-6 mol L-1. Figure 5 shows the plot

of I0/I versus [AgNPs] for two constant concentration of

Cip. The plots are linear with Ksv = 2.4 9 104 L mol-1.

The linearity of the Stern–Volmer plot indicates that only

one type of quenching occurs in the system.

Dynamic quenching can be distinguished by their dif-

fering dependence on temperature. Higher temperature

results in faster diffusion and larger amounts of collisional

quenching. Figure 6 shows the effect of temperature

change on the Stern–Volmer plots. As can be seen Ksv

increased with increasing temperature (Table 1). This

indicates that collisional quenching by dynamic
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mechanism does occur at [AgNPs] [ 6.0 9 10-6 mol L-1.

According to bimolecular quenching, Eq. (3):

Ksv ¼ kq � s0 ð3Þ

where kq is bimolecular rate constant and s0 (10-8 s) is the

average lifetime of the fluorescence substance without

quencher [40]. Therefore, according to Eq. (3), kq were

calculated as shown in Table 1. When the dynamic

quenching mechanism is dominant, a plot of lnkq versus

inverse temperature gives an Arrhenius plot (Eq. 4):

ln kq ¼ ln A � Ea=RT ð4Þ

Values of Ea and the frequency factor A were derived

from linear least squares regression plot of lnkq versus 1/

T. Plotting lnkq versus 1/T yields excellent correlation

coefficient (R2 = 0.99) which is shown in Fig. 6. The slope

directly provides the activation energy (Ea) of the

collisional quenching of Cip-AgNPs in the presence of

excess free AgNPs, which was found to be equal to

31.1 kJ mol-1. In conclusion, dynamic quenching and

energy transfer process is competing with each other.

Analytical characteristics and application

To determining the linearity behavior of proposed method, a

series of standard solutions of Cip in the concentration ranges

of 1.0 9 10-7–5.0 9 10-5 mol L-1 were examined under

the optimum conditions (containing 6.0 9 10-6 mol L-1

AgNPs). The external calibration graph for the calculation of

figures of merit of system is used according to the procedure

described above. The linear range of the calibration curve is

5.0 9 10-7–3.0 9 10-5 mol L-1. The limit of detection

(LOD) was given by the equation LOD = 3 9 rb/S, where

rb is the standard deviation of the blank measurements

(n = 5) and S is the slope of the calibration graph. The

detection limit found was 2.0 9 10-8 mol L-1. The relative

standard deviation (RSD%) was about 2.3 % for five

replicate.

Under the experimental condition, the proposed method

was applied to the determination of Cip in tablet. Accuracy

of the procedure is checked by the ‘‘added-found’’ method.

The standard addition method was used in the determina-

tion of Cip content in tablet samples. The recovery% of

the added pure drug was calculated as, recovery% =

[(Ct - Ca)/Ca] 9 100, where Ct is the total drug concen-

tration measured after standard addition and Ca is the drug

concentration added to formulation.

Good recoveries ranging from 95 to 102 were attained

for these determination with satisfactory analytical preci-

sions (RSD \ 2.5 %). The results are summarized in

Table 2.

Conclusion

Optical absorption and fluorescence emission techniques

have been employed to study the photo physical properties

of Cip on AgNPs. The Cip molecules were adsorbed on the

surface of the AgNPs, which leads to metal enhancing of

fluorescence. The enhanced intensity of this system is

strongly dependent on the AgNPs concentration. When the

concentration of AgNPs is less than 6.0 9 10-6 mol L-1,
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Fig. 6 Stern–Volmer plots for quenching effects of AgNPs on Cip

fluorescence at different temperatures (a) and Arrhenius plots of lnkq

versus 1/T for dynamic quenching mechanism (b)

Table 1 Stern–Volmer

quenching constants of the Cip-

AgNPs

T (K) Ksv (L mol-1) R2 kq (L mol-1 s-1) Kas (L mol-1) E (kJ mol-1)

298 2.59 9 104 0.99 2.59 9 1012 1.70 9 106 31.1

303 2.98 9 104 0.92 2.98 9 1012

310 4.09 9 104 0.96 4.09 9 1012

318 5.61 9 104 0.98 5.61 9 1012
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the enhanced fluorescence intensity of this system is the

largest. The process of fluorescence quenching of Cip-

AgNPs by excess AgNPs indicate that the collisional

quenching occurs and the quenching depends on the con-

centration of excess AgNPs.
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Table 2 Results of recovery assays to check the accuracy of the proposed method for tablet samples (n = 5)

Samplesa Addedb (9 10-3 mol L-1) Found (9 10-3 mol L-1) Recovery (%) RSD (%)

1 0 29.0 96–102a 2.2

2 7.8 36.8 95–102 2.4

3 19.5 48.5 96–102 2.3

4 46.8 75.8 97–101 2.2

5 53.3 82.3 95–102 1.9

a Ciprofloxacin 500 mg tablets
b Amounts before dilution
c Recovery % = ((Ct - Cf)/Cf) 9 100, Ct and Cf are measured and formulation concentration of drug in tablet, respectively
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