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Fluorescence Quenching of Norfloxacin by Divalent Transition Metal Cations
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Fluorescence quenching of norfloxacin (NOR) by Cu2+, Ni2+, Co2+ and Mn2+ was studied in water. The change 
in the fluorescence intensity and lifetime was measured as a function of quencher concentration at various 
temperatures. According to the Stern-Volmer plots, the NOR was quenched both by collisions and complex 
formation with the same quencher. However, the static quenching had a more important effect on the emission. 
Large static and dynamic quenching constants support significant ion-dipole and orbital-orbital interactions 
between NOR and cations. The both quenching constants by Cu2+ were the largest among quenchers. Also, 
quenching mechanism of Cu2+ was somewhat different. The change in the absorption spectra due to the 
quencher provided information on static quenching. The fluorescence of NOR was relatively insensitive to both 
the dynamic and static quenching compared with other quinolone antibiotics. This property can be explained 
by the twisted intramolecular charge transfer.

Key Words : Fluorescence quenching, Norfloxacin, Transition metal cation, Stern-Volmer plot, Intramole­
cular charge transfer

Introduction

The fluoroquinolone antibacterial agents, such as nor­
floxacin (NOR) are one of the most frequently prescribed 
groups of medicine because they can be used to treat a broad 
spectrum of bacterial infections.1-3 In 1980, NOR was first 
synthesized by introducing a piperazinyl group at 7-carbon 
atom, as shown in Scheme 1. It was soon realized that NOR 
was much more active in vitro and it showed a broader range 
of antibacterial activity compared with the drugs without a 
piperazinyl group.4,5 The different types of fluoroquinolone 
antibiotics, with or without the piperazine substituent, 
exhibit quite different antibacterial responses and chemical 
properties in various environments.6-8 Therefore, it is very 
important to study the physical and chemical properties of 
these molecules because this investigation can provide 
essential knowledge in our understanding of the mechanism 
of antibacterial activity and cutaneous photosensitization of 
these antibiotics.9-11 Several studies have been carried out 
using systems that mimic biological environments such as 
aerosol-OT (AOT) reverse micelle or H2O-CH3OH and 
H2O-CH3CN mixed solvents because it is difficult to do this

kind of work in vivo directly.8,12-14
It has been known that 1:1 complexes are formed between 

these molecules and some divalent cations by ion-dipole 
interaction using the 4-keto oxygen and the ionized 3- 
carboxylic acid group.15 The ability of the quinolone anti­
biotics to interact with some cellular components is medi­
ated by their complexation with divalent metal cations.6,16-18 
Such interaction between these medicines and metal cations 
can cause the fluorescence quenching. Therefore, valuable 
physicochemical properties of these compounds can be 
obtained using fluorescence quenching study by metal 
cations.19

Fluorescence quenching refers to any process which 
decreases the fluorescence intensity of a given molecule. A 
variety of processes can cause quenching of fluorophore. 
These include excited state reactions, energy transfer, 
complex formation, and collisional quenching.20 One such 
process is collisional or dynamic quenching, which involves 
the collision and subsequent formation of a transient 
complex between an excited state fluorophore and a ground 
state quencher. The excited state complex dissociates upon 
radiative and nonradiative deactivation, leaving both the 
fluorophore and quencher in the ground state. Dynamic 
quenching is diffusion controlled because the quencher must 
diffuse to the fluorophore during the lifetime of the excited 
state. Another important quenching mechanism is static 
quenching, whereby a nonfluorescent complex is formed 
between a ground state fluorophore and quencher. Static 
quenching is a frequent complicating factor in the analysis of 
dynamic quenching.

In this paper, the quenching of NOR fluorescence by Cu2+, 
Ni2+, Co2+ and Mn2+ was studied. All these metal quenchersScheme 1
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belong to the first transition metal series. With the previous 
study for quinolone antibiotics such as ofloxacin (OFL) and 
flumequine (FLU), this work will provide further insight 
into the chemical properties and antibacterial activity of this 
drug.19

Experimental Section

Reagents and materials. NOR was purchased from Sigma 
Chemical Co. (St. Louis, MO) and used without further 
purification. The reagents used as metal quenchers, 
CuCl2・2H2O, CoCl2・6H2O, NiCLBH?。and MnCl2・4H2。， 
were obtained from Aldrich Chemical Co. (Milwaukee, WI. 
ACS reagent grade) and used as received. These chemicals 
were dried for 48 hr in a vacuum below 1 X、10-3 torr with 
P2O5 at room temperature and kept in the desiccator over 
P2O5. To prepare buffer solution (pH = 7.5), tris(hydroxy- 
methyl)aminomethane (tris), KCl and HCl were purchased 
from Aldrich Chemical Co. and used as received. The 
aqueous solutions were prepared using doubly distilled and 
deionized water, which was obtained by passing doubly 
distilled water through a deionization system [Barnstead 
(U.S.A.) Nanopure II]. The concentration of samples was 
lower than 3 X 10-5 M in order to avoid any solute-solute 
interactions and self-absorption. The procedure for pre­
paring samples and tris buffer, and eliminating the dissolved 
oxygen in the sample was explained elsewhere.12,19 The final 
concentration of tris buffer was 0.050 M tris and 0.10 M 
KCl.

Instruments. UV/Vis absorption spectra were obtained 
using a Perkin-Elmer Lambda 900 spectrophotometer. The 
steady-state fluorescence emission spectra were obtained on 
a Perkin-Elmer LS-50B spectrofluorometer. To improve 
reproducibility, each sample was scanned 10 times and the 
average of these measurements was recorded as emission 
spectrum. The sample temperature was controlled using a 
Julabo MP-5A temperature circulator (士 0.5 oC). The 
quantum yields (①)were measured using quinine sulfate (① 
=0.546) and anthracene (①=0.27) as a reference.21-23 The 
phase-modulation method was used to obtain fluorescence 
lifetimes by SLM48000S (SLM Aminco, Rochester, NY) 
spectrofluorometer. The procedure for lifetime measure­
ments was described in previously published papers.8,20,24-26

Results and Discussion

Fluorescence quenching. As shown in Figure 1, the 
absorption spectrum of NOR contains two bands, a strong 
peak at ~275 nm and a small peak at ~325 nm in water. The 
steady state fluorescence emission spectra in aqueous 
solution exhibited strong, broad structureless band with large 
Stokes’ shift as shown in Figure 2. Because the shapes of the 
absorption and emission spectra are different, the molecular 
geometry in ground and excited states will significantly be 
different. The fluorescence properties of NOR were quite 
sensitive to the physicochemical properties of the environ- 
ments.8,13

Figure 1. Absorption spectrum of 7 X 10-6 M NOR in water.

Figure 2. Fluorescence emission spectra of 7 X 10-6 M NOR 
aqueous solution at 0oC in the presence of Cu2+ (人ex = 325 nm). 
Concentration of Cu2+ (M): (1) 0.0; (2) 1.2 X 10-6; (3) 2.4 X 10-6; 
(4) 3.6 X 10-6; (5) 4.8 X 10-6; (6) 6.0 X 10-6; (7) 8.4 X 10-6.

When metal quenchers, Cu2+, Ni2+, Co2+ and Mn2+, were 
added to a NOR solution, very sensitive fluorescence 
quenching occurred even at very low concentrations as 
shown in Figure 2. However, the shape and position of the 
emission spectra remained the same until the intensity fell 
below the detection limit. Figure 3 and 4 show the Stern- 
Volmer plot and Table 1 exhibits fluorescence quenching 
constants by these metal quenchers at various temperatures, 
respectively. In these plots and Table, following characteri­
stic features can be observed.

First, the static (Ks), dynamic Stern-Volmer (Kd), and 
bimolecular (kq) quenching constants are quite large as 
presented in Table 1. The definition of kq is as follow: Kd = 
kqTo, where To is the fluorescence lifetimes in the absence 
of a quencher. The kq values, particularly for Cu2+, are much 
larger than those possible for a diffusion-controlled quen-
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Figure 3. Stern-Volmer plots for the quenching of NOR
fluorescence by Cu2+ and Ni2+ at various temperatures: (A) Cu2+; 
10 oC (•), 30 oC (■), and 60 oC (▲), (B) Cu2+; 10 oC (O), 30 oC

Figure 4. Stern-Volmer plots for the quenching of NOR 
fluorescence by Co2+ and Mn2+ at various temperatures: (A) Co2+; 
10 oC (•), 30 oC (■), and 60 oC (▲), (B) Co2+; 10 oC (O), 30 oC 
(□), and 60 oC (△), (C) Mn2+; 10oC (•), 30 oC (■), and 60 oC 
(▲), (D) Mn2+; 10 oC (O), 30 oC (□), and 60 oC (△).
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(□), and 60 oC (△), (C) Ni2+ ; 10 oC (•), 30 oC (■), and 60 oC 
(▲), (D) Ni2+; 10 oC (O), 30 oC (□), and 60 oC (△).

ching in solution. Similar large quenching constants were 
also reported for the other quinolone antibiotics such as OFL 
and FLU.19 Usually large kq beyond the diffusion-controlled 
limit indicates that some types of binding interaction exist 
between fluorophore and quencher.20,27-29 Therefore, this 
observation suggests that there are relatively strong ion­
dipole and orbital-orbital interaction between NOR and 
metal quenchers. The complex formation between these 
medicines such as NOR, OFL and FLU, and divalent metal 
cations was reported previously.15 The magnitude of quen­
ching constants is consistent with the formation constants 
between the medicine and metal quenchers.

In the spectrum (7) of Figure 2, the concentration of NOR 
and Cu2+ was similar to each other. Therefore, most of the 
NOR emission was quenched when the concentration ratio 
of fluorophore and quencher was close to 1:1. As the Cu2+ 

concentration was larger than 8.4 X、10-6 M, fluorescence 

emission was not measured significantly. So, it can be 
assumed that almost all of the Cu2+ will form 1:1 complex 
with NOR or the distance between nearly all metal cation 
and molecule will be shorter than the radius of “sphere of 
action” within which the probability of quenching is unity. 
Once the fluorophore and quencher are this close, there 
exists a very high probability that quenching will occur 
before these molecules diffuse apart. As the quencher 
concentration increases, the probability increases that a 
quencher is within the first solvent shell of the fluorophore at 
the moment of excitation.20

Second, the change in the fluorescence intensity as a 
function of quencher concentration, [(Fo/F) - 1] vs [Q], 
increases more rapidly as the temperature of sample de­
creases, where F and Fo are the fluorescence intensities in 
the presence and absence of the quencher, respectively. Q is 
the fluorescence quencher. This suggests that static quen­
ching has a great influence on the overall quenching process. 

Table 1. Static Quenching Constants, Ks (M-1); Dynamic Stern-Volmer Quenching Constants, Kd (M-1); and Bimolecular Quenching 
Constants, kq (M-1 ns-1), for NOR with various Divalent Cations. The uncertainty is < 7%

10 oC 30 oC 60 oC
Cations Ks Kd kq Ks Kd kq Ks Kd kq

Cu2+ 1.59 X 106 7.44 X 104 3.94 X 104 6.71 X 105 9.71 X 104 5.03 X 104 3.05 X 105 1.46 X 105 9.93 X 104
Ni2+ 7.58 X 104 1500 700 3.82 X 104 2050 980 5840 3080 1830
Co2+ 3 180 2290 1070 3090 2570 1280 2960 3020 1990
Mn2+ 51 0 270 120 150 290 170 — 330 2 10
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High temperature is likely to reduce the stability of the 
complexes, resulting lower static quenching constants. 
Third, the [(Fo/F) -1] vs [Cu2+] plots have a concave 
curvature towards the y-axis. Also, this curvature increases 
as the temperature decreases. For Ni2+, Co2+ and Mn2+, these 
plots at 60oC are nearly a straight lines but the small concave 
curvature appears as the temperature decreases. However, 
the curvature of Ni2+ plot is somewhat larger than that of 
Co2+ and Mn2+. If the fluorophore is quenched both by 
collisions and by complex formation with the same 
quencher, the modified Stern-Volmer equation is second 
order with respect to [Q].20 Therefore, this upward curvature 
suggests that both static and dynamic quenching occur by 
the same quencher. Fourth, the slope of [(%/©) — 1] vs [Q] 
plots increases as the temperature increases, where t and % 
are the fluorescence lifetimes in the presence and absence of 
a quencher, respectively. In addition, these plots are linear 
straight lines. This change in lifetime by the quencher as a 
function of temperatures exhibits the dynamic portion of the 
observed quenching.20,30,31 Because dynamic quenching 
depends upon diffusion, the bimolecular quenching con­
stants, kq, will be proportional to T/〃，where T is temper­
ature and n is solvent viscosity. Since viscosity is expected 
to decrease with increasing temperature, kq will increase 
with the increasing temperature. On the other hand, the only 
observed fluorescence is from the uncomplexed fluoro- 
phores in static quenching. Because the uncomplexed 
fraction is unperturbed, the lifetime remains %. Therefore, 
To = t in static quenching but t)/t = Fo/F in dynamic 
quenching.

All of the static and dynamic quenching constants by Cu2+ 

are larger than those by other metal quenchers as shown in 
Table 1. Also, the curvature of [(Fo/F) — 1] vs [Cu2+] plot is 
largest and increases most rapidly with decreasing temper­
ature among all of the metal quenchers as shown in Figure 3 
and 4. In the dynamic portion of the observed quenching, the 
temperature dependence of the [(t°/t) 一 1] vs [Q] plot is 
large in Cu2+ and Ni2+, but small in Co2+ and Mn2+, 
respectively. The kq for Ni2+, Co2+, and Mn2+ are very small 
compared with these for Cu2+. Particularly, the kq for Ni2+ is 
smaller than these for Co2+. The Ks for Ni2+ is smaller than 
Cu2+ but larger than Co2+ and Mn2+. The relatively large Ks 
by Ni2+ quenching can be explained partially by the smaller 
ionic radius and larger nuclear charge of Ni2+ compared with 
Co2+ and Mn2+. These Ks of Ni2+ decrease greatly as the 
temperature increases. When Co2+ is used as a quencher, the 
Ks is much smaller than those of Cu2+ and Ni2+ and the 
change of Ks as a function of temperature is also small. In 
Mn2+, the Ks and kq are quite small. The Ks for Mn2+ at 60 
oC is too small to obtain with certainty. As expected, the kq 

by Mn2+ approach to the diffusion-controlled rate. It is clear 
that there is very weak orbital-orbital interaction between 
Mn2+ and NOR because the 3d orbital of Mn2+ is half filled. 
The ion-dipole interaction between Mn2+ and NOR will also 
be weak because of the relatively large ionic radius and 
small nuclear charge.

Cu2+ is well known as an excellent quencher because it is a 

good electron scavenger on account of its electronic struc­
ture (d9). Also, because Cu2+ have large nuclear charge and 
the relatively small ionic radius compared with other metals, 
the ion-dipole interaction between Cu2+ and NOR will be 
strong. Furthermore, Cu2+ usually introduces easily accessi­
ble low energy levels, which is capable of quenching the 
fluorescent excited states of the molecules.32-34

Complex formation between NOR and met이 quen­
chers. The change in the absorption spectra due to the 
addition of metal can provide useful information on static 
quenching because the absorption spectra of the fluoro- 
phores will frequently be changed by the formation of the 
ground state complex. Therefore, the changes of NOR 
absorption spectra by metal cations were examined in a pH 
7.5 buffer solution. In this physiological pH, NOR will exist 
mainly as zwitterions.13 In the tris buffer solution, there was 
no evidence of the formation of a precipitate as Cu(OH)2 

until the Cu2+ concentration reached 1 x 10-3 M. The 
complexes between NOR and cations will mainly be formed 
by the ion-dipole interaction suggested previously because 
no strong absorption bands due to orbital-orbital interactions 
between metal d orbital and ligand are observed as shown in 
Figure 5.15 When Cu2+ was added to the NOR aqueous

^
o
z
<
m
^
o
s
<

250 300 350 400

山。N
<
m
H
O
S

(n<

Figure 5. Change in the absorption spectra of 3 x 10-5 M NOR 
aqueous solution by the addition of Cu2+, (A), and Co2+, (B). The 
concentration of Cu2+ and Co2+ are as follows: (------) 0.0 M,(----- )
1.0 x 10-4 M, (----) 5.0 x 10-4 M, (-------- ) 1 x 10-3 M. Arrows
indicate the change of spectra with the increase of metal 
concentration.
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solution, the strong absorption band around 275 nm moved 
to a longer wavelength (~8 nm) with a gradual increase in 
absorbance. The weak absorption band around 325 nm 
shifted to a shorter wavelength (~6 nm) with a small increase 
in absorbance. In addition, a small absorption band grew 
around 360 nm. Isosbestic point was observed at 344 nm. In 
this case, there will relatively be strong orbital-orbital 
interactions in addition to the ion-dipole interaction between 
NOR and Cu2+ because the change in the absorption bands 
and the appearance of a new band are relatively large. These 
complexes will involve both the 4-keto oxygen and the 
ionized 3-carboxylic acid groups because these ketone and 
carboxyl group correspond to a different chromophore and 
both these two absorption bands change as a result of the 
complex formation.15,19 This relatively strong orbital-orbital 
interaction can explain the large static quenching constant 
between NOR and Cu2+.

According to the crystal structure of the ciprofloxacin 
(CIP) — Cu2+ complex reported recently, metal cations are 
usually bonded to the oxygen atoms of the carbonyl and 
carboxylic groups of the CIP and exhibit an octahedral, or 
square pyramidal geometry.35 Because CIP and NOR belong 
to the same class of quinolone antibiotics having similar 
molecular structure, NOR and Cu2+ will form complex 
having the same structure roughly with the CIP-Cu2+. When 
Ni2+, Co2+, and Mn2+ were added, the change in the spectra 
exhibited approximately the same pattern but the spectral 
change was small compared with the case of Cu2+. The 
extent of the spectral change due to the addition of 
quenchers is consistent with the size of Ks by metal cations.

Specific fluorescence properties of NOR. Because NOR 
has an electron donor, the piperazinyl group, and an electron 

acceptor, the keto oxygen, NOR is regarded as a good 
twisted intramolecular charge transfer (TICT) molecule in 
the excited state.13 Since the intramolecular charge transfer 
(ICT) in the s1 state is accelerated by water, NOR is present 
in aqueous solutions mainly in the charge transferred 
zwitterionic form, S1(CT), as shown in Scheme 2. However, 
NOR is present in the molecular form, S1(M), in organic 
solvent such as CH3OH or CH3CN. In the S1(CT) form, the 
lone pair electrons of the 1-nitrogen atom of the piperazinyl 
group attached directly to 7-carbon will participate to some 
extent the delocalization of the n electrons in the quinoline 
nucleus of the NOR. Owing to these reasons, NOR exhibited 
specific fluorescence properties in various systems such as 
AOT micelle or aqueous-organic solvent mixtures.8,13

To investigate the fluorescence properties of NOR, the 
quenching constants of NOR was compared with those of 
other quinolone antibiotics such as FLU.19 FLU don’t have 
piperazinyl group, electron donor. Therefore, any specific 
chemical properties such as excited state ICT is not observed 
in FLU.8,13 Without this substituent, the basic molecular 
structure of NOR and FLU is similar. When the strongest 
quencher, Cu2+, was used, the Ks and kq of NOR were 
similar to those of FLU.19 For other metal quenchers, 
particularly for Ni2+, both the static and dynamic quenching 
constants of FLU were much larger than those of NOR. For 
Ni2+, Co2+ and Mn2+ quenchers, the difference in the Ks 
values between NOR and FLU was quite large compared 
with the difference in the formation constants (Kf).15,19

Although most of the NOR is present in S1(CT) form in 
aqueous solution, some of S1(Z) and S1(PZ) species also 
exists due to the resonance. So, NOR has several resonance 
forms in the excited state but FUL doesn’t exhibit this kind

Increasing solvent polarity

Scheme 2
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of property. Usually, the additional resonance forms lead to a 
stronger fluorescence emission. Furthermore, in aqueous 
solution, the difference of geometry and dipole moment 
between So and S1 state of NOR is very large compared with 
that of FLU.8,13 If the geometry change between different 
electronic states increases, the internal conversion rate 
usually decreases. Therefore, the NOR in water has a very 
high quantum yield and a short lifetime compared with that 
in organic solvents. Owing to these reasons, the NOR is 
relatively insensitive to fluorescence quenching by metal 
cations, particularly static quenching, compared with FLU 
although NOR has large quenching constants in this case. 
All these observations are one of the characteristic chemical 
properties of the NOR molecule.

Conclusions

When the metal cations such as Cu2+, Ni2+, Co2+ and Mn2+ 

were added as quenchers, the fluorescence emission of NOR 
was quenched very efficiently by both collisions and 
complex formation with the same quencher. This large KS 

and kq supports the existence of relatively strong ion-dipole 
and orbital-orbital interaction between NOR and metal 
quenchers. Furthermore, static quenching has more impor­
tant effect on the fluorescence properties of NOR. Cu2+ is the 
strongest quencher among all of the metal cations examined. 
This might be because Cu2+ is an excellent electron scaven­
ger and introduces easily accessible low energy levels. In 
both static and dynamic quenching, the quenching mech­
anism by Cu2+ is somewhat different from the mechanism by 
Ni2+, Co2+, and Mn2+. For all the metal cations, both 
carboxylic and carbonyl oxygen atoms will be involved in 
the chemical interaction between metals and ligand.

Because NOR is a TICT molecule in water, this molecule 
has additional resonance forms in the S1 state, and geometry 
and dipole moment change are large during electronic 
transition. Therefore, NOR has shown many characteristic 
fluorescence properties in various biological mimic systems. 
In this study, it was found that NOR was relatively insensi­
tive to both the dynamic and static quenching compared with 
other quinolone antibiotics although the spectroscopic 
properties of NOR were very sensitive to the environments. 
In addition, this property was significant when relatively 
weak quenchers, Ni2+, Co2+, and Mn2+ were used, not Cu2+. 
This result is another peculiar fluorescence property that 
provides further evidence that excited state NOR exhibits 
TICT in aqueous solution. These chemical properties of 
NOR may be related to the significant improvement in the 
antibacterial activity due to the introduction of a piperazinyl 
group at the 7-carbon atom.
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