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Abstract

Ciprofloxacin (CIP) was detected by two binary complexes Eu(III)-(PDCA), and Tb(III)-
(PDCA), (PDCA= pyridine 2,6 dicarboxylic acid) in existence and nonexistence of different supports
(silver and gold nanoparticles) using spectroscopic luminescence technique. The luminescent com-
plexes were strongly quenched at 615 and 545 nm for europium and terbium complexes respectively,
by ciprofloxacin at pH =7.4 in Tris-HCI buffer solution. The detection limits of CIP were 1.76uM, 1.49
uM, and 1.06 M using Eu(IIl)-(PDCA)2, Eu(IIl)-(PDCA),-AuNPs and Eu(III)-(PDCA),-AgNPs,
respectively. While in the case of Th(III)-(PDCA),, Th(III)-(PDCA)s- Au NPs, and Th(III)-(PDCA),-
AgNPs, the detection limits of CIP were 2.05 uM, 1.77 uM, and 1.46 uM, respectively. This method
of detection showed a good retrieval for CIP identification in hospital wastewater.
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1. Introduction

The synthetic fluoroquinolone Ciprofloxacin
drug eliminates the bacteria via stopping pro-
tein and DNA formation by the interaction with
enzymes responsible for reproductions. It is an
established medication for many bone joints,
cystitis, and respiratory and urinary system in-
fections. It was considered as one of the final
used treatment for such infections [1] , so it was
widely used.

Gold nanoparticles (AuNPs) and silver
nanoparticles (AgNPs) with an exceptional sur-
face behavior (localized surface plasmon reso-
nance (LSPR)) showed unusual optical properties
across visible-near-IR areas via changing shape
and size. They have numerous applications in all
analytical and medical fields [2], [3].

The luminescence probe is one of the most sen-
sitive, easiest, and fastest analytical techniques
that may use, however, the one that based on
lanthanide’s complexes is the preferred as it of-
fers larger Stokes shift, narrow emission, and long
lifetimes, particularly europium and terbium ions
complexes (in the range of milliseconds). By in-
sertion of metallic nanostructures all optical be-
havior of the system will be changed, especially
fluorescence [4]- [8]. The effect may be increas-
ing in luminescence intensity (metal-enhanced flu-
orescence) or the opposite action |9]. Nanopar-
ticles surface plasmons may interact or couple
with the excitation wavelength used by the flu-
orophores and alter the energy transfer by in-
creasing or decreasing since it became unified
system (NPs—fluorophore) with the same fluo-
rophore spectral behaviors [10]. Furthermore, by
exploiting various metal nanoarchitectures to ma-
nipulate fluorescence, both increased fluorescence
quantum yield and improved photostability can
be realized. [11].

Ciprofloxacin was determined using differ-
ent techniques such as Gas chromatography
(GC) [12], [13] , High-performance liquid chro-
matography (HPLC) [14] , and UV/Vis spec-
trophotometric method [15] , which are in general
long timing methods and tedious preparation of
samples that require a specific chemical reagent
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Figure 1: Thestructure of ligand (PDCA) and the drug
(CIP)

with a high cost and environmentally harmful as
well.

In this work, fluorescent methods have been
used for assessment of ciprofloxacin drug by us-
ing luminescent lanthanide complexes, which are
considered, simple, sensitive, and highly selective
method. The structure of the studied ligand pyri-
dine 2,6 dicarboxylic acid (PDCA) and the drug
ciprofloxacin (CIP) are shown in Figure (1).

2. Experimental

2.1. Apparatus and reagents

All salts and reagents were of analytical
grade and used without any further purifica-
tion from a standard supplier. Lanthanides
salts (ThCl3.6H,0), (EuCls.6H,0), silver nitrate
(AgNO3), trisodium citrate (NagCgH507 .2H50),
sodium borohydride (NaBH,), and ciprofloxacin
were purchased from EGPI company (www
Info@Egpi.Org.com). Tetrachloroauric acid
(HAuCl,.4H50) was purchased from Merck.

The Luminescence studies were handled with
a JASCO-FP6300 spectrofluorometer outfitted
with a 150 W xenon lamp and a 1 cm quartz
cell. Jenway 3510 pH meter was used for pH cor-
rections. The UV-Vis spectra were filmed using
Lambda 20 (Perkin Elmer) UV-Vis spectropho-

tometer with a 1 cm quartz cell.

2.2. Stock Solutions Preparation

Stock solutions of ciprofloxacin (1 mM) were
prepared in deionized water. For (0.1M) Tris-HCl
buffer solution 1.21 g of hydroxy-methyl-amino-
methane was dissolved in 80 ml deionized water,
the pH was adjusted using concentrated HCI so-
lution (0.5-0.6 ml), then the volume was adjusted
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to 100 ml. To obtain a 0.05 M Tris-HCI pH 7.4
solution, dilute 0.1 M Tris-HCI pH 7.4 (1:2) with
deionized water. 1.0 % tetrachloroauric acid, 1.0
mM of silver nitrate, 0.05 M trisodium citrate
and 2.0 mM of sodium borohydride were prepared
by dissolving the appropriate weights in deionized
water. Under a dry and freezing (4°C) environ-
ment the solutions were stored.

2.8. Preparation of working solutions

The procedure adopted for solution prepara-
tion for luminescence measurements includes the
preparation of the working probe mixture as fol-
lows; 0.2 ml of EuCl3.6H>O or ThCl3.6H50 stock
solutions, 5ml of buffer (pH =7.4), and 0.4 ml of
PDCA stock solution were added to a 10 ml vol-
umetric flask. The mixture volume was adjusted
to 10 ml with bi-distilled water and incubated for
several minutes for constancy.

The  fluorescence  spectra of  Eu(IIl)-
(PDCA), and Th(III)-(PDCA), were recorded,
then addition of CIP with elevating its concen-
tration gradually with recording the emission
spectra after each addition. In an extra step after
formation of the probe mixture in 10 ml, 0.1 ml
of AuNPs or AgNPs was added, the fluorescence
spectra of Eu(III)-(PDCA)s - AuNPs, Eu(III)-
(PDCA)s-Ag NPs, Tb(III)-(PDCA); - AuNPs,
and Th(II1)-(PDCA),-AgNPs were recorded in
the presence of different concentrations of CIP
at excitation wavelength 280 nm and emission
wavelengths 614 nm and 545 nm for Eu(III)-
(PDCA); and  Th(III)-(PDCA),, respectively.
All shoots are repeated at least three times, and
the average was taken.

2.4. Preparation of Au NPs and Ag NPs

Tetrachloroauric acid solution 0.016 % was pre-
pared by diluting of 1.0 ml of 1.0 % solution to
62.5 ml; then boiled with stirring after that 10
ml trisodium citrate (0.05 M) was continuously
added until the solution transforms splendid red-
colored [16]. The concentration of the prepared
Au NPs was quantified by UV absorption spec-
trophotometry using a molar extinction coefficient
of € = 1.01x 108 M~! em™ [17].
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Figure 2: TEMimage (a) and UV-visiblespectrum (b) of
Au NPs

350 400 450 500
Wavelength nm.

Figure 3: TEMimage (a) and UV-visiblespectrum (b) of
AgNPs.

25 ml of AgNOj; solution (1 mM) was added
up wisely to 75 ml freshly prepared NaBH, (2
mM) solution with energetic mixing. The color of
the mixture became bright yellow indicates silver
ions reduction. The color of the solution indi-
cates that the reduction of silver ions was com-
pleted. After 15 minutes of continuous stirring,
the stabilizer sodium citrate solution (1.0 wt. %)
was added to stabilize the Ag NPs. The Ag NPs
colloidal was stirred for extra 30 minutes. All col-
loidal solutions were stored at 4° C and used for
two days only [18]. UV-visible measurements and
TEM images were used to confirm the prepared
nanoparticles. The concentration of the prepared
Ag NPs was quantified by UV absorption using a
molar extinction coefficient of € = 5.56x 108 M~!
cm™! [19].
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Figure 4: Effect of Au NPs and Ag NPs on the fluorescence spectra of (a)Eu(III)-(PDCA)q, (b) Th(III)-(PDCA),

complexes

3. Results and discussion

3.1. Characterization of nanoparticles

TEM descriptions of the prepared nanoparti-
cles showed an average particle size of 11 nm and
3 nm for Au NPs and Ag NPs, respectively, ac-
cording to the scaling depicted in Figures (2)a
and ( 3)a. The characteristic plasmonic absorp-
tion band of Au NPs and Ag NPs were exhibited
at 520 nm and 392 nm, respectively, as in Fig-
ures (2)b and (3)b. The size of the nanoparti-
cles is less than 20 nm, thus it possesses a single
surface plasmon band [20].The fluorescence prop-
erties and nanoparticles.

The existence of nanoparticles with Eu(III)-
(PDCA), complex was accompanied by an en-
hancement in the case of Au NPs and a slight
decrease in fluorescence intensity with Ag NPs.
In the case of Th(III)-(PDCA),, the presence of
NPs is accompanied by an enhancement in fluo-
rescence intensity for both additives. In all cases,
there was a blue shift in wavelength, as shown in
Figure (4).

The presence of nanoparticles with lanthanide
complexes were reported to modify the absorption
condition [21]. The Nanoparticles can alter the
energy transfer to the fluorophores by the inter-
action between the excited-state fluorophores and
surface plasmon electron in the metal NPs [22].

Table 1: Fluorescence intensity of Eu(III)-(PDCA), and
Th(IIT)-(PDCA)scomplexes in different buffers.

Complexes Buffers Fe
Tris - HCl 225

Eu(IIT)- pl;)lsgllggte 151
(PDCA), 15
MOPS 57

MOPSO 55

Tris - HCl 570

Th(ITT)- phosphate 159
(PDCA), PIPES 206
MOPS 155

MOPSO 239

3.2. Optimum pH and buffer

The previous studies indicated that the best pH
for PDCA complexes with Eu(III) and Tb(III)
was found to be ~7.5. The presence of Tris buffer
was for controlling pH at the required degree [23].
Tris buffer was found to be the best one among
several tested buffers, as shown in (Table 1) for
the fluorescence intensity of the free complexes.

3.8. Interaction of CIP with different probes

The effect of the addition of different concentra-
tions of CIP (2-20 uM) to the complexes Eu(III)-
(PDCA),; and Tb(III)-(PDCA), in the absence
and presence of Au NPs and Ag NPs in Tris buffer
(1 ml pH= 7.4), showed a quenching in the hy-
persensitive peak of Eu(IIT)(°Dy—"F3) at 615 nm



A. M. Abbas et al./ Advancesin Environmental and Life Sciences 1 (2022) 1-14

Flourescence intensity (a.u) Fluorescence intensity (a.u)

Fluorescence intensity (a.u)

Figure 5: Emission spectra for the interaction of CIP with (a) Eu(III)-(PDCA)2,(b) Eu(III)-(PDCA)s-Au NPs ,(c)
Eu(III)-(PDCA)3-Ag NPs,(d) Th(III)-(PDCA)s ,(e) Th(III)-(PDCA)s- Au NPs ,(f)Th(III)-(PDCA)s-Ag NPs at pH
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Figure 6: Stern-Volmer equation for the interaction of CIP with [A]: (a)Eu(III)-(PDCA)s ,(b) Eu(III)-(PDCA)2-AuNPs ,
(¢)Ew(III)-(PDCA),-AgNPs, and [BJ: (d) Th(III)-(PDCA)s,(f) Th(III)-(PDCA)s-AuNPs , (g) Th(III)-(PDCA ),-AgNPs

[CIP] M

atpH =7.4 using Tris—HCI buffer.

1.00

0.000000

0.000004  0.000008  0.000012

[CIP]| M

0.000016




A. M. Abbas et al./ Advances in Environmental and Life Sciences 1 (2022) 1-14

-0.7 o

&
o

Log (FO-F/F)

-0.6

-0.7 4

Log (FO-F/F)

-1.4

\ \
= =
n =

\
=
=N

Log [(FO-F/F)]

1.1+

-58 57 56 -55

Figure 7: Binding constant plots for CIP with [(a) Eu(III)-(PDCA)3, (b)Eu(III)-(PDCA)2-AuNPs, (¢) Eu(III)-(PDCA),-
AgNPs, (d)Tb(III)-(PDCA)3, (e) Th(III)-(PDCA)3- AuNPs, and (f)Th(III)-(PDCA)3-AgNPs| complexes at different

5.4

-5.3 -5.2

Log [CIP]

-0.8

-0.9

-1.0 4

A 4 » » »

-
-58 -SI.'." -Sl.{i -SI.S -Sl.-i -SI.S -SI.Z -Sl.l -Sl.ﬂ -4.9
Log [CIP]
= 303k (E)
* 313k
4 318k

temperatures.

T T T T T T
-54 53 51 51

Log [CIP]

T
50 4.9

and that of Th (III) (°D4—"F5) at 545 nm in ab-
sence and presence of 1.44x107* M Au NPs and
3.4x107" M Ag NPs, which confirm the interac-
tion of the drug with the two complexes (Figure

5).
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3.4. Determination of bimolecular quenching con-
stant KSV at different temperatures, LOD,
LOQ, and linear range using Stern-Volmer

Log [CIP]

equation.

Stern-Volmer equation was applied, which rep-
resents the relation between CIP concentrations
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Table 2: The linear ranges, correlation coefficients, LODs, andLOQs for determination of different CIP using fluorescence
measurements viaEu(III)-(PDCA)y and Th(III)-(PDCA); complexes.

Probe Slope Linear range  LOD LOQ R?
(Ksv) mol'L. (M) GM) (M)
x 10%
Eu(III)-(PDCA)2 1.29 1.76- 19 1.76 5.86 0.980
Eu(I11)-(PDCA)2-Au 1.31 1.49-20 1.49 1.97 0.985
Eu(I11)-(PDCA)2-AgNPs 2.06 1.06-22 1.06 3.55 0.993
Th(IIT)-(PDCA)2 1.01 2051597  2.05 6.83 0.969
Th(IIT)-(PDCA)2-Au 1.03 1.77-18 177 5.92 0.976
Th(II)-(PDCA)2-AgNPs 1.14 1.46-19.95 1.46 4.86 0.984

and the ratio FO/F for each addition of CIP.

F°/F = 14 Ky [Q]

Where FO and F are the fluorescence intensities
of Eu(IIl)-(PDCA),, Eu(III)-(PDCA),-AuNPs,
Eu(III)-(PDCA),-AgNPs, Th(IIT)-(PDCA)s,
Th(III)-(PDCA)y- Au NPs, Tb(III)-(PDCA),-
AgNPs in absence and presence of CIP respec-
tively, as shown in Figure (6) which allowed the
resolve of changeable parameters such as the limit
of detection (3 6 /slope), the limit of quantifica-
tion (10 6 /slope) [24] , where 6 is the standard
deviation of the blank , correlation coefficient
(R?), sensitivity, and linear range (Table (2)).

All probes have a good sensitivity that is en-
hanced in presence of NPs. The best detection
limits appeared in Ag NPs based complexes. The
data obtained proved that these probes could de-
tect and determine CIP drug.

The interaction between ciprofloxacin and dif-
ferent probes is accompanied by fluorescence
quenching of the complexes. The quenching pro-
cess may be static or dynamic quenching. Dis-
tinguishing between them can be attached by
their different dependence on the temperature and
excited state lifetime. The data obtained were
recorded in Table (3).

As presented in Table (3), the values of
Ks, in the case of Eu(Ill)-(PDCA)y, Eu(III)-
(PDCA)2-AuNPs, Tb(III)-(PDCA),-AulNPs,
and Tb(III)-(PDCA),-Ag NPs complexes in-
crease directly with temperature increase which
means that fluorescence quenching was of the dy-
namic category where collision takes place firstly

Table 3: Parameters of calibration curves obtained from
thedetermination of CIP drug at different temperatures in
methanol.

Complexes Temperature Ksv R?
parameters (mol™'L)
(K)
298 1.81x10* 0.98987
Eu(III)- 303 2.19x10* 0.98162
(PDCA), 313 2.33x10* 0.99519
318 2.39x10* 1.00212
Eu(III)- 303 6.30x10* 0.99505
(PDCA),- 308 6.50x10* 0.99531
AuNPs 313 6.60x10* 0.98273
303 2.29x10* 0.9585
?ﬁélé%‘)Q_ 308 2.16x10* 0.9816
AgNPs 313 2.13x10* 0.9914
318 2.05x10* 0.9593
298 4.68x10* 1.0314
Th(II1)- 303 4.62x10* 1.0312
(PDCA), 308 4.46x10* 1.0296
313 3.86x10* 1.0231
298 3.24x10* 0.99833
(T;[gléz')? 303 3.27x10% 0.9980
AuNDs 308 3.31x10* 0.98934
313 3.33x10* 0.9874
318 3.64x10* 0.99523
Th(II1)- 298 3.30x10* 0.98577
(PDCA),- 303 3.50x10* 0.99237
AgNPs 313 3.80x10* 0.99452
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Table 4: Binding constants and thermodynamicparameters for the interaction of the complexes with CIP.

Probe Temperaturd{a R: AGY AH° AS°
(L mol™1) (KJ/mol) (KJ/ mol) (J/mol K)
(K)
208 1.50x10% 0.95154 -23.82
Ew(ITT)-(PDCA), 313 1.10x10°  0.98244  -30.21 91.47 387.52
318 1.50x10°  0.98963  -31.51
303 3.80x10*  0.9665 -26.57
Eu(lI-(PDCA)-AuNPs g0 30010t 0.9909 -27.32 18.20 147.84
313 4.80x10*  0.9889 -98.05
2098 2.90x102  0.9864 -14.05
303 5.90x102  0.98988  -16.07
Eu(IIl)-(PDCA),-AgNPs 308  1.90x10°  0.98896  -19.33 133.1 494.1
313 6.12x10°  0.9942 -22.69
318 6.14x10°  0.98509  -23.06
298 7.03x10°  0.9914 -21.95
303 7.29x10°  0.9980 -22.41
Th(I1I)-(PDCA), 308 1.30x10*  0.9946 -24.26 67.14 297.67
313 2.60x10% 0.9968 -26.45
318 3.40x10*  0.9942 -27.59
303 3.16x10*  0.9980 -26.10
Th(IID-(PDCA)-AuNPs 0100 57 10t 0.0830 27.24 11.59 124.35
318 3.97x10*  0.9983 -28.00
298 5.93x10°  0.98798  -21.52
Th(III)-(PDCA)»-AgNPs 303 8.17x10°  0.9938 -22.69
308 1.17x10*  0.9815 -23.99 92.35 380.60
313 3.77x10*  0.9941 -27.42

then a transient complex is formed between the
excited state fluorophore and the ground state
of the analyte. While in the case of Eu(III)-
(PDCA)s-Ag NPs, Tb(III)-(PDCA)s complexes
Ky, values dropped down with rising temper-
ature, which confirms the static type of the
fluorescence quenching, with forming a ground
state non-luminescent complex.

3.5. Binding sites and binding constant

The number of binding positions (n) and bind-
ing constants (K) of the contact between the com-
plexes and CIP were calculated by applying the
Modified Stern- Volmer equation [25].

logFOF_F = logK + nlogQ
The numbers of binding sites are calculated
from the plot of Log (F°-F)/F versus log [CIP]

at different temperatures (Figure (7)). The cor-
relation coefficients are more extensive than 0.95,
suggesting that the contact between CIP and the
complexes comports well in conjunction with the
site-binding template. The findings hint that a
strong binding force between CIP and the com-
plexes is exhibited. The values of “n” are almost
equal to 1, signifying the entity of a single binding
site on the complexes for CIP.

3.6. AH, AS, AG calculations for interaction
process

The thermodynamic parameters connected
with temperature deviation were evaluated for
further illustration of the working forces between
Eu(III)-(PDCA),, Th(III)-(PDCA),, and CIP by
applying the Van’t Hoff equation [26]. Figure
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Figure 8: The Van’t Hoff plots for CIP with complexes.

Table 6: Characterizationof hospital wastewater an efflu-
ent sample*.

COD  BOD  TDS DO pH
(mglL™!) (mgL™") (mgL™') (mgL™")

3182 £ 787t 349+ 251+ 8
46 0.5 5.1 3 0.2

*Repeated three times and average was taken

(8) presents the relation between the binding
constant (derived from log equation) and 1/K.
The calculated binding constant values are col-

lected in a Table (4). The negative AG® values
indicate spontaneous intercalation between CIP
and the studied complexes, and the complexa-
tion is thermodynamically propitious. The pos-
itive values of AH? indicate that the interaction
is endothermic. It was noticed that the values
of AH? are less positive in the case of Eu(III)-
(PDCA)5-AuNPs and Th(III)-(PDCA)2-AuNPs,
which indicates that the reaction is more sponta-
neous than in the presence of Ag NPs or absence
of nanoparticles. The positive values of AH? and
AS° together can be assigned to the hydrophobic
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Table 7: Recovering results for CIP in a treated wastewater sample.

Complexes Added (uM) Found (uM)* Recovery %

2 1.94 97
6 6.1 101.7

Eu(IIT)-(PDCA), 10 10.5 105
16 17.5 109.4
2 2.01 100.5

6 6.3 105

Eu(I1I)-(PDCA),-AuNPs 10 11 110
16 19 118.8

2 2.16 108

6 6.8 114

Eu(III)-(PDCA),-AgNPs 10 11.7 117
16 20 125
92 2.3 101.5
6 6.14 102.4
Th(IIT)-(PDCA), 10 10.2 102.3

16 16.6 104

92 1.98 99.1
6 6.1 101.7

Th (II1)-(PDCA),-AuNPs 10 10.6 106
16 16.7 104.4

9 1.96 97.8

6 5.80 96.8

Tb (IIT)-(PDCA)2-AgNPs 10 10 100
16 16.2 101.3

interaction which was the most important sponsor
to the binding. The enormous amount for the en-
tropy changes as well implies the binding process
is largely entropy derived.

3.7. FEffect of Interferences

The effect of certain possibly interfering ions
that can appear in hospital wastewater was ana-
lyzed. They can impinge on the analytical perfor-
mance as interferents by destroying or improving
the luminescence intensity of the scrutinized sys-
tem. Therefore, the investigation and the devia-
tion in the studied systems’ luminescence inten-
sity by 5 % were determined as in Table (5).

3.8. Recovery studies of standard additions to
CIP in the wastewater

Our method was applied to determine CIP in

hospital wastewater to examine its validity for real

sample analysis. The sample was collected from
the wastewater efluent of Suez Canal Univer-
sity hospital. The characterization of the hospi-
tal wastewater sample was collected in the Table
(6). The COD, BOD, TDS, DO, and pH values
were determined according to standard methods
for examining water and wastewater. The recov-
ery assessments were accomplished by inserting a
well-known amount of CIP’s standard solution to
a wastewater sample. The outcomes attained are
demonstrated in Table (7). The recovery val-
ues were analyzed by equating the concentration
obtained from the spiked samples with additional
concentrations. These outputs reveal the likeli-
hood of using Eu(III)-probe or Th(III)-probe for
the analytical assessments of CIP in real wastewa-
ter directly from the calibration curve which may
provide a benefit for applying our probe in en-



A. M. Abbas et al./ Advancesin Environmental and Life Sciences 1 (2022) 1-14 12

Table 8: Comparing the obtained results with the literature for the determinationof CIP drug.

Method LOD Linear range Sampling time  Reference
(mg/L) (mg/L)
HPLC 0.16 124 30 min 27]
Capillary electrophoresis with 1.657 16.56-82.84 25 min 28]
capacitively-coupled contactless
conductivity detection (CE-C4D)
Batch-injection analysis with 0.0994 0.331-33.14 15 min [29]
amperometry detection
(BIA-AMP)
Square-wave voltammetry using a 0.075 1.97 - 13.14 25 min [30]
reduced graphene oxide sensor
Eu(III)-(PDCA), 0.65 1.96-6.29 2 min This work
Eu(III)-(PDCA)2-AuNPs 0.55 1.93-6.63 2 min This work
Eu(IIT)-(PDCA), -AgNPs 0.39 1.37-7.29 2 min This work
Th(III)-(PDCA), 0.75 2.25-5.29 2 min This work
Th(III)-(PDCA),-AuNPs 0.65 1.96-5.96 2 min This work
Th(II1)-(PDCA),-AgNPs 0.54 1.90-6.61 2 min This work

vironmental evaluation. From Table (8), this
method is an effective method designed for the
detection of CIP since it was simpler, easier, and
quicker than the others which are considered time-
consuming techniques and have tiresome sam-
ples preparation moreover needs certain chemical
reagents that are baleful to the environment with
a high cost.

4. Conclusion

The interaction between CIP and Eu(III)-
(PDCA)y and Tb(III)-(PDCA), in the absence
and presence of Au NPs and Ag NPs has
been investigated with the luminescence tech-
nique . It was found that the luminescence of
Eu(III)-(PDCA)y; and Tbh(III)-(PDCA), in the
absence and presence of Au NPs and Ag NPs
was quenched by CIP under study at pH 7.4,
tris-HCI buffer solution. The limit of detection
was determined using the Stern Volmer equa-
tion, the detection limits of CIP were 1.76uM,
1.49 puM, and 1.06 M using Eu(III)-(PDCA),,
Eu(III)-(PDCA),-AuNPs and Eu(III)-(PDCA),-
AgNPs, respectively as a probes. In the case of
Th(II)-(PDCA),, Th(III)-(PDCA)2-AuNPs and
Tb(III)-(PDCA),-AgNPs, the detection limits

of CIP were 2.05 uM, 1.77 puM, and 1.46 uM,
respectively, where LOD values decreased in the
presence of Au NPs and Ag NPs. Modified
Stern Volmer equation at different tempera-
tures was used to calculate binding constant K,.
The thermodynamic parameters AH, AS, AG,
were calculated.Hydrophobic interaction was
the mechanism of interaction between CIP and
the studied complexes. The effect of interfering
species was also studied; the method was applied
to determine CIP in hospital wastewater showing
a reasonable recovery to apply it in environmental
assessment.
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