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ABSTRACT:

The kinetics and mechanism of the Ag (I) ion catalyzed reaction of levofloxacin (LFC) by free available chlorine
(FAC) during water chlorination processes was investigated for the first time between the pH values 4.2 and 8.2. The
pH dependent second order rate constants were found to decrease with increase in pH. (e.g. Apparent second order rate
constant for Ag (I) catalyzed reaction , k"app = 114.40 dm™ mol ™ sec at pH 4.2 and kK app.= 8.72 dm™mol " sec” at pH
8.2 and at 25i0.20C). The reaction rates revealed that Ag (I) catalyzed reaction was about six-fold faster than the
uncatalyzed reaction. The products of the reaction were determined by Liquid chromatography and high resolution
mass spectrometry. The reaction proceeds via formation of intermediate complex between Ag (I) ion and levofloxacin,
then HOCI reacts with the complex to form chlorinated product. The effect of catalyst, effect of initially added
product, effect dielectric constant and effect ionic strength on the rate of reaction was also studied. The effect of
temperature on the rate of the reaction was studied at four different temperatures and rate constants were found to
increase with increase in temperature and the thermodynamic activation parameters E,, AH?, AS" and AG" were

evaluated for the reaction and discussed.

KEY WORDS: Kinetics, Chlorination, Levofloxacin, Mechanism, Silver (I), Catalysis, Oxidation.

INTRODUCTION:

Levofloxacin (LFC) is class of fluoroquinolone
antibacterial agent. Antibacterial agents are the most
important compounds used in medicine. Although,
antibiotics have been used in large quantities for some
decades, the existence of these substances in the
environment has got little attention'. LFC has higher renal
clearance and greater renal concentration and has optimal
choice for the treatment of complicated urinary tract
infections.

Structure of levofloxacin(LFC)
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Recently the pharmaceuticals of which antibacterial groups
are important, which, have been also considered as
environmental ~contaminants’.Continuous ~ exposure ~ of
antibiotic drugs to bacterial communities, promotes the
bacteria to develop antibiotic resistance power. The
possible induction of antibiotic resistance in bacteria is
directly related to human health. The behavior of antibiotic
drugs during water treatment process clearly plays a
significant role in this aspect’. The behavior of
fluoroquinolones moiety containing drugs plays an
important role during water treatment process .
Mechanisms of fluoroquinolone resistance include one or
two of the three main mechanistic categories, alterations in
the drug target, and alterations in the permeation of the drug
to reach its target. No specific quinolone-modifying or -
degrading enzymes have been found as a mechanism of
bacterial resistance to fluoroquinolones, although some
fungi can degrade fluoroquinolones by metabolic
pathways’.

Transition metals catalyze many oxidation—-reduction
reactions since they involve multiple oxidation states.
Recently the use of transition metal ions such as silver,
ruthenium, osmium, palladium, manganese, chromium,
iridium, copper either alone or as binary mixtures, as
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catalysts in various oxidation-reduction processes have
attracted considerable interest”® The mechanism of catalysis
depends on the nature of the reactant, oxidant and
experimental conditions, it has been shown that metal ions
act as catalysts by one of these different paths such as the
formation of complexes with reactants or oxidation of the
substrate itself or through the formation of free radicals’.

Silver is one of the commonly used transition metal as a
catalyst in industry. Silver salts are commonly known as
Lewis acids in the synthesis of organic compound'. Silver
compounds are also used to catalyze intermolecular
molecular carbine insertion carbon-halogen bonds, carbon-
hydrogen and aromatic systems1 "2 The direct oxidations of
alcohols, oxidative activation of alkenes and also simple
alkanes have attracted interests as well'”">. Past efforts has
been made to study by homogeneous silver-catalyzed
organic transformations have mostly focused by using
Lewis acid catalysis. Metal ions act as catalyst by one of
these different paths16 such as formation of complexes with
reactants. The role of Ag (I) as a catalyst has been discussed
by Saxena Et al'”_A silver form oxidation catalyst in
solution has been less used in the past. Silver compounds
are commonly employed as stoichiometric oxidants in both
organic and inorganic synthesis'®.

EXPERIMENTAL:
Apparatus
The absorbance and measurements and recordings

absorption spectra of reactants and products were analyzed
by using single beam CARY 50 study Bio UV-Vis
Spectrophotometer (Varian BV, The Netherlands) with
temperature controller with thermo stated conditions. The
quartz sample cells of 1 cm were used throughout the
present study. The pH measurements were made with
digital Elico pH meter model LI 120.The temperature of
reaction was maintained at 25.0 + 0.2 °C. The quartz cells
were cleaned by using 1:1 sulfuric acid to remove traces of
any impurities deposited on it by prolongs use.

Materials and reagents

All the experimental chemicals were used of analytical
grade. All the solutions were prepared by using double
distilled water. A stock solution of levofloxacin (Dr. Reddy
Laboratories) was prepared by dissolving appropriate
quantity of sample in double distilled water. A stock
solution of FAC was prepared by taking appropriate volume
of 5% NaOCl (Thomas Baker) in distilled water according
to the procedure described elsewhere'. Stock solution of
silver nitrate (AgNO;) (HIMEDIA) of known concentration
was prepared in free chlorine distilled water. The stock
solution of FAC was standardized by iodometry and DPD-
FAS titrimetry respectively.”” 0.02 moldm™ acetate (pH
4.2-5.0), phosphate (pH 7.0-7.4), and borate (pH 8.2)
buffers were used to maintain constant pH during
experiments conducted in reagent water system.

Instruments used

(i) For kinetics measurement, a CARY 50 study Bio UV-
Vis Spectrophotometer (Varian BV, The Netherlands)
with temperature controller and HPLC system (Agilent
1100 series, USA) were used

(i) For product analysis, LC/MSD Trap systems (Agilent
1200 series, USA) were used.

(iii)) For pH measurement an Elico pH meter model LI 120
was used.

Kinetic procedure

All the chemical reactants were placed in a thermostatic
bath at 25.0 + 0.2°C for at least 30 minutes to attain thermal
equilibrium. The kinetic measurement were followed under
pseudo first order condition with FAC is at least ten fold
molar excess over LFC at a constant ionic strength using
0.02 mol dm” buffers in both uncatalyzed and catalyzed
reactions. The reaction was started by mixing solutions of
LFC, AgNO; FAC and with the necessary volume of
buffers thermostat. The cause of the reaction was followed
by monitoring decrease in the absorbance of LFC as a
function of time in a 1 cm path length quartz cell of Carry
50 Bio UV-Visible spectrophotometer.

The application of Beer’s law of LFC at 4 ,,x 294 nm had
been verified giving & = 59475 dm’ mol”" ecm™. Pseudo
first-order rate constants, k’,,, , were evaluated from the
plots of log (A-A,) versus time, where ‘A’ refers to
absorbance at any time t and t, is at infinite time which
excludes the absorbance of any products of LFC during the
reaction. The first order plots in almost all the cases were
linear upto 80% completion of the reaction and k’ ,; values
were reproducible within +6- 7% (Table 1).
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Fig.1. Spectral changes during the chlorination of levofloxacin
(LFC) by FAC in the presence of Ag(I) catalyst at 25+0.2°C
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Table 1 Effect of variation of [FAC] on the silver catalyzed chlorination of levofloxacin at 25 "C. Tonic strength = 0.02 mol dm™ * 6-7 %

Error

pH 10* [FAC] 10° [LFC] 10°[Ag'] 10° Kons(s™) 10% Kons(s™) 10° Kons.(s™)
(mol dm™) (mol dm™) (mol dm™) (Total) Found (Uncatalyzed) (catalyzed)

4.2 0.40 6.0 5.0 1.15 8.3 0.32
1.11 6.0 5.0 6.70 14.3 5.27
1.30 6.0 5.0 8.25 19.0 6.35
1.60 6.0 5.0 16.5 27.0 13.8
2.00 6.0 5.0 18.2 32.0 15.0

5.0 0.40 6.0 5.0 0.70 59 0.11
1.11 6.0 5.0 1.77 10.4 0.77
1.30 6.0 5.0 2.31 14.2 0.89
1.60 6.0 5.0 4.47 19.0 2.56
2.00 6.0 5.0 7.14 23.4 4.80

7.0 0.40 6.0 5.0 0.43 3.5 0.08
1.11 6.0 5.0 1.20 6.2 0.58
1.30 6.0 5.0 1.66 8.4 0.82
1.60 6.0 5.0 2.30 10.6 1.24
2.00 6.0 5.0 3.30 13.7 1.93

74 0.40 6.0 5.0 0.25 2.0 0.05
1.11 6.0 5.0 0.41 33 0.08
1.30 6.0 5.0 0.75 4.6 0.29
1.60 6.0 5.0 1.11 5.8 0.53
2.00 6.0 5.0 1.50 7.7 0.73

8.2 0.40 6.0 5.0 0.16 14 0.02
1.11 6.0 5.0 0.25 1.8 0.07
1.30 6.0 5.0 0.37 2.0 0.17
1.60 6.0 5.0 0.50 2.4 0.26
2.00 6.0 5.0 1.00 5.6 0.44

Spectral changes during the chlorination of levofloxacin
(LFC) by FAC at 2540.2°C as shown in UV-Vis spectra
as shown in fig.1. It is evident from the figure that the
concentration of LFC decreases as the reaction proceeds.
Further evidence for complex formation was obtained from
the UV-Vis spectra of reaction mixtures in which
hypsochromic shift of 5 nm from 294 to 289 nm and
hyperchromicity at 289 nm was observed. The Parent
compound loss was also monitored by HPLC system
(Agilent 1100 series, USA) with RX-C18 column (4.6 mm
x 250 mm, 5 pm) with UV diode array detector. The
observed rate constants from HPLC method were in good
agreement with UV visible methods. FAC concentration
was measured by DPD - colorimetry or DPD-FAS
titrametry17 at the conclusion of each kinetic experiment.
During the calculation of pseudo first order rate constants
(k) for catalyzed and (k ,) uncatalyzed has also been
considered during calculation.

Thus ky=k.+ky, (1)
ke=ke—ky, ()
Uncatalyzed reaction
o
i |
F C\

OH
| +HOCI

LFC M.W.361.4

H3C/N© OJ\

The rate constants, k. were obtained within + 6 error (Table
1) .Regression analysis data was performed with Microsoft
Office Excel-2007.

Product analysis

Different sets of reaction a mixture containing varying
ratios levofloxacin was added to 0.02 moldm™ pH 7
phosphate buffers to achieve starting concentration of 100
mg dm”. HOCI solution was subsequently added to initiate
reactions at oxidant: substrate molar ratios ranging from 1:2
to 5:1 in uncatalyzed reaction and a constant amount of Ag
(D in catalyzed reaction were kept for 12 hrs and the
products were analyzed using LC/MSD Trap system
(Agilent 1200 series, USA) MS analyses were conducted
using positive mode electro spray ionization (ESI"), over a
mass scan range of 50-1000 m/z. The observed peaks of
LC/MS spectra (Fig.2.) interpreted in accordance with the
proposed structure of the product. The major identified
product in the reaction is shown below (Schemel).

F ci

| + H0 4+ co,
CH;

LFC-P  M.W.351.9
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Catalyzed reaction

K,
oCl'+H? = HOCI K =107

(0]

(0] y

F
\OH
| K,
N + AgD —_— Complex

LFC M.W.361.4

[0}
F C1
‘ |
Complex + HOCI1 —Sow K\N N + HO0 4+ Cco, + Ag(D
(6]
At
C CHj;

Hj

LFC-P M.W.351.9
Scheme 1.Proposed reaction for major product LFC /FAC reaction based on LC/MS

RESULTS AND DISCUSSION: weng W TE
Products of levofloxacin e
LC-ESI-MS analysis of levofloxacin reaction indicated that 3

major product molecular ions of m/z 352.4 (LFC-P) Fig.2.
This has an LFC structure, in which the quinolone
carboxylic group was displaced by a Cl atom.
Decarboxylation (resulting in a mass loss of 45 daltons) and
monochlorination (leading to mass gain of 35 daltons) :

2 Pure Levofloxacin -~ CigHyQONF 3614

would yield a net loss of 10 daltons relative to the parent
LFC molecule, in accordance with the mass difference Bl e e e s i [ ___J
between LFC and LFC-P. LEC occurs at the N(4) amine e il = e

3

chlorination under the influence of UV-visible light in
acidic medium with HOCI in both Ag (I) catalyzed and ']
uncatalyzed reactions are carried out. In catalyzed reaction, i
Catalyst reacts with LFC forms complex, which on
decomposition forms LFC radical and reacts with HOCI to
form chlorine substituted product. The major chlorinated

product is formed in both catalyzed and uncatalyzed — ombo gt L o -
PI'OdUCt- Fig.2 LC/MS spectra of levofloxacin and levofloxacin chlorination

major product

. . . . . Iriens, = —
nltrogen of piperazin€ ring. Levofloxacin undergoes x1eh
LFC P1 CiiHgOMNFCL 3519 Map ot

Reaction orders

A plot of log k’ , versus log [FAC], yielded a line with
slope equal to 1 for total reaction (Fig.3.) , indicating that
this reaction can be treated as first order with respect to
FAC.
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L
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Fig. 3. Plot of log (ko) versus log [FAC] at pH 7

Effect of Variation of FAC on the reaction

The FAC concentration was varied in the range of 0.4x10™
mol dm™ to 2.0x10* mol dm™ with constant concentrations
of LFC, 6x10°° mol dm”, silver (I), 8x10°* mol dm™ and at
constant ionic strength of 0.02 mol dm™. The plots of log
[FAC] versus time, for different initial concentrations of
FAC are found to be linear (Fig.3.) (R2 > 0.994) and
constant the pseudo-first order rate constants; kg, values
(Table 1) indicated that the order with respect to [FAC] was
unity.

« [FAC]=0.4x10-4
B [FACJ=11X10-4

[FACJ=1.33X10-4

6+LoglFAC]
=
z

© [FAC]=1.6x10-4

& [FAC)=2.0x10-4

20 40 60 80 100 120 140

Time (tnin)

Fig.3. Sample individual time plots for log [FAC] for various
concentrations at pH=4.2. [LFC] = 6x10° mol dm™ JAg(D] =8x10°
mol dm?, [FAC] = 0.4x10%, 1.1x10*, 1.33x10™, 1.6x10™, 2.0x10™ mol
dm™.

Effect of pH on the reaction

The pH of the reaction mixture varied from pH = 4.2 to 8.2
by using acetate, phosphate and borate buffers, keeping the
other conditions constant throughout the experiment. The
rate was found to decrease with increase in pH . The graph
of apparent second order rate constant, k”,,, versus pH for
uncatalyzed, catalyzed and total reaction (Fig.4) The pH
dependent apparent second order rate constant for the
catalyzed and uncatalyzed reaction were calculated from the
plot of k", = (kobs. / [FAC]7). The variation in k”,,, from
pH 4.2 to 8.2 can be attributed to the varying importance of

specific reaction amongst the individual acid -base

conditions of LFC and FAC

When sodium hypochlorite is dissolved in water, it
hydrolysis rapidly and combines with H ions according to
the equation 3 and 4

——
jr—

NaOCl Nat+ocCr 3)

Cl0" +H* HOCI 4)

Hypochlorous acid is weak acid, it undergoes partial
ionization as shown in equation (5)

[H+][ClO]
K= ——— ®)
[HOCI]

Where, K, is called dissociation constant, [H'] , [OCI'] and
[HOCI] are the concentration of H*, OCl" and HOCI
respectively. > The p ** value of HOCI is 7.54 at 25 °C and
p* value of HOCI is 7.82 at 0 °C. At lower pH HOCI
dominant active species and at higher pH OCI"" dominant
weaker species .Hence rate of reaction decreases with
increase in pH.

140
120
100
& &

L ‘@ ——lu

——lc
4C

kt
it

hl
O L L 1
4 5 é 7 ] 9
pH

Fig.4. The second order rate constants catalyzed, unanalyzed and total
reaction plot of k”,,vs pH

Effect of varying ionic strength

The effect of ionic strength (I) 25°C temperature at  was

studied by varying the buffer concentration from 0.002 to
0.01 mol dm™at p" 7.0 and 9.0 conditions was carried out. It
was observed that no significant effect of ionic strength on
the rate constant. The solvent did not react with the oxidant
under experimental conditions. (Table 2) The observed
negligible effect of variation of ionic strength on the rate of
reaction explains the reaction is between two neutral species
or a neutral and a charged specie324.
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Table 2 Effect of ionic strength on the chlorination of levofloxacin at
different pH 25°C. [HOCI]= 1.6x10™* mol dm™, [LFC] = 6x10"® mol
dm?, [Ag"]=1x10"® mol dm™ and Ionic strength = 0.02 M

pH [Buffer] Kobs. pH [Buffer | Kobs.
(x10°mol  (x 10%™) (x10°mol  (x 10*S™)
dm™) dm?™)
2 476 2 4.0
4 491 4 3.8

7 6 3.96 6 3.4
8 4.40 9 8 32
10 4.50 10 32

Effect dielectric constant

The effect of dielectric constant (D) was studied by varying
the t- butanol water content in the reaction mixture with all
other conditions being maintained constant. The D values
were calculated from the equation, D = DwV w +DgV 3,
where Dy and Dy are dielectric constants of pure water
and t-butyl alcohol respectively, and V w and V y are the
volume fractions of components water and t-butyl alcohol,
respectively, in the total volume of the mixture. The rate

decreases with decrease in the dielectric

constant K _,

. versus 1/D

constant of the medium. The plot of log kob
with was linear with a negative slope of 847.13 and r
>0.935. (Fig.5) The effect of solvent on the reaction kinetics
has been described in detail in well known monographs of*!
and for a limiting case of zero angle approach between two
dipoles or an ion dipole system Amis” has shown that a
plot logk,,s vs 1/D gives a straight line with negative slope
for interaction between negative ions and dipole or two
dipoles. In the present study the rate constant at pH =7
decreased with decrease in dielectric constant of the
medium.

Dielectric Constant y=-84T1x+13.54
300E+00 2=1) 933
(]
2.50E+00
E *
& 2.00E+00
& ’
1.50E+00
LO0E+00
0.0128 0.013 00132 00134 00136 00138 0.014
m

Fig.5. Effect of dielectric constant on the chlorination of LFC in the
presence of Ag (I) catalyst

Effect of LFC variation

The LFC concentration was varied in the range of 2x10°°
mol dm™ to 10.0x10" mol dm™ with constant concentrations
of FAC, 1.33x10™ mol dm”, and catalyst Ag (I), 5.0x10®
mol dm™ at constant ionic strength of 0.02 mol dm” both
uncatalyzed and catalyzed reaction. The pseudo-first order
rate constant remains constant. The k.., values (shown in
Table 3 ) indicated that the order with respect to [LFC] was
unity.

Effects of initially added products

Initially added products, such as chloramines or combined
chlorine (CC) did not have any significant effect on the rate
of reaction. The experimental rate law is given as follows

d[LFC] - .

Rate= - =kKK,[OCI'|[H*][LFC] [Ag*]
Rate

———— = kobs =kK Ko [OCIT P [H* " [Ag """
[LFC]

Table 3 Effect of variation of [LFC] on the uncatalyzed and silver catalyzed chlorination on the rate at of reaction Ionic strength = 0.02

mol dm™ at 250.2 °C

g 10'[FAC] 10° [LFC] 10°[Ag"] 10° Kons.(s™) 10° Kons(s™) 10° Kons.(s™)
P (mol dm) (mol dm™) (mol dm™) (Total) Found (Uncatalyzed) (catalyzed)

1.33 2.0 5.0 1.04 8.41 0.20

1.33 4.0 5.0 1.10 8.45 0.26

7.0 1.33 6.0 5.0 1.06 8.41 0.22

1.33 8.0 5.0 1.11 8.43 0.27

1.33 10.0 5.0 1.08 8.45 0.24
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Effect of temperature

The kinetics was studied at four different temperatures with
varying LFC and FAC by keeping other conditions
constant, the rate was found to increase with increase in
temperature. The second order rate constant k”,,, at four
different temperatures 15, 20, 25 and 30°C were obtained.
The energy of activation corresponding to these rate
constants was evaluated from the Arrhenius plot of logk
versus 1/T (r2 >0.959) and from which other activation
parameters were obtained. Effect on the rate of reaction in
both the catalyzed and uncactalyzed reactions (Table 3).
The positive value of AH and AG (Table 4) indicate that the
transition state is highly solvated, increasing the size of
transition state .the moderate values of AH and AG were
both favorable for electron transfer processes™. The
negative value of AS indicates that transition state is more
ordered than the reactants.

Table 4. Activation and thermodynamic parameters for the
oxidation of LFC by FAC with respect to the slow step of the
reaction

a)Effect of temperature

Temperat)ure (Kelvin) 10°k(s™)
288 1.85
293 2.44
298 2.65
303 3.18

(b)Activation parameters
Activation parameters Values Values

Catalyzed ) ( Uncatalyzed )

Ea (kJ mol™) 24.88+2.0 28.6+3.0
AH (kJ mol ™) 22.43%1.0 26.1+£2.7
AS * (Jk' mol™) -27.3242.5 -124%15
AG +( kJ mol™) 30.16+1.0 29.8 +3.0

Effect of varying [Ag (I)] catalyst

The [Ag (I)] catalyst concentrations were varied from 2x10°
% to 16 x10® moldm™ range, at constant concentrations of
LFC, HOCI and constant ionic strength. The rate of the
reaction increases with increase in the concentration of Ag

The rate law can be calculated from

K
OCl1+H"* HOCI
K>
LFC+A g(D) Com plex
k
Complex+HOC1 T—
Slow

Ratec=Rater-Ratey
Rate=k[Complex]=k[Complex][HO C

kK,[HOCI][LFC]

=kK K,[OCIJ[H*Y][LFCI][A g™T]

[LFC]r=[LFCl¢+[Com plex]

=[LFC]¢+K,[LFC

(D. The order in [Ag (I)] was found to be unity from the
linearity of the plot of k¢ versus [Ag (I)] as shown in Fig.6.

Activity of catalyst
It is observed by Moelwyn—Hughes27 in both the
uncatalyzed and catalyzed reactions proceed

simultaneously, so that

ki=ky+KelAg(D]®

Where, k, is the observed pseudo first order rate constant in
the presence of Ag(I) catalyst, k, is the pseudo first order
rate constant for uncatalyzed, K, is the catalytic constant
and ‘x’ the order of the reaction with respect to Ag(I). In the
present investigation, x values for the standard run were
considered to be unity. Discussion Then, the value of Kc is
calculated using the equation,

K [ki-ky] kc (Wh K-k, =kc)
c= = ere ki-ky=k¢
[Ag(D]* [AgD]* !
Effect of catalyst

15
13 ¢
311 *
g
209
<

0.7

05

06 07 08 09 1 1 12 13
8+log [Ag+]

Fig.6. First order rate constant for the reaction of LFC and FAC at
different concentrations of Ag (I)

the proposed mechanism

K1:10+7.5

LFC-CI+H,0+ CO,,+A g(I)

1]

[A g (D]

1A g*]
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LEC

[LEC |¢= _ILFClr n ----(3)
1+K,[AgT]

[Ag"] R

[Ag"]s= - )

1+K,[LFC]

[OC1 )r=[0OCI ]f;+[HOCI]
=[0C1]4+K [ [OCIJ[H*]+k[HOCI1][Complex]
=[0OC1];+K [ [OCI]J[H"]+kK [OCIJ[H*][Com plex]

=[0OC1 ]+K {[OCIJ[H*]+kK K,[OCIJ[H*Y][LFC][Ag"]
[OCI1 ]

1+K [H*]+kK K,[H*][LFC][Ag™"]

[ociyg=

The term 1>>>kK K,[H*]J[LFC][Ag"] Ff O
[OC1 ]y cen(5)

[0CI]f= ————
1+K [H']

[H*]r= [H+]¢+ [HOCI1]

= [H+]s;+[HT][OC1]

[H 7 S--(6)

[H*]= —————
1+K[0OC17]

Substitute the values from equations (3) to (6) in equation (2)

[0CI]T [H*1r [LEC Iy _| [Ag¥lr -l
Rate = kK lK 2
1+K [H*] 1+K ([0Cl] 1+K,[A gt J 1+K,[LEC] J
Rate = kK K, [0OCI]r [H*]p [LECIy [Ag'lr —--(T)
[1+K [H 1J(1+K [OCI 1] {(I+K,[Ag 1] (I+K,[LFCI]
oo KK Ko[OCT Ty [H' 7 [LFCH{Ag*J
{1+K [H' 4K, [OCI T }H{ 1+Ko[Ag T} { 14K [LFC] }
Rate = KK, Ko [OCI ] [H'][LFC] [Ag]
{14K [H]+K; [OCT T} { 1+K,[AgTH 1+Ko[LEC] }
Rat KK Ko[OCI I[H'][LFC][Ag"]
atc =
1+Ko[Ag " HKo[LFCI+K [H +K Ko [H [ Ag T+K Ko [HTILFCI+K { [OCT T+K Ko [OCT T[Ag +K Ko [OCI [LEC]

At very lower concentrations of silver and LFC the equation (8) reduces to —(8)
Rate _ KKK [OCI][H'][Ag"]

— Kgpg _ —0O
LR oS TR [OCT 14K, [H] ©

Equation (9) confirms all the observed orders with respect to different species, which can
be verified by rearranging it to

1 1 1 . 1 (10
Kobs KK K,[OCT |[H][Ag"] ’ KKo[H[Ag]  KKo[HT[OCT]

[Ag'] ! 1 1
_— = + + —
ke KK|Ko[OCIHT]  kK,[HT]  KKo[OCT] —(11)
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Environmental implications of
degradation products

LEC is fluoroquinolones class of antibacterial agent has the
ability to inhibit bacterial DNA replication and is believed
to be linked to their quinolone moieties™® . Suggesting that
piperazine and quinolone fragmentation may lead to
elimination of antibacterial activity. The product of major
channel involves halodecarboxylation of quinolone moiety
and it may retain the antibacterial activity but the products
of minor channel involve degradation at both piperazine
and quinolone moieties, may lose the antibacterial activity.

fluoroquinolone

CONCLUSION:

In drinking water treatment, toxic organic compounds could
combines with chlorine. pH plays an important factor
affecting the chlorination process. Levofloxacin reacts
rapidly with chlorine over the range of pH 4.2 to 8.2 with
different rates. It undergoes faster reaction in acidic
medium becomes slower in basic medium by maintaining
conventional chlorination conditions likely to be observed
in conventional water chlorination processes. The observed
product the formation of major product involves
electrophilic halodecarboxylation of quinolone moiety and
hence, it may retain the antibacterial activity as observed in
ciprofloxacin and enrofloxacin. Further toxicological
studies on the degradation products of LFC are required to
understand the environmental implications of the LFC
reaction with FAC.

REFERENCES:

1. Halling-Sorensen B, Nielsen S, Lanzky P F, Ingerslev F, Holten
Lutzoft H C, Jorgensen S E , Occurrence, Fate and Effects of
Pharmaceuticals Substances in the Environment-A Review,
Chemosphere. 1998; 36; 357-393.

2. Kummerer K, Pharmaceuticals in the Environment, Fate, Effects
and Risks (2nd Ed.). Springer Heidelberg, Berlin. 3. 2004.

3. Levy S B, Marshall B, Schluerderberg S, Rwse oD, Davis J High
Frequency of antimicrobial resistance in Human Fecal -Flora,
Antimicrobial Agents Chemotherapy. 1988; 32: 1801-1806.

4. Levy S B, Marshall B, Antibacterial resistance worldwide causes,
challenges and responses 2004. Nature Medicine.(N.Y.) 10; S
122 - S129.

5. Gudaganatti M S, Hanagadakar M S, Kulkarni R M , Malladi R
S, Nagarale R K ,Transformatoion of levoflxacin during water
chlorination process: kinetics and pathways. Progress in Reaction
Kinetics Mechanism. 2012;37; 366-382.

6. Shea ME, Hiasa, Interactions between DNA helicases and frozen
topoisomerase IV-quinolone-DNA ternary complexes, J Biol
Chem 1999;274 :227;47-54.

7. Das A K, Kinetic and mechanistic aspects of metal ion
catalysis in cerium (IV) oxidation, Coord. Chem. Rev. 2001, 213;
307-325.

8.  Kulkarni R M, Bilehal D C, Nandibewoor S T, Deamination and
decarboxylation in the chromium(III)-catalyzed oxidation of L-
valine by alkaline permanganate and analysis of chromium(III) in
microscopic amounts by a kinetic method. Trans. Met. Chem.
2003;28; 199-208.

9.  Singh A K, Srivastava S, Srivastava J , Srivastava R, Singh P,
Studies in kinetics and mechanism of oxidation of D-glucose and
D-fructose by alkaline solution of potassium iodate in the
presence of Ru(Ill) as homogeneous catalyst. J. Mol. Catal. A:
Chem. 2007; 278(1-2); 72-81.

10. Wilkinson S, Chem. Eng. News 1999; 77; 27-28.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

1132

Othmer D F, Thakar M S, Glycol Production—Hydration of
Ethylene Oxide,J. Ind. Eng. Chem. (Washington, D. C.) 1958;
50; 1235-1244.

Zigang Li, Chuan He, Recent Advances in Silver-Catalyzed
Nitrene, Carbene, and Silylene-Transfer Reactions, Eur. J. Org.
Chem. 2006;19;4313-4322.

Cao E , Gavriilidis A , Motherwell W B, Oxidative
dehydrogentation of 3-methyl-2-buten-1-ol in micro reactors,
Chem. Eng. Sci. 2004; 59; 4803-4808.

Keuler ] N, Lorenzen L , Pd-Ag Membranes and Their
Application for the Dehydrogenation of Ethanol in a Membrane
Reactor, Prepr. Am. Chem. Soc., Div. Pet. Chem. 2001; 46; 157-
160.

Burk M J, Crabtree R H, Selective catalytic dehydrogenation of
alkanes to alkenes, J. Am. Chem. Soc. 1987; 109;26; 8025-8032.
Veerasomaiah P, Reddy K B , Sethuram B, Rao T N, Indian
Journal of chemistry. 1987; 26 (A); 402

Prakash A, Dwivedi P, Srivastava M N Saxena B, National
academy of Science Letters. 1988;2; 107

Taquet J P, O Siri, Collin J P , Messaoudi A, Braunstein P,
One-electron oxidation-induced dimerising C-C coupling of a
2,5-diamino-1,4-benzoquinonediimine: a chemical and
electrochemical investigation New J. Chem. 2005, 29; 188-192.
Dodd M C, Huang CH, Transformation of the antibacterial agent

sulfamethoxazole in reaction with chlorine: Kinetics,
Mechanisms and Pathway. Environmental Science and
Technology, 2004;38; 5607-5615.

APHA (American Public Health Association)), AWWA
(American Water Works Association), and WPCF (Water
Pollution Control Facility), Standard Methods for the

Examination of Water and Wastewater (20th ed.), Washington
DC, USA. 1998.

Morris J C, The acid ionization constant of HOCI from 5-35°C,
Journal of Physical Chemistry. 1966; 70; 3798-3805.

White C G, Hand book of chlorination and alternative
disifections, Fourth edn, John Wiley and Sons, New York,1998.

F Ge,L Zhu,H Chen ,Effects of pH on the chlorination process of
phenols in drinking water, Journal of Hazardous Materials,
2006;B 133;99-105.

Laidler, K. J. (2004) Chemical Kinetics (3rd ed.). ISBN -81-297-
0268-1 Pearson Education, (Singapore) Pvt. Ltd, Indian Branch,
Delhi, India , 183, 198.

Amis E S, Chemical kinetics; Solvents effects on the rate of
mechanisms, Academic Press, New York . 1966

Pauling L, (3rd ed.). Oxford and IBH publishers. New Delhi,
1969;496.

Moelwyn-Hughes E A, Kinetics of Reaction in Solutions, Oxford
University Press, London, 1947; 297.

Shen L L, Mitscher L A, Sharma P N, O’ Donnel T J , Chu D
W. T, Cooper C S, Mechanism of inhibition of DNA gyrase by
quinolone antibacterials: a cooperative drug-DNA binding model
Biochemistry 1989; 28(9); 3886-3894



