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Abstract 
 

Sparfloxacin is a broad spectrum antibacterial fluoroquinolone against some microorganisms including gram-positive and gram-

negative bacteria and exhibits moderate activity against anaerobes and mycobacteria. Sparfloxacin is well tolerated and the intake of 

food has no adverse effect on the pharmacokinetic features (Blondeau 1999, Stahlmann et al. 1998). For the medical important of this 

drug author have been study its structure by recording and investigate its electron ionization (EI) mass spectra at different electron 

energies 70 and 15 eV. Also, the chemical ionization (CI) mass spectrum has been recorded and investigated. The main fragmenta-

tion processes in EI and CI have elucidated and discussed. The main fragment ions in EI mass spectra are [M-C4H8N] + and fragment 

[M- C4H8N- CO2] +, while [MH- CO2]+ ion are the most fragment ion in CI mass spectrum. On the other hand, the molecular struc-

ture optimization of sparfloxacin was calculated using the modified neglect of diatomic overlap (MNDO) semi-empirical molecular 

orbital method. Also, the thermochemical data such as heat of formations, total energy, ionization energy, electron affinity and dipole 

moment have been calculated and discussed. 
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1. Introduction 

Heterocyclic compounds have different types of pharmacological 

properties (Singh et al.1992, David et al. 1972). Several quin-

olones like Ciprofloxacin, Pefloxacin, Levofloxacin, Sparfloxacin 

are released in the clinical world. Synthesis of various substituted 

quinolone intermediate compounds is of current interest because 

of their therapeutically potential in the area of human and animal 

health such as antibacterial (Libel et al. 1988, Menon et al. 1977, 

Christos et al.2003). 

Sparfloxacin [5-amino-1-cyclopropyl-7-(cis-3, 5-dimethyl-1- pi-

perazinyl)-6, 8-difluoro-1, 4-dihydro-4-oxo-3-quinoline carbox-

ylic acid]. (Molecular formula:C19H22F2N4O3, Molecular weight: 

392) is a third generation fluoroquinolones which is the one of the 

most important and successful classes of manmade antibacterial 

used in the treatment of lung infection, urinary tract infection and 

cutaneous allergy. Sparfloxacin is receiving attention due to its 

broad spectrum activity, potency and excellent pharmacokinetic 

profiles (Jain et al.2002, Marona et al. 2001, Faria et al. 2006)  

Different analytical methods have been reported for quantitative 

determination of Sparfloxacin in pharmaceutical preparation like 

DC polarography (Jain et al.2002), HPLC (Maronaab et al.1999, 

Ziyu et al. 2017, CaO et al.2001), and capillary zone electrophore-

sis (Sun& Wu 1999, Fierrens et al.2000). Spectrophotometric 

methods have also been reported based on the indirect determina-

tion of Sparfloxacin with N- bromosuccinimide (Aska et al. 2007), 

ternary complex with Pd(II) and eosin (El-Didamony 2007) and 

UV-Spectrophotometry (Chowdary et al. 1997, Vegad et al. 2017). 

These methods are based on intrinsic fluorescence property or 

complexation reaction with aluminum chloride (Rizk et al. 2000), 

derivatization of Sparfloxacin with hydrobromic acid (Du et 

al.2000), hydrochloric acid (Jasmin et al. 2012) and phosphine 

(Urszl et al. 2015). Ce (IV) is a well-known oxidizing agent. It is 

used for the indirect determination of a number of drugs (Sultan et 

al. 1986, Koukli et al. 1989, Martínez et al.1992, Perez-Rinz et al. 

1993, Alwarthan 1995, Aly et al. 1998, Adegoke et al. 2010).Also, 

fourier transform infrared and ultraviolet-visible spectroscopic 

characterization of sparfloxacin have been investigated (Mahendra 

et al. 2015). 

It is very important to study the chemistry and reactivity of Spar-

floxacin drug because of its importance in medical felid. 

Knowledge obtained from the investigation of its mass spectra 

using different ionization techniques of the neutral drug is very 

important to understand the chemical process that is shared in 

biological activity. It is difficult to establish the exact major frag-

mentation pathway in EI using conventional MS. With the combi-

nation of the EI and CI techniques and the data obtained from the 

MO calculation, it is possible to understand that process and ex-

plain the following topics: 

1) Stability of this drug under EI-MS fragmentation in gas 

phase. 

2) Prediction of the primary site of fragmentation using EI and 

CI techniques, which was used to characterize the structure 

of this drug. 

3) Understanding how calculated thermochemical date be use-

ful in expected the stability and reactivity of the studied 

drug and confirmed the correct fragmentation pathway. 
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So, the present work was carried out to study and investigate Spar-

floxacin structure using its mass spectra obtained using electron 

and chemical ionization (EI and CI) techniques and confirm the 

fragmentation process under the two ionization techniques using 

the optimization data obtained by semi-empirical MNDO method, 

this includes: 

a) Ionization energies (IE’s) of these molecules 

b) Heats of formation of neutral (ΔHf (M)) and ionized mole-

cules (ΔHf (M) +•).  

c) Bond length and charge distribution of the compound under 

investigation in neutral and charged states. 

2. Experimental 

The EI and CI mass spectra of Sparfloxacin were recorded using 

Finnigan Focus gas chromatograph coupled directly to a DSQ 

single quadrupole mass spectrometer (ThermoScintific, CA, USA) 

with electron multiplier detector equipped with Xcaliuber Ver.1.4 

data system located at atomic and molecular physics unit, nuclear 

research center, Egyptian atomic energy authority. The direct in-

sertion probe (DIP) for solid material was used to introduce the 

sample directly to the MS.  

In the EI measurements the ion source temperature was main-

tained at 150 °C. The EI mass spectra were recorded at two elec-

tron energies, 15 and 70 eV. The probe temperature program for 

the EI measurements was as follows: 

Initial temperature = 60 °C then hold for 1 minute and ramping 

with 50 °C/min to 250 °C then hold for 5 minutes. 

In the CI mode of operation the ion source temperature was main-

tained at 130 °C and methane as a reagent gas. The CI mass spec-

tra were recorded at 70 eV electron energy. 

The probe temperature program for the CI measurements was as 

follows: 

Initial temperature was 70 °C. for 60 sec. Ramp rate 50 °C./min. 

Final temperature 250 °C. for 100 sec.  

3. Theoretical calculations 

The geometry of Sparfloxacin has been optimized based on semi-

empirical calculations, using the molecular modeling program 

Hyperchem7.5 (W.Thiel 2003, HyperChemTM, Release 7.5 Pro 

2002). Semi-empirical calculations were carried out using the 

routine MNDO and Polak-Ribiere conjugated gradient algorithm. 

For the optimized structure of the neutral and cation states, ge-

ometry optimization mode were carried to give molecular proper-

ties including heat of formation, dipole moment, atom charges, 

total energy, binding energy, electron energy and nuclear energy.  

4.  Results and discussion 

a) Mass spectra and Ionization processes of Sparfloxacin using 

EI technique 

 

The numbering system and the chemical structure of Sparfloxacin 

are shown in figure 1. While the EI mass spectra of Sparfloxacin 

at 70 and 15 eV are shown in figures 2-3.Also, the CI mass spec-

trum of Sparfloxacin are shown in figure 7.  
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Fig. 1: (A) the Numbering System, (B) Chemical Structure of Sparfloxa-

cin. 

 

The experimental results are obtained in the form of mass spectra 

for Sparfloxacin compound using EI and CI techniques. The 

measurements include the EI mass spectra at two different elec-

tron energy values (70 and 15 eV) while the CI mass spectra have 

been obtained using methane as a reagent gas at 70 eV only. 

In this work, one can discuss the mass spectral behaviors of stud-

ied compound using the two techniques. The fragmentation path-

ways of the main fragment ions formed from molecular ion at 70 

eV are shown in figure 2. While the fragmentation of the protonat-

ed molecule of Sparfloxacin using CI technique are shown in fig-

ure 4. 

Electron ionization technique is the oldest and best characterized 

of all the ionization methods. In this technique, a beam of elec-

trons passes through the gas-phase of the sample (Alison& Neil 

1997). Most mass spectrometers use electrons with energy of 70 

electron volts (eV) for recording mass spectra. Decreasing the 

electron energy can reduce the fragmentation processes, but it also 

reduces the number of ions formed (Alison& Neil 1997). In this 

work, 70 and 15 eV electron energies were used to study the 

fragmentation processes. The mass spectra of Sparfloxacin at 

these two energies are shown in Figures (2-3) in the range from 

m/z 50 to m/z 450. 

Sparfloxacin molecule has a highly electronegative atoms O12 (-

0.297e) and N1 (-0.297 e) as shown in Fig. 6. From the calculated 

charge distributions at N1 and O12 in the qinolone ring of Spar-

floxacin and the presence of lone pair electrons at these atoms, one 

can suggest that the ionization processes may occur at these atoms 

(Fig.1).  

The calculated value of the ionization energy of Sparfloxacin is 

equal to 6.6 eV (using equation 1).  

 

IE [M] =∆Hf [M] +•- ∆Hf [M]                                                        (1) 

 

Where ∆Hf [M] +• and ∆Hf [M] are the heats of formation of the 

molecular ion and neutral molecule respectively. While electron 

affinity of sparfloxacin is equal to 9.97 eV (using equation 2) 

 

EA [M] =∆Hf [M]-- ∆Hf [M]                                                         (2) 

 

a) Fragmentation of Sparfloxacin using EI technique 

The EI mass spectra of Sparfloxacin are recorded at both 15 and 

70 eV electron energies from m/z 50 up to m/z 450. The molecular 

ion of Sparfloxacin at m/z 392 is observed in the spectra at both 

70 eV and 15 eV with relative intensities 20% and 100%, respec-
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tively. From the mass spectra of Sparfloxacin at 70 and 15 eV one, 

can note that the intensity of the molecular ion peak at 392 de-

crease with the increase of electron energy as shown as in figures 

2, 3. 

 

 
Fig. 2: Electron Ionization Mass Spectrum of Sparfloxacin at 70 E V. 

 

 
Fig. 3: Electron Ionization Mass Spectrum of Sparfloxacin at 15 E V. 

 

The first characteristic fragmentation pathway for Sparfloxacin is 

the formation of the fragment [M-C4H8N]+ ion at m/z 322 (RI 

=100% i.e. the base peak in the mass spectrum at 70 eV, while the 

intensity of this ion decrease to 15 % at 15 eV as shown as in fig-

ures 2,3) . This ion is formed by the loss of C4H8N• radical from 

piperazinyl group. This is confirmed by the calculated bond length 

for C15─C16 and C18─C19 in charged molecular ion which are 

greater than that of the neutral molecule by 0.0005Å and 0.0008Å, 

respectively (figs. 4-5). The fragment [M-C4H8N]+ ion undergoes 

further fragmentation resulting in the formation of the fragment 

[M- C4H8N- CO2]+ ion at m/z 278 (RI=40% at 70 eV and 5% at 15 

eV) by loss of CO2 from the carboxyl group attached to carbon C3 

atom of the molecular ion as shown as in scheme 1. This is con-

firmed by the calculated bond length for C3─C9 in the charged 

molecular ion which is greater than that of the neutral molecule by 

0.0217 Å.as shown as in figs.4, 5. 
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Scheme 1: Main Fragmentation Pathways of Sparfloxacin at 70 Ev. 

 

 
Fig. 4: The Bond Lengths of Sparafloxacin in Neutral State. 

 

 
Fig. 5: The Bond Lengths of Sparafloxacin in Cation State. 

 

 
Fig. 6: The Charge Distributions of Neutral Sparfloxacin. 

 

b) Fragmentation of Sparfloxacin using CI technique: 

The chemical ionization (CI) technique is usually defined as a 

soft-ionization method. This means that the energy deposition into 

the molecule is thought to be less than that present in the electron 

ionization mode. This is reflected on the occurrence and / or on 

the yield of ions formed by fragmentation processes, which will be 

less than the fragments in EI method. Hence, the mass spectra of 

CI are much less complex than the EI spectra and few fragmenta-

tions are observed (Brian et al. 1991). An ion at m/z= 393 is repre-

sent the protonated molecule [M+H] + of Sparfloxacin and repre-

sent the base peak (R I=100%) in the CI mass spectrum of this 

molecule which indicate the high stability of the protonated mole-

cule as shown as in figure 7. This is an important advantage since 

this allows one to focus on the molecular ion.  

 

 
Fig. 7: Chemical Ionization Mass Spectrum of Sparfloxacin. 
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The protonated molecule [M+H] + of Sparfloxacin undergoes 

fragmentation by the formation of the fragment [MH- CO2] + ion 

at m/z 349 (RI=45%) which is formed by loss of CO2. 

Two peaks observed at m/z 421 and 433 are probably formed due 

to the transfer processes of the (C2H5) + and (C3H5) + cations to 

form of [M+C2H5]+ and [M+C3H5]+ ions with unsaturated com-

pounds with relative intensities 20 and 10%, respectively as 

shown as in figure 7. These adduct ions provide additional con-

firmation of the molecular weight of the compound (Munson 

2000). 

 

 
Scheme 2: Main Fragmentation Pathways of Protonated Sparfloxacin 

under CI Technique. 

4.4. Semi-empirical molecular orbital calculations of 

sparfloxacin 

The structure of our studied compound was optimized using 

MNDO (semi-empirical molecular orbital method) to report its 

thermochemical and energies data. The semi-empirical methods 

can be optimized for different purposes. For instance, MNDO 

method were used to calculate heats of formation and structures 

energies data of the studied compound in the gas phase as shown 

in Table 1. Authors have determined the values of heats of for-

mation, total energies of the neutral, cation and anion molecule. 

Also, ionization energy and electron affinity have been calculated. 

These thermochemical data are important in the description of the 

conformational properties of the studied compound and are not 

published before as our knowledge. 

 
Table 1: The Computed Thermochemical Properties of Sparfloxacin Us-

ing MNDO Method 

 Neutral Cation Anion  

Heat of formation ∆Hf(M) (kcal.mol-1) -103 - - 

Heat of formation ∆Hf(M)+• (kcal.mol-1) - 50 - 

Heat of formation ∆Hf(M)- (kcal.mol-1) - - -180 
Total energy (kcal.mol-1) -126666 -126513 -126742 

Dipole moment (Deby) 3.659 3.293 7.289 

 

From the calculated data of the studied molecule (Table 1), one 

can observed that the negative values of the heats of formation and 

total energy for neutral molecule are -103, -126666 kcal.mol-1 

respectively indicating that this is a thermodynamically stable 

molecule. This may be due to the presence of quinolone ring 

(fig.1). 

5. Conclusion 

The experimental investigations show that the application of mass 

spectrometer can provide a rather detailed analysis of sparfloxacin 

by using a good obtained EI and CI mass spectra. These experi-

mental data together with the theoretical quantum chemical calcu-

lations (MNDO) give us more information about the chemical 

behaviour of the studied molecules which may be important for 

many chemical and medical applications. 
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