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he nano copper sulfate was prepared by ball milling of normal CuSO,. The redox behavior for nano copper sulfate was

studied voltammetrically in presence and absence of Cefepime using glassy carbon electrodes in 0.1 M KCI supporting
electrode. Scan rates were studied for the redox behaviors for CuSOy alone or in presence of Cefepime. Stability constants for
the interaction of copper ions with Cefepime were evaluated. All mechanisms were discussed.

Introduction

Cefepime has big spectrum of activity against Gram-positive and Gram-negative bacteria, with greater activity against
both types of organism than third-generation agents. This chemical compound, registred with CAS number of 88040-25-9,
is a fourth-generation cephalosporin antibiotic. Analysis data was increased in people treated with Cefepime compared with
other B-lactam antibiotics Cefepime is a broad-spectrum cephalosporin antibiotic and used to treat bacteria responsible for
causing pneumonia and infections of the skin and urinary tract [1, 2]. Some of these bacteria include Pseudomonas,
Escherichia, and Streptococcus species. The following represents MIC susceptibility data for few microorganisms [2 - 10].
Cefepime was developed by Bristol-Myers Squibb and marketed beginning in 1994. It is now available as a generic drug
and sold under a variety of trade names worldwide. Cefepime evaluation is valuable for further study. Its structure is shown
in Fig. 1 [10].

N’O\
H-N N / ,
2 7
T s
0 N
0
(o) 0

Fig. 1. Cefepime structure, 2D and 3D.

(IUPAC) name: (6R, 7R, Z)-7-(2-(2-aminothiazol-4-yl)-2-(methoxyimino)acetamido)-3-((1-methylpyrrolidinium-1-yl)methyl)-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylate was from "GlaxoSmithKline"
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Experimental

Preparation of Nano Cooper Sulfate Materials

The nano CuSO,4 material studied in the study was prepared by ball milling technique using a Retsch MM 2000 swing mill
with 10 cm® stainless steel double walled tube. The copper sulfate (CuSO,.5H,0) and KCI compounds used in the material
preparation were provided from Al Nasr Chemicals Company. In the preparation, in which two balls stainless steel with
diameter of 12 mm were used, the ball milling process was performed at 20225Hz and the shaking process was done usually at
room temperature for one hour. The temperature was kept under 30°C during the material preparation.

Experimental Measurements

DY2000, DY2000EN Multichannel Potentiostat was used for voltammetry measurement Voltammetry analyzer using
conventional three - electrode electrochemical cell to perform cyclic voltammetry (CV). Measurements were done by using
glassy carbon readymade in our laboratory from pure carbon peace, polished with aluminum oxide in wool peace, as working
electrode with are of 0.64 cm”, platinum wire electrode as counter electrode and Ag/AgCl standard electrode.

Cyclic Voltammetry Measurements (CV)

Cyclic voltammetry is the most common technique used to study the electrochemical systems obtained in undivided glass
cell of 30 ml solution by utilizing the three electrodes mentioned above. Cyclic voltammetry experiments were carried out
using different concentrations of CEF and different nano CuSO, solutions in water at 19.3°C. KCI (0.1M) as supporting
electrolyte was used at different scan rates. After each run, the working electrode was polished with aluminum oxide (a
alumina), rinsed with distilled water to obtain reproducible results. The solutions were purged with purified nitrogen gas for
(10) min before each experiment.

Results and Discussion

TEM Images for Nano CuSO,

The photogram from TEM transmission electron microscope is presented for nano CuSO;, salt. The image in Fig. 2, which
show the crystalline forms of nano CuSQ,, indicate that nano CuSO, is either in the form of irregular spheres or in the form of
deformed spheres. In this image, boundaries ranging from 20 to 40 nm were observed.

Fig. 2. Tem image of nano Cu SO,.
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Cyclic Voltammetry Analysis

The interaction of nano CuSO, with Cefepime (CEF) had been studied using cyclic voltammetry technique in the potential
range (+1.5 to -1.0) V at different scan rates in water at 292.25K using KCl (0.1M) as supporting medium and glassy carbon as
a working electrode. The study is valuable for evaluating different thermodynamic properties [3-18].

Mechanism of redox reaction:

The copper ions used show two oxidation peaks at 0.02 and 0.06 V mV and two reduction peaks at 0 and -0.45 V. These two
peaks corresponding to the oxidation of copper zero valent (uncharged) to monovalent (Cu") and then the oxidation of copper
monovalent(Cu") to divalent cupric ions (Cu®") [19]. The vice verse for the reduction peaks is the reduction of cupric to copper
monovalent (cuprous) then the reduction of monovalent copper to zero valent one, copper metal involving two electrons in this
media versus silver/silver chloride electrode as follows:

Cu*?(aq.) +e¢ =Cu" (D
Cu"+e =Cu° )

It was determined that adding drug Cefepime caused decreases in both peak heights, which indicate the reaction between the
cooper nano salt and CFE [20-35]. Also, it was shown that the disportionation of the monovalent copper to divalent and zero
valent ones occurred as a result of its unstable character in this medium [19]; in the measurements only one reduction peak at -
0.7 V was observed.

2 Cu (ag.)=Cu 2+ Cu° (3)

Different scan rates were discussed for the redox reaction for 2 mM nano copper sulphate alone were done in water and the
obtained results are shown in Fig. 3. Straight lines were obtained by drawing the relation between Ip,a & Ip,c against scan rate
Fig. 4. From this relation the diffusion coefficient was obtained and found to be in the range from 0.47 to 0.5, indicating the
diffusion control of the reaction. Different additions of Cefepime from Imm to 6 mM were done (Fig. 5) and different scan
presented by using 2 mM Cu®"" + 6mM Cefepime. The analysis of the complex formation voltamogram was done and the
diffusion coefficients were estimated and found to be within the range of diffusion reactions.

The total stability constants for the interaction of nano CuSO, with Cefepime were calculated by applying DeFord-Hume
equation [34-37]. These calculation data together with the Gibbs free energies obtained for the complex formation of CuSO4
and Cefepime [20-49] have been presented in Table 1. The Gibbs free energy of interaction for CuSO, + Cefepime given in
Table 1 was found to be in the range of 26 to 29 kJ/mole indicating specific complex formed.
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Fig. 3. Effect of different scan rate for nano CuSOy at Concentration 2 mM (6 ml from the stock solution). The scan rates were maintained at 0.1, 0.05, 0.02,
0.01 (V/Sec), Sens (A/V) = Ix107, initial E (V) = 1.5, High E (V) = 1.5 and Low E(V) = -1.
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Fig. 4. The relation between I, ., 1, . and vwfor 2mM of CuSOy in 30 ml KCI (0.1 M).
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Fig. 5. Effect of different scan rate for nano CuSO, (2.10°* 2 mM =6 ml of stock solution added) with Cefepime (6.10°, 6 mM). The scan rates were maintained
at 0.1, 0.05, 0.02, 0.01 (V/Sec), Sens (A/V) = Ix107, initial E (V) = 1.5, High E (V) = 1.5 and Low E(V) = -1.

Table 1. Analysis parameters, total stability constants and Gibbs fiee energy of complex formation for the interaction of Cefepime with nano CuSO,in water at
19.3°C.

[M] *10° [L] *10°  logy+ v (Ep, )m E,,.)c) I, *10°  AE;;, n D. Bux AG(kJ mol™)-
2 0.556 -0.01633  0.9631 0.067 0.052 -7.94 0.119 1 2.78E-11 220589 -29.3796
2 0.833 -0.02001  0.9549 0.067 0.057 -6.76 0.124 0 4.89E-11 179985 -28.8938
2 1 -0.02191  0.9508 0.067 0.052 -5.98 0.119 0 523E-11 122549 -27.9761
2 2 -0.03099  0.9311 0.067 0.058 -5.19 0.125 1 2.19E-12 78086 -26.8999
2 25 -0.03503  0.9225 0.067 0.072 -4.62 0.139 1 3.32E-12 107598 -27.6654
2 3 -0.03796  0.9163 0.067 0.08 -4.4 0.147 1 4.12E-12 126636 -28.0544
2 3.5 -0.04132  0.9092 0.067 0.087 -4.26 0.154 1 497E-12 141779 -28.3241
2 4 -0.04383  0.904 0.067 0.092 -4.09 0.159 1 5.42E-12 154243 -28.5253
2 5 -0.049 0.8933 0.067 0.098 -3.91 0.165 1 6.00E-12 157249 -28.5714
2 5.8 -0.05293  0.8853 0.067 0.105 -3.86 0.172 1 7.17E-12 178848 -28.8787
2 6 -0.05368  0.8837 0.067 0.115 -3 0.172 1 570E-12 260458 -29.7763
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From cyclic voltammetry measurements it is worth noticing that addition of Cefepime (CEF) to nano Cu ions not only
decreased the amount of deposited Cu during the cathodic scan. The redox mechanism was presented. Nano copper sulfate ions
show two oxidation peaks alone in 0.1 M supporting electrolyte at 0.02 and 0.06 V mV and two reduction peaks at 0 and -0.45
V. These two peaks corresponding to the oxidation of copper zero valent to monovalent and then the oxidation of copper
monovalent to divalent cupric ions. The vice verse for the reduction peaks is the reduction of cupric to copper monovalent
(cuprous) then the reduction of monovalent copper to zero valent one. Adding Cefepime (CEF) to the copper nano salt both
peak heights were decreased indicating the reaction between them forming complexes. Also it is observed that the
disportionation of the monovalent copper to divalent and zero valent ones happen and only one reduction peak at -0.7 V was
observed. The stability constant and Gibbs free energy of interaction between Cu and (CEF) was estimated having mean values
of -28.44 kJ for total Gibbs free energies of complexation. l

b
- o

5

2

S
ly'

A
- -

e
F 2

{
L 9

¥

References

Prof. Dr. Esam A. Gomaa

Prof. of Physical Chemistry, Faculty of Science, Mansoura University.

Special area, Chemical Thermodynamics and Solution Chemistry. Dr. Rer. Nat. from Munich
Technical University, Germany on 1982 in Solution Thermodynamics. Got Prof. degree on 1994, His
research interests include Thermodynamics, Liquid State and Nano Fluids. Has published many
papers in international journals and conference proceedings in Chemistry and Environment.

Now he is a member of AASCIT.

Email address: eahgomaa65@yahoo.com

Dr. Amr E. Negm

Lecturer of Biochemistry, Chemistry Department, Faculty of Science, Mansoura University. PhD
from Hamburg University, Germany.
amrnigm@mans.edu.eg

Reham M. Abu Qarn

PhD Student at Chemistry Department, Faculty of Science, Mansoura University. Got degree of
Master on Aug, 2015 entitled "Study of Solution Properties of Some Complexes Using Nano Metal
Salts" in Chemistry (Physical Chemistry, Thermodynamics) from Faculty of Science, Mansoura
University.

Reham.magdy20@yahoo.com

[1] D Yahav, M Paul, A Fraser and N Sarid, L Leibovici (2007). "Efficacy and safety of Cefepime: a systematic review and meta-analysis".
Lancet Infect Dis, 2009, 7 (5): 338—48.

[2] R H Barbhaiya, S T Forgue, C R Gleaso n, C A Knupp, K A Pittman, D J Weidler, R R Martin (1990). Antimicrob. Agents Chemother.

34 (6): 1118-22.

[3] S. Defazio, R. Cini; J. Chem. Soc., Dalton Trans. 2002, 1888-1897.

[4] N.D. Baskaran, G. G. Gan, K. A. deeba and I. C. Sam, (2007), Int. J. In-fect. Dis., 23, 115-121.

[5] J. A. Claridge, N. M. Edwards, J. Swanson, T. C. Fabian, J. A. Weinberg, C. Wood and M. A. Croce, (2007); Surg. Infect. (Larchmt), 8,

83-90.

[6] K.J.Eagye,J. L. Kuti and D. P. Nicolau, (2007); Surg. Infect. (Larchmt), 8, 215-226.

[7] M. G. Martin, (2007), Leuk. Lymphoma", 48, 413-414.

[8] V. Rodenas, M. S. Garcia, C. Sanchez-Pedreno, M. 1. Albero, (1997), J. Pharm. Biomed. Anal., 15, 1687-1693.



ISSN: 2375-3803 182

(]

G. Adamis, M. G. Papaioannou, P. Giamarellos-Bourboulis, E. J. Gargalianos, J. Kosmidis, H. Giamarellou, (2004), Int. J. Anti-microb.
Agents, 23, 144-149.

A. R. Gennaro and Remington; "The Science and Practice of Pharmacy"; 20th ed., Rio de Janeiro, Brazil: Guanabara Koogan, (2004).
And https://en.wikipedia.org/wiki/Cefepime.

Martindale, "The Complete Drug Reference", London, England: Pharmaceutical Press, (2005).

M. Arséne, P. Favetta, B. Favier, and J. Bureau, (2002), J. Clin. Pharm. Therap., 27, 205-209.

J. G. Hardman and L. E. Limbird, The Pharmacological Basis of Therapeutics, New York, NY: McGraw-Hill Book Co., (2006).
J. M. Bobbitt and Wills, P. John; J. Org. Chem., 45, 1978 (1980).

F. S. Nelsen., Kessel, R. Carl, Brien, J. David and W. Frank; J. Org. Chem., 45, 2116 (1980).

Powers, J. Michael and Meyer and J. Thomas; J. Amer. Chem. Soc, 102, 1289 (1978).

Taric Derya, Dogan-Topal Burcu, Golcu Aysegul, Ozkan A. Sibel, Current analytical Chemistry, 2014,69 (9), 981-990.

N. A. El-Maali, A. H. Osman, A. A. Aly, G. A. A. Bioelectrochem., 2006, vol. 2, p. 95.

Aftab Ali Shaikh, Badrunnessa, Jannatual Firdaws, M D Shahidur Rahman, Nishat Ahmed Pasha and Prdip Kumar Bakshi, Journal of
Bagladesh Chemical Society, 2011, 24 (2), 158-164.

K. Kalyanasundaram, J. Kiwi, M. Gratzel; Helv. Chem. Acta. 61. 2720 (1978).

A. C. Rice and T. J. Spence; Inorg. Chem, 19, 2845 (1980).

B. J. Headridge, "Electrochemical Techniques for Inorganic Chemists," Academic Press, London and New York (1969).
Esam A. Gomaa, International Journal of Materials and Chemistry, 2 (1), (2012) 16-18.

Esam A. Gomaa, American Journal of Environmental Engineering 2 (3), (2012) 54-57.

Esam A. Gomaa, American Journal of Polymer Science 2 (3), (2012) 35-47.

Esam A. Gomaa, Eur. Chem. Bull, 1 (2013) 259-261.

Esam A. Gomaa, Elsayed M. Abou Elleef and E. A. Mahmoud, Eur, Chem. Bull, 2 (2013), 732-735.
Esam A. Gomaa, Elsayed M. Abou Elleef, American Chemical Science Journal, 3 (2013), 489-499.
Esam A. Gomaa, Elsayed M. Abou Elleef, Science and Technology, 3 (2013) 118-122.

Esam A. Gomaa, International Journal of Theoretical and Mathematical Physics, 3(2012) 151-154.
Esam A. Gomaa, and B. A. Al- Jahdali, Education, 2 (3), (2012), 25-28.

Esam A Gomaa, Orient. J. Chem., 6 (1990) 12-16 and E. A. Gomaa, Indian J. of Tech, 24 (1986) 725.

E. A. Gomaa and G. Begheit, Asian J. of Chem., 2 (1990) 444 and E. A. Gomaa, A. H. El-Askalany and M. N. H. Moussa. Asian J.
Chem, 4 (1992) 553.

H. M. Killa, Edward E. Mercer and Robert H. Philp, Jr., Anal. Chem., 1984, 56, 2401-2405.
Shardull Bhatt and Bhavna Trivedi, International Journal of Electrochemistry, vol. 1, 2013, 381-390.
Md. Sohel Rana, Mohamemad Arifur Rahman and A. M. Shafiqual Alam, Pak. J. Anal. Environ. Chem., vol. 15, No. 2(2014) 13-19.

H. M. Killa, E. M. Mabrouk, M. M. Moustafa, Croatica Chemica Acta, 64 (4)585-592 (1991). And Illyas Md Isa, Nur Indah Wardani,
Nohayati Hashim, Sazelli A. Ghani, Int. J. Electrochem. Sci., 10 (2015) 498-503.

Esam A Gomaa, Indian J. of Tech., 24 (1986) 725 and E. A. Gomaa. Thermochim. Acta, 80 (1984) 355.

Esam A Gomaa, Croatica Chimica Acta, 62 (1989) 475.

E. A. Gomaa, A. M. Shallapy and M. N. H. Moussa. Asian J. of Chem., 4, 518 (1992).

M. A. Mousa, E. A. Gomaa, A. A. El-Khouly, A. A. M. Aly, H. F. Aly. J. Rational. Nucl. Chem. Lett., 87 (1984) 81.

Esam A Gomaa, M. A. Mousa and A. A. El-Khouly, Thermochimica Acta, 89 (1985) 133, E. A. Gomaa and B. A. M. Al Jahdali,
Science and Technology, vol. 2, No. 4, (2012) 1-8.

Esam A Gomaa, Thermochimica Acta, 91 (1985) 235 and A. B. Kashyout, H. M. A. Soliman, Marwa Fathy, E. A Gomaa and Ali Zidan,
International Journal of photoenergy, 2012, 1-7.



183

[44]

[45]

[46]

[47]
(48]
[49]

2016; 3(3): 177-183

Esam A Gomaa, Theromchimica Acta, 128(1988) 287 and Esam A. Gomaa, Frontiers in Science, 2(2012)24-27.

Esam A Gomaa, Thermochimica Acta, 140(1989) 7 and E. A. Gomaa, K. M. Ibrahim and N. M. Hassan, the international Journal of
Engineering and Science (IJES), 3 (2014) 44-51.

Esam A Gomaa, Bull, Soc. Chim, Fr., 5 (1989) 620 and E. A. Gomaa, H. M. Abu El-Nader, Sh. E. Rashed, Physical Chemistry, 2012, 2
(3); 9-17.

Esam A Gomaa, Bull. Soc. Chim Fr., 5 (1989) 371.
Esam A Gomaa, Thermochimica Acta, 152 (1989) 371.
Esam A Gomaa, Thermochimica Acta, 156 (1989) 91.



