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Abstract: The redox behavior for bulk and nano silver nitrate (NSN) were studied by cyclic voltammetry technique in
absence and presence of cefdinir antibiotic (CFD) using glassy carbon electrode (GCE) in 0.1 M KNO3 as supporting
electrolyte at two different temperatures. Scan rates were studied for the redox reactions of bulk and nano silver nitrate
(NSN) in absence and presence of cefdinir antibiotic (CFD) and mechanism of the electrode reactions were discussed.
The stability constant of complexation and thermodynamic parameters for a system were evaluated.
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1. INTRODUCTION

Silver nanoparticles were viewed as being
moderately simple to synthesize [1,2] and having
exceptionally attractive properties [3] or being
helpful for particular applications such as
electrochemical nitrate sensors [4,5], solar cells
[6] or temperatures switches [7] and biology.
Silver exists in two isotopic forms, '97Ag and
19Ag  found in similar proportions. Silver is
present in the human body at very low
concentrations (<2.3 pg 1-1) and is absorbed
through the lungs, gastrointestinal tract, mucus
membranes. It is retained for the most part as
silver protein complexes but has no physiological
or biochemical role within the body [8]. Silver is
used in heterogeneous oxidation processes and
homogeneous silver-mediated and catalysed
reactions. Silver (I) is considered a mild
oxidizing agent and, as is suitable for the efficient
oxidation of primary and secondary alcohols to
aldehydes and ketones [9]. Silver (I) was used as
a catalyst in organic synthesis [10,11]. The
research for silver (I) complexes with N-donor
ligands, including those of aromatic ligands such
as azoles [12,13] and O-donor ligands for
complexation  with  silver (I) include
carboxylates, crown ethers and calixarenes.
Cefdinir (CFD) is a bacteriocidal antibiotic of
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third-generation  cephalosporin  class  of
antibiotics. It can be used to treat infections
caused by several Gram-negative and Gram-
positive bacteria. its structural ormula is shown in
Fig. 1.

In the present work, we are interested in
investigating the electrochemical behavior of the
complexation of bulk AgNO; and nano-AgNO,
(NSN) with cefdinir antiboitic (CFD) and from
which we determined the stability constant of
complex formed and estimated thermodynamic
parameters for a system. Hence, the cyclic
voltammetric behavior of cefdinir drug at a
glassy carbon electrode and its complexation
with bulk and nano-AgNO; (NSN) was studied in
0.1 M of KNO; as a supporting electrolyte in 5%

mixed solvent (DMF-H,0) at different
temperatures (298.15, 303.15 K).
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Fig.1. structural formula of cefdinir antiboitic.
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2. EXPERIMENTAL
2. 1. Materials

Cefdinir antibiotic were purchased from sigma
Aldrich and analyzed by utilizing transmision
electron microscopy (TEM) and Infra-red (IR),
silver nitrate (AgNO;) from Merck Germany ,
dimethyformamide form El Nasr pharmaceutical
chemicals Co. and wused directly without
purification, double distilled water was used
throughout this study.

2. 2. Preparation of Nano-Silver Nitrate

The nano- silver nitrate (NSN) was prepared
by shaking it in ball-mill apparatus of type Retsch
MM2000 swing mill for period of one hour. The
mill has 10 cm? stainless steel tube. Two stain
steel balls of 12 mm diameter were used. Ball
milling was performed at 20225 Hz at room
temperature and investigated under transmission
electron microscopy (TEM).

2. 3. Measurements

The glassy carbon electrode was polished to a
mirror like surface with 0.5 and 0.02 pm alumina
in doubly distilled water. experimental solution
was deairated by purging for at least 10 minutes
with 99.99% pure nitrogen gas. Three electrodes
system consists of a GCE as the working
electrode, Ag/AgCl (satd. KCl) as the reference
electrode and platinum wire as the counter
electrode was wused. Cyclic voltammetric
measurement was performed using a potentiostat
Model BASi EPSILON.

3. RESULTS AND DISCUSSION
3. 1. TEM Image for Nano-Silver Nitrate

The picture of Nano-AgNO; from transmission
electron microscope (TEM) is represented in Fig. 2
from an image we can deduce that nano-
AgNO;(NSN) is either in the form of irregular or
distorted spheres and the dimensions of the
particles ranging from 11.40 to 26.91 nm.

Fig. 2. TEM image of Nano-AgNO;

3. 2. Electrochemical Behavior of Bulk AgNO; and
Nano-AgNO; in Absence of Ligand (Cefdinir
Antibiotic)

The redox behavior of Ag (I) in bulk AgNO,
and nano-AgNO; (NSN) was examined in 0.1 M
of KNOj; as a supporting electrolyte in 5% mixed
solvent (DMF-H,0) by cyclic voltammetry on
GCE at different temperatures (298.15, 303.15
K). This process is preformed at -600 to 650 mV
potential window, current is (ImA) and 100
mV/S scan rate. in which silver nitrate solution is
added in a stepwise manner to reach the final
concentration is (1.9 mM) is shown in Fig. 3.

From (Fig. 3) it is observed that Ag+ solution is
electroactive as it gives one anodic and one cathodic
peak (Agt/Ago). Firstly, (at 298.15 K) for bulk
AgNO; anodic peak current is -0.392 mA and
potential 509.3 mV. cathodic peak current is 0.154
mA and potential 270 mV for nano- AgNO; (NSN)
anodic peak current is -0.186 mA and potential 476.2
mV. cathodic peak current is 0.0799 mA and
potential 252.6 mV. Secondly, (at 303.15 K) for bulk
AgNO; anodic peak current is -0.462 mA and
potential 532.2 mV. cathodic peak current is 0.1844
mA and potential 227.9 mV. For nano silver nitrate
(NSN) anodic peak current is -0.302 mA and
potential 484.4 mV. cathodic peak current is 0.1228
mA and potential 252.6 mV. This indicates that the
Ag+ system is one electron reversible system.
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Fig. 3. cyclic voltammograms of bulk AgNO; and nano- AgNO; (NSN) in 0.1M KNOj at 298.15, 303.15 K.

3. 3. Electrochemical Behavior of Bulk AgNO; and
Nano-AgNO; (NSN) in the Presence of Ligand
(Cefdinir Antibiotic)

In this paper, we are studying the
complexation between cefdinir drug and AgNO,
in bulk and nano-scale in 5% mixed solvent
(DMF-H,0) at different temperatures ( 298.15,
303.15 K). In which the drug is added in a
stepwise manner. Fig. 4 represent the
electrochemical behavior of complexation
between silver ions in bulk and nano-scale and
Cefdinir antibiotic (CFD) in 0.1 M KNO; in
mixed solvent (DMF-H,0) at (298.15, 303.15 K)
at-600 mV to 650 mV potential windows, current
ImA and scan rate 100 mV/S.

From Fig. 4, it is observed that the complex is
formed due to the anodic and cathodic peak
decrease and potential shifts their position to
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more lower values. Due to precipitating the
complex during the process, no peak appeared. A
stability constant is a measure of the strength of
the interaction between the reagents that come
together to form the complex. The stability
constant (Byx) for bulk AgNO; and nano silver
nitrate (NSN) complexes in 0.1 M KNO; at -600
mV to 650 mV potential windows, current 1mA
and scan rate 100 mV/S in mixed solvent (DMF-
H,0) at different temperatures (298.15, 303.15
K) for each additions are calculated [14] by

applying Eq. (1).

(£, ), +(E,).=2303 %Logﬂm+

RT

where (Ep)M is the peak potential of metal at
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Fig. 4. Cyclic voltammograms of bulk AgNO; and Nano-AgNOj in the presence of cefdinir in 0.1 M KNO; at 298.15,
303.15 K.

final adding in absence of ligand, (Ep)C is the
peak potential of metal complex, R is a gas
constant (8.314 J.mol-l.degree!), T is the
absolute temperature and Cx is the concentration
of metal in the presence of ligand.

The Gibbs free energy of interaction for bulk
AgNO; and nano silver nitrate (NSN) with
cefdinir antibiotic (CFD) were calculated [15,16]
from stability constant (BMX) using Eq (2).

AG =-2.303RTLog B, (2)

All  equilibrium  constant vary  with
temperature, so the enthalpy (AH) of interaction
for bulk AgNO; and nano-AgNO; (NSN) with
cefdinir antibiotic (CFD) were calculated by
using Van’t Hoff Eq. (3). [17,18]

Bo(atT ) _AH T,-T,
b patT ) 23038 TT, ) A3)

where [, is the stability constant at low
temperature T, B, is the stability constant at high
temperature T,.
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Table 1. Cyclic voltammetric data of bulk AgNO; and nano-AgNO; (NSN) in the presence of Cefdinir antibiotic at 298.15 K.

Bulk AgNO:s in the presence of Cefdinir in 5% mixed solvent (DMF-H20) at 298.15 K
[M]X107 | [L] X103 | [MVIL] | E,o/mV |Epc/mV Ei Ipa /mA | Ipe/mA B AG* AH? TAS¢ 484
1.89 0.474 4 558.9 136.8 | 347.85 | -0299 | 0.1261 | 3.37x10* | -25.843 | 595274 | -621.117 | -2.0832
1.87 0.936 2 492.7 128.5 310.6 -0.291 | 0.0768 | 1.29x10° | -34.892 | -12.139 -22.753 -0.0763
1.85 1.387 13 463.7 954 | 279.55 | -0.179 | 0.0498 | 1.04x105 | -34.361 -18.767 -15.594 -0.0523
1.82 1.827 1 430.6 747 | 252.65 | -0.109 | 0.0325 | 820x10° | -33.761 2.975 -30.786 -0.1033
1.8 2256 0.79 409.9 -49.5 180.2 -0.045 | 0.0227 | 1.98x10* | -24.558 -6.998 -17.56 -0.0589
1.78 2.675 0.66 409.9 | -107.5 151.2 -0.043 | 0.0206 | 1.99x10* | -24.553 | -13.415 -11.138 -0.0374
1.76 3.083 0.57 414.1 -198.5 107.8 -0.041 | 0.0185 | 2.06x10* | -24.622 | -29.749 5.127 0.0172
1.74 3.482 0.5 434.8 747 | 25475 | -0.035 | 0.0247 | 225x10* | -24.850 | -53.128 28278 0.0948
Nano-AgNOs in the presence of Cefdinir in 5% mixed solvent (DMF-H:0) at 298.15 K
M]X103 | [L] X103 | [MV/[L] | Epo/mV |Ep/mV Ei Ipa /ImA | Ipe/mA B AG*® AH® TAS* A8¢
1.89 0.474 4 514 160 337 -0.3062 | 0.109 | 1.17x10° | -34.641 8.728 -43.369 -0.1454
1.87 0.936 2 478 142 310 -0.2585 | 0.0756 | 8.91x10° | -33.967 -1.010 -32.957 -0.1105
1.85 1387 13 452 121 286.5 | -0.1595 | 0.0473 | 7.36x10° | -33.493 -8.612 -24.881 -0.0835
1.82 1.827 1 434 80 257 -0.1165 | 0.0287 | 639x10° | -33.145 -4.051 -29.094 -0.0976
1.8 2256 0.79 418 79 2485 | -0.0441 | 0.0158 | 5.81x10° | -32.905 | -536.086 | 503.181 1.6877
1.78 2.675 0.66 415 -8 203.5 | -0.0434 | 0.0127 | 1.79x10* | -24.285 | -22.605 -1.68 -0.00563
1.76 3.083 0.57 407 -116 1455 | -0.0229 | 0.0098 | 1.76x10* | -24.234 | -26.040 1.806 0.00606
1.74 3.482 0.5 412 -240 86 -0.0245 | 0.0179 | 1.82x10* | -24313 | -38.362 14.049 0.0471

Table 2. cyclic voltammetric data of bulk AgNO; and Nano-AgNO; in the presence of Cefdinir antibiotic at 303.15 K.

Bulk AgNO3 in the presence of cefdinir in 5% mixed solvent (DMF-H:0) at 303.15 K

%!f XI:J(}-S IMV/I[L] | EpumV | Ep/mV Eiz Ipa/mA | Ipc/mA B AG® AH? TAS® A89
1.89 | 0474 4 528.9 142.8 335.85 -0.435 0.1509 1.77x10° | -36.260 | 595274 | -631.53 -2.0832
1.87 | 0.936 2 476.6 119.9 298.25 -0.287 0.0915 1.19x10° | -35279 | -12.139 -23.14 -0.0763
1.85 | 1.387 1.3 440.6 116.6 278.6 -0.167 0.0611 9.18x10° | -34.612 | -18.767 -15.84 -0.0523
1.82 | 1.827 1 420.9 77.4 249.15 -0.106 0.037 8.04x10° | -34.275 -2.975 313 -0.1032

1.8 | 2256 0.79 391.5 274 182.05 -0.034 0.0188 1.89x10* | -24.827 -6.998 -17.83 -0.0588
1.78 | 2.675 0.66 378.4 -79.7 149.35 -0.025 0.0165 1.82x104 | -24.727 | -13415 -11.31 -0.0373
1.76 | 3.083 0.57 355.5 -115.7 119.9 -0.018 0.0143 1.69 x10* | -24.535 | -29.749 5.21 0.0172
1.74 | 3.482 0.5 3359 -197.5 69.2 -0.016 0.121 1.58x104 | -24.373 | -53.128 28.76 0.0949

Nano-AgNOs in the presence of Cefdinir in 5% mixed solvent (DMF-H:0) at 303.15 K

%]} )([:“(}_3 IMV/I[L] | EpumV | Ep/mV Ei2 Ipa/mA | Ipe/mA B AG® AH? TAS* A4
1.89 | 0474 4 530 174 352 0433 | 0.1377 | 1.24x10° | -35.361 8.728 -44.089 | -0.1454
1.87 | 0.936 2 484.4 157.5 320.95 -0.287 | 0.0841 8.85x10° | -34.519 -1.010 -33.509 | -0.1105
1.85 | 1.387 1.3 4513 140.9 296.1 -0.17 0.0521 | 6.95x10° | -33.909 -8.612 -25.297 | -0.0834
1.82 | 1.827 1 434.8 78.8 256.8 0.111 0.0273 | 6.22x10° | -33.631 -4.051 -29.58 | -0.0976

1.8 | 2256 0.79 401.7 43 203 -0.037 | 0.0165 1.64x10* | -24.472 -536.086 511.61 1.6877
178 | 2.675 0.66 381 412 169.9 -0.024 | 0.0144 | 1.54x10* | -24.303 -22.605 -1.698 | -0.0056
1.76 | 3.083 0.57 368.5 -169.5 99.5 -0.018 | 0.0165 148 x10* | -24.210 -26.040 1.83 0.00604
1.74 | 3.482 0.5 352 -173.7 89.15 -0.014 | 0.0144 | 1.41x10* | -24.083 -38.362 14279 | 0.0471

The entropy (AS) for bulk AgNO; and nano- mV to 650 mV potential windows, current 1mA
AgNO; (NSN) complexes in 0.1 M KNO, at -600 and scan rate 100 mV/S in mixed solvent (DMF-
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H,0) at different temperatures (298.15, 303.15
K) are calculated by using Eq. (4) [19-30 ].
AG =AH —-TAS 4
The calculated values of (E1/2 ), (BMX), (AG), (AH),
and (AS) for bulk AgNO; and nano-AgNO; (NSN)
complexes in 0.1 M KNO; at -600 mV to 650 mV
potential windows, current 1mA and scan rate 100 mV/S
in mixed solvent (DMF-H,0) at different temperatures
(298.15, 303.15 K) are estimated in Tables 1, 2.

3. 4 MECHANISM OF THE REDOX
REACTIONS

The reduction of tracers of dissolved oxygen
play an important role in providing electrons
required for silver dissolution process [19]. Eq.
(5, 6) are represented silver dissolution.

Ag' =Ag" + e (5)

O+ 2H + 2¢ = H20: (©)

From Fig. 3. Its observed that the main peak is
the oxidation of silver (0) valent to silver (I)
valent in 5% (DMF-H,0) versus Ag/Ag+
electrode as shown by Eq. (5, 7). Hence, when
adding cefdinir antibiotic to the composition
caused decrease in both anodic and cathodic peak
height respectively, which indicates the
interaction between silver ions and cefdinir drug.

Agt +e = Ag’ %)

3. 5. VARIATION OF THE SCAN RATE

Cyclic voltamogram of bulk AgNO; and nano-
AgNO; (NSN) in absence and presence of cefdinir

Table 3. cyclic voltammetric data of bulk AgNO; and nano-AgNO3 (NSN) in absence of Cefdinir antibiotic in 0.1 M of
KNOj; at 298.15 K and different scan rates (50, 100, 150, 200 and 250 mV/S).

Bulk AgNO3 Nano-AgNOs
M]x103 | V/mV.St | V"2 | pa/mA | Ipd/mA Dalem?.s! De/em?.s! IpalmA | Ipe/mA Da/cm?.s! Deem?.s’!
1.92 0.05 0.224 | -0.357 | 0.154 1.16x 10 | 2.16 x 10" -0.198 | 0.0675 | 8.48 X107 9.86 X 102
1.92 0.1 0.316 | -0.392 | 0.107 | 5.64x 1070 42x10" -0.183 | 0.0768 | 3.64 X107 6.41 X102
1.92 0.15 0.387 | -0.669 | 0.239 1.09 x 10° 1.39x10" | -0.566 | 0.2163 | 7.84 X 10710 1.14 X 100
1.92 0.2 0.447 | -0.705 | 0.276 7.28 x 10° 1.12x10° -0.669 | 0.2759 | 8.21X107 1.39 X 100
1.92 0.25 05 | -0.739 | 0.297 6.39 X 10 1.03 X 10° -0.734 | 03125 | 7.89X 107 1.43 X100

0.8 mL bulk AgNO3 at scan rate (50m\WIS)
5.541 —— 0.8 mL bulk AgNO3 at scan rate (100mW/S)
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Fig. 5. Cyclic voltammogram of bulk AgNO; and Nano-AgNOj in absence of cefdinir antibiotic in 0.1 M of KNOj; at
298.15 K and different scan rates (50, 100, 150, 200 and 250 mV/S).
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Table 4. Cyclic voltammetric data of bulk and Nano-AgNOj in the presence of cefdinir antibiotic (1:1) and (1:2) in 0.1 M of

KNOj5 at 298.15 K and different scan rates (50, 100, 150, 200 and 250 mV/S).
Bulk AgNOs at (298.15 K) (1:1) (1:2)
M]x103 | V/mv.S! | V2 | LamA | LJmA Da/cm?s™! Do/emts™! [M]x103 | Ipa/mA | Ipd/mA Da/em?.s™! D./cm?.s™!
1.82 0.05 0.224 | -0.055 0.0191 2.46 x 107! 2.96 x 10712 1.74 -0.02 0.0185 2.84x 10" | 2.44x 10
1.82 0.1 0.316 | -0.106 0.0325 4.59x 10 431x 102 1.74 -0.035 0.0247 438x 10" | 2.18x 10!
1.82 0.15 0387 | -0.111 0.0351 2.68x 10710 2.68x 107" 1.74 -0.055 0.0283 721x 10" | 1.91x 10
1.82 0.2 0.447 | -0.101 0.0351 1.66 x 10710 2.01 x 1071 1.74 -0.055 0.033 5.40x 10! 1.94x 10"
1.82 0.25 0.5 -0.104 | 0.0377 1.41x 10710 1.85x 10" 1.74 -0.055 0.04 432x 10" | 228 x 107!
NanoAgNOs at (298.15 K) (1:1) (1:2)
M]x103 | V/mV.S1 | V2 | LamA | IJmA Dafem?.s™! Ddem?s?  |[M]x103 | lpa/mA | IhoJmA | Daem?’s’ De/em?.s™!
1.82 0.05 0.224 | -0.0606 | 0.0237 298 x 107 4.56x 1012 1.74 -0.0177 0.0206 223x 10" | 3.02x 10!
1.82 0.1 0.316 | -0.1165 | 0.0351 5.54x 10" 5.03x 1012 1.74 -0.0188 0.0227 1.26x 10" | 1.84x 10!
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Fig. 6. Cyclic voltamogram of bulk and Nano-AgNOj in the presence of cefdinir antibiotic (1:1) and (1:2) in 0.1 M of
KNOj; at 298.15 K and different scan rates (50, 100, 150, 200 and 250 mV/S).

54



S. E. El-Shereafy, E. A. Gomaa, A. M. Yousif and A. S. Abou El-Yazed

12

3

second | vs.
pe

0.3+

024
0.1
0.0 4

-0.14

»
3

024
034

0.4

peak current | mApere

0.5

peak current | mApere

-0.6 -

-0.7

-0.8

T
0.45 0.50

Peak current Ip vs. V2 for bulk AgNO;

Fig. 7. The plot of both anodic and cathodic peak current against the scan rates at 2
AgNO; (NSN) in absence of Cefdinir antibiotic.

Ny 12
m first] vs.v
pa

® second I” vs.v'?

o el

0.04 1 004

0.02 4

0.00 4

o

b

-0.02 4

peak current | mApere

-0.04 -

peak current | mApere

-0.06 4

T T
045 0.50

Peak current Ip vs. V2 for Nano-AgNOs;

98.15 K for bulk AgNO; and nano-

= firstl vs.v'"?
pa

® second Ipc vs. v'"?

=

T
0.20 0.25

T T T T T
0.20 0.25 0.30 0.35 0.40 0.45 0.50

12
v

Peak current Ip vs. V" for bulk AgNO; (1:1) Peak current

0.035
0.030
0.025
0.020]
0.015
0.0104
0.005
0.000
-0.005
-0.010
-0.015 ]
-0.020
-0.025
-0.030
-0.035 ]
-0.040 ]
-0.045
-0.050
-0.055

peak current Ip mApere
peak current | mApere

T T T T
0.30 0.35 0.40 0.45 0.50

v

Ip vs. V2 for bulk AgNO; (1:2)

= first] vs.v'?

12
°

second | vs.v

Peak current Ip vs. V2 for nano-AgNOs (1:1)

Peak current Ip vs. V2 for nano-AgNO; (1:2)

Fig. 8. The plot of both anodic and cathodic peak current against the scan rates at 298.15 K for bulk and nano- AgNO;

(NSN) in the presence of Cefdinir antibiotic.

55



Iranian Journal of Materials Science & Engineering Vol. 14, No. 4, December 2017

antibiotic in 0.1 M of KNOj; at -600 mV to 650 mV
potential windows, current ImA and different scan
rates (50, 100, 150, 200 and 250 mV/S) at absolute
temperature 298.15 K. Represented in Figs. 5, 6.
The peak current [20] for both the anodic and
cathodic peaks follows Eq. (8).

1,=2.69X10°n*?AC/DV )

[,=peak current in ampere, n=number of
exchanged electrons, A=area of the in mol/cm3,
V=scan rate in volts/S. electrode in cm?2,
D=diffusion coefficient in cm?/s,
C=concentration of the species.

The plot of both anodic and cathodic peak current
against the scan rates (50, 100, 150, 200 and 250
mV/S) at 298.15 K for bulk AgNO? and nano silver
nitrate (NSN) in absence and presence of cefdinir
antibiotic in 0.1 M of KNO3 at -600 mV to 650 mV
potentials, current 1mA are shown in Figs. 7, 8 and
the resulting data are listed in Tables 3, 4 .

From Fig. 6. It is observed that the scan rate of the
complex mixtures increases the corresponding
current increases and the slopes are in 0.5 range, so
The electrochemical processes are diffusion
controlled which confirmed from the graph of ip vs
v12 as shown in the figures 7, 8. Also It was observed
that the stability constants and the different
thermodynamic properties are greater for the
interaction of nano silver nitrate with Cefdinir drug at
298.15K whereas the bulk gave greater interaction
values at the higher temperature due the fast
migration of nano particles in complex area.

4. CONCLUSION

From Cyclic voltammetry (CV) data for bulk
and nano AgNO; (NSN) in absence and presence
of Cefdinir antibiotic we observe Ag" is
electroactive giving one anodic and one cathodic
peaks. Whereas in presence of Cefdinir (CEF) the
anodic and cathodic peaks decrease in current and
the potential shifs to more lower values due to the
formation of complex. From stability constants and
thermodynamic parameters for (1:1) stiochiometric
metal to ligand ratio and (1:2) at the temperatures
used. The enthalpies and entropies values are
negative one for (1:1) while enthalpies values for
(1:2) are negative and the entropies are positive.
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From the effect of scan rates we indicate the redox
process is diffusion controlled.
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