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Abstract

Gold nanoparticles (Au NPs) have been synthesized via reduction of sodium
tetrachloroaurate dihydrate (NaAuCl,.2H,0) with 2-(2-methyl-5-amino -1H-
imidazol-1-yl) ethanol (2-MAE) in presence and absence of ascorbic acid as
reducing and stabilizing agents. The resulting Au NPs were characterized by UV—
Vis spectroscopy, scanning electron microscopy (SEM), atomic force microscopy
(AFM), X-ray diffraction (XRD), FT-IR spectroscopy. The absorption spectra of
gold nanoparticles solutions in the uv-visible and near IR regions were studied at
different amine concentrations and pH media.

Keywords: Gold nanoparticles, Surface Plasmon resonance (SPR), SEM, AFM,
UV-Vis spectrophotometry.
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Introduction

The biological and therapeutic activity of nitroimidazoles has been suggested to depend upon the
nitro group reduction process which leads to the formation of active intermediate species that interact
with DNA of different microbes to produce biochemical damage [1]. Metronidazole (MZ) chemically
2-(2-methyl-5-nitro-1H-imidazol-1-yl) ethanol, is a member of the 5-nitroimidazole antimicrobials
class and a broad spectrum antibiotic It has been used successfully in the treatment of antibiotic-
associated pseudomembranous colitis, trichomoniasis and symptomatic amebiasis as well as the
infections of Helicobacter pylori [2,3]. The spectrophotometric determination methods of MZ in the
literature involves mainly the initial reduction of the nitro group to the amino group to form 2-(2-
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methyl-5-amino -1H-imidazol-1-yl) ethanol (2-MAE) using different reducing agents [4-12]. Amines
are used extensively as reductant and subsequent capping agents in the synthesis of metal
nanoparticles, especially gold [13, 14]. Figure-1 shows the structures of (MZ) and (2-MAE).
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Figure 1-Structures of (MZ) and (2-MAE).

This work investigates the synthesis and characterization of 2-(2-methyl-5-amino -1H-imidazol-1-
yl) ethanol (2-MAE) and the use of this compound in the synthesis of gold nanoparticles conjugates
via the reduction of sodium tetrachloroaurate dihydrate (NaAuCl,;.2H,0) in presence and absence of
ascorbic acid as reducing and stabilizing agent.

Materials and Methods
Chemicals

All the following chemicals in this study were used as received from suppliers: Metronidazole
(MZ) (99.98%) (SDI) Samarra Irag, ascorbic acid (CsHsOg) 99.7% (SCR, China), zinc powder (99%)
(Fluka), sodium chloroaurate dihydrate ( NaAuCl,. 2H,0) Analar (99%) (BDH).

Instruments

The absorption spectra in the uv-visible region 200-1100 nm were recorded on a SHIMADZUE
1800 Double Beam UV-Vis spectrophotometer. Fourier Transform Infrared (FT-IR) spectra were
recorded on Shimadzu FT-IR 8400S Fourier transforms, within the wavenumber region between 4000
and 200 cm™ using KBr and Csl discs. Elemental microanalysis (C.H.N) was performed on Eurovector
EA 3000A. 'H-NMR spectra were performed by using: Bruker Ultra Shield 300 MHz NMR. Mass
spectra measurements were performed using instrument: GC MS —-QP 2010 VLTRA. Liquid
Chromatography (LC) for the antibiotic MZ and reduced form (2-MAE) was performed on Shimadzu
mode LC Column L7, UV319 nm, at chromatographic conditions: mobile phase containing
methanol: water (20/80 v/v), flow rate Imm/min. SEM images were acquired using KYKYEM-SEM
model 3200. AFM images were obtained using AFM model CSPM (Scanning Probe Microscope).
XRD measurements were performed using a Shimadzu XRD-6000 X-ray diffraction spectrometer.
Preparation of 2-(2-methyl-5-amino -1H-imidazol-1-yl) ethanol (2-MAE)

The reduction of metronidazole was performed following the procedure of Siddappa |, et al [5]
with modification. To a stirred solution of metronidazole (0.1g, 5.8x10™ mole) in methanol ( 20 ml
)was added hydrochloric acids( 5N, 10 ml). Then zinc powder (0.5 g) was added to the acidic solution
in portion with vigorous stirring. Hydrogen gas was evolved during addition and the color of solution
turned immediately to yellow and then to colorless. The mixture was left under stirring for 1h until the
bubbles of H, gas ceased. The solution was filtered to remove unreacted zinc powder which was
washed several times with methanol. The total volume of the filtrate was made up to 100 ml with
methanol so that the final concentration of the amine product (2-MAE) is (5.84 x10™*M). The volume
of the prepared solution was reduced to 30 ml by evaporation. The remaining solution was cooled and
extracted with ethyl acetate. The acetate layer was separated and left overnight with anhydrous
MgSQ,. Then cold ether was added to the faltered extracts. A brown oily precipitate was formed. The
product was washed several times with ether followed by decantation. The remaining solvent was then
evaporated by nitrogen gas to give a brown oily product. (yield 0.0432 g, 52.42 %). Boling point
165°C, CHN analysis, found [C¢H11N3O] 1.5H,0, : 42.432, 8.122, 24.855; calculated: 42.857, 8.333,
25.0; mass spectrum[m/z]:141 [M*], 126[M * - CHs], 124[ M" —OH], 111[M ™ - CH; -NH], 96[M ™ —
CH,CH,0H], 55 [M " — CH,CH,OH- C,Hs;N] *HNMR (8,ppm): 7.090(C-H, imidazole ring), 6.9(
NH; ), 4.136 (ethanolic chain OH,) 4.023(CH,), 3.63 (CH,), 2.51(CHy);
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Synthesis of GNPs
Preparation of Solutions for the synthesis of gold nanoparticles

A stock aqueous solution of the gold salt NaAuCl,.2H,O (5.5x10* M) which contains (5.5
x10* M) of Au** ions, was prepared by dissolving 0.1100 g of NaAuCl,.2H,O in 50 ml distilled
deionized water (DDW) in 50 ml volumetric flask. Ascorbic acid solution (5.4 x10* M) was freshly
prepared by dissolving (0.0904 g) of ascorbic acid in 100 ml distilled deionized water (DDW) in 100
ml volumetric flask.

Effect of concentration of amine (2-MAE)

To study the effect of (2-MAE) concentration on GNPs synthesis, two series of solution were
prepared. In the first series 0.5 ml aliquots of NaAuCl, aqueous solution (5.5 x10™* M) were added to
six 5ml volumetric flask containing different volumes of freshly prepared (2-MAE) (3.06 x10* M)
(0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 ml) . The volumes were then completed to 5 ml by distilled deionized
water (DDW) with well mixing. The resulting molar concentrations of (2-MAE) are: 3.06, 6.12, 9.18,
12.24,15.30, 18.36 x 10° M (samples 1-6 respectively), while the concentration of Au(lll) ions was
kept constant at (5.5 x 10° M ). The absorbance of each solution was measured to detect the position
and intensity of SPR of Au NPs with time. In the second series 0.5 ml aliquots of freshly prepared
aqueous solution of ascorbic acid (5.4x10* M) were added to a set of eight volumetric flasks
containing different volumes of freshly prepared (2-MAE) (3.06 x10* M) (0.5, 1.0, 1.5, 2.0, 2.5, 3.0,
3.5 and 4ml), followed by the addition of NaAuCl, (5.5x10* M, 0.5 ml). The volumes were then
completed to 5 ml by DDW with well mixing. The resulting molar concentrations of (2-MAE )
were: : 3.06, 6.12, 9.18, 12.24, 15.30, 18.36 , 21.42, 24.48 x 10° M (samples (1-8), while the
concentration of added Au(lIl) ions and ascorbic acid were kept constant at (5.5 and 5.4 x 10° M) ,
respectively. The absorbance of each solution was measured with time.

Effect of pH media

The synthesis of GNPs using the selected concentration of 2-MAE was studied
spectrophotometrically at different pH values using HCI and NaOH for this purpose Two series of
solutions were prepared. The first series consist of nine 5ml volumetric flasks containing 2-MAE
(3.06 x10* M) to which were added 0.5 ml aliquots of NaAuCl, (5.5x10* M) with pH adjusted to
2,3,4,5,6,7,8,9 and 10 values using HCI and NaOH for this purpose . The volumes were then
completed to 5ml with vigorous mixing. The second series consists of ten 5ml volumetric flasks
containing the same selected volume of 2-MAE (3.06 x10“ M) and 0.5 ml aliquots of ascorbic acid
solution (5.4 x10“*M). The same volumes of NaAuCl, (5.5x10* M, 0.5 ml) were added with pH
adjusted to 2,3,4,5,6,7,8,9,10 and 11. The volumes were completed to 5ml. The absorption spectra of
all solutions were measured in the uv-visible region at different time intervals.

Results and Discussion:
Characterization of 2-MAE

Different methods have been reported in the literature on the reduction of MZ to 2-(2-methyl-5-
amino -1H-imidazol-1-yl) ethanol (2-MAE) [4-12] referring to the difficulties in isolation
characterization of the compound due to the susceptibility of the product to oxidation [9, 11]. In this
work the results obtained from elemental CHN analysis, HNMR, and FTIR spectrophotometry were in
good agreement with the chemical formula. The data obtained from *HNMR spectrum, and mass
spectrum of 2-MAE came in agreement with the chemical structure [15- 17]. The FT-IR spectrum of
(2-MAE) Figure-2 exhibited the disappearance of the bands assigned to the vibrational modes of
asymmetrical and symmetrical stretching vibrations of NO, group which were located at 1537.16 and
1369.37 cm™ respectively in the pure metronidazole [16,18], and the appearance of two bands
observed at v 3448.49, and 3336.27 cm™assigned to asymmetrical and symmetrical vibrations of
primary amino group which confirms the reduction of NO, group to NH; group [9,19,20]. The bands
appeared at around 3475.49 cm™ was assigned to OH stretching modes of ethanolic group and
hydrogen bonded water molecules associated with the amine molecule [16,18,21]. The bands
assigned to the stretching modes of imidazole C-H and aliphatic CH, group were located at 2950.89
and 2840.95 cm™ respectively [16,18]. The bands observed at 1633.59 and 1211.21 cm™ were
attributed to NH bending and C-N stretching vibrations of primary amine [17, 21, 22]. The band at
around 1087.42cm™ was attributed to C-O group stretching vibration of ethanolic group [18].
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Figure 2- FTIR spectrum of 2-MAE

Figure-3 shows the LC chromatograph of the parent drug (MZ) and the reduced form (2-MAE). The
peak of MZ, shown in Figure-3a appeared at retention time 7.789 min.. The chromatograph shown in
Figure-3b exhibited almost the disappearance of this and the appearance of a high peak area at
retention time 2.514 min. which supports the formation of the amino product.
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Figure 3- The LC chromatograms of a- MZ and b -(2-MAE) at conditions: mobile phase methanol: water
20:80(v/v), LC Column L7, detection wavelength 319 nm and flow rate Imm/min.

Characterization of gold nanoparticles
Uv-Visible spectrophotometry

Figure-4 shows the spectra of (MZ) antibiotic, (2-MAE), AuCl, and gold nanoparticles prepared
from mixing (2-MAE) and AuCl, aqueous solutions 3.6 and x 10° M and of ascorbic acid (AA) in
aqueous solutions. The spectrum of MZ exhibited two high intensity bands at A 221 and 310 nm
attributed z-z * transitions of imidazole ring [16, 17].

The spectrum of (2-MAE) displayed two high intensity bands at A 220, and 240 nm (gmax 43382,
26879 L.mol™.cm™ respectively) assigned to m—m* transition of imidazole ring and a low intensity
band at 393nm (emax 457, L.mol™.cm™) assigned to n—x* transition of C=N group, [16,17,23]. The
spectrum of ascorbic acid displayed a high intensity band at 253nm ( emna 14509 L.mol™.cm™) which
was attributed to m—7* transition [24].
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Figure 4- The absorption spectra of a- MZ (5.84 x10*M), b-(2-MAE) (3.06 x10* M and c- L- ascorbic acid
(5.4 x10™* M) in (DDW)

Optimization of reaction conditions
Concentration effect

Figure-5 show the absorption spectra of GNPs solutions prepared from aqueous solutions
containing a constant concentration of Au(lll) ions (5.5 x 10®° M) and different concentrations of
(2-MAE) (3.06, 6.12, 9.18, 12.24, 15.30, 18.36 x 10° M, samples 1-6 respectively). The spectrum
of AuCly solution (Figure (5a)) exhibited a high intensity band at A 240 nm with a shoulder A 290 nm
assigned to LMCT transitions of tetrachloroaurate complex AuCl, [23]. On time of mixing, no color
change was observed and the spectra showed no sign of SPB. After 24 h the solutions (1-4) exhibited
purple violet colors, and their spectra displayed single peaks observed at A 562, 564, 562, 570 nm
respectively related to serface plasmon resonance (SPR) of spherical gold nanoparticles with the
estimated size range 30-70 nm [25,26] .This indicates that gold nanoparticles have been synthesized
and protected by (2-MAE). Figure (5a) shows the comparison between the spectra of (2-MAE), AuCl,
, and GNPs prepared from 3.06 x 10° M of (2-MAE) (solution 1). The slow rate of this reduction
refers to slow growth of the seeding of GNPs [26] which may result from the formation of Au(ll) and
Au(l) ions. The intensity of SPBs were found to decrease with increasing concentration of 2-MAE. At
high concentrations of 2-MAE (4,5,6) the solutions were yellowish in color and their spectra
exhibited very low intensity peaks observed at A 570, 582, 580 nm respectively which refers to
formation of larger particle size of spherical gold NPs [ 26-29]. This was combined with gradual
appearance of a new peak at 464 nm which may refer to the formation of a new product catalyzed by
the oxidation of the synthesized GNPs and hence decreased the yield of GNPs. The optimum
concentration for producing spherical GNPs by (2- MAE) was 3.06 x 10°M (solution 1) which was
stable for more than one week
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Figure 5- Absorption spectra and images of GNPs using 2-MAE (3.06, 6.12, 9.18, 12.24, 15.30, 18.36 x 10° M),
AuCl, (5.5x10°M) ( samples 1-6) after 24 h.
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A size-controlled synthesis of gold nanoparticles may involve the oxidation of amine to give the
monocations. Oxidation of the aromatic amine by Au (111) ions proceeds through the loss of electrons,
which subsequently reduce the auric ions to gold atoms as was reported by Subramaniam, et al [13].
Accordingly for the reduction of Au (I11) ions to GNPs by 2-MAE can be suggested as is illustrated by

Scheme-1.
%N >\
HrJI % I '\‘};h“ + e-
VHZ

1M

2-{2-methyl-5-amino - | H-imidazol-1-wl)ethanol N
(2-MAE) -

Au(lll) + 3e- 0

Au
Scheme 1- The suggested mechanisms of the reduction of Au(l11) ions by the amine (2-MAE).

In order to facilitate the reduction of Au(lll) ion by the amine (2-MAE) the reduction should be
catalyzed first by performing seeding to growth of AuNPs by a strong reducing agent which the
resulting seeds allow for further reduction of Au(I11)NPs on the surface of formed Au NPs [26] or by
the addition of an antioxidants to stabilize and protect the synthesized GNPs against oxidation .

Synthesis of GNPs in presence of ascorbic acid

L- Ascorbic acid H,A (CsHgOg) has both one-electron and two-electron reducing properties and is
reported to be irreversibly oxidized by metal ions via both inner- and outer-sphere redox mechanisms
to DHA (CgHesOs) [30]. As a result Au(lll) ions will be reduced to either Au(l) or Au(0) by L-
ascorbic acid (H,A)(CsHsOg) [31]. This indicates that the presence of ascorbic acid with (2-MAE) may
speed up the reduction process. Figure-6 AA shows the uv-visible spectrum of gold nano- particles
synthesized by ascorbic acid (5.4 x10* M) which exhibited one single band observed at A 573 nm
corresponding to SPR of spherical gold nanoparticles [ 26-29]. The uv-visible spectra of GNPs
prepared from solutions containing different concentrations of freshly prepared 2-MAE( 3.06, 6.12,
9.18, 12.24, 15.30, 18.36 x 21.42, 24.48 x 10°°M respectively) and constant concentrations of AuCl,
(111) ions and AA (5.5 and 5.4 x 10° M respectively) Figure-6(1-8 )(solutions 1-8) displayed two
absorption bands. The first band was located in the visible region at A 529, 531, 535, 541, 539, 542,
538, and 538nm respectively which correspond to the same position of SPR of spherical GNPs [26-
28,] while the second peaks exhibited bathochromic shifts with increasing concentrations of (2-
MAE) and appeared in the visible and near infra-red region (400-1100) at A 620, 635, 640-1020,
748-998, 693-1017, 814-901, 819-1015, and 819- 910 nm respectively. The presence of two bands
may refer to the formation of nonspherical GNPs aggregates or gold nano rods [32, 33]. The first
three solutions (samples 1- 3) exhibited purple to violet colors after 1 h while the other five solutions
showed violet color. Best performances were recorded by the first three solutions.

However, sample 1 was selected to represent the optimum concentration of (2-MAE)  for
synthesis of GNPs as the spectrum of this solution showed a higher energy of SPB in the visible
region at A 529 nm . The solution was stable for more than one week without a serious change in the
position and intensity of SPB. These results show that presence of ascorbic acids with  different
concentration of amino play an important role in controlling both size and morphology of the
synthesized GNPs.
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Figure 6- Absorption spectra and images of GNPs synthesized from ascorbic acid (AA) and 2-MAE ( 3.06, 6.12,
9.18, 12.24, 15.30, 18.36 , 21.42, 24.48 x 10°M, 1-8), AuCl, (5.5 x 10°M) with ascorbic acid (5.4 x
10°M) after 1 h.

Effect of pH media

Figures-7 shows the spectra of GNPs synthesized by (2-MAE) at the selected optimum

concentration (3.06 x 10° M, sample 1) at different pH media (2-10) monitored by UV-visible
spectrophotometry.
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Figure 7- Absorption spectra and images of GNPs solutions prepared from AuCl, (5.5 x 10° M), (2-MAE)
(3.06 x 10”° M) at pH 2-7 after 24 h and pH 8, 9, 10 after 48 h.

At pH (2-7) the solutions showed a purple violet color after 24 h and the spectra of these solutions
showed single absorption bands appeared at A 562, 564, 552, 559, 565, and 562 nm respectively,
with higher intensities of SPB at pH (2and 3), referring to the formation of large particle size of
spherical gold nanoparticles [25,26], while the solutions at pH 8, 9, and 10 showed a purple violet
color only after 48 h which indicates that increasing alkalinity of the solution decreased the rate of
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reduction. The solutions at pH 4 was selected for stability study as the absorption band related to SPR
in this solution appeared at shorter wavelength at A 552 nm compared to that of pH (2, 3). The colloid
was stable for more than 1 week, then intensity of SPB decreased and its position was shifted to longer
wavelength. The synthesis of GNPs by ascorbic acid in presence of (2-MAE) at optimum
concentration (3.06 x 10° M, sample 1) was studied spectrophotometrically at different pH media ( 2-
11) and results are shown in Figure-8. The changes in colors for all solutions were observed after 1 h
in contrast to those in absence of ascorbic acid which indicates that the presence of ascorbic acid
increase the rate of reduction. The spectra of colloids showed two absorption bands in the visible
region appeared at A 531, 529, 528, 529, 528, 531, 528, 530,530, and 525nm respectively and second
bands at A 627, 655, 644, 646, 634, 630, 632, 631, 632, and 634nm respectively, referring to the
formation of large sizes of non- spherical GNPs or gold nano rods [32,33].
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Figure 8- Absorption spectra and images of GNPs solutions prepared from (2-MAE) (3.06 x10° M), Au Cl,~
(5.5x 10°M) and ascorbic acid (5.4 x 10° M) at pH 2 -11 after 1 h.

The optimum pH value for GNPs synthesis was at 11 which shows a high intensity absorption
band of SPR at shorter wavelength A 525 nm and A 634 nm compared with the others. The increase
in pH causes the formation of ascorbate anion which is more reducing than the corresponding acid.

Scanning electron microscopy (SEM) analysis.

Figure-9a shows the SEM micrograph and size distribution for amine (2-MAE) capped GNPs at
concentrations of (2-MAE) (3.06 x 10° M) and AuCl, (5.5 x 10° M)) ( sample 1) at pH=2 . The
particles are characterized of having nearly uniform spherical and non-spherical shapes with a narrow
size distribution of average particle size diameters around 25 nm. Figure-9b shows the SEM images
and size distribution for (2-MAE) synthesized GNPs at the same concentrations but at pH 4. The
particles had less uniform spherical shapes and wider size distribution with the average particle size
diameters around 46 nm which reflects the effect of pH on the size and morphology of the synthesized
GNPs.
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Figure 9- SEM images and particle size distributions GNPs prepared from (2-MAE) at a-pH 2 and b- pH
4(average size diameter 25 and46 nm respectively)

Figure-10a shows the SEM images and size distribution of GNPs prepared from (2-MAE) (3.06 x
10®° M) and AuCly, (5.5x 10 M) in presence of ascorbic acid (5.4 x 10°M). At pH 2. The GNPs were
of uniform spherical and nanocubes morphology with narrow size distribution of average size
diameters around 26 nm. The SEM image at pH 4, Figure-10b showed highly regular shaped spherical
GNPs with the average size diameters around 27.5 nm. This indicates that the addition of AA at this
pH value improved the morphology by acting as antioxidant and capping agent.

Figure 10- SEM images and particle size distribution GNPs prepared from amine (2-MAE) and ascorbic acid at
a- pH 2 and b- pH 4 with (average size diameter 26 and 27.5 nm respectively)

Atomic force microscopy (AFM) analysis

Figures-11 and 12 show AFM images and granularity cumulation distribution chart of amine (2-MAE)
capped gold nanoparticles(sample 1) (3.06 x 10° M), AuCl, (5.5 x 10°M) at pH 2 and 4 respectively ,
the average particle diameters were around 79.81, 76.78nm respectively. The AFM pictures and
granularity cumulation distribution charts of amine (2-MAE) capped gold nanoparticles (sample 1)
using (2-MAE) (3.06 x10° M), AuCly (5.5 x 10°M) in presence of ascorbic acid (5.4 x 10°M)
Figures-13 and 14 at pH 2 and 4 respectively which gave average size diameter around 57.91 and
84.52 nm. The size difference between these results and those obtained from SEM micrographs may
be attributed to the technical errors in the sample preparation techniques.
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Figure 11- AFM 2D and 3D views and particle size distribution of (2-MAE) synthesized gold nanoparticles at
pH 2 (average size diameter 79.81 nm).
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Figure 12- AFM 2D and 3D views and particle size distribution of gold nanoparticles prepared from amine (2-
MAE) (3.06 x 10° M), AuCl, (5.5 x 10° M), atpH 4 (average size diameter 76.78nm).
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Figure 13- AFM 2D and 3D views and particle size distribution of gold nanoparticles prepared from (2-MAE)
(3.06 x 10° M), AuCl, (5.5 x 10° M), and AA (5.4 x 10°M) at pH 2 (average size diameter
57.91nm).
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Figure 14- AFM 2D and 3D views and particle size distribution GNPs prepared from 2-MAE (3.06 x 10° M),
AUuCI, (5.5x 10° M) and AA (5.4 x 10°M) at pH 4 (average size diameter 84.52 nm).
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X-Ray diffraction (XRD) analysis
The XRD pattern of GNPs synthesized by (2-MAE) in presence of ascorbic acid is shown in
Figure-15. Four diffraction peaks were observed at 260 (38.76, 44.91, 65.14 and 77.51) degrees,
corresponding to the planes (111), (200), (220) and (311) of face centered cubic (fcc) Au metal crystal
lattice, respectively [26]. Average particle size has been estimated by using unmodified Debye-
Scherrer formula equation [30, 34]
K XA

B cos B
where ‘D’ is particle diameter size, 6 is the Bragg angle, A is the wavelength of the X ray used
(0.154 nm), g is the breadth of the pure diffraction profile in radians on 26 scale, K is a constant
approximately equal to 0.90 and related both to the crystalline shape and to the way in which 6 is
defined. B is the Full Width at Half Maximum (FWHM) values. The value of D calculated from the
(111), (200), (220)and (311) reflections was 15.58nm, and the value of D calculated from the (111)
reflection was 13.42 nm.
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Figure 15- The XRD pattern of (2-MAE) capped Gold nanoparticles.

FT-IR spectrophotometry

The FTIR spectrum of (2-MAE) synthesized GNPs shown in Figure-16a, exhibited a band at
around 3558.42 cm™ characteristic of the v OH of lattice water [18]. The bands assigned to
symmetrical and asymmetrical vibrations modes of amino group [9, 19, 20] were shifted to lower
wavenumbers at 3427.27 cm™and 3311.55 cm™. The band assigned to OH stretching modes of ethanol
group on imidazole ring were observed at wave number ranges at 3517- 3450 cm™. The band
associated with N—H bending vibration of primary amines was located at 1649.02 cm™ [18,21] while
the band attributed to C-N stretching vibration of primary amine [21] and C-O of ethanol group were
observed at 1257.50 cm™ and 1058.85 cm™ respectively. These results indicate that the amine ligand
2-MAE has been coordinated or covalently adsorbed on the surface of GNPs. The FTIR spectrum of
GNPs prepared in presence of (2-MAE) and ascorbic acid is shown in Figure-16b. The spectrum
exhibited the disappearance of the peaks at 3525.63 and 3213.19 cm™ assigned to OH stretching
vibrations of L- ascorbic acid [ 18,35,36 ] and appearance of new bands at 1688.27, and 1674.10
cm™ corresponding to C=0 stretching vibrations [18,35,36 ] which refers to the oxidation of ascorbic
acid as a result of GNPs synthesis. The band assigned to C=0 stretching vibration observed at 1753.17
cm™ in the spectrum of the free ligand [18,35,36 ] was shifted to 1735.81 cm™. The bands assigned to
vibrational modes of amino group [9, 19, 20] of (2-MAE) were shifted to 3423.41 cm™ and 3359.77
cm™ respectively. The band assigned to OH stretching modes were located at wave number range
3565.42- 3550 and 3479.34 cm™ respectively. The bands associated with N-H bending and C-N
stretching vibrations of primary amine were shifted to higher wavenumbers and appeared at 1647.10
cm™ [18,21] and 1263.29 cm™ [21] respectively. The band at 1620 cm™ may be assigned to the
bending vibrations of ethanolic OH of imidazole ring. These results indicate that GNPs have been
capped by ascorbic acid and the amine ligand.
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Figure 16- FTIR spectra of a- 2-MAE synthesized GNPs, and b- 2-MAE synthesized GNPs using ascorbic
acid as reducing agent.

Biological Activity

The antibacterial activities of 2-MAE, GNPs- capped with (2-MAE) compared with the original
metronidazole antibiotic at concentration (10* M) has been tested against four types of bacteria
namely Escherichia coli, Streptococcus pneumonia, Pseudomonas aeruginosa, and Staphylococcus
aureus, by using the agar diffusion method [37] .The inhibition zones created by (2-MAE) against
the first three cultures (11, 20, 12 mm respectively) were comparable with those exhibited by
MZ(11, 19, and13 mm respectively). The amine showed enhanced activity against Staphylococcus
aureus (9 mm) to which MZ was inactive. On the other hand the 2-MAE/ GNPs exhibited very weak
growth inhibition zones against all the studied bacteria (7.5, 8, 6,5 mm respectively) which indicates
that conjugation of 2-MAE with GNPs decreased its antibacterial activity.

Conclusions

GNPs with different particle sizes have been synthesized by the reaction of (2-MAE) with
NaAuCl, in aqueous solution at room temperature in the absence and presence of ascorbic acid as
reducing and stabilizing agents at different concentrations of amino of MZ, and different pH media .
Changes in concentrations and pH affect the size, morphology and stability of GNPs with time. The
FTIR spectra of the prepared GNPs showed that the ligand molecules have been covalently attached
on the surface of GNPs.
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