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Abstract:
In this research, new azo dyes were prepared from the reaction of cephalosporins 

with nitrous acid by the sublimation method. Uv-vis., FT-IR, 1H-NMR, 13C-NMR, mass spec-
trometry, (S.E.M.), (C.H.N.). The electrical conductivity and biological activity of some 
prepared compounds and four types of pathogenic bacteria were studied, two of them 
were Gram-positive (G+), and two were Gram-negative(G-). These include (Staphylo-
coccus aureus, Enterococcus faecalis, Klebsiella pneumonia, and Pseudomonas putida) 
and the Acker Muller-Hinton culture medium. (Molar Huntin Agar) Aqueous solutions 
of the two compounds [DM74, DM66] with concentrations (0.01,0.001,0.0001,0.00001) 
mg/mL were also prepared using dimethyl sulfoxide (DMSO) as solvent. The sensitivity 
test of bacterial isolates used in the study was conducted by diffusion method, and the 
antibiotics Cefixime, Ceftriaxone, and Ampicillin were used as a control sample. The 
electrical conductivity and industrial stability of some prepared compounds were also 
studied.

Keywords: Cephalosporins, Azo Dyes, Enterococcus Faecalis, Staphylococcus Aureus, 
Klebsiella Pneumonia,  Pseudomonas Putida.  

تحضير وتوصيف بعض المركبات الجديدة من أصباغ Azo المشتقة من السيفالوسبورينات 
وبعض الأدوية ، ودراسة بعض التطبيقات الفيزيائية ، وتقييم نشاطها البيولوجي

أنعام خليف عذاب العزاوي           ،          نبيل جمال عايد الأصلي

جامعة تكريت / كلية التربية للعلوم الصرفة - قسم الكيمياء

الخلاصة: 
بطريقة  النيتروز  حمض  مع  السيفالوسبورينات  تفاعل  من  جديدة  آزو  أصباغ  تحضير  تم  البحث  هذا  في 
التسامي. C-13-NMR ، 1H-NMR ، FT-IR ، .Uv-vis ، مطياف الكتلة ، )CHN( ، ).S.E.M(. تمت 
دراسة الموصلية الكهربائية والنشاط البيولوجي لبعض المركبات المحضرة وأربعة أنواع من البكتيريا الممرضة ، 
Entero- و ، Staphylococcus aureus( وتشمل هذه )-G( واثنتان سالبة الجرام )+ G(  اثنان منها موجبة الجرام 
Acker Muller- ووسط الثقافة )Pseudomonas putida و ، Klebsiella والالتهاب الرئوي ، coccus faecalis
بتركيزات    DM66و  DM74 للمركبين  المائية  المحاليل  تحضير  أيضًا  تم   )Molar Huntin Agar(  .Hinton
كمذيب.   )DMSO( سلفوكسيد  ميثيل  ثنائي  باستخدام  مل   / مجم   )0.01،0.001،0.0001،0.00001(
تم إجراء اختبار الحساسية للعزلات البكتيرية المستخدمة في الدراسة بطريقة الانتشار ، واستخدمت المضادات 
الحيوية Cefixime و Ceftriaxone و Ampicillin كعينة تحكم. كما تم دراسة التوصيل الكهربائي والاستقرار 

الصناعي لبعض المركبات المحضرة.
الكلمات الرئيسية: السيفالوسبورينات ، الأصباغ الآزوية ، المكورات المعوية البرازية ، المكورات العنقودية 

الذهبية ، الالتهاب الرئوي كليبسيلا ،  بسيودوموناس بوتيدا.
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Syntheses, Characterization of Graphite Nanoparticles and Reduced Graphite Oxide Nanoparticles Derived from 
Wheat Straw ........................................................... Ban D. Saleh 1,        Ghazwan H. Abdulwahhab2,         Safaa M. Rashid3

1. Introduction:
Over the previous years and until 

the middle of the nineteenth century, 
the colored materials  were natural 
sources such as organic and inorganic 
dyes, and organic dyes are aromatic 
and  have an ancient history in dyeing, 
as they were used in textile dyeing and 
supplied from a  vegetable source [1]. 
The industrially prepared azo dyes are 
of the largest  varieties, as they can bind 
to the substance to be dyed and give it 
distinctive colors [2]. Some of  the azo 
dyes are unaffected by light, oxygen, 
washing, or acids and bases [3]. Azo 
dyes are  named because they contain 
the azo group [4]. The azo group con-
sists  of two nitrogen atoms linked by a 
double bond (-N=N-). It has SP2 hybrid-
ization, bonded  with aromatic or alih-
phatic carbon atoms [5]. Azo dyes may 
contain one azo group called  mono azo 
dyes, or they may be dichotomous may 
have more than two azo groups  called 
triple azo dyes [6]. According to the 

IUPAC system, goose dyes are defined 
as  diamide derivatives HN=NH [7], con -
taining two aryl groups and being the 
most stable,  while the -N=N- group is 
called the Azo group [8]. There is also 
another classification based  on the 
method of applying these dyes on an 
industrial scale. The dyes are grouped 
as  dispersed, acidic, basic, or reactive 
[9]. The main factors that show col-
ors are the presence  of unsaturated 
groups in the molecule, and just as the 
axochromic groups are essential in  ino-
creasing the intensity of the color, they 
give the dye molecule acidic or essen-
tial qualities as it  expands its ability to 
contact the substance to be dyed [10]. 
Cephalosporins are antibiotics  similar 
to penicillins [11] because they contain 
a beta-lactam ring. Still, the difference 
 between them is that the cephalospoo-
rins have a hexagonal ring instead of 
the five-sided ring  that includes the 
sulfur element next to the beta-lactam 
ring, as shown in the following struc-
ture for them:

cephalosporine

N

S

R1

O OH

O

N
HR2

O

H

N

S

O
OH

O

N
HR

O

H

CH3

CH3

Penicillins

R1
 , R

2
 = CH

3
 , C

2H5
 , C

3H7



163 مـجـلــة الـدراســات التـربـويــة والعلمـيــة - كـلـيــة الـتـربيــة - الجامعــة العـراقيــة
الــعـدد الـعـشـــرون - الـمـجـلــد الــثــــانــي - الـكــيــمـيــــاء - تـشـريــن ثـانــــي 2022 م

The effect of cephalosporins is 
similar to the development of peni-
cillin. It impedes the  growth of quip-
escent bacteria and eliminates the 
highly divided bacteria if given in high 
 concentration [12,13]. Cephalosporins 
can be divided into  the ways of entert-
ing them: First: given orally. The sec-
ond: is given through the blood [14]. 
Cephalosporins are distributed into 
groups based on the most effective 
bacteria  against them. These groups 
are called generations, divided into 
five generations [15]. First-generation: 
more effective against Gram-positive 
bacteria and used as prophylactic  anc-
tibiotics for surgery that includes the 
abdomen and chest [16]. The second 
generation:  targets Gram-positive and 
Gram-negative bacteria, but it is less 
effective against Gram-positive bacte-
ria (G+) than the first generation [17]. 
The third generation is more  effective 
against Gram-negative bacteria (G-) 
than the first and second generations 
[18]. Fourth generation:  This generah-
tion is effective against various gram-
positive and gram-negative bacteria, 
as  it is intended for more severe ine-
fections, and examples of the fourth 
generation (cefepime,  cefpiron) [19]. 
Fifth-generation: The fifth generation 
of cephalosporins is the  advanced geno-
eration of cephalosporins, and exam-
ples of the fifth generation of  cephalo -
sporins are ceftaroline and ceftoluzan 
[20].

2. Experimental:
2.1. Chemicals used: All chemicals 

used in this work were purchased from 
BDH, Aldrich  and Fluka companies and 
were used without further purifica-
tion.     

2.2. Devices used: The melting 
points were measured using Electro-
thermal Melting Apparatus 9300. The 
FT-IR spectra were captured using a 
Shimadzu FT-IR 8400S spectropho-
tometer with a (4000-400) cm-1 by KBr 
disc. DMSO-d6 as solvents were used to 
capture 1H-NMR and 13C-NMR spectra 
on Bruker instruments running at 400 
MHZ.

2.3. Preparation of azo dyes 
(DM66-DM70)

2.3.1. Preparation of the com-
pound (DM66) [21,22]:

In a (100 mL) round flask (0.01 mol) 
sodium nitrite was dissolved in (25 mL) 
distilled water in an ice bath (0-5) 0C. 
to (0.01 mol) of hydrochloric acid, and 
in a (100 mL) beaker, (0.01 mol) of one 
of cefotaxime was dissolved in (25 mL) 
of distilled water, then added (0.01 
mol) of benzene. From the separat-
ing funnel, the contents of the baker 
were filtered on sodium nitrite drop 
by drop while maintaining the tem-
perature. With the continuation of dis-
tillation, we notice the change in the 
color of the solution from transparent 
to maroon. After the distillation was 
completed, stirring continued for a 
full hour Without heating. The mixture 
was raised for (3) hours, then filtered 
and dried the residue, and when ex-
posed to a non-ionic solvent, the color 
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of the solution changed from red to 
violet. 

The rest of the chemical compounds 
[DM67, DM68, DM69] were prepared in 
the same way.

2.3.2. Preparation of the com-
pound (DM70) [23,24]

In a (100 mL) round flask (0.01 mol) 
sodium nitrite is dissolved in (25 mL) 
of distilled water in an ice bath (0-5) 
0C, and then added (0.01 mol) of hy-
drochloric acid, and in a (100 mL) bea-
ker, (0.01 mol) of cefpodoxime was 
dissolved in (25 mL) of distilled water, 

then (0.01mol) of toluene was added, 
and from the separating funnel, the 
contents of the baker were filtered 
on sodium nitrite drop by drop while 
maintaining the temperature. With 
the continuation of distillation, we no-
tice a change in the color of the solu-
tion from light yellow to dark orange. 
After the distillation was completed, 
stirring continued for an hour Without 
heating. The mixture was raised for (3) 
hours, filtered, and dried the precipi-
tate.

Table (1) shows some physical properties of azo dyes.

Yield %M.P OCColorMolecular FormulaComp. No.

87%163-165Dec.Dark RedC16H17N5O7S2DM66

92%109-111YellowC16H19N3O4SDM67

89%112-114Red    C18H18N8O7S3DM68

84%159-161Yellow  C16H17N3O4SDM69

85%100-102Dark RedC15H17N5O6S2DM70
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Table (2): Shows the prepared azo compounds
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(6R,7R)-3-(acetoxymethyl)-7-((2Z)-2-(methoxyimino)-2-(2-(phenyldiazenyl)thia-
zol-4-yl)acetamido)-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid
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2.4. Study of biological activity 
[25, 26]:

  This Study was used on four types 
of pathogenic bacteria, two of which 
are gram-positive, two are gram-neg-
ative, and they are: Staphylococcus 
aureus and Enterococcus faecalis, 
Klebsiella pneumonia, and Pseudomo-
nas putida are essential in the medi-
cal field because of their resistance to 
antibiotics. These bacteria were taken 
from the laboratories of the College of 
Education for Pure Sciences, Depart-
ment of Bio-Sciences, and a Mueller-
Hinton-Akar culture medium was used. 
Molar Huntin Agar) is used to mea-
sure the biological activity of antibi-
otics and chemicals for medical uses 
and is used to measure and determine 
the minimum inhibitor (MIC). Aque-

ous solutions of the two compounds 
[DM66, DM70] were also prepared. At 
concentrations of (0.01, 0.001, 0.0001 
0.00001, mg/mL) and using a solvent 
dimethyl sulfoxide (DMSO), a sensitiv-
ity test was performed for the bacte-
rial isolates that were used in Study by 
diffusion method in the nutrient me-
dium of Mueller-Hinton agar, which is 
a transparent nutrient medium with a 
dark yellow color. D in the sensitivity 
test of microorganisms towards anti-
biotics because it contains an animal 
infusion extracted from casein and 
starch.

3. Results and Discussion:
The azo dyes were prepared from 

the reaction of one mole of cephalo-
sporins or drugs with one mole of ni-
trous acid.
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3.1. Spectroscopic interpretation 
(U.V-vis., FT-IR .,1H-NMR, 13C-NMR, 
Mass)

The reaction of the compounds 
[DM66-DM74] was confirmed by di-
agnosing the prepared azo dyes by 
measurements of ultraviolet (Uv-vis.), 
infrared (FT-IR) , proton nuclear mag-
netic resonance (1H-NMR),  and carbon 
nuclear magnetic resonance (13C-NMR) 
spectrum

When studying the ultraviolet (U.V-
vis.) spectrum of the prepared azo 
dyes, we notice the appearance of an 
absorption band of greater intensity 
and lower wavelength due to the elec-
tronic transitions π→π * and caused by 
(C=C) bonds, which Pathochromia dis-
placement appears in the prepared azo 
dyes within a range of (280) nm, as well 
as a beam of greater wavelength and 
lower intensity, which is attributed to 
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the electronic transitions n→π*, which 
are caused by the electron pairs. There 
is no participation in the oxygen and 
nitrogen atoms. These bands appear 
pathochromically shifted in the pre-
pared compounds due to oxo groups 
and succession within the range (380-
325) nm [27].

When studying the infrared (FT-IR) 
spectrum of azo dyes [DM66], it was 
noticed that the stretching band of 
the amine group (NH2) disappeared in 
the prepared compounds with the ap-
pearance of several bands within the 
range of (3589-3400) cm-1 which goes 
back to (N-H) group ,and the appear-
ance of the stretching band of the hy-
droxyl group at (3333) cm-1, we also no-
tice the formation of a bar within the 
range (3223-3120) cm-1 Which belongs 
to the stretching of the olefinic (C-H) 
group, as well as bundles, appeared 
within the field (3063) cm-1, which be-
long to the extension of the aromatic 
(C-H) group, also appeared a pile with 
the limits of ( 2914) cm-1, which be-
longs to the stretching of the aliphatic 
(C-H) group., Also, a band seems within 
the range (1726) cm-1, which belongs to 
the stretching frequency of the imide 
carbonyl group. The band is within the 
content of (1688) cm-1 related to the 
stretching frequency of the carboxyl-
ic carbonyl group. A bundle appeared 
within the range (1626) cm-1, which be-
longs to the stretch of the (C=C) ole-
finic group, as well as a pile seemed 
within the range (1593-1500) cm-1, 
which belongs to the stretching fre-
quency of the aromatic (C=C) group, 

and the beam is within the field (1404-
1357) cm-1 belonging to the frequency 
of the alkyl (C.H.) group. As for the (C-
N) group, curvature beams appeared 
in the areas (1237-1201) cm-1 and group 
curvature beams. (C-O) appeared in 
areas (1192-1159) cm-1, and as shown in 
table (2), these bundles were close to 
what is found in the literature [28].
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Table (3): Results of the ultraviolet (nm
) and infrared spectra of azo dyes
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When performing the nuclear mag-
netic resonance analysis of the com-
pound [DM66], shown in Figure (84), 
we notice two bands at (12.3) ppm 
belong to the proton of the hydroxyl 
group. We see two rounds at (8.6-8.4) 
ppm belongs to the protons of the 
(NH) group, and we note the protons 
of the benzene ring appeared as two 
overlapping beams in the range (7.5-
7.4) ppm , as well as the emergence 
of protons of alkyl groups in the posi-
tion of (3.6-3.4) ppm , and a signal ap-
peared at (2.2-1.5) ppm belonging to 
the protons of the solvent (DMSO- d6).

When studying the 1H-NMR spec-
trum of carbon for the compound 
[DM66] shown in Figure (4), it was 
observed that signals appeared at the 
position (149.52-110) ppm belonging 
to the aromatic ring carbons, as well 
as the appearance of a signal at the 
site (70.42) ppm attributed to the (CH, 
aliphatic) group carbon, and the ap-
pearance of a signal at the site (62.68) 
ppm attributed to the group carbon. 
(CH2), and the formation of signals at 
the range 39.98-38.27) ppm attributed 
to the solvent carbonate (DMSO.d6) 
[29].

The mass spectrum of the com-
pound [DM66] showed a peak at m/
z=443.1 [C17H11N6O5S2], and a second 
peak at m/z=410.4 [C17H10N6O5S] A third 
peak appears m/z = 388.1 [C16H15N6O4S], 
the fourth peak appears [C16H15N6O3S] 
m/z=371.0 the fourth is overlapping 
with the peak m/z=367.9, a fifth peak 
appeared m/z=343.6 [C15H13N5O3S2], a 
sixth peak appeared m/z=324.2 overlap-

ping with m/z=330.1 [C14H12N5O3S], the 
seventh peak appeared at m/z=303.1 
[C13H13N5O2S], and the eighth peak ap-
peared at m/z=288.9 [C12H10N5O2S] 
Also, the ninth peak m/z=263.0 ap-
peared to overlap with the peak m/
z=260.0 [C12H12N4OS], and the tenth 
peak m/z=236.1 appeared to overlap 
with the peak m/z=230.0 [C11H10N4S], 
the eleventh peak appeared at m/
z=216.9 [C11H10N3S], and the eleventh 
peak appeared at [C9H7N3S] m/z=189.8, 
Also, the thirteenth peak m/z=169.9 
[C7H11N3S] appeared, which is the peak 
of the baseline, and the fourteenth 
peak m/z=148.8 overlapped with the 
peak m/z=144.0 [C7H10N2S], the 15th 
peak m/z=125.0 appeared overlapping 
with the peak m/z=129.0 [C5H9N2S], and 
the 16th peak appeared at m/z=103.9 
[C3H7N2S] the seventeenth peak ap-
peared at [CH4N2S] m/z=76.0, and the 
last peak m/z=55.0 appeared overlap-
ping with the peak m/z=63.0. [CH5NS] 
And that the top of the base line proves 
the validity of the compound, while the 
rest of the peaks prove the structural 
shape of the compound [30].

3.2. SEM analysis of the scanning 
electron microscope:

  The effect of laser bombardment 
by scanning electron microscopy for 
the two compounds [DM66]. It shows 
the SEM images of the compound 
[DM66] at 10µm. We notice the ef-
fect of laser bombardment. The sur-
face appears in the form of floating 
salty rocks interspersed with trenches 
with deep cavities and voids between 
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them. At a distance of 1 µm, we notice 
the effect of laser bombardment. The 
surface appears in the form of hard-
ened salt rocks interspersed with deep 
trenches with deep cavities and voids 
between them. At a distance of (500 
µm), we notice the effect of the laser 
bombardment. The surface appears 
in the form of a mountain range of 
varying heights, punctuated by deep 
trenches and the absence of spaces 
between them. At a distance of (200 
nm), we noticed the effect of the la-
ser bombardment, and the surface 
appeared as large clouds interspersed 
with cavities, and the phenomenon of 
nanoparticles became clear [31,33].

3.3. Dyeing operations:
One of the essential applications 

of dyes is their use as dyes with bet-
ter specifications than the specifica-
tions of ordinary dyes. The dye is the 
colored substance that can give its col-
or to another sense, provided that it 
meets several conditions, namely, that 
it has a particular ability to the body to 
be dyed, to be Intense color and sta-
ble qualities against the influence of 
chemical and natural factors such as 
fastness to light and washing. Azo dyes 
[DM69, DM68] were used in the dyeing 
process, where an appropriate amount 
of azo dye was dissolved in a suitable 
solvent. The resulting solutions were 
used to dye equal weight pieces of cot-
ton, wool, cloth, and brocade, where 
iron was used to fix the dye. When 
washed with water, it showed appar-
ent stability and had good strength 

against soap and washing powder [34, 
35].

3.4. The electrical conductivity
  Electrical conductivity is widely 

used in coordination chemistry to find 
possible ionic formulas. It occurs in a 
compound when it is a solution or a 
solid, and the degree of conductivity 
is more significant when the number 
of ions that it releases in the solution 
is more. At the same time, the degree 
of conductivity in the complex is low 
[36,37].

Table (6): Shows the electrical conduc-
tivity values   of some compounds pre-

pared using the DMSO solvent.

Test Conductivity .us/cm Co

DM66 4.5 18.4

DM74 4.2 18.3

3.5. Biological activity of some 
prepared compounds:

The study of the biological activity 
of the compounds prepared with cer-
tain concentrations showed that most 
of these compounds have antagonis-
tic activity against the types of bac-
teria studied, compared to the antibi-
otic Ceftriaxone, Ampicillin (Cefixime, 
which are a broad-spectrum antibiotic 
with an antibacterial activity). It has 
both positive and negative bacterias 
(22), and it also has a large inhibitory 
diameter as it gives a high selectivity 
when studying the sensitivity of bac-
teria to the prepared compounds, and 
since this antibiotic is used to treat 
many infections and diseases such 
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as urinary tract infections, especially 
those that occur as a result of Infec-
tion with colon bacteria and Staphy-
lococcus aureus bacteria, as well as 
simple cystitis in females caused by 
coliform bacteria, and prostatitis 
caused by colon bacteria in addition 
to infections of the lower respiratory 
tract, sinusitis, arthritis and bones. It 
is also used to treat diarrhea caused by 
colon bacteria and is also effective in 
treating typhoid. Therefore, two com-
pounds of the compounds prepared in 
this research [DM74, DM66] were stud-
ied on different types of chromium-
positive and negative bacteria, which 
recorded a global antagonistic activity 
against the bacteria studied, and com-
pared with the mentioned antibiotics, 

it is possible to use these compounds 
As a treatment for the same infections 
and pathological conditions above, af-
ter investigating the biological path of 
these compounds, their side effects, 
and the amount of their accumulation 
in animal tissues. different compounds 
(0.01,0.001,0.0001,0.00001 mg/ml), 
where the diameter of the inhibition 
ranges between (0 mm minimum di-
ameter of inhibition to 40 mm maxi-
mum diameter of inhibition measured) 
and the table below It shows the inhib-
itory activity of some of the prepared 
compounds, and the figures show that 
the value of the inhibition varies ac-
cording to the compound, and this is 
due to the low baseline and because of 
the presence of resonance [38].

Table (7): The inhibitory activity of the two compounds [DM74, DM66] in the growth of a 
number of positive and negative bacteria (the diameter of inhibition measured in mm)

Test Staph aureus Enterococcus 
faecalis  

Pseudomonas 
putida

Klebsiella 
pneumoniae Antibiotic

DM3  0.0 1 - 10 18 32 S.a  10

A 0.001 - 6 10 20 E.F  28

B   0.0001 - - 4 12 P.P  18

C 0.00001 - - 2 0 K  24

DM7  0. 1 8 30 20 40 E.F  8

A 0.01 - 25 10 30 K  16

B  0.001 - 6 4 -

C 0.0001 - 8 - -
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Figure 4: 13C-NMR spectrum of DM66
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Figure 5: Mass spectrum of DM66

Figure 6: SEM of DM66

Figure 7: Dyeing process for compound [DM68] before 
and after washing with water
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4. Conclusions: Physical and spectro-
scopic measurements confirmed the ac-
curacy and validity of the prepared com-
pounds. Therefore, the methods used in 
the preparation were good, successful 
and low cost. Through SEM analysis, the 
surface of the prepared compounds ap-

peared as if they were rocky layers inter-
spersed with deep trenches. The values 
of the precise analysis of the elements for 
the prepared compounds were identical 
or close to the calculated percentage. The 
vehicles were shown to have good elec-
trical conductivity. The prepared com-
pounds also showed good efficacy against 

Figure 8: Dyeing process for compound [DM69] before 
and after washing with water

Figure 9: Compound D74 inhibits the growth of all used bacteria 

Figure 10: Compound DM66 inhibits the growth of bacteria 
Pseudomonas putida and Klebsiella pneumoniae
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the bacteria used in the study. The pre-
pared azo dyes also showed good indus-
trial stability of their dyes, as it was no-
ticed that the dyes were not removed by 
washing and maintained their stability.
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