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Abstract
Antibiotic nanocomposite polymers show great promise in treating a variety of 
pathogens that cause widespread disease. Sodium alginate-grafted diphenylamine 
(NaAlg-g-DPA) embedded with different ratios of silver nanoparticles (AgNPs) was 
fabricated and characterized through different techniques including FTIR, XRD, 
and SEM techniques for investigating the antimicrobial activity. XRD confirmed the 
crystallinity of these compounds, and the average crystal size of Na Alg-g-DPA/
Ag was estimated to be 48.6 nm. Then it was applied as an antimicrobial agent and 
evaluated through two ways (inhibition zone and MIC techniques) against Staphy-
lococcus aureus as gram-positive bacteria with an inhibition zone of 19.31.6 mm 
and 18.60.63  mm against Escherichia coli as gram-negative bacteria while with 
increasing the Ag ratio 2:1 there was an enhancement in their biological activity 
to be 21.90.69 mm against Staphylococcus aureus and with an inhibition zone of 
21.32.1 mm against Escherichia coli. The outcomes of this investigation are impor-
tant for the development of new composite materials with antibacterial properties 
for industrial applications.
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Introduction

One of the most significant issues that cause a threat to millions of people world-
wide is microbial infection. Staphylococcus aureus, Pseudomonas aeruginosa, Sal-
monella enteritidis, and Aspergillus niger are the most pathogenic microorganisms 
that cause many diseases, including nausea, pneumonia, abdominal pain, enterocol-
itis, pyogenic liver abscess, hemorrhagic colitis, and diarrhea [1–6].

Consequently, many efforts were made to control this problem through devel-
oping new effective antimicrobial systems [7]. The development of antimicrobial 
resistance is considered the main target for antimicrobial drug delivery research. 
Biopolymer antimicrobials are the most widely used materials owing to their cost-
effectiveness and ease of modification [8, 9].

Sodium alginate (biopolymer) is a group of naturally occurring anionic polysac-
charides derived from brown seaweed and is generally considered biocompatible, 
non-immunogenic, and non-toxic polymers [10]. Alginates constitute a huge portion 
of the earth’s organic matter because they are synthesized by living organisms such 
as plants, animals, bacteria, and fungi during their entire life cycle [11, 12]. Algi-
nate has been grafted with different engineered polymers such as polyacrylamide 
(PAAm), polypyrrole (Ppy), and polydiphenylamineaniline (PDPA) to optimize the 
restriction of these synthetic polymers and improve their biodegradability and eco-
friendly nature. The grafting of the manufactured polymer onto the biopolymer will 
improve the antimicrobial action against diverse species of organisms [13–16].

Polydiphenylamine (PDPA) is a significant polymer used as an antimicrobial 
agent for a long time due to the presence of nitrogen between two rings [17]. Diphe-
nylamine derivatives have been shown to have a variety of biological activities, 
including anthelmintic activity (e.g., amoscanate [18]), analgesic and anti-inflam-
matory activity (e.g., diclofenac, tolfenamic acid [19]), and anticonvulsant activity 
(e.g., retigabine [20]).

In addition to the incorporation of different nanoparticles on polymer composite 
matrix are active functional hybrid materials containing nanoparticle and a polymer 
matrix. These materials have a wide range of beneficial uses in antimicrobial activ-
ity. The strengthened synergistic interaction between the constituent parts and the 
conductive network within the polymer matrix enhanced their activity.

Generally, one of the most popular materials for providing a variety of substrates 
with exceptional biological and mechanical properties is grafted polymer containing 
silver nanoparticles (AgNPs), which is also capable of resolving the common insta-
bility problem associated with the use of AgNPs-based coatings for fabrics after 
washing [21–26].

However, silver nanoparticles (Ag NPs) are most widely used in the evolution of 
new broad spectrum antimicrobial agents against pathogenic microorganisms. Silver 
nanoparticles are considered as potential therapeutic agents with a significant impact 
on respiratory medicine, via offering a multifunctional platform that could treat bac-
terial infections. They are synthesized by means of chemical reduction using highly 
reactive reducing agents [27, 28].
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AgNPs have piqued the interest of researchers due to their electronic properties, 
appealing optical properties, and excellent antimicrobial activities [29–31]. AgNPs 
have strong cytotoxicity for a wide range of microorganisms and are widely used as 
an antibacterial agent [32, 33].

Hence, the introduction of diphenylamine into sodium alginate also silver nano-
particles were embedded into the grafting substances to produce a new effective, 
safe, and cheap antimicrobial agent against various bacteria and fungi by a com-
bination (Na.alg-g-DPA) with silver nano-particles with different concentrations 
of AgNPs of 1:1 and 1:2 AgNPs/Na.Alg-g-DPA ratio (Fig.  1). The new materi-
als were characterized by FTIR, X-ray diffraction, and scanning and transmission 
electron microscopes. The new materials were tested against gram-positive strains 
(Streptococcus pneumoniae ATCC 6303 and Staphylococcus aureus ATCC 29213), 
gram-negative strains (Pseudomonas aeruginosa ATCC 27853 and Escherichia coli 
ATCC 25922), and fungi (Aspergillus fumigatus ATCC 13073 and Candida albicans 
ATCC 10231).

Materials and methods

Materials

Silver nitrate [TECHNO PHARMCHEM], glucose [Bio-chemical], polyvinyl pyr-
rolidine, sodium alginate, and ammonium persulfate were purchased from Sigma-
Aldrich. Diphenylamine was purchased from Oxford Lab Chem. Hydrochloric acid 
and ethyl alcohol were purchased from Piochem.

Fig. 1  Graphical abstract illustrated the antimicrobial activity of Na.Alg-g-DPA/Ag
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Methods

Synthesis of NaAlg‑g‑DPA In flask (1), 25 ml of distilled water, 0.54 gm of sodium 
alginate (NaAlg), 2.1 gm of diphenylamine (DPA), and 1.9  ml of 1  M HCl were 
placed and stirred at 500 rpm for 1 h. In the flask (2), put 1 M of HCl (1.9 ml) and 
0.5 M of Amm. per sulfite (APS) (2.85 gm) as an initiator in 25 ml of distilled water 
that was stirred at 500 rpm for 1 h. Flask (1) was slowly and carefully added to flask 
(2) under continuous stirring for 2 h. The system was kept for 24 h at room tem-
perature. The solid product was separated by filtration and extracted by Soxhlet with 
distilled water and ethyl alcohol. The obtained solid was then dried for 24 h at 40 °C 
[34]. Soxhlet extraction is a method for controlling polymer solubility via a post-
synthesis step. It is utilized for the extraction of a polymer from the impurities using 
a solvent in which the polymer is soluble.

Preparation of silver nanoparticles At three molar ratios, Ag:PVP is 1:1, 1:1.5, and 
1:2. After dissolving 3.4 gm of silver nitrate  (AgNO3) in 20 ml of  H2O in beaker (A) 
and 10.2  gm of polyvinyl pyrrolidone (PVP) at a 1:1 ratio, 0.24 gm of NaOH, and 
1.08 gm of glucose in 60 ml of H2O in beaker (B), the mixture was stirred continu-
ously at 600 C, and the product was centrifuged several times. By repeating the steps 
for other ratios of Ag: PVP 1:1.5, 1:2 at the weight of PVP 15.3 gm, 20.4 gm, and 
Ag 3.4 gm.

PVP is crucial to the creation of silver NPs. It stops the created AgNPs from 
aggregating. The process through which PVP in an aqueous solution reduces silver 
ions to nanoparticles. Initially, a coordinative complex is created between silver ions 
and PVP by the donation of loan pair electrons from PVP’s oxygen and nitrogen 
atoms to the silver’s Sp orbitals. PVP encourages the nucleation of the metallic sil-
ver reduced by glucose in the second stage. Finally, PVP’s steric action prevents the 
formation of silver grains and particles.

Preparation of sodium alginate‑poly‑diphenylamine silver nanoparticles (Fig. 2)

NaAlg-g-DPA/AgNPS weight ratios of 1:1 and 2:1 In Beaker (A), we put diphe-
nylamine (DPA), synthesized AgNPs, Na-alginate, and HCL at 0.532 gm, 1.005 gm, 
1.262 gm, and 0.87 ml, respectively, in 12 ml of  H2O, stirring for 1 h. In the beaker 
(B), put 0.87 ml of HCL and 1.166 gm of Amm. Persulfate (APS) and stirring for 
1 h, then a beaker (B) was added to (A) dropwise. Finally, the mixture was stirred 
for 2 h. Finally, filter the product, wash it, and dry it very well.
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Instrumentations

Infrared spectroscopy

To confirm the occurrence of the reaction, using a Fourier transform infrared (FTIR) 
spectrometer (VERTEX 70 FT-IR). FT-IR spectra were recorded in ATR discs at 
room temperature within the wavenumber range of 4000–600  cm−1.

X‑ray diffraction

The crystalline structure of prepared copolymers was measured by X-ray diffraction 
(2020964 PA Analytical Empyrean), which is a technique that uniquely provides 
phase identification (e.g. graphite or diamond), along with phase crystallite size and 
quantification.

Scanning electron microscope

By using a scanning electron microscope (JEOL (JSM-5200)), the morphologies of 
the prepared copolymers were measured. Samples that prepared by placing a slight 
part of a film on a carbon tube on a stub, which was coated with a gold thin layer.

Fig. 2  Experimental part which illustrated the synthesis of NaAlg-g-DPA/AgNP
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Results and discussion

Characterization

FTIR spectroscopy

Figure  3 shows the FTIR spectroscopy of AgNPs, Na.Alg-g-DPA and Na.Alg-g-
DPA: AgNPs 2:1, respectively. All of the characteristic peaks for AgNPs/PVP are 
at 2923, 1460, and 1374  cm−1, respectively. The peak at 1285–1295  cm−1, typical 
for the C–N bond in PVP, was also presented. In AgNPs/PVP, a strong absorption 
peak, which is characteristic of the carbonyl group of PVP at 1650–1660  cm−1, was 
observed. The peak was typical for the C–N bond at 1295  cm−1. These peaks were 
associated with the formation of coordination bonds between silver atoms and oxy-
gen or nitrogen atoms arising from PVP units [35]. In the Na.alg-g-DPA diagram 
in Fig. 3, the absorption peak at 3382  cm−1 corresponds to the O–H group, whose 
variations are shaped because of the contribution toward the reduction and stabi-
lization processes. Other peaks appear at 1746, 1594, and 1501   cm−1, which were 
attributed to the stretching vibration of the benzidine structure C = C and/or in C = N 
in the suggested polymer structure, while there are three strong absorption bands 
that appear at 745, 809, and 875   cm−1, which were ascribed to out of plane C–H 
deformation showing 1,4-disubstitution in the benzene ring [36]. After incorpora-
tion of AgNPs into the grafting process, the peaks of 1501 and 1313  cm−1 shifted 
to 1485 and 1311  cm−1, and 1029  cm−1, indicating metal oxide nanomaterials, the 
hydroxyl groups, and carboxyl groups are shifted from 3382 and 1746  cm−1 to 3385 
and 1741   cm−1. The variations of the hydroxyl and carboxylate groups have been 

Fig. 3  FTIR for AgNPs, Na.Alg-g-DPA and NaAlg-g-DPA /Ag
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reported in the previous study on the synthesis of AgNPs with another polysaccha-
ride [37, 38].

XRD spectroscopy

Figure  4A–C shows the XRD patterns of AgNPs, NaAlg-g-DPA, and NaAlg-
g-DPA/Ag, respectively. In the case of AgNPs (Fig. 4A), there are main peaks 
at 20.36°, 28.04°, 32.4°, and 38.3°, which appear in many works in which the 
XRD pattern includes the relevant 2 range. These peaks are due to the crystal-
line and amorphous organic phases accompanying crystallized AgNPs [39, 40]. 
The grafted sample (Fig.  4B) showed new diffraction peaks at 2 = 9.6°, 19.5°, 
21°, and 28°, which related to DPA [41] that helped us in confirming the graft-
ing process [42, 43]. As shown in Fig. 3C, the main peak corresponding to 100% 
appeared at 38.5°, while other peaks shifted to 47°, 65°, and 78°, indicating that 
the Ag NPs were spherical in structure and crystalline in nature [44]. The sharp 
peaks almost indicated some bioorganic compounds or proteins in the NPS 

Fig. 4  X-ray diffraction (XRD) 
for A AgNPs, B NaAlg-g-DPA, 
C NaAlg-g-DPA/Ag
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during synthesis [45]. These results prove the good incorporation of grafted pol-
ymer with Ag NPs. The average crystallite size (D) of Na.alg-g-DPA/Ag was 
calculated according to the Scherrer equation to be 48.6 nm.

Scanning electron microscopes

The scanning electron microscope (SEM) of NaAlg-g-DPA and NaAlg-g-DPA/
Ag is shown in Fig.  5A–C. It was observed that sodium alginate’s surface has 
been covered with a poly(DPA) grafted chain (Fig. 5A). A porous surface is pro-
duced by the ribose structure of grafted PDPA polymer on the sodium alginate 
surface. This novel surface structure is anticipated to enhance the antimicrobial 
activity of grafted polymer. After incorporation of AgNPs into the grafted poly-
mer matrix, Fig. 5B, C shows small aggregates from AgNPs appeared on the sur-
face of grafted Na.Alg-g-DPA. Additionally, the crystal size of the graft (Na.Alg-
g-DPA) and AgNPs was 54.59 nm and 0.2 nm, respectively. The particle size was 
greater than the crystallite size obtained from XRD. This suggests that the appar-
ent SEM particles may have consisted of more than one XRD crystallite. The 
AgNPs particles have a spherical shape stacked in regular shape, which proved 
the incorporation of AgNPs. The homogenous porous structure of NaAlg-g-DPA/
Ag improves the antimicrobial activity of this compound [40].

Fig. 5  SEM photography of A Na.alg-g-DPA, B and C Na.Alg-g-DPA/ Ag
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Characterization by 1H NMR

The 1HNMR spectra of alginate and NaAlg-g-DPA are shown in Fig. 6. It was found 
that the backbone of alginate shows in obvious peaks at 4.0–4.5 ppm (Fig. 6a). In 
addition to NaAlg peaks, a new peaks appeared related to DPA δ7.25 (t, J = 7.0 Hz, 
4H), 7.07 (d, J = 7.7 Hz, 4 H), 6.92 (t, J = 7.3 Hz, 2H) which confirm the successful 
grafting of DPA onto NaAlg successfully [33].

Antimicrobial activity

Nanotechnology’s uses in the biomedical field have grown in recent years, with 
atomic-scale functional materials being used to fight and inhibit diseases. Two tech-
niques (inhibition zone technique and minimum inhibitory concentration (MIC)) 
were used for antimicrobial evaluation of sodium alginate and the newly synthesized 
compounds (1–4). Different species of microbes were used for these tests, including 
Streptococcus pneumoniae (ATCC 6303), Staphylococcus aureus (ATCC 29213), as 
gram-positive bacteria, Pseudomonas aeruginosa (ATCC 27853), Escherichia coli 
(ATCC 25922) as gram-negative bacteria, and the antifungal activity against Asper-
gillus fumigatus (ATCC 13073), and Candida albicans (ATCC 10231). Tables 1 and 
2 illustrate the inhibition zone diameter of the tested compounds against gram-posi-
tive and gram-negative bacteria and fungi.

Concerning sodium alginate (compound1), it has the lowest antimicrobial activity 
compared to the other synthesized compounds listed in Table 1, whereas the activ-
ity of grafted polymer was improved due to the presence of DPA chains, which may 
interact with the bacterial membrane via an electrostatic mechanism that causes a 
change in the potential gradient, which disrupts the cells [46].

Fig. 6  Characterization by H-NMR spectroscopy for sodium alginate (A) and NaAlg-g-DPA (B)
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However, the incorporation of AgNPs in grafted material (NaAlg-g-DPA/Ag) 
will enhance the antimicrobial activity and increased linearly with the ratios of 
AgNPs in the nanocomposites. AgNPs nanoparticles are potent candidates as 
antimicrobials owing to their intrinsic properties and excellent thermal stability. 
These particles release silver ions which interact with bacterial cell walls causing 
breakage of the cell membrane [47].

The microbial activity significantly increased with the presence of AgNPs 
(compound3 with 1:1). Its inhibition zone was 18.50.58 and 19.31.6 mm against 
Streptococcus pneumoniae and Staphylococcus aureus as gram-positive bacte-
ria, 17.41.2 and 18.60.63 mm against Pseudomonas aeruginosa and Escherichia 
coli as gram-negative bacteria, and 15.41.3 and 18.22.1 mm against Aspergillus 
fumigatus and Candida albicans as fungi, respectively.

The biological activity increases with increasing AgNPs ratios of 2: 1 (com-
pound 4) to (20.60.85 and 21.90.69 mm against Streptococcus pneumoniae and 
Staphylococcus aureus as gram-positive bacteria, 19.41.4 and 21.32.1 mm against 
Pseudomonas aeruginosa and Escherichia coli as gram-negative bacteria, and 
20.71.4 and 21.82.1 mm against Aspergillus fum.

Table 1  Mean zone of inhibition in mm ± Standard deviation beyond well diameter (6 mm) produced on 
a range of environmental and clinically pathogenic microorganisms

Tested microor-
ganisms

Samples

Na.Alg (1) Na.Alg-g-DPA 
(2)

Na.Alg-g-DPA: 
AgNPs 1–1 (3)

Na.Alg-g-DPA: 
AgNPs 2: 1 (4)

St

Mean zone of inhibition (mm) ± Standard deviation Amphotericin BFungi

Aspergillus 
fumigatus

ATCC 13073

10.3 ± 1.3 15.4 ± 1.3 19.5 ± 1.4 20.7 ± 1.4 21.9 ± 0.74

Candida albicans
ATCC 10231

14.1 ± 0.82 18.2 ± 2.1 20.4 ± 1.6 21.8 ± 2.1 22.6 ± 1.9

Gram-positive 
Bacteria

Ciprofloxacin

Streptococcus 
pneumoniae

ATCC 6303

16.3 ± 0.76 18.5 ± 0.58 20.6 ± 0.58 20.6 ± 0.85 22.1 ± 1.5

Staphylococcus 
aureus

ATCC 29213

18.8 ± 0.98 19.3 ± 1.6 21.3 ± 2.1 21.9 ± 0.69 23.4 ± 1.2

Gram-negative 
Bacteria

Ciprofloxacin

Pseudomonas 
aeruginosa

ATCC 27853

11.2 ± 1.3 17.4 ± 1.2 19.3 ± 1.3 19.4 ± 1.4 21.2 ± 0.76

Escherichia coli
ATCC 25922

17.4 ± 2.1 18.6 ± 0.63 20.9 ± 1.5 21.3 ± 2.1 22.4 ± 1.3
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MIC is considered to be the significant standard technique to evaluate the sus-
ceptibility of a microorganism to a particular antibiotic and is performed as reported 
earlier [48, 49]. Table 2 represents the MIC values of the tested compounds (1–4) 
against the aforementioned organisms. These values are considered another evi-
dence of the biological activity of the tested compounds, which also showed that 
NaAlg-g-DPA/Ag with a 2:1 ratio showed higher antibacterial and antifungal activ-
ity than others.

Conclusion

In this study, we were interested in new polymers containing different ratios of Ag 
NPs. The development of the novel class of composites depends crucially on their 
ability to resist different types of microbes. A new antimicrobial agent has been 
synthesized by grafting sodium alginate with diphenylamine and the incorporation 
of silver nanoparticles for evaluation against different types of bacteria and fungi 
using the agar diffusion method. The effect of the silver nanoparticle dopant ratio 
of the composite was studied in terms of antimicrobial activities. Pure grafted poly-
mer showed a good antimicrobial effect with MIC 62.5, and increasing the content 
of Ag NPs doping significantly enhanced its performance against (gram-negative, 
gram-positive, and fungi) with MIC 3.9 and 0.98 for 1:1 and 2:1, respectively. These 
findings suggest that the DPA modified with Ag NPs has excellent scope for further 

Table 2  XTT assay detecting MICS (µg / ml) of tested samples against tested microorganisms

Tested microorganisms Samples

Na.Alg(1) Na.Alg-g-DPA (2) Na.Alg-
g-DPA: 
 AgNPS
1:1 (3)

Na.Alg-
g-DPA: 
AgNPs
2:1 (4)

St.

Fungi Minimum inhibitory concentration (μg/ml) Amphotericin B

Aspergillus Fumigatus 
ATCC 13073

250 62.5 3.9 1.95 0.98

Candida albicans ATCC 
10231

62.5 7.81 1.95 0.98 0.49

Gram-positive bacteria Ciprofloxacin
Streptococcus pneumo-

niae ATCC 6303
31.25 7.81 1.95 1.95 0.98

Staphylococcus aureus 
ATCC 29213

7.81 3.9 0.98 0.98 0.49

Gram-negative bacteria Ciprofloxacin
Pseudomonas aeruginosa 

ATCC 27,853
125 15.63 3.9 3.9 1.95

Escherichia coli ATCC 
25922

125 7.81 1.95 0.98 0.98
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development as a commercial antimicrobial agent. Further experiments were needed 
to elucidate their mechanism of action.
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