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Abstract  

 inc oxide nanoparticles possess unique features enable them qualified to be applied in various 

fields such as medicine and the environment. In this project, ZnO, Ag and mixture (ZnO: Ag) 

nanoparticles were synthesized using The laser ablation (PLA) method which is one of the most 

popular and straightforward methods for generating these materials because it results in particles with 

high bioavailability and low toxicity. Various techniques were employed for analyzing and 

characterizing the nano-products. More, the x-ray data reflected that all the oxides have a 

polycrystalline cubic structure, with a preferred orientation along (111) for Ag NPs, and a preferred 

orientation along (100) for Zinc oxide, with a preferred orientation along for ZnO: Ag NPs (200). The 

produced nanoparticles were polydispersed, spherical in shape, densely scattered, and aggregated, 

according to the SEM micrographs of the particles. The uptake of Ag, ZnO, and ZnO: Ag NPs is 

significantly time-dependent and rather quick. A western blot was used to examine the impacts on the 

ability of skin cancer cells to migrate and invade, and the protein MMP that is connected to migration 

and invasion was examined. ZnO:Ag nanocomposites may offer a novel therapeutic approach for the 

targeted treatment of cancer cell. ZnO and ZnO: AgNPs uptake is strongly time-dependent and 

relatively rapid. There is a significant uptake within the first five hours for both ZnO and ZnOAg 

NPs. Thus, afterward, the skin cancer cell rate ingesting ZnO NPs and ZnOAg NPs was markedly 

reduced for five hours, reaching stable values at ten hours, indicating that the cell is saturated. ZnO: 

Ag NPs treatment resulted in lower protein levels than ZnONPs therapy. ZnO: Ag NPs are more 

effective than ZnO NPs at inhibiting migration and invasion in skin cancer cells. The reason may be 

that the adhesion of ZnO: Ag NPs on cell membrane is more than the penetration of it as conformed 

to cellular uptake results, which means that ability of ZnO: Ag NPs to interact with membrane 

proteins more than that of ZnO NPs.Keywords: Meat quality, Cerium oxide NPs, Zinc oxide NPs, 

Epididymal sperms, Ram. 
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Introduction  

It is particularly crucial to research, prepare, and use 

semiconductor nanoparticles (NPs) with distinctive 

optical, electrical, and magnetic properties for 

particular applications. As the size dimension is 

reduced to the atomic level, NPs characteristics alter 

[1]. Nanotechnology has advanced numerous fields 

over the past few decades and has sparked 

unexpected scientific breakthroughs [2,3]. 

Nanotechnological innovations have resulted in the 

release of new products on the market in the 

pharmaceutical sector [4-6]. Zinc oxide is an 

inorganic compound that insoluble in water, but its 

nanoform has high antimicrobial properties [6–8]. In 

medicine and health care, it is used in baby powder, 

skin ointments, sunscreen, antidandruff shampoos, 

etc. [9–12]. Burns, eczema, burn foot baby, 

scratches, and insect bites are only a few examples of 

skin diseases that can be treated with zinc oxide 

ointment [13–17]. The Food and Drug 

Administration in the United States acknowledged 

zinc oxide's safety [(21CFR 182.8991) (FDA, 2011)] 

and approved its antibacterial activity [17]. Another 

antibacterial substance with several medical 

applications is silver oxide [19, 20]. The chemical 

and antibacterial capabilities of silver oxide are 

greatly impacted by aggregation problems when their 
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size is reduced [21]. As far as we know, silver oxide 

and zinc oxide can work together to create 

nanocomposites that have stronger antibacterial and 

anticancer capabilities. [22] Because of this, 

scientists have attempted to prepare ZnO:Ag 

nanostructures, including nanoparticles, nanobelts, 

nanorods, nanotubes, nanowires, and other complex 

morphologies, using a variety of techniques, 

including RF-magnetron sputtering [23], physical 

vapour deposition [24], sol-gel [25], hydrothermal 

[26], electrodeposition [27], precipitation [6 28], and 

pulsed laser ablation (PLA) [30, 31]. In recent years, 

it has been demonstrated that the PLA approach of 

solid target in liquid media offers an efficient way to 

prepare various materials at the nanoscale [23]. The 

advantages of the PLA method include the ability to 

produce well-crystallized nanoparticles that are pure 

and free of by-products, inexpensive devices for 

controlling the ablation, and the ability to control the 

size of the prepared material by adjusting a number 

of variables, including laser fluence, pulse laser 

duration, and laser wavelength, as well as the 

temperature or pH of the solution and the addition of 

surfactants [32–36]. The two main layers of skin are 

the epidermis and dermis. The epidermis, or top layer 

of skin, is made up of melanocytes, keratinocytes, 

Merkel cells, and Langerhans cells [37]. Any 

anomalies in this layer have the potential to cause 

cancer as well as other skin irritations. The two 

primary types of skin cancer are melanoma (cancers 

resulting from melanocyte dysfunction) and non-

melanoma (cancers arising from epidermal derived 

cells) [38]. Adult melanocytes, pigment-containing 

cells that make up 90 percent, 5%, and 1%, 

respectively, of the cells in the skin, eyes, and gut, 

are what give rise to melanoma. [39–40]. When 

compared to other skin injuries, melanoma makes up 

only 1% of all malignant skin cancers. Despite recent 

advances in therapeutic methods, melanoma 

continues to be the most deadly form of skin cancer, 

with a five-year mortality rate of roughly 15-20% 

[41, 42]. Non-melanoma skin cancers (NMSCs), 

which can be brought on by both inherited and 

environmental factors, account for about 95% of all 

skin cancers [43–44]. Although there are many 

different kinds of nonmelanoma skin cancer 

(NMSC), it is usually divided into two subtypes: 

cutaneous squamous cell carcinoma (SCC) and basal 

cell carcinoma (BCC), which together make up 99 

percent of all NMSCs [45]. Numerous studies have 

found that the annual incidence of NMSC has 

increased 3–8% globally since 1960 and is 18–20 

times more common than melanoma [46, 47]. Men 

are substantially more likely than women to develop 

NMSC, and environmental, genotypic, and 

phenotypic factors all affect the likelihood of NMSC 

development [48]. 

Material and Methods 

Synthesizing of ZnO:Ag nanoparticles by the PLA 

Method: 

The PLAL was used to create ZnO, Ag, and ZnO:Ag 

NPs in deionized water in order to compare their 

photophysical characteristics to those of Ag and ZnO 

NPs under the same experimental conditions. Single 

particles and nanostructures are created using one- 

and two-step processes, respectively. It should be 

noted that the procedure and timing of particle 

creation differ noticeably between those of Ag and 

ZnO NPs. In Fig. (1a), the experimental setup is 

depicted. After being put on the bottom of a glass 

vessel with 1.5 ml of deionized water, the metal plate 

(>99.99 percent) was ablated by a Nd:YAG laser 

operating at a wavelength of 1064 nm with a pulse 

duration of 8 ns, a repetition rate of 2 Hz, and an 

energy of 420 mJ/pulse. A 100 mm convergent lens 

was employed to concentrate the laser beam onto the 

metal plate. The two-step procedure used to create 

the Ag:ZnO structures is depicted in Fig. 1b. First, a 

glass jar with a 2-mm-thick silver plate on the bottom 

was positioned 10 mm from the solution surface in 

the solution. For 60 minutes, the silver plate was 

constantly ablated. In order to create the Ag:ZnO 

NPs, a zinc plate of the same size was ablated by the 

same laser for 60 minutes using the same laser pulse 

energy in the Ag colloid created in the first stage. 

The same laser was used to create the comparison Ag 

NPs (or ZnO NPs) via ablation of a silver (or zinc) 

plate in deionized water for 60 minutes at the same 

energy. the experimental setup done in the (Chemical 

spraying/ chemistry department/Mustansiriyah 

University. 

 

Cell cultures 

The normal nontumorigenic skin cell lines 

(normal immortalized keratinocyte (NIK), human 

fibroblast cell (HFC), human skin cancer cell lines, 

SCC (squamous cell carcinoma), SK-MEL-28 (skin 

melanoma), MeWo (melanoma lymph node 

metastasis) were cultured with DMEM (Dulbecco’s 

Modified Eagle’s Medium) supplemented with 10% 

fetal bovine serum, 100 units of penicillin/ml, all 

cells were grown in 5% CO2 at 37°C. These cells 

contained no cross-contamination [50]. 

Result and Discussion:  

The XRD patterns of all nanoparticles exhibited 

in Fig. (2) can be used to determine the phase and 

crystallographic structure. The XRD pattern of Ag 

NPs is depicted by the black curve in Fig.2 (A). It is 

demonstrated that the crystalline planes of Ag NPs at 

the 2 values of 38.24°, 44.28°, 64.54°,77.46° and 

81.48° correspond to (111), (200), (220), (311) and 

(222) of Ag NPs, respectively. The data on Card 04-

0783 in the Joint Committee on Powder Diffraction 

Standards (JCPDS) file showing the face-centered 

cubic structure of Ag agrees with these peaks. Six 

peaks can be obtained from the black curve in Fig. 2 

(B), which correspond to the crystalline planes of 
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ZnO NPs (100), (002), (101), (102) and (110) 

respectively, at 31.5°, 34.18°, 36.02°, 42.34°, and 

52.7°. These ZnO NPs' XRD peaks are all indexed to 

the material's hexagonal wurzite structure (JCPDS 

card no. 36-1451). The findings demonstrate the high 

crystal quality of the ZnO NPs. The ZnO:Ag core-

shell nanostructure XRD pattern is represented by the 

rad curve in Fig.2 (B). It is discovered that two sets 

of diffraction peaks, containing XRD peaks of both 

Ag and ZnO, correspond to the hexagonal wurzite 

structure of ZnO and the face-centered structure of 

Ag (JCPDS card no. 04-0783). (JCPDS card no. 36-

1451). There was no discernible change in the 

diffraction peaks of Ag and ZnO in Ag as compared 

to the diffraction peaks in Ag NPs and ZnO NPs 

When ZnO NPs are present, the great purity of the 

ZnO:Ag core-shell nanostructure produced by liquid-

phase laser ablation is indicated by the absence of 

additional impurity diffraction peaks [49]. 

UV-vis absorbance 

Figure.3 (A, B and C) showed the transmittance 

and optical absorption spectra as function of 

wavelength for undoped ZnO, Ag and ZnO doped 

with Ag NPs, prepared by Pulsed Laser Ablation in 

Liquid. They were measured by UV-Vis 

spectrophotometer in a wavelength range from 

300nm to 900nm. Fig.3 (A) shows the produced ZnO 

nanoparticle suspension, which presents a similar and 

broad band of ~200 nm. This means that the presence 

of spherical ZnO nanoparticles with minimal size 

dispersion, which binds to zinc oxid particles on a 

nanoscale, reflecting the synthesis was convenient 

and successful. Fig.3 (B). UV-visible spectroscopy 

show is an important technique to confirm the 

formation and stability of Ag NP known to exhibit 

dark brown colours, depending on the density and 

size of the nanoparticles. Colors appear due to 

surface plasmon resonance (SPR) excitation of 

AgNPs. Fig.3 (C)  shows the transmittance and 

absorption spectrum of undoped ZnO and ZnO: Ag 

prepared by Pulsed Laser Ablation in Liquid The 

UV- Vis optical properties in the range from 300nm 

to 900nm  in the form of a mixture. 

Fourier transformation infrared (FTIR) 

Fourier transform infrared (FTIR) spectroscopy 

was used to characterise the various functional 

groups involved in the stabilization of the 

synthesized ZnO:Ag NPs sample. Fig.4 (A) depicts 

the ZnO absorption band. Observed peaks at 

1644.30, 2954.43, 2895.97, and 3392.86 cm-1 

correspond to C=C, C-H, and N-H, respectively. The 

FTIR absorption spectrum of Ag nanoparticles is 

shown in Fig.4 (B). The distinctive hydroxyl 

absorption is responsible for the broad absorption 

peak at 3393 cm1. The C=C stretching modes of 

vibration correspond to the low absorption band at 

1644,71 cm1. The spectra revealed the presence of 

bonds due to O-H stretching at 2953,42 and 2920.27, 

and the band which occurred at 2923 cm-1 is due to 

C-H stretching alkane. Elongated vibrations are 

situated at 3391.48 cm-1 representing amines (N-H). 

ZnO:Ag FTIR absorption spectra are shown in Fig.4 

(C). Bonds caused by N-H(aminas) stretching were 

visible in the spectra (about 3393,39 cm-1), while the 

band at 2954,44 cm-1 was caused by an alkane that 

underwent C-H stretching. Ag: FTIR ZnO spectrum 

revealed an absorption band at 1644.13 cm-1, which 

is associated with the C=C. Strong bands at 493 and 

428 cm1 are due to the vibrations of ZnO that are 

vibrating in elongated and deformed states. 

Photoluminescence measurements (PL) 

The PL spectra at room temperature are shown in Fig. 

5. Broad emission bands in the visible region (about 580 

nm) and sharp emissions in the UV range (around 380 nm) 

are seen. It is generally known that the visible emission 

results from the defect emission, which is caused by the 

recombination of holes with electrons trapped at the 

oxygen vacancies in ZnO. The UV emission, on the other 

hand, belongs to the band gap, Fig. 5 shows 

Photoluminescence measurements as a function of the 

wavelength for undoped ZnO NPs mAg NPs and Ag doped 

ZnO NPs by laser ablation in water at room temperature. 

Fig. 5 (A, B and C) shows the emission of wavelengths for 

ZnO at 430 nm  Ag at 485 nm and ZnO:Ag at 440 nm, 

These beams represent the recombination processes 

between the electrons and the gaps generated by the photon 

emission. This is due to the increase in the concentration of 

electrons which increased due to the doping of silver at 

different constructions, as well as the emergence of crystal 

defects due to oxidation processes during the deposition 

process by laser ablation in water method. However, PL 

intensities are always increased for fault emissions. It 

follows that the band gap and defect emissions of the top 

ZnO films are significantly influenced by the implanted Ag 

NPs. 

Scanning Electron Microscope (SEM) 

SEM scanning was used to characterize the 

nanostructures of the produced samples. The SEM 

images of the ZNO, ZNO;Ag, and Ag NPs films, 

which were deposited on a uniform, smooth surface 

and had very small crystallites, were shown in Fig. 6. 

With the addition of Ag NPs chips to the primary 

target surface of ZNO NPs metal, particle size rises. 

SEM Fig. (6-A, B, and C) were used to observe the 

results, which showed that the coating was uniform, 

conformal, and covered the full surface of the 

samples under investigation. The ZnO, Ag and 

ZNO:Ag layers did not exhibit any discontinuities, 

cracks, pores, or flaws in their morphology. The 

diameter of the particles ranges from 30 nm to 

roughly 140 nm. 

The elemental compositions of ZnO, Ag, and 

ZnO: Ag nanostructures, EDX analysis was carried 

out as can be seen in Fig. 4-8 (A) and (B). The EDX 

analysis of the NPs provided the atomic percentage 

(%) of elements such as Zn, and Ag, which are 

apparent in the images, reflecting the composition of 

the samples containing mainly Zn and oxygen. 
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Similar results were obtained for the mixture sample, 

showing that no other elements were present. 

Cellular uptake was estimated to show the possible 

poisonous properties of ZnO NPs and ZnO: Ag 

NPs, their possible penetration, and their 

accumulation into skin cancer cells. In addition, for 

the uptake tests using a skin cancer cell line, the 

fluorescence intensity rate as a function of incubation 

time and concentration was assessed to find 

differences in cellular ZnONPs and ZnO: Ag NPs 

uptake. The ZnO NPs and ZnO: AgNPs were 

suspended in medium with two concentrations of 10 

mM and 20 mM, with an incubation time range of 0 

to 120 min. in addition, control undosed 

cells were demonstrated as well as in Fig.8 (a and b) 

respectively. Fig.9 illustrates that ZnONPs and 

ZnOAgNPs uptake is strongly time-dependent and 

relatively rapid. There is a significant uptake 

within the first five hours for both ZnONPs and 

ZnOAgNPs. Thus, after five hours, the rate of skin 

cancer cells ingesting ZnONPs and ZnOAgNPs was 

markedly reduced, reaching stable values at ten 

hours, indicating that the cell is saturated. 

Western blot analysis was used to see if ZnONPs 

and ZnO:Ag NPs affect cell migration and invasion 

in skin cancer cells. After 24 hours of treatment with 

ZnONPs and ZnO:Ag NPs, Fig.10 depicts the 

expression levels of migration- and invasion-related 

proteins and their corresponding quantitative levels 

compared to the control group (undosed cells). As 

shown in the Fig.11, the relative protein expression 

in different groups (fold) was lowered after ZnONPs 

and ZnO: Ag NPs treatment. Notably, ZnO: Ag NPs 

treatment resulted in lower protein levels than 

ZnONPs therapy. ZnO: Ag NPs are more effective 

than ZnONPs at inhibiting migration and invasion in 

skin cancer cells. The reason may be to that the 

adhesion of ZnO: Ag NPs on cell membrane is more 

than the penetration of it as conformed in cellular 

uptake results, which mean that the ability of 

ZnO:Ag NPs to interacted with membrane proteins 

more than the of ZnONPs did. Fig.11 displays the 

results of western blot analysis of ZnONPs and ZnO: 

Ag NPs effects on cell migration and invasion. 

ZnONPs therapy reduced skin cancer cells' migration 

ability by 70% and ZnO: Ag NPs by 60% when 

compared to the control group. In addition, the 

invasive cell rate in skin cell lines was reduced by 

40% for ZnONPs and 30% for ZnO:Ag NPs 

treatment in skin cancer cell lines. 

To investigate the possible role of produced ZnONPs 

and ZnO:Ag NPs as anti-cancer agents, this is done 

by assessing the cytotoxicity of an agent on the 

development of skin cancer cells. To evaluate 

cytotoxicity, human cancer cell lines and standard 

cell lines were exposed to escalating doses of 

ZnONPs and ZnO:Ag NPs for 24 hours. Cell 

viability was then expressed as a percentage of the 

untreated control. This was done in vitro using the 

MTT test (100 percent cell viability). Fig. (13), and 

(14), respectively, demonstrate the results of cell 

viability after treatment with different concentrations 

of ZnONPs and ZnO: Ag NPs (6.25, 12.5, 25, 50, 

100, 200, and 400 g/ml). Additionally, the cell 

viability curve was used to calculate the IC50 

values. The data in Fig.(15) indicate 

that ZnONPs markedly inhibited skin cancer cell 

proliferation in a dose-dependent manner (P < 

0.0001), and the ZnO: Ag NPs solution emerged in a 

significant decrease in the survival rate of the skin 

cancercells. At low concentrations of 6.25 and 12.5 µ

g/ml, the data showed no significance in the cell 

viability rate between the control and    

ZnONPs groups for skin cancer cells. ZnO: Ag NPs 

had only insignificant toxicity at concentrations 

lower than 25 µg/ml despite significant uptake into 

the cells. The ZnONPs groups resulted in a 

significant (p < 0.05) decrease in skin cancer cell 

survival than the control group  at 

25 µg/ml and higher concentrations withconcentratio

ns, with an increasing of cell killing rate attending 

following progressive order: 25 < 50 < 100 < 200 µg/

ml, whereas normal cell had a regular viability rate at 

concentrations from 6.25 to 50 µg/ml and a 

significantly lower killing rate at 100-200 µg/ml. 

Whereas, against normal cells, the cytotoxic activity 

(IC50) was found to be 70 g/ml and 200 g/ml against 

normal cells. ZnONPs had a greater death rate of 60 

percent for skin cancer cells and 30 percent for 

normal cells when used at a higher concentration of 

400 g/ml. Fig.15 illustrate the cytotoxicity yields of 

ZnO: Ag NPs, which showed that ZnO:Ag 

NPs exhibited cytotoxic effect against skin 

cancer cell lines in a dose-dependent responding 

manner. The ZnO: Ag NPs solution resulted in a 

significant decrease in cell viability rate of skin 

cancer cells. At particular concentrations, ZnO:Ag 

NPs had a more negligible cytotoxic effect than 

those observed with ZnONPs.  For concentrations 

from 6.25 to 50 µg/ml, there were no significant 

differences between the control and 

ZnO:Ag NPs groups for both the skin cancer cell and 

normal cells. Denotes that the substantial toxicity of 

ZnO:Ag NPs was at 

concentrations  higher than 50 µg/ml, despite a 

significant uptake into the cells. At a concentration of 

100 μg/ml and higher, the cell viability 

was significantly decreased in skin cancer cells with 

increases in killing rate with each concentration 

increase. Whereas the normal cell had a lower killing 

rate at higher concentrations of 200 and 400 µg/ml. 

Also, it can be noticed that cytotoxic action (IC50) of 

ZnO:Ag NPs treated cells was higher up to 

195 μg/ml against skin cancer cells and a moderate 

increase of 250 μg/ml for normal cells. The higher 

killing rate of ZnO:Ag NPs was at a higher 

concentration of 400 µg/ml, about 45% for skin 

cancer cells and 30% for normal cells. 
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Conclusion 

In conclusion, zinc oxide, silver nanoparticles, 

and zinc oxide-silver nano particles together undergo 

a deposition process by laser ablation in water 

method using an affordable, fast and safe procedure 

that does not require the use of any harmful 

chemicals. The structural tests showed that all the 

oxides have a polycrystalline cubic structure, 

according to SEM showed the morphology of ZNO, 

Ag and ZNO:Ag NPs were around (90-140) nm. 

Moreover, the UV absorption revealed that the 

surface of the nanoparticles exhibits a visible UV 

pattern for the absorption and transmission of the 

silver nanoparticles. In addition to the FTIR 

permeability assay of zinc oxide nanoparticles. 
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Fig. 1. (a)  Schematic diagram of the PLAL setup. (b) Synthesis process of the ZnO:Ag nanostructures[49]. 
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Fig 2.  XRD Patterns of Ag NPs, Zno NPs and Zno:Ag NPs . 

 

 

Fig, 3. Absorbance of  (A) Zinc oxide, (B) sliver and (C) mix Zinc oxide: sliver nanoparticle. 
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Fig. 4. FTIR of (A) Znic oxide, (B/0 silver and(C) mix Zinc oxide:sliver nanoparticles. 
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Fig. 5. PL images of (A) Zinc oxide nanoparticles(ZNO NPs) ,(B) sliver nanoparticle(AgNPs) and(C)  mix Zinc oxide: 
sliver nanoparticle (ZNO:AgNPs). 

 

 

Fig. 6. Scanning Electron Microscope (SEM) images for (A) ZnO NPs,(B) AgNPS, and (C) ZnO: AgNPs. 

EDX analysis 
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Fig. 7. EDX Spectrum of (A) ZnO,(B) Ag NPs and (C) ZnO: Ag NPs. 

 

 

 

 

Fig. 8. fluorescence intensity rate as a function of incubation time and concentration of ZnO NPs and ZnO:Ag 
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Fig. 9. Cellular uptake of ZnO NPs and ZnO:Ag 

 

 

Fig. 10. Migration analysis of  ZnO NPs and ZnO:Ag NPs. 

 

Fig. 11. Invasion analysis of  ZnO NPs and ZnO:Ag NPs. 
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Fig. 12. Western blot analysis of  ZnO NPs and ZnO:Ag NPs. 

 

 

 

Fig. 13. Cell viability of  ZnONPs NPs. 

 

 

Fig. 14. Cell viability of  Ag NPs. 

 

Fig.15. Cell viability of  ZnO:Ag NPs. 
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ببستخذام طريقت  ZnO:Agو ZnOو Agتحضير وتوصيف الجسيمبث النبنويت 

 الاستئصبل ببلليزر النبضي

سبرة حمود 
1

*، مبجذ خلف
2
فراس محمدو 

1
 

 لسُ اٌفُضَبء، وٍُت اٌعٍىَ، اٌدبِعت اٌّسخٕظشَت، اٌعشاق. 1

 .اٌعشاق ،واٌىُُّبئُت واٌخخٍض ِٕهب، بغذادوصاسة اٌعٍىَ واٌخىٕىٌىخُب، ِذَشَت ِعبٌدت اٌّىاد اٌعسىشَت واٌبُىٌىخُت  2

 

 الملخص

حّخٍه خسُّبث أوسُذ اٌضٔه إٌبٔىَت خظبئض فشَذة حّىٕهب ِٓ أْ حىىْ ِؤهٍت ٌٍخطبُك فٍ ِدبلاث ِخخٍفت ِثً اٌطب 

ببسخخذاَ طشَمت  (ZnO: Ag) واٌبُئت. فٍ هزا اٌّششوع، حُ حظُٕع خسُّبث ٔبٔىَت ِٓ أوسُذ اٌضٔه واٌفضت وخٍُظ

وهٍ واحذة ِٓ أوثش اٌطشق شُىعًب وِببششة ٌخىٌُذ هزٖ اٌّىاد لأٔهب حؤدٌ إًٌ خضَئبث راث  (PLA) الاسخئظبي ببٌٍُضس

حىافش حُىٌ عبٌٍ وسُّت ِٕخفضت. حُ اسخخذاَ حمُٕبث ِخخٍفت ٌخحًٍُ ووطف إٌّخدبث إٌبٔىَت. علاوة عًٍ رٌه، عىسج 

( ٌدسُّبث إٌبٔى 111بُٕت ِىعبت ِخعذدة اٌبٍىساث، ِع احدبٖ ِفضً عًٍ طىي )بُبٔبث الأشعت اٌسُُٕت أْ خُّع الأوبسُذ ٌهب 

 .ZnO: Ag (200) ( لأوسُذ اٌضٔه، ِع احدبٖ ِفضً عًٍ طىي خسُّبث إٌبٔى111اٌفضُت، واحدبٖ ِفضً عًٍ طىي )

ب ٌظىس اٌّدهش الإٌىخشؤٍ وبٔج اٌدسُّبث إٌبٔىَت إٌّخدت ِخعذدة اٌخشخج، وشوَت اٌشىً، ِخٕبثشة بىثبفت، وِدّعت، وفمً 

َعخّذ بشىً وبُش عًٍ اٌىلج وسشَع إًٌ حذ  ZnO: Ag و ZnO و Ag اٌّبسح ٌٍدسُّبث. إْ اِخظبص خسُّبث إٌبٔى

 ِب. حُ اسخخذاَ ٌطخت وَسخشْ ٌفحض اٌخأثُشاث عًٍ لذسة خلاَب سشطبْ اٌدٍذ عًٍ اٌهدشة واٌغضو، وحُ فحض بشوحُٓ

MMP  .لذ حمذَ إٌبٔى ِشوببثاٌّشحبظ ببٌهدشة واٌغضو ZnO: Ag  .ْٔهدًب علاخُبً خذَذاً ٌٍعلاج اٌّسخهذف ٌخلاَب اٌسشطب

َعخّذ بشىً وبُش عًٍ اٌىلج وسشَع ٔسبُبً. هٕبن اِخظبص وبُش خلاي أوي خّس  ZnO: Ag و ZnO إْ اِخظبص

بْ اٌدٍذ اٌخٍ حبخٍع وببٌخبٌٍ، بعذ رٌه، أخفض ِعذي خلاَب سشط .ZnOAg و ZnO سبعبث ٌىً ِٓ خسُّبث إٌبٔى

بشىً ٍِحىظ ٌّذة خّس سبعبث، ووطٍج إًٌ لُُ ثببخت بعذ عشش سبعبث، ِّب َشُش إًٌ  ZnOAg و ZnO خسُّبث إٌبٔى

حعذ خسُّبث  .ZnONPs إًٌ ِسخىَبث بشوحُُٕت ألً ِٓ علاج ZnO: Ag أْ اٌخٍُت ِشبعت. أدي علاج خسُّبث إٌبٔى

فٍ حثبُظ اٌهدشة واٌغضو فٍ خلاَب سشطبْ اٌدٍذ. لذ َىىْ اٌسبب هى  ZnO خسُّبث إٌبٔىأوثش فعبٌُت ِٓ  ZnO: Ag إٌبٔى

عًٍ غشبء اٌخٍُت أوبش ِٓ اخخشالهب وّب َخىافك ِع ٔخبئح الاِخظبص اٌخٍىٌ، ِّب  ZnO:Ag أْ اٌخظبق خسُّبث إٌبٔى

  ZnO .ٓ لذسة خسُّبث إٌبٔىعًٍ اٌخفبعً ِع بشوحُٕبث اٌغشبء أوثش ِ ZnO:Ag َعٍٕ أْ لذسة خسُّبث إٌبٔى

 : خسُّبث إٌبٔى أوسُذ اٌضٔه، خسُّبث إٌبٔى اٌفضت، الاسخئظبي ببٌٍُضس إٌبضٍ، ِضبد ٌٍبىخُشَب.الكلمبث المفتبحيت


