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Abstract Article Info. 

               The production and use of nanometallic elements, such as gold, have 

received a lot of attention lately due to their distinctive features and wide range of 

uses. Most of these studies have employed the Turkevich approach. This research 

employed the Turkevich technique to produce gold nanoparticles (AuNPs). AuNPs 

and bromelain-loaded AuNPs were characterized using a variety of methods, 

including ultraviolet-visible spectroscopy (UV-Vis), Fourier transform infrared 

spectroscopy (FTIR), field emission scanning electron microscopy (FE-SEM), X-

ray diffraction (XRD), transmission electron microscopy (TEM), and zeta potential 

(ZP) measurements. The UV-Vis spectra of bromelain, AuNPs, and AuNPs-

bromelain each had a peak at 276, 534, and 550 nm wavelengths, respectively. The 

FE-SEM and TEM studies revealed the presence of spherical particles with a 

smooth surface. The diameters of the AuNPs ranged from 49.32 to 77.29 nm; the 

diameters of the bromelain-AuNPs ranged from 46.39 to 75.66 nm, as determined 

by the FE-SEM analysis. The TEM analysis indicated that the particles' sizes 

ranged from 7.40 to 15 nm for AuNPs and 14.51 nm for AuNPs-bromelain. The 

XRD patterns revealed numerous diffraction peaks, indicating the crystal structure 

of the synthesized nanoparticles. FTIR spectrometry was employed to identify the 

functional groups in the synthesized nanoparticles. Zeta potential (ZP) 

measurements revealed that AuNPs had a zeta potential value of +0.1±0.4, and the 

zeta potential value for AuNPs-bromelain was +1.2±3.0 mV. 
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1. Introduction 

1.1. Nanotechnology 

Nanotechnology, which broadly refers to the design, fabrication, and manipulation 

of particle structures from 1-100 nm, has quickly gained ground in contemporary study 

[1-3]. The technology has advanced significantly since its beginnings. It has gained 

significance in a variety of field domains like health care, food, cosmetics, 

pharmaceuticals delivery, chemical industries, electronics, space industries, energy 

science, optoelectronic devices, single-electron transistors, and photo uses for 

electrochemistry [4, 5]. One of the first metals to be uncovered was gold [6]. Early 

reports on colloidal gold may have been written by Indian, Chinese, and Arabic 

scientists working to produce the substance as early as the fifth and fourth centuries [7]. 

Scientists used colloidal gold for therapeutic and other purposes. Colloidal gold was 

studied and used in all European chemistry research facilities [8]. Various chemicals, 

such as citric acid, alkanethiols, amines, surfactants and organic polymers, have been 

used to stabilize reactive gold nanoparticles in solutions. Using alkanethiols, in 

particular, constituted an important breakthrough in the development of small (1-3nm) 

gold nanoparticles [9].  
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Gold nanoparticles (AuNPs) are prepared by various synthetic techniques, 

including chemical reduction, photolysis or radiolysis, ultrasonic reduction, etc [10, 

11]. The most common chemical method for creating AuNPs is the well-known 

Turkevich method, which is one of the most promising approaches compared to 

others. In this method, citrate [12], ascorbic acid [13], or tannic acid [14] are used as 

mild reducing agents to reduce the Au
+3

 ions. The Turkevich approach is used to 

create biocompatible and compact AuNPs; it is vital to regulate several parameters 

such as pH, temperature, and concentration [15]. Brust and Schiffrin introduced the 

Brust-Schiffrin technique in 1944. The regulated and low dispersion thermally stable 

and air-stable AuNPs can be easily synthesized using this technology. This 

procedure involved transferring AuCl4 from an aqueous phase to toluene utilizing 

tetraoctylammonium bromide (TOAB) as a phase-transfer agent and reducing it with 

NaBH4 in the presence of dodecanethiol. The organic phase changes color from 

orange to deep brown when the reducing chemicals are used [16].  

Nanoparticles have been used for drug delivery, especially in the treatment of 

the medical field, but the controversy continues about their cytotoxicity. Numerous 

studies have shown the AuNPs adaptability as an essential drug delivery system. 

Drug delivery has become a very effective way to convey medication without 

compromising its safety or effectiveness. Drugs are typically administered by 

cutaneous, nasal, oral, ocular, rectal, buccal, and inhalation, among other popular 

delivery methods. Several biomolecules, including proteins, antibodies, peptides, 

genes, and vaccines, could potentially be degraded by the organisms when supplied 

using the aforementioned techniques. Numerous alternative drug delivery techniques 

were created to improve the reproducibility, reliability, sensitivity, and specificity in 

the intended locations. Rapidly dissolving hydrophilic polymers were used in thin 

film drug delivery, and they were quickly absorbed when they came in touch with 

the buccal cavity. Histopathological studies revealed the non-toxic and protective 

effect of the AuNPs on the vital organs, and they can be used to ameliorate 

hyperglycemia and oxidative stress. The study contrasted the ability of AuNPs to 

produce acute systemic toxicity in response to oral insults [17-19]. 

 

1.2. A Description of Bromelain 

Pineapple (Ananas comosus) is an edible member of the family Bromeliaceae and 

is grown in several tropical and subtropical countries, including Mexico, Philippines, 

Thailand, Indonesia, Malaysia, Kenya, India and China. It has been used as a medicinal 

plant in several native cultures. Its medicinal qualities are attributed to bromelain, which 

is a crude extract from pineapple that contains, among other compounds, various closely 

related proteinases exhibiting various fibrinolytic, antiedematous, antithrombotic, and 

anti-inflammatory activities in vitro and in vivo. Bromelain has been chemically known 

since 1875 and is used as a phytomedical compound [20-23]. 

 
2. Experimental Work 

2.1. Preparation of Bromelain Solution 

Bromelain solution was prepared by dissolving it in deionized water with a final 

concentration of 10 mg/ml and 30 mg/ml in a beaker conical was placed on a 

magnetized shaker at room temperature and then filtered and sterilized using paper 

0.22µm filtration [24]. 

2.2. Preparation of Trisodium Citrate Solution 

Trisodium citrate solution was prepared by dissolving 0.5 g of trisodium citrate 

in 50 ml of sterile distilled water. 
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2.3. Preparation of Gold Solution 

This solution was prepared by dissolving 1g of HAuCI4.3H2O in 100 mL of 

double distilled water. The final gold solution of 25 mM concentration (stock 

solution) was stored in a dark container in a refrigerator [25]. 

2.4. Synthesis of Gold Nanoparticles 

To synthesize gold nanoparticles a 1.4 ml of trisodium citrate solution was 

mixed with 70 ml of boiling gold solution.  

2.5. Synthesis of Gold Nanoparticles Loaded with Bromelain (AuNPs-

Bromelain) 

Bromelain was loaded onto the gold nanoparticles prepared using the chemical 

reduction method; this was done by mixing 1 mL of bromelain solution at a 

concentration of 100 mg/ml with 5 mL of gold nanoparticles solution with stirring on 

a magnetic vibrating plate for two minutes. The solution was then stored until it was 

needed [26]. 

 

2.6. Characterization of Gold Nanoparticles 

2.6.1. Ultraviolet-Visible (UV-Vis) Spectrophotometry  

The absorption spectra of gold nanoparticles loaded with bromelain (AuNPs-

Bromelain) were measured by an ultraviolet-visible spectrophotometer (type UV-

1900i) at room temperature, with ranges from 100 to 1100 nm; distilled deionized 

water was used as a reference solution [27]. 

2.6.2. Fourier Transform Infrared (FTIR) Spectroscopy  

To identify the effective aggregates of bromelain solution, AuNPs, and 

AuNPs-BR, an infrared spectrometer (Shimadzu\1800\Jaban), in a wavelength range 

between 400 - 4000 cm
-1

. Test pellets were prepared by using one drop of sample 

and pressed into a disk. These disks were scanned from 4000 to 400 cm-1 to obtain 

the FT-IR spectra. 

2.6.3. Scanning Electron Microscopy (SEM) 

A SEM was used to identify the shape and size of particles in the AuNPs and 

AuNPs-Bromelain solutions separately. Five microliters of solutions were prepared 

for examination on a gold-plated scanning electron microscope stand and carbon 

clip. The samples were left at room temperature until dry and examined using 

different microscope powers [28]. 

2.6.4. Transmission electron microscopy (TEM) 

 TEM images were captured using a 400 kV JEOL JEM-1010 (JEOL Ltd., 

Japan) TEM system. The samples were sonicated for 30 min. A drop of colloidal 

solution was placed on a copper grid coated with a thin amorphous carbon film on 

filter paper. The samples were air-dried and held under vacuum in the desiccator 

before being placed on the specimen holder. Particle size, composition, and 

distribution of AuNPs and AuNPs-Bromelain were determined [27]. 

        2.6.5. X-Ray Diffraction (XRD) 

The crystal structure of AuNPs and AuNPs-bromelain was revealed using an 

XRD. The sample was prepared by placing nano-gold and bromelain loaded nano-

gold particles solutions on glass slides, dried at 100°C and analyzed by XRD. This 

was done by shining Cu Kα radiation at an angle of 2θ ranging from 20 - 80 degrees 

and a wavelength (λ = 1.54 Ǻ), at a potential difference of 40 KV and an electric 

current of 30 mV, the crystal size of AgNPs was calculated [26].  

2.6.6. Zeta Potential Measurement   

To predict the stability of AuNPs and AuNPs-bromelain prepared according to the 

chemical method, their zeta potentials were measured using a Zetasizer Nano particle 

analyser (Zen3600), which operates at a voltage of -150 to wave at 200 mV. The sample 
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was prepared by mixing gold nanoparticles with distilled water at a ratio of 1:10 in a 

total volume of one mL, then the sample was loaded into an oil cell for examination at a 

temperature of 25ᵒC temperature, then the data was recorded as a graph [28]. 

 

3. Results and Discussion 
3.1. Preparation of Gold Nanoparticles (AuNPs) and Bromelain Loaded Gold 

Nanoparticles (AuNPs-Bromelain) 

The color change is the first sign that gold nanoparticles were created because 

sodium trisodium citrate reduces the Au+ gold ion into Au atoms. These atoms then act 

as nucleation sites to speed up the reduction of the remaining gold ions in the 

HAuCL4.3H2O solution; following this, the reduction agent (TCS) triggers the self-

assembly of these atoms, forming groups of metal atoms. The resulting solution's color 

is determined by the size and shape of the formed molecules. The color change of the 

gold nanoparticle solution from pale yellow to wine red (Fig. 1) may indicate the 

success of loading bromelain onto the gold nanoparticles. The color change in the 

solutions could be attributed to a difference in the electronic density of the particles, 

which could result from a change in the size of the nanoparticles. In the study of Jana et 

al., the solution underwent a color transition within a few minutes, changing from 

yellow to black and subsequently to either red or purple, depending on the size of the 

nanoparticles [29]. Long et al. showed that the gold nanoparticle synthesis process was 

initiated and completed rapidly within a 22-hour incubation period [30]. 

Figure 1: The color change in the process of manufacturing gold nanoparticles. 

 

3.2. Characterization of Gold Nanoparticles 

3.2.1. (UV–Vis) Spectrophotometry 

The UV-visible spectroscopy results were used to confirm the synthesis of the 

AuNPs and their conjugation with bromelain. Each of the bromelain, AuNPs, and 

AuNPs-bromelain UV-Vis spectra was characterized of having a peak at wavelengths of 

276, 534, and 550 nm, respectively (Fig. 2). These wavelengths confirm the presence of 

gold and the formation of gold nanoparticles because the absorption peaks at 

wavelengths in the 500-600 nm range are within the colloidal spectrum of gold 

nanoparticles [4]. 

If the absorption peak of the gold nanoparticle solution goes up after the 

bromelain solution was added, it could mean that the nanoparticles are getting bigger; 

this is because the size and shape of the nanoparticles affect how intense the absorption 

is; the absorption peak's value is directly proportional to that [31]. 

Surface plasmon resonance happens when electrons in the conduction band move 

back and forth in sync close to the surfaces of nanoparticles. The type of interactions 

between the gold surface atoms and the surface coating, along with the thickness of the 

surface coating, influence the position of the surface plasmon resonance peak of the 

gold nanoparticles [32, 33]. 
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The data reported here is consistent with the particle size distribution analyzed 

using UV-Vis spectroscopy; setting the pH at an ideal value of 5 produces gold 

nanoparticles that exhibit high uniformity and a distinct surface plasmon peak at 520 nm 

[34]. 

 Figure 2: UV-Vis spectra of bromelain, AuNPs and AuNP-bromelain. 

 

        3.2.2. FTIR 

FTIR is used to determine the intensity of infrared radiation as a function of 

frequency or wavelength and to distinguish the chemical structures; it could provide 

information about covalent bonds and identify functional groups. The FTIR analysis is 

also used to investigate the adsorption of organic species on metal oxide nanoparticles 

[35, 36]. Fig. 3a illustrates the FTIR spectrum of the bromelain solution; the peaks at 

frequencies 3410.18 and 3653.18 cm
-1 

indicate the presence of the OH group of alcohol 

and phenol compounds. Fig. 3b represents the FTIR spectrum of gold nanoparticles 

loaded with bromelain. The absorption peak at frequency 3305.99 cm
-1 

indicates the 

presence of the OH group of alcohol and phenol, and the absorption peak at frequency 



Iraqi Journal of Physics, 2024                                         Haneen Ibrahim Ali and Baydaa H. Mutlak  

04  

1535.34 cm
-1 

represents the presence of secondary amine and amide groups. The FTIR 

spectrum of the synthesized AuNPs, as shown in Fig. 3c, shows a broader peak at 

3271.27 cm
-1 

assigned to the O-H stretching of alcohol and phenol compounds. The 

results presented here agree with earlier previous research [37, 38]. 
 

Figure 3: FTIR spectra of (a) Bromelain (b) AuNPs-Bromelain (c) AuNPs. 

 

The spectroscopic analysis of the bromelain solution and the gold nanoparticles 

loaded with bromelain revealed the presence of O-H groups specific to alcoholic 

compounds and phenolics, as well as active groups specific to amino compounds in both 

spectra. This could show that the gold nanoparticles loaded with bromelain contain 

natural parts of the bromelain solution, which indicates the loading of bromelain onto 

the gold nanoparticles [39].  
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This result agrees with that of Parodi et al., whose results on the infrared 

spectroscopy examination of bromelain and silica nanoparticles loaded with bromelain 

showed that the spectrum of silica nanoparticles included functional groups specific to 

bromelain. It is evidence of the success of the bromelain loading process [40]. 

Sharma and Sharma showed through the results of the infrared spectroscopic 

examination of the nanoformulation after adding bromelain that the composition 

contained some peaks that indicate the association of bromelain with the 

nanoformulation [41]. Abdulghani and Mohuee showed that the formation of a metallic 

surface was supported by the quality (characteristic vibration bands) of the IR spectrum 

[42]. Bélteki et al. showed that citrate ions establish weaker interactions with the surface 

of AuNPs through several carboxylate groups, such as Au-O, in the citrate molecule; 

these binding are not as strong as the ones produced between AuNPs surfaces and 

molecules [43]. 

 

3.2.3. FE-SEM and TEM 

The particle morphology images were obtained using FE-SEM and TEM to 

further understand the morphological characteristics of AuNPs and AuNPs-bromelain. 

Fig. 4a depicts the FE-SEM images of particle morphologies of AuNPs, which had an 

essentially regular, spherical form and sizes ranging from 49.32 to 77.29 nm. The 

AuNPs emerged as smooth, well-separated structures, which explains the formation of 

uniformly shaped spherical particles [44-46]. Fig. 4a shows the AuNPs size distribution 

histogram. 
 

Figure 4: FE-SEM images for (A) AuNPs with scale bar 200nm, (B) particle size distribution 

histogram. 
 

Fig. 5a depicts SEM images of AuNPs-bromelain showing their morphological 

properties. The structure of AuNPs-bromelain was noted to have a spherical form and 

an uneven distribution of particles with sizes ranging from 46.39 to 75.66nm. Fig. 5b 

shows the AuNPs-bromelain size distribution histogram. 

The examination reveals the change in the average size of the nanoparticles before 

and after loading the bromelain; this confirms the loading of bromelain onto the gold 

nanoparticles. Note that the bromelain did not alter the shape of the nanoparticles upon 

loading. This is evident from the preservation of gold minutes. The nanoparticles have a 

dominant spherical shape, and adding bromelain did not cause agglomeration of the 

nanoparticles. 

Sharma and Sharma study has shown that loading the bromelain enzyme onto 

various nanoparticles did not change their general appearance [41]. The results of the 

field emission scanning electron microscope examination showed that the structure of 
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the nanostructure loaded with bromelain was spherical in shape and had a uniform 

distribution. In addition, Bhatnagar et al. developed a nanostructure loaded with 

bromelain. The shapes of the nanoparticles loaded with bromelain were spherical with a 

uniform distribution, consistent with the current study [46]. 

The findings of this study are in line with those of Hawar et al., which involved 

the development of a nano lipid formulation loaded with bromelain to treat rheumatoid 

arthritis [45]. 

 

Figure 5: FE-SEM images for (a) AuNPs-bromelain with 200nm scale bar (b) particle size 

distribution histogram. 

 

Fig. 6a depicts TEM images of the AuNPs. It shows that the AuNPs were well-

distributed in form and size, ranging from 7.40 to 15 nm. Most of the AuNPs were seen 

to be spherical. This is in agreement with the results of Jassim et al. [47]. Fig. 6b shows 

AuNPs size distribution histogram. 
 

Figure 6: TEM analysis for (a) AuNPs with 15nm scale bar (b) particle size distribution 

histogram. 

 
A surface morphological study of AuNPs-bromelain in the TEM images showed 

the formation of spherical particles. The average particle diameter of the colloidal gold 

was 14.51 nm, with very few particles of higher and lower size distribution. Some 

AuNPs-bromelain nanostructures appeared with sharp edges and triangular shapes (Fig. 

7 a, b, c).   

According to Jassim et al., the relatively large size of Br-AuNPs, as observed in 

TEM images, indicated the attachment of the bromelain to AuNPs surface [48]. 

 Sharma et al. studied the growth mechanism in the citrate reduction of gold (III) 

salt and proved via TEM the formation of the Au nanoparticle intermediate [49]. 
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Figure 7: TEM analysis for (a, b, c) AuNPs-bromelain with 100nm scale bar (c-1) particle 

size distribution histogram. 

 
3.2.4. Zeta Potential (ZP) Measurements   

ZP is a quantitative measure of the net charge carried by particles in a medium; it 

indicates particle stability, with higher zeta potential values corresponding to greater 

stability. The zeta potential of nanoparticles is typically associated with their colloidal 

stability [50]. 

ZP of gold nanoparticle bioconjugates (AuNP-bios) provide important 

information on the surface charge that is critical for many applications, including drug 

delivery, biosensing, and cell imaging. The ZP measurements (ZPMs) were conducted 

under an alternative electrical field at a high frequency. The Au-NPs had a zeta potential 

of +0.1±0.4 mV, while the AuNPs-Bromelain had a zeta potential of +1.2±3.0 mV, 

which is well within the range to avoid agglomeration, demonstrating the lack of 

nanoparticle aggregation following the conjugation, because there are more carboxylic 

groups involved in the conjugation. The results of this study are consistent with those of 

Polte et al. [49]. 

 

3.2.5. XRD Analysis 
 XRD is used to determine the purity of the phase and the crystalline structure. 

The crystalline phases of AuNPs, AuNPs-bromelain were investigated using XRD 

patterns, as shown in Fig. 9a, b. The analysis of the synthesized gold nanoparticles 

under study using XRD spectroscopy revealed that the obtained values are consistent 

with the Bragg reflections at an angle of 20 using JCPDS data file No. (04-0784) as a 
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standard reference, which suggests that the synthesized gold nanoparticles are 

crystalline in nature, of a face-centered cubic structure. After the Au
+3

 was completely 

reduced to Au, the AuNPs (Fig. 9 a) were produced by chemical reduction according to 

the XRD pattern. The acquired strong diffraction peaks at 2θ of 31.84°, 38.31°, 44.98°, 

and 77.55°, corresponding to 111, 200, 202, and 311, respectively, are the same as those 

reported for the standard gold metal (Au) (JCPDS, USA). The results obtained correlate 

with a wide range of earlier researches [50-55]. 

 
Figure 8: Zeta potential analysis (a, b, c) AuNPs, (d, e, f) AuNPs-bromelain. 

 

According to Fig. 9b, the difference in the XRD peaks of AuNPs and AuNPs-

Bromelain suggests that bromelain and AuNPs have coupled to create the AuNPs-

Bromelain. According to the study's findings, bromelain loading on silver nanoparticles 

had no impact on their crystal structure. Abdul Latif et al. claimed that the additional 
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peaks in the XRD pattern were caused by biomolecules, such as phytochemical 

components, that were present on the surface of the nanoparticles. In some samples, 

these peaks were also caused by stabilizing agents like enzymes and proteins [56]. 

The AuNPs XRD pattern differed from that of the gold nanoparticle after loading 

bromelain. The appearance of additional peaks in the AuNPs-bromelain XRD pattern 

may indicated the association between bromelain and the gold nanoparticles. These 

additional peaks may be due to the presence of sodium tricitrate, which represents the 

reducing agent responsible for gold nanoparticle formation [57]. 

 

Figure 9: The XRD patterns, (a) AuNPs (b) AuNPs-bromelain. 

 

4. Conclusions 
Based on the obtained results, the following conclusions are reached: It is 

possible to incorporate photoprotein-analytical enzymes, such as bromelain, onto gold 

nanoparticles. Various characterization techniques were employed to ensure that the 

gold minutes associated with bromine are formed at the nanometer. This work presents 

a novel method for synthesizing AuNPs using bromelain as a reducing and capping 

agent. 
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 بناء وتوصيف جسيمات الذهب النانوية والمحملة بالبروميلين

حنين ابراهيم علي
1

بيداء حسين مطلك ،
1 

 كهيت انخشبيت نهعهٕو انصشفت )أبٍ انٓيثى(، خايعت بغذاد، بغذاد، انعشاق.قسى عهٕو انحياة، 1

 الخلاصة
حظيج عًهيت إَخاج ٔاسخخذاو انعُاصش انُإَيت انًعذَيت، يثم انزْب، باْخًاو كبيش في الآَٔت الأخيشة بسبب سًاحٓا انًًيضة 

حٕسكيفيخش. ٔقذ اسخخذو ْزا انبحذ حقُيت حٕسكيفيخش لإَخاج خسيًاث َٔطاق اسخخذاياحٓا انٕاسع. ٔقذ اسخخذيج يعظى ْزِ انذساساث َٓح 

(. ٔقذ حى حٕصيف خسيًاث انُإَ انزْبيت ٔخسيًاث انُإَ انزْبيت انًحًهت بانبشٔييهيٍ باسخخذاو يدًٕعت AuNPsَإَيت يٍ انزْب )

ٔانخحهيم انطيفي بالأشعت ححج انحًشاء بخحٕيم  (،UV-Visيخُٕعت يٍ الأسانيب، بًا في رنك انخحهيم انطيفي فٕق انبُفسدي انًشئي )

(، ٔانًدٓش الإنكخشَٔي XRD(، ٔحيٕد الأشعت انسيُيت )FE-SEM(، ٔانًدٓش الإنكخشَٔي انًاسح بالاَبعاد انًيذاَي )FTIRفٕسييّ )

اث انُإَ انزْبيت ٔخسيًاث (. كاٌ لأطياف الأشعت فٕق انبُفسديت انًشئيت نهبشٔييهيٍ ٔخسيZPً(، ٔقياساث اندٓذ صيخا )TEMانُافز )

َإَيخش عهى انخٕاني. ٔكشفج دساساث انًدٓش الإنكخشَٔي انًاسح  444ٔ 470ٔ 434بشٔييهيٍ رسٔة عُذ أطٕال يٕخيت -انُإَ انزْبيت

يت يٍ بالاَبعاد انًيذاَي ٔانًدٓش الإنكخشَٔي انُافز عٍ ٔخٕد خسيًاث كشٔيت راث سطح أيهس. حشأحج أقطاس خسيًاث انُإَ انزْب

َإَيخش، كًا حى ححذيذْا يٍ خلال  34.44إنى  04.73َإَيخش؛ ٔحشأحج أقطاس خسيًاث انُإَ انزْبيت بشٔييهيٍ يٍ  33.43إنى  03.74

 14إنى  3.04. ٔأشاس ححهيم انًدٓش الإنكخشَٔي انُافز إنى أٌ أحداو اندسيًاث حشأحج يٍ FE-SEMححهيم انًدٓش الإنكخشَٔي انًاسح 

َإَيخش ندسيًاث انُإَ انزْبيت بشٔييهيٍ. ٔكشفج أًَاط حيٕد الأشعت انسيُيت عٍ انعذيذ يٍ قًى  10.41دسيًاث انُإَ انزْبيت َٔإَيخش ن

 انحيٕد، يًا يذل عهى انبُيت انبهٕسيت نهدسيًاث انُإَيت انًصُعت. ٔحى اسخخذاو يطيافيت الأشعت ححج انحًشاء فٕسييّ نخحذيذ انًدًٕعاث

، 4.0±4.1( أٌ خسيًاث انُإَ انزْبيت نٓا قيًت خٓذ صيخا +ZPاندسيًاث انُإَيت انًصُعت. ٔكشفج قياساث اندٓذ صيخا ) انٕظيفيت في

 يههي فٕنج. 7.4±1.4ٔكاَج قيًت اندٓذ صيخا ندسيًاث انُإَ انزْبيت بشٔييهيٍ +
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