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Abstract. The research was focused on the production, characterization and application of 

Gold  nanoparticles (AuNPs), which can be utilized in biomedical research and  

environmental cleaning applications.In vitro free radical scavenging activity of synthesized 

gold nanoparticles (AuNPs) was investigated. There are many studies use chemical method to 

synthesis gold nanoparticles (AuNPs) using various chemicals do as reducing agents at 

different conditions. In this study, gold nanoparticles (AuNPs )were synthesized  by gel as 
reducing and stabilizing agent to reduce Au+3 ions form chloroauric acid (HAuCl4.3H2O) to 

nano gold .The reactionwere required heating around 60-80 oC.Synthesis of colloidal Au NPs 

was monitored by UV-Visible spectroscopy. The UV-Visible spectrum showed 524 nm , The 

characterization of the AuNPs such as their size , shape and  stabile  was performed  by  zeta 

potential , Atomic  Force Microscopy (AFM), Transmission Electron Microscopy (TEM) 

techniques which indicated a size range of 14 to  25 nm. The in vitroantioxidant properties of 

AuNPs using DPPH assay have been evaluated and these nanoparticles were found to have 
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higher antioxidant capacity and thus can be used as potential radical scavenger against 

deleterious damages caused by the free radicals. 

Key words:Gold nanoparticle ,gel , characterization , synthesis, stabilizing,in vitro DPPH 

assay,free radicals scavenger. 

 Introduction: 

Metallic nanoparticles (NP) are attracting attention of chemist due to their novel properties 
including high surface area and exceptional surface activity.(1,2)Several physical and chemical 

methods  have  been employed in the preparation of AuNPs. Chemical reduction, for instance, 

the Turkevich route is still considered one of the most applied procedures in the synthesis of 

AuNPs.Reduction of (Au+3) ions using sodium citrate in hot aqueous solution gives gold 

metal (Au0) colloid. AuNPsare prepared by chemical reduction, typically performed by 

reducing HAuCl4 in aqueous solutions.(3)In this work. Commercial and laboratory   gel is used 

as reducing and stabilizing agentgel preparation has remains one of the most popular and 

important pharmaceutical dosage forms. The formulation of an effective gel requires the use 

of an appropriate gelling agent, usually a polymer. The preferred characteristics of such 

polymer include the inertness, safety, and biocompatibility with other ingredients, good 

adhesion to mucous membrane, and permission of drug permeation while not being absorbed 

into the body. When in the formulation, the polymer should exhibit good swelling, syneresis 
and rheological properties suitable for solidifying stiffening the system. A number of gelling 

agents have been commercially employed in the preparation of gel, including the synthetic 

carbomers and the semi-synthetic cellulose, cellulose derivatives.
(4,5,6)

Caropol is made of 

carbomers. Carbomerpolymers are cross-linked together andmake a microgel structure that 

makes them optimal to be used as a drug vehicle fordermatological purposes. They can be 

used in cases when drug delivery in acontrolled manner is desired. Carbopol polymers are 

acrylic acid cross-linked with polyalkenyl ethers or divinylglycol. These polymers are anionic 
polymers that need naturalization to become gellified. Organic amines like triethylamine can 

be used to naturalize these polymers in liquids. Carbopol polymers have been used in the 

personal care industry for forty years. They have been used in producing gels, creams, lotions 

and suntan products. Carbopol gels have been applied as drug vehicles inseveral routes of 

administration.(7,8,9)
 

Ionizing radiation is a form of energy travelling either as electromagnetic waves (x-rays and 

gamma rays) or particles (alpha, beta, neutrons etc). They transmit energy to materials they 

encounter. Faster or heavier particles deliver a harder punch. (10) 

Ionizing radiation causes damage to living system through a series of molecular events, such 

as Photoelectric, Compton and Auger effects, depending on the radiation energy. Since the 

predominant molecule in biological systems is water, it is usually the intermediary of the 

radical formation and propagation. The major radiation damage is due to the aqueous free 
radicals, generated by the action of radiation on water.A free radical is an electrically neutral 

atom with an unshared electron in the orbital position, where the radical is highly 

reactive.(11)They can either donate an electron to or accept an electron from other molecules, 

therefore behaving as oxidants or reductants.
(12)An antioxidant may terminate the oxidative 
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potentiality by scavenging the free radical which is generated during oxidation process. To 

date, large number of natural and synthetic antioxidants has been investigated to inhibit these 

oxidation reactions. 

Recently, some progresses have been achieved in the evaluation of antioxidant activity of 

nano materials, due to the physicochemical and optoelectronic properties.(13, 14)Among various 

metal nanoparticles, AuNPs are well-suited for a wide range of biological applications 

because of its chemical inertness and resistance to surface oxidation.(15, 16) 
DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) free radical method is an antioxidant assay 

based on electron-transfer that produces a violet solution in ethanol. This free radical, stable at 

room temperature, is reduced in the presence of an antioxidant molecule, giving rise to 

colorless ethanol solution. The use of the DPPH assay provides an easy and rapid way to 

evaluate antioxidants by spectrophotometry, so it can be useful to assess various products at a 

time.The antioxidant effect is proportional to the disappearance of DPPH in test samples. 

Monitoring DPPH with a UV spectrometer has become the most commonly used method 

because of its simplicity and accuracy. DPPH showed a strong absorption maximum at 517 

nm (purple).(17) 

The aim of the present work is the synthesis of colloidal Au NPs by gel as reducing and 

stabilizing 
agent to reduce Au+3 ions form chloroauric acid (HAuCl4.3H2O) to nano gold. Depending on 

the results, AuNPswere used as free radicalsscavengers in water samples due to ionizing 

radiation.   

 

 Experimental Section: 

Chemicals   
Research chemicals were supplied by HIMEDIA company-India and MERCK Company-

Germany. DPPH were purchased from Sigma Aldrich by United Tetra Group for Medical and 

Scientific Supplies / Jordan. 

Water samples were irradiated by 137Cs gamma source. The synthesized colloidal gold 

nanoparticles were used with a series of concentrations(53.7, 107, 134.3, 159.3, 214.8, 242.65 

µg/ml) which were determined by atomic absorption method.  

 

Instruments 
UV-Vis spectroscopy (Shimadzu, Japan), Atomic force microscope (AFM); (SPM AA 3000, 

USA); Transmission electron microscope (TEM); (Philips CM 100, Holland), and Zeta 
potential analyzer (Brook haven ,USA) are used for the characterization of AuNPs. 

 

 Preparation of Aqueous Gold Nanoparticles: 
5 gm of gel was dissolved in 250 ml distilled water and the solution was heated up to the 

range 60 -70 0C. To this mixture 3.6 mL of 10 mM HAuCl4.3H2O (99% ,  HIMEDIA, India) 

were added drop wise with continues stirring. After 20 minutes the color of the solution was 

changed from pale yellow to ruby-red color, indicating the formation of AuNPs. 

 Characterization of Gold Nanoparticles: 
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AuNPswere characterized by UV-Vis spectroscopy (Shimadzu, Japan), Zeta potential 

analyzer (Brook haven, USA), Atomic force microscope (AFM) - (SPM AA 3000, USA), 

Transmission electron microscope (TEM), and (Philips CM 100, Holland). 

Determination of free radical scavenging activity: 

The free radical scavenging capacity of gold nanoparticles was assayed using the modified 

DPPH method as reported previously.(18)DPPH (2, 2-diphenyl-1- picrylhydrazyl) is a stable 

free radical and has been used as a model free radical compound to evaluate the effectiveness 

of antioxidant. Ethanolic solution of DPPH (0.1 mM) was prepared and incubated at ambient 

temperature. To prevent free radical formation, AuNPs added to the water samples after 
irradiation process. Different concentrations (0.0234-0.2681g/l) of AuNPs were added, in 

equal volume, to ethanolic DPPH solution and water sample. The mixture was shaken 

vigorously and allowed to stand for 30 min in the dark and the absorbance of all samples was 

monitored around 520 nm. DPPH solution without gold nanoparticles served as the 

control.The percentage inhibition of DPPH was calculated according to the formula: 

           % Inhibition (I%) =[(Ac -As)/Ac] x 100 

whereAc is the absorbance of irradiated water with DPPH radical samples as a control, and 

As is the absorbance of samples with different concentration of gold nanoparticle.  

 Results and Discussion: 
AuNPs produced from reduction of gold ions by gel , were characterized by UV-Vis spectra 

as giving absorption peak at 524 nm. After one year and half give it same absorption peak at 

524 nm that indicatesAuNPS was very stable.  This is identical to what has been reported 

elsewhere .(19)Theoretically, AuNPs absorb visible light between (500-600 nm) due to 

surface plasmon resonance.  

 

 
A (before one and half year)                B(after  one and half year) 

 
Figure 1:  UV-Vis spectra of synthesized AuNPs using gel as reducing agent.   

 

524 nm 

524 nm 
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 Zeta Potential (ζ): 

The zeta potential of a colloidal solution is a tool used to measure the stability of such 

solutions. The colloidal solution is considered to be unstable. If it's recorded zeta potentials 

were in the range -30 mV and +30 mV. A high value, positive or negative, of zeta potential 

means a higher repulsion between the particles. Therefore, colloidal suspensions are 

considered stable when their zeta potentials are more positive than +30 mV or more negative 

than -30 mV.(20)The more negative zeta potential value of our synthesized AuNPs solution (-

40 mV) indicates its stability and coinciding with other works. 

 Atomic Force Microscopy (AFM): 

The atomic force microscope (AFM) is suited for characterizing nanoparticles. It offers the 

capability of 3D visualization and both qualitative and quantitative information on many 

physical properties including size, morphology, surface texture and roughness. Statistical 

information, including size, surface area, and volume distributions can be determined as well. 

A wide range of particle sizes can be characterized in the same scan, from 1 nanometer to 8 

micrometers. (21)The particle size distribution for the synthesized gold nanoparticles was (70 

nm) as show in Figure 2.  

                                                                  
 

                                      A                                                                    

B 
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                                                              C 

 

 

 

  

         

Figure 2:  AFM image of AuNPSsynthesized by using  gel  as reducing agent  
 (A) 2D, (B) 3D, (C) average diameter (70 nm) 

 

 Transmission Electron Microscopy (TEM): 

     TEM is the one of the most popular techniques for the characterization of nanoparticles. 

In this technique, a real image of nanoparticles is taken with different magnifications to 

develop a more detailed or general shape of nanoparticles  .(22)The TEM images (Figure 3) 

show the AuNPs in variable shapes. The size of the particles ranged from 14-25nm.  
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Figure 3:  TEM image shows particles size of the synthesized AuNPs at 14 nm and 25 nm 

 

DPPH radical scavenging activity of AuNPs: 

 
In vitro antioxidant activity of AuNPs was investigated by DPPH assay.A series of AuNPs 

concentrations added to the water samples in order to evaluate the capacity of AuNPs to 

inhibit the free radical formation which induced by gamma radiation. The results are 

summarized in Table 1.In its radical form, DPPH absorbs around 526 nm, and its absorbance 

decreases upon reduction with an antioxidant. Thus, the radical scavenging activity in the 

presence of antioxidant can be monitored by a decrease in the absorbance of DPPH solution 

as shown in Figure4. 

 Absorbance and percent of inhibition for DPPH radical scavenging activity as a function of 

AuNPs concentration is presented in Figure 5. A perusal of the results shows that at 
concentration 242.65µg/ml has maximum percent of inhibition (63.6%). The results were 

agreement with the previous work by Rana M. Yas(23), where the behavior of absorbance and 

free radicals inhibition is the same.  

 

 

 

 

 

 

 

Table: Values of DPPH absorbance and inhibition % with AuNPs concentrations. 

 
Water samples DPPH absorption Inhibition % 

Irradiated water(control) 0.667  

Au NPs concentration µg/ml  

53.70 0.416 37.6 

107.00 0.374 43.9 

134.30 0.347 47.9 

159.30 0.298 55.3 

214.80 0.279 58.2 

242.65 0.243 63.6 
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Figure 4: The absorbance of DPPH around 526 nm with different AuNPs concentrations. 

 A                                                                   

 

D
P

P
H

 a
b

so
rb

an
ce

 

Wavelength(nm) 

irradiated
water
53.7µg/ml

107µg/ml

134.3µg/ml

159.30µg/ml

214.80µg/ml

242.65µg/ml

ab
so

rb
an

ce
 

Au NPs concentration(µg/ml) 

http://proceedings.sriweb.org/


 

 

Global Proceedings Repository 
American Research Foundation 

ISSN 2476-017X 

 
Available online at http://proceedings.sriweb.org 

 

http://arab.kmshare.net/ 

 

524 
 

 B  

Figure 5: (A) DPPH absorption and(B) free radicals inhibition with differentAuNPs 

concentrations.  

Conclusions: 

This work describes synthesis of gold nanoparticles by a novel chemical route was used by 

adding the Au3+ solution to the reducing agent with heating and stirring. Stable gold 

nanoparticles for a longer time were obtained through this easy method. From the results of 

the experiments, it was concluded that gel reduces Au+3 ion to nanoparticles of gold metal 

(Au0 NPs) . It is noted that the same results for both types of laboratory and commercial gel 

.UV-Vis, zeta potential, AFM and TEM studies were used to characterize the synthesized 

gold nanoparticles. The UV-Vis spectra showed a maximum absorption at 524 nm. The AFM 

showed an average size value of 70 nm diameter, whereas the size values measured by TEM 

image data were 14 and 25nm. 
The free radical scavenging property as measured by DPPH method showed that percentage 

of inhibition increases with increasing concentrations of synthesized gold nanoparticles. Thus 

the synthesized AuNPs could play the role of a neoadjuvant antioxidant offering effective 

protection from free radicals in a wide range of conditions. Therefore the antioxidant behavior 

of AuNPs makes them useful in therapy of many diseases caused by oxidative stress. 
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  تقيم نشاط .واستقرارية عالية  لجسيمات النانو ذهب  باستخدام الجل  كعامل مختزل ومثبت 

ر الحرةفي كسح الجذو الجسيمات   

الغفور شبيبظلال عبد    -2منى احمد سعيد         -1     محي ياس    رنا -1  

جامعة بغداد  –كلية العلوم  –م الفيزياء قس -1 

جامعة الانبار  -كلية العلوم –قسم الكيمياء  -2 
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ركز الباحثون بشكل خاص على دراسة  تحضير ,مميزات وتطبيقات جسيمات النانو . التي كانت 

ات النانوية تستخدم في  البحوث الطبية وتطبيقات التنظيف البيئي وقد تحقق ذلك في فعالية الجسيم

ونشاطها لكسح الجذور الحرة . هناك عدد من الدراسات التي تستعمل الطرق الكيميائية في تحضير 

. في هذا جسيمات النانو ذهب مع استخدام مواد كيميائية مختلفة كعوامل مختزلة وفي ظروف مختلفة 

على ايون الذهب  البحث حضرت جسيمات النانو ذهب باستخدام مركب ملح الذهب الحامضي   يحتوي

الثلاثي التاكسد في تركيبه  والعامل المختزل هو الجل واستخدم كلا النوعين التجاري والمحضر 

مختبريا  يختزل فيه الايون الثلاثي للذهب الى ذرة الذهب  النانوية . تم التفاعل في درجة حرارة 

عليها باستخدام عدد من درجة مئوية  وقد شخصت النتائج التي تم الحصول   80-60تتراوح بين 

تتضمن طيف الاشعة فوق البنفسجية حيث كانت قمة الامتصاص  ي التقنيات المهمة في التشخيص الت

, مجهر القوة الذرية والمجهر الالكتروني الناقل لمعرفة جهد زيتا  ,نانومتر   524لمحلول النانو تبلغ 

نانومتر . كذلك درست خاصية  25-14ل  حجم وشكل النانو وكان حجم الجسيمات الناتج يتراوح بمعد

النانو  حيث بينت النتائج فعالية جسيمات  كسدة  من خلال فحص كيميائي للمركبالجسيمات كمضاد للا

 .في كسح الجذور الحرة والاضرار المؤذية  التي تسببها ذهب 

 

 مختبريا, رية ,:  جسيمات النانو ذهب , الجل , الخصائص, التحضير, الاستقرا الكلمات المفتاحية

 الكسح

http://proceedings.sriweb.org/

