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 In this research, Zn/ZnO Nanoparticles (NPs) were prepared via 

the Pulse Laser Ablation (PLA) method using three liquids (Ethanol, 

Acetone, and Distilled Water). Zn/ZnO NPs were synthesized via an 

Nd-YAG laser with a wavelength of 1064 nm, applied energy of 800 

mJ, a frequency of 6 Hz, and 100 laser pulses at room temperature. The 

Zn metal plate was dipped in Ethanol, Acetone, and Distilled Water, 

respectively. The UV-Vis results shows sharp and single peaks at 320, 

341, and 333 nm for Zn/ZnO NPs in Ethanol, Acetone, and Distilled 

Water respectively. FTIR testing shows peaks at about 500 cm
−1

 for 

Zn/ZnO NPs in Ethanol, Acetone, and Distilled Water, which indicates 

Zn-O stretching vibrations. XRD investigation shows low-angle peaks 

at 23.31˚, 23.81˚, and 19.20˚ for Zn/ZnO NPs in Ethanol, Acetone, and 

Distilled Water, respectively. In addition, a sharp peak of high intensity 

was observed at 13.54˚ for Zn/ZnO Core/Shell NPs in Acetone. These 

peaks indicate that the structure is stable and undistorted. These patterns 

emphasize compact pore arrangements. The lower intensity of the 

gradient peaks indicates that ZnO formed at a preferred site. Nor did 

high-angle XRD patterns appear, indicating that the formed ZnO NPs 

are so small to be distinct from background noise or undetectable by 

widish angle XRD. The broad XRD peak at 2θ angles from 20° to 30° 

can also confirm that ZnO is low-crystalline. The TEM images show the 

presence of Zn/ZnO NPs in Ethanol, Acetone, and Distilled Water with 

a size of less than 50 nm, and TEM analysis confirms that the primary 

structure of Zn/ZnO NPs is a Core/Shell. 
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1. INTRODUCTION 

Nanomaterial are globally and for a long 

time become the subject of research and 

development activities. Nanomaterials have 

many advantages due to their optical properties, 

structural properties, and else from properties, 

because these properties, they have the ability to 

make significant impacts in the field of 

electronics, medicine, space exploration, and 

others [1]. Nanomaterials feature a range of 

crystalline and amorphous materials from 

natural and inorganic materials with sizes 

ranging from 1 to 100 nm. They are categorized 

into nanoscale materials, nanophase materials, 

and nanostructured materials [2]. The 

Nanomaterials are the construction materials for 

the modern era and their basic construction 

blocks. The most important pillars of 

technologies are nanotechnology, 

biotechnology, information and communication 

technology, which is one of the criteria for the 

progress and civilization of nations and an 

indicator of their rise. Nanomaterials differ 

according to their source, such as whether they 

are organic or inorganic, natural or synthetic. 

Nanotechnology brings together all kinds of 

scientific possibilities, it is a metric unit known 

as a nanometer, which refers to one billionth of 

a meter. The nanostructure size is 

approximately 80,000 times less than the 

diameter of a hair. The unexpected results and 

goals of nanotechnology in the manufacture of 

materials made it used in all scientific fields, 

 الاستئصبل ببنهيصز انُبضي

 انصَك/أوكسيد انصَك

 جسيًبث َبَىيت َىَاة/قشِسة

 

( َىَاة/قشِييسة Zn/ZnOفييي هييرِ اندزاسييت ح يييى يمضيييس جسيييًبث انصَك/أوكسيييد انصَييك   

يثيبَىل واسسييتىٌ انُبَىيت بطسيقت الاستئصبل ببنهيصز انُبضي في ثلاثيت أَيىام ييٍ انسيىاام  اإ

 Nd-YAGَىَاة/قشِييسة انُبَىيييت لبييس نيييصز  Zn/ZnO. يييى يصييُيي جسيييًبث انييـ وانًييبء انًقطييس(

هسيييص ولييد  َبضييبث  3يههييي جييىل ويييس    066َييبَىيتس وقبقييت يسكييصة  4631بطييىل يىجييت 

انًعدَييت فيي اإيثيبَىل  Znَبضت نيصز ح لُد  زجت حسازة انغسفت. ييى مًيص صيفيمت انيـ  466

ب حب ة ويُفس ة لُيد  UV-Visانـ  َتباج ظهسي. لهى انتىاني. واسسيتىٌ وانًبء انًقطس ًً  026قً

َىَاة/قشِييسة انُبَىيييت فييي اإيثييبَىل واسسيييتىٌ  Zn/ZnOَييبَىيتس نجسيييًبث انييـ  000و  014و 

وانًييبء انًقطييس لهييى انتييىاني ح يشيييس قًييى الايتصييبو هييرِ بييإقىال يىجيييت قصيييسة  نييى وجييى  

ييب لُييد  FTIRَىَاة/قشِييسة انُبَىيييت بإحجييبو صييغيسة جييدًا. ي ظهييس انييـ  Zn/ZnOجسيييًبث انييـ  ًً قً

سى 266حىاني 
-4

َىَاة/قشِيسة انُبَىييت فيي اإيثيبَىل واسسييتىٌ وانًيبء  Zn/ZnOنجسيًبث انيـ  

يب يُخفضيت انصاوييت لُيد  XRD. ي ظهس انيـ Zn-Oانًقطس وهرا يب يشيس  نى اهتصاشاث يًد   ًً قً

َىَاة/قشِييسة انُبَىيييت فييي اإيثييبَىل  Zn/ZnOنجسيييًبث انييـ ˚  41.26و ˚  20.04و ˚  20.04

واسسيتىٌ وانًبء انًقطس ح لهى انتىاني. ببإضبفت  نى ذنك ح ي ظهس ذزوة حب ة لبنيت انشدة لُد 

يشيييس هييرِ انقًييى  نييى أٌ  َىَاة/قشِييسة انُبَىيييت فييي اسسيييتىٌ. Zn/ZnOنجسيييًبث انييـ ˚  40.21

يؤكييد هييرِ اسًَييبق لهييى يسييبييبث انًسييبو انًديجييت. يشيييس انشييدة انهيكييم يسييتقس وميييس يشييىِ. 

 XRDيشيكم فيي يىقيي يفضيم. كًيب نيى يظهيس أًَيبق انيـ  ZnOانًُخفضت نقًيى انتيدزإ  نيى أٌ 

َىَاة/قشِيسة انُبَىييت انًتكىَيت صيغيسة  Zn/ZnOلبنيت انصاويت ح يًب يشيس  نى أٌ  جسييًبث انيـ 

ليبني  XRDنخهفيت أو لا يًكٍ اكتشيبفهب بىاسيطت انيـ جدًا بميث لا يًكٍ يًييصهب لٍ ضىضبء ا

أٌ ˚  06 نيى ˚  26ييٍ  ϴ2انىاسيعت لُيد شواييب انيـ  XRDانصاويت. أيضًب يًكٍ أٌ يؤكيد ذزوة 

ZnO  يُخفض انتبهىز. ي ظهس صىز انـTEM  وجى  جسيًبث انـZn/ZnO  َىَاة/قشِسة انُبَىيت

أٌ  TEMَبَىيتس ح ويؤكيد يمهييم انيـ  26يٍ في اإيثبَىل واسسيتىٌ وانًبء انًقطس بمجى أقم 

 .انُبَىيت هى َىَاة/قشِسة Zn/ZnOانهيكم اسسبسي نجسيًبث انـ 
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whether in physics, chemistry, biology, and 

others [3]. The industrial revolution of 

nanotechnology has made unfamiliar ideas a 

reality. It provided scientists with many of the 

important information in all fields. Examples of 

this are in medicine, such as treating cancer, 

renewable energy, computers, and others. 

Therefore, it has become possible to obtain 

more efficient devices in smaller sizes. They 

will change life on the planet [4]. 

Nanotechnology is the manufacture, 

engineering, and investment of nanomaterials, 

mainly understanding the links between 

physical properties and dimensions of materials 

[5]. Nanoparticles have a great scientific 

advantage because, in fact, they represent an 

embankment between bulk materials and atomic 

structures. A bulk material ought to have fixed 

physical properties regardless respecting its 

size, but this is not true for nanoscale materials 

most of the time. Size-following properties like 

quantum confinement in particles of 

semiconductor  and surface plasmon resonance 

in some particles of metals  have been observed 

[6]. One of the most significant methods is the 

fabrication of nanoparticles via Pulsed Laser 

Ablation in Liquid, they are used to produce 

nanoparticles from top to bottom. It is a plain 

and inexpensive method, that demands “a liquid 

system, a target metal, and a Laser system.” The 

mechanism of nanoparticle figuration is 

complicated and is as yet not completely 

comprehended. 

2. EXPERIMENT SETUP 

Zn/ZnO NPs were manufactured using 

Pulsed Laser Ablation in three types of liquids; 

Ethanol, Acetone, and Distilled Water. A piece 

of highly purified Zn was put at the bottom of a 

Pyrex container containing 2 ml of Ethanol, 

Acetone, and Distilled Water, respectively. The 

distance between the target and the laser source 

was 100 mm, the focused energy was 800 mJ, 

the frequency was 6 Hz, the wavelength was 

1064 nm for the Nd-YAG laser, and the number 

of applied laser pulses was 100 pulses. The 

latter was done at room temperature. The 

experiments were conducted at the (Department 

of Physics, Faculty of Science, University of 

Kufa, IRAQ). 

3. RESULTS AND DISCUSSION 

3.1. Ultraviolet-Visible Spectrophotometer 

Figures (1), (2), and (3) show the UV-Vis 

absorption spectra of Zn/ZnO NPs prepared in 

three types of liquids. The absorption peaks at 

320, 341, and 333 nm were observed for 

Zn/ZnO NPs in Ethanol, Acetone, and Distilled 

Water, respectively. These absorption peaks at 

the short wavelength indicate the presence of 

Zn/ZnO NPs of a very small size. As it is well 

known, as the size of Zn/ZnO NPs lessen, the 

UV peak was inclined to go to the blue-

wavelength zone which is well known by the 

“blue shift” as an outcome of the quantum size 

effect. This means that the size of the Zn/ZnO 

NPs is very small. These outcomes match 

primarily in agreement with the literature 

[7,8,9,10]. 

 

Figure 1: UV-Vis Spectrophotometer of Zn/ZnO 

NPs Prepared via PLA in Ethanol. 
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Figure 2: UV-Vis Spectrophotometer of Zn/ZnO 

NPs Prepared via PLA in Acetone. 

 

Figure 3: UV-Vis Spectrophotometer of Zn/ZnO 

NPs Prepared via PLA in Distilled Water. 

Table 1: UV-Vis Spectrophotometer of Zn/ZnO 

NPs Produced by the PLAL Technique. 

Material 
Wavelength 

[nm] 

Absorbance 

[a.u] 

Zn/ZnO NPs in 

Ethanol 
320 0.75 

Zn/ZnO NPs in 

Acetone 
341 0.63 

Zn/ZnO NPs in 

Distilled Water 
333 0.37 

 

3.2. Fourier Transform Infrared 

Spectroscopy 

FTIR studies of Zn/ZnO NPs in liquid is 

presented in Figures (4), (5), and (6). These 

studies were performed to demonstrate the 

purity and nature of Zn/ZnO NPs in the liquid. 

Liquid media such as alcohols, ketones, etc., 

can react with the Zn surface to help stabilize it. 

The broad peaks observed in the range of 3318, 

3469, and 3255 cm
-1

 for Zn/ZnO NPs in 

Ethanol, Acetone, and Distilled Water, 

respectively, that indicate O-H expansion 

vibrations. The 2972 and 2885 cm
-1

 peaks of 

Zn/ZnO NPs in Ethanol indicate C-H stretching 

vibrations. Also, the 3002 cm
-1

 peak of Zn/ZnO 

NPs in Acetone indicates C-H stretching 

vibrations too. The peaks observed at 1655, 

1708, and 1638 cm
-1

 correlate with C=O 

stretching vibrations of Zn/ZnO NPs in Ethanol, 

Acetone, and Distilled Water, respectively. 

Another peaks at around 500 cm
-1

 for Zn/ZnO 

NPs in Ethanol, Acetone, and Distilled Water 

were observed, which indicate Zn-O stretching 

vibrations. Metal oxides generally give 

absorption peaks. These outcomes match 

primarily in agreement with the literature [8,9] 

 

Figure 4: FTIR Spectrograph of Zn/ZnO NPs 

Prepared via PLA in Ethanol. 

 

 

Figure 5: FTIR Spectrograph of Zn/ZnO NPs 

Prepared via PLA in Acetone. 
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Figure 6: FTIR Spectrograph of Zn/ZnO NPs 

Prepared via PLA in Distilled Water. 

 

 

 

 

 

 

Table 2: FTIR Spectroscopy of Zn/ZnO NPs 

Produced by the PLAL Technique. 

Material 
Wavenumbe

r [cm
-1

] 

Stretching 

Vibrations 

Transm

ittance 

[%] 

Zn/ZnO 

NPs in 

Ethanol 

0040 

2192-2002 

1655 

~ 500 

O-H 

C-H 

C=O 

Zn-O 

90 

90-01 

98 

72 

Zn/ZnO 

NPs in 

Acetone 

0113 

0662 

1708 

~ 500 

O-H 

C-H 

C=O 

Zn-O 

19 

10 

61 

95 

Zn/ZnO 

NPs in 

Distilled 

Water 

0222 

1638 

~ 500 

O-H 

C=O 

Zn-O 

44 

70 

35 

 

3.3. X-Ray Diffraction 

Figures (7), (8), and (9) of Zn/ZnO NPs in 

liquid show low-angle XRD patterns. These 

patterns can confirm that all three samples are 

compact porous arrangements with the 

manifestation of the major peaks 23.31˚, 23.81˚, 

and 19.20˚ for Zn/ZnO NPs in Ethanol, 

Acetone, and Distilled Water, respectively. In 

addition, shows a sharp peak of high intensity at 

13.54˚ for Zn/ZnO Core/Shell NPs in Acetone. 

These peaks indicate that the structure is 

stabilized and not deformed. The intensity of 

the gradient peaks decreased, signalizing that 

the ZnO NPs were created at a preferred site. 

No high-angle XRD patterns appeared, 

signalizing that the formed ZnO NPs are very 

small to be featured from background noise or 

undetectable by high-angle XRD. Using 

Scherrer equation, the average size of Zn/ZnO 

Core/Shell NPs is 53 nm. Also, the broad XRD 

peak at the 2θ angles from 20˚ to 30˚ establishes 

that ZnO NPs are low-crystalline. These 

outcomes match primarily in agreement with 

the literature [11,12]. 

 

 

Figure 7: XRD Pattern of Zn/ZnO NPs Prepared via 

PLA in Ethanol. 

 

 

Figure 8 XRD Pattern of Zn/ZnO NPs Prepared via 

PLA in Acetone. 
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Figure 9: XRD Pattern of Zn/ZnO NPs Prepared via 

PLA in Distilled Water. 

 

 

 

 

 

 

Table 3: XRD Pattern of Zn/ZnO NPs 

Produced by the PLAL Technique 

M
a
te

ri
a
l 

P
o
s.

 

[°
2
T

h
.]

 

H
ei

g
h

t 

[c
ts

] 

F
W

H
M

 

[°
2
T

h
.]

 

d
-s

p
a
. 

[Å
] 

C
ry

. 
S

iz
e 

[n
m

] 

Zn/ZnO 

NPs in 

Ethanol 

20.0 110.0 6.21 0.04 20 

Zn/ZnO 

NPs in 

Acetone 

40.2 

20.0 

123.1 

902.1 

6.41 

6.61 

3.20 

0.90 

12 

03 

Zn/ZnO 

NPs in 

Distilled 

Water 

41.2 200.2 6.41 1.32 29 

Average Crystallite Size = 53.5 nm 

 

3.4. Transmission Electron Microscope 

The TEM images in Figures (10), (11), and 

(12) show the presence of Zn/ZnO NPs in 

Ethanol, Acetone, and Distilled Water, with a 

size of lower than 50 nm, that is, the Zn/ZnO 

NPs are very small. The TEM images in Figures 

(13), (14), and (15) clearly show Zn/ZnO NPs 

in Ethanol, Acetone, and Distilled Water, as a 

Core/Shell model with a structure-forming of 

Zn as the Core and ZnO as the Shell. Zn NPs 

were painted with a ZnO coating. TEM analysis 

confirms that the primary structure of the 

Zn/ZnO NPs is the Core/Shell. These outcomes 

match primarily in agreement with the literature 

[7,9,11,13,14]. 

 

Figure 10: TEM Images of Zn/ZnO NPs Prepared 

via PLA Ethanol. 

 

 

Figure 11: TEM Images of Zn/ZnO NPs Prepared 

via PLA in Acetone. 
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Figure 12: TEM Images of Zn/ZnO NPs Prepared 

via PLA in Distilled Water. 

 

 

Figure 13: TEM Images of Zn/ZnO NPs as 

Core/Shell Model Prepared via PLA in Ethanol. 

 

 

Figure 14: TEM Images of Zn/ZnO NPs as 

Core/Shell Model Prepared via PLA in Acetone. 

 

 

Figure 15: TEM Images of Zn/ZnO NPs as 

Core/Shell Model Prepared via PLA in Distilled 

Water. 

4. Conclusions 

The study confirmed the successful 

manufactured of Zn/ZnO nanoparticles by 

pulsed laser ablation in a liquid (Ethanol, 

Acetone, and Distilled Water). The findings 

showed that the manufactured Zn/ZnO 

nanoparticles possess a very small size and 

nanostructure in the shape of a Core/Shell 

model where Zn is the Core and ZnO is the 

Shell. The results showed that the liquid media 

(Ethanol, Acetone, and Distilled Water) in 

which Zn/ZnO nanoparticles were 

manufactured possess a great effect on them. 
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