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Abstract 

     Carbon nanoparticles (CNPs) formed by one-step laser ablation in deionized 

water were carefully studied. Scanning electron microscopy, atomic force 

microscopy, Raman spectroscopy, and UV–V spectroscopy were used to obtain 

morphological, chemical, and optical properties of CNPs. SEM outcomes 

established that the synthesized nanoparticles are semi-spherical with a wide particle 

size distribution. Raman investigation showed two typical and expected peaks ~ 

(1300 - 2700) cm
−1

, which are confirming to transverse and longitudinal modes of 

the carbon structure. The absorption spectra proved that the intensity of spectra 

increases as particle size and concentration increase. 
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السحزرة بواسطة خطوة واحدة  التراكيب الشانوية الكربونية عمى خرائص مواد تأثير طاقة الميزر
 لاستئرال الميزر الشبزي في الساء

 
 2حدن ،ازهار2سيسون  جيهان، 2خذان خولة،1عمي جسيل

1
 هركس الوواد الوتقدهت، وزارة العلوم والتكنولوجيا، بغداد، العراق. 

2
 العراق. –فرع علوم وتكنولوجيا الليسر، قسن العلوم التطبيقيت، الجاهعت التكنولوجيت  

 
 الخلاصة:
الكربهن الشانهية عن طريق الاستئرال بالليزر في خطهة واحدة في الساء مشزوع الأيهنات  جديساتتم تذكيل 

تم استخدام الفحص السجهري الإلكتروني والفحص السجهري للقهة الذرية ومطياف رامان والتحليل . بعشاية
لجديسات بررية للحرهل على الخرائص السهرفهلهجية والكيسيائية وال UV–V الطيفي للأشعة فهق البشفدجية

شبه كروية مع تهزيع واسع  سحزرةأن الجديسات الشانهية ال SEM ثبتت نتائج CNPs. الكربهن الشانهية 
، والتي تؤكد  0-( سم0011-0011رامان قستين نسهذجيتين ومتهقعتين ~ ) قياسأظهر  .لحجم الجديسات

أن شدة الأطياف تزداد مع زيادة أطياف الامتراص تثبت .الكربهن  تركيبعلى الهضع العرضي والطهلي ل
 .حجم الجديسات وتركيزها

 

1. Introduction  

     The surrounding conditions of the process of pulsed laser ablation in liquid (PLAL) is an 

interesting way in the field of the generation of nanoparticles for different materials, such as pure 

metals, oxides, carbide, iodide, nitride, semiconductors, and nanocomposite materials that can be used 
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in different fields [1-8]. Also, it can be used to produce different shapes of nanostructure materials, 

including nanotube, nanodisc, nanoflowers, and spherical nanoparticles [9-12]. PLAL technique has 

many benefits upon the other techniques, as it is easy and economical, with no substance necessary, no 

vacuum demanded, good purity for the product, and reasonable control on size and morphology of the 

product material. Otherwise, the features of nanoparticles produced via PLAL are powerfully 

depending on laser characteristics, such as wavelength, pulse duration, energy, and repetition rate. In 

the PLAL process, the objective is submerged in the solution medium and a high-fluence streak is 

focused on the surface. The interaction of the beam with the base results in the ablation plume, 

therefore a target material with few volumes of the embracing solution is vaporized to brew bubbles in 

the liquid. Then, the bubbles extend and collapse at a fixed condition, which results in the production 

of nanostructured materials [13-20]. Nanoparticles have a vast interest owing to their unique 

description contrast to the bulk material; therefore they are used in a very wide range of applications. 

Among these nanomaterials, carbon-based nanomaterial, including carbon nanotubes and fullerenes, 

have a high interest because of their excellent properties, such as high ability to let electricity flow, 

good germ-killing activity, large surface/volume ratio, low poisonous quality, good electron field 

emission, and biocompatibility [21-30]. Therefore, we study here the effects of laser energy on the 

qualities of carbon nanoparticles produced via one-step laser ablation of a graphite target in water.   

2. Materials and methods 

     CNPs were synthesized via laser ablation of pure graphite pellet (99.9%; Kurt J. Lesker Co., USA) 

in deionized water. The graphite pellet was immersed in a 3mL of deionized water (DIW) in the 

bottom of a vessel.  The process was carried out using a 1064nm Nd: YAG laser with various laser 

energies (100, 200, 300, and 400mJ) at 10min ablation time.  The characteristics of the CNPs were 

inspected using Senterra Raman from Bruker, Vegall scanning electron microscopy (SEM) from 

TESCAN, 1800 SHIMADZU double beam UV–visible spectrophotometer, and Ntegra Atomic force 

microscopy (AFM) from NT-MDT. 

2. Results and Discussion 

      Figure-1 shows SEM images of the CNPs produced via the ablation of a graphite target in DIW, 

using several laser energy values (100,200,300, and 400mJ). The images show dense and fine 

structures with some collections of nanosized carbon, which are mostly semi-spherical in form.  Also, 

the size and dense of NPs were increased as laser energy increased from 100 to 400 mJ, with the 

appearance of agglomerated large particles scattered on the surface. Raman spectroscopy is a very 

interesting non-destructive technique utilized to show the percentages of different chemicals within a 

substance of carbon-based nanomaterials. Figure-2 explains the Raman spectra of Carbon 

nanoparticles prepared at altered energy levels (100,200,300, & 400mJ). The spectra were obvious for 

the D-band at ~1300cm
-1

 and G-band at ~2700cm
-1

. In general, the D-band involves scattering from a 

defect, while the G-band is characteristic of sp
2
 carbon materials. The frequency changed toward a 

higher wavenumber as laser energy increased. Also, the strength was increased due to the high 

concentration of CNPs [31, 32]. 
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Figure 1-SEM images for CNPs prepared at different laser energy levels. 

 

 
Figure 2- Raman spectra of CNPs as a function of laser energy. 

 

      Figure-3 shows the absorption spectra of CNPs produced via laser ablation at different energies 

(100, 200,300 & 400mJ). The chart of CNPs indicated an absorption peak at ~275nm, resulting from 

C=O band of π – π* transition, with a high peak intensity for the carbon nanostructure sample, 

produced at 400mJ/pulse, which means that the concentration produced was higher than that using the 

other energy values [23].  
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Figure 3-Absorbance spectra of CNPs at different laser energy 

 

     Figure-4 clarifies the AFM images for CNPs created at different laser energy values. It is obvious 

that the morphology and particle size are laser energy-dependent. Also, the distribution of particle size 

was evaluated from AFM realization, as given in Figure- 4, demonstrating a wide size distribution 

with an almost Gaussian model, where the size increased as the energy increased (Table-1). 

 

Table 1-Average size range (nm) versus laser energy (mJ) 

Laser energy(mJ) Average size range (nm) 

100 2-166 

200 2-108 

300 10-110 

400 2-166 
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Figure 4-AFM images with size distribution of CNPs produced at various laser energy values. 

 

3. Conclusions 

      One-step manufacturing of CNPs was verified utilizing laser ablation of graphite in water. AFM 

and SEM outcomes showed that the size distribution and morphology of the prepared CNPs can be 

organized via selecting suitable laser energy values. Raman analysis established the presence of two 

typical peaks that are associated with transverse and longitudinal modes of CNPs structures. The 

absorption data revealed that the intensity of spectra increased as laser energy increased, due to the 

increases in nanoparticles concentration linearly with energy.  
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