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Abstract 

     Fluorescent Carbon Quantum Dots (CQDS) are a new kind of carbon 

nanoparticles that have appeared recently and have collected much interest as 

potential competitors to conventional semiconductor quantum dots (QDs). In 

addition to their comparable fluorescent properties, CQDs have the desired 

specifications of environmental friendliness, low toxicity, simple synthetic routes, 

low cost and surface passivation  The functionalization of CQDS allow  the control 

of their physicochemical properties. The main aim of this kind of researches is to 

account the variables that cannot be measured directly from practical experiments. 

Therefore, the work here is focused on the account energy gap of bulk (Eg bulk) by 

theoretically method (simulation) after taking other values that have been measured 

experimentally, so we can set an important database for these values which can be 

taking will be using form by researchers in this field in the future. 
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 الخلاصة
الشقاط الكسؽمية الكربؽنية الستفمؽرة ىي نؽع جديد مؼ السؽاد الشانؽية الكربؽنية التي ظيرت مؤخراً وحعيت      

(. وبالإضافة إلى QDsباىتسام كبير كسشافس محتسل عمى الشقاط الكسؽمية التقميدية لأشباه السؽصلات )
خرائص الفمؽرة لمكربؽن الشقطي، فإن لديو السؽاصفات السطمؽبة مؼ صداقتو لمبيئية، وسسيتة السشخفزة، 
وطريقة تحزيره البديطة وتكمفتة السشخفزة. وتدسح خاصية الذد الدطحي ليذه الشقاط بالتحكػ في خرائرو 

ؽع مؼ الأبحاث ىؽ حداب الستغيرات التي لا يسكؼ قياسيا الفيزيائية الكيسيائية. إن اليدف الرئيدي ليذا الش
في الحداب نعرياً )اجراء  Egbulkمباشرة مؼ التجارب العسمية. لذلغ، يركز العسل ىشا عمى فجؽة الطاقة 

محاكاة  حاسؽبية( بعد أخذ قيػ أخرى تػ قياسيا تجريبياً. لذلغ يسكششا ضبط قاعدة بيانات ىامة ليذه القيػ التي 
 الاستفادة مشيا مؼ قبل الباحثيؼ في ىذا السجال في السدتقبل.يسكؼ 
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Introduction 

     Semiconductor nanoparticles, especially QDS are a zero-dimensional of holes Electrons in a small 

box which invite the effect of quantum confinement, have attracted great attention due to their 

individual chemical and physical characteristics which are dependent on the size of materials. Hence, 

there are many physical and chemical significant applications, for examples: light emitting diodes, an 

optical wave guide, solar cells, and photo catalysis. The quasi-continuous density of states in the 

conduction and the valence bands are split into discrete electronic levels, the spacing between these 

levels and the band gap (Eg) decreases with increasing particle size [1]. Moreover, for 

semiconductors, the band gap decreases when the particle size increases   resulting to the conversion 

of energy bands  into discrete molecular electronic levels [2]. In this system the carriers are confined 

in all directions in a quantum dot (QDS) or quantum box [3]. Based on the ratio of confinement length 

(d) to the Bohr radius (rB) of the exaction in bulk (d/rB), there are two distinct regimes (charge carries 

confinement regime and the exaction confinement regime, when    ⁄  1, the motion of exciton is not 

confined because the boundary condition, when    ⁄   1 the number of excitons or bound states is 

formed due to the kinetic energies of the hole and the electron are larger than the Coulomb energy [4]. 

The wave function is squeezed because of the very strong confinement, the hole and the electron 

singly take up the less energy state in a confined potential [5]. An important property of  quantum dots 

(QDs) is its large surface area to volume ratio). The result of this advantage is that (QDS) have obvious 

surface-related phenomena [6]. Laser ablation liquid is a versatile method capable of producing carbon 

quantum dots with size that is controlled according to the laser parameter like laser energy wavelength 

and pulse duration, [7]. Carbon quantum dots are typically quasi-spherical nanoparticles comprising 

amorphous to nanocrystalline cores with predominantly graphitic or turbo stratic graphene or carbon 

[8]. 

Experimental work 
     Synthesis of (CQDs) by Laser ablation in liquid was utilized using a pulsed Nd: YAG laser at1.064 

μm and a repetition rate of 1 kHz for the production of carbon quantum dots. The graphite target in 

cylindrical form was placed on the bottom of a glass cuvette. The cuvette was filled with 3 mL of 

deionized water to produce carbon quantum dots, for laser energy (60) mJ at (2) min laser ablation 

time 

Aim of the work   

To find an energy gap of bulk by the Mat-lab software using experimental results 

Experimental 

Band gap measurement 

    The UV-Visible absorption spectrum of the synthesized CQDs was recorded in the wavelength 

region (100–900) nm. Figure-1 shows the optical absorption spectrum (UV) of the target in DIW, at 

laser energy (60 mJ) for 2 min. 

 

 
Figure 1-Absorbance spectrum of carbon quantum dots colloidal at 60 mJ for 2 min 
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After measurinr the absorbance using optima SP-3000 plus, double beam UV-VIS spectrometer was 

utilized to investigate the optical absorption spectra of carbon quantum dots colloids, this was done at 

ambient conditions employing quartz cell with optical path (1cm).  From Figure-1 The optical direct 

energy gap (     ) value  was measured by the evaluation of the straight line of (αhυ)
2
 plot against 

photon energy for the carbon quantum dots prepared at laser energy (60) mJ, (2) min laser ablation 

time,  was equal  to 3.1 eV for carbon quantum dots conductor, show in Figure-2. 

 
Figure 2- Optical band gap of CQDs at laser energy 60 mJ for 2 min. 

 

Morphological characterization of CQDs suspension: 

     Figure-3 shows the spherical CQDs papered for a 2 min ablation time The size was changed from 

1nm to 6nm (with an average size of 2 nm) and the large particle was changed to 14 nm and 16 nm. 

 
Figure 3-TEM image CQDs obtained at 60mJ for 2min. 

 

X-ray Measurements 

     An accurate formation could be obtained by observing carbon quantum dots structure by X-ray 

(XRD) method. It is a very good mechanism employed to recognize the crystal-like phases that exist  

in materials and to observe the physical composition properties of these phases. The use of Scherrer’s 

formula, equation (1),  is an efficient method to evaluate the particle size by  measuring the width of 

their diffraction curves [9]. Where δ is the crystal size, B is the half width, λ is the wavelength of the 

incident beam of the peak, and θ is the diffraction angle. Figure-4 clarifies the observation of the 
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carbon quantum dots prepared by laser ablation in liquid by X-ray diffraction (XRD) spectrum  From 

the figure, a strong, sharp peak appears  at an angle (2θ= 25.74
0
) and another peak at 43

0
 related to the 

hexagonal carbon as a reflection from (002) and (100) planes. The XRD pattern of the peak is the 

reflections from (100) plane, of which is related to the structure of carbon with hexagonal phase 

(JCPDS Card 89-8487) [10]. 

 

 
Figure 4- XRD diffraction of CQDs drop casted on glass. 

 

     From Figure-4, using Scherrer’s formula, where K= 0.89, λ= 0.154 nm, 2θ=        ,the size of 

nanoparticle(   can be caculated 

  
  

     
                                                                                                                                                                  

         
using this value the nanoparticle radius can be calculated from:  

  π                                                                                                                                                                            
R=1.46 nm radius of nanoparticle.  

Theoretical results: 

Calculation of Energy bulk (Egbulk) 

     As the particles become smaller, their electronic structure varies, so finally the charge carriers 

fabricate discrete energy states in the conduction and valence bands because of local confinement: 

there is not enough space for hole -electron pairs to shape. The optical and electronic properties of 

such very small particles are therefore more like those of a molecule than of an extended solid. Size 

effects are predictable to occur when the particle size becomes smaller than the Bohr radius (rB) of the 

first exaction in the bulk semiconductor, the Bohr radius (rB) is defined as [11]:  

   =
      

  
 

 

  
  

 

  
                                                                                                                                                    

     Where, 𝜀  and 𝜀0 are the relative dielectric constants of material and the dielectric constants of the 

vacuum,respectively; h is the Plank constant ; e,   
        

  are the elementary charge, the electron 

mass and the effective mass of the charge carriers, respectively. Semiconducting nanoparticles with 

size smaller than    are described (QDs). In (QDs), the band gap energy becomes size dependent 

[12,13]:       

                          Eg(QDS)= Eg(bulk) + ( 
 

  
  + 

 

  
 )  

  

    -    
      

     
                                                                            

                 

                        First expression   second expression    third expression 

      

     The first expression is the band gap energy of the bulk semiconductor, the third expression shifts 

the energy gap of (QDs) to smaller energy as R, while the second expression shifts Eg (𝑄𝐷𝑠) to higher 
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energy as R
2
. The third expression is very small. It is obvious that the band gap energy will always 

decrease As R gets larger. The values of energy gap and its radius from equations (1, 2) of the 

experimental work were used to find the value of energy gap of bulk theoretically  using Mat-lab 

software , according to equation (4).  

Conclusions 

     From the results we can conclude that laser energy leads to modification of the particle size and 

concentration of NPs in the solution. The band gap of quantum dots has decreased in comparison to 

the band gap of bulk because of the decrease of  particles size according to equation (4). 
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