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ABSTRACT 

In the present work, Brus equation has been used to study the size 

effect of the quantum dot on the optical properties of some 

semiconductor compounds ( CdS, ZnS and ZnO). It is found that the 

absorption wavelength and bandgap energy are dependent on the size 

of the QD. As the size of the QD decreases, the bandgap energy 

increases and the absorption wavelength decreases. There is good 

agreement of the theoretical results of the bandgap energy and 

absorption wavelength obtained in this study using Brus equation with 

the published experimental results for the semiconductor compounds 

mentioned above.     

 

1. Introduction   
A semiconductor nanostructure that confines the 

motion of conduction band electrons is called A 

quantum dot (QD), excitons (bound pairs of 

conduction band electrons and valence band holes), 

or valence band holes, in all three spatial directions. 

In 1980s Alexei Ekimov discovered the QDs in a 

glass matrix [1]. 

In the past few years, Quantum- pent semiconductor 

structures, including quantum wells, quantum dots 

_QDs_ and quantum rods extensively investigated. 

Due to the special applications of nanodevices that 

differ from those of molecules and bulk solids, it has 

attracted great interests. Because the novel properties 

of nanomaterials depend on their size, structure, and 

shape, an understanding of their mechanism is worthy 

issues in nanoscience and nanotechnology [2]. Size-

dependent blue shifts of absorption spectra and 

photoluminescence detected the quantum 

confinement effect. Recently, Semiconductor 

nanoparticles are attracted important heed for their 

role in technical applications and fundamental studies 

[3]. 

These semiconductor QDs have discrete electronic 

states, in contrast to the bulk band structure, with an 

effective bandgap blue shifted from that of the 

bulk[4,5]. The size-dependent optical properties of 

QDs are actively studied during the past decade. The 

synthesis and subsequent functionality of QDs for a 

variety of applications include photostable 

luminescent biological labels, photovoltaic devices 

[6-9].   

If the dimensions are reduced sufficiently, the 

semiconductor nanoparticle band gap increases due to 

altering the light absorption, quantum confinement 

and emission properties of these ultra-small 

semiconductor nanoparticles that are now known as 

Quantum Dots (QDs).  According to the Brus 

equation, the quantum reservation involves restricting 

the motion of a part particle size was also calculated. 

The fabricated a dye-sensitized solar cell using _ 

2014 The Korean Society of Industrial and 

Engineering Chemistry [10]. A number of researchers 

have studied the optical bandgap is broaden with 

decreasing particle size leading to a blue shift in the 

bandgap absorption spectrum, as a consequence, 

optoelectronic properties can be specifically tuned to 

have desired energy output by varying the dot size 

The vast applications of quantum dots in technology 

is emission based. The confinement energy is 

important because it determines the emission energy 

as well as the wavelength of the quantum dot[11-16]. 

Aim of the study  
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This research trying to look out at how the Brus 

equation can be used to obtain the band gab energy 

and wavelength at various dots radii and compare 

theoretical study with experimental. 

2. Theoretical  
1.2. Brus  equation  

The emission energy of quantum dot nano 

semiconductor, a function of the radius (𝑅) and band 

gap energy of bulk semiconductor (𝐸𝑔 bulk ) can be 

calculated by Brus equation which is used to calculate 

the theoretical energy gap as following :  [17-18] . 

∆𝐸𝑔(𝑞𝑑) = 𝐸𝑔(𝑏𝑢𝑙𝑘) +
ℎ2

8𝑅2 (
1

𝑚𝑒 
∗ +

1

𝑚ℎ
∗ ) − − − −(1)  

"∆Eg(qd) = band gap energy of quantum dot".  

"Eg(bulk)= band gap energy of bulk semiconductor." 

"h = Planck constant .  

"me 
∗ = effective mass of excited electron." 

"mh
∗ = effective mass of excited hole. "  

"R = radius of quantum dot.   

"e = electronic charge.  

Equation used to calculate the wavelength of the 

materials (ZnS, ZnO and CdS) [14]. 

𝜆 =
ℎ𝑐

𝐸𝑔
 ------(2). 

λ  = wavelength.  

Eg = band gap energy.  

C = Velocity of light (3x108 m/s) . 

3. Calculation and Results 
1.3.Evaluation of bandgab energy and  wave 

length  

Table 1 shows the material parameters used for the 

cmputation of the band gap energy and wave length 

of quantum dot  

           

Table 1:  ZnS, ZnO and CdS  quantum dot material parameters 

Quantum dots m*
h m*

e 𝑬𝒈(𝒃𝒖𝒍𝒌) at 300 K Ref 

ZnS 0.23 mo 0.34 mo 3.68 (19) 

ZnO 0.45mo 0.24m0 3.35 (3) 

CdS 0.64 mo 0.21 mo 2.48 (20) 
    

Considering the values of m
*

h, m
*

e and Eg (bulk) 

shown in Table-1 and substituting them into equation 

1 (brus equation) , the obtained results for variation of 

bandgap energies as a function of quantum dot size 

for CdS , ZnS, and ZnO are are plotted in Figures - 1 , 

2  and 3 respectively. The experimental bandgap 

values [3,21,22] are in good harmony with theoretical 

bandgap values, It is evident that the bandgap energy 

decreases with increase QD size . Figures - 1 , 2  and 

3 respectively indicates the change in the energy gap 

due to the decrease in the quantum dot size, it is noted 

that; the energy gap value changes lightly when the 

quantum size decreases from 7 nmto 3 nm. But when 

the size is smaller than a size 3 nm, the energy gap 

begins to increase very significantly until it reaches 

the highest values at 1 nm. In fact, that is due to the 

effect of quantum confinement that shifts the energy 

state to higher (lowest) levels at the conduction band 

(valence band), which increases the size of the energy 

gap [15]. 

 

Fig. 1: The variation the bandgap and Dot Size (nm) for 

CdS 
 

 
Fig. 2: The variation the bandgap and Dot Size (nm) for 

ZnS 

 

 
Fig. 3: The variation the bandgap and Dot Size 

(nm) for ZnO. 
 

Substituting Eg, h, and c in equation 2. The obtained 

results for variation of wavelength with quantum dot 

size for  CdS , ZnS, and ZnO are shown in  Figure - 4 
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, 5 , and 6 respectively. The experimental wavelength 

values [21,23] are in good coincidence with 

theoretical wavelength values, it is evident that the 

bandgap energy increases with increasing the QD 

size. . In fact, that is due to the effect of quantum 

confinement that shifts the energy state to higher 

(lowest) levels at the conduction band (valence band), 

which increases the size of the energy gap [15] 
 

 
Fig. 4: The wave length variation with 

 

quantum 

dot

 

size of CdS 

 

 

Fig. 5: The wave length variation with quantum dot

 size of ZnS 
 

 
Fig. 6: The wave length variation with quantum 

dot

 

size of ZnO 
 

4. Discussion  

1- Figures - 1 , 2 and 3 show that the results of  band 

gab Eg  variation with quantum dot

 

size for  CdS , 

ZnS, and ZnO  calculated by using brus  equation 

were the closest to the experimental . Also its show 

that the effect of quantum dot

 

size on band gab for 

CdS , ZnS, and ZnO. The band gab inversely 

proportional to the quantum dot size.  

2-  Figures - 4 , 5 and 6  show that the results of 

wavelength  varied with quantum dot

 

size for  CdS , 

ZnS, and ZnO calculated by using  equation 2, are the 

close to the experimental and it shows  that the effect 

of  quantum dot

 

size  on  wavelength  for  CdS , ZnS, 

and ZnO the wavelength  increases with increasing 

the quantum dot size. This result is consistent with 

the research findings [11-16]. 

5. Conclusions 
The results of present study work show the possibility 

of using the brus equation to calculate band gab and 

wavelength of quantum dot.  

Acknowledgments  

The researcher like to thank -University of Mosul and 

Ninevah – Iraq, for providing the requirements to 

complete this work. 

 

Reference  

[1] Surana, K., Singh, PK., Rhee H-W., 2014, 

Bhattacharya BJJoI, Chemistry E. 20(6) Synthesis, 

characterization and application of CdSe quantum 

dots. ; 4188-93. 

[2] Raj, S., Yun, JH., Adilbish G., Ch, RK.,2015,  

Formation of core@ multi-shell CdSe@ CdZnS–ZnS 

quantum dot heterostructure films by pulse 

electrophoresis deposition. ;83,pp618-26. 

[3] Lin, K-F., Cheng, H-M., Hsu ,H-C., Lin, L-

J.,2005, Hsieh W-FJCPL. Band gap variation of size-

controlled ZnO quantum dots synthesized by sol–gel 

method. 409(4-6):pp208-11. 

[4] Djurišić, AB., Leung, YHJs.,2006, Optical 

properties of ZnO nanostructures. 2(8‐9):pp944-61. 

[5] Chen, R., Tran ,T-TD., Ng, KW., Ko ,WS., 

Chuang, LC., 2011 Nanolasers grown on silicon. 

5(3):170. 

[6] Arakawa,Y., Nakamura, T., Urino, Y., 2013 Fujita 

TJICM. Silicon photonics for next generation system 

integration platform. 51(3):pp72-7. 

[7] Ning C-ZJpss. Semiconductor nanolasers. 

2010;247(4):774-88. 

[8] Song, Q., Cao, H., Ho, S-T., 2009 ,Solomon 

GJAPL. Near-IR subwavelength microdisk lasers. 

2009;94(6):061109. 

[9] Chena, L-Y., Chou, H-L., Chenc, C-H., Tseng, C-

H.,2012, Surface modification of CdSe and CdS 

quantum dots-experimental and density function 



  
 

  
Tikrit Journal of Pure Science Vol. 27 (3) 2022 

 

18 

theory investigation. Nanocrystals-Synthesis, 

Characterization and Applications: IntechOpen. 

[10] Shortell, MP., 2014Zinc oxide quantum dot 

nanostructures: Queensland University of 

Technology. 

11.Fernando, RM., Juan, C F., José, A., David, V., 

and Susana ,F.,2020. Crystals , 10 pp 1-17. 

[12] Roaa, Sh., Hammadand1., Nidhal M., Abdul-

Ameer.2021, Ibn Al-Haitham International 

Conference for Pure and Applied Sciences (IHICPS) 

1879 ,032078. The influence of temperature and size 

on the absorption coefficient of CdSe quantum 

dots,pp1-7. 

[13] Reyhaneh, T., Xingjian, Z., Joshua C., 

Alexander, M.,  and Allison, M D. 2021. Chem. 

Mater., 33, Correlating ZnSe Quantum Dot 

Absorption with Particle Size and Concentration 

,pp7527−7536. 

[14] Alexander, L.,and Louis, E B. 2021 ACS 

Nano15, Nanocrystal Quantum Dots: From Discovery 

toModern Development,pp 6192−6210. 

[15] Ikeri,HI., Onyia, AI., Onuabuchi VC. 2021, 

International Journal of Engineering and Applied 

Sciences (IJEAS) ISSN: 2394-3661, Volume-8, 

Issue-7, Bandgap Engineering of the II-IV, III–V and 

IV–VI Semiconductor Quantum Dots for 

Technological Applications,pp1-6. 

[16] Harry, ST., Adekanmbi MA ., 2020,International 

Journal of Research-GRANTHAALAYAH , Vol 

8(11),  CONFINEMENT ENERGY OF QUANTUM 

DOTS AND THE BRUS EQUATION, pp  318 – 323 

[17] Kippeny, T., Swafford, LA., 2002,Rosenthal 

SJJJoCE. Semiconductor nanocrystals: a powerful 

visual aid for introducing the particle in a box. 

79(9):1094. 

[18] Brus,1986 LJTJoPC. Electronic wave functions 

in semiconductor clusters: experiment and theory. 

1986;90(12):pp2555-60. 

[19] Chukwuocha EO, Onyeaju MC, Harry 

TSJWJoCMP. Theoretical studies on the effect of 

confinement on quantum dots using the brus 

equation. 2012;2(02):96. 

[20] Bacaksız, C.,2011 Excitonic luminescence in 

spherical core-multi-shell quantum dot structures: 

Izmir Institute of Technology. 

[21] Kumbhojkar, N., Nikesh, V., Kshirsagar 

,A.,2000, Mahamuni SJJoAP. Photophysical 

properties of ZnS nanoclusters. 88(11):pp 6260-4. 

[22] Baskoutas, S., 2006,Terzis AFJJoap. Size-

dependent band gap of colloidal quantum dots. 

.99(1):013708. 

[23] Ekpekpo, A., 2013 Akpojivi LJJoETiE, Sciences 

A. Synthesis and characterization of CdS and CdSe 

quantum dots by uv-vis spectroscopy. 4(2):pp273-80. 

 
 

 باستخدام معادلة بروس CdSو  ZnOو  ZnSدراسة نظرية للخواص البصرية للتراكيب النانونية ل 
 2, تماضر عباس حمودي 1احمد عيسى عاصم

 ، العراقالموصل ، جامعة الموصل ،  كلية العلوم الطاقات المتجددة ,قسم  1
 , العراقالموصلقسم الكيمياء والكيمياء الحياتية, كلية طب نينوى, جامعة نينوى,  2
 

 الملخص
، CdSالموصيي ت  فييه اييلا التحييس تييم اسييتةدام معادليية تييرو  لدراسيية تييكمير حجييم النوطيية الكمومييية ملييا الةييوا  التصيير ة لييتع  مركتييات   ييتا  

ZnS ،ZnO لويد وجيد  ط طيوو موجيية اصمتصيا  وطاقية فجييوة النطياق يعتميداط ملييا حجيم .)QD حييس تييدداد طاقية ال جيوة كلمييا قيل حجيم النوطيية ،
الحصييوو الكميية  ويوييل طيوو موجيية اصمتصييا . فيه اييل  الدراسية انييان توافيين جييد للنتييافج النطر يية لطاقية ال جييوة وطيوو موجيية اصمتصييا  التيه تييم 

 مليها تاستةدام معادلة ترو  مع النتافج التجر تية المن ورة لمركتات   تا  الموص ت الملكورة  م  .
 

 


