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Abstract 

    The Anderson-Newns model is used to study the chemisorption process for hydrogen atom on perfect 

graphene with tunning the adatom magnetic moment. The perfect graphene density of states is utilized to 

determine the (adatom/graphene) system electronic structure and the quantum coupling effects which are 

expressed by the broadening chemisorption function and the quantum shift. The self-consistent solutions for 

the  hydrogen atom occupation numbers show that the physical solution is magnetic for all normal distances 

from the graphene sheet. Also, the metallic part of the chemisorption energy is the dominant one for all 

distance values, which gives the obvious description to the type of bonding formed with the graphene. The 

existence of the magnetization on H/graphene is insured by calculating the density of states of the imperfect 

graphene. 
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1. Introduction 

The graphene, a type of carbon based 

material, has attracted great attention from 

both experimentalists and theoretists since its 

experimental discovery in 2004[1]. 

Structurally, graphene consists of a single-

layer graphite sheet(SLG), thus the electrons 

are restricted to the atomic thin sheet, forming 

two dimensional electron gas (2DEG)[2]. It is 

the basic material to form nanotube, fullerene 
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and graphite. Graphene is a substance that 

attracts attention not only as a part of the nano 

carbons but also for its own interesting 

electronical and mechanical properties[3]. 

The fast development of graphene research 

leaves no doubt that this material will 

revolutionize several markets such as 

electronics, medicine sensors, biodevices, 

catalysis [4], and energy storing [5,6,7]. For 

the utilization of these systems a deeper 

understanding of their stability and electronic 

properties is needed. The interest in hydrogen 

sensors has been increased in diverse 

applications related to hydrogen technologies 

including hydrogen purification, storage and 

fuel cell. One of most interesting graphene 

applications is the hydrogen storage, the 

common way of storage hydrogen in solids is 

the chemisorption of dissociated hydrogen in 

noble metals and alloys. 

The Chemisorption of species on solid surface 

can be defined as the bonding of atoms or 

molecules to a solid surface and refers to 

bonds of chemical strength, as opposed to 

physisorption which refers to weaker bonds 

that can only be stabilized on the surface at 

low temperatures. Because chemisorption 

involves energies that are sizable on chemical 

scale the chemisorption process is often 

associated with the breaking of bonds. The 

description of the chemisorption bond on 

solid requires a detailed understanding of the 

electronic structure of atoms and molecules 

outside solid surface. The determination of 

the geometrical structure of solid surface with 

chemisorbed species is developing into an 

enormous industry related to surface 

crystallography. Theoretically, two different 

approaches are taken into consideration. The 

first one is to include everything in the 

electronic structure calculations of the 

electronic structure. All of the calculations 

make approximations in their treatment of the 

electron – electron interactions [8]. The 

second is to devise simple models that can 

capture only the essential physics.  

In our work, we will use one of the second 

type models  to study the time – independent 

chemisorption process on graphene 

incorporating the spin on the adsorbed atom, 

this model is Newns – Anderson one [9,10]. 

Our model calculation takes the following  

into consideration, 

1. All the parameters that concerned to the 

type of atom which adsorbed on graphene 

sheet.  

2.The (adatom/graphene) system electronic 

structure and the quantum coupling effects 

which are expressed by the broadening 

chemisorption function and the quantum shift.  

Our work comprises three main lines of 

investigation. The first is the calculation of 

the local density of states on the graphene 

sheet. Since the broadening and the quantum 

shift are calculated as a function of system 

energy and the normal distance between the 

atom and the graphene sheet. The second is 

the calculation of the magnetization on the 
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adsorbed atom, while the third is to calculate 

the metallic part of the chemisorption energy 

in the presence of magnetic field. 

 

2. The Theoretical Treatment 

In the second quantization form, the model 

Hamiltonian of the combined system(adatom/ 

perfect graphene) is given by :[9-11], 
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where, 

kE  and 


kn  are the energy levels and 

the corresponding occupation numbers in the 

graphene energy band with set of quantum 

numbers 𝑘 and spin  , respectively. 

aE is 

the spin dependent energy level of the 

adsorbed atom and 

an  is the corresponding 

occupation number. 

It is well known that there is energy spacing 

between the atom`s ionization 𝑉𝑖 and the 

affinity 𝑉𝐴 energy levels (far away from the 

graphene sheet) due to electron-electron 

interaction. This energy spacing is given by 

[8], 

AViVU                                       …… (2) 

As the atom approaches to the graphene sheet, 

the ionization and affinity energy levels are 

shifted towards each other, which means that 

the value of U decreases as the atom moves 

towards the graphene sheet due to the 

electron-electron correlation interaction [12]. 

This effective value will be denoted as Ueff , 

and as our study is concerned to the 

chemisorption of atom on graphene sheet, the 

intra-atomic correlation interaction will be 

taken into consideration in our model 

calculation.  

The correlation energy can be calculated as a 

function of the normal distance (Z) between 

the adatom and the surface by using the 

following relation [13], 

)(2)( ZEAViVZ
eff

U          …… (3) 

With, ∆𝐸(𝑍) is the image shift which takes 

the image effect into consideration.  

The image shift due to the interaction between 

the electrons in the adatom and the graphene 

sheet (at certain separation, i.e. normal 

distance which represents by Z) is given by 

[14] , 
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Where , Z0 represents the closest approach. 

Then by taking the image effect, correlation 

and magnetic field effect into consideration, 

the atomic energy level 𝐸𝑎
𝜎  (𝐸𝑎

−𝜎) with spin 

up ( spin down) is written as [15,16], 
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o

aE  equals to (∅0 − 𝑉𝑖) , ∅0 is the surface 

work function, and ∆𝐸𝐻 is Zeeman splitting 

due the magnetic field effect on the adatom. 

The occupation number of the atomic energy 

level of spin 𝜎  (𝑖. 𝑒. 𝐸𝑎
𝜎) is given by :  
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With u is the band bottom energy. 
ad  is 

the local density of states on the adatom 

(which will be highlighted extendedly) and 

),( TEf  is the Fermi distribution function, 
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Bk  is Boltizman constant and T  is the 

temperature. 

The local density of states associated with 

each atomic level of spin 𝜎 (−𝜎) is a 

Lorentzian distribution centered at 𝐸𝑎
𝜎(𝐸𝑎

−𝜎); 

𝜌𝑎𝑑
𝜎 (𝐸) =

1

𝜋

∆(𝐸)

[𝐸−𝐸𝑎
𝜎−Ʌ(𝐸)]2+[∆(𝐸)]2      ……(8) 

where ∆(𝐸) and Ʌ(𝐸) are the energy 

dependent broadening and quantum shift in 

the adatom energy level due to coupling 

interaction between the adsorbate and the 

graphene sheet; 
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where [17], 
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kv  is the energy phase of the interaction and 

oV  is the strength of the coupling interaction. 

Then equation (9) can be rewritten as, 

∆(𝐸) = 𝜋|𝑉𝑜 |
2

𝜌𝐺(𝐸)                       ……(12) 

)(EG  is the graphene sheet density of states. 

The density of states for the perfect graphene 

was formulated in ref.[18] as, 
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n refers to the best fitted regions. with , 
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All the coefficients 
nn fpinnn EEECa ,,,, are  

presented in Table. (1). 

The self-energy due to the coupling 

interaction between graphene sheet and an 

adatom can be written as[19], 
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By substituting eq.(13) in eq.(15) one can 

solve the integration analytically to get, 

  )()()( EEiE                  …… (16) 

Now, we can write, 
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Which is solved analytically to get ,  
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3.The Chemisorption Energy 

The chemisorption energy can be defined as 

the change in the ground state energy on 

switching the coupling between the graphene 

sheet and the adatom. It is well-known that 

the bond formed between the adatom and the 



Journal of Basrah Researches ((Sciences)) Vol. (46). No. 1 (2020) 

 

83 
 

metal surface can be divided into an ionic part 

and metallic part. 

The expression for the metallic part of the 

chemisorption energy is given by [15], 
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The initial state (at Z ) is an atom and a 

graphene sheet separated by "infinite" 

distance, so we write, 
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With   is unit step function.  

Now, the chemisorption energy can be 

calculated by using the following relation, 

)()()( ZWZmEZ
ch

E                     … (23) 

Notably, the final state is an interacting 

adatom and graphene sheet separated by the 

equilibrium distance Zo ,so the bonding 

energy is written as [18] , 

)()()(   iViVZ
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E
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E     ... (24) 

4. The Calculations and Results   

In order to achieve all the calculations, 

equations (5) and (6) are solved self-

consistently. By using the impurity Anderson 

model, all the functions that describe the 

chemisorption process for any atom on the 

graphene sheet can be included in the self-

consistent solution. The work function of 

graphene sheet used in our calculations can be 

approximately equal to 5.0 eV[20] and firstly 

∆𝐸𝐻 is fixed at 0.05 eV. The electronic levels 

are filled using Fermi-Dirac statistics with a 

value of temperature T= 300 K. All the 

parameters concerned to the electronic 

properties of the system that used in our 

calculations are presented in table(2). Ri 

represents the hydrogen atom radius. 

The H atom attaches to the carbon atom 

directly, normal to the graphene plane, in an 

on top site, i.e. the H atom is placed at Zo 

(=3.57 Ao) directly above the graphene sheet. 

Zo is considered as the closest approach 

distance. 

The adsorbate (i.e. local) density of states 

)(Ead

 , which incorporates the broadening 

in the adatom level due the hybridization with 

the sea of electrons in graphene, is shown in 

fig.(1) at the distance of equilibrium. This 

figure shows that )()( EE adad

   , i.e. 

they are not identical, which means that the 

self-consistent solution is a magnetic one (i.e. 

  aa nn ). 

In order to investigate the magnetic behavior 

on the hydrogen/graphene system, the 

magnetization )(
 

 ananM  must be 

calculated (see fig. (2)). As the self-consistent 

solution is magnetic for all Z values, the 

magnetization will be dominant for all 

distances. 

The hydrogen effective charge number, which 

is related to the ionic part of the 

chemisorption energy, is also calculated as a 

function of the normal distance. At the 
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graphene sheet, the effective charge number is 

nearly zero which gives important physical 

information about the type of bonding on the 

graphene sheet. This confirms that the ionic 

chemisorption energy is vanished.  

The metallic energy is the dominant one for 

all Z values, which gives the obvious 

description to the type of bonding formed 

with the graphene (see fig (3)). 

Finally, the density of states of the imperfect 

graphene can be easily calculated for the 

hydrogen/graphene system by using the 

following equation [18] : 

)()()()( EGE
ad

E
ad

Eim 





 


         ...... (25) 

The density of states of the imperfect 

graphene for H/graphene at  Z=Zo is presented 

in fig (4). 

In order to investigate the role of magnetic 

field effect, the energy ∆EH is varied and the 

above-mentioned calculations are achieved 

for each value of ∆𝐸𝐻 at the closest approach. 

The results that reflect the most important 

physical features are summarized in table (3). 

Table (3) insures that increasing the magnetic 

field enhances the self – consistent magnetic 

solution, since all values of 

aE (


aE ) are 

lying below (above) Fermi level. So the 

magnetization is increasing with ∆EH 

As the splitting energy due to magnetic field 

increases the metallic energy contribution 

increases, i.e. the bonding energy increases. 

The most important physical feature in our 

results can be concluded by getting use of the 

calculated density of states. Since, the energy 

corresponding to the maximum (minimum) 

value of the density of states for spin up (spin 

down) 𝐸𝜌𝑚,𝜎 (𝐸𝜌𝑚,−𝜎 ) is shifted up (down). 

These results can be utilized experimentally 

to guess the splitting energy and then the 

magnetic field strength.  

5.The Conclusions 

    The self-consistent solution for  

Hydrogen/graphene system shows that the 

physical solution of the occupation numbers 



an  as a function of distance, that minimizes 

the system's energy, is always the one for 

which 

an  is larger than 



an . As the self-

consistent solution is magnetic for all Z 

values, the magnetization will be dominant 

for all distances.  

Since, the hydrogen effective charge number, 

Zeff (z), which is related to the ionic part of 

the chemisorption energy, is nearly zero at 

surface which gives important physical 

information about the type of bonding on the 

graphene sheet. This confirms that the ionic 

chemisorption energy is vanished. The 

metallic energy is the dominant one for all Z 

values, which gives the obvious description to 

the type of bonding formed with the 

graphene. 

Notably, we must state that our simplified and 

extended calculations, which give obvious 

features about the chemisorption process of 

hydrogen on graphene, led to the estimation 

of the imperfect density of states that reflects 

the imperfect graphene sheet electronic 

properties which can be considered as an 

entrance to study different scientific 

techniques. 
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Finally, the perfect graphene density of states 

was included in our calculation. However, 

another formulism, will be presented in the 

next future work for the deformed graphene 

sheet which is useful for investigating the 

mechanical properties of the system under 

consideration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): The spin dependence adsorbate density of states 

)(Ead

 and )(Ead

 
for the H/graphene system at 

Z=Z0 . 

 

 

 

 

 

 

 

Fig. (2): The magnetization on the adatom for the 

H/graphene system. 

 

 

 

 

 

 

 

 

 

 

Fig. (3): The metallic chemisorption energy as a function of 

distance for the H/graphene system. 
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Fig. (4): The density of states of the imperfect graphene for 

the H/graphene system. 

 

Table (1) : The best fitting parameters for graphene density 

of states. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (2): The H/graphene system parameters. 

 

 

Table (3): The adatom energy levels, the magnetic moment, 

the metallic energy, the bonding energy and 𝐸𝜌𝑚,𝜎   and  

𝐸𝜌𝑚,−𝜎  as a function of  ∆𝐸𝐻 . 
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 مجال مغناطيسي استخدامتام بالكرافين العلى كيميائياً ملتصقة الهيدروجين الضبط العزم المغناطيسي لذرة 

 

 جنان مجيد المخ4اسراء محمد علي،  3هشام يوسف المهدي، 2اباذر رحمن احمد، 1

 قسم الفيزياء، كلية التربية للعلوم الصرفة، جامعة البصرة، البصرة، العراق 1،2،3،4

 الخلاصة:

مع ضبط العزم لدراسة عملية الالتصاق الكيميائي لذرة الهيدروجين على الكرافين التام  نيونز -اندرسوننموذج اتم استخدام     

وتأثيرات للنظام ذرة ملتصقة/كرافين التركيب الالكتروني  عيينلت التامكثافة الحالات للكرافين المغناطيسي للذرة الملتصقة. وظفت 

لأعداد اشغال ذرة الهيدروجين أن  ةالذاتي يةحلول التوافقأظهرت ال. وصفت بدالة التعريض والازاحة الكميةالتي والكمي الاقتران 

الجزء المعدني من طاقة الالتصاق  ، يكونكذلك شريحة الكرافين.من  اً لكل المسافات العموديةمغناطيسي يكونالحل الفيزيائي 

وجود التمغنط على إن  مع الكرافين.صرة المتكونة لكل قيم المسافة، والذي يعطي وصفاً واضحاً لنوع الا اً الكيميائي سائد

     حساب كثافة الحالات للكرافين غير التام.ب هديتأكتم كرافين( هيدروجين/)

 

 ، مجال مغناطيسي.نيونز -اندرسوننموذج اكرافين، التصاق كيميائي،  الكلمات المفتاحية:

 

 

 

 


