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We present the behaviors of both dynamical and static charge susceptibilities of undoped armchair graphene nanorib-
bon using the Green’s function approach in the context of tight binding model Hamiltonian. Specifically, the effects of
magnetic field on the the plasmon modes of armchair graphene nanoribbon are investigated via calculating the correlation
function of charge density operators. Our results show that the increase of magnetic field makes the high-frequency plas-
mon mode for both metallic and insulating cases disappear. We also show that low-frequency plasmon mode for metallic
nanoribbon appears due to increase of magnetic field. Furthermore, the number of collective excitation modes increases
with ribbon width at zero magnetic field. Finally, the temperature dependence of the static charge structure factor of arm-
chair graphene nanoribbon is studied. The effects of both magnetic field and ribbon width on the static charge structure

factor are discussed in detail.
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1. Introduction

Graphene is a newly realized two-dimensional electron
system that has attracted a great deal of interest because of
the new physics it exhibits and its potential as new material
for electronic technology.l'* Graphene consists of a single
atomic layer of graphite, which can also be viewed as a sheet
of unrolled carbon nanotube. Several anomalous phenom-
ena ranging from half integer quantum Hall effect, nonzero
Berry’s phase,®! to minimum conductivity!?! have been ob-
served in experiments. The carriers in graphene behave as
massless relativistic Dirac fermions with an effective speed of
light ¢ = 10 m/s within the low-energy range (¢ < 0.5 eV).5!
The chirality and a Berry phase of 7 at the two Dirac points
provide an environment for highly unconventional and fasci-
nating two-dimensional electronic properties, such as the ab-
sence of backward scattering,®’] Klein tunneling!*! and the
7 phase shift of the Shubinkov—de Haas oscillations.!® Rib-
bons with a finite width of graphene, referred to as graphene
nanoribbons, have also been studied extensively.[*-!!l Recent
experiments show that it is possible to make graphene nanorib-
bons with various widths by using the mechanical method 2!
and the epitaxial growth!'?! method. The successive minia-
turization of graphene-based electronic devices requires clar-
ification of the effect of edges on the electronic structure and
electronic transport properties of nanometer-sized graphene.
The presence of edges in graphene has strong implications for
the low-energy spectrum of the -electrons.[>!%! There are two
basic edge shapes, armchair and zigzag, which determine the
properties of graphene ribbons. It was shown that ribbons with
zigzag edges possess localized edge states with energies close
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to the Fermi level.[ ' In contrast, edge states are absent for

ribbons with armchair edges. Because zigzag edges can induce

13-15] considerable effort has been

a strong magnetic response,
devoted to studying the effect of edges in graphitic nanomate-
rials.

The analytical wave function and energy dispersion
of zigzag nanoribbon have been derived by several re-

search groups.[!6:17]

For armchair graphene nanoribbons,
the analytical forms of wave functions within the low-
energy range have been worked out based on the effec-
tive mass approximation.['8 It is predicted that all zigzag
graphene nanoribbons are metallic with localized states on
the edges!!®!”l while armchair graphene nanoribbons are ei-
ther metallic or insulating, depending on their widths.[1618]
Based on a theoretical paper, a general analytical expression of
wave function and eigenenergy in armchair graphene nanorib-
bons has been derived.'°! Due to the quantum confinement,
the spectrum breaks into a set of subbands and the wave vec-
tor along the confined direction becomes discretized, which is
similar to the case of carbon nanotubes. 2!

In order to study electronic properties of electron gas
in the nano structures and graphene, the dynamical polar-
izability whereby the screening effects have been found is

2L.22] The static structure factor at Fermi wave vector

required.!
that gives the Thomas—Fermi screening length is important for
transport properties of two-dimensional graphene.>3?*1 The
dynamical polarizability renormalizing the phononic Green’s
function can explain the phonon softening and Kohn anomaly
phenomenon!®! at the I" point. The charge response function

was studied for gapped graphene!?®! and graphene in the pres-
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ence of magnetic field.[*’! A semi-analytical expression for the
dynamical density—density linear response function of doped
graphene sheet within Dirac approximation at finite tempera-
ture has been performed.®8! Their results demonstrated that
the fluctuations of density in bilayer case can present either
single-component massive-chiral character or standard two-
layer character, depending on energy and doping. The spin
transport of fermions is central to many fields of physics. Elec-
tron transport runs modern technology and electron spin is be-
ing explored as a new carrier of information.*”! The paramag-
netic spin susceptibility shows behavior similar to the charge
compressibility which decreases as the interaction increases
at zero temperature. Sheehy and Schmalian studied orbital
diamagnetic susceptibility of undoped graphene by using a
renormalization group approach.?% Their studies show that
the temperature dependence of diamagnetic susceptibility of
undoped graphene is quite different from the two-dimensional
electron gas and it behaves like 7'/|In(T)/?.

In the calculation of high-energy corrections to the charge
and spin response, both inter and intraband transitions con-
tribute to the frequency behavior of dynamical polarizabil-
ity. Recently, a theoretical work provided a study of both
imaginary and real parts of non-interacting polarizability of
graphene within an analytical approach.3!! The authors found
there is no noticeable angle dependence for the imaginary
part of polarizability around the van Hove singularity, i.e.,
hiw/t = 2.0, where ¢ implies the nearest neighbor hopping in-
tegral. Also it has been shown that the Dirac approximation
has a good agreement with the analytical expression for the
imaginary part of the charge response in the low-frequency
region.3!! In a theoretical work, the paramagnetic suscepti-
bility of zigzag graphene nanoribbons has been calculated. 3!
Because the edge states lead to a sharp peak in the density
of states at the Fermi level, the graphite ribbons with zigzag
edges show Curie-like temperature dependence of the Pauli
paramagnetic susceptibility. 3!

The goal of this work is to study the effects of magnetic
field and ribbon width on plasmon frequencies of undoped
armchair graphene nanoribbons at finite temperature. In order
to obtain these collective modes, we study the magnetic field
and ribbon width dependence of dynamical charge suscepti-
bility as a function of frequency in the context of tight binding
model Hamiltonian. The frequency positions of sharp peaks in
dynamical charge susceptibility introduce the plasmonic os-
cillations of the mentioned nanostructure. Furthermore the
temperature dependence of static charge susceptibility of arm-
chair nanoribbon affected by variation of magnetic field has
been studied. The effects of ribbon width on the behavior of
static and dynamical charge susceptibilities have been focused.
Green’s function approach has been implemented to calculate
the charge susceptibility, i.e., the time-ordered charge density

correlation function. In the last section, we discuss and ana-
lyze our results to show how external magnetic field and rib-
bon width affect the frequency of collective modes.

2. Theoretical formalism

The lattice structure of armchair graphene nanoribbons
consists of two types of sublattices A and B as shown in
Fig. 1. The unit cell contains n A-type atoms and n B-type
atoms. Based on the translational invariance, we choose the
plane wave basis along the x direction. In this section, we em-
ploy a single-orbital nearest neighbor tight-binding model in
order to study the electronic states of nanographite ribbons.
This model has been successfully used for the calculation of
electronic states of fullerene molecules, carbon nanotubes, and
other carbon-related materials. In the absence of the magnetic
field, the Hamiltonian is written as

H=—t Y (cjn’(,cm@(, +H.c.)7 (1)
(mm'),c

where (mm') denotes the nearest neighbors; H.c. stands for the
Hermitian conjugate; operators cfmg(cm’(;) create (annihilate)
an electron at mth site of the lattice with spin o. Also ¢ is the
nearest neighbor hopping integrals. Each index site m can be
expressed as [, A; or [, B;, where [ denotes the unit cell index
and A;(B;) implies carbon atom located at A (B) sublattice.
Moreover, i implies the position of A or B atoms along the y
direction according to Fig. 1, so that the maximum value of i
is the width of the ribbon, i.e., n. In order to obtain the elec-
tronic band structure of the system, we consider the following
expansions for the wave functions of A and B sublattices in
operator form (chx’p, cgkx_’p): [19]

1 o
¥ _ k N T
CAkep = Nj;l; e' XXIQ)A(I)LA,-,M

(NI .
By = 3o L e 9, . @)

where cth(thl) creates an electron in the p, orbit of a car-
bon atom located at A(B) sublattices with position i along the
width of ribbon, i.e., y direction (see Fig. 1) on the /-th unit
cell. The x; denotes the position of /-th unit cell along the

x direction, as shown in Fig. 1. Also cg( creates an

B)kx,p
electron at A(B) sublattices with wave vector k, and quan-
tum number p which is introduced in the following. Em-
ploying the hard-wall boundary condition,!'”! one can choose
P (i) = PB(i) = sin(*=2%4).

condition implies

Then the hard-wall boundary

N L
Qy_\/gan+la P— 1=y

Here, g, is the discretized wave vector in the y direction,

. 3)

a = 1.42 A is the bond length between carbon atoms, and n
introduces the width of ribbon. Applying the normalization
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condition, the normalized coefficients, No and Ng, have been

- \/@[19] so that N is the num-

obtained as No = Np
ber of unit cells along the x direction. After writing the matrix
form of tight binding model Hamiltonian in terms of basis kets

{lWakep)s | WB k. p) }» We get the following expression:

HZ(

ky,p,0

PN, tHE) @

where f(ky,p) = —t[2e'/2cos (i) + e~ 1],

Eq. (4) in its matrix form, we obtain the band energy disper-

Solving

sions and band wave functions as

E:I:(k)mp) = :l:|f(kxap)‘7

V2

*(ky,
7(\‘I/A,kxﬁp> + I*{k:p)

f(kmp)

Here, + denotes the conduction and valence bands, respec-

Wik, p))s = Vi) (5)

tively. Also the wave vector k, belongs to the first Brillouin
zone of atomic chain with lattice constant 3a (see Fig. 1).
Thus,
tions in Eq. (5), the Hamiltonian in Eq. (4) can be rewritten

73% <k, < 3% is required. Based on band wave func-

as
H= Y Enlkep)egt ,a
kx,p,n==+,0
c’;‘G _ Q (CTO' f* (kX7p) CTG ) (6)
+tke,p T 2 B kx,p f(anp) Bkx,p ) *

It should be noted that the in-plane magnetic field couples not
only to the spin degrees of freedom in a quasi-two-dimensional
electron gas such as graphene nanoribbon which leads to the
spin polarization of the carriers,33%! due to finite quantum
well thickness. However, because of the absence of thickness
in graphene, the applied magnetic field couples only with spin
of the carriers and leads to their spin polarization. Therefore,
we add the Zeeman energy term to the original model Hamil-
tonian and consequently each electronic level splits into two
separate sublevels for spin up and down electrons. Such effect
can be readily considered via redefinition of electronic energy
bands as follows:

&2 (kx, p)

where up is the Bohr magneton, g refers to gyromagnetic con-

= E4(ky,p) — OoguBB, @)

stant, and B denotes the external magnetic field strength. Due
to redefined energy bands in Eq. (7), we find the Hamiltonian
form in the presence of magnetic field as

W ¥

ke,p,N==%,0

gg(kxvp)ch?;cx,pcgkx’[" ®)

Using expression for g, in Eq. (3), one can rewrite Eq. (2) as

. to
1 l) cAivkx ’

follows:

2 i T
i o . p
CAky,p (n+1)lz;sm<n+

TG
Bukx

n
o _
“Bp n+121 (

CTAC:k _ Z 1kvxl TG
]
o _ 1 ik fo
Bk = e R ©
Ko \/N ;
Using Egs. (6) and (12), we can readily express operators cx_’_kx
and cB & in terms of band operators cjl +kep
& 1 1
fo
Cph o = 4| —=
A kx (n -+ 1) p;l
. ( pm )\, 4 .
s (l’l + 1 l) (C“:kxm +Cf7y x-,l’)’
. 1 ¢ k
C]';.yk, _ Z f*( D)
e T\ D) &\ 7 k)

. pn —;— .
X sin (n i z) (C+(7ykx~,l7 - cka?p). (10)

Since each unit cell of armchair graphene nanoribbon includes
2n atoms with types A and B, Green’s function can be writ-
ten as the 2n x 2n matrix. In the Matsubara formalism, 2! the
matrix elements of Green’s function are defined by

(kx, T) = —(Tzc} 1, (T)Cx,kx (0)).
GA Bj (ke,T) = <T¢X“k¥(r)cg’kx(o)>,
Gg, A; (ky, T) = <chg[,kx(r>cj€,kx(o)>7
Gg, (k,7) = <Trcg,,kx(f)c]¥;kx (0)), (11

where 7 is imaginary time. The Fourier transformation of each
above matrix element of Green’s function is calculated by

o . VksT iw, T ~O
Gaiﬁj(kX71wn) :/0 dre™ aiﬁj(kxar)v
a,B=AB, i,j=12,....n (12)

Here, @, = (2n+ 1)mkgT denotes the fermionic Matsubara
frequency in which 7 is equilibrium temperature. Based on
the operator transformation in Eq. (10), the Fourier transfor-
mations of Green’s function matrix elements are finally given
by

GZ,’BJ' (kX7 iwﬂ)
U & [ Sflkep) (P N\ . ([ pT .
= n+lpz::1 f*(kx7p)81n nril) sl
" ( 1 1 )
i, —¢f (kv,p) i@, =& (ky, p)

GRa, (ks i)
T
1i> sin (i’lp-|-lj>

n
. pr
sin
1112::1 (n—i—
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. ( §1+)( ke, p) iwn—él"(kmp))

GBl,A ky,100,
& (ke,p) 1Z AW 2
I ; Flop) (n+ll> Sm(nﬂ’)

1
+
(= )
X " s
§+ x>p) 1(0,1767(]()”}7)
GB,-Bj (kx71a)n)

= G, (ke i), (13)

n

The quantity of interest for studying many particle proper-
ties such as plasmon oscillations and phonon softening is the
dynamical charge response function. Also this quantity de-
termines the effective electron—electron interaction and the
Friedel oscillations. Linear response theory gives us the non-
interacting charge response function () (9)) based on the corre-
lation function of density—density operators (p) as

X(O)(qxviwm)
1/kpT ,
— X [ el (p% (4,007 (-g00)),
(e}
PG(CIX)

to c
N Z ( CarketaiCanks +CB,-,kx+quB,~7kx)~ (14)

Here, N is the number of unit cells in the lattice, and @, = Z’g”
denotes the Bosonic Matsubara frequency. After substitution
of operator form of electronic density into the correlation func-

tion, we arrive at the following expression for x(o):
X(O) (q)h lwm)

' Jo N?

05 g, (T)B, 1, (7))
X (€7 g (01K, 1, (0) + 5

= Z Z%aﬁ qxalwm

o,B=ABi,j

Xé[.;gj (CIXa iwy,)

1/kgT
== X [T awel (T (pg (g1, 7)pf (~an0)), 1)
o=1.470

Y (T (DK 4 (D)

ko Kods

(00 1. (0)))

so that we have pg (qx) = Nka( a”k +4:Cok,)- Since apply-
ing magnetic field leads to long-range magnetic ordering for
graphene nanoribbon, the contribution of electrons with spin
down to the response function is different from that of elec-
trons with spin up. In order to calculate the correlation func-
tion in Eq. (15), one particle spin-dependent Green’s function
in Eq. (13) should be exploited. Wick’s theorem has been ap-
plied to express the charge response in terms of matrix ele-
ments of non-interacting electronic Green’s function. Each el-

(0)

ement of charge response function matrix, i.e., X(X,ﬁ,a can be
(et

expressed in terms of Green’s function elements as

(0)

Xa .ﬁ (Cbcaiwm)
= ZG ky+qx, — )Ggfai(kx,f)
al-ﬁj(kX7T)
= —(T(c{,¢,(D)c 5, (0)))- (16)

In order to find the collective spectrum of the quantum sys-
tem, the Fourier transformation to the energy space is re-

quired. Using the Fourier transformation in Matsubara’s

representation, ! x((x(g (gx,i@,) in Eq. (15) can be written as

foo;; (q;m i(})m)

_ZNﬁZG

Substituting Green’s function matrix elements introduced in

(ke + G, 10, +100) G4 (ke i) (17)

Eq. (13) into Eq. (17) and performing Matsubara frequency
summation over fermionic Matsubara energies @, lead to the
following expression for dynamical charge susceptibility of
electrons on the armchair graphene nanoribbon lattice accord-
ing to Eq. (15):

X(O) (%\fa iwm)

_ ZZZm(

i,Jkx p,p'=1 >
(pt \ . (P ). [P,
X sin [ ——j | sin i]sin Jj
n+1 n+1 n+1

y |:2 Z Z }’lF(é:;/ kxtqs [7/) - nF(éT(];,kx+(Ix-,I’)

nn'=+—-o=1l fon+ & LRSI

S (ks + o, ) (ks )
R
2 \/ F U+ .2 f s )

nr(&y )=
Z Z ( lwnn_:xgqxp

o
MN.kx+qx,p

i (é;kﬂrfh 71))

(o2
n=+,—o=1| Nketqep’ — OMkatqup
_ nF(éf(;-k +4x [7/) _nF(énvkx+QXap)>:| (18)
)
o, + én ktarp SN ketaep

where np(x) = m is the Fermi-Dirac distribution func-
tion. The effects of magnetic field on the charge response
function comes from factor & which has been defined in
Eq. (7) Note that the frequencies of collective charge modes
are determined by the position of peaks in the imaginary
part of the delayed form of dynamical charge susceptibility.
The delayed form of charge and susceptibility (xr(eot) (gx, ®))
are found by performing the analytic continuation i®,, —
o+ 107", Static charge susceptibility xs(o)
tained using limitation x%)(q., ® — 0). In the next section,

can be readily ob-

we present the numerical results of both dynamical and static
charge susceptibilities of armchair graphene nanoribbon.
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3. Numerical results and discussion

In this section, we present our main numerical results for
dynamical and static charge susceptibilities of undoped arm-
chair graphene nanoribbon in the presence of magnetic field.
This susceptibility is associated with the imaginary part of dy-
namical correlation function between charge operators intro-
duced in Eq. (18). In the following, the frequency behavior
of dynamical susceptibilities is studied at fixed wave number
gx = 5. The temperature behavior of static charge response
function is also studied at g, = %. The half filling constraint
has been considered for armchair graphene nanoribbon. In
other words, the electronic chemical potential is set to zero.

_hard-wall

n+k-—---

(n1)A (n—i—El)B_ hard-wall

X

Fig. 1. (color online) Structure of an armchair graphene nanoribbon,
consisting of sublattices, A and B. n is the width of the ribbon. Ev-
ery unit cell contains n A and B sublattices. Two additional hard walls
(j =0,n4 1) are imposed on both edges.

The imaginary part of noninteracting polarizability
(Im %9 (/3, ®)) of armchair carbon nanoribbon with width
n =4 for different values of magnetic field at fixed temperature
kT /t = 0.05 has been plotted versus normalized frequency in
Fig. 2. Sharp peak in the imaginary part of charge suscepti-
bility is related to collective excitation mode or plasmon fre-
quency. Each curve in Fig. 2, corresponding to a fixed value of
magnetic field, presents a sharp peak at normalized frequency
o/t == 1.4. The height of this plasmon peak is clearly indepen-
dent of magnetic field according to Fig. 2. Another plasmon
peak appears at normalized frequency @/t = 2.4 for all val-
ues of magnetic fields gug/¢t. Furthermore, the intensity of
plasmon mode reduces with magnetic field at this frequency.
Also we observe a low-frequency sharp plasmon peak with
high intensity for charge susceptibility of armchair nanorib-
bon n = 4 for magnetic fields gug/t = 0.6,0.8. The other
values of magnetic fields do not present such plasmon os-
cillation. Dynamical charge susceptibility vanishes at high
frequencies larger than 3.0 for all values of magnetic field.
In Fig. 3, we have plotted the imaginary part of dynamical
charge susceptibility of metallic armchair carbon nanoribbon

with width n = 5 versus normalized frequency ®/z for dif-
ferent magnetic fields, namely, gug/t = 0.0,0.2,0.4,0.6,0.8
for fixed temperature kg7 /f = 0.05. A plasmon mode with
high intensity is clearly observed at @/t = 2.0 for all normal-
ized magnetic fields. At o/t =~ 1.4, a low-intensity plasmon
mode appears for all values of magnetic field; however its in-
tensity raises with magnetic field. The peak in higher magnetic
fields becomes sharper compared to lower ones. Furthermore,
a low-intensity plasmon peak is observable at @/t = 2.5 for all
magnetic fields. In addition, the imaginary part of dynamical
charge susceptibility vanishes for magnetic fields above 3.0 as
shown in Fig. 3.

20 T T T T T T T T T T T T
gusB/t
—0
5 16 - 0.2 ]
5 ---04
~X --0.6
£ 10 ---0.8 i
=
g
— 5 i
0 o 1 1 1
4 6

w/t

Fig. 2. (color online) Imaginary part of dynamical charge susceptibil-
ity (Im () (% /3, w)) of insulating armchair graphene nanoribbon with
width n = 4 as a function of normalized frequency /¢ for different
values of magnetic field for fixed temperature kg T /¢ = 0.05.

60 T T T T T T
i gusB/t i
o —0
XN N 0.2 ]
< 40 —--04
i --06
[
= } 0.8 .
\-;< -
E 20 E
0 ---'.- 1 1 1
0 4 6

w/t

Fig. 3. (color online) Imaginary part of dynamical charge susceptibility
Im x©) (/3, ®)) of metallic armchair graphene nanoribbon with width
n =5 as a function of normalized frequency w/z for different values of
magnetic field for fixed temperature kg7 /t = 0.05.

We have also studied the effect of ribbon width on plas-
mon peaks of both metallic and insulating armchair nanorib-
bons. Figure 4 presents the frequency behavior of imaginary
part of dynamical charge susceptibility of metallic armchair
nanoribbon for different widths and zero magnetic field. Col-
lective modes take place in frequency region 1.25 < @/t <
3.25 for all ribbon widths. A considerable plasmon with high
intensity occurs at @/t = 2.0 for widths n =5 and n = 11.
Low-intensity plasmon modes for n = 11 appears at frequen-

cies @/t = 1.5,2.5,2.85. The number of plasmon modes
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of armchair nanoribbon with n = 11 is larger than the other
widths. Figure 4 implies that the case of ribbon with width
n = 2 shows no collective modes on the whole range of fre-
quency region. In Fig. 5, we depict Imx(©) (7/3, ®) of insu-
lating armchair nanoribbon as a function of frequency for dif-
ferent widths, namely, n = 3,6,7,9 at kg7 /t = 0.05 in the ab-
sence of magnetic field. Similar to metallic nanoribbon cases,
plasmon modes appear in frequency region 1.25 < @/t < 3.25
for all ribbon widths. According to Fig. 5, a plasmon fre-
quency with high intensity takes place at @/t = 2.0 for widths
n = 3,7,9. Furthermore, the number of plasmon modes in-
creases with ribbon width, so that metallic ribbon n = 9 has
five plasmon modes in its excitation spectrum.

T T T T T T T T T
L ! n
60 : 2 7]
. i 5 i
5 | o
o) . ]
< i
E L ! i
5 I i
oS i
E 20r i 7
— r iy, "
r i :'\ i IH\ f| l‘\,’\ N
MR R
0 L 1 Ajl'xﬁ"‘."r:‘:"n\‘lv’v\\i\_g Ll 1
0 1 2 3 4 5

w/t
Fig. 4. (color online) Imaginary part of dynamical charge susceptibil-
ity Im ¥ (n/3,w)) of metallic armchair graphene nanoribbons as a

function of normalized frequency w/t for different widths and for zero
magnetic field, kg7 /t = 0.05.

T T T T T T T T T
60 n E
L —3 ]
= 6
3
o 40F 7 .
= -9
S ]
£ 20} 1
= . .
i L ]
0 " 1 1 ‘r 1 1 1
0 1 4 5

Fig. 5. (color online) Imaginary part of dynamical charge susceptibil-
ity Im x(©) (7/3, ®)) of insulating armchair graphene nanoribbons as a
function of normalized frequency /7 for different widths and for zero
magnetic field, kg7 /t = 0.05.

The characteristic results for static charge structure fac-
tor (xO(T)) of armchair carbon nanoribbons with different
widths, namely n = 2,4,6,8 at wave number g, = 7/3 are
presented in Fig. 6. There is a peak in the structure factor
which moves to higher temperature upon increasing ribbon
width n. Our data show that the height of the peak in the
static structure factor increases with n. A novel feature pro-
nounced in Fig. 6 is nonzero value for static structure factor
of insulating graphene nanoribbons when temperature tends

to be zero. This result is in contrast to the Fermi liquid theory
which states that the static structure factor at low temperatures
is proportional to density of states at the Fermi level energy.
Therefore, the Fermi liquid theory loses its validity for quasi-
one-dimensional nanoribbon systems. In addition, the static
charge structure factor is evidence for charge ordering of elec-

tronic system. Each curve in Fig. 6 indicates XS(O)

(T) increases
with temperature until it reaches a maximum and then it expo-
nentially goes to zero. This behavior implies that temperature
causes charge ordering up to a maximum point and then the

increase in temperature leads to decreasing charge ordering.

6 T T T
i B n
- /,‘ \\v\ __9 -
L ,; -~ 4
4+ / P -- 6 4
ro,e7 T~ -.-8
— - /s -
S S
<% A
2K - -
0/..\. .
0 0.5 1.0 1.5 2.0
ksT/t

Fig. 6. (color online) Static charge susceptibility (xs(o) (T)) of armchair
graphene nanoribbons as a function of normalized temperature kg7 /1
for different widths and for zero magnetic field.

Finally, we turn our attention to the effect of magnetic
field on the static charge structure factor of graphene nanorib-
bon. In Fig. 7, we have plotted the temperature behavior
of )(S(O)
ferent magnetic fields.

(T) of undoped armchair nanoribbon n = 8 for dif-
A broad peak in )(S(O)(T) has been
clearly observed for normalized magnetic fields gugB/t =
0,0.2,0.4,0.8. For kgT/t < 1.0, static structure factor in-
creases with magnetic field at fixed values of normalized
temperatures. Moreover, a nonzero value for xs(o)(T —0)
is obtained for each magnetic field. For kgT/t > 1.0, the
static charge structure factor is clearly independent of gugB/1,
where all plots fall on each other.

0 0.4 0.8 1.2
kpT/t

Fig. 7. (color online) Static charge susceptibility (xs(o)(T)) of metal-
lic armchair graphene nanoribbons with width n = 8 as a function of
normalized temperature kg7 /¢ for different magnetic fields.
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4. Summary

In conclusion, we have presented the charge susceptibil-
ities of armchair graphene nanoribbons in the presence of in-
plane magnetic field. In the context of tight binding model
Hamiltonian and by using Green’s function approach, the elec-
tronic excitation spectrum has been studied. Using linear re-
sponse theory, the charge response function of nanoribbon
graphene has been obtained. Specifically, the effects of ribbon
width and magnetic field on the temperature dependence of
static charge susceptibility have been investigated. Also the re-
sults show that there is resonance plasmon peak in dynamical
charge susceptibility for all magnetic fields and ribbon width.
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