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Abstract
In this paper, we elucidated the observational changes in 
conductance of different anthracene derivatives namely anthracene, 
anthraquinone, anthracenediamine and anthracencedithiol through 
two-terminal molecular junctions at room temperature. The main 
purpose of this work was to show varying impacts of interference 
phenomena in anthracene molecule stringed to two identical 
electrodes by different end groups. We measured the varied 
effect in conduction with variations in temperature exhibited 
by them.Tight binding semi-empirical Extended Huckel Device 
approach was employed to presage the variations in conductance 
with the alteration of the anchor atoms for an organic molecule 
bounded between two semi-infinite gold electrodes. Transport 
characteristics (current-voltage and conductance-voltage) were 
simulated using a commercial simulation tool ATK-SE designed 
to predict transport characteristics at nanometer scale. From the 
results, we hereby, unambiguously concluded that the thiol group, 
being the most suitable anchor group with the organic molecules 
stringed to gold electrodes exhibiting the highest conductance 
and ensuring the strongest chemical bonding. The objective of 
this paper was selection of optimal anchoring group for further 
elucidation into the applications of anthracene and its derivatives 
towards organic electronics device applications.
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I. Introduction
Exploiting the rich design space of organic chemistry, particularly 
the conjugated molecules for applications in future electronic 
devices is one of the main challenges of Molecular Electronics, the 
bottoms up approach towards realizing the goals in nanotechnology. 
Realizing electronic energy level, alignment and transport at 
interfaces between active organic layers and conducting electrodes 
has been challenging since many factors contribute to the electronic 
properties of the junction. These include the nature of the molecule-
contact bonding [1], Properties of the contact materials [2,3], 
Orientation of the molecules relative to the contacts [4], and lastly 
the most important is the structure of the molecule [5,6,7]. The 
alignment of the molecular energy levels and contact energy levels 
is an important factor that prominently affects the conductance 
of the junction [8-11].The counter balance between the substrate 
Fermi energy level (Ef) and the molecular orbital approximately 
nearest in energy to Ef estimates the charge transport barriers 
in the context of tunnelling. The frontier orbitals – HOMO and 
LUMO are considered as they typically represent the smallest 
barriers for transport of holes and electrons respectively [12]. 
Polycyclic aromatic compounds such as Naphthalene, Anthracene, 
etc. comprise a major class of conjugated π-electron systems 
having great importance in many research areas. The distribution 
of electron clouds over the molecule determines all the optical and 
electro-physical properties. In this paper, conduction properties 
of anthracene molecule and its derivatives- anthraquinone (AQ), 
anthracenediamine (ADA) and anthracenedithiol(ADT) were 

studied by changing the anchor atoms of anthracene with sulphur, 
nitrogen and oxygen. The anchoring atoms have been selectively 
placed at Para position of anthracene and the connecting electrodes 
to observe the quantum interference because of the variable 
conjugation at different bias conditions. 

II. Results & Discussions
In this research work, we have applied a quantitative framework 
employing ATK-SE Extended Huckel device calculator, capable 
of explaining measured I-V characteristics and conductance for 
four molecules as shown in fig. 1 - pure anthracene, AQ, ADA 
and ADT bridged between two semi-infinite gold electrodes 
with [1,1,1] orientation. The quantum mechanical first-principle 
transport calculations for a two-probe system were performed 
at room temperature (300K) with mesh cut-off of 100 Hartrees. 
The results were measured by constraining anchoring atoms of 
an anthracene molecule coupled to gold electrodes and the results 
obtained were different due to the varied quantum interferences 
on account of localization of charges. 

A. Current
We enhanced in systematic procedure the bias voltage from -1.2 
V to 1.2V and got the corresponding results of currents as shown 
in fig. 2. Once T (E) is known, the I-V curves can be calculated 
using Landauer’s formula [13]:
I(V) = 2e/h. ʃ T(E) [f(E - µs ) – f(E - µD)] dE  (1)
Where ‘f’ denotes Fermi distribution function for chemical 
potentials 
µS/D = EF + - e V/ 2    (2)
referred to the source and drain, respectively. AQ and ADA 
almost gave constant response of current with increase in 
bias voltage whereas in case of anthracene and ADT, current 
showed rise with rise in bias voltage. The maximum value 
of current was observed for ADT as 1411nA at 1.2 V (fig. 2) 
which stepped down to 95.99nA for pure anthracene, and 
declined to 6.099nA and 3.5nA for ADA and AQ respectively.  

Fig. 1: Molecular Junction Having (a) Pure Anthracene (b) AQ (c) 
ADA (d) ADT Inserted Between Two Gold Electrodes
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Anthracene attained a saturated value at 0V whereas when 
we observed the I-V curve of ADT, we ended up with the 
conclusion that its response was similar to zener-diode, where 
I-V characteristics were found to more pronounced in the negative 
bias region than in positive bias region. The choice of the thiol 
anchoring groups ensured a strong chemical bonding to the leads 
with the current flow mainly modulated by the molecular HOMO 
level. We concluded increasing order of current as: AQ < ADA< 
Anthracene < ADT.

B. Conductance
 According to Landauer [13]:
 G= ½ G0 [T (µS) + T(µD)]    (3)
The quantum of conductance G0 as suggested by Landauer’s 
formula is the conductance measured at zero bias and this value 
works out to be 77.5 µS(2e2/h). 

Fig. 2: Current-Voltage Characteristics

Table 1: Bias Voltage (V) Vs Current (nA)
Bias volt (V) Anthracene AQ ADA ADT
-1.2 -3963 -122.6 -9.825 -8461
-0.8 -2948 -68.75 -8.327 -754
-0.4 -12.37 -3.656 -5.753 -196
0 0 0 0 0
0.4 10.902 2.298 3.918 200.3
0.8 94.34 3.348 5.022 533.3
1.2 95.99 3.525 6.099 1411

From fig. 3, it was observed that the curves attained higher values 
of conductance under the negative bias range than under positive 
bias. This was because the organic molecules with different 
anchors had more vibrational energies under negative bias than 
under positive bias. At-0.4 V, ADT depicted maximum value of 
conductance as 2279nS i.e. 0.029G0, whereas pure anthracene 
exhibited maximum conductance of 7556nS at -0.8V i.e.0.097 G0 
whereas ADA gave its maximum as 16.87nSat 0V (2.17*10(-4) 
G0) and the maximum conductance exhibited by AQ was reported 
as 237.89nS equals to 0.003G0 (fig. 3 and Table 2). Also, pure 
anthracene gave highest conductance at negative bias and then 
decreased at zero and positive bias. Hence, we concluded that 
by adding sulphur in the anthracene configuration caused rise 
in the conduction whereas oxygen and nitrogen reduced it. The 

explanation for observed dramatic

Fig. 3: Bias Voltage Vs Conductance(nS)

difference in conductivity appearing for –SH, -NH2, -OH groups 
in conjunction with anthracene can be oxygen’s inability to expand 
its valence shell like the other elements as it has no accessible 
d-orbitals [14]. Another interesting phenomenon observed has 
been the negative differential behaviour exhibited by sulphur for 
the negative bias voltages, and the reason for this could be its 
ability to accommodate extra electrons in its valence shell by using 
available d-orbitals. In ADT, conductance was found maximum 
for -1V reported as 30,000nS and then it reduced linearly and then 
remained almost saturated from range -0.5V to 1V.

C. Transmission Spectrum
The coupling between the electrodes and the molecule leads to 
overlapping of the hybridized orbitals and a change in HOMO-
LUMO gaps. In order to know that which bias voltages supports 
strongest peaks or least HOMO-LUMO gaps, the transmission 
spectrum is plotted against bias voltages with energy ranging 
from

Table 2: Conductance (nS) vs bias volt
Bias 
volt
(v)

Anthracene AQ ADA ADT

-1.2 42.57 3.44 9.467 520.02
-0.8 7556 3.97 11.18 805.82
-0.4 37.71 5.68 13.03 2279.4
0 23.63 7.067 16.87 449.6
0.4 33.38 10.05 10.57 521.58
0.8 143.9 237.89 9.367 2606.6
1.2 21.523 21.3 10.38 525.69

5eV to 5eV (fig. 4) and the energy zero parameter is adjusted as 
average Fermi level. Different anthracene configurations showed 
significant variations in peaks and gaps at varying voltages. As 
shown in fig. 4, ADT exhibited highest number of peaks in the 
whole energy range from -5 to 5eV whereas comparatively lowest 
are the number of peaks in case of AQ, which implies that there 
are large potential barriers. Aggrandizing order of HOMO-LUMO 
gap was observed as: AQ > ADA > Pure anthracene > ADT. 
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D. Temperature
The current variations with increase in temperature are shown 
in fig. 5 where we observed that the current remained dormant 
until a specific temperature range for each configuration and then 
showed

Fig. 4: Transmission Spectrum of Anthracene, AQ, ADA and 
ADT

increase in current with increase in temperature that is sufficient to 
overcome the coulomb blockade. Another important observation 
was that current through pure anthracene remained more or less 
quantized to one level, but the addition of anchoring groups (-SH, 
-OH and –NH2)  has resulted in quantum rise in the values of 
the currents through these derivatives of the anthracene. From 
figure 6, we observed that the effect of temperature was prominent 
for ADT where the conductance change can be seen in order 
of hundreds. Initially, there is decrease in conductance, then it 
continually increased and then again we observed the fall in slope 
at 900K. Actually, there is increase in the value of conductance 
with each step increase in temperature but we here plotted the 
amount of change in conductance and we concluded that the 
change in conductance
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Fig. 5: Current Variations With Increase in Temperature

is dormant initially in all the four epochs we have considered in 
this research work but after a particular temperature range, each 
one showed the regular increase in the percentage change in value 
of conductance except ADT.  Latter showed the prominent increase 
in conductance value up to 900K but above 900K, comparatively 
lesser percentage increase in conductance was observed. ADA also 
showed higher sensitivity towards temperature as its conductance 
also showed large increase analogous to pure anthracene and AQ. 
From these results, we concluded that ADT was most sensitive 
to temperature followed by ADA and pure anthracene but AQ 
showed far more stability with temperature variations as compared 
to other counterparts. 

Fig. 6: Percentage Change in Conductance Versus Temperature

III. Conclusion
From the above discussion, we concluded that the end groups 
anchors affect significantly the transport parameters especially 
conductance of the molecule (anthracene) under consideration 
molecule. Certain linker endgroups proliferate while the others 
depress the conduction of the charge transported through the 
molecule. From this research work, we concluded the bragging 
order of transmission of current and conductance of anthracene 
and its derivatives as: ADT > Anthracene > ADA >AQ. This order 
was derived by taking into consideration the values of currents, 
conductance and examining their transmission spectrums. It was 
clearly demonstrated that the thiol group supports maximum 
transmission of current as compared to diamine and hydroxyl 
groups. We also observed the effect of temperature on the 
conduction and concluded that ADT exhibited maximum increase 
in conductance with increase in temperature. Large HOMO-LUMO 
gaps were observed in AQ with oxygen as anchor element that 
indicated its feebleness to cross potential barrier and resulting 
in infinitesimal conduction analogy to other anchor groups. 
Finally we conclude that out of all the linker endgroups under 
consideration for this work, we observed the dithol (-SH) as the 
best and hydroxyl (-OH) as the worst choice for electron transport 
through anthracene stringed to gold electrodes. 
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