Vertical Electronic Interaction in DB6P on Ag(111)
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Introduction: Molecular Structure: Experimental Method
This research focuses on DiBenzo|[6]Phenacene (DB6P), a [6]Phenacene derivative extended with . We use STM for expgrlments In " ultra-high vacuum
benzene rings, for its potential use In organic field-effect transistors. Using scanning tunneling ¢ Molecular at 77|.<.' I\/Iolec?ular films are prepared by thermal
microscopy and spectroscopy, the study investigates DB6P's growth and electronic properties on a )’\’A deposition - with the sample kept at room
Ag (111) surface. The findings show that in the first layer, DB6P forms a uniform, row-wise pattern | %’ v emperaty () samee Sample biss
with the molecules parallel to the surface. In the second layer, growth continues in rows but with ) 3 b o y
dimerized, unevenly tilted molecules. A significant finding is that the alignment of rows changes > ;2 = — — -4 v
between the layers, which affects the electronic states of the molecules. This behavior, different from | 1IN 8 | A - o
standard [n]Phenacenes, suggests a pinning effect in molecular states due to vertical electronic N~ :'og | R ]
Interactions. The study presents these experimental results and offers iInterpretations of these B\ , {“ﬂ“me"“ ieh Voltage Supply
phenomena. bINA
Motivation: Second Monolayer Structure:
OFETs .
Central Fmdmg « On the 2" Monolayer, Dimers of DB6P arranges in

rows which are separated by ~1.06 nm within rows
and rows by 1.97 nm.
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First I\/Ionolayer Structure: Crystallographic direction

2"d ML row direction

»
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Rotation of 15t ML relative to
crystallographic axis and 2" ML

Assumption:
« 1St ML is not affected by growth of 2" ML
, Consequence:
, £ T 7. =1 _ « Each 2" ML molecule experiences a different local environment
— ':\‘gtj 111) .(‘1'.\'5‘t;\ll()g1';\[)l|i(- l)irw-t'in).ns ‘ AB.... Hvripl'u(_'nl l.mti('t.‘ I’(‘»imsr' r ) C h al I e n g eS :
g e e W B remdans » Can we proof the changed environment ?
« How does the changed environment alter molecular properties ?
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DB6P forms a reg_ula_r netyvork of rows on Ag(111) which is rotated by 6=9 Discussion and comparison to other [n]Phenacene Direction:
to Crystallographic direction. |

e e S,  We observe that Iin the second monolayer, the rows of DB6P

* We find six different domain orientations LSRRI SR e molecules are aligned parallel to the Ag(111) substrate but are rotated

Three domains have anticlockwise orientation of molecule with ©=9° | SR S e by approximately +9° relative to the rows in the first monolayer.
Three domains have clockwise orientation of molecule with ©=-9° O mnie et Conversely, for [n]phenacene, the molecular rows in the second
R A monolayer are parallel to both the first monolayer's molecular rows

« DBG6P molecular Axis rotated by 81° to row direction. R e and the Ag(111) substrate.

» DBG6P forms two-molecule unit cell (a x b = 2.08 x 1.68 nm? , a. =77° ) T ottt e This unequal out-of-plane rotation is due to that In DB6P the
» Clearly resolved at positive polarity  RmREDL e e molecular axis Is not parallel to the rotational axis and the surface.
« At negative polarity only clear contrast in FFT s e Therefore, The second layer adsorbed on the first disrupts the

| :;5&529tnfm;g,iiii:??ﬁii1::;??“,:;;&::?“‘,'.»;;iiiij;;:gj;x}' molecular symmetry of DB6P. Whereas in case of [n] phenacene
1 — 300 i g SAEE L BT Gan AT e O PR g e PER T . - . -
. . | molecular axis iIs parallel to both the rotational axis and the surface
STS Measurements: : . ; , bar
0.9 ! g that’s why they are align to each other.
st - : PR e - : :
On 15t ML: W 7, x0 Intensity Vs Voltage Oscillation
07| f .. Indi/dv Mapping :
=) 0.6 - | —« ] ] ]
E’ 0.5 - 150 *é |
= . E x * * In di/dv. maps we Observe pronounced
l 1100 o . oscillation of Local Density of State.
03 B i 0.15 | x
_\‘ Surface Churrent N I . Th h fth illati d th f
0.2 *\L wer leg Tip State ..-uII.‘[ell:E ] ;;;’ _‘2 e p ase O e OSClI a 10NS an e reSpeC Ive
/Z? State oY s I I * places of maximum signal strength, fluctuate
017 isilified - with energy.
oL | . PSR g Ctip 0 | 7
—2 —1 0 1 2 x i i i
Bias Voltage (V) * * Here, This graph illustrates the fluctuation of
1as Voltage oal | -
| energy with respect to voltage.
The lowest empty molecular orbitals (LUMO) occur above 0.6 eV, while i
the highest occupied molecular orbitals (HOMO) occur below
approximately -1.5 eV. I T R I AN I I

__________________________________________________________________________________________________________________________________________________________________________________________________________________________

Summary:

Here, We studied the growth of DB6P molecule on a metal surface Ag(111) and observed the well-organized molecular rows parallel to each other on Ist ML and this growth continues on 2"d ML but
unequal out of plane rotation. we observe that vertical stacking of these two molecular monolayers alters the electronic properties. This interaction can lead to new electronic states, modify the material's
band structure, affect charge transport, enhance molecular interactions, and allow for the tuning of the material's properties for various applications in electronics and material science.
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