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Fig. 1. Schematic geometric structure of the molecule junction formed by the acene linked with graphene nanoribbons. The contact
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positions between the acene molecule and graphene nanoribbon electrodes are denoted by the integers 1, 2, and 3. For the sake of

description, we uniformly apply “AN(mn)” to represent the geometric structures, where “N’ denotes the length of the acene mo-

lecule (namely the number of benzene rings), “m, n” denote the contact position between the left, right electrodes and the acene

molecule, respectively. For example, this geometric structure is denoted by A5(22).
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Fig. 2. Phononic thermal conductance op versus the tem-
perature 7. The bottom-right inset shows the detailed be-
havior of the phononic thermal conductance o}, versus the

temperature T at low temperatures.
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Fig. 7. (a) Electrical conductance and (b) electronic thermal conductance versus the versus the chemical potential p. The solid,

dashed, double-dot-dashed, and dot-dashed curves correspond to anthracene (N = 3), pentacene (N = 5), heptacene (N = 7), and

nonacene (N =9). The inset in (b) denotes the phononic thermal conductance at T'= 300 K.
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Fig. 8. (a) Seebeck coefficient and (b) ZTmax versus the versus the chemical potential . The solid, dashed, double-dot-dashed, and

dot-dashed curves correspond to anthracene (N = 3), pentacene (N = 5), heptacene (N = 7), and nonacene (N = 9), respectively.
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Tl RKMHBMME ZT( ZTmax ) ST A S5

Table 1.  Thermoelectric parameters corresponding to the maximum of the thermoelectric figure of merit (Z7,

max) .

N i ZTmax  G/mS S/(mV-K1) o,/(mW-K1) o./(MW-K 1) o,+0,/(nW-K 1)
(31) 0.34 0.012 -0.194 0.342 0.044 0.385
(22) 0.09 0.037 0.065 0.264 0.246 0.510
N=3 (21) 0.51 0.032 0.150 0.242 0.184 0.425
(11) 0.16 0.046 0.085 0.336 0.293 0.630
(31) 0.28 0.015 —0.155 0.314 0.076 0.390
(22) 0.10 0.030 0.071 0.232 0.217 0.449
N=5 (21) 0.32 0.010 0.174 0.231 0.052 0.283
(11) 0.14 0.027 —-0.092 0.311 0.171 0.483
(31) 0.42 0.017 -0.178 0.305 0.080 0.385
(22) 0.23 0.025 0.103 0.210 0.144 0.350
N=T (21) 0.44 0.012 0.183 0.221 0.053 0.274
(11) 0.40 0.017 0.176 0.304 0.086 0.390
(31) 0.41 0.023 0.149 0.301 0.069 0.370
(22) 0.35 0.017 -0.141 0.205 0.086 0.291
N=9 (21) 0.44 0.018 —0.155 0.217 0.076 0.293
(11) 0.36 0.016 0.163 0.298 0.055 0.353

A= /N E 1 | = G A< S VA W B i N e 7 N 12, &
Kl 8(b) L T A4 T ZT H54k2e 3k
. 5|S|I2, MIES T IRKIERN, 2T, 1
o, HXE R A R I ARE S oK BB
J T EHE— PR 2T, s TR 300 K
I KA 2T, W B3 S8, gk 1
Fi. sl oy Hr e 1 EdE, B ZT 0 XN
PR P BRI AE SR . BEE IR T
KEERE I, 75T B R R K B I
3T, ML E <(31) X R 2T S R 55
(), Bl B “(22)" KR Z T eI fIRI. 7E2E 1
SRR, A3(21) R THRE K 2T, &
ik 0.51, [AEF A3(21) BEHE THREHMG, kY
0.425 nW /K, BEBT B 1Y Z T AR A & R
TR GS? (K2 0.72 PW/K?).

4 % i

A TIEA TR W5 1 23857
A, TR AL A AT 5 (92 A
PERE, HATC BOAT 2SR HLE SRR A
30z IR AR pR IS 1 2 TR R 28
AR Y TR IR PR I, 2508 T IR
TARBE I 15 A1 SR ANORAT RN A4 Mk 37
XA TS BRI, 45 R 2R Seebeck

ES A CUPNAN I RGN A RS POt Gl B S e |
A SR AN A A B T A S ] R R BRI
(E ZT o R ILAY IR R 7S - STBRAEAE 5 32 316
LRI TR BERT N, P T HAS IR, R 2
BREIFES TRV HFErT5 4
WK ZE () AR (L) AR MR, X6 13 1Y
Z T ax JEB Y, BRI IFA D15 41 SR A0
2 (A7) AR R (R REEARINE, XERLAY 2T,
HRAREY. T HL, XA LR T IR TR AL
. SR BEIEINIY, 2T, 0 #8AT HIRSE N ES.
TR E NN, ZT 0 A7 SRS I A R F, TOSETHE
f L . BT IR TR RGN, ZT 0 XL
FHALE AT AL SOKBELL.
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Abstract

By using non-equilibrium Green’ s function method, we investigate the thermoelectric properties of
molecular junctions based on acene-linked graphene nanoribbons. The effects of the length of the acene
molecule, the contact position between the acene molecule and graphene nanoribbon electrode on the
thermoelectric parameters are mainly considered in this work. It is found that the phonon contribution is
dominant in the thermal conductance corresponding to the maximum of the thermoelectric figure of merit
(ZTyax). As the length of the acene molecule increases, the phonon thermal conductance decreases
monotonically, and eventually becomes almost independent of the acene molecule’ length. When the acene
molecules contact the middle (upper) part of the left (right) electrode of graphene nanoribbon, the
corresponding ZT,,.. is the highest. However, when the acene molecules contact the middle (middle) part of the
left (right) electrode of graphene nanoribbons, the corresponding Z7T,,.. is the lowest. As the temperature
increases, ZT,,., has a monotonically increasing tendency, regardless of the contact position. With the increase
of the length of the acene molecule, the chemical potential corresponding to ZT,,. becomes closer to the
intrinsic Fermi level. The above findings may provide the valuable reference for the future design of

thermoelectric devices based on the acene molecular junctions.
Keywords: thermal transport, electronic transmission, thermoelectric properties, acene molecular junctions
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