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Fig. 1. Schematic illustration of single-molecule junctions based on porphyrin and transition-metal-coordinated porphyrin back-

bones. Shaded areas represent the semi-infinite electrodes. X denotes the central metal atoms (Au, Pt, or Fe).
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Fig. 2. Zero-bias transmission spectra and the transmission eigenstate at the energy of the transmission peak located near the Fermi

level for (a) Porphyrin, (b) Au-porphyrin, (¢) Pt-porphyrin, and (d) Fe-porphyrin junctions.
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Fig. 3. Current—voltage curves and differential conductance plots of the (a) Porphyrin, (b) Au-porphyrin, (¢) Pt-porphyrin, and

(d) Fe-porphyrin junctions.
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Fig. 4. Contour plots of the transmission spectra as a function of bias voltage ranging from —1 to 1 V for (a) Porphyrin, (b) Au-por-

phyrin, (¢) Pt-porphyrin, and (d) Fe-porphyrin junctions.
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Fig. 6. Schematic illustration of the orbital spatial distribu-

Fe-MMbk 2045 H) L 38 2 11 53 A3 AL LA L% RE 25 B

tion and energy level evolution for the Fe-porphyrin junc-
tion under bias. Red and blue shaded areas represent the
highly localized Fe 3d orbitals and the delocalized = orbi-
tals of the porphyrin ring, respectively.
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Fig. 7. Peak current attenuation ratios ( Ineax/1 ) as a function of the voltage deviation for (a) porphyrin, (b) Au-porphyrin, (c) Pt-

porphyrin, and (d) Fe-porphyrin junctions.

140704-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026)

140704

LR L 23 B A0 080 N, L HNIbR - 25 B A 1
Tt LbiR K, I8 8 1567.6, WAl 7(a) Fras. BhMksr+
SEAEREIN T IE w2 05, $is Vg RS A e e
M, Riiis R E T . 250 ek — 25 18 KA
FAT R A A He 7 11 BT JEA A A Hinis 0,
RS TRE TR 8 vk o | s 3 B T €
L HBRR S35 25 FL O L T A R R P iR .
SR, I T 45 I (E HL Ll 27.8 nA, X TG
BE 2y T HAE S PR as A i W . P-Rhsksy
T45H Fe-nNmk 3 F 45 EIE 5 -2, FIAEEA
Mk 103 Ay LR L, DL 7(c) NI 7(d). Au-
AR A3 45 %) 04 {1 FEL 3 A EE PSR 207 /)M 3 5
15, (EE R R A B R A 5038 A IR A B 35
EAHEA, TR I A HEAb S A R D
AN, TRIRER 29T AR SEBR s 44 b i o A i s, A
Fe-Nbk 73125 3¢ B A X B s 43 v BELAG , (H
SEE(EHL A AT DI KIE B 5] 611.8 nA, [RIHORAF
T 103 WIS HL UL EL, SEPET SR 0 fR BELSSKOR 1 RE
FEPR B4, I, Fe-nhobk/rT-45 3 % 18 A
T FEL I 50K 50 PR R g O L e 7R £ o L L #8812

4 % @

KT BEZ PRBRIE 45 A -1 4 K R SR 5
—VEJFHI R ik, AR TAERRE T — & 51 i 4 2
A1 SR A R R 3 O e 3 P A bk g3
TR 4 S S A i bk o315 1 L - i .
R EE R, R T R R BRI 7 FBH
RN, (E PR RE 22 53 35 . PINObk A3 -4 679 v B
RN IS LI L B K (1567.6), (HIEAE FL A
27.8 nA, JUHE I T AT BRAR R N FH T
L FINR2> TR R, Au F Pt T 0968 i 2%
P TR RS FARMES A 2 [ B A S T hE
Geiai I, MR KR & T s R AL, IR IR
AT T 2] 238.1 nA Fl 258.2 nA. Fe-Nhksr1
SEAEIE ) FE NI R T 4R B 3, I (A L s ]
DIpk KRS & 3] 611.8 nA, [FINHMFEHE T 103 yIgES
LI LE, ST B AR L BE P e s 1) e T A
(EAR RN, R IR RE LM 254 T2 X AR
(), {2 F Fe JR T R nR ko745 B ot ok
Boxt 3d TS5 UNKER B B © o /RSN YS FE
A 1) S A S B A, DRI PR O - P R AR 2 A
IE G T B 3 A B X R 6 B 20 H BELASO.

T b B R T B ZE AR A G E S AR 2R )
A B, SIE AT R A2 R s i A H], S
[ FEL 373 S 00T A U0 SR T £ 2 TR, AT A 25 SEL
T LT X SRR R T R
SETEN ST a5 AR S s v B RoR A

S 30k

Waldrop M M 2016 Nature 530 145
Yao C, Li Y, Zhang H, Wang D, Wang J, Wang X, Li X, Liu
J, Hong W 2025 Microsyst. Nanoeng. 11 232
[3] Zhang H, Li J, Yang C, Guo X 2024 Acc. Mater. Res. 5 971
[4] Liu Q, Zhu Z, Xie H Q, Fan Z Q, Wu D, Chen K Q 2025
Appl. Phys. Lett. 127 092104
[5] Ouyang Y, Wang R, Wu Z, Guo D, Ju Y Y, Chen J, Zhang
M, Song F 2025 Appl. Phys. Lett. 126 103102
[6] Picard L R, Park A J, Patenotte G E, Gebretsadkan S,
Wellnitz D, Rey A M, Ni K K 2025 Nature 637 821
[7] Wang R, Li Y, Yan S, Zhao Y, Tian H, Li H 2026 J. Am.
Chem. Soc. 148 3987
[8] Zhao J, Yao C, Zeng H 2024 Acta Phys. Sin. 73 126802 (in
Chinese) [BXf2, WkBE, BIE 2024 P4 73 126802
[9] Tang W S, He W, Wu D, Cao X H, Huang L, Fan Z Q 2026
Acta Phys. Sin. 75 120702 (in Chinese) [ 30, 75, s,
R, WEAESR 2026 WIFIAEAR 75 120702
[10] Yin D, Furushima M, Tsuchihata E, Izawa S, Ono T,
Shintani R, Majima Y 2025 Adv. Electron. Mater. 11 2400390
[11] Shorokhov V V, Presnov D E, Kopchinskii I D, Shemukhin A
A, Maslova N S, Mantsevich V N, Trifonov A S, Pashkin Y
A Snigirev O V, Krupenin V A 2025 Nanoscale 17 21737
[12] ChenY, Zheng X, Ren F, Xu S, Cui B, Zuo X, Liu D 2025 J.
Magn. Magn. Mater. 614 172713
[13] Liu Q, Huang X D, Chen J J, Wu D, Deng X Q, Fan Z Q,
Xie H Q, Chen K Q 2025 Appl. Phys. Lett. 126 253502
[14] Guo Y, Yang C, Zhou S, Houk K N, Guo X 2025 J. Am.
Chem. Soc. 147 16972
[15] Wang H, Hu F, Adijiang A, Emusani R, Zhang J, Hu Q, Guo
X, Lee T, Chen L, Xiang D 2024 J. Am. Chem. Soc. 146
35347
[16] Li L, Shi W, Mahajan A, Zhang J, Gémez-Gémez M, Labella
J, Louie S, Torres T, Barlow S, Marder S R, Reichman D R,
Venkataraman L 2025 J. Am. Chem. Soc. 147 25043
[17] Zhou W, Peng S P, Deng S L, Wu D, Fan Z Q, Zhang X J
2025 Acta Phys. Sin. 74 168502 (in Chinese) [J#3C, &2, X
W, MY, ERRR SR/ NE 2025 PFRREIR 74 168502
[18] Mishra S, Jones A C, Fontanesi C 2025 J. Mater. Chem. C' 13
2121
[19] Fan Z Q, Xie F, Jiang X W, Wei Z, Li S S 2016 Carbon 110
200
[20] Xu X, Gao C, Emusani R, Jia C, Xiang D 2024 Adv. Sci. 11
2400877
[21] Park Y, Hamada I, Hammud A, Kumagai T, Wolf M,
Shiotari A 2024 Nat. Commaun. 15 6709
[22] Garg K, Bisht N, Ramamurthy P C 2025 Chem. Sci. 16
22490
[23] Nie H, Zhao C, Shi Z, Jia C, Guo X 2022 ACS Mater. Lett. 4
1037
[24] Guo J, Li J, Huang J, Fang W, Zhang L, Wu W, Li H 2025
J. Mater. Chem. C 13 7866
[25] Wang W, Ji Y, Zhang H, Zhao A, Wang B, Yang J, Hou J G

N

140704-8


https://doi.org/10.1038/s41378-025-01037-8
https://doi.org/10.1038/s41378-025-01037-8
https://doi.org/10.1038/s41378-025-01037-8
https://doi.org/10.1038/s41378-025-01037-8
https://doi.org/10.1038/s41378-025-01037-8
https://doi.org/10.1038/s41378-025-01037-8
https://doi.org/10.1038/s41378-025-01037-8
https://doi.org/10.1021/accountsmr.4c00125
https://doi.org/10.1021/accountsmr.4c00125
https://doi.org/10.1021/accountsmr.4c00125
https://doi.org/10.1021/accountsmr.4c00125
https://doi.org/10.1021/accountsmr.4c00125
https://doi.org/10.1021/accountsmr.4c00125
https://doi.org/10.1021/accountsmr.4c00125
https://doi.org/10.1063/5.0287304
https://doi.org/10.1063/5.0287304
https://doi.org/10.1063/5.0287304
https://doi.org/10.1063/5.0287304
https://doi.org/10.1063/5.0287304
https://doi.org/10.1063/5.0287304
https://doi.org/10.1063/5.0254457
https://doi.org/10.1063/5.0254457
https://doi.org/10.1063/5.0254457
https://doi.org/10.1063/5.0254457
https://doi.org/10.1063/5.0254457
https://doi.org/10.1063/5.0254457
https://doi.org/10.1063/5.0254457
https://doi.org/10.1038/s41586-024-08177-3
https://doi.org/10.1038/s41586-024-08177-3
https://doi.org/10.1038/s41586-024-08177-3
https://doi.org/10.1038/s41586-024-08177-3
https://doi.org/10.1038/s41586-024-08177-3
https://doi.org/10.1038/s41586-024-08177-3
https://doi.org/10.1038/s41586-024-08177-3
https://doi.org/10.1021/jacs.5c12256
https://doi.org/10.1021/jacs.5c12256
https://doi.org/10.1021/jacs.5c12256
https://doi.org/10.1021/jacs.5c12256
https://doi.org/10.1021/jacs.5c12256
https://doi.org/10.1021/jacs.5c12256
https://doi.org/10.1021/jacs.5c12256
https://doi.org/10.1021/jacs.5c12256
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.73.20231621
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.7498/aps.75.20260235
https://doi.org/10.1002/aelm.202400390
https://doi.org/10.1002/aelm.202400390
https://doi.org/10.1002/aelm.202400390
https://doi.org/10.1002/aelm.202400390
https://doi.org/10.1002/aelm.202400390
https://doi.org/10.1002/aelm.202400390
https://doi.org/10.1002/aelm.202400390
https://doi.org/10.1039/D5NR01075F
https://doi.org/10.1039/D5NR01075F
https://doi.org/10.1039/D5NR01075F
https://doi.org/10.1039/D5NR01075F
https://doi.org/10.1039/D5NR01075F
https://doi.org/10.1039/D5NR01075F
https://doi.org/10.1039/D5NR01075F
https://doi.org/10.1016/j.jmmm.2024.172713
https://doi.org/10.1016/j.jmmm.2024.172713
https://doi.org/10.1016/j.jmmm.2024.172713
https://doi.org/10.1016/j.jmmm.2024.172713
https://doi.org/10.1016/j.jmmm.2024.172713
https://doi.org/10.1016/j.jmmm.2024.172713
https://doi.org/10.1016/j.jmmm.2024.172713
https://doi.org/10.1016/j.jmmm.2024.172713
https://doi.org/10.1063/5.0275793
https://doi.org/10.1063/5.0275793
https://doi.org/10.1063/5.0275793
https://doi.org/10.1063/5.0275793
https://doi.org/10.1063/5.0275793
https://doi.org/10.1063/5.0275793
https://doi.org/10.1063/5.0275793
https://doi.org/10.1021/jacs.5c00566
https://doi.org/10.1021/jacs.5c00566
https://doi.org/10.1021/jacs.5c00566
https://doi.org/10.1021/jacs.5c00566
https://doi.org/10.1021/jacs.5c00566
https://doi.org/10.1021/jacs.5c00566
https://doi.org/10.1021/jacs.5c00566
https://doi.org/10.1021/jacs.5c00566
https://doi.org/10.1021/jacs.4c13773
https://doi.org/10.1021/jacs.4c13773
https://doi.org/10.1021/jacs.4c13773
https://doi.org/10.1021/jacs.4c13773
https://doi.org/10.1021/jacs.4c13773
https://doi.org/10.1021/jacs.4c13773
https://doi.org/10.1021/jacs.5c08517
https://doi.org/10.1021/jacs.5c08517
https://doi.org/10.1021/jacs.5c08517
https://doi.org/10.1021/jacs.5c08517
https://doi.org/10.1021/jacs.5c08517
https://doi.org/10.1021/jacs.5c08517
https://doi.org/10.1021/jacs.5c08517
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.7498/aps.74.20250553
https://doi.org/10.1039/D4TC03453H
https://doi.org/10.1039/D4TC03453H
https://doi.org/10.1039/D4TC03453H
https://doi.org/10.1039/D4TC03453H
https://doi.org/10.1039/D4TC03453H
https://doi.org/10.1039/D4TC03453H
https://doi.org/10.1016/j.carbon.2016.09.022
https://doi.org/10.1016/j.carbon.2016.09.022
https://doi.org/10.1016/j.carbon.2016.09.022
https://doi.org/10.1016/j.carbon.2016.09.022
https://doi.org/10.1016/j.carbon.2016.09.022
https://doi.org/10.1016/j.carbon.2016.09.022
https://doi.org/10.1002/advs.202400877
https://doi.org/10.1002/advs.202400877
https://doi.org/10.1002/advs.202400877
https://doi.org/10.1002/advs.202400877
https://doi.org/10.1002/advs.202400877
https://doi.org/10.1002/advs.202400877
https://doi.org/10.1038/s41467-024-51000-w
https://doi.org/10.1038/s41467-024-51000-w
https://doi.org/10.1038/s41467-024-51000-w
https://doi.org/10.1038/s41467-024-51000-w
https://doi.org/10.1038/s41467-024-51000-w
https://doi.org/10.1038/s41467-024-51000-w
https://doi.org/10.1038/s41467-024-51000-w
https://doi.org/10.1039/D5SC04840K
https://doi.org/10.1039/D5SC04840K
https://doi.org/10.1039/D5SC04840K
https://doi.org/10.1039/D5SC04840K
https://doi.org/10.1039/D5SC04840K
https://doi.org/10.1039/D5SC04840K
https://doi.org/10.1021/acsmaterialslett.2c00247
https://doi.org/10.1021/acsmaterialslett.2c00247
https://doi.org/10.1021/acsmaterialslett.2c00247
https://doi.org/10.1021/acsmaterialslett.2c00247
https://doi.org/10.1021/acsmaterialslett.2c00247
https://doi.org/10.1021/acsmaterialslett.2c00247
https://doi.org/10.1039/D5TC00070J
https://doi.org/10.1039/D5TC00070J
https://doi.org/10.1039/D5TC00070J
https://doi.org/10.1039/D5TC00070J
https://doi.org/10.1039/D5TC00070J
https://doi.org/10.1039/D5TC00070J
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026)

140704

[26]
(27]
28]

[29]
(30]

31]

32]

(33]
34]

(36]
(37]
(38]

2012 ACS Nano 6 7066

Kaur R, Kaur S, Randhawa D K K, Sharma R, Kaur P 2023
J. Mol. Model. 29 340

Jurow M, Schuckman A E, Batteas J D, Drain C M 2010
Coord. Chem. Rev. 254 2297

Nozaki D, Lokamani, Santana-Bonilla A, Dianat A, Gutierrez
R, Cuniberti G 2015 J. Phys. Chem. Lett. 6 3950

Nitzan A, Ratner M A 2003 Science 300 1384

Tivanski A V, He Y, Borguet E, Liu H, Walker G C,
Waldeck D H 2005 J. Phys. Chem. B 109 5398

Perrin M L, Galan E, Eelkema R, Grozema F, Thijssen J M,
Van Der Zant H S 2015 J. Phys. Chem. C'119 5697

Yan C, Fang C, Gan J, Wang J, Zhao X, Wang X, Li J,
Zhang Y, Liu H, Li X, Bai J, Liu J, Hong W 2024 ACS Nano
18 28531

Lindsay S M, Ratner M A 2007 Adv. Mater. 19 23

Gao Q, Zhang Z, Zhao C, Wang Z, Huo Y, Xiang D, Jia C,
Guo X 2024 Adv. Photonics 6 064002

Venkataraman L, Klare J E, Tam I W, Nuckolls C,
Hybertsen M S, Steigerwald M L 2006 Nano Lett. 6 458

Mejia L, Cossio P, Franco I 2023 Nat. Commun. 14 7646
Hikkinen H 2012 Nat. Chem. 4 443

Pensa E, Cortes E, Corthey G, Carro P, Vericat C, Fonticelli
M H, Cometto G, Salvarezza R C 2012 Acc. Chem. Res. 45
1183

[30]
[40]
j41]
[42]
143]
[44]
j45]
J46]
[47]
48]
[49]
[50]

[51]
[52]

140704-9

Ghasemi S, Moth-Poulsen K 2021 Nanoscale 13 659

Kuo D M T 2024 RSC Adv. 14 20113

Chen T, Wang L, Li X, Luo K, Xu L, Li Q, Zhang X, Long
M 2014 RSC Adv. 4 60376

FuHY,Sun F, LiuR, Suwo Y Q,Bi JJ, Wang CK, Li Z L
2019 Phys. Lett. A 383 867

Liu Q, Li J J, Wu D, Deng X Q, Zhang Z H, Fan Z Q, Chen
K Q 2021 Phys. Rev. B 104 045412

Niu LL, FuHY, Suo Y Q, Liu R, Sun F, Wang S S, Zhang
G P, Wang C K, Li Z L 2021 Physica E 128 114542
Smidstrup S, Markussen T, Vancraeyveld P, et al. 2020 J.
Phys. Condens. Matter 32 015901

Biittiker M, Imry Y, Landauer R, Pinhas S 1985 Phys. Rev. B
31 6207

IiZL,Sun F,BiJ J, LiuR, Suo Y Q, Fu HY, Zhang G P,
Song Y Z, Wang D, Wang C K 2019 Physica E 106 270
LiZL,BiJJ, LiuR, YIi XH, Fu HY, Sun F, Wei M Z,
Wang C K 2017 Chin. Phys. B 26 098508

Yi X H, Liu R, Bi J J, Jiao Y, Wang C K, Li Z L 2016 Chin.
Phys. B 25 128503

Sun Q, Mateo L. M, Robles R, Ruffieux P, Bottari G, Torres
T, Lorente N 2022 Adv. Seci. 9 2105906

Liao M S, Scheiner S 2002 J. Chem. Phys. 117 205

Sanvito S 2011 Chem. Soc. Rev. 40 3336


https://doi.org/10.1021/nn302107k
https://doi.org/10.1021/nn302107k
https://doi.org/10.1021/nn302107k
https://doi.org/10.1021/nn302107k
https://doi.org/10.1021/nn302107k
https://doi.org/10.1021/nn302107k
https://doi.org/10.1021/nn302107k
https://doi.org/10.1007/s00894-023-05747-6
https://doi.org/10.1007/s00894-023-05747-6
https://doi.org/10.1007/s00894-023-05747-6
https://doi.org/10.1007/s00894-023-05747-6
https://doi.org/10.1007/s00894-023-05747-6
https://doi.org/10.1007/s00894-023-05747-6
https://doi.org/10.1016/j.ccr.2010.05.014
https://doi.org/10.1016/j.ccr.2010.05.014
https://doi.org/10.1016/j.ccr.2010.05.014
https://doi.org/10.1016/j.ccr.2010.05.014
https://doi.org/10.1016/j.ccr.2010.05.014
https://doi.org/10.1016/j.ccr.2010.05.014
https://doi.org/10.1021/acs.jpclett.5b01595
https://doi.org/10.1021/acs.jpclett.5b01595
https://doi.org/10.1021/acs.jpclett.5b01595
https://doi.org/10.1021/acs.jpclett.5b01595
https://doi.org/10.1021/acs.jpclett.5b01595
https://doi.org/10.1021/acs.jpclett.5b01595
https://doi.org/10.1021/acs.jpclett.5b01595
https://doi.org/10.1126/science.1081572
https://doi.org/10.1126/science.1081572
https://doi.org/10.1126/science.1081572
https://doi.org/10.1126/science.1081572
https://doi.org/10.1126/science.1081572
https://doi.org/10.1126/science.1081572
https://doi.org/10.1126/science.1081572
https://doi.org/10.1021/jp512803s
https://doi.org/10.1021/jp512803s
https://doi.org/10.1021/jp512803s
https://doi.org/10.1021/jp512803s
https://doi.org/10.1021/jp512803s
https://doi.org/10.1021/jp512803s
https://doi.org/10.1021/jp512803s
https://doi.org/10.1021/acsnano.4c10389
https://doi.org/10.1021/acsnano.4c10389
https://doi.org/10.1021/acsnano.4c10389
https://doi.org/10.1021/acsnano.4c10389
https://doi.org/10.1021/acsnano.4c10389
https://doi.org/10.1021/acsnano.4c10389
https://doi.org/10.1002/adma.200601140
https://doi.org/10.1002/adma.200601140
https://doi.org/10.1002/adma.200601140
https://doi.org/10.1002/adma.200601140
https://doi.org/10.1002/adma.200601140
https://doi.org/10.1002/adma.200601140
https://doi.org/10.1002/adma.200601140
https://doi.org/10.1021/nl052373+
https://doi.org/10.1021/nl052373+
https://doi.org/10.1021/nl052373+
https://doi.org/10.1021/nl052373+
https://doi.org/10.1021/nl052373+
https://doi.org/10.1021/nl052373+
https://doi.org/10.1021/nl052373+
https://doi.org/10.1038/s41467-023-43169-3
https://doi.org/10.1038/s41467-023-43169-3
https://doi.org/10.1038/s41467-023-43169-3
https://doi.org/10.1038/s41467-023-43169-3
https://doi.org/10.1038/s41467-023-43169-3
https://doi.org/10.1038/s41467-023-43169-3
https://doi.org/10.1038/s41467-023-43169-3
https://doi.org/10.1038/nchem.1352
https://doi.org/10.1038/nchem.1352
https://doi.org/10.1038/nchem.1352
https://doi.org/10.1038/nchem.1352
https://doi.org/10.1038/nchem.1352
https://doi.org/10.1038/nchem.1352
https://doi.org/10.1038/nchem.1352
https://doi.org/10.1021/ar200260p
https://doi.org/10.1021/ar200260p
https://doi.org/10.1021/ar200260p
https://doi.org/10.1021/ar200260p
https://doi.org/10.1021/ar200260p
https://doi.org/10.1021/ar200260p
https://doi.org/10.1039/D0NR07844A
https://doi.org/10.1039/D0NR07844A
https://doi.org/10.1039/D0NR07844A
https://doi.org/10.1039/D0NR07844A
https://doi.org/10.1039/D0NR07844A
https://doi.org/10.1039/D0NR07844A
https://doi.org/10.1039/D0NR07844A
https://doi.org/10.1039/D4RA02574A
https://doi.org/10.1039/D4RA02574A
https://doi.org/10.1039/D4RA02574A
https://doi.org/10.1039/D4RA02574A
https://doi.org/10.1039/D4RA02574A
https://doi.org/10.1039/D4RA02574A
https://doi.org/10.1039/D4RA02574A
https://doi.org/10.1039/C4RA09279A
https://doi.org/10.1039/C4RA09279A
https://doi.org/10.1039/C4RA09279A
https://doi.org/10.1039/C4RA09279A
https://doi.org/10.1039/C4RA09279A
https://doi.org/10.1039/C4RA09279A
https://doi.org/10.1039/C4RA09279A
https://doi.org/10.1016/j.physleta.2018.12.001
https://doi.org/10.1016/j.physleta.2018.12.001
https://doi.org/10.1016/j.physleta.2018.12.001
https://doi.org/10.1016/j.physleta.2018.12.001
https://doi.org/10.1016/j.physleta.2018.12.001
https://doi.org/10.1016/j.physleta.2018.12.001
https://doi.org/10.1016/j.physleta.2018.12.001
https://doi.org/10.1103/PhysRevB.104.045412
https://doi.org/10.1103/PhysRevB.104.045412
https://doi.org/10.1103/PhysRevB.104.045412
https://doi.org/10.1103/PhysRevB.104.045412
https://doi.org/10.1103/PhysRevB.104.045412
https://doi.org/10.1103/PhysRevB.104.045412
https://doi.org/10.1103/PhysRevB.104.045412
https://doi.org/10.1016/j.physe.2020.114542
https://doi.org/10.1016/j.physe.2020.114542
https://doi.org/10.1016/j.physe.2020.114542
https://doi.org/10.1016/j.physe.2020.114542
https://doi.org/10.1016/j.physe.2020.114542
https://doi.org/10.1016/j.physe.2020.114542
https://doi.org/10.1016/j.physe.2020.114542
https://doi.org/10.1088/1361-648X/ab4007
https://doi.org/10.1088/1361-648X/ab4007
https://doi.org/10.1088/1361-648X/ab4007
https://doi.org/10.1088/1361-648X/ab4007
https://doi.org/10.1088/1361-648X/ab4007
https://doi.org/10.1088/1361-648X/ab4007
https://doi.org/10.1088/1361-648X/ab4007
https://doi.org/10.1088/1361-648X/ab4007
https://doi.org/10.1103/PhysRevB.31.6207
https://doi.org/10.1103/PhysRevB.31.6207
https://doi.org/10.1103/PhysRevB.31.6207
https://doi.org/10.1103/PhysRevB.31.6207
https://doi.org/10.1103/PhysRevB.31.6207
https://doi.org/10.1103/PhysRevB.31.6207
https://doi.org/10.1016/j.physe.2018.09.025
https://doi.org/10.1016/j.physe.2018.09.025
https://doi.org/10.1016/j.physe.2018.09.025
https://doi.org/10.1016/j.physe.2018.09.025
https://doi.org/10.1016/j.physe.2018.09.025
https://doi.org/10.1016/j.physe.2018.09.025
https://doi.org/10.1016/j.physe.2018.09.025
https://doi.org/10.1088/1674-1056/26/9/098508
https://doi.org/10.1088/1674-1056/26/9/098508
https://doi.org/10.1088/1674-1056/26/9/098508
https://doi.org/10.1088/1674-1056/26/9/098508
https://doi.org/10.1088/1674-1056/26/9/098508
https://doi.org/10.1088/1674-1056/26/9/098508
https://doi.org/10.1088/1674-1056/26/9/098508
https://doi.org/10.1088/1674-1056/25/12/128503
https://doi.org/10.1088/1674-1056/25/12/128503
https://doi.org/10.1088/1674-1056/25/12/128503
https://doi.org/10.1088/1674-1056/25/12/128503
https://doi.org/10.1088/1674-1056/25/12/128503
https://doi.org/10.1088/1674-1056/25/12/128503
https://doi.org/10.1088/1674-1056/25/12/128503
https://doi.org/10.1088/1674-1056/25/12/128503
https://doi.org/10.1002/advs.202105906
https://doi.org/10.1002/advs.202105906
https://doi.org/10.1002/advs.202105906
https://doi.org/10.1002/advs.202105906
https://doi.org/10.1002/advs.202105906
https://doi.org/10.1002/advs.202105906
https://doi.org/10.1002/advs.202105906
https://doi.org/10.1063/1.1480872
https://doi.org/10.1063/1.1480872
https://doi.org/10.1063/1.1480872
https://doi.org/10.1063/1.1480872
https://doi.org/10.1063/1.1480872
https://doi.org/10.1063/1.1480872
https://doi.org/10.1063/1.1480872
https://doi.org/10.1039/c1cs15047b
https://doi.org/10.1039/c1cs15047b
https://doi.org/10.1039/c1cs15047b
https://doi.org/10.1039/c1cs15047b
https://doi.org/10.1039/c1cs15047b
https://doi.org/10.1039/c1cs15047b
https://doi.org/10.1039/c1cs15047b
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 14 (2026) 140704

Theoretical study on the negative differential resistance effect
of porphyrin molecular junctions modified by metal atoms®
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Abstract

The key challenge in constructing molecular logic circuits is to design negative differential resistance (NDR)
devices with high peak-to-valley ratios (PVR). This paper investigates the electronic transport properties of
porphyrin molecules covalently connected on zigzag graphene nanoribbon electrodes via amide groups, using a
first-principles calculation method combining density functional theory and non-equilibrium Green's function
approach. The results show that porphyrin molecular junctions can achieve controllable NDR effects through
metal atom modification. The intrinsic porphyrin molecular junction exhibits a symmetrical NDR effect under
low bias voltage, with a PVR of up to the order of 103 However, its peak current is limited by orbital
localization to only 27.8 nA, restricting its logical switching performance. Modification of Au and Pt atoms
significantly improves the spatial delocalization of the system’s transmission eigenstates and induces energy
level degeneracy, thereby greatly enhancing the devices’ transport capability. As a result, the peak currents of
Au-porphyrin and Pt-porphyrin molecular junctions increase to 238.1 nA and 258.2 nA, respectively. The Fe-
porphyrin molecular junction forms a global delocalized channel under forward bias, with the peak current
significantly increased to 611.8 nA while maintaining a PVR of 10% achieving an optimal balance of NDR
performance. This is confirmed by the evolution of the spatial distribution of transmission eigenstates, where
the Fe-porphyrin molecular junction demonstrates pronounced asymmetric NDR behavior. This originates from
the anisotropic exchange coupling between the unpaired 3d electrons of the central Fe atom and the delocalized
7 electrons of the porphyrin ring under an external electric field, thereby breaking the symmetry of the
transport channel. In summary, the orbital space localization and channel decoupling caused by the Stark effect
under low bias voltage are the common underlying mechanisms of NDR effects in all systems. The results
provide theoretical guidance for the experimental synthesis and physical design of related functional devices in

the future.
Keywords: first principles, molecular devices, negative differential resistance effect, peak-to-valley ratio
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