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Two-dimensional Conjugated Metal-orgnaic Framework Electrocatalyst

Haixia Zhong, Renhao Dong, Xinliang Feng

Technische Universitat Dresden, Mommsenstrasse 4, 01069, Dresden, Germany

Two-dimensional conjugated metal-organic framework (2D c-MOF), with highly in-plane m-conjugation and weak out-plane - stacking, has
emerged as one novel class of promising electrocatalysts due to the intrinsic electrical conductivity, high surface area, dense active sites and
structural diversity. Herein, we developed a copper-phthalocyanine-based 2D c-MOF (PcCu-Og4-Co/Zn) with square planar CoO,/ZnO, complexes
as linkages toward electrocatalysis oxygen/carbon dioxide reduction reaction (ORR/CO,RR). PcCu-Og4-Co mixed with carbon nanotubes exhibits
excellent electrocatalytic ORR activity (E,,=0.83 V vs. RHE and j,=5.3 mA cm=) in alkaline media owing to the synergistical contribution of 2D
conjugated porous structure and dense CoQ, sites with unique electric structure. The PcCu-Og-Zn with carbon nanotube harvests high CO,RR
performance with CO selectivity of 88% and tunable molar H,/CO ratio (1:7~ 4:1) toward syngas synthesis. The contrast results unvell a
synergistic catalytic mechanism; ZnO, complexes act as catalytic sites for CO, conversion while CuN, centers promote the protonation of
adsorbed CO, during the CO,RR. Our works highlight the 2D conjugated MOFs with optimized composition/architecture and electronic structure
as effective electrocatalysts toward ORR and CO,RR

Morphology and Structure of PcCu-Og-Co/Zn

.. -. l .l -l .n l.
[ . - a
Q8 | a--» -‘ o
|

;4 : x XRD patterns XPS spectra
i Qﬁ::::ngi rq«{.:ugc rqn:.:uoﬁj
Se : ' Co 2p
-'“3.4?‘*‘ ’*’3.3“-“ '*’3«’"* g PcCu-O_-Zn ~ P172
> i =
T o NG e m
3 £s £ o = ,«‘/
. o000 350 3 S0 c =
iji‘o:::?lc r}«:::;:ii »Qco:.:u {:: -
‘ _-‘-, ¢ ‘ ) PcCu-Og-Co
O CU . M @ CON O 0 O 10 20 30 40 50 770 780 790 800 1000 1050
. . | Binding energy (eV
Schematic structure TEM Image 2theta (degree) J gy (eV)
ORR and CO,RR Performance of PcCu-Og4-Co/Zn Catalytic Reaction Mechanism
< s J A R AT T O O O R R R R R R, J
IS 288 8 451 Co(Il)-0
= PcCu-Og-Co/CNT = PcZn-0g-Zn/CNT ®Twe one® - 691: Co(liN-O
= PcCu-(OH)g/CNT —PcZn-0s-Cu/CNT 5 5 - Codlll ve. RHE " —a— PcCu-O -Cu
e— PC'OS-CO/CNT — PcCu-0s-Cu/CNT — 1V after == PcZn-0_-Cu
o == PcCu-0s-Zn/CNT = 0.4V == PcZn-O,-Zn
g \cs_; 0.5V . \\:\\:\\:\—Q— PcCu-0O -Zn
E = 0.6V % \\:\\?\
— o 0.7V O
= <1 -0.54H,(g)/CO, (9)
s 0.8V /
0.9V 1.04 CORR -
00 02 04 06 08 1,0 | 1Vibetore H,(9)/CO(g)
400 600 800 1000 1 200 1 400 1 600 . .
E (V vs. RHE) E (V vs. RHE) Raman shift (cm-) Reaction coordinates
ORR polarization curves CO current density In-situ Raman spectra | Free energy profiles
H,0-+¢ sl CO,
“ | | Methanation process ‘
= s =E 71 0, +e 1
J 1 IV L g : ) )
1.2 1.1 -1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 H,0t O° @z OH OC @cu ON @0
Zn-air battery E (V vs. RHE) ORR mechanism CO,RR process

REFERENCES
[1] H. Zhong, K. H. Ly, M. Wang, Y. Krupskaya, X. Han, J. Zhang, J. Zhang, V.

Haixia Zhong Kataev, B. Buchner, I. M. Weidinger, S. Kaskel, P. Liu, M. Chen, R. Dong, X. Feng, 2 D . _ }
Angew. Chem. Int. Ed. 31 (2019) 10787. C H e m m a E N
Haixia.zhong@tu-dresden.de || [2] H. Zhong, M. Ghorbani-Asl, K. H. Ly, J. Zhang, J. Ge, M. Wang, Z. Liao, D. .'
Makarov, E. Zschech, E. Brunner, |. M. Weidinger, J. Zhang, A. V. Krasheninnikov, AUGUSE 31 - SEPLEMBET 03, 2021 /7 ONLINE
S. Kaskel, R. Dong, X. Feng, Nat. Commun. 1(2020) 14009.

.*\.f



