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S1 Calculation of Faradaic Efficiency and Yield Rate 
The FE of urea was calculated by the following equation:
FE(%) = (16 × V × c × F) / (60.06 × Q) × 100%

The yield rate of urea was calculated by the following equation:

Yield rate = (c × V) / (mcat × t)
where V is the electrolyte volume, c is the concentration of urea, F is the Faraday constant, Q is the electric quantity, mcat is the loading mass of catalyst, and t is the electrolysis time.
S2 Ammonia Determination

The concentration of NH4+ was determined via the method of indophenol blue. In a typical process, the solution of 1 M sodium hydroxide, 5% salicylic acid, and 5% sodium citrate were served as colorant. Then, 2 mL of colorant, 0.2 mL of 1% mass fraction of sodium nitroferricyanide aqueous solution and 1.0 mL of 0.05 M NaClO were dissolved in 2 mL of electrolyte, then the obtained solution was mixed evenly and reacted in the dark for 2 hours. Finally, the absorbances of each sample were measured at the wavelength of ~662 nm [1]. The standard curve for the quantification of ammonia was displayed in Fig. S32.

S3 Nitrite Determination

The concentration of NO2- was determined via ultraviolet-visible (UV-vis) spectroscopy. Specifically, sulfonic acid (0.5 g) and of N-(1-naphthyl) ethylenediamine dihydrochloride (5 mg) were dispersed in 100 mL deionized water containing 5 mL of acetic acid, and the obtained solution was employed as a colorant. Then, 1 mL of electrolyte and 4 mL of colorant were mixed to form a homogeneous solution. Finally, the absorbance of the solution was detected at the wavelength of ~510 nm [2]. The standard curve for the quantification of nitrite was displayed in Fig. S33.

S4 Determination of H2 and CO
H2 and CO were determined by gas chromatography (GC) (Shimadzu GC-2014) equipped with both a flame ionization detector (FID) and thermal conductive detector (TCD). Ar was adopted as the carrier gas for H2 and CO quantification.
S5 Urea Determination
Urea was first quantified by high performance liquid chromatography (HPLC, Agilent 1260 Infinity II Prime). HPLC was performed on a Luna 5 μm NH2 column (250 mm × 4.6 mm). The corresponding mobile phase, flow rate, and detected wavelength were acetonitrile-water (40:60), 0.45 mL min-1, and 195 nm, respectively. The standard curve of HPLC for the quantification of urea was shown in 错误!未找到引用源。. 
To accurately quantify the yield rate of urea, diacetyl monoxime and urease decomposition colorimetric method were also carried out. For the approach of modified diacetyl monoxime (M-DAMO-TSC), specifically, 2 g of sulfamic acid was dissolved in 100 mL of water as a NO2- elimination reagent. 40 mL of concentrated phosphoric acid, 120 mL of concentrated sulfuric acid and 40 mg of ferric chloride were dispersed in 240 mL deionized water to form a homogeneous solution (solution A), and 2 g of diacetylmonoxime (DAMO) and 40 mg of thiosemicarbazide (TSC) were dissolved in 400 mL of deionized water to form a homogeneous solution (solution B). Then, 1 mL of electrolyte was dispersed in 100 μL of the above reagent and 300 μL 1.0 M HCl to remove NO2-. Then, 1 mL of electrolyte without NO2- dispersed in 2 mL of solution A and 1 mL of solution B, and the mixture was placed in a boiling water bath for 25 min. After cooling down to room temperature, the absorbance of the samples was acquired at ~525 nm using a UV‒vis spectrophotometer (Shimadzu GC-2550). The standard curve of DAMO-TSC for the quantification of urea was shown in 错误!未找到引用源。. For the approach of urease decomposition, according to the previous literature, 3.6 mL of urea electrolyte was mixed with 0.5 mL of urease solution containing a concentration of 5 mg mL-1. The mixture was kept in a constant temperature shaker at 37 ℃ for 1h. During this period, urea ((NH2)2CO) was broken down by urease into two NH3 molecules and CO2. The NH3 concentration in the electrolyte solution containing urease was measured using the indophenol blue method. For comparison, NH3 concentration in urea electrolyte without urease was also measured. The total moles of ammonia (murease) in the electrolyte were determined using a spectrophotometer, which were expressed as 2murea+mammonia. In this equation, 2murea represents the moles of ammonia produced by the urease-caused decomposition. Thus, the number of moles of urea produced (murea) was calculated by (murease-mammonia) / 2 [S1-S3]. 
S6 Isotope Tracer Experiments of 15N

The urease decomposition method was implemented to conduct an isotope tracer experiment using 15N, and 15N in the electrolyte of K15NO3 was measured before and after urea decomposition. Specifically, 500 uL solution containing 1mL 1mg mL-1 maleate (Internal standard), 0.5 mL 4 M H2SO4 and 1 mL electrolyte, then 100 uL were dispersed in the solution. The data was collected via 256 scans conducted on a 500 MHz NMR instrument (Bruker) equipped. Additionally, the content of 14N in the electrolyte of K14NO3 were measured before and after urea decomposition, corresponding results were presented in Fig. S14.

S7 Operando Differential Electrochemical Mass Spectrometry (DEMS) Measurements

The intermediate products were detected by DEMS (QAS100). In the coreduciton reaction of CO2 and NO3-, the electrolyte was 0.1 M KNO3 and 0.2 M KHCO3 solution, and Ar bubbled into the electrolyte before and during DEMS measurement. The signals were collected under the potential of -0.4 V vs. RHE electrolysis conditions.

S8 Electrochemical Operando ATR-FTIR Measurements
The Si prisms were polished with an Al2O3 suspension and sequentially ultrasonically cleaned in a bath of acetone and deionized water before depositing a certain thickness of Au onto the surface of the Si prism. The prepared catalyst ink was loaded onto the above prepared Au film to prepare the working electrode. ATR-SERAS measurements were performed in a two-compartment spectroscopic electrochemical cell containing three electrodes, including a working electrode, a standard Ag/AgCl electrode as a reference electrode, and a platinum wire as a counter electrode, respectively. All ATR-SERAS spectra were acquired using a Fourier transform infrared spectrophotometer (FT-IR, Nicolet Is50 Thermo Fischer Scientific) equipped with a mercury cadmium telluride (MCT) detector. Electrochemical tests were performed in 0.1 M KNO3 and 0.2 M KHCO3 aqueous solution with constant CO2 flow and controlled by a CHI electrochemical workstation (CHI660E). In a typical test, the working electrode was initially activated by running CV cycles between 0 and -1 V vs. RHE at a scan rate of 0.05 V s-1 until the system was stabilized. Then, the spectrum was collected under the open-circuit potential as the background signal, and the cathodic potential was adjusted from -0.2 to -0.6 V vs. RHE with an interval of 0.1 V. Each potential lasted 2 min for spectral acquisition.
S9 Theoretical Calculation Method

All the calculations are performed in the framework of the density functional theory with the projector augmented plane-wave method, as implemented in the Vienna ab initio simulation package [S5]. In this work, all calculations were carried out based on the VASP code. The generalzied gradient approximation proposed by Perdew, Burke, and Ernzerhof is selected for the exchange-correlation potential [S6]. The cut-off energy for plane wave is set to 550 eV. The energy criterion is set to 10-5 eV in iterative solution of the Kohn-Sham equation. A vacuum layer of 10 Å is added perpendicular to the sheet to avoid artificial interaction between periodic images. The Brillouin zone integration is performed using a 3×3×1 k-mesh. All the structures are relaxed until the residual forces on the atoms have declined to less than 0.02 eV/Å. The bottom two layers were fixed during the calculation process. The Gibbs free energy change of each elementary step can be calculated by ΔG = ΔE + ΔEZPE - TΔS. The climbing image nudged elastic band (cNEB) method was used to search the reaction path and transition state, and the vibration frequency calculation was used to confirm it further [S7].
S10 Supplementary Figures and Tables
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Fig. S1 Faradaic efficiency and yield rate of urea with different catalyst loadings
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Fig. S2 XRD pattern of Pd/C and D-PdZn/C
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Fig. S3 XRD pattern of Zn/C
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Fig. S4 (a) TEM and size distribution of O-PdZn/C, and (b) HR-TEM of O-PdZn/C
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Fig. S5 TEM and EDX element mapping images of O-PdZn /C before reaction
Table S1 Mass percentage of metal content determined by ICP-OES

	Metal content

	Sample
	Pd mass percentage (%)
	Zn mass percentage (%)

	O-PdZn/C
	7.23
	7.19
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Fig. S6 EDX element distribution image of O-PdZn/C
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Fig. S7 (a) TEM and size distribution of Zn/C, and (b) HR-TEM of Zn/C
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Fig. S8 (a) TEM and size distribution of Pd/C, and (b) HR-TEM of Pd/C
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Fig. S9 (a) TEM and size distribution of D-PdZn/C, and (b) HR-TEM of D-PdZn/C
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Fig. S10 (a) XPS survey spectra, (b) C 1s, (c) Pd 3d, and (d) Zn 2p XPS spectrum of O-PdZn/C
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Fig. S11 LSV curves of O-PdZn/C for the co-reduction of NO3- and CO2 in different electrolytes
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Fig. S12 LSV curves of O-PdZn/C without CO2 and NO3–, with individual CO2, individual NO3- and coexisting CO2 and NO3–
[image: image13.png]0.6 V
0.5V
-0.4V
0.3V
0.2V

ryi
&4

22 24

20
Time (min)

18

16

(‘n"e) asueqiosqy




Fig. S13 HPLC profile of urea content under different potentials
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Fig. S14 The partial current density of urea (jurea) for various catalysts at various potential
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Fig. S15 Faradaic efficiency and yield of different quantitative urea methods
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Fig. S16 UV-vis absorption spectra of NH4+ concentrations before and after urea decomposition at –0.4 V
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Fig. S17 1H NMR spectra of 14NH4+ and 15NH4+ before and after decomposition of urea products on O-PdZn/C at –0.4 V vs RHE
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Fig. S18 Pd 3d XPS spectrum of (a) Pd/C and D-PdZn/C, (b) Pd/C and O-PdZn/C
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Fig. S19 Zn 2p XPS spectrum of (a) Zn/C and D-PdZn/C Zn 2p, (b) Zn/C and O-PdZn/C
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Fig. S20 The HAADF STEM image of D-PdZn/C
[image: image21.png]()

©

-
=)
(=]

80

60

40

20

Faradaic efficiency (%)

(=]

Faradaic efficiency (%)
8 5 3 8 8

o

T HE0OH [ No, I N, - Urea ] cO L1,

02 03 -04 -05

Potential (V vs. RHE)

-0.6

[ HeOOH [ No, [ NH, [ urea L] co [ H,

02 -03 -04 -05 -0.6
Potential (V vs. RHE)

)

(@)

Faradaic efficiency (%)

Faradaic efficiency (%)

=
=)
=3

80

60

40

20

100

80

60

40

20

[ HCOOH [ No; I NH,* [ Urea ] cO[_JH,

02 03 -04 -05

Potential (V vs. RHE)
] HCOOH [ ] NO, I NH,

-0.6

T s,

-0.2

03 04
Potential (V vs

-0.5 -0.6
. RHE)




Fig. 21 Product distribution of various catalyst
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Fig. S22 CV curves of various catalysts
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Fig. S23 (a) Cdl value of different catalysts, (b) Cdl value of O-PdZn/C before and after reaction
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Fig. S24 The yield rate of urea normalized by Cdl values
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Fig. S25 (a) I-T curves profile, (b) Faradaic efficiency and yield of continuous urea synthesis for eight cycles at –0.4 V vs RHE
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Fig. S26 I-t curves profile of different catalysts
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Fig. S27 TEM images of O-PdZn/C before and after reaction
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Fig. S28 EDX elements mapping of O-PdZn/C after reaction
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Fig. S29 XRD pattern of O-PdZn/C before and after reaction
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Fig. S30 (a) Pd 3d, (b) Zn 2p XPS spectrum of O-PdZn/C before and after reaction
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Fig. S31 DEMS signal of O-PdZn/C at –0.4 V vs. RHE
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Fig. S32 Operando FTIR signal of H2O for various catalyst
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Fig. S33 Operando FTIR of Zn/C, Pd/C and D-PdZn/C in the range of 1300-2200 cm–1
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Fig. S34 The differential charge density maps of O-PdZn/C
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Fig. S35 The atomic models of all the intermediates adsorption on the surface of Pd/C for *NO3 reduction to *NH2
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Fig. S36 The structural models of all the intermediates adsorption on the surface of Zn/C for *CO2 reduction to *CO
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Fig. S37 The structural models of all the intermediates adsorption on the surface of O-PdZn/C for *NO3 reduction to *NH2
[image: image38.png]\>4\.\>
I INB#
< 4\.\»4

IU,I, )

DI
AW\ v v

< O\




Fig. S38 The structural models of all the intermediates adsorption on the surface of O-PdZn/C for *CO2 reduction to *CO
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Fig. S39 The structures of the initial, transition and final state for *CONH2 formation on the surface of (a) Pd/C, (b) D-PdZn/C, and (c) O-PdZn/C
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Fig. S40 (a) UV-vis absorption spectra of various NH4+ concentrations, and (b) Calibration curve used for quantifying NH4+
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Fig. S41 (a) UV-vis absorption spectra of various NO2– concentrations, and (b) Calibration curve used for quantifying NO2–
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Fig. S42 (a) HPLC absorption spectra of various urea concentrations, and (b) Calibration curve used for quantifying urea
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Fig. S43 (a) UV-vis absorption spectra of various urea concentrations, and (b) Calibration curve used for quantifying urea
Table 2 Summary on the FE of electro-catalysis coupling for C–N bond toward urea synthesis
	Catalyst
	Reactant
	E (V vs.

RHE)
	Urea yield

 (μg mg-1 h-1)
	FE
	Refs.

	O-PdZn/C
	NO3-+CO2
	-0.4
	1247.42
	62.78%
	This Work

	Diatomic

Fe–Ni
	NO3-+CO2
	-1.5
	1213.21
	17.8%
	S2

	VO-InOOH
	NO3-+CO2
	-0.5
	592.5
	51%
	S3

	Zn NBs
	NO+CO2
	-0.92
	908.71
	11.26%
	S4

	Pd1Cu1/TiO2
	N2+CO2
	-0.4
	201.60
	8.92%
	S7

	Cu-GS-800
	NO3-+CO2
	-0.9
	1800.03
	28%
	S8

	PdAu alloy
	NO3-+CO2
	-0.5
	204.30
	15.6%
	S9

	Cu97In3-C
	NO3-+CO2
	-1.4
	786.79
	~5.3%
	S10

	Fe(a)@C-Fe3O4/CNTs
	NO3-+CO2
	-0.65
	1341.3
	16.5%
	S11

	F-CNT
	NO3-+CO2
	-0.65
	381.6
	18.0%
	S12

	Bi/BiVO4
	N2+CO2
	-0.4
	354.6
	12.55
	S13

	BiFeO3/BiVO4
	N2+CO2
	-0.4
	296.5
	17.18
	S14

	Ni3(BO3)2
	N2+CO2
	-0.5
	582.58
	20.36
	S15

	InOOH
	N2+CO2
	-0.4
	411.41
	21.97
	S16

	CuPc NTs
	N2+CO2
	-0.6
	143.4
	12.99
	S17

	MoOx/C
	NO3-+CO2
	-0.6
	1431.5
	27.7
	S18

	Co–PMDA-2-

mbIM
	N2+CO2
	-0.5
	868.2
	49
	S19

	Vo-CeO2
	NO3-+CO2
	-1.6
	943.6
	-
	S20

	Diatomic Zn-Mn
	N2+CO2
	-0.3
	240.0 
	63.5 
	S21

	Diatomic Re-Mn
	N2+CO2
	-0.3
	71.8
	52.91
	S22

	Bimetallic Cu-In
	NO3-+CO2
	-1.4
	786.21
	~25.3
	S23

	Cu–W bimetallic
oxide
	NO3-+CO2
	-0.2
	98.5
	70.1
	S24

	SbxBi1-xOy clusters
	N2+CO2
	−0.3
	307.97
	 10.9%
	S25
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