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Fig. S1 (a) XRD of the pristine GO and rGO and Au/rGO film and (b) XPS spectra of Au/rGO film.
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Fig. S2 EDX mapping of the C, O, and Au elements of Au/rGO film. 
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Fig. S3 Contact angles of electrolyte on pristine Cu foil and Au/rGO film.
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Fig. S4 Coulombic efficiencies of Au/rGO with different Au contents at 0.5 mA cm−2/0.5 mAh cm−2.
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Fig. S5 Nyquist plots of Li||Cu, Li||rGO, and Li||Au/rGO-Li cells after 50 cycles at 2 mA cm−2/2 mAh 

cm−2. 
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 Fig. S6 (a) XRD pattern of the Li2S/C cathode and (b) SEM image.
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Figure S7 Rate performance of Au/rGO||Li2S and Cu||Li2S. 
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Fig. S8 Schematic representation of the Li nucleation on substrate based on the classical heterogeneous 

nucleation model.

Note 1: According to classical heterogeneous nucleation theory, the critical nucleation radius (r*) is 

determined by

r* = 2γNE / ∆GV                               

where ∆GV is the free energy change of Li from electrolyte to anode and γNE is Li/electrolyte interfacial 

free energy. The r* is unaffected by the substrate. However, the volume of nucleated Li to reach r* is 

much smaller than that in homogeneous nucleation, indicating the important role of substrate in 

regulating Li nucleation.

Li heterogeneous nucleation barrier is related to the binding energy (Eb) between the substrate and Li.

∆Ghet = S(θ) ∆Ghom

S(θ) = (2 + cosθ) (1 – cosθ)2 / 4

cosθ = (γSE – γSN) / γNE

Where ∆Ghet and ∆Ghom are the heterogeneous and homogeneous nucleation barrier, respectively. θ is 

contact angle, γSE, γSN, and γNE are the interfacial free energy of substrate–electrolyte, substrate–nucleus, 

and nucleus–electrolyte interfacial free energy, respectively.
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When the Eb between Li and substrate is increased, γSN is reduced. Therefore, cosθ is increased and S(θ) 

as well as ∆Ghet is decreased. In summary, substrates that can provide a high Eb toward Li can reduce 

the Li nucleation barrier as well as the volume of nucleated Li to reach r*, favoring uniform Li 

deposition.1, 2 The Eb is thus a reasonable descriptor of the lithiophilicity of anodic substrates.
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Fig. S9 Phase diagrams of Li–Au.3
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Table S1. Comparison of main parameters and cycling property for this work with recently reported 
anode-free full cell.

Battery system
Initial discharge 
capacity (mA h 

g−1)
Cycle life

Capacity 
retention

Current 
density

Reference

Cu||Li2S 639 100 51.5 % 0.1 C 4

Cu||LiNi0.5

Mn0.3Co0.2O2
162 100 42 % 0.1 C 5

Cu@PEO||LiFePO4 127 100 49.6 % 0.2 C 6

3D-Cu||Li2S 588.4 180 59.34 % 0.1 C 7

MLG||LiFePO4 151 100 61 % 0.1 C 8

15Ph5||LiFePO4 106.9 100 63 % 0.2 C 9

Au/rGO||Li2S 673.1 200 63.3 % 0.2 C This work
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Table S2. The calculation of the energy density of the Au/rGO||Li2S anode-free full cell in our work.

Components value

Li2S mass loading (mg cm−2) 2.0

Area of the electrode film (cm2) 1.131

The mass of Li2S (mg) 2.262

The mass of carbon black (mg) 0.97

The mass of PVDF (mg) 0.36

The mass of current collector (cathode, mg) 4.95

The mass of the whole cathode (mg) 8.542

The mass of Au (mg) 0.00006

The mass of rGO current collector (mg) 0.30531

The mass of the whole anode (mg) 0.3054

Total mass (mg) 8.8474

The initial discharge capacity (mAh g−1) 673.1

According table S2, the gravimetric energy density can be calculated as below. The mass of 

electrolyte and packing materials are not included. 10 

𝑀𝐺𝑟𝑎𝑣𝑖𝑚𝑒𝑡𝑟𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
𝐸 ×  𝑄𝐿𝑖2𝑆 ×  𝑚𝐿𝑖2𝑆

𝑚𝑡𝑜𝑡𝑎𝑙

 Wh kg−1
=

2.1 ×  673.1 × 3.232 
8.8474

≈ 516.4 Wh kg−1

E is the average discharge voltage of the full cell, QLi2S is the theoretical gravimetric specific 

capacities of Li2S cathode, mLi2S is the mass of Li2S cathode. 
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Table S3. The material cost of various components10.

Category
Price

($ g−1)

Unit area 
consumption

(mg cm−2)

Unit area cost
($ cm−2)

 Li2S* 30.02 2 6.0×10−2

Au** 47 0.000054 2.54×10−6

rGO* 79.81 0.27 2.15×10−2

Al foil*** / / 0.16

Carbon black**** 0.07 0.857 0.6×10−4

PVDF**** 0.215 0.318 0.68×10−4

* The price of rGO and Li2S are from Shanghai Aladdin Biochemical Technology Co., Ltd.

** The prices of Au are from the website of https://www.ccmn.cn.

*** The prices of Al foil are from Shenzhen Kejing Microelectronics Technology Co., Ltd.

****Suzhou Duoduo Chemical Technology Co., Ltd.

The theoretical cost of the Au@rGO||Li2S anode-free full 

cell=1.131×(6.0×10−2+2.54×10−6+2.15×10−2+0.16+0.6×10−4+0.68×10−4)/(673.1×10−3)=0.41 $ Ah−1.
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