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EIS study of N-SEI  

 

The EIS Nyquist plot of d-HCl-Cu symmetrical cells is typical for a linear restricted diffusion 

towards a blocking electrode (Figure 2a in the manuscript).  

The plots of c-AcH-Cu symmetric cell were fitted with a Randomize + Simplex fitting method 

with 200,000 iterations for each step. The Nyquist plot measured after one-hour rest time, was 

fitted with Voigt-type equivalent circuit a R1+Q1/(R2+Wd1)+Q4/R4 (Figure S1, Table S1). 

R1 was assigned to the impedance of the bulk electrolyte. R2, R4 and Q1, Q4 were assigned to 

the impedance and capacitance of different phases in the N-SEI. The confined finite length 

diffusion component (Wd), typically assigned to mass transport through a layer with a finite 

length, was assigned to the mass transfer in the N-SEI (Figure S1, Table S1).  

An equivalent circuit composed of multiple RC units was previously assigned to SEI.1 The 

maximum of the high frequency semi-circle is at approximately 165 kHz and its capacitance is 

of the order of 10-9 F (Figures 2b and S1, Table S1). The semi-circles at frequencies above 100 

kHz, are typically assigned to the compact surface films adjacent to a metal surface.1–3  The 
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relatively low capacitance of the semi-circle (around 10-9 F) also could be due to the  significant 

roughness of the Cu substrate. 4  

After 5 days’ rest time, the fit of the impedance spectrum Nyquist plot for c-AcH-Cu required 

an additional RC component, assigned to the SEI. The diameter of the high-frequency semi-

circle decreases with time, while the total impedance has not changed significantly. The slope 

of the Nyquist plot of d-HCl-Cu decrease with time. This indicates a relative increase in the 

time constants of the diffusional as compared to the faradaic processes.5 We attribute these 

trends to an increase in the heterogeneity of the SEI after prolong rest time. 6,1   

 

 

Figure S1. PEIS in the 1 MHz – 1 Hz frequency range, with an amplitude of 10 mV, Nyquist 

plot in symmetric cells of N-SEI on c-AcH-Cu after 1-hour rest (blue) and the equivalent circuit 

fit (orange, see circuit insert).  
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Figure S2. PEIS in the 1 MHz – 1 Hz frequency range, with an amplitude of 10 mV, Nyquist 

plot in symmetric cells of  N-SEI on c-AcH-Cu after 5-day rest  (blue) and the equivalent circuit 

fit (orange, see circuit insert). 

 

Table S1. The resulting fitting parameters for the c-AcH-Cu symmetric cells shown in Figure 

S1 and Figure S2. 

 

Parameter Value for trest=1 hour Value for trest=5 days 

R2 [Ω] 2488 4571 

R3 [Ω] 5897 955 

R4 [Ω] NA 3034 

Q2, a2 [Fs(a - 1)] 0.4e-6, 0.75 0.2e-9, 1 

Q3,a3  [Fs(a - 1)] 0.2e-9, 1 0.3e-6, 0.8 

Q4,a4  [Fs(a - 1)] NA 2.8e-6, 0.65 

Rd2 [Ω] (Wd)  5897 5648 

Fit χ/│z│ 0.04 0.03 
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19F  and 7Li SSNMR  

 

Figure S3.  19F SSNMR spectra of  the N-SEI on (a) d-HCl treated copper, (b) CuO, (c) Cu2O 

and (d) lithium metal soaked in LP30 for over 30 hours.   

The effect of soaking time was studied by comparing the 19F NMR spectra of samples of d-

HCl-Cu soaked for 1 hour and 96 hours and of c-AcH-Cu soaked for 1 hour and 18 hours 

(Figure S4). Both sets of spectra consist of resonances corresponding to LiPF6 and its 

decomposition products and a broad LiF resonance.7  In addition, sharp resonances around -

225 ppm were observed in all spectra except c-AcH-Cu soaked for 1 hour.  

In all the 19F NMR spectra (Figures 5, S3-5, S10-11), a group of poorly resolved resonances in 

the range of -130 ppm to -180 ppm appears in varying intensities (detailed in Figure S5). The 

-156 ppm and -153 ppm resonances are attributed to HF in several publications.8 However, it 

is not fully understood how HF can co-exist with lithium metal. The resonance around -180 

ppm could be attributed to fluoride ions coordinated to hydroxide9 or oxide species (Figure 

S5).10  In addition, several of the spinning side bands for the LiPF6 and LiF appear in this range, 

adding to the complexity of the spectrum.  
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Figure S4.  19F ssNMR of treated Cu flakes soaked in LP30 electrolyte. (a) d-HCl-Cu soaked 

for (i) 1 hour and (ii) 96 hours, (b) d-AcH-Cu soaked for (i) 1 hour and (ii) 18 hours. The 

spectra were acquired a MAS frequency of 25 kHz. The spinning side bands are marked with 

asterisks.   
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Figure S5.  19F ssNMR of the N-SEI on d-AcH treated Cu soaked in LP30 for 24 hours. The 

spinning side bands are marked with asterisks. The spectra were acquired with a MAS 

frequency of 25 kHz.   

The effect of N-SEI formation time is demonstrated for the N-SEI on d-HCl-Cu formed for 1 

hour which gives rise to broader 7Li resonance compared to that of the N-SEI formed for 96 

hours (Figure S6).  

 

Figure S6.  7Li ssNMR spectra of the N-SEI on d-HCl-Cu soaked in LP30 for (a) 1 hour and 

(b) 96 hours.   

The resonances on all N-SEI were fitted with the combination of a broad and a narrow 

component, both having approximately the same isotropic chemical shift (Figure S7). The 7Li 

NMR spectra for N-SEI on c-AcH-Cu powder is compared to those of the e-SEI pre-formed at 

2 V, 1.4 V and 0.1 V voltage holds followed by lithium plating of 0.5 mAh cm-2 at 1.2 mA cm-

2 on c-AcH-Cu and d-HCl-Cu (Figure S8 (a) and (b), respectively). The e-SEI2v gives rise to 

narrower 7Li resonance compared to N-SEI for both samples. The 7Li spectra of e-SEI on Cu 

were fitted with 2-3 components, mainly LiF (~ -1 ppm) and Li2CO3 (~ 0 ppm). Additional 

components with positive 7Li shifts (~ 3.0, ~3.8 ppm) were assigned to Li2O (Figure S9). 11,12  
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Figure S7. (a) Deconvoluted 7Li ssNMR spectra of the c-AcH-Cu (flakes) soaked in LP30 for 

18 hours (also shown in Figure 6). The fit consists of two components (a broad component at  

-0.5 ppm and a narrow component at  -0.7 ppm).    

 

 

Figure S8. (a) 7Li ssNMR of (i)c-AcH-Cu (flakes) soaked in LP30 for 18 hours, (ii) e-SEI2V, 

(iii) e-SEI1.4V and (iv) e-SEI0.1V on lithium plated c-AcH-Cu (foil).   (b)  7Li ssNMR of d-HCl-

Cu (flakes) soaked in LP30 for (i) 12 hours and (ii) 96 hours, (iii) e-SEI2V, (iv) e-SEI1.4V and 
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(v) e-SEI0.1V on lithium plated d-HCl-Cu (foil).  The spectra were acquired with a MAS 

frequency of 25 kHz.     

 

Figure S9. (a) Deconvoluted 7Li ssNMR spectra of the e-SEI2V (formed at 2 V for 45 hours) 

on lithium plated d-HCl-Cu (foil). The fit consists of four components (three broad components 

at  0, 3.0 and 3.8 ppm and  a narrow component at  -1 ppm).    

The 19F NMR spectra of the scraped Li metal plated on to the c-AcH-Cu and d-HCl-Cu 

electrodes (with voltage hold of 2V for 10 and 24 hours on c-AcH-Cu and 12 and 70 hours on 

d-HCl-Cu)  are depicted in Figure S10. In addition to the peaks corresponding to LiPF6 and 

LiF, sharp resonances at -96 ppm (doublet) were observed for c-AcH-Cu sample soaked for 10 

hours and sharp resonances at -142 ppm and -156 ppm were observed for the e-SEI2V formed 

for 24 hours. In contrast, the LiF peak at -204 ppm and the -142 ppm resonances were absent 

from d-HCl-Cu spectra. For all e-SEI2V samples, the resonance at -225 ppm was not observed 

(Figure S9), suggesting that this resonance is typical to N-SEI.  The 19F NMR spectrum of e-

SEI1.4V on both d-HCl-Cu and c-AcH-Cu (Figure S11) consists of mainly LiPF6 and LiF 

resonances.  
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Figure S10.  19F ssNMR of lithium microstructures plated on (a) c-AcH after SEI formation at 

2 V in LP30 for (i) 10 hours and (ii) 24 hours (b) d-HCl-Cu after SEI formation at 2 V in LP30 

for (i) 12 hours and (ii) 70 hours. Spinning side bands are marked with a star.  The spectra were 

acquired with a MAS frequency of 25 kHz.   
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Figure S11. 19F ssNMR spectra of e-SEI1.4V on lithium microstructures plated on (a) d-AcH-

Cu after SEI formation at 1.4 V in LP30 for 80 hours and (b) d-HCl-Cu for 88 hours. Spinning 

side bands are marked with asterisks.  

 

In order to establish whether the origin of the additional resonances is the Cu surface chemistry 

or the presence of lithium metal in the cell during the rest time, the 19F NMR spectrum of Cu 

samples treated by both methods soaked either with or without a lithium disk in the coin cell 

were measured (Figure S12). The resonances were observed for d-HCl-Cu soaked in electrolyte 

regardless of the soaking time or presence of lithium metal (Figures 5, S11, S12). Thus, these 

resonances could not be solely correlated to the treatment of the Cu or to the presence of lithium 

metal.  
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Figure S12.  19F ssNMR spectra of N-SEI Cu-d-HCl soaked in LP30 for 96 hours (a) with 

lithium and (b) without lithium. Spinning side bands are marked with asterisks.   

 

19F NMR resonances in the range of -153 ppm to -159 ppm were assigned to HF. However, it 

is not fully clear how HF could exist in the solid phase and co-exist with Li metal (for the Li 

metal containing samples). A possible explanation could be that the origin for the HF signal is 

the hydrogen bond between OH- ions and LiF on the Cu surface.13–17  

 

XPS   

The surface of d-HCl-Cu and c-AcH-Cu was studied by XPS. The d-HCl-Cu is surface is 

composed of  Cu metal and Cu(I), while c-AcH-Cu is characterized by a mix of Cu(II) and 

Cu(I) oxides (Figures 4, S13). Since the Cu metal signal is less pronounced, the oxide coverage 

seems to be more homogeneous on c-AcH-Cu. Peaks at 931-932.4 eV (Cu 2p3/2) and 951.9-

952.2 eV (Cu 2p1/2), observed in the Cu 2p spectrum and the O 1s peak at 530.2 eV are 

assigned to Cu metal and Cu(I) rich copper oxides, respectively (Figures 4, S13). The shoulder 

observed in the Cu 2p spectrum  of c-AcH-Cu and the pristine copper current collector at 934-

935 eV, the minor shake-up feature at 941-945 eV and the 531-531.2 eV peaks in the O1s 

spectrum serve as an indication for the presence of Cu(II) compounds (Figures 4, S13). The 

SEI formed on the surface of d-HCl-Cu was chosen to be studied since d-HCl pre-treatment is 

a typical preparation procedure for copper current collectors in the literature.  
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Figure S13. O 1s XPS spectrum of pristine (black), HCl treated (red) and acetic acid treated 

(blue) copper current collectors. 

The peaks at 932 eV (Cu2p3/2) and 951.75 eV (Cu2p1/2) were observed in the Cu 2p XPS spectra 

of N-SEI, e-SEI2V and d-HCl-Cu foil (Figure S14). These peaks are typical to the spectrum of 

Cu metal and Cu2O. In addition, a slight shoulder at 934-935 eV was observed for e-SEI2V, it 

can be assigned to Cu(OH)2. The minor shake-up feature at 941-945 eV, indicating the presence 

of Cu(II) compounds, suggests further reactivity of the Cu compounds during SEI formation 

around 2V.  

The Cu 2p spectrum for eSEI1.4V (Figure S15) is significantly different; no Cu 2p peaks were 

observed measuring the surface of this sample. After 10 nm sputtering peaks at 932.0 eV (Cu 

2p3/2) and 952 eV (Cu 2p1/2) appeared. This spectrum is very similar to that recorded for the N-

SEI and eSEI2V and could suggest that applying 1.4 V constant voltage gives rise to a thicker 

SEI. Further sputtering of an additional 10 nm gives rise to negative shift of both peaks (931.5, 

951.35 eV) indicating possible Cu oxide lithiation or the formation of Cu nanoparticles. 18,19  
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Figure S14. Cu 2p XPS spectrum of d-HCl-Cu (red), N-SEI on d-HCl-Cu (green) and eSEI2V 

d-HCl-Cu (blue).  

 

Figure S15. Cu 2p XPS spectrum of eSEI1.4V on d-HCl-Cu surface (purple), 10 nm sputtering 

(blue) and 20 nm sputtering (pink). The black line is placed for visual reference to the binding 

energy shift upon sputtering. 

The C 1s spectrum of N-SEI includes peaks at 286.4 eV (C-O) and 288.7 eV (C=O) as a result 

of solidified ethylene carbonate (Figure S16a). The corresponding O 1s spectrum is 

deconvoluted to two peaks at 532 eV (C=O) and 533.4 (C-O) (Figure S16b). Since EC 
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solidification occurred during sample preparation, it should not be considered as a component 

of the N-SEI. The O 1s peak around 532 eV could also have a contribution from oxygen atoms 

in Cu oxides and  phosphates (P-O) which result from the decomposition of the LiPF6 salt. The 

presence of phosphates is further supported by the P 2p signal around 132-140 eV assigned to 

LixPOyFz  (Figure S17). 20 The broad lithium peak around 56 eV indicates the presence of LiPF6 

along with its decomposition products (LixPFy, LixPOyFz) and LiF (Figure S16d) which is also 

in corroboration with the presence of F1s peaks at 685.3 eV (typical for LiF) and 687.2 eV 

(typical for LiPF6 decomposition products) (Figure S16c). 21 These findings suggest that the 

N-SEI on Cu is composed of Cu oxides and the LiPF6 decomposition products also seen in the 

19F NMR. 

The XPS C 1s, O 1s, F1s and Li1s spectra of e-SEI2V are very similar to the spectra recorded 

for the N-SEI (Figure S16). However, the C1s spectrum shows an increase in the intensity of 

C-O and C=O components in comparison to C-C/C-H components (Figure S16). In addition, 

the increase in the intensity of  the P 2p peak (Figure  S17) at 135 eV suggests the simultaneous 

formation of phosphates 20 and polymeric phosphorous containing PEO-like compounds at 2 

V. 22 
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Figure S16. (a) C 1s (b) O 1s (c) F 1s and (d) Li 1s XPS spectra of N-SEI (bottom), eSEI2V 

(middle) and eSEI1.4 V (top). The recorded and final resultant fitted curves are plotted in black 

and green colours respectively. The components spectra are shown in blue, red and magenta 

colours.  
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Figure S17. P 2p spectrum of N-SEI (bottom), eSEI2V  (middle) and eSEI1.4V (top). The 

recorded and final fitted curves are plotted in black and green colours respectively. The 

components spectra are shown in blue, red and magenta colours.  

 

Figure S18.  C 1s (left)  and (b) O 1s (right) XPS spectrum of 1.4 V-SEI before and after 10 

nm sputtering. 
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Figure S19. F 1s XPS spectrum of 1.4 V-SEI before and after 10 and 20 nm sputtering. 

Table S2. Florine containing components composition as function of sputtering depth in e-

SEI1.4V 

 

 LixPFy or LiXPOyF 

(%) 

LiF 

(%) 

LiF / LixPFy or LiXPOyF 

ratio 

Surface  71.3 28.7 0.4 

10 nm 52.5 47.5 0.9 

20 nm  45.7 54.3 1.18 

 

The composition of the SEI on lithium plated Cu substrates was studied with XPS both on the 

plated lithium and on the surface of the exposed Cu SEI areas (Figures S20-21). Similarly to 

the e-SEI1.4V (Figure S15), the Cu 2p signals were not observed on the surface, presumably 

since the SEI on the lithium plated sample is thicker and the Cu compounds are buried deeper 

than 20 nm (Figure S20). After sputtering 20 nm of the exposed Cu area, the Cu 2p spectrum 

was observed with more significant negative shifts (929.7 eV and 949.0 eV), this could be due 
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to both or either Cu oxide lithiation and Cu metal nano-cluster formation. 18–20,23 Sputtering of 

20 nm of the lithium-plated area did not give rise to any Cu 2p peaks (Figure S20). 

 

Figure S20. Cu 2p XPS spectrum of SEI on lithium plated d-HCl-Cu surface (non-plated area) 

(red), 20 nm sputtering (orange) and 20 nm sputtered lithium plated area (green). 

 

Figure S21. Li 1s  XPS spectra of SEI on Li (a) and Cu (b) areas on plated  d-HCl-Cu area.  
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In situ NMR 

The skin depth of Li metal in this study is 𝑑 = √
𝜌

𝜋𝜇0𝜇𝑟𝜈
 = 12.1 μm where ρ is the resistivity of 

the metal (94.7 n Ω  for Li metal at 298 K), μ0 is the permeability of the vacuum (4π 10-7 m kg/ 

s2A2), μr is the relative permeability of the medium (μr = 1.4 for Li metal) and ν is the frequency 

of the applied rf field (116.7 MHz).24,25 

As shown in our previous work using in situ NMR on Cu-LFP full cells,26 skin depth issues are 

not expected to be an issue. Similar to the previous study, only 1 mAh cm-2 of Li metal is plated 

in each cycle and by performing a “nutation experiment” of plated Li, we showed that the 

electrodeposits nutated like a sample experiencing no skin depth effects. Furthermore, the 

changes in Li metal intensity (in Figure 7) are approximately linear with charge, indicating that 

all plated Li contributes to the NMR signal.    

 

 

Figure S22. a) The 7Li in situ NMR spectra at the start of cycling where only the diamagnetic 

peak originating from the electrolyte is observed. b) The 7Li in situ NMR spectra at the end of 

charge (1 mAh/cm2) showing both the Li metal peak centered around approximately 260 ppm 

and the electrolyte peak. 

The coulombic efficiency (CE) of the galvanostatic cycling performed in in situ NMR cells 

and the corresponding normalized intensity of the Li metal peak were quantified with in situ 

NMR at the end of charge (plating) and discharge (stripping) for d-HCl-Cu (Figure S23) and 

c-AcH-Cu (Figure S24).These are additional examples of the trends described in the 

manuscript. The CE and the amount of dead Li quantified with NMR (the intensity of Li metal 

at the end of discharge) is similar for both surface treatments whereas the intensity of Li metal 

at the end of charge is different for the two cells. 
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Figure S23. a) Lithium metal intensity plot b) Galvanostatic cycling c) CE  of in situ Cu-LFP 

cells with d-HCl-Cu where 0.1 mA/cm2 was used for the first cycle and 0.5 mA/cm2 for the 

subsequent cycles. The equivalent charge of 1 mAh/cm2 was passed.   

 

Figure S24. a) Lithium metal intensity plot b) Galvanostatic cycling c) CE  of in situ Cu-LFP 

cells with c-AcH-Cu where 0.1 mA/cm2 was used for the first plating and 0.5 mA/cm2 for the 

subsequent cycles. The equivalent charge of 1 mAh/cm2 was passed.   
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Figure S25. (a)2nd  (full line) and 10th (dashed line) CV cycle of lithium plating on d-HCl-Cu 

in three-electrode cell, Cu WE vs. Li disk CE and RE, with scan rate 1mV/sec (b) magnification 

of the semi-reversible reaction peaks.  

TOF-SIMS  

The measurements were conducted in the burst alignment mode (BAM) for better lateral 

resolution of images with a Bi+ primary beam (25 keV) and a Cs+ sputtering beam (500 eV) 

over an area of 250 µm × 250 µm (sputtering area 500 µm × 500 µm). During the 

measurements, the current for the sputtering beam was steady and constant (35 nA), thus over 

the same sputtering span, the fluence dose density were expected to be the same for all the 

samples.  Moreover, the high current bunch mode (HCBM) with a mass resolution up to 10000 

was also applied to ensure that within the limitation of the instrument, the species analysed in 

BAM mode were solely contributing. For these air sensitive samples, they were mounted inside 

an Ar-filled glovebox and transferred into the instrument within the vacuum transport suitcase 

which was opened until the pressure of the loadlock chamber lower than 10-5 mbar.  

The intensity of different species in SIMS are affected by a variety of different factors and the 

concentration of species normally cannot be obtained directly from the intensity data. However, 

for the same species, assuming the chemical environment was similar within the same sample 

and among samples with similar treatments, the relative intensities correlated with related 

concentrations are comparable.   

Native and electrochemical SEI on Cu were studied by ToF-SIMS.  CuxO, LiF, CuFx and OH- -

related species were observed in N-SEI and e-SEI at all tested conditions. Since the penetration 

depth of the SIMS is on the order of the thickness of N-SEI and constant-voltage e-SEI, the 

acquired depth profiles were analysed qualitatively.  

In Figure S26 the depth profiles of the copper metal (detected as Cu2
-) on N-SEI or e-SEI are 

depicted. The sharp increase of the copper metal signal (detected as Cu2
-) served as an 

indication of the end of SEI sputtering (Figure S26). The thickness of the N-SEI is lesser than 

the penetration depth of the ToF-SIMS experiment, thus the copper metal intensity increases 

immediately at the start of sputtering, while the e-SEI is thicker and as a result the intensity 

increase occurs after a lag. The sharp increase in the Cu metal signal occurs after longer 

sputtering for the N-SEI and e-SEIs on c-AcH-Cu, thus the SEIs formed on c-AcH-Cu are 

thicker compared to the ones on d-HCl-Cu.  
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Figure S26. Cu metal depth profile of N-SEI and eSEI0.1V on lithium plated copper  

Lithium fluoride (LiF, detected as LiF2
-) depth profiles on d-HCl-Cu are presented in Figure 

S27a and S27c. The LiF intensity is significantly higher for the high voltages (2 and 2.8 V) 

compared to N-SEI (rest) and the low voltage steps (1.4 V and 0.1 V). This suggests that most 

of the LiF forms at high voltages (i.e., 2 and 2.8 V). The LiF depth profile in N-SEI on d-HCl-

Cu vs c-AcH-Cu (Figure S27c) indicates thicker N-SEI on c-AcH-Cu.  

The depth profiles of 65CuO- in N-SEI on d-HCl-Cu and c-AcH-Cu are depicted in Figure S27b. 

The intensity of 65CuO- is significantly higher for d-HCl-Cu samples. This could be an 

indication of a thicker or more homogeneous SEI on c-AcH-Cu.  

Copper fluorides (detected as 65CuF2
-) were observed in N-SEI and SEI on copper by TOF-

SIMS (Figure S27d).  The 65CuF2
- depth profile of N-SEI and SEI reveals similar behaviour to 

copper oxides. The intensity of 65CuF2
-  is higher for N-SEI and eSEI2.8 compared to eSEIs 

formed at lower voltages. This suggests that CuFx are found mainly in inner SEI layers. 

Moreover, CuF2 was observed in the XPS spectra.  F1s gives rise to a broad peak for CuF2 

around 685 eV, however this peak overlaps with LiF.  Copper fluorides were not found by 

ssNMR, this is probably because CuF2 contains paramagnetic Cu(II) that is not visible to 

ssNMR.   
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Figure S27. (a) LiF  (LiF2
-) depth profile in constant-voltage and N-SEI on d-HCl-Cu. (b) 

65CuO depth profile in N-SEI on d-HCl-Cu and c-AcH-Cu. (c) LiF depth profile in N-SEI on 

d-HCl-Cu (red) and c-AcH-Cu (blue). (d)CuF2 ( 65CuF2 ) depth profile in e-SEI formed at 

0.1,1.4,2,2.8 V on d-Cu-HCl. The presented profiles were limited to the sputtering time at 

which the Cu metal signal intensity increased abruptly. 

  



24 
 

The presented ToFSIMS depth profiles are the results of signal collection from the analysis 

area (250 µm × 250 µm). However, further data analysis of the 65CuO signal from different 

regions of interest, i.e., the exposed copper and plated lithium, confirmed the presence of 

copper oxides in the SEI on both areas. The calculated thickness of the plated lithium is 

approximately 1.5 µm assuming 100% efficiency and coverage of 50% of the copper area. 

Thus, it is assumed that for all the SIMS analysis, the copper oxides remaining on the 

underlying copper substrates cannot contribute to the copper oxide signals recorded from the 

lithium surface.  

The 3D reconstruction of 65CuO- signal (XZ plane) of eSEI0.1V on lithium platted d-HCl-Cu 

(right) and c-AcH-Cu (left) in depicted in Figure S28. For each sample the   65CuO- signals for 

SEI on lithium and the exposed Cu are compared. The intensity of 65CuO- in the SEI on the 

exposed d-HCl-Cu is higher compared to the exposed c-AcH-Cu and that the increase of 65CuO- 

signal with sputtering is more gradual on d-HCl-Cu. The intensity of the 65CuO- signal from 

the SEI on the plated lithium is similar to the signal from the top layers of he SEI on the exposed 

copper.  

Figure S28. 3D reconstruction of 65CuO signal  (XZ plane), comparing the intensity of 65CuO  

on exposed and lithium plated areas on a copper disk after the application of lithium plating 

procedure (d-HCl-Cu-right, c-AcH-Cu- left).  
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Lithium plating on Cu 

The XY maps of OH- and LiF (detected as LiF2
-) in the eSEI0.1v on c-AcH-Cu (Figure S29), 

LiF and OH-  XY and XZ maps of eSEI2V on c-AcH-Cu (Figure S30) and d-HCl-Cu (Figure 

S31) reveal a similar trend to the SEI composition trend on d-HCl-Cu (Figure 10). In Figures 

S29-S33 the areas with the higher intensity are SEI on Cu areas.  

(a)                            (b)  

Figure S29. XY (total) OH- (a) and LiF (LiF2
-) (b)  maps of eSEI0.1V on c-AcH-Cu.  

   

Figure S30. XY (total) (a) and XZ (5 layers) (b) maps of OH-  on eSEI2V on c-AcH-Cu, 

recorded on both lithium-plated and bare regions with equal sizes areas of 50X50 µm. 
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(a)                                                               (b)  

Figure S31. XY (total) (a) and XZ (5 layers) (b) maps of OH-  on eSEI2V on d-HCl-Cu, recorded 

on both lithium-plated and bare regions with equal sizes areas of 50X50 µm.  

(a)                                                             (b)  

Figure S32. XY (total) (a) and XZ (5 layers) (b) maps of LiF (LiF2
-)  on eSEI2V on c-AcH-

Cu. 

 

(a)                                                             (b)   
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Figure S33. XY (total) (a) and XZ (5 layers) (b) maps of LiF (LiF2
-)  on eSEI2V on d-HCl-Cu. 

OH- depth profiles of N-SEI on d-HCl-Cu and c-AcH-Cu samples are shown in Figure S34.  

The OH- intensity in N-SEI on d-HCl-Cu  is higher. The intensity of the OH- signal for the N-

SEI on d-HCl-Cu is significantly higher and more heterogeneous compared to that of N-SEI 

on c-AcH-Cu. These findings strengthen the reliability of the OH- mapping and support the 

assumption of preferential Li plating on OH- poor areas.  

 

   Figure S34. OH- depth profile in SEI formed at N-SEI, normalised to total counts 
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 Energy [eV] Assignment Reference 

C 1s 282.15 Li2C2 
21 

 284.4-284.8 C-C, C-H 21 

 

286.4-286.6 

C-O-C, PEO, 

(CH2OCO2Li)2 

 288.7-288.8 C=O 

 288.8-289.3 CO3
- 

 

O 1s 528 Li2O 21 

 531 LiOH or H2Oad 
27,21 

 531.2 P=O or Li2O2 

 531.7 LiOH or H2Oad 

 532-532.6 P-O or C=O 28 

 533.5 PEO, C-O 21 

Cu 2p 929.7-931.5, 

949-951.35 

LixCuO or Cu np 29,30,20,28,31 

Cu 2p 932, 951.75 Cu, Cu(I) 

Cu 2p 934-935 Cu (II) in Cu(OH)2 

Li 1s 53-54 Li2O 

 56 LixPFy, LixPOyFz 
20,21,32 

F 1s 685.3 LiF 21 

F 1s 687.2-687.3 LiPF6 
21 

P 2p 135 Phosphates 

Table S2.  C1s, O1s, F1s, Li1s, P2p and Cu2p peak energies used for the XPS analysis  
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Compound Detected as Mass 

LiF Li2F3
- 71.0280 

LiF LiF2
- 45.0132 

CuxO 65CuO- 80.9233 

Cu metal Cu2
- 125.8598 

OH- OH- 17.0033 

Table S3. main compounds observed in TOFSIMS analysis.   
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