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ABSTRACT: To develop K-ion batteries, the potassium metal 

reactivity in half-cell must be understood. Here it showed first that 

K metal leads to the migration of electrode degradation species to 

the working electrode surface so that half-cells SEI studies cannot 

be trusted. Then, the K metal reactivity was studied by combining 

GC/MS, GC/FTIR and XPS analysis after storage in EC:DEC 

wo/w 0.8M KPF6 or KFSI. Comparison with Li stored in EC:DEC 

wo/w 0.8M LiPF6 was also performed. Overall, full electrolyte 

degradation pathways were obtained. Results showed a similar 

alkali reactivity when stored in EC:DEC with the formation of 

CH3CH2OCO2M rich SEI. For MPF6-based electrolyte, the reac-

tivity was driven by the PF6
- anion: (i) forming mostly LiF (Li 

metal) or (ii) catalyzing the solvent degradation into 

(CH2CH2OCOOK)2 and CH3CH2OCOOK as main SEI products 

with additional C2H6 release (K metal). This highlights the higher 

reactivity of the K system. With KFSI, the reactivity was driven 

by the FSI- anion degradation leading to an inorganic rich SEI. 

These results thus explain the better electrochemical performance 

often reported in half-cells with KFSI compared to KPF6. Finally, 

the understanding of these chemically-driven electrolyte degrada-

tion mechanisms should help researchers to design robust car-

bonate-based electrolyte formulations for KIBs. 
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Introduction 

To accelerate the energy transition from fossil fuels to renewa-

ble but intermittent energies, energy storage systems based on 

abundant materials such as K-ion batteries (KIBs) should be 

developed. Indeed, potassium abundance is about 1000 times 

higher than the one of Li in the earth crust. Also, in non-aqueous 

solvents, the low potential of the redox couple K+/K versus the 

other alkali metals is an advantage to develop high voltage KIBs. 

Moreover, high power KIBs are expected, thanks to the lowest 

Lewis acidity and desolvation energy of K+ compared to Na+ and 

Li+, typically leading to higher ionic conductivity and faster elec-

trode/electrolyte interface diffusion kinetics. Finally, inexpensive 

Al foil can also be chosen as a negative electrode because it does 

not react to form Al-K intermetallic compounds. 1–3 

Positive and negative electrodes studies are abundant and well 

documented in the literature1,4,5. However, extensive investiga-

tions of electrolytes and their reactivity remain scarce, whereas it 

is highly important to the battery performance. Indeed, it is well 

known that the quality of the solid electrolyte interphase (SEI) 

formed6,7, and possible gaseous products, strongly impact the 

cycling8. For instance, the use of KPF6 (used in more than 75% of 

half-cell studies1) is a default choice as it leads mostly to an or-

ganic SEI with poor stability6,9–11. Indeed, inorganic SEI should 

be preferred because compounds such as Li2CO3 and LiF bring 

stability to the SEI, as previously showed for Li-ion and Na-ion 

batteries7,12. Contrary to KPF6, inorganic-rich and stable SEI were 

often reported for KFSI based electrolyte with enhanced electro-

chemical performance.10,13–15 Moreover, among the solvents used, 

it has been shown that the use of a linear alkyl carbonate without a 

co-solvent is not appropriate and that the addition of ethylene 

carbonate seems beneficial for electrolyte stabilization.16 Howev-

er, conventional 0.5-1.0M KFSI in ethylene carbonate/diethylene 

carbonate (EC:DEC) implies corrosion of the Al current collector 

starting at different potential above 3.5V as function of the salt 

concentration. 12,17 

At this point, it is important to mention that all studies de-

scribed in the previous paragraph were performed in half-cells and 

that the impact of the highly reactive/instable K metal was ne-

glected. This remark is of high importance because: (i) migration 

of electrolyte degradation products from K metal to the working 

electrode have been previously observed during storage of Sb 

half-cells and whatever the electrolyte was (1M KPF6 PC, 1M 

KPF6 PC + 5% FEC + 1% VC, 0.8M KPF6 EC/DEC, 0.8M KFSI 

EC/DEC, 1 M KPF6 DME, and 1 M KPF6 diglyme).18 Moreover, 

Fig. 1 and S1 shows that this phenomenon also occurs for graph-

ite and KVPO4F half-cells, so that such interaction (also called 

cross-talk) between electrodes is thus driven by K metal; (ii) the 

coulombic efficiency (CE) of K metal plating/stripping is about 

50% for conventional 0.8M KPF6 EC:DEC compared to 33% for 
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0.8M KFSI and 99% for 0.8M or 5M KFSI DME.19 This explains 

why KFSI DME electrolytes and especially highly concentrated 

ones show superior performance in half-cells.14,19–21 In other 

words, the CE measured in half-cells is partially driven by K 

metal. Note that highly concentrated KFSI DME electrolytes 

enable the use of KFSI up to 5 V (vs K/K+) although the high salt 

amount may be a cost issue for the application. (iii) K metal polar-

ization is nearly 0.1 V higher for 0.8M KFSI than for 0.8M KPF6 

which explains the lower rate capability generally observed with 

KFSI EC:DEC compared to KPF6 EC:DEC, especially for nega-

tive electrodes.14 Note that special care during K metal prepara-

tion can decrease its polarization and improve its stability over 

time.22,23 In any case, electrodes capacities obtained in half-cells 

are thus partially driven by K metal. Overall, the use of K metal 

(i.e. the use of half-cells) misleads the interpretation of both the 

electrochemical performance and SEI analysis of the studied 

electrodes. Therefore, a better understanding of the K metal reac-

tivity is of high importance. 

 

Fig. 1 K 2p - C 1s and O 1s XPS core level spectra of graphite 

electrodes after 24h of storage versus either a KVPF or a potassi-

um metal electrode using a 0.8M KPF6 EC:DEC as electrolyte. 

Intensity were normalized for better comparison. Blue compo-

nents indicate electrolyte degradation product peaks.  

 

Thus, the present study aims at filling this gap. To understand 

the reactivity of K metal with the electrolyte, the method de-

scribed in Fig. 2 was used: (i) K metal was stored for 3 weeks in 

EC:DEC solvents with or without 0.8M KPF6 or 0.8M KFSI as 

salt, (ii) SEI formed at the metal surface was analyzed using XPS 

while in parallel, identification of the produced gases was per-

formed by GC/MS and GC/FTIR, (iii) full electrolyte reaction 

pathways were then obtained based on lithium literature by com-

bining produced solids (i.e. SEI) and gases compounds. Compari-

son with Li metal stored in EC:DEC or in 0.8M LiPF6 EC:DEC 

was also performed for a better understanding. 

 
Fig. 2 Schematic representation of the method used to study the K 

metal reactivity. 

 

Materials and methods 

Electrochemistry 

Electrolyte preparation. 0.8M KPF6, KFSI, or LiPF6 (Merck, 

⩾99%; Solvionic, 99.9%; Merck, 99.99%, respectively) in 

EC:DEC (Sigma-Aldrich,  anhydrous, 99%; Sigma-Aldrich, 

anhydrous, ⩾99%) 50:50 by volume were used as  electrolytes. 

Cells preparation (interaction study). Graphite electrodes were 

prepared by mixing SLP-6 graphite (Imerys Graphite & Carbon) 

and poly(vinylidene fluoride), PVDF (from SOLEF) with a 90:10 

weight ratio, in N-methyl-2-pyrrolidone (32:68 solvent:material  

weight  ratio),  by  ball-milling in an agate mortar at 500 rpm for 

1h. The obtained slurry was cast on a copper current collector, 

dried for 24h under Ar, and finally electrodes were punch out and 

dried under vacuum at 80°C for 12h. KVPO4F electrodes (KVPF, 

carbon black and PVDF with a 85:10:5 weight ratio) were pre-

pared following a procedure previously reported.24 In an argon-

filled glove box, 2032 coin cells were assembled using KVPF or 

graphite-based electrodes w/wo K-metal (Alfa Aesar, 99.95%), 

KVPF//Graphite full cells were also prepared. For all cells, a 

glass-fiber paper (GF/D, Whatman) and a polypropylene-

polyethylene-polypropylene membrane (Celgard) were used as 

separators with 100 µl of 0.8M KPF6 EC:DEC as electrolyte.  All 

cells were stored for 24 hours at 25°C. After storage, coin cells 

were opened under argon and KVPF and graphite electrodes were 

washed twice by immersion during 30 s in a glass vial containing 

1 ml DEC. 

Storage experiments (K metal reactivity). K metal (Alfa Aesar, 

99.95%) or Li metal (for comparison, from Goodfellow, 99.9%) 

electrodes with a 12mm diameter were placed on a spacer and 

stored in high-density polyethylene vials for 2 days, 3 weeks and 8 

months in 3 mL EC:DEC solvent with or without salt (KPF6, 

KFSI or LiPF6), see Fig.2 . After storage, K and Li electrodes 

were washed twice by immersion during 30 s in a glass vial con-

taining 1 ml DEC. 

Gas chromatography 
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After 2 days, 22 days and 8 months, gases were collected from 

high-density polyethylene vials through the septum with a sy-

ringe.  

GC analysis conditions. All analyses were performed using a 

trace GC ultra-gas chromatograph (Thermo Scientific). The ana-

lyzed gases were transferred into the split/splitless injector main-

tained at 200 °C. The chromatographic separation was performed 

on a “HP-PLOT/Q” polystyrene–divinylbenzene-based capillary 

column (30 m × 0.32 mm i.d., 20 mm) from Agilent J & W Tech-

nologies followed by a process using a post-capillary column 

“Rtx-1” (15 m × 0.25 mm i.d., 0.25 mm, 100% dimethyl 

polysiloxane) from Restek. Helium was used as the GC carrier gas 

and maintained at a constant flow rate of 1.3 mL min-1. To 

achieve the best chromatographic peaks resolution, the program-

mable temperature gradient was optimized from 40° to 250 °C as 

follows: the capillary column was ramped from the initial temper-

ature of 40 °C, held for 6 min, increased at 10 °C/min up to 90 °C, 

increased at 5 °C/min up to 190 °C, held for 5 min, increased at 

10 °C/min up to 250 °C, where it was held for 10min. The total 

duration of GC analysis was 52 min.  

FTIR conditions. The GC was interfaced with a light-pipe 

GC/FTIR system (Thermo Scientific) and connected to a FTIR 

system Nicolet 6700 with a mid-infrared source and a medium 

band, liquid nitrogen cooled mercury cadmium telluride (MCT) 

detector. An Aldrich vapor phase FTIR library was used to identi-

fy the infrared spectra.  

MS conditions. The GC was interfaced with an ISQ mass spec-

trometer (Thermo Scientific). The mass spectrometer was operat-

ed with a filament current of 250 μA, the electron energy of 70 eV 

in the electron ionization (EI) mode and the mass range was 10-

300 u. Compound identification and corresponding structural 

formulae were assigned using the National Institutes of Standards 

(NIST) library. 

 

X-ray photoelectron spectroscopy 

XPS analysis were performed using an Escalab 250 Xi spectrome-

ter, with a monochromatized Al Kα radiation (hν = 1486.6 eV). 

Metal electrodes (supported by a spacer) were placed on a sample 

holder using uPVC insulation tape (3M part number 655), and 

transferred to an Ar filled glove box connected to the spectrome-

ter. Using the standard charge compensation mode, core level 

spectra were recorded with a 0.15 eV step and a constant 20 eV 

pass energy. Using CasaXPS software, the binding energy scale 

was calibrated from the C-C, C-H carbon peak at 285.0 eV. This 

peak originates from SEI compounds and possible carbon con-

tamination. Depending on the spectra shape, a linear or a Shirley-

type background was used. 70% Gaussian - 30% Lorentzian Voigt 

peak shapes were selected. Full width at half-maximum and peak 

position constraint ranges were applied according to a previous 

study.18 XPS quantification was performed using the relative 

sensitivity factor provided with the Escalab machine. Quantifica-

tion values were consistent with the stoichiometry of deducted 

compounds and was based on a K reference compounds database 

previously reported by some of us. 25 

Results and discussion 

Visual inspection and gas chromatography  

Fig. 3 shows the GC/MS and GC/FTIR spectra obtained for K 

metal (green) and Li metal (red) after storage for 3 weeks in 

EC:DEC, 0.8M MPF6 EC:DEC and 0.8M KFSI EC:DEC as well 

as a summary of all gases detected and photos of metal corre-

sponding electrodes. Table S1 also provides a summary of the 

gases detected for each system after 2 days, 3 weeks and 8 months 

of storage for comparison. For clarity, in the following discussion, 

as soon as a gas is detected, it remains detected as time goes by 

(see Table S1). For both Li and K metal stored in the EC:DEC 

solvents (i.e. without salt), CO2 and C2H4 gases were detected, 

indicating some reactivity even though no electrical current was 

applied. Note that these gases were already detected from 2 days 

of storage (Table S1). The color of the EC:DEC solvents re-

mained the same, but unlike Li metal which has kept its metallic 

appearance, K metal has turned into a homogeneous matte purple 

color, thus visually indicating the passivation of its surface.26 Note 

that no additional gases were detected after 8 months of storage. 

For lithium metal stored in 0.8M LiPF6 EC:DEC, neither the 

metal nor the electrolyte color changed after 3 weeks. On the 

other hand, the corresponding 0.8M KPF6 EC:DEC electrolyte in 

contact with the potassium metal became yellow clearly indicat-

ing electrolyte degradation27 while the K metal kept its original 

metallic appearance. Again, these results highlights the higher 

electrolyte reactivity with the K metal. This was further confirmed 

after 8 months of storage: the potassium metal totally disappeared 

(which was not the case for the KFSI system), indicating a full 

reaction of the K metal probably due to the formation of a non-

stable/non-passivating SEI. Regarding the gases detected, C2H4 

and CO were detected for both Li and K metal stored in MPF6. 

Additional CO2 and C2H6 were detected for LiPF6 and KPF6 

systems, respectively. After 2 days of storage, however, only CO2 

was detected for the LiPF6 system while CO and C2H4 were de-

tected for the KPF6 system (Table S1). Moreover, after 8 months 

of storage, CO2 was further detected for the KPF6 system (Table 

S1). Overall, these results confirm the much higher reactivity of 

the K metal.  

For potassium metal stored in 0.8M KFSI EC:DEC, the matte 

purple color of the K metal also indicate the formation of a SEI. 

However, no gas was detected after 2 days of storage and only 

CO2 was detected after 3 weeks while after 8 months, additional 

acetaldehyde was detected (Fig. 3 and Table S1). Moreover, 

unlike K-metal in the KPF6 system, the K metal electrode was still 

present after 8 months in the KFSI system. This result highlights 

the much higher reactivity of K metal and/or the formation of a 

more stable/passivating SEI with the KFSI salt compared to KPF6 

in EC:DEC, in agreement with previous studies. 14 

 

 
Fig. 3 GC/MS and GC/FTIR spectra obtained after storage for 3 

weeks of K metal (green) in EC:DEC, 0.8M KPF6 EC:DEC and 
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0.8M KFSI EC:DEC. Comparison with Li metal (red) stored for 3 

weeks in EC:DEC and 0.8M KPF6 EC:DEC is also reported. Star 

signal: IR source default. A summary of all gases detected as well 

as photos of metal electrodes and corresponding electrolytes 

detected are also given. 

XPS analysis 

Fig. 4 shows the SEI composition as obtained from XPS quantifi-

cation for Li and K metal electrodes after the 3 weeks of storage 

in EC:DEC w/wo MPF6 or KFSI salts. For clarity, Fig. S2 shows 

the relevant XPS core level spectra of the corresponding elec-

trodes while Table S2 reports the full XPS quantification with the 

peaks assignment. For Li and K metal stored in EC:DEC (i.e. 

without salt), the SEI compounds detected were -(CH2CH2O)-, 

RCOOM, M2CO3 and ROCOOM, with similar concentration, 

indicating similar reaction pathways. However, K metal led to a 

thicker SEI as no K metal was detected while Li metal accounted 

for about 22 at.%. This highlights the higher electrolyte reactivity 

with the K metal. 

For Li stored in 0.8M LiPF6 EC:DEC, the SEI was mainly 

made of LiF (~95 at.%). In the case of K metal stored in 0.8M 

KPF6 EC:DEC, the SEI was mainly made of ROCOOK (~70 

at.%) with additional -(CH2CH2O)-, RCOOK, K2CO3, KF, and 

other KPF6 degradation products (maybe K2PO3F) in similar 

proportion. Note also that Li metal was still detected while K 

metal was not, indicating again the higher electrolyte reactivity 

with K metal.  

For K metal stored in 0.8M KFSI EC:DEC, the SEI was made 

of about 60 at.% of KFSI degradation products (KSO2F, 

K2NSO2F, KF and FSO2NSO2) and ~35 at.% ROCOOK. Some 

PEO (~7at.%) was also detected. 

 

 

Fig. 4 SEI composition as obtained from XPS quantification for 

Li- and K metal electrodes after 3 week of storage in EC:DEC, 

0.8M MPF6 EC:DEC and 0.8M KFSI EC:DEC. For better com-

parison of the SEI composition, charts exclude contribution from 

the metal electrode itself (indicated on the top of the chart if de-

tected). Note that gray part for the LiPF6-based system represent 

unidentified products.  

 

Electrolyte reactivity with K metal  

Fig. 5 gathers the possible reaction pathways involving CO, 

CO2, C2H4 and C2H6 gas detected by GC/MS, GC/FTIR (blue) as 

well as ROM, RCO2M, ROCO2M, M2CO3, M2C2O4, -

(CH2CH2O)-, MF and MPF6 / MFSI solid detected by XPS (pur-

ple) in the case of solvents (left) and electrolytes (right) system, as 

reported in Li-and Na-ion literature. Degradation pathways result-

ing from hydrolysis are also given since traces of water have an 

impact on electrolyte reactivity28–31. In the following paragraphs, 

the K and Li metal reactivity, i.e. degradation pawthays for 

EC:DEC w/wo salts are discussed based on Fig. 5 and the 

GC/MS, GC/FTIR and XPS results obtained in the present study. 

For better clarity and direct comparison, Fig. 6 depicts the global 

degradation mechanisms deducted for each system.  

Considering Li and K metal stored in the EC:DEC (i.e. without 

salt), CO2 could have been formed through Eq. 03 to Eq. 

0728,30,32–36. Eq. 04 to 06 are, however, unlikely to happen as they 

occurs above room temperature36,37 and/or are expected to be 

slow33. Note that if Eq. 07 occurred, Eq. 28 also occurred. How-

ever, both reactions are rejected. Indeed, Eq. 07 would require a 

significant amount of water/moisture38 while for Eq. 28 no 

MHCO3 nor ethanol were detected by XPS and GC, respectively. 

Thus, among all CO2-releasing reactions, the most probable one is 

Eq. 03. It is proposed that upon contact, a direct electron transfer 

occurs from the metal electrode and the EC molecules. Consider-

ing C2H4, it could have been formed through Eq. 08 to 10. As 

XPS quantification suggests that (CH2OCO2M)2 is not an SEI 

component (Fig. S2 and Table S2), thus Eq. 09 is excluded. Also, 

Eq. 10 involves the reduction of a compound that is negatively 

charged twice (i.e. a multistep reaction starting with Eq. 16). 

Thus, the formation of C2H4 more likely occurred through Eq. 08, 

i.e. via a 2 electrons reduction of EC also forming M2CO3 as 

observed by XPS. Note also that Eq. 16 could not be confirmed 

due to the relatively high solubility of (CH2CH2OCO2M)2.
39 

Similarly, Eq. 14 could not be confirmed. Solid products detected 

by XPS could have been formed through Eq. 15 to Eq. 

2831,32,35,40–43. However, Eq. 28 was excluded before while Eq. 15, 

20, 24 and 26 can also be excluded since no ether gas nor ethanol 

were detected. Moreover, Eq. 27 is less likely to happen as it 

involves reducing a compound that is already twice negatively 

charged. As Eq. 19 would lead to Eq. 20, it is thus also excluded. 

Accordingly, CH3CH2COOM is formed through Eq. 25. Also, Eq. 

17 and 23 form poly(ethylene carbonate) polymers, but the char-

acteristic C 1s peak of ROCOOR (with R= alkyl chain) at 290. 

4eV44 was not observed for both Li- and K-systems. Thus, even if 

it is possible that such compounds are soluble (especially for short 

polymeric chains), it is likely that Eq. 17 and 23 didn’t occurred. 

Finally, the main SEI compound, CH3CH2OCOOM, is formed 

through Eq. 22, thus involving first Eq. 18 and 21. Note that this 

multi-step mechanism was well described in Li literature30, and 

also explains the -CH2CH2O- (i.e. PEO-like polymer) observed in 

the SEI by XPS. Overall, for K and Li stored in EC:DEC, a simi-

lar reactivity was observed (Fig. 6): EC first reacts with the metal 

to form CH3CH2OM + CO2, M2CO3 + C2H4 and CH3CH2COOM 

+ CH3CH2OM (Eq. 03, 08 and 25, respectively), then 

CH3CH2OM further reacts with EC and DEC to form 

CH3CH2OCOOM and PEO-like polymers (Eq. 18, 21 then 22).  

Considering Li and K metal stored in the 0.8M MPF6 EC:DEC, 

completely different electrolyte degradation pathways occurred. 

Indeed, Li- and K-SEI are >95 at.% vs. ~10 at.% inorganic, re-

spectively. Thus, the electrolyte reactivity for the Li system is 

driven by the PF6
- anion that forms LiF either by equilibrium with 

PF5 (Eq. 38), or by hydrolysis (Eq. 29 and 30), or by reaction with 

the solvent/solvent degradation production (Eq. 34, 35, 40 to 42 

and 45). Note that among Eq. 29 to 47 (i.e. possible MPF6 degra-

dation pathways27,28,30,31,34,45–49), Eq. 34 was rejected since it 

occurs above room temperature, and equations involving POF3, 
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HF, CH3CH2F and F2PO2CH2CH3 (i.e. fluorinated liquid or gas 

products) could not been confirmed due to their low volatility 

(fluorinated liquid) or their high reactivity with the GC column 

(HF, POF3). Note also that MxPOyFz detected by XPS likely 

originates from Eq. 42, 43, 46 and 47. Regarding K metal stored 

in 0.8M KPF6 EC:DEC, the electrolyte reactivity seems also 

driven by the PF6
- anion but via a catalysis of the solvent reduc-

tion. Indeed, almost no KF was detected while (CH2OCOOK)2 

was the main SEI product and is likely formed through Eq. 09 

with C2H4 release. Moreover, C2H6 (not detected for other sys-

tems) could have been formed through Eq. 11 to 13. Indeed, if 

Eq. 13 occurred, it also involves Eq. 18, 21 and 22, as previously 

proposed for K stored in EC:DEC and it explains the formation of 

K2CO3, CH3CH2OCOOK and more importantly the formation of 

PEO-like polymers, observed in the SEI by XPS. Also, Eq. 12 is 

known to be electrochemically driven30 and if it occurred, Eq. 11 

could also occurred, which would explain K2CO3 and 

CH3CH2OCOOK detected by XPS. Note that CH3CH2COOK 

could also be formed through Eq. 25, as for salt-free systems. 

Note also that CO, detected for both Li and K stored in EC/DEC + 

MPF6, is likely formed through Eq. 01 and not via Eq. 02 because 

EC is considered more reactive than DEC to produce CO8. Over-

all, for K stored in 0.8 M KPF6 EC:DEC, the PF6
- anion more 

likely catalyzes EC degradation into CO and ROM species. Final-

ly, among Eq. 29 to Eq. 47, Eq. 46 and 47 could have formed the 

M2PO3F detected by XPS with a preferential pathway via Eq. 46. 

Regarding K metal stored in 0.8M KFSI EC:DEC, CO2 could 

have been formed through Eq. 03 to 07 as well as Eq. 28 and 29. 

However, as explained previously, Eq. 04 to 07 can also be ex-

cluded here. Moreover, Eq. 28 and 29 involve first a large hydrol-

ysis of the KFSI salt into HF (Eq. 51) that is unlikely to occur due 

to the low charge density of the K+ cation (compared to Li+)50. 

Thus, Eq. 03 is the only possible CO2-releasing reaction. Regard-

ing CH3CH2OCOOM detected XPS, it is likely formed through 

the multistep reaction pathway involving Eq. 18, 21 and 22 as 

discussed previously. Considering the KFSI degradation path-

ways, Eq. 48 to 51 are possible but only Eq. 48 and 49 were 

confirmed by XPS. Finally, the acetaldehyde detected after 8 

months of storage (Table S1), likely forms through a slower EC 

decomposition into CO2 + CH3-CH=O,51 and/or through a 

poly(carbonate) reaction with ROK52 (involving Eq. 17 and/or 

Eq. 23). Overall, 0.8M KFSI EC:DEC electrolyte is the most 

attractive one to be used with K metal as much lower gases were 

detected in addition to the formation of an inorganic-rich SEI, 

both driven by the FSI- anion. These results can thus explain the 

better electrochemical performance often reported in half-cells 

using KFSI salt compared to KPF6. 

At this point, the experimental results (i.e. the electrolyte deg-

radation pathway) obtained in this work are more likely explained 

by the M+-solvent (here M = Li or K) solvation structure, which is 

determined by the electrolyte composition (solvent chemistry, 

anion type and salt concentration). Indeed, recent theoretical 

calculation studies16,53 reports that: (i) K+ donates more easily an 

electron to the solvent than Li+ for a given M+-solvent pair. Also, 

Li+-EC pair is the most sable one among carbonates. It thus ex-

plains the higher solvent reduction observed with K, while for Li, 

the PF6
- dissociation drives the electrolyte reactivity ; (ii) for a 

given M+-solvent-anion complex, the closer the anion is to the 

M+, the higher the stability of the solvent is. Interestingly, FSI− is 

found located closer to the K+ than the PF6
-. It thus explains the 

higher solvent reduction observed with the PF6
- anion while the 

FSI- anion (known to be easily reduced), being close to the K+, is 

reduced instead of the solvent. Finally, for the given M+-

EC:DEC-PF6
- complex, the PF6

- is expected to be located closer to 

the Li+ than the K+, which would further increase the solvent 

reduction with K. However, such impact would need to be con-

firmed by further theoretical calculations. 

Conclusion 

This work investigated the K and Li metal reactivity in EC:DEC 

with/without MPF6 or KFSI salt. Interestingly, a similar solvent 

degradation was observed for both K and Li stored in EC:DEC 

without salt with the formation of CO2 and C2H4 gases as well as 

a CH3CH2OCOOM rich SEI.  

The addition of an MPF6 salt completely changed the reactivity: 

For the Li system, the degradation was driven by the PF6
- anion 

forming mostly LiF (>90 at.%). For the K system, the PF6
- anion 

catalyzed the solvent degradation with the formation of 

(CH2CH2OCOOK)2 and CH3CH2OCOOK as main SEI products 

with the release of additional C2H6, thus highlighting the higher 

reactivity of the K system. 

At the opposite, for the KFSI-based electrolyte, the reactivity was 

driven by the FSI- anion degradation, leading to an inorganic rich 

SEI. 

Overall, these results can explain the better electrochemical per-

formance often reported in half-cells using KFSI salt compared to 

KPF6. Finally, the understanding of these chemically-driven 

electrolyte degradation mechanisms should help researchers in 

future studies to design robust carbonate-based electrolyte formu-

lations for KIBs. 
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Fig. 5 Possible reaction pathways involving CO, CO2, C2H4 and C2H6 gas detected by GC/MS, GC/FTIR (blue) as well as ROM, RCO2M, 

ROCO2M, M2CO3, M2C2O4, -(CH2CH2O)-, MF and MPF6 / MFSI solid detected by XPS (purple) in the case of solvents (left) and electro-

lytes (right) system, as reported in Li- and Na-ion literature. Degradation pathways resulting from hydrolysis are also given since traces of 

water have an impact on electrolyte reactivity. M° stands for K or Li metal (i.e. electron donation). 
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Fig. 6 Global electrolyte degradation mechanisms for K metal stored in 0.8M KPF6 (top) or KFSI (bottom) EC:DEC as deduced from 

GC/MS, GC/FTIR and XPS analysis. Reactions with a red arrow involves the reduction from the K0 (i.e. electron donation from the K 

metal) while reactions with a black arrow are chemically driven reactions. For comparison, note that for Li metal stored in 0.8M LiPF6 

EC:DEC, the SEI is about 95 at.% of LiF from the PF6
- anion degradation. 
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