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Broader context statement

As the latest generation of solid electrolytes (SEs), lithium metal oxychlorides can deliver 

ultrahigh ionic conductivity up to 10-2 S cm-1 that can be comparable to the state-of-the-art sulfide 

SEs and liquid electrolytes. However, the cathode compatibility between oxychloride SEs and 

various conventional layered oxide cathode active materials remains ambiguous. Herein, we take 

the lithium tantalum oxychloride (LTOC) as an example, to investigate its compatibility with three 

typical CAMs: LiCoO2 (LCO), LiNi0.5Co0.2Mn0.3O2 (NCM523), and LiNi0.83Co0.11Mn0.06O2 

(NCM83). Unexpectedly, cobalt-less NCM83 is found to be the most compatible with LTOC SEs, 

because (i) the Co-poor composition of NCM83 relieve the detrimental Co/Ta interaction, and (ii) 

the in-situ formed passivation layer eliminates the negative effect of thermodynamic instability 

between the Ni-rich cathode and LTOC. In spite of this, reducing temperature is verified to 

significantly improve the cycling durability when using LCO or NCM523. Therefore, coupling the 

cathode composition and working temperature is proposed as a feasible approach to realize 

kinetically stabilized cathode/oxychloride interfaces. Our study uncovers an unprecedented 

cathode interface behavior with oxychloride SEs, which will provide an important guidance in 

achieving high-energy-density all-solid-state batteries.

Page 1 of 21 Energy & Environmental Science



1

Revealing Unprecedented Cathode Interface Behavior in All-Solid-State Batteries with 

Oxychloride Solid Electrolytes

Feipeng Zhao,a‡ Shumin Zhang,a‡ Shuo Wang,c Carmen M. Andrei,d Hui Yuan,d, e Jigang Zhou,f 

Jian Wang,f Zengqing Zhuo,g Yu Zhong,h Han Su,h Jung Tae Kim,a Ruizhi Yu,a Yingjie Gao,a 

Jinghua Guo,g Tsun-Kong Sham,i Yifei Mo,c Xueliang Suna, b*

a Department of Mechanical and Materials Engineering, Western University, London, ON, N6A 

5B9, Canada

b Eastern Institute for Advanced Study, Eastern Institute of Technology, Ningbo, Zhejiang 

3150200, P.R. China 

c Department of Materials Science and Engineering, University of Maryland, College Park, MD 

20742, USA

d Canadian Centre for Electron Microscopy, McMaster University, Hamilton, ON, L8S 4M1, 

Canada

e Department of Materials Science and Engineering, McMaster University, Hamilton, ON, L8S 

4L7, Canada

f Canadian Light Source Inc., University of Saskatchewan, Saskatoon, SK, S7N 2V3, Canada

g Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

h State Key Laboratory of Silicon Materials, Key Laboratory of Advanced Materials and 

Applications for Batteries of Zhejiang Province, School of Materials Science & Engineering, 

Zhejiang University, Hangzhou 310027, China

i Department of Chemistry, Western University, London, ON, N6A 5B7, Canada

Corresponding E-mail address: xsun9@uwo.ca

Page 2 of 21Energy & Environmental Science

mailto:xsun9@uwo.ca


2

Abstract

All-solid-state lithium batteries (ASSLBs) are highly desirable for their sustainability, enhanced 

safety, and increased energy densities. The compatibility between cathodes and solid electrolytes 

(SEs) is critical for ASSLB electrochemical performance. While the conventional LiCoO2 (LCO) 

cathode shows structural stability, limitations in the energy density and materials cost prompt 

exploration of Ni-rich, Co-poor cathodes like lithium nickel cobalt manganese oxide (NCM). 

However, Ni-rich NCM faces challenges with typical solid electrolytes (e.g., sulfides or oxides), 

hindering high-energy-density ASSLBs. Our study reveals a unique cathode/electrolyte interface 

behavior with lithium tantalum oxychlorides (LTOC) superionic conductors, favoring Co-less, Ni-

rich NCM over LCO. The Ta/Co interaction is identified as a failure mechanism for LTOC/LCO, 

while a kinetically stabilized interface is achieved with lean-Co cathodes. Beyond the cathode 

material composition, our study also establishes a correlation between the temperature used for 

battery testing and both interface reactivity and cell performance. This research provides crucial 

insights for the innovative design of high-performance ASSLBs based on the promising LTOC 

oxychloride SEs. 

Keywords: all-solid-state lithium batteries, oxychloride solid electrolytes, Co-less cathodes, 

interface stability
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Introduction

All-solid-state lithium batteries (ASSLBs) have gained considerable interest due to their potential 

to enable high energy density and improved safety.1-3 Solid electrolytes (SEs) are a critical 

component of ASSLBs, and significant development of SEs has taken place since the first report 

of Li10GeP2S12 (LGPS),4 which exhibited competitive ionic conductivity (> 10-2 S cm-1) compared 

to conventional liquid electrolytes.5-8 Following LGPS, several sulfide-based SEs have been 

reported to possess ultrahigh ionic conductivity.9-11 However, interface instability at both the anode 

and cathode interface hinders the practical application of sulfide-based ASSLBs.12-14 Besides 

pursuing satisfactory ionic conductivities of advanced SSEs for the development of ASSLBs, a 

considerable amount of research has been devoted to solving those interface challenges in the field 

of ASSLBs.8, 15-17 

The desirable cathode interface stability appeals to revisit halide-based SEs, particularly the 

chloride SEs.18-21 The intrinsically high anodic stability (> 4.2 V vs. Li/Li+) of chloride SEs enables 

high-performance ASSLBs using conventional layered oxide cathode active materials (CAMs).22 

However, the ionic conductivity of chloride SEs has been insufficient (i.e., at the level of 10-3 S 

cm-1),23, 24 until the report of oxychloride SEs.25, 26 Among the reported oxychlorides till now,25-30 

Ta-based oxychlorides (Li-Ta-O-Cl or LTOC) exhibit the highest ionic conductivity of 1.24 × 10-2 

S cm-1 and demonstrates excellent rate capability with layered oxide cathode materials.25, 26 

Nonetheless, with regard to the LTOC oxychloride SE based on the new mixed-anion (Cl and O) 

chemistry,28 the understanding on the interface between LTOC and various cathode materials is 

still very limited. Although the cathode interface between chloride SEs and conventional CAMs 

is regarded stable, the introduced corner-sharing O in LTOC could influence the interface stability 

against CAMs. Specifically, all structural O atoms have be verified located at joint sites to generate 
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“Ta-O-Ta” skeleton in the structure of LTOC,26 which delivers high-degree-of-freedom and 

benefits to the Li-ion transport via broadening the energy landscape.28, 31 Nevertheless, the 

“flexibility” of corner-sharing O environment brings about the possibility that decomposing the 

LTOC to constitute different cathode electrolyte interfaces (CEIs) with various CAMs.  

In this work, the interface stability between LTOC and conventional layered oxide CAMs, namely 

LiCoO2 (LCO), LiNi0.5Co0.2Mn0.3O2 (NCM523), and LiNi0.83Co0.11Mn0.06O2 (NCM83), is 

investigated. These specific CAMs are chosen because they share a similarly layered crystal 

structure, but with different contents of transition metal elements (Ni, Co, Mn). The morphologies 

of each kind of CAMs are suggested in Figure S1 (ESI†). Similar particle size and polycrystalline 

feature exclude size and morphology effects on the electrochemical performance.32, 33 As displayed 

in the Scheme 1, it is unexpected to find that Co is more kinetically active than other two transition 

metals (Ni and Mn) when cycling against the LTOC SE, although the chemical reactivity 

(thermodynamically) between LTOC and Ni-containing CAMs are considered relatively higher 

than that of the LTOC/LCO interface. Different from the active Co/Ta interaction at the 

LTOC/LCO interface, isolated interphase passivation with diacritical reaction boundaries are 

observed at the LTOC/NCM interfaces. The self-terminating interface reaction of the latter makes 

the LTOC SE prefers Ni-rich (Co-less) CAMs to achieve high electrochemical performance at 

room temperature (RT). In addition, the strategy of reducing the working temperature is effective 

to suppress the kinetic diffusion of Co at the LTOC/LCO interface, thus improving the cycling 

stability of LCO solid cells. The low-temperature (LT) control is also verified to decrease the 

thermodynamic reactivity of LTOC/NCM interfaces, providing us new insights into the design of 

high-performance ASSLBs. 
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Scheme 1. Illustration on the temperature-dependent interface formation between the Li-Ta-O-Cl 

(LTOC) SE and conventional cathode materials with different Co contents. 

Results and Discussion

Performance of LTOC-based ASSLBs using LCO, NCM523, and NCM83

Ni-rich cathode active materials (CAMs) used in lithium-ion batteries often face structural 

instability during (de)intercalation when liquid electrolytes are used.34 However, in an all-solid-

state configuration using the LTOC SE, the Ni-rich NCM83 cell exhibited superior stability 

compared to the other two selected CAMs, namely LCO and NCM523, as depicted in Figure 1a. 

When cycled at RT and 0.2 C, the NCM83 solid cell showed a high capacity retention of 96% 

(calculation relative to the first-cycle capacity, the same after here) after 50 cycles, which was in 

sharp contrast to the NCM523 (85%) and LCO (78%) cells. The cycling stability for both the LCO 
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and NCM523 solid cells could be improved significantly by simply lowering the cell test 

temperature (Figure 1b). When tested at 0.2 C and -10 ℃, the capacity retentions maintained as 

high as 86% and 95% after 200 cycles for the LCO and NCM523 solid cells, respectively. 

Furthermore, the benefit of lowering operating temperature for the enhanced cycling stability was 

also verified at current densities of 0.5 C and 1 C (Figure S2, ESI†). The improved cycling 

performance (particularly for the LCO and NCM523 solid cells) through lowering the working 

temperature is summarized and depicted in Figure 1c. At other different current densities, ranging 

from 0.05 C to 1 C, both LCO (Figure 1d-e) and NCM523 (Figure 1f-g) solid cells also 

demonstrated improved electrochemical reversibility. In contrast, the improvement degree for the 

NCM83 cell by lowering the operating temperature is subtle (Figure 1h-i), even though the 

excellent long-term cycling stability (85% retention after 3000 cycles) was achieved at -10℃ 

(Figure S3, ESI†). However, it should be noted that the reversible capacity of all solid cells at -10 

℃ decreased at each specific current density due to sluggish electrochemical reaction kinetics of 

the electrode at low temperatures,9, 35 which resulted in increased polarization during charging and 

discharging, as indicated in Figure S4 (ESI†). 

Page 7 of 21 Energy & Environmental Science



7

Figure 1. Electrochemical performance of ASSLBs using the LTOC SE coupling with 

different CAMs. (a) Cycling stability of using NCM83, NCM523, and LCO at a low current 

density of 0.2 C (RT). (b) Cycling stability of using NCM83, NCM523, and LCO at a low current 

density of 0.2 C and a low temperature of -10 ℃. (c) Comparison of the capacity retention after 

cycling in the solid cells at various current densities (0.2 C, 0.5 C, and 1 C) and temperatures (RT 

and -10 ℃). (d, e) Rate capabilities of the LCO cells measured at RT and -10 ℃, respectively. (f, 

g) Rate capabilities of the NCM523 cells measured at RT and -10 ℃, respectively. (h, i) Rate 

capabilities of the NCM83 cells measured at RT and -10 ℃, respectively. Note: the loading mass 

of CAMs in various solid cells was around 5 mg.

Temperature-dependent electrochemical behaviors
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As the composition of NCM523 is moderate compared with the Co-rich LCO or Ni-rich NCM83, 

we firstly used NCM523 as a model CAM to examine the temperature-dependent electrochemical 

behavior when cycling against the LTOC SE. Variable-rate cyclic voltammetry (CV) 

measurements were carried out for the NCM523 solid cells at three different temperatures (RT, -

10 ℃, and 60 ℃), as depicted in Figure 2a-c. Both anodic and catholic peak currents were 

increased along with elevated scanning rates at RT or -10 ℃, but became abnormal at 60 ℃ when 

using relatively high scanning rates (over 0.15 mV s-1). Linear fitting of the peak currents for the 

RT and -10 ℃ (Figure 2d and e) derived slopes between 0.5 and 1. It is reported that the slope of 

0.5 indicates an ideal situation where a (de)intercalation reaction happens to the working electrode 

using layered oxide CAMs36. Deviated value towards 1 implies the uptake of capacity is 

contributed partially by Li-ion diffusion process, which is generally dominated by the formation 

of CEIs.36 At -10 oC, the anodic slope value (0.56) was much closer to 0.5 than that at RT (0.73), 

suggesting that the CEI formed at -10 ℃ showed much less influence than that at RT on the de-

intercalation reaction of NCM523 CAMs. This was also verified by collecting the electrochemical 

impedance spectroscopy (EIS) plots for the NCM523 solid cells cycled (RT and -10 ℃) after 

different cycles (Figure S5, ESI†). Increasing the temperature to 60 ℃ deteriorated the CEI 

stability, because the linear fitting was even not adaptable due to the diverging data points as 

displayed in Figure 2f. The similarly abnormal redox reaction during the CV measurements 

occurred to the LCO cell operating at 60 ℃, but was greatly eliminated in the NCM83 counterpart 

(Figures S6 and S7, ESI†), indicating the Co content in the CAMs could be as one of the important 

factors to determine the CEI stability against the LTOC SE. Even so, increasing temperature was 

demonstrated to deteriorate the cycling performance of LTOC-based solid cells using these three 

kinds of CAMs (Figure S8, ESI†).
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Constant current intermittent titration (GITT) measurements were further conducted on the 

NCM523 solid cells, as shown in Figure S9 (ESI†). The GITT measurement for the solid cell has 

been reported that not only detect the Li-ion relaxation, but also indicate the influence of interface 

degradation.37 Derived from the GITT measurements at various temperatures, Li-ion diffusivity in 

the NCM523 electrode were recorded against the relaxation potential as described in Figure 2g-i. 

In the first charging (delithiation) process, high temperature (HT, i.e., 60 ℃) brought about faster 

Li-ion transport in the electrode, showing a higher diffusivity mostly above 10-10 cm2 s-1. 

Meanwhile, the growth of CEI at HT was the most prominent (comparing to RT or LT situation). 

The generated CEI even hindered Li-ion diffusion in the subsequent discharging (lithiation) 

process, as the Li-ion diffusivity at HT was lower than that in RT during discharging. Additionally, 

it was shown that in the effective (de)interclation regions, the LT case presented the highest degree-

of-overlap in the diffusivity values during charging and discharging, while the HT case was the 

worst. These phenomena implied that the LT condition benefited to generate stabilized CEI and 

achieved highly reversible (de)interclation reactions. Similar results were also reported by Janek 

et al. for the sulfide-based ASSLBs,38 where LT was helpful for stabilizing the interface impedance 

between LGPS and LiNi0.6Co0.2Mn0.2O2 (NCM622) CAMs, because the interfacial reaction rate 

constant (k) was exponentially correlated to the temperature.
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Figure 2. Temperature-dependent electrochemical behaviors in the NCM523 cells. (a-c) CV 

curves of the NCM523 cells measured at various scan rates at RT, -10 ℃ (LT), and 60 ℃ (HT), 

respectively. (d-f) The linear fittings for the scanning rate-dependent cathodic and anodic peak 

currents from (a-c). (g-i) Constant current intermittent titration (GITT) measurements on the 

NCM523 cells performed at 0.1 C under RT, -10 ℃, and 60 ℃, respectively. 

Characterizations on the LTOC/CAMs interfaces

As shown above, the CEI stability between LTOC and CAMs is temperature-dependent, which 

plays a crucial role to influence the electrochemical behavior and determine the LTOC-based solid 

cell performance. To elucidate the interface composition of LTOC/CAMs and the intrinsic reason 
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of the discrepant interface stability using different CAMs, we combined various physicochemical 

characterizations to study LTOC/CAM interfaces. First, thermodynamic calculations provided us 

the phase equilibria between LTOC and the three CAMs. As shown in Table 1, all three CAMs 

(NCM83, NCM523, LCO) are not thermodynamically stable with the LTOC SE, due to the 

favorable interface reaction.39, 40  In addition to thermodynamic equilibrium, as many theoretical 

and experimental reports have verified, the inclusion of considering kinetic factors (e.g., interphase 

passivation layer) at the interface is critical in determining the formation of CEI and interface 

stability14, 41. It has been suggested that the detrimental element mutual diffusion42  was only 

observed for the interface of LTOC/LCO leading to the formation of Ta2CoO6. Similarly, the Co-

involved mutual diffusion was observed at the cathode interface in SSBs based on either sulfide 

or oxide SSEs.42, 43 For example, inter-diffusion of Co, La, and Zr cations was reported at the 

interface between LCO and Li7La3Zr2O12 SE with the formation of La2CoO4,43 which was even 

believed as the starting point of the interface degradation.44 By contrast, the NCM CAMs with 

lower Co contents (i.e., NCM523 and NCM83) avoided the formation of the interplayed products 

at the interface. Instead, the ion-conducting LiTa3O8 was predicted as one of the reaction products 

at the interface of LTOC/NCM, which could contribute as a favorable passivation layer of CEIs 

for Li-ion exchange.39, 45 The interphase discrepancy was also verified by the in-situ EIS plots 

recorded in the first charge/discharge process of cycling LCO and NCM83 CAMs, as displayed in 

Figure S10 (ESI†). LTOC/LCO interface impedance was continuously increased, while the 

LTOC/NCM83 showed a much less interface impedance after the first charge/discharge.

Table 1. Thermodynamic calculation of the interphase composition between the LTOC SE and 

various cathode materials.
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Cathode Composition xSE Phase equilibria at xm

LCO LiCoO2 0.34 Ta2CoO6, LiCl, LiCo2O4, Co3O4 

 Li0.5CoO2 0.36 Ta2CoO6, LiCl, CoCl2, CoO2

NCM523 LiNi0.5Co0.2Mn0.3O2 0.38 LiCl, LiTa3O8, Mn(Ni3O4)2, MnNiO3, CoO2 

 Li0.5Ni0.5Co0.2Mn0.3O2 0.42 LiCl, Ta2O5, O2, NiCl2, CoO2, MnNiO3

 Li0.2Ni0.5Co0.2Mn0.3O2 0.64 LiCl, Ta2O5, Cl2, NiCl2, CoO2, MnO2

NCM83 LiNi0.83Co0.11Mn0.06O2 0.38 LiCl, LiTa3O8, O2, NiO, Mn(Ni3O4)2, CoO2

 Li0.5Ni0.83Co0.11Mn0.06O2 0.62 LiCl, Ta2O5, O2, NiCl2, CoO2, MnNiO3

 Li0.2Ni0.83Co0.11Mn0.06O2 0.61 LiCl, Ta2O5, O2, NiCl2, CoO2, MnNiO3

Then, the morphologies and chemical distribution details of LTOC/CAM interfaces (after cycling 

at RT) were obtained experimentally by conducting electron microscopy (EM) characterizations. 

The use of nanosized LTOC SEs effectively enveloped the CAM particles, thus ensuring adequate 

Li-ion transport pathways, as demonstrated in Figures S11 and S12 (ESI†). This eliminates any 

possibility of interface issues arising from a lack of effective physical contact in our analyses. The 

high-resolution transmission electron microscopy (HRTEM) image of the LTOC/LCO interface 

revealed that LiCl compounds were embedded in the amorphous matrix (Figure 3a). The 

recognition of the LiCl component agreed with the predicted interfacial products above. In addition, 

Cl was considered rich at the LTOC/LCO interface according to the electron energy loss 

spectroscopy (EELS) element mapping (Figure 3b), which affirmed that the interfacial reaction 

between LTOC and LCO is significant at RT. More interestingly, Co was found diffused deeply 

across the interface and headed toward the bulk area of LTOC, which was also reflected by the 
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evolution of Co L-edge EELS spectra across the LTOC/LCO interface, as indicated in Figure 3c. 

The gradual low-energy shift of the Co L-edge suggested that the oxidation state of Co (III) was 

reduced, which emerged at the interface and extended to the distance over 100 nm. In sharp 

contrast, the interface of LTOC/NCM83 showed distinct reaction boundaries as demonstrated in 

the EELS element mapping (Figure 3d). Furthermore, as displayed in Figure 3e, a series of EELS 

spectra across the LTOC/NCM83 interface indicated that Co (III) was kept unchanged, but Ni 

from the NCM83 was chemically reduced at the interface. The estimated thickness of the 

LTOC/NCM83 interface was around 45 nm via measuring the penetration depth of reduced-Ni 

species. The transition metal penetration length was significantly lower than that at the 

LTOC/LCO interface, proving the LTOC/NCM83 interface was more passivated kinetically. In 

addition, the element diffusion became serious at an elevated temperature of 60 ℃. As shown in 

Figure S13 (ESI†), even for the moderate composition of NCM523, the interphase layer could 

reach ~150 nm according to the EDS line scan for the FIB-cut cathode sample. Accompanying the 

chemical reduction of Ni, Ta species (e.g., Ta is possibly in the form of LiTa3O8 or Ta2O5 according 

to the thermodynamic calculations) showing higher oxidization state (comparing to Ta in LTOC) 

could be generated at the LTOC/NCM83 interface. The chemically oxidized (high-energy shift) 

Ta species were also experimentally confirmed by conducting X-ray photoelectron spectroscopy 

(XPS) analyses for the cycled LTOC/NCM83 composite as suggested in Figure S14 (ESI†). In 

contrast to the distinct chemical evolution of transition metal elements (i.e., Co, Ni, and Ta), O 

was considered stable at the LTOC/CAM interfaces as displayed in the X-ray absorption 

spectroscopy (XAS)  of O K-edge (Figure S15, ESI†).
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Figure 3. TEM-EELS characterizations on CAM/LTOC interfaces cycled at RT. (a) HRTEM 

image of the LCO/LTOC interface. (b) High-angle annular dark-field (HAADF) image and EELS 

element mapping at the LCO/LTOC interface.  (c) EELS spectra of the Co L-edge in the marked 

positions of the HAADF image. (d) HAADF image and EELS element mapping at the 

NCM83/LTOC interface. (e) HAADF image of the NCM83/LTOC interface and EELS spectra 

extracted in selected area across the interface. Note: the interface samples were prepared by plasma 

focused ion beam (PFIB) instrument; the EELS scanning step was set as 1 nm.

We further employed scanning transmission X-ray microscopy (STXM) to obtain chemical 

information of specific CAM particles after cycling against the LTOC SE under various 

temperatures. One advantage of using STXM compared with only using TEM-EELS is that it can 
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provide higher energy resolution in analyzing the chemistry nature of interfaces.46, 47 As shown in 

Figure 4a, the yellow-circled particles were identified as LCO, which was connected to the 

surrounding LTOC particles. The details about locating CAMs particles in the cathode composites 

were described in Figure S16 (ESI†). It was found from the series spectra of Co L-edge (Figure 

4b) that both reduced and oxidized Co (III) species occurred on the cycled LCO particles at RT 

and HT, while the shape feature of Co L-edge remained unchanged at LT. The reduced Co (III) 

might exist in the form of Ta2CoO6, Co3O4, or CoCl2, while the oxidized Co could be from LiCo2O4 

or CoO2 (based on the thermodynamic calculations). The suppressed side reaction upon decreasing 

the test temperature for the LCO solid cells was corresponding to enhanced cycling stability at LT 

as we discussed in the electrochemistry part. By contrast, the cycled NCM523 and NCM83 

particles (RT) identified by the STXM (Figure S17, ESI†) only showed Co-oxidized components 

as indicated in Figure 4c and Figure 4d, respectively. Thus, echoing to the TEM-EELS results, 

the chemical activity between Co-rich LCO and LTOC SEs was experimentally verified, while the 

LT control demonstrated a feasible approach to reduce the reactivity. Besides, using Co-less NCM 

CAMs (i.e., NCM523 or NCM83) was confirmed to alleviate the interface reactivity by forming 

satisfactory interfacial passivation layers. 
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Figure 4. STXM characterizations on the LTOC/CAM interfaces. (a) LCO particles (circled 

in yellow) located by the STXM at an absorption energy of Co (780 eV). The LCO CAMs were 

obtained after cycling for 20 cycles at 0.1 C and under various temperature. RT: 25 ℃; LT: -10 ℃; 

HT: 60 ℃. Scale bar: 500 nm. (b) The XAS spectra of Co L-edge of the identified LCO particles 

in (a). (c and d) The XAS spectra of Co L-edge of the NCM523 and NCM83 particles after cycling 

(20 cycles, 0.1 C and RT), respectively.

Conclusions

In this work, we investigated the temperature-dependent electrochemical performance of LTOC-

based ASSLBs using three CAMs with varying transition metal compositions: LCO, NCM523, 

and NCM83. We unexpectedly found that at room temperature, LTOC showed better cycling 

stability when paired with Ni-rich NCM83 CAMs. However, reducing the temperature 

significantly improved the cycling durability of LCO and NCM523 CAMs. These results were 
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attributed to the interface stabilities between LTOC and CAMs based on a comprehensive 

consideration of both thermodynamic and kinetic factors. Our experiments confirmed that the 

active LTOC/LCO interface is created by kinetically active Co species diffusing to the Ta-based 

oxychloride. However, this negative kinetic effect is alleviated by reducing the working 

temperature. On the other hand, the LTOC/NCM83 interface is thermodynamically unstable, but 

is self-evolutionary through the formation of passivated interphase, which prevents further 

decomposition. In the case of NCM523, there is still an off-balance between the negative kinetic 

effect and the positive thermodynamic effect. As a result, the electrochemical performance at room 

temperature is moderate, but there is some improvement in cycling stability when the temperature 

is reduced. Our study provides insight into how the composition of cathode materials and the 

working temperature of oxychloride-based ASSLBs can affect the cathode interface stability. 
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