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Abstract
Rechargeable sodium-ion batteries (SIBs) are considered the next- generation of secondary batteries. In the process of charge and discharge, theThe performance of an SIB is determined by the behavior of its electrode interface and electrode–electrolyte interface sodium ion (Na+) storage during charging and dischargingat the electrode interface and electrode-electrolyte interface determines the performance of SIBs,. Thus, the characteristics of these interfaces should be analyzed which plays an important role in to the realize large-scale energy storage systems with high energy density and long long-cycle stability.  required by the large-scale energy storage battery system. Although various studies have investigated the properties of electrode materials have been extensively studied, there is very little workfew studies have focused on the construction of stable and efficient SIBs interfaces compared to a large number of electrode materials studied. Although there are aA few researches andstudies have explored explorations on the mechanism of interfacial effects,; however, the researches on the regulation strategies of to regulate interfacial effects are still in the initial stageyet to be completely developed, and t. Moreover, thehe results obtained thus far are not insufficientin-depth enough to draw systematic conclusions. HereinThe present study, reviewed the literature on the mechanism of interfacial effects in the Na+ storage process devicesis reviewed. The interfaces is divided intoin a sodium-ion storage device include a heterogeneous interface of between electrode materials, a solid electrolyte interphase, and a cathode electrolyte interphase. The mechanism of The interfacial effects in during the intercalation reaction, transformation reaction, and alloy reactions and its influence on the resulting overall battery performance was summarizedwere theoretically analyzed. Therefore, Thisthis study provides may provide guidance a theoretical basis for the optimization ofoptimizing the electrode structure and electrode–-electrolyte interface structure, which is very important for to optimize the performance optimization of SIBs. In addition, the challenges facing to the investigation ofthe research on the interfacial effects of in SIBs were analyzedidentified, and s. Finally, several possible helpful methods and opportunities for the research on the interfacial effect mechanism were put forwardproposed.	Comment by Editor: Both the chemical name (sodium ion) and symbol 'Na+' have been used in the manuscript. By convention, either the name or symbol is used consistently throughout a paper. Please consider making the necessary changes to ensure stylistic consistency.
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Introduction
NThe new- generation of rechargeable energy storage batteriesdevices, such as metal-ion batteries (MIBs), metal-sulfur batteries, and metal-air batteries, are considered as promising candidates for electrochemical energy storage batteries dueowing to their high energy density and power densitiesy, and long cycle life.[1] Although lLithium-ion batteries (LIBs) currently haveafford outstanding several advantages in the field offor energy storage. However, the lackshortage of lithium (Li) resources, uneven distribution, and high cost of Li resources are the major obstacles limitinglimit their the application of LIBs in to large-scale energy storage systems (Fig. 1a, b).[2] Compared with Li,The electrochemical properties of Na has are similar electrochemical propertiesto those of Li. Therefore, SIBsodium-ion batteries (SIBs) are therefore considered to be one of the most promising alternatives to LIBs, especially for in large-scale energy storage systems.[3]	Comment by Editor: An element name and the corresponding symbol are not to be treated as an abbreviation and its spelled-out form. Either the name or the symbol can be directly introduced in the text and used consistently at all instances (e.g., Si is the most commonly used element in semiconductors, or Silicon is the most commonly used element in semiconductors, but not Silicon (Si) is the most commonly used element in semiconductors).
SIBs and LIBs are composedconsist of positive electrode (cathode) materials,[4-10] negative electrode (anode) materials,[11] electrolytes, and diaphragms., in whichThe cathodes and anodes materials are composed ofcomprise a slurry of active species, conductive agents, and binders, which are made into slurry mixed in a specific ratio  and coated on the current collector sfluid through a certain ratio. Furthermore, the Cathode cathodes comprise mainly includes oxides, polyanions, Prussian blue, and organic categoriescompounds.[12] The The anodes comprise is composed of metal compounds, carbon-based functional groups, alloys, and non-metallic elements.[13] The workings reactions inof SIBs have have been extensively studiedinvestigated, and researchers have divided them intoclassified as intercalation reactions, conversion reactions, and alloying reactions.[14] During charging, the applied current drives out thecauses the diffusion of Na+ in from the cathode, which diffuses to the anode through the electrolyte between the two electrodes,. Consequently, and stores Na+ is stored in the anode or forms a compound with the elements in the anode. When During discharging, Na+ ions “swim” back from the anode through the electrolyte "swim" back to the cathode, or are replaced through  the process of desodiation removal back to the cathode. [15-20]	Comment by Editor: The term 'collector fluid' didn't seem correct here. You perhaps meant 'current collectors'. Please check.	Comment by Editor: Desodiation involves replacement of sodium ions with those of another metal. I have added the phrase 'are replaced' to improve readability and clarity.
Interfacial effects are extremely highly complex and important unavoidable inin  Na+ storage devices processes.[21-23] There are two kinds of interfaces in SIBs consist of two interfaces: one is the internal electrode–electrode interface, which of the internal structure of the electrode material, which  causes facilitates charge transfer;, and the The other is theelectrolyte–electrode interface between electrolyte and electrode material, and which facilitates ion transfer occurs. The efficiency efficiencies of electron transfer and ion transfers greatly drastically affects the performance of SIBs. [24-27] Notably, charge transfer to the external circuit may be impaired because of the The poorlow conductivity of the electrode structure will lead to the inability to transfer charge with the external circuit, thus unable toresulting in impaired dischargeing  and chargeing. Furthermore, The low ionic conductivity of the electrolyte-–electrode interface, which has low ionic conductivity, will forms a thick passivation layer on the electrode surface, resulting in rapid battery failure rapidly (Fig. 1c). In the past decade, the number of research papers on SIBs has increased year by yearhave attracted considerable research attention, thanks because of to itstheir wide broad application prospects. It is indeed necessary to study theHowever, few studies have focused on the interactions between positive and negative terminals, and the improvement enhancement of the interfacial effects should be paid attention to by researchers (Fig. 1d). Therefore, the mechanism of it is necessary to study the interfacial effects should be investigated. [28-31] 	Comment by Editor: I have heavily reviewed these sentences to improve flow and clarity. Please check that your intended meaning is intact.
Figure 1. a) Physical and chemical information properties of sodium elements. b) Reduction potential, relative atomic mass, and crustal abundance of lithium, sodium, and potassium. c) Schematic diagram of the working principle of SIBs. d) Number of research papers on SIBs.	Comment by Editor: A 'schematic' is a diagram/illustration; so, 'diagram' was redundant here.
In this review, the interfacial effect mechanisms were dividedThe present review classifies interfacial effect mechanisms into electrode structure modulation and electrode-–electrolyte interface modulation. Electrode structure modulation mainly primarily describes regulates the internal heterogeneous structure. By contrast,. The electrode–-electrolyte interface modulation regulates the solid electrolyte interphase (SEI) on the anode surface of the anode and the cathode electrolyte interphase (CEI) on the cathode surface of the cathode, respectively. On this basisAccordingly, three ways mechanisms of interfacial effects in Na+ storage devices are summarized from the perspective of interfacial effect. This review also systematically summarizes identifies the challenges of to stabilizing interfacial effects in Na+ storage processes devices and discusses the development of their applications to SIBs. [32-36] It is hoped that through the introduction of this paper, more researchers can getTherefore, this study may provide an unambiguous precise understanding of the interfacial effects in the process of Na+ storage and pave a theoretical basis the way for the study ofinvestigating the interfacial effects. [37-39]	Comment by Editor: The en-dash (which looks like a double-length hyphen) is the correct punctuation to use where two words of equal stature are linked (e.g., Space-Earth Environmental Research) and to replace the word to, or a hyphen, in instances such as ‘December to February’ or ‘normal charge-discharge cycling’. The correct forms of these examples would be ‘Space–Earth Environmental Research’, ‘December–February’, ‘normal charge–discharge cycling’.


Classification of interfacial effects
As mentioned in the previous article, tThe presence of an interfaces has a significant effect onsubstantially affects the stored procedurestorage mechanism of Na+.[40-41] The Uuneven deposition of Na+ during repeated charging and discharging also leads to the production ofproduces "“dead sodium" ” or sodium dendrites, which reduces Ccoulombic efficiency and leads tocause rapid capacity decacapacity decay. The key to realizing high specific capacity and long cycle life of SIBs lies can be increased through in the integrated design of the whole battery structure.[5-7, 9-10]	Comment by Editor: 'Coulombic efficiency' seems to be the more appropriate term here.
Scheme 1. Modulation for of a) electrode structure and b) electrode–-electrolyte interface.
Electrode structure modulation
No matter whether cathode or anode, Studies have mostly focused on the modulation of electrode (cathode or anode) structure is the focus of researchers. In fact, for all electrochemical catalysts, structural modulation is an eternal topic for researchers.[42] Heterogeneous structures is are widely extensively used applied toin the design of electrode materials. [43-44] Reasonable heterogeneous structure Such a design approach can often bring help achieve high conductivity, and achieve efficient ion/electron transport, and high stability in an electrochemical environments by utilizingthrough the synergistic effects between components. Lu et al. obtained prepared carbon-based nickel selenide derived fromwith layered MOF by controlling the formation time and pyrolysis conditions of MOF.[45] As shown illustrated in Figure 2a, with the changes in of pyrolysis conditions, the final product changes from single-phase Ni3Se4 to biphasicbi-phase NiSex and finally to the heterogeneous structure of Ni3Se4-NiSe2, which has a heterogeneous structure. Transmission electron microscopye (TEM) images showedrevealed that the morphology of the electrode material changed from a solid ball to a layered urchin-like structure. This The separated layered structure leads tocauses lattice mismatches at phase boundaries, which undoubtedly leads toproviding additional storage space for Na+. By calculatingCalculations of the adsorption energy of Na+ on Ni3Se4 and, NiSe2, and at the interface, it can be concludedrevealed that the adsorption energy of Na+ at the interface is the lowest, which confirmsconfirming the above conjecture. The storage processmechanism of Na+ storage is likeresembles that of traditional catalysis, which is divided into three steps:involves adsorption, diffusion, and desorption. Therefore, tThe diffusion energy barriers of Na+ obtained by Ni3Se4, NiSe2, and the interface are were calculated. The results is indicated that at the interface, the Na+ diffusion energy of Na+ is the lowestat the interface was, much considerably lower than that of on Ni3Se4 and NiSe2. AccordinglyFurthermore, the rate capability performance of NiSex@C/CNTs-10h (with the heterogeneous structure of Ni3Se4-NiSe2) at different current densities shows itsexhibited the best rate performance among the four samples at different current densities, which verified the result ofconsistent with theoretical calculations. The iInterfacial effects does do not disappear because it iswhen a phase comprises composed of the same elements. On the contraryMoreover, due to the existence of the phase interface enables, the structural interface plays an important roleto actively participate in the adsorption and diffusion of Na+.	Comment by Editor: Please clarify which 'conjecture' you referred to here. You can rephrase it as 'confirming that [the conjecture you referred to]'.
Due to their special band structure, semiconductor or superconducting properties, and excellent mechanical properties, Ttransition metal sulfides are often used as heterogeneous structures owing to their unique band structure, semiconductor or superconducting properties, and excellent mechanical properties and. These sulfides have broad application prospects in many fields, including sucnanoelectronicronic devices, and optoelectronics. MoS2 is one of the most representative. Guo et al. designed and manufactured MoS2@ZnIn2S4 nanorods through a two-step hydrothermal process.[46] The element maps of MoS2@ZnIn2S4 show that Mo is mainly primarily distributed inside withinthe nanorods, while. By contrast, Zn and In are primarily mainly distributed on the surface of the nanorod surfaces., This indicates indicating the presence of that there is a heterojunction interface between ZnIn2S4 and MoS2. By comparingComparing the rate performances of MoS2, ZnIn2S4, and MoS2@ZnIn2S4, it is foundrevealed that the MoS2@ZnIn2S4 heterogeneous structure with phase interface has the better capabilitythe highest rate performance. Furthermore, Numerous numerical calculations were performed to demonstratedemonstrated where the superior magnification manifested itself (the sodium adsorption/desorption process and diffusion kinetics). The partial density of states (PDOS) values of Zn 3d orbitals are shown in Fig.ure 2c. Both tThe interface formed between by MoS2 and Zn facet (MoS2-ZnIn2S4) and the interfacethat between MoS2 and In facet (MoS2-ZnIn2S4*) have exhibit narrower band gaps, especially MoS2-ZnIn2S4*, which enhances the adsorption energy of Na+ and reduces the diffusion energy barrier of Na+. Due Because ofto the presence of the phase interface, the electric field generated by the interfacial effect becomes an additional driving force to promotes electron transfer. In another work, Xia et al. also used MoS2 as a phase material combined with conventional Fe-Nx catalytic materials to produce generate heterogeneous structures.[47] The room-temperature 57Fe Mӧssbauer spectra of single atom (SA) Fe-N-C and 2H-MoS2/SA Fe-N-C can be distinctly observed inindicate the movinga transition from low- spin Fe FeII to low -spin and medium- spin of FeIII. The increased interaction between Fe-N-C and 2H-MoS2/SA Fe-N-C the two leads to the formation of strong bonds between SA Fe-N-C and 2H-MoS2 and the formation of heterojunctions. The formation of heterogeneous structures leads to also brings about the change of adsorption energy and diffusion energy barrierchanges in the adsorption energy and diffusion energy barriers during the storage of Na+. As shown in Figure Fig. 2d, the Na adsorption energy of 2H-MoS2/SA Fe-N-C is lower than that of SA Fe-N-C and 2H-MoS2. In addition, the calculations of the work function at the heterojunction is calculated, and the results show indicate that when coupled, the interfacial effects will driveresult in the electron flow from SA Fe-N-C flow to 2H-MoS2 when coupled, guiding the system to increaseincreasing the Na+ adsorption capacity of the system Na+, and promoting enhancing the adsorption process. The A higher high diffusion barrier of 2H-MoS2/SA Fe-N-C2H-MoS2/SA Fe-N-C diffusion barrier indicates a higher high utilization rate (Fig. 2e). 	Comment by Editor: This term seems obscure. Please check if you meant 'nanoelectronic devices' here. 	Comment by Editor: The intended meaning of this text is unclear. Please check what you meant here and rephrase the text accordingly.	Comment by Editor: Using "due to" at the beginning of a sentence can create a sentence fragment, which is an incomplete thought. For example, "Due to bad weather" is not a complete sentence. On the other hand, "Because of bad weather" is a complete thought.
To ensure clarity and coherence in your writing, it's advisable to use "because of" instead of "due to" at the beginning of a sentence. For example, "Because of the bad weather, we decided to cancel the picnic."


	Comment by Editor: The phrase 'spectra….can be observed in the moving' was unclear. Please check if my revision is consistent with your intended meaning.
Jiang et al. accurately synthesized the a ZnS/Sb2S3 heterojunction (ZnS/Sb2S3@NC) of by applying nitrogen-doped carbon coating on a potato chip-like substrate by through the vulcanization reaction and and the subsequent metal cation exchange process between Zn2+ and Sb3+.[48] This work also explains in detailIn addition, the principle of the interfacial effects inof heterogeneous structures in during the adsorption process of Na+ was analyzed through many calculations (Fig. 2f). The sulfur vacancy on ZnS and Sb2S3 could promote enhanced ionic diffusion and increased the number of active sites. Furthermore, The the carbon coating layer could suppressed volume expansion, thus enhancing structural stability and the heterostructure boost charge transfer in the heterostructure. Interestingly, through calculations revealed that, Na+ the adsorption energy of was different Na+ at different sites is also different. In ZnS/Sb2S3, Na+ is exhibited a higher tendency more inclined to be on the side ofadsorbed on ZnS, which is also benefited frompromoted by the internal electric field of the heterogeneous structure brought bydue to the interfacial effect. Most studies have focused on the two-phase interface established at the anode. Yan et al. fabricated In2Se3/CoSe2 hollow nanorods composed of In2Se3/CoIn2/CoSe2 by growing constructing a cobaltCo-based zeolitic imidazolate framework ZIF-67 on the surface of indiumIn-based MIL-68, followed by in- situ gaseous selenization (Fig. 2g).[49] The CoIn2 alloy between In2Se3 and CoSe2 makes it haveformed two biphasicbi-phase interfaces, which createsresulting in a synergy between the two interfacial effects. The results show that the introduction of the dualbiphasic interface can not only enhanced the adsorption and reduced the diffusion barrier of Na+, but also optimized the electron structure by through spontaneous electron transfer, thereby reduce reducing the internal charge transfer resistance, and accelerate enhancing the mobility of Na+,. and obtainConsequently, the capacity of sodium- ion storage on the bilateral surface of the alloy was improved.	Comment by Editor: The adjective 'potato-like' was not followed by any noun, making the phrase ungrammatical. I have added the term 'substrate' based on the context. Please check if it's consistent with what you meant here; if not, please revise it accordingly.	Comment by Editor: The original phrasing was vague. Please check if the revision is consistent with your intended meaning.
Figure 2. a) Scheme Schematic of Na+ transfer in at the phase boundary and calculation of the Na+ adsorption energy of on Ni3Se4 and, NiSe2, and at the interface. b) The energy mMinimum-energy diffusion pathway of a Na atom along the interface. c) The PDOS values of the Zn 3d orbitals of MoS2-ZnIn2S4* and ZnIn2S4*. d) The cChanges in the diffusion barriers and e) Na adsorption energy of MoS2/SA Fe-N-C (Verticalvertical), MoS2/SA Fe-N-C (Parallelparallel), MoS2, and SA Fe-N-C. f) Schematic illustration of the preparation process of potato chip-like ZnS/Sb2S3@NC composites. g) Long-term cyclability of the In2Se3/CoSe2-450 anode.

Electrode-electrolyte interface modulation
Electrode-electrolyte interface modulation is another strategy that uses an interfacial effect to optimize the Na+ storage effect. The SEI formed on the surface of the anode during battery discharge, plays an important role in the transmission of Na+ on the interface and the stability of electrode integrity, thus strongly affecting the battery performance. [50-51] The two main SEI optimization strategies are to obtain a stable SEI structure by regulating electrolyte composition (such as solvent, salt, and additive) and electrode structure.[52]
SEI should have the following characteristics: good electronic insulation to prevent the electrolyte from being oxidized or reduced due to charge transfer on the surface; Good Na+ conductivity, selective Na+ through the tissue solvent and electrode contact; Good chemical and electrochemical stability; Good thermal stability; Uniform, dense and thin, with good mechanical properties, not easy to fall off. As an electronic insulator and ionic conductor, SEI is particularly important for the selective transmission of Na+, which directly affects the reversibility and multiplier performance of batteries. The research on electrode structure modulation and interfacial effect optimization of SEI is still in a slow development stage. Xia et al. obtained Fe3C-FeNx/C of different cluster/single atom ratios by controlling the temperature of one-step pyrolysis.[53] As shown in Figure 3a, the wavelet transform of the k3-weighted EXAFS data of FeNX/C-700 provides evidence for the existence of Fe3C and FeNx. The room-temperature 57Fe Mӧssbauer spectra of FeNX/C-600, FeNX/C-700, and FeNX/C-800 indicated the different ratios of Fe3C and FeNx (Fig. 3b), which also means that a large amount of spin-polarized charge exists on the surface of Fe3C, which reduces the activation energy of Na+(Fig. 3c). Thin and uniform SEI composed of NaF, Na2O, and other compound was formed at the electrode-electrolyte interface during multiple charge-discharge processes, which could be found in high-resolution TEM (HRTEM) images after 10 cycles. The high-resolution X-ray photoelectron spectroscopy (XPS) spectra of C 1s, Fe 2p, and F 1s recorded the formation and disappearance of SEI during the charging and discharging process. The interfacial effect leads to the stable formation of SEI during charging and the rapid disappearance during discharge, thus realizing reversible transformation and facilitating the storage and release of additional Na+. In another work, Yang et al. modulated SEI by preparing multiple transition metal sulfide carbon-based composites.[54] In SIBs using sodium perchlorate (NaClO4) as an electrolyte, SEI formation often leads to the existence of its instability due to the presence of ClO4- parasitic reaction, and then converts the sulfide that should be formed into oxide (e.g., FeF → FeOx) and it was accompanied by NaCl deposition, thus reducing the activity, and resulting in the failure of the battery (Fig. 3d). The authors formed a stable and conductive SEI layer by introducing NaNO3 into the electrolyte and by filling the first solvation sheath with NO3-. By comparing the XPS profiles of whether NaNO3 was added or not after multiple cycles, the amount of transition metal oxidized was significantly reduced, which means that the existence of SEI is indeed stable, laying a solid foundation for the cyclic performance of the Na+ storage process. In fact, in the electrochemical performance test, the number of circulating cycles of the sample with sodium nitrate added to the electrolyte was 400% more. Therefore, the cycling performance improvement brought by the interfacial effect strategy modulated by the electrode structure of SEI is obvious.
In addition to improving some properties of the electrolyte body, researchers pay more attention to the compatibility and stability of the electrolyte and electrode materials. By adding tetrahydrofuran (THF) into the electrolyte, Tang et al., solvation and desolvation of such examples greatly promoted the diffusion of ions in SEI, thus forming a uniform interface quickly.[55] Compared with ethylene carbonate (EC)/diethyl carbonate (DEC), ethylene carbonate (EC)/1,2-dimethoxyethane (DME) had the highest coordination number (to Na+) of 3.3 which means it has better bind energy to Na+ (Fig. 3e). Due to its rapid SEI formation and very uniform, it has the best rate performance in electrochemical tests, and its number of cycles is the longest. From another perspective, Zhou et al. realized the desolvation process by adding a 3A zeolite molecular sieve to the electrolyte.[56] The addition of a 3A zeolite molecular sieve makes the formation of SEI an inorganic-dominated process, which greatly improves the power density and cycling stability of ester and ether electrolytes. Figure 3f is a comparison of the kinetics of desolvation and Na+ transport through SEI in an original ether electrolyte and a pre-desolvation electrolyte. The original ether electrolyte requires 21.87 kJ/mol activation energy in the process of blocking PF6-. However, by adding a molecular sieve to form a thin molecular sieve film between the SEI and the electrolyte, PF6- is dissolved in advance. The activation energy of this process is only 16.36 kJ/mol, so the total desolvation energy barrier is low. Efficient Na+ transfer can be achieved. It can be seen from electrochemical tests that the chemical properties of the molecular sieve are very stable, which can not only protect SEI from irreversible dissolution but also meet the small electrochemical impedance after a long cycle. In summary, SEI modulation is affected by different degrees of interfacial effect, and for electrolyte optimization, the optimization effect of interface on Na+ transmission can be played more directly.	Comment by Editor: Do 'adsorption energy' and 'binding energy' mean the same? If so, please consider using 'adsorption energy' here to ensure consistent terminology.	Comment by Editor: The phrase "it is" here is a dummy subject. Dummy subjects, also known as expletive words, serve no purpose other than filling up space. In English, common dummy subjects include "it" and "there," which are frequently used in phrases like "there is," "there are," "there was," "there were," "it is," and "it was."
Figure 3. a) Wavelet transform of the k3-weighted EXAFS data of FeNX/C-700. b) The room-temperature 57Fe Mӧssbauer spectra of FeNX/C-700. c) The apparent interfacial activation energies obtained from VFT fits of the temperature-dependent reciprocal resistance for various interphase chemistries. d) Schematic illustration of NO3− induced interface modulation mechanism. e) Coordination numbers of 1 M NaPF6 in THF, DME, EC/DEC, and PC. f) Comparison of the kinetics of desolvation and Na+ transport through the SEI in pristine ether electrolytes and predesolvated electrolytes. g) Adsorption energy calculated by DFT. h) LSV curves of the electrolytes with FEC and with both FEC and SA and the inset picture is an enlarged view of the curve in the range of 4.0-4.75 V. i) The calculated HOMO and LUMO values of SA, FEC, and PC.

CEI is also formed on the cathode surface. However, less research has been conducted on CEI than on SEI. This may be because the cathode materials are all under the electrolytic liquid oxygenation potential and the reaction on the cathode side is not severe. However, the importance of CEI will become more and more important as the voltage applied to cathode materials develops. Good CEI should protect the internal cathode material, reduce the dissolution of metal cations, and consider the role of Na+ transport. Fan et al. mixed cheaper Fe into the cathode lattice to obtain Na0.67Mn2/3Fe1/3O2.[57] The calculation of the lattice constant shows that the increase of the lattice constant is conducive to the insertion of Na+ and the reduction of the Na+ diffusion barrier. As shown in Figure 3g, the incorporation of Fe reduced the adsorption energy and diffusion barrier of Na+, which confirmed the results of electrochemical tests. The results of electrochemical impedance spectroscopy (EIS)also show that it improves the conductivity and thus the reversibility of the reaction. In addition, the formation of CEI makes the interface stable, and the compact and uniform CEI improves the cycle stability. Like SEI, in addition to modulating the electrode structure, electrolyte additives are also a means of exerting interfacial effects by forming CEI. Sun et al. added both succinic anhydride and fluoroethylene carbonate (FEC) as additives to the electrolyte, and the electrochemical performance of batteries using only one or none of the two additives was much worse.[58] By comparing the linear sweep voltammetry (LSV) curves before and after the addition of succinic anhydride, an oxidation current occurs at about 4.3V after the addition of succinic anhydride, which is speculated to be the decomposition process of succinic anhydride on the cathode surface (Fig. 3h). According to the calculation of highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of succinic anhydride and FEC, the higher HOMO energy level of succinic anhydride means that it should be oxidized earlier, which proves the speculation of the decomposition of succinic anhydride in LSV from the calculation point of view (Fig. 3i). After the battery was heated and tested for high current density, it was found that the circulation after succinic anhydride was more stable, indicating that CEI became even and stable after the addition of succinic anhydride. The action of the additive in the electrolyte effectively prevents the premature dissolution of CEI and protects the smooth progress of the interfacial effect during Na+ storage.	Comment by Editor: The original phrasing was vague. Please check if my edit is consistent with your intended meaning.	Comment by Editor: Having two phrases in this sentence hindered its readability. I have combined the two phrases to improve flow. Please check that your intended meaning is intact.


Interfacial effect in sodium-ion storage
The mechanism of interfacial effect in different Na+ storage processes is not the same, so how to design a reasonable interfacial effect for different Na+ storage reactions is very important. [8, 59] For example, in an intercalation reaction, it is necessary to solve the problem of Na+ intercalation/extraction rate by using the interfacial effect. [60-63] In conversion reaction, the instability of SEI formation should be solved by the interfacial effect. In the alloying reaction, it is necessary to solve the problem of battery failure caused by volume expansion through the interfacial effect. This section highlights the specific application of interfacial effects to Na+ storage procedures through different Na+ storage mechanisms. [64-65]
Scheme 2. Mechanism of interfacial effect in different sodium storage processes.
Interfacial effect in intercalation reaction
In the field of carbon materials, amorphous carbon materials are divided into two types according to the degree of graphitization difficulty: carbon materials that are easy to graphitize are called soft carbon, and those that are difficult to graphitize are called hard carbon. Graphite has a complete layered structure.[66] Due to thermodynamic reasons, it is difficult for Na+ to insert into the graphite layer, so it cannot form stable carbides with graphite. Therefore, the interfacial effect requires a well-layered structure to achieve the funny Na+ intercalation reaction.	Comment by Editor: Perhaps mentioning the 'thermodynamic reasons' would lend some more clarity to this sentence. Please consider adding some explanation.
The optimization of interlayer structure can be achieved by optimizing the electronic structure and optimizing the interlayer spacing. Xia et al. synthesized hard carbon nanosheets (Fe-N-C/Fe3C@HCNs) by self-assembly of polymers followed by pyrolysis, encapsulating the Fe3C species in Fe-N-C graphite layers.[67] By theoretical calculation of the adsorption behavior of Na+ on Fe3C, the electron transfer of Na to Fe-N-C was enhanced by Fe3C species, leading to charge redistribution between Fe3C and Fe-N-C interfaces. As shown in Figure 4a, after the formation of the Fe-N-C/Fe3C interface, the electron state near the Fermi level is significantly improved, indicating that the electron mobility is significantly improved, which explains the rapid storage of Na+ from the perspective of adsorption kinetics. On the other hand, in the electrochemical test, the results of EIS also prove that A has the minimum resistance value, which verifies the theoretical calculation results from the experimental point of view (Fig. 4b). In addition, because Fe3C is effectively protected by Fe-N-C, the structural integrity is guaranteed during the charging and discharging process, so that the interfacial effect of charge redistribution can exist stably (Fig. 4c). By modulating the interlayer structure and enlarging the interlayer distance, the conductivity can be improved. Yu et al. obtained the alternate insertion structure by loading a single layer of molybdenum disulfide onto the reduced graphene oxide (rGO).[68] Heteroatom doping can change the microstructure and electronic state of carbon and then affect the conductivity and the number of defects of the materials, and finally improve the sodium storage performance of carbon-based materials. For example, in this study, the expansion of the porous shell brought about by the incorporation of N increased the ionic diffusion mobility and provided more ion storage sites. As Na+ diffusion coefficients calculated from the galvanostatic intermittent titration technique (GITT) showed in Figure 4d, MoS2/NC@rGO has high ionic diffusion mobility. In addition to EIS (Fig. 4e), Warburg coefficient factors can also be used to evaluate internal resistance. The interface formed between MoS and NC builds a three-dimensional (3D) conductive network, providing ultra-high reversible capacity and significant long-term cycle stability.
The crystallinity of electrode materials can affect the behavior of Na+ storage and diffusion. It is a simple and repeatable strategy to control Na+ intercalation by simply controlling crystallinity. Xu et al. balanced crystallinity and nanostructure by designing TiO2@MoO2 heterojunction (TMH).[69] TMH with different crystallinity was obtained by controlling the crystallization temperature during synthesis (Fig. 4f). According to the calculation of the state density of TiO2, MoO2, and TMH, the wide band gap of TiO2 means that its conductivity is poor and it is not suitable to be used as a sodium storage material alone. However, after combining with MoO2, the band gap is greatly reduced, which reduces the energy barrier of Na+ diffusion in the electrode and accelerates the click reaction kinetics. Compared with other temperature treatments, TMH failed to exhibit the best ion diffusion behavior due to the damage to the nanostructure even though it had a higher degree of crystallinity, which can be understood as the premise of the existence of interfacial effect is the integrity of the nanostructure of materials on both sides of the interface.	Comment by Editor: The original phrasing was unclear. My edits are based on the context and available information. Please review my edits and make further changes if necessary to clearly convey your intended meaning.
As mentioned, the influence of the interfacial effect can only be played under the premise of ensuring the rationality of the material structure on both sides of the interface. In another work, Chen et al. quantitatively adjusted the oxygen content of hard carbon materials through low-temperature hydrogen reduction to observe the microstructure information of hard carbon.[70] Two steps of heat treatment at different temperatures to obtain different oxygen content of hard carbon materials, the increase of oxygen content will bring more open pore structure, and the lack of oxygen content will reduce the structural stability. Through the performance test of the sample, the optimized sample H300-1100 has the best initial coulomb efficiency (ICE) and the highest specific capacity (Fig. 4h). By analyzing the capacity of a discharge process, researchers verified the mechanism of "adsorption-intercalation-pore-filling", in which Na+ adsorption occurs in a high potential area, followed by intercalation in a low potential area, and hole filling occurs at a voltage lower than 0.1 V (Fig. 4g). In conclusion, optimizing the electronic and material structures on both sides of the interface and ensuring the integrity of the material structure is the key means to realize the interfacial effect in intercalation reaction.
Figure 4. a) DOS illustrations of the Fe-N-C/Fe3C-Na. b) Nyquist plots of Fe-N-C/Fe3C@HCNs. c) The schematic illustration of the Na+ storage mechanism of Fe-N-C/Fe3C@HCNs. d) Na+ diffusion coefficients canulated from GITT. e) The relationship between Zʹ and ω-1/2 for MoS2/NC@rGO, MoS2/NC and NC@rGO. f) Schematic illustration of the synthesis roadmap of TMH core–shell materials. g) Sodiation mechanism. h) Na+ apparent diffusion coefficients.
Interfacial effect in the conversion reaction
The conversion reaction plays an important role in the formation of SEI, and Na+ can pass through the intact and homogeneous SEI quickly.[71] However, if the electrolyte is consumed excessively in the conversion reaction, the SEI will be too thick to achieve the desired interfacial effect, and the battery performance will be greatly reduced. In addition, the conversion reaction with transition metal compounds (such as sulfide, selenide, phosphide, etc.) is also an important contribution to the generation of pseudocapacitance.[72] 
Figure 5. a) Scheme of phase transformation of Ni@NiCo2S4 and Ni@MSx (M = Ni or Co) during the cycling process. b) In situ XRD of the NiCo2S4 electrode. In-depth analysis of SEI components of the Ni@NiCo2S4 electrode after the initial cycle. High-resolution XPS of (c) the S spectrum, (d) the C spectrum, and (e) the F spectrum.

Detailed structural characterization is the key method to study the formation of sodium compounds during the conversion reaction. Chen et al. obtained NiCo2S4 nanowires with high loading capacity as anodes for SIBs by in-situ growth on nickel foam.[73] The scheme of phase transformation of Ni@NiCo2S4 and Ni@MSx (M = Ni or Co) during the cycling process is shown in Figure 5a. During the discharge process, NiCo2S4 underwent a conversion reaction with Na ions to form Ni-Co alloy and Na2S. After the discharge, the release of Na+ caused the reformation of a mixture of sulfide of the two metals in the system. Compared with bimetallic sulfide, monometallic sulfide may lead to excessive volume expansion during the conversion reaction. Taking Co as an example, the electrons in CoSx formed in the process of charge and discharge have a low spin electronic structure, which produces strong lattice distortion in the lattice, resulting in poor cyclic stability of the anode. As shown in Figure 5b, in-situ XRD characterizes the phase transition of NiCo2S4 during the first charge-discharge acclimation. During the discharge process, the peaks at 2θ = 34.3̊, 38̊ representing NiCo2S4 disappeared gradually, and 2θ = 39̊ Na2S were generated instead. The high-resolution XPS of S 2p, C 1s, and F 1s reflect the changes in SEI components in the etching process (Fig. 5c-e). With the progress of etching, the intensity of SO4- and SO3- decreases first, and F-C also, indicating that small organic carbon species are distributed in the surface layer of SEI. In contrast, NaF strength did not decrease, indicating that it was dispersed throughout the SEI. This indicates that in the process, the outer layer of small molecule organic matter and inorganic salt effectively protect the integrity of SEI, and the interfacial effect is preserved, which is also the guarantee of Ni@NiCo2S4 electrode material to achieve a long-time cycle.
Alleviating the volume expansion caused by the conversion reaction is the key, and improving the conductance and Na+ transport performance of non-metallic conversion anode materials is also the top priority. Shao et al. make use of the simple ball milling method and use high-conductivity crystalline graphene (HCG) with high conductivity and a large specific surface area to load a large number of nanometers of SeP particles to obtain SeP@HCG composite materials.[74] The existence of highly crystalline fossil ink effectively alleviates the huge volume change of SeP during the charging and discharging process, which plays an important role in stabilizing the internal structure of the material, thus ensuring the interfacial effect and high cyclic stability. The ex-situ HRTEM recorded the different states of the discharge/charge process (Fig. 6a-d). During discharge, the amorphous SeP (A-SeP) on HG transforms into amorphous NaxP and crystal Na2Se with the conversion reaction with Na+. At the end of the discharge, the amorphous NaxP is transformed into a crystalline Na3P. At the same time, in-situ XRD data can also be verified with HRTEM observations. Therefore, the transformation reaction can be expressed as the following reaction:



In addition to limiting the volume expansion of HCG in the conversion reaction, the DFT results showed that the adsorption energy of Na+ at SeP/HCG decreased significantly compared with that at SeP. This synergistic effect results in excellent multiplier performance. 
Similarly, there have been many studies on the efficient conduction of Na+ while limiting volume expansion in conversion reactions. Yu et al. grew Co3Se4 in situ on porous graphene.[75] The graphene-based material not only effectively limited volume expansion, but more importantly, the presence of pores between graphene enhanced the rapid ion transport of Na+ between graphene layers, thus achieving high electrical conductivity. As shown in Figure 6f, the EIS results confirm the lower resistance of Co3Se4/HG and the longer cycle performance of the whole battery assembled with Na3V2(PO4)3 (NVP) due to the well-protected interfacial effect. In another study, Ou et al. designed a two-dimensional porous sheet form of GeS2 (GES) as an anode for SIBs.[76] It is worth noting that the cooling mode after calcination will directly affect the crystal structure of GES. Amorphous GES (GES-A) are formed under fast-cooling and crystalline GES (GES-C) is obtained under common cooling. GES-A can be evenly distributed at the intermediate interface, fully alleviating the volume expansion of GeS2 and producing excellent structural tolerance. As shown in Figure 6g, the electron paramagnetic resonance (EPR) results show that GES-A has more unpaired electrons than GES-C, which means that its electron transport capacity is stronger. More importantly, the isotropic Na+ diffusion channel produced by GES-A effectively improves the reaction kinetics and the ion diffusion efficiency. It can be concluded that, from the perspective of reducing the influence brought by volume expansion, it does not mean that the structures on both sides of the interface need to be "perfect". The "integrity" of the structures on both sides of the interface is the core factor to realize the interfacial effect.
Figure 6. Ex-situ HRTEM images of the electrode at a) pristine, b) 0.93 V, c) 0.01 V, and d) 2.5V of discharge/charge process. e) Optimized structures of Na atom absorbed on SeP, and SeP@HCG. f) Nyquist plots of Co3Se4/HG. g) The EPR spectra of defects at room temperature.
Interfacial effect in alloying reaction
Sodium is a reactive metal that can be alloyed with many metals, such as Sn, Sb, and In.[77] Similar to the conversion reaction, the formation of alloys can also lead to a large specific sodium storage capacity and a lower reaction potential.[78] But the defects of the alloy reaction are also obvious, the reaction kinetics is poor, and the volume changes greatly before and after sodium insertion and sodium removal. [79-80] This causes the material to pulverize during the circulation process, which leads to the loss of electrical contact between materials and between materials and fluid collectors, that is, the failure of the interfacial effect which should be complete, resulting in rapid attenuation of specific capacity. Therefore, solving the problem of volume change in the process of reaction phase transformation of the alloy is the key problem faced by alloy-like anode materials. Therefore, it is very important to study the source of the volume expansion and structural evolution of metal nanoparticles after sodiation. Using tin nanoparticles as the research object, Huang et al. determined the truth of phase evolution in the sodiation process through an in-depth study of XRD and in-situ TEM (Fig. 7a).[81] The amorphous NaSn2 was formed by a double-phase reaction between crystalline Sn and sodium, with a volume change of 56%. With the further embedding of Na+, amorphous Na9Sn4, and Na3Sn was formed, with the corresponding volume change of 252% and 336%. Finally, the crystalline Na15Sn4 was formed by a single-phase transformation mechanism, and the volume change reached 420%. Although the phase transition process reported by different researchers is different, the poor cyclic stability caused by volume change is the key restriction of alloy-like electrode materials.
Figure 7. a) Schematic illustration of the structural evolution of Sn NPs during the sodiation. b) CV curves at a scan rate of 0.1 mV s−1 between 0.01 and 1.5 V. c) The curve and in situ XRD patterns collected during galvanostatic charge/discharge and the amplified XRD pattern of the main peaks of Bi and NaBi in the Bi@C⊂CFs electrode. d) Illustration to show the pulverization issue observed in crystalline alloys or metals.

Improvement of volume expansion can be achieved by reducing particle size (nanomatization) and designing micro-nano structures. Nano-sized electrode materials can significantly reduce the absolute volume variation of individual particles, thus easing the stress and strain in the process of charge and discharge. Meanwhile, nano-sized electrode materials are conducive to uniform sodium disodiation, alleviating the problem of volume expansion. Xiong et al. used the Bi-based organic framework nanorod pyrolysis method to encapsulate the Bi nanospheres inside the carbon layer.[82] As shown in Figure 7b, by comparing the charge-discharge curves of the first five cycles, it can be identified that the cathode peaks around 1.1V and 0.15V in the first cycle are from electrolyte decomposition. The sodiation process of Bi in the second and fifth circles corresponds to 0.38V and 0.58V cathode peaks respectively. And after five cycles, the REDOX peak is more obvious, showing good reversibility. The phase transition process can also be found in in-situ XRD results (Fig. 7c). By comparing the cyclic SEM, no pulverization of electrode materials was found, indicating that the volume expansion of nanometer Bi-metal encapsulated by the carbon layer was significantly reduced. This is also evidenced by the final loop test results. In addition to reducing particle size, forming binary alloys or intermetallic compounds with other metals is also an important method to improve the electrochemical performance of alloy-like materials. The introduced metal can act as an inactive component, only to form a strong bond with the metal, so as to alleviate the role of volume expansion. Deng et al. used amorphous bimetallic alloy Co-Sn as electrode material, and Co was an inactive substrate, which played a conductive role.[83] By comparing the performance of low crystallinity Sn and amorphous Co-Sn alloy in the cycling process, the amorphous alloy has better cycling performance (Fig. 7d). The reason is that the volume expansion effect of low crystallinity Sn in the cycle process makes the lattice disintegrate, the structure cannot maintain integrity, and the interfacial effect fails. The amorphous Co-Sn alloy remains intact in the process of volume expansion, and the inactive Co plays the effect of inhibiting aggregation in the system so that the interfacial effect is intact and high cyclic stability is achieved.	Comment by Editor: I have edited this sentence for clarity and conciseness and combined it with the preceding sentence to improve flow.
Sb is the typical SIBs alloy anode. Each Sb atom can bond to three Na atoms. When the first cycle of Na+ is embedded in Sb, sodium and Sb form an amorphous NaxSb alloy, and then NaxSb combines with sodium again to form cubic or hexagonal alloy Na3Sb.[84] In the process of desodiation, hexagonal alloy Na3Sb is directly transformed into amorphous Sb. Yang et al. designed a yolk-shell structure with metal Sb inside the box and a cavity inside the shell. In-situ TEM images showed that the alloy reaction did cause volume expansion during the charge-discharge process, but the volume expansion did not damage the structural integrity due to the presence of graphdiyne nano boxes (Fig. 8a-c). In addition, the cavity structure in the shell greatly accelerates the diffusion rate of Na+ and achieves higher rate performance.	Comment by Editor: This was redundant here because the combination of Na and Sb is implied by the first part of the sentence.
Optimization of electrolyte additives is another strategy that affects the reaction volume variation of alloys. Ether solvent has good compatibility with alkali metal anode, and can passivate sodium metal effectively, form thin, homogeneous, and dense SEI on sodium metal surface, and maintain a good interfacial effect. At the same time, the formation of sodium dendrites is prevented to prevent the thickening of SEI caused by dendrite formation and reduce the diffusion ability of Na+. Chain ether solvents have relatively high reactivity, relatively low viscosity, and strong cationic complexation ability, which can enhance the solubility of sodium salt and significantly improve the conductivity of the electrolyte. By adding diglyme to the electrolyte, Wang et al. formed homogeneous SEI on the surface of the collector fluid, which had good cycling performance compared to the carbonate electrolyte (Fig. 8d).[85] In comparison with commercial Sn/C anodes, the system using chain ether additive has better discharge capacity and capacity retention (Fig. 8e).
Figure 8. a-c) In-situ TEM images from a time-lapse video of the first sodiation-desodiation cycles. d)  Diagram of the different SEI films in carbonate electrolyte and diglyme electrolyte. e) cycling performances at 500 mA·g−1 using 2G electrolyte.

To sum up, the problems to be solved in the process of alloy reaction can be solved by reducing the size of metal particles, using other inactive metals for volume restriction, or confining particles to other materials to alleviate the pulverization of materials caused by volume change, resulting in the destruction of interfacial effect. In addition, the interfacial effect can be maintained by changing the electrolyte additive to form stable SEI and preventing the Na+ conduction failure caused by the thickened and uneven SEI after many cycles.
Summary and outlook
Most electrode materials for SIBs are designed around the interfacial effect, electrode materials, and electrolytes as an integral part of SIBs, for any part of the optimization of Na+ storage performance has a profound impact. Targeted design of electrode materials, such as the design of the appropriate internal heterogeneous structure of electrode materials to achieve effective charge redistribution purpose; The effective electrode material morphology was constructed and multi-dimensional pore channels were obtained to promote the efficiency of Na+ transport. Control the size of metal particles and limit the impact of volume expansion. In addition, targeted addition of electrolyte additives, such as by adding molecular sieve additives to achieve the purpose of Na+ pre-solvation; By adding ether additives, stable and uniform SEI can be formed. Either volume expansion leads to pulverization of electrode material, resulting in failure of contact with the fluid collector. [86-89] Or excessive growth of SEI leads to limited conduction of Na+ and uneven growth leads to the formation of sodium dendrites. All these will destroy the interfacial effect of the electrolyte-electrode interface and the internal interface of the electrode, thus limiting the storage of Na+ and making the SIBs ineffective. 	Comment by Editor: The original phrasing was slightly vague. Please check if my edit is consistent with your intended meaning.
In this paper, the different mechanisms of interfacial effects in different Na+ storage reactions in SIBs are reviewed. The reasons for the limited storage of Na+ due to interfacial effect failure and its influence on the performance of SIBs under different conditions were discussed. As a new generation of the energy storage system, the basic requirement of sodium-ion batteries is to ensure their long-term, large capacity, and recyclable capacity for storing sodium. Therefore, to accelerate the dynamics of Na+ storage in the cyclic sodium storage process and to enhance the thermodynamic stability of the process to realize the stability of the interfacial effect and create a high energy, high power and long life of SIBs need to further study and solved. However, the dynamic changes in its electronic structure cannot be detected due to an insufficient understanding of its reaction kinetics, so the changes in the interface cannot be dynamically monitored. To deeply understand the reaction mechanism of the Na+ stored process, synthesize electrode materials with the accelerated kinetic process and improved thermodynamic structure, and stabilize interfacial effect, more accurate in situ characterization methods, and computational simulation are needed. Therefore, many critical challenges must be addressed.
(1) With the support of current characterization methods, such as in situ XRD and TEM have been applied to the detection of Na+ storage intermediates. However, there is no clear and reasonable formation mechanism in the process of phase transition between sodium and metal or nonmetal compounds. The combination of in situ and operational structure characterization, such as in-situ Mössbauer spectroscopy, operando XAS, and ultrafast spectroscopy, is an important tool for understanding complex phase transformation processes and electrochemical environments. Future research should take advantage of these complex reaction systems to develop a complete and functional in situ test system.	Comment by Editor: Did you mean 'alloy-formation mechanism' here? Please clarify.
(2) In addition to the progress of characterization methods, the theoretical simulation of the interface reaction process will also guide the optimization of the interfacial effect. Because the theoretical calculation does not involve the actual reaction process, it is less limited. But because of this, the theoretical simulation process can eliminate the invalid model and get relatively reasonable simulation results. The objective phase transition process can be obtained by combining the simulation results with the test results, which is an efficient and reasonable means to ensure the validity of the theoretical calculation and determine the real mechanism of the interfacial effect.	Comment by Editor: This sentence was slightly vague. Please review my edits to ensure that your intended meaning is intact.
(3) The research on multiple internal interfaces of sodium-ion batteries should start from the whole structure of the battery. In the actual battery application, the optimization of different interfaces should be considered when optimizing one interface, to achieve the synergistic effect of interfacial effect modulation. Therefore, relevant electrode and electrode-electrolyte structures should be developed and further studied.
It is full of challenges and opportunities to deeply understand the mechanism of the interfacial effect in sodium storage. It is very important to construct dynamic and thermodynamic interfaces in SIBs for the optimization of next-generation battery systems. The sodium-ion battery in carbon neutrality, renewable energy, energy conservation, and emission reduction will help alleviate global warming and the energy crisis. This is an important link between human progress and the protection of the natural environment.	Comment by Editor: This is one of the most important statements in the summary because it highlights the importance of your paper. I have heavily revised it to ensure that the intended impact is achieved. Please check my edits and ensure that your intended meaning is intact.
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