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Full-Cell Presodiation Strategy to Enable High-Performance
Na-Ion Batteries

Zhen Wang, Shiming Chen, Jimin Qiu, Jiangxiao Li, Wenguang Zhao, Yuchen Ji,
Xiangming Yao, Ziwei Chen, Ke Li, Mingjie Dong, Feng Pan,* and Luyi Yang*

As promising alternatives to lithium-ion batteries, sodium-ion batteries suffer
from low coulombic efficiency, which stems from Na-deficiency and unstable
interfaces for both cathode and anode materials. Exhibiting a favorable
solvation structure, Na-naphthalene/tetrahydropyran (Na-NP/THP) is
screened and selected as a full-cell presodiation solution for hard carbon (HC)
anodes and a P-2 type Na0.67Fe0.1Al0.1Mn0.8O2 (NFAM) cathode, which are
both Na-deficient. Through a wealth of characterizations, it is revealed that
the proposed presodiation agent not only boosts the initial coulombic
efficiency of both HC and NFAM electrodes effectively, but also facilitates
robust solid–electrolyte interphase (SEI) and cathode–electrolyte interphase
(CEI) on both electrodes. Consequently, the long-term cycling and rate
performance are greatly improved thanks to the stabilized structures of
electrode materials. Furthermore, a proof-of-concept NFAM||HC pouch cell
based on this presodiation strategy is assembled, showing a high reversible
capacity and superior cycling performance. By offering a remedy to a full cell
system subjected to severe Na-deficiency, this work conceptually
demonstrates a feasible strategy to fully tap the potential of
high-energy-density materials in sodium-ion batteries.

1. Introduction

The unprecedented demand for lithium resources has driven the
cost of commercial lithium-ion batteries (LIBs) to a historic high
and thus triggered the commercialization of sodium-ion batteries
(SIBs).[1–3] To enable the ever-growing demands of higher energy
density and long cycle life for commercial SIBs, various desir-
able electrode materials have been investigated in recent years.[4]

However, the low initial sodium content in many reported layered
oxide cathodes and the low initial Coulombic efficiency (ICE) of
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hard carbon (HC) anodes result in
disastrous capacity contribution in full
cells.[5–7] In order to maximize the energy
density of full cells, the key is to com-
pensate for the Na deficiency or the irre-
versible Na loss side reactions in either
cathode or anode side.
Inspired by the prelithiation of LIBs,
various presodiation methods have been
successfully exploited to significantly
improve the ICE of anodes and the
energy density of full cells[8–10] includ-
ing direct-contact presodiation,[11,12]

half-cell presodiation,[13,14] sacrificial
additive presodiation[15–18] and solu-
tion presodiation.[19–22] Among these
measures, solution presodiation could
achieve a mild and controllable preso-
diation, more importantly, it is more
easily compatible with current industrial
battery manufacturing processes.[23,24]

Sun et al.[20] firstly reported that
sodium naphthaline/tetrahydrofuran
(Na-NP/THF) electronic solution is used
to presodiated HC anode, achieving an

increase in ICE from 67 to 87% and increasing the energy den-
sity of the full battery to 99 Wh Kg−1. Subsequently, Qian et
al.[22] increased the ICE of HC to 100% within 60 s by employing
sodium biphenyl/dimethoxyethane (Na-BP/DME) presodiation
agent. Furthermore, the analogous approaches had been applied
to the presodiation of reduced graphene oxide,[25] antimony,[21]

tin,[26] and phosphorus anodes,[19,26] which has achieved signifi-
cant effects in the improvement of ICE and energy density. Nev-
ertheless, when a Na-deficient (e.g., P-2 type) cathode is coupled
with HC anode, a large excess amount of active Na required.
It should be noted that loading all these extra Na on the anode
would inevitably result in a significant decrease in the air-stability
of the anode, which is unfavorable for battery assembling and
long-term storage.[27] On the other hand, it also requires to avoid
damaging the structure of cathode during the presodiation pro-
cess. Therefore, a universal full-cell presodiation strategy for this
seemly “bad match” is highly desirable which helps to promote
the development of high-energy-density SIBs.

Herein, through theoretically and experimentally screen-
ing various solutions, a solution based on naphthalene
(NP) and tetrahydropyran (THP) is proposed as a safe and
facile presodiation agent for both Na-deficient P-2 cathode
(Na0.67Fe0.1Al0.1Mn0.8O2, denoted as NFAM) and sodium-free
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Figure 1. a) Schematic illustration of the solution presodiation method for commercial roll-to-roll cell manufacturing process. b) Calculated radial
distribution functions (g(r), solid line) and corresponding coordination numbers (n(r), dash line) for DME, THF, 2-Me-THF, THP. c) Molecular structures
of potential solvents (DME, THF, 2-Me-THF, THP) and the corresponding solvated structures with Na+. d) Comparison of de-solvation energy barrier of
Na+-solvent (DME, THF, 2-Me-THF, THP) complexes. e) Optical photographs of both electrodes after pretreatment in different presodiation solutions.

HC anode simultaneously, which could be readily implemented
into the commercial roll-to-roll process (Figure 1a). After preso-
diation, the ICE of both HC and NFAM can be greatly promoted.
More importantly, it is revealed that the proposed presodia-
tion strategy constructs robust interphases on both electrodes,
which not only mitigate undesirable interfacial side reactions
(e.g., solid-electrolyte interphase/cathode-electrolyte interphase
(SEI/CEI) dissolution and transition metal dissolution) but
also expedites interfacial charge transfer on both electrodes.
Consequently, improved rate performance and cycle stability can
be obtained in both half and full cells.

2. Result and Discussion

2.1. Screening of Solvents

The redox potential of a presodiation agent is closely related to
the electron affinity of the solute and solvent molecules: lower
electron affinity generally results in lower redox potential of the
corresponding presodiation agent, hence the greater presodia-
tion capability.[28,29] It is worth noting that, in addition to the re-
dox potential, the solvated structures formed by Na+ and solvent
molecules are also crucial for presodiation. Due to the different
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solvation energy, solvent molecules and charge carriers (i.e., Na+)
generally form four types of solvated structures, including con-
tact ion pairs (CIPs), aggregated ion pairs (AIPs), solvated ions
(SIs) and solvent-separated ion pairs (SSIPs).[30] Among these
configurations, SIs and SSIPs favor the co-intercalation of sol-
vent molecules, thus causing damage to the structure of elec-
trode materials. The solvation structures of presodiation reagents
depend on the desolvation energy and the molecular configu-
ration of solvent molecule: solvents exhibiting high desolvation
energy and small steric hindrance tend to form SIs or SSIPs,
causing solvent co-intercalation.[28,30] In order to achieve preso-
diation without damaging the structure of electrode materials,
in this work, different presodiation agents were screened accord-
ing to their redox potential, desolvation energy, and molecular
configuration.

Owing to the nature of strong electronegativity, BP and NP
can easily take electrons from sodium to form Na-arene complex,
thus they are widely used as solutes in chemically presodiated
solutions.[20,22,25,26] However, the lower reduction potential of BP
compared with NP results in a more violent presodiation, mak-
ing it more difficult to control the degree of presodiation.[20,25,29]

Therefore, we chose NP as a milder solute for the preparation of
presodiation solution. In addition to solute, the choice of solvent
is also important for the effectiveness of solution presodiation.
Therefore, in this work, DME, THF, 2-Methyl-tetrahydrofuran (2-
Me-THF), and THP are screened as four potential candidates.
Based on the analysis results of calculated radial distribution
function (Figure 1b; Figure S1, Supporting Information), the rep-
resentative solvation structures of Na-NP formed in four differ-
ent solvents are obtained (Figure 1c). Compared with the other
three solvents, DME possesses significantly more coordinated
oxygen atoms with Na+, suggesting a relatively robust solvation
structure with Na+ (Figure S2, Supporting Information). Fur-
thermore, the similar conclusion is obtained from density func-
tional theory calculations (Figure 1d). Among these four sol-
vents, DME possesses the highest de-solvation energy barrier
(4.14 eV), indicating that Na+ tends to coordinate with DME to
form SIs or SSIPs, which could lead to co-intercalation of sol-
vent molecules and consequently the structural degradation of
electrode materials.[28] In comparison, THP possesses the low-
est de-solvation energy barrier (2.92 eV), indicating that Na+

tends to form CIPs or AIPs in Na-NP/THP solution. THP also
has a larger solvated molecular volume compared to other sol-
vents (Figure S3, Supporting Information), which implies that
the solvated structure displays a large steric hindrance, [31,32]

inhibiting the solvent co-intercalation. Therefore, the embed-
ding of naked Na+ is preferred in THP, which is beneficial to
maintain the structural stability of electrode materials. To ver-
ify the above speculation, electrodes were immersed in differ-
ent solutions for presodiation. As expected (Figure 1e), solvents
with higher de-solvation energy barrier result in disintegration
of both electrodes, suggesting large variation of particle size
caused by solvent co-intercalation. The cycling stability of elec-
trodes pretreated by different solvents also verifies the conclu-
sion, where THP outperforms other solvents (Figure S4, Support-
ing Information). Based on the above analysis, Na-NP/THP was
finally chosen solution as the presodiation reagent as it was be-
nign to both electrodes while other agents exhibited detrimental
effects.

2.2. Presodiation of Hard Carbon (HC) Anode

As shown in Figure 2a and Figure S5 (Supporting Information),
the ICE of HC can be improved from 61% to almost unity af-
ter immersed in Na-NP/THP, demonstrating that the presodia-
tion treatment eliminates the initial irreversible capacity. From
the cyclic voltammetry (CV) profiles of HC anode, the reduction
peak (≈0.9 V) corresponding to SEI formation disappeared af-
ter presodiation, suggesting that an SEI film has already been
formed on the surface of HC anode (Figure S6, Supporting Infor-
mation). To test the air-stability of presodiated HC, anodes with
ICEs of 87%, 99%, and 107% (denoted as HC-87, HC-99, and
HC-107, corresponding to incompletely presodiated, fully preso-
diated, and excessively presodiated HC, respectively) were rested
in dry air for 24 h (Figure 2b). As expected, the excessively pre-
sodiated HC (HC-107) suffer from severe dive in ICE and sharp
increase in open circuit voltage (OCV), owing to its high reactiv-
ity towards moisture and oxygen. By contrast, with only slightly
compromised ICEs and OCVs, both HC-87 and HC-99 anodes ex-
hibit satisfactory air-stability. Based on this result, it is reasonable
to speculate that the ICE value of HC should not exceed 100%
for the sake of electrode storage. Therefore, the fully presodiated
HC-99 will be adopted in the rest of this study. Results of both
X-ray photoelectron spectroscopy (XPS) characterization (Figure
S7, Supporting Information) and energy dispersive X-ray spec-
troscopy (Figure S8, Supporting Information) confirm Na em-
bedding.

Various mechanisms have been reported regarding to Na
storage in HC anode, including adsorption, intercalation, and
pore filling.[33] To investigate where the presodiation embed-
ded Na+ are stored, in situ Raman characterization was con-
ducted. Figure 2c exhibits that the discharge process of the pris-
tine HC can be divided into two stages: first (Stage I), the G-
band is almost unchanged and the D-band gradually weakens;
subsequently (Stage II), the G-band gradually shifts toward a
lower wave number, showing that Na storage in HC follows
an adsorption-insertion mechanism.[34] For the presodiated HC
(Figure 2d), only the G-band excursion occurs during the first
discharge, indicating that the Na+ introduced by the presodia-
tion process are adsorbed on the surface, defect, vacancy, or edge
of HC. The initial charge/discharge curves of presodiated HC
(Figure S9, Supporting Information) show significantly lower ad-
sorption capacity, implying that the presodiation process loads
Na+ to the irreversible adsorption sites of HC.[35] Furthermore,
the (002) crystal plane in presodiated HC has no shift, which
supports the above speculation (Figure S10, Supporting Informa-
tion). When charged to 2.0 V, both G-bands and D-bands shift
back, suggesting that the Na+ extraction/insertion processes in
both HC anodes are reversible and the presodiation does not af-
fect the structure of the HC.

Next, the rate performance and cycling stability of presodiated
and pristine HC are compared in Figure 3a,b, respectively.
Under the specific current of 800 mA g−1, the presodiated HC
could release a much higher capacity (246 mAh g−1) compared
with the pristine one (199 mAh g−1). The superior rate capability
of presodiated HC can be attributed to the lowered interfacial
impedance after presodiation (Figure S11, Supporting Informa-
tion). The long-term cycling stability of HC was tested under
different specific currents. Under 200 mA g−1

, the capacity
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Figure 2. a) Relationship between ICE and presodiation time for HC anode. b) Comparison of ICE and OCV of presodiated HC with various degrees
of presodiation before and after 24 h of resting in dry air with a dew point temperature of −45 °C. In situ Raman spectroscopy of the c) pristine and
d) presodiated HC anode.

retention of the presodiated HC was 79.3% after 1000 cycles,
while the pristine HC only exhibited a retention of 45.6%.
Similar results can be obtained under 50 mA g−1 (Figure S12,
Supporting Information). Also, the same results were observed
for an alternative HC anode, which further proves the univer-
sality of this strategy (Figure S13, Supporting Information). The
improved cycling stability of presodiated HC is also reflected in
full-cell performance when coupled with commercial Na-rich
Na3V2(PO4)3 cathode (Figure S14, Supporting Information).

To investigate the underlying mechanisms for the enhanced
electrochemical performance, the morphological information of
HC was first examined. As shown in Figure S15 (Supporting In-
formation), the open pores inside HC disappeared after presodi-
ation. Since these pores contribute a large portion of irreversible
side reactions,[36] this difference in bulk morphology accounts
for the improved ICE. Furthermore, the scanning electron mi-
croscopy (SEM) images shows that the surface of the presodiated
HC particles has become much smoother without pores com-
pared with pristine HC (Figure S16, Supporting Information).
According to the cryo-transmission electron microscopy (cryo-
TEM) images (Figure 3c; Figure S17, Supporting Information),
a uniform SEI layer can be found on the presodiated HC surface.
In order to investigate the composition of the SEI layer, XPS char-
acterization was performed before cycling (Figure S7, Supporting
Information). The C─F peak in the pristine HC electrode, which
corresponds to poly(vinyl difluoride) (PVDF) binder, cannot be
detected in the presodiated HC electrode, as it might be masked

by the SEI induced by presodiation. Instead, a strong peak of
NaF can be found on the presodiated HC electrode, which co-
incides with the lattice fringe of NaF observed in the cryo-TEM
result above. XPS, Raman, and Fourier Transform infrared spec-
troscopy results of PVDF polymer films treated with Na-NP/THP
solution (Figure S18, Supporting Information) confirm that NaF
originates from the chemical reaction between the presodiated
solution and PVDF. Similar to LiF,[37] NaF is considered as a fa-
vorable component in the SEI owing to its desirable ionic con-
ductivity, chemical stability, and high mechanical strength,[38,39]

which not only effectively alleviate electrolyte decomposition, but
also improves the interfacial transfer kinetics of Na+. Hence, the
presodiated HC exhibits superior rate performance and cycling
stability.

Electrochemical quartz crystal microbalance (EQCM) was em-
ployed to test the stability of this SEI layer[40] (Figure 3d,e), where
both HC electrodes were scanned to 0.01 V versus Na/Na+ and
rested for a period. Both pristine and presodiated HC display con-
tinuous increase of mass during scanning, which is related to
Na+ insertion and SEI formation. During the resting process,
the mass of the pristine HC anode starts to decrease, which
could be attributed to the dissolution of electrochemically formed
SEI.[41,42] In sharp contrast, the mass of the pretreated HC re-
mains almost constant. This difference might be resulted from
the higher total content of organic species (C─O, C═O, and
─CO3) on the pristine HC than that of pretreated HC (Figure 3f),
which are more soluble in the electrolyte. For the presodiated HC,
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Figure 3. a) Galvanostatic rate testing and b) cycling performance of HC anode before and after presodiation. c) Cryo-TEM image of the presodiated
HC anode. EQCM tests of d) presodiated and e) pristine HC anodes during a cathodic scanning rate of 1 mV s−1 (blue region) and resting period (red
region). f) C 1s and F 1s (g) XPS spectra of the presodiated and pristine HC anode after cycling.

the much stronger peak of NaF compared with P-F also shows
that NaF is a dominant composition in the SEI (Figure 3g).

2.3. Presodiation for Na0.67Fe0.1Al0.1Mn0.8O2 (NFAM) Cathode

Similar to the results of HC anode, the presodiated NFAM also
shows much-improved ICE (Figure S19, Supporting Informa-
tion) due to the insertion of additional Na+ (Table S1, Support-
ing Information). According to the electrochemical curves and
results of inductively coupled plasma emission spectrometry,
≈0.2 active Na (≈50 mAh g−1) was introduced to materials to
achieve an ICE ≈100%. And Mn L-edge soft X-ray absorption
spectroscopy (sXAS) results (Figure 4a) exhibit a significant de-
crease of Mn3+ on surface of the presodiated NFAM compared
with pristine NFAM, suggesting the reduction of Mn3+ due to
the chemical insertion of Na+. Also, part of Mn3+ is reduced to
Mn2+ in bulk phase that is confirmed by Mn L-edge sXAS total
fluorescence yield spectra and in-depth XPS spectra (Figure S20,
Supporting Information). In addition, valence states of Fe and Al
have barely changed during the presodiation process (Figure S21,
Supporting Information). The repetitive CV curves of different
cycles indicate that the redox reactions of Mn2+/Mn3+ are highly
reversible during the electrochemical process (Figure S22, Sup-
porting Information). Furthermore, the presodiated NFAM ex-
hibits superior rate capability (Figure S23, Supporting Informa-

tion) and capacity retention (Figure 4b) compared with the pris-
tine NFAM. Similarly, this strategy is shown to be effective for an
alternative P-2 type cathode (Na0.67Fe0.2Mn0.8O2) with higher spe-
cific capacities (≈150 mAh g−1), demonstrating its potential in
realizing high-energy-density SIBs (Figure S24, Supporting In-
formation). As shown in Figure S25, Supporting Information,
DNa+ of presodiated NFAM exhibits higher values than the pris-
tine cathode during the cycle, which can be attributed to the lager
interlayer spacing. To probe into the correlation between the su-
perior electrochemical properties and the structural stability of
NFAM after presodiation, a series of characterizations have been
performed. X-ray diffraction (XRD) patterns of the prosodiated
NFAM exhibit a slight shift of (002) peak to a high angle, which
is a typical feature for the insertion of Na+ into cathode lattice
(Figure S26, Supporting Information). In situ XRD was also per-
formed to monitor the structure evolution process of both cath-
odes during the first two cycles (Figure 4c,d). In order to quan-
tify the structural variation, the corresponding lattice parameters
were obtained from Rietveld refinements.[43] Evidently, the (002)
peaks of both cathodes gradually shift to a lower angle during the
charging process, corresponding to the extended c-axis, which is
induced by the increased electrostatic repulsion between adjacent
TMO2 slabs with Na+ extraction. Additionally, owing to the oxi-
dization of transition metal ions, the (100) and (102) peaks of both
cathodes shift to higher angles, corresponding to contractive a-
axis (Figure S27, Supporting Information). The reverse change in
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Figure 4. a) Manganese L-edge sXAS results of NFAM cathode before and after presodiation in total electron yield mode. b) Galvanostatic cycling
performance of NFAM cathode before and after presodiation. In situ XRD patterns and the corresponding c-axis lattice parameter changes obtained
from Rietveld refinements during the first two cycles of the c) pristine and d) presodiated NFAM cathode at 30 mA g−1 between 2.1 and 4.2 V. In situ
Raman spectroscopy of the e) pristine and f) presodiated NFAM cathode at 30 mA g−1 between 2.1 and 4.2 V.

lattice parameters can be clearly observed during discharge pro-
cesses. It is noteworthy that the c-axis of the Na-deficient cath-
ode contracted slightly when charged above 3.6 V, which can
be attributed to the interlayer dislocation at deep charging state.
In contrast, the Na-rich cathode exhibited smaller expansions of

c-axis at high voltage region, without obvious abnormal c-axis
contraction. Consequently, it is rational to speculate that the Na-
rich cathode can maintain more Na+ in Na slab at high voltage,
which weakens the electrostatic repulsion to suppress c-axis ex-
pansion and prevent interlayer slips. The inhibition of interlayer
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Figure 5. a) Cryo-TEM image of the presodiated NFAM cathode. EQCM tests of b) pristine and c) presodiated NFAM cathode at a scanning rate of
1 mV s−1. d) F 1s spectra of NFAM cathode with/without presodiation after cycling. e) In situ UV–vis spectra of the presodiated and pristine NFAM
cathode. f) Mn 2p spectra of sodium metal disc with/without presodiation after cycling.

spacing variation and slab slips in Na-rich cathode efficiently im-
proves the structural stability during repeated Na+ intercalation
and de-intercalation.

The investigations of near-surface structure evolutions were
conducted by in situ Raman spectroscopy. As shown in
Figure 4e,f, the Raman peaks observed at ≈650 cm−1 can be
attributed to TM-O stretching in layered sodium ion battery
cathodes.[44] For Na-deficient cathode, the Raman signals at
≈650 cm−1 faded away during the initial two cycles, indicating
the collapse of the layered structure on the near-surface region.
In sharp contrast, the Na-rich cathode can remain well layered
structure at the surface since the corresponding Raman peak re-
main stable. In addition, after charged above ∼ 4.0 V at the initial
cycle, the new Raman peaks observed at ≈720 and ≈850 cm−1

in both cathodes can be attributed to the formation of oxidized
electrolyte species on the surface of cathodes.[45] The presodiated
NFAM exhibits much weaker interfacial decomposition peaks
compared with the pristine NFAM, suggesting a more stable in-
terfacial structure during long-term cycling.

Similar to HC anode, the SEM results show that the surface
of the NFAM after presodiation is much smoother compared to
the pristine NFAM (Figure S28, Supporting Information), which
is due to the formation of a dense and uniform cathode elec-
trolyte interface (CEI, Figure 5a; Figure S29, Supporting Infor-
mation). With emerging peaks of −CO3 and NaF, the C1s and
F1s XPS spectra of presodiated NFAM are very similar to those of
presodiated HC (Figures S7 and S30, Supporting Information),
suggesting the chemical compositions of preformed CEI/SEI
on NFAM/HC mainly depend on sodiation agents and binders.

This finding further increases the feasibility of this work in full
cells since a symmetric “CEI-SEI” is reported to be beneficial
for matching interfacial charge transfer kinetics and capacity be-
tween anodes and cathodes.[46]

Considering such CEI is formed under reductive environment,
it is necessary to examine its stability against oxidation. EQCM
results (Figure 5b) show that during positive scanning, the elec-
trode mass of pristine NFAM first decreased due to the deinterca-
lation of Na+; upon 3.6 V, the mass started to increase due to the
formation of a large amount of CEI, which outweighed the Na+

deintercalation process. For the presodiated NFAM (Figure 5c),
the mass variation trend remained negative, suggesting the pre-
formed CEI has effectively passivated the electrode, hence the
electrochemically formed CEI is negligible. During the resting
period, a dramatic mass decrease can be recorded for the pris-
tine NFAM, which originates from the dissolution of CEI and
transition metal. By contrast, the mass of the presodiated NFAM
barely changed with time, which indicates that the preformed
CEI is more robust than the CEI formed by cycling process. This
conclusion is further supported by the post-cycling XPS spectra
(Figure 5d).

To investigate the impact of CEI on transition metal disso-
lution, in situ ultraviolet-visible (UV–vis) spectroscopy analysis
(Figure 5e; see the set up in Figure S31, Supporting Information)
was carried out. the absorption peak of transition metal intensi-
fied as charging and discharging proceed, indicating continuous
transition metal dissolution; whereas the intensity and growth
rate of the absorption peak for the presodiated NFAM are signifi-
cantly lower than that of the pristine one. The XPS spectra of Mn
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Figure 6. a) Initial charge-discharge curves and b) the corresponding cycling performance of different HC||NFAM full cells at a current density of
10 mA g−1. c) TOF-SIMS 3D distribution maps of several representative secondary ion fragments obtained from the electrodes of presodiated and
pristine full cells after cycling. d) Cycling performance of presodiated HC||presodiated NFAM pouch cell. e) Schematic illustration of the effect of the
presodiation method on the improved HC||NFAM full cell performance.
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2p from the post-cycling sodium disc (Figure 5f) also confirmed
that Mn dissolution in the presodiated NFAM is constrained,
which again proves that the CEI could mitigate the dissolution of
transition metal, enabling robust structure and outstanding elec-
trochemical performance.[47,48] In summary, the proposed preso-
diation strategy not only improves the structural stability of bulk
NFAM, but also facilitates a robust CEI to suppress unwanted
side reactions.

2.4. Full Cell Performance

In order to practically verify the improvement effect of the preso-
diation method on both NFAM cathode and HC anode, full cells
equipped with both pristine and presodiated electrodes were as-
sembled. As shown in Figure 6a and Figure S32a (Supporting
Information), when only the cathode is presodiated, although the
charge capacity can reach as high as 115 mAh g−1, the irreversible
reaction of the HC anode consumes active Na+, resulting in a
discharge capacity of only 73 mAh g−1. Whereas when only the
anode side is presodiated, although the initial irreversible capac-
ity loss was eliminated, the charge capacity was too low (68 mAh
g−1). If both electrodes were presodiated, a high reversible capac-
ity could be achieved 116 mAh g−1 with a Coulomb efficiency
close to 100%, thus significantly increasing the energy density
of the full cell. Accordingly, a much-improved energy density
(247 Wh kg−1, calculated based on the total mass of active materi-
als) can be obtained by presodiated HC||presodiated NFAM com-
pared with that of HC||presodiated NFAM (156 Wh kg−1), preso-
diated HC||NFAM (146 Wh kg−1) and HC||NFAM (86 Wh kg−1).
Figure 6b and Figure S32b (Supporting Information) display the
long-term cycling performance of the above four full-cells. For
the full cell of both presodiated electrodes, it still provides a su-
perior specific capacity of 111 mAh g−1 after 100 cycles, demon-
strating excellent cycling performance. However, the other two
cells equipped with only one presodiated electrode show unsat-
isfactory cyclic stability. The discrepancy in full-cell performance
could be attributed to the similar chemical composition and mor-
phology in CEI and SEI, which effectively regulate the interfacial
charge transfer kinetics in both electrodes.

Next, time-of-flight secondary-ion mass spectrometry (TOF-
SIMS) test was implemented to investigate the surface infor-
mation of full cells. According to 3D visual maps (Figure 6c)
and the corresponding depth profiles (Figure S33, Supporting
Information), both anode and cathode in the prsodiated cell
exhibit strong Na2F+ fragment signals on their surfaces, im-
plying that the SEI/CEI component is dominated by inorganic
NaF. Meanwhile, the fragment signals representing organic de-
composition species (C2HO− and C2H3O−) and transition metal
ions (MnF3

−) are very weak, which is attributed to the dense
and robust SEI/CEI prebuilt by presodiation that effectively sup-
presses the undesirable side reactions during cycling. In contrast,
SEI/CEI formed on pristine electrodes are composed of abun-
dant organic component and a little NaF. In addition, the signif-
icantly intensified MnF3

− fragment signal indicates drastic tran-
sition metal dissolution compared to the pretreated cell, which is
a main failing cause of full cells.

To further demonstrate the feasibility of this presodiation
method in scale-up manufacture, pouch cells using presodi-

ated HC and presodiated NFAM were assembled and tested
(Figure 6d). The presodiated HC||presodiated NFAM pouch cell
delivered a discharge capacity as high as 116 mAh g−1 with a
coulombic efficiency of 93.1% in the initial cycle, and a capacity
retention of 93.4% was achieved after 100 cycles, exhibiting supe-
rior capacity retention compared with those previously reported
P-2 type cathodes (Table S2, Supporting Information). As con-
cluded in Figure 6e, the excellent electrochemical performance of
full cells can be attributed to the pre-compensation of active Na in
the electrodes as well as the pre-construction of robust CEI/SEI
by presodiation.

3. Conclusion

Herein, through screening solvated structures, Na-NP/THP so-
lution was employed as the presodiation agent for both HC an-
ode and NFAM cathode. On the anode side, Na-NP/THP em-
beds active Na+ into HC and pre-forms a robust NaF-rich SEI
on the surface of HC, which efficiency alleviates the extensive
electrolyte reductive decomposition during the initial discharge
process and suppresses the repeated dissolution-regeneration of
unstable SEI during subsequent cycles. As for the cathode, the
pre-embedded Na+ by presodiation reinforces the structure sta-
bility of Na-deficient NFAM cathode. In addition, the robust NaF-
rich CEI pre-formed on NFAM prevents undesirable oxidative
decomposition of electrolyte as well as transition metal disso-
lution. Therefore, due to the synergistic effect of presodiation
on the improvement of HC anode and NFAM cathode, the pre-
sodiated HC||presodiated NFAM full cell provides a high re-
versible capacity of 111 mAh g−1 after 100 cycles and presodiated
HC||presodiated NFAM pouch cell achieves a satisfactory capac-
ity retention of 93.4% after 100 cycles. This work aims to pro-
vide new insights into the optimization of electrochemical perfor-
mance (especially energy density) of batteries employing Na(Li)-
deficient or Na(Li)-free electrodes.
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the author.
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