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ABSTRACT: The cost advantage of Na-ion batteries has spurred
intensive researcheet in the last 10 years to develop reversibie¥
Na" storage materials. Although classic host matamnale®gous
to those in the Li-ion systenare potentially straightforward 7
targets, sluggish Ndi usion in many inorganic structures limitszz,
options. In this regard, open framework inorgarganic hybrids 0
such as metabrganic framework materials are considered—a$5
viable alternatives. Herein, we introduce heterometallic for
frameworks as potential candidates for reversitdtooNae. Asa /
rst, we present a microwave solvothermal strategy for 4gpid
synthesis of phase-pure microcrystallin€d{dCO,), and .
AB(HCO,); (A: Li/Na; B: Co/Mn). By combining in-depth
impedance analysis with ab initio molecular dynamics simulation,
we reveal that the¥lNa* conduction which follows &pinball mechanismin these materials is extrinsic defect-dominated.
Calculation suggests that a librational motion of the formate anions facilitatesiaheofliNa compared to Lj explaining the
origin of anomalously higher ionic conductivity for the Na analogue compared to the Li one. Preliminary electrochemical
investigation reveals reversible di@rage in N&o(HCO,), and NaMn(HCQ); at an average voltage of 3.%/.
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INTRODUCTION application§?**** the number remains low, and besides

Once forsaken for higher-energy Li-ion batteries (UBSﬁexacyanoferrate materials that are generallyedla_lssiurely
research on Na-ion batteries (NIBS) has attracted tremendoli¥rganic systems, report on MOFs fdr stiarage is rafé.
attention in the last decade owing to sogibigh abundance ~ Heterometallic formates, such aB(IACO;), and AB-

and inexpensiveness, which make NIBs attractive for largdCO2)s (A: Li/Na; B: Mn/Co), belong to the organic

scale and renewable energy storage.the search for Na  inorganic hybrid class of materials. Strictly speaking, these
host materials, many Na analogues of classic inorganic Li hdBgferials cannot be termed as MOFs as they cont&n M

have been developed, but the larger size *of1N¥S A) M (M: metal) units or single oxygen bridging two metal
compared to Li(0:76 A) results in derent most often centers. Based on an autoclave-assisted solvothermal method,
inferior electrochemical charge storage behidvibus, the  the synthesis of single crystals gEN@CO,),,** NaMn-
development of novel materials, spaity based on open (HCO,);** LiCo(HCO,);”° and LiMn(HCQ),> and their
structures, is essential. To this end, inorgamjanic crystal structures was reported earlier. The interest in these
hybrids where metal centers are three—dimensionaﬁllé (3Djnaterials was mainly owing to their magnetic behavior,
templated by organic ligands er numerous possibiliti€s.  facilitated by the rather short formate anion HC@®ich

They combine the advantages of both inorganic and orgarifows magnetic coupling between the transition metals. From
materials. Organic compounds are presumably more sustaife redox chemistry perspective, all four compounds may
able and cer a molecular toolbox of diverse redox functionsyndergo Co/Mn oxidation/reduction between 2+ and 3+

but their solubility_ in typica_l o_rganic (_alectrollytes is detrimentgyyigation states, leading to reversibl& Nzstorage. Whereas
for long-term cyclingOrganic inorganic hybrids are however structurally considering, the Na ions in between the Co
intrinsically insoluble in organic solvents like the inorganic

material§. * These coordination polymers are closely related—
to metal organic framework (MOF) compounds which haveReceived: October 29, 2020
been the subject of considerable interest for diverse enefg§'ised: November 11, 2020
storage-related applicatitiié.A vast majority of them are Fublished: December 1, 2020
based on the carboxylate group containing organic ligands,

which coordinate with the metal i6hs” While several

MOFs have been studied for LIB cathtidés and anode
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Figure 1.Powder XRD pattern of the as-synthesized polycrystalline,CaYHN20,),, (b) NaMn(HCG,),, (c) LiCo(HCO,); and (d)
LiMn(HCO,),. The corresponding reference patterns are shown in blue.

Figure 2.Typical SEM images showing the morphology of the as-synthesize@d@I®Ia,) 4, (b) NaMn(HCG,), (c) LiCo(HCO,)5, and
(d) and LiIMn(HCO,) 3.

formate layers in monoclinic,Na(HCO,), (Figure &) and far to synthesize the target formate compounds typically result
Na/Li ions residing in the tunnels in cubic AM(HEO  in large crystals and often accompany impurities. Therefore, a
(Figure b; A: Na/Li and M: Co/Mn) are likely to be mobile. microwave heat treatment-mediated solvothermal synthesis
Additionally, the soft formate anionic framework is expected toute was developed that dramatically brought down the
bind the alkali ions weakly, which can potentially aid the alkabiaction time from 48 to 72 trequired for regular
ion mobility in these structures. solvothermal synthesi® only 30 min (see Experimental
As we showcase here, the microcrystalline heterometafiethods). This is the rst time a rapid microwave
formates can be synthesized by a rapid microwawg)yothermal technique is demonstrated for the synthesis of
solvothermal technique that has not been demonstrated earliglierometallic formate frameworks. The phase purity of the as-
for .hybr|d formate matenqls. Thg materials dlspmyhan __synthesized N@o(HCO,),, NaMn(HCQ,); LiCo(HCO,)s,
ionic conduction mechanism with anomalously higher ionig, 4 LiIMn(HCQ); was conrmed from powder X-ray
conductivity for the Na analogue compared to the Liasie i 1action (XRD) patterns, as shownFigure t f. No
revealed by impedance spectroscopy analysis and mo'@ﬁ‘lﬂfurity peaks were observed, and all patterns matched well
dynamics smglaﬂc;qn. Prellmlnary_ electrochemical CyCI"With the corresponding reference pattern generated from the
con rms reversible Natorage behavior. single crystal data reported earlienrtE to synthesize
NaCo(HCGOy); led to the formation of an unideetil white
RESULTS AND DISCUSSION color impurity along with the pink target material, which was
Synthesis and Characterization. Phase-pure micro- or con rmed by XRD Kigure S}l The chemical identity of the
nanocrystalline powder material is essential for physicochetnmpounds consisting of the formate anionic framework
ical and electrochemical analysis relevant to battery matexials further validated by infrared spectroscopic arkatysis (
application. Solvothermal reactions that have been applied$9. All the formates have almost identical speatihéich are
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primarily dominated byigerprints of formate and caom the a bt o] © 500 ass 417 selass 333 a1
absence of any solvent impurity. ~s5 £ e 3 & 007 oviatom
Thermal analysis data as presentédjime S3eveal that . & ] .
the as-synthesized materials are stable up t2520C and E | Tl - 150 £, %062 eViatom
£ 34  Re(zyohm | — 76 5

thus possess adequate oxidative stability for their use in batter 5
electrode application. The formates are expected to decompos W 2|
to metal oxides, accompanying the release of £0ahd =,
possibly H Elemental microanalysis was performed to

m(

.
E, ,=0,28 eV/atom

determine the carbon content in the form of the formate O T2 3 & & & %0 22 24 26 28 30 32

-8
anion. Based on carbon analysis data presemtdddrs Lit Re(Z)/Ohm (x10%) 1000/T (K™)
can be said that the carbon content of the pure compounds bs T rowo|| | se0 ass 417 T s 333 312
agrees well with their nominal composition. Morphology of the T4 e .. w0 1
materials as investigated by scanning electron microscop)x { 25 s 130G \
(SEM) study is shown Figure 2As evident frorigure 2, £3 Plamaan |3 e ° \Ex=0.70 Viatom
Na,Co(HCO,), consists of rod-shaped particles that are o2 ] e
between 30 and 100n in length and 57 m in diameter. N £ \
The Na to Co ratio was camed to be 2:1 by energy E1; 2 \Fez7 007 eViatom
dispersive X-ray analysis (see EDX ddtgime Syt The 0 e 3
cubic-structure AM(HC®; (A: Li/Na and M: Co/Mn) o 1 2 3 5 20 22 24 26 28 30 32

materials are comparable in dimension with particle size Re(z)/Ohm (X1°2) 1000TF(FK(;<1)
ranging from 200 nm to 2n and display somewhat similar ] g7 soc || 9 500 455 417 385 357 333 312
irregular polyhedral morphology. The polyhedral shapes are’gy £ %:SOEC. 3
discernible for LiCo(HCg; (Figure 2) but deformed for T6 S B | v 1300 -4 . - 0.20 eViatom
NaMn(HCO,) (Figure B) and LiMn(HCQ), (Figure ). £+ £ x| e
EDX analysis of the Na to Mn ratio on NaMn(HGO =4 Re(zyomm (109 Lz - o5 .
particles commed the nominal composition. = T s )

Li*/Na" Conductivity Study. Mobility of the Li/Na ions N

in the formate frameworks, which is necessary for their .
20 22 24 26 28 30 32

electrochemical cycling, was probed by electrochemical © ' 23 456 7859 <% & 1000/T (K1)
impedance spectroscopygure & d shows the Nyquist d 25 AR,e(Z)/.Ohm,mo,) T (K)
impedance plots at érent temperatures, and the correspond- __ { %] [[osey| @00 495 417 35 397 333 912
ing plots depicting the variation of the bulk ionic conductivity ‘©207 £7 %0°C ]

(natural logarithm) as a function of temperature are presented <. | .. Ded] \E,= 034 eViatom

in Figure 8 h. The bulk ionic conductivities were extracted § Fildoabld 1 e o8

by tting the impedance data with an equivalent ciFigitre 5101 < " 1Ea e

S9H, and the activation energies for the Li/Na-ion mobility g 5. 0 N
were revealed by Arrhenius-tygieg shown irFigure 8 h. ' -

The parameters obtained frotting are presented irable o SR R R R e M ey ey ey A

S2 From the Arrhenius plot of )Go(HCO,), in Figure 8, it Re(Z)/Ohm (x10%) 1000/T (K™

is apparent that the nature of Na-iorusion changes with ) i

increasing temperature. Until°@) the activation energy is F'9uré 3.AC impedance data (left column) as a function of

0.28 eV atort, which is relatively low. In the window up to temperature and Arrhenius-tyfteng of the bulk ionic conductivity
values (right column) for (a,e) J}o(HCO,),, (b,f) NaMn-

130°C the barrier is a high 0.62 eV atbbut d(_acreasgs toa (HCO,)s, (c,g) LICo(HCQ)s, and (d,h) LiMn(HCQ)3.’ The tted
very low 0.07 eV atomabove 130C. Such jumps in the |ines are in solid red.

activation barrier most likely stem from a change in the ionic
conduction mechanism from an extrinsic type at lower

temperatures to an intrinsic one at higher temperatures wheonductivity of 10 # S cm? that is 4 orders of magnitude
intrinsic defects such as vacancies can be formed, whhigher than that of LiMn(HCL;, despite Nabeing larger
dominate the ionic mobility. Usually intrinsic defects ar¢han L and both compounds having identical structures.
formed at much higher temperatures than observed here, buTo further understand and characterize the ionic con-
as the thermal stability of a(HCO,), is much lower,  ductivity of heterometallic formate frameworks, we performed
defects are not unlikely at low temperatures. NaMi{HCO  rst-principles simulations based on density functional theory
displays a similar behavisiglire 8§ where the activation  (DFT). 2 1onic di usion involves highly anharmonic @nd
energy of Na-ion migration increases from 0.07 to 0.70 edependent processéshus, we employeab initiomolecular
atom ! at around 116C. The Li compounds LiCo(HGR dynamics (AIMD) simulations to accurately describe them
and LiMn(HCQ); show activation barriers of 0.20 and 0.34(Supporting Informatidrionic transport was characterized by
eV atom?, respectively, with only one Arrhenius slope angstimating the mean-squared displacement, MSD, and
thus no change in ionic conduction mechanism with increasiniy usion coecient, D, of all the atomic species in LiMn-
temperature. Room-temperature bulk ionic conductivity qHCO,); and NaMn(HCQ); (Supporting Informatijpn

each compound was extrapolated from the lihexdrthe By considering perfectly ordered and stoichiometric systems,
corresponding Arrhenius plotaple SR While NaCo- we estimated small lithium and sodiurasion coe cients of
(HCO,), and LiCo(HCQ); have similar ionic conductivity D < 108 cn? s !, which cannot explain the experimental

( 10°S cm?), NaMn(HCO,); displays a rather high ionic observation. Likewise, for perfectly ordered astbizhio-
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Figure 4.First-principles calculation of the ionic transport properties of bulk LiMj)¢H@® NaMn(HCQ),. Estimation of the ionic mean-
squared displacements (MSD) for bulk (a) LiMn(Hg@nd (b) NaMn(HCQ); at T = 900 K. The AIMD trajectory of a (c) mobile Li ion in

bulk LiMn(HCGQ,); and a (d) mobile Na ion in bulk NaMn(HGRQ Li, Na, O, H, and C ions are represented as dark-green, gold, red, pink, and
brown spheres, respectively. The mobile Li and Na ions are represented as blue and light-green spheres, respectively.

metric crystalsgenerated by removing few ions from theparticular, the dusion of the alkali metal ion$mgtallic
simulation cell we obtained negligibl® ;- and Dy, values. ball§) appears to be supported by the librational motion of the
These results indicate that the likely cause for the large ioriarmate anions*(ippers), which are light andexible.

di usion observed in our experiments is not the creation dfhterestingly, we found that the interactions of formate anions
intrinsic defects induced by temperature. In fact, the formatiamith mobile Na ions are more attractive than those with Li
energy of Liand N& Frenkel defects (i.e., simultaneous ions. Despite of its larger size, the average distance between the
generation of one vacancy and one interstitial in the crystafjobile sodium ion and the formate aniok, 5> = 1.90 A,

that we calculated for LIMn(HGRQ and NaMn(HCQ), is smaller than that for the mobile lithium i@, g> = 1.98
Erenel 3 €V, is noticeably larger than the defect energieB. We believe that the idestil disparity in the chemical
estimated for intrinsic superionic materialsEe Qe 2 €V forces acting betwegmnetallic ballsand“ ippers can explain

in Cak”®). The physical origin of this result is the attractivethe origin of the enhanced ionicudion observed for Na-
interactions between the alkali metal ions and highly distortédsed formate frameworks. It is worth noting that in terms of
Og octahedra that surround thefgure 4,d), which severely the relative available interstitial volume, both LiMnghHCO
restrict the Liand Nd mobility. Nevertheless, by considering and NaMn(HCQ); compounds are pretty similar.

a small concentration of bind N& Frenkel defects (%) in Reversible N& Storage Behavior. Preliminary electro-

our simulations, we were able to reproduce cghiionic chemical cycling at a 0.05 C rate revealed reversible Na
di usion for LiMn(HCQ); and NaMn(HCQ); (Figure storage in N&€o(HCO,), (Figure &) and NaMn(HCQ)4

4a,b), namelyD,; = 6.310 " andDy, = 2.510 ® cn? s ! at (Figure B) at an average voltage of 3.%/. For the cycling

T = 900 K. The agreement between the simiégeshd the  of both Na-ions accompanying®@@o®" and Cg&*/Co**
corresponding experimental values is far from perfecedox, the theoretical capacity of0dgHCO,), is 188 mA h
However, this quantitative disagreement can be regardedgas which is very close to that of high-capacity layered
normal because the origin of the observed ionic transpdransition-metal oxideésn comparison, NaMn(HC{) can
appears to be extrinsic defects, which are generated duringdleéiver a maximum of 126 mA H,gorresponding to the
materials synthesis and cannot be gedrgtraightforwardly. Mn?/Mn>* redox. Polyanionic systems such g¢,(%D,)

On the other hand, at the qualitative level, our theoreticalnd NaFeP® possess comparable speod:apacitie%.
results are fully consistent with our experimental resuli&xperimentally, Mao(HCQO,), delivered a reversible capacity
because the dision coecient of sodium ions is noticeably of 60 mA h g' corresponding to the cycling of only 0.6 Na

larger than that of lithium ions. Even though NaMn(HC; showed a higher initial reversible
By analyzing the AIMD trajectories of mobile iBigi(e capacity of 100 mA h g', electrolyte decompositiomost
4c,d), we were able to identify a characteristic ionisial likely catalyzed by the transition metalapparent at high

mechanism for heterometallic formate frameworks thaharging voltages during thet few cycles. In comparison,
resembles that of a metallic sphere“pindall machine. In LiMn(HCO,) displayedKigure Spa low capacity of 30 mA
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Figure 5.Galvanostatic chargtischarge prdes of (a) NgCo(HCO,) , and (b) NaMn(HCQ); against a metallic Na anode at a 0.05 C rate with
1 M NaCIQ, in EC/PC/FEC as the electrolyte. (c,d) The correspondirggeditial capacity plots for 8a(HCO,), and NaMn(HCQ),
respectively. The cyclability data and the Coulombieney evolution of(e) NaCo(HCO,), and (f) NaMn(HCQ).

h g?! owing to its poor Li-ionic conductivifyigure 8,d the low electronic conductivity and relatively large particle size
shows the derential capacity plots corresponding to theof the formate materials. In this regard, the development of
galvanostatic data shownFigure a,b, respectively. While uniform nanostructured materials and conductive composite
reproducible prdée in both plots comms the reversible formation by conductive polymer coating or graphene
nature of the involved electrochemical processes, the large gappping both of which can be achieved in situ by modifying
between the oxidation and reduction peaks highlights the larde synthesis conditiorare likely solutions. Nevertheless,
voltage polarization in both systems. FEEN&CO,),, the galvanostatic cycling of the as-obtained microcrystalline
oxidation peak at 3.9 Vrét cycle) moves to 3.6 V and formates clearly demonstrate re_versib’lestNge is feasible _
stabilizes after the second cycle, indicating an irreversiilethe formate frameworks, which has not been reported in
structural adjustment during thist cycle. Whereas, NaMn- literature so far.

(HCO,)5; peaks maintain their position throughout, but the

peak current diminishes with cycling in accordance with CONCLUSIONS

capacity fading with increasing cycle nunibgure 8,f In summary, we have developed a microwave synthesis
presents the specicapacity and the Coulombicéency asa  methodology for the rapid and versatile synthesis of
function of the cycle number for ;Ra(HCO,), and heterometallic formate frameworks. The obtained phase-pure
NaMn(HCO,);, respectively. Both show a sigamit discrep-  nolycrystalline materials are thermally stable up t@ZDO

ancy between the charge and the discharge capacities, leag{i0and display intriguing Mai* conduction behavior.

to Coulombic eciencies of 90%. NgCo(HCO,), shows  Pparticularly impressive is the 4 orders of magnitude-higher
slightly better cyclablllty and C;oulombm:yency compayed Na" conductivity of NaMn(HC¢); compared to the Li

to NaMn(HCQ,)s. Despite the incorporation of a sigant  conductivity of LiMn(HCQ), despite both having an
amount (25%) of conductive carbon in the electrode mixturegdentical crystal structure. Prevalence of interstitial defects in
large voltage polarization is common to both systems, whighe as-synthesized compounds and librational motion of the
hinders attainment of full capacity and good cycling stabilitformate anions which interact strongly with the Na ions
While the ionic conductivity is relatively higher than mostppears to facilitate the uion of N&a compared to Lj as
inorganic polyanion cathode hosts such as NASICOMNevealed by theoretical calculations. The capability of the Na-
NagV,(PO,)5”° or cubic NgliP;ON*° (both 107 S analogues to reversibly storé iSaconrmed by preliminary

cm Y, it is likely that the performance limitation stems fromelectrochemical measurements.
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EXPERIMENTAL METHODS

Synthesis. For the synthesis of Ma(HCO,), and
NaMn(HCGQO,);, a mixture of 1 mmol Co(NR-6H,0

pubs.acs.org/JPCC

viscous slurry that was spread with a doctor blade on an
aluminum foil (MTI). The Im was rst dried under vacuum
in a desiccator and then placed in a vacuum oven to dry

(Acros Organics, 99% purity) or 1 mmol MngN@ H,0 overnight at 100C. Circular electrodes (g = 11 mm) were
(Sigma-Aldrich, 97.0% purity) and 6 mmol HGQa pgnched out of thelm. Swagelok-type cells were assembled
(Sigma-Aldrich, 99.0% purity) was dissolved in 10 mL of With two pieces of glasber separator (GF/A) placed in
N,N-dimethylformamide (DMF, Fisher Chemical, extra purepetween the electrodes, where the anode was Na metal. A total
in a 35 mL pressure vessel (Pyrex, CEM). For LiCog4CO of 100 L of 1 M NaCIQ in EC/PC/FEC (49:49:2 by

and LiMn(HCQ); HCO,Li-H,O was used instead of volume)and 1 M LiPF6 in EC/DMC (1:1 by volume) were
HCO,Na. After thoroughly stirring for at least an hour, theused as electrolytes.

dispersion turned turbid. The vessel was placed inside aTheoretical Calculations. AIMD simulations based on
microwave synthesizer (CEM, Explorer 12 SP Hybrid) anDFT were performed in the canoniclll\{,T) ensemble
heated up to 168C with a maximum power of 160 W. The (constant number of particles, volume, and temperature). The
mixture was kept at this temperature for 30 min. Each produgimperature in the AIMD simulations was kejtuating

was rinsed three times with ethanol (technical grade), usingafound a set-point value by using Nbe®ver thermostats.
centrifuge (Hettich, 14 model universal 320) and redispersegrge simulation boxes containing 448 atoms were employed,
by vortex, followed by drying under vacuum overnight. Afte{nd periodic boundary conditions were applied along the three
drying, the N&o(HCO,), powder had a copper-rose color cartesian directions. @toichiometric systems were gener-
and NaMn(HCQ); as well as LiMn(HC£; had a cream- 5464 by removing one lithium or sodium atom from the
beige color, while LiCo(HGR was pink. The same synthesis gichiometric simulation cell. Neviogguations of motion

was performed to obtain NaCo(Hg$but the product was were integrated by using the Verlet algorithm with a time step
Impure. of 103 ps. -point sampling for Brillouin zone integration was

Physicochemical Characterization.The materials were moloved in all the AIMD simulations. Our calculations
characterized with XRD, SEM, elemental microanalys% ploy :

attenuated total rection infrared spectroscopy, and thermalcOmPrised total simulation times of around 50 picoseconds
gravimetric analysis (TGA). XRD was measured on &S). and for each compound, we performed a total of seven
PANalytical XpertPro equipped with d@eferator RTMS AIMD ;lmulatlons considering elient temperatures and
detector and a Cu KK-ray tube (= 1.5405 A) in the range  COMPpositions. _
from 5 to 80 (2 ) with a step size of 0.033EM was To .quanufy the transport properties _of the selected
performed on ZEISS Leo 1530 FEG equipped with an energjpaterials, we computed the corresponding mean-squared
dispersive X-ray spectroscopy (EDX) attachment. For TGA displacement (MSD),r(t), and di usion coecient,D, for
TA Instruments Q500 was used, with the samples heated fr@t the involved ionic species. The ionic mean-squared
30 to 90C°C under a nitrogen atmosphere at a heating rate afisplacements were calculated according to thiéafe
10°C min L. Infrared spectroscopic analysis was performed on 5 (n 5

t (

a Bruker Optics Alpha system with a built-in diamond ATR.

lonic Conductivity and Electrochemical Studies. For
temperature-dependent iordgonductivity measurements, Wherer;(t) is the position of the migrating ion labeletlas
pellets were pressed at 500 MPa with a uniaxial press (Mlinetty an arbitrary time origin, and denotes average over
corporation). The pellets were sintered at°@h0vernight  atoms and time origins. By averaging overedit time
and sandwiched between two stainless-steel rods under aroAgins, we accumulated enough statistics to caigphy
atmosphere. Contact problems were eliminated by applyingetiuce the MSD numericaictuations at long times, thus
conductive silver paste on both sides of the pellets and thgtaining accuraf values! Meanwhile, the ionic dision
stainless steel rods. Bulk resistance measurements W&J€ cients were estimated with the well-known formula
performed by two-probe ac impedance spectroscopy (SP-
150, BiolLogic) in the 400 kHz to 100 mHz range with a R+t S i té|2
perturbation of 200 mV. Impedance data were recorded in the D = t“m ot
50 170 °C window. The data werdted with equivalent
circuit models shown iRigure Shusing the EC-lab -
software to ex_tr+ac_t th(_a ionic condgctivities: Thg activation ASSOCIATED CONTENT
energy for NdLi* di usion was obtained by lineéing of
the bulk ionic conductivity values atdint temperatures by Supporting Information
applying the Arrhenius equation with a temperature-dependeFite Supporting Information is available free of charge at
pre-exponential factorT = exp( EJkT). is the  https://pubs.acs.org/doi/10.1021/acs.jpcc.0cQ9783
temperature-dependent bulk ionic conductivifyis the

HOENC

*

ionic conductivity at absolute zero temperakyés the
activation energy for ion migratidg, is the Boltzmann
constant, andl is the temperature in Kelvin.

For electrode fabrication, the formates were mixed with
conductive carbon black Super P (Timcal) and polyvinylidene
uoride or PVDF (Sigma-Aldrid¥l,, 534.000) in 70:25:5
ratio. A small amount dfi-methly-2-pyrrolidone (Sigma-
Aldrich, 99% purity) was added to the mixture to obtain a
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Theoretical calculation details, X-ray data of NaCo-
(HCO,); synthesis products, FTIR data, thermal
analysis results, carbon analysis result, HEXdata

of NgCo(HCO,), and NaCo(HCGQ); equivalent
circuits used for impedance daténg, parameters
obtained from impedance datding, bulk ionic
conductivities at room temperature, and reversible Li+
storage performance of LiIMn(Hg¢(PDF
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