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Electrodeposition as a owerful Tool for
the Fabrication and Characterization of
WMext-Generation Anodes for Sodium Jon
Rechargeable Batteries

by Nathan J. Gimble,* Kelly Nieto,* and Amy L. Prieto

Introouction Electrodeposition

VWKHQXPEHURIPDUNHWVDVZHOODVWKHRYHUDOGEDINEIWFDWLRQ RI HOHFWURGHV IRU EDWWHU\ DSS
VL]H IRU UHFKDUJHDEOH EDWWHULHV FRQWLQKHUXFVBGURDHEBQRSWLPL]LQJEDWWHU\SHUIRUPDQFHDQG
FOHDU WKDW WKHUH LV QR RQH SHUIHFW EDW WESDFWR\RRZARGNHDQ VWXG\ WKH LQWULQVLF SURSHU
DSSOLFDWLRQ ,Q WKH EHVW FDVH ZH ZRXOG KDFBVEBUDPBUDIGLe3 HUHQWIDEULFDWLRQPHWKRGVDUH
WKDWVWRUHDYHU\ODUJHDPRXQWRIHQHUNSHUXRHWHADYRUPDQFH DQG VWUXFWXUHSURSHUW\ UHODWL
RU YROXPH HQHUJ\ GHQVLW\ FDQ FKDUJH DQG GLVFKDUJHPIFVHUKDENYXFKDVVOXUU\FDVWLQJVSXWWHULQJDQGH
\SRZHUGHQVLW\FDQF\FOHPDQ\WLPHVZLWKYHU\ORZORVVREH PHMGRRI PDNLQJHOHFWURGNHULGOVHFWe3 HF WK H
F\FOHOLIHDQGDUHVDIH,GHDOO\VXFKDEDWWHU\ZRXOGEHRWINEREKUHSURSHUW\UHODWLRQVKLSVREVHUYHGZKL
(DUWKDEXQGDQWUHF\FODEOHVXVWDLQDEO\PLQHGRUPDGHPDMMULOBFWQRGH FDQ EH PDGH XVLQJ GLe3HUHQW D
FRXOGEHVFDOHGXVLQJLQH[SHQVLYHVDIHPDQXIDFWXULQUABKIHLYDVRILQJSRO\PHULFELQGHUVDQGDPRUSKRXVFD)
QRZQRVXFKEDWWHU\%HFDXVHZHGRQRWKDYHDEDWWHUDNEDWLXRQHEWRFDVWWKLQ;OPHOHFWURGHVSOWKRXJ
¢ WVDOOWKHZLGHUDQJHRISRWHQWLDODSSOLFDWLRQVIRDBQHWLYWREDQHIQNBEOHLPSURYHGF\FOLQISHUIRUPDQFH
VLIQL;FDQWGULYLQJIRUFHIRUGLVFRYHULQJDQGLPSOHPHPIWINDQGEPEKNQBNUWKHDELOLW\WRVWXG\WKHLQWUL
RIQHZEDWWHU\FKHPLVWULHVWRPHHWDZLGHUDQJHRIUH DEMWINHRPMWEQLDODVWKH\FRQYROXWHWKHHOHFWURF
WKLV Interface DUWLFOH ZH GHVFULEH WKH XVH RI HOHF WHRWBSRXWWIR(LRQFDQSURGXFHFU\WWVWDOOLQHWKLQ;OP
V\QWKHVLV PHWKRG IRU EDWWHU\ PDWHULDOV WR HQDEQHISH PE¥HOMVRMYUWRBWHGWRGHFRQYROXWLQIREV
GHVLIQXQGHUVWDQGLQIJDQGRSWLPL]DWLRQRIHOHFWURGHW[RHYRGY KPXREY ORZZK LFKLVDFKDOOHQJHWRHPSOR\D
DQGVRGLXPPHWDOUHFKDUJHDEOHEDWWHULHVIRUDSSOLOHEWHRYVZKHUHFRVW
LVPRUHLPSRUWDQWWKDQWKHRYHUDOOZHLIJKWRIWKHEDW{®WHBEWURGHSR VIVWIKRURFH\RY GHSRVLWRIQWDICRQRU
(OHPHQWDOVRGLXPLVDQDWWUDFWLYHDOWHUQDWLY HRPSOHWRLRQIRMEEDWWHDEH RI D FRQGXFWLYH VXEVWU
DSSOLFDWLRQVEHFDXVHLWKDVDVLIQL; FDQWO\KLJK HUDBXRGDQHPHOMIWIVIFFFXUUHQWDQGHOLPLQDWHVWKHQ
WR OLWKLXP JRRG JOREDO GLVWULEXWLRQ ORZHU FRVW DQGIDW.WBQGNUEDQGZHGHVFULEHDW\SLFDOSURFHVVA
UHGXFWLRQSRWHQWLDOQHDUWKDWRIOLWKIXFSIRU/L/L ODEIRUWKHV\QWKHVLVDQGFKDUDFWHUL]DWLRQRIDQR
9IRU IDID  &XUUHQWO\ WKH FKHPLVWULHV GHYHORSHSDRWPPRIPR@QYYIWXSIRUHOHFWURGHSRVLWLRQLVSLFW
DQRGHV DQG HOHFWURO\WHYV IRU 1DLRQ EDWWHULHV DUWKRFR §SHNIRLOVEAMUDY WKHZRUNLQJHOHFWURGHRUFD
GHYHORSHG RU XQGHUVWRRG DV WKRPPR@DSSURDFK WR PHWDO LRQV IURP WKH VROXWLRQ DUH UHGXFHG $O0 W
1DLRQ UHVHDUFK LQYROYHV VFUHHQLQJ WKH WRS FDQGIPPWIWHG RP)/DIRGDXWLRQ FRQWDLQLQJ WKH PHWDO LR
EDWWHU\ WHFKQRORJLHV IRU XVH LQ IDLRQ V\VWHPV7KLWROWWDRGDGHIQRMYHV %\ FRQQHFWLQJ WKH HOHFWUR
HedHFWLYHEHFDXVH/LDQG1DH[KLELWVXUSULVLQJO\GLe3$ WKW KRIPBADMIAKIIR QRDPSHURPHWU\RUFKURQRFRXOR
YRUH[DPSOHWKHPRVWFRPPRQDQRGHVIRU/LLRQEDWWHULHKIVIFKMXWHWKDW HLWKHU D SRWHQWLDO FDQ EH DSSO
DQG VLOLFRQ KDYH QHJOLJLEOH FDSDRIOWERXRUSNUH 1IPHDVXUHG RU D FRQVWDQW FXUUHQW FDQ EH DSSOLHG
PHWDOLVDPHQDEOHWRHOHFWURSODWLQIDQGVWULSSLQPEDNRXIHABPHRGMRIROOLQIWKHVHYDULDEOHVWKHWKL
XVLQIWKHSXUHPHWDODVDQDQRGHLWLVKLIKO\UHDFWL YMRRGNGXWIOEORIQOFDQEHWXQHGDVVKRZQLQ)LISDUW
FRPPRQ/LLRQHOHFWURO\WHV DGGLWLYHV DUH QRW UHTXLUHG WKH\ FDQ VWLOO EH L
'HYHORSLQJJIXLGHOLQHVWRDFFHOHUDWHWKHGLVFRY HIVDREOQEKUGWRQESRYLWLRQ PHWKRGV 7KURXJK HLW
RIQH[WJHQHUDWLRQ!DLRQDQRGHPDWHULDOVIRUVRGLXPRBYFINSWIMILBMERVLWLRQ DGGLWLYHV VXFK DV FDUE
FUXFLDO IRU WKH ;HOG WR SURJUHVV ,Q RUGHU WR XQGHDRRKQWGVHIRWGRNHPHWDOV RU RWKHU LQRUJDQLF FRPS
HOHFWURGHRQHPXVWHQGHDYRUWRLGHQWLI\WKHLQWHUPERUBRUIDMWHGIKWKRMKHHOHFWURGHWRHQKDQFHHOH
DQG WKHLU FRUUHVSRQGLQJ SURSHUWLHV DV WKH DQRGPDL)WBERRGHEKRRIEDOVWDELOLW\DVWKHHOHFWURGH
WKLV SURFHVV D PRUH WKRURXJK XQGHUVWDQGLQJ RI WKHHKISERGIWLRQWKDWE\GLUHFWO\HOHFWURGHSRVLW
PHFKDQLVPV FDQ EH JDLQHG WR RSWLPL]H WKH DQRGHYV ISDW RUIEBEFUR FHV VARHWK HQWHUDF WQRGMXONRI WKH
2QH FKDOOHQJH ZLWK 1DLRQ EDWWHULHV LV WKDW XQGHUMMRIQRERMIRZIFWXUH RU DW WKH HOHFWURGHFXUU
JWKH FRPSOH PDWHULDO UHDFWV ZLWK VRGLXP E\ LW VHOIGNFRRRVWIFLAYWUIDFH FDQ EH FRUUHODWHG GLUHF
LQWHUDFWLRQVZLWKDOOFRPSRQHQWVRIWKHEDWWHU\DUH—L\PBRJRQDW{DHSEDI:Q’PDGH E\GLUHFWHOHFWURGHSRV
ZH GHVFULEH KRZ HOHFWURGHSRVLWLRQ DV D V\QWKHWEROUHIR DB
IRUWKHIXQGDPHQWDOLQYHVWLJDWLRQRIWKHLQWULQV]EESJ.GE&H{IHWDH\XRHHWLWHV $GGLWLRQDOO\ HOHFWUR:
PDWHULDOV WKDW FDQ HQDEOH SUHFLVH VWUXFWXUHSH]RHHEWHQDEDW]}HHHQXVRKDUDFWHUL]HGE\DKRVWRIPHW
DQG DFFHVV WR HQHUJNGHQVH WKUHHGLPHQVLRQDO HOHFWURKE RIDFRHULDOWORQD\. DQGHOHFWIGRGIUDFWL
DSSOLFDWLRQRIVRGLXPLRQEDWWHULHVLQHQHUJ\VWRUDJHY‘PY(WH]BV VSHFWURVFRSLHV LQFOXGLQJ ,5 DQG 5DPDQ
;UD\ SKRWRHOHFWURQ VSHFWURVFRS\ DQG RSWLFDO LPD

(continued on next page)
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LQYHVWLIDWHWKHLQFRUSRUDWLRQRIXQZDQWHGFRPSRXQG
VROXWLRQV WKHUH RIWHQ DUH PHWDO R[LGHV FRPSOH[LQJ |

&RPSOHPHQWDU\FKDUDFWHUL]DWLRQPHWKRGVDUHSDUWWXOHOOKIREWOR O WKDW PD\ EH LQFRUSRUDWHG LQWR
WKHSURGXFWVGHSRVLWHGDUHDPRUSKRXVRUFRQWDLQPROWHIS SR EMERGHSRVLWLRQ 7\SLFDOO\ WKH LQFOXVLRQ RI
7R VWXG\ WKH LQWULQVLF SURSHUWLHV RI WKH HOHF WLRATPRFXWHAVIFWY WiiOO LPSRUWDQW WR FRQVLGHU ZKH
PDWHULDOWKH; OPFDQEHF\FOHGLQGLs3HUHQWFHOOFRQ; BUDRAgIWEQIKWKH SHUIRUPDQFH DQG HOHFWURFKHPLFDO
DVD6ZDJHORNFHOODVVKRZQLQ)LISDUW7KXVWKHSURFH V¥R WKH HOHFWURGH LV F\AFOHG 0XOWLSOH VWXGLHV KDY
HOHFWURGHSRVLWLRQ WR F\AFOLQJ FDQ HDVLO\ EH GRQH WHKGHRWQRRIEBRED WIBQ RI PHWDO R[LGHV FDQ DOWHU WKH H(
WKLFNQHVV FUHDWH HOHFWURGHV ZLWK GLedHUHQW SDUBARWIRQFHRRIWAHEWYBRGHV DQG FDQ FDXVH DOWHUQDWL
PDVV ORDGLQJ PRUSKRORJ\ HWF EXW FDQ DOVR EH VFDOHGEVRKRSN{/KHUHIRUHW. VFUXFLIMRXQGHUVWBDREFROXWLRQ
PXOWLSOH HOHFWURGHV ZLWK WKH VDPH SDUDPHWHUV WRHRIEMWURM RO ¥ BGIVMIKHHOHFWURGHSRVLWLRQRIDFWL
FRPSRQHQWYV VXFK DV HOHFWURO\WH FRPSRVLWLRQ 7KH FQDOPHRIWMBMHDNGIWKHWUXHLQWULQVLFSURSHUWLHVRIWK
WHVWHGLQDEDWWHU\F\FOHUVKRZQLQ)LISDUWZKHUHWKHFHOOFDQ )
EHFKDUJHGDQGGLVFKDUJHGHLWKHUXVLQJFRQVWDQWFXUUHQWFRQGLW?,@B@WCBt’cec’m‘res
WRVHWYROWDJHOLPLWVRUE\DSSO\LQIDYROWDJHDQGPHDVXULQJFXUUHQW
,l WKH PDVV RI WKH VDPSOH LV NQRZQ DQG WKH QXPEHU RI HRHFAOWRRMWLF WHFKQLTXH RI HOHFWURGHSRVLWLRQ QF
LV NQRZQ SHU SURFHVV HJ VRGLDWLRQ WKH VSHFLF FDSHEUWRERAEMDWLRQ RI WKH LQWULQVLF SURSHUWLHYV RI HO
GHWHUPLQHGIRUWKDWHOHFWURGH)URPWKHVHH[SHULPHQWYXRAW HUQQHU DQG DGGLWLYHV EXW LW DOVR DOORZV |
RIGDWDFDQEHFROOHFWHGWRLQIRUPDQXQGHUVWDQGLQIRBUM REMDUEIRIWYHFWXUHVVXFKDVWKLQ;OPVQDQRZLUHDUT
FDSDELOLWLHVFHOOFDSDFLW\DQGGHJUDGDWLRQPHFKDQWYRMIHGLPHQVLRQDO ' VWUXFWXUHV DV VHHQ LQ )LJ SDUW
2QH RI WKH PRVW FRPPRQ IRUPV RI GDWD DQDO\VLV LV WRMHBDOXYIG HOHFWURGHV DFKLHYH KLJKHU UDWH SHUIR
D YROWDJH SUR,OH SORW DV VKRZQ LQ )LJ SDUW 9ROWDJFRYRIOBYVODWH WR KLJK SRZHU GHQVLW\ IRU DQ HOHFWUR
DOORZ WKH FDSDFLW\ WR EH PHDVXUHG DQG D SODWHDX BQFWKWHKWXUHV FDQ EH SDUWLFXODUO\ Hs@HFWLYH DW KF
VLIQL;HV DQ HOHFWURFKHPLFDO UHDFWLRQ LV RFFXUUL@HPKDQLRDY SHVUEFFVV LQ HOHFWURGHV WKDW FKDQJH YROX
HOHFWURFKHPLFDOUHDFWLRQVFDQEHGLUHFWO\FRUUHORK ROODWRRWY WXGIKDY HRFXVHRQ
FDSDFLW\7KHFDSDFLW\RIWKHFHOOFDQWKHQEHSORW WHGIRERD$KEHWHQISRURXVFDUERQEDVHGFRPSRVLWHVWRDFFH
DOORZLQJGHJUDGDWLRQRUDGURSLQFDSDFLW\RIWKHFHOQWMROHRWVRGMNEX WL WKDVEHHQUHSRUWHGWKDWWKHVHFI
$§ IROORZXS WHFKQLTXH WKDW FDQ EH XVHG WR VWXG\ DRGXROYH X¥PQOWHG UHDFWLRQV ZLWK WKH HOHFWURO\W!
\FKDQJHV LQ HOHFWURGH PDWHULDOV ZLWK F\FOLQJ LV GhadiRGIQWHPOMOSWHLGFRUSRUDWH VFDe3ROGV DV WKH EDV
DQDO\VLV VHHQ LQ )LJ SDUW ,Q D GLedHUHQWLDO FDSDFILWWORWRMSHR FHGXUHVDQGHWFKLQJZLWKDFLGWRFUHDW
LQIRUPDWLRQ FDQ EH REWDLQHG DERXW WKH VRGLDWLRQWHXRGDOWMDIGBYHOWRK LELWLYHO\FRPSOH[WRPRYHWRFRI
RFFXUULQJRYHUDSRWHQWLDOUDQJHWKDQLQWKHYROW DS R E\SDVVHV WKHVH LVVXHV DV DGGLW
7KHIHDWXUHVWKDWDSSHDUDVSODWHDXVLQDYROWDJHSHBY WY XXDAGIHSHFL ;F H{DPSOHV SURGXFHG E\ YDULRX
DV SHDNV LQ D GLe8HUHQWLDO FDSDFLW\ SORW PDNLQJ VEGMSXGERQIHY QW URGHSRVLWLRQRIDQWLPRQ\EDVHGDOO
VORSHFRUUHVSRQGLQJWRFKDQJHVLQFKHPLFDOSURFHVVHMEROMHDWEHISR URXVQLFNHOVFDadROGVDQGDVVHOIVXSSRI
REVHUYHG 'LedHUHQWLDO FDSDFLW\ SORWYV UHSUHVHQW §oSRIISIAM BPSOMYV X VHHOHFWURGHSRVLWLRQWRJURZD(
KLJKOLJKWVFRQYHUVLRQUHDFWLRQVFHOOGHJUDGDWLR QNMIPROEERVRWAVRAROGKFWLYH VXEVWUDWHYV ZLWK PLQL
DQG FKDQJHV LQ FKHPLVWU\ WKDW RWKHUZLVH PLIKW QRWWIRKIWIQ.OQIPUVDQGDGGLWLYHVGHPRQVWUDWLQJIKRZHC
YROWDJHSUR;OHRUWKHF\FOHOLIHWLPHDQDO\VLV DOORZVIRUWKHVLPSOHIDEULFDWLRQRI'HOHFWURGHVZLWKY
:KLOHHOHF WURGHSRVLWLRQLVDXVHIXOPHWKRGWRIDEIPEFRWHEOBRMER GIRUPDQFHDQGFDSDFLW\
WKHFRPSRVLWLRQRIWKHHOHFWURGHVKRXOGVWLOOEHFDUKNOOMMRERGQRWIFWURGHSRVLWDFWLYHPDWHULDORQV

RQO\ WR XQGHUVWDQG WKH SURSHUWLHV RI WKH DFWLY KIPDVKRZIQNQ I Y DOWRPYREQ WKIDGYDQFHPHRFUHDWH
Rcduccdl ==

HQHUJNGHQVH HOHFWURGHYV EXW IXQGDI
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WKHOHFWURFKHPEHDKWLRQWQRGH
PDWHULDOV DUH VWLOO UHTXLUHG 6RPI
LVVXHVSUHVHQWLQWKHVHDGYDQFHGV
DUHQRQXQLIRUFXUUH®®G YROWDJH
GLVWULEXAKILERFDQOHD®&RXQHYHQ
VRGLDWLRQ DQG GHVRGLDWLRQ UHDFW]
WKHHOHFWURGKV WKHLPSOHPHQWDWLR
RI YDU\LQJ ' DUFKLWHFWXUHV ZLOO JUHI
LQAXHQFHZKLFKFU\VWDOOLQHDQGDPRU
SKDVHDUHIRUPHGZKHQ F\FOHGGXH
WRGLs3HUHQE@WYHFKDQLFDQWHJULW\
GLedXVLRQWKZD\WQG OHQJIWKNQG
VXUIDFH DUHDV 7KHUHIRUH LW LV FUXFI
HPSOR\ WKH VWHS SURFHVV VKRZQ LQ )L.
DQGWRVFUHHQKRZGLs®HUHQWDUFKLWE
LPSDFW WKH VRGLDWLRQGHVRGLDWLRQ
PHFKDQLVPRIDQRGHPDWHULDOV

7KH H[WUDXUIDFEUHDVKDFRPHV
TURP D' HOHFWURGH VWUXFWXUH OHDG?
VLIQL;FDQW EXLOGXS RI WKH VROLG HOI
LQWHUSKIDVH ZKLFKIRUPVZKHQDQ
HOHFWURGH LV LQ FRQWDFW ZLWK DQ H

WKHHOHFWURGHSRVLWLRORIWKLQ;OPVRIo'| . 6FKHPDWLFRIRXUJHQHUDOSURFH VVARZEHJ[&W RV ROW PLWV

materials of interest from solution, which can either be (2a) deposited with controlled thickness to control
the amount of active material on the electrode or co-deposited with materials such as carbon nanotubes,
or (2b) directly deposited onto or into various 3D structures and templates. Then we can (3) directly

incorporate those active electrodes into Swagelok cells to test their electrochemical performance

VRGLDWRR@GHVRGLDWLRQ
7KH 6(, LVD PL[WXURI RUJIDQLBQG
LQRUJDQVSHFLIRQ WKNXUIDRI WKH
EDWWHU\HOHFWURGHZKLFKFDQVKRUWE
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oLl . Once a Swagelok cell is put onto the (4) cycler, experiments such as (5) applied current, measured voltage can be used to identify at what voltages (
WKHGLUHUHOWLDOFDSDFLW\DVDIXQF WLROQRIYROWDJHLORUGHUWRLGHOWLI\VXEWOHFKDQJHVLQOSDUWLFXODUWUDQVIRUPDWLRQVR.
the phases that are formed

OLIHWLPHWKURXJKLPSHGLQJLRQWUDQVIHUDQGFRQW UL EGHFWR BHFRIKBVEHHQ DGDSWHG IURP HTXLYDOHQW
SXOYHUL]DWDRQWKHUPRUH LQ WKH FDVH RI WKH ' EDWWRUORYWKH 6(, KDV EHHQ ZHOO VWXGLHG WR XQGHUVWD
PXOWLSOHF\FOHVWKH6(,FDQREOLWHUDWHWKHPRUSKRORSFRBHADDRGRI HOHFWURO\WH DGGLWLYHV WKHUH KD
WKURXJK H[FHVVLYH JURZWK )LJ THHWOHFWURO\WH DGGERDIYBIW HULKD WMRR PSR VL W LRKLFKOLPL WK DELOLWR
AXRURHWK\OHQHFDUERQDWH)(&DQGSDUWLFXODUO\Y LQ\CHQEHFDWERQDWH)IXLGHOLQHVIRUQH[WJHQHUDWLRQHO
9&FRPPRQO\XVHGLQ/LLRQEDWWHU\HOHFWURO\WH VFDQK HOSKRQWXRW V\VWHPWRVWXG\DVLWFRQVLVWVRIDVPDO
WKH6(,IRUPDWLRQWRH[WHQGWKHF\FOHOLIHRIKLJKVXUIDPHQRERXILIWL Y HSURGXFWVGHSRVL WHGRQDQHHOW URG
YLJULJKWEXWWKHVHHe3HFWVDUHQRWZHOOXQGHUVWRRSURBXFMWHMYHVXEMHFWWRH[WUHPHSRWHQWLDOVDQG
XQFRQWUROOHGJURZWKRI6(,PXVWEHRYHUFRPHLQRUGHU WKWHXFEBY VX0 GLVFKDUJH R WKH EDWWHU\ ) XUWKHU|
LPSOHPHQWKLIJKVXUIDFHDUHDKLJKORDGLQJDUFKLWHFW XWERG\WKH6(,DUHH[VLWXDQGLQWDNLQJDSDUWDEDWWH

,W LV LPSRUWDQW WR UHFRJQL]H WKDW DOWKRXJK RQRRFWIRRGHYY NEXUIDFH WKH 6(, PD\ EH FKDQJHG DQG VRO
EHQH;FLDOWRRQHDUHDRIWKHEDW WHU\L WFDQKDYHQHITPRIAIHARQAMI TXNMRERW R HOHFWURQVSHFWURVFRS\;36LV
RQRWKHUFRPSRQHQWVDVWKHZKROHFHOOLVLQWHUFRQQBHFWG’[EEDHN]RI[DIEFHVHQVLWLYHWHFKQLTXHWRVWXG\

DGYDQFHGVWUXFWXUHV WKHVHGLe3HUHQWFKDUDFWHUL]DWLRQWRROVFDQEHP
L ZLWKHOHFWURGHSRVLWHGHOHFWURGHVDVWKHGDWDZ
The Importance of Liquid €lectrolptes LQWHUDFWLRQRIWKHHOHFWURO\WHZLWKDSXUHDGGLW
"XH WR LWV VLPSOLFLW\ D KDOIFHOO GHVLIQ ZLWK D
7KHVDPHHOHFWURO\WHDGGLWLYHV)(&DQG9&XVHGLQ/BVRAERWMHUHQFHFRXQWHUHOHFWURGHLVW\SLFDOO\X
V\VWHPVWRLQFUHDVHEDW WHU\OLIHW LPHDUHDOVRFDS DBQRRHE QUYRILFQIGPHRIQHZVRGLXPHOHFWURGHVDQG'DUF
IDLRQEDWWHU\WV\VWEHBPY.ODUWRHOHFWURGHPDWHULDOVWKHVRGLXP

(continued on next page)

0.75 —— ———
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o 5%FEC
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250

oLl . Adapted with permission from Jackson et al. 2016. Depicted on the left are SEM images of Cu(,Sb nanowire arrays after 100 cycles with (a) 5% FEC,

(b) 5% VC and 250 cycles with (c¢) 5% FEC, and (d) 5% VC. On the right, a graph of capacity vs. cycle number for Ci$b nanowire array anodes cycled in half
cells between 0.10 and 1.60 V vs. Li/Li either with no additive (red), 5% FEC (blue), or 5% VC (green). The square symbols are lithiation capacity and circles
are delithiation capacity
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&)DLPPHGLDWHO\DIWHUDGGLWLRQLQZLWKSHUPLVVLRQ7KHVHDUHIRXULPDJHVRIVRGLXPPHWDOSODFHGLOEDWWHU\HOHFWURO\WHo!] . 8G
DMC with NaClQ, that is representative of the other electrolytes tested and (b) in EC-DMC NaCJ@) in PC NaClQ, and (d) in EC-DMC NaPFE after three days.

$OND@HWDORUP D SDVVLYDWDRQXSRQLPPHUVLR@WKH About the Authors
HOHFWURO\WHVRGLXPLVPRUHUHDFWLYHWKDQOLWKLXPZKLFKPHDQVWKDW

DWKLFNHUSDVVLYDWLRQOD\HUIRUPKRQIVRGLXPWLRQOD lendend’: T MB@EVD 3K' FDQGLGIDW
\ZKLFKGRHVQRWKDYHWKHVDPHLPSDFWLQOLWKLXPDsdH LWRORUDGRDWIQLY HUVLIRHUHKH GRHV

RIVRGLXPPHWDODVDUHIHUHQFHHOHFWURGHLQDKDOIFH( \ DODOWLFDO DQG HOHFWURFKHPLFDO UHVH]
HOHFWURFKHPLFDOO\DFWLYHGHFRPSRVLWLRQSURGXFW UQ&ﬁQ@{JLHWR LV ZRUN LV IRFXVHG RQ

FRPSOLFDWHV XQGHUVWDQGLQJ WKH SHUIRUPDQFH RI HQ LRORIWKHVROLGHOHFWURO\WHLQW!
F\FOHG LQ D KDOIFHOO FRQ;JXUDWLRQ 6RGLXP PHWDO VR FERE 11\ R GLXR ROEDWWHASHVL; FDOGH LV
OLTXLGHOHFWURO\WHVLPSO\LQIDFKDQJHLQWKHEXONHO} K ULHVDQGFRUUHODWLQIWKHPWRWKI

SDVVLYDWLRQRIWKHPHWDOVXUIDFH)LJ 6(.VSHFLHVGHWHFWHGRQWKHVXUIDFHRISXU
$FRORUFKDQJHLQWKHHOHFWURO\WHLPSOLHV WKDW WK RN EQEHRREIPQUIDFHXVLQI;UD. SKRWRHOHFWURC
IRU 6(, IRUPDWLRQ LQFOXGHV XQNQRZQ GHFRPSRVLWLRQ SIREROKYV PR S\t HZRUNVRQRWKHUSURMHFW VZL WKFROODER!
VLJQL;FDQWDUHDRIUHVHDUFKIRUVRGLXPEDVHGEDW WHULRNHWRATNHGE RV URO\WHGHFRPSRVL WLRQ+HUHFHLYHGDY
XQGHUVWDQGLQJWKHUROHRIWKHDGGLWLYH)(&LQWKHSIVRE YiBW4 RORIMECRRR WHZRUNLQFORVHALWRU . DUO

PHWDO DQG KRZ WKDW LPSDFWV EDWWHU\ OLIFWLPHTR Ry NOBEHGIHEB\EHUHDFKHGDWQDWKDQILPEOH#FRORVWD
FRPSOHWHFKDUDFWHUL]DWLRQRIHOHFWURO\WHGHFRPSR:, \%

EHHQSHUIRUPHGSJDLQWKLVLVGXHWRDODFNRIVSHFLDOL]: i WHFKQLTXHV
IRUH[DPLQLQJDGL /FXOWPXOWLSKDVHG\QDPLFV\VWHP | H el (3 1 31 LV D 3K' FDQGLGDWH LQ PDWHL
WKHUHLVDQHHGIRUFDUHIXOO\FRQWUROOHGH[SHULPHQWE - KHyU\DW&RORUDGR6WDWHSQLYHUVLW

LGHQWLW\RIWKHVSRQWDQHRXVUHDFWLRQSURGXFWVDQIR ’\ WHHYWEHVKLS RI 'USP\ / 3ULHWR 6KH UHFHLYH
KDYHZKHQGLVVROYHGLQWKHHOHFWURO\WHDQGGHSRV = =% »6LQFKHUPLVWU\URPTH[DVS 0SQLY

RI DQ HOHFWURGH 7KH VWXG\ Rl QHZ HOHFWURGHY PD\ DR s w% ZKHUH VKH VWXGLHG PDWHULDOV IRU W
DOWHUQDWLYHVWRWKHXVHRIVRGLXPPHWDOLQKDOIFH(Y LFDWLRQ RI EXLOGLQJ HQHUN H'IFLHQF\
ORJLFDOFKRLFHKRZHYHUJRRGVRGLXPFDWKRGHPDWHULD GKRWRFDWDOWLYXQGHUWKHIXLGDQFHRIU¢
6\PPHWULFFHOOVZKLFKLQYROYHXVLQJDSUHVRGLDWHGD, DG, DOHUMHH 1LHWRV JUDGXDWH UHVHDUFK
F\FOHG DJIDLQVW DQ XQVRGLDWHG HOHFWURGH PD\ EH D( IUQBWHA AW DQOLYXFW XUHSUREDDWLRQVKLS
)LQDOO\DUHFHQWDUWLFOHEVHHHWDOSURSRVHVWKHXV RQR1 DOWLPRQ\EDVHG DQRGH PDWHULDOV IRU 1
UHIHUHQFHHOHFWURGHWRKHOSDOOHYLDWHWKHSUREOHRY)W:H VHRQ XQGHUVWDQGLIPSDFW

HOHFWURGHKDVDVDSVHXGRUHIHUHQFH HOHFWURGH IDEULFDWLRQ PHWKRGV DQG ' DUFKLWHFWXUH
, HOHFWURFKHPLFDO SURSHUWLHV DQG VWUXFWXUDO FKDQJ
Conclusion EDWWHU\PDWHULDOV6KHFDQEHUHDFKHGDWNQLHWR#FRORY

KWWSVRUFLGRUJ
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OLTXLG HOHFWURO\WHV DQG DGGLWLYHV WKDW FRXOG § ¢
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EDWWHULHYV :KDW ZH KDYH KLJKOLIKWHG LQ WKLV DUW
HOHFWURGHSRVLWLRQRIHOHFWURGHPDWHULDOVIRUED
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RI FRPSOLFDWLRQV ZLWK ELQGHUV DQG FDQ EH XVHG WR JHQHUDWIH KLJKHUSRVWGRFWRUDOZRUNZDVSHUIRUPHGDW-

HHWOL 63 1 LVDSURIHVVRULQWKH'HSDUWPH(

HRIOSKRBMIRWRMWE RORUDGR DWBLYHUVLW\
)56& DQGWKIRXQGHDQG&72 RI 3ULHWR

NLIGDWBOWS\ 'U  3ULHWIDUQHGH %S LQ

i8 HGFKHPLVWU\ DQG SKLORVRSK\ DW :LOOLDPV &
S}V BKHOMKHQ HDUQHG D 3K' LQ LQRUJDQLF FKHP

HIDRYIWXGQLYHUVRBW&DOLIRUQEBUNHOH\

RUGHUDUFKLWHFWXUHVIRUEDWWHULHV 8QLYHUVLW\ZKHUHVKHZDVQDPHGRQHRIWKH;UVW/42UpDOS6!
‘RPHQLQ6FLHQFH)HOORZV,QVKHZDVQDPHGDQ([[RQORELO
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© The Electrochemical Society. DOI: 10.1149.2/2.F092111F. WKH &RORUDGR &OHDQWHFK ,QGXVWULHVS$VVRFLDWLRQ 6K

HGLWRU IRU Chemical Communications DQG LV D SR\DO 6RFLHW\ |
The Electrochemical Society Interface 6SULQJ ZZZHOHFWURFKHPRUJ



&KHPLVWU\ )HOORZ +HU EDWWHULHV DUH FXUUHQWO\ RQ GL VeORVBOVWRGH(VNKXOW-1\KROP/+HUUDQHQO$OP2
6PLWKVRQLDQ,QVWLWXWH/HPHOVRQ&HQWHULQWKH?30DFH VR WEHBWORGWURGHSRVLWHG 6E DQG 6BERSDUWLF
H[KLELW6KHFDQEHUHDFKHGDWDOSULHWR#FRORVWDWHHGX &RDWLQJV DV $QRGH 0DWHULDOV IRU /LLRQ %DWWH

KWWSVRUFLGRUYJ; of Materials 19+ KWWSVGRLRUJ
FP
}’\eferences )DQ;<-LDQJ=+XDQIJ/:DQJ;+DQ-6XQ5*RX/

/L'/'LQI</'3RURXV6HOI6WDQGLQJ6E)RDPSQRGH

/DUFKHU"7DUDVFRQ-07RZDUGV*UHHQHUDQGORUH6XVWDLEBIGP&RQIRUPDO,QGLXP/D\HUIRU(QKDQFHGO6RGLXP6
%DWWHULHVIRU(OHFWULFDO(QHUJ\6WRUDJHNature Chemist%cs Applied Materials and Interfaces 12+

7+KWWSVGRLRUJQFKHP WWSVGRLRUJDFVDPLE

/HUPDNRYD ', 'XJDV 5 3DODFtQ 0 5 3RQURXFK $ 2Q L;6XQ01L-/L/7THPSODWHI1)UHH&RQVWUXFWLRQRI6HOI
WKH&RPSDUDWLYH6WDELOLW\RI/LDQG 1 DOHWDOSQRGH,Q WARSIDEMVIG 6E SULVPV ZLWK 6WDEOH 6RGLXP 6WRUD
LQ &RQYHQWLRQN®&DUERQDWHFWURO\Wst¥al of Energy Materials9KWWSVGRLRUJ

The Electrochemical Society 162$+$ DHQP

KWWSVGRLRUIJMHV /L-3X-/LX=:DQJ-:X:=KDQJ+0D+3RURXV

'XJDV 5 3RQURXFK $ *DFKRW * 'DYLG 5 3DODFLQ 0 ILFNHO6FDedROGHQSQWLPRQSQRGHVZLWK(QKDQFHG
57DUDVFRQ 0 1D 5SHDFWLYWWRZDWDUERQDWHY%DVHG (OHFWURFKHPLFDO3URSHUWLHVIRU/L1D,RQ%DWWHU
(OHFWURO\WKHVe3HFWBI )(& DVSGGLWLYburnal of Materials and Interfaces9+KWWSVGRL

The Electrochemical Society 1635+$ RUJDFVDPLE

KWWSVGRLRUJMHV )DQ ; <+DQ - -LDQJ < 1L -*RX//L"'//L/

SIHLIHU  SUQROG %HFKHUHU'DV & ODLEDFK +LHUDUFKLFDO3RURXV6E)LOPVRQ'&X6XEVWUDWH+D
KUHQEHUI+'VRNH6&DQOHWDOOLF6RGLXP(OHFWURGHV$sn iR WWDEOHORGLXPOWRUDIHACS Applied Energy Materials
WKH(OHFWURFKHPLVWU\RI6RGLXP'|,RQ%DWWHULHV"SHDEWEY XS YVRERY/DFVDHPE
DQG3HUVSHFWLYHV ChemSusChem12FVVFE /RQJ-: XQ0O%5 ROLVRQ'S:KLWH+6'SUFKLWHFWXUHV
KWWSVGRLRUJFVVF IRU%DWWHULHVDQG(OHFWURGHVAdvanced Energy Mate
XERWD. .RPDED 6 SHYLHZ+3UDFWLYBDRHWQG 10KWWSVGRLRUIDHQP

YXWXUFHUVSHFWIRYH D,RQ %DWWHUb#¥al of The SUWKXU7 6 %DWHYV ' - &LULJOLDQR 1 -RKQVRQ ' & 0DO
Electrochemical  Society 16258 3 0RVE\ - 0 3HUUH ( 5DZOV 07 3ULHWRS / 'XQQ %
KWWSVGRLRUIMHV 7KUHH'LPHQVLRQDEFWURMNG %DW WISUFKLWHFWX
/LDQJ 6 &KHQJ< - =KX - ;LD<0 OOHU%XVFKEDXP 3$ MRS Bulletin 36+ KWWSVGRLRUJ
&KURQLFOH SHYLHZ RI IRQVLOLFRQ 6Q 6E *H%DVHG /LWKIEP ' ' '
6RGLXP,RQ %DWWHU\ $OOR\LQJ SQRGHV Small Methods $Q 6 - /L - 'DQLHO & ORKDQW\"' IDJSXUH 6 :RRG
AKWWSVGRLRUIVPWG / 7KH 6WDWRH 8QGHUVWDQRL®IKHL WKLXP,RQ%DWW
/L=7DQ : /L 3 .DOLVYDDUW 3 -DQLVK 07 ORRN: 0 *UDSKLWH6ROLG(OHFWURO\WH,QWHUSKDVH6(,DQGL
/XEHU(--XQIMRKDQQ./&DUWHU&%0LWOLQ'&RXSOLQJ WR)RUPDWLRQ &\FOLQJ Carbon = KWWSVGRL
,Q6wa7(ODQG([6LWX$QDO\VLVWR8QGHUVWDQG+HWHURJI&[§HMWUERQ

6RGLDWLRQRISQWLPRQ\Nano Letters15+ 3HOHG ( 0HQNLQ 6 SHYLHZ?6(, 3DVW 3UHVHQW DQG )X
KWWSVGRLRUJDFVQDQROHWWE Journal of The Electrochemical Society 164$+

-DFNVRQ (' ORVE\ - 0 3ULHWR $ / (YDOXDWLRQ RI WKH $SKWWSVGRLRUIMHV

(OHFWURFKHPLFDO 3URSHUWLHV RI &U\WWDOOLQH &RSSHDENWRPRILATIVRS/&RSSHUSQWLPRQLGHIDQRZLUHS
7KLQ)LOPSQRGHVIRU/LWKLXP,RQ%DWWHULHV3URGXFHGE!b P ,RQ$QRGHV 6WDELOLIHG E\ (OHFWURO\WHS$G

6WHS (OHFWURGHSRVLWLRQ Electrochimica Acta + Applied Materials & Interfaces 8+
KWWSVGRLRUIMHOHFWDFWD KWWSVGRLRUJDFVDPLE

6FKXOJH 0 & %HOVRQ 5 0 .UD\QDN / $ 3ULHWR § / 6FKURGHU.$OYDUDGR-<HUVDN7$/L-'XGQH\1:HEE
(OHFWURGHSRVLWLRQ RI 6E&17 &RPSRVLWH )LOPV DV$QREHQHGWHYHQVRQ.-7KH(68HF WRI)OXRURHWK\OHQH-/
/L DQG 1DLRQ %DWWHULHYV Energy Storage Materials ,Q &DUERQDWH DV DQ $GGLWLYH RQ WKH 6ROLG (OHF
3UHVVKWWSVGRLRUIMHQVP RQ 6LOLFRQWKLXP,ROHFWURCGEHYmistry of Materials
*XWLpUUH].RODU - 6 %DIJHWWR / 6DQJ ; 6KLQ ' <XUNLY 27+ KWWSVGRLRUJDFV

9 ODVKD\HN ) 9HLWK * 0 6KDKED]LDQ<DVVDU 5 8QRFLF ~ FKHPPDWHUE \
55 ,QWHUSUHWLQJ (OHFWURFKHPLFDO DQG &KHPLFDO 6Rdﬁl§RﬁEﬂ§&-L;(OHFWURO\WHV6(>)RUPDWLRQDQG /LQG
OHFKDQLVPV DQG .LQHWLFV LQ 7LQ $QWLPRQ\ %DWWHU\ $QREHIZRIIRQHOHFWURGH)DFWRUVIRU6RGLXP,RQ%D

8VLQJ LQ 6LWX/UDQVPLVVIREFWURQFURVFRS'DQG mal[14KWWSVGRLRUJVPOO
&RPSXWDWLRQDOOHWKRGVACS Applied Energy Materials (VKHWX**'LHPDQW7+HNPDWIDUO*UXJHRQ6%HKPS

2t KWWSVGRLRUIDEVDHPE -/DUXHOOH6$UPDQG03DVVHULQL6,PSDFWRIWKH(OHF
=KDQJ < 0DUVFKLORN $ & 7DNHXFKL . - HUFKHU § . 6DOW DQLRQ RQ WKH 6ROLG (OHFWURO\WH ,QWHUSK
7DNHXFKL ( 6 'XGQH\ 1 - 8QGHUVWDQGLQJ +RZ 6WUXFWXUHORGLXP,RQ%DWWHULHVNano Energy=KWWSV

DQG &U\WWDOOLQLW\ $s3HFW 3HUIRUPDQFH LQ 6ROLG6WDWRFBHWIRPRRHY

8VLQJ D *ODV\&HUDPLH.92 &DWKRGEhemistry of 9HUPD 3 ODLUH 3 1RYiN 3 $ SHYLHZ RT WKH )JHDWXUHV
Materials31=KWWSVGRLRUJDFV ’ $SQDO\VHVRIWKH6ROLG(OHFWURO\WH,QWHUSKDVHLQ)
FKHPPDWHUE Electrochimica Acta 55+ KWWSVGRL
+RQJ.61DP'+/LP6-6RKQ'.LP7+.ZRQ+ RUJ-(/(&7$&7$

(OHFWURFKHPLFDOO\ 6\QWKHVL]ERBSRELWHY DV +LJK ~ /HH 6 (7DQJ 0 + (OHFWURDFWLYH 'HFRPSRVLWLRQ 3UR
&DSDFLW\ $QRGH ODWHULDOV 8WLOL]LQJ D SHYHUVLEOH SRIVHHNYRQHRXV.QWHUFDODWLRQOLIQDOVLQ6RGL
SHDFWLRQ IRU 1D,RQ %DWWHULHV ACS Applied Materials and'ectrochemistry Communications+tKWWSVGRL

Interfaces 7+ KWWSVGRLRUJ RUJMHOHFRP

DFVDPLE /JHH 6 ( 7DQJ 0 + SHOLDEGHIHUHQR@HFWURG
/LV<DQ'0D-4LQ:KDQJ,/X73DQ/2QH6WHS IRU IRQDTXHR)@RGLXP,RQ %DWWH[MMC[Z Of The
OLFURZDYHS$VVLVONHIGKHVRVGE 2 SHGXFHGUDSKHQH Electrochemical — Society 1665+$

2[LGH &RPSRVLWHV DV$GYDQFHGSQRGH 0DWHULDOV IRU §REPY GRLRUIMHV

,RQ %DWWHUWek¥hics International 42+

KWWSVGRLRUIMFHUDPLQW

The Electrochemical Society Interface 6SULQJ ZZZHOHFWURFKHPRUJ




S ON THE €C5BLOG?

THE €CSBLOG - HOMEPAGE CALL SOR PAPERS
The ECS Blog homepage is a source Publish your work with ECS! Contribute A
for information, capturing all Society b | O g research to focus issues that honor sciel
news. Check frequently for meeting greats like Philippe Marcus or 2019 Nob
announcements, publication news, Prize winner M. Stanley Whittingham. O
educational resources like webinars, submit to a topic of interest like Solid Ste
award opportunities and winners, and more! Electronic Devices and Materials, Sensc

Photovoltaics, and more! Follow the(Zal
for Paperson the ECS Blog for the latest
announcements.

BPREARING RESEARCH
WEWS

A VIRTUAL COMMMITY

Communicating with colleagues and
friends looks different nowadays, §et it

See wh& up-and-coming in the
sciences, like Prof. Mark Orazem and

something we all crave. Get connected student William Wat$§oground-

online! e always finding new ways to breaking impedance data analysis
engage and unite the ECS community. One program or how The Washington
way is our regularly hosted webinars with 1 Post referred to an article on
speakers like Dr. Maria Escudero-Escribanc l battery safety in the Journal of The
and Dr. Jie Xiao, to name a few. For past Electrochemical Society. Check the
and upcoming webinars, follow the hashtag ECS Blog frequently for news like this
~Webinarson the ECS Blog. and more!

SOCIETY MEWS AWARD 29D RECOGNITION
OPYPORTUNITIES
r
b » ECS works hard to improve your Follow the hashtagWwards) i
n E ClTlNG user experience. Did you know? ECS to celebrate tod%ygreatest
implemented single sign on, which means achievements in electrochemis .
@ you can log in to the ECS website with just ~ and solid state science researc }?
:‘/5 one set of credentials. ECS journals now Follow the hashtagtavel -
» §  accept submissions of graphical abstracts Grantto take advantage of
for inclusion in the online publication of funding opportunities. And,
papers. Visit the ECS Blog frequently for recognize othéfsutstanding
news like this and more! work by followingGall for
Nominationsannouncements.

www.electrochem.org/ecsblog



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

