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Abstract

1. Properties of polyaniline Synthesized in Ionic Liquid (EMIES)

The electroactive polyaniline in the wide pH range was reported with electrochemical
synthesis in the ionic liquid, 1-ethyl-3-methylimidazolium-ethyl sulfate (EMIES),
containing 0.2 mol dm™ aniline. The cyclic voltammograms of the polyaniline showed that
the electrochemical activity of the polyaniline was only 22.4% decreased compared in 1.0
mol dm® KCI (pH 12.0) with in 1.0 mol dm™ HCI. Based on structure analysis of FTIR and
UV-vis spectra, the framework of the polyaniline synthesized in EMIES solution is similar
to that of polyaniline synthesized in the HCI solution. The conductivity of polyaniline
synthesized in EMIES is 1.08 X 10> S cm™'. However, after the polyaniline was immerged
in1.0 mol dm™ HCI and 1.0 mol dm> KCI (pH 6.9) for an hour, the conductivities of
polyaniline rose to 5.30X 10! and 520X 102 S cm’, respectively. The polyaniline
synthesized at the condition can be dissolved in DMF and common organic solvents but

hardly done in water.

2.  Effects of Ionic Liquid on Characteristics of Polyaniline

The electroactive polyaniline at high pH was electrochemically synthesized at 0.90 V
in an aqueous solution containing 0.60 mol dm® aniline, 120 mol dm?
1-ethyl-3-methylimidazolium-ethyl sulfate (EMIES) and 2.0 mol dm™ H,S0,. The cyclic
voltammograms of the polyaniline are similar to that of the control polyaniline
synthesized in 2.0 mol dm> H,SO,. The result shows that two pairs of the redox peaks
appeared on the cyclic voltammograms of the polyaniline in the solution of pH 6.0 at 60
mV s” and that the electrochemical activity only dropped 24.8% when the polyaniline
was moved from pH 7.0 to 12.0. The conductivity of the polyaniline is 5.20 S cm™, while
that of the control polyaniline is only 0.62 S cm™. UV-visible and FTIR spectrum reveal
that the framework of the polyaniline is similar to that of the control polyaniline. The



4 HMREH #0083

average molecular weight of the polyaniline is about 4.56 X 10* based on the results of
osmometry. It is noticeable that the polyaniline can be well dissolved in DMF and
common organic solvents but hardly done in water, which is very favorable to structural

analysis and applications of the polyaniline.
3. Study on Zn-polyaniline Battery

A Zn-polyaniline battery was consisted of polyaniline synthesized in
1-ethyl-3-methylimidazolium-ethyl sulfate (EMIES), Zn sheet and an electrolyte
containing 2.0 mol dm” ZnCl; and 3.0 mol dm> NH,Cl with pH 6.0. The battery was
charged and discharged between 0.80 and 1.60 V at different current densities. The
capacity and energy densities of polyaniline are 141.2 A h kg™ and 1692 W h kg™’ for
discharge process at 0.5 mA cm?, respectively, which are much better than those of the
control polyaniline at the same condition. After the test of the charge-discharge at
different current densities, the battery was successively charged and discharged for 150
cycles. The columbic efficiency of charge and discharge is 95.5% at 150" cycle, and the
energy density of the battery is only lower 6.0% at 150" cycle than at 1% cycle.
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A, Macdiarmid Z ¥ %HFN T ARAEKEB RN EHRAE S Zn BRAREREN
ek, FRXY: BERSERBNHLARTEA SI92whke', ROAREREYE
HES AR, 19874E, BABHHT 3 A4 Li-Al/ LiBF4-Pc / PANI Biith, f#
WAL 1000 K, OAEN T SBHTE, BRSNS ER R P, 1989
4 Genies % HALE HEEIE MR ER BB, A5 TAMMES M KK
Eieih, U025 mA-cm? B, HIHREEMLERDFN 400kwhkg' F130kAh
kg', RREATR/LERUE. BARFKLKE SoToMuKaT ), Naoik & P9 &
MTERBATREFET AR, R ER BTV EDIRES
EEMEAHE, ABMHXAEETER, BERIERERY. TE—HERE
BEENGRERYEN. FTABNGRAR 2,5-230% 1,34- B _W({DMcT), X
WHRADEN —FEATHE 2 MEBRM, FTUEMEEEERHE (Ch630kwh
ke, EASBEMNDHIRERN 1.5 5. AREKS DMcT E437R% DMcT 38
ERARMGN, EETRTB3). EES U DR BBAB AR RN
FHRABRLRESRR, TRERRY. BN ERERABLEEE, £
(REBIAFH “s-s” BEMRAMRBRAKRSEELMER RN, RETERE
) L A B S AR IR

342 FRREBARERENLRYPRINA

BE60FHR, AMREH, BREHEMTESTBRT =R RS
KERELIER: RN, BRERATBELLAREOELERE, STHRERNAR
B AER . B, ATIFFAAHT SRR RR AR e iR R Y B L BEA
g ORWIONLICIG o MRl THEEX—TURBM T WS FRNTE, NERR
o 100 gro T RERBBSG RAR TR MR B LA, BRE% Y AT R
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FRGM AR RS Fe (11D A Sb (MDD HIEMALIER . Sk [100I07108105010) 4557 pp,
Pd F&RHHBIR AR AR FREFREFIVN FAMLM B, 48
KU MERERRONREIEIE. BELEES Pt Bk, REEERNE
Hh S FREECENRT RN, Rs U SplafiEf ks msine
PANI K EHIRAER BN R R E AR, ZEREE T EE S TF—
6, WHEBERENRPHANSZANERTEEBHNEELEE. 20 12 %
LA £ R A B ER AR, REBEMRKAIFZ PANI #, HR
Hxf PR AR A LER, AR PANI (Pd) HEARMIBALIEHTTEERE T PANI
55 Pd KA RIZERL

343 RAREAABRETmWNH

RERGHBEHANEEF, FEF. SEETET4 RFHRLERN, }
WO R MM R, EIMEE. EEMRR LT B4 REEEHLG
REEABIRENE, KRR, R, HERTEE, EKE
WA, BEARE, EfEbeeRENsyERgmaar ZH8R.

FRE B 4 B BN B pH 2538, 76 pH2~12 B, SERTERR
47 f) Nenst WIRY .. ELMaRZeT E]JE% % ", Matsushita Denki Sangyo A 71 #H ¥l —H
LR PANL (Y Li $iR &, HRT—IERTAIEATELBERN—HS, TH
FHIEE M ARG, WL RES, RO BHRE, EXRERES 1,
Matsushita Elec Idn FRA B FIEH o] A T, (RS A EIEERFN PANI
3, Canon AR HIMK T B EN T PANI HEESBERK HORTEFES
REDERR %, RERPBERRZREES. WAKK, FARFRER ",
Pennsylvania K¥#HF—HI44% ZHEA PANI SHRER S —PH 2022 FHIR—
MAERRNRR, ZEBAFUATAYSED, THERT. EARLE T MHE
Bt BT LR, BHERNFRAR, HEARNSARMAENA, pH %
B, FLEREIHNE 1, B RIR T R R B T R AR A .
B Clark 1 Lyons "' ¥R SR EARLR, DHARXTEEHMMEATER
kAR iE 11, Rk 2R el ol SR R A A B S T
R b, BRI SRR S E SR AR, LR RRY: B
R EE e R R A R RENREN, BRR RS R g
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B F R BB S R R Mt B B T B B0k, R, m4meg (27 SR
BT XA &R R ERNOMAMR. SHEMHIEERATEML, A
FRERYE BTSRRI,

344 HERB

FAREREMEBTESE, TURTEEERENSMEERREEREEN,
BAFEHMEATRSEETEREEANIR. BANEHATR Chronar 2 7]
BRARERRS T HeE. FARERSFEYE, THEEIREMEARHE
Bt BEXEBEAFANMBNRE RS, TTRRIESEERERRN
BETEIERSABEEESFRTERNE, Fib, B30 HRGEREE
B, BEEARRAEUETARE RENAR, XohmeaEfSHRmNya A
FHIEATHIA. FIHREERRBOR R, EEOTHIETRERE. BERK
HO e S e R R L. R TARE . R RIEEE R85, stAh
RERE TR BT E. B2, AMINEERAOSEH. B, £8. B,
e, AREHFHMMACENE T KGR, EXNERROERE. BRI
H AR BEXR N BB EHSNGINTIAERHFE—PEAN. WEERIINEEER
18, AIESREFF R R R E L M N R 8.

3.5 BREFRBEFER G

M 19771 FHE N FEHERY PA HRIES, FBEEN) THENEREH TR
KRR, BELMERE, BEENBETHESRNES, Mg, Jas
HENEHEANEAMEEEERZ ES)). BT SRED THUNERESERR
Bz £, BEEUT =AM E:

(1) MIHREF. ESRBHTHEENTHSEHRYNTEE N TR
Do FMETERBREFRNAN—MEE. THEtAERY—EBE LHRT T
PR, (B GEAnR X BE R R S A LA A

(2) BEBAEF. FEAAFEBRRYAHN, REWHR T —BUENARIRE
Wi, BBEFAGHARE, FBRAKESR BRARMEEEERE.

(3) BAESBLEWY—HNEEY. LEEGWRENFE, $TER LRSS
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R B, MUMHAERERT LR, BN EERERX RO
W

FOT ERMATEER

B, BTk, AXEEERYOEMFANNENRNG T —SEER
R. BEINFHEREPNEHEALSHAXZNER. BEBANE, 85T6
MHFFENEFEFU AN F RN AT R T AR REE
R, —SEXMXAEEHE—SHR. SEERYAH TSRO, Bk
EHARMEMNTHN, FEE, LWEX—ERE— ML TR,

BT, BARSNFERRYOATATMENUTIAZEFE: (1) BREE
T E % &2 (PPY., PTP. PAN) BHESFHR. HARKESTENR
R R A RR RN RS, BEtE, TTHE, AEFRENE. &,
HiFrE. () Bt EBR. SRBROTEDREURSRERNESYREF IS
EEE. ) BARE. ATFzMERHES. ¥R RSEENSTERE
JEESFETEE, HRELMTENREESNE, TREEFTIMBART
BRBENFEDREMERRTRE. ) SR SRYE, BiAdER
BERENEZTTES, EHRSERFOBOCHE. @) MENH TRV,
. ERENGEE, FRFUESTHENEAFZS, FANAER,
KBS R, SRERYE5EMRSNERE BRI ER, ShaReH
&4, Mt —BSEREYTAT “ANEVNAR" “AEHEL” RBTR” %,
BRI, DNA REZEMH, SHERYT{Ed DNA fEKAKRKE. B4,
B FHEGYEARR, THBESFNEYLEENFTERERA.

REWMHRTRE AMARANT KEY H5 SEARYETE ZHHR. &
B M 90 ERFIFFEEME PANIITFF. BRI, DR PANIHIBEEH. BRI,
FRYIEEERE R U BRI BUS SR In T & R L,
HBRAT R ERE. WERKEFREZA 19 G R 44BN
HPANI/ BUE-HFEBZ_EE, RARERERASA Y BERSEEH
% PANL/ EFRERGRA PANL ) RZBBETE, #hE T REXHEEA 127
R R ARG R S48 1 PANL/ BZ BB SIS, BERTEASS
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Sem™, FIMHEREIE 13 Mpa, WEHMBKEN 10%Eh; ERHLAWMET RED
AT RGP AR Al PANI &Y RIILA TR & J7 I8 PANL/ K255
TR CHR AR A SETIA 111 Som”, BENE &R T HLER
BRI T T BT, BREMEEKOFREREBMIERTRRER, R
TIRAEMREFRA, KAFRENRETSE RN PRERD™5H, FRHF
RETVAAFRRESS S, TREBEFELKT, AREFBHEEYITRHL
—F T RKRA S

FRY KX ITIEBR

BRI AR ER A&, RIVERT T HBALLE:

(D R FRASERRERNER: £ TRANERR ST S BR
AW, WRTAFA pH WRERALEEHNEM.

Q) REFHRARTRIKE RS R R R TRE, SR
REREBHPEREFRE, HATHFR pH WEEBE AL FFENZM.

(3) BT TR AR ) 7K A VB e 3 D R e ) PR ) - B — 1K et
WA T KB ERRE R ER T RRRR s A RN FE AR B R
TR EE.
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¥_E BTRNAEMBERRMERMNFME

EXZFEERYPREERULEN AR, RENEAEETERURRE
BB M2 T ANIBS i 300 . Xt Bt R E A AT T b2, e
{APA)| B fp e BIOT e B0 g s e (2 I R T N . AR,
B FRFIMZ AR pH (N, XE—ERE LRSI T EHNA. mRXEE
BB B AR, B TER AR KRR, HHERE, & pH>4 M
M TR RERBEAF TR TRk,

BT RE RFARe M, IERN, BrfadsF IR RE
(AR, B R T, B Aagt 02y g R 4R prp
BAETAAREEKCDHERRE, W Mao REREFRET EH FHRA

( 1-hexadecyl-3-methylimidazolium chloride) & BB KEAKAEDY: Gao XH
FEEREEFME FHE (1-Butyl-3-methylimidazolium hexafluorophosphate)[¥] 7
HESHRTEEFROHRBTR, mis REXAERETER FHHE

(1-ethyl-3-methylimidazolium brifluromethanesulfon imide) & B ERE; Zhang
RHFAERETRERAE  (1-methyl-3-butylimidazolium hexafluorophosphate) )
A/ FHRBMEE TFHAEPRN CFHCOOH &, RERMNBAFEEHIERT T
B, BT RAMER, &RAEHRORERREHRMRAEC,

AEXREREREEE FE 1-ethyl-3-methylimidazolium-ethyl sulfate (EMIES)
PHER. FEXFE TRESSRAOREREER M pH BEARE REFHEL
Gt ERCHETRATIERRANEARAR. MER. AR WaEAFEED
PLE RIFRR S e tt. Bidastei, KIS, BIRE. REENETHE
FERNEERGHT T RIE. FNWRERRNEFEURS TERTTHE.

-1 RS
R AR NA (BEBEEIFARD), EANEREREEEELE. HE

WEERA AT, REABEHEFEM, BFra BRI ZKEBR/KEH.
BEHERPY, BTFHE 1-ethyl-3-methylimidazolium-ethyl sulfate & /. HE



2 MR FET 240183

EREHE BN BATKKE EIE 0.221 mol (MR _ZEZE B MAZ 100ml 4
H 0221 mol ff] 1-FEMKMMEFRES, HERKHE, FEhB_ZBEEZR
SREENERE 1 /DI, BURRIET R RS TR, DB ETE, T75 °CHEHT
WET .

AR B R RS = AR BT T, LRHER 27°C. —HIHFEELE
Bk, H—EREANER A5 EEK, SHEREMHEREHE (SCE). KEER
frk (120 V) BZEEREERRE, BREBRESHE 02 moldm® RENBEFHE

(EMIES). 4 /it fEE TAERRRE P EHERKRBEER, FAERRENEE
BEE R R MM RS LR, RNGHRE, A RESKGEERESZIETEAITE,
SRR TE 50~60°C THZT 4 48 he

Kb BERIERMBEFT DMF BT AT eILR T g, BARERK
RETE2EME T DMF ##H, UV-2550 FSRICFREFRLTE 400~800 nm 6 B A 115
MR B KBr RN RARR AN (FERATF, Tensor2?), E
HIIEAN 8X10° Pa s FEEN 12mm; SDT Q600 (EE) AEAHIAIEH
SRRENS, EASEPTHHEEEN 10 °Cmin'; FAEAK UG Mz RL
YR ERUIEHBERENERATYHTHENFE: 10.0 mg HERERKER
F 100 ml () DMF 7, 2ZRER AR 4 mm HEHE LR TEAED A5
IR, WEEER 25°C,

DH-1 &% TheXUieE s fr {5 F TRk b oA X sk 2t IR AR A
B YEW 3036 & X-Y BRCEREHR R LR, BIRRALZEGEFEEEZS 60mVs',
HH#BBEHEA -02~1.0V (vs. SCE), FIEHEHEEK pH £F PXD-12 & pH #llE
9, BTN KOH kiF1 S AN pH.

BT ER51HE
2.1 BEEYEMAE
2-1 (4R 1-3) BB TESH 02 mol-dm™ I E FHib dib2& B

BE| B FERT BN EMIES. 1.0 mol-dm® R 1.0 mol-dm™ S8 HTEH
REE. HE 2-1 ATEE, EHETHEAPERNBEREX=ERTHRAHE
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R EE, RERTEEBAIEERPHETEERB TEFRE, T
BTHEKA, FEBAIRERYNETFSERPARLENEFTHRILES. X
MG R ALY TAES T H A  BMMPFs (1-butul-3methylimidazolium
hexaftuorophosphate) & B B Hm} )5 257,

5r

I/m A

E/V(vs.SCE)

Fig2-1 EMIES H&RNBEEREARBEY HEHREHE,
PEEY 60mVs!, BRERA 00~12V
(1) EMIES. (1.0 mol dm®HCI. (3) 1.0 mol dm™ KCl(pH 6.9)

Bl 2-2 (g% 1-3) BAESH 02 moldm™ HEHIE FHUKBEMEE A RER
5+BI7E EMIES. 1.0 mol-dm? #HMA 1.0 mol-dm”® EWAPHBEHFREE. HEE
BRI ERMR 2B E S RIZE 1.0 mol-dm™® &M 1.0 moldm® HILSTRI | /MG
7r L EAREE RN . BE 22 g2 TUESY, £ 1.0moldm® HETiEH
B, BRRBASRTERMNEAERE, XS NERERBREERRFEAE
7 [EREEAL BN, TERMERTRAL (0.6 V) TTRLR BB R4S RPY, mE—
Stie R TREEMTEMN. ARFRAFLHFPRE 1 PINE, BEEAG—t
EWIREE, XFERBTAEBRATERSEN. X—XERAE 087V BET
BRBHEEACT. W 2-2 fifhsk (1-3) TUEENFARRRBLRA, BERLY

ST RERTEARN, XHETFBAMESREKREL NH- B2 BREA
B7)



30 M KSR BT 3

00 ' 0.6 ‘ 12
E/V(vsSCE)

Fig2-2 7EEMIES A RMBEEEMBEARLE, R#EERS 60mV
s', HHEEE 0.0~12V
(1) EMIES;
(2) % 1 moldm™HCI #2381 /et
(3) # 1 mol.dm’KCl (pH 6.9) 3232 1 /NG

2.0 ' 0.6 ' 1.2
E/V (v5.S C E)

Fig2-3 EFEE 1 mol dm® HCl P HEHRR LR, KRS 0.0~12V,
MemvVsh: N60mvVs"
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& 2-3 (BI%% 1-2) BESH 02moldm® FRKME FHAF b EEROEER
7 1.0 moldm™ #MPRAFFEHEE (6mV-s', 60mVs!) HHEHRREE. H
HEEN 6mV-s!, BEREAE 1.0moldm® #HEE=WNELEEE X S5ELRD
ERMEEREALNCT, BE—WEENT 0.56V, ERBEFHRERSIEML
AEWERNEY, Bow @S TF 075V, WEEREEPEGSRAPS, mE
SREEREAE 095 V EA, BFERHTERRMSEMAD. R, %A
HERERD 60 mVs' B, BHEKEAE 1.0 moldm® R HEH X ILEFiE,
FHIES BT 0.60 V. 084V, BFEEFFIMT 035V, 065V. E2-3 1. 2
MESIERHARSHART RN, MEDHERNIES, MFRAMHE
BRI, EATBEMHEEFENBERLEASM, XE5HMARTERNESE
R KL

Sr

i/mA

0.0 ' 0.6 T 1.2
E/V(vsSCE)

Fig2-4 E¥EEAEARR pH 89 1.0 mol dm® KCl FHERRZE, BBHHEN
0.0~12V, HHEEN 60mvs"
pH: (1)80 (2)9.0 (3)100 110 (5120

B 2-4 (thek 1-5) BESH 02moldm™ EREME THAT b2 4 IR AR
FEARR pHH 1.0 mol-dm™ FALF T MTEHRREZE . thE 24 F#4E 1-5, WLIE .



n A LT LT

ZEAE pH B 1.0 mol-dm® EHEF, BEREE —NEATEE, FbkyTF
0.87 V, ‘LJFEA T 040 V., TIEEREMBFHMGERWHREN pH EBnmE
BEE. RFTHA, TEEARERZ L I~E ZZETHE 1~ /), BREHRE
HRZEHEMERNERIELTHE. BTH 24 Fphkt, 3, SIRE 22 #
%2 TR E N, BRERE pH X 8.0, 100 MK 120 ELSE R DI Bk
2t SERBER P R m AR, AR THET 04 %. 145 %LE
224%. EFLRERY, BTRETEBAEERAE 1.0 mol-dm® AL RE HIFH
B BN,

F 2-5C ek 1~DRBTFHAP A& BMNRERAE 1.0 mol-dm” FLE( pH10.0)
PLRARRMHEEERT HERMREZE. RiFgREE v ERTERRAMEER
BRGHELE, WE 2-6 (HZk 1~2). XptEwE, EECHBRET, FERE

I/mA

E/V(vs.SCE)

Fig2-5 ANEEHEETEEKTE 1.0 mol dm™ KCl (pH 10.0)A5EEMR % B, IS
BX 0~12V
M10mVs;, )20mVs’; 3)30mvVs’ @)40mvs’;
(5)S0mVs'; (6)60mVs; (7)70mVs'; (8)80mVs’; (9)90mvs’
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R RRY HEHl. R, SERRRE A B P AR RN 2 52 #s
.

V' /(mvsh”?

Fig26 BEfE v’ ZEMXR (ET Fig2-s ¥R
ML Ak

2.2 BERAEIINT R AL

B 2-7 (% 1-3) #HREEFRASARAR TS ROEAR (B&1 F 2
M BTk (2R3 WRIMDEE. A3 WA, ETHEAE 300~800 nm X
MEERBERE. ik 1M 2 EXNEENERMREE, SHAF 320 nm
#1600 nm Ab. HH 320 nm LHREBRTREREN -t KT 2949, 1
600 nm AR AEME R TR B NE R, XR AR T RAD S
MRREHLEMSEERT AR FERRR AL, RETEOMNGERE R R~
B,



Ead WM RE 2R

wavelength(nm)

Fig2-7  REREEAE FHKIR MR O
(1YPANLHCI: (2) PANI-EMIES:?) EMIFS

2.3 BERMLINE

T

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm'

Fig28 REBAETHAMIIEE
(1) PANI-EMIES;
(2) PANI-HCI;  (3) EMIES



FEMA: BTH kS REREN SRR NA E2)

K 2-8 CHiZE 1-3) S HIRESFREEERERTSRMNRER (21 f1 2)
A OETFHA (H%3) WO, sk | Bim 7 1580 cm™ A 1490 e 401
43 BIIA B F B ek ERER I C=C HEIREN A BT A B 2R 1295 em™ &b
fEm G AR L CN Bi%RE); BFY C-H BEAZE ks NILIE 1140
cm’. EIRE, 7E 800~860 cm’ TEREK KRN T 14-ZHAEN C-H BESIE
HiREh, XA BB ARERARR MR — XEMRENERTEERE
B FDLEG2MT sl fEfZR 112 E IR 3400 cm ' #3200 om™ AbEIE
JART N-H @R aaiesiposc. tighsk 1 M3, AUIRHAERZE 1 MIFHAT
1380 cm” ' 1 1000 om™ Ky, %% R B A BIREE T M E FBASIRER. 71380
cm” ' B H-CH, (L BIREIS 1260, T 1000 cm™ fiE i $=0 MBEIRFSIEM.
XH—EERETRECBRAIBERKE LT .. ZEAR, AEFHET T
EREMS AR PSRN BEREMRLLN, X5 FEMEMCGERSLRE
—B7.

2.4 RERRMMENMT

l-.' 1 1 1 1 4 §
100 200 300 400 500 600 700 800
Temperature({ C )

Fig29 RAEROMBEN N
(1YPANL-EMIES:  (2) PANI-HCI
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Bl 2-9 (fhsk 1-2) REB AP URERRTSRORERIHESFE,
IMMEETEE % 80~800 °C. KA, BERXBREAENBRRIN=,: E—PRE
FITF 80~150 °C 28], HBFEEHAEKS TFHE Y, BEZHKREAMTF 200~
350°C FEEWN, XS ERYEEZRS TENBENSH R, ME~400°C i
(IR ENHNTRERTRENME 1, gk | 712 T8, EETFREP S
REREMRAT h SRR S R R HIT B 2RI,

BT FEERSE

A RENERRY: BTRATRLEERORRREER M pH BEAR
H REFRRALEEE . A5 ERE DL RS AT B R, R TR & RER
RMEGMEERRTERNRERNGHEBLUN. EETREDSRIRERLRE
SEEWT DMF FH AR AT, XA TRER OG04 LR
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E=-F BFREANEERES AR BRI RN

R ENLHER, BERELARNER, A TARS0., dikits
158, SRETETSY BRI IO TI8IO02127) g B
FENBFER. REFE. #EEUAR B4 RERTIR pH FHEMW, XE
—EREE LIRS T RERNNA, XEBEREAY p>4 HEXRNHESFERMEML
FHEHEIRE. RAEFRECMIGE T B R pH KRR 7.

Epstein R ILHEIE T SIS MLNEERED, £ pH N T 7 B ABEBET,
BHEEVEEES 0.1 Sem’. HBAEEERAEKBRPHBEOBHENE, X
FERRANEREE LN -SOH, EAERTERRNRK TEFREMNEENE
F. XS, Wei f1 Epstein® 4@ RAMBENIKE (Fik 75%) BT Bfh
ERIT R AR, £75% MRBTSRNBREKNAIEY 1 Som™ , HEX
FRH RS R AE R A ERBRIRE N g, XERTRERN ST,
EREANTREREREKERTONE, WEXSABREN_REmSEKS
WATRAE K.

BALZREEROTEDRE TSR EGEEE pH KB 773. Karyakin
SNGE TR SR SRR REB. SEEXTRERE TR
HBIEEY . XHARDE pH b 9 HEMERTERFNEMTEIH. 5
RAREREARL, XHIELRY pH HKBHEE T LR EENRE. BERERE
TR g5 PN,

ETAREM, &RARERNEERARFAMAL.

BT IAE B, ez e300 g A pniy v fh a4 P40 N g
FERNE. SFERRAETHREAERNRMER. E—SETHRETSHEE
MREZLHWE. Geo KEFBEEREBNABEFRBHAE LERTRERGK
AP, Wei REFEHEE T WA BMIPF; (1-butyl-3-methyl-imidmidazolium
hexafluorophosphate) & F B £ R A K EP . Miao KK FIEHRE T4 E Ttk

(1-hexadecyl-3-methylimidazolium chloride) H7-& BB MAAKLF 4, Innis FILFH
HIRIE T 75 TRE (1-ethyl-3-methylimidazolium brifluromethanesulfon imide) &
REEEM: Zhang KHFFMET BEERE (l-methyl-3-butylimidazolium
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hexafluorophosphate) #) & /. 3FEHAKBRAE TR 1-methyl-3-butylimidazolium
hexafluorophosphate ¥l CF;COOH J&, BXMABLEEHARTER,
TPAAXEERENEFRIEM CFRCOOH WiHFRIEMA. L i RAEAREETH
1% 1-ethylimidazolium trifluoroacetate &R ARNIEEIFER, MITANXEER
BB TR A R,

ETFHEBTHIETSRERREREN pH Mttt UAREKEB S & R
BEARRNESEE, BRINEREETHESTIRROBEHERTEIEER. BF
PR N EBAT DN ER B IR, HBEERNEBREFDN TS TE.
EHLIMEE, FEH AR, RS RAES P RA TR N R .

¥ TRWH

FRRRAKMNG (LERERFIAT, FHISREEHEEELE. HE
W2 RFI R, KRB EEGERE, FrE R B K&K,

BTk (EMIES) IRAEB R _ELRBIFE.

AR R ERAEZ BB A RIS, RAEBMAABNEERRREE, |
RrEslfE 090 V MM FHAH RBE, HEBEY 0.60 moldm® HE + 1.20
mol -dm? BEFHAALK 2.0 mol-dm” FIBEE GERMERBIIRHRAREGER.
BARBAERLE, BERARERKRE, ZRZEEE LHNER R5%
FESLTE 50~60°C TEZ TR 48h .

B HOBBREHER BT DMF Bl A TR TR, EARER
BesE 2WART DMF H#R, UV-2550 FIRIER BRI 400~800 nm i BB A%
AME; B KBr EREHERERSROLIE (RBRAT, Tensor2?), &
FHIEHR 8X10° PoEFEEX 1.2mm; SDTQ600 (EE) AES UM EH
RHAENS, TR FAEERN 10 °Cmin'; FHEAMNFHTERHERE
YIRS BB EENERATYNITFHSFE: 100 mg HERERER
F 100ml f) DMF , BBEEZHARN 4 mm MERE LK BSELE LR H
HiR, WEEEH 25°C,

BRREM B ES BRI RITERAE CHI 407 MK L, 785
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R ESEEE N 60 mV-s", HHEHEAHEER -02~1.0V (vs. SCE). A Autolab
PGSTAT 30 {SCRIESLRMMAAT RS, FEM 10' 52 0.01 Hz, TRIFELE
S EIRIE R 30 mV, EFITEMR R LR AT FASNE 280, RYERN
FHER PR AL (-020~1.0 V) AMER, HENZELRYES 3568
T ¥ pH IE 3 P45 . BT 7 A pH £ F PXD-12 & pH K, BiEFH M KOH 3k
VAR ALY pH.

FZY HR5WHL

2.1 BEEMEMARE

Bl 3-1 (fhs 1 71 2) SR RERESER 2.0 mol-dm™ MFEEH &M B ERAA

*10 /mA

_8 i i e, - —

00 0.3 5.5 ' X
E /V(vs. SCE)
Fig3-1 REKHTEMEEERAE 0.20 mol-dm” H,80, PHIEHtk &, 54

HEY 60mVs'.
(1) 7 2.0 mol dm™ H,SO, P& B IN Kk,
(2) FEREERPERKEER

0.20 mol-dm™ MIBHEAM P MEFFMR L. MLk 2 EA=MENERE, X
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BEALERT 030V, THETRFSRARERES RN, B oxa T
0.75 V, FEREMAGSRMNYYE, MBESELEMBEE 085 VER, X
FEEHTEERMTAMN " EREERTF AN ELXRNBARZE SERR
& BRI AR 2 R I HOE™, XU RABEPRTET &%
B HEREAE 0.20 mol-dm™ FIBHER M AL 2T A RAEIN, AT #H—PMAERS
VIRLARAE 2.0 mol-dm?® MBS & M EBRRR I BAEIT R, BEEEAR pH
i 1.0 mol-dm™ HFALA R MERR LR E .

32 (fi%k 1~2) S FRERESEHEFN 2.0 mol-dm™ MFIHE P A AR HME

-

rI"il o T

<
S £
o g = N
P i :
5
N 1
2L
— 0?0 ’ 0:3 ] Ol.6 - 0.I9
E/V(vsSCE)

Fig32 AR TARNERERE 1.0 mol dn” KC FHEHRAZE, A
HiEE R 60mvV s’
(1) EREEETEHNEER

() 7 2.0 mol dm™ H,S0, P& LR AR

7E pH 6.0 11 1.0 mol-dm™ HIEALH P IERRZE. B 32 dhek 1 72 AR AL
T Lk 1 LAERYEAERYE, BANELESFHMT 025 VA 073V, B
NGRS FIAT -0.10 V R 049V, TMEME 2 ERF—MERE. FEY, gk
1 IR KL R B 2 ERRM 10 55 X RYER AP & BB E A HAL,
2 ML T 2.0 moldm™ MBI &REIRERE I RLFENE.



&

MK Z 2R

B 3-3 (Hi%k 1-6) &7 2.0 mol-dm™HoSOs P& BB R BIZE pH 7.0. 8.0,
9.0~ 10.0, 11.0 50 12.0 () 1.0 mol-dm™KC1 P {EFRARZ M. 7EE 3-3 (HZ 1-6),
BHEEAE pH X 7.0 8.0, 90 10.0. 1.0 # 12.0 8 1.0 mol-dm™ KCl F R A —4
ERE, HEEAT 023V, HEPRITTTUELMERE pH WA, ERIEH
P E RIS MBS KRB E RN ERMEESE pH M ET0EERE.
AFTAR, FEREFREZME L I~E BERTF I~t 1, Wt REmiR B sk
BAMNEHREL FHE. B, WTUEHERRKTE pH12.0 ) KCl FHEMERE
HARME. X5 EIERMZE—FHE,

*10%/mA

00 0.3 08 09
E/V(vsSCE)

Fig34 TERSHERTERNEFREERR pH £9 1.0 mol dm® KCI s HFEFRK
L, FHRERY 60mvs’.
ol (1PFD:, @Ysh, @%%. 8o, %%, CleiGo, © 120.
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B 3-4 (HLR 1~6) RIEBABRHEHRMEERSFIE pH K 7.0, 8.0 9.0
10.0. 11.0 71 12.0 {9 1.0 mol-dm™ KC1 *p IEFMRZ . H#HEEEHIE 60mVsTs
ME 3-4 (fhEk 1-6) ATLAEH, FERAERPEHIEERLE pH X 7.0, 8.0, 9.0,
10.0, 11.0 /1 12.0 B 1.0 mol-dm™ KCl PH—WEEFE, HEMIEN T 055V,
ERES T 0.15 V. X 5308 HREMRE B, WE 34 (#2 1~6), HEER
W pH FIF R IEEE R T RB SIS, KRR R RN I EE T RE
HE8. ETHE 34 Hheg 1-6 WHEE: JRKEMN pH 7.0 HEALFEE DB
pH 8.0 1 pH 9.0 ®AHEWPN, BEREMBAZFENNIHEET 63 % M
73 %, TRAERM: LEFEM pH 7.0 BENFBRBEPHE pH 12.0 FHEILFE
WFE, BERDMEERRE 752 %0 E2EE. EELREY, REBEEPEHN
FRAE pHT.0 B 120 EHHFEBRPHBELFEEAR RIFMERE, ZRARL
EHREN .

3.2 BERMIAERE

ERSERFEHRNRERAR M pH WEAT REFNBLEEE. AT
— SR AR BT & AR pH B, £7RFE pH # 1.0 mol-dm™KC1
PE R BRI RN BB EHIE 030 V. B35 (ML ah) SHIRE
FMAE pH % 7.04 80, 9.0, 10.0, 11.0 f1 12.0 PR FHEGIE . FHRATHEHR
B#HE—MEE (Re) UR—4HLE. XREPEERRNERRAETRZE R
T EHIMERAET 2R BEEHI0. &£ pH X 7.0+ 8.0, 9.0, 100, 11.0
120 FASERTRERABAEABEIFA 100, 182, 404, 1710,
283.0 F 562.0 B, IXR AR A oh Ao 44 5 v BE B HE VAR R pHL B
M. X485 EHEmTEHREE A,
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3.3 BERMAIIEE
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000 3000 2000 1000

Wavenumber(cm’)

Fig.3-6 A% T & REIRERRRMLItIER
(1) FEREBEHEPERNRER
() 7€ 2.0 mol dm™ H,804 &R MR FE

B 36 (fh%k 1-2) 4BEARAVEHEA 2.0 mol-dm” B & RMEXRLIIL
SR, R (1) L/ 3400 cm ' AARIBIEE T N-H RIOEEREITK.
2 (1) EFrR 1562 em™ 50 1480 cm™ REMIIES 510 & TR LERHFH C=C
R R R MBS 1281 om™ AHUET N AR E C-N BR1HERSD,
Bk C-N IR TaE R 1280~1180 cm™PU. 28 1248 em™ /YR Mg 215
FRER FRMBRTIEK, F% -SOH 1 5=0 M4 E R 7 1250~1150 om ™™,
£ 1147 em™ H—RREOATF SO,7 M ihiREh, MW 875 em™ LK 813 em™ MR
KT 1,4-ZBACER) C-H RIS thikzh. B Lk blsh, sk | E 2940
cm’s 2836 em™ BAK 1379 em™ MR B TFBABIRERE K EMIES 5[&M.
7E 2940 cm’ 12836 om™ FISERI B R H-CH; MR AIAR X BB IREN5 R M
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(1) EREHER PR LR
(2) 7E 2.0 mol dm™ H,S0, -85 i (1188 ARk

3-7 (1% 1-2) SRRERESHEA 2.0 mol-dm’ HMT &MHBEERIE
ShobiEE. B 3-7 (% 1-2) ERE=MRECE . ERAEHTSRNEERES
R 57E 2.0 mol-dm™ BEEE T & BRI B B ERHI S S I LB AT E H: 370 nm  KBFITR
W R R RN nn* KT, 620nm HIRBOESR B BRI ENBRRK, I~
460 nm [IEFHREH KAWL T, XEY ERLREIRORERBDLET B
AP35 po RIS, ZEMIZE 2 & 800 nm ALHREEIENIK B n-MAL T RS R
BN, &R BTER AW & R B RO B R4 SRR & R BRI &
BREMBHUN, REOIEENLSERRE—F.
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3.5 BEBRMAEINE
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() 7£2.0 mol dm® H,804 & RIFEER
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SRENEETERRT SR ERBRNERIMER . SRAEREBRTE
BHREEAEFWAREE. F, HE 3-8 2TEY. EMAREEEEAN, B
FHRATERMBRERRERE T, BHRPERSERATEHNELET#HEE
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FOE  F-REBRIXEMFAEEENTAR

EZ+E£ER, SEERIE S SHAT, REERETELAATSM R AT,
B AR SRR, SO 7 - ARG T —FE M B
RAEBEREEB. SRFERE,. BAR, BEERFNEALERE, EF5A
WP R e, REERENRERAB SRR AR R T REn, x
FEFFTFRBFRIRE. FIEL, KERNERREnER WA, Bttt
AT HEHY, REHFERE R R HRERAEAER. BHENRRULE
&% InCl, F1 NHCl M BA A . TR RSt R 2 e Fias ki pH
B, HAEaREREERTESERM. KAE-BRE RN R RN ER
T, R TR TREW, SRRFEN pH LR, B2 pH HiRHLT!
RERER B EEN TR, —BRE, RIERERNEFRZE, H7E pH > 4
P P AR AREDY, MR ALt S R R B R B O,
Fian, RABARTEYERAERN pH 5.5 § ZnClh F NH,Cl BRFRERFR
PR HEAEEY, REERFEABBERANEFEED,

KRR EHRE—ERERBRR BRI R - FRERAR pH KBt
HROFE, RS m R IR LA R B, R
£ pH T RFUBAEENE, EMNEEERTKIRERGHIER, BRRE
AfCh RS R R, F5h, ATEUES SR TEHE A RERRERN B E
, EERSAYDESZHUBMHIE. zhang ERETHEY poly
(aniline-co-m-aminophenol) ZEH A pH ¥ FH RiFH B ERD,  MAITHRX
MR T F-B R R, RECERNMEFRER 1375Ahkg” H
1525 Whkg s

BT AR CLUEAR R A SR TE s e e g (5202728 B e A S A R
(ORI AR IA ET I MIRLA

B, 7EH 0.60 moldm™ FIZEME. 1.20 mol-dm® EMIES BAXK 2.0 mol-dm™
H,SO, MBAKEH P, BEHEAE 090 V THAZERT BER. ZEERE
pH HiA 12 MENEFERTRAEREE R ITFH R EEE. Hit, ROMAFHER
KM - B AR KR, BAEREE S 2.0 moldm™® ZnCh A 3.0 mol-dm’
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NH,Cl #5k. Wil TiZEBMTEREERE.
—% LTRES

BERMESRNE=ELRH TR,

MR R B R, FAMYEE . 19.8 mg NEHERTTRERR Y 1.0 cm™?
(BT, FXAMERMREE-B R kb, BARRYEE A 2.0 mol-dm™ZnCh
0 3.0moldm™® NH,Cl 4%, B 7R BLRREAE CHI407 LA . B pH
& PXD-12 & pH #llxE. FiELRMEE RN 20C.

F-Y ER51E
2.1 TEFERE M2 AT B it M RE AT 22 o)

RE=FTH, ERABFETEBNEEREARR pH KAHHBRE RFHSE

hi] 40 piti] 280 350
timin

0 10 2 30 %N 0 ¢

timin

Fig. 4-1 ®WiB4HI7E 10 F1s mA BHF g 42 HE 1mA BHREF TRBE
TR A 2 ft th
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WEETEN BT IXAMES, B-BRR Kb EE, BamgEmy 2.0 moldm?
ZnClL 1 3.0 moldm™® NH.Cl, BEMFEHEEER 1,60 V. ZEASMBEHE
B pH REENEW, SBEAEBEN pH BEHIZE 6.0.

BRI EREER 10,5 F 1mA,7E 1.60 ~ 0.80V FHRATCHENHTR
REER. B 4-1 FlL% | A 20 B4 2R i HE 10 mA (5mA-ecm™), 5 mA
@2S5SmA-cm®) MR 1mA (0.5 mA-cm D)FHBMLE. £/ 4-1 KL 1 f 2 L,
AR I RBPAE 1.25~1.10 VIER A LR E XS BE B T RAERK, mEHe-2
Pk R7E 1.30~1.00 V. LLBCRREREE T RBENEETH: ELHREE
A 1mA RN, REBNECEERS THERR T ARENER. XXER
B T~ 8] B A AR AR AL IR RS R S R

REROERRE M 2 MARRSGR, FERMRECEE. FHRREH
EFgERERTIT TR,

Table 4-1  Zn-polyaniline HLIIITE i HdE

Current  Averagecharge  Average discharge  Capacity density  Energy density Coulombcic
Voltage (V) Voltage (V) (Ahkg" (Whkg) efficiency (%)

Charge Discharge Charge Discharge

10 124 L10 1284 1255 1592 1380 977
5 1.24 1.13 1426 1364 1768 154.1 95.7
1 1.26 1.20 1580 1412 189.6 1694 894

BT A AR TR R DL RS i Al BR R T AP TR
B BERPILUER, £ 0.5mAom™ HBEREFEAREN, HEOCHERK.
RRETHBERRGIEN, EhX T BB BN LB K, RPEHRRY:
AR ERE T EHME R RREE N MEETTEN. L 0.5 mAom™ 8
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HERRLCAN, HECTEAREERE SN 1412Ahke™ F1 1694 Whkg .
SR, £ 5 mA-om” MEBREETAMBRNECEENGEEEZEIHA 1255Ah
kg A 138.0 W hkg™, ‘B HICHRIRAE AU7E LU B RER 025 mA-em I HE A
BN PEOREEREREGR, Mt -kt f AR HE LS — B XS
HHE— R, X—MUEMEF TR SRR, KREHEAXNMERRE N
-BAR CRKEMERMEREET AR RERHERNTHEE-BRER K,

2.2, Fery e BRI B RERI R
WP, RRENERREEEEEER. BEit, E#5el LA

EfV

0 12 24 36 ag 60 72

timin
Fig.43. AEFEMEEE Zn-polyaniline —KEEAIEL T
(1) The first cycle; (2) 150" cycle,

HREEERRLRE, BiZEtTEERRE AR, RN ERE T
2.5mA-cm, Bl4-3MLE 1 R4 B E—BLLKIS0 BN TR . EERRE
HIBHRF T2, BR2GBAET 40,5150 BRMECKENHA 95.5% ML R E
5% —BHAENTHET 6.0%. XEHZEHLE RITFHERBEER.
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Table 4-2 Zn-polyaniline B 4L 78 7l o $i4f

Cycle Average charge  Average discharge Capacity density Energy density  Coulombic
voltage (V) voltage (V) (Ahkgh (Whkg" efficiency(%)

Charge Discharge  Charge Discharge

1 1.24 1.14 140.3 133.9 1735 151.6 95.4

150% 1.25 1.09 1367 1306 1713 142.1 95.5

E=N AERS

FE4FH 0.60 mol-dm® aniline, 1.20 mol-dm® EMIES A% 2.0 mol-dm™® H,SO,
MR SHHRPEEE ol F RIFBAEFRNRERR. BIZEG RS- R K
HLNREETENECEERTHENERRE. 68 150 B, KECHER 95.5
%, MAREFHESHE - BEHAEANTET 6.0 % XEREZE-BER K BhE
pH 6.0 KM FIERTE LT AB AR, B pH NEBEREBRARFRPESE
A% LA R AR I B 4 o

SR
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