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Charge Storage Behavior of the Carbons Derived from Polyvinylidene
Chloride-resin and Polyvinylidene Fluoride in Different pH Electrolytes

Sang-Eun Chun***

ABSTRACT: Two polymer precursors, polyvinylidene chloride-resin (PVDC-resin) and polyvinylidene fluoride
(PVDF), are assembled into the microporous carbon by pyrolysis. Microporous carbon is advantageous as an electrode
for supercapacitors that store electric charges through ion adsorption/desorption. The pyrolysis also turns the various
heteroatoms of two precursors into functional groups, contributing to the additional charge storage. The analysis of
the porous structure and function group during carbonization are important to develop the carbon for energy storage.
Here, we analyzed the functional groups of two polymer-derived carbons through X-ray photoelectron spectroscopy.
The electrochemical properties of the functional groups were explored in various pH electrolytes. The specific
capacitance of two carbons in the acidic electrolyte (1 M H,SO,) was improved compared to that in the neutral
electrolyte (0.5 M Na,SO,) due to the faradaic charge/discharge reaction of the quinone functional group. In
particular, the carbon electrode derived from PVDC-resin exhibits a lower capacity than the carbon from PVDF due
to the small micropores. In the alkaline electrolyte (6 M KOH), the highest specific capacitance and rate capability
were obtained among the three electrolytes for both electrodes based on the facile adsorption of the constituent
electrolyte ions (K", OH").

Z &: Polyvinylidene chloride-resin(PVDC-resin)2} polyvinylidene fluoride(PVDF)9] &= &8 A= G&23) I}
e S uto]A R th3 A ©aE HEtE o] FER o] F/EE 08 AstE A4St HAWAIHE A=A
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Aol 71018 4= Qlong, 93l A YA == 2E7]o ek 242 AU A] ARG SdLaE Ndsted T8
sttt 2 AtolA = F E2H AEAE 9371 & A E 248715 X-A A 23 (X-ray photoelectron
spectroscopy) i} TheFgt pHO| sl Aol A &4 H=2] 7|38t A 32 §5to] Eelseltt. 4Hd (1 M H,S0,)
Ao EHE F &4 A9 837|852 B/ H quinone 2H8-7] 9] s 2 d| o] S/ ¥ gEo T4
A2 (0.5 M Na,SO ol A et F7Fekglct. 53], PVDC-resin© 2 5 H P E Thav= vl 22 nfo| a2 7]5-0]
FHo| FA = o] Qlo] A o] 9] F2& o YA st =, PVDFREE A H T H=of vls) F& &S
Helok 4714 Aafd(6 M KOH)ol| A & &4 A= w5 37k4] Hafjd 5 7P =2 w7 85| SH= =T,
o= A s AsjA o] 2E(K', OH)o] &+ ehaof P H nfo] AR 7|30 2 F/d2to] go|stA dojuh= &
Aol e d Q] /A v ' F=7FA )l Aetrt A= S7] wtolth
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2. Experimental

2.1 Material preparation

S Bas TS g ATA BARA 5 7R
Z 59 21 polyvinylidene chloride-resin(PVDC-resin;
F216, Asahi Kasei)?} polyvinylidene fluoride(PVDEF; Sigma-
Aldrich Inc.)& AF&-35}9ith. PVDC-resind} PVDFA LA =
B FARE] o] F U 7} ZaEo] Qi Weje drd
& &9l ©3H carbonization)HTh. H&E3| FHS $Jsto] =
B RE AVZRE o] &t Ax VAE EHFH (G
300 cm® min?') 700°Ce] R Z oA 2417 & A g5ttt
PVDC-resin AGA= N, 2&]7]o| A 600°C Gx2A] A%t
H ot HEEEA U279 7o) AL TH13]. o
2hA] 2 Aol A= 700°Coll A BA 2 S Foto] 7= 2

s deth 5= A Y A ok AY
Ao g 17 £El 5°C min' o2 1A T4

2 F7HAR AAIRHY glo] A= 2EdE 283
¢ 31 PVDC-resin®} PVDFZ H g A= MEZSE
PVDC-carbon¥} PVDF-carbon® 2 "9 x| ¢lt}.
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2.2 Material characterization

A A W= FAFE 07 (FE-SEM; SU9220, Hitachi, Japan)2-
&5to] 5 kve] 7h< At 10 mmo] 2HE Aol A &
H ga S5 XY B4 9 A4 20)E BERY
2 A MESY HIREA, HA 7] fy, 7] R
=245 93l 7|1AH S217](gas sorption analyzer)& Al
sfel N, 71A0) 4T BYOR F/Here Aote e
elshol (P/P) ZA3hoith 1A FA AW A e S
o] F2hEo] Gl B BA Bl BB A5
gkof 300°Co|A] 3 h FF X5 E917]oA DA elste
7] (degas)sFATh. ©7] & eha AEEo) oo 24 N, 5
L Zzka X (isotherm)© 2 F Bl multi-point Brunauer-
Emmett-Teller(BET) |22 H}g} 0 2 H|EHZALS A5
ok Al 2% a0 AA| 7]3 K3 (total pore volume)= N,
71A419] & 7194(P/Py) = 0.95 F-Lo A O] N, FAFFo =
HE s 7129 37 8 E3EE= Quenched solid
density functional theory(QSDFT) A4 A& o]-8-351o] A
otk BAE HaE PAE 24T AL 487
(functional groups) 42 9I5ko] X-Al FHA}; g £497]
(X-ray photoelectron spectroscopy)(XPS; Quantera SXM,
ULVAC-PHL, Japan)Z AF83}3lch XPS HA]7] thay
(monochromatic) Al Ka X-ray source(24.6 W)S AR2-3143 T}
survey A7 HER =45 AU EY O 2 HE BAS] LA
i AES E445}19 AL, high resolution A7 =04 A
sEEY o RNE B ABo) EASHE chore 44

Bl ol oo H1 CLoox O

M ufl Ho

flo

7] (functional group)E #4135} t}.

2.3 Electrochemical measurement

AT MBS AlssE AE W A BAS 9l
A RE Ba MBS BEAR ol 43S A 2519
A =2 polytetrafluoroethylene(PTFE)(particle size < 350 pm)
vlelr] W A=A B4l carbon black(KETJENBLACK EC-
600JD, AkzoNobel)z+ 317 85 : 10 : 5] Zeku] @ njy-ou}
(agate mortar)¥} ulle-3-3-(agate pestle)S ©]-8-3}0] E8] 4
o2 Eahato 13 BAS Zvlakodch. 17 ske AEL
A} A=+ Al(three-electrode cell)2] HFZ: 21 2] & €] (half-cell
set-up)2 A3t} s A=F(working electrode) .2 3}
A= Ba A2 AL 0w Al A=F(counter electrode)
o7 FY wlFA(coiled platinum wire)S ARE51STH

chabet pHe| Wal Aol A o] H7)3het A% RS
Slstol 37bx) WelH-L ARSI 34 AR 05 M
Na,SO,(ACS, 99.0%, Alfa Aesar)-8-oH-S F0|3} a1, A4 A
= 1 M H,50,(98%, DAEJUNG) 8912 o7]14 Hajad
2 6 M KOH(pellets, 85%, Alfa Aesar) 8-S A2-35}%i ).
AHgshe Al et 2dld S-S At 71 A=
(reference electrode)S &a]sF o, ATt 24 A2
o| = saturated calomel electrode(SCE; -0.241 V wvs.
normal hydrogen electrode(NHE))E AM8-3}% 1 4% &
& A= RE NHEE 7| o &2 A8t
(Bxgre = By + 0241 V). 9714 A dol M= 7|2 3o
2 mercury/mercury oxide electrode(Hg/HgO; -0.098 V vs.
NHE)E AHE-sH3laL, 4% Zdl8 g2 NHES 7|&o =
L}EI'IH gir’}_(ENHE = EHg/Hgo +0.098 V). ﬁﬂﬂfﬂ' A9 /\] A
= 7]l o] FukgS 9] flsiA S |71 A
AoflA= A= 7]HaA = nickel meshS ARE-SFAIL, AHd
A2 2] Aol = stainless steel meshS A}8-3}% ).

A 2= 9] v A 7]-8-F(specific capacitance) 2 171 Z
270 A 9] &4 5/ (rate capability) 57 517] 9]t
cyclic voltammetry ' 02 X FAIS L E & E]s}o]
(5mV s, 10 mV s}, 20 mV 5!, 50 mV s!) 98- A28 =
shelch 07 G A ma FAEE 5mV 5o
A1 9] voltammogram © 2 KL & S5} ch. A =2 A&
Ao A o] H7)8kst jE-g EAZ f15ke] [ 785 o v
H A E33H (electrochemical impedance spectroscopy; EIS)
2 AAIBIR AL B2 A (open circuit potential)Z= 71 of 4]
5 mV ZZ9] x}<l 1} (sine wave)2 7}5}o] 1000 kHz-
0.1 Hzo| Fut5 w9lo] A I3kt

94 gre

3. Results and Discussion

% Zg|u AFA 9] PVDC-resin?} PVDFE2HE] § =¥
o] W 4SS FE-SEMO R weh Ay} et e
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Fig. 1. FE-SEM images of (a) carbon derived from PVDC-resin
(PVDC-carbon) and (b) PVDF-derived carbon (PVDF-
carbon). (c) N, adsorption/desorption isotherms and (d)
pore size distributions measured from the two synthe-
sized carbons

Table 1. Various morphological properties of the two carbons
synthesized from PVDC-resin and PVDF. ®Specific surface
area calculated by a multi-point BET method. "Total pore
volume calculated from N, adsorption at a relative
pressure of (P/P,)=0.95. “Total micropore volume
calculated by QSDFT method

SBETa Vtotalb Vmicroc
Sample ( In2 g—l ) ( cm3 g—l ) ( cm} g—l )

PVDC-carbon 798 0.49 0.23

PVDF-carbon 969 0.57 0.28
£ BE Sl umo) BUER BE uj2d RWS 25 2
o] 2= it (Fig. 1a-b). PVDC-resin A4 & B4 Y4
2 PAE 2ASS 27 He C) ool shet A
2 231 9low], PVDF 3t fAke geje] wha Fatol
He B 2318 748 21 ek ¥ Eelw A7AE o

A2 shz Eot FARSOl dEE das2 71AY FHE
YEEY F2 AL 7S o2 ddS st Al ©
P T23]. ©ef IFA F DAY Vs "4
éoi‘a“’ﬂE Eokal oA 7] go] WEEA| ¢
= = 1 @l AdEE 7IeeS i A
719} U} A2 715 (*5 < 2 nm) = Uﬂﬁ"i 7% (2 nm
nm)5o] i AR Az

o] MAE 7|ZES AFH oz BASH] g
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Fig. 2. X-ray photoelectron spectroscopic results measured on
the two carbon samples: (a) survey scan and (b) O 1s and
(c) N 1s high-resolution scan results of PVDC-carbon. (d)
survey scan and (e) O 1s high-resolution scan results of
PVDF-carbon

S
24]. 27] B2 -ga o A N S sele] o
o)A 7| FoR FHF| Uehbs A0R £ i &
Al 718 GREe solaz flges T4E A o

= qleh 27 AT E WY oA F/EA Z A ALe] 9] o]

23141 (hysteresis loop)o] 7] 9] LHePLEA] Qs o] %
71 garo] v ¢ W& of ] Bheh(Fig. 10)[25). 5 22
Ao gHE QSDFT Ho =z zf3rA3st 7|5 37) ¥ B
(pore size distribution)=5 W F SE-AAIEY djFEE9] 7]
22 micro 57]9] 7] 8L & 4= e (Fig. 1d). F Ao
—1‘?‘::75 T E v w3 EH PVDE- carbonoﬂ A= ulo] A

of 2 olotq o] u]4c:4;<4 2 A a—mg 7]

k0] ok*c}oﬂ 7]040}@E}(F1g. 1d and Table 1).

= Y49 vj&7 O, N x3+
ahi mlﬂo 288 B8] 915k0] XPS 242 A%
3} (Fig. 2 and Table 2). PVDC-carbon &2 B4~ 0] Q]
o= 02} No| Z&5}9 =], 11 o]8= £4=3} PVDC 7}

obd resino] Z7HE PVDC 14|17} ARE-E| 91 7] wiZolch

(Fig. 2a and Table 2). w}2}A], PVDC-carbonofl&= O == N

Table 2. Composition analysis results of the two synthesized
carbons (calculated from XPS survey scan)

PVDC-resin
derived carbon
(PVDC-carbon)

PVDF-derived
carbon
(PVDF-carbon)

Element (at. %)

C 91.27 93.80
(0] 5.12 5.16
N 3.6 0

F 0 1.04
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Table 3. Compositional ratio of functional groups presents in the
two synthesized carbons (PVDC-carbon and PVDF-carbon)
measured from XPS high-resolution scan

Peak Functional groups BE. | At%
531.3 | 28.8
Quinone
H
O 1s Phcnol 532.5 | 33.0
Carboxylic acid
533.5 | 374
. Chemisorbed 5350 | 08
PVDC-resin oxygen and/or water
derived carbon
(PVDC- = |
carbon) \N 398.4 | 31.0
PyridinicN
:N: 399.7 | 19.0
|
PyrrolicN  H
N 1s yrrone
Quaternary N
‘ 401.0 | 47.1
o
|\|f’
N 403.0 | 29
Oxide-N A
¢ 531.9 | 35.1
Quinone
PVDF-derived H
carbon o Phcnol 23401 213
1s
(PVDE- Carboxylic acid
carbon)
533.0 | 37.8
Chemisorbed oxygen 5357 | 58
and/or water

& oK 21871k £ 7102 2K TR, VDR
carbon®] 7 -of = g4 o] 9]0 09} F7} 221 & ¢l th(Fig.
2d). whehA|, PVDF carbon AZ2] 7-9-oll= sf=d| o Wk-&
& ol 24713 02 Etelis 44715 A4E Aow

7]t H o} (Fig. 2a and Table 2).

Bhao] EAfshs 44719) M&S H47]E Eakele €
29] TFAIE A7 0 2 HE 51 TH(Table 3). PVDC-resin
20 G BadA 09 NS Egshs 2-87]7} 27]
s}et Aol 714 o2& O 1s ¥ =9 N 1s 9|35 31
o= A e B RE Al 05 23 3t= 287+
carboxyl acid, phenol and/or ether, quinone, chemisorbed
oxygen and/or water 42412] Ml &2 EAJ5l= Ao] Bhel¥|3)
t}. 3HH, N2 Z3lsk= 2-8-7|= N 1s 1] =2] deconvolution
S 2 HE RA35}¢ 11, quaternary N, pyridinic N, pyrrolic
and/or pyridine N, oxide N £=4]9] H|- &2 ZA||5|= Zlo] &
=it PVDF2HE f =% g0 2 9-ol= O3 2+
£7]& carboxyl acid, quinone, phenol and/or ether,
chemisorbed oxygen and/or water <=2] H| &2 ZX||35}3 ).
PVDC-carbon¥} &) N2 35l 2H27|= 2614 oF
Utk P FAE 27 OF Xsh= 487 = carboxyl
acid7} Al o] A5, PVDC-carbonof| A=
= R 2 wo] Z)8}aL PVDF-carbonol| 4= quinoneo| F+
WA= wol EA skt

T4 e A 30| 2Afste 247]o] what )3kt
2 7%50) 2ol £437] gIstel thi pHE] 371 A3}
Z(eM KOH, 05M NaSO,, 1M H,SO oA cyclic
voltammogram #7]3}8} A@S A A5t T}(Fig. 3). & 7}
A Bk WO A 7 =& HleE 2= O 2R871?] carboxyl
acidi= @71/ AafdolA Akstehd o] sfzjd o] vke=
o 71 A A E ol A= Wh-E-5EA] gh=Th26]. whEbAl,

FAE F hh AT 9714 A9 A2l KOH §90 4

phenolo]

capacitive 74 WH-8- 0] ﬂ o= #eg e v oz =717
o] Al AL & Aoz AYzbect. 3HH, PVDC-carbon A4

—~2 (a) PVI?C*:arlbon . . ~2 b} PVII:)F-r.arlbun 3 :
‘o Phenol - -] Phenol s

s Pyridinic . Pyridinic
5 Carboxyllﬁ:ud Guinone s—' Camﬁ:ud a =
=1} 4 <1} . J
£ £
£ :
50F 1 50 y
o Q
(2] - o
-] =
3-1 u ——H,S0, 3'1 - —— H,S0, ]
o ——Na,50, a Na,S0,
7] KOH 0 KOH

2 . 2 L
-1.2 0.7 -02 03 08 13 -1.2 -0.7 -02 03 0.8 13
Potential, E (V vs. NHE) Potential, E (V vs. NHE)

Fig. 3. Cyclic voltammograms (scan rate: 5 mV s™) of (a) PVDC-
carbon and (b) PVDF-carbon samples in three different
electrolytes (1 M H,SO,, 0.5 M Na,SO,, and 6 M KOH solu-
tion)
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Table 4. Specific capacitance measured in various pH electro-
lytes for two carbon electrodes

1MH,50, | 0.5MNa,SO,| 6MKOH
PVDC-carbon 81Fg’ 21Fg! 178 F g
PVDF-carbon 205F g’ 83Fg! 213Fg!

Z9] 0 2H87] F F HARE =2 v]-&2] phenol groups &
Al G717 AsfEel A g o] Hhg-5 do|ar 4 &
Mo A= Akelghe B1A] =t} ¥HH, PVDF-carbon A&
oflA] F HAR =2 v&2] O 2-§7]Ql quinone 4Hgd A
s oAt s e o] Wke-S 2het[27]. webA], PVDE-carbon
WL 41 Mol A o]& Fare] capacitive 571 0]
oo = 3714l afeiu|o] Hrgo = HahE AT Ao
2 7|t

PVDC-carbon &2 N 87| Z&51a Qo 1 =
Quaternary-N9J H]-go] 7} =9kt}. Quaternary-Ni} 317
oxide-Ne Hal Ape] Beidle] wgoli Bolatr| gkl
9 A=9 A7) AedE S7HA FEE AU AR
ol 5= A&t =28 N 2H87] § F A= =&
W&o pyridinic-N& 4141 golo] 4] sfeidle] whe-2 o}
A, Al HA R =2 H]E2] pyrrolic-N& dzbe] -§-ofof 4] 1j
oo} ¥ it

W) EAJs= cherat 2471 Sof uet 1) 5t A
59 ¥izks Au)7] 9isto] thekdt pHO| A AoA = &
4 A=of| T3] cyclic voltammetryE ZA514t}(Fig. 3). tF
et Aol A 24 T B HFo] )07 8L Table
40]] A28}t PVDC-carbon¥} PVDEF-carbon A4 =2 7+
7} 798 m* g3} 969 m* g'o] B3 H|EHA S o=
S5} Na,SO, A3 & o)l A PVDF-carbon A& 0] ¢F 44}
=2 892 2}t PVDCoresin® 2 R E| §=5 &4 A
ol ¥ v A7 &S Hol= o= W2 HEHA o
e E95kaL garof] EAsks W o) A2 mpolA R 7
2 ujEel 2o 2 AYzhEck(Fg 1b). Na,sO, Ha| A4 2]
voltammogram2 M F2] Bof| A Wk A7 gho] uf$
o o] ERlE=d| o] & A7]9] SO, o] 0] M= &
ol A9) BAE|A] or AL ofu|shu, EHo] EAjoh
o 7l go] Awl| P28 & 27]9) SO ol £e] FAL
oA s3] e Az,

4Hd H,S0, AsfAofA] = &4 A=20] v] A7 &
T 4 Asf oA 9 v] A 7]-8FH o} /= lh(Table
). £3], F A=9] voltammogram X% 0.43 V(vs. NHE) £
Lol A 4tshEhd WHE-9] u 2 & K o] 3 Qlth(Fig. 3a-b).
043 V(vs. NHE) FH 29 Atsl/3l9l m 3= quinone/
hydroquinone®] redox W& wj&Zo|m A F &4 25
o &2 Hl&& EA5t= quinone 2H8-7|7F M AW &+
120 H' o] &3} yhgaho] 37149l g elu o) hgom
st Aol 710137] WhiZ o2 Az TH29]. PVDC-carbon

S
A o

MEW pyridine-N 2-8-7] &= A Asi Ao A g2 <] vt
= st =E, Ast Ao 7| E 3 A o= YZHETH26].
PVDC-carbontl] &A5}= N 2277} A3} #Akof 7]k
ot Z4 % v 7]|-85Fo] PVDF-carbon Xt} o W& gk
= 7M=& o= @A ol EASh= ultra-micropore
w02 AZbEITh %, H,S0, Aa)d t) S0, ol o] 43
FHOY A 7|3 oz Qs F/E2sH] ofH 7] e
2 A=t} (Fig. 3a). H,SO, 23l & o]l 4] PVDC-carbon A&
9] voltammogram 7§ &2 Na,SO, As| Ao A 9] T 7
Pt AFGs] FARHAl ek, 32 9] ultra-micropore=
Q13 ol& Fao] ol Aol 1S Fza(Fig.
3a)[30].

2HH, g A s Q] KOHE- Y of Al = H,S0, 4 sl 2 11}
= g9 T3 Alslek w57 EEA] ok skoh(Fig. 3).
KOH gl A Z4E vh3 AR77}F vlad FekstA vhet
U= olfr= digd o] whgo] dojub= e} vEg- wlAY
Zo| 27| Y7o &2 AYZ+=EH31]. PVDC-carbonof =2
2E& 2 24 5F= O 2-8-7] 9l carboxylic acid®} phenol>
KOH A&l & of EA5t= OH o] &3} s &g o] Hh-g- o=
A AZITH19]. = A5 25 KOH g9 A= H,S0,
Aeffde ARt S HA7|85F0] o A Vet
I o+ F et AE 5% phenold} carboxyl acid o] ¢
71/ A s Aol A Wh-g-3k= 28712 H|&o] A sl A e
A A3} 2H8-7]¢] quinonel th 7] wjFo] d7|4 A
Ao A =2 &5Fo] Uetb= 2o &2 7 E th(Fig. 3).
PVDC-carbono]| Z&2]|3}= pyrrolic-N E3F A7) A2 o
A B A Fleisker] WO SaFT

KOH A3} Aol A 2 |4 7] &abo] e & oh2
ol f-= KOH W4 o] £50) A=xw o2 T2} vhgo]
ohe sl wa) 44 Lolstr] ez Azt
Voltammogramof| 4] oFo] B9 &0 Hl2 A7 2o
o Fato] WF wR o2 1A Aoskehs AL ofnjgieh.
AL, 4] sl A0] EAISHE 339 729 S0, ol£e]
4=31¢] =7] (hydration ion size)® T} 12} A& 41321 OH-
o] Srsfolee] 7|7t Ko He FlBoze] Hafo| &
o|strf[32]. Alth7h H'€} OH™ o] &% §mj ¢l H,00] A
proton hopping ¥4 ©. 2 F3] H;O" e =2 o]-&sto] v
ol 2o vla wjP- F O]LHAEEE A BE HstAY &
T =Y 5 AUTH33]. Fol9 o] & M=o - K' o]
£.(73.5 S cm? mol!)o] Na* 0]-2(50.11 S cm? mol )Xt} T
=oF AstA G Hhg5 FFAI7I 2R K o] & E3F H[F7|
B ol 7]tk Ao g2 AFZFETH[33].

T g4 A=H(PVDC-carbon, PVDF-carbon)o]| T3l o2
pHE| AsfdoA &4 54 &, Kol A vlA7-85F9 &
A &g 245 HFig. 4). 4 54 242 $18l 5 mV 519
FARS O A S5 H] 7187 thH] 10 WE FARS =
(50 mV Yol 4§ §ake] mE&E HAER A4rsiac

rfo

rl
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Fig. 4. Capacity retention of (a) PVDC-carbon and (b) PVDF-
carbon at various scan rates (5 mV's”, 10 mV s, 20 mV's™,
and 50mV s) measured in three different pH electrolytes
(H,50,, Na,SO,, and KOH) based on the specific capacitance
measured at 5mV s

PVDC-carbon AZ3} PVDF-carbon 422 KOH A&}|& o
A Z1ZF 69%, 80%2] 71 =2 &4 5445 HYlrh. KOH &
Mo A O] 2 EEHEAE ol A AAH A

= T358k= ol (K9 &2 o] A == 2f 3o 2(0H)
O AFAQl F271 Asfd o] 29 A= xHC R T/t
W& &olstA st3l7] Wle o= AE e B3k e A
3] 2l o]l 5| PVDF-carbon A§&©] PVDC-carbon AZ2] &4
E ARt} =9t}t PVDF-carbon & 9] =2 &40 A
A= e EA8t= 71-5-9] =717} PVDC-carbon?] 7]

Hop Ado 2 ¢ 7] fjEo g Hz=E) F eha A2
BE H SO, 804 Na,SO, SoHTH =0 84 EO
ol o9 E AU mE 2 57]9] o] £(S0,)0R
=0l Sl Eekal A& =7]19] H' o] proton
hopping ¥+-3-0] H,SO, A8l Ao A Uoji} B} §-o]3A
S/ uhgo] ofity] uje. Az
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717} A 91, PYDE AR o] 490l OF Zqshe
71 187171 F4 5%,

AHE F e AT BE FA AsE (0.5 M Na,SO,)of
A P e 1SS Bely o]t 344 Pl 2
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Fo] ol B2 6% Wajelely] W AzkEc. A
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