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292 : Arsleluur-g A A&, poly ether Z2e]7} A= Cobalt( I )bipyridine 22-& §4
s, olE AgE =1 WA S BFY Al FE HYslxich Co(bpy(ppgm)e)s-
(Cl01)2¢ef] 3} A LiClOw7} E%5 neat AFel o] Ab3}ub-2-of] &t #4445 1.5% 107 %cm?2 /8
Atk o] AFEEL) By Aol F SEAAFES Y4 gado] alsich SAASe] A
o wpel Sxabp(k)e) Zart dojueth. g o124 HA st ClOa 9 2L ol ol
48 YAshe CFCO0™ 3RHE Rt $4bA) 57 44 =jgke}.

Abstract : The synthesis of poly(ether)tailed bipyridine complex as redox reaction
probes has advanced attempts to interpret very slow diffusion and heterogeneous electron
transfer. Diffusion coefficients as low as 1.5X10™"® em?/s have been observed for the oxi-
dation of neat Co(bpy(ppgm)z}3(Cl0Os): with LiClOs electrolyte. Heterogeneous electron
transfer rate constants of materials were found to vary with diffusion coefficient. The de-
crease in k as the diffusion coefficient decreases was actually caused by the decreasing D.
Diffusion coefficient for compound of strong ion pairing anion(ClQs ) was much smaller
than the diffusion coefficient for compound of weak ion pairing anion(CF3CQO").

Key words: Diffusion coefficient, heterogeneous electron transfer rate constant,
microelectrode, poly(ether)tailed bipyridine complex.
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2.1. A2}

49 CH:CN3} CH:OH+ Aldrich Co. A E-& 4]
sl F7/g o8 AR ARl Baslgc}. LiClo,,
CoClz, Mg(ClO4)2 5-& Aldrich Co. A &g 7 &t
AEAZE ¥ A48kt Co(CF:CO0)2e Sharp''e)
o] ulel 484l 3, bipyridine tripropylene
glycol monomethyl ether(¢]&l bpy ppgm)2} Co
(bpy(ppgm)z)3(Cl0s)2, Co(bpy(ppgm)z)3(CF:CO0):
& Poupart “¢] why ol ube} 43 s}ed ALgstact.

2.2.7] 7]

FT/IR ¥3%7)(Jasco 5300) 2} UV /visible ¥37)
(HP 8453), 123 nmr ¥#3%7)(Briiker 400MHz)&
ALgste A S 335 Hale ERA L sl
27 A=Y picostatel T2 73" ALgste] £
YHF(CV)} HAZTAF(CA) 2HES A7 4
gkt

2.8 4
Co(CFsCOO): : #}3}2] ¥ CF:COOHel 4:%2]
CoCOsE 3o|3, &2 Y22 wslr} & 7= 3%
T4 Aon S AW AFAE FH2 4
of-& & ¥ulw UV/visible £%71¢} FT/IR £33
712 gt
UV /visible : Amex 518(e=3.2x10°M ‘em™)
FT/IR : COO asymmetrical stretching(1712,
1633, em ™)
COO asymmetrical stretching (1463 cm )
CF asymmetrical stretching (1205,
1157 ¢m ™)
C-C stretching (850 cm ™)

CFs symmetrical stretching (796cm ™)
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C-CO: in-plane band (728 cm h

2,2 -bipyridyl-4,4 -dicarboxylic acid®| &4 : 4.4’
dimethyl-2,2" -bipyridine 20g& 25% 34t 800miel
gt BelrmE 9LF WUl STE FRIEHA
KMnO: 650g-2 7}8tgict 2t & Aaslar 124
7} refluxstedch. #eke] KMnO: & #a24]717] $ls)
sodium meta bisulfite 0.2g-% B3 A28 Y7ha]
2 F AAEE He AzsAch doddl AHEL
50% A 4F 200mlell =o)L 5A17F E9t refluxdiaich
Ago g WAZ) F 75 800miE Zhshsich ¥ A
g He| A2A7] thd NaHCO: #9 xo]|i 18
A7y Aol Frh HCIE & w4 zrlsle] 227
-bipyridvl4,4 dicarboxylic acid 44 &E& 3¥l.e.,
AAAES Ae] 50T AFAFe Al 24415

2,2 -bipyridyl-4,4 -dicarboxylic acid chloride2]| B4 :
2.2 -bipyridyl4,4 -dicarboxylic acid& SOCLe] =
484)7} refluxdtgeh. 322] SOCky #Aste.g A
3} 2k A E-& carbon blacke] F§% heptaneci
7haled A7} Frdstgdct o] =AE uf carbon
black-g F#] W 4 JHEL heptane 22 |24
sho] 21 3rAbeR, 50T el A 12417 H3d ).

NANANEK $
<

2,2 -bipyridyl-4,4 -bis(tripropylene glycol monomethyl
ether carboxylate), bpy(ppgm):2| £ : CHsCN 6m/ell
17mmol®] ppgmS 0], benzene 100m/ell 8.6mmol
2] bpy-dicarboxylic acid chloride® =] &£¢ 3}t
2 A7) A AFel| A 20817 A o] F<¢it}. Triethylamine
42miE A7bela 2~3X17F of Ao} F9t). Benzene
2 1] 7}3}3 triethylamine-& Hz| W] WY F, &
oo} 4] benzene-d 7+t AlA s+t TLCR #elsla,
silica gele] M $izl columnejA] CH:CL: :
(1:1)22 Aastgeh. 'HNMRE ester7] 8] a-gta
o4 2tell ¥ pyridine A kA 2ke] HEw7h 1:3&
vtehfsich ©]7Z1& pppme] pyridine ringell ¥l
A& 2lnshs, o] 33ES) nmr 23 Y& Fig. 14
el slch

Co(bpy(pppm))x(Cl04):2] 4 : Methanolo] Co
(C104)2 0.3mmol-& 0] 3, methanolol| bpy(pppm):
217k 0.9mmol & =) £A4% Egsiach HL #
Aol g g A HE97)e] Aol 2427k Ao F
oot 4ol E AFog FE B 80T Al
2o}l dojzl #HE-5 CHzCl2} acetone(1:1) £-2f o
=o] silica gel columnA}ell A #2]3le] 2nf, H-NMR
2 gelstart o] We] NMRE Co "o} AbxtA &3}

Acetone

f. & h 80, 90 ppm 0.284, 0.344, 0.374
e 53 ppm 0.33

d(2) 3.7 ppm 0.68
b(6) 3.3 ppm 185
c(3 2.5 ppm 0.96
a(9) 1.0 ppm 292

Fig. 1. NMR interpretation of bipyridine tripropylene glycol monomethyl ether : pby(pppm)..
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Hgol gzk=mte] NMReIA vebtd 8.0~9.0ppm
2] bipyridine 3 AHE ¥ 2 VehdA] gkt

5.0ppm
3.3~3.7ppm
2.6ppm

1.0ppm

0.33(a-8¥4= proton)

2.48(ether chain®] CH: protons)
0.96( —OCH3s)

2.88(ether chain®] CHs protons)

Co(bpy(pppm2)s(CFsC00):2] #4 : Co(ClOs)2 Al
o] 343t Co(CFiC00):2t Bl H =& AL-4-3}he] #]2}
Ze e g gAdsigch

2.4. 0|2WF {8 MF

2.4.1. o] 2 FE FHANF

24 7} neat A|82] A7ty BAE 2AE] o
3] A7 10~100zan WS o] HFAE A F 2 3}
3, A 71 E A T8 100~500m A A 9] 24, gl
AFLo2E 100~500um &7 o] WFA & o] §3le] o}
S 2ol vAaMT FLo g BErh = A &4
4 A g § o 7heA AL o5, 10~100um Y F
A& lem A2 e} Ao deld 7)) 7h2 8
HellA 98 A, P e2H = WFAL b9
Wk Silver A ¢} FElAdg Agele e F
Fo o2 el ol slul e qtFe] WA H &4
Zch 80T A X9 ovenoll A 2X|1 7 A AFXAIH )
100~500pme} A5} W FA-& 1.5ecm 22 Ae}
Az dd ez H &gt A 7hA] AFE Eob o
F& Frs Fo A AL EefiE Fr(12em A
o])el AF B A3, 4l F7tol Epon 825
2] (60g) 2} methyl phenylene diamine(9g) 2 # Y3
EFEE o Ak o]REB0TAA F AL,
130C oA 6212 71 ¥ Belag g Ao A W
I AR A Fig. 29 ZE viaAFT F5E
Aok E¥HS AedolH 2 FA=T, ¢Fuh £
2o A H7 2 deted, 0.1M tetrabutyl am-
monium perchlorate(TBAP) A=A s} Ao WH-E
FE 2 Yol 20| ferrocene(0.1lmM) & A}-4-3}o]
CVE 3, Hagw A d 39 @807 A4 (1)
A F ALstgck e dEEy AFE
A e AAgS AFoez A Fo gho] A2
d A st
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TEFLON
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WE (5 ~ 10um) (PY)

— RE (Ag)
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1.0 mm

[ —— 2 ~4 mm —p

Fig. 2. Top view of micoelectrode system.

2.4.2. o|2w3m iuI

Poupart 12] Wl o] ohet 2um A8 9 Fate
Tmm Aol 2 Ao AYATLEL 57, 25,m FAY
2412 8mm ol 2 e} HAVIEAT o2 sy,
2m F719) mylar® 10mm o] 2 Ze} Wedvte g
o) g5ttt 24 v)am A=A AT £-E Fig.
33 e,

2.5. Neat 2} HF 0| FH|
Co(bpy(pppmz)s(ClOs)z A% vialell &7 meth-

2 pm mylar spacer

large diameter
Pt aux. electrode

Il ot
Wl Ag
C_] Mylar
&3 Epon

25 um Ag ref, electrod
2 pum wide Pt W.E.

Fig. 3. Top view of microband sandwich electrode
system.
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Electrode

Screw-on cap

Polymer film

#
U Ar filled glass cell

Fig. 4. Electrochemical cell made by sealing the bot-
tom for a Schott glass tube. An electrode with a pol-
ymer film was sealed in the cell in an argon atmos
phere. A rubber and Teflon o-ring formed the seal be-
tween the electrode and the Schott tube cap.

anol® 0] LiClO«& o}& vialo} A} 28F2] meth-
anol2 =9l the ¥ 9% Fahgih 30~50,/% |
2 FRAT 9ol det Fig 49} 2L AT cello] 7
2 3}aL A FAte ol A T0CE 2047 AZ:A) 7o)

i

A,

2.6. #4tA|lT2| HH

Murray" 741 ol A 4l 2t%] 0] 4134 potentios-

tat\} BAS100B potentiostat & o] §-3}e] eb-gl=x
Fo AR 29-E Bl 2 %€ Faraday cage
qtel A istetd g /AR A e} &
Ab Bofo] A3 gato]wl ezl AFghe 2 4E Ran-
dles SevickA] & o] 4-3te] &b (D)E Fahaich.

ip = (2.69%10")n*2v!/?ACD"* (1)

2 Aol A Cx FX(mol/cm?), Av At Ao ®
A& (cm?), viE FAMSE(V/sec), e 33 HE
(A)e]dl.

gl 2ofo] wabyo)d thg A% o] £5}edc).

iim = 4nFrCD (2)

o 71 4] r& AN, Lim A A Folr}.
SAAGE AT AR Loid] A E o)

& CottrellA]Vo) wte} A F() At ' g2 1
A de 5 ok

1/2

- (nFAD "°C)
7 @

2.7. #7% HXlo|§ x4+ W

7+ 3} gEo) et Z2ASES WA 7)Y AgA
F 29¢ DU, A= AR (4 Bp=En—En) &
Fstdck a7k A oA wle] Hokul Azlel®
£T i 4 B3t patel &% m, gi= Nicholson"
o] A olgt o) & c}&-3} 7ol & = g)c}

Do\ */2
Dr)/ko

o) ]”

o]7]4 Do} De& 74z} Ab3MA E3t U2 8
A G B A2 Zrhs 7MY, ok o1 EA S, ko
£ EFY AR FEEAF, yi FAIEEo )

03 < a < 0790 KA 2 A 4 Eoks ool F
[sba pollrt g 2Hch 4 B9 ¢ Alole] #AE e}
W B A gt s AT, (442 WA e Al
o]-g-8t kogt-g F3hich

ko=¢l:D7rv(£—Fr) :]”Z (5)

(4)

4

.= o g

3.1. UV/visible AW E3

Acetone vlet e 2 3}o] Co(pby(ppgm):)s; &4 &
o] UV/visible 28 EZ-E g}, Fig. 5SollA] B,
Amex 334nmel} 4} Co(bpy(ppgm)z)}3(CFiC0O0):2} Co-
(bpy (ppgm)z)3(ClOs)z B5F v] 5%t F33AH 71 & e}
Uit} o]24 Co’'dhk bpy(ppgm)z 2HE Abehel 4]
pyridine ring®] ¥%-& #&& 4 <lsieh. CF:CO0™
Lol2al Aol Ama 364904 Col(bpy(ppgm)e)s
(CFsCO0)¢t AARAE FJafE B & whd
ClOs £0)&q) A %ol AAE Fgo] 72 U
W] eghen, o] CF:00 7} ClO:Rr} o] 244 & 4]
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Reg A: L 364 = 1.8695
Reg A: L 334 = 3.2439

Reg A: L 484 = 0.31625
Reg A: L 334 = 3.0032

Fig. 5. UV /visible absorption spectra of Co(bpy(ppm)z)s solution.

A : Co(bpy(pppm)z)3(CFsC0O0Q)z, B :
acetone.

A) 717} ekste] CO* 9} bipyridine A ¥t F& 3%
o} wj5 2kshi, ClOs v+ AUH 22 733 o] 4-&
HA et FF) A7 HA & A o 8
317) Wz o2 A=)

3.2. F2 EYollM aHLkAIT

Ex}ek 20002] polytripropylene glycol monomet-
hyl ether (ppgm 2000)2} LiCl0Q« Az A #=l 2] gof o
2 Co(bpy(ppgm)2)3(Cl04): 19.1mM3} 7.4mM-E 1t
£t} 7+ 2o g3t lmV /s2HE 100mV/s ¥
slell Ax wFAARF 2 E Ao, dEHL A
& Fig. 60l vtehfiict

Z+ BT IH2EFE 02mV/sellA
1mV/s742] Co™ %" Aks} = A Fe) gol & wmY
A (Table 1) oz A{FHL F &4 Fruld F
Sojdte o2 velwth S3HGAF 2ol
oAl Ha ARE A (D)ol B-g3le Foixl F44
FE 557 19.1mM o 38x10 em?/s, 7.4mM <
Wiz 27>10 "em? /s 2A 4 Ao 2AAME F
Exle|7} sleielx #abAl o] zjole zA] wsgkoh

3.3. Neat Aef2] stabAl-2} CHAIZHE R Y
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Co(bpy(pppm)2)3(Cl0s)2 Concentration

1%10°M in

D84 LiCIO«E 0:Li=16:12] v] £ 7l3t 13
Eo) neat?h-& 3 Adsted B CVE Fig. 74 ey
gt} 0.0 voltoll A 0.6 volt7h=] 308 Eqt A F
oz AE A48 v|2slgr) —0.2 voltel A 0.0
volt7} ) 2] AF/ghe vistAd o2 M vinjzx] Akt A

0.6

0.0

Volts vs. Ag wire

Fig. 6. Cyclic voltammogram of 19.1mM [ Co(bpy(pp-
pm)z)3] [(ClO4)z] in PPG 2000 with LiClO« electroy-
te, 0/Li=16. CV taken at room temp. at a 1.6x10™"
em? microband working electrode at a scan rate of
5mV/s
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Table 1. Ratios of voltammetric peak currents for
two solutions of [ Co(bpy{pppm)2z)s] in PPG 2000.

Ratio of concentration = 19.1 /54 = 3.54

Scan rate(mV/s) ipt19.0) / ip(5.0)
1 347
0.8 3.38
0.6 3.34
0.4 3.46
0.2 3.52

Fate o™ B el AAFZ st AR
F A= A9 step 2710l oF S wher) 7] AY
N 600mV Hx2] A9 step =771 AFH AL
2 vhepsdrl 2hek step =717 W stow, HHF
239 ghatd G 7kA] v)x A g

olAL AFog FEE AFI WE A 2L
ojulslar, FAtAG7) A9 o2 2 2R e Az
7} "} 600, 600, 700, 2.2) 22 800mV A 9] stepell m
2} Cottrell EX 23] Pojzl Awgtal kA3t
E-& Thble 200 vFeblIgic}. 8444 500mV stepol)
A 81x10 ¥em?/s@3 800mV stepelA] 4.7x
10 ¥em? /s e}

:[H:A

E (volts)

Fig. 7. Cyclic voltammogram of neat [ Co(bpy(pppm)
2)3] [(ClOs)2] with LiClOs electroyte, O/Li = 16.
CV taken at room temperature at a 1.6x10™ cm?
microband working electrode at a scan rate 0.02
mV/s

=2

Co™™*" Ak81 & $1% A9 step =7]& 600mV(0.0V
oA 0.6V)E sted dojAl RAIZMHF-E Fig. 84l vhe}
Welel —02VellAl 0.0V7HA] ¢ vleb A {8 w1 g-&
ZEZNE Cottrell =X-F 243t 2n] HA-E Fig.
9ell vrehigich.

Fig. 9|4 Xm & AIZF WSldA De 23X
10 %m2/s0l 21 A7 WSl DE 94x

Tuble 2. Diffusion coefficients for various chronoamperometry potential step sizes.
Einitia = 0.0 V. D. calculated for times 26s to 1000s.

. Step Size D Intercept In(i) vs. £ slop k

(V) {mV) (cm?/s) (x107"A) (s™)
+0.5 500 8.1x107" -0.24 —~22.94 0.044
+0.6 600 15x 107" —-0.37 —-22.94 0.044
+0.7 700 34x10°" —-14 -22.90 0.044
+0.8 800 4.7x10°" —0.98 —22.76 0.044

500mV stepel] TH&F & Dghe &Haked Aol w]x] x|
X3}7] wj-Folr, 700mVe} 800mV stepoll4] Dgtel
Z7151E AL A stepSo] Co™ e Algp gl e 2
3] x)1ix17] x|zt W) golch. Fig. 63 72 CVE B
™ 600mVEch +4 917} 5w vpebd F7h dofidr] 4]
Zahe A¢ ¢ F slew, meba 600mV A9 step
o] HAASE HYs ZAsE o sl ¥ 5

10""em? /s e}. 0] 9} & ololl iRt A3 Wl
oba & xR gpshet. vhak, A| o)22e s}
E #4E qkelA A71H Y] T8 AT LA
debx) sl A WA o) 5ol WbE 2Ade) WA
S0z A9stz 9ok’

whel Co’' WHiAbEe) AbShE 13} 4 AAHow
A7 o nid] EXE 2|9 Fig. 103} o] veld
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_50-
— — Oxidation
04 .- Background
———— Bgd. Corrected
— .‘o-
g
£
=
O -
410+
0= . . . S
] 1000 2000 3000 4000
Time (s)

Fig. 8. Chronoamperogram for neat [Co(bpy(pppm)
2)a] [(ClOs¢)2] with LiClO4 electroyte, O/Li = 16,
Potential was stepped from 0.0 V to 0.6 V and the
current decay was recorded for 4000 s. T=room tem-
perature, 1.6x10™ cm? microband working elecrode.
The oxidation current, background current, and bac-
kgroung corrected currents are shown.

~T0

60

-30-

Current (pA)

-20-

-10

0 T T

I 1 1 1
000 005 010 015 0.20 0.256 0.30
1/Sqrt (Time/s)

Fig. 9. Cottrell plot neat [ Co(bpy(pppm)z)s] [ClO4)
2] with LiClOs electroyte, O/Li=16, Chronoamper -
ometry was performed at room temperature at a
16%10"'cm? microband working elecrode. The poten-
tial was stepped from 0.0 V to 0.6 V and the current
decay was recorded for 4000 s. Only the background

corrected current is shown.
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-23.4

-23.51\_ @

-23.6

-23.7-

Ln (i)

-23.8

-23.9 (4 °

-24.0

18 20 22 24 26 28 30 32 34 36 38 40
Time (8)

Fig. 10. Plot of In(i) vs. time for the oxidation of the

first monolayer of material. The slope of this plot is

—23.05.

& ek o] uf 71¢719 A BdY HAolF §=
A5 (k)7 Rek” Fig. 109) Aol 7147 = —23.
05011 k=0.0436"'0]%).o0), Table 2o 2} M step
ol hako] X\ 7be Ini®} 712719} kgt& vhehiSieh.

3.4. Co(bpy(ppgm)){CF:CO0%2| &AIA$=2} RO|
2 9%

;e AW, 25, ¥ 5 ] 86 29
kg uhsr), 1 FolA X o2 7} Al o
2} FAHA 7} J i WeAE 47] A8 Cl0 8]
Lyt o] ZYgoel o ol oz deial
CF:CO0~ goleez2 =A™  Co(bpy(ppgm)2)s
(CF3C002)3(CF3C00)22] neat Aellol| A 8-}
F € dela, Ayl CVE Fig. 116 el
Fel=

o] neat Al&2] FAASFE 52x10 em?/s2A
Co(bpy(pppm)2)3(ClO«)2 neat Arefellr] 4.7x107"°
em?/s A} vlws] B of of-$ F telwl, Col(bpy
(ppgm)2)a(Cl0s)27} ppgm &Ml o1 9).8 ue]
38x10 "em?/ss} vl W] Holx WA F ot} of
A= Co(bpy(ppgm)2)s HgHEel g 4T+
$ol9] ol AFA I ZA YL Y= AL
ChlLia=

o] 24} AN 7|7} 7Rt ol S AL F
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2.61383E-1 volts
1.33687E-1 volts
1.2TT16E-1 voits
$5.88313E-11 amps
6.08485E-11 amps

Epa -
Epec =

H

6.00000E-11 Y T T

Current
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Fig. 11. Cyclic voltammogram of Co(bpy(ppgm):)3(CF3C0OO)z neat sample. Scan rate : 0.2 mV /s, r=5.6 zm.
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