(ascorbic acid)

1920 Zilva
1-3
King ]
pH
5,6
hexurnic acid 1933  Szent-Gyorgyi’
( paprikas)
ascorbic acid ascorbic 8
20 ( CeHgOs)

ascorbic acid ° 1964  Hvodef 0



X-ray

hexurnic acid

12

acorbic acid

y -lactone ring

King






C 13
HA HA A scheme |
- 15 HA® HA A
(intermediate) HA " pKa O H +
HA- A pH 0 13%
pH 0 " HA Hvoslef *®
Albers *° C
A (dehydroascorbic acid) Scheme | (inert solvents)

dimethylformamide  dimethyl sulfoxide A

20 ( symmetric dimmer)

( unsymmetric

dimmer) A
A Pfielstucker pKa 8.8
scheme |
C
( inner-sphere electron transfer) ( outer-sphere
electron transfer ) C

(1) (ferricion)



HTH
o2 o o HO 0~_0
pKa;
H _ H V\Y— + H+
HO OH o OH
H,A HA
HO H
H7H
H o (o)
pKa, | +
H H=— + H
[} OH
HA" A?
HO H HO HO
H—7H H
HO 0—_ 0 b HO 0—_O - HdZM o o
-—

H y=— =0 H Y=— H H \=—
HO OH "0 OH o 0
H,A HA A
+ef[- e +e|l-e +e|[-e

HO 4
+ H H
+ -H HO (@] 0 ut
(HAY)  — 0
H - +
+H* +
o OH H
HA-
+e] -e,
+H"|[-H te

HO H
H
HOH O o)
H
O (@]
A
H —
Hd? 0 A = O 0
0] +H,0 W
H —_— OH
“HLO o~ OH OH

A A (solution)

Schemel



Dehydroascorbic acid

@

(b)



( chelates) scheme Il 22 A

H* Fe(l11) |
Fe(I1) Fe(l1) 1
B - Fe" Fe(l1l)
\Y y
Scheme | A Cu(ll) c
# Fe(Ill)
C
Cu(ll)  Fe(lll) c
(dehydroascorbic acid) ~ Schemelll 2224
O Hamilton
(VI V) o,
(Vi X O, .0,
C
26-30

(coordination sphere)



\

/

+Fe?2*

OH
OH
.
{ |
o
)
O-=-=--- H

Schemell

OH
OH
3+ — /O\
Fe ~ 2+
Q JFe
OI_
O
I
OH
OH
Fe3* =0
d +Fe?*
o
O



| +M™ +0,

HOHC M™ (M™=Cu?* or Fe*)
CH,OH

_ M™:0-0-H

HOHC
CH,OH

VIl

Scheme 11



(diffusion controlled)

ML,™ + Red ML,™ Red

ML,™ Red ML,™D* Ox

ML, (™MD Ox ML, (M™D* + Ox

dML™]
dt

_ kyQiplred]
"1+ Q. [red]

=K, ,s[red]

1D>Qp[red] ©)

I<obs:kox[ red] kox: ketQI P

acorbic acid

(adiabatic)

M(I1)

Fe(CN)sL™ ) C

10

(NI €))
Qe (1)
ke (9
rapid (3)
(4)
(5)
(6)
pH
C

( M Ru(NH)sL*



Ham
C Ru(NHz)sL>*
3 Fe(CN)sL* RU(NH3)sL*"%*
32735 Fe(CN)sL®  H,A

Marcus theory

Ru(NHz)sL>*

1



Sodium nitroprusside
dihydrate

Ammonia gas

Ammonia water
(35%)

L-Ascorbic acid C

Potassium

hexacyanoferrate(l1) (1)

4.4'-Bipyridine 4.4'-

Lithium perchlorate

Na[Fe(CN)sNO] RDH
2H,0

NH;

NH,OH BDH
CeHsOg Merck
K3[Fe(CN)g] Merck
CioHsN, Huka
LiCIO, Aldrich




Perchloric acid

Pyridine

Zinc granular

Ethanol

Diethyl Ether

Sodium Acetate

Acsetic acid

Chromium(l11)
chloride hexahydrate

Mercury(ll) chloride

HCIO,

CsHsN

Zn

C,HsOH

C,Hs0OC;Hs

CH;COONa

CH;COOH

CrCl;- 6H,0

HgCl,

Merck

Merck

Merck

Merck

Merck

Merck

Merck

Merck

Merck

13



1.44'- (4,4'-bipyridine)

2 3 4.4'-bipyridine 10 mL (

50 ) 3 5
0 ( )
2. (zinc/mer cury amalgam)
6M (HCI)
( 0.1m )
Kimwipe
3. (chromous solution)

409 CrCl; 6H,0 s00mL 1M

14



4. (buffer solution)

(@) pH=4 /

13.69
pH=4

OAc /HOAC buffer

(b) pH=5.5 /

13.69
pH=5

OAC/HOAC buffer

©pH=8 <

(acetate-acetic buffer)

400mL

500mL

0.2M pH=4

(acetate-acetic buffer)

400mL

500mL

0.2M pH=5.5

(tris(hydroxy

methyl) amimomethane buffer tris buffer )

HCI

02M pH=8

121

pH=8

tris buffer

15

400 mL

500 mL



(d) pH=9 - ( carbonate-bicarbonate
buffer )

8.3 400 mL HCI
pH=9 500 mL 0.2M pH=9

CO,*/HCO; buffer

(distilled water system)

Aries 48547 CHRIST CMINITIL P12

16



1. Nag[Fe(CN)sNH3]  3H,0 36

5 Na[Fe(CN)sNO]  2H,0 20ml

28 32

(108 ) 19.6%

€=362nM €

ma=3780 M 'em* 37
2. Nag[Fe(CN)s(4,4'-bpy)] >
1.67g 4,4'-Bipyridine 55ml 0.35g
Nag[ Fe(CN)sNH;]  3H,0 40 min

Bry(g)

17



(FECosHNoOs) %C  53.16

70ml

£ 40

(014 ) 26%

%N 22.74

%C 5242 %N 2205 %H 4.70

C ( L-ascorbic acid )

Fe(ll1)

Cr(I1)

( N>-line)

C

(Ar-line)

18

%H 4.36



Air-Sengtive Treatment ( N,-line or Ar-line)

PRIRE: | | V(Il)
2t Moo  Hh
Hz0
E) M3 P
f=1
-'G:r-.

Ar-line  Scrubbing towers containing Cr(11)
ion and Zn/Hg amadgam.

N2-line  Scrubbing towers containing VCh
solution and Zn/Hg amagam.

19



(1)

OHAUS TS 400D
PRECISA 125A

METTLERAE-42C

Orion 420A pH

pH=7 4 pH=7 10

Hitachi U-2000 HP 8453 UV/VIS

pH



AT

21



- (UV-VIS) (cdl) 10

Amax Beer’ slaw(A=

€ bc)

Photo RA 401 Stopped

Flow Spectrophotometer Hewlett Packard HP 8453 UV-Vis

Spectrophotometer Hotech 63HP
ascorbic acid
Fe(lll) (L=CN)  Fe(ll) (L=4,4"-bpy)
In A A
Kobs ( linear least-square fit )
In A A t( )
S.

Princeton Applied Research (PAR)

Modd 273A Potentiostat/Galvanostat



Absorbance [AL)

10 150

0 -
- -]
<
< 2
E
-3
0 50

Fe(CN)6

(g
* 5 g
T+ .

b

(b)

Tl
t*-*_.*
_‘__*__‘_
*—e

200
Time (s)

250

300

350

400

[H]=0.IM (HCIO4) p =05M(LICIO4) T=25

[Fe(CN)s* 1@ 10*M
[H.A] @ 10°M

Fe(CN)g™

23




(a) A VS
(b) In éAi-A; évs

PC 486 DX Princeton Applied Research Model
270/250 Research Electrochemistry software ver.4.0
EPSON Stylus 800 Printer

(Saturated calomel

electrode SCE) (reference electrode) (Platinum
wire) (auxiliary electrode) (carbon paste
electrode) (working €electrode)

6.

Heraeus CHN-O Rapid N C H

24



(&) Working Electrode

(b) Saturated Calomel Electrode
(c) Counter Electrode

(d) Ny-line

View

Top

)

(c)

(d)
(a)

25



Fe(CN)sL® (L CN, 4,4-bpy) (UV-Vis)

L CN Fe(ll)
& 261 303 420nm *
€ 261nm ¢ 303hm d-d band e
420nm T oy #a® dTT Fe(ll) é 313nm
d-d drt 3@ TT oy
Fe(CN)s>"* pH
(pH 4~9)
L 44- - [Fe(CN)s(4,4'-bpy)]*
Fe(11) 6@ TT
b
T bpy
40

[Fe(CN)s(4,4-bpyH)]*( [H']=0.01M ) [Fe(CN)s(4,4-bpy)]* (pH=8)
477  437nm pH=8

“ [Fe(CN)s(4,4-bpy)]* MLCT

26



A ma=4260mM T by Fe(CN)s> Fe(CN)L?"®

1 _.
08|
=}
S
s 08
o y
.i-_g
2 04 ]
0.2
i
0
-—r—r“—r—‘—'r—r‘—v—'-r—r f ¥ T T Il i 4 T T——" i Tt T || T T T T || T T by T J
250 300 350 400 450 . \Wavelength (nm)

[H']=0.IM HCIO, p =05M LiClO, T=25
[Fe(CN)s>]=5.28" 10*M
[Fe(CN)s*]=6.86" 10*M

Fe(CN)g™

(a) Fe(CN)e*>
(b) Fe(CN)s*

27



Absorbance (AU)

T T 7]

—
Wavelength {nm)

g =05M LiClO, T=25
[Fe(CN)s(4,4'-bpy)* 1@ 10*M

[Fe(CN)s(4,4'-bpy)]?

a [H"]=0.01M [Fe(CN)s(4,4'-bpy)]*
b. [H*]=0.01M [Fe(CN)s(4,4"-bpyH)]*
c. pH=8.00 (tris buffer) [Fe(CN)s(4,4'-bpy)]*

28



UV-vis a

Complex A mex 10% padMcm)

Fe(CN)s>

261° 1.18

303" 1.53

420° 0.94
Fe(CN)s"

313" 0.36
[Fe(CN)s(4,4"-bpy)]*

426° 1.73
[Fe(CN)s(4,4"-bpy)]*

477°¢ 3.59

437(437) ¢ 5.46(5.80)

a gy 05M T 25
b. [HCIO,] 0.10M
c. [HCIO4 0.01M
d. pH 8.00 (trisbuffer)



( [HLA]® 10[Fe(111)] ) [H]
0.01~0.10M (HCIO,) pH 4~9 u  0.5M LiClO,

T 25

A Fe(CN)s™

1.[H] 0.01~0.10M (HCIO,)

Fe(CN)g” A max 420nm
Kobs Kobs
C
(linear-lease-squares fit ) Kons=K[AA] Kk
k [H']
@ K



(b) k [H]

Fe(CN)63 kobsa

[H],M  10°[AA], M 10%K s, S* [H],M  10°[AA], M 10%K s, S*

0.01 0.50 4.79+0.01 0.06 0.55 1.30+0.01
1.05 10.1+0.1 101 2.38+0.01
153 14.8+0.1 153 3.56+0.01
2.03 18.9+0.1 2.04 4.72+0.01
2.55 23.810.1 254 5.89+0.01
3.00 6.81+0.01
0.02 054 2.99+0.01 0.07 0.53 1.29+0.01
1.02 5.22+0.01 101 2.34+0.01
1.56 8.07+0.02 1.50 3.26+0.01
1.99 9.88+0.02 201 4.38+0.01
2.58 13.7+0.1 251 5.87+0.01
3.02 16.0+0.1 3.03 6.49+0.02
0.03 0.52 2.13+0.01 0.08 0.51 0.955+0.003
1.02 4.08+0.01 101 1.95+0.01
153 5.83+0.02 151 2.77+0.01
2.03 7.66+0.02 201 3.68+0.01
253 9.61+0.02 253 4.61+0.01
3.00 11.310.1 3.01 5.33+0.01
0.04 054 1.70+0.01 0.09 0.51 0.947+0.004
1.08 3.31+0.01 1.02 1.73+0.01
153 4.62+0.01 1.50 2.59+0.01
213 6.18+0.01 2.05 3.52+0.01
2.50 7.62+0.01 2.53 4.40+0.01
3.03 8.73+0.01 3.03 5.10+0.01
0.05 0.50 1.45+0.01 0.10 0.53 0.902+0.005
1.00 2.80+0.01 101 1.67+0.01
159 4.29+0.02 151 2.55+0.01
2.03 5.39+0.02 201 3.33+0.01
251 6.60+0.02 252 4.12+0.01

3.01 7.66+0.02 3.04 4.98+0.01

31



a [Fe(CN)¥ 1@ 10*M p =05M(LiCIO,) T=25

5
X/
Z) -
X/
£\
15 v
102 k obs /X
9
10 | y A 5
&,
5 L
0
0 05 1 15 2 25 3
107[AA]

lm 0I10M 2e 009M 3.4 008M 4.v 00/M 5. 0.06M
6. 005M 70 004M 8o 003M 9. 002M 10. 0.01M

Fe(CN)63- kobs C

32



Fe(CN)g> k?
[HT, M k,Mist
0.01 9.41+0.06
0.02 5.22+0.05
0.03 3.79+0.02
0.04 2.96+0.03
0.05 2.62+0.03
0.06 2.30+0.01
0.07 2.22+0.04
0.08 1.81+0.02
0.09 1.71+0.01
0.10 1.65+0.01
a [Fe(CN)>1@ 10*M p =05M(LiCIO,) T=25



10

20 40 60 80 100
1
[H*]
Fe(CN)g™ k [H']
(a)kvs[HY]




(b)kvs

[H']
_a[H']+b
o (7)
( nonlinear least sguare fit ) eq (7)
a=0.845+0.042 b=0.086+0.001
2.pH 4~-9
Fe(CN)e” pH
A ma=420nm [AA] Kobs
pH=3.99 pH=5.49 Kons [AA]
kobszk[AA]
k pH=8.02 pH=8.95 Kobs  [AA]
1 1
(a) kobs Vsm
(b) Kobs (5)
(5) ke Qip
- ketQIP[red] (5)
M1+ Qp[red]

B [Fe(CN)s(4,4'-bpy)]*

1.[H] 0.01~0.10M (HCIO,)



[Fe(CN)s(4,4'-bpy)]”

pH ascor bic acid Fe(CN)s™
kobsa

10°[AA], M Kobs, S*

pH 3.99 217 1.17+0.01
311 1.56+0.01

4.04 1.91+0.01

5.00 2.39+0.01

6.01 2.89+0.01

pH 5.49 2.05 3.18+0.03
3.01 4.2140.02

4.00 6.11+0.04

5.01 7.1640.05

6.12 8.14+0.02

pH 8.02 1.02 21.5+0.1
1.54 30.8:0.5

2.00 36.7+0.5

2.58 43.440.6

3.01 48.6:0.7

pH 8.95 1.05 116+1
1.53 15042

2.04 19443

2.56 22142

a [Fe(CN)s*1@ 10*M p =05M(LiClO,) T=25



103[AA]

Fe(CN)s> pH=3.99 549 Keps

37



pH

Fe(CN)g™

pH

k, M's-1

QpM*

3.99

5.49

8.02

8.95

(4.83+0.07)” 10?2
(1.41+0.03)" 10°2
(2.58+0.07)" 10*°

(1.42+0.05)" 10°°

(1.29+0.03)" 10?

(5.75+0.20)” 10°

(2.00+0.17)” 10°

(2.47+0.03)" 10°

a Kops=K[AA]

b. k=keQip



300

200

100

0 0.001 0.002 0.003 0.004
[AA]

0.05

0.04

1 0.03

obs
0.02

0 200 400 600 800 1000 1200

[AA

Fe(CN)s> pH=8.02 8.95 Kgps

(@  Kobs VS[AA]



1 1
VS ——
[AA

(b) ”

obs

A ma=b13nm

Kobs koos  [AA]
kobszk[AA]
Kk [H']

a=5.02+0.38 b=1.60+0.01

2. pH=4.00 550

[Fe(CN)s(4,4'-bpy)]*

Kobs kobs  [AA]

kobszk[AA]

Fe(CN)sL>"*(L=CN" 4,4"-bpy)

[AA]

Fe(CN)s™

(7)

pH

[AA]



[Fe(CN)s(4,4'-bpy)]* Kobs®
[H],M  10°[AA], M 10%K gps, S™ [H],M  10°[AA], M 10%K gps, S™
0.01 1.14 19.5+0.1 0.06 2.14 7.84+0.10
2.13 35.6+0.1 3.05 9.74+0.08
3.06 49.3+0.1 4.10 13.8+0.1
421 69.6+0.1 5.08 16.7+0.1
5.04 83.2+0.2
0.02 112 10.5+0.1 0.07 1.12 3.83+0.03
2.08 18.0+0.1 2.04 5.99+0.05
3.05 25.8+0.1 3.06 8.64+0.05
4.08 34.240.1 4.07 10.8+0.1
5.07 43.2+0.1 5.18 13.6+0.1
0.03 1.08 7.21+0.08 0.08 1.03 2.97+0.05
2.06 11.9+0.1 2.12 5.39+0.05
3.07 18.8+0.1 313 7.41+0.0
4.01 23.5+0.1 413 10.3+0.1
4.98 29.1+0.1 5.36 13.020.1
0.04 112 5.90+0.08 0.09 1.00 2.80+0.04
2.01 9.90+0.09 201 5.04+0.06
3.06 14.3+0.1 3.03 6.89+0.05
4.08 18.7+0.1 4.05 8.94+0.05
5.08 22.5+0.1 5.05 10.5+0.1
0.05 1.01 4.67+0.09 0.10 1.03 2.43+0.04
2.15 8.34+0.07 2.01 4.49+0.05
327 12.4+0.1 3.04 6.28+0.04
4.03 14.9+0.1 4.24 8.58+0.08

a4



5.00 18.2+0.1 5.07 9.75+0.09

a [Fe(CN)s(4,4-bpy)*1@ 10°M p =05M(LiCIO,) T=25

\/
0F v
60 -
B p
102k0b5 A
L V "
30 0
20 B V A 0 i/.
of ‘% 3 ——
- ﬁ/f
0 // 77 | | | | | | |
0 1 2 3 4 5 6
10°[AA]

lm 0I10M 2e 009M 3.4 008M 4.v 00/M 5. 0.06M
6. 005M 70 004M 8o 003M 9. 002M 10. 001IM

&



[Fe(CN)s(4,4'-bpy)]* Kb C
[ Fe(CN)s(4,4'-bpy)]*

[HT, M k,M1st

0.01 164.8+0.8
0.02 85.26+0.67
0.03 59.10+0.67
0.04 45.66+0.80
0.05 37.08+0.36
0.06 33.27+0.58
0.07 27.04+0.65
0.08 24.50+0.35
0.09 21.95+0.63
0.10 20.72+0.43

a [Fe(CN)s4,4-bpy?]@ 10*M p =05M(LICIOs) T=25



180
160
140
120
100
80
60
40
20

180
160
140
120
100
80
60
40
20

(a)kvs[H]

[ ! L | ! | L]
0.02 0.04 0.06 0.08 0.1
[AA]
0 2 40 60 80 100
1
[H"]
[Fe(CN)s(4,4'-bpy)]* k

[H]



(b)kvs

[H]

1 2-

pH C [FE(CN)s(4,4'-bpy)]
kobs ka

10°[AA], M Kops, S* k, M's*

pH 4.00 1.13 6.05+0.01 (5.45+0.03)" 10°
2.06 11.0+0.1
3.03 16.8+0.1
4.02 22.2+0.1
5.01 27.0+0.1

pH 5.50 1.01 9.37+0.02 (9.06+0.04)" 10°
2.02 18.7+0.1
3.15 28.3+0.1
4.07 36.5+0.1
5.05 46.0+0.1

a [Fe(CN)s(4,4-bpy)>]@ 10*M p =05M(LiCIO4) T=25



103[AA]

[Fe(CN)s(4,4'-bpy)]* pH=4.00 550 Kops

C



16.00 ] I T ] I I

(a)

8.00 — -
LAy sor .
0.00 — —
-4.00 — —

-8.00 — —

-12.00 i ! ! l ! ! ] !
-700.0 -500.0 -300.0 -100.0 100.0 300.0 500.0 700.0 900.0 1100.0

E (mV)

16.00 T T T T

12.00 —

I(uA)

4.00 — —

0.00— - —

-4.00 — —]

-8.00 L 1 L 1 1 1 | L
2900.0 -700.0 -500.0 -300.0 -100.0 100.0 300.0 500.0 700.0 900.0

E (mV)

16.00

(c)

8.00 [— —1
e —

Lwa) * B

0.00 [ -

—4.00 +— —

-8.00 | | | | !
-1000.0 -600.0 -200.0 200.0 600.0 1000.0 1400.0

E(mV)

a7



Fe(CN)g™

(a)pH=1.00 (b)pH=4.00 (c)pH=8.00 100(mV//sec)

50 T T oA I . I — T
o0 |- (a) 4  aw ~ (b) -
15.00 { -1 1500 — __,// III'II —5
-
10.00 - — i {____F--- '|I|L i |
—

500 ~ S = m——— \ -

T \
I (uA
WA 0.00 T WA LLL]] ‘1 \\-\__ i |

500 - 00— \ -"'H-_.;
// |I FF___.:—
\ ’
1000 |- / - 1000 - \ e -
| /

1500 |- N 1S = ' -
-20.00 | ! | | | | MU — I | I | |

50.0 150.0 250.0 350.0 450.0 550.0 650.0 750.0 -1 1] 0o HD Ui L sl [ LT 1]

E (mV) E (mV)
25110} I , 200 T T T T T T T
20.00 ( C) _ 20.00 |- ( d ) _
]

15.00 - _ 15.00 |- |
10.00 [~ . 10.00 |-

500 1 (0 A) 500 |- ]

A
®A) 000 L B 0.00 - 7
500 - ) B 5.00 |- -
-1000 - 1 -10.00 |~ n
-15.00 - 15.00 L -
2000 L | | L I | i | L L | [
500 50.0 150.0 2500 3500 450.0 550.0 -20.00

-150.0 -50.0 50.0 150.0 250.0 350.0 450.0 550.0 650.0

E (mV) E (mV)

[Fe(CN)s(4,4'-bpy)]*

(@ pH=100 (b)pH=4.00 (c)pH=5.50 (d)pH=8.00 150(mV/sec)



Fe(CN)sL?

Complex pH E.» Valt(vs. NHE)
Fe(CN)g>"*

1.00 0.50

4.00 0.37

8.00 0.37

[Fe(CN)s(4,4-bpy)]*"*

1.00 0.59

4.00 0.50

5.50 0.50

8.00 0.50
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C

Fe(CN)sL*

Ka.

HoA

Ka
HA"

Fe(CN)sL2
Fe(CN)sL?
Fe(CN)sL2
Fe(CN)sL?
Fe(CN)sL2
Fe(CN)sL2

"+ HA ¥3® Fe(CN)sL* + HA.

H* + HA"

H+ +A2-
"+ HoA %34® Fe(CN)sL® + HoA: ™

"+ A% Y¥® Fe(CN)sL> +A-

T+ HoA- TV ® Fe(CN)sL® + 2H + A

“+HA- %%® Fe(CN)sL® + H" + A

“FA.

Y2 9® Fe(CN)sL® + A

(8)

)

(10)
(11
(12)
(13)
(14)

(15)



Ascorbic acid

pK
HA === HA +H* 4.08 %
HA- == AZ+H* 11.34%

Ev,V %
H,AS +e H,A 1.17
HAe +€ === HA’ 0.71
As +e === A? 0.015

kex M-ls-l 28 31

HoA + HoAY —= H,A} + H,A 2.0x10°
HA™ + HAe === HA*+ HA 1.0x10°
AT + As == Ae+ AZ 2.0x10°
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_W = Kood Fe(I11)] (16)
Kobs = 2K[ H2A] (17)
‘o ko[H*+] 2+ leai[H+*]+k2Ka1Kaz (18)
[H"]" + Ka[H "]+ Ka,Ka,
(17) 2 ( statistical factor )
1. pH 1~2
Ka, Ka [H»Ka, Ka  (18)
k:ko[H+]tk1Kal (19)
[H']
@) a b Ka=8.32" 10°
Ko ki
2. pH 4~6

K[H']? + koKaKawkKaKa,  KaKa«[H'? + Ka[H']

(18)
k,Ka[H'] (20)
[H']+Ka
Ka pH=4.00 5.00 k Ky L=CN

(5.38+0.08)" 10° (7.3t0.2)" 10°M's™
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L=4.4'-bpy Ky
Fe(CN)sL* a
ko.M s k,M1s? k, M s
ligand Mess. Calc. Mesas. Calc. Meas. Calc.
9.62+ 0.06
CN 042+ 002" (52+ 0.1)x 10°° 1.95x 10° ( " > 2.29x 10
1
64+ 0)x 10°¢  172x 107
9.62+ 0.06
44 -bpy 252+ 02° 481° ( # s 5.93x 10* 6.4x 108
1
537+ 0.03
(537 008 1.13x 10°
10°

a M =05M (LiICIO4) T=25
b. [H]=0.01~0.1M

c. pH=4.00 pH=5.50

d. pH=8.00 .pH=9.00

e Eup(HoA- *HA)=1.01V



3. pH 8~9
ko[H]?« ki Kay[H] + kKaKay

Ka[H«[H']? + KaKa (18)
K ki ‘EZHK?]Z (21)
ks (21)
ky (22)
pH=8.02 895 ko (2.52+0.07)" 10’
(1.54+0.06) 10'M's™*
Fe(CN)s~ pH=3.99 549
k.,  [H"]=0.01~0.10M
pH pH=8.02 895 ks
[Fe(CN)s(4,4-bpy)]* pH=4.00 550 ky
[H*]3 0.01M
Fe(ll1) [Fe(CN)s(4,4'-bpyH)] pH? 4.85
[Fe(CN)s(4,4-bpy)]* pH=8.00

9.00



Mar cus Theory

Fe(CN)sL®  HLA

Marcus

Marcus 44,45 ( (23)

OX]_ + Rajz erl + OX2

k12 '} k11k22 K12 f12 2

 [InKy, +(w, - wy, )/ RT]

Inf2 4lin(k,ky,) /107 + (W, +w,, )/ RT]
W12 eXp[' (le +W21' W, - sz)/ZRT]

z2,2,€°

& 1 ...
Dsg §1+ bay ¥

Wi i

I--1-O

Q

1/2

_2 8Npe* §
1000D,kT 5

kll k22

work terms  Wp, Wy (23
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(23)

(24)

(25)

(26)

(27)

(28)

Wi Wy

work



terms K 3 (closes

approach distance) Z z e
¥ N
Fe(CN)sL>™ (Kz0) 9.6 10°M s
( L=CN ) 4.0 10°M*'s*( L=4,4-bpy ) g, »=3.5 10°cm
O =45 10%m g ... =5.010°cm Ky pH
FE(CN)LZ™ () HA( ) Nerst
25 Nerst (28)
DE =EJ; - E[* =0.0591 logK,, (29)
Marcus H,A Ko ki ks
1. pH 1~2
Ko (10) H,A

L=CN"  Fe(CN)s*/ Fe(CN)*

0.13V Fe(CN)s
Fe(ll) MLCT
Fe(CN)sL* CN pKa 1.9~2.6
a ==(]]))
HFe(CN)s*/HFe(CN)s> ascorbic acid



(25)~(27) W,=345 kca mole!
Eo(HFE(CN)s/HF&(CN)e®)  Epo(HA THLA) Ky,=4.41 10°

(23) (24) f,=7.37 10° k=2.73 10°M"s?

k;=1.95 10° M's* k; (515 1° M'sh) 38
Ko
HA *HLA H.A *HLA

hydroquinone 4

Kimura 2° H,A Fe(phen)s>*
k=17 10°M"s™ Evo(HoA THA)=1.17V Marcus
2.0 10'M's* ko(0.42
M*sh) Marcus HA “THL,A 1.01V
Fe(phen)s®®  HLA Marcus
ko=4.8 10°Ms* E,,=1.01V
H.A "H,A L=4,4"-bpy 4,4 -bpy
CN 37
CN Fe(lll)
Fe(CN)s4,4'-bpyH L=CN Marcus

k=4.81 Ms' k=593 10" M*s? ko

ky (962 10°Msh  ~6
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2. pH=4.0 5.50

pH L=CN Fe(CN)s>/Fe(CN)g"
(EL=0.37V)
Marcus k,=1.7 10° M*s?
(6.4+0.1)" 10° M''s* L=4,4"-bpy pH=55 8
0.50V [Fe(CN)s(4,4"-bpy)]*
k, Marcus k,=1.13 10* M*'s*

(5.37+0.03)" 10° M*s™?

3. pH=8.02 8.95

(22) ko
(12) L=CN k, Marcus 229 10’ M'st
L=4,4'"-bpy ko, Marcus
6.4 10° Ms* (22) k=2.9 10° M's™
[H,A]=1.0" 10°M H,A
kops=ko[HoA]=2.9 107 st ty,=2.4 10° stopped-flow
pH=8



Marcus
C Fe(CN)sL*
pH Fe(CN)s>  H,A Ko
ki ke@ 10° 10° Marcus ( (24))
work term (Wy) equilibrium barrier (Ky,)
H,A intrinsic reactivity (Key) W, 3.45
291 144kcd molet ~24 2 1 work term
H,A
equilibrium barrier (Kyy)) HA intrinsic reactivity
(ke) k. K 2110° 10 38100 ~1 10° 100 kg
ki ko
Haim 3 [H*]=0.01~0.10M Ru(NHz)sL**
H,A
Ko HA

Marcus Ru(NH3)spy** g, =4.0' 10°%cm®
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=47 1Mt ER =032V *°

eX_

3.010% 38 10°Ms?t
k Ka,
L 19
kO[H+]@1 (19)

H,A HA A%
A%

C
C

(dehydroascorbic acid)

ko ki
[H"]=0.10M
k,Ka,
=23k
[H7]
117 0.71 0.015Vv
HA  HA
H,A HA
H,A
(driving force) HA  HA



HA- © HA
A +Fell)
Fe(lll)

H,A HA™ A%
+Fe(lll)

A +Fe(ll)

nuclear coord.
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1 C  Fe(CN)sL*(L=CN 4,4'-bpy) pH

ko ki k=1 10° 10°

2 C  equilibrium barrier (Ky)

C (Ke)

3 Fe(CN)s~ ko HoA THLA

1.01V
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