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Abstract

The reactions of 4-methyl catechol and protocatechuic acid with
Ru(NH;);L’*( L= methylpyrazinium, pzCH;  : pyrazine, pz ;
isonicotinamide, isn ) and Fe(CN)s(py)*( py= pyridine ) complexes
proceed through an outer-sphere electron transfer mechanism. The rate of
the reaction decreases with increasing [H']. The kinetics of the oxidation
suggests that the reaction process involves the rate determining
one-electron oxidation of the catechols in the forms of H,X (&), HX (k)
and X* (k») by Ru(NH;)sL’" and Fe(CN)s(py)” complexes to form the
corresponding semiquinone radicals, followed by rapid scavenge of the
radicals by the Ru(Ill) and Fe(Ill) complexes. The specific rate constants
(ko, k1 and k) were measured and the results together with the application
of Marcus theory were used to estimate the self-exchange rate constants
k., of H,X/H2X"™, HX /HX and X*/X " for both catechols. The results of
ke indicate that the intrinsic reactivity of the catechol is greatly affected

by the substituted group at the para-position.
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d 75 ( free radicals )i ¥4 3 23 R 7 A HITF LR
F oo d @I o pd AT ESIFELORKETF 0 AF B
BRI AR D AEF A RBRER AP A D
& kih3 =5 44 & =( biosynthesis ) ~ i FA 4 ( metabolism )
ERBFF oA ES S FERAMT R ) M RARE S b
do— FVF LA S ks g @A S > 2 d NADPH & L-# vefik
( arginine )%%’ - % it % & = f=( nitric oxide synthase, NOS )£ 3 ¥ %

= [1-2] » 4= Scheme I #7751 -

(lzoo° (l:od clzoo'
0, H,0 0, H,0 +
H3NtC|H Z H3N+—C|H HsN—ClH
(H2C|3)3 %‘% (H2(|3)3 %‘% (H2(|3)3 +NO
HN N + HN
/& NADPH  NADP /& 0.5NADPH 0.5 NADP
HoN NH; HoN OH HoN "0
H H (@] . H (@]
H
N 1
|
K .
NADPH NADP’
NH,

Scheme I
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RHAS R RS d ST Jhd M 2 4P AT B A
g BHY AEReniALF pd f(superoxide radicals, O, ) > p

dAERIER - AT AR A hE Fpd AR FF

dt
ok

G d RAFELF B A 2B AL A AR
[3-7]- %BEFERLE R 5%a ko o255 kT Ho-Fp -
PRHE EEZL -

ALF pd Amipa & 2 MM 242§ (v pF( superoxide
dismutase, SOD )% catalase[8-9] - ## » ¢ = #& SOD p% % ( Cu-SOD ~
Mn-SOD ~ Fe-SOD ¥ % ¢ 4z % i o & ( O )R X EF 1 &
(H,0,) "gis £ %%‘E’ catalase y* 3§ ¥ “ & AW A WE T K2 3

# 0 Ameq(l)~(2) -

20, + 2H" 890, H,0, + O, (1)

2H,0, cafalase o O + O, (2)

(Haber-Weiss Reaction)

AP SOD# L pF > 70 d FEP-a P hgn kS A o Tt
FEEEARELAAETER DS T8 Rd 30 GBI XA D
SR hIZ RN R THIEPRESSFF 2 AR
SOD e &_» FI}t 5 fE ikt s F 2 a4 A a4 ka4

rb
B

HHFEE2EP 2 L o F Ly P Ehat 28422 C2 E> 5

ke
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gt BRM - ad FELHRF L aRY FIF A A
23 CRI iy S REaERRE* a2t F CehiipdeFig 1.1 47

T

OH OH OH

o)
HO O o O O HO

HO OH 0 OH © on

(ascorbic acid, H,A) (HA) ( A2')

Figure 1.1 ~ 22 % C 2 5§

ATz H g A R RA10]0 B R F Rt e eq.(3)-(8) s LA™

/4

-

HA™>ATG 5 i chp d 2o g2 T8 p g d A% a7
deeq.(6)-(8) T o F P TR EP I AF o AETTREAL A,

SEE RS ER NS T ER

R*+ H,A R + H,A™ (3)
R*+ HAY —> R 4+ HA® 4)
Re+ AT = R 4 A (5)
R+ H,A™ ————= R+ 2H+ A fast (6)
REFHA® —— R iH'+a fast (7)
Re+ A= ———— R 1A fast (8)
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T it & C ety 01935 # > 4 & 2. K —Szent-Gyorgyi
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5 %Ak ( flavonone )enig i c L HIR P T REFLEG B L E
FEenzt gy 0om P oan kb A % CH4F o Ft Szent-Gyorgyi 12 5 E RS
- A 2 VRSt 2o g ocitrin { L 5—84 % P(P:
permeability )[12] > # A s > Higby[13]% Majovski[14]% A iT— # Fx 2_
a4 % P2 flavones ( § fi* )~ flavanones ( ¥ *=fit )% flavonols ( &

R S FOAR 0B H 0 e Fig 1.2 (b)-(d)#77m 0 BT AR R AR o

OH

OH
"\\\\\

(b) Flavone (c) Flavanone (d) Flavonol

Figure 1.2 ~ Eriodictyol ~ flavone ~ flavanone % flavonol 2. %4
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& & A~ B 4r C 3( 2-phenyl-benzo- a -pyrans ; C6-C3-C6) o

Figure 1.3 ~ #f & f & ~ % 2

B ¢ A Zk(resorcinol )¥2 B Zk(catechol )¢ 2 ¥ 7k = BIRZ Bz
EOVREISACRAZFTARA CCHRLZ Odbefrst 7 o fr2 e
o it LR e AR F[15-16] P fLE RE A4t
EER N AER R AL FAE[17] 0 £ 2 dep B A ez P oo
Br it T8 # o APl AR 2R s SEF2 L
A SR ST AR D T A E R e e F[18-19] 0 3F 5
Tork S OEP R L VESFEA G obu L FUBAT
T S FUER S B AT B R 4 F # A % [20-25]
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( Parkinson's disease )% % A Jg & Jg ( Alzheimer's disease )i

[26-27]> @ quercetin ¥ A & AP 33 » & 18 APT4 2 ;23 3 gl o
[26] > Cu**2 Fe* gt " 428 L 5% M A5 & chi 4 o 48 LDL( low
density lipoprotein )ehi it - &3u 5 A FRwh FAHE s B AR
A ¥z - [28] 0 ™ Cuhi”ﬁ it LDL ¥ i e33R % » quercetin % rutin
2 CUA R L FT kA I g Cu¥ES A AN 975142 LDL
GhF 1L[29]; Foeb o RPN FelEG @ ARBNHPT AL 2 EF Ve
7 Fenton Reaction [30]m # = & % p d £ (OH )’ 4req.(9)%77F > & 4
mNEdFpd AER KR -[31] A %%’ quercetin £ Fe™ 3t i& {7 ¢

& » ¥ #r4] Fenton Reaction c1i& {7 o

+ + _
Fe’" + H,0, ——> F¢® + OH*+ OH )

p R - L e o AN AU B AR T i
it EF ML R ER R TI L B RL R E
EFALE A M BRI R ) A4 [32] g At 0
MAFX e PR - B RT AFELSEPFT AR R
o HRE M- E A TR AR S0 AT R R R et
W kB R F s AR K FEF R 8- % RIS @

FLy tEM e P e %282k & ( catechin )% L 7 ( rutin )&
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RuNH;)L '8 & 4 cn§ F B R F oo £ P erig » RF A9~ o %

1T P endE hggth o A&

OH
HO o) ‘\\\\\©[

OH

ISl ]

A EY T Bide Fig 1.4 970

( catechin )3 & 5 &3tk & -

1—"ﬁ

SF PR FEY  BULFEY 4

w
Ik

FERY

oo ST ER ;Jj{-%_ﬂ’ﬁ i&ﬁ\%&[?ﬁ—% NEGRUERES
Pl % % [33]5 7 (rutin )1 B 4 F &

/4

K2 &P [34]0 &
(IEGEIRE \%gﬁ\igﬁﬁﬁjvéﬁ%%ﬁ? ) 4 @ | P R ViR

FM0E® 2SR AT 2 [35-37] A HH A MRS S D oRB 1
SR - BEEME O AR BRTEAFEH B4 S FRES
Ak 2- ] fs 1 (intrinsic reactivity )it % 4 C < 30 = X R 0 BT 4R

F PG e b C LSy R g v R R B L 2

LK‘
A& ekt H B 3%k I catechol ring 7

APk R EZY SR APFRL

+ it B o 4 7 B PR[38-44] >

Bikg itid e r L5
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OH OH OH
OH
OH OH
H CH; COOH
pyrocatechol 4-methyl catechol protocatechuic acid

Figure 1.5 catechols 2. 1

Pyrocatechol(32 X fiw)* & A8 % = v » B H+4e Fig. 1.5 771 » &4
F AP 2 T E 8k S electron transport )7 -4 £ & BAra R
B RA e ad F C N MF-_fEANETFIF LA

semi-quinone » £ 12 % = BT F F b {32 = 48 F fE( o-quinone )& F -

4 Scheme II #7771 -

T’ﬁ Tﬁf

catechols semi-quinone quinone

OH

R=H, catechol
R=CHj;, 4-methyl catechol
R=COOH, protocatechuic acid

Scheme II
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hme P o APEE 4-7 4L 2% A5 ( 4-methyl catechol, 4-mc )

% Jp 82 & fa( protocatechuic acid, PA ) % £33 ¥ % > = ¥ ;,kﬁ&r Fig. 1.5

ERfE A e A BB D m F st e fE 1Y &£ 4 o NGF( nerve

growth factor ) 5 # 54 £ %]+ » § - f/] A e i dv > TR EE

N.

PiRd Gz an®m A4 50 F NGF 30 p 2 g 4 g pg £
& o Astroglial fwm? » L - fAE KB F e > &GS oo g0 H
PR RREEPRN SRS AR SRR BE F AL G T
4-7 A 2% B ¥ ¥ 5 NGF( nerve growth factor )& = =3 |
( stimulator ) » @ 3 v astroglial m”2 22 NGF mRNA 17 € [45] - "5/
M4 & H % F]13 ( Brain-derived neurotrophic factor, BDNF )% - #& 3
0RO BRI B F S - M8 s A A gE R {A g ke £
B Fw 30 ( Metallothionein ) > 4 - f&% 7 X % g f&( cysteine )e kv
' Iém—,uf TLXRGFRPOORATVEELEE P ERILED G

2o &S (40 Zn~ Cu )t o 4 5 /}iix,éfﬁ d Fhnrtay 0 4-7 AR
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20K BN 1T L e R S K )T & S s HI[46] -

B e ¥ BPA 2R v 2. & pAn 39 mRNA ehilefer maga i@k s

GNP R CREFIEEFEMR AT FER F e X DX BN
¥ #48( 4v OH ~ H,0,~ O, fr ONOO )5z #pr» A §8°¢ chijgv F -
2572 DNA % ¢ 2 3472 -DNA e it ¢ @ 7l shandf § 7 ¥R
SHR T R B F AR Bk PR R R
X b~ [P %% B ( Alzheimer’s disease )#2 ta & # < jg( Parkinson’s
disease ) @ R W2 AV ,ﬂ};—“fp d RAfedgd ML KIS L A
F[49-50] T Frlfy T M B AR Fd Feng 0 B Wiy
4 [51]
TR AT ALREE REARAY S iy LA LRSS
Wr chg 247002 2PN R F[45-56) ApM F AT
F e~ f”c?fﬁ%l d3-CHy 5483 F &> m-COO 5 £7 F &4 > J&_4-
PAOEREROABEZBRREF RBP4 FiEH R % > ¥ catechol #1
BREILE BT B RS ARIERF BRI ik
R BIENH T AOFBE RDERA Y Ru(NH3)5L3+( L=

pzCH;" ~ pz 2 isn)% Fe(CN)s(py)’ 4 & chf t B F o4 & o
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A i * Ru(NH3)sL?™ (L = N-methylpyrazinium(pzCH;") -
pyrazine (pz )% isonicotinamide ( isn ) )~Fe(CN)sL* ( L = pyridine (py) )
%g%ﬁ;;1%ﬂwfﬁﬁﬁﬁiﬁé%fhmmMWHA
Fe(CN):L™ 4 £ 4 ¢ 4 BT 5% i &hs £ #4 8
[58-64]% & 4 H[58,63]5-#cioc § % prdp ¥ > = i (P33 chif 34 o
Ru(NH;)sL* ™" 22 Fe(CN)s(py)™ & B i p Y d'/d T+ B4 - 3
Ru(NH;)s” /Fe(CN)s* 27 7i-fié fie =3 & Ru(NH;)sL>"/ Fe(CN)s(py) 4% &
PEs 3 diuE T HIf A dn > o * T 7 # 4 ( Metal to Ligand

Charge Transfer, MLCT ) > 4cfic i3 2 % ¥ 4 fe3kpr > 27 L X R H

~

158 e fe > ee( pyridine ) i 5] 0 Ru(NH:)s(py)” 8 & 4% (A max
=4070m > g = 6.3x10°M'em™ ) > F9FEA F FUS TS 0 LBt L BT
&Y e ay)(dy) B ba(dy) Fuid E# Tl A b e by(n*) s orid =
415 4o Fig. 1.6 #17

AR HBEFEF AR pH 2 TR Ee 4 B KRES
catechols & i & % #ic » & —H $F3 4+ RiFH M » £ & pyrocatechol e

Fsd 4 B% bl 7 RN Az R T e
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-~ ;g? -
Fxd 2 LH B (A 3 * i
e Hexaammineruthenium(IIT)
- % 41 chloride Ru(NHj3)6Cls Strem
Wi Lithium perchlorate LiClO4 Aldrich
i s Perchloric acid 69%-72% HCI104 J.T.Baker
I 54493 Sodium nitropusside dihydrate Na,[Fe(CN)sNO] - 2H,0 RDH
i F Ammonia gas NH; R i
F RN Ammonia water(25%) NH4OH Merck
4,4°-Bvb ez 4,4’-Bipyridine CioHgN, Alfa Aesar
WEF - AL Sodium persulfate Na,S,05 Merck
i Zinc ,granular Zn Merck
v A% Methalol CH;0H Merck
i3 Ethanol C,Hs;OH Merck
z fjfL Dlethyl Ether C2H5OC2H5 Merck
= 4 firps Trifluoroacetic acid CF;COOH RDH
fp f& Acetic acid CH;COOH Fluka
% v & Mercury(II) chloride HgCl, Merck
Z§ig Chromium(III) chloride CrCl; - 6H,0 Merck
hexahydrate
0 R AL Silver(I) p-t;)zlglj/enesulfonate CoHyAgOsS Alfa Aesar
0
_ —_ i:(ﬁ - E’ _ . . .
3,4-= ;;ik F 3,4-dihydroxybenzoic acid C-HO, Alfa Aesar
i 97%
P S pyrocatechol CsHeO, Fluka
3,4-= = ¥ 7 Methyl-3,4-dihydroxybenzoate
. q_% Y YETORyDERe CgHgOy4 Alfa Aesar
e ¥ fin 97%
4-9 LLARF =
7 4-methyl catechol C,HgO, ACROS
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i i Hydrochloric acid HCI Aldrich
iE & phap Sodium perchlorate NaClO4 Aldrich

§it4 Silver oxide Ag0 RDH

Silver(I) p-toluenesulfonate

O 3Rk 98% C;H;Ag0s5S Alfa Aesar
WP Methyl iodide CH;I Merck
LS ik Isonicotinamide (isn) CsHgN,O Merck
Pl Pyridine (py) CsHsN Merck
rlrk Pyrazine (pz) C,H4N, Fluka
fs e 4 Sodium acetate trihydrate CH3COONa - 3H;O Merck
MES CeH3NO,S - xH,0 Sigma
MOPS C;H5sNO,S Sigma
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Z Ak % $i(doubly distilled water)

Sz RS m\/@“’ LRl o ??ﬁ Z_ok > 11 Aries 48547 i
FE R MY > £ 5iF Barnstead 2 3 A7 R kA BB
B kA gk AR OE S FERR PR R F

o = %3 BT sk o

& A& A %] % (zinc/mercury amalgam »  Zn/Hg)
Heif B 1 6M BEE(HCL) s s ud g de § 4
E Uz RARFE Rl A6 hBARATHF R 2L ",4rf ; A~ AE e

FARRCY0l MARZ RS )AL > TED R A L 1L

T

Bokipiads kA d g o0 1 kimwipe 48 A48 dg 0 AT chs A A L p

TR ILARTF

P ¥k f "=(isonicotinamide) i1 1

#- 10 5.9 isonicotinamide ;3 >t 15 mL &= B K » Se#( 73 421F
50C) it » be r — [ RBRME > L RE g 0 Bpit B AT RIE SRR 2
RS g M EGFR TR d AR S BN E IR BRI

7

::/J\E[‘i}ho
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T 4474 7% % % (chromous solution)

#-40g = § 145 CrCly » 6H,0 3% 500mL 0 IM # & fe @ - 4

CEREAE LRI~ EF FFIOTT s fged

§ o WEBIR G

¥ 73 % fe % (buffer solution)

(a)pH =4.0 - 5.6 fiy fe 13/f fo & 7% 7% (acetate-acetic buffer)

#-136 g R4 73> S0mL = =t 4 g3 Bk 02 0.5 M i

x s
%R

£ 547 % pH E(pH4.0-5.6) £ fffl s

%2 100mL > % 5

0.1 M 2. OAc /HOAc buffer (pK,=4.76) °

(b) pH =5.7 — 6.6 MES hydrate buffer
( MES: 2-morpholinoethanesulfonic acid )

#-2.13 ¢ MES /3% 50mL = = 2 35 % -k » 2 NaOH & % i3

RE R F pH ®(pHS.7-6.6) £ 4F@ %% 1 100mL > ¥ 5 0.1

M z_ buffer (pK,=6.15) °
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(¢c) pH = 6.6 — 7.7 MOPS buffer
( MOPS: 3-(4-morpholino)propanesulfonic acid )

#-2.09 g MOPS 2% 50 mL = = 2 83 %k » 2 NaOH & 2
it F|#7g pH E(pH6.6-7.7) £ HH L7323 100mL » 5

0.1 M z_ buffer (pK,=7.20) -

(d) pH = 7.7 — 8.6 tris buffer
(tris: tris(hydroxy methyl) amimomethane buffer)

Bz (AT )RR 02 121 0 33 50mL - 4 BT Bk
# 12 HCIOs ¥ % | #7% pH & ( pH 8.0 — 8.6 ) - i3k 1 100

mL » ¥ % 0.1 M 2 tris buffer ( pK, = 8.08 ) -
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4§z
¥ ALk 5

¢ >*Ru(ll) ~ Fe(Il) % catechols3®$f 3 § - 4 St - #775 i3 ik ehfe
QB F i BT A a4 N F F TR U LB TR
S AP AR F PRk MdoFig 21977 o i FLY HhE F o0 A
@ 3 6 4B O3 R e MARHRAL P02 F R TR
BB T F 0 R SET - 43S kanf MRS UL §

SEABOZRERETFERM FARF BT HF ORI KB

¥
a\
w
(il
3

¥ F 43U (Np-line )2 & 5 & 3u( Ar-line )ene & 4p e > 1%
g A g (DT oo

R B AT LA R G4k 4R R AR R 0 AoFig 224 o
LA R R AN AT M FERA > £ B (- £- )L

B4 ALFE O~ 0 R AN N RAY 0 L E 4

¥
~

21 ‘:f:))‘ ARk il :E*ﬁiﬁ—ni’

I Y YGEE DERY »Lxgggi»bggﬁ,_,Jy‘x%di;%,gma i

% Vg Ae Fig. 2.3 0 AR5 B Bo % C Lk p
TH o Rt 3 § AT o age w It o AT 4r Fig 2.3 (a)
I oA CFREFOZREEAE TEFE O F 5 = A8

#-Fig. 23 (a)3v Frv %d& 90 & > B3 7% Fug # R 4 L~ BTy Fig.

23 (b)? £ R
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Air-Sensitive Treatment (Ar -line or N,-line ) Ar or N

i
%‘% & % ’% . 8 Ty

f.‘ﬁ' l H:0
| f;r ArorN; Cr(1I) or V(II)
-1
Aror N:
F 8 @ #
| K E
E R xE 3B

3L Ar-line : Scrubbing towers containing Cr(II)

ion and Zn/Hg amalgam.

Ny-line * Scrubbing towers containing VCl,

solution and Zn/Hg amalgam.

Figure 2.1 ~ I§ ¥ &2 i 57 & B
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(a) ¥ T

e B

ok

5% e

(b) #: di i,
(3.

Figure 2.3 ~ £ ¥ 53 % % K
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T~ &
1.[Ru(NH;)sCI|Cl, 2. & =
#2855 5. [Ru(NH;)6]Cl; 4e » 100 & <1 6 M B &> 4c #3110 - 120
CoREPHAETRRANE B FRAEFELTRIIE HHYR
RiGig » RA ML RE L ROFRE BRI B AR RS
60°CO.1M #p® A #E R R AFEFRZESES » ka4
TR R RMART D MET R RE P ERORR Y ) F
WAL E 2 M BpL -~ 2 f(y AR EE)E C RYFAR PR
oo Lo#R R r BHA 12 M BRGEH ~ kQ4 B F ¢ R

1 d(Ade v je) o A5 1 3.64 5.(73%)
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2. Ru(NH;)5(pz)(Cl10y), 2. & =

45100 % % [Ru(NHa)s CIICl, 4e » 10 & 2 -k ¥ (% %0 2 7 552 * #g
¢ o e Fig. 23 #Tm) 0 AR A EF B0 EEAAKZ 200 F
pyrazine » F i » g F 1 ] PF o BB R F RES I PN ITERHQ
5. NaClOy) 27332 F 55 ki 3 P(R|icd 25470 R T
BHR-A P FMWERN SR RRE L REGRS RIS

2

__FI‘ %

B'
|20 =

13\\-

Be AP R AS5-10F 2 50°C 2 § k¥ > abefog 5 T ki
30 A4 T REd AT METRRBASER BHEMLCE

LR R L R AP SR RP I 2127 £ 5.(80 %)

3. [Ru(NH3)s(pzH)](C104)4 2- & =

#-100 % 5.[Ru(NH;3)s(pz)](ClO4), 4 » & 6 M iF % feiaiz® -
de ~ iR 0.5 M Ce(IV)2. 6 M i & fhi3 % » iR jF 4r » 48 fo NaClO, -k
AR I TR A o KB 3B N GE T R Btk iR 0 R B Y
CE e FRR T RS RR 86 E 5.(60 %) >z ¥

~ J< EAp = [57]
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4. [Ru(NH;)s(isn)|(C10y), 2. & &

#-100 = 5. [Ru(NH;)s CI]JCL, 4 » 10 2 -k ¥ (% 3% 7 #g 2. # 5y
> de Fig. 2.3 #17) 0 AR ~EF X~ FREABE 200 F
isonicotinamide » #F i » g § 1 /] PF o R R F BREHSI P 2w
A2 5. NaClOy) 27 #2350 kit 3 (B d A4 47 0) i
BT AP B A A e R L RUFR SRR T

2

__FI‘ %

B'
|20 =

TJH—

Be AP R AS5-10F 2 50°C 2 § k¥ > abefog 5 T ki
30 A4 T REd AT METRRBASER BHEMLCE

¢ ﬁ@}‘ ¢ ﬁi./ﬁ e Lt ANE LR T F131 % El*(75%))

5. [Ru(NH;)5(isn)](C104); 2. & =

#-100 % 5.[Ru(NH;)s(isn)](ClO4), 4 » > & 6 M i % feiair @ >
te B E 0.5 M Ce(IV)2. 6 M il & &3 % o iBF 4¢ » &2 fr NaClO, -k
AR I TR A o KB 3B N GE T R Btk iR 0 R B Y
CECRE RO R R A 103 F L (60% o BTk

T v pREAR F#[66] -
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6. N-methylpyrazinium iodide 2_ & =

F=2~ 3.5 5 pyrazine (0.0433 mol)f= 5.68 5. (%) 2.5 mL) CH;l (~0.04
mol)iR & 73 f#ts4e » > £ a7 CHCl; 2R T EF > PR RSH
o F2-32BWTE R AT BRI AR XY @

FETS R BRI AT 1528 (59%)

7. N-methylpyrazinium p-toluenesulfonate & =

#28~ 2 5. N-methylpyrazinium iodide "™ & > & h= B KA fE > ¥
P~ % % 3 silver(I) p-toluenesulfonate » 12 &> & 1= R -KiEfE{s > B3
f% t¢ ersilver(l) p-toluenesulfonate i% jF 4r » N-methylpyrazinium iodide
B ONMBETWIERE RSB RIBREP £ o EIRP R
Tk R (S mL) > F HI Z T HICE D0 HEAT

BisEeFE I TR - % - AF 12252 (82%) -
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8. [Ru(NH3)5(pzCH3)|(Cl10,),4 2. & =
(pzCH; = N-methylpyrazinium)
F22~ 80 ® 5. Ag,O i3 SmL = B-k? > B4 » = a fif pe

(trifluoroacetic acid) & ] Ag,O % 7% f%> £ 4c » 0.1 5.[Ru(NH;)sCI]Cl,
LG8 F AT 60 drkip Y SRR F R 20 B% AgCl
STHR o Kepite » BOAERTE O AK > W g B R 10~ 15 24818

# 4c ~ 0.3 5. N-methylpyrazinium p-toluenesulfonate(* P73 ;% % % ¢ )
F R 90 ~ 45 - iEipP-hik 0 £ 4 » 2 ml 420 NaClO, i3 0% > Akig
PR EF o BRAR D o BBk T EIE ¢ AR B
LB i N < S IR AN I LA /I L I 4 P
[Ru(NH;)s5(pzCH3)](ClO4); 2 47 o e B 0.5 N Ce(IV)ia *t 6 M eniff % ik
B B IF ~ = i [Ru(NH;)s(pzCH3)](ClO,); 1 & 4 7 > B 3] F 18
DIERAR I BRI EFM X OMiBF BT FRRL PR

A

F 1 0.085g (33%)  fr kG R 2 R B AP [59] ¢
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9. Na;[Fe(CN)s(NH3)] « 3H,0 2. & =

#-10 % ¢ Nay[Fe(CN)sNO] » 2H,0 4c » fiF 40 mL = & %47k

B
Pl
¥
@
Z
o
=
W
o
&
‘m
E\
O
e
13
-
ey
o
Ee
bt
Qe
i
‘ém
T
|
¥

2]
20z]

13\\-

‘_FL ‘z

Bde A PR3 25% kP (9 30mL) > Eig ",ﬁ??ri‘;fr - R
e r R BB RE A RNk A s L
Wi o ML Rfre ROF TR AR S SRS BN E TR R B

B3 iz o 3B kY o0 A S (3355 )325%-
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10. H;bpy[Fe(CN)s(py)]2- & = (py=pyridine )

# 0.48 mL & pyridine ;3*% 10 mL k¥ > 4 » 026 g &b
Na;[Fe(CN)sNH;] * 3H,O *t sk crsp 5T F 5 1) 5> £ 12 0.95 g ¢
Na,$,05 ¥ i 20 min 7 4r » 0.5 mL jE B A2 > 5515 40 » B M
4,4 -bipyridine #F FH D T3 R G S okiE = L P BiRITE UK

Foo T PR R TGRSR T

B'
|20 =

ity

23

deke A F 0 SmbL 0k 0 R R I A 40-50 > A FE RS 4
> 0.1mL JERAL > #imig B3 kig A 4rs | RIS ER ML R L
i fo R g0 0 A5 0.25g(62.8%) o S KL 2 pREAD

#[59] -
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I A HREZR B2
1LigE F=£ R 2
= =% OHAUS TS 400D
r =% - PRECISA 125A
7 =% T METTLERAE-42C
2.pek R BE
i % Orion 420A pH % » ®ipl2 % 4% =% 2 pH A |12 pH=
4.01 ~7.00 & 7.00 ~ 10.01 &£#F 3R L E RE o
3. ok A 7R £
i¢ * Hitachi U-2000 ¢ Hewlett-Packard HP 8453 ¥ ¢t —% & 5k &
HR RS EE 10 2~ > 5 FEHE o )k % #ic(extinction

coefficient, )7 d w4k 2 ¥ JT & (absorbance) i Beer’s law(A=¢bc)

4 & 42 R R & =22 Princeton Applied Research (PAR) Model
273A Potentiostat/Galvanostat B| & > 78 %% d 22 % B a2 B A 7T
u PC 486 DX 4]* PAR Model 270/250 Research Electrochemistry
software ver.4.0 7z4% 7% % > ¥ ¢ EPSON Stylus 800 Printer 7| &7 # {8 2_

Tk RE B oFig. 2.4 2 TRELRE T ¥ KR > ey & T #&(Saturated



calomel electrode » SCE) i* & %% % & (reference electrode) » 44 3%
(Platinum wire) i % # 2% 7 {&(auxiliary electrode) > * 4 7 &l T 7

’—

t&(working electrode) » & flgi% it i HRIGET F AL LF F o TR

v

THA T

paul

L0 .

She

THie'GFyF > T

»

5.8 4 £plE

F o4 SR F i 5 Pk A 5 2 HI-TECH SF-61 Dx2 double
mixing stopped-flow spectrophotometer % Hewlett Packard HP 8453
UV-vis spectrophotometer | & > i * FIRSTEK/JZ 8 # #7#]F BE R o
F % ik - % (pseudo first order)if i T %’%’ BLPIRu(I) & Fe(Il)45 & 47 =
Yo chgp i gl > £ B R A L B R 0 Ru(ID)2 Fe(Il)ena) & 5E pE Y o¢
FLHEfpEY R 2In | Ai—Ad| HPFRF R R SEH % 4oFig 2.5
£757 o kobs ¥ A A ] T 3 X ( linear least-square fit )4 #7In | Ai—

A‘%%@i%ﬁﬁaﬁ#ﬁﬁgo
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View
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CRERE KD EUR

P TR = - TR S S

Top View
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Figure 2.4
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805291.0m

0.35 -
0.3
0.25
§ 0
0.15 4
0.1
Dnﬁ T T T T T T T T 1
1] 0.0% 0.1 0.15 0.2 0.25 0.3 035 0.4 0.45
Time (=1
(a)
-1
1.5
-2
femy
<
Z -25
N’
=
-3
3.5
-4
0 0.02 0.04 0.06 0.08
Time(s)
(b)

[Ru(NH;)s(pz)]* = 2x10° M, [4-mc] = 6.0 x 10* M
pH 5.37, 1= 1.0 M (LiClO,), T =25

Figure 2.5 ~ Ru(NH3)5(pZ)3+3§ B E B
(a) Ay vs. PFRF
(b) In| A-A;l  vs. pERY
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44

5=

— ~

= 4L
-ﬁ. A %

Catechols 2 7 — 7~ % Ru(NH;)sL* (L= pzCH;" -~ pz ~ isn) &

Fe(CN)s(py)* 4% & 4 2. MLCT & Jc % 2§ 71| *+ Table 3.1 > Ru(I)2 Fe(Il)

S

W ke gk E AR 2 [57,59,66] 0 @ 0 Ru(NH;)sL*" 2

Fe(CN)s(py) 45 & 4 2 s fe =% % &7 L & F ( Fig3.l )& % ¢t £ 5

catechols z W Jc ¥ & € &> ¥ Sz B M > FIPb F RG22 ;%‘.5 B

Ru(NH;)sL* # Fe(CN)s(py)™ 2. 7+ L% -

Absorbance (AU)

(©

—_—
()}
T

1 s
0.5 \
0 e —
320 370 420 470 520 570

Wavelength (nm)

Figure 3.1 ~ Ru(NH;)sL* & Fe(CN)s(py)” % < % 3 ] *

(a) Ru(NH;)5(pz)*" (b) Ru(NH3)s(isn)*" (c) Ru(NH;)s(pzCH;)*

(d) Fe(CN)s(py)™
a.pH 5.5 T=25
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Table 3.1 ~ UV‘VIS JD;-‘H’- a

Compound Amax (M) (10'38max) ref. (10'3 €max)
4-methyl catechol 222 (5.16)
(4-mc) 281 (2.78)
protocatechuic acid 220 (8.65)
(PA) 251 (8.58)
288 (3.86)
Catechol 216 (6.26)
275 (2.33)
Methyl protocatechuate 223 (11.7)
(mpc) 260 (10.7)
294 (5.55)
Ru(NH;)s(pz)** 475 (13.6) (13.3)°
Ru(NH;)s(isn)* 478 (11.9) (10.5)"
Ru(NH;)s(pzCH;)** 540 (16.0) (16.2)°
Fe(CN)s(py)™ 367 (3.61) (3.72)°

a.pH 5.6 » T=25 °C b.0.IMHCIO4 > T=25 C c.ref.57 d. ref.66 ¢. ref.59
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-\.ﬁ’,/?

Ru(NH;)sL*"*"#2 Fe(CN)s(py) 4 £+ 2 B R T 7 1 phTR ik %
% (Cyclic Voltammetry) » &= pH =5.6 ( HOAc/OAc ) > u =1.0M
LiCIO  i5 # T iRl & » AR REBIOER- 27 GHETF 5 R R
4o Fig. 3.2 33 #1517 o B R 7 7> Table3.2 > AEp ##& 70-80 mV

Z [ e

Table 3.2 ~ Fe(CN)s(py)’”* ~ Ru(NH;)sL> "4 £ $ 2 B h T =

E1/2 Volt ( VS. NHE)

Fe(CN)s(py)*™> 0.44°(0.44°)
Ru(NH;)s(pz)* ™" 0.53%0.53%)
Ru(NH;)s(isn)*"** 0.41%(0.38%)

Ru(NH;)s(pzCH;)* "+ 0.92°(0.92%

a.u=10MLICIOs » pH56  T=25 b.u=1.0MHCIOs > T=25 c.ref.10
d.ref.58

.

T ,,f”’f \

e =

o -_--_\"'\-\.x I‘.t

f | "'.l I"‘x

Jr 4 h I
\ -

"

Figure 3.2 ~ Fe""(CN)s(py)2- Fe (CN)s(py)™ 4 & # % k% §] °

a. pH 5.6( HOAc/OAc ) » u=1.0M LiCIO, » T=25
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I/

— e 8 —

EV |vi 8E

Figure 3.3 ~ Ru"""'(NH;)sL 2 Ru(NH;)sL*"4 & 4 #5 % k% @]

(a) L=pz* (b) L=isn * (¢) L= pzCH;"®
a. pH 5.6( HOACc/OAc ) » n=1.0M LiClO, » T=25C
b. u=1.0M HCIO,4 » T=25C
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B

4-methyl catechol % protocatechuic acid 2. B i & &£ 7 12 k3%
;% 18] % catechols & & 7] #(5%10° M) * 7 ik & 2. Ru(NH;)s(L)*"
L5 T BEF R E [RuID]/[HX]=2 P > Ru(Il)z s jc & A4
H4eo e [Ru(IID]/[HX] 2 5> MLCT s fc & i v 2 < Fig. 3.4
% pH = 6.0 > pn=1.0M LiClO, F¥ Ru(NH;)s(pz)’ 4% & # %} catechols e

% T_E) o2t

Ik

F %% % B ot 4-methyl catechol %2 protocatechuic acid ¥

-~

Y

BT BRF b T F Bdk eq(10)iE 7 -

2M(IL+ H,X — 2M(IIL+ X +2H"  (10)

MIII/II — Ru(NH3)53+/2+ . Fe(CN)SZ-B-
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1.6

14 o o— Y

1.2

1

< 0.8

0.6

0.4

0.2

0
0.00E+00 2.00E+00 4.00E+00 6.00E+00

[Ru-pz]/[4-mc]

(b)

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0
0.00E+00 2.00E+00 4.00E+00 6.00E+00

[Ru-pz]/[PA]

Figure 3.4 ~ catechols & j RU(NH3)5(pz)3+ 2 LR E

(a) [4-mc]=5%x10"M > pH=6.0 » p= 1.0 M LiClO, » T=25
(b) [PA]=5%x10"M > pH=6.0 > p= 1.0 M LiClO, » T=25
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T~ F E 4§

= 7 Featechols B R F 2 ¥ F A TH B RAF B BT
e v o & w2 Ru(ll Fe(lll))4s & # %2 catechols 3 *LE FH| >
Sk JFT In(A,—A) vs.FERE 35T MM % > 4o Fig. 3.5 #751 » F|p 7
WFLEF B FATHFE 5 - BLF NF 1 ooeq(l0)F Bk X

;¥

2 eq(11) ~ (12)% 7

— d[M(ID))/dt= koo [M(II)] (M=Ru ~ Fe) (11)

kobs — 2k[H2X] (12)
eq.(12)¥ 2. 2 % %zt Sdc( statistical factor )> 2 ¥ g5 7.+ % i & i o

g o4 B0 b =10 MLICIO,» T=25C » » B Rl 5

i€ ([HX]= 10[M(ID)]) » 2 Fa 2k J& /6 2 — & ( pseudo-first order ) °

49



-1.5

-2.5

In ( Ai-At)

-3.5

-4
0.00E+0 5.00E-3 1.00E-2 1.50E-2 2.00E-2 2.50E-2

Time(s)

(b)

-1.00E+0
-L50EH0 | o
-2.00E+0

-2.50E+0

In( Ai-At )

-3.00E+0

-3.50E+0

-4.00E+0

-4.50E+0
0.00E+0 5.00E-1 1.00E+0 1.50E+0 2.00E+0

Time(s)
Figure 3.5 ~ 4-methyl catechol — Ru(NH;)s(isn)* ¥ Jx 4 2
In(A,—A) vs.FE R iTH@) °
(a) [HoX]  10[Ru(II)] » f 5|7 £ A=478 nm

(b) [Ru(Il)]  10[H,X] » ¥ i8] & A=478 nm

a.pH 6.5 > u=1.0M LiClO,, T=25
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SR IS REERE N YL TSR NSt
EETER S A2 pH u=1.0MLICIO, > T=25CiF &= » @ipl
» }f@i 3‘ # ﬁ’tkobs s E"J ;'J%l\‘\ Table A1-All - kobs?[HZX]/}é)i i %‘1']&—&@

4 » 4 Fig. 3.6-3.9 #77 o

(@) (b)

kobs vs. [4-mc] kobs vs. [mpc]
60 7
50 6
A
st
40
(AN
o o 4 r
£ 30 £
£ |
20
) |
10 F b
0 ‘ ‘ ‘ o
0.00E+00 1.00E-03 2.00E-03 3.00E-03 4.00E-03 0.00E+00 4.00E-03 8.00E-03 1.20E-02 1.60E-02
[4-mc], M [mpc], M
©006M  mOIOM  A020M  ©030M ©0.02M " 0.04M £0.06 M ©0.08M

Figure 3.6 ~ [H']=0.02-0.30 M > Ru(NH;)s(pzCH3)" 4% & % & ¥ Jix 2

kops VS. [red.] @]

(a) 4-methyl catechol (b) methyl protocatechuate
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kobs, s

kobs vs. [4-me] kobs vs. [PA]
160 120
100
80
Tm
£ 60
g
=~
40
20
0
0.00E+00  4.00E-04  8.00E-04  1.20E-03  1.60E-03  2.00E-03
0.00E+00  4.00E-03  8.00E-03  1.20E-02  1.60E-02  2.00E-02 [PA], M
[4-mc], M
©pH4.08 WpH437 ApH476 ApHA94 OpH515 ® pH5.37 ©pH5.92 ®WpH6.19 ApH642 @ pH6.63 O pH6.79

(c)

kobs vs. [mpc]

kobs, s

0.00E+00 5.00E-03 1.00E-02 1.50E-02 2.00E-02

[mpc], M
< pH4.14 u pH4.48 A pH4.76 ® pH4.97
O pH5.02 A pH5.37 O pH5.60 & pH5.84

Figure 3.7 ~ pH4.08 — 6.79 > Ru(NH;)s(pz)* "4 & # B R F 2

kops VS. [red.] @]

(a) 4-methyl catechol (b) protocatechuic acid
(c) methyl protocatechuate
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(@) (b)

-1

kobs vs. [4-mc] kobs vs. [4-mc]
160 250
140
200
120
100 _1s0 f
£ 80 :
60 100
40
50 [
20
0 0
0.00E+00 2.00E-03 4.00E-03 6.00E-03 8.00E-03 0.00E+00 6.00E-04 1.20E-03
[4-mc], M [4-mc], M
® pH5.53 O pHs5.71 A pH5.98 O pH6.16 . o a o .
* pH63S o pH6.68 — pH6SS pH7.01 O pH7.29 A pH7.44 © pH7.59 & pH7.70

kobs vs. [PA]

250

200

150

kobs, S

100

50

0
0.00E+00 4.00E-04 8.00E-04 1.20E-03
[PAL, M

©pH6.98 MWpH7.18 ApH7.39 ®pH7.80 O pH7.95
Figure 3.8 ~ pH 5.53 — 7.95 » Ru(NH;)s(isn)*"4% & # B R F B2
kops VS. [red.] @]

(a) ~ (b) 4-methyl catechol (c) protocatechuic acid
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(@)

kobs vs. [4-mc]

0.00E+00  2.00E-03 4.00E-03 6.00E-03

[4-mc], M

8.00E-03

OpH5.01  WpHS21  ApHS541 @ pH5.58

(c)

kobs vs. [catechol]

1.00E-02

0.00E+00 2.00E-03 4.00E-03 6.00E-03 8.00E-03
[catechol], M
© pH4.97 ® pH5.19 A pH5.39 ® pH5.60

kobs vs. [PA]

0.00E+00  4.00E-04 8.00E-04 1.20E-03 1.60E-03 2.00E-03
[PAL, M
O pH6.48 ®pH6.68 ApH692 @ pH7.03 O pH7.22
d
( ) kobs vs. [mpc]
5
45
4 b
35 1
- 3T Y
:2-" 25 1
=~ 2k
L5 1
e
05 1
0
0.00E+00  4.00E-03  8.00E-03 1.20E-02 1.60E-02  2.00E-02
[mpc], M

®pH5.15 OpH5.27 A pH5.44 O pH5.63

Figure 3.9 ~ pH 5.01 — 7.22 > Fe(CN)s(py)* 4% & # B R F 2

kops VS. [red.] @]

(a) 4-methyl catechol (b) protocatechuic acid
(c) catechol (d) methyl protocatechuate
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SR F R XV kk v ONE S AME TS L
(lincar-least-square fit )= % & 47 kops vs. [Ho X B > £ KA FEE > &

7|+ Table 3.3-3.13 -

Table 3.3 [H']=0.06-0.30 M » Ru(NH;)s(pzCH;)* 4% £ # 1 4-methyl
catechol B F Bz 1 F ¥ #ic k®

[H'], M k,M's™
0.06 (7.95+0.01)x10°
0.10 (7.70£0.01)x10°
0.20 (7.40£0.01)x10°
0.30 (7.2520.01)x10°

a. £=1.0 M HCIO4/LiClO4 > T=25C

Table 3.4 [H']=0.02-0.08 M » Ru(NHz)s(pzCH;)* 4% £ % 2 methyl
protocatechuate B i & &2 % 5 ¥ #c k°

[H'], M k,M's™
0.02 (7.49£0.03)x10?
0.04 (4.0620.04)x10?
0.06 (2.67£0.05)x10°
0.08 (2.080.03)x10?

a. £=1.0 M HCIO/LiClO4 » T=25C
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Table 3.5 pH4.08 —5.37 » Ru(NH;)s(pz)’ 4% & # ¥ 4-methyl catechol
BRF 2 Bk’

pH k, Mgt

4.08 (1.11£0.02)x10°
4.36 (2.48+0.02)x10°
4.76 (6.6520.01)x10°
4.94 (1.06£0.01)x10*
5.15 (1.7120.01)x 10"
5.37 (2.82%0.02)x10"

a. 4=1.0MLiClO, > T=25C

Table 3.6 pH 5.92 —6.79 » Ru(NH;)s(pz)* 4% & # £ protocatechuic acid
BRF T F Bk

pH k, Mgt

5.92 (1.01£0.02)x10*
6.19 (1.8120.02)x10"
6.42 (3.4620.03)x 10"
6.63 (5.5520.01)x10"
6.79 (8.200.03)x10"

a. 4=1.0MLiCIO, > T=25C
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Table 3.7 pH4.14—5.84 » Ru(NH;)s(pz)’ 4% & # ¥ methyl
protocatechuate B i & &2 % 5 ¥ #c k°

pH k, Mgt

4.14 (9.85+0.10)x10"
4.48 (1.6520.01)x10?
4.76 (2.77£0.05)x10?
4.97 (4.080.05)x10?
5.02 (4.53£0.10)x10°
5.37 (8.19£0.10)x10°
5.60 (1.470.03)x10°
5.84 (3.0620.05)x 10’

a. 4=1.0MLIiCIO, > T=25C
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Table 3.8 pH 5.53 —7.70 » Ru(NH;)s(isn)’ 4% & # ¥ 4-methyl catechol
BRF T F Bk

pH kM s

5.53 (3.380.03)x10°
5.71 (5.1520.01)x10°
5.98 (1.020.01)x10"
6.16 (1.5120.01)x10"
6.35 (2.32%0.02)x10"
6.68 (4.480.07)x10"
6.88 (6.850.02)x10"
7.01 (9.45+0.01)x10"
7.29 (1.83+0.03)x10°
7.44 (2.5720.04)x10°
7.59 (3.72+0.03)x10°
7.70 (4.80+0.04)x10°

a. 1=1.0 M LiClO, » T=25°C
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Table 3.9 ~ pH 6.98 — 7.95 » Ru(NH;)s(isn)’ 4% & 4 ¥ protocatechuic acid
BRF Wk’

pH k, Mgt

6.98 (1.40£0.07)x10*
7.18 (2.62%0.10)x10"
7.39 (4.69+0.20)x 10"
7.80 (2.87+0.07)x10°
7.95 (4.77+0.08)x10°

a. 4=1.0MLiClO, > T=25C

Table 3.10 pH 5.01 — 5.58 » Fe(CN)s(py)* 4% & $ 22 4-methyl catechol

FRF 2ok ¥ Bk’

pH k, Mg

5.01 (8.71%0.02)x10?
5.21 (1.3420.04)x10°
5.41 (3.07£0.06)x 10’
5.58 (3.880.10)x10°

a. 4=1.0MLiCIO, > T=25C
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Table 3.11 pH 6.48 —7.22 » Fe(CN)s(py)* 4% & % £ protocatechuic acid
BRF S Wk’

pH k, Mgt

6.48 (1.65%0.10)x10°
6.68 (3.0320.10)x10°
6.92 (5.3120.03)x10°
7.03 (7.43£0.04)x 10’
7.22 (1.0620.04)x10"

a. 4=1.0MLIiCIO, > T=25C

Table 3.12 pH 4.97 —5.60 » Fe(CN)s(py)* 4% & # 22 catechol & & ¥ J&
2o KA ek’

pH k, M

4.97 (2.98+0.20)x10°
5.19 (4.920.10)x10?
5.39 (8.2420.45)x10°
5.60 (1.33%0.05)x10°

a. 4=1.0MLIiCIO, > T=25C
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Table 3.13 pH 5.15—5.63 » Fe(CN)s(py)* 4 & # ¥ methyl
protocatechuate B i & &2 % 5 ¥ #c k°

pH k, Mg

5.15 (5.55+0.04)x10"
5.27 (7.30+0.05)x10'
5.44 (1.0720.01)x10?
5.63 (1.70£0.03)x10?

a. 4=1.0MLIiCIO, > T=25C

g 4 § % % > 7 % 4_4-methyl catechol ~ protocatechuic acid ~
catechol %2 methyl protocatechuate » k & 32% % [H' )k & H 4c @ &> >
% oZEa > Fig3.10 % s 2 T > Ru(NHi)s(pzCH;)* § it
4-methyl catechol 2. k vs. [H']B] > 242 k vs. [H BB 7] Fig.
Al-All » j§# 4 B2 F R Eehd & » Apdaplk X@%}ﬁ*}#&r egs.

(13)-(20) %% o

I B B R B B B
8.20e+003 -
8.00e+003
7.80e+003
7.60e+003

7.40e+003

7.20e+003 HMHMHMHMHMHM.\\M\

0.08 0.12 0.16 0.20 0.24 0.28 0.32
[H+]

Figure 3.10~[H'] = 0.06-0.30 M>Ru(NH3)s(pzCHs3)* 4% & # 22 4-mc ¥ M2 kvs. [H']
iT B
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H,X <= i pX ( HbX = 4-mc ~ PA ~ catechol&mpc ) (13)
HX === H'+ X (14)
MAIDL + H,X —>—  MDL + H, X" (15)
M(III)L+ HX — ML +HX (16)
MAIDL + X> —2—> ML + X (17)
ML+ X" ——= ML +2H +X (18)
ML+ HX —2—= ML +H +X (19)
ML+ X —— ML +X (20)

M"" = Ru(NH;)s*"** (L= pzCH;" ~ pz ~ isn) ~ Fe(CN)s>*" (L= py)

PRype F Rk 7 12 eq.(21)% 77  4-methyl catechol(4-mc) ~
protocatechuic acid(PA)  ypyrocatechol # methyl protocatechuate(mpc)
2_ pK, e 7>t Table 3.14 -

k,[H' ) + k,Ka[H" |+ k,KaiKa,
[H'F + Ka[H' ]+ Ka,Ka, (21)

k=

Table 3.14 ~ H,X 2. pK, &

pKai pKa

4-mc* 9.56 14.0

PA" 8.67 11.74

catechol” 9.23 13.05
mpcd 8.12 -

a. ref.67 b.ref.39 c.ref.65 d. ref.50
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(a) [H'] =0.02-0.30 M
FET 7 G RuNHy)s(pzCHy)"' 5§ &g nf i 4 7 e g i

HoX » #1307 Ru(NHs)s(pzCH:) 4% & 4 18 5 § 144 Bt B
[H']>>K,, Ky €q.21)7F § * 4 eq.(22)

k,[H'] +kKa[H" |+ k,KaiKa,
[H'T

k= (22)

e A kovs, V[H]ERIPF > 3kt & REM % 4o Fig.
3.11-12 #5570 » Fp 7 10 R ko[H' ] + kKo [H'] ) >>hoKo K @ eq.(22)

V- @it i oeq(23)

k,[H" 1+ k Ka,
k =

F# L@ g T 2 L (non-linear least square fit )13z eq.(23)4

Y5 kvs.[H] > ¥ 85 kg% k & > % % 5|3 Table 3.15 ¢
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8.00E+3

7.80E+3

7.60E+3
o

740E+3

7.20E+3

7.00E+3 : : :
0.00E+0 5.00E+0 1.00E+1 1.50E+1 2.00E+1

1/[H+]
Figure 3.11 ~ [H'] = 0.06-0.30 M » Ru(NH;)s(pzCH;)* 4% & #» 22 4-mc &

M2 kvs. 1/[H]i% B

8.00E+2

6.00E+2

< 4.00E+2

2.00E+2

0.00E+0 . . . . .
0.00E+0 1.00E+1 2.00E+1 3.00E+1 4.00E+1 5.00E+1 6.00E+1

1/[H+]
Figure 3.12 ~ [H']=0.02-0.08 M » Ru(NH;)s(pzCH;)* 4 & 4 2 mpc ¥

M2 kvs. 1/[H]i% B
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(b) pH = 4.0-7.0
¥ pH & 4.0 » Ru(NHs)s(pzCHy) 4 £ 4 ¢ DB & o

disproportionation 35 % > F]* ¥ i 2 Ru(NH;)s(pz)’ 2 Ru(NH;)s(isn)**
&4 iT 5 F iV R o @ 5 7 kg protocatechuic acid 2. -COOH = 2 *%
%% ¢ deprotonated > A5 = -COO 3| it » F]#* &2 protocatechuic acid 7
F s R pH @474 2 pH 6.0

&t pH # B(pH=4.0-7.0) > [H'] >>Kyy, Koo > eq.21)7 f§ 1 5
©q.(22) » R FEFT kvs. V[H B & &M 0 0 2 i8R ek
b Fig.3.13-20 #770 » BEom fpt 1% 2 F kK [H']>>(ko[H T+hKuKyp )
Flb eq.(22)F £ - H @I E eq(24) I H S A T L
A5 kvs. 1/[H] > 4857 8 k& > % % 7% Table 3.15 o

L kK

T (24)
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3.00E+4

2.00E+4

1.00E+4

0.00E+0 : ' ' '
0.00E+0 5.00E+4 1.00E+5 1.50E+5 2.00E+5 2.50E+5

1/[H+]

Figure 3.13 ~ pH 4.08-5.37 » Ru(NH;)s(pz)’" 4% & # 22 4-mc ¥ 2

kvs. 1/[H]=§

8.00E+4

6.00E+4

= 4.00E+4

2.00E+4

0.00E+0 I I I I I I I
0.00E+0 2.00E+6 4.00E+6 6.00E+6 8.00E+6

1/[HH

Figure 3.14~pH 5.53-6.88 » Ru(NH;)s(isn)’" 4% & # 2 4-mc ¥ &2 k vs.

V[H] % @l
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4.00E+3

3.00E+3 °

=<
2.00E+3

1.00E+3

0.00E+0 . . .
0.00E+0 2.00E+5 4.00E+5

1/[HH]

Figure 3.15 ~ pH 5.01-5.58 » Fe(CN)s(py)” 4% & # £ 4-mc ¥ 2

kvs. 1/[H'] @

8.00E+4

6.00E+4

-
4.00E+4

2.00E-+4 ¢

0.00E+0 : : : : : :
0.00E+0 2.00E+6 4.00E+6 6.00E+6

1/[H+]

Figure 3.16 ~ pH 5.92-6.79 > Ru(NH;)s(pz)*"4% & # 22 PA F 2

kvs. 1/[H'] @
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1.20E+4

8.00E+3

4.00E+3

0.00E+0 ' ' '
0.00E+0 1.00E+7 2.00E+7

1/[H+]

Figure 3.17 ~ pH 6.48-7.22 » Fe(CN)s(py)” 4% & ¥ 22 PA F 2

kvs. 1/[H'] @

1.60E+3

= 8.00E+2

0.00E+0 : ' ' '
0.00E+) 2.00E+5 4.00E+5

1/[H+]
Figure 3.18 ~ pH 4.97-5.60 » Fe(CN)s(py)”~ 4% & ¥ £ pyrocatechol ¥ J&

2 kvs. /[H]i*®
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3.00E+3 °

2.00E+3
=<

1.00E+3

0.00E+0 I I I I I I I
0.00E+0 2.00E+5 4.00E+5 6.00E+5 8.00E+5

1/[H+]
Figure 3.19 ~ pH 4.14-5.84 > Ru(NH;)s(pz)’" 4% & 22 mpc ¥ Jis 2

kvs. 1/[H]=§

2.00E+2

1.50E+2

=~ 1.00E+2

5.00E+1

0.00E+0 : : : :
0.00E+0 2.00E+5 4.00E+5

1/[H+]
Figure 3.20 ~ pH 5.15-5.63 » Fe(CN)s(py)” 4 & % £ mpc * &2

kvs. 1/[H]=§
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(c) pH=17.0-8.0
d * Ru(NH;)s(pz)’ & pH=7.0 #% ¢ T disproportionation © b+

RRE e TGS ERE > T AL ERET S W
Ru(NH;)s(isn)* ¥ % & 1 &| o
pH 7.0-8.0 # Fl » ko[H'P 2 tgwgkv}}g,y » I gk s ¢ [H'TP >>

(Ku[H+ KuKp) > F1 eq.(21)7 8- #H i L % eq.(25)

k = — . (25)

14 eq.(25) k[H' vs. V/[H'] (B & 5848 % > 4o Fig.3.21-3.22 57 o
FUI* e drehk s Ky %2 Kp (8 B3 eq(25) 1 2hdufh b | T2 £ 247 k
vs. [H> 7 @5 ky & > 4 % 5|3t Table 3.15 o

¥ %% pH=8.0 ¥ » d ** Ru(NH;3)sL*" 4¢ £ % disproportionation
T IEARI BT 0 P F ik F -0 © 424 stopped-flow & B2 B

B Tt m R T E 4 FIRGT o

70



9.80E-3

K[H+]

9.40E-3

9.00E-3
0.00E+0 2.00E+7 4.00E+7

1/[HH]

6.00E+7

Figure 3.21 ~ pH 7.01-7.70 > Ru(NH;)s(isn)’" 4% & # & 4-mc ¥ &2

k[H'Jvs. 1/[H] T8

5.50E-3

T
=
= 3.00E-3
0.00E+0 ! ! ! ! ! ! ! ! !
0.00E+0 2.00E+7 4.00E+7 6.00E+7 8.00E+7 1.00E+8
1/[HH]

Figure 3.22 ~ pH 6.98-7.95 » Ru(NH;)s(isn)’" 4% & 4+ 2 PA ¥ Jz 2

k[H'Jvs. 1/[H] T8
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Table 3.15 ~ Ru(NH;)sL’" ~ Fe(CN)s(py)* 44 & 4 2. B F Jid & F #c®
HoX  kn Ru(NH3)s(pzCHs)*" Ru(NH3)s(pz)’" Ru(NHa)s(isn)'"  Fe(CN)s(py)™
ko (7.12+0.06)x10°
4-mc k (1.87+0.60)x10" (4.36£0.01)x10°  (3.35+0.01)x10’ (3.78+0.20)x10’
k, (3.30+£0.80)x10"*
ko (1.30+£0.20)x10%°
PA ki (7.00+£0.10)x10°° (6.13£0.01)x10° (6.36+2.0)x10° (3.03+0.06)x10°
k, (1.17+0.17)x10"°
ko (5.86+0.04)x10*¢
catechol K (1.33£0.02)x10"°¢  (1.824+0.02)x107¢  (3.62+0.06)x10°¢  (5.64 = 0.05) x10°
ks (1.33+£0.14)x10" €
ko (3.21+1.13)x10'
mpc ki (1.90+0.05)x10° (5.5240.18)x10° (5.19£0.30)x10*
ke

a. all in M's™' b. ref.74 c. ref.65
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FEF W
Ra(NH;)sL*"2"2  Fe(CN)s(py)** % % B~ % 45 14 ( substitution

inert )2 45 &4 » ® X R E ¥ k4R Ft ¥ catechols 5 &

T BT S ESEA 0 4o eq.(260)%77F o 1345 Marcus L #[58]
GBI FES S P RS k¥ L eq(27)-CBHRE -
OXl + RCdz —~—— Redl + OX2 (26)
kyp =k kypKofi, Wi, @7
[InK,, +(w, —wy,)/ RTT
Inf, = 12 2212 21 (28)
AlIn(k, kyy /1079) + (W +wyy )/ RT]
VVIZ = eXp[—(W12 +W21 " _sz)/zRT] (29)
2
Zl-zje (3())
wW.. =
U Dgay 1+ fayu)
NV
po| Vet S
1000Dgk 5T

B ok 2 hkpau iy CEZERALZ D LT FEB
(self-exchange)i# 5 % #ic > Wi, & work term » Ky, & & BT §% #c 0 g
3 F 4 e 5 B BiT BE3R(closest approach distance) v i F 2 F &
Pehdfffeoz, zp 2 F P22 T ke s R F DL
SRR NG I WA B Y B DR AR R K Bco
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Ru(NH;)sL*" %2 Fe(CN)s(py)™ 45 & 4+ chd 5~ § =% p ¥ T 3 ##

fi :-?‘ F# gi(kn);lj %+ Table 4.1 -

Table 4.1 ~ Ru(NH;)sL>" 2 Fe(CN)s(py) 42 £ # 2. L j= ~ T =&
Complex r (A) E (V) ki,©
Ru(NH;)s(pzCH;)*"*"  3.9° 0.92 39°
Ru(NH;)s(pz)* "> 3.8 0.53 1.4x10%
Ru(NH;)s(isn)’ "> 3.9° 0.41 1.1x10™
Fe(CN)s(py)*"™ 5.0° 0.44 7.0x10%

a. ref.58 b. ref.10 c. all in M's™

Catechols = 3] i B 7 =7 %% d T & thermocycle ¥ [71]°

Eo
HX®* + e H,X
pKI’l pKal
Eq
HX® +e =————= HX
pKrz pKaZ
E>
X® +e X%
E() - EZ + 0059 (pKal + pKaZ — pKrl — pKrZ) (32)
E\=E;+0.059 (pKa, — pK) (33)
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g = )*’c » pK, B4 W 52 5.1 ( 4-methy catechol ) [68] ~ 4.2
( protocatechuic acid ) [39]12 2 5.0 ( pyrocatechol ) [40] ; Ey & % 1.19
( 4-methyl catechol ) [69]4 % E, i@ 0.119 ( protocatechuic acid ) [42] o
Pellzzetti % 47 ¥ #73 semiquinone #f i* & 4 2. pK, ¥ 4k 5 549 F
[70] > F]g+ 2% P iR 4-methyl catechol &2 protocatechuic acid 2. pK;; %
-1 Zcatechol 4p ¢ [71] 1% pK,y ~ pKi» 2 4-methyl catechol
Eq §v protocatechuic acid 1 E, & > %%’é eq.(32)-(33) #1¥ 4-methyl
catechol 7 E|~ E, 2 protocatechuic acid 7 Ey~ E} & 0 5 % 7> Table
4.2 o

#_H,X (Table 4.1) ~ Ru(NH;3)sL*"2 Fe(CN)s(py)* 4% & 2 B R

7 = (Table 4.2 ) @& Nerst * #25% > 4req.(34 #7177 » T 1 eq.(16)-(18)

2.k B f}?”# g’t Keq °
AE = EJ, - E]5) =0.0591xlog Keq (34)

B Ko 2 86 28 2 RIEL koo ki B k0 AT

Hz)(‘H)(_32 Xz_—i B ¥ ?_, —+ ﬁﬁ%i —_-?‘ # ﬁﬁl( kzz ) ’ l”é}% 5']‘%':\ Table 4.3 -
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Table 4.2 ~ R &2 7 =8

H,X r(A) E(V)

4-methyl catechol H,X/H,X" 3.4 1.19

HX /HX 0.57

XX 0.042

protoca?echuic X /HLX 3.4 1.13
acid

HX* /HX 0.56

XX 0.119

pyrocatechol ~ H,X/H,X" 3.4 1.12

HX /HX 0.52

XX 0.043
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Table 4.3 ~ catechols 2. p £ ¢ F #E#H# F ¥ #&°

Ru(NH;)sL**
H,X kn L=pzCH;" L=pz L=isn
(7.12+0.06)x10°
ko 10
kzz =1.7x10
b . (1.87+0.60)x 10" (4.36+0.01)x10° (3.35+0.01)x10’
: Jr = 9.0x10™ f = 6.2x10'2 fyy = 2.0x10'2
L (3.30+0.80)x10"
? Jy = 2.5%10"
L (1.30+0.20)x 10"
‘ fy = 4.4x10°
PA . (7.00+0.10)x10°° (6.13+0.01)x10° (6.36+2.0)x10°
: foy = 4.2x10° Jo, = 1.0x10° fo = 3.4x10”
i (1.17+0.17)x10"
? fo, = 2.4x10”
. (5.86:0.04)x10?
‘ Jyr = 4.6x10°
pyro- . (1.33+0.02)x 10" (1.82+0.02)x10’ (3.62+0.06)x10°
catechol © Jpr = 2.0x10"! Jr = 1.3x10° Jr = 1.2x10°
i (1.33+0.14)x10"!
2

kyy = 3.4x10"°

a. all in M's! b. ref.74 c. ref.65
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¥ Table 4.3 8 x> /H\RLI(NH3)5(pZCH3) kl e j\l’* x4 kzz

Ru(NH;)s(pz)’ 12 2 Ru(NH;)s(isn)* #7182 @ip £ - 1A F @

—N
~

<
BEATHZ EHRLRIT o AT AFHEREE AR & C Fr f AL
0 Fe 0B 38> % I Ru(NH;)s(pzCH3) 97 17 ko 22 #71204 ¥ & Ru(TII)
L F oo 8 4 - % F o> i & & 4 % Ru(NHy)s(pzCH3)*
disproportionation #7# 3% [65] » F]pt S 12 L = pz % isn #7318 2 ky,

BHLL W BeH T aE (s > 718 ky, B 53 Table 4.4 -

Table 4.4 ~ catechols % * 2. p £ 3 F #E#5:¢ & F #°

Self—er);;:ehange 4-mc PA pyrocatechol®
ky (ko) 1.7 x 10" 4.4 x10*° 4.6 x 10°
kyy (ki) 4.1 x10" 6.7 x 10 1.2 x10°
ky (k) 2.5 % 10" 2.4 x 107 3.4 x 10"

a.all in M s b. ref.74 c. ref.65

7€_Table 4.4 ¥+ > ¥ pyrocatechol #ptt » 2% i3 I 4-methyl
catechol 2. ky $2+ 7 10°-10* 2. % » @ protocatechuic acid -]
10°-10° o p 2 % &7 » 7 B~ 22 catechols 7 ity F P &g e
B 50 REAPAE kyhv fi 0 AP PR Fe(CN)L™ -

& pH=5.0-5.6 T & catechols =7F J& > fpt gja FIp > VPR R iE by



B o J1* #7187 catechols ek, B > 395 eq.(27) > # * F18 &y 2. Marcus

124 B> Table 4.5 #7918 % % 829 B ®4piT » 4o Table 4.5 #771 > & -

J=@m 1B

W 7R #1717 catechols ky 2= p ¥ % F & A :8 5 ¥ v Fd o

Table 4.5 ~ Fe(CN)s(py) 45 & % 2_ ki B R F Jpid & % #°

ky
H,X meas. caled
4-mc (0.38+0.02)x10° 1.21 x 10
PA (3.03+0.06)x 10 6.36 x 10’
pyrocatechol (5.64 + 0.05) x10° 7.54 x 10°

a.all in M's!.
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IE 5w
4-methyl catechol % protocatechuic acid £ Ru(NH;)sL’* %

Fe(CN)s(py) 4 & 4 2. F Juz* & % % K1 & 48 catechols % 5 7

BlEz g F REF VI kK% ko 1% Marcus 3% 4

w4 45 F18 4-methyl catechol 2 protocatechuic aicd 2. p ¥ 7 & ##&

kex & % B o7 7 e B~ FL 2 catechols ¥ &id it B+ B 5%
pyrocatechol z_ ¥t =P~ & L 2 407 + £ ( -CH; )PF » p Ad
( intrinsic reactivity )** pyrocatechol ~ = I w =t ¥ % pyrocatechol
ZHEEN A LT F A -COO )P > M AiE 1 (intrinsic

reactivity)+* pyrocatechol -] = T = =X ¥ o
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Table A1 ~ [H']=0.06-0.30 M > Ru(NH;)s(pzCH;)* 42 & 4~ 22
4-methyl catechol B B & & 2. kops'

[H+] [HZX]a M kObS) S-l [H+] [HZX]: M kObS) S-l

0.06 9.83x10* 163 0.20 9.42x10* 15.0

1.73x10° 279 1.93x10°  30.4
2.46x10° 394 2.88x10°  42.6
3.10x10° 489 3.73%x10° 543

0.10 8.22x10* 133 0.30  9.26x10* 13.4

1.63x10°  26.0 1.63x10°  24.1
2.55x10°  38.6 2.43x10°  35.8
3.40x10°  52.1 3.25%x10°  46.5

a. p= 1.0 M HCIO4/LiClO4 » T=25 , [Ru(Il)] =2x10° M

Table A2 ~ [H'] = 0.02-0.08 M » Ru(NH;)s(pzCH,)* "4 & 22
methyl protocatechuate B R & 2. kops

[H+] [HZX]a M kObS) S-l [H+] [HZX]: M kObS) S-l

0.02 1.12x10° 1.70 0.06 4.05x10° 2.11

2.06x10°  3.06 6.08x10°  3.19
3.02x10°  4.49 8.21x10° 4.1
4.07x10°  6.13 9.87x10°  5.44

0.04 2.06x10° 1.59 0.08 6.29x10° 2.53

4.09x10°  3.21 8.20x10° 3.54
5.98x10°  4.85 1.00x107%  4.17
8.04x10°  6.59 1.22x10%  5.00

a. p= 1.0 M HCIO4/LiClO4 » T=25 , [Ru(Il)] =2x10° M
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Table A3 ~ pH 4.08 — 5.37 » Ru(NH;)s(pz)* 4% & 4 22 4-methyl
catechol B B *x B2 kg

pH [HX]M kuss' pH [HXLM ks’

4.08 524x10° 123 494 1.01x10° 214

1.05x107% 23.8 2.01x10°  42.6
1.57x107% 35.3 3.31x10°  68.9
1.94x102 42.0 4.29x10°  90.8

436 2.49x10° 125 515 1.21x10° 409

4.83x10° 24.7 2.11x10°  73.8
6.76x10° 33.0 2.96x10° 102
8.28x10° 41.1 3.92x10° 133

476 2.07x10° 27.4 537 5.96x10" 345

4.39x10° 57.5 1.17x10°  66.5
6.32x10° 85.0 1.85x10° 103
7.88x10° 105 2.35x10° 133

a.p=1.0 M LiClO, » T=25 , [Ru(Il)] =2x10° M
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Table A4 ~ pH 5.92 — 6.79 » Ru(NH;)s(pz)* 4% & ¥
protocatechuic acid & & * & 2. kops

¢
=

pH [HX],M ke s' pH [HX]M ks’
592  6.75x10% 154 6.63 1.49x10* 157
1.17x10°  23.9 3.15x10"%  35.0
1.62x10° 327 4.41x10* 498
1.88x10°  37.1 5.48x10"  60.3
6.19 3.70x10* 144 6.79 2.28x10* 429
6.94x10"% 253 3.50x10%  61.2
9.86x10™*  35.0 4.83x10"  80.6
1.14x10°  41.1 6.03x10"%  93.9
6.42 2.24x10* 154
3.80x10™% 255
5.03x10% 352
6.33x10"%  43.9

a. p=1.0 M LiClO4 > T=25

88
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Table A5 ~ pH 4.14 —5.84 » Ru(NH;)s(pz)’ 4% & # #* methyl
protocatechuate & & & &2 kops

pH [HXLM  kpws' pH  [HXLM ks’

4.14 1.04x102 2.13 502  7.88x10° 8.46
1.32x102  2.72 1.09x10% 9.98
1.62x107%  3.18 1.35x10% 122
1.98x107%  3.81 1.59x107%  13.7

448 1.01x10° 3.4l 537  6.07<10° 10.2
1.31x10%  4.42 7.92x10°  12.8
1.60x107%  5.24 1.02x107%  17.0
1.99x107%  6.50 1.19x10% 19.1

4776 8.59x10°  5.06 560  5.92x10°  17.7
1.16x10%  6.63 8.22x10°  24.0
1.37x10%  7.47 1.01x102  31.1
1.63x107%  8.80 1.21x10% 342

497 8.50x10°  7.05 584  4.03x10° 248
1.16x107%  9.70 6.14x10° 393
1.40x107%  11.5 7.86x10°  46.2
1.63x107%  13.0 9.73x10°  60.0

a. p= 1.0 M LiClO, » T=25

&9

, [Ru(Ill)] = 2x10° M



Table A6 ~ pH 5.53 —7.70 > Ru(NH;)s(isn)* 4% & ¥

4-methyl catechol B R & &2 kops'

¢
=

-1

pH [HX],M  kepws' pH [HX],M koS
5.53  2.02x10°  14.0 6.88 3.54x10* 522
3.79x10°  26.4 5.68x10%  79.7
4.95x10° 323 7.81x10"% 107
6.45x10°  43.1 1.01x10° 136
571 2.45x10° 255 7.01 2.50x10* 505
4.35x10°  4.49 4.03x10*  77.8
542x10°  56.5 6.44x10* 121
6.93x10°  70.2 8.14x10* 153
598 1.61x10° 337 7.29 1.18x10* 424
2.37x10° 482 1.76x10"*  67.0
3.31x10°  67.2 2.24x10% 825
4.23x10°  86.1 2.85x10° 102
6.16 1.32x10° 41.1 7.44 1.08x10* 59.8
2.25x10°  66.4 1.56x10™* 81.2
3.04x10° 922 2.11x10* 106
3.96x10° 120 2.61x10% 134
6.35 1.31x10° 59.6 7.59 9.67x10°  68.8
1.77x10°  83.6 1.48x10™* 108
2.34x10° 109 1.97x10"% 148
3.27x10° 151 2.50x10* 187
6.68 5.24x10* 494 770 9.99x10° 92.8
6.97x10"  65.7 1.30x10* 127
9.71x10™*  86.0 1.66x10* 160
1.23x10° 108 2.11x10* 202

a. p= 1.0 M LiClO, » T=25
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Table A7 ~ pH 6.98 —7.95 » Ru(NH;)s(isn)’ 4 & 4 &
protocatechuic acid & & * & 2. kops

pH [HX],M ke s' pH [HX]M ks’

6.98 4.64x10* 16.1 7.80° 1.04x10*  66.4

6.52x10"%  21.0 1.62x10™*  96.3
1.00x10° 27.7 2.09x10% 121
1.42x10° 375 2.57x10% 142

7.18  3.15x10* 193 7.95° 9.99x10° 102

451x10%  26.0 1.32x10* 129
6.26x10"% 333 1.64x10* 156
8.21x10* 403 2.13x10™* 198

7.39  1.95x10% 21.9
3.24x10" 342
487x10"  47.6
7.07x10*  62.1

a. p= 1.0 M LiClO, » T=25 , [Ru(Ill)] =2x10° M
b. = 1.0 M LiClO4 » T=25 , [Ru(Il)] = 1x10° M
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Table A8 ~ pH 5.01 —5.58 » Fe(CN)s(py)* 4% & # #2 4-methyl
catechol & i & &2 ko

pH [HX],M  kess' pH [HXLM ke’

5.01 1.81x10° 2.95 541 9.99x10* 5.88
4.02x10°  6.92 2.02x10°  13.3
6.22x10° 114 3.03x10°  17.9
8.06x10°  13.7 4.05x10°  25.0

521 2.04x10° 5.87 5.58 1.36x10° 122
432x10°  11.1 2.09x10°  17.1
6.09x10° 17.5 2.98x10°  23.0
8.09x10°  20.8 4.24x10°  32.0

a. p= 1.0 M LiClO, » T=25

, [Fe(IID)] = 3x10° M

Table A9 ~ pH 6.48 —7.22 » Fe(CN)s(py)* 4% & 4~ 22

protocatechuic acid :& & F &2 Koy

-1

pH [HXLM  kpes' pH [HX],M koS
6.48 4.80x10* 2.24 7.03 6.03x10*  10.7
8.63x10%  3.11 8.63x10% 143
1.11x10°  3.84 1.11x10° 153
1.73x10°  5.29 1.42x10° 204
6.68 6.63x10*%  4.42 722 6.10x10* 149
8.69x10%  5.53 7.79%10%  16.7
1.12x10°  6.03 1.04x10°  22.0
1.35x10°  8.42 1.36x10° 275
6.92 636x10* 6.78
9.02x10*  9.14
1.18x10° 147
1.57x10° 153

a. p= 1.0 M LiClO, » T=25

92
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Table A10 ~ pH 4.97 — 5.60 » Fe(CN)s(py)* 42 & %

pyrocatechol & B & J& 2. Kops

a

o
=

pH [HX],M  kess' pH [HXLM ke’
497 221x10° 1.34 539 2.61x10° 4.44
4.01x10°  2.33 3.81x10° 7.35
6.04x10°  4.19 5.40x10°  8.29
8.08x10°  4.39 7.03%x10°  11.2
5.19 2.12x10° 241 560 1.22x10° 4.14
3.61x10°  3.68 2.51x10°  6.10
5.64x10°  5.34 3.88x10°  11.0
7.55%10°  7.43 5.24x10°  13.5

a. p= 1.0 M LiClO, » T=25

, [Fe(II)] = 4x10° M

Table A11 ~ pH 5.15 — 5.63 » Fe(CN)s(py)* 4% & 4~ &2
methyl protocatechuate & B & & 2. kops

-1

pH [HX],M ke s' pH [HX]L,M ks s
5.15 8.07x10° 0883 544 5.18x10° 1.15
1.09x102% 1.23 7.40x10°  1.60
1.41x107%  1.57 9.77x10°  2.09
1.54x107%  1.68 1.32x102%  2.76
527 6.55x10° 0984  5.63 5.66x10°  1.90
9.14x10°  1.36 8.31x10° 2.98
1.21x102%  1.74 1.17x107%  3.99
1.59x102%  2.32 1.37x107%  4.54

a. p= 1.0 M LiClO, » T=25

93
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Figure A1 ~ [H']=0.02-0.08 M > Ru(NH;)s(pzCH;)* 4% & % £ mpc ¥

Rz kvs. [H]iEH
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Figure A2 ~ pH 4.08-5.37 » Ru(NH;)s(pz)* 4% & # £ 4-mc ¥ 2 kvs.
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Figure A3~pH 5.92-6.79 > Ru(NH;)s(pz) 4% & # £ PA ¥ 2. kvs. [H']
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Figure A4~pH 4.14-5.84>Ru(NH;)s(pz)’ 4 & 4 22 mpc ¥ 2 kvs. [H']
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Figure A5 ~ pH 5.53-6.88 > Ru(NH;)s(isn)* 4% & % £ 4-mc ¥ &2 kvs.
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Figure A6 ~ pH 7.01-7.70 > Ru(NH;)s(isn)*"4% & % £ 4-mc F &2 kvs.
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Figure A7~pH 6.98-7.95>Ru(NH;)s(isn)’ 4% & 4 22 PA ¥ 2 kvs. [H']
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Figure A8~pH 5.01-5.58>Fe(CN)s(py)* 4% & 4+ ¥ 4-mc ¥ 2 kvs. [H']
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Figure A9 ~ pH 6.48-7.22 » Fe(CN)s(py)* 4% & # £ PA ¥ 2 kvs. [H']
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Figure A10 ~ pH 4.97-5.60 » Fe(CN)s(py)~ 4% & 4= &2 pyrocatechol ¥ Ji&
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