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Reduction of an electron acceptor (oxidant), A, or oxidation of an electron donor (reduc­
tant) , A 2 

-, is often achieved stepwise via on~-electron processes involving the couples 
AI A ."- or A· - I A 2- (or corresponding prototropic conjugates such as AI AH· or 
AH . I AH2 ). The intermediate A· - (AH .) is a free radical. The reduction potentials of 
such one-electron couples are of value in predicting the direction or feasibility, and in some 
instances the rate constants, of many free-radical reactions. Electrochemical methods 
have limited applicability in measuring these properties of frequently unstable species, but 
fast, kinetic spectrophotometry (especially pulse radiolysis) has widespread application 
in this area. Tables of ca. 1200 values of reduction potentials of ca. 700 one-electron 
couples in aqueous solution are presented. The majority of organic oxidants listed are 
quinones, nitroaryl and bipyridinium compounds. Reductants include phenols, aromatic 
amines. indoles and pyrimidines. thiols and phenothiazines. Inorganic couples largely 
involve compounds of oxygen, sulfur, nitrogen and the halogens. Proteins, enzymes and 
metals and their complexes are excluded. 

Key words: aqueous solution; data compilation; electron transfer; equilibria; equilibrium constants; 
free radical; oxidation potential; radical; radiolysis; reduction potential; redox potential; review. 
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1. Introduction 
Many reactions of free radicals involve one-electron 

transfer. If an electron acceptor, A is reduced to a radi­
cal, A·-then the possibility of further or competing re­
actions involving other electron acceptors, B, C etc.: 

1 A·- + B~A + B·-

2 A·- + C~A + C·-

3 H·- + C~H + c·-

can be calculated if the one-electron reduction potentials 
EO(A/A.-), EO(B/B·-) etc. are known. Thus the equi­
librium constant, KJ for reaction 1 is related to the differ­
ence I1El between the couples: 

(1) 

by the expression 

I1G~ = -nFI1E~ = -RTInKl (2) 

where KJ is the ratio of activities 

(3) 

Except at high ionic strengths (see below, Sec. 3.8) we 
can replace activities by concentration so that 

(4) 

At 298 K from Eq. (2) we have 

I1EVmV :::::: 59.1 log KJ (5) 

and differences of ca. 60 m V in reauction potential cor­
respond to an order of magnitude change in equilibrium 
constant. 

Even when reactions are irreversible and equilibria are 
not achieved, there are many instances where the rate 
constants for the reaction are reflected in the reduction 
potentials of electron donor or acceptor (see below, Sec. 
7.2). Current interest in reactions of excited states with 
electron donors or acceptors, often involving electron 
transfer, is aided by the relative ease by which reduction 
potentials of many substances can be measured electro­
chemically in the aprotic solvents often used in such ex­
periments. In water, however, free radicals are often too 
short-lived for conventional electrochemical methods to 
be used. The ability to observe directly the lifetimes and 
reactions of unstable intermediates using kinetic spec­

trophotometry offers obvious advantages. Detailed de­
scriptions of electrochemical techniques can be readily 
found in the literature, and this introduction therefore 
concentrates on the more recent application of fast, ki­
netic methods to derive electrochemical potentials. As 
outlined below, pulse radiolysis and flash photolysis 
teChniques can be used to measure eqUilibrium constants 
of redox reactions before transient species can decay. 
Neta1 has summarized some early studies of redox prop­
erties of free radicals using the pulse· radiolysis tech­
nique. 

Dorfman and colleagues2 used pulse radiolysis to ob­
serve electron-transfer equilibria of arene radicals in 
ethanol, and Patel and Willson3 measured equilibrium 
constants for electron transfer between semiquinones 
and oxygen in water. The latter data and approach en­
abled Wood,4 Han et al. 5 and Meisel and Czapski6 to ob­
tain the definitive value of the important couple 
EO(02/02' -). Meisel and Neta7 extended the method to 
include reversible electron transfer between quinunes 

and nitroaromatic compounds, and Steenken· and NetaS 
measured equilibria between phenoxyl radicals and hy­
droquinones or phenoxides at high pH. As a result of 
these pioneering studies, there are now many reliable 
values of thermodynamically-reversible one-electron re­
duction potentials of couples involving unstable free rad­
icals in aqueous solution. 

2. Reduction Potentials of Couples 
Involving Unstable Species 

2.1. Stepwise Addition of Electrons 

Many reactions formally involving two-electron cou­
ples A/ A2

- are known to proceed in two one-electron 
steps, A/A· - and A· - / A 2-. (For simplicity we presently 
ignore protonation here, but recognize that e.g. A· - or 
A2- may exist as conjugate acids at the pH of interest.) 

J. Phys. Chern. Ref. Data, Vol. 18, No. 4,1989 
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The intermediate A· -, generally a free radical in most of 
the cases tabulated nere, may be produced either by re­
duction of A or by oxidation of A2

- (see below, Sec. 3.1, 
3.2). The two-electron potential, EO(AI A2

-) is related to 
the one-electron couples by 

Various alternative symbols are used for reduction po­
tential, e.g. we can recognise the first- and second- one­
electron potentials by denoting E(A/A.-) as E' and 
E(A·-IA2

-) as E2 with subscripts for pH, e.g. E~, Ed.s. 
The standard reduction potential is usually denoted by 
EO. The distinction between standard potentials and 
measured quantities is not always clear, and is a particu­
lar problem where either ground state or radical species 
are protonated or dissociate in prototropic equilibria. A 
discussion of this point and recommendations for sym­
bolism and description of reduction potentials is post­
poned to Sec. 4 when prototropic equilibria will have 
been considered in more detail. 

2.2. Standard States, Reference Potentials 
and Sign Conventions9-11 

The standard states of unit activity (approximately 1 
mol dm- 3 concentration) for solids and liquids and unit 
fugacity (approximately 1 atmosphere partial pressure) 
for gases are used. The latter convention frequently leads to 
errors in calculation, particularly in. reactions involving 
the important 0 2/02, - . couple. Thus the standard poten­
tial is EO(02/02'-) z -325 mV whereas the potential of 
the couple E(02(1 mol dm- 3)/02'-) :.:::: -155 mV.4

-
6 

The difference can be appreciated by application of the 
Nernst equation (see Sec. 4.2, eq. (14), below) with the 
oxygen concentration of -1.3 mmol.dm-3

• The standard 
state pressure was defined as 101.325 kPa; changing to a 
new standard state of 100 kPa = 1 bar alters potentials 
by only 0.17 mY, negligible in the present context. The 
convention of the standard state of pure elements being 
the normal physical state existing at 1 atmosphere and 
298 K introduces another complication; thus the stan­
dard potential E°(l2/12' -) refers to solid elemental iodine 
and not ....., 1 mol dm -3 in aqueous solution. 

The reference potential throughout these tables is the 
normal or standard hydrogen electrode (s.h.e.). Many 
electrochemical measurements are originally referred to 
the saturated calomel eleotrode (s.c.e.); these have been 
converted to s.h.e. by adding 244 m V if the measure­
ments were at ....., 298 K (241 mV at 303 K). A few mea­
surements originally referred to the calomel electrode at 
1 mol dm- 3 KCI (normal), n.c.e.; the correction in this 
case is 280 m V. The Agi AgCI electrode is 222 m V 
lower than s.h.e. at 298 K. 

The'IUPAC convention of writing couples as reduc-

J. Phys. Chem. Ref. Data, Vol. 18, No.4, 1989 

tion potentials is followed exclusively. Thus for the re­
duction of A to A· - the couple is E(AI A· -); an obsolete 
convention of describing couples as oxidation potentials 
is to be discouraged. Even though the conversion of A 2-

to A·-involves oxidation, it is preferable to write all 
couples as reduction potentials: the ease .of oxidati~n of 
A 1.- to A· - is characterized as the reductIOn potential of 
the radical A.-, Le. E(A·-/A2-). The standard use of the 
term 'reduction potential', exclusion of the obsolete 'oxi­
dation potential' and avoidanoe of the ambiguous 'redox 

potential' serves not only to clarify the definition of the 
couples but also aids information retrieval in computer 
systems. Further discussion of the definitions, and use of 
symbols for reduction potentials is postponed until Sec. 4 
(below), when their application should be more appar­
ent. 

2.3. Ease of Reduction and Ease of Oxidation 

With these conventions, substances A with more posi­
tive reduction potentials for the couple AlA· - are more 
powerful oxidants (A easier to reduce). Substances A2

-

with more negative reduction potentials for the couple 
A·-/A'- an:; mOlC powedul I·CUucti:tut:s (mddatioll of 
A2

- more favorable). Thus l,4-benzoquinone (Q) with 
EO(Q/Q'-) = 78 mV is a more powerful oxidant than its 
2,3,5,6-tetramethyl derivative, duroquinone (DQ) with 
EO(DQ/DQ.-) = -244 mY. The semiquinoneDQ.- of 
duroquinone will tend to be oxidized by benzoquinone, 
forming benzosemiquinone, depending on the relative 
concentrations of the reactants as described by equi­
librium 1. These differences can be readily understood 
bec~use of the electron-donating influence of the methyl 
groups. Phenols. such as 1.4-dihydroxybenzene (hy-
. droquinone) are fully dissociated to phenoxide ions, 
PhO- at high pH (highest pKa in this case ,..., 11.4). Re­
duction potentials at pH -- 13.5 for the phenoxyl radi­
cal/phenoxide couple, E(PhO·/PhO-) of ,...., 23 and 100 
m V have been calculated or measured for bydroquinone 
and phenol, respectively. Hence hydroquinone is much 
more easily oxidized than phenol. The phenoxyl radical 
obtained upon one-electron oxidation of phenol is ther­
modynamically capable of oxidizing hydroquinone un­
less there is a hugely unrealistic excess of phenol to 
hydroquinone to modify the position of the electron­
transfer eqUilibrium. The phenoxyl radical derived from 
phenol is a more powerful oxidant than that derived 
from hydro quinone; the reduction potential of the former 
radical is more positive than that from the latter. 

3. Observation of One-Electron 
Transfer Equilibria 

3.1. Generatjng the Couple AlA·-by Reducing 
Radicals From Water Radiolysis 12-15 

The radiolysis of water produces eaq, H· and ·OH radi­
cals. The hydrated electron, ea"q, will generally reduce A 
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to A· -, often in a diffusion-controlled reaction. The hy­
droxyl radical, ·OH, is oxidizing and can be prevented 
from reacting with A: 

4 ·OH + A ~ products 

by several methods: 
a. tert-Butyl alcohol is added, which reacts with ·OH 

to yield a radical which is of only moderate reactivity 
and may not react with A or other solutes on the 
timescale of interest: 

Not infrequently, however, A·- does react with the alco­
hol radical from reaction 5. Loss of A·-via this un­
wanted route. can be avoided by alternatives band c 
(below) or by using minimal dose (radical concentra­
tion). 

b. 2-Propanol is added which reacts with ·OH to 
yi~ld pri:ldominnntly an a-hydroxyalkyl radical which 

will usually produce the desired species A· - by electron­
transfer: 

The fraction of ·OHattack on -CH3 to yield a p-hydrox­
yalkyl radical, with similar properties to that produced 
in reaction 5 is ,...., 15%.16 Hence a fraction of A·- may be 
lost via this unwanted reaction, albeit on a timescale of­
ten too slow to interfere with electron-transfer equilibra­
tion (see below, Sec. 3.5). 

c.· The ·OH scavenger of choice when the longest 
'natural' lifetime of A·-is sought is formate (usually the 
sodium salt). The COl' - radical formed upon scavenging 
·OH with HCO;-: 

8 

will generally produce the same species A· - produced by 
reduction with e~: 

9 

10 e;;q + A~A·-

although a high ionic strength usually results (see below, 
Sec. 3.8). 

One aims to have the rate of reactions 5, 6 or 8 much 
greater than the rate of reaction 4 ~ Rate constants for 
reaction of ·OH with many substances are known 17 or 
can be estimated with sufficient accuracy for this in­
equality to be satisfied. Usually the ·OH scavenger will 

be used at concentrations of O. 1-0.2 mol dm-3. Hydrogen 
atoms comprise ca. 10% of the total radicals and a frac­
tion may react with e.g. (CH3)2CHOH or HCO"2 (tert­
butyl alcohol is less reactive) depending on the solute 
reactivity. It cannot be assumed that H· will react with A 
to yield A· -. Especially with oxidants A of very low 
electron affinity it may not be safe to assume that reac­
tions 7 and even 9 will yield A· - and alternative (a) may 
be preferred in spite of the disadvantages noted. 

3.2. Generating the Couple A·-I A2
- by Oxidizing 

Radicals From Water Radiolysis 12·15 

Removing the reducing radical eaq is simple: 

11 

and saturation with N20 ([N20] :::::: 25 mmol dm- 3
) will 

prevent effectively the now unwanted reaction 10 if 
kll [N20] ). k10[A]. Numerous values for kJO are tabu­
lated. 17 The H· atoms are usually ignored but could be a 
source of error if the product(s) of H· + A2- absorb 
significantly compared to A· -. 

With A 2- = phenoxide ion,reaction 13 rapidly fol­
lows reaction 12 to yield the desired phenoxyl radical 
A·- in basic solution: 

However, the lack of selectivity in reactions of ·OH has 
led to the practice of converting it to a more selective 
oxidizing radical, e.g. CH2CHO:18 

15 

Alternative oxidizing systems more selective than ·OH 
are the halogen or pseudohalogcn radicals Xr - (X 
halogen or thiocyanate etc.) and N3·: 

17 

18 

Rate constants of many one-electron oxidation reactions 
of these species have been tabulated: 19 

19 

J. Phys. Chem. Ref. Data, Vol. 18, No.4, 1989 
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20 

Another useful system involves S04' - (via ea~ + S20~-y9 

21 

Since k4 ~ kJ4 ~ kJ7 ~ k l8 we use [glycol], [X-], [N"3] 
etc. ). [A], e.g. 1 mol dm-3 glycol or 0.1 mol dm-3 Br-. 

3.3. Generating RadicalS by FlaSn pnotolYSiS 

The triplet state A * (e.g. of nitroaromatic com­
pounds)2o.21 may be quenched by electron donors, D to 
yield radical-anions: 

22 A+hv-+A* 

23 A* + D -+ A·- + D·+ 

although little application of this method to measuring 
reduction potentials has been reported. 20 

3.4. Electrochemical Measurements of Reduction 
Potentials in Aqueous Solution 

Clark's classical text22 includes methods by which one­
electron potentials may be derived from electrochemical 
measurements, and Bard23 has described general electro­
chemical methods. Some electrochemical methods re­
quire the intermediate A·-to be relatively stable; this 
condition is easily met for A = bipyridinium dications22 

(viologens), some quinones at high pH24, etc., and for 
A2- = some phenylenediamines, and phenothiazines in 
acidic solution. Polarography with a. time resolution 
compatible with pulse radiolysis25 offers obvious advan­
tages over conventional methods, but protonation of rad­
icals is frequently accompanied by irreversibility of the 
reduction process. More recently, cyclic voltammetry 
has had some success26-29 in determining reduction poten­
tials involving both inorganic and organic radicals in 
aqueous solution; in this case, the theoretical treatment 
requires rapid loss of the radicaJ26.30.31. 

3.S. Establishing a Redox Equilibrium: 
Kinetic Constraints 

Many of the radiolytic reactions useful for generating 
radicals A·- (7,Y,10,16,1Y-21) are so rapid that at practi­
cal concentrations of A of the order 10 JLmol dm-3 - 10 
mmol dm-3, the production of radicals A·- and/or B·­
for the desired equilibrium 1 is complete a few microsec­
onds after a radiation pulse. The rate of approach to 
equilibrium 1 is then controlled by kJ and k_ l : 

(7) 

This approximation is usually valid if pulse radiolysis or 
flash photolysis involves generation of ca. 1 - 10 JLmol 
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dm-3 A·- and/or B·- and [A·-], [B·-] ~ [A], [B]. Here 
kJ.obs is the first-order rate constant (units S-I) obtained 
by plotting the appropriate function of absorbance vs. 
time. As equilibrium 1 is approached, significant loss of 
A·-, B·- (e.g. by disproportionation): 

24 

must be negligible if KI is to be estimated reliably. While 
kl and/or k-l may be of the order of 10& dm3 mol-1 5-1 

for many electron-transfer reactions, it is frequently ob­
served that protonation of A, A·-, or A2- slows down 
electron-transfer rate constants by orders of magnitude, 
and then equilibrium 1 may not be achieved in competi­
tion with reaction 24 etc. Thus deprotonation of hy­
droquinones, phenols, ascorbate etc. is often necessary to 
observe reversible electron-transfer reactions of these 

substrates. 8 

3.6. Calculation of Reduction Potentials From 
Concentrations at E~uilibrium 

By making the assumption that as [A], [B] is varied the 
radiolytic yield ([A--] + [H.-]) remains constant, then7 

(8) 

Aobs is the absorbance at a constant dose (constant total 
radical concentration) in the solution containing A and 
H, and A A - -, A B- - are the absorbances at the selected 
wavelength of A· - and B· - alone. Alternative algebraic 
routes to KJ have been used.3,6 Under some circum­
stances a significant fraction of A, B may be converted 
to A·-, B·- and calculation by an iterative procedure for 
the concentrations of A, B at equilibrium may be neces­
sary. 

3.7. Calculation of Reduction Potential From the 
Kinetics of the Approach to Equilibrium 

From Eq. (7) we have: 

k l .obs k k [A] 
[B] ~ I + .,-1 [B] . (9) 

A plot of kJ.obsl[B] vs. [A]![B] yields an estimate of KJ 
from the ratio (intercept/slope). Again, the kinetics must 
reflect only the approach to equilibrium 1 and there must 
be insignificant loss of A· -, B·-by other routes. 

3.8. Effects of Ionic Strength, Temperature 
and Solvent 

If either both reactants or both products of reaction 1 
are charged then KJ defined by Eq. (4) will vary with 
ionic strength, ]. We can either plot several measured 
values of l:iEI against (say)]! to extrapolate to zero ionic 
strength or use the Debye-Hiickel equation to calculate 
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activity coefficient ratios. 32 The limitations of such treat­
ments to ionic strengths much lower than those used in 
many radiolysis experiments are well known. An alterna­
tive approach uses the Debye-Hiickel-Br0nsted-Davies 
expression for the primary kinetic salt effect:33 

where the constanls A, B vary willI l!iOlvent and ions but 
are close to 0.5 and 0.2 respectively for water and typical 
ions. If for simplicity we abbreviate ZA, ZB to a,b (the 
charges on A,B) then reaction 1 may be written: 

l' 

It is readily shown that 

(11) 

where the correction term to be added to the value 6.E1 

measured at an ionic strength 1 is: 

ll.Ecorr/mV :::::: 59.l(b - a)/(1). (12) 

The function /(1) appropriate for many reactions in wa­
ter at 298 K can be approximated to: 

/(1) :::::: 1.02(1~(1 + 11)-1 - 0.21). (13) 

If e.g. A = a bipyridinium dication and B = a quinone 
sulfonate monoanion then (b - a) = -3 and ll.Ecorr :::::: 

-16 and -49 mV at 1 = 0.01 and 0.2 respectively. At a 
given pH we may see A· - protonated but A not and the 
salt effect then requires more careful consideration; with 
complex molecules the effective charge may differ from 
the nominal net charge,34 and experiments at several 
ionic strengths are desirable. Some other effects of ionic 
strength are considered in Sec. 5. 

Little work has been done on the effects of tempera­
ture and solvent. The author has used data35 for the tem­
perature-variation of the reduction potential of 
1,1' -dimethyl-4,4' -bipyridinium dication and its benzyl 
analogue to show that E(A/ A· -) for A = the 2-nitroim­
idazole, misonidazole varies with temperature at pH 7 in 
aqueous solution with dE/dT:::::: -1.1 to -1.8 mV K-1 

depending on the viologen data used (unpublished 
work). Solvent effects (mixed aqueous: organic solu­
tions) will vary widely, depending especially upon the 
net charges involved; illustrations of these effects have 
been presented.36

,37 Entropy changes can, of course, be 
estimated from dE/dT. Typical values of dE/dTfor vi­
ologen reference compounds are -0.4 to -0.9 mV 
K -1,35 and for simple nitroaryl compounds arc - 1 to - 2 
m V K -1. Thus the common practice of ignoring varia­
tions in experimental temperatures may introduce sys­
tematic errors in estimates of EO of several mY, aside 
from other uncertainties noted below. 

3.9. Relative and Absolute Uncertainties 
Associated With Measurements 

From Eq. (5) an uncertainty of ± 10% in KJ corre­
sponds to ca. ± 2.6 mV in 6.Ei. The lack of, or uncer­
tainties in,ionic strength corrections (where needed) may 
be at least of this order and in general values of 6.E i are 
unlikely to be more accurate than ± 5 mY. The poten­
tials of most redox indicators (see below, Sec. 5,6) are 
certainly not known to better than ± 5-10 m V and a 
realistic uncertainty in EO(A/ A.-) of ± 10 mV is proba­
bly the minimum associated with the data given in Ta­
bles 1-4. For couples of the form A·-IA2

- (Tables 5-8) 
ll.Ei may often be measurable to ± 10 mV or so'6 but 
ionic strength effects, where present (either a =1= 0, b =1= 
o or a =1= b) in e.g. 0.5 mol dm-3 KOH may lead to treble 
this uncertainty in values of reduction potentials. 

The potentials in the Tables are presented in integer 
millivolts mainly to minimize rounding errors where sev­
eral values may be coupled together to facilitate calcula­
tions, or to facilitate calculation of equilibrium constants 
from which the potentials were derived. The absolute 
values of the potentials are seldom reliable to better than 
± 10 mY, and many may be uncertain by ± 20 mY. 

Couples involving protons (see below) introduce fur­
ther uncertainties since thermodynamic pKa's are fre­
quently unavailable. The effects of these possible 
systematic errors are discussed further below. 

4. Effects of Prototropic Equilibria Upon 
Reduction Potentials 

4.1. Introduction 

Reduction potentials refer to reactions of the form: 

25 oxidant + n e - ~ reductant. 

The couples A/A2
-, A/A'--and A.-/A2

- may represent 
the reactions involved in the two-electron reduction of 
A to A 2-, or the two individual one-electron steps, as 
described above. In the latter case, the radical species 
A· - is involved as reductant in the couple AlA· -, and as 
oxidant in the couple A· - / A 2-: If protons are involved 
in the reaction: 

26 oxidant + ,iH+ + ne- -7 reductant 

then the reduction potential of the 'half-cell' describing 
the reaction varies with pH. However, the standard po­
tential does not vary with pH, since it is defined as the 
potential referred to the hydrogen standard when each 
species in the reaction, including H+ if present, is at unit 
activity. This obviously includes the condition pH = 0 if 
H+ is a reactant, and leads to considerable confusion. 
Symbols for standard potentials include Ir and EO; the 
latter is often typeset as EO and frequently also expressed 
as Eo even though the subscripted symbol does not refer 
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to a standard potential. Obviously, in verbal discussion 
the opportunities for confusion of EO and Eo are even 
greater. 

The symbol Eo is best restricted to denote a formal 
rather than standard potential; this distinction should be­
come clear later. Unfortunately, such formal potentials 
can have rather variable definitions, and care needs to be 
taken to ascertain just which constants are included in 
Eo. This point is not always clear even in well-known 
texts, e.g. Clark's book,22 and is discussed further below. 

4.2. Coupling of Electrons and Protons 
in the Reaction 

Suppose the reductant. formally represented by A2-
previously, can be involved in prototropic equilibria, 
e.g.: 

27 

28 

as can the radical intermediate, A·-or the oxidant, A: 

29 AH·~A·- + H+ 

30 

(It is important to n::cognist: that free l-adicals may have 
dissociation constants for such equilibria which differ by 
several orders of magnitude from the corresponding dis­
sociation in the ground state; thus for simple benzo­
quinones, pK29 > pK30.3,38) The two-electron reduction of 
A to A2- can be represented either as 31a, excluding 
protons in the equation, or as 3ib, which includes pro­
tons: 

31a 

31b 

The standard potentials, EO(A/ A2-) and EO(A, 2H+ / 
AH2) have quite distinct definitions and values, and 
when discussing the reduction of A to A 2- or its proto­
nated conjugates AH-, AH2 we should take care always 
to qualify E e as shown above with the oxidant/reductant 
couple in parentheses. 

The electrode potential (reduction potential) of a sys­
tem or couple is the e.m.f. of a cell in which the couple 
forms the right-hand electrode and the standard hydro­
gen electrode (s.h.e.) forms the left.9 If A2- is involved in 
prototropic equilibria (reactions 27,28) of any signifi­
cance over the pH range of practical interest - say 0 to 
14 - then the potential of the half-cell in which A is 
reduced can be assigned the symbol Eh• This is defined in 
the Nernst relationship: 
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E = E R T In { (product of activities of oxidant) } 
h + nF (product of activities of reductant) 

(14) 

where EO is the standard potential of the oxidant/reduc­
tant couple as defined in the half-cell equation. The rela­
tionship can be expressed either using the half-cell 
reaction 31 a: 

O( 2-) RT I (A) 
Eh = E AlA. + nF n(A2-) (15) 

or in terms of the half-cell reaction 31 b, including pro­
tons: 

o + R T (A)(H+)2 
Eh = E (A, 2H / AH2) + nF In (AH

2
) (16) 

whichever is most convenient (see below). (We gener­
ally follow the symbols used by Clark,22 except in the 
more restrictive use of Eo as shown below; activities are 
denoted by parentheses, (A) etc., while concentrations 
are represented by square brackets, [A] etc.) For simplic­
ity we ignore, for the present, protonation of oxidant 
(reaction 30), i.e. pK30 <I{ O. Eh is not a standard potential, 
but merely the potential of a half-cell in which A is being 
reduced (in this case by two electrons, ignoring the indi­
vidual one-electron couples). We could use the symbol 
Eh(A, 2H+ / AH2) to remind ourselves that the reduction 
is coupled to protons at some pH values of interest, but 
the reductant is really a mixture of all three prototropic 
conjugates. 

4.3 •. General Approach to Describing the 
pH-Dependence of Reduction Potentials 

As noted above, the standard potential EO(A, 2H+ / 
AH2) is pH-invariant since the condition (H+) = 1 ap­
plies. However, Eh will vary with pH since in Eq. (15) 
the activity of A 2- will depend on equilibrium 28 conju­
gating A2- with H+. In Eq. (16) not only will (AH2) be 
controlled by equilibrium 27, but (H+) is also incorpo­
rated in the Nernst relationship. The general approach to 
deriving an expression relating Eh to (H+) may be sum­
marized: (i) Write down the reaction as a reduction of an 
oxidant to a reductant, reading left to right, in any form 
in which protons and electrons balance (e.g. reactions 25 
or 26; 31a or 31b). (ii) WrIte down the Nemst expression 
for the reaction as written, with EO clearly defined in 
parentheses after the symbol (e.g. Eqs. (15) or (16». (iii) 
Derive expressions for the fraction of total oxidant and/ 
or total reductant which are in the prototropic forms 
shown in the reaction as written, i.e. in the definition of 
EO. (iv) Substitute these terms in the N ernst expression, 
and separate out the term for the ratio of total activities 
(or concentrations, see below) of oxidants and reductants 
to define a mid-point potential, Em when this ratio is 
unity. (v) A formal (not standard) potential, Eo can then 
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be defined to separate out the constants and present a 
relationship between Em and pH which includes the dis­
sociation constants for the prototropic equilibria in­
volved. The standard potential EO is included in the 
constant Eo but the latter may, or may not, approximate 
to EO, as discussed below. 

Restricting ourselves for the present to defining Eb for 
the two-electron reduction of the oxidant A, and ignor­
ing prototropic equilibria such as 30 involving the oxi­
dant, we have already accomplished steps (i) and (ii) 
above to arrive at Eqs. (15) and (16). Using Eq. (16), for 
step (iii) we have to derive the proportion of total reduc­
tant in the form AH2. Following Clark,22 we define the 
symbol Sr to denote the sum of reductants: 

(17) 

and define equilibrium constants for the dissociation of 
the reductant in decreasing numerical value: 

(18) 

(19) 

We can then express (AH2) in terms of (Sr), Krl and K r2: 

(21) 

(22) 

To progress to step (iv) we define, for consistency, So as 
the sum of the oxidants (only A if we ignore AH+ forma­
tion, reaction 30). Eq. (16) then becomes: 

(23) 

if we separate out the term with (So)l(Sr) since (So) = 
(A). When (So) = (Sa, Eb can be described as a 'mid­
point' potential with symbol Em: 

Em = EO(A, 2H+ / AH2) 

+ ~; In (KrlKr2 + Kr1(H+) + (H+)2) . (24) 

Beginning with the alternative 'orienteering reaction' 
310 and its corresponding Nernst relationship Eq. (15), 
we have to derive an expression for (A2-) analogous to 
Eq. (22), in a similar fashion: 

We then obtain the alternative expression for Em: 

Em = EO(A/ A 2
-) 

+ RT In(Kr1Kr2 + Kr1(H+) + (H+)2) (26) 
2F KrlKr2 

Equations (24) and (26) describe the same parameter, Em, 
the potential of the half-cell in which A is reduced by 2 
electrons when the sum of the activities of the oxidant 
equals the sum of the activities of the reductant. Equat­
ing these expressions, the relationship between the two 
standard potentials is: 

If potentials are in m V and T ;:;::; 298 K: 

EO(A, 2H+ / AH2) ;:;::; 
EO(A/A2-) + 29.6(pKr1 + pKr2) . (28) 

To obtain a more convenient expression for fitting 
data of Em vs. pH to the appropriate function, Eq. (26) 
could be modified by incorporating the pH-independent 
term, KrlKr2 in the denominator, with the standard poten­
tial to yield a new constant, Eo: 

(29) 

Clark22 uses this procedure extensively. However, the 
definition of Eo is often not immediately apparent in 
some more complex situations, and the symbol is very 
frequently used for a formal potential with a specific 
definition; this introduces an ambiguity which is dis­
cussed below. 

4.4. Practical Application to One-Electron 
Reduction Potentials 

Both equilibrium c9nstants and mid-point potentials 
are usually measurable only in terms of concentrations 
rather than activities, and the expressions for the pH -de­
pendence of Em for one-electron couples will be derived 
in terms of these measurable quantities. Consider· first the 
one-electron reduction of A, which can be represented 
by the two alternative equations: 

32a 

32b 
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These are linked by the prototropic equilibrium 29. The 
practical ionization constant for dissociation of AH· will 
mix concentrations and activities: 

K ' - [A. -](H+) (-K' ) 
r -. [AH.] - 29 • (31) 

The use of K' rather than K denotes the use of concen­
trations for all species except H+ (activities of H+ are 
measured with the glass electrode or calculated using 
standard buffers). The subscript r with K' is used since A 
is the oxidant and AH·/ A·- the reductant. Since there is 
only one ionization of the reductant considered, K: 
rather than K:1 can be used. 

The Nernst expression. corresponding to the simpler 
alternative reaction 32a is: 

° _ RT (A) 
Eb = E (A/A· ) + F In (A. -) . (32) 

When modified to include activity coefficients, f defined 
by: 

(33) 

etc., this yields: 

E =EO(A/A·-)+RT ln fA +RTln~. 
h F fA-- F [A'-] 

(34) 

Representing A by So and the sum of A·- and AH· by Sr 
as before, and following the general approach described 
above: 

(35) 

(36) 

If a formal potential, Eo is now defined as the mid­
point potential when the ratio of the total concentrations 
of oxidized and reduced species is unity, and H+ is at 
unit activity (PH = 0), then from Eq. (36): 

Eo = EOCA/A' ) 

+- n--+- n . R T I fA R T I (K; + 1 ) . 
F fAo- F K; 

(37) 

RT (K: + (H+)) 
Em = Eo + F In K: + 1 . (38) 

For many species of interest, such as semi quinones, K: < 
1 so that: 
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(40) 

The latter two equations also result if Eo has no specific 
definition but merely represents taking out the pH-inde­
pendent terms in the expressions for Eh or Em. The val­
ues of Eo calculated from Eq. (39) rather than Eq. (37) 
may differ by negligibly small amounts, e.g. by 0.3 m V 
if pK: > 2; however, it is recommended that Eo is de­
fined clearly as the formal potential described above 
even though it introduces extra terms such as (K: + 1) in 
the equations. We can then use consistently subscripts 
with Em to denote pH and by definition, Emo = Eo. 

Equation (38) may also be derived starting from the 
alternative Nernst relationship corresponding to reaction 
32b: 

E - EO(A H+/AH.) + RT In (A)(H+) 
h -, F (AH.) (41) 

An expression is derived for [AH.] in terms of [Sr], etc., 
except that Eo in Eq. (38) now becomes (using the de­
fined formal potential as before): 

Eo = EO(A, H+ / AH.) 
RT fA RT K' + FIn FAHo + FIn ( r + 1). (42) 

At constant ionic strength, Eqs. (37) and (42) equate, so 
that 

EO(A/A'-) = EO(A,H+ /AH') 

RTI fA RTI k' +- n n r' 
F fAHo F 

(43) 

Since: 

K' - KfAo- (44) 
r - 'l'AHo 

This relationship may be re-arranged in the same form as 
Eq. (28); 

EO(A, H+ / AH·) ~ EO(A/ A· -) + 59.2 pKr• (46) 

Obviously, Eq. (45) may also be derived more directly in 
the same way as was Eq. (27), using activities rather than 
concentrations, or by simply considering the free-energy 
changes in the reactions concerned. 

Note that Eo as defined by Eq. (42) does not equate to 
EO(A,H+ / AH.), but if K: < 1 it approximates to it at low 
ionic strength. These formal potentials may be defined to 
include not only activity coefficients, but also e.g. com­
plexation with counter-ions in the supporting electrolyte. 
Thus for the Fe(III)/Fe(II) couple, Eo is dependent upon 
the nature of the acid as well as ionic strength. An exten-
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sion of this approach is to defme the formal potential to 
have some other 'standard' condition (really, non-stan­
dard!). For example, in biochemical systems (H+) may be 
redefined with pH 7 as the 'standard' state; a symbol 
such as Eo may then be used. 

Regardless of the defmition of Eo, at any two pH'val­
ues, i andj, Eq. (38) yields: 

RT (K: + 10-
1
) 

Eml = Emj + FIn K: + 10 j . (47) 

For the radical/reductant one-electron couple, the 
half-cell may be written in several forms: 

33a 

33b 

33e 

33d 

The Nernst expression for reaction 33a is: 

E O(A- 2-) RTI (A.-) 
Eh = . /A + F n (A2-) . (48) 

The radical species AH·/ A· - is now the oxidant, rather 
than the reductant as in the example immediately preced­
ing. Thus we denote: 

(49) 

(cf. (Eq. 31», and 

[A·-l - [Sol (K; :k,») (50) 

(cf. (Eq. 35». The reductant concentration, [A2-] is de­
fined by Eq. (22) except that concentrations replace ac­
tivities and practical ionization constants K:" K:2 are 
used. We then obtain: 

If the formal potential, Eo is defined strictly as before, 
with unit ratio of total concentrations of oxidant to re­
ductant, and (H+) = 1, then: 

(53) 

The last term in Eq. (53) will be negligible if K~, K:b 

K;2 « 1. Indeed, as noted above, it would be omitted if Eo 
was simply defined by combining the pH-independent 
terms in Eq. (51). 

Couesponding pairs of expressions for Eu and Em arc 

derived setting out from the alternative orienteering re­
actions 33b-d. The standard potentials are related by: 

(54b) 

= EO(AH. H+ / AH) + RT In KrlKri 
, 2 F KG' (54c) 

These relationships, and also Eqs. (27) and (45) can be 
most simply obtained by writing down the appropriate 
equations and summing the free energy changes in­
volved. 

Again, for any two pH values, i andj, Eq. (51) or Eq. 
(53) yields: 

We neglected earlier the possibility of protonation of 
the oxidant, A as in eqUilibrium 30. Returning to the 
one-electron reduction of A, to incorporate this equi­
librium we define: 

K ' - [A](H+) ( K' ) 
o - [AH+] = 30' (56) 
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Following the usual approach we obtain, for example: 

RT (K: + 10-') (K~ + 10-J) 
Ei = Ej + FIn K: + 10 J K~ + 10 i • 

(57) 

This describes the variation with pH of the mid-point 
potential of the oxidant/radical one-electron couple, in 
place of Eq. (47). 

4.5. Examples of the pH-Dependence of 
One-Electron Reduction Potentials and 

Suggestions for Symbols 

The quinone/semiquinone :mcl semiquinonelhy­
droquinone one-electron couples are illustrated in Figs. 1 
and 2 respectively. The mid-point potentials, Em are plot­
ted vs. pH for 1,4-benzoquinone. (The numerical values 
used are those calculated in Sec. 5.5, below). The pH 
range 0-14 is separated into regions with pK values defin­
ing the 'break points'. In each region, the prototropic 
forms of the species predominating are shown in a box: 
oxidant, upper species; reductant, lower. The positions 
of the various standard potentials, EO are also given. It 
should be stressed that the apparent coincidence of some 
standard potentials with intercepts (PH 0) or asymptotes 
(PH :::: 14) in the curves of Em VS. Pl arises because of 
the identity: 0 <: (PK., pKrb pKa) <: 4 in this example, 
and not by clefinition (PK, = pK. for dissociation of the 
semiquinone species, QH.). 

It has been stressed already that E should always be 
qualified with the half-cell reaction in parenthesis, as 
shown in Figs. 1 and 2, and that Eo i to be preferred as 
a defined, formal potential rather t a collection of 
constants. However, convenient abbr viations to qualify 
Em are not so simply defined; perhap it is reasonable to 
use the prototropic forms predomin ting over the pH 
range of most interest. Thus the absc ssae in Figs. 1 and 
2 might be labeled: Ern(AI A· -) and m(Q· -, 2H+ IQH2) 

respectively. We stress again that EO oes not vary with 
pH. 

It has been common practice to ~e superscripts to 
~'ll91ify sy~hols f?r first an~ seconcl ne-electron reduc­
tIon potentIals, WIth subscnpts for pH e.g. E,XAI A· -) or 
Ef3.s(A· - I A2

-). This now seems super uous and possibly 
confusing. On the other hand, if resu ts are described as 
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mid-point potentials throughout (except where standard 
potentials are clearly denoted), it seems reasonable to use 
Ei for simplicity rather than Emi, where the subscript i is 
the pH. 

~ , , , 

pH 

FlO. 1. Variation ofthe mid-point potential, Em with pH ofthe one-electron 
couple: quinone/semiquinone for 1,4-benzoquinone. 
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FIG. 2. Variation of the mid-point potential, Em with pH of the one­
electron couple: semiquinone/hydroquinone for 1,4-benzo­
quinone 
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The variation of Em with pH may be influenced by 
prototropic functions not closely associated with the re­
dox center, if the pKa uf tht: fum, lion diffen, in o:xidant 
and reductant. Figure 3 shows an example of the effect 
of a basic function in the substituent in a nitroaryl com­
pound. The unsubstituted imidazolyl nitrogen has pKa < 
o in the ground state and may be ignored. However, this 
site is protonated in the electron adduct (radical), with 
pK;l z 5.0. The piperidino nitrogen in the substituent 
protonates with pK~ z 7.6 in the ground state, but the 
inductive effect of the nitroaryl group is reduced in the 
electron-adduct: pK:2 z 8.5 fits the experimental data. 
This shift in pK. of -0.9 is observed in spite of an 'insu­
lating' saturated carbon chain separating the basic site 
and the redox center. (In this example, the nitro group 
will be protonated in the radical, but this occurs at pH 
values lower than those shown.) 

Similarly, other unpublished work by the author indi­
cates the carboxylate function in 4-nitrobenzoic acid dis­
sociates with a pK. about 0.9 higher in the radical-ion 
than the ground state. Such effects, if ignored, result in 
significant errors in extrapolating to lower pH values. 
They may be present to some extent, although as yet 
umlt:lt:l.;lt:u, in uiulogically-important redox couples in­
volving tryptophan and tyrosine, for example. 

4.6. The Use of Mid-Point Potentials in 
Calculating Equilibrium Constants 

The Introduction (Sec. 1) showed how reduction po­
tentials were related to electron-transfer equilibria such 
as 1: 

1 A·- + B~A + B·-. 

If A, B and/or the radicals, A·-, B·- are involved in 
prototropic equilibria, then the measured mid-point po­
tentials Emi will yield, via Eq. (5), an apparent or effective 
equilibrium constant, Ki where: 

(4') 

This is a modification of Eq. (4) where, following previ­
ous use, we replace [A), [A.-), etc. by the sums of the 
concentrations of related prototropic conjugates: [SA.-) 
= ([A.-] + (AH.}), etc. Such an effective equilibrium 
constant is most useful in predicting the overall equi­
librium, or direction of electron flow, as illustrated in 
Fig. 4. 

This figure represents an equilibrium 1 in which, like 
semiquinones for example, the reductant species A·-, 
B· - participate in prototropic equilibria, with EO(A/ A·-) 
and EO(B/B·-) = -400 and -300 mV respectively but 
with pK. for the dissociation of the protonated conju-

gates, AH· and BH· = 8 and 5 respectively. At pH :> 9, 
Ki can be calculated from Eqs. (1) and (5) to be z 49. 
However, because Emf increases more rapidly with dec 
creasing pH for the oxidant A compared to B, the effec­
tive position of the eqUilibrium reverses at pH < 6. At pH 
< 4, Ki is approximately constant at ~ 0.05. 

It is preferable to treat such pH-dependent equilibria 
in this way rather than add protons to equilibrium 1 and 
work with complex equilibrium expressions. There is, 
however, an important kinetic consequence of these pro­
totropic equilibria in many instances. It is commonly ob­
served that protonation (or absence of ionization) of 
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FIG. 3. Variation of the mid-point potential, Em with pH of the one­
electron reduction potential of 1-(2-piperidinylethyl)-2-ni­
troimidazole (ArN02) 
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FIG. 4. Variation of the mid-point potentials, Em with pH of the one­
electron couples of two hypothetical oxidants A and B {see 
text) and the logarithm of the effective eqUilibrium constant Ki 
for the one-electron transfer eqUilibrium between these oxi­
dants and their electron-adducts 
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basic (or acidic) functions slows down the rates of elec­
tron tnln~fer reactions. often dramatically. as noted in 
Sec. 3.5. The rate of approach to equilibrium 1 may de­
pend, for example, on the fraction of radicals from A 
present in the form A·-rather than the much less reac­
tive AH·. Thus the electron-tram;[1;;1 1;;4uilil.l1iulU 1 may 
not be kinetically achievable under practicable condi­
tions even though calculation readily establishes the 
thermodynamic feasibility. In general, prototropic equi­
libria are established so rapidly that the kinetics of pro­
ton transfer are seldom rate-determining. 

Other, some more complex, illustrations of the effects 
of prototropic equilibria on reduction potentials have 
been discussed, e.g. for quinones,6.39-42 nitroaromatic 
compounds,7 flavins,43 phenoxyl radicals,S etc. The prin­
ciples of the calculations are simply as outlined above in 
Sec. 4.3. In some instances, however, the formulae given 
represent approximations to those derived herein. In al­
most every case the practical implications of such differ­
ences are negligible. 

5. Calculation of One-Electron Reduction 
Potentials USing Radical Formation 

Constants 

5.1. Introduction 

Radicals, e.g. A·-may be present in equilibrium with 
oxidant, A and reductant, A 2- or their protonated conju­
gates: 

34 

and a radical formation constant can be defined: 

(58) 

The value of Kr is obviously a measure of the steady­
state concentrations of radicals, A·-obtained on mixing 
oxidant A with reductant, A2-. When experimental con­
ditions result in sufficiently high concentrations of radi­
cals to be measured, estimates of Kf can be used in 
conjuction with the two-electron potentials, EO(A/ A1

-) 

or EO(A, 2H+ / AH2) to obtain estimates of the one-elec­
tron couples, EO(A/ A· -), etc. 

5.2. Derivation Of ExpresSions 

Reaction 34 (above) can be obtained by subtracting 
3 ~o from _120' 

32a 

33a A·- + e ~ A' . 

Eq. (59) is obtained by subtracting the corresponding 
free-energy changes: 
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If we add reaction 32a to reaction 33a we obtain reaction 
31a. Noting that n = 2 in the conversion offfee energy 
to potential, Eq. (2), in the latter reaction: 

(cf. Eq. (6). Adding Eqs. (59) and (60) yields: 

while subtraction gives: 

RT 
2F In Kr• (62) 

Using Eq. (2&) with potentials,1n mV and T "":'. 'lQR K~ 

EO(A/A.-) :::::: 
EQ{A, 2H+/AHz) -29.6(pKr1 + pKrz + pKr) (63) 

EO(A. - / A2-) :::::: 

EO(A, 2H+ / AH2) - 29.6(PKrl + pK'l - pK,) (64) 

where Krh Krl are the dissociation constants for AHl and 
AH- respectively as defined in Eqs. (18) and (19). 

It may be difficult to measure Kr directly, e.g. because 
very high pH values may be required to ionize com­
pletely the reductant to A2

-. It is much more convenient 
to define an apparent formation constant, K f ; at an exper­
imentally accessible pH, i: 

(65) 

We follow previous symbolism and define So and Sr as 
the sums of the oxidant (only A) and reductant (AH2 + 
AH- + A2-) respectively, as before, and use Ss to repre­
sent the sum of the radical intermediate species. The sub­
script s is convenient because the radical will be a 
semiquinone in many examples. It is easily shown, using 
the approach already used in Sec. 4.3, that: 

where Krl> Kr2 are defined in Eqs. (18) and (19) as before 
and K, - K Z9 • 

As noted earlier, in practice, concentrations rather 
than activities are generally measured. We will usually 
obtain an estimate of K( or Kr; at some ionic strength, I. 
Using Ki, K;i as before to denote the apparent formation 
constants thus defined in concentration terms except for 
(H+), together with the mid-pOint potentials Em; mea­
sured at the same ionic strength, it can be shown that: 
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- (2-) RT} K' Emi(AIA· ) = Erni AlA + 2F n fi (67) 

The mid-point condition now· refers to the sum of the 
concentrations of oxidant being equal to the sum of the 
concentrations of reductant. (The activity coefficient 
terms in Eqs. (36) and (51) cancel out the terms in Eq. 
(69». 

Kr (69) 

5.3. Examples of Calculations 

The one-electron reduction potential of the oxidant, 
dUTOquinone (DQ) can be estimated using electrochemi­
cal data for the reduction potential of the two-electron 
couple: duroquinone/durohydroquinone, and spec­
trophotometric measurement of the semiquinone con­
centration present in mixtures of the quinone and 
hydroquinone at high pH. Interpolating Baxendale and 
Hardy's data44.4s to yield values at 298 K give: pK~ = 
11.24. pK:, = 12.83 and pK: = 0.11 at 1 = 0.65. Conant 
and Fieser47 indicate EO(DQ,2H+ IDQH2) = 480 mV 
(but used 50% ethanol). Equation (63) then yields an esti­
mate of EO(DQIDQ·-) = -236 mY, ignoring the use of 
practical rather then thermodynamic equilibrium con­
stants. Alternatively, Michaelis et. a1.48 estimated 
Erni(duroquinone/durohydroquinone) using 20% pyridine 
in water at 303 K, for pH (i) = 7.4 to 13.5; a value of Em7 
= 41 mV is interpolated. Baxendale and Hardy'S 
data,44.45 and pK; = 5.1 from pulse radiolysis,3 yields Kn 
= 1.1 X 10-10

• Using Eq. (67), E 7(DQIDQ'-) = -254 
m V is estimated. These values are similar to those ob­
tained quite independently by Wardman and Clarke32 us­
ing pulse radiolysis. 

(A number of authors have used pK:2 = 13.2 for 
duroquinone, as tabulated from Bishop and Tong46 from 
Baxendale and Hardy's measurements. The original 
data44 clearly show pK:2 varying between 13.17 at 14.9 
°C to 12.70 at 29.8 ·C, from which the present author 
interpolates a value of 12.83 at 298 K). 

Electron spin resonance measurements490f the steady­
state concentrations of ascorbyl radicals produced on 
mixing the reductant, ascorbic acid with the correspond­
ing oxidant, dehydroascorbic acid gave estimates of Kfi 
between pH 4.0 and 6.4. An estimate of Kf = 1.2 X 10-3 

is obtained using Eq. (66) and pK:1 = 4.21, pK:2 = 11.52 
(representative literature values) and pKs _0.45. s0 A 
value of Erno = 400 m V for the two-electron reduction 
(see Clark,22 p.470), will be close to EO(A, 2H+ I AHz), 
from Eq. (24). Eq. (64) yields EO(A.-IA2

-) ;::::; 19 mV for 
A 2

- = ascorbic acid. Steenken and Neta,S using the 
pulse radiolysis redox equilibrium method, estimated 
E I3•S(A·-IA2-) = 15 mV. This is well within thc uncer-

tainty of the independent calculation. (Because pK:2 ;::::; 

11.5, E 13.s(A·-IA2
-) ;::::; EO(A·-IN-». 

5.4. Uncertainties In the Calculations 

As an example, consider the calculation for EO(AI 
A· -) for A = simple quinones. Clark's tables22 of values 
of Eo for the two-electron reduction of many quinones 
indicate random uncertainties of 5-15 mY, the higher 
values including measurements in partly nun-aqueuu~ 
solvents. In these cases Eo approximates to EO(A, 2H+ I 
AH2). To calculate the uncertainty in the estimate of 
EO(AI A. -). for example. we also need to consider the 
uncertainty in the sum: pKrl + pKr2 + pKr, as indicated 
in Eq. (63). Estimates44-46 of pK:h pK:z and pK; refer to 
ionic strengths of 0.65 or 0.375, and the substitution of 
these practical constants for the thennodynamic con­
stants required in Eq. (63) introduces systematic errors. 

Perrin et al. 51 derived a formula to correct practical 
ionization constants. For dissociation of the weak acid 
HA(n-I)-: 

35 

pK ;::;; pK' + [(2n - 1)/2lf(/). (70) 

We have adapted his formula to use the ionic strength 
function,/(/) previously defined: 

1(/) ;::::; 1.02(/!(1 + I!)-I - 0.21). (13) 

At high ionic strengths, 1 ;::::; 0.4-0.6, reliable use of Eq. 
(70) is doubtful. However, we see that for uncharged 
quinones (e.g. duroquinone), pK:1 and pK:2 may underes­
timate the thermodynamic values by ca. 0.1-0.2 and 0.5 
respectively. It can be shown that 

pKf ::::: pK; - 1(1) (71) 

for uncharged oxidants A, i.e. for uncharged quinones. 
The semiquinone formation constant decreases with in­
creasing 1 so that pK; overestimates pKf by ca. 0.3 at 1 ;::::; 
0.4-0.6. There is thus partial canceling-out of these sys­
tcmatic eHon; in the application of Eq. (63). The system­
atic error introduced into the calculation of EO(AI A.-) 
will still amount to the. estimate being ca. 10 m V more 
positive than the true value. 

Even for these simple quinones, generally only one 
estimate44-46 of the ionization and formation constants re­
quired is available. Even discounting random errors in 
theil' determination, the calculatioJls of one-electron re­
duction potential as described in this section must in­
volve uncertainties of at least 10-20 mV is general. 
Similar consideration may be given to other applications 
of the formulae derived. 

These illustrations may be used, in turn, to refine cal­
culations of standard potentials using experimental mea­
surements of ionization and formation constants. Thus 
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l'/QH:) 699 IllV yields estimates of 
IC'(Q.(),) 7H mY and EO(Q.-, Q2-) = 24 mY, the 
former some :w mY lower than previuus t!stimalc::s.42 In 
fact, such corrections are not so straight-forward, since 
Baxendale and Hard)l44 included some activity coeffi­
cients (of the buffers used) in defining K:h K:2, The sim­
ple application of Eqs. (70) or (71) may be inappropriate 
in some instances. 

6. Recommended Redox Indicators and 
Their Potentials 

The choice of redox indicators B with which to estab­
lish and measure the position of the desired equilibrium' 1 
with the unknown A is influenced by several factors. 
Ideally, determinations of KJ with two indicators - one 
higher than the unknown by (say) SO-\OO mV, one lower 
- will lead to the most reliable value. In practice, the 
choice depends on solubilities, absorption spectra of re­
actants and products, pKa's, kinetic constraints, (espe­
cially the need for fast electron transfer, see above, Sec. 
3.5) and ready availability with adequate purity. 

6.1. Oxygen 

Oxygen is an important reactant with many radicals, 
although electron-transfer rather than radical-addition is 
a pre-requisite and it is somewhat inconvenient to vary 
tbe concentration of oxygen over a wide range. It is use­
ful to draw attention again to the standard definition: 
EO(Oll atm.)/Oz'-) = -325 mV whereas E(Oll mol 
dm- 3)/02·-) = -155 mY. 

6.2. QuInones 

Reduction potentials for the couples AlA· - and A,-I 
A 2- for A = Quinones may be calculated4,5,6.42 from the 
ionization constants of AHz and the semiquinone forma­
tion constants, as described above (Sec. 5). Completely 
independent estimates of EO(AI A·-) for A 
duroqulnone are provided by the mt!asun::lUenls uf t:.El 
corrected to 1= 0 for A = duroquinone and B = 1,1'­
dibenzyl-4,4' -bipyridinium dication.32 Values of WI of 
110 ± 432

• 113 ± 452, and 107 ± 353 mV together with 
EO(B/B·-) = -354 mV (but see below, Sec. 6.3) yield 
EO(A/A·-) = -244 mV for duroquinone, in good 
agreement with the values calculated4,5,6,42 from dissocia­
tion constants (set: alsu St:c. 5.3). A value of EO(AI A·-) 
= -375 mV for 9,10-anthraquinone-2-suljonate is a rea­
sonable mean of estimates based on equilibria involving 
duroquinone7.32,52. and two bipyridinium indicators 32,52,53 

and is quite close to the value - 360 m V obtained polar­
ographically at higb pH,'l~ The more negative potential 
now recommended for benzyl viologen (see below) will 
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result in corresponding alterations to the values for the 
quinone couples, e.g. to - 260 m V for duroquinone and 
- 390 m V for 9, 10-anthraquinone-2-sulfonate. 

Reduction potentials for other quinone couples have 
been calculated4,5,6,42 from literature data and experimen­
tally derived43 from equilibrium measurements. They can 
be relied upon when confirmed by independent routes, 
e.g. when the values are consistent with measurements of 
the A·- /02 equllibrium.5,4,43 1,4-'Benzoquinone (Q) is a 
recommendecl standard, with EO(Q/Q·-) = 78 mVand 
EO(Q·-IQ2-) = 24 mY, as calculated in Sec. 5.4. 

6.3. Bipyridinium Compounds (Viologens) 

While these viologens are, in principle, excellent redox 
indicators because the radicals A· - are essentially stable 
in aqueous solutiori and have a high extinction coeffi­
cient at wavelengths where interfering absorptions are 
seldom a problem, a note of caution is appropriate. Not 
only is variable water of hydration a problem (relatively 
minor in this context) with the dimethyl derivative 
(paraquat), but variable purity of commercial samples 
of both viologens has been noted. Note, however, 
that the spectra of the viologen radical cations are con­
centration-, temperature- and time_dependene2,54-59 and 
that electrochemical measurements may involve higher 
concentrations of these cations than are utilized in pulse 
radiolysis measurements. The spectral changes arise be­
cause the radical cations V· + obtained on one-electron 
reduction of viologens, V2+ dimerize: 

36 

Estimates of the apparent dimer dissociation constant, 
Kn have been made. These vary from -1.5 X 10-3 mol 
dm-3 for methyl viologen55.57 to -2.7 X 10-3 (ethyl vio­
logen)58 and 2 X 10-5 mol dm-3 (benzyl viologen),59 un­
der the experimental condltions used (Ko is iunic strength 
dependent). If x is the fraction of radicals in the 
monomeric form and Sr is the total concentration of re­
ductant ([V.+] + 2[(V.+),]), then: 

(12) 

The -l00-fold lower value of Ko for benzyl viologen 
compared to its methyl analogue has serious implications 
in using the former as it redux indicatur, since it is seen 
that if e.g. Sr = 10-5 mol dm-3, x ::::: 0.6 with benzyl 
viologen. By application of the Nernst relationship in a 
similar manner to that used in Sec. 4, it can be shown 
that: 
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If, e.g. Ko = 5 X 10-5 mol dm-3 and Sr = 2.5 X 10-4 

mol dm -3, Em is ca. 30 mV more positive than Eo(V2+ I 
V·+). 

Concentration-dependent mid-point potentials for ben­
zyl viologen (BV2+) have been reported60-61 and it seems 
likely that the value of this reference potential is more 
negative than the electrochemical data suggest. 61 A pro­
visional value of -370 mV would be reasonable, pend­
ing further investigation; such a value is also consistent 
with unpublished work by the author with Mr. E.D. 
Clarke. Experiments determining /:lE for nitroaryl com­
pounds vs. both benzyl and methyl viologen indicated 
either E00l2+ IV· +) for the benzyl analogue was lower 
than - 354 m V (previously assumed) or the value for 
methyl viologen· was higher than the well-established 
value of -448 mY. The apparent correction necessary 
was usually -16 mY, in agreement with the new recom­
mendation for EO(BV2+ /BV.+) = -370 mY. 

This problem of dimerization of viologen radical­
cations ha.'l serions implications in estimating the value of 
E°(BV2+ /BV.+) from electrochemical measurements. It 
is much less of a problem when electron-transfer equi­
libria with BV·+ as reactant are studied by pulse radioly­
sis, since [BV.+] is typically " 1 /Lmol dm-3 at 
equilibrium, and the equilibrium point may well be estab­
lished before significant dimerization (reverse of reaction 
36) can occur. Dimerization is also much less of a prob­
le~ with methyl viologen (MV2+), and there are so 
many values published (see Table 3, compound 3.8.2) 
that outliers can be clearly identified. A value of 
E'(Myll /MY· ') = -448 mY is recommended. The 
usefulness of low potential viologens in particular, out­
weigh these uncertainties. The reported62 protonation of 
the methyl viologen radical cation with pK. = 1 seems 
more likely ascribable to other reactions63, and the pH­
independence of these couples is a further advantage. 

6.4. Hydroquinones and Phenols 

The studies of Steenken and NetaS
•
64 of equilibria of 

the form: 

37 

with A~, Bl = hydroxy- and amino-phenols, 
phenylenediamines, etc. have provided values of 
E\3.5(A· - I N-) = 23, 43 and 174 m V for A2- = hy­
droquinone, 1,2-dihydroxybenzene (catechol) and 4-
(N,N-dimethylamino)phenol respectively. These are 
supported by internal consistency of measured values of 
KJ7. Their value of E\3.5(A·-IA2

-) = 266 mV for A2- = 

N,N,N',N'-tetramethyl-p-phenylenediamine is similarly 
supported by other redox equilibria,64 and by earlier elec­
trochemical measurements65 so that an estimate8 of 88 
mV may he cti!:connted. All the equilibria were measured 
at I ;:::; 0.5. It is worth stressing again that values of re­
duction potentials enable the thermodynamic feasibility of 
reactions to be calculated, not the likelihood; deprotona­
tion of reactants may be necessary before the rates of 

reaction become sufficiently fast for the reaction to pro­
ceed. The lack of reversibility of the NAD·/NADH cou­
ple fur nicutinamide adenine dinucleotide has been 
discussed.66 

6.5. Inorganic Indicators Other Than Oxygen 

Reference to Table 9 indicates the high reliability of 
EO(CI02·/CIOn = 934 mY. More powerful oxidants 
include halogen- and pseudohalogen radical-anions, e.g. 
(SCN)2'- or Br2'-; the reduction potentials of these radi­
cals are established to ca. ± 30 mY; values of 
EO«SCN),. -I2SCN-) = 1330 m V and EO(Br,. - J2Br-) 
= 1660 mV are presently recommended. 

A useful, very low potential inorganic oxidant is TI + , 
the reduced form of which is in equilibrium with Tl2 +: 

38 

Th~ equilihrillm const~nt l(,~ = 140 ctm3 mol-I 9nd 

under certain conditions equilibrium 38 may be attained 
faster than electron transfer between n + and reduc­
tants.67 Hence providing acc~untis taken of the equi­
librium 38, the reduction potential of very low potential 
oxidants may be derived using n + as indicator and 
EO(TI+ /TI.q~ = -1.94 V.67 

7. Prediction of Reduction Potentials 
for Unknown Couples 

7.1. Use Of pOlarographic and CYCliC VOltammetric 
Data Obtained Using Non-Aqueous Solvents 

The literature of electrochemical measurements of 
E(AIA.-), E(A·-IA2

-) in aprotic solvents is volumi­
nous. Such measurements will generally differ -consider­
ably in absolute terms (when corrected to s.h.e., see 
above, Sec. 2.2) from corresponding values for water. 
However, relative effects in aprotic solvents, e.g. the in­
fluence of substituents68 in a molecule of known potential 
in M]llf'Ol1S solution, may be useful. Measurements in wa­
ter using cyclic voltammetry correlate69 but do not nec­
essarily equate with the reversible potentials E(AI A·-) 
(but see Sec. 3.4, above). The greatest discrepancies will 
be where molecules have substituents with prototropic 
functions. 

7.2. Correlations Between Reduction 
Potentials and Rate Constants 

There are several correlations of kJ, k_l with /:lEI of 
the form based upon the Marcus theory (e.g. with radia­
tion-produced radicals64.7o.71). Values of E(AIA·-), for 
example, may sometimes be estimated from other rate 
constants providing they are well below the diffusion 
controlled limits. Values of k7 were correlated with the 
e.s.r. characteristics (see below) of A·-for A = ni­
trobenzenes,72 and are therefore linked to reduction po­
tentials. 
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I he t,:n! I cil1llOlH. wdl csta\)lishcd for pOlarographic 
P()I('lllll\l~t" provicie a guide to other useful parameters 
which may be used to predict values for unknown cou­
ples, Hammett substituent constants (a- values) are the 
most useful, e.g. for 5-substitution of 1-methyl-2-nitroim­
idazole we have:73 

E(A/A.-)lmV = -(406 ± 5) + (146 ± 8)a-; . (74) 

Hammett constants are well known to correlate with hy­
perfine splittings (h.f.s.) in the electron spin resonance 
spectra of radical-anions of series of derivatives and a 
useful correlation between the N (N02) h.f.s. and E(A/ 
A.-) has been made.7 Variations between mono- and di­
nitrosubstituted series were noted. 7.. Uf course, 
relationships such as Eq. (74) will only be reliable pre­
dictors either when prototropic functions which could 
modulate R= are absent, n1' when th..: pH is suffidently 
high that Em is unaffected by further increases in pH (all 
groups ionized or deprotonated). Since a- values are a 
measure of pK. shifts, it would be theoretically possible 
to modify relationships between Em and pH to incorpo­
ratea- as a predictor, but the relationships would be 
complex. 

8. Arrangement of the Data Tables 
and Indexes 

8.1. Content Of tne Tables 

The Tables fall into 3 distinct groups. Tables 1 to 4 
present reduction potentials of organic oxidants, in the 
form E(A/ A· -) where A is a stable ground state and A·­
the radical produced on one-electron reduction. Tables 5 
to 8 present reduction potentials of the radicals obtained 
upon one-electron oxidation of organic reductants, in the 
form E(A·- / N-) where A2

- represents a stable reduc­
tant and A· - the radical (disregarding prototropic state, 
of course). Table 9 presents reeluctkm potentials of inor­
ganic species, but without separation into groups where 
the radical is either reductant or oxidant. 

The systematic names for many of the compounds are 
complex, and (except for inorganic couples) rather than 
arrange alphabetically, compounds in Tables 1 to 8 are 
subdivided into related groups. Within each group, com­
pounds are generally listed in related sub-groups with 
increasing element count (C,H,N etc.) in substituents 
defining order where appropriate. With the structures at 
the foot of appropriate pages, the various groupings 
should be reasonably clear. Multiple entries for anyone 
couple appear in order of publication year. 

Each table contains 10 main columns: (1) A com­
ponnel reference number. (2) The reduction potential of 
ground state or radical, as appropriate, all referring to 
one-electron reduction and all vs. the standard hydrogen 
electrode. These potentials are all mid-point potentials, 
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L'", and in many, although not all cases, may be used as 
estimates for standard potentials, EO. Whether a mea­
sured or calculated value for E as tabulated equates or 
approximates to a standard potential depends largely 
upon the possible or known occurrence of prototropic 
equilibria involving either reductant, or oxidant, as dis­
cussed in Sec. 4. Column (3) gives the pH of measllre_ 
ment (or to which the calculation refers, where 
appropriate). Except where electrochemical methods 
were used most of the values were obtained by measure­
ment of the concentrations of radicals and ground states 
at equilibrium, as outlined in Secs. 1 and 3. These have 
the symbol C (for concentrations) in column (9). A mi­
nority were determined from the kinetics of approach to 
equilibrium (Sec. 3.7). In this case K (for kinetics) ap­
pears in column (9). Either C or K may appear in paren­
theses where the data were secondary to, Le. merely 
supported, the calculation of tJ.E. Column (4) gives the 
reference compound used in the electron-transfer equi­
librium, and (5) the reference potential assumed in the 
calculation of E (!lee below). 

Since many values were derived from radiation-chem­
ical experiments in which either one-electron oxidation 
or reduction was selected by using scavengers as de­
scribed in Secs. 3.1, 3.2, in column (6) the co-solute 
(scavenger) is given, to help describe the experiment. As 
described in Sec. 3.8, ionic strength frequently influences 
measured equilibrium ·constants or kinetics, and column 
(7) gives an approximate ionic strength to which the ex­
periments relate. The expression: -l>O appears in column 
(7) if the experimental values were extrapolated to zero 
ionic strength. Column (8) notes the experimental 
method used: if only C and/or K appears, as described 
above, then the method involved monitoring fast elec­
tron-transfer equilibria following generation of radicals 
by pulse radiolysis, before the radical species disappear 
by other routes. The final column, (10) gives the refer­
ence number of the study, using the number assigned by 
the Radiation Chemistry Data Center of the University 
of Notre Dame and is common to the many publications 
of the Center and its online databases. 

8.2. Alterations to Published Values 

In general, only correction to s.h.e. (where appropri­
ate) has been made to the original data. Where a value 
seems questionable, this is indicated by a dagger 
alongside the value, usually with an explanatory note in 
the Comments/method column. A recommended value 
is indicated by an· asterisk. Many of the values may be 
immediately corrected by the reader using new recom­
mendations or new values for reference potentials as 
they become available, since the Table indicates the ref­
erence couple and value assumed in the original work. 
Such corrections will be rclativcly minor and prcsenta­
tion of original data seemed preferable to making minor 
changes which will themselves by subject to revision as 
refinements to reference potentials are published. 
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8.3. Inorganic Couples: Standard States 

The user is reminded that the standard state for a sub­
stance is that existing in its normal state at standard tem­
perature and pressure (Sec. 2.2.), i.e. for gases such as 
oxygen it is I atmosphere partial pressure. For calcula­
tions of equilibrium constants where concentrations are 
appropriate, the Nernst equation should be used to cal­
culate a reduction potential corresponding to unit con­
centration. More detailed discussion of numerous 
inorganic couples is given in Stanbury's recent compila­
tion,75 but the reader is warned that the latter author 
presents data uniformly using a standard state of I mol 
dm-3

, including couples involving gases. 

9. Some Other Compilations of 
Reduction Potentials 

Clark's classical texe" includes compilations of many 
reduction potentials of organic substances. The volume 
by Bard et al. II supersedes an earlier compilation 10 of 
reduction potentials of inorganic substances in aqueous 
solution. Stanbury'S review75 discusses inorganic couples 
involving free radicals in more detail (note the comment 
about standard states in Sec. 8.3). Steenken76 presents 
comprehensive information concerning electron transfer 
equilibria involving radicals and radical ions in aqueous 
solution. This includes values of reduction potentials as 
well as data characterizing the kinetics of electron-trans­
fer eqUilibria involving radicals. Koppenol and Butler 
have discussed the energetics of interconversion of 
oxyradicals.77 

10. List of Abbreviations and Symbols 

A 

Approx. 
AQS-

Au. 
bpy 
t-BuOH 

General symbol for oxidant or elec­
tron acceptor 
Triplet excited state of species A 
General symbol for fully dissociated 
form of reductant AH2 
Absorbance of species i 
Activity of species A 
Acetic acid 
General symbol for partially disso­
ciated form of reductant AH2 
General symbol for reductant or 
electron donor 
Approximate 
9,10-Anthraquinone-2-sulfonate 
(Tables, 1.3.1) 
This author (PW) 
2,2' -Bipyridine 
ten-Butyl alcohol (2-Methyl-
propan-2-01) 
Benzyl viologen (1,1'-Dibenzyl-4,4'­
bipyridinium) (Tables, 3.8.39) 

C (in Methods 
column) 

CAT 

Calc. 
Calc. data 

Calc. lit. 

Calcn. 
Consts. 
Cyc. v. 
Diff. pulse volt. 
DMAP 

DQ 

E 

Eo 

Eq. 
Extrap. 
F 

fA 
/(1) 

Fp 
Glycol 
GlyTyr 
II 

HQ 

1 
k 
K 

K' 

K. 

Concentrations used to estimate 
equilibrium constant (Introduction, 
Sec. 8.1) 
Catechol (1,2-Dihydroxybenzene) 
(Tables, 5.2.1) 
Calculated 
Calculated by the present author 
from data in reference shown 
Calculated by the authors in the ref­
erence shown from literature data 
Calculation 
Constants 
Cyclic voltammetry 
Differential pulse voltammetry 
4-(Dimethylamino )phenol (Tables, 
5.1.8) 
Duroquinone (2,3,5,6-Tetramethyl­
l,4-benzoquinone) (Tables 1.1.7) 
General symbol for reduction po­
It:ullul 
Standard reduction potential (Intro­
duction, Sec. 4.2) 
Formal· reduction potential (Intro­
duction, Secs. 4.3, 4.4) 
Reduction potential of half-cell rela­
tive to s.h.e. (Introduction, Sec. 4.2) 
Mid-point !-'ott:utial of hulf-l;t:l1 (In­
troduction, Sec. 4.3) 
Mid-point potential of half-cell at 
pH = i (Introduction, Sec. 4.4) 
Equation 
Extrapolated 
The Faraday constant = 9.649 X 
104 C mol- i 

Activity coefficient of species A 
Ionic strength function (Introduc­
tion, Sec. 3.8) 
Flash photolysis 
Ethylene glycol (1,2-Ethanediol) 
Glycyl-L-tyrosine 
Planck's constant = 6.626 X 10 3. J 
s 
Hydroquinone (l,4-Dihydroxyben­
zene) (Tables. 5.4.1) 
Ionic strength 
Rate constant 
Equilibrium constant (expressed in 
terms of activities) 
Equilibrium constant (expressed in 
terms of concentrations) 
Dissociation constant of an acid or 
the 'Conjugate acid of a base 
Equilibrium constant for dissocia­
tion of dimer (Introduction, Sec. 
6.3) 
Equilibrium constant of 
semiquinone formation eqUilibrium 
(Introduction, Sec. 5_ 1) 
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h lih il"~h'iil\-'lh< 

~ i l lunH1) 

11. 

NADH 

n.c.e. 

Pol. 
Pot. 
PotI. 
2-PrOH 
Q 
QH2 

R 

Rad. 
Rec. 
Reduct. 
Ref. 
S. 

s.c.e. 
Sec. 
s.h.e. 

Spect. 
T 
TMP 
TMPD 

AE 

AG 

! (Introductioll, 

Kln<:I\Ch used to estimate equilib­
nllll! constant (Introduction, Sec. 
S. J) 
Kinetics 
Methyl viologen (l,l'-Dimethyl-
4,4'-bipyridinium) (Tables, 3.8.2) 
Number of electrons transferred in 
the oxidant/reductant couple 
Nicotinamide-adenine dinucleotide 
(Tables, 4.4.6) 
Nicotinamide-adenine dinucleotide, 
reduced form (Tables, 8.2.1) 
Normal calomel electrode ( 1 mol 
dm-3 KCl) 
Polarography 
Potentiometry 
Potential 
isoPropyl alcohol (Propan-2.ol) 
General symbol for quinones 
General symbol for hydroquinones 
The gas constant = 8.314 J K- 1 

mol-I 
Radiolysis 
Recommended 
Reduction 
Reference 
Sum of all oxidant species (Intro­
duction, Sec. 4.3) 
Sum of all reductant species (Intro­
duction, Sec. 4.3) 
Saturated calomel electrode 
Section 
Standard (normal) hydrogen elec­
trode 
Spectrophotometry 
Absolute temperature 
3,4,7,8-Tetramethylphenanthroline 
N,N,N',N'-Tetramethyl-p­
phenylenediamine (Tables, 6.1.5) 
Triquat (7,8-Dihydro-6H-
dipyrido[ 1 ,2-a :2',1' -c] 
rlis7Spinf\rlHnm) (T:.lbles, 1, <4< 1) 
Parts by volume 
Net charge (valency) on ion A 
Frequency 
Hammett sigma substItuent constant 
(from para substituted phenols) 
Difference in reduction potentials 
(Tntroduction, Sec< 1) 

Free energy change accompanying 
reaction 
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Pln~R WAROMAN 

! H.,rlu. lion "ok"I,\,,'. of quinones (Q/Q'-) 
',- '-. "-:~.~:>~--:~""::.::;=:~--::-

"ll Ref. Ref. E Co-solute 1 Method/ Ref. 
compound /mY comments 

7 Rec. value; calc.; 
see lntrod uction 
(Sec. 5.4) 

-7 Calc. from 66C003 
semiquinone 
formation .consts. 
measured pH 6-7. 

7 Calcn. 761063 
0 

7 Calc. lit. 761063 

7 Calc. lit. 761063 

7 Calc. lit. 761063 
0 

7 No details 765319 

7 Calc. lit. 761063 

7 Ree. value; see 
Introduction (Sec. 
6.2) 

7 C"I" , lit, 74COOI 

0 Calc, lit. 741141 

7 Calc. lit. 751090 

7 Calc. lit. 761063 
0 

7 BYz+ -354 2-PrOH -0 C (K) 761070 

7 By2+ -355 -0 Cj calc. data 80A349 

7 By2 + -364 2-PrOH -0 C 83C002 

7 MYz+ -450 HC0 2 - 0.12 C 87A269 

7 3.8.31 -290 HCO z- 0.12 C 87A269 

7 DQ -244 t-BuOH -0.010 K 81C031 

7 1.2.5 -110 HCO z- 0.12 C 87A269 

7 1.1.4 -66 HCO z 0,12 C 87A269 

7 °2 -105 HCOz- 0.12 K 87A269 
(1 mol dm-a) 
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TABU;; 1. Reduction potentiais of Quinones (Q/Q·-)-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mV comments 

1-2. N a.phthoqulnonQa 

1.2.1 1,2-Naphthoquinone -81l 7.8 HCO~- 0.11 C 86R230 

1.2.2 1,4-Naphthoquinone -140 7.8 HC0 2 - 0.11 C 86R230 
(1e) 

1.2.3 5-Hydroxy-l,4- -93 7 O 2 -155 HC0 2 - '-0.1 C; data at other 87A234 
napht.hoquinone (1 mol dm-:l ) pH values, also 
(juglone) with 1.1.5 

1.2.4 5,8-Dihydroxy-l,4- -110 7 1.1.5 -80 HCO z- e 83A039 
naphthoquinone 

-103 5.5 HC0 2 - C; other values 83A039 
pH 5.5-11 

1.2.5 1 ,4-N aphthoquinone-2- -60 7 02 (1 atm.) -330 HC0 2 - 0.1 C 761063 
sulfonate ion (Id, R2 
= SOa-) 

1.2.6 2-Methyl-l,4- -203 7 O 2 (1 atm.) -325 HCO z- -0.1)2, C 751090 
naphthoquinone (Id, 
R2 = CHa) 

-206 7 DQ -235 2-PrOH '-0.01 C; calc. data 751090 

-203 7.67 O 2 -155 2-PrOH <0.01 C 868096 
(1 mol dm-3

) 

-199 7,67 BV2+ -354 2-PrOH .... 0 C 86B096 

1.2.7 (lei, R2 CH~OH) -152 7.67 O~ 
(1 mol dm-3

) 

-155 2-PrOH <0.01 C 86B096 

1.2.8 (Id, R2 CHZOCH!l) -129 7.67 °2 -155 2-PrOH <0.01 C 868096 
(1 mol dm-:!) 761063 

1.2.9 (ld, R" = -100 7.67 O 2 -155 Z-PrOH ,,0.01 C 86B090 
CHpeOCH3 ) (1 mol dm-3 ) 

1.2.10 (Id, R2 = -122 7.67 °2 -155 2-PrOH <0.01 C 86B096 
CH zOCONHCH2CH2Cl) (1 mol dm-3) 

1.2.11 (Ie, RIl = CHzBr) -92 7.67 °2 -155 2-PrOH <0.01 C 86B096 
(1 mol dm- 3 ) 

1.2.12 (Ie, RIl = CHzCI) -94 7.67 O~ 
(1- mol dm- 3 ) 

-155 2-PrOH <0.01 C 86B096 

1.2.13 (le, RIl = -94 7.67 O 2 -155 2-PrOH <0.01 C 8&B09& 
CHzOCOCH:I ) (1 mol dm-3 ) 

1.2.14 (Ie, Rfl = -99 7.67 °2 -155 2-PrOH <0.01 C 86B096 
CH~OCONHCHa) (1 mol dm-3) 

1.2.15 2,3-Dimethyl-l,4- -240 7 02 (1 atm.) -330 HCO z 0.1 Calc. lit. 761063 
naphthoquinone (If, 
R3 CHs) 

7~' 
0 0 

W" ~w 6 ~ I 13 
0 0 0 

(1c) (1d) ('Ee) 

0 O· 

a¢(' O:>:CHO CH t?' i I " z CHs 
~ I f 

CH2CH=CfCH2CH2CH2q H- CHs 

0 o 3 

(11) (1 g) 
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1660 PETER WARDMAN 

TAFlLE 1. Reduction potentials of qui nones (Q/Q'-)-Contlnued 

No. Compound or ElmY pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mY comments 

I.:. Naphthoqulnones-Continued 

1.2.16 (If, R3 = S- -192 7.67 O2 -155 2-PrOH <0.01 C 86B096 
glutathionyl) (1 mol dm-~) 

1.2.17 2-Methyl-3-phytyl-l,4- ,.-170 7 Calc. lit. 761063 
naphthoquinone (lg) 

1.3. Anthraqulnones 

1.3.1 9.10-AnthraQuinone-2- -390 * Rec. value; see 
sulfonate ion (lh, R2 Introduction (Sec. 
= SOa-, R' = R4 = 
R6 = H) 

6.2) 

-380 7 DQ -235 2-PrOH '-0.010 C 751117 

-375 7 By2+ -354 2-PrOH -0 C 761070 

-377 7 DQ -244 2-PrOH ..... 0 C; calc. data 761070 

-375 7 DQ -244 2-PrOH .... 0 C; calc. data 80A3411 

-373 7 By2 + -355 2-PrOH ..... 0 C; calc. data 80A349 

-366 7 By2+ -354 2-PrOH .... 0 C 83C002 

-381 7 TQ2+ -548 2-PrOH ..... 0 C 83C002 

1.3.2 1,4-Dihydroxy-9,10- -270 7 3.3.1 -350 HCO z- 0.1 C; other data pH 88A901 
anthraquinone-2- 6-11 
sulfonate ion (lh, R I 
= R4 = OH. R Z = 
GOa-. nO - 11) 

1.3.3 1,4-Dihydroxy-9,10- -249 7 3.3.1 -350 HCO z- 0.1 C; other data pH 88A901 
anthraquinone-6- 7-11 
sulfonate ion (lh. R I 
=.R" = OH, R2 = H. 
Rfl = SO:\-) 

1.3.4 1,4-Dihydroxy-5,8- -527 7 C; no details 87R257 
bis[(2-
hydroxyethy1o.mino)-

ethyljamino-9,10-
anthraquinone (11, R 1 

= R4 = OH, Rr, = R8 

NHCHzCHzNHCHzCHzOH) 

1.3.5 1.4-Bi5[(2- -348 7 By2+ -354 K 8lC03l 
hydroxyethyl-
amino)ethylJamino-
9.l0-anthraquinone 
diacetate (11, R' = R4 

NHCHl!CHl'NHCHZCHzOAc. 
Rf> = R8 = H) 

1.4. Isolndole-4,7-dlones 

1.4.1 (Il. R' = R2 = CH,. 
R:l = CuHro) 

-440 7 AQS- -380 2-PrOH' '-0.002 C R4R027 

1.4.2 (lJ, R'R2 = -420 'l, AQS- -380 2-PrOH --0.002 C; mixture of 84R027 
-CHl'CHzCHZ- , isomers. 
Rr,(RU) = eHa) 

R1 0 RS 0 Ri 0 Ri 

-ox;( ~I I~ ¢¢¢ '(1;_-.. ~ ~ 5 ~ 

A6 ~ 6 
o R4 RS 0 R4 o R3 

(1 h) (1 i) (1j) 

J. Phys. Chern. Ref. Data, Vol. 18, No. 4,1989 



REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TABLE 1. Reduction potentials of quinones (Q/Q'-)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 
couple compound /mV 

1.4. laolndole-4,'1-dlonell-Continued 

1.4.3 (11, a' ORa. aZ = -423 
CH3, R3 = C/lHo, 
Rr,(R'I) = CHa) 

1.4.4 (IJ, Ii I = CIIHu' R2a 3 -427 
= -CH2CHllCH2-) 

1.4.5 (IJ. R2 = CHa• R3 = -419 
(JoHn) 

1.4.6 (IJ. R I = eHa• R2R3 -438 
= -CHzCH2CH2-) 

1.4.7 (lJ, RIR2 = -435 
-CH2CH2 CHz-. RlI 
CoHo, RO = R6 = 
CHa) 

141< (lj, Rl = R Z = RO = 
R" = CH:l> R3 

-452 

CoHr,) 

1.4.9 (IJ. R I = COzC2H6 • 

R 2Ra = 
-368 

-CH2 CH2OH2-, 

RO(R6) CHa) 

1.4.10 {IJ, R 1 C02C2Ho• -366 
RII = RO(RO) = CH". 
R:I CoHo) 

1.4.11 (lj, RI C02C2Ho' -383 
R2Ra = 
-CHgCHgCHa-. 
Rr,(RII) = CHa• R"(RO) 
= OCHa) 

-378 

1.5. Miscellaneous qulnones 

1.5.1 Adrenochrome (lk) -253 

1.5.2 5-Aminophthalazine- 240 
1.4-dlone (11) 

1.5.3 9,lO-Phenanthrene- -124 
quinone (1m) 

1.5.4 Adriarnyt;jn (111, R = -292 
COCH2OH) 

-328 

-341 • 

(1k) 

7 AQ,S-

7 AQS-

7 AQS-

7 AQS-

7 AQS-

7 AQS-

7 AQS-

7 2.1.9 

7 2.1.9 

7 2.1.10 

7 BV2+ 

-10.6 °2 (1 mol dm-3 ) 

7.8 

7 

7 

7 

DQ 

DQ 

several 

NHa 0 

~.~ 
~N 

o 
(11) 

-SSO 

-380 

-380 

-380 

-380 2-PrOH -0.002 

-380 2-PrOH '-0.002 

-380 2-PrOH --0.002 

-437 2-PrOH -0.002 

-437 2-PrOH -0.002 

-352 2-PrOH -0.002 

-354 

-155 HC03 -

HC02 - 0.11 

-244 

-240 HCOz- 0.1 

HC02 0.1 

0$.1 
PI 
110. 0 

o 

(1m) 

1661 

Method/ Ref. 
comments 

0 82A3e9 

C 84a027 

C 84R027 

C: mixture of 84R027 
isomers. 

Cj mixture of 84R027 
iAOmAI'A. 

C: mixture of 84R027 
isomers. 

C 84R027 

K 8lC03l 

Chemiluminescence: 84C026 
::!: 20 mY. 

C 86R230 

K. Eq. VS. 02 8lCU31 
mis-calc., 
inconsistent (see 
83C018) 

C; other values, 8aCOl8 
pH 6-12 . 

Rec.; C 88A9O! 

(1n) 
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1 (,t\7 PETER WARDMAN 

T~II\,I' 1 Hoducti()11 potenti!>l" of qulnones (Q/Q·-)-Continued 

Compound or 

couple 
E/rnV 

1.6. Miscellaneous quinones-Continued 

1.6.5 

1.5.6 

1.5.7 

1.5.8 

1.5.9 

1.5.10 

1.5.11 

1.5,12 

1.5,13 

Daunomycin (In, R = -305 
COCHa) 

-430 

lndigodisulfonate ion -247 
(10) 

Mitomycin C (Ip) -271 

-238 

-310 * 
3,3',5,5'- 260 
Tetrabromodiphenoquinone 
(lq, X Br) 

3,3',5,5'· 260 
Tetrachlorodiphenoquinone 
(lq, X = Cl) 

Methoxatine (lr) -114 

CI941 (ls) -538 

(It, R OCH;l) (+)85 

85 

(It, R N(CH:l)2) -10 

-40 

o H 
.so.~ 

I I "'11:: 
6N- .& • 

H 0 S03 

(10) 

o 
(1r) 

t Questionable or superseded value. 

J. Phys. Chern. Ref. Data, Vol. 18, No.4, 1989 

pH 

7 

7 

7 

7 

7 

7 

7 

7 

7.3 

7.0 

7.4 

7.4 

7.4 

7,4 

Ref. Rof. E 
compound /mV 

DQ -244 

Q/QH2 -410 

DQ -244 

BV2+ -354 

BQ 99 

BQ 99 

°2 -155 
(1 mol dm·a) 

MV2 + 

BQ 99 

1.1.4 -66 

BQ ,99 

1.1.4 -66 

0 

"'.~'OCO.H' I I OCHa 
\-laC N 

o N·H 

(1p) 

(HI) 

Co-solut.. 1 M"thod/ 
comments 

K 

Semiquinone 
formation const. + 
E(Q/QH2)· 

K 

K 

HC02 R.ec.; C 

CHiCN '-0.02 C (K), (fp) 
(50% v/v) 

CHaCN -0.02 C (Kl. (fp) 
(50% v/v) 

HC02 - 0.11 C+K 

HC02 - 0.12 C 

2-PrOH C 

N a- C 

2·PrOH C 

2-PrOH C 

X X 

0):>=0=0 - -
X X 

(1 q) 

(1t) 

Ref. 

8lC031 

85AOOl 

59C002 

8lC031 

85R016 

81A405, 
82B068 

81A405. 
82B068 

86A520 

87R243 

88A125 

88A125 

88A125 

88A125 



REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TABLI~ 2. Reduction potentials of nitroaryl compounds {RN02/RN02 -) 

No. Compound or E/mV pH Ref. Ref. E Co-'solute I Method/ 
couple compound /mV comments 

2.1. Nltrobenlenes 

2.1.1 1,2-Dinitrobenzene -287 7 DQ -235 2-PrOH C(K) 

2.1.2 1,3-Dinitrobenzene -345 7 DQ -235 2-PrOH C(K) 

2.1,3 1,4-Dinitrobenzene -257 7 JJQ -236 2-t'rUH t:(K) 

2.1.4 2,4·Dinitrobenzoic acid -345 7 DQ -235 2-PrOH C(K) 

2.1.5 2,fi-Dinitrobenzoic acid -272 7 DQ -235 2·PrOH C 

2.1.0 3,4·DiniLroben~oic a<:id -271 ., DQ -235 2·PrOH C 

2.1.7 3,5·Dinitrobenzoic acid -344 7 DQ -235 2·PrOH C(K) 

2.1.8 2,4·Dinitrophenol -500 7 2·PrOH -0 C 

2.1.0 :3 NitrQo.cctophcnQnc 437 7 AQS- 380 2-PrOH - 0.010 C 

2.1.10 4-Nitroacetophenone -358 7 DQ -235 2·PrOH '-0.010 C 

-353 7 AQS- -380 2·PrOH --0.010 C 

2.1.11 NI1..robenzene -48& 7 AQS- -380 2.PrOH -0.010 C 

-486 7 AQS- -375 t-BuOH -0 C 

2.1.12 2-Nitrobenzaldehyde -355 7 DQ -244 t-BuOH -0 C 

2.1.13 4·Nitro benzaldehyde -322 7 DQ -244 t-BuOH -0 C 

2.1.14 2·Nitrobenzoic acid -412 7 DQ -235 2-PrOH C(K) 

2.1.15 3-Nitrobenzoic acid -433 7 DQ -236 2·PrOH C(K) 

2.1.16 4-Nitrobenzoic add -396 7 DQ -235 2·PrOH C(KJ 

-425 7 AQS- -375 2·PrOH -0 C 

2.1.17 2-Nitrobenzonitrile -308 7 DQ -244 t-BuOH -+0 C 

2.1.18 4-Nitrobenzyl alcohol -477 7 

-469 7 AQS- -375 2-PrOH -0 C 

-487 7 MV2+ -447 2-PrOH -0 C 

2.1.19 4-Nitro-(3' - -315 7 AQS- -375 2-PrOH -0 C 
dimethylamino)-
propiophenone (2a, R1 
= CO(CH 2)2N(CH:1h) 

2.1.20 (2b, R(I = CONH 2) -385 7 

2.1.21 (2b, R6 = CONHCH~) -387 7 

2.1.22 (2b, RII = -377 7 
CON(CH:!J2) 

2.1.23 (lib, R6 = -384 7 
CONHCH2CH(OCH~)2) 

2.124 (2e!., R4 = NH 2) -460 7 

2.1.26 (lie!., R4 = N(CHah) -464 7 
2.1.2!! (lid, R' = CUNHz, R6 -515 7 

-N-aziridinyl) 

2.1.27 (lid, R'! -N- -431 7 
aziridinyl, Rfl 

- .... 0) 

NOz 
H2NOC~ 

Y'NOa 
R4 

(28) (2b) (2c) 

1663 

Ref. 

761111 

761111 

761111 

761111 

761111 

701111 

761111 

82R118 

761117 

75B17 

751117 

71;"17 

80C024 

80C024 

80C024 

761111 

7611 Jl 

761111 

80R182 

80C024 

79R017 

79R017 

79R017 

761037 

87R083 

87R083 

87R083 

87R083 

87R083 

8TR083 

8TR083 

8'1 R083 

(2d) 
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1664 PETER WARDMAN 

TABLE 2. Reduction potentials of nitro aryl compounds (RN02/RN02 -)-Continued 

No. Compound or E/mY pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound jmY comments 

2.2. Nltl'oful'ans 

2.2.1 5-Nitro-2-furoic acid -317 7 DQ -235 2-PrOH -0.010 C 751117 
(:Ie, R2 = C0 2H) 

2.2.2 Nifuroxime (lie, R Z = -253 7 DQ -2.35 2-PrOH -0.010 C 751117 
CH=NOH «(IntI)) 

2.2.3 2-Methoxymethyl-5- -338 7 By2+ -354 2-PrOH "'0 C 7gROl7 
nitrofuran (lie, R2 = 
CH2OCH:l) 

2.2.4 Nitrofurazone (lie, R2 -257 7 By2+ -354 2-PrOH -+0 C 761037 
= CH=NNHCONH2) 

225 Nil..rofur~ntoin (2Q, n2 -264 '1 BV2 + -9S4 !I-PrOM ..... 0 C SORIS!; 

= 2f) 

2.2.6 Nifurpipone (lie, R2 = -214 7 By2+ -354 2-PrOH -0 C 761037 
lIg) 

'Z.'Z.7 (lte, R U = -CH=CH- -:no 7 D"l -1l4b :.l-.t'rUH -U.lU K (fp) 79C021 
(2-quinolyl») -263 7 1.2.6 -203 (50% v Iv) 

2.2.8 (:Ie, R2 = -CH=CH- -266 7 DQ -245 2-PrOH -0.10 K (fp) 79C021 
CH=CH.(2-quinolyl») -256 7 1.2.6 -203 (50% v/v) 

2.2.9 (2e, R2 -242 7 By2+ -354 2-PrOH -0 C 84A20S 
-CH=C(CONH 2)(2-
furyl) = ci8-AF-2) 

2.2.10 (2e, R2 = 
-CH=C(CONH2)(2-

-276 7 By2+ -354 2-PrOH -+0 C 84A208 

furyl) = tr(lns-AF.2) 

2.2.11 N-Butyl-5-nitro-2- -230 7 By2+ -354 2-PrOH -+0 C 84A263 
furamide (lie, R2 = 
CONHnC1 Ho) 

2.3. lI-Nltro5m5dazoles 

2.3.1 2-Nitroimidazole (:lh, -418 7 AQS- -375 2-PrOH -0 C 761070 
R4 = H) -50S 9.2 

2.3.2 2,4-Dinitroimidazole -445 6.93 By2+ -354 2-PrOH -0 C 79R037 
(:lh, R4 = NOll (4/5- -305 4.1 By2+ -354 2-PrOH '-0.005 
nitro» -265 3.26 By2+ -354 2-PrOn '-0.002 

2.3.3 5-Cyano-l-methy 1-2- -267 7 DQ -244. 2-PrOH ..... 0 C SORI87 
nitroimidazole (lIl, RQ 
= CN) 

2.3,4 I-Methyl-2- -243 7 DQ -244 2-PrOH -0 C 761070 
nitroimidazole-5-
carboxaldehyde (21, RO 

CHO) 

2.3.5 I-Methyl-2- -385 7 AQS- -375 2-PrOH -0 C 773087 
nitroi mid azole- 5-
carboxylate ion (lIl, Rn 

= CO 2 '-) 

2.3.6 1-Methyl-2- -321 7 AQS- -375 2-PrOH -0 C BOR1S7 
nitroimidazole-5-
carboxamide (lIl, R5 = 
CONHz) 

2.3.7 (21, R n CHzOH) -400 7 AQS- -375 2-PrOH -0 C 7SR017 

H ?Ha 
0 0 

I 

oCH=NoNJl.. NH 

iii N 5 N D II r-'\ R i.-'g-NOz R -t.'g-N02 
02N 0 R2 oCH .. N·N-C-CH2N N-CHa 

'-{A '-' 
R4 

(2e) (2f) (2g) (2h) (21) 
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1665 

TABLE 2. Reduction potentials of nitroaryl compounds (RN02/RN02 -)-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mV comments 

2.8. 2-Nltrolmldasolell-Contin ued 

2.3.8 5-Ethenyl-l-methyl-2- -392 7 AQS- -375 2-PrOH ~O C 7\laOl7 
nitroimidazole (21, R" 7 
- CH~CH2) 

-398 7 BV2+ -354 2-PrOH -+() C 85R035 

2.3.9 (21, RO C02CH a) -300 7 DQ -244 2-PrOH .... 0 C 71lROn 

2.310 (lU, RQ ClH=N+{_ -2112 7 BV2+ -354 2-PrOH .... 0 C 79ROl7 
O-)CHa) 

2.3.11 (21, R n = -396 7 AQS- -375 2-PrOH .... 0 C 79ROt7 
CH(OH)CH2 OH) 

2.".12 (II, R' = CH(CHah) -439 7 AQS- -3711 Z-PrOH -0 C 79R017 

2.3.13 (21, Rr, = -412 7 AQS- -375 2-PrOH .... 0 C 79R017 
C(CHalz(OH» 

2.3.14 (21, RIl = CH=N- ~386 7 BV2+ -354 2-PrOH "'0 C 80R184 
N(CH;')2) 

2.3.15 (21, RQ -240 7 BV2+ -354 2·PrOH .... 0 C 80R184 
CH=C(CN)2) 

2.3.16 (111, nr,_ 360 7 AQS- 376 !l-PrOH -0 C 70R017 
CH(OCOCH3)z) 

2.3.17 (21, RI; = CH=N-(N· -366 7 AQS- -375 2-PrOH -0 C 80R184 
morpholino» 

2.3.18 (21, Rn = CH=N-(N- -364 7 A~8- -376 2·PrOH -u C; I!OR1I:14 
piperazino) 

2.3.19 (21, Rn = CH=N-(N- -376 7 AQS- -375 2-PrOH -0 0 80Rl84 
piperidino )) 

2.3.20 2-Nitroimidazole-l- -447 7 AQS- -375 2-PrOH -0 0 80Rl85 
acetic acid (2j, R' = 
CH 2C0 2H) 

2.3.21 1- (2-Hydroxyethy 1)-2- -398 7 AQS- -375 2-PrOH -0 0 761070 
nitroimidazole (2j, R I 
= CH 2 OH 2 OH) 

2.3.22 (2l, RI = CH 2 CH 2 OH, -238 7 BV2 + -354 2-PrOH ~O 0 79R037 
R" = NO z) 

2.3.23 1-( 2-H y droxyethy 1)-5- -423 7 AQS- -375 2-PrOH -+() 0 761070 
methyl-2-nitroimidazole 
(2J, RI = CHzCHzOH, 
R" = CHa) 

2.3.24 2-Nitro-l-(2- -358 7 AQS- -375 2·PrOH -0 C 79R017 
oxopropyl)imidazole 
(2J, R' = CH2COCHa) 

2.3.26 (1IJ, nl ~ ·366 7 AQS- -375 2-PrOH -'0 C 79R017 
OH2OO2CH3) 

2.3.26 (2J, R' -384 7 AQS- -375 2·PrOH -0 0 79ROt7 
OH2CH(OH)CH2CI) 

2.3.27 (2J, R' = -383 7 AQS- -375 2-PrOH "'0 0 79ROt7 
CH2CH(OH)OH2F) 

(2)) 
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; P """',:" ".:'-"', t· '~H"i~i,!, ~d 1'H~,,~j .... j tt·1J1P"Hl1.j~ (HNO:.dHN02--)-ContiDued 

":; ..... ··'l·., !'N.' ,~ .••• , .t.,- '!l" 1,li ltd. Jl.ef.E Co-solute I Method/ Ref. 

. ""'j''' compound /mV comments 

I,n l .> Nlb •• h .. itl ... "I ... -(;olltinued 

2.;1.2H ). (2. Mcthoxyethy 1)-2-
niLroimidazole (2J, R I 

-393 7 AQS- -375 2-PrOH ~O C 79R017 

= CH 2CH 2OCHa) 

2.3.29 (2j, RI = -389 7 AQS- -375 2-PrOH ->() C 761070 
CH 2CH(OH)CH2OH) 

2.3.30 (2J, R' = -368 7 AQS- -375 2-PrOH ~o C 79R017 
CH2CH 2S02CHa) 

2.3.31 (2J, RI = -420 7 AQS- -375 2-PrOH ->() C 761070 
CHzCH2OCOCHa) 

2,3.32 (2J, RI = -388 C SORI93 
CH 2 CONHCHzCH2 OH) 

2.3.33 {2J, RI = 
CH2COZC2Hr" RO = 

-388 7 AQS- -375 2-PrOH .... 0 C 761070 

CzH"j 

2.3.34 1-( 2-Ethoxyethy 1)-2-
nitroimidazole (lIJ, R J 

-400 1 AQS- -sn :t-I'IOll ~o c 7911.017 

= CH2CH2OC2H,,) 

2,3.35 MisonidalloJe (2J, Ri -389 ... Ree, 

CH 2 CH(OH)CHzOCH:,) 

-363 7 DQ -235 2-PrOH -0.010 C 761117 

-398 7 AQS- -380 2-PrOH '-0,010 C 751117 

-389 7 AQS- -375 2-PrOH .... 0 C 761070 

-3S9 AQS- -375 t-BuOH -0 C (K) 761070 

-389 7 AQS- -375 HC02 - .... 0 C, calc. data 761070 

-388 7 BV2+ -354 2-PrOH .... 0 C (K) 761070 

2.3.36 1.!(2· -368 7 AQS- -375 2·PrOH -0 C 79R017 
Ethylsulfonyl)ethyl]-2-
nitroimidazole (IJ, R I 
= CH2CH2S02CzHr,) 

2.3.37 (23, R I = CH 2 CONH- -392 v 80R193 
CH 2CHOHCH 2OH) 

2.3.38 (2j, RI = -391 7 AQS- -375 2-PrOH "'0 C 79R017 
CH 2 CH(OH). 
CHzOCH2CH=CH2) 

2.3.39 (Ij, RI = -398 C 80R193 
[!H~[!ON([!H"CH.()H).) 

2,3.40 (2J, RI = -391 7 AQS- -375 2·PrOH "'0 C 79R017 
CH2CH2OCoH6 ) 

2.3,4.1 (IJ, RI -367 7 AQS- -375 2·PrOH -0 C 79R017 
CH2CH2502CoHr.) 

2.3.42 Benznidazole (Zj, R I -380 7 AQS- -375 2·PrOH -0 C 761070 

CH2 CONHCH 2CnHr,) 

2.3.43 (2j, RI = -409 7 AQS- -375 2·PrOH -0 C 79R017 
(CH 2 ):IOC"H r,) 

2.3.44 (2J, RI = -395 7 AQS- -375 2-PrOH -0 C 82R117 
CH,.CHOHCH"O-
CH(CH2CI)CHzOCHMez) 

2.3.45 (2k, n = 2, NR'R" = -390 7 AQS- -375 2·PrOH ..... 0 C 79R017 
N· morpholino) 

2.3.46 (2k, n = 2, NR'R" = -318 7 AQS- -375 2·PrOH -0 C SOR184 
N·morpholino 
methiodide) 

2.3.47 (2k, n = 3, NR'R" = -386 7 AQS- -375 2·PrOH -0 C SoR184 
N-rnorphoIino) 
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1667 

TABU;; 2. Reduction potentials of nitroaryl compounds (RN02 /RNOIl -)-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

2.B. 2-Nlbolmldazoles-Continued 

2.3.48 (Ik, n = 4, NR'R" = -396 7 My~H -447 2-PrOH ..... 0 C 80R184 
N-morpholino) 

2.3.49 (lIk, n = 4, NR'R" -379 7 MV~I -447 2-.I"rOH .... 0 C 80R184 
N-morpholino 
methiodide) 

2.3.50 (2k, n = 5, NR'R" -399 7 My2+ -447 2-PrOH -0 C 80R184 
N-morpholino) 

2.3.51 (Ik, n = 6, NR'R" = -379 7 My2+ -447 2-PrOH -0 C 80Rl84 
N-morpholino) 

2.3.52 (lIk, n = 8, NR'R" = -388 7 My2+ -447 2-PrOH -0 C 80R184 
N-morpholino) 

2.3.53 (lIk, n = 11, NR'R" -403 7 My2+ -447 2-PrOH ..... 0 C SOR184 
N-morpholino) 

2.S.u4 (all., n 2, Nn'n" -334 'I' AQS- -37S IlI-PrOH -0 <:: eORle-t 
N-pyrroIidino) 

2.3.55 (lIk, n 4, NR'R" -389 7 My2+ -447 2-PrOH -0 C 80R184 
N-pyrrolidino) 

2.3.56 (Ilk, n = 2, NR'R" = -325 7 AQS- -375 2-FrOH .... 0 C 80R184 
N-piperidino) 

-316 6 82Z198 
-345 8 

2.3.57 (lIk, n = 3, NR'R" = -353 7 AQS- -375 2-PrOH -0 C 80R184 
N-piperidino) 

2.3.58 (lIk, n = 4, NR'R" = -386 7 My2+ -447 2-PrOH -0 C 80Rl84 
N-piperidino) 

2.3.59 (2k, n = 6, NR'R" = -399 7 My2+ -447 2-PrOH -0 C 80R184 
N-piperidino) 

2.3.60 (2k, n = 2, NR'R" = -395 7 AQS- -375 2-PrOH -0 C 80R184 
2-pyridyl) 

2.3.61 (Ik, n = 2, NR'R" = -398 7 AQS- -375 2-PrOH -0 C 80R184 
N-anilino) 

2.3.62 (Ik, n = 2, NR'R" = -272 7 AQS- -375 2-PrOH -0 C 80R184 
N(CH(CH:dz)2) 

2.3.63 (21, NR'R" = N- -398 7 C 84RH9 
aziridino) 

2.3.64 (21, NR'R" = -351 7 AQS- -375 2-PrOH -0 C 80R186 
N{CH:l)2) 

2.3.65 (21, NR'R" = -349 7 AQS- -375 2-PrOH -0 C 80R186 
N{C2HI;)2) 

2.3.66 (111, NR'R" = -369 7 AQS- -375 2-PrOH -0 C SORl86 
N(CH2CH2OH)2) 

2.3.67 (21, NR'R" = -348 7 AQS- -375 2-PrOH .... 0 C 80R186 
NHC(CH:da) 

2.3.68 (21, NR'R" = -353 7 AQS- -375 2-PrOH -0 C 80Rl86 
NHCH~CnHr,) 

2.3.69 (21, NR'R" = -391 7 AQS- -375 2-FrOH .... 0 C 80Rl86 
NHCnH1 OCH:l(p)) 

(CH2}nNR'R" CH2CH(OH)CH2N R' ROO 
I I 
N N (rN02 

t[-N02 

(21<) (21) 
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1668 PETER WARDMAN 

TIIBI,g 2. Reduction potentials of nitroaryl compounds (RN02/RN02 -)-Continued 

No. Compound or ElmY pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mY comments 

2.3. 2-~ltrolmldazoleB-Continued 

2.3.70 (21, NR/R" -350 7 AQS- -375 2-PrOH .... 0 C 80R18S 
NHCH2CoH~OCHa(P» 

2.3.71 (21/ NR'R" = 2m) -355 7 AQS- -375 2-PrOH ->0 C 80R186 

2.3.72 (21, NR'R" = 2n) -361 7 AQS- -375 2-PrOH ->0 C 80Rt8S 

2.3.73 1-(3-N-PyrrolidinYI-2- -352 7 AQS- -376 2-PrOH .... 0 C 80R186 
hydroxypropyl)-2-
nitroimidazole (20, X 
= absent) 

2.3.74 (20, X = CH2 ) -346 7 AQS- -375 2-PrOH ->0 C 80Rl8S 

2.3.75 (20, X = CH2, R" = -357 7 AQS- -375 2-PrOH ->0 C SORlS6 
OIl) 

2.3.76 1- [3-(4-Morpholino )-2- -380 7 AQS- -375 2-PrOH -0 C 80R186 
hydroxypropyl]-2-
nitroimidazole (20, X 
= 0) 

2.3.77 (2o, X = NCH!I) -370 7 AQS- -375 2-PrOH ->0 C 80R186 

2.4. 4-Nltrolmldazoles 

2.4.1 , 4-Nitroimidazole (2p, $-527 7 AQS- -375 t-BuOH -0 C 761070 
RIl = R" = H) 

2.4.2 5-Iodo-4-nitroimidazole -503 7 AQS- -380 2-PrOH '~0,O10 C (K) 85A303 
(lip, Itn = H, It" = 1) 

2.4.3 2-Methyl-4- -542 7 AQS- -380 2-PrOH --0.010 C 751117 
nitroimidazole (2q, R2 

eHa) 

-492 7 AQS- -375 t-BuOH -0 e 771044 

2.4.4 5-Bromo-l-methyl-4- -523 7 My2 + ~447 2-PrOH -0 C 82A033 
nitroimidazole (2q, Rfi 
= Br) 

2.4.5 5-Chloro-l-methyl-4- ---517 7 AQS- -375 t-BuOH -0 C 761070 
nitroimidazole (2q, Rfi 
= el) 

-534 7 My2 + -447 t-BuOH -0 C 80A136 

2.4.6 5-Jodo-1-methyl-4- -529 7 My2+ -447 2-PrOH -0 e 82A033 
nitroimidazole (2q, Rfi 
= I) 

-505 7 AQS- -380 C 85A303 

2.4.7 5-Mercapto-l-methyl- -538 7 -486 2-PrOH ->0 e 80R18S 
4-nitroimidazole (2q, 
R/; 8H) 

2.4.8 I-Methyl-4- -395 7 My2+ -447 2-PrOH -0 C SORISS 
nitroimidazole-5-
sulfonamide (2q, Rr, = 
S02NH2) 

2.4.9 (2q, Rr, = SO\lCH:1) -355 7 81R072 

2.4.10 (2q, R" = SCH2C02H) -545 7 My2+ -447 2-PrOH -0 C 80Rt83 

2.4.11 (2q, R" = -409 7 My2+ -447 2-PrOH -0 C 80RJ83 
SOzN(CHahl 

r-*' H CH3 

-NH-q_o -NH-qH 
CH2CH(OH)CH2N X I I 
I R~' R

S 
N R

5 
N 

N 3.-'!r R2 )...« 5~ ;,N02 

4 N 02N 02N 

(2m) (2n) (20) (2p) (2q) 
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T !\B(,U! 2. Reduction potentials of nitroaryl compounds (RN02/RN02 -)-Contlnued 

No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mV comments 

2.4. 4-NltrolmldazoleB-Continued 

2.4.12 (2q, R" = -523 7 C 81R072 
S02NHCOCHa) 

2413 (2q, R" = -402 7 r. R1R07?· 

SOzNHCH2N(CH:ll2) 
2.4.14 (2q, Rfi = S02-(N- -406 7 C 81R072 

morpholino)) 

2.4.15 (lIiq, R" -394 Mya., -44" ~-PrOH ->U IJ !!UKHI3 

S02NHCH2-(N-
morpholino» 

2.4.16 (2q, Rfi = OCnH,,) -560 7 C 84R150 

2.4.17 (2q, Rfi = O-(V- -565 7 C 84R150 
hydroxy phenyl)) 

2.4.18 I-Methyl-5- -376 7 C 81R072 
ohenvlsulfonY!-4-
nitroimidatole (2q, RO 
= 80 2CnHr,) 

2.4.19 I-Methyl-5- -342 7 MV2+ -447 2-PrOH -0 C 80RI83 
ohenoxvsulfonvl-4-
nitroimidazole (2q, Rfi 

802OCoH,,) 

2.4.20 I-Methyl-5-(4- -345 7 My2+ ~447 2-PrOH -0 C 80R183 
chlorophenoxv )sulfony I-
4-nitroimidazole (2q, 
Rr. 8020-(4-
ch!orophenyl» 

2.4.21 1-Methyl-5-(4- -302 7 C 81R072 
nittophenoxy )sulfony 1-
4-nitroimidazole (2q, 
R" 8°20-(4-
nitrophenyl)) 

2.4.22 I-Methyl-5- -398 7 MV2+ -447 2-PrOH 040 C 80RI83 
pheny!aminosulfonyl-
4- nitroi midazole (2q, 
Rfi = 802 NHCoHlj) 

2.4.23 I-Methyl-5-(2- -444 7 C 8IR072 
chlorophenyl)aminosulfonyl-
4-nitroimidazole (2q, 
R" = 80zNH-(2-
chloropheny I)) 

2.4.24 I-Methyl-5-(2- -426 7 C 81R072 
methylphenyl)aminoBulfonyl-
4-nitroimidazole (2q, 
Rfi 80 2NH-(2-tolyl» 

2.4.25 (2q, Rfi 8°2°-(2- -365 7 C 81R072 
methoxyphenyl» 

2.4.26 (i!Q, Rr. = SO~0-(4- -335 7 c 81R072 
methoxyphenyl)) 

2.4.27 (2q, RO = SOzNH-(2- -408 7 C 81R072 
methoxyphenyl» 

2.4.28 (2'1, nfi = S-l --(3- -490 7 My2+ -447 2-PrOH .... U IJ 801U83 
aminopurine» 

2.4.29 (2q, R T
, =. 9-1 '-(3- -503 7 TQ2+ -548 2-PrOH .... 0 C SORI83 

amino-6-(2-
methy Ipropyl)purine» 

2.4.30 (2q, Rr. = 802 0-(1- -340 7 C 81R072 
naphthyl)) 

2.4 .31 (2q, Rr. =SOzNH-(I- -453 7 C 81R072 
naphthyl» 
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fr rlPI l" h'qhti't1tdl J")vltld.lhh; 

N" l 'UtnhnHtld f,j F/IlIV I'H 
t i;Ht!lt 

11.1. -t, NIl.roh,,'d, .. (>I,,"~COIlLinlled 

2.1.32 (2r, JlI = CH:1, R2 -515 7 
Sr) 

2.4.33 2-1odo-l-methyl-4- -521 7 
niLroimidazole (2r, R 1 

= CH~, R Z = I) 

2.4.34 (2r, R I = CH:!, R2 = -243 7 
N0 2 ) 

2.4.35 (b, R' = CH3 , R2 = -446 7 
SOzCH 3 ) 

2.4.36 (2r, Rl = -512 7 
CHzCH(OH)CHzOH, RO 

I) 

2.4.37 (21', Rl -436 7 
CHzCOzCzHr,. R" = I) 

2.4.2g (lb, a 1 ~ -4.07 7 

CHzCH(OH)CHzOCHa, 
RO I) 

2.4,39 (21', RI = -564 7 
C~2CH(OH)CHzOCH3' 
R CHa) 

-583 7 

2.4.40 (21', R I = CHzCHz- -554 7 
(N-morpholtno)) 

2.4.41 (21', RI = -465 7 
CHzCONHCH z-(3-
pyridyl-N-oxide), R U 

I) 

2.4.42 (2s) -439 7 

2.4.43 (2t) -335 7 

2.4.44 (2q, R" = SC"H,,) -501 7 

2.5. 5-Nltrolmldazoles 

2.5.1 4-Bromo-l-met,hy 1-5- -460 7 
nitroimidazole (2u, R4 
= Br) 

2.5.2 4-Iodo-l-methy 1-5- -461 7 
nitroimidazole (2u. R1 
= 1) 

-464 7 

2.5.3 (2u, R1 = SOz.(N- -334 7 
morpholino)) 

2.5.4 (2u, R1 SOzNHz) -336 7 

2.5.5 (Zu, R1 SOzCtlHr,) -324 7 

2.5.6 (Zu, R" = SOzOCnHr,) -259 7 

(2r) 
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of n!t.r""t>,j ((,mpoulldu (RN0 2/RN0 2 -)-Continued 

Rd. 
compound 

Mya 

AQS-

AQ,S-

My2+ 

TQ2+ 

My2+ 

AQS-

AQS-

My2 + 

My2+ 

AQS-

Ref. E Co-solute 
/mY 

-447 2-PrOH 

-480 

-4.110 

-447 

-548 

-554 

-380 

-375 

-447 2-PrOH 

-447 2-PrOH 

-380 

HaC-CHa 

I ~ 
02S~~ 

OaN 

(2t) 

I 

-0 

-0 

-0 

-0 

-0 

-0 

-0 

Method/ Ref. 
comments 

C 84R150 

C 82A033 

C 84R150 

C 84R150 

84R150 

C (K) 85A303 

C gliA.202 

C 79R017 

C 80C008 

C 79R017 

C 85A303 

C 771044 

C 84R150 

84R150 

C 82A033 

elK) 82A033 

C 85A303 

C 83ROI5 

C 83R015 

C 83ROt6 

C 83ROI5 

(2u) 
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TABLE 2. Reduction potentials of nitroaryl compounds (RN02/RNO z -I-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute I Methodl Ref. 
couple compound /mV comments 

2.6. 6-NttrotmtdalloJe,,-Continued 

2.5.7 2.lodo.l·methyl-5- -45'4 7 MV2+ -447 2·PrOH -+0 C 82A033 
nitroimida7.ole (2u, R2 
= t) 

2.5.8 (2u, R2 = NO z) -178 7 C 84R150 

2.5.9 I-Methyl-5- -360 7 AQS- -375 2-PrOH -+0 C 82R1l7 
nitroimidazole-2-
carboxaldehyde (2U, 
R2 = CHO) 

-360 7 BV2+ -354 2-PrOH -+0 C 82R1l7 

2.5.10 1,2-Dimethyl-5- -475 7 AQS- -375 2-PrOH -0 C 761070 
nitroimidazole (2u, R2 
= CH,,) 

-480 7 AQS- -375 HC0 2 - -0 C, calc. data 761070 

2.5.11 (2u, R2 = 80CH~) -361 7 C 84R150 

2.5.12 (2u, R'l = 80zCH,\) -351 7 C 84R150 

2.5.13 (2u, R2 = S(CH2)20- -481 7 MV 2 + -447 2-PrOH -0 C 85R035 
( 4-carboxyphenyl)) 

2.5.14 (2v, RI = -509 7 AQS- -375 t-BuOH -0 C 171044 
CH 2CH20POa

2 -, R2 
CHa, Nazsalt (1») 

2.5.15 (2 ... , RI 
Rll = eHa) 

CH~CH.OH, -486 >I< 7 R .... r 

-485 7 AQS- -375 2·PrOH -0 C, calc. data 761070 

-488 7 AQS- -376 t-BuOH -0 C (K), calc. data 761070 

-486 7 AQS- -375 t-BuOH -0 C 771044 

-451 7 3.8.10 -410 t-BuOH C 85A090 

-476 7 AQS- -380 t-BuOH C 85A090 

2.5.16 (2v, RI = -467 >I< 7 AQS- -375 2-PrOH -0 Rec.; C 761070 
CHzCH(OH)CH2 CI, R2 
= CH,,) 

-474 7 AQS- -375 HC02- -0 C, calc. data 761070 

2.5.17 (2v,R I = -475 7 AQS- -375 C 85A303 
CH2CO~C2Hr" R 1 = J) 

2.5.18 (2v, RI = -441 7 AQS- -375 c 85A303 
CH~CH{OH)CHllOCH", 
R'I I) 

2.5.19 (2v, RI -498 7 MV2+ -447 -0 C 79ROt7 
CH2CHzNHC( 
SlOCH", R2 = CH,,) 

2.5.20 (2v, RI = -479 >I< 7 AQS- -375 2-PrOH .... 0 Rec.j C 761070 
C~2CH(OH)CII20CH:I' 
R~ = CH,\) 

-475 7 AQS- -375 H00 2 - -+0 0 7111070 

2.5.21 1-( 2-Ethy Isulf ony 1)- -464 7 AQS- -375 t-BuOH -0 C 761070 
eihyl-2·meihyl-5-
niiroimidazole (2v, R I 
~, CH 2CHzS0 2CzHr" 
R~ = CII:d 

R' 
I 

02N N J-'ir R2 

R4 

(2v) 
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T 1\ BLn 2. Reduction potentials of nitroaryl compounds (RN02/RNOz -)-Continued 

No. Compound or E/mY pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mY comments 

2.6. 6-NltrolrnldazoJes-Continued 

-464 7 AQS- -375 t-BuOH ...... 0 C 771044 

2.5.22 1-(2-N- -457 7 AQS- -375 t-BuOH .... 0 C 761070 
Morpholinoethyl)-S-
nit'-oin~idalool'e (Slv 1 n I 

CH 2 CH z-(N-
morpholino)) 

2.5.23 (2v, R' = -448 7 AQS- -380 C(K) 85A303 
CIl llCONII zCIIz-(3-
pyridyl), R" I) 

2.5.24 (2w, X S) -467 7 C 84R160 

2.5.25 (2w, X 8°2) -342 7 C 84R150 

2.6. Nltl'oazalndoles 

2.6.1 1-Methyl-3-nitro-7- -566 7 3.5.1 -700 HC0 2 - ->0 86C027 
azalndole (lI:X, R 1 = 
CH;\) 

2.6.2 1-(2-Bromoethy 1)-3- -605 7 HC0 2 - -0 86C027 
nitro-7-azaindole (2x, 
R' CHzCHllBr)) 

2.6.3 (2x, R' -607 7 HC0 2 -0 86C027 
CHzCH(OH)CHzOH) 

2.6.4 (2x, R' = -546 7 HC0 9 - -0 86C027 
CHzCONHCHzCHzOH) 

2.6.5 (:Ix, R' -532 7 HC0 2 -0 86C027 
CHzCONH(CHzla -N-
morpholino) 

2.6.6 (2y, R7 = -616 7 HC02 - -0 86C027 
CH2CO llC 2H,,) 

2.6.7 (2y, R7 = -632 7 HCOz- ->0 86C027 
CH~CONH(CH")" N 
morpholino) 

2.6.8 (2z) -626 7 HCO z- -0 86C027 

2.7. Nltroaerldlnes 

2.7.1 Nitroakridin 3582 -260 7 By2+ -354 2·PrOH -0 C 84R148 
(2aa) 

2.7.2 Nitracrine (2bb, R1 = -275 7 By2 + -354 2-PrOH -0 C 87R070 
H) 

-303 7 By2 + -380 2-PrOH -0 C; further values, 8gROl8 
pH 3-11 

CHa-CHa 

o'N~))-1 Q-JrNOa ~N02 
~ 1 X ... I I I ,. I 

N N N N N I I 
R' R7 

(2w) (2x) (2y) 

O"=UNOa 
NHCHaCH(OH)CHaN(CaHsl2 

.... I I H3CO~ 
N NH 

H3CO ~ I N'" .& NOa I 
CH2C02CaHs 

R4 
(2z) (288) (2bb) 
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TABLE 2. Reduction potentials of nitro aryl compounds (RN0 2 /RNO z -)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mV comments 

2.7. Nltl'o""l'ldlneB-Continued 

2.7.3 (2bb, R4 = Cl) -325 7 BV2+ -380 2-PrOH -0 C 89R018 

2.7.4 (2bb, R4 = F) -354 7 BV2+ -380 2-PrOH -+0 C 89R018 

2.7.6 (lIbb, n 4 ~ OH3) - 321 7 BV2+ 3BO !l-PrOH ..... 0 C BOROle 

2.7.6 (2bb, R4 = OCHs) -361 7 BV2+ -380 2-PrOH -0 C g9R018 

2.7.7 (2bb, R4 = C0 2CHa) -244 7 BV2+ -380 2-PrOH -0 C S9ROIS 

2.7.g (lI!bb, R4 ~ N(CH 3 )z) -334- 7 By2+ -3g0 2_PrOH -0 C goROlg 

2.7.9 (2bb, R4 -314 7 BV2+ -380 2-PrOH -0 C 89ROlS 
N( CHzCHzOCOCHab) 

2.8. Miscellaneous nitroar)'1 "ompounds 

2.S.1 2-Nitrobenzimidazole -300 7 AQS- -375 2-PrOH -0 C BORla7 
(2ee) 

2.IU! S-Nitroth<>",phyllln<> -404- '7 My2+ -447 _n r. RnR1R7 

(2dd) 

2.S.3 8-Nitrocaffeine (2ee) -205 7 DQ -244 2-PrOH -0 C SOR187 

2.8.4 2-Nitrobenzofuran (2ft') -292 7 DQ -244 2-PrOH -0.020 C 82ROS7 

2.8.5 7-Hydroxy-2- -288 7 DQ -244 2-PrOH -0.020 C 82R087 
nitrobenzofuran (2ff, -305 7 AQS- -375 
R7 OH) 

2.8.6 7-MethoxY-2- -296 7 DQ -244 2-PrOH '-0.020 C S2R087 
nitrobenzofuran (2ff, 
R7 OCHa) 

2.8.7 5-Hydroxy-2- -285 7 DQ -244 2-PrOH --0.020 C 82R087 
nitrobenzofuran (2ff, -309 
RO = OH) 

7 AQS- -375 

2.S.8 5-Methoxy-2- -292 7 DQ -244 2-PrOH -0.020 C 82R08i 
nitrobenzofuran (2ff, 
RQ OCH~) 

2.8.9 4-Nitropyridine (2gg) -191 7 DQ -235 2-PrOH '-0.010 C (K) 7f;1117 

2.8.10 2-Nitrothiophene (Zhh) -395 7 AQS- -380 2-PrOH -0.010 C 751117 

-390 7 DQ -235 2-PrOH '-0.010 C 7l>1117 
2.8.11 5-Nitrouracil (IIU) -527 7 AQS- -380 2-PrOH -·0.010 C 751117 

2.S.12 6-Hydroxy-5- -405 7 AQS- -375 SOA210 
nitrothymine (2JJ) 

2.8.13 1-Ethy \-2 ,3-dihydro-6- -356 7 By2+ -354 2-PrOH -0 C 78R212 
nitroimidazo[I,2-
a]pyridinium (2kk, R 
= C2Ha) 

CHa 0 
I 

HaC \: CH3 
RS 

(t:N O~~N 'N N' 

~ N I I oJ.- N I N.J.. NOz NJ,lN02 HaC" W!.l.N02 o N02 
I o ~ I 
H CHa R7 

(2cc) (2dd) (2ee) (2ff) 

0 
0 

6' H .... N~N02 H, ~CH3 02Nll N NOz 
\ Nr."'iN .. R oJ.. N I O~N ~H (Jl I I 'LJ 

N S N02 H H 

(2gg) (2hh) (21i) (2il) (2kk) 
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'I'rdil,!': 2. Reduction potentials of nitroaryl compounds (RN02/RNO z -)-Continued 

(:Plopvund or 

couple 
E/mV pll Ref. 

compound 

2.8. Miscellaneous nltl'o81'yl compounds-Continued 

2.8.14 I-Phenyl-2,3-dihydro-
6-nitroimida~oI1,2-
a.]pyridinium (2kk, R 
= CoHn) 

'" Recomended value. 

-335 

J. Phys. Chem. Ref. Data, Vol. 18, No.4, 1989 

7 

Ref. E 
/mV 

-354 

Co-aolute 1 

2-PrOH -0 

Method/ 
comments 

c 

Ref. 

78R212 
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TABLE 3. Reduction potentials of bipyridinium and related compounds (Bp2+ IBP.+) 

No. Compound or ElmV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

S.t. Unbrld.ed I.J'-bh)yrldlnlum eompoundl 

3.1.1 2,2'-Bipyridlnium (8a, -500 «O) Co(bpy)as+ -890 HCOz Kin.; C. 83C017 
RI = R 1, = H) 

a.l.!! 1,1 '-DhnothYI-2,2'- -776 5.0- Pol.. r- salt. 67C004 
bipyridinium (8 .. , R 1 

= RI, = CHs) 
8.0 

-658 Pol. 68C004, 
73COOI 

-720 7 Cye. v. 80A247 

3.1.3 (8&, RI = R 1, = -680 No details. 85F007 
(CH2)sSOs -) 

-620 9.2 Cye. v. 85N094 

3.1.4 .,4'-Dimethyl-2,2'- -640 «0) 
bipyridinium (8a, R4 
= R 4 , = CHs) 

CO(bpY)33+ -890 HC02 - Kin.; C. 83COI7 

8.Z. Bridged 2,2'-bipyrldinium eompoundll derivativel of dlpyrido[l,Z-4UZ' ,l'-e]pyra.lnedllum 

3.2.1 Dipyrido[1,2-4:2' ,1'- -270 3.4- Pol., Br- salt. 68C002, 
c]pyrazinediium (3b) ILl! 690004 

-290 Pol. 68C004 

3.2.2 6-MethyldipyridoI1,2- -300 Pol., Br- salt. 71C001 
4:2' ,1'-c]pvrninediium 
(8b, R6 = CHa) 

6-Phenyldipyrido!1,2- -270 PoL, Br- salt. 71COIH 
4:2',1 '-c]pyrazinediium 
(8b. R6 = CeH~) 

3.2.3 

8.8. Bridged I,I'-bipyrldlnium eompoundll derivatlvel of 6,'T-dlhydrodipyrldo[1,2-Gl2' ,1'-eJpyradnedllum ('diquat') 

3.3.1 6,7-Dihydrodipyrido­
[1,2-4:2',1'­
cjpyrar;inediium (Se) 

(3&) 

-358 II< 

-349 10 

-354 7.8 

-396 2.2-
11.0 

-342 

-360 

-349 

-366 8.3 

-366 1.6-
g.2 

-31H 

-366 

-370 7 

NAD+ INADH -346 

11 12 1 2 

10~3 ~N·~\N.!/ 
9+\::/+4 

7 6 

(3b) 

Rec. 

Pot., Br- salt. 

Enzyme-catalysed 
equilibrium. 

Pol. 

Pol. 

Pol., Br- salt. 

Pol., Br- salt. 

PoL, 1- salt. 

Poi., r- salt. 

Cye. V., Bt- a.nd 
CI- salts. 

Poi., Br- salt. 

Cyc. v. 

H 12 1 2-

10~3 ~N·~N'!/ 
9+\..../+4 

7 6 

(3c) 

60C001 

66F032 

66C002 

660001 

67C003 

68C004, 
73COOI 

68COOl 

69COOI 

1490()Z 

77Z190 

80A247 
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1676 PETER WARDMAN 

TABLE 3. Reduction potentials of bipyridinium and related compounds (Bp2+ IBP'+)-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

8.8. Bridged I,I'-blpyrldlnlum eompounds. derivatives of 6,'1-dlhydrodlpyrldo(1,I-e." ,l'-e)pyraslnedllum ('dlqlJat')-
Continued 

3.3.2 4-Brorn0-6,7- -10 1.9- Pol., Br- salt, 74C003 
dihydrodipyrido[I,2- 4.5 unstable pH 7. 
a.:2' ,1 '-c]pyrazinediiurn 
(8e, a 4 = ar) 

3.3.3 6,7-Dihydro-6- -290 1.8- Pol., Br- salt. 69C004 
hydroxydipyrido[I,2- 4.0 
a.:2' ,1 '-c]pyrazinediiurn 
(8e, aft = OH) 

3.3.4 3-Cyan0-6,7- 0 2-6 Pol., Br- salt. 76C002 
dihydrodipyrido[I,2-
a:2',I' - c)pyrazinediium 
(Be, RlI = CN) 

3.3.5 6,7-Dihydr0-4- -410 4.0- Po!., Br- salt. 77C006 
methyldipyrido[I,2- 9.0 
«:2' ,1' ~ cJpyrazinedii um 
(ae, R4 = CHs) 

3.3.6 6,7-Dihydro-6- -350 Po!., Br- salt. 710001 
rnethyldipyrido[I,2-
«:2' ,1'-cJpyrazinediium 
(8", aft CH 3 ) 

3.3.7 6,7 -Dihydr0-3- -450 4.5- Po!. 760002 
methoxydipyrido!1,2- 10.4 
a:2',I' -cJpyrazinediium 
(8e, nll OOlIa) 

3.3.8 3-Methoxyearbonyl- -140 3-7 Po!. 76C002 
6,7-dihydrodipyrido-
[1,2-a:2' ,1'-
cJpyrazinediium (Be, 
Ra = COllCHs) 

3.3.9 4-Ethyl-6,7- -420 4.0- Po!., Br- salt. 77C006 
dihydrodipyrido[I,2- 9.0 
a;2',1 ''',,]pyra.z:.inedUum 
(Be, R4 = 0\lH6) 

3.3.10 3-Ethoxy-6,7- -440 4.5- Pol. 76C002 
dihydrodipyrido[1,2- 10.4 
G:D' ,1'-c)pyrAzinediium 
(Be, RS = OC2H6) 

3.3.11 6,7-Dihydro-l,12- -580 Pot. 60COOI 
dirnethyldipyrido[I,2-
a:2' ,1' - cJpyrazinedii urn 
(Be, RI = RIll = 
CHa) 

-590 7 Cye. v. 80A247 
3.3.12 6,7-Dihydro-2.,11-dime- -487 Pot. 600001 

thyldipyrido[1,2-a.:2' ,-
1'-c]pyrazinediium (Be, 
Rll = RII == CHa) 

-490 7 Oyc. v. 80A247 

-491 2.4.39 -683 2-PrOH .... 0 C; Br- salt . 84A292 
3.3.13 6,7-Dihydro-3,10-dime- -479 Pot. 60COOI 

t.hyldipyrido[l,ll-a,l!:' ,-
l'-c)pyrazinediiurn (ae, 
RS RIO = CHs) 

-480 7 Cye. v. 80A247 
3.3.14 6,7-Dihydro-4,9- -480 82C019 

dimethyldipyrido[I,2-
a:2' ,1'-cJpyrazinediium 
(Be, R4 = R9 = CHs) 
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REDUCTION POTENTIALS OF ONE·ELECTRON COUPLES 

TABLE: 3. Reduction potentials of bipyridinium and related compounds (Bp 2+ fBP'+)-Continued 

Compound or 
couple 

E/mY pH Ref. 
compound 

Ref. E 
fmY 

Co-solute 1 Method/ 
comments 

1677 

Ref. 

·3.3. Bridged 2,1I'-hlpyrldlnlum eompoundll. derivatives of 6,'1-dlhydrodlpyrldo(1,2-a.",l'-e]pyraBlnedilum ('dlquat')­
Continued 

3.3.15 6,7-Dihydro-6,6-
dimethyldipyrido[I,2-
a:2' ,l'-c)pyrazlnedlium 
(Be, R6 = R6 = CHa) 

3.3.16 6,7-Dihydro-3-
propoxydipyrido[I,2-
a:2' ,l'-c)pyrazlnedllum 
(8e, RS = OCsH7) 

3.3.17 6,7-Dihydro-2,3,10,1l-
tetramethyldipyrido[I,2-
a:2',1 '-c]pyrazinedlium 
(Be, R2 = RII = RIO 
= RJ! = CHa) 

3.3.18 6,7-Dihydro-4(2-
pyrtdyl)dtpyrtdo[1,2-
4:2' ,I'-c)pyrazinediium 
(Be, R4 =:= 2-pyridyl) 

3.3.19 6,7-Dihydro-6-
phenyldlpyrido[1,2-
4:2' ,l'-c]pyrazinediium 
(Be, RO = C6H5 ) 

-350 

-440 

-613 

-320 

-290 

4.6-
lOA 

7 

. 1.5-
8.2 

Pol., Br- salt. 71C001 

Pol. 76C002 

3.4.1 -548 2-PrOR -0 84A292 

Pol., Br- salt 69C002 

Pol., Br- salt. 71COOI 

B.4. Bridged I,I'-blpyrldlnlum eompounds. derivatives of '1,8-dlhydro-6H-dlpy,rldo[1,2-111 I' ,1'-cJ[1,4]dlaseplnedlium 
('tl'lquat') 

3.4.1 

3.4.2 

3.4.3 

7,8-Dihydrodipyrido­
[1,2-a:2' ,I'-c)[I,4)diaze­
pinediium (3d) 

7,8-Dihydro-4-methyl-
dipyrido[I,2-a:2' ,I' -c]-
diazepinediium (Bd, R4 
= CRa) 

T ,8-Dlhydro-3-methoxy-
dipyrido[I,2-a:2' ,1'-
c)diazepinediium (3d, 
R3 = OCRa) 

-549 * 

-548 10 

-621 7.8 

-550 a.s 
-539 4.9-

9.2 

-608 

-556 7 

-550 7 

-549 7 

-547 7 

-490 

-590 7.0-
9.0 

-1)30 4.5-
lOA 

1213 1 2 

11~3 
'\. N''''N .!I 
10+V+ 4 

8 6 
7 

(3d) 

Ree. 

Pot., Br- salt. 60COOI 

Pol. 66C001 

Fol., 1- 5,,1~. oaCOOl 

69COOI 

Pol. 73COOI 

Cye. V., Br- salt. 749062 

Cye. v. 80A247 

Diff. pulse volt.; 80C045 
Br- salt. 

Pol.; Br- salt. 80C045 

Po!.; Br- salt. 818024 

Pol., Br- salt. 77C006 

Po!., Br salt. 7t>GUU2 
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T /d.I,I, a, H.dud·i<>n pot,ol1tiJ.l~ of blpyridlnlum and related compounds (Bp2+ /BP·+)-Continued 

No, Compound or E/mV pH Ref, Ref, E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

8.4. Brldsed 2,1I'-blpyrldlnlum compoundll' derlvatlvell of '1,8-dlhydro-6H-dlpyrldo[l,lI-m 2' ,1'.e)[l,4)dlaseplnedllum 
('trJquat')-Contlnued 

3.4.4 7,8-Dihydro-2,12- -691 • Rec, 
dimethyldipyrido[I,2-
4:2',1 '-clll;4Jdiaze-
pinediium (3d, R2 = 
R12 = CHs) 

-739 Pol., Br- salt, 65C002 
meas, by T.E. 
Tomlinson 

-560 t 7,8 Pol., B,- salt, 66COOI 

-690 Pol. 66COOI 

-690 7 Difr. pulse volt.; 80C045 
Br- salt, 

-686 7 Pol.; Br- salt, 80C046 
_6l\O l',,\ ; ""~- .. .,,\\. 1'.,9,<\'U. 

-700 82C019 

-696 7 2,4.39 -583 2-PrOH -+0 Cj Br- salt. 84A292 

-686 7 3,3.11 -613 2-PrOH -+0 C; Br- salt. 84A292 

3.4.6 7,8-Dlhydro-3,1l- -671 Pol., Br- salt, 66C002 
dimethyldipyrido[1,2-
<1:2' ,l'-ejdiar.epinediium 
(3d, R3 = RII = 
CHa) 

-636 66COOI 

-671 Po!. 66COOI 

-664 7 Diff. pulse volt.; 80C046 
Br- salt. 

-662 7 PO!.j Br- salt. 80C045 
3.4.6 7,8-Dihydro-2,3,11,12- -770 Approx. (Value 82S;l57 

tetramethyldipyrldo[I,2- from eye, v. In 
,,:2' ,1'-c][I,4]diaze- CH3 CN taken, less 
pinediium (3d, R2 = 30 mV.) CI04 -
R.'! = RII = RI2 = salt. 
CHs) 

-775 7 2.4.39 -583 .... 0 Cj Br- salt . 84A292 

-778 7 3.3.17 -613 -+0 Cj Br- salt. 84A292 

8.6. Bridged 1I,2'-blpyrldlnlum compounds. derivatives of 6,1,8,9.tetrahydrodlp)"l'ldo[1,Z-m Z',1'-cj[1,4]dlalloelnedllum 
('tetl'aqua.t') 

3.5.1 6,1,8,9-Tetrahydro- --700 10 
dil" l'dvll,Z-",Z',1 '-
c] [1,4]diazodnediium 
(3e) 

-636 8.3 

-641 6.7-
9.1 

-650 7 

J. Phys. Chern. Ref. Data, Vol. 18, No.4, 1989 

13 14 1 2 

12003 
11+N N+ 4 

9'-.)6 
8 7 

(3e) 

Pot., Br- salt, 
eryst. with 1/2 
mol HBr. 

Pol., 1- salt. 

Pol., 1- salt. 

eye. v. 

60COOI 

68COOI 

69COOI 

80A241 



No. 

REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TABLE 3. Reduction potentials of bipyridinium and related compounds (Bp2+ /BP'+)-Continued 

Compound or 
couple 

E/mV pH Ref. 
compound 

Ref. E 
/mV 

Co-solute I Method/ 
comments 

1679 

Ref. 

8.6. Bridged 1,1'.blpyrldlnlum compoundlll derivatives of 6,f,8,9·tetrahydrodlp),rldo[1,I.al 1',1'~eJ[1,4Jdla.oclnedllum 
('tetraquat')-Continued 

3.6.2 

3.6.3 

6,7,8,9-Tetrahydro-
2.1l!-dim .. thyl­
dipyrido[I,2.a:2',1 '. 
c][l,4]diazocinediium 
(se, RlI = RIa = 
CHa) 

6,7,8,9-Tetra hydro-
2,3,12,13-tetramethyl­
dipyrido(1,2-a:2' ,1'-
cJ[1,4Jdiazocinediium 
(ae, R2 = R3 = RI2 

= RI3 = OHa) 

-780 

-735 

-745 

-832 

7 

7 

7 

8.6. MlscelJaneoulI t,I'·blp),rldlnIUrn compounds 

3.6.1 1,10-Phenanthrolinium 
{aI', R - R' - H} 

3.6.2 1,lO-Dimethyl-l,lO-
phenanthroJinium (8f, 
R = R' = OHs) 

3.6.3 Phenanthrolino[4,6-
a:6.7-c}pyrazinediium 
(8g) 

3.6.4 PhenanthroJino\4,6-
a:6,7-c)diazepinediium 
(Bh, R = R I = H) 

3.6.5 l-Chlorophen-
anthrolino- [~,6- a:6, 7- oj­
diazepinediium (Bh, R 
= H, R' = 01) 

3.6.6 I-Methylphen-

3.6.7 

anthrolino- [4,5- a:6,7 - cJ­
diazepinediium (Bh, R 
= H, R' = CHa) 

l,ll-Dimethylphen­
anthrolino- (4,5- 4:6,7- -J­
diazepinediium (Bh, R 
= R' = CHa) 

-640 

-510 

-280 

-234 

-260 

-270 

-114 

-130 

-180 

-110 

-220 

-400 

r-{h \.,;>--\} +, ,OJ. 
R R' 

(Sf) 

7 

7 

2.4.39 

3.3.17 

(3;) 

-583 

-613 

-613 

2-PrOH 

2-PrOH 

t-BuOH 

-0 

-0 

C; Br- salt. 

C; Br- salt. 

C; Br- salt. 

Approx., from kin. 
or quen<:hing 
react. and compo 
with bipyridyls 
(E'). 

Oye. v. 

PoL, Br- salt. 

PoL, Br- salt. 

Oye. v. 

Pol., Br- salt. 

PoL, Br- salt. 

Cye. v. 

Pol.; Br- salt. 

PoL; Br- salt. 

PoL; Br- salt. 

Pol.; Br- salt. 

80A247 

84A292 

84A292 

84A292 

83C017 

83N211 

680003 

680004 

83N211 

680003 

680004 

83N211 

818024 

818024 

818024 

8tS024 
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TABI,':: :~. Reduction potentials of bipyridinium and related compounds (Bp2+ /BP·+)-Continued 

No. Compound or 
couple 

E/mV pH Ref. 
compound 

8.8. MI.eellaneou8 1,2'-blpYl'ldlnlum eompound8-Continued 

3.6.8 . 1,1l-Diphenylphen- -310 
ll.nthto\ina- \4.,5- <r.e ,7- el­
diazepinediium (8h, R 
= R' = COH&) 

3.6.9 Phenanthrolino[4,5- -450 
4:6,7-c)diazocinediium 
(81) 

3.11.10 1,1'·Dlmethyl-2,:!'-
biquinolinium (8J) 

8.'1. I,.'-Blpyrldlnlum compound, 

3.7.1 1,1'-Dimethyl-2,4'. 
bipyridinium (8k) 

-640 

2.2-
9.9 

Ref. E 
/mV 

Co-solute I Method/ 
comments 

Pol.; Br- .salt. 

Cyc. v. 

Pol., CH3504-
salt. 

Pot., 1- salt. 

Ref. 

818024 

83N211 

III/CUUl! 

60C002 

8.8. Symmetl'leal l,l'-dlsubstltuted ",,",'-blpYl'ldlnlurn eompoundll (vlologenB, Rl = R I ,) without additional ring 
lIubll'l;\'I;uen'l;8 

3.S.1 4,4'-Bipyridine (81, R -485 1.5 PoL, Cl- salt. SlZ316 
= H) 

3.8.2 Methyl viologen (1,1'- -448 .. Ret . 
Dimethyl-4,4'-
bipyridinium) (81, R = 
CHs) 

-440 1/-13 i"ot., UI- salt. 33C001 

-434 1.2, Po1., 01- salt. 57COOI 
13 

-446 Pot., 1- salt. 60C002 

-426 7.8 Po1., CI- salt. 66COOI 

-445 Po1., 1- salt. 67C002 

-418 Pol., 1- salt. 68C004, 
73COOI 

8.3 Pol. 68COOI 

-444 9, 11 Pot. 69C003 
-454 Cyc. v. 69C005 

-443 6.8 0.11 Pol., CI- salt. 70COOl, 
81Z316 

-449 Cyc. v., Cl- salt. 749062 

-441 Pol. or Pot., 01- 750001 
salt. 

-464 7.45 -242 . Cyc. v., At 0.1 76COOI 
mnlvl dJu-:\ 

viologen; value 
increased to -447 
mV at, 2 mmol 
dm -3 violoien. 

-445 11.0 Pot. 760001 

-460 7.45 Reduct. by 76COOI 
H2/hydrogenase, 
~.K.LiIlCLiun valu~1:l 

assumed. 

cOJ &fu o-GN
:"' CHa N N 'I t\N N +G-C+ +V+ -+ \ \+- \+ R-N1\ !J t N - R 

CH3 CH3 CH3 

(3i) (3n (3k) (31) 
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No. 

REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TAfll.g 3. Reduction potentials of bipyridinium and related compounds (Bp2 + /BP'+)-Continued 

Compound or 
couple 

ElmV pH Ref. 
compound 

Ref. E 
/mV 

Co-solute I Method/ 
comments 

1681 

Ref. 

3.8. Symmetrical 1,1'-~lsubBtltuted 4,4'-blpyrldlnlum componnds (vlologenB, R J = RV) without addlt.lonal ring 
8U bstlt.u ent.s-Continued 

3.8.3 

3.8.4 

3.8.5 

1,1 '-Dimethoxy-4,4'­
bipyridinium (3\, R = 
OCH,!! 

l,l'-Bis(cyanomethyl)-
4,4 '-bipyridinium (31, 
R = CH~CN) 

1,1' -Bis(earboxy­
methyl)-4,4'­
bipyridinium (31, R = 
CH 2C0 2H) 

3.8.6 1,1' -Bis(2-sulfonato­
et,hyl)-4,4' .bipyridinium 
(ai, R = 
CH 2CHzSO'1 -) 

3.8.7 1, I' -Bis(2-ehloroethyl)-
4,4'-bipyridiniurn (31, 
R CH.CH.CI) 

3.8.8 1, I '-Bis(carbamyl­
methyIJ-4,4 '­
bipyridinium (31, R 
CH 2CONH 2 ) 

-450 7 

-462 

-446 

-440 7 

-465 7 -373 

-456 -1,7 

-456 

-453 

-?4'7 

-448 7.4 

-430 

-479 

-450 

-458 7,0 

-446 

-441 

-651 6.8 

-150 6,8 

-444 

-410 5.0 

-360 

-335 76.8 

-296 6.8 

Pol. 77Z190 

Pol., bis{ O,()- 78C017 
dimethyl 
phosphate) salt. 

Reduct. by 78C016 
H2 /hydrogenase, 
extinction values 
assumed. 

Cye. v.' 80A247 

--0 C; via BV2+ 80A349 

Cye. v.; 0.05 mol 800004 
dm- a HzSO., or 
0.5 mol dm-a 
]'l"20 0'1' 

Cye, v. 80C044 

Pot.; no details. 80R192 

Pol.; 25 mV I"w~r Al("!O~1l 

usi ng glassy 
carbon electrode. 

Pot, 83Rt78 

Cye. v. MN047 

Cye, v. 85A301 

Cye, v. 85E687 

Cye. v. 85M420 

Cye. v. 85N197 

Pot, (also data on 86A072 
MV2+ covalently 
linked to 
polymers) 

Pol., r salt. 81Z316 

Pol., 1- salt. 70C001, 
81Z316 

Pot. 33C001 

PoL, CI- salt. 81Z316 

No details 86N260 

Pol. 30" C, Cl- 70COOl, 
salt. 81Z316 

Pol. 30· C, Cl- 70COOl, 
salt. 81Z316 
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Tt\l31,1~ 3. Reduction potentials of bipyridinium and related compounds (Bp2+ /BP'+)-Continued 

No. Compound or E/mV pH Ref. Rcf.E Co ooluto 1 Method/ Rer. 

couple compound /mV comments 

8.8. Symmet.l'lcal 1,1 '-dlsubst\tuted 4,4/-blpYl'ldinium compounds (vlololilens, n.1 = RI') wIthout. additIonal rIng 
8ubatlt,uents-Continued 

3.8.9 1,1' -Bis(2-hydroxy- -325 6.8 PoL, CI- salt. 70COOl, 
iminoethyl)-4,4' - 81Z316 
bipyridinium (31, R = 
CH2CH=NOH) 

3.8.10 1,1' -Diethyl-4,4'- -455 ... Rec . 
bipyridinium (81, R 
C 2 Hf» 

-449 11.0 Pot., CI- salt. 33C001 

-480 PoL, See 76COOI 61COOI 

-41111 PoL 61M014 

-451 7 Pol. 81Z316 

-480 Pot.; no details. 80R192 

3.8.11 1.1' -Bis{2- -403 ... Rec. 
hydroxyethyl)-4,4' -
bipyridinium (81, R = 
CH zCH 2 OH) 

-408 Pot., Br- salt. 60C002 

-401 1.5- PoL, Br- salt. 69COOI 
9.2 

-399 6.8 Pol., CI- salt. 70eOOl, 
81Z316 

-408 Cyc. v. 77C007 

-400 7 eye. v. 80A247 

3.1! 12 1.1' -Ri.(2-aminopt.hyl)- -21!0 Pol 1117.316 
4,4' -bipyridinium (81, 
R = CH 2 CH 2 NH 2 ) 

3.8.13 1,1' -Bis(2-propynyl)- -435 Pol. 81Z316 
4,4' -bipyridinium (81, 
R = CH2 C'=CH) 

3.8.14 1,1 '-Bis(l,2- -266 6.8 PoL, CI- salt. 81Z316 
dichloroethyl)-4,4 '-
bipyridinium (81, R = 
CHz(CI)=CHCl) 

3.8.15 1,1' -Diallyl-4,4'· -408 . Pol. 81Z316 
bipyridinium (31, R = 
CH~CH=CHz) 

3.8.16 1,1' -Bis(2-oxopropyl)- -305 
4,4'·bipyridinium (31, 

1.5 Pol., Br- salt. 81Z316 

R = CH2COCH:I) 

3.8.17 1,1 '-1'3ls(2- -431 PO.t., (W salt. 60UOO2 
carboxyethyl)-4,4' -
bipyridinium (31, R = 
CH 2 CH 2 C02H) 

3.8.18 1,1' -Bis(3- -380 ... Ree. 
sulfonatopropyl)-4 ,4'-
bipyridinium (31, R = 
(CHzbSOa-) 

-345 Pulse rad. and 84A392 
eye. V.; 85FOO7 
gives -370 m V 
(no details). 

-386 Cye. v. 84N047 

-390 9.2 Cyc. v. 85N094 
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TABL~~ 3. Reduction potentials of bipyridinium and related compounds (Bp2+ /BP'+)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

3.~. SymmetrIcal l,l'-dlsubatltuted 4,4'-blpyrldlnlum compound .. (v lulu,!!""", R' = R. l ,) .. ltl", .. L addlMon .. 1 rlOK 

BubBtll:.uentB-Continued 

3.8.19 1,1' -Dipropyl-4,4'- -438 Pot., 1- salt. 60C002 
bipyridinium (31, R = 
n-C~H7) 

-446 3.3 Pol., Br- salt. 75C002 

3.8.20 l,l'-Bis(l- -450 82C019 
lfl"Lhy l"thyl)-4,4'-
bipyridinium (31, R = 
CH(OH3)2) 

3.8.21 1,1' - -308 6.8 Pol., Cl- salt. 81Z316 
Bls(ethylthlomethyl)-
4,4' -bipyridinium (31, 
R CH2SEt) 

3.8.22 1,1' -Bis(3- -362 6.8 Pol., 01- salt. 81Z316 
cy anopropyl)-4,4'-
bipyridinium (31, R 
(OH 2):!ON) 

3.8.23 1,1' - -422 Pot., CI- salt. 60C002 
Bis( ethoxycar bony 1-
methyl)-4,4' -
bipyridinium (31, R = 
CH2C02Et) 

-207 .. 0.8 nec.., rol., Dr- 700001, 

salt. 81Z316 

3.8.24 1,1' -Bis(dimethylamino- -301 1.5- Pol. 69COOI 
carbonylmethyl)-4,4' - 9.2 
blpyrldilliulIl (aI, R = 
CH2CON(CH:I)2) 

-302 6.8 Pol., CI- salt. 81Z316 

3.8.25 1,1'-Bis(2- -386 Pot., 1- salt. 600002 
ethoxyethy 1)-4 ,4'-
bipyridinium (31, R = 
OH 2OHzOEt) 

-386 6:8 Poi., 1- salt. 81Z316 

3.8.26 1,1 '-Bis[2- -376 6.8 Pol., Br- salt. 81Z316 
(ethoxycar bonYI)ethyl]-
4,4' -bipyridinium (31, 
R (CH 2hC02Et) 

3.8,27 1,1 '-Bie[2-( dimethyl- -385 
aminocarbonyl)ethyl]-

6.8 Pol., 01- salt. 81Z316 

4,4'-bipyridinium (31, 
R 
(CH2)2CON(CH~)2) 

3.8.28 1,1' -Bis[3- -433 6.8 Pol., Br- salt. 81Z316 
(ethoxycar bony I)propy Ij-
4,4' -bipyridinium (31, 
R = (OH2hCOzEt) 

3.8.29 1,1'-Bis[2- -280 6.8 Pol., Br- salt. 81Z316 
(trimethylammonio)ethylj-
4,4'-bipyridinium (31, 
R = (OH2bN+(CHala) 

3.8.30 1,1'-Bis(4- -150 
nitrophenyl)-4,4' -

6.8 Pol., 1- salt. 81Z316 

bipvridinium (31, R 
p-N0 2CoH .• ) 

3.8.31 1,1' -Diphenyl-4,4'- -288 0.8 Pol., 01- salt. 81Z31f> 
bipyridinium (31, R = 
CIlH,,) 
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I'll Hcr. 
compound 

Ref. E 
/mV 

Co-solute I Method/ 
comments 

Ref. 

;1.1'1. Hyn.m..t,r\c .. l l.1'-dI8ub8tltuted .,.'-blpyrldlnlum eompounda (vlologenB, R1 = R 1,) wIthout sddltlona\ r\na 
'''lb~t,It,,, .. ''t. .. -ConUnued 

3.8.32 1,1' -Bis(2-
pyridylmethyl)-4,4' -
bipyridinium (31, R = 
CHz(2-pyridyl)) 

3.8.33 I,I'-Bis(diethyl-
aminoearbonylmethyl)-
4,4'-bipyridinium (31, 

R = CHzCON(C2H5l2) 
3.8.34 I,I'-Bis[3-(dimethyl-

aminoearbonyl)propylj-
4,4'-bipyridinium (31, 
R= 
(CH 2 bCON(CHal21 

-325 

-318 

-399 

3.8.35 1,1'-Dihexyl-4,4'- -439 
bipyridinium (31, R = 

n-CoH,:d 

6.8 

6.8 

-466 3.3 

3.8.36 1,1' -Bis(2,2-
diethoxyethyl)-4,4' -
bipyridinium (31, R = 
CH 2 CH(OEtbl 

3.8.37 I,1'-Bis[3-(trimethyl-
ammonio)propylj-4,4' -
bipyridinium (31, R = 
(CH 2hN +(CHah) 

3.8.38 1,1 '-Bis(,,­
eyanobenzyl)-4,4' -
bipyridinium (31, R = 
CH(CoHr,)CN) 

3.8.39 1,1'-Dibenzyl-4,4'-
bipyridinium (31, R = 
CH 2C"Hr;) 

-373 

-331 

-330 

-73 

-370 

-359 

-348 

-350 

'--;141 

-335 

-358 

-329 

-326 

-324 

-330 

-350 

-350 

-340 

-351 

3.8.40 1,I'-Diheptyl-4,4'- -356 
bipyridinium (31, R = 
,..C7H,r,) 
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6.8 

1>.8 

1.5, 
7.0 

* 

8.0 

1.2-
13 

!!.;1 

7.0 

3.3 

3.3 

3.3 

7 

7 

6.8 

7.4 

Pol., Cl- salt. 

Pol., CI- salt. 

Pot., Br- salt. 

Pol., Br- salt. 

Pol., CI- salt. 

Pol., Br- salt. 

No details 

Pol., Br- salt. 

See introduction 
(Sec. 6.3) 

Pot., CI- salt. 

Pol., CI- salt. 

Pot., Cl- salt. 

Pol. 

Pol. 

Cye. v. 

Pol., CI- salt. 

Pol., Br- salt. 

Pol., 1- salt. 

eye. v. 

Pot.; no details. 

Pol. 

Pol., Br- salt. 

Pot.; extrap. to 
zero radical eonen. 
(more positive at 
hie:her radical 
concn.). 

Pol., Br- salt. 

70COOI, 
81Z316 

65C002 

70COOl, 
81Z311> 

6OC002 

75C002 

81Z316 

81Z316 

86N260 

81Z316 

33COOl 

57COOI 

60C002 

68C001 

73C001 

749062 

75C002 

75C002 

75C002 

ROA247 

80R192 

81C038 

81Z316 

83R178 

75C002 



No. 

REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

T AHW 3. Reduction potentials of bipyridinium and related compounds (Bp 2+ /BP'+)-Continued 

Compound or 
couple 

E/rnV pH Ref. Ref. E 
compound /mV 

Co-solute Method/ 
comments 

1685 

Ret. 

8.8. Symmetrleal l,l'-dlsubstltuted 4,4'-blpyrldlnlum compollnds (vlo\ogens, Rl := RI') wlthollt addlt,lonal ring 
Bubstltuents-Continued 

-410 82C019 

3.8.41 1,1'-Bi8[4- -367 8.0- Pot., Br- salt. 81Z316 
(trimethylammonio)butyl)- 10.0 
4,4'-bipyridinium (8\, 
R = (CH:J4N+(CHah) 

3.8.42 1,1' -Bis(C!- -73 1.5, Pol., Br- salt. 70C001, 
eyanobenzyl)-4,4 '- 7.0 81Z316 
bipyridinium (31, R = 
CH(CuHr,)CN) 

3.8.43 1,1 '-Bisf2-(3,5- -291 1.6- Pol., CI- salt. 69C001 
dimethyl-4- 9.2 
morpholinyl)-2-
oxoethy 1j-4,4'-
bipyridinium (31, R = 
8m) 

-305 7 Pol. 81Z316 

3.8.44 1,1' -DioetyJ-4,4'- -461 3.3 Pol., Br- salt. 75C002 
bipyridinium (81, R = 
n-C~HI7) 

-470 Cye. v. 83N190 

3.8.45 1, l' -Dioetadeey 1-4 ,4' - -280 No details 86N260 
hipyridinium (31, R = 
n-C,~H:!7) 

3.8.46 1,1' - -188 6.8 Pol., Br- salt. 81Z316 
Bis[ethoxyearbony 1-
(pheny l)methylj-4,4'-
bipyridinium(31, R = 
CH(C"H r,lC02 Et) 

3.8.47 (3n) 0 7 Cye. v. 83N149 

-139 Cye. v. 85A301 

3.8.48 (80, n = 2) -280 7.3 3.3.1 -350 HC02 - 0.1 C 86A266 

3.8.49 (80, n = 3) -330 Calen. 86A266 
3.8.50 (30, n = 4) -390 Calcn. 86A266 

8.D. Symmetrleal 1,1'-dlsubst1tuted 4,4'·blpYl'ldlnlum eompounds (vlologens, Rl = Rl:) with addItional rIng 
Sll:UbAtJtUQnf:.. 

3.9.1 1,1' ,2-Trimethyl-4,4 '­
bipyridinium (ap, R' 
= R" = CH,. R2 = 
CH:,) 

HaC 
')--,. 

-CHzCO N 0 

HaC>-' 
(3m) 

-500 3.0-
9.0 

(30) 

Pol., Br- salt. 77C006 

(3p) 
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T AALI~ 3. Reduction potentials of bipyridinium and related eompounds (Bp2 + /BP' +)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

B.9. Symmetrical 1,l·-dlsubstltut.ed ••• ·-hlpyrldlnll1m compounds (vlologenll. Rl R I
.) with additional ring 

Bubstltuentll-Continued 

3.9.2 1.1' -Diethyl-2-methyl- -510 3.0- Pol., Br- salt. 
4.4·-bipyridinium (BP. 9.0 77C006 
RI = R I • - CzH", }tl! 

- CHa) 

3.9.3 2-Methyl-l,I'- -500 3.0- Pol., Br- salt. 77C006 
dipropyl-4,4'- 9.0 
bip;yridinlum (3p, R I 
= RI' = CaH7' R2 = 
CHa) 

3.9.4 2,2' -Dicyano-l,l'- 90 1.9- Pol., CH:180 1 - 74C002 
dimethyl-4,4' - 7.0 salt. 
bipyridinium (Bp, R I 
= R I

• = CH:!> RZ = 
R2 • = CN) 

3.9.6 1,1' ,2,2'-Tetrarnet.hyl- &62 1 Pol. 10C001 
4,4'-bipyridinium (Bp, 
RI = R I• = CH3 , R2 
= R2

, = CH:,) 

610 Approl<. (Value 929261 
from cyc. v. in 
CH:lCN taken, less 
30 mV.) CI- salt. 

3.0.S 1,1' ,3,3'-Tct.-ro.met.h.:yl- 930 ApprQ". (V"I ... " 929251 
4,4'-bipyridinlum (Bp, from eye. v. in 
RI = R I, CH3 , R:' CH"CN taken, less 

Ra• CH:,) 30 mV.) C10 4-

salt. 

3.9.7 1,1',2,2',6,6' .. -S40 Approx. (Value 828257 
Hexamethyl-4,4' - from eye. v. in 
bipyridinium (Bp, R I CH:,CN taken. less 

RI' CHa, R2 30 mV.) CI- salt. 
R2' = CH:1, RO = RO. 

CHa) 

3.9.8 l,l'-Dimethyl-2,Z' - -390 Pol. 67C002 
diphenyl-4,4 '-
bipyridinium (Bp, R I 

R I, CHa, R2 
R2' = C"Hr,) 

3.9.9 1,1' -Dimethyl-2,2'- -439 Pol. £7C002 
bis( 4-methylphenyl)-
4,4'-bipyridinium (3p, 
RI = R I • = CHa, R2 
= R2• = COH1CH3 ) 

3.9.10 1,1' -Bis(cyanomethyl)- -140 7 Pol. 70COOI 
2,2' -dimethyl-4,4'-
bipyridinium (3p, R I 
= R " = CHzCN, R2 
= R O

• CH:,) 

3.9.11 1,1' -Bis(2-chloroethyl). -422 7 Pol. 70COOI 
2.2' -dimethYI-4,.'-
bipyridinium (Bp, R I 
= R" = GHoGHoCl, 
R2 = R2 , = CHj 

3.9.12 1,1' -Bi8(2- -481 7 Pol. 70COOI 
hy droxyethy 1)-2,2'-
dimethyl-.,4·-
bipyridinium (3p, R I 
= R I. = CH2CH2OH, 
R2 = R2' = CHa) 
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TABI,I.~ 3. Reduction potentials of bipyridlnium and related compounds -(Bp2+ /BP'+)-Contlnued 

No. Compound or 
couple 

E/mV pH Ref. 
compound 

Ref. E 
/mV 

Co-solute I Method/ 
comments 

3.9. SymmetrIcal l.l'-dlsubstltul,,,d ... 4'-blpyrldl .. hllll ,",oDlpound .. (vl"luKe .... , R 1 ~ RI') wll," .. 010111,1" .... 1 rlJJK 
8ubstlt.uents-Continued 

3.9.13 1,l'-BIs(2-oxopropyl)-
2,2'-dimethyl-4,4'­
bipyridinium (8p, R 1 

R I, = CH2Co,CHa, 
R2 R2' = CHa) 

-356 

3.9.14 1.1'- -323 
Bis(ethoxycarbonylmethyl)-
2,2'-dimethyl-4,4 '-
bipyridinium (Bp, R I 
= R I> = CH ZC0,2Et, 
R2 = R2' = CHa) 

3.9.15 (8p, RI = RI' = -790 
(CH2h80,:1-, R3 = R3 , 

= CHa) 

3.9.16 (3p, RI = RI' = 
(CH2b8o.a-, R2 = R Z ' 

= CHa) 

3.9.17 {3p,RI=RI'= 
(CH21a80,3-, R2 = R2' 

Rt. =' RO' CHa) 

-460 

-540 

7 

9.2 

9.2 

9.2 

3.10. Asymmet.rlcal 1,1'-dlsubstltuted 4,4'-blpyrldlnlum compounds (vlologens, RI = 

3.10.1 I-Methyl-4,4'o 
bipyridinium-l'-oxide 
(3q, R' = -0.-) 

3.JO.2 I-Methyl-l'-
cyanomethyl-4,4' -
b\.'PJT\.d\.n\.\lm \Sq, R' 
= CHzCN) 

3.10.3 I-Methyl-I'-
carbamylmethyl-4,4' -
bipyridinium (3q, R' 
= CHzCo,NH2) 

3.10A I-Methyl-1'-(2-
hydroxyethy 1)-4,4'­
bipyridinium (3q, R' 
= CHzCHzo,H) 

3.10.0 1-Methyl,1'-allyl-4,4'-
bipyridiniilm (8q, R' 
= CH2CH=CHz) 

3.10.6 I-Methyl-l' -(2-
oxopropyl)-4,4' -
bipyridinium (8q, R' 
= CHIlCo,CH:\) 

3.10.7 I-Methyl-!' -(3-cyano-
2- propenyl)-4,4'­
bipyrldlnium (Sq, R' 
= CH2CH=CHCN) 

3.10.8 I-Methyl-I' -[2-
bls( methy lthio)­
ethenylj-4,4' -
bipyridinium (3q, R' 
= CH=C(8CH3)2) 

-490 

-287 

-371 

-422 

-426 

-380 

-369 

-330 

6.8 

6.8 

6.8 

6.8 

6.8 

6.8 

6.8 

6.8 

R'~NJ-CN+-CH3 

(3q) 

Po!. 

Po!. 

Cyc. v. 

Cye. v. 

Cye. v. 

CII •• RI' = variable) 

Po!., OH3So,~-
salt. 

Pol., CI- salt. 

Pol., ,- salt. 

Pol., C1- salt. 

Po!., 1- salt. 

Po!., 1- salt. 

Pol., 1- salt. 

Pol., 1- salt. 

1687 

Ref. 

70COOI 

700001 

85N094 

85N094 

85N094 

81Z316 

70C001, 
81Z316 

70COOI, 
81Z316 

70C001, 
81Z316 

8lZ316 

70COOl, 
81Z316 

81Z316 

81Z316 
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T J\BLI.~ 3. Reduction potentials of bipyridinium and related compounds (Bp2 + /BP'+)-Continued 

Compound or 
couple 

E/mV pH Ref. 
compound 

Ref. E 
/mV 

Co-solute 1 Method/ 
comments 

Ref. 

3.10. Asymmetrical 1,1'-dlBubstltuted 4,4'-hlpyrldlnlum compounds (vlologens, RI = CH,IO RI' = varlable)­
Continued 

3.10,9 I-Methyl-1' - -362 
ethoxycar bony Imethy 1-
4,4'-bipytidiniuln (Oq, 
R' CH ZC02Et) 

3.10.10 I-Methyl-l'- -287 
[cyano( ethoxycarbony 1)-
lut'L1s.Yl] .. 4,4~ .. 

bipyridinium (3q, R' 
= CH(CN)COzCzHr.) 

3.10.11 I-Methyl-l'-[3- -381 
( methoxycarbonyl)-2-
propeny 1]-4,4'-
bipyridinium (3q, R' 

CH~CH=CHCO£CHo) 

3.10.12 i-Methyl-l'-[(I- -371 
pyra~olyl)thiocarbonyl­
methylj-4,4'-
bipyridinium (SQ, R' 
= CHzCSNO) 

3.10.13 I-Methyl-l'-benzyl- -408 
4,4' -bipyridinium 

3.10.14 I-Mdh,yl-l'- -357 

[an iii no( thioc ar bony 1-
methyl)]-4,4'-
bipyridinium (3q, R' 

CHzCSNHCoHr,) 

3.10.15 I-Methyl-l '-[2-(3,5- -374 
dimethyl-4-
morpholiny 1)-2-
oxoethv IJ-4.4' -bipvridinium 

6.8 PoL, 1- salt. 

1.5 PoL, 1- salt. 

6.8 Pol., 1- salt. 

6.8 Pol., 1- salt. 

6.8 Pol., Br- salt. 

0.8 1'01., 1- salt. 

6.8 Pol., CI- salt. 

3.11. AsymmetrIcal 1,1'-dlsubstltuted 4,4'·hlpyrldlnlum compounds (vlo)ogens, Rl ;6 RI' ;6 CHa) 

3.11.1 l-Ethyl-1'-(2-
ethylthioethyl)-4,4' -
bipyridinium (8r, R = 
CzH r .. R' = 
(CHZ)2SEt) 

3.11.2 1-(2-
Methoxycarbonylethyl)­
I' -propyl-4,4'­
bipyridinium (3r, R = 
CaH7' R' = 
(CH2bC02CHa) 

3.11.3 I-(2-Hydroxyethyl)-l'-
pentyl-4,4'­
bipyridinium (8r, R """"'" 

Cr,H II , R' = 
CHzCHzOH) 

3.11.4 1-Allyl-I'-
eo.rboxymdhyl-4,4 " 
bipyridinium (8r, R = 
CH\lCH=CHz, R' 
CHllCO\lH) 

-428 

-408 

-438 

-390 
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R • ...:.N~+-R 

(3r) 

Pol. 

Pol. 

Pol. 

Pol. 

70C001, 
81Z316 

81Z316 

81Z316 

81Z316 

81Z316 

lHl;310 

81 Z316 

81Z316 

8IZ316 

81Z316 

8IZ316 



No. 

8.11. 

3.11.5 

3.11.6 

3.11.7 

3.11.8 

3.11.9 

3.11.10 

3.11.11 

3.11.12 

REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TAB .. " 3. Reduction potentials of bipyridinium and related compounds (Bp2+ /BP'+)-Continued 

Compound or 
couple 

E/mV pH Ref.. Ref. E Co-solute I 
compound /mV 

Asymmetrlc.1 l.,I'-dlsubstltuted 4,4'-blpyrldlnlurn compounds (vlologenll, RI '" R
I

, 

i-Allyl-l '-ethyl-4,4'- -428 
bipyridlnium (81', R 
CHzCH=CHz, R' = 
CzHr,) 

I-Ally 1·1' -(3- -383 
cy anopropy 1)-4 ,4' -
bipyridinium (8r, R = 
CH 2CH=CH2, R' 

(CH 2);\CN) 

1-Allyl-! '-[2-(diethyl- -383 
aminocar bony I)ethy 1]-
4,4'-bipyridinium {Sr, 
R = CHzCH=CHz, R' 
= (CHzhCONEt2) 

1-(3-Butenyl)-l' -(3- -394 
cyanopropyl)-4,4'-
bipyridinium (8r, R = 
(CHZ)2CH=CH\l, R' = 
(CHlllaCN) 

1-(2-Hutenyl)-1' +~- -HI! 
fluoropropyl)-4,4' -
bipyridinium (81', R = 
CH\lCH=CH(CH3), R' 
= (CH.)aF ) 

1-( Carbamylmethyl)- -336 
I' -(2-methyl-2-
propenyl)-4,4'-
bipyridinium (81', R = 
CH2C(CH:1)=CH2 ; R' 
= CHIlCONH z) 

1-(2-Ethyl-2-propenyl)- -396 
I' -(2-methoxyethyl)-
4,4 '-bipyridinium (8r, 
R = CHIlCHzOCHa, R' 
= CHzC(Et)=CHz) 

1-( 3-Chloro-2-buteny 1)- -393 
l'-(2-methoxyethyl)-
4,4'-bipyridinium (8r, 
R = CHIlCHzOCH:l , R' 
= CHzCH=C(CI)CH:1) 

Method/ 
comments 

if; CHz)-Continued 

Pol. 

Pol. 

Pol. 

Pol. 

Pol. 

Pol. 

Pol. 

Pol. 

3.12. Quaternary derivatives of phenanthrollnes; dlAllapyrenes And dlAzapentaphenell (llee Alao 8.G.) 

3.12.1 1,10-Phenanthroline 
(oee 3.6.1) 

3.12.2 I,9-Dimethyl-I,9-
phenanthrolinium (8s) 

3.12.3 1l,8-Dimethyl-2,8-
phenanthrolinium (8t) 

-470 

-426 

-440 

rlh 
~~J 
+1 1+ 

CH3 CHa 

(3.) 

Calcn. 

Pol.; BF4 salt. 

Pol.; DF'1 - salt. 

(3t) 

1689 

Ref. 

81Z316 

81Z316 

8lZ316 

81Z316 

IH7.i31G 

81Z316 

81Z316 

81Z316 

83C017 

73C002 

73C002 
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TABLE 3. Reduction potentials of bipyridinium and related compounds (Bp 2 + /BP'+)-Continued 

Compound or 
couple 

E/mV pH Ref. 
compound 

Ref. E 
/rnV 

Co-solute I Method/ 
comments 

Ref. 

3.12. Quaternary derivatives of phenanthroltnes, dJazapyrenes and dlazapentaphenes (see also 3.6.)-Cont.inued 

3.12.4 2,7-Dimethyl-2,7- -302 Pol.; BF" - salt. 73C002 
phenanthrolinium (3u) 

3.12.5 3,8-Dirnethyl-3,8- -374 Pol.; BF" - salt. 73C002 
phenanthrolinium (3v) 

3.12.6 3,7-Dirnethyl-3,7- -406 Pol.; BF 1 - salt. 73C002 
phenanthroJinium (3w) 

3.12.7 4,7-Dimethyl-4,7- -268 Pol.; BF" - salt. 73C002 
phenanthrolinium (3x) 

3.12.8 (3y) -272 Pol.; BF., - salt. 73C002 

3.12.9 (3z) -300 Pol.; BF" - salt. 73C002 

3.12.10 (3aa) -228 Pol.; BF 4 - salt. 73C002 

(3u) (3v) (3w) (3x) 

(3y) (3z) (388) 

* ReCOlnelrldE~d 
t Questionable or superseded value. 
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TAHl,r.; 4. Reduction potentials of miscellaneous organic compounds (A/A·-) 

No. Compound or ElmV pH Ref. Ref. E Co-solute I Methodl Ref. 
couple compound ImV comments 

4.1. Aldehydes and keto~ell 

4.1.1 CH2O/-CH 2O- ~-2500 ~12 Pol. 761170 

--1600 Calen. 80A123 

-1810 TI+ -1940 -0 C (+ K) 89C001 

4.1.2 CH20, H+ I-CH 2 OH -920 Calcn. 75Z006 

--970 Pol. 761170 

--900 Calcn. aOA123 

-1180 Tl+ -1940 -0 C (+ K) 890001 

4.1.3 CHaCHO/OHaCmO- ---2500 ~12.5 Pol. 761170 

---1800 CQ,lcn. 80A123 

-1930 Tl+ -1940 -0 C (+ K) 89C001 

4.1.4 OH:iyHO, H+ I '--1100 Pol. 761170 
CHaCHOH 

--1100 Calcn. 80A123 

-1250 Tl+ -1940 -0 C (+ K) 89C001 

4.1.5 (CH:i)zCO/(CH3)200- --2500 ~13 Pol. 761170 

---2100 Calcn. 80A123 

-2100 TI+ -1940 .... 0 C (+ K) 890001 

4.1.6 (CHa)2yO, H+ I ---1800 Pol. 761170 
(CHII)i)COH 

---1500 Calcn. 1l0A123 

-1390 Tl+ -1940 -0 C (+ K) 89C001 

4.2. DloulAdcD (RSSR) 

4.2.1 Cystine and similar '--1700 Cakn. 84A044 
I-SCH 2CH(NHz)COzHjz 

4.2.2 ~-Mercaptoethanol -1570 Oalcn. 87-0020 
(oxidized) 
I-SCH zCH2OHJ2 

4.2.3 Lipoamide (oxidized) -1600 Calcn. 87C020 

4.3. Amldes 

4.3.1 Hydroxyurea -552 7 My2+ -465 2-PrOH -0 C (high value, 80A349 
(HONHCONH:.;:) t-BuOH qucry). 

4.3.2 4(5)-Aminoimidazole- -584 7 My2+ -465 2·PrOH ...0 C (high value, 80A349 
5(4)-carboxamide (4a) t-BuOH query). 

4.3.3 5-(3,3-Dimethy 1-1- -571 7 My:'l+ -465 2·PrOH -+0 C (high value, 80A349 
triazeno )imidazole·4- t-BuOH query). 
carboxamide (4b) 

4.4. Pyrldlnlum and related compounds 

4.4.1 I-Methylnicotinamide -936 7 eye. v. 74COO4 
(4e, RI = CH:1, R:! = 
CONH2 • R1 = H) 

<-845 7 Pol. 760003 

R1 

H H I 
N N 

~ H2N~ i) H2NOC('i1 
H2NO N M82N-N=N N ~ R3 

R" 

(48) (4b) (4c) 
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.:, ! ~ ~ '! ;I l'.",\~" i l'>,n j>j,\r))l\lIlr. 1,1 l1\ih(nll~llNl\Hl Ofp,flllic compounds (A/A·-)-Continued 

~- .. : "::.--:;;'::::,;,.~;;'-:,~~';..'-:.;~ "".~ ..... 

r~ r C;'>liqH,HIIH,1 01 B/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
fiHIJdt· compound /mV comments 

4.4. Pyrldlllium and related compounds-Continued 

-918 7 3.5.2 -735 2-PrOH -+() C 80C008 

-1010 7 3.5.3 -832 ~BuOH -0 C 84A292 

4.4.2 I-Methyl- -770 7 3.5.1 
isonicotinamide (4c, R I 

-640 HCOl)- -0 C 80COO'1 

= CH;j, R3 = H, R4 
= CONH z) 

4.4.3 4-Aeetyl-l- -510 Cye. v. 85E687 
methylpyridinium (4c, 
R' = CHa, R3 = H, 
R" = COCHa) 

4.4.4 4-{Methoxyearbony 1)- -720 5 CYe", v, 85E681 
I-methylpyridinium 
(4c, R' = CH:~, R3 = 
H, R'! = C0 2CH a) 

4.4.5 4-Cyano-1- -626 Pol. 61M014 
ethylpyridinium (-te, 
R' = CzHo, R3 = H, 
R1 = CN) 

4.4.6 Nicotinamide adenine -930 '" Rpe" 
dinucleotide 

<-730 7 Pol. 76C003 

-660 to 7 Pol. 761206 
-880 

-940 7 4.4.2 -770 HCOz- -0 C 80C007 

-922 7 3.5.2 -735 2-PrOH -0 C 80C008 

-87g Calc. 82M316 

-911 9.1 Cye. v. 84C009 

4.4.7 2,2'-Bipyridine -970 Co(bpyb 2 + -890 K 83C017 
(bpyH+ !bpyH·) 

4.4.8 4,4' -Dimethyl-2,2'- -1050 Co(bpy)l+ -890 K 83C017 
bipyridine 
(MezbpyH+ / Me 2 bpyH·) 

4.4.9 I,lO-Phenanthroline -850 Calen. 83C01'7 
(phenH+ jphenH·) 

4.6. Phenothlazinlum derivatives 

4.5.1 Thionine (4d, R = H) 192-200 -1.7 Kinetics + 78A103 
E(Q/QH2)i not l!fJi 
E(QH·/QH2) = 
566-515 mV at pH 
-1.7. 

4.5.2 Methylene Blue (-(d, R 187-197 -~1.7 Kinetics + 81A127 
= CH:~) E(QjQHz)i not Ff'; 

E(QH'/QH2 ) = 
60'-616 mV ~t pH 
-~-1.7 . 

4.6. Flavins (Isoalloxazines) and lumichrome derivatives (alloxaztnes) 

JOC
N

Q ~ I ~ ~ 
~ ~ ~ 

R N S NR 2 + 2 

(4d) (4e) 
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TABLI.!: 4. Reduction potentials of miscellaneous organic compounds (AI A·-)-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound ImV comments 

4.6. Flavine (lsoalloxaalnes) and lumichrome derivatives (allo:xazlnes).-Continued 

4.6.1 Riboflavine (4e, RIO = -292 7 DQ -235 HC0 2- 0.1 C + K; oth~r 751150 
CH2rCH(OH)]aCH20H) values, pH 6-12. 

-318 7 DQ -247 2-PrOH -+-(} C 83C002 

-317 7 AQS- -374 2-PrOH -+-(} C 83C002 

4.6.2 Flavine mononucleotide -313 7 DQ -247 2-PrOH -0 Cj other values, 83C002 
(riboflavin phosphate) pH 5-12. 

-308 7 AQS- -374 2-PrOR -0 8"3COO'L 

4.6.3 Flavine adenine -241 7 BV2 + -354 HC02 - -+-(} C + Kj incorrect 761169 
dinucleotide (4e, RIO ionic strength 
= 5 1 -adenosine correction, value 
diphosphate) revised to -296 

mV in 83C002. 

-231 7 3.3.1 -366 HC02 - -0 C + Kj see above. 761169 

-308 7 DQ -247 2-PrOH -+-(} C 83C002 

-317 7 AQS- -374 2-PrOH -0 C 83C002 

4.6.4 80.-N- -173 7.01 Pot.j other values 85C018 
Imid:uolyJriboflavin pH 2.6-11.5 
(4f, R JO = 
CH zICH(OH)]aCH2 OH, 
R' = H) 

4.6.5 80.-( N-Methyl- N- -118 7.29 Pot.; other values 85C018 
imidazolium )tetra- 0- pH 2.6-10.0 
acetylribofiavin (4f, 
RIO = 
CHzICHOAc/:!CH2 OAc, 
R' = CHa) 

4.6.6 Lumichrome (4g, R I -502 7 AQS- -380 RCO~- -0 C; int~r?o\a.t~d 85COO5 
R:! = H) 4.4.2 -770 2-PrOH from data at pH 

2.7-4.0 (10.2-10.8). 

4.6.7 I-Methyllumichrome -509 7 AQS- -380 HC0 2 - -0 C; interpolated 85C005 
(4g, R' = CH:1, R:\ = 4.4.2 -770 2-PrOH from data at pH 
H) 2.0-3.1 (8.6-10.9). 

4.6.8 3-Met,hyllllmichrome -535 7 AQS- -380 ~O C; interpolated 85C005 
(4g, R' = 1I, R:\ = 4.4.2 -770 from data at pll 
CH:d 2.5-3.7 (9.5-10.9). 

4.6.9 1,3-Dimethyl- -530 7 AQS- -380 ~o Cj interpolated 86C005 
lumichrome (4g, R I 4.4.2 -770 from data at pH 
R;) CHa) 2.8-3.5 (9.8-10.5). 

4.'7. Dloxathladlazaheteropentalenes 

4.'7.1 (~h, X == S) -375 C 84A449 

4.7.2 (4h, X = SO) -277 C 84A449 

4.7.3 (.fh, X = S(2) -227 C 84A449 

(4f) \4Q} (4h) 
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TABLE 4. Reduction potentials of miscellaneous organic compounds {AJA·-)-Continued 

No. Compound or EJmV pH Ref. Ref. E Co-solute 1 MethodJ Ref. 
couple compound JmY comments 

4.". Dloxathladlasaheteropentalenes-Continued 

4.7.4 (4h, X = CH 2) -416 C 84A449 

4.8. Miscellaneous organic compounds 

4.8.1 9-{2-Methoxy-4- -803 7 3.4.6 -775 2-PrOH -0 C + K. 84COOl 
methy Isulfony laminoanilino)-
acridinium (41) 

4.8.2 2,1,3-Benzothiadiazole- -490 7 My2 + -447 2-PrOH 86A098 
4,7 -dicarbonitrile (4J) 

-506 7 Cye. v. 86A098 

4.8.3 5,6-Di{2-furyl)- -374 7 By2+ -354 2-PrOH C 87C023 
[1,2,0 ]thiadiazolo!iS,4-
bjpyrazine (4k, RI) 
RII = 2-furyl) 

4.8.4 5,6-Di(2-pyridinyl)- -286 7 By2 + -354 2-PrOH C 87C023 
[1,2,5]thiadiazolo[3,4-
bjpyrazine (4k, RI} = 
R U = 2-pyridinyl) 

4.8.5 5,6-Di(2-pyridinyl)- -253 7 By2+ -354 2-PrOH C 87C023 
[1,2,5Ithiadiazolo!3,1-
bjpyrazine N-oxide (4k, 
Rf> = 2-pyridinyl, RO 
= 2-pyridinyl-N-oxide) 

H C J::)'NHS02CH, 
3 P I CN 
NH ~ ¢:\ A':(XN

• o:)? ~ -N' At ~N _N'S 
~ N.... ~ 

+ I CN 
H 

(41) (4» (4k) 

'" Recomended value. 
t Questionable or superseded value. 
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Ti\HL"~ 5. Reduction potentials of phenoxyl radicals (ArOo/ArO-) 

No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mV <:omments 

501. Phenols 

5.1.1 Phenol (PhOH) (6a) >500 13.5 5.3.1 300 glycol 0.5 C, ref. pot. later 79A100 
revised 

>600 13.5 5.3.1 385 glycol 0.5 C 82A253 
>800 7 calc. 

700 11.1 80!!0- 630 C+K 84A327 
900 mV ·calc. for 
pH 7. 

860 7 Cyc. v' l notE'. 87C019 

800 13 CI02 936 88A024 

E'(PhO o , H+/PhOH) 1352 (6.0) 7.5.1 830 -0 C 87C020 

1340 Calcn. 87C020 

1340 Calcn. from data 87C020 
in 84A327 

5.1.2 4-Aminophenol (5a, R 1 217 13.5 DMAP 174 glycol 0.5 C+K 82A253 
= NH 2) 410 7 cale. 

5.1.3 4-Hydroxybenzoie acid >500 13.5 5.3.1 300 glycol 0.5 C 79A100 
l6a, R'\ = C02H) 

5.1.4 ~Cresol (5a, R'\ = 770 7 Cye. v. 87C019 
CH!!) 

5.1.5 4-Methoxy phenol (5a, 320 13.5 glycol 0.5 From 2 indicat.ors 79AIOO 
R· I = OCH!!) as below 

"-312 TMPD 82 C + K, calc. data, 79A100 
ref. pot. later 
revised to +266 

,,335 t 6.1.4 183 C + K, calc. data, 79AI00 
ref. pot. later 
revised to '~+330 

402 ole 13.5 6.2.10 208 glycol 0.5 Ree., C + K 82A253 
000 7 calc. 

945 2 0.2 Cyc. v. 87C019 

655 7 0.2 Cye. v. 87C019 

440 1~ 0.2 Oye. v. 970019 

5.1.6 . 4-(Methy\amino)phenol 146 13.5 CAT 43 glycol 0.5 C+K 82A253 
(Sa, R" = NHCH a) 156 HQ 23 

146 TMPD 266 

1>.1.7 4-Acetamidophenol 460 88A464 
(6a, R 4 = NHCOCH3) 

5.1.8 4-{Dimethylamino )- 174 13.5 HQ 23 glycol 0.5 C+K 82A253 
phenol (6a, R-I 174 CAT 43 (81C030) 
N(CH:Jb) 

5.1.9 Tyrosine (6a, n" = 640 13.0 6.2.9 560 Few details 86AllO 
CH2 CH(NHdC02H) C+K 

1220 2 C:yr v ~7(,!OHl 

930 7 Cye. v. 87C019 

720 13 Cye. v. 87C019 

OH 662 

5 ~ 3 
4 

(Sa) 

J. Phys. Chern. Ref. Data, Vol. 18, No.4, 1989 



1696 PETER WARDMAN 

TABIJE 5. Reduction potentials of phenoxyl radicals (ArO'/ArO-)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mV comments 

6.1. Phenols-Continued 

5.1.10 DL-Tyrosine, methyl 870 7.0 6.4.4 910 Few details 86AllO 
ester (6a, R -I = C+K 
CH zCH(NHz)COzCH 3 ) 

660 13.0 6.2.9 560 Few details 86AllO 
C+K 

5.1.11 N-Acetyl-L- 650 12.0 6.2.9 560 Few details 86AllO 
tyrosinamide (6a, R-1 C+K 

CH zCH(NHCOCH 3)COzH) 

5.1.12 L-Alanyl-L-tyrosine 850 7.0 6.4.4 910 Few details 86A110 
(5a, R" = C+K 
CHzCH(COzH)-
NHCOCH(NHz)CH 3) 

6.2. 1,2-Dlhydl'oxybenzenes 

5.2.1 1,2-Dihydroxybenzene 43 13.5 HQ 23 glycol 0.5 C+K 79A100 
(ob) 139 11.0 HQ 57 Ca.len. 

98 11.0 Calen. 
530 1 

5.2.2 2 ,3-Dihydroxy benzoic 118 * 13.5 HQ 23 glycol 0.5 Rec., C + K 79A100 
acid (ob, R:! = COzH) 126 5.3.1 300 K, ref. pot. later 

revised 

5.2.3 3,4-Dihydroxybenzoic 119 13.5 HQ 23 glycol 0.5 C+K 79A100 
acid (ob, R" =COzH) 

5.2.4 3,4- 21 13.5 DMAP 174 glycol 0.6 C 82A253 
Di hy droxy p heny lacetic (81C030) 
acid (6b, R·t = 
CHzCOzH) 

5.2.5 3-Hydroxytyramine 18 13.5 DMAP 176 glycol 0.5 C+K 82A253 
(ob, R't = (81C030) 
CHzCHzNH z) 

5.2.6 Norepinephrine (5b, R ~ 44 13.6 DMAP 174 glycol 0.5 C+K 82A253 
= CH(OH)CHzNHz) (81C030) 

5.2.7 trans-3,4- 84 13.5 DMAP 174 glycol 0.5 C+K 82A253 
Dihydroxycinnamic 
acid (6b, R'\ = 
CH=CHCOzH) 

5.2.8 AdJ'en~IQne (5b, R" = --180 13.5 DMAP 175 glycol 0.5 C 81C030 
COCHzNHCHa) 

5.2.9 (6b, R" = 14 * 13.5 DMAP 174 glycol 0.5 Rec., C 81C030 
CHzCH(NHz)COzH) 22 HQ 23 C 

6.3. 1,3-Dlhydl'oxybenzenes 

5.3.1 1 ,3-Dihydroxy benzene 385 * 13.5 Rec. 
(6e) 

392 13.5 DMAP 174 glycol 0.5 C+K 82A253 
379 13.5 6.2.10 208 C+K 
810 7 Calen. 

OH OH 

"6:0H 

5 ~ 3 "6: 5 ~ I OH 
4 4 

(5b) (5c) 
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TABLE 5. Reduction potentials of phenoxyl radicals (ArO·/ArO-)-Continued 

No. Compound or EjmV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

6.3. 1,3-Dlhydroxybenzenes-Continued 

292 13.5 5.2.2 118 glycol 0.5 K 79A100 
303 5.2.3 119 K 
299 82 K, ref. potl. later 

revised 

5.3.2 2,5-Dihydroxybenzoic 33 13.5 CAT 43 glycol 0.5 C+K 79A100 
acid (Se, R 1 = C0 2 H) 

5.3.3 3,5-Dihydroxybenzoic 280 13.5 5.2.3 119 glycol 0.5 C+K 79A100 
add (Se, R" = C02H) 

6.4. 1,4-Dlhydroxybenzenes (1,4-Hydroqulnones) 

5.4.1 1 ,4-Dihydroxy benzene 1041 0 Calcn. 761063 
(6d) 459 7 

57 1f Calcn., see 751090 79AIOO 
23 13.5 

5.4.2 1,4-Dihydroxybenzene- 116 12.9 HQ 23 C 85A255 
2,5-disulfonate 

5.4.3 Methylhydroquinone 460 7 Calcn. 761063 
(5d, R 2 = CH:~) 

5.4.4 Methoxy hydroquinone -85 13.5 CAT 
(6d, R2 = OCH3 ) 

43 glycol 0.5 C+K 79A100 

5.4.5 2',5'-Dihydroxyaceto- 118 13.5 CAT 43 glycol 0.5 C+K 79A100 
phenone (6d, R2 = 
COCH:!) 

5.4.6 Homogentisic acid (6d, -50 13.5 CAT 
R2 = CH 2 C0 2 II) 

33 glycol 0.5 C+K 82A253 

5.4.7 (6d, R2 = R:' = CH:I ) 430 7 Calcn. 761063 

5.4.8 (5d, R2 = R" = CII:!) 980 0 Calcn. 761063 
420 7 

5.4.9 Trimethylhydroquinone 385 Calcn. 761063 
(6d, R2 R:1 = R" 

CII:l ) 

5.4.10 Tetramethylhydroquinone 350 7 Calcn. 74COOI 
(bd, Rl.I = RI' = H,r. 

= R(I = CHa) 

895 0 Calcn. 761063 
360 7 

-54 13.5 Calcn., see 751090 79AI00 

-54 13.5 5.2.3 119 glycol 0.5 C+K 82A253 

6.6. Trlhydroxybenzenes 

5.5.1 1,2,3-Trihydroxy- -9 13.5 HQ 23 glycol 0.5 C 79A100 
benzene (6b, R:! = 
OH) 

5.5.2 5-Hy droxydopami ne 42 13.5 DMAP 
(6b, R!l = OH, R" = 

174 glycol 0.5 C+K 82A253 

CHzCHzNHz) 

OH 692 

5 ~ '3 

OH 

(5d) 
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5.5.4 

';;lh),1 gallnt,\' (6b, R:I 
=0::' on, n(l = 
CO zC 2 Hr;) 

1,2,4-Trihydroxy­
benzene (5b, R -I = 
OH) 

... Recomended value. 

t Questionable or superseded value. 

-54 

-110 
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ImV 
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43 

Co-solute 

glycol 

gly<:ol 

0.5 

0.5 

Method/ 
comments 

C+K 
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Ref. 
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TAB!."; 6. Reduction potentials of amine, indole, pyrimidine and purine radicals (A'/A-) 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

6.1. Amlnoben.enes and phenylenedlamlnes 

6.1.1 Aniline 1030 6.9 C102' 936 CI02- C 86A059 

6.1.2 N,N-DimethylaniJine '~770 10 S03'- 630 S032- C 85A103 

860 9.0 01°2' 936 01°2- K 86AO:i9 

6.1.3 cr Pheny lenediamine >270 11.5 HQ 57 glycol K 79A100 
(6a) 

346 13.5 TMPD 266 glycol 0.5 C+K 82A263 
362 6.1..4 309 C 

6.1.4 p-Phenylenediamine 183 13.5 HQ 23 glycol 0.5 C+K 79A100 
(6b) -200 11.0 HQ 57 

300 • 13.5 DMAP 174 glycol 0.5 Rec., C + K 82A253 

366 13.5 TMPD 266 Au. ree. 
340 13.5 Au. calc. 
730 7 

<600 • 5.2 80
3
,- 740 HS0 3 - Ree., C 85AI03 

6.1.5 N,N,N',N'- '~265 8-9 Pol. 58C002 
Tetramethyl-p- other values pH 
phenylenediamine (6e) 4-8 

1S2 13.0 U.1.4 11S3 glycol 0.5 C + K, ref. pot!. 79AlUO 

later revised 

240 7-12 Pol. 81C038 

266 • 13.5 DMAP 174 glycol 0.5 Rec., C + K 82A253 
265 6.2.10 208 C + K, E same at. 

pH 7 

6.2. Indoles (IndH) 

6.2.1 Indole (6d, R I = R2 
= R:\ = Rr) == H) 

E'(IndH'+ lInd H) 1240 CI02 936 Br- -0 K 87A247 

E'(Ind· IInd-) 530 Calc. from 87A247 
IndH'+ IIndH and 
pK,,'s 

970 7 0.2 Cyc. v. 87CO]9 

6.2.2 5-Hydroxyindole (6d, 216 13.5 DMAP 174 glycol 0.5 C+K 82A253 
Rt = R2 = R:1 = H, 197 TMPD 266 C+K (81C030) 
Rr; = OH) 

6.2.3 1-Methylindole (6d, R I 
= CH3, R2 = R3 = 
RS =H) 

E'(IndII'+ IIndH) 1230 CI0 2 '·936 Br- -0 K 88A024 

6.2.4 2-Methylindole (6d, R 1 

= R3 = R O = H, R2 
= CHa) 

E'(IndH'+ lInd H) 1100 CI0 2 936 Br- K 88A024 

Ff rf 

~2 ~N"R 
I 
H 

(6a) (6b) (6c) (6d) 
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TABLE 6. Reduction potentials of amine, indole, pyrimidine and purine radicals (A'/A-)-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

0.3. Iu.Jul't:D (IudIl)-Cvutiuut::d 

6.2.5 3-Methylindole (6d, R 1 

R2 RO H, R S 

= CHs) 

1010 Calcn. (rate data 87A247 
+ Marcus theory) 

E'(lndH' + /IndH) 1070 CI02 936 Br- K 88A024 

6.2.6 Indole-3-acetic acid 840 7 Cyc. v. 87C019 
(6d, R 1 = R2 = RO 
= H, R3 = CH2C0 2H) 

6.2.7 2,3-Dimethylindole (6d, 780 Calcn. (rate data 87A247 
nt H, R2 R3 + Marcus theory) 
CHa, RO H) 

E'(IndH'+ /IndH) 930 CI02 936 Br- K 88A024 

6.2.8 Tryptamine (6d, R J 

R2 = R O = H, R:l = 
CH 2CH 2NHz) 

970 3.0 H80 3 - 840 Few details 86AllO 
·K 

640 7.5 5.1.5 600 Few details 86A110 
C+K 

560 13.0 5.1.5 400 Few details 86AllO 
C+K 

6.2.9 Tryptophan kTrpH) 
(6e, R I = R = R I) = 
H, R3 = 
CH 2 CH(NH z)CO zH) 

E'(TrpH'+ /TrpH) 1140 9.56 1250 SeN- '-1 Calcn. from data 82A183 
in 761151, :t 200 
mV 

94U t 3 HS0 3 - 840 Few details 86AllO 
K 
see 86A215, 
87C007 

64U t 7.5 5.1.5 600 Few details 86AllO 
C+K 
see B6A215, 
87C007 

560 t 13.0 5.1.5 400 Few details 86Al10 
C+K 
see 86A215, 
87C007 

1150 2 0.2 Cyc. v. 87C019 

1015 7 0.2 Cye. v. 87C019 

650 13 0.2 Cye. v. 87C019 

1080 7 Calc. from E' and aaA024 

pK" 

830 7 (Fe (III}) 660 N -
:\ 0.15 C+K 88A126 

Fe{lJI) 
ferrucillium-l,l '-

dicarboxylic acid 

:I 

5~:( ~ I I 
N 
I 
H 

(6e) 
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1701 

TAALR 6. Reduction potentials of amine, indole, pyrimidine and purine radicals (A·/A-)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

6.2. Indoles (IndH)-Continued 

E'(TrpU'+ /TrpH) 1240 CI0 2 936 Br- K 88A024 

6.2.10 5-Hydroxy tryptophan 
(6e, R~ = 
OH20H(NHz)OOzH, RO 
= OH) 

208 13.5 DMAP 174 glycol 0.5 C+K 82A253 
(810030) 

6.2.11 DL-Try ptophanamide 
(6e, R:! = 
OH 2CH(NH z)CONHz) 

940 3.0 HSO g - 840 Few details 86AllO 
K 

680 7.5 5.1.5 600 Few deta.ils 86AllO 
C+K 

620 12.0 5.1.11 650 Few details 86AllO 
C+K 

6.2.12 N-Acetyl-I.-tryptophan 
(6e, R:! = 
CH2CH(NHCOOH:~)C02H) 

<870 3.0 HSO a- 840 Few details 86A110 

690 6.5 5.1.5 600 Few details 86A110 
C+K 

6.2.13 L-Tryptophyl-L-alanine 
(6e, R:! = 
CHzCH(NHz)-
CONHCH(CH.a)OOzH) 

670 7.5 5.1.5 600 Few details 86A1IO 
C+K 

0.3. Pyrlmldlnes& 

6.3.1 Uracil (6f, R I R" 870 13.0 6.4.5 740 Br- 0.2 K 86C005 
H) 

850 13.0 6.4.1 750 Br- 0.2 K 860005 

880 13.0 6.3.4 780 Br- 0.2 C+K 86C005 

6.3.2 I-Methyluracil (6f) R I 
= OH:\, Rr, = H) 

'~1600 13.0 9.9 1700 Br- 0.2 0 86C005 

6.3.3 Thymine (6f, R I = H, 780 13.0 6.4.5 740 Br- 0.2 C+K 86C005 
R" = CHs) 

800 13.0 6.4.3 630 Br- 0.2 C+K 86C005 

6.3,4 Barbituric acid (Og) 790 13.0 6.4.3 630 Br- 0.2 C+K 86C005 

780 13.0 6.4.5 740 Br- 0.2 C+K 860005 

6.3.5 Isobarbituric acid (6h) 132 13.5 TMPD 266 glycol 0.5 C 82A253 

6.3.6 Cytosine (01, R I = H) 830 13.0 6.4.5 740 Br- 0.2 C+K 86C005 

790 13.0 6.4.1 750 Br- 0.2 C+K 86C005 

6.3.7 1-Methylcytosine (61, -1630 13.0 9.9 1700 Br- 0.2 C 86C005 
RI = CHa) 

R1 H H Rt 
I I I I N'f0 O~tO N'f0 N'f0 

R.~N'H O~N'H ~N 
'H 

0 0 0 NH2 

(6f) (6g) (Sh) (61) 
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I ,'dd r j', n .. ,-\ui'tj"n pnt;'Hl.Jllj., 01 nlllint:, indole, pyrimidine and purine radicals (A-/A -)-Continued 

NI.'. Compound or ElmY pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mY comments 

8.4. PUlPln •• & 

6.4.1 Adenine (OJ, R9 = H) 750 13.0 6.4.3 630 Br- 0.2 C+K 860005 

6.4.2 Adenosine (8J. RIl = 810 13.0 6.3.1 880 Br- ·0.2 C+K 860005 
p-D-ribotl.lranoeyl, 8k) 

6.4.3 Guanine (81, R9 = H) 620 13.0 6.4.6 590 Br- 0.2 K 86C005 

650 13.0 6.2.9 570 Br- 0.2 C+K 86C005 

6.4.4 Guanosine (81, RI) = 710 13.0 6.2.9 570 Br- 0.2 C+K 860005 
~-D-ribofuranosyl, 6k) 

6.4.6 Hypoxanthine (Om) 740 13.0 6.2.9 570 Br- 0.2 C+K 86C005 

780 13.0 6.4.3 630 Br- 0.2 K 86C005 

6.4.6 Xanthine (8n) 590 13.0 5.1.5 400 Br- 0.2 K 86C006 

6.4.7 Uric acid (60) 260 13.0 8.4.1 190 Br- 0.2 C+K 86C005 

NH2 HO¥~ N~N ~ I .!J 
N N 

~9 OH OH 

(Sn (Sk) 

0 0 0 0 H)r H H)r H ~ H "N I N 'N~N 'N I N "N N" 

HN~N N!I 
~ I !J 

OJ.. N N.!J OJ.. N IN~ N N 
• As I • I I I 0 
H H H H H H 

(SI) (6m) (6n) (60) 

t Questionable or superseded value. 

a Some of these data need corroboration, in view of the direct or indirect coupling to tryptophan (6.2.9) a.s a reference, and the 
comments expressed in 86A215, 87C007. 
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No. 

".1-
7.1.1 

".2. 
7.2.1 

7.2.2 

7.2.3 

7.2.4 

7.2.5 

7.2.6 

7.2.7 

7.2.8 

7.2.9 

7.2.10 

7.2.11 

'1.3. 

7.3.1 

7.3.2 

7.3.3 

REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TABLE 7. Reduction potentials of phenothiazine radicals (pz·+ IPz) 

Compound or E/mY pH Ref. Ref. E 
couple compound ImY 

lOR-Phenothiazine 

Phenothiazine ("a) 701 -2 

696 -2 

10B-Phenothlazinell with one ring earbon substituent 

3-Bromophenothiazine 766 -2 
("a, R3 = Br) 

3-Chlorophenothiazine 763 -2 
("a, R3 = el) 

776 -2 

3-Fluorophenothiazine 722 -2 
("a, R3 = F) 

3-Iodophenothiazine 768 ~2 

('1a, R3 = I) 

3-Nitrophenothiazine -900 -2 
('1a,. RS = NO g ) 

3-Methylphenothiazine 651 -2 
('1a, RS = CHs) 

I-Methoxypheno- 698 -2 
thiazine (,. a, R 1 = 
OCHa) 

3- 590 -2 
Methoxyphenothiazine 
('1 a, R 3 = OCHa) 

1-Ethoxyphenothiazine 692 '-2 
('1a, R 1 = OCzHr;) 

3-Ethoxyphenothiazine 580 -2 
('1a, R S = OC2Ho) 

3-Phenylphenothiazine 679 -2 
("a, R3 = C6Ho) 

10B-Phenothlazlnes with two ring earbon substltuents 

2-Chloro-7-methoxy- 662 
phenothialline ('T.!.I, R 2 

= CI, R7 = OCHa) 

4-Chloro-7-met.hoxy- 668 
phenot.hiazine ('1 a, R 4 

= CI, R'7 = OCHs) 

3,7 -Dimet.hy Ipheno- 626 
t.hiazine (7 a, R:! = R 7 

= CHa) 

590 

-2 

-2 

-2 

-2 

H 
9 I 1 

8~N~2 
7V.S~3 

6 4 

(7a) 

Co-solute I 

1703 

Method/ Ref. 
comments 

Pot. (Br2): 90% 419001 
v/v AeOH. 

Pot. (Br2): 80% 609013 
v/v AcOH. 

Pot. (Br2): 80% 609013 
v/v AcOH. 

Pot. (Br2); 80% 609013 
v/v AcOH. 

Pot. (Brz); su% 6U9U14 

v/v AcOH. 

Pot. (Br2); 80% 609013 
v/v AeOH. 

Pot. (Br2): 80% 609013 
v/v AeOH. 

Pot. (Br2); 80% 609013 
v/v AcOH. 

Pot. (Br2): 80% 609013 
v/v AcOH. 

Pot. (Br2): 80% 609014 
v/v AcOH. 

Pot . .(8r2); 80% 609013 
v Iv AcOH: 2nd 609014 
oxidn. at 736 mY. 

Pot. (8r2): 80% 609014 
v/v AeOH. 

Pot. (8r2): 80% 609014 
v Iv AcOH; 2nd 
oxidn. at 729 mY. 

Pot. (Br2): 80% 609013 
v/v AcOH. 

Pot. (Br2); 80% 609014 
y/v A~OH 

Pot. (8r2); 80% 609014 
v/v AcOH 

Pot. (Br2); 90% 419001 
v/v AeOn 

Pot. (8r2); 80% 609013 
v/v AcOH 609014 
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1704 PETER WARDMAN 

TABLE 7. Reduction potentials of phenothiazine radicals (pz·+ /pz)-Continued 

No. 

'1.s. 

7.3.4 

7.4. 

7.4.1 

7.4.2 

7.4.3 

7.4.4 

7.4.5 

7.4.6 

Compound or E/mY pH Ref. Ref. E 
couple compound /mY 

IOB-PhenothlaBlne. with two ring e.arbon lIublltltuentB-Continued 

3,7 -Dimethoxypheno- 475 -2 
thiazine (7a, Ra = R7 
= OCHa) 

474 -2 

N-Substltuted phenothiazlneB without ring e.arbon substitution 

10-Phenothiazine- -980 
carboxaldehyde (7b, 
RIO = CHO) 

10-Methylpheno- 829 
thiazine (7b, RIO = 
CHa) 

882 

846 

-716 

884 

10-Acetylphenothiazine -960 
('1b, RIO = COCHa) 

(7b, RIO = 834 
(CH2)a80a -) 

Promazine (7b, RIO = 715 
(CH2)aN(CHa)2) 

753 

844 

715 

Promethazine ('1b, 865 
CH2CH( CHa)N( CH3)2) 

899 

944 

837 

865 

-2 

-2 

-2 

-2 

-1-2 

-2 

-1 

<0 

0 

-1 

<0 

<0 

0 

Fe(III) 738 

(NCE) 

Fe{III) 738 

(NCE) 

(Ag/AgCI, 
KCI(s) 

Fe(III) 738 

R 10 

9 I 1 

8~N~2 
7VS~3 

6 4 

(7b) 

J. Phys. Chern. Ref. Data, Vol. 18, No.4, 1989 

Co-solute J 

-0.02-
0.2 

CHaCN/HzO 
80/20% 
v/v 

CHsCN/H 2O 
80/20% 
v/v 

1.0 

1.0 

Method/ Ref. 
comments 

Pot. (Br2)i 80% 609013 
v/v AcOH. 

Pot. (Br2)i 80% 609014 
v/v AcOH 

Pot. (Br2)i 80% 609013 
v/v AcOH. 

PnL; ~n% v/v 410001 

AcOH. 

Pot.; 90% v /v 419001 
AeOH_ 

Pot. (Br2)i 80% 609013 
v /v Ac-OH. 

Ki stopped. flow 83N008 
spect. (calc. au.) 

Cyc. v. 86A139 

Pot. (Br2); 80% 609013 
v/v AcOH. 

eye. v. 86A139 

Recommended 
value. 

Pol. -599011 

Pol.; 6 mol dm- 3 649028 
H280 4· 

C(+K): stopped- 79A456 
flow spect. 

Recommended 
value. 

Pnl 500011 

Pol.: 7 mol dm-a 649028 
H2SO 4, 

Chronopot.j 3 mol 70M264 
dm II H2~U4' 

C(+K)j stopped- 79A456 
flow sped. 



REDUCTION POTENTIALS OF ONE.ELECTRON COUPLES 1705 

TABLE 7. Reduction potentials of phenothiazine radicals (pz·+ /pz)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

'T.4. N-Substltuted phenothtazlnes without rtng carbon substltutlon-Continued 

7.4.7 lO-(I-Methyl-2- 890 0 Fe(IIl) 738 1.0 C(+K); stopped- 79A456 
dimethyl- flow spect. 
aminoethyl)phenothiazine 
('tb, Rill = 
ClI( CH 3)CHzN( CHiI)z) 

7.4.8 10-(2- 847 -1 (NCE) Pol. 59901i 
Pyrrolidiny lethy 1)-
phenothiazine ('tb, R'O 
= 7c) 

7.4.9 ('Tb, RIO = 834 CH3CN/HzO eyc. v. 86A139 
(CHz)()SOa -) 80/20% 

v/v 

7.4.10 Diethazine ('tb, RIO = 807 <0 (Ag/AgCI, Chronopot.; 3 mol 70M264 
(CHzhN(CzHr,b) KCl(s». dm-a H2SO 4 , 

820 0 Fe(lIl) 738 1.0 C(+K); stopped- 79A456 
flow sped. 

7.4.11 Multergan ('Tb, R I() = 861 <0 (Ag/AgCI, Chronopot'i 3 mol 70M264 
CHzCH(CH:,)+N(CH:,)a) KCI(s)) dm-I! HzSO.j ; 

CU:lSO oj ~ salt. 

7.4.12 10- :::920 Pot. (Brz); 80% 609013 
Ben zoy I phenothiazine v/v AcOH. 
('Tb, RIO = COCoHr,) 

7.4.13 10-(N-Methyl-3- 783 -1 (NCE) Pol. 599011 
piperidinyl)-
methy I phenothiazine 
('Tb, R'O = 'Td) 

7.4.14 10-(2-Methyl-2- 900 --I (NCE) Pol. 599011 
diethy laminoethyJ)-
phenothiazine ('Tb, R'O 

CH:)CH( CH:,)N( CzH:;)z) 

7.4.15 (7b, RIC) = 954 CH 3 CN/HzO Cyc. v. 86A139 
(CHz):,N(CzHr,b) 80/20% 

v/v 
7.4.16 ('Th, R'O = 864 t CHaCNjHzO Cyc. v. 86A139 

(CHz)uN(C zHr,)3) 80/20% 
v/v 

7.4.17 10-13-( 4-Methyl-l- 720 0 Fe(III) 738 10 ·C( +K); .stopped- 7{)A456 
pi peraziny 1)- flow sped. 
propyl\phenothiazine 
('Tb, R'O = 'Te) 

7.4.18 10-13-( 4-(2-Hydroxy- 762 
ethyl)-l-

-1 (NCR) PoL 1>00011 

pi perazi ny I)propy IJ-
phenothiazine ('b, RIO 

= 'Tf) 

'T.5. N-SuhstJtuted phenothlazlnes with one ring carbon subsi.ltuent 

7.5.1 Chlorpromazine (7b, 780 Recommended 
RIO = (CH2 )aN(CH;j)z, value. 
RZ = CJ) 

821 --I (NCE) Pol. 5~9011 

CHa 

-<CH 2h!-N0 NI' 
~ ~ 

-CHz-() -(CHzh-N NCH3 -(CHzh-N\......JN(CHz)zO H 
'-J 

(7c) (7d) (7e) (7f) 
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TAHLE 7. Reduction potentials of phenothiazine radicals (pz·+ /pz)-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

'1.6. N-Substltuted phenothlazlnes with one ring caJ'bon substituent-Continued 

844 PoL; 6 mol dm-:l 649028 
H2S0 1 · 

766 <Q (Ag/AgCl, Chronopo~.; ~ %nol 'OM26~ 

KCl(s)) dm-~ H2SO 4, 

780 0 Fe(I1I) 738 1.0 C(+K); stopped- 79A456 
flow spect. 

7.5.2 Triflupromazine (7b, 894 <0 Pol.; 6 mol dm- 3 649028 
RIO = (CHzhN(CH:lb H2 SO 4 , 

R Z = CF 3) 

7.5.3 2-Hydroxy-l0-(3- 625 0 Fe(I1I) 738 1.0 C(+K); stopped- 79A456 
dimethyl- How spect. 
aminopropy l)phenothiazine 
(7b, RIO = 

(CHz)gN(CHab R Z = 
OH) 

7.5.4 2-Methoxy-l0-(3- 710 0 738 1.0 C(+K); stopped- 79A456 
dimethyl- flow sped. 
aminopropyl)phenothiazine 
('fb, Rl O = 
(CHzhN(CHa)2' R2 = 
OCHa) 

7.6.5 2-Acetyl-l0-(3- 863 (NCE) Pol. 599011 
dimethyl-
aminopropyl)phenothiazine 
('Tb, RIO = 
(CHz)aN(CHa)z, R2 = 
COCHa) 

7.5.6 Thioridazine ('Tb, RIO 794 <0 Pol.; 6 mol dm -:~ 64902~ 

= 'T8) H 280" = 30% 
v/v EtOH. 

7.5.7 Prochlorperazine ('Tb, 827 -, 1 (NCE) Pol. 599011 
R lo = 7e) 

844 <0 Pol.; 6 mol dm-·1 M9028 
H 2SO 4 , 

7.5.8 Trifluoperazine (7b, 944 <0 Pol.; I' mol dm-~' 649028 
RIO = 7e) H2S0~. 

7.5.9 Thioproperazine ('Th, 877 <0 (Ag/AgCI, Chrono.pot.j 3 mol 70M264 
R 10 = 7e) KCI(s)) dm-a H2SO 4, 

7.5.10 2-Chloro-1O-13-( 4-(2- 830 .. 1 (NCE) Pol. 599011 
hydroxyethyl)-I-
piperazinyl)propylj-
phenothiazine ('Tb, RIO 
= 'Tf) 

'1.6. Benzophenothlazlnes 

7.6.1 12H-B~n,"o[111pheno- 633 --2 Pot. (Br2); ao% ROOO13 
thiazine ('Th) v/v AcOH. 

7.6.2 7 H-Benzol cJpheno- 628 "·2 Pot. (Br2); 80% 609013 
thiazine ('1\) v/v AcOH. 

CH3 
H H 

N" 1:8 1 

-<CH2)2-Q ((N 1 '" ((NXO b., S .tIt$ b., S ~ 

b.,1 

(7g) (7h) (71) 
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TABLE 7. Reduction potentials of phenothiazine radicals (pz·+ /pz)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute Method/ Ref. 
couple compound /mV comments 

'1.6. Benzophenothlazlnes-Continued 

7.6.3 13H-Dibenzo la,i]pheno- 544 .. 2 Pot. (Br2); 80% 609013 
thiazine (1 J) v/v AcOH. 

7.6.4 7 H-Dibenzolc,hJpheno- 548 Pot. (Br2); 80% 609013 
thiazine ('1k) v Iv AcOH. 

'1.'1. Phenothlazlnes with oxidized sulfur 

7.7.1 10H-Phenothiazine 800 .-·2 Pot. (Br2); 80% 609013 
sulfoxide ('11) v /v AcOH. 

7.7.2 . 10H-Phenothiazine ;;:900 -2 Pot. {Brz); 80% 609013 
sulfone (1m, RIO = H) v/v AcOH. 

7.7.3 10- ;;:;:900 -2 Pot. (Brz); 80% 609013 
Carbethoxyphenothiazine 
sulfone ('110,. RIO = 

v/v AcOH. 

C02C2H5) 

~lx9 
H H R10 

I I I 

8"XO (JC"l) (JCN:O :::'i"'1 I~ 
~Is IA:I ~ S A:I ~ S A:I ~ S A:I 

I~ ~I I O2 

o· 

(7» (7k) (71) (7m) 

t Questionable or superseded value. 

J. Phys. Chem. Ref. Data, Vol. 18, No.4, 1989 



1708 PETER WARDMAN 

TABLE 8. Reduction potentials of radicals from miscellaneous organic compounds (A-/A-) 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

8.1. Hydroxy eompounds 

8.1.1 Ascorbic acid (Sa) --15 13.5 CAT 43 glycol 0.5 C 79AI00 
85 11.1 CAT 139 C+K 

300 7 Calcn. 82A253 

282 7 Calcn. 82A232 
not E. 

19 Calcn. 82A232 

720 Calcn. 82A232 

330 7 Calcn. 85R025 
see Introduction 
(Sec. 5.3) 

8.1.2 7 -Hydroxycoumarin 315 13.5 DMAP 174 glycol 0.5 C+K 82A253 
(8b) 

8.1.3 1,4-Dihydroxy-2- 190 Calcn. 761063 
methy Inaphthalene 

'(8e) 

8.1.4 Vitamin K 1 (Sd) 22 7 Calcn. 761063 

8.1.5 1,2,5,8-Tetrahydroxy- 73 13.5 HQ 23 glycol 0.5 C+K 82A253 
9,lO-auLl!raquinulle 

(Se) 

8.1.6 3,4-Dihydro-6- 192 * 13.5 DMAP 174 glycol 0.5 Rec., C 82A253 
hydroxy-2,5,7,8- 185 13.5 CAT 43 C+K (8lC030) 
tetramethy I benzopyran- 480 7 calc. 
2-carboxylic acid (Sf) 

8.1.7 Catechin (Sg) 79 13.5 DMAP 174 glycol 0.5 C+K 82A253 

8.1.8 l-Epicatechin (Sh) 48 13.5 DMAP 174 glycol 0.5 C+K 82A253 

8.1.9 Quercetin (81) -37 13.5 HQ 23 glycol 0.5 C+K 82A253 

CH20H 
I 

OH CHOH 

~o H0"O:)"0 ~CH' ~ l ~ ~ 1 .& 
OHOH 

OH 

(8a) (8b) (8e) 

OH OH 0 OH CH3 o:?:CH. CH. CH. ¢¢&OH H.CWCH ~ I .& I I 
'? 3 

~I 1.& ~ 1 C02H 
CH2CH=CtCH2CH2CH2q H- CH3 

HO 
OH 3 OH 0 CH3 

(Sd) (8e) (Sf) 

OH OH OH &OH ~OH OH 

~H HOw~1 HO 0 ~ 1 HO 

~I '?I 
HO 'I _ ' ~ -~ OH 

"OH OH 
OH OH 0 OH 0 

HO 0 
0 

(8g) {Sh} (SI) (8» 
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T td'lLE 8. Redudion potentials of radicals hen misceHaneous organic compounds (A'I A -)-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound ImV comments 

8.1. Hydroxy compounds-Continued 

8.1.10 Ellagic acid (8j) 187 13.5 HQ 23 glycoi 0.5 C+K 82A253 

8.2. Dihydl'oniecUnamides 

8.2.1 Nicotinamide adenine 282 7 Caicn. BOCOO8 
dinucleotide, reduced not E'. 
NAD', H+ INADH 

9·30 Kinetics + 83M234, 
assumptions. 84A319 

8.3. Thlois (RSH) 

8.8.1 RS'/RS-

8.3.1.1 Cysteine 1100 Calen. 84A044 
(HSCH;:CH(NH:.:)CO;:H) 

920 Calen. 8oC016 

730 9.15 GlyTyr 600 C + caic. (ref. 86C03I 
pot. at pH 13.5, 
con. for pH) 

8.3.1.2 1;-Mercaptoethanol 750 Calen. 87C020 
(HSCHzCHzOH) 

8.3.2 RS', H+/RSH 

8.3.2.1 1;- Mercaptoethanol 1328 6.0 7.5.1 830 -0 C 87C020 
(HSCH.~CHzOl'I) 

1342 Calen. 87C020 

8.3.2.2 MP.fcaptoacetic acid 1347 8.3.4.4 1727 -0 C(+K) 87C020 
(HSCHzCOzH) 

8.3.2.3 Penicillamine 1345 8.3.4.4 1727 -400 C 87C020 
(HSC(CH:I)2CH(NH2)COzH) 

8.3.2.4 3-Mercaptopropionic 1359 8.3.4.4 1727 -0 C(+K) 87C020 
acid (HSCIL.!CHzCOzH) 

8.3.8 RSSR'-12RS-

8.3.:U Cysteine 650 Calen. 86G016 

8.3.4 RSSR·- 7 2H+ 12RSH 

8.3.4.1 J)-Mercaptoethanoi 1726 9 5.1.1 1352 -'0 C 87C020 

1718 10 5.1.1 1352 -0 C 87C020 
8.3.4.2 D jthiothreit:>i 1752 7-10 5.1.1 1352 -0 C(+K) 87C020 

(HSCH z[CH(OH)]zCH 2SH) 

1702 7 8.3.2 (several) -0 C(+K) 87C020 

9.3.1.3 Dihydrolipoo.midc 1700 0 6.1.1 1352 -0 C 870020 
HS(CHz)zCH(SH){CHz)r 
CONH~ 

17m; 7 8.3.2.1 1335 -0 C 87C020 

8.3.4,4 Dithioerythritol 1724 8.3.2.1 1359 --0 C(+K) 87C020 

8.S.1i RSSR'+!RSSR 

8.3.5.1 Dimet.hyi disulfide 1391 '-4 9.56 1331 -0 C+K 86A403 
(RSSR = CH:~SSCH:\) 
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TABLE 8. Reduction potentials of radicals from miscellaneous organic compounds (A·/A -)-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute Method/ Ref. 
couple compound /mV comments 

8.3.6 RSSR·+ IRSSR-Continued 

8.3.5.2 Lipoic acid (RSSR = 1130 3.6 9.29 1030 K 86A403 
8k) 

1100 9 9.29 1030 K 86A403 

1140 3.6 9.56 1331 K 86A403 

8.4. PYl'azollnones 

8.4.1 3-Mcthyl-2-pyrazolin- 390 12.2 TMPD 270 Br- 0.1 C+K 85A390 
5-one (81, R 3 = CHa, 
R1 = H) 

8.4.2 4-Methy 1-2- pyrazolin- 320 12.2 5.1.4 400 Br- 0.1 85A390 
5-one (81, RS = H, R1 
= CHa) 

8.4.3 3,4-Dimethyl-2- 330 12.2 5.1.4 400 Br- 0.1 C+K 85A390 
pyrazolin-5-one (81, R3 
= R1 = CH:~) 

8.4.4 2,3-Dimethyl-l-phenyl- 1200- 7 K, not-equilibrium 85A390 
3-pyrazolin-5-one 1500 
(antipyrine) (8m) 

8.6. Pel'oxy I'adlcals 

8.5.1 CHaO:!· 600-700 7-13 Prediction from 86A291 
rate data 

8.5.2 CI:ICOZ• >1000 7-13 Prediction from 86A291 
rate data 

H C,Hs 
I I 

S-s o~ o~ 
(.)-- (CHZ)"C02H 

_ N-CH3 

R4 R3 CH 3 

(8k) (81) (8m) 

... Recomended value. 
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TABLE 9. Reduction potentials of inorganic couples 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

9.1- aq/ e:t.q- -2700 Calcn. 649025 

-2900 Calcn. 730274 

-2870 * Rec., Calcn. 81Z010 

9.2. Br'/Br- 2000 Calcn.; ± 100 mY. 70C002 

2200 ·Calcn. 727506 

1970 Calcn. 72M258 

2080 Calcn.; :!: 50 mY. 737316 

2060 Calcn. 73M369 

1760 Calcn. 761181 

~2000 Calcn. 79C029 

1904 Calcn. 82A154 

1930 9.39 1890 Calcn.; :!: 30-40 84C015 
mY. 

2070 Calcn. 86C016 

9.3. HBrO, H+ /H 2 0, Br' -180 Oalcn. 8S0012 

9.4. HBrO/Br-, OH· -360 Calcn. 85C012 

9.5. BrOH'jBr-, OH- 1740 9.39 1890 Calcn.; ± 30-40 84C015 
mY. 

9.6. BrO:!' jBr02 - 1330 72M258 

9.7. Br0 2 ', H+ /HBr02 1330 Calcn. 85M419 

9.8. BrO a-, 2H+ /Br0 2 ', 1150 Cakn. 85M419 
H 2O 

9.9. Brz'- /2 Br- 1660 * Rec. 

·1900 Calcn. 727506 

1620 '~1 Mn3 + 1550 4 Kinetics + 737317 
assumptions. 

1770 Calcn.; ± 50 mY. 737316 

1670 Calcn. 73M369 

1450 Calcn. 761181 

1660 Calcn.; another 79C029 
value: ::51590 mY. 

1700 Calcn. 80COl9 

1630 9.39 1890 Calcn.; :!: 30-40 84COI5 
mY. 

1690 Calcn. 86C016 

9.10. Brz/Brz'- 300 Calcn. 727506 

410 Calcn.; :!: 50 mY. 737316 

510 Calcn. 73M369 

680 Calcn. 761181 

430 Calcn. 80COI9 

520 Calcn. 86COl6 
9.11. CN'/CN- 1900 Calcn.; ± 300 mY. 70C002 

.- 2800 Calcn. 75Z006 

9.12. Cyanate radical 600-700 Prediction from 87A220 
(-O::CNHNCO-)'/2NCO-(?) rate data 

9.13. COz/CO z'- ~-2000 Pol. 761170 

'~-2000 80A123 

-1900 * Rec., Calcn. 85A034 

-1930 Calcn. ± ~220 87COl3 
mV 

-1900 TI+ -1940 -0 C (+ K) g9COOI 
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1712 PETER WARDMAN 

TABI..,E 9. Reduction potentials of inorganic couples-Continued 

No. Compound or ElmV pH Ref. Ref. E Co-solute I Method/ Ref. 
couple compound /mV comments 

9.14. CO 2'-, H+ /HC0 2 - 1070 7 Calcn. :t ;;::220 87C013 
mV 

9.15. Cl'/CI- 2550 Calcn.; :t 100 mY. 70C002 

2600 Calcn. 727506 
2600 

2590 Calcn.; :t 50 mY. 737316 

2200 Calcn. 82A154 

2410 9.39 1890 Calcn.; :t 30-40 84C015 
mY. 

2600 Calcn. 85C012 

9.16. HCIO, H+ /HzO, CI' -460 Calcn. 85C012 

9.17. HCIO/CI-, 'OH -40 Calcn. 85C012 

9.18. . CIOH'/CI-, OH- 1900 9.39 1890 Calcn.; :t 30-40 84C015 
mY. 

9.19. Cl0 2,/CI02 - 934 4-6 Pot. 58C001 

936 4-6 Pot. 59C001 

954 Pot. 62COOI 

919 65C003 

954 78Z277 

934 * Rec., Pot.; other 85A039 
values 11-29°C; :t 
2 mY. 

9.20. C10 2 " H+ /HCIO z 1277 0 78Z277 

1275 Calcn. 85M419 

9.21. CI0:l , 2H+ /CI02 " 1150 Calcn. 85M419 
H2O 

9.22. CLl '- /2 Cl- 2300 Calcn. 727506 

2290 Calcn.; 50 mY. 737316 

2200 --·1 Co:l+ 1850 ,-,,0.2 Kinetics + 737316 
assumptions; ± 60 
mV. 

2300 Calcn. 80C019 

2090 9.39 1890 Calcn.; :t 30-40 84C015 
mY. 

9.23. CI2 /CI2 '- 600 Calcn. 727506 

430 Calcn.; :t 50 mY. 737316 

420 Calcn. 80e019 
Y.24. ,t··/t· 3600 Calcn.; ± 100 mY. 70C002 

9.25. }'/I- 1270 Calcn.; no details. 63F022 

1400 Calcn.; :t 50 mV. 70C002 

1400 Calcn. 727506 

}310 Cakn.; ± 50 mY. 737316 

1420 Calcn. 73M369 

1280 .. 1.3 O~(bpYh3+ 840 Killetic~. 78A485 

1330 Kinetics + 80A447 
assumptions. 

1280 ·~3.5 7.4.6 865 ·~0.1 C+K 83A273 

1410 Calcn. 86C016 

1330 9.41 -330 HOz'/Iz reaction; 86A070 
C + K + calcn. 

J. Phys. Chem. Ref. Data, Vol. 18, No.4, 1989 



No. 

9.26. 

9.27. 

9.28. 

9.29. 

9.30. 

9.31. 

9.32. 

9.33. 

9.34. 

9.35. 

9.36. 

9.37. 

9.38. 

REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TAl:3LE 9. Reduction potentials of inorganic couples-Continued 

Compound or 
couple 

ICI 2·-/12 • 2 Cl-

HIO. H+ IH 20, I' 

HIO/I-, 'OH 

12 '-/2 1-

12 /1 2'-

1°2 " H+ /HI0 2 

10:1-, 2H+ 1102', H2 O 

N!I'/Na -

N fl'-j2Na-

N 2H 1 '+ jN2H1 

'N02/N02 -

NO:I'/NO:I-

'OH, H+ /H 2O 

ElmV 

1056 

-160 

-1040 

1040 

1100 

1000 

1130 

1080 

1000 

1040 

1063 

981 

1130 

1030 

300 

60 

110 

160 

200 

110 

210 

1000 

800 

1330 

---1900 

1370 

1330 

1350 

1320 

:S1365 

1930 

:s730 

1000 
870 

910 

1030 

1040 

870 

2300 

'-1900 

2300-
2600 

2730 

pH 

~1.3 

~3 

'-3.5 

* 

6.5 

* 

Ref. 
compound 

OS(bpY)3!H 

9.25 

Os(bpy)a3+ 

7.4.6 

9.41 

9.41 

IrClo 2-

9.9 

9.10 

9.33 

Fe(CN)t\3-

Fe(TMP)a2+ 

Ref. E 
ImV 

840 

1330 

857 

865 

-330 

-330 

930 

1630 

510 

1900 

Co-solute I 

0.1 

~0.1 

1.0 

Br- 2-3 

0.3 

Methodl 
comments 

Calcn. 

Calcn. 

Calcn.; no details. 

Calcn. 

Calcn.; ± 50 mY. 

Calcn. 

Kinetics + calcn. 

CQlen. 

Calcn. 

Kinetics; ± 11 
mY. 

C+K 

Calcn. 

H02'/12 reaction; 
C + K + -calcn. 

Calcn. 

Calcn.; ± 50 mY. 

C~tlen_ 

Calcn. 

Calcn. 

Calcn. 

H0 2 ' 112 reaction; 
C+K 

Calcn. 

Calcn. 

Rec. 

Calcn. 

Calen.; :!:. 220 mY. 

K 

eyc. v.; ± 30 mV 

Calcn. 

C 

Kinetics + 
assumptions. 

Calcn.; :!:. 100 mY. 

Calcn. 

Calen.; :!:. 40 mY. 

TMP = 3,4,7,8-
tetramethy 1-
phenanthroline 

Calcn. 

Calcn.; ± 100 mY. 

Calcn. 

Prediction based 
on rate data 

R~<:. 

1713 

Ref. 

78Z277 

85C012 

85C012 

63F022 

727506 

737316 

73M369 

78A485 

SOCOIO 

80A447 

82A115 

83A273 

86C016 

86A070 

727506 

737316 

7~M~69 

78A485 

83C019 

86C016 

86A070 

76M471 

76M471 

75Z006 

83C030 

85C023 
(86A223) 

87C002 

87C002 

87M124 

84A013 

84A237 

70C002 

82C006 

83C030 

85A480 

85C012 

70C002 

75Z006 

86A278 
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TABLE 9. Reduction potentials of inorganic couples-Continued 

No. Compound or EjmV pH Ref. Ref. E Co-solute I Methodj Ref. 
coupie compound jmV comments 

1800 7 Calen.; not E. 769245 

2850 0 Calen. 78Z277 

2180 7 Cl;I.len.; not E'. 82COO6 

2590 0 Calen. 84C002 

2720 0 TI2+ 2220 Tl+ j-OH reaction 84C015 
(kinetics); ± 20 
mY. 

2740 0 9.HI 934 CI0 2 -lOa 85A039 
reaction {kinetics), 
+ calen. 

9.39. 'OH/OH- 1900 ... Rec . 

1900 Calen.; ± 100 mY. 70C002 

2020 78Z277 

1770 Cakn. 84C002 

1890 T12 + 2220 TI+ /-OH reaction 84C015 
(kinetics) ± 20 
mY. 

1910 9.19 934 CI02 - /0:1 85A039 
reaction (kinetics), 
+ calen.; ± 10 
mY. 

9.40. 0'-, H zOj2 OH- 1870 Calen. 80C019 

1760 TI2+ 2220 TJ+ /·OH reaction 84C015 
(kinetics), + 
calcn.; ± 20 mY. 

1780 9.19 934 CI02 - /0:\ 85A039 
reaction (kinetics), 
+ calcn. 

!L41. 0-.:/0-.:'- -330 ... Roe . 

-330 Calen. 72C001 

-28B Pol.; -532 mV VB 72C002 
SCE 

-330 DQ -250 Calen. 74C001 

-330 7.2 1.1.4 -67 HCO z- 0.1 C(+K). 741141 

-310 DQ Calc. from data in 741141 
730125. 

-325 7 DQ -235 HCOz- C; -155 mV for 1 751090 
mol dm-:~ Oz. 

-330 7 1.1.1 100 Kin. reaction QHz 75C004 
+ lIzO z cat. 
peroxidase. 

9.42. O~, H+jHO:.!' -37 0 Calen. 761063 
-50 

-50 Calen. 850012 

9.43. 0z( IAg)/02'- 650 7 769245 

9.44. O2,- J H+ IHOz 1000 Calen. 761063 
9.45. 02'-- J ~ H \ JHzU z 1710 0 Calen. 7fH063 

1760 

1760 Calen. 85C012 

9.46. 0,)0-. 2 H+ /H9 0 9 940 7 r.~lrn ; + 20 mV, 74COOl 

not E. 

865 7 Calen.; not E. 751090 

940 7 Calcn.; not Iff. 769245 
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No. 

9.47. 

9.48. 

9.49. 

9.50. 

9.51. 

9.52. 

9.53. 

9.54. 

9.55. 

9.56. 

9.57. 

9.58. 

9.59. 

REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 

TABLE 9. Reduction potentials of inorganic couples-Continued 

Compound or 
couple 

HOz-, H+ /HzOz 

HOz-/H0 2 -

H20 2 , H+ /HzO,-OH 

0,,/0,,--

0a, H+ /HOa-

S, n+ /ns-

nS-/HS-

HSSH-/2HS-

SCN-/SCN-

(SCN)z-- /2 SCN-

(SCNb/(8CN)z--

SOz/80'2--

80z:-, HzO/H80:!-, 
H+ 

E/mV 

1420 
1480 

1496 

1480 

790 

800 
870 

460 

460-520 

870 

1600 
1040 

1190 

1010 

1040 

1800 

----1300 

1150 

900 

1620 

1680 

1650 

1660 

1601 

1620 

1600 

1330 

1310 

1370 

1290 

1250 

1331 

1310 

1350 

540 

-262 
-280 

-280 

-288 

-660 

pH 

0 

0 

7 

7 

7 

211 

~11 

* 11-12 

7 

0 

-·1.3 

-1.3 

* 
.~ 1.3 

-1.3 

-3 

7 

Ref. 
compound 

9.19 

Fe(bpy)a:!+ 

Oa(bpYhlH 

9.25 

9.25 

0.2.9 

Fe(bpY):I"+ 

Os(bpy)aH 

9.55 

9.29 

OS(bpY):s:l+ 

6.2.9 

Ref. E 
/mV 

934 

1065 

837 

1380 

1330 

1240 

1065 

837 

1660 

1000 

857 

1240 

Co-solute 1 

0.1 

Method/ 
comments 

Calcn.; not C. 

C",kn. 

Calcn. 

Calcn. 

Calcn.; not C. 

Calcn.; not C. 

Calcn.; not C. 

Calcn. 

Calcn.; :t 100 mY. 

Calcn. 

Rec., CIO z - lOa 
reaction {kinetics). 

Calcn. 

Calcn.; not C. 

Calcn. 

Calcn. 

Calcn. 

Kinetics (one rate 
const. assumed). 

Kinet.ica + calcn. 

(some 
assumptions). 

Calcn. 

Calcn. 

Calcn. 

Cakn. 

Calcn. 

Rec. 

Kinetics + calcn. 
(rate const. 
assumed). 

Kinetics + calcn. 
(some 
assumptions). 

Calcn. 

Calcn.; :t 220 mY. 

Kinetics; ± 8 mY. 

Calcn. 

Calcn. 

Calcn. 

Calcn. 

Cakn. 

Cyl.;. v. 

SzO/-/MV2+ 
reaction + calcn.; 
not C. 

1715 

Ref. 

761063 

78Z277 

85C012 

85C012 

769245 

82C006 

84C002 

85C012 

82C006 

84C002 

85A039 

85C012 

82C006 

87A082 

86C016 

8&C01& 

78A485 

78A485 

78A485 

80A447 

82A154 

86A070 

MMAU~4 

78A485 

78A485 

80A447 

82A183 

82A115 

86A070 

88A024 

78A485 

84A454 

85C012 

87A083 

78C016 
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TABLE 9. Reduction potentials of inorganic couples-Continued 

No. Compound or E/mV pH Ref. Ref. E Co-solute 1 Method/ Ref. 
couple compound /mV comments 

9.60. SOa - /S08 2
- 630 ;;::8 Calc. from value 84A327 

at pH 3.6 

760 11 9.19 936 -0 88A024 

9.61. SOa-/HSOa- 840 3.6 7.5.1 780 -0.1 C 84A327 

9.62. 80/-, H2O/SOa-, -2470 Calcn. 84A327 
20H-

9.63. 80",-/SO/- -2430 Calen. (see ref.) 89Z064 

9.64. S05'-/HS05- -1100 6.7 9.29 1130 Equilibrium not 84A327 
attained. 

0.65. 9
Z

0
3
.-/9

Z
0

3 
2- 1340 Calen. 82A154 

1350 Calen. 83C030 
1600 

1600 Calen. 85C012 

9.66. SeDa -/SeOa2 - 1680 K + -ealcn. 86A335 

9.67. SeOa -, H+ /HSeO a- 2180 K + cakn.; 86A335 
further calens. of 
relatedcouplee 

9,68. (SeCN)2'- /2 SeCN- 900-1000 Calen. + 79A035 
assumptions. 

* Recomended value. 
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13. References to Tables 

33COOI The viologen indicators. Michaelis, L.; Hill, E.S., J. 
Gen. Physiol. 16: 859-73 (1933) 

419001 Another type of free radical in the grOl1p of thiazines 
and some other related heterocyclic rings. Michaelis, L.; 
Granick, S.; Schubert, M.P., J. Am. Chern. Soc. 63: 351-5 
(1941) 

57 COOl Polarographic behavior of the viologen indicat,ors. 
Elofson, R.M.; Edsberg, R.L., Can. J. Chern. 35: 646-50 
(1957) 

58COOI The oxidation potentials of solutions of chlorite and 
chlorine dioxide. Flis, I.E., Zh. Fiz. Khim.32: 573-9 (1958) 

58C002 A polarographic study of some Wurster salts. Friend, 
J.A.; Roberts, N.K., Aust. J. Chern. 11: 104-19 (1958) 

599011 Polarographic oxidation of phenothiazine tranquilizers. 
Kabasakalian, P.; McGlotten, J., Anal. Chern. 31: 431-3 
(1959) 

59COOI The equilibrium CI0 2 + e +t CI02- in aqueous solu­
t.ion at different temperatures. Troitskaya, N.V.; Mish­
chenko, K.P.; Flis, I.E., RUBS. J. Phys. Chern. 33: 77-9 
(1959) Translated from: Zh. Fiz. Khim.33: 1614-7 (1959) 

59C002 Oxidation-reduction potentials, ionization const.ants 
and semiquinone formation of indigo sulfonates and their 
reduction products. Preisler, P.W.; Hill, E.S.; Loeffel, R,G.; 
Shaffer, P.A., J. Am. Chern. Soc. 81: 1991-5 (1959) 

600012 Chemie ... 1 eonutaulion and Q.nth .. lminti ... art.ivit.y TV 

Substituted phenothiazines. Craig, J.C.; Tate, M.E.; 
Warwick, G.P.; Rogers, W.P., J. Med. Pharm. Chern. 2: 
659-68 (1960) 

609014 Chemical constitution and anthelmintic activity. V. 
Alkoxy- and chlorophenothiazines. Craig, J .C.; Tate, M.E.; 
Donovan, F.W.; Rogers, W.P., J. Med. Pharm. Chern. 2: 
66Q-80 (1960) 

60COO I The stereochemistry of the bridged quaternary salts of 
2,2'-hipyridyJ. Homer, R.F.; Tomlinson, T.E., J.Chem. Soc. 
2498-503 (1960) 

60C002 Mode of action of dipyridyl quaternary salts as herbi­
cides. Homer, R.F.; Mees, G.C.; Tomlinson, T.E., J. Sci. 
Food Agric. 11: 309-15 (1960) 

61 COOl Investigation of stable free radicals formed by elec­
troreduction of N-alkylpyridinium salts. Schwarz, W.M.,Jr., 
Ph.D., Thesis, Univ. Wisconsin, Madison, WI, 1961, lSIp. 

6tMOJ4 Formatton of stable free radical:, on elecLroreuud.iuIl 
of N-alkylpyridinium sa.lts. Schwan, W.M.; Kosower, E.M.; 
Shain, I., J. Am. Chern. Soc. 83: 3164-6 (1(61) 

62COO) The oxidation by chlorine dioxide and sodium chlorite. 
1. Measurement of normal oxidation-reduction potential of 
chlorine dioxide. Naito, T., J. Chem. Soc. Jpn., Indust. 
Chern. Sect. (Kogyo Kagaku Zaisshi) 65: 749-52 (1962) 

631"022 The reactions of iodopentamminecobalt(I1I} with vari­
ous "one-electron ft oxidation-reduction reagents. Haim, A.; 
Taube, H., J. Am. Chem. Soc. 85: 495-500 (1963) 

649025 Addendum: Redox potential and hydration energy of 
the hydrated electron. Baxendale, J.H., Radiat. Res. Supp\. 
4: J39-40 (1964) 

619028 Controlled-potential coulometrjc analysis of N-
subst.itut.p.d phenot.hiazine derivatives. Merkle, F .H.; 
Discher, C.A., Anal. Chern. 36: 1639-43 (1964) 

65C002 The reducing power generated in phot.oact I of pho­
t.osynthel"is. Kok, B.; Rurainski, H.J.; Owens, O.V.H., 
Biochim. Biophys. Acta 109: 347-56 (1965) 

65C003 The t.hermodynamic characteristics of certain equili­
bria in solutions of chlorine dioxide and chlorite at different 
temperatures. Zolotukhin, V.M.; Flis, I.E.; Mishchenko, 
K.P., J. Appl. Chern. USSR 38: 363·7 (1965) Translated 
from: Zh. Prikl. Khim. (Leningrad) 38: 369-74 (1965) 

65F032 Diquat (1,1'-ethylene-2,2'-dipyridylium dibromide) in 
photoreactions of isolated chloroplasts. Zweig, G.; Shavit, 
N.; Avron, M., Biochim. Biophys. Acta 109: 332-46 (1965) 

66COOI Chloroplast reactions with dipyridyl salts. Black, 
C.C.,Jr., Biochirn. Biophys. Ada 120: 332-40 (1966) 

66C002 Bipyr;dyl\um herbicides. Polarography of 1,1'-
ethylene-2,2'-bipyridylium dibromide. Engelhardt, J.; 
McKinley, W.P., J. Agric. Food Chem. 14: 377-80 (1966) 

66C003 One-electron-tra.nsfer reactions in biochemical systems. 
1. Kinetic analysis of the oxida.tion-reduction equilibrium 
between quinol-quinone and ferro-ferricytochrome e. Yama­
zaki, 1.; Ohnlshl, T., Blochlm. Biophp. AdC\ 112. 469-81 

(1966) 

67C002 Aryl-substituted derivatives of 4,4'-bipyridylium salts: 
their spectroscopic properties and stereochemistry. Downes, 
J.E./ J. Chem. Soc. C 1491-3 (1967) 

67C003 Effect. of introducing a sulphur bridge on the herbici­
dal activity of diquat. Summers, L.A., Nat.ure 214: 381-2 
(1967) . 

67C004 Radkal ca.tion from 2,2'-hipyddyl dimcthiodidc. Sum~ 

mers, L.A., Naturwissenschaften 54: 491-2 (1967) 

fl8COOl The relationship between herbicidal activity and elec­
trochemical properties of quaternary bipyridylium salts. 
Volke, J., Collect. Czech. Chern. Commun.33: 3044-8 (1968) 

68C002 Herbicidal activity of an aromatic analogue of diquat. 
Summers, L.A.; Black, A.L., Nature 218: 1067-8 (1968) 

68C003 Chemical constitution and activity of bipyridylium 
h .. rbi ... int>s " ni'1l1~t.prn~ry salts of LIO-phenanthroline. 
Summers, L.A., Tetrahedron 24: 5433-7 (1968) 

68C004 Reversible Redoxsysteme vom Weitz-Typo Eine polaro­
graphische St,udie. Huenig, S.; Gross, J., Tetrahedron Lett. 
21: 2599-604 (1968) 

69COO} Reduction of some recent bipyridylium herbicides at 
the dropping mercury electrode. Volke, J.; Volkova, V., 
Collect. Czech. Chern. Commun. 34: 2037-47 (1969) 

69C002 Electron transfer properties and phyt.otoxicit.y of a 
diquaternary salt from 2,2':6',2"-terpyridine. Dickeson, 
J.E.; Summers, L.A., Experientia 25: 1247-8 (1969) 

69C003 Conversion of light to chemical free energy. I. 
Porphyrin-sensitized photoreduction of ferredoxin by glu­
tathione. Eisenstein, K.K.; Wang, J.B., J. BioI. Chern. 244: 
1720-8 (1969) 

69C004 One-electron transfer properties of dipyridoll,2-
a:2',1 '-c)pyrazinium dibromide. Black, A.L.; Summers, L.A., 
J. Chern. Soc. C 610-1 (1969) 

69C005 Non-aqueous electrochemist,ry using optically tran­
sparent electrodes. Osa, T.; Kuwana, T., .J. Electroanal. 
Chern. Interfacial Electrochem.22: 389-406 (1969) 

70COOI Phytotoxicity control exerted by redox potentia' 
values of the bipyridylium quaternaries. White, D.G., Proc. 
10th British Weed Control Conf., 1970, p.997-1007 

70C002 Oxidation-reduction potentials of certain inorganic 
radicals in aqueous solutions. Berdnikov, V.M.; Bazhin, 
N.M., Russ. J. Phys. Chem. 44: 395-8 (1970) Translated 
from: Zh. Fiz. Khim. 44: 712 (1970) 

70M264 Chronopotentiometry and coulomet.ric titration of N­
!'lllb!'lt.itut.f'>d phenothiazin£"s. Pa.t.riarche. G.J.: Lin~ane, J.J., 
Anal. Chim. Acta 49: 25-34 (1970) 

7lCOOI Chemical constitution and act.ivit.y of bipyridylium 
herbicides. Part VB. 6-Substiiuted derivaiivell of f},7-
dihydrodipyrido[I,2-a:2',1 '-c!pyrazinediium dibromide 
(diquat) and dipyrido[ 1 ,2-a:2', 1 '-c Jpyrazinediiu m rii hromide. 
Black, A.L.; Summers, L.A., J. Heterocycl. Chem. 8: 29-31 
(1971) 

727506 The photochemical behavior of cobalt complexes con­
taining macrocyclic (N.d ligands. Oxidation-reduct.ion chem­
istry of dihalogen radical anions. Malone, S.D.; Endicott, 
J.F., J. Phys. Chem.76: 2223-9 (1972) 

J. Phys_ Chern. Ref. Data, Vol. 18, No.4, 1989 



1718 PETER WARDMAN 

72COOI Thermodynamic characterigtics of the hydroperoxy 
radical in aqueous solution. Berdnikov, V.M.; Zhuravleva, 
O.S., Russ. J. Phys. Chern. 46: 1521-3 (1972) Translated 
from: Zh. Fiz. Khim. 48: 2668-60 (1972) 

72C002 Electrogeneration and some properties of the superox­
ide ion in aqueous solutions. Chevalet, J.; Rouelle, F.; 
Gierst, I •. j IJambert, J.P., J. Eleetroanal. Chern. Interfacial 
Eloebochom. 39~ 201-lP. (1~72) 

72M258 Oscillations in chemical systems. II. Thorough analysis 
of tempora.l oscillation in the bromate-cerium-malonic add 
system. Field, R.J.; Koros, E.; Noyes, R.M., J. Am. Chern. 
Soc. 94: 8649-64 {1972} 

730274 Radiation Chemistry. An Introduction. Swallow, A.J., 
John Wiley and Sons, New York, Ign, 275p. 

737316 Kinetics of oxidation of transition-metal ions by halo­
gen radical anions. Part II. The oxidation of cobalt(lJ) by 
dichloride ions generated by fla.sh photolysis. Thornton, 
A.T.; Laurence, G.S., J. Chern. Soc., Dalton Trans. : 1632-6 
(1973) 

737317 Kinetics of oxidation of transition-metal ions by halo­
gen radical anions. Part III. The oxidation of manganese(lI) 
by dibromide and dichloride ions generated by flash photo­
lysis. Laurence, G.S.; Thornton, A.T., J. Chem. Soc., Dal­
ton Trans. : 1637-44 (1973) 

73C001 Two-step redox systems. Xl. Diquaternary salts of 
bipyridyls and dipyridylethylenes: Syntheses and polarogra­
phy. Huenig, S.; Gross, J.; Schenk, W., Justus Liebigs Ann. 
Chern. : 324-38 (1973) 

73C002 Two-step redox systems. Xli. Synthesis and polarogra­
phy of quaternary salts derived from phenanthrolines, 2,7-
diazapyrene and from diazoniapentaphenes. Huenig, S.; 
Gross, J.; Lier, E.Jt~.; Quast, H., Justus Liebigs. Ann. Chern. 
339-58 (1973) 

73M369 Thermochemical paramet,ers of aqueous halogen radi­
cals. Woodruff, W.H.; Margerum, D.W., lnorg. Chern. 12: 
962-4 (1973) 

741141 The redox potential of the °2-02- system in aqueous 
media. IIan, Y.A.; Meisel, D.; Czapski, G., Isr. J .. Chem. 12: 
891-5 (1974) 

749062 Spectroelectrochemical study of mediators. I. Bipyri­
dylium salts and their electron transfer rates to cytochrome 
c. Steckhan, E.; Kuwana, T., Ber. Bunsenges. Phys. Chern. 
78: 253-9 (1974) 

74COOI The redox potential of the system oxygen-superoxide. 
Wood, P.M., FEBS Lett. 44: 22-4 (1974) 

7·tC002 The 2,2'-dicyano-l.1 '-dimethyl-4.4'-bipyridylium dica­
tion: A viologen indicator wit,h a high redox potential. 
Fielden, R.; Summers, L.A., Experientia 30: 843-4 (1974) 

74C003 Chemical constitution and activity of bipyridylium 
herbicides. Part VIII. 4-Bromo-6,7-dihydrodipyridoII,2-
a:2',1'-c}-pyrazinediium dibromide and related compounds. 
Pojer, P.M.; Summers, L.A., J. HeterocycI. Chern. 11: 303-5 
(1974) 

74C004 Electrochemical redox patterns for pyridinium species: 
I·Methylnicotinamide and nicotinamide mononucleotide. 
Schmakel, C.O.; Santhanam, KS.V.; Elving, P.l., J. Elec­
trochem. Soc. 121: 1033-45 (1974) 

751090 One-electron transfer equilibria and redox potentials of 
rc.diec.le ctudied by pulse radiolyoio. Meisel, D.; Cz&poki, 

G., J. Phys.Chem. 79: 1503-9 (1975) 

751117 One-electron redox potentials of nitro compounds and 
l'adiosensitizers. Correlation with spin densities of their rad­
ical anions. Meisel, D.; Neta., P., J. Am. Chern. Soc. 91: 
5198-203 (1975) 

751150 One-electron reduction potential of riboflavine studied 
by pulse radiolysis. Meisel, D.; Neta, P., J. Phys. Chern. 79: 
2459-61 (1975) 

J. Phys. Chem. Ref. Data, Vol. 18, No.4, 1989 

75C001 The thermochemical characterization of sodium 
dithionite, flavin mononucleotide, flavin-adenine dinucleo­
tide and methyl and benzyl viologens as low-potential 
reductants for biological systems. Watt, G.D.; Burns, A., 
Biochem. J. 152: 33·7 (1915) 

75C002 Characteristics of viologen derivatives for electro-
chromic display. Kawata, T.; Yamamoto, M.; YamaDa, M.j 
Tajima, M.; Nakano. T., lpn. J.App!. Phys. 14~ 725-6 
(1975) 

75C004 Relation bet,ween redox potentials and rate constants 
in reactions coupled with the system oxygen-superoxide. 
Sawada, Y.; Iyanagi, T.; Yamazaki, I., Biochemistry 14: 
3761-4 (1975) 

75Z006 Charge-transfer photochemistry. Endicott, J.F., Con­
cepts of Inorganic Photochemistry, A.W. Adamson and P.D. 
Fleischauer (eds.), Wiley, New York, NY, 1975, p.81-142 

761037 Oxygen inhibition of nitroreductase: Electron transfer 
from nitro radical-anions to oxygen. Wardman, P.j Clarke, 
E.D., Biochem. Biophys. Res. Commun.69: 942·9 {1976} 

761063 The one-electron transfer redox potentials of free radi-
cals. 1. The oxygen!superoxlde system. lIan, Y.A.; Czapskl, 
G.; Meisel, D., Biochim. Biophys. Acta 430: 209·24 {1976} 

761070 One-electron reduction potentials of substituted 
nitroimidazoles measured by pulse radiolysis. Wardman, 
P.; Clarke, E.D., J. Chem. Soc.; Faraday Trans. 172: 1377-
90 (1976) 

761111 Pulse radiolysis and electron spin resonance studies of 
nitroaromatic radical anions. Optical absorption spectra, 
kinetics, and one-electron redox potentials. Neta, P.; Simic, 
M.G.; Hoffman, M.Z., J. Phys. Chern. 80: 2018-23 (1976) 

761169 Electron· transfer and equilibria beLween pyridinyl radi4 
cats and FAD. Anderson, R.F., Ber. Bunsenges. Phys. 
Chern. 80: 969·72 (1976) 

761170 Mechanism of the reduction of lead ions in aqueous· 
solution {a pulse radiolysis study). Breitenkamp, M.; Hen­
glein, A.j Lilie, J., Ber. Bunsenges. Phys. Chern. 80: 973·9 
(1976) 

761181 Kinetics of the heterogeneous electron transfer reaction 
of triplet pyrene in micelles to Br2- radicals in aqueous 
solution. Frank, A.J.; Graetzel, M.; Henglein, A.; Janata, 
E., Int. J. Chern. Kinet.8: 817-24 {1976} 

761206 Nicotinamide-NAD sequence: redox process and relat,ed 
behavior, behavior and properties of intermediate and final 
products. Elving, P.J.; Schmakel, C.O.; Santhanam, 
K.S.V., Crit. Rev. Anal. Chern. 6: 1·67 (1976) 

765319 Electron exchange and electron f.rRnl'lr"'r or l'Ipmi-

quinones in aqueous solutions. Meisel, D.; Fessenden, R.W., 
J. Am. Chern. Soc. 98: 7505-10 (.1976) 

769245 Reactions involving singlet oxygen and the superoxide 
anion. Koppenol, W.H., Nature (London) 282: 420-1 (1976) 

76COOI Oxidation-reduction properties of several low potential 
iron-sulfur proteins and of methylviologen. Stombaugh, 
N.A.; Sundquist. J.E.; Burris, R.H.; Orme-Johnson, W.H., 
Biochemistry 15: 2633-41 (1976) 

76C002 Chemical constitution and activity of bipyridylhlm 
herbicides. X. 3-Substituted-6,7.dihydrodipyridoj1 ,2-30:2',1 '­
c]-pyrazinediium dibromides and rclaLed compounds. Pir­
zada, N.H.; Pojer, P.M.; Summers, L.A., Z. Naturforsch., 
Teil B 310: 116-21 (1016) 

76C003 Nicotinamide-dependent. one-electron and two-electron 
(flavin) oxidoredu<:tion: Thermodynamics, kinetics, and 
mechanism. Blankenhorn, G., Eur. J. Biochem. 67: 67-80 
(1976) 

76M471 Oscillations in chemical systems. 13. A detailed molec­
ular mechanism for the Bray-Liebhafsky reaction of iodate 
and hydrogen peroxide. Sharma, K.R.; Noyes, R.M., J. Am. 
Chern. Soc. 98: 4345-61 (1976) 



· REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1719 

771044 One electron reduction potentials of some substituted 
4(5)-nitroimidazoles in aqueous solution studied by pulse 
radiolysis. Sjoeberg, L.; Eriksen, T.E.; Mustea, 1.; Revesz, 
L., Radiochem. Radioanal. Lett. 29: 19-2~ (1977) 

7730S7 The use of nitroaromatic compounds as hypoxic cell 
radiosensitizers. Wardman, P., Curro Top. Radiat. Res. Q. 
11: 347-98 (1977) 

77C006 Chemical constitution and activity of bipyridylium 
herbicides. XII. Diquaternary salts of 6-methyl-2,2'­
bipyridyl and 2-methyJ-4,4'-bipyridyl. Schmalzl, K.J.; Sum­
mera, L.A., Aust. J. Chem. 30: 667~62 (1077) 

77C007 Evaluation of mediator-titrants for the indirect 
coulometric titration of biocomponents. Szentrimay, R.j 
Yeh, P.; Kuwana, T.,. Electrochemical Studies of Biological 
Systems, D.T. Sawyer (ed.), ACS Smyposium 38, American 
Chern. Soc., Washington, D.C., 1977, p.143-69 

77Z190 Electron transfer reactions of paraquat. Ledwith, A., 
Biochemical Mechanisms of Paraquat Toxicity, A.P. Autor 
(ed.), Academic Press, New York, NY, 1977, p.21-37 

78A 103 Indirect measurement of the . thionine-Ieucothionine 
synproportionation rate constant by a photochemical per­
turbation technique. Wildes, P.D.; Lichtin, N.N., J. Phys. 
Chern. 82: 981-4 (1978) 

78A485 Outer-sphere oxidation of iodide and thiocyanate by 
tris(2,2'-hipyridyl)- and tris(I,10ophenanthroline)osmium(III) 
in aqueous solutions. Nord, G.; Pedersen, D.; Farver, 0., 
Inorg. Chern. 17: 2233-8 (lg78) 

7~COJU The redox potential Of dtthlonlte and 502- from 
equilibrium reaetions with flavodoxins, methyl viologen and 
hydrogen plus hydrogenase. Mayhew, S.G., Eur. J. 
Diochem. 85: 535-47 (1978) 

'180017 Exo.mina.tion of the elcetroehemieo.l pJ'opcrtica of N ,N 

dimethyl-4,4'-bipyrldinium bis(O,O.dlmethylphosphate) by 
classical and ac polarography. Grachev, V.N.; Zhdanov, 
5.1.; Supin, G.S., SOy. Electrochem. 14: 1180-6 (1978) 
Translated from: Elektrokhimiya 14: 1353-62 (1978) 

78R212 Radiosensitization of Serratia marcescens by nitropyri­
dinium compounds. Anderson, R.F.; Patel, K.B.; Smithen, 
C.E., Br. J. Cancer, Supp\. 37: 103-6 (1978) 

78Z277 Tables of standard electrode potentials. Milazzo, G.; 
CaroH, S., Wiley, Chichester, 1978, 421p. 

79A035 Pulse radiolysis of SeCN- and reactions of (SeCN)2-
radicals with biochemical compounds. BadieUo, R.j Tamba, 
M., Radiochem. Radioanal. Lett. 37: 165-7] (1979) 

79A100 Electron transfer rates and equilibria between substi­
tuted phenoxide ions and phenoxy) radicals. Steen ken , S.; 
Neta, P., J. Phys. Chern. 83: 1134-7 (1979) 

79A456 Cation radicals of phenothiazines. Eledrori transfer 
with aquolron(II) and -(III) and hexacyanoferrate(lI) and 
-(JIJ). PeJizzetti, E.; Mentasti, E., Inorg. Chem. 18: 583-8 
(1979) 

79C021 Redox potentials of radical anions of nitrofuran 
derivatives. Khudyakov, LV.; Kuzhkov, V.B.; Kuz'min, 
V.A., Dok!. Phys. Chern. 246: 424-6 (1979) Translated from: 
Dokl. Akad. Nauk SSSR 246: 397-400 (1979) 

79C029 Horseradish peroxidase. XXXIV. Oxidation of com­
pound II to I by period ate and inorganic anion radicals. 
Nadezhdin, A.; Dunford, H.B., Can. J. Biochem. 57: 1080-3 
(1979) 

79R017 Structure-activity relationships in the development of 
hypoxic cell radiosensitizers. I. Sensitization efficiency. 
Adams, G.E.; Clarke, E.D.; Flockhart, I.R.j Jacobs, R.S.; 
Sehmi, D.S.; Stratford, J.J.; Wardman, P.j Watts, M.E.; 
Parrick, J.j Wallace, R.G.j Smithen, C.E., Int. J. RadiaL 
Diol. Relat. Stud. Pbys., Chern. Med. 35(2): 133-50 (1979) 

7YR037 Radiosensitir.ation of hypoxic mammalian cells by dini~ 
troimidazoles. Agrawal, K.C.; Millar, B.C.; Neta, P., 
Radiat. Res. 78: 532-41 (1979) 

80A123 Elementary reactions of the reduction of Tl+ in aque­
ous solution. Butte·r, J.; Henglein, A., Radiat. Phys. Chern. 
15: 603-12 (I9S0) 

80A136 Are ortho-substituted 4-nit.roimidazoles a new genera­
tion of radiation-induced arylatingagents? Clarke, E.D.; 
Wardman, P., Int. J. Radiat. BioI. Relat. Stud. Phys., 
Chern. Med. 37: 463-8 (1980) 

80A210 A pulse-radio)ysis study of the reduction of 6-
hydroxy-5~nitrothymine in acid aqueous solutions. Eriksen, 
T.E.; Sjoeberg, L.; Mustea, 1.; Revesz, L., Radiat. Phys. 
Chem. 18: 219-'1 (lOgO) 

80A247 Excited-state electron-transfer quenching by a series of 
water photoreduction mediators. Amouyal, E.; Zidler, B.; 
Keller, P.; Moradpour, A., Chern. Phys. Lett. 74: 314-7 
(1980) 

80A349 The elec.tron affinity of some radiotherapeutic agents 
used in cancer therapy. Wold, E.; Kaalhus, 0.; Johansen, 
E.S.; Ekse, A.T., Int. J. Radiat. BioI. Relat. Stud. Phys., 
Chern. Med. 38: 599-611 (1980) 

80A447 Oxidation of thiocyanate and iodide by iridium(IV}. 
Stanbury, D.M.; Wilmarth, W.K.; Khalaf, S.; Po, n.N.; 
Byrd, J.E., Inorg. Chern. 19: 2715-22 (1980) 

80C004 Applications of light-induced electron-transfer reac-
tions: Generation and reaction of AgO in solut.ion via visi­
ble light photolysis of Ru(bpyb2 +. Foreman, T.K.; Gian­
notti, C.; Whitten, D.G., J. Am. Chern. Soc. 102: 1170-1 
(1980) 

80C007 The one-electron reduct.lon potentials or NAD. Far­

rington, J.A.; Land, E.J.; Swallow, A.J., Biochim. Biophys. 
Acta $90: 213-6 (1980) 

80C008 Energetics of the one~electron steps in the 
NAD+ /NADH rcdox couplc. Anderson, R.F., Biochim. 

Biophys. Acta 590: 277·81 (1980) 

80eOI9 Energetics of reactions of On.,,- and of O"-transfer 
reactions between radicals. Henglein, A., Radial,. Phys. 
Cbem.15: 151-8 (1980) 

80C024 Nitrobenzenes: a c·omparison of pulse radiolytically 
determined one-electron reduction potentials and calculated 
electron affinities. Sjoeberg, L.; Eriksen, T.E., J. Chern. 
Soc., Faraday Trans. 1 76: 1402-8 (1980) 

80C044 The half-wave potential and homogeneous electron­
transfer rate constant in sodium dodecyl sulphate micetlar 
solution. Ohsawa, Y.; Shimazaki, Y.; Aoyagui, S., J. Elec­
troanal. Chern. Interfacial EJectrochem. 114: 235·46 (1980) 

80C045 The electrochemical properties of Lhree dipyridinium 
salts as mediators. Salmon, R.T.; Hawkridge, F.M., .Y. EJec­
troanal. Chern. interfacial Eledrochem. 112: 253-64 (1980) 

80R182 Anaerobic reduction of nitroimidazoles by reduced 
ftavtn mononucleotide and by xanthine oxidase. Clarke, 
E.D.; Wardman, P.; Goulding, K.H., Biochem. Pharmacol. 
29: 2684-7 (1980) 

80R183 The development of some nitroimidazoles as hypoxic 
cell sensitizers. Adams, G.E.; Ahmed, 1.; Fielden, E.M.; 
O'Neill, P.; Stratford, I.J., Cancer Clin. Trials 3: 37-42 
(1980) 

80R184 Structure-activity relationships in th(" development of 
hypoxic cell radiosensit,izers. III. Effects of basic subst.i­
tuents in nitroimidazole sidechains. Adams, G .E.; Ahmed, 
I.; Clarke, E.n.; O'Neill, P.; Parrick, .1.; Strat.ford, I.J~; 

Wallace, R.G.; Wardman, P.; Watts, M.E., Int. J. Radiat. 
BioL 38: 613-26 (1980) 

80R185 Toxicity of nitro compounds toward hypoxic mam­
malian cells in vitro: Dependence on reduction potential. 
Adams, G.E.; Stratford, 1.J.; Wallace, R.G.; Wardman, P.; 
Watts, M.E., J. Nat.. Cancer lost. 64: 555-60 (1980) 

J. Phys. Chern. Ref. Data, Vol. 18, No.4, 1989 



1720 PETER WARDMAN 

80R186 Novel (nitro-1-imidazolyl)alkanolamine~ as potential 
radiosensitizers with improved therapeutic properties. 
Smithen, C.E.; Clarke, E.D.; Dale, J.A.; Jacobs, R.S.; Ward­
man, P.; Watts, M.E.; Woodcock, M' I Radiation Sensitizers: 
Their Use in the Clinical Management of Cancer, L.W. 
Brady (ed.), Masson, New York, NY, 1980, p.22-32 

80Rl87 Development of hypoxic cell radiosensitizers. The 
second and third generations. Wardman, P.; Clarke, E.D.; 
Jacobs, R.S.; Minchinton, A.; Stratford, M.R.L.; Watts, 
M.E.; Woodcock, M.; Moat-zam, M.; Parrick, J.; Wallace, 
R.G.; Smithen, C.E., Radiation SensiLiz,er/:!; Their U15e in the 

Clinical Management of Cancer, L.W. Brady (ed.), Masson, 
New York, NY, 1980, p.83-90 

80R192 Redox and spectroscopic properties of oxidized MoFe 
pn;.t<::in from AZ1otobe.cter vinolandii. Wl),tt, G.D.; Burns, 

A.; Lough, S.; Tennent, D.L., Biochemistry 19: 4926-32 
(1980) 

80R19a Partition coefficient as a guide to the development of 
rQ.dio!ilensit.j'7.pl'~ which are less toxic than misonidazole. 
Brown, J.M.; Workman, P., Radiat. Res. 82: 171-90 (1980) 

81A127 Disporportionation of semimethylene blue a.nd oxida­
tion of leucomethylene blue by methylene blue and by 
Fe(IIl). Kinetics, equilibria, and medium effects. Hay, D.W.; 
Martin, S.A.; Ray, S.; Lichtin, N.N., J. Phys. Chern. 85: 
1474-9 (1981) 

81A405 Intermediate products of the photoreduction of 
diphenoquinones. Lantratova, O.B.; Kuz'min, V.A.; 
Prokof'ev, A.I.; Khudyakov, LV.; Pokrovskaya, I.E., Bull. 
Acad. Sci. USSR, Div. Chern. Sci. 30: 1459-65 (1981) 
Translated from: Izv. Akad. Nauk SSSR, Ser. Khim. : 
1789-96 (1981) 

81C030 Phenoxyl radicals: Formation, detection, and redox 
properties in aqueous solutions. Neta, P.; Steenken, S., 
Oxygen and Oxy-Radicals in Chemistry and Biology, M.A.J. 
Rodgers and E.L. Powers (eds.), Academic Press, New York, 
NY, 1981, p.83-8 

81C031 Pulse radiolysis studies of antitumor quinones: Radical 
lifetimes, reactivity with oxygen, and one·electron reduction 
potentials. Svingen, B.A.; Powis, G., Arch. Biochem. 
Biophys. 209:' 119-26 (1981) 

81C038 The t.hermodynamic properties of some commonly 
used oxida.tion-reduction mediators, inhibitors and dyes, as 
det.ermined by polarography. Prince, R.C.; Linkletter, 
S.J .G.; Dutton, P .L., Biochim. Biophys. Acta. 635: 132-48 
(10S1) 

81R072 Radiosensitization of hypoxic mammalian celis in vitro 
by some 5-substituted-4-nitroimidazoles. Adams, G.E.; Fiel­
den, E.M.; Hardy, C.; Millar, B.C.; Stratford, 1.J.; William­
son, C., Int. J. Radiat. BioI. Relat. Stud. Phya .• Chern. 
Med.40: 153-61 (1981) 

81S024 Model systems for photocatalytic water reduction: Role 
of pH and meta.l colloid catalysts. Miller, D.; McLendon, 
G., Inorg. Chern. 20: 950-3 (1981) 

81Z010 Free radicals generated by radiolysis of aqueous solu­
tions. Schwan, H.A., J. Chern. Educ. 58: 101-5 (1981) 

81Z316 Electrochemistry of the viologens. Bird, C.L.; Kuhn, 
A.T.) Chern. Soc. Rev. 10: 49-82 (1981) 

82A033 Formation of halide-ions on one-electron reduction of 
halogenated nitroimidazoles in aqueous solution. A radio­
lytic study. Ma, H.; Hardy, C.R.; O'Neill, P., Int. J. 
Radiat. BioI. Relat. Stud. Phys., Chern. Med. 41: 151-60 
(1982) 

82A115 Outer-sphere oxidation. 2. Pulse-radiolysis study of 
the rates of reaction of the 12-. and (SCN)2-' radical anions 
with the tris(2,2'-bipyridyl) complexes of Os{II) and Os(III). 
Nord, G.; Pedersen, B.; Floryan-Lovborg, E.; Pagsberg, P., 
Inorg. Chern. 21: 2327-30 (1982) 

82A154 Electron-transfer reactions of the 2-nitrothiophen tri­
plet state studied by laser flash photolysis. Martins, L.J.A., 
J. Chem. Soc., Faraday Trans. 1 78: 533-43 (1982) 

J. Phys. Chern. Ref. Data, Vol. 18, No.4, 1989 

82A183 Charge transfer between tryptophan and tyrosine in 
proteins. Butler, J.; Land, E.J.; Prueh, W.A.j Swallow, 
A.J., Biochim. Biophys. Acta 705: 150-62 (1982) 

82A232 Outer-sphere electron-transfer reactions of ascorbate 
anions. Willia.ms, N.H.; Yandell, J.K., Aust. J. Chern. 35: 
1133-44 (1982) 

82A253 One-electron redox potentia.ls of phenols. Hydroxy­
and aminophenols and related compounds of biological 
interest. Steenken, S.: Neta, P., J. Phys. Chern. 88: 3661-7 
(1982) 

82A329 Radiation sensiti~ation and chemical studies on 
'isoindole-4,7-diones. Infante, G.A.; Gonzalez, P.; Cruz, D.; 
Correa, J.; Myers, J.A.; Ahmad, M.F.; Whitter, W.L.; San­
tos, A.; Neb, P., Radiat. Res. 92: 296-306 (1982) 

8ZCOOO The reduction pu\'euM",l of the ,.;ouple 0a/O:I-' Conoc 
quences for mechanisms of ozone toxicity. Koppenol, W.H., 
FEBS Lett. 140: 169-72 (1982) 

82C019 On the effect of electron relay redox potentia.l on elec­
tron tro.nofcr l'co.eiions in !:I. w!:I.ter photol'O'!dut:'tinn modp.1 !!YI!­

tern. Arnouyal, E.; Zidler, B., Isr. J. Chern. 22: 111-24 
(1982) 

82M376 Theoretical analysis of electrochemical reactions 
involving two successive one-electron transfers with dimeri­
zation of intermediate-application to NAD+ INADH redox 
couple. Samec, Z.; Bresnahan, W.T.; Elving, P.J., J. Elec­
troanal. Chem. Interfacial Electrochem. 133: 1-23 {1982} 

82R087 Pulse radiolysis and cellular studies of a new class of 
radiosensitizers: 2-nitrobenzofurans. Averbeck, D.; Bensas­
son, R.V.; Buisson, J.P.; Land, E.J.; Rene, L.; Royer, R.; 
Santus, R" Int. J. Radiat. BioI. Relat. Stud. Phys., Chern. 
Med.42: 457-68 (1982) 

82R117 NitroirnidazoJes as anaerobic electron acceptors for 
xanthine oxidase. Clarke, E.D.; Goulding, .K.H.; Wardman, 
P., Biochem. Pharmacol. 31: 3237-42 (1982) 

82R118 Radiosensitization by non-nitro compounds. Ward­
man, P.; Anderson, R.F.; Hodgkiss, R.J.; Parrick, J.j 
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14. Compound Name Index 

0582 2.3.35 

AF-2 (cis) 2.2.9 

AF-2 (t,rans) 2.2.10 

AM-l 2.4.39 

Aceta.ldehyde 4.1.3, 4.1.4 

4-Acetamidophenol 5.1.7 

Acetaminophen 5.1.7 

Acetic add, 2,5-dihydroxyphenyl- 5.4.6 

Acetic acid, 3,4-dihydroxyphenyl- 5.2.4 

Acetone 4.1.5, 4.1.6 

Acetone kety I radical 4.1.5 

Acetophenone, 3' ,4'-dihydroxy-2-(methylamino)- 5.2.8 

Acetophenone, 2~(dimethylamino )methyl~1' ~nitro~ 

2.1.19 

Acetophenone, 3-nitro- 2.1.9 

Acetophenone, 4' -nitro- 2_1_10 

5-Acetylaminosulfonyl-l-methyl-4-nitroimida.zole 
2.4.12 

2-Acety 1-10-(3-dimethylaminopropy l)phenothiazine 
7.5.5 

4-Acetyl-l-m,ethyIpyridinium 4.4.3 

2-[(Acetyloxy )methyl]-1,4-naphthoquinone 1.2.9 

6-[(Acetyloxy)methyl]-1,4-naphthoquinone 1.2.13 

10-Acetylphenothiazine 7.4.3 

N-Acetyl-L-tryptophan 6.2.12 

N-Acetyl-L-tyrosinamide 5.1.11 

Acridine,9-[3-(N,N-dimethylamino)propyl)]amino-l-
nitro- 2.7.2 

Acridine, 9-[3-(N,N-dimethylamino)propyl]amino-4-
chloro-1-nitro- 2.7.3 

Acridine, 9-[3-(N,N-dimethylamino )propyljamino-4-
Huoro-1-nitro- 2.7.4 

Acridine, ,9-{3-( N,N-dimethy lamino )propy I] amino-4-
methyl-I-nitro- 2.7.5 

Acridine, 9- [3-(N,N-dimethylamino )propyl}amino-4-
methoxy-1-nitro- 2.7.6 

Acridine, 9-[3-(N,N-dimethylamino )propyl]amino-4-
methoxycarbonyl-l-nitro- 2.7.7 

Acridine, 9-[3-(N,N-dimethylamino)propyl}amino-4-
dimethylamino-1-nitro- 2.7.8 

Acridine, 9-[3-(N,N-dimethylamino )propyl]amino-4-
[di(2-acet,oxyethyl)amino)-1-nitro- 2.7.9 

Nl-(Acridinyl)-~-methylsulfonyl-2-
dimethylaminocyclohexa-2,5-diene-1' ,4' -diimine 
1.5.13 

Nl-(Acridinyl)-~-met.hylsulfonyl-2-methoxycyclohexa-
2,5-diene-I' ,4'-diimine 1.5.12 

Acrylamide, 2-{2-furyl)-3-(5-nitro-2-furyl)- (E)- 2.?10 

Acrylamide, 2-{2-furyl)-3-{5-nitro-2-furyl)- (Z)- 2.2.9 

Adenine 6.4.1 

Adenosine 6.4.2 
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Adrenalone 5.2.8 

Adrenochrome 1.5.1 

Adriamycin 1.5.4 

L-Alanyl-L-tyrosine 5.1.12 

l-Any)-l '-carboxymethyl-4,4' -bipyridinjum 3.11.4 

I-Ally 1-1' -(3-cyanopropyl)-4,4' -bipyridinium 3.11.6 

I-Allyl-l' -[2-(diethylaminocarbonyl)ethyl]-4,4'-
bipyridinium 3.11.7 

I-Allyl-I' -ethyl-4,4' -bipyridinium 3.11.5 

1-Allyl-1' -methyl-4,4'-bipyridinium 3.10.5 

a- (Ally loxymethyl)-2-nitroimidazole-l-ethanol 2.3.38 

2-Amino-5-aziridinyl-4-nitrobenzamide 2.1.26 

4-Amino-5-aziridiny 1-2-nitrobenzamide 2.1.27 

3-Aminocarbonyl-l-methylpyridinium ion 4.4.1 

4-Aminocarbonyl-l-methylpyridinium 4.4.2 

5-Amino-2,4-dinitrobenzamide 2.1.24 

3-(2-Aminoethyl)indole 6.2.8 

2-Amino-6-hydroxypurine 6.4.3 

4(5 )-Aminoimidazole-5( 4 )-carboxamide 4.3.2 

a-{Aminomethyl)-3,4-dibydroxybenzy] alcohol 5.2.6 

5-[3-Amino-6-{2-methylpropyl)purinyl]-1-methyl-4- . 
nitroimidazole 2.4.29 

4-Amino-l-methyl-2-pyrimidinone 6.3.7 

4-Aminophenol 5.1.2 

5-Aminophthalazine-l,4-dione 1.5.2 

6-Aminopurine 6.4.1 

5-{3-Aminopurinyl)-1-methyl-4-nitroimidazole 2.4.28 

4-Amino-2-pyrimidinone 6.3.6 

4-Aminosulfonyl-l-methyl-5-nitroimidazole 2.5.4 

5-Aminosulfonyl-l-methy 1-4-nitroimidazole 2.4.8 

Amsacrine, conjugate acid 4.8.1 

Aniline 6.1.1 

Aniline, N,N-dimethyl- 6.1.2 

1-{2-Anilinoethyl)-2-nitroimidazole 2.3.61 

1-[Anilino(thiocarbonylmethyl)]~l' -methyl-4,4'-
bipyridinium 3.10.14 

Anthra[1,9-cd}pyrazol-6-one, 7-hydroxy-2-[2-(2-
hydroxyethyl)aminoethyl]-5-[[2-(2-
hydroxyethy l)aminoethy I J amino]- 1.5.11 

9/10-Anthraquinone 7 1 74-bi!il{(2-
hydroxyethylamino)ethyljamino-, diacetate 1.3.5 

9,10-Anthraquinone, 1,4-dihydroxy-5,8-bis[(2-
hydroxyethylamino )ethyl}amino-, 1.3.4 

9,10-Anthraquinone, 1,2,5,8-tetrahydroxy- 8.1.5 

9,10-Anthraquinone-2-sulfonate ion 1.3.1 

Antipyrine B.4.4 

Ascorbic acid 8.1.1 

Azaquinone 1.5.2 

Azide dimer radical anion 9.34. 

Azide ion 9.33., 9.34. 

Azide radical 9.33. 
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1-!2-( l-Aziridinoethyl)amino-2-hydroxypropyIJ-2-
nitroimida'tole 2.3.63 

5-Aziridinyl..:N~{(2,2-dimethoxy )ethylJ-2,4~ 
dinitrobenzamide 2.1.23 

5-A~jTjrlinyl-N,N-dimethyl-2,4-din1tTohE'nzamide 2.1.22 

5-Aziridinyl-2,4-dinitrobenzamide 2.1.20 

5-Aziridinyl-N-methyl-2,4-dinitrobenzamide 2.1.21 

Azirinof2' ,3' :3,4Jpyrrolo[1,2-aJindole-4,7-dione, 6-
amino-8-[Uaminocarbonyl}oxy]methyl)-
1,1 a,2,8,8a,8b-hexahydro-Sa-methoxy-5 1.5.7 

Azomydn 2.3.1 

Barbituric acid 6.3.4 

Basic Blue 9 4.5.2 

Benzaldehyde, 2-nitro- 2.1.12 

Benzaldehyde, 4-nitro- 2.1.13 

Benzamide, 2-amino-S-aziridiny 1-4-nitro- 2.1.26 

Benzamide, 4-amino-5-aziridinyl-2-nitro- 2.1.27 

Benzamide, 5-amino-2,4-dinitro- 2.1.24 

Benzamide, 5-aziridinyl-N,N-dimethyl-2,4-dinitro-
2.1.22 

Benzamide, 5-aziriiljnyl-N-[(2,2-dimethoxy)ethyl]-2,4-
dinitro- 2.1.23 

Benzamide, 5-aziridinyl-2,4-dinitro- 2.1.20 

Benzamide, 5-aziridinvl-N-methvl-2,4-dinitro- 2.1.21 

Benzamide, 5-{ dimethy lamino )-2,4-dinitro- 2.1.25 

Benzenamine, N,N-dimethyl. 6.1.2 

Benzene, l-cyano-2-nitro- 2.1.17 

Benzene, 1,2-dihydroxy- 5.2.1 

Benzene, 1,3-dihydroxy- 5.3.1 
Benzene, 1,4-dihydroxy- 5.4.1 

Benzene, 1 ,4-dihydroxy-2~methyl- 5.4.3 
Benzene, 1,4-dihydroxytetramethyl- 5.4.10 

Benzene, 1,2-dinitro- 2.1.1 

Benzene, 1,3-dinitro- 2.1.2 

Benzene, 1,4-dinitro- 2.1.3 

Benzene, nitro- 2.1.11 

BenZ~Il<'l, 1,2,4t.rihydroxy- 6.5..4-

1,4-Benzenediamine, N,N,N',N -tetramethyl- 6.1.5 

1,2-Benzenediamine 6.1.3 

1,4-Benzenediamille 6.1.4 

j ,4-Benzenediol, 2,3-dimet}lY}- 5.4.7 

1,4-Benzenediol, 2,5-dimethyl- 5.4.8 

1,2,3-Benzenetriol 5.5.1 

1,2,4-Benzenetriol 5.5,4 

Benzimidazole, 2-nitro- 2.8.1 

Benznidazole 2.3.42 

Benzo(1,2-b:3,4-b'1diquinolizium 3.12.8 

Benzo[1,2-b:3,4-g']diquinolizium 3.12.10 

Benzo[1,2-b:5,6-b']diquinolizium 3.12.9 

Benzofuran, 5-hydroxy-2-nitro- 2.8.7 

Benzofuran, 7-hydroxy-2-nitro- 2.8.5 

Benzofuran, 5-methoxy-2-nitro- 2.8.B 

Bpnr.ofnr:l.n, 7-mpthoyY-2-nitro- 2.8.8 

Benzofuran, 2-nitro- 2.8.4 

Benzoic add, 2,3-dihydroxy- 5.2.2 

Benzoic acid. 2.5-dihydroxY- 5.3.2 
Benzoic acid, 3,4-dihydroxy- 5.2.3 

Benzoic acid, 3,5-dihydroxy- 5.3.3 

Benzoic acid, 2,4-dinitro- 2.1.4 

Benzoic acid, 2,S-dinitro- 2.1.5 

Benzoic acid, 3,4-dinitro- 2.1.6 

Benzoic acid, 3,5-dinitro- 2.1.7 

Benzoic acid, 4-hydroxy- 5.1.3 

Benzoic acid, 2-nitro- 2.1.14 

Benzoic acid, 3-nitro- 2.1.15 

Benzoic acid, 4-nitro- 2.1.16 

Benzoic acid, 3,4,5-trihydroxy-, ethyl ester 5.5.3 

Benzonitrile, 2-nitro- 2.1.17 

12H-Benzo[alphenothiazine 7.6.1 

7 H-Benzo( clphenothiazine 7.6.2 

Benzo[g]pteridine-2,4-dione, 7 ,8-dimethy J- 4.6.6 

Benzo(g]pteridine-2,4-dione, 1,3,7,S-tetramethyl- 4.6.9 

Benzolg)pt.eridine-2,4-dione, 1,7,8-trimethyl- 4.6.7 

Benzo[glpteridine-2,4-dione, 3,7,8-trimethyl- 4.6.8 
2H-I-Benzopyran-2-carboxylic acid, 3,4-dihydro-6-

hydroxy-2,5,7,S-tetramethyl- 8.1.6 

(5,4,3-cdeJ{1JBenzopyran-5,7-dione, 2,3,7,8-
tetrahydroxy{l}benzopyrano- B.1.10 

l-Benzopyran-4-one, 2,(3,4-dihyroxyphenyJ)-J,v,7-
trihydroxy- 8.1.9 

I-Benzopyran-3,5,7-triol, 2-{3,4-dihydroxyphenyl)-3,4-
dihydro- (E)- 8.1.7 

I-Benzopyran-3,5,7-trioJ, 2-{3,4-dihydroxyphenyl)-3,4-
dihy dro- (Z)- 8.1.8 

1,4-Benzoquinone, 2,5-bis( l-aziridiny 1)-3,6-bis(2-
hydroxyethylamino), 1,1.8 

1 ,4-Benzoquinone, 2,5-diaz~ridiny 1-3,6-
bis( carbethoxyamino)- 1.1.9 

1,-i-Benzoquinone, 2,3-dhncthyl- 1.1.3 

1,4-Benzoquinone, 2,5-dimethyl- 1.1.4 

1,4-Benzoquinone, 2,6-dimethyl- 1.1.5 

1 ,4-Benzoquinone, methyl~ 1.1.2 

l,4-Benzoquinone, tetramethyI- 1.1.7 

1,4-Benzoquinone,2,3,5-trimethyl- 1.1.6 

1,4-Benzoquinone 1.1.1 

2,1,3-Benzothiadiazole-4, 7 -dicarbonitrile 4.8.2 

10-Benzoylphenothiazine 7.4.12 

Benzy] alcohol, a-{aminomethyl)-3,4-dihydroxy- 5.2.6 

Benzy I alcohol, 4-nitro- 2.1.18 

1-[3~(Benzylamino )-2-hydroxypropy 11-2-nitroirnidazole 
2.3.68 

1-(Benzykarbamylmethyl)-2-nitroimidazoJe 2.3.42 

I-Benzyl-l'-methyl-4,4' -bipyridinillm 3.10.13 

N-Benzyl~2-nitroimidazole-l-acetamide 2.3.42 
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Benzyl viologen 3.8.39 

2,2' -Bipyridine, conjugate diacid 3.1.1 

2,2' -Bipyridine, 4,4' -dimethyl- 4.4.8 

2,2'-Bipyridine 4.4.7 

4,4'-Bipyridine 3.8.1 

4,4' -Bipyridinium, l-allyl-1'-carboxymethyl- 3.11.4 

4,4'-Bipyridinium, 1-allyl-1' -(3-cyanopropy 1)- 3.11.6 

4,4'-Bipyridinium, 1-allyl-1'-[2-
(diethylaminocarbonyl)ethyl]- 3.11.7 

4,4'-Bipyridinium, l-allyl-l'-ethyl- 3.11.5 

4,4'-Bipyridinium, 1-benzyl-l '-methyl- 3.10.13 

4,4'-Bipyridinium,1,l'-bis(2-aminoethyl)- 3.8.12 

4,4'-Bipyridinium, 1,1 I -bis(carbamylmethyl)- 3.8.8 

4,4' -Bipyridinium, 1,l'-bis(2-carboxyethyl)- 3.8.17 

4,4' -Bipyridinium, 1,1' -bis(carboxymethyl)- 3.8.5 

4,4'-Bipyridinium, 1,1' -bis(2-chloroethyl)- 3.8.7 

4,4'-Bipyridinhlm, 1,1 I -bis(2-chloroethyl)-2,2'-
dimethyl- 3.9.11 

4,4'-Bipyridinium, 1,1 '-bis(a-cyanobenzyl)- 3.8.38, 
3.8.42 

4,4'-Dipyridinium, 1,1' -bis(cyanomethyl)- 3.8.4 

4,4' -Bipyridinium, 1,1' -bis(cyanomethyl)-2,2 '-
dimethyl- 3.9.10 

4,4' -Bipyridinium, 1,1' -bis(3-cyanopropyl)- 3.8.22 

4,4'-Bipyridinium, 1,1' -bis(1,2-dichloroethyl)- 3.8.14 

4,4' -Bipyridillium, 1,1' -bis(2,2-diethoxyethyl)- 3.8.36 

4,4' -Bipyridinium, 1,1'-
bis( diethy laminocarbony Imethy 1)- 3.8.33 

4,4'-Bipyridinium, 1,1'~ 
bis{ dimethylaminocarbonylmethyl)- 3.8.24 

4,4'-Bipyridinium, 1,l'-bis[2-
(dimethylaminocarbonyl)ethylJ- 3.8.27 

4,4'-Bipyridinium,1,1'-his[3-
(dimethyJaminocarbonyl)propyl]- 3.8.34 

4,4'-Bipyridinium, 1,1' -his(2-(3,5-dimethyl-4-
morpholinyl)-2-oxoethyl]- 3.8.43 

4,4'·Dipy.ridinium, 1,1 '-bis(ethoxycal'bonylmethyl)-
3.8.23 

4,4' -Bipyridinium, 1,I'-bis(ethoxycarbonylmethyl)-
2,2'-dimethyl- 3.9.14 

4,4' -Bipyridinium, 1,1' -bis[2-{ethoxycarbonyl)ethyl]-
3.8.26 

4,4' -Bipyridinium, 1, l' -bisf3-( ethoxycarbony l}propy 11-
3.8.28 

4,4'-Bipyridinil1m, 1,1'-
bis[ethoxycarbonyl(phenyl)methylJ- 3.8.46 

4,4' -Bipyridinium, 1,1' -bis(2-ethoxyethyl)- 3.8.25 

4,4' -Bipyridinium, 1,l'.bis(ethylthiomethyl)- 3.8.21 

4,4' -Bipyridinium, 1,1' -bis(2-hydroxyethyl)- 3.8.11 

4,4'-Bipyridinium, 1,l'-bis{2-hYdroxyethyl)-2,2 ' -
dimethyl- 3.9.12 

4,4' -Bipyridinium, 1,l'-bis(2-hydroxyiminoethyl)-
3.8.9 
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4,4' -Bipyridinium, 1,l'-bis(1-methylethyl} 3.8.20 

4,4'-Bipyridinium, t,l'-bis(4-nitrophenyl)- 3.8.30 

4,4' -Bipyridinium, 1,l'.bis(2-oxopropyl)- 3.8.16 

4,4'-Bipyridinium, 1,1' -bis(2-oxopropyl)-2,2' -dimethyl-
3.9.13 

4,4'-Bipyridinium, 1,1' -bis(2-propynyl)- 3.8.13 

4,4'-Bipyridinium, 1,l'-bis(2-pyridylmethyl)- 3.8.32 

2,2'-Bipyridinium, 1,1' -bis(3-sulfonatopropyl)-, dihy-
droxide bis(inner salt) 3.1.3 

4,4'-Bipyridinium, 1,1 '-bis(2-sulfonatoethyl)- 3.8.6 

4,4' -Bipyrldinium, 1,1' -bis(3-sulfonatopropyl)-2,2'­
dimethyl- 3.9.16 

4,4'-Bipyridinium, 1,1' -bis(3-sulfonatopropyl)-2,2' ,6,6'­
tetramethyl- 3.9.17 

4,4' -Bipyridinium, 1,l'-bis(3-sulfonatopropyl}-3,3'­
dimethyl- 3.9.15 

4,4' -Bipyridinium, 1,1 '-bis(4-sulfonatopropyl)-, dihy­
droxide bis(inner salt) 3.8.18 

4,4' -Bipyrirlinillm, 1,1' -bis[2-
(trimethylammonio )ethyl]- 3.8.29 

4,4' -Bipyridinium, 1,1' -bis(3-
(trimethy lammonio )propy 1]- 3.8.37 

4,4' -Bipyridinium, 1,1' -bis!4-
(trimethy lammonio )bu ty IJ- 3.8.41 

4,4' -Bipyridinium, 1,4-bu tanediy Ibis( l' -methy 1)- 3.8.50 

4,4' -Bipyridinium, 1-(3-butenyl)-l'-(3-cyanopropyl)-
3.11.8 

4,4' -Bipyridinium, 1-(2-butenyl)-l'-(3-fluoropropyl)-
3.11.9 

4,4' -Bipyridinium, l-(carbamylmethyl)-l' -(2-mcthyl-2 .. 
propenyl)- 3.11.10 

4,4' -Bipyridinium, 1-(3-chloro-2-butenyl)-l'.{2-
methoxyethyl)- 3.11.12 

4,4'-Bipyridinium, 1,l'-diallyl- 3.8.15 

4,4'-Bipyridinium, l,l'-dihenzyl- 3.8.39 

4,4' .. Bipyridinium, 2,2' -dicyano-l,l'-dimethyl- 3.9.4 

4,4' -Bipyridinium, 1,1' -diethyl- 3.8.10 

4,4'-Bipyridinium, 1,1'-diethyl-2-methyl- 3.9.2 

4,4'-Bipyridinium, 1,1' -diheptyl- 3.8.40 

4,4' -Bipyridinium, 1,1' -dihexyl- 3.8.35 

4,4'-Bipyridinium,1,1'-dimethoxy- 3.8.3 

2,2'-Bipyridinium,1,1'-dimethyl- 3.1.2 

2,2'-Bipyridinium, 4,4' -dimethyl- 3.1.4 

2,4'-Bipyridinium, 1,l'-dimethyl- 3.7.1 

4,4'-Bipyridinium,1,1 '-dimethyl- 3.8.2 

4,4'-Bipyridinium, 1,1 /-dimethyl-2,2 /-bis{4-
methylpheny 1)- 3.9.9 

4,4'-Bipyridinium, 1,1' -dimethyl-2,2'-diphenyl- 3.9.8 

2,2' -Bipyridinium, 1,I'-(1,1-dimethylethylene)- 3.3.15 

2,2' -Bipyridinium, 4,4' -dimethyl-l,l' -tetramethylene-
3.5.2 

2,2'-Bipyridinium, 4,4' -dimethyl-I,l' -trimethylene-
3.4.4 
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4,4'-Bipyrirlinium,1,1'-dioctadecyl- 3.8.45 

4,4' -Bipyridinium, 1,1' -dioctyl- 3.8.44 

4,4' -Bipyridinium, 1,1' -diphenyl- 3.8.31 

4,4' -Bipyridinium, 1,1' -dipropyl- 3.8.19 

4,4' -Bipyridinium, 1 ,2-ethanediylbis(1 ' -methyl)- 3.8.48 

2,2' -Bipyridinium, 1,1' -ethylene- 3.3.1 

2,2' -Bipyridinium, 1,1 '-ethylene-4,4' -dimethyl- 3.3.12 

4,4' -Bipyridinium, 1-ethyl-l' -(2-ethylthioethyl)- 3.11.1 

4,4' -Bipyridinium, 1-(2-ethyl-2-propenyl)-1' -(2-
methoxyethyl)- 3.11.11 

4,4' -Bipyridinium, 1,1' ,2,2' ,6,6' -hexamethyl 3.9.7 

2,2' -Dipyridinium, 1,1' -hydroxyethylene- 3.3.3 

4,4' -Bipyridinium, 1-(2-hydroxyethyl)-1' -pentyl- 3.11.3 

4,4' -Bipyridinium, 1-(2-methoxycarbonylethyl)-1'-
propyl- 3.11.2 

4,4'-Bipyridinium,1-methyl-1'-allyl- 3.10.5 

4,4' -Bipyridinium, 1-methyl-1'­
[anilino(thiocarbonylmethyl)l- 3.10.14 

4,4' -Bipyridinium, l-methyl-l' -[2-
bis{methylthio)ethenyl]- 3.10.8 

4,4' -Bipyridinium, 1-methyl-I' -carbamylmethyl-
3.10.3 

4,4' -Bipyridinium, l' methy 1-1'­
[cyano(ethoxycarbonyl)methyl]- 3.10.10 

4,4' -Bipyridinium, I-methyl-I' -cyanomethyl- 3.10.2 

4,4' -Bipyridinium, 1-methyl-!' -(3-cyano-2-propenyl)-
3.10.7 

4,4' -Bipyridinium, I-methyl-l' -[2-{3,5-dimethyl-4-
morpholinyl)-2-oxoethyl]- 3.10.15 

4,4' -Bipyridinium, 2-methyl-!,1' -dipropyl- 3.9.3 

4,4' -Bipyridinium, l-methy 1-1' -ethoxycarbonylmethyl-
3.10.9 

4,4' -Bipyridinium, I-methyl-I' -(2-hydroxyethyl)-
3.10.4 

4,4' -Bipyridinillm, I-methyl-I' -[3-(methoxycarbonyl)-
2-propenyl]- 3.10.11 

4,4' -Bipyridinium, I-methyl..; l' -oxide 3.10.1 

4,4' -Bipyridinium, I-methyl-l'-(2-oxopropyl)- 3.10.6 

4,4' -Bipyridinium, I-methyl-I' -[(1-
pyrazoloyl)thiocarbonylmethyl]- 3.10.12 

2,2'-Dipyridiniulll, 1,1'-(1-phenylet,hylene)- 3.3.19 

4,4' -Bipyridinium, 1 ,3-propanediylbis(1' -methyl)-
3.8.49 

2,2'-Bipyrhlinium, 1,l'-(1,2-propylene) 3.3.6 

4,4' -Bipyridinium, 1,1' ,2,2' -tetramethyl- 3.9.5 

4,4'-Bipyridinium, 1,1' ,3,3'-tetramethyl- 3.9.6 

2,2'-Bipyridinium, 1,l'-tetramethylene- 3.5.1 

4,4' -Bipyridinium, 1,1' ,2-trimethyl- 3.9.1 

2,2'-Bipyridinium,1,1'-trimethylene- 3.4.1 

2,2' -Bipyridinium, 1,1' -trimethylene-5-methoxy- 3.4.3 

4,4'-Bipyridinium, 1,1' -o-xylylenebis- 3.8.47 

2,2' -Bipyridinium 3.1.1 

2,2'-Biquinolinium, l,l'-dimethyl- 3.6.10 

1,l'-Bis(2-aminoethyl)-4,4'-bipyridinium 3.8.12 

1 ,l'-Bis(carbamylmethyl)-4,4' -bipyridinium 3.8.8 

1,1'-Bis(a-carboxybenzyl)-4,4'-bipyridinium, diethyl 
ester 3.8.46 

l,l' -Bis(2-carboxYE'1.hyl)-1,4' -hipyridinium 3.8.17 

1,l'-Bis(2-carboxyethyl)-4,4'-bipyridinium, diethyl 
ester 3.8.26 

1,1' -Bis(carboxymethyl)-4,4'-bipyridinium 3.8.5 

1,l'-Bis(3-carboxypropyl)-4,4'-bipyridinium, diethyl 
ester 3.8.28 

1,1'-Bis(2-chloroethyl)-4,4'-bipyridinium 3.8.7 

1,l'-Bis(2-chloroethyl)-2,2' -dimethyl-4,4' -bipyridinium 
3.9.11 

1,l'-Bis{a-cyanobenzyl)-4,4' -bipyridinium 3.8.38, 
3.8.42 

1,1' -Bis(cyanomethyl)-4,4' -bipyridinium 3.8.4 

1,1' -Bis(cyanomethyl)-2,2'-dimethyl-4,4' -bipyridinium 
3.9.10 

1,l'-Bis(3-cyanopropyl)-4,4' -bipyridinium 3.8.22 

1 ,1'-Bis(1 ,2-dichloroethy 1)-4,4'-bipyridinium 3.8. '14 

1,1 '-Bis(2,2-diethoxyethyl)-4,4' -bipyridinium 3.8.36 
1,1' -Bis( diethylaminoca.rbonylmethyl)-4,4'-

bipyridinium 3.8.33 

1 ,4-Bis( N,N-dimethylamino )benzene 6.1.5 

1,1' -Bis[2-( dimethylaminocarbony J)ethyl]-4,4'­
bipyridinium 3.8.27 

1,1' -Bis( dimethylaminocarbonylmethyl)-4,4'­
bipyridinium 3.8.24 

1,1' -Bis[3-( dimethylaminocarbonyl)propyl]-4,4'­
bipyridinium 3.8.34 

3,7 -Bis( dimethylamino )phenothiazin-5-ium chloride 
4.5.2 

1,1' -Bis(2-(3,5-dimethyl-4-morpholinyl)-2-oxoethy IJ-
4,4' -bipyridinium 3.8.43 

1,1' -Bis[2-(ethoxycarbonyl)ethyl]-4,4' -bipyridinium 
3.8.26 

1,1' -Bis(ethoxycarbonylmethyl)-4,4'-bipyridinium 
3.8.23 

1,1' -Bis(ethoxycarbonylmethyl)-2,2' -dimethyl-4,4'­
bipyridiniuID 3.9.14 

1.1'-Bis[ethoxycarbonyl(plu>nyl)met.hyl]-4,4' -
bipyridinium 3.8.46 

1,1' -Bis[3-(ethoxycarbollyl)propy 1]-4 ,4'-bipyridinillrn 
3.8.28 

1,1' -Bis(2-ethoxyethy 1)-4,4' -bipyridiJl iurn 3.8.25 

1,l'-Bis(ethylthiomethyl)-4,4'-bipyridinium 3.8.21 

1-[Bis(2-hydroxyethyl)]aminocarbonylmethyl-2-
nitroimidazole 2.3.39 

1 ,4-Bis[ (2-hydroxyethylamino )ethy 1]amino-9,IO­
anthraquinone diacetate 1.3.5 

1- [3-Bis{2-hydroxyethy lamino )-2-hydroxypropy 1]-2-
nitroimidazole 2.3.66 

1,l'-Bis{2-hydroxyethyl)-4,4'-bipyridinium 3.8.11 
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,Ill' ~Bis(2-hydroxyethyl)-2,2'-dimethyl-4,4'­
bipyridinium 3.9.12 

1,1'-Bis(2-hydroxyiminoethyl}-4,4'-bipyridinium 3.8.9 

1-[2,2-Bis{isopropyl}aminoethyl]-2-nitroimidazole 
2.3.62 

5-[Bis{methylcarbonyloxy)methyl]-1-methyl-2-
nitroimidazole 2.3.16 

1,l'-Bis{1-methylethyl)-4,4'-bipyridinium 3.8.20 

1-{2-Bis{methylthio )ethenyll-l'-methyl-4,4'-
hipyridinium 3.10.8 

1 ,1'-Bis( 4-nitrophenyl)-4,4'-bipyridinium 3.8.30 

1,1' -Bis(2-oxopropyl)-4,4' -bipyridinium 3.8.16 

1,1'-Bis(2-oxopropyl}-2,2'-dimethyl-4,4'-bipyridinium 
3.9.13 

1,1'-Bis(2-propynyl)-4,4'-bipyridinium 3.8.13 

1,1' -Bis(2-pyridylmethyl)-4,4' -bipyridinium 3.8.32 

1,1'-Bis{2-sulfonatoethyl)-4,4'-bipyridinium 3.8.6 

1,I'-Bis{3-sulfonato-1-propyl)-2,2'-bipyridinium 3.1.3 

1,l'-Bis{3-sulfonatopropyl)-4,4'-bipyridinium 3.8.18 

1 ,1'-Bis(3-sulfonatopropyl)-2,2'-dimethyl-4,4'-
bipyridinium 3.9.16 

1, l' -Bis( 3-aulfonatopropy 1 )-3 ,3'-dirn.ethy 1-4,4'­

hipyridinium 3.9.15 

1,1' -Bis{3-sulfonatopropyl)-2 ,2' ,6,6'-tetramethy 1-4,4' -
bipyridinium 3.9.17 

1,1'-Bis[4-(trimethylammonio )butyl]-4,4'-bipyridinium 
3.8.41 

1,1' -Bis[2-( trimethylammonio )ethyIJ-4,4'-bipyridinium 
3.8.29 

1 ,l'-Bis[3-(trimethylammonio )propyl]-4,4'-
bipyridinium 3.8.37 

Bisulfide ion 9.53., 9.54. 

Bromate ion 9.8. 

Bromide ion 9.2., 9.4., 9.5., 9.9. 

Bromine 9.10. 

Bromine atom 9.2., 9.3. 

Bromine dioxide 9.6., 9.7., 9.8. 

Bromite ion 9.6. 

4-Bromo-6,7-dihydrodipyrido[1,2-a:2' ,1'-
cJpyrazinediium 3.3.2 

6-Bromo-1,1'-ethylene-2,2'-bipyridinium 3.3.2 

1-(2-Bromoethyl)-3-nitro-7-azaindole 2.6.2 

6-(Bromomethyl)-1,4-naphthoquinone 1.2.11 

2-Rl'omo-1-mpthyl-4-nitl'Oimiduole 2.4.32 

4-Bromo-1-methyl-5-nitroimidazole 2.5.1 

5-Bromo-l-methyl-4-nitroimidazole 2.4.4 

3-Bromophenothiazine 7.2.1 

Bromosyl hydride 9.5. 

Bromous acid 9.7. 

2,3-Butanediol, l,4-dimoercapto- 8.3.4.4 

1 ,4-Butanediylhis{1'-methyl-4,4'-bipyridinium) 3.8.50 

1-(3-Butenyl)-1'-(3-cyanopropyl)-4,4'-bipyridinium 
3.11.8 
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1-(2-Butenyl)-1' -{3-ftuoropropyl)-4,4'-bipyridinium 
3.11.9 

1-[3-( tert--Butylamino )-2-hydroxypropyl]-2-
nitroimidazole 2.3.67 

1,l'-Butylene-2,2' -hipyridinlum 3.5.1 

N-Butyl-5-nitro-2-furamide 2.2.11 

CB 10-020 2.1.21 

CB 10-092 2.1.25 

CB 10-107 2.1.22 

CB 10-212 2.1.23 

CB 10-236 2.1.27 

CB 10-441 2.1.24 

CB 1954 2.1.20 

CB 7060 2.1.26 

CJ. 52015 4.5.2 

C1941 1.5.11 

CatIeic add 5.2.7 

Carbamothioic acid, [2-{2-methyl-5-nitroimidazol-1-
yl)ethyl]-, O-methyl ester 2.5.19 

1-Carbamylmethyl-1'-methyl-4,4'-bipyridinium 3.10.3 

1-(Carbamylmethyl)-l'-(2-methyl-2-propenyl)-4,4' -
bipyridinium 3.11.10 

10-Carbethoxyphenothiazine, 5,S'-dioxide 7.7.3 

10-Carbethoxyphenothiazine sulfone 7.7.3 

1-Carboethoxymethyl-5-iodo-4-nitroimidazole 2.4.37· 

Carbon dioxide 9.13. 

Carbon dioxide radical anion 9.13., 9.14. 
1-{2-0arboxyethyl)-1' -propyl-4,4'-bipyridinium, methyl 

ester 3.11.2 

Carboxyl radical anion 9.13., 9.14. 

1-(2-Carboxymethyl)-2-nitroimidazole 2.3.20 

5-Car boxymethy lthio-l-methy 1-4-nitroimidazole 2.4.10 

2- (( 4-Carboxyphenoxy )ethyl!thio-l-methyl-5-
nitroimiduole 2.5.13 

Catechin 8.1.7 

Catechol 5.2.1 

Chlorate ion 9.21. 

Chloride ion 9.15., 9.17., 9.18., 9.22., 9.26. 

Chlorine 9.23. 

Chlorine atom 9.15., 9.16. 

Chlorine dioxide 9.19.,9.20.,9.21. 

Chlorite ion 9.19. 

1-(3-Chloro-2-butenyl)-l'-{2-mpthmrypthyl)-4,4'-
bipyridinium 3.11.12 . 

2-Chloro-1 O-dimethy laminopropylphenothiazine 7.5.1 

2-Chloro-N,N-dimethyl-10H-phenothiazine-10-
propanamine 7.5.1 

2-[([(2-Chloroethyl)amino]carbonyIJoxyJmethyl-1,4-
naphthoquinone 1.2.10 

2-Chloro-10-[3-{4-{2-hydroxyethyl)-1-
piperazinyl)propyl]phenothiazine 7.5.10 

1-{3-Chloro-2-hydroxypropyl)-2-nitroimidazole 2.3.26 
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2-Chloro-7-methoxyphenothiazine 7.3.1 

4-Chloro-7 -methoxyphenothiazine 7.3.2 

1-[3- [(1-Chloromethyl-2-isopropoxy )ethoxy]-2-
hydroxypropyIJ-2-nitroimidazole 2.3.44 

a-( Chloromethy 1)-2-methy 1-5-nitroimidazole-l-ethanol 
2.5.16 

6-(Chloromethyl)-1,4-naphthoquinone 1.2.12 

5-Chloro-1-methyl-4-nitroimidazole 2.4.5 

2-Chloro-10-[3-{4-methyl-l-
piperazinyl)propyl}phenothiazine 7.5.7 

l-Chlorophenanthrolino[4,5-a:6,7-c]diazepinediium 
3.6.5 

3-Chlorophenothiazine 7.2.2 

Chlorosyl hydride 9.18. 

Chlorous acid 9.20. 

Chlorpromazine 7.5.1 

6-Chromanol, 2-carboxy-2,5,7,8-tetramethyl- 8.1.6 

(E)-Cinnamic acid, 3,4-dihydroxy- 5.2.7 

Cleland's Reagent, 8.3.4.2 

p-Cresol 5.1.4 

Cyanate radical anion 9.12. 

Cyanide ion 9.1'. 

Cyanide radical 9.1'. 

3-Cyano-6,7-dihydrodipyrido[I,2-a:2',1 '-
c]pyrazinediium 3.3.4 

l-{Cyano(ethoxyearbonyl)methyl]-I' -methyl-4,4'-
bipyridinium 3.10.10 

5-Cyano-l ,1'-ethylene-2,2' -bipyridinium 3.3.4 

4-Cyano-1-ethylpyridiniurn 4.4.5 

1-Cyanornethyl-1'-methyl-4,4'-bipyridinium 3.10.2 

o-Oyano-l-methyl-2-nitroimidazole 2.3.3 

1-(3-Cyano-2-propenyl)-l'-methyl-4,4' -bipyridinium 
3.10.7 

OYZ!ltdn~ 8.3.1.1, 6.3.3.1 

Cystine 4.2.1 

Cytosine 6.3.6 

DL-DOP A 5.2.9 

DTE 8.3.4.4 

Daunomycin 1.5.5 

Daunorubicin 1.5.5 

1,1'-Diallyl-4,4'-bipyridinium 3.8.15 

1,2-Diaminobenzene 6.1.3 

1,4-Diaminobenzene 6.1.4 

3,7 -Diamino-5-phenothiazinium chloride 4.5.1 

4,5-Diazaphenanthrene 3.12.1, 4.4.9 

5H-[1,4]-Diazepino[l,2,a,4-
Imn][1,10]phenanthrolinediium, 6,7-dihydro-
3.6.4 

[1 ~4JDiazepinorl ,2,3,4-1mn] [1 ,10JphenanthrolinedHnm, 
6,7-dihydro-l,11-dimethyl- 3.6.7 

[1,4)Diazepinoll,2,3,4';lmn] [1,10jphenanthrolinediium, 
l-chloro-6,7-dihydro- 3.6.5 

[1,4]Diazepino[1 ,2,3,4-lmn] [l,lO]phenanthrolinediium, 
6,7-dihydro-l-methyl- 3.6.6 

[1,4]Diazepino[1,2,3,4-1m~][1,lOJphenanthrolinediium, 
6,7-dihydro-l-phenyl- 3.6.8 

2 ,5-Diaziridinyl-3 ,8-hls( ~arhf'!t,h mcya.rn ino )-1. ,4-
benzoquinone 1.1.9 

2,5-Diaziridinyl-3,6-bie(2-hydroxyethylamino)-1,4-
benzoquinone 1.1.8 

[1,4]Diazocino[1,2,3,4-lmn] {1,10]phenanthrolinediium, 
5,6,7,8-tetrahydro- 3.6.9 

13H-Dibenzo[a,.11phenothiazine 7.6.3 

7 H-Dibenzo[ c,h]phenothiazine 7.6.4 

1,l'-Dibenzyl-4,4' -bipyridinium 3.8.39 

Dibromine radical ion 9.9., 9.10. 

Dichlorine radical ion 9.22., 9.23. 

2,2' -Dicyano-l,l'-dimethyl-4,4' -bipyridinium 3.9.4 

Dicyanodisulfide radical ion 9.56., 9.57. 

5-(2,2-Dicyanoethenyl}-1-methyl-2-nitroimidazole 
2.3.15 

Diethazine 7.4.10 

lO-[6-(Diethylamino)hexyl]phenothiazine 7.4.16 

1-{3-Diethylamino-2-hydroxypropyl)-2-nitroimidazole 
2.3.65 

9-(Diethylamino-2-hydroxypropyl)amino-2,3-
dimethoxy-6-nitroacridine 2.7.1 

10-[3-(Diethylamino )propylJphenothiazine 7.4.15 

1,1'-Diethyl-4,4'-bipyridinium 3.8.10 

1 ,l'-Diethyl-2-methyl-4,4' -bipyridinium 3.9.2 

5,6-Di{2-furyl)-{1,2,S]thiadiazolo[S,4-b]pyrazine 4.8.3 

1,l'-Diheptyl-4,4'-bipyridinium 3.8.40 
1,1 '-Dihexyl;'4,4'-bipyridinlum 3.8.35 

7 ,8-Dihydro-2,12-dimethyldipyrido[l,2-a:2' ,1'­
c][1,4]diazepinediium. 3.4.4 

7 ,8-Dihydro-3,n-dimeihyldipyrido[1,2-a:2',1'­
cJdiazepinediium 3.4.5 

6,7-Dihydro-l,12-dimethyldipyrido[1,2-a:2' ,I'· 
c]pyrazinediium 3.3.11 

6,7-Dihydro-2,11-dimethyldipyrido[1,2-a:2' ,I'. 
c]pyrazinediium 3.3.12 

6,7-Dihydro-3,10.dimethyldipyrido{1,2-a.:2' ,I'. 
c]pyrazinediium 3.3.13 

6,7-Dihydro-4,9-dimethyldipyridofl,2-a:2' ,1'­
c]pyrazinediium 3.3.14 

6,1-Dihydro-6,6-dlmethyldipyrido[1,2-a:2',I' -
c)pyrazinediium 3.3.15 

3,7 -Dihydro-l ,3-dimethyl-8-nitropurine-2,6-dione 2.8.2 
4,o-Dihydro-4,o-dioxopyrro}o[2,3-JjquinQIine-2, 7 ,9-

tricarboxylic acid 1.S.10 

7 ,8-Dihydrodipyridoll,2-a:2',1' -c][1,4Jdiazepinediium 
3.4.1 

6,7-Dihydrodipyrido{1,2-a:2',1' -c]pyrazinediium 3.3.1 

6,7-Dihydro-6-hydroxydipyrido[1,2-a:2',1' -
c]pyrazinediium 3.3.3 
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7 ,8~l)\hy dH"·{~o mdhnxytHl)yridoll ,2~ a:2' ,1'­
rjdjfj.Jlt>phH'dihun 3.4.3 

6, 7"r)1hydJ'()~ri~Inethoxydipyrido[1,2-a:2' ,1'­
tJpyrazinediium 3.3.7 

7 ,8-Dihydro-4-methyldipyrido(I,2-a:2',I'­
cJdiazepinediium 3.4.2 

6,7-Dihydro-4-methyldipyrido[I,2-a:2',I' -
cJpyrazinediium 3.3.5 

6,7-Dihydro-6-methyldipyrido[l,2-a:2' ,1'­
c)pyrazinediium 3.3.~ 

Dihydronicotinamide adenine dinucleotide 8.2.1 

7,8-Dihydro-6H[1,2,5]oxathiazolo{4{r3,2-
htl [2,1 ,3Jbenzoxathiazole-3-SI 4.7.4 

6,7-Dihydro-6-phenyldipyrido[1,2-a:2',1' -
c]pyrazinediium 3.3.19 

R,7-Dihydro-3-propoxydipyrido[1,2-a:2',1' -
c]pyrazinediium 3;3.16 

3,7-Dihydropurine-2,6-dione 6.4.6 

6,7-Dihydro-2-pyridyldipyrido[1,2-a:2',1' -
c]pyrazinediium 3.3.18 

6,7-Dihydro-2,3,10,11-tetramethyldipyrido[1,2-a:2',1' • 
c]pyrazinediium 3.3.17 

7 ,8-Dihydro-2,3,11,12-tetramethyldipyrido[1,2-a:2',1 '. 
c][I,4]diazepinediium 3.4.6 

2,5-Dihydroxyacetophenone 5.4.5 

1,4-Dihydroxy-9,lO-anthraquinone-2-sulfonate ion 
1.3.2 

1,4-Dihydroxy-9,lO-anthraquinone-6-sulfonate ion 
1.3.3 

1,2-Dihydroxybenzene 5.2.1 

1,3-Dihydroxybenzene 5.3.1 

1,4-Dihydroxybenzene 5.4.1 

1,4-Dihydroxybenzene-2,5-disulfonate ion 5.4.2 

2,3-Dihydroxybenzoic acid 5.2.2 

2,5-Dihydroxybenzoic acid 5.3.2 

3,4-Dihydroxybenzoic acid 5.2.3 

3,5-Dihydroxybenzoic acid 5.3.3 

1,4-Dihydroxy-5,8-bis[(2-
hydroxyethylamino)ethyl]amino-9,10-
anthraquinone 1.3.4 

2,3-Dihydroxy-1,4-butanedithiol (R* ,R*)( ±) 8.3.4.2 

(E)-3,4-Dihydroxycinnamic acid 5.2.7 

1,4-Dihydroxy-2,3-dimethylbenzene 5.4.7 

1,4-Dihydroxy-2,5-dimethylbenzene 5.4.8 

2,3-Dihydroxy-l,4-dithiol (R* ,5'*) 8.3.4.4 

5-(1,2-Dihydroxyethyl)-1-methyl-2-nitroimidazole 
2.3.11 

3,4-Dihydroxy-a-(methylamino )acetophenone 5.2.8 

1,4-Dihydroxy(methyl)benzene 5.4.3 

5-(Dihydroxymethyl)-1-methyl-2-nitroimidazole diace- . 
tate 2.3.16 

1,4-Dihydroxy-2-methylnaphthalene 8.1.3 

2,4-Dihydroxy-5-methylpyrimidine 6.3.3 
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5,8-Dihydroxy-l,4-naphthoquinone 1.2.4 

3,4-Dihydroxyphenethylamine 5.2.5 

2,5-Dihydroxyphenylacetic acid 5.4.6 

3,4-Dihydroxyphenylacetic acid 5.2.4 

3-(3,4-Dihydroxyphenyl)-DL-alanine 5.2.9 

(E)-2-{3,4-Dihydroxyphenyl)-3,4-dihydro-l-benzopyran-
3,5,7-triol 8.1.7 

(Z)-2-(3,4-Dihydroxyphenyl)-3,4-dihydro-l-benzopyran-
3,5,7-triol 8.1.8 

1-(2,a-Dihydroxypropyl)aminocarbonylmethyl-2-
nitroimidazole 2.3.37 

1-(2,3-Dihydroxypropyl)-5-iodo-4-nitroimidazole 2.4.36 

1-(2,3-Dihydroxypropyl)-3-nitro-7-azaindole 2.6.3 

1-{2,3-Dihydroxypropyl)-2-nitroimidazole 2.3.29 

2,(3,4-Dihyroxyphenyl)-3,5,7-trihydroxy-l-benzopyran-
4-one 8.1.9 

Diiodine radical ion 9.29., 9.30. 

erythro-l,4-Dimercapto-2,3-butanediol 8.3.4.4 

threo-l,4-Dimercapto-2,3-butanediol 8.3.4.2 

1,1' -Dimethoxy-4,4' -bipyridinium 3.8.3 

3,7-Dimethoxyphenothiazine 7.3.4 
7 ,8-DiweLhy lalloxazlne 4.6.6 

5-(Dimethylamino )-2,4-dinitrobenzamide 2.1.25 

1-{3-Dimethylamino-2-hydroxypropyl)-2-nitroimidazole 
2.3.64 

5-(Dimethylaminoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.14 

5-[(Dimethylaminomethyl)aminosulfonyl]-1-methyl-4-
nitroimidazole 2.4.13 

3-Dimethylamino-l-(4-nitrophenyl)-1-propanone 2.1.19 

4-(N,N-Dimethylamino )phenol 5.1.8 

9-{3-{N,N-Dimethylamino)propyl]amino-4-chloro-l-
nitroacridine 2.7.3 

9-[3-(N,N-Dimethylamino)propyl)amino~4-
dimethylamino-l-nitroacridine 2.7.8 

9-[3-(N,N-Dimethylamino)propyUamino-[4-[di{2-
acetoxyethy l)amino ]-l-nitroacridine 2.7.9 

9-[3-(N,N-Dimethylamino)propy1lamino-4-fluoro-l­
nitroacridine 2.7.4 

9-[3-(N,N-Dimethylamino)propyIJamino-4-methoxy-l- . 
nitroacridine 2.7.6 

9- r~-( N,N-Dirnethyla.mino )pTopyllamino-4-
methoxycar bony I-l-nitroacridine 2.7.7 

9-[3-(N,N-Dimethylamino)propyllamino-4-methyl-l­
nitro acridine 2.7.5 

10-(3-Dimethylaminopropyl)phenothiazine 7.4.5 

10-{3-Dimethylaminopropyl)-2-. 
triHuoromethylphenothiazine 7.5.2 

2-Dimethylaminosulfonamido-l0-[3-(4-methyl-l­
piperazinyl)propyl]phenothiazine 7.5.9 

5-(Dimethy laminosulfony 1 )-1-methy 1-4-nitroimidazole 
2.4.11 

N,N-Dimethylaniline 6.1.2 
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2,3-Dimethyl-l,4-benzoquinone 1.1.3 
2,5-Dimethyl-l,4-benzoquinone 1.1.4 
2,6-Dimethyl-l,4-benzoquinone 1.1.5 
4,4' -Dimethyl-2,2' -bipyridine, conjugate diacid 3.1.4 
4,4' -Dimethyl-2,2' -bipyridine 4.4.8 
1,1' -Dimethyl-2,2' -bipyridinium 3.1.2 
1,1'-Dimethyl-2,4'-bipyridinium 3.7.1 
1,1' -Dimethy 1-4,4'-bipyridinium 3.8.2 
4,4'-Dimethyl-2,2'-bipyridinium 3.1.4 
1,1' -Dimethyl-2,2' -biquinolinium 3.6.10 

1,1' -Dimethyl-2,2' -bis(4-methylphenyl)-4,4'-
bipyridinium 3.9.9 

4,5-Dimethyl-l,2-dihydro-3-pyrazolone 8.4.3 

1 ,l'-Dimethyl-2,2' -diphenyl-4,4' -bipyridinium 3.9.8 
Dimethyl disulfide 8.3.5.1 

1,1' -(1 ,1-Dimethylethylene )-2,2'-bipyridinium 3.3.15 
4,4'-Dimethyl-1,1 '-ethylene-2,2' -bipyridinium 3.3.12 
5,5' -Dimethyl-1,1' -ethylene-2,2' -bipyridinium 3.3.13 

2,3-Dimethylindole 6.2.7 
1,3-Dimethyllumichrome 4.6.9 
2,3-Dimethyl-1,4-naphthoquinone 1.2.15 
1 ,2-Dimethyl-5-nitroimidazole2.5. 10 
1,10-Dimethyl-l,lO-phenanthrolinium 3.6.2 
1,9-Dimetbyl-l,9-p}u:uaJlthro!illluw 3.12.2 

2,7-Dimethyl-2,7-phenanthrolinium 3.12.4 
2,8-Dimethyl-2,S,:,phenanthrolinium 3.12.3 
N,N-Dimethyl-2,7-phenanthrolinium 3.12.4 

3,7-Dimethyl-3,7-phenanthrolinium 3.12.6 
3,S-Dimethyl-3,S-phenanthrolinium 3.12.5 
4,7-Dimethyl-4,7-phenanthrolinium 3.12.7 
1 ,11-Dimethylphenanthrolino[4, 5-a:6, 7-

c]diazepinediium 3.6.7 
3,7-DimethylphpDothtuine 7.3.3 

N,N-Dimethylphenothiazine-lO-propanamine 7.4.5 
1 ,2-Dimethy 1-3-phenylisoindole-4, 7 -dione 1.4.1 
2,3-Dimethyl-1-phl'myl-3-pYl'~·zoHn-5-om' 8.4.4 

5,6-Dimethyl-3-phenyl-1 ,2-trimethyleneisoindole-4, 7-
dione 1.4.7 

3,4-Dimethyl-2-pyrazolin-5-one 8.4.3 
4,4'-Dimethyl-l,1' -tetramethylene-2,2' -bipyridinium 

3.5.2 

5-(3,a-Dimethyl-1-triazeno)imidazole-4-carboxamide 
4.3.3 

4,4' -Dimethy 1-1,1 ' -trimethylene-2,2' -bipyridinium 
3.4.4 

5,5'-lJimethyl-l,1' -trimethylene-2,2' -bipyridinium 
3.4.5 

1,2-Dinitrobenzene 2.1.1 

1,3-Dinitrobenzene 2.1.2 
1,4-Dinitrobenzene 2.1.3 

m-Dinitrobenzene 2.1.2 
o-Dinitrobenzene 2.1.1 

p-Dinitrobenzene 2.1.3 
2,4-Dinitrobenzoic add 2.1.4 
2,5-Dinitrobenzoic a.dd 2.1.5 
3,4-Dinitrobenzoic acid 2.1.6 
3,5-Dinitrobenzoic acid 2.1.7 
2,4-Dinitroimidazole 2.3.2 
2,4-Dinitrophenol 2.1.8 
1,1' -Dioctadecy 1-4,4' -bipyridinium 3.8.45 
1,1' -Dioctyl-4,4' -bipyridinium 3.8.44 
5H,7 H-2,3-Dioxa-2a,6-dithia(2a-SIV)-1,4-

diazacydopent[c,d -indene 4.7.1 
5H,7 H-2,3-Dioxa-2a,6-dithia(2a-SIV)-1,4-

diazacydopent[c,d -indene 6-oxide 4.7.2 

5H,7 H-2,3-Dioxa-2a,6-dithia(2a-SIV)-1,4-
dia,zaeyelopent[c,d -indene 6,6-dioxide 4.7.3 

Dioxygen anion 9.41., 9.43., 9.44., 9.45., 9.46. 
Diphenoquinone, 3,3' ,5,5'-tetrabromo- 1.5.8 
Diphcnoquinone, 3,3' ,5,5'-tetra~hloro- 1.5.9 

1,1' -Diphenyl-4,4' -bipyridinium 3.8.31 
1,11-Diphenylphenanthrolino{4,5-a:6,7~ 

c]diazepinediium 3.6.8 
1,1' -Dipropyl-4,4' -bipyridinium 3.8.19 
5,6-Di(2-pyridinyl)-[1,2,5]thiadiazolo[3,4-b]pyrazine 

4.8.4 
5,6-Di(2-pyridinyl)-{1,2,5]thia.diazolo[3,4-bJpyrazine N­

oxide 4.8.5 
Dipyrido[1,2-a:2' ,1 /-c] [1,4]diazepinediium, 7,8-dihydro-

2,12-dimethyJ- 3.4.4 

Dipyrido{1,2-a:2' ,l'-cJ(1,41diazepinediium, 7,8-dihydro-
3.4.1 

Dipyrido(1,2-a:2' ,l'-cj[1,4]diazepinediium, 7,8-dihydro-
2,3,1l,12-tetramethyl- 3.4.6 

Dipyrido[I,2-a:2',1' -c]diazepinediium, 7,S-dihydro-4-
methyl- 3.4.? 

Dipyrido[I,2-a:2',1 '-c]diazepinediium, 7,8-dihydro-
3,U-dimethyl- 3.4.5 

Dipyrido[1,2-a:2',I' -c]diazepinediium. 7.8-dihydro-3-
methoxy- 3.4.3 . 

Dipyrido{1,2-a:2' ,I'-cJ[I,4]diazocinediium, 6,7,8,9-
tetrahydro-2,13-dimethyl- 3.5.2 

Dipyrido[I,2-a:2' ,I'-c][1,4Jdiazocinediium, 6,7,8,9-
tetrahydro- 3.5.1 

Dipyrido[1,2-a:2' ,1' -c][1,4]diazocinediium, 6,7,8,9-
tetrahydro-2,8,12,18-tetramethyl- 3.5.3 

Dipyrido{1,2-a:2',1' -c]pyrazinediium, 4-bromo-6,7-
dihydro- 3.3.2 

Dipyrido[1,2-a;2',1 '-c)pyrazinediium, 3-cyanQ-6,7-
dihydro- 3.3.4 

Dipyrido[1,2-a:2',1' -cJ[1,4Jpyrazinediium, 6,7-dihydro-
3.3.1 

Dipyrido[I,2-a:2',1 '-c]pyrazinediium, 6,7-dihydro-l,12-
dimethyl- 3.3.11 

Dipyridorl,2-a:2' ,1'-elpyrazinediium, 6,7-dihydro-2.11-
dimethy 1- 3.3.12 
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Dipyrido[I,2-a:2' ,1' -c]pyrazinediium, 6,7-dihydro-4,9-
dimethyl- 3.3.14 

Dipyrido[1,2-a:2',I' -c]pyrazinediium, 6,7-dihydro-
2,3,10,11-tetramethyl-' 3;3.17 . 

Dipyrido[1,2-a:2',1; -cJpyrazinediium, 6,7-dihydro-6-
hydroxy- 3.3.3 

Dipyrido[I,2-a:2',1 '-c]pyrazinediium, 6,7-dihydro-6-
methyl- 3.3.6 

Dipyrido[1,2-a:2',1 '-cJpyrazinediium, 6,7-dihydro-3,10-
dimethyl- 3.3.13 

Dipyrido[I,2-a:2',I' -c]pyrazinediium, 6,7-dihydro-6,6-
dimethyl- 3.3.15 

Dipyrido[I,2-a:2',1 '-c]pyrazinediium, 6,7-dihydro-3-
propoxy- 3.3.16 

Dipyrido[1,2-a:2',1' -c]pyrazinediium, 6,7-dihydro-2-
pyridyl- 3.3.16 

Dipyrido[1,2-a:2' ,1'-c]pyrazinediium, 6,7-dihydro-6-
phenyl- 3.3.19 

Dipyrido[1,2-a:2',1 '-(!]pyraminediium, 4.-ethoxy-6,7-
dihydro- 3.3.10 

Dipyrido[1,2-a:2',1 '-c]pyrazinediium, 4-ethyl-6,7-
dihydro- 3.3.9 

Dipyrido[1,2-a:2' ,1'-c]pyrazinediium, 3-
methoxycarbonyl-6, 7 -dihydro- 3.3.8 

Dipyrido[l,2~a:2',1' -c]pyrazinediium, 6-methyl- 3.2.2 

Dipyrido{1,2-a:2',1' -c]pyrazinediium, 6-phenyl- 3.2.3 

Dipyrido[1,2-a:2',1 '~c]pyrazinediium 3.2.1 

2,2'-Dipyridyl 4A.7 

4,4'-Dipyridyl 3.8.1 

Diquat 3.3.1 

Di(thiocyanate) radical ion 9.56., 9.57. 
. 2,2' -Dithiodiethanol 4.2.2 

Dithioerythritol 8.3AA 

1,2-Dithiolane-3-pentanamide 4.2.3, 8.3A.3 

1,2-Dithiolane-3-pentanoic acid 8.3.5.2 

Dithiothreitol 8.3A.2 

Dopamine 5.2.5 

Doxorubicin 1.6.4 

Durohydroquinone 5A.l0 

Duroquinone 1.1.7 

Ellagic acid 8.1.1 Q 

l-Epicatechin B.l.B 

Etanidazole 2.3.32 

1,2-Ethanediol, 1-(1-methyl-2-nitroimidazol-5-yl)-
2.3.11 

1,2-Ethanediylbis( l' -methy 1-4,4' -bipyridinium) 3.8AB 

1,2-[Ethanediylsulfonyl]-5-nitroimidazole 2.5.25 

3,4- [Ethanediylsulfonyl]-5-nitroimidazole 2AA3 

1,2-[Ethanediy Ithio]-5-nitroimi dazole 2.5.24 

Ethanone, 1-(3,4-dihydroxyphenyl)-2-(methylamino)-
5.2.8 

5-Ethenyl-l-methyl-2-nitroimidazole 2.3.8 

Ethopropazine 7A.14 
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l-Ethoxycarbonyl-2,5-dimethyl.;3-pheny lisoindole-4, 7-
dione 1.4.10 

l-Ethoxycarbonyl-6-methoxy.;5-methyl-2,3-
trimethyleneisoindole-4, 7 -dione 1 A.l1 

1-(Ethoxycarbony)methyl)-4-iodo-5-nitl'oimid~u~ole 

2.5.17 

l-Ethoxycarbonylmethyl-l'-methyl-4,4' -bipyridinium 
3.10.9 

7 -(Ethoxycarbonylmethyl}-3-nitro-7 -azaindole 2.6.6 

1-Ethoxycar bonyl-5-methy 1-2 ,3-trimethy leneisoin dole-
4,7-dione 1.4.9 

3-Ethoxy-6,7-dihydrodipyrido{I,2-a:2',I' -
c]pyrazinediium 3.3.10 

5-Ethoxy-l,1' -ethylene-2,2' .;bipyridinium 3.3.10 

1-.( 2-Ethoxyethy 1)-2-nitroimidazole 2.3.34 
1-Ethoxyphenothiazine 7.2.9 

3-Ethoxyphenothiazine 7.2.10 

Ethylamine, 3,4-dihydroxyphenyl- 5.2.5 
4-Ethyl-6,7-dihydrodipyridoll,2-a:2' ,1'-

c]pyrazinediium 3.3.9 

1-Ethy 1-2 ,3-dihydro-6-nitroimidazo [1,2-a]pyridinium 
2.8.13 

1,1' -Ethylene-2,2' -bipyridinium 3.3.1 

1,1 '-Ethylene-3,3'-dimethyl-2,2'-bipyridinium 3.3.11 

1,1'-Ethylene-4,4'-dimethyl.;2,2'-bipyridinium 3.3.12 

1,1 '-Ethylene-6,6'-dimethyl-2,2'-bipyridinium 3.3.14 

1,10-Ethylene-1,10-phenanthrolinium 3.6.3 

6-Ethyl-1,l'-ethylen.e-2,2' -bipyridinium 3.3.9 

Ethyl 5-ethyl-2-nitroimidazole-1-acetate 2.3.33 

I-Ethyl-I' -(2-ethylthioethyl)-4,4' -bipyridinium 3.11.1 

Ethyl gallate 5.5.3 

Ethyl 5-iodo-4-nitroimidazole-1-acetate 2.4.37 

1-(2-Ethyl-2-propenyl)-I' -(2-methoxyethyl)-4,4'-
bipyridinium 3.11.11 

1-(2-Ethylsulfonyl)ethyl-2-methyl.;5-nitroimidazole 
2.5.21 

1-{{2-Ethylsulfonyl}ethyl]-2-nitroimidazole 2.3.36 
Flagyl 2.5.15 

Flavine adenine dinucleotide 4.6.3 

Flavine mononucleotide 4.6.2 

Fluoride ion 9.24. 

Fluorine at.om 9.24. 

1-(3-Fluoro-2-hydroxypropyl)-2-nitroimidazole 2.3.27 
3-Fluorophenothiazine 7.2.3 

Formaldehyde 4.1.1, 4.1.2 

Formate ion 9.14. 

Furadantin 2.2.5 

2-Furaldehyde , 5-nitro-, semicarbazone 2.2.4 

2-Furamide, N-butyl-5-nitro- 2.2.11 

Furan, 2-methoxymethyl-5-nitro- 2.2.3 

2-Furanacetamide, a-[(5-nitro-2-furanyl}methyleneJ-
(Z) 2.2.9 
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2-Furanacetamide, a-[(5-nitro-2-furanyl)methyleneJ-
(E) 2.2.10 

Furaspor 2.2.3 

2-Furoic add, 5-nitro- 2.2.1 

(E)-2-{2-Furyl)-3-{5-nitro-2-furyl)acrylamide 2.2.10 

(Z)-2-{2-Furyl)-3-(5-nitro-2-furyl)acrylamide 2.2.9 

cie-2-{2-Furyl)-3-(5-nitro-2-furyl)acrylamide 2.2.9 

trans-2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 2.2.10 

Gentisic acid 5.3.2 

Glutamine, N-{1-[[(carboxymethyl)amino]carbonyIJ-2-
[(1,4-dihydro-2-methyl-l,4-
dioxo-3-naphthyl)thioJethyIJ- 1.2.16 

3-( S-Glutathionyl)-2-methyl-1 ,4-naphthoquinone 1.2.18 

Guanine 8.4.3 

Guanosine 8.4.4 

4,4' ,5,5' ,6,6'-Hexahydroxydiphenic acid, 1,6,1' ,6'-
dilactone 8.1.10 

1,1' ,2,2' ,6,6'-Hexa.methyl-.d.,4' -hipYl'idiniurn :1 g 7 

Homogentisic acid 5.4.8 

Hydrated electron 9.1. 

Hydrazine 9.35. 

Hydrazine radical cation 9.35. 

Hydrodioxy 9.42., 9.47., 9.48. 

Hydrogen 9.1. 

Hydrogen hypoiodite 9.27., 9.28. 

Hydrogen peroxide 9.45., 9.48., 9.47., 9.49. 

Hydrogen peroxomonosulfate ion 9.84. 
Hydrogen selenite{IV) ion 9.67. 

Hydrogen sulfite ion 9.59., 9.81. 

Hydroperoxide ion 9.44., 9.48. 

Hydroperoxyl 9.42., 9.47., 9.48. 

Hydroquinone 5.4.1 

Hydroquinone-2,5-disulfonate ion 5.4.2 
Hydroxide ion 9.39., 9.40. 

p-Hydroxyacetanilide 5.1.7 

4-Hydroxybenzoic acid 5.1.3 

7-Hydroxycoumarin 8.1.2 

2-Hydroxy-10-(3-dimethylaminopropyl)phenothiazine 
7.5.3 

5-Hydroxydopamine 5.5.2 

I-Hydroxyethyl 4.1.4 

1-{2-Hydroxyethyl)aminocarbonylmethyl-2-
nitroimidazole 2.3.32 

1-[(2-Hydroxyethyl)aminocarbonylmethyl]-3-nitro-7-
azaindole 2.6.4 

1-{2-Hydroxyethyl)-2,4-dinitroimidazole 2.3.22 

2-Hydroxyethy 1 disulfide 4.2.2 

1,1' -Hydroxyethylene-2,2' -bipyridinium 3.3.3 

I-Hydroxyethyl(l-) ion 4.1.3 

1-(2-Hydroxyethyl)-1' -methyl-4,4' -bipyridinium 3.10.4 

1-{2-Hydroxyethyl)-2-methyl-5-nitroimidazole 2.5.15 

1-(2-Hydroxyethyl}-5-methyl-2-nitroimidazole 2.3.23 

1-(2-Hydroxyethyl)-2-nitroimidazole 2.3.21 

1-{2-Hydroxyethyl)-2-nitroimidazole acetate 2.3.31 

1-(2-Hydroxyethyl)-1' -pentyl-4,4' -bipyridinium 3.11.3 

10-{3-( 4-( 2-Hydroxyethyl)-1-
piperazinyl)propy l]phenothiazine 7.4.18 

Hydroxyhydroquinone 5.5.4 

7-Hydroxy-2-[2-(2-hydroxyethyl)aminoethyl]-5-{[2-(2-
hydroxyethyl)aminoethyl)aminoJ-anthrall,9-cd]pyrazl 
1.5.11 

5-Hy droxyin dole 6.2.2 

Hydroxyl 9.4., 9.17., 9.28., 9.38., 9.39., 9.49. 

1-(2-Hydroxy-3-methoXYPl'opyl)-5-iodo-4-
nitroimidazole 2.4.38, 2.5.18 

1-{2-Hydroxy-3-methoxypropyl)-2-methyl-4-
nitroimidazole 2.4.39 

1-{2-Hydroxy-3-methoxypropyl)-2-methyl-5-
nitroimidazole 2.5.20 

1-(2-Hydroxy-3-methoxypropyl)-2-nitroimidazole 
2.3.35 

Hydroxymethyl 4.1.2 

Hydroxymethyl, conjugate base 4.1.1 

I-Hydroxy-l-methylethyl, conjugate base 4.1.5 

I-Hydroxy-l-methylethyl 4.1.6 

5-{1-HydroXY-l-methylethyl)-1-methyl-2-
nitroimidazole 2.3.13 

5-Hydroxymethyl-1-methyl-2-nitroimidazole 2.3.7 

2-Hydroxymethyl-l,4-naphthoquinone 1.2.7 

6-Hydroxy-1,4-naphthoquinone 1.2.3 

5-Hydroxy-2-nitrobenzofuran 2.8.7 

7 -Hydroxy-2-nitrobenzofuran 2.8.5 

6-Hydroxy-5-nitrothymine 2.8.12 

1-[3-N-{3-Hydroxypiperidino)-2-hydroxypropyl]-2-
nitroimidazole 2.3.75 

6-Hydroxy-2,5, 7 ,8-tetramethy lchroman-2-carboxYlic 
acid 8.1.6 

5-Hydroxytryptophan 8.2. ~O 

3-Hydroxytyramine 5.2.5 

Hydroxyurea 4.3.1 

Hypobromous acid 9.3., 9.4. 

Hypochlorous acid 9~ 16., 9.17. 

Hypoiodous acid 9.27., 9.28. 

Hypoxant.hine 6.4.5 

Imidazole, 1- [2-{1-aziridinoethyl)amino-2-
hydroxypropyl]-2-nitro- 2.3.63 

Imidazole, 1-[2,2-bis(isopropyl)aminoethyI1-2-nitro-
2.3.62 

Imidazole, 2-bromo-l-methyl-4-nitro- 2.4.32 

Imidazole, 4-bromo-l-methyl-5-nitro- 2.5.1 

Imidazole, 5-bromo-l-methyl-4-nitro- 2.4.4 

Imidazole, 2-[{4-carboxyphenoxy)ethyl]thio-l-methyl-5-
nitro- 2.5.13 

Imidazole, 5-chloro-l-methyl-4-nitro- 2.4.5 
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Imidazole, 5-(1,2-dihydroxyethyl)-1-methyl-2-nitro-
2.3.11 

Imidazole, 5-(dihydroxymethyl)-I-methyl-2-nitro-, 
diacetate 2.3.16 

Imidazole, 1-(2,3-dihydroxypropyl)-2-nitro- 2.3.29 

Imidazole, 1-(2,3-dlhydroxypropyl)-3-iodo-4-nitro-
2.4.36 

Imidazole, 1,2-dimethyl-5-nitro- 2.5.10 

Imidazole, 2,4-dinitro- 2.3.2 

Imidazole, .5-ethenyl-l-methyl-2-nitro- 2.3.8 

Imidazole, 1-{2-ethoxyethyl)-2-nitro- 2.3.34 

Imidazole, 1-{2-ethylsulfonyl)ethyl)-2-methyl-5-nitro-
2.5.21 

Imidazole, 1-[(2-ethylsulronyl)ethyl]-2-nitro., 2.3.36 

ImidAzol~1 1-[3-N-{3-hytlrtwypip,..ritlino}-2-
hydroxypropyl)-2-nitro- 2.3.75 

Imidazole,2-iodo-l-methyl-4-nitro- 2.4.33 

Imidazole, 2-iodo-l-methyl-5-nitro- 2.5.7 
Imidazole, 4-iodo-l-methyl-5-nitro- 2.5.2 

Imidazole, 5-iodo-l-methyl-4-nitro- 2.4.6 

Imidazole, 4-iodo-5-nitro- 2.4.2 
Imidazole, 1-{2-methoxyethyl)-2-nitro- 2.3.28 

Imidazole, 1- [2-( methoxythiocarbonylamino )ethy 1]-2-
methyl-5-nitro- 2.5.19 

Imidazole, I-methyl-2,4-dinitro- 2.4.34 

Imidazole, I-methyl-2,5-dinitro- 2.5.8 

Imidazole, I-methyl-5-(1-methylethyl)-2-nitro- 2.3.12 
Imidazole, I-methyl-5-lmethyl(oxyamino )methyleneJ-2-

nitro- 2.3.10 

Imidazole, I-methyl-2-{methylsulfonyl)-4-
nitroimidazole 2.4.35 

Imidazole, I-methyl-2-{methylsulfonyl)-5-nitro- 2.5.12 

Imidazole, I-methyl-2-(methylsulfonyl)-5-nitro- 2.5.11 
Imidazole, 1 methyl-5-{methyloulfonyl)-4-nitro- 2.4.9 

Imidazole, I-methyl-4-(N-morpholinosulfonyl)-5-nitro-
2.5.3 

Trnitl:uolp, l-rnethyl-n-( N-rn01'phoHnoiminompt.hyl)-?_ 
nitro- 2.3.17 

Imidazole, I-methyl-5-(N-morpholinosulfonyl)-4-nitro-
2.4.14 

Imidazole, 2-methyl-4-nitro- 2.4.3 

Imidazole, I-methyl-4-nitro-5-(p-hydroxyphenoxy)-
2.4.17 

Imidazole, I-methyl-4-nitro-5-(phenylthio)- 2.4.44 

Imidazole, I-methyl-4-nitro-5-phenoxy- 2.4.16 

Imidazole, l-methyl-5-phenylsulfonyl-4-nitro- 2.4.18 

Imidazole, 1-[3-N-(4-methylpiperazino )-2-
hydroxypropyl]-2-nitro- 2.3.77 

Imidazole, 1-[2-(methylsulfonyl)ethyl]-2-nitro- 2.3.30 

Imidazole, 1-(3-N-morphinolopropyl)-2-nitro- 2.3.47 

Imidazole, 1-{4-N-morpholinobutyl)-2-nitro- 2.3.48 

Imidazole, 1-{4-N-morpholinobutyl)-2-nitro-, 
methiodide 2.3.4Y 
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Imidazole, 1-{2-N-morpholinoethyl)-2-nitro;' 2.3.45 

Imidazole, 1-{2-N-morpholinoethyl)-2-nitro-, 
methiodide 2.3.46 

Imidazole, 1-{2-N-morpholinoethyl)-4-nitro- 2.4.40 

Imidazole, 1-(5-N-morpholinohexyl)-2-nitro- 2.3.51 
Imidazole, 1-(~-N-morpholinooctyl)-2-nitro- 2.3.t>2 

Imidazole, 1-(5-N-morpholinopentyl)-2-nitro- 2.3.50 

Imidazole, 1-{11-N-morpholinoundecyl)-2-nitro- 2.3.53 

Imidazole, 2-nitro- 2.3.1 

Imidazole, 4-nitro- 2.4.1 

Imidazole, 2-nitro-l-(2-oxopropyl)- 2.3.24 

Imidazole, 2-nitro-I-(2-phenoxyethyl)- 2.3.40 

Imidazole, 2-nitro-I;.(3-phenoxypropyl)- 2.3.43 

Imidazole, 2-nitro-I-(2-phenylsulfonylethyl)- 2.3.41 

Imidazole, 2-nitro-l- (2- (2-pyridylethyl)]- 2.3.6U 

Imidazole, 2-nitro-l-[2-{ I-pyrrolidinyl)ethyl]- 2.3.54 

Imidazole, 2-nitro-I-{4-(1-pyrrolidinyl)butyl]- 2.3.55 
Imidazole, 5-(N-piperazinoiminomethyl)-1-methyl-2-

nitro- 2.3.18 

Imidazole, 1-(3-N-piperidino-2-hydroxypropyl)-2-nitro-
2.3.74 

Imidazole, 5-(N-piperidinoiminomethy!)-1-methyl-2-
nitro- 2.3.19 

Imidazole, 1-(4-N-piperidinylbutyl)-2-nitro- 2.3.58 

Imidazole, l-(2-piperidinylethyl)-2-nitro- 2.3.56 

Imidazole, 1-(5-N-piperidinylhexyl)-2-nitro- 2.3.59 

Imidazole, 1-(3-N-piperidinylpropyl)-2-nitro- 2.3.57 
Imidazole, 1-[3-[4-{2,2,5,5-tetramethyl-l-

oxypiperidinyl)amino]-2-hydroxypropyl}-2-nitro-
2.3.71 

Imidazole, 1-[3-[4-(2,2,5,5-
tetramethylpiperidinyl)amino]-2-hydroxypropyl]-
2-nitro- 2.3.72 

Imidazole-l-acetamide, N-benzyl-2-nitro- 2.3.-42 

Imidazole-l-acetamide, N,N-bis( 2-hydroxyethy 1)-2-
nitro- 2.3.39 

Jmid:uol~-l-al'pt.:;Imide, N-{2,3-dihydroxypropyl)-2-
nitro- 2.3.37 

Imidazole-I-acetamide, N-(2-hydroxyethyl)-2-nitro-
2.3.32 

Imidazole-l-aceta.mide, 4-iodo-N -{3-pyridylmethyl)-5-
nitro- 2.5.23 

Imidazole-I-acetic acid, 5-ethyl-2-nitro-, ethyl ester 
2 .. 3.33 

Imidazole-I-acetic acid, 4-iodo-5-nitro-, ethyl ester 
2.5.17 

Imidazole-1-acetic acid, o-iodo-4-nitro-, ethyl ester 
2.4.37 

Imidazole-l-acetic acid, 2-nitro- 2.3.20 

Imidazole-I-acetic acid, 2-nitro-, methyl ester 2.3.25 

Imidazole-5-carbonitrile, l-methyl-2-nitro- 2.3.3 

Imidazole-2-carboxaldehyde, I-methyl-5-nitro- 2.5.9 
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Imidazole-5-carboxaldehyde, I-methyl-2-nitro, 
dimethylhydrazone 2.3.14 

Imidazole-5-carboxaldehyde, 1-methyl-2-nitro- 2.3.4 

Imidazole-5-carboxamide, 1-methyl-2-nitro- 2.3.6 

Imidazole-5-carboxylate ion, l-methyl-2-nitro- 2.3.5 

Imidazole-5-carboxylic acid, 1-methyl-2-nitro-, methyl 
ester 2.3.9 

Imidazole-l-ethanamine, N,N-bis(l-methylethyl)-2-
nitro- 2.3.62 

Imidazole-1-ethanamine, 2-nitro-N-phenyl- 2.3.61 

Imidazole-1-ethanol, a- [(benzy lamino )methy 1]-2-nitro-
2.3.68 

Imidazole-I-ethanol, a-[bis(2-
hydroxyethyl)aminomethyl]-2-nitro- 2.3.66 

Imidazole-l-ethanol, a-{chloromethyl)-2-methyl-fi­
nitro- 2.5.1'6 

Imidazole-I-ethanol, a-(chloromethyl)-2-nitro- 2.3.26 

Imidazole-1-ethanol, a-( die thy lamina )methy 1-2-nitro:-
2.3.65 

Imidazole-1-ethanol, a-[(I,l­
dimethylethyl)amino}methyl}:-2-nitro- 2.3.67 

imidazole-I-ethanol, a- [( dimethylamino )methyl]-2-
nitro- 2.3.64 . 

Imidazole-l-ethanol, 2,4-dinitro- 2.3.22 

Imidazole-l-ethanol, a-(fluoromethyl)-2-nitro- 2.3.27 

Imidazole-1-ethanol, 5-iodo-a-(methoxymethyl)-4-
nitro- 2.4.38, 2.5.18 

Imidazole-I-ethanol, a-[(4-
methoxybenzylamino )methyl]-2-nitro- 2.3.70 

Imidazole-1-ethanol, a-{methoxymethyl)-2-methyl-4-
nitro- 2.4.39 

Imidazole-1-ethanol, a-{methoxymethyl)-2-methyl-5-
nitro- 2.5.20 

Imidazole-I-ethanol, a-(methoxymethyl)-2-nitro-
2.3.35 

Imidazole-I-ethanol, a-[(4-
methoxyphenylamino )methyl]-2-nitro- 2.3.69 

Imidazole-l-ethanol, a-[[2-(1-methylethyl)oxy-t­
(chloromethyl)ethoxy )methyl]- 2.3.44 

Imidazole-I-ethanol, 2-methyl-4-nitro-, dihydrogen 
phosphate ester 2.5.14 

Imidazole-I-ethanol, 2-methyl-5-nitro- 2·.5.15 

Imidazole-I-ethanol, 5-methyl-2-nitro- 2.3.23 

Imidazole-I-ethanol, o-(4-morpholinomethyl)-2-nitro-
2.3.76 

Imidazole-I-ethanol, 2-nitro, acetate 2.3.31 

Imi~azole-l-ethanol, 2-nitro- 2.3.21 

Imidazole-I-ethanol,2-nitro-a- [( 3-
propenyloxy )methyl]- 2.3.38 

Imidazole-1-ethanol, 2-nitro-a-{pyrrolidiny lmethy 1)-
2.3.73 

Imidazole-5-methanol, 1-methyl-2-nitro- 2.3.7 

Imidazole-5-methanol, a,a,1-trimethyl-2-nitro- 2.3.13 

Imidazole-5-sulfonamide, N -acety l-I-methy 1-4-nitro-
2.4.12 

Imidazole-5-sulfonamide, N -{2-chlorophenyl)-1-
methyl-4-nitro- 2.4.23 

Imidazole-4-sulfonamide, l-rn~t,hyl-5-nitro- 2.5.4 

Imidazole-5-sulfonamide, 1-methyl-4-nitro 2.4.8 

Imidazole-5-~ulfonamide, 1-methyl-4-nitro-N -phenyl-
2.4.22 

Imidazole-5-sulfonamide, I-methyl-N-(1-naphthyl)-4-
nitro- 2.4.31 

Imidazole-5-sulfonamide, I-methyl-N -(2-
methylphenyl)-4-nitro- 2.4.24 

Imidazole-5-sulfonamide, I-methyl-N­
{dimethylamino)methyl-4-nitro- 2.4.13 

Imidazole-5-sulfonamide, 1-methyl-N-{4-
morpholinomethyl)-4-nitro- 2.4.15 

Imidazole-5-sulfonamide, N' -(2-methoxyphenyl)-1-
methyl-4-nitro- 2.4.27 

Imidazole-5-sulfonamide, N,N ,1-trimethyl-4-nitro-
2.4.11 

Imidazole-4-sulfonic acid, I-methyl-5-nitro-, phenyl 
e15ter 2.5.0 

Imidazole-4-sulfonic acid, 1-methyl-5-nitro-, phenyl 
ester 2.5.5 

Imidazole-5-sulfonic acid, l-methyl-4-nitro-, 1-naphthyl 
ester 2.4.30 

Imidazole-5-sulfonic acid, l-methyl-4-nitro-, 2~ 
methoxyphenyl ester 2.4.25 

Imidazole-5-sulfonic acid, 1-methyl-4-nitro-, 4-
chlorophenyl ester 2.4.20 

Imidazole-5-sulfonic acid, 1-methyl-4-nitro-, 4-
methoxyphenyl ester 2.4.26 

Imidazole-5-sulfonic acid, 1-methyl-4-nitro-, 4-
nitrophenyl ester 2.4 . .21 

Imidazole-5-sulfonic acid, 1-methyl-4-nitro-, phenyl 
ester 2.4.19 

Imidazole-5-thioacetic acid, I-methyl-4-nitro- 2.4.10 

Imidazole-5-thiol, l-methyl-4-tiitro- 2.4.7 

2,4-Imidazolidinedione, 1-[(5-nitro-2-
furanyl)methyleneJamino]- 2.2.5 

Imidazol-5-one. 1-methyl-4-nitro- 2.4.42 

8o.-N-Imidazolylriboflavin 4.6.4 

Imidazo[1,2-a]pyridinillm, l-e1.hyl-2,3-dihydro-6-nitro-
2.8.13 

Imidazo[1,2-aJpyridinium, I-phenyl-2,3-dihydro-6-
nitro- 2.8.14 

Imidazo[2,1-bJthiazole, 2,3-dihydro-5-nitro-, 2.5.24 

Imidazo[2,1-b]thiazole, 2,3-dihydro-5-nitro-, 1,1-
dioxide 2.5.25 

Imidazo{5,1- b]thiazole, 2,3-dihydro-7 -nitro-, 1,1-
dioxide 2.4.43 ' 

Indigodisulfonate ion 1.5.6 

Indole 6.2.1 

Indole, 1-methyl- 6.2.3 
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Indole, 2-methyl- 6.2.4 

Indole, 3-methyl- 6.2.5 

Indole-3-acetic add 6.2.6 

5,6-Indolinedione, 3-hydroxy-1-methyl 1.5.1 

5-Indolol 6.2.2 

Iodate ion 9.32. 

Iodide ion 9.25., 9.28., 9.29. 

Iodine 9.26., 9.30. 

Iodine atom 9.25., 9.27. 

Iodine dichloride dianion 9.26. 

Iodine dioxide 9.31., 9.32. 

2-Iodo-1-methyl-4-nitroimidazole 2.4.33 

2-Iodo-1-methyl-5-nitroimidazole 2.5.7 

4-Iodo-1-methyl-5-nitroimidazole 2.5.2 

5-Iodo-l-methy 1-4-nHroimidazole 2.4.6 

4-Iodo-5-nitroimidazole 2.4.2 

5-Iodo-4-nitroimidazole 2.4.2 

4-Tor1o-5-nitro-1-{3-
pyridylmethy laminocar bony lmethy 1 )imidazole 
2.5.23 

3-Iodophenothiazine 7.2.4 

Iodous acid 9.31. 

Isobarbituric acid 6.3.5 

Isocyanateion 9.12. 

Isoindole-4,7-dione, 1,2-dimethyl-3-phenyl- 1.4.1 

Isoindole-4,7-dione, 5,6-dimethyl-3-phenyl-1,2- . 
trimethylene- 1.4.7 

Isoindole-4, 7 -dione,l-ethoxycar bony 1-2 ,5-dimethy 1-3-
phenyl- 1.4.10 

Isoindole-4,7-dione, 1-ethoxycarbonyl-5-methyl-2,3-
trimethylene- 1.4.9 

Isoindole-4,7-dione, l-ethoxycarbonyl-6-methoxy-5-
methyl-2,3-trimethylene- 1.4.11 

Isoindole-4,7-dione, 2-methyl-3-phenyl- 1.4.5 

Isoindole-4,7-dione, 1-methyl-2,3-trimethylene- 1.4.6 

Isoindole-4,7-dione, 5-methyl-l,2-trimethylene- 1.4.2 

Isoindole-4, 7 -dione, 1-pheny 1-2,3-trimethy lene- 1.4.4 

Isoindole-4, 7 -dione, 1,2,5,6-tetramethyl-3-phenyl- 1.4.8 

Isoindole-4, 7 -dione, 1,2,5-trimethyl-3-phenyl- 1.4.3 

Isopromethazine 7.4.7 

5-Isopropyl-1-methyI-2-nitroimidazole 2.3.12 

Juglone 1.2.3 

L-10333 2.3.9 

L-10522 2.3.18 

L-10926 2.3.16 

L-11174 2.3.19 

L-11175 2.3.17 

L-12134 2.3.13 

L-6347 2.3.12 

L-6678 2.3.23 

L-8580 2.3.8 

L-8711 2.3.4 
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L-8713 2.3.11 

L-8938 2.3.7 

L-8939 2.3.14 

L-9451 2.3.10 

Lipoamide 4.2.3, 8.3.4.3 

Lipoic acid 8.3.5.2 

Lumichrome 4.6.6 

Me 108 2.5.19 

Menadiol 8.1.3 

Menadione 1.2.6 

Menaquinone 1.2~6 

Mepazine 7.4.13 

Mercapto 9.52., 9.53. 

Mercaptoacetic acid 8.3.2.2 

2-Mercaptoetho.nol 8.3.1.2, 8.3.2.1, 8.3.4.1 

J3-Mercaptoethanol (oxidized) 4.2.2 

5-Mercapto-1-methyl-4-nitroimidazole 2.4.7 

3-Mereaptopropionie aeid 9.3.2.4 

Methanamine, N-{{1-methyl-2-nitroimidazol-5-
yl)methylene], N-oxide 2.3.10 

Methanediol, (l-methyl-2-nitroimidazoyl-5-yl)-. diace­
tate 2.3.16 

Methanesulfonamide, N-[4-(9-acridinylamino )-3-
methoxyphenyl]-, conjugate acid 4.8.1 

Methoxatine 1.5.10 

1-[3-{4-Methoxybenzylamino)-2-hydroxypropyIJ-2-
nitroimidazole 2.3.70 

3-Methoxycarbonyl-6,7-dihydrodipyrido[I,2-a:2' ,1'_ 
c]pyrazinediium 3.3.8 

5-Methoxycarbonyl-1,l'-ethylene-2,2'-bipyridinium 
3.3.8 

1-{2-Methoxycarbonylethyl)-l'-propyl-4,4'-
bipyridinium 3.11.2 

1-(Methoxycarbonylmethyl)-2-nitroimidazole 2.3.25 

4-(Methoxycarbonyl)-1-methylpyridinium 4.4.4 

1-[3-(Methoxycarbonyl)-2-propenylJ-1'-methyl-4,4' -
bipyridinium 3.10.11 

2-Methoxy-l0-(3-dim,ethylaminopropyl)phenothiazine 
7.5.4 

1-(2-Methoxyethyl)-2-nitroimidazole 2.3.28 
Methoxyhydroquinone 5.4.4 

a-{Methoxymethyl)-2-methyl-4-nitroimidazole-l-
ethanol 2.4.39 

a-{Methoxymethyl)-2-methyl-5-nitroimidazole-1-
ethanol 2.5.20 

2-(Methoxymethyl)-1,4-naphthoquinone 1.2.8 

2-Methoxymethyl-5-nitrofuran 2.2.3 

9-(2-Methoxy-4-
methylsulfonylaminoanilino )acridinium 4.8.1 

5-Methoxy-2-nitrobenzofuran 2.8.8 

7-Methoxy-2-nitrobenzofuran 2.8.6 

4-Methoxyphenol 5.1.5 

1-Methoxyphenothiazine 7.2.7 
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3-Methoxyphenothiazine 7.2.8 

1-[3-( 4-Methoxyphenylamino )-2-hydroxypropyl]-2-
nitroimidazole 2.3.69 

Methoxypromazine 7.5.4 
1-[2-(Methoxythiocarhonylamino )ethyl]-2-methy 1-5-

nitroimidazole 2.5.19 

1-Methyl-1 '-(acetonyl)-4,4'-bipyridinium 3.10.6 

N-Methyl-4-acetylpyridinium 4.4.3 

I-Methyl-1' -allyl-4,4' -bipyridinium 3.10.5 

6-[[(Methylamino)carbonyl]oxy]methyl-1,4-
naphthoquinone 1.2.14 

4-(Methylamino )phenol 5.1.6 
p-Methylaminophenol 5.1.6 
1-Methyl-1' -[anilino(thiocarbonylmethyl)]-4,4'-

hipyridinium 3_10_14 

Methyl-1,4-benzoquinone 1.1.2 

I-Methyl-I '-benzyl-4,4'-bipyridinium 3.10.13 

l-Mp.thyJ-4A' -hipYl'irlinlum-l '-oyirlp. 310 1 

1-Methyl-I' -[2-bis(methylthio )ethenyl]-4,4'-
bipyridinium 3.10.8 

1-Methyl-1' -carbamylmethyl-4,4' -bipyridinium 3.10.3 
1-(2-Methylcarbonyloxyethyl)-2-nitroimidazole 2.3.31 
1-Methy 1-5-( 4-chlorophenoxy )sulfonyl-4-nitroimidazole 

2.4.20 

1-Methy 1-5-( 2-chloropheny I )aminosulfony 1-4-
nitroimidazole 2.4.23 

1-Methyl-1' -[cyano(ethoxycarbonyl)methyl]-4,4'­
bipyridinium 3.10.10 

1-Methyl-1' -cyanomethyl-4,4' -bipyridinium3.10.2 

I-Methyl-1'-(3-cyano-2-propenyl)-4,4' -bipyridinium 
3.10.7 

1-Methylcytosine 6.3.7 
N1-Methylcytosine 6.3.7 
10-(2-Methyl-2-diethylaminoethyl)phenothiazine 7.4.14 
lO-(1-Methyl-2-dimethylaminoethyl)phenothiazine 

7.4.7 
10-{2-Methyl-2-dimethylaminoethyl)phenothiazine 

7.4.6 

1-Methyl-1' - [2-(3,5-dimethyl-4-morpholinyl)-2-
oxoethyl]-4,4' -bipyridinium 3.10.15 

1-Methyl-2,4-dinitroimidazole 2.4.34 

1-Methyl-2,5-dinitroimidazole 2.5.8 

Methyldioxy 8.5.1 
2-Methy 1-1,1' -dipropy 1-4,4' -bipyridinium 3.9.3 

6-Methyldipyrido[l,2-a:2',1' -c]pyrazinediium 3.2.2 

Methyl disulfide 8.3.5.1 

Methylene Blue 4.5.2 

1-Methyl-1' -ethoxycarbonylmethyl-4,4' -bipyridinium 
3.10.9 

Methylhydroquinone 5.4.3 

1-Methyl-1' -(2-hydroxyethyl)-4,4'-bipyridinium 3.10.4 

8a-( N-Methyl-N-imidazolium )tetra- O-acetylriboftavin 
4.6.5 

1-Methylindole 6.2.3 

2-Methylindole 6.2.4 
3-Methylindole 6.2.5 
1-Methy lisonicotinamide 4.4.2 
I-Methyllumichrome 4.6.7 

3-Methyllumichrom:e 4.6.8 
1-Methyl-1' -{3-(methoxycarbonyl)-2-propenyl]-4,4'­

bipyridinium 3.10.11 

N-Methyl-4-(methoxycarbonyl)pyridinium 4.4.4 

1-Methyl-5-(2-methoxyphenoxy )sulfonyl-4-
nitroimidazole 2.4.25 

1-Methyl-5-( 4-methoxyphenoxy )sulfonyl-4-
nitroimidazole 2.4.26 

1-Methyl-2-methoxyphenylaminosulfonyl-4-
nitroimiduole 2_4_27 

1-Methy 1-5-( 1-me thy Ie thy 1)-2-nitroimidazole 2.3.12 

Methyl I-methyl-2-nitroimidazole-5-carboxylate 2.3.9 
l-Methyl-5-[methyJ(oyYA.mino)methyJp.np.]-2-

nitroimidazole 2.3.10 

1-Methyl-5-(2-methylphenyl)aminosulfonyl-4-
nitroimidazole 2.4.24 

1-Methyl-2-(methylsulfinyl)-5-nitroimidazole 2.5.11 
I-Methyl-2-(methylsulfonyl)-4-nitroimidazole 2.4.35 
1-Methyl-2-(methylsulfonyl)-5-nitroimidazole 2.5.12 
I-Methyl-5-(methylsulfonyl)-4-nitroimidazole 2.4.9 
1-Methyl-5-(N-morpholinoiminomethyl)-2-

nitroimidazole 2.3.17 

1-Methyl-5-{(N-morpholinomethylamino)sulfonyl]-4-
nitroimidazole 2.4.15 ' 

1-Methyl-4-(N-morpholinosulfonyl)-5-nitroimidazole 
2.5.3 

I-Methyl-5-(N-morpholinosulfonyl)-4-nitroimidazole 
2.4.14 

2-Methyl-1,4-naphthoquinol 8.1.3 
2-Methyl-1,4-naphthoquinone 1.2.6 
I-Methyl-5-(1-naphthylamin~)sulfonyl-4-nitroimidazole 

2.4.31 
1-Methyl-5-{1-naphthyloxy)sulfonyl-4-nitroimidazole 

2.4.30 

I-Methylnicotinamide 4.4.1 
1-Methyl-3-nitro-7-azaindole 2.6.1 
l-Methyl-4-nitro-5-(p-hydroxyphElnoxy)i.miduo)e 

2.4.17 
2-Methyl-4-nitroimidazole 2.4.3 

2-Methyl-5-nitroimidazole 2.4.3 

Methyl 2-nitroimidazole-I-acetate 2.3.25 

1-Methyl-2-nitroimidazole-5-carboxaldehyde 2.3.4 

1-Methyl-2-nitroimidazole-5-carboxamide 2.3.6 

1-Methy 1-2-ni troimidazole-5-car boxy late ion 2.3.5 

I-Methyl-5-nitroimidazole-2-carboxaldehyde 2.5.9 
1-Methyl-4-nitroimidazole-5-sulfonamide 2.4.8 
1-Methyl-4-nitroimidazol-5-one 2.4.42 
1-{1-l\.lethyl-2-nitroimidazol-5-yl)-1,2-ethanediol 2.3.11 
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[(1-Methyl-2-nitroimidazol-5-
yl)methyleneJpropanedinitriIe 2.3.15 

(1 .. Methyl-4-nitroimidazol-5-yl)thioacetic acid 2.4.10 

I-Methyl-4-nitro-5-phenoxyimidazole 2.4.16 

I-Methyl-5-(4-nitrophenoxy)sulfonyl-4-nitroimidazole 
2.4.21 

I-Methyl-5-nitro-4-phenylsulfonylimidazole 2.5.5 

I-Methyl-5-nitro-4-phenylsulfonyloxyimidazole 2.5.6 

1-Methyl-4-nitro-5-(phenylthio )imidazole 2.4.44 

I-Methyl-2-nitro-5-vinylimidazole 2.3.8 

1-Methyl-5-oxo-4-nitroimidazole 2.4.42 

I-Methyl-l'-(2-oxopropyl)-4,4'-bipyridinium 3.10.6 

Methylperoxyl 8.5.1 

I-Methylphenanthrolino[4,5-a:6,7-c]diazepinediium 
3.6.6 

4-Methylphenol 5.1.4 

10-Methylphenothiazine 7.4.2 
3-Methylphenothiazine 7.2.6 

N-Methylphenothiazine 7.4.2 

1-Methyl .. 5-phenoxysulfonyl-4-nitroimidazole 2.4.19 

I-Methyl-5-phenylaminosulfonyl-4-nitroimidazole 
2.4.22 

2-Methyl-3-phenylisoindole-4, 7 -dione 1.4.5 
l-Mp.t,hyl-n-php.nyl!:m]fonyl-4-nitl'oimiduole 2.4.18 

2-Methyl-1-{2-phosphatoethyl)-4-nitroimidazole 2.5.14 

2-Methyl-3-phytyl-1,4-naphthoquinone 1.2.17, B.I.4 

1-[3-N-(4-Methylpiperazino)-2-hydroxypropyl]-2-
nitroimidazole 2.3.77 

10-[3-(4-Methyl-1-piperazinyl)propyl}phenothiazine 
7.4.17 

10-[3-( 4-Methy 1-1-piperazinyl)propyl]-2-
trifiuoromethylphenothiazine 7.5.8 

10-( N-Methyl-3-piperidinyl)methy Iphenothiazine 7.4.13 

3-Methyl-2-pyrazolin-5-one 8.4.1 

4-Methyl-2-pyrazolin-5-one 8.4.2 

1-Methyl-l'-[(1-pyrazo}yl)thiocarbonylmethyl]-4,4'-
bipyridinlum 3.10.12 

1- [2- (Methy lsulfony 1 )ethy 1]-2-nitroimidazole 2.3.30 

2-Methylthio-10-[2-(N-methyl-2-
piperidinyl)ethyl]phenothiazine 7.5.6 

10-(2-Methyl-2-trimethylammonioethyl)phenothiazine 
7.4.11 

R-Mpthyl-1,1' -t,r;methylpne.2,2'.bipyr;rlininm 34_? 

I-Methyl-2,3-trimethyleneisoindole-4, 7 -dione 1.4.6 

5-Methyl-l ,2-trimethyleneisoindole-4, 7 -dione 1.4.2 
l-Methyluradl 6.3.2 

5-Methyluracil 6.3.3 

NrMethyluracil 6.3.2 

Methyl viologen 3.8.2 

Metronidazole 2.5.15 

Misonidazole 2.3.35 

Mitomycin 0 1.6.7 
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Mitozantrone 1.3.4 

Morfamquat 3.8.43 

1-{3-N-Morphinolopropyl)-2-nitroimidazole 2.3.47 

4-Morpholinamine, N-[(1-methyl-2-nitroimidalol-5-
yl)methyleneJ- 2.3.17 

Morpholine, 4- (l-methy 1-4-nitroimidazol-5-yIJsulfonyl-
2.4.14 

Morpholine, 4-[1-methyl-4-nitroimidazol-5-
yl]sulfonamidomethyl- 2.4.15 

Morpholine, N- [1-methyl-o-nitroimidaJJol-4-yl}sulfonyl-
2.5.3 

Morpholine, 4-[11-(2-nitroimidazol-l-yl)undecyl]-
2.3.53 

Morpholine, 4-[2-(2-nitroimidazol-t-yl)ethyl., 
methiodide 2.3.46 

Morpholine, 4-[2-{2-nitroimidazol-l-yl)ethyl]- 2.3.45 

Morpholine, 4-[2-(4-nitroimidazol-l-yl)ethyl]- 2.4.40 

Morpholine, 4-{2-{5-nitroimidazol-l-yl}ethyll- 2.5.22 
Morpholine, 4-{3-(2-nitroimidazol-l-yl)propyl]- 2.3.47 

Morpholine, 4-[4-(2-nitroimidazol-l-yl)butyl]- 2.3.48 

Morpholine, 4-[4-(2-nitroimidazol-1-yl)hutylj-, . 
methiodide 2.3.49 

Morpholine, 4-[5-(2-nitroimidazol-1-yl)pentyl]- 2.3.50 

Morpholine, 4-[6-{2-nitroimidazol-l-yl)hexylJ- 2.3.51 
Morpholine, 4-[8-{2-nitroimidazol-1-yl)octyl]- 2.3.52 

4-Morpholineethanol, a-[(2-nitroimidazol-l-yl)methyIJ-
2.3.76 

1-(4-N-Morpholinobutyl)-2-nitroimidazole 2.3.48 

1-( 4-N-Morpholinobuty 1)-2-nitroimidazole methiodide 
2.3.49 

1-(2-N-Morpholinoethyl)-2-nitroimidazole 2.3.45 

1-{2-N-Morpholinoethyl)-2-nitroimidazole methiodide 
2.3.46 

1-(2-N-Morpholinoethy 1 )-4-nitroimid 8.~ole ~ _4.40 

1-(2-N-MorpholinoethyI)-5-nitroimidallole 2.5.22 

1- (5-N:..Morpholinohexy 1)-2-nitroi~idazole 2.3.51 

1- [3-(4-Morpholino )-2-hydroxypropy 1]-2-nitroimid 8.1101(' 

2.3.76 

1-(8-N-Morpholinooctyl)-2-nitroimidazole 2.3.52 

1-{5-N-Morpholinopentyl)-2-nitroimidazole 2.3.50 

1-(11-N-Morpholinoundecyl)-2-nitroimidazole 2.3.53 

1-[3-(4-MorphoJinyl)propylaminocarhonylmethyJ]-3-
nitro-7-azaindole 2.6.5 . 

1-[3-{4-Morpholinyl)propylaminocarbonylmethyl]-3-
nitro-7-azaindole, protonated 2.6.8 

7 -[3-( 4-Morpholiny 1)propylaminocarbonylmethyl]-3-
nitro-7 -azaindole 2.6.7 

Multergan 7.4.11 

NSC 302653 2.3.49 

NSC 309929 2.3.51 

NSC 313391 2.3.48 

NSC 313392 2.3.58 

NSC 313393 2.3.53 
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NSC 313394 2.3;52 

NSC 313395 2.3.59 

NSC 313396 2.3.50 

NSC 313407 2.5.2 

NSC 314919 2.3.55 

NSC 321271 2.4.18 

NSC 326151 2.4.14 

NSC 328153 2.5.5 

NSC 326154 2.4.26 

NSC 326155 2.4.25 

NSC 326156 2.4.21 

NSC 326157 2.4.9 

NSC 329113 2.4.6 

NSC 329114 2.5.6 

NSC 329115 2.5.3 

NSC 329116 2.4.4 

NSC 329117 2.5.1 

NSC 38075 2.4.8 

NSC 38083 2.4.11 

NSC 38086 2.4.20 

NSC 38087 2.4.19 

NSC 38088 2.4.22 

NSC 38090 2.4.30 

NSC 46506 2.4.15 

NSC 46509 2.4.12 

NSC 46510 2.4.13 
NSC 46511 2.4.24 

NSC 46512 2.4.27 

NSC 46513 2.4.23 

NSC 46514 2.4.31 

5,12-Naphthacenedione, 8-acetyl-10[{3-amino-2,3,6-
trideoxy-hexopyranosyloxy)-tetrahydro-6,8,11-
trihydroxy-l-methuxy- 1.5.5 

5,12-Naphthacenedione, 10-[(3-amino-2,3,6-trideoxy-a­
L-lyzo-hexopyranosyl)oxyJ-
7,8,9,10-tetrahydro-6,8,11-trihydroxy-8- 1.5.4 

Naphthalene, 1,4-dihydroxy-2-methyl- 8.1.3 

Naphthazarin 1.2.4 

1,4-Naphthoquinone, 2-[{acetyloxy )methyIJ- 1.2.9 

1,4-Naphthoquinone, 6-[(acetyloxy)methyl]- 1.2.13 

1,4-Naphthoquinone, 6-(bromomethyl)- 1.2.11 

l.4-NaphthoQuinone. 1-[[[(1-
chloroethyl)aminoJcarbonyIJoxy]methyl- 1.2.10 

1,4-Naphthoquinone, 6-(chloromethyl)- 1.2.12 

1,4-Naphthoquinone, 5,8-dihydroxy- 1.2.4 

1,4-Naphthoquinone, 2,3-dimethyl- 1.2.15 

1,4-Naphthoquinone, 1-{S-glutathionyl)-2-methyl-
1.2.16 

1,4-Naphthoquinone,2-hydroxymethyl- 1.2.7 

t,4-Naphthoquinone,2-(methoxymethyl)- 1.2.8 

1,4-Naphthoquinone, 2-methyl- 1.2.6 

1,4-Naphthoquinone, 6-
[[(methylamino )carbonyIJoxyJmethyl- 1.2.14 

1,4-Naphthoquinone, 2-methyl-3-{3,7,11,15-
tetramethy 1-2-hexadeceny 1)- 1.2.17, 8.1.4 

1,2-Naphthoquinone 1.2.1 

1,4-N aph tho quinone 1.2.2 

1,4-Naphthoquinone-2-sulfonate ion 1.2.5 

Nicotinamide adenine dinucleotide 4.4.6 

Nicotinamide adenine dinucleotide, reduced 8.2.1 

Nifuroxime 2.2.2 

Nifurpipone 2.2.6 

Nimorazole 2.4.40 

Nitracrine 2.7.2 

Nitrate ion 9.37. 

Nitrite ion 9.36. 

3-Nitroacetophenone 2.1.9 

4-Nitroacetophenone 2.1.10 

m-Nitroacetophenone 2.1.9 

Nitroakridin 3582 2.7.1 

2-Nitrobenzaldehyde 2.1.12 

4-Nitrobenzaldehyde 2.1.13 

o-Nitrobenzaldehyde 2.1.12 

p-Nitrobenzaldehyde 2.1.13 

Nitrobenzene 2.1.11 

2-Nitrobenzimidazole 2.8.1 

2-Nitrobenzofuran 2.8.4 
2-Nitrobenzoic acid 2.1.14 

3-Nitrobenzoic acid 2.1.15 

4-Nitrobenzoic acid 2.1.16 

m-Nitrobenzoic acid 2.1.15 

o-Nitrobenzoic acid 2.1.14 

2-Nitrobenzonitrile 2.1.17 

o-Nitrobenzonitrile 2.1.17 

4-Nitrobenzyl alcohol 2.1.18 

p-Nitrobenzyl alcohol 2.1.18 

8~NitrocatIeine 2.8.3 

4-Nitro-{3'.dimethylamino)propiophenone 2.1.19 

5-Nitro-2-furaldehyde semicarbazone 2.2.4 

anti-5-Nitro-2-furaldoxime 2.2.2 

Nitrofurantoin 2.2.5 

2-[2-(5-Nitro-2-furanyl)Jethenylquinoline 2.2.7 

1-[(5-Nitro-2-furo.nyl)mdhylcncJo.minoJ-2,4-
imidazolidinedione 2.2.5 

Nitrofurazone 2.2.4 

N-{5-Nitro-2-furfurylidene }-l-aminohydantoin 2.2.5 

5-Nitro-2-furoic acid 2.2.1 

Nitrogen dioxide 9.36. 

Nitrogen trioxide 9_37 

2-Nitroimidazole 2.3.1 

4-Nitroimidazole 2.4.1 

2-Nitroimidazole-l-acetic acid 2.3.20 
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3-{ 2-Nitroimidazol-l-yl)-1 ,2-propanediol 2.3.29 
1-{2-NitroimidazoI-l-yI)-2-propanone 2.3.24 
2-Nitro-l-{2-oxopropyl)imidazole 2.3.24 
3-Nitrophenothiazine 7.2.5 
2-Nitro-1-{2-phenoxyethyl)imidazole 2.3.40 
2-Nitro-l-( 3-phenoxypropy I )imidazole 2.3.43 
2-Nitro-1-(2-phenylsulfonylethyl)imidazole 2.3.41 
4-Nitropyridine 2.8.9 
2-Nitro-l-[2-{2-pyridylethyl)]imidazole 2.3.60 

5-Nitro-2,4-pyrimidinedione 2.8.11 
5-Nitro-2-(2-quinolylbutadienyl)furan 2.2.8 
5-Nitro-2-(2-quinolylethenyl)furan 2.2.7 

8-Nitrotheophylline2.8.2 
2-Nitrothiophene2.8.10 
5-Nitrouracil 2.8.11 
Norepinephrine 5.2.6 
Octadeeyl viologen 3.8.45 
Ornidazole 2.5.16 
Oxide radical ion 9.40. 

Oxygen 9.41., 9.42. 
Oxygen, lowest excited singlet state 9.43. 
1- [3- (1-0xypyridy lmethy lamino lear bony lmethy 1]-4-

nitroimidazole 2.4.41 
Ozone 9.50.; 9.51. 

Ozonide ion 9.50. 

Ozonide radical, protonated 9.51. 
Paraquat 3.8.2 

Penicillamine 8.3.2.3 
Perazine 7.4.17 
Perhydroxyl 9.42., 9.47., 9.48. 
Peroxomonosulfate radical ion 9.64. 
9,10-Phenanthrenequinone 1.5.3 
1,10-Phena.nthroline, eonjugate cliadd 3.6.1 

o-Phenanthroline, conjugate diacid 3.6.1 
1,10-Phenanthroline 3.12.1, 4.4.9 
o-Phenanthroline 3.12.1, "A.P 

1,lO-Phenanthrolinium, 1,10-dimethyl- 3.6.2 
1,9-Phenanthrolinium, 1,9-dimethyl- 3.12.2 
2,7-Phenanthrolinium, 2,7-dimethyl- 3.12.4 
2,8-Phenanthrolinium, 2,8-dimethyl- 3.12.3 
3,7-Phenanthrolinium, 3,7-dimethyl- 3.12.6 
3,8-Phenanthrolinium, 3,8-dimethyl- 3.12.5 
4,7-Phenanthrolinium,4,7-dimethyl- 3.12.7 

1,lO-Phenanthrolinium, l,lO-ethylene- 3.6.3 
1,10-Phena.nthrolinium, 1,10-propylene- 3.6.'1 

1,lO-Phenanthrolinium, 1,10-tetramethylene- 3.6.9 
1,10-Phenanthrolinium 3.6.1 

Phenanthrolino[4,5-a:6,7-c)diazepinediium 3.6.4 
Phenanthrolino[4,5-a:6,7-c]diazepinediium, 1,11-

dimethyl- 3.6.7 
Phenanthrolino[4,5-a!6,7-cJdiazocinediium 3.6.9 
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Phenanthrolino[4,5-a:6,7-c]pyrazinediium 3.6.3 
Phenazone 8.4.4 
Phenethylamine, 3,4,5-trihydroxy- 5.5.2 
Phenol 5.1.1 
Phenol, 4-amino- 5.1.2 
Phenol, 4-( dimethylamino)- 5.1.8 
Phenol, 2,4-dinitro- 2.1.8 
Phenol, 4-methoxy- 5.1.5 
Phenol, 4-methyl- 5.1.4 
Phenol, 4- (methy lamino )- 5.1.6 
Phenothiazine 7.1.1 
Phenothiazine, 10-acetyl- 7.4.3 

Phenothiazine, 2-acety 1-10-{3-dimethylaminopropy 1)-
7.5~5 

Phenothiazine, lO-benzoyl- 7.4.12 

Phenothiazine, 3-bromo- 7.2.1 
Phenothiazine, 3-chioro- 7.2.2 
Phenothiazine, 2-chloro-lO-dimethylaminopropyI-

7.5.1 

Phenothiazine, 2-chloro-10-{3-{4-(2-hydroxyethyl)-1-
piperazinyl)propyIJ- 7.5.10 

Phenothiazine, 2-chloro-7-methoxy- 7.3.1 
Phenothiazine, 4-chloro-7 -methoxy- 7.3.2 
Php.nnthhu:inf>., 2-r.hlnl'n-l0-t3-(4-mf't.hyl-l-

piperaziny 1 )propy 1]- 7.5.7 
Phenothiazine, 3,7-dimethoxy- 7.3.4 

Phenothiazine, 3,7-dimethyl- 7.3.3 
Phenothiazine, 10-( 3-dimethylaminopropy 1)-2-

trifluoromethyl- 7.5.2 

Phenothiazine, 2-dimethy lamino5ulfonamido-l 0-{3-( 4-
methyl-l-piperazinyl)propyl]- 7.5.9 

Phenothiazine, 5,5' -dioxide, 10-carbethoxy- 7.7.3 
10H-Phenothiazine, 5,5/-dioxide 7.7.2 
Phenothiazine, l-ethoxy- 7.2.9 
Phenothiazine, 3-ethoxy- 7.2.10 

Phenothiazine, 3-fluoro- 7.2.3 . 
Phenothiazine, 2-hydroxy-lO-(3-dimethylaminopropyl)-

7.5.3 

Phenothiazine, 10-[3-(4-(2-hydroxyethyI)-1-
pjperazinyl)propyl)- 7.4.18 

Phenothiazine, 3-iodo- 7.2.4 
Phenothiazine, I-methoxy- 7.2.7 
Phenothiazine, 3-mcthoxy- 7.2.8 

Phenothiazine, 2-methoxy-l0-(3-dimethylaminopropyl)-
7.5.4 

Phenothiuine, 10-methyl- 7.4.2 

Phenothiazine, 3-methyl- 7.2.6 

Phenothiazine, 10-{2-methyl-2-diethylaminoethyl)-
7.4.14 

Phenothiazine, 10-(N-methyl-3-piperidinyl)methyl-
7.4.13 

Phenothiazine, 10- f3{ 4-methyl-l-piperazinyI)propy 11-
7.4.17 
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Phenothiazine, 10-[3-(4-methyl-1-piperazinyl)propyl]-2-
trifluoromethyl- 7.5.8 

Phenothiazine, 10-(2-methyl-2-
trimethylammonioethyl)- 7.4.11 

Phenot,hia,~ine, 3-nitro- 7.2.5 

Phenothiazine, 3-phenyl- 7.2.11 

Phenothiazine, 10-(2-pyrrolidinylethyl)- 7.4.8 

Phenothiazine, 10-(6-sulfonatohexyl)- 7.4.9 

10-Phenothiazinecarboxaldehyde 7.4.1 

Phenothiazine-l0-ethanamine, N,N-diethyl- 7.4.10 

Phenothiazine-lO-ethaneamine, N,N,a-trimethyl- 7.4.6 

Phenothiazine-10-ethaneamine, N,N,J3-trimethyl- 7.4.7 

Phenothiazine-l0-hexanamine, N,N-diethyl- 7.4.16 

10H-Phenothiazine 5-oxide 7.7.1 
1 OH-Phenothiazine-l O-propanaminc, 2-chloro-N,N 

dimethyl- 7.5.1 

Phenothiazine-lO-propanamine, 2-methoxy-N,N-
dimethyl- 7.5.4 

Phenothiazine-lO-propanamine, N,N-diethyl- 7.4.15 

Phenothiazine-10-propanamine, N,N-dimethyl- . 7.4.5 

10H-Phenothiazine sulfone 7.7.2 
10H-Phenothiazine sulfoxide 7.7.1 

5-Phenothiazinium, 3,7-bis{ dimethy lamino )- 4.5.2 

I-Phenyl-2,3-dihydro-6-nitroimidazo[1,2-a]pyridinium 
2.8.14 

6-Phenyldipyrido[1,2-a:2',1' -c]pyrazinediium 3.2.3 

p-Phenylenediamine, N,N,N,N -tetramethyl- 6.1.5 

o-Phenylenediamine 6.1.3 

p-Phenylenediamine 6.1.4 

1,l'-{1-Phenylethylene)-2,2'-bipyridinium 3.3.19 

3-Phenylphenothiazine 7.2.11 

Phenyl sulfone, (1-methyl-4-nitroimidazol-5-yl)- 2.4.18 

I-Phenyl-2,3-trimethyleneisoindole-4,7-dione 1.4.4 

Phthalazine-l,4-dione, 5-amino- 1.5.2 

Pimonidazole 2.3.74 

I-Piperazinamine, N-[(1-methyl-2-nitroimidazol-5-
yl)methylene]- 2.3.18 

Piperazine, 1-[3-(2-chloro-l0-phenothiazinyl)propyl]-4-
(2-hydroxyethyl)- 7.5.10 

l-Piperazineacetic add, 4-methyl-, [(6~nitro-2-
furanyl}methylene]hydrazide 2.2.6 

I-Piperazineethanol, 4-methy I-a- [2-nitroimidazol-l­
yl)methyl]- 2.3.77 

5-(N-Piperazinoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.18 

I-Piperidinamine, N-[{1-methyl-2-nitroimidazol-5-
yl)methylene]- 2.3.19 

Piperidine, 4-[2-hydroxy-3-{2-nitroimidazol-1-
yl)propylamino]-2,2,6,6-tetramethyl- 2.3.72 

Piperidine, 1-[2-(2-nitroimidazol-1-y I }ethyl]- 2.3.56 

Piperidine, 1-[3-{2-nitroimidazol-1-yl)propyl]- 2.3.57 

Piperidine, 1-[4-{2-nitroimidazol-1-yl)butyl]- 2.3.58 

Piperidine, 1-[6- (2-nitroimidazol-1-yl )hexy 1]-2.3.59 

I-Piperidineethanol, 3-hydroxy-a- [2-nitroimidazol-1-
yl)methyl]- 2.3.75 

1-Piperidineethanol, a- [( 2-nitroimidazol-I-y I )methy 1]-
2.3.74 

Piperidine-1-oxy, 4-[2-hydroxy-3-(2-nitroimifl~"ol-1-
yl)propylamino]-2,2,6,6~tetramethyl- 2.3.71 

1-(3-N-Piperidino-2-hydroxypropyl)-2-nitroimidazole 
2.3.74 

5-(N-Piperidinoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.19 

1-{4-N-Piperidinylbutyl)-2-nitroimidazole 2.3.58 

1-(2-Piperidiny lethy 1)-2-nitroimidazole 2.3.56 

1-(5-N-Piperidinylhexyl)-2-nitroimidazole 2.3.59 

1-{3-N-Piperidinylpropyl)-2-nitroimidazole 2.3.57 

Prochlorperazine 7.5.7 

Promazine 7.4.5 

Promethazine 7.4.6 

1,3-Propanediamine, N,N-dimethyl-N -(4-chloro-l­
nitro-9-acridinyl)- 2.7.3 

1,3-Propanediamine, N,N-dimethyl-N -(4-
dimethylamino-I-nitro-9-acridinyl)- 2.7.8 

1,3-Propanediamine, N,N-dimethyl-N-[4-[di(2-
acetoxyethyl)amino]-1-nitro-9-acridinyl]- 2.7.9 

1,3-Propanediamine, N,N-dimethyl-N-{4-fiuoro-l­
nitro-9-acridinyl)- 2.7.4 

1,3-Propanediamine, N,N-dimethyl-N -(4-methoxy-l­
nitro-9-acridinyl)- 2.7.6 

1,3-Propanediamine, N,N-dimethyl-N -( 4~ 
methoxycarbonyl-l-nitro-9-acridinyl)- 2.7.7 

1,3-Propanediamine, N,N-dimethyl-N-(4-methyl-l­
nitro-9-acridinyl)- 2.7.5 

1,3-Propanediamine, N,N-dimethyl-N -(I-nitro-9-
acridinyl)- 2.7.2 

Propanedinitrile, [(1-methyl-2-nitroimidazol-5-
yl)methyleneJ- 2.3.15 

1,3-Propanediol, 3~(5-iodo-3-nitroimidazol-I-yl)- 2.4.36 

1,2-Propanediol, 3-( 2-nitroimidazol-l-y 1)- 2.3.29 

1,3-Propanediylbis(1'-methyl-4,4'-bipyridinium) 3.8.49 

2-Propanol, 1-( diethylamino }-3- [(2,3-dimethoxy-6-
nitro-9-acridinyl)amino]- 2.7.1 

2-Propanol r~dical 4.1.6 

I-Propanone, 3-dimethylamino-l-{4-nitrophenyl)-
2.1.19 

2-Propanone, 1-{2-nitroimidazol-1-yl)- 2.3.24 

5-Propoxy-1,1' -ethylene-2,2' -bipyridinium 3.3.16 

1,1' -{1,2-Propylene )-2,2' -bipyridinium 3.3.6 

1,1' -Propylene-2,2' -bipyridinium 3.4.1 

1,10-Propy lene-l, 1 O-phenan throlinium 3.6.4 

Protocatechuic acid 5.2.3 

Purine, {(3-amino-6-(2-methylpropyl)]-I-(4-nitro-5-
imidazolyl)- 2.4.29 

Purine, 3-amino-l-(4-nitro-5-imidazolyl)]- 2.4.28 

Purine, 2,6,8-trihydroxy- 6.4.7 

J. Phys. Chem. Ref. Data, Vol. 18, No.4, 1989 



PETER WARDMAN 

Purine-2,6-dione, 3,7-dihydro- 6.4.6 

Purine-2,6-dione, 3,7-dihydro-l,3-dimethyl-8-nitro-
2.8.2 

Purine-2,6-dione, 3,7~dihydro-l,3,7-trimethyl-8-nitro-
2.8.3 

Purin-6-one, 2-amino-l, 7 -dihydro- 6.4.3 

Purin-B{1B)-one 6.4.5 

2-Pyrazolin-5-one, 3,4-dimethyl- 8.4.3 

3-Pyrazolin-5-one, 2,3-dimethyl-l-phenyl- 8.4A 

2-Pyrazolin-5-one, 3-methyl- 8.4.1 

2-Pyrazolin-5-one, 4-methyl- 8.4.2 

1-[(1-PyrazolyI)thiocarbonylmethyIJ-l' -methyl-4,4'-
bipyridinium 3.10.12 

Pyridine, 4-nitro- 2.8.9 

Pyridine-1-oxide, 3- [( methy lear bamy I )methy 1-4-
nitroimidazol-l-ylJ- 2.4.41 

Pyridinium,4-aminoearbonyl-l-methyl- 4.4.2 

Pyridinium, 4-cyano-l-ethyl- 4.4.5 

Pyridinium, l-ethy 1-2,3-dihydro-6-nitroimidazo [1,2- aJ-
2.8.13 

Pyridinium, 1-phenyl-2,3-dihydro-6-nitroimidazo [1 ,2-
aJ- 2.8.14 

Pyridinium ion, 3-aminocarbonyl-1-methyl- 4.4.1 

4-Pyridyl-1,1' -ethylene-2,2'-bipyridinium 3.3.18 

Pyrimidine, 5 ,B-dihydro-2,4,6-trihydroxy-5-methy 1-5-
nitro- 2.8.12 

Pyrimidine, 2,4-dihydroxy-5-methyl- 6.3.3 

Pyrimidine, 2,4,5-trihydroxy- 6.3.5 

2,4-Pyrimidinedione, 5-nitro- 2.8.11 

2,4{lH,3H)-Pyrimidinedione 6.3.1 

2-Pyrimidinone, 4-amino- 6.3.6 

2-Pyrimidinone, 4-amino-I-methyl- 6.3.7 

Pyrocatechol 5.2.1 

Pyrogallic acid 5.5.1 

Pyrogallol 6.6.1 

Pyrrolidine, 1-[2-(2-nitroimidazol-l-yl)ethyl]- 2.3.54 

Pyrrolidine, 1-[4-{2-nitroimidazol-l-yl)butyIJ- 2.3.55 
1-(4-N.PyrroIidinylbutyl)-2-nitroimidazo!e 2.3.55 

1-[2-(N-Pyrrolidinyl)ethyl]-2-nitroimidazole 2.3.54 

lO-(2-Pyrrolidinylethyl)phenothiazine 7.4.8 

1-{3-N-PyrroHdinyl-2-hydroxypropyJ)-2-nitroimidazole 
2.3.73 

1H-Pyrrolo[2,1,a]isoindole-6,9-dione, 2,3-dihydro-5-
ethoxycarbonyl-7-methyl- 1.4.9 

lH-Pyrrolo[2,l,aJisoindole-6,9-dione, 2,3-dihydro-5-
ethoxycarbonyl-7-methyl-8-methoxy- 1.4.11 

pyrrolo[2,3-b]pyridine, 1-{2-hromop.t,hyl)-3-nit.ro- 2.6.2 

Pyrrolo[2,3-bJpyridine, 1-(2,3-dihydroxypropyl)-3-
nitroO 2.6.3 

pyrrolo[2,3-bJpyridine, 1-(ethoxycarbonylmethyl)-3-
nitro- 2.6.6 
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Pyrrolo[2,3-bJpyridine, 1-[(2-
hydroxyethyl)aminocarbonylmethyl}-3-nitro-
2.6.4 

Pyrrolo[2,3-bJpyridine, I-methyl-3-nitro- 2.6.1 

Pyrrolo{2,3-b]pyridine, 1-[3-(4-
morpholiny 1 )propy laminocar bony ImethylJ-3-
nitro- 2.6.5 

Pyrrolo[2,3-b1pyridine, 7-{3-(4-
morpholinyl)propylaminocarbonylmethyIJ-3-
nitro- 2.0.7 

Pyrrolo{2,3-bJpyridine, 7-[3-(4-
morpholinyl)propylaminocarbonylmethyll-3-nitro-, 
protonated 2.6.8 

Pyrrolo[2,3-Aquinoline-2,7,9-tricarboxylic acid, 4,5-
dihydro-4,5-dioxo- 1.5.10 

Quercetin 8.1.9 

Quinalizarin 8.1.5 

Quinizarin-2-sulfonate ion 1.3.2 

Quinizarin-6-sulfonate ion 1.3.3 

Quinoline, 2- (2-(5-nitro-2-furanyl)]butadienyl- 2.2.8 

Quinoline, 2- [2-(5-nitro-2-furanyl)1ethenyl- 2.2.7 

Quinone 1.1.1 

RGW -601 2.3.45 

RGW-602 2.3.24 

RGW-BOa 2.3.56 
RGWp604 2.3.56 

RGW-605 2.3.62 

RGW-BOB 2.3.62 

RGW-B07 2.3.28 

ROW-60S 2.3.34 

RGW-609 2.3.40 

RGW-BIO 2.3.43 

RGW-611 2.4.40 

RGW-BI2 2.3.64 

RGW-613 2.3.20 

ROW-B1B 2.3.20 

RGW-6I7 2.3.46 
RGW-702 2.8.2 

RGW-703 2.3.47 

RGW-704 2.3.57 

ROW-705 2.8.3 

RGW-706 2.8.1 

RGW-SOI 2.3.3 

RGW-806 2.3.6 

RGW-BIO 2.3.60 

RGW-812 2.3.61 

RSU 1005 2..3.48 

RSU 1006 2.3.58 

RSU 1007 2.3.49 

RSU 1010 2.:).55 

RSU 1017 2.3.51 

RSU 1021 2.3.53 
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RSU 1022 2.3.52 

RSU 1031 2.3.59 

RSU 1032 2.3.50 

RSU 1069 2.3.63 

RSU 2096 2.4.34 

RSU 2097 2.5.8 

RSU 3021 2.5.2 

RSU 3025 2.4.8 
RSU 3045 2.4.44 

RSU 3046 2.4.18 

RSU 3047 2.5.12 
RSU 3050 2.4.14 

RSU 3052 2.4.35 

RSU 3053 2.5.5 

RSU 3054 2.4.26 

RSU 3056 2.4.25 

RSU 3057 2.4.21 

RSU 3059 2.4.9 

RSU 3061 2.5.11 

RSU 3062 2.5.6 
RSU 3066 2.5.3 

RSU 3067 2.5.7 

RSU 3068 2.4.33 
RSU 3069 2.4.4 

RSU 3071 2.5.1 

RSU 3084 2.4.32 

RSU 3100 2.4.16 

RSU 3113 2.5.25 

RSU 3121 2.4.43 

RSU 3151 2.4.17 

RSU 3162 2.4.36 

Resorcinol 5.3.1 

a-Resorcylic acid ~.3.3 

Riboflavin, 8a-N-imidazoyl- 4.6.4 

Riboflavin, 8a-tetra-O-acetyl-(N-methyl-N-imidazolio)-
4.6.5 

Riboflavin 5'-(dihydrogen phosphate) 4.6.2 

Riboflavine 4.6.1 

Ro 03-0350 2.3.69 

Ro 03-5580 2.8.14 

Ro 03-5637 2.8.13 

Ro 03-8799 2.3.74 

Ro 03-8800 2.3.76 

Ro 03-9041 2.3.44 

Ro 03-9309 2.3.68 

Ro 03-9310 2.3.73 

Ro 03-9311 2.3.65 

Ro 03-9339 2.3.77 

Ro 03-9340 2.3.67 

. Ro 03-9349 2.3.66 

Ro 03-9454 2.3.71 

Ro 03-9482 2.3.64 

Ro 03-9846 2.3.72 

Ro 03-9993 2.3.63 

Ro 05-9129 2.3.1 

Ro 05-9963 2.3.29 

Ro 07-0269 2.3.26 

Ro 07-0582 2.3.35 

Ro 07-0741 2.3.27 

Ro 07-1902 2.3.38 

Ro 11-3696 2.5.20 

Ro 12-5272 2.3.30 

Ro 12-5273 2.3.36 

Ro 12-5275 2.3.41 

Ro 31-0052 2.3.75 

Ro 31-0054 2.3.70 

Rubidomycin 1.5.5 

SK 21981 2.5.4 

SR-2508 2.3.32 

SR-2514 2.3.45 

SR-2530 2.3.37 
SR-2555 2.3.39 

Selenite(IV) ion 9.66. 

Selenite(V) ion 9.66., 9.67. 
Selenite radical ion 9.66., 9.67. 

Selenocyanate 9.68. 

Selenocyanide dimer, radical anion 9.68. 

Singlet oxygen 9.43. 

Skatole 6.2.5 

Sulfate(1-), dioxo- 9.58., 9.59. 

Sulfate{l-), pentaoxo- 9.64. 

Sulfate(1-), tetraoxo- 9.63. 

Sulfate(1-), trioxo- 9.60., 9.61., 9.62. 

Sulfate ion 9.62., 9.63. 

Sulfate radical ion 9.63. 

Sulfhydryl dimer radical 9.54. 
Sulfite ion 9.60. 

Sulfite radical ion 9.60., 9.61., 9.62. 

1 O-{6-Sulfonatohexy I )phenothiazine 7.4.9 

10-(3-Sulfonatopropyl}phenothiazine 7.4.4 

SulfllT 9.52. 

Sulfur dioxide 9.58. 

Sulfur dioxide radical anion 9.58., 9.59. 

Superoxide radical anion 9.41., 9.43., 9.44., 9.45., 9.46. 

3,3' ,5,5' -Tetrabromodiphenoquinone 1.5.8 

a ,3' ,5,0' -Tetrachlorodiph~noquiJ1uJ1e 1.5.9 

6,7,8,9-Tetrahydro-2,13-dimethyldipyrido[1,2.a:2',1'­
c}(1,4]diazodnediium 3.5.2 

6,7,8,9-Tetrahydrodipyrido[ 1,2-0,:2' ,1 '­
c][1,4]diazocinediium 3.5.1 

6,7,8,9· Tetrahydro-2,3,12,13-tetramethyldipyrido{1,2-
a:2',1 '-c][1,41diazocinediium 3.5.3 
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J. '.1'~,jr I'dl)' dr-vx)' P lh(:J,J;opy rano l5,4,3-
cdcJP jbenzopyran-5,7-dione 8.1.10 

1,3,7,8-Tetramethylbenzo[gJpteridine-2,4-dione 4.6.9 

Tetramethyl-l,4-benzoquinone 1.1.7 

2,3,5,6-Tetramethylbenzoquinone 1.1.7 

1,1' ,2,2'-Tetramethyl-4,4'-bipyridinium 3.9.5 

1,1' ,3,3'-Tetramethyl-4,4' -bipyridinium 3.9.6 

1,1' -Tetramethylene-2,2' -bipyridinium 3.5.1 

1,10-Tetramethylene-1 ,10-phenanthrolinium 3.6.9 

4,5,4' ,5'-Tetramethyl-l,l'-ethylene-2,2' -bipyridinium 
3.3.17 

Tetramethylhydroquinone 5.4.10 

1-[3-[4-(2,2,5,5-Tetramethyl-l-oxypiperidinyl)amino]-2-
hydroxypropyl]-2-nitroimidazole 2.3.71 

N,N,N ,N-Tetramethyl-p-phenylenediamine 6.1.5 

1,2,5,6-Tetramethyl-3-phenylisoindole-4,7-dione 1.4.8 

1-[3 .. {4-(2,2,5,5-Tetramethylpiperidinyl)amino}-2-
hydroxypropyIJ-2-nitroimidazole 2.3.72 

4,5,4 r ,5' .. Tetramethyl-l,l' -tetramethylene-2,2'­
bipyridinium 3.5.3 

4,5,4' ,5'-'l'etrametbyl-1,1' -trimethylene.2,2'-
bipyridinium 3.4.6 

2,3,11,12-Tetramethyltriquat 3.4.6 
Tet.ra-quat. 0.S.1 

[1 ,2,5]Thiadiazolo[3,4- b]pyrazine, 5,6-di(2-furyl)- 4.8.3 

(l,2,S]Thiadiazolo{3,4-b]pyrazine, 5,6-di-2-pyridinyl-
4.8.4 

{1,2,5JThiadiazolo[3,4-bJpyrazine, 5,6-di-2-pyridinyl-, 
N-oxide 4.8.5 

Thiocyanate ion 9.55., 9.56. 

Thiocyanogen 9.55. 

Thiocyanogen 9.57. 

Thioglycolic acid 8.3.2.2 

Thionine 4.5.1 

Thiophene, 2-nitro- 2.8.10 

Thioproperazine 7.5.9 

Thioridazine 7.5.6 

Thiosulfate ion 9.65. 

Thiosulfate radical ion 9.65. 

Thymine 6.3.3 

Tinidazole 2.5.21 

1>-Toluquinone 1.1.2 
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Trichloromethyldioxy 8.5.2 

Trichloromethylperoxyl 8.5.2 

Trifluoperazine 7.5.8 

TriHupromazine 7.5.2 

1,2,3-Trihydroxybenzene 5.5.1 

1,2,4-Trihydroxybenzene 5.5.4 

3,4,5-Trihydroxyphenethylamine 5.5.2 

2,6,8-Trihydroxypurine 6.4.7 

2,4,5- Trihydroxypyrimidine 6.3.5 

1,7,8-Trimethylbenzo[g)pteridine-2,4-dione 4.6.7 

3,7,8-Trimethylbenzo[g)pteridine-2,4-dione 4.6.8 

2,3,5-Trimethyl-l,4-benzoquinone 1.1.6 

1,1' ,2-Trimethyl-4,4'-bipyridinium 3.9.1 
1,1 '-Trimethylene-2,2'-bipyridinium 3.4.1 

1,1'. Trimethylene-4, 7 -dimethyl-l ,10-phenanthrolinium 
3.6.7 

1,1'-Trimethylene-5-methoxy-2,2'-bipyridinium 3.4.3 

Trimethylhydroquinone f5A.9 

1,2,5-Trimethyl-3-phenylisoindole-4,7-dione 1.4.3 

Triquat 3.4.1 
Tro}Qx a 8. t.e 
Tryptamine 6.2.8 

Tryptophan 6.2.9 

L-Tryptopha.n, N-a.ectyl- 6.2.12 

Tryptophan, 5-hydroxy- 6.2.10 

DL-Tryptophanamide 6.2.11 

L-Tryptophyl-L-a..lanin~ 6 . .2.13 

L-Tyrosinamide, N-acetyl- 5.1.11 

Tyrosine 5.1.9 

DL-Tyrosine, methyl ester 5.1.10 

Umbelliferone 8.1.2 

Uracil 6.3.1 

Uracil, Nt-methyl- 6.3.2 

Uric acid 6.4.7 

Vitamin B2 4.6.1 

Vitamin C 8.1.1 

Vitamin K t 1.2.17, 8.1.4 

Water 9.38. 

Xanthine 6.4.6 

1,l'-o-Xylylenebis-4,4' -bipyridinium 3.8.47 

ZK-28943 2.5.9 
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15. Molecular Formula Index 

Br 
Br-

BrHO 

BrH02 

Br02 
Br02-
BrOa-

Br2 
Br2-

CCI30 2 
CH02-

CH20 
CH20-

CHaO 
CHa0 2 

CH4N 20 2 

eN 
CN-

CNO-

CNS 
CNS­

CNSe-

CO2 
CO2-

C2HN20 3
2-

C 2H2S2 

C2H40 
C2H40-

C2H40 2S 
02H 50 

C2H60S 

C 2H 6S2 

C2N2S2 -

C2N2Se2 -

C3H2INa0 2 

C3H2N40 4 

CaH3Na0 2 

CaH60 
CaH60-

CaH60 2S 
CaH7N02S 

C3H70 
C 4H3NOzS 

C,tHaNa0 4 

Bromine atom 9.2., 9.3. 

Bromide ion 9.2., 9.4., 9.5., 9.9. 

Bromosyl hydride 9.5. 
Hypobromous acid 9.3., 9.4. 

Bromous acid 9.7. 

Bromine dioxide 9.6 .. 9.7 .. 9.8. 

Bromite ion 9.6. 

Bromate ion 9.8. 

Bromine 9.10. 

Dibromine radical ion 9.9., 9.10. 

Trichloromethy Iperoxy I 8.5.2 

Formate ion 9.14. 

Formaldehyde 4.1.1, 4.1.2 

Hydroxymethyl, conjugate base 4.1.1 

Hydroxymethy I 4.1.2 

Methylperoxyl 8.5.1 

Hydroxyurea 4.3.1 

Cyanide radical 9.11. 

Cyanide ion 9.11. 

Isocyanate ion 9.12. 

Thiocyanogen 9.55. 

Thiocyanat.e ion 9.55., 9.56. 

Selenocyanate 9.68. 

Carbon dioxide 9.13. 

Carbon dioxide radical anion 9.13., 9.14. 

Cyanate radical anion 9.12. 

Thiocyanogen 9.57. 

Acetaldehyde 4.1.3, 4.1.4 

I-Hydroxyethyl(1-) ion 4.1.3 

Mercaptoacetic acid 8.3.2.2 

I-Hydroxyethyl 4.1.4 

2-Mercaptoethanol 8.3.1.2, 8.3.2.1, 
8.3.4.1 

Dimethyl disulfide. 8.3.5.1 

Di(thiocyanate) radical ion 9.56., 9.57. 

Selenocyanide dimer, radical anion 9.68. 

4-Iodo-5-nitroimidazole 2.4.2 

2,4-Dinitroimidazole 2.3.2 

2-Nitroimidazole 2.3.1 
4-NitroiInidazolc 2.4.1 

Acetone 4.1.5, 4.1.6 

Acetone ketyl radical 4.1.5 

3-Mercaptopropionic acid 8.3.2.4 

Cysteine 8.3.1.1, 8.3.3.1 

1-Hydroxy-l-methylethyl 4.1.6 

2-Nitrothiophene 2.8.10 

5-Nitrouraci1 2.8.11 

C 4H4Br N 302 2-Bromo-l-methy 1-4-nitroimidazole 
2.4.32 

4-Bromo-l-methyl-5-nitroimidazole 2.5.1 
5-Bromo-l-methy 1-4-nitroimidazole 2.4.4 

C4H4CINa0 2 5-Chloro-l-methyl-4-nitroimidazole 2.4.5 

C4H4INg02 2-Iodo-l-methyl,..4-nitroimidazole 2.4.33 
2-Iodo-l-methy 1-5-nitroimidazole 2.5.7 

C4H4N20 2 

C4H4N20 3 

C4H5NaO 
C4H5Ng02 

4-Iodo-l-methyl-5-nitroimidazole 2.5.2 
5-lodo-l-Inethyl-4-nitroiInidazole 2.4.6 

Uracil 6.3.1 

2,4,5-Trihydroxypyrimidine 6.3.5 
Barbituric acid 6.3.4 

1-Methy 1-2 ,4-dinitroimidazole 2.4.34 

I-Methyl-2,5-dinitroimidazole 2.5.8 

Cytosine 6.3.6 

2-Methyl-4-nitroimidazole 2.4.3 

C 4H5Ng02S 5-Mercapto-l-methyl-4-nitroimidazole 
2.4.7 

C4H5N30 a 
C4H6N20 

l-Met.hyl-4-nitroimidazol-5-one 2.4.42 

3-Methyl-2-pyrazolin-5-one 8.4.1 
4-Methyl-2-pyrazolin-5-one 8.4.2 

4(5 )-Aminoimidazole-5{ 4 )-carboxamide 
4.3.2 

C4H6N40 4S l-Methyl-4-nitroimidazole-5-sulfonamide 
2.4.8 

4-Aminosulfo~yl-1-met.hyl-5-

nitroimidazole 2.5.4 

C4HlO0 2S2 2-Hydroxyethyl disulfide 4.2.2 
Dithioerythritol 8.3.4.4 
Dithiothreitol 8.3.4.2 

C5HaN05 5-Nit.ro-2-furoic add 2.2.1 

C5H4N20 2 4-Nitropyridine 2.R9 

C5H4 N 202S2 5H, 7 H-2,3-Dioxa-2a,6-dithia( 2a_SIV )-1,4-
diazacyclopent[c,a-indene 4.7.1 

C5H4N 2°382 5H,7 II-2,3-Dioxa-2u,(}-dithia( 2a_SIV )-1.4-
diazacyclopent[c.,d.indene 6-oxide 
4.7.2 

C5H4N20 4 Nifllroxime 2.2.2 

C5H4N204S2 5H,7 H-2,3-Dioxa-2a,6-dithia.(2a.-SIV)-1 ,4-
diazacyclopent(c,d-indene 6,6-dioxide 
4.7.3 

C5JI4N30 4 - I-Methyl-2-nitroimidc.zole-5-carboxylat.e 
ion 2.3.5 

C5H4N 40 Hypoxanthine 6.4.5 

C5H4N402 5-Cyano-l-methyl-2-nitroimidazoJe 2.3.3 
Xanthine 6.4.6 

C5H4N 40 3 Uric acid 6.4.7 

C5H5Na02S t,2-{EthanediylthioJ-5-nitroimida.zole 
2.5.24 

C5H5N303 I-Methyl-2-nitroimidazole-5-
<".al"hmc:\.\rlphydE> 234 

I-Methyl-5-nitroimidazole-2-
carboxaldehyde 2.5.9 

C5H5N304 1-(2-Carboxymethyl)-2-nitroimidazole 
2.3.20 
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C5Hf)NS 

CsHsNsO 

CSH6N202 

C5H7NaO 
CSH7Na0 2 

C5H7NaOa 

1 i~~'W:thuJH~djy hmlfony 1}-5-nitroimidazole 
2.6.25 

3,4-IEthanediylsulfonyl]-5-nitroimidazole 
2.4.43 

Adenine 6.4.1 

Guanine 6.4.3 

l-Methyluracil 6.3.2 
Thymine 6.3.3 

l-Methyl-2-nitroimidazole-5-carboxamide 
2.3.6 

1-(2-Hy droxyethy 1)-2,4-dini troimi dazole 
2.3.22 

I-Methylcytosine 6.3.7 

l,2-Dimethyl-5-nitroimidazole 2.5.10 

l-{2-Hydroxyethyl)-2-nitroimidazole 
2.3.21 

5-Hydroxymethyl-l-methyl-2-
nitroimidazole 2.3.7 

OljH'TNSOSS l-Methyl-2-{methylsuI6nyl)-5-
nitroimidazole 2.5.11 

CSB7Ng04S l-Methyl-2-{methylsulfonyl)-4-
nitroimidazole 2.4.35 

1-Methyl-2-(methylsulfonyl)-5-
nitroimidazole 2.5.12 

l-Methyl-5-{methylsulfonyl)-4-
nitroimidazole 2.4.9 

C5H7N30 5 6-Hydroxy-5-nitrothymine 2.8.12 

C5HgN20 3,4-Dimethyl-2-pyrazolin-5-one 8.4.3 

CsHl1 N028 Penicillamine 8.3.2.3 

C6H 4N20 4 m-Dinitrobenzene 2.1.2 
o-Dinitrobenzene 2.1.1 
p-Dinitrobenzene 2.1.3 

C6H4N20 5 2,4~DinitrQphenol 2.1.8 

C61-140 2 1,4-Benzoquinone 1.1.1 

C6H4()8S22- 1,4-Dihydroxybenzene-2,5-disulfonate ion 
5.4.2 

C6HSN02 
C6H6N20 28 

06H60 

C6H60 2 

C6H7N 
C6H7NO 

C6H7N04 

C6H7N30 2 

Nitrobenzene 2.1.11 

7 ,S-Dihydro-6H{1 ,2,5]oxathiazolo[4,3,2-
h't1 [2,1 ,3]benzoxathiazole-3-SIV 4~ 7.4 

5-Nitro-2-furaldehyde semicarbazone 
2.2.4 

f'henvl 5.1.1 

Catechol 5.2.1 
Hydroquinone 5.4.1 
Resorcinol 5_3_ 1 

1,2,4-Benzenetriol 5.5.4 
Pyrogallol 5.5.1 

Aniline 6.1.1 

4-Aminophenol 5.1.2 

2-Methoxymethyl-5-nitrofuran 2.2.3 

5-Ethenyl-l-methyl-2-nitroimidazole 
2.3.8 

C6H7N30 3 2-Nitro-1-{2-oxopropyl)imidazole 2.3.24 
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C6H7N30 4 1-(MethoxycarbonyJmethyl)-2-
nitroimidazole' 2.3.25 

Methyl I-methyl-2-nitroimidazole-5-
carboxylate 2.3.9 

C6H7NaO 48 5-Carboxymethylthio-l-methyl-4-
nitroimidazole 2.4.10 

C6HsCINaOg 1-{3-Chloro-2-hydroxypropyl)-2-
nitroimidazole 2.3.26 

C6HSFNgOg l-{3-Fluoro-2-hydroxypropyl)-2-
nitroimidazole 2.3.27 

C6HsIN304 l-{2,3-Dihydroxypropyl)-5-iodo-4-
,nitroimidazole 2.4.36 

C6HSN2 o-Phenylenediamine 6.1.3 
p-Phenylenediamine 6.1.4 

C6HgNa06P2-2-Methyl-l-(2;.phosphatoethyl)-4-
nitroimidazole 2.5.1-4 

l-Methyl-5-
[methyl(oxyamino)methylene]-2-
nitroimidazole 2.3.10 

Ascorbic acid 8.1.1 

1-(2-Hydroxyethyl)-2-methyl-5-
nitroimidazole 2.5.15 

1-(2-Hydroxyethyl)-5-rnethyl-2-
nitroimidazole 2.3.23 

1-{2-Methoxyethyl)-2-nitroimidazole 
2.3.28 

C6H9Ng04 1-{2,3-Dihydroxypropyl)-2-nitroimidazole 
2.3.29 

5-{1,2-Dihydroxyethyl)-1-methyl-2-
nitroimidazole 2.3.11 

C6H9N30 4S 1-[2-(Methylsulfonyl)ethyl]-2-
nitroimidazole 2.3.30 

C6H9N40 5S 5-Acetylaminosulfonyl-l-methyl-4-
nitroimidazole 2.4.12 

C6HION40 485-{Dimethylaminosulfonyl)-1-methyl-4-
nitroimidazole 2.4.11 

C6H ION 60 5-{ 3 ,3-Dimethy 1-1-triazeno )imidazole-4-
earboxamide 4.3.3 

C6H12N204S20yst.ine 4.2_1 

C7H4N20 2 2-Nitrobenzonitrile 2.1.17 

C7H4N20 6 2,4-Dinitrobenzoic acid 2.1.4 
2,5-Dinitrobenzoic acid 2.1.5 
3,4-Dinitrobenzoic acid 2.1.6 
3,5-Dinitrobenzoic acid 2.1.7 

C7H5N03 o-Nitrobenzaldehyde 2.1.12 
p-Nitrobenzaldehyde 2.1.13 

C7H5N04 4-Nitrobenzoic acid 2.1.16 
m-Nitrobenzoic acid 2.1.15 

C7H5N30 2 

C7H60 2 

C7H60 a 

0-Nitrobenzoic acid 2.1.14 

2-Nitrobenzimidazole 2.8.1 

Methyl-l,4-benzoquinone 1.1.2 

4-Hydroxybenzoic acid 5.1.3 

• 
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C7H7N03 

C7H7N 50 4 

C7HsIN30 4 

C7HsN40 5 
C7HsO 
C7Hs02 

C7HS03 
CrHgNO 
C7HgN20+ 

2,3-Dihydroxybenzoic acid 5.2.2 
2,5-Dihydroxybenzoic acid 5.3.2 
3,4-Dihydroxybenzoic acid 5.2.3 
3,5-Dihydroxybenzoic acid 5.3.3 

p-Nitrobenzyl alcohol 2.1.18 

8-Nitrotheophylline 2.8.2 

l-(Ethoxycarbonylmethy 1)-4-iodo-5-
nitroimidazole 2.5.17 

Ethy 1 5-iodo-4-nitroimidazole-l-acetate 
2.4.37 

5-Amino-2,4-dinitrobenzamide 2.1.24 

4-Methylphenol 5.1.4 

4-Met.hoxyphenol 5.1.5 
Methylhydroquinone 5.4.3 

Methoxyhydroquinone 5.4.4 

4-(Methylamino )phenol 5.1.6 

I-Methylisonicotinamide 4.4.2 
1':' Metliy Inicotinamide 4.4.1 

C7HgN305 1-(2-Methylcarbonyloxyethyl)-2-
nitroirnidazole 2.3.31 

C7H lOCIN30 acx-(Chlorornethyl)-2-rnethyl-5-
nitroimidazole-l-ethanol 2.5.16 

C7HIOTN304 1-(2-Hydroxy-3-methoxypropyJ)-5-iodo-4-
nitroirnidazole 2.4.38, 2.5.18 

C71I10N404 1-(2-Hydroxyethyl)aminocarbonylmethyl-
2-nitroimidazole 2.3.32 

C7HIINa02 I-Met.hyl-5-(1-methylethyl)-2-
nitroimidazole 2.3.12 

C7HU N30 3 1-(2-Ethoxyethyl)-2-nitroimidazole 2.3.34 
5-(1-Hydroxy-l-methylethyl)-1-methyl-2-

nitroimidazole 2.3.13 

C7HU N30 4 1-{2-Hydroxy-3-methoxypropyl)-2-
nitroimidazole 2.3.35 

CrB IlN30 4S 1-[(2-EthylsnIfony])ethyl]-2-
nitroimidazole 2.3.36 

C7HIIN502 5-{DimethyJaminoiminomethyl)-1-methyl-
2-nitroimidazole 2.3.14 

C7Bl~Nb04S 5-

CRH5N03 

CgHSN04 

CgH5N302 

CgH5N50 2 

CSH6N40s 
CgH7N 
CsB7NO 

CSH7N03 

[(Dimethylaminomethyl)aminosulfonyl]-
1-methyl-4-nitroimidazole 2.4.13 

2,1,3-Benzothiadiazole-4,7-dicarbonitrile 
4.8.2 

2-Nitrobenzof~1fan 2.8.4 

5-Hydroxy-2-nitrobenzof'lfan 2.8.7 
7-Hydroxy-2-nitrobenzofuran 2.8.5 

5-Aminoph thalazine-l ,4.dione 1.5.2 

5-(2,2-Dicyanoethenyl)-1-methyl-2-
nitroimidazole 2.3.15 

Furadantin 2.2.5 

Indole 6.2.1 

5-Hydroxyindole 6.2.2 

4-Nitroacetophenone 2.1.10 
m-Nitroacetophenone 2.1.9 

CSli7N302 l-M~Lhy 1-3-nitro-7-aliaindole 2.6.1 

CsHgN02 

CsHgN2+ 
CsHgN 50 4 

CSHlONO+ 
CSHlON02+ 

CsHuN 
CsHl1NO 
CSHllN02 

CgH U N03 

2,3-Dimethyl-1,4-benzoquinone 1.1.3 
2,5-Dimethyl-l,4-benzoquinone 1.1.4 
2,6-Dimethy 1-1,4-benzoquinone 1.1.5 

2,5-Dihydroxyacetophenone 5.4.5 

2,fi-Dihydroxyphenyla.cet.ic acid 5.4.6 
3,4-DihydroxyphenyJacetic acid 5.2.4 

Acetaminophen 5.1.7 

4-Cyano-l-ethylpyridinium 4.4.5 

8 .. NitrocaJfeine 2.8.3 

N-Methyl-4-acetylpyridinium 4.4.3 

N-Methyl-4-
(methoxycarbonyl)pyridinium 4.4.4 

1,4-Benzenediol, 2,5-dimethyl- 5.4.8 
1,4-Dihydroxy-2,3-dimethylbenzene 5.4.7 

N,N-Dimethylaniline 6.1.2 

4-(N,N-Dimethylamino)phenol 5.1.8 

3,4-Dihydroxyphenethylamine 5.2.5 

5-Hydroxydopamine 5.5.2 
Norepinephrine 5.2.6 

C8H12N403S 1-[2-(Methoxythiocarbonylamino)ethyl]_2_ 
methyl-5-nitroimidazole 2.5.19 

CSH12N405 1-(2,3-
Dihydroxypropyl)aminocarbonylmethyl_ 
2-nitroimidazole 2.3.37 

C8H12N405S I-Methyl-4-(N-morpholinosulfonyl)_5_ 
nitroimidazole 2.5.3 

1-Methyl-5-(N-morpholinosulfonyl)_4_ 
nitroimidazole 2.4.14 

CSH13N30 4 cx-(Methoxymethyl)-2-methyl_5_ 
nitroimidazole-l-ethanol 2.5.20 

1-(2-Hydroxy-3-methoxypropyl)_2_ 
methyl-4-nitrohnidazole 2.4.39 

C9H13N304S 1-{2-Ethylsulfonyl)ethyl-2-methyl_5_ 
nitroimidazole 2.5.21 

CgH14N40 3 1-(3-Dimethylamino-2-hydroxyprQPyl)_2_ 
nitroimidazole 2.3.64 

CSH1402S2 Lipoic acid 8.3.5.2 

C9H15NOS2 Lipoa.mide 4.2.3, 8.3.4.3 

C9H60 3 7 -Hydroxycoumarin 8.1.2 

C9H7N04 5-MethoxY-2-nitrobenzofuran 2.8.8 
7-M~thoxy-2-nitrobenzofuro.n 2.8.6 

CgHsBrN30 2 1-(2-Bromoethyl)-3-nitro-7-azaindole 
2.6.2 

CoHsN4.0s 
C9Hg04 
CgHgN 

5-Aziridiny 1-2,4-dinitrobenzll.rnit1p ? 1?0 

(E)-3,4-Dihydroxycinnamic acid 5.2.7 

I-Methylindole 6.2.3 
2-Methylindole 6.2.4 
3-Methylindole 6.2.5 

CgHgN03 Adrenochrome 1.5.1 

CgHgN60 2S 5-(3-Aminopurinyl)-1-methyl_4_ 
nitroimidazole 2.4.28 
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C9HlON403 2-Amino-5-aziridinyl-4-nitrobenzamide 
2.1.26 

4-Amino-5-aziridinyl-2-nitrobenzamide 
2.1.27 

C9H lO02 

C9H100 5 

2,3,5. TrimethyJ-l ,4-henzoquinone 1.1.6 

Ethyl gallate 5.5.3 

CgHUN03 Adrenalone 5.2.8 
Tyrosine 5.1.9 

C9HUN04 DL-DOPA 5.2.9 

C9HIINg06 5-[Bis(methylcarbonyloxy)methyl)-1-
methyl-2-nitroimidazole 2.3.16 

CgH !2N20 4 N-Butyl-5-nitro-2-Iuramide 2.2.11 

C9H12N30 2 + l-Ethyl-2,3-dihydro-6-nitroimidazoll,2-
aJpyridinium 2.8.13 

CgH 12N405 5-(Dimethylamino )-2,4-dinitrobenzamide 
2.1.25 

CgH 1202 Trimethylhydroquinone 5.4.9 

C9IJ13Ng04 u-(AHyloxymethyl)-2-nitroimidazole-l­
ethanol 2.3.38 

Ethyl 5-ethyl-2-nitroimidazole-l-acetate 
2,3.33 

OQH 1aN s 0 3 l-Met.hyl-n-{ N-m01'phnHnnimlnoTnf't.hyl).. 
2-nitroimida~ole 2.3.17 

C9H14N402 1-[2-(N-pyrrolidinyl)ethylJ-2-
nitroimidazole 2.3.54 

C9ti14N403 1-(2-N-MorphoJinoethyl)-2-
nitroimidazole 2.3.45 

1-( 2-N-Morpholinoethy 1)-4-
nitroimidazole 2.4.40 

1-{2-N-Morpholinoethyl)-5-
nitroimida~()le 2.5.22 

CgHi4N405 1-(Bis{2-
hydroxyethy l)]amiuucarbuIlY lIIH!(,11yl~2-
nitroimidazole 2.3.39 

C9If14N602 5-(N-Piperazinoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.18 

C9H15N505S·1-Methy}-5-HN-
morpholinomethylamino )sulfonylJ-4-
nitroimidazole 2.4.15 

ClOH50 5S- 1,4-Naphthoquinone-2-sulfonate ion 1.2.5 

C 1oH60 Z 1,2-Naphthoquinone 1.2.1 
1,4-Naphthoquinone 1.2.2 

ClOH60 3 5-HydroxY-l,4-naphthoquinone 1.2.3 

C lOH60 4 5,8-Dihydroxy-l,.i-naphthoquinone 1.2.4 

ClOHgCIN30 5S1-MethyJ-5-(4-chlorophenoxy)sulfonyl-4-
nitroimidazole 2.4.20 

ClOHgN2 2,2'-Bipyridine 4.4.7 
4,4'-Bipyridine 3.8.1 

ClOHgN 40 7S l-Methyl-5-{4-nitrophenoxy)sulfonyl-4-
nitroimidazole 2.4.21 

C lOH9CIN40 4S1-Methyl-5-{2-
chlorophenyl)aminosulfonyl-4-
nitroimidazole 2.4.23 

C lOH9N02 Indole-3-acetic acid 6.2.6 
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CloHgN302S I-Methyl-4-nitro-5-(phenylthio)imidazole 
2.4.44 

C loHgN303 I-Methyl-4-nitro-5-phenoxyimidazole 
2.4.16 

C 10HgNa04 l-Mt'thyl-4-nitl'o-5-(p­
hydfoxyphenoxy)hnidazole 2.4.17 

CloHgNg04S l-Methyl-5-nitro-4-
phenylsuUonylimidazole 2.5.5 

I-Methyl-5-pheny lsulfony 1-4-
nitroimidazole 2.4.18 

C lOH9N305S I-Methyl-5-nitro-4-
phenylsulfonyloxyimidazole 2.5.6 

I-Methyl-5-phenoxysulfonyl-4-
nitroimidazole 2.4.19 

OlOHION22+ 2,2'-Bipyridinium 3.1.1 

CloHlON402 2-Nitro-l-{2-(2-pyridyJethyl)}imidazole 
2.3.60 

CloHlON404S1-Methyl-5-phenylaminosulfonyl-4-
nitl'oiInida.sol(l 2.4.22 

ClOHION405 5-Aziridinyl-lV-methyl-2,4-
dinitrobenzamide 2.1.21 

ClOHUN 2,3-Dimethylindole 6.2.7 
ClOHIINa04 1-(2,3-Dihydroxypropyl)-3-nitro-7-

azaindole 2.6.3 

C lOH12NZ Tryptamine 6.2.8 
C lOH 1202 Duroquinone 1.1.7 

C lOH13NOa DL-Tyrosine, methyl ester 5.1.10 

ClOH13NS04 Adenosine 6.4.2 
ClUH}3Nfj06 aua.no~ine 6.4.4 

C 1oH140 Z Durohydroquinone 5.4.10 

CloHlSN502 5-(N.Piperidinoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.19 

CloH16N2 N,N,N',N -Tetramethyl-p-phenylene-
diamine 6.1.5 

CloH16N402 1-(2-Piperidinylethyl)-2-nitroi,midazole 
2.3.56 

CloH16N40a 1-(3-N-Mol'phlnolopyopyl)-2-
nitroimidazole 2.3.47 

1-(3-N-Pyrrolidinyl-2-hydroxypropyl)-2-
nitroimidazole 2.3.73 

ClOH16N404 1-{3-(4-Morpholino }-2-hydroxypropyl}-2-
nitroimidazole 2.3.76 

C lOH 17JN4031-(2-N-1\,{orphoHnoef.hyl)-2-n it,roimidazole 
methiodide 2.3.46 

ClOH17N503 1-[2-(1-Aziridinoethyl)amino-2-
hydroxypropylJ-2-nitroimidazole 
2.3.63 

CloHlSN403 1-(3-DiethyJamino-2-hycl:roxypropyl}-2-
nitroimidazole 2.3.65 

1-{3-( tert-Butylamino )-2-hydroxypropyl]-
2-nitroimidazole 2.3.67 

C loH18N40 S 1-[3-Bis{2-hydroxyethylamino }-2-
hydroxypropylJ-2-nitroimidazole 
2.3.66 
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C11 H7 Br02 6-(Bromomethy 1)-1 ,4-naphthoquinone 
1.2.11 

6-( Chloromethy 1)-1, 4-naphthoquinone 
1.2.12 

C l]HgN 205 (E)-2-( 2-Fury J)- 3-(5-nitro-2-
furyI)acrylamide 2.2.10 

( Z)-2-(2-Furyl)-3-(5-nitro-2-
furyl)acrylamide 2.2.9 

2-Methyl-l,4-naphUlUquinone 1.2.6 

2-HydroxymethyI-l,4-naphthoquinone 
1.2.7 

CI1H18N403 1-(3-N-Piperidino-2-hydroxypropyl)-2-
nitroimidazole 2.3.74 

1-(4-N-Morpholinobtltyl)-2-
nitroimidazole 2.3.48 

Cl1HlSN404 1-(3-N-{a-Hydroxypjperidino)-2-
hydroxypropyl}-2-nitroimidazole 
2.3.75 

C11H1gN 503 1- [3-N-( 4-Methylpiperazino )-2-
hydroxypropyI1-2-nitroimidazole 
2.3.77 

CIIH20N402 1-[2,2,.Bis(isopropyl)aminoethyl]-2-
nitroimidazole 2.3.62 CIIHlOIN50a 4-lodo-5-nitro-l-{3-

pyridylmetbylaminocarbonylmethy l)imidaz~2H4Br 40 2 3,3' ,5,5' -Tetrabromodiphenoquinone 
2.5.23 1.5.8 

CllHlO0 2 2-Methyl-L4-naphthoquinol 8.1.3 

CllHllNaOa 2-Nitro-l-(2-phenoxyethyl)imidazole 
2.3.40 

CIIHIINa04 7-(Ethoxycarbonylmethyl)-3-nitro-7-
azaindole 2.6.6 

CllHu Na0 4S2-Nitro-l-(2-
pheny lsulfonylethyl )imidazole 2.3.41 

CIIHI1Na0681-Methyl-r>-(2-methoxyphenoxy)~ulfonyl-

4-nitroimidazole 2.4.25 
1-Methyl-5-{4-methoxyphenoxy)sulfonyl-

4-nitroimidazole 2.4.26 

CllHllN50 4 1-(3-{1-
Oxypyridylmethy lamino )carbony Imethy 1]-
4-nitroimidazole 2.4.41 

C11H 12N20 2,3-Dimethyl-l-phenyl-3-pyrazolin-5-one 
8.4.4 

CllH12N20+ 1-Methyl-4,4' -bipyridinium-l'-oxide 
3.10.1 

C l1 H12N20 2 Tryptophan 6.2.9 

C ll H12N20 3 5-Hydroxytryptophan 6.2.10 

Cll H12N40 2 J -(2-Anilinoethyl)-2-nitroimidazole 
2.3.61 

Cll H12N 40 4 1-1(2-
}-lyd roxyethy l)aminocarbony Imethy 11-
3-nitro-7-azaindole 2.6.4 

CIIH12N404S1-Methyl-5-{2-
methy Iphenyl)aminosu ifony 1-4-
nitroimidazole 2.4.24 

CIIH12N405 5-Aziridinyl-N,N-dimethyl-2,4-
dinitrobenzamide 2.1.22 

elI n 12N4 05S1-Methy 1-2-
methoxyphenylaminosulfonyl-4-
nitroimidazole 2.4.27 

CUH13N30 DL~Tryptophanamide 6.2.11 

CUH14N203 4-Nitro-(3'-
dimethy1amino )propiophenone 2.1.19 

N-Acetyl-L-tyrosinamide 5.1.11 

CUHlSN402 1-(3-N-Piperidinylpropyl)-2-
njtroimidazole 2.3.57 

1-( 4-N-Py rroJidiny lbu ty 1)-2-
nitroimidazole 2.3.55 

C12H4Cl402 3,3' ,5,5'-Tetrachlorodiphenoquinone 
1.5.9 

C12H6N40 2S 5,6-Di{2-furyl)-(1,2,51thiadiazolo(3,4-
b1pyrazine 4.8.3 

C 12HSBrNS 3-Bromophenothiazine 7.2.1 

C 12HSCINS 3-Chlorophenothiazine 7.2.2 

C 12HSFNS 3-Fluorophenothiazine 7.2.3 
C 12HgINS 3-Iodophenothiazinc 7.2.4 

C12HSN2 1,IO-PhenanthroUne 3.12.1, 4.4.9 

C12HsN20 2S 3-Nitrophenothiazine 7.2.5 

C12HgN2+ 1,10-Phenanthrolinium 3.6.1 

C12HgNOS 10H-Phenothiazine sulfoxide 7.7.1 

C12HgN02S 10H-Phenothiazine sulfone 7.7.2 

C 12H9NS Phenothiuine 7_ 1_ 1 

C12HlOCINaSThionine 4.5.1 

C12HlON2
2+ Dipyrido[1,2-a:2' ,1 1-e]pyrazinediium 

3.2.1 

C12HlON402 Lumichrome 4.6.6 

C121-1100 2 2,3-Dimethyl-1,4-naphthoquinone 1.2.15 

C 12HlO03 2-(Methoxymethyl)-1,4-naphthoquinone 
1.2.8 

C 12Hu BrN2
2+6-Bromo-l,1' -ethylene-2,2'­

bipyridinium 3.3.2 
C12H11N02 I-Methyl-2,3-trimethyleneisoindole-4,7-

dione 1.4.6 
5-Methyl-l ,2-trimethy leneisoindole-4, 7-

dione 1.4.2 

C 12H12N2 4,4' -Dimethyl-2,2'-bipyridine 4.4.8 

C l2H12N22+ 1,1' -Ethylene-2,2' -bipyridinium 3.3.1 

C LZH12NZ02+ 1,1' -Hydroxyethylene-2,2' -hipyridinium 
3.3.3 

C12H12N403 1-(Benzylcarbamylmethyl).2. 
nitroimidazole 2.3.42 

C12H13N203S2-{(4-Carboxyphenoxy)ethyl]thio-1-
methyl-5-nitroimidazole 2.5.13 

C 12H13N303 2-Nitro-l-{3-phenoxypropyl)imidazole 
2.3.43 
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C12H14N22-t 1,1 1-Dirnethyl-2,2'-bipyridinium 3.1.2 
1,l'-Dimethyl-2,4'-bipyridinium 3.7.1 
1,1' -Dimethyl-4,4'-bipyridinium 3.8.2 
4,4' -Dimethyl-2,2' ""bipyridini~m 3.1.4 

OJ 2Jl 14 N20 2 2+ 1 ,l'-Dimethoxy-4,4 ' -bipyridinium 3.8.3 

C12H16N204 L-Alanyl-L-tyrosine 5.1.12 

C12H 17N50 4 Nifurpipone 2.2.6 

012H20CINa051-l3-l(1-Chloromethyl-2-
isopropoxy )ethoxy J-2-hydroxypropy 1]-
2-nitroimidazole 2.3.44 

C12HzoN40Z 1-(4-N-Pip~ridinylhllt.yl)-2-nH.l'oimirl",.v.o',. 
2.3.58 

C12H20N403 1-{5-N-Morpholinopentyl)-2-
nitroimidazole 2.3.50 

CI2H21IN4031-{4-N-Morpholinobutyl)-2-nitroimidazole 
methiodide 2.3.49 

C13HgNOS 10-Phenothiazinecarboxaldehyde 7.4.1 

C13HJOCINOS2-Chloro-7-methoxyphenothiazine 7.3.1 
4-Chloro-7 -.methoxyphenothiazine 7.3.2 

CI3H lOO,f 2-HAcetyloxy)methyll-l,4-
naphthoquinone 1.2.9 

6-[(Acetyloxy)methyIJ-l,4-
naphthoquinone 1.2.13 

C13HnNOS l-Methoxyphenothiazine 7.2.7 
3-Methoxyphenothiazine 7.2.8 

C13H l1 N04 6-[{(Methylamino)carbonylJoxy)methyl-
1,4-naphthoquinone 1.2.14 

C13H1 JNS lO-Methylphenothiazine 7.4.2 
3-Methy lphenothiazine 7.2.6 

C 13B 11 N3 2+ 5-Cyano-l ,I' -ethylene-2,2' -bipyridinium 
3.3.4 

C13H12N22+ 6.Methyldipyrido[1,2-a:2 1 ,1 '-
clpyrazinediium 3.2.2 

C 131112Na02 + 1-Pheny 1-2,3-dihydro-6-nitroimidazo( 1,2-
aJpyridinium 2.8.14 

C13H12N402 I-MethyHumichrome 4.6.7 
3-Methyllumichrome 4.6.8 

C13H14N22+ 1,l'-(1,2-Propylene)-2,2'-hipyridinium 
33_6 

1,l'-Trimethylene-2,2' -bipyridinium 
304.1 

6,7-Dihydro-4-methyldipyrido{1,2-a:2',1' -
c]pyrazinediium 3.3.5 

C}3H14N202+6,7-Dihydro-3-m~thoxydipyrido!1,2-
a:2',1' -cJpyrazinediium 3.3.7 

C13H14N203 N-Acetyl-L-tryptophan 6.2.12 

C13HlSN32+ I-MethyJ-l'-cyanomethyl-4,4'­
bipyridinium 3.10.2 

C13H16N22+ 1,1' ,2-Trimethyl-4,4'-bipyridinium 3.9.1 

C13H16N202+ I-Methyl-l' -(2-hydroxyethyl)-4,4 1
-

bipyridinium 3.1004 

C13H16N403 1-[3-(Benzylamino)-2-hydroxypropyl]-2-
nitroimid:uole 2.3.68 
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C13H16N404 1-{3-(4-Methoxyphenylamino)-2-
hy droxypropy IJ-2-nitroimidazole 
2.3.69 

C 13H16N407 5-Aziridinyl-N-[{2,2-dimethoxy )ethylJ-2,4-
dinitrobtmlamide 2.1.23 

C 13H17Na02+1-Methyl-l'-carbamylmethyl-4,4'­
hipyridinium 3.10.3 

C13H17N60~Sts-l3-Amino-6-(2-metllylpropyl)purillyl\-1-
methyl-4-nitroimidazole 2.4.29 

o 13H22N4 0 3 1-(5-N-Morpholinohexyl )-2-
nitroimidazole 2.3.51 

C14H6N20 S Methoxatine 1.0.10 

C14H60 g Ellagic acid 8.1.10 

C 14H 70 5S- 9,10-Anthraquinone-2-sulfonate ion 1.3.1 

C 14H707S- 1 ,4-Dihydroxy-9,1 O-a.nthraquinone-2-
sulfonate ion 1.3.2 

1,4-Dihydroxy-9,10-anthraquinone-6-
sulfonate ion 1.3.3 

C14HsN60S 5,6-Di{2-pyridinyl}-{1,2,5]thiadiazolo[3,4-
b]pyraziue N-oxide 4.8.5 

C14HgN6S 5,6-Di(2-pyridinyl)-[1,2,5]thiadiazo}o[3,4-
blpyrazine 4.8.4 

C14Hg0 2 9,lO-Phenanthrenequinone 1.5.3 

C 14Hg06 Quinalizarin 8.1.5 
014H11NOS 10-Acetylphenothia,1iine 7.4.3 

C14HI1N30SS1-Methyl-5-(1-naphthyloxy)sulfonyl-4-
nitroimidazole 2.4.30 

C14H12CIN042-[[[(2-
Chloroethy 1 )amino)carbonylJoxy Jmethy 1-
l,4-naphthoquinone 1.2.10 

C 14H 12NZ 2+ Phenan tllfolinoI4,5-a:6, 7 -cJpyrazinediium 
3.6.3 

C 14H12N/+ 1,l'-Bis(cyanomethy1)-4,4'-hipyridinium 
3.8.4 

C14H12N404S1-Metbyl-5-(1-naphthylamino)sulfonyl-4-
nitroimidazole 2.4.31 

C14H13NOS l-Ethoxyphenothiazine 7.2.9 
3-Ethoxyphenothiazine 7.2.10 

C14H13N02S 3,7-Dimethoxypbenotblazlne 7.3.4 

C14H13NS 3,7-Dimethylphenothiadne 7.3.3 

CI4H14CJ4N22+1,l'-Bis(1,2-dichloroethyl)-4,4' -
bipyridinium 3.8.14 
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C14H14N22+ l,lO-Dimethyl-l,lO-phenanthrolinium 
3.6.2 

l,9-Dimethyl-l,9-phenanthrolinium 
3.12.2 

2,7 -Dimethyl-2, 7 -phenanthrolinium 
3.12.4 

2,8 Dimethyl 2,S-pheno.nthrolini'lm 
3.12.3 

3,7 -Dimethyl-S, 7 -phenanthrolinium 
3.12.6 

3,S-Dimethyl-3,S-phenanthrolinium 
3.12.5 

4,7-Dimethyl-4,7-phenanthrolinium 
3.12.7 

C U H14N 2U' I 5-Methoxycarbonyl-l,1 '-ethylene-2,2'­
bipyridinium 3.3.8 

C I4H14N20l+1,l' -Bis(carboxymethyl)-4,4'­
bipyridinium 3.B.5 

014H14N42+ 2,2'-Dicyan0-1,1' -dimethyl-4,4'­
bipyrldinium 3.9.4 

014H14N402 1,3-Dimethyllumichrome 4.6.9 
0 1411 16012N22+ 1,1' -Di.(2-chloroethyl)-4,4'­

bipyridinium 3.8.7 

C14H16N22+ 1,1' -(l,l-Dimethylethylene )-2,2'­
bipyridinium 3.3.15 

1,1' -Ethylene-4,4' -dimethyl-2,2'­
bipyridinium 3.3.12 

1,1' -Tetramethylene-2,2' -bipyridinium 
3.5.1 

I-Methyl-I' -allyl-4,4' -bipyridinium 
3.10.5 

&,5' -Dimethyl-I, 1 '-ethylene-2,2'­
bipyridinium 3.3.13 

6,7-Dihydro-1,12-dimethyldipyrido[I,2-
a:2',I' -c]pyraJinediium 3.3.11 

6,7-Dihydro-4,9-dimethyldipyridoll,2-
a:2',1 '-cJpyrazinediium 3.3.14 

6-Ethyl-l,1' -ethylene-2,2' -bipyridinium 
3.3.9 

6-Methyl-1,1' -trimethylene-2,2'­
bipyridinium 3,4.2 

C14H JSN :02+ 1-Methyl-1 '-( acetonyl )-4,4' -bipyridinium 
3.10.6 

5.Ethoxy-l,1' -ethylene-2,2' -bipyridinium 
3.3.10 

7 ,8-Dihydro-3-methoxydipyridoll ,2-
a,2',1' -c!diazepinediium 3,4.3 

014H16NZOs821,1' -Bis(2-sulfonatoethyl)-4,4'­
hipyridlnium 3.8.6 

C14H16N 4022+ 1,1' -Bis(2-hydroxyiminoethy 1)-4,4'­
bipyridinium 3.8.9 

1,1' -Bis(carbamylmethyl)-4,4.'­
bipytidinium 3.B.B 

C14H17NaOa L-Tryptophyl-L-aJanine 6.2.13 

C14H18Nz 2+ 1,1' ,2,2' -Tetramethyl-4,4' -bipyridinium 
3.9.5 

1,1' ,3,3' -Tetramethyl-4,4' -bipyridinium 
3.9.6 

1,1' -Diethyl-2-methyl-4,4' -bipyridinium 
3.9.2 

1,1' -Diethyl-4,4' -hipyridiniu", 3.8.10 

C14H1SNz022+1,1' -Bis(2-hydroxyethylj-4,4'­
bipyridinillrn 3.8.11 

C14HlSN404 1-13-(4-Methoxybenzylamino)-2-
hydroxypropyl)-2-nitroimidazole 
2.3.70 

C 14H1S0 4 6-Hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid 8.1.6 

C14H20N/+ 1,1' -Bis(2-aminoethyl}-4,4' -bipyridinillm 
3.8.12 

C14H20N404 2,5-Diaziridinyl-3,6-bis(2-
hydroxyethylamino)-1,4-benzoquinone 
1.1.B 

C14H24N402 1-(5-N-Piperidinylhexyl)-2-nitroimidazole 
2.3.59 

C1&H lONz0 3 5-Nitro-Z-(2-quinolylethenyl)furan 2.2.7 

C15HI007 Quercetin 8.1.9 

ClsH12N02 2-Methyl-3-phenylisoindole-4,7-dione 
1.4.5 

C16H 13CIN 2 2+ 1- ChlorophenanthrolinoI4,S-a:6, 7-
ejdiazepinediium 3.6.5 

C lsH13N04S lO-Carbethoxyphenothiazine sulfone 
7.7.3 

C15H14N03S2 -10-(3-Sulfonatopropyljphenothiazine 
7.4.4 

ClsH14N22+ Phenanthrolino[4,5-a:6,7-
cJdiazepinediium 3.6,4 

0lsH140 6 Oatechin 8.1.7 
I-Epicatechin 8.1.8 

015H15N04 l-Ethoxyearbonyl-5-methyl-2,3-
trimethyleneisoindole-4,7-dione 1.4.9 

CJ5H15N32+ l-Methyl-l' -(8-cyano-2-propenyl)-4,4'­
bipyridinium 3.10.7 

C15H16N2022+ l-Allyl-1' -carboxymethyl-4,4'­
bipyridinium 3.11.4 

1-Methyl-1' -ethoxycarbonylmethyl.4,4'­
bipyridinium 3.10.9 

ClsHlSN22+ l-Allyl-l'-pthyl-4.4'-bipyrirlinillm 3.11.5 
4,4' -Dimethyl-1,1' -trimethylene-2,2' -

bipyridinium 3.4,4 
5,5' -Dimethyl-1 ,1' -trimethylene-2,2'­

bipyridinium 3,4.5 

01SHuIN202+5-Propoxy-l,1' -ethylene-2,2'­
bipyridinium 3.3.16 

C16H IsN 282 2+ 1-Methyl-1' -12.bis{methylthio )ethenylJ-
4,4' -bipyridinium 3.10.8 

ClsHlSN40S Mitomycin C 1.5.7 

Cl~H26N.O. 1-{8-N-Morpholinoodyl}.2-nitroimidazole 
2.3.52 
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OUH2SNSO", 1-[3-14-(2,2,5,5-Tetramethyl-l­
oxypiperidinyI)a.minoJ-2-
hydroxypropyl]-2-nitroimidazole 
2.3.71 

Cll;H2'7NS03 1-13-{4-(2,2,u,u­
Tetramethylpiperidinyl}aminoJ-2-
hydroxypropyll~2-nitroimidazole 
2.3.72 

ClsHgN20gS22-Indigodisulfonate ion 1.5.6 
C16HllNS 12H-Benzo(a]phenothiazine 7.6.1 

7 H~BenzolcJphenothiazine 7.6.2 

C16H 19N02 1 ,2-Dimethyl-3-phenylisoindole-4,7 -dione 
1.4.1 

C16H14Nl+ 1,1' -Bis(2-propynyl)-4,4' -bipyridinium 
3.8.13 

C16H14N204 1,1' -Bis(2-carboxyethyl)-4,4'­
bipyridinium 3.8.17 

C16H16Nl'+ 1-Methylphenanthrolino[4,5-a:6,7-
c)diazepinediium 3.6.6 

Phenanthrolino[4,5-a:6,7-
c}diazocinediium 3.6.9 

C16H16N202~H1 .. Methyl-1' -(3-(methoxycarbonyl)-2-
propeny 1]-4,4' -bipyridinium 3.10.11 

C16H16Na02 2+ t .. Methyl-l'-
. [cyano(ethoxycarbonyl)methyll-4,4'-

bipyridinium 3.10.10 

016H16N42+ l,l'-Bis{cyanomethyl)-2,2'-dimethyl-4,4 1
-

bipyridinium 3.9.10 

C16HlSClNgSMethylene Blue 4.5.2 
C16HlSN22+ 1,1' -Diallyl-4,4' -bipyridinium 3.8.15 

2-Methyl-l,1' -dipropyl-4,4' .. bipyridinium 
3.9.3 

C16H1SN202 +1,1 '-Bis(2-oxopropyl)-4,4' -bipyridinium 
3.8.16 

C16H1CJNa02+1-{Carbamylmethyl)-1'-(2-methyl-2-
pl'openyl)..4.4'-bi1>yridinium 3.11.10 

C16H20C12N22+1,1'-Bis(2-chloroethyl)-2,2'-dimethyl-
4,4' -bipyridinium 3.9.11 

C16H20N22+ 4,4' -Dimethyl-l,l'-tetramethylene-2,2'­
bipyridinium 3.5.2 

4,0,4' ,5'-Tetramethyl-l,l'-ethylene-2,2'­
bipyridinium 3.3.17 

CloHzoNz06SZ 1) l/-R19(~-'mlrona.to-l-prop:y})-2,2'­
bipyridinium 3.1.3 

1,1' -Bis(3-sulfonatopropy])-4,4'­
bipyridinium 3.8.18 

016H21N504 1-[3-(4-
Morpholinyl )propylaminocar bony Imethy 11-
3-nitro-7 -azaindole 2.6.5 

7-[3-(4-
Morpholinyl)propylaminocarbonylmethyl)-
3-nitro-7-azaindole 2.6.7 

016H22N2 + 1,1',2,2' ,6,6'-Hexamethyl-4,4'-
bipyridinium 3.9.7 
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C16H22N22+ 1,1' -Bis(l-methylethyl)-4,4' -bipyridinium 
3.8.20 

1,l'.Dipropyl .. 4,4'-bipyridinium 3.8.19 

C16H:2N 2022+1 ,l'-Bis(2-hydroxyethyl)-2,2'-dimethyl-
4,4'~bip,.!'\dinium 3.0.12 

C16H~2N2S2 2+1 ,1' .. Bis( ethylthiomethyl)-4,4'­
bipyridinium 3.8.21 

0lSR22NS04 +1-[3-(4-
Morpholiny l)propy laminoearbony lmethy 11-
3-nitro-7 -azaindole, protonated 2.6.8 

016HZ4N2S2+1-Ethyl .. l' .. {2-ethylthioethyl)-4,4'­
bipyridinium 3.11.1 

C16N 17NOS l-Ethoxycarbonyl-6-methoxy-o-methyl-
2,3-trimethy leneisoindole-4, 7 -dione 
1.4.11 

C17H12N203 5-Nitro-2-(2-quinolylbutadienyl}furan 
2.2.8 

C17H13N02 I-Phenyl-2,3-trimethyleneisoindole-4,7 .. 
dione 1.4.4 

C17HlSN02 1,2,5-Trimethyl-3-phenylisoindole-4,7-
dione 1.4.3 

C17HlSN32+ 6.Pyridyl.l,1'-ethylene-2,2'.bipyridinium 
3.3.18 

017H18N22+ 1 ,11-Dimethylphenanthrolino[4,5-a:6, 7-
c]diazepinediium 3.6.7 

017HlSN4S2+1-Methyl-l '-[(1-
pyr Mioly 1 )thiocar bony Imethy 1)-4,4' -
bipyridinium 3.10.12 

C17H19CIN2SChlorpromazine 7.5.1 
017H19N32+ l-A11yl-l'-(3-cyanopropyl)-4,4'­

bipyridinium 3.11.6 

C17H20N20S 2-Hydroxy-l0-{3-
dimethylaminopropyl)phenothiadne 
7.5.3 

C17HzoNzS 10-(3-
Dim,.t.hyla.minnpl'npyl)php.nothiSldDf~ 

7.4.5 
Isopromethazine 7.4.7 
Promethazine 7.4.6 

017H~oN406 Riboflavine 4.6.1 

C17H21 CIN20 2+ 1-(3-Chloro-2-butenyI}-1 '-(2-
methoxyethy 1)-4,4' ~ bipyridinium 
3.11.12 

C17H21FN22+1-(2~But.E"ny))-1' -(3.fi,loropropyl)-4,4'-
bipyridinium 3.11.9 

C17H22N22+ 4,5,4' ,5'-Tetramethyl-l,1'-trimethylene-
2,2'-hipyridinium 3.4.6 

C17H22N202 2+ 1-{2-Methoxycarbony}ethyl) .. l' -propyl-
4,4'-bipyridinium 3.11.2 

C 17H24N 202+1-(2-IIydroxyethyi )-1' -pentyl~4,4'­
bipyridinium 3.11.3 

C17H24N2S 10-t3-
(Diethylamino}propyIJphenothiazine 
7.4.15 

018H13NS 3-Phenylphenothiazine 7.2.11 
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ClsH14N22+ 6-Phenyldipyrido[1,2-a:2' ,1'­
cJpyrazinediium 3.2.3 

ClsH16N22+ 1,1' -{l-Phenylethylene )-2,2'­
bipyridinium 3.3.19 

ClsHI1N02 1,2,5,6-Tetramethyl-3-phenylisoindole-
4,7 -dione 1.4.8 

C1SH1SN22+ 1-Methyl-!' -benzyl-4,4' -bipyridinium 
3.10.13 

ClsHI9ClN4029-[3-(N,N-Dimethylamino)propyl] amino-
4-chloro-l-nitroacridine 2.7.3 

ClsHI9FN4029-[3-(N,N-Dimethylamino)propyIJamino-
. 4-fiuoro-l-nitroacridine 2.7.4 

ClsHI9NaS2+1-Methyl-l'-
[anilino( thiocarbonylmethyl)]-4,4'­
bipyridinium 3.10.14 

U18H20FaN2S10-(3-Dimethylaminopropyl)-2-
trifiuoromethylphenothiazine 7.5.2 

C18H20NOaS2 -10-{6-Sulfonatohexyl)phenothiazine 
7.4.9 

ClsH20N2S 10-(2-Pyrrolidinylethyl)phenothiazine 
7.4.8 

C1sHswN/+ 1,l'-Bis(3-cyanopropyJ)-4,4'­
bipyridinium 3.8.22 

C18H20N402 Nitracrine 2.7.2 
ClsH21Na2+ 1-{3-Butenyl)-1' -(3-cyanopropyl)-4,4'­

bipyridinium 3.11.8 

ClsH22N20S Methoxypromazine 7.5.4 
ClsH22N2022+1,1' -Bis{2-oxopropyl)-2,2' -dimethyl-

4,4'-bipyridinium 3.9.13 

ClsH22N2042+1,l'-Bis(ethoxycarbonylmethyl)-4,4'­
bipyridinium 3.8.23 

ClsH22N2S Diethazine 7.4.10 

ClsH2aN2S+ 10-{2-Methyl-2-
trimethylammonioethyl)phenothiazine 
7.4.11 

ClsH24N22+ 4,5,4' ,5'-Tetramethyl-l,1'­
tetramethy lene-2,2' -bipyridinium 
3.5.3 

ClsH24N202+1-(2-Ethyl-2-propenyl)-l'-(2-
methoxyethyl )-4,4' -bipyridinium 
3.11.11 

ClSH 24N 2°682171' -Bis(3-sulfonatopropyl)-3,3' -
dimethyl-4,4'-bipyridinium 3.9.15 

1,l'-Bis(3-sulfonatopropyl)-2,2' -dimethyl-
4,4'.bipyridininm 3_{:t 16 

ClsH24N4022+1,l'­
Bis(dimethylaminocarbonylmethyl)-
4,4' -bipyridinium 3.8.24 

ClsH26N2022+1,l'.Bis(2-ethoxyethyl)-4,4' -
bipyridinium 3.8.25 

ClsHa2N403 1-(11-N-Morpholinoundecyl)-2-
nitroimidazole 2.3.53 

C19H13NOS 10-Benzoylphenothiazine 7.4.12 

C19H17N02 5,6-Dimethyl-3-phenyl-l,2-
trimethyleneisoindole-4, 7 -dione 1.4.7 

C19H 17 NO 4 1-Ethoxycarbonyl-2 ,5-dimethy 1-3· 
phenylisoindole-4,7-dione 1.4.10 

C19H22N2S Mepazine 7.4.13 

ClgH22N402 9-[3-(N,N-Dimethylamino)propyJ]amino-
4-methyl-l-nitroa.cridine 2.7.5 

C19H22N40a 9-[3-(N,N-Dimethylamino)propyl]amino-
4-methoxy-l-nitroacridine 2.7.6 

C19H23N20S 2-Acetyl-lO-(3-
dimethy laminopropy I )phenothiazine 
7.5.5 

C19H24N2S 10-(2-Methyl-2-
diethylaminoethyl)phenothiazine 
7.4.14 

C19H25Na022+1-Methyl-l' -{2-(3,5-dimethyl-4-
morpholinyl)-2-
oxoethyl]-4,4'-bipyridinium 3.10.15 

C20HIaNS 13H-Dibenzo[a,.11phenothiazine 7.6.3 
7 H-Dibenzo[ c,h]phenothiazine 7.6.4 

020HlSN22+ 1,1 '-Dimethyl-2,2'.;blquinoliniulll 3.0.10 

C2oH22N40 4 9- [3-( N,N-Dimethylamino )propyl] amino-
4-methoxycar bony I-l-nitroacridine 
2.7.7 

C2oH22N406 8a-N-Imidazolylriboflavin 4.6.4 

C2oH24 CIN as 2-Chloro-l 0- [3-( 4-methy 1-1-
piperazinyl)propyl}phenothiazine 7.5.7 

C2oH25NaS Perazine 7.4.17 

C2oH25N502 9-[3-(N,N-Dimethylamino)propyIJamino-
4-dimethy lamino-l-nitroacridine 2.7.8 

C2oH26N2042+1,1'-Bis{ethoxycarbonylmethyl)-2,2'­
dimethyl-4,4'-bipyridinium 3.9.14 

1,1 ' -Bis [2-( eth oxycar bony I )ethy 1 J-4,4 ' -
bipyridinium 3.8.26 

C2oH26N2S2 2-Methylthio-10-{2-(N-methyl-2-
piperidiny l)ethy IJphenothiazine 7.5.6 

C2oH27Na02+1-Allyl-l' -[2-
(diethylaminocarbonyl)ethyl}-4,4' -
bipyridini~m 3.11.7 

C2oH2SN206S21,1' -Bis(3-sulfonatopropyl)-2,2' ,6,6'-
tetramethyl-4,4' -bipyridinium 3.9.17 

C20H2SN4022+1,1'-Bis{2-
( dimethylaminocarbonyl)ethyIJ-4,4'­
bipyridinium 3.8.27 

C20H30N 28 10-{6-(Diethy lamino )hexyl] phenothiazine 
7.4.16 

C2oHS4N44+ 1,1' -Bis [2-( trimethy lammonio )cthy 1]-4,4' -
bipyridinium 3.8.29 

C21H16NaOaSNl-(Acridinyl)-~-methylsulfonyl-2-
methoxycyclohexa-2,5-diene-l',4 1.5.12 

C21H2oNaOaS+9-(2-Methoxy-4-
methylsulfony Iaminoanilino )acridinium 
4.8.1 

C21H22CIN30S2-Chloro-l0-{3-(4-(2-hydroxyethyl)-1-
piperazinyl)propyl]phenothiazine 
7.5.10 
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C21H2aNaOsS3-( S-Glutathionyl)-2-methyl-l ,4-
naphthoquinone 1.2.16 

C21H24FaNaS10-[3-(4-Methyl-1-piperazinyl)propyl]-2-
trifluoromethylphenothiazine 7.5.8 

C21H26N7013P 2 +Ni~otinamide adenine dinucleotide 
4.4.6 

C21H27NaOS 10-[3-(4-(2-Hydroxyethyl)-1-
piperaziny l)propyl] phenothiazine 
7.4.18 

C21H29N7014PNicotinamide adenine dinucleotide, 
reduced 8.2.1 

C22H14N22+ Benzo[1,2-b:3,4-b']diquinolizium 3.12.8 
Benzo[1,2-b:3,4-g']diquinolizium 3.12.10 
Benzo[1,2-b:5,6-b'Jdiquinolizium 3.12.9 

C22H16N40/+1,1' -Bis(4-nitrophenyl)-4,4'­
bipyridinium 3.8.30 

C22HlSN22+ 1,1' -Diphenyl-4,4' -bipyridinium 3.8.31 

C22HlSN402SNl_(Acridinyl)-Jr-methylsulfonyl-2-
dimethylaminocyclohexa-2,5-diene-1 
1.5.13 

C22H20N/+ 1,1' -Bis(2-pyridylmethyl)-4,4'­
bipyridinium 3.8.32 

C22H20N402S22-Dimethylamlnosulfonamldo-l0-[3-(4-
methyl-1-
piperazinyl)propyl]phenothiazine 7.5.9 

C22H27Ns04 7-Hydroxy-2-[2-(2-
hydroxyethyl)aminoethyl]-5-[[2-(2-
hydroxyethyl)aminoethyl]amino]­
anthra[1,9-cd]pyrazol-6-on 1.5.11 

C22H2SN406 1,4-Dihydroxy-5,8-bis[(2-
hydroxyethylamino)ethyl]amino-9,lO­
anthraquinone 1.3.4 

C22H2SN4 0102,5-Diaziridiny 1-3,6-
bis(carbethoxyamino)-1,4-
benzoquinone 1.1.9 

C22HaoN2042+1,1' -Bis[3-(ethoxycarbonyl)propyl]-4,4'-
bipyridinium 3.8.28 

C22Ha2N402 2+1 ,1'-Bis( diethylaminocarbonylmethyl)-
4,4'-bipyridinium 3.8.33 

1,1 '-Bis[3-
(dimethylaminocarbonyl)propyl]-4,4' -
bipyridinium 3.8.34 

022H34N 22+ 1,1' -Dihexy 1-4,4'-bipyridinium 3.0.35 

C22Ha4N20 4 2+1 ,1'-Bis{2,2-diethoxyethyl)-4,4'­
bipyridinium 3.8.36 

C22HsaN44+ 1,l'-Bis[3-{trimethylammonio )propyl]-
4,4' -bipyridinium 3.8.37 

C2aH2sN405 Nitroakridin 3582 2.7.1 

C24H22N 22+ 1,1' -Dibenzyl-4,4' -bipyridinium 3.8.39 
1,1'-Dimethyl-2,2' -diphenyl-4,4'­

bipyridinium 3.9.8 

C24H26N44+ 1,2-Ethanediylbis{1 '-methyl-4,4'­
bipyridinium) 3.8.48 

C24HasN 22+ 1,1' -Diheptyl-4,4' -bipyridinium 3.8.40 
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C24H42N44+ 1,1 '-Bis[4-(trimethylammonio)butyl]-4,4'­
bipyridinium 3.8.41 

C2sH2SN 4 4+ 1 ,3-Propanediylbis(1'-methyl-4,4'­
bipyridinium) 3.8.49 

C26H20N22+ 1,11-Diphenylphena.nthrolino[4,5-a:O,7-
c]diazepinediium 3.6.8 

C26H20N/+ 1,1'-Bis(o.-cyanobenzyl)-4,4'­
bipyridinium 3.8.38, 3.8.42 

C26H26N22+ 1,1' -Dimethyl-2,2' -bis(4-methylphenyl)-
4,4'-bipyridinium 3.9.9 

C26HaoN44+ 1,4-Butanediylbis{1 '-methyl-4,4'­
bipyridinium) 3.8.50 

C26Ha2N406 1,4-Bis[(2-
hydroxyethylamino )ethyl]amino-9,10-
anthraquinone diacetate 1.3.5 

C26H33N 506 9- [3-(N,N-DimethYlamino )propyl] amino­
[4-[di(2-acetoxyethyl)aminoJ-l­
nitroacridine 2.7.9 

C26Ha6N4042+1,1' -Bis[2-(3,5-dimethyl-4-morpholinyl)-
. 2-oxoethyl]-4,4'-bipyridinium 3.8.43 

C26H42N22+ 1,1' -Dioctyl-4,4' -bipyridinium 3.8.44 

C27H29NOIO Daunomycin 1.5.5 
C27H2gNOll Adriamycin 7.6.4 

C27H3aNgOsP 2Flavine mononucleotide 4.6.2 

C27HaaNgOlSP2Flavine adenine dinucleotide 4.6.3 

C29HaaN401o8o.-(N-Methyl-N-imidazolium)tetra-O-
acetylriboflavin 4.6.5 

CaoH30N2022+1,l'-Bis[ethoxycarbonyl(phenyl)methyl]-
4,4'-bipyridinium 3.8.46 

CalH4602 Vitamin Kl 1.2.17,8.1.4 

Ca6H32N44+ 1,1' -o-Xylylenebis-4,4'-bipyridinium 
3.8.47 

C46Hs2N22+ 1,1' -Dioctadecyl-4,4'-bipyridinium 3.8.45 

Cl Chlorine atom 9.15., 9.16. 

CIHO 

CIH02 
CI02 
CI02-

CI03-

C12 

C12 
CI2I-

F 
F-

HIO 

HI02 
HO 

Chloride ion 9.15., 9.17., 9.18., 9.22., 
9.26. 

Chlorosyl hydride 9.18. 
Hypochlorous acid 9.16., 9.17. 

Chlorous acid 9.20. 

Chlorine dioxide 9.19., 9.20., 9.21. 

Chlorite ion 9.19. 

Chlorate ion 9.21. 

Chlorine 9.23. 

Dichlorine radical ion 9.22., 9.23. 
Iodine dichloride dianion 9.26. 

Fluorine atom 9.24. 

Fluoride ion 9.24. 

Hypoiodous acid 9.27., 9.28. 

Iodous acid 9.31. 

Hydroxyl 9.4., 9.17., 9.28., 9.38., 9.39., 
9.49. 

Hydroxide ion 9.39., 9.40. 

Perhydroxyl 9.42., 9.47 .. 9.48. 



H02-

HOg 
HOgS"" 
HOgSe­

HOsS­

HS 
HS-

H2 
H20 
H20 2 

H2S2 

H4N2 
H4N2+ 
I 
1-

102 
IOg-

12 
12 -
N02 
N02-

N03 
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Hydroperoxide ion 9.44., 9.48. 

Ozonide radical, protonated 9.51. 

Hydrogen sulfite ion 9.59., 9.61. 

Hydrogen selenite{IV) ion 9.67. 

Hydrogen peroxomonosulfate ion 9.64. 

Mercapto 9.52., 9.53. 

Bisulfide ion 9.53., 9.54. 

Hydrogen 9.1. 

Water 9.38. 

Hydrogen peroxide 9.45., 9.46., 9.47., 
9.49. 

Sulfhydryl dimer radical 9.54. 

Hydrazine 9.35. 

Hydrazine radical cation 9.35. 

Iodine atom 9.25., 9.27. 

Iodide ion 9.25., 9.28., 9.29. 

Iodine dioxide 9.31., 9.32. 
Iodate ion 9.32. 

Iodine 9.26., 9.30. 

Diiodine radical ion 9.29., 9.30. 

Nitrogen dioxide 9.36. 

Nitrite ion 9.36. 

Nitrogen trioxide 9.37. 

NOg-

Ng 
Ng-

N 6-

0-

O2 
O

2
-

02S 
02S-
0 3 
Og-

OgS-

03S2-
OgS2-

03S2
2

-

OgSe­
OgSe2

-

04S-
04S2-
05S-
S 

Nitrate ion 9.37. 

Azide radical 9.33. 

Azide ion 9.33., 9.34. 

Azide dimer radical anion 9.34. 

Oxide radical ion 9.40. 

Oxygen 9.41., 9.42. 

Superoxide radical anion 9.41., 9.43., 
9.44., 9.45., 9.46. 

Sulfur dioxide 9.58. 

Sulfur dioxide radical anion 9.58., 9.59. 

Ozone 9.50., 9.51. 

Ozonide ion 9.50. 

Sulfite radical ion 9.60., 9.61., 9.62. 

Sulfite ion 9.60. 

Thiosulfate radical ion 9.65. 

Thiosulfate ion 9.65. 

Selenite(V) ion 9.66., 9.67. 
Selenite(IV) ion 9.66. 

Sulfate radical ion 9.63. 

Sulfate ion· 9.62., 9.63. 

Peroxomonosulfate radical ion 9.64. 

Sulfur 9.52. 
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