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Reduction of an electron acceptor (oxidant), A, or oxidation of an electron donor (reduc-
tant), A%~ , is often achieved stepwise via one-electron processes involving the couples
A/A-~ or A-~ /A%~ (or corresponding prototropic conjugates such as A/AH- or
AH-/AH,). The intermediate A-~ (AH") is a free radical. The reduction potentials of
suchone-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 solition 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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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES
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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 B~ 4+C=8B+ C~

can be calculated if the one-electron reduction potentials
E°(A/A-7), E°(B/B-7) etc. are known. Thus the equi-
librium constant, K, for reaction I is related to the differ-
ence AE, between the couples:

AE} = E°(B/B-") — E°(A/A.7) 1)

by the expression

AG; = —nFAES = —RTInkK, @

where K is the ratio of activities

K, = (aAaB_') . (3)

re (anaA—')

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

K = ({g—]][[g-}) . @

At 298 K from Eq. (2) we have

AES/mV = 59.1 log K, 5)

1639

and differences of ca. 60 mV in reduction 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.
Neta' has summarized some early studies of redox prop-
erties of free radicals using the pulse radiolysis tech-
nique.

Dorfman and colleagues® used pulse radiolysis to ob-
serve electron-transfer equilibria of arene radicals in
ethanol, and Patel and Willson® measured equilibrium
constants for electron transfer between semiquinones
and oxygen in water. The latter data and approach en-
abled Wood,* Ilan et al.® and Meisel and Czapski® to ob-
tain the definitive value of the important couple
E°(0,/0, 7). Meisel and Neta’ extended the method to
include reversible electron transfer between quinones
and nitroaromatic compounds, and Steenken and Neta®
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 thermddynamically-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, Stepwiée Addition of Electrons

Many reactions formally involving two-electron cou-
ples A/A%" are known to proceed in two one-electron
steps, A/A-" and A.~/A*". (For simplicity we presently
ignore protonation here, but recognize that e.g. A-~ or
A?" may exist as conjugate acids at the pH -of interest.)

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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The intermediate A.~, generally a free radical in most of
the cases tabulated hiere, may be produced either by re-
duction of A or by oxidation of A>~ (see below, Sec. 3.1,
3.2). The two-electron potential, E°(A/A*") is related to
the one-electron couples by

2E°(A/A*") =E°(A/A-7) + E°(A-7/A%7). (6)

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-~/A%") as E? with subscripts for pH, e.g. E}, Eifs.
The standard reduction potential is usually denoted by
E°. 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 dcscription 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 Conventions®*"!

The standard states of unit activity (approximately 1
mol dm~? 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 O,/0,.~ couple. Thus the standard poten-
tial is E°(0,/0,7) = —325 mV whereas the potential of
the couple E(Oy(1 mol dm~%/0,") = —155 mV.*-¢
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~>. 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 mV, 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°(I,/1,-7) refers to solid elemental iodine
and not ~ 1 mol dm™* 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 electrode (s.c.e.); these have been
converted to s.h.e. by adding 244 mV 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~? KC! (normal), n.c.e.; the correction in this
case is 280 mV. The Ag/AgCl electrode is 222 mV
lower than s.h.e. at 298 K.

The TUPAC convention of writing couples as reduc-

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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tion potentials is followed exclusively. Thus for the re-
duction of A to A-~ the couple is E(A/A.7); an obsolete
convention of describing couples as oxidation potentials
is to be discouraged. Even though the conversion of A*~
to A-~ involves oxidation, it is preferable to write all
couples as reduction potentials: the ease of oxidation of
A’ to A.” is characterized as the reduction potential of
the radical A.~, i.e. E(A-~/A?"). The standard use of the
term ‘reduction potential’, exclusion of the obsolete ‘oxi-
dation potential’ and avoidance 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 A/A-~ are more
powerful oxidants (A easier to reduce). Substances A%~
with more negative reduction potentials for the couple
A/A’" are more powerful reductanls (usidation of
A’ more favorable). Thus 1,4-benzoquinone (Q) with
E°(Q/Q-7) = 78 mV is a more powerful oxidant than its
2,3,5,6-tetramethyl derivative, duroquinone (DQ) with
E°*(DQ/DQ-") = —244 mV. The semiquinone DQ-~ of
duroquinone will tend to be oxidized by benzoguinone,
forming benzosemiquinone, depending on the relative
concentrations of the reactants as described by equi-
librium 7. These differences can be readily understood
because 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 pK, in this case ~ 11.4). Re-
duction potentials at pH ~ 13.5 for the phenoxyl radi-
cal/phenoxide couple, E(PhO-/PhO7) of ~ 23 and 700
mV have been calculated or measured for hydroquinone
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 hydroquinone; the reduction potential of the former
radical is more positive than that from the latter.

3. Observation of One-Electron
Transfer Equilibria

3.1. Generating the Couple A/A.-~ by Reducing
Radicals From Water Radiolysis'**®

The radiolysis of water produces e,;, H- and -OH radi-
cals. The hydrated electron, e, 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 —s products

by several methods:

a. fert-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:

5 .OH + (CH,),COH — H,0 + (CH,;)C(CH,),OH.

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 b and ¢
(below) or by using mimmmal dose (radical concentra-
tion). '

b. 2-Propanol is added which reacts with -OH to
vield predominantly an a-hydroxyalkyl radical which
will usually produce the desired species A-~ by electron-
transfer:

6 -OH + (CH,),CHOH — H,0 + (CH,),COH

7 (CH:),COH + A — (CH,),CO + H* + A~

The fraction of -OH attack on -CH; to yield a 8-hydrox-
yalkyl radical, with similar properties to that produced
in reaction 5 is ~ 15%.' 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 CO,-~ radical formed upon scavenging
‘OH with HCO3:

8 -OH 4 HCO3; — H,0 + CO,-~

will generally pioduce the same species A.~ produced by
reduction with e

9 CO;” + A—-CO, + A
10 €q + A—> AT

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'” or
can be estimated with sufficient accuracy for this in-
equality to be satisfied. Usually the -OH scavenger will

1641

be used at concentrations of 0.1-0.2 mol dm~>. Hydrogen
atoms comprise ca. 10% of the total radicals and a frac-
tion may react with e.g. (CH;),CHOH or HCO3 (terz-
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 (2) may
be preferred in spite of the disadvantages noted.

3.2. Generating the Couple A.~/A*~ by Oxidizing
Radicals From Water Radiolysis'*'*

Removing the reducing radical e, is simple:

11 em + NO + H* > N, + -OH

and saturation with N,O ((N,O] ~ 25 mmol dm~%) will
prevent effectively the now unwanted reaction 10 if
k;[N,O] » kp[A]l. Numerous values for kj are tabu-
lated.”” The H-. atoms are usually ignored but could be a
source of error if the product(s) of H- 4+ A*~ absorb
significantly compared to A.".

With A*~ = phenoxide ion, reaction I3 rapidly fol-
lows reaction 12 to yield the desired phenoxyl radical
A~ in basic solution:

12 -OH + CH;O0~ — HOC(H;0O-~

13 HOCHO0-~ — C(Hs;O- + OH".

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. CH,CHO:"®

14 -OH + HOCH,CH,0H — HOCH,CHOH + H,0
15 HOCH,C HOH — CH,CHO + H,0

16 CH,CHO + A> + H* — A~ + CH,CHO.

Alternative oxidizing systems more selective than -OH
are the halogen or pseudohalogen radicals X,~ (X =
halogen or thiocyanate etc.) and N;.:

17 ‘OH + 2X - OH™ + X,~
18 ‘OH + N7 —- OH™ + N,.

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

19 Xy~ 4+ A7 52X + A
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20 N3 + A - N3 + A~
Another useful system involves SO,.~ (via e + S;037)"
21 SO, + A*™ — SO}~ + A~

Since k; =~ ki ~ k;; =~ ki3 we use [glycol], [X~], [N3]
etc. > [A], e.g. 1 mol dm~* glycol or 0.1 mot dm~ Br~.

3.3. Generating Radicals by Flash Photolysis

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

22 A + hv — A¥
23 A* + D> A" 4+ D

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

3.4. Electrochemical Measurements of Reduction
Potentials in Aqueous Solution

Clark’s classical text® includes methods by which one-
electron potentials may be derived from electrochemical
measurements, and Bard® 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 dications®
(viologens), some quinones at high pH*, etc., and for
A’ = some phenylenediamines, and phenothiazines in
acidic solution. Polarography with a time resolution
compatible with pulse radiolysis®® 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 success’®? 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 radical®***,

3.5. Establishing a Redox Equilibrium:
Kinetic Constraints

Many of the radiolytic reactions useful for generating
radicals A-~ (7,9,10,16,19-21) are so rapid that at practi-
cal concentrations of A of the order 10 umol dm~ - 10
mmol dm~>, the production of radicals A-~ and/or B-~
for the desired equilibrium I is complete a few microsec-
onds after a radiation pulse. The rate of approach to
equilibrium 7 is then controlled by k; and k_;:

kiobs =k:[B] + k_ [A]. Q)

. This approximation is usually valid if pulse radiolysis or
flash photolysis involves generation of ca. 1 - 10 umol
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dm~> A.~ and/or B-~ and [A-7},.[B-7] < [A], [B]. Here
ks is the first-order rate constant (units s~') obtained
by plotting the appropriate function of absorbance vs.
time. As equilibrium 7 is approached, significant loss of
A-~, B~ (e.g. by disproportionation):

24 2A7 5> A+ AY

must be negligible if K is to be estimated reliably. While
k; and/or k_; may be of the order of 10* dm® mol—! 5~}
for many electron-transfer reactions, it is frequently ob-
served that protonation of A, A.~, or A>~ slows down
electron-transfer rate constants by orders of magnitude,
and then equilibrium / may not be achieved in competi-
tion with reaction 24 etc. Thus deprotonation of hy-
droquinones, phenols, ascorbate etc. is often necessary to
obscrve reversible clectron-transfer reactions of these
substrates.?

3.6. Calculation of Reduction Potentials From
Concentrations at Equilibrium

By making the assumption that as [A], [B] is varied the
radiolytic yicld ([A-~]1 + [B-~]) remains constant, then’

=4, 7) [A]
(AB-_ _Aobs) [B} )

A s
KI:( o

®

Ay is the absorbance at a constant dose (constant total
radical concentration) in the solution containing A and
B, and A,-~, Ag-~ arc thc absorbanccs at the sclected
wavelength of A.~ and B-~ alone. Alternative algebraic
routes to K; have been used.*® Under some circum-
stances a significant fraction of A, B may be converted
to A7, 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:

Kigvs [A]
Tl ©

A plot of k;./[B] vs. [A}/[B] yields an estimate of X;
from the ratio (intercept/slope). Again, the kinetics must
reflect only the approach to equilibrium 7 and there must
be insignificant loss of A-~, B.~ by other routes.

3.8. Effects of lonic Strength, Temperature
and Solvent

If either both reactants or both products of reaction /
are charged then K; defined by Eq. (4) will vary with
ionic strength, J. We can either plot several measured
values of AE, against (say) I! to extrapolate to zero ionic
strength or use the Debye-Hiickel equation to calculate
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activity coefficient ratios.” 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-Brgnsted-Davies
expression for the primary kinetic salt effect:*

logk = logk® + 2z, zg A(I*(1 +1})~'—BI)  (10)
where the constants 4, B vary with solvent and ions but
are close to 0.5 and 0.2 respectively for water and typical
ions. If for simplicity we abbreviate z,, zs to a,b (the
charges on A,B) then reaction I may be written:

11 A.(a—l) + Bb= Aa + B'(b—l)-

1t is readily shown that

AE, = AE; + AEey an

where the correction term to be added to the value AE;
measured at an ionic strength I is:

The function f(7) appropriate for many reactions in wa-
ter at 298 K can be approximated to:

AD = 1.02U%1 + I — 0.2]). (13)

If e.g. A = a bipyridinium dication and B = a quinone
sulfonate monoanion then (b — ¢) = —3 and AE =
—16 and —49 mV at I = 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,™ 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 data® for the tem-
perature-variation of the. reduction potential of
1,V’-dimethyl-4,4-bipyridinium dication and its benzyl
analogue to show that E(A/A.7) 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™!
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.’**” Entropy changes can, of course, be
estimated from dE/dT. Typical values of dE/dT for vi-
ologen reference compounds are —0.4 to —0.9 mV
K~1,% and for simple nitroaryl compounds arc —1 to —2
mV K~'. Thus the common practice of ignoring varia-
tions in experimental temperatures may introduce sys-
tematic errors in estimates of E° of several mV, aside
from other uncertainties noted below.
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3.9. Relative and Absolute Uncertainties
Associated With Measurements

From Eq. (5) an uncertainty of = 10% in K; corre-
sponds to ca. = 2.6 mV in AE}. The lack of, or uncer-
tainties in-ionic strength corrections (where needed) may
be at least of this order and in general values of AE | are
unlikely to be more accurate than + 5 mV. The poten-
tials of most redox indicators (see below, Sec. 5,6) are
certainly not known to better than + 5-10 mV and a
realistic uncertainty in £°(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-~/A?~ (Tables 5-8)
AE$ may often be measurable to = 10 mV or so® but-
ionic strength effects, where present (either a 5= 0, b 5%
Oor a s~ b)in e.g. 0.5 mol dm~—* 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 mV, and many may be uncertain by + 20 mV.

Couples involving protons (see below) introduce fur-
ther uncertainties since thermodynamic pK,’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 + ne~ — reductant.

The couples A/A*~, A/A-~and A-~/A’" may represent
the reactions involved in the two-electron reduction of
A to A", 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 A/A-.~, and as
oxidant in the couple A.~/A?~. If protons are involved
in the reaction:

26 oxidant + nH* + ne~ — 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 = 0if
H™ is a reactant, and leads to considerable confusion.
Symbols for standard potentials include E* and E°; the
latter is often typeset as E° and frequently also expressed
as E, 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 E° and E, are even
greater.

The symbol E, 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
E,. This point is not always clear even in well-known
texts, e.g. Clark’s book,” and is discussed further below.

4.2. Coupling of Electrons and Protons
in the Reaction

Suppose. the reductant, formally represented by A*~
previously, can be involved in prototropic equilibria,

e.g.:

27 AH, = AH™ + H*

28 AH™ = A + H*

as can the radical intermediate, A.~ or the oxidant, A:
29 AH. = A~ + H*

30 AHY= A + H".

(It is important to recognise that free radicals 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, pK» > pKs;.>**) The two-electron reduction of

A to A’" can be represented either as 3la, excluding

protons in the equation, or as 31b, which includes pro-
tons: ’

3la A + 2 — A
31b A 4 2H' 4+ 2~ — AH,.

The standard potentials, E°(A/A>") and E°(A, 2H*/
AH,) have quite distinct definitions and values, and
when discussing the reduction of A to A*~ or its proto-
nated conjugates AH™, AH, we should take care always
10 qualify 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.® If A?~ 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 E;. This is defined in
the Nernst relationship:
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B —F + RT In { (product of activities of oxidant) }

nF (product of activities of reductant)
14)
where E° 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 3la:

— ExA/A) 4+ BT, ()
E. = E°(A/A™) + 35 n g

(15)

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

B, = B, m/aH) + RLn B g

whichever is most convenient (see below). (We gener-
ally follow the symbols used by Clark,” except in the
more restrictive use of E, 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. pK3 € 0. Ey 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
Ey(A, 2H*/AH,) 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 E°(A, 2H*/
AH,) is pH-invariant since the condition (H*) = 1 ap-
plies. However, E, will vary with pH since in Eq. (15)
the activity of A?~ will depend on equilibrium 28 conju-
gating A2~ with H*. In Eq. (16) not only will (AH,) be
controlled by equilibrinm 27, but (H*) is also incorpo-
rated in the Nernst relationship. The general approach to
deriving an expression relating E; to (H*) may be sum-
marized: (/) 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 20; 31a or 31b). (ii) Write down the Nernst expression
for the reaction as written, with E° clearly defined in
parentheses after the symbol (e.g. Egs. (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
E°. (iv) Substitute these terms in the Nernst 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, E, when this ratio is
unity. (v) A formal (rot standard) potential, E, can then
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be defined to separate out the constants and present a
relationship between E,, and pH which includes the dis-
sociation constants for the prototropic equilibria in-
volved. The standard potential E° is included in the
constant E, but the latter may, or may not, approximate
to E°, as discussed below.

Restricting ourselves for the present to defining E;, 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 (if)
above to arrive at Egs. (15) and (16). Using Eq. (16), for
step (iif) we have to derive the proportion of total reduc-
tant in the form AH,. Following Clark,”? we define the
symbol S, to denote the sum of reductants:

S, = AH, + AH™ + A an

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

K, = (AH)EY

2\ (1 +
Ko =Sl (=kw a9

We can then express (AH,) in terms of (S,), K, and K,,:

(5) = (AH) + (AH") + (A7) @0)

Krl KrZ
() = (A (1455 + o) &)
(AH) = 6 (Kﬂ 2+ K(:zH)ﬂz + (H+)2) - @

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

o RT . (S,)

E, =E°(A2H*/AH ——In =0~

h ( 2) + °F n (S.)
RT . (KiK., + K (HY) + (H*))H*)?

+ BTy ((H+))2 HEPEY oy

if we separate out the term with (S,)/(S,) since (S,) =
(A). When (S;) = (5,), E; can be described as a ‘mid-
point’ potential with symbol E,;:

E, = E°(A,2H*/AH,)
RT
+ 5 In KoK + Ka(HY) + YY) . 24)

Beginning with the alternative ‘orienteering reaction’
31a and its corresponding Nernst relationship Eq. (15),
we have to derive an expression for (A?~) analogous to
Eq. (22), in a similar fashion:
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AZ— = Sr ( rifdhr2 )

@ =\ ran + @y @
We then obtain the alternative expression for E,:
E, = E°(A/A™)

+ +32

+ R_T,]n(KrlKrZ + Krl(H ) + (H )) . (26)

2F K rlK 2

Equations (24) and (26) describe the same parameter, E,,
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:

E°(A,2H*/AH,) = E°(A/AY) — %m (KuKo) .27)

If potentials are in mV and T =~ 298 K:

E°(A, 2H*/AH,) ~
CE°(A/AY) | 20.6(pK0 + pKo) - (28)

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

Ey= E'(a/A) - Smkk) @)

RT
Em = EO + ﬁ In (KrlKr2 + KII(H+) + (H+)2) . (30)

Clark® uses this procedure extensively. However, the
definition of E; 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 constants and mid-point potentials
are usually measurable only in terms of concentrations
rather than activities, and the expressions for the pH-de-
pendence of E,, 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 A + e — A~

326 A + H* + e~ — AH. .
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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:
r__ [A '—.](H-*—) g
Kr - [AH'] (—K29) - (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}, can be used.

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

(GY)

E, = E°(A/A- )+————1n(A_)

(32)

When modified to include activity coefficients, f defined
by:

A) = fulal (33)

etc., this yields:
RT. Jfa  RT  [A]
—In

E,=E°(A/A ")+ —In—+ —
" ( "t fo- F AT
(34)
Representing A by S, and the sum of A-~ and AH- by S,

as before, and following the general approach described
above:

[A7] = [Sr]( K;Hﬂ) 35)
E, —-E(A/A )+RFT1 ;:A +
[S.] K+ HY
i+ o (o ) 36)

If a formal potential, E, is now defined as the mid-
point potential when the ratio of the total concentrations
of oxidizcd and reduccd specics is unity, and II* is at
unit activity (pH = 0), then from Eq. (36):

E,=E°(A/A-7)
RT. fa RT K;+1)-
+5=1In +=1n ) 37
F  fa-  F ( K, G
RT. (K/+ (HY)
m=Eo+ % In (__'_K,'+1 ) (38)

For many species of 1nterest such as semiquinones, K, €
1 so that:

E, =~ E°(A/A. )+I;,T1 ][A R—FTI K (39
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En = By + S In (K + (HY)). (40)

The latter two equations also result if £, has no specific
definition but merely represents taking out the pH-inde-
pendent terms in the expressions for E; or E,. The val-
ues of E, calculated from Eq. (39) rather than Eq. (37)
may differ by negligibly small amounts, e.g. by 0.3 mV
if pK; > 2; however, it is recommended that E, is de-
fined clearly as the formal potential described above
even though it introduces extra terms such as (K 4+ 1) in

the equations. We can then use consistently subscripts

with E,, to denote pH and by definition, E,, = E,.
Equation (38) may also be derived starting from the

alternative Nernst relationship corresponding to reaction
32b:

+ 1 AXHD)
E, = E(AH/AH)+ F (AH) N C3))
An expression is derived for [AH-] in terms of [S,], etc.,
except that E, in Eq. (38) now becomes (using the de-
fined formal potential as before):

E, = E°(A H*/AH.)

1 fA

RT. ..
F o+ Fh &+ D, 42)

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

E°(A/A-")=E°(AH"/AH")

L RTy Ja RT (43)
F fau F
Since:
K= Ki2- @4)
San.
4 RT
E°(A/A") — E°(A, HI*/AIL) + —ﬁ—an @5)

This relationship may be re-arranged in the same form as

Cq. (28):
E°(A, H*/AH) = E°(A/A") + 592 pK..  (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 E, as defined by Eq. (42) does not equate to
E°(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(1II)/Fe(II) couple, E, 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 define 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 Ej may then be used.

Regardless of the definition of E,, at any two pH val-
ves, I and j, Eq. (38) yields:

’ -1
o B (521)

F g0 “7)

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

33a A" e — A

33b A~ 4+ H* 4+ e” — AH™
33¢ A~ +2H" +e” — AH,
33d AH. + H* + ¢~ — AH,.

The Nernst expression for reaction 33a is:

— Bo(A- Ay o BT (A7) '
E, = E°(A-"/A*) + F In AT (48)
The radical species AH./A.™ is now the oxidant, rather
than the reductant as in the example immediately preced-

ing. Thus we denote:

K. = %‘%—l (= K 49)

(cf. (Eq. 31)), and

[A-7] = [SJ] (E—fm) (50)

(cf. (Eq. 35)). The reductant concentration, [A?"] is de-
fined by Eq. (22) except that concentrations replace ac-
tivities and practical ionization constants K7, K. are
used. We then obtain:

Fy=E°(A-—/a2) 4 KT 1 Ia

KI
n +-1—€Iln( & )
F o [ F K§+1

RT (K:IK;I + KyHY) + (H+)2). (51

+7Fn K'\K}

If the formal potential, E, is defined strictly as before,
with unit ratio of total concentrations of oxidant to re-
ductant, and (H*) = 1, then:
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— moa-spary o BT fa-  RT. [ Ko
Ey = E°(A/AY) + o s + ol gy

RT KiKio + K\ + 1
+ F In (WK;l X, ) (52)
RT KK, KL\H* H+)?
Em=E0+-—F—ln( "2+K;i£(}%+;r( ))
RT K41
+p (K:.K;z TR, T 1)' (53)

The last term in Eq. (53) will be negligible if K, K},
K, € 1. Indeed, as noted above, it would be omitted if E,
was simply defined by combining the pH-independent
terms in Eq. (51).

Corresponding pairs of expressions for E, and E,, arc
derived setting out from the alternative orienteering re-
actions 33b-d. The standard potentials are related by:

E°(A-—/A*) = E°(A-,H*/AH") + R-FTln K,; (54a)

= E"A", 2HVAH) + ST KK, (54b)

RT. K.K,

= E°(AH, H*/AH)) + F In K- (34c)

These relationships, and also Egs. (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, / and j, Eq. (51) or Eq.
(53) yields:

Epi = Epy +

F " kKL T K0 + 107

RT, (& + 107
+tFh (K; + 10-")' 63

RT (K;IK;Z + K4(107) + 1o~2')

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:

x =B - k. (56
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Following the usual approach we obtain, for example:

RT. (K] + 107} [Ks + 107

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 and semiquinone/hy-
droquinone one-electron couples are illustrated in Figs. 1
and 2 respectively. The mid-point potentials, E,, 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, E° 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 E,, vs. pH arises because of
the identity: 0 € (pK,, pK.1, pK2) <T4 in this example,
and not hy definition (pK, = pK, forldissociation of the
semiquinone species, QH.).

It has been stressed already that EY should always be
qualified with the half-cell reaction|in parenthesis, as

a defined, formal potential rather t

a collection of

shown in Figs. 1 and 2, and that E, k‘jf:: be preferred as

constants. However, convenient abbrg
E,, are not so simply defined; perhapg
use the prototropic forms predoming

2viations to qualify
it is reasonable to
ating over the pH

2 might be labeled: E.(A/A:7) and E(Q-—, 2H*/QH,)
respectively. We siress again that E° does not vary with
pH. : ,

It has been common practice to wse superscripts to
qualify symbols for first and second gne-electran reduce-
tion potentials, with subscripts for pH| e.g. EXA/A-") or
E};5(A-~/A*"). This now seems superfluous and possibly
confusing. On the other hand, if results are described as.

range of most interest. Thus the abscEsae in Figs. 1 and
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mid-point potentials throughout (except where standard
potentials are clearly denoted), it seems reasonable to use
E,; for simplicity rather than E,,;, where the subscript i is
the pH.

g

En(quinone/semiquinons) / mV

a
8

1 12 14

Fi16. 1. Variation of the mid-point potential, E,, with pH of the one-electron
couple: quinone/semiquinone for 1,4-benzoquinone.
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FI1G. 2. Variation of the mid-point potential, E,, with pH of the one-
electron couple: semiguinone/hydroquinone for 1,4-benzo-
quinone
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The variation of E, with pH may be influenced by
prototropic functions not closely associated with the re-
dox center, if the pK, of the lunction differs in oxidant
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 pK, <
0 in the ground state and may be ignored. However, this
site is protonated in the eleciron adduct (radical), with
pK} = 5.0. The piperidino nitrogen in the substituent
protonates with pKy ~ 7.6 in the ground state, but the
inductive effect of the nitroaryl group is reduced in the
electron-adduct: pK;, ~ 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
undetecied, in biologically-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 I:

1 AT +B=A + B".

If A, B and/or thc radicals, A-~, B-~ are involved in
_ prototropic equilibria, then the measured mid-point po-

. tentials E,,; will yield, via Eq. (5), an apparent or effective
equilibrium constant, X; where:

. lSA |SB~‘[ ’
K= \sisa1) )
This is a modification of Eq. (4) where, following previ-
ous use, we replace [A], [A.7], etc. by the sums of the
concentrations of related prototropic conjugates: [S4.-]
= (A1 + [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 7 in which, like
semiquinones for example, the reductant species A.~,
B-~ participate in prototropic equilibria, with E°(A/A.7)
and E°(B/B-7) = —400 and —300 mV respectively but
with pK, for the dissociation of the protonated conju-
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gates, AH. and BH. = 8 and 5 respectively. At pH > 9,
K; can be calculated from Egs. (1) and (5) to be ~ 49.
Ilowcver, because E,, increases more rapidly with de-
creasing pH for the oxidant A compared to B, the effec-
tive position of the equilibrium reverses at pH < 6. At pH
< 4, K; is approximately constant at = 0.05.

It is preferable to treat such pH-dependent equilibria
in this way rather than add protons to equilibrium 7 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

T 5 T L T T l; T ﬁi;l L T
~260 H ! ! 4
> ' 1 1
£ ! _
ks 1 1 1
1
° —300 ) 1
3 ' t
1 1
1 1
| 1
! )
~340 : :
|
| i .
k 1 ' 1
1 1
 -s0p : :
T e EANOJAIND,*") ! ;
[ - J
! '
—420 1 L I 1 PENY 1:_L 1 Jll 1 1 i
4 5 [ 7 8 9 10 1

Fi6. 3. Variation of the mid-point potential, E,, with pH of the one-
electron reduction potential of 1-(2-piperidinylethyl)-2-ni-
troimidazole (ArNO;) }
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FIG. 4. Variation of the mid-point potentials, E,, with pH of the one-
electron couples of two hypothetical oxidants A and B (see
text) and the logarithm of the effective equilibrium constant K;
for the one-electron transfer equilibrium between these oxi-
dants and their electron-adducts
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basic (or acidic) functions siows down the rates of elec-
tron transfer reactions, often dramatically, as noted in
Sec. 3.5. The rate of approach to equilibrium 7 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-transfer equilibrium 7 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,>* nitroaromatic
compounds,’ flavins,* phenoxyl radicals,® 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 arc 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?~ or their protonated conju-
gates:

34 A+ AT =2A"
and a radical formation constant can bc defined:

o Ay

K= wan 8
The value of K; is obviously a measure of the steady-
state concentrations of radicals, A-~ obtained on mixing
oxidant A with reductant, A’>~. When experimental con-
ditions result in sufficiently high concentrations of radi-
cals to be measured, estimates of K; can be used in
conjuction with the two-electron potentials, E°(A/A%")
or E°(A, 2H*/AH,) to obtain estimates of the one-elec-
tron couples, E°(A/A-7), etc.

5.2. Derivation of Expressions

Reaction 34 (above) can be obtained by subtracting
33a from 32n:

32a A+ e — A"
33a AT 4 e — A,

‘Eq. (59) is obtained by subtracting the corresponding
free-energy changes:
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E*(A/A-) — E(A—/A™) = %,Z mK. (59

If we add reaction 324 to reaction 33a we obtain reaction
31a. Noting that n = 2 in the conversjon of free energy
to potential, Eq. (2), in the latter rcaction:

E°(A/AS) + E°(A/AY) = 2 ES(A/AY)  (60)
(cf. Eq. (6)). Adding Eqgs. (59) and (60) yields:

E°(A/A) = E(A/AY) + %—; In K; 1)

while subtraction gives:
° - 2o ° 2 RT
E*(A-~/A*) = E°(A/A"") — z?ln Ky (62)

Using Eq. (28) with potentials in mV and T ~ 298 K.

E°(A/A) =
E°(A, 2H*/AH,) —29.6(pK. + pKa + pK)  (63)

E°(A~/A7) =
E°(A, 2H*/AH;) —29.6(pKyy + pKo — pK)  (64)

where K, K, are the dissociation constants for AH, and
AH" respectively as defined in Egs. (18) and (19).

It may be difficult to measure K; directly, e.g. because
very high pH values may be required to ionize com-
pletely the reductant to A%~. It is much more convenient
to define an apparent formation constant, K;; at an exper-
imentally accessible pH, i:

K = —(-SS)%—) (65)

We follow previous symbolism and define S, and S, as
the sums of the oxidant (only A) and reductant (AH, 4+
AH~ 4 A?") respectively, as before, and use S, 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:

_ ks KK, + KnHY) + H*)
K= K"(Ks T (H+)X Kz (

where Ky, Ky, are defined in Eqs. (18) and (19) as before
and K| —= K.

As noted earlier, in practice, concentrations rather
than activities are generally measured. We will usually
obtain an estimate of K; or K¢, at some ionic strength, 7.
Using Kj, K, as before to denote the apparent formation
constants thus defined in concentration terms except for
(H"Y), together with the mid-point potentials E,; mea-
sured at the same ionic strength, it can be shown that:
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T
E(A/A") = En(A/AT) + % mK,  (67)

Enl(A/AY) = EnfA/A) — Sl ki (69)

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)). ~ '

K=K i% | (69)

5.3. Examples of Calculations

The one-electron reduction potential of the oxidant,
duroquinone (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 data** to yield values at 298 K give: pK}, =
11.24, pK’ = 12.83 and pK{ = 0.11 at I = 0.65. Conant
and Fieser” indicate E°(DQ,2H*/DQH,) = 480 mV
(but used 50% ethanol). Equation (63) then yields an esti-
mate of E°*(DQ/DQ-") = ~—236 mV, ignoring the use of
practical rather then thermodynamic equilibrium con-
stants. Alternatively, Michaelis et al”® estimated

E,..(duroquinone/durchydroquinone) using 20% pyridine .

in water at 303 K, for pH (i) = 7.4 to 13.5; a value of E,;
= 41 mV is interpolated. Baxendale and Hardy’s
data,** and pK! = 5.1 from pulse radiolysis,’ yields K#
= 1.1 X 10~". Using Eq. (67), E{(DQ/DQ-") = —254
mV is estimated. These values are similar to those ob-
tained quite independently by Wardman and Clarke® us-
ing pulse radiolysis. '

(A number of authors have used pK), = 13.2 for
duroquinone, as tabulated from Bishop and Tong® from
Baxendale and- Hardy’s measurements. The original
data* clearly show pK(, 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 measurements®.of the steady-
state concentrations of ascorbyl radicals produced on
mixing the reductant, ascorbic acid with the correspond-
ing oxidant, dehydroascorbic acid gave estimates of Ky
between pH 4.0 and 6.4. An estimate of K; = 1.2 X 10~*
is obtained using BEy. (06) and pK/; = 4.21, pK), = 11.52
(representative literature values) and pK, = —0.45° A
value of E,, = 400 mV for the two-electron reduction
(see Clark,? p.470), will be close to E°(A, 2H*/AH)),
from Eq. (24). Eq. (64) yields E°(A."/A*") = 19 mV for
A* = ascorbic acid. Steenken and Neta,® using the
pulse radiolysis redox equilibrium method, estimated
Lps(A-—/AY) = 15 mV. This is well within the uncer-
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tainty of the independent calculation. (Because pK;, =~
11.5, E;3s(A-~/A*) = E°(A-~/AYM)).

5.4. Uncertainties In the Calculations

As an example, consider the calculation for E°(A/
A.") for A = simple quinones. Clark’s tables® of values
of E, for the two-electron reduction of many quinones
indicate random uncertainties of 5-15 mV, the higher
values including measurements in parily non-aqueous
solvents. In these cases E; approximates to E°(A, 2H*/
AH,). To calculate the uncertainty in the estimate of

- E°(A/A.). for example, we also need to consider the

uncertainty in the sum: pK,; + pK,; + pKj, as indicated
in Eq. (63). Estimates** of pK/), pK} and pK{ refer to
ionic strengths of 0.65 or 0.375, and the substitution of
these practical constants for the thermodynamic con-
stants required in Eq. (63) introduces spstematic errors.
Perrin ef al.*' derived a formula to correct practical

ionization constants. For dissociation of the weak acid
HA®— -, :

35 HAC-D= == A™ 4+ HY

pK = pK' + [@2n — 1)/2]f{). (70)

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

S = 1021 + IH~! — 0.21). 13)

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

pK; = pKi — fU) an
for uncharged oxidants A, i.e. for uncharged quinones.
The semiquinone formation constant decreases with in-
creasing I so that pK{ overestimates pK;by ca. 0.3 at I =~
0.4-0.6. There is thus partial canceling-out of these sys-
tcmatic crrors in the application of Eq. (63). The system-
atic error introduced into the calculation of E°(A/A.7)
will still amount to the estimate being ca. 10 mV more
positive than the true value.

Even for these simple quinones, generally only one
estimate** of the ionization and formation constants re-
quired is available. Even discounting random errors in
their determination, the calculations of one-clectron re-
duction potential as described in this section must in-

 volve uncertainties of ar 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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siineme may b oy
ol ihe thermodynamic con-
Kooand pd, ol 100, 11,9, 4.0 and
0 Using - e well-established®
{1 ‘ 699 mV  yields estimates of
0,07 ) = 78 mV and E°(Q-7, QF7) = 24 mV, the
former some 20 mV lower than previous estimates.* In
fact, such corrections are not so straight-forward, since
Baxendale and Hardy* included some activity coeffi-
cients (of the buffers used) in defining K}, K,,. The sim-
ple application of Eqgs. (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 7
with the unknown A is influenced by several factors.
Ideally, determinations of K; with two indicators — one
higher than the unknown by (say) 50-100 mV, one lower
— will lead to the most reliable value. In practice, the
choice depends on solubilities, absorption spectra of re-
actants and products, pK,’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
the concentration of oxygen over a wide range. 1t is use-
ful to draw attention again to the standard definition:
E*(O(1 atm.)/O,~) = —325 mV whereas E(O,(1 mol
dm~%/0,") = —155 mV.

6.2. Quinones

Reduction potentials for the couples A/A-~ and A~/
A% for A = quinones may be calculated**%* from the
ionization constants of AH, and the semiquinone forma-
tion constants, as described above (Sec. 5). Completely
independent estimates of E°(A/A.7) for A =
duroquinone are provided by the measurcinents of Al7
corrected to I = O for A = dyroquinone and B = 1,1'-
dibenzyl-4,4'-bipyridinium dication.”? Values of AE, of
110 = 42, 113 % 4%, and 107 = 3* mV togetber with
E°(B/B-") = —354 mV (but see below, Sec. 6.3) yield
E°(A/A-") = ~244 mV for duroquinone, in good
agreement with the values calculated**** from dissocia-
ton constants (see also Sec. 5.3). A value of Z°(A/A-7)
= 375 mV for 9 10-anthraquinone-2-sulfonate is a rea-
sonable mean of estimates based on equilibria involving
duroquinone™>%2, and two bipyridinium indicators 2%
and is quite close to the value —360 mV obtained polar-
ographically at high pH.* The more negative potential
now recommended for benzyl viologen (see below) will
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yesult in corresponding alterations to the values for the
quinone couples, e.g. to —260 mV for duroquinone and
—390 mV for 9,10-anthraquinone-2-sulfonate.
Reduction potentials for other quinone couples have
been calculated**%* from literature data and experimen-
tally derived® from equilibrium measurements. They can
be relicd upon when confirmed by independent routes,
e.g. when the values are consistent with measurements of
the A" /O, equifioriom.>* 1,4-Benzoquinone (Q) is a
recommended standard, with E°(Q/Q-") = 78 mV and
E°(Q--/Q*") = 24 mV, 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 solution 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-dependent’>*** 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, V** dimerize:

36 V)= Vot 4 Wt

Estimates of the apparent dimer dissociation constant,
K}, have been made. These vary from ~1.5 X 1073 mol
dm 3 for methyl viologen®**’ to ~2.7 X 1073 (ethyl vio-
logen)®™ and 2 X 10~ mol dm~* (benzyl viologen),” un-
der the experimental conditions used (Kp is ionic strength
dependent). If x is the fraction of radicals in the
monomeric form and S, is the total concentration of re-
ductant (V-] 4+ 2[(V-1),]), then:

28.x?

KD =4 (1‘“"‘“‘1‘_) N

(O]

The ~100-fold lower value of Kp for benzyl viologen
compared to its methyl analogue has serious implications
in using the former as a redox indicator, since it is secn
that if e.g. S, = 107° mol dm~% 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:

E. = E°(V*/V.*)

- EI;,T n [%3([1 + (8S/Kp)lt — 1)}‘ (73)
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If, eg. Kp = 5 X 107° mol dm and S, = 2.5 X 107
mol dm 3, E, is ca. 30 mV more positive than E°(V?*/
Vo).

Concentration-dependent mid-point potentials for ben-
zyl viologen (BV**) have been reported®® and it seems
likely that the value of this reference potential is more
negative than the electrochemical data suggest.”! 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 AFE for nitroaryl com-
pounds vs. both benzyl and methyl viologen indicated
either E°(V**/V.*) for the benzyl analogue was lower
than —354 mV (previously assumed) or the value for
methyl viologen was higher than the well-established
value of —448 mV. The apparent correction necessary
was usually ~ 16 mV, in agreement with the new recom-
mendation for E°(BV?*/BV.*) = —370 mV.

This problem of dimerization of viologen radical-
cations has serious implications in estimating the value of
E°BV*"/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 pmol dm~ 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-
lem with methyl viologen (MV?**), and there are so
many values published (see Table 3, compound 3.8.2)
that outliers can be clearly identified. A value of

E"MV?'/MV-') = —448 mV is recommended. The

usefulness of Jow potential viologens in particular, out-
weigh these uncertainties. The reported® protonation of
the methyl viologen radical cation with pK, = 1 seems
more likely ascribable to other reactions®, and the pH-
independence of these couples is a further advantage.

6.4, Hydroquinones and Phenols

The studies of Steenken and Neta®® of equilibria of
the form: '

37 A~ + B =A™ + B~

with A*, B* = hydroxy- and amino-phenols,
phenylenediamines, etc. have provided values of
E;(A--/A%) = 23, 43 and 174 mV for A*~ = hy-
droquinone, - 1,2-dihydroxybenzene (catechol) and 4-
(IV,N-dimethylamino)phenol respectively. These are
supported by internal consistency of measured values of
K;;. Their value of Ej35(A-—/A?") = 266 mV for A*>~ =
N,N,N',N'-tetramethyl-p-phenylenediamine is similarly
supported by other redox equilibria,* and by earlier elec-
trochemical measurements®® so that an estimate® of 88
mV may he disconnted. All the equilibria were measured
at J =~ 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
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reaction become sufficiently fast for the reaction to pro-
ceed. The lack of reversibility of the NAD-/NADH cou-
ple for nicotinamide adenine dinucleotide has been
discussed.®

6.5. Inorganic Indicators Other Than Oxygen

Reference to Table 9 indicates the high reliability of
E°(ClO,./ClO7) = 934 mV. More powerful oxidants
include halogen- and pseudohalogen radical-anions, e.g.
(SCN),-~ or Br,~; the reduction potentials of these radi-
cals are established to ca. =+ 30 mV; values of
E°((SCN),»~/2SCN~) = 1330 mV and E°(Br..~/2Br™)
= 1660 mV are presently recommended.

A useful, very low potential inorganic oxidant is T1*,
the reduced form of which is in equilibrium with T1,*:

38 T + TI* = TL*.

The eqnilihrinm constant K., = 140 dm? mol™! and
under certain conditions equilibrium 38 may be attained
faster than electron transfer between TI1* and reduc-
tants.”” Hence providing account is taken of the equi-
librium 38, the reduction potential of very low potential
oxidants may be derived using T1* as indicator and
EY(TI*/TL0) = —1.94 V.9

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(A/A.5), E(A--/A%") 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 substituents®® in a molecule of known potential
in agqneouns solution, may be useful. Measurements in Wwa-
ter using cyclic voltammetry correlate® but do not nec-
essarily equate with the reversible potentials E(A/A-7)
(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 k;, k_; with AE, of
the form based upon the Marcus theory (e.g. with radia-
tion-produced radicals®™"), Values of E(A/A."), for
example, may sometimes be estimated from other rate
constants providing they are well below the diffusion-
controlled limits. Values of k; were correlated with the
e.s.r. characteristics (see below) of A-~ for A = ni-
trobenzenes,” and are therefore linked to reduction po-
tentials.
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F.a, Correlatione Beiween Heduction Potential
and Other Physico-Chemical Parpmeters
Uhe eorrelntions well established for polarographic
potentinls™ provide a guide to other useful parameters

which may be used to predict values for unknown cou-
ples. Hammett substituent constants (o~ values) are the
most useful, e.g. for 5-substitution of 1-methyl-2-nitroim-
idazole we have:”

E(A/A-7)/mV = —(406 = 5) + (146 £ 8)o; . (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 (NO,) h.f.s. and E(A/
A7) has been made.” Variations between mono- and di-
nitrosubstituted series were noted.” Of course,
relationships such as Eq. (74) will only be reliable pre-
dictors either when prototropic functions which could
modulate K, are ahsent, or when the pH i sufficiently
high that E,, is unaffected by further increases in pH (all
groups ionized or deprotonated). Since o values are a
measure of pK, shifts, it would be theoretically possible
to modify relationships between E,, and pH to incorpo-
rate o as a predictor, but the relationships would be
complex.

8. Arrangement of the Data Tables
and Indexes

8.1. Content of the Tables

The Tables fall into 3 distinct groups. Tables 1 to 4
present reduction potentials of organic oxidants, in the
form E(A/A-7) 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-~/A") where A’ represents a stable reduc-
tant and A-~ the radical (disregarding prototropic state,
of course). Table 9 presents reduction 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 any one
- couple appear in order of publication year.

Each table contains 10 main columns: (/) A com-
pound reference number. (2) The reduction potential of
ground state or radical, as appropriate, all referring to
one-clectron reduction and all vs. the standard hydrogen
electrode. These potentials are all mid-point potentials,
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E,, and in many, although not all cases, may be used as
estimates for standard potentials, E°. Whether a mea-
sured or calculated value for E as tabulated equates or
approximates 10 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 measure-
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, i.e. merely
supported, the calculation of AE. Column (4) gives the
reference compound used in the electron-transfer equi-
librium, and (5) the reference potential assumed in the
caleulation of E (see 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: —0 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 guestionable, 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 rclatively minor and presenta-
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 1 atrnosphere 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,” but the reader is warned that the latter author
presents data uniformly using a standard state of 1 mol
dm~, including couples involving gases.

9. Some Other Compilations of
Reduction Potentials

Clark’s classical text” includes compilations of many
reduction potentials of organic substances. The volume
by Bard et al." supersedes an earlier compilation' of
reduction potentials of inorganic substances in aqueous
solution. Stanbury’s review™ discusses inorganic couples
involving free radicals in more detail (note the comment
about standard states in Sec. 8.3). Steenken’ presents
comprehensive information concerning electron transfer
equilibria involving radicals and radical jons 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.”

10. List of Abbreviations and Symbols

A General symbol for oxidant or elec-
tron acceptor

A’ Triplet excited state of species A

Al Gencral symbol for fully dissociated

form of reductant AH,
A; Absorbance of species i/

as Activity of species A

AcOH Acetic acid

AH~ General symbol for partially disso-
ciated form of reductant AH,

AH, General symbol for reductant or
electron donor

Approx. Approximate

AQS- 9,10-Anthraquinone-2-sulfonate
(Tables, 1.3.1) .

Au, This author (PW)

 bpy 2,2"-Bipyridine

¢-BuOH terr-Butyl alcohol (2-Methyl-
propan-2-ol)

BV Benzyl viologen (1,1'-Dibenzyl-4,4'-

bipyridinium) (Tables, 3.8.39)

C (in Methods
column)

CAT

Cale.
Calc. data

Calc. lit.
Calen.

Consts.
Cyc. v.

Diff. pulse volt.

DMAP
DQ

E

E°

E,

1655

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-
1,4-benzoquinone) (Tables 1.1.7)
General symbol for reduction po-
teutial

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 potential of half-cell (-
troduction, Sec. 4.3)

Mid-point potential of half-cell at
pH = i (Iniroduction, Sec. 4.4)
Equation

Extrapolated

The Faraday constant = 9.649 X
10* C mol ™!

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 *'J
]

Hydroquinone (1,4-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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B, Mauihods

column)

Kin.
MV

n
NAD*
NADH

n.c.e.

Pol,
Pot.

* Potl.
2-PrOH
Q

QH,

R

Rad.
Rec.
Reduct.
Ref.

S,

S;

s.c.e.

Sec.
s.h.e.

Spect.

T™P
TMPD

TQ2 +

v/v
Za

AE

AG

PETEH WARDMAN

ssmpent semiginons formation

iaii a) ph i (Introduction,

3]

}\mrm s used 1o estimate equilib-
rium  constant (Introduction, Sec.
8.1)

Kinetics

Methyl viologen (1,1'- Dlmethyl-
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 KC)

Polarography

Potentiometry

Potential

isoPropyl alcohol (Propan-2-ol)
General symbol for quinones
General symbol for hydroquinones
The gas constant — 8.314 J K~!
mol~!

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]
diazapinediium) (Tahles, 3 4. 1)
Parts by volume

Net charge (valency) on ion A
Frequency

Hammett sigma subsutuent constant
(from para substituted phenols)
Difference in reduction potentials
(Introdnction, Sec. 1)

Free energy change accompanying
reaction

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

11. Acknowledgments

The Radiation Laboratory at the University of Notre

Dame is operated under contract DE-AC02-76ER0038

with the Department of Energy. The Radiation Chem-
istry Data Center is supported jointly by the Office of
Basic Energy Sciences of the Department of Energy and
the National Bureau of Standards, Office of Standard
Reference Data. This is Radiation Laboratory Docu-
ment No. NDRL-3098. Pcter Wardman is supported by
the Cancer Research Campaign. The author would like
to acknowledge the continual assistance and encourage-
ment of Dr. Alberta B. Ross during this project, Dr. W.
Phillip Helman and Ms. Christa Wardlow for help with
the text processing, and all their colleagues in the Data

Center for invaluable assistance: their help is gratefully
acknowledged.

12. References to Text

'Neta, P., J. Chem. Educ. 58, 110-3 (1981).

2Arai, S., Dorfman, L.M., Adv. Chem. Ser. 82, 378-86 (1968).

3Patel, X.B., Willson, R.L., J. Chem. Soc., Faraday Trans 169, 814-25
(1973).

*Wood, P.M., FEBS Lett. 44, 22-4 (1974)

*llan, Y.A., Meisel, D.; Czapski, G., Isr. J. Chem. 12, 891-5 (1974).

SMeisel, D., Czapski, G., J. Phys. Chem. 79, 1503-9 (1975).

'Meisel, D., Neta, P., J. Am. Chem. Soc. 97, 5198-203 (1975).

$Steenken, S., Neta, P., J. Phys. Chem. 83, 1134-7 (1979).

Atkins, P.W., Physical Chemistry, 2nd ed., (Oxford Univ. Press, 1982),
p. 34658,

°%Charlot, G., Collumeau, A., Marchon, J.C., Selected Constants: Oxi-
dation-Reduction Potentials of Inorganic Substances in Aqueous Solu-
tion, (Butterworths, London, 1971). :

""Bard, A.J., Parsons, R., Jordan, J. (eds.), Standard Potentials in
Agqueous Solution, (Marcel Dekker, New York, 1985).

2Swallow, A.J., Radiation Chemistry (John Wiley and Sons, New
York, 1973).

PFarhataziz, Rodgers, M.A.J. (eds.), Radiation Chemistry: Principles
and Applications, (Verlag Chemie, 1987).

“Buxton, G.V., In The Study of Fast Processes and Transient Species by
Electron Pulse Radiolysis, J.H. Baxendale and F. Busi (eds.), (D.
Reidel, Dordrecht, Holland, 1982), p.241§66.

“Swallow, A.J., In The Study of Fast Processes and Transient Species by
Electron Pulse Radiolysis, J.H. Baxendale and F. Busi (eds.), (D.
Reidel, Dordrecht, Holland, 1982), p.289-315.

“Asmus, K.-D., Moeckel, H., Henglein, A., J. Phys. Chem. 77, 1218-21
(1973).

"Buxton, G.V., Greenstock, C.L., Helman, W.P., Ross, A.B., J. Phys.
Chem. Ref. Data 17, 513-886 (1988).

8Steenken, S., J. Phys. Chem. 83, 595-9 (1979).

Neta, P., Huie, R.E,, Ross, A.B., J. Phys. Chem. Ref, Data 17, 1027-
284 (1988).

®Khudyakov, 1L.V., Kuzhkov, V.B., Kuz'min, V.A., Dokl. Phys.
Chem. 246, 424-6 (1979) Translated from: Dokl. Akad. Nauk SSSR
246, 397-400 (1979).

#Martins, L.J.A., J. Chem. Soc., Faraday ‘I'rans. 1 78, 533-43 (1982).

#Clark, W.M., Oxidation-Reduction Potentials of Organic Systems,
(Williams and Wilkins, Baltimore, 1960).



REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES

Bard, A.J., Electrochemical Methods: Fundamentals and Applications,
(Wiley, New York, 1980).

%Gill, R., Stonehill, H.1,, J. Chem. Soc. 1845 (1952).

#Henglein, A., Electroanal. Chem. 9, 163-244 (1976).

%Samec, Z., Bresnahan, W.T., Elving, P.J., J. Electroanal. Chem. 133,
1-23 (1982).

2 Alfassi, Z.B., Harriman, A., Huie, R.E., Mosseri, S., Neta, P., J. Phys.
Chem. 91, 2120-2 (1987).

%Neta, P., Huie, R.E., Harriman, A., J. Phys. Chem. 91, 1606-11
(1987).

PHarriman, A., J. Phys. Chem. 91, 6102-4 (1987).

**Nicholson, K.S., Shain, I., Anal. Chem. 36, 706-23 (1964).

3 Andrieux, C.P., Nadjo, L., Saveant, J.M., J. Electroanal. Chem. 26,
147-86 (1970).

2Wardman, P., Clarke, E.D., J. Chem. Soc., Faraday Trans. 1 72,
1377-90 (1976). :

BPerimutter-Hayman, B., Prog. Reaction Kinetics 6, 239-67 (1971).

3Anderson, R.F., Biochim. Biophys. Acta 723, 78-82 (1983).

3Watt, G.D., Burns, A., Biochem. J. 152, 33-7 (1975).

%L edwith, A., In Biochemical Mechanisms of Paraguat Toxicity, A.P.
Autor (ed.), (Academic Press, New York, 1977), p.21-37.

YWardman, P., Clarke, E.D., Br. J. Cancer 55, Suppl. VIII, 172-7
(1987).

*®Hayon, E., Simic, M., Acc. Chem. Res. 7, 114-21 (1974).

*Land, E.J., Mukherjee, T., Swallow, A.J., Bruce, J.M,, J. Chem.
Soc., Faraday Trans. 1 79, 391-404 (1983).

“Land, E.J., Mukherjee, T., Swallow, A.J., Bruce, J.M., Arch.
Biochem. Biophys. 255, 116-121 (1983).

“'Mukherjee, T., Radiat. Phys. Chem. 29, 455-62 (1987). .

“lan, Y.A., Czapski, G., Meisel, D., Biochim. Biophys. Acta 430, 209-
24 (1976). <

“Meisel, D., Neta, P., J. Phys. Chem. 79, 2459-61 (1975).

“'Baxendale, J.H., Hardy, H.R., Trans. Faraday Soc. 49, 1140-4 (1953).

“Baxendale, J.H., Hardy, H.R., Trans. Faraday Soc. 49, 1433-7 (1953).

“Bishop, C.A., Tong, L.K.J., J. Am. Chem. Soc. 87, 501-5 (1965).

“'Conant, J.B., Fieser, L.F., J. Am. Chem. Soc. 45, 2194-218 (1923).

“BMichaelis, L., Schubert, M.P., Reber, R.K., Kuck, J.A., Granick, S.,
J. Am. Chem. Soc. 60, 1678-83 (1938).

“von Foerster, G., Weis, W., Staudinger, H., Ann. Chem. 690, 166-9
(1965).

L aroff, G.P., F
9062-73 (1972).

*'Perrin, D.D., Dempsey, B., Serjeant, E.P., pK, Prediction for Organic
Acids and Bases, (Chapman and Hall, London, 1981), p.5-7.

den, R.W,, Schuler, R.H., J. Am. Chem. Soc. 94,

1657

2Wold, E., Kaalhus, O., Johansen, E.S., Ekse, A.T., Int. J. Radiat.
Biol. Relat. Stud. Phys., Chem. Med. 38, 599-611 (1980).

3 Anderson, R.F., Biochim. Biophys. Acta 722, 158-62 (1982).

S*Michaelis, L., Hill, E.S., J. Gen. Physiol. 16, 859-73 (1933).

*Thorneley, R.N.F., Biochim. Biophys. Acta 333, 487-96 (1974).

Stargardt, J.F., Hawkridge, F.M., Anal. Chim. Acta 146, 1-8 (1983).

"Van Dijk, C., Mayhew, S.G., Grande, HJ., Veeger, C., Eur. J.
Biochem. 102, 317-30 (1979). :

%Schwarz, W.M.Jr., Investigation of Stable Free Radicals Formed by
Electroreduction of N-Alkylpyridinium Salts, (Ph.D. Thesis, Univ.
Wisconsin, 1961).

*Mayhew, 8.G., Mueller, F., Biochem. Soc. Trans. 176-7 (1982).

“Stombaugh, N.A., Sundquist, J.E., Burris, R.H., Orme-Johnson,
W.H., Biochemistry 15, 2663-41 (1976).

$'Van Leeuwen, J.W,, Van Dijk, C., Veeger, C., Eur. J. Biochem., 135,
601-7 (1983).

98olar, S., Solar, W., Getoff, N., Holcman, J., Sehested, K., J. Chem.
Soc., Faraday Trans. 1 78, 2467-77 (1982).

SVenturi, M., Mulazzani, Q.G., Hoffman, M.Z., Radiat. Phys. Chem.
23, 229-36 (1984).

#Steenken, S., Neta, P., J. Phys. Chem. 86, 3661-7 (1982).

¢Friend, J.A., Roberts, N.K., Aust. J. Chem. 11, 104-19 (1958).

%Grodkowski, J., Neta, P., Carlson, B.W., Miller, L., J. Phys. Chem.
87, 3135-8 (1983). :

$"Schwartz, H.A., Dodson, R.W., J. Phys. Chem. 93, 409-14 (1989).

$8Zuman, P., Substituent Effects in Organic Polarography, (Plenum Press,
New York, 1967).

“Breccia, A., Berrilli, G., Roffia, S., Int. J. Radiat. Biol. Relat. Stud.
Phys., Chem. Med. 36, 85-9 (1979).

"Meisel, D., Chem. Phys. Lett. 34, 263-6 (1975).

""Wardman, P., Clarke, E.D., Biochem. Biophys. Res. Commun. 69,
942-9 (1976).

"Neta, P., Meisel, D., J. Phys. Chem. 80, 519-24 (1976).

“Wardman, P., In Advanced Topics on Radiosensitizers of Hypoxic Cells,
A. Breccia, C. Rimondi and G.E. Adams (eds.), (Plenum Press, New
York, 1982), p.49-75.

™Neta, P., Simic, M.G., Hoffman, M.Z., J. Phys. Chem. 80, 2018-23
(1976). :

"Stanbury, D. M., Adv. Inorg. Chem. 33, 69-138 (1989).

"6Steenken, S., Landolt-Boernstein 13e, 147-293 (1985).

7K oppenol, W.H., Butler, J., Adv. Free Radical Biol. Med. 1, 91-131

" (1985).

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



1hnn

PETER WARDMAN

). Wsduction polentiale of quinones (Q/Q*7)

pH  Ref. Ref. E =~ Co-solute I Method/ Ref.
souple compound /mV comments
1.1. Bensoquilnones (1a)
1.1.1 1,4-Benzoquinone 78 7 Rec. value; cale.;
see Introduction
{Sec. 5.4)
104 ~7 Calc. from 66C003
semiquinone
formation consts.
measured pH 6-7.
99 7 Calen. 761063
399 0
1.1.2 Methyl-1,4- 23 Calc. lit. 761063
benzoquinone
1.1.3 2,3-Dimethyl-1,4- ~74 7 Cale. lit. 761063
benzoquinone
1.14 2,5-Dimethyl-1,4- —87 7 Cale. lit. 761063
benzoquinone 210 0
1.15 2,6-Dimethyl-1,4- —80 7 No details 765319
benzoquinone
1.1.6 2,3,5-Trimethyl-1,4~ —~165 7 Calc. lit. 761063
benzoquinone
1.1.7 2,3,6,6-Tetramethyl- —260 7 Rec. value; see
benzoquinone Introduction (Sec.
6.2)
—250 7 Cale. lit.  7400M
65 0 Cale, lit. 741141
~235 7 Calc. lit. 761090
—240 7 Cale. lit. 761063
65 0
—244 7 BVZt —354  2-PrOH -0 C (K) 761070
~242 7 Bvet —355 -0 C; calc. data 80A349
~247 7 BV?t ~364 2-PrOH -0 c 83C002
1.1.8 2,5-Diaziridinyl-3,6- --383 7 Mv2+ —450 HCO,™ 0.12 C 87A289
bis(2-
hydroxyethylamino)-
1,4-benzoquinone
(BZQ) (1b, R? = R®
= NHCH,CH,OH)
-370 3.8.31 —290 HCO,~ 0.12 C 87A269
1.1.9 2,5-Diaziridinyl-3,6- —168 DQ —244 t-BuOH ~0.010 K 81C03!¢
bis(carbethoxyamino)-
1,4-benzoquinone
(AZQ) (1b, R? = RS
= NHGCO,Et)
~—B5 1.2.5 -110 HCO,™ 0.12 C 87A269
-70 1.1.4 —66 HCO,™ 0.12 [¢] 87A269
—73 [ ] —155 HCO,™ 0.12 K 87A269
(1 mot dm"’)
(o] A o
4
2 N
3 A N7
0
(1a) (1b)
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TaeLE I. Reduction potentials of quinones (Q/Q-~)—Continued

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

1.2. Naphthoquinones

1.2.1 1,2-Naphthoquinone —89 78 HCO,™ 0.11 C 86R.230
1.2.2 1,4-Naphthoquinone —~140 7.8 HCO,™ 0.11 (o3 86R 230
(1<)
1.2.3 5-Hydroxy-1,4- -~93 7 [o2% . ~165 HCO,™ ~0.3 C; datz at other 87A234
naphthoquinone } (1 mol dm™) | . pH values, also
(juglone) : with 1.1.5
1.2.4 5,8-Dihydroxy-1,4- -1i0 7 1.1.6 ~80 HCO,™ C 83A039
naphthoquinone .
—103 5.5 HCO,™ C; other values 83A039
: pH 5.5-11
1.2.5 1,4-Naphthoquinone-2- —60 7 O, (1 atm.) —330 HCO,™ 0.1 C 761063
sulfonate ion (1d, R?
= 80;7)
1.2.6  2-Methyl-1,4- —203 7 O, (1 atm)  —325 HCO,™ ~002 C . © 751090
naphthoquinone (1d,
R? = CHy)
-206 7 DQ —235 2-PrOH ~0.01 C; calc. data 751090
-203 7.67 O, - —155 2-PrOH <001 C 8618096
(1 mol dm™®)
-19¢ 7.67 BVt ~354 2-PrOH -0 C 868096
127  (1d, R? = CH,OH) —152 © 767 O —~155 2-PrOH <001 C ~ 86B096
_ (1 mol dm™®)
1.28  (id, R? = CH,OCH,) ~128 767 O, . -185 2-PrOH <0.01 ¢ 8618096
(1 mol dm™¥) 761063
1.2.9 (1d, R® = —100 7.07 Oy —155 2-PrOH <001 C 308090
CH,OCOCHj,) : (1 mol dm™)
1.2.16 (14, R? = ’ -122 767 O, —155 2-PrOH <001 C 86B096
CH,O0CONHCH,CH,Cl) (2 mol dm™?)
1.2.11 (Ie, R® = CH,Br) ~92 7.67 O, —155 2-PrOH <0.01 C 86B096
. (1 mol dm™?)
1.2.12  (1e, R® = CH,Cl) ~94 767 O, —~155  2-PrOH <001 C 86B096
(1 mol dm™?)
1.2.13  (le, R® = —94 7.67 O, —~155 2-PrOH <001 C 368096
CH,OCOCH,} (1 mol dm%)
1.2.14 (1e, R® = -99 767 O, -155 2-PrOH <001 C 86B096
CH,O0CONHCH,) (1 mol dm™?)
1.2.15  2,3-Dimethyl-1,4- —240 7 O, (1 atm)  —330 HCO,™ 0.1 Cale. lit. 761063
naphthoquinone (1f,
R* = CH,)

(19 , ’ (18}
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TaBLE 1. Reduction potentials of quinones (Q/Q+~)—Continued

PETER WARDMAN

No. Compound or EfmV pH  Ref. Ref. E Co-solute [ Method/ Ref.
couple compound /mV comments
1.2. Naphthoquinones—Continued
1.2.16  (1f, R3 = §- —192 767 O, —155 2-PrOH <001 C 86B096
glutathionyl) (1 mot dm™®)
1.2.17  2-Methyl-3-phytyl-1,4- -170 7 Calc. lit. 761063
naphthoguinone (1g) .
1.8. Anthraquinones
1.3.1 9,10-Anthraquinone-2- —390 * Rec. value; see
sulfonate ion (1h, R Introduction {Sec.
=850,",R' =R = 6.2)
R® = H)
—380 7 DQ —23% 2-PrOH ~0.010 C 7651117
-375 7 BVZ+ —364  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 80A349
—373 7 BVt —355 2-PrOH -0 C; calc. data 80A349
~366 7 BVZ+ . —354 2-ProH -0 c 83C002
—381 7 TQ?* —548 2-PrOH -0 C 83C002
1.3.2 1,4-Dihydroxy-9,10- —270 7 3.3.1 —350 HCO,™ 0.1 C; other data pH 88A901
anthraquinone-2- 6-11
sulfonate ion (1h, R!
= R?' = OH, R? =
50,7, RY — 1)
1.3.3 1,4-Dihydroxy-9,10- —249 7 3.3.1 —350 HCO,™ 0.1 C; other data pH 88A901
anthraquinone-6- 7-11
sulfonate ion (1h, R!
= R" = OH, R? = H,
R® = 50,7)
1.3.4 1,4-Dihydroxy-5,8- —527 7 C; no details 87R257
bisf(2-
hydroxyethylamino)-
ethyljamino-9,10-
anthraquinone (11, R’
= R"= OH,R" = R®
NHCH,CH,NHCH,CH,OH)
1.35  1,4-Bis|(2- —348 7 BVZ+ —354 K. 81C031
hydroxyethyl-
amino)ethyljamino-
9,10-anthraquinone
diacetate (1i, R' = R*
NHCH;,CH,NHCH,CH,0Ac,
R® = R® = H)
1.4. Isoindole-4,7-diones
141 (1), R' = R? = CH,, —40 7 AQS~ —380  2-PrOH°  ~0.002 C [4R027
R? = C4Hy)
14.2 (13, R'R? = —420 7 AQS™ -380 2-PrOH ~0.002 C; mixture of 84R027
—CHyCHoCH,—, isomers.
RG(RO) = CH,) 1
o R R2 R® O R' o Rt
408 408 <
Rs 4 s
o R RS O R¢ o R
(1h) (1i) (1j)
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1661
TABLE 1. Reduction potentials of quinones (@/Q*~)—Continued
No. Compound or E/mV pH  Ref. Ref. E Co-solute 1 Method/ Ref.
couple compound /mV comments
1.4. Isoindole-4,7-dlones—Continued
143 (1), R' = CH,, R? = —~428 1 AQS™ ~380 C 82A329
CH,, R? = CoHp,
R(R%) = CHy)
1.4.4 (1§, R' = CgH;, R®R? —427 7 AQS™ —380
= —CH,CH,CH,—)
145 (1), R® = CH,, R® = —~419 7 AQS™ ~380
CyH;)
148 (1}, R' = CH;, R?R? —-438 7 AQS™ -380
= —CH,CH,CH,-)
1.4.7 (13, R'R? = —435 7 AQS™ ~380 2-PrOH ~0.002 C 84R027
~CH,CH,CHy—, R® =
CyHg, R® = R® =
CHj)
148 13, R' = R? = RF = —452 7 AQS~ ~380 2-PrOH ~0.002 C 84R027
R® = CH;, R® =
CoHg)
149 (1}, R' = CO,C.H;, ~368 7 AQS™. ~380  2-PrOH  ~0.002 C; mixture of 84R027
R*R® = isomers.
~CH,CH,CH,—,
R°(RY) = CH,)
1410 (1), R' = CO,C,H,, ~366 7 2.1.9 -437  2-PrOH ~0.002 C; mixture of 84R027
R'f = Rr’(ﬂ.o) = CH,, irRomersa.
R = CyH,) ‘
1.4.11 (1'1, R! == CO,C,H,, —~383 7 2.1.9 ~~437 2-PrOH ~0.002 C; mixture of 84R027
R*R? = isomers.
—CH,CH,CH,--,
RF»(R()) = CHy, RO(RG)
—378 7 2.1.10 ~352 2-PrOH ~0.002 C 84R027
1.5. Miscellaneous quinones
1.5.1  Adrenochrome (1k) -253 7 BY?+ —354 K 81C031
15.2 5-Aminophthalazine- 240 ~10.6 O, —155 HCO,;~ Chemiluminescence; 84C026
1,4-dione (11) (1 mol dm"?) * 20 mV.
1.5.3 9,10-Phenanthrene- ~124 7.8 HCO,™ 0.11 C 86R230
quinone {1m) ’
1.5.4 Adriamycin (1n, R = —292 7 DQ —244 K. Eq. vs. Oy 81CU31L
COCH,0H} mis-calc., -
inconsistent (see
83C018)
-328 7 DQ —~240 HCO,~ 0.1 C; other values, 83C018
. pH 6-12.
~341 * 7 several HCO,™ 0.1 Rec.; C 88A901
G OH
(I Jor
H"™0
NHz © @ CH0 © OH
o
) N+ N @‘ CH, °
o OH o o Ho NH;
(1k) (1) (1m) (1n)
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Tante 1. Reduction potentials of quinenes (Q/Q-7)—Continued
No. . Compound or . E/mV pH Ref. Rof. I Co-golute 1 Method/ Ref.
: couple . compound /mV comments

1.5. Miscellaneous quinones—Continued

155  Daunomycin (in, R = —-305 7 DQ ~ —244 K 81C031
COCH,) :
~430 1 7 Q/QH, —410 Semiquinone 85A001
formation const. +
BQ/QH,).
' 1.5.6  Indigodisulionate jon ~247 7 59C002
{10)
1.5.7 Mitomycin C (1p) ~271 7 DQ —244 K 81C031
' -238 7 Bv2+ —354 K ‘
-310 * 7 HCO,™ Rec; C 85R016
158 3,355 260 7 BQ 99  CHLCN ~0.02  C (K), (fp) 81A405,
Tetrabromodiphenoquinone . {50% v/v) 82B068
(1q, X= Bl‘)
159 3,355 260 7 BQ 99  CHLON ~0.02 C (K), (fp) 81A405,
Tetrachlorodiphenoquinone (50% v/v) 82B068
(1q, X = Q)
1.5.10 Methoxatine (Lr) -114 73 0, -155  HCO,™ 011 C+K 86A520
(1 mol dm™?)
1.5.11  CI941 (1s) o -B38 70 MV HCO,~ 012 € 87R243
1512  (1t, R = OCH,) (+)88 7.4 BQ : 99  2-PrOH c 88A125
85 7.4 114 ~66 Ny~ C 88A125
1513 (18, R = N(CHy),) -10 74 BQ 99 2-PrOH c 88A125
—~40 74 1.1.4 —66 2-PrOH C 88A125
) — . OCH,4 —
A $0; Hie N ° Q Q °
o ) N-H
! X X
(10) {(1p) S (1q)

R )
HO,C N—N—CH,CH;NHCH,CH,O0H N;G

- cou oS :‘, =

o COH OH O NHCH,CH,NHCH,CH,OH

(i (18) (1

* Recomended value.
t Questionable or superseded value.
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1663
TaBLE 2. Reduction potentials of nitroaryl compounds (RNO.‘,/RI:IOZ')
No. Compound or E/mV rH Ref. Ref. E Co-solute [ Method/ Ref.
couple compound [mV comments
2.1. Nitrobenzenes
2.1.1 1,2-Dinitrobenzene —287 7 DQ —235 2-PrOH C(K) 761111
2.1.2 1,3-Dinitrobenzene —345 7 DQ —235 2-PrOH C(K) 761111
2,13 1,4-Dinitrobenzene 257 7 pQ 235 2-FrOH U(K.) 761111
2.1.4 2,4-Dinitrobenzoic acid —345 7 DQ —235 2-PrOH C(K) 761111
2.1.5 2,6-Dinitrobenzoic acid —-272 7 DQ -235 2-PrOH C 761111
2.1.6 3,4-Dinitrobenzoic acid —271 7 DR —~235 2-PrOH Lo} 761111
2.1.7 3,5-Dinitrobenzoic acid —~344 7 DQ 235 2-PrOH C(K) 761111
2.1.8 2,4-Dinitrophenol ~500 7 2-PrOH -0 C 82R118
2,1.9 3-Nitroacetophenone 437 7 AQS™ 380 2-PrOH -0.010 C 751117
2.1.10  4-Nitroacetophenone ~368 7 DQ —235 2-Pr0ﬁ ~0.010 C 751117
~353 7 AQS™ -380 2-PrOH ~0.010 C 751117
2.1.11 Nitrobenzene —486 7 AQS™ —380 2. PrOH ~0.0160 C 151117
—486 7 AQS™ ~375 +BuOH -0 C 80C024
2.1.12  2-Nitrcbenzaldehyde —355 7 DQ —244 t-BuOH -0 C 80C024
2.1.13  4-Nitrobenzaldehyde -322 7 DQ —244 +BuOH -0 C 80C024
2.1.14  2-Nitrobenzoic acid ~412 7 DQ --235 2-PrOH C(K) 761111
2.1.15  3-Nitrobenzoic acid -433 7 DQ —236 2.PrOH C(K) 761111
2.1.16  4-Nitrobenzoic acid —396 7 DQ —235 2-PrOH C(K) 761111
—425 7 AQS™ ~375  2.PrOH =0 c 80R182
2.1.17  2-Nitrobenzonitrile ~308 7 DQ 244 t-BuOH -0 C 80C024
2.1.18  4-Nitrobenzyl alcohol —~477 7 79R017
—469 7 AQS™ —375 2-PrOH -0 C 79R017
—487 7 MVZ+ —447 2-PrOn -0 c 79R017
2139  4-Nitro-(3'- -315 7 AQS™ —375  2-PrOH -0 c 761037
dimethylamino)-
propiophenone (2a, R’
= CO(CH,),N(CHy),)
2.1.20 (2b, R® = CONH,) —-38 7 87R083
2.1.21 (2b, R® = CONHCH,) —387 87R083
2.1.22 (2b, R" = —377 7 87R083
CON(CHy),)
2.1.23 (2b, R® = . —384 7 87R083
CONHCH,CH(OCH),)
2.1.24 (2e, R* = NH,) ~460 7 8TR083
2.1.256  (2e, R* = N(CHy),) —464 8TR083
2.1.26  (2d, R' = COUNH,, R® —~5615 87R083
== -N-aziridinyl)
2.1.27 (2d, R = -N- 431 7 87TRO83
aziridinyl, R® =
Ly
N NO, s MO
NO, HNOC R
é 2 NO,
5 3 N NO, NH;
i JAN R* R*
{2a) (2b) {2¢) (2d)
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TABLE 2. Reduction potentials of nitroaryl compounds (RNO,/RNO,)—Continued

No. Compound or EfmV pH  Ref. Ref. E Co-solute [ Method/ Ref. -
couple compound JmV comments

2.2. Nitrofurans

2.2.1 5-Nitro-2-furoic acid —317 7 DQ —~236 2-PrOY ~0.010 C 751117
(2e, R? = COLH)

2.2.2 Nifuroxime (2ke, R? = —263 7 DQ ~—235 2-PrOH ~0.010 C 751117
CH=NOH (anti)}

223  2-Methoxymethyl-5- ~338 7 BVt —354 2-PrOH 0 ] TOR017
nitrofuran (Ze, R? =
CH,OCH,)

2.24  Nitrofurazone (2e, R? ~257 7 BV2+ —354 2-PrOH -0 C 761037
= CH=NNHCONH,)

225  Nitrofurantein (2e, R? —264 7 BVZ+ —354 2-PrOH -0 < 80R186
== 2{')

2.2.6  Nifurpipone {2e, R? = —214 7 BV2+ —354 2-PrOH -0 e 761037
2g) : .

2.2.7 (ze, R® == -CH=CH- —270 1 DQ —246 2-FrOH ~0.10 K (fp) 79C021
{2-quinolyl}) ~263 7 1.2.6 —203 (60% v/v)

228  (2e, R? = -CH=CH- ~266 7 DQ —245  2-PrOH ~0.10 X (fp) 79C021
CH:==CH-(2-quinoly1)) ~258 7 1.2.6 ~203 (50% v/v)

229  (Ze, R? = ~242 7 BVZ+ —354 2-PrOH -0 c 84A208
-CH=C(CONH,)(2-
furyl) = cis-AF-2)

2.2.10 (2e, R? = ' —276 7 Bv2+ '-354 2-PrOH -0 c 84A208
-CH=C(CONH,)(2-
furyl) = trans-AF-2)

2.2.11  N-Butyl-5-nitro-2- -230 7 BV?+ —354 2-PrOH =0 C 84A263
furamide (2e, R? =
CONH=C,H,)

2.3. 2-Nitroimidazoles

2.3.1 2-Nitroimidazole (2h, —418 7 AQS~ -375 2-PrOH -0 C 761070
R? = H) —508 9.2

2.3.2 2,4-Dinitroimidazole —445 893 BV?*t —354 2-PrOR -0 C 79R037
(2h, R = NO, (4/5- —305 41  BV2H —354 2-PrOH ~0.005
nitro)) —265.  3.26 BVt  —354 2-PrOH ~0.002

2.3.3 65-Cyano-1-methyl-2- —267 7 DQ —244 2-PrOH -0 C 80R187
nitroimidazole (21, R®
= CN)

2.34 1-Methyl-2- —243 7 DQ —~244 2-PrOH ~0 C 761070
nitroimidazole-5-
carboxaldehyde (24, R?
= CHO)

2.35 1-Methyl-2- —385 7 AQS™ —375 2-PrOH -0 (¢] 773087
nitroimidazole-5-
carboxylate ion (21, R
= CO;7)

2.3.6 1-Methyl-2- —-321 7 AQS™ -375 2-PrOH -0 C 80R187
nitroimidazole-5-
carboxamide (21, R® =
CONH,)

237 (21, R® = CH,OH) ~400 7 AQS~ ~376  2-PrOH -0 ¢ T9ROVT

!li CH,
o o !
5 N N
i A ] I\ R Jy—No R° y—Ne
oszRa “CH=N-N""NH  _CH.N.N-C-CH,N  N-CHg \ : \_J :
\_.Q \ -/ N N
[¢] R‘
(2e) (26 (29) {2h)

J. Phys. Chem. Ref. Data, Vol
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1665

TABLE 2. Reduction potentials of nitroaryl compounds (RNO,/RNO,™)—Continued

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

2.8. 2-Nitroimidaszoles-—-Continued

2.3.8 ,s-Eo.henyl»l-met.hyLz- ~392 7 AQS™ ~37% 2-PrOH -0 C TORO01T
nitroimidazole (21, R® 7
~ OH==CHy)

-398 7 Bv2+ ~354 2-FrOH -0 c 85R035

239 (23, R® = CO,CH,) -300 7 DQ —244 2-PrOH -0 ¢ , T9R017

2210 (21, R® = OH=N*(. —282 7 BVt ~354 2-PrOH -0 (¢} 79R017
0™)CH;)

2311 (24, R® = -396 7 AQS™ -375  2-PrOH -0 c T9R017
CH(OH)CH,OH) ‘

2.3.12 (21, R® = GH(GHjy),) —439 7 AQS™ ~375 2-PrOH -0 © 79R017

2.3.13 (2, R* = —412 7 AQS™ —~375 2-PrOH -0 C 79RO017
C(CH,),(OH))

2.3.14 (21, R® = CH=N- ~386 7 BvZ+ —354 2-PrOH -0 C 80R184
N(CH;)y) v

2315 (2, R = ~240 7 Bv#+ ~3564  2-PrOH -0 C 80R184
CH=C(CN),)

£2.3.16 (21, R% ) 380 7 AQS™ --378 2-PrOH -0 c 70R017
CH(OCOCH,),)

2.3.17 (21, R® = CH=N-(M ~366 7 AQS™ -376 2.PrOH -0 c _ - 80R184
morpholino}) :

2.3.18 (21, R” = CH=N-(V- ~354 7 AQS” ~375 2-FrOH —u C 8OR 184
piperazino})

2.3.19 (21, R® = CH=N-(N- —-376 7 AQs™ 378 2-PrOH -0 c 80R184
piperidino))

2.3.20  2-Nitroimidazole-1- —447 7 AQS™ —375 2-PrOH -0 C 80R185
acetic acid (2), R! =
CH,CO,H)

2.3.21  1-(2-Hydroxyethyl)-2- —398 7 AQS~ —375 2-PrOH -0 o] 761070
nitroimidazole (2§, R'
= CH,CH,OH) _

2.3.22 (2}, R' = CH,CH,OH, —238 7 BvE+ ~354 2-PrOH -0 (e} 79R037
R' = NO,)

2.3.23  1-(2-Hydroxyethyl)-5- —423 7 AQS™ ~375 2-PrOH -0 C 761070
methyl-2-nitroimidazole
(2§, R! = CH,CH,OH,
R® = CHjy)

2.3.24  2-Nitro-1-(2- ~-358 7 AQS™ —-375 2-PrOH -0 c T9R017
oxopropyl)imidazole
(2J, R' = CH,COCH,)

2.3.26  (p), R! = -366 7 AQS™ —375 2-PrOH -0 e} ' 79017
CH,C0,CH,)

23.26 (2}, R! = —384 7 AQS™ —-376 2-PrOH -0 C 79R017
CH,CH(OH)CH,CI)

2327 (2),R' = —383 7 AQS~ —~375 2-PrOH -0 c 79R017
CH,CH(OH)CH,F)

-

R \ »—Noz
N

[
2 —— T

2)
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.4,

2.4.28

2.3.29

2.3.30

2.3.31

2.3.32

2.3.33

£.3.94

2.3.36

2.3.36

2.3.37

2.3.38

2.3.39

2.3.40

2.3.41

2.3.42

2.3.43

2.3.44

2.3.45

2.3.46

2.3.47

J. Phys. Chem. Ref. Data, Vol.

nNitrohimidasolen—Continued

1-(2-Mecthoxyethyl)-2-
nitreimidazole (2J, R'
= CH,CH,OCH,)
(25, R! =
CH,CH{OH)CH,OH)
(23, R' =
CH,CH,SO,CH,)

(21, R' =
CH,CH,0COCH,)
(23, R' =
CH,CONHCH,CH,0H)
(23, R!' =
CH,CO,C.H,, R® =
C,H,)
1-(2-Bthoxyethyl)-2-
nitroimidazole (2j, R’
= CH,CH,0C,H;)
Misonidazole (2§, R'

CH,CH{OH)CH,OCH,)

1-{{2-
Ethylsulfony!)ethyl]-2-
nitroimidazole (2§, R'
= CH,CH,S0,C,Hy)
(23, R' = CH,CONH-
CH,CHOHCH,0OH)
(2),R' =
CH,CH(OH)-
CH,OCH,CH=CHy,)
(2}, R' =
CH,CON(CH CH,0H),)
(2), R' =
CH,CH,0CHjy)

(2}, R' =
CHyCH50,GoH;)
Bensnidazole (2§, R'

CH,CONHCH,CoHj)
(25, R' =
(CHZ):SOC(\HTA)

(2),R' =
CH,CHOHCH,,O-
CH(CH,C1)CH,OCHMe,)
{2k, n = 2, NR'R" =
N-morpholino}

{2k, n = 2, NR'R"" =
N-morpholino
methiodide)

(2k, n = 3, NR'R"" =
N-morpholino)

[

a e Aentidl o wdeasy ) Ceappeunsle {NNOQ/!lNOQ")——Continued

",'u«\'

pH

FETEH WARDMAN

Ret,

Ref. B

Co-solute I Method/ Ref.
compound /mV comments

—393 7 AQS™ -376 2-PrOH -0 C 79R017
—389 7 AQS™ -375 2-PrOH -0 C 761070
—-368 7 AQS™ —~376 2-PrOH -0 C 79R017
—420 7 AQS™ —375 2-PrOH -0 C 761070
—388 C 8_0R193
—388 7 AQS~™ —375 2-PrOH -0 C 761070
—400 7 AQS™ —~375 2-Proll -0 c T9RO1T
~389 Rec

—363 7 DQ —235 2-PrOH ~0.010 C 751117
—3908 7 AQS™ —380 2-P+rOH ~0.010 C 751117
—389 7 AQS~™ —375 2-PrOH -0 C 761070
—389 7 AQS™ 375  tBuOH -0 C (K) 761070
—389 7 AQS™ -375 HCO,™ =0 C, calc. data 761070
-388 7 pvzt ~354 2-PrOH -0 C (K) 761070
-~368 7 AQS™ —375 2-PrOH ndt] C 79R017
—392 Y SOR193
-391 7 AQS™ -375 2-PrOH -0 C 79R017
—-398 C 80R193
—391 7 AQS™ —375 2-PrOH -0 C 7T9R017
367 7 AQS™ —37% 2-PrOH -0 Cc TOR017
—380 7 AQS™. —375 2-PrOH =0 C 761070
—409 7 AQS™ —3756 2-PrOH -0 C 79R017
—395 7 AQS™ -375 2-PrOH -0 C 82R117
-390 7 AQS™ —375 2-PrOH =0 C 79R017
—318 7 AQS™ —375 2-PrOH -0 C 80R184
—386 7 AQS™ —375 2-PrOH -0 (o] 80R184

18, No. 4, 1989



REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1667

TABLE 2. Reduction potentials of nitroaryl compounds (RNOg/RﬁOg_)—Continuéd

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

2.3, 2-Nitroimidazoles—Continued

2.3.48 (2k, n == 4, NR'R" = ~396 7 MVy?+ ~447 2-PrOH -0 o] 80R184
N-morpholino)
2349 (2k,n = 4, NR'R" = -379 7 My*? —447 2-PrOH -0 C S0R184

N-morpholino
methiodide)

2350 (2k,n = 5, NR'R" = -390 7 Mzt ~447  2-PrOH -0 C 80R184
N-morpholino) )
2351 (2k, n = 6, NR'R" = 379 7 Mvzt —447 2-PrOH -0 (¢} 80R184
N-morpholino)
2352 (2k, n =8 NRR' = —388 7 MVE+ —447 2-PrOH -0 (o} 80R184
N-morpholino)
2.3.53 (2k, n = 11, NR'R"' —403 7 M2+ 447 2-PrOH -0 C : 80R184
== N-morpholino}) )
2.8.54 (21\, n = 2, NR'R’' — —334 k4 AQs™ — 376 2-PrOH -0 < SOR184
N-pyrrolidine) ’
2355 (2k, n = 4, NR'R" = —-38¢ 7 MVt —447  2-PrOH -0 c 80R184
N-pytrolidine)
2356 (2k,n =2, NR'R" = —326 7 AQS™ . =375 2-PrOH -0 C 20K 184
) N-piperidino)
-316 6 827198
—345 8 .
2357 (2k,n =3, NR'R"' = —353 7 AQS™ —375 2-PrOH -0 c 80R184
N-piperidino)
2.368 (2k,n = 4, NR'R" = —386 7 My2+ —447 2-PrOH -0 C 80R184
N-piperidino)
2359 (2k, n = 6, NR'R" = —399 7 Mv2+ —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 (2k, n = 2, NR'R" = —398 7 AQS™ ~375 2-PrOH -0 c 80R184
N-anilino) :
2362 (2k,n = 2, NR'R" = —272 7 AQS™ —375 2-PrOH -0 c 80R184
: N(CH(CHy).).)
2383 (21, NR'R" = N -398 7 C ‘84R149
aziridino) ’
2.3.64 (21, NR'R" = —351 7 AQS~ —375 2-PrOH -0 c 80R186
N(CHy),)
2.3.65 (21, NR'R" = ~349 7 AQS™ 375 2-PrOH -0 c 80R186
N(C,Hg),)
23.66 (21, NR'R"' = —369 7 AQS~ —375 2-PrOH -0 c 80R186
N(CH,CH,OH),)
2.3.67 (21, NR'R' = —348 7 AQS~ —375 2-PrOH -0 c 80R186
NHCG(CHy)s)
2.3.68 (2l, NR'R" = —-353 7 AQS™ —375 2-PrOH -0 C 80R 186
NHCH,CH;)
2.3.69 (21, NR'R" = —391 7 AQS~ —375 2-PrOH -0 c 80R186
NHCyH,0CH;(p))
(CH ) NR'R" CH,CH(OH)CH,NR'R"
|
N N
Qe O
N N
{2K) {21
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TABLE 2. Reduction potentials of nitroaryl compounds (RNOz/RI:IO{‘)—Continued

No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
2.3, 2-Nitroimidazoles—Continued
2.3.70 (2], NR'R" = ~360 7 AQS™ ~376 2-PrOH -0 C- 80R186
NHCH,C,H,OCHy(p)) :
2.3.71 (2], NR'R" = 2m) —355 AQS™ ~375 ) 2-PrOH =0 C 80R186
2372 (21, NR'R" = 2n) —361 AQS™ —375 2-PrOH -0 C "80R186
2.3.73  1-(3-N-Pyrrolidinyl-2- -352 AQS™ -375 2-PrOH -0 C 80R186
hydroxy propyl)-2- i
nitroimidazole (20, X
== absent)
2374 (20, X = CH,) —346 7 AQS" —375 2-PrOH -0 C 80R186
2375 (20, X = CH,, R == —~357 7 AQS™ -375 2-PrOH -0 C 80R186
oH)
2.3.76  1-[3-(4-Morpholino)-2- -380 7 AQS™ ~375  2-PrOH  —~0 c 80R186
hydroxy propyl]-2-
nitroimidazole (20, X
- 0)
2.3.77 {20, X = NCHy) —=370 7 AQS™ —375 2-PrOH =0 [} 80R186
2.4. 4-Nitroimidazoles
2.4.1 |, 4-Nitroimidazole (2p, =.527 7 AQS™ -375 +BuOH -0 C 761070
R?* = R® = H)
2.4.2 5-lodo-4-nitroimidazole —503 7 AQS~ —380 2-PrOH ~0.010 C (K) 85A303
(Zp, K* =H, R" =)
243 2-Methyl-4- —b42 7 AQS™ —380 2-PrOH ~0.010 C 751117
nitroimidazole (2q, R”
= CHy)
—492 7 AQS™ —375 t-BuOH -0 C 771044
2.44  5-Bromo-l-methyl-4- —523 7 My2+ —447 2-PrOH -0 C 82A033
nitroimidazole (2q, R®
= Br)
245 5-Chloro-1-methyl-4- ~-517 7 AQS~™ —375 t-BuOH -0 C 761070
nitroimidazole (2q, R®
= Ci)
—534 MVZ+ —447 +BuOH -0 C 80A136
2.4.6 5-Iodo-1-methyl-4- —529 Mv2+ —447 2-PrOH -0 C 82A033
nitroimidazole (2q, R®
=1
~505 7 AQS™ —380 C 85A303
2.4.7 5-Mercapto-1-methyl- —538 7 ~486 2-PrOH -0 (¢} 80R183
4-nitroimidazole (2q,
R® = sB)
248  1-Methyl-4- -395 7 Mvz+ —447  2-PrOH -0 c 80R183
nitroimidazole-5-
sulfonamide (2q, R® =
80,NH,) )
249  (2q, R® = SO,CH,) ~355 7 81R072
2.4.10 . (2q, R® = SCH,COQ,H) 545 7 Mv2t ~447 2-PrOH -0 C 80R183
2.4.11 (2q, R® = ~409 7 MVZt —447 2-PrOH -0 C 80R183
SO,N(CHy)y)
7\ : '
CH,CH(OH)CH,N X '.* f"’
5 5
| A R°__N ) RS N
—NH N-O —NH NH 5(\:4»"02 \S\ ‘?— R ‘j\ {:[
4N O,N O,N
(2m) (2n) (20) (2p) (2q)
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TABLE 2. Reduction potentials of nitroaryl compounds (RN02/RI:109")~Continued

No.

Compound or
couple

E/mV

Ref. ' Ref E
compound /mV

Co-solute I Method/ Ref.

comments

2.4.

2.4.12
2,413
24.14

Z%2.4.15

2.4.16
2.4.17

2.4.18
2.4.19

2.4.20

2.4.21

2.4.22

2.4.23

2.4.24

2.4.25
2.4’.26
2.4.27
2.4.28

2.4.29

2.4.30

2.4.31

4-Nitroimidazoles—Continued

(2q, R® =
SO,NHCOCH,)

(2a, R® =
SO,NHCH,N(CH3),)

. (2q, R® = SO,-(N-

morpholino))

(zq, R* =
SO,NHCH,-(N-
morpholine))

(zqi Rr’ - OCGHT))
(29, R® = O-(p-
hydroxyphenyl))

' 1-Methyl-5-

phenylsulfonyl-4-
nitroimidazole (2q, R®
== §0,C¢Hj)

1-Methyl-5-
phenoxysulfonyl-4-
nitroimidazole (2q, R®
= 50,0CH;)

1-Methyl-5-(4-

chlorophenoxy)sulfonyl-

4-nitroimidazole (2q,
R® = 80,0-(4-
chlorophenyl))
1-Methyl-5-(4-
nitrophenoxy)sulfonyl-
4-nitroimidazole (2q,
R® = §0,0-(4-
nitrophenyl))
1-Methyl-5-
phenylaminosulfonyl-
4-nitroimidazole (2q,
R" = 8O,NHC,H;)
1-Methyl-5-(2-

chlorophenyljaminosulfonyl-

4-nitroimidazole (2q,
R® = S0,NH-(2-
chlorophenyl))

1-Methyl-5-(2-

methylphenyl)aminosulfonyl-

4-nitroimidazole (2q,
R® = SO,NH-(2-toly1))
(2q, R® = 50,0-(2-
rpethoxyphenyl))

(2a, R® = 50,0-(4-
methoxy phenyl))

(2q, R® = SO,NH-(2-
methoxy phenyl))

{29, R® = 5-1°-(s-
aminopurine))

(2q, R® = 8-1-(3-
amino-6-(2-
methylpropyl)purine})
(2q, R®* = S0,0-(1-
naphthyl))

(2q, R® = SO,NH-(1-
naphthyl})

—560
~565

—-376

~342

~345

—302

—398

—444

—426

—365

—335

—~408

—4980

~503

~340

—453

mvet —447

Myt —447

Myt 447

Mzt —447

M2+ —447

TQ** —548

C ‘ 81R072
¢} R1ROTY
C 81R072

2-FrOH -y C BUK183

C 84R150
C 84R150

C 81R072

2-PrOH -0 C 80R183

2-PrOH =0 C 80R183

C 81R072

2-PrOH =0 Cc 80R183

C 81R072

C 81R072

C | 81R072

o c 21R072

C ‘81R072

2-PrOH Y C

301183

2-PrOH -0 C 80R183

C 81R072

C 81R072

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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2.4,
%.4.32

2.4.33

2.4.34
2.4.35

2.4.36

2.4.37

2.4.28

2.4.39

2.4.40

2.4.41

2.4.42
2.4.43
2.4.44

2.5.

2.5.1

2.5.2

2.54
2.6.5
2.5.6

PETER WARDMAN

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

Tavi 2 Reduelion polenliale of nlrosry) compounds (RNOL,/RNO“,“)—Conbinued
i EfmV pH Ref. Ref. E Co-solute I Method/ - Ref,
Eutipl compound /mV comments
4 Mitrotmidarolen—Continued
(2r, R' = CH,, R* = —515 7 C 84R150
Br)
2-lodo-1-methyl-4- ~521 7 mvzt ~447 2-PrOH -0 ¢ 82A033
nitroimidazole (2r, R'
= CH,;, R? =)
2r, R' = CH,, R? = —243 7 c 84R150
NO,) '
2 :
(2r, R' = CH,, R®* = -446 7 c 84R150
SO,CH,)
(2r, R' = -512 7 84R150
CH,CH(OH)CH,OH, R®
(2r, R' = —436 7 AQS™ —480 ¢ (K) 85A303
CH,CO,C,H;, R® = 1)
(2r, R! — —407 7 AQ8™ —4e0 [} 8EA202
CH,CH(OH)CH,OCH,,
R® =)
(2r, R' = ~564 7 MveF —447 -0 C 79R017
CH,CH(OH)CH,OCHj,
R® == CH,)
—583 7 TQ** ~548 ~0 ¢ 80C008
(2r, R' == CH,CH,- 554 7 M2+ ~554 -0 c 79R017
(IN-morpholino))
(2r, R = . —465 7 AQS™ ~380 c 85A303
CH,CONHCH,-(3-
pyridyl- N-oxide), R® =
L)
(28) —439 7 AQS™ —375 -0 c 771044
(2t) —335 c 84R150
(2q, R® = SC4Hy) —501 84R150
§-Nitroimidazoles
4-Bromo-1-methyl-5- —460 7 Mv2+ —447 2-PrOH -0 C 82A033
nitroimidazole (2u, R*
= Br) )
4-Todo-1-methyl-5- —461 7 Mv2+ —447 2-PrOH -0 C(K) 82A033
nitroimidazole (2u. R’
—464 7 AQS™ —~380 C 85A303
(2u, R = 80,-(M —334 7 C 83R015
morpholino))
(2u, R" == SO,NH,) ~336 7 C 83R015
(2u, R' = S0,C,Hy) —324 C 83R015
(2u, R? = SO,0CH) -259 - 7 ¢ 83R015
, R’ : ‘l’“s HgC——CH, CH4
s 1 i N
R N o N O.N N
2 7 N
}— R ) 0:8 Y \ /R
I N W 4
O,N ON H O.N R*
(2r) (28) (21) (2u)
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TABLE 2. Reduction potentials of nitroaryl compounds (RNOz/RNOE")—Continued

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

2.5. B-Nitrolmidazoles—Continued

2.5.7  2-lodo-1-methyl-5- —45% 7 Mvet —447 2-PrOH -0 C 82A033
nitroimidasole (2u, R?
= 1)
258  (2u, RY = NO,) -178 7 : c 84R150
2.56.9  1-Methyl-5- ~360 7 AQS™ —376 2-PrOH -0 c 82R117

nitroimidazole-2-
carboxaldehyde (2u,

R* = CRO)
-360 7 Bv2+t —354  2-PrOH -0 c 82R117
2.5.10  1,2-Dimethyl-5- —475 7 AQS™ —375 2-PrOH -0 c 761070
nitroimidazole (2u, R?
= CH:x)
480 7 AQS™ —375 HCO,™ -0 C, calc. data 761070
25.11 (2u, R* = SOCH,) —361 7 C 84R150
2.5.12 (2w, R® = SO,CH,) —351 7 c 84R150
2.5.13 (2w, R? = S(CH,),0- —481 7 MVZF —447 2-PrOH -0 o] 85R035
{4-carboxyphenyl))
26.14 (2v,R' = ~509 7 AQS™ —375 +BuOH -0 c 771044
: CH,CH,0PO,*", R*®
= CHj, Naysalt ()
2.5.15 (2+, R! — CH,CH_OH, —486 * 7 Rer
R* = CH,)
~485 7 AQS™ 375 2-PrOH -0 C, cale. data 761070
—488 7 AQS™ 375 t-BuOH -0 C (K), calc. data 761070
—~486 7 AQS™ —375 +BuOH -0 C 771044
—~451 7 3.8.10 —410 t-BuOH c 85A090
—476 7 AQS™ —380 t-BuOH c 85A090
2516 (2v,R' = —467 * 7 AQS™ —375 2-PrOH -0 Rec.; C 761070
CH.CH(OH)CH,CI, R?
= CHy) .
—474 7 AQS™ —376 HCO,™ -0 C, calc. data 761070
2.5.17 (2v,R' = —475 7 AQS™ —375 c 85A303
CH,CO,CuH;, R = 1)
2518 (2v,R' = —441 7 AQS™ —375 c 85A303
CH,,CH{OH)CH,,0CH,,
R = I)
25.19 (2v,R' = —498 7 M2+ —447 -0 C 79R017
CH,CH,NHC( =
S)OCH, R? — CHy)
2520 (2v,R'= —479 * 7 AQS™ ~376 2-PrOH -0 Rec.; C 761070
CH,CH(OH)CH,0CH,,
R® = CH,)
—475 7 AQS™ —375 HCO,™ -0 C 761070
2.5.21  1-(2-Ethylsulfonyl)- —464 7 AQS™ —375 +-BuOH ~0 C 761070
ethyl-2-methyl-5-
nitroimidazole (2v, R'
= CH,CH,S0,C,H;,
R? = CH,)
FI1
|
o,N N
\ R
. N
R
(2v)

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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TABLE 2. Reduction potentials of nitroaryl compounds (RNO:‘,/RI{IOQ')o'—Continued

No.

Compound or E/mV pH Ref. Ref. E Co-golute I Method/ Ref.

couple compound /mV comments
2.5. B-Nitrolmidazoles—Continued

—~464 7 AQS™ —~375 t-BuOH -0 C 771044

2.5.22  1-(2-N- —457 7 AQS™ ~3756 -BuOH ~0 C 761070

Morpholinoethyl)-5-

nitroimidazeole (2v, R!

= CH,CHy-(N-

morpholino))
2523 (2v,R' = —448° 7 AQS™ —380 C(K) 85A303

OI,CONH ,CIL,-(3-

pyridyl), R' = 1)
2.5.24 (2w, X = S) —467 ] 84R150
2525 (2w, X = 50,) —342 C 84R150
2.8. Nitroazaindoles
2.6.1 1-Methyl-3-nitro-7- —566 7 3.5.1 —-700 HCO,™ -0 86C027

azaindole (2x, R' ==

CHy)
2.6.2 1-(2-Bromoethyl)-3- ~605 7 HCO,™ -0 86C027

nitro-7-azaindole (2x,

R' = CH,CH,Br)) .
263  (2x,R' = 607 7 HCO,~ -0 86C027

CH,CH(OH)CH,OH)
264 (2x, R' = —546- 7 HCO,~ -0 86C027

CH,CONHCH,CH,OH) )
265 (2x,R' = —532 7 HCO,~ -0 86C027

CH,CONH(CH,), -N-

morpholino) .
266 (2y,R" = -616 7 HCO,~ ~0 86C027

CH,C0,C,Hp)
2.6.7 2y, R7 = . —632 7 HCO,~ -0 86C027

CH,CONH(CH,), N

morpholino)
268  (22) —-626 7 HCO,~ -0 86C027
2.7. Nitroscridines
2.7.1 Nitroakridin 3582 —260 7 Bva+ 354 2-PrOH -0 C 84R148
; (2aa) : ,
2.7.2 Nitracrine (2bb, R = —275 7 BvZ+ —354 2-PrOH -0 o] 87R0O70

H)

—303 7 BVt —380 2-ProH -0 C; further values, 89R018
pH 3-11
CH,—CH,
NO
0N N I < : = NO:
X s I Il |
S NN N7SN
N I, I,
R R
(2w) (2x) (2y)
) NH(CH,)3N(CH
NO, . NHCH,CH(OH)CH,N(CHy), { N;” (CHalz

2 H.CO . 2

i RYGS G0

N7 NH

) HsCO N* NO, N7

CH,C0,C H;

. R4
(2z) {2aa)

J. Phys. Chem. Ref. Data, Voi. 18, No. 4, 1989
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TABLE 2. Reduction potentials of nitroaryl compounds (RNOZ/Rﬁoz")—Continued
No. Compound or E/mV . pH Ref. Ref. F Co-solute I Method/ Ref.
couple : compound /mV comments
2.7. Nitroacridines—Continued
2.7.3°  (2bb, R? = C)) -325 7 BV2+ ~380  2-PrOH -0 ¢ 89R018
274  (2bb, R* = F) —35¢ 7 BVt —380  2-PrOH -0 C 89R018
2.7.6  (2bb, R? = OHj) - 321 7 Bvit 380 2-PrOH —+0 ¢ 80RO18
278  (2bb, R* = OCH,) -361 7 BvZ+ ~380  2-PrOH -0 c 89R018
277  (2bb, R* = CO,CH,) -244 7 Bv#+ —-380  2-PrOH -0 c 89R018
278  {(2bb, R* — N(CH,),) —334 7 BVt 380 2.PrOH —0 e ROR01R
279  (2bb, R?' = ~-314 7 BVZt -380  2-PrOH -0 c 89R018
N(CH,CH,0COCH,),}
2.8. Miscellaneous nitroaryl compounds
2.8.1 2-Nitrobenzimidazole —300 7 AQS™ —37% 2-PrOH -0 C &0R187
(2¢ce) o
2.8.9 2-Nitrotheophylline — 4904 7 Mvy2t —447 -l ! RORIKT
(2dd) ’
2.8.3 8-Nitrocaffeine (2ee) -205 7 pQ —244 2-PrOH =0 o} 80R187
2.84 2-Nitrobenzofuran (2ff) —292 7 DQ -244  2-PrOH ~0.020 C 82R087
2.8.6 7-Hydroxy-2- 288 7 DQ —244 2-PrOH ~0.020 C 82R087
nitrobenzofuran (2f, - -306 7 AQS™ ~375
R7 = OH)
2.8.6 7-Methoxy-2- ) 296 7 DQ . —244 2-PrOH ~0.020 C 82R087
nitrobenzofuran (2ff, ‘
R7 = OCH,)
2.8.7 5-Hydroxy-2- ~285 7 DQ —244 2-PrOH ~0.020 C 82R087
nitrobenzofuran (2ff, -309 7 AQS™ —375
R® = OH)
2.8.8 5-Methoxy-2- ~292 7 DQ —244 2-PrOH ~0.020 C 82R087
nitrobenzofuran (2fF,
RS = OCH,) )
2.8.9  4-Nitropyridine (2gg) -191 7 DQ —-235  2-PrOH ~0.010 C (K) 751117
2.8.10  2-Nitrothiophene (2hh) —395 7 AQS™ - -380 2-PrOH ~0.010 C 751117
-390 7 DQ -235  2-PrOH ~0.010 C 751117
2.8.11  5-Nitrouracil (2) —-527 7 AQS™ -380 2-PrOH ~0.010 C 751117
2.8.12  6-Hydroxy-5- | —405 7 AQS” -375 80A210
nitrothymine (2jJ)
2.8.13  1-Ethyl-2,3-dihydro-6- —356 7 Bv?+ —354 2-PrOH -0 C 78R212
nitroimidazo[1,2-
apyridinium (2kk, R
== C,Hy)
CHg o
o HeC CH R
: 3
Qrt G S i '
N
NTENO, HsC” lli NO, Qé‘llw N’L'No, 07 "NO;
H ° N CHs R?
(2¢ce) (2dd) (2ee) (2ff)
o o]
H CHy QN
NO, H g AN No: N NO, : ﬁ
| H N -R
N
@ ) oy °J",* o =
N s” No, & H
(299) (2hh) (21 (21 (2kk)
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Tatinie 2. Reduction potentials of nitroaryl compounds (RNOz/RI:JOZ_)——Continued

pimpound or EfmV pH  Ref. Ref. B ‘Co-solute 1 Method/ Ref.
couple compound /mV comments
2.8. Miscellaneous nitroaryl compounds—~Continued
2.8.14  1-Phenyl-2,3-dihydro- -335 7 BV?Z* —354 2-PrOH -0 c 78R212

6-nitroimidazo|1,2-
ajpyridinium (2kk, R
= CgHy)

* Recomended value.

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1988
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TABLE 3. Reduction potentials of bipyridinium and related compounds (BP2t/BP-¥)

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

8.1. Unbridged 3.3'-bipyridinlum compounds

3.11  2,2-Bipyridinium (8a, —600 (<0} Co(bpy)s®*  —890  HCO,~ Kin.; E°. 83C017
Rl = Rl: = H)
3.1.2 1,1'-Dimothyl-2,2"- -776 5.9- Pol., I™ salt. 87C004
bipyridinium (8s, R’ 8.0
=Rl = CHg)
—B58 Pol. 68C004,
73C001
-720 7 Cyc. v. 80A247
313 (82, R!=RY = —680 No details. 85F007
(CH,)38057) .
—-820 9.2 Cyec. v. 85N094
3.1.4  4,4'-Dimethyl-2,2’- —640  (<0) Co(bpy)s®*  —880  HCO,~ Kin.; F. 83C017
bipyridinium (8a, R*
= R*¥ = CHy)

3.2. Bridged 2,2’-bipyridinium compounds: derivatives of dlpyrldo[l,z-cxz',l’-c]pyrazlnedllum

3.2.1  Dipyrido[l,2-a:2',1'- —270 3.4 Pol, Br- salt.  68C002,
c]pyrazinediium (3b) 8.8 09C004
—290 Pel, 68C004
3.2.2 6-Methyldipyrido{1,2- ~—300 Pol,, Br™ salt. 71C001
a:2',1'-¢Jpyrazinediium
(sb, R® = CH,)
3.2.3 8-Phenyldipyrido|1,2- —270 Pol., Br™ sailt. 71C001

@:2',1'-¢|pyrazinedilum
(8b. R® = C.H,)

8.8. Bridged 2,2'-bipyridinium compounds: derivatives of 8,7-dihydrodipyrido[1,3-a:3',1'-¢]pyrasinediium (‘diquat’)

331 8,7-Dihydrodipyrido- —358 * Rec.
[1,2-a:2",1"-
¢|pyrazineditum (8¢)
—349 10 Pot., Br~ salt. 60C001
—364 7.8 NADT/NADH -345 Enzyme-catalysed 65F032
equilibrium.
—396 2.2- Pol. 686C002
11.0 .
—342 . Pol. 86C001
—360 ' . Pol.,, Br™ salt. 67C003
—349 Pol., Br™ salt. 68C004,
73C001
—366 8.3 Pol,, I salt. 88C001
—366 1.6- Pol., I™ zalt, 69C001
0.2
—351 Cyc. v, Br™ and 749062
C1™ salts.

—368 Pol., Br~ salt. - 77Z190
-370 7 Cyc. v. 80A247

4 — 4 11 12 1 2 11 12 1 2

— 10M3 - -

\‘_N N/ :N Nﬁ 1°\Nl \N/3
+
R R = 9*7""5"4
(3a) (3b) (3¢)

J. Phys. Chem. Ret. Data, Vol. 18, No. 4, 1989
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TABLE 3. Reduction potentials of bipyridinium and related compounds (BP2*/BP+*)—Continued
No. Compound or EfmV pH  Ref. Ref. B Co-solute [ Method/ Ref.
couple compound /mV comments

3.8. Bridged 2,2'-bipyridinlum ecompounds: derivatives of 8,7-dihydrodipyrido[1,3-e13',1'-¢]pyrasinediium (‘diquat’)—
Continued .

3.3.2

3.3.3

3.3.4

3.3.6

3.3.6

3.3.7

3.3.9

3.3.10

3.3.11

3.3.12

3.3.13

3.3.14

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

4-Bromo-8,7-
dihydrodipyrido[1,2-
a:2’,1'-¢]pyrazinediium
(8¢, R* = Br)
6,7-Dihydro-6-
hydroxydipyrido(1,2-
a:2',1'-cjpyrazinediium
(8¢, R® = OH)
3-Cyano-6,7- :
dihydrodipyrido[1,2-
a:2’,1'-cjpyrazinediium
(8¢, R* = ON)

8,7-Dihydro-4-
methyldipyrido|[1,2-
a:2',1'-¢|pyrazinediium
(8c, R == CHy)
6,7-Dihydro-6-
methyldipyridofl1,2-
a:2',1’-c]pyrazinediium
(8c, R® = CHy)
6,7-Dihydro-3-
methoxydipyrido[1,2-
a:2’,1'-¢]pyrazinediium
(8¢, R = OCIIy)
3-Methoxycarbonyl-
6,7-dihydrodipyrido-
[1,2-a:2',1'-
c]pyrazinediium (8e,
R® == CO,CHy)
4-Ethyl-6,7-
dihydrodipyrido|[1,2-
a:2',1'-¢]pyrazinediium
(8e, R* = C,H,)
3-Ethoxy-6,7-
dihydrodipyrido(1,2-
a:2',1'-clpyrazinediium

(8¢, R® = OC,Hy)

6,7-Dihydro-1,12-
dimethyldipyrido[1,2-
a:2',1’-¢]pyrazinediium
(8¢, R' =R?Z =
CHy)

6,7-Dihydro-2,11-dime-
thyldipyrido(1,2-¢:2',-
1'-c]pyrazinediium (8¢,
R? = R!! = CH,)

6,7-Dihydro-3,10-dime-
thyldipyrido[1,2-a:2’,-
V'-c]pyrazinediium (8e,
R® = R'® = CH,)

6,7-Dihydro-4,9-
dimethyldipyrido[1,2-
a:2',1'-c|pyrazinediium
(8¢, R* = R® = CH,)

~10

—290 -

-410

~3560

~-450

~140

—420

—440

—580

-5980
~487

-490
—491
—~479

—480
—480

1.9-
4.5

1.8-
4.0

4.0-
8.0

4.5-
10.4

3-7

4.0-

9.0

4.5-
10.4

2.4.39

—~583

2-PrOH

-0

Pol., Br™ salt,

unstable pH 7.

Pol., Br™ salt.

Pol., Br™ salt.

Pol., Br™ salt.

Pol., Br™ salt.

Pol.

Pol.

Pol., Br™ ealt.

Pol.

Pot. ~

Cyec. v.
Pot.

Cyc. v.
C; Br™ salt.
Pot.

Cyc. v.

74C003

69C004

76C002

77C006

71C001

76C002

76C002

77C006

76C002

60C001

80A247
60C001

80A247
84A292
60C001

80A247
82C019
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TABLE 3. Reduction potentials of bipyridinium and related compounds (BP2*/BP+*)—Continued

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

-3.8. Bridged 2,"-b|pyr1dln|um compounds: derivatives of 6,7-dlhydrod|pyrldo[1,2-m?',l'-e]pyraslned“um (‘diguat’)—
Continued

3.3.15  6,7-Dihydro-6,6- 360 Pol,, Br™ salt. 71C001
dimethyldipyrido[1,2-
a:2’,1’-¢|pyrazinediium
(8¢, R® == R® = CHy)

3.3.16  8,7-Dihydro-3- ~440  4.5- Pol. 760002
propoxydipyrido[1,2- 104
a:2’,1’~¢lpyrazinediium
(8¢, R® = OC3H;)

3.3.17 8,7-Dihydro-2,3,10,11- -813 7 3.4.1 —548 2-PrOH - =0 84A292
tetramethyldipyrido[1,2- : )
‘a:2',1'-¢]pyraszinediium
(8¢, R?* = R® = R'®

= R!! = CHy)
3.3.18 6,7-Dihydro-4(2- ~320 ‘1.5- Pol., Br™ salt 69C002
pyridyl)dipyrido|1,2- 8.2

2:2',1'-¢c|pyrazinediium
(8¢, R* = 2-pyridyl)
3.3.19  6,7-Dihydro-6- ~290 Pol., Br™ salt. 710001
phenyldipyrido[1,2-
@:2',1'-c|pyrazinediium
(8¢, R® = CgHy)

?.4. Bridged 2,2’-bipyridinium compounds: derivatives of 7,8-dihydro-86 H-dipyrido[1,2~as 2',1’-—?][1,4]dia.seplnedﬂum
‘triquat’) : ‘

3.4.1 7,8-Dihydrodipyrido- —~549 * Rec.
[1,2-a:2",1"-¢][1,4]diaze- ‘
pinediium (84)

—b48 10 Pot., Br™ salt. 60C001

—521 7.8 Pol. 66C001
—560 8.3 . Pol., I™ salb. 08C001
—539 4.9- 89C001
. 8.2
—608 Pol. 73C001
—556 7 Cyc. v, Br™ salt, 749062
~550 7 . . Cyc.v. 80A247
—b549 7 Diff. pulse volt.;  80C045
. B;_ salt.
—547 7 Pol.; Br~ salt. 80C045
—490 . Pol.; Br™ salt. . 815024
3.4.2 7,8-Dihydro-4-methyl- ~590 7.0- Pol., Br™ salt. - 77C006
dipyrido[1,2-a:2',1'-¢}- 9.0
diazepinediium (8d, R*
== CHy)
3.4.3 7,8-Dihydro-3-methoxy- — B30 4.5~ Fol., Br~ salt. 7650002
dipyrido[1,2-a:2",1'- 10.4
cjdiazepinediium (8d,
R® = OCH,)
12 13 1 2
11 _I \— 3
\ v 2
10+ + 4
8 6
7
(3d)

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1988
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TanLiz 3, Heduction potentisln of bipyridinium and related compounds (BP2+/BP-+)-—Conf.inued

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

3.4. Bridged 2,2'-bipyridintum compounds: derivatives of 7,8-dihydro-8H-dipyrido(1,2-a: 2',1'~¢]{1,4]diazepinediium
(‘triquat’)—Continued

344 7,8-Dihydro-2,12- —8g1 * Rec.
dimethyldipyrido|1,2-
a:2',1'-¢]{1,4]diare-
pinediium (8d, R? =

R!Z = CHy)
~T739 Pol., Br™ salt, 86C002
meas. by T.E.
Tomlinson
-560 ¢ 7.8 Pol., Br™ salt. 66C001
—690 Pol. 66C001
-690 7 ‘ Diff. pulse volt.; 80C045
Br™ salt.
—686 7 Pol.; Br™ salt. 80C046
Y14 Paly Rr™ salt, ALRO24
~700 82C019
~695 7 2.4.39 —583 2-PrOH -0 C; Br™ salt. 84A202
—886 7 3.3.17 —-613 2-PrOH -0 C; Br~ salt, 84A202
3.4.5 7,8-Dihydre-3,11- ~871 Pol., Br™ salt. 65C002
dimethyldipyrido(1,2-
a:2',1'- c|diazepinediium
(8d, R* = R =
CHy) ‘
- —636 86C001
—871 Pol. 66C001
—664 7 Diff. pulse volt.; 80C045
) Br~ salt.
—~662 7 Pol,; Br™ salt. 80C045
3.4.6 7,8-Dihydro-2,3,11,12- ~770 Approx. (Value 828257
tetramethyldipyrido[1,2- from cyc. v. in
a:2',1'-¢[1,4]diaze- CH;CN taken, less
pinediium (8d, R% = .30 mV.) Cl0,~
R3=RU =R!? = salt.
CHj) _
~775 7 2.4.39 —583 =0 C; Br™ salt. 84A292
-778 7 3.3.17 ~-613 -0 C; Br™ salt. 84A202

8.5, Bridged 2,2'-bipyridinlum compounds: derivatives of 8,7,8,9-tetrahydrodipyridof1,2-a: 2',1'-¢][1,4]dlasocinediium
(‘tetraquat’)

351 6,7,8,9-Tetrahydro- ~-T700 10 Pot., Br™ salt, 680C001
dipyridofl,2-a:2’,1'- . cryst. with 1/2
¢][1,4]diazocinediium ) mo} HBr.

(8e)
—636 8.3 Pol,, I salt. 680001
—641 6.7- Pol., 1™ salt. 69C001
9.1
—850 7 ' Cye. v. 80A247
1314 1 2
12 D aun ) 3
N N
11+ Y4
s\_Je
8 7
{3e)

J. Phys. Chem, Ref. Data, Vol. 18, No. 4, 1989
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TABLE 3. Reduction potentials of bipyridinium and related compounds (BP?*/BP++)—Continued

No. Compound or E/fmV pH Ref. Ref. £ Co-golute 1 Method/ Ref.
couple compound /mV ’ comments

8.6. Bridged 2,2'-bipyridinium compounds: derivatives of 6,7,8,9-tetrahydrodipyrido{1,2-a: 2’,1’-¢]{1,4]diaxocineditum
(‘tetraquat’)—Continued

3.5.2 8,7,8,9-Tetrahydro- ~780 80A247
2,13-dimethyl-
dipyrido|},2-a:2",1"-
¢|{1,4]diazacinediium -
(8e, R = R'® =

CH,)
-735 7 2.4.39 —583 2-PrOH -0 C; Br™ salt. 84A292
. =745 7 3.3.17 —613 2-PrOH -0 C; Br™ salt. 84A292
35.3 6,7,8,9-Tetrahydro- —832 7 —613 t+-BuOH -0 C; Br™ salt. 84A292

2,3,12,13-tetramethyl-
dipyridof1,2-a:2',1'~
c}[1,4])diazocinediium
(8e, R? = R® = R!?
= R'® = CHy)

8.6. Miscellaneous 2,2'-bipyridinium compounds

3.6.1 1,19-Phenanthrolinium —B540 Approx., from kin. 83C017
(8f, R = R’ = H) of quenching
react. and comp.
with bipyridyls

(&)
3.6.2 1,10-Dimethy]-1,10- —510 Cyec. v. 83N211
phenanthrolinium (8f,
R = R’ = CHy)
3.6.3 Phenanthrolinof4,5- —280 7 Pol,, Br~ salt. 68C003
@:8,7-c]pyrazinediium '
(3g)
—234 Pol.,, Br™ salt. 68C004
—250 Cyc. v. 83N211
3.6.4 Phenanthrolino|4,5- —270 7 Pol., Br™ salt. 68C003
@:6,7-c]diazepinediium
(8h, R = R! = H)
—114 Pol., Br™ salt. 68C004
--130 Cyc. v, 83N211
—180 ~ Pol; Br™ salt. 818024
3.6.6 1-Chlorophen- —-110 Pol.; Br™ salt. 815024
anthroline-[4,5-4:6,7-c]-
diazepinediium (8h, R
=H, R’ = Cl)
3.6.6 . 1-Methylphen- —220 Pol.; Br™ salt. 815024
anthrolino-[4,5-4:6,7-c]-
diazepinediium (8h, R
= H, R’ = CHy)
3.6.7 1,11-Dimethylphen- —400 Pol.; Br™ salt. 815024

anthrolino-(4,5-a:6,7-¢]-
diazepinediium (8h, R
= R’ = CH,)

/ Gl (Cd

() (3g) (ah

+
n~Z,
-
Q==

J. Phys. Chem. Ref. Data, Vol 18, No. 4, 1989
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'"apLie 3. Reduction potentials of bipyridinium and related compounds (BP2+/BP'+)—-Continued

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

8.6. Miscellaneous 2,2’-bipyridinium compounds—Continued

3.6.8  1,11-Diphenylphen- -310 Pol.; Br™ salt. 815024
enthroline-{4,6-a:6,7-c}-
diazepinediium (8h, R
= R’ = C,Hg)

3.6.9 Phenanthrolino[4,5- —450 Cyc. v. 83N211
‘a:6,7- c]diazocinediium
(81)

3.6.10 1,1"-Dimethyl-2,2’~ -250 2.2~ . Fol,, CHaSQ,~ Gy CuoZ

. biquinolinium (3}) 9.9 salt.
8.7, 2,4'-Bipyridinium compounds
3.7.1 1,1’-Dimethyl-2,4'- —640 . Pot., 17 galt. 80C002

bipyridinium (8k)

8.8. Symmetrical 1,1'-disubstituted 4,4’-bipyridinium compounds (viologens, R = R!’) without additional ring

substltuents
3.8.1 4,4'-Bipyridine (31, R —485 15 - Pol., CI™ salt.
3.8.2 Methyl viologen (1,1'- ~448 * Rec.

Dimethyl-4,4"-
bipyridinium) (81, R =

CHyg)
—446  ¥.13 Pot., T~ salt.
—434 1.2- ' Pol,, CI™ salt.
13
—446 Pot., I” salt.
—426 7.8 Pol., CI™ salt.
—445 Pol., I™ salt.
—418 Pol,, I salt.
8.3 Pol.
—444 g, 11 Pot.
~454 Cyc. v.
—443 6.8 0.11 Pol,, CI™ salt.
—449 Cyc. v., CI™ salt.
—441 . Pol. or Pot., CI™
salt.
—464 7.45 —242 - Cyc. v., At 0.1

mmul di~?

viologen; value

812316

33C001
57C001

80C002
66C001
67C002

68C004,
73C001

68C001
69C003
69C005

70C001,
817316

749062
75C001

76C001

increased to —447

mV at 2 mmol
dm™? viologen.

—445 11.0 Pot.

460 7.45 ; ~ Reduct. by
H,/hydrogenasge,

exlincbion valges

assumed.

76C001
76C001

— r— C— —— — WY
4 ,Q\ P 4 O_C"“"”‘

N N N N + e —
Sk M Y R

 CHy CH, CH,
(3i) (3D (3k) (31

- J. Phys, Chem. Ref. Data, Vol. 18, No. 4, 1989
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TabLi 3. Reduction potentials of bipyridinium and related compounds (BP**/BP-*)—Continued

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

3.8. Symmetrical 1,1'-disubstituted 4,4'-bipyridinium compounds (viclogens, R! = R"') without additional ring
substituents—Continued

—~450 7 - Pol. 772190
—462 Pol., bis(0,0- 78C017
dimethy!
phosgphate) salt.
~446 Reduct. by 78C016
H,/hydrogenase,
extinction values
assumed.
440 7 Cyec. v.» 80A247
—465 7 AQS™ ~373 -0 C; via BV2t 80A349
—456 1,7 Cyc. v.; 0.05 mo!l 800004
dm™? H,80, or
0.5 mol dm™"
MNa,80,.
456 Cyc. v. 80C044
~453 Pot.; no details. 80R192
—430 R.12 947 Paol; 25 mV lawer R1C0RK

using glassy
carbon electrode.

~448 7.4 Pot. 83R178
—430 Cyc. v, 84N047
—479 Cye. v. 85A301
~450 Cyc. v. 85687
—458 7.0 Cyc. v. 85M420
—446 Cye. v. 85N 197
~441 Pot. (also data on 86A072

MV2t covalently

linked to

polymers)

3.8.3 1,1'-Dimethoxy-4,4’~ —-B51 6.8 Pol., I salt. 817316
bipyridinium (81, R =
OCHy)

3.8.4 1,1'-Bis(cyanomethyl)- ~150 6.8 Pol., 17 salt. 700001,
4,4'-bipyridinium (81, 812316
R = CH,CN)

3.8.5 1,1’-Bis(carboxy- —444 Pot. 33C001
methyl)-4,4"-
bipyridinium (31, R =
CH,CO,H)

—410 5.0 Pol., CI™ salt. 81Z316

3.8.6 1,1'-Bis{2-sulfonato- ~360 No details 86N260
ethyl)-4,4'-bipyridinium
(81, R =
CH,CH,50,7)

387  1,1'-Bis(2-chloroethyl)- -335  76.8 Pol. 30° C, €I~ 70C001,
4,4"-bipyridinium (81, salt. 817316
R == CH,CH,Ci)

3.8.8 1,1’-Bis(carbamyl- —296 6.8 Pol. 30° C, CI™ 70C001,
methyl)-4,4'- ’ salt. 817316
bipyridinium (8), R =
CH,CONH,)

J. Phys. Chem. Ret. Data, Vol. 18, No. 4, 1989
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TABLE 3. Reduction potentials of bipyridinium and related compounds (BP2+/BP-+)-Continued

No.

OUmpounJ or
couple

E/mV

pH

Ref. Ref. E
compound /mV

Co-polute

1

Mothod/
comments

Rof.

8.8, Symmetrical 1,1'-disubstituted 4,4'-bipyridinlum compounds (viologens, R' == R'') without additional ring
substituents—Continued

3.8.9

3.8.10

3.8.11

3R12

3.8.13

3.8.14

3.8.16

3.8.16

3.8.17

3.8.18

1,1'-Bis(2-hydroxy-
iminoethyl)-4,4'-
bipyridinium (31, R =
Cli,CH=NOH)

1,1'-Diethyl-4,4'-
bipyridinium (31, R =
C.Hg)

1.1'-Bis(2-
hydroxyethyl)-4,4'-
bipyridinium (81, R =
CH,CH,OH)

1.1'-Bis(2-aminoethyl)-
4,4'-bipyridinium (81,
R = CH,CH,NH,)
1,1'-Bis(2-propynyl)-
4,4’-bipyridinium (81,
R = CH,C=CH)
1,1'-Bis(1,2-
dichloroethyl)-4,4'-

. bipyridinium (81, R =

CH,(C1)=CHC)
1,1'-Diallyl-4,4'-
bipyridinium (81, R =
CH,OCH=CH,)
1,1'-Bie(2—oxapropyl)—
4,4’-bipyridinium (8,
R = CH,COCH,)
1,1'-Bis(2-
carboxyethyl)-4,4'-
bipyridinium (81, R =
CH,CH,CO_H)
1,1-Bis(3-
sulfonatopropyl)-4,4'-

bipyridinium (31, R = .

(CH.)480,7)

—326

—455 *

—449
—480
—4RA
451
480
—403 *

—408
—401

—399

—408
—400
—280

—435

—266

—~408

—305

—431

~380 *

~345

386
~390

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

6.8

1.5-

6.8

6.8

1.5

9.2

Pol., C1™ salt.
Rec
Pot., C1™ salt.

Pol., See 76C001 -
Pol.

Pol.

Pot.; no details.

Rec.

Pot., Br™ salt.
"Pol.,, Br™ salt.

Pol., CiI™ salt.

Cye. v.
Cyc. v.
" Pal

Pol.

Pol., C1™ salt.

.Pol.
Pol., Br™ salt.

Pot., ClI7 salt.

Pulse rad. and
cyc. v.; 85F007
gives —370 mV
(no details).
Cyc. v.

Cye. v.

70C001,
81Z316

33C001
61C001
61M014
817316
80R192

60C002
69C001

70C001,
812216

77C007
80A247
|17316

817316

817316

817316

817316

60C002

84A392

84N047
85N094
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TABLE 3. Reduction potentials of bipyridinium and related compounds (BP?*/BP+*}..Continued

No. Compound or E/mV pH Co-solute I Method/ Ref.
couple comments
3.8. Symmetrical 1,1'-disubstituted 4,4'-bipyridinlum compounds (vivlugens, R' = RY) withuvul additional ring

substituents—Continued

3.8.19

3.8.20

3.8.21

3.8.22

3.8.23

3.8.24

3.8.25

3.8.26

3.8.27

3.8.28

3.8.29

3.8.30

3.8.31

1,1'-Dipropyl-4,4°-
bipyridinium (3], R =
1-C3Hz)

1,1'-Bis(1-
meblylethyl)-d, 4«
bipyridinium (8], R =
CH(CHy)y)

1,1
Bis(ethylthiomethyl)-
4,4'-bipyridinium (81,
R = CH,SEt)
1,1'-Bis(3-

¢y anopropyl)-4,4'-
bipyridinium (81, R =
(CH,)3CN)

1,1-
Bis(ethoxycarbonyl-
methyl)-4,4'-
bipyridinium (8I, R ==
CH,CO,Et)

1,1-Bis(dimethylamino-
carbonylmethyl)-4,4'-
bipyridinium (31, R =
CH,CON(CH,),)

1,1'-Bis(2-
ethoxyethyl)-4,4’-
bipyridinium (81, R =
CH,CH,OEL)

1,1'-Bis[2-
(ethoxycarbonyl)ethyl]-
4,4’-bipyridinium (3],
R = (CH,),CO,EL)
1,1'-Bis|2-(dimethy]-
aminocarbonyl)ethyl]-
4,4'-bipyridinium (81,

R ==

(CH,),CON(CHy),)
1,1'-Bis|3-
(ethoxycarbonyl)propyl}-
4,4’-bipyridinium (31,

R = (CH;);CO,Et)
1,1'-Bis[2-
(trimethylammonio)ethyl]-
4,4'-bipyridinium (81,

R = (CH,),N*(CH,),)
1,1-Bis(4-
nitrophenyl)-4,4'-
bipyridinium (81, R =
p-NO,CyH,)
1,1"-Diphenyl-4,4'-
bipyridinium (8}, R =
C(;HY,)

~438

—446
~450

-308

-~362

—422

—~207

~301

-302
386

—386
—376

~385

—433

—280

-150

—288

3.3

6.8

6.8

0.3

1.5-
9.2

6.8

6.8
6.8

6.8

6.8

6.8

6.8

6.8

Pot., 17 salt. 60C002

Pol., Br™ salt. 75C002

82C019
Pol., Cl™ salt. 817316
Pol,, CI™ salt. 817316
Pot., CI™ salt. 60C002
Rec,; Pol., Dr™ A700001,
salt. 812316
Pol. 69C001
Pol., CI™ galt. 812316
Pot., I™ salt. 60C002
Pol., 1™ salt. 812316
Pol,, Br™ salt. 817316
Pol., CI™ salt. 817316
Pol,, Br™ salt. 817316
Pol., Br~ salt. 817316
Pol,, 1™ salt. 817316
Pol, C1™ salt. 81731%
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spatiisium amd felnted compounds (BP2*/BP+*)—Continued

o Ref. Ref. E Cosolute I Method/ Ref.
compound /mV comments

A8, Symmetrloal 3,1'-dlsubstituted 4,4'-bipyridinium compounds (viologens, R} = R!') without additional ring
substHuents—Continued

3.8.32 1,1'-Bis(2- ~325 6.8 Pol., CI™ salt. 70C001,
pyridylmethyl)-4,4'- : 81Z316
bipyridinium (31, R =
CH,(2-pyridyl))

3.8.33 1,1'-Bis(diethyl- ) —318 65C002
aminocarbonylmethyl)-
4,4'-bipyridinium (81,
R = CH,CON(C,H;),)

3.8.34 1,1'-Bis|[3-(dimethyl- —399 6.8 Pol., CI™ salt. - 70C001,
aminocarbonyl)propyl}- 812316
4,4'-bipyridinium (8],

R =
(CH)3CON(CHy),)

3.8.35 1,1'-Dihexyl-4,4'- —439 Pot., Br™ salt. - 60C002
bipyridinium (81, R =
n-CyH, )

—466 3.3 Pol., Br™ salt. 75C002

3.8.36 1,1'-Bis(2,2- —373 6.8 Pol., CI™ salt. 817316

diethoxyethyl)-4,4'-
bipyridinium (31, R =
CH,CH(OE),)
3.8.37 1,1'-Big(3-(trimethyl- -331 6.8 Pol., Br™ salt. . 81Z316
ammonio)propyl]-4,4'-
bipyridinium (31, R =

(CH,)3N*(CHy)s)
—330 No details 86N260 -
3.8.38 1,1'-Bis(a- ~73 1.5, Pol., Br™ salt. 817316
cyanobenzyl)-4,4'- . 7.0
bipyridinium (3}, R =
CH(C4Hy)CN)
3.8.39  1,1'-Dibenzyl-4,4'- —370 * See introduction
bipyridinium (381, R = (Sec. 6.3)
CH3CyHp)
—~359 8.0 Pot., CI™ salt. 33C001
—348 1.2- Pol., C1™ salt. 57C001
13 . _
—350 Pot., CI™ salt. 60C002
~—341 8.3 Pol. 68C001
—335 : Pol. 73C001
~358 7.0 Cyc. v. 749062
—329 3.3 . Pol., ClI™ salt. 75C002
—326 33 Pol., Br™ salt. 75C002
—324 3.3 Pol., 1™ salt. 75C002
—330 7 Clye. v. |DA247
—350 Pot.; no details. 80R192
—350 7 Pol. 81C038
—340 6.8 Pol., Br™ salt. 81Z316
—~351 7.4 Pot.; extrap. to 83R178
. zero radical concn.
{more positive at
higher radical
conen.).
3.8.40 1,1'-Diheptyl-4,4'- —356 : Pol., Br~ salt. 75C002
bipyridinium (3], R = :
#-C3H, ;)

J. Phys. Chem. Ref. Data, Vo!. 18, No. 4, 1988
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TanLi 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

3.8. Symmetrical 1,1'-disubstituted 4,4'-bipyridinium compounds (viologens, R! == R') without additional ring
substituents—Continued

—410 82C019

3.8.41 1,1'-Bis[4- -367 8.0- Pot., Br™ salt. 817316
(trimethylammonio)butyl}- 10.0
4,4'-bipyridinium (8},

= (CH,),N*(CH,),) )

3.8.42 1,1'-Bis(a- -73 1.5, Pol., Br~ salt. 70C001,
cyanobenzyl)-4,4'- 7.0 817316
bipyridinium (3§, R =
CH(CyH)CN)

3.8.43 1,1'-Bis2-(3,5- —291 1.6- Pol., C1™ salt. 69C001
dimethyl-4- 9.2
morpholinyl)-2-
oxoethyl]-4,4'-
bipyridinium (8}, R =
3m)

—305 7 Pol. 817316

3.8.44 1,V-Dioctyl-4,4'- —461 3.3 Pol., Br™ salt. 75C002
bipyridinium (81, R =
n-CgH,7)

—470 Cyc. v. 83N190

3.8.45 1,1'-Dioctadecyl-4,4'- —280 No details 86N260
bipyridinium (81, R =
n-CHy)

3.8.46 1,1 —188 6.8 Pol., Br™ salt. 81Z316
Bis[ethoxycarbonyl-

(phenyl}methyl]-4,4'-
bipyridinium (81, R =
CH(C4H;)CO,Et)
3.8.47 (3n) 0 7 Cyc. v. 83N149
—139 Cyc. v. 85A301

3.8.48 (80, n = 2) —280 7.3 331 —~350 HCO,™ 0.1 C 86A266

3.849 (30, n = 3) T —330 Calen. 86A266

3.850 (80, n = 4) -390 ' Calcn. 86A266

3.9. Symmetrical 1,1'-disubstituted 4,4’-bipyridinium compounds (viologens, R == Rll) with additional ring
subatltuenta

3.9.1 1,1',2-Trimethyl-4,4'- —500 3.0- Pol.,, Br™ salt. 77C006
blpyndmlum (3p, R‘ 9.0
= R" = CH.,, R? =
CHy)

HsC CHy— N——CH,
—engo ,}:o @( Q—@ )@

— N-—-—CH
H,C CH, "\ VW
(3m) (3n)
6' 5 5 6
= 2' 3 3 2
(30) e
J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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TABLE 3. Reduction potentials of bipyridinium and related compounds (BP2*/BP+*)—Continued
No. Compound ot E/mV pH I Method/ Ref.
couple

comments

3.9. Symmetrical 1,1’-disubstituted 4,4’-bipyridinlum compounds (viologens, R =

substituenta—Continued

392

394

3.9.5

3.9.7

3.99

3.9.10

3.9.11

3.9.12

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

1,1'-Diethyl-2-methyl-

4, 4 b)pyrldmmm (3p,

R! = R! — C_H,, R?
- CHy)

2-Methyl-1,1'-
dipropyl-4,4'-
blpyrldlnium (ap, R‘
= R CsH7, =
CHy)

2,2'-Dicyano-1,1'-
dimethyl-4,4'-
bipyridinium (8p, R'
= R" == CHy, R* =
R* = CN)
1,1',2,2'-Tetramethyl-
4 4 b:pyrldlmum (3p,
= R'" = CHy R
R" = CHJ)

1,1',3,3 - Tetramecthy!-
4,4'-bipyridinium (3p,
R' = Rl' == CH:;, R?
j— R.’h — CH;;)

1,1',2,2',6,6'-
Hexamethyl-4,4'-
b|pyndm1um (ap, R!
= R' = CH,, R®

RY = CH,, R® = R
= CH,)

‘1,1’-Dimethyl-2,2’-

diphenyl-4,4'-
bipyridinium (8p, R'
= R" = CHy, R® =
RY = CuHy)
1,1'-Dimethyl-2,2'-
bis(4-methylphenyl)-
4,4'-bipyridinium (3p,
l Rll —_ CH3,
= Rz' = CqH,CHy)

1,1'—Bis(cyanomethy])-
2,2'-dimethyl-4,4'-
blpyndlmum (3p, R'
= R'" = CH,CN, R?
= R% = CH, ;)
1,1'-Bis(2-chloroethyl)-
2,2'-dimethyl-4,4'-
bipyridinium (8p, R'

= R'" = CHyCH,CI,
R? = R = CH,)
1,1'-Bis(2-

hydroxyethyl)-2,2'-
dimethyl-4,4’-
bipyridinium (3p, R'
= R' = CH,CH,OH,
R® = R® = CH,)

-510

~500

90

13

610

830

—640

-390

—439

~140

—422

—481

. 4, 1989

3.0-
9.0

3.0-
9.0

1.9-

Rl') with additional ring

Pol.,, Br™ salt.
77C008

Pol., Br™ salt.

Pol., CH350,™
galt.

Pol.

Approx. (Value
from cyc. v. in
CH,CN taken, less
30 mV.) CI™ salt.
Approx. (Value
from cye. v. in
CH4CN taken, less
30 mV.) ClO,~
salt.

Approx. (Value
from cyc. v. in
CH,CN taken, less
30 mV.) CI™ salt.

Pol.

Pol.

Pol.

Pol.

Pol.

77C006

74C002

70C001

828267

228287

828257

67C002

$7C002

70C001

70C001

70C001
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TaBLE 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

8.9. Symmetrical 1,1'~-disubstituted 4,4'-bipyridiuhnn compounds (vivlugens, R? = R1') with addittonal riug
substituents—Continued

3.9.13  1,1'-Bis(2-oxopropyl)- 356 7 Pol. 70C001
2,2'-dimethyl-4,4'-
bipyridinium (3p, R’
= R" = CH,COCH,,
R? = R¥ = CH,)
3914 11 ~323 7 Pol. 70C001
Bis(ethoxycarbonylmethyl)-
2,2'-dimethyl-4,4'-
bipyridinium (8p, R!
= R = CH,CO,Et,
R? = R¥ = CH,)

39.15 (3p,R'=R" = —790 9.2 Cyc. v. 85N094
(CHy),;80;~, R® = R¥ :
= CHy) ‘

3916 (3p,R'=R" = —460 9.2 Cyc. v. 85N094
(CHy);80;,7, R? = R¥ '
= CHy)

3.9.17 (3p,R' =R" = —540 9.2 Cyc. v. 85N094
(CH,);5057, R* = R¥
= b Ru' = CH.’!)

3.10. Asymmetrical 1,1'-disubstituted 4,4'-bipyridinium compounds (viclogens, R' = CH,, R = variable)

3.10.1  1-Methyl-4,4'- ~490 6.8 Pol., CH,80,™ 812316
bipyridinium-1'-oxide salt, .

(3q1 R' = 'O_)

3.10.2 1-Methy!l-1'- —287 6.8 Pol., ClI™ salt. 70C001,
cyanomethyl-4,4'- 817316
bipyridinium {3q, R’
= CH,CN)

3.103  1-Methyl-1'- -371 68 Pol., I” salt. 70C001,
carbamylimethy!-4,4'- : 817316
bipyridinium (38q, R’ )
= CH,CONH,)

3.10.4 1-Methy!-1'-(2- —422 6.8 Pol., CI™ salt. 70C001,
hydroxyethyl)-4,4'- o 812316
bipyridinium (3q, R’
= CH,CH,OH)

3.10.5 '1-Methyl-1'-aliyl-4,4'~ ~426 6.8 Pol,, I salt. 817316

" bipyridinium (8q, R’
== CH,CH==CH,)

3.10.6 . 1-Methyl-1'-(2- 380 6.8 Pol., I” salt. 70C001,
oxopropyl)-4,4'- 817316
bipyridinium (8q, R’
= CH,COCH,)

3.10.7  1-Methyl-1'-(3-cyano- -369 6.8 Pol., 17 salt. 81Z316

2-propenyl)-4,4'-
bipyridinium (3q, R’
= CH,CH=CHCN)

3.10.8 - 1-Methyl-1'-[2- -330 6.8 Pol., I~ salt. 812316
bis(methylthio)-
ethenyl]-4,4'-
bipyridinium (3q, R’
= CH=C(SCHj;).)

. * :—) C— >
H'—-N\ / \ IN—CH,
(3q) '

dJ. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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TaAsLiE 3. Reduction potentials of bipyridinium and related compounds (BP2+/BP'+)—Continued

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

8.10. Asymmetrical 1,1'-disubstituted 4,4'-bipyridinium compounds (viologens, R' = CH,, R = variable)—
Continued

3109 1-Methyl-1'- 362 6.8 Pol., I™ salt. 70C001,
ethoxycarbonylmethyl- 817316
4,4'-bipyridinium (04q,

R' == CH,CO4Et)

3.10.10 1-Methyl-1’- —287 1.5 Pol., I7 salt. 817316
[cyano(ethoxycarbonyl)-
JxchlAyl]-4,4'-
bipyridinium (8q, R’
= CH(CN)CO,C,H;)

3.10.11 1-Methyl-1'-[3- ~381 6.8 Pol.,, I salt. 817316
{methoxycarbonyl)-2- ‘
propenyl}-4,4'-
bipyridinium (3q, R’

CH,OH=CHCO,CH,)

3.10.12  i-Methyl-1"-[(1- ~371 6.8 Pol., I™ salt. - 817316
pyrazolyl)thiocarbonyl-
methyl]-4,4’-
bipyridinium (8q, R’
= CH,CSNO)

3.10.13 1-Methyl-1'-benzyl- —408 6.8 Pol., Br~ salt. 817316
4,4'-bipyridinium ’

3.10.14 1-Methyl-1'- ~357 0.3 Fol., I~ salt. 817310
[anilino{thiocarbonyl-
methyl)}-4,4'-
bipyridinium {8q, R’
= CH,CSNHC H;)

3.10.15 1-Methyl-1'-[2-(3,5- —~374 6.8 Pol.,, CI™ salt. 812316
dimethyl-4-
morpholinyl)-2-
oxoethvl]-4.4'-bipyridinium

8.11. Asymmetrlcal 1,1'-disubstituted 4,4'-bipyridinium compounds (ﬂo]ogenu, RY # R & CHy,)

3111 l-Ethyl-l'-(Z- —-428 Pol. 817316
ethylthioethyl)-4,4'-
bipyridinium (3r, R =
C._,H_", R' =
(CH.),SE)

3.11.2 1-{2- —408 Pol. 817316
Methoxycarbonylethyl)-
1'-propyi-4,4'-
bipyridinium (8r, R =
CyH,, R' =
- (CH;),C0,CHy)
3.11.3  1-(2-Hydroxyethyl)-1'- —438 Pol. ) 817316
pentyl-4,4'-
bipyridinium (8r, R o=
CH; |, R =
CH,CH,OH)

3.114 1-Allyl-1'- -390 Fol. 817316
carboxymethyl-4,4'-
- bipyridinium (8¢, R =
CH,CH=CH,, R’ ==
CH,CO,H)

. I= —\ +
(3n)

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 198¢
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TaAnLE 3. Reduction potentials of bipyridinium and related compounds (BP2t/BP-1)—Continued

No. Compound or E/mV PH  Ref. Ref. E Co-solute T Method/ Ref.
couple compound fmV comments

3.11. Asymmetrical 1,1'-disubstituted 4,4'-bipyridinfum compounds (viologens, R! = R # CH,)—Continued

3.11.5  1-Allyl-1'-ethyl-4,4'- —428 Pol. 8172316
bipyridinium (8r, R =
CH,CH=CH,, R’ =
C,Hy)
3106 1-Allyl-1'-(3- ~383 ‘ Pol. 812316
cyanopropyl)-4,4'-
bipyridinium (8r, R =
CH,CH==CHy, R’ =
(CH,),CN)

3117 1-Allyl-1'-[2-(diethyl- ~383 : Pol. 817316
aminocarbonyl)ethyl}-
4,4'-bipyridinium (8r,
R = CH,CH==CH,, R’
= {CHg),CONEt,)
3.11.8  1-(3-Butenyl)-1'-(3- —394 Pol. 817316
cyanopropyl)-4,4°-
bipyridinium (8r, R ==
(CH,),CH=CH,, R’ =
(CH,)4CN)
3119 1-{z-Butenyl)-1'~(3- —418 Pol, 817316
fluoropropyl)-4,4'- )
bipyridinium (8, R =
CH,CH=CH(CH,), R’
= (an)nF)

3.11.10 1-(Carbamylmethyl)- —336 Pol. 812316
1'-(2-methyl-2-
propenyl)-4,4'-
bipyridinium (8r, R =
CH,C(CH,)=CH,; R’
= CH,CONH,)

3.11.11 1-(2-Ethyl-2-propenyl)- —396 Pol. 817316
1'-(2-methoxyethyl)-
4,4’-bipyridinium (8r,
R = CH,CH,OCH,, R’
= CH,C(Et)=CH,)
3.11.12  1-(3-Chloro-2-butenyl)- —393 . Pol. 812316
1'-(2-methoxyethyl)-
4,4'-bipyridinium (3r,
R = CH,CH,OCH,, R’
= CH,CH=C(CI)CH,)

3.12. Quaternary derivatives of phenanthrolines, diazapyrenes and diazapentaphenes (see also 3.8.)

3.12.1  1,10-Phenanthroline —470 i Calen. 83C017
(see 3.6.1)
3.12.2  1,9-Dimethyl-1,9- ~426 Pol.; BF,™ salt.  73C002

phenanthrolinium (3s)

3.12.3  2,8-Dimethyl-2,8- —440 Pol; BF,™ salt.  73C002
phenanthrolinium (3t)

N= N= N= —

+* l |+ * I
CH; CH, CH,
(9s) (C1Y]

J. Phys. Chem,. Ref, Data, Vol. 18, No. 4, 1989
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Tannn 3. Reduction potentials of bipyridinium and related compounds (BP2+/BP'+)-—-Continued

No. Compound or E/mV’ pH Co-solute [ Method/ Ref.
couple compound comments
3.12. Quaternary derivatives of phenanthrolines, diazapyrenes and diazapentaphenes (see also 8.8.}—Continued
3.12.4  2,7-Dimethyl-2,7- —302 Pol.; BF ;™ salt. 73C002
phenanthrolinium (3u)
3.12.5  3,8-Dimethyl-3,8- —374 Pol.; BF,™ salt. 73C002
phenanthrolinium (3v)
3.12.6  3,7-Dimethyl-3,7- —406 Pol.; BF,~ salt. 73C002
phenanthrolinium (3w)
3.12.7  4,7-Dimethyl-4,7- ~268 Pol; BF,” salt.  73C002
phenanthrolinium (8x)
3.12.8 (By) —272 Pol.; BF ;™ salt. 73C002
3.12.9 (32) —300 Pol.; BF;™ salt. 73C002
3.12.10 (3aa) —228 Pol.; BF,~ salt. 73C002
CHg
'L. CH, I-I,Li ¢I:Ha
4 _\ 7 N N N
+N = \

1
CHy

{3u) .

(3y)

(3v)

Hie—N’ \Q/ “N—cH,

(3w)

| +

~N

+ +
N

(3x)

* Recomended value.

t Questionable or superseded value.

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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TABLE 4. Reduction potentials of miscellaneous organic compounds (A/A*7)

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

4.1, Aldehydes and ketones

411  CH,0/:CH,0~ ~-2500 =12 Pol. 761170

~—1600 Calen. 80A123

—1810 T+ —1940 -0 C (+ K) 89C001

412 CH,O0, H*/-CH,OH —-920 Calen. 752006

~—970 Pol. 761170

~—900 Calen. 80A123

, —1180 sl —~1940 -0 C (+ K) 89C001

413  CH,CHO/CH,CHO™ ~—2500 =125 Pol. 761170

~ 1800 Calen. 80A123

—1930 Tt ~1940 -0 C (+ K) 89C001

414  CHyCHO, HY/ ~—1100 . Pol. 761170
CH,CHOH

~=1100 Calcn. 80A123

—1250 It —1940 -0 C (+ K) 89C001

415  (CH,),CO/(CH,),C0~  ~—2500 =13 Pol. 761170

 ~—2100 Calen. 80A123

—2100 Tt ~1940 -0 C(+K) 89C001

416  (CH4),CO, H*/ - ~—1800 Pol. 761170
(CH,).COH

~—1500 Calen. 10A123

~1390 Tit —~1940 -0 C (+ K) 89C001

4.2. Dieulfidco (RESR)

421 Cystine and similar ~—1700 Calen, 84A044
[~8CH,CH(NH,)CO,H],

4.2.2 [3-Mercaptoethanol —1570 Calcn. ) 87C020
{oxidized)
[-SCH,CH,OH]},

4.2.3 Lipoamide (oxidized) -1600 Calen. 87C020

4.3. Amldes

4.3.1 Hydroxyurea -552 t+ 7 My2+ ~466 2-PrOH -0 °  C (high value, 80A349
(HONHCONH,) +BuOH query).

4.3.2  4(5)-Aminoimidazole- —584 t+ 7 Mvzt —465 2-PrOH -0 C (high value, 80A349
5(4)-carboxamide (4a) +-BuOH . query).

4.3.3 5-(3,3-Dimethyl-1- -671 1 7 MV2+ —465 2.PrOH -0 C (high value, 80A349
triazeno)imidazole-4- t-BuOH query).

carboxamide (4b)

4.4. Pyridinium and related compounds

44.1 1-Methylnicotinamide —936 7 ' Cyc. v. 74C004
(4e, R' = CH,, R® =
CONH,, R? = H)

<845 7 Pol. 760009
R
H H 1
N N N
H,N\ h] . HgNoc\ bi - |
H,NocH—N Mo ,N—N=N“N X R®
R*
(42) (ab) (4c)

J. Phys. Chem, Ref. Data. Vol. 18, No. 4, 1989
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Aga 3 B Lo potentiale of miscelaneous organic compounds (A/A+-7)—Continued

Liosiipound or

pH Ref. Ref. E Co-solute [ Method/ Ref.
couple compound /mV comments

4.4. Pyridinium and related compounds—Continued

—-918 7 3.5.2 —735 2-PrOH -0 C 80C008
-—1010 7 3.5.3 —832 t-BuOH -0 (&) 84A292
442 1-Methy!- —~77¢0 7 351 —640 HCO,~ -0 C 80C007
isonicotinamide (4e, R'
= CH,4, R® = H, R?
= CONH,)
4.4.3 4-Acetyl-1- —510 5 Cyc. v. 85E687
methylpyridinium (4e,
R' = CH,, R® = H,
R' = COCH;)
4.4.4 4-(Methoxycarbonyl)- -720 5 Cye. v. RE5E6R7

1-methylpyridinium
{4, R' = CH,, R® =
H, R' = CO,CHy)
4.4.5 4-Cyano-1- —5626 Pol. 61M014
ethylpyridinium (4c,
R' = C,H;, R® = H,

R'" = CN)
4.4.6 Nicotinamide adenine —930 * Rec.
dinucleotide
<-—730 7 Pol. 76C003
—660 to 7 Pol. 761206
—3880
—940 7 4.4.2 770 HCO,™ -0 C 80C007 -
—922 7 3.5.2 —~735 2-PrOH -0 C 80C008
—R79Q Cale. 82M376
—911 9.1 Cyc. v. 84C009
447  2,2'-Bipyridine ~970 Co(bpy)42* —890 K 83C017
(bpyH* /bpyH-)
1.4.8 4,4’ -Dimethyl-2,2’- —1050 Co(bpy)s2* —890 K 83C017
bipyridine
(Mesz}'ll+/MeszYH')
449 1,10-Phenanthroline —850 Calen. 83C017
{phenH*/phenH")

4.56. Phenothiazinium derivatives

45.1 Thionine (4d, R = H) 192-200 ~19 Kinetics + 78A103

E(Q/QH,); not E%
HQH'/QH,y) =
566-576 mV at pH
~1.7.
4.5.2 Methylene Blue (4d, R 187-197 ~1.7 Kinetics + 81A127
= CHy) B(Q/QH,); not E;
BE(QH-/QH;) =
507-616 mV at pl
~1.7.

4.8. Tlavins (isoalloxazines) and lumichrome derivatives (alloxazines)

R 10
1
Jee ol K}(Iﬁ
R N $ NR, HsC N J
(4d) (4e)

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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TABLE 4. Reduction potentials of miscellaneous organic compounds (A/A+")—Continued
No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
4.8. Flavine (isoalloxasines) and lumichrome derivatives (alloxasines)—Continued
481  Riboflavine (4, R'® = —292 - 7 DQ -235  HCO,~ 0.1 C + K; other 751150
CH,[CH(OH)],CH,OH) values, pH 6-12.
~318 7 DQ —247 2-PrOH - =0 C 83C002
—-317 7 AQS™ —374 2-PrOH ~0 C 83C002
4.6.2 Flavine mononucleotide —313 7 DQ —247 2-PrOH -0 C; other values, 83C002
(riboflavin phosphate) pH 5-12.
—308 7 AQS~ —374 2PrOH =0 83C002
4.6.3 Flavine adenine —241 7 Bv2+ —354 HCO,~ -0 C + K; incorrect 761169
dinucleotide (e, R'° ionic strength
= 5'-adenosine correction, value
diphosphate) revised to —296
mV in 83C002.
-231 7 3.3.1 —366 HCO,™ -0 C + K; see above. 761169
—308 7 DQ ~247 2-PrOH -0 C 83C002
-~317 7 AQS™ —~374 2-PrOH -0 [} 83C002
4.6.4 8a- N- —-173 7.01 Pot.; other values 85C018
Imidazelylriboflavin pH 2.6-11.5
(af, 7 =
CH,|CH(OH)],CH,OH,
R' = H)
4.6.5 8a~( N-Methyl- N- —118 7.29 Pot.; other values 85C018
imidazolium)tetra- O- pH 2.8-10.0
acetylriboflavin (4f,
RI(] —
CH,|CHOAc],CH,0Ac,
R’ = CH,)
4.6.6 Lqmichrome (48, R' = —502 7 AQS™ ~380 HCO,~ ] C; interpolated 85C0Q5
R® = H) 4.4.2 ~770 2-PrOH from data at pH
2.7-4.0 (10.2-10.8).
4.6.7 1-MethyHumichrome —~509 7 AQS™ ~380 HCO,~ =0 C; interpolated 85C005
(4g, R' = CH,, R® = 442 ~770 2-PrOH from data at pH
Hj 2.0-3.1 (8.6-10.9).
4.6.8 3-Methyl]umichr.ome ~535 7 AQS™ ~380 -0 C; interpolated 85C005
(4g, R' = H, R* = 442 ~770 from data at pli
CH,) 2.5-3.7 (9.5-10.9).
4.6.9 1,3-Dimethyi- ~530 7 AQS~ ~380 -0 C; interpolated 85C005
lumichrome (4g, R' = 442 ~770 from data at pH
R® = CH,) 2.8-3.5 (9.8-10.5).
4.7. Dioxathiadiazaheteropentalénes
4.7.1 (4h, X = 8} —375 C 84A449
4.7.2 (4h, X = 80) —~277 C 84A449
473  (4h, X = SO,) —~297 c 84A449
10 1
N ? . ? 0—s—o
R—N7 “N—H,C N_N_© HyC N _N_© N N
RS <O ¢ AN ¢ ¢ &1
-, - N
HsC N H,C N N3 X
o o PR
(4N {4q) {4h)

J. Phys. Chem. Ref. Data, Vol. 18, No. 4, 1989
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TABLE 4. Reduction potentials of miscellaneous organic compounds (A/A*")—Continued
No. Compound or E/mV Ref. Ref. E Co-solute 1 Method/ Ref.
couple ) compound /mV comments
4.7. Dioxathladiazaheteropentalenes—Continued
474 (4h, X = CH,) —416 C 84A449
4.8. Miscellaneous organic compounds
481 9-(2-Methoxy-4- —803 3.4.6 —~775 2-PrOH -0 C + K. 84C001
methyisulfonylaminoanilino)-
acridinium (41)
4.8.2 2,1,3-Benzothiadiazole- —490 MV2F —447 2-PrOH 86A098
4,7-dicarbonitrile (4§)
—506 Cyc. v. 86A098
483  5,6-Di2-furyl)- —374 BVZ+ -354  2-PrOH c 87C023
{1,2,5]thiadiazolo[3,4-
bjpyrazine (4k, R® =
R® = 2-furyl)
484  5,8-Di(2-pyridinyl)- —~286 BVt —354 2-PrOH c 87C023
[1,2,5]thiadiazolo|3,4-
blpyrazine (4k, R® =
R® = 2-pyridinyl)
485 5,6-Di(2-pyridinyl)- —253 BV2+ —354 2.PrOH C 87C023
[1,2,5]thiadiazolo{3,4-
bjpyrazine. N-oxide (4k,
R® = 2-pyridinyl, R®
= 2-pyridinyl- N-oxide)
NHSO,CH;,
HiC mf CN
NH N RE NN
N . RN
S <GS I | S
- N RS \N N
N
* CN
H
(4) (4 (4k)

* Recomended value.

1 Questionable or superseded value.
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1695
TABLE 5. Reduction potentials of phenoxyl radicals (ArO+/ArO™)

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

5.1. Phenols

5.1.1 Phenol (PhOH) (5a) >500 t 135 5.3.1 300 glycol 0.5 C, ref. pot. later  79A100

revised
>600 135 5.3.1 385 glycol 0.5 (o 82A253
>800 7 calc.
700 111 SO4~ 630 C+ K 84A327
800 mV ‘calc. for
pH 7.
860 7 Cyc. v., not E°. 87C019
800 13 Cl0, 936 88A024
E(PhO-, H*/PhOH) 1352 (6.0) 7.5.1 830 -0 c 87C020
1340 Calen. 87C020
1340 Calen. from data  87C020
in 84A327

5.1.2 4-Aminophenol (5a, R! 217 13.5 DMAP 174 glycol 0.5 C+ K 82A253
= NH,) 410 7 cale. )

5.1.3 4-Hydroxybenzoic acid >500 13.5 5.3.1 300 glycol 0.5 C 79A100
{6a, R" = CO,H)

5.1.4 p-Cresol (6a, R' = 770 7 Cyc. v. 87C019
CHy;)

5.1.5 4-Methoxy phenol (ba, 320 t 135 glycol 0.5 From 2 indicators 79A100
R' = OCH,) as below

~312 t TMPD 82 C + K, calc. data, 79A100
ref. pot. later
revised to +266
~335 t 6.1.4 183 C + K, calc. data, 79A100
ref. pot. later .
revised to ~+330
402 * 135 6.2.10 208 glycol 0.5 Rec.,, C + K 82A263
000 T cafc.
945 2 0.2 Cyc. v. 87C019
655 7 0.2 Cyc. v. 87C019
440 13 0.2 Cye. v. 87C019

5.1.6 4-(Methylamino)phenol 146 135 CAT 43 glycol 0.5 C+K 82A253

(6a, R' = NHCH,) 156 HQ 23
146 TMPD 266

5.1.7 4-Acetamidophenol 460 88A464
(68, R = NHCOCH,)

5.1.8 4-(Dimethylamino)- 174 13.6 HQ 23 glycol 0.5 C+K 82A253
phenol (6a, R = - 174 CAT 43 (81C030)
N(CHyg)y)

5.1.9 Tyrosine (§a, R = ) 840 130 6.2.9 560 Few details 86A110
CH,CH(NH,)CO,H) C+ K

1220 2 Cye v R7C1019
030 7 Cye. v. 870019
720 13 Cyc. v. 87C019

OH
6 2
5 3
4
(5a)
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TABLE 5. Reduction potentials of phenoxyl radicals (ArO+/ArO~)—Continued

PETER WARDMAN

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

65.1. Phenols—Continued

5.1.10 puL-Tyrosine, methyl 870 7.0 6.4.4 910 Few details 86A110
ester (6a, R = C+K
CH,CH{NH,)CO,CHj)

660 130 6.2.9 . 560 Few details 86A110
C + K

5.1:11 N-Acetyl-1.- 650 i2.0 6.2.9 560 Few details 86A110
tyrosinamide (5a, R* C+K
CH,CH(NHCOCH,)CO,H)

5.1.12  1-Alanyl-i.-tyrosine 850 7.0 6.4.4 910 Few details 86A110
(5a, R* — C 4K
CH,CH(CO,H)-

NHCOCH(NH,)CHj)

6.2. 1,2-Dihydroxybenzenes

5.2.1 1,2-Dihydroxybenzene 43 135 HQ 23 glycol 0.5 C+ K 79A100
(6b) 139 1.0 HQ 57 Calen.

98 11.0 Calen.
530 7

5.2.2 2,3-Dihydroxybenzoic 118 * 135 HQ 23 glycol 0.5 Rec.,, C + K 79A100
acid (6b, R® = CO,H) 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 (5b, R' = CO,H)

5.2.4  3,4- 21 13.5 DMAP 174 glycol 0.5 c 82A253
Dihydroxyphenylacetic (81C030)
acid (6b, R' =
CH,CO,H)

5.2.5 3-Hydroxytyramine 18 13.5 DMAP 176 glycol 0.5 C+ K 82A253
(b, R' = (81C030)
CH,CH,NH,)

5.2.6 Norepinephrine (6b, R’ 44 13.5 DMAP 174 glycol 0.5 C + K 82A253
= CH(OH)CH,NH,) (81C030)

5.2.7  trans-3,4- 84 135 DMAP 174 glycol 0.5 C+K 82A253
Dihydroxycinnamic
acid (6b, R* =
CH=CHCO_H)

5.2.8 Adrenalone (6b, R — ~180 13.5 DMAP 175 glycol 0.5 C 21C030
COCH,NHCH;)

5.2.9 (6b, R = 14 * 136 DMAP 174 glycol 0.5 Rec., C 81C030
CH,CH(NH,)CO,H) 22 HQ 23 C

65.3. 1,3-Dihydroxybenszenes

5.3.1 1,3-Dihydroxybenzene 385 * 13.5 Rec
(6¢)

392 13.5 DMAP 174 glycol 0.5 C+ K 82A263
379 13,5 6.2.10 208 C+ K
810 7 Calen.
OH OH
6 OH 6 2
5 3 5 OH
4 4
(5b) {5¢c)
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1697

TABLE 5. Reduction potentials of phenoxyl radicals (ArO+/ArO~)—Continued

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

65.3. 1,3-Dihydroxybensenes—Continued

292 t 135 5.2.2 118 glycol 0.5 K 7T9A100
303 t 5.2.3 119 K
299 t ' 82 K, ref. potl. later
revised
5.3.2 2,5-Dihydroxybenzoic 33 135 CAT 43 glycol 0.5 C+ K 79A100
acid (e, R? = CO,H)
5.3.3 3,5-Dihydroxy benzoic 280 135 5.23 119 glycol 0.5 C+ K 79A100

acid (Ge, RY = CO,H)

6.4. 1,4-Dihydroxybenzenes (1,4—Hydroquinones)

54.1 1,4-Dihydroxybenzene 1041 [} Calcn. 761063
(84) 459 7
67 = 1Y Calcn., see 751090 79A100
23 13.5
5.4.2 1,4-Dihydroxy benzene- 116 129 HQ 23 C 85A255
2,5-disulfonate
5.4.3 Methythydroquinone 460 7 Calen. 761063
(5d, R? = CH,) :
5.4.4 Methoxyhydroquinone —85 135 CAT 43 glycol 0.5 C+ K 79A100
(6d, R? = OCH,)
5.45  2°,5-Dihydroxyaceto- 118 135 CAT 43 glycol 0.5 C+K 79A100
phenone (5d, R? =
COCH,)
546 Homogentisic acid (6d, —50 13.5 CAT 33 glycol 0.5 C+K 82A253
R? = CH,CO,H)
547  (5d, R® = R® = CH,) 430 7 Calen. 761063
548  (6d, R® = R® = CHy) 980 0 Calcn. 761063
) 420 7
5.4.9 Trimebhylhyd_roqumone 385 7 Calcn. 761063
(6d, R? = R® = R®
== CHy)
5.4.10  Tetramethylhydroquinone 350 7 Calcn. 74C001
(bd, R* = R® = R®
= R" = CH,)
895 0 . Calen. 761063
360 7 .
—54 13.5 Calen., see 751090 79A100
—~54 135 5.2.3 1i9 glycol 0.5 C+K 82A253

5.6. Trihydroxybensenes

5.5.1 1,2,3-Trihydrox‘y- -9 135 HQ 23 glycol 0.5 C 79A100
benzene (6b, R® =
OH)
5.5.2 5-Hydroxydopamine 42 135 DMAP 174 glycol 0.5 C+ K 82A253
(6b, R® = OH, R® =
CH,CH,NH,)
OH
6 2
5 3
OH
(5d)
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AN

3.6, ‘Frihzsdroxybensenes- Continued

tob Bthyl gallate {6b, R® —54
= OH, R® =
CO,C,H;)

5.6.4 1,2,4-Trihydroxy- —110
benzene (b, R* =
OH)

sersntimiy

ph

PETUH WARDMAN

wf phenosyl andieals (A0 /ArQ" )~ Continued

et

Rel. B

Co-solute I Method/ Ref.
compound /mV comments
13.5 HQ 23 glycol 0.5 C+ K 82A253
13.5 CAT 43 glycol 0.5 C 79A100

* Recomended value.
{ Questionable or superseded value.
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REDUCTION POTENTIALS OF ONE-EL ECTRON COUPLES 1600
TABLE 6. Reduction potentials of amine, indole, pyrimidine and purine radicals (A*/A7)
No. Compound or E/mV pH Ref. Ref. E Co-solute [ Method/ Ref.
couple compound /mV comments
8.1. Aminobenzenes and phenylenediamines
6.1.1 Aniline 1030 6.9 ClO, 936 Cl0,~ C 86A059
6.1.2 N,N-Dimethylaniline ~770 10 SO0, ~ 630 8032' C 85A103
800 9.0 ClOy 996 Cl0,~ K 806A059
6.1.3 o-Phenylenediamine >270 11.6 HQ 57 glycol K 79A100
(8a)
346 13.6 TMPD 266 glycol 0.5 C+ K 82A263
362 6.1.4 309 C
6.1.4 p-Phenylenediamine 183 135 HQ 23 glycol 0.5 C+ K 79A100
(8b) ~200 110 HQ 57
300 13.5 DMAP 174 glycol 0.5 Rec., C + K 82A263
366 13.5 TMPD 266 Au. rec.
340 13.5 Au. calc.
730 7
<600 5.2 SO,~ 740 HSO,;~ Rec., C 85A103
6.1.5 N,N.N N- ~265 8-9 Pol. 58C002
Tetramethyl-p- other values pH
phenylenediamine (6¢) 4.8
B2 13.5 6.1.4 183 glycol 0.5 C + K, ref. potl. 79A100
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' = R®
= R® = R® = H)
E°(IndH-* /IndH) 1240 clo, 936  Br~ -0 K 87A247
E(Ind-/Ind") 530 Cale. from 87A247
IndH-*/IndH and
pK,’s
970 7 0.2 Cyc. v. 87C019
6.2.2 5- Hydroxymdole (ed, 216 13.5- DMAP 174 glycol 0.5 C+ K 82A253
R' = R% = H, 197 TMPD 266 C+K (81C030)
RS — OH)
6.2.3 1-Methylindole (64, R'
= CHy, RZ = R® =
R® =H)
E°(IndH-% /IndH) 1230 Clo, + 936 Br- -0 K 88A024
624 2 Methylmdole (8d, R!
= R® = H, R?
= CH.';)
E°(IndH-* /IndH) 1100 clo, 936 Br K 88A024
NH, NH, N(CH;),
NH, ] R
‘ :] l!
N R
1
NH, N(CH3)2 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 E/mV pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
0.2. Indoules (Ind¥)—Countinued
6.25  3-Methylindole (6d, R!
= R? = R® = H, R®
= CH,)
1010 Calen. (rate data  87A247
+ Marcus theory)
E°(indH-* /IndH) 1070 cio, 936  Br~ K 88A024
6.2.6 Indole-3-acetic acid 840 7 Cyc. v. 87C019
(8d, R' = R% = R®
= H, R® = CH,CO,H)
6.2.7 2,3-Dimethylindole (8d, 780 Calen. (rate data  87A247
R'=H R*=R®= + Marcus theory)
CH,, R = H)
E(IndH-* /IndH) 930 Cl0, 936 Br K 88A024
6.2.8 Trvptamme (86d. R' =
=R =H, R =
CHQCﬂzNHZ)
970 3.0 HSO,™ 840 Few details 86A110
‘K
640 7.5 5.1.5 600 Few details 86A110
) C+K
560 13.0 5.1.5 400 Few details 86A110
C+K
6.2.9 Tryptophan g rpH)
(8e, R' =R° =
H r?
CHQCH(NH.‘,)COQH)
E(TrpH* /TrpH) 1140 9.56 1250 SCN~™ ~1 Calcn. from data  82A183
in 761151, + 200
mV
940 3 HSO,™ 840 Few details 86A110
K
see 86A215,
87C007
640 7.5 5.1.5 600 Few details 86A110
C+ K
see 86A215,
87C007
560 13.0 5.15 400 Few details 86A110
C+K
see 86A215,
87C007
1150 0.2 Cye. v. 870019
1015 7 0.2 Cyc. v. 87C019
650 13 0.2 Cyc. v. 87C019
1080 7 Calc. from £ and 83A024
pK,
830 7 (Fe(II1)) 660 N~ 016 C+K 88A126
Fe(lll) =

J.Phys. Chem. Ref. Data, Vol. 18, No. 4, 198¢
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1701
TABLE 6. Reduction potentials of amine, indole, pyrimidine and purine radicals (A'/A’)-Continued
No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
8.2. Indoles (IndH)—Continued
E(TrpH-t /TrpH) 1240 Clo, 936  Br~ K 88A024
6.2.10  5-Hydroxytryptophan
(e, R? =
CH,CH(NH,)CO.H, R®
= OH)
208 135 DMAP 174 glycol 0.5 C + K 82A253
(81C030)
6.2.11 |>|,-Tr¥ptophanamide
(e, R® =
CH,CH(NH,)CONH,)
940 3.0 HSO,~ 840 Few details 86A110
K
680 7.5 5.1.5 600 Few details 86A110
C+ K
820 12.0 5.1.11 650 Few details 86A110
: C+K
6.2.12  N-Acetyl-i-tryptophan
(6e, R® =
CH,CH(NHCOCH,)CO,H)
<870 3.0 HSO,;™ 840 Few details 86A110
690 6.5 5.1.5 - 600 Few details 86A110
C+ K .
6.2.13 l.-Trygtophyl—!.—ala.nine
(Be, R* =
CH,CH{NH,)-
CONHCH(CH,)CO,H)
670 7.5 5.1.5 600 Few details 86A110
C+ K
8.3. Pyrimidines®
831  Uracil (8f, R' = R® = 870 130 645 746 Br~ 0.2 K 26C005
H)
850 130 6.4.1 750 Br— 0.2 K 868C005
880 13.0 6.3.4 780 Br™ 0.2 C+ K 86C005
6.3.2 1-Methyluracil (f, R' ~1600 13.0 9.9 1700 Br™ 0.2 (o] 86C005
= CH;, R® = H) .
6.3.3 Thymine (8f, R' = H, 780 13.0 645 740 Br~ 0.2 C+K 86C005
R® = CHj,)
800 13.0 6.4.3 630 Br™ 6.2 C+ K 86C005
6.3.4 Barbituric acid (8g) 790 13.0 6.4.3 630 Br™ 0.2 C+K 86C005
780 130 6.45 740 Br~ 0.2 C +'K 86C005
6.3.5 Isobarbituric acid (6h) 132 13.6 TMPD 266 glycol 0.5 c 82A253
6.3.6 Cytosine (8i, R! = H) 830 13.0 645 740 Br™ 0.2 ¢+ K 86C005
790 130 641 750 Br™ 0.2 C+ K 86C005
6.3.7 1-Methyleytosine (81, ~1630 13.0 99 1700 Br~ 0.2 C 86C005
R' = CHy)
R’ H R
N_O o N_O N_O N
N
e ¥ ¥ 1
RS N‘ N\ ° N\ ZN
H H H
o e] NH,
(6) (6g) (6h) (6i)
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Iagn o & Hedoelion polentiaie ol amine, indole, pyrimidine and purine radicals (A*/A™)—Continued

.,onmoun"c‘l. or E/mV pH  Ref. Ref. £ Co-solute 1 Method/ Ref.

couple compound /mV comments
6.4. Purines*
8.4.1 Adenine (8), R® = H) 760 13.0 6.4.3 630 Br~ 0.2 C+ K 86C005
8.4.2 Adenosine (8}, RY = 810 13.0 6.3.1 880 Br~ 0.2 C+ K 86C005

p-o-ribofuranceyl, 6k)
6.4.3 Guanine (8], R? = 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, RY = 710 13.0 6.2.9 670 Br~ 0.2 C+ K 86C0056

B-p-ribofuranoesyl, 6k)
6.4.5 Hypoxanthine (6m) 740 13.0 6.2.9 570 Br~ 0.2 C+ K 86C005

780 13.0 6.4.3 830 Br~ 0.2 K 86C005
6.4.8 Xanthine (8n) 590 13.0 5.15 400 Br~ 0.2 K 88C005
6.4.7 Uric acid (60) 260 13.0 8.4.1 190 Br~ 0.2 C+ K 86C005
: NH, ' HOH,C
(=)
Y
by L,
Fll’ OH OH
(6]) {6k)
o) [o]

o]
HQ
NJ&—N
1
HN*N NJ
Lo,
H R

(eh

NN

! 1

H H H
(6m) (6n)

NN
J U
H H

{60)

* Recomended value.
t Questionable or superseded value.

2 Some of these data need corroboration, in view of the direct or indirect couplmg to tryptophan (8.2.9) as a reference, and the

comments expressed in 86A215, 87C007.
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1703
TABLE 7. Reduction potentials of phenothiazine radicals (Pz+*/Py)
No. Compound or Ef{mV pH Ref. Ref. E Co-solute [ Method/ Ref.
couple compound /mV comments
7.1. 10H-Phenothiasine
7.1.1 Phenothiazine (7a) 701 ~2 Pot. {Bry); 90% 419001
v/v AcOH.
696 ~2 Pot. (Bry,); 80% 609013
v/v AcOH.
7.2. 10H-Phenothiazines with one ring carbon substituent
. 7.21 3-Bromophenothiazine 766 ~2 Pot. (Br,); 80% 809013
(7a, R® = Br) v/v AcOH.
7.2.2 3-Chlorophenothiazine 763 ~2 Pot. (Bry); 80% 609013
(7a, R® = Q1) v/v AcOH.
776 ~2 Pot. (Bry); 80%  6UYU14
v/v AcOH.
7.2.3  3-Fluorophenothiazine 722 ~2 Pot. (Bry); 80% 609013
(7a, R* = F) v/v AcOH.
7.2.4 3-Iodophenothiazine 7568 ~2 Pot. (Bry); 80% 609013
(7a, R® = I} v/v AcOH.
7.2.6  3-Nitrophenothiazine ~900 ~2 Pot. (Bry); 80% 609013
(7a, R® = NO,) v/v AcOH.
7.2.8 3-Methylphenothiazine 851 ~2 Pot. (Br,); 80% 609013
(7a, R® = CHj) v/v AcOH.
7.2.7 1-Methoxypheno- 698 ~2 Pot. (Bry); 80% 609014
thiazine (78, R! = v/v AcOH.
OCH,)
728 3 590  ~2 Pot. (Br,); 80% 609013
Methoxyphenothiazine v/v AcOH; 2nd 609014
(7a, R® = OCH,) oxidn. at 736 mV.
7.2.9 1-Ethoxyphenothiazine 692 ~2 Pot. (Br,); 80% 609014
(7a, R! = OC,Hy) v/v AcOH,
7.2.10  3-Ethoxyphenothiazine 580 ~2 Pot. (Br,); 80% 609014
(78, R® = OC,H;) v/v AcOH; 2nd
oxidn. at 729 mV.
7.2.11  3-Phenylphenothiazine 679 ~2 Pot. (Br,); 80% 609013
(7a, R® = CgHy) v/v AcOH.
7.3. 10H-Phenothiaszines with two ring carbon substituents
7.3.1 2-Chloro-7-methoxy- 662 ~2 Pot. (Br,); 80% 609014
phenothiazine (Ta, R? v/v AcOH
= Cl, R" = OCH,)
7.3.2 4-Chloro-7-methoxy- 668 ~2 Pot. (Br,); 80% 609014
phenothiazine (7a, R* v/v AcOH
= Cl, R” = OCH,) ,
7.3.3  3,7-Dimethylpheno- 626 ~2 Pot. (Br,); 90% 419001
thiazine (7a, R* = R’ v/v AcOH
= CHy)
590 ~2 Pot. (Br,); 80% . 609013
v/v AcOH 809014
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1704 PETER WARDMAN
TABLE 7. Reduction potentials of phenothiazi.ne radicals (Pz+*/Pz)—Continued
No. Compound or E/mV pH  Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
7.8. 10H-Phenothiasines with two ring carbon substituents—Continued
7.3.4 3,7-Dimethoxypheno- 475 ~2 Pot. (Br,); 80% 609013
thiazine (7a, R® = R’ v/v AcOH.
= OCHj,)
474 ~2 Pot. (Bry); 80% 609014
v/v AcOH
7.4. N-Substituted phenothiasines without ring carbon substitution
7.4.1  10-Phenothiasine- ~980  ~2 Pot. (Bry); 80% 608013
carboxaldehyde (7b, v/v AcOH.
R'® = CHO)
7.4.2 10-Methylpheno- 829 ~2 Pot.; 80% v/v 419001
thiazine (7b, R'® = AcOH.
CH,)
882 ~2 Pot.; 90% v/v 419001
AcOH.
846  ~2 Pot. (Bry); 80% 608013
v/v AcOH.
~716 ~1-2 Fe(HI) 738 ~0.02- K; stopped-flow 83N008
0.2 spect. (calc. au.)
884 CH3CN/H,0 Cye. v. 86A139
80/20%
v/v
7.4.3 10-Acetylphenothiazine ~960 ~2 Pot. (Bry); 80% 609013
(7b, R'® = COCH,) v/v AcOH.
744  (Tb,R'" = 834 CH,CN/H,0 Cyc. v. 86A139
(CH,)3S0;57) 80/20%
v/v
7.4.5 Promazine (7b, R!* = 716 Recommended
(CH,)3N(CH,)) value.
753 ~1  (NCE) Pol. 599011
844 <0 Pol.; 8 mol dm™% 649028
H,S0,.
715 0 Fe(1IT) 738 1.0 C(+K); stopped-  79A456
fiow spect.
7.4.6 Promethazine (7b, 865 Recommended
CH,CH(CH,)N(CHj,),) value.
899 ~1 (NCE) Pol 500011
944 <0 Pol; 7 mol dm™% 849028
H,80,.
837 <0 (Ag/AgCl, Chronopot.; 3 mol 70M264
KCNs) dm 2 H,50,.
865 0 Fe(III) 738 1.0 C(+K); stopped- 79A456
flow spect.
]
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1705
TaBLE 7. Reduction potentials of phenothiazine radicals (Pz-*/Pz}—Continued
No. Compound or E/mV pH Ref. Ref. £ Co-solute I Method/ Ref.
couple compound /mV comments
7.4. N-Substituted phenothiazines without ring carbon substitution—Continued
7.4.7 10-(1-Methyl-2- 890 0 Fe(1I1) 738 1.0 C(+K); stopped- 79A456
dimethyl- flow spect.
aminoethyl)phenothiazine
(b, R"" =
CH(CH,4)CH,N(CHj),)
748  10-(2- 847 ~1  (NCE) Pol. 599011
Pyrrolidinylethyl)-
phenothiazine (7b, R'?
= 7e)
7.4.9 (7b, R'% = 834 CH,CN/H,0 Cyc. v. 86A139
(CHZ)()SOES—) 80/20%
v/v
7.4.10 Diethazine (7b, R'® = 807 <0 (Ag/AgCl, Chronopot.; 3 mol 70M264
(CH,),N(C,H,),) KCl{g)). dm™¥ H,80,.
820 0 Fe(l1)) 738 1.0 C(+K); stopped- 79A456
flow spect.
7.4.11  Multergan (b, R = 861 <0 (Ag/AgCl, Chronopot.; 3 mol 70M264
CH,CH(CH,) *N(CH,),) KCl(s)) dm™* H,80,;
CH480,~ salt.
7.4.12 10- =920 Pot. {Bry); 80% 609013
Benzoylphenothiazine v/v AcOH.
(7b, R'® = COC4Hy)
7.4.13  10-(N-Methyl-3- 783  ~1 (NCE) Pol. 599011
piperidinyl)-
methylphenothiazine
(7b, R'® = 74)
7.4.14  10-(2-Methyl-2- 900 ~1 (NCE) Pol. 599011
diethylaminoethyl)-
phenothiazine (7b, R'?
CH,CH(CH)N(C,H;),)
7415 (7b,R'® = 954 CH,CN/H,0 Cyc. v 86A139
(CH,)3N(CoHj)5) 80/20%
v/v
7.4.186 (7b, R'" = 864 ¢ CH,CN/H,0 Cyc. v. 86A139
(CH)yN(C1Hp)s) 80/20%
v/v
7.4.17 10-{3-(4-Methyl-1- 720 0 Fe(III) 738 10 C(+K); stopped- TOA456
piperazinyl)- flow spect.
propyl]phenothiazine
{7Tb, R'? = 7e)
7.4.18  10-[3-(4-(2-Hvdroxy- 762 ~1 (NCR) Pol. 500011
ethyl)-1- i
piperazinyl}propyl}-
phenothiazine (¥b, R'?
=77
7.6. N-Substituted phenothiazines with one ring carbon subsiituent
7.5.1 Chlorpromazine (7b, 780 Recommended
R‘m = (CH,)3;N(CHy),, value.
R? = Q)
821 ~1 (NCE) Pol. 599011
CH
Pl
N —~ —
——(CHa)z-N —CH, ~—(CHz)3N  NCHj, ——(CH3)s-N  N(CH,),OH
. | - —/
{7c) (7d) (7e) (76
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TABLE 7. Reduction potentials of phenothiazine radicals (Pz+*/P3)—Continued

PETER WARDMAN

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

7.6. N-Substituted phenothiazines with one ring carbon substituent—Continued

844 Pol; 8 mol dm™* 649028
H,S0,.
766 <0 (Ag/AgCY, Chronopot.; 3 mol 70M264
KCl(s)) dm™® H,50,.
780 0 Fe(1II) 738 1.0 C(+K); stopped-  79A456
flow spect.

7.5.2 Triftupromazine (7b, 894 <0 Pol.; 6 mot dm™* 649028

R'C = (CH,);N(CH,),, H,S0,.
R? = CFy)

753 2-Hydroxy-10-(3- 625 0 Fe(HI) 738 1.0 C(+K); stopped- 79A456
dimethyl- flow spect.
aminopropyl)phenothiazine
(7b, R =
(CH,)3N(CH;)y, R® =
OH)

7.5.4 2-Methoxy-10-(3- 710 0 738 1.0 C(+K); stopped- 79A456
dimethy!- flow spect.
aminopropyl)phenothiazine
(b, RI0 —

(CHQ)SN(Cus)m R? =
OCH,)

755  2-Acetyl-10-(3- 863 (NCE) Pol. 599011
dimethyl-
aminopropy!)phenothiazine

10 __
(CH,)3;N(CHj),, R =
COCH,)

7.5.6 Thioridazine (7b, R'C 794 <0 Pol.; 8 mol dm™* 649028

= Tg) H,80, = 30%
v/v EtOH.

7.5.7 Prochlorperazine (7b, 827 ~1  (NCE) Pol. 599011
R = 7e)

844 <0 Pol; 6 mol dm™" 649028
H,S0,.

7.5.8 Trifluoperazine (7b, 944 <0 Pol.; 8 mol dm™" 649028
R!Y = Te) H,S0,.

7.5.9 Tlllli)oproperazine (7b, 877 <0 (Ag/AgCl, Chronopot.; 3 mol 70M264
R!® = 7e) KCl(s)) dm™" H,80,.

7.5.10  2-Chloro-10-{3-(4-(2- 830 ~1 (NCE) Pol. 599011
hydroxyethy!)-1-
piperazinyl)propyl]-
phenothiazine (7b, R'’
= 77)

7.8. Benzophenothiazines

7.6.1 12H-Benzo[a]phenc- 633 ~9 Pot. (Br,); 80% 800013
thiazine (7h) v/v AcOH.

7.6.2 7H-Benzo|cjpheno- 628 ~2 Pot. (Bry); 80% 609013
thiazine {71) v/v AcOH.

,CHs ¥ H
N N N
—em) OO L
) U
(79) (7h) ]
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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 1 Method/ Ref.
couple compound /mV comments
7.6. Benzophenothiazines—Continued
7.6.3 13H-Dibenzo[a,j]pheno- 544 -2 Pot. (Br,); 80% 609013
thiazine (7§) v/v AcOH.
7.6.4 7H-Dibenzo|c,h]pheno- 548 Pot. (Bry); 80% 609013
thiazine (7k) v/v AcOH.
7.7. Phenothiazines with oxidized sulfur
7.7.1  10H-Phenothiazine 800  ~2 Pot. (Bry); 80% 609013
sulfoxide (71) v/v AcOH.
7.7.2 10H-Phenothiazine =900 ~2 Pot. {Br.); 80% 609013
sulfone (7m, R'® = H) v/v AcOH.
773  10- =900  ~2 Pot. (Brp); 80% 609013
Carbethoxyphenothiazine v/v AcOH.
sulfone {7m, R =
CO2C.Hy)
" H T ?10
O | ‘ |
LY 00 , S0
+
SRS | °
o-

y)] (7k)

() (7m)

t Questionable or superseded value.
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TABLE 8. Reduction potentials of radicals from miscellaneous organic compounds (A+/A7)

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

8.1. Hydroxy compounds

8.1.1 Ascorbic acid (8a) ~15 13.5 CAT 43 glycol 0.5 C 79A100

85 11.1 CAT 139 C+ K
300 7 Calcn. 82A253
282 7 Calen. 82A232
not E°.
19 Calcn. 82A232
720 Calcen. 82A232
330 7 Calen. 85R025
see Introduction
. . (Sec. 5.3)

8.1.2 7-Hydroxycoumarin 315 13.56 DMAPFP 174 glycol 0.5 C+K 82A253
(8b)

8.1.3 1,4-Dihydroxy-2- 190 Calcn. 761063
methyinaphthalene
(8¢)

814  Vitamin K, (8d) 22 7 Calen. 761063

8.1.5 1,2,5,8-Tetrahydroxy- 73 135 HQ 23 glycol 0.5 C + K 82A263
9,10-anthraquinone
(8e)

8.1.6  3,4-Dihydro-6- 192 * 135 DMAP 174 glycol 0.5 Rec., C 82A253
hydroxy-2,5,7,8- 185 13.6 CAT 43 C + K (81C030)
tetramethylbenzopyran- 480 7 calc.
2-carboxylic acid (8f)

8.1.7 Catechin (8g) 79 13.5 DMAP 174 glycol 0.5 C+K 82A253

8.1.8 I-Epicatechin (8h) 48 13.5 DMAP 174 glycol 0.5 C+ K 82A253

8.1.9 Quercetin (81) ~37 135 HQ 23 glycol 0.5 C+ K 82A253

cI:H,OH
CHOH : OH
o HO (o] (o] CH;
° 4%
—— e
OH OH OH
(sa) (8b) (8¢c)
OH OH 0 OH CH,4
CH: ¢, CHy - OH HsC O. _CH,
CH,CH r.'I CHZCH,CH : CH O‘Q coH
= H~

2 'f 2R zq s 3 HO

OH OH © CH,
(8d) (8e) (8h)
OH OH
OH OH o
HO o_. HO ° @ © OH
< ol 3L on
‘OH OH
OH OH O HO o
) o
(8g) {8h) (8i) ]
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Tausue 8 Reduction potentials of radicals from miscelizneous organic compounds (A¢/A™)—Continuved
No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
8.1. Hydroxy compounds—Continued
8.1.10  Ellagic acid (8}) 187 13.5 HQ 23 glycol 0.5 C + K 82A253
8.2. Dihydronicctinamides
8.2.1 Nicotinamide adenine 282 7 Caicn. 80C008
dinucleotide, reduced not E°.
NAD-, HT /NADH
930 Kinetics + 83M234,
assumptions. 84A319
8.8. Thiols (RSH)
8.8.1 RS<RS~
8.3.1.1 Cysteine 1100 Calen. 84A044
(HSCH,CH(NH,)CO,H)
920 Calen. 85C016
730 9.15  GlyTyr 600 C + calc. (ref. 86C031
pot. at pH 13.5,
corr. for pH)
8.3.1.2 B-Mercaptoethanol 750 Calen. 87C020
(HSCH,CH,OH)
8.3.2 RS-, HY/RSH
8.3.2.1 PB-Mercaptoethanoi 1328 6.0 7.5.1 830 -0 C 87C020
(HSCH,CH,OH)

1342 Calen. 87C020

8.3.2.2 Mercaptoacetic acid 1347 8.3.4.4 1727 -0 C(+K) 87C020
(HSCH,COH)

8.3.2.3 Penicillamine 1345 8.3.44 1727 -0 C 87C020
(HSC(CH,),CH{NH,)CO,H)

8.3.2.4 3-Mercaptopropionic 1359 8.3.4.4 1727 -0 C(+K) 87C020
acid (HSCH,CH.COH)

8.3.2 RSSR-/2RS™

8.3.3.1 Cysteine 650 Calcn. 86CQ016

8.3.4 RSSR.", 2HT/2RSH

8.34.1 [}-Mercaptoethanol 1726 ¢ 5.1.1 1352 -0 C 87C0G20

1718 10 5.1.1 1352 -G C 87C020
8.3.4.2 Dithiothreitol 1752 7-10  5.1.1 1352 -0 C(+K) 87C020

(HSCH,|CH(OR)],CH,SH)

1702 8.3.2 (several) -0 C(+K) 87C020

£.3.4.3 Dihydrolipoamide 1700 6.1.1 1352 ~Q < &7 Co20
HS(CH,},CH(SH)(CH,),-
CCNH,

1768 7 8.3.2.1 1335 —C C 87C020
8.3.4.4 Dithicerythritol 1724 8.3.2.1 1359 -0 C{+K) 87C020
8.3.5 RSSR-t/RSSR
8.3.5.1 Dimethyl disulfide 1391 ~4 2.56 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 I Method/ Ref.
couple compound /mV comments
8.8.5 RSSR-t/RSSR—Continued
8.3.56.2 Lipoic acid (RSSR = 1130 3.6 9.29 1030 K 86A403
8k)
1100 9 9.29 1030 K 86A403
1140 36  9.56 1331 K 86A403
8.4. Pyrazolinones
84.1 3-Methyl-2-pyrazolin- 390 12.2 TMPD 270 Br™ 0.1 C +K 85A390
5-one (81, R® = CH,,
R' = H)
8.4.2 4-Methyl-2-pyrazolin- 320 12.2 5.1.4 400 Br~ 0.1 85A390
5-one (81, R* = H, R*
= CHj)
8.4.3 3,4-Dimethyl-2- 330 12.2 514 400 Br 0.1 C+K 85A390
pyrazolin-5-one (81, R?
= R' = CH,)
8.4.4 2,3-Dimethyl-1-phenyl- 1200- 7 K, not-equilibrium 85A390
3-pyrazolin-5-one 1500
(antipyrine) (8m)
8.6. Peroxy radlcals
8.5.1 CH;0,- 600-700 7-13 Prediction from 86A291
rate data
8.5.2 Ci;CO,- >1000 7-13 Prediction from 86A291
rate data
lil CgHs
1
o N o N
$=$§ SN SN-—CH,
{J)—ceHacon 4 —
R* R CH,
(8k) (a1 (8m)

* Recomended value.
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REDUCTION POTENTIALS OF ONE-ELECTRON COUPLES 1711
TABLE 9. Reduction potentials of inorganic couples
Ne. Compound or E/mV . pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
9.1. aq/ ey~ —2700 Calen. 640025
—2900 Calcn. 730274
—2870 Rec., Calen. 817010
9.2. Br+/Br~ 2000 Calen.; = 100 mV. 70C002
2200 Calcen. . 727506
1970 Calcn. 72M258
2080 Calen.,; £ 50 mV. 737316
2060 Calcn. 73M369
1760 Calen. 761181
~2000 Calen. 79C029
1904 Calcn. 82A154
1930 9.39 1890 Calen.; £ 30-40 84C015
mV.
2070 Calen. 86C016
9.3, HBrO, H* /H,0, Br- ~180 Calcn. 850018
9.4, HBrO/Br~, OH- —360 Calen. 85C012
9.5. BrOH:/Br™, OH™ 1740 9.39 1890 Calen.; = 30-40 84C015
mV.
9.6. BrO,:/BrO,~ 1330 72M258
9.7. BrO,-, H*/HBrO, 1330 Calcn. 85M419
9.8. BrO,~, 2H%/Bro,:, 1150 Calcn. 85M419
H,0
9.9. Br,+7/2 Br™ 1660 Rec.
‘1800 Calen. 727506
1620  ~1  Mn®*t 1550 4 Kinetics + 737317
assumptions.
1770 Calen.; = 50 mV. 737316
1670 Calen. 73M369
1450 Calcn. 761181
1660 Calen.; another 79C029
value: <1590 mV.
1700 Calcn. 80C019
1630 9.39 1890 Calcn.; £ 30-40 84C015
mV.
1690 Calen. 86C016
9.10. Bry/Bry~ 300 Calcen. 727508
410 Calen.; = 50 mV. 737316
510 Calen. 73M369
680 Calen. 761181
430 Calen. 80C019
520 Calen. 86C016
9.11. CN-/CN~ 1900 Calcn.; £ 300 mV. 70C002
-~ 2800 Calcn. 752006
9.12. Cyanate radical 600-700 Prediction from 87A220
{TO,CNHNCO™):/2NCO~(7) rate data
9.13.  CO,/CO,~ ~—2000 Pol. 761170
~—2000 80A123
—1900 Rec., Calcn. 85A034
—1930 Calen. = =220 87C013
mV
—~1900 T+ —1940 -0 C (+ K) 89C001
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TABLE 9. Reduction potentiais of inorganic couples—Continued

No. Compound or E/mV pH Ref. Ref. B Co-solute I Method/ Ref.
couple compound /mV - comments
9.14.  CO,~, HY/HCO,™ 1070 7 Calcn. *+ 2220 87C013
mV
9.15, Cl+/C1™ 2650 Calen.; = 100 mV. 70C002
2600 Calcn. 727506
2600
2590 Calen.; = 50 mV. 737316
2200 Calcen. 82A154
2410 9.39 1890 Calen.; = 30-40 84C015
mV.
2600 Calcn. 85C012
9.16. HC10, HY/H,0, CI- —460 Calcn. 85C012
9.17. HClO/CI1™, -OH -40 Calcn. 85C012
9.18. ‘ClOH-/Cl_, OH™ 1900 9.39 1890 Calen.; * 30-40 84C015
mV.
9.19.  ClO,/ClO,~ 934 4.6 Pot. 58C001
936 4-6 Pot. 59C001
954 Pot 62C001
919 65C003
954 782277
934 Rec., Pot.; other 85A039
values 11-29°C; *
2 mV.
9.20.  ClO,, HY/HCIO, 1277 ] 782277
1275 Calen. 85M419
g.21.  ClO,~, 2H1/CIO,-, 1150 Calen. 85M419
H,O
9.22. Cly ™ /2 CI™ 2300 Calcn. 727506
2290 Calen.; = 50 mV. 737316
2200 ~1  Co*t 1850 ~0.2  Kinetics + 737316
assumptions; * 60
mV,
2300 Calen. 80C019
2090 9.39 1890 Calen.; = 30-40 84C015
mV.
9.23. Cly/Clye™ 600 Calcen. 727506
430 Calen,; + 50 mV. 737316
420 Calcn. 80CO1Y
v.24. F+/F 3600 Calen.; £ 100 mV. 70C002
9.25. I/1™ 1270 Calen.; no details. 63F022
1400 Calen.; = 50 mV.  70C002
1400 Calcn. 727506
1310 Calen.; = 50 mV, 737316
1420 Calen. 73M369
1280 ~ 1.3 Os(bpy)s®+ 840 1 Kinelics. 78A485
1330 Kinetics + 80A447
assumptions.
1280 ~35 7.4.6 865 ~0.1 C+ K 83A273
1410 Calen. 86C016
1330 9.41 —330¢ HO,/1, reaction; 86A070
C + K + calen.
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TABLE 9. Reduction potentials of inorganic couples—Continued
No. Compound or E/mV pH Ref. Ref. E Co-solute [ Method/ Ref.
couple compound /mV comments
9.26. ICl,+7/1,, 2 C1I7 1056 782277
9.27.  HIO, HY/H,0, I —160 Calen. 85C012
9.28. HIO/1™, -OH —1040 Calen. 85C012
9.29. 7 /217 1040 Calen.; no details. 63F022
i100 Calcn. 727506
1000 Calen.; = 50 mV. 737316
1130 Calen. 73M369
1080 ~1.3 Os(bpy);** 840 1 Kinetics + calen. 78A485
1000 Calen. 80C019
1040 9.25 1330 Calcn. 80A447
1063 ~3  Os(bpy)s®* 857 0.1 Kinetics; = 11 82A115
mV.
981 ~35 7.46 865 ~0.1 C+K 83A273
1130 Calcn. 86C016
1030 9.41 —330 HOg4*/1, reaction; 86A070
C + K + calen.
9.30.  Ly/I,~ 300 Calen. 727506
60 Calen,; = 50 mV. 737316
110 Calen. 73M369
160 Calcn. 78A485
200 Calcn. 83C019
110 Calcn. 86C016
210 9.41 —330 HOy*/1, reaction; 86A070
C+ K
9.31. 10, H*/HIO, 1000 Calen. 76M471
9.32. 10,~, 2HY/10,+, H,O 800 Calen. 76M471
9.33. Ny /N,~ 1330 * Rec.
~1900 Calcen. 757006
1370 Calen.; = 220 mV. 83C030
1330 6.5 IrClg %~ 930 1.0 K 85C023
(86A223)
1350 9.9 1630 Br~ 2-3 87.C002
1320 Cyc. v,; = 30 mV  87C002
=1365 9.10 510 Calen. 87M124
9.34. Ng7/2N;™ 1930 9.33 1900 C 84A013
9.35.  N,H,t/N,H, =730 Fe(CN),* Kinetics + 84A237
assumptions.
9.36. *NO,/NO,~ 1000 Calen.; = 100 mV. 70C002
870
910 Calen. 82C006
1030 Calen.; = 40 mV. 83C03C
1040 Fe(TMP),** 0.3 TMP = 3,4,7,8-  85A480
tetramethyl-
phenanthroline
870 Calcen. 85C012
9.37. NO,/NO,” 2300 Calen.; = 100 mV. 70C002
~1900 Calen. 757006
2300- Prediction based  86A278
2600 on rate data
9.38.  -OH, H'/H,0 2730 * Rec.
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TaBLE 9. Reduction potentials of inorganic couples—Continued
No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
1800 7 Calen.; not E°. 769245
2850 0 Calen. 7872277
2180 7 Calen.; not E°. 82C006
2590 0 Calen. 84C002
2720 0 TI?* 2220 Tit/-OH reaction 84C015
{kinetics); = 20
mV.
2740 0 9.19 934 Cl10,~ /0, 85A039
reaction [kinetics),
+ calen.
9.39. *OH/OH™ 1900 Rec.
1900 Calen.; = 100 mV. 70C002
2020 782277
1770 Calken. 84C002
1890 T2t 2220 T1%/-OH reaction 84C015
(kinetics) = 20
mV.
1910 9.19 934 Cl10,7 /0, 85A039
reaction {kinetics),
+ calen.; %= 10
mV.
9.40. 07, H,0/2 OH™ 1870 Calen. 80C019
1760 T2+ 2220 TI*/-OH reaction 84C015
(kinetics), +
calen.; = 20 mV.
1780 9.19 934 Cl10,7/0, 85A03¢
reaction (kinetics),
+ calen.
9.41. 0,/0," —230 Roc.
—330 Calen. 72C001
—288 Pol.; —632 mV vs 72C002
SCE
—330 DQ -250 Calen. 74Co001
—~330 72 114 ~67 HCO,~ 0.1 C(+K). 741141
—310 DQ Cale. from data in 741141
730125,
—325 7 DQ —235 HCO,™ C; —1565 mV for 1 751080
mol dm™? O,.
—330 7 1.1.1 100 Kin. reaction QH, 756C004
+ H,0, cat.
peroxidase.
9.42. O, HY/HO, -37 0 Calen. 761063
~50
~50 Calen. 85C012
943 0,('A.)/0,~ 850 7 769245
9.44. O, HY/HO,™ 1000 Calen. 761063
9.45. Oy*7, 2 H' fHU, 1710 0 Calen. 761063
1760
1760 Calen. 85C012
9.46. 0,7, 2 H+/HQOQ 940 7 Calen ; + 20 mV, 740001
not E°.
865 7 Calen.; not F°. 751080
940 7 Calen.; not E°. 769245
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TABLE 8. Reduction potentials of inorganic couples—Continued

No. Compound or E/mV pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
9.47.  HO,, HY/H,0, 1420 0 Calen.; not E°. 761063
1480
1495 o Calcn. 782277
1480 Calcn. 85C012
9.48.  HO,-/HO,~ 790 Calen. 85C012
9.49. H,0,, H'/H,0,-OH 800 7 Calcn,; not E°. 769245
870
460 7 Calcn.; not F°. 82C006
460-520 7 Calen.; not E°. 84C002
870 Calen. 85C012
9.50.  0,/04~ 1600 =11 Calcn,; + 100 mV. 82C006
1040
1190 =11 Calcn. 84C002
1010 * 11-12 9.19 934 Rec., Cl10,”/0O,  85A039
reaction {kinetics).
1040 Calcn. 85C012
9.51. Oy HY/HO, 1800 7 Calcn.; not F°. 82C006
9.52. 8, H*/HS- ~—1300 0 Calen. 87A082
9.53.  HS</HS~ 1150 Calcn., 86C016
9.64.  HSSH-/2HS™ 900 Calen. 86C016
9.55. SCN:/SCN~ 1620 ~1.3 Fe(bpy);** 1065 1 Kinetics (one rate 78A485
const. assumed).
1680 ~1.3 Os(bpy)s®t 837 1 Kinetics + calcn.  78A485
(some
assumptions).
1650 9.25 1380 Calcn. 78A485
1660 9.25 1330 Calen. 80A447
1601 Calcn. 82A154
1620 Calen. 86A070
1660 6.2.9 1240 : Calen. 8BAUZ4
9.56.  (SCN), ~/2 SCN~ 1330 * Rec.
1310 ~1.3 Fe(bpy),** 1085 1 Kinetics + calen.  78A485
(rate const.
assumed).
1370 ~1.3 Os(bpy);** 837 1 Kinetics + calcn.  78A485
(some
assumptions).
1290 9.55 1660 Calen. 80A447
1250 9.29 1000 Calen,; = 220 mV. 82A183
1331 ~3  Os(bpy),*t 857 0.1 Kinetics; * 8 mV. 82A115
1310 Calcn. 86A070
1350 6.2.9 1240 Calcen. 88A024
9.57.  {SCN),/(SCN),~ 540 Calen. 78A485
9.58.  50,/S0,~ —262 Calen. 84A454
—280
—280 Calen. 85C012
—288 1 Cyc. v. 87A083
9.59. 50,7, Hy0/HSO,", —660 7 §,0,%7 /MVZH 78C016
H* reaction + calen.;
not E°.
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TABLE 9. Reduction potentiais of inorganic couples—Continued
No. Compound or EfmV pH Ref. Ref. E Co-solute I Method/ Ref.
couple compound /mV comments
9.60. 3;03_/5032' 630 =8 Calc. from value  84A327
at pH 3.6
760 11 9.19 936 -0 88A024
9.61. SO,”/HSO,~ 840 36 75.1 780 ~01 C 84A327
9.62.  50,2~, H,0/S0,~, ~2470 Calen. 84A327
20H~
9.63. 50,7/S0,%" ~2430 Calcn. (see ref.) 897064
9.64. SOy~ /HSO;™ ~1100 6.7  9.29 1130 Equilibrium not  84A327
attained.
0.65. 8,0,7/8,0,2~ 1340 * Calen. 82A154
1350 Calcn. 83C030
1600
1600 Calen. 85C012
9.66.  Se0,”/Se0,*" 1680 K + calen. 86A335
9.67.  SeO,~, H'/HSeO,~ 2180 K + calen.; 86A335
further calens. of
related couples
9.88,  (SeCN),*~/2 SeCN™ 900-1000 Calen. + 79A035
assumptions.

* Recomended value.
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14. Compound Name Index

0582 2.3.35

AF-2 (cis) 2.2.9

AF-2 (trans) 2.2.10

AM-1 2.4.39

Acetaldehyde 4.1.3,4.1.4

4-Acetamidophenol 5.1.7

Acetaminophen 5.1.7

Acetic acid, 2,5-dihydroxyphenyl- 5.4.6

Acetic acid, 3,4-dihydroxyphenyl- 5.2.4

Acetone 4.1.5,4.1.6

Acetone ketyl radical 4.1.5

Acetophenone, 3',4'-dihydroxy-2-(methylamino)- §.2.8

Acctophenone, 2-(dimethylamino)methyl-4'-nitro-
2.1.19

Acetophenone, 3-nitro- 2.7.9

Acetophenone, 4'-nitro- 2.1.10

5-Acetylaminosulfonyl-1-methyl-4-nitroimidazole
2.4.12

2- Acetyl-10-(3-dimethylaminopropyl)phenothiazine
7.8.5

4-Acetyl-1-methylpyridinium 4.4.3

2-|(Acetyloxy)methyl}-1,4-naphthoquinone 71.2.9

6-((Acetyloxy)methyl}-1,4-naphthoquinone 7.2.13

10-Acetylphenothiazine 7.4.3

N-Acetyl-L-tryptophan 6.2.12

N-Acetyl-L-tyrosinamide 5.1.77

Acridine, 9-[3-{N,N-dimethylamino)propyl)]amino-1-
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-
fluoro-1-nitro- 2.7.4

Acridine, .9-[3-( NV, N-dimethylamino)propyljamino-4-
methyl-1-nitro- 2.7.5

Acridine, 9-[3-(N, N-dimethylamino)propyllamino-4-
methoxy-1-nitro- 2.7.6

Acridine, 9-[3-(V, N-dimethylamino)propyljamino-4-
methoxycarbonyl-1-nitro- 2.7.7

Acridine, 9-[3-(N,N-dimethylamino)propyljamino-4-
dimethylamino-1-nitro- 2.7.8

Acridine, 9-[3-(N,N-dimethylamino)propyljamino-4-
[di{2-acetoxyethyl)amino}-1-nitro- 2.7.9

N‘-(Acridinyl)-N'-methy]sulfony]-Z-
dimethylaminocyclohexa-2,5-diene-1’,4’-diimine
1.5.13

Nl-(Acridinyl)—]\"’-methy]sulfonyl-2-methoxycyclohexa—
2,5-diene-1’,4'-diimine 1.5.12

Acrylamide, 2-(2-furyl}-3-(5-nitro-2-furyl)- (E)- 2.2.10

Acrylamide, 2-(2-furyl)-3-(5-nitro-2-furyl)- (2)- 2.2.9

Adenine 6.4.1

Adenosine 6.4.2
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Adrenalone 5.2.8
Adrenochrome 1.5.7
Adriamycin 1.5.4
L-Alanyl-L-tyrosine 5.1.12
1-Allyl-1’-carboxymethyl-4,4’-bipyridinium 3.77.4
1-Allyl-1’~(3-cyanopropyl)-4,4'-bipyridinium 3.71.6
1-Allyl-1'-[2-(diethylaminocarbonyl)ethyl}-4,4'-
bipyridinium 3.71.7
1-Allyl-1’-ethyl-4,4'-bipyridinium 3.71.5
1-Allyl-1'-methyl-4,4'-bipyridinium 3.70.5
a-(Allyloxymethyl)-2-nitroimidazole-1-ethanol 2.3.38
2-Amino-5-aziridinyl-4-nitrobenzamide 2.7.26
4-Amino-5-aziridinyl-2-nitrobenzamide 2.7.27
3-Aminocarbonyl-1-methylpyridinium ion 4.4.1
4-Aminocarbony!-1-methylpyridiniom 4.4.2
5-Amino-2,4-dinitrobenzamide 2.7.24
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-dihydroxybenzyl aleohol 5.2.6
5-[3-Amino-8-(2-methylpropyl)purinyl}-1-methyl-4- -
nitroimidazole 2.4.29
4-Amino-1-methyl-2-pyrimidinone 6.3.7
4-Aminophenol 5.1.2
5-Aminophthalazine-1,4-dione 71.5.2
6-Aminopurine 6.4.7
5-{3-Aminopurinyl)-1-methyl-4-nitroimidazole 2.4.28
4-Amino-2-pyrimidinone 6.3.6
4-Aminosulfonyl-1-methyl-5-nitroimidazole 2.5.4
5-Aminosulfonyl-1-methyl-4-nitroimidazole 2.4.8
Amsacrine, conjugate acid 4.8.7
Aniline 6.1.1
Aniline, N,N-dimethyl- 6.7.2
1-(2-Anilinoethyl)-2-nitroimidazole 2.3.67
1-[Anilino(thiocarbonylmethyl)}-1'-methyl-4,4’-
bipyridinium 3.70.74
Anthra[1,9-cd]pyrazol-6-one, 7-hydroxy-2-{2-(2-
hydroxyethyl)aminoethyl]-5-[[2-(2-
hydroxyethyl)aminoethyljamino]- 1.5.11
9,10-Anthraquinone, 1,4-bis|(2-
hydroxyethylamino)ethyljamino-, diacetate 71.3.5
9,10-Anthraquinone, 1,4-dihydroxy-5,8-bis|(2-
hydroxyethylamino)ethyllamino-, 1.3.4
9,10-Anthraquinone, 1,2,5,8-tetrahydroxy- 8.1.5
9,10-Anthraquinone-2-sulfonate ion 71.3.7
Antipyrine 8.4.4
Ascorbic acid 8.1.7
Azaquinone 1.5.2
Aszide dimer radical anion 9.34.
Azide ion 9.33., 9.34.
Azide radical 9.33.
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1-{2-{1-Asiridinoethyl)amino-2-hydroxypropyl]-2-
nitroimidazole 2.3.63

5-Aziridinyl- N-{(2,2-dimethoxy Jethyl]-2,4-
dinitrobenzamide 2.1.23

5-/\ziriainyS-N,N—dimethyl~2,4-dinitmbeﬂzamide 2.1.22

5-Aziridinyl-2,4-dinitrobenzamide 2.1.20

5-Asziridinyl- N-methyl-2,4-dinitrobenzamide 2.1.21

Avzirino[2’,3':3,4)pyrroloj1,2-a)indole-4,7-dione, §-
amino-8-||(aminocarbonyl)oxy|methyl}-
1,12,2,8,8a,8b-hexahydro-8a-methoxy-5 1.5.7

Azomycin 2.3.1

Barbituric acid 6.3.4

Basic Blue § 4.5.2

Benzaldehyde, 9-nitro- 2.1.12

Benzaldehyde, 4-nitro- 2.71.13

Benzamide, 2-amino-5-aziridinyl-4-nitro- 2.7.26

Benzamide, 4-amino-5-aziridinyl-2-nitro- 2.1.27

Benzamide, 5-amino-2,4-dinitro- 2.7.24

Benzamide, 5-aziridinyl- N, N-dimethy1-2,4-dinitro-
2.1.22

Benzamide, 5-aziridinyl- V-[(2,2-dimethoxy)ethyl]-2,4-
dinitro- 2.7.23

Benzamide, 5-aziridinyl-2,4-dinitro- 2.7.20

Benzamide, 5-aziridinyl- N-methyl-2,4-dinitro- 2.7.27

Benzamide, 5-(dimethylamino)-2,4-dinitro- 2.1.25

Benzenamine, N,N.dimethyl- 6.7.2

Benzene, 1-cyano-2-nitro- 2.7.17

Benzene, 1,2-dihydroxy- 5.2.7

Benzene, 1,3-dihydroxy- 6.3.1

Benzene, 1,4-dihydroxy- 5.4.7

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

Benszene, 1,4-dinitro- 2.1.3

Benzene, nitro- 2.1.11

Benzene, 1,2,4 trihydroxy- 6.5.4

1,4-Benzenediamine, N,N,N’,N'-tetramethyl- 6.71.5

1,2-Benzenediamine 6.1.3

1,4-Benzenediamine 6.7.4

1,4-Benzenediol, 2,3-dimethyl- 5.4.7

1,4-Benzenediol, 2,5-dimethyl- 5.4.8

1,2,3-Benzenetriol -5.5.7

1,2,4-Benzenetriol 5.5.4

Benszimidazole, 2-nitro- 2.8.7

Benznidazole 2.3.42

Benzo|1,2-5:3,4-b'|diquinolizium 3.72.8

Benzol1,2-b:3,4-¢'|diquinolizium 3.72.10

Benzo|1,2-b:5,6-%']diquinolizium 3.72.9

Benzofuran, §5-hydroxy-2-nitro- 2.8.7

Benzofuran, 7-hydroxy-2-nitro- 2.8.5

Benzofuran, 5-methoxy-2-nitro- 2.8.8

Benrofuran, 7-methoxy-2-nitro- 2.8.6

Bengzofuran, 2-nitro- 2.8.4

Bengoic acid, 2,3-dihydroxy- 5.2.2

Benzoic acid, 2,5-dihydroxy- 6.3.2

Benzoic acid, 3,4-dihydroxy- 5.2.83

Benzoic acid, 3,5-dthydroxy- 5.3.3

Benzoic acid, 2,4-dinitro- 2.1.4

Benzoic acid, 2,5-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- 2.71.74

Benzoic acid, 3-nitro- 2.1.715

Benzoic acid, 4-nitro- 2.7.76

Benzoic acid, 3,4,5-trihydroxy-, ethyl ester 5.5.3

Benzonitrile, 2-nitro- 2.1.17

12H-Benzo[a|phenothiazine 7.6.7

7H-Benzo|clphenothiazine 7.6.2

Benzo|g]pteridine-2,4-dione, 7,8-dimethyl- 4.6.6

Benzo|g]pteridine-2,4-dione, 1,3,7,8-tetramethyl- 4.6.9

Benzo|g)pteridine-2,4-dione, 1,7,8-trimethyl- 4.6.7

Benzo[g]pteridine-2,4-dione, 3,7 8-trimethyl- 4.6.8

2H-1-Bengzopyran-2-carboxylic acid, 3,4-dihydro-6-
bydroxy-2,5,7,8-tetramethyl- 8.1.6

[5,4,3-cde](1]Benzopyran-5,7-dione, 2,3,7,8-
tetrahydroxy|l]benzopyrano- 8.1.70

1-Benzopyran-4-one, 2,(3,4-dihyroxyphenyl)-3,5,7-
trihydroxy- 8.7.9

1-Benzopyran-3,5,7-triol, 2-(3,4-dihydroxyphenyl)-3,4-
dihydro- (E)- 8.1.7

1-Benzopyran-3,5,7-triol, 2-(3,4-dihydroxyphenyl)-3,4-
dihydro- (2)- 8.1.8

1,4-Benzoquinone, 2,5-bis(1-aziridinyl)-3,6-bis(2-
hydroxyethylamino)- 1.1.8

1,4-Benzoquinone, 2,5-diaziridinyl-3,6-
bis{carbethoxyamino)- 1.1.9

1,4-Benzoquinonc, 2,3-dimcthyl- 7.7.3

1,4-Benzoquinone, 2,5-dimethyl- 1.1.4

1,4-Benzoquinone, 2,6-dimethyl- 1.17.5

1,4-Benzoquinone, methyl- 71.7.2

1,4-Benzoquinone, tetramethyl- 7.7.7

1,4-Benzoquinone, 2,3,5-trimethyl- 71.1.6

1,4-Benzoquinone 1.7.7

2,1,3-Benzothiadiazole-4,7-dicarbonitrile 4.8.2

10-Benzoylphenothiazine 7.4.12

Benzyl alcohol, a-{aminomethyl)-3,4-dihydroxy- 5.2.6

Benzyl aleohol, 4-nitro- 2.1.18

1-{3-(Bensylamino)-2-hydroxypropyl}-2-ritroimidazole
2.3.68 i

1-(Benzylcarbamylmethyl)-2-nitroimidazole 2.3.42

1-Benzyl-1'-methyl-4,4'-bipyridininm 3.70.13

N-Benzyl-2-nitroimidazole-1-acetamide 2.3.42
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Benzyl viologen 3.8.39

2,2'-Bipyridine, conjugate diacid 3.7.7

2,2'-Bipyridine, 4,4’-dimethyl- 4.4.8

2,2'-Bipyridine 4.4.7

4,4'-Bipyridine 3.8.1

4,4'-Bipyridinium, 1-allyl-1’-carboxymethyl- 3.77.4

4,4"-Bipyridinium, 1-allyl-1'-(3-cyanopropyl)- 3.71.6

4,4'-Bipyridinium, 1-allyl-1’-[2-
(diethylaminocarbonyl)ethyl]- . 3.71.7

4,4'-Bipyridinium, 1-allyl-1'-ethyl- 3.71.5

4,4'-Bipyridinium, 1-benzyl-1'-methyl- 3.10.13

4,4'-Bipyridinium, 1,1'-bis(2-aminoethyl)- 3.8.12

4,4’-Bipyridinium, 1,1'-bis(carbamylmethyl)- 3.8.8

4,4'-Bipyridinium, 1,1’-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'-Bipyridinium, 1,1'-bis(2-chloroethyl)-2,2'-
dimethyl- 3.9.77

4,4'-Bipyridinium, 1,1'-bis{a-cyanobenzyl)- 3.8.38,
3.8.42

4,4’-Bipyridinium, 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’-Bipyridinium, 1,1’-bis(2,2-diethoxyethyl)- 3.8.36

4,4'-Bipyridinium, 1,1'-
bis(diethylaminocarbonylmethyl)- 3.8.33

4,4'-Bipyridinium, 1,1'-
bis(dimethylaminocarbonylmethyl)- 3.8.24

4,4’-Bipyridinium, 1,1'-bis[2- ‘
(dimethylaminocarbonyl)ethyl)- 3.8.27

4,4'-Bipyridinium, 1,1'-bis{3-
{dimethylaminocarbonyl)propyl)- 3.8.34

4,4'-Bipyridinium, 1,1'-bis[2-(3,5-dimethyl-4-
morpholinyl)-2-oxoethyl]- 3.8.43

4,4'-Bipyridinivm, 1,1 '-bis(etlwxycarbonylmethyl)-
3.8.23

4,4'-Bipyridinium, 1,1'-bis(ethoxycarbonylmethyl)-
2,2'-dimethyl- 3.9.714

4,4'-Bipyridinium, 1,1'-bis[2-(ethoxycarbonyl)ethyl]-
3.8.26

4,4'-Bipyridinium, 1,1'-bis[3-(ethoxycarbonyl)propyl]-
3.8.28

- 4,4'-Bipyridinium, 1,1'-

bisfethoxycarbonyl(phenyl)methyl]- 3.8.46

4,4'-Bipyridinium, 1,1'-bis{2-ethoxyethyl)- 3.8.25

4,4’-Bipyridinium, 1,1'-bis{ethylthiomethyl)- 3.8.27

4,4'-Bipyridinium, 1,1'-bis(2-hydroxyethyl)- 3.8.17

4,4'-Bipyridinium, 1,1’-bis(2-hydroxyethyl)-2,2’-
dimethyl- 3.9.12

4,4'-Bipyridinium, 1,1’-bis(2-hydroxyiminoethyl)-
3.8.9
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4,4'-Bipyridinium, 1,1’-bis(1-methylethyl)- 3.8.20
4,4'-Bipyridinium, 1,1'-bis(4-nitrophenyl)- 3.8.30
4,4'-Bipyridinium, 1,1’-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, 1,1'-bis(2-pyridyimethyl)}- 3.8.32
2,2'-Bipyridinium, 1,1’-bis(3-sulfonatopropyl)-, dihy-
droxide bis(inner salt) 3.7.3
4,4’-Bipyridinium, 1,1'-bis(2-sulfonatoethyl)- 3.8.6
4,4'-Bipyridinium, 1,1'-bis(3-sulfonatopropyl)-2,2'-
dimethyl- 3.9.16
4,4'-Bipyridinium, 1,1’-bis(3-sulfonatopropyl}-2,2’,6,6'-
tetramethyl- 3.9.77
4,4'-Bipyridinium, 1,1’-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'-Bipyridinium, 1,1’-bis{2-
(trimethylammonio)ethyl}- 3.8.29
4,4’-Bipyridinium, 1,1’-bis|3-
(trimethylammonio)propyl}- 3.8.37
4,4'-Bipyridinium, 1,1'-bis|4-
(trimethylammonio)butyl}- 3.8.47
4,4’-Bipyridinium, 1,4-butanediylbis(1’-methyl)- 3.8.50
4,4'-Bipyridinium, 1-(3-butenyl)-1'-(3-cyanopropyl)-
3.11.8
4,4'-Bipyridinium, 1-(2-butenyl}-1'-(3-fuoropropyl)-
3.11.9
4,4'-Bipyridinium, 1-(carbamylmethyl)-1’-(2-methyl-2-
propenyl)- 3.11.10
4,4'-Bipyridinium, 1-{3-chloro-2-butenyl)-1'-(2-
methoxyethyl)- 3.11.12
4,4'-Bipyridinium, 1,1'-diallyl- 3.8.15
4,4'-Bipyridinium, 1,1'-dibenzyl- 3.8.39
4,4'-Bipyridinium, 2,2'-dicyano-1,1'-dimethyl- 3.9.4
4,4'-Bipyridinium, 1,1'~dieti\yl- 3810
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- 3.7.2
2,2'-Bipyridinium, 4,4'-dimethyl- 3.1.4
2,4'-Bipyridinium, 1,1'-dimethy}- 3.7.1
4,4'-Bipyridinium, 1,1'-dimethyl- 3.8.2
4,4'-Bipyridinium, 1,1’-dimethyl-2,2’-bis(4-
methylphenyl)- 3.9.9 )
4,4'-Bipyridinium, 1,1’-dimethy]-2,2'-diphenyl- 3.9.8
2,2'-Bipyridinium, 1,1'-(1,1-dimethylethylene)- 3.3.15
2,2'-Bipyridinium, 4,4’-dimethyl-1,1'-tetramethylene-
3.5.2
2,2'-Bipyridinium, 4,4’-dimethyl-1,1’-trimethylene-
3.4.4
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4,4'-Bipyridinium, 1,1'-dioctadecyl- 3.8.45
4,4'-Bipyridinium, 1,1'-dioctyl- 3.8.44
4,4'-Bipyridinium, 1,1'-diphenyl- 3.8.37
4,4'-Bipyridinium, 1,1'-dipropyl- 3.8.79
4,4'-Bipyridinium, 1,2-ethanediylbis(1’-methyl)- 3.8.48
2,2'-Bipyridinium, 1,1’-ethylene- 3.3.7
2,2'-Bipyridinium, 1,1’-ethylene-4,4'-dimethyl- 3.3.72
4,4'-Bipyridinium, 1-ethyl-1'-(2-ethylthioethyl)- 3.71.7
4,4'-Bipyridinium, 1-(2-ethyl-2-propenyl)-1'-(2-
methoxyethyl)- 3.771.11
4,4'-Bipyridinium, 1,1’,2,2’,6,6'-hexamethyl 3.9.7
2,2'-Bipyridinium, 1,1’'-hydroxyethylene- 3.3.3
4,4'-Bipyridinium, 1-(2-hydroxyethyl)-1’-pentyl- 3.71.3
4,4'-Bipyridinium, 1-(2-methoxycarbonylethyl)-1'-
propyl- 3.11.2
4,4'-Bipyridinium, 1-methyl-1'-allyl- 3.70.5
4,4'-Bipyridinium, 1-methyl-1'-
[anilino(thiocarbonylmethyl)]- 3.70.74
4,4'-Bipyridinium, 1-methyl-1'-[2-
bis(methylthio)ethenyl]- 3.10.8

4,4'-Bipyridinium, 1-methyl-1’-carbamylmethyl-
3.10.3

4,4'-Bipyridinium, 1’'methyl-1’-
[cyano(ethoxycarbonyl)methyl]- 3.70.70

4,4’-Bipyridinium, 1-methyl-1'-cyanomethyl- 3.10.2

4,4'-Bipyridinjum, 1-methyl-1’-(3-cyano-2-propenyl)-
3.10.7

4,4'-Bipyridinium, 1-methyl-1'-[2-(3,5-dimethyl-4-
morpholinyl)-2-oxoethyl]- 3.10.15

4,4'-Bipyridinium, 2-methyl-1,1'-dipropyl- 3.9.3

4,4’-Bipyridinium, 1-methyl-1'-ethoxycarbonylmethyl-
3.10.9

4,4'-Bipyridinium, 1-methyl-1'-(2-hydroxyethyl)-
3.10.4

4,4'-Bipyridinium, 1-methyl-1'-[3-(methoxycarbonyl)-
2-propenyl]- 3.10.11

4,4'-Bipyridinium, 1-methyl-1'-oxide 3.70.1

4,4’-Bipyridinium, 1-methyl-1'-(2-oxopropyl)- 3.10.6

4,4'-Bipyridinium, 1-methyl-1'-[(1-
pyrazoloyl)thiocarbonylmethyl]- 3.70.12

2,2'-Bipyridinium, 1,1'-(1-phenylethylene)- 3.3.19

4,4’-Bipyridinium, 1,3-propanediylbis(1’-methyl)-
3.8.49

2,2'-Bipyridinium, 1,1'-(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, 1,1'-tetramethylene- 3.5.7

4,4’-Bipyridinium, 1,1’,2-trimethyl- 3.9.7

2,2'-Bipyridinium, 1,1’'-trimethylene- 3.4.7

2,2'-Bipyridinium, 1,1’'-trimethylene-5-meéthoxy- 3.4.3

4,4'-Bipyridinium, 1,1’-0-xylylenebis- 3.8.47

2,2'-Bipyridinium 3.7.7

2,2'-Biquinolinium, 1,1'-dimethyl- 3.6.710
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1,1’-Bis(2-aminoethyl)-4,4'-bipyridinium 3.8.12
1,1'-Bis(carbamylmethyl)-4,4'-bipyridinium 3.8.8 -
1,1'-Bis{a-carboxybenzyl)-4,4’-bipyridinium, diethyl
ester 3.8.46 :
1,1'-Bis(2-carboxyethy1)-4,4’-bipyridinium 3.8.17
1,1'-Bis(2-carboxyethyl)-4,4'-bipyridinium, diethyl
ester 3.8.26
1,1’-Bis(carboxymethyl)-4,4'-bipyridinium 3.8.5
1,1'-Bis(3-carboxypropyl)-4,4'-bipyridinium, diethyl
ester 3.8.28
1,1'-Bis(2-chloroethyl)-4,4’-bipyridinium 3.8.7
1,1'-Bis{2-chloroethyl)-2,2’'-dimethyl-4,4'-bipyridinium
3.9.11
1,1'-Bis(a-cyanobenzyl)-4,4'-bipyridinium 3.8.38,
3.8.42
1,1’-Bis(cyanomethyl)-4,4'-bipyridinium 3.6.4
1,1'-Bis(cyanomethyl)-2,2'-dimethyl-4,4'-bipyridinium
3.9.10
1,1’-Bis(3-cyanopropyl)-4,4’-bipyridinium 3.8.22
1,1’-Bis(1,2-dichloroethyl)-4,4'-bipyridinium 3.8.74
1,1'-Bis(2,2-diethoxyethyl)-4,4’-bipyridinium 3.8.36
1,1’-Bis(diethylaminocarbonylmethyl)-4,4'-
bipyridinium 3.8.33
1,4-Bis{N,N-dimethylamino)benzene 6.1.5
1,1'-Bis[2-(dimethylaminocarbonyl)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-oxoethyl}-
4,4'-bipyridinium 3.8.43
1,1'-Bis[2-(ethoxycarbonyl)ethyl]-4,4'-bipyridiniumn
3.8.26
1,1'-Bis(ethoxycarbonylmethyl)-4,4'-bipyridinium
3.8.23 ’
1,1'-Bis(ethoxycarbonylmethyl)-2,2'-dimethyl-4,4’-
bipyridinium 3.9.74
1,1'-Bis[ethoxycarbonyl(phenyl)methyl]-4,4'-
bipyridinium 3.8.46
1,1'-Bis[3-(ethoxycarbonyl)propyl]-4,4'-bipyridinium
3.8.28
1,1'-Bis(2-ethoxyethyl)-4,4’-bipyridinium  3.8.25
1,1’-Bis{ethylthiomethyl)-4,4'-bipyridinium 3.8.21
1-[Bis(2-hydroxyethyl)laminocarbonylmethyl-2-
nitroimidazole 2.3.39
1,4-Bis|(2-hydroxyethylamino)ethyljamino-9,10-
anthraquinone diacetate 1.3.5
1-[3-Bis{2-hydroxyethylamino)-2-hydroxypropyl]-2-
nitroimidazole 2.3.66
1,1'-Bis(2-hydroxyethyl)-4,4’-bipyridinium 3.8.77
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1,1'-Bis(2-hydroxyethyl)-2,2'-dimethyl-4,4'-
bipyridinjum 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-
nitroimidagole 2.3.76
1,1’-Bis(1-methylethyl)-4,4’-bipyridinium 3.8.20
1-[2-Bis(methylthio)ethenyl]-1'-methyl-4,4'-
bipyridinium 3.70.8 .
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
1,1'-Bis(3-sulfonato-1-propyl}-2,2'-bipyridinium 3.1.3
1,1’-Bis(3-sulfonatopropyl)-4,4'-bipyridinium 3.8.78
1,1'-Bis(3-sulfonatopropyl}-2,2'-dimethyl-4,4'-
bipyridinium 3.9.16
1,1'-Bis(3-sulfonatopropyl)-3,3'-dimethyl-4,4'-
bipyridinium 3.9.15
1,1'-Bis(3-sulfonatopropyl)-2,2’,6,6'-tetramethyl-4,4'-
bipyridinium 3.9.77
1,1’-Bis[4-(trimethylammonio)butyl]-4,4'-bipyridinium
3.8.41
1,1’-Bis|2-(trimethylammonio)ethyl]-4,4’-bipyridinium
3.8.29
1,1’-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 9.70.
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'-
c|pyrazinediium 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-(Bromomethyi)-1,4-naphthoquinone 1.2.77
2-Bromo-1-methyl-4-nitroimidazole 2.4.32
4-Bromo-1-methyl-5-nitroimidazole 2.5.7
5-Bromo-1-meihyl-ll-nitroimidazole 2.4.4
3-Bromophenothiagine 7.2.7
Bromosyl hydride 9.5.
Bromous acid 9.7.
2,3-Butanediol, 1,4-dimercapto- 8.3.4.4
1,4-Butanediylbis(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-fluoropropyl)-4,4’-bipyridinium
3.11.9

1-{3-(tert-Butylamino)-2-hydroxypropyl]-2-
nitroimidagzole 2.3.67

1,1'-Butylene-2,2'-bipyridinium 3.5.7

N-Butyl-5-nitro-2-furamide 2.2.77

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

C.1. 52015 4.5.2

Cl941 1.5.11

Caffeic acid 5.2.7

Carbamothioic acid, [2-(2-methyl-5-nitroimidasol-1-
yl)ethyl]-, O-methyl ester 2.5.19

1-Carbamylmethyl-1'-methyl-4,4’-bipyridinium 3.70.3

1-(Carbamylmethyl)-1'-(2-methyl-2-propenyl)-4,4'-
bipyridinium 3.771.70

10-Carbethoxyphenothiagine, 5,5'-dioxide 7.7.3

10-Carbethoxyphenothiazine sulfone 7.7.3

1-Carboethoxymethyl-5-iodo-4-nitroimidazole 2.4.37

Carbon dioxide 9.73.

Carbon dioxide radical anion 9.73., 9.74.

1-(2-Carboxyethyl)-1'-propyl-4,4’-bipyridinium, methyl
ester 3.11.2

Carboxyl radical anion 9.73., 9.74.

1-(2-Carboxymethyl)-2-nitroimidazole 2.3.20

5-Carboxymethylthio-1-methyl-4-nitroimidazole 2.4.70

2-[(4-Carboxyphenoxy Jethyl]thio-1-methyl-5-
nitroimidazole 2.5.73

Catechin 8.1.7

Catechol 5.2.1

Chlorate ion 9.27.

Chloride ion 9.75., 9.17., 9.78., 8.22., 9.26.

Chlorine 9.23.

Chlorine atom 9.75., 9.16.

Chlorine dioxide 9.19., 9.20., 9.21.

Chlorite jon 9.79.

1-(3-Chloro-2-butenyl)-1'-(2-methoxyethyl)-4,4'-
bipyridinium 3.11.12

2-Chloro-10-dimethylaminopropylphenothiagine 7.5.1

2-Chloro- N, N-dimethyl-10H-phenothiazine-10-
propanamine 7.5.1

2-[[[(2-Chloroethyljamino]carbonyljoxy|methyl-1,4-
naphthoquinone 1.2.70

2-Chloro-10-[3-(4-(2-hydroxyethyl)-1-
piperazinyl)propyljphenothiazine 7.5.70

1-(3-Chloro-2-hydroxypropyl)-2-nitroimidazole 2.3.26
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2-Chloro-7-methoxyphenothiazine 7.3.7

4-Chloro-7-methoxyphenothiazine 7.3.2

1-[3-[(1-Chloromethyl-2-isopropoxy Jethoxy]-2-
hydroxypropyl]-2-nitroimidazole 2.3.44

o-(Chloromethyl)-2-methyl-5-nitroimidazole-1-ethanol
2.5.16

6-(Chloromethyl)-1,4-naphthoquinone 7.2.72

5-Chloro-1-methyl-4-nitroimidazole 2.4.5

2-Chloro-10-[3-(4-methyl-1-
piperazinyl)propyljphenothiazine 7.5.7

1-Chlorophenanthrolino[4,5-a:6,7-c|diagepinediium
3.6.5

3-Chlorophenothiazine 7.2.2

Chlorosyl hydride 9.78.

Chlorous acid 9.20.

Chlorpromatzine 7.5.7

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 9.72.

Cyanide ion 9.717.

Cyanide radical 9.77.

3-Cyano-8,7-dihydrodipyrido[1,2-a:2',1'-
¢Jpyrazinediium 3.3.4

1-[Cyano(ethoxycarbonyl)methyl]-1’-methyl-4,4'-
bipyridinium 3.70.70

5-Cyano-1,1'-ethylene-2,2’-bipyridinium 3.3.4

4-Cyano-1-ethylpyridinium 4.4.5

1-Cyanomethyl-1'-methyl-4,4’-bipyridinium 3.70.2

5-Cyano-1-methyl-2-nitroimidagzole 2.3.3

1-(3-Cyano-2-propenyl)-1’-methyl-4,4'-bipyridinium
3.10.7

Cysteine 8.3.7.1, 8.3.3.1

Cystine 4.2.7

Cytosine 6.3.6

pL-DOPA 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 6.71.4

3,7-Diamino-5-phenothiazinium chloride 4.5.7

4,5-Diazaphenanthrene 3.12.1, 4.4.9

5H-[1,4]-Diazepino(1,2,3,4-
Imn}[1,10]phenanthrolinediium, 8,7-dihydro-
3.6.4

[1,4)Diazepino(1,2,3,4-Imn][1,10]phenanthrolinediium,
6,7-dihydro-1,11-dimethyl- 3.6.7 .

[1,4]Diazepino[1,2,3,4-imn][1,10]phenanthrolinediium,
1-chloro-6,7-dihydro- 3.6.5

[1,4]Diazepino[1,2,3,4-imn][1,10]phenanthrolinediium,
6,7-dihydro-1-methyl- 3.6.6
[1,4]Diazepino|1,2,3,4-imn]{1,10]phenanthrolinediium,
8,7-dihydro-1-phenyl- 3.6.8
2,5-Diaziridinyl-3,8-bis(carhethoxyamino)-1,4-
benzoquinone 71.1.9
2,5-Diagiridinyl-3,8-bis(2-hydroxyethylamino)-1,4-
benzoquinone 1.1.8
[1,4]Diazocino(1,2,3,4-imn|[1,10}phenanthrolinediium,
5,6,7,8-tetrahydro- 3.6.9
13H-Dibenzo|a,jjphenothiazine 7.6.3
7H-Dibenzo|c,h|phenothiazine 7.6.4
1,1'-Dibenzyl-4,4’'-bipyridinium 3.8.39
Dibromine radical ion 9.9., 9.70.
Dichlorine radical ion 9.22., 9.23.
2,2'-Dicyano-1,1'-dimethyl-4,4'-bipyridinium 3.9.4
Dicyanodisulfide radical ion 9.56., 9.57.
5-{2,2-Dicyanoethenyl}-1-methyl-2-nitroimidaszole
2.3.15
Diethazine 7.4.10
10-[6-(Diethylamino)hexyljphenothiagine 7.4.16
1-(3-Diethylamino-2-hydroxypropyl)-2-nitroimidazole
2.3.65
9-(Diethylamino-2-hydroxypropyl)amino-2,3-
dimethoxy-8-nitroacridine 2.7.7
10-[3-(Diethylamino)propyl]phenothiarine 7.4.75
1,1'-Diethyl-4,4’-bipyridinium 3.8.70
1,1'-Diethyl-2-methyl-4,4'-bipyridinium 3.9.2
5,6-Di(2-furyl)-(1,2,5]thiadiazolo(3,4-bjpyrazine 4.8.3
1,1'-Diheptyl-4,4'-bipyridinium 3.8.40
1,1’-Dilhexyl-4,4’-bipyridinium 3.8.35
7,8-Dihydro-2,12-dimethyldipyrido[,2-a:2',1’-
¢|(1,4]diazepinediium . 3.4.4
7,8-Dihydro-3,11-dimethyldipyrido[1,2-a:2',1'-
cjdiazepinedijum 3.4.5
8,7-Dihydro-1,12-dimethyldipyrido[1,2-a:2,1'-
cJpyrazinediium 3.3.77
6,7-Dihydro-2,11-dimethyldipyrido[1,2-a:2',1'-
c|pyrazinedijum 3.3.72
6,7-Dihydro-3,10-dimethyldipyrido[1,2-a:2,1'-
c|pyrazinediium 3.3.73
8,7-Dihydro-4,9-dimethyldipyrido[1,2-a:2",1’-
¢|pyraginediium 3.3.74
6,7-Dihydro-6,6-dimethyldipyrido[t,2-a:2’,1'-
cjpyrazinediium 3.3.75
3,7-Dihydro-1,3-dimethyl-8-nitropurine-2,6-dione 2.8.2
4,6-Dihydro-4,5-dioxopyrrolo[2,3-fiquinoline-2,7,9-
tricarboxylic acid 1.5.10
7,8-Dihydrodipyrido(1,2-a:2',1'-¢|[1,4]diazepinediium
3.4.1
6,7-Dihydrodipyrido(1,2-a:2’,1’-c|pyrasinediium 3.3.1
6,7-Dihydro-6-hydroxydipyrido[1,2-a:2',1’-
" c|pyrazinediium 3.3.3 :
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7, 8-Dihydre. domethoxydipyridoll,2-a:2',1'-
thiingepinediium. 3.4.3
§,7-Dihydro-3-methoxydipyrido[1,2-a:2',1'-
¢Jpyrasinediium 3.3.7
7,8-Dihydro-4-methyldipyrido(1,2-2:2',1'-
c|diazepinediium 3.4.2
6,7-Dihydro-4-methyldipyrido[1,2-a:2,1'-
cjpyrazinediium 3.3.5
6,7-Dihydro-6-methyldipyrido[1,2-a:2',1'-
c]pyrazinediium 3.3.6
Dihydronicotinamide adenine dinucleotide 8.2.7
7,8-Dihydro-6 H[1,2,5]oxathiazolo{4,3,2-
hz][2,1,3]benzoxathiazole-3-SI{r 4.7.4
6,7-Dihydro-6-phenyldipyrido{1,2-:2',1'-
¢]pyrazinediium 3.3.79
8,7-Dihydro-3-propoxydipyrido{1,2-a:2',1’-
cJpyrazinediium 3.3.16
3,7-Dihydropurine-2,6-dione 6.4.6
6,7-Dihydro-2-pyridyldipyrido[1,2-a:2’,1'-
¢|pyrazinediijum 3.3.18
8,7-Dihydro-2,3,10,11-tetramethyldipyrido|1,2-4:2',1'-
cJpyrazinediium 3.3.17
7,8-Dihydro-2,3,11,12-tetramethyldipyrido[1,2-a:2",1"'-
c]|1,4]diazepinedijum 3.4.6
2,5-Dihydroxyacetophenone 5.4.5
1,4-Dihydroxy-9,10-anthraquinone-2-sulfonate ion
1.3.2
1,4-Dihydroxy-9,10-anthraquinone-6-sulfonate ion
1.3.3
1,2-Dihydroxybenzene 5.2.7
1,3-Dihydroxybenzene 5.3.1
1,4-Dihydroxybenzene 5.4.7
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)ethyljamino-9,10-
anthraquinone 1.3.4
2,3-Dihydroxy-1,4-butanedithiol (R*,R*)(x) 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-1,4-dithiol (£*,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 2.3.76
1,4-Dihydroxy-2-methylnaphthalene 8.1.3
2,4-Dihydroxy-5-methylpyrimidine 6.3.3
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5,8-Dihydroxy-1,4-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)-Di-alanine 5.2.9
(£)-2-(3,4-Dihydroxyphenyl)-3,4-dihydro-1-benzopyran-
3,5,7-triol 8.1.7
{2)-2-(3,4-Dihydroxyphenyl)-3,4-dihydro-1-benzopyran-
3,5,7-triol 8.1.8
1-(2,3-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,(8,4-Dihyroxyphenyl)-3,5,7-trihydroxy-1-benzopyran-
4-one 8.1.9
Diiodine radical ion 9.29., 9.30.
erythro-1,4-Dimercapto-2,3-butanediol 8.3.4.4
threo-1,4-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-Dimethylalloxazine <.6.6
5-(Dimethylamino)-2,4-dinitrobenzamide 2.71.25
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-1-{4-nitrophenyl)-1-propanone 2.1.19
4-(N,N-Dimethylamino)phenol 5.1.8
9-{3-(N,N-Dimethylamino)propyljamino-4-chloro-1-
nitroacridine 2.7.3
9-{3-(N,N-Dimethylamino)propyljamino-4-
dimethylamino-1-nitroacridine 2.7.8
9-[3-(N,N-Dimethylamino)propyljamino-[4-[di(2-
acetoxyethyl)amino|-1-nitroacridine 2.7.9
9-[3-(N,N-Dimethylamino)propyljamino-4-fiuoro-1-
nitroacridine 2.7.4 :
9-(3-(N,N-Dimethylamino)propyl|amino-4-methoxy-1-
nitroacridine 2.7.6
9-[3-(N,N-Dimethylamino)propyllamino-4-
methoxycarbonyl-1-nitroacridine 2.7.7
9-[3-(NV, N-Dimethylamino)propyljamino-4-methyl-1-
nitroacridine 2.7.5
10-(3-Dimethylaminopropyl)phenothiazine 7.4.5
10-(3-Dimethylaminopropyl}-2-
trifluoromethylphenothiazine 7.5.2
2-Dimethylaminosulfonamido-10-[3-(4-methyl-1-
piperazinyl)propyl|phenothiazine 7.5.9
5-(Dimethylaminosulfonyl)-1-methyl-4-nitroimidazole
2.4.11
N,N-Dimethylaniline 6.7.2
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2,3-Dimethyl-1,4-benzoquinone 7.1.3
2,5-Dimethyl-1,4-benzoquinone 1.17.4
2,8-Dimethyl-1,4-benzoquinone 71.1.5
- 4,4'-Dimethyl-2,2'-bipyridine, conjugate diacid 3.7.4
4,4'-Dimethyl-2,2'-bipyridine 4.4.8
1,1'-Dimethyl-2,2'-bipyridinium 3.1.2
1,1’-Dimethyl-2,4'-bipyridinium 3.7.7
1,1'-Dimethyl-4,4'-bipyridinium 3.8.2
4,4’-Dimethyl-2,2'-bipyridinium 3.7.4
1,1'-Dimethyl-2,2'-biquinolinium 3.6.70
1,1'-Dimethyl-2,2'-bis(4-methylphenyl)-4,4'-
bipyridinium 3.9.9
4,5-Dimethyl-1,2-dihydro-3-pyrazolone 8.4.3
1,1’-Dimethyl-2,2’-diphenyl-4,4'-bipyridinium 3.9.8
Dimethyl disulfide 8.3.5.7
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 3.3.73
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-nitroimidazole 2.5.70
1,10-Dimethyl-1,10-phenanthrolinium 3.6.2
1,9-Dimethyl-1,9-phenanthrolinium  3.72.2
2,7-Dimethyl-2,7-phenanthrolinium 3.12.4
2,8-Dimethyl-2,8-phenanthrolinium 3.72.3
N,N -Dimethyl-2,7-phenanthrolinium 3.72.4
3,7-Dimethyl-3,7-phenanthrolinium 3.72.6
3,8-Dimethyl-3,8-phenanthrolinium 3.712.5
4,7-Dimethyl-4,7-phenanthrolinium 3.72.7
1,11-Dimethylphenanthrolino(4,5-a:6,7-
cJdiazepinediium 3.6.7
3,7-Dimethylphenothiazine 7.3.3
N,N-Dimethylphenothiazine-10-propanamine 7.4.5
1,2-Dimethyl-3-phenylisoindole-4,7-dione 71.4.7
2,3-Dimethyl-1-phenyl-2-pyrazolin-5-one 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-1,1"-tetramethylene-2,2'-bipyridinium
3.5.2
5-(3,3-Dimethyl-1-triazeno)imidazole-4-carboxamide
4.3.3
4,4'-Dimethyl-1,1'-trimethylene-2,2'-bipyridinium
3.4.4
5,5'-Dimethyl-1,1'-trimethylene-2,2'-bipyridinium
3.45
1,2-Dinitrobengene 2.7.7
1,3-Dinitrobenzene 2.1.2
1,4-Dinitrobenzene 2.1.3
m-Dinitrobenzene 2.1.2
o-Dinitrobenzene 2.7.7

p-Dinitrobengene 2.1.3

2,4-Dinitrobenzoic acid 2.7.4

2,5-Dinitrobenzoic acid 2.1.5

3,4-Dinitrobenzoic acid 2.1.6

3,5-Dinitrobengoic acid 2.1.7

2,4-Dinitroimidagole 2.3.2

2,4-Dinitrophenol 2.1.8

1,1'-Dioctadecyl-4,4'-bipyridinium 3.8.45

1,1'-Dioctyl-4,4'-bipyridinium 3.8.44

5H,7H-2,3-Dioxa-2a,6-dithia(2a-S'V)-1,4-
diazacyclopent[e,d -indene 4.7.7

5H,7H-2,3-Dioxa-2a,8-dithia(2a-S"V)-1,4-
diazacyclopent{c,d -indene B-oxide 4.7.2

5H,7 H-2,3-Dioxa-2a,6-dithia(2a-S")-1,4-
diazacyclopentc,d -indene 6,8-dioxide 4.7.3

Dioxygen anion 9.47., 9.43., 9.44., 9.45., 9.46.

Diphenoquinone, 3,3',5,5'-tetrabromo- 1.5.8

Diphenoquinone, 3,3',5,8'-tetrachloro- 171.5.9

1,1’-Diphenyl-4,4’-bipyridinium 3.8.37

1,11-Diphenylphenanthrolino{4,5-a:8,7-
cJdiazepinediium 3.6.8

1,1’-Dipropyl-4,4'-bipyridinium 3.8.719

5,6-Di(2-pyridinyl)-[1,2,5]thiadiarolo[3,4-b]pyrasine
4.8.4

5,6-Di(2-pyridinyl)-[1,2,5|thiadiazolo(3,4-b]pyrazine N-
oxide 4.8.5

Dipyrido[1,2-a:2',1'-¢][1,4]diazepinediium, 7,8-dihydro-
2,12-dimethyl- 3.4.4

Dipyrido(1,2-a:2",1'-¢|[1,4]diazepinediiumm, 7,8-dihydro-
3.4.1

Dipyrido(1,2-e:2',1'-¢][1,4]diazepinediium, 7,8-dihydro-
-2,3,11,12-tetramethyl- 3.4.6

Dipyrido[1,2-a:2',1'-c|diasepinediium, 7,8-dihydro-4-
methyl- 342

Dipyridol1,2-a:2’,1-c|diazepineditum, 7,8-dihydro-
3,11-dimethyl- 3.4.5

Dipyrido|1,2-a:2',1’- ¢]diazepinediium, 7,8-dihydro-3-
methoxy- 3.4.3

Dipyrido(1,2-a:2',1'-¢][1,4]diazocinediium, 6,7,8,9-
tetrahydro-2,13-dimethyl- 3.5.2

Dipyrido[1,2-a:2',1'-¢][1,4]diazocinediium, 8,7,8,9-
tetrahydro- 3.5.1

Dipyridol1,2-a:2',1’-¢][1,4]diazocinediium, 6,7,8,9-
tetrahydro-2,3,12,13-tetramethyl- 3.5.3

Dipyrido[1,2-a:2',1'-c|pyrasinediium, 4-bromo-6,7-
dihydro- 3.3.2

Dipyrido[1,2-a:2',1'-c|pyrazinediium, 3-cyanoc-6,7-
dihydro- 3.3.4

Dipyrido(1,2-a:2,1'-¢][1,4]pyrazinediium, 6,7-dihydro-
3.3.1

Dipyrido[1,2-a:2’,1'-¢]pyrazinediium, 8,7-dihydro-1,12-
dimethyl- 3.3.711 :

Dipyrido[1,2-¢:2',1'-¢lpyrazinediium, 6,7-dihydro-2,11-
dimethyl- 3.3.12
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Dipyrido[1,2-a:2',1'-¢]pyrasinediium, 8,7-dihydro-4,9-
dimethyl- 3.3.14
Dipyrido[1,2-a:2',1’—c]pyrazinediium, 6,7-dihydro-
2,3,10,11-tetramethyl-- 3.3.17
Dipyrido[1,2-a:2’,1'-¢|pyrazinediium, 8,7-dihydro-6-
hydroxy- 3.3.3
Dipyrido[1,2-a:2’,1'-c]pyrazinediium, 6,7-dihydro-6-
methyl- 3.3.6
Dipyrido[1,2-a:2’,1-c]pyrazinediium, 6,7-dihydro-3,10-
dimethyl- 3.3.13
Dipyrido[1,2-a:2’,1'-¢|pyrazinediium, 6,7-dihydro-8,6-
dimethyl- 3.3.75
Dipyrido[1,2-a:2’,1'-¢]pyrazinediium, 6,7-dihydro-3-
propoxy- 3.3.16
Dipyrido[1,2-a:2’,1'-c]pyrazinediium, 8,7-dihydro-2-
pyridyl- 3.3.18
Dipyrido[1,2-a:2',1'-¢|pyrazinediium, 8,7-dihydro-6-
phenyl- 3.3.19 _
Dipyrido[1,2-2:2',1'- ¢Jpyrazinediium, 4-ethoxy-6,7-
dihydro- 3.3.70
Dipyrido[1,2-a:2’,1'-¢]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[1,2¥a:2',1'-c]pyrazinediium, 6-methyl- 3.2.2
Dipyrido[1,2-4:2',1'-¢]pyrazinediium, 8-phenyl- 3.2.3
Dipyrido[1,2-a:2',1'-¢]pyrasinediium 3.2.1
2,2'-Dipyridyl 4.4.7
4,4'-Dipyridyl 3.8.1
Diquat 3.3.7
Di(thiocyanate) radical ion 9.56., 9.57.
* 2,2'-Dithiodiethanol 4.2.2
Dithioerythritol 8.3.4.4
1,2-Dithiolane-3-pentanamide 4.2.3, 8.3.4.3
1,2-Dithiolane-3-pentanoic acid 8.3.5.2
Dithiothreitol 8.3.4.2
Dopamine 5.2.5
Doxorubicin 71.5.4
Durohydroquinone 5.4.10
Duroquinone 1.1.7
Ellagic acid 8.1.70
l-Epicatechin 8.1.8
Etanidazole 2.3.32 v
1,2-Ethanediol, 1-(1-methyl-2-nitroimidazol-5-yl)-
2.3.11
1,2-Ethanediylbis(1’-methyl-4,4'-bipyridinium) 3.8.48
1,2-|Ethanediylsulfonyl]-5-nitroimidazole 2.5.25
3,4-[Ethanediylsulfonyl]-5-nitroimidazole 2.4.43
1,2-[Ethanediylthio]-5-nitroimidazole 2.5.24
Ethanone, 1-(3,4-dihydroxyphenyl)-2-(methylamino}-
5.2.8
5-Ethenyl-1-methyl-2-nitroimidazole 2.3.8
Ethopropazine 7.4.14
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1-Ethoxycarbonyl-2,5-dimethyl-3-phenylisoindole-4,7-
dione 1.4.10

1-Ethoxycarbonyl-6-methoxy-5-methyl-2,3-
trimethyleneisoindole-4,7-dione 1.4.17

1-(Ethoxycarbonylmethyl)-4-iodo-5-nitroimidazole
2.5.17

1-Ethoxycarbonylmethyl-1’-methyl-4,4'-bipyridinium
3.10.9

7-(Ethoxycarbonylmethyl)-3-nitro-7-azaindole 2.6.6

1-Ethoxycarbonyl-5-methyl-2,3-trimethyleneisoindole-
4,7-dione 1.4.9

3-Ethoxy-6,7-dihydrodipyrido[1,2-a:2',1'-
c|pyrazinediijum 3.3.70

5-Ethoxy-1,1'-ethylene-2,2’-bipyridinium 3.3.70

1-(2-Ethoxyethyl)-2-nitroimidazole 2.3.34

1-Ethoxyphenothiagine 7.2.9

3-Ethoxyphenothiazine 7.2.70

Ethylamine, 3,4-dihydroxyphenyl- 6.2.5

4-Ethyl-6,7-dihydrodipyrido|1,2-a:2’,1'-
cJpyrazinedijum 3.3.9

1-Ethyl-2,3-dihydro-6-nitroimidazo[1,2-a]pyridinium
2.8.13 _

1,1’-Ethylene-2,2'-bipyridinium 3.3.7

1,1’-Ethylene-3,3'-dimethyl-2,2'-bipyridinium 3.3.77

1,1’-Ethylene-4,4’-dimethyl-2,2’-bipyridinium  3.3.72

1,1’-Ethylene-6,6’-dimethyl-2,2'-bipyridinium 3.3.74

1,10-Ethylene-1,10-phenanthrolinium 3.6.3

6-Ethyl-1,1'-ethylene-2,2’-bipyridinium 3.3.9

Ethyl 5-ethyl-2-nitroimidagole-1-acetate 2.3.33

1-Ethyl-1'~(2-ethylthioethyl)-4,4’-bipyridinium 3.77.7

Ethyl gallate 5.5.3 .

Ethyl 5-iodo-4-nitroimidagole-1-acetate 2.4.37

1-(2-Ethyl-2-propenyl)-1'-(2-methoxyethyl)-4,4'-
bipyridinium 3.717.771

1-(2-Ethylsulfonyl)ethyl-2-methy)-5-nitroimidazole
2.5.21

1-[(2-Ethylsulfonyl)ethyl}-2-nitroimidasole 2.3.36

Flagyl 2.5.15

Flavine adenine dinucleotide 4.6.3

Flavine mononucleotide 4.6.2

Fluoride ion 9.24.

Fluorine atom 9.24.

1-(3-Fluoro-2-hydroxypropyl)-2-nitroimidazole 2.3.27

3-Fluorophenothiagzine 7.2.3

Formaldehyde 4.1.1, 4.1.2

Formate ion 9.74.

Furadantin 2.2.5

2-Furaldehyde , 5-nitro-, semicarbazone 2.2.4

2-Furamide, N-butyl-5-nitro- 2.2.17

Furan, 2-methoxymethyl-5-nitro- 2.2.3

2-Furanacetamide, o-[(5-nitro-2-furanyl)methylene}-

(2) 229
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2-Furanacetamide, o-[(5-nitro-2-furanyl)methylene]-
(B) 2.2.10

Furaspor 2.2.3

2-Furoic acid, 5-nitro- 2.2.7

(E)-2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 2.2.10

(2)-2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 2.2.9

cis-2-{2-Furyl)-3-(5-nitro-2-furyl)acrylamide 2.2.9

trans-2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 2.2.70

Gentisic acid 5.3.2

Glutamine, N-[1-[[(carboxymethyl)amino|carbonyl}-2-
((1,4-dihydro-2-methyl-1,4-
dioxo-3-naphthyl)thiolethyl]- 7.2.76

3-(5-Glutathionyl)-2-methyl-1,4-naphthoquinone 1.2.16

Guanine 6.4.3

Guanosine 6.4.4

4,4',5,5',6,6'-Hexahydroxydiphenic acid, 1,6,1',6'-
dilactone 8.1.70

1,1',2,2' 8,8'-Hexamethyl-4,4'-bipyridininm 2307

Homogentisic acid 5.4.6

Hydrated electron 9.7.

Hydrasine 9.35.

Hydrazine radical cation 9.35.

Hydrodioxy 9.42., 9.47., 9.48.

Hydrogen 9.7.

Hydrogen hypoiodite 9.27., 9.28.

Hydrogen peroxide 9.45., 9.46., 9.47., 9.49.

Hydrogen peroxomonosulfate ion 9.64.

Hydrogen selenite(IV) jon 9.67.

Hydrogen sulfite ion 9.59., 9.67.

Hydroperoxide ion 9.44., 9.48.

Hydroperoxyl 9.42., 9.47., 9.48.

Hydroquinone 5.4.7

Hydroquinone-2,5-disulfonate ion 5.4.2

Hydroxide ion 9.39., 9.40.

p-Hydroxyacetanilide 5.1.7

4-Hydroxybenzoic acid 5.71.3

7-Hydroxycoumarin 8.1.2

2-Hydroxy-10-(3-dimethylaminopropyl)phenothiazine
7.6.3

5-Hydroxydopamine 5.5.2

1-Hydroxyethyl 4.7.4

1-(2-Hydroxyethyl)aminocarbonylmethyl-2-
nitroimidazole 2.3.32

1-[(2-Hydroxyethyl)aminocarbonylmethyl}-3-nitro-7-
arzaindole 2.6.4

1-(2-Hydroxyethyl)-2,4-dinitroimidazole 2.3.22

2-Hydroxyethyl disulfide 4.2.2

1,1'-Hydroxyethylene-2,2'-bipyridinium 3.3.3

i-Hydroxyethyl(1-) 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
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1-(2-Hydroxyethyl)-2-nitroimidagzole 2.3.27
1-(2-Hydroxyethyl)-2-nitroimidazole acetate 2.3.37
1-(2-Hydroxyethyl)-1'-pentyl-4,4'-bipyridinium 3.771.3
10-{3-(4-(2-Hydroxyethyl)-1-
piperasinyl)propyl]phenothiazine 7.4.18
Hydroxyhydroquinone 5.5.4
7-Hydroxy-2-[2-(2-hydroxyethyl)aminoethyl]-5-[[2-(2-
hydroxyethyl)aminoethyljamino}-anthra[1,9-cd)pyras
1.5.11
5-Hydroxyindole 6.2.2
Hydroxyl 9.4., 9.17., 9.28., 9.38., 9.39., 9.49.
1-(2-Hydroxy-3-methoxypropyl)-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-nitroimidasole
2.3.35
Hydroxymethyl 4.1.2
Hydroxymethyl, conjugate base 4.1.7
1-Hydroxy-1-methylethyl, conjugate base 4.1.5
1-Hydroxy-1-methylethyl 4.1.6
5-(1-Hydroxy-1-methylethyl)-1-methyl-2-
nitroimidagole 2.3.13
5-Hydroxymethyl-1-methyl-2-nitroimidazcle 2.3.7
2-Hydroxymethyl-1,4-naphthoquinone 1.2.7
1.2.3
5-Hydroxy-2-nitrobenzofuran 2.8.7

5-Hydroxy-1,4-naphthoquinone

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

8-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxvylic
acid 8.1.6

5-Hydroxytryptophan 6.2.10

3-Hydroxytyramine 5.2.5

Hydroxyurea 4.3.1

Hypobromous acid 9.3., 9.4.

Hypochlorous acid 9.76., 9.17.

Hypoiodous acid 9.27., 9.28.

Hypoxanthine 6.4.5

Imidaszole, 1-[2-(1-aziridinoethyl)amino-2-
hydroxypropyl]-2-nitro- 2.3.63

Imidagole, 1-[2,2-bis(isopropyl)aminoethyl}-2-nitro-
2.3.62

Imidazole, 2-bromo-1-methyli-4-nitro- 2.4.32

Imidazole, 4-bromo-1-methyl-5-nitro- 2.5.7

Imidazole, 5-bromo-1-methyl-4-nitro- 2.4.4

Imidazole, 2-[(4-carboxyphenoxy)ethyl|thio-1-methyl-5-
nitro- 2.5.13

Imidazole, 5-chloro-1-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)-1-methyl-2-nitro-,
diacetate 2.3.76

Imidagole, 1-(2,3-dihydroxypropyl)-2-nitro- 2.3.29

Imidazole, 1-(2,3-dthydroxypropyl)-5-lodo-4-nitro-
2.4.36

Imidaszole, 1,2-dimethyl-5-nitro- 2.5.10

Imidazole, 2,4-dinitro- 2.3.2

Imidagole, 5-ethenyl-1-methyl-2-nitro- 2.3.8

Imidazole, 1-(2-ethoxyethyl)-2-nitro- 2.3.34

Imidaszole, 1-(2-ethylsulfonyl)ethyl)-2-methyl-5-nitro-
2.5.21

Imidasole, 1-[(2-ethylsulfonyl)ethyl]-2-nitro- 2.3.36

Imidazole, 1—[3-]\7—(3-hyﬂroxypiperidinn)-2-
hydroxypropyl}-2-nitro- 2.3.75

Imidagole, 2-iodo-1-methyl-4-nitro- 2.4.33

Imidagole, 2-iodo-1-methyl-5-nitro- 2.5.7

Imidaszole, 4-iodo-1-methyl-5-nitro- 2.5.2

Imidazole, 5-iodo-1-methyl-4-nitro- 2.4.6

Imidaszole, 4-iodo-5-nitro- - 2.4.2

Imidazole, 1-(2-methoxyethyl)-2-nitro- 2.3.28

Imidasgole, 1-[2-(methoxythiocarbonylamino)ethyl}-2-
methyl-5-nitro- 2.5.19

Imidazole, 1-methyl-2,4-dinitro- 2.4.34

Imidazole, 1-methyl-2,5-dinitro- 2.5.8

Imidazole, 1-methyl-5-(1-methylethyl)-2-nitro- 2.3.12

Imidazole, 1-methyl-5-|{methyl{oxyamino)methylene|-2-
nitro- 2.3.10

Imidazole, 1-methyl-2-(methylsulfonyl)-4-
nitroimidazole 2.4.35

Imidazole, l-methyl-Q-(methylsulfonyl)—S-nitro- 2.5.12

Imidazole, 1-methyl-2-{methylsulfonyl)-5-nitro- 2.5.11

Imidazole, 1 methyl-5-(mcthyloulfonyl)-4-nitro- 2.4.9

Imidazole, 1-methyl-4-(N-morpholinosulfonyl)-5-nitro-
25.3

Tmidazole, 1-methyl-5-( N-morpholinoiminomethy1).2-
nitro- 2.3.17

Imidarole, 1-methyl-5-(N-morpholinosulfonyl)-4-nitro-
2.4.14

Imidazole, 2-methyl-4-nitro- 2.4.3

Imidazole, 1-methyl-4-ritro-5-(p-hydroxyphenoxy)-
2.4.17

Imidazole, 1-methyl-4-nitro-5-(phenylthio)- 2.4.44

Imidazole, 1-methyl-4-nitro-5-phenoxy- 2.4.16

Imidazole, 1-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

‘Imidaszole, 1-(3- N-morphinolopropyl)-2-nitro- 2.3.47

Imidazole, 1-(4- N-morpholinobutyl)-2-nitro- 2.3.48

Imidazole, i-(4-N-morpholinobutyl}-2-nitro-,
methiodide 2.3.4Y
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Imidazole, 1-(2- N-morpholinoethyl)-2-nitro- 2.3.45

Imidagole, 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- 2.3.57

Imidazole, 1-(8-N-morpholinooctyl)-2-nitro- 2.3.52

Imidazole, 1-(5-N-morpholinopentyl)-2-nitro- 2.3.50

Imidagole, 1-(11-N-morpholinoundecyl)-2-nitro- 2.3.53

Imidazole, 2-nitro- 2.3.1

Imidagzole, 4-nitro- 2.4.7

Imidazole, 2-nitro-1-(2-oxopropyl)- 2.3.24

Imidazole, 2-nitro-1-(2-phenoxyethyl)- 2.3.40

Imidazole, 2-nitro-1-(3-phenoxypropyl)- 2.3.43

Imidazole, 2-nitro-1-(2-phenylsulfonylethyl)- 2.3.47

Imidagole, 2-nitro-1-[2-(2-pyridylethyl)]- 2.3.60

Imidagole, 2-nitro-1-[2-(1-pyrrolidinyl)ethyl]- 2.3.54

Imidazole, 2-nitro-1-{4-(1-pyrrolidinyl)butyl}- 2.3.55

Imidagole, 5-(N-piperaginoiminomethyl)-{-methyl-2-
nitro- 2.3.18

Imidaszole, 1-(3—N—piperidinq—Z-hydroxypropyl)-2-nitro~
2.3.74

Imidagole, 5-(N-piperidinoiminomethyl)-1-methyl-2-
nitro- 2.3.19

Imidagole, 1-(4- N-piperidinylbutyl)-2-nitro- 2.3.58

Imidazole, 1-(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-1-
oxypiperidinyl)amino)-2-hydroxypropyl}-2-nitro-
2.3.71

Imidagole, 1-{3-[4-(2,2,5,5-
tetramethylpiperidinyl)amino}-2-hydroxypropyl]-
2-nitro- 2.3.72

Imidazole-1-acctamide, N-benpyl-2-nitro- 2.5.42

Imidazole-1-acetamide, N,N-bis(2-hydroxyethyl)-2-
nitro- 2.3.39 .

Imidagole-1-acetamide, N.(2,3-dihydroxypropyl)-2-
nitro- 2.3.37

Imidazole-1-acetamide, N-(2-hydroxyethyl)-2-nitro-
2.3.32

Imidazole-1-acetamide, 4-iodo- N'-(3-pyridylmethyl)-5-
nitro- 2.5.23

Imidazole-1-acetic acid, 5-ethyl-2-nitro-, ethyl ester
2.3.33

Imidazole-1-acetic acid, 4-iodo-5-nitro-, ethyl ester
2.5.17

Imidagole-1-acetic acid, §-iodo-4-nitro-, ethyl ester
2.4.37

Imidazole-1-acetic acid, 2-nitro- 2.3.20

Imidazole-1-acetic acid, 2-nitro~, methyl ester 2.3.25

Imidagole-5-carbonitrile, 1-methyl-2-nitro- 2.3.3

Imidagole-2-carboxaldehyde, 1-methyl-5-nitro- 2.5.9
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Imidazole-5-carboxaldehyde; 1-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, 1-methyl-2-nitro- 2.3.5
Imidasgole-5-carboxylic acid, 1-methyl-2-nitro-, methy!
ester 2.3.9 .
Imidazole-1-ethanamine, N, N-bis(1-methylethyl)-2-
nitro- 2.3.62
Imidazole-1-ethanamine, 2-nitro- N-phenyl- 2.3.67
Imidazole-1-ethanol, a-[(benzylamino)methyl]-2-nitro-
2.3.68
Imidagole-1-ethanol, a-[bis(2-
hydroxyethyl)aminomethyl}-2-nitro- 2.3.66
Imidazole-1-ethanol, u-(chloromethyl)-2v-methy]-5-
nitro- 2.5.76 :
Imidazole-1-ethanol, a-(chloromethyl)-2-nitro- 2.3.26
Imidazole-1-ethanol, a-(diethylamino)methyl-2-nitro-
2.3.65
Imidazole-1-ethanol, a-[(1,1-
dimethylethyl)amino|methyl]-2-nitro- 2.3.67
Imidazole-1-ethanol, a-[(dimethylamino)methyl}-2-
nitro- 2.3.64
Imidazole-1-ethanol, 2,4-dinitro- 2.3.22
Imidazole-1-ethanol, a-(fluoromethyl)-2-nitro- 2.3.27
Imidazole-1-ethanol, 5-iodo-o-{methoxymethyl)-4-
nitro- 2.4.38, 2.5.18

Imidazole-1-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-1-ethanol, a-{methoxymethyl)-2-nitro-
2.3.35

Imidazole-1-ethanol, a-[(4-
methoxyphenylamino)methyl]-2-nitro- 2.3.69

Iidazole-1-ethanol, a-[[2-(1-methylethyl)oxy-1-
(chloromethyl)ethoxy|methyl]- 2.3.44

Imidaszole-1-ethanol, 2-methyl-4-nitro-, dihydrogen
rhosphate ester 2.5.14

Imidazole-1-ethanol, 2-methyl-5-nitro- 2.5.15

Imidazole-1-ethanol, 5-methyl-2-nitro- 2.3.23

Imidazole-1-ethanol, a-(4-morpholinomethyl)-2-nitro-
2.3.76

Imidazole-1-ethanol, 2-nitro, acetate 2.3.37

Imidazdle-l-ethanol, 2-nitro- 2.3.21 ‘

Imidazole-1-ethanol, 2-nitro-a-[(3-
propenyloxy)methyl]- 2.3.38

Imidagole-1-ethanol, 2-nitro-a-(pyrrolidinylmethyl)-
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'-acetyl-1-methyl-4-nitro-
2.4.12

Imidazole-5-sulfonamide, N'-(2-chlorophenyl)-1-
methyl-4-nitro- 2.4.23

Imidazole-4-sulfonamide, 1-methyl-5-nitro- 2.5.4

Imidasgole-5-sulfonamide, 1-methyl-4-nitro 2.4.8

Imidazole-5-sulfonamide, 1-methyl-4-nitro-N'-phenyl-
2.4.22 )

Imidazole-5-sulfonamide, 1-methyl- N'-(1-naphthyl)-4-
nitro- 2.4.31

Imidazole-5-sulfonamide, 1-methyl- N"-(2-
methylphenyl)-4-nitro- 2.4.24

Imidazole-5-sulfonamide, 1-methyl-IV'-
(dimethylamino)methyl-4-nitro- 2.4.73

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
ester 2.5.0

Imidazole-4-sulfonic acid, 1-methyl-5-nitro-, phenyl
ester 2.5.5

Imidazole-5-sulfonic acid, 1-methyl-4-nitro-, 1-naphthyl
ester 2.4.30

Imidazole-5-sulfonic acid, 1-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 2.4.27

Imidazole-5-sulfonic acid, 1-methyl-4-nitro-, phenyl
ester 2.4.19

Imidazole-5-thioacetic acid, 1-methyl-4-nitro- 2.4.70

Imidazole-5-thiol, 1-methyl-4-nitro- 2.4.7

2,4-Imidazolidinedione, 1-[(5-nitro-2-
furanyl)methylene]amino]- 2.2.5

Imidazol-5-one, 1-methyl-4-nitro- 2.4.42

8a-N-Imidazolylriboflavin 4.6.4

Imidazo[1,2-a]pyridinium, 1-ethyl-2,3-dihydro-6-nitro-
2.8.13 .

Imidazo{1,2-g]pyridinium, 1-phenyl-2,3-dihydro-6-
nitro- 2.8.74

Imidazo[2,1-bthiazole, 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 ’

Indigodisuifonate 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 acid 6.2.6

5,8-Indolinedione, 3-hydroxy-1-methyl 1.5.7

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 9.37., 9.32.

2-lodo-1-methyl-4-nitroimidasole 2.4.33

2-lodo-1-methyl-5-nitroimidazole 2.5.7

4-lodo-1-methyl-5-nitroimidazole 2.5.2

5—Iado-1-methyl—4—nitroimidazole 2.4.6

4-lodo-5-nitroimidazole 2.4.2

§-lodo-4-nitroimidazole 2.4.2

4-Todo-5-nitro-1-(3-
pyridylmethylaminocarbonylmethyl)imidazole
2.5.23

3-Iodophenothiagine 7.2.4

Todous acid 9.37.

Isobarbituric acid 6.3.5

Isocyanate ion 9.72.

Isoindole-4,7-dione, 1,2-dimethyl-3-phenyl- 71.4.7

Isoindole-4,7-dione, 5,6-dimethyl-3-phenyl-1,2-
trimethylene- 1.4.7

Isoindole-4,7-dione, 1-ethoxycarbonyl-2,5-dimethyl-3-
phenyl- 71.4.10

Isoindole-4,7-dione, 1-ethoxycarbonyl-5-methyl-2,3-
trimethylene- 7.4.9

Isoindole-4,7-dione, 1-ethoxycarbonyl-6-methoxy-5-
methyl-2,3-trimethylene- 7.4.77

Isoindole-4,7-dione, 2-methyl-3-phenyl- 7.4.5

Isoindole-4,7-dione, 1-methyl-2,3-trimethylene- 1.4.6

Isoindole-4,7-dione, 5-methyl-1,2-trimethylene- 7.4.2

Isoindole-4,7-dione€, 1-phenyl-2,3-trimethylene- 7.4.4

Isoindole-4,7-dione, 1,2,5,6-tetramethyl-3-phenyl- 7.4.8

Isoindole-4,7-dione, 1,2,5-trimethyl-3-phenyl- 7.4.3

Isopromethazine 7.4.7 )

5-Isopropyl-1-methyl-2-nitroimidagole 2.3.12

Juglone 1.2.3

1-10333 2.3.9

1-10522 2.3.18

L-10926 2.3.16

L-11174 2.3.19

L-11176 2.3.17

1-12134 2.3.13

L-6347 2.3.12

L-6678 2.3.23

1L-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 7.2.6

Mepazine 7.4.73

Mercapto 9.52., 9.53.

Mercaptoacetic acid 8.3.2.2

2-Mercaptoethanol 8.3.1.2, 8.3.2.1, 8.3.4.1

B-Mercaptoethanol (oxidized) 4.2.2

5-Mercapto-1-methyl-4-nitroimidazole 2.4.7

3-Morcaptopropionic acid 8.3.2.4

Methanamine, N-[(1-methyl-2-nitroimidazol-5-
yl)methylene], N-oxide 2.3.10

Methanediol, (1-methyl-2-nitroimidazoyl-5-y1)-, diace-
tate 2.3.76
Methanesulfonamide, N-[4-(9-acridinylamino)-3-
methoxyphenyl]-, conjugate acid 4.8.7
Methoxatine 1.5.70
1-[3-(4-Methoxybenzylamino)-2-hydroxypropyl]-2-
nitroimidazole 2.3.70
3-Methoxycarbonyl-6,7-dihydrodipyrido[1,2-a:2',1'-
c|pyrazinediium 3.3.8
5-Methoxycarbonyl-1,1’-ethylene-2,2’-bipyridinium
3.3.8
1-(2-Methoxycarbonylethyl)-1'-propyl-4,4'-
bipyridinium 3.71.2
1-(Methoxycarbonylmethyl)-2-nitroimidazole 2.3.25
4-(Methoxycarbonyl)-1-methylpyridinium 4.4.4
1-[3-(Methoxycarbonyl)-2-propenylj-1’-methyl-4,4'-
bipyridinium 3.710.71 ’
2-Methoxy-10-(3-dimethylaminopropyl)phenothiazine
7.5.4
1-(2-Methoxyethyl)-2-nitroimidazole 2.3.28
Methoxyhydroquinone 5.4.4
o~-({Methoxymethyl)-2-methyl-4-nitroimidazole-1-
ethanol 2.4.39
o-(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 4.8.7
5-Methoxy-2-nitrobenzofuran 2.8.8
7-Methoxy-2-nitrobenzofuran 2.8.6
4-Methoxyphenol 5.1.5
1-Methoxyphenothiagine 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-(Methoxythiocarbonylamino)ethyl]-2-methyl-5-
nitroimidazole 2.5.19
1-Methyl-1'-(acetonyl)-4,4’-bipyridinium 3.70.6
N-Methyl-4-acetylpyridinium 4.4.3
1-Methyl-1'-allyl-4,4'-bipyridinium 3.70.5
6-[[(Methylamino)carbonyljoxy]methyl-1,4-
naphthoquinone 1.2.74
4-(Methylamino)phenol 5.1.6
p-Methylaminophenol 5.1.6
1-Methyl-1'- [aniliho(thiocarbonylmethyl)]~4,4 '
bipyridininm 3.70.74
Methyl-1,4-benzoquinone 17.7.2
1-Methyl-1'-benzyl-4,4’-bipyridinium 3.70.13
" 1-Methyl-4,4'-hipyridininm-1'-ovide 3.10.1
1-Methyl-1'-[2-bis(methylthio)ethenyl]-4,4'-
bipyridinium 3.70.8
1-Methyl-1’-carbamylmethyl-4,4'-bipyridinium 3.70.3
1-(2-Methylcarbonyloxyethyl)-2-nitroimidazole 2.3.37
1-Methyl-5-(4-chlorophenoxy )sulfonyl-4-nitroimidazole
2.4.20
1-Methyl-5-(2-chlorophenyl)aminosulfonyl-4-
nitroimidazole 2.4.23
1-Methyl-1'-[cyano(ethoxycarbonyl)methyl}-4,4'-
bipyridinium 3.70.70
1-Methyl-1’-cyanomethyl-4,4'-bipyridinium * 3.70.2
1-Methyl-1’'-(3-cyano-2-propenyl)-4,4’-bipyridinium
3.10.7
1-Methylcytosine 6.3.7
Ny-Methylcytosine 6.3.7
10-(2-Methyl-2-diethylaminoethyl)phenothiazine 7.4.74
10-(1-Methyl-2-dimethylaminoethyl)phenothiagine
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-dinitroimidasole 2.4.34

1-Methyl-2,5-dinitroimidazole 2.5.8

Methyldioxy 8.5.1

2-Methyl-1,1'-dipropyl-4,4’-bipyridinium 3.9.3

6-Methyldipyrido[1,2-a:2',1'-c|pyrasinediium 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-imidagolium Jtetra- O-acetylriboflavin
4.6.5
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1-Methylindole 6.2.3

2-Methylindole 6.2.4

3-Methylindole 6.2.5

1-Methylisonicotinamide 4.4.2

1-Methyllumichrome 4.6.7

3-Methyllumichrome 4.6.8

1-Methyl-1’-[3-(methoxycarbonyl)-2-propenyl]-4,4'-
bipyridinium 3.70.71

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-

nitroimidagole 2.4.27
1-Methyl-5-(1-methylethyl)-2-nitroimidazole 2.3.712
Methyl 1-methyl-2-nitroimidagole-5-carboxylate 2.3.9
1-Methyl-5-[methyl(oxyamina)methylene]-2-

nitroimidazole 2.3.10
1-Methyl-5-(2-methylphenyl)aminosulfonyl-4-

nitroimidazole 2.4.24
1-Methyl-2-(methylsulfinyl}-5-nitroimidazole 2.5.77
1-Methyl-2-(methylsulfonyl)-4-nitroimidazole 2.4.35
1-Methyl-2-(methylsulfonyl)-5-nitroimidasole 2.5.12
1-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 2.4.16 )
1-Methyl-4-(N-morpholinosulfonyl)-5-nitroimidazole

2.5.3
1-Methyl-5-( N-morpholinosulfonyl)-4-nitroimidazole

2.4.14
2-Methyl-1,4-naphthoquinol 8.7.3
2-Methyl-1,4-naphthoquinone 1.2.6
1-Methyl-5-(1-naphthylamino)sulfonyl-4-nitroimidazole

2.4.31
1-Methyl-5-(1-naphthyloxy)sulfonyl-4-nitroimidazole

2.4.30
1-Methylnicotinamide 4.4.7
1-Methyl-3-nitro-7-azaindole 2.6.1
1-Methyl-4-nitro-5-(p-hydroxyphenoxy)imidarole

2.4.17
2-Methyl-4-nitroimidazole 2.4.3
2-Methyl-5-nitroimidazole 2.4.3
Methyl 2-nitroimidazole-1-acetate 2.3.25
1-Methyl-2-nitroimidazole-5-carboxaldehyde 2.3.4
1-Methyl-2-nitroimidazole-5-carboxamide 2.3.6
1-Methyl-2-nitroimidazole-5-carboxylate ion 2.3.5
1-Methyl-5-nitroimidazole-2-carboxaldehyde 2.5.9
1-Methyl-4-nitroimidazole-5-sulfonamide 2.4.8
1-Methyl-4-nitroimidagol-5-one 2.4.42
1-{1-Methyl-2-nitroimidazol-5-y1)-1,2-ethanediol 2.3.77
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[(1-Methyl-2-nitroimidazol-5-
yl)methylene|propanedinitrile 2.3.15
(1-Methyl-4-nitroimidazol-5-yl)thioacetic acid 2.4.70
1-Methyl-4-nitro-5-phenoxyimidagole 2.4.16 '
1-Methyl-5-(4-nitrophenoxy)sulfonyl-4-nitroimidazole
2.4.21
1-Methyl-5-nitro-4-phenylsulfonylimidazole 2.5.5
1-Methyl-5-nitro-4-phenylsulfonyloxyimidazole 2.5.6
1-Methyl-4-nitro-5-(phenylthio)imidazole 2.4.44
1-Methyl-2-nitro-5-vinylimidazole 2.3.8
1-Methyl-5-ox0-4-nitroimidazole 2.4.42
1-Methyl-1'-(2-oxopropyl)-4,4'-bipyridinium 3.70.6
Methylperoxyl 8.5.1
1-Methylphenanthrolino[4,5-4:6,7-c|diazepinediium
3.6.6
4-Methylphenol 5.7.4
10-Methylphenothiazine 7.4.2
3-Methylphenothiazine 7.2.6
N.-Methylphenothiazine 7.4.2
1-Methyl-5-phenoxysulfonyl-4-nitroimidazole 2.4.79
1-Methyl-5-phenylaminosulfonyl-4-nitroimidazole
2.4.22
2-Methyl-3-phenylisoindole-4,7-dione 1.4.5
1-Methyl-A-phenylsnlfonyl-4-nitroimidasole 2.4.18
2-Methyl-1-(2-phosphatoethyl)-4-nitroimidazole 2.5.14
2-Methyl-3-phytyl-1,4-naphthoquinone 1.2.17, 8.1.4
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-Methyl-1-piperazinyl)propyl]-2-
trifluoromethylphenothiazine 7.5.8
10-( N-Methyl-3-piperidinyl)methylphenothiazine 7.4.13
3-Methyl-2-pyragzolin-5-one 8.4.7
4-Methyl-2-pyragolin-5-one 8.4.2
1-Methyl-1’-[(1-pyrazolyl}thiocarbonylmethyi]-4,4'-
bipyridinlum 3.70.712
1-[2-(Methylsulfonyl)ethyl]-2-nitroimidazole 2.3.30
2-Methylthio-10-[2-{ N-methyi-2-
piperidinyl)ethyl]phenothiazine 7.5.6
10-(2-Methyl-2-trimethylammonioethyl)phenothiazine
7.4.11
B-Methyl-1,1'-trimethylene-2,2'-bipyridininm 3 4.2
1-Methy}-2,3-trimethyleneisoindole-4,7-dione 1.4.6
5-Methyl-1,2-trimethyleneisoindole-4,7-dione 1.4.2
1-Methyluracil 6.3.2
5-Methyluracil 6.3.3
Ny-Methyluracil 6.3.2
Methyl viologen 3.8.2
Metronidazole 2.6.15
Misonidaszole 2.3.35
Mitomycin C 1.6.7
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Mitozantrone 1.3.4

Morfamquat 3.8.43

1-(3- N-Morphinolopropyl)-2-nitroimidasole 2.3.47

4-Morpholinamine, N-[{1-methyl-2-nitroimidazol-5-
yl)methylene]- 2.3.17

Morpholine, 4-[1-methyl-4-nitroimidasol-5-yljsulfonyl-
2.4.14

Morpholine, 4-[1-methyl-4-nitroimidasol-5-
yljsulfonamidomethyl- 2.4.75

Morpholine, N-[1-methyl-5-nitroimidasol-4-yljsulfonyl-
2.5.3

Morpholine, 4-[11-(2-nitroimidazol-1-yl)undecyl]-
2.3.53

Morpholine, 4-[2-(2-nitreimidazol-1-yl)ethyl-,
methiodide 2.3.46

Morpholine, 4-[2-{2-nitroimidazol-1-yl)ethyl]- 2.3.45

Morpholine, 4-[2-(4-nitroimidazol-1-yl)ethyl]- 2.4.40

Morpholine, 4-{2-(5-nitroimidagol-1-yl)ethyl]- 2.5.22

Morpholine, 4-[3-(2-nitroimidazol-1-yl)propyl]- 2.3.47

Morpholine, 4-[4-(2-nitroimidazol-1-yl)butyl]- 2.3.48

Morpholine, 4-[4-(2-nitroimidazol-1-yl)butyl)-, V
methiodide 2.3.49

Merpholine, 4-[5-(2-nitroimidagol-1-yl)pentyl]- 2.3.50

Morpholine, 4-[6-(2-nitroimidazol-1-yl)hexyl- 2.3.57

Morpholine, 4-{8-(2-nitroimidazol-1-yljoctyl]- 2.3.52

4-Morpholineethanol, a-{{2-nitroimidazol-1-yl)methyl}-
2.3.76

1-(4- N-Morpholinobutyl)-2-nitroimidagole 2.3.48

1-(4- N-Morpholinobutyl)-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-Morpholinoethyl)-4-nitroimidazole 2.4.40

1-(2- N-Morpholinoethyl}-5-nitroimidazole 2.5.22

1-(5-N-Morpholinohexyl)-2-nitroimidazole 2.3.51

1-[3-(4-Morpholino)-2-hydroxypropyl)-2-nitroimidazole
2.3.76

1-{8- N-Morpholinooctyl)-2-nitroimidazole 2.3.52

1-(5- N-Morpholinopentyl}-2-nitroimidaszole 2.3.50

1-(11- N-Morpholinoundecyi}-2-nitroimidarole 2.3.53

1-[3-(4-Mnrpho]inyl]propylaminocarbonylmethyl]-!i-
nitro-7-azaindole 2.6.5

1-[3-(4-Morpholinyl)propylaminocarbonylmethyl]-3-
nitro-7-azaindole, protonated 2.6.8

7-[3-(4-Morpholinyl)propylaminocarbonylmethyl]-3-
nitro-7-azaindole 2.6.7

Multergan 7.4.71

NSC 302653 2.3.49

NSC 309929 2.3.571

NSC 313391 2.3.48

NSC 313392 2.3.58

NSC 313393 2.3.53
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NSC 313394 2.3.52 1,4-Naphthoquinone, 6-

NSC 313395 2.3.59 [[(methylamino)carbonyljoxy|methyl- 1.2.74

NSC 313398 2.3.50 1,4-Naphthoquinone, 2-methyl-3-(3,7,11,15-

NSC 313407 2.5.2 tetramethyl-2-hexadecenyl)- 1.2.77, 8.1.4

NSC 314919 2.3.55 1,2-Naphthoquinone 1.2.1

NSC 321271 2.4.18 1,4-Naphthoquinone 1.2.2

NSC 326151 2.4.14 1,4-Naphthoquinone-2-sulfonate ion 71.2.5

NSO 328153 2.5.5 . Nicotinamide adenine dinuclectide 4.4.6

NSC 326154 2.4.26 Nicotinamide adenine dinucleotide, reduced 8.2.7

NSC 326155 2.4.25 Nifuroxime 2.2.2

NSC 326156 2.4.21 Nifurpipone 2.2.6

NSC 326157 2.4.9 Nimorazole 2.4.40

NSC 329113 2.4.6 Nitracrine 2.7.2

NSC 329114 2.5.6 Nitrate ion 9.37.

NSC 329115 2.5.3 Nitrite ion 9.36.

NSC 329116 2.4.4 3-Nitroacetophenone 2.1.9

NSC 329117 2.5.1 4-Nitroacetophenone 2.7.70

NSC 38075 2.4.8 m-Nitroacetophenone 2.7.9

NSC 38083 2.4.11 Nitroakridin 3582 2.7.7

NSC 38086 2.4.20 2-Nitrobenzaldehyde 2.1.12

NSC 38087 2.4.19 4-Nitrobenzaldehyde 2.7.13

NSC 38088 2.4.22 o-Nitrobenzaldehyde 2.7.72

NSC 38090 2.4.30 p-Nitrobengaldehyde 2.7.73

NSC 46506 2.4.15 Nitrobenzene 2.1.771

NSC 46509 2.4.12 2-Nitrobengimidazole 2.8.7

NSC 46510 2.4.13 2-Nitrobenzofuran 2.8.4

NSC 48511 2.4.24 2-Nitrobenzoic acid 2.7.74

NSC 468512 2.4.27 3-Nitrobenzoic acid 2.1.15

NSC 46513 2.4.23 . 4-Nitrobenzoic acid 2.1.16

NSC 48514 2.4.31 m-Nitrobenzoic acid 2.7.15

5,12-Naphthacenedione, 8-acetyl-10[(3-amino-2,3,6- o-Nitrobenzoic acid 2.71.74
trideoxy-hexopyranosyloxy|-tetrahydro-6,8,11- 2-Nitrobenzonitrile 2.1.717
trihydroxy-1-methoxy- 7.6.5 o-Nitrobenzonitrile 2.1.77

5,12-Naphthacenedione, 10-[(3-amino-2,3,6-trideoxy-a- 4-Nitrobenzyl alcohol 2.7.78
L-lyzo-hexopyranosyljoxy|- p-Nitrobenzyl alcohol 2.1.78
7,8,9,10-tetrahydro-6,8,11-trihydroxy-8- 71.5.4 8-Nitrocaffeine 2.8.3

Naphthalene, 1,4-dihydroxy-2-methyl- 8.1.3

4-Nitro-(3'-dimethylamino)propiophenone 2.7.79
Naphthazarin 7.2.4

5-Nitro-2-furaldehyde semicarbagone 2.2.4

1,4-Naphthoquinone, 2-[(acetyloxy)methyl]- 7.2.9 anti-5-Nitro-2-furaldoxime 2.2.2
1,4-Naphthoquinone, 6-[(acetyloxy)methyl]- 7.2.713 Nitrofurantoin 2.2.5 )
1,4-Naphthoquinone, 6-(bromomethyl)- 1.2.71 2-[2-(5-Nitro-2-furanyl)jethenylquinoline 2.2.7
1,4-Naphthoquinone, 1-[({(1- 1 [(5 Nitro 2 furanyl)mcthylenc]amino] 2,4
chloroethyl)aminojcarbonyljoxy|methyl- 1.2.10 imidazolidinedione 2.2.5
1,4-Naphthoquinone, 6-(chloromethyl)- 7.2.72 Nitrofurazone 2.2.4
1,4-Naphthoquinone, 5,8-dihydroxy- 1.2.4 N-(5-Nitro-2-furfurylidene)-1-aminohydantoin 2.2.5
1,4-Naphthoquinone, 2,3-dimethyl- 7.2.15 5-Nitro-2-furoic acid 2.2.1
1,4-Naphthoquinone, 1-(S-glutathionyl)-2-methyl- Nitrogen dioxide 9.36.
1.2.16

Nitrogen trioxide 0.37
2-Nitroimidagole 2.3.7
4-Nitroimidazole 2.4.7
2-Nitroimidagzole-1-acetic acid 2.3.20

1,4-Naphthoquinone, 2-hydroxymethyl- 1.2.7
1,4-Naphthoquinone, 2-(methoxymethyl)- 71.2.8
1,4-Naphthoquinone, 2-methyl- 7.2.6
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3-(2-Nitroimidasol-1-yl}-1,2-propanediol 2.3.29

1-(2-Nitroimidagol-1-yI)-2-propanone 2.3.24

2-Nitro-1-(2-oxopropyl)imidazole 2.3.24

3-Nitrophenothiazine 7.2.5

2-Nitro-1-(2-phenoxyethyl)imidazole 2.3.40

2-Nitro-1-(3-phenoxypropyl)imidazole 2.3.43

2-Nitro-1-(2-phenylsulfonylethyl)imidazole 2.3.47

4-Nitropyridine 2.8.9

2-Nitro-1-[2-(2-pyridylethyl)]imidazole 2.3.60

§-Nitro-2,4-pyrimidinedione 2.8.77

5-Nitro-2-(2-quinolylbutadienyl)furan 2.2.8

5-Nitro-2-(2-quinolylethenyl)furan 2.2.7

8-Nitrotheophylline 2.8.2

2-Nitrothiophene 2.8.10

5-Nitrouracil 2.8.17

Norepinephrine 5.2.6

Octadecyl viologen 3.8.45

Ornidazole 2.5.16

Oxide radical ion 9.40.

Oxygen 9.41., 9.42.

Oxygen, lowest excited singliet state 9.43.

1-[3-(1-Oxypyridylmethylamino)carbonylmethylj-4-
nitroimidazole 2.4.41

Ozone 9.50.; 9.51.

Ozonide ion 9.50.

Ozonide radical, protonated 9.57.

Paraquat 3.8.2

Penicillamine 8.3.2.3

Peragzine 7.4.17

Perhydroxyl 9.42., 9.47., 9.48.

Peroxomonosulfate radical ion 9.64.

9,10-Phenanthrenequinone 1.5.3

1,10-Phenanthroline, conjugatc diacid 3.6.7

o-Phenanthroline, conjugate diacid 3.6.7

1,10-Phenanthroline 3.12.1, 4.4.9

o-Phenanthroline 3.72.7, 4.4.0

1,10-Phenanthrolinium, 1,10-dimethyl- 3.6.2

1,9-Phenanthrolinium, 1,9-dimethyl- 3.72.2

2,7-Phenanthrolinium, 2,7-dimethyl- 3.72.4

2,8-Phenanthrolinium, 2,8-dimethyl- 3.72.3

3,7-Phenanthrolinium, 3,7-dimethyl- 3.12.6

3,8-Phenanthrolinium, 3,8-dimethyl- 3.72.5

4,7-Phenanthrolinium, 4,7-dimethyl- 3.72.7

1,10-Phenanthrolinium, 1,10-ethylene- 3.6.3

1,10-Phenanthrolinium, 1,10 propylene. 3.6.4

1,10-Phenanthrolinium, 1,10-tetramethylene- 3.6.9

1,10-Phenanthrolinium 3.6.1

Phenanthrolino[4,5-a:ﬁ,?-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-¢|diazocinediium 3.6.9
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Phenanthrolino[4,5-a:6,7-c|pyrazinediijum 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- 2.71.8

Phenol, 4-methoxy- 5.1.5

Phenol, 4-methyl- 5.7.4

Phenol, 4-(methylamino)- 5.1.6

Phenothiazine 7.7.7

Phenothiagine, 10-acetyl- 7.4.3

Phenothiazine, 2-acetyl-10-{3-dimethylaminopropyl)-
7.5.5

Phenothiazine, 10-benzoyl- 7.4.12

Phenothiazine, 3-bromo- 7.2.1

Phenothiazine, 3-chloro- 7.2.2

Phenothiazine, 2-chloro-10-dimethylaminopropyl-
7.5.1

Phenothiazine, 2-chloro-10-{3-(4-(2-hydroxyethyl)-1-
piperazinyl)propyl]- 7.5.10

Phenothiazine, 2-chloro-7-methoxy- 7.3.7

Phenothiazine, 4-chloro-7-methoxy- 7.3.2

Phenothiaszine, 2-chloro-10-{3-(4-methyl-1-
piperazinyl)propyl}- 7.5.7

Phenothiazine, 3,7-dimethoxy- 7.3.4

Phenothiazine, 3,7-dimethyl- 7.3.3

Phenothiasine, 10-(3-dimethylaminopropyl)-2-
trifluoromethyl- 7.5.2

Phenothiazine, 2-dimethylaminosulfonamido-10-[3-(4-
methyl-1-piperazinyl)propyl]- 7.5.9

Phenothiazine, 5,5'-dioxide, 10-carbethoxy- 7.7.3

10H-Phenothiazine, 5,5'-dioxide 7.7.2

Phenothiazine, 1-ethoxy- 7.2.9

Phenothiazine, 3-ethoxy- 7.2.10

Phenothiazine, 3-fluoro- 7.2.3 -

Phenothiarine, 2-hydroxy-10-(3-dimethylaminopropyl)-
7.5.3

Phenothiazine, 10-[{3-(4-(2-hydroxyethyl)-1-
piperazinyl)propyl}- 7.4.18

Phenothiazine, 3-iodo- 7.2.4

Phenothiazine, 1-methoxy- 7.2.7

Phenothiaszine, 3-methoxy- 7.2.8

Phenothiazine, 2-methoxy-10-(3-dimethylaminopropyl)-

7.5.4

Phenothiazine, 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-[3(4-methyl-1-piperazinyl)propyl]-
7.4.17
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Phenothiasine, 10-[3-(4-methyl-1-piperazinyl)propyl}-2-
trifluoromethyl- 7.5.8

Phenothiagine, 10-(2-methyl-2-
trimethylammonioethyl)- 7.4.71

Phenothiazine, 3-nitro- 7.2.5

Phenothiazine, 3-phenyl- 7.2.77

Phenothiagine, 10-(2-pyrrolidinylethyl)- 7.4.8

Phenothiagine, 10-(6-sulfonatohexyl)- 7.4.9

10-Phenothiazinecarboxaldehyde 7.4.7

Phenothiazine-10-ethanamine, N,N-diethyl- 7.4.10

Phenothiazine-10-ethaneamine, N,N,a-trimethyl- 7.4.6

Phenothiazine-10-ethaneamine, N,N,B-trimethyl- 7.4.7

Phenothiazine-10-hexanamine, N,N-diethyl- 7.4.76

10H-Phenothiazine 5-oxide 7.7.1

10.H-Phcnothianine-10-prop5naminc, 2-chloro-N,N-
dimethyl- 7.5.7

Phenothiagine-10-propanamine, 2-methoxy-N,N-
dimethyl- 7.5.4

Phenothiazine-10-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 7.7.7 :

5-Phenothiazinium, 3,7-bis(dimethylamino)- 4.5.2

1-Phenyl-2,3-dihydro-8-nitroimidazo|1,2-¢]pyridinium
2.8.14

6-Phenyldipyrido[1,2-¢:2',1'-c|pyrazinediium 3.2.3

p-Phenylenediamine, N,N,N' N -tetramethyl- 6.1.5

o-Phenylenediamine 6.71.3

p-Phenylenediamine 6.7.4

1,1’-(1-Phenylethylene)-2,2’-bipyridinium 3.3.19

3-Phenylphenothiazine 7.2.77

Phenyl sulfone, (1-methyl-4-nitroimidazol-5-yl)- 2.4.78

1-Phenyl-2,3-trimethyleneisoindole-4,7-dione 7.4.4

Phthalagine-1,4-dione, 5-amino- 7.5.2

Pimonidazole 2.3.74

1-Piperazinamine, N-[(1-methyl-2-nitroimidazol-5-
yl)methylene]- 2.3.78

Piperazine, 1-[3-(2-chloro-10-phenothiazinyl)propyl]-4-
(2-hydroxyethyl)- 7.5.70

1-Piperazincacetic acid, 4-methyl-, [(6-nitro-2-
furanyl)methylene]hydrazide 2.2.6

1-Piperazineethanol, 4~methyl-(x-[2-nitr6imidazol—1-
yl)methyl]- 2.3.77

5-( N-Piperazinoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.78

1-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-yl)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)hexyl]- 2.3.59
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i-Piperidineethanol, 3-hydroxy-a-[2-nitroimidazol-1-
yl)methyl]- 2.3.75

1-Piperidineethanol, a-[(2-nitroimidazol-1-yl)methyl]-
2.3.74 v

Piperidine-1-oxy, 4-{2-hydroxy-3-(2-nitroimidasol-1-
yl)propylamino}-2,2,6,6-tetramethyl- 2.3.77

1-(3- N-Piperidino-2-hydroxypropyl)-2-nitroimidazole
2.3.74

5-(N-Piperidinoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.79

1-(4-N-Piperidinylbutyl)-2-nitroimidazole 2.3.58

1-(2-Piperidinylethyl)-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

Promasgine 7.4.5

Promethazine 7.4.6

1,3-Propanediamine, N,N-dimethyl-N'-(4-chloro-1-
nitro-9-acridinyl}- 2.7.3

1,3-Propanediamine, N,N-dimethyl-N'-(4-
dimethylamino-1-nitro-9-acridinyl)- 2.7.8

1,3-Propanediamine, N,/N-dimethyl-IV'-[4-[di(2-
acetoxyethyl)amino}-1-nitro-9-acridinyl]- 2.7.9

1,3-Propanediamine, N, N-dimethyl-N'-(4-fluoro-1-
nitro-9-acridinyl)- 2.7.4

1,3-Propanediamine, N,N-dimethyl-N’'-(4-methoxy-1-
nitro-9-acridinyl)- 2.7.6

1,3-Propanediamine, N,N-dimethyl- N'-(4-
methoxycarbonyl-1-nitro-9-acridinyl)- 2.7.7

1,3-Propanediamine, N,N-dimethyl-N'-(4-methyl-1-
nitro-9-acridinyl)- 2.7.5

1,3-Propanediamine, N,N-dimethyl-N'-(1-nitro-9-
acridinyl)- 2.7.2

Propanedinitrile, [(1-methyl-2-nitroimidazol-5-
yl)methylene]- 2.3.15

1,3-Propanediol, 3-(5-iodo-3-nitroimidazol-1-y1)- 2.4.36

1,2-Propanediol, 3-(2-nitroimidazol-1-yl)- 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 radical 4.1.6

1-Propanone, 3-dimethylamino-1-(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-Propylene-1,10-phenanthrolinium 3.6.4

Protocatechuic acid 5.2.3

Purine, |(3-amino-6-(2-methylpropyl)]-1-(4-nitro-5-
imidaszolyl)- 2.4.29

Purine, 3-amino-1-(4-nitro-5-imidazolyl)}- 2.4.28

Purine, 2,6,8-trihydroxy- 6.4.7
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Purine-2,6-dione, 3,7-dihydro- 6.4.6

Purine-2,6-dione, 3,7-dihydro-1,3-dimethyl-8-nitro-
2.8.2

Purine-2,6-dione, 3,7-dihydro-1,3,7-trimethyl-8-nitro-
2.8.3

Purin-6-one, 2-amino-1,7-dihydro- 6.4.3

Purin-8(1H)-one 6.4.5

2-Pyrazolin-5-one, 3,4-dimethyl- 8.4.3

3-Pyrazolin-5-one, 2,3-dimethyl-1-phenyl- 8.4.4

2-Pyrazolin-5-one, 3-methyl- 8.4.7

2-Pyrazolin-5-one, 4-methyl- 8.4.2

1-{(1-Pyraszolyljthiocarbonylmethyl}-1’-methyl-4,4'-
bipyridinium 3.70.72

Pyridine, 4-nitro- 2.8.9

Pyridine-1-oxide, 3-|(methylcarbamyljmethyl-4-
nitroimidazol-1-yl]- 2.4.47

Pyridinium, 4-aminocarbonyl-1-methyl- 4.4.2

Pyridinium, 4-cyano-1-ethyl- 4.4.5

Pyridinium, 1-ethyl-2,3-dihydro-6-nitroimidaso[1,2-a]-
2.8.13

Pyridinium, 1-phenyl-2,3-dihydro-6-nitroimidazo[1,2-
d- 2.8.14

Pyridinium ion, 3-aminocarbonyl-1-methyl- 4.4.1

4-Pyridyl-1,1'-ethylene-2,2'-bipyridinium 3.3.78

Pyrimidine, 5,6-dihydro-2,4,6-trihydroxy-5-methyl-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- 2.8.77

2,4(1H,3H)-Pyrimidinedione 6.3.7

2-Pyrimidinone, 4-amino- 6.3.6

2-Pyrimidinone, 4-amino-1-methyl- 6.3.7

Pyrocatechol 5.2.7

Pyrogallic acid 5.5.7

Pyrogallol §.5.7

Pyrrolidine, 1-[2-(2-nitroimidaszol-1-yl)ethyl]- 2.3.54

Pyrrolidine, 1-[4-(2-nitroimidazol-1-yl)butyl)- 2.3.55

1-(4- N-Pyrrolidinylbutyl)-2-nitroimidazole 2.3.55

1-[2-(N-Pyrrolidinyl)ethyl]-2-nitroimidazole 2.3.54

10-(2-Pyrrolidinylethyl)phenothiazine 7.4.8

1-(3- N-Pyrrolidinyl-2-hydroxypropyl)-2-nitroimidazole
2.3.73

1H-Pyrrolo(2,1,dlisoindole-6,9-dione, 2,3-dihydro-5-
ethoxycarbonyl-7-methyl- 1.4.9

1H-Pyrrolo[2,1,a]isoindole-6,9-dione, 2,3-dihydro-5-
ethoxycarbonyl-7-methyl-8-methoxy- 71.4.77

Pyrrolo[2,3-blpyridine, 1-(2-bromoethyl)-3-nitro- 2.6.2

Pyrrolo[2,3-b]pyridine, 1-(2,3-dihydroxypropyl)-3-
nitro 2.6.3

Pyrrolo|2,3-b|pyridine, 1-(ethoxycarbonylmethyl)-3-
nitro- 2.6.6
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Pyrrolo[2,3-b]pyridine, 1-[(2-
hydroxyethyl)aminocarbonylmethyl}-3-nitro-
2.64

Pyrrolo[2,3-b]pyridine, 1-methyl-3-nitro- 2.6.7

Pyrrolo(2,3-bpyridine, 1-[3-(4-
morpholinyl)propylaminocarbonylmethyl]-3-
nitro- 2.6.5

Pyrrolo(2,3-bjpyridine, 7-{3-(4-
morpholinyl)propylaminocarbonylmethyl]-3-
nitro- 2.6.7

Pyrrolo|2,3-b]pyridine, 7-[3-(4-
morpholinyl)propylaminccarbonylmethyl}-3-nitro-,
protonated 2.6.8

Pyrrolo(2,3-flquinoline-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 71.3.2

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)jethenyl- 2.2.7

Quinone 1.1.7

RGW-601 2.3.45

RGW-602 2.3.24

RGW-603 2.3.56

RGW-604 2.3.56

‘RGW-605 2.3.62

RGW-606 2.3.62
RGW-607 2.3.28
RGW-608 2.3.34
RGW-609 2.3.40
RGW-810 2.3.43
RGW-611 2.4.40
RGW-812 2.3.54
RGW-613 2.3.25
RGW-616 2.3.20
RGW-817 2.3.46
RGW-702 2.8.2
RGW-703 2.3.47
RGW-704 2.3.57
RGW-705 2.8.3
RGW-706 2.8.1
RGW-801 2.3.3
RGW-806 2.3.6
RGW-810 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 2.2.55
RSU 1017 2.3.51
RSU 1021 2.3.53
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RSU 1022 2.3.52 Ro 03-9482 2.3.64
RSU 1031 2.3.59 Ro 03-9848 2.3.72
RSU 1032 2.3.50 Ro 03-9993 2.3.63
RSU 1069 2.3.63 Ro 05-9129 2.3.1
RSU 2096 2.4.34 Ro 05-9983 2.3.29
RSU 2097 2.6.8 Ro 07-0289 2.3.26
RSU 3021 2.5.2 Ro 07-0582 2.3.35
RSU 3025 2.4.6 Ro 07-0741 2.3.27
RSU 3045 2.4.44 Ro 07-1902 2.3.38
RSU 3046 2.4.78 Ro 11-3696 2.5.20
RSU 3047 2.5.12 Ro 12-5272 2.3.30
RSU 3050 2.4.14 Ro 12-5273 2.3.36
RSU 3052 2.4.35 Ro 12-5275 2.3.41
RSU 3053 2.5.5 Ro 31-0052 2.3.75
RSU 3054 2.4.26 Ro 31-0054 2.3.70
RSU 3056 2.4.25 Rubidomycin 1.5.5
RSU 3057 2.4.21 SK 21981 2.54
RSU 3059 2.4.9 ~ SR-2508 2.3.32
RSU 3061 2.5.11 SR-2514 2.3.45
RSU 3062 2.5.6 SR-2530 2.3.37
RSU 3066 2.5.3 SR-2555 2.3.39
RSU 3067 2.5.7 Selenite(IV} ion 9.66.
RSU 3068 2.4.33 ' Selenite(V) ion 9.66., 9.67.
RSU 3069 2.4.4 Selenite radical ion 9.66., 9.67.
RSU 307t 2.5.1 Selenocyanate 9.68.
RSU 3084 2.4.32 Selenocyanide dimer, radical anion 9.68.
RSU 3100 2.4.16 Singlet oxygen 9.43.
RSU 3113 2.5.25 Skatole 6.2.5
RSU 3121 2.4.43 Sulfate(1-), dioxo- 9.58., 9.59.
RSU 3151 2.4.17 Sulfate(1-), pentaoxo- 9.64.
RSU 3162 2.4.36 Sulfate(1-), tetraoxo- 9.63.
Resorcinol 5.3.7 Sulfate(1-), trioxo- 9.60., 9.67., 9.62.
a-Resorcylic acid 6.3.3 Sulfate ion 9.62., 9.63.
Riboflavin, 8a-N-imidazoyl- 4.6.4 Sulfate radical ion 9.63.
Riboflavin, 8a-tetra- O-acetyl-( N-methyl- N-imidazolio)- Sulfhydryl dimer radical 9.54.
4.6.5 Sulfite ion 9.60.
Riboflavin 5'-(dihydrogen phosphate) 4.6.2 Sulfite radical ion 9.60., 9.61., 9.62.
Ribofiavine 4.6.7 10-(6-Sulfonatohexyl)phenothiazine 7.4.9
Ro 03-0350 2.3.69 10-(3-Sulfonatopropyl)phenothiazine 7.4.4
Ro 03-5580 2.8.14 Sulfur 9.52. :
Ro 03-5637 2.8.13 _ Sulfur dioxide 9.58.
Ro 03-8799 2.3.74 Sulfur dioxide radical anion 9.58., 9.59. .
Ro 03'8800 2.3.76 Superoxide radical anion 9.47., 9.43., 9.44., 9.45., 9.46.
Ro 03-9041 2.3.44 . 3,3',5,5'-Tetrabromodiphenoquinone 1.5.8
Ro 03-9309 2.3.68 3,3',6,5'-Tetrachlorodiphenoguinone  1.5.9
Ro 03-9310 2.3.73 6,7,8,9-Tetrahydro-2,13-dimethyldipyrido[1,2-a:2’,1'-
Ro 03-9311 2.3.65 c|[1,4]diazocinediium 3.5.2
Ro 03-0339 2.3.77 6,7,8,9- Tetrahydrodipyrido[1,2-2:2',1'-
Ro 03-9340 2.3.67 ¢][1,4]diazocinediium 3.5.7
"Ro 03-934% 2.3.66 6,7,8,9-Tetrahydro-2,3,12,13-tetramethyldipyrido(1,2-
Ro 03-9454 2.3.71 a:2’,1'-¢]{1,4]diazocinediium 3.5.3
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s Uybval vy i antheaguinone. 8.1.6

2 Telenhydroxy |1 benzopyrano]b,4,3-
¢def|l]benzopyran-5,7-dione 8.7.10
1,3,7,8-Tetramethylbenzo|g]pteridine-2,4-dione 4.6.9
Tetramethyl-1,4-benzoquinone 71.71.7
2,3,5,8-Tetramethylbenzoquinone 1.1.7
1,1’,2,2'-Tetramethyl-4,4'-bipyridinium 3.9.5
1,17,3,3'-Tetramethyl-4,4'-bipyridinium 3.9.6
1,1’-Tetramethylene-2,2’-bipyridinium 3.5.7
1,10-Tetramethylene-1,10-phenanthrolinium 3.6.9
4,5,4',5'-Tetramethyl-1,1'-ethylene-2,2'-bipyridinium
3.3.17
Tetramethylhydroquinone 5.4.70

2.4

1-[3-4-(2,2,5,5-Tetramethyl-1-oxypiperidinyl)amino}-2-
hydroxypropyl}-2-nitroimidazole 2.3.77

N,N,N',N'-Tetramethyl-p-phenylenediamine 6.71.5

1,2,5,8-Tetramethyl-3-phenylisoindole-4,7-dione 7.4.8

1-{3-[4-(2,2,5,5-Tetramethylpiperidinyl Jamino}-2-
hydroxypropyl]-2-nitroimidazole 2.3.72

4,5,4',5'-Tetramethyl-1,1"-tetramethylene-2,2'-
bipyridinium 3.5.3

4,6,4',6'-'I'etramethyl-1,1"'-trimethylene-2,2"-
bipyridinium 3.4.6

2,3,11,12-Tetramethyltriquat 3.4.6

Tetraquat 9.5.1

{1,2,5]Thiadiazolo[3,4-b|pyrazine, 5,8-di(2-furyl)- 4.8.3

[1,2,5]Thiadiazolo{3,4- b]pyrazine, 5,8-di-2-pyridinyl-
4.8.4

[1,2,5]Thiadiazolo[3,4-tlpyrazine, 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

p-Toluguinone 1.1.2
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Trichloromethyldioxy 8.5.2

Trichloromethylperoxyl 8.5.2

Trifluoperazine 7.5.8

Triflupromazine 7.5.2

1,2,3-Trihydroxybenzene 5.5.7

1,2,4-Trihydroxybenzene 5.5.4

3,4,5-Trihydroxyphenethylamine §.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

2,3,6-Trimethyl-1,4-benzoquinone 1.1.6

1,1',2-Trimethyl-4,4'-bipyridinium 3.9.7

1,1'-Trimethylene-2,2’-bipyridinium 3.4.7

1,1'-Trimethylene-4,7-dimethyl-1,10-phenanthrolinium
3.6.7

1,1'-Trimethylene-5-methoxy-2,2'-bipyridinium 3.4.3

Trimethylhydroquinone %.4.9

1,2,5-Trimethyl-3-phenylisoindole-4,7-dione 7.4.3

Triquat 3.4.1

Trolox C 6.1.6

Tryptamine 6.2.8

Tryptophan 6.2.9

L-Tryptophan, N-ocectyl- 8.2.12

Tryptophan, 5-hydroxy- 6.2.70

DL-Tryptophanamide 6.2.77

L-Tryptophyl-L-alanine 6.2.73

L-Tyrosinamide, N-acetyl- 6.7.11

Tyrosine 5.1.9

DL-Tyrosine, methyl ester 5.7.70

Umbelliferone 8.7.2
Uracil 6.3.7

Uracil, Ny-methyl- 6.3.2
Uric acid 6.4.7

Vitamin B, 4.6.7
Vitamin C 8.1.1
Vitamin K; 71.2.17, 8.1.4
Water 9.38.

Xanthine 6.4.6
1,1'-0-Xylylenebis-4,4’-bipyridinium 3.8.47
ZK-28943 2.5.9
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15. Molecular Formula Index

CNO™
CNS
CNS™
CNSe™
co,
CO,~
CoHN,0,%
CoH,S,
C,H,0
C,H,0~
CaHgO

CyNgSey™
C3H,N,O,
C3H3N30,

C3H60
CaHeO™
C3Hg0,8
C,H,NO,S
C,HNO,S
CAH3N304

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 9.70.

Dibromine radical ion 9.9, 9.70.
Trichloromethylperoxyl 8.5.2
Formate ion 9.74.
Formaldehyde 4.7.1,4.1.2
Hydroxymethyl, conjugate base 4.1.7
Hydroxymethyl 4.7.2
Methylperoxyl 8.5.1
Hydroxyurea 4.3.1

Cyanide radical 9.71.

Cyanide ion 9.77.

Isocyanate ion 9.72.
Thiocyanogen 9.55.
Thiocyanate ion 9.55., 9.56.
Selenocyanate 9.68.

Carbon dioxide 9.73.

Carbon dioxide radical anion 9.73., 9.74.

Cyanate radical anion 9.72.
Thiocyanogen 9.57.
Acetaldehyde 4.1.3, 4.1.4
1-Hydroxyethyl(1-) ion 4.71.3
Mercaptoacetic acid 8.3.2.2
1-Hydroxyethyl 4.1.4

2-Mercaptoethanol 8.3.7.2, 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-lodo-5-nitroimidazole 2.4.2
2,4-Dinitroimidazole 2.3.2

2-Nitroimidazole 2.3.7
4-Nitroimidazole 2.4.7

Acetone 4.1.5, 4.1.6

Acetone ketyl radical 4.1.5
3-Mercaptopropionic acid 8.3.2.4
Cysteine 8.3.7.1, 8.3.3.1
1-Hydroxy-1-methylethyl 4.1.6
2-Nitrothiophene 2.8.10

5-Nitrouracil 2.8.71

1745
C4H4BrN3O4 2-Bromo-1-methyl-4-nitroimidazole
2.4.32
4-Bromo-1-methyl-5-nitroimidazole 2.5.7
5-Bromo-1-methyl-4-nitroimidazole 2.4.4
C4H4CIN3;O, 5-Chloro-1-methyl-4-nitroimidazole 2.4.5
C4H IN3O,  2-lodo-1-methyl-4-nitroimidazole 2.4.33
2-lodo-1-methyl-5-nitroimidazole 2.5.7
4-lodo-1-methyl-5-nitroimidazole 2.5.2
5-lodo-1-methyl-4-nitroimidazole 2.4.6
04}I4N202 Uracil 6.3.1
CHyNy,O;  2,4,5-Trihydroxypyrimidine 6.3.5
Barbituric acid 6.3.4
C4HyNO,  1-Methyl-2,4-dinitroimidazole 2.4.34
1-Methyl-2,5-dinitroimidazole 2.5.8
C4H;N3O  Cytosine 6.3.6
C4HsN3Oy - 2-Methyl-4-nitroimidazole 2.4.3
C4HgNz0,S 5-Mercapto-1-methyl-4-nitroimidazole
2.4.7
C4HIsN3O3  1-Methyl-4-nitroimidazol-5-one 2.4.42
C4HgN,O  3-Methyl-2-pyrazolin-5-one 8.4.7
4-Methyl-2-pyrazolin-6-one 8.4.2
CyHgN4O © 4(5)-Aminoimidazole-5(4)-carboxamide
4.3.2
C4HgN4O4S 1-Methyl-4-nitroimidazole-5-sulfonamide
2.4.8
4-Aminosulfonyl-1-methyl-5-
nitroimidazole 2.5.4
C4H,002S, 2-Hydroxyethyl disulfide 4.2.2
Dithicerythritol 8.3.4.4
Dithiothreitol 8.3.4.2
CgH3NOg  5-Nitro-2-furoic acid 2.2.1
CsH4N,0,  4-Nitropyridine 2.8.9

CsH4N,0,8, 5H,7 H-2,3-Dioxa-2a,8-dithia(2a-ST" )-1,4-

diazacyclopent|c,d-indene 4.7.1

CsH4Ny03Sy 511,7 11-2,3-Dioxa-2a,6-dithia({2a-8TV )-1.4-

C5H,N,0,

diazacyclopent|c,d-indene 6-oxide
4.7.2
Nifuroxime 2.2.2

CsH4N,0,S, 5H,7H-2,3-Dioxa-2a,6-dithia(2a-S'V)-1,4-

Cgl1,N30,~

CsH,N,O
CsHyN4Oy

CgHyN,0,
CsHsN30,8

CsHgN3O03

CsHsN3zO04

diazacyclopent|c,d-indene 6,6-dioxide
4.7.3

1-Methyl-2-nitroimidazole-5-carboxylate
ion 2.3.5

Hypoxanthine 6.4.5

5-Uyano-1-methyl-2-nitroimidazole 2.3.3

Xanthine 6.4.6

Uric acid 6.4.7

1,2-{Ethanediylthio|-5-nitroimidazole
2.5.24

1-Methyl-2-nitroimidazole-5-
carboxaldehyde 234

1-Methyl-5-nitroimidazole-2-
carboxaldehyde 2.5.9

1-(2-Carboxymethyl)-2-nitroimidazole
2.3.20
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DMy M08 1,2 [Fthanediylsulfonyl}-5-nitroimidazole

2.56.26
3,4-|Ethanediylsulfonyl]-5-nitroimidazole
2.4.43
CgHgNj Adenine 6.4.7
CgHsN5sO  Guanine 6.4.3
CsHgNyOp  1-Methyluracil 6.3.2
Thymine 6.3.3
CsHgN4O;  1-Methyl-2-nitroimidazole-5-carboxamide
2.3.6
CsHgN4Og  1-(2-Hydroxyethyl)-2,4-dinitroimidazole
2.3.22
CsHyN3O  1-Methylcytosine 6.3.7
CsH;N30,  1,2-Dimethyl-5-nitroimidazole. 2.5.70
CsHyN30;  1-(2-Hydroxyethyl)-2-nitroimidazole

2.3.21
. 5-Hydroxymethyl-1-methyl-2-
nitroimidazole 2.3.7
CgHyN30,S 1-Methyl-2-(methylsulfinyl)-5-
nitroimidazole 2.5.11
CsliyN304S 1-Methyl-2-(methylsulfonyl)-4-
nitroimidazole 2.4.35
1-Methyl-2-(methylsulfonyl)-5-
nitroimidazole 2.5.12
1-Methyl-5-(methylsulfonyl)-4-
nitroimidazole 2.4.9
CsH;N3O5  6-Hydroxy-5-nitrothymine 2.8.12
CsHgNoO  3,4-Dimethyl-2-pyrazolin-5-one 8.4.3
CsH;1NO,S Penicillamine 8.3.2.3

Cgl4N,O4 m-Dinitrobenzene 2.1.2
o-Dinitrobenzene 2.7.7
p-Dinitrobenzene 2.1.3

CeliyNyOg  2,4-Dinitrophenol 2.71.8

Cgl1409 1,4-Benzoquinone 7.1.1

CGH4()8822— 1,4-Dihydroxybenzene-2,5-disulfonate ion
542 )

CegHzNO,  Nitrobenzene 2.71.17

CegHgN202S 7,8-Dihydro-6H[1,2,5]oxathiazolo[4,3,2-
h}[2,1,3]benzoxathiazole-3-S'Y 4.7.4

CeHgN4O4  5-Nitro-2-furaldehyde semicarbazone
224
CgllgO Phenul 6.1.1
CGHSO? Catechol 5.2.7
Hydroquinone 5.4.1
Resorcinol 5.3.1
CgHgO3 1,2,4-Benzenetriol 5.5.4
Pyrogallol 5.5.1
CGH7N Aniline 6.7.1
CgH7NO 4-Aminophenol 5.7.2
CgH;NOy  2-Methoxymethyl-5-nitrofuran 2.2.3
CgH7N3O,  5-Ethenyl-1-methyl-2-nitroimidazole
2.3.8
CegH7N303  2-Nitro-1-(2-oxopropyl)imidazole 2.3.24
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CgHyN30, - 1-(Methoxycarbonylmethyl)-2-
nitroimidazole 2.3.25
Methyl 1-methyl-2-nitroimidazole-5-
carboxylate 2.3.9
CgH;7N30,4S 5-Carhoxymethylthio-1-methyl-4-
‘ nitroimidasole 2.4.10
CgHgCIN;O3 1-(3-Chloro-2-hydroxypropyl)-2-
nitroimidazole 2.3.26
CgHgFN3O3 1-(3-Fluoro-2-hydroxypropyl)-2-
nitroimidazole 2.3.27
CgHgIN;0, 1-(2,3-Dihydroxypropyl)-5-iodo-4-
nitroimidazole 2.4.36
o-Phenylenediamine 6.1.3
p-Phenylenediamine 6.7.4
06H3N306P2“2-Methyl-1-(2-phosphatoethyl)—4-
nitroimidazole 2.5.74
1-Methyl-5-
[methyl{oxyamino)methylene]-2-
nitroimidazole 2.3.10
Ascorbic acid 8.1.1
1-(2-Hydroxyethyl)-2-methyl-5-
nitroimidazole 2.5.16
1-(2-Hydroxyethyl)-5-methyl-2-
nitroimidazole 2.3.23
1-{2-Methoxyethyl)-2-nitroimidazole
2.3.28
1-(2,3-Dihydroxypropyl)-2-nitroimidazole
2.3.29
5-(1,2-Dihydroxyethyl)-1-methyl-2-
nitroimidazole 2.3.771
CeHgN3gO,S  1-[2-(Methylsulfonyl)ethyl}-2-
nitroimidazole 2.3.30
CegHgN4O5S 5-Acetylaminosulfonyl-1-methyl-4-
nitroimidazole 2.4.72
CgHy9N40,48 5-(Dimethylaminosulfonyl)-1-methyl-4-
nitroimidazole 2.4.171
5-(3,3-Dimethyl-1-triazeno)imidazole-4-
carboxamide 4.3.3
CgH,;gNg0,S,Cystine 4.2.7

CgHgN,

CeHgN4O3

CgHgOp
CgHgN303

CgHgN304

CgH,oNgO

C;H4Ny0,  2-Nitrobenzonitrile 2.1.17
C;HNyOg  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
C;HgNO3;  o-Nitrobenzaldehyde 2.7.12
p-Nitrobenzaldehyde 2.7.73
CyH;NO,  4-Nitrobenzoic acid 2.1.16
m-Nitrobenzoic acid 2.1.715
o-Nitrobenzoic acid 2.1.14
C;HgN3Op  2-Nitrobenzimidazole 2.8.7
C7HgO, Methyl-1,4-benzoquinone 7.7.2
C;HgO3 4-Hydroxybenzoic acid 5.1.3
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CsHgO4 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

C;H;NO;  p-Nitrobenszyl alcohol 2.7.78

GCyHsN50, 8-Nitrotheophylline 2.8.2

CyHgIN3O4 1-(Ethoxycarbonylmethyl)-4-iodo-5-

nitroimidazole 2.5.17
Ethyl 5-iodo-4-nitroimidazole-1-acetate
2.4.37

C7HgN4O5  5-Amino-2,4-dinitrobenzamide 2.7.24

CyHgO - 4-Methylphenol 5.7.4

CrHgO, 4-Methoxyphenol 5.1.5
Methylhydroquinone 5.4.3

CyHgO, Methoxyhydroquinone 5.4.4

C7HgNO 4-(Methylamino)phenol 5.1.6

CyHgN,O"  1-Methylisonicotinamide 4.4.2
1-Methylnicotinamide 4.4.7

CyHgN3O5  1-(2-Methylcarbonyloxyethyl)-2-

nitroimidazole 2.3.37
C7HyCIN3Oza-(Chloromethyl)-2-methyl-5-
nitroimidazole-1-ethanol 2.5.16
C;H,IN;04 1-(2-Hydroxy-3-methoxypropy])-5-iodo-4-
nitroimidazole 2.4.38, 2.5.18
1-(2-Hydroxyethyl)aminocarbonylmethyl-
2-nitroimidazole 2.3.32
1-Methyl-5-(1-methylethyl)-2-
nitroimidazole 2.3.12
1-(2-Ethoxyethyl)-2-nitroimidazole 2.3.34
5-(1-Hydroxy-1-methylethyl)-1-methyl-2-
nitroimidazole 2.3.13
1-(2-Hydroxy-3-methoxypropyl)-2-
nitroimidazole 2.3.35
C7H;1N30,4S 1-[(2-Ethylsulfonyl)ethyl]-2-
nitroimidazole 2.3.36
C7H 1N5Og  5-(Dimethylaminoiminomethyl)-1-methyl-
2-nitroimidazole 2.3.14
C7H 5N, 0,8 5- ‘
[(Dimethylaminomethyl)aminosulfonyl]-
1-methyl-4-nitroimidazole 2.4.13

C7H,0N404
C711{1N30,

CyH1N3O3

G711 N304

CoHsN,S 2,1,3-Benzothiadiazole-4,7-dicarbonitrile
4.8.2

CglisNO3  2-Nitrobenzofuran 2.8.4

CgHgNO,;  5-Hydroxy-2-nitrobenzofuran 2.8.7

. 7-Hydroxy-2-nitrobenzofuran 2.8.5

CgHgN3Op  5-Aminophthalazine-1,4-dione 1.5.2

CgllgN5Oy  5-(2,2-Dicyanoethenyl)-1-methyl-2-
nitroimidazole 2.3.715

CgHgN4O5  Furadantin 2.2.5

CgHyN Indole 6.2.1

CgHyNO 5-Hydroxyindble 6.2.2

CgH;NO;  4-Nitroacetophenone 2.1.10

m~Nitroacetophenone 2.1.9
CgHyN3CGgy  1-Methyl-8-nitro-7-azaindole 2.6.7

1747

CgHgO, 2,3-Dimethyl-1,4-benzoquinone 1.1.3
2,5-Dimethyl-1,4-benzoquinone 1.71.4
2,6-Dimethyl-1,4-bensoquinone 1.1.5

CgHgO3 2,5-Dihydroxyacetophenone 5.4.5

CgHgOy ~ 2,6-Dihydroxyphenylacetic acid 5.4.6
3,4-Dihydroxyphenylacetic acid 5.2.4

CgHgNOy; ~ Acetaminophen 5.1.7

COgHgN, ™+ 4-Cyano-1-ethylpyridinium 4.4.5

CgHgN5O4  8-Nitrocaffeine 2.8.3

CgHgNOt  N-Methyl-4-acetylpyridinium 4.4.3

CsH;oNO,t  N-Methyl-4-
(methoxycarbonyl)pyridinium 4.4.4

CgH ;1902 1,4-Benzenediol, 2,5-dimethyl- 5.4.8
1,4-Dihydroxy-2,3-dimethylbengene §.4.7

CgHy N N,N-Dimethylaniline 6.1.2

CgH,;NO 4-(N,N-Dimethy]amino)phenol 5.1.8

CgH;NO, 3,4-Dihydroxyphenethylamine 5.2.5

CgH,;NO3  5-Hydroxydopamine 5.5.2

Norepinephrine 5.2.6
CgH;,N4038 1-[2-(Methoxythiocarbonylamino)ethyl]-2,-
methyl-5-nitroimidazole 2.5.19
CgHj,N4O5  1-(2,3-
Dihydroxypropyl)aminocarbonylmethyl-
2-nitroimidazole 2.3.37
CgH;5N,O58 1-Methyl—4-(N-morpholinosulfony])—5-
nitroimidazole 2.5.3
l-Methyl—S-(N-morpholinosulfonyI)-4-
nitroimidazole 2.4.14
a-(Methoxymethyl)-2-methyl-5-
nitroimidazole-1-ethanol 2.5.20
1-(2-Hydroxy—3—methoxypropyl)~2—
‘methyl-4-nitroimidazole 2.4.39
CgHy3N30,8 1-(2-Ethylsulfonyl)ethyl-2-methyl-5-
nitroimidazole 2.5.21

CgHy3N304

CgH4N404 l-(3-Dimethylamino-2-hydroxypropyl)—2—
nitroimidazole 2.3.64
08H140282 Lipoic acid 8.3.5.2

08H15N082 Lipoamide 4.2.3, 8.3.4.3
CgHgO3 7-Hydroxycoumarin 8.7.2
CgH7NO4  5-Methoxy-2-nitrobensofuran 2.8.8
7-Methoxy-2-nitrobenzofuran 2.8.6
CgHgBrN30; 1-(2-Bromoethyl)-3-nitro-7-azaindole
2.6.2

CoHgN,4O¢ 5—Aziridillyl-2,4—diniLrobenzamidp 2120
CgHgOy (E)-3,4-Dihydroxycinnamic acid 5.2.7
CgHgN 1-Methylindole 6.2.3
: 2-Methylindole 6.2.4
3-Methylindole 6.2.5
CgHgNO;  Adrenochrome 1.5.1

CgHgNgO,8 5-(3-Aminopurinyl)-1-methyl-4-
nitroimidazole 2.4.28
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CgHyoN403 2-.Amino-5~aziridinyl-4-nitrobenzamide
2.1.26

4-Amino-5-aziridinyl-2-nitrobenzamide

2.1.27

Col11002 2,3,5-Trimethyl-1,4-henzoquinone 1.1.6

CgHy1905 Ethyl gallate 5.5.3

Col1;iNO3  Adrenalone 52.8

: Tyrosine 6.1.9
CgH,;NO; DpL-DOPA 529

CgHN20Og 5-|Bis(methylcarbonyloxy)methyl}-1-
methyl}-2-nitroimidazole 2.3.16
CgH N0y N-Butyl-5-nitro-2-furamide 2.2.77
Cyl1;1,N30," 1-Ethyl-2,3-dihydro-6-nitroimidazo[1,2-
ojpyridinium 2.8.73
CgH1sNyO5  5-(Dimethylamino)-2,4-dinitrobenzamide
' 2.1.25

CgH1209 Trimethylhydroquinone 5.4.9
CgH13N304 a-(Allyloxymethyl)-2-nitroimidazole-1-
ethanol 2.3.38
Ethyl 5-ethyl-2-nitroimidazole-1-acetate
2.3.33
CoH; aNgOz  1-Methyl-5-{ N-morpholinoiminomethyl)-

2-nitroimidazole 2.3.17
CQH14N402 ’ 1—{2—(NPyrrolidinyl)ethyl}-Z-
nitroimidazole 2.3.54
1-(2-N-Morpholinoethyl!)-2-
nitroimidazole 2.3.45
1-(2-N-Morpholinoethyl)-4-
nitroimidazole 2.4.40
1-{2- N-Morpholinoethyl)-5-
nitrotmidazole 2.5.22
1-[Bis(2-
hydroxyethyl)aminocarbonylmethyl-2-
nitroimidazole 2.3.39 :
Cgl1 4NgO;,  5-(N-Piperazinoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.78
09H15N505S‘l-Methy)-E')—[[N-
morpholinomethylamino)sulfonyl]-4-
nitroimidazole 2.4.15

CgH14N4Og

C10HgO4

1,4-Naphthoquinone-2-sulfonate ion 1.2.5
1,2-Naphthoquinone 71.2.7
1,4-Naphthoquinone 1.2.2
C10Hs03 5-Hydroxy-1,4-naphthoquinone 7.2.3
C1oH604 5,8-Dihydroxy-1,4-naphthoquinone 71.2.4
C10HgCIN3O4S1-Methyl-5-(4-chlorophenoxy )sulfonyl-4-
nitroimidazole 2.4.20
2,2'-Bipyridine 4.4.7
4,4'-Bipyridine 3.8.1
C1oHgN4O75 1-Methyl-5-(4-nitrophenoxy)sulfonyl-4-
nitroimidagzole 2.4.27
C1pHgCIN,O,S1-Methyl-5-(2-
: chlorophenyl)aminosulfonyl-4-
nitroimidazole 2.4.23
Indole-3-acetic acid 6.2.6

C10HoNO,
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C10HgN304S 1-Methyl-4-nitro-5-(phenylthio)imidazole
2.4.44
CyoHgN3053 1-Methyl-4-nitro-5-phenoxyimidaszole
2.4.16
Cyol1gN304  1-Methyl-4:nitro-5-{p-
hydroxyphenoxy)imidagsole 2.4.17
C10HgN30,S 1-Methyl-5-nitro-4-
phenylsulfonylimidazole 2.5.5
1-Methyl-5-phenylsulfonyl-4-
nitroimidazole 2.4.18
C10HgN3058 1-Methyl-5-nitro-4-
phenylsulfonyloxyimidaszole 2.5.6
1-Methyl-5-phenoxysulfonyl-4-
nitroimidazole 2.4.19
CroH1oNo2t 2,2'-Bipyridinium 3.1.1
C1oH1oN4Oz 2-Nitro-1-{2-(2-pyridylethyl)|imidazole
2.3.60
C1oH;0N40,451-Methyl-5-phenylaminosulfonyl-4-
nitroimidazole 2.4.22
CIQI{“)N405 5-Aziridinyl~1\’-methyl-2,4~
dinitrobenzamide 2.7.27
CioHIN 2,3-Dimethylindole 6.2.7
CoH,;1N304 1-(2,3-Dihydroxypropyl)-3-nitro-7-
~ azaindole 2.6.3
CoH 2N,  Tryptamine 6.2.8
C,oH;209  Duroquinone 7.7.7
C1oH13NO3; DL-Tyrosine, methyl ester 5.1.10
C10H; 3N504 Adenosine 6.4.2
CyH13N505 Cuanosine 6.4.4
Ciot140;  Durohydrogquinone 5.4.10
C1oHy5N50p 5-(N-Piperidinoiminomethyl)-1-methyl-2-
nitroimidazole 2.3.19
N,N,N',N'-Tetramethyl-p-phenylene-
diamine 6.1.5
C1oH6N405 1-(2-Piperidinylethyl)-2-nitroimidazole
2.3.56
CyoH;6N,4O3 1-(3- N-Morphinolopropyl)-2-
nitroimidazole 2.3.47
1-(3-N-Pyrrolidinyl-2-hydroxypropyl)-2-
nitroimidazole 2.3.73
C,pH,sN40y4 1-{3-(4-Morpholino}-2-hydroxypropyl]-2-
nitroimidazole 2.3.76
CoH7IN4O31-(2-N-Morpholinoethyl)-2-nitroimidazole
methiodide 2.3.46
C10H;7N503 1-[2-(1-Aziridinoethyl)amino-2-
hydroxypropyl]-2-nitroimidazole
2.3.63
CoH;gN4O3 1-(3-Diethylamino-2-hydroxypropyl)-2-
nitroimidazole 2.3.65
1-{3-(tert-Butylamino)-2-hydroxypropylj-
2-nitroimidazole 2.3.67
CoH1gN4O5 1-[3-Bis(2-hydroxyethylamino)-2-
hydroxypropyl}-2-nitroimidazole
2.3.66

CyoH 16Ny
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Cy1H;BrO, 6-(Bromomethyl}-1,4-naphthoquinone
1.2.11
6-(Chloromethyl)-1,4-naphthoquinone
1.2.12
C11HgN, O (E)-2-(2-Furyl)-3-(5-nitro-2-
furylacrylamide 2.2.70
(2)-2-(2-Furyl)-3-(5-nitro-2-
furyl)acrylamide 2.2.9
2-Methyl-1,4-naphthoyuinone 1.2.6
2-Hydroxymethyl-1,4-naphthoquinone
1.2.7
C,1H,0IN5034-Iodo-5-nitro-1-(3-

C1:1H;C10,

Cy11g09
CllH803

C;1HgN4O3 1-(3-N-Piperidino-2-hydroxypropyl)-2-

nitroimidagole 2.3.74
1-(4- N-Morpholinobutyl)-2-

nitroimidazole 2.3.48

Cy1H,8N4O, 1-[3-N-(3-Hydroxypiperidino)-2-
hydroxypropyl}- 2-mtroxmldazole
2.3.75

C1HgN503 1-[3—N—(4-Methylpiperazino)-2-
hydroxypropyl]-2-nitroimidazole
2.3.77

C31HpoN,4O, 1-[2,2-Bis(isopropyl)aminoethyl]-2-
nitroimidazole 2.3.62

yndylmethylammocarbonylmethy1)1m1dazc§'e12H4Br402 3,3",5,5 Tetrabromodlphenoqumone

2.5.23

C11H100s  2-Methyl-1,4-naphthoquinol 8.1.3

C11H,N303 2-Nitro-1-(2-phenoxyethyl)imidazole
2.3.40

Cy1H N30, 7-(Ethoxycarbonylmethyl)-3-nitro-7-
azaindole 2.6.6

C;1H,;N30,82-Nitro-1-(2-
phenylsulfonylethyl)imidazole 2.3.47

Cy1H; 1 N3051-Methyl-5-(2-methoxyphenoxy )sulfonyl-
4-nitroimidazole 2.4.25

1-Methyl-5-(4-methoxyphenoxy)sulfonyl-

4-nitroimidazole 2.4.26

Cy1H;1Ns 0y 1-[3-(1-

Oxypyridylmethylamino)carbonylmethyl}-

4-nitroimidazole 2.4.471

C11H2NoO  2,3-Dimethyl-1-phenyl-3-pyrazolin-5-one
8.4.4

C11H;9NO" 1-Methyl-4,4'-bipyridinium-1'-oxide
3.10.1

C11H;,N,0, Tryptophan 6.2.9 v

C11H12N;03 5-Hydroxytryptophan 6.2.70

Cy1H;oN,40, 1-(2-Anilinoethyl)-2-nitroimidazole
2.3.61

C11ly12N4O4 1-[(2-
Hydroxyethyl)aminocarbonylmethyl}-
3-nitro-7-azaindole 2.6.4

C11H12N404SlvMethyl-5-(2-
methylphenyl)aminosulfonyl-4-
nitroimidazole 2.4.24

C11H,2Ny4O5 5-Aziridinyl- N, N-dimethyl-2,4-
dinitrobenzamide 2.71.22

CII}I]2N40581-Methyl-2-
methoxyphenylaminosulfonyl-4-
nitroimidazole 2.4.27

C11H13N3O DL-Tryptophanamide 6.2.11

CI]H14N203 4-Nitro-(3'-
dimethylamino)propiophenone 2.7.19

N-Acetyl-L-tyrosinamide 5.7.11

Cy1H;gN4Oy 1-(3- N-Piperidinylpropyl)-2-

nitroimidazole 2.3.57
1-(4- N-Pyrrolidinylbutyl)-2-

nitroimidazole 2.3.55

1.5.8
Cy2H,C1L 0, 3,3',5,5'-Tetrachlorodiphenoquinone
1.5.9

C12HeN4O,S 5,8-Di(2-furyl)-[1,2,5]thiadiazolo[3,4-
blpyrazine 4.8.3

C,2HgBrNS . 3-Bromophenothiazine 7.2.7

C1HgCINS 3-Chlorophenothiazine 7.2.2

CoHgFNS  3-Fluorophenothiazine 7.2.3

Cy9lIgINS  3-lodophenothiazine 7.2.4

C2HgN, 1,10-Phenanthroline 3.72.1, 4.4.9

C12HgN,0,S 3-Nitrophenothiazine 7.2.5

CIZHQNH» 1,10-Phenanthrolinium 3.6.1

C12HgNOS 10H-Phenothiazine sulfoxide 7.7.7

C1osHgNO,S 10H-Phenothiazine sulfone 7.7.2

C,;HgNS Phenothiazine 7.1.1

C12H,oCIN;S Thionine 4.5.1

Cy2H N2t Dipyrido[1,2-a:2',1'-¢]pyraginediium
3.2.1

C19H19N405 Lumichrome 4.6.6

Ci2H100s - 2,3-Dimethyl-1,4-naphthoquinone 1.2.15

C1oH003  2-(Methoxymethyl)-1,4-naphthoquinone
1.2.8

C12H11BrN22+6-Bromo-1,1’-ethylene-2,2'-
bipyridinium 3.3.2

Cy2H{{NOy 1-Methyl-2,3-trimethyleneisoindole-4,7-
dione 7.4.6

5-Methyl-1,2-trimethyleneisoindole-4,7-

dione 71.4.2

C1gH 5Ny  4,4'-Dimethyl-2,2'-bipyridine 4.4.8

Cy2H 5N,2t 1,1'-Ethylene-2,2'-bipyridinium 3.3.1

CIZH12N202+1,1'-Hydroxyethylene-?,?'-}ﬁpyridinium
3.3.3

C12H;sN4O3 1-(Benzylecarbamylmethyl)-2-
nitroimidazole 2.3.42

C2H13N20352-[(4-Carboxyphenoxy Jethyl]thio-1-
methyl-5-nitroimidazole 2.5.713

CoH;3Nz0; 2-Nitro-1-(3-phenoxypropyl)imidazole
2.3.43
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CyaHN2F 1,17 Dimethyl-2,2"-bipyridinium  3.7.2
1,1'-Dimethyl-2,4'-bipyridinium 3.7.7
1,1'-Dimethyl-4,4'-bipyridinium 3.8.2
4,4'-Dimethyl-2,2'-bipyridinium - 3.1.4
C1211;,N50,%% 1,1'-Dimethoxy-4,4'-bipyridinium 3.8.3
Cy9Hl1gNyO4 L-Alanyl-L-tyrosine 5.1.12
C9H17N504 Nifurpipone 2.2.6
C19HygCIN3051-{3-{(1-Chloromethyl-2-
isopropoxy Jethoxy|-2-hydroxypropyl]-
2-nitroimidazole 2.3.44

Q42H,oN, O, 1-(4- NPiperidinylbutyl)-2-nitraimidazale
2.3.58

C19HggN4O3 1-(5-N-Morpholinopentyl}-2-
nitroimidazole 2.3.50

C9HgIN4O31-(4- N-Morpholincbutyl)-2-nitroimidazole
methiodide 2.3.49

Cy3HgNOS  10-Phenothiazinecarboxaldehyde 7.4.1

C43HgCINOS2-Chloro-7-methoxyphenothiazine 7.3.1

4-Chloro-7-methoxyphenothiazine 7.3.2

2-{{Acetyloxy)methyl}-1,4-

naphthoquinone 1.2.9

6-{{ Acetyloxy )methyl|-1,4-

naphthoquinone  1.2.13

C1aH;NOS 1-Methoxyphenothiazine 7.2.7
3-Methoxyphenothiazine 7.2.8

C3H,;;NO,  6-{[(Methylamino)carbonyljoxy}methyl-

1,4-naphthoquinone 7.2.74
10-Methylphenothiazine 7.4.2
3-Methylphenothiazine 7.2.6
Cy3l1Na®* 5-Cyano-1,1’-ethylene-2,2'-bipyridinium
3.3.4

3t sN2t 6-Methyldipyrido[1,2-a:2",1'-
c|pyrazinediium 3.2.2

C13ll; N30, 1-Phenyl-2,3-dihydro-6-nitroimidazo(1,2-
a]pyridinium - 2.8.14

C1aH19N4Os 1-Methyllumichrome 4.6.7
3-Methyllumichrome 4.6.8

0131-114N22+ 1,1’-(1,2-Propylene)-2,2'-bipyridinium

’ 3386
1,1’-Trimethylene-2,2'-bipyridinium
3.4.1
6,7-Dihydro-4-methyldipyrido{1,2-a:2,1’-
c|pyrazinediium 3.3.5

Cy3H, 4N,0?¥6,7-Dihydro-3-methoxydipyrido|l,2-

" @:2',1'-c|pyrazinediium 3.3.7
Cy3H14NO3 N-Acetyl-L-tryptophan 6.2.12
Cy3H15Ng?t 1-Methyl-1'~cyanomethyl-4,4'-
bipyridinium 3.70.2

Cy3H N2t 1,17,2-Trimethyl-4,4'-bipyridinium  3.9.1

C3HgN;0%F 1-Methyl-1'-(2-hydroxyethyl)-4,4'-
bipyridinium 3.70.4

Cy3H,6N403 1-[3-(Benzylamino)-2-hydroxypropyl]-2-
nitroimidazole 2.3.68

OI3HIOO4

CISHI ‘NS
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Cy3H N0, 1-(3-(4-Methoxyphenylamino)-2-
hydroxypropylj-2-nitroimidazole
2.3.69

C3HN4Oy 5-Aziridinyl- N-{(2,2-dimethoxy Jethyl}-2,4-
dinitrobensamide 2.1.23

Cy3H;7N;0% 1-Methyl-1'-carbamyimethyl-4,4'-
bipyridinium 3.70.3

C13H17Ng0¢S5-{3-Amino-6-(2-methylpropyl)purinylj-1-

. methyl-4-nitroimidazole 2.4.29

C13H2oN,03 1-(5~-N-Morpholinohexyl)-2-
nitroimidazole 2.3.57

C14HgNgOg Methoxatine 1.5.70

C14H05 Ellagic acid 8.1.10

C1H70587 9,10-Anthraquinone-2-sulfonate jon 71.3.7

C14H70,8™ 1,4-Dihydroxy-9,10-anthraquinone-2-
sulfonate jon 1.3.2

1,4-Dihydroxy-9,10-anthraquinone-6-

sulfonate jon 7.3.3

C14HgNgOS  5,8-Di(2-pyridinyl)-{1,2,8]thiadiazolo{3,4-
blpyrazine N-oxide 4.8.5

C4HgNgS  5,8-Di(2-pyridinyl)-{1,2,6]thiadiazolo[3,4-
blpyrazine 4.8.4

C14HgO, 8,10-Phenanthrenequinone 1.6.3

C14HgOg Quinalizarin 8.1.5

01411;;NOS  10-Acetylphenothiazine 7.4.3

C14};1N30551-Methyl-5-(1-naphthyloxy)sulfonyl-4-
nitroimidazole 2.4.30

C14H;2CINO 42-[[{(2-
Chloroethyl)aminojcarbonyljoxy)methyl-
1,4-naphthoquinone 17.2.70

C14H;5N2%" Phenanthrolinof4,5-a:8,7-c|pyrasinediium
3.6.3

C14H 2N, 2T 1,1'-Bis{cyanomethyl)-4,4’-bipyridinium
3.8.4

- Cq4H;3N40,81-Methyl-5-(1-naphthylamino)sulfonyl-4-

nitroimidazole 2.4.37
C14H13NOS 1-Ethoxyphenothiazine 7.2.9
3-Ethoxyphenothiazine 7.2.10
Gy4H3NO,S 3,7-Dimethoxyphenothiasine 7.3.4
Cy14H13NS  3,7-Dimethylphenothiazine 7.3.3
CH CuN 2411 '-Bis{1,2-dichloroethyl)-4,4'-
bipyridinium 3.8.14
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CyHyaNp?t 1,10-Dimethyl-1,10-phenanthrolinium
3.6.2
1,9-Dimethy}-1,9-phenanthrolinium
3.12.2
2,7-Dimethyl-2,7-phenanthrolinium
3.12.4
2,8-Dimethyl-2,8-phenonthrolininm
3.12.3
3,7-Dimethyl-8,7-phenanthrolinium
3.12.6
3,8-Dimethyl-3,8-phenanthrolinium
3.12.5
4,7-Dimethyl-4,7-phenanthrolinium
3.12.7
Gy4t13 4Ny 0% ! 5-Methoxycarbonyl-1,1 -ethylene-2,2'-
bipyridinium 3.3.8
CI4H14N2042+1,1'-Bis(carboxymethyl)—4,4'-
bipyridiniure 3.8.5
C;4H14N42+ 2,2’-Dicyanc-1,1'-dimethyl-4,4'-
bipyridinium 3.9.4
C14H14N, 0y 1,3-Dimethyllumichrome 4.6.9
0141'I15012N22+1 »1'-Bis(2-chlorocthyl)-4,4'-
bipyridinium 3.8.7
CraH N2t 1,1°-(1,1-Dimethylethylene)-2,2'-
bipyridinium 3.3.15
1,1'-Ethylene-4,4'-dimethyl-2,2’-
bipyridinium 3.3.72
1,1'-Tetramethylene-2,2'-bipyridinium
3.5.1
1-Methyl-1'-ally}-4,4"'-bipyridinium
3.10.5
5,5'-Dimethyl-1,1'-ethylene-2,2'-
bipyridinium 3.3.13
6,7-Dihydro-1,12-dimethyldipyridof1,2-
a:2',1'-clpyrazinediium 3.9.77
6,7-Dihydro-4,8-dimethyldipyrido|1,2-
a:2',1'-clpyrasinediium 3.3.74
6-Ethyl-1,1’-ethylene-2,2'-bipyridinium
3.3.9
8-Methyl-1,1'-trimethylene-2,2'-
bipyridinium 3.4.2
014H16N202+1-Methyl-1’-(acetonyl)—4,4’-bipyridinium
3.10.8
5-Ethoxy-1,1'-ethylene-2,2'-bipyridinium
3.3.10
7,8-Dihydro-3-methoxydipyrido[1,2-
@:2',1’-cjdiazepinediium 3.4.3
C14HgN2045,1,1'-Bis(2-sulfonatoethyl)-4,4'-
bipyridinium 38.8.6
C14H;6N 40,27 1,1'-Bis(2-hydroxyiminoethyl)-4,4’-
bipyridinium 3.8.9
1,1'-Bis{carbamylmethyl)-4,4'-
bipyridinium 3.8.8
C;4H;7N30; L-Tryptophyl-l-alanine 6.2.13

CraHyaNo2t 1,17,2,2 - 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'-Dicthyl-4,4'-bipyridinium 3.8.70
Cl 4H18N2022+ 1 ,1 '-Bis(?-hydmxyethyl)dl,ti’-
bipyridintum 3.8.17
014H18N404 I-[3-(4-Methoxybenzylamino)~2—
hydroxypropyl}-2-nitroimidazole
2.3.70
6-Hydroxy-2,5,7,8-tetramethylchroman-2-
carboxvlic acid 8.1.6
Cp4HpoN2T 1,1-Bis(2-aminoethyl)-4,4’-bipyridinium
3.8.12
C14HgoN,O4 2,5-Diasiridinyl-3,8-bis(2-
hydroxyethylamino)-1,4-benzoquinone
1.1.8
C14Hg4N Oy 1-(5-N-Piperidinylhexyl)-2-nitroimidarole
2.3.59
Oy5HgN2 O3 5-Nitro-2-(2-quinolylethenyl)furan 2.2.7
CysHygO7  Quercetin 8.1.9
CysHpNO;  2-Methyl-3-phenylisoindole-4,7-dione
145
C15H3CIN, % 1-Chlorophenanthrolino[4,5-a:8,7-
c]diazepinediium 3.6.5
C,5H;3N0,48 10-Carbethoxyphenothiazine sulfone
7.7.3
Cy5H;4NO38;710-(3-Sulfonatopropyl)phenothiazine
7.4.4
CsH14N,®" Phenanthrolino{4,5-2:6,7-
c]diazepinediium 3.6.4
Catechin 8.1.7
l-Epicatechin 8.1.8
CysHysNO,4 1-Ethoxycarbonyl-5-methyl-2,3-
trimnethyleneisoindole-4,7-dione 7.4.9
Cy5H;5N5%" 1-Methyl-1'-(3-cyano-2-propenyl)-4,4'~
bipyridinium 3.10.7
C15H16N205° T 1-Allyl-1'~carboxymethyl-4,4'-
bipyridinium 3.171.4
1-Methyl-1’-ethoxycarbonyimethyl-4,4'-
bipyridinium 3.70.9
ClsngN22+ 1-Ally}-1'-ethyl-4,4'-bipyridininm 3.71.5
) 4,4’-Dimethyl-1,1’-trimethylene-2,2’-
bipyridinium 3.4.4
5,5’-Dimethyl-1,1’-trimethylene-2,2'-
bipyridinium 3.4.5
015H18N202+5-Propoxy-1,1 '-ethylene-2,2'-
bipyridinium 3.3.16
Cy5HygNySy*+ 1-Methyl-1'-[2-bis(methylthioJethenyl]-
4,4'-bipyridinivm 3.70.8
Ci5H18N405 Mitomycin C 1.5.7
Ci5HpsN, O3 1-(8- N-Morpholinooctyl)-2-nitroimidaszole
2.3.52

Cy4H,504

Cy5H1406
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015H23N504 1«-[3-i4-(2,2,5,5-Tehramethy1—1-
oxypiperidinyl)amino}-2-
hydroxypropyl]-2-nitroimidazole
2.3.71
Cy5HgyNgO4 1-(3-{4-(2,2,5,5-
Tetramethylpiperidinyl)amino}-2-
hydroxypropyl]-2-nitroimidasole
2.3.72
CISHSNZOSng_Indigodisulfonate ion 1.5.6
Cy6H;;NS  12H-Benzo[a]phenothiazine 7.6.7
7H-Benszo[c]phenothiasine 7.6.2
C16H3NO; 1,2-Dimethyl-3-phenylisoindole-4,7-dione
1.4.1
Ci6H14No?t 1,1'-Bis(2-propynyl)-4,4'-bipyridinium
3.8.13
C16H14N0, 1,1'-Bis(2-carboxyethyl)-4,4'- .
bipyridinium 3.8.17
Oy6H;6No** 1-Methylphenanthrolino[4,5-a:8,7-
¢]diazepinediium 3.6.6
Phenanthrolino[4,5-a:8,7-
cJdiazocinediium 3.6.9
C16H16N205°1-Methyl-1'- [3~(methoxycarbonyl)-2-
propenyl}-4,4'-bipyridininm 3.10.11
ClﬁHlsNaozzfl'Methyl-ll-
[cyano(ethoxycarbonyl)methyl]-4,4'-
bipyridinium - 3.70.10
015H15N42+ 1,1'-Bis(cyanomethyl}-2,2’-dimethyl-4,4'-
bipyridinium 3.9.70
C,¢H;gCINgSMethylene Blue 4.5.2
Cy6H1sN,2t 1,1'-Diallyl-4,4’-bipyridinium 3.8.75
2-Methyl-1,1’-dipropyl-4,4’-bipyridinium
3.9.3
C16H18N,0571,1'-Bis(2-oxopropyl)-4,4’-bipyridinium
3.8.16
¢} mﬂmNsoz *1-(Carbamylmethyl)-1'-(2-methyi-2-
propenyl)-4,4’-bipyridiniom 3.11.10
C16H20C1;Ny 2+ 1,17-Bis(2-chloroethyl)-2,2'-dimethyl-
4,4'-bipyridinium 3.9.71
010H20N22+ 4,4'-Dimethyl-1,1'-tetramethylene-2,2'-
bipyridinium 3.5.2
4,5,4',5'-Tetramethyl-1,1'-ethylene-2,2'-
bipyridinium 3.3.17
Cy6HgoN; 08, 1,1'-Ris(3-suifonato-1-propyl)-2,2'-
bipyridinjum 3.1.3
1,1'-Bis(3-sulfonatopropyl)-4,4'-
bipyridinium 3.8.18
U6ty N5Oy 1-[3-(4-
Morpholinyl)propylaminccarbonylmethyl}-
3-nitro-7-azaindole 2.6.5
7-13-(4-
Morpholinyl)propylaminocarbonylmethyl)-
3-nitro-7-azaindole 2.6.7
CeHzaNot  1,17,2,2',6,6'-Hexamethyl-4,4'-
bipyridinium 3.9.7
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CyHgoNo2t 1,1'-Bis(l-methylethyl)-4,4’-bipyrid'mium
3.8.20
1,1"-Dipropyl-4,4'-bipyridinium 3.8.79
C16H22N20,771,1'-Bis(2-hydroxyethyl)-2,2 - dimethyl-
4,4 bipyridinium 3.9.12
C16HysN3S, 21,1 Bis(ethylthiomethyl)-4,4'-
bipyridinium 3.8.27
C16HgaN50,4 " 1-[3-(4-
Morpholinyl)propylaminocarbonylmethyl]-
3-nitro-7-azaindole, protonated 2.6.8
Cy6H24N282t 1-Ethy)-1'-(2-ethylthioethyl)-4,4'-
bipyridinium 3.71.7
C16N17NO;  1-Ethoxycarbonyl-8-methoxy-5-methyl-
2,3-trimethyleneisoindole-4,7-dione
1.4.11
Cy7H;5N503 5-Nitro-2-(2-quinolylbutadienyl)furan
228
Cy7H;3NOy  1-Phenyl-2,3-trimethyleneisoindole-4,7-
dione 1.4.4
Cy7H5NO,  1,2,5-Trimethyl-3-phenylisoindole-4,7-
dione 7.4.3
Cy7H,N,2" 6-Pyridyl-1,1'-ethylene-2,2’-bipyridininm
3.3.18
CI7H18N22+ 1,11-Dimethylphenanthrolinof4,5-0:8,7-
cldiazepinediium 3.6.7
Cy7HsN,S82F 1-Methyl-1'-{(1-
pyrazolyl}thiocarbonylmethyl]-4,4'-
bipyridinium 3.70.72
Cy7H;9CIN,SChlorpromasine 7.5.1
Cy7HyoN3%* 1-Allyl-1'-(3-cyanopropyl)-4,4'
bipyridinium 3.11.6
CI7H20N208 2-Hydroxy~—10-(3-
dimethylaminopropyl)phenothiarine
‘ 7.5.3
Cy17HgoNgS  10-(3-
Dimethylaminaprapyl)phenothiagine
7.4.5
Isopromethazine 7.4.7
Promethagzine 7.4.6
0171’120N406 Riboflavine 4.6.7
Cy7Hy) CIN,O**1.(3-Chloro-2-butenyl)-1/-(2-
methoxyethyl)-4,4'-bipyridinium
3.11.12 :
Cy7Hg1FN,2¥ 1-(2-Butenyl)-1'-(3-finoropropyl)-4,4'-
bipyridiniom 3.71.9 ‘
Cy7HgpoNg? 4,5,4' 5'-Tetramethyl-1,1’-trimethylene-
. 2,2'-bipyridinjum 3.4.6
C17HN20,7 1 1-{2-Methoxycarbonylethyl)-1'-propyl-
4,4'-bipyridinium - 3.71.2
Cy7Hy4NpO%+1-(2-Ilydroxyethyl)-1'-pentyl-4,4'-
bipyridinium 38.77.3
Cy7Hg4NoS  10-{3-
(Diethylamino)propyljphenothiazine
7.4.16

C1gH3NS  3-Phenylphenothiazine 7.2.71
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CysHy4No*t 6-Phenyldipyrido[1,2-a:2',1'-
¢|Jpyrazinediium 3.2.3
C;sH;Ny%T 1,1'-(1-Phenylethylene)-2,2'-
. bipyridinium 3.3.79
C,gH;7NO; 1,2,5,8-Tetramethyl-3-phenylisoindole-
4,7-dione 7.4.8
CysH1gN3?T 1-Methyl-1'-bengyl-4,4'-bipyridinium
3.10.13
C18H9CIN4029-[3-(N,N-Dimethylamino)propyljamino-
; 4-chloro-1-nitroacridine 2.7.3
C15H;9FN,0,9-(3-(N,N-Dimethylamino)propyljamino-
4-fluoro-1-nitroacridine 2.7.4
CygH1gN3S% 1-Methyl-1'-
[anilino(thiocarbonylmethyl)]-4,4'-
bipyridinium - 3.70.74
C18Hg0F 3N9S10-(3-Dimethylaminopropyl)-2-
trifluoromethylphenothiagine 7.5.2
C18HooNO38,710-(6-Sulfonatohexyl)phenothiazine
7.4.9
C1sHgoNgS  10-(2-Pyrrolidinylethyl)phenothiazine
7.4.8
ClngoN42+ 1,1’-Bis(3-cyanopropyl)-4,4'-
bipyridinium 3.8.22
018H20N402 Nitracrine 2.7.2
CygHz;N3%T 1-(3-Butenyl)-1'-(3-cyanopropyl)-4,4'-
bipyridinium 3.71.8
018H22N208 Methoxyproma‘zine 7.5.4
CygHgoN 2022+1 ,1'-Bis(2-oxopropyl)-2,2’-dimethyl-
4,4'-bipyridinium 3.9.73
C;5H2,N,0,%71,1'-Bis(ethoxycarbonylmethyl)-4,4'-
bipyridinium 3.8.23
018H22NZS Diethazine 7.4.10
Cy8Hp3N,ST 10-(2-Methyl-2-
trimethylammonioethyl)phenothiazine
74.11
CIBH24N22+ 4,5,4',5'-Tetramethyl—1,1’-
tetramethylene-2,2'-bipyridinium
3.5.3
0,8H34Ny0**1-(2-Ethyl-2-propenyl)-1'-(2-
methoxyethyl)-4,4’-bipyridinium
31111
C15Hg4Np0gSs1,1°-Bis(3-sulfonatopropyl)-3,3'-
dimethyl-4,4'-bipyridinium 3.9.75
1,1'-Bis(3-sulfonatopropyl)-2,2’'-dimethyl-
4,4'-bipyridininm 3.9.16
C1aHz4N40,11,1"-
Bis(dimethylaminocarbonylmethyl)-
4,4'-bipyridinium 3.8.24
018H26N2022+1,1'-Bis(2-ethoxyethyl)—4,4’-
bipyridinium 3.8.25
018H32N403 1-(11-N-Morpholinoundécyl)-2-
nitroimidagole 2.3.53
C19H;3NOS 10-Benzoylphenothiazine 7.4.12
C1gHi7NO; 5,8-Dimethyl-3-phenyl-1,2-
trimethyleneisoindole-4,7-dione 7.4.7

C1gH;7NOy4 1-Ethoxycarbonyl-2,5-dimethyl-3-
phenylisoindole-4,7-dione 7.4.70
C1gHg2aNyS  Mepazine 7.4.13 ~
C1oH2oN,Oy 9-[3-(N,N-Dimethylamino)propyljamino-
4-methyl-1-nitroacridine 2.7.5
C19H2oN,O3 9-[3-(N,N-Dimethylamino)propyljamino-
4-methoxy-1-nitroacridine 2.7.6
ClgH23Nzos 2—Acetyl-10-(3-
‘ dimethylaminopropyl)phenothiazine
7.5.5
10-(2-Methyl-2-
diethylaminoethyl)phenothiazine
7.4.14
C1gHo5N30,% 1 1-Methyl-1'-[2-(3,5-dimethyl-4-
morpholinyl)-2- '
oxoethyl]-4,4"-bipyridinium 3.70.75
13H-Dibenzo|a,jlphencthiazine 7.6.3
7H-Dibenzo[c,h]phenothiazine 7.6.4
OgoHygNg?T 1,1/-Dimethyl-2,2'-biguinolinium 3.6.10
CgoHgsN,Oy 9-[3-(N,N-Dimethylamino)propyllamino-
4-methoxycarbonyl-1-nitroacridine
2.7.7
020H22N406 Su-N-Imidazolylriboﬂavin 4.6.4
020H24CIN352-C}11010-10-[3-(4-!116{'»}1}']-1-
piperazinyl)propyllphenothiazine 7.5.7
020H25N3S Peragine 7.4.17
C2oH25N505 9-[3-(N,N-Dimethylamino)propyl]amino-
4-dimethylamino-1-nitroacridine 2.7.8
CyoHggNy0,4211,1'-Bis(ethoxycarbonylmethyl)-2,2'-
dimethyl-4,4’-bipyridinium 3.9.714
1,1'-Bis|2-{ethoxycarbonyl)ethyl]-4,4'-
bipyridinium 3.8.26
CongsNzSz 2-Methylthio—10-{2-(N-methyl-2-
piperidinyl)ethyljphenothiazine 7.5.6
CyoHa7N30%F1-Allyl-1'-[2-
(diethylaminocarbonyl)ethyl]-4,4’-
Eipyridini\_un 3.11.7
CaoH28N04S,1,1'-Bis(3-sulfonatopropyl)-2,2',6,6'-
tetramethyl-4,4’-bipyridinium 3.9.77
020H28N4022+1,1"Bi5[2-
(dimethylaminocarbonyl)ethyl]-4,4'-
bipyridinium 3.6.27
CgoHzgN2S  10-[6-(Diethylamino)hexyl|phenothiasine
7.4.16
CZOH34N44+ 1,1'-Bis[2-(trimethylammonio)ethyl]-4,4'-
bipyridinium 3.8.29
Cg1H;6N303S N'-(Acridinyl)- N*-methylsulfonyl-2-
‘ methoxycyclohexa-2,5-diene-1',4 1.5.12
Cy1HyoN30359-(2-Methoxy-4-
methylsulfonylaminoanilino)acridinium
4.8.1
C41Hy5CIN;082-Chloro-10-[3-(4-(2-hydroxyethyl)-1-
piperazinyl)propyl|phenothiazine
7.5.10

Cy9Hp4NoS
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C21Hg3N304S3-(S5-Glutathionyl)-2-methyl-1,4-
naphthoquinone 1.2.76
Cg1H, 4 F3N3S10-[3-(4-Methyl-1-piperazinyl)propyl]-2-
trifluoromethylphenothiazine 7.5.8
Cy1Hy6N70,3P; Nicotinamide adenine dinucleotide
4.4.6
Cg1Hy7 N3OS 10-[3-(4-(2-Hydroxyethyl)-1-
piperazinyl)propyl|phenothiazine
7.4.18
Cy1HgpgN70O,PNicotinamide adenine dinucleotide,
reduced 8.2.1
CagoHy N2t Benzo[1,2-b:3,4-b'|diquinolizium 3.72.8
Benzo[1,2-5:3,4-¢'|diquinolizium 3.712.10
Benzo[1,2-5:5,6-b']diquinolizium 3.72.9
CyoH;6N 404%11,1'-Bis(4-nitrophenyl)-4,4'-
bipyridinium 3.8.30
CyoH;sN,2* 1,1'-Diphenyl-4,4'-bipyridinium 3.8.31
CygH;5N40,S N'-(Acridinyl)- N*-methylsulfonyl-2-
dimethylaminocyclohexa-2,5-diene-1
1.5.13
CgoHyoN,Et 1,1'-Bis(2-pyridylmethyl)-4,4'-
bipyridinium 3.8.32
CgoHygN4O3S92-Dimethylaminosulfonamido-10-[3-(4-
methyl-1-
piperazinyl)propyl]phenothiazine 7.5.9
022H27N504 7-Hydroxy-2-[2-(2-
hydroxyethyl)aminoethyl]-5-[[2-(2-
hydroxyethyl)aminoethyljamino]-
anthra[l,9-cd|pyrazol-6-on 1.5.11
C2ZH28N406 1,4-Dihydroxy-5,8-bis[(2-
hydroxyethylamino)ethyi}amino-9,10-
anthraquinone 1.3.4
022H28N40102,5-Diaziridiny1—3,8-
bis(carbethoxyamino)-1,4-
benzoquinone 171.17.9
CyoH3oN,0,271,1'-Bis [3-(ethoxycarbonyl)propyl]-4,4’-
bipyridinium 3.8.28
CagH3,N,O 22+ 1,1'-Bis(diethylaminocarbonylmethyl)-
4,4’-bipyridinium 3.8.33
1,1'-Bis[3-
(dimethylaminocarbonyl)propyl]-4,4'-
bipyridinium 3.8.34
Ogollz4Ny?T 1,1'-Dihexyl-4,4'-bipyridinium 9.8.95
CygH34Ny0,211,1"-Bis(2,2-diethoxyethyl)-4,4'-
bipyridinium 3.8.36
022H38N44+ 1,1'-Bis{3-(trimethylammonio)propyl]-
4,4'-bipyridinium 3.8.37
023H28N405 Nitroakridin 3582 2.7.1 )
Cy4HpoNy?t 1,1'-Dibenzyl-4,4'-bipyridinium 3.8.39
1,1'-Dimethyl-2,2’-diphenyl-4,4'-
bipyridinium 3.9.8
Cg4HpgNy*T 1,2-Ethanediylbis(1’-methyl-4,4'-
bipyridinium) 3.8.48
Cy4H3gNy?" 1,1'-Diheptyl-4,4’-bipyridinium 3.8.40
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CaqH N4t 1,1'-Bis|4-(trimethylammonio)butyl]-4,4'
bipyridinium 3.8.47

CysHygN*T 1,3-Propanediylbis(1’-methyl-4,4'-
bipyridinium) 3.8.49

0261120N22+ 1,11-Diphenylphenanthrolino[4,5-a:8,7-
c]diazepinediium 3.6.8

CogHgoN, 2t 1,1'-Bis(a-cyanobenzyl)-4,4'-
bipyridinium 3.8.38, 3.8.42

CZGH26N22+ 1,1'-Dimethyl-2,2'-bis(4-methylphenyl)-
4,4'-bipyridinium 3.9.9

CyeHaoN,*t 1,4-Butanediylbis(1’-methyl-4,4'-
bipyridinium) 3.8.50

026H32N408 1,4-Bis[(2-
hydroxyethylamino)ethyljamino-9,10-
anthraquinone diacetate 71.3.5

CaeHagN50g 9-[3-(NV,N-Dimethylamino)propyljamino-
[4-di{2-acetoxyethyl)amino]-1-
nitroacridine 2.7.9

CyH36N,0,4211,1'-Bis[2-(3,5-dimethy)-4-morpholinyl)-
2-oxoethyl|-4,4'-bipyridinium 3.8.43

CagHygNy2t 1,1'-Dioctyl-4,4'-bipyridinium 3.8.44

Cg7HggNO9 Daunomycin 1.5.5

Co7HggNO;; Adriamycin 7.5.4

Cg7H33NgO5PoFlavine mononucleotide 4.6.2

CgyH33NgO;5P5Flavine adenine dinucleotide 4.6.3

CggH33N4O;080-( N-Methyl- N-imidazolium)tetra- O-
acetylriboflavin 4.6.5

CaoH3oN0,%71,1'-Bis lethoxycarbonyl(phenyl)methyl]-
4,4'-bipyridinium 3.8.46

C31Hy0p;  Vitamin K; 1.2.17,8.1.4 .

CagHaoN*T 1,1'-0-Xylylenebis-4,4’-bipyridinium
3.8.47

Cy4eHgaNy%t 1,1'-Dioctadecyl-4,4'-bipyridinium 3.8.45

Cl Chlorine atom 9.15., 9.16.

cr Chloride ion 9.15., 9.77., 9.18., 9.22.,
9.26.

CHO Chlorosyl hydride 9.78.

Hypochlorous acid 9.16., 9.77.

CIHO, Chlorous acid 9.20.

Cl0, Chlorine dioxide 9.79., 9.20., 9.21.

ClOg™ Chlorite ion 9.79.

Cl0;~ Chlorate ion 9.27.

Cly Chlorine 9.23.

CL,™ Dichlorine radical ion 9.22., 9.23.

ChLI™ Iodine dichloride dianion 9.26.

F Fluorine atom 9.24.

| Fluoride ion 9.24.

HIO Hypoiodous acid 9.27., 9.28.

HIO, Iodous acid 9.37.

HO Hydroxyl 9.4.,9.17., 9.28., 9.38., 9.39.,
9.49.

HO™ Hydroxide ion 9.39., 9.40.

HO, Perhydroxyl 9.42., 9.47.. 9.48.



HO3
HO,8™
HO3Se™
HOsS™
HS

HS™

H,0

H,8,
HyN,
H N, *

-
10,
103~

I~
NO,
NO,~
NO,
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Hydroperoxide ion 9.44., 9.48.
Ozonide radical, protonated 9.57.
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 9.371., 9.32.
lIodate ion 9.32.

Jodine 9.26., 9.30.

Diiodine radical ion 9.29., 9.30.
Nitrogen dioxide 9.36.

Nitrite ion 9.36.

Nitrogen trioxide 9.37.

NOz~

0,8~

0,8%~
0382—
038,%
O3Se"
03562—
0,8~
0,8%*
055~

Nitrate ion 9.37.

Aride radical 9.33.

Azide ion 9.33., 9.34.

Aszide dimer radical anion 9.34.
Oxide radical ion 9.40.

Oxygen 9.41., 9.42.

Superoxide radical anion 9.47., 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., 9.617., 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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