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ABSTRACT

We have studied the effects of solvent séructure on solvated electron reaction rates with
jons in 1-propanolfwater, 2-propanol/water and 2-butanol/water mixed solvents. Both
negative ions (NO3,s and CrC%) and positive iens (%, Ags, TI3, Cu?, and A were
studied.

Alcohol/water mixtures are good systems to study the effects of solvent structure on
solvated electron reactivity because varying the composition of the mixture results in strong
variations in the structure as reflected in physical properties such as viscosity.

The observed rate constants of the nearly diffusion controlled reactions were compared
to the Smoluchowski-Debye-Stokes-Einstein equation for the rate constant kzaof a

bimolecular reaction between charged or polar species:
ky=xRTfr/l.5n1q4

where x = probability that a reactant encounter pair will react, R = gas constant, T =
temperature, f = Debye electrostatic interaction factor, 1 = effective radius for reaction, 1 =
solvent viscosity, and rq = effective radius for mutual diffusion of reactants. This equation
is useful in evaluating the effects of bulk solvent properties on reaction rates. Residual
effects are attributed to the nonhomogeneous structure of the solvent.

The value of kon/fT was predicted theoretically to be proportional to the ratio of
reaction parameters K ry/rg. However our observations demonstrate that alcohol-water
mixtures behave in a fashion which deviates significantly from this theoretical prediction.
More clearly for positive ions, the value of kon/fT increases when about 10 mol% alcohol
is added to water, passes through a maximum near 80 mol% water and decreases again
towards the alcohol side of the plot. Plots of rd estimated from measured molar
conductivities Ag of the reactant perchloric acid and the various salts display a minimum in

the vicinity of 90 mol% water; the decrease of rq as small amounts of alcohol are added to



water indicates that the microscopic viscosity around the ions is lower than the shear
viscosity of the bulk solvent. This phenomenon is confirmed from the behavior of
zko/fAoT plots, which indicate the variation of x r, with solvent composition; the values of
zkp/fAoT are much iess dependent on solvent composition than are the values of kon/fT; the
values of rq are solvent dependent.

Rate constants, activation energies E2, and pre-exponential factors A2 vary with the
composition of the mixed solvents. The liquid structure influences both the rate of

diffusion of the reactants and the probability of reaction of a reactant encounter pair.
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CHAPTER ONE

INTRODUCTION

This thesis is concerned with reaction rates of solvated electrons with solutes in
alcohol-water mixed solvents. By way of introduction we summarize the properties of
injected electrons in liquids, the relevant properties of alcohol/water mixed solvents, and

the general features of reaction rates for solvated electrons in solvents of this type.

I. The Solvated Electron

The history of solvated elecirons began early in the 19th century. In November 1808
Humphry Davy observed a blue coior when he heated potassium metal in dry ammonia
gas (1). A paragraph from Davy's laboratory notebook, quoted in ref. 1, was "When 8
grains of potassium were heated in ammonical gas - it assumed a beautiful metallic
appearance and gradually became of a fine blue color." Fifty years later, in 1864, W.
Wey! observed a blue color when sodium 7 potassium was dissolved in liquid ammonia
(2). C.A. Kraus in 1922 provided the final proof that the blue color was due to solvated
electrons, by comparing transference and conductance properties in solutions of alkali
metals dissolved in liquid ammonia (3). Solvated electrons were similarly obtained in
other solvents such as methylamine and ethylenediamine (4) by dissolving sodium or
potassium in them. Later, solvated electrons were obtained by pulse radiolysis in water
(5), alcohols (methanol, ethanol (6)), hydrocarbons (methylcyclohexane, hexene-1 (7)),
ethers (diethyl ether, di-n-propyl ether (8)), etc.

Solvated electrons have been used to convert a wide range of chemical substances to
their reduced forms (e.g. to convert benzene to 1,4-dihydrobenzene (9)).

Radiolysis (10) is the most convenient method to form solvated electrons. In
radiolysis, the liquid is usually irradiated with a pulse of high energy electrons. When

these electrons penetrate the liquid medium, they lose energy by ionization and excitation



of the liquid molecules. Small local volumes of ions and electrons, excited and
dissociated molecules are formed along the path of the high energy electrons. The
reactive intermediates in these local volumes, called microzones, dissipate in a few
nanoseconds by reacting together or diffusing into the bulk of the liquid (11).

The lower energy secondary electrons produced by the high energy primaries also
lose their excess energy by ionization and excitation of molecules in the medium. The de-
energized electrons ultimately enter one of several types of states, depending on the
solvent properties.

(@) In an electrophilic solvent, the slowed-down electrons attach to solvent molecules
to form negative ions.

(b) If the electrons are not attached to specific molecules they reach a state of thermal
equilibration with the solvent medium, resulting in solvated electrons. As discussed in
the next section, these solvated electrons can be detected by distinctive properties such as
electrical mobility and optical absorption spectra.

Two broad types of solvated electron species can be formed, depending on the
solvent involved. A thermalized electron can be localized in a coulombic (electrostatic)
potential well in a solvent whose molecules are polar or strongly and anisotropically
polarizable; the potential well is created by several suitably oriented solvent molecules
(12). On the other hand if a solvent molecule is isotropically polarizable, the potential
well is very shallow and the electron is not then localized to any large extent. Such
electrons, which are very mobile, are called "quasifree” electrons (12).

An electron polarizes the electron clouds of nearby molecules in about 1015 seconds.
Thus the trapped electron immediately finds itself in an electronically polarized potential
well (13). The electric field of the electron causes the medium molecules to reorient along
the axis of permanent dipole or that of the maximum polarizability. The trap becomes
deeper. It takes about a picosecond for the trapped clectron to relax into the solvated state

(12,13).



II. Properties of Solvated Electrons

As suggested above the properties of solvated electrons depend on the nature of the
solvent. Geometry and polarity of the solvent molecules affect the electron-solvent
interaction, and therefore the energy of solvation.

Electron spin resonance (ESR) studies have shown the paramagnetic nature of the
solvated electron states (14).

The thermodynamic properties of solvated electrons such as the standard potential
(15) and the solvation energy and entropy (16) are still not accurately known (15) because
the energetics of solvent ionization and of solvent relaxation about the newly separated

charges have not yet been completely resolved.

A. Mobility

Solvated electrons are different from quasifree electrons. They are much less mobile.
The mobility of a delocalized electron could be ~10-2 m2/Ves in comparison to 10-6
m?2/Ves of a localized electron. Conductivity studies provide data on the mobility of
solvated electrons. Their mobility is several times higher than that of normal ions. In
water for example, the mobility of solvated electrons is equal to that of hydroxide ions
and smaller than that of protons (17). In nonpolar liquids the mobilities depend strongly
on the structure of the solvent molecules, and are usually several orders of magnitude

greater than those of ordinary ions (11,18).

B. Optical Absorption Spectrum

Photo-absorption of solvated electrons occurs in the ultraviolet to infrared region.
The absorption band is broad and asymmetric with a long tail extending to higher
energies. The energy at the absorption maximum, Esmax, and the width of the band

depend on the polarity of the solvent.



In protic solvents such as water, alcohols (19) and ammonia (20), the energy of
maximum absorption Eamax lies in the visible to near-infrared regions since the
interaction of the solvated electron with these strongly polar molecules is very large. In
nonpolar aliphatic hydrocarbons (7) on the other hand, where solvation energy arises
from interaction with induced dipole moments, absorption maxima occur further to the
infrared. Values of Epmax for polar but aprotic solvents such as ethers (8) lie between
these extremes.

Values of EAmax are temperature dependent. Thermal agitation of the solvent makes
the traps shallower. Therefore, values of EAmax decrease with increasing temperature

(19).

1. Absorption Band Width

The solvated electron absorption band has a similar form in a wide range of solvents:
it is always broad and asymmetric, skewed to higher energies. This can be interpreted as
the result of both homogeneous and heterogeneous broadening effects. Homogeneous
broadening assumes that a single species is responsible for the absorption (all traps in the
medium are the same) but attributes broadening to the coupling between solvated electron
levels in the trap and molecular motions of the surrounding dipolar molecules (21,22).
Heterogeneous broadening on the other hand attributes the band width to a wide variation
of solvated electron trap depths, each trapped electron state having a different absorption
spectrum. Since both factors must play a part, we say that the band is

nonhomogeneously broadened.

2. Bound and Continuum Transitions
The absorption bands of solvated electrons have also been interpreted as arising from
two types of electronic transitions (24-28):
(i) Bound-bound transitions (from ground state level of a trap to an excited discrete

level of the trap);



(ii) Bound-continuum transitions (from ground level to continuum levels associated
with the liquid as a whole).

The strong skewing of the absorption band toward higher energies has been
interpreted as evidence for strong contributions of bound-continuum transitions, since it is
argued that a more symmetric shape would result from bound-bound transitions alone.
Evidence for this is given by studies of photoconductivity spectra, assuming that higher
mobilities generated in photoconductive processes result from excitation of the electron to
a continuum level of the liquid. By estimating the threshold or minimum energy Eg, for
photoconductivity and comparing it with the characteristics of the optical absorption
spectrum as a whole an idea of the extent of bound-continuum transitions in the
absorption spectrum can be obtained (29-34). Results show that both bound-bound and
bound-continuum transitions contribute to the spectrum; typically Ey, is less than Epomax
and therefore a major portion of the spectrum is due to bound-continuum transitions. In
studies of photoconductivity in mixtures of polar/nonpolar solvents (31-34), it has been
concluded that bound-bound transitions play an increasing role as the fraction of polar

component increases, perhaps due to deepening of the traps.

3. Models

Several early theoretical models have been used to explain the optical absorption
spectra of solvated electrons. These were all based on the localization of the electron in a
cavity.

(a) In the simplest model (35), the electron is localized in a physical cavity, with
positive ends of the dipolar solvent molecules oriented around it.

(b) In the continuum model (36), the electron is considered to be located in a cavity
inside a polarized continuous dielectric medium.

(c) In the semi-continuum models (37,38), the electron is assumed to be in a

spherical cavity which is surrounded by a solvation shell containing a fixed number of



solvent molecules, and the solvent outside this shell is assumed to be a continuous
dielectric medium.

Eamax values have been calculated using these madels, but the line shape is always
much narrower and more symmetrical than observed. Statistical mechanical models that
consider the molecular properties of the solvent in greater detail are being developed
(39-42).

According to an ESR study of solvated electrons in aqueous glasses (43) the electron

is solvated at the centre of an octahedron made up of six water molecules.

4. Optical Absorption Spectrum in Hydroxylic Solvents

The absorption energies of electrons in water, alcohol and their mixtures are greater
than those in other polar solvents such as ammonia and amines (44) because of the
stronger electron-solvent interactions in the hydroxylic solvents.

The Eamax values of solvated electrons in alcohols are in the order of primary >
secondary > tertiary (19,45). Eamax values are, in general, independent of chain length
for primary alcohols (46) because the alkyl group beyond the o-carbon has apparently not
| much effect on the interaction between the electron and the solvent (46,47).

The weaker orientational alignment of solvent dipoles around the electron is probably
the reason for lower Eamax values in secondary and tertiary alcohols.

‘The widths of the solvated electron absorption band at half height (W12) in alcohols
are about twice that in water (48). The W1y values in amines are also about twice that in
ammonia (49). In alcohols, bound to continuum transition mode has been considered as
the major contributor in the absorption spectra of solvated electrons. The extent of bound
to bound transition depends on the type of alcohol (30,48).

III. Structure and Properties of Hydroxylic Solvents
As is shown in the present work, reactivities of solvated electrons in hydroxylic

solvents depend not only on the nature of the solvated electron state itself but also on the



structural features of the solvent and resulting properties such as diffusion coefficients,

viscosity, dielectric relaxation times, ezc. An introduction to these topics is therefore also

useful.

A. Structure of Water

According to earliest models of the structure of water, based on radial distribution
functions, water was considered to have a "broken down" ice structure (50). In ice, each
water molecule is hydrogen bonded tetrahedrally to four other molecules. The
distribution functions of water (51,52) indicate slightly more than four nearest neighbors.
There are different kinds of models proposed for the structure of wéter, they fall into two
broad categories: (a) uniformist models (53-57) and (b) mixture models (58-62).

According to the uniformist models, water consists of a single type of three-
dimensional random hydrogen bond network. There are no significant amounts of
monomer water. There is an equilibrium between free and bonded hydroxyl groups. The
structure is regarded as a network of cavities with structural order that is approximately
tetrahedral.

According to the mixture models, water consists of a mixture of two or more species.
These are water molecules with no hydrogen bonds or with up to four hydrogen bonds.
The hydrogen bonded water molecules form an open network full of cavities or clusters
of water molecules. These exist in equilibrium with monomer water which makes the
medium denser than ice.

No single model can explain all the properties of water, but experimental results are
usually explainable with one or the other of these models. Simulations of water structure
are being done in order to develop a better model for water (63,64).

B. Structure of Alcohols
The liquid structures of alcohols are simpler than those of water because there is only

one hydroxyl group per molecule. Some alcohols can form up to three hydrogen bonds



per molecuie, while water can form four hydrogen bonds. Various spectroscopic studies
have shown that monomers, dimers and polymers all exist (65-67). There are linear or
ring polymers where approximately two hydrogen bonds per alcohol molecule are
formed. Alcohols with larger alkyl groups tend to exist mainly as monomers and ring-
like polymers because of the steric hindrance (68). Lower alcohols can make a third
hydrogen bond which leads to a three-dimensional linkage of polymer chains (69,70).

C. Water/Alcohol Mixtures

1. Static Dielectric Properties

Information about the short range order in a liquid can be obtained from dielectric
properties. The Kirkwood structure factor, gk, which is calculated from the dielectric
constant, dipole moment and density, is a measure of the short-range order (71). When
the molecular dipoles are oriented in series the value of gx is greater than one. For head-
to-tail interaction between molecular dipoles, g is less than one. Random orientation
gives gk =1.

As a result of the existence of short-range order in water and primary alcohols the gk
values are greater than unity (49,72,73). The value of gy increases with increasing chain
length for primary alcohols because the alcohols with longer chains are better aligned.
Small alcohols can form a third hydrogen bond cross-linking the polymer chains. This
must be the reason for its lower gk value which arises because of the difficulty of
alignment.

The gk values increase slightly when water is added to methanol or tertiary alcohols
(73,74). Water can make hydrogen bonds with these alcohol molecules resulting in a
better linear arrangement of dipoles. Thus water has a structure building effect in these
cases. On the other hand the gx values decrease when water is added to other alcohols

(73), and water acts as a structure breaker on these alcohols.



2. Thermodynamic Properties
The thermodynamic functions of mixing of alcohol and water have been useful in the

study of the structure of alcohol/water mixtures (75-77) The extent of change depends on
the alkyl group. Hydrogen bond formation gives rise to a négative enthalpy of mixing
and a positive value implies hydrogen bond rupture. When a small amount of alcohol is
dissolved in water a decrease in enthalpy and entropy results. The interpretation is that (a)
the alcohol molecule promotes water-water hydrogen bonding (78,79) or (b) water
molecules order around the alcohol molecule and form clathrate-like structures (80).
Therefore, the structure of water is strengthened by alcohol molecules (77,79).

The enthalpy of mixing of higher alcohols with water is positive; water acts as a

structure breaker (75,76).

3. Viscosity

The viscosity of a liquid is related to the rate of diffusion in a liquid. The viscosity is
higher in alcohols with longer and branched alkyl groups. The bulkiness of the alkyl
group makes it difficult to flow. Viscosities are strongly composition dependent in
mixtures in alcohol and water. The following are the important qualitative features of
viscosity of alcohol/water mixtures (62,81): (a) A maximum in viscosity occurs at a
composition around 75 mole percent water, (b) a sharp increase in viscosity occurs when
a few mole percent of alcohol is added to water, and (c) only small changes in viscosity
occur when a few mole percent of water is added to alcohol.

Viscosity is increased when some alcohol is added to water. This is perhaps due to
the clathrate-like structure formation (80). In the lower alcohols, water acts as a structure
maker, indicated by an increase in viscosity. Viscosity decreases when water is added to
larger alcohols which can be explained by the formation of water nucleated alcohol

complexes (19,76) or by the breakdown of alcohol structure by water (82).



IV. Reactivity of Solvated Electrons

Another possible source of information about solvated electrons is to study their
reactivities with different types of solute. Rates of solvated electron reactions have been
measured in water (83), alcohols (84-90), alcohol mixtures (91-94), and alcohol/water
mixtures (95-108). The present work continues and extends this work to the particular
case of ionic solutes.

As stated earlier, variations in composition of alcohol/water mixtures strongly affect
the details of packing and structural order of molecules in the liquid. These variations
affect not only bulk properties of the liquid but also the detailed environment and stability
of the solvated electron state, its mobility, and other properties relevant to reactivity.
Hence rates of reaction of solvated electrons with various solutes vary strongly when
composition is varied in these liquid mixtures.

One way of understanding some of these effects is to study the correlation of
solvated electron reaction rates with those bulk physical properties of the solvent mixtures
which also depend strongly on composition. Three useful examples of such properties
are:

(a) Excess enthalpy of mixing (60,77,109). Itis negative in the water-rich region but
in the alcohol-rich region, it is negative for lower alcohols and positive for higher
alcohols.

(b) Viscosity. A maximum always occurs near 75 mole percent water (82). The
specific composition at which the maximum occurs depends on the type of alcohol.
Larger alcohol molecules will give a maximum with a smaller amount of alcohol added.

(c) Dielectric relaxation. Dielectric relaxation time of water (or alcohol) increases
with the addition of a small amount of alcohol (or water) (110-112).

Solvated electron reactions have been studied in alcohol/water mixtures such as

methanol/water (95-97,108), ethanol/water (95-99,108), 1-propanol/water (101),
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2-propanol/water (106), 1-butanol/water (102), 2-butanol/water (105), isobutanol/water
(105), and t-butanol/water (104,105,107) systems. The composition dependence of the
nearly diffusion controlled rate constants has been analyzed using the Stokes-
Smoluchowski (113) and Debye (114) models, assuming that in these cases the rate
variation is directly attributable to variation in diffusion coefficients with solvent
composition. The rate constants for the reactions with inefficient electron-acceptors are
explained in terms of the energy of solvation of electrons in the different solvents, rather
than in terms of solvent transport properties (104,105).

In the Stokes-Smoluchowski model, the rate constant k3 of a diffusion controlled

reaction between species i and j is given by
ka = 47N A(D; + Dj)(ryi + rrj) [1]

where 4r is steradians (all directions of approach of i to j lead to reaction), Ny is
Avogadro's constant, Dj and D; are the diffusion coefficients of i and j, and (ry + 1) =1;
is the reaction radius of the reacting pair.

The Debye modification of the Stokes-Smoluchowski relation has been used to
analyze the solvent effects on the reaction kinetics of solvated electrons with charged and
polar electron acceptors in alcohol/water mixtures (106-108). In the Debye model a factor
f, which considers the coulombic interaction potential U(R) between the electron and a

dipolar or ionic solute, is applied.
ko = 4nNA(D;j + Dj)(rri + rj)f [2]
where

f = (UR)/kgT)[exp(UR)KpT)-1]! (3]

For the reaction of a solvated electron e; with a molecule S



€3 + S — products, [4)
the potential energy when S is an jon of charge z£ is given by
U(ry) = -2E2/Ameqery, [5]

where -£ is the charge on the electron, z is the elementary charge on S, € is the
permittivity of vacuum and € is the relative permittivity (dielectric constant) of the solvent
between the electron and the ion.

For the electron-dipole interaction,
U(ry) = -MEcos@/aneqer? , [6]

where M is the dipole moment of the molecular reaction, and @ is the angle of approach of
es to the dipole axis of S.
The diffusion coefficients in equation [2] are related to the molar electrical

conductivities Aj (Cem2/Vesemol) of ions i:

Di(m?/s) = MikpT/z2NAE2
= 8.95 x 10-10 \;T/2? 7

Equations [2] and [7] can be rearranged to give the effective reaction radius rr for a

diffusion controlled reaction:

§2

=K . (8]
Ir D2 oaJf AmkeT




= 1.48 x 1016 ky/([Ai/z2] + Ae)T

Here A; and A are the molar conductivities of the reactant ion and e; respectively.
For reactions that do not occur at every diffusive encounter of the reactant pair an

encounter efficiency x (<1) is introduced.

K = 1.48 X 10-16 kp/([Ai/22] + A )T [9]

Values of the molar conductivities of the individual reactant ions and e; are not
known for most of the solvents, so as an approximation the molar conductivities of salts
such as A(Li*, NO3-) and A(2Li*, CrO4-2) have been used. z;ko/AfT gives an idea of the
variation of xr; in different solvents.

Diffusion coefficients can also be expressed in terms of solvent viscosity if the solute

molecules are larger than or similar in size to the solvent molecules, using the Stokes-

Einstein relation (115),

Dj = kgT/6rnrg;, [10]

where 14 is the effective radius of the molecule i for diffusion. Equations [2] and [10]

can be rearranged to

ko = RTrf/1.5nr4, [11]

where R = Nakp = 8.3 J/mol*K is the gas constant, gl = (rgi"! + rg;’1), and rq is the

effective radius for mutual diffusion of i and j.

Introduction of the reaction encounter efficiency x into equation [11] and

rearrangement gives
kon/fT = 5.5 x(ry/rq) [12]

To the extent that this crude model is satisfactory, the solvent dependence of the

measurable quantity kon/fT indicates the solvent dependence of k(r,/rq).



Although these models ignore effects that solvent structure (molecular packing and
relative orientation) exerts on reactant diffusion and reaction probabilities, the equations
are useful in evaluating effects of bulk fluid properties such as viscosity and dielectric
constant. Once the effects of bulk fluid properties are accounted for, unexplained features
remaining can be attributed to effects of nonhomogeneous structure in the solvent.

The effects of temperature on reaction kinetics can also provide valuable data for
postulating mechanisms. Changes in reaction rates due to temperature change are
generally expressed in terms of the activation energy (Ea) and the frequency factor (A) of
the modified Arrhenius equation [13]:

koff = Age-E2RT [13]

V. Present Work

At the time we started this work few data were available regarding the solvent
structure effects on solvated electron reactions with ionic electron acceptors in
alcohol/water mixtures. The objective of this study is to learn more about the behavior of
solvated electrons in 1-propanol/water, 2-propanol/water and 2-butanol/water mixtures
and the effects of solvent structure on the reactions of e with ions in these mixtures. Rate
measurements were carried out as a function of temperature in order to obtain information
about the temperature effects on these reactions. Electrical conductivity measurements
were also carried out in order to obtain information about the diffusion coefficients since
the diffusion coefficients of the reacting species are related to molar electrical
conductivities. The activation energies of nearly diffusion-controlled reactions are similar
to those of diffusion of the corresponding ions in solution, so the temperature dependence

- . o a s I3 L3
of the molar conductivities were also investigated.



CHAPTER TWO

EXPERIMENTAL

I. Materials

1-Propanol, 2-propanol and 2-butanol were obtained from Aldrich Chemical Co.
(95+%, spectroscopic grade, gold label). They were dried for two weeks on Davison
Molecular Sieves 3A and then treated for one day under UHP argon (Liquid Carbonic

Canada Ltd.) with sodium borohydride (~2g/L) at ~330K. The alcohol was then
fractionally distilled under argon through an 80 x 2.3 cm column packed with glass

helices, discarding the first 20% and last 40%. The water content of the collected 40%,
measured by Karl-Fisher titration, was 0.1 mol% in 1-propanol, 0.2 mol% in 2-propanol
and 0.1 mol% in 2-butanol. The solvated electron half life after a 100 ns pulse of 1.9
MeV electrons (~3 J/kg, 2 x 1016 eV/g) at 298K was about 8 ys in 1-propanol and
2-propanol, and 4 ys in 2-butanol.

Water was purified in a Barnstead Nanopure II ion exchange system. The solvated
electron half life after a 100 ns pulse of radiation was 20 us.

Lithium nitrate (99.999% Aldrich, gold label), lithium chromate (K and K reagent
grade), silver perchlorate (Strem, reagent grade), thallium acetate (96%, BDH Chemicals
Ltd.), copper(Il) perchlorate (Aldrich, reagent grade), aluminum(III) perchlorate (98%,
Aldrich Chemical Co.), and perchloric acid (70%, Fisher Scientific Co.) were used as

received.

II Apparatus for Kinetic Measurements
A. Sample Celis
Cells of Suprasil Quartz obtained from Terochem Laboratories were used at

atmospheric pressure for temperatures varying from 276K to 372K. The cells had an
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optical path length of 1 cm. Inside dimensions were 1 x 1 x 4.5 cm. The cell was topped
byagradcsealsothatitcouldbeattachedtoa?yrextube.

B. Bubbling System

The kinetic samples in quartz cells were bubbled with argon and sealed before the
irradiation. The bubbling system shown in Figure 1 was made by connecting 1 cm3
syringes to a long Pyrex tube. The gas flow was controlled by Pyrex/Teflon stopcocks
(No. 7282, Canadian Laboratory Supplies Ltd.). The rate of bubbling through the
stainless steel needles (30 cm long, 0.625 mm i.d.), which were attached to the syringes

was about 20 cm3/minute.

C. Irradiation, Detection and Control Systems

1. The Van de Graaff Accelerator

A Van de Graaff accelerator (type AK-60 2 MeV) manufactured by High Voltage
Engineering Corporation was used as the source of high energy electrons. The maximum
peak current delivered during a pulsed operation was 150 mA. Pulse widths of 3, 10, 30,
and 100 nanoseconds (ns), and 1 microsecond (jis) were available. Of these only 100 ns
pulse width was used to obtain an appropriate pulse dose.

A concrete maze shielded the entrance from the control room to the accelerator and
the target room. Closing and locking the iron-gate at the control room end of the maze
sounded a warning buzzer for 15 seconds. It was not possible to operate the accelerator
until the cessation of the buzzer. Opening of the iron gate resulted in immediate shut
down of the accelerator.

Steering and focussing of the electron beam was normally done by fixing a piece of
phosphorescent paper to the end of the accelerator beam pipe. The paper could be viewed
by a closed circuit television. Each pulse of electrons caused a visible glow where it

struck the phosphor. Thus accurate steering and focussing were done by adjusting the
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current in the electromagnets. When equipment blocked visual observation the steering of
the beam was done by maximizing either the secondary emission monitor's (SEM) dose

or the optical absorption of solvated electrons in a water sample.

2. Secondary Emission Monitor

The secondary emission minotor (SEM) indicated the relative dose for each electron
pulse. It consisted of three thin metal foils placed inside the accelerator beam pipe
perpendicular to the path of high energy electrons (Figure 2). These foils were positioned
near the electron window and they were made of cobalt-based, high strength alloy
(Havar) obtairied from the Hamilton Watch Company, Precision Metal Division. This
material (average atomic number 27) was better than gold (atomic number 79) because of
less beam attenuation by electron scattering.

The diameter of these foils were 5 cm and they were kept 0.5 cm apart from each
other. The outer two were mounted at a potential of 50 V. Passage of an electron pulse
generated secondary electrons at the foils. The electrons ejected from the center foil were
collected by outer foils, the net result being a current flow from the center foil. Current
flow occurred only during a high energy electron pulse and was measured by a gated

integrator, digitized and displayed on a digital readout.

3. Optical Detection System

(a) The light source. Figure 3 shows a schematic diagram of the path of the
analyzing light.

A high pressure Xenon arc lamp (Optical Radiation Corporation, model XLN 1000
W) contained in a lamp housing (Photochemical Research Associates, model PRA ALH
220) was used as the source of light. A rhodium-coated, off-axis parabaloid mirror
(Melles Griot-02 POH 015) placed in the beam path absorbed the UV light with

wavelength shorter than 320 nm. Formation of excess ozone was prevented by this. The
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lamp was usually run at 1 kW and pulsed to 9.75 kW for 500 us when a decay signal was
desired.

The light shutter was used to protect the sample from unnecessary exposure. It was
opened for only 55 ms. The light beam was focussed at the center of the irradiation cell
by using the above mentioned mirror. The light beam was brought from the irradiation
room to the control room through a hole in the 1.2 m thick wall by reflecting on-front
surface aluminized mirrors coated with silicon monoxide. Finally, the light was focussed
into the monochromator housing by a concave mirror.

(b) Monochromator grating and filters. The monochromator was a Bauch and Lomb
type 33-86-25. For light from 350 nm to 800 nm the type 33-86-02 grating was used and
for light from 700 to 1000 nm the type 33-86-03 grating was used. The two Comning
filters used were type CS-2-64 for light from 700 to 1000 nm, and CS-3-73 for light from
480 to 700 nm. The front and back siit widths of the monochromator were 2.5 mm and
1.4 mm respectively.

(c) Digital voltmeter, oscilloscope and plotter. The incident light intensity at the
detector, recorded as a voltage on a digital multimeter (Fluke 8810 A), was displayed on
an oscilloscope (Tektronix R 7623). The signals were displayed as plots of voltage
against time on a digital plotter (Zeta 1200). All information related to the particular signal
such as total light, dose, temperature, sensitivity, time scale, half-life curve, and cell

holder number were also printed on the chart.

4. Temperature Control System

(a) Cooling and heating. Temperatures from 277 K to 298 K were achieved by
boiling liquid nitrogen. The temperature of the resulting nitrogen gas was regulated by
using another heater. Liquid nitrogen was boiled at a controlled rate from a 50 L, narrow-
necked aluminum Dewar vessel (Lakeshore Cryotonics Inc.). A stainless steel pipe (5 cm
diameter) which was fixed to a lid, fitted snugly into the neck of the Dewar. This pipe
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extended to the bottom of the Dewar. A nichrome heating coil (600 W) was attached to
the inside of the steel pipe to about 7 cm from the bottom.

A Rubatex foam-rubber pipe (1 meter long) was used to transport the cold nitrogen to
the sample box. Both ends of the pipe had glass inserts to which a leather seal was
connected. Before entering the cell box, the cold gas that came through this pipe flowed
through another stainless steel pipe (2.5 cm diameter) that had another nichrome heating
wire (0.00024 m diameter, 4 m long) inserted inside it. The temperature of the nitrogen

gas was regulated by this heating wire.

A laboratory heat gun (Master Appliance Corporation, model AH 0751) was usedto

achieve temperatures from 296 K to 372 K. The nichrome wire heated the air to the
required temperature.

(b) Cell holder box. A box insulated with foam glass (Pittsburgh Corning
Corporation) contained eight cell holders which were mounted on a circular (7 cm
diameter) aluminum base. The base was connected to a motor so that the cell holder could
make clockwise and counterclockwise full cycle rotations when the cells were not being
irradiated. Just before irradiation the pre-selected cell stopped in front of the electron
window. The gas that flowed through the holes in the aluminum base was stirred by the
rotating cell holder before leaving via a hole (2.5 cm diameter) in the lid.

A thermocouple mounted in a cell (thermocouple cell) filled with solvent monitored
the temperature of the system. The temperature controller (Taylor Microscan 1300)
utilized a temperature sensor which was fixed to one of the cell holders. A Fluke Digital
thermometer (model 2100 A) displayed the temperature of the thermocouple. The
temperature of the thermocouple cell and the difference between the temperatures of the
thermocouple cell and the air were plotted on a chart recorder (Clevite Corporation, model
15 6327 57). When the chart recorder displayed a steady temperature for a period of 15
minutes the thermal equilibrium in the system was deemed to be established. At this time,
the variation of the temperature of the thermocouple cell was only 0.1 K.



ITI. Conductivity Measurements
A. Impedance Bridge

Conductivity measurements were done with an impedance bridge (type 1608-A,
General Radio Co.). It was a self-contained system which included six bridges for the
measurement of conductance, capacitance, resistance, and inductance, as well as the
internal generators and detectors for AC and DC measurements. To obtain the
conductance reading the variable resistor and capacitor were adjusted until the null balance
was achieved. Most of the time the conductance mode (Gp mode) was used. For the
values of conductance less than about 0.60 microsiemen, the bridge was set to one of the
capacitance modes (Cp mode). Then the values of conductance were calculated from the
capacitance data. The oscillator frequency was 1 kHz for AC measurements.

B. Conductance Cells

Pyrex conductivity cells (YSI 3403) were obtained from Yellow Springs Instrument
Co., Inc. The temperature range of the measurements was 277 K to 353 K. The cell
chamber was 5 cm deep. The overall length was 20 cm and the outer diameter was 1.2
cm.

Graduated cylinders, 25 cm3 (16 cm long, 1.4 cm i.d.), were used to contain the
electrolyte solutions. In order to have a tight seal between the container and the cell, a
rubber adapter made from no. 2 stopper was fixed to the cell. Two layers of Parafilm
(American Can Company) were wrappzd around the adapter-container junction to provide
a tight seal, especially at high temperatures.

A secondary standard solution (YSI 3161, specific conductance of 1000 + 5 uS/cm)
available from Yellow Springs Instrument Co., Inc. was used to calibrate the cells. This

solution contained water, 0.002%, iodone (an anti-microbial) and potassium chloride

(ACS reagent grade).
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The electrodes of the cells were coated with platinum black which was very important
for cell operation. When the electrodes looked grey the cells were replatinized using a
replatinizing solution (YSI 3140) on a platinizing instrument (YSI 3139). The current
was kept at about 50 milliamp during the platinization. When a strong cleaning of the
cells was required they were treated with a solution of equal parts of isopropyl alcohol
and 10 M HCl before the replatinization. |

C. Constant Temperature Bath

A 10L glass Dewar filled with water was used to measure conductances at various
temperatures. Inserted in this water were a motor controlled stirrer, a refrigeration unit
(Tecumseh model AE 1343 AA), a heating coil, and a knife-heater (Cenco, 53 ohm, 350
W). The heating coil was controlled by a variac (Ohmite, model VT). The knife-heater
was controlled by a temperature regulating system (Figures 4 and 5). The temperature
was measured with a platinum resistance digital thermometer (Fluke, model 2189 A) to
0.01 K. A chart recorder (Sargent, model SR) was used to record the temperature

variation in the bath.

IV. Techniques
A. Sample Preparations

Glassware, including the quartz cells, was cleaned according to the following
procedure. First they were rinsed with ethanol and then some concentrated nitric acid was
added to them. The acid was rinsed off by washing them many times with distilled water.
Then they were washed with potassium hydroxide. Finally they were rinsed many times
with distilled water and dried at 383 K in an oven.

Solvent mixtures were prepared in 1000 cm? flasks by volume measurements. Stock
solutions of solutes were prepared in 25 or 50 cm? volumetric flasks. Solid solutes were

weighed in volumetric flasks on an analytical balance (August Sauter, model Monopan).
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The balance was readable to 0.0001 g and the precision was 0.0001 g. Perchloric acid
samples were made by measuring 70% perchloric acid solution with a glass pipet.
Sample sqlutions were made by transferring aliquots of stock solutions using syringes or
volumetric pipets. Four to six sample solutions with different concentrations were
prepared.

Figure 6 shows the procedure for sealing cells that contain the sample solutions for
kinetic measurements, after they were deaerated by bubbling with argon for 30 minutes.
At the end of the 30 minute period (Step 1), the needle was withdrawn just above the
liquid level and the argon flow rate was increased (Step 2). The sealing area was heated
with a low flame in order to vaporize volatile substances from the wall of the tube. Then

the needle was further withdrawn (Step 3) and the seal was made as soon as possible.

B. Kinetic Measurements

Solvated electrons can react with the solvent or the solute according to the following

equations:

e;+ ROH - ROs+H [14]
e;+S—o S [15]

Both reactions are first-order because the concentrations of the solvent and the solute

are much greater than that of the solvated electron. Therefore, the observed first-order

rate constant (Kobs) is given by
kobs = k1 + ka[S] (16]

where k; is the first-order rate constant of reaction [14] and k3 is the second-order rate

constant of reaction [15].
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The decay curve in each solvent was measured at the wavelength of maximum
absorption (Amax) of the solvated electrons. Figure 7 shows an example of the decay
curve of the solvated electrons. It was for 3.2 x 10-3 mol/m? of aluminum perchlorate in
10 mol% water in 1-propanol at 312 K (Amax = 740 nm).

From the half-life of the first-order decay kobs can be calculated.

-ln2
Kobg = 112 [17]

The decay curve at the beginning of the decay was sometimes not first-order. This
could be due to the reaction of solvated electrons inside microzones (geminate reaction) or
delayed response of the detector. Therefore, when the half-lives were measured from the
decay curve, the beginning of the trace was ignored. In another method, the half-lives
were measured from a half-life trace generated by the computer, as a result of calculating a
large set of half-lives along the trace. The half-life was then obtained by measuring the
vertical distance between the reference point (the lower + mark in Figure 7) and the half-
life trace. A horizontal half-life trace corresponds to a first-order decay.

Second-order rate constants kz were obtained from the plots of kops against solute
concentration (equation [16]). The values of k2 obtained at different temperatures allowed
the determination of reaction parameters such as activation energy (E2) and Arrhenius
factor (A2). They were derivgd from the plots of log of the ko/f against the reciprocal of

the absolute temperature (equation [18]).

In(ko/f) =In Az - EzRT [18]

C. Conductivity Measurements

The specific conductance (k) was calculated from the following equation,
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Fig. 7 Typical Solvated Electron Kinetic Trace
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k=CxL [19]

where L is the conductance (in Siemen) and C is the cell constant (m-1). When the values
of conductance were less than about 0.60 <S it was not possible to get a good null in the
conductance mode. Then the bridge was set to one of the capacitance modes (Cp mode)

and the value of conductance was calculated from the following equation,

L = oCpD [20)

where @ is the angular speed (rad/s) of the AC voltage, Cp is the capacitance (picofarad)

and D is the dissipation factor.

The values of molar conductance (A) were obtained from the plots of specific
conductance against solute concentration. The activatioﬁ energies of the conducting
process (Ep) were obtained from the plots of the log of the molar conductance against the

reciprocal of the absolute temperature.
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CHAPTER THREE
RESULTS

I. Reactions of Solvated Electrons with Ionic Electron
Acceptors
In this study, the rea~*~us of solvated electrons with nitrate (NO3°), chromate
(CrO42*), hydrogen ion (H*), silver ion (Ag*), thallium ion (T1*), copper ion (Cu2+),
and aluminum ion (AI3+) were investigated in alcohol/water mixtures. The alcohols were
1-propanol, 2-propanol and 2-butanol. Reaction rates with the counter ions Li*, ClO4

and CH30CO" are negligible (83).

II. Reactions of Solvated Electrons in 1-Propanol/Water
Mixtures
A. Reaction of Solvated Electrons with Nitrate Ions
The temperature and concentration dependence of the first-order rate constant (first-
order with respect to time) for the reaction of solvated electrons with lithium nitrate is
shown in Figure 8 (A-J). The concentration range was 0.03-0.5 mol/m3. Table 1 shows
the second-order rate constants (second-order with respect to initial concentration),
dielectric constants and the coulombic factors f at various temperatures in different

alcohol/water mixtures. The rate constant in water at 298 K is 9.4 x 106 m3/molss. The
values reported in the literature are 9.4 x 106 m3/moles (104) and 8.5 x 105 m3/moles
(116). Table 2 shows the rate parameters obtained from the modified Arrhenius plots ko/f
vs 1/T, shown in Figure 9.
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Fig. 8 (A-J) Temperature and concentration dependence of the first order rate
constants for the reaction of solvated electrons with lithium nitrate in 1-propanol /

water mixtures.
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represents the alcohol and C represents the electron acceptor. 1P is 1-propanol, 2P is
2-propanol and 2B is 2-butanol.
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Table 1. Dielectric constants, f values and second-order rate constants for the reaction of

solvated electrons with lithium nitrate in 1-propanol/water mixtures at various

temperatures.
Xw Temp € f k2 Xw  Temp £ f ko
® (108 m3/moles) X (105 m3/moles)
1.00 2795 866 0.79 58 051 2775 310 0.49 0.46
296.7 1789 0.78 9.3 296.1 276 047 0.75
3190 713 077 14 3142 245 045 1.0
3385 646 0.77 19 3290 227 0.44 13
3587 590 0.76 23 3438 177 0.35 1.7
3673 560 0.75 25 3626 156 0.32 1.9
097 2795 795 0.77 39 035 2775 267 043 0.25
2962 1720 0.76 6.2 296.0 240 042 0.43
3190 652 0.76 9.7 3142 210 0.39 054
3385 588 0.75 13 3290 195 0.37 0.71
3586 534 0.74 17 3438 171.7 0.35 1.0
3673 506 0.73 18 3626 156 0.32 14
093 2796 719 0.75 2.6 020 2774 247 0.40 0.093
296.3 652 0.74 4.5 2960 227 0.39 0.17
3189 588 0.73 7.8 3142 192 0.35 029
3385 527 0.72 9.8 3290 177 0.33 0.46
358.7 472 0.71 13 3438 160 0.31 0.71
3626 145 0.29 1.2
080 2796 516 0.66 1.4 0.10 2796 235 0.38 0.06
2964 465 0.65 2.5 2962 210 0.36 0.11
3189 415 0.64 4.1 319.2 182 0.33 0.28
3285 369 0.62 54 3384 158 0.30 0.59
358.7 330 0.60 6.8 3588 137 0.26 13
3673 310 0.59 74 3673 127 0.24 19
070 2796 418 0.60 0.96 000 2796 228 0.37 0.033
2967 375 0.58 1.7 2982 202 0.34 0.091
3189 332 0.56 2.8 3172 175 031 0.32
3384 293 0.54 3.5 3325 158 0.29 0.67
3587 253 0.51 4.5 3488 142 0.26 1.1



Table 2. Rate parameters for the reaction of solvated electrons with lithium nitrate in

1-propanol/water mixtures.

Xw 2"’ o® Ky/f® Ex®9) log AZ® En®
(103Pwg)  (105m¥fmols) (105 m¥mols)  (I/mol) _(Agin m¥moles) _(k/mol)

100 089 9.4 12 17 9.96 16
097 134 6.3 8.3 17 9.95 2
093 184 4.7 6.4 2 10,61

080 264 26 4.0 20 10.10

070 272 1.68 29 20 9.95 27
051 250 0.74 16 19 9.49 %
035 232 0.41 0.95 20 9.43

020 216 0.18 0.47 29 10.78

010 206 0.13 0.36 36 1190 19
000 196 0.09 0.26 46 13.50 18
(a) At298K.

(b) Near 298K.

(c) From Arrhenius plots of ko/f.
(d) From ref. 106.



Fig. 9  Arrhenius plots for the reactions of solvated electrons with lithium nitrate in

1-propanol/water mixtures.
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B. Reaction of Solvated Electrons with Chromate Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with lithium chromate are shown in Figure 10 (A-H). The
concentration range of CrO42- was 0.09-0.18 mol/m3. Table 3 shows the second-order
rate constants, dielectric constants and the coulombic factors f at various iemperatures in
different alcohol/water mixtures. The rate constant in water at 298 K is 1.6 x 10
m3/molss. The values reported in the literature are 1.7 x 107 m3/moles (104) and 1.8 x

107 m3/moles (117). Table 4 shows the rate parameters obtained from the modified

Arrhenius plots shown in Figure 11.
Fig. 10 Temperature and concentration dependence of the first-order
(A-H) rate constant for the reaction of solvated electrons with

lithium chromate in 1-propanol/water mixtures
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Table 3. Dielectric constants, f values and second-order rate constants for the reaction of

solvated electrons with lithium chromate in 1-propanol/water mixtures at various

temperatures.
Xw Temp e f K® Xw Temp ¢ f ky
X) (107 m3/molss) X) (107 m3/moles)
1.00 276.1 875 0.69 0.93 068 2799 393 043 0.20
298.1 782 0.69 1.6 2983 35.1 041 0.38
3173 N3 0.68 2.1 3144 322 0.39 0.60
3382 647 0.68 3.1 3324 290 0.37 0.84
3576 585 0.66 4.0 3488 26.1 0.35 1.2
3672 S$59 0.65 4,7 3670 23.1 0.32 1.5
097 27197 1786 0.67 0.70 0.51 279.7 305 0.32 0.14
2083 714 0.66 1.1 2983 274 0.31 0.23
3174 &52 0.63 1.8 3173 4S5 0.29 0.39
3382 588 .64 25 3382 218 .26 0.63
3577 34 0.63 3.5 3576 188 0.23 0.89
3674  Si6 0.62 39 3674 115 0.21 1.1
094 2762 743 0.65 0.40 D35 2756 26.5 0.27 0.10
2082 66.1 0.64 .79 208.1 237 0.25 0.17
3173 el 0.63 1.3 3172 210 0.22 0.27
338.2 549 0.62 2.0 3379 184 0.20 0.45
3573 437 0.60 2.8 3573 160 0.17 0.69
3669 462 0.59 29 367.0 149 0.15 0.83
081 2797 517 0.53 0.25 022 2983 217 0.21 0.13
2983 464 0.52 0.48 3173 192 0.19 0.36
3173 420 0.50 0.79 3380 166 0.16 0.65
3382 313 048 1.2 3575 145 0.14 1.2
3577 334 046 1.8 367.1 134 0.12 1.3

3675 314 045 2.0



Table 4. Rate parameters for the reaction of solvated electrons with lithium chromate in

1-propanol/water mixtures.

Xw n® u® k/f® E®0) log A2
(103Paes) (107 m¥moles) (107 m¥jmoles) _ (/mob) (A2 in m3/mol-s)

1.00 089 16 23 16 10.10
097 134 12 18 19 10.54
094 165 0.79 12 21 10.80
0.81 263 0.48 092 23 10.90
0.3 272 0.38 0.93 22 10.86
0.51 251 0. 0.77 24 1110
0.35 232 0.17 0.65 26 1136
0.22 218 0.19 0.90 33 1196

(a) At298K.

(b) Near 298K

(c) From Arrhenius plots of ko/f.



Fig. 11 Arrhenius plots for the reactions of solvated electrons with lithium chromate

in 1-propanol/water mixtures.
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C. Reaction of Solvated Electrons with Hydrogen Ioiis

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with hydrogen ions are shown in Figure 12 (A-J). The
concentration range was 0.01-0.13 mol/m3. Table 5 shows the second-order rate

constants, dielectric constants and the coulombic factor f at various temperatures in
different alcohol/water mixtures. The rate constant at 298 K is 2.6 x 107 m3/moles in
water. The values reported in the literature are (2.0-2.8) x 107 m3/moles (83). Table 6
shows the rate parameters obtained from the modified Arrhznius plots shown in Figure
13. In some of the kobs versus [H*] plots, the best fit lines are below the points
corresponding to the pure solvent sample. This was observed in the cases of copper(li)
and aluminum(III). This has also been observed in the t-butyl/water (118),
rethanol/water (119) and ethanol/water (119) mixed solvents for copper(Il). It has been
explained in terms of the presence of a small amount of chelating or precipitating agent.
Similar behavior for hydrogen ion has been observed in water, methanc! = thanol

(120). It has been explained in terms of the adsorption of some acid on the cell walls.

Since only the intercept is affected there is no effect on the second-order rate constants.

A {100/1P| Perchloric acid}
6
_ 5 ' A @ 277.5K
% e 2959K
& 4}F ® 314.2K
2 A 7,/4 e 320.0K
ol : ® 3439K
[7: ® /'-’/
a .
K Lo 8-
e /u -
N 2 2 1 " . r
0.0 0.5 1.0 1.5

[Perchloric acid] ( 10~ moi/m3)

Fig.i2 (A-J) Temperature and concentration dependence of the first order rate
constants for the reaction of solvated electrons with perchloric acid in 1-propanol/

water mixtures.
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Table 5. Dielectric constants, f values and second-order rate constants for the reaction of

solvated electrons with perchloric acid in 1-propanol/water mixtures at various

temperatures.
Xy Temp e f k Xw Temp e £ -k
® (107 m3/mol-s) X (107 mi ot _
1.00 2775 868 1.39 1.8 051 2715 310 227 13
2959 793 140 2.6 2960 276 235 2.5
3142 725 141 32 3142 245 245 44
3290 677 1.42 4.1 3290 227 2.50 6.3
3439 630 143 4.6 3438 177 293 9.5
097 2715 196 1.42 1.6 035 2774 267 2.52 1.1
2959 724 144 23 2959 240 2.60 20
3142 664 145 3.0 3142 210 2.75 38
3290 617 147 3.7 3290 195 2.81 5.6
3438 574 1.48 4.5 3438 117 293 79
093 2774 720 148 1.5 020 2774 247 267 0.83
2960 656 149 24 2960 227 271 1.8
3142 600 1.51 33 3142 192 295 33
3290 555 1.53 42 3290 177 3.0 52
3438 514 1.55 49 3438 160 3.2 6.7
3626 46.5 1.58 6.1 362.7 145 33 11
081 2775 525 168 1.7 010 2775 236 2.76 0.77
2960 472 1.71 31 2960 210 288 14
3142 428 1.75 5.0 3142 187 3.0 3.0
3290 395 1.78 6.6 3290 170 3.1 4.5
3438 364 1.81 8.5 3438 152 33 6.7
362.7 132 3.6 11
068 2774 400 1.93 1.6 000 2775 229 2.83 0.77
2960 35.7 199 33 296.0 210 2.88 1.5
3142 322 2.04 52 3142 180 3.1 29
3290 295 2.09 6.9 329.0 165 3.2 4.2
3438 261 220 9.6 3438 147 34 6.4
362.7 239 225 14 362.7 127 3.7 11



Table 6. Rate parameters for the reaction of solvated electrons with perchloric acid in

1-propanol/water mixtures.

Xw n® ® k@ By log A2
(103 Paes) (107 m3/mol~s) (107 m3/mols)  (i/mol) (A3 in m3/moles)

1.00 089 2.6 19 12 9.42
0.97 134 24 1.7 13 9.57
0.93 186 2.5 1.7 15 9.78
0.81 263 33 19 17 10.26
0.68 273 33 1.7 19 10.60
051 2.56 2.7 12 22 10.85
0.35 232 23 0.89 23 10.87
020 2.16 19 0.68 2% 10.95
0.10 2,06 1.6 0.55 24 11.04
0.00 196 1.7 0.57 23 10.69

(@) At298K.

(b) Near 298K.

(c) From Arrhenius plots of ko/f.



Fig. 13 Arrhenius plots for the reaction of solvated electrons with

perchloric acid in 1-propanol/water mixtures
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D. Reacticn of Solvated Elecirons wiih Silver Ions

The temverature and concentration degzrdence of the first-order rate constant for the
reaction of solvated electrons with silver ions are shown in Figure 14 (A-J). The
concentration range of silver ion was 3-73 mmol/m3. Table 7 shows the second order
rate constants, dielectric constants and the coulombic factors f at various temperatures in
different alcohol/water mixtures. The rate constant at 298 K is 4.2 x 107 m3/moles in
water and 1.1 x 107 m3/moles in 1-propanol. The values reported in the literature are 3.6
% 107 m3/moles (118) and 4.2 > 107 m3/moles (104) in water, and 0.76 x 107 m3/moles
in 1-propanol (91). Table 8 shows the rate parameters obtained from the modified

Arrhenius plots shown in Figure 15.

Fig. 14 Temperature and concentra‘ion dependence of the first-order
(A-T; rate constant for the reaction of solvated electrons with

silver perchlorate in 1-propanol/water mixtures
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Table 7. Dielectric constants, f values and second-order rate constants for the reaction of

solvated electrons with silver perchlorate in 1-propanol/water mixtures at

various temperatures.
Xw  Temp e f k2 Xw  Temp [ f | 4)
® (107 m3/moles) (GY) (107 m3/mol-s)
1.00 2796 866 1.38 24 0.50 279.6 302 229 0.90
2975 787 140 4.2 2970 215 2.35 14
3190 713 141 6.7 3189 240 246 29
3385 646 143 10 3384 212 2.58 4.7
3588 590 145 15 3585 185 2.74 7.2
369.5 560 146 18 366.9 16.7 291 8.4
097 2795 795 142 1.9 035 2796 265 2.52 0.81
2970 720 144 35 2976 239 2.59 1.5
3189 652 145 58 3146 215 2.70 2.7
3384 588 148 9.1 3383 185 2.87 4.5
3585 534 1.50 13 3584 160 3.08 7.1
367.2 506 1.52 14 366.8 150 3.19 8.3
093 2758 726 147 1.0 020 2796 24 2.68 0.71
2952 659 1.49 2.0 2976 218 2.78 1.2
3121 606 1.51 3.1 319.2 190 2.94 2.8
3320 547 1.53 4.4 2785 167 KR! 4.3
3523 4992 1.56 58 355.8 144 34 7.1
3619 470 1.57 7.9 367.3 135 35 12
080 2758 523 1.69 0.8 0.10 2797 235 2.76 0.74
2963 465 1.72 1.8 298.6 20.7 2.89 14
3128 425 1.76 2.8 3149 18¢ 3.0 22
3320 384 1.79 4.6 3330 165 32 3.6
3463 353 1.83 6.0 3494 146 34 5.5
3638 132 3.6 8.2
070 279.6 415 1.89 0.97 000 2798 225 2.85 0.53
2976 374 1.93 1.5 2986 200 2.98 1.1
319.1 330 1.99 3.2 3149 180 31 20
3385 295 2.06 4.5 3330 160 33 34
3586 260 2.15 7.2 3494 140 3.5 55
367.1 245 2.20 8.2 363.8 127 3.7 79

63



Table 8. Rate parameters for the reaction of solvated electrons with silver perchlorate in

1-propanol/water mixtures.

Xw n® K@ koi® Ex®%) log A7)
(103 Pees) (107 m/moles) (107 m¥mols)  (kJ/mol) (A2 in m3/moles)
1.00 085 42 3.0 19 10.83
097 134 3.5 24 20 10.83
093 186 2.1 14 21 10.77
0.80 264 18 1.0 2% 11.21
0.70 2.74 17 0.88 22 10.83
0.50 250 1.6 0.68 2 10.69
036 232 15 0.58 23 10.80
0.20 2.16 13 0.47 23 10.63
0.10 206 13 0.45 22 1048
0.00 196 1.1 0.37 25 10.88
(a) Ar298K.

(b) Near 298K.
(c) From Arrhenius g £,



Fig. 15
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E. Reaction of Solvated Electrons with Copper(ll) Ions

The temperature and concentration dependence of the first-order rate constants for the
reaction of solvated electrons with copper(Il) ion are shown in Figure 16 (A-J). The
concentration range of Cu2* was 2-75 mmol/m3.

Table 9 shows the second-order rate constants, dielectric constants and the coulombic
factors f at various temperatuses in different alcohol/water mixtures. The rate constant at
208 K is 3.9 x 107 m3/moles in water. The values reported in the literature are 3.8 x 107

m3/moles (104) and 4.0 x 107 m3/moles (86). Table 10 shows the rate parameters

obtained from the modified Arrhenius plots shown in Figure 17.

Fig. 16 Temperature and concentration dependence of the first-ordc:
(A-J) rate constant for the reaction of solvated electrons with

copper(Il) perchlorate in 1-propanol/water mixtures
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Table 9. Dielectric constants, f values and second-order rate constants for the reaction of

solvated electrons with copper(ll) perchlorate in 1-propanol/water mixtures at

various temperatures,

Xw Temp 4 f ky Xw Temp € f ks
(L9) (107 m3/moles) (L) (107 m3/moles)

1.00 2800 857 3.0 25 051 2775 310 7.8 14
2986 778 30 4.0 2959 276 8.2 2.8
3153 722 3.1 5.6 3142 245 8.7 4.7
3330 665 3.2 8.2 329.0 227 8.9 7.3
3494 615 33 11 3438 177 11.0 10
3645 570 33 13

097 2765 80.0 32 1.7 033 2978 235 9.5 2.7
2949 727 33 3.2 3170 210 10.0 5.0
3119 670 33 4.8 3378 183 10.8 7.8
3316 610 34 6.7 3570 160 120 12
3520 550 36 8.2 3668 14.8 12.3 16
360.7 s25 36 10

093 2769 722 35 2.0 020 2605 275 9.3 0.75
2954 658 35 3.6 2774 247 9.7 1.3
3136 600 37 6.0 2960 227 9.9 2.6
3284 556 38 8.3 3142 192 11.1 44
3432 515 39 11 3290 172 11.5 6.7

081 2957 530 4.6 14 010 2772 236 102 1.1
2966 470 4.8 4.0 295.7 210 10.7 25
3169 422 50 6.0 3139 187 114 4.2
337.7 376 53 8.0 3139 187 114 4.2
3572 335 56 11 3286 170 119 6.3
3668 315 58 13

0.68 2759 403 6.0 1.2 0.00 277.1 230 10.5 0.91
2063 356 6.3 3.0 296.7 204 11.0 1.9
3170 316 6.7 58 3148 180 11.8 3.6
3378 280 7.1 8.7 3284 165 12.3 58
3573 2438 7.5 12 343.0 147 13.2 9.7
3670 233 7.8 13



Table 10. Rate parameters for the reaction of solvated electrons with copper(Il)

perchlorate in 1-propanol/water mixtures.

Xw n®@ k)® ky/f@ Ep®e) log A3(©)
(103 Pass) (107 m¥moles) (107 m¥/moles)  (I/mol)  (Az in m3/moles)
1.00 0.89 39 13 18 10.20
0.97 134 34 1.0 18 10.21
0.93 192 39 1.1 20 10.60
0.81 263 5.5 0.73 23 10.87
0.68 272 3.1 0.49 2% 10.96
0.51 256 29 0.36 20 10.00
0.33 230 29 0.31 20 10.00
0.20 2.16 2.8 oz 21 10.06
0.10 2.06 25 0.23 23 10.16
0.00 196 2.1 0.19 25 10.72
(a) At298K.

(b) Near 298K.
(c) From Arrhenius plots of ko/f.



Fig. 17 Arrhenius plots for the reaction of solvated electrons with

copper(ll) perchiorate in 1-propanol/water mixtures
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F. Reaction of Solvated Electrons with Aluminum Ions

The temperature and concentration dependence of the first-order rate constants for the
reaction of solvated electrons with aluminum(III) are shown in Figure 18 (A-M). The
concentration range was 2-32 mmol/m3,

Table 11 shows the second-order rate constants, dielectric constants and the
coulombic factors f at various temperaturés in different alcohol/water mixtuzes. The rate
constant at 298 Kis 2.5 x 107 m3/moles in water. The value reported in the literature is
2.0 x 106 m3/moles (83). The negative intercept could be the reason for this large
difference between the experimental and literature results. (An experiment done in a
lower concentration range can give a lower second-order rate constant.) Table 12 shows

the rate parameters obtained from the modified Arrhenius plots shown in Figure 19.

Fig. 18 Temperature and concentration dependence of the first-order
(A-M) rate constant for the reaction of solvated electrons with

aluminum perchlorate in 1-propanol/water mixtures
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Table 11. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with aluminum perchlorate in 1-propanol/water mixtures

at various temperatures.

Xw Temp e f k2 Xw Temp € f ky
X) (107 m3/molss) ® (107 m3/molss)

1.00 276.1 875 59 0.91 035 2756 272 19.1 2.6
2066 790 6.1 2.0 2048 242 20.1 56
3146 725 6.3 4.3 3120 20 208 89
3286 68.0 6.4 8.6 3288 196 222 15
3438 630 6.6 1] 3467 175 236 23
3614 579 6.8 14

097 2772 7197 6.5 14 020 2763 250 207 24
2965 722 6.7 3.6 2968 220 219 50
3145 665 6.8 5.5 3120 200 229 8.0
328.2 620 7.0 9.0 3287 178 244 13
3428 17 7.2 14 3464 158 26.1 18
3614 525 7.5 18 3645 137 286 29

089 2771 645 8.0 1.6 010 2763 238 218 1.9
2966 582 83 42 2970 210 229 35
3147 530 8.6 8.3 3121 190 241 6.5
3284 492 8.9 15 3287 170 256 10
343.0 455 9.2 21 3464 150 2715 17
3616 410 9.6 28 3644 130 302 24

081 2774 525 98 4.7 005 2772 233 221 19
2948 475 10.2 8.6 2967 207 233 35
3121 433 10.6 12 3148 183 248 6.3
328.7 395 11.0 19 3284 166 262 9.5
3464 362 114 26 3431 150 278 14
3644 320 123 k)

068 2772 400 129 36 000 277.1 230 224 3.1
294.7 360 13.5 7.7 2967 204 236 6.3
3120 325 14.1 12 3148 180 252 11
328.7 295 14.8 17 3284 165 264 16
3466 265 15.6 23 3431 149 280 25

051 2763 312 166 3.7
2967 217 174 7.9
3121 254 18.0 12
3287 230 189 19

3464

205

20.1

27



Table 12. Rate parameters for the reaction of solvated electrons with aluminum

perchlorate in 1-propanol/water mixtures.

Xw n® K® k1@ Ep®e) log A(®)
(103Paes) (107 m¥/mols) (107 m¥moles)  (kI/mol) (A in m3/moies)
1.00 0.89 2.5 041 K7} 11.79
0.97 134 3.5 0.52 26 11.25
0.89 226 4.5 0.54 28 11.54
0.81 263 8.8 0.86 19 10.27
0.68 273 8.2 0.62 20 10.27
0.51 256 8.0 0.47 21 10.33
0.35 232 59 0.30 20 10.00
0.20 216 52 | 0.24 21 10.04
0.10 206 4.1 0.18 21 9.98
0.05 201 38 0.16 22 10.07
0.00 196 6.7 0.28 22 10.38
(a) At298K.

(b) Near 298K.
(c) From Arrhenius plots of ko/f.



Fig. 19
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111. Keactions of D>dolvated Liectrons In Z2-r¥ropanol/water
Mixtures

A. Reaction of Solvated Electrons with Nitrate Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with nitrate ion are shown in Figure 20 (A-I). The
concentration range was 0.03-0.5 mol/m3. Table 13 shows the second-order rate
constants, dielectric constants and the coulombic factors f at various temperatures in
different alcohol/water mixtures. Table 14 shows the rate parameters obtained from the

modified Arrhenius plots shown in Figure 21.

Fig. 20 Temperature and concentration dependence of the first-order
(A-]) rate constant for the reaction of solvated electrons with

lithium nitrate in 2-propanol/water mixtures
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Table 13. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with lithium nitrate in 2-propanol/water mixtures at

various temperatures.

Xw Temp e f k2 Xw  Temp e f ky
® __(105 m3/molss) ® (105 m3/mols)

1.00 279.5 858 0.78 58 052 279.5 292 047 0.46
296.7 1786 0.78 9.3 2980 256 044 0.74
3190 724 0.78 14 3146 230 042 1.0
3385 646 0.77 19 3327 209 040 1.6
3587 592 0.76 23 349.1 184 0.37 2.1
3673 56.0 0.75 25

098 2796 800 0.77 44 036 2772 245 0.40 0.26
2983 733 0.77 7.1 2073 215 0.37 0.56
3172 675 0.76 10 3157 190 0.34 0.87
3382 602 0.75 14 3333 173 0.32 1.2
3575 550 0.74 19 3493 152 0.29 1.7
367.2 520 0.74 21 3644 137 0.27 25

095 2796 735 0.75 34 020 2828 220 0.36 0.29
2982 670 0.75 6.0 2959 196 0.33 0.51
3127.2 615 0.74 10 3141 174 0.31 0.83
3382 550 0.73 15 3288 156 0.28 14
3576 500 0.72 17 343.7 135 0.24 20
367.1 472 0.71 19 3634 125 0.23 4.2

0.81 2793 505 0.66 14 0.10 2958 18.2 0.30 0.56
2980 363 0.57 2.3 3140 165 0.29 1.1
3145 327 0.56 39 3286 150 0.27 1.7
331.7 300 0.54 52 3433 130 0.23 3.6
3450 279 0.53 6.3 3622 118 0.21 6.3

0.70 2922 375 0.58 1.1 0.00 2958 182 0.30 0.59
303.0 350 0.57 1.7 3139 160 0.27 1.4
3145 327 0.56 24 3283 143 0.25 2.7
3324 300 0.54 33 3434 130 0.23 4.7
3488 277 0.53 4.2



Table 14. Rate parameters for the reaction of solvated electrons with lithium nitrate in

2-propanol/water mixtures.
Xw ?(t) k® ky/(® Ex®e) log AY© 5,1(6)
(10°Pass) (105 m3/moles) (105 m3/molss)  (kI/mol)  (Az inm3/moles) _(kJ/mol)

1.00 0.89 9.4 12 16 9.91 16
0.98 1.26 7.1 9.2 17 10.00 20
0.95 1.80 6.2 8.3 2 10.70

0.81 3.01 25 39 23 10.65 25
0.70 3.06 1.5 26 23 1040 25
0.52 272 0.74 1.7 20 9.7 25
0.36 239 0.53 14 4 10.40

0.20 219 0.51 1.5 33 11.96

0.10 213 0.55 1.8 38 12.94 23
0.00 208 0.65 22 42 13.69 2

(a) At298K.

~(b) Near 298K.
(c) From Arrhenius plots of ko/f.
(d) From ref. 106.



Fig. 21 Arrhenius plots for the reaction of solvated electrons with

lithium nitrate in 2-propanol/water mixtures
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B. Reaction of Solvated Electrons with Chromate Ions

The temperature and conceritzation dependence of the first-order rate constants for the
reaction of solvated electrons with chromate ion are shown in Figure 22 (A-G). The
concentration range was 0.09-0.18 mol/m3. Table 15 shows the second-order rate
constants, dielectric constants and the coulombic factors f at various temperatures in

different alcohol/water mixtures. Table 16 shows thé rate parameters obtained from the

modified Arrhenius plots shown in Figure 23.

Fig. 22 Temperature and concentration dependence of the first-order
(A-G) rate constant for the reaction of solvated electrons with

lithium chromate in 2-propanol/water mixtures
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Table 15. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with lithium chromate in 2-propanol/water mixtures at

various temperatures.

Xw Temp € f k2 Xw  Temp € f ka
® (107 m3/mol-s) X (107 m3/moles)

1.00 276.1 8.5 0.69 0.93 0.68 2773 392 042 0.36
298.1 1782 0.69 1.6 2958 350 0.40 0.59
3173 N3 0.68 2.1 3141 315 0.38 1.1
3382 ©4.7 0.67 3.1 3289 290 0.37 1.6
3576 589 0.66 4.0 3437 265 0.35 1.9
3672 559 0.65 4.7 3624 237 0.32 23

097 2771 786 0.67 0.71 0.52 2775 294 0.30 0.31
296.7 718 0.66 13 296.0 258 0.28 0.59
3148 660 0.65 20 3142 230 0.25 1.0
3284 614 0.64 2.5 3290 210 0.24 1.5
343.1 570 0.63 3.1 3438 19.1 0.22 18
361.7 520 0.62 4.3

095 2774 748 0.65 0.58 036 2774 24.7 0.23 0.30
2960 672 064 1.1 2960 216 0.21 0.44
3142 618 -0.63 1.7 3142 192 0.19 0.71
3289 575 0.62 22 3290 174 0.17 1.2
3438 535 0.61 2.9
3625 488 0.60 3.7

081 2773 517 053 0.31 020 2771 228 0.20 0.24
2059 46.7 052 0.60 2970 198 0.18 0.46
3139 426 0.50 0.91 3148 175 0.15 0.83
328.7 395 0.49 1.3 3284 158 0.14 1.1
3435 365 0.48 1.8 343.1 142 0.12 1.5
3604 33.1 0.46 2.2 361.7 126 0.10 20
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Table 16. Rate parameters for the reaction of solvated electrons with lithium chromate in

2-propanol/water mixtures.
Xw n® L® ky/(® Ep(b<) log A2©)
(103Parg) (105 m¥/moles) (108 m3/moles)  (kI/mol) (A in m¥/moles)
1.00 0.89 15.5 23 16 10.10
0.97 138 13.2 20 19 10.56
0.95 1.80 11.0 17 21 10.89
0.81 3.10 6.6 13 4 11.24
0.68 3.06 7.2 18 25 11,68
0.52 272 6.8 24 27 12.07
0.36 239 5.2 25 25 11.85
0.22 2.19 4.8 28 30 12.70
(@) At298K.

(b) Near 298K.
(¢) From Arrhenius plots of ky/f.



Fig. 23 Arrhenius plots for the reaction of solvated electrons with

lithium chromate in 2-propanol/water mixtures
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C. Reaction of Solvated Electrons with Hydrogen Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with hydrogen ion are shown in Figure 24 (A-I). The
concentration range was 0.01-0.06 mol/m3. Table 17 shows the second-order rate
constants, dielectric constants and the coulombic factors f at various temperatures in

different alcohol/water mixtures. Table 18 shows the rate parameters obtained from the

modified Arrhenius plots shown in Figure 25.

Fig. 24 Temperature and concentration dependence of the first-order
(A-D rate constant for the reaction of solvated electrons with

perchloric acid in 2-propanol/water mixtures
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Table 17. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with perchloric acid in 2-propanol/water mixtures at

various temperatures.
Xw  Temp € f k2 Xw  Temp € f k2
K) (107 m3/mols) ® (107 m3/moles)
100 2775 8638 1.39 1.8 050 2760 274 248 13
2959 793 140 2.6 2948 252 2.51 2.7
3142 725 141 32 3128 226 261 50
3290 677 142 4.1 3275 207 2.69 7.5
3439 630 143 4.6 3420 190 2.78 10
360.7 16.7 296 15
097 2775 784 143 1.5 035 2771 246 2.68 1.2
2958 719 1.44 2.0 2948 218 2.81 20
3125 665 145 2.7 3128 194 294 4.6
3270 620 147 3.2 3275 185 2.94 6.0
3410 578 148 4.0 3420 160 32 10
360.0 525 1.51 4.6 360.7 140 34 18
093 2763 710 148 1.8 020 277.1 230 2.82 1.0
2955 64.7 1.50 2.6 2948 218 2.81 20
313.1 595 1.51 32 3128 194 2.94 38
327.7 55.5 1.53 4.2 3275 160 33 6.0
3426 515 1.55 53 3420 145 35 9.0
361.3 46.8 1.57 59 360.6 127 3.7 13
080 277.1 507 1.71 1.7 010 277.1 220 292 1.0
296.5 456 1.74 3.2 298 200 3.0 20
3146 415 1.77 54 3128 168 33 4.1
329.2 385 1.80 7.1 3275 152 35 5.6
3429 360 1.82 9.3 3420 137 3.7 10
361.5 325 1.87 13 360.6 120 39 17
070 2772 407 1.92 1.7 000 2762 213 3.0 0.88
2948 36.6 1.97 3.5 296.0 184 32 1.6
3128 330 2.02 5.6 3140 160 34 32
3275 305 2.06 8.3 3200 145 3.6 4.7
3420 280 2.11 10 3430 130 38 8.2
3606 250 2.20 12 362.0 115 4.1 14
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Table 18. Rate parameters for the reaction of solvated electrons with perchloric acid in

2-propanol/water mixtures.
Xw n® L® ky/t® Ep(be) log Ay(©)
(103Pass) (107 m3/mol-s) (107 m3/moles)  (I/mol)  (Ap in m/moles)
1.00 089 2.6 1.9 12 9.42
0.97 138 2.1 1.6 13 9.52
093 202 2.6 1.7 13 9.43
0.80 303 34 19 20 10.86
0.70 3.09 3.7 19 21 10.90
0.50 268 3.1 1.2 23 11.21
0.35 238 26 0.92 25 11.32
0.20 220 23 0.76 26 11.39
0.10 213 23 0.72 25 11.24
0.00 208 19 0.58 % 1091

(a) At298K.
(b) Near 298K.
(c) From Arrhenius plots of ko/f.
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Fig. 25 Arrhenius plots for the reaction of solvated electrons with

perchloric acid in 2-propanol/water mixtures
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D. Reaction of Solvated Electrons with Silver Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with silver ion are shown in Figure 26 (A-H). The
concentration range was 5-70 mmol/m3. Table 19 shows the second-order rate constants,
dielectric constants and the coulombic factor f at various temperatures in different

alcohol/water mixtures. Table 20 shows the rate parameters obtained from the modified

Arrhenius plots shown in Figure 27.

Fig. 26 Temperature and concentration dependence of the first-order
(A-H) rate constant for the reaction of solvated electrons with

silver perchlorate in 2-propanol/water mixtures
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Table 19. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with silver perchlorate in 2-propanol/water mixtures at

various temperatures.
Xw Temp [ f 9] Xw Temp € f ')
®) (107 m3/moles) ® (107 m3/moles)
1.00 2796 866 1.38 24 0.52 280.7 286 238 0.83
297.5 787 140 42 2958 260 245 1.5
3190 713 141 6.7 3139 230 2.57 24
3385 646 143 10 3285 210 266 3.6
3588 590 145 15 3433 194 2.73 49
367.5 560 1.46 18 3633 170 290 7.2
098 2794 79.5 142 2.0 020 2784 225 2.86 0.79
298.1 730 143 34 2959 196 3.0 1.8
3147 615 1.44 5.7 3141 174 32 29
3327 620 1.46 7.9 3289 156 34 44
349.1 574 147 11 3438 135 3.7 6.9
093 2761 7.0 1.49 1.1 010 2771 220 293 0.79
2955 646 1.50 24 296.7 189 3.1 1.7
316.7 590 1.51 4.6 3148 165 3.3 32
3333 540 1.53 6.7 3284 150 35 5.0
3493 498 1.56 9.4 3431 137 3.7 1.3
361.7 120 39 12
081 2955 468 1.72 1.8 0.00 2927 188 32 1.5
3165 420 1.76 36 3285 145 36 4.2
3333 386 1.78 54 3432 130 38 7.1
3493 355 1.82 7.1 3630 115 4.1 10
071 2730 430 1.87 0.67
2955 375 1.94 1.7
3166 325 2.02 35
3333 300 2.06 5.1
3493 275 2.11 7.2



Table 20. Rate parameters for the reaction of solvated electrons with silver perchlorate in

2-propanol/water mixtures.
Xw ?® Kn® ko/r® Ep(b<) log Ay(©)
(103 Pa-s) (107 m3/moles) (107 m3/molss)  (W/mol) (A in m3/moles)
1.00 0.89 4.2 3.0 19 10.83
0.98 120 35 24 20 10.85
0.93 202 26 1.7 22 11.04
0.81 302 1.9 1.1 23 11.16
0.71 3.10 1.8 0.92 24 11.19
0.51 272 1.6 0.64 22 10.58
0.20 220 1.7 0.56 22 10.70
0.10 213 1.8 0.56 24 11.04
0.00 208 1.7 0.52 24 10.98
(a) At298K.
(b) Near 298K.

(¢) From Anheniu§ plots of ko/f.



Fig. 27 Arrhenius plots for the reaction of solvated electrons with

silver perchlorate in 2-propanol/water mixtures
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E. Reaction of Solvated Electrons with Copper(I) Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with copper(II) ion are shown in Figure 28 (A-I). The
concentration range was 4-125 mmol/m3. Table 21 shows the second-order rate
constants, dielectric constants and the coulombic factor f at various temperatures in
different alcohol/water mixtures. Table 22 shows the rate parameters obtained from the

modified Arrhenius plots shown in Figure 29.

Fig. 28 Temperature and concentration dependence of the first-order
(A-D rate constant for the reaction of solvated electrons with

copper(Il) perchlorate in 2-propanol/water mixtures
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Table 21. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with copper(II) perchlorate in 2-propanol/water mixtures

at various temperatures.
Xw Temp € f ky Xw  Temp € f k2
X (107 m3/molss) ®) (107 m3/molss)
1.00 2800 857 30 2.5 052 2752 2.7 8.2 1.2
2086 778 3.0 4.0 2958 260 8.7 26
3153 722 3.1 5.6 3140 230 9.2 5.0
3330 665 32 8.2 328.7 210 9.7 713
3645 570 3.3 13 3435 194 100 11
098 2762 808 3.1 2.1 036 2774 247 9.7 1.5
2914 750 32 3.4 2959 216 104 3.0
3027 715 32 4.8 3141 192 111 5.6
3212 654 33 74 3288 174 117 8.7
3437 158 12.3 13
095 2762 1740 34 1.9 020 2774 219 110 1.6
2947 617 3.5 3.2 296.1 198 114 2.8
3120 610 36 4.8 3142 174 122 59
328.7 5§75 36 7.6 3290 158 12.8 9.5
3464 529 3.7 11 3438 144 135 15
081 2762 520 4.7 1.5 010 2772 220 109 1.1
2963 466 49 34 296.7 189 119 29
3120 430 50 55 3147 165 12.9 56
328.7 395 52 8.2 3284 150 136 8.7
3464 360 54 13 3430 137 142 13
3617 120 154 23
068 2774 1390 6.2 1.5 000 2752 215 11.3 0.95
2959 350 6.5 3.2 2958 184 12.3 20
314.1 315 6.8 5.8 3140 160 133 50
3289 290 7.0 8.3 3287 145 140 15
3438 265 7.3 12 3436 130 149 13
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Table 22. Rate parameters for the reaction of solvated electrons with copper(II)

perchlorate in 2-propanol/water mixtures,

Xw 7@ b® kot® Ep(b<) log A(©)
(103Pws) _ (107 m¥mols) (107 m¥/moles)  (ki/mol) (A2 in m3/moles)

1.00 0.89 39 1.3 18 10.20
0.98 120 4.1 1.3 20 10.55
0.95 1.78 35 1.0 21 10.64
0.81 3.02 35 0.71 23 10.85
0.68 307 2.9 0.44 25 11.02
0.52 2.70 2.9 0.33 23 10.49
0.36 240 33 0.32 A4 10.72
0.20 220 34 0.30 25 10.83
0.10 213 29 0.24 27 11.05
0.00 2,08 25 0.20 29 11.29

(@) At298K.

(b) Near 298K.

(¢) From Arrhenius plots of ko/f.
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Fig. 29 Arrhenius plots for the reaction of solvated electrons with

copper(ll} perchlorate in 2-propanol/water mixtures
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F. Reaction of Solvated Electrons with Aluminum Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with aluminum ion are shown in Figure 30 (A-I). The
concentration range was 2-34 mmol/m3, Table 23 shows the second-order rate constants,
dielectric constants and the coulombic factor f at various temperatures in different

alcohol/water mixtures. Table 24 shows the rate parameters obtained from the modified

Arrhenius plots shown in Figure 31.
Fig. 30 Temperature and concentration dependence of the first-order
(A-D rate constant for the reaction of solvated electrons with

aluminum perchlorate in 2-propanol/water mixtures
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Table 23. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with aluminum perchlorate in 2-propanol/water mixtures

at various temperatures.
Xw  Temp e f ky Xw Temp e f k2
X (107 m3/moles) K) (107 m3/moles)
1.00 2761 875 59 091 052 2764 295 115 33
2966 79.0 6.1 2.0 2949 260 18.7 6.3
3146 725 6.3 43 3120 234 196 11
3286 68.0 64 8.6 3267 21.0 207 16
3438 630 6.6 11 3463 188 220 25
3614 $79 6.8 14
097 2946 742 6.6 2.7 036 2768 248 20.8 26
3120 685 6.7 5.7 2950 217 223 5.3
3286 635 6.9 14 3121 195 235 9.4
3465 380 7.1 y/ 328.7 174 250 15
3463 155 26,6 24
3643 137 287 35
093 2768 708 73 2.1 020 2765 230 225 2.6
2952 64.7 1.5 4.6 295.1 200 242 49
3135 595 7.7 8.9 3121 177 259 8.3
3284 552 79 14 328.7 158 2715 15
3431 515 8.1 18 3463 140 295 2
081 2762 520 - 100 38 010 2756 22 234 22
294.7 470 10.3 7.7 2950 200 242 4.6
3120 430 10.7 11 3120 170 270 7.1
3287 395 110 18 3289 150 290 13
3464 360 115 26 3467 134 308 23
3646 117 335 39
068 2755 395 13.1 3.6 000 2765 212 244 1.7
2949 352 138 7.5 2950 185 262 3.6
310.1 322 14.3 12 3121 163 28.1 6.3
3289 290 150 21 328.7 145 300 11
346.7 260 159 29 3462 128 323 14
364.1 114 345 25
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Table 24. Rate parameters for the reaction of solvated electrons with aluminum

perchlorate in 2-propanol/water mixtures.

Xw 7® b® k@ E;®0) log A2©
(103 Paes) (107 m%/molss) (107 m3/molss)  (kJ/mol) (A2 in m3/moles)

1.00 089 25 0.41 34 11.79
097 202 1.38 0.49 37 13.09
0.93 202 49 ' 0.64 26 11.36
0.81 302 7.8 0.75 21 10.55
0.68 307 8.6 0.61 22 10.60
0.52 2.70 7.5 0.39 20 10.14
0.36 240 6.0 0.27 24 10.54
0.20 220 5.5 0.22 22 10.22
0.10 213 5.1 0.20 23 1041
0.00 208 39 0.5 22 10.04

(a) At298K.

(b) Near 298K.

(c) From Arrhenius plots of ko/f.
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Fig. 31 Arrhenius plots for the reaction of solvated electrons with

aluminum perchlorate in 2-propanol/water mixtures
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IV. Reactions of Solvated Electrons in 2-Butanol/Water
Mixtures

A. Reaction of Solvated Electrons with Nitrate Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with nitrate ion are shown in Figure 32 (A-G). The
concentration range was 0.02-0.28 mol/m3. Table 25 shows the second-order rate
constants, dielectric constants and the coulombic factor f at various temperatures in
different alcohol/water mixtures. Table 26 shows the rate parameters obtained from the

modified Arrhenius plots shown in Figure 33.

Fig. 32 Temperature and concentration dependence of the first-order
(A-G) rate constant for the reaction of solvated electrons with

lithium nitrate in 2-butanol/water mixtures
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Table 25. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with lithium nitrate in 2-butanol/water mixtures at various

temperatures.
Xw Temp € f k2 Xw Temp ) f k2
X) (105 m3/molss) ® (108 m3/moles)
100 2795 866 0.79 5.8 034 2772 202 0.32 0.42
296.7 1789 0.78 9.3 296.5 16.8 0.27 0.71
3190 713 0.77 14 3145 145 0.23 1.3
3385 646 0.77 19 3282 130 0.21 1.8
358.7 590 0.76 23 3429 116 0.18 32
3673 560 0.75 25 3624 100 0.15 5.0
097 2775 1786 0.77 4.0 021 2772 192 0.30 0.28
2960 707 0.76 64 2965 158 0.24 0.77
3142 642 0.75 9.8 3145 135 0.21 14
3289 59.5 0.74 13 3282 118 0.17 2.1
343.7 559 0.74 15 3429 102 0.14 4.0
3624 510 0.73 19 3614 86 0.10 7.2
066 276.1 30.5 0.48 0.87 0.10 2771 192 0.30 0.24
295.0 266 0.45 1.7 296.7 158 0.4 0.78
3129 236 0.43 2.7 3147 135 0.21 1.5
3276 216 041 3.9 3284 118 0.17 3.0
3440 196 0.39 5.0 3431 101 0.14 44
362.7 160 0.33 5.7 3616 82 0.09 74
051 2760 236 0.38 0.42 000 2772 205 0.32 0.30
2950 202 0.34 0.95 296.5 167 0.27 0.63
3147 176 0.31 1.5 3146 140 0.22 1.5
3440 146 0.27 29 3282 120 0.18 1.8
3626 130 0.25 4.2 3429 100 0.13 35
3615 84 0.097 70
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Table 26. Rate parameters for the reaction of solvated electrons with lithium nitrate in

2-butanol/water mixtures.
Xw '3'(.) K® ky/f® Ex(®e) log Ax©) Eq@®
(10 Pass) (105 m3/moles) (105 m3/moles)  (kJ/mol) (Agin m3/moles) _(kJ/mol)

1.00 0.89 9.6 12 16 991 16
0.97 145 6.8 9.1 19 10.25 17
0.66 332 1.8 40 4 10.76 24
0.51 3.06 0.98 29 25 10.86 4
0.34 285 0.80 31 32 12.06

0.20 275 0.78 33 36 12.74 23
0.10 278 0.77 i1 45 1345 A4
0.00 305 0.75 29 44 13.83 26

(a) At298K.

(b) Near 298K.

(¢) From Arrhenius plots of ko/f.
(d) From ref. 105.
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Fig. 33 Arrhenius plots for the reaction of solvated electrons with

lithium nitrate in 2-butanol/water mixtures
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B. Reaction of Solvated Electrons with Hydrogen Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with hydrogen ion are shown in Figure 34 (A-G). The
concentration range was 0.01-0.12 mol/m3. Table 27 shows the second-order rate
constants, dielectric constants and the coulombic factors f at various temperatures in
different alcohol/water mixtures. Table 28 shows the rate parameters obtained from the

modified Arrhenius plots shown in Figure 35.

Fig. 34 Temperature and concentration dependence of the first-order
(A-G) rate constant for the reaction of solvated electrons with

perchloric acid in 2-butanol/water mixtures
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Table 27. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with perchloric acid in 2-butanol/water mixtures at

various temperatures.
Xy Temp e f k2 Xw Temp ] f ka
®) (107 m3/mol-s) ® (107 m3/molss)
100 2775 868 1.39 1.8 034 2771 202 3.14 1.1
2059 793 140 2.6 2966 168 35 24
3142 725 141 3.2 3146 145 38 42
3290 677 142 4.1 3285 130 4.0 6.5
3439 630 143 4.6 3429 116 4.3 93
097 2772 1787 143 1.8 020 2772 192 33 0.77
2980 700 145 2.7 2966 158 3.7 1.8
3148 640 1.47 3.5 3145 135 4.0 33
3283 598 1.48 4.0 3283 1138 44 5.1
3429 560 1.50 5.1 3429 102 48 7.8
3614 86 54 12
066 2771 303 2.30 1.5 010 2772 192 33 0.56
296.6 264 242 33 2966 158 3.7 14
3146 235 2.52 55 3146 135 4.0 i1
3283 215 261 7.5 3283 118 44 44
3429 1997 2.70 10 3429 10.1 4.9 6.6
3615 160 3.06 14
051 2772 233 2.79 1.1 000 2772 205 3.1 0.48
2965 200 299 2.6 296.5 16.7 35 1.1
3145 176 3.17 50 3145 140 39 22
3282 160 332 6.9 3283 120 4.3 38
3429 146 3.46 8.9 3429 100 4.9 56



Table 28. Rate parameters for the reaction of solvated electrons with perchloric acid in

2-butanol/water mixtures.

Xw 7@ ® kot® E(bs) log A)©
(103 Pas) (107 m¥/mol-s) (107m¥molss)  (I/mol) (A in m3/moles)
1.00 089 26 1.9 12 9.42
097 145 2.7 19 n 8.27
0.66 332 34 14 2 11.00
0.51 306 29 0.97 2% 11.15
0.34 285 24 0.69 2 10.67
0.20 274 1.9 0.51 2% 10.95
0.10 2.78 1.6 0.43 27 11.39
0.00 305 1.3 0.37 25 1097

(a) At298K.
(b) Near 298K.
(c) From Arrhenius plots of ko/f.
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Fig. 35 Arrhenius plots for the reaction of solvated electrons with
perchloric acid in 2-butanol/water mixtures
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C. Reaction of Solvated Electrons with Thallium Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with thallium ion are shown in Figure 36 (A-G). The
concentration range was 4-54 mmol/m3. Table 29 shows the second-order rate constants,
dielectric constants and the coulombic factors f at various temperatures in different
alcohol/water mixtures. The rate constant in water at 298K is 4.1 x 107 m3/moles. The
values reported in the literature are 2.8 x 107, 3.0 x 107 and 4.0 x 107 m3/moles (83).
Table 30 shows the rate parameters obtained from the modified Arrhenius plots shown in

Figure 37.
Fig. 36 Temperature and concentratior dependence of the first-order
(A-G) rate constant for the reaction of solvated electrons with
thallium acetate in 2-butanol/water mixtures
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Table 29. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with thallium acetate in 2-butanol/water mixtures at

various temperatures.
Xw Temp e f k2 Xw Temp € f k2
(L) (107 m3/mol=s) & (107 m3/molss)
100 2775 868 139 2.2 034 2772 202 3.1 0.63
2960 793 140 4.0 2966 168 3.5 14
3142 725 141 6.0 3146 145 3.8 24
329.0 677 142 7.8 3284 130 4.0 33
3438 63.0 143 1 3429 116 43 4.0
3616 102 46 56
097 2775 1786 1.43 2,0 020 2772 192 3.3 0.77
2960 707 145 3.6 2966 158 36 1.2
3142 642 147 6.0 3145 135 40 20
3290 $95 149 7.9 3283 118 44 25
3438 557 1.50 10 3429 107 4.8 3.7
3626 510 1.52 15 3615 86 54 4.3
066 2775 302 231 0.67 0.10 2770 192 33 0.20
2960 265 242 14 296.7 158 3.7 0.44
3142 235 2.52 28 3148 135 4.0 0.62
3290 215 2,61 4.1 3284 118 44 0.93
3438 196 2.70 5.9 343.1 101 4.9 L1
3616 82 5.6 14
051 2772 233 2.79 0.71
2974 198 3.0 1.7
3146 176 32 2.5
3283 160 33 3.8
3429 146 3.5 5.6
3624 130 36 8.7
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Table 30. Rate parameters for the reaction of solvated electrons with thallium acetate in

2-butanol/water mixtures.
Xw AW L® kyt® Ey®e) log A5(®)
(103Pg-g) (107 m3mo. 5) (107 m/moles)  (/mol) (A in m3/molss)
1.00 089 4.1 29 19 10.34
097 145 38 2.7 %, 1092
0.66 332 1.6 0.65 25 11.24
0.51 3.06 1.6 0.53 2 10.63
0.34 285 1.5 043 21 10.20
0.20 2.74 1.3 0.35 15 9.19
0.10 278 043 oo 16 8.95
(a) At298K.
(b) Near 298K.

(c) From Arrhenius plots of ko/f.
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Fig. 37 Arrhenius plots for the reaction of soivated electrons with

thallium acetate in 2-butanol/water mixtures
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D. Reaction of Solvated Electrons with Copper(Il) Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with copper(Il) ion are shown in Figure 38 (A-G). The
concentration range was 5-54 mmol/m3. Table 31 shows the second-order rate constants,
dielectric constants and the coulombic factor f at various temperatures in different

alcohol/water mixtures. Table 32 shows the rate parameters obtained from the modified

Arrhenius plots shown in Figure 39.
Fig. 38 Temperature and concentration dependence of the firsi-order
(A-G) rate constant for the reaction of solvated electrons with

copper(Il) perchlorate in 2-butanol/water mixtures
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Table 31. Dielectric constants, f values and second-order rate constants for the reaction

of soivated electrons with copper(II) perchlorate in 2-butanol/water mixtures at

various temperatures.
Xw Temp € f ka Xyw Temp (4 f ky
® (107 m3/moles) ® (107 m3/moles)

1.00 2800 857 3.0 25 034 2772 202 119 0.95
2986 778 320 4.0 2964 168 134 21
3153 722 31 5.6 3145 145 146 43
333.0 665 32 8.2 3282 130 156 6.2
3494 615 33 11 3428 116 168 9.1
3645 570 33 13

097 2775 786 32 20 020 2772 192 125 1.1
296.0 707 33 3.7 2965 158 142 256
3141 642 34 54 3145 135 157 5.0
3288 595 35 7.3 328.1 118 172 8.8
343.7 557 3.6 9.6 3428 102 191 12

3613 86 215 19

0.66 2772 303 8.0 1.1 010 277.1 192 125 0.63
296.5 264 85 23 2970 157 143 1.9
3145 2.5 9.0 4.6 3148 135 157 3.6
3282 2t 9.5 7.3 3285 1.8 172 5.3
3428 19.; 9.9 11

052 2772 233 - 103 0.88 0.00 2772 205 117 0.61
2972 199 113 21 296.6 167 135 1.7
3145 176 121 37 3145 140 152 4.1
3282 160 127 5.7 3282 120 1569 © 13
3429 146 133 8.5
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Table 32. Rate parameters for the reaction of solvated electrons with copper(ll)

perchlorate in 2-butanol/water mixtures.

Xw 7@ L® kyf® E;(b0) log Ax©)
(103Pss) (107 m¥/moles) (107 m¥moles)  (J/mo) (A in m3/moles)
1.00 089 39 13 18 10.29
097 145 3.7 11 17 10.09
0.66 332 2.6 0.30 26 11.00
0.52 308 2.1 0.19 2% 10.52
0.34 2.85 24 0.18 24 1041
0.20 274 2.6 0.18 2% 10.50
0.10 2.78 2.0 s 27 10.83
0.00 305 1.9 0.14 32 11.76

(a) At 238K.
(b) Near 298K.
(c) From Arrhenius plots of ky/f.
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Fig. 39 Arrhenius plots for the reaction of solvated electrons with

copper(li} perchlorate in 2-butanol/waier mixtures
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E. Reaction of Solvated Electrons with Aluminum Ions

The temperature and concentration dependence of the first-order rate constant for the
reaction of solvated electrons with aluminum ion are shown in Figure 40 (A-G). The
concentration range was 2-24 mmol/m3, Table 33 shows the second-order rate constants,
dielectric constants and the coulombic factor f at various temperatures in different

alcolioi/water mixtures. Table 34 shows the rate parameters obtained for the modified

Arrhenius plots shown in Figure 41.
Fig. 40 Temperature and concentration dependence of the first-order
(A-G) rate constant for the reaction of solvated electrons with

aluminum perchlorate in 2-butanol/water mixtures
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Table 33. Dielectric constants, f values and second-order rate constants for the reaction

of solvated electrons with aluminum perchlorate in 2-butanol,'vater mixtures at

various temperatures.

Xw Temp € f k Xw Temp € f ko
X) (107 m3/molss) X (107 m3/moles)

1.00 2761 815 59 0.91 034 2771 202 256 2.1
2966 790 6.1 2.0 2967 168 287 56
346 725 63 43 3148 145 313 9.6
3286 680 64 8.6 3284 130 335 15
3438 630 6.6 11 3430 116 360 23
3614 579 68 14

097 2775 786 66 1.1 020 277.1 192 269 2.2
2959 707 68 2.6 2948 160 303 4.4
3139 642 7.1 5.6 3147 133 342 9.5
3287 595 1.3 9.1 3283 118 369 15
3434 558 1.5 13 3458 100 414 23
3621 513 1.7 16 3624 85 464 35

066 2781 300 17.1 3.6 010 277.1 192 269 1.5
2967 264 183 6.6 296.7 158 305 4.0
3139 235 194 15 3148 135 337 7.8
3293 215 202 20 7284 118 369 13
3440 196 212 26 431 101 413 19
3626 160 247 31

051 2760 2836 2t 3.1 000 2772 205 252 1.6
2948 202 240 6.6 296.5 167 289 42
3130 179 255 13 3145 140 325 8.3
3293 161 270 2 3282 120 363 16
3476 143 288 34 3429 100 417 26
3624 130 304 a7



Table 34. Rate parameters for the reaction of solvated electrons with aluminum

perchlorate in 2-butanol/water mixtures.

Xu n® ® k@ E,(®0) log AZ®)
(103Pass) (107 m¥/moles) (107 m3/moles)  (KJ/mol)  (Az in m3/molss)

1.00 0.89 25 041 34 11.79
0.97 145 3.0 043 28 51.60
0.66 332 8.0 0.44 A 10.76
0.51 3.06 7.8 0.32 25 10.91
0.34 285 5.5 0.19 23 10.38
~20 274 5.3 0.17 24 10.36
050 278 4.2 0.14 26 10.6C
0.00 3.05 4.5 0.16 27 10.95

(@) At298K.

(b) Near 298K.

(c) From Arrhenius plots of ko/f.
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Fig. 41 Arrhenius plots for the reaction of solvated electrons with

aluminum perchlorate in 2-butanol/water mixtures
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V. Conductivities of Inorganic Electrolytes in Alcohol/Water
Mixtures
The conductivities of lithium nitrate, lithium chromate, perchloric acid, silver
perchlorate, thallium acetate, copper(II) perchlorate, and aluminum perchlorate were
measured at various temperatures ranging from 277K to 353K in 1-propanol/water,

2-propanol/water, and 2-butanol/water inixed solvents.

A. 1-Propanol/Water Mixtures

The molar conductances (A) of the electrolytes were obtained from the specific
conductance versus electrolyte coricentration plots: LiNO3, (Figure 42 (A-H); LizCrOg,
Figure 43 (A-F); HCIO4, Figure 44 (A-H); AgClOg4, Figure 45 (A-I); Cu(€104),, Figure
46 (A-J); Ai(ClO4)3, Figure 47 (A-H). The activation energy (E,) for the ion migration
process was obtained from the plots of molar conductance versus 1/Temp. The Arrhenivs
plots of the molar conductance are shown in Figure 48 for LiNO3, Figure 49 for
LipCrOg, Figure 50 for HCIO4, Figure 51 for AgClOy4, Figure 52 for Cu(ClOy4)2, and
Figure 53 for AI(C104)3. The results are summarized in Figure 54 and Tables 35-40.
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Fig.43
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(A-H) aluminum perchlorate in 1-propanol/water mixtures



Specific Conductance ( 10-35/m)

Specific Conductance ( 10-3S/m)

{86|1P|Aluminum Perchlorata}

0.0 0.2 0.4 0.6 0.8 1.0

[Aluminum Perchlorate] ( 10 mol/m3)

{68|1P|Aluminum Perchlorate}

[Aluminum Perchlorate] ( 10-2mol/m3)

280.0K
208.2K
312.4K
328.9K
343.0K

190



Specific Conductance ( 10-3S/m )

Specific Conductance ( 10-3S/m )

{51]1PjAluminum Perchiorate}

0.8

[Aluminum Perchlorate] ( 10-1mol/m3)

{34|1P|Aluminum Perchlorate}

| I R | P

0.0 0.1 0.2 0.3 0.4 0.5 0.6

[Aluminum Perchiorate] ( 10-Tmol/m3)

neuneon

277.8K
208.2K
312.4K
328.9K
343.0K

276.8K
298.2K
312.4K
328.9K
343.0K

191



Specific Conductance ( 10-35/m)

Specific Conductance ( 10-3S/m )

{20|1P|Aluminum Perchlorate}

0.0 0.2 0.4 0.6 0.8

1.0

[Aluminum Perchiorate] ( 10-'mol/m3)

{0}1P]Aluminum Perchiorate}

0 .
0.0 0.2 0.4 0.6

[Aluminum Perchlorate] ( 10-Tmol/m3)

0.8

277.7K
208.2K
312.4K
328.9K
343.0K

279.4K
298.2K
312.4K
328.9K
343.0K

192



193

Fig. 48 Arrhenius plots of molar conductance of lithium nitrate

in 1-propanol/water mixtures
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Fig. 49
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Arrhenius plots of molar conductance of lithium chromate

in 1-propanol/water mixtures
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Fig. 50 Arrhenius plots of molar conductance of perchloric acid

in 1-propanol/water mixtures

10-1

mol % water

100
95
81
68
51
35
20
0

10-2

Molar Conductance (A), Sm2/mol
_ s
PP DOERORERROA

108 |, gy
2.8 3.0 3.2 34 3.6 3.8

1000/T(K)



196

Fig. 51 Arrhenius plots of molar conductance of silver perchlorate

in 1-propanol/water mixtures
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Fig. 52 Arrhenius plots of molar conductance of copper(ll) perchiorate

in 1-propanol/water mixtures
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Fig. 53
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Fig. 54 Composition dependencs of the activation energy of conductance

of some inorganic electrolytes in 1-propanol/water mixtures
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Table 35. Temperature and composition dependence of molar conductances (A) of

lithium nitrate in 1-propanol/water mixtures.

Xy  Temp(K) Ao Xw  Temp (K) Ao
(103 S m2/mol) (103 S m?/mol)

1.00 2718 71 0.34 2716 14
298.2 12 2982 27
319.1 16 3124 36
3374 22 3289 50
3584 27 343.0 6.5

Ea, kJ/mol 14 19
0.93 297.2 56 0.20 279.7 14
319.1 11 298.2 23
3374 15 3175 35
353.0 18 3384 50
363.6 20 353.2 6.2

EA, KJ/mol 19 18
0.80 279.7 21 0.10 2783 12
298.2 38 298.2 22
317.5 62 3125 30
3384 97 3289 37
353.2 12 343.1 48

Ea, KJ/mol 2 17
050 2797 17 000® 2797 13
296.3 27 298.2 20
3189 50 317.5 30
338.5 74 3384 4.5
358.5 11 353.2 5.8

E, ki/mol 2 16

(a) Ao calculated from curved specific conductance versus concentration plots.
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Table 36. Temperature and composition dependence of molar conductances (A) of

lithium chromate in 1-propanol/water mixtures.

Xw  Temp (K) Ao Xw  Temp(K) Ao
(103 S m2/mol) (10-3 S mZ/mol)
100 2797 14 068  2719.7 27
298.2 23 298.2 52
3174 32 3174 84
3383 4 338.4 12
357.7 5 353.2 16
Ep, KJ/mol 17 23
097 27197 10 035@ 279.7 25
298.2 18 298.2 44
317.3 28 3174 6.7
338.2 39 338.4 11
357.6 48 353.2 15
EA, kJ/mol 21 21
0.81 279.7 40 022® 279.7 25
298.2 82 298.2 4.1
3173 14 3174 59
3382 21 3384 89
357.6 28 353.2 11
Ea, kJ/mol 25 20

(@) Ao calculated from curved specific conductance versus concentration plots.
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Table 37. Temperature and composition dependence of molar conductances (A) of

perchloric acid in 1-propanol/water mixtures.

Xw Temp(X) Ao Xw  Temp(K) Ao
(10-3 S m%/mol) (103 § m%/mol)
1.00 281.2 27 0.51 276.5 31
298.1 35 298.2 62
3124 44 3125 15
3289 49 329.0 13
343.1 57 3433 16
E, KJ/mol 11 20
0.95 278.5 19 0.35 2759 27
298.2 29 298.2 44
3125 37 3124 6.7
329.0 4 3289 9.3
3434 54 343.2 12
Ea, ki/mol 14 18
0.68 2759 49 0.20 276.4 20
298.1 9.5 298.2 38
3124 13 3125 53
3289 18 3289 715
3433 23 3433 99
Ea, ki/mol 19 19
0.81 2757 7.1 0.00 275.5 2.5
298.2 14 298.2 38
3124 20 3124 49
330.1 27 3289 54
343.1 32 343.3 73
Ea, K/mol 19 18
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Table 38. Temperature and composition dependence of molar conductances (A) of silver

perchlorate in 1-propanol/water mixtures.

Xw  Temp (K) Ao Xw  Temp(K) Ao
(10-3 S m2/mol) (10-3 S m%/mol)

.00 2774 82 036  279.7 21

298.2 13 298.2 35

312.5 17 317.5 57

3289 4 338.3 8.8

343.0 27 353.3 12
Ep, kKJ/mol 15 19
097 27714 63 020 2797 18

298.2 14 298.2 28

312.5 19 317.5 46

3289 29 3383 7.1

343.0 36 , 353.3 9.2
EA, KJ/mol 23 19
089 2774 3.1 010 279.7 16

298.2 86 298.2 27

312.5 13 3124 36

3289 20 328.8 5.1

343.0 p) 343.0 65
EA, K/mol 2% 17
070 2809 31 000 2799 15

298.1 50 298.2 23

3123 75 317.5 34

328.8 11 338.2 52

343.0 15 353.3 638
EA, kJ/mol 21 16
050 2797 25

298.2 40

3175 76

338.3 12

353.3 14
EA, kJ/mol 20
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Table 39. Temperature and composition dependence of molar conductances (A) of

copper(ll) perchlorate in 1-propanol/water mixtures.

Xw  Temp(K) Ao Xw  Temp (K) Ao
(10-3 S m%/mol) (103 S m?/mol)
100 2810 16 051 2785 35
298.2 24 298.2 6.5
3180 34 312.7 94
338.5 46 328.8 13
353.5 55 3429 17
Ep, KJ/mol 14 20
097 2782 13 034 2782 32
298.0 24 208.1 57
3124 33 3123 8.1
3289 50 32838 12
342.5 53 343.1 16
Ea, kJ/mol 20 19
093 27718 71 020 2819 36
208.2 16 298.2 55
3125 25 3125 15
3289 40 329.0 10
3430 54 343.0 13
Ea, kJ/mol 26 18
0.81 2718 42 010 2790 3.0
298.2 95 298.1 438
3125 15 3120 64
3289 23 3288 8.8
343.0 32 343.0 11
EA, ki/mol 2% 16
068 27838 40 000 2873 3.1
298.2 71 298.1 42
312.5 12 3134 54
328.8 18 330.2 10
3429 23 343.0 13

E\, Ki/mol 23 19



Table 40. Temperature and composition dependence of molar conductances (A) of

aluminum perchlorate in 1-propanol/water mixtures.

Xw  Temp (K) Ao Xw  Temp(K)
(103 S m%/mol) (10-3 S m%/mol)
1.00 280.2 25 0.51 277.8 071
298.2 40 298.2 14
3124 56 3124 24
3289 84 3289 36
343.0 12 343.0 43
Ep, KJ/mol 20 2%
0.97 2714 19 0.34 276.8 0.59
298.2 40 208.2 1.1
3125 7.0 3124 19
3289 11 3289 27
343.0 16 343.0 34
Ex, K/mol 27 22
0.86 279.9 14 0.20 271.7 0.50
298.2 26 298.2 0.88
3124 47 3124 12
3289 8.1 3289 18
343.0 11 343.0 23
Ex, kJ/mol 28 19
0.68 280.0 1.0 0.00 2794 047
298.2 18 298.2 0.76
3124 31 3124 12
328.9 47 3289 17
343.0 6.7 343.0 21
Ej, kJ/mol 2% 20
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B. 2-Propanol/Water Mixtures

The specific conductance versus concentration plots are shown in Figure 55 (A-H)
for LiNO3, Figure 56 (A-D) for Li2CrO4, Figure 57 (A-G) for HC1Oa, Figure 58 (A-])
for AgClOg, Figure 59 (A-H) for Cu(ClO4), and Figure 60 (A-H) for Al(ClO4)3. The
Arrhenius plots of molar conductance are shown in Figure 61 for LiNO3, Figure 62 for
LioCrOa, Figure 63 for HCIO4, Figure 64 for AgClO4, Figure 65 for Cu(ClO4)2, and
Figure 66 for Al(C104)3. The results are summarized in Figure 67 and Tables 41-46.
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Fig. 61 Arrhenius plots of molar conductance of lithium nitrate

in 2-propanol/water mixtures
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Arrhenius plots of molar conductance of lithium chromate

Fig. 62
in 2-propanol/water mixtures
10y
| \-\\
s 2
& F \.\
7] [
= °
< )
@®
[¢]
[ =
S
o -
=]
©
c
[
| \
S
O
= 103
10’4 1 I 1 1 ol
2.6 2.8 3.0 3.2 3.4 3.6

1000/T(K)

mol % water

100
81
52
35
20

memean



Fig. 63

Molar Conductance (A), Sm2/mol

e

Arrhenius plots of molar conductance of perchloric acid

in 2-propanol/water mixtures
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Fig. 64

Molar Conductance (A\), Sm2/mol

Arrhenius plots of molar conductance of silver perchlorate

in 2-propanol/water mixtures
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Fig. 65 Arrhenius plots of molar conductance of copper(!l) perchlorate

in 2-propanol/water mixtures
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Fig. 66 Arrhenius plots of molar conductance of aluminum perchlorate

in 2-propanol/water mixtures
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Composition dependence of the activation energy of conductance

Fig. 67 A
of some inorganic electrolytes in 2-propanol/water mixtures
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Composition dependence of the activation energy of conductance

Fig. 67B
of some inorganic electrolytes in 2-propanol/water mixtures
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Table 41. Temperature and composition dependence of molar conductances (A) of

lithium nitrate in 2-propanol/water mixtures.

Xw  Temp (K) Ao Xw  Temp (K) Ao
(103 S m%/mol) (10-3 S m*/mol)
100 2717 7.1 052 2785 12
298.2 12 298.2 24
319. 16 3124 36
3774 2 328.8 50
3584 27 343.1 65
E, ki/motl 14 20
098 2751 46 035 273 1.1
208.2 90 2982 20
3125 13 3124 29
328.9 16 328.9 41
343.0 20 343.1 53
Ea. kJ/mol 20 i
090 2806 20 020 2808 12
298.2 40 298.2 20
312.7 68 3124 28
328.8 9.5 3289 39
343.1 12 3434 48
Ea, kJ/mol 27 19
0.81 2763 13 000@  276.6 10
298.2 3.1 298.2 20
3124 50 312.5 32
328.8 14 3289 47
343.1 96 343.0 6.1
E,. k}finol 26 20
on 281.3 14
208.2 29
3124 44
328.8 64
343.1 86
E, k¥/mol 26

(@) Ao calculated from curved specific conductance versus concentration plots.
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Table 42. Temperature

lithium chromate in 2-propanol/water mixtures.

239

and composition dependence of molar conductances (A) of

Xw Temp (K) Ao Xw Temp (K) Ao
(103 S m2mil) (1v3 § m3/mol)
1.00 2797 14 035® 2793 16
298.2 “d 298.2 28
2174 32 3124 44
3383 o4 343.0 69
357.7 55 3429 17
Ex. kJ/mol 17 19
081 2807 28 020® 277.8 073
298.2 60 298.1 13
312.4 94 312.5 18
328.8 14 328.9 24
343.0 18 343.0 30
EA. ki/mol 27 17
052 2774 15
298.2 32
312.5 48
29.3 15
343.0 9.8
E,., k/mol 25

(a) Ao calculated from curved specific conductance versks concentration plots.



Table 43. Temperature and composition dependence of molar conductances (A) of

perchloric acid in 2-propanol/wsue aixtures.

Xw  Temp(K) Ao Xw  Temp (K) Ao
(10-3 S m%/mol) (10-3 § m2/mol)

100 2812 27 051 2782 32
208.1 35 293.1 63
3124 4 3124 94
3289 49 3289 14
343.1 57 343.2 18

Ep, KJ/mol 1 2
095 2762 16 035 2751 25
298.2 29 298.2 46
3124 38 3125 69
329.0 46 329.6 10
3434 53 343.5 13

Ex, KJ/mol 16 27
080  277.7 63 020 2772 1.7
298.3 13 298.2 33
3125 18 3124 48
329.0 25 329.0 70
343.2 31 3432 93

Ea, ki/mol 2 21
0.65 275.9 42 000 2758 13
208.1 91 298.2 25
3124 13 3124 38
3289 18 329.0 57
3433 23 343.3 7.7

Ea, ki/mol 22 21
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Table 44. Temperature and composition dependence of molar conductances (A) of silver

perchlorate in 2-propanol/water mixtures.

Xw  Temp(X) Ao Xw  Temp (K)
(103 S m¥/mol) (10-3 S m2/mol)
1.00 2774 82 052 2799 1.7
298.2 13 298.2 3l
3125 17 3124 54
3289 24 328.8 8.8
343.0 27 343.0 12
Ea, kJ/mol 15 25
098 2774 60 035 2783 15
298.2 13 208.2 27
312.5 20 3124 43
328.9 A4 328.8 59
343.0 32 ‘ 343.0 76
EA- kJ/mol 23 21
090 2774 29 020 278.1 14
298.2 73 298.2 25
312.5 12 3124 37
3289 18 328.8 5.1
343.0 24 343.0 62
EA, kJ/mol 28 20
0.81 279.2 18 0.100 2821 1.5
298.1 40 298.2 24
312.3 64 317.2 3.7
3288 9.0 338.6 52
343.1 12 347.8 64
EA, kJ/mol 2 18
071 278.6 1.5 000®  280.0 13
298.2 34 298.2 20
3124 52 317.7 34
328.8 7.8 338.5 50
343.0 10 353.5 59
Ea, kJ/mol 26 19

(@) Ao calculated from curved specific conductance versus concentration plots.



Table 45. Temperature and composition dependence of molar conductances (A) of

copper(ll) perchlorate in 2-propanol/water mixtures.

Xw Temp(X) Ao Xw Temp(X) Ao
(10-3 S m2/mol) (103 S m%/mol)
1.00 2810 16 052 27M.1 3.1
298.2 24 298.2 62
318.0 34 5i2.4 10
338.5 46 328.8 16
353.5 55 3429 17
Ep, kJ/mol 14 25
098 2789 11 035 2776 25
298.2 22 298.2 50
3125 32 3124 8.0
3289 45 328.8 12
346.0 62 343.0 16
Ea, ki/mol 23 25
090 2774 33 020 2804 26
298.2 10 298.1 47
312.5 18 3124 6.7
3289 30 3289 1
3430 47 343.1 15
E, kJ/mol 28 22
0.81 2796 37 000 2788 19
298.2 89 298.1 44
3124 13 3125 63
3289 19 3289 96
343.2 26 343.2 14
Ep, Kinot 26 22
068 2826 47
2682 13
3124 14
3289 24
343.1 30

Ea, kJ/mol

"N

A}



Table 46. Temperature and composition dependence of molar conductances (A) of

aluminum perchlorate in 2-propanol/water mixtures.

Xw  Temp(K) Ao Xw  Temp (X) Ao
(10-3 S m2/mol) (103 S m2/mol)
1.00 280.2 25 0.52 279.1 071
298.2 40 298.2 14
3124 56 3124 2.1
3289 84 3289 1
3430 12 3430 4.1
Ex, ki/mol 20 23
097 2774 16 0.36 271.7 053
298.2 35 298.2 1.1
3125 60 3124 1.6
3289 10 3288 23
3430 15 3430 31
Ea, kJ/mol 27 273
0.90 2794 1.0 0.20 279.2 045
298.1 24 29¢.2 0.86
313.3 44 314 13
328.8 76 328.9 19
343.0 11 343.0 25
EA, kI/mol 31 23
0.81 276.2 0.75 0.00 2809 037
298.1 22 298.2 0.67
3124 40 3124 1.0
328.8 63 3289 16
343.0 79 3430 21
Ea, kJ/mol 3 24
0.68 276.6 077
298.2 18
3124 32
328.8 44
343.0 58

EA, kJ/mol 29



C. 2-Butanol/Water Mixtures

The molar conductance versus concentration plots are shown in Figure 68 (A-3) for
LiNOs, Figure 69 (A-F) for HClO4, Figure 70 (A-G) for TI(OAc), Figure 71 (A-G) for
Cu(ClO4)2, and Figure 72 (A-F) for Al(ClO4)3. The Arrhenius plots of molar
conductance are shown in Figure 73 for LiNO3, Figure 74 for HClO4, Figure 75 for
TI(OACc), Figure 76 for Cu(ClO4)2, and Figure 77 for Al(ClO4)3. The results are
summarized in Figure 78 and Tables 47-51.
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Fig.70
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Fig. 73 Arrhenius plots of molar conductance of lithium nitrate

Molar Conductance (A\), Sm2/mol

in 2-butanol/water mixtures
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Fig. 74 Arrhenius plots of motar conductance of perchloric acid

in 2-butanol/water mixtures
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Fig. 76 Arrhenius plots of molar conductance of thallium acetate
in 2-butanol/water mixtures
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Fig. 76

Molar Conductance (A), Sm2/mol

Arrhenius plots of molar conductance of copper(ll) perchlorate

in 2-butanol/water mixtures
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Fig. 77

Molar Conductance (M), Sm2/mol

Arrhenius plots of molar conductance of aluminum perchlorate

in 2-butanol/water mixtures
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Fig. 78 Composition dependence of the activation energy of conductance

of some inorganic electrolytes in 2-butanol/water mixtures
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Table 47. Temperature and composition dependence of molar conductances (A) of

lithium nitrate in 2-butanol/water mixtures.

Xw  Temp (K) Ao Xy  Temp (K) Ao
(10-3 S m%/mol) (10-3 § m%/mol)
1.00 2718 7.1 0.34 2711 071
298.2 12 298.2 1.5
319.1 16 3124 22
3374 22 3289 31
358.4 27 343.1 38
Ea, KJ/mol 14 23
0.97 276.1 33 0.20 2774 0.70
298.2 8.1 298.2 14
3124 13 3124 2.1
329.0 17 3289 29
343.3 20 343.2 34
EA, kJ/mol 2 2
0.66 279.5 1.1 0.10 276.9 0.51
298.2 2.1 298.2 1.0
3124 32 3124 1.5
328.9 51 3289 20
343.2 57 343.1 24
Ea. Ki/mol 23 20
0.51 278.5 091 0.00 276.0 0.37
298.2 19 298.2 0.70
3124 28 3125 096
3289 41 329.3 1.0
343.2 53 343.0 092
Ea, KJ/mol 23 18
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Table 48. Temperature anid compositioss dependénce of molar conductances (A) of

perchloric acid in 2-butancl/water mixtures.

Xw  Temp(K) Ao Xw  Temp (K) Ao
(103 S m%/mol) . (10-3 § m¥mol)_
1.00 281.2 27 0.34 275.7 0.87
298.1 35 298.2 22
3124 44 312.8 36
3289 49 3299 56
343.1 57 3432 73
Ej, kJ/mol 11 26
097 276.8 17 0.20 278.3 067
298.2 27 2974 1.7
3125 35 3124 2.7
3289 43 3289 43
3430 50 343.1 5.6
Ea, kJ/mol 14 26
0.66 271.5 25 0.00 2778 0.52
298.2 47 298.2 1.2
3125 76 3125 19
330.2 11 3289 2.8
343.0 13 343.1 33
Ea, k¥/mol 23 25
0.51 2774 13
298.2 30
3124 46
3313 7.5
343.1 9.1

Ea, ki/mol 2
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Table 49. Temperature and composition dependence of molar conductances (A) of

thallium acetate in 2-butanol/water mixtures.

Xw  Temp (K) Ao Xw  Temp(K) Ao
(10-3 S m?/mol) (103 S m%mol)

100 2789 7.1 034 2774 042

298.2 11 298.2 0.86

312.5 15 3125 096

329.0 20 3289 1.1

343.2 24 343.0 12
Ex, ki/mol 15 13
097 2785 40 020(® 2780 0.51

298.2 7.1 298.2 0.76

3125 10 312.5 0.85

329.0 14 329.0 0.88

343.2 18 . 3432 062
Ep, ki/mol 20 7
0.66 276.8 0.71 0.10® 2793 0.1

298.2 1.5 298.2 0.11

312.5 24 3125 0.11

329.0 34 329.0 0.072

3433 42 3432 0.039
Ep, kJ/mol 20 2
0.52 276.8 0.57

298.2 13

312.5 1.8

329.0 26

343.4 30
EA., kJ/mol 18

(@) Aq calculated from curved specific conductance versus concentration plots.
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Table 50. ‘Temperature and composition dependence of molar conductances (A) of

copper(I) perchlorate in 2-butanol/water mixiures.

Xw  Temp(K) Ao Xw  Temp (K) Ao
(10-3 S m2/mol) (10-3 S m2/mol)
100 2810 16 034 2776 13
208.2 24 298.2 26
318.0 34 3124 40
338.5 46 329.0 64
353.5 55 343.1 89
Ex, KJ/mol 14 24
097 2766 10 020 2779 0.83
298.2 21 298.2 19
312.5 30 3125 2.8
3289 38 329.0 41
343.0 51 , 343.1 6.0
EA, ki/mol 21 24
066 2713 1.8 010 2774 095
208.2 41 298.2 19
3124 64 3125 29
3289 11 3289 44
343.1 16 343.0 55
Ea, kJ/mol 2% 23
0.52 276.6 13 000 2785 0.88
298.2 32 298.2 1.8
3125 50 3124 27
329.0 92 3289 41
343.1 13 343.1 49

Ea. kJ/mol 27 23



273

Table 51. Temperature and composition dependence of molar conductances (A) of

aluminum perchlorate in 2-butanol/water mixtures.

Xw  Temp(K) A, Xw  Temp(K) Ao
(10-> § m%/mot) (10-3 § m?/mol)
1.00 280.2 25 0.34 2789 033
298.2 40 298.2 0.70
3124 56 3125 1.1
328.9 84 329.2 1.7
3430 12 343.1 21
E, kKJ/mol 20 2
0.97 2774 1.3 0.20 278.1 024
298.1 i3 298.2 0.50
3125 56 3124 0.78
3289 94 3289 1.2
3430 13 343.1 1.5
EA, kJ/mol 29 24
0.66 271.5 0.59 0.00 278.0 0.15
298.2 13 298.2 032
3125 20 3124 0.57
3289 31 3289 094
343.2 41 343.8 1.1
Ea, KJ/mol 2% 23
0.51 2719 042
298.2 0.96
3124 1.5
328.9 23
343.1 30
Ea, ki/mol 26



CHAPTER FOUR
DISCUSSION

In this work, the sdlverit effects on solvated electron reaction rates with solutes that
have different charges (posifive or negative) were studied as a function of temperature in
1-propanol/water, 2-préipanol/water and 2-butanol/water mixtures. The solutes used were

ithium nitrate, lithium chromate, perchloric acid, silver perchlorate, thallium acetate,
copper(Il) perchlorate, and aluminum perchlorate. The second-order rate constants for
the counter ions, perchlorate, acetate and lithium are less than 103 m3/moles in water (83).

Therefore, the observed rate constants are due to NOj s, ClO%"s, Hg, Ag}, TIE, Cuzs",

and Al3s+.

L. Solvated Electron Reactions with Negative Ions

The rate constant data were analyzed according to the modified Arrhenius equation
ko/f = Az exp(-E9/RT) [13]

where E is the overall energy of activation of the reaction and A is the pre-exponential
factor. Values of the Debye factor f were calculated for a range of values of € and T,
using a value of ry appropriate t¢ each reactant ion (Figure 79) (NOjs, 1.5 nm; CrO%:s,
2.0 nm; nitrobenzene, 1.0 nm). The value of € of each solvent at each T used in the
experiments was obtained by interpolation of data in ref. 121. The value of ky was
divided by the value of f at the corresponding values of €, T, r,. Arrhenius plots of
log(ka/f) against T-1 are shown for NOj3 s in Figures 9, 21 and 33, and for CrO%:s in

Figures 11 and 23.
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Plots of E3 and log A2 against solvent composition are shown in Figures 80A and
81A, respectively. The plots are S curves. Addition of water to alcohol decreased E; and
log A3 for NO3,s. Chromates are not sufficiently soluble in pure alcoho} or at <20 mol%

water to measure k2, but the values of E2 and log A3 at >20 mol% water decrease with

increasing water content. The solvent composition effect is smaller for (e; + Cr()%',s) than

for the less efficient (5 + NO3 5).
The reaction of e; with nitrobenzene is nearly diffusion controlled (101, 106) and

may be used as a reference. For a diffusion controlled reaction E; is essentially that of

diffusion of e; and S, which encounter each other at random,
es+S—(ez+9), [21]
and immediately react,
(es + S) — products. i22]
In slow reactions most encounter pairs diffuse apart again,
(es+S)—»es+S, [23]
in which case the measured E; is mainly the activation energy of reaction [22].
In general, the measured rate constant k3 is related to the rate constants of the specific

reactions [21], [22] and [23] by:

k2 = ka1k29/(ka3 + k22). [24]
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Fig. 80 Solvent composition dependence of the activation energies E2 near

298K. A:open symbols and + , (e°s +NO3’), solid symbols, (e"s + CrO42).
B: (es + nitrobenzene). Triangles, 1-propanol; circles, 2-propanol;

x and + 2-butanol.
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When k22 » ko3 one has ko = ka1, and when k32 « ko3 one has kg = ko1kao/k23 =

. K21 23k22, where K31 23 is the equilibrium constant of reactions [21] and [23]. In the

former case,
Ex=Ep [25]
and in the latter,
Ep = AHjp; +Ex [26]
=E2

where AHjj = E3; - Ep3 = 0 is the enthalpy change of reaction [21] excluding the
coulombic energy U(ry).

The activation energy of (€5 + nitrobenzene) has been obtained from plots of log(ky/f)
against T-1 (Figures 82 and 83) using k3 values from refs. 101, 105 and 106. The values
of E; do not vary greatly with solvent composition (Figure 80B), and are similar to Eq, for
viscosity (Tables 2, 14 and 26) as expected from eq. [10]. The values of f for the
nitrobenzene reaction are not much different from unity, so the present values of E are <
1 kJ/mol greater than those obtained from k3 alone (101,105,106).

For the reactions of e with nitrate and chromate ions the values of E3 in the water-
rich solvents are similar to those for nitrobenzene (Figure %9). However, in the alcohol-
rich solvents E increases with alcohol content. For (e5 + NO3¢) the value of E3 in each
pure alcohol is nearly three times that in pure water.

The pre-exponential factor A2 for a diffusion-controlled reaction includes the reaction

radius r; and the pre-exponential factor of D (eq. [2]) or of 1} (eg. [11]). The value of A

for (e5 + nitrobenzene) changes little with solvent composition (Figure 81B).
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In pure water the values of A for (e5 + NOj 5) and (e5 + c:o%s) were smaller than
that for (e; + nitrobenzene). The ionic reactions apparently require solvent molecular
rearrangement about the reaction site, which decreases the entropy of the system and
makes the random attainment of the correct configuration less probable, thereby slowing
the reaction (104).

Addition of 3-5 mol% of alcohol to the water increases the value of A5 for the ion
reactions to equal that for nitrobenzene (Figure 81). The presence of the small amount of
alcohol in the water alters the solvent structure (101) in such a way as to make more
probable the attainment of a suitable configuration of solvent molecules about the reaction
site. The change of solvent structure upon addition of 3 mol% of 1-propanol, 2-propanol
or 2-butanol to water also increases the optical absorption energy (19) and free ion yield
(122,123) of & |

Further increase of alcohol content of the solvent increases A, for (e + CrO‘z;:s) ina
manner similar to that of Ez (Figures 80 and 81). The interplay of the values of Aj and
E» for this reaction is such that ky/f (eq. [13]) decreases upon addition of up to 20 mol%
alcohol to the water, then increases again at higher alcohol contents (Figure 84B). The
value of k; itself (Figure 84A) decreases monotonically with increasing alcohol content of
the solvent because the dielectric permittivity decreases (Table 1). This increases the
coulombic repulsion between the reactants and inhibits their mutual approach to within the
reaction distance ry.

The solvent composition dependence of A (e5 + NO3 s) is more complex (Figure

81A). The coulombic repulsion between e; and NO3 s is smaller than that between €5 ang
CrO%:s, yet the reaction rate constant of the former is smaller (Figure 84A). The electron

affinity of NOj3 5 is evidently smaller than that of CxO%"s. Unfortunately, values of
relative reduction potentials for these one electron reactions are not available for

comparison (124,125). Both reactions are more rapid in 2-propanol and 2-butanol than in
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1-propanol (Figure 84), which indicates a more direct involvement of the 2-propanol and

2-butanol in reaction [22].

A. Effect of Solvent Viscosity
The solvent viscosity dependence of kon/fT (eq. [12]) at 298K is shown in Figure
85. The values for CIO%: s are similar to those for nitrobenzene, so (ez + CrO%:s) is also

nearly diffusion controlled. A value of kon/fT = 100 with x = 1 corresponds to ry/rg =
18. The large values of ry/rq found here are due mainly to the small values of r4 for ez
0.05 nm in water and 0.09 nm in 2-propanol (104). The small effective radius (Stokes’
rigid sphere model) of e; for diffusion is attributed to the easy deformability of ez and its
amoeba-like migration.

The values of kon/fT for (e5 + NOj s) are relatively small (Figure 85), so the reaction
is far from being diffusion controlled. Reaction [22] is slow in this case. The value of
kon/fT in pure 2-propanol is 11-fold larger than that in 1-propanol. It is 18-fold larger in
2-butanol than that in 1-propanol. The values of k7 (e5 + NO3 ) in t-butanol/water (107)
are nearly the same as those in the corresponding 1-propanol/water solutions. The
molecular structure of t-butanol is (CH3)3COH. In comparing these four alcohols,

2-propanol and 2-butanol have a much more reactive C-H group than do the other two; it
H H
is the (CH3),C<OH or (CH3XC2HS)C<OH . This group evidently participates

chemically in reaction [22], as for example,

(e5, NO3 ) + RiR2CHOH — NO3 ¢ + OHz+ RiR2COH, 1271

where the dot on RjR2COH indicates the unpaired electron on the "free radical”.
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B. Comparison with Ionic Conductivities (Diffusion Coefficients)
Values of molar conductivities of NO3 g, CI'O?{ s and e are not known for most of the

solvents. In pure water at 298K the ratios of the A's of eg:CrO%"s:NO:'; ,s:Li'g are
4.7:4.3:1.9:1.0, so the diffusion coefficients D are in the ratios 4.7:1.1:1.9:1.0. Thus
diffusion of e5 dominates the relative motion of each reactant pair. As an indication of the
solvent composition effect on ionic diffusion the molar conductivities of the salts, A(LiZ,
NO35) and AQ2LiY, CrO%:s) were measured at the concentrations used in the rate constant
determinations. In water the ratio [A(es) + A(NO3 JVA(LE, NOj3 ) = 2.3, which is
about twice the value of [A(eg) + 0.25 A(CrOF9VAQLI}, CrOF) = 0.92. Thus the
solvent composition dependences of xr; for the reactions of e5 wim N 03 and CrO%',s can
be approximated by the variations of the ratio zjkp/fAT, where z; is the charge on the
anion and A is the molar conductivity of the salt.

The solvent composition dependences of A at 298K are shown in Figure 86. In the
alcohol-rich solvents the plots of chromate conductance against concentration were

sublinear, which indicates ion pair formation:

Lif + Crof g === (Li}, CrO%). [28]

The same was true of nitrate in pure 2-propanol:
Li§ + NOj s === (Li}, NO35) [29]

Association constants of [28] and [29] were estimated from the curved plots; by

comparison of various individual cation and anion mobilities in water (125) it was

assumed that the ionic conductivities in these solvents were in the ratios l[CrO%:s] =
2M[NOj3¢] = 4A[Lif] = 4A[(Li}, CrO%:s)]. The corresponding values of molar

conductivities of the salts at infinite dilution, A, are shown in Figure 86.
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The Arrhenius temperature coefficients E, are listed in Tables 35, 36, 41, 42, and

47.
For LiNO3 the equation for the association constant K is

K=—2X__ [30]
(a-x)?

where x is the amount of association of Li{ and NO3 ¢, and the total concentrations are a.
S

Then the conductance A of the solution is given by
A=3K(a-x) [31]

where K is the molar conductivity of Li¥; Ao = 3Ka which is the value of A at x = 0.

For Li2CrOy4 the equation for the association constant K is

K [32]

= X
(2a - x)(a- x)

where x is the amount of association of Li{ and CrOﬁ:s, and the total concentrations are 2a

for Li} and g for CxO%"s. Then the conductance A of the solution is given by

A=K[(2a-x) +4(a-x) +x] [33]
=K(6a - 4x)

where K is the molar conductivity of Li§; Ao = 6Ka which is the value of A at x = 0.

The Arrhenius plots of the estimated association constants are shown in Figure 87.
The solvent composition dependences of ziky/fAoT at 298K are shown in Figure 88.

The shapes of the curves are similar to those in Figure 85, but the alcohol end of the
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curves in Figure 88 are two to four times higher relative to the water end than those in
Figure 85. In water at 298K the value of the molar conductivity of e; (18 x 10-3
Sem2/mol) is 4.7 times larger than that for Li} (3.9 x 10-3 Sem2/mol). In 2-propanol the
conductivity ratio ey/Lif is about 4.8 x 10-3/0.6 x 10-3 = 8 (see e; mobility compilation in
ref. 11). Replacement of Ag(es) for Ag(Li}) would lower the left ends of the curves in
Figure 88 by a factor of 1.7 and decrease the mismatch with Figure 85.

The solvent dependence of the effective radius rq for mutual diffusion of Lif and
NGO3 ¢ is given by the dependence of [Ao(Li%, N0§,s)]'1; from eqs. [7] and [10], rq =
NaE2/6mn Ao. For Lif and C:O%‘, ¢ the difference of charge is a complication. The
required value of [A; + (A./z.2)] may be approximated as either Ay/z. = [Ay + (A/2.)], or
Ao/z:2 = [(Ay/2.) + (M/2.2)). Since k(CrO?;:s) = 40(Li}) in water, Ay/z.2 was chosen.

Thus,

14 = Z2NAE%/6mn Ao [34]
=~ 8 x 1016 z.2/ A,.

Values of rq from eq. [28] for Lif + NO;;; sand Li§ + CrO%:s are plotted against solvent
composition in Figure 89. With the exception of 100% to 97 mol% water, the value of rq
increases steadily with alcohol content of the solvent. The larger values in alcohol are
attributed to the larger sizes of the molecules that solvate (are attracted to) the ions; the
ratio of molar volumes of alcohol/water at 298K are 4.2 for 1-propanol, 4.3 for

2-propanol and 5.2 for 2-butanol (126).

II. Solvated Electron Reactions with Positive Ions
Solvent effects on solvated electron reaction rates with HY, Ag¥, TI%, Cuzs"’, and Alz’s+

were studied as a function of temperature in 1-propanol/water, 2-propanol/water and
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2-butanol/water mixed solvents. Values of the Debye factor f were calculated for a range
of values of € and T, using a value of r; appropriate to each solute (Figure 90). The value
of € of each solvent at each T used in the experiments was obtained by interpolation of
data in refs. 121 and 128.

Arrhenius plots of log(ky/f) against T-1 were shown for Hf in Figure 13, for Ag? in
Figure 15, for Cu%' in Figure 17, and for AL3' in Figure 19 for 1-propanol/water
mixtures.

Arrhenius plots of log(ky/f) against T-1 in 2-propanol/water mixtures were shown for
HY in Figure 25, for Ag} in Figure 27, for Cu%' in Figure 29, and for AL’ in Figure 31.

Figures 35, 37, 39, and 41 show the Arrhenius plots for HE, TIE, Cu%', and AP in
2-butanol/water mixtures, respectively.

The composition dependences of k/f at 298K are shown in Figure. 91, 92 and 93
for 1-propanol/water, 2-propanol/water and 2-butanol/water, respectively. The variation
of ko/f with the solvent composition is more drastic than that for k; itself (Figures 94, 95
and 96). In general, the second-order rate constant increases with increasing charge on
the positive ion. But, when the coulombic factor f is taken into account, ko/f values for
Ag? and TIY are greater than those for Cu%' and A1%}. For H}, ko/f have relatively the
highest values.

Addition of a small amount of water to pure 1-propanol caused the ky/f for A3 to
drop, then increase again when more than 2 mol% of water was added (Figure 91).
Addition of water to pure 2-propanol caused the value of ko/f for A3 10 increase
continuously until about 80 mol% of water was added. The value of E (the optical
absorption energy half way up the low energy (red) side of the band) is a measure of the
trap depth of the solvated electron. Addition of a small aftiount of water causes the value
of E; to decrease for 1-propanol. (It increases for 2-propanol and 2-butanol.) This has
been explained in terms of the formation of a hydrogen bonded solvent structure which

consists of two alcohol tetramers joined together by a water molecule inbetween them,

293



294

10‘& T v T v T v 1 v
0
A

40 ? X 100

L.Ei :fxuo

109 . . .
270 200 310 ase 3so 370

T(K)
Fig. 90
Temperature dependence of the Debye factor f at different values of dielectric
permittivity . A: for z=+1 using r=1.0nm . B: for z=+2 using rr=0.5nm. C: for

z=+3 using rr=0.35nm. Values ofe are indicated.



10!

Ty

0

©

E

(32}

£ o Ht

- a Agt
g o Q%H’
5 o Adt
N

"4

0 20 40 60 80 100

mol % water

Fig. 91
The composition dependence of ka/f for positive ions in 1-propanol/water

mixtures at 298K.

295



10!

@

°

E

m

|\E 0 o H+
"?:‘ o A3t
x

10-1 N 1 N 1 N 1 N 1 N
0 20 40 60 80 100

mol % water

Fig. 92

The composition dependence of ka/f for positive ions in 2-propanol/water
mixtures at 298K.

296



10!

#
-8
w
oS H‘;
£ s T
a Cu
o
z o A3t
~
x
-~
10-1 . 1 N 1 L 1 N 1 N
(o] 20 40 60 80 100

mol % water

Fig. 93
The composition dependence of ka/f for positive ions in 2-butanol/water

mixtures at 298K.

297



298

10!

w

°

E

) o H+
,f A Ag+
2 o ot
~ o A3
N

£

100 _ . 1 o 1 N 1 N 1 R
0 20 40 60 80 100

mol % water

Fig.94
The composition dependence of k3 for positive ions in 1-propanol/water

mixtures at 298K.



10

Q

2

«?E a Ht
a Agt

D o it

halt ® A|3+

o

E4

100 . 1 L 2 N 3 o 1 .

0 20 40 60 80 100
mol % water
Fig.95

The composition dependence of k2 for positive ions in 2-propanol/water

mixtures at 298K.

99



300

£ 3

k2 (107m3/mol.s)
o
o
| |
enD»n
o
Y
-'-

0 20 40 80 80 100
mol % water

Fig. 96
The composition dependence of ka for positive ions in 2-butanol/water

mixtures at 298K.



towards 10 mol% of water on the composition scale. This would tend to decrease the
availability of OH functional groups to the electron solvation site (19). Thus addition of
water to pure 1-propanol would decrease the solvation energy of the electron. This
phenomenon could lead to a decrease in entropy of activation for (es + ABY) as a small
amount of water is added to pure 1-propanol, which is reflected in the log A2 vs mol%
H,0 plot (see later, Figure 100). This could be the reason for the decrease in koff as a
small amount of water is added to pure 1-propanol.

Plots of Ep against solvent composition are shown in Figures 97, 98 and 99 for
1-propanol/water, 2-propanol/water and 2-butanol/water, respectively. The activation
energies for the reaction of solvated electrons with the positive ions are generally higher
than those with negative ions (119). The activation energy of a diffusion controlled
reaction is the energy of diffusion for the reacting species. Therefore, the energies of
diffusion for positive ions could be higher than for negative ions. The value of E for Hi
in the water-rich solvents are relatively low because of the low activation energy of
diffusion (proton hopping mechanism (127)).

Plots of log A2 against solvent composition are given in Figures 100, 101, and 102
for 1-propanol/water, 2-propanol/water and 2-butanol/water, respectively. The value of
Ay increases with the addition of alcohol except in the case of Al"‘s+ . The presence of a
small amount of alcohol in the water apparently alters the solvent structure in such a way
as to make more probable the attainment of a suitable configuration of solvent molecules
about the reaction site. Addition of water to pure 2-butanol causes A2 for TI¥ to increase.

Addition of water to pure alcohols causes A2 for Hf to also increase.

A. Effect of Solvent Viscosity
The solvent viscosity dependences of kon/fT at 298K are shown in Figures 103 and
104. The values of kon/fT for all the positive ions in all the solvents vary with

composition in a similar manner. The values pass through a maximum near 80 mol%
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water. They decrease towards both pure alcohol end and pure water end. (For

2-butanol/water mixtures the composition range from 66-97 mol% water cannot be

achieved because of the insolubility of 2-butanol and water in this region.)
Recall that kon/fT = 5.5& (rp/rg), and that kon/fT = 100 would correspond to4 = 1

with rr/rq = 18. The large values of 1r/r4 are due mainly to small values of rq forez: 0.05

nm in water and 0.09 nm in 2-propanol (9).

The values of kon/fT are relatively low in alcohol-rich solvents. The values of
kon/T for (e5 + Al3s") are also relatively low in water-rich solvents in comparison to those
of other positive ions. Therefore, in these regions, the reaction is far from being
diffusion controlled (x « 1). Reaction [22] is slow in these cases. The values of kon/fT
are relatively low for (e5 + Cu%') and (e; + ALY) compared to those of (e5+ Ag}), (es +
TI?) and (e5 + H¥). The reason for this could be difficulty in formation of unstable Cu?
or Alzs+ by reaction of a solvated electron with Cuzs+ or Al3s+. In aqueous solution, the

Cu} ion is unstable with respect to the Cu%' ion and neutral Cu. The equilibrium
2Cu} ==Cu% +Cu [35]

lies far to the right (124). Compounds of Cu(l) are covalent. Compounds of Alzs"' have
not been observed.

B. Comparison with Ionic Conductivities

The solvent composition dependence of molar conductivities of the salts at 298K are
shown in Figures 105 to 107. The Arrhenius temperature coefficients E4 are given in
Tables 37-40 for 1-propanol/water, Tables 43-46 for 2-propanol/water and Tables 48-51
for 2-butanol/water mixtures.

In the alcohol rich solvents the plots of conductance against concentration for

AgClO4 and TIOAc were sublinear, which indicates ion pair formation
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Ags + ClOy g === (Ag{, CIOG ») [36]

and -
TI§ + OAcs === (TI%, OAc)) [37]

Association constants of [36] and [37] were estimated from the curved plots; by

comparison of various individual cation and anion mobilities in water, the ionic

conductivities in these solvents were assumed to be A(Ag}) = A(ClO; ) and AMTIS) =
4

A(OAcs).
For AgClO4 and TIOAc the equation for the association constant K is
K=—X [38]
@-x)?

where x is the amount of association of Ag} and ClOg 5 or TI and OAc;, and the total

concentrations are a. Then the conductance A of the solution is given by
A=2K(@a-x) [39]

where K is the molar conductivity of Ag? or TI¥; Ay = 2Ka which is the value of A at x =
0.

However, for AgClO4 the concentrations used to measure second-order rate
constants are about 20 times lower than those used to measure conductances. The
percentages of AgClOj existing as ions Ag§ and ClOj s in pure 2-propanol, (a-x)100/a
~ are 98 and 99% even at the temperatures at which the association constants had the
highest values 2 and 1, respectively.

In the solvent where 10 mol% of water is added to 2-propanol, the percentage of
AgClO4 existing as ions (a-x)100/a is 98% at the highest temperature used at which the
association constant had the highest value (Fig. 108).

The Arrhenius plots of the estimated association constants are shown in Figure 108.
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Values of molar conductivities of Ag}, TIf, Cu% iR Al , and ez are not known for

most of the solvents. In pure water at 298K the ratios of the A's of e
HE:AghTIE: Cu Al3s+ are 4.7:9.1:1.6:2.0:3.0:4.9 so the diffusion coefficients are in the
ratios 4.7:9.1:1.6:2.0:0.8:0.5. Thus diffusion of e dominates the relative motion of each
reactant pair except for H.

The molar conductivities A(H§, ClO3 o), A(TI§, OAcs), A(Agt, ClOz ), A(Cu%*
2C103 o), and A(Al3s"', 3ClOg o) were measured as in the case of negatively charged
solutes. In water the ratio [A(ez) + A(HE)/A(HS, ClOz o) = 1.3, [A(e3) + MAghHVA(AgE,
ClOy 9 = 1.9, [A(es) + A(TIHVA(TIE, OAcs) = 2.2, [A(e5) + 0. 250(CuZHI/A(CH%,
2Cl10; ) = 0.8, and [A(ep) + 0.1A(Al 3hya@ait, 3C103 ) = 0.5. Thus the solvent
dependences of kry for the reaction of ez with HE, Ag}, TIt, Cu%*, and AL3' can be
approximated by the variation of the ratio zjko/fAT where z; is the charge on the ion and A
is the molar conductivity of the salt.

The solvent composition dependences of zko/fA,T at 298K are shown in Figures
109 and 110. The shapes of the curves are similar to those of kon/fT, but the alcohol end

of the curves in Figures 109 and 110 are higher relative to the water end than those in
kon/fT plots. As in the case of NO3 5 and CrO%',s the replacement of A(e5) for A(ClOy o)

and A(OAc;) would lower the .eft ends of the curves in Figures 109 and 110, and
decrease the mismatch with kon/fT curves.

The effective radius for mutual diffusion rq is
g =8 x10-16 22/ A, [34]

For Cu and Al , the difference of charge on the ion and its counter ion is a
complication. For Cu(ClOj)7 and Al(ClO4)3 the required values of (A./z42) + A. were
inbetween Ag(salt)/z,. and Ag(salt)/z42. So Ay(salt)/z,;2 was chosen as was also chosen

for negatively charged reactants.
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Values of rq from equation [34] for H} + ClOj ¢, TI} + OAc;, Ag} + ClOj 5, Cud' +
ClOj s, Al"‘s+ + ClOy ¢ are plotted against solvent composition in Figure 111. With the
exception of 100% to 97-90 mol% water the value of rq increases steadily with alcohol
content of the solvent. The larger values in alcohol are attributed to the larger sizes of the
molecules that solvate the ions. The values of rq in the alcohol rich side for
2-butanol/water mixed solvents are relatively higher than those for 1-propanol and
2-propanol/water mixtures. The ratio of molar volumes, alcohol/water for 2-butanol at
298K is 5.2 which is higher than those for 1-propanol and 2-propanol, 4.2 and 4.3,
respectively (126).

III. Conclusion

The reactivities of solvated electrons with solutes are dependent on the electron
affinity of the solute, the solvent structure, the electron-solvent, and solute-solvent
interactions.

The reaction of solvated electrons with nitrate ions and chromate ions are strongly
dependent on properties of the solvent. The liquid structure influences both the rate of
diffusion of the reactants and the reaction probability of the reactant encounter pair. The
solvent participates chemically in the reaction of the reactant pair, which is evident from
the increasing magnitude of the values of kon/fT (e5, NO35) in the sequence pure
1-propanol, 2-propanol and 2-butanol. In comparing these three alcohols, 2-butanol and
2-propanol have much more reactive C-H groups since this H atom is attached to a
secondary C atom. In 1-propanol the corresponding H atom is attached to a primary C

atom and the bond is stronger.
The values of kon/fT for (e5 + CrO%,s) are similar to those for (eg + nitrobenzene), so

(es + CxO%:s) is also nearly diffusion controlled. The values of kan/fT for (e3 + NO3 5)
are relatively small, especially in alcohol-rich solvents, so the reaction is far from being

diffusion controlled.
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The plots of E3 and log A3 for NO3 5 and CrO?{’s against solvent composition are S
curves. Addition of water to alcohol-rich solvents of NO3 g and CrO?;:s decreased Ej and
log Az. The values of Ej in water-rich solvents are similar to those for nitrobenzene, but
Ej increases with alcohol content. The values of log A2 for NO3 5 and C1024'.s are smaller
than that for nitrobenzene. The ionic reactions apparently require soivent molecular
rearrangement about the reaction site, which decreases the entropy of the system and
makes the random attainment of the correct configuration less probable, thereby slowing
the reaction.

The value of A increases as 3-5 mol% alcohol is added to pure water. The presence
of the small amount of alcohol in the water makes attainment of a suitable configuration
easier.

The solvent composition effect is smaller for (e5 + CxO,z;:s) than for the less efficient
(ez+ NO3 ).

The composition dependences of kon/fT for the positive ions follow a similar pattern,
having a maximum near 80 mol% water and decreasing towards both alcohol and water
ends of the plots. The values of kon/fT for Cu%* and AL3 are relatively smaller than
those for HE, Ag? and TI{, probably due to difficulty in formation of unstable Cu? and
A%,

In pure water the activation energy of (ez + HY) is much lower than those of (ez +
Agh), (ez + TIY), (e3 + CuZh), and (e + ALY, but the activation energy of (ez + H3)
increases as the alcohol content of the solvent increases. On the other hand, the activation
energy of (e; + Al3s+) in water is much higher than those of reactions of other positive
jons, but the activation energy decreases as alcohol is added to water. Addition of water
to alcohol-rich solvents of TI¥ causes E3 to increase.

The variations of log A2 are quite similar to those of E3.

In general, the values of E3 are similar to the activation energies of conductance Ep,

except for Al‘“"s+ in pure water solvent and negative ions in alcohol-rich solvents.



The molar electrical conductivities Aq of the salts are related to the diffusion
coefficients of the ions. The values of the effective Stokes radius rq for mutual diffusion
of the ions increase steadily with alcohol content of the solvent for all the solutes, with the
exception of the region within a few mol% of pure water.

The minimum in rq near 90 mol% water is attributed to a decrease ir: ».:icroscopic
viscosity of the fluid in the vicinity of the ions, relative to the shear viscosity or the bulk
fluid. The ions evidently remain in the disordered water and do not associate with the
more viscous structures that are nucleated by the alcohol molecules. The larger values of
rd in alcohol are attributed to the larger sizes of the moleciles that solvate the ions. In
pure 2-butanol rq has the highest values in all the cases.

The composition dependence of z;ky/fAoT was similar to that of kon/fT, but the
alcohol ends of the curves were two to six times higher relative to the water ends than
those in kan/fT curves. Replacement of Aq(eg) for Ao(Lif), Ao(CIO; ) and Ag(OAcs)
would lower the alcohol end of the curves of z;ka/fA,T.
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