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ABSTRACT:-

Optical absorption spectra of excess electrons in

-binary mixtures of water with a number of alcohols have

been studied by the pulse radiolysis method. Composition

e

and temperature were varied in order to determlne their

effects on spectrum parameters such as E and W, .
N = Amax X
The values of E in'the\pure compounds have
Amax .

been remeasured and Some new values have been suggested.
Theyvalues decrease as follows: methanol = primary alco-

hols (except ethanol) > water > secondary alcohols > t-

butanol. The values of W;s decrease as .follows: primary
alcohols > methanol > secondary alcohols > t-butanol =

water.

In.the vicinity of pure alcohols,the E for .
Amax

the solutions has two trends, i.e., it ~decreases as
mole % water increases in methanol and Primary alcohols,
and increases for secondary alcohols and t-butanol.

A

Around 10 mole % water in primary alcohols, the EAmax
reaches a minimum that is close to or slightly‘lessthalthe
value for pure water. " The value of w% decreases with
increasing mole 7 water in all the alcohols except t-
butanol, in which it is independent of composition.

Both EAmax and W; are.nearly indépendent of composition
between 50 and 97 mole 7 water in all the alcohols

The electrons are selectively solvated by water. In



the vicinity of pure water, the E increases signifi-

Amax
.cantly upon the addition of 2 = 3 mole Z of any alcohol,

but the W;i remains cdnstant. This increase 1is related to

a modification of the liquid structure of water.
- , &
/ The minimum of E ip primary alcohols contain-
Amax F ‘

~

ing around 10 mole % water suégests that" a peculiar solu-

iy

tion structufe exists at that coﬁposition.

In the 50 to 98 mole ¥ water region the excess
electron rests preferentially in a slighily modified water
strucpure. |

The spectrum sﬂape ié more sensitive to composi-
tion change than to temperature. AThe temperature co-
efficient of EAmak is‘gsgative in all“solutions and in

"

the pure compounds. By contrast, that of W!'i can be posi-

t -

tive, negative or nearly zero. The beha?ior of the ratio
w%/EAmax indicates that ingreasing the temperatufe favors

selective solvation hy water.

The behavior of -dE

_Amax/dT and dW%/dT as a func-

tion of composition are similar to that of E itself.
Amax
The behavior of W% itself with composition is quite

different from these.
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I. INTRODUCTTI O N

A. GENERAL

A convenient method of»puttiﬁg electrons into

4

liquids for Study is to generate them inside the liquid

S
M —AMA—2 M7 + e [1]

with a pulse of high energy radiation

‘An electron is knocked off a molecule and travels a
certain distance away from its "parent ion" before los-
ing all its excess energy. Thus the electron.is thrust
into the body of the liquid. It loses its excess
energy by ionizing and exciting the ﬁedium. If the
liquid is électrophilic in nature, tbe slowed—doﬁn ‘fa
electron becomes attached to a molecule to form a |
negative molecular ion.‘ If the electron does not be-
bcome attached to a molecule, it ultimately reaches a
state of thermal equilibrium with the medium. It is
then called a "thermalized electron" and may be either
quasifree or localized.

Electron localization in a pol;r liquid 1is due
to a coulombic potential well_created by severél
suitably oriented dipoles (1,2). Localization in a
nonpolar liquid such as E—hexane‘(3) is preéumably

related to the anisotropic polarizability of the mole-

cules.
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Two states of localized electrons, in addition to
that of direct binding to individual molecules, can be "
distinguisﬁed: the trapped staEe and the solv;ted state.

In reaction [i], a bound?electron is/iibgrated and
set in mttion away from the simultaneously produced posi-
tive ion (parent ion). As itbtnavels further f&om the
parent ion, it may generate tertiary electrons and so on.
The energetit electron loses energy by ionizing a% well as
by exciting the medium and by sufféring electrostatic repul-
sion. Thus the electron passes over a'geries of potential
eéé;gy barriers anmd loses kinetic energy by interactions
with the molecules, until finally it cannot get over
the next thential barr;er. At this point, it is in a
region of relatively low potential energy, that is, in
an interstitial position, and it is trapped there by
short range repulsive forces. |

Using the particle model of an electron, the
amount of space otcupied by the trapped electron must
be sufficiently large that the electron zero-point
energy (4) 1is less thanthe potential energy” of the
barrier. On the basis of the chargg—cloud model of
an electron, the trappedgelectron can be qpnsidered to
have most of its charge located in a central cavity

with some of the cloud penetrating into adjacent inter-

stitial holes that are connected ‘to the central cavity.
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Just before an electron is trapped, its kinetic
energy, in.regions of low potential energy, "has probably
beep reduced to 1 eV or less. Since electronic polariza-
tion of molecules occurs in less than lO—15 sec, the

{

trapped electron immediately finds itself in an electroni-
eally Polarized cavity.\ The potential well of this
cavity deepens as the various types of polarization of

the medium occur. There is a balance between the tend-

ency of the internal pressure of the liquid to localize

“the electron in a small volume and the zero- point energy

requirement which tends to enlarge the volume occupied

by the electron. The trapped electron is transformed

into a solvated electron over a. period of about 10_12 sec

in liquid that has a dielectric relaxation time of 10—12

sec. -The Aain difference between the depths of the
potential wells of solvateq electrons in polar and non-
polar liquids is caused by the difference in orientation
polarization. '
Blue solutions of alkali metalséin liquid ammonia
were first prepared in 1863 (5), but it was not until
1922 that it was demonstrat "that they contained
solvated electrons (6:7).‘vLeter, solvated electroq%
were also formed by dissolving.alkali metals in certain

amines (8), ethers (9), alcohols (10,11), and iceo(IO).

The solvated electrons can be identified by means of



their.optical absorption spectra.

The absorption spectrum of solvated electrons in
liquid ammonia has a very broad and unstructured ab-
sorption peak (11). The absorption spectra of solvated

A ) E
electrons in other solvents are very similar to this, -

but the wavelength of the absofgtion maximum s%ifts
from one solvent to another. (12). .The optical absorp-
tion spectra have been used to identify the forﬁation
of solvated electrons in the radiolysis of water (13),
.alcohols (l4), and even in ethers (15) and hydrocar-
bons (16,17). Tﬁe»"effective radius" ;f a solva;ed
electron can be estimated accérding to its opticél ab-
soerption energy (1,18). i
The thermodynamic data for solvated electrons
aré not known very accurately. They can therefore be
used ;nly with ;ertain reservations for further calcu-
lations (19). Nevertheless, the standard potential
(20), the solvation energy (18) and entropy (lé) of
solvated electrons in water have been estimated. |
Data on the moBility of solvated electrons can
be obtainéd from conductivity studie; of their solu-
tions (21,22). Thé mobilities of solvated electrons
in water (23) and in liquid ammonia (24) are three to

five times higher than those of normal ions (e.g.,

Na' (24,25) and C17 (25,26). However, the mobility
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of electrons solvated in water is smgller than that of
: H+ (25). In.nonpolar liq;ids,the mobilities depend
strongly on the structure of the molecules (27-31).

- The solvated electron is paramagnetic in nature.
This can be confirmed by ESR (32) and ortho-para hyd:
fogen conversion (19,33) measurements.

‘ﬁSolvateJ elgctrons have a strongly negative redox
potential (20).U They can réact with many substances
such as
(1) liquid water (34) or alcohols (35);

(2) simple neutral molecules of axygen (36), dodine
(37), carbon mogoxide and carbon dioxidg‘(38),
nitrous oxide and nitrogen oxide (BQ)jrhydrogen
perox%de (40), and tetranitromethane (41) ;

(3) . cations of metal iomns, e.g., silver‘I (36,39),
cadmium I1I (36,42), copper II (36,40), lanthanum
IIT (37); 2

(4) énions of oxo metals, e.g., permanganate and
dichromate (37), as well as the oxo anions of.
nitrogen, nitroqé ion (37), of bromine, bromate
(42)5 of chlorinme, chlorate (37);

Bl

(5) aliphatic compounds of olefins, aldehydes, and
ketones (38, 39, 42, 43), and of halogenated
hydrocarbons énd fatpy acids (except fluorinated

compounds) - (44); . x
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(6) aromatic compounds of benzene, aniline, napthal-
ene, anthracene, biphenyl, and terphenyl (43-46);
(7) - heterocyclic compounds of pyridine, uracil, thy-

mine and adenosine (43).

The two physical properties that have been qseful
in giving information about the behavior of solvated
electrons have been the optical absorption sbectrum and
the mobility. The values of these two properties are
understood qualitatively, but their variations with
molecular Structure have not yet been completely ex-

plained (31,47).

B. HISTORICAL

1. Solvated Electrons in Pure Liquids

It is about sixty years since kraus (48) sug-
ge;tgd that solvated electrons were'produged when S
alkali metals we%e @issolved in liéuid‘amm;nia, and
it is nearly twenty years since Stein (495 and Platzman
(50) postulated thgt solvated electréns were formed
. when water is‘éubjected to ionizing radiation. 1In
1962 the optical absorption spectrum of‘solvaged
electrons in irradiated water was first observed by
Hart and Boag (13,51). ] ‘ ’

The spectrum of the solvated electron in water
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(13,51-58), as well as in ammonia (59-83), aliphatic

alcohols (10,14,84—110), amines‘(12,69,72,98,99, 105,
111-119), %phers'(12,15,17,69,98,99,113,120—127), ali-
phatic hydrocarbons (98,122,128—148), and other organic
liquids (65,111,149—155), has since then been investi-
gated very éxtensively. |

At room temperature, the absorption spectrum of
the solvated electron in these compounds has several

features in common:

(L) it has a single, broad, structureless band;

(i1) the plot of absorbance vs wavelength is bell-

shaped;

" (iii) the plot of absorbance vs photon energy (eV)

shows. an asymmetric shape which is skewed to-
' I

ward high energy.

The behavior of the absorption maximum, E (ev),

Amax
and of the band width at half the absorption maximum,

i

W%(eV), in different solvents is as follows.

In all the solvents, E decreases with increas~

Amax
ing temperature. For water, the temperature coefficient
is from 3.0 to 2.4 meV/K (53,52), whereas the co-
efficient forﬂgmmonia is between 2;7 and 1.4 meV/K
(67,81,82), depending on the ﬁémperature range of the

study. In alcohols (105), amines (69) .and ethers
]

(125) the coefficient differs for particular compounds



in each category.

The behaviqr of W;i is much more variaLle. Wli in-

creases slightly with increasing temperature in water
Co R

(52-54) and 1liquid propane (l44). It decreases
slightly in ethers (17,18). 1In alcohols (95,105) and
amines (114), W;i behaves differently depending on tﬁé
particular compodnd. The temperature coefficient in
almost all cases is less than 1.0 meV/K, although for
2-methyl-n-amylamine (2-MAA), it is as high as 3.4
meV/K (114). The ;symmétry of the absorption spectrum
decreases with increasing temperatur;.

T At constant temperature, for erganic solwvents,
the value of E depends upon;
Amax P pon/

. S
(i) type of alkyl group, e.g., 1.65 for cyclohexanol

L]

and 1.83 for n-hexanol (91,97), 1.94 for n-
butanol (85,86), -1.67 fér.g—butanofl(9l) and
%.Oé for t-butanol (84,85,89,91,97); 1.29 for
2-methyl-l-propylamine (98) and l.08afor 1-
methyl-l-propylamine (98,;14); 1.76 for ethanol
(14,84,86,91,93,104,106,108), 1.93 for n-propanol
(84,85), 1.94 for n-butanol.(85,86), 1.97 for

° methanol (14,84,86,87,91,92,97,104,108); and
0.91 for 3-methyl-3-pentanol (91,97) and 0.82

for 3?ethy1—3-pentandl (91);
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A
(ii) number of alkyl groups attached to the functional

ST group, e.g., 1.76 for ethanol 114,84,86,91,93,97,

o

1104,106,108), 0.59 for diethylether (17,69) and
1.29 for isobutylamine (98), 0.83 for diisopropyl

amine (98,114), and 0.74 for tripropylamine (114);

(i1ii) number of functional groups, e.g., 1.93, 2.17 and
2.31 for l-propanol, 1,2-propanediol and 1,2,3-
propanetriol, respectively (84,85); 0.69 for
ethylamine (69,11},117) and 0.94 for ethylenedi-

amine "(69,72,95).

| Differences in\EAmax and in W;é are observed for
electroﬁs in liquids of contrasting polarity. Electrons
in polar solvents such as ammonia, water, and alcohols
show a& absorption maximum in the vigible to near in-
fréred region. I; non-polar solvents“such as aliphatic
hydfocarbons, the maximum is in the infrared region. :
Weékly polar .solvents, for instance ethers and émines,
yield a maximﬁm in - between those for polar and non-
polar solvents. In addition, there is an overlap in )
the region of absofption ma#ima(of pPolar and weak-
polar'compounds as well as of non-polar and wéak—
polar compounds. For organic compounds, the overlap

is due either to the type of alkyl group in the carbon

chain skeltoq Oor to the number of alkyl groups attached
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» -
s

v - :
to the functional group and to the number of functional

groups contained in the compound. Hence it is due either

to the steric effects or to the inductive effects and to

’

the over-all effects of these two. W% tends to be nar-

rower with increasing polarity of the compounds w{ih the
el ‘ g T

—

.same .category.
1

2. Solvated Electrons in Binar§ Mixtures

The nature of the absorption spectrum of solvated

3
IS H s

electrons in binary liquidsvand the dependence of ab-
sorption maximum upon the qomposiﬁion of such systems
- are now known for a variety of compounds (12,17,72,91;

97,105,112,120,122,152,156-175).

o
L

At room temperature,the absorption spectum in a’”
binary system exhibits a single absorption band with
a maximum that is intermediate to the maxima in the
pure components. The value of E varies continu-
" Amax
ousl?fﬁith composition between the two limits. The

Amax >

very-broad range of behavior which is due primarily

Y

to the molecular structure and polarity of the compon-

composition dependence of 'E  and of W, exhibits a

ents énd to the molecular interaction of the two
components. Qo
At temperatures low enough, some of tﬁese binary
mixtures become glass§ in nature. Rn this' glassy state,
. ]

the absorption spectrum of the solvated electron shows

-
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\g;f/' » ‘ 11.

gither one or two peaks depending upon the poXarity of
“the components. For components of similar pblarity,
the spectrum behaves as for mixtures at room tempera-
ture. When the components have different polarity, the
‘spectrum pogsesses two peaks, similar to those in the

.
pure components.

The behavior of E
. ) Amax

’

in these studies ié as follows.

(i) For mixtures of two strongly polar liquids A and
B, and of a strongly polar with a moderately or
weakly polar_liquid, ghree patterns have beeg
observed: | |

(a) E increases in an S-shaped manner from

Amax
0 to 100 mol % B, as in ethylenediamine (EDA)/

water (72), ammonia/water (12,72,156), triethyl-
amine (TEA)/ethanol, l,2-propanediamine (1,2-
PDA) /TEA; sec-butylamine (g—BuA)/ethanol and .

diisopropylamine (DIPA)/ethanol (168);

i

(5) Amax increases or decreases up to a cer-
tain point, then changes very little to pure B,
gas in methanol/water and 2-propanol/water (105),

/ getfahydrofuran (THF) /water -(12,17,112), hexa-
methylphosphoric triamide (HMPTA)/EDA (152,175),

. dioxane/water and HMPTA/water (159);

as a function of composition: __-—---
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(c¢) E changes almost linearly, as in methanol/

Amax
2-propanol (105) and THF/EDA (12). Besides, the
degradation of (b) and (c) has been observed in

}
~dimethylsulfoxide (DMSOY[waper (160), diethyl-

ether (DEE)/EDA and 2-methyltetrahydrofuran (MTHF)/

EDA (17).

(11) For mixtures of two moderately or weakly polar
liquidé and of a nonpolar liquid with a polar
liquid, pattern (i)-(b) has been observed in 3-
methylpentaqe (3—MP)/me£%anol (17), s-BuA/TEA,

MTHF /TEA, 3-MP/s-BuA, and 3-MP/MTHF (168).

W32 behaves similarly to EAmax in most cases.

C. THEORY

In this section, an outline will be given of a
number of models commonly used in the treatment of
and W, as well as the temperature coefficient of
Amax T :
these two. The common basis of formulation for each
inodel will be described briefly first.

The general form of the Hamiltonian, H for the

T’

system consisting of a dielectric medium and an excess

electron can be expressed as (1,176)
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= + + +E +§ :
HT Tn Hm Te \yei Ven (1]

i n-

Tn is the kinetic energy of the nucleij. Hm represents
the Hamiltonian of the medium in the absence of the
€Xcess electron at fixed nuclear configuration.

-h? , z e? Z 7 e

H = \_S_‘v -E \“\+§ o1 m
m 8ﬂ2m T ,r -
i n,i i

r l n<m

n
e2 ‘
+ E ) [27
[y -r | -
i<j i j

where h is Planck's constant, m is the mass of electron:
V2 is the Laplacian operator, Ty and rj Tepresent the
vcoordinates of the medium electrons’, r and rm are the
coordiqates of the medium of the charges Zn and Zm.

Te is the kinetic energy of the excess electron, the

coordinates of the electron being represented by re.

e 2 T [3]

vei and ven represent the interaction energies between
the excess electron and a medium electron i or a med-’

ium nucleus n; thus

e2 v
Vei = —\_lr Z - , v [4]
i e
—Zne2 . ’
Ven = [5]
lr - r | ,
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- The Hamiltonian of the medium, H n’ is then given

by
H' = +E + -
m Hm Vei :Z:ven - (el
1 : n
and consists of the ynperturbed energy and the energy
part due to interaction.

Thus, setting

=T +H' +T =T + H'
Hp = T +H' + T =T +H [71]

the total energy, ET’ of the system can be obtained

from the equation
HTIN,e> = ET|N,e> [8]

¥

where |N,e> is short hand for the eigenfunction of
this system. By épplying the Born-Oppenheimer approx-
imation (177), this eigenfdhction can be separated
in thé form
=R IN,e> ="|N>|e> ' - [91 <

where |N> is the nuclear part of the wave function,
and |e> is the electronic part of the wave function
and depends on the nuclear coordinates, r » as para-
metersl The electronic part can be obtained from the

_equatf%n

B' |e> = Ee(rn)|e> flO]

while the total energy of the sysiem can be obtained
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from fhe expression
(T, + E_(r ) - E.) N> = 0 | - [11]

For simplicity, it is convenient to consider the
limiting case of infinitely heav& nuclei, when nuclear
vibrations can be neglected. ‘ghe total energy of the
system can then be obtained from the condition

BEe(rn)

=0 for all r [12]
dr n
n

Since .equation [10] can not be accurately solved,
approximate treatments of the electronic wave function
vmus; be applied>by using either the adiabatic or the
independent-particle self—consistegt—field (SCF)
approach. - _ |

In the adiabatic s;heme, the mediquelectrons are
assumed Fo be affected by a potential of a fixed point
charge, excefs electron, that is‘cgnsidered to be

temporarily at rest. Thus, the electronic wave function,
|e>, can be formulated in the form
> = > >
le le >le_ [13]
Iem> is the wave function of the medium electromns and
depends parametrically on the position L of the excess

electron.
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lea> is the wave function of the excess electron. The

Iem> can then be obtained from

valem> = Ee(re,rn)|em> [14]

4

The total eneréy of fixed nuclear configuration will be

obtained from

[Te +.€e(re’rn)3Iea> - Ee(rn)lea> | [15]

along with equation [12].

ol = + )
Let Ce(re,rn) UO U(PE’P ’EC)’ [16]

D

U be the unperturbed energy of fheAunpo]arized medium,

EC be the field produced ip vacuum by the.point sources at
r , P be the electronic component of the polarization,

P be the permanent poléfization, and U repfesent the
polarization energy of the medium. Then the total

energy of the system can be obtained from

7] :
= = < + > +
E E (r ) ea|1"e Ulea U, [17]

For the ‘independent-particle approximation, the
medium electrons are considered to be affected by only
the mean charge distribution of the excess electron.

Thus, the electronic wave function,'|e>, can be formu-

lated as

e> = |e'm>|ea> ' [18]
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e'm> is the wave function of the medium electrons and

i

does not depend parametrically on the position T, of the.

excess electron. The electronic energy will be repre-

B

sented in the form R
J

Ty

= <al ' LEEEN
Ee(rn) e m|<ea|H le o |ea> [19]

and the total energy of the system can be obtained from

E =~ E (rn) = <e ]T ]e > 4+ <a! [H' ,e' > [20]

m

H' = H o+ <e ljz: zz: [21]

H'm is determined by the average charge distrlbutlon of

m

the excesslelectron.

It is assumed that the s spin orbitals of the
medium electrons can be represented by the appropriate
SCF wave function. Hence, the  total emnergy of the

system can be obtained from

E =~ =L > r
T = Eolr) eajTe[ea + U(P_,P ,E ) + U, [22]

where U represents the polarization energy of the di-
electric medium by the mean charge distribution -
e|<e;]ea>lz, of the excess electron.

The basic differen&e between these.two approaches
arises from the fact that, in the SCF schemne, tﬁe’

electronic polarization does contribute to the binding

I
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energy of the electron.

It can be seen that the main task is how to formu-
late U, U0 ar&d V(r) and to construcg]ea;- - This differs from
one model to another. Once this has been accomplished,
the ground state and excited state elecfronic energy of

the solvated electron can then be obtained as

E_(n%) = <nf|H|n%>/<nR|nL> t»23]
where
_ 2 2 .
H = VT o+ V(r) [24]
87 ' m

and n and % refer to the quantum numbers of the elect-
ronic state. The E and hence its temperature co-
: Amax .

efficient can then be obtained from

Amax ~ Ee(2P) ‘,Ee(ls) [25]

The W% and its temperature coefficient are treated
qualitatively within the constraints of each model, or

treated separately.

A

1. The Polaron Model :

Landau (178) proposed that a# excess electron
can be trapped byipolarization of the dielectric medium
céused by the eleétron itself. This idea was mathemati-
cally formulated in the work of Pekar (179), who usea

the term "polaron" for the state of an electron

i
i
|



19.

béund by the polarized medium. Davydov (180) and Deigen
(181) applied this to electrons tra%ped in ionfl lattices.
The electron ié treated as free except for its interac-
tion with the medium. If r is the distaﬁcelfrom the trap-

ping site, then the potential energy, V(r), fésplting

from this interaction is

V(r)

1]

~De?/r [26]

D [27]

l/Dop - l/Dst

Dop is the optical (high frequency) dieléctric constant.
Dst=is the static (low frequency) dielectric constant.
Considering V(r) invariant under transition,

Davydov and Deigen derived an equation for E (eV)

Amax

of the solvated électrons in ammonia as

E(2p) - E(1s) = 1.93 D2 (n’/m) [28]

N

EAmax =

©
E(ls) is the energy of the electron in the ground state.

E(2p) is the energy of the electron 'in the excited state.
m*/m is the ratio of the effective mass, m*, of the
electron in the liquid to its mass, m, in the free state,
and is an unknown parameter.

Jortner (1), taking the electronic polarization

into consideration, revised equation [28] as

Amax = [1-93 D7 + 1.37 (1 - l/Dop)](m /m)

) ' [29]
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with this model has been carried
Amax ;

. . %
out by Dorfman and coworkers (14,108) using m /m = 3.6.

The correlation of E

The agreement is quite good for methanol, ethanol, 1-
propanol, and 2-propanol, but is poor for water agé\\\/,/
ammonia. b
Mukhomorov et al. (182-~184), £aking into account
fluctuétion in the orientational pola;ization of the
‘medium and using the effectivg mass méthod, formulated

&
m as a function of temperature as follows

1 x\ 2
— dm | _ _2Z4 | [30]
m dT '

p

Y
where Bo is the thermodynamic expansion coefficient of
the medium. Thus, equation [28] is then revised as

. * .) . ‘
Epmax = Dp(m /m)(0.805+1.138 D,/D;) [31]

_ _ 2
with Dl =1 - l/DSt and D2 = 1/n" - l/DS

. . ¢

t

where n is the refractive index of the medium. They

also derived the dispersion of the optical  spectral

band as
wd2 = 2.69 x 10°° T Dzzm*/m[l + 1.2(D2/Dl)2]
| [32]
and ) 3 ‘
OIS (371
Thus, the effect of temperature on the E and W

Amax ]
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can be quantitatively estimated from equations [31] and
[32]. A satisfactorx agreement between calcuiated and
observed is obtained for Gater (55, 185), ammonia (78,

5t86,187), and methanol (l85,f’86).

Bush and Funabashi (188% have proposed two types of
traps based on small—polarb; formation (189) to account
for studies of solvated electrons in alcohol aggregates
at low temperature. They assumed that the alkane reglon
forms relatively shallow traps, and the OH region forms
deeper ones.  They also assumed that there are inhomo-
geneities within each region, so that, for instance, the
depth of a trap at the end of an OH chain will-be differ-
ent from the depth of a trap‘at the center of a chain.l

*Sophisticated equations have been formulated to simulate -
-the shape of the absorption spectra of solvated elect-
/rons.,‘The calculated and observed curves (92) are in

good agreement for both E and W, , but not the shape.
* 2

Amax
Borisenko and Vannikov (190) applied this alterna-
tive two trabs model to solvated electrons in the glassy
A,

state of 2-ptopanol. The generated curve fits the

experimental one satisfactdrily.

2. The Cavity Model

2

Ogg (7) proposed that the eéxcess electrons in liquid
ammonla are self- -trapped in physical cavities created in

the solvent med ium. The -potential energy is consideredr

k4
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to be dndependent of surface tension and to be a- sym-

metrical distribution in a spherical cavity of radius

\
r , as
o’ .
. _ .
—Zze2/2r , T r < r
o — 0
V(r) = . [31]
0 ’ r > r
o
where r is the distance away from the cavity center.
The total energy,.Et, is found’'to be
E = h2/8mr 2 _ e2/2r ’ [35]
t o R« B

This simple treatment leads to a serious overestimate
of the cavity radius. This has been refined by
Lipscomb (191) taking into consideration the surface
tension, électrostric;ion, and the electronic polariza-

tion of the molecules on the cavity sdrface, i.e.,

2 2 2 2
Et = h /8mr0 - 0.69 e /ro + 4ﬂr0Y [36]
where Yy is fhe surface tension. In order to have a
good agreement with observed values of E and r ,
: o Amax o

there is a difficulty to ghoosé the proper Y without
. s

lbsing the stability of¥éhe cavity.

I This d}fficulty has béen further eliminated by

‘Stairs (1923, whb made.é better estimate of the wave

functions using a graphical integration method.

Symons and coworkers (193-196) assumed that the
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electron moves in a discrete centrosymmetrical orbit

with a Square~-well Potential of

0 , r < r
— o

V(r)=| o [37]

type, under invariance of poéential eﬁergy. The transi-
tion 1s thus determined solely by the kinetic energy of

the electron in the ground state. . Therefbre,

rum, as well as the temperature,dep ’dence of EAmax and
3 The spectrum is considered to bhe an envelope re-
sulting from many independent opticall transitions of
electrons inp cavities of different sigz s. This vari-
'abi;ity determihes thé Proadﬁesé\gf)th Spectrum. The
asymmetryvéfpthe spectrum ig then due to the lower
Probability of transitions to higher excited States.
The behavior of EAmax as a function oflﬁemperéture can
be interpréted as résulting from the contracting of
the cavity with decreasing temperature, i.e., dré/df >
0. Therefore, dEAmax/dT < 0. The»Eemperature depend-

ence of Wy is considered to bpe due to the bfeathing
2
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vibration of the cavity with changing_femperaiure.
Ishimufa, et al., (197) refined ;he cavity model_
by considering:that the éavity is formed by fouf or six
solvent molecules, and by uéing thewunregtricted opeﬁ
shell treatment (198) bas;d on the intermediaté neglect
of difﬁerential ove;iap (INﬂB}‘appToximation (199), ta,
invesfiééte the 'solvated electron: in water, ammonia,
and %ydrégen fluoride. The calculated values of E

Amax

for water and ammonia are reasonably in agreement with

'j/observed values (74,200). \

Récently, the cavity model has been modified by
Banerjee and Simons (147) using the Fourier transform
i v
of the time=correlation function (201) of the electronic

dipole moment to formulate the absorption band shape

function. The time dependence appgaring in the dipole

" correlation function is described in terms of both excess

electronic motion and solvent molecule motion. The
absorption band shape function is expressed in terms of
solvent structur€ information and the electron—sol&ent
interaction potential. The generated band shapéﬁfor
ethanol 1is inp good_agreément with tHe“expérimental

W, and skewednes;.

spectrum (92), w%th respect to EAmax’ 1

For anthracene glasé,(148); the agreement is good for .

EAmax‘and skewedness, but is poor for W%.

o/ <.

- L -~
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3. The Continuum Model

In Jortner's (202) original work on electrons in
ammonia, he modified Landau's poteﬁtial to allow for a
cavity of radius'ro, by solely considering the permanent

polarization of the medium,

—DeZ/r , r > r
V(r) = { ‘ h 1393

2
~De /r0 s - r < r

The electron eﬁergy in this potential field can be

Y

obtained by
2,2 2 '
E (n&) = <no|(-h“/8n°m)V*" + V(r)|ng> . [40]

The E, ~ can be calculated fromn
Amax

Epmax = Eo(2P) - E, (1s) : [41]
i ‘ i (":‘
COnsidering r, as an adjustable parameter. ihe dEAmax/
dT can then be obtained by
9 - B
dEAmax/dT = CldD/dT + C dro/dT [42]

2

where Cl and C2 are constants, and differ from‘oﬁe»system

to another. Agreement between the calculated and obser-=.

ved values of E, and of dE /dT can-be achiéved for
Awmax Amax

ammonia (ZOZh;Eutnnotffor water (203) and alcohols

(105).

i

In the case of water, Jortner (176) proposed an alter- .

e

. -
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native approach by treating the excess electroﬁ and the
medium electrons on an equal basis and by considering
the electronic pol;rization to be contributing to
Qotential formation. The potential energy then becomes

N

e(l - 1/Dst)f(r) , T > r

V(r) =¢{ ' [43]

<e(1_l/Dst)f(ro) » 1T < r

2 2 . .
where ¥ fnl(r)==§ﬂe|<n$]n>| » since f_,(r) is the
.electrostatic potential due to the average charge distri-
bution, e|<n2|n£>|2. Again, r, is considered to be an
adjustable parameter. An agreement between the calcu-
lated and observed values of E and dE /dT can be

‘ Amax Amax’

achié&ed for water, when r = 0. However, this is not
realistic (204-206).

This model has been modified by Iguchi (207,208)
and by Fueki (20%9. Iguchi took into 'account the tem-
perature vafiation of the dipole moment and volume
expansion of the liquid, as well as the dipole-dipole
interaction. The results of E and dE [dT are

Amax Amax

in good agreement with the observed values for alcohols

(105). Fueki considered the'dielectric saturation

effect in the vicinity of the cavity aéd treated the
microscopic dielectric constant as a simple explicit
function ofudistance. The result of E

Amax
water, while the experimental is 1.73 (55).

!

is 3.10 for§/

-
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A more elaborate version of the continuum model has
been develoﬁed'by Tachiya et al. (210), taking the ori-
entational polarization as not‘constant but‘distributed
around the configuration coordinate under which the

total energy for the ground state is minimum. For

water, the calculated E and W, are in relatively
~Amax 5

good agreement with experimental values. ' r\\\\///,

The validity of the continUum‘model has been tested
by Carmichael and Webster (211), using nume{ical wave
functions for a solvated electron i; water and ammonia.
The ‘results ihdicate‘that the SCFJapproéch, for the
particular case of r, = 0, 1s quite unsuitable.

The continuum model has béen modified recently by
Funabashi, et al. (212) using the electron transfer
concept (213,214), in which the solvated electron 1is.
assumed to be coupled with both the low frequency solvent
modes and a high-frequency molecular mode, representing
the long- and short-range interaction potentials for z
the elect?on. The generalized line shape function 1is
then formulated in order to simulate the absorption
spectrum of the solvated electron in water. The simu-
léted spectrum consists of contributioné from short-

. distance transfer (bound-bound) and long-distance
(bound-free) t;ansfers, the latter béing the minor.

component of the total spectrum, The generated

spectrum shape agrees quite well with experimental
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e

curves (86) with respect to E and}n]si but not for

Amax

skewedness.

4. The Semi—Continuum Model

This model is based on the idea proposed by Land
and O'Reilly (215,2165, in which a few molecules are
treated as a discrete solvation layer around the tra?ping
site and the medium beyoﬁd must be treated as a continu-
.ym.' A;model develpped by Fueki, et al., (FFK Model)
(217) was the firét one applying this idea to sgavated
electrons. in watgr. The related work by Copeland, et

al., (CKJ Model) (2) was for solvated electrons in

N

amﬁonia. -
-In both model;,one asgumes that the essential
feature of the molecule in the first coordination la&er
is its dipole moment. Thus, the phygical ideas for‘
these two formulations are essentially ‘the same, but
the details of the calculations, as weil as some of
the approximations, are different. Essentially, the
CKJ Model treats the continuum by the adiabatic approx-
imation, while the FFK Model uses the bétter SCF
version. -
The basic coordinates for these two models are
given in Figure I-1. !

The radius r, is the void radius of the cavity.

The radius Ty is the distance from the center of the
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cavity to the center of the molecule (and thus to the di-
pole), while T is tﬁe distance from the center of the
cavity to the beginning of the continuum beyond the first
layer. The T is the effective solvent radius, and r

is the effective hard core of the molecules. R is de-
fined as r, - r .

- d a .
In the FFK Model (107,217,218-226), the solvated

electron is considered to inteyact with a number N of
specifically oriented matrix molecule dipoles in the
first solvation shell by‘short—ranée attractive and re-
pulsive potentials and with the remainder of the matrix

molecules beyond the first solvation shell by a long-

range polarization potential. Thus, the potential which

/

traps the electron is

2 2 4 \
—Neu/rd - Ne 0L/2rd + Af(rd), r <r

d

v(r) = [44]
Af(r) + VO ’ I.'d <r

where A = (e/Z)(l”l/Dst) and Yy and a are the magnitudes

of the dipole moment and of the isotropic polarizability,

respectively.

u = uo<cose> [45]

where By is the magnitude of the dipole moment in the
gas phase, 06 is the angle between the dipole moment

vector and %he line joining the center of the cavity
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to the point dipole, and <cosB> represents the}thermal
average of cos 8 (2). The electrostatic potential f is
determined from Poisson's equation (203).f Vo is the
quasifree electroA energy. It is taken to be an adjust-
able‘parame%er, and is chosen so that the calculated
EAma; fits reésonably well with the observed one.

The total energy, ET(i),.of ‘the excess electron in
the medium is then given by the sum of the electronic
energy, Ee(i), of the electron and the energy necessafy
to rearrange the medium, Eg(i), because of its inter-

action with the electron, i.e.,

ET(i) = Ee(i) + EM(i) _ [46]
with , s s 2 .
Ee(i) = Ek(i) + Ee (i) + Eq (1) + Ee (1) [47]
v L 5 2
and E}'EM(I) = Em_(i) + Em (i) + ESt [48]
where 1 = 1g foraground state; 1 = 2p for the excited

state. _Ek is the kinetic energy of the excess electron.
Ees represents the energy for short-range attractive
interactions of the excess electron with point dipoles,
while EqS represents—~the energy for short-range repul-
sion with électrons of the médium. Ee2 represents the
?léctronic energy p&rt of long-range polarization inter-

. 2 ’ . . 2
actions, and Em represents the medium rearrangement -4

s
energy portion. Em represents the short range medium

rearrangement energy associated with dipole orientation

~ . =
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and is a dipole-dipole repulsion term. Est represents the

|
energy required to form a cavity in the medium, and is

the surface energy term.
In this FFKrModel,‘the hydrogen-like wave functions

/
i

using polar coorQinates

]

|1s> = Aexp (-ar) [49]

and ;

|2p5 Br exp (-br)cos 6 [50]

s

are employed as eigenﬁuncciOns' of the ground state and
of the excited state resbgctively, where A and B are
normalization factors and a and b are adjustable paraf'
meters. Tpe variational procedure is applied to the
wave function parameters a and b to obtain the minimum

energy for a given r This. process is repeated for

i
various L to construct configuration coordinate curves

~and to establish configurational stability. Once this

stability has been achieved, the E, ~ is then obtained
from

. Eppax = Ep(2p) ) - Ep(1s) [51]
whre p = rg is the value of Iy at the configurational

minimum of the ground state.

e

The behavior of E as a function of temperéture
Amax

S

is considered to be due to the tepperature dependence
of Dst’ <cos0>, V;, and yu. ?he calculated values of

EAmax and dEAmax/dT are 1in reasonaPle agreement with
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the obsérved values, e.g., metha@gl and ethanol'(95),
l-propanol (l4,227),jand water (55).

In the CKJ Model (2, 228-236), the Physical ‘ideas
and mathematical formulations are nearly the same as
in the FFKﬂyodel, except for the following dif@erences
(107).

(1) The Potential which traps the excess electron:

( 2
-Nue/r - Be“/r s 0<r<gRr
-Nue/r - Be“/r 4+ v s R < r < ¢

d
MO S os ¢ Is2]

-Be"/r L S > T4 <r<rc
-Bez/r + Vv , rc'< T

\

where Vos represents an effective Vb for the first sol-

vation shell and.differs from Vo'

»(2) The EM(i): ) i

_ - s 3
EM(i) = ESt + Epv + Em (1) + Em ‘i) + EHH [53]

(3) The potential derived from the SCF approximation
(215,216) used for calculating Emz(i) is inconsistent f
with the Potential derived fron the adiabatic sScheme

used for calculating the Ee(i).



=Y

34.

(4) The temperature coefficient of E :
- Amax

(9E

Amax’.

/aT)p = (aEAma

x/aT)p+(aEAmaxlap)T(Bp/BT)p [54]

where p represents the density of the medium.
The calculated values of E and dE /dT are in
. Amax Amax
excellent agreement with the observed values for ammonia
(74,81,187), although the agreement of W, is very poor.
2

In the case of water, the agreement of E

Amax (52,53) 1is

very reasonable, but it is quite poor for dEAmax/dT,and
W15 (52,53,237).

The validity of a number of assumptions inherent
in semi-continuum models, both the CKJ- and FFK-models,
has been tésted'by Webster and Carmichaei (238), using
numerical solutions of semi-continuum model potentials
for a solvated electron in ammonia and in water. The
result$ indicate that tﬁe potential representing excess
electrons obtained from either the CKJ or FFK models,
contains an inadequacy. In particular, the'Wli remains
greatly underestimated (55,74). This highlights a
basic‘failure of the proposed models and indicates the
need for comparison of anf\ﬁqdel with a more sensitive
property, that is, not with the position of the absorp-
tion peak. Static polarizability has been used‘here
by Webster and Carmichael. ,Neitﬁer model even estimates

the observed values (239). It appears that this

deficiency resides in the coulomb tail associated with
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the model potentials. They claim that the observed in-
appropriateness of the coulomb -tail has been demonstrated

"in a number of other studies (239-242), .

5. The Molecular Field Model

A number of sﬁﬁdies have been made of localized
eledtrons using semi-empirical molecular theories to
evaluate the short range electron-solvent interacf&on.
These studies uSudlly consider tetramers, such as (NH3)4
or (H20)4-. Some studies have also concentrated on
dimer models: (H O) ~ and (NH ) —. These models are,
_formulated in varying degrees of mathematical and cdn—.
ceptual sophisticatlon. The work in these areas in—\
cludes that of Raff and Phol (244); Natori and Watanabe
(245); Natori (246,247); McAloon and Webster (248),

Ray (249); Ish;maru and his coworkers (197,250,251);
Weissman and Cohan (252,253); Shida et al. (98,99);
Naleway and hié coworkers"(254,255); Howat and Webster
(256); Newton (257,258); Tachiya and his coworkers
(210,259,260); and Moskowitz et al. (261); Webst;r
(262); Banerjee and Simons (147).

The set of approximate molecular orbital methods
employed in these studies inciudes the aB initio cal-
culatibn through the approximate theories of INDO,
mddified intermgdiate negléct of differential 6verlap

(MINDO), complefe neglect of differential overlap
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"version 2 (CNDO/2), complete neglectkof diffgrential
overlap (CNDO) o extended Huckel and simple Hiuckel
Ltheory.

These studies, although.semi—empirical, are able
to introduce all the factors which“;re important -in
electron~molecule and molecule—molécule intefactions“ v
in tbe clusters. They are also capable of considerihg
quesfions such as optimum orientation of the molecules.

These calcul;tionsi however, are ektremely complicated

and it is very difficult to extrapolate the results to

other systems.

6. The Two Absorber Model

This model has been ﬁroposed‘by ATuttle (67,263, :
264) for studying the behavior of.solvated’electrons
in dilute g;kali metal ammonia éolﬁtions. Recently, S
Golden”énd Tuttle (265) applied this to electrons
solvated in binary mixtures of mutually nonreacting
polar liquids. The model assumes:

(1) two kinds of solvated electrons in the

mixture Qf solvents SJ and SK’ that corres-

J

pond to solvated solvent anions S. (s8) and ~

SK (s);

(2) a chemical equilibrium between solvated
electrons and their solvent progenitors,

- which is described by §. (s) + §. —

J K <—
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(3) a solvated electron absorption band that
18 an unresolvable composite of intrinsiec ab-
-~ sorption bands due to 5, (s) and Sy (s), each

of which satisfies Beer's. law (ref. 265, p.944).

Under these assumptions, the following formula has

been derived

p]
X X

1 J K :
T o+ = | [55]
WO, W

where W's represent WL in the mixtures and in the pure
solvents and the x's correspond to the relative mole
fractions of SJ (s) and SK (s) in the-mixtures.

‘lhe calculated values of Wlé fit Treasonably well
for THF/EDA (12) -and EDA/HMPTA (175). However, this
model fails to account for the behavior of WL as a

function of composition in water/ammonia (72).

-~

D. The Present Study

Electrons are strongly solvated by hydroxylic sol-

vents and weakly solvated by nonpolar solvents. In a
-

mixed solvent comprised'of an alkane and an alcohol,
™ the absorption spectrum is mainly dominated by the

latter. :Pe Purpose of tﬁe Present work was to look

for more dubtle effects in a mixture'of two hydroxylic

solvents. Both composition and temperature were varied.

-
-
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Medsurements were made of the optical absorption para-

metefs EAmax’ W%, Wr and Wb quCl to CA aliphatic alco~

et
hols mixed with water.
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II. EXPERIMENTA AL

A. Materials

Water from the laboratory distilled water supply was
distilled thrice more from acidic dichromate, alkaline
permanéanate, then without additive in a Pyrex triple re-
fluk—distillation unit. The final collection flask was

protected from the laboratory atmosphere by a U-tube and

"bubbler congaining distilled water.

The methanol was spectrophotometric reagent grade
from Baker Chemical cb;; ethanol ‘was absolute reagent
graderfrom'U. S. Industrial‘Chemical Co.; n-propanol,
certified grade, Matheson, Coleman and Bell cd.{ iso;
Propamnol, sbectrophotometric grade, Aldrich Chemical Co.;
l;butanol, speétranalyzed grade,'Fisher Scientific Co.
2=butanol analytical reagent grade, BDH Chemical Co,;

iso- butanol(Z methyl 1- propanol) *Epectranalyzed grade,

"Fisher Scientific Co.; t-butanol (2- -methyl-2- propanol),

analytical reagent, grade, BDH Chemical Co.

“ Ethanol was used without further purification be-

cause of its exceptionally high purity (266). The

other alcohols were further purified as follows. To

-

0

She liter of alcohol was added one: gram of sodium boro-
hydride (Terochem Laboratories Ltd.). g The purification

was carried -out in an apparatus constructed of Pyrex, \\
with grease.free ground glass joints. The ‘solution

was gently bubbled with Ultra'High Purity (UHP) argon
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(Matheson Co.), and was refluxed for one day at 5X
below its boiling pQ;nt. The alcohol was then didtilled
through an 85 cm (1ength).x 2 cm (innér diameter f”.d.)
column packed fér 65 cm (length) with 3 mm (i.d,)‘glass
helices. About 90% of the distiliate was collected.
AboutﬂZ gramé of freshly cut sodium, washed with the
approbéiate alcohol, was added to the distiilate. "The

solution was refluxed for anotheriday under UHP argon

atmosphere. The alcohol was then fractionally distilled

) through the column mentioned before. Receivers were

5

rinsed several times with fresh distillate before being

‘used to collect the”middle fraction. Treated alcohols

were stored under UHP argon atmosphere in. Pyrex flasks

«

with stoppers wrapped with Teffbn tape. Contact with
oxXygen or moisture was avoided by fitting the flask
with a Pyrex syphon and a gas_bubéler, and_app;ying
;everal pounds of UHPéargon pressure. Alcohol was
obtgined by opening a Teflon stopcock on the syphon

tubing. ' ’ -

B. Apparatus - _ . , . '

H

1. The Sample Cells

Cells of Suprasil quartz from Pyrocell Hanufactur-
. / .

ing Company were used aft atmospheric pressure for dif-

 ferent temperatures. They were of 1.0 x 1.0 x 4.5 cm3

inside dimensiogs/g;;ing an optical path length of

1.0 cm. The cell was topped by a graded seal 'so that

’
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it could .be attached to a Pyrex glass tubing. Different
cell designs are illustrated in Figure II-1.

Cells of type (a) were used for dosimetry py using
5 mM KCNS aqueous solution saturated gith oxygen. The
Pyrex/Teflon stopcocks (No. 1782, Canedian Laboratory
Supplies Ltd.) provided a good seal at room‘temperature,
but leaked when the temperature was changed a lafge
amount. Cells of type (b) were used for all temperature -
studies. The technique for sealing these celle is des-
cribed in section one of part C (Techniques) in this

" chapter.

2. The Bubbling Systems

Samples in quartz cells were UHP argon bubbled
The UHP argon bubbling manifold is shown in Figure 11-2.
A regulator controlled argon Pressure at 6 psi. Heavy
wall rubber tubing (1/4" i.d. x 1/8" wall thickness)
connected the regulator to a column of oxysorb 'G'
which removed oxygen from the argon. The main manifold
was of Pyrex glass. Pyrex/Teflon stopcocks, (No. 7282,
?anadian Laboratory Supplies Ltd.) controlled the gas

flow through the stainless steel needles (8" long x

0.025" i.d.). : !

3. The Irradiation, Detection and Control System

'Figure I1-3 shows this system.
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Pyrex Teflon
- Stopcock

Cell

(b)

FIGURE II-1

Suprasil Quartz Optical

Cells
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POWER LIGHT
SUPPLY SOURCE

Y
Y

.
»{ SHUTTER |
¥

> FILTER |

~ Y

[ LENS |
*_

TEMPERATURE

VDGA |-—>SEM}-->| | SAMPLE| |«

TEMP.

CONT, | |

I
MIRROR

L

> FILTER |

Y
[ sur |
¥

MONO-

CHROMATOR
. Y

" DETECTOR

CONTROL " osciLLo-| Y

& SCOPE | AMPLIFIER
TIMING , ' .

) DVM
OPERATOR

FIGURE II-3. The Block Diagram of Optical Detection Sys'tem.

{
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(a) The van de Graaff Accelerator (VDGA) -

\

The éource of high energy electrons was a Type AK-60
2.0 Mev van,dettraaff Accelerator (VDGA) manufactured by
High Voltage Engineering Corporation. ' The maximum peak
current delivered during pulsed operation was 130 mA . 7
Pulse lengths of 3, 10, 30, 100 nanoseconds (ns) and 1.0
microsecond (us) were available, but only the two iongést
pulées provided useful doses.

The entrance from the control room to the acceler-
‘ator and. target rooms was shielded byba concrete maze.
Closing and locking the'ifon gate at the control room
end of the maze sounded a warning buzzer for 15 seconds

(s). Acceieratof operation was possible only after ceo_
sation of the buzzer. Opening Of‘the iron gate resulted
in immediate shut-down of the VDGA.

Several methods could be used to monitof ther
steering and focussing.of;the electron bean.v The method
commonly used was'to fix a Piece of phosphorescent paper
to the end of*the‘ahcelerator beem Pipe. The oaper could

-

be viewed on closed circuit telev181on. Each pulse of
electrons caused ; visible glow where it struck the
phosphor, enabling accurate steering and focussing by
adJustment of current eo E{ezzzomégnets. When equipment
blocked visual observation, the bean could be steered by

maximizing either the secondary emission monitor (SEM)

dose (seevnext section) oy the absorption‘fiqm a dummy
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sample.

Typical beam diameter‘at the electron window (see

part b of this section) was 2.5<cm, with the most intense

S

2 .
portion confined to an area of about 1 ecm .

(b) The Secondary Emission Monitor (SEM)

™

The relative dose for each electron pulse was in-
dicated by a SEM (267). The SEM consisted of three thin
metal f01ls placed inside the accelerator beam pipe per-
pendicular to the path of the high energy electrons. As
shown in Figure' II 4, the SEM was oositioned as near as
possible to the beam pipe electron window, begcause of
beam scatoering at-the foils.

Aluminum (0.001" thick) was originally used for
tne foils. However, the emission characteristics changed
with time, probably due to slow surface oxidation o} the
foils. The secondary emission was also found to depend
on beam current deneity.

Use of Havar, a cobalt base high strength alloy,
overcame. these problems. It was obtained in very thin

(0. 0001") sheets from the Hamilton Watch Company,1§re—

cision Metal Division. Ige low average atomic number

’ 1

(At. No. about 27) of this material made it superior to
gold (At. No. 79) because of less beam attenuation

through electron scattering.
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The 2" diameter foils were separated By 0.5 cm. The
outer two were maintained at a potential‘of +50 V. Pas-
sage of an electron pulse generated aecondary electfons.-
The electrons ejected from the centre foil were’coﬁ%&cted
by the outer foils, the net result being a current flow
from the centre foil,

Current flow.occurred only during a high energy
electron pulse and was measured and held by a gated inte-
grator, digitized and displayed by a digital reaﬁout

The SEM dose for 1.0 and O 1 us electron pulses
was 4.47 of the primary electron dose measured as a cur-
rent from a gold target fixed to the beam pipé electron
window. The ratio of SEM to target dose could be varied
+ 7% by changing beam steering and/or focussingr

Actinometry in gitg-was used to calibrate the SEM
as a secondary %oeimeteg as explained in Section D
Part b. ’

{c) The Tempergture Control Syétem

Temperatures from 296K to 150K could be achieved
by boiling 1iquid nitrogen at .a controlled rate from
ca 50 liter, wide ﬂecked steel Deﬁar vessel (Sulfrian
Crﬁogenics Inc.). A poly- vinyl chloride (PVC) pipe
(2. 5" i.d. ) éxtended to the bottom of the Dewar. It
was notched at the base to allow liquid nitrogen to
flow in, and it was fixed to a lid which fitsnugly

o
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into the neck of the Dewar. The system could be filled
with liquid nitrogen while in use through a hole.in the
lid. A 1000 W nichrome wire coil was attached inside
the PVC pipe about 7 cm from the bottom.

Cold nitrogen 8a8s was transported to the sample

box through one meter of brass pipe 0.5" i.d.). The

+ L}

Pipe was insulated by a layer of Sponge rubber tubing-
(0.6"™ 1.d. x 0.5" wall thickness) and a layer of
Styrofoam 3 cm thick

Temperatures frém 296K to 370K were obtained using
hot air from a modified lqboratory heat gun (Master
Appliance Corporation, Model AH0751) Current to the
. heating coil and the fan motor could be 1nd1vidually
controlled. The fan speed was powered from a normal
60 cycle outlet. Hot aif travelled 45 cm through un-
,insulated glass tubing (0 5" 1.d.) to the sample box.

4

Current to the nichrome element in the Dewar and
heat gun element was provided by an Ohmite 'v.1.°
‘ Variac (0-120 vV, 25 A) from Ohmite Manufacturing
Company. 1t .was controlled by a4 two mode controller
from API Instrument Company.  The voltage setting on

‘the Variac depended on the temperature desired Too

etting would result in rapid cooling The

controfller could not then respond fast enough result—

ing in over cooling ) Equilibration at a desired tem~

&

perature could be achieved more rapidly with gradual

I

r
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cooling.

Optical cells were held snugly on three sides by a
one piece blackened-brass holder. A steel spring which
assured accurate cell position formed the fourth “side
of the holder. An adjustable slit, usually set at
0.3 x’2,5 cmz, was attached tofthe side of the holder.

For low temperature studies, the holder was fixed
in a St&rofoam box (SB) of 12 x-12 x 27 cm3 outside
and 7 x 7 x 17 cm> inside dimensions. To minimize
spreading of the electron beam, the Styrofo;m was' thinned
from the outside difectly in front of the cell for the
temperature'box electron window.

In high temperature studies, the holder was fixed in
an Asbestos box (AB) of 12 x 12 x 27 cm3 ouﬁside and
11 x 11 x 17 cm3 inside dimensions. The electron win-
dows were 3 cm and 2 mm thick for SB and AB, respect-
ively.

" The optical windows were Suprasil quartz plates for
the latter and were Suprasil qﬁartz cylinders for the
former. ‘Analyéing light entered and left either the
AB or the SB.. At temgeratures below 240K, it was neces-
sary to blow dry air on the qutsides of the electron.
and optical windows to keep them frost free.

Cooling (heating) gas entered at the bottom of the

SB (AB) and was deflected to force it to circulate

before leaving through a.30 cm high insulated chimney

A
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in the 1id.
Temperature measurements were made using copper-
constantan thermocouples (268). Initially they were

calibrated in slush (269) baths at:

113K (isopentane);

175K (mefhanol);

210K (chloroform);

250K (carbonjtetrachlof&de); o T
273K (ice-water);

and N 371K (Boiling water).

Two (threg)_fhermocoup;ﬁs were attachéd»to the
brass cell holder in SB (AB), and one to the cell. Minia-
ture thermocouple connegéors (Thermo Elec;ric.(Canadg)
Led.) were .used to connect the thermocouple to the
voltage measurement system. The temperature was
measured by Fluke Digital Thermometer Model 2100a4.
Temperature equiiibrium in the system was éésumed'
to exist whep-all three (four) thermocouples indicated‘
the‘same,temperaturev(il K) for a period of five min-

utes. Once equilibrium was achieved, the temperature

could be maintained thréugh'the whole experiment. -
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(d) Optical Detection System

(1) The Light Source

*

_ N .
A schematic diagram of the path of the analyzing

light is given in Figure II-5. The source was an Osram

XBO 450 W xenon arc lamp contained in an Oriel Optics

e
’

Corporation lamp housing (Model‘c—60—50). A Pyrex
filter was-usually placed in the lamp housing to filter
out ultra-violet (UV) light with A < 320 nm. This
prevented ozone formation in the room. The lamp Wwas
run at 650 W and pulsed to 15 KW for 2 ms when an
absorption measurement was'desired. The pulsing cireuit
is sh0wn‘fn,FigurevII~61 A llght shutter protected the
"sample from unnecessiry exposure. This was important
for low temperature semples, to prewvent warming The
shutter was opened for 1 Z seconds per puise.

| A quartz lens was used to focus the .light beem at
the’center of the irradiation ceil.\jfront surface
aluminum mirrorsjeoated\with siigcone mdnoxide were

3

used to direct the light beam and to render it parallel

Y ,'

In this way, the light was transported from the irradia— .

tion room'tnrough a hole in the 1:2 meter thick con-

Kl

crete wall;1> Total peth length of the optical system .
was 12 meters. The'finel concave mirror was used to
focus the lignt on the*monochrOmator housing.

Optical slits were placed Just before and Just

after the)cell such that the llght beam passed close
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to the window but did hot'reflect from 1¢t. They were
adjusted so that the transmitted beam excluded 1light

that had Penetrated the irradiated front face 6f the:

cell. ' , _

(ii) The MonocHromafer, Grating and Filters
After passing througﬁ the saﬁple, a swing concave
mirror wae used to focus the light_en either of two
Bauch and Lomb mdnochromator housings of type 33—86—25.)
They were used with three different gratings "types
33-86-02 (400 - 800 nm)_ and -03 (700 - 1200 nm) for
visible; —78 (1100 - 2300 nm) for infrared (IR); -07
(200 = 700 nm) for UV, respectively. The grating ecale.;
was calibrated'with a He-Ne gas iaser‘(quvers{ty Lab-~
oratories, Model 240) using

A =N x 632.8 (am), N =1, 2, 3 [1]

. . ¢
O L

and the Xe lamp’ Spectrum (peaks from 456 to 2100 nm)

The light intensity reaching the detector was.
controlled by adJusting the slits on ‘the monochromatorf

The:band Pass was:

x 4 + 1 nm.fpr -2 and —3‘gratinge;

40 + 10 1;::; for -78 gryatingl‘;

and . |
- 7‘i 1 nm fot.—7 grating, - . 'I.L

respectively, | i IR
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Appropriate Corping filters were mounted on a remote-
controlled rotating wheel which was placed in front of
the optical cell. Another filter(s), which narrowed the
light band pass further, was(were) placed before the
monochromator. |

For IR measurements, a Corning CS-7-56 was always
placed on the remote-controlled wheel The filter
placed in front of the monochromator was CS-7- 56 for
(1000 - lSOQ) nm. For wavelengths lbngér'than 1500 nm,

two filters were used, i.e., CS-7-56 along with:

7

CS-4-67 for (1500 - 1800) nm; .

C5-4-71 for (1800 -'1900) nm; '
08-4-97 for (1900 - 2000) nm;
CS-4-72 for (2000 - 2250) nm.

For visible light, there was no filter onithe remote
controlled wheel but a filter was always placed in front

of the monochromator. It was:

CS-4-97 for (400 - 500) nm;
CS-3772 for (480 - 700) nm;

©

wCS=2-64 for (700 - 1100). nm.

For UV measurements, the arrangement was similar to the

visible case, except the filters placed in front of the

2

monochromator were:

b

CSf9—54 for (250 - 260) nm;



57.

CS-7-54 for (260 - 350) nm; ¢
C5-7-59 for (350 - 410) nm;

CS-4-97 for (410 - 510) nm.

jiii} Detectors and Amplifiers

Figure II-7 shows a block diagram of detectors and
amplfiers for IR, visible, and UV measurements. f

The IR photocell was a Barnes Engineering A-10D/D10S
InSb diode. It was cooled to 77K in a Dewar having side
view sapphire windows. -fhe detector was osed over the
wavelength range (800 - 2300) nm. The?amplifier (Figure
ITI-8) had a gain of 2700 Ohm/V, with a 40 ns rise time
—(10 - 90%) and a linear dynamic output range from 0 to
10 v, '

At each Wavelength setting, the incident light inten-
sity was oﬁfset by a Tektronix 7A13 plug-in 0 that the
"output signal could be displayed. on a Tektronix 7623
oscilloscope. The combined cell and amplifier rise

time for .3 to 974 response was measured by Cerenkov

emission from n- pentane to be 600 ns, independent of

(%1

wavelength (125). | ’ : .“" “,

The silicon visibie light detector“coﬁered the
wavelength (400 - lﬂp@? nm. It was an SGD-444-2 photo-.
kdiode from EG & G Incorporated Maximum spectral
nesponse occurred at 900 nm where the sensitivity was

typically 0.5 uA/uW - o .
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'seéond.g)The power supply was set to 650-800 V, depend-

(DVM) . vy

, | : 60.

Responsé was linear o?er seven decades of incident
power. The amplifier to éccommodate the rapid increase
of incident ligﬁt frqm the pulsed lamp is shown in Figure
II-9. The overall rise and fall times\for 3 to 97% re-
sponse of thé detector, amplifier, and 7623 oscilloscope
was 9C ns with 5 MHz bandwidth in the 7A-13 plug-1in. o
Tﬁe amplifier ﬁad a gain of 2700 Ohm/V, and é linear dyn-
amic output range from 0 'to 10 V.

The UV deteétor was an RCA 1P28 photomp%tiplier.
Theiamplifier circuit is shown in Figure II-10. The
ffrst;iix dinodes, faflowed by an amplifier with 150
Ohms gain, were used. The power supply (Fluke 4128 High
Voltage Power Supply) for-thg 1P28 was gated ;n—off with

the lampvshutter, which opened for an interval of one

-

ihg‘oh the Iight intensity. ;

.The amplifier was connected by a 93 (50) Ohms co-
= . .
axial cable to the Tektronix 7623 oscéilloscope, for' UV
L0 o : T y 4
(IR and visible) measurement(s), respectivg%&. |
v

" (iv) Digital Voltmeter (DVM) and Oscillo-
S scope |

=

_.Iﬁcident light wasqrecorded a¥ a voltage on a

Hewlett-Packard (HP) Model 3440A digital

® o

voltmeter

*
1)

- L ’ ) ” Y ’ - X
Absonpt;on signals were recorded as voltages on
‘ . . h =, s

k4

-
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s

'
s

an oscilloscope cathode ray tube (CRT). A Tektrbnix 7623

~

oscilloscope equipped with the appropriate plug—ins was
used. Each CRT trace was photographed for later analy-

sis using a Polaroid Model Cl2 camera and type 47 or

410 Polaroid Land film; N

(e) The Timing and Controlijstem

)

Several coordinated measurements were necessary

to cénduct a successful fast absorption experiment. The

~

“electronic system ewolved to the point where a properly
prepared experiment»could Be-conducted by pushing one
button. The'tdming of events initiated by this button
is illustrated in Figure II- 11. Since the duration of
events differ by up to six orders of magnitude, their

widths in the- figure could not be drawn to scale.

‘ Assuming all preparation was complete, including

'setting on the Tektronix 7623 fast storage oscillo-
¥ ST ’ . oL
scope, an experiment proceeded as follows. Initially,-,

- the remote erase cleared the oscilloscope CRT and
Channel A of the Tran31stor Specialties Incorporation

(TSI) Counter Model 1535. The electron pulse count’

-

‘ total was registered onaa HP 5245L Electronic Counter.

B

After 1.2 seconds,® at ‘point A on the‘figure, the
main sweep was enabled.\ To improve reproducibility,
thevmain gate always triggered from a point on the

>

power 1ine signal which had positive level and positive

-
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-as for C, it was followed by a. 5 us delayed sweep hold-

D

65. .

slope. This point was chosen to dbtain the longest
possible low light-noise region for the experiment.
Reasons for the importance'of'the analyzihg light ampli-
tude remaining constant,during an experiment arelgiven
later. @‘

The first event in the:main sSweep was a 10 us
Pulse to fire the VDGA. A high energy electron pulse,
indlceted b& B, occurred éﬁo&t 1.8 ms later. There‘yas
an‘Jhcertainty (of 10 - 50 Hs) ln the»timé a beam pulee ’
would occur. This was called beam "jitter" and was
caused by the uneertaihty in closingytime of ; relay.

The signal required'to eweep'the Baeeline'fer
the absorption trace came from the delayed sweep gate

-

at point C. It was swept at the same speed as set.

for the corresponding absorption decay curve. After

sweeping the baseline, there was 4 5 us delayed sweep

"holdoff. "This time was needed to allow the time base .-

.to settle.

Passage of the electron pulse through a toroid
located part way down the accelerator beam pipe
ki
supplied_a.fast pulse. This pulse was used to trigger

the oscilloscope sweep to record the absorptioh signal.

Point Evon the figure-represents this sweep. Again,

off,
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The SEM was monitored from the beginning of a base-
. . ‘ ; # -
line sweep- up' to the end of the absorption sweep. Thus,

any current from the SEM due to passage of high energy

electrons W‘i ‘measured during the entire experiment and

[}
< -

recorded. - -

L%

<&

_ The incident anquzing?light was sampled'at‘the
. T ' . . ‘ ’ ’ N ‘
same time as a baseline was swept. ‘It _then had to be

held for at least SOO-ms while the HP 34404A espond—‘

ed. Actual sampling of the 1nc1dent light took a

/
further 60 ms. This was the time rquired fo

to digitize the analog signal.
Beam‘"}fttét" was a complicating factor, partichl—'

«
arly in dbtaining an accuraté baseline. It was import-
ant to have the baseline written as close 1n time to

the absorption as possible. This was because any -

change in the analyzing light amplitude between sweeps

/vC and E would resq;t in an erroneous baseline. Any

-~

: ’
adJustment made in the delay time preceeding sweep O\

was, therefore, quite critical. 1If the baseline was
2

swept too early, it could be incorrect. 1f. it wasa

-

swept too 1ate,uthe absorption signal woufﬁ be either
missed completely.(if“the electron pulse odcurred d
during the delayed sweep holdoff) or it would appear
during the. baseline sw;ep._ The slower the sweep
.speed, the greater the possibility became that there o

. ! .
would be delay problems. “The system was in fact limited
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\
" to the slowest horizontal sweep of 2 us/division.

Mogification of the system wonld allow use of slower
Fweeps; Ihis was»ueceseary onlf for samnles having a sol-
vated electQGn half life greater than about 15.us. . fhe
metl used was to deliberately sweep the baseline late.
The e.2ctron pulse would, thus) occur duripg-sweep c,
producing a short leading baseline, then the absorption
trace. However, even with this technique, for spFeds
of 10 us/division or slower, there was a significant
‘chance for error due to intensity changes in analyzing
light during the absorption trace, and also due to the
poor lowj}requenéy response of the amplifier. Therefore,
an‘additional amplifier having‘D.C. frequency was used
(see Figure I1T-12). 0
When the automatic sequence of events was complete,
the manual sequence began. First, the CRT trace was
.photOgraphed_and\the oscilloscope settings were recorded.

Then the pulse number, SEM dose, incident ‘light, tempera-
,/\

ture, monochromator wavelength and other pertinent data

were recorded.

C.. Techniques

1. Sample Preparation

Quartz cells and other glassware were cleaned by
D

performing the following sequence of operations.'Firg¢

‘the vessel was rinsed twice with absolute ethanol.

While the surface was still alcohol wetted, concentrated

B
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niﬂxic acid was added. LThe resulting exothgrmic re-
action causgd the acid to boil;vigo}ously.\ Acid was
then removed by rinsing twice with dilute sodium bi-
carbonate soiu&ion and many times with triply distilled

N

water. The gléssware and quartz cells were

-

dried af
388K in a clean oven reserved for that purpose. K\'Just
befdre use, the vess%} waé vinsed:twice with the appro-
priate solvent or solution.

Sy%inge needles were washed first with hexane -to -
‘remove oil and gredse, then with soap and hot water.
They‘wére finaliy rinsed many times with triply dis-
tilled water and oven dried. Beforegﬁse,they were
rinsed several times with the solvent or solution being
used.

Stock solutions wefe prepared in 50 ml Pyre# volu-
met?ic flasks with thé aid of syringes. Samples were
prepared by syringe addition of stock solution to a
clean cell, and were de-aerated by bubbling for at
least one hour with UHP argon at a rate of aﬁout 20 cc
per minute, and were then sealed after bubbling as
illustrated in Figure II-13. Sfep 1 £; k place at
room'temperéture: The syringe needle wa% then with-~
drawn to just above the liquid as‘showqffh step 2
and the argon flow rate was increaéed somewhat. T;:\\-/“
cell was placed in a Dewar flask filled with(gh appro-

priate coolant and cooled to ~5K above its melting
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. .
point. Heating the thinned portion of the tubing with a
flame flushed volatile substances from the gldssmyall
L . ey,
The syringe needle was then further withdrawn as shown

in step;3, and the seal was made as rapidly as possible.

a

This method wds used for all samples.

See
- T

2. Analysis Qf_Polaroid Photographs

Typical photographs taken froﬁ the CRT of the Tek-
tronix 7623 oscilloscope are shown in Figure II-14,. Each
pPicture was taken at a sweep speed (horizontal scale) of
1.0 us/divisipn.d The vertical scale is ip volts/divisibn,

and is proportional to absorbance. For 'i' and 'ii',

¥4

the vertical scale is.0.05 and 0.1 Volts/division,

.respectively.

(a). Analysis of Optical Absorption from Photo-

graph 'i' .

,./;//\ Photograph 'i', in Figure II-14, shows the decay

curve of the solvated electron absorption at 600 nm in

v

ethanol af 298K.’ A best-fit line was drawn through
the noiee on both the baseline and the decay curve.
Using a grat}cle line as reference, the vertical line
was then draen through the peint which represents the
end‘of the electron Pulse.

Absorbance could be determined at any time along

the solvated electron curve by substltution in the fol-
s .

[

lowing formula.
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. A= (DO/D).log{Io/'(Io - It/b")?}' . | ‘ ,[2]

4& is absorbance at time t after the beginning of the

electron phlse; (DO/D)'is'a dgse‘normalizétihn fac;oF
where D is theiSEﬁ dose ahd Do is .an average.dose,
usuQ%ly choseh to be 1.0 nanocoulomb (nc)lfroﬁ the
SEM"Ia_is the incident analyzing light in volts

lt is the\absorbed light in volts at time t, and

F is the amplifier factor which is the ratio of the

amplification\of the absorbed light to thel incident

. analyzing light.

when the solvated electron lifetime was shbrt;

there was significant decay of electrons during the

pulse. This was particularly true at temperaﬁures~
higher than room.;egperat res ‘Ahcorrection'for this

decay.qas applied where netessary using [3] C299)/

: Ac = Aobs.k.tp/{l—exp(— .t‘)}' l3]

Ac is the absorbance corrécg d.for the decay during
the pulse; ths is the observed absorbance at the
end of the pulse; tp is the pulse‘duration time, and
k = (0.693/2%) is the first order decay constFntf

The correction was negligible for tp = 100 ns

and was normally <20% for tp =
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At vavelengths (A) less than 400 nm, the half-life
N ’ w
of the absorptiqn increased which indicated 4 contri- .,
bution from species other than solvated electrons (14).

The absorbance due to solvated electrons. at these

wavelengths was calculated from 14]

/\A(S('e solv) = Z(Aobs - A}i) ) . 4]

A0 is the absorbance corrected for other species absorp—

tion and AL is the absorbance at a time equal to the

Photoqfaph 'ii' ip Figure II-14, is of the optical
absorption at 478 nm in a 5.0 mM KSCN aqueous dosimeter
solution followiug a 0.1 us electron pulse. At a sweep
s8peed of 1.0 ps/division, there igs very little decay
evident in the (SCN)Z- absorption.‘

Calipers were used to measure I between Straight
lines drawn through the noise on each trace. The ab-
sorbance was calculated using [2]. The dose received

by the sample could then be calculated.
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3. ‘Analysis of‘AbsorRtion Spectra

(a) Primary Parameters

After correction, eacH absorbance waéwnOrmalized to
the absgrption maximum to obtain A/Amax“ Measurements'
at?30 or more>difféfent wavelengths were used to obtain
a spectrum. The following primary paramefers were
-:obtained f;om a plot of A/Amax against ﬁhoton energy E

(Figure I1I-15):

the energy at absorption maximum;

Amax’
\WL +» the band width at half-height of absorption
2
maximum;
— ‘Wr » the part of W, on the red side of the ab-
X 2
sorption maximum;
Wb » the part of W, on the blue side of ithe ab-
2 . ’

sorption maximum.

(b) Secondary Parameters

Each spectrum was deconvoluted into overlapping

Gaussian bands using equations [5] andNTG] (85,86)

Ai'= A.i’max.exp{-an((Ei - E)/g)z} ‘[5]
A =2A1+R | | 16]
i,

where A is the experimental absorbance after correction
at energy E; Ai is the absorbancé of the 1i'th band at

energy E; A is the maximum absorbance in the i'th
1,max .
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band; R 1is the residual absorbance; Ei is the energy

at Amax; EAQs the photon energy associated with A, apq

\\
Zgi “the half-width of the {? th band. The secondary \\

o

E,, g.
i,max? i? .gl

Parameters A. \and E (the threshold energy
of Photon ionization of the solvated electron— estim-
~ated from the onset of the residue of“the high energy

" tail) are illustrated in Figure II- 16

~

(c) AHigh Energy Side uf the Spectra

The high energy ;ide of the absorption spectra were
tested by using a simple exponentiél function (14,85,
270): ‘ ?

_ ' -Q
A/Amax = Constant E [7]

The value of g is obtained from the slope of the plut
of ln(A/Amax)‘vs In(E). A representative plot isg shown

A

in Figure II-17.

€d) Area Measurements

The area under each absorption spectrum was"
obtained using integration in parts (Figure II-18).

The area under the low energy side, for 0.0 <
§

A/Amax < 0.5 was calculated with ZDHOW (a public sub-

routine in ‘"APL Functions for Random' Numbers and
\

Probability") (271), using the normalized one dimen—

sional Gaussian €quation as ga basic function.

\ -
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/ / '\

The area of the central partQVO.S (16w enérgy side) <
A/Amax < 0.5 (high energy side), was estimated by numeri-
cal integration using the trapezoidak_method. The basic
functionrff tﬁis intggration was obtained from an APL

public subroutine named SPLINEHOW (272) and using a step

size of 0.05 eV.

The area under the high energy side, 0.5 < A/Am;x <

®, was obtained by integration from E to =, using

50
equation [7] as a basic function, where ESO is the
Photon energy associated wi¢th 50% A/Amax on the high
epergy side.

The area of each deconvolutéd Gaussian band was

calculated using equation [5] as a basic function.

D. Irradiation and Dosimetry

For irradiation of samples in quartz cells, 1.80
MeV electron pulses of 1.0 us 4uration were uéed.lThese‘
pulsés normally gave doses of about 9 x 1016 eV/g&(~2
nc SEM); The beam current could be adjusted to give a

. . {

maximum pulse dose of about 3 x 1017_eV}g.;

The dose delivered ié each electron pulse was
monitored}by:fhe SEM reaéing. The SEM was calibrated

o . :

to{the dose received by a sample using in situ actino-
metry (95).

Routine actinometry used the optical absorption

produced in oxygen-saturated 5 mM\§SCN aqueous solution.

~

(34
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The molar absorptivity, €, (mol;r extiﬁction coefficient)
used was 7500/M/cm for (séN)2" at 478 nm (273). . The
wavelength of maximum absorbance\()\max =v278 *+ 4 nm) and
the absorbance were independent of temperature from 293
to 332K (95),Képd of pressure from 1 bar to 2 kbar (86).
All dosimetry was done at 298K. It -was assumed that
G(OH) = 2.8 in the bulk solution (273,274).

The dose in eV/g was calculated from the absorbance
measured from photographs of the type shown in Figure

IT-13-4i1 using [8]

it

D (A.N)/{E.G(OH).b.d.lO}eV/g [8]

2 ) LA
where A = absorbance' N = Avogadro's number; g = molar

absorptivity = 7500/M/cm G(OH) = number of Oleadicals

. Scavenged by SCN for each 100 eV of dose absorbed

b = path length of analyzing light, and d = density

of absorber.
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- present the behavior of E

III. RESULTS

A. Alcohol/Water ﬁixture, 298K

The addition of water to an alcohol shifts the i

.optical absorption energy of solvated electrons in

an* irregular manner. The energy at the EAmax for
electrons in water mixtures with methanol, ethanol,

and l-propanol are shown in Figure III-1. The curves

for ethanol and l-propanol have a minimum at 10 mole

)4 watef. The curve for methanol does not show
minimum, although it(§a$ a grehtér than average
slope at low water concentrations. Ail three curves
have aécentuated slopes near the pure water ends.

The behavior of (Gﬁmax)*is different from that

There is a maximum in each of the Gem

Amax® ax

curves at 977 water (Figuﬁe III-2). There is also
an accentuated slope near the pure alcohol end of
the curves.

The 90 and 2 mole Z solutions were thus indicated”
as significant compositions fOF‘investigating optical
parameters of solvated electrons. The value of E,.
’ Amax
stayed constant for solutions between 70 and 30 mole

Z of each alcohol, so 50 mole % would adequately re-

Amax

of alcohol/water mixtures.

for the middle range

% gee page 86 footmote - . ' : s

83
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FIGURE III-1. Plot of E vs Composition:
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O, methanol; o, ethanol; A

» l-propanol
The methanol and ethanol curves. are unpublished re-

sults of K. N. Jha, 1974.
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At .
The eccentricity of behavior of both E and
; s Amax

gémax is greater for l-propanol than for ethanol, thch

1 and -2). To extend the study of the effect of
molecular Sstructure, measurements were nade on‘systems
containing, in’moit cases, 100, 90, 50, and 2 mole 4

of alcohols haQing different'carbon skeletons.

* Footnote for Page 86
G is the number o%ﬁsolvated electrons observed per 100

eV of energy absorbed by the sSystem.

o
~

Emax 1s the molar absofptivity at absorption maximum,
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B. Spectrum Shape

1. Effect of composition

(a) Methanol/Water

A variety mg methanol/water mixtures have been
studied. Emphasgs, however, will be placed on the
representative 100, 90, 50, 2 and 0 mole Z alcohol
compositions. Spectra obtainedrfor solvated electrons
in methanol and water mixtures of these compositions

are shown in Figure III-3. The E of methanol
| Amax

falls at 1398 eV at 298K. Thé main body of the band

\

is moderétely skewed towards high energy. The spectra
of solvated electrons in the aqueous.sdlutions are
similar to that in methanol. The EAmax Occur at

lower energies than in methanol and decrease as the
mole % of methanol decreases.

The spectrum parameters, which are listed in
Table III-1, include measurements for a variety of
cpmpositions;' These are plotted against cdmposition
of methanol/water in Figure III-4, along with some
literature values (105) for comparison. The w% cﬁn—
strict as the mole 7 of water increases. W;5 con~
stricts sﬂarply aé mole % of water increases to 50
then levels off. The sharp constrictiqn of Wlﬁ is

due mainly to the decreasing of Wb‘for the mole Z‘

of water up to 50.
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TABLE III-1

Parameters of Solvated Electrons in Methanol/Water at 298K

Code  Composition E, W W vy W
.No. Mole % Water eV n eV eV eV
z1, J1 0.0 1.97 1.43 0.49 0.94 1.92
J2 0.3 A
J3 1.0 - 1.9 1.40 0.47 0.93 1.98
& 2.9 1§éﬁ\\¥)
J5 9.5 1.91 1.28  0.46 0.82 1.78
z13, J6 10.0 1.90 - 1.26  0.45 0.81 1.80
J7 25.6 1.8%
J8 45.0 1.83 0.96 0.39 0.57 1.46
218, 39 50.0 1.83 0.90 0.37 0.53 1.43
J10 72.0 . 1.83 0.89 0.39 0.50 1.28
Ji1 91.2 . 1.78
J12 96.9 1.75 0.85 0.35  0.50 1.43
z22, J13 98.0 1.72 0.87 0.34 0.53 1.56
J14 99.0 1.76
2152, J15 100. 1.73 0.85 0.36 0.49 1.36
Z (Code).= This ;ork

J (Code) = K. N. Jha's unpublished data, 1974.

In <C|XIT>, C represents the mol % water, X represents the alcohol
and T the temperature K. The alcohols are represented by M for
methanol, E for ethanol, XP for l-propanol, 2P for 2-propanol,

1B for 1-butanol, 1B for iso-butanol, 2B for 2-butanol, and tB
for t-butanol. The water is represented by W.
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(b) Ethanoi/Water

a
t

Similar to the case .of the methanol/water system,

3

representative optical absorption spectra of solvated
P P Sp \

O .
electrons in this system are shown\in Figure III-5.
\ i

The E of ethanol falls at 1.82 eV at 298K. The
Amax t [ B

main body of the band is also modérately skewed to-
wards high energy. Spectra obtained for its aqueous
solutions are similar to that in ethanol. The E: .

: Amax

occur at lower energies than in ethanol, but in‘.con-

trast to the case of methanol, d9 not decrease regul-

" arly as mole % of ethanol decreases. This irfegular-

ity is observed for 90 mole % of ethanol where E
Amax

.1s the lowest.

Table III-2 shows the parameters obtained from_a

variety of ethanol/water mixtures which have been

studied. These are plotted against composition of

ethanol/water in Figure III—S, along with other
values (105) from the literature for comparison. For

the E, , a trough is observed between 100 and 60
Amax '

mole Z of ethanol, in contrast to the curve for

methanol/water. The behavior of WL as a function of
2

composition is similar to the results in methanol/

water mixtures, i.e., the constriction of'WL due
. 2

largely to the decreasing of Wb.
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Amax

0, Ethanol; 0, 10 % mole
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Parameters of Solvated Electrons

TABLE III-2

93.

in Ethanol/Water at 298K

-t

Code Composition EAmax W;i W? \ ﬁb : Wb/Wr
No. - Mole 7 Water | ev - eV . eV eV
26,  J16 0.0 1.82 1.59  0.51  1.08 2.12
Ji7 0.3 1.80
J18 1.0 1.77 .
J19 2.9 1.75 1.47 0.52 0.95 1.83
- J20 9.2 1.72 . ,
231, 10.0 1.71 1.19  0.45 0.74  1.64
J21 22.9 1.74 - | !
J22 37.3 1.77. 0.94  0.40  0.54  1.35
z36, ' 50.0 1.77 0.91  0.37 0.5  1.46
J23 66.3 1.79 0.86 0.33  0.53 1.6l
J24 92.4" 1.76 { \
J25 97.0 1.77 0.85 0.36 0.49 1.36
239, J26 98.0 1.75 0.88 ~ 0.36  0.52 144
J27 99.0 1.75 . '
J28 99.7 1.75
z152, J15  100. 1.73

0.85 0.36 0.49 "1.36

o
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O

{c) 1-Propanol/Water

Figure III-7 shows representative optical absorp-
tion spectra of solvated elecgfqns from a Variety of
studies of l—propandl/water‘mixtures. fhe~ass$rption
maximum of l-propanol falls at 1.95 eV at 298K.
Spectra obtained for the aqueous solutions .are similar
to that in l-propanol. The relation of Eynax to mole

Z composition is similar to that found for ethanol,

with the "lowest E at 90 mole % of l-propanol.

Amax
Figuré III—7—B shows that the skew im the high energy
side of the spectra decreases as mole % of water in-
creases to 50..

The parameters obtained from Figure III-7 as
well as those obtained from studies of other ;ompé—
sitions are listed im Table IITI-3 and plotted against
composition of l-propanol/water in Figure III-8. A-
trough is again observed between 100 and 60 mole ¥
of l-propanol. The behavior'of W% as a function of
c;mpositipn ié similar to the result§ in ethanol/

water. ' The constriction ‘of Wy is also duE\Qiinly
: 2

to the decreasing of Wb.
' ~
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© TABLE I11-3

N

97.

Parameters of Solvated Electrons in 1-Propanol/Water at 298K

Code Composition EAmax W;i Wr
No. Mole X Water ) ev ev_ eV
z7, Ll 0.0 - 1.95 1.63  0.52
) L2 0.3  1.92 1.55  0.50
L3 1.0 1.88  1.53  0.50
z75, L4 3.0 1.83 1.46  0.49
276 6.0 \\if76‘ ; 1.37  0.45
z59, 15 10.0 1.71 1.24  0.46
278 ~ .15.0 - 1.74 1.15  0.44
279 20.0 - 1.75 1.11  0.44
780, L6 30.0 1.78 1.03  0.42
251 50.0 - 1.77  0.92  0.38
Y 60.0 1.79 ~0.88  -0.35
L8  90.0 - 4<§g 0.84  0.37
L9 .97.0 1.78 0.85  0.38
z57° 98.0 1.75  0.87  0.37
L10 99.0 1.76 0.84  0.36

z152, L11 100.

0.85 0.36

3

L(code) = Preliminary data for I;propgnol only.

Wy o W /W
eV
1.11 2.13
1.05  2.10
1.03  2.06
0.97  1.98
0.92  2.04
0.78. 1.70
0.71  1.61
0.67  1.52
o,ﬁi 1.45
0.54  1.42
0.53  1.51
0.47  1.27
0.47  1.24
1 0.50  1.35
0.48 - 1.33
0.49  1.36
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(d) 2-Propanol/Water

-

In light of the above three cases, representative
optical absorptg;n spectra of solvated electrpns in 2-
propanol and its aqueous solutions arg‘shbwn in Figure
ITII-9. The EAmax of 2-propanol falls at, 1.54 eV at

]

298K. Spectra obtained for its water mi'kxtures are
2 J

gimilar to that‘iﬁ 2-propanol. The Eypax OCCUT at
higher energies than in 2-propanol, in contrast to ghe
pethanol,'éthanol and l-propanol systéms.: There 1s
another contrast in the low energy side §f the spéctra,
reveaLed in Figure III-9-B. The low energy sides line
up alm;s; exactly. The high energy éides again show. a
decreaée in skewness as mole 2 of 2-prqpanol decréases,
buﬁ with a more pronounced change between pure alcohol
gnd the 90 mole 2 solution..

| Parameters obtained from the study of various
compositions of this system are listed in Table‘III—4,
These are plotted against composition of 2-propanol/

water in Figure III-10. ~Va1ueé (105) from the 1it-

erature are included in the Figure. The EAmax lncreases

>

gradually as mole ¥ water increases to 50 then.levels
off. Although the Wli again constricts as mole % of
water increéses, the cbnstriction now OoCCcurs very
sharply as mole % of-watef increases to 10, fhen
'gradualiy aé mole % increases ffom 10 to 50, However,

the cohstr;ction of'W% is similar to those in the other

systems and 1is again due mainly 50 the decreasing of Wb.
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TABLE III-4

Parameters of Solvated Electrons in 2-Propanol/Water at 298K

Code Composition By max W!i W W, W'b/Wr
Né. Mole % Water eV eV eV eV‘ .
z8 0.0 1.52 1.45  0.44  1.01 .2.30
281 3.0 1.5 112 042 0.70 1.67
- z82 6.0 1.6 1.06  0.40  0.64 1.60
Z65, 283 10.0° 1.58 1.00  0.40  0.60 1.50
284 15.0 1.6l 0.99 0.39  0.60 1.54
z8s’ 20.0 1.64 0.96  0.40  0.56 1.40
286 30.0 1.68 0.95  0.39  0.56 1.44
267 50.0 1.73 0.91  0.37  0.54  1.46
272" 98.0 1.75 0.86  0.36  0.50 1.39

2152 100. 1.73 0.85  0.36  0.49 1.36
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mainly to the decreasing of W
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le) 1-Butanol/water

1

Spectra obtained for solvated electrons in l1-butan-

ol and its water mixtures are shown in Figure III-11.
The E,.  of l-butanol falls at 1.98 eV at 298K. The
Amax
spectra of solvated electrons in the aqueous solutibng
are similar to that in l-butanol. The values of E
) ~Amax
are lower than in l-butanol. The relation of E -
. Amax
to mole % composition is similar to that found for

ethanol, and l-propanol, with the lowest E
Amax

=

observed for 90 mole % of l-butanol. Figure III-11-B
shows that the skew in,phe high energy side of Fhe
spectra decreases as mole Z% Qater increases to 50. On
the low energy side the sﬁapés are qui;e similar.

" The parametérs obtained from Figure III-11 are
listed in Tabie III-5 and are plotted against compo-
gsition qf l—bupénol/water in Figure III-12. A trough
is again,observed between 100 and 60 mole % of 1-
butanol. The~behavior of W%'as a function of compo-

sition is similar to the results.in ethanol (1-pro-.

.Panol)/water. The constriction of W, is again due 2
' 2

b*
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TABLE III-S

Parameters of Solvated Electrons in 1-Butanol/Water at 298K

‘Code Composition EAmax W;5 wr Wb 'wb/wr
No. Mole -Z Water eV eV Q’ev eV
-+ 29 0.0 ~1.98 1.57 0.53 1.04 1:96
2126 10.0 ,1.73. - l.23 0.45 -0.78 1.73
: ‘ )
2148  50.0 1.79 0.88 0.36 0.52 1.44
/ . R
Z122 98.0 1.74 0.88 0.36 0.52 1.44
Z 152 100. 1.73 0.85 0.36 0.49. 1.36
= ~
f\,
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v g .
(f) 1Iso-Butanol (2-Methyl-l-propanol)/Water ~

" The optical absorption spectra of solvated elect- ' ™
: \
fons in iso-butanol and its water mixtures are shown
in Figure III-13. The' E of iso-butanol falls at
Amax : e
1.97 ev at 298K. Spectra obtained for “its aqueous
solutions are similar to that in iso;butanol.? The -

+E occur at lower energies than in iso-butanol.
Amax , r -

The relation of E to mole % composition is similar
A Amax

to tﬁé;ethanol 1- propanol and lQbutanol systems, |

with the lowest EAmex observed for 90 mole A offise—
butanol Figure ITI- 13-B shows that the skew in the e
high energy side of the spectra decreases as mole y 4
wate;véncreases to 50., On the low energy,side the /
shapee are quite similer.

The parameters ‘obtained from Figure Iflflj, which
are listed in Table ITX-6, are plotted againsf compo-
sition of iso-butanol/water in Figure III-14. A trough
is again observed between 100 and 60 mole % of iso-
butanol. The behevior~of W;5 as a function of compo-
sition is similar to the results in ethanol (l-pro-

penol,_l—butanol)/water. The constriction of W%kis

again due mainly to the decreasing of Wb. o
\ _ ) a .
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TABLE III-6

Parameters of Solvated Electrons in iso—Butanol/Water.at 298K

) Code Composition | EAmax | W;i W_ va Wb/Wr
No. Mole % Water eV eV ' eV eW
Z10 0.0 - 1.97 1.61 0.57: '1.04 1.82
Z131 10.0 ‘1.73 1.18 0543 0.75 1.74
Z145 . 50.0 1.78 0.89 0.36 0.53 1.47

2118 98.0 | 1.75 0.86 0.35 0.51 1.46

7152 100. 1.73 . 0.85  0.36. 0.49 © 1.36
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{8) 2-Butanol (sec-Butyl Alcohol)/Water

Spectra obtained for solvated electrons in 2- 7 .
butaﬁol énd>its water mixtures are shown in Figure ITII-
15. The E, of 2-butanol falls at 1.59 eV at 298K.

Amax
The‘spectra of solvated electrons in the aqueous solu-
tions are similar to that 1in 2-butanol. The E
N Amax

occur at higher energies than in 2-butanol. This 1is

similar to that found. for 2-propanol, but differs from

>

the case of either methanol/water or ethanol (l-pro-
panoi, l-butanol, isobutanol)/water. From Figure IIIE
15-B, it can be seen that the shapes of low energy
side spectra line up almost exactly and that the high
energy sides again show a decrease in skewness as magle
Z 2—butanoi decreases, but with a more pronounced
change between pure elcohol and theWQO mole % sqlution.
This is again similar to 24propanol and again diffefs
f:om othefe. )

The parameters obtained from. Figure III 15, whihh
are listed 1in Table ITII- 7,,are plotted against compo-

-~

sition of 2-butanol/water in Figure II1I-16. The EA max

increases gradually as mole Z water increases to 50,

then levels off. This behavior is similar to that

feund for 2-propanol. Aitheugh the W% agaln constricts
as mole % water increases, the constriction now occurs.
very‘sharpzy as mole Z of water increasee to_10, then
gradually as mole % increases froﬁ‘lo tok50. However,
the constriction of W is*égéin mainlyduetm the deereas—

ing of Wb
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Parameters of Solvated Electrons in

. TABLE II1I-7

2-Butanol/Water at 298K

Code

No.

2156
2136
2140
2114

2152

Compositi?n EAmax

Mole 7 Water eV
0.0 1.59
10.0 1.65
50.0 1.76
98ﬁQ 1.75

100. - - 1.73

1.57

1.04
0.89
0.86

0.85

0.47

0.46

0.36

0.35

0.36

113.
WL. wb/wr
eV
1.10 2.34
- 0.58  1.26
0.53  1.47
0.51 1.46
0.49 1.36
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(h) tert-Butanol (2-Methyl-2-propanol)/Water

The optical absorption spectra for solvated elect-
rons in tert—butanolqand its aqueous solutions are shown
in Figure III-17. The E

. Amax
1.20 eV at 298K. . The band is less skewed than are

"of tert-butanol falls at

those‘fbr the primary alcdhols. Spectra obtained for
its'water mixtures ar§ similar to that in tert-butanol.
The EAmax occur at hiéher enérgieS'tﬁan in tert-butanol.
This is similar to that found for 2-propanol (2-butan-
ol), but differs from.othersz"From Figure III-17-B,

it can be seen that the shgpes of both low energy side
and high ene;gf side spectra line up almost exéctly.

This differs entirely from either the secondary or the .
primafy alcohols.

The parameters‘obtained from Figure III-17 are
1isted'in'Table III-8 and are plétted agaiﬁst compo-
sition of teft-butanol/water in Figure III-18. The

Ama*yincreases_;harply as mole % water increases to
50 and gradually to 100. The Wli constricts very
slightly as mole % wate? increases. These behaviors

ki

differ from all other alcohols in this study.
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A:  Successive spectra are displaced vertically by 0.2 units.

B: The spectra are normalized at EAmax"' aQ, t-Butanol, 0, 10 mole

Z water; ?A,-SO mole ¥ water; +, 98 mole Z water; Y, water.
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TABLE III-8

Parameters of Solvated Electrons in t-Butanol/Water at 298K

R

Code Composit%on Eypax | w% w_ W; ) Wb/Wr
_No. Mole Z Water eV eV ev eV
- 2157 | 0.0 1.20 0.93  0.37  0.56 1.51
7103 10.0 1.44 ° 0.94  0.37 0.57 1.54
158 50.0 1.71 0.89 0.37. 0.52 1.41
2110 98.0 1.75 0.88 . 0.36  0.52 1.44
z152  100. 1.73 0.85  0.36 ' 0.49 1.36
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Summarz

The oétical absorption spectra for solvated elect-
rons in alcohol/water mixtures aré\skewed towards high
energy. The SRew_deereases es the mole i of water in- .
'creases. J

Three types of curve were observed for the rela-

tion of EAmax to compositien (Figure ItI=19):

(i) For methano};EAmax decreases gradually as mole ¥

water increases to 50, and is approximately con-

stant until 95, then decreaseé‘again;

(ii) For the primary alcohols (ethanol, l-propanol,
l-butanol, ise-butanolL EAmax,decreases rapidly
to.a2 minimum at around 10 mole\Z water, then in~
creases rapidly to around 30 mole Z water, fol-~
lowed by a gradual increase until 50 mole Z..

. After 50 mole Z . water, it behaves as in (i);

(iii) For the case,ofesdcondary (2- propanol 2-butanol)

ﬁand tertiary (tert-butanol) alcohols, E - 15 at
/ . - Amax
~" its 10west for~pure alcohol, then increases

‘ sharply as mole X water iqﬁreases to 50, and
gradually until- 95 where it again behaves as in
(i1). In thé regdion of 0 to 50 mole % water, how-

eVer, the increase is more pronounced for terti-

Vary than for secondary alcohol

P
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Alcohol/Water Mixtures at 298k,
O, Methanol; A l1-Propanol;

Butanol. Shapes for other prima

~hols are similar to that for A a

-0

I [ | 1 ] I
—20
oo N
T i
'] 1.5
~ A A
1.5
L
| 15
N
|- L- ] | L | | ] ]
0 20 40 60 80 _ 100
'ROH " MOLE- % H,0 'H,0
"FIGURE III-19, Composition Dependence of E for

Amax,

ry and secon&ary alco-

nd 07, reépectively.‘

«
«

> 2-Propanol; v, t-
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to ~
5

- camposition, except for tert—butanol all show a region

The curves obtained for the relation of ‘W

of sharp decrease in WL as mole % water increases to‘a.
certaln p01nt then a very gradual decrease or levell-~

: . _ §
ing off for the remainder of tﬁe curve (Figure II1=220):

™,

(1) For methanol and the primary alcohols, most of
the decrease occurs -up to 50 mole 4 water, and

"then gradually levels off;

v(ii) - For secondary alcohols, most of thi decrease
. OCCUTS up to 10415 mole 7 water with only a
"slight change up to 50 and then behaves as

in (1);

(iidi) For the tertiary alcohol, L is independent of

composition. o o

g

From Figure III 21 it can be seen that in

the case of (i) and (ii), ‘the sharp decrease in W;5 is

largely accounted for by the decrease of Wb, as W
decreases only slightly as mole Z wWwater increases. ,%}

e ;
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‘for 2, and for 3, respectively.

-1, Methanol; 2, n—?:opanbl} 3, iso-Propanol:

a0 60 80 100
MOLE % H,0 _ - Hg0

Composition Dependence of W% for “Alcohol/

Water Mixtures at 298K.

°

hR¢) .
-4, t-Butanol ) Shapes for other primary,

;and secondary alcohols are ‘similar to that

o

e
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FIGURE III-21. Composition Dependence of W, (part A)
and Wr (part B) for Aléohol[Water Mixtu?gs at
298K. n
1, Hethénoi: 2, n-Propanol; 3, iso-Propanﬁl;

4, t—Bﬁtanoln Shapes for other prima:y and -
secondary alcohols are similar to that for 2, and
for %; respectively. | '
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to2. Effect of Temperature

In order 'to study the effect of temperature upon
the optical spectrum parameters of solvated electrons,
measurements were made on the 0, 10, 50, 98 and 100 mole

Z water solutions of eight alcohols at temperatures

-~
from near the freezing point to near the boiling point

of each. The results for each alcohol, including the
'temperature coefficient for the parameters, are summar—

1zed in Table III-10 to -17. The results for water are

o

listed in Table II1-9. ‘For each alcohol/water“solution,
three figures are used to i1llustrate the finds. The
first figure contains the entire Spectrum for each tem-

perature,-showing the change in EA max" The second

N’contains these spectra normalized at E

‘figure

SN
allowing comparison of spectrum shape and of W%. The

Amax’

" final figure for each solution contains a plot of the
parameters against”temperature. The first ‘and second
figures are Presented in the same page. Theseffigures

are shown in Figure II11-22 to -87.

~
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TABLE III-9

Parameters of Solvent Electrons in Water at Different Temperatures

Code No. Z155 152 2153 z154
<100 [W{T > (ax/amy” 7 xﬁ
Unit meV/K
T K 273, 298 350 373 ~ ?
e |
A% .' : - '
E eV 180 173 L6l L5T 22,42 »
W, eV 0.8  0.85 0,89  0.90  0.68
W ev '0.35  0.36 0.39  0.41  0.57
W . . eV 049 049 0.50  0.50 0.11
\
SRR 1.40  1.36 1.28  1.22

-~

* : .
_ The temperature coefficient of X, where X represents the

-

b

parameters E, . W%, Wi and W, respectively.
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TABLE I1I-10

Parameters %? Solvated Electrons in Methanol/Water at Different

Temperature;
<0,M,T N Code No. Z5 Z4 Z3 , Z1 z2 dX/dT
i meV/K
Unit
' s T K 180 200 250 298 350
. . .
E : eV 2.26 2.21 2,10 1.98 1.78  -2.71
W eV T 1.24 1.23 1.33 1.43 1.4 1.32
W ey 0.41  0.41 0.46 0.50 0.45 0.35
W 7 eV 0.83 0.8 0.87 0.93 o0.99 0.97
Wy /W 2,02 2.00 1.89 1.86 2.20
Code No. 216 zZ15 Z14 213 zZ17
<10lM[Ti> ' :
T K 180 200 250 208 350
E, | eV 2.27 .2.24 2.10 1.9 - -
E V. 227 .2.24 210 1.90 1.71 -3.39
W eV . 110 1.11 1.23 1.26 1.2 '1.04
W_ eV 0.37  0.41  0.45 0.45 0.45 0.42
o W ev. 0.73 0.70 0.78 0.81 o0.81 0.63
LV 1.97 1.71 1.73 1.80 1.80 .
(cohtinued)



TABLE 10 (continued)

Coae No.

127.

1.31 .

220 . 219  7i8 221
<50[M|T,> ,
T X 200 250 298 350
- ev 2.11  1.98 1;83 1.67 -2.95
W : eV 0.84 0.86 0.90 0.94 0.67
W eV 0.29 - 0.33 0.37 0.38,  0.65
w , ev 0.55 0.53 0.53 0.56 - 0.02
W /W 1.90 1.61 1.43 1.47
b 'r A
Code No. 723 722 224 725
<98|M|T >
T K 273 298 350 370
Eyan ev | 1.80 1.72 1.60 1.56 ~2.47
Wy eV 0.81 0.87 0.8 0.90 0.70
W © eV 0.32 0.34 0.35 0.39 0.60
W eV 0.49 0.53 0.51 0.51 0.10
W /W 1.53  1.56  1.46 :
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Parameters of Solvated Electrons in Ethanol/Water at Different

TABLE III-11

128.

Temperatures
. Code No. 228 z27 226 Z6 Z29 o
<o]E]Ti> ' . . dX/dT
_ meV/K
Unit
T K 160 200 250 298 350
E, eV z.ng-z.lz 1.98  1.82 1.65 ~3.13
W eV 1.50 1.53 1.5 1.60 1.56 0.36
W ev 0.46 0.46 0.46 .48 0.49 0.16
A ev 1.06 1.07 1.10 1.12 1.07 0.20
W /v 2.26 2.33  2.39" 2.33 2.9
. Tode No. 234 233 z32 Z31  z30
<lOlE,Ti>
T K. ., 160 200 250 298 359
- | :
E, eY 2,31 234 193 1.77 1.55 ~4.04
Wy eV 1.41 1.37 1,33 1.19 1.1s -1.47
W ev 0.49 0.45 0,45 0.45 .0.44 -0.23
W C eV 0 0.92 0.92 0.8 0.74 o.71 -1.24
W /W f.S?' 2.06 1.95 1.64 1.61
\ : '
\ (continued) a
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TABLE ITI-11 (continued)

238

129.

, Code No. Z237 236 35
<50|E|T,>
T K 222 250 298 - 350
Epon eV 2.04 1.94 1.77 7;.§1. -3.37
Wy ev 1 0.88 0.89 0.91 0.90 0.16
W_ o eV 0.36 0.36 0.37 0.38 0.14
Wl ey 0.52 - 0.53  0.54 0.52 0.02
W, /W 1.44  1.47 1.46 1.31
Code No. Z40 Z39 Z41 242
<98|E|T >
T K 273 298 350 366
g, v 1.75 1.61 1.58
E, e 1.80 75 L6l -58 -2.49
W, eV 0.83 0.88 0.8 0.90 0.68
W ev 0.32  0.36 0.37 0.39 0.59
W, ev 0.51 ~0.52 0.51 0.51 0.08
LR 1.59 1l.44 1.38 1.31




TABLE III-12
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Parameters of Solvated Electrons in 1-Propanol/Water at Different ‘

Temperatures

Code No. Z47 246 245  z7 743 74t
<0|1PIT1> vdx/dT
Unit meV/K
. N
T K 150 200 250 298 350 369
E eV 2,41 2,30 2.14 1.95 1.78  1.71 -3.28
Wy eV " 1.51 1.56 1.60 1.63 1.69 1.70 0.85
2 N R
wr eV 0.55 0.57 0.57 0.53 0.59 0.62 0.26°
W eV 0.96 (0.99_ 1.03 1.10 1.10 1.08 0.59
b. E \'_ﬁ,’,\;:\;) <
W/ 1.75 1.74 1.81 2.08 1.86 1.74
. Code No. . 261 260 259 262
<10|1P|T,> :
T K 200 250 298 350)
E!‘ eV 2.20 1.98 1.72 1.57 -4.22
w;5 . ev 1.37  1.33 1.24 1.14 -1.59
W_ eV 0.50 0.50 0.47 0.44 -0.42
W ev 0.87 0.83 0.72 0.70 -1.17
W, /W 1.74 1.66 1.63 1.59

(contiﬁued)



TABLE III-12 (continued)

131.

Code No. Z52 Z 51 253 Z54
$50|1P]Ti>
T K 260 298 350 360
Ey o eV 1.91 1.77 - 1.61 1.58 -3.28
W, ev 0.91 0.92 0.91 0.90 -0.06
W ev - 0.38 0.38 0.37 0.36 -0.14
W ev 0.53 0.54 0.54 0.54 0.08
W, /W 1.39 1.42 1.46 1.50
b r
Code No. - z58 ° Z57 255 256
<98[1P|T > ‘
T K 273 298 350 363
A ev 1.81 1.75 1.61 1.59 -2.55
Wy eV 0.85 0.87 0.87 0.90 0.67
W eV ©0.34 0.37 0.37 0.39 0.63
W eV 0.51° 0.50 0.50 0.51 0.04
W /W 1.50 1.35 1.35 1.31

D
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TABLE III-13

Parameters of Solvated Electrons in 2-Propanol/Water at

W Different Temperatures

Code No. Z49  Z48 28 250

<0|2P|Ti> - - : dx/dT

‘ meV/K
Unit
T . K 200 250 298 350
E, eV 1.97- 1.76 1.52 1.28 / ~4.42
W, eV 1.47  1.43 1.45 1.39 - -1.93
. . ot , .

W eV 0.44  0.42 0.44 0.42 -0.12

W eV 1.03  1.01 1.01.0.97 ~0.47

W /W 2.34  2.40 2.30 2.31

b . r R} :

Code No. 264 263 765 266

- <10|2p|T >
T : K 200 250 298 350
Ep max eV . 1.91 "7 1.72. 1.58 1.42 -3.53
Wy | eV 1,16 1.09 1.00 0.97 o -1.30 oL
W eV 0.43  0.46 0.40 0.38 ’ -0.36
W, ev 0.73. 0.65 0.60 0.59 - -0.94
W /W ' . ©1.70  1.48 1.50 1.55

(continued) .
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TABLE I1I1-13 (continued)

!

Code No. %270 267 268 269
<50|2P|T > ° -
) i
T A K 250 298 339 352
Epmax - &Y ©1.93 1.73 1.65 1.57° . =3.44
Wy — ev 0.89. 0.91 0.89 0.89 ©-0.07
W eV . 0.39 0.37 0.39 0.38 ~0.08
W, eV 0.50 0.54 0.51 0.51  ° 0.01
W, /W . 1.28 1.46 1.31 1.34
b r :
Code No. . Z71 ., z72 273 274
<98|2P|T > : : )
i —
T K 273 298 339 360
E : . e
Amax = eV ~ 1.81 1.75 1.65 1.59 -2.63
W | v _— 0.84 0.8 0.87 0.8 0.4
W eV _ 0.34 0.36 0.35 0.39 0.42
W, eV 0.50 0.50 0.52 0.49 1 0.07
W /W ©1.47 1.39 1.49 1.26 )




134,

TABLE ITI-14

Parameters of Solyated Electrons in 1-Butanol/Water

at Different Temperatures N

Code No. 287 288 z9 Z89 790

. . dx/dT
<O[1B|T;> - meV /K
Unit = =
T X 200 250 298 350 3gg
E ev 2.30 2.14 1.98 1.79 1.64 -3749
W, | eV 1.49 1.58 1.57 1.69 1.64 0.90
W ev. 0.55 0.57 0.53 0.58  0.63 | 0.39
W . eV 0.94 1.01 1.04 1.11 1.01 0.51
LA . L7l 1.77 1:96 1.91 1.60

Code WNo. 2130 2129 z126 2127. 2128

<10|1B'Ti>
o
T K 200 = 250 298" 350 373
E ‘ . ev 222 1.99 1.73 ;.56 1.49 -4.2§
W, . eV 1.37 1.35 1.23 1.13 1.10. -1.71 é
- ,’ ' . Y X
W eV T 0.48° 0.52 0.45 0.42° 0.42 -0.49
W ev 0.89 0.83- 0.78 0.71 0.68 -1.23 5
W, /W : 1.85 1.60 1.73 1.g9 1.62
b’ 'r . I

(continued)
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/Egge No. Zz148 2149 2150 Zz151

TABLE III-14 (continued)

pv)

135.

<50|1B!Ti>
T K 298 325 350 364
Y ] E
By max eV 1.79 1.69 1.62 1.5 -3.35
Wy eV 0.88 0.89 0.93 0.9k 0.60
: —— )
W ev 0.36 0.36 0.39 0.39 0.53 -
LA eV  "0.52 0.53 0.54 0.52 0.06
W /W 1.44 1.47 1.38 1.33
b 'r : ]
- Code No. 2123 2122 2Z124 Z125
<98|1B|T > .
{ ! - \J' N b’
‘o’ K 273 298 350 " 363
B, eV  1.79 ;.f:\\l.so 1.56 -2.69
W eV  0.83 0.88 0.89. 0.90 0.66
W eV 0.32 0.36 {0.37 0.38 0.62
L' eV 0.04
! - 7 Lo éz . :
AN UL 1.59 1.44 141 1.37

[}



~ TABLE III-15

Parameters of Solvated Electrons in iso-Butanol/Water at

Different Temperatures

136.

Code No. 295 294 293 210 291 292
<0]iB|T,> ) dx/dr
St " meV/K
b J )
- "~ Unit
T K - 170 200 250 298 350 378
?! ev 2.47 2.36 2.17 1.97 1.79 1.60 - -3.86 -
v, : eV 1.56 1.48 1.57 1.61 1.64 1.66 0.68
Wy . eV 0.63 0.55 0.56 0.57 0.61 0.65 0.20
v, eV 0.93 0.93 1.01 1.04 1.03 1.01  0.47
W /W | 1.48 1.69 1.80 1.82 1.69 1.55
Tl L, - | .
. Code No. Z135 z134 2131 z132 2133
<10{1B|T > | o
T . K 200 - 250 298 350 365
E, e 2.22 1.96 1.73 1.55 149 ~4.37
. w;i ’ \ ev ,1._44 1.25 1-18 1013 1./98 . ) -1096 ’
W eV 0.48 0.48 0.43 0.42 0.41 -0.48
v eV 0.96 10.77 0.75 0.71 0.67.  -1.48
QL":\ - e L . :
NG B . ., . ) ' -
Y T 2.00 1.60 1.74 1;6?7/;465

- (Eontipued)

L av
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TABLE I11-15 (continued)
» " Code No. Z144 Z145 Z146 Z147
<50|1B|T > T
T K 286 . 298 325 350
‘E! eV 1.82 1.78 1.68 1.60 -3.55
W%\- | &v 0.91 0.89 0.89 0.89 -0.23
COW eV 0.38 0.36 0.36 0.36 -0.21
W eV 0.53 0.53 0.53 0.53 0.
W, /W 1.39 1.47 1.47 1.47
b Tr . ‘ A
% Code No. z119 z118 2120 zl121 .
<98|1B[T,>_ | ’
T K 273 298 350 363 .
E,. eV 1.81 1.75 1.61 1.57 - -2.70
Wy eV  0.84 0.86 0.90 0.89 ~0.57
v eV  0.33 0.35 ’0.39 0.37 0.51
W ev  0.51 0.51 0.51 0.52 0.06
A 1.46 1.31 1.41

1.55
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TABLE 1II-16
Parameters of Solvated Electrons in 2-Butanol/Water at
Different Temperatures &
Code No.  Z100 299 298 2156 296 297
<o|28|r,> ax/at
. meV/K
Unit
T 'K 163 . 200 250 298 350 370
- 2.23 2, .87 1. . . -4,
E, ev 2'05 1.87 1.59 1.39 1.28  -4.45
. . k4 .
W eV 0.61 0.61 0.51 0.47 0.50 0.48 ~0.66
L eV 1.27 1.25 1.21 1.10 0.98 .95 _1.6g
W 2.08 2.05 2.37 .2.34 1.96 3 gg
_ Code 'No. 2139 2138 2136 z137 -
<10|2B|T,> "
T K 200 250 298 350
. | eV 2.01 1.81i 1.65 1.44 -3.76 -
L © eV 1.16 1.04 1.04 0.94 - -1.33
LA eV 0.50 0.45 0.46 0.34 '=0.90
LA . eV 0.66 ' 0.59 0.58 0.60 -0.43
_ ) . o
E . Tt
W /W 1.32 '1.31 1.26 1.76

(continued)

L1



TABLE III-16 (continued)

2140 Z141 27142

139.

1.46

Code No. Z143

‘<50|23|Ti>

T K 273 298 325 350
E, eV 1.84 1.76 1.62 1.57 -3.40
W, eV 0.89 0.89 0.88 0.88 -0.10
v NS 0.36 0.36 0.34° 0.35 -0.11
W eV  0.53 0.53 0.54 0.53 0.01
W/ 1.47 1.47 1.59 1.51 '

b r
Code No. = z115 z114 z116 z117

<98]23|Ti> : '

T K 273 298 350 370
By max eV 1.82 1.75 1.59 1.55 -2.75
Wy eV 0.83 0.86 0.88 0.89 0.50
W eV 0.34 0.35 0.37 0.38 0.39
Wy eV 0.49 0.51 0.51 0.51 0.11 .
W, /W 1.44, 1.38 1.34




TABLE I11I-17

Parameters of Solvated Electrons in'tert—Butanol/Water

at Different Temperatures

.

w

Code No. Z157 2101 2102

140.

<OItB]T1> dx/dT
‘ ' meV/K
Unit
T K. 298 325 350
E eV 1.20 1.10 0.99 T -4.80
W, ev 0.93 0.97 0.82 -2.30
W eV 0.37 0.35 0.31 -0.98
W eV 0.56 0.62 0.51 -1.32
. ‘ ? .
W /W 1.51 1.77 1.65 ‘
. " Code No. 2103 2104 2105 .
<10|tB|Ti>
T K 298 325 350
W, eV 0.94 0.93 0.91 -0.70
W eV 0.37 0.34 0.36 ~0.32
W ev 0.57 «  -0.38
. v 1. . -
Wy /W 54~

(continued)v

AN



TABLE I1I-17 (continued)

2158

141.

Code No. 2109 z107 2108
<50|tB|Ti?

T K 273 298 350 368
By eV 1.82 1.71 1.55 1.48 -3.47 .
W, ev 0.86 0.89 0.87 0.87 0.05

2 N .
W ev 0.36 0.37 0.36 0.38 0.09
W eV 0.50 0.52 0,51 0.49 ~0.04
w I 1.39 1.41 1.42 1.29
Code No. 2113 z110 2z111 Zz112

<98|tB|T, >

T K 273 298 350 370
E ¥ CL.82 175 1.59 1.54 -2.89
Wy eV 0.83 0.88 0.83 0.89 0.31
L eV 0.34 0.36 0.34 0.38 0.20
W eV 0.49 0.52 0.49 0.51 ~0.11
W /W 1.44 1.44 1.44 1.34
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‘ The Optical Absorption Spectrum of Solvated Electrons
‘ in Water at Different Temperatures.

Successive spectra ‘are displaced vertically by 0 2 units.

The spectra are normalized at E Amax” O, 273K; 0, 298K;

A, 350K; +, 373K.
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From these figures it can be seen that:

~ o
o

(1) The shape of the absorption spectrum changes very
little with temperature, in contrast to the changes -

with composition;

(i1i) The E decreases as temperature increases in

Amax
all the liquids. The rate of decrease is smallest for

- water and greatest for tertiary butanol;

(1ii) The behavior of W% with temperature shows much more
variébility: . h

(a) It increases with temperature for water, atl
methanol/water solutions, ali primary elcohols, as well
as the 98 mole Z aqueous solutionuof ail alcohols, whieh
are’water—iike 1A al?y parameters;

(b)‘ It decreases with ipcreasing temperature for
secondary and tertiary alcohols, as well.as the 10 mole
Az‘aqueous solutions of primary, secbndaty, and tertiary

alcohols;s

2.

(c) It is independent of temperature for the 50
mole y4 aqueous solution of primary, secondary, and terti-

ary alcohols.

(iv) The ih%rease_(decrease) in W, is due mainly to:

%

(a) {The increase (decreese) of Wb for metﬁanol,

all primaty alcohois,'and 10 mole % water in methanol
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(for 10 mole % water in primary, secondary except for 2-

butanol, and tertiary alcohols);

(b) The increase (decrease) of W for water; 50

mole % aqueous solution of methanol, and 98 mole % aqueous

solution of all alcohols (for 2-butanol and t- butanol)

2 i
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s

c. Effect of Composition upon Temperature Coefficients
Two types of curves were observed for the tempera-

ture coefficient of E (-d /dT) as a function of

E
. Amax Amax

composition (Figure III-88):

4 -

(1) For methanol and primary alcohols, -d /dT in-

EAmax
creases rapidly to a maximum at around 10 mole % water,
then decreases rapiﬁly to around 50 mole % water, foliowéd

by a gradual decrease until 98 mole Z. After this, it

decrégses more répﬂdly again;

(i1) For'secondarf and tertiary alcqhols; it is at its
highéstfon pare alcohol, then decreasges sharply :‘as mqle %
water increases to 10, and gradually thil 50 mole %

where it again beéhaves as in (1).
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-dE,  /dT (meV/K)

0 20 40 60 . 80 100
ROH . MOLE Z H,0 HO

FIGURE IT1-88. -dE, . /dT of Alcohol/Water Solutions as a

- Function of Composition.

O, Methanol; A, l-propanol; . (3, 2-propanol;

Vs t-butandl; @, watgr. o . »\‘
Shapes for other primary and secondary alcohols

are similar to that for 'A,,‘and for (J, respectively.



212.

Three types of curves were observed for the tempera-
ture coefficient of W; (dWL/dT) as a function of compo-
2 2

sition (Figure II1-89):
§

(1) For methanbl, it decreases gradually as mole % water
increases to 50, and is-approximately constant through 50

to 100;

(ii) For primary alcohols, it decreases sharply to a

" minimum at\arqund 10 mole Z water, then increases rapidly
to afbund 50 mole % water, followed by a gradual increase
to 100 mole Z;
(11i1) For secohdary and tertiary alcohols, it is at its

'loweét.for pure alcohol, then increases sharply until °

98 mole % where it again increases sharply.
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" O, Methanol; | A, l-propanol; 03, 2-propanol;
. 'V, t-butanol; ., water. -
Shapes for ofhér px;imary and secondary alcohols a're.

similar to that for A, and for [J, respectively.



VI. DI SCUSSTION

A. E of Pure Alcohols from C
Amax :
R

From Figures III-4, -6, -8, -12, and —14,« it can

1 to C4 at 298K

be_seen that for primary alcohols, including methanol,

EAmax decreases relatively quickly when a small amount

of water is added. By contrast, Figures IIl—lO, ;16,
and -18 show that for secondary and tertiary alcohols
EAmax increases relatively rapidly ‘when a amall amount
of‘water is ad@ed. From the two sets of figures cited,
one can also see that for pure water, E "increases

\ Amax

when_a small amqunt of any alcohol is added ‘These
\

observations reflect non- ideal behavior in mixing
alcohols with water as do for idﬁtance the viscosit—‘
iles (Figure IV-1) (275 276) and the Peculiar behavior
of excess enthalpies of mixing (Figure Iv-2) (?77);
These eccentric behaviors will be discussed'in'the
next section. |

The EA ax values for pure alcohols and for pure

N

water are listed in Table IV-1, along with values from
the literature (14 55, 84 87,89, 91 95,97,104,106,278).

+The values differ from one alcohol to another. In.

¢
order to compare theSe values,‘each has been adjusted

to 298K by using the temperature coefficients of EAman

from the present study (Tables IT1-9 to'-l7)."The

7

most reasonably acceptable value of EAmax for each

214 |
. z
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" FIGURE IV-1. The Relative .Viscosity, n/ny o of Pure Alcohols -

and Alcohol/Water'MiXtureé at 298K.

-1, Methanol; 2, Ethanol; 3, n-Propanol; 4,: iso-Propanol; "
-5, t-Butanol; @, n-Butanol; ,A; 2-Butan%l;., iso-Butanol.
1, 2, 3, 4, and 5, Data from ref, 275.

®, A, and B , Data from ref. 276.



L

216.

Y
o : .
ey 1
E N
\ N
]
: o
<
Ve
| :
80 T 100 “ . }

ROH = MOLEX HO - H,0

-

FIGURE IV—Z. Excess Enthélpies»of'Mixing of Alcohol

and Water at 298K.

%f Methénol; 2, Ethanol; 3; n-Propanol; 4, t-Butanol.
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TABLE IV-1

. ' *
. Values of.E x in Pure Alcohols and in Water

Ama
1K) M OE IR 22 15 45 23 ep B0 Ret.
298 1.98 1.82 1.95 1.52 1.98 1.97 1.50 1.20 1.73 This work
300 1.95 1.79 1.92 1.s2 1.16 1.71 | g4
. 298 1.96 1.80 1.93 1.53 1.15 1.72
300 - 1.93 1.52 1.94 - .14 g
298 1.94 1.53 1.95 | 1.15 , .
300 1.95 1.78 1.92 1.93 ~ 1.72 86
298 1.96 1,79 1.93 1.94 . 1.73
299 . _ ‘ : 1.63 . : 278 .
298 o _ 'lv.63u ‘
293 1.94 . 87
| 298 1.93" | ’
300 ¢ . T 1.15 89 :
'“//{’t:;ss Y 1.16
303 1.93 1.70 1.67 1.49 1.82 1.67 0.97 172 91
298 11.94 1.72 1.69 1.5I 1.84 1.69 '0.99. %.73
298 1.97 1.77 1.67 1.s1 ) | 'k 14
303 1.93 1.70 1.67 1.49 1.82 1.60- 0.99 97 8
298 1.94 1.72 1.69. 1.51 1.84 1.e2 S oLeL
300 1.97 1.77 1.67 1.51 1,85 o 1.72 104
298 (1.98 1.78 1.68 1.52 1.86 1.73
298 - 177 . 106
295 1.95 1.80 S, — "~ 95
298 1.94 1.79 o o )
298 - - o o = 1,73 55

298 198 1.82 1.92 1.51 1.98 1.97 1.59 1.01° N\73  Most Reason-
i -~ , : e . able value

~



* A ’
-FOOTNOTE TO TABLE IV-1

M, Methanol; E, Ethanol; 1P, l—Propanol; 2P, 2-Propanol;
1B, 1-Butanol; iB, iso-Butanol; 2B, 2-Butanol; tB, t-Butanol;

T, Temperature;

~ g
. . . ‘i . .~ pe
I X is the experimental.value, Y is the value adjusted
to 298K using the temperature coefficients in Tables II1I~9:

to =17.

218,
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alcohol and for‘water has been suggested in the last row
of Table IV—l They are based on the behavior of EAmax
in the vicinity of each pure component, either increas-
ing or decreasing sharply when a small amount of solute
(water for alcohol alcohol for water) is added For”
the primary alcohols and methanol the recommended EAmax

are the highest reported values. In the case of
secondary and tertiary alcohols and water, the recom-
mended EAmax are the lowest reported values, One can
see from Table IV-1 that in the case of methanol, ethan;
.01, and 2- propanol the values of EA ax obtained from the
present Btudy are in excellent agreement with the
literature values, but there is a big difference in
’l—propanol iso- butanol and t butanol “A difference

also exists in the value of 1 -butanol and 2- butanol

The disagreement in l-propanoland 1- butanol ‘had been

Q

p first reported from this laboratory by Jou agﬂ

L,h
Freeman in 1977 but they made no comment on this
discrepancy (86). Nevertheless, themresults obtained

from the present study, while obtained earlier than

theirs, can also explain why the discrepancy exists,

o

e The literature values ofw‘EAmax in l-propanol y
and 1- butanol correspond to~those obtained in the
present study for 10 .mole ¥ water in 1- propanol and

3 mole Z water in l butanol. The discrepancy for .

iso-butanol 4s too large to be rationalized from the



.error. The literature vaiue, 1.62 eV, is lower than .

220.

composition dependence of EAmax; It is due to an unknown

1

A

EAmax for pure water (1.73 eV), while. the present value,

91.97.eV, is simiiar to those in other primary alcohols.

The discfépancy for 2-butanol is not as large as
thogg Just méntioned{ From Figuré III—lé, oﬁe can see
that the literature value of 1.69 eV corresponds closely
to that obtained in the present study for 17 mole %

water in 2-butanol.

The value of E for t-butanol obtained from

Amax
this work is higher than other values reported. Using
Figure III-18, 4t can be ratiomalized thét the higher -
value df 1.20 eV is caused by.the presence of water.

Therefore, the most reasonably acceptable value is

1.0 ev.

The values of E, __ for normal alcohols of C
. - Amax . 1
to C4 (present work) along with C5 to Clo (literature)

are shown in Figure'éV—B. The purﬁbse of this plot is

!

"to see the behavior of E as a”funbtion of the number

Amax

‘of carbon atoms, and to call attention to.the need for

Justifying it. This is important since the valuésbof;"
E obtained from this 1abofétory appeér to be
_Amax _ N -
higher than others, for instance, l-propanol, 1-

butaﬁol'andllso—butanol, which have just been mentioned,

as well as'l-pqntaublqj279)£and l-oct"ql (85),'wh;ch'

are shown in Figure IV-3. 1In this fifure, the splia
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line drawn from C5 to Cle_}s the expected value proposed -

by this study: From this plot, one can argue that the
EAmax for ethanol is discrepant from its expected value,
However, in the present study the argument lééns more
heavily,toyard methanﬁl as the alcohol with eccentric
behévior (see Section B—l%iV). The dgshedtline shows
the behavior of methanol that would be expecteh assum-
ing a trend from ethanol and propanol{ Ecceﬁtric be-
havior between methanol'and ethaddl.has-been réported
by Doliyo and kevaﬁ (280) in their recent work omn  €

eleétrpns that have not yet reached the solvated state.

Y

"
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B. Effect of Composition

1. Composition Dependence of EAﬁax~f°r Cl to C4

Alcohol/Water Solutions

The.variations of EAmax as a function of composi-_ |

tion for methanol, ethanol, 2 isomers of propanol and

4 isomers of butanol are shown in Figures III 4, -6,
-8, -10, -12, -14, -16, and 8. The results are sum-

marized in Figure III-19. From this figure it can be

®

seen that: the overall composition dependence of EAmax

can be divided into three Categories, one for methanol,

'another for primary, and a,third{one for secondary and -

tertiary alcohols; in:the vicinity of pure alcohol the

“

compositionwdependence can be classified into two
-categories, one for methanol and primary alcohols,

and the other for secondary and tertiary alcohols; in
the very high mole % water region, it can be considered
to be.ofionly‘one_type, Vithin'experimental error.

To facilitate comparison,with Figure IV-2 (in
vSection«A), Figure III-19 ig transformed into Figure
IV-4, by normalizing each EA éx.with respect to the
EAmax in pure water. The\purpose of this comparison
is to show the non-ideal behavior of the binary mix—
| ture of alcohols with water, wfih respect to EAmax
The exact reason for this observation is not clear.

Since relatively little is known wi‘th certainty thusg

far about the structures of the pure 11qu1ds, the 8tructures
3
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.éimilar to that for 2 and for 3, respectively. N

N

a2



oD

225,
of .the mixtures are even less well defined. Neverthe-
less, the changes of EA max indicate that the depth of
the trap for the excess electron is changed. Why does
this happen? Qualitatively, it is due to mutual inter-
action of the molecules, and hence, to changes in solu-
tion structure. How does«this happen? T{e limited
data from the present study do not provide an answver:
Therefore, the focus will be on the.behavior of E, . nax
as a function of composition in terms of the changes of
trap depth. In addition, solution strupture at certain

special composition will be proposed to account for

the more eccentric of the observed behaviors.
” . '

(1) Pure Alcohols

From Figure III 19 or IV-4, one can see that the
values of EAmax for alcohols and uater are in the
following ordeiP methanol > primary alcohol > water >
secondary alcohol > tertiaryaalcohol; This indicates
that the depths of the traps are in the same order.
The difference in trap depths is probably caused by
the difference in solution structure for each category
of liquid. For methanol and the prim;ry alcohols,

the structure must differ from the secondary and

| tertiary alcohols, although they have the same

functional OH group. From the literature, the follow-
ing structures have been studied for liquid wlcohols.

trimer (281),- ring polymers (282), and zigzag chain
b .

//-\
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v

(283). By comparing the differences in—EAmax between
methanol and.primary alcohols on the one hand and

secondary and tertiary alcohols on the other, it is

[N

%é;sonable to assume that in the létter case the
function'éf OH gggup 1n'trapping the ekcess electrgﬁ
has been weakenéd. This could be Aué to the following
factors: - A
(a) From the inductive effect point of view, the

ability of OH group to trap the excess electron has

been weakened by the methyl or ethyl'group in the a2

- position to OH, since both methyl and ethyl groups are

. alcohols. From the steric effect point of view,

elect;dn releasing in nature:

(b) 'The value ?f EAmax for secondary and tertiary

alcohols 1is lower than for water, methanol and primary

branched molecules would form a larger trap than do
;. ‘ CoL : |

straight chain molecules, due to steric repulsion of

the -branched alkyl groups in the a-position withvre+ 

spect‘to'their functional OH group. This can be

rationalized from the pfessure study of solvated elect-

A

pressure coefficients of E

. . - ‘ ‘
ron spectra in the primary, secondary and tertiary

alcqhoIs (84;86); since the ratio of thesrelatiwve
b ‘1 dEAmax
. b
_ Amax dp
for n-propanol (or n-butanol), iso-propanol, arfd t-

Amax’> E

butahnol is 1:2:3. n - S .
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The lower E observed for tertiary than for
Amax

secondary alcohol is, then, due to the additional
T

methyl group attached to the a- -position of the OH group,

which enhances both the inductive and the steric effect.

‘Lii) In the Low Mole % Water Region

From Figure IV- 4,4t can be seen that in the\
vicinity of each pure alcohol, when a small amount'of

water isiadded.EA max changes relatively rapidly. For

N
methanol and primary alcohols, Amax decreases with in-
creasingkmole % water. By contrast, EA max for second-.

ary and ‘tertiary, alcohols increases as mole Z water
increases. The exacé\feasons for the behavior are not
Th

clear. pth of the trap becomes shallower or

€eper,

causing EAnax to decrease or increase, respect—
~ively. The liquid. structure of each alcohol is upset
by the presence of a small amount of water. This disg-
turbance has two tendencies. one is to decrease the
value of EAm ax (curves l and 2 in Figure Iv- 5) and the
other is to increase it (2, 3 and 4 in Figure 1v-5). |
The curves 1-4 in Figure Iv-5, which represant
respectively the behavior in methanol, l—propanol,’ze
Propanol, and t- butanol/water mixtures, are nonlinear.
The deviation ffom linearity is due to non—ideal be-
havior' of the alcohol/water mixtures. Non-ideal be-‘-

havior is alsé shown)in the enthalpies of mixing,

'Figure_IV;Z.



FIGURE IV-5. Proposed Two Kinds of Contribution to Account

for the Observed E, x in Alcohol/Water Mixtures at 298K.

>
0, Ideal mixing of methanoL;and water;

1, Methanol; 2, n—?fopanol; 3, iso-~Propanol; 4, t-Butanol.

Shapes for other .primary and secondary alcohols are similar
i . ‘ v
to that for 2 and for 3, respectively. -

A, B, C, or D is the contribution which decreéses the value
- )

of E, , while E is the contribution tending to increase

the value of E, .

A' and E' are the hypothetical contributions of methanol

and water to the ideal behavior of O.
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I
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The observed curves; 2,‘3,'@nd 4 in Figure IV-5
appear to contain a "water component" such es E. “The
observed curve 2 cogtains an "alcohol comnonent" such
as B, which is obtained by subtractiné E from 2. Qurve
E was drawn arbitrarily to show the general shepe of
the water component but the true curve is not known.'
* The true curve is probably different for each alcohol,
but for simpliclty in the present discussion, E has
been taken to represent the contrlbution of water to
the observed EAmax in ail alcohol/water mixturesv
Curves A, B, C and D are then constructed from the
observed curves for Eemax in the methanol, l:pr0panol,
2~-propanol, andytfbutanol/water mixtures, by subtract-
ing curve E,. | ‘

"The line 0 in Figure IV-5 is drawn to indicate
the hypothetical ideal mixing of methanol/water. o
Lines A" and E"Z;e then drawn to represent the ideal
contributions of methanol and water respectively to
line 0. That is, line O is resolved ideally into E'
and A'. It can be seen that the observed behavior of )
methanol/water mixtures (curve 1) deviates little
.from ideal (line Q), The water contribution to curve
i, in contrast to curves 2, 3, and 4, should not be so
'heavyeweighted as E. A\nore reelistic curve El for\

the water contribution in methanol/water mixtures

would be between curve E and line E', and probably
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very close to the ideal E'. Hence; curve A for these

mixtures 1is underweighted. A more realistic curve Ai

(Figure IV-6) would be closer to- the ideal A', and

1’ Cl and

: Es]
D1 are then constructed using the water dominance curve

hence, less sharp than curve A. New curves B

El for methanol and observed curves 2, 3, and 4 for

l—propanol,'Z—propanol and t-butanol. Curves Bl and Cl

are rTeasonably close to ideai whereas Dl deviates con-
sinerably fron ideal. -

In comparing FiguréDIV—S and -6, the water con-
tribﬁtion curve E (in'Figure IV—S) Seems more appro-

priate to the'case of curve D, whereas E1 (in Figure

IV-6) seems more appropriate to curves Al’ B1 and Cl

A more realistic representation would probably require

a separate water contribution curvesfor each‘alcohol.

In the low mole Z.water*region; fron-Figures
IV-5 end IV-6, the slopes of curves Al’ Bl’ Qi,

indicate the degree of disturbance, and thus the change .

and D,

in trap depth, which causes changes in'EAmax when a-

small amount of water is added to the respective
alcohol. The difference in the degree of disturbance
;between methanol (A ) and l propanol (B )/waterﬂ
- mixtures shown in Figure IV 6 is - ‘parallel to the

different rate- of change of E with respect to

Amax
pure methanol and primary alcohols in Figure IV 7, in

the vicinity of pure alcohol The composition de-
. )
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FIGURE IV-6." Proposed Two Kinds of Contribution to

vAcéSunt‘for the Observed E x in Aléghol/Water Mixtures =

at 298k, Based on Water Dominanée’Curve El. .

0, Ideal mixing of methanol and water;
1, Methanol; 2, n-Propanol; 3, iso-Propanol; 4, t-Butanol.
Shapes for other“ﬁriﬁéry and secondary alcohols are

similar ‘to that for 2 and for 3, respectively. -

Al’ Bi, Cl,ﬁor D1 is the contribution which dec;eases

the value of EAmax’ whi}e El is thg contributioq tending

to increase the value of E! %
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FIGURE 1iV-6
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n-Alcohol/Whter Mixtures at 298K. '

0, Methanol; [J, Ethanol; A, 1-Propamol; V, 1-Bu£anol;
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®, iso-Butanol; ¢, Pure ROH..
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pendence»of EAm x-seems to be correlated with the length
of carbon chain in methanol angd Primary alcohols. This .
suggests that the longer the carbon chaiyﬁ the greater
the disturbance caused by water, for a normal chain eon-
taining up to three carbon atoms. The_difference in
.disturbance between C1 and D seems to pe related to the
tertiary having greater bulkiness of a-carbon than does
the secondary~alcohol. That 1is, when a—carbon is more~

- b
bulky the relative disturbance by water is greater. .

o jiii) In the High Mole % Water Region

From Figure IV—4 fS, -6, or -7, one can see that
the behavior of’ EAmax'as a function of composition is
similar when a small amount of any alcohol is added to.
water. . In all _cases, the value of: EAm ax increases with
pincreaéing mole X alcohol. The Treasons for this
observation are still an open question. However,

Franks has cited that when a smaIl amount of a non-. =
-électrolyte is added to liquid water, the-tetrahedrally

‘coordinated water skeletoﬁ, with respect to each

'oxfgen atom, will be changed This change can be

seen from the viscosity concentration curve in a .

binary system such as water/ethanol (Figure IV 8)

" In this figure, dn/dc increases with increasing con~-

. centration, showing an increased structure - effect

which reaches a maximum at <102 alcohol_(284). By

_comparinglPigure Iv-9 and Figure,IV-B; it]can‘be:
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FIGURE IV-8. Viscosiﬁy, n, and dn/dC of Ethanol/Water

Mixtures'atiZQSK, Data from ref. 284.
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FIGURE IV—Q. Composition Dependence of E, x/E! ,
for Alcohol/Wa_ter Mixtures at 298K. \
O, Metﬁanol; ‘a, Ethanol; A‘, l—fropanol; V,Z-Propanol

and all 4 isomers of Butanol; Q, Water,
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seen that the behavior of E - is similar to that

‘ Amax
of dn/dC as a function of composition, ‘especially in
the vicinity of pure water. The structure disturbance

tends to make the electron trap slightly deeper.

»

{iv) Around 10 Mole % Water Region

From Figures III-1, -6, -8, -12, -14,- -19 and
IV-4, ielcan‘be seen that near 10 mole y A wafer the
value of EAma# in priﬁa:y alceﬂollwate; solueiensbpasses
thfoﬁgh a,minimgm that is equallto or slightly less
than the velue.in pure Qater. This eccentric ‘behavior
is observable in the ethanol/water data of Arai and.
Sauer (105), but they apparently attributed it to
experimental scatter., The minimum indieates that the
fsepth of the trap becomes similar to that in’pufe
water., The reasons fbr this finding are not yet clear.
Two possible reasons are Buggested here (15 the
minimum mey be an accidental result of the two dis-
turbances mentioned in the above sectibn (i;); (2) an

alternate account from the solution strdcture‘point

of view might be as foilows."

. e
Amax

strength of interaction between the excess electron

Theemihimgm in E -ihdicates that the net

and solvent is a minimum when about 10 mole 4 water/
»isvpresenﬁ. The water might enhance formation of
alcohkol tetramers, which would tend to decrease the

<
1

¢
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availability to the electron solvation site of OH
functional groups. Tetramers might result from water—

nucleated structures such-as that illustrated in Fig-

\«

ure IV-10, The structure shown in this figure is
based on the ring polymer model for alcohol (282),
along with ideas from models such as octahedral (285),
tetrahedral (286), and body,centered cubic (287-289)
that have,been proposed for water. Eight, alcohol
molecules are placed on the corners of a' cube 1 to 8,
in which 1 to 4 is- one tetramerdand 5 to' 8 is another.
A water molecule is Placed at the center with H -bond-~-
1ing directions towards sites 1 and 8 by acting as a
‘proton donor, and with other H- -bonding directions to~
wards sites 3 and 6 by acting as an electron donor.
Thus, two tetramers of alcohol are linked together by
one water molecule, and the ‘water molecule is occluded
by eight alcohol molecules. The formation of such
solution structure around 20 mole Z water might
account for the observed min&gpm of EAmax ‘ With this'
| configuration,the net’ strength of interaction between'
the excess electron and solvent may then depend upon
the size and type of the alkyl grOup in .the a-position
to the OH group for each alcohol Another example of
an unusual structural change in -the 10 mole Z water

region of ethanol/water mixtures has been reported

by Potts and Davidson (290) Theylfound a eutectic

3

S to S



.FIGURE 1v-10. Proposed Solution Structure for

Alcohol/Water Mixtures Around 10 Mole % Water
at 298K.

'. Oxygen atom in water molecule;

() Oxygen ‘atom in alcohol molecule.

240.
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S‘l

1

Point of this ethanol/water system occuring at 15 mole
2 water. \

Thevdifferent behavior of methanol, compared to
that of ethanol and the other primary alcohols |is
Presumably attributahle to the small alkyl group and
consequent different liquid structure.

The yalne of EAmax.in methanol.is higher than
for water. This is:another pecnliar behavior of
f‘methanol that has been observed, in comparison with
ethanol. The reasonbforgthis could be due to the
above configuration and to only one methyl group in

the a-position of the OH group. In.addition, it

might be due to the Peculiar character of this alkyl

- 4group.' The peculiwr behavior of this methyl group has

been studied by Mulliken as follows (291, 292)

C, o
H—,C—-O--H | <—-—~——> a—~—g':=f09~u , [i]‘

- H H

This eccentric»behavior'stren hens_the nower‘of the

'8olvation site in the OH group, and hence, increases

»the ability to solvate the excess electron.,.

In the case of secondary and tertiary alcohol‘
‘the corresponding E max at 10 mole z water is much
lower than for water although it is higher than for
the. respéctiverure alcohol 'This-could be due‘to[the‘
selective solvation by water,i '231 |
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. (v) In the Remaining Composition Range
From® Figures IV-4, -5, and -6, it can be_seen that,

in the 10 to 50 mole % water region, E, decreases
. Amax -

gradually for-methanol, While'EAméx increases gradually

for primary, secondary and tertiary alcohol/water mix-

tures. 1In the 50 to 90 mole Z water region, E is
: o Amax

nearly composition independent\for all alcohols, with-

\

in experimental error. The former behavior indicates
gradual change of the structure of the electron trap, ‘

with some preference for water molecules. Above 50

LS

mole 2 water, the trap appears to be a slightly modified_

water structure.

-
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2,' Composition Dependence of W35 for Alcohol/Water

Mixtures,

The behavior of Wy as a function of composition is
, included in the' figures mentioned in the previous section
for EAmar’ and is summarized in Figure III-20. It can be

seen from this figure that: W%.decreases as mole Z water

-

increases; most of the decrease occurs up to 50 mole ¥

¥ 9

water; in the low mole % water region, the sharpness of
&}the decrease i1s in the following order, secondaryq?
primary > methandl >>. tertiary alcohol. The W%.curves
vreflect‘nomddeal solution behavior and selective solva-
tion of the electrons by water, as did th% mar curves.
| The non-ideal behavior is accounted for by the
mutual distdrbanCe of the liquid'strucfures when water
.and.alcohol molecules are mixed together. ‘Parallel to
Section B—l-(ii) above,ithe observed curves for W% are
resolved into two compongnts (Fiéure IVfll). The hypof
tnetical water component curve (E) must oe concave to-
_wards the composition axis,‘because the electrons tend
- to be preferentiallf solvated by water. The compliment-
ary alcohol‘curves for methanol (A); 1- propanol (B),
erropanol (C), and t- butanol (D) were obtained by
subtracting-E from the observed curves 1, 2, 3; and
4, respectively, Fr Figure IV-S and--6 in thevbre—r
rious'section,it can e seen’ that the behavior of E

Amax
as a function of composition in t- butanol/water is

]

\1\

9

P
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FIGURE IV-11. Proposed Two Kinds of Contribution to

Account for the Observed W!,i in Alcohol/Water Mixtures

: <5
at 298K.

i

1, Methanbl; 2, n-Propanol; 3, iéo—Propanol; 4, t-
Butanol. Shapes for other primary and secondary alco-

hols are’similar.to that for 2 and for 3, respectively.
A, B, C, and D' are the coﬁEributiOns which decrease

the value of W% in ‘-methanol, n-propanol, iso-propanol
and t-butanol/water, respegtively. E' is the contri-

bution tending to increase the value of W;5 for t-

3

butanol/water mixturés; while E is the COrresponding

contribution for the rest. E0 is the hypothetical

ideal contribution of water. ) -~
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FIGURE IV-11

o~
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)

mére non-ideal than'methanol/water. In Figure IV-11,
if ‘the same water éomﬁonent curve E were used for all
the/alcohol éolutions, the‘behaﬁioi\of W% as a function>
éf composition ip~t—buté&ol/&ater (durve‘D) would be
iess non-ideal than in.;qghahol/&aCer'(curveJA). Th;s

is in contrast to‘the behavior of hAmax mentioned above.

Therefore, another hypothetical water component curve

(E') is needed in order to obﬁainva more suitable com~

-

‘plimentary curve for t-butanol (D'). With the curve D',

4 £ W/ £
Amax anq of W§i for

the degreé of non-ideal behavior of E
t-butanol/water has more or less the‘same4 rend compared

f&ith.methanol/water., Line Eo represents an ideél con-

tribution to W;5 from water, and is used for indica;ing

the deviation from ideal. The slopes of the curves .
& — : . :
such as A and D' then indicate the relative disturbance

a

ofXW%:by water jwhen a small amount is added to the
{ s .

respéctive alcohol. 'Ihe apparent composition depend-

o
i

ence of W!5 in t—butahbl/water.showp:in Figure IV-11 'is
nearlf linear. ‘This‘ig a coiqcidencé due mainly to the
. . . Py . L ! ‘
- . - : N .
increase+of E, . with increasing mole % water. The
~Amax . § .

#agio w%/EAmax does not jaryllinearlj yith'compdgition;
| Figure IV-12 sﬁows that the appareﬁt W%,for n-'g
" alcohols is néarly.independept ofzcafbdn chéiﬁ iengtﬁ,
jex;:ept for methanol. ~This ?xcéptioh'could:be éxﬁeqted»
since thé‘behévibr of methanol differs from other

primary alcohols as mentioned in the previous two .

‘¢
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o in n-Alcohols at 298K.

1§

[e) e

TN

No. of Carbon Atoms .

FIGURE IV-lZ._ Plot of L

% _vs the _NumB‘er} of Carbon Atoms

‘ Water' O, n-AlcoholB, this V°1"k A, ref. 85.-

- _‘-.._,‘;‘:f“-'-\. Expected value. o ®
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A

sections. The value of w% in alcohol 1is much higher

than in water. Jou and Freeman have poatulated a reason

for the observation-that.the breadth of w% in alcohol

is wider than in water. -This 1is due to the: alkyl group

<.

providing a higher excited state in the course of opti-
cal transition (86).

. From-Figure IV—l%, it can be seen that the value
of W% in purb‘alcohOIS'seeme to he correlated to the

.

number and nature.ofH atoms attachedlto the carbon atom

IS

which is 1in the a-position of the functional group of

‘alcohols. In other words, the value of W;5 in pure

aICOhols might depend upon the’ environment of the

carbon atom which is in the a-position to the OH group.
. Figure IV-14 shows that in the low mole Z water

o

/:egion,%the rate of decrease in w¥-with respect to the

_values in the pure alcohols is as follows, secondary

alcohol > primary alcohol > methanol >> tertiary ‘alco-

hol. This seems to parallel the trend observed in

Figure-IV-13 Therefore, the non—ideal composition

dependence of W% might ‘be somehow correlated with the *

.gdisturbance caused by water upon the environment of

the u-carbon to the OHfgroup. The mechaniSm'wherehy:

the e%¥ironment of the.a-carbon affects ‘the W% of the

o

absorption spectrum is‘not known./ Neverthelese as

*he

’shown.in the.fqllqwing aection;(the behavior of w& R

~
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FIGURE IV—14 Compositiou Dependence of W WROH

5"y
for Alcohol/Water Mixtures at’ 298K. . ‘
’ Q, ROH° O, Hethanol o A, LL_-Propavnol;". D, 2-
Propanbl;, V_,v t- Butanol S . |
L Tréhds .fér other primary a.nd ’.secondary.alcohols

- are similar to that for Aand for D ,-,r"espec.tilvelyl.
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.
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18 determined largely by changes in W Thus, further

b’
research should be aimed at changes in the high energy
side of the spectrum with changes in solution structure.
Fr%m Figure IV- 11, one can see that above 50 mole
X water, % is nearly composition independent for all
alcohols. This is similar to the behavior of EAmax as

a function of composition in the _same concentration

region (see Figure IV-5 ot —6) This consisterdcy

-

supports the suggestion that above 50 mole % water the

electron rests preferentially in a trap that is a

A

_slightlx modified water sfructure.

Iid
LoF
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3. Composition Dependencé of W, and W

b

.
»

‘The values of‘Wb.:and,Wr are given by (Figure I1-

15):
w;ir-wﬁ~l~\wr '\‘[2] »4“
Wo T Ep T Epnax >' [3]
‘and. : -W_ = E - E ' . [4]

r Amax T \

0y

where Eb is the energy‘at half—he?%ht of abédfption‘

maximum on the blue side of ‘the spectrumgend Er is’ the
cor;esponding energyfon the red side of the spectrum.
The repotted values of W, and Wr'depend/upon the value

chosen for E, , for .a fixed value of W,. The value
_ JAmax’ ST - - 5

of Enmax is obtained yisnaliy ffpm the plot, and could

: differ from one person to another by +0.02 eV;' The
jaluee of wg and W ete therefqre subjecé’te“this,’K_
amount of error, .- | |

~The behaviors'ofwwg.ann WZ as fUnetione of com-
position'are,shgwneih the figures mentioned nbove'ﬁoi;

k4 - c . N :,3
A nax and»w;5 and are summgrized in Figure III-21.

b is more sensitive

tq changing composition than 18~W£,especia11y,im the
-low mole'% water'region"from 0 to 50 mole Z‘water,'
'both Wb‘and W ‘decrease wién increaein%/mole Y 4 water-

above 50 mole Y 4 water, both~of them are almost com-,

3
A J

ﬂpoaition independent, and the“valuefis;nearly;the same.
‘ N . : J vﬂv. - .. R : " N ‘3 ) ‘ e
"for pure water.- The Wy curves reflect non-ideal

;
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LN
solution behavior and selective solvation of the eiect-

rons by water more than the W durves do.

By comparing Figure III-ZO and -21, one can see

%
that composition dependence of W% is generated mainly

-

through Wb.ﬂ This supports the interpretation that the
shapes of the low and high energy. sides bf the: bands
‘are determimed by different Processes (86) ~ The absorp-

tion band may therefore be deconvoluted into overlapp- -°

,
e

ing component bands (85). The lower energy side of the

-

band represents the bound -bound (b -b) transition between
the ground state and a first excited state, both of
which are determined mainly by thefpotentialzwell
.created by the Oﬁ:groups. The higher energy side of

the band in water represents bound- continuum (b c)

transitions. The greater wid&h of the band in alcohol

f'soﬁvents, compared with that in water, is attributed

to the alkyl group which may provide an extra, higher
. N
excited bound state. That is, in alcohols there may L

>

exist an’ additional b=b- transition in.betwégn the . '\\
/. . " N L,
b- b and b-c transitions just mentioned S

,\ ‘ From Figure iv-ls one can see that, within t." L

the inhevent error (see\neﬂt paragraph),'composition‘
f L

ag a function of composition (Figure 1v-11) ABUJ
%

- 50 molq 4 water, w /W is nearly independent of com~>"

‘ position for all alcohols.' This is similar

PO S Lo X s

. . ] L. . . Lt co - T . o .
‘\" . . . R . . . I . N . - N

B
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to the behavior of EA max (Figure IV 5 or -6) and of W%

(Figure IV-11l) as a function of composition in the. same -
concentration region. Th18qconsistency again supports
themsuggestion that above 50 mole % water the electron

;

rests preferentially in a trap that is a slightly modi-
fied water structure.
The ratio of Wb to W has been used to indicate

the asymmetry factor of the absorption spectra for&the

solvated electron (52 85) - The'values of wb/wr obtained.

from the present study are listed. in Tables III-1 to -8.

As mentioned abnve,.W . and Wr'are dependent on the

b

value of E schosen for a fixed value ‘of W, . Given
. Amax . X

that the error in determining the value of E - 1s
Amax

4.

‘ilz, the error~inherited in calcplating the rati% of

)

Wb to W will be +102. Therefore, this ratio is good .

for qualitatively indicating the asymmetry of a given -
absorption spectrum, however, it is useful for quanti-
tative’ comparison of the asymmetry of absorption spectra

only when the inherited error can be ignored (Figures

IV~15 and -16)
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4, Composition'Dependence of Geg’
. . ‘ - max

As shown in Figure III- 2, A x changes relatively
rapidly with composition in. the vicinity of pure water
and pure alcohol. The most attractive and challenging
phenomenon is that of the Geg a# having a maximum in
the very high mole Z water region. The increase of

Gema¥ upon thevaddition of ~2 mole g of an alcohol to

water cdincides with the smallwincrease of E

| Amax

(Figure III-1 or —19) j This behavior suggests that
the addition of a few mole % of abcohol to water en-
hances the orderliness of the water structure, which
might increase the thermalization range of the excess
electrons and thereby the free ion’ yield G (yield

per 100 eV) There is physical evidence that the
Presence of a amall amount of monohydric alcohol
.affects the structure of. 1iquid. water ethanol can

i

form a clathrate hydrate of CZHSOH 17H20 at 94 mole z

water (290), there”is,a.maximum for the yelocity‘of

96 to 90 mole % water in. t- butanol/water (293), there
is a minimum of . solute partial molar volume in’

. ethanol (Figure IV-17) and in t butahol/water mix—f_
’tures aroundv93 and 9l mole F 4 water, respectively‘
(294), the critical micelle concentration ;curve of

sodium dodecyl sulfate at 25 C in t- butanol/water

RN
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mixtures has a minimum at. 96 mole Z water (295), the

4

composition dependence curve of sodium chloride con- \\\

centration required for the flocculation of polystyrene
enrulsions in ethanol/water mixtures has a maximum at /
95 mole % water (296); in the hydrolysis of t~butyl
chloride in ethanol/water mixtures, it has been found
that there exist maxima at 97 mole Z‘water in the com-
- position dependence curves for the enthalpy and entropy
of activation (297); and there is a maximum for . the
structural Tontribution to the temperature of maximum
density in an:ous solutions of ethanol and t—butanol
around 98 to 96 mole % water (298). |
’ Finally, by comparing Figure I11-2 and Figure 1V-8,
it can be seen that the behavior of Ge max is similar-
to that of dn/dC as a function of composition (284),
fespecially in the vicinity of pure water, where both
, reach a very pronounced maximum, then decline sharply.
Thus, the pecuIiar behavior of GE ax cduld be due
to changes in the solution structure. The importance
of changes in solution structure indicates the need
for a. structural configuration similar to the one
above for the 10 mole Z water region, but with an,
~alcohol molecule contained: by a number of water mole—
cules; How such configuration might affect G and E.

max
'are openings for future study.

S



“C. Effect of Temperature

1. Temperature Dependence of Spectra Shape of

Alcohol/Water Mixtures

From the A sections of the even numbered Figures
R B a

ITI-22 to —86; one can see that the E . for each spect-
“Amax - v

rum decreases as temperature increases. But from the

L%

B sections in these figures, iex appears that the shape

/Iof the solvated electron absorption spectrum changes

very 1ittle with temperature, for a given composition.?‘
This is in’ contrast to the behav1or of spectrum shape a;
:a function of composition (Figures III- 3, -5, —73 —93/
-11, -13, -15, and —17). This contrast ;ndicates that

.

',over “the temperature range examined (up to the boiling
poént for each solution) the nature of the solvation
site is sensitive to cbmposition but insensitive to

temperature changes for a given composition.‘ Thus,

]
the extent of selective solvation of the electrons

in a solvent of particular composition is approximately

invariant with temperature.‘

"2'A . Temperature Dependence owaAmax

.+ The decrease of EAmax with increasing temﬁerature_

 1is consistent with models mentioned in _Chapter 1

Section C According to these models, the behavior

of E as a function of temperature can be considered
, -Ampx ;

'to ,be mainly due” to the expansion of the solvation trap

; : R
. . N - [ 4
o

. . ' - o - Ny o
I o oo N

o-»

N D



261.
as the .température increases. 1In*other words, the depth
of 'the trap becomes shallower with increasing température.

]
-

Hence, the value of EAmax decreasés as the temperature

4
increases.

Tables III-9 to -17 shew that the tempera&ure co~
efficient OE‘EAmax is smallest for pure water and great;
est for pure t-butanol. This indicates that the trap
solvating the excess electron is relatively less sensi-
tive to temperature in water than in the pure alcohols.
In the alcobols,the'sensﬁgévity varies with structure
in the order‘methanol < primary alcohols < secondary
alcohols < t-butanol (Figure IV-18). This is related
to differences in the thermal stabiikty of the electron
»solvatién structure in eéch solvent.

The composition dependence of the temperature co-
efficient for each category‘alcohol/wate;’solutioqg/is
shown in Figure iII—88f”\RIQm this figure, éne can sée
ﬁ%at: (a) from 0 to 10 mole % water region, the ;empera—
ture coefficient increases drastically in methanol and
priméry alcohols, but decreases sharply in secondary
alcohols and g—butanol. This indicates that the thermal
stagility of the solvation site inAthe solut%on is less
for the former and more for the latter, comparedk@ith
p;re alcohols; (b) in 10 to 98 mole % water region,
the corresponding thermal stability increases (tempera-

1

ture coefficient decreases) gradually with increasing
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-dEAmax/dT (meV/K)

0 I l l

0 1 2 3
No. of o-H

-

FIGURE IV-18. Plot of -dE /dT vs the number of
Amax .

0-H in alcohols.
0, t-Butanol; 1, iso—Propanol; 2, n-Propanol;

3, Methanol. . . -

~ . ]

o~ E 2 . J/
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k)

water concentration; (c) between 98" and 100 mole ¥
water, the stability again-increases significantly.

This last change ié ansistent with theﬂphénomenaymen—
~tioned in Section B-4, and supports the suggestion that
the addition of a few mole 7Z of alcohol to water affeéts

the water structure. i

3. :Temperature Dependence of W

X

From the odd numbered Figures III-23 to -87 or

~

Tables III-9 to -17, one can see that the value of w%
changes only siightly with increasing temperature aﬁd
that it can increase or decie;se or remain nearly con-
stant. This is in contrast to the much larger change
of w% as a function of compoéition-(Figures I11-4, -6,
-8, -10, -12, -18, and I11-20, -21).

The behavior of:w% as a function of temperature
can be considered to be due to the overall results of

(a) electron-phonon interaction (EPI) (2) and (b))

electron—diﬁole interaction (EDI) (188). The former

tends to increase W%,as temperatﬁre increase&3 whilg
the lattef tends to decrease W%. Limiting cogsidera—
tions to these'two'interactions, if the effeéé of (a);
dominates (b) then the observéd temperature coefficient
of W%, dW%/dT, is posi&iver It is negative if t%;‘
effect of (a) is dominated by (b). It can be nearly

zero, if théd éffect of (a) is more or less the same as



264.

that “of (b).

From Tables III-9 to —17: one can see that the
dw%/dT is p051t1ve“for methanol, prlmary aic?y%ls and
water,)and is negatine'for secondary alcohols and t-
butanol. This indicates that the dw%/dT is dominated by
EDI 1in the latter and is dominated by EPI in the former.
o The composition dependence of the dw%/dT’for each

v
ITI-89. From this figure, the following four phenomena
can be observed.

'(i) The values of dw%/dT in the pure alcohols are

widely scattered but ‘with the exception of methanol

From 0 to LQ“méie % water, the dw%/dT decreases
drastically invprimary alcohol, but increases sharply
in t-butanol. In addition,.it decreases slightly in
methanol,-but increases gradually in secondary alcohols.
This indicates that in Primary alcohol/water solutions,
the dominant contribution to the dw%/dT has shifted
from EPI to EDI. 1In secondary alcohols and t-butanol/
water mixtures, ‘the relative strength of contribution
has shifted from EDI toward EPI, compared with pure
alcohols, although the value of dw%/dT is still nega-
tive. The behavior of dw%/dT in methanol/water differs
from primary alcohol/water solutions. All these

observed trends for the dw%/dT are similar to that for
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o

Amai (Figure III-19), ahd supports the suggestion that

3

o

¢ 13 ’
when a small amount of water is added to alcohols, there
are at least two different interferences affecting the
solution‘structqre. Just as EAmax reaches a minimum

(Figure III-19) around 10 mole ¥ water, so does dW, /dT

‘ X
reach a minimum €¢Figure III-89) in this region.” This
observation also suggests the occurrence of a solution
structure such-as that proposed earlier to account for

the peculiar behavior of E for primary,alcohol.

Amax
‘(ii) In the 10 to-50 mole % water regiop, for all the
alcohols except methanol, dw%/dlvbecomeg prog;essively
iéss negative. This indicates,an increasing'gontribh—
tion from EPTI. In methanol/water mixtures, it seems !
nearly independent of composition. This behavior. of
dw%/dT is again similar to the behavior of EAmax in
'the same region.

. )

(i1i) From 50 to 98 mole % water, within the precision

of meésurement, the behavior of dw%/dT can be considered.
as composition independent. This trend is similar to
that mentioned above for both EAmax (Figure III-19) and
W;s (Figure II1-20). This observation supports the
suggestion thét in this region, the excess electron rests
preferéntiallx in a trap that is a slightly modified
water structure.

/i '

" (iv) Between 98 and 100 mole % water, the dW%/dT again

increases signifidantly, except for methanol. This
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N

ehange.is consistent with the behavior discussed in pre-
vious sectione fer dEAmax/dT’ Gemex and EAmax’ and again-
sepp rts the suggestion that adding a small amount of
alcohol to water affects the water Structure.

‘In order to check the correlations of dw%/dT ;ith‘
vdEAmax/dT amiEAmax, the-ratios (dW%/dT)/(d%mmx/dn and
(dw%/dT)/EAmax haye been plotted against mole % water for
methanol, l-propanol, 2-propanol and t—bu;anol/water
mixtures (Figures IV-19, -20). .The trends obtained from

. L .
these two plots_are similar to Figure ITI-89.

By comparing Figure III-~88 and -89, except gor.
methanol /water mixtures, the following correlation can
be obtained: with increasieg mole % water, the behavior
of the tempefeeufe.coefficient of EAmax is opﬁosite to
that of the temperature coefficient of H% This indi-
cates that when the solvation trap is thermally more
.stable in a given alcohol/water mixture than in the pure
alcohol 'solvent, then dW%/dT is mainly governed by EPI.
On the other hand, if the trap is thermally less stable
in the solution than in the pure solvent, then dw%/dT
is mainly determined by EDI. The latter case 1is
observed only for priﬁary alcohol in the 0 to 10 mole %
water region. The former case is observed for primary

alcohols in the remaining mole % water regions and for - .

secondary alcohols and t-butanol in all regions.
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0 20 40 60 80 100
R/ . . \,7‘ '
ROH Mole % H,O H,0 \\\S\

FIGURE 1v- 19. Composition Dependence of (dw%/d'l‘)/

(dE /dT) for Alcohol/Water Mixtures.
: Amax

®, Water; (O, Methanol; A, 1-Propanol; [J, 2-
Propanol; ‘¥, t-Butanol. Trends for other primary

and secondary alcohols are similar to that for A and
[4 .

for 0O, respectively.



298K
Amax

v

(dw%/gT)/E

_2 I ]
0 20 40 60 80 100

ROH Mole ¥ HZO HZO

Composition Dependence of (dw%/dT)/

FIGURE IV-20.
——zvRh 1V-20
298 . .

E for Alcohol/Water Mixtures.

Amax :

®, Water; g), Methanol;.Aw 14Propanol; o, 2-

Propanol; V., t-Butanol. Trends for other Primary

268.

and secondary alcohols are similar to that for A and

for 3, respectively,

2
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The values of the ratio W, /E for water, methanol,
. X" "Amax _
l-propanol, 2-propanol, and t-butanol, and also fbr 10 and
50 mole % water in these alcéhols, are listed in Table IV-
2, and plotted against temperature in Figuigs IV-21 to
-24. The relationship between W, /E and temperature
L' "Amax
is approximately linear. All these plots have a positive
slope, indicaﬁing that W;5 decreases less rapidly with in-
creasing temperature than does E .
S Amax

. i ‘

The value of w%/EAmax s higher for pure alcohols
than for pure water (Table IV-2 or Figures' IV-21 to -24).
Upon adding 10 mole % water into alcohols, the value of
wngAmax decreases towards the value of. pure water by
‘more than the 10 % change expected for ideal mixing. At
298K, the 7 decreases are respectively 26, 38, 65, and
43 for 10 mole % water in methanol, l-propanol, 2-pro-
panol, and t-butanol. All these decreases indicate
selective solvation by water. When 50 mole % water is
added, the value of w%/EAmax decreases by much more
than the 50%Z. At 298K, the % decreases are respectively
99, 91, 96 and 90 in methanol, l-propanol, 2-propanol,
and t-butanol. These decreases again indicate selec-
tive solvation by water and also show that, above 50
mole 7% water, the excess electron rests preferentialiy
in a trap that is a slightly modified water structure.

Figures IV-21 to -24 show that}atvtemperatures higher

than 298K, the corresponding % decrease in w%/EAmax
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TABLE TV-2

Amax
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in Alcohol/Water Mixtures.

<0]M|Ti>
R
<lOlMlTi>
R.
<50|M|Ti>
R
<0|1P]Ti>

R

<10]1P[Ti>4

R
<50[1P|T,>
R
<0I2P|Tii
R
<10|2p|T. >
R
<50]2P|T1>
R
<0]tBlTi>

R

<10|tB]Ti>w

R

180
0.55
180

0.49

150

0.63

200
0.56
200
0.50
200
0.40
200
0.68

200

© 0.62

200

0.75

200

0.61

250
0.63
250
0.59
250
0.43
250

0.75

- 250

0.67
260
0.48
250
0.81
250
0.63
250

0.46

-

298
0.72
298

0.66

298

0.49

298

0.83

298

0.70
298’
0.52

298

0.95

298

0.65

298

0.52

298

0.78

298

0.65

¥

350
0.81
350
0.74
350
0.56
350
0.95
350
0.76
350
0.56
350
1.09
350
0.68
339
0.54
325
0.88

325

o0

369

0.99

360 ’

0.57

352

0.57

350

0.83
350
0.73

(continued)

103 (dr/dT)

1.8

1.2

2.5

0.9

0.8

. 2.7

0.5

1.1

2.5

1.5
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~
g

Table IV-2 (continued)

>

<50|tB|Ti> 273. 298 350 368

I'g 0.47 0.52 0.56 0.69 : 1.3

At

<100|W]Ti> 273%£:3,298 350 373
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250 '

300 350
Temperature, K -

FIGUREiIV-Zl. Temperature Dependence of w
=

for
Methanol/Water Mixtures.

L/ E

Amax

i
|
|

O, Pure methancdl; A, 10 mole % water;

vater; [J, Pure water,

V>, 50 mole %-



s

0 - 1 |
Z50 300 \. 350
\“ Température, K ' ‘

~

FIGURE IV-22. Temperature Depéndence of W,/E for
: %' "Amax

l1-Propanol/Water Mixtures. ‘
(), Pure l-propanol; A,10 mole ¥ water; V, 50 mole

%Z water; [J, Pure water,
' 2
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250

FIGURE 1V-23.

300

350

Temperature, K

2-Propanol/Water Mixtures,

C); Pure 2-propanol;

Z water; [J, Pure water.

Y

4,

Temperature Dependence of W%/E

10 mole %

water; v,

Amax

for

50 mole



275.

I l

250

FIGURE IV-24.

300 350
Temperature, K

T .
emperature Dependence of w%/EAmax for

t-Butanol/Water Mixtures.

(

oF Phre t~butanol; A, 10 mole 7 watex; 'V; 50 mole

Z water; [J,

Pure water.
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is larger than those jhst mentioned for 10 mole % water
: ‘ ~
mixtures. It appears that increasing the temperature

favors selective solvation by water.

D. Sdmmarz

A number of observations can be made about the
optical absorption spectra for solvated electrons in

alcohol/water mixtures.

1. Pure Solvents

The values of E for alcohols and water are
Amax .

found as follows:‘methanol ~ primary alcohols (except

ethanol) > water >'secondary alcohols > t-butanol.

This is due to the difference in each liquid's structure.

The values of W% are as follows: primary alcohols >

methanol > secondary alcohols > t-butanol = water. This

is accounted for by the environment of the a-carbon in

the alkyl group which provides an extra, higher excited

state.
2. Alcohol/Water Mixtures

(a) Effect of Composition

In the vicinity of pure alcoholsl when a small
amount of water is added the E for the solution has

Amax

two trends, depending upon the nature of the alcohol.

The value of E decreases as mole % water increases
‘Amax

~in methanol and primary alcohols, and it increases for

-

secondary alcohols and t-bputanol. The plats are con-

t
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cave upward for the former And concave downward for the
latter. In contrast, the values of W% decrease with in-
creasing mole % water, all curves being concave upward.
All these indicate the selective solvation of the excess
electrons by water. M

‘ In ﬁhe very high mole % water region, the values
of EAmax increase significantly for all alcohol/water
mixtures, but the Qalues dflw% are independent of com-
position. This indicates that when a small amount of-

alcohol 1is added, the liquid structure of water is

altered to make the(deé&h of solvation trap slightly

.deeper. The observed eccentric behavior of Ge in '

max

this region, that is, GEmax increases sharply as mole %

alcohol incréasés and then decreases, also indicates
that the liquid structure of water .is changed.
Around 10 mole % water in primary .alcohols,

Amax has been found to reach a minimum that is close

to or slightly 1less than the value for pure water. This
premature minimum shows the existence of a solution
structure that is peculiar to this mole 7% region.

Between 10 and 50 mole % water, E gradually increases

Amax

to a plateau value which is slightly higher than that
for pure water.

From 50 to about 97 mole % watert, both E and
Amax

w% are nearly composition independent. This indicates

&

that the excess electron rests preferentially in a

o
4
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trap composed of a slightLy modified water Structure.

(b) Effect of Temperature )

In contrast to the spectrum behavior as a function

|
‘.

of composition, the shape of the solvated electron
absotption Spéctrum changes little with temperature.

The value of EA ax decreases as temperature increases
m

for electrons in all the solutions and pure compounds.

~

This is mainly due to the trap becomin% more shallow

with increasing temperature. The temperature coefficient,

-dE /dT, of water is less than for pure alcohols, in-
Amax

dicating the trap to solvate the excess electron is

relatively less sensitive to temperature in water than

in the pure alcohols.

The value of w%‘changes only slightly with in—.
Creasing temperature. In some solutions‘if increeses,
in others it decreases Or remains nearly eoustant; This
may be accounted for by the competition between the
effects of the electron-phonon interactionhand the
electron-dipole interaction.

Tempetature dependence of W;S/EAmax is approximat-
ely linear with positive slope for all solutions, in-
cluding pure compounds. The value of w%/EAmax is
higher for alcohols than for water.. In 10 mole % water

solutions, it decreages towards the value of water by

more than the 10% change expected for ideal mixing.
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This indicates the selective solvation by Qater. In
50 mole 7% water solution, tﬁe % decrease towards the
pure water value is more than 90%, indicating that the
"excess electron rests preferentially in-a trap that is
a slightly modified water structure. The-% decrease
in w%/EAmax is larger with increasing temperature, for
a given solution. This shows that increasing the tem-

perature favors selective solvation by water.

(c) Composition Dependence of Temperature

Coefficient.

In the 0 to 10 mole % water region, -dE /dT in-
Amax

creases drastically in methanol and primary alcohols,

but decreases sharply in secondary alcohols and t-but-
anol. An increasing temperature coefficient‘indicates
a decreasing thermal stability‘of the‘solvatibn struc-

ture, and vice versa. In the 10 to 98 mole i water

’

region, -d /dT decreases gradu{lly with increasing

E
Amax
I\

water concentration. Between 98 and 100 mole % water,

-dE /dT again decreases significantly. . The last
Amax

change indicates that the addition of a small amount
of alcohol to water affects the water structure.

The behaviors of -dE - /dT and dW, /dT as a
, max 3!

A

function of composition are similar to that of EAmax

itself. The behavior of w% itself-with composition

is quite different from these.
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V. APPENDTIX v

Spectra Analysis

A, Deconvolution of Absorption Spectra

In obtaining secondary parameters of an absorption
spectrﬁm, the choice of constraints in the method of
deconvolution mentiohed on pages 75 and 76. is arbit-
rary. Examples of attempts to deconvolute the optical
absorbtion spectrum of solvated electrons in Pure \

| - N/

methanol at 298K are shown in Figures V-1 to -3. In —

Figures V-1 and -2, for the first Gaussian band the;
: Al

/A for the band maxinmum

relative absorbance A
1lmax’ “"max

is required to be greater than 80% of the obserVed
band maxiﬁum, and the maximum error for fit between
generated and observed bands 1is required to be 1less
than +2%. For the second Gaussianuband, in Figure
V-1 the maximum error has been gept the same as for
the first Gaussian, +27, whereas in Figure V-2 a
maximum error of +3% has been allowed for the second
Gaussian band. The restrictions are less sfringent>
in Figure V-3. The value of Almax/Amax for the
maximum of the' first Gaussian band’is only required
to be greater than 60% of the observed band maximum,
and the maximum error between generated aﬁd observed

bands is only required to be less than 3% for each

of the three Gaussians that were extracted.
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The results obtained from these figures are sum-

marized in Table V-1. From this table, it can be seen
, that: .
(1) Allowing the maximum % erroy to be changed from

1.7 to 2.5 for,deconvoluting the second Gaussian band

-

allows about 60, 8, and 47% increases in A_. /A ,
2max’ “max

EAZmax’ and gz, respectively.

/A of

(2) Allowing the relative absorbance A
i Imax’ "nax

the first‘Ggussian to be changed from 0.83 to 0.64

causes 5 and 10% decreases in EAlmax and 81> respect-

ively. The resulting changes allowed in the second

Gaussian band are: A2max/Amax and gz increase respect-

ively 30 and 147, and E decreases 4%. If the .
A2max -

values of Alma-x/Amax and g; are lower, then the cor-

respoﬁding values for the second Gaussian can: be

higher.

(3) The m;gnitudes of the g values fof the three
Gaussians in case ITI, decrease in the order of gl >
gy 2 8- -

. Although the arbitrariness in the choice of con-
straints to deconvolute the absorpt;oﬁ spect;um has
been illustfate@iin Figures -1 to -3, the

decorfvolution of the spectra in. mixed solvents. has Been

done under the following constraints:



TABLE V-1

309.

Parameters for Deconvoluting the Absorption Spectra of Methanol
- ¥

.inte Gaussian Bands at 298K

The First Band

15 E@. 1118 £§ LI.EJ
. /A 0.83 0.83 0.64 0.35 0.57
imax max
) i 2.21
By imax @V 1279 1.79 1.69 2.04
* R .
g eV  0.350.35 0.32 0.17 0.25
.t.
2 1.7 1.7 1.7 1.7 2.5
max
/

§ I, II and III indicate Figures V-1,

The Second Band

§

IIT

0.74
2.11
0.29

2.5

The Third Band

III§

0.52
2.55
0.22

2.5

-2 and -3, respectively,

* g represents half of the width at half-height in generated

Gaussian band.

.{.

max

r

A = The maximum % error between the generated and the

observed bands in terms of the relative absorbance.

N
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(a) Tentatively, only two Gaussian bands are extracted

from each’ absorption Spectrum,

(b) For the first Gaussian band, the constraints are
the same as required for the band deconvolutionﬂin Figure
V-2,

(c) For the second Gaussian bénd the value of A/A

for the band maximum is required .to be greater than 80%

of the band maximum for the residual band obtained from

(b).

(d) The maximum’difference between the sum of the two

-generaged bands and the observed band w;ll be +3%.

The results obtained from thisg type of decpnvo—
iution for each alcohbl/water mixturezaré summarized
in Tables V-3 to-—lO.-‘The‘results for water are
listed in Table V-2. Representative ;pe;tralobtained
from this deconvolution are shown in Figures V-4 to -
-20 for water, methanol, l—propanol, 2—propanol, and
t-butanol. These alcohols were selected to represent
the four categories used in this study, i.e., methanol,
primary, secondgry and tertiary alcohols. The tem-~
pPerature in all ca;es”is ZQéK; The validity of these -
Parameters will bpe discussed in the last section of

this chapter.

ot

AR



Secondary Parameters of Solvated Electrons in

TABLE V-2

o

311.

Water at Different

Temperatures

<lOOlWITi> Code No.
T : K
Al
Ay
El eV
E2 eV
: gl eV
) eV
fl
f2 -
fy
ev

155

273
0.98

.0.33

1.79

2.36
0.34
0.27
0.60
0.16
0.24
2.38

3.9

152

298
0.99

0.27:

1.74

2.29

0.35

0.23

0.64

0.12

0.24

2.27

4.0

153

350
0.99

0.21

1.62
2.34
0.40
0.29
0.73

0.11

-0.16

2.35

4.1

154

373
0.99

0.21
1.57
2.26
0.41
0;29

0.74

0.11.

0.15

2,27

4.3

where A is the relative absorbance of band maximum with reséec;

to (w.r.t.) the observed A/Amax; E is the energy of band maxi-

mum; g is the half of the width at Half—height of Gaussian

band; and £ is the area_ratio.of Gaussian band w.r.t. the

observed band. Subscript 1 indicates first Gaussian band, 2

indicates second Gaussian-band, 3 indicates residual high energy

tail. E_
alle By

transition, while ¢ 1indicates the descending power of A/Ama

vs E curve, in which E is greatet than E

Amax”

represents the threshold energy of bound-continuum

X
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_TABLE V-3

Secondary Parameters of Solvated Electrons in Methanol/Water at

Different Temperatures

-

<O]MIT$P Code No. 5 4 3 1 2
T K 180 200 250 298 350
A a 0.89  0.90 0.90 0.82 0.90
A, © 0.63  0.54 0.57 0.59  0.63
E, u . ev' 2.12 2.10 1.95 1.79  1.66
E, ev '2.49  2.56  2i41  2.22  2.19
8, ev 0.28 0.33  0.34 0.35° Q.35
g, e 0.19  0.26 0.25 0.26 0.30
'fl 0.28 0.32  0.33 . 0.30 0.33
£, | ~0.13 0.15 0.15 0.16 0.19 .
£, : 0.59  0.53  0.52 0.54  0.48
A , v : 2.48  2.49 2,35 2,20  2.09
a | 2.8 2.7 2.8 2.7 2.7
, <10]M]Ti> Code No. 16 15 14 13 17
o K a\180 200 250 298 350
A | 0.90 0.92 0.93 0.90 0.91
A, | C0.5T 0.47 0.50  0.47  o0.52
E; eV 2,19 2.14 1.98  1.80 1.59
E, ev 2.61  2.51 2.46  2.30 2.05
g eV | 0.31 0.31  0.36° 0.38 0.35
g, eV 0.25 0.20 0.24 0.29 0.2

(continued)



TABLE V-3 (continued)

f 0.36

31°3.

L 0.38 0.41 _0;42 0.39
£, 0.16 0.12 0.15 0.17  0.16
£, o - 0.48. 0.50 0.44  0.41 0.45
ES eV - 2,54 2.44  2.41 2.24  1.99
a 3.3 3.3 3.3 3.1 3.0
<50|M1T1> Code No. | 20 19 18 21

T K 200 250 298 350

A . | 0.92  0.91 . 0.92 0.91
A, | | 10.48  0.42  0.44 0.5l
E, ev 2.07 1.94 1.75 1.56
E, ev 2.52  2.45 2.16 1.93
8, ¢ eV 0.26 0.31 0.31L 0.30
g, ' ev 0.28 0.33 0.24 0.20
£, \ 0.41 0.47 0.47 0.44
£, R 0.23 0.23  0.17 0.17
£, :‘ 0.36 0.30» ‘0.35 0.39
E§=’;* eV 2.48 2.25 2.10Y 1.89

ot | 3.7 3.7 3.6 3.6

J Iy

<98|M|T,> Code No. 23 -2 24 25

T K 273 298 350 370
A  0.98" 0.96 0.99  0.99
A, . | L 0.33  0.39 0.33 0.26
E, HeV \ 1.79 *1.68 1.58 1.55

(continuéé)



R

ev .

eV

eV

eV

TABLE V-3 (continued)

2.27
0.32
0.26
0.59
0.16
0.25
2.28

4.3

2.09
0.31
0.21
0.§5
0.16
0.29
2.08

4.3

0.27
0.63

0.16

4.2

2.15

0.37

0.30

0.68

0.15

0.17

2.16

4.2

314,



TABLE V-4

315.

Secondary Parameters of Solvated Electrons in Ethanol/Water at

Different Temperatures

<O|EITi> Code No.
T K

A1

A2

El eV

E2 eV

\gl . eV

g2 ev

fl

f2

f3

E; eV

a

T

K.‘

eV
eV
eV

ev

28

27 26 29

160 260 250 298 350 £
0.86  0.89 0.90 0.89 " 0.88
0.63 0.66 0.61 0.63  0.59
2.08 ; 1.97 1.84 1.67  1.48
2.51  2.43  2.32 2.20  1.94
0.32  0.32 0.34 bh§7 0.35
0.25 0.24 0.26 0.29 , 0.26
0.22  0.24 0.26 0.27 0.26
0.13 ° 0.13 0.13 0.15  0.13
0.65 0.63 0.61 0.58 0.61
2.46  2.39 2.26  2.12  1.87
2.2 2.2 2.3 2.3 2.1
34 33 32 31 30

» 160 2000 250 298 350
0.93 0.94 0.88 0.8  0.91
0.60 0.55 0.56 0.53 - 0.53
2,12 2.04 1.77 1.56¢ 1.4l
2.56  2.57 2.19 1.93  1.78
0.31 0.36 0.3 0.32 0.31
0.23  0.28 0.24 - 0.20  0.20

~/ = (continued)

e

<



cmema

=

wN

”p

<50|E|T > Code Mo.

eV

TABLE V-4 (continued)

o

eV

K ..
4
A, )
ﬁg”' eV
gl eV
8y ev
f
vfz
f3
E: ev
a
<98lE'Ti> Code No.
K
4
A
E

(bontinuedi

3

0.27  0.35 0.32 0.33
0.13. 0.16 0.14 0.12
0.60 0.49 0.54 Q.55
2.52  2.49 2,15 1:90
2.5 2.7 2.7 2.6
38 37 36 35
222 250 298 350
0.98 094 0.94 0.93
©0.41  0.35 0.41 0.42
1.99  1.90 1.70 1.s4
246 2.35  2.10 1.93
0.31  0.33 0.32 0.31
0.22 0.27 0.21 0.22
0.51 0.53 0.51 o.50°
0:15 0.16 0.15 0.16
0.34 0.31 0.34 0.32
2.47  2.34 2.08 1.94
3.9 3.9 39 3.8
4 39 41 42
273 298 350 366
0.98 ,0;98 0.97 0.98
10.32 0.31° 0.29  0.29
1.80 1.727 1.58 1.53

316.

0.35
0.13
0.52
1.73 -

2.6
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R M,

eV

eV

eV

eV

TABLE V-4 (continued)

2.28

0.32

0.25

0.61

0.15

0.24

2.21

4.5

2.16

0.33

0.23

0.62

0.13

0.25

2.17

4.4

2.13
0.36
0.29
0.66

0.15

0.19°

2.14

4.4

1 0.24

0.66

0.13

4.4

317.



. TABLE V-5

Secondary Parameters of Solvated Electrons in

318.

1-Propanol/Water at

Different Temperatures

(continued)

<0]1plri> Code No. 47 46 45 7 43 44
T K 150 200 250 298 350 369

A 0.86  0.91 0.89  0.93  0.89 0.89

A2 ~ 0.66  0.59 066 0.52  0.71  0.66

E, eV 2:19 2,09 1.92 1.78 1.5 1.47

E, ev 2.65 . 2.54 2.43 2.25°  2.05 . 2.08

g ’ T ey 0.35  0.37 0.37 0.40 0.36 0.41

g, eV 0.25 0.22  0.27  0.24 0.28 0.34
“ £ : ~0.28  0.31 0.30  0.33  0.29 0.32

£, 0.15  0.12 0.16  0.11  0.17 0.20

£, 0.57 0.57 0.54  0.56  0.54 0.48

E_ eV 2.6 2.50 2.39  2.16 2.0l 2.07

o 2.7 2.7 2.7 2.6 2.5 2.5

<1o|121ri> Code No. 61 60 59 62

T waf' 200 250 298 350

A | | .0.94 ° 0.90 0.87 0.90

A, | | 0.55  0.56 0.66  0.53

E, eV - 2.09  1.83 1.55 1.42

E, ey 2.63 “2.39 1.98  1.75

g v 0.383  0.39 0.32  0.30

g, eV 0.28  0.32 0.24 0.18



N
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TABLE V-5 (continued)

£ : 0.40  0.40 0.35  0.37
£, // 0.17  0.21 0.20 0.13
£, ’ 0.43 0.39  0.45 0.50
E, jev 2.60 2.35 1.97 1.71
o / 3.1 3.1 3.2 3.2
<50|1P|T,>" Code No. 52 51 53 54
T \ K 260 298 350 360
A N 0.97 0.97 0.97 0.9
//’/’"‘“\\\\ﬁg__\\*\\‘~//;' 0.37 0.35 0.38  0.38
| E — ey 1.86 . 1.73. 1.55 1.53
E, ev 2.29  2.16 1.96  1.97
g ev 0.33 0.3 0.32  0.33
'gz ev - 0.23  0.22 0.21 0.22
£ 0.55 0.56 0.55  0.56
£ 0.14  0.13 0.14  0.15
£, 0.31  0.31 0.31  0.29
EE eV 2.26  2.14 1.95 1.92
‘o | 4.t 3.9 4.0 4.0
' <98|1P|T > Code No 58 57 55 56
T K 273 298 350 363
A 0.99  0.99 - 0.99  1.00
A, 0.31 0.33 0.28 0.21 \
E, | ev 1.80 1.72 1.59  1.59

A

(continued)

319.



R

eV

eV

eV

eV

2.24
0.33
0.22
0.60
0.13
0.27
2.23

4.3

2.25

0.34

0.26

0.60

0.18

0.22
2.18

4.3

TABLE V-5 (continued)

2.13

0.35

-0.25

0.66

0.13

0.21

2.10

4.3

2.22
0.39
0.25
0.73

0.10

0.17

2.23

4.6

320.
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TABLE V-6

Secondary Parameters of Solvated Electrons in 2-Propanol/Water at

Different Temperatures

<0|2P]Ti> Code No. 49 48 8 50

T K - 200 250 298 350
A g 0.92 0.91 0.85 0.8
A, , 0.69 0.66 0.52 _ 0.72
E, ev : 1.80 1.63  1.40 1.11
E, ev ) 2,27 2.10 1.88  1.56
g ev ~0.30  0.31  0.36  0.29
g, o ev 0.25 ©0.25 0.31  0.25
£, ‘ 025 0.25  0.27 *0.23
£, - ' 0.16 0.15 0.14  0.16
£5 . | 0.59 " 0.60  0.59  0.61
E, . ev 3 2.27  2.08 1.80  1.53
a 2.3 2.2 2.1 2.0
© <10[2P|T,>  Code No. 64 63 83 66
T K 200 250 298 350
A | 0.87 0.8  0.90 0.95
A, ‘ 0.47 0.54  0.59  0.38
E, eV ©1.79  1.56  1.50  1.37
’gg ev . 2,24 1.92 1.98  1.80
g ‘ ev -,‘ o  0.35 0.31  0.35  0.33
g, ev 0.28 0.21  0.29  0.21
| | (continued)



. TABLE V-6 (continued)

fl .0.37
‘/
f2 0.16
f3 0.47
Eg ev 2.17
a 2.8
<50l2P|Ti> Code No. 70
T K 250
A1 . 0596
A2 0.30
El .eV 1.88
E2 eV 2.35
81 ev 0.35
g9 eV 0.26
fl 0.59
f2 0.14
f3 0.27
Eﬁ eV 2.31
a 4.2
<98|2P|T.>  Code No. n
T K 273
A1 0.98_
A2 0.31
E1 eV 1.80

0.35
0.15
0.50
1.88

2.9

67

——

298

0.97
0.35
1.69
2.13
0.33
0.23
0.58
0.14

0.27

'2.13:

4.2

72

——

298
0.99
0.29

1.74

0.36

0.16

0.48

d.77

3.0
68
339
0.91
0.42

1.56

1.92

0.31

0.21

- 0.52

0.16

-0.32

1.87

4‘2

73

——

339

0.99 -

0.40

1.61

(continued)

0.49

0.13

0.738
1.78

3.0

69

" 352

0.93
0.41
1.49
1.86
0.31
0.21
0.54

0.16

0.30

1.85

4.2

74

360

0.98

0.28

1.56 .

322,
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TABLE V-6 (continued)

eV

eV

eV

eV

2.32
0.33
0.25
0.60
0.15
£ 0.25
2.31

4.1

2.27
0.35
0.25

0.62

0.16

0.24,

2.25

4.2

-

2.01

0.30

0.19

0.56

0.14

0.30
1.96

4,37

2.11

0.36
0.28
0.67
0.15
0.18
2.10

4.3

323.
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TABLE V-7

P
L
o

324,

Secondary Parameters of Solvated Electrons in 1-Butanol/Water at

Different Tempefatures

<o[13]ri> Code No. 87 88 9 89 90
T K 200 250 298 350 388
A ~ 0.85 0.80 0.89 0.85 0.8
A, 0.64 0.66 0.53  0.54 0.63
E ev 2.08 1.87 1.8 1.e2  1.33
‘>52 , ev 2.56  2.33 2.35 2.21 1.84
8 ev 0.36  0.35 0.43 . 0.46 0.41
g, ev o.és‘ff§q£7 10.30 0.37  0.29
3 0.29 0.26 0.35 0.35 0.29
£, & 0.17  0.17 0.14 0.18  0.16
£, ‘ 0.54  0.57 0.51  0.47 0.55
B ev 2.52  2.24 2.30 2.08  1.75
o 2.7 2.8 2.6 2.6 2.4
<10|iBlTi> Code No. 130 129 126 127 128
T K 200 250 298 350 373
A 0.95 0.93 0.92  0.92 0.91
a, 0.53 Q.51 0.51  0.52 (.48
Ei | ev 2.12  1.87 1.66  1.45  1.40
E, ev 2.70  2.44  2.27 191  1.95
g, ev 0.39 0.42 0.39 0.34  0.36
g, ev 0.31 0.31 0.35 0.25 0.32

(co@(}nued)

N
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TABLE V-7 (continued)

£, 0.36  0.41 0.42  0.41
£ 0.16 0.17  0.21  0.17
3 0.48 ub;qz 0.37  0.42
EE : ev 2.68  2.44 2.30  1.88
a 2.6 2.8 2.8 2.9
<50|1B|T > Code No' 148 149 150 151
T K 298 325 350 364
A 1 0.98  0.98 0.98 - 0.98
A, 0.29  0.32 0.36  0.33
E, ev 1.77 _1.67 - 1.57  1.54
E, ev 2.40 2,18 2.09  2.12
g, ev 0.36  0.35 0.34  0.35
g, ev 0.32 ~ 0.26 0.25  0.25
£, 0.60 0.59 0.58  0.59
£, 0.16 0.14 0.15  0.14
'f;i 0.24  0.27 0.27  0.27
Ep ev 2.39 - 2.16 2.08  2.04
a 3.7 3.8 3.8 3.8
<98|1B|T.> Code No. 123 122 124 125
T K 273 298 350 363
A 0.99  0.98 0.99 -1.00
A, 0.35° 0.35 0.26 0.31
| v ©179 1.72 1.61  1.55

(continued)

0.45

0.21

-0.34

1.92

2.9

325.
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R o

ev

eV

eV

eV

TABLE V-7 (continued)

2.26

0.32 ¢

0.22
10.59
0.15
0.26
2.27

4.2

2.

0.

4.

21

33

.24
.60
16
.24

.18

2

2.25

0.38
0.31
0.68
0.14
0.18

2.25

4.1

2.01

0.35

0.19

0.64

0.11

10.25

2.04

4.0

326.
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TABLE V-8

Secondary Parameters of Scdvated Electrons in iso-Butanol/Water at

Different Temperatures

<o|13[;i> . Code No. 95 95 93 10 91 92
T K 170 200 250 295 350 378 -
AL 0:83 0.86 0.84 0.90 0.84 0.92
Aé - . < 0.61 0.58 0.64  0.59  0.56 0.48
E; ‘eV 2.15 2.17 1.94  1.76 . '1.60 1.45
E, eV . 2.64 2.68 2.44 2.25  2.20 2.13
8, ev 0.40 0.40 0.37  0.38  0.48 0.53
g, eV 0.28. 0.31 0.28 0.25  0.37 0.39
£, 0.31 0.32 0.29 0.3  0.36 0.41
£, 0.16 0.17 0.17 0.14 0.18 ‘0.16
£y o 0.53 0.51 0.54  0.55  0.46 0.43
B eV _-2.58 2.55 2.36 ‘27181 1 2.14  2.08
a 2.8 2.8 2.8 2.6 2.6 2.4
A S |
<10|1B|Ti> Code No. 135 134 . 131, 132 133
T K 200 250  298° 350 365
A . 0.97 0.95 h'o.93, 0.95  0.94
A. . 0.51 . 0.46 0.50  0.45 0.48
E, eV 2,14 1.89 1.66  1.50 1.4l
E, ' ev 2.7 2.58 2.26  2.14  1.95
g ev 0.41 0.42 0.38 0.38  0.36
g, ev 0.28 0.38 0.34. 0.35  0.29

" (continued)



TABLE V-8 (continued)

N

. eV

R e

<50|1BIT1> ~Code: No.

~T K
A
A2 ~
' E, eV
E2 eV
.gl " eV
g2 | eV
£
£,
f3 |
c'
Eb eV
a =

-

T K
4
A
'El " eV

0.39  0.43  0.43
0.14 0.19 0.21
0.47 0.38  0.36
2.68 2.55 2.27
2.8 2.8 2.8
46 145 146
286 298 325
0.98  0.99 0.99
0.34  0.34 ' 0.34
'1.78  1.75 1.66
2.26  2.27 2.16
0.34 0.34 0.34
0.25 0.27 0.24
0.57 0.58 0.59
0.15 0.16 0.14
0.28 0.26 0.27
2,22 2.26 2.19
) 4.0 3.9 3.9
119 - 118 120
273 298 . 350
0.99 0.99 1.00
0.31  0.32 0.23
1.81  1.73  1.61 -

(continued)

.y

0.48
0.21
0.31
2.16

2.9

147

350
0.98
0.32
1.58
2.11
0.35
0.26
0.61
0.15
0.24
2.09

3.8

121 -

———

363

0.99

0.23

- 1.58

0.46
0.19
0.35
1.95

2.9

328.



eV

eV

eV

eV

TABLE V-8 (continued)

2.37
0.34
0.25

0:.62

2.25

0.34

0.26

0.62

0.15
0.23
2.26

4.2

2.17,
0.38
0.22
0.70
0.10
0.20
2.18

4.3

0.29

0.70

0.12

4.1

329.
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TABLE V-9

Secondary Parameters of Solvated Electrons in 2-Butanol/Water at

- Different Temperatures .

<0|2BlTi> Code No. = 100 99 98 156 96 97
T K 163 200 250 298 350 370
A | 0.89 6.84 0.86 0.8  0.88 0.87
A, ©0.66 0.69 0.71 - 0.57  0.53 0.49
- Ey eV 1.88 1.81 1.65 1.51  1.25 1.14
E, . eV 2,40 2,25 . 2.13 199 1.79 1.65-
8y | ev | 0.36 0.33 0.32 . 0.39  0.40 0.39"°
g, j eV 0.29 0.24 0,27 0.26 -0.32 0.31
2 £ ' . | 0.15 0.15 0.18 0.25 ° 0.25 ~0.25
? £, e T 0.09 0.10 0.12  o0.11 L0.12 o011
£, ' 0.76 0.75 0.70  0.64 - 0.63  0.64
E eV 12,37 2.20 2.05 1,93 175 1.62
a o 1.6 1.7 1.9 1.9 1.7 1.6
<1olznlri> Code No. 139 138 136 . 137
. . — :
T K 200 250 298" 350
- A S 0.97 0.95 0.93 0.9
Ay ZES | 0.33, 0.3 0.37 “ orA3
E, eV . 1.96 1.75  1.58  1.41
iiz ~ eV 2.70 2i§4 223 1.96
. g1. eV - 0.45 A‘a.Zo 0:39  0.327
g, eV - 0.39  0.40 0;39' ‘ 0.26-
| L IR ?céntiﬁued)_

[

Y
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TABLE V-9 (continued)

331.

1 0.57 0.53° 0.53  0.50
£, 0.17 0.20 0.22  0.18
£ 0.26 0.27 0.25  0.32
Ey” eV 2.73  2.43  2.30 1.9
a 3.4 3.2 3.1 3.0

’ <50|231T1> codg No. 143 140 141 142

T K o 273 298 325 350
A 0.97- 0.98 0.99  0.97
A, 0.33  0.32 0.35  0.35
E, ev 1.82 1.74  1.61  1.54
E, ev 2.31 2.22 2.10. 1.9
g ev 0.3 0.35 0.33  0.32 :
&, eV 0:25 - 0.24 0.22  0.21
£ 0.60 :‘9.62 0.60 0.58
£, 0.15 0.14 - 0.15 0.14
£, 0.25 0.24 0.25  0.28
Ep eV 2,30 2.26 2.12  1.97
a Chd 43 4.1 4
<98[2B[T,> Code No. 115 114 116 117
‘T K ";73 298 350 370

» Ai : 0.99 0.99 0.99 1.00

j A, 0.33 0.31 0.27  0.24
E, eV 1.80 1.74 1.58  1.54

fcontinued)"



eV

eV

eV

eV

TABLE V-9 (continued)

2.31

0.32

0.25

0.60
0.15
" 0.25
2,31

4.2

2.28

0.34

0.25

0.64

0.14

0.22

2.27

4.3

2.14
0.36
0.26
0.68

0.14

- 0.18

2.16

4.3

2.00

0.37-

0.21

0.69

0.10

0.21

2.01-

4.4

332.
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TABLE V-10

Secondary Parameters of Solvated Electrons in t-Butanol/Water at

. | . Different Temperatures
<0[tB|Ti> Code No. 157 101 102
T K 298 325 350
A | 0.98 1.00 0.99
A, 0.53 0.43 0.38
E, eV ~ 1.14 1.08 0.97
E, . eV " 1.49 ° 1.59 1.50
N eV 0.26 0.32 '0130
g, ev . 0.16 0.23 0.27
£ 0.39  0.47 0.48
£, N .0.13 0.15 0.16
£y 0.48 0.38 0.36
E, e 1.46  1.62 1.5
® | 2.6 2.4. 2.3 L
<10|tB|T;> Code No. 103 | 104 - 105
T K 298 325 350 -
AL 0.86 0.98 0.96
A, | 0.50  0.47  0.44 h
E, eV . . 1.;1 1.29 1.20
E, v 1.65 1.73 1.70
g e . 0.27 0.30 0.32
g, Loev 0.17 0.21 0.27

(continued)



TABLE V-10 (continued)

£, 0.37  0.48  0.49
£, 0.14  0.16 0.19
£ 0.49 0.36 0.32
Eg * eV 1.56 i.74 1.69
a 3.1 3.0 3.0
<50|tB[Ti> Code No. 109 158 107 108
T K 273 298 350 368
A 0.98  0.97 0.97  0.98
A, 0.32 0.34 0.41 0.31
E "ev 1.80 1.68 1.49  1.46
E, ey 2.3 212 1.87  1.92
8, eV 0.34 0.3 0.31 0.3
g, ev 0.28 0.23 0.19  0.23
B3 0.61 0.60 0.55 0.63
‘fz, 0.16 0.15 0.15  0.13
£, 0.23  0.25 0.30 0.24
& ev 2.35  2.14 1.87  1.92
a 4.2 4.3 4.1 4.1
<98[tB[T,> Code No. 113 7110 111 12 "
T K 273 208 350 370
A - 0.99 . 0.99 0.99 0.99
A, 0.300 0.33 0.35.  0.24
B , v 1.81 1.71 . 1.57 1.54

(continued)

334.
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eV

eV

eV

eV

TABLE V-10 (continued)

2.30

0.33

0.23

0.62

0.13
0.25
2.29

4.3

2.17

0.33

0.23

0.61

0.14
0.25
2.12

4.3

2.03

0.31

0.22

0.61

0.15

0.25

2.04

4.2

2.14
0.38
0.26
0.70
0.12
0.18
2.14

4.2

335.
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B. High Energy Side of the Absorption Spectra
For the high energy side of the spectra, the values

of a in A/Amax = constant-E a’ obtained by the method

" describéd on page 76, are Msted in Tables V-2 to -10.
Lugo and Delahay (270) found that o, for 3- methyl—
_pentane glass and for liquids tetrahydrofuran and hexa~-
methylphosphoric triamide, is 8/3. Jou and Freeman (85,
86) found ‘that o is around 3 and 4 for alcohols and
water, respectively. The vaiues obtained in this study
at 298K for the alcohol/water mixtures are shown in
Table“V 11. iThe values‘for the alcohols are between

2 and 3, the- value for water is 4, and those for the

solutions are intermediate.

cC. Area Measurements ) -

In order to compare for relative contribution of

each deconvoluted band to the observed absorption band,

the area under. each band has been calculated (see pages

76 and 81). The area ratio, f, of each resolved band

L3

to the total observed'spectrum 1s listed 'in Tables V-2

to:—lOl

A

D. . 'The‘Secondary Paramefers

The ?epresentative plots of the secondary para-

meters (listed in .Section A), such” as E ’ > B4 £,
H O _ 1 2 l 2

-and f /f 2 (i = 1,2, 3y against composition are.

N v
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TABLE V-11

e

. *
The Values of o for Alcohol/Water Mixtures. at 298K

Mole % H,0
Alcohols 0" 10
M 2.7 3.1
E 2.3 2.6
1P 2.6 3.2
2P 2.1 3.0
1B 2.6 2.8
iB 2.6 2.9
2B L9 31
3.1

tB 2.6

-~

50

3.6
3.9
3.9

4.2

3.9
4.3

4.3

98

4.3

4.4

4.3

4.2
4.2
4.2

4.3

4.3 -

* The symbols uéedlin this table are:

100

354.

4.0

4.0
4.0
4.0

4.0

4.0

4.0

4.0

M for methanol E for ethanol 1P for l—propanol 2p for 2~

propanol lB for?® l butanol iB for iso—butanol 2B for 2-

butanol and tB for t

AN

-butanol
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shown in Figures V-21 to -27. The trends in E, ‘and E

1 2
(Figures V-21 and -22) dre similar to those in E

-

Amax -
(Figure IV-4). With the exception of the 2-propanol

solutions, the trends in 8y (Figure V-23) are also some-—

what similar to those in EAmax' However, the uncertain-’

ties in the g, values render possible cofrelatiogs

Y

-

=

T T T s

obscure (Figure V-24). Figure V-25 shows that the be-
H,O " ‘ o
havior of fl/fl as a function of composition, seems

=

1

to he slightly‘concave‘downward_as mole % water in-
creases. From Figure V-26, one can see that except

for l-propanol/water mixtures,’composition dependence

' H O . . . o
of f2/f22. has an inverted U shape. Figure V-27 shows

H, O . .

that the trend for the behavier of f. /f’“2 as a function

A

of composition is concave upward with-increasing mole
Z nater.' A\. .
Since it is in the developing stage to choose
appropriate constraints, the parameters obtained from
" this type of deconvolution will not be diSCussed
further.‘ Howsto eliminate the subJective factor in
deconvolution and obtain parameters more useful for in-
‘sight>into electron solvation is a problem for future

Q) N - ’ i
study.
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1.1 —

HZO
1

El/E

0.6 |— ’ —
B _. A
0.5 R i '
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FIGURE V-27. Composition Dependence of f3/f32 for Alcohol/

Water Mixtures at 298K.
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