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Abstract

Aggregation Qf the solvated eleétrpn with lithium cation in tetra™
hydrofurén forms ionic species which_have been investigated by the pulse
radiolysis method. The ion pair (Li+,e;) has a -near infra-red absorption
band with Xm = 1175 nm and a molar extinction coefficient of 2.28 x 10%
M lem ) at the maximum. A higher aggregate, suggested to be the dilithium
cation-electron triple ion, {(Li+)2,e;} ﬁas an optical absorption band
with A, = 890 nm and an extinction coefficient of 5400 M *em * at the
maximum. AbsQlute.rate‘constants have been determined for reactions of
these‘séecies with anthracene, biphenyi and dibenéylmercﬁry. The reac-

tivities of these two species are compared along with the reactivities of

(Na+,e;) and e; in THF solution.
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Department of Chemistry, The Ohio State University,
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Introduction
Aggregation of the solvated electron with alkali metal éations forms
a variety of species in a number of weakly polar liQuids. The sodium
cation-electron pair,‘(Na+, eg), has been observed in dig;lyme2’5 and in

formed by reaction of two solvated

5T

'tetrahydrofuranu. The species Na“,

electrons with sodium cation, has been observed in ethylenediamine

8,9

and in tetrahydrofuran
L,7,10

Optical absorption spectra have been determined.
The kinetics of both the formation of such species and the reactions
they undergo have been studied. |
"In some sdl?ehts,.the ortical absorptidn speétruﬁ of the soivated
.electron is very greafly altered upon ion pair formation. Thus, the
absorption maximum for (Na*, e;) in THF is 890 nmu compared with a maximum
‘ 11,12

at 2120 nm for e in THF

S corresponding to a change of 0.8 e.V. in

b
the transition energy. Rate constants for the attachment of the electron

' I
to various substrates are substantially diminished »10 upon ion pair forma-

‘tion with sodium cation.

The reactions involved in this pairing:

e +Na’ — =  (Na',el) — % <« na (1)
s < S -

are by no means unique to sodium cation. To obtain a broader knowledge

of alkali metal-electron pairing, information has been obtained about the



pairing of the solvated electron with lithium cation in THF. The results
have been obtained by ﬁulse radiolysis of THF solutions of various dis-
sociative lithium‘salté. We report here the optical absorption spectrum
of the species (Li+,e;) as well as‘rate éonstants for the attachment of
this speéies to anthracene and to biphenyl. Evidence has also been
obtained for the subsequent formation of a higher ionic aggregate of e;,
thought to be {(Li+)2,e;}, the dilithium cation-solvated electron triple
ion. This species is found to be much less reactive than éither e; or

(Li+,e;) in the attachment to biphenyl in THF.

Experimental

The source of the electron pulse, as in our earlier studieslB, was
a Varian V-7715A electron linear accelerator) delivering 3-4 MeV electrons
at a pulse current of about 300 mA for pulse duration of 100-1500 nsec
and about 600 mA for pulse duration less than 80 nsec. Electron pulses
of 200 to 800 nsec duration were used in this work. The transient optical
absorptions in the region from 600 to 1100 nm were observed using’an
RCA,YlOE photomultiplier which has S-1 spectral respdnse. Our infrared
detectorle, a solid state diode employing a diffused junction of indium -
antimoﬂide, manufactured by Barnes Engineering Co., was used for observa-
tion in thé fegion from‘9OO to 2000 nm. The 10-9Ck rise time of the
electronic detection systems is 80 nsec for the infrared detector and
considerably‘less for the RCA 7102 photomultiplier. A Bausch and Lomb
grating monochromator, type 33-86-25, f/3.5 was used. Corning filters
were selected to eliminate second-order components from the analyzing light

- 1
beam. Our standard reaction cells 3, with high-purity silica windows



aﬁd a cell lehgth of 20.0 mm,lwere used with a double pass of the analyz-
ing light_beam.

The THF was purified first by reflﬁxing under argon, for several
hours,'a solution containing benzopheﬁong and exceés sodium metal. The
solvent was then distilled through a gléss bead-packed column, the middle
fraction being retained. It waS‘then déggssed and vacuum distilled into
a storage bulb containiné a mirror of freshly distilled potassium. Solvent
was vacuum distilled from this bulb into the reaction cells just prior to
the ruhs. |

| An£hracene'and biphenyl (Aldrich) were zone refined, with a nominal
purity of at leasf 99.9%. Dibenzylmercury (Alfa Inorganics) was recfystal-
lized from ethanol, driéd under vacuum, and stored in the dark until used.
Lithium peréhlorate (Alfa Products, 99.5%),Alithium bromide (Matheson,
Coleman and Bell, >99%)’and lithium chloride (Baker, 99.8%) were used as
supplied after thorough drying under vacuum. Lithium tetraphenylboron
was brepared from sodium tetraphenylbéron (Fisher reagent grade) and .
lithium chloride by cation exchangelu. The freshly prepared salt was
reérystalliied three‘times by.addition of cyclohexane to a dichloroethane
solution. éolutions of lithium tetraphenylboron become discolored when
exposed to the atmosphere.‘ frecautions were taken to reduce contact with
the atmosphere'by conducting the preparation and recrystallization in a
glove bag filled with argon and storing the salt under vacﬁum until
immediately before weighing on a pan balance and transfer to the reaction

cell.
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Results and Discussion
Optical Absorption Spectrum~of (Li+,e_)

The tfansient absorption band which we assign to the lithium cation-
soivated electron ion pair,'(Li+,e;), was obtained by measuring the optical
density, at different'wavelengths,'immediately after an electron pulse in
TﬁF solutions of several dissociative lithium salts. The data are shown
in Fig. 1. The data combined in Fig. l‘were obtained in separate experi-
ments using either LiCl, LiBr or LiCl0O4 as the added salt. The salt con-
centration was sufficiéntly high so that the ion pairing reacfion, e; + Li+,
was essentially complete at the end of the electron pulse. This was readily
verified by observations in the near infra-red which showed that es is not
present after thé pulse because of this effective scavenging. It may be
readily seen that, when the optical densities obtained from the separate
solutions of the three salts are normalized to the absorption maximum, the
data define a common absorption band with the maximum at 1175 nm. Since
the same band is obtained from the three lithium salts it is evidént that
the anion does not play a role in the formation of this transient which is
indicated to be (Li+,e;).

Further scavenger experiments indicate thét this transient is composed
of both the iithium cation and a solvated electron. When dibenzylmercury
was used to scavengeithe band qt.llYS nm, formed in litﬂium perchlorate
solutions, a new band with a maximum at 330 nm-appeared. This new species
is' identified as benzyl lithium since the absorption band corresponds to
that reportedls for ¢CH2-Li+. Under our experimental conditions, this
band could have arisen only by the reaction:l

(1i*,eg) + (#CHe)zHg - $CHSLi® + ¢CHoHg- (2)

This conclusion is well-founded for several reasons. Firstly, we have



preyiously established that, in irradiated THF solutions of dibenzyl-
'mefcury,-the solvated electron is thé precursor of frge benzyl anion |
Secondly, the‘absorption spectrum of ¢>CH;Li+ is readily distinguished
from that of ¢CHz or that of ¢CHs paired with other alkali metal

.-cationsl7, since the‘absorption maximuh differs in each case. Finallyl
it was shown that nb significant amount of e; could react directly with
dibenzylmercury; To insure that the solvated electron reacted only with
lithium cation, the solution was made with lithium perchlorate (0.028F)
in rather large excess over dibenzylmercury (2.5 x 10°%M). Observation
- of the band at 1175 nm under.fhese conditions shows only decay, as
expected. Thus we may confidently rule out formation of benzyl lithium
b& the reaction sequence e_ + (¢CHz)oHg followed by ¢CHs + Li .
Reaction (2) thus seems well established, providing assurance that the
ben;yl lithium precursgr, with Kmax = 1175 nm, is in fact (Li+,eg).

Table I contains a comparison éf the optical fransifion energies for
the absorption bands of the solvated electron itself, the lithium-electron
pair andtthe sodium-electron pair in THF. The change in transition energy
for the soLvated electron ipduced by pairing with lithium ion is consider-
ably ‘less than that induced by pairing with sodium ion. If this shift in
transition enérgy is taken as an indication of the strength of the coupling
in the ion pair, the relative effect for Li' and Na® is difficult to
rationalize only on the basis of the ionic radii of the bare alkali metal
cations. If ionic radius were the dominant parameter iﬁ determining the
change in transition enefgy, the smagller lithium ion might‘be éipected to
induce the‘gréatef shift. Our contrary observation suggests that solvation
of the alkali metal cation is the important phenomenon which determinés‘the

interionic distance in the pairy in short, we are dealing with a solvent-

~separated pair.



Table I.
Optical Absorption Spectrum of the Solvated Electron,

its TLithium Ion Pair and its Sodium Ion Pair in THF Solution

Absorption Transition Shift Width at
Species Maximum - Energy from eg Half-Height
. ' ‘a -
el 2120 nm 0.58eV -- 3450 em *
(Li*,el) 1175 1.0b 0.L46ev 6270
o )
(Na™,e?) , 890 1.39 0.81 - T000

a) Data taken from ref. li

'b) Data taken from ref. ki



Any meaningful evaluation of the role of the solvent would requife
knoﬁledge of the number and the geometric arrangement of solvent molecules
in at least fhe'first solvation shell. Such detailed’mic;oscopic informa-
tioﬁ is‘lackiﬁg. Attention haé, however, been drawn to the role of the
solvent with these ions on the basis of other macroscopic properfies.

4 18

- The limiting conductancel > of 1i* in THF solution was found to be

lowerlu than that of Na+, a fact attributed to the relative size of the

sol&ation'shell of THF molecules bound to the metal cations, Of the'two
.ions, it appargntly has the larger solvation shell. The effect on the
spectrum, which we observe and which wevinterpret as stronéer coupling
of ﬁhe electron by sodium cation may bé rationalized similarly on the
‘basis that Lit ié>solvated to'a greater degree than Nat in the ion pair,
(M",e”), just as for the free ion in solution. A greater degree of
solvation, together with the lesser effect of effective nuclear chérge
for Lif'than for Na®™, would reduce the coulombic attraction between the
cation and the electron in thé pair. | | |

| The shape of the absorption band of'(Li+,eg) conform% reasonably

well to the same shaﬁe function as does the band for e; and for (Na+,es),
namely a Gaussién curve on the low energy side and a Lorentzian curve on
 the high energy side of the maximum.A The fit of the data in the region
to the right of the band maximum in Fig..l does not appear to be quite as
close as for other cases. The total band width at half height, for the
three spectra in THF, is also compared in Table I. Both'metal cation-

paired species have a considerably broadef band than does eg



The moiar extinction coefficient of (Li+,e;) at the band maximum was
found to be é728 x 10* M lem™1, This value was determined, as.beforeu,
by usingiarometic compounds to scavenge the transient species:

(Li+,e;) + Arene - ILi‘t,Arenet ;(5)

.~The extent of growth or decay, after the electron pulse, of optical
.density at any given wavelength, depends upon the relatiye values of .
' tne extinction coefficient of (Li+,e;) and of Li+,AreneT . At wave-
lenéths for which the extinction coefficients of these two epecies are
eqnal, neither growth nor decay is observed. With anthracenexas the
scavenger; this wavelength of equivalence was found to be 720 nm, which
happens fo correqund to an absorption peak of anthracenide ion. Witn
biphenyl.as scavenger the_wavelength of equivalent extinction coefficients
was found to be 675 nm. The extinction coefficient of (Li+;e;) was then
obteined from the two. sets of data by using the’knewn extinction coefficients
of sodium anthracenidel9 and sodium biphenylidelg'in THF,.l0,000 M lem™1
and lE,SOO‘M-lcm—¥ at the absorption peak; respectively. 'Good agreement
was obtained, the average value being 2.28 x 10*M *em * .

The‘oscillator strength of the 1175 nm band was determined from the
equation:

£ = L4.32 x 10 °(1.065 wg +1.511 wé’ ) €pnax ' '(-l';)"

-where Wg'and Wé are the portions of fhe half-width on the Gauseian and |
and Lorentzian side respectively; This gives'a value of f = 0.90 . for
the‘band of (Li+,e;), which is eimilar to ﬁhe value found for other one-
eleetren species, namely e; in THF12 (£=0.85) and (Na+,e;) in THFM‘
(f=i.0); as well as for eg in a variety of iiquids.

The optical absqrption data thus indicate fhat ion-pairing of e;
in THF induces a shift ‘in the absorption to higher transition energies.

. The magnitude of the shift depends upon the specific cation involved,



being greater for sodium than for lithium. The absorption band for eg
is considerably broadened by cation pairing, and the extinction coef-
‘ficient reducgd, while the oscillator strength remainé roughly the same.
Reaction Kinetics of (Li+,e;).

.Table IT nontains absolute rate constants for elementary reactions
of (Li+,e;) with three different substrates. Two are examples of
“electron attachment to aromatic compounds, reaction (3), and one nf a
dissociative electron attachment, reaction (2). Values of the rate con-
stants for'anaiagoné reactions of eg and of<(Na+,e;)~have been included
for comparison. |

These rate constants were determined in each case by obsering.the
decay in the absorption at lObO nm in the absence as well as in the
presence of appropriate concentrations of the added reactants. This
wavelength is near the absorption maximum of (Lif,e;), but sufficiently
far removed from the absorptions arising from the‘products (either the
corresponding aromatic radical anionstr-benZyl lithium) so that there
vis no spectral overlap. In the absencé'of added snbstrate, the decay
of_(Li+,e;) in LiClO4 solutions (0.0% to 0.06 f) foilowed a first order
rate law with a half—life of about 3 usecé. In the presenne of anthracene
(0.46 and 1.0 x 10 4M) and of dibenzylmercury (1.3 and 2.4 x 107*M) the
decay was again firstnofder with a half life reduced to less than 500 nsecs.
The rate constant for the reaction was then evaluated from the pséudo first
order constant and each substrate concentration. The rate consténts in
Table II are the average of the twb determinations at the indicated.sub-
strate concentrations. The separate valués agrée to within:tlS%. The
uncertainty .of the ratesconstant‘values in Table II is #20k. In the case

- of biphenyl, ks was obtained in an experiment using lithium tetraphenylboron
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Table II.
Absolute Rate Constants for Reactions of (Li+,eg),

+ - - . - -
(Na ,eg). and eg in THF Solution at 2590, (M *sec 'x 10 *9)

. + - - S ‘
Reactant (Li ,eq) (Na+,es) ‘ eq.
Anthracene 2.65 " -- --
. ' B a ' a
Biphenyl . 1.00 4 0.55 . 11.0
. _ : b b
Dibenzylmercury 1.8 0.79 2.7

a) Data taken from ref. b

b)_ Data taken from ref. 16
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as the dissociative salt. Other aspects of the experiment with Lig 4B,
along with the details of experiments from which kg was determined,
are described in detail in a following section.

These attachment rate constants for (Li+;eg) are all close to the

diffusion controlled limit judging from the approximate value for kdiff

calculated from the Smoluchowski equationEO:
2 4
. X _ 2RT (s * Tp)
. diff 3 _— (5).
Y ab

, : .. .18
where 1, the viscosity is h.61 x 1073P, and r, and r, are the inter-

action radii, which'a;e taken, as an approximation, to be equal. We thus
estimate Ky pp = 1.4 x 1010 M *sec ¥, quite comparable to the experimental
values.

Two properties of the rate constants for the metal cation-coupled
species, compared with those for e;, are nqteworthy. Firstly, the values
for (M+,e;) are somewhat lower. Secoﬁdly, there is a difference in
selectiyity; the ratio Ewg/k(QCHgﬁgHgAis less than unitylfor (Nﬁ,e;),
while it is I for e_.

Optical Absorption Spectrﬁm of {(Li+)2,e;}.

Experiménts with Li®,4B as the addéd dissociative salt lead to the
observatién of a Secénd absorption bénd(which we propose to be the
dilithium cation-solvated elecﬁron triple ion. Fig. 2 shows the absorp-
tion spectrum obtained at the end of an 800 nsec pulsé in a 0.023F
solﬁtion of Li®,B in THF. This figure contains the spectrum of (Li+,e;)
along with the optical density points observed in the solution of Li®4B.
The sécond band is obtained as a difference spectrum by subtracting the

band assigned to (Li+,e;) after normalization to the 1175 nm maximum.
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A similar band was obtained in solutions 0.10 and 0.18F in Li®,B. 1In
such solutions the signal decays to a plateau within 2 psec after the
bulse. Optical densities measured at the plateau define an absorption
band identical to that obtained by the foregoing difference method.
Fig. 3 shows the combined data from the tﬁo methods; the band has an
absorption maiimum at 890 nm and a width .at half-height of 5900 em t.

We propose thaﬁ this 890 nm band is to be identified as the species
{(Li+)2,e;} on the basis of the following evidence. The 890 nm band 1is
observed 6nly with Li§4B as the added salt. It is a unique property of
this salﬁ,,in comparison with the otherg used, that it is faf more

1k o cq —1.21
= 7.9 x 1075M™1)™" than LiC104(2.1 x 10 °M %)

dissociative.(Kdiss ,
‘LiBr (2 x 10'7M‘1)22 and very likely than. the less soluble LiCl. Thus,
Li®,B solutions have over an order of‘magnitude higher concentration of
free Li* and 84B°. While the (Li',e7) could, in principle, couple with
either the cation or the anion (or indeed with the undissociated salt ™
‘molecule), the over-all evidence fayours couéling wiih it as the mode
of formation of the 890 nm band:
| (Li+,e;) it = {(Li+)2,e;} | C(6)
The limiting factor in the formation of the 890 nm band is thus that
[1i*] must be sufficiently high to make reaction (6) competitive with
the normal decay of the precursor, (Li+,e;) in the irradiated solution.
With‘LiClO4 as the added salt, by contrast, there 1is no formation of the
890 nm band even at a salt concentration of 0.35F.
The decay of the (Li+;e;) band was obsérved at 1020 nm as a funétion
" of the Li¢4é concentration . At low salt concentration (5.9 x 10 %F)

the band decays completely, in accord with a first-order rate law and

a half-1life of 1.0 psec, and no 890 nm band is seen. Presumably this
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decay is accounted for by reaction of (Li+,e;) with radiolysis products,
ihcluding the solvent counterion. At'progressively higher salt concentra-
tion the formation of a plateau is observed as the formation reaction, (6),
becomes fast enough to convert (Li+,e;) to the species with a band at
890 nm. The decay of (Li*,e3) is étill first-order, but with a progres-
sively. shorter half-life as [Li®4B] is increased.

The data permit us to determine the kinetic ofder with respect to
formal Lid,B céncentration, and to set a lower limit for kg. A plot of
log ké, the first-order constant, against log [Li®4B] in the concentra-
tion range 8.2 x 10 % to 7.5 x 10 =F, shows only a small degree of
- curvature, and is_reasbnably well—représented by a straight line with
slope ~ 0.46. This low kinetic order with respect ﬁo the salt
indipates that a dissociative process:is important and that free ion
participates in the formation of thé 89é'nm band, as in reaction (6).
The lifetime of the 890 nm band, as will be shqwn, is fully 3-fold
greater than the lifetime of (Li',el) in irradiated solutions, which
'1s also con51stent with a net p031t1ve charge for the 890 nm speCLeg.

We may determine only a lower limit for ks, since at salt concen-
trations at which we observe reaction (6), only an upper limit for-
free i may be obtainedl This upper limit for [Li+] is calculated
from the equilibrium constant for the'disséciation:f

| Lid4B —=> Li' + 8,8 o (7)
Kdiés waé determined at [Li§4B] < lQ—4Flsince formation of triple
ions becomés a compiicating factor at higher concentrationslh. On

—1 Tl

sec *,

the basis of such an upper limit, we obtain kg > 2 x 10° M
whlch may be compared with a rate constant recently reported21 for
an analogous reaction, the formatlon of a trlple ion from the ion

pair'and free ion in THF solutions of LiClO,. This constant obtained
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by ultraéonic relaxation methods, is 1.60 x 10° M ‘sec l, similar to
our lowef limit for kg.

The molar extinction coefficient of {(Li+)2,e;} at the band maximum
was found tovbé 5LOO M lem . This value was determined from rate curves
observed atv890 nm in Li%#,B solutions in which a plateau in thé rate
curve'was established as (Li+,e;) was.completelylécavenged. The value
4wés calculated from the relative absorptions due to (Li+,e;) and
{(Li+)2,e;}, assuming material balance, namely that the amount of
{(vif)», e;} at the plateau is equivalent to the amount of (Li+,e;)
at the end of fhe pulse in solutions of'high salt concentration. The
‘Qalue is thus based on the extinction coefficient for (Li+,e;),
€1275 - 2,28 x 10* M *em t.

fhe-subsequent decay of the 890 nm band is first-order with a half-
life of about 10 psec, fully 3-fold longer than the half-life of (Li+, eg)
when that ion pair is formed in solution of low Li®,B concentration or
in solutions of the other tﬁree lithium éalts, i.e. at low [Li+]. Since
the mode of decay includes reaction with the solvent cation, THF+,
formed in the radiolysis, the extended‘lifetimé seems qualiﬁatively in
.accord with the assignment of the 890_nm band to a species with net
pqsitive.charge, which would undergo‘Coulombic repuision.. The observed
lifetimes of both ey and (Li+,e;) are shorter than for {(Li%)z,e]}, in
that order.. |

Our observations, considered together, are best rationalized by
aséignﬁént of the 890 nm band to ((Li+)2,e;}: rapid formation from
(Li+,¢;) only in the presence of a high concentration of Li+, with a
rate constant similar in value to that for formation of a closely
analogous.triple ion, and exhibiting a somewhat extended lifetime con-

sistent with a positively charged species in the presence of solvent.catiOn.‘
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Reactions of {(Li+)2,e;}_

" The absolute rate constant for the electron attachment to anthracene:

e ¢ [OIO10) — whe Qlgle T @

was determiﬁed by obsérvation of the deééy of the 890 nm band, at its
maximum, inAboth the presence and the absence of anthracene. The decay,
following a 600 nsec pulse in a 0.18F solution of Li®,4B, in the absence
of anthracene,tconforms‘to a first-order rate-law. In the presence of
anthracene (0.42 to 3.6 x 10 *M), the decay is also first-order, with a
) progréssively shorter half-life. A plot of the first-order constants
obtained at the varioué anthra;ene concentrations, agaiﬁst anthracene

concentration, gives a straight line with slope kg = (k.1 £ 0.7) x 10° M *sec

Thus the rate constant for attachment_of-{(Li+)2,e;} to anthracene is some 6-fold
smaller than the rate constant for the analogous attachement of the ion pair,
(13" ,e0)-

| The reactlon product which we observe is the anthracenide ion. This was
verlfled from the clooe correspondence éf the absorptlon spectrum taken over

the range 500 to 800 nm, after the scavenging of the 890 nm band was complete

‘ ok
with the known long-wavelength absorption band of sodium anthracenide.

We have written'the aﬁthraéenide ion, in reaction (8), in the form of the
triple ion, but direbt'evidence concerning the state of aggregation requires
further experimentation.

The .subsequent decay of the anthracenide ion under our pulse conditions,
is first-order with a half-life of about 20 usecs.

The attachment to biphenyl shows.quife different kinetic: behaviour

than the attachment to anthracene. 1In a solution of Li®,B at high con-

centration with biphenyl present, the'890 nm band continues to grow in
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gftgr the pﬁlse, reaching a maximum in several psecs followed by a sub-
sequent. decay with a half-life greatef than 20 psecs. This observation
of an inéreaselin optical density at 890 nm following the pulse is quite
unlike our observation of irreversible scavenging of {(Li+)2,e;} by

anthracene. To account for these observations, we propose the reaction

sequence:
- +o -
(Li' ,eg) + 82 —> Li &o° : : : (9)
‘ . | o
rit o+ L8yt —> (1i7) 285" (10)
.+ - ' .t St '
(Li')2%s" ‘i;i; {(Ll )?,es} + 85 : (11)

The growing in at 890 nm occurs when the ratioAﬁég]/[Li+] is great enough
to favour formation of LiT8s" in the competition between reactioné (9)'and
(6). Thus, following pulse irradiation of a solution 0.021 M in %5 and
0.051 F in Li§4B; absorption at 890 nm increasés, réachiﬁg a maximum in

‘ abéut 10 wsec, while absorption at 630 nm (the long-wavelength peak of
biphenylide)‘decays to a plateaﬁ during the same iqterval, in accord with
a first order raté'law. |

. N ' ) + _ .
_ The rate constant for attachment. of (1i ,es) to biphenyl, kg, referred

to in an earlier section, was‘determined by observation of the décay af
890 nm in the absence as well as the préesence of biphenyl‘in a 0.086F
1i®,B solution. In the absence of biphenyl we observe only reacfion (6).
In the presence of biphenyl (0.35 to 5.é3 x'lo'?M) the decay, which is
first order,vbecdmes increasingly fasfer with increasing biphenyl con-
centration as biphenyl scavenges (Li+,e;) in competition with Li'.

A plot of the pseudo first-order rate constants versus biphenjl concen-
tration (at the fixed Li' concentration) is linear with slope kg = (1.0 %

0.2) x 10*° M sec™*.
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The réte constant for the first-order decay.bf biphenylide ion,

obsérved at 630 nm, was found to be (1.k % 0.3) x 10° sec . This is

an over-all rate constant for the decay which cannot, with the present
data, be identified with a specific reaction in the sequence (9)-(11).
This rate constant could also be estimated from observations, at 890 nm,
of the formation of {(Li+)2,e;}, a comparison which is of interest in |
testing the validity of the proposed reaction sequence. The value could
not be accurately determined by simple direct kinetic analysis since a
piateaﬁ in the raté curve was not well-defined because of the concurrent
decay of {(Lif)g,e;}. A good estimate of this formation rate constant
was however obtained by measuring the time from the end of the pulse to

the maximum of optical density, thax and using the following equation

suitable for the case of consecutive first-order reactionseE}
| k., [{(1i")2,e5}] i")a,e0 |
: t‘max = 1 in D (l + { ij 2’eS} ° kD [{(Ll )2963}10) (12)
kp - kp Ky [ezd0 : kp  [8zlo

where the concentrations of the two transient species in equation (12)
are determined at t = O after the pulse. @; represents the biphenylide

ion in either state of aggregation with Li+. kF is the observed forma-

tion rate constant, and kD is the measured first-order constant. for the
~subsequent decay of {(Li+)2,e;} under our experimental conditions.
Graphical solution of equation (12) gives kp = (2.1 % 0.6) x 10% sec™1
in reasonable agreement with the value 1.h x lOSisec"l obtained from
the decay of biphehylide ion. This agreement is'supportive of the pro-
. posal that we are obsefying reactions (10) and (11).

Any quantitétive aﬁalysisAof the proposedAsequence, (9)-(11),

would require a good deal of additional data. However, the following
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qualitative observation may be of interest. - The rate constant for the
appeérance of the 890 nm band was independent of biphenyl concentration
over the range 0.03 to 0.3 M. We infer from this that the reverse
reaction (llr) is too slow to be observed on our time scale, which
implies that kjy, < 10°M 1sec™®. This suggests an enormous difference

in reactivity of anthracene and biphenyl as scavengers of {(Li+)2,e;},

amounting to several'orders of magnitude. The rate constant for the
formation of the 890 nm band, kF’ was also found to increase with
increasing [Li $,B], which confirms that kF is not to be identified
with the elementary constant kj;, but must involve, as well, the other
steps inlthe ionic aggregation process; Our primary interest at this
stage, is in the observation that a higher ionic aggregate of e; in

THF, most likely {(Li+)2,eg} is formed, and is intermediate, in chemical

stability between (Li*)z83 and (LiT)zAn‘.
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Figure Legends

. i S
Figure 1. Spectrum of (1i",e) in THF at 25° obtained in solutions of':

S
@ , LiC10, (0.035F); (7 , LiCl (0.064F); and +, LiBr (0.12F). The
absorption maximum is at 1175 nm‘with a molar extinction coefficient of

22,800 at the maximum and width at half-height of 6270 cm *. The line

is calculated using a Gaussian curve on the low energy side of the maxi-

mum and a Lorentzian curve on the high energy side, and is not a best

fit for the experimental points.

Figure 2. ' Absorption spectrum obtained at t = 0 following the pulse of

a THF solution of Li®,B (0.023F). The solid line is the spectrum of

+
(L1 »€ s) using the data contalned in Flgure 1, normalized to the experi-

'mental points, X, taken in the Li% 4B solutlon in the 1nfrared region.

The difference spectrum, @, is proposed to be the dlllthlum-solvated

electron triple ion, {(Li%)a,e }.

Figure 3. Absorption spectrum of the hlgher ionic aggregate proposed
to be {(Ll ) ,€ } determined with data obtalned in L1@4B solutlons by

recordlng the absorbance at the plateau reglon of the formation rate

~curve, when the formation of the band is complete 0, O. 187, &, O. lF

combined with the data obtained by difference in Figure 1, +. The
absorption maximum is 890 nm, with a molar extinction-coefficient of

5400 at this maximum.
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