


and ay and ay are isotropic hyperfine coupling constants, S
and Iy are electron and nitrogen spin angular momentum
vectors in units of Planck’s constant h, xy is the number of
nitrogen nuclei per solvent molecule, b., is the effective
electron—proton separation in the solvated electron, o is the
fraction of electrons with unpaired spins, t is the correlation
time for the modulation of hyperfine interactions, and g and B
are g factors and magnetons for electrons and protons.

The quantity nanx can be obtained from shifts?*~25 of
nitrogen nuclear magnetic resonances (Knight shifts, Kx)
arising from thermal polarization of electron spins coupled to
nitrogen nuclei by scalar hyperfine interactions :

KN = DENnaNa/RT (3)
where D = -80S+ 1)/3k
Ex = geBe/gnBn

and k is Boltzmann’s constant. A plot of Ky against a/R is
linear??, indicating little change in coupling to nitrogen when
solvated electrons form electrostatic aggregates with solvated
cations.

The relative importance of Ty (scalar) and 77y, (dipolar)
can be obtained from the dynamic polarization of proton
spins?®27 (Overhauser enhancement, L)

Ly =1 +[Ey/ T (solution)] [77 (scalar)—
Ty (dipolar)/2]  (4)
where Ey = gcBe/guba

Combining equations (1)-(4) we get the density of ammonia
molecules (nb.}) in the electron’s solvation shell

(nbii)* = [AN3C/(BuDEN)] [(Rl0)*(KnT)?/ T
x[A(Tii) — (Lw — 1) Ty (solution)/ Ey] ()

For R>300, nb;i~0.18 A=3 (Table 1). The decrease for
R <300 arises from the neglect of electron relaxation via spin—
orbit coupling which becomes important at higher metal
concentrations. A relation similar to equation (5) can be
obtained without employing Ly by using the proton Knight
shift, Ky
(nb)?* = [(RT]a)*/2( By DU A(TiD(RI)KS | TD]
(An/CER) — Ki|ER (6)
but because both magnitude?®:2° and interpretation?? of

proton shifts in sodium-ammonia solutions are in dispute, we
use equations (1)-(4) to determine na independently

(naw)® = [AN[3C(DEN)’I(R/0)*(KNT)?/ T
X[A(Tiw) + 2(Ly — 1) Ty (solution)/ Ey] (7

For R>300; xunay~ —15.8 gauss (see Table 1), suggesting
little change in coupling to protons on ion pairing.
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Correlation times per solvent molecule [t/n=(6.9+1)x
10~ '# 5] are again constant for R> 300 (Table 1). Estimates?!
of unpaired electron motion from conductivity of dilute
sodium-ammonia solutions (t~4.1x 1073 s) and of quad-
rupolar relaxation of '*N spins??:3° in pure ammonia
(t~1.8x 1013 s) suggest

2.6<n<6

O’Reilly®' has suggested that spin-orbit coupling might
contribute up to 20% of the electron relaxation even in dilute
solutions which reduces t/n and raises the limits on # to

33<n<7.4

Values of n=3 and 7 yield effective average electron-proton
distances of 2.53 and 3.35 A.

X-ray diffraction studies®*? of liquid ammonia near room
temperature suggest a nearest neighbour shell of 11 molecules
at an N-N distance of 3.6-3.7 A. If we consider an electron
in a vacancy defect in this structure, and polarize the solvent
shell around the vacancy so that protons are lining the hole,
we can calculate a density, nb;i~0.31 A-3, substantially
greater than that obtained (0.18 A-3) from the preceding
analysis of magnetic shifts and relaxation. The comparison is
direct evidence for a marked decrease in density of ammonia
in the region of localized electrons.

Bearing in mind the probable limits on n we propose that
the solvation of electrons in ammonia occurs at single vacancy
defects in the fluid structure, and that the normal shell of 11
nearest neighbours is reduced to about 7 or 8 to avoid forma-
tion of proton-proton contacts?2:23 (Bjerrum defects). The
large volume expansion observed when electrons are solvated
in ammonia®*, which has previously been attributed to large
cavities, now resides primarily in the breakdown of the normal
liquid structure (reduction in density) around the electrons
trapped in small vacancy defects.

The electronic absorption spectra of solvated electrons in
ammonia are asymmetrically broadened on the high energy
side. A polaron model® was used to describe the energy of
the transition at the band maximum (E,.,) using a radius
parameter R..x~3.2 A; the asymmetry was attributed to
unresolved transitions to higher, excited, bound states. A
simple picture of electron trapping in infinite square wells is
unsuitable for prediction of total energies®°~3° but was used*°
to show that the high and low energy positions of half maximum
absorption (E;,, and Ej;) corresponded to approximately
equal changes (8 R;;; and S R;l,) of the radius parameter from
its values at the band maximum.

Instead of trapping sites all with the same radius parameter,
we consider the effect of a range of trapping sites determined
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