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FIG. 1. 1s-->2p transition of an electron in liquid ammonia. 

placed at infinity from the cavity center. 

SJ.1.e sae2 27i'Nae2 

V(r)= ----
r02 2r04 rO+ 2rNH3 

r<ro (la) 

VCr) = _ e2 (_1 _~) 
r Dop D. 

r>ro (lb) 

where ro is the e.c. radius, rNIT3 radius of solvent 
molecules, s m mber of solvent molecules surrounding 
the e.c., a pohrizability of solvent molecule, J.1. dipole 
moment of solvent molecule, N number of solvent 
mo:~cules per cc in the bulk, :1.lld Dop and D. optical 
and st:l1 ic dielectric const:mts. 

Equation (b) is basell Oil a rough structural model. 
The third term was obtained irom the expression 

Equa~ion (1 b) is Landau's expression for r. potential 
well formed by directed dipoles surrounding a negative 
charge. The approximate value of 10=3.6 A is calculated 
assuming continuity of VCr), setting s=4. 

The dipole rearrangement energy-IT-required for 
formation of the potential well was calculated from an 
electrostatic model. The value IT = 0.45 ev was obtained . 

In the potential well (1) an infinite number of sta
tionary states (TV lTV 2' . • ) exists. For the higher states: 

me
4 (1 1 )~ 

TV n =-- --- - n=2, 3 ··· . 
2JPn~ Dop D. 

For th~ ground (1s) state WI is obtained from 

lI,,=lVl - II 

h~:. ~~ TVI=2 .1 ev IV2=1 ev. 

(2) 

(3) 

During the c1ectron:c transition the dipole arrange
ment is not changed. Hence we get 

kIl1_ n = W I - Wn=Ho'+IT - W n. (4) 

We assume that these numerical results are applicabk 
to all systems of Table I . For the ls-,2p transitior, 
ltll= 1.1 ev (see Fig. 1) . The intense bands a, b, d,j, It, i 
refer to this transition. For transitions to higher Sla~~; 
the series limit is 2.1 ev. The bandse, e, g, j :l.reattributcJ 
to these transitions. The experimental results for am
monia are in agreement with these calculations. 

Spectrophotometric evidence for the existence oi l~ 
cemers l may be found in the k band. This assumptior. 
is supported by the observation7 that irradi:llioll ::t 
the i band wavelengths gives rise to a revcrsible changt 
in the It band intensity, indicating that at low lCmpera· 
tures an e.c. may possibly act as an electron trap. 

Our results make possible the calculation of v for 
liquid ammonia . 

SettingS a= 1.6 ev from 

(5) 

we get V = - 0.5 volt. 
The author wishes to thank Professor G . Stein ror 

his help and encouragement. 
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Conductivity of Glasses 
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HE purpose of this note is to call attention to an 
effect which we have observed \I·hen highly 

ionized gases are in contact wit.h normally nonconduct
ing surfaces, especially glasses. Superticial conductivity 
is then observed over the nonconductor, and it s magni
t ude seems to be a function of t.he ion (presumably 
electron) concentration in t he plasma. At a plasm:1 con
centration of 1016 to 1017 ions/ec, superftei:tl conduc
tances of the order of 1 mho or less have been estimated. 
~\The technique of the experiments was as follows: 
a flowing hydrogen plasma was passed down :t tube 
through :1 tr:1I1sverse magnetic field , and probes were 
introduced in to the plasma through holes in the glass 
walls . ~orIl1:111y the plasm~l resistance's obscn'ecl arc of 
the order of 1000 ohms, but when the probes arc .. 1-
lowed to touch the glass walls on both sides, the 
indicated resistance between the probes (while normally 
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: .:".!lile in the absence of the plasma) is less than an 
.: .:.1 l~Llring the passage of the plasma by the probes. 

T! is 1..01 the intention of this group to investigate the 
,. l'on:ry iurther, since it was accidentally observed in 

:' .~ course of anoiher program which engages our full 
:'icn:ion. However, it is believed that this effect casts 

.!, :,ii liol1al light on previously known probe effects in 
· .. :hi,·h scaling of probes directly into the ends of glass 
;'"ci s always results in apparent probe areas far greater 
-:.111 the area of metal exposed. This effect has been 
:clIcrally assigned to "working of the glass," but now 
:lppcars to be a result of the superficial glass conduc
lidy when a plasma containing electrons impinges 
uJlon the assembly. Furthermore, the possibility of 
,\;,)crlicial glass conductivity may account for the ease 
"i'disposal of charges of both signs which migrate as an 
;illlbipolar current to the walls of Geissler tubes, etc. 

The speculation that proximity to an eleclron atmos
p!:<.!re is the cause of the conductivity is based on the 
;.l'cll-kl',,) lI'i1 iact in gaseous electronics that the Shottky 
theory of the positive column implies the existence of 
either a surface or volume concentration of negative 
,'harge at any bounda,ries. It is therefore presumed 
lh;\l the mechanism of the superficial conduction is 
l'itl1L'r electron mooility in an adsorbed layer on the 
~\Irf:Il-c, or ~l fIlling of the conduction bands oi the 
,uri:1L'e layers of ghss with electrons from the plasma 
:IS a dOllor . The laUer viewpoint seems to be in better 
ill(ord with the observed strong dependence upon the 
nature 0: the wall medium. 

Pyrex glass is the most striking material that we have 
worked with, but similar though reduced effects are 
IJoscrved with Vycor. This work is an outgrowth of 
research supported by the National Science Foundation. 

Semilocalized Bond Orbital Treatment 
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'Y'N calculations on the 7I"-electron system of the allyl 
.J.l radical H 2C,- CbH - CcH2,!·2 the energy of the 
ground state 2A 2 obtained by using the Eerthier
Pople-Nesbet-type (EPN) SCF-LCAO-~lOs without 
configuration interaction (Cl) is 3W 2p - 28.29 ev, which 
i; :o\\'er than that of the Hartree-Fock-type SCF
LCAO-~IOs without CI (3TV2/! - 27.15 ev) :!.nd also 
1 hat of the valence-bond (VE) method without ionic
homopolar-resonance (IHR) (3W2 1' - 28.03 ev) . This is 
because the BPN' lb l }IOs are one kind of the allemant 
orbit:!.!' Here, it is of interest to compare the above 
results wit.h those of the semilocalized bond orbital 

T.\ULE r. Electronic Cn(;rciics. n 

State ,\IF },," E(~=).,,,) E().=O ) E(VP.+IIlR) 

'lA. 'h+'T'2 0.22 -2~:U;3 -23.03 - 2S.9-t 

tBI WI - '1'2 0.03 - 26.-1-3 -26.05 - 26.'18 

~ o r ~ '1'1 or '.J'2 0.1-1- - 23.20 -~7.59 - 23.21 

[IAIO ethylene 0.15 - 12.3Y -1 i.73 - 12.39J 

'lBI (~) \1'3 0.00 -26.05 - 2605 - 26.05 

[IA i , ethylene 0.01 - 5.71 - 5.71 - 5.71J 

a. Values of energies in ev : energy zero is 3TV:!.p and 2YV~p for the ally 
radical and the ethylene molecule . respectively. 

(SLEO) treatment as an extension of the VB method, 
since these two calculations include partly, though each 
in a different way, the correlation energy. 

The wave functions corresponding to canonical 

structures, .~ . .6. and g. respectively, were 
constructed as functions of a parameter A as follows : 

(

G. 

\l!t= 
CI 

b 

0: 

Using these wave functions and their linear combina
tions \]i l±\h, the minimized energies of the 2.12 and 
2El states and of each of the canonical structures were 
calculated . The results are given in Table I, together 
with those of the VB method (>--=0), and the Vl3+IHR 
method . The values of A, corresponding LO the minimum 
energy (A".), dit1er considerably according to the Stales 
or the structures, but the charge distributions so ob
tained are scarcely different from those given by the 
VE+II-IR methocl.l In comparison with each canonical 
structure, the larger value of Am for the "~L Slate indi
cates an increase of ionic contribul ion due to the reso
nance between these structures in the ground state. 
The energy of the 2--12 state obtltined by the SLBO 
method is much lower than that obtained by the BP::\ 
method, and is very close to that gin:J1 by the VE+ lHR 
method. For the 2BJ state, \]iJ-'lt~ gives a considerablv 
lower energy than \]i., while they h:!.ve the same energy 
in the nonpolar case (A = O) . This means that the con
tribution of polar structures between adjaCent atoms, is 
much larger than the contribution o~ nO!ladj:!.cent 
atoms. For each canonical structure, the energy depres
sion by the SLEO method E('A=O)-E(A=Am) and the 
value of Am are fairly close to those for an ethylene 
molecule with the corresponding internuclear istances. 
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