
,_ 

1302 LETTERS TO THE EDITOR 

last quantity was determined by measuring at 
T = 29S° K the force acting on a gold specimen, the 
susceptibility of which was previously determined 
by the method of Huey. It will be seen that at a 
certain value of the magnetic field there is a break 
in the straight line, analogous to that in the curve 
for E y (H). It was found that the value of the mag­
netic field at which the change in the angle of the 
force occurs is ""' 8SOO oersted. 

The cited data show that some sort of phase 
transformation occurs at H"' 8SOO oersted. A de­
tailed description of the results will be published 
in the near future. 

1N. E. Alekseevskii and Iu. P. Gaidukov, J. Exptl. 
Theoret. Phys. (U.S.S.R.) 31, 947 (1956); Soviet Phys. 
JETP 4, 807 ( 1957). 
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Ejection of Electrons from Metals 
by Fast Molecules 

A.M. FURMAN 
(Submitted to JETP editor August 28, 1956) 

J. Exptl. Theoret. Phys. (U.S.S.R.) 32, 1591-1593 
(June, 1957) 

JZMAILOV AND THE AUTHOR 1 have examined 
the question of ejection of electrons from metals 

by molecules of neutral gases. It was shown that the 
mechanism of "potential" ejection of electrons from 
metals by molecules of neutral gases takes place 
for those values of energy of gas molecules, at 
which they are sufficiently close to the metal at a 
distance Xo· The value of x0 is related to the kinetic 
energy of the gas molecule by the expression 

U (x0 ) = mv~ /2, (l) 

where U b;,) is the potential energy of the repulsive 
force at the instant when the gas molecules stop 
near the metal surface, m is the mass of the mole­
cule, and v 00 is its velocity at a distance x » Xo· 
In Ref. 1 we expressed U (x) as 

U(x)=B/xP. (2) 

From (1) and (2) we obtain 

In the absence of reliable data on the values of 
the constant B and exponent p in expression (2) 
we are forced, as in Ref. l, to restrict ourselves 
to an expression of the form N = f(x0 ) for the num­
ber of eleetrons N ejected from one cm2 of metal 
surface by a stream of gas molecules. At the pres­
ent time it seems possible to estimate the parame­
ters in (2) and, consequently, to express N in terms 
of macroscopic parameters of the gas stream. 

From Ref. l it is possible to obtain an expression 
for the charging of the gas stream 

!!_- 270 (____2:_)'1• Q2C 2 P-7 -'1, -:~. 
n - 3 10 p B mv oo Xo A e . (4) 

(4a) 

A = [ ~ ( 2m0 cp~ )' 1• I 7ie2rt.1 ~ = (3xg I 2 Q , Q = ea , ( 4b) 

where n is the concentration of gas molecules, e 
and m0 the charge and mass of the electron, 'flo the 
work function of the electrons in the metal, Wa the 
potential barrier on the metal surface, wi the Fermi 
level, and a. the polarizability of the gas molecules. 

Substituting in (4) the value of Xo from (3) and 
expressing it in terms of the velocity and of the 
parameter B, we obtain for p = 7 

"I 'I 101 Nln=Kl(V00 /B) "exp(-K2B 'IV00'), 

K1 = (41l: I 3) (1t I 70)'1, Q2 c (2Q 1 ~)'I• (m 1 2(1", 

K2 =(~I 2Q) (2 I m)'l•. 

(S) 

(Sa) 

(Sb) 

The quantities entering in (Sa) and (Sb) can be 
determined for a given metal and gas from the tables 
of physical constants. The quantities appearing in 
(2) can be estimated. We do not know of any reliable 
data for the potential of the repulsive force between 
the solid and the gas. To determine the potential 
between the metal and the gas we proceed from the 
following premises: (l) The potential can be either 
a power or an exponential function. (2) H the param­
eters of the potential are known for each phase sep­
arately, the interphase potential is determined as 
an average2 in the following form 

B12 = (BnB22)'1•, P12 = 1/2 (Pn + P22), 

(x12lo = 1/2 [(xn)o + (x22lol. 

where the symbols correspond to those in (2) and 
(3). (3) The value of the energy of interaction be­
tween the gas molecules and the metal and their 

(6) 

(3) equilibrium internuclear distance x0 serve as a start-
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ing point for determining the parameters of the po­
tential (2) from the relation 

(7) 

U0 for metals corresponds to the heat of sublima­
tion of the atoms 3 reduced to 0° K; (x11) 0 corresponds 
to the internuclear distance for closely packed 
atoms. It is possible to assume for (x11) 0 a value 
double the atomic radius. For the particular case of 
02 /Fe interaction it is possible to obtain from Ref. 
4 Wo2 )0 = 1.697 x 10-14 ergs, (xo 2) 0 = 3.5 A. For 
iron, according to Ref. 5, (UFe)o = 6.46x10-12 ergs, 
(xF e)o = 2.88 A, from which, according to (6) and 
(7), Uo 2 /Fe = 3.29 X 10-13 ergs, (xo2 ;Fe),. = 3.19 A 
and B = 1.22 x 10- 65 • 

For other metals with other values of heat of 
sublimation we get U0 rv l x 10-11 to l x 10-12 ergs, 
and for gases Uo 'V l X 10-14 to l X w·ls ergs. It is 
therefore possible to expect that for other gas­
metal cases B 'V l X w· 64 to l X 10- 66 • 

The constants for Fe according to Ref. (6) and 
the values of K1 .and K2 calculated from (Sa) and 
(5b) follow: 

wa = 11.9 ev, wi = 7.13 ev, 'fo = 4.77 ev, 

C = 3.75 x 1017 , f3 = 2.48 x 106 , ex= l.76xl0-24 • 

Q2C = 2.68 X 10"""9 ' B = l X 10"'64 ' 

Kl = 1.5 X 10"""9 ' K2 = 1.94 X 1055 • 

The table lists the values of N/n as functions of 
the velocity v00 • From these it is evident that at a 
relative velocity of the 0 2 molecule to the Fe sur­
face of v00 = 4 km/ sec there appears an appreciable 
probability of ejection of electrons from the metal. 
Starting with a velocity v00 = 10 km/sec nearly all 
the gas molecules that collide with the surface of 

voo 
km/sec 

3.0 
3,5 
4.0 
4.5 
5.0 
5.5 
7.5 

10 

N/c 

3.59-10-22 

1.01-10-17 

9.44-10-11 
2.32-10-11 
6, 68-10-9 

4. 78-10-6 

3. 9-10-3 
0.75 

the metal are ionized. In Fig. 1 we show a family of 
curves log N/n = f Oog v 00 ) for intermediate values 
of B = l x 10- 66 to B = 5 x 10- 64 • From the figure it 
is also evident that for B = 1 x 10- 66 , which corre-

LgAI/n 

FIG. l. Values of B for curves: 1 - 1 x 10-66 ; 2- 1 
X 10- 65 ; 3-7.5 X 10-65 ; 4-1 X 10- 64 ; 5-5 X 10-64 • 

sponds to a low value of U0 , ionization occurs for too 
low values of velocity; this indicates that the values 
of B should be 1 x 10- 66 or larger. With the excep­
tion of the rare gases, the above theory is applica· 
ble to all gases with appreciable electronegative 
properties. In analogy to the preceding, it is possi· 
ble to calculate N/n for any other combination of 
gas and metal. 

In conclusion we note that this mechanism of 
charging, along with others, may possibly explain 
the production of ionized regions in the atmosphere 
upon the entry of meteors. The velocity of meteors 
ranges from 8 to 100 km/ sec, 7 • 8 the maximum num­
ber of cases being with v= 40 km/sec. 

1 C. V. lzmailov and A. M. Furman, J, Exptl. Theoret. 

Ph~s. (U.S.S.R.) 20, 729 (1950). 
E. A. Mason and W. E. Rice, ]. Chern. Phys. 22, 522 

(1954). 
3 D. K. C. MacDonald and S. K. Roy, Phys. Rev. 97, 

671 (1955). 
4 E. Lennard-] ones, Physic a 4, 941 (1937). 
5 D. Kaye, T. Laby, Handbook of Physical Experimenta­

tion Moscow, I. I. L. ( 1949). 
6 B. M. Tsarev, Contact Potential Differences, M.-L., 

(1955). 
7 N. Herlofson, Reports Pro g. Phys. 11, 444 ( 1948). 
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Concerning the Temperature Dependence 
of the Photoelectromotive Force 

F. F. KODZHESPIROV 
(Submitted to JETP editor November 10, 1956) 

J. Exptl. Theoret. Phys. (U.S.S.R.) 32, 1593-1594 

(June, 1957) 

E XPERIMENTAL INVESTIGATIONS of the crys­
tal photoeffect 1 and photoelectromotive force, 

occurring when the capacitor method is used to in­
vestigate semiconductors, 2 show that these effects 
have a maximum with respect to temperature. This 
maximum, however, is difficult to explain on the 
basis of the proposed theoretical formulas. 

Lashkarev and Kosonogova3 have shown that the 
dependence of the non-barrier-layer photoelectric 
force in copper oxide on the intensity of light is 
described by the formula 

V = (kT I e) In (1 + BJ). (l) 

By comparing ( 1) for small intensity with the theo­
retical formulas obtained by Lashkarev4 it is pos­
sible to assume that for the crystal photoeffect 

BJ == tw_/aT. 
Thus both effects (non-barrier photoelectromotive 

force and photoelectric force in the capacitor 
method) may be described by relations (1) of like 
form but of somewhat different content. It is essen­
tial that in the case of the crystal photoeffect fw_ 

{light-induced increment of conductivity at the base 

of the anti-barrier layer or on the boundary of the 
neutral contact) is due to the minority carriers, 
while in the capacitor method there is no need for 
restriction to the minority carriers. 

The experimenter usually deals with samples of 
finite thickness, and therefore (l) can be written 
more precisely as 

(2) 

But since the factor 8 2 , which must take into ac­
count the absorption of light in the sample and pos­
sibly also the diffusion of the minority carriers 
toward the second electrode, is very small, the sec­
ond logarithm in Eq. (2) does not exert a notable in-
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fluence on the intensity dependence of the photo­
electromotive force. In this case Eq. ( l) is satis­
fied to a good degree. 

Matters are different in temperature investigations. 
It is shown in Refs. l and 2 that Eq. ( l) cannot give 
even a qualitative explanation of the existence of a 
maximum in the photoelectromotive force vs. tern­
perature curve. Ryvkin, 2 to reconcile the experi­
mental data with Eq. (l) makes assumptions that 
are far from obvious concerning the mechanism of 

recombination at low temperatures. The need for 
such a reconciliation between the experimental data 
and the theoretical ones disappears if one takes into 
account the finite thickness of the sample. Making 
the same assumptions concerning the temperature 
dependence of aT and tw it is possible to rewrite 
Eq. (2) in the form 

(3) 

where 

.& =Vel k, aJ.z = const(T), b = W 1 k, x = ebfT, a1 > a2 • 

Let us test Eq. (3) for an extremum. It is necessary 

for us to determine the temperature for which 

d!it = In !__ + a1x _ (a1 - az) x in x = f (x) _ tfl (x) = O. 
dT 1 + a2x (1 + a1x\ (1 + OzX) 

(4) 


