
"E»ERS To &HE FD(T

p P

Pi= exp I
—(ei—eL,)jkT I .

m

x is sufBcientl sm wi un'tp

tio

unity (1) reduces to the

(V,/V) I&/(1 —~}I=P, xi+x(1+Pi—2ag8g).
1N

ice i is of the order 0
(2} res

~ tl f h
p

h }1

By admittin t'
g woanomalou

e value given b th
us mono}ayers th

y e liquid de

e alously high values 0e t at the anom

ory requires generalization in the ab

layers allow a much bettuc etter fit between th

ura n t"e maximum theeoretical value 2

a itude of the coopgn
23O I3-

a"sorption can b
iud'd '" 'hc in e partition function of the

p e oltzman factor f
i fo dt

for

me as efore, but on
. Such an isoth

saturation and f h

so erm woul

erative energy h
ure actuall

below T7, at 1i tst edata
yisc osenabo

iso erm t'wit
east as well

above T .

e-

It o evel

erative fac

is proposed to devel

ctor) fits the data

eve op the above the ory for isotop
IIO OI''-

E. A

ic mlxtui'es I

. A. Long and L, Me'S. Brunauer, The Ab sorption of Gases a
J sey, 1943).

s. , 263 (1946); 4, 268 {1946); l5, 767 (1947).

25

24

330 23

3IO 2I

20

I5O O5

0 I I I I

0 OO ZOO
I I

3OO
1 I I I

1 t

00 5OO 800
I I j

l5
8OOOO 900 IOOO ~

TIME III MINUTE 5
~e—

FIG. 1. Curve a: cono cta ce o h
e time of irradiation. on uctance of N-

'a ion,
-type ger-

where x=pjP ratio between the asp is the ra p
STP) of gas ad."'h'

e Nt e
a minimum, and then i

~ . al effect meas

no ayer and

~ ...b..',.'1"
i y with con

s

iqui spacing
e va ue calculated

asurements' after
material has been conv

tion —eL,

riments indicate also that n

I

eutron bomb d
ng a itional holes th

a erial increas
us the con

ases w ereas the
n uctivity of

a rst decreases, as ele
e conductivit of

ut increases
move from th

ominent.
s again as hol

the conduc-
o e conduction

o g aniumpo t
ho 3 th t t3 olt

y responsible for the resist
}i one observed for buor ulk resistivity

26—

Heueutron Irradiated 8eu
'

e emiconductors
E. JOHNSON+ AND K. L R

na aboratory, Oak R'd, ei ge, Te

ERMANIUM semiconductorsors after bombardm

p -p tc
ar ment with

rica pro erties
ow permanent

d
p ~ ivity of P-ty

t changes in

e production of ace ro
'

acceptors' due

b reproduced by heat t
o served effects ar

eat treatment in
'

e o attice
re not d

displacements
o ransmuta

a oms. If thi
, creatin v

is explanation i
d e o neutron bombard

mp es of Ge semic
ar ment.

were exposed in the Oak Rid e
ywasmeasu edd i ge osexposure as a functi

pected from the
ow an increase in

ion of irradi-

o ron i radiati ion ig. 1a).

ill
a a0—

0 0

FrG. 2

2
1

0 10 4040 00 e0 I00
I

TOlE IN IWWT fO
NOO

I

Resistivity behavior ine a ior in the forward and backward d
ion of the time fe o irradiation,



LETTERS TO THE EDITOR

{Fig. 2e). At forward bias of less than 0.18V and for bias in the
back direction the resistance is determined primarily by the barrier
resistance of the rectifier and since this barrier in an N-type recti-
fier is transparent for holes a decrease of resistance is expected
and is actually observed {Fig. 2b).

The recti6er shows after prolonged irradiation ohmic behavior,
but when reassembled with an aluminum point shows the behavior
of a P-type recti6er.

%hen exposed in cadmium shields, the samples reach the point
of minimum conductance at larger nvt values than in a graphite
torpedo. Heat treatment reproduces the original behavior ob-
served before neutron irradiation as in the case of deuteron and
alpha-bombardment. .

Silicon samples both N- and P-type show an increase in re-
sistivity in a similar way, as has been observed with deuteron
bombarded silicon samples. Heat treatment restores the original
resistivity values; it also shows that deep lying traps of about
0.5 ev above the full band are produced, removing electrons and
holes, thus producing poorly conducting material.

Preliminary experiments on Si-recti6ers {IN 21) Cu.„O semi-
conductors in bulk and rectifiers, Se bulk material and rectifiers,
all show a behavior similar to the one observed for silicon samples
discussed above.

'9 Now at Atomic Poorer Division, Westinghouse Electric Corporatio~.
**Purdue University; Consultant O.R.N.L.
1Lark-Horovitz, Bleuler, Davis, and Tendam, Phys. Rev. 73, 1256

(1948).
9 We are indebted to members of the Purdue Semiconductor Laboratory:

V. Bottom, J.W. Cleland, R. E.Davis, and J.C. Thornhill, for the prepara-
tion of the samples and the Hall effect measurements before and after
irradiation.

9 Davis, Johnson, Lark-Horovitz, and Siegel, Phys. Rev. 74, 1255 (1948);
AKCD 2054 (1948).
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'HK effects of a magnetic 6eld on the hyperfine structure of
the J=2~3 transition of CH3I's' and CH3I'2' have been

studied. The Zeeman components of several F transitions of these
molecules were completely or partially resolved. Observations
were made with a coiled wave guide cell in such a way that the
magnetic field was parallel to the E vector of the radiation. This
allowed detection of the p components, AMy=0 transitions,
without complications from the s components, d,%+=&1 transi-
tions. The 6eld strengths used in the study ranged from 1160
gauss to 3700 gauss.

The nuclear magnetic moment of II27 has already been de-
termined by Pound, ' using the nuclear resonance method, to a
greater accuracy than can be reached by the present method. The
remeasurement of this moment, however, helps to evaluate the
accuracy obtainable with the microwave method. In Table I are
listed the results obtained on different CH3II" transitions. The
average value for p, (II'7) from these data is 2.792, which, when
corrected for diamagnetic effectss of the extranuclear electrons of
the iodine, is 2.810. The mean deviation from this value is 0.062,
or 2.2 percent. The value obtained by Pound is 2.8122&0.003.

In Table I are also given results on two transitions of CHII~9,
one of which is shown in Fig. 1.When diamagnetic corrections are
made, our preliminary values*** for the I~' nuclear g-factor and
magnetic moment are 0.783 and 2.74, respectively. We believe
these to be accurate to about 6ve percent. The major factor

TABLE I. Nuclear magnetic moments as calculated from several
observed Zeeman e8ects in the CHaI spectrum, J =2 —+3.

Isotope K
F

transition
H

gauss

yS
Separation nuclear

Mc magnetons

i197

1/2 ~1/2
1/2 ~1/2
1/2-+1/2
1/2~1/2
1/2~1/2
3/2 ~3/2
3/2~3/2
5/2 5/2

1160
2320
3010
3010
3180
2600
2600
3000

4.07
7.70

10.17
10.47
10.64
5.22b
5.19b
4.28c

2.878
2.723
2.773
2.853
2.745
2.743
2.728
2.89

Average 2.792

I129 9/2-+9/2
7/2~7/2

3700
3700

2 25c
2,64o

2,78
2.66

Average 2.72

~ These values are not corrected for diamagnetic effects.
b These separations represent the total spacing of the multiplet.
'These separations are for peaks containing unresolved components

(see Fig. 1),

limiting the accuracy is the incomplete resolution of the transi-
tions used. Small errors may also arise from the measurement of
the strength of the magnetic 6eld. The 3/2~1/2 transition, since
it splits into a wide doublet, should be more favorable for these
determinations. Unfortunately, this line, though detectable, was
too weak to be measured when split by the magnetic 6eld. We
hope, with later improvements of the spectrometer, to measure
the magnetic moment of I"' to an accuracy of one percent.

So far as we know, this is the first determination of an unknown
nuclear magnetic moment with the microwave method. ****This
method, though not so precise as the molecular beam method or
the nuclear resonance method, is particularly well suited to the
study of rare or radioactive nuclei. Less than 10 ~ g of I~9 was
needed for each series of measurements. Previously, the Zeeman
effect on the microwave spectrum of ammonia has been observed
by Coles and Good' and by Jen.' The latter observer also studied
the Zeeman effect in methyl chloride. 4

The theory used for the Zeeman effect of the hyper6ne structure
is that developed for atomic spectra by Back and Goudsmits and
previously applied to molecular spectra by Jen.4 In the present
work, the effects caused by the molecular magnetic moment were
considered to be negligible. The theory fits all observations satis-
factorily except those for the F=5/2~7/2 transitions of CHIII".
Here, an anomaly was detected which appears to result from a
breaking down of the nuclear quadrupole coupling by the applied
magnetic field. t This is being studied further.

The magnetic moment of II29 with the previously measured spins
of 7/2 allows an assignment of the state of the last proton in the
I129 nucleus as Sg, according to the Nordheim7 scheme. The mag-
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FIG. 1.Zeeman splitting of the hyper6ne structure of the J=2-+3 transi-
tion of CHII»9. P =9/2~9/2. AM@ =0. Separation of the observed peaks
is 2.25 mc/sec. H=3700 gauss. Bars represent calculated lines; curve
represents the observed spectrum.


