ANALYSIS OF COPPER CHLORIDE BANDS

values suggest that there are two excited states in the
Zn%" nucleus—one at 350 kev, and the other either at 100,
or 250 kev above ground. Every case of electron capture
leaves the Zn®" in the upper state, from which it cascades
to ground in two steps. One of the transitions gives rise
to the 250 kev gamma-ray, and the other is responsible
for the internally converted radiation at 100 kev. The
internal conversion coefficient is fairly high, since the tran-
sition curves show the 100 kev line to be weaker than the
one at higher energy. The relative intensities of electrons
and x-rays confirm this. If the line were totally internally
converted, the K-excitation would be twice as great as
the electron emission, since the K shell would be emptied
by capture and conversion in each transition. The ob-
served ratio is 4, which indicates that the conversion
coefficient is about 40 percent. All the intensities are con-
sistent with the scheme outlined above.

The question then arises:—how is it possible to have
such a large internal conversion factor in an element as
light as zinc? It has been quite generally thought by the-
oretical physicists that internal conversion would play a
negligible part in artificial radioactivity, since the equa-
tions predict a Z® dependence. (Total conversion in a 0-0
transition would be possible, however.) When it first be-
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came apparent that Zn® had an anomalously high internal
conversion coefficient, Dancoff and Morrisont reexamined
the theory, and found that in the energy range near 100
kev for zinc, the factor could be quite high. The 40 percent
observed (internal conversion coeff. ~0.7) would mean

" the gamma-rays were due to a quadripole transition. No

detailed calculations of this nature had been made previ-
ously for light nuclei, as it had seemed certain from an
inspection of the formulae that there were no terms enter-
ing which could make the ratio appreciable. All details of
the picture, both experimental and theoretical, are now
self-consistent.

It might be interesting to look for coincidences between
the two x-rays ejected almost simultaneously in 1/8 of the
disintegrations. (40 percentX (fluorescent yield)2=1/8.)
An apparatus for this experiment has been constructed,
but has not as yet been used. The x-ray spectrum might
yield interesting information about the relative lifetimes
of x-ray and gamma-ray states. If the K shell were doubly
excited, the wave-length of the characteristic radiation
would be slightly changed, and this could be detected on
a bent crystal spectrograph. No such case of a doubly
excited K shell is known.

4 Dancoff and Morrison, Phys. Rev. 54, 149 (1938).
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The CuCl band spectra in the near ultraviolet, first observed by Strutt and Fowler who
used active nitrogen excitation, were photographed and classified. The wave number of any
band head in this system may be calculated from the formula

y=25,282+[3830"+1) — 20"+ D]~ [415("+3) — 0"+ 1?1,

This band system has a common lower state with five other systems in the visible, observed in

absorption and analyzed by Ritschl.

NDEPENDENTLY of Harnack,! who photo-
graphed the spectrum of copper in a chlorine
‘gas flame, Strutt (now Lord Rayleigh) and
Fowler,? working with copper chloride in active
nitrogen, observed a set of bands in the near
ultraviolet, which Kien3 had not observed at an
earlier date in the flame. Eder and Valenta
show some of the bands in their Atlas.* Using a
L A. Harnack, Zeits. f. Wiss. Phot. 10, 281 (1912). :
(1;113.) J. Strutt and A. Fowler, Proc. Roy. Soc. A86, 105

3 P. Kien, Zeits. f. Wiss. Phot. 6, 337 (1908).
4 Ederand Valenta, Atlas Typischen Spektren (Wien, 1928).

tungsten lamp as source, Ritschl® photographed
the absorption spectra of all the copper halides
and made a fairly thorough analysis of the CuCl
spectrum into five systems, but he failed to
record or classify any of the CuCl bands below
4050A previously observed in emission, save one,
the 7 2 band of the E system. The possibility of
the presence of a sixth system was mentioned
previously in a paper by Mulliken,® who excited

5 R. Ritschl, Zeits. f. Physik 42, 172 (1927).
6 R. S. Mulliken, Phys. Rev. 26, 1 (1925).
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all the copper halide spectra by means of active
nitrogen, and gave the first analysis for Cu I.

In the process of testing a new tube for ex-
citing spectra from solid materials by bombard-
ment with a jet of active nitrogen produced in a
side tube fitted with large graphite electrodes,
(Fig. 1) the author photographed the near ultra-
violet band spectra emitted by CuCl with a
dispersion sufficient for resolution into sequences
(16.8 to 24.6A per mm), but not great enough
for a clear demonstration of the isotope effect.
With large graphite electrodes, considerably
more power can be introduced into the nitrogen
discharge than previously with tungsten wire
electrodes. The use of a jet for introducing active
nitrogen, glowing with a bright yellow hue, into
the reaction chamber, causes the formation of a
concentrated blue glow above the hot Cu,Cl,,
which was projected upon the slit of the spectro-
graph by means of a quartz lens. A large quartz
window for the reaction chamber was supplied
by Mr. F. Pearson, Jr., through the kindness of

TaBLE 1. CuCl F band spectra.

EDER STRUTT
A v AND AND

o v | 1 (A) (cm™1) |O—C | VALENTA | HARNACK | FOWLER
310(0]|3789.3|26,383| —8 3788 3785
311)1]3848.8] 25,975 —3
210|1]3842.1] 26,929 0 3839 3835
31(21(1]3909.9|25,569| +2
2 11]1/3903.8] 25,609 +2
1101]2]|3898.3]| 25,645 0 3896 3885
313|1]3973.5| 25,160 +2
2 12(1/3968.0| 25,195 —1
111(1]3961.9|25,233| +1
0]0(2]3956.9|25,265 —1 3962 3955 3945
2 13|114032.9| 24,789 +2
112]2)4027.4|24,823| +2
011(3]4022.7| 24,852 —1 4007 4020 4010
3 15(1]4106.0| 24,348| +1
2 142(4100.6| 24,380 0
113(3]|4095.1|24,413| +1
01]2{2]4090.3| 24,441) —1 4063 4089 4080
316|2|4175.9|23,940| —3
215|2]4169.9| 23,975 0
114(4]4165.1| 24,005 0
0]3]3|4159.7/ 24,033 0 4125 4159 4150

BLOOMENTHAL

a

10 AC.
© 35KVA

f i
TANK. Smuﬁm
NITROGEN
. 004 MF | TUNGSTEN
 GRAPHITE

. SPARK GAP
GRAPHITE: .
LIGHT SHIELD f{(

ROGEN

L

fe< 5}'\:\0}:

SLIT OF
SPECTROGRAPH

Z54— ACTIVE NITI
—

= ONE INCH

<,

INTERMIT TENT
HEATING

TO PUMP

F16. 1. Experimental arrangement for exciting the CuCl
spectrum by means of active nitrogen.

Dean H. G. Gale of this institution. The exposure
time was one hour, the plates were Eastman 40.

During a brief visit to Ryerson Laboratory in
June of this year, Professor F. A. Jenkins men-
tioned that he had photographed the absorption
spectrum of CuCl recently at Berkeley, and
found some new bands in the ultraviolet. He had
not published his analysis however, and the
following classification of the measured band
heads is given for the sake of comparison with
his present findings.

Table I contains the wave-length data for this
and previous investigations, together with a
vibrational quantum analysis, which was effected
through the resolution of previously known band
groups into sequences. The formula

v=25282+[383('+4) —20'+1)"]
— 450" +3) — @+

fits the data within the accuracy of measure-
ment. The new band system appears to have a
common lower state with the five systems of bands
for CuCl analyzed by Ritschl from absorption
measurements. The intensity of the new system
appears to be appreciably less than that of the
visible bands of CuCl observed in emission.

Thanks are due Professor R. S. Mulliken and
Dean H. G. Gale of the University of Chicago
for encouraging this investigation.



