
OCTOBER 1, 1935 PFI YSIC'Ai REVIEW VOI UME 48

Quenching of Cadmium Resonance Radiation by Foreign Gases

HARRY C. LIPsoN AND AI.LAN C. G. MncHEI. I., Departement of Physics, ¹m York University, University Heights

(Received July 13, 1935)

Measurements have been made on the quenching of the
cadmium resonance line 3261 by H2, D2, CO, NH &, N2
and CH4. The experiment was carried out by comparing
the intensity of 3261 emitted from a cell containing Cd
vapor and foreign gas with that from a cell containing Cd
vapor only. The cells were illuminated simultaneously
and the results obtained by the method of photographic

photometry. The experiments were performed under con-
ditions (low vapor pressure, short light path through the
vapor and small foreign gas pressure) which warrant the
application of the Stern-Volmer formula. The quenching
cross sections obtained therefrom are: Hs, 0.67; D2, 0.19;
CO, 0.14; NH3, 0.041; N, 0.021; CH4, 0.012X10 "cm-'.

difference between the normal state and the 'P
levels is less in the case of cadmium (see Fis.. 1)
than in the case of rriercury (6'Pp —6'P

&
——0.57 v,

6'Pi —6'Pp= 0.20 v, 6'Pi —6'Sp= 4.86 v).

INTRODUCTION

HE term quenching implies a reduction in
the intensity of resonance radiation due to

the presence of a foreign gas. Collisions of the
second kind between foreign gas molecules and
excited atoms lead to a removal of the latter
from the excited state before they have time to
radiate, thus causing a diminution in the in-
tensity of the emitted radiation. Under certain
conditions a quenching collision cross section,
0-~', can be determined, which in turn may be
correlated with the particular process taking
place, if the energy levels of the foreign gas
molecule are known.

After Wood's first discovery' of the quenching
of resonance radiation, a great deal of work
was done on Hg and Na in which the cross
sections for various gases were fairly well es-
tablished, especially in the case of mercury. The
first quantitative work in this field was done by
Stuart on mercury' whose work was repeated and
extended by Zemansky' and Bates.4 With appa-
ratus similar to that of Stuart, Mannkopf'
measured the quenching of sodium resonance
radiation. The work of Bates' and Bender' on
the quenching of Cd resonance radiation was
purely of a qualitative nature and no attempt
was made to determine collision cross sections.
Cadmium exhibits a spectrum of the same type
as that of mercury, the main difference, as far as
this experiment is concerned, is that the energy
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Fro. 1. Energy level diagram of cadmium.
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The top view of the full experimental arrange-
ment is represented in Fig. 2. Light from a
quartz discharge tube, 5, containing cadmium
vapor, and through which hydrogen was circu-
lated to carry the discharge, was focused by
mea. ns of a quartz lens, L, on two resonance cells
placed one above the other. In one arm of each
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Fit . 4. Quenching of Cd resonance radiation (3261) by CO.
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FIG. 5. Quenching of Cd resonance radiation (3261) by N&, CH4 and NH3

intensity of the resonance radiation being re-
duced to half of its original value at about 0.4
mm of H2. The quenching by deuterium is of the
same order of magnitude as that of hydrogen
although the "half-value" occurs at 1.5 mm.
Carbon monoxide, Fig. 4, is less efficient than
hydrogen, 0.4 mm decreasing the resonance

radiation intensity to only about 95 percent of
its maximum. Ammonia, Fig. 5, quenches moder-
ately, the curve lying between those of nitrogen
and carbon monoxide. Nitrogen and methane
are very ineffective as quenching agents, the
phenomenon not being observed until a pressure
of a few millimeters was reached and the intensity
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bution of velocities, resulting in the equation

Z q = 2Xno q'[2~k T(1/%1+ 1/M'g) |* (2)

where M» and %2=molecular weights of the
colliding particles, X and n=their molecular
concentrations, and k= universal gas constant or
expressed in terms of the pressure in mm of Hg

Zq= 2666.6a q'[21CX/kT(1/3I1+1/M2) g'* P. (3)

H2 has a vibrational level of the normal electronic
state at 3.73 volts, which, from purely energetic
considerations makes the following process also
possible: upon collision, the excited Cd atom
gives up 3.78 volts to raise the H2 molecule to a
3 ~ 73-volt vibrational level:

Cd (5'P1)+H&-lcd (5'S,)+(H1)
(6)

3.73 v

From (1) and (3) it follows that the collision
cross section is given by

1( f)2— (4).2666.6[2~+/k T(i/~, + 1/~, )):
The values 1/(Q p) are the slopes of the

quenching curves and could be read for each gas
from Figs. 3, 4 and 5; they are given in Table I.
The temperature of the cadmium vapor was
210'C and the mean life for the 5'P» state of Cd

ken as ~= 2.5 y j.0 6 see. 'o The values of the
quenching collision cross sections thus computed
from (4) are given in the same table.

The high quenching eAiciency of hydrogen was
interpreted by Bender ~ as due to a collision of an
excited Cd atom in the 5'P» state with a normal
H2 molecule, resulting in a formation of an
unexcited cadmium hydride molecule and an
atom of hydrogen

Cd (5'P1)+ H1—lcd H+H

3.78 v 4.44 v 0.67 v

This process seems to be highly probable, as
indicated by the energy balance of the equation,
in which the energy required for the above
reaction differs from the energy available by less
than half of one percent. This was further
substantiated in Bender's experiment by the
appearance of CdH bands in the resonance cell
and the formation of atomic hydrogen found as
water frozen out by the liquid air trap, due,
probably, to a reduction by atomic hydrogen of
some oxide present in the Cd supply.

However, simple calculations made on the
bas1s of tile cia'ta g1ve11 by Jevolls 111cl1cate tllat

"Reference 9, p. 147."%'.Jevons, Report on Band-Spectra of Diatomic Mole-
cnles I'The Physical Society, London, 1932), p. 2N.

Although in this reaction the energy discrep-
ancy is larger (about 1.5 percent), still the ahorse
process seems to be very plausible.

Similar considerations can probably apply to
deuterium (energy of dissociation of D~ is the
same as that of H2, there is also a vibrational
level at 3.72 volts) although no attempt was
made to detect the existence of the CdD bands.

The quenching by Co, N& and CH4 cannot be
accounted for by a dissociation process, since the
energies of dissociation of these molecules are
far in excess of the energy available (10.0 volts
for CO, 9.1 for N1, 16.3 for CH4). However, the
carbon monoxide molecule has a vibrational level
at 3.83 volts, which being near the excitational
level of the 3261 Cd line makes the following
reaction possible:

Cd (5'P )+CO—&Cd (5'S )+ (CO)
(7)

7 3.83 v

Cd (5'P1)+Nm —lcd (5'Po)+(Ng) K.E.
(8)

3.78 v 0.07 v

In this case the energy discrepancy is 1.5 percent.
The nearest vibrational level of nitrogen is at

3.48 volts, indicating an energy discrepancy of 8
percent; concerning the CH4 molecule there are
not sufhcient band spectra data known to con-
sider the quenching by methane from above
point of view. However, at the temperature used
(210'C), the average kinetic energy of translation
of a molecule (fkT) is about 0.07 volt, which
corresponds to the energy difference between the
excited 5'P» and the metastable 5'Po state of Cd.
Thus, perhaps, the quenching by N2 and CH4 can
be explained in terms of a transfer of the excited
Cd ato1m to the metastable state, resulting in,a
loss of 0.07 volt to the molecules in a form of a
translational kinetic energy, e.g. ,
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Of course, the reverse process is plausible and
undoubtedly takes place also, in which a collision
between a metastable atom a,nd the gas molecule
results in a transfer of the Cd atom back to the
5'P& state, but as has been shown by Klein and
Rosseland" this type of a collision (collision of
the first kind) is less probable than the former,
since a fast molecule will remain in the neighbor-
hood of an atom during a shorter interval of time
than a slow one. This point of view seems to be
confirmed by Bender's observation of an increase
in the relative intensity of the 3404 line over the
remainder of the spectrum in the presence of N~

and CO but not in the presence of H2. This line
results (see Fig. 1) in the absorption of an energy
quantum from the 5'Po state to the 5'D& state
and a subsequent re-emission, and thus a heavy
population of the metastable state will favor an
increase in its intensity.

Because of the meager data existing about the
energy levels of the ammonia molecule it is not
possible to ascribe any definite process to the
quenching by ammonia. No evidence was ob-
tained for its decomposition under the inHuence

of excited cadmium atoms, in agreement with
Bates and Taylor. "The test is not conclusive,
however, since the intensity of the source may
have been too small to produce a measurable
chemical effect, although it was large enough for
the measurement of quenching. In view of the

'20. Klein and S. Rosseland, Zeits. f. Physik 4, 46
(1921)."J.R. Bates and H. S. Taylor, J. Am. Chem. Soc. SO,
771 (1928).

fact that some decomposition might have oc-
curred and the resulting products might have had
an effect on the intensity of the resonance
radiation, exposures were made at the same
ammonia pressure, first with a fresh sample of gas
and next with a sample which has been irradiated
previously for i5 minutes. There was no de-
tectable difference in the quenching between the
two cases.

Lastly, the collision between any one of the
above molecules and the Cd atom cannot result in

raising them either to an excited electronic level
or to some rotational level, in the first case, the
energies required being too high (the first exci-
tational level of H2 is 11.1 v, CO —4.8 v, N~
—8.5 v) in the second case the energies being
only of the order of a fraction of a volt.

In conclusion, it ought to be emphasized that
it is difficult to interpret quenching in terms of
one process alone, the reactions taking place
within the resonance tube being of a very
complicated nature. It may be that quenching by
a particular gas can be explained by all the
processes mentioned above, there being only a
degree of effectiveness of one reaction over the
other. Thus, perhaps one can venture an opinion
that the process, in which the discrepancy be-
tween the energy required and the energy
available is small, is more responsible for the
quenching phenomenon than the one in which a
corresponding discrepancy is large.
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