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ABSTRACT

The reoent suggestion of Ch’en that the diffusod bands appearing on the short
wave.length side of the principal series lines of the alkali atoms in the presence
of foreign gases are due to the increase in the energy of the optical electron in the
upper state through collisions with a foreign atom is examined. Serious objcetions
enoountered in this theory are pointed out in thip note. i

It was found by Ny and Ch’en® that in the abgorption spectra ‘of);tllég alkali
metal atoms in the presence of foreign gases such as H, He, N, Ne, A, a narrow
and structureless band appears on the short wave-length side of t_h’e second
member of the principal series in the case of K, Kb, Cs and of the third member
in the case of Na. A npatural explanation of such bands seems to be that given
by 01deuburg and Kuhn, namely, the bands arise from transitions in the salkali
atom at the moment when it is perturbed by the close appraach of a foreign atom?.
Recently, aiter summarizing all the available observed data, (,_h’en Qoucludcs
that they do not support the theory of Oldenburg and Kuhn since the bands are
found only in the neighborhood of the above-mentioned specific lines while the .
Oldenbarg-Xubn theory would lead one to expect such bands near other lines 8s
well. Ch'en suggests that these bands are due té),f‘tllx_e inc;ease of the energy of
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the optical eleriron thraugh the process of coilision with the foreidn gas aiom when
the electrya ranch 3 that euargy level whose orbital radius is close t the distance
of optical catlisin’. On this picture. C'en explains the obscerved increase i tha
separation between the series line and the associated band with the decrease in
the mass of the foreigu gas atom ag the consequent greater enmerdy transfer from
the foreign atom to the vslencc electron of the alkali atom. The observed increase
in the width of the band with’ ‘the decrease in the mass of the foreign atom is
thought to be due to th2 greater energy spread of the lighter foreign stoms. The
purpase of thia note is to examine thig proposcd mechaniam of the production of

these bands.

(i) The contentin that the energy of the optical electron in the unper stata
of the transition is raised by collision with a foreign atom so that the abworbed
quantum corresponds to a bigner frequency V' than the V of the serics line
leads to the following inmnsist"ncy * Inorder that the foreign aton may impart
its Kinetic energy to the excited alkali atom. the latter must first ho in tho

excited state, i.c., it must first have ahmrbed the quantum LY bui not hV'.
Granting that the electron of the alkali at)m can now be raised 1o an enerdy state
slightly above the *P states by collisions with foreign atoms, the alkali atom
would thenh alrmﬁy in'that state (after ahsorbing the quantum IV and
raceiving' syme K. T from a foreign atom) and o furiher absorpion of the
quantum RV is possible. On the other hand, if the alkali atom does absorb the
quaatum hy', then the atom would reach the upper final state by the absorption
process alonc ‘no addltl()’lal X. E irom a foreign atom balng ne;:,ussai'y. It is

not understandable ‘how ths alkali atom can absorb a quantum RV’ in anticipa-
tion of recelvmg a kick from “a “forzign atom; and in any case, the energy

h(v' —V) and the K. E. from a foreign atom would be redundant.

This absurdity do2s not arise in the theory of Kuhn and Oldenburg, aceording
to which the bands arise from trinsitions in the alkali atom perturbed by the
olase ‘collision with a foreign atom, or, what is the same thing, from transitions
in the loosely bound molecule alkali atom - foreign atom. -

(ii) If an impinging atom can impart xts kinetic energy to the electrou ot
an alkali atom, it would be necemsary then to assume that the latter can exnst
an non-quantized states. This. i at variance thh the ewdences from all. othcr
callision experiments (critical potentia] experamema).
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(iii) Even granting the possibility ol such an enerty transfer from an aiom
tg the eleciron of another atom, due meews with the diudiicolty that the amount
of energy transferred would be oulv of the order ;M tiies the K. E. of the:
colliding atom, wiere m, M are the masses of the electron and the mpinging-
atom respectively.  Now the K. E. corresponding to ii20 © ¢, the tempcrature of
the gas, is of the order 500 c¢m—' and the energy transferred from K, will -then

be only of the order of a tenth of a cm—!. Tais is iar too small compared with -
the observed separations between the bands and the corresyonding series lines, :

which are of the order 10? cm! in the case of Na and K. : C
Furihermore, sitce the elecironic energy of an atom is very much greater.
than the thermal energy of the aloins at ordinary temperatures, collisions between

t

the foreign atoms aud the electrous ol the alkeli atoms would result in general in -
a decrease, instead of an miresse, In the election eneigy of ihe atkali atoms, .

even i we grant the possibilily of.such energy transiers that we do not adm -

aocording to (1i) above.

({iv) The cross-section or probebility of a process i which e K. E. of

a heavy particle (atom or molecule) is transierred into b€ cueryy 01 €ICCIIONIG «

excitation of an etom is known from Lhe general theory to be exiredicly siusit
nuless the K. E. of the heavy pariicle 1s very large compared with 1he aiLounl of
the energy to be transferred. Hence, eveu if we grant the possibiliy of suca-
a transfer in the present case \ which we do ot admit according 0 (i) apove),
ihe probability of such transicis 15 exceedingly small. - - Co, e
(v) The suggested explauation fails to expiain why such bands do '‘mot i
appear beside the series lines other than the second member in the case of K,
Kb, Cs, and tise third member in the case of Na. If the bands appear becaus.
tie orbital radius o/ the proper P orbit is such that the impinging atom speads
tie major part of its time there, as is contended by Clien, then the same argo-
ment will lead oue 1o expect bands (o appear beside the higher series membe:s
(large P orbits) when the pressuie is low, and beside the first series membar
when the pressure is sufficiently high. This is uot otserved to be the case.
Incidentally, the orbital radii given by Ch’en (Na 5p, 19A; K 5p, 10A; Ro
6p, 26A; Cs 7p, SbA) seem to have beep calcuniated for H.  Ip the alkalies, ti:
radil would be very much smaller for the heavier ones because of the greater
¢ifeciive nuclear charge, as shown by the quantum defects (.86 for P of Na; 1.¢
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for P of K; 9.7 for 2P of Rb; etc.). Reference to an cnergy level diagram (such
as given on p. 87 in White's Introduction fo Atomic Spectra) shows in fact that
the radii of the Na 4p, K 5p, Rb Gp, Cs 7p (all being the upper state for the
second member of their principal series) are approximately the same. Similarly
for Na 6p, K 6p, Rb 7p and Cs 8p. That the bands are observed pear the third
member in Na but the second member in the other alkalies shows that the orbital
size of the upper state is not the only determining factor in the production of the
bands. :

(vi) Let us now consider Ch’en’s objection against the theory of Kubn and
Oldenburg. Although the observed regularity regarding the width of the bands
and their separations from the series lines in passing through the- various alkali
atoms and foreign gases cammot-be given an a priori explanation on-this the&y.
it.may be remembered that the width of -the- band and its separation-from the
series line .in each individual case can always-be accounted for by suitably
adjusting the potential curves for the system alkali atom -~ foreign atom. The
non~appearance of bands near other series lines may be a matter of these
potential curves. While it must be admitted. that it seems rather queer that
the potentigl carves are just such as to conform to the above mentioned observed
regularities, it must also be admitted that there is nothing fundamentally
impossibie in it. Ch’en's objection to-Kuhn-Oldenburg's theory is that it furnishes-
no.explanation why bands-are not observed near other lines; but as shown in (v)
above, his suggested theory fails also st this pomt not to mention the other
dlﬁmmee A1)y (ii) and (iii). o
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