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to use narrower slits and thus a more nearly monochromatic source and
at the same time work more rapidly. Figure 2 shows values of a plotted
against X.
These results show very clearly the type of anomalous dispersion occurring

near a K absorption limit. It is of the form predicted by the theories of
Kronig and of Kallmann and Mark. It is doubtful that a quantitative
agreement exists. For one thing the fluorescent absorption coefficient of
calcium is not accurately known in- this region. If the dispersion theory
were quantitatively reliable perhaps the absorption coefficient could be
derived from the dispersion curve. However, it must be noted that
in the range of from six to seven Angstrom units 5 more than doubles in
value. This is much more than can be explained by either theory.
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Introduction.-In order to throw possible light on the nature of gaseous
ions one of the writers began the study of mobilities of ions in mixtures
of various gases of diverse chemical nature.1L2'3 This study constitutes
a continuation of the work extending it to S02-H2 mixtures. Despite
the fact that mobilities have already been measured in pure SO2 the
results obtained in the pure gas alone merit some discussion.4' While
theoretically an easy gas to work with and assumedly easy to prepare
in pure form, it was found to be the most difficult gas yet encountered.
The results are therefore not entirely satisfactory, but inasmuch as the
work must be temporarily discontinued, it seemed best to report the
results obtained to date.

Effect of Fine Gauzes in Mobility Measurement.-Before undertaking
measurements the writers briefly investigated the question of the nature
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of the gauze to be used in the Franck modification of the Rutherford
Alternating Current method. One of the writers6 had previously in-
vestigated the effect on mobilities due to the interpenetration of the auxil-
iary and alternating fields through perforated sheet brass gauzes. In the
past, such gauzes had been used by the writers in their mixture work, but
these necessitated corrections for the ratios of the auxiliary and alternating
fields used, which were bothersome. According to recent articles of Schil-
ling7 and Herbert Mayer,8 fine mesh gauzes having fine wires do not
produce the changes in mobility with changing values of the above ratio
observed by the writer. A number of gauzes of this type were prepared,
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and one having meshes 0.33 mm. on a side and wires about 0.1 mm. in
diameter was chosen. Such gauzes can be prepared by taking 80-mesh
phosphor bronze screening and etching out the wire with HNO3. The
gauzes so prepared are as fine as any gauzes previously used. By proper

mounting they can be made plane and have a very high transmitting
power for ions, at the same time having small meshes.
The mobilities were measured in H2 and in pure dry air in the carefully

cleaned ionization chamber used before,11 employing different values
of the auxiliary field. Above auxiliary fields of 12 volts per cm. the
positive and negative mobilities in air (and also in H2) were high and
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relatively constant up to 20 volts per cm. and presumably higher. Below
12 volts per cm., auxiliary field strength, the mobilities dropped more
rapidly. The alternating fields lay in the neighborhood of 30 volts for
the negative ions and 40 volts for the positive ions. The values obtained
are shown graphically in the curves of figure 1 for air, several different
specimens of air being used causing the spread of results. Analogous
results were obtained in H2. The shape of the curves indicates a more
rapid rise of the mobilities of both ions as the field strengths are first
increased than later. It is probable that beyond 20 volts auxiliary field
strength to 80 volts the change would be relatively slight and possibly
masked by the smaller irregularities introduced by the incompletely con-
trollable purity of the air used.

Thus, contrary to the assertions of the authors mentioned,7'8 such
fine gauzes also show. the variable mobility previously described by one
of the writers.6 The mobility curves obtained at different fields show
the same behavior as previously described and the only difference is that
the effects occur at lower auxiliary field and, therefore, higher ratios of
alternating to auxiliary field with the finer mesh gauzes.
Thus Schilling's apparent constancy was due to a limited range of

variation of auxiliary field on the flatter portion of the curve. His high
absolute values for positive and negative ions in air are then to be as-
cribed to the high auxiliary fields used. This is borne out by the fact that
the writers observed mobilities just as high as those of Schilling at the
fields used by him, on air that he would designate as impure. This is
precisely what had been anticipated by one of the writers elsewhere.12
The conclusion to be drawn from this is that the method is incapable of
giving absolute mobilities of ions, and the values obtained must be re-
duced to an absolute scale through comparison with a more accurate
method, or else by calibration with a gas whose absolute mobilities are
known.
The measurements to be described were carried out with the gauze

discussed above using an auxiliary field of 12 volts/cm. By comparison
with air the true values on the new absolute scale can then be obtained
by multiplying the observed values by 0.96, and the values on the old
recognized scale by multiplying by 0.79.

Preparation of the S02.-The S02 was obtained from two sources. In
the first case, a sample of the best commercial Na2SO3 to be obtained from
the Chemistry Department was placed in an evacuated flask and C. P.
Concentrated H2S04 was dropped onto it. The S02 generated passed
through a trap cooled to -70°C. in frozen alcohol, through two pre-
viously exhausted tubes of P20, each a meter long, -through -another
double cooling trap at -70°C. and into a reservoir where it was frozen
out with liquid air. In the second case, owing to the peculiar results
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first obtained,' the S02, on the advice of the Chemistry Department, was
taken from a commercial bomb containing liquid SO2, the first half of which
had already been boiled off. After freezing, the bulb where the SO2
collected was pumped to the best vacuum obtainable with a mercury
vapor pump. In the case of the first sample this was fractionated in
use, while the second lot was purified by boiling off half of the 50 cm.
condensed out in the trap in filling. As far as the writers could foresee,
this gas should have been quite pure. There was a trace of Hg vapor
in the apparatus due to the mercury gauges. The only other source of
possible contamination was the rubber stopcock grease (Lubriseal) used
on the stopcocks, which could not be prevented in this system from com-
ing in contact with the SO2 to a slight extent. After considerable use,
on evacuation and washing once with dry H2, the ionization chamber
on opening had no odor of SO2 and only a very faint suggestioti of an
aromatic substance. Occasionally in measurement the last traces of
S02 were removed with NH3 gas, but this did not notably change the
control mobilities in H2 if care was taken to pump out the NH3.

Results in SO2 Alone.-The measurements in SO2 gave the following
values in cm./sec. per volt/cm. at atmospheric pressure under the con-
ditions used:

POSITIV5 IONS N5GATIV5 IONS WHEN MSASURUD

1 0.346 0.332 First measurement
2 0.347 0.330 Fifth measurement
3 0.352 0.337 $nd of the first lot of S02
4 0.354 0.307 Beginning of second lot of SO2

Average 0.350 0.329
5 0.504 0.462 Central section of first lot of SO2

The values numbered 1 and 2 were taken near the beginning, 3 was taken
near the end of the first charge of SO2 but after number 5 below had
been taken, and 4 was found on the new charge of SO2 from the com-
mercial bomb. The fifth measurement gave rather surprising values of
0.504 cm./sec. for positive ions and 0.462 cm./sec. for negative ions. These
high values were not accidental and had to do with a particular state of
purity attained in the center of the first charge of SO2, which also char-
acterized itself in other ways.

Absolute Values.0-S2 in samples 1, 2, 3 and 4 corrected for the auxiliary
field, gave mobilities of 0.276 and 0.260 cm./sec. on the old accepted scale
and' 0.336 and 0.316 cm./sec. on the new absolute scale, for positive and
negative ions, respectively. The values on the probably pure sample
indicated under 5, reduced to the old accepted scale, are 0.398 and 0'.365
cm./sec. and 0.484 and 0.443 cm./sec. on the new absolute scale for positive
and negative ions, respectively. The only other values in S02 were those
of Wellisch4 and Yen.5 Both -made measurements at low pressure 60-
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200 mm., using the same method as the one above. Their results have
little significance as absolute values, as the fields and gauze were not
defined. Their values are 0.415 and 0.414 for Wellisch and 0.412 and
0.414 cm./sec. per vol. cm. for Yen for positive and negative ions, respec-
tively. These are distinctly higher than the values of the writers in the
cases 1, 2, 3 and 4 above and lower than the values in case 5 above. Yen"
definitely asserted that the negative mobility was greater than the posi-
tive. This is in direct contradiction to the results above. In only one
case in some forty measurements was the negative mobility observed
greater, the results in all cases being such as to leave no doubt.

Results at Lower Pressures.-The present measurements were carried
down to lower pressures with the results shown below. The table con-
tains the mobilities as observed directly reduced to 760 mm. with no
correction for the auxiliary field.

PRESSUR. POSITIVE NEGATIVE NUMBER OP
IN M. IONS IONS MEASURSMENTS

10 0.399 0.385 3
21 0.377 0.364 1
51 0.372 0.398 1
149 0.372 0.347 2
316 0.372 0.339 2
760 0.350 0.329 4

It is seen that there appears to be a real increase in the reduced mobility
as the pressure decreases. This appears to be in agreement with a pre-
diction of A. P. Alexeievsky.9 It explains the higher values of the mobili-
ties observed by Wellisch and Yen compared to the values observed by
the writers as the former worked at low pressures. This, if correct, is an
interesting deviation from the inverse pressure law. The measurements
in mixtures seem to indicate that the probable explanation of this increase
is no real deviation from the inverse pressure law, as Alexeievsky's theory
would have it, but is due to the fact that the smaller samples of SO2 dis-
tilled over at lower temperatures have a higher average purity correspond-
ing to the exceptional sample measured in measurement 5 of the set at
atmospheric pressure. In all but case number 5 at atmospheric pressure
the results indicating the purer specimens of SO2 came for small amounts
of SO2, distilled over, say up to 30 mm. pressure in the chamber. Although
some forty or more measurements were made in this study of SO2, no
control over this variable purity could be obtained, except that the pure
samples occurred in the central fractions only and for distillates obtained
at the lower temperatures. This type of difficulty is unique for, so far
in their experience, the wrters experienced no such difficulty which could
not be explained or controlled.3 I.t is possible as stated that the SO2
reacted with the rubber stopcock grease to give a volatile poison. The
possibility of SO8 as an active impurity was not considered although as
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later learned this gas is often present in appreciable amounts according to
chemists. According to Zohn similar difficulties were encountered in his
work on the dielectric constant of SO2. It is hoped at a later date to
revert to this problem and discover the nature of the difficulty.

Free Electrons.-The negative carriers in SO2 down to 1 cm. were always
negative ions of mobility less than the positive ions. To test this still
further pure hydrogen showing free electrons at 760 mm. was mixed
with 1 cm. of SO2. The mixture was then pumped down to 3.8 cm. and
tested for free electrons. None were observed. Thus a partial pressure
of 0.05 cm. of SO2 in 3.8 cm. of H2 removes all free electrons. This leads
one to conclude that electrons attach to SO2 to form negative ions nearly
as readily as they do to C12.

Results in S02-H2 Mixtures.-The H2 used in these measurements
was similar to that used in previous work. It could be purified to give
free electrons at 760 mm. pressure at will by heating a copper tube through

POSITTVE NEGATIVE NUMBER OF
% SOt IONS IONS MNASURNMNNTS

0.00 6.55 8.90 5
0.01 12.2 6.10 1
0.079 14.4 6.58 4+ and 5-

0.25
f 11.9 7.03 2 (1 high)

0.25 ~ ~ .9

0.49 { 16.5 6.58 5 (1 high)0.49 ~5.64
f 20.3 5.50 3(1high)1.15 4.80

2.62 { 22.7 3.99 5 (2 high)

4.92 2.99 3.13 3
10.2 2.09 2.02 1
25.3 1.12 1.06 1
35.0 0.866 0.802 1
50.6 0.602 0.586 1
75.7 0.434 0.378 1
92.0 0.361 0.355 1

100.0 '( 0.350 0.329 5 (1 high)
100.0 ~~0.505 0.462

which it passed. It was used in this work without the heating to get nega-
tive ions to work with.3 The mobilities obtained with an auxiliary field
of 12 volts per cm. were 6.55 cm./sec. for positive ions and 8.73 cm./sec.
for negative ions. The values of the mobilities in SO2 used in these com-
putations were 0.350 cm./sec. and 0.504 cm./sec. for the positive ions
and 0.329 for the negative ions. These were the mobilities directly
observed and were comparable to those in the mixtures. The reason for
the use of the faster mobility of the positive ion in computation will be
seen when the results are given. The values for the mobilities are given
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below. T-hTbse *A verge _tes,' the number of m ts used
-beig- indimted. They -are uncorrected for the-auxiliry-fie1d, being,
however, reduced in each case to 760 mm. pressure. The values averaged
lay on the whole fairly close together and no such extremes as shown
above were averaged.
To study these better they are plotted in the curves of figures 2 and 3,

the reciprocals of the mobility being plotted as ordinates against the per-
centage composition of the mixture as abscissae. The light dashed curves
and circled points represent the positive ions and the light full lines and
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crosses the negative ions. Figure 2 goes from 0 to 10%, while figure 3
extends from 0 to 100% of SO2. There are for figure 2 two sets of posi-
tive ion data due to the peculiar effect of the purer samples of SO2 on the
mobility of the positive ion in S02-H2 mixtures in small amounts. The
straight lines represent the computed curves from the mobilities in pure
gases to be expected if Blanc's10 law of mixtures holds. The two heavy
dashed straight lines in figure 2 for positive ions apply to the computed
curves for positive ions for the pure samples and for the normal samples.

If one represents the reciprocal of the mobility in a gas a by = RKa
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and that for a gas b as- = Rb, and if in a- binary mixture there is

a mol fraction c of the gas a and 1 - c of the gas b present, the reciprocal

of the mobility in the mixture R, = h will be obtained by merely add-

ing the quantities R. and Rb multiplied by the mol fractions of the re-
spective gases present. Thus RP = cR, + (1 - c) Rb, which represents the

u

12

30 40 50 4
C. a'' °2

100

FIGURE 3

straight lines plotted using the observed end values.
substituted the law becomes

If the mobilities be

1 _ c 1-c
- + Kb ' whence

Kc =( c)K,KaKb ' which is the form of Blanc's law used in discussing

previous work.2'3
Looking at the curves of figure 3, it is seen that these depart from the

straight line law- in a sense indicating that either a labile clustering or
concentration effect is taking place. These deviations are quite like those
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observed in NH3 and represent a possible dielectric effect. In looking
at figure 2, it is seen tha SO2behaves like NH3 in its action on the nega-
tive ion and alsw for lt' psitie ions in the less liure samples. In the
samples which have so far been specified as the purer samples, the positive
ion has its mobility increased to high values by traces of 502 and even by
amounts of S02 as great as 2.5%. The only possible interpretation of
this is that in certain samples of the SO2 free from some impurity SO2
replaces the heavier molecule or molecules associated with the positive
ion in H2, making a more mobile ion. The highest mobilities observed
with certainty for positive ions in these low percentage mixtures of SO2
(they were not observed at higher percentages) were 22 cm./sec. per
volt/cm. This is higher than any negative ion mobility ever observed in H2.
Negative ion mobilities as high as 13 have been observed in high auxiliary
fields in fairly pure dry H2. The effect of NH3 in increasing the positive
mobility in H2 was, on one occasion in these measurements, found to give
a mobility as high as 14. Thus S02 is unique in the magnitude of its effect
on the positive ion mobility in H2. The interpretation of this is quite
simple. It is certain that the negative ion in H2 is formed by attachment
of the electron to some molecule of impurity. If it were a stopcock
grease or other bulky molecule present, this would even, in the absence
of further clustering, give rise to a slower ion. Again in H2 the ionization
of H2 by the alpha particles will lead to the formation of either H2+ or
H+. It is very doubtful if the positive charge will remain as long as
0.002 second attached to the hydrogen. The traces (from a chemical
viewpoint) of impurities will quickly acquire the charge because of the
lower ionizing potential. It may also be that the H+ or H2+ will rapidly
pick up some heavier molecule of impurity. In any case the positive ion
will also be bulky, and apparently more so than the negative, for its
mobility is less. Addition of pure SO2 introduces molecules which have
a stronger affinity for the positive ion than the impurity present before
and the mobility is that due to a lighter complex. That the mobility
should exceed that of the negative ion is not strange, as the latter is also
formed about an impurity. Whether the charges are attached to single
molecules of impurity or S02 in these cases it is impossible to say. The
high values observed in S02 compared to the negative mobilities make
it less likely that one is dealing with single molecular carriers than in the
case of NH3, where the mobility about equalled the negative. The sensi-
tivity of SO2 to some unknown impurity, however, shows that there are
substances present that are even more effective than SO2. This was
also found before in the case of ether and NH3, the ether being more
active on the positive ions than NH3.
The results, therefore, add one more striking bit of evidence indicating

that besides general dielectric lowering effects, concentration effects or
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statistical loose clustering, there are very much more stable complexes
formed by the action of charges of one sign or the other on specific molecules.
How large these are is still a question of doubt, but that such complexes
must form cannot be questioned. Such combinations appear more or
less like the complex ions encountered in chemistry, e.g., NH4+, Cu(CN)2-,
etc., than like clusters in their specific character.
Summary.-The work is an extension of the investigations of ion mobili-

ties in mixed gases to SO*-H2 mixtures. It is shown that the fine-meshed
gauzes such as used by Schilling and H. Mayer show the effect of varying
the auxiliary field on the mobility just as other gauzes do, differing only
in the point where the effects become appreciable. This confirms previous
work of one of the writers and leads one to suspect that Schilling's high
mobilities are due rather to the high auxiliary fields used than to the
exceptional purity. Difficulty was encountered in obtaining a purity
as shown by these measurements which was satisfactory. Two sets of
values of mobilities were observed at atmospheric pressure in SO2. The
absolute values on the new absolute scale for the supposedly less pure
sample were 0.34 cm./sec. and 0.32 cm./sec., respectively, for positive
and negative ions. For the other sample the values 0.48 cm./sec. and 0.44
cm./sec. on this same scale were observed. The mobilities reduced to 760
mm. appeared to increase with decreasing pressure a slight amount. The
effect is probably ascribable to the higher purity obtained at lower pressures.
Negative electrons could not be detected down to 0.05 cm. pressure of S02
in 3.8 cm. of pure H2. The negative mobility is unquestionably less than
the positive and appears so invariably in these measurements. The
effect of SO2 at higher concentrations in S02-H2 mixtures is similar to
the effect of NH3 in NH3-H2 mixtures. At low concentrations the sup-
posedly purer samples of SO2 gave positive mobilities in H2 of 22 cm./sec.
per volt/cm. which exceed materially the negative mobilities observed.
This must be ascribed to the formation of a relatively simple and mobile
positive ion in SO2 mixed with H2. The negative ion as in NH3 is un-
affected except to have its mobility slightly reduced.
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