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By HARRY C. JONES axp JOHN A. ANDERSON.
(Read April 25, 1908.)

(This is a preliminary report on part of an investigation carried out with the
aid of a Grant from the Carnegie Institution of Washington.)

The absorption spectra of salts of cobalt, nickel, copper, iron,
chromium, neodymium, praseodymium and erbium have been stud-
ied in the present investigation. Of these the salts of neodymium
and praseodymium are perhaps the most interesting and important.
This is due to the large number of absorption bands shown by these
substances, and, further, to the very unusually sharp character of
these bands.

The method employed in making the spectrograms consists in
allowing light from a spark, or from a Nernst filament, to pass
through the solution in question, fall upon a grating and then upon
the photographic plate.

For visual work a small direct vision grating pocket spectroscope
was found very convenient and useful. For photographing the
spectra the vertical grating spectroscope used by Jones and Uhler*
was employed.

In making the photographs the Seed L-ortho film was used for
the region from A 2000 to about A 6000.

For photographing the red end of the spectrum a Wratten and
Wainwright panchromatic glass plate was used.

* Carnegie Publication No. 6o.
276
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The Nernst filament was found to be the most satisfactory
source of light from the extreme red to the beginning of the ultra-
violet. It is sufficiently brilliant to require an exposure of only a
minute, but practically ceases at about A 3200. For wave-lengths
shorter than this some spark spectrum must be used.

The cadmium-zinc spark used by Jones and Uhler was fairly
satisfactory, especially in the extreme ultra-violet, but has the draw-
back that there are present a limited number of very intense lines,
on a rather faint continuous background. We tried to obtain a
spark spectrum having a very large number of lines, but with no
lines of very great intensity. We found that tungsten, molybdenum
and uranium all satisfied these requirements.

The terminals finally used were prepared by dipping pieces of
carbon in a concentrated solution of ammonium molybdate, and
‘then heating in a bunsen burner. They were then dipped into a
solution of uranium nitrate and similarly heated.

The coil used to produce the spark was a large Rontgen X-ray
coil.

MAKING A SPECTROGRAM.

In making a spectrogram consisting of seven photographic strips,
the following-mode of procedure was adopted: Seven separate solu-
tions were made up of the desired strengths. The cell®> to be used
was filled to the required depth with the most concentrated solution
of the series, and the quartz plates determining the depth of the
solution adjusted to parallelism. The exposure to the Nernst lamp
was then made, being usually one minute long. An opaque screen
covering up the visible spectrum as far down as A 4000 was then
interposed between the grating and the photographic film, and the
exposure to the light of the spark in the ultra-violet made. The
duration of this exposure was usually about two minutes. The
photographic film was then moved into the proper position for the
next exposure. The above series of operations was then repeated
for each of the succeeding strips.

After the film had been exposed for each solution and the spark
spectrum impressed, it was necessary to make a similar series of

?See Carnegie Publication No. 6o.
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exposures on a panchromatic plate for the red end of the spectrum,
using the same set of solutions. '

The scale accompanying the spectrograms was made by photo-
graphing an ordinary paper scale. Several photographs were taken,
the distance between the paper scale and the lens of the camera
being varied slightly from exposure to exposure. The resulting
negative which fitted the majority of spectrograms best was selected
and used throughout.

NeEopymMiuM CHLORIDE IN WATER—BEER’s LAw.
(See plate 1.)

The concentrations of the solutions of neodymium chloride were
so chosen and the depths of cell so selected that the total amount of
coloring matter in the path of the beam of light was kept constant.
From Beer’s Law the absorption shown by the several solutions,
under these conditions, should be the same. The concentrations of
the solutions used in making the negative for a, plate 1, beginning
with the one whose spectrum is adjacent to the numbered scale,
were 3.40, 3.02, 2.72, 2.38, 2.17, 1.90 and 1.70; the corresponding
depths of cell being 12, 13.5, 15, 17, 19, 21.5 and 24 mm. For b,
plate 1, the concentrations were 3.40, 2.55, 1.70, 1.13, 0.80, 0.57 and
0.43 ; the corresponding depths of absorbing layer being 3, 4, 6, 9,
13, 18 and 24 mm.

The most concentrated solutions appeared brownish yellow in
their bottles, from which the color changed on dilution to a yellowish
pink, the color being extremely faint in the most dilute solutions.

The exposures to the light of the Nernst lamp and spark were,
respectively, I minute and 2 minutes ; the slit having a width of 0.01
cm. The exposures and. slit width were not varied in the work
recorded in the present chapter, the object being to make the spectro-
grams as nearly comparable as possible.

Both @ and b of plate 1 show the presence of some general
absorption in the ultra-violet, which decreases quite rapidly with
dilution. The absorption bands also narrow somewhat with de-
crease in concentration, especially from 3.4 normal to about 1.7
normal. For concentrations less than about 1.5 normal Beer’s Law
seems to hold very accurately indeed, with the exception of the
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shading towards the red accompanying the band near A 5800, which
seems to decrease somewhat with dilution for concentrations of
one normal or less.

In the following table the measurements of the positions of the
bands were made on the seventh strips of @, plate 1, and, therefore,
refer to a concentration of 1.7 normal with a depth of layer of 24
mm. The remarks referring to changes with dilution apply to a
change in concentration from 3.4 to 1.7 normal, the depths of layer
being so varied that the product of concentration and depth remains
constant.

A Character. Remarks.

2810 Faint transmission begins.

28002010 Band with well defined sharp

edges. :
20702995 A double band, strongest com- The observed narrowing with
ponent to violet. dilution perhaps due largely
' to general U. V. absorption.

3220-3330 Strong band of complete ab-  Narrows slightly with dilution.

sorption, sharp edges.

3380-3400 Rather faint band, most in-

tense towards red.

3435-3505 Complete absorption, edges

sharp.

4180 Hazy, not very intense. Narrows some with dilution.

4275 Very intense and sharp. Narrows considerably at first.

4200 Narrow and faint. Between this and MA4275 is
fairly strong absorption in
the most concentrated solu-
tion. This absorption has
disappeared in the spectrum
measured.

4330 Hazy.

44104465 Edges rather hazy. This band is coincident with
band due to praseodymium,
and is to be ascribed to this
element which has not been
completely separated from
the neodymium. It does not
change with dilution.

4580-4650 Band with hazy edges not Narrows slightly with dilution.

completely separated from
A 4665-\ 4710.
4665-4710 More sharply defined on red Partly due to praseodymium.

than on violet side. Does not change with dilu-

tiomn.
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A Character. Remarks,
4740-4770 Fairly sharp edges. Not affected by dilution.
4820 Hazy on violet side. Due at least partly to prase-
. odymium.
5000-5330 Red limit sharp, violet a little  Violet shading a little greater
hazy. in concentrated solutions.
5660-5030 Violet limit sharp. Red edge Shading on red side decreases
hazy. with dilution.
6235 First and strongest band in  Not affected by dilution.
orange group.
6260 Narrow and rather faint. Not affected by dilution.
6270-6310 Faint band. Not affected by dilution.
6360-6300 Faint band. Not affected by dilution.
6730 Faint, in shading of principal Not affected by dilution.
red band.
67706840 Principal red band. Edges Not affected by dilution.
hazy.
6890 Band with hazy edges. Not affected by dilution.
7250 End of transmission. Not affected by dilution.

The most marked change produced by dilution from 3.4 to 1.7
normal, excepting that in the red shading of the A 5660-5930 band,
is that taking place on the red side of the narrow absorption line
at A 4275. In the spectrum of the most concentrated solution the
red edge of this line falls at A 4280, from which place a uniform
absorption extends to A 4295. In the third spectrum, counting from
the numbered scale, the shading has almost completely disappeared,

leaving a very narrow line at approximately A 4290. The width of
' this line is only 2 or 3 A. U. and it persists with unchanged intensity
throughout the remaining strips of the spectrogram. Its intensity
is, however, not sufficient to make it show in the reproduction, and
not even great enough to make it visible on the negative for b,
plate 1.

The limits of transmission for the yellow band, as shown by the
spectrum of the most concentrated solution, are A 5660 and A 5050;
hence the narrowing of its red side amounts to 20 A. U.

b, plate 1, starts at the same concentration as @, but the effective
depth of absorbing layer is only one-fourth of that used in a.
Hence this spectrogram represents the spectrum of a solution of
neodymium chloride 24 mm. deep and having a concentration of
0.43 normal. The absorption bands are all much narrower, and
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several of them are shown in the process of breaking up into sim-
pler bands. The bands in the ultra-violet have disappeared except-
ing the one at A 3435-A 3595, which is still intense, and a trace of
the one at A 3220-A 3330. Transmission in this region now extends
faintly to A 2460. No new absorption bands beyond A 2800 can be
seen.

The A 3435-A 3595 band now has the limits A 3450-A 3580, and
shows a weak transmission at A 3485, which increases somewhat
with dilution, thus dividing the band into two.

The band at A 4180 is weak throughout b, plate 1.

The band having its middle at A 4445, perhaps due entirely to
praseodymium, in @, plate 1, has about the same intensity as it shows
in a solution of praseodymium chloride having a concentration of
0.85 and a depth of absorbing layer equal to 3 mm. This indicates
that the percentage of praseodymium in the neodymium salts used
was about 6 per cent. The band at A 4825 partly due to praseody-
mium may also be seen throughout the entire series under consid-
eration. The wave-length of the praseodymium band being A 4815,
while that of the band showing in all the neodymium spectra has the
position A 4825, showing that neodymium has a band nearly coin-
cident with that given by praseodymium, but lying a little closer to
the red end of the spectrum. The remaining praseodymium band
has the position A 4685, this nearly coinciding with the rather nar-
row, strong neodymium band whose position is A 4695.

The band which under @, plate 1, was recorded as having the
limits A 4580-A 4650, shows in b as a hazy band with its center at
4615, together with a narrow faint line at A 4645.

The band which in the table is recorded as A 4740-A 4770 has
in b, plate 1, become a slightly hazy band having its middle at
A 4760. Its intensity is intermediate between that of the bands at
A 4695 and A 4825.

The band which in a, plate 1, has the limits A 5000-A 5330, breaks
up into a rather complicated series of bands on dilution, some idea
of which may perhaps be gained from the following: b, plate 1,
shows some absorption throughout the region given, but with a
deep, narrow band at A 5090, and faint transmission at A 5100 and
in the region A 5150-A 5180. Absorption is complete from A 5105
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to A 5150, and from A 5180 to A 5270. There is again incomplete
absorption from A 5270 to A 5330, with indication of a band at

AB3LE.

The limits of the yellow band in b, plate 1, are A 5700-A 5880,
in the strip corresponding to the most concentrated solution. The
band narrows by 30 Angstrom units on this spectrogram, the nar-
rowing being due to a decrease in the shading towards the red, with -
decrease in concentration.

The most intense bands of neodymium chloride, and hence the
ones which would be most conspicuous in a very dilute solution are

the following: A 3465, A 3540, A 4275, A 5205, A 5225, A 5745, A 570§
and A 7325. {

The wave-lengths of all the bands are collected in the following
table, together with a brief description of the appearance of each
band. It is to be understood that this table is not meant to repre-
sent what could be seen or Pphotographed in any one solution of
neodymium chloride in water. It merely records the positions of
all the bands that can be seen in a layer from 3 to 12 mm. deep,
when the concentration is varied from o to 3.4 normal.

A Description,
2000 About 20 A. U, wide.
2085 About 25 A. U. wide.
3225 Narrow and sharp.
33900 Narrow, faint.
3465 Very intense, narrow.
3505 Rather wide.
3540 Very intense, narrow.
3560 Faint, narrow.
4180 Faint, hazy.
4275 Very intense and sharp.
4200 Very narrow, faint.
4330 Hazy edges.
4615 Rather wide and hazy.
4645 Very narrow, faint,
4605 Narrow, intense.
4760 Hazy edges, fairly narrow.
4825 Narrow and fairly intense.
5000 Narrow, intense.
5125 Rather wide and hazy.
5205 Very intense, narrow.
5222 Very intense, narrow.
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5255 Narrow, intense.
5315 Hazy edges, faint.
5725 Narrow, intense. »
5745 Very intense.
5765 Very intense.
5795 Intense, moderately narrow.
5830 Very faint and hazy.
6235 Fairly narrow.
6260 Very narrow, faint.
6270-6310 Faint, hazy edges.
6360-6390 Faint, hazy edges.
6730 Faint band.
6800 Moderately intense, hazy edges.

6890 Hazy edges.

7325 Very intense and narrow.
7350 Narrow.

7300 Rather wide band.

NeopyMmiuM CHLORIDE IN METHYL ALCOHOL—BEER’'S LAw.
(See plate 2.)

The concentrations of the solutions used in making the negative
for @, beginning with the one whose spectrum is adjacent to the
numbered scale were 0.50, 0.40, 0.315, 0.25, 0.20, 0.16 and 0.125;
the corresponding depths of absorbing layer being 6, 7.5, 9.5, 12,
15, 10 and 24 mm. The concentrations for b were in the same
order 0.20, 0.16, 0.13, 0.10, 0.08, 0.06 and 0.05, the depths of cell
being the same as used in a.

There is some absorption in the extreme ultra-violet, which is
to be ascribed to the solvent, however, and not to the neodymium
chloride.

No trace of absorption due to the dissolved substance is visible
until we reach the group of bands near A 3500. These are three
bands having their centers at A 3475, A 3505, and A 3560. Of these
the one at A 3560 is the widest and also the most intense ; the one at
A 3475 being somewhat fainter than that at A 3505. The bands are
all much wider and hazier than those occurring near the same place
in the aqueous solution. No change with dilution, indicating a
deviation from Beer’s Law, can be detected in these or any of the
other bands in the alcoholic solutions of the chloride.

In the violet and blue regions we find the following band at
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A 4290, about 10 A. U. wide and only moderately intense. At A 4325
a band somewhat wider and fainter. At X 4460, a rather wide hazy
band with a faint hazy companion towards the violet. This is the
band which is perhaps due to praseodymium. The much greater
concentration of the alcoholic solutions of praseodymium chloride
studied in this work, makes it impossible to verify this by seeing
whether the praseodymium band in dilute solution really has this
general character.

There are bands at A 4700, A 4780 and A 4825, all of about the
same intensity; the one at A 4770 being, however, much narrower
than the other two, of which A 4825 is somewhat the wider. Both
A 4700 and A 4780 have faint companions to the violet.

The group in the green is made up of six bands as follows:
A 5125 hazy and rather wide, moderately intense; A 5180, also hazy
but much fainter; A 5220 moderately intense and narrow; A 5245
intense and with faint companion towards the red; A 5200 narrow
and moderately intense. Shading as far as A 5330 with indications
of faint band at A 5315.

The yellow group is made up of seven bands having the fol-
lowing characteristics: A 5725 moderately intense with hazy edges;
A 5765 narrower, but not quite as intense as A 5725; A 5800 fairly
narrow, strong; A 5835 very intense; A 5860 hazy and moderately
intense ; not clearly separated from A 5835 shading to A 5970, with
two faint bands superposed on it, one at A 5895 and the other at
A 5025.

No trace of bands is to be seen in the orange, but in the red
there is a fairly narrow but faint band at A 6860. The spectrum
ends at A 7355 in a deep, rather narrow band. It is evident that
the spectrum of neodymium chloride when dissolved in methyl alco-
hol is quite different from its spectrum in aqueous solution.

NeopymMiuM CHLORIDE IN MIXTURES OF METHYL ALCOHOL AND
WaTER. (See plates 3 and 4.)

Since, as we have just seen, the absorption spectrum of neody-
mium chloride in aqueous solution is so different from that of the
alcoholic solutions, it was thought to be of some interest to see how
the change from one to the other would take place if one of the
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solvents was made to displace the other gradually. A series of solu-
tions was accordingly made up, the concentration of the dissolved
salt being constant and equal to 0.5 normal, but the character of the
solvent varying as follows: The percentages of water in the seven
solutions were o, 16%, 334, 50, 663, 83} and 100; the corresponding
percentages of methyl alcohol were 100, 83%, 66%, 50, 33%, 16%
and o. Two spectrograms were made, namely a, plate 3, where the
depth of the cell was 1.5 cm. and b where the cell had a depth of
only 5 mm. @ was made in order to show clearly the change taking
place in the narrower and fainter bands, while b was intended to
show the change of structure of the more intense bands such as the
green and yellow ones. The strip which is adjacent to the num-
bered scale belongs to the solution in pure water, while the one
nearest the narrow comparison spark spectrum belongs to the solu-
tion in pure methyl alcohol.

Plate 3 shows that beginning with the strip nearest the scale, the
first six spectra are very nearly identical. From the sixth to the
seventh there is an abrupt change which at first sight consists in a
shift of all the bands towards the red, but which on closer examina-
tion is seen to consist in a disappearance of one spectrum and the
appearance of the other. Since the first strip is the spectrum of
the solution in pure water, it follows, since the sixth is nearly
identical with the first, that as large a percentage of alcohol in the
solvent as 83 per cent. does not change the absorption spectrum
materially ; the chief change taking place when the percentage of
alcohol is varied from 83 per cent. to 100 per cent.

It is to be noted that the apparent shift of the bands towards
the red is in reality not quite as great as it appears at first sight
from plate 3, owing to the fact that the film accidently shifted
slightly towards the red between the sixth and seventh exposures.
The amount of this mechanical shift is easily seen, however, by
comparing the spark lines in the ultra-violet. A measurement of
the shift shows it to be approximately 3 Angstrom units, and the
same for both @ and b, while the “ apparent ” shift of the absorp-
tion line at A 4275 in aqueous solution is actually 15 Angstrém
units, its position in the alcoholic solution being A 4290.

PROC. AMER, PHIL. SOC., XLVIL. 189 S, PRINTED SEPTEMBER 25, 1908,
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The slight changes taking place with some of the bands through-
out the spectrograms of plate 3 are perhaps sufficiently clear in the
reproductions. However, as a good deal of the detail shown by
the negatives is lost even in the most perfect processes of repro-
duction, we give here a description of the changes taking place in
two of the bands as seen on the original negative. We select the
bands at A 4275, and A 4760 from the negative for a, plate 3.

In the aqueous solution the A 4275 band is very intense and nar-
row, its whole width being less than § Angstrom units. The edges
are only very slightly shaded. In the alcoholic solution the posi-
tion of the center of the corresponding band is A 4290. It has a
width of from 12 to 13 Angstrom units, and is not nearly as intense
as in the aqueous solution.

Throughout the first six strips the A 4275 band maintains its
position and intensity almost unchanged. Its position does not
change in the least, but its intensity in the sixth strip is a trifle less
than in the others. In the seventh strip there is not the faintest
trace left of it. In the third strip, corresponding to the solution
whose alcohol content was 334 per cent., there appears at A 4285 an
extremely faint and narrow line. In the fourth strip it is some-
what wider and more intense, but its center is still at A 4285. In the
fifth strip it is beginning to be fairly conspicuous, and in the sixth
it is a band of moderate intensity having its center at about A 4287.
This band is undoubtedly the same one which in the pure alcoholic
solution has its center at A 4290 or very near there; the exact wave-
length being perhaps nearer to A 4292. We see then that even when
the mixed solvent contains only about one-half alcohol this band
exists independent of and distinct from the band characteristic of
the aqueous solution ; that it is at first only a very narrow and faint
line which widens towards the red as the percentage of alcohol is
increased.

The band whose center is at A 4760 has the following appear-
ance in the aqueous solution: Faint absorption begins at A 4748 and
rises rapidly to a maximum between A 4755 and A 4760, then de-
creases slowly to nothing at A4775. The band is accordingly a
trifle asymmetrical, the slope towards the violet being considerably
steeper than that towards the red. The corresponding band in the
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alcoholic solution is double and answers the following description:
Very faint absorption begins at A 4753 and rises to a faint maxi-
mum at about A 4757, becoming again zero at A 4760. It begins
again at A 4772, rises rapidly to a strong maximum at A 4780 and
falls to zero at A 4790. The component whose center is at A 4757
is very faint compared with the main band.

In the first and second strips we have nothing but the band
corresponding to the aqueous solution. In the third strip the red
side of the band has increased slightly in intensity, making it appear
much more nearly symmetrical. This change increases in the fourth
and fifth strips, the band at the same time widening considerably.
In the sixth strip its appearance is as follows: Absorption begins at
A 4748 and rises to a maximum just to the violet side of A 4760,
then decreases slightly towards A 4770, after which it increases
somewhat to A 4778, then falls off to zero at A 4787.

It is very evident from a study of the change in this band that
the two bands characteristic of the aqueous and alcoholic solutions
coexist, and that the band appearing in our photographic strips is the
sum of the two taken in different proportions. The proportion of
the alcohol band being, however, very much smaller than the pro-
portion of alcohol in the corresponding solution. A similar de-
scription might be given for any one of the other bands, but this is
not necessary as the changes are of exactly the same nature as those
we have already indicated. In every case where the alcoholic solu-
tion has a strong band, which differs somewhat in position from
any band in the aqueous solution, we begin to see traces of this
band when the proportion of alcohol in the mixture reaches 50 per
cent., but the band remains comparatively faint even when the pro-
portion is as high as 83} per cent.

In order to study the change which takes place between the sixth
and seventh strips of the spectrograms of plate 3, more carefully, a
series of alcohol solutions were prepared containing the following
percentages of water, o, 2%, 53, 8 10%, 13} and 16. The concen-
tration of the neodymium chloride was constant and equal to 0.5
normal. Two spectrograms were made, one with a depth of absorb-
ing layer of 1.5 cm., in order to show the fainter bands, and the
other with the depth of the cell only 5 mm. in order to show as
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much as possible of the structure of the larger bands. The first
spectrogram is reproduced as a, the second as b, plate 4. The
strips corresponding to the pure alcohol solutions are adjacent to
the numbered scale, the spectrum of the solution containing 16 per
cent. water being next to the comparison spark spectrum.

Although we found in considering plate 3 that some slight change
in the spectrum takes place where the percentage of alcohol is
changed from o to 83 per cent., yet this change is so small and
the bands due to the aqueous solution are so strong that we may
regard the spectrum of a solution containing 16 per cent. of water
as practically that of the aqueous solution. Accordingly, the spec-
trograms on plate 4 may be taken to show very nearly the whole
change which takes place when the solvent of neodymium chloride
is gradually changed from pure water to pure methyl alcohol.

In a the ultra-violet band is rather too intense to allow its
structure to be seen. Accordingly, we see the whole band remains
sensibly unchanged as the water is varied from 16 per cent. to 8
per cent., and then shifts towards the red with increasing rapidity as
the water is reduced to zero; the whole apparent shift amounting to
about twenty Angstrom units. On the negative the intense band
at A 3465 may, however, be clearly seen, and its intensity decreases
very slowly from the first to the third strips, counting from the
narrow comparison spark spectrum. In the fourth strip its inten-
sity is about half of what it was in the first strip, and from this it
decreases rapidly, vanishing entirely in the strip nearest the scale.
In b the structure of this band is seen very distinctly, and we find
that the bands characteristic of the aqueous solution gradually de-
crease in intensity, especially from the third to the sixth strips, while
the wider bands characteristic of the alcoholic solutions increase in
intensity, the two sets existing together. The change in the band
at A 4275 is the one that shows the best, because here the two bands
belonging to the aqueous and alcoholic solutions, respectively, are
both intense and narrow and clearly separated from each other.
The alcoholic band is clearly visible in the first strip, and it in-
creases continuously in intensity as the amount of water is de-
creased, but more rapidly from the fourth to the seventh strips
than from the first to the fourth, Its position also shifts somewhat
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towards the red from the first to the fourth strips, the wave lengths
of its center for the two strips being, respectively, A 4287 and A 4292.
Accompanying this shift is a change in its character which may be
gathered from the following statements: In the first strip it has
the appearance of an unsymmetrical band, the maximum intensity
being nearer the violet; in the third strip it extends from A 4280 to
A 4205 and has about the same intensity throughout; in the fourth
strip the intensity of its violet edge has decreased, while that of
the red edge has increased considerably, giving it the appearance
of an unsymmetrical band with the maximum intensity towards the
red. In the fifth strip the violet shading from A 4280 to about
A 4284 has disappeared, leaving a band very nearly symmetrical
about A 4290. It appears, therefore, that we are really dealing with
two unresolved bands, one having its center at about A 4285, and the
other at A 4292.

The band at A 4275, due to the aqueous solution, decreases in in-
tensity throughout, but more rapidly from the third to the sixth
strips than at first. Its position remains the same throughout. As
near as the eye can judge, this band has had its intensity reduced
to about half-value when the fourth strip is reached, corresponding
to 8 per cent. of water in the solution. The alcohol band at
A 4202 also has about 50 per cent. of its final intensity in the same
solution.

The band at A 4760 shows the same kind of a change that we
described in some detail above, only the change is much more gradual
and easy to follow here. It also shows about equal intensity for the
two sets of bands when the amount of water is 8 per cent. of the
whole.

The green and yellow bands are not sufficiently resolved in a
to allow the change in the individual bands to be followed, and
hence these apparently show only a gradual shift towards the red
with decrease in the amount of water. In b, however, they are
sufficiently resolved to enable us to follow the change in each
individual band, which, although a little difficult, on account of
their large number and the incompleteness of their separation in
some cases, may still be done. The change is in every respect the
same as we have found for the other bands; namely, those due
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