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ABSTRACT.

Todine: ~ Series in diffuse Absorption Band Spectrum in the extreme red Fart

at ordinary Temperature. At a comparatively low vapour tension (its vapour pressure
corresponding to 40°~r110°C. and the thickness of the layer being alout § cm.) a series
of bands has been found in the extreme red part (7oop-y_—800 ) The edges of these
bands are quite diffuse compared to those of well-known bands i1n the visible part, and
vanish as its vapour pressure is raised up to a certain value. Mecke’s formula {or the
hand spectrum in the visible region is not applicable to these band series by a simple
extension. '
Series tu Absorption Band Spectrum at high Temperature, When the vapour is heated
up to about 1,100°C., a remarkalle development of the absorption bands has been found.
Some thirty additional edges of the absorption bands have beett measured in wave-length
to Mecke’s observation, The majority of them were found to be expressed by his for-
mula by a simple extension, i.e, giving higher values for nj and ng,

Bromine: ~  Series in Absorption Basd Spectrum at ordinary Temperature. With

varions thicknesses of layers, ranging from 2 c¢m. to 6.5 m. at ordinary temperature (ca,
30°C.), about 180 heads of the absorption bands have been measured in the region {rom
533y, to 7619—!’- and arranged them into 16 series. Empirical formulze of the Deslandre
type have been introduced,
Series in Absorption Band Stectrum at high Temperature, The vapour was sealed in
a quartz tube at various vapour tensions and heated electrically up to about r,100°C. and
its absorption spectrum was examined, The action of high temperature upon the absorp-
tion jucreased in such a way that the thickuness of the layer was increased. In addition
to this, several stronger absorption bands appeared in the less refrangible part which
were quite absent in the spectrum at ordinary temperature. These bands were found,
however, practically represented as an extension of the VI series obtained in the spectrum
at ordinary temperature,

Series i Emission Band Spectrum, With an ordinary vacuum tube, thz emission band
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spectrum was examined. About 20 strong heads of emission bands were measured in
. wave-length, These were compared with those obtained in the case of absorption and
the lack of complementary relationship between the emission atd absorption spectra has
been verified, A series formula has been introduced to the band spectrum in emission,
Chlorine: —  Series in Absorption Band Stectrum at ordinary Temperature. Using
absorbing layers of various thicknesses (the largest of which being 12.6 m.), the writer
has measured some seventy edges of absorption bands in the region {rom 480%"!" to 576p4p.
and classified them into four series.
Series i1 Absorption Band Spectrum at high Temperature. With the thickness of layer
ranging from 5o cm. to 2.5 m. of chlorine at one atmospheric pressure and a temperature
of about 820°C., new absorption bands have been fcund in the less refrangible part of
the spectrum. Somz edges of these bands were found to be represented by an extension
of the IV series obtained in the absorption spectrum at ordinary temperature, and the
rest of them have conformed to a new series. There are still obseived abundant unclas-
sified absorption bands developed almost in wavy forms. The absorption spectra taken
in different conditions were compared with the emission band spectrum,
Some considerations upon the muanifoldness of the band spectrum corresponding to
the change of physical conditions have been offered and a probable vibrational isotope
effect in the band spectrum has also been discussed.

The wave-length determination and the classification of the heads of
the absorption bands of iodine vapour were first undertaken by Thalén.
He observed 59 heads between sogpp. and 683py, and classified them into
8 series. Morgan also measured ¢6 heads with an absorption layer of 20
cm. thick of iodine vapour at a temperature of 100°C. Recently an accu-
late wave-length determination in the edges of the adsorption bands was
made by Mecke! who found 115 heads of such absorption bands in the
region from 4gopp to 715py, and he classified these bands into 10 systems,
and arranged them by a formula of the Deslandre’s type.  On the other
hand, such an analysis in the absorption band spectra of bromine and
chlorine has not yet, so far as the writer is aware, been undertaken., In
the course of the former investigation, wc have found a remarkable evolu-
tion of the absorption bands of indine towards the less refractory part of
the spectrum when the vapour is heated. The action of high temperature
upon the absorption spectra of bromine and chlorine has next been studied
and a similar result obtained. The writer has then examined the band
spectrum of the halogen group under various physical conditions, and
studied the analysis of the band spsctrum obtained under the following
respective conditions,

i, e. (1) in the absorption at ordinary temperature,

(2) in the absorption at high temperature and
(3} in the emission in an ordinary vacuum tube,
and the results obtained so far will be given in the following pages.

1 Ann. d. Phys, 71, 104 (1923).
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The spectrographs chiefly used in this investigation were a Hilger replica
grating spectrograph having a camera objective of a half meter focus and
a 3 meter concave grating, one of Rowland’s mouiiting ; both dispersions
on the photographic plate being 0-043 mm. and o:17 mm. to the Angst-
rom at the D-line in the first order spectrum respectively.

To obtain the edges of the absorption bands as distinct as possible,
the Ilford process and panchromatic process plates were constantly used.

Iodine.

Details of the apparatus employed in this examination were given in
the former communication' entitled “ Studies of the Band Spectrum of
Halogen I, The Absorption of Iodine Vapour ” and here are omitted.

As stated in the previous communication, in iodine vapour at compara-
tively low vapour pressure a series of diffuse absorption bands was found
in the extreme red. The photographs of these bands were taken with
comparison of the Ni-arc and the wave-lengths were determined, and an
experimental formula was given in the following expression,

v = 13455 — 84'8n - 0-28n*
where n =0, 1, 2, ... RN , 12,

'

The agreement of both calculated and observed values may be seeil in
Table I
Table I.-Iodine in Absorption at T.ow Temperature.
(at very low vapour pressure corresponding to 40°~100°C.)
v = 13455 — 8481 — 0-28n’

where n=o, 1, 2, «e..... e rrerieiieieees , 12,
N K ‘. Difference between .
n l).(Obs.)\Vac.) v(Obs.) v(Cal)) v/Obs,) & v/Cal.) ‘ Remarks
o 7432-3 13455 13455 o diffuse
i 7479-8 13369 13370 -1 ”
2 75285 13283 13284 -1 ”
3 7577-0 13108 | 13198 o 2
4 76725 13111 131011 o 2
5 7678.0 13024 13024 0 7
6 7729'5 12937 12036 | 1 ”
7 7783 12849 12848 1 7
8 7839 12757 12759 -2 ”
9 7892 12671 12669 2 7
1o 7950 12579 12579 0 ”
11 8009(?) 12488 12488 0 diffuse and faint
12 8063(?) 12402 12307 5 diffuse and faint

1 These Memoirs, supra, p. 315.
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A graphical representation of these series was given in Fig. 1. In the
diagram, a point surrounded by a small circle indicates the edge of the
absorption band observed at low temperature,

Fig. 1. — Diagrammatic Representation of Series Relations for the Absorption
Band Spectrum of Iodine in the extreme Red Part.
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On the other hand, in heated iodine vapour, I have observed the
absorption band also in the extreme red. This was examined under various
conditions, changing the vapour pressure and the temperature of the bulb
containing iodine. And in a certain favorable condition, some thirty
additional heads were easily traced in the region from 715pp to 8oopy on
the photographic plate, The photographs of these bands were obtained
also with the Ni-arc in comparison, and the wave-lengths were determined
and the values thus obtained are given in the third column of Table II.

On the other hand, putting n,=10, 11, ......... , 18 and ny=22, 23,
......... , 26 in the Mecke formula

v = 18320°97 — 213760+ 0'596n{+ 0'0021n{— 80:66n;— 1-01 30}
+ 0003303
scries of bands were obtained. They are given in the fifth column of
the table. Tt is now found that the Mecke formula is generally applicable
to the bands developed in the absorption spectra at high temperature.
Table IT.- Todine in Absorption at High Temperature (1100°C).
(at a pressure corresponding to about 140°C.)
v = 18320°g7 — 213760, + 0'596n{ + 0:002 11} — 80°661,
— 1+01 303+ 000333,
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where nj= 8, 9, ......... , 18 and ny;=22, 23, ......... , 26,
n | nz |MObs)(Vac)| v(Obs) | v (Cak) Dv:gf:‘;i ‘;?‘c‘g‘fe)“ Remarks
8 25 7115-5 14053-7 | 14052:7 1-0
10 | 22 7134-0 14017-4 | 14015.9 L
9 | 24 7156.0 13974-3 | 139738 o5
8 26 7178.0 13931-5 13926.8 47
10 23 7196.5 13895-6 | 138947 0.9
9 | 25 7220-0 13850-4 | 13849-5 0.9
10 24 7261.0 13772-2 137719 0-3
11 23 7302-4 13604.2 13694-1 o1
10 25 7325-8 13650-4 13647-6 2.8
11 24 7368-4 13571-4 | 13571-4 0.0

7388-8 135334
12 23 7409-2 13496.7 13494-9 1-8
1r 25 7437-3 13445-8 | 134471 -1-3
13 22 7456-0 13413.0 13418-3 ~5+3
12 24 7479-4 13370-0 13372.2 ~2.2
7499-0 13335-1 I

13 23 7521-0 13296.0 | 132970 -1.0
12 25 7549-0 13245-6 | 13247.9 ~2.3
14 22 7566.0 13217-0 | 13221.7 -47
13 | 24 7589-0 13177:0 | 131743 27
12 26 faint
13 23 7663-4 13049:0 | 13049-9 -0:9
15 | 22 7672-9 13032.9 | 13026.6 6.3
14 24 7705-9 129770 12977-8 -0.8
13 26 faint
14 25 faint
16 22 7790 12837 12832.8 4
17 22 7912 12639 12640-4 1
18 22 8026(?) 12460 12449-4 11

These series of bands are also represented diagrammatically in Ifg. 1 in
comparison with those obtained at low temperature, and are marked by
small triangles.

Bromine.
For an absorber, several tubes of various thicknesses of layers were
prepared, the greatest thickness of layer being 6+5 meters at a pressure of
about 26 c¢cm. The bromine used in the present experiment was supplied
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by the Merck Co. in Germany.

The apparatus employed in this experiment for the study of the effect
of high temperature was the same as those used in the former investiga-
tion of the absorption of iodine at high temperature, and here details are
also omitted.

The tube used in the study of the emission band spectrum was
prepared with an ordinary tubing of a diameter of about 35 mm. and a
length of 20 cm. and the large outer tinfoil electrodes, A quantity of
well-dried copper bromide was introduced in a side tube attached to the
main. This tube was connected to a pump, and during the process of
exhaustion this was thoroughly heated with a Bunsen flame and then
sealed off from the pump. A proper amount of bromine vapour was
maintained by an occasional heating of the side tube containing copper
bromide, The tube thus prepared gave a bright source when it was
excited by an induction coil, and there was no need of making any tro-
ublesome connection with the pump during a long exposure. The chan-
nelled band spectrum emitted by such a tube was photographed with a
three-prism spectrograph having a camera objective of 52 cm. focus.

At an ordinary temperature and with a moderate thickness of absorb-
ing layer (10 cm.~20 cm.), the spectral range in absorption is very
narrow and the heads of the absorption bands are very few in number.
Using a very thick layer up to 6-5 m., however, the writer has found that
the bands were developed remarkably towards the extreme red, and some
180 edges of absorption bands were easily measured on the photographic
plate. As the thickness of layer was made to increase, the bands became
remarkably developed towards the red and at the same time the chaonelled
bands in the more refrangible part transformed into continuous one. Ifor
this reason, the entire channelled band spectrum could not be obtained on
one plate and several plates for different thicknesses of layers had to be
used to get the measurement of the wave-lengths of the edges of the
absorption bands all over the spectral region.

With very thin layer at a pressure of about 26 cm., the absorption
beyond the wave-length shorter side of soopp is somewhat continuous,
and just to the wave-length longer side of this continuous band, channelled
ones which shaded towards the red appeared at about 2 5133. At first
these bands are faint and gradually become sharper and more definite
ranging at regularly increasing intervals and then gradually fading away,
In all 38 heads of such bands were observed. The edges are fairly sharp
to start with, but they gradually become somewhat diffused as they pro-
ceed towards the red.  Another scries appears at 4 5304 and a third at



Fig. 2. — Diagrammatic Representation of Series Relations for the Band Spectrum of Bromine.
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4 5574 and so on, and up to 2 7808 about 180 edges of absorption bands
were found and classified into 16 series. The diagrammatical representa-
tion of these series is given in Fig, 2. In this diagram, points surrounded
by small circles indicate the absorption edges observed at ordinary tempe-
rature and belonging to the series mentioned above.

For the wave-lengths of these band series the following empirical
formulee of an usual Deslandre type have been. calculated : -
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st series  p=1g490'2—1396n—1+513n"—0-0038n*
where Nn==0, I, 2, cvicevrierrennns , 36, 37,

2nd series v,=18849:8 —52'15n—1:6330*+ 0-0010N°
WhEre N=0, I, 2, cerveveeecences , 27, 28,

3rd series w=17934:0— 83 60on— 1-550n"+ 0-0030n°
where N=0, I, 2, cteevvrrerrenns , 23, 24,

4th series v, =170966—107:120n—1-3140°4 0-00511°
where N=o0, I, 2, .cviveveeenenns , 16, 17,

sth series  v;=16100°9— 124 19n—1+2591°+ 0-01701°
where =0, I, 2, cevieeierninnne , I1, 12,

6th series y;=15702:0—135'16n—1-1130°+ 0-0211°
where N=0, I, 2, vieierreersoren , 7y 8,

7th series v, =15553'0—14g0n
where N=o0, I, 2, weeceeeeernnnn. , 8,

8th series vS=15220-84x55-4r1
where N=o0, I, 2, ccvieinnvernnn. , 8,

gth series . vy=14879'0—1592n
whete N=0, 1, 2, civierieennnens , 6,

1oth series v,=14657:8—1631n
where N==0, I, 2, cvececerernnns, y 7s

11th series v, ==14424'3—1659n
where n=o, 1, 2, 3, 4, 5

12th series y,=14172:g—1674n
where n=o, 1, 2, 3, 4,

13th series py=13982:7—1710n
where n=o, 1, 2, 3, 4,

14th series yy=13722:2—1738n
where n=o, 1, 2, 3,

15th series y;=136108—176°4n
where n=o, 1, 2, 3, and

16th series v=13494'5— 17701
where n=o, 1, 2.

Data for the consideration of regularity in the edges of the bands are
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given in the following tables which show the difference between observed
and calculated wave-numbers in the fiith column,

Table III.— Bromine in Absorption, Series I.
(p: 26 cm,; d: 2-5 cm.)
Y= 194902 —13-96n—1'51 30— 0:0038n°
where N1=0, 1, 2, .vieeeerieinens, 36, 37.

n |2Obs)(Vac)| v(Obs) | w(Cal) lv)"(‘gﬁf’)c%‘ ‘ft(véz‘f’; Remarks
o 51304 194917 194902 15
1 51344 194765 19474+7 1-8
2 5140-1 19454+9 19456.2 -3
3 51452 19435-6 19435-6 0-0
4 51525 19408.1 19409-9 -1.8
5 5159-8 19380-7 19382.1 -1:4
6 5168.0 10349-9 193511 -1.2
y 5177.0 19316.2 193170 -0.8
8 5187-0 19279-0 192797 o7
9 51978 19238-9 19239-2 -0-3
10 5209:5 19195-7 191955 02
1 §222.2 19149-0 19148.5 c0.§
12 5235-9 19098-9 19098.2 07
13 52505 19045-8 190447 I
14 5266.2 18989.0 18987.8 1.2
15 5283.0 18928.6 189275 I-1
16 5300:8 18865.1 18863-9 1-2
17 53198 | 187977 | 18796.9 o8
18 5339:9 18726-9 18726.5 o4
19 5361.1 18652.9 18652.7 0.2
20 5383-6 185749 185754 05
21 5407-2 184939 18494.6 -0-7
22 54321 18409-1 18410-3 -1.2
23 54582 18321.1 18322.5 -1-4
24 I 18231.2 faint (?)
25 | — 181362 »
26 —_— 18037-6 ”
27 - 17935-5 7
28 —_ 178297 2
29 —_ 17720-2 ”
30 — 17607-1 7
3t — 17490-2 ”
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344
Diffe b t N
n  |%Obs.)(Vac)| v (Obs,) v (Cal) v‘(gg‘;f;czl v (“éjj‘)‘ Remarks
32 5761(?) 17358 17369-6 -12 broad and diffuse
33 5800(?) 17241 17245-3 -4 o
34 5845(?) 17109 17117-2 -8 ”
35 5888 16984 16985-2 -1 ”
36 5935 16849 19849-5 -1 ”
37 5984 16711 167099 1 7
Table IV.— Bromine in Absorption. Series II.
(p: 26 cm,; d: 5-8 cm.)
v,=18849:8— 52-15n — 16330+ 0'0010n®
WRhEre N==0, I, 2, vicvveereivarcs , 27, 28,

n - 2Obs)(Vac)| v (Obs) | v (Cal) Iv)iffgggf;ce&bfzgf‘; Remarks
o 5305-5 18848-4 18849-8 14
1 5319:3 187995 18796.0 35
2 53356 18742-0 18739-0 3.0
3 53515 18686-4 18688.7 -2-3
4 5372-0 186150 18615.1 -0-1
5 53910 185494 18548.3 L1
6 5411-0 18480-9 18478.3 26
7 54332 18405-4 18405.1 03
8 5455-1 18331-5 18328.6 2.9
9 5478-2 18254-2 18248.9 53
10 55048 181627 18166.0 -3-3
It 5530-7 18080-6 18079-9 0.y
12 5558-6 17990-1 17990-6 -0-5
13 55862 17901:3 17898-1 3-2
14 5618-2 17799-3 17802.4 -31
15 5649-6 177004 17703:9 -35
16 5682.6 17597-6 17601-4 -3-8
17 5713:6 17502-1 17496.2 5.9
18 5751-7 17386-2 17387-8 -1.6
19 5788.0 172771 17276.2 0-9
20 58275 17160-0 17161.6 -1.6
21 58673 170436 17043-8 ~0.2
22 5908.6 169245 16922.8 1-7
23 50517 168019 16798.7 3.2
24 5999-3 16668-6 16671.4 -2.8
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Diffe bet
n | MObs)(Vac)| v (Obs.) v (Cal,) v‘((‘;{)‘:‘)ce& " ("(‘é‘:f’; Remarks
25 60450 16542.6 16541-0 1.6
26 6096.0 164042 16407.6 3.4
27 61477 16266-2 16271.0 —4-8
28 6199:9 16129-3 16131.3 -2.0
Table V.~ Bromine in Absorption, Series I,
(p: 26 cm.; d: 10 cm.)
v;=17934-0— 83-6on— 1-550n°+ 0r0030n°
where N==0, I, 2, .cevveereeenen. ,y 23, 24

n | »Obs)(Vac)| v (Obs) v (Cal ]v)"(ffgg‘;jc‘i& bvet(‘g:‘,"‘)‘ Remarks
o 5575-8 17934-6 17934-0 0.6
1 5602.2 17850-1 17849-8 0-3
2 5628.6 17766-4 17761.6 4-8
3 56501 17670-%7 17670.3 0-4
4 5688.8 17578-4 17576.0 2:4
5 5721-1 17479-2 17478.6 0.6
6 57553 17375-3 17378.3 -3-0
7 5788.8 172747 17274-9 (=0.2
8 5825-0 171674 17168.5 -1-1

5862.1 170587 17059-2 -0-5
10 5901.6 16944-6 16947.0 2.4
It 5941-6 16830-5 16831.8 -1-3
12 50982.6 167151 16713.8 13
13 6026.0 16504.8 16592.8 2.0
14 60703 164731 16469.0 41
15 6119-5 16340-2 16342-3 -2-1
16 6167.7 16213-5 16212.9 0.6
17 6218.6 16080.8 16080.5 0.3
18 6271.9 15944-0 15945:5 -3
19 6326.3 15807-0 15807-6 -0.6
20 6384.0 15664-2 15667.0 -2-8
21 6442-0 155231 15523-6 -0-5
22 65020 153799 153775 2:4
23 6565-8 152304 15228.7 17
24 6632 15078 1

15077-3
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Table VI.- Bromine in Absorption. Series 1V,
(p: 26 cm,; d: 10 cm.)
v, =17096:6 —107-1 2n —1-341n°+ 0r0051N*
where n=o0, 1, 2, cicoivviennnnn. , 17.
n [2Obs)(Vac)| v(Obs) | v(Cal) r:i%{)‘;“)ce& bf‘(“éz‘f‘; Remarks
o 5848-2 17099-3 17096.6 2-7
1 5886.4 16088.3 16988.1 0.2
2 59256 16875.8 16877.4 -1.6
3 5966.0 16761.7 167633 -1.6
4 6007.2 16646. 7 16647.0 -0-3
5 6050.6 16527-3 16528.1 -0-8
6 6095-6 16405.3 16406.7 ~1-4
7 6141-0 16284.0 16282.8 12
8 6189-0 16157-7 16156-4 1-3
9 6240.7 16023-8 16023.9 ~0.1
10 6289.4 15899-8 15896-4 34
11 63433 15764-7 15762.8 1-9
12 63985 156287 15626-9 18
13 6454.0 15494-3 154946 -0:3
14 6516.0 15346-8 15348-1 -1-3
135 6576.6 152054 152053 o1
16 6640-9 15058.2 15060.3 -2-1
17 6705 8 14912-5 149131 -0:6 |
Table VII. —Bromine in Absorption, Series V.
(p: 26 cm.; d: 50 cm.)
v;=16100°9 —124°1gn— 1-259n*+ 0 o1 70n*
where N="0, I, 2, vcerevrerrnnne. , 12,
n |2Obs)(Vac)| v (Obs,) vicay | P ’(féeg:';cf‘.i lf‘(“(fi?'; Remarks
o 6210.7 16101-1 16100-9 0-2
1 6258 8 159775 159755 2.0
2 6312.0 15842.8 15847-6 -4-8
3 6362-9 15716-1 15717-6 ~I5
4 64164 155851 15584-9 02
5 64712 154531 15450:6 2.5
6 6530-4 15313-0 153141 -1-1
7 6589-8 151750 151757 -07
8 6651.0 15035:3 15035-5 -0.2
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Diffe bet
n |XObs)(Vac)| v (Obs) v(Cal) | | (‘Oeb‘se.?cgz o (‘(V:Z?‘; Remarks
9 6715-0 148920 148936 -1:6
10 6778-8 147519 14750-1 1-8
1 6846.7 14605.6 14605-1 0-5
1z | 6915(?) 14461 144587 2 diffuse and faint '
Table VIII.- Bromine in Absorption. Series VI.
(p: 26 cm.; d: 1-2m. at 30°C. and 17-5cm. at 1100°C.)
v =15702'0—13516n—1°1130*+ 00211
where N=0, I, 2, cceerreveenenns , 18.
Difference bet
n | MObs)(Vac)| v (Obs,) v (Cal,) v 20%’:;‘ & v (VC"Z‘I*‘; Remarks
o 6368-2 15703-0 157020 1.0
1 64248 155647 15565-7 -1:0
2 6480-2 15431-6 15427-4 42
3 6542-0 15285-9 152871 -T2
4 6602.0 15146-9 15144-9 2.0
5 6668.0 149970 15001-0 —4-0
6 6731-2 14856.2 14850-4 5-8
7 6797-0 14712:4 147085 3.9
8 6868-5 145592 | 145602 -1.0 e Setton oF neat”
9 €941-7 14405-7 144107 -5-0 %
10 70129 14259+4 14260-1 -0.% 4
1 70874 14109-5 141085 1.0 7
| (7093-0) (14098-4) ”
I ( 7164-4 139579 13956-1 1-8 %
12 (7169-3) | (13948.4) 2
(7173-9) (13941-2) ”
(7178-2) | (13931°1) 7 (@)
(7241-3) | (13809-7) %
13 72474 137981 13803-0 -5:0 7
(7253-4) | (13786:6) ”
{ 7326 13650 13649-2 1 ”
14
{7403-0) | (13508-0) ”
7410-8 13493-8 13495-0 -12 7
15 (7418:5) | (13479-8) %
(7426:5) | (13465-3) ”
16 7495-6 133412 133405 0.7 ”
17 7586 13182 13185-8 -4 ”
18 ?) 130340 diffuse and faint
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Table IX. - Bromine in Absorption. Series VII.

(p: 26cm.; d: 1-2m.)

¥ =15553'0—14g-0n

where 1=0, I, 2, vveeeerereerrsn , 8.
n | 2Obs.)(Vac)| v (Obs) v (Cal) ?(ig?:;x):cg I:et(wé?]ax; Remarks
o 6429-0 15554'5 15553-0 15
1 6492.3 15402-9 154040 -1-1
2 6557-8 15249-0 15255-0 -6.0
3 66185 151092 15106.0 3.2
4 6684-0 14961-1 14957-0 41
5 6752.8 14808.7 14808.0 0.7
6 682r 14661 14659-0 2
7 6891.6 14510-4 14510-0 0-4
8 6964 14361 14361-0 o trace
Table X.~ Bromine in Absorption. Series VIII.
(p: 26cm.; d: 1-2m.)
Y3=152208—~155°4n
where N=0, 1, 2, cvcivrvinieennen , 8.
n [ 2(Obs)(Vac)| v (Obs) v (Cal) ?i(ﬂgg;’;‘:; ‘ft(gflf’)‘ Remarks
o 6569-9 15220:9 15220.8 o1
1 6628.8 15085.7 150854 0.3
2 6701.0 149232 14930-0 -6.8
3 6765.6 14780-7 147746 6.1
4 6838.4 14623.3 14619-2 41
5 6916-8 14457-6 14463-8 -6-2
6 69870 143123 14308.4 39 ‘
7 7065-4 141535 141530 | o5 |
8 fainter trace

| |

Table XI.- Bromine in Absorption. Series IX,

(p: 26cm.; d: 1-2m.)

vy =14879'0—15¢2n

where n—=o, 1, 2,
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\ Difference between
n %(Obs.)(Vac.) | v (Obs.) v (Cal.) v (IO?)rse:;‘gz ve (véal.) Remarks
o 6719-8 148814 i 14879.0 2.4
1 67943 147182 14719-8 -1-6
2 6867-4 14561.6 | 14561.6 0.0
3 6946-1 14396-6 | 14401-4 5.2 |
4 70204 14244-2 | 14242-2 2-0 i
5 7101.0 140825 l 14083.0 -0.5
6 7181 13926 13923-8 2
Table XII.- Bromine in Absorption. Scries X.
(p: 26cm.; d: 2:1m.)
Yip=14657'8—1631n
" where n=o0, I, 2, veirreineinnnn. , 7
. iffe bet
n o |20@s.)(Vac) | v (Obs.) v (Cal.) \I')l(gg';r;ce& ve(vzicln; Remarks
o 68219 146587 | 14657-8 09
1 €900-9 14490-9 14494-7 -3-8
2 6978-4 14329-9 14331-6 -1-7
3 7056-1 141721 14168.5 36
4 7140-2 14005-2 140054 -0.2
5 72220 13846.6 13842-3 4-3
6 73111 13677-8 13679-2 -1:4 .
7 73995 13514-4 135161 -1-7
Table XIIL.- Bromine in Absorption.” Series XI.
(p: 26cm.; d: 2:1m.)
YiT=14424+5-=1659n
where n=o, 1, 2, 3, 4, 5.
) i : Diff Det ,
n | MObs)(Vac.) | v (Obs.) v-(Cal.) v 1((;3]::ch v (\(v:zir; Remarks
o 6932-6 144246 14424-5 0.1
1 7014:4 14256-4 14258-6 -2.2
2 70970 14090.5 | 14092-7 -2:2
3 71780 13931-5 139268 47
4 7267-2 13760-5 13760-9 ~0-4
S

7351() | 13604 | 13595.0 -9
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Table XIV.-Bromine in Absorption. Series XII.
(p: 26cm.; d: 3025m.)
Vi;=14172:9—167+¢n

where n=o, 1, 2, 3, 4.

Diffe bet
n  |2Obs.)(Vac) | v (Obs) v(Cl) | ('02‘;;1“; . &”ﬁj‘f’; Remarks
o 7056.9 141705 14172:9 ~2-4 !
1 7140-0 14005-6 14004-§ It ‘
2 72260 138389 138371 1.8 \
3 73155 13669-6 13669-7 o1 |
4 7407-0 13500-7 135023 -1-6 ‘
Table X V.- Bromine in Absorption, Series XIII.
(p: 26cm.; d: 3-25m.)
Yi3=13082+7 — 171N
where n=o, 1, 2, 3, 4.
| i ,
n 1Ohs,)(Vac.) | v (Obs) | v (Cal) P(]g?:f ;mg lze?ézi'; Remarks
o 7152-0 139841 13982.7 1-4
I 7240-8 13810.6 138117 -I-1
2 73306 13641-4 13640-7 0.7
3 74247 13468.6 134697 -I-1
4 ) ; {aint
i
Table XVI.— Bromine in Absorption, Series XIV.
(p: 26cm; d: 3-25m.)
v =137222—1738n
where n=o, 1, 2, 3.
f i I .
. ! Diffe bet: N
n 2(Ohs.}{(Vac.) v (Obs.) ‘, v (Cal.) [‘ v ‘(&::T)lc%{ ve(gzir)l 1‘ Remarks
o 72875 137221 ‘ 137222 -0-1
T 7381-0 135483 135484 | -0-1 i
2 74768 133747 | 133746 o1

I @)
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Table XVII.~ Bromine in Absorption. Series XV.
(p: 26em,; d: 6:3m.)
v;=13610°8 — 17640
where n=o, 1, 2, 3.

n | M(Obs)(Vac)| v (Obs.) v (Cal) ?‘fggﬁgﬁ ‘1‘3‘(“&:?‘)‘ Remarks
o 7347-0 13611-0 13610.8 0.2

1 7443-8 134340 134344 -0-4

2 7542-6 13258.0 132579 o1 diffuse

3 (®)

Table XVIIT.- Bromine in Absorption. Series X VI-

{p: 26cm,; d: 6-5m.)

Vig— 1 3494'5 — 177;011
where n=o, 1, 2.

n o |3Obs)(Vac)| v (Obs) v (Cal) Pi(gﬁggchl "Ve‘(“ggff)‘ Remarks
0 74105 | 134944 134945 -0-1

1 7509 13317 133175 -1 diffuse
2 7610 13141 131405 o 7

In the above tables, the large deviations in the wave-number units
between the observed and the calculated are probably due partly to
observational errors, since the edges of the bands are generally diffuse
and indistinct, and partly to indicate the imperfection of our formulee.

Roscoe and Thorpe' have already found that the absorption band of
bromine vapour was developed towards the red by the action of heat.
According to Fvans,® the high temperature spectrum is very different
from the low temperature spectrum. A further study on the action of
high temperature upon the absorption spectrum has been also carried out
in the present study. By the action of heat, the absorption increases as
if its vapour pressure or thickness of layer were increased, and bands are
developed towards the red. In addition to this, a new band system
appears up to the extreme red. The latter bands were compared with
those at ordinary temperature in the same spectral region. We obtained
these spectra under different conditions on one plate. FEach spectrum
designated by “a” is the absorption spectrum at ordinary temperature

r  Kayser, Handbuch der Spektroscopic, 3, 320.
2 Astrophys. J., 32, 291 (1910).



352 Gisaburé Nakawura.,

(30°C.), thickness of layer being 6-5m., and that designated by “b” at
about 1,100°C., its vapour pressure corresponding to the temperature of
30°C., and thickness of layer 17'5cm. in the lattet case. The former
were taken with the small dispersion grating spectrograph in the first order
spectrum and the latter with the concave grating spectrograph of 3 meter
focus in the second order spectrum. This is also represented diagram-
matically in Fig. 2. The difference in the distribution of bands between
the two is remarkable. As indicated in that diagram, however, and also
in the table (Table VIII) these systems of bands developed at a high
temperature are expressed practically by an extension of the 6th band
series, The agrecment between the observed and calculated values is fairly
good as given in that table. There are, however, several absorption bands
not classified, and these bands will be discussed later in this paper.

Quite recently Prof. M. Kimura' studied the emission band spectrum
of bromine in relation to its absorption band spectrum and arrived at the
conclusion, inconsistent with the results obtained by Eder and Valenta
and Hasselberg,? that the absorption spectrum did not correspond to the
emission band spectrum even in general appearance. In the present inves-
tigation, it was also observed that the distribution of bands in emission
was quite different from that of absorption. These are to be seen in the
diagram already given (Fig. 2) and also in TFig. 5, Plate V. The edges
of the bands in emission are practically expressed, in wave-number units,
by the following formula,

v= 187671 — 175'09n
where n =0, I, 2, cvvevvievinnnn. , 10,
The observed and the calculated values are given in the following Table
XIX. The lack of good agreement between the observed and the cal-
culated may be due to the extraordinary diffuseness of the absorption
edges as well as to the imperfection of this formula.

1 ‘These Memoirs, 4, 128 (1920,)
2 Kayser, Ilandbuch der Spektroscopic, §, 188,
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Table XIX.- Bromine in Emission.
(Vacuum tube.)
v=18767'1—175gn
where n=o, 1, 2, cecceiinvnnn.n. , 1O,
Diffe bet

n | %Obs)(Vac)| v (Obs) viCal) | | (O“if)’cgl o ("éffl"; Remarks
o 5330 18762 18767-1 -5

1 5379 18591 18591-2 o

2 5428 18423 18415-3 8

3 54805 18246 18239-4 7

4 55355 18065 18063-5 9

5 5589 17892 17887.6 4

6 5644 17718 177117 6
7 5701 17541 17535-8 5

8 5760 17361 173599 I

9 5820-5 17181 171840 -3

10 5881-5 17002 170081 -6

11 5943 16827 16832-2 -5

12 60055 16651 16656.3 -5

13 6069 16477 16480-4 -3

14 6135 16300 163045 -5

15 6193 16134 16128.6 5

16 62715 15945 15952-7 -8

17 6338-5 15777 15776.8 o i
18 64125 15595 15600.9 6

19 64795 15433 15425-0 8

Chlorine.

Taird" succeeded in obtaining the decided absorption bands of chlorine
with a column of 1:37 meters long and a great number of absorption
lines in the spectral region between 545pp and 480p has been measured.
In our present experiment, however, very few of the edges of absorption
bands with this order of length of absorption column appeared. But as
increasing the length of column of chlorine promised to intensify and
develop the edges of the absorption bands more and more towards the
red, tubes of various thicknesses of layers, the longest of which being
12°6 meters long, and at one atmospheric pressure were used,

The tubes being exhausted, chlorine was let in until the total pressure,
as measured by a manometer attached, was one atmospheric pressure.

1 Astrophys. ], 14, 85 (1901).



354 Gisaburd Nakanura.

The chlorine was used in the present experiment was prepared from con-
centric hydrochloric acid and potassium permanganate and this was dried
in the usual way.

When we examine the photographs of the absorption band spectrum
of chlorine taken through a column of 1-5m. thick at the temperature of
5°C., a system of bands is observed to start at about 48ops. At first,
these bands are faint, but with growing term they become gradually intense
and wide in separation, and then finally become diffuse and faint. The
whole group of bands conform to a series (Series I). Another series of
bands starts at 494pp, and so on. In all, seventy edges of such bands
were measured and classified into four series. A diagrammatical representa-
tion of these series is given in Fig. 3, and the following empirical formula
has been calculated :

Vit = (20836:5— 55010, —7°130n—2:650n°— 0*0557 711",
where n,=o0, 1, 2, 3, and N1=0, I, 2, «ceeverrrreenss , 2I.

In the study of the absorption at high temperatures, the quartz tubcs
of 17:5 cm, long used with the iodine and bromine were, in the present
case, not long enough. A combustion tube (from Jena) of 2-3m. long,
both ends being blown into bulbs was then substituted and this was filled
with chlorine at one atmospheric pressure. Nichel-chrome wire was wound
round the tube covered previously with asbestos papers and the whole was
heated electrically up to about 820°C. The colour of chlorine gas at or-
dinary temperature is a pale greenish yellow, but it becomes brownish at
high temperature (820°C.) almost exactly resembling that of bromine vapour
at ordinary temperature,

The absorption spectrum was next studied with the spectrographs
mentioned above. The mode of evolution of the absorption bands was
similar to that of bromine. Enlarged reproductions of a portion of these
spectra are given in Figs. 1 and 2, Plate V. The former was taken with
the small dispersion spectroscope and the latter with the concave grating
one of the second order spectrum. A minute study upon the absorption
spzctrum of heated chlorine soon revealed to us that, besides general streng-
thening of the intensity of the absorption bands, the band series termed
Series IV developed remarkably and also a new series (Series V) appeared
which was utterly absent in the low temperature spectrum even with the
largest thickness of layer (12:6m.) of this gas. In the high temperature
spectrum, there were still more numerous absorption bands to be observed
in the less refractory part, but these were somewhat wavy in form, and
the wave-length measurement of these bands was impossible. The fifth
scries is practically represented by a following formula,



Iig.  3.-Diagrammatic Representation of Series Relations for the Band Spectrum of Chlorine,
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v;= 177652 —116-8n—g-61n'—0-438n°
where n=o, 1, 2, ..ccov0n. ceeery TO.
We give for these five series the following tables showing the observed
values compared with the calculated,
Table XX.— Chlorine in Absorption, Series I.
(p: 1 atm,; d: 2-5m.)
v, = (208365 — 550 1n) —7-1 30— 2:650n*— 00557 70"
where n,=0; N1=0, 1, 2, 3, cvvevrererarees, I7.

n | »Obs)(Vac)| v (Obs.) v (Cal) ?égeg:f)‘cg Eet(‘(‘gz‘l"; Remarks
o 4799-3 20836:4 . 208365 —-0-1 |
1 4801-3 208277 208267 1.0 : x
2 4805-8 20808.2 20811-2 -3-0 .
3 4809-3 20793-0 | 207898 32 l
4 48175 207577 . 20762:0 43

5 48245 20727-5 207276 -0-1

6 4835-1 20682.1 20686-3 —4-2

7 4846-5 206335 20637-6 - 41

8 4858-7 20581-6 205813 03

9 4873-4 20519-6 205175 2-1
10 4801-4 204441 204444 -0-3

11 4910-6 2036-41 203632 0-9

12 49315 20277.8 202730 4-8

13 4956-0 20177-6 201734 4-2

14 4982-4 20070-7 20064-2 65

5 5013-0 199481 19955-1 ~71 |
16 5048-3 19808.7 19815-4 -6.7 ;
17 50830 19673-4 19675-2 -1-8

Table XXI.- Chlorine in Absorption. Series II.
(p: 1 atm,; d: 4-om.)
v;=(20836'9— 550°1n,) —7+13n—2:6500"~ 0055771’

where N,=1; N3, 4, §, ceecrrrereesnen , 10,

N | Diff bet
n ;).\Obs.)(Vac.) v (Obs,) v (Cal) ’[ v (loil:l)lcgl v (Vézir; Remarks
3 ‘ 4940-6 20240-§ 20239+ } 0.8

| a
4 ' 49480 | 202102 202119 | ~1-7

| .

5 49559 | z20178:0 201775 o5
6 4966.8 ‘ 201337 20136-2 ~2.5
7 | 49794 20082-7 200875 | -48
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n g).(Obs.)(Vac.) v (Obs.) v (Cal) ?(‘g?)‘:;‘cg Ee‘(véz?‘; Remarks
| . .
g8 | 4993-6 20025-6 20031-2 -5-6
9 5009-6 19961-6 19966-9 -5.3
lo 50273 19891-4 198943 -2-9
181 5048-3 19808-7 198131 -4-4
12 5072-4 197145 19722:9 -84
13 5097°5 19617-5 19623-3 -5-8
14 51264 19506-9 19514-1 72
15 5157-6 19388-9 19395-0 | -6
16 51922 | 192597 192654 | =57
17 52300 191205 191245 ; —4-0
18 52715 18969-9 189742 -4+3
19 5316.6 18809-0 18811-8 -2.8
Table XXII.—- Chlorine in Absorption. Sesies IIT.
(p: 1 atm,; d: 8-2m.)
w= (20836'5—550°1n,) —7°13n— 2:65n*— 0-05577n°
where n,=2; n=7, 8, ...coivvnrnnnnn y 23
Diffe bet
n | 2Obs)(Vac)| v (Obs) v (Cal)) " ‘(5;23"‘:& " (“C":‘]“)‘ Remarks
7 5118.6 19536-6 19537-4 -0.8
8 5133-9 19481-4 19481-1 03
9 5149:0 19421-3 19416-8 45
1o 5170:6 19340t 193442 -39
1t 5191-4 19262-5 19263.0 -0-5
12 5216.0 19171-8 19172-8 -1-0
13 §242-9 190734 19073.2 0.2
14 52724 18966.7 18964-0 2.7
15 §306.7 18844-1 188449 -0-8
16 53447 18710.1 187153 -5-2
17 5382-5 185787 18575-2 35
18 54295 184179 18424-1 -6.2
19 5475-9 18261.8 18261.7 o1
20 55283 18088.8 18087-5 1-3
21 55885 17893-9 178954 -3
22 5649-1 17701-9 17703.0 -1-1
23 5715-8 17495-4 17491-9 35
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Table XXIIIL- Chlorine in Absorption, Series 1V.
(p: 1 atm.; d: 12:6m. at 5°C, and 2-5m. at ca. 820°C.)
v, =(20836'5 — 550°11,) —7-1 30" — 2:6500°— 0-055771°
where n,=3, and n=7, 8, ............... , 20, 21.
Diffe bet N
n | %(Obs)(Vac)| v (Obs) v (Cal) . 1(5;23@& " (‘(‘gzle_‘; Remarks
7 5264-9 18993-7 189873 6.4
8 5280.8 18936:5 1893t1-0 55
9 52981 18874-7 18866-7 8.0
10 5319-5 18798.8 18794-1 47
11 53434 187147 18712-9 1.8
12 5368.5 18627.2 186227 -5-5
13 5398-7 18523-0 18523:1 -0-1
14 54305 18414:5 184139 0:6 quite faint at ordi-
15 54657 182959 18294-8 11 {'.22{3 Gvelped by
the action of heat
16 5504-5 18167-0 181652 1-8 ”
17 5548-0 18024-5 180251 -0-6 %
18 5597-0 178667 178740 2.7 7
19 56475 17707-0 177116 -4-6 ”
20 5702-4 17536-5 175374 I-x 2
21 5763-0 173521 173513 0-8 %
Table XXIV.— Chlorine in Absorption. Series V,
(p: 1 atm,; d; 2-5m. at ca. 820°C.)
v;=17765'2—116-8n—g-61n’ + 0-438n°
where N=0, I, 2, cvevvrevannnn. , 10.
[ )
, ! Difference hetween
n  [20bs)(Vac)| v (Obs.) 1 v (Cal) |y ’(Obs.) & v (Cal) Remarks
- i “absent at ordinar
o 5629-0 177651 ‘ 17765-2 ! -0-1 temperature Y
1 5669.7 17637-6 176392 | -1-6 } »
2 1 5715-6 17496-0 17495-3 / 0.y : ”
3 :5767°5 173385 173401 -1.6 s
4 . 5825.2 171668 171722 -54 V4
5 5883.6 16994-1 16995-7 ~1:6 ”
6 59477 168131 16813-0 | 02 7
y | 6orzy 166315 166269 | 46 7
8 6082-5 16440-6 164401 05 7
9 | 61352 16255 162549 o ”
10 | 6221 16075 160742 I ”
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The emission band spectrum of this element is not yet thoroughly
studied, its series relations being quite unknown.

According to Kimura and Fukuda,' chlorine, when excited electrically,
emits light strongly in the band spectrum in the region where the gas
absorbs light most strongly. In the emission band spectrum obtained by
these investigators, a series of remarkable intensity is easily recognized.
The wave-lengths of the edges of this series were roughly measured and
tabulated as follows :

Table XXV.- Chlorine in Emission,
(Vacuum Tube)

A diagrammatical representation of

% (Obs,) (Vac,) v (Obs.) these bands have been already shown
in Fig. 3 in comparison with those of
4748 21062 the absorption. As may be readily
=306 . .
4680 21 368< seen from that figure, the difference in
4612 21683/315 the distribution of the edges is remar-
S~
314 kable,
4546 21997 < .
>314 Next, the absorption spectra under
4482 22311 different conditions have been photog-

raphed on one plate, The difference
between these spectra is also remarkable as is to be seen in the reproduc-
tions given in Figs. 3 and 4, Plate V. The former was taken with the
replica grating spectrograph and the latter with the concave grating one,
In each spectrogram, the upper ones are the absorption spectra obtained
with an absorbing layer of 12-6m. thick at ordinary temperature, and the
lower ones with a layer of 2-s5m. at the high temperature of ca. 820°C.
There are, as may be seen in Fig. 4, Plate V, many lines which do not
coincide with each other.

Taird® has measured a great number of absorption lines at ordinary
temperature in the region from 545u. to 48cpp. In our present investiga-
tion we have observed a remarkable development of absorption bands
toward .the red and absorption lines could be measured beyond 670pp. The
photographs of these absorption band spectra were taken with the concave
grating spectrograph of the 2nd order spectrum with the comparison of
TFe-arc and their enlarged reproductions are given on Plate VI,

1 These Memoirs, 4, 155 (1920).
2 Taoc, cit.
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Concluding Remarks.

The study of the band spectrum of a substance in the state of gas
and in various physical conditions enables us to widen our knowledge of
the movement and the structure of the molecule.

Now, the quantum theory of the band spectrum shows us the general
mechanism of all absorption and emission phenomena, A molecule in the
normal state possesses a certain value of internal energy. Under the
influence of different agents, such as radiation, thermal motion, electric -
discharge, or chemical action, the molecule is activated, It is quite natural
to consider that the emission or absorption spectrum changes with the
degree of activation of the molecule, The centers of the absorption of
the band spectrum observed with a thinner layer and at lower temperature
may be the molecules of the less activated from the normal state than
those with a layer at higher temperature or with a thicker layer at ordin-
ary temperature.

In the channelled band spectrum of the halogen group, we have, in
the present study, analysed the edges of the bands into series of the
Deslandre typs. To each classified series molecules of different degrees of
activation may respectively correspond. It is also readily conceivable that the
relative abundance of the molecules of different degrees of excitation can be
roughly calculated from the thickness of layer necessary to render visil‘%le the
absorption of each band series in equal intensity. In the case of the aglsorp-
tion spectrum of bromine vapour, for instance, at ordinary temperature
(30°C.), a layer of 3 cm. thick is sufficient to render the first band series
visible at a certain intensity, while for Series X VI the layer must be as large
as 650 cm. long to obtain its absorption at the same intensity, Therefore
the relative abundance of the absorbing centers of the 1st and the 16th
series may be in the ratio of about 220: 1.

Now, the quantum theory of the band spectrum predicts that the
interval between the consecutive bands of each series are approximately
proportional to the molecular vibrational frequencies, The frequency, on
the other hand, should bz increased with the degree of activation by ex-
ternal agencies (the effects of mutual collision and the thermal motion of
molecules might be prevailing cnes), and therefore, in the absorption
spectrum, the magnitude of the intervals should be greater in the series of
a higher order than in that of a lower one. This is readily seen to be
the case from Figs. 4 and 5 given in the next page.
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In these figures, the frequencies of the initial edocs of cach serics arce
placed at zero frequencies and consequently all the series start from a single
point. The inclination of the 1st series is the least of all the series, and
this increases on proceeding from the 2nd to the 3rd series, and from the
3rd to the 4th series, and so forth. The separations of the consecutive
bands in emission, on the other hand, are generally the largest.)! This is
quite in harmony with our above consideration; the degree of activation
of molecules in emission should be the greatest.

In the diagrams already given in Figs, 2 and 3, it may readily be
seen that the emission and absorption bands differ in position and the
former shifts towards the more refrangible part from the latter, the amount
of displacement being larger in the case of chlorine than in bromine.
This shows that the energy contribution from the electron transition in
emission is much greater than in absorption. In the case of iodine,
however, this contribution in both cases might be the same and the
cmission spectrum is nearly exactly complementary to each other.

It is highly probable that, in the cases of bromine and chlorine, on
account of the stronger electron affinity of these elements than that of
iodine, the electron makes a large inward jump at the moment of the
combination of atoms intc molecules. Hence the emission band spectra of
these elements will displace towards the more refrangible part of the
spectrum from those of the absorption. And these amounts of displacement
might have probably an intimate relation with the clectron affinity of these
elements, But a further investigetion of the series analysis is called for
to decide this problem with certainty.

It is concluded in our experiments that the amount of gas necessary
to render visible the absorption band spectrum of the clements of the
halogen group decreases with increasing atomic weight. In the case of
iodine vapour, for instance, with an absorption layer of 3 cm. thick and
a pressure of a few millimeters, a heavy absorption can be produced,
while in the casec of chlorine even with a layer of 12:6 m. thick and cven
at one atmospheric pressure it gives a rather weaker absorption. This
fact shows to us that the iodine molecule is morc sensitive to radiation
than bromine and chlorine, and that the latter arc too strong in electron
affinity to cause the outward clectron jump by the action of external

1 In the case of bromine, the separations of the consecutive bands of the 15th and the
16th series in absorption are slightly greater than those in emission. The possible reason
for this is that the wave-lengths of the hand cdges do not, in general, indicate those of
« zero-lines ¥, and the separations of the consecutive bhands do not give those of < zero-

lines » strictly.
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agencies, and by an expenditure of radiation energies and consequently,
the phenomenon of fluorescence is not to be observed in ordinary condi-
tions.

Again, the quantum theory of the band spectrum indicates that there
should be quite appreciable differences hetween the spectra of isotops
molecules, the largest portion of them being due to the change of the
molecular vibrational frequencies, The expected isotopz effect has been
already discussed in connection with one of the infra-red absorption bands
of hydrogen chloride by I.oomis' and Kratzer,® and recently in connection
with the visible bands of various compounds such as BO, SiN, Cu(l,
CuBr, and Cul by Mulliken.?

Now, Aston’s positive ray analysis has shown that chlorine consists
of a mixture of isotopes of atomic weights 35 and 37, bromine has
isotopes of atomic weights 79 and 81, while iodine is “pure” with a
single atomic weight 127. These experimental data readily are reconciled
with our results that, in the cases of bromine and chlorine, the edges of
the absorption bands are very diffuse and indistinct compared with those
of iodine,

In the absorption band spectrum of the heated bromine vapour we
have also observed a series of bands accompanied by satellite ones, the
scparations of these satellites in each partial band being nearly equal and
increasing with the growing term. This is shown in Fig. 3a, on Plate IV,
The absorption edges marked by the lines are those of which the separa-
tion due to the expected isotope effect is distinct. There are, however,
several bands whoss components are not determined, owing to the extreme
diffuseness of these bands, Simple calculations for the expected vibrational
isotope effect show that the order of magnitude of separation nearly
coincides with the observational values,

According to the atomic weight of bromine 79:916, the relative abun-
dance of isotopss 79 and 81 is in the ratio of 54'2: 458. The absorp-
tion centre of the band spectrum is without doubt diatomic, and with two
kinds of isotopes three kinds of molecules should be expected. If a simple
probability law holds in combination of isotopes into molecules, the relative
abundance in the isotope molecules of Br®—Br™, Br'®—Br* and Br* —Br*

1 Nature, 105, 547 (1920).
Astrophys. J., 52, 248 (1920).

2 Zeit. f. Phys, 3, 460 (1920).

3 Nature, 165, 58 (1923).
Phys. Rev., 25, 119 (1925).
Phys, Rev., 25, 259 (1925).
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should be in the ratio of 2g: 50: 21. This is quite, though in a quali-
tative measure, consistent with our results obtained from our photographs
that the central component in each band is the strongest of all other
components. But, owing to the impossiblity of precise measurements of
the separations as well as of the relative intensities of the component bands,
it is, at present, impossible to decide this question with certainty.

In the case of chlorine, on the other hand, there are abundant absorp-
tion bands, newly evolved in the absorption spectrum of heated chlorine
towards the red in an almost wavy form. This is probably due to the
vibrational isotope effect of molecules CI*—CI¥, CI®*—CI¥ and CPF—CI¥,
but in our present experiment, the conclusion is also reserved and further
study upon this point is necessary.

In conclusion, the writer wishes to express his hearty thanks to Prof.
M. Kimura for the interest he has taken in this work and also for his

invaluable advice.



G. Nakamura. 365
PIL. IV.
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Ifig. 1. a: Absorption at ord. Temp., d: 17.5 em. P:ca. 26 cm,
b: 7 at high Temp. (1000°C.), d: 17.5 cm. P: 26 cm,
¢: Nickel Arc Comparison,
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F‘:_Q_‘. 2. a: Absorption at ord, Temp. d: 17-5 cm. P:ca 8 cm,
b: Vi at high Temp. (1000°C.).
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Tig 3. a: Absorption at high Temp. (1100°C.). d: 17.5 cm, P: 26 cm,
. b: Absorption at ord, Temp. (30°C.). d: 650 cm, P: 26 cm,
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Chlorine PL. V.

2

Lo a’ Absorption at ord, Temp. d: 2.5 m, P: 1 atm,
18- T.  q: Absorption at high Temp. (820°C.). d: 2.5 m. P: 1 atm,

a: Absorption at ord. Temp,, d’: 2.5 m. P: 1 atm, 10-foot Concave Grating,
2. b 7 at high Temp. D-line Region, 2nd Order,
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Iron
. Arc

o a: Absorption at. ord, Temp,, d: 12.6 m, P: 1 atm,
18 3+ b: 7 at high Temp, (820°C.). d: 2.5 m.  P: 1 atm,

Red

Fiar a: Absorption at ord, Temp. d: 12.6m, P: ratm, 10-foot Concave Gra-
18. 4. . Vi at high Temp. (820°C.). d: 2. sm, P: 1 atm, ting, 2nd Order,
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