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XI.  Rotational Analysis of the Absorption Bands of ICL

By W. E. Curtis, D.Sc., Professor of Physics, Armstrong College, Newcastle-on-T'yne,
and J. PAaTROWSKI, Professor of Physics, University of Wilno, Poland.

(Commumnicated by T. H. Haverock, F.R.S.)

(Received July 31,—Read December 12, 1933.)

[PraTe 10.]

THE main absorption system of ICl in the visible region extends from 15730 upwards,
and its vibration structure has been studied by various workers.* The analysis of
this is complete, and the existence of two isotopic molecules, ICI*5 and ICI*?, has rendered
it possible to determine the vibrational quantum numbers unambiguously. The
vibrational constants of the molecule in the normal and excited states have been
evaluated, and approximate values of the rotational constants estimated. Precise
values of the latter can only be obtained from a fairly complete analysis of the rotation
structure. It was known that this would present difficulties, but since some obvious
regularities were discernible on preliminary high-dispersion plates, it seemed to be
worth attempting.

The difficulties arise from two main causes, namely, the relatively high moment of
inertia of the molecule, leading to a relatively close spacing of the lines of a branch,
and the existence of the two isotope molecules, each giving rise to a complete system.
In addition, the vibrational structure is relatively close and high rotational states are
developed, with the consequence that successive bands of the same progression always
overlap. Since also there are usually several progressions occurring in the same region,
it will be realized that the complexity is considerable, and it was important, therefore,
to select the most favourable point for the initial attack. If only one band can be
correctly analysed the extension in either direction should not present serious difficulty.
The region chosen, 6500-6800A, was one in which there was comparatively little over-
lapping of progressions and at the same time a reasonably open vibration structure.
Further, three successive bands of one progression occurring in this region contained
some easily recognizable series, although, as will be shown later, this appearance is

* For references see JEVONS, ““ Report on Band Spectra of Diatomic Molecules,”” 1932.
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396 W. E. CURTIS AND J. PATKOWSKI ON

due to superposition of branches, and actually hindered rather than facilitated the
analysis.

Expervmental.

Two sets of plates were taken, one in 1928 using a silica tube 30 cm. long and the
other in 1931 with a pyrex tube 240 cm. long. In the former set it was necessary to
heat the tube slightly, to about 50° C., in order to secure a suitable intensity of
absorption. In the latter set the vapour pressure at atmospheric temperature was
sufficient for the purpose. A few plates were taken with the tube at various tempera-
tures up to 200° C. in the hope that the consequent intensity changes of the various
progressions might prove helpful in the analysis, but although there were clearly marked
selective effects, it was not found necessary to make any systematic use of them.

For the first tube the IC1 was prepared by passing chlorine over iodine, whilst the
second was filled with commercial ICl obtained from Kahlbaum. In both sets of
experiments it was distilled into the tube after several successive preliminary distilla-
tions, and care was taken to dry it as thoroughly as possible, as the smallest trace of
moisture has been found to favour dissociation.* As a further precaution a little P,O;
was distilled into the tube before sealing off. The occurrence of dissociation would
have brought up the iodine absorption bands, but although a watch for these was always
kept, no trace of them was ever detected, even at 200° C.

The spectrograph employed was a 21-foot concave grating (Eagle mounting), the
property of Dr. WiLrrED HaLL, of Tynemouth, to whom we desire to express our best
thanks. The second order was employed, giving a dispersion of about 1-3A. per mm.
For the faster regions a 500-watt pointolite lamp served as a suitable source, but in the
extreme red a carbon arc was found to be preferable in order to avoid unduly long
exposures. Although the temperature of the grating room could be held steady by
a thermostatic installation, the liability to occasional mechanical disturbances due to
traffic effectively limited the duration of exposures to several hours. Ilford panchromatic
plates were used.

The reduction of the measurements to wave numbers presented some difficulty, on
account of the marked departure from normal dispersion, together with the wide spacing
of the iron arc lines in this region. After investigating the accuracy and convenience
of various reduction formulse a quadratic form was decided upon, viz., v = a + bs - ¢s.?
In the ranges employed, of 200 cm. ™ or less, this did not appear to leave any systematic
error where additional standards were available. The very large number of lines
measured made it impracticable to follow the usual method of reducing several plates
independently, but although only one complete set of measurements has been obtained
for each band, the agreement of the results in the overlapping portions gives ground
for the belief that relatively little accuracy has been sacrificed. It is, at any rate,

* Qurtis and DArBYSHIRE, ‘ Trans. Faraday Soc.,” vol. 27, p. 81 (1931).
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ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF ICL 397

clear that the very large amount of extra labour which would have been involved in
duplicating all the measurements would not have been justified by any substantial
gain in accuracy.

So far as possible the wave-number determinations were based on iron-arc standard
lines of the same order (the second) as that used for the absorption bands. Where these
were too few, namely, above 6600A, third-order standards were employed, but only
after a special investigation had shown that no appreciable error was likely to be
introduced by this procedure. The standard wave-lengths were taken from the
‘ Transactions of the International Astronomical Union,” vol. 2, 1922.

Allocation of Lines to Branches and Determination of Rotational Quantum Numbers.

The strongest bands in the region studied are those belonging to the progression
v" = 1. Thev” = 0 progression is also fairly strong, particularly at the more refrangible
end, and the " = 2 progression is becoming prominent as the less refrangible end is
approached. Any given band of the v" =1 progression may thus be overlaid by at
least one band of each of the other two. The “ tail ” of the next band (v 4 1) of the
same progression is also quite strong as far as the (v" — 1) head, and the whole complex
is duplicated on account of the isotope effect, although in practice only the stronger
portions of the ICI*? system come into account owing to the less abundance of that
molecule. The first step in the analysis of the spectrum was to trace as completely
as possible one band of the v” = 1 progression, and the next to identify the neigh-
bouring bands in the same progression, when the rotational numbering should then
be obtainable by making use of combination relationships. These once established,
it should be possible to proceed to the identification of bands of any other progressions
occurring in the same region, and then to pick up some at least of the weaker isotopic
counterparts of all these.

The first measurements were made on the bands v” = 1, v" = 9, 10, 11, the structure
of which looked comparatively simple. In each band two branches forming fairly
close doublets were easily recognized, but their interpretation proved unexpectedly
difficult, since neither the intervals nor the intensities of the doublets showed a regular
variation with +. It was at that time natural to suppose that the ICl bands would
resemble the I, and Cl, visible systems, both of which are composed of P and R branches
only, of approximately equal intensity, and changing regularly in relative position
from band to band. The explanation was not forthcoming until the neighbouring
bands (v = 8 and 12) had been analysed ; in these a third weak branch was detected
which supplied the necessary clue. On plotting the relative positions of the corre-
sponding doublets and triplets in the five successive bands it became evident, as will
be seen from fig. 1, that the doublets were spurious, being produced by the fortuitous
overlapping of two members of the triplets, and, moreover, by a different two for each.

362
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398 W. E. CURTIS AND J. PATKOWSKI ON

It is somewhat remarkable that the overlapping persists throughout the whole observed
length of the branch, 4.e., for 60 lines or more, but this is a consequence of the low J
value at which the R head is formed, together with the extremely small value of the
coefficient of J* in the expression for the rotation term.

The existence of three branches, presumably P, Q, and R, having been established,
it was next necessary to determine which was which, and to assign the appropriate

0 1 cm™
1 l i l 1
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i

—
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[

1
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R
(14,1) N

1131) N
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1121 N

(111)

I
- [B
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F1e. 1.—Relative positions of branches in »'' =1 bands.

rotation quantum numbers. The usual mode of procedure, which is to search for sets
of combination differences which shall be identical for all the bands of one progression,
did not prove successful in the present case on account of the close similarity of the
bands. That is to say, if the M th line (reckoned from the extrapolated head) of a branch
A was combined with the (M 4- ) th line of another branch B, several neighbouring
values of & could be found, all giving the set of differences A (M) — B (M - «) sensibly
the same for all the five bands under investigation. The difficulty was partly attribut-
able to the rather low accuracy (in relation to the high resolving power) of the individual
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wave numbers, occasioned by the high proportion of * blends,” partly to the extensive
superposition of branches, as mentioned above, and also to the small change in the
rotational constants from one band to the next. In order to arrive at quite definite
conclusions it was found necessary to work with the rate of change of the provisional
combination differences instead of with the differences themselves. A graphical method
was first tried, but failed to give the requisite degree of accuracy. On the other hand,
comparison of the calculated second differences, averaged over corresponding portions
of each band, gave very definite indications as to the proper manner of combination.
Table I shows the significant part of the results so obtained for the bands +" =1, v' =38,
and 12, the intermediate ones being omitted for brevity and also because of the
systematic blending in them.

TaBLe I.—Combination Second Differences in cm.™

A (M) — B (M + z). B (M) — C (M + ). A M) —C (M + ).

T 2 3 4 2 3 ’ 4 | 5 ‘ 6 7
|

0-294 | 0-378 | 0-449 | 0-521

o= 8. ... 0-156 | 0-228 | 0-299 | 0-151 | 0-222

=12 . ... 0146 | 0-228 | 0-309 | 0-144 | 0-225 | 0-306 | 0-368 | 0-451 | 0-531

Diff. . . . .. -+0-010 | 0-000 |—0-010 |+4-0-007 |—0-003 ‘—0-012 +0-010 |—0-002 |{—0-010

The true combinations are evidently A (M) -— B(M + 3), B(M) — C(M - 3), and
A(M) — C(M + 6), and since these bands all have a common lower state, namely,
v"=1 of the normal molecule, it follows that in any one band the lines A (M), B (M -+ 3),
and C(M - 6) all have the same upper rotational level. Now it is easily shown for
a normal three-branch band that if the R branch forms a head for a low value of J,

as must occur here (since 9—%;—(’)—is comparatively large) the Q branch lines will lie
0

roughly midway between the corresponding P and R lines, the latter being on the side
of higher frequency. We may thus identify A (M), B (M + 3), and C (M - 6) with
R(J —1), Q(J), and P(J 4 1), since these have the upper level J in common. The
intensities harmonize with this allocation, those of A and C being about the same,
and considerably below that of B.

The true J numbering was next determined by finding the values which must be
assigned to J in order that the quotient {R (J — 1) — P (J - 1)} = (J -+ 1) should be
constant. This should be equal to 4B” if the J* term in the rotational energy expression
is small, as is shown to be so here. Using the mean differences from all five bands
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400 W. E. CURTIS AND J. PATKOWSKI ON

there was no difficulty in deciding upon the correct numeration. For a particular set
of J values the above quotient showed no systematic variation from the average value,
whilst a change of § in the numeration gave rise to a marked systematic effect. The same
method applied to the Q-P and R-Q differences did not give satisfactory results, indicat-
ing the presence of an appreciable ““ combination defect.”

The numeration of the »” = 1 bands having been settled in this way, that of the
other two progressions was readily determined by making use of the combinations
relating them to the former. That of the weaker isotopic system was also obtainable,
since the combination differences appropriate to this could be calculated from the first
set by multiplying by the constant factor w,/u, (= 0-9577), where p, and u, are the
reduced masses of the IC1*® and ICI*" molecules respectively.

The wave numbers, intensities, and quantum allocations for the bands due to the more
abundant isotopic molecule are given in Table II. The intensities are visual estimates
on the usual 0-10 scale, and are only intended to form a consistent set within one band.
They run very irregularly because of the extreme prevalence of blending. It was at
first intended to indicate known blends by some distinguishing mark ; as the work
progressed it became evident that it would be more economical to indicate those which
were not blends ; ultimately it appeared that the latter were much too few to serve for
the derivation of constants, and there was thus no particular reason to distinguish
them. In order to save space wave-lengths have not been tabulated.

Corresponding small portions of each »” =1 band are reproduced in Plate 10.
The allocation to branches and their numeration are indicated for this progression only,
although practically all the stronger lines of the spectrum were accounted for by the
analysis.
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Tasre II.—ICI3% Bands.

(9,0) Band.
P and Q Branches. R Branch
<21/”]‘ Jp. Ja v Int. J. v. Int.
|
-
< S 17 19 15328-100 4 21 15328294 4
> . 18 20 26-500 6 22 26-923 1
@) o 19 21 925-029 3 23 95-318 3
e 20 22 23-389 5 2% 923-724 2
1 ®) 21 23 21-721 4 25 21-962 4
TO 22 24 19-894 4 26 20254 1
= o 23 25 18-066 4 27 18-330 5
24 26 16-115 4 28 16-462 3
3z 25 27 14-109 5 29 14-495 1
V5 26 28 12-047 4 30 12-312 4
= oY 29 09-859 6 31 10-253 1
3 UL 28 30 07-667 4 32 . 08-092 3
g © 29 31 05-361 7 33 05-723 3
Oz 30 32 03-007 3 34 03-395 2
=< 31 33 00-552 7 35 01-065 7
T 32 34 15298032 4 36 15298448 1
33 35 95-450 4 37 95-863 3
34 36 92-763 3 38 93182 1
35 37 89-984 4 39 90-443 2
36 38 87-200 6 40 87-593 1
37 39 84267 5 41 84-640 4
38 40 81-329 5 42 81-733 3
39 41 78-225 6 43 78-765 2
40 42 75-135 6 44 75-581 8
41 43 72-016 10 45 72-382 2
42 44 : 68-714 4 46 69-145 6
43 45 65-308 4 47 65706 6
44 46 61-818 7 48 62-386 1
45 47 58-251 10 49 58-811 0
. 46 48 54-801 9 50 55-318 1
> B 47 49 51-257 10 51 51660 1
~~ 48 50 47-532 5
::1 49 51 43-686 2
50 52 39-815 3
> E 51 53 35-862 2
O 52 b4 31-818 2
ez = 53 55 27734 3
O 54 56 23602 3
T O 55 57 19-343 5
=& d & 10-604 3
57 9 10- 61
=34 58 60 06-064 8
o5 59 61 01-671 4
= 60 62 15196965 2
g S 61 63 92-194 7
A © 62 64 87-323 4
Sz 63 65 82529 3
Ta 5 ,- . -
Qo =
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(10,0) Band.

P and R Branches.
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15498-868
98-286

96-713
95-829
94-790
93-609
92-395
91-110
89-691
88-069
86791
85161
83-474
81-769
79-911
78-043
75-993
73+950
71-846
69-588
67-307
64950
62-525
58-986
57-416

[0 )

DO S DO DO DD G CO DD H A O B DO GO TS B0 B = DO O — H B0 O MO B = = b = =

Int.

15499296
98-571
97-849
97-050
96-031
94-958
93-833
92-671
91-329
89-972
88-424
86-993
85-378
83-732
81-948
80-140
78-253
(76-26)
74-196
72-051
69-815
67-579
65-251
62-732
60-167
57640
54-943
52-243
(49-49)
46480
43-601
40-527
37-393
34-956
(30-95)
27-513
24-033
20-496
16-924

PHILOSOPHICAL
TRANSACTIONS
OF

Wave numbers in brackets have been calculated using combination differences.

DO A DD = DO BO © hD 00 QO = = DO DO DO e =

DO H= B U1 OU O T b

(ULl ORVERVURVL]

— 0 Lo =

i
i
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Tasre [l (continued).
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(11,(»IBand.
P Branch. Q and R Branches.

J. V. Int. JQ. JRr. V. Int.

7 9 15655-323 3

8 10 54655 3

9 11 53-923 1

10 12 53-241 6

11 13 52209 2

12 14 51-348 3
11 15650575 1 13 15 50-350 4
12 49514 2 14 16 49-203 2
13 48-265 7 15 17 48-079 3
14 47022 1 16 18 46-793 6
15 45745 1 17 19 45450 3
16 44.-330 2 18 20 44-033 3
17 42-895 1 19 21 42-520 4
18 41-334 1 20 22 40-996 6
19 39-796 1 21 23 39-295 4
20 37-919 4 22 24 37-581 5
21 36-315 1 23 25 35-783 4
22 34-374 2 24 26 33-899 5
23 32-321 1 25 27 31-955 6
24 30-256 2 26 28 29-892 3
25 28-161 1 27 29 27752 3
26 25-960 3 28 30 25524 3
27 23745 3 29 31 23-225 4
28 21-261 4 30 32 20-871 4
29 18-995 6 31 33 18-418 5
30 16-407 4 32 34 15-935 5
31 13-842 1 33 35 13-309 4
32 : 11-240 ) 34 36 10-629 5
33 08-386 4 35 37 07-870 5
34 05585 5 36 38 05-047 6
35 02-718 1 37 39 02-124 b
36 15599-761 3 38 40 15599-100 6
37 96-689 1 39 41 96-016 7
38 93657 2 40 42 92-928 6
39 90-348 3 41 43 89-695 4
40 87-052 3 42 44 86-339 3
41 83-640 1 43 45 82-981 4
42 80-105 2 44 46 79545 7
43 76637 1 45 47 75-970 2
44 73-065 2 46 48 72365 3
45 69-437 2 47 49 68-567 5
46 65-768 2 48 50 64622 1
47 61-649 2 49 51 60756 2
48 57-934 4 50 52 56-721 4
49 53-818 4 51 53 52478 4
50 49-625 1 52 54 48-567 1
51 45506 3 53 55 - 44.-471 1

VOL. CCXXXII.—A. 3 H
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Tasrr IT (continued).

(8, 1) Band.
P Branch. Q Branch. R Branch.

J. v. Int. J. v. Int. J. v. Int.
4 14794 -401 7
3 14793779 7 5 94-120 0
4 93-510 1 6 93-779 7
5 93-156 2 7 93-510 1
6 92-697 2 8 93-156 2
7 92-188 7 9 92697 2
8 91-721 2 10 92-188 7
9 91-067 2 11 91-414 1
| . 10 90-371 2 12 90-733 1
§ = 11 89-587 4 13 89-941 4
’ g 12 88746 7 14 89-161 2
A 13 87-765 6 15 88-149 7
o 14 86-803 4 16 87-268 3
o 15 85-750 3 17 86-206 2
S 16 84-588 5 18 85-113 2
ha 17 83-396 3 19 83-932 7
e 18 82-119 4 20 82652 2
= 19 80775 4 21 81-282 3
& 20 79-351 5 22 80-006 3
5 21 77-860 5 23 78457 6
22 76-267 7 24 76-889 3
23 74-658 7 25 75-332 7
24 79945 6 26 73-588 3
25 71-117 8 27 71-835 3
26 69-347 6 28 70-012 3
27 67-365 7 29 68-140 4
28 65-346 5 30 66-116 2
29 63-396 5 31 64-049 5
30 61-285 5 32 61-974 6
31 59-008 5 33 59846 5
30 14756661 4 32 56+827 6 34 57-463 6
31 54262 4 33 54486 4 35 55204 4
32 51-838 5 34 52-110 6 36 52-178 5
33 49-361 3 35 49-583 4 37 50-317 3
34 46-803 4 36 46-989 6 38 47-820 6
35 44137 5 37 44406 5 39 45-146 3
36 41-395 2 38 41-792 5 40 49-458 4
37 38-581 3 39 38-983 5 41 39-753 5
38 35-692 4 40 36-079 5 42 36-873 3
39 32-895 5 41 33-151 10 43 33-961 2
40 29-866 2 49 30-181 2 44 31-007 2
41 26-811 2 43 27-129 3 45 27-956 6
42 23-689 4 44 24-021 4 16 24-761 4
43 20-468 1 45 20-874 4 47 21-614 2
44 17-213 9 46 17517 8 48 18-380 4
45 13-840 2 417 14-163 3 49 15-078 4
46 10-377 1 48 10-817 4 50 11-620 4
47 06-844 2 49 07-257 2 51 08-197 3
48 03-314 3 50 03-701 2 52 04-660 2
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Tasre II (continued).
(8, 1) Band (continued).
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P Branch. Q Branch. R Branch.
V. Int. J. v. Int. J. V. Int.
14699-684 2 51 14700-085 4 53 14701-010 4
95-963 2 52 14696 -410 5 h4 14697-322 2
92-205 1 53 92-623 4 55 93-528 2
88-250 8 b4 88-737 3 56 89-705 2
84-402 2 55 84-817 3 57 85-699 8
80-408 2 56 80-774 4 58 81-808 3
76-351 3 57 76-803 3 59 77746 1
72-204 2 58 72-663 4 60 73-620 3
67-998 2 59 68-442 3 61 69-385 1
63665 2 60 64-117 3 62 65-134 2
59-374 5 61 59754 5 63 60-878 2
54-926 2 62 55-3b5 3 64 56-273 3
50-423 2 63 50-853 3 65 51-898 1
45-834 2 64 46-298 3 66 47-358 3
41-176 5 65 41-679 4 67 42-709 3
36-423 2 66 36-937 5 68 37-976 2
31:626 2 67 32-123 2 69 33-068 4
26778 2 68 27-253 3 70
: 69 22-298 1
(9,1) Band.
P and Q Branches. R Branch.

Jq V. Int J. V. Int.

2 14960607 2 4 14960997 6

3 60-336 3 5 60-607 2

4 59-987 2 6 60-336 3

5 59-566 10 7 59 - 987 2

6 . 59-26 1 8 59-566 10

7 H8-770 1 9 59-064 1

8 58-111 1 10 58-492 1

9 57-562 4 11 5HT7-823 4

10 56871 b 12 57124 4

11 56-094 3 13 56-313 4

12 55206 5 14 55-425 3

13 54.-286 7 15 54-521 7

14 53-156 6 16 53-496 7

15 52-111 5 17 52-447 6

16 50-961 5 18 51-323 4

17 49-733 7 19 50-021 2

18 48-419 5 20 48-693 2

19 47-042 6 21 47-318 2

20 45-569 6 22 45-986 1

SU
=
Lo
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406 W. E. CURTIS AND J. PATKOWSKI ON

TaBrLE II (continued).

(9, 1) Band (continued).

|
P and Q Branches. R Branch.

Jp. Jag. v. Int. J. V. Int.
19 21 14944-014 5 23 14944-332 6
20 22 42-396 ) 24 42-814 5
21 23 40-731 5 25 41-111 3
22 24 38-991 7 26 39-421 4
23 25 37-155 b 27 37-58H 4
24 26 35-234 6 28 35693 3
25 27 33-260 6 29 33-707 5
26 28 31-203 6 30 31-661 3
27 29 29-034 6 31 29-525 3
28 30 26-885 4 32 27354 3
29 31 24600 8 33 25-094 4
30 32 22-302 4 34 221789 4
31 33 19-874 6 35 20393 5
32 34 17-213 6 36 17-809 2
33 35 14-839 5 37 15-306 5
34 36 12-193 5 38 12-729 2
35 37 09-448 7 39 09-968 4
36 38 06-697 b 40 07-265 6
37 39 03-857 6 41 04-400 3
38 40 00-923 5 42 01-469 4
39 41 14897-909 5 43 14898476 3
40 42 94-810 6 44 95-394 3
41 43 91-647 6 45 92235 4
42 44 88-465 5 46 88-903 4
43 45 85-179 8 47 85-815 2
44 46 81-802 7 48 82-490 2
45 47 78357 4 49 78-828 3
46 48 T4-765 5 50 75-362 3
47 49 71-249 9 51 T1-843 3
43 50 67557 5 52 68-215 3
49 51 63-846 ) 53 64.- 392 2
50 52 60-050 10 54 60-628 2
51 53 56-116 5 55 56729 1
52 54 52:162 5 56 52-802 3
53 55 48-123 5 57 48-748 1
54 56 43-994 7 58 44-639 5
55 57 39-830 7 59 40-474 2
56 58 35-583 5 60 36-146 2
57 59 31-252 b 61 32-097 5
58 60 26-807 6 62 27-427 1
59 61 22-265 7 63 22-960 2
60 62 17-827 6 64 18-778 2
61 63 13-139 5 65 13-768 3
62 64 08-450 9 66 08-941 2
63 65 03-613 5] 67 04-110 3
64 66 14798875 4 68 14799-378 2
65 67 93-890 5 69 94-481 5
66 68 88-836 6 70 89227 6
67 69 83-632 3 71 84-241 1
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ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF ICL 407

TasrLE II (continued).
(9, 1) Band (continued).
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P and Q Branches. R Branch.
Jq. v. Int. J. v. Int.
70 14778457 6 72 14779-100 1
71 73233 3 73 73-937 1
72 67-931 4 T4 68-486 4
73 62602 5 75 63-231 5
T4 57-078 2 76 5T7-463 6
75 51-519 b 7 52-110 6
76 45-894 4 78 46-507 1
1 40-130 3 79 40765 3
78 34-350 3 80 35-005 2
79 78-632 3 81 29-310 2
80 22732 6
81 16-668 2
82 10-377 1
83 04-365 3
84 14698-167 1
85 91-871 1
(10, 1) Band.
Q Branch. P and R Branches.
V. Int. Jp. Jr. V. Int.
15118-068 5
17-305 6 8 12 15117529 6
16-535 7 9 13 16-696 7
15-604 3 10 14 15794 4
14-637 8 11 15 14-863 8
13-559 7 12 16 13-783 7
12-446 7 13 17 12-640 7
11229 7 14 18 11-447 7
09-931 4 15 19 10-204 6
08-629 7 16 20 08-787 7
07-186 8 17 21 07-422 8
05666 6 18 22 05-888 6
04-080 7 19 23 04-301 7
02-444 5} 20 24 02-654 5
00717 7 21 25 00-941 7
15098-905 3 22 26 16099-127 5
97-008 7 23 27 97-251 7
95-026 7 24 28 95-291 T
93-022 7 25 29 93-251 7
90-893 6 26 30 91-163 6
88-749 7 27 31 88-980 7
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408 W. E. CURTIS AND J. PATKOWSKI ON

TasLe II (continued).
(10, 1) Band (continued).

Q Branch. P and R Branches.

J. V. Int. Jp. JR. V. Int.
30 15086-475 7 28 3 15086723 7
31 84-138 6 29 33 84.-405 8
32 81-73b 7 30 34 81-964 8
33 79-261 4 31 35 79-497 4
34 76-709 10 32 36 76-951 10
35 74-050 4 33 37 T74-294 4
36 71-339 7 34 38 71-600 7
37 68557 6 35 39 68-837 6
38 65-697 6 36 40 65-939 6
39 62-757 8 37 41 63-010 8
40 59-746 4 38 42 59-994 6
41 56-658 6 39 43 56-877 6
42 53-484 7 40 44 - 53-681 7
43 50-237 8 41 45 50-454 8
44 46-913 7 42 46 47-146 7
45 43-503 7 43 47 43765 7
46 40-049 7 44 48 40-251 7
47 36-466 8 45 49 36-786 8
48 32-868 5 46 50 33-04 5
49 29-169 4 47 51 29-434. 4
50 25-397 6 48 52 25647 6
51 21-558 6 49 53 21-774 6
52 17-617 6 50 54 17-872 6
b3 13-601 7 51 55 13-846 7
54 09-519 7 52 56 09-740 7
55 06-363 5 53 57 05-687 5
56 01-103 6 b4 b8 01-448 6
57 14996752 7 55 59 14997-059 7
58 92-456 6 56 60 92716 6
59 87-912 7 5T 61 88-256 2
60 83-37 5 H8 62 8369 5
61 78-780 7 59 63 79-148 7
62 74-445 4 60 64 T4-445 4
63 69-31 b 61 65 69-56 5
64 64-28 b 62 66 64-49 5
65 59-539 8 63 67 59987 3
66 54-521 7 64 68 55-206 5
67 49-733 7 65 69 50-021 2
68 44-332 6 66 70 44-685 1
69 38-991 7 67 71 39-421 4
70 33-707 5 68 72 34-200 3
71 28-278 3 69 73 29-034 6
72 22-789 4 70 74 23-578 2
73 17-213 6 71 75 17-809 2
T4 11-585 3 72 76 12-193 5
75 06-175 1 73 7 06-697 5
76 00-573 4 T4 78 00-923 b
7 14894-810 6 75 79 14895-39%4 3
78 88-903 3
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TaBLE II (continued).

(11, 1) Band.
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" P Branch. Q and R Branches.

. Int. Jq. Jr. v. Int.
4 15275581 8

5 75-135 6

e 6 74-709 3
g 8 74-531 3
3 7 74-191 4
/A 9 73-950 4
=4 8 73567 5
g 10 73-295 5
& 9 11 72-837 7
3 10 12 71-985 10
2 11 13 71-154 6
2 12 14 70-222 5
=] 13 15 69-107 7
= 14 16 68-046 4
15 17 66-877 7

16 18 65-706 7

15264 -484 2 17 19 64310 5
63-153 2 18 20 62-924 7
61-818 7 19 21 61-444 7
60-177 1 20 22 59-900 6
58-811 0 21 23 58-282 10
56857 1 22 24 56565 6
55-082 1 23 25 54798 9
53-306 1 24 26 52-908 6
51-269 10 % 27 50-966 10
49-336 2 26 28 48-960 6
47-226 0 27 29 46-850 10
45-052 9 928 30 44-670 4
42-836 3 29 31 42432 3
40-507 2 30 32 40-126 6
38160 3 31 33 37-697 3
35-625 1 32 34 35-298 5
33-082 ) 33 35 32-630 3
30461 4 34 36 29-984 4
27734 3 35 37 27-274 4
24-960 4 36 38 24-490 5
22072 2 3T 7 39 21-602 7
19-138 4 38 40 18-718 7
16-098 2 39 41 15-591 5
13-006 3 40 42 12-491 4
09-842 2 41 43 09-364 7
06-581 1 42 44 06-064 8
03-230 ) 43 45 02-691 6
15199-880 4 44 46 15199288 6
86-241 4 45 47 95-769 6
92-746 3 46 48 92-194 7
89-116 2 47 49 88559 5
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410 W. E. CURTIS AND J. PATKOWSKIL ON

TaBrLE II (continued).

(11, 1) Band (continued).

o
~ P Branch. Q and R Branches.
—
< — N
8 ~ J. v. Int. Jq. JR. v Int.
m 23]
L]
MO 46 15185-404 4 48 50 15184744 8
O 4T 81-544 3 49 51 80-947 10
= 48 77-722 10 50 52 77-073 8
o 49 73-759 2 51 53 73-035 5
<z 50 69649 3 52 54 69-023 6
Yo 51 65580 5 53 55 64-913 6
== 52 61-890 3 54 56 60-671 4
o5 53 57-325 5 55 57 56360 7
&x 54 52+790 6 56 58 52-013 7
—=Z 55 48-334 5 57 59 47-497 3
T 56 44-133 11 58 43-003 4
&= 60 42-725 4
57 39-149 1 59 38-384 3
61 38-170 5
58 34-497 2 60 33-708 2
62 33-425 4
59 29-743 3 61 28-936 2
63 28636 2
60 24-822 7 62 24-142 5
64 23-807 1
61 20-099 4 63 19-205 3
65 18-922 3
62 14-863 8 64 14-143 3
66 13-783 7
63 09-931 4 65 08-977 0
o 67 08-629 7
< 66 03-862 3
h 68
i
< 67 15098587 1
— 69 98-223 1
O H 68 93-251 7
M 69 87-823 2
— 70 82-367 1
=0 71 76-951 10
E o 72 71-339 7
v

PHILOSOPHICAL
TRANSACTIONS
OF
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TasLe II (continued).
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(12, 1) Band.
P Branch. Q Branch. R Branch.

J. V. Int. J. v. Int. J. v. Int.

6 15422-978 2

7 22-388 2

8 21-721 3

9 21-008 3

10 20-181 6

11 19-334 3

12 18-365 3 o

13 17-348 4 S

14 16-179 3 £

15 15-005 5 A
14 15414-158 1 16 13-709 5 <@
15 12-886 5 17 12-358 5 g
16 11-399 2 18 10-912 5 gg
17 09-786 3 19 09-383 6 ~
18 08-326 3 20 07-796 15) 2
19 06-615 1 21 06-146 5 "§
20 04-849 1 22 04-389 b &
21 03144 1 3 02502 5 )
22 01-116 1 24 00-583 5
23 15399-215 4 25 15398570 b
24 97-073 1 26 96-491 5}
25 94-959 2 27 94-312 6
26 92-876 4 28 92256 5
27 90-405 2 29 89-709 8
28 88-051 1 30 87350 4
29 85-522 1 31 84.-980 7 33 15384-708 4
30 82-988 3 32 82-374 4 34 82-151 3
31 80-418 1 33 79-717 4 35 79-480 2
32 T7-701 1 34 77-012 4 36 76727 4
33 74-928 4 35 T4-227 4 37 73-928 2
34 71-948 3 36 71-303 4 38 71-003 5
35 69004 2 37 68-342 3 39 68-025 1
36 66-042 1 38 65-299 3 40 64960 1
37 62-928 2 39 62-214 4 41 61-832 2
38 59-884 3 40 58953 4 42 58573 2
39 56480 2 41 55-678 4 43 55-322 2
40 53-198 3 42 52342 4 44 51-919 2
41 49-722 2 43 48-849 3 45 48-424 3
42 46-211 2 44 45-315 3 416 44-893 2
43 42-598 1 45 41-703 6 47 41-267 )
44 38-976 l5) 46 38-007 6 48 37-542 3
15 356283 4 47 34.-246 6 49 33804 3
46 31-295 3 48 30-350 4 b0 29-826 4
47 27-410 2 49 26500 6 5l 25-830 2
48 23-389 5 50 22-380 53 52 21-721 4
49 19-305 1 51 18-330 5 53 17-673 3
50 15-063 2 52 14-109 5 54 13-534 1
51 10-901 2 53 09-859 6 55 09294 1
52 06-662 2 54 05-361 7 56 04-879 1
53 02-106 1 55 01-065 7 57 00-552 7

VOL. CCXXXII.——A. 31
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412 W. K. CURTIS AND J. PATKOWSKI ON

TasLe 11 (continued).

(12, 1) Band (continued).

P Branch. Q Branch. R Branch.
J. v. Int. J. v. Int. J. v. Int.
54 15297627 1 56 15296495 4 58 15295863 3
55 93-182 1 57 91-940 3 59 91-285 1
56 88-452 1 58 87200 6 60 86535 2
57 83-681 1 59 82-535 4 61 81:733 3
58 78-765 2 60 77-630 3 62 76-919 1
59 73-950 3 61 72792 5 63 72-016 6
60 69-145 7 62 67661 2 64 67-199 1
61 63-876 1 63 62+576 1 65 61-818 7
62 58-811 0 64 57-372 1 66 56560 6
63 53-405 0 65 52+027 1 67 51-957 10
64 48-227 1 66 46-850 10 68 45-976 3
65 42-836 3 67 41-363 1 69 40-507 2
66 37697 3 68 35-862 2 70 359228 5 |
67 31-818 2 69 30461 4 ?
‘ 70 24-960 4
71 19-343 5
(13, 1) Band.
P Branch. Q) Branch. R Branch.
J. V. Int. J. v, Int. J. v. Int.
|
1 15566832 3
2
3 66245 3
¢ 4
5 65-432 3 E
6 64-898 5 &
5 15564622 1 7 64-350 3
64-062 0 3 63684 4 <
7 63-301 0 9 62942 4 g !
3 62567 4 10 62100 3 £ %
9 61649 2 11 61-168 5 o
10 60704 2 12 60-236 6 =
11 59612 2 13 59-139 4 2
12 58-495 1 14 57-934 4 =
13 57220 1 15 56-721 4 =
14 55960 2 16 55+383 6
15 54587 1 17 54-038 5
16 53-079 4 18 52-478 4
17 51574 1 19 50-981 4 21 15550+ 802 1
18 49-939 2 20 49-333 4 22 | 49091 | 1
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ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF ICL 413

TaBLE II (continued).

(13, 1) Band (continued).
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P Branch. Q Branch. R Branch.
v. Int. J. v. Int. J. v. Int.

15548-266 2 21 15547592 4 23 155647-338 2
46-513 2 22 45-742 4 24 45-506 3
44-631 4 23 43-902 4 25 43-603 1
42-609 1 24 41-944 4 26 41-577 1
40-491 3 25 39-824 5 27 39-529 2
38-510 2 26 37-693 4 28 37-317 2
36-231 3 27 35-469 3 29 35-042 2
33-938 2 28 33-204 4 30 32-735 2
31-633 3 29 30-747 3 31 30-281 2
29-070 4 30 28-289 2 32 27-840 2
26550 1 31 25-715 3 33 25-239 1
24-036 2 32 23-057 2 34 22-563 3
21-255 1 33 20-311 5 35 19-839 1
18-490 2 34 17-507 4 36 16-918 2
15-611 1 35 14-646 3 37 14.-055 2
12-678 3 36 11-645 2 38 11-033 3
09-605 2 37 08-593 4 39 07-940 1
06-612 2 38 05-442 2 40 04-801 1
03-302 2 39 02-207 5 41 01-590 3
00-004 1 40 15498-868 2 42 15498-286 2
15496-713 1 41 95-494 3 43 94-790 2
93-210 2 42 92-008 3 44 91-110 2
89691 2 43 88-424 9 45 87618 1
86-049 1 44 84-819 2 46 84-046 2
82-286 2 45 81-062 1 47 80-140 4
78-541 1 46 77-246 2 48 76-382 3
74-619 1 47 73-321 2 49 72-451 1
70-694 1 48 69-345 3 50 68-464 1
66629 2 49 65-251 6 51 64-302 2
62525 4 50 61-093 2 52 60-167 5
58-301 1 51 56-881 1 53 55-941 1
54-029 0 52 52-558 1 54 51-522 1
49-570 3 53 48-117 2 55 47-054 1
45-095 1 54 43-601 3 56 42-592 1
40-527 3 55 39-052 2 57 37-895 1
35-914 0 56 34.-256 3 58 33-183 1
31-246 0 57 29-598 1 59 28354 1
26-462 0 58 24778 3 60 23-746 4
59 19-787 2 61 18693 2
16-590 4 60 14-810 4 62 13709 5

11-399 2 61 09-786 3

06-146 5 62 04.-389 5

63 15399-215 4

64 93-884 1

65 88-519 2

66 83-988 3

67 77-326 1

312
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414 W. E. CURTIS AND J. PATKOWSKI ON

Tasre II (continued).

(14, 1) Band.
P Branch. Q Branch. R Branch.
J. v. Int. J. v. Int. J. V. Int.
4 15701225 3
5} 00-778 2
| 6 00-233 3 Unresolved
7 15699630 3 from
8 98-964 6 Q Branch.
9 98-163 3
10 97-39%4 1
11 96-431 1
12 95-419 3
13 94.-280 1 15 15693-998 8
l 14 93-134 4 16 92-863 1
L 13 15692-423 1 15 91-815 4 17 91-582 2
t 14 91-105 2 16 90-448 2 18 90-156 1
15 89-643 ) 17 88-991 6 19 88-690 1
16 88-189 1 18 87-469 4 20 87-117 3
17 86-527 2 19 85-844 4 21 85-453 1
18 84-898 1 20 84-120 4 22 83-723 4
19 83-169 1 21 82-343 3 23 81-879 4
20 81-366 3 22 80-486 3 24 80-013 3
21 79-393 1 23 78-511 3 25 78-014 1
22 77-359 3 24 76-466 6 26 75-946 4
23 75-280 3 25 74-314 4 27 73776 4
24 73:065 2 26 72-099 5 28 71-510 7
25 70-805 2 27 69-788 3 29 - 69-190 2
i 26 68-485 2 28 67-408 b 30 66-742 6
27 65-930 1 29 64-951 3 31 64229 2
28 63-587 1 30 62+379 2 32 61-634 2
29 60-939 1 31 59-739 3 33 59-024 2
30 58-195 2 32 B7-052 10 34 ' b6-205 4
31 55+323 3 33 54-167 5 35 53-241 6
32 52-472 ) 34 51-348 8 36 50-350 4
33 49-514 2 35 48265 7 37 47-465 1
34 46-466 0 36 45-175 1 38 44-330 2
35 43254 2 37 41-994 4 39 40-996 6
36 40-104 2 38 38-740 5 40 37-731 )
37 36-829 1 39 35-411 4 41 34-374 2
38 33-433 1 40 31-955 6 42 30-981 0
39 29-892 3 41 28:513 2 43 27444 1
40 26-385 1 42 24-815 3 44 23-745 3
41 22-730 1 43 21-261 4 45 20-108 2
42 18-995 6 44 17-412 2 46 16-213 4
43 15-120 2 45 13-534 4 47 - 12-336 1
44 11-240 5 46 09-608 2 48 08-386 4
45 07-204 1 47 05-585 ) 49 04-352 1
46 03-182 2 48 01-518 2 50 00-129 1
47 15599-100 6 49 15597294 2 51 15596-016 7
48 94714 1 50 92-928 6 52 91-511 3
49 90348 3 51 88-541 2 53 87-052 3
50 85-960 1 52 84122 2 b4 82-577 1
51 81-451 1 53 79-545 7 55 78020 1
| 52 76+902 2 54 74-858 2 56 73-2564 2
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ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF ICi, 415

TaBLE II (continued).
(14, 1) Band (continued).
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P Branch. Q Branch. R Branch.
V. Int. J. v. Int. J. V. Int.
15572-161 1 55 15570-133 2 57 156568567 5%
67347 1 56 65-432 8 58 63-684 4
62-567 4 57 60704 2 59 58671 1
BT-478 1 58 55960 2 60
52478 4 59 50-981 4 61 48567 1
47-338 2 60 45742 4 62 43-291 4
41-944 4 61 40-491 3 63 37897 2
36-816 2 62 35-042 2 64: 32407 2
31-317 2 63 29-536 0
25-715 3 64 24-036 2
20-311 5 65 18-490 2
14-646 3 66 12-678 3
08-878 3
02-903 2
(10, 2) Band.
Q Branch. P and R Branches.
v Int J. J v Int.
14715-078 4
12-977 3 26 30 14713-204 2
10-817 4 27 31 11-140 3
08626 5 28 32 (08-91)
06428 5 29 33 06696 3
03-982 2 30 34 04-365 3
01-613 3 31 35 01-944 3
14699-089 4 32 36 14699-359 2
96-401 5 33 37 96-883 2
93-769 2 34 38 94-074 2
91-057 3 35 39 91-288 2
88-250 8 36 40 88-474 2
85-349 7 37 41 85-699 8
82-318 5 38 C 42 82-655 2
79-301 5 39 43 79-555 H
76-210 3 40 44 76-351 3
72-981 4 41 45 73-290 2
69-743 5 42 46 70007 1
66-383 1 43 47 66-655 1
62-979 3 44 48 63-217 2
59374 5 45 49 59-754 5
55-922 3 46 50 56273 3
52189 4 47 51 52534 4
48-447 4 48 52 48-787 2

PHILOSOPHICAL
TRANSACTIONS

Wave numbers in brackets were calculated using combination differences.
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416 W. E. CURTIS AND J. PATROWSKI ON

TaBLE 1l (continued).
(11, 2) Band.

Q and R Branches. P Branch.
J. J. v. Int. J. V. Int.
22 24 14878-357 4
23 25 76749 6
24 26 74904 1
25 27 73-118 3 Unresolved
26 28 71-249 9 from
21 29 69069 1 Q Branch.
28 30 66-912 4
29 31 64-716 3
30 32 62-440 4
31 33 60-050 10 29 14860628 2
32 34 57-640 6 30 (57-9)
33 35 55-050 6 31 (55-4)
34 36 52451 4 32 52-802 3
35 37 49-750 4 33 50-171 1
36 38 47-029 ) 34 47-337 1
37 39 44-109 7 35 44.-639 )
38 40 41-266 4 36 41-670 1
39 41 38-264 4 37 38-645 1
40 42 35-199 4 38 35-583 5
41 43 32-097 ) 39 32-415 2
42 44 — 40 (29-13)
43 45 25-515 3 41 25954 1
44 46 22-265 7
45 47 18-778 2

Wave numbers in brackets were calculated using combination differences.

Rotational Term Differences and Constants.

Since the bands are of the *I1, < 'S type* one would expect to find combination relation-

ships between the P and R lines of the form
RJ—-—1D—PJ-+1)=F+1)—-F(—1)
and RJ)—P )= FJ+41)—-F( —1)

The former should give identical values for the same J and ¢”, whatever the value of
v’, and the latter identical values for the same J and o". Supposing, as is undoubtedly
so here, that B’ refers to the II state, it will be subject to A type doubling, and one
component only will be concerned in the R, P differences. It can therefore be deter-
mined directly from them, whereas for the other component, which gives rise to the
Q branches, no similar differences can be formed, and it can therefore only be evaluated
indirectly. In the present band the separation of the two components is very small, and
it has been thought sufficient to determine the former alone accurately, although some
discussion will be given later of the manner in which the doublet separation varies
with J.

* Browy and Gissox, ‘ Phys. Rev.,” vol. 40, p. 529 (1932) ; Scuraep, tbid., vol. 39, p. 806 (1932).


http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF ICL 417

TaBrLe III.-—Rotational Term Differences for v” == 0.

RJ—1)—PF +1)=F T +1)—FJ —1).

/ﬂ 9 10 11
<
- o
<
= > 10 4-748
@) : 11 5-141
A 12 5-463 5658
O 13 5-900 6-219
ol 14 6520 6-464
b 15 7-073 7-018
16 7-607 7-455
s 17 7-965 7-869
BFS 18 8-455 8283 {
I 19 8-939 8-874
&0u 20 9-381 9-135 |
RZ0 21 , 9.832 9-659
oz 22 10-238 10-171 10-199
=< 23 10-808 10-733 10-740
me 24 11-209 11-182 11-134
25 11-677 11-681 11-621
2 12-103 12-133 12-038
27 12-587 12-561 12-638
| 28 12-969 13-002 12-960
| 29 13-455 13-528 13-485
30 13-943 14-029 13-910
31 14-280 14-411 14-284
32 14-803 14-872 14-839
33 15-329 15-336 15-286 |
34 15-739 15-831 15-700 |
35 16-195 16-252 16-174
36 16-798 16-566 16-620 !
37 17-119 17-113 16-972
q 38 17-638 17550 17-522
e 39 18-047 17-987 17-995
~~ 40 18-427 18-470 18-474
- 41 18-879 18-967 18-995
< — 42 19-332 19-578 19-379
S . ﬁ 19-912 23-231 19-863
, 20514 £0-469 20-258
= , 45 20-780 20-571
O 46 21-125 21-332
| 47 21-613 21-611
E 8 48 22020 22152
49 22571 22740
=2 50 292949 23-061
140 i 51 23500 |
= 52 23926 ;
33
(7] :
oZ o
]
EE
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TasrLe III (continued).—Rotational Term Differences for v” = 1.
RJ—-1)—PUJ+1)=F{+1)—F(J —1).

8 9 10 11 12 13 14
4 2-210
5 2680 2-886
6 3-063 3-045 2-944
7 3-408 3-465
8 3-923 3-893 3-1783
9 4-410 4-360 4-309 4-194
10 4-932 4-778 4-843 4-1738
n 5-385 5-336 5-249 5-189
12 5-664 5-712 5-960 5:722
- 13 6-145 6:163 6-082 6-279 6-023 6-140
14 6-545 6580 6-492 6-670 6-448 6-581
15 7-042 7:006 7-007 7-069 6-966 7-157
16 7-374 7-479 7-441 7-289 7-562 7-565 7-471
17 7-917 7-927 7-895 7869 7-863 7-995 7-965
18 8-346 8-433 8-339 8-066 8-390 8-455 8-413
19 8-846 8:927 8-793 8-849 8-860 8-870 8:790
20 9-274 9-290 9-263 9-228 9-214 9-407 9-297
21 9-707 9-702 9-660 9-618 9:796 9-869 9-758
22 10-165 10-163 10-171 10-175 10-168 10-311 10-173
23 10-659 10-752 10-597 10-563 10-723 10-581 10-658
24 11-092 11-072 11-050 11-056 11-187 11-107 11-074
25 11-543 11-611 11-491 11-513 11-513 11-568 11-528
26 11-936 12-077 11-961 11-962 12-097 11-970 12-084
27 12-450 12-536 12-404 12-401 12-532 12-507 12-459
28 12-827 12-985 12-846 12-806 13-048 12-979 12-836
29 13-351 13-391 13-327 13-335 13-503 13-281 13-315
30 13-878 13-833 13-754 13-768 13-894 13-787 13-867
31 14-278 14448 14-212 14-209 14-296 14-245 14-270
32 14-688 14-686 14-686 14-698 14-781 14670 147156
3 15-171 15-161 15-123 15-166 15-402 15-162 15-218
34 15-709 15-646 15-568 15-625 15-704 15-634 15-770
ob 16-068 16-092 16-025 16-090 16-109 15-951 16-101
36 16-623 16536 16-487 16-532 16-552 16-537 16-412
37 17-086 16-886 16-957 16-978 16-843 16-914 16-917
P38 17-422 17-397 17-417 17-432 17-448 17-342 17-573
39 17-954 17-919 17-919 17-909 17-805 17-823 17-945
40 18-335 18-321 18-383 18-372 18-303 18-249 18-266
41 18-769 18-800 18-793 18-838 18-749 18-752 18736
42 19-285 19-221 19-245 19-350 19-240 19-304 19-254
43 19-660 19-667 19-743 19-745 19-597 19-745 19-741
44 20-121 20-119 20-091 20248 20-039 20-171 20-240
45 20-630 20-629 20+ 64 20-660 20-624 20-416 20-563
|46 21-112 20-986 21-020 21-147 21-014 20-989 21-008
47 ¢ 2l-447 21-346 21-499 21-566 21-504 21-521 21-499
48 21-930 21-969 21-991 22-010 21-962 21-839 21-988
49 22-417 22-440 22-379 22-545 22-479 22233 22-426
50 22-873 22-812 22-940 22-979 22903 22-881 22-901
51 23-370 23200 23-30 22854 23-164 23-369 23227
52 23-795 23720 23747 23-622 23724 23-776 23-855
53 24-252 24221 24199 24-283 24-094 24263 24-164
54 24-659 24-562 24-715 24-701 24-491 24695 24-485
55 25-118 25-045 25-156 24-890 25-082 25-060 25-099
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ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF ICL 419
TasLe III (continued).—Rotational Term Differences for v = 1.
RJ—1)—PJ+1)=F'J+1) — F'(J— 1)—continued.
v
8 9 10 11 12 13 14
J.
56 25-530 25-477 25590 25-764 25-613 25-542
57 26-040 25-995 26-05 26-174 26-114 26-002 25-916
58 26-325 26-483 26-539 26617 26602 26-496 26-623
59 26-882 26-812 27-003 27-191 26-718 27-037 26868
60 27-323 27-335 27-50 27-398 27-409 27-354
61 27-786 27-696 28-23 27-862 27-724
62 28-209 28484 28-269 28-239 28-328 28-256
63 28-711 28-552 . 28-48 28-692 28-645
64 29-252 29-070 29-127 29-180 29-019
65 29-495 29-942 29-760 29-502 29-504
66 30-136 30-14 30-000
67 30-484 30-29
68 30-877 30953
69 31-447 31-628
70 31-879 32-212
71 32-149 32-492
72 32-722 32-724
73 33-206 33-277
74 33-807 33-640
75 34-136
76 34-599
7 34-731
78 35-442
79 36-130
80 36-400
81 36-838
82 37-439
83
84
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420 W. E. CURTIS AND J. PATKOWSKI ON

TasLE LI (continued).—Rotational Term Differences for o' = 2.
RUJ—1)—PU+1)=F"(J-+1) —F"(J—1).

\ v
10 | 11
g |

98 12-490
29 13-349
30 13-669
31 13-845 14-110
39 14-957 14-545
33 14-836 15-103
34 15408 15-411
35 15-891 15-970
36 16-245 16-405
37 16-704 16-868
38 17-328 17-335
39 17-723 17-899
40 17-998 18-155
41 18-467

42 19-044

43 19-438

44 19-801

45 90-078

46 20-756

47 21-220

The lower state differences for v = 0, 1, and 2 are collected in Table III. There are
three sets of values for v" = 0 (v" = 9-11) seven for " =1 (v' = 8 -14) and two for
V" =2 (v = 10,11). The order of agreement between the respective sets gives some
indication of the accuracy of the original wave numbers. As has already been pointed
out, this is rather low on account of the prevalence of blending, deviations from the
mean of about 0-1 em™ being quite frequent, but by using suitable methods it has never-
theless been possible to derive accurate values of the rotation constants. The upper
state differences, R (J) — P (J), have not been tabulated.

The usual expression for the rotation terms is of the form F (J) =BJ (J + 1) +
DJ2(J + 1), with higher terms in J if required. In this case they arenot, and, in fact,
D is so small that it was found impossible to determine it satisfactorily from the
differences themselves. They are given by

B 4+1)—F(J — 1) = (4T +2) {B+ 2D (J* +J + 1)}
A preliminary value of B was first obtained by dividing each difference by (4J 4 2).
Since D is very small, these quotients tend to a constant value (i.e., B) as J decreases.
D was then calculated for each vibration state in the following manner. The value, D,.
appropriate to the equilibrium state of the molecule was first obtained from the expression
D, =— 4 ng. D, was then calculated from the formulee

/ szDe_*—p(/U—}'%)
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ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF IClL 421
and
6 — o? + 20 B2« ——232 Bz, ,
fw, w,

where the symbols have their usual meanings in band spectrum notation.*

Some difficulty was occasioned by the fact that in this case neither B, nor o, are
accurately linear functions of v, as assumed in the definitions of « and z,, with the
consequence that neither of these quantities is strictly constant. The correction to
B which is in question is so small, however, that it appeared to be quite satisfactory
to use mean values for « and ..

D, having been determined, it becomes possible to calculate the term involving it,
subtract this from the observed combination difference and thence derive an improved
value of B. If such a value is found from each difference, its probable error will be
inversely as (4J - 2), since all the differences are of the same order of accuracy and
each is divided by (4J + 2). It is therefore preferable to form the sum of the differences
and divide by X (4J 4 2). This gives equal weight to all the observations and also
necessitates considerably less labour. It has the further advantage of greatly simplifying
the application of the D correction. We have, for example,

RWJ—1)—PJ+1)=B"4J +2)+D"(J +12(J + 22 —D"(J — 1)Je,

and it is evident that if a summation is carried out over a series of consecutive J values
the second and third terms on the right-hand side will cancel out, except for two involving
the lowest J’s and two involving the highest J’s. If the former J’s are sufficiently low
(say, below 20), the D” term is negligible, since D" is of the order of 4 X 10~%, so that we
have

LRI —1)—PU +1)}=DB2;4J +2)+D"2(J +12+D"(J+12(J +2¢
and therefore

g _Z BRI —1)—PF 1)} —2D" (J 4 1) (J2 4-2J 4 2)
2%, (2J - 1)

A corresponding expression may readily be obtained for B’, making use of the R (J) —P(J)
differences. 1In order that the resulting values should approximate to the same order
of accuracy, each series was terminated immediately before the head of the next band
In the same progression, since the congestion of strong lines in these regions was always
apt to render identification uncertain. On account of the gradually decreasing separation
of the heads as v’ increases this limiting value of J falls from 65 for v' = 8 to 53 for
v' = 14. The initial value of J depends on how near to the origin the branches can
be traced, and varies from 4(v" = 8) to 15(v' = 14). The methods outlined above were
applied in the first instance to the bands »” =1, v’ = 8 — 14, but considering the
quantity of data the results were somewhat disappointing; the seven values of B,

* See Jmvons, “ Report,” pp. 26-29.

3 K 2
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422 W. E. CURTIS AND J. PATKOWSKI ON

for example, varied from the mean by as much as 0-05%,, whereas one might reasonably
have hoped for an agreement of the order of 0-019,. Such an expectation is, however,
based on the assumption that the errors due to blending are fortuitous. This, no doubt,
is sometimes legitimate, but it is certainly not so for o' = 9 — 11, in each of which two
branches are unresolved throughout, with the consequent probability of serious
systematic error. This will be greatest when it is the P and R branches which are
superposed, since the errors of the two are bound to be opposite in sign and therefore
additive when the combination differences are taken. The band ¢ = 10, in which
the P and R branches are unresolved, does, in fact, show the largest discrepancy. The
values of B’ showed, as usually, an approximately linear variation with v, but again
there were pronounced irregularities. In order to examine the nature of these more
closely, the two sets of differences between successive values of B were plotted. There
appeared to be a certain correspondence between them, and this suggested a method
of using the B” values to correct those of B’. The basis of this is the fact that since
the same lines are used in both, except for several at the ends of the series, the error
in B resulting from errors, systematic or otherwise, in the original wave numbers, should
be the same in both. But we know that the B” valueg should all be identical ; although
they differ appreciably the mean of the seven cannot be much in error, and the deviations
from the mean can therefore be applied, with due regard to sign, as corrections to the
B’ values. When this was done, a very great improvement in the regularity of the
B’ differences was apparent ; in fact, they lay extremely well on a straight line, except
for the two involving B’;,. The end lines involved were therefore carefully examined
to see whether any of them appeared to be abnormally inaccurate, as judged by their
position relatively to the neighbouring lines of the branch. If we denote by J; and J,
the first and last J values in question, so that the first and last differences are
FJ,+1)—FJ;—1)and ¥ (J,+ 1) — F (J, — 1), respectively, the following lines
enter into the determinations :—
B”, R branch from J;, — 1 to J, — 1

P 2 i Jf’Flto‘Il"F1
B, R , . J to J;
P 2 2 Jf tO Jl

The lines which are not common are therefore R (J; — 1), R (J), P (J;) and P (J, + 1),
and for v =10 J; =12 and J, = 61. It was found that P (62) was about 0-4 cm.™*
below and P(12) about 0-2 above their respective interpolated wave numbers. The
consequent corrections were — 0-000054 to B” and + 0-000027 to B’, and when
these were applied the new value of B” appeared quite satisfactory.

The results of the above procedure are shown graphically in fig. 2, in which the
successive differences B, — B’,,; are plotted against v, the corresponding values of
the B” differences being also shown. The final corrected B’ differences lie very well on
a straight line, indicating that a term in v is required for the representation of B’,,
in addition to the usual constant and term in v'.
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ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF ICL 423

Having obtained an accurate set of B’ values, we can now similarly make use of
them to correct the B” values derived from the other two progressions, v" = 0 and
v”" = 2. For the former we have three bands available, viz., v" = 9 — 11, and these
yield the following preliminary B," values :(—

v 9 10 11
B,” 0-114213 0-114305 0-113739
B’ 0-077304 0-076294 0-074553

If we now assume the correctness of the B” values derived from the v” = 1 progression,
viz.,

0-076987 0-075874 0-074699, we get the
corrections — 0+000318 — 0-000420 - 0:000146, and thence
the B,” values 0-113895 0-113885 0-113885, in very much

better agreement (0-019%, instead of 0-59%,) than before.

B /
10— o C
T‘g 121 -
(S} - o//
X 10—
S
i B
% -
12
10—
+1
NE G/\Q/G-\Q\QA
-1k
| ! 1 | | ]
8 9 10 7 72 B v 13

Fia. 2.—Correction of B’ values by means of B”. A= AB”; B = AB’ from original data; C= AB’

after applying corrections from B” values; D = final AB’ after adjusting two wave numbers in
(10, 1).

For B,”, we have only two bands available, v’ = 10 and 11, and for each a very
small range of J values, so that the results are considerably less accurate. The original
B” values were 0-11152 and 0-11256 respectively, which after correction as above
become 0-11274 and 0-11290.

The final results are collected in Table IV,
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424 W. E. CURTIS AND J. PATKOWSKI ON

TasrLe IV.—Values of B.

A 0 1 2

B .. 0-11389 0-113366 ; 0-11282 cm. "1
ABY L ~+0-00052 -+0-00055

D 8 9 10 11 }2 13 14

Bl . ... 0-078019 0-0769877—_0-075874 0-074699 0-573445 0-072124 0-070723
AB oL 4+0-001032 0-001113 0-001175 0-001254 0-001321 0-001401
A B —0-000081 0-000062 0-000079 0-000067  0-000080

Extrapolation of the B” values gives B”, = 0-11414, whence 7", = 2-3150A.

In order to determine B’, it is necessary to extrapolate from o =8 to v' = — 4,
and a least squares formula was therefore calculated from the seven B’ values above.
The result was as follows :—

B’, = 0-083890 — 3-828 X 107 (v - ) — 3:622 X 107" (v/ | L)

This gave an exceedingly good fit, the O — Cs being — 1, -3, — 3, 4-1, — 1, 4 3
and — 1 x 107". That is to say, the maximum discrepancy between observed and
calculated values was of the order of 0-004%,.

The value of B’, is thus 0:083890 cm.™?, corresponding to 7', =2-7001A. Also
B’, = 0-083689, 1’y = 2-7033.

In spite of the good fit of the formula it must be admitted that the long extrapolation
renders these values somewhat uncertain, especially as discontinuities in the B, v curve
are liable to occur.* DARBYSHIRE’S conclusion,} that a break in the o', " curve occurs
in the neighbourhood of v = 10, should be mentioned here, since it would in all
probability be associated with a similar break in the B’, v" curve. There is no sign
of this in the observed values, but they do not extend far enough below v = 10 to
rule it out.

Determination of Band Origins.

The rotational constants being known, it is now possible to calculate the rotation
term values, and hence the band origins (v,), merely by taking the difference between
the two rotation terms concerned and subtracting this from the wave number of the
line in question.] A separate value of v, is thus obtainable from every line, but these
differ a good deal in weight. Those derived from lines of low J would naturally be
the more reliable as involving a shorter extrapolation, but this is usually offset by a

* F.g.,in Cl.  See Bruiorr, ‘ Proc. Roy. Soc.,” A, vol. 127, p. 627 (1930).
1 ¢ Phys. Rev.,” vol. 40, p. 366 (1932).
1 See MuLLIKEN, ‘ Phys. Rev.,” vol. 36, p. 703 (1930).
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ROTATIONAL ANALYSIS OF THE ABSORPTION BANDS OF ICL 425

greater probable error in the wave numbers, owing to the congestion of lines near the
origin. The procedure adopted was to calculate separate values of v, from every P
and R line up to J = 35, plot them and estimate from the graph the most probable
value of vo. In this way it was possible to eliminate bad observations and to attach
suitable relative weights to the P and R results if one of them was affected by systematic
blending. The results are given in Table V.

TaBLe V.—Origins of Bands.

vfl
0 1 2 A G
,vl
8 14794 - 24
16655 166-55
9 1534201 381-22 14960-79
160-73 160-65 160-69
10 1550274 381-30 15121-44 378-34 1474310
1564-64 154-71 154-75 154-70
11 15657 - 38 381-23 1527615 378-30 14897-85
148-45 148-45
12 15424 -60
142-07 142-07
13 1556667
135-40 135-40
14 15702-07
AG” 381-25 378-32

The individual differences are in no case more than 0:05 cm.™ from the mean, a
considerable improvement on the previous values, which were derived from measure-
ments of band heads. It may be noted that the latter are consistently a few tenths
of a wave number to the red side of the origins, whereas the calculated displacements
are from 0-2 to 0-3 cm.™ in the opposite direction. This is probably becatse of the
low intensity of the early R lines composing the head. The settings made on unresolved
heads no doubt refer to the Q branches, which are much stronger. The new data are
so much more accurate than the old that it should be possible to use them in testing
DarBYSHIRE’S conclusion, based on vibrational data alone, that a discontinuity in the
law of force occurs in the neighbourhood of " = 10. The second differences, which
run as follows, 5-90, 5-94, 6-26, 6-38, 6-67, appear to give some support, although the
irregularity is not certainly outside the range of experimental error.

In order to investigate the question more closely a least squares cubic was calculated
for the progression v" = 1, with the following result :—

v = 13172:659 - 209-7519 (v + &) — 1-94741 (o' + §)* — 0-033661 (v + L)?
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426 W. E. CURTIS AND J. PATKOWSKI ON

The observations definitely could not be represented satisfactorily without the cubic
term. The O — C values are

v = 8 9 10 11 12 13 14
O—C=—0-016+0-024 —0-023 -+ 0-0056 — 0-009 -+ 0-016 — 0-007

It may be significant that the largest discrepancies occur for v" = 9 and 10, but they are
too small to be acceptable as evidence. More definite indications were obtained by
plotting the differences between the observed wave numbers of heads* and the wave
numbers of origins calculated from the above formula. The former should be from 0-2
to 0-3 cm.™* higher, as already explained, but an additional systematic discrepancy is
to be expected below v" = 8 due to extrapolation error. The deviations given above
between the calculated origins and those directly determined in this work are too small
to show on the scale used. It will be seen from fig. 3 that there is a strong suggestion of
a break at about v = 9, as found by DARBYSHIRE, which can hardly be due to extrapo-
lation error.

0-C

-1
cm Po)

+1

0]
2 & 6 10 12 12 v?
0 T T T T T ANY X
A

Fie. 3.—Differences of observed and calculated wave numbers, using the formula v = 13172-659 -
209-7519 (v' + %) — 1-94741 (v' -+ 4)* —0-033661 (v' 4 $)%. A Band heads observed by Curris
and PaTRowsKr; © band heads observed by DARBYSHIRE; X band origins determined by Curris
and PATKOWSKI.

The values of v, and «, obtained by extrapolation of the above formula, namely,
13,744 and 209-7, are probably less reliable than those of DARBYSHIRE, namely, 13,742
and 212-3, since his observations were made on bands relatively close to the origin.
On the other hand, the values for ", 381-25,and «”;,, 37832, should be better, as also
the value 384-18 for. ", derived from them (cf. DARBYSHIRE’S 384 - 6).

The Atype doubling.

As has been mentioned above, the upper rotation states are all double, one component
of each doublet giving rise to the P and R branches and the other to the Q branch. All

* DARBYSHIRE, loc. cit. CuURrTIS and PATkowski, ‘ Trans. Faraday Soc.,” vol. 25, p. 731 (1929).
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the constants hitherto determined relate to the former component, and we may now
consider the problem of determining those associated with the latter. Let the rotation
terms already considered be distinguished by the suffix d, the others by ¢. Then we have

RJ—1)—QUJ —1)=F,J)—F.J—1)
and
QU 4+1) =PI +1)=F,J+1)—F,J)
Whence
A FFo( ) =F,J+1)—F.J—1)
=R(J—-1N)—-PUJ+1D)+QUJ+1)—Q(J —1)
= A, F'(J) 4 A, Q(J) say.

Further, in the process of determining B’, by methods similar to those already employed
for B’;, which involve summation of successive differences, all the terms concerned in
A, Q (J) will cancel, except the first two and the last two. Thus we have

Zifae o)y = 2, {8, F'(9)} — QUJ, — 1) — Q) + QW) + QU + 1)

The final derivation of the B’. values follows exactly the same lines as before, and the
same D’ values are applicable. The results are given below.

v’ 8 9 10 11 12

B, 0-078018 0-076986 0-:075763 0-:074598 0073421
B'. — B, — 0-:000050 —0-000048 --0-000015 —0-000135 —0-000009
v’ 13 14

B, 0-072501 0-070725

B. — B, — 0-000077 —0-000008

The rather irregular behaviour of the differences B’, — B’, indicates that the B’, values
are of a distinctly lower order of accuracy than the B’,’s already determined. This is
probably attributable to errors in the Q wave numbers, for the elimination of which no
method such as was used in determining B’, is available. The average difference B, —
B’, is about 4 X 107 or 0-059%, ; there is no indication as to how it depends on o', if
at all.

Its dependence on J was next investigated, by forming the differences

QU+ =PI +1}—RJ)—QU)
=TI+ +F. ()} —F.J+1)+F.(J)}
=2{F.(J + %) —F,(J + })} approximately.

These ran very irregularly with J, even when means of every successive five were plotted
instead of individual values, but by averaging such means over all seven bands, 1.e.,
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428 W. E. CURTIS AND J. PATKOWSKI ON

by using the whole of their constituent lines, a reasonably smooth curve was obtained,
as shown in fig. 4.

It is clear from the change of sign near J = 30 that the energy difference between the
two components cannot be wholly due to a difference in the B values as assumed above,
or even to a difference in the D’s. A constant is apparently involved as well.

Miscellaneous.

In this section it is proposed to refer to several matters which do not call for exhaustive
discussion. The first of these is the isotope effect. This may be resolved into two com-
ponents, one vibrational and the other rotational. The former has already been studied
by several workers, and has provided the basis for the allocation of vibrational quantum
numbers, but the present work affords the first opportunity of examining the rotational
effect. The bands of the less abundant isotope, although showing fairly well-marked
heads under low dispersion, are somewhat difficult to trace on the grating plates. It was
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Fic. 4.—Variation of A type doubling with J.

only possible to identify the Q branches of the v =1 progression with any degree of
completeness ; and even these could seldom be followed close up to the origin. It was
verified that the isotope displacements followed the usual laws* ; in fact, their calculated
values were employed as a rule to assist in the identification. Beyond this it did not
appear possible to derive any useful results from these data ; in particular, it was not
possible to determine the mass ratiof CI*": CI*" any more accurately than it is known
already.

In view of the accuracy with which the constants had been.evaluated it seemed to
be opportune to test various relationships between them which have been proposed from
time to time. These are enumerated in JEvoxNs’ ©* Report,” pp. 27-29.

The first three are as follows :—

Le = 3Be/(’°e7 o= 6-'892/"09’ D” = 4B33/m82

* See JEVONS’ ““ Report,”” chapter X.
t The accepted atomic weights are 39-976 and 34-980.
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Since we have made use of the last of these for the purpose of evaluating D,, our
results provide no test of its accuracy, but it has been verified in a number of other
cases, and is usually regarded as valid. The first and second relationships, however,
are not even approximately satisfied by our values. Thus, for example, we have
0" x", = 1:465 and 3B”, = 0-342, also o'x’, = 1-947 and 3B’, = 0-252.

The second suggested relationship is also unsatisfactory, since «’ and «” = 5-02 and
3-83 X 107* respectively, whereas 6B,°/w, = 2-03 and 2-01 X 107%. Next we have
the Birge-Mecke rule that B,/w, is approximately constant for the different electronic
states of one molecule. From the close agreement of 6B,’/w, for the two states it is
evident that this cannot hold. The actual values are 2-97 X 107 for the normal state
and 4-0 X 107* for the excited state. Morse’s variant 3, = constant is equivalent
to /B2 = constant, which is a special case of RyDBERG’S relationship*
(AG,)?/B?, ., = constant, where AG, is the difference of vibrational energy between the
v and (v -+ 1) states. Since D, = —4B?,/o2 it is also equivalent to stating that
D’, = D”,, whereas the actual values are 4:06 and 5-19 X 107% For one electronic
state, however, (AG,)2/B?,,, is approximately constant, although not exactly, as
RypBERG suggests may be so. For the excited state, for example, it ranges from
6-08 to 5-18.

RyDBERG has also suggested that there is a linear relationship between (AG,)? and
v, and this is much more nearly exact ; a least squares formula gives strongly systematic
residuals, however, amounting to about 0-1%,. ,

Finally, BircE has found that #,B,/«a = 0-7 4 0-1 for many molecules, but in the
present case the values for the normal and excited states are 2-03 and 0-87 respectively.

We desire to express our gratitude to the Department of Scientific and Industrial
Research and to the Armstrong College Research Committee, who made grants enabling
us to obtain assistance with the very laborious work of measuring and reducing the
spectrograms, and also to Mr. B. Roperick, B.Sc., who carried out this work with
admirable industry and accuracy.

Summary.

Twelve bands belonging to three progressions (v" =0, 1, 2) and each consisting
of P, Q, and R branches have been completely analysed. The rotation constant B
has been determined to a high order of accuracy for each of the states involved with
the help of a special method of eliminating errors due to blending. It is found that
B’ requires a quadratic term in v’ for its representation, the formula being

B, = 0-083890 — 3-828 X 107 (v 4 }) — 3-622 X 10~ (v/ + L)2.

This fits seven observed values to within 0-004%,.

* ¢ Z. Physik,’ vol. 73, p. 376 (1931).
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The origins of the bands have been determined and a least squares formula calculated
for the v" = 1 progression, as follows :—

v = 13172659 - 209-7519 (v' 1) — 1-94741 (v' + L) — 0-033661 (v 4 1)

Evidence is presented which supports DARBYSHIRE’S conclusion that there is a
discontinuity in the law of force at about v" = 9 or 10.

The existence of an extremely small A type doubling is established and its variation
with J is examined.

Various proposed relationships between certain of the rotational and vibrational
constants are tested, using the new data. The following are the values of the chief
constants which have been determined :—

Normal State. Excited States.

13 81, 311,
©O, . . ... 384-18 209-7 ~ 203 cm.™?
Z,0, . . .. 1-465 1-947 13,
Y, « o o .. — 0-03366 —
B, .. ... .. 0-11414 0-08389 0-090 cm. ™1
« . 5:02 X 1074 3-828 X 1074 ~ 29 X 10™*cm.™?
Yo e e 1-1 X 1075 3:662 X 107° —_
o v e e e e 23150 ‘ 27001 2:61 A

The figures for the ®Il, state are taken from Brown and GiBson’s paper* for
comparison. The close similarity of the w, and B, values is of interest as supporting
the current view that the two states are components of the same triplet level.

y.0, is the coefficient of (v -+ 4)® in the expression for G,, the vibrational term.
v is the coefficient of (v -+ $)? in the expression for B,.

* ¢ Phys. Rev.,” vol. 40, p. 529 (1932).
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Rotational analysis of »"" = 1 bands of ICL.

Corresponding portions of seven successive bands are shown. Only the P, Q, and R branches
of these are marked, although most of the stronger remaining lines have also been allocated.
The spurious doublet structure, due to blending, in o' =9, 10, 11 will be noticed. The
absorption is due to a column of ICl 30 cm. long at a pressure of about 100 mm. of mercury
and a temperature of 50° C. The spectrograms were taken in the second order of a 21 foot
.concave grating and have been enlarged sixfold. ’
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O Rotational analysis of "' = 1 bands of ICl.

O : ) . g

=3 Corresponding portions of seven successive bands are shown. Only the P, Q, and R branches

of these are marked, although most of the stronger remaining lines have also been allocated.
The spurious doublet structure, due to blending, in » =9, 10, 11 will be noticed. The
absorption 1s due to a column of ICl 30 em. long at a pressure of about 100 mm. of mercury
and a temperature of 50°C. The spectrograms were taken in the second order of a 21 foot
concave grating and have been enlarged sixfold.
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