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ABSTRAOT.

Measurements of the structure lines in the (0,1), (0,0), (1,0) and (2,0)
bands of the red bands of magnesium oxide, MgO, are reported. Each
band has two strong P and R branches associated with the main molecule,
Mg240, and in most cases they are accompanied by fainter components
which are definitely attributed to the two isotopic molecules, Mg#30 and
Mg260. The two main P and R branches are strictly single and their
continuity in the vicinity of the band origin is interrupted by the absence
of one line. This structure characterises the system as due toa 13— 13
transition.

The principal molecular constants evaluated from rotational term
differences are as follows : —

Upper 13 state. Lower 1X state.

B, = 0°7625 cm."! B, = 06862 cm." "

By = 0°7594 Bo" = 06815

B, = 07538 B,” = 06740

By = 0°7470 a" = 00075

o = 00002 D,* = —2'57x10%

D, = -2'62x10-8 r.* = 1643 x 10~ %cm.

T,/ = 1'610x1078 cm. 1, = 40'38 x 10~ *°gm.cm. ®

I,) =8627x10"4° gm. cm.?
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Introduction.

Two band systems ® are known for magnesium oxide. Both
of them lie in the visible region, one in the green and the other
in the red, extending however in the shorter wave-length region
as far as A4700. The distinctive feature about them is that
while the band systems so far known for the other alkaline earth
oxides are all degraded to the red, they are shaded towards the
violet. Of the two systems the green bands are easily excited
while the red bands are not of perceptible intensity in the wusual
flame surrounding the magnesium arc in air, but become fairly
intense in processes where higher temperature is available for
excitation. From this observation it would appear that although
they lie on the longer wave-length side of the green bands, the
energy of excitation of the red bands is much higher than those
of the green. This would indicate that the levels involved in
the emission of the former are different from those necessary
for the appearance of the latter.

In the case of the oxides of beryllium,? calcium,® strontium,*
and barium,® the rotational structure analysis for at least one
of their band systems has been worked out thus enabling one
to evaluate their more important molecular constants a:d to
ascertain the nature of electronic states involved in the emission
of the band systems. It is, therefore, of interest to study the
fine structure of the bands of magnesium oxide with a view
to complete our knowledge of the oxides of the alkaline
earths and also to investigate the nature of isotope effect of
magnesium, which is known to consist of three isotopes of masses
24, 25 and 26 and of relative abundance ® of about 8: 1: 1.

The green system is of the familiar type in which the vibra-
tional frequency and the moment of inertia are only slightly
changed by the electron transition. The vibrational intensity dis-
tribution is also characteristic of this type resembling that of the
green bands of beryllium oxide. It consists of only three
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sequences, viz., Av=0 —0 =0, +1. Of these the zero-sequence
is the most intense, while the two others are very weakly develop-
ed. In each sequence the successive members are very closely
spaced but the interval between their heads increases with in-
creasing v’, v” values since while 0,/>0,”, 0,2,/ <w,”r.”. Even
under the highest dispersion available, the (0,0) band is but
partially resolved. Norcover owing to the low intensity of (1,0)
and (0,1) bands, it did not seem encouraging to take up ths
rotational structure analysis of the system under question as
one would not get sufficient data for a verification of the combi-
nation principle and to arrive at the correct assignment of the
rotational quantum numbers to the lines of the (0,0) band.

On the other hand the red system consists of a large number
of sequences and the intense bands lie on a wider Condon para-
bola. They are more open in structure than those of the green
system and are thus more suitable for an investigation of their
rotational structure. The object of the present investigation
is to present the results of such a study. The bands (0,1), (0,0),
(1,0), and (2,0) have been chosen for the purpose.

Measurements.

For the purpose of measurement, photographs of the selected
bands were taken in the first orders of a 15 ft. and a 21 ft.
concave grating set up on Paschen mounting and having dis-
persions of about 3'65A/mm. and 1'25 A/mm. respeciively. To
gsecure the best definition of the structure lines, fine grained
panchromatic plates were employed. Several plates were taken
for each of the four bands under investigation, the best ones
being selected for the final measurement. For each band at
least four sets of indcpendent wmeasurements were carried out
and in no case the individual mecasuremenis differed from one
another by more than 4-0°01 A. Neon lines and iron arc hnes
recommended as standards were used for comparison. Reducuion

20



458 P. C. MAHANTI

to wave-numbers in vacuo were made with the aid of Kayser's
“ Tabelle der Schwingungzahlen.”’

The Structure of the Bands.

In each band the resolution is complete except for a few
lines at the head. The bands consist in main of two strong
series of lines which are pretty long due to the high temperature
of the source. Each of these series 18 in most cases accom-
panied by two comparatively fainter series of lines until the
next band of the sequence is encountered and is superposed by
the branches of the latter. Even then the two main series can
be followed very far with certainty as the succeeding bands are
very weak in intensity. The analysis given in the next section
reveals that while the two strong series are but the P and R
branch lines associated with the main molecule, Mg*O, the
fainter series are due to the isotopic molecules Mg®O and Mg*O.

A nalysis of Band Structure.

The band heads are single, indicating that the band system
is due to a transition between two similar electronic states.
There is no sign of splitting into finer components even for the
last lines of the two strong series, evidently the P and R branch
lines, found in each band. This indicates that the levels involved
are singlets. It also excludes levels with A=1 as in this case
one would expect each line of the series to be a narrow doublet
on account of the A-type doubling of ecach rotational energy level
in both eleetronic states. Further no lines, which could be
associated even with a short @ branch, are observed in any of
the bands investigated, thus showing that only the levels with
A=0 are responsible for the emission of the band system. It
may bhere be pointed out that the theoretical intensities to
be expected in transition between two singlet electronic levels
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both of which have the same value of A are given by the
equations.

_ a(2K+1)A?
e ==K+ 1) e (@)
2_A2
ip(K) - ) KA ) o 1)
) a(K+1)2 —A2
LR(K) SRCAC  aed S K+l .. @B

In these equations the Boltzmann factor has been assumed to be
unity. It is readily seen that if A=1, i.c., in a 'm —> 'r transi-
tion, the bands should have a weak @ branch and the intensity
of the first @ linc is three times as great as that of the first B
line, while the intensities of the other ¢ lines decrease rapidly
for higher values of K. Similarly for A=2, i.e., in a 'a —> a
transition the first ¢ line is very much stronger, and the inten-
sities of the other lines decrease less rapidly. These considera-
tions lead one to associate the band system under question to a
13 — 'Z transition. Further evidence is secured from the crite-
rion of missing lines, wviz., the first line of the R branch in the
(0, 0) band begins definitely from K=0.

After sorting out the two main series of lines in each band,
the next step was the identification of each series and the assign-
ment of quantum numbers to the lines belonging to it. As the
bands are degraded towards the shorter wave-length side, the
series of lines starting from their heads evidently belong to the
P branch in each case. Proceeding away from the head, one can
unerringly identify the neighbouring lincs as belonging either to
P or R branch merely from a visual inspection of their relative
intensities except in the regions where the lines of the two series
coalesce into one. In many cases lines from the P and R
branches dispose themselves in a manner as to appear like close
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doublets, the doublets becoming single lines as they approach the
head. Itshould, however, be noted that from the relative inten-
sities of thesc apparent doublets, one can easily distinguish them
from what would occur cither when the electronic levels are
doubtets or when the rotational levels possess A-type doubling.
Thus after identifying the two main R and P branches of the
bans, it was only a matter of trial to find out the proper combi-
nation relationship between them and thereby to arrive at the
unique assignment of quantum numbers to the lines of the two
series. The correctness of their K-pumbering was further con-
firmed from the close agreement between the calculated and ob-
served magnitudes of the isotopic displacements of the rotational
lines wherever available.

Tt is well known that the lines of the R and P branches are
given theoretically by,

R(K)=T/(K +1)— T"(K) RN )

P(K)=T!(K-1)-T/(K) s (O
So that,

&9 T'(K)=R(K) — P(K) e (6)

2o T(E)=R(K—-1)-P(K+1) SO

According to the combination principle all bands having the same
upper vibrational state should yicld sets of values of 9T (K),
which are numerically identical ; and similarly all bands having
the same lower vibrational state should give identical sets of
values of agT"(K).

The wave-lengths and wave-numbers of the lines of P and R
branches of each analysed band due to the main molecule, Mg*0O,
together with their K-numbering are given in Tables I-IV.
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Structure of the (0, 0) band at A6060°31.

TasLe 1I.

461

R P
7
K A(I.A) viem." 1) A(L.AL) v(em.”?)
0 605770 1650336 [
1 67:06 0510 i
] 86-35 07°04 |
s 55'58 09°14
4 5475 11-40
5 63:85 18-85
6 52'89 1647 !
7 5185 1931 '
8 50"79 22-21 ,
° 49'78 2510 !
10 48'63 2818 606031 16496 25
11 4746 81-30 €0°25 0641
13 4680 8447 60°20 9655
18 4512 8770 60°13 06°64
14 4887 4112 50-98 0715
15 42°'56 4474 59'77 96'7T3
16 41716 4854 59-48 0851
17 89°71 B5a'51 59°18 99°46
18 8820 5665 5872 16500758
4 8668 60°96 bs-24 01'89
20 84°09 65°46 5770 i 0836
21 8328 70°16 5706 0510
22 81°51 7502 56°39 06-98
28 20768 80°04 5565 05 94
24 27'80 8522 54 86 11'10
25 25°85 90°68 5400 18°44
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TaBLE I (contd.).
R
K
A (I.A)) » (cm." ") A(T.AD » (em.™ 1)

26 6023°84 1659612 605306 165616-01
27 a1°77 16601'82 52°06 18°74
28 19-64 07°70 51°00 21-63
20 17°46 1371 49°89 24766
30 15°28 19°87 4873 2783
81 12'96 26°16 47'62 8114
33 10°64 8267 46°26 8458
83 0828 39°10 4496 3814
84 05°86 45°80 4359 41°89
85 03-39 52°65 42°17 4578
86 00°88 6062 40'71 49°77
87 6998°33 66770 3920 6391
88 095-73 7393 87°64 58719
39 93-08 81°30 3602 62°63
40 9037 88°85 3436 67°19
41 8763 9651 3264 71-91
42 84°83 16704 °32 8085 7683
13 81'96 1231 2899 8194
44 79°02 20°53 2707 87-29
45 76°05 28'84 25°10 9265
46 73-03 37°30 23-08 9821
47 6996 45°90 203 16608 -89
48 66°84 54°66 1890 09°74
49 6367 6357 1672 15°76
&0 60°45 7362 14-47 2197
51 57-18 8183 12°18 28°30
62 63°85 91-91 09°87 8479
58 5046 16800°78 0741 41-51
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TaBLE I (contd.).

463

R P

K

A(TA)D » (cm.™ ') A(LA) ¥ (em.” ')
64 594701 16810°53 €004°93 I 16641838
55 43'53 20-40 0240 | 55°40
56 39'98 30°42 5899°81 | 62759
57 36°39 4060 9717 1 €092
1] 8275 5093 9447 { 7743
59 5829°05 6145 91'70 8514
60 25'29 72°15 8887 9303
61 01°'48 83°00 8599 16701°06
62 17°64 9896 83°05 6927
63 13'76 1690504 80°06 17°62
64 0983 1628 7106 2604
65 0588 2760 7400 3458
66 01-88 89-07 70'90 4327
67 5897°82 5078 6772 5219
68 93°69 6261 6453 6118
69 8949 74°70 61°19 7054
70 8524 86°96 57°84 79°97
71 80°98 9985
73 7662 1701188
] 7225 24°54
4 6784 8734
7% 63°89 5027
76 6890 63-33 |
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TasrLe II.
Structure of the (0,1) band at N\ 6311'65.
R P
K
A(I.A) v (cm.™1) AI-A) v (cm.™1)
1 i 681165 1583935
8 e . 1188 4003
7 .. 1110 40°'73
8 10°78 4153
9 - 1042 42'43
10 os 10°04 4389
11 09°63 44'43
12 09-18 465°55
18 08°70 4675
14 0817 48°09
15 6288'95 1580662 07'60 49°58
18 8714 15901'10 06'98 5108
17 8528 0580 0631 6276
18 89°86 1066 05'88 54°60
19 81388 1568 04'78 56°81
20 79°85 2082 0893 5874
a1 7727 26°10 0803 6101
22 7514 81°60 0208 6840
28 72 95 87°07 0106 6597
24 7070 42'78 6209°98 6869
25 68-40 4863 9885 153
26 6604 54764 9758 7453
a7 6362 6u-80 06°40 mn
28 6112 67'16 9507 81°07
0 6867 7869 9868 8463
B0 65°08 80'49 o918 8838
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TasrLe II (contd.).

AND ISOTOPE EFFECT

K e e
A(I-A)) » (cmn.” 1) A (I-A.) » {cm.™1)
31 625323 1508732 6290762 1589230
32 5046 04°41 8899 Po-42
33 4763 16001°65 87°30 15900°69
34 44°75 0903 8555 0512
35 41°81 16°57 8374 0970
86 38'80 24'30 81°86 14°46
37 85'78 32-19 79'92 19-38
38 3262 4019 7792 24-45
39 2946 4832 75'87 2965
40 2625 56760 73'76 35°01
41 2297 65°06 71-59 4052
42 19'63 73°69 69°35 46°22
43 1624 82°45 67°05 5207
44 1278 91°41 61°69 58'08
45 09°27 16100°51 6226 64°27
46 06°70 0977 59°76 70°64
47 0307 1920 57°20 77 18
48 6198-89 2877 54°58 8387
49 04°65 8851 51-90 90°72
50 9084 4844 4915 977
51 8697 59°54 46°83 1600498
53 89°04 6881 43°44 ! 1239
53 79'00 79°23 40°50 : 1994
54 76°03 89°81 3749 | 2766
55 7093 16200°54 4304 ! 35°53
56 66°79 11748 s1-30 . 4359
87 6259 2947 28°11 i 51°80
&8 5834 3366 24°87 ; 60-16

21
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TanrLi IT (contd.).

K
AL A) ¥{om.”')

50 6154 04 16245°00
) 40°G9 66-50
61 4529 68'14
62 40°80 70°87
68 8640 91°70
04 81-85 1680370
65 27°80 15'00
60 29°67 28 23
87 1708 4075
a8 18-20 5337
[1it] 08:47 6610
70 0360 70°25
7l 600870 0341
72 03°72 16405°81
78 84-70 19038
74 83:G2 99°04
(] 76°60 40°88
70 73°90 6090
7 68°08 76°148
78 6280 847
70 67 48 16503°06
80 52:11 1460

A(l. A) vlem, ™)

6221°67 1606868
18°21 7736
1479 8621
11'30 05°26
0778 1610487
0423 13'59
00°04 2202

619606 3252
2323 4291
80-40 6214
85°567 62'20
81-64 T72:47
7764 8394
7857 0361
69°47 1620438
6530 1538
6107 8647
6674 3788
6340 4933
4708 oLrm
4353 (4]
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Structurc of the (1, 0) bund at N 5775°25.

TasLE IIIT.

467

R P
K
A(l A) ¥ (em.™ ") A(l.A) » (em." ')

10 677526 17310°48
11 i 75°00 1123
13 7472 12:07
18 - 74°41 1300
14 65769-41 1735809 7408 18-99
15 6809 6208 73'73 1604
16 5673 6617 78-85 16°18
17 55'39 7021 72°94 1741
18 5400 7441 72°49 18°76
19 52'60 78°64 7205 2008
20 61°17 8296 T1°567 21-53
21 4970 87-40 7106 2305
22 48°19 9197 70°54 2461
23 4664 96°66 6997 26°32
24 45'07 1740142 69°85 28°18
25 43°45 0682 68765 80-28
26 4177 11-42 6704 82°43
27 4004 16°66 67-21 34-61
2 8826 2207 6642 36°99
29 86°43 2762 6557 3954
80 84°66 8384 6467 43 256
81 32°61 3924 6378 4508
82 8062 4529 62'78 4809
88 28 59 51°47 61°68 5135
84 26°48 5790 6L b6 6463
86 2486 84°40 8941 3809
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TasLe III (contd.).
&
AT.A)) »(cm.™1) AT.A) v(cm.™1)

36 5722'16 17471°08 5758°18 17361'60
37 19°94 7786 56'89 65°69
38 1767 84°80 5567 6967
39 15'85 9190 54-20 73'80
40 12'99 99-13 52'78 7809
41 10'69 17506°48 51'30 82'56
42 0814 1399 49'78 8716
43 06°63 21'70 48'19 9197
44 0306 2962 46°54 9696
45 0045 37'¢2 4462 1740217
46 5697-83 45'68 4307 0748
47 9518 53'85 41'29 1287
48 9247 62:20 39-48 18'36
49 89°70 70'76 3762 24°01
50 86°89 7944 35°70 29-84
51 84°04 8825 3374 85'80
52 81-16 9717 31'74 4168
53 7825 17606°19 29'73 4803
54 7627 1543 27°63 54°40
56 7225 24'81 25-48 6095
56 6918 84°35 9325 6775
57 6608 44°00 20'99 74°65
58 62'95 5376 1873 8169
59 5077 68'67 1640 8869
80 5657 7867 1402 95'07
61 5332 8368 1161 17503'85
62 50°01 94'19 0015 10'89
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TaBLE III (conid.).

469

R

K

A(I.A) vicm, 1) A(L.A.) »(em.=1.)
63 564666 17704'68 560666 1718°53
64 4827 15'32 04'12 2634
65 89-88 26°12 01-52 34:33
66 8686 787°07 9887 542'48
67 82'83 48°16 96°'16 50°83
68 29'26 59'40 08-39 5937
69 25665 70°80 90'58 68°04
70 22'00 82 34 87°72 76787
71 1830 04°06 84684 85-78
73 1467 1780587
78 10°80 17-84 S5 -
T4 0698 2997
75 03'12 42-26 .
76 559924 5462
m 9632 6713
78 9188 7972
79 8740 9246 R
80 83°39 1780581
81 7932 1897
82 7520 81'61
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TaBLE IV.
Structure of the (2, 0) band at N 5518.70.
K
A (LA.) v(em.™ ") AMLA.) viem. ).

14 560586 1816744

15 04'95 6044

16 0393 63'80 551870 18115'19
17 03'88 67°27 18'61 16'49
18 0178 70'90 1841 1614
19 00'€3 74'70 18'17 16'93
20 5499°45 78'60 17'88 17°88
a1 9828 83'63 17'65 18'97
22 96°06 86°83 1719 20715
23 95°64 9120 16'78 2149
2% 94'28 9571 16'32 2301
25 99°89 1820031 1581 2468
2 91°47 05°02 15'%6 26°49
27 00'02 09'82 14°67 28'43
28 88'61 1478 14°05 3047
29 87'08 1976 13-39 32-64
80 85°47 2493 12°69 84°04
81 83'86 3028 11'95 87°87
33 8221 8677 1118 3991
83 8052 4139 10'87 43'87
3 7879 4716 09'51 4541
85 7702 5305 08'61 4897
36 76521 50°08 07°67 147
87 78:86 6529 0869 5470
88 71'45 71°68 06'67 5308
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TasLe IV (conld.).

n P

K S s SRR T S S

ALAD | viem,™ ') AfLA)) vicm.™ ')

|

39 5169°53 18278704 5504'51 1816166
40 67'58 81°566 352 65716
41 6559 291-21 02-40 1688
42 366 9801 0123 7272
43 6148 18204°98 0002 76-72
44 5934 12°16 5498°76 8091
45 57°14 1964 97°43 8528
46 5490 27°06
47 5263 8469
48 50-32 42746
49 4797 6037
60 4559 5839

Calculation of Molecular Constants.

The next step was to calculate the rotational constants of
the molecule from the combination differences, which are given
in Tables V-VIII for the different vibrational states. The
mean value of the combination differences, 2,T(K), has been
taken in cases where there was more than one datum available
for a particular pair of rotational levels. Since the rotational
energy of a molecule in a 'S state is T(K), where,

T(K) = B,(K+1) + D, K2(K+1)%+ ... e (8)
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the combination differences can be expressed thus :

2gT(K) = T(K+1) = T(K—-1)
= 4B,(K+}) + 8D, (K+4)®+ )

where terms small in comparison with 8D, (K4%)® are dropped.
Both B, and Dy, depend upon v according to the relations

B, = Ba'—“{v"‘%)
= B,—av .. (10)

and
D= D, +B(v+3)

=D 4BV e e e e (D)

Here B, and D, are the extrapolated values of B, and D, corres-
ponding to the non-vibrating molecule.

For each vibrational level, the values of & ,T(K) were plot-
ted against K. It was found that for low values of K the points
lay approximately on astraight line, whose slope gave a good
approximation to the value of 4B, in each case. The

approximate value of D, was calculated from the theoretical
relation,

D = 4B3/w? e (12)

Then by successive approximation and repeated trials, values
are finally assigned to B,and /),. The variation of D, with
v was of negligible magnitude, so that D, was taken equal to
D,. The final values of the different constants thus evaluated
are collected in Table IX.

To ensure the correct valuation of B, and D, values, &4 T(K)
values were calculated from equation (2) for each vibrational
state, To illustrate their agreements with the observed «,T(K)
values, they have been included in Tables V and VII only for
the vibrational states v'=0 and v"=0.
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473

TaBLE V.
Combination differences, o5T'(K), in the upper state,
v=0,
AsT’ (K)
K {Obs.) ag’. 1(5)} o-a.
(0, 0) (0, 1) Mean

10 3188 81'88 8187 +001
1 34'89 34'89 8490 —001
12 3793 37°02 3793 —001
13 40°96 40'96 4096 000
14 4397 4397 43'99 —-003
16 47°02 4700 47°01 4700 +0.01
16 5008 5002 5003 5003 000
17 53 05 56304 63'05 5305 0700
18 5607 5606 5607 6607 0'00
19 5907 59:07 5907 6908 —-0'01
20 6210 62.08 62°09 62°09 0-00
21 6506 6500 65'08 65°10 -002
22 6809 6810 6810 6811 —-001
23 71°10 71°10 7110 71111 -001
24 74'12 7409 7411 7411 0°00
25 7714 710 7712 7711 +0°01
2 80111 80°11 80'11 so11 0700
27 88'08 83'00 8309 83'09 000
28 86°07 86°08 8608 8608 000
29 8906 8907 8906 89°07 i =001
80 92°04 22°06 0205 92 08 !I ~001
81 9501 0509 0603 95'02 0'00
8 97'99 97'99 97990 98'00  —oa1
8 10096 10096 100°96 10097 | oo
8 108'91 108'91 10801 10894 1 -0'08
88 106.87 106'87 106°87 100'89 [ -002

22
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TasrLE V (contd.).

C.

MAHANTI

Gl
(0, 0) (0, 1) Mean
86 109°86 109'84 109'85 109-85 0-00
87 11279 112'81 11280 112°80 000
88 116'74 11674 11674 11576 =001
39 11887 11867 11867 11869 ~002
40 121'86 121°59 12163 121-68 0-00
41 124-60 12464 124767 124°66 +0°01
42 127°49 12747 127°48 127°49 —0-01
43 13087 13038 180°38 13040 -0'02
44 13881 133'98 133'83 183°32 000
46 13619 13624 13622 13624 —0'02
46 139'09 139 13 139-11 139°14 —0'03
47 142°01 142'02 14202 14204 -0'03
48 14493 144'90 144°91 14493 —-0'02
49 14781 14779 147°80 14782 —002
50 15,765 15068 160 67 16069 —002
61 153°53 15356 153°55 16367 —-0°02
62 15642 166°42 166-42 166°43 —001
63 15927 159°29 15928 16980 —-0'02
54 162°15 162°16 162'16 16216 —001
55 165600 166.01 166°01 165°01 0'00
66 16788 16788 167-88 16784 —0'01
67 170°68 170'67 17068 170°67 +001
58 17860 173'50 178°'60 173'60 000
69 176'81 176'92 17682 17682 000
60 179112 179'14 179'18 17918 0:00
61 18194 181'98 18194 181'98 +0'01
63 18409 184-62 184%6 184°78 -0"07
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TAaBLe V. (contd.).
AsT’ (K)
X (oba.) 24T (K) o
(cale.)
10, 0) ©, 1 Mesn
63 187°42 187-33 187-88 187°523 —0'14
64 19024 19020 190°22 190°30 —008
65 193-02 192-08 198:00 19807 —007
66 195°80 105-71 19576 19584 -008
67 19864 19854 198°64 198°69 —0'06
63 201°43 201-28 20138 201'84 —0-01
60 204°16 20309 204°0R 204-07 +0°01
70 20699 20678 206°89 206°80 +0°09
71 20047 20947 209 63 ~0'06
73 212°20 21220 212-24 ~004
78 214'95 214-95 214°94 +001
7% 21771 21711 21763 +0°08
] 22041 220°41 23033 +0°09
76 203-11 29811 29800 +0711
77 225°80 125-80 22565 +015
78 22845 298°45 228°81 +0'14
79 231°14 231°14 280°96 +0'18
TasLe VI.
Combination difference, &, T’ (K), in the upper state,
v'=1and v'=2
X A:T;(lxl Ag:{:gf) & A:"-'l;'l(x] A:"T: (K)
@, 0) (2, 0) a0 2, M
14 4410 17 52'80 61°78
15 47702 18 5565 5476
16 4900 48'61 19 5856 57T
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TaBLe VI (contd.).

| cmE | ame [ [ eme | amp
a, 0) (@, 0) Lo P @0

20 6144 60-73 16 i 18820 '
P 6435 6366 a | wuoss g
673 6608 @ 1 1e |
3 7034 6971 49 i 14675 i
b7 ] 7324 72°70 50 ;14960 |
5 7604 7568 51 15245
26 7900 78-58 52 | 15520 ‘
27 8205 L R1'S9 15316 '
28 8508 b agos 54 16103 X
29 8808 ! 8711 55 163°86 I
30 9109 89-09 56 166°60

a1 94'16 9391 57 169 35

92 97'20 0586 58 172-17

88 100°29 0852 59 174798

3 10828 10074 o 7

85 106°31 10468 61 180°48

36 109'28 10761 63 183'30

87 11217 110°59 63 186'18

88 11818 113'57 64 18898

29 11810 116'48 66 191°79

40 191°03 11904 66 194'69

4a 123-92 129'38 87 197-82

@ 12688 125°29 68 20008

48 12978 128°26 69 20276

# 182'66 131°25 70 W4T

] 18545 134°36 n 20827
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TasLe VII.
Combination differences, »-,T" (K), in the lower state, v"=0.

477

96°10 l

A3T7 (LK)
K (obs.) £3T" (K) o-C
{0,0) 1 1,0 (2,00 Mean (ealc.)
| : :

0 25'96 | _! | 2596 25°88 +0°08
10 %8769 } : 28°69 25°60 +0°09
11 3158 : | 3168 8132 +06
12 3466 ll ] P 846 34°04 +052
13 3732 | i . 8732 3676 + (5T
14 39'98 " 398 39°47 +051
15 4261 ' 4191 42°95 12°26 4217 +0°09
16 45°28 | 44°65 4496 44796 44°69 +0°07
17 4796 4741 4766 4768 4760 +0-08
18 5062 5013 | 5034 | 5086 50°30 +0706
19 5329 5289 | 5302 | 307 301 + 006
20 656°86 5569 5573 55'73 56'70 +003
21 5863 6836 58-45 58-44 58741 ’ +0°03
22 61-23 61-08 61'14 | 6115 6111 ! +004
23 6393 6379 6383 6384 6379 i +006
24 66°60 66°38 66°52 66°50 6649 ! +001
a5 6921 6900 69-22 6914 69°17 ; -0'08
26 71°84 7171 71-88 7181 2 - —008
ey 74°49 7442 74°55 7449 e | =008
28 7716 7713 I 7718 7715 L
29 79°87 988 |, 7979 7983 L =ros
80 8257 8364 | 8288 350 8256 | -00%
81 8529 8525 8502 8519 8538 | —004
82 §8-01 8799 87°T1 8790 87'89 l +001
83 90-68 80°67 90°86 90°57 9085 | +008
. 98°33 9338 8802 | o324 8821 l +008
85 96'08 9568 | 9594 %8 | + 00
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TasLe VII (contd.).

A4T” (K)

(obs.) 29T (K
K 0-C
(cale.)
0,0 1,0 | @,0) ‘ Meon

% 9874 9871 9836 } 9860 9860 +0'10
87 101'43 10141 10102 10129 10115 +0'14
38 104°07 10406 103'73 i 103'95 10378 +0°17
% 10674 10671 10647 | 108°64 106°41 +023
40 10939 109°34 109'19 10031 10903 +0'28
a 11202 11196 11184 111°94 11166 +0'28
a 114°67 114°61 11449 114'52 114°28 +0°24
48 117'10 117 03 1710 - 11708 116°89 +019
4“4 119'66 119°58 11970 : 11963 11960 +0'13
6 | 12m | f@u | 12223 122:09 +0'14
“ 12495 | 12475 124°85 124°69 +016
] 127°46 127°82 197°89 127'99 +010
Iy 13014 129°84 129'99 12986 +013
® 132'69 189'%6 13258 132°45 +0°08
50 13597 18406 13512 135°01 +011
51 187'83 18756 18770 187'58 +0'12
53 140°32 14028 140°27 14014 +018
53 142°88 14277 142'80 142°69 4011
b4 14538 145'%4 145°31 14524 +0°07
65 14794 14768 147°61 14777 +0°04
56 16048 15016 15033 160'31 +001
67 15399 15276 152'88 15284 +004
7] 165'46 156°81 15539 16535 +0°04
(7] 157'90 167°79 15785 16787 +0°03
60 16039 160°82 16036 160°87 -0°01
a 163'88 16378 162°83 16287 —0°04
62 16538 166'80 16634 165°36 -002
(] 16793 167'85 16789 16783 +0°06
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TasLe VII (contd.).

479

7R ..}m
{oba.}. -
A-;T (K) -
£ : (Cale.) Q=g
0, ) anoe | @ Mean.
1
64 17046+ 17035 I 1704 o8t | +010
'] 17301 17284 172-93 172°77 +0°16
6 17641 176'29 175°35 17623 +012
67 177°80 177°70 17780 17769 4011
68 180'19 180°11 18016 18012 +0°08
69 162°64 182'53 182'69 16266 +0'08
70 18503 18502 18497 +006
Tasre VIII.
Combination diffcrences, Az T"(K), in the lower state,
" e 1 .
AT"(K) AeT"(K) LA3T"(K)
K o, k 0,1) K 0, 1)
16 4376 27 73 57 98 10254
17 4650 28 76'18 39 105°18
18 4919 29 ! 7879 40 107-80
19 51-92 30 51'39 11 110°88
20 6467 31 8400 4 11209
21 5742 32 8663 43 11561
22 60°13 33 8929 44 118'18
23 62'81 3 9195 45 12077
i
24 6554 %5 04°57 % 123-33
26 68-25 36 97'19 47 1 12590
2% 7092 87 9955 @® | 13348
]
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TaBLE VIII (contd.).

K AT K ER K o
49 181°01 59 15630 69 180°90
50 13553 60 15879 70 183'26
81 136°05 61 161°25 71 185°64
52 13860 62 163-77 72 18803
53 14116 63 166°28 73 19048
64 14870 84 168°78 T4 192°88
65 146°22 66 17197 75 195'16
56 148'74 66 17869 7% 197-65
57 151'26 67 17609 77 189-97
88 16879 68 F 178'55 78 20231

TasrLe IX.

Rotational Constants.

Upper 'Z state. Lower '2, state.
B,'=0'7625 cm™1. B,""=0'6852 cm™!.
B, =0"7694 Bg"=06815
B,'=07538 B,'"=06740
Bg/'=0"7470 o =0"0076
o’ =00062 D, 7= —2'67 xi10~6
D,'=—0"262 x 10~¢ 7,/ =1693 x 10~8cm.
r,/=1'510 x 10~8cm. I,""=40'86 x 10~4%%gm. cm?2.
/=8627 x10~4%gm. cm.®

Isotope Effect.

The theory of the isotope separations in band spectra was
developed for vibration-rotation bands by Loomis’ and by
Kratzer.® The first evidence of the isotope effect was found by
them in Ime’s data on the infra-red spectrum of HCI. Later
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on, Mulliken® worked out in detail the theory of isotopic separa-
tions for electronic bands and obtained confirmation of the theo-
retically predicted effects in the band systems of several diatomic
molecules. Further points in the theory have however been
elucidated in recent years chiefly by Gibson,” Birge" and by
Patkowski and Curtis.” It may be noted here that in addition
to the isotopes whose existence had already been established by
Aston by means of the mass spectrograph, rare isotopes notably of
O, N, C and H have been discovered by the band-spectrum

method.
For magnesium there are three isotopes of masses 24, 25

and 26 in order of abundance 8: 1: 1. Their efiects in band
spectra have been detected by Watson and Rudnick ™ in the green
system of MgH and by Pearse™ in the ultra-violet bands of
MgH+*. Considering the relative masses of oxygen and magne-
sium atoms the band systems of magnesium oxide may reasonably
be expected to bring out the effects of magnesium isotopes more
favourably.

It is well known that in the spectrum of a mixture of two or
more isotopic molecules the bands of the less abundant ones are
similar to, but displaced from, the weaker than those of more
abundant molecule. The lines of the latter are adopted as points
of reference on account of their intensity and being more easily
measurable. Using the notation suggested by Birge in whioch
the corresponding quantities for two isotopic molecules are dis-
tinguished by affixing a superscript ‘¢’ to all symbols for the
less abundant molecule and keeping those for more abundant uu-
altered, we have the isotopic displacement of a line in an
electronic band (v’, v") given by

v —v= (0 —v,) + (v —v) + (i —v,) in .. (13)

For practical purposes, the electronic isotope displacement may
be left out of account owing to its negligibly small magnitude.
The exact expression for the vibrational isotope displacement is
given approximately by

23
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v: —v,=(p—=1) {"’c‘ (v + i) = (v? + 5}}

-— {p2 - 1):{.1'.’(0." {v! + 3)2 - & " w, (V4 3.}‘2} + ... (14)

It is evident from the above equation that the vibrational
isotopic displacement is constant for all lines of a given band.
But it increases in magnitude from band to band of a system
almost linearly with the interval, v., from the system origin, v,,
to the band origin and extrapolates to zero at the system origin.
It would therefore be zero in any band whose origin happens to
coincide with the system origin but it is not zero in the (0,0)
band.

The rotational isotope displacement is approximately given
by

v/=v,=(p*—1)x the wave-number interval between the
line, whose isotope shift is to be calculated and the band origin,
Vo (15)

It is also evident from equation (15) that the rotational
displacement vanishes at the band origin.

Thus for any line of a given band the observed isotopic
displacement is the algebraic sum of the constant vibrational and
the varying rotational displacement given respectively by equa-
tions (14) and (15). If there are more than two isotopes, we
may expect as many components of the band lines as there are
isotopes, whose relative masses determine the positions of the
corresponding lines in the spectrum. It may here be noted that
in the preceding expressions, p is given by

P =W p/p' e (16)
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where p is the reduced or effective mass of the molecule so that
if M, stands for the mass of the isotopic atom and M, for the
non-isotopic atom, we have

M, M M{ M
S8 W st LI s 1 Mo
m=Mru, o84 A= T, e (17)

For the bands under consideration, if we assume that the
lines associated with the rare isotopes of oxygen would be too
faint to be observed, we can treat the oxygen atom as non-
isotopic, so that taking Mg® as the main isotope of magnesium,
we have

Mg250 Mg360
p—1 —0°00803 —0°01552
p2—1 —0°01600 -0-03080

Using these values of (p—1) and (p*—1) together with the cal«
culated origins of the bands analysed, the isotopic displacements
for each stronger line are calculated by means of equations (14)
and (15). Fainter series of lines due to the less abundant mole-
cules Mg*0O and Mg*O were found in most cases in their calcu-
lated positions within the errors of measurement. Definite
evidence of their presence was secured by accounting for the lines
which lie in the region not superposed by the lines of the sueceed-
ing band and which are not included in the two main P and R
branches. The data for the (0,0) band are given in Table I to
illustrate the agreement between the calculated and observed
positions of the lines of the less abundant molecules. This
establishes further the correctness of the K-numbering of the
lines of the different bands in addition to confirming the identity
of their emitter.
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TabLe X.

Isotope Effect in (0, 0) band.
R.branch lines.

Mg¥%0 Mg10
. 4

R' (B) lﬁl;a.) {cn&l:.) RL (K) l‘gl:s.l (cn‘lsc.')
° 16524°66 044 0°35 16524°36 074 0'68
10 27°83 0'30 0°40 27°40 073 077
1 8018 0'52 045 30°34 0'06 0°87
19 3401 048 050 35°57 0'90 097
18 3710 0'60 0.56 3663 107 107
14 40°60 052 0'61 89'94 118 1'17
15 44°10 0'64 0'67 43°39 1'95 1-29
16 4783 071 073 47°09 145 1'40
17 5167 0’84 079 5101 1'50 1'62
18 5578 087 086 5501 164 165
19 59°04 102 098 59707 1'89 1'79
20 64°44 1-02 1:00 6354 192 1-92
a1 63°97 119 107 67°96 2'20 207
93 7380 123 116 e a-29
28 7878 136 1-23 77°66 2-39 2°37
4 83-90 132 1'33 8272 2°50 2'53
85 8904 1'54 1'40 “ 270
26 9450 162 1°49 - = 2°87
an 16600°17 1'66 158 9891 291 804
8 0607 163 168 16604°42 328 322
20 1198 176 1T 1039 342 341
80 17'88 04 187 (arc line) _ 360
s (erc line) 197 2233 3'82 879
] 3048 2-11 2m 28°67 390 399
s 86°89 237 218 84'79 431 419
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TaBLE X (contd.).

3

87

89
40

49

46

46

47

49

51

8

55

Mg¥0 Mg®%0

HEAR) (obs.) (eale.) LK) \ (obe.) (caie)
1664353 227 228 woast | 420 | as

50°27 238 239 woz2 | w63 | edl

5700 253 251 5079 | aws | 4ee

64°01 269 262 6167 | 508 1 504

71113 2:81 273 "

1853 278 285 l \

8570 316 297 3| i

9339 312 310 ‘
16701°06 326 393 ] |

0685 846 335 | ;

17:06 847 848 | ',

2520 3'64 361 { |

3340 390 375 | j

42:09 3's1 3'89 i .

50°59 407 408 _ :

5943 414 417 F |

6823 489 431 j i

77°41 442 46 ' f

86°59 453 461 i

96'16 463 476 ; :
16805°53 5:00 a9

1514 5% 508
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TaBLE X (contd.).
P-branch lines.

Mg¥0 Mgte0
K

& 1 (b (ealery PR (be. &)

20 16524'36 030 035 1652308 068 067
% 97°40 048 040 26°03 085 | 978
a1 80'73 08 | 045 3084 . 080 ' 0'87
8 84°01 067 0°51 %7 | 1m 097
38 8770 044 0'56 8710 104 108
1 119 077 062 10°60 120 120
85 4501 017 068 1169 129 132
36 49°01 076 | 075 4824 153 1'44
37 5309 082 | o8l 5937 164 167
88 5717 voa | oss 56°41 175 170
3 61'67 096 095 60'96 167 184
%0 6612 1°07 108 65°19 2:00 108
a 110 69'64 227 212

The author acknowledges his gratefulness to Prof. P. N.
Ghosh for offering all facilities to carry out this investigation.
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