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1.

INTRODUCTION

The determination of the energy levels and the probabilities of
transition between them, by the formal analysis of observed electronic,
vibrational, and x_'otat ional band structures, forms the direct goal of all
investigations of molecular spectra, but the significance of such data lies
in the possibility of relating them theoretically to more concrete pro-
perties of molecules and the radiation field. From the well developed
electronic spectra of diatomic molecules, it has been possible, with the
aid of the non-relativistic guantum mechanics, to obtain accurate moments
of inertia, molecular potential functions, electronic structures, and
detailed information concerning the coupling of spin and orbital angular
momenta with the angular momentum of nuclear rotation. The silicon
fluoride molecule has been investigated in this laboratory, and is found
to emit bands Whose vibrational and rotational structures can be analyzed
in this detailed fashion.

Like silicon fluoride, however, the great majoriiy of diatomic
molecules are farmed only under the umusual conditions of electrical
discharge, or in high temperature furnaces, so that although their
spectra are of great theoretical interest, the chemist is eager to
proceed to a study of polyatomic molecules, in the hope that their more
practically interesting structures might also be determined with the
accuracy and asswrance which characterize the spectroscopic determinatioms
of the constants of diatomic molecules. Some progress has been made in
the determination of molecule potential functions from the vibrational
term values deduced from Raman and infrared spectra, btut in no case mmn

the calculations be carried out with great generalily, since the number
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of mown term values is always small compared with the total number -
of potential constants in even so restricted a potential function as
the simple quadratic type. For the determination of nuclear configura-
tions and bond distances, however, a knowledge of the rotational terms
is required. The spectra of about twelve of the simpler polyatomic
molecules have been subjected to rotational analyses, and a number of
bond distances are lmown with considerable accuracy, yet the number of
molecules whose rotational fine structure has been resolved even with
the most powerful instruments is small. Consequently, it was felt
desirable to investigate the spectra of a number of othe;' promising
polyatomic molecules, with the purpose of carrying out complete
rotational analyses of all resolvable bands, and ascertaining the value
of the unresolved band envelopes in determining the structures of such
molecules, in the cases in which resolution is no longer possible.
Althovgh many of the compounds investigated absorbed too feebly to be
photographed under high dispersion with the present infrared sensitiza-
tions, the location and relative intensities of their bands, determined

by low dispersion measurements, will be reporied in the hope that these

compounds may be reinvestigated in the future with improved techniques.
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A new vibrational analysis of the a« system of SiF
is presented. The rotational structure of the (0, 0) band
of this system is analyzed, giving B,'’=0.5795 and
By'=0.5743, and confirming the nature of the transition
to be Mleg. = reg., With the upper state extremely near to
case b and the lower state near case a. The doublet separa-
tion in the lower state is determined, but the spin doubling
in the upper state is found too small to be accurately
evaluated. The A type doubling is discussed. The rotational

INTRODUCTION

HE spectrum of a discharge through silicon
tetrafluoride gas was carefully photographed
several years ago by Johnson and Jenkins,! who
discovered a large number of strong bands in the

! Johnson and Jenkins, Proc. Roy. Soc. A116, 327 (1927).

structure of the (0, 0) band of the 3 system is also analyzed,
and the transition confirmed to be of the type 22—y,
the 1T state being the lower state in the « system. For the
23 state By=0.622 is obtained, being less accurate than the
values for the other two states because of experimental
difficulties encountered in photographing this band. The
spin doubling in the 2T state is discussed, and the constants
of the known electronic states of SiF are summarized.

Y

region between 2100 and 7000A, in addition to
the blue system observed by Porlezza® in 1911.
They were able to divide this entire spectrum
into five band systems, to which they assigned
the designations «, 8, v, 6, and e. Vibrational

? Porlezza, Rend. Acad. Linc. 20, 488 (1911); also 33,
283 (1924).



es of the a and B systems were proposed,
and a rotational analysis of the strong band at
4368A, called the (0, 0) band of the former, at-
mpted. Their results led them, however, to
ther improbable conclusions concerning the
nitter of the spectrum. It was subsequently
own in this laboratory, by Badger and Blair,?
at the band at 4368A was of a more complex
ure than had been supposed from the ap-
rently simple structure at its origin. A new
terpretation of the original band head data was
ecently given by Asundi and Samuel,* who pro-
posed vibrational analyses for the «, 8, and ¥
systems, attributing the first to a *I—?II, and
gach of the latter to a ®T—?II transition. While
eir analyses of the 8 and v systems are satis-
ctory, that of the a system not only appears
incompatible with the observed band intensities,
but also gives as the ratio 4/B for the upper
state, which must be very near to case b because
of the strong satellite branches, the value 48,
which is certainly many times too large.

In the following report is presented a new
interpretation of these data which removes the
@vo above objections, and also rotational an-
alyses of the (0, 0) bands of both the « and 8
stems.

o= = e
-
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EXPERIMENTAL

For all of the photographs employed in this
vestigation, the spectrum was excited by a dis-
warge through silicon tetrafluoride gas, in es-
ntially the manner described by Johnson and
enkins. The excellent set of high dispersion
ates of the a system obtained in this laboratory
v Dr. C. M. Blair, who has kindly placed them
@t my disposal, were taken in the third order of a
21-foot concave grating, where the dispersion was
78 A/mm. The bands appeared with such great
ntensity that a small air-cooled Pyrex discharge
tube with aluminum electrodes provided an
ladequate source. Exposures were of the order of
one to two hours. The lines were relatively sharp,
and all could be easily measured directly under
the comparator with respect to standard iron
lines in the third order.

#The 8 system was photographed by the author
Llll the fourth order of the same grating, obtaining

| 3 Badger and Blair, Phys. Rev. 47, 881 (1935).
£ 4 Asundi and Samuel, Proc, Ind, Acad, Sci. 3, 346 (1936).
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a dispersion of 0.58 A/mm. A filter consisting of a
saturated solution of very pure nickel sulfate was
found effective in separating this order from the
third, which contained some of the bands of the
much stronger a system. A 5 mm layer completely
removed the region of the spectrum between 3600
and 4300A, but was very transparent in the
ultraviolet. The low intensity of the 8 system, the
high dispersion, and the poor reflecting power of
the grating in this region of the spectrum made
adequate exposures difficult to obtain. A large
Pyrex discharge tube with a quartz window and
massive aluminum electrodes was used. It was
completely water cooled, and run on the second-
ary of a 5 kva General Electric transformer. The
silicon tetrafluoride was pumped continuously
through the tube at about 1 mm pressure, and
the voltage in the primary adjusted to give
maximum intensity. The most satisfactory plates
were exposed for fifty hours, but even then much
of the structure was difficult or impossible to
measure directly under the comparator. Conse-
quently most of the lines were measured on
enlarged microphotometer curves, using as refer-
ences the strong lines of the Q branches, which
were directly measurable on the plates with
respect to iron lines in the third order. Test
measurements of a number of standard iron lines
photographed in the second and third orders
have disclosed no systematic error arising from
the use of the method of coincidences with this
grating.

THE STRUCTURE OF THE a SYSTEM
Vibrational analysis

Careful consideration of the high dispersion
plates of the a system reveals that all strong
heads may be grouped in pairs of approximately
equal intensity, separated by an interval very
nearly equal to the doublet separation in the g8
system. Each strong head is, in addition, ac-
companied by an apparently weaker head on the
high frequency side, so that a complete band
consists of four heads. The strongest of these
bands, which includes the head at 4368A, appears
to be the (0, 0) band of the system. The principal
sequence can be traced to the (8, 8) band, and the
first four bands of the (1, 0) sequence are clearly
visible, though many times weaker than the
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former. The (0, 1) and (5, 5) bands are both rather
weak and seem to be in almost perfect coinci-
dence, but some of the higher members of the
(0, 1) sequence are observed, separated from the
overlapping bands of the principal sequence. A
few bands of the (0, 2) sequence are also present,
but too weak to have been accurately measured.
This analysis of the data of Johnson and Jenkins
is presented in Table I.

Comparison of the AG"”(v) values obtained
from the strong heads with those obtained by
Asundi and Samuel from the Q heads of the 3

EUGENE H. EYSTER

system shows satisfactory agreement, and indi-
cates that these two systems do indeed possess a
common lower state. Since band heads, instead
of origins, have been used, differences are to be
expected, but these should decrease for higher
values of v, since the heads appear to draw in
toward the origins in ascending each sequence,
approaching rather rapidly some nearly constant
separation. Such is seen to be the case. From the
AG'(v) values the vibrational constants of the
upper state may be determined, and when most
weight is given those differences for which v is
.

TABLE 1. Vibrational analysis of the o system of SiF.

"JI
v 0 1 2 3 4 5 6 7 8
22958.4 — ==
0 22886.2 | 22040.1 -
22780.1 — —
22718.3 | 21878.2 | 21037
687.7 |
23613 22789.4 e —
1 23573.9 | 22729.9 | 21900 —
23448.4 | 22613.4 — —
23411.6 | 22565.9 == 20911
676.5
23440.1 | 22610.7 —_— —
2 23404.3 | 22568.1 e 20930
23772.4 | 224428 —— — :
232424 | 224054 | 21577 20761 i
- 659.0
23256.1 | 22434.2 | 21622 e ¥
3 23226.7 | 22399.1 | 21577 20733 « 1
23090.1 | 22267.4 | 21456 —
23065.0 | 22236.9 | 21413 20611 |« 8
642 2
23066.3 | 222528 | —— — |’;
4 23041.7 | 22222.9 | 21413 20611 §
22901.3 | 22086.4 A% — |
. 22061.0 | 21252 20448 2
627 ]
" 220401 | —— Y {
218782 | —— 20421 ¢
- — S H
6 218515 | —— — 1
21689 — 20112 14
y !
7 21655 | —
21497 | — %
| 1
1951
3 21456 i
R T I
845.3 836.0 827.9 817.4 809.5 803 (« system) Means of first
847.3 838.2 828.0 817.7 811.5 800.8 (8 system) differences = |
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22800 22850

22900 cm’

1G. 1. The lines, disposition of branches, and Fortrat diagram of the high frequency sub-band of the (0, 0) band of the «

ge, the results should be rather reliable. The
t values obtained by this method are:

w,=710.9 cm™,

x.w.=8.6 cm™.

hese results at once imply certain conclusions
cerning the electronic states involved in the «
tem. Since the lower state seems certainly to
*11, the absence of strong Q branches at the
igin of the (0, 0) band means that the upper
state must also be °II. But the approximate
uality of the doublet separations in the @ and 8
tems suggests that this *II state is very near to
ase b, under which circumstances branches vio-
Jating the X selection rule, as observed in the
traviolet spectrum of O, by Stevens,® are to be
xpected. Each band would then include four
ead forming branches, as observed in the «
tem. Since «,'—w, is nearly equal to the
Jublet separation in the lower %II state, over-
apping of bands is so complete that the rota-
ional analysis has been of necessity limited to
(0, 0) band.

Rotational analysis

The analysis of the (0,0) band of the a system,
ose four heads occur at 4354, 4368, 4388, and
5 Stevens, Phys. Rev. 32, 1292 (1931).

system. The two unmarked lines near the origin are the first two lines of the weak Q, branch.

4400A, was begun on the assumption that it arose
from a transition between states of the type de-
scribed above. In the most general case, such a
band is divided into two twelve-branch sub-
bands, separated by a frequency equal approxi-
mately to the magnetic coupling constant, A”.
The high frequency sub-band includes the SRy,
Ry, Q41 Q1, 9P3, and P, branches, and the low
frequency component the Rs, 9Ris, Qs, £Q1s, Pa,
and 9P, branches, each of which is itself a double
branch because of the A type doubling of the
rotational levels. Actually, however, the latter is
small, and the resulting four Q branches are not
only weak, but also coalesce with their P and R
branch neighbors when the spin doubling in the
upper state is small, which proves to be the case
in this system. Hence each sub-band consists
essentially of four branches, whose arrangement
is shown in Fig. 1 for the high frequency com-
ponent of the (0, 0) band. The appearance of the
other sub-band is very similar to that shown,
with the positions of regular and satellite branches
interchanged.

The lines of the SRs; and Rs branches, which
occupy analogous positions in the two sub-bands,
were completely free from overlapping beyond

—
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their first ten lines, which were hence easily
located by extrapolation. The R; and 9R;,
branches were observable from their first lines to
their heads, but in neither case could the return-
ing branch be detected. The @P;, and Ps branches
were followed from their first lines to beyond
J=603, but the P; and °P;, branches, whose

™y
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spacings are about twice those of the former,
coincided with them at around J=19%, and were
impossible to follow below J=15%. In the high
frequency sub-band, these coincidences were so
good that the Ps; and R, branches were mistaken
by Johnson and Jenkins for the P and R branches
of a simple Z—Z band. Since the first lines of the

TaBLE I1. The (0, 0) band of the « system of SiF.

J—3 SRy Ry Qpy Py Rs QR Py Opyy

0 22871.33 22869.24
1 73.08 69.77 22866.64 22712.38 22709.13 22705.96
2 74.82 70.36 22866.89 64.80 14.07 09.64 22706.32 04.09
3 76.55 70.89 66.30 62.97 15.75 10.14 05.48 02.22
4 78.27 71.44 65.70 61.15 17.41 10.63 04.77 00.36
5 79.98 71.97 65.11 59.33 19.05 1111 04.13 698.47
6 81.68 72.49 64.50 ST ST 20.68 11.57 03.46 96.65
7 83.37 72.99 63.88 55.77 22.30 12.02 02.82 94.80
8 85.05 73.54 63.25 54.06 23.90 12.48 02.10 93.00
9 86.70 74.05 62.62 52.25 25.48 12.97 01.38 91.16

10 88.40 74.57 62.00 50.47 27.05 13.33 00.64 89.23

11 90.05 75.04 61.33 48.63 28.60 13.73 699.94 87.32

12 91.70 75.55 60.70 46.89 30.13 14.13 99.17 85.47

13 93.30 76.02 60.03 45.06 31.65 14.54 98.39 83.58

14 94.95 76.50 59.38 43.24 33.13 14.91 97.58 81.65 |

15 96.54 76.97 58.69 41.39 34.63 15.25 96.78 79.67

16 98.16 77.43 58.03 39.58 36.09 15.55 95.95 71.70

17 99.76 7791 5135 3T 37.54 15.82 95.10 75.68

18 901.32 78.34 56.65 35.90 38.96 16.13 94.24 73.69

19 02.89 78.77 55.93 34.01 40.35 16.40 93.37 K

20 04.49 79.21 55.22 32.19 41.77 16.67 92.49

21 06.05 79.59 54.53 30.34 43.15 16.94 91.63

22 07.59 80.02 53.80 28.38 4451 17.13 90.70

23 09.12 80.43 53.06 26.59 45.87 17.38 89.76

24 10.66 80.80 52.29 24.66 47.17 17.57 88.80

25 12.19 81.18 51.54 22.78 48.48 87.81

26 13.68 81.61 50.77 20.86 49.75 86.83

27 15.17 81.96 49.97 18.94 51.01 85.86

28 16.65 82.33 49.18 17.02 52.27 84.84

29 18.12 82.69 48.39 15.10 53.49 83.80

30 19.59 83.03 47.57 13.07 54.68 82.73

31 21.02 83.33 46.77 11.18 55.88 81.63

32 22.43 83.65 45.93 09.22 57.06 80.54

33 23.86 83.91 45.09 07.25 58.17 head 79.44

34 25.25 84.18 44.22 05.25 59.27 18.38 78.31

35 26.64 84.39 43.34 03.26 60.38 77.15

36 28.00 84.62 4247 01.11 61.43 75.96

37 20.35 84.90 41.60 799.18 62.47 74.76

38 30.69 85.06 40.68 97.16 63.49 73.52

39 31.97 85.27 39.75 95.11 64.50 72.30

40 33.31 38.82 93.05 65.44 71.06

41 34.54 37.86 90.98 66.41 69.75

42 35.81 36.87 88.87 67.34 68.45

43 37.13 35.91 86.78 68.18 67.12

Es 38.30 3491 84.63 69.10 65.81

45 39.47 33.85 82.51 69.91 64.40

46 40.66 head 32.82 80.36 70.74 62.97

47 41.78 86.22 31.79 78.15 71.51 61.54

48 42,97 30.70 76.02 72.32 60.09

49 44 05 29.63 73.83 72.97 58.63

50 45.12 28.51 71.55 73.65 57.15

51 46.15 27.33 69.34 74.35 55.58

52 47.23 26.21 67.08 74.96 53.99

53 48.22 25.00 64.76 75.59 52.42

54 49.17 23.77 62.29 76.19 50.81

Also the lines Q1(}) =22867.47 and (1(1}) =22868.04.

P012(13) was too confused to be measured.

e i,
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, @R1s, 2P,y and P; branches were visible, their
mberings were determined at once. The first
es, and hence the numberings, of the extrapo-
ted SRs; and R, branches were then chosen to
rovide the correct number of missing lines. The
umbering and the frequency of the lower lines
of the two remaining branches were determined
means of the term differences in the upper
state. The BQ,y and (, branches were found to
ave coalesced with the R; and 9P, branches,
ut since the Q; branch begins with /=% and the
QP,, with J=21%, the first two lines of the former
were observed, and proved to be of the expected
ow intensity. In the other sub-band an analogous
ituation occurs, the first line of the £Q;; branch
eing observable, since it begins with J=1%,
while the P; branch begins with J=2%. All of the
es below J=355% are listed in Table II, the
easurements being made in all cases to the
nter of the A doublets.

The rotational terms of the upper and lower
tates may be expressed by the following equa-
ions, which follow immediately from the applica-

tion to the 2II state of the general expressions for
ase a and case b molecular multiplets,® assuming
he A doubling negligible in the upper state, and
cluding all functions independent of J, K, and
2 as the quantity 7, which will hence be con-
stant for any one band:

T/(K)=Ty+f(K,+3%)+B.,/K(K+1)

. +D,/KAK+1)*+-- -,

,'Tz'(K) Ty +f(K,—3)+B. 'K(K+1)
+D,/K}K+1)2+

.Tl_"(-r) . To”'_A”/z_’Bvl,’*/4+¢i(_'. J)
8 4B T+ 1)+DL* (T +1) 4 -,
T (J)=To"+A"/2—9B."*/4+6:(+3%, J)
+ B * J(J+1)+ D" * T T +1)2 4

The constants of the lower state marked with
sterisks are introduced to allow for a tendency
‘toward case b. They are given, according to the
heory of Hill and Van Vleck,® by the following
Jexpression, for a 11 state:

B,*=B,(1+B,/4). (2)

he value of B,s* is given by the upper, and of
B.1* by the lower sign.
Aside from the A doubling, the term differences

& Mulliken, Rev. Mod. Phys. 2, 105, 114 (1930).

[84]
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are given by the relations:
A TY'(J) =Ry(J)—P:(J)
=9R2(J) — °P1a(J),
AeTy' (J) =Ra(J) — Pa(J)
=SRau(J) —9Pu(J), 3

A:T1"(J)=Ry(J—1)—P1(J+1)

=SSRy (J—1)—9Py(J+1),

A; Ty (J)=Rs(J—1)—Pa(J+1)
=9R3(J—1) =P s(J+1).

Egs. (1) show that, if the small quantities
Asf(K, J—K) be neglected :

A:TY /22K +1) = A:Ty' /22K +1)
=B./+2D,/(K*+K+1)+---. (4

Hence when the left side of (4) is plotted against
(K+1)?, a straight line of slope 2D, and inter-
cept B,’+3D,’ should be obtained. Such a
graphical treatment of the term differences ob-
tained from the $Rsj, 9Pj;, Rs, and P, branches
enabled By to be evaluated within an uncer-
tainty of £0.0001 cm™, and Dy’ within limits of
about +1.5 percent. Exactly analogous expres-
sions in terms of J apply to the lower state, and
the constants were found in the same manner,
with comparable results. The values so deter-
mined are as follows:

By"=0.5795 cm™,
B¢ =0.5743 cm™,

Dy’ =—-1.12X10"% cm™,
Dy =—-1.59X10~*cm™.

The value of A” was determined by the follow-
ing relation, obtained from Egs. (1) by neglecting
the term ¢;(Z, J):

A"+ (Bo'"*—9Bp""*) /4=9Pu(J)
—Po()=T(JT+1)(Boe"*—Bo"*)+---.  (5)

The right-hand expression was found to be con-
stant within the experimental error, when evalu-
ated for the first twelve lines of the two branches,
and gave the average value of 160.83 cm™.
Hence, with Eq. (5), the value of A” may be
obtained, and is found to be +161.99 cm™,
making 4" /B,"” equal to 4279.53. The latter
indicates that the lower %II state is, as was as-
sumed, intermediate between case a and case b,
but much closer to the former.

The intensity of the satellites, the doublet
separation in the a system, and the coalescence of
branches already remarked indicate that the
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upper *II state is very near to case b. It would
hence be anticipated” that the spin doublet
separation be given by the expression :

Af(K)=[4"/K(K+1)+v:J(K+3), (6)
where the value of v; is different for the ¢ and d
sub-levels.® Since v; is almost negligibly small in
this case, and since, moreover, the A doublets are
unresolved at low values of J, it may be replaced
by an average value va., in the calculation of 4°.
With this assumption, Eq. (6), combined with
Egs. (1), gives the expression:

[qRu(J) —Ps(J+ 1)]/’(]‘{‘ 1) —2Bg"'*
—472Dg"*=A"/(J+3)(T+3) +vav. (7)

An analogous equation applies in the other sub-
band. The left-hand expression in (7) plotted
against 1/(J+43)(J+3) should give a straight
line of slope A’ and intercept v.y.. When actually
attempted, it was found that these quantities
were of the order of magnitude of the experi-
mental errors, so that no unique line was de-
termined. It can only be stated that A’ is surely
positive, and probably less than 0.10 cm™. This
means that A’/B," is about 0.17, and that the
upper state is as close to case b as the °II state
of BeH.*?

The origins of the two sub-bands cannot be
precisely determined without exact values of
A’ and v;, but the following wvalues, obtained
from the R, and P, branches are probably quite
accurate:

voa=To—T"+A"/24By'*/4=22868.50 cm™!,
voe=To'—To" —A"/249Bo' */4
=22707.70 cm™1.

The P; and 9P, branches can be followed out
to very high values of J, where the A doublets
are well resolved. Between J=35} and 703, the
doubling in the *II; state is well represented by
the expected relation :'°

¢ (J)—da(J) =a(J+1/2). (8)

The constant a is found to be 0.0067 cm~'. The
doubling in the 2IIy; state is less accurately ob-
servable because of the overlapping (1, 1) band,
but beyond J =40} it is of about the same order
of magnitude, but increasing more rapidly and
nonlinearly with J41/2. This behavior of the A

7 Mulliken and Christy, Phys. Rev. 38, 87 (1931).

8 Mulliken, Rev. Mod. Phys. 2, 108, 110 (1930).

% Watson and Parker, Phys. Rev. 37, 167 (1931).
10 Mulliken, Rev. Mod. Phys. 3, 113 (1931).
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doublets indicates that they arise almost entirely
from doubling of the rotational levels of the case
a *1I state.

THE STRUCTURE OF THE 8 SYSTEM
Vibrational structure

Asundi and Samuel’s analysis of the band head
data attributes the g system to a 2Z—?II transi-
tion, but the constants of Johnson and Jenkins
have been but slightly altered, since the doublet
separation was found to be very nearly equal to
w. —w,”’. The resulting superposition is remark-
ably accurate in the bands near the origin of the
system, measurable separations commencing only
in the weaker (2, 0), (0, 2), and (0, 3) sequences,
where the extra heads were supposed by Johnson
and Jenkins to arise from a vibrational isotope "
effect. Of course the isotopic displacement
coefficient failed to agree with any calculated
from masses of silicon isotopes. Careful investiga-
tion of heavily exposed photographs of this
system taken on a quartz Littrow spectrograph
giving a dispersion of 3.7A/mm in the vicinity
of 2900A showed no evidence of true isotopic
heads.

Because of the coincidence remarked above,
only the low frequency sub-band of the first
band of each sequence would be expected to be
free from complete overlapping. Fortunately,
however, the Franck-Condon diagram for the
system is a narrow parabola, the only member
of the principal sequence appearing with appreci-
able intensity being the (0, 0) band itself. Beside
being confused by this superposition, the (0, 1§
and (1,0) bands were too weak after 50 hours
exposure to permit analysis, which consequently
was limited to the (0, 0) band.

Rotational analysis

The (0,0) band, whose heads occur at 2880,
2881, 2893, and 2894A, would be expected to
consist of six regular and two satellite branches,
if the spin doubling in the ?Z state were small.
Such is found to be the case, though measurable
spin doublets are observed in the higher members
of the @, branch. Of the six regular branches,
three are head forming, while the fourth head of
the complete band is formed by one of the
satellites. All six main branches are observed,
but only the head forming ?P,, satellite is found,
and its individual lines, despite their favorablle
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lécation, were not measurable. The SRs; branch
ig_ presumably hidden by the stronger regular
branches. The observed intensity relations among
these branches confirm Asundi and Samuel’s
conclusion that the 3 system arises from a
2¥—?1 transition.

Because of the low total intensity, of which,
moreover, less than half is divided among the P
and R branches, the latter were hidden at low
values of J by the strong @ branches, while all
of the branches of the low frequency sub-band
were lost when they overlapped the P; head of

BAND SYSTEMS OF SiF 1085

the second sub-band. The latter branch, more-
over, could not be followed through the strong
Q, head. It was therefore necessary to number
the lines in an indirect manner. Only one method
of numbering gave both the same term differ-
ences in the upper state, given by Egs. (3), and
also a reasonable value of Dy'. The term differ-
ences in the lower state were then found in
agreement with those obtained from the «
system. The Q branches were numbered by the
approximate relation

TABLE I11. The (0, 0) band of the 8 system of SiF.

R(N)—-Q()=QU+1)—-P(U-1). (9)

J—3 Py [0} R P:2 P2 Qe R:
0
1 34559.91
2 head head head head 60.78
3 34702.43 34717.39 34559.98 34556.47 61.76
4 62.76
5 63.81
6 64.99
7 66.22
8 18.04 67.54
9 18.47 69.61
10 18.94 70.51
11 19.54 72.18
12 20.23 73.85
13 —— 75.69
14 — 77.62
5 r—— 34740.86 79.63
16 22.85 43.15 61.16 81.63
17 23.83 45.65 62.15 83.79
18 2497 48.12 63.04 85.98
19 26.26 50.61 64.10 88.32
20 27.57 53.18 65.41 90.83 34618.71
21 29.05 55.88 66.62 93.39 22.51
22 30.60 58.71 68.04 95.98 26.37
23 » 32.23 61.22 69.41 98.60 30.46
24 03.35 33.94 64.07 70.93 601.37 34.46
25 03.92° 35.82 67.24 72.68 04.28 38.41
26 04.52 37.70 7017 74.34 07.31 42.54
27 05.18 39.71 73.32 76.04 10.33 46.78
28 05.96 41.84 76.68 77.90 13.71 51.10
29 06.90 4411 80.04 79.94 17.56 55.49
30 07.82 46.38 83.54 82.09 20.14 60.11
31 ‘08.84 48.76 . 86.95 84.16 23.57 64.80
32 09.97 51.18 90.50 86.40 27.10 69.53
33 11.16 53.95 94.10 88.83 30.67 74.56
34 12.63 56.56 98.13 91.17 34.30 79.12
35 14.17 59.39 802.00 93.76 38.09
36 15.78 62.24 05.78 96.36 41.93
37 65.16 09.80 98.99 45.87
38 68.33 14.09 601.77 49.86
39 71.50 18.36 04.63 53.96
40 74.88 22.68 07.65 58.07
41 78.04 27.23 11.04 62.46
42 81.39 32.31 14.26 66.78
43 85.02 37.03 17.51 70.07
44 88.5% 41,95 20.72 75.05
45 92.36 47.06 24.34
16 96.11 52.12
47 800.12 57.25
48 04.21 62.45
49 08.25 67.42
50 12.47 72,707
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TaBLE IV. Constants of the SiF molecule. The A%l state of this molecule has proved to

be a most unusual and interesting one. The.

T +G(O) occurrence of nearly pure case b coupling in the,

e cm) | oits) | cmery | (224 | ey | (3 | *II state of so heavy a molecule is itself unique,.
= sosatst | 48771 soLmi| 6 ar.u.i the (.O,‘ 0) band of the a system, with its
f:?ﬁm. e |4 s & 1o8L] £ V}Slble origin and strong satellite branches,.pro-
Kollpeg. 160.83 | 0020 | el am lostes| 1500 | Vides an excellent example of the rotational

0 0 structure of a 2I1 (case b)—*II (case a) band. In

1 Asundi and Samuel, Proc. Ind. Acad. Sci. 3, 346 (1936).

An independent numbering was also possible,
since when the first differences are plotted against
J, they extrapolate to —By,"'* at J=—1/2, for
the @, and to +Bg''* at J=—3/2, for the Q-
branch. The two numberings were found iden-
tical, though it seems impossible to obtain the
A doubling in the %I state by the usual com-
binations with the Q branches. This is probably
to be expected from the small magnitude of the
doubling, and the extreme difficulties and certain
errors involved in the measurements of the lines.
The frequencies and numbering of the lines are
shown in Table III.

B, was determined by the graphical method
already described, but since so few combinations
were available, the slope of the line was de-
termined independently by Kratzer’s relation

D,=—4B3/wl (10)

From the slope so obtained, By was found to
be equal to 0.622 cm™.

From the separations of the @, and EPy,
branches, which are measurable beyond J=3503,
the value of the spin doubling coefficient v was
found to be approximately 0.011 cm™.

ConNcLusiOoN

It is felt that the present analysis establishes
with reasonable certainty the nature of three of
the electronic states of the SiF molecule, while
Asundi and Samuel’s vibrational analysis of the
v system suggests the nature of a fourth state
to be 2%, though it could scarcely be distinguished
with certainty from a close A without further
investigation. The known constants of these
four states are collected in Table IV, where the
upper state of the y system is designated C°Z,
in accordarice with the conclusions of Asundi and
Samuel. '

addition, this state appears to constitute a
genuine exception to such empirical relations as
Badger’s rule'! between 7, and w., for while 7, is
very nearly the same in the two states, w,
differs by 145.8 cm~. Of course, such empirical
rules mean only that a fairly consistent relation-
ship has been found to exist between the position
of the minimum in the potential functions of
ordinary molecules and the value of the second
derivative at that point, while their failure in
any particular case signifies a deviation of its
potential function from the usual type. The I
state of AlH, for example, is obviously unusual
in possessing a dissociation energy of only
0.26 ev, and w. is observed to be about 600 cm™!
lower than calculated from r,. Though the ex-
treme case b coupling in the A*II state of SiF is
extraordinary, there exists no obvious correla-
tion between it and the low value of w., for the
latter shows no trend away from the normal in
the 2II, state of O.*, which approaches case b,
nor in the nearly pure case b?II states of CH or
BeH. Since there exist no extended vibrational
progressions in the « system, little can be
definitely stated concerning the magnitude of the
dissociation energy for the Al state, and the
nature of the potential function at points far
from the equilibrium position. It does, however,
appear that the two 2II states are derived from
the same electronic states of the silicon and
fluorine atoms, and should be analogous to the
2] states of Ost. ;
The author is pleased to express his apprecia

tion to Professor R. M. Badger, at whose su‘g-
gestion this investigation was undertaken, for
his encouragement and assistance in its com-
pletion, as well as to Dr. C. M. Blair, to whom
he is especially indebted for the photographs of
the a system, and measurements of several of the
branches of its (0, 0) band.

I R.M. Badger, J. Chem. Phys. 3, 710 (1935).
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NOTE ON THE INTERPRETATION OF UNIDENTIFIED
INTERSTELLAR LINES

ABSTRACT

Spectroscopic objections to recent assignments of Merrill's unidentified stationary
lines to molecular absorption bands are outlined.

Since the suggestion of the possible molecular origin® of Merrill’s
four interstellar lines,? attempts to correlate them with absorption
bands of known molecules have been made.>* The resulting identi-
fications are, unfortunately, open to purely spectroscopic criticism,
and indeed it seems highly improbable that these lines can be inter-
preted as molecular bands.

Molecular absorption in the visible spectrum might be formilly
attributed either to rotation-vibration bands or to electronic bands.
In considering the absorption due to the small number of molecules
which could conceivably exist in interstellar space, however, bands
of the first type must surely be excluded, for the intensities of the
high harmonics and combinations which lie in the visible are so ex-
tremely small that one could hope to observe such bands only in the
relatively dense, cool planetary atmospheres. For this reason alone
Swings's® identification of the interstellar lines \ 6283.91 and

* Russell, M. N, 95, 635, 1035.

2 Pub., A.S.P., 46, 200, 1934; Ap. J., 83, 826, 1936.

3 Swings, M.N., 97, 212, 1937. +Saha, Nature, 139, 840, 1037.

486
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\ 6613.9 with 7z and v, + 4», + 5v;, respectively, of carbon dioxide
seems very doubtful. The absence of the very much stronger Venus
bands in interstellar absorptions confirms this conclusion.

On the other hand, it would appear reasonable to investigate the
intense electronic absorption bands arising from molecular ground
states. To identify satisfactorily an interstellar line with a given ab-
sorption band, however, it must be possible to show that (1) the
shape of the line is compatible with the predicted envelope of the
band at some reasonable temperature; (2) the wave-length of the
line is equal to the wave-length of the intensity maximum in the
band; and (3) the identification is compatible with the intensity dis-
tribution in the band system. These three requirements can best be
illustrated by a brief outline of the extent to which each is satisfied in
Saha’s assignment of the interstellar line X 6283.91 to the (11, 0)°
band of the sodium molecule.* 3

1. Shape.—The R branch of the (11, o) band has formed a head
at its third line, so that even at 3.2° absolute the band would be
strongly asymmetric, with a sharp, intense head on the short wave-
length side. The interstellar line is observed to be approximately
symmetric, although a definite statement as to its symmetry is im-
possible because of the proximity of an atmospheric oxygen band.

2. Wave-length.—The best absorption and magnetic rotation data’
show that the center of the interstellar line is at a wave-length 3.60 A
shorter than that of the (11, o) band head. So large a discrepancy is
surely real, and is obviously independent of assumptions concerning
the effective temperature of the absorbing molecules.

3. Intensity distribution.—Absorption measurements in sodium
vapor® lead one to expect the red system of the sodium molecule in
interstellar absorption to consist solely of those bands originating in
the lowest vibrational state—i.e., of the v" progression (v"" = o)—
which includes at least seven bands of greater intensity than (11, o),
none of which is observed as an interstellar line.

s Private communication from Dr. Merrill.

& The vibrational analysis of this system has been revised so that the band called
(8, o) by Saha is now recognized to be (11, o).

7 Fredrickson and Stannard, Phys. Rev., 44, 632, 1933.

% Fredrickson and Watson, #bid., 30, 431, 1927.
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Saha's tentative identification of the X\ 5780.55 interstellar line
with the (5, o) band of NaK is subject to essentially the same criti-
cism. The wave-length discrepancy? in this case is 3.38 A.

Because of extremely low pressures in interstellar 'space, and the
relatively high probability of the dissociation of molecules either by
collisions with “high temperature’ atoms and electrons or by photo-
dissociation, it seems very reasonable to consider the probability of
the existence of an appreciable concentration of polyatomic mole-
cules as negligible and to rule out, as well, all diatomic molecules of
low dissociation energy. Furthermore, since there is no experimental
evidence for " progressions (v = o) of more than one member, only
those electronic transitions which would produce such spectra—i.e.,
transitions involving only small changes of the moment of inertia—
need be considered. A careful survey of the spectra of all known dia-
tomic molecules which satisfy these conditions has revealed no possi-
ble identification of the strong interstellar lines, and it seems highly
probable that their explanation will be found elsewhere.

It is a pleasure to thank Dr. Paul W. Merrill both for the privilege
of inspecting his microphotometer tracings of the interstellar lines
and for a number of helpful discussions during the preparation of
this note.

EuceNE H. EYSTER
CALIFORNIA INSTITUTE OF TECHNOLOGY
PasapeNa, CALIFORNTA
August 14, 1037

9 Loomis and Arvin, 7bid., 46, 286, 1934.
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THE SPECTRUM CF ALLENE IN THE PHOTOGRAPHIC

INFRARED

INTRODUCT ION

Although the rotational structure of the nondegenerate rotation-
vibration bands of symmetric rotators is simple and well understood,
that of the degencrate bands may be complicated by a strong rotation-
vibration interaction which, though adequately explained in most cases,
appears to produce mmpredictable complexities in others?. Consequently
it seemed of interest to investigate the rotational structure of the
bands of allene in the photographic infrared under dispersion sufficient
to resolve the rotational fine structure of both the degenerate and non-
degenerate types, comparing that observed for the former with the
structure predicted by the first order theory of Teller®, and using that
of the latter to determine the large moment of inertia of the molecule.
Since this moment is insensitive to reasonable changes in the carbon-
hydrogen bond distance and the hydrogen-carbon-hydrogen bond angle,
a knowledge of its value would determine the carbon-carbon distance
with considerable accuracy. In addition, since the exisiing Raman and near
infrared data for this molecule have never been systematized, it was fownd
useful to first assizn frequencies and carry out a normal coordinate
treatment for those belonging to the nondegenerate representations.

The frequencies in the degenerate representation still remain rather

mncertain.
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EXPERIMENT

The allene sample used in this investigation was part of a
sample used by Pauling and Brockway for eleciron diffraction investi-
gation of this molecule, furnished by Dr. W. E. Vaughanof Harvard
University. A second sample for the high pressure photographs was
kindly sent by Dr. J. W. Linnet, also of Harvard University. The gas
was confined in a six meter pyrex absorption tube, having a volume
of approximately one liter. Exploration photographs taken at a pressure
of one atmosphere on a Bausch and Lomb glass Littrow spectrograph |
revealed a rich spectrum in the region between 7000 and 12000 A., and
all intense bands were then photographed in the first order of the
21 foot grating spectrograph of this laboratory; at pressures varying
from 40 mm. to 1.5 atmospheres. Vave length measurements on the prism
spectrograms were made with respect to sodium, potassivm, and barium
lines, and on the grating spectrograms with respect to standard iron
lines in the second and third orders. Eastman I-Z and 14l4-P plates were

used, and in every case visible radiation was removed with filters.

FUNDAVENTAL FREQUENCIES AND FCRCE CONSTANTS
In Figure 1 are shown a set of eleven symmeiry coordinates and
their distribution among the irreducible representations of the point
group Vd , under whose operations the equilibrium configuration of the
molecule is invariant. Fundamenial frequencies may, for clarity, be
assigned to these symmetry coordinates, which will approximate the true

normal coordinates rather closely except in the representation E , wvhere

the frequencies are so close together that there will be strong mixing.
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The selection rules for the infrared and Raman spectra are determined by
the transformation properties of the electric moment and polarizability
tensor components, and the multiplication table for the irreducidle

representations of V

4 »3 both of which are shown in Table I.

Table I. Selection Rules for the Group Vd.

A, A, B, By E

A]. AJ. Ae Bl Bz E a'xx s ayy; ‘zz ] Aﬂ.
A. a - 5 -

Bl B:. Ba Al Aa E yz, a-n ~ E

Ba Ba 31 AQ Al E MZ s Bz

7 A1 * AQ i ~

E E P B Egllge M, + iy E

With the aid of these selection rules, and the analogous frequencies

546

of ethylene, the existing datau'” can be explained with the following

assignments of fundamental frequencies:

Table II. Assignment of Fundamental Frequencies
¥, =2992 Vg =1961
Yy, =1430 ¥, =3060
Y, =1069 % =1031
Y, =2931 Y, = 838
Ve =1381 » = 353

The other infrared bands of Bonner and Hofstadter may then be assigned

as follows:



Table ITI. Assiznment of Combinations and Harmonics

M43 =V, + ¥, 2392 = % + %
1678 = 2, 4525 = ¥ o+ %
6289 = 2%

It should be pointed out that other assignments are formally
possible in the degenerate representation; in particular, 353 might be
¥;, 1678 ), . 1031 V. , and 838 ), , but this seems to place the
C=C=C bending frequency improbably high, and does not provide so satis-
factory a correlation between the C~H bending frequencies of allene and
those of ethylene. A search for 353 in the infrared would settle the
question.
A normal coordinate treatment has also been made for the six fre-
quencies in the representations A; and 3By, using the following
potential functiong
2V = K (68} +48R3) + L(Jr: + 8r3 +4:3 +Jrf) - Mr‘(Ja.: +Ja;)
+2a(dr, 8r, + Or;8r,.) +2B(8Sr,8R, +8r,8R, +Ir; SR+ dr 8K,)
+ 2C(4R, 8§R;) ,
where the sigznificance of the symbols is given in Fig. 1. In a function of
this type, the six frequencies will determine only five independent
constants, whose values, expressed in megadynes / cm., are found to be:
0. 5043 B

0. 06096 c

I+A 0.02532

0 0.02302

K = 0.8828
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PHOTOGRAPHIC INVESTIGATIONS
The allene spectrum was first photographed under low dispersion
to determine the positions of bands suitable for high dispersion study.
In Fig. 2 is shown a microphotometer trace, twice enlarged, of such a
spectrogram, corrected for the change in plate sensitivity with wave-
length and for the effects of plate grain. The stronger bands were

then photcographed under high dispersion, and with the aid of the

assigned fundamentals, the selection rules, and the observed rotational

m

tructures, the ten bands in the region between 7000 and 12000 A, may be

©

ssigned as in Table IV.

Table IV, Assignment of Bands in the Photographic Infrared

rotational structure of the usual parallel type, yet the lines are not

Vavelength(A.) | Frequency (cm.”3) Assignment | Irr. Rep.
1144}, 32 8738.96 3 B
11394.0 8776.6 2 + V¢ Ba
11139 8978 2W + W Ba
11097 9012 2+ ¥ Bs
11017.2 9076.7 3% E
10920 9718 3%+ E

9602 10420 3) « % E
9338 11710 I+ ¥ Ba
8758 11418 %Z N )2;?); B,
7192 13904 5% B2

Two of the bands,

3, and

2), + Y, , show a well resolved
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sharp even at a pressure of 40 mm. (Fig. 3a). By reversing the plates

on Velox number five with contrast developer, about twenty lines

in 3 Y4 could be measured directly under the comparator. Although it

wvas impossible to measure the first few lines in either the P or R
branches, the relative rmumbering of the lines in the two branches was
easlly made, because the convergence was found to be extremely small.
Furthermore, only one scheme of relative nmumbering produced a set of

A";T's which showed a reasonable dependence on J . The absolute

numbering, determined by the position of the { Tmanch, might con-

ceivably be in error since this branch is relatively weak and wide,; bdbut
since the convergence is very small, the error so induced would be
insignificant. The broadness of the band lines, the presence of strong
water absorption, and some overlapping with 2 V; + )4 on the High frequency
side made it impossible to obtain either long branches or extremely accurate

measuremente. The usual combinations, shown in Table V, give 97.0 x 10740

g. cm.? as the large moment of inertia of the molecule in the ground state.

Table V. Rotational ILines and Combinations in 3 Ve at ALY, 32

" m

J R(7) P(7) A",7(3) 2A2J*+J1
5 8741.488

6 42,046

7 42,680

8 43.330 9.5T4 0.2816
9 43.911 2733.106 - -
10 U, 507 - 11. 934 0.2841
11 - 31.977 17.117 0.285
12 45,731 31.390 - -
13 46,274 70.841 15. 48y 0.2867
14 46.817 30.294 15.576 0.2358
15 29, 698 17.637 0.2845
16 29.120

17 28.677

18 2%.090
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Since the convergence of the lines is so small, no attempt was made to
correct for terms in the energy expression proportional to J2(J + 1)2 .
The band 2V; +V;, atAll394, is clearly of the same type (Pig. 3a),
but individual lines could not be measured because of overlapping with
.the much stronger 3w, .

The band at Al1000 (Fig. 4) presents the appearance of a super-
position of two similar parallel type bands, and seems to be the result
of resonance between the nearly degenerate vitraticnal levels 2V; + M4
and 2 V¥ + )V, , vhich both contain components belonging to the active
representation By . Fine structuwre of the parallel type can be faintly
distinguished on the original plates, but not even the { Tbranches,
winich are of course rather weak in a molecule of this extreme spindle
type, can be located with certainty on the microphotometer trace.

The band at A8758 (Fig. £), of special interest as the analog of
the famous eth;,'lene band at AS‘{EO.T whose complex rotational structure
has never been satisfactorily anaJ;yzed. appears to constitute another
such resonance doublet. The Q %branch of the stronger component is
clearly visible in this case. The levels 334 +2)% and 33 + W +V,
again have components in 3Bs.

The only perpendicular band photographed under high dispersion
was 3 ¥ at Al11017.2, and its rotational structure, though too weak
to be analyzed in detail, can te seen to deviate markedly from thatl
predicted by Teller's theory, in a way which clearly cannot be atiributed
to resonance doubling, since the band is quite symmetric, apart from the
esfects of rotational stretching, about the position indicated as its

center in Fig. 3a. It can only be suggested that here, as in SiH,,
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H,0

a) The allene bands at A11444,32 andAll394.0

b) The perpendiculsr a2llene band at A11017.2

Pig. 3 .



Fig. 4. Microphotometer Trace of the
Allene Bands at Alll00

2s5.
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Fig. 5.

Microphotometer Trace of the
Allene Bands at AST58

26.
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a more complete treatment of the vibration rotation interaction is ‘
required for a quantitative explanation of the band structure, but the
photographic data seem far too meagre to warrant a theoretical treatment
at present. The author proposes, however, to investigate in the near
futvre the fundamentals of the degenerate frequencies of allene, whick
should Pbe suificiently intense to yield, under high dispersicn, detailed
infermation concerning this interesting band type.

The remaining bands proved too weak for high dispersion investi-
gation, but the one at A7192 is clearly 5)5 . The other assignments

are reasonable, but must be considered as provisicnal.

CONCIUSICNS

If one assumes that the distances and angles in ethylene and
allene are essentially the same, which is certainly approximately true,
then one can determine the values of the carben-carbon double bond
distance, of the carbon-hiydirogen bond distance, and of the HCH bond
angle most consistent with the three independent moments of inertia
now knewnfor these two molecules. The most satisfactory values seem
to be:

C-H = 1.07 A. C=C = 1.333 A. HCH = 117¢

The spectrum of allene demenstrates very clearly that in spectra
of the more complicated molecules in the photographic region, resonance
doublete may become annoyingly common, producing, as in Fig. 4, bands
vhose envelopes bear small resemblance to those of single vibration
rotation bands. This fact may also contribute to an understanding of the

very common occurrence, in this regicn, of bands presenting envelepes vhich
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are mere featureless humps. The complicated structwe of the per-
pendicular band, although it must remain unexplained for the present,
suggests further investigation of such bands in a more favorable
region of the spectrum, and also the need for extending the theory of
vibration rotation interactions to explain this interesting rotationgl

structure.
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LiE E. PRI AT, DoladuINATION OF THE BAYD ENVEIOPES OF THE

ASTYPIRIC ROTATCRS, ETHYLENE OXIDE, SULFIDE, AND IMINE

THTROTUCTION
Since most real molscules containing more than two atoms fall
neither in the category of spherical nor even of symmetric rotators,
but rather in that of asymmeiric rotators, and since, moreover, discrete
rotational lines can scare#cely te saild to exist for the heavier molecules
at pressures used in ordinary spectroscopic investigations, it has been
felt of interest to calculate the envelopes of rotation vibration bands

of asymmeiric rotators for sufficiently various molecular constants to

provide a means for interpreting band envelopes in terms of the moments

ot

{f inertia of the absorbing molecules. This program of calculations,

O

initiated by Professor Badger, has been recently completed in this

latoratory with ithe assistance of Mr. Zumwalt, and is to be published
shortly. In the following report are presented experimental determinations
of such band envelopes for three asymmetric rotators, ethylene oxide,

cthylene sulfide, and ethylene imine. The special purpose of these

nvestigations has been to ascertain the extent to which the calculated

e
H

envelopnes correspond to those observed in ihe lavoratory, and to study

their value in the determination of approximate molecular constants.

EXPERIMENTAL
e ethylene oxide employed in these eXperiments was a commexrcial
product obtained from vlhe Chio Chemical Company, and has been veed
directly from the tank. Some of the same sample vas subsequently

fractionated by 1. I.evy, for electron diffraction study, and was found

to be of reasonable purity. FPhotographs were taken at pressures ranging
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from 1.7 atmospheres to 12C mm. in a six meter absorption tube, and at

<

a pressure ol onc atmospherc in the seventy-two foot absorption itube

[¢}]

of this laboratory.

The ethylene sulfide was prepared from ethylene dithiocyamate kindly

i}

furnished by Dr. Buchman, according to the method of Delen*qe and

s b il E Cn o BARET By i s
Zechenbtrenner . The product was simply distilled, as it is decompesed
by the ordinary drying agenis, and photographed at a pressure of 220 mm.
in the six meter tuvbeé.

The ethylene imine was prepared from redistilled monoetranolamine

2 3 —
by the method of Wenksr , and the product, twice redistilled and dried

- |
|
ot
bt
o
3

netallic sodium, was photographed in the six meter tube at pressures
ranging from 240 mm. to Y0 mm. A second csarpls, kindly prepared by

¥r. Sargent according to the same method, was photographed at a pressure
of ongc atmosphere in a three meter absorption tube.

Low dispersion spectrograms were first taken in the usuwal way,

B
on
c"'
'

o
m

tronger bands were then repholographed under the high dispersion

of the grating spectrograph.

TIRRATICNAL STRUCTURE
Since the H,CCH, group in these three molecules approximateé th
dghylene structure, it is not suwrprising that the photographic specira,
which are due principally to this group exXcept in ethylene imine, vhere
the N-H frequencies also appear, are very csimilar to theethylene spectrum,
as shown by the corrected microphotometer traces of low dispersion plates

(Fig. 1). 7The selection rulss for ethylene oxide and ethylene sulfide,



-
ETHYLENE
ImiNE
N N
ETHYLENE
SuLFiDE
J L h‘
Errye EnE W
Oxroe
A A o JW WA
r——.-— T—— " - —
ETHYLENE
. %
s o9 10 1.1 12

o7

Fig. 1. Corrected Low Dispersion Microphotometer Traces

Alp) -

2t



77

viosge eguilibrium eonfigurations hoave the point group symmetry Cpy, are

glven by the transformation properties of the electric moment ang

"3
(o]
[
)
s
N

ability tensor corponente, and the miltiplication table for the

irredncible representations of the group {py, in the usuwal fashion.

Tabzs I. Symmetr; Selection Rules for the Group 2y

4 B Az 32
Ay | By By A By S
B, | Bx A, B2 A a . N ~ 3,
Az | A B2 A B Gyt ¥ ~ A
Bz B Az By 4y Oy N& ~ B2

The location of tlie x, ¥, and z axes in these molecules, and a set of
cymmetry coordinates for the O-H stiretching frequencies are shown in
Fig. 2. These conordinates must bte mixed with others not shown to obtain
the true normal coordinates, btut they may te expected to approximate,
with reasonable accuracy, the normal coordinates acssociated with the

four highest Ireauencies of the molecule. The presence of the exira
hydrogen aton in ethylene imine will probably reduce the syrmetry to Cs'
allovwing all fowr O-H frequencies %o appear in the infrared. It will

be convenient to consider that these four frequencies may still be
associated with the syrmetry coordinates given for the more syrmeiric

v

molecules, and to associate the N-E stretiching frequency with a coordinate

vhich may be designated as Wg.
The most recent Raman and infrared investigations of ethylene o:-:icie3
are only capable of placing ¥, and W at approximately 2000 and

E)

- - %
» 3 and » 4 at abomi 30"30 Clle 1, so the 031:,7 assignmenis vhich can
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fidence at all depend on the observed rotational
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structtres. The observed bands and a few provisional assignments of

e II. Bands of Ethylene Oxide in the Photographic Infrared
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able III. Bands of Ethylene Sulfide in the Photographic Infrared
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Table IV. Bands of Ethvlene Imine in the Photographic Infrared

wgvelaxgth (g) : Frequency (cm.=2) Ass%fnn:mit:-p:m
11571.0 g642.3 B, 3,
11396 8775.0 A 33
11210 8921 -
11017.0 9065.3 C, 3V 4
10468.5 9552.5 hytrid, 3Wg
8780 11390 -
8050 12420 LV g

It is of interest to note that the very strong band in each of these
three molecules seems to be associated, not with a given normal mode,

but with a given band type, namely iype B.

BAND ENVELQPES

Vhen the normal modes of vibration of an asymmetric rotator are
such that the changes of electric moment are along single principal
axes of inertia of the molecule, the resulting rotational structures may
be said to be of pure types, and are conveniently characterized as of
types A, B, or C, as the electric moment change is along the minor,
intermediate, or major axis of the inertial ellipsoid. In molecules
of lower symmetry, where the change of electric moment may have components
along more than one axis, bands of a twofold or threefold hylirid type
will appear, vwhose envelopes may be described as linear combinations of
the inttensity distribution functions for the three related pure band
types, with coefficients proportional to the squares of the componenis

of the change of electric moment along the corresponding principal axes.
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The vibration rotation bands of ethylene oxide and ethylene svlfide
should all be of pure types because of the symmetry of these molecules.
Approximate moments of inertia, obtained from the electron diffraction
distgncesb'. show that the band types will be related to the irreducihle
representations of the normal modes as follows:

EZthylene Oxide: A~ By, B~a;, C~ Bp .

Ethylene Sulfide: A~ A;, B~3,, O~ 3B .

In ethylene imine, vhere the moments of inertia are very similar to

those of ethylene oxide, deviations from pure band types should be expected
to be imperceptible in the C-H bands, since the extra hydrogen atom will
cause only ‘a very small shift of the z and y axes from .their positions

in and normal %o the plane of the ring., The N-H bands, on the other hand,
would be expected to present a twofold h&'brid struct'uz'er involving the

band types B and C in a ratio determined essentially by the angle between
the N-H bond and the plane of the ring.

These predictions are confirmed in every respect by the observed
band envelopes. The ethylenme oxide bands at A11538, Al1260, and
A11084 (Figs. 3 to 5) are clearly of three different types. These
microphotometer traces were then corvected for change in plate sensitivity
and the presence of superposed water lines, and to make the observed
envelopes comparable with the calculated ones, the resulting smoothed
microphciometer deflections were pldtted on a scale of x, a quantity
related to the frequency by the expression:

xz(r—v‘o) % E]

where the valuve of B, the intermediate moment of inertia. was taken from
the electron diffraction structure. The observed bands, however, are

££111 not symmetric about the origin becavse the effective moments of
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Fig. 3. Microphotometer Trace of the
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Fig. 4. Microphotometer Trace of the
Band of Ethyleme Oxide at A11260,
and of the Water Lines in this

Regiom

39.



Fig. 5. Microphotometer Trace of the
Ethylene Oxide Band at Al1l08k.
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inertia in the two vibrational states will, in general, be different.

In tha‘ bands of diatomic molecules, the corresponding lines R(J-1)

and P(J), which would be found at egual distances from V- vwhen

B' = B", will both be displaced from this position by the gmount (B'-B")J2
in the general case. To symmetrize band envelopes only moderately
distorted in this simple manner, it is sufficient to reflect the P
branch through the band origin and average the P and R branch emvelopes,
which then gives the correct appearance for the R branch of a symmetric
band involving a B which is the average of the actual B' and B". Though
this distortion effect in polyatomic molecules, which may have three
different moments of inertia, is much more complicated, a similar
procedure has been followed here. Having assumed the position of the
band origin, and having transformed to the scale of x, the average

of the two microphotometer deflections for each absolute value of x

was then plotted against x, to give the symmetrized half-envelopes

which are shown in Fig. 7 for the ethylene oxide bands and the strong
ethylene sulfide band at All1400. The values of the constants f end
S, which determine the shapes of the bands are, from the approximate

moments of inertias

Ethylene oxide: P =0.572; S = 40.178

Ethylene sulfide: P =119 S =-0.557

The band types have then been determined by comparison with the
theoretical curves,for the appropriate values of S and 2 , and indeed
the corrected envelopes for ethyleme oxide do approximate the theoretical
ones in a satisfactory fashion, except that in the type B bands, as

might be expected, the intensity does not fall to zero at the originm,



Fig. 6. Microphotometer Trace of the
Ethylene Sulfide Band at Al1400,
and of the Water Lines in this

Region.
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and the ordinates, vhich are microphotometer dei‘lecti:)ns instead of .
perceniage absorptions, do not, of cowrse, correspond quantitatively

to the calcvlated curves. For this reason, and because of the extensive
and rather arbitrary corrections which have been applied to the observed
traces.. it seems unsuitable to attempt to malke any quantitative correlations
between the envelopes and moments of inertia at this time. The theoretical
curves corresponding to the values of P and S for ethylene sulfide

have not been completed, but the observed envelope: differsfrom that of
ethylene oxide in the expected manner. The type A and C bands of

ethylene sulfide and ethylene imine are too weak to perrmit such analysis,
and the type B band of ethylenc imine, which is very similar in appearance
to the corresponding ethylene oxide band, is so badly overlapped on the
high frequency side by another band that it also could not be treated in
detail.

The N-H band of ethylene imine at Al1O4E9 (Fig. &), does indeed have
the predicted hybrid structure, as can be seen by comparing it wi*;h the
corresponding pure bands of ethylene oxide (Figs. 3 and 5), remerbering
that the dispersion is less in the N-H region. The low fregquency maximm
does seem a little too high, but it may be strengthened by an accidental
superpositionof a wesk band of type A. This view is supported by the
doubling observable in this maximum. The swrprising feature of the band
is the low intensity of the type C Q branch, which means that the
contribtution of the type C structure is remarkably small. If it ;vere
feasible to determine intensities in this region, the contributions of
the two components could be determined with some precision, since we
would then mow the intensity distribution functions for the pure bands

experimentally, from the spectrum of the very similar ethylene oxide.
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Fig. 8. \Microphotometer Trace of the
Ethylene Imine Band at AlOM69.
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If it were then possible to be certain that the electric moment change
took place along the line of the N-H bond, the angle between this bond
and the plane of the ring could be determined with considerable accuracy.
The problem is a complicated one, but it surely appears that this angle
is mmuch smaller than the €4° angle tetween the N-H bond in NH; and the
plane of the other two N-H bonds. The structure of N-methyl ethylene
imine is being studied by electron diffraction methods by Mr. Le’vy.
to see if the analogous angle in this compound can be definitely determined.
It is of interest fo cbeerve that in all these molecules analogues
of the famous ethylene band at AS720 are found. Althovgh relatively
weak, the ethylene oxide band at A2224 was photographed at a pressure
structure
of one atmosphere in the 72 foot tube. Its rotational,(Fig. 9) is
found to be most complex, and is undoubtedly the result of the super-
position of two or more combinations of C-H bending and stretchﬁg
frequencies, as was found in allene, though the frequencies in this
case need not belong to the same irreducible representation.
The other bands of Table II to IV were too weak for high dispersion

study, and were simply measured on the low dispersion plates.

CONCIUSIONS

If the eleciron diffraction structures of these molecules 'ber
assumed their true ones, then their observed band envelopes are in
satisfactory agreement with those calculated by Badger and Zumwalt, but
it is uvnfortunately trve that uvntil actual intensity measurements can
be made in this region, quantitative determinations of molecular constants
are out of the question. The difficulties which prevent the use of any
of the ordinary methods of photographic photometry arise chiefly from

the lack of uniformity in the hypersensitised plates, and from the fact
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Fig. 9. Microphotometer Trace of the
Ethylene Oxide Band at AS32l,
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that with present infrared sensitizations exposures of 48 hours are
required for high dispersion photographs in the region between 10500
and 12000A. TUnless great improvemenits in plates and spectrograph speeds
are made, it seems that some quite different methods of intensity
determination must be found.

It would appear that if such intensity measurements become available,
the relative intensity of the components of hybrid bands, which could be
determined with the aid of approximate moments of inertia obtained from
electron diffraction and the corresponding theoretical intensity distri-
tution functions for the pure band types, wounld furnish information con-
cerning structural details, such as bond angles,involving lighi{ atoums,
which are at present inaccessible to other methods of structure deter-
mination. This seems a more usefvl apnlication than the determination
of approximate moments of inertia, which would in any case become practi-
cally impossible in the gbsence of pure bands. Such an application, how-
ever, reouires careful analysis, to make certain that the change of
electric moment can be actuvally associated with a given bond in the
molecule. If, for example, the vibration producing the ALOH69 band of
ethylene imine involves a considerable amount of streiching of C-E bonds,
as well as of the N-H bond, an N-H bond angle calculated by too ﬁaive
a method would correspond to no bond at all, but merely to the resultant

of the simltaneous electric moment changes along many bond directions.

REFERENCES

1 Delépine and Eschenbrenner, Bull. de la Soc. Chim. de France, 33, 703 (1923)

2 Wenker, J.A.C.S., 5, 2328 (1935)
3 Private comrmnication from Dr. J. W. Linnet of Harvard University

1 s
. Private commnication from lir. Lévy of these laboratories.
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TEE ROTATIONAL STRUCTURES OF HYERID BANDS OF SPINDLE MOLECULES

INTRODUCT ION

Although it has long been Tcalized that in molecules of low
symmetry the observed rotational band structures should correspond to
no pure band typesl. this fact appears to have been overlooked in a
number of recent interpretations of the specira of molecules which
would be expected from general structural theory to be of a bent spindle
type. Consequently one of the;se, hydrazoic acid, has been rephotographed
vnder high dispersicn in this 1a‘bc->ratory, and the spectrum of mono vinyl
acetylene, another molecule of this type, has also been studied, in an
atterpt to reconcile the observed rotational band structures with the

expected structures of the molecules.

EXPERIMENT

The hydrazoic acid was prepared from recrystallized sodium azide,
furnished through the kindness of Dr. C. D. Coryell, by the usual methods,
the gas bveing passed through a 50 cm. CaCl; drying tube before freezing out
in liquid air. The receiver could be fitted to either the generator or the
six meter absorption tube by means of interchangeable Pyrex grownd Jjoints,
and was handled only when its explosive contenis were at liquid air tem- .
peratures. The spectrum was photographed at the vapor pressure of the
ligquid at room temperature.

The mono vinyl acetylene was kindly provided by Dr. W. S. Calcott,
Director of the Jackson Laboratory of E. I. du Pont de Nemours and Company,

as a stabilized 30 percent solution in Xylene. Since the mono vinyl acetylene
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boils at 5.5°C., the gas was sinple allowed to flow from the cylinder into
the evacvated six meter tube. XHigh dispersion photographs were taken
at a pressure of onc atmospheres, Althovugh the strongest band of acetylene

in this region appeared weakly, it caused no difficulty.

ROTATICNAL STRUCTURE
A. Hydrazoic Acid
If one accepts the very rcasonable structure of methyl azide
det ermined by electron diffraction by Pauling and Brockway,z and assumes
that that of hydrazoic acid can be obtained from it by merely replacing
the methyl group by a hydrogen atom, then the molecular constanta assune

the following values:

A=1.13 g.cm.® x 10%0 a = 24.5 cm."2
B = 58.7 g.cme® x 10%° B = 0.472 cm.=2
C =598 g.cm.?x 10 T = 0.462 em."2
S = -0,999
p =5

S and /) arec the constants defined for asymmetric rotators by Badger
and ZumwaltB, the constants A, B, and C are the three moments of inertia

of the molecule, and CL.P , and > arec the spectroscopic constants defined

ass:
h h h
@ = Fwip P = 53555 = Ewice

Thus it is seen that the molecule would be of an extreme spindle type
(P»1; s <Q), and approxinates a syrmetric rotator (S = -1) to a
high degree. Although the axis of the nitrogens makes an angle of only
about two degrees with the minor axis of inertia, so that the bands arising

from vibrations of the azide grouvp might be expected to differ only



imperceptidbly from the pure types, quite the opposite will be true of
tands due to vibrations of the N-H bond, which makes an angle of about
60° with the minor axis. If the electric moment change associated with
the N-E siretching frequency coincides in direction with this bond, the
ratio of intensities of the perpendicular andmrallel components of the
resulting hylirid will be about 8 to 3. The observed bands at 9547.8 and
12412.8 cm.™? correspond to the third and fowth harmonice of such a
vibration, with W, = 3500.2 cm."?, and WeXe = 79.4 cm.=2. Their
complicated rotational structwe is well resolved, as can be seern from
Fig. 1, which shows the microphotometer traces of these bands. The
difference of dispersion in the two regions of the spectrum is responsitle
for the apparent difference in the close spacing, which is actunally
identical in the two bands. The principal intensity in these bands seems
indeed to be due to the parallel components of the hybrids, in which no
deviations from symmetric rotator structwe can be detected. The coarse
structwe dve to the perpendicular component is most curious, apparently
forming a head near the origin, toward the high frequency side, as though
the small moment of inertia increased greatly with vibrational quantum
nuriber. The detailed rotational analysis has not yet been made, as the
band has been only recently obtained, but it certainly appears to be
possible, and promises to yield interesting and novel information. It can
only be said at present that the conclusion that these bands are produced
by two different kinds of molecules, linear and bent ones, reached by
Her§zberg, Patat, and Verlegeru, is unjustified, and that they are rather
to be considered as twofold hybrids of a very nearly symmetric rotator.

It is planned to complete the detailed analysis in the near future.
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B. lono vinyl acetylene.

With the airi of the available structwes of ethylene and acetylene,
it was possible to formilate a reasonably reliable approximate structwe
for mono vinyl acetylene. The ethylene and acetylene parameters were
the accepted ones and the C-C bond joining these fuo components of the
molecule was assumed to be shortened by a single-double bond resonance
to 1.43 A. With thisstructure, the molecular constants become, when

expressed in the units used in A:

A=2.8 a = 1.270
B = 175.2 A = 0.158
€ =197.0 ¥ = 0.140
S = -0.968
g = 1-15

It is seen that the molecule is again a pseudo-symmetric rotator of the
spindle type. The acetylenic C-H bond makes an angle of about 2le

with the minor axis of the molecple, and if the electric moment change
coincides with this bond direction in the acetylenic C-H bands, the
intensity ratio of the parallel and perpendicular components of the hybrid
' will be about 13 to 6. Of cowrse the parallel structure will not be
resolvable, but the & branches of the perpendicular component should

be about 2.5 cm.~! apart, and hence easily resolvable. The observed band
at A10222 (Fig. 2) shows absolutely no trace of the perpendicular
component, nor can it be fouhd on high magnification microphotometer trases
of the low dispersion plates, which usually are more effective in locating
weak absorption. Since it is unthinkable that this C-H bond even approxi-

mately coincides with the minor axis of inertia of the molecule, one can



L

|

%

[__- SRR (0 R AR LA

Fig. 2. Microphotometer Trace of the

Mono Vinyl Acetyleme Band at Al0222.



only conclude that the perpendicular component, which in a molecule with
so large a value of ﬂ will have a very wide and flat envelope, and whose
total intensity is expected to be only half that of the compact parallel
component, is present but produces too low an absorption in any given
frequency interval to be observable above the sensitizer fog. It is also
of interest to note that although the parallel component is actuvally a
type B band of an asymmetric rotator, noc Q branch splitting appears
to have set in, and the band is indeed indistinguishable in every respect

from a parallel band of a symmetric rotator.

C. lethyl Azide.

The methyl azide spectrum proved too weak to photograph in high dis-
persion, except with the 72 foot tube, which requires extremely long
exposwre times, so it is proposed to merely discuss the structure of the
AU80 band as reported by Her$zberg and Verlegeru. who state that this
band has the simple P, y, and R Tbranches of a parallel symmetric rotator
band, and that hence the Pauling and Brockway siructure of the molecule
is wrong and the methyl and azide groups are collinear. The Pauling and

Brockway structure yields the following molecular constants:

A=17.08 a=1.621

B = 149.2 £ = 0.185

¢ = 160.2 ? = 0.173
s = -0.985

P = 7. 8%
1t is unfortunately not possible to decide the origin of the A9480

band, and since it must be some complicated combination, prediction of the

intensity ratio of a hybrid band would be most difficult. Since this



56.

molecule has a value of ﬁ very nearly the same as that of mono viny1
acetylene, it may be concluded that a perpendicular component of consider-
able total intensity might well have been unobservable. Since this
structure is even more nearly that of a symmetric rotator than is that of
mono vinyl acetylene, it is not surprising that the band had all the
appearance of a symmetric rotator band, and it must be concluded that
Pauling and Brockway structure is not in disagreément with the spectroscopic
data. It is possible that investigation of some of the many weaker bands

of this molecule might reveal one in waich a real hybrid could be

observed, thus establishing the bent structuwe by spectroscopic methods

alone.

CbNGLUSIONS

The above considerations clearly show the imporiance the general
recognition of the existence of hybrid bands, and the usefulness of the
general concepts and results of structural chemistiry in the interpretation
of bands to which the formal methods of detailed rotational amalysis camnoti
be applied. Although twofold hybrids involving types B and A or |
types B and C can be casily recognized in molecules having low values
of £ , there are cases in which hybrids camnnot be detected with certaimiy.
This will be the case even for low ,9 values vhen types A and C are the
components of a twofold hybrid, and for large values of f , where the
flat amvelopes of type B and C components may well escape observation,
and where their absence is a most unreliable critgrion of symmetry.
It is also to be stressed that all rotators of large /0 values will be
pseudo symmetric, and though their type B and C bands, which may then

be called pseudo parallel bands, show no deviation from the appearanceofthe
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parallel bands of symmetric rotators, it is quite wnjustified to then

conclude that the molecules are actually symmetric..

REFERENCES
1 Dennison, Rev. MNod. Phys. 3, 314% (1931)
£ Pauling and Brockway, J.A.C.S., 59, 13 (1937)
3 Badger and Zumwalt, in publication.

These results, and references to the original works, are included

in an interesting review article by Verleger, Phys. Zeits., 38, 23 (1937)
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LOW DISPERSION INVESTIGATIONS OF MISCELLANEOUS SPECTRA

INTRODUCTION

In the search for well resolved rotational structures, one
invariably discovers mgny rich spectra which are unfortwnately too
weak to be conveniently investigated under high dispersion with avail-
able apparatus. In the process of these investigations several such
spectra have been photographed and measured on low dispersion plates,
and these resulis, together with brief experimental details in the case
of molecules not already discussed, will now be given in the hope that
they may provo useful at some futuwre time, when better plates, faster
spectrographs, and more powerful sources make possible the use of longer
absorption tubes than are at present convenient. Tables of frequencies

will be supplemented with corrected microphotometer traces, which should

be considered only of qualitative significance.

EXPERIMENTAL RESUITS

A. Hydrazoic Acid
In addition to the strong bands already mentioned here and by

Herzber§, Patat, and Verleger two other bands were observed (Fig. 1).

Wavelength (4a.) Frequency (cm.=1)
11361 8802
9353 10690

B. drazine

The anhydrous product was prepared by repeated vacuum fractlionation
of redistilled hydrazine hydrate, be.p. 118.5° (E. K. Co.), off fused
potassium hydroxide, and low dispersion photographs were taken with the

sample in the J meter tube at its vapor pressure at 100°C. The spectrum
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of the hydrate was also photographed under the same conditions, but

appeared tc be simply the superposition of the Hydrazine and water

spectra. The bands are shown in Fig. 2.

Wavelength (A.) | Frequency (cm.=1)
10552 uTT
10388 9626

C. Acetaldehyde
The sanple used was the redistilled Eastman Kodak Co. preparation,

which was studied at its vapor pressure at room temperature in the six
meter tube (Pig. 3).

Wavelength (a.) | Frequency (cm.=1)

11900 8403
11732 852k
11553 8656
11028 9068
10930 9149

9788 10217

9023 11080

D. DMono Vinyl Acetyleme

In addition to the bands already mentioned, several others were
observed (Fig. 3) and those at Al1310 and All030 were actually
photographed on high dispersion, where, however, they gave rather

featureless humps.
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Wavelength (A.) Frequency (cm.-1)
11528 8675
11432 8747
11310 8gl2
11030 9066
10851 9216
E. Methyl aside

The methyl azide was prepared by methylation of sodium azide
with dimethyl sulfate, the dried and redistilled product being studied
at its vapor presswe at room temperature in the six meter tube. The
bands reported bty Herzberg and Verleger, and a number of other weaker

ones were found (Fig. 3).

Wavelength (A.) Frequency (cm.=1)

11950 8369
11824 8457
11620 8606
11453 8731
11341 8818
9480 10550

9367 10676

9102 10987

8938 11118

F. JVinyl Fluoride
The sample used was kindly furnished by Dr. L. O. Brockway, and

the gas was used at a pressuwre of about one atmosphere in the six

meter tube. It is interesting to note that when one of the hydrogen
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atoms of ethylens is replaced by fluorine, the band at A8720 disappears

(Fig. 3).
Wavelength (A.) Frequency (cm.™?)
11233 8902
10964 9121
10742 9309
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SUMMARY
I. The visible and ultraviolet bands of silicon fluoride have been
analyzed, correcting previous erromy and determining vibrational
constants, internuclear distances, and term identifications for
three of the electronic states of the molecule.

II. Existing suggestions which attribute certain broad stationary
lines observed in stellar spectra to definite molecules in
interstellar space have been critically examined and declared
unjustified. A careful survey of observed terrestrial molecular
spectra has revealed no known molecular band;tg;uld account for
these lines.

III. The spectrum of allene in the photographic infrared has been
studied, the observed bands being assigned as combinations and
harmonics of the fundamental frequencies, which were obtained from
existing Raman and near infrared data. The large moment of inertia
was determined from the rotational structure of a |l type band, and
an anomglous but very weak .J_ type band was found.

IV. The envelopes of the bands of ethylene oxide, sulfide, and imine
have been determined in this same spectral region, and found to be
in qualitative agreement with the theoretical calculations of
Badger and Zumwalt. The hybrid band of ethylene imine suggests
that the N-H bond makes an angle of no greater than 30° with the
plane of the ring.

V. The spectrum of hydrazoic acid has been photographed under high
dispersion, and though the complete rotational analysis has not

yet been made, the conclusions of Herzberg, Patat, and Verleger



concerning its structure appear to be incorrect. The observed spectrum
of mono vinyl acetylene leads to conclusions concerning the bands of

bent spindle rotators which reconcile the appearance of the methyl

azide band of Herzberg and Verleger with Pauling and Brockway's structure
dctarmi.n:ation of this molecule

The low dispersion spectra of a number of molecules are briefly described,
in the hope that they may in the future be investigated under high

dispersion.
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PRCOPOSITIQNS

-0 0=
. 1,2
Contrary to previous assumptions , the a system of SiF is
2
emitted in a ’Tr =TI transition; both the coupling and the
case b CaSca
vibrational fregquency in the upper state are to bte considered
anomalous.
The famous ethylene band at A8720 3 has analogs in the spectra
of allene, ethylene oxide, ethylene sulfide, and ethylene imine.
These banda are to be attributed to the approximate coincidence
of stretching and bending frequencies of the carbon-hydrogen
bonds; specific assignments can be made in the case of ethylene
and allene.
Neilsen's theory of the rotation-vibration interaction for nearly
degenerate frequencies of molecules which approximate syrmetric
rotators 4 appears incerrect, for:
a) It fails to explain the intensity distribution in the
formaldehyde bands5 for which it was specifically devised,
t) Its predictions for the analogous »y and M bands of the
ethylene m.olecule6 are completely incompatible with the

1

observed structures.

The spectra of ketene and diazomethane would furnish similar nearly

degenerate pairs to test this theory.

4) Calculation of the integral absorption coefficient and the half-

width due to collision broadening indicates that the phosphine
absorption predicteds to occur near 14 meters would be too broad

and weak to be observed with the standard resonance methods used



5)

69.

in the 3 to 300 meter region. All spectroscopic investigations
of gases in this range will be attended by extreme difficulty,

tnless it is possible to measuwre the energy lost to the gas over
a frequency range comparable to the half width of the absorption
lines or bands. Since at present only scurces of monochromatic
radiation are availalle in this region, the only method which

oifers promise is the measurement of the anomalous dispersion by

the extremely sensitive beat frequency method.

The spectra of the rare earth hydrides in emission constitute a
most interesting field for investigation, because:

a) There is evidence that they would be observable, and the
fine structure could be easily resolved.

b) They would furnish examples of electronic states of
higher miltiplicities and A -values than any molecules
kmown at present.

¢) The coupling of the f electrons and the rest of the
molecvle should differ from the usual cases, and might be
expected to furnish information concerning the coufling in

the rare-earth atoms.

€) Reports of the efficiency of so=-called "optical catalyzers" in

9

producing Raman-like scaticring of unusval intensity” are

erroneous.

7) The strong interstellar lines not of atomic origin, reported by

Merrill}'o, cannot be identified with any kmown molecular spectra,

and the assignments which have been zna,de:”"l"2 are erroneovs.



g)

10)

11)
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Nebvlar counts out to a given red-shift, the type of greatest
theoretical interest, could be made with reasonable accuracy
and speed with the projected §2 inch Schmidt telescope, if it

were equipped with an objective prism.

il

pte

{ be assumed thait an acceptable general relativistic guantum
theory for single particles reduce in proper coordinates to the
Dirac theory, then, for a general metric, not only will the special
relativistic uncertainty relations persist, but there will alsc
appear absolute uncertainties in the proper momenta and in the
proper energy, which will be determined by the metric and will
vanish as this become Euclidean. Should Born's recent theoryl3
prove correct, there would also exist syrmetrical absclute
wncertainties in the proper coordinates and in the proper time,
determined by the metric in the reciprocal momentum-energy space.
Existing conclusionslu concerning the structures of the hydrazoic
acid and methyl azide molecules, based on their absorption spectra
in the photographic infrared, apprear entirely wmjustified upon a
further examination of these bands.

The moments of inertia of ethylene and allene can be satisfactorily
interpretsl by assuming egual distances and angles in the two
molecules, which means that considerable differences in the

heals of hydrogenation of carbon-carbon double btonds need not

be accompanied by related differences in bond distances.



12) From the envelope of the h;;'l:»:l:‘i.d1

% band of ethylene imine at

Al0500 one may tentatively conclude that the angle between the
N-H bond and the plane of the ring is at most about 30°. This
conclusion can best be tested by electron diffraction studies

of N-methyl ethylene imine, which are being made.
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