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The infrared spectra of the overtones and
combination tones of methyl bromide, CH;Br,
have been studied by many investigators;!—
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six Ai-type bands and ten E-type bands have
been observed. For the bands, 2v4, vi+vy, vi+vs,
vatuy, vitvs and vs+2vs5, in particular, the
rotational fine structures have been analyzed.

It seems, however, that no study has yet
been undertaken with the particular intention
of determining the second-order molecular
parameters, that is, the vibrational anharmonic
terms (xi;), the rotational correction terms
(a; and B:), and the effective Coriolis coupling
constants (Lerr). The primary object of this
paper will be, therefore, to measure the
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infrared spectra of methyl bromide for this
purpose. The parameters obtained in the pres-
ent work will be used later to investigate the
harmonic and anharmonic potential constants
of this molecule.

Experimental

A commercial sample of methyl bromide was
dried by passing it through phosphorous pentoxide.
Infrared spectra were recorded on a Perkin-Elmer
112G grating spectrometer, which has a resolution
of about 0.6cm~!, an accuracy of the absolute
frequency of about 0.5cm~-!, and an accuracy of
the relative frequency of about 0.05cm~!. A long-
path cell (about 6 m. long) was used with a sample
pressure varying from 100to about 760 mmHg.

Theory

The methyl bromide molecule has the Csy
symmetry and six normal modes; three of
them belong to the A;-type, and the other
three to the E-type. The energy level of the
molecule is, to a second order of approxima-
tion, given by : %

T=G (v, vz,-+) + Fo(J, K) (1)
where G is the vibrational energy and F is
the rotational energy, including the vibration-
rotation interactions:

G=3 wi(vi+di/2)
+23 ;?Jm xij(Vi+di/2) (v;+d;/2)

+20 23 g M| )
LA =1

and
F=B,J(J+1)+ (Ay—By)K*~DjJ*(J+1)*
— Dy J(J+1)K*—DgK*—24, 330K
t

'I'Au(:z CL!£)2 (3)

The term G can be referred to the ground
state G(0, 0, ---),

Go= 2 @'v;+ 23 E XUl
i

i jzi
+33 20 geelle| e (4)
t o=t
Where
@i =wi+Xxdi+1/2 j% xijds (5)

Here w; is the normal frequency of the ith
mode: vy, its vibrational quantum number,
and d;=1 or 2, depending on whether i refers
to a totally symmetric or to a doubly-
5) Y. Morino and J. Nakamura, This Bulletin, 38, 443
(1965).
6) G. Herzberg, * Infrared and Raman Spectra I1,” D.

Van Nostrand Company, Inc., Princeton, New Jersey
(1945).
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degenerate vibration. The suffix 7 denotes a
doubly-degenerate mode, and the vibrational
angular momentum, |/.|, takes the values v,
(ve—2),-, 1 or 0. The coefficients x;; and
gt are the vibrational anharmonic terms,
and A4, and B, are the rotational constants
which depend on the vibrational state, v. The
coefficients Dy, Dyx and Dx are the centrifugal
distortion constants and do not depend on the
vibrational state in this approximation.”” The
L, is a first-order Coriolis coupling constant,
which does not appear when no doubly-
degenerate vibrations are excited.

As may be seen from Eq. 4, the band center
of a fundamental (v;) is given by:

(v¢) = wi"+ x4, for the A;-type mode (6)
and

(ve) = @.°+ xyc + g, for.the E-type mode (7)
If the centrifugal distortion terms are ignored
because of their small size, the rotational

structure for a parallel band is given by the
selection rules 4K=0 and 4J=0, #*=1:

QR k() =v;+ [(4'—A")—(B'"—B'")]K?

+2B'+(3B'—B'")J+(B'—B'")J*

Wk () =vi+ [(4'—A4")—(B'—B'")]K*

+(B'—B")J(J+1)

QP k|(J)=vi+ [(A'—A")—(B'—B")]K?

—~(B'+B")J+ (B'—B'")J* (8)
where J denotes the quantum number of the
lower level, and the symbols "' and ' indicate
the lower and upper states respectively.

For a perpendicular band whose selection
rules are 4dK==1 and 4J=0, =1, the rota-
tional structure is given by:

2RIk |(J) = Rvo™**+2B' + (3B' —B'")J

+(B'—B")J*

20 x [(J) =kvo*"*+ (B'—B") J(J+1)

®PI & () = ko™ — (B'+ B'")J + (B'—B")J*

)
where

Ryo® =y + [A'(1-8)2—B'1F2[4'(1-80)

~B'|K|+ [(4'—=A")—(B'"—-B'")]K* (10)

and J and K are the values of the lower state.
In Eq. 10, the upper sign corresponds to the
P branch, and the lower sign, to the R branch.

Overtones and Combination Tones. — The
features of the overtones of the fundamentals
belonging to the A;-type symmetry are similar
to those of the fundamentals since (a1)?=A..
The band center of the overtone, (2v;), is
given by:

Ty H. H. Nielsen, Revs. Mod. Phys., 23, 90 (1951).
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(2vi) =2(vi) + 2x4; (11)

The overtones of the E-type fundamentals
have two components, A, and E, since (e)?=
A;+E. The band center of the A;-type com-
ponent is:

(2ve) =2(ve) F2x0— 280 (12)
and that of the E-type component is:
(2ue) =2(ve) +2x00+ 2800 (13)

It is important to note that in this case the
€: in Eq. 10 must be replaced by:®

Cosr= —2C, (14)

Since a;-ay=A,, the fine structure of a com-
bination tone between two different A;-type
modes is similar to that of the fundamentals,
and

(vityj) = () + (us) + x5 (15)

The fine structure of the combination tone
between an A;- and an E-type mode is similar

to that of the E-type fundamental, since
a;-e=E,

(vitve) = (i) + (ve) + Xt (16)
and

Cerr = an

The combination tones between two E-type
modes have two components, since e-e=A;-+
A:+E, the A:-type not being infrared-active.
The band center is given, for both of the A,
and E components, by :

(vetue) = (we) + (ver) +xeer + guer (18)
and, for the E component, by:
Lerr=— (L + L) (19)

The Method of the Analysis of the Observed
Bands.—If we assume that B'=RB'', the Eqgs. 8
for parallel bands become :

Rk |(J) =vi+ (A —A")K*+2B" (J+1)

Wik () =vi+ (A4 —A4")K?

W) =vi+ (4 —A")K*—2B"J
The line spacing due to the J value is 2B'"
in the P and R branches, and all lines of
different J values coincide with the band
center, vi, in the Q branch. The spacing due
to the K value, on the other hand, is (4'—
A'"")Y(2K+1) in the P, Q, and R branches. In
the case of methyl bromide, the value of
(A'—A'"") is about 0.05cm~!, though those of
different bands are not equal. The value of
2B" is 0.63cm~!. Since the resolving power
of the spectrometer used is about 0.6cm~?,
there may be a splitting of the lines which
have different J values, and, in fact, the

(20)
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splittings have been observed in several bands.
The K splitting may not be observed in the
region of small K numbers. In fact, most of
the bands did not show their fine structures,
and only the envelopes of the P, @, and R
branches were observed. The Q branches
showed two types of envelopes, depending on
whether (A4'—A4'') is positive or negative.
When (A'—A'') was negative, the intensity
of the absorption increased slowly from the
lower frequency side, reached a maximum,
and decreased rapidly toward the higher
frequency side. The band origin of this band
was determined by measuring the frequency
at which the absorption disappeared at the
higher frequency side. The case must be
reversed if (4'—A'") is positive, and the band
origin determined at the lower frequency side.
Since the envelopes of the P and R branches
intersect near the band origin, the frequencies
determined by the above method were proved
consistent.

For perpendicular bands, if B'=B'", then
Eq. 9 becomes:

®R 2 1(J) = hvo*®*+ 2B (J+1)
20 k 1(J) = ho*v®
®P| x{(J) = Rvo*"*—2B"'J (1)

With a few exceptions, no bands show the J
splitting in the P and R branches, and lines
which originate from different J values form
a background for the absorption curve. In
the Q branch, all lines of different J values
appear at nearly the same point, rw,""";
therefore, they show a sub-bands series, which
have much stronger intensities than the lines
of the P and R branches, as peaks above the
background with an interval of about 2[A'(1—
) —B'""]. Naturally, they have an unresolved
J structure and show envelopes like the Q
branches of the parallel bands, due to (B'—
B'') and also to a slit function characteristic
of the spectrometer used.

If Ruos'® is rewritten as v(m), where m=
—|K| in *Qix) and m=|K]| in ®Q k), then:

dv(m) =v(m+1)—v(m)
=2[(A"—A")—(B'—B'")]m
+2[A" (1 —Cetr) — B']
+[(4'=A4")—-(B'—B")] (22)

If du(m) is plotted against m, it lies on a
straight line, and [(A'—A'"")—(B'—B'")] and
[A'"(1—Cer) —B'] can be determined from the
slope and 4v(—1/2) respectively. If the values
of A" and B'' are known and if B' is assumed
to be equal to B'', the parameters A', £, and
ve can then be determined.

The frequencies of the subbands at the
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maximum intensities were measured, and the
method described above was taken as a first
step of the analysis. The assignment of m
was made by the use of the fact that the sub-
bands whose m numbers are a multiple of 3
have stronger intensities than the others. The
values of C.r obtained in this way were com-
pared with the values to be expected from
those of the fundamentals. This procedure
confirms whether or not the vibrational
assignment is correct. The coefficients of m
in Eq. 22 and the values of A', {, and v, were
then determined by the method of least
squares.

The values of A'"' and B' are taken to be
5.127cm~! from the results of the analysis of
the fundamentals, and 0.3186 cm~! from the
results of the microwave spectroscopy®.

Experimental Results

a) Parallel Bands.—The overtone and com-
bination tone bands of the A;-type fundamen-
tals were all observed. Moreover, the A; com-
ponents of the overtones 2vs; and 2vs, and the
combination tone v;+vs, were also observed.
Most of them, however, showed only envelopes,
and no fine structures were resolved. The
bands v;+v; and v4+vs showed fine structures,
as Fig. 1 and Fig. 2 show, but the analysis
has not been made in detail. For the band
of vi1+v; it seems that the Q branch was split
into fine structures (Fig. 3), but it was difficult
to distinguish each line because of the noise,
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Fig. 1. The parallel band v,+v, of CH;Br.
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Fig. 2. The parallel band vs-+vs of CH;Br.
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Fig. 3. The parallel band v»;+vs of CH;Br.
The dotted curve represents the blank curve.

Absorption

1210 1220
cm-!
Fig. 4. The parallel band 2v; of CH3Br.

so the band center was determined from the
point of intersection of the envelopes of the
P and R branches. Two Q branches observed
in the band 2v; (Fig. 4) are probably due to
Br and *Br. The results are summarized in
Table L.

b) Perpendicular Bands. — All the E-type
bands of the overtones and the combination
tones except vs+uws, vitvs, vstus vs+us and
2vs were observed.

1) Region 1500 — 2000 cm~'.—A perpendic-
ular band was observed and assigned to 2ve
(1869cm~'). The quality of the spectra of
this region was poor for the following reasons.
First, this band has a weak intensity. This
band was observed at the pressure of about
760 mmHg. Second, this region was interfered
with by a strong absorption band of water.
Finally, on the higher frequency side there
was an absorption of the A;-type band v:+vs.
The observed frequencies and molecular con-
stants are given in Table XII.

2) Region 2000 — 2500 cm~'. — Two bands
were observed in this region. They were

assigned to v:+vs (2256cm~') and wvs+vs
(2389 cm~!). These bands were disturbed by
the absorption of carbon dioxide. The higher
[
! *Q, "o,
o !
2
&
2 |
- 7
' 2400 ' 242 I
cm-!

Fig. 5. The perpendicular band v;+vg of
CHsBl’.
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frequency side of vz +vs and the lower frequency
side of vs+vs were overlapped by a band of
carbon dioxide. Between the lines of the
band vs+vs, there were other lines (Fig. 5)
which were considered to be a hot band or
lines due to isotopic species; they are left
unassigned. The observed frequencies are
given in Tables VIII and XI.

3) Region 2500—3000 em~'.—There was one
band, which was assigned to wv;-tvs. The
observed frequencies are given in Table VIL

4) Region 3500—4000cm~'.— One E-type
band was observed and assigned to wvi-tve.
This band was disturbed by the absorption of
water. The observed frequencies of the sub-
bands could not be described by an ordinary
quadratic function of K (Fig. 6). It is not
clear whether or not this situation originated
from an overlapping with the absorption of
water alone. The constants were, tentatively,
calculated from the observed frequencies of
P0,, *Q, and ®Q,. The observed frequencies
are given in Table V.

Ir

T T
o

v—3922.5—~7m, cm~!
l1'
o

Fig. 6. The observed frequencies vs. m for
the perpendicular band »;+v; of CH;Br.

5) Region 4000—4500 cm~'.—Three E-type
bands were observed and assigned to wv.--uy
(4352cm~Y), wvi+ys (4411cm~') and wvitus
(4483 cm~!). Brown et al.*? measured this
region with a high resolution spectrometer.
Although their first assignments were different
from those of this work, their revised values
are in good agreement with the present results.
An ambiguity lies, however, in the assignment
of the ®Q, subband. For the band v;+vs, two
subbands at 4418.25cm~! and 4452.66 cm~! have
about the same intensity. If one takes the
latter as the ®Q,, {; becomes —0.18, whereas
the assignment of the former to the ®Q, leads
to the {s value of —0.22. Therefore, the latter
assignment (*Q;=4418.25cm~!) was preferred
in view of the knowledge of the fundamental
{s value of —0.244. The Qx| lines in vi+us
show an anomaly, as Fig. 7 shows. The origin
of this anomaly is unknown. The observed
frequencies are given in Tables IV, VI and X.
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Fig. 7. The observed frequencies vs. m for

the perpendicuclar band »;+v; of CH.Br.
The solid curve represents the calculated one.

6) Region 5500—6500 cm~'.—In this region,
four perpendicular bands were observed. They
were assigned to va+ustus (5781cm~1), vi+
2u; (5879cm~?Y), vi+vs (5941cm~!) and 2y,
(6095cm~!'). The bands vs+2vus, vi+vs and
2y, have also been observed by Rank et al.®
Their results are in good agreement with those
obtained in the present work.

The spectrum of the band v:+wvs;+vs, given
in Fig. 8, shows that the band is disturbed on
the higher-frequency side by other absorption
lines.

Q. RQ. *Q, Q.

A Al

L 1 1 1 L
5740 5760 5780
cm~!

1 N 1

1
5800 5820

Absorption

Fig. 8. The perpendicular band wvs+wvy+vu; of
CHgBl’.

For vs+2vs, since e-(e)*=A,+A;+E+E, there
are two E-type components, that is, the state
where I,=1, Is5=0 and the state where I,=—1,
Is=2. For the former, the predicted value of
Cote is 0.059, and for the latter it is —0.547.
The observed value is —0.021; therefore, the
observed transition is probably related to the
former state, even though the difference
between the observed and the predicted values
of £ is appreciable. There is presumably a
resonance among these states. It seems that,
because of this resonance, the ternary com-
bination bands, v4+2vs and v:+wvs+wvs, appear-
ed with sufficient intensities.
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Fig. 9. The observed frequencies vs. m for
the perpendicular band vy+2vs of CHjBr.
The solid curve represents the calculated one.

v—5945—10m, cm~!
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m

Fig. 10. The observed frequencies vs. m for
the perpendicular band v;+vs of CHzBr. The
solid curve represents the calculated one.

The observed frequencies are given in Tables
III, IX, XIII and XIV. Those of v;+2vs and
vi+vs are shown graphically in Figs. 9 and 10
respectively. The anomalies shown in the
figures may also be the result of the resonance.

7) Summary.—The results described above
are summarized in Table XV. The errors
associated with the molecular constants given
in Tables III through XIV are taken to be
2.5 ¢, where o is the standard deviation; 2.5¢
is the 999 confidence interval, and it is
thought to be a reasonable limit of error.
However, these results do not include system-
atic errors; for example, the frequencies of
the band centers are uncertain by an order of
0.1cm™!, since they are derived from the
assumption that B'=B'"". The values in the
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brackets in the tables show the subbands
which were omitted from the Ieast-squares
calculations because they are either obscured
by the presence of foreign bands, such as
those of carbon dioxide and water, or are at
apparently irregular positions.

Discussion

It can be seen from Table XV that the
differences between the observed and the
predicted values of £ are about 0.03. These
differences indicate that the { wvalues of the
overtones and combination tones can not be
expressed by the sums of those of the corre-
sponding fundamentals. However, before con-
cluding whether this is true or not, one must
take into account the resonances among various
vibrational states; this has not been done, and
it would require complicated computations.
The results of this work simply show that
the values of the overtones and the combina-
tion tones can be expressed by the sums of
the corresponding fundamentals, with proper
signs, to within 0.03 in the case of CH;Br.

The vibrational anharmonic terms obtained
in this work are given in Table XVI. These
values are still tentative, because the observed
frequencies of the E-type bands are the
frequencies of the maximum intensity; they
must be corrected for the band origins, as has
been discussed in the previous section.

The effective rotational constants for a given
vibrational state can be expressed by the
following relations :%:7>

AUZAg—Eia{,(Ug =+ d{/Z)
B,=B,—>:8:(vi+di/2)

where A. and B. are the rotational constants
for the equilibrium position and a; and j; are
the rotational correction terms. The value of
(A'—A"")—(B'—B'") is obtained as the coeffi-
cient of K?from the analysis of the perpendic-
ular band, and it is rewritten in terms of ay
and 8; as follows:

—a;+ 84 for the ith fundamental,

—2a;+2B8; for the overtone of the ith
vibration,

—(as+aj;)+ (Bi+ B;) for the combination
tone between the ith and jth vibrations.

The observed values are summarized in
the third column of Table XVII. The values
due to (B'—B'") are shown in the fifth column.
The values 5; used are given in Table XVIIL
It can be seen that the largest value of (B'—
B'") is 0.003 cm~! for v»+wvs; nevertheless, this
is within the range of error of the measure-
ment of (4'—A"")—(B'—B"). Therefore, the
assumption that B'=B'', which was used in
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the analysis of the perpendicular band, seems
reasonable.

The appropriate combinations of observed
values and the already-known values of a; or
B: determine some unknown rotational correc-
tion terms, a;.

The most probable values for a; are given in
Table XVIII. The values (4'—A'")—(B'—B'"")
calculated by using a; and S; in Table XVIII
are given in the fourth column of Table XVIL.
They are in rather good agreement with the
observed values.

Summary

The infrared spectra of most of the overtones
and combination tones of methyl bromide
have been obtained. In the perpendicular
band, the rotational fine structures have been
observed. The values of the Coriolis coupling
constants obtained from the analysis of the
rotational fine structures are consistent with
those obtained from the analysis of the funda-
mentals. It has been seen that, if one takes
0.03 as the error of the observed values of the
Coriolis coupling constants, one can use the
observed values to calculate the force constants.

Most of the vibrational anharmonic terms,
xij, have been obtained, but they are tentative
yet.

The rotational correction terms, a; and a:
have been estimated from the combination-
bands analyses.

This work was supported by a grant-in-aid
for fundamental scientific research from the
Ministry of Education, to which the authors’
thanks are due.
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TaBLE I. THE OBSERVED FREQUENCIES OF THE
PARALLEL BANDS OF CH;Br

l‘,nobs ijred A

cm~! cm-—! em-!
2y 5882 5944 —62
vi+ve 4163 4277 —114
vy 3582 3583 -1
2ue 2596 2610 —14
va-+vs 1911 1916 -5
2v3("Br) 1215 1222 -8

(%'Br) 1213

2v, 6046 6113.2 —67
vyt ve 4003 4010.9 —8
2vs 2863 2885.6 =23
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TaBLE II. VIBRATIONAL FREQUENCIES AND
CORIOLIS COUPLING CONSTANTS OF THE
FUNDAMENTALS FOR CH;3Br#®

vg, cm ™! 4
vy 2972 —
va 1305 —
vy 611 —
N 3056.6 0.059
vs 1442.8 —0.244
vg 954.3 0.216

TaeLe III. THE OBSERVED AND CALCULATED
FREQUENCIES OF THE BAND v;+y

pobs pealed 4
m cm™! cm~! cm~!
-10 5845.09 5845.26 -0.17
-9 55.87 55.88 -0.01
-8 66.42 66.35 0.07
-7 76.92 76.69 0.23
-6 87.00 36.88 0.12
-5 96.84 96.94 —-0.10
—4 5907.09 5906.85 0.24
-3 16.54 16.62 —0.08
-2 26.01 26.26 —-0.25
-1 35.53 35.75 —-0.22
0 44 .98 45.10 —0.12
1 54.65 54.31 0.34
2 (64.94) 63.38 (1.56)
3 (75.26) 72.31 (2.95)

vok [A'(1—8)2—B']1=5945.14+0.3cm™!
2[4 (1—L) —B']=9.3+0.1 cm ™!
(A'—A'") — (B'—B'") = —0.07+0.01 cm !
vo="5940.6+0.3 cm !

£=0.01940.01;

TapLE IV. THE OBSERVED AND CALCULATED
FREQUENCIES OF THE BAND v1-+vs

pobs yealed 4
m cm~! cm~! cm~!
-6 (4359.23) 4345.53 (13.70)
-5 (67.49) 58.02 (9.47)
—4 (76.00) 70.36 (5.64)
-3 (86.81) 82.55 (4.26)
-2 (96.28) 94.60 (1.68)
-1 (4407.12) 4406.50 (0.62)
0 18.25 18.26 —0.01
1 29.88 29.87 0.01
2 41.35 41.33 0.02
3 52.66 52.65 0.01
4 63.76 63.82 —-0.06
5 74.88 74.85 0.03

vo+ [A'(1—-5)2—B']=4418.3+0.1cm™!
2[A'(1-{)—B']1=11.68+0.09cm~*
(A'—A")—(B'—B")=—0.07+0.02cm"!
vo=4411.14+£0.2cm™!

{=-0.22+0.01
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TABLE V. THE OBSERVED FREQUENCIES OF
THE BAND y;-+ug

3

vcbs‘ cm-!
3906.99
15.09
22.60
29.52
36.24
41.84
50.67
56.78
63.54
69.46
76.33

[
)

|
L IR - N VS UL VORI _ gy,

TABLE VI. THE OBSERVED AND CALCULATED
FREQUENCIES OF THE BAND vs-+uy

obs caled
m :m—l ]::m‘l cé”’
—8 4283.91 4283.74 0.17
-7 92.69 92.86 —0.17
—6 4301.86 4301.97 —0.11
-5 11.07 11.07 0.00
—4 20.18 20.15 0.03
-3 29.20 29.22 —0.02
-2 38.33 38.28 0.05
-1 47.50 47.33 0.17
0 56.50 56.36 0.14
1 65.40 65.38 0.02
2 74.34 74.39 —0.05
3 83.17 83.38 —0.21
4 92.27 92.36 —0.09
5 4401.25 4401.33 —0.08
6 10.50 10.29 0.21
7 19.23
8 (28.84) 28.16 (0.68)

vo+[A'(1—8)2— B']=4356.4+0.2cm -
2[A'(1-) — B'1=9.0320.02 cm
(A'—A'"Y— (B'—B'") = —0.006£0.005 cm~*
vo=4352.140.1 cm~1

£=0.057:0.005

TaBLE VII. THE OBSERVED AND CALCULATED
FREQUENCIES OF THE BAND va-+vs

obs caled

m :m"i vcm'l c£'1
—10 2629.03 2628.98 0.05
-9 41.59 41.51 0.08
—8 54.01 53.98 0.03
—7 (66.11) 66.39 {—0.28)
—6 78.61 78.74 —0.13
-5 90.91 91.03 —-0.12
—4 2703.11 2703.26 -0.15
-3 15.38 15.44 —0.06
-2 27.59 27.55 0.04
—1 39.58 39.60 —0.02
0 51.59 51.59 0.00
1 (63.72) 63.52 (0.20)

2 75.47 75.39 0.08
3 (87.41) 87.21 (0.20)
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obs caled 4
m gm‘l ’::m‘l crﬂ‘l
4 98.97 98.96 0.01
5 2810.53 2810.65 —0.12
6 22.25 22.28 —0.03

vo+ [A'(1—-0)*—B']1=2751.59+0.07cm™!
2[A'(1-0)—B'1=11.96+0.02¢cm !
(A'—A")—~(B'—B")=~—0.030+0.003cm !
vo=2744.13+0.11 cm~!

{=-0.236+0.005

TABLE VIII. THE OBSERVED AND CALCULATED
FREQUENCIES OF THE BAND we-ug

abs al
m gm"‘ lgri'lc‘dl cé -l
-9 2194.75 2194.73 0.02
—8 2201.44 2201.48 —0.04
i (08.03) 08.33 (—0.30)
—6 15.35 15.27 0.08
-5 22.33 22.32 0.01
-4 29.39 29.47 —0.08
-3 36.63 36.71 —0.08
=2 (44.31) 44.06 (0.25)
-1 51.59 51.50 0.09
0 58.99 59.04 —0.05
1 66.73 66.68 0.05
2 74.49 74.42 0.07
3 82.26 82.26 0.00
4 90.08 90.20 —0.12
5 98.28 98.24 0.04

vo+[A'(1—L)2—B']=2259.04+0.07 cm ™!
2[A'(1-8) —B']1=7.59+0.02cm"!
(A'—A"y—(B'—B'")=0.050+£0.004 cm !
vp=2256.09£0.08 cm~!

£=0.20510.003

TaBLE IX. THE OBSERVED AND CALCULATLD
FREQUENCIES OF THE BAND 2u4

yobs ,_,.cnlcd 4
m cm~! cm~?! cm~!
—8 (6013.55) 6012.13 (1.42)
-7 23.77 23.69 0.08
—6 35.10 35.14 —0.04
-5 46.39 46.48 —0.09
—4 57.62 57.70 —0.08
-3 68.80 68.81 —0.01
-2 79.93 79.81 0.12
-1 90.80 90.70 0.10
0 6101.51 6101.48 0.03
1 12.17 12.15 0.02
2 22.66 22.70 —0.04
3 33.10 33.14 —0.04
4 43.47 43.47 0.00
5 53.57 53.69 —0.12
6 63.81 63.80 0.01
7 73.88 73.79 0.09
8 83.58 83.68 —0.10
9 93.52 93.45 0.07
10 (6203.29) 6203.11 (0.18)
11 (12.25) 12.66 (—0.41)
12 (19.98) 22.09 (=2.11)

vo+[A4'(1—-8)2—B']=6101.48+0.07 cm ™!
2[4'(1—-8) —B'1=10.72+0.01 cm !
(A'—A")—(B'—B'") =—0.05640.002 cm !
vo=6095.44+0.09 cm !

{=—0.120+0.005
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TaBLE X. THE OBSERVED AND CALCULATED m cl;:lb‘sl :::f‘: cnf“]
FREQUENCIES OF THE BAND y4+us —1 64.91 64.86 0.05
b caled " * .
m C’,’;_s, om-1 m‘f_I 0 78.75 78.91 —0.16
-9 4410.50 4410.44 0.06 ; 93.19 lggi-g: 0.15
~8 19.35 19.46 —0.11 .
7 28.32 28.31 0.01 3 1921.52 21.51 0.01
—6 37.02 37.01 0.01 4 35.56 35.86 —0.30
-5 45.62 45.55 0.07 5 50.31 50.28 0.03
4 53.94 53.03 0.01 6 64.93 64.77 0.16
-3 62.23 62.16 0.07 ;o;[(fl!'(IC;C)%—B'I]4=O;87%.%2:0.3cm-1
— _ [A'(1—-L)—B']1=14.094+0.06 cm !
f 70.10 70.23 0.13 e B B e 0.05 om-1
78.14 78.14 0.00 vy=1868.8+0.3 cm—1
0 85.92 85.89 0.03 {=—0.426+0.009
1 93.49 93.48 0.01
2 4500.86 4500.92 —0.06 TaBLE XIII. THE OBSERVED AND CALCULATED
3 08.19 08.20 —0.01 FREQUENCIES OF THE BAND pao+ vg-+uvs
4 (15.15) 15.32 (—0.17) m vous yealed 4
5 22.29 22.29 0.00 cm™ em™ em”
6 29.14 29.09 0.05 —6 5728.62 5728.57 0.05
7 (36.17) 35.74 (0.43) —i :;2; 3;3? gg;
vo+ [A'(1—-{)*—B'] =4485.89+0.07 cm ! B ' : e
2[A'(1—C) —B']=7.67+0.01 cm~! -3 53.95 54.05 —0.10
(A'—A'") = (B'—B'") = —0.079-£0.002 cm ! -2 62.16 62.23 —0.07
”°=04‘;§,%!-79i0-°7 cm-t —1 70.21 70.26 —0.05
£0.177::0.003 0 78.02 78.13 —0.11
TaABLE XI. THE OBSERVED AND CALCULATED ; (gggg) g:if (_g'?g)
FREQUE:CIES OF THE l:)\dND vs4ve 3 580105 5800:81 024
m i - o 4 08.15 08.06 0.09
. 15.15 —-0.25
6 (2335.15) 2336.27 (~1.12) 2 (g 2‘1’) > o 01
-5 (45.37) 45.91 (—0.54) : : :
_ _ +[A'(1-8)2—B']=5778.1+£0.2cm !
; (25‘29’ 55.55 (—0.46) S0 B 27 502005 o™
- (64.83) 65.20 (—0.37) (A'—A"Y—(B'—B'") = —0.08+-0.01 cm -1
-2 (74.48) 74.86 (—0.38) vo=5781.1£0.2 cm -1
—1 84.51 84.53 —-0.02 £=0.165+0.005
0 94.23 94.21 0.02
1 2403.95 2403.90 0.05 TABLE XIV. THE OBSERVED AND CALCULATED
2 13.57 13.59 —0.02 FREQUENCIES OF THE BAND lq+2lo‘5
3 23.27 23.29 —0.02 m vovs yeaied 4.
4 32.99 33.00 —0.01 cm=™ cm- cm~
5 42.67 02.72 —0.05 —6 (5820.85) 5819.53 (1.32)
6 52.47 52.44 0.03 -5 (31.81) 31.17 (0.64)
7 62.25 62.18 0.07 —4 42.26 42.39 —0.13
8 71.88 71.92 ~0.04 —3 53-21 53-22 0-‘139]’
vot [A'(1—0)*— B'] =2394.21+0.07 cm -1 “f g:; gg‘sf! g'“
2[A'(1-C) —B']=9.68+£0.04 cm -1 - - . .
(A'Eg)m— (‘g'o;B“) =0.004::0.005 cm - 0 83.20 83.29 —0.09
vo=2389.40+£0.09 cm~ 1 92.47 92.51 —0.04
£=—0.005::0.005 2 5901.21 5901.33 —0.12
TABLE XII. THE OBSERVED AND CALCULATED 3 09.70 05.74 —0.04
FREQUENCIES OF THE BAND 2vg 4 17.85 17.75 0.10
Jobs Jeated p 5 (27.71) 25.36 (2.35)
m cm-1 em-1 em-1 6 (37.23) 32.57 (4.66)
-6 (1791.62) 1795.70 (—4.08) 7 (46.59) 39.38 (7.21)
-5 1809.01 1809.38 —-0.37 ;E;[(z‘il’(lc)—C);EB’gl:—258%3[.}110.21cm‘1
—4 23.63 23.14 0.49 '(1—-8)—B']1=9.42+0.04 cm -
A'— A"y — (B'—B'") = —0.201 +-0. -1
-3 37.02 36.97 0.05 r? > +0.005 cm

—2 50.77 50.88 —-0.11 {=—0.02140.005
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TasLe XV. VIBRATIONAL FREQUENCIES AND CORIOLIS COUPLING CONSTANTS OF THE
PERPENDICULAR BANDS OF CH;Br

Observed values

——— e

vp, cm~! [4
vy g 5940.6 0.02
vy +us 4411.1 —-0.22
vyt g 3920 0.23
vo 4 vy 4352.1 0.057
vat g 2744.13 —0.236
vat+ug 2256.1 0.205
2uy 6095.44 —0.120
ve+ g 4482.79 0.177
vs-t+vg 2389.40 —0.005
2ug 1868.8 —0.426
V2t t v 5781.1 0.165
vy 2us 5878.6 —0.021
TaBLE XVI. VIBRATIONAL ANHARMONIC
TERMS OF CH;3Br, cm~—!
X1 —31 X13 -1
X1z —114 X3 _5
Xap -7 X33 —4
Xyg a4 —8.9 X565+ 56 -7.7
X435+ a5 —16.6 Xga+ Bes —19.9
Xeg+ 846 —8
Xis—8u —34
Xs55— 855 —-12
X4 —21
Zus +12
X4 —88 Koy —10
X15 —4 Xog —4
Xig -7 Xog -3
TasLe XVII. THE OBSERVED AND CALCULATED
VALUES FOR (A'—A'")—(B'—B") oF
CH;Br, cm~!
(A'—A")—(B'—B")
— . —(B'—B'")
obs. caled.
1 vi+tu —-0.07 —0.06 —0.00009*
2 oyt —-0.07 —0.08 —0.00066*
3wty —0.006 —0.008 0.00191
4 yptug —-0.030 —0.027 0.00134
5 vetus 0.050 0.050 0.0031
6 2uy —0.056 —0.060 —0.00018

Predicted values 2gobs — ygpred.
vo, cm-* z em™!
6029.0 0.059 —88.4
4415.2 —0.244 —4.1
3926.7 0.216 -7
4361.6 0.059 —-9.5
2747.8 —0.244 —3.7
2259.3 0.216 —3.2
6113.2 —0.118 —17.8
4499 .4 0.185 —16.6
2397.1 0.028 -7.7
1908.6 —0.432 —39.8
5804.4 0.185 —23.3
5942.2 {—0.547 —63.6

0.059

(A'—A")—(B'—B")

e ~(B'~B"y

obs. calcd.
7 yetys —0.079 —0.079 —0.00075
8 ustug 0.004 —0.020 0.00044
9 2ug 0.04 0.056 0.0022
10 wetwe+vs —0.08 —0.057 0.00125
1T wet+2ug —0.201 —0.127 —0.00141

* Tt is assumed that §5,=0.

TasLe XVIIIL.

@g

B
B2

B3
B
Bs

Bs

THE ROTATIONAL CORRECTION

TERMS 0F CH;Br, cm~-!

0.03
—0.020

0.030

0.048

—0.027

0.00200-

0.0024
—0.00009
—0.00066

0.0011

the present work
the present work

Morino et al.5?, Rank et al.?),.
the present work

Brown et ali¥? with a,=0.030,.

Morino- et al.??, the present
work

Morino et al.,® the present
work

Brown et al.®> with f,=
—0.00009

Kraitchmanfet al.!®
Rank et al.®

Brown et al.¥ with ==
—0.0000

Hirose!



