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Two infrared abaorption bands of CH.[»: have been an
These are the A-type band at 2671.67 e end the C-type band at 4425.61
The A-type band haa previously been assigned ag w+ g, and the C-Lype baod is
The upper atate of the A-type band i3 perturbed presumably
Thiz interaction hae not been investipated. The fullowi.lag

spproximation.
em-1.
tentatively ssaigned as wt-»y.
by the clope lying level 2ug.

ged io the semirigid rotor

values were found for the rotationsal constants of the ground vibrational state: 4;=4.3

em—!, By=3.5304d om~!, C=3.04% cm},

1. Introduction

The rotational-vibrational spectra of sll the
deuterated species of methane except CH;D; have
been well investizated [1].1

Mothane and CD, are spherical topes while CH,D
. and ODyH are symmetrie rotors; on the other hand
CH;I, i= an asymmetric rotor. ft seemed of interest
to determine the rotetional constants of CH.I) in
order to have a seb of constants for each of the
species. Fortunately, high resolution spectra could
be obtained for both an A-type and a C-type band
for this molecula. As recently discussed [2], this
is eufficient data to emable a good determination
. of the ground state constants using the eomple-
. mentary AF;' values obtained from the two bande.
These two bands have been analyzed in the semi-
rigid approximation to yield good values of the
ground state conetants. Unfortunately a perturba-
tion in the excited state of the A-type band intro-
ducee an unecertainty in the effective eonstants for
this band that is larger than can be justified for the
Fereclsinn of the data., Only transitions involving

vels with low valves of the rotational quanium
numbers have been used in the analysis 1o order
to minimize the effect of cantrifugal distortion,

2. Experimenial Procedure

The spectra wera recorded with the grating instru-
ment of the Infraved Spectroscopy Section [3]

uainiI a 10,000 linesfin. grating with » ruled area
- of shout 6X8 in. A cooled PbS photoconductive
cell was used as the detector.

Both the A- and C-type bands were recorded using
a multiple reflection c:g]]J with & total path length of
6 m, fillad with CH,D, to & pressure of 2 cm of Hg.
The C-typa band was observed in the second order
of the grating and the A-type band in the firgt,
The Uﬁ:ﬂs obtained from g.'[erck & Co., Litd,,
had & stated minimum purnity of 88%.

* Thiz work was supported In part by the Divialan of ChemlsLry, Atormie
Energy Comn lgh.

1 Flgures in brackets indleate the literstore referances at the snd of thie paper,
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The w&vala;g_ﬂm of the linea were messured veing
higher order infrared emission lines of the rare gases
a3 standards, snd interpolatin% between them
through the use of the fringes of a Fabry-Perot inter-
ferometer as previously described (4].

3. Theory

Prelimipary t0 the actual analysis of the spacira
the mean squars values of the angular momenta
about the principal axes of mertia and the
intensitiea were caleulated.

Assuming tetrabhedral l_g[mmat.rjr and identical hond
lengths of 1.004 A for CH.D, the moments of inertia,
reciprocal momenis n ¢m™! units, and the agym-
metry parameter x were obtained.

For the caleulated value of x=—10.27, «, 8, and +,
as defined by Allen [2], were ohtained by linear inter-
polation in published takles [5] of E(x) for each
eneIgy lovel.

«, 5, and ¥ may be shown to he identical with
{F%, (P, and {PE{ ragpectively, in an I" reprezenta-
tion [6]. "The energy of a rotational level in a given
vibrational state, neglecting centrifugal distortion,
may be written as [2]:

E(JK_I_I|}=ﬂAr+IﬁBI+TGt:

and the difference betwesn two rotational lavels in
the same vibrational state as:

AF=Aend, - A88,4 Ay(h.

The Ac’s, Af%s and Ay's for ench of the AFys ob-
servable from atrong traneitions in the A- and C-type
band wara caleulated.

The strong transitions for the A-type band sre
those which satisfy the selection rules:

aJ=10, £1 AR =10 AR =211,

and for the C-type band the streng transitions are
thosa for which
AJ=0, X1
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The relutive intensities of the transitions were cal-
culated by combining the Boltzmann factor, caleulated
using the eatimated moments of inertis, and nuclear
5pin atatistics with the appropriate line strengihs
from published tables [7].

The nuclear sping of the equivalent pairs of hy-
drogen and deuterium atoms m CH,L); give rise to
degeneracies of the rotational levels. For the ground
vibrational state the statistical weight factors are 15
for the aymmetric (A} rotational lavels and 21 for
the antisymmetric (B) levels.

The A-type band at 2672 em™! has been previously
observed by Wilmshurst and Bernstein [3] who as-
gigned it to the combination s+, Az the observed
band type is consistent with tlye assipnment and
there should be no other bande of thiz type near
2670 cmmY, there appears 0 be no reason to doubt
the assignment.

The C-type band at 4425 cm™ can best be as-
signed at v+ v, pa this seems {0 be the only combina-
tion which would give & C-type hand in tha region
44004500 cm !,

4. Analysis

As each of the bands was isolated from others of
compurable intensity, initisl assignments, with the
aid of the caleulated intensitics, could be made by
inspection, From the initisl assignments AF; values
were obtained, and with the calculated Ac’s, Af',
ond Avy's wers used to refine the values of A, B, and
¢/in the ground and upper vibrational states, From
these values of A, B, and O, «'s, #'s, and +'s pertinent
to the walue of & in each vibrational state were
caleulated as before.
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Fioure 1.

The A-Eype band of CH:D: af #8678 em-!,

Tha identification glven iz the gronnd skate deslgnation of ¢ x, for By traneiticos to the bigh wave number side of the bond erigin, and for Py, 7 tranaftlons to tie
o ware number sk of vbe beod origho.




A ftrial spectrum was then calenlated from the
eXpression:

p=wy} a’A,—I—-ﬂ’B, +T'G|—' ﬂAu—' BBy '—Tﬂn-

From the trial spectrum and intensities mora transi-
tions could be sasipned, enghbling further refinement
of the reciprocal moments of inertia.

While iterative procedurs worked well with
tha C-type band, Corloiiz perturbations in the A-type
band caused some difficulty in definitely locating
gome of the transitions.

The loweat observably perturbed level in the
»3+¥ vibrational atate is the 4,; level which is
pushed down by 024 em™'. For J=5, the levels
bBgs, Hia, 8046] Sey ure all perturbed, and for J=6 over
hulf of the levels are perturbed.

This perturbation has not been investizated in
detail. II): probably arises through interaction with
the vibrational state 2z, the fundamental of which
iz theoretically inactiva in tho infrared, but appaars
to have been observed ab 1329 em™ [B], the transi-
tiong becoming allowed through Corolis perturba-
tion. w has apparentiy been obssrved in the Haman
also at 1333 em™" [9].

No account was taken of the effect of centrifu
distortion in this analysis. Since only levels with
low of wvalues were used in the analysis, the effect of
this correction on the rotational constants was
minimized. No aystematic differencea between the
observed and ecalculated spectra were noticed until
rather high .f values were reached. In thesc regions
of the absorption serious ovorlapping of transitions
make the wunigque assipnment of transitiong to
obzerved absorption peaks doubtfu],
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Fioure 2, The (Hype bend of CHyDh of J486 cm s,

Tha ideatification glvea 15 W grovad stabe desfgnetlon of Jx_, g, for R0 transitions to the bigh weve number side of the band origin, and for S, ¢ trans(tiome to the
Tow wave hisnber side of tha band orfgln.
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Although no statistical ana] of the data was
mude, the excellent agreement between the obsarvad
and ¢alenlated AF; walues for the ground state, and
the sensitivity of the calculated AF; values to values
of tha rotational constants seetn to indicate a probahle
error of the ordec of +0.002 cm™ for each of the
ground state constants, The agreement betwesn
the calculated and observed values of AF; for the
ground state may be seen in table 1.

TanrE 1. Cround aslete AFY
AArre hand C-type hand
AR Calenlsted | Obaerved AF Culeulnted | Observed
el cmL cm-L cm
a3y 1 513 10, 55 Uu-In 22811 e
L= 32 193 310 1g-dx% 3T 50 3753
ly=ln 3107 a1 8 L~ 41. 244 41.29
JITSGITY 8L 791 3. Li-dn 4f, Al 40, B
2erdn 4 3 44 38 Lirae 514 a1
il FER iy o4, S T 55, (|58 &5, (M
Fu—dn 46_958 48PS T T8 5o, MIE 53 H
dirtn 4. TEd 4. T B34 2. A0 #.87
T AT I 47. 1 Swdn &4, 186 &3, 16
Sar-lay 5501 ¥E. 50 Sir-Sny 6. AT B 3y
LTSS I, ¥y o, 18 Sir-fin P 200 4.
L. B 715 8, 89 Yr-571 67,212 g, 34
dm=lin IR s3p .M Aur-fia T T 713
An-fin 6. 067 0. i Au~fu vl 12y 7112
Ji-fu B 83 B4, 4T S-S5 T5, W To 44
Ju-fin 80141 8013 Har-Sm o 43l T
du-in 08, g7 e, il Hutin Bl 651 Bl
LTl B8_ 550 88 54 &1 i 3. M B3 83
Ay TR o2 7.4 din &1, 042 £, 0
dun 1. 147 ¥l 11 to-lig 00 b6
Aot T, &5 A 3¥ & LLR:Li] A3 0d
E g ] o] T 5 dor i B vad REL Bl
dir-fu o, T4, 0F v -fin BE, 542 B 52
dir-fa T2 B8 T2, 81 E TR ] Bk BE5 82 54
Syt T3 D2 TR Q2 drrfim W2 Gl L]

Tanre 2. C-dype band AF;
A=l ol B3 M) e O=300 cmel

aFs Cale {ha
i LI

Tor-lm b2 RUL PR
ly-3n 3. 827 3T
Iu=dn 41045 412
Tirdw I, BE5 L1
P . ]
2y-in &5, 38 b6 25
-y &4, 183 5. 13
e T AT Y ar gl
F ™ AT 778 r ]
-5 BY. 52T L1
Jer-f Ry ] il 4
T 7. e [T
Sp-0n 7754 TLM
-G 71131 7115
A=z .5 £ 4
S5 s T4 22
dfin 43 D B2, i
41 i, 5 B4, 48
£ 52 288 K. 15
totfia B TH 882
dertfing B a1 B, 4
Sa-fia 8B 552 ES. 51
gy 38, 34 59,42
da—fin Bl 55 1,44
i, B 2184

The constants for the exeited states of thess
bands cannot be determined as precisely as those
for the ground state with the available AF; values,
but 0005 em™ woyld seem to ba a generous

a0

estimate of the probable error in the constants for
these statea. The caleulated and oheerved AF,
va.'l:ims for the axcited states are comparad in tables 2
and 3.

The constants determined for the three vibrational
levels are given in table 4. The band origins were
determjned from the best fit between the ohserved
and calculated specira for low J values,

Taere 3. A-type band AF;

A=4254 tm~t B-365 am™1  C=3.01f em=t

ARz | Cala Oha
cm! oL

g =Toz 14, 715 18 70
In—3im 132 b ] |
T =3 sLa1T 31,82
Tu—Hr 34 888 M. BE
ta=iy 4, 16 o, IT
In—lu i 1914 4. B2
Zie—dant 477448 4y. 1l
dae=dn 4, S16 4, [
21— 48, 5TH R
Hua—Luat i) bl
Au=~5p 54, (8l 55,07
Ar—Saan A0C78 5835
dar—fu N EL M, 1L
An =By B Bl B2, M
Te—tinn i B0 56
Ju—fin L ] L

+ Perlurbed levels,

TasLe 4. Reigfionol and wWralional constanis

Groand state mptry e
emci [~ o ol
&+, 3 £, 4 A4, M5
3. 54 3. 854 3. 580
3 D 0Ly 3.l
) I 7L 67 4435, 4l
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