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ABSTRACT

The present paper deals with the numerical results and their discussion regarding the micro-
wave spectrum of methyl alcohol developed in part I of this paper (Mozumder 1961).* Basing on
the theory as in I, it has been found that the barrier strength to give the best spectrum of normal
CH,OH. is P = 16-174684. The same for C13H34OH and CH30'®H are found respectively to be
16-13 and 15-33. The calculated v-J graph for the & J = 0 series show excellent agreement with
the experimental observations of Coles (Hughes et al. 1951), clearly bringing out the maximum
at J = 20. Treating the molecule as approximately a symmetric top, the centrifugal stretching
constants have been estimated at Djyp = 3681 X 10™* kMe/s and Dy = —6-207 X 103 kMc/s
Intensity relationships have also been calculated approximately; however, they do not agree
well with observation. The calculated high frequency absorption of CH,OH for AJ =1
(pure over-all rotation) is remarkably close to the experimental value measured by Gordy (1948),
the difference being only 4 Me/s.

1. DIGRESSIOX ON THE GEOMETRY oF METHYL
Arconor MOLECULE

Referring to Fig. 1, we have, in view of our co-ordinate system in Fig. 2
of T, Z co-ordinates of H;, H, and H; are equal to —r/3. X co-ordinate of
H, = (2/2r)/3. X co-ordinates of H, and Hg = (—./2r)/3. Y co-ordinate of

K

A

F1c. 1. Diagram for finding the co-ordinates of atoms,

*.This paper will hereafter be referred to as I.
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H, = 0; those of H, and Hy are (./2r)/3 and (— /2r)/3 respectively. Z co-
ordinate of O =V CO2—-l(2) and the same for H, = VCO2——~I§ -+OH, sin 3,

where 8§ = COH,4 ——cos“é%. X and Y co-ordinates of O and H, have
already been given in Table 2 of I. The molecular structure of Ivash and
Dennison (1953) gives

r=10933; CO=14341%; I, =00794;

COH, = 105° 56’ and OH, = 0-937 &.

Using these values, we get

@y = 10305 & zy = —0-5152 & ) zg = —0-5152 & )
y1=0 i oye= 089243 5 gyy=—089244 r ;
2 = —0-3643 A 2o = —0-3643 X 25 = —03643 &

zo=143188; I, = 00798 ; 5 =19°5'30";
(lo+1) = 0-8855 & ; I, = 0-8065 A and z, = 17383 A.
Using accurate values of isotopic masses, viz.
my16 = 1600000 a.m.u., m;n = 1-00813 a.m.u. and mg1z = 1200386 a.m.u.,
we obtain
I3 = 20-5287 a.m.u. (A.U.)2, F = 0:74923 a.m.u, (A.U.)2,
G = —0-064845 a.m.u. (A.U.)?

and

Iy = 3-90989 a.m.u. (A.U.)2.

They in turn give
a = 159-87454 kMe/s, b = 23-74804 kMo/s, ¢ = 674-6228 kMe/s,
f = 0-873455 kMc/s and g = 4-26188 kMe/s.

From the above, we obtain

(a+tc) = 834-49734 kMe/s ; o = = (-1915829; B = @ b = (0-0284579 ;

_ . 0
(a+c) +c)

a—aZ—f = 0-1264210 and ) = (22-989948% -+ 240n) in degrees.

2. SOLUTION OF EIQENVALUE EQUATION AND FIXATION OF
APPROXIMATE BARRIER STRENGTH

The fixation of the barrier strength requires the sol}ution‘of eigenvalue
equation (Equation 19¢ of I) for the states of interest as also for other states
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which are connected to them by non-zero matrix elements. For J == 2, the
values of cos A for such states are given below :

State Value of cos A

(2, 0) 0-6949103 (1a)

1,2) —0-798529 (1b)

0, 1) —0-500000 (1c)
(~—1, 0) 0-920573 (1d)
(—2, 2) 0-275284 (e)

A rough estimate shows that a barrier strength P = (#¢/3) in between 16-0
and 16-5 gives an unperturbed frequency in the right range investigated for
CH3OH. As a first approximation, we take P = 1625 and solve the eigen-
value equation from the graph in Fig. 2. Knowing A, we can obtain ¢ from

graph and then form x == sin (’l#) / 8in (,\—-Txﬁ) After getting a rough value

04
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Limiting value of ¢ = 159°53"
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F1a. 2. f(¢$) as a function of ¢ for n8/3 = 1625
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of ¢ from the graph, acourate value was obtained by iteration with the help
of the following formula:

{P —Si—ii"li—l +cos ¢,_1—o008 /\}

i L ®
% —~P 31224’0 +P E)::% —s8in ¢, :
0
For P = 16-25, we have graphically, ¢o(1, 2) = 171° 48’ and ¢o(2, 0) = 163° 6'.
By applying equation (2) repeatedly, we finally obtain (1, 2) = 3-103252
and ¢(2, 0) = 2-847865.
We then get the unperturbed frequency

¢n = ‘ﬁu—l—

v = 9(1;““0) {42(2,0)—42(1, 2)} +3(s+c) (@ —~a2—p) = 26:040 kMo/s.

3. REFINED BARRIER STRENGTH CALCULATION

The values of ¢ and x from Fig. 2 can be used as a start for refined barrier
strength calculation. This is particularly so, because a small change in P
changes the transition frequency enormously. With a rough estimate, we
can find an acecurate value of P by using the following two methods in con-
junction. A

First, for the rough value of P ( = 16:25, say), we calculate the value of
$2(1, 2)—42(2, 0) and designate this as C. Next we calculate the exact value of
#'2(1, 2)—¢'%2, 0) from the experimental knowledge of the unpgrturbed
frequency; this value is designated as C’. Now, suppose ¢’s are known accu-

rately for the approximate barrier P and that 3P is the required correction.
Then

C'—C = 2{4(1, 2)34(1, 2)—¢(2, 0)54(2, 0) }

— 98P $(1,2) _ $(2, 0)
: P P
$(1,2)+ FITR) —Poot$(1,2) 2,0+ 3C.0) — P oot ¢(2, 0)

: (3)
Equation (3) gives the first order correction to the barrier strength, 5P.

Secondly, after we have obtained a reasonably accurate value for P,
we can attain refinement by calculating the perturbing matrix elements and
finding the perturbed transition frequencies for J = 2, employing second
order perturbation formula. This result is compared with experiment and, if
necessary, a linear interpolation method is used. It should be noticed, inci-
dentally, that although higher order approximations are not required for
J = 2, they may be necessary for higher J.
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After a few cut and trial, we find that a value of P == 16-174684 gives a
transition frequency v = 24-93438(41) kMe/s for J == 2, which agrees with
the experimentally observed value up to the last significant figure and up to
the utmost of experimental accuracy. The verification is given below :

P=16-174684

$(2, 0) = 2-846640683 ; $(1, 2) = 3-103073656
$(0, 1) = 3:04805713 ; $(—1, 0)=2-81121371

(H;—Hp) = 249301272 kMc/s; (H;—Hj) = 194-371899 kMc/s
and (Hy—H,) = 328-3860788 kMc/s.

For J = 2, matrix element @ = (1, 2) = —0-291988 kMo¢/s
matrix element b = (2, 3) = 0-680112 kMec/s
matrix element ¢ = (1, 3) = —0-7839122 kMc/s
matrix element f = (2, 4) == —0-994962 kMec/s

where 1 denotes the state (2, 0); 2 — (1, 2) 3—>(0,1) and 4 — (1, 0). This
gives for J = 2,

v = 24-9301272 4 0-0042569

<vy—> < contribution due to off-diagonal matrix elements —
= 24-93438(41) kMo/s.

The residual part of numerical calculation is done with P = 16:174684.

4. BARRIER STRENGTHE FoR C1SH,0H AND CH;0%H

The strengths for C13H3OH and CH308H (for which microwave spectrum
has been observed) can also be obtained in a manner similar to normal CHgOH.
However, since their importance is less, we have calculated these only approxi-
mately. A summary of the result follows. We have assumed, as usual, that
by isotopic substitution only the mass changes, but not the relative distances
or angles.

For C18H,0H.~—By making the change my3 = 13-008 a.m.u. we obtain
the following new values of constants :

% = 0-1931; 8= 0-027932; x— o2 —f = 0-1279;
@ =160-16 kMc/s; b = 23-170 kMc/s; ¢ = 669-36 kMc/s
~ and f=0-83761 kMc/s.

The eigenvalue equation is
sin ¢

Gitesp=oosd, o L @)
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where cos A = 0-69033 for (2, 0) and —0-80044 for (1, 2). From the observed
spectrum, v should be 27-053 kMc/s giving C = —1-533. If we start with
P = 16-25, we get ¢(2, 0) = 2:8484, (1, 2) = 3-1044, giving C = —1-524.
Hence, we obtain 8P = —0-12, that is P = 16-13 for CisH,OH.

For CHy08H.—Here we put my;g = 18-005. This gives a = 0-1946,
B = 002294, x—o2—p = 01338, & = 160-58 kMc/s, b= 18930 kMec/s,
e = 664-78 kMec/s, f = 0-58131 kMec/s and cos A = 0-68577 for (2, 0) and
—{0-80232 for (1, 2). From the observed spectrum, we see that P should be so
chosen as to give an unperturbed frequency near to 33-919 kMc/s, that is
a O’ value of —1-577. Taking P = 16:25 to start with, we get ¢(2, 0) = 2:8496
and $(1, 2) = 3-1050, giving a C value of —1-521. Hence, we obtain P =
—0-72, giving an approximate value of the barrier strength as P = 15-33 for
CH;018H. '

5. MATRIX ELEMENTS FOR THE TOTAL HAMILTONIAN

To find the transition frequencies at different values of J, we require the
matrix elements of the total Hamiltonian, in particular, the off-diagonal
elements and the difference of the diagonal elements. These can be calculated
by successively evaluating (i) the ¢-values from the eigenvalue equation (19c)
of I, (ii) the normalization constants 4 and B from equations (22b) and (22c)
of 1, (iii) the different sine/angle ratios of equation (20d) of I and finally com-
bining them into either equation (29b) or equation (29c¢) of I as the case may be.
The result is summarized in Tables 1(a) and 1(8).

6. TraNsSITION FREQUENCIES FOR LOow AND MEDIUM J (AJ = 0 SERIES)

Up to J = 15, the eigenvalues of the H-matrix and hence the transition
frequencies can be determined with sufficient accuracy by an extension of
the perturbation method, used in a particular way. For this purpose, we
block out from the entire Hamiltonian matrix, a part that contains the states
of interest and other states which are connected to it by matrix elements
which are not entirely negligible. We then develop the full secular equation
of this sub-matrix and solve it by iterative numerical methods. As a first
approximation, we put the root near a given state as equal to its own diagonal
element in all expressions except in which a difference with itself is concerned.
This then gives & first approximation to the latent root. The first approxi-
mation, by itself, is quite sufficient up to J = 10. Beyond J = 10, we have to
find higher approximations to the latent root by successively taking the
lowermost root to start with. The results are given below :

For J = 2 to J = 10 (inclusive) :
v = 24-93012724(¢;—¢,) in kMe/s, .. .. (5)
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where
= Ni/(1=51), .. .. e e e (6a)
and -
) €g = Np/(1—sy). .. .. . .. .. .. (6b)
The values of s,, s,, Ny and N,, in turn, are given as follows :
1= 1075{ —0-25902J%(J +1)24+4:012623J(J +1)—7287108}, .. .. (7a)
8y = 105§ —0-60612J%(J +1)24-8-83034J(J + 1) —45-25848 }, .. .. (7b)
N, = 110151 X 107 4J2(J +1)2—9-8904 X 10~4J(J + 1)+ 8-48582 x 10~3, <. (T¢)
and
Ng = 20780 X 107 5J2(J +1)24+1-:20128 X 10~4J(J +1)4+9-21524 x 10~¢. .. (7d)
For J.= 11 to J = 15 (inclusive) :
AG, O—HE, 0) = L [_(1-02768)2{J(J+1)—6} (0-145994)2{J(J +1)—2}
(I—s;) (5366948 —¢;) (24-930127+€;)
_ 0186614127+ ) =6} +1)—12} (016001627 + D{J(J+1)—2}
(1562-14 —¢,) (194:372+¢)

2(1-70824)(1-02768)(0-186614) { J(J +1)— 6} { J(J +1)~12}
(1562 14— ¢,)(536-695—¢;)

2(1-02768)(0+145994)(0-186228) { J(J 4+ 1) —~6 } { J(J+1)— 12}
+ (536-695 —¢1)(24-93013+ €,)

2(0-145994)(0-277655)(0-160016)J(J+1){J(J+l)—2}] .
- (2493013 +¢,)(194-372 F¢1) > - (8a)
and ’
. o b (0145994)2{J(J +1)—2} | (0-277655)2J(J +1)
AL 2)—H(1, 2) = 7= [_ (24-03013—e5) (160-442+<;)
__(0-186228)2{ J(J +1)—2} {J(J+1)—6} + (0-1658244)2J2(J +1)2
) (561-625—¢g (328386 + €3)

| 2(1-02768)(0-145994)(0-186228){ J(J + 1) —2 H{ J(J+1)—6}
(561625 — €5)(24-93013 —¢5)
2(0-145994)(0-277655)(0-160016)J (J +1){ J(J +1)—2}
(2493013 —€5)(169-442 +¢5) |
__ 2(0-277655)(0-204315)(0-160016)J (J +1) {J(J+1) -2}
(169-442 F €5)(328-386 -} €3)

+

] . (80)

7. TrANSITION FREQUENCIES AT HigH J

At high J( > 15), formulae (7a) to (7d) and (8a) and (8b) are not valid.
Hence, a different diagonalization procedure is adopted: ¥'rst, we imagine as
6
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if the first off-diagonal elements of the total H-matrix are absent and construct
a T-matrix such that by unitary transformation of the type 4 = T"'HT the
second off-diagonal elements are reduced to zero. Now, the eigenvalues of 4
are the same as those of . But the troublesome second off-diagonal matrix
elements in A are zero. Hence, eigenvalues of 4 could be calculated by a
general perturbation method. In the present case, perturbation up to the
fourth order was necessary. The results obtained are summarized below :

For the eigenvalue near the state (2, 0) :
The diagonal element in the 4 matrix, Ay, is given by
(2, 0{4, 2)

2,0)~Af = ——"—
{H( 3 ) 2} {H(4, 2)—-A2}

(0, 112, 0)2
(=2, 210, 1)

("_4: 01-2: 2)2
H(~=2,2)=}gf ————21 277
L o) {H(—4, 0)=2}

+
{H(©0, )=25} —

Elements of the T'-matrix are given by

Ti2+T§2+T§2+T2-22+T%-42 =1

v _(23 0[4: 2)
Taa/T 9y = ——"r-=>2""71_ |
42/ 22 {H(4,2)—I\2}
L LH2, 0=} —(2, 014, 2)2/{ H(4, 2) )5}
T02/122'—— (0 llz O)
T /T ="'(T02/T22)+(0: 1!2, O)/{H(O’ 1)'-A2}
meaT e (—2, 20, 1)/{H(©, 1)=2}
and
—(—4,0]=2,2)
T _4o/T o9 = ;
A PR
oy A2 1) A%, —1) | A2, —3) | A%(2, —b5)
A =t T my  Ge—E=1) T 0a—t=3) T ly=H=5)
+ A2(2, —6) + A2(2,3) A2, 5) A’(Z, 6)

Ae—H—6) " (Ae—Hj) " (Ag—Hs) (Ag—He)
For the eigenvalue near the state (1, 2) :

The diagonal element in the 4-matrix, A, is given by
(=1,0]1, 2)2
(—3,1] -1, 0)2
{H(=3, )=}
1, 2!3, 1)2

(3.1]5, 02 °
{H(3, 1)—'\1}.—{[1(5, 0)=.}

{HQ, 2)=A ) =
{H(=1, 0)~) 1}~

4+

6B

9)

. (10a)

. (100)

. (10¢)

- (10d)

.. (10e)

(12)
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Elements of the 7-matrix are given by

Ty 415 4+TH+T  +T, =1 .. .. .. (13a)
w m —(1]3)

InlTn = o=@ e Ee—r e (130)
T5/Tyy = U13)@15) . (13¢)

{(Hy—=M)(Hs—A)—(3]5)*}
—(113) T5 (Hy1=—2y)

Ty Ty = =L18) Lo s
u/fn (=1) Tyy (—1]D (13d)
and
—(=3]=1)
T_a/T- =—(———-; .o .e .o (13
31/T-n H o) (13¢)
2 y ] .
/1(2)=A1+ AIZ + Af_z + A?,, + Af4 Als
' (A1) (AP—H )| C—Hy) " —Hy) " (\a—Hy)
Afo Af 4 A? 5
= Sl B .. .. .o (14
o Hy T A= T A =5) (14)

The numerical results of the above calculation is shown graphically in
Fig. 3. This shows the theoretical curve as compared with Coles’ experi-
mental results. Both agree to show a maxima at J = 20. The general
agreement is also good. '

285

ML

bl

V0 kMcfs o

Fia. 3. Comparison of theoretical and experimental values of transition
frequencies for AJ = 0 series. Full line denotes the experimental
graph and X denotes theoretical points,
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8. CENTRIFUGAL DISTORTION (FOR AJ = 0 SERIES)

Treating the methyl alcohol molecule as an approximate symmetric top,
we have : _
S(Js k) = 3DpJ(J+1)+15Dx, .. .. .. (15)
where 8(J, k) = vo(J, k) —v(J, k) = the difference between the calculated (with-
out considering centrifugal distortion) and observed transition frequencies.
Dy and Dy are small corrective constants for the centrifugal distortion of a
symmetric top. If we want a best fit at the data of Fig. 3, we must have

F

aD]k‘?{S(J,k)—3]kJ(J+1)—15Dk}z=0 .. .. (16a)
and

82{8.11 )—3D el (J+1)—15D;}2 = 0. .. .. (16b)

On numerical evaluation from equations (16a) and (166), we get

Dy = 3681 x107¢ kMe/s and Dy = —6-207 % 10~3 kMe/s.

9. APPROXIMATE INTENSITIES FOR LINES OF AJ = 0 SERIES

The Van Vleck-Weisskopff (1945) formula for integrated line intensity
can be put as
8n3N f
st #5170

where the line width Av is small compared to the central frequency w,.
Hence, the line intensity is proportional to f/ui/2vs. The dipole moment
matrix element #; should actually be computed with respect to the total
wave function. However, for simplicity of approximation, if we take the
unperturbed wave function only, then, as far as J-dependence goes, one can
write

VIT+1)~2
Bl g+
a factor steadily decreasing with increase of J. The factor f is the fractional
number of molecules in the lower of the states, between which a transition
takes place. However, since vibrational levels are widely separated we can
write
Wrot/kT

_ 2J 4 l)e-
- Wrot/kT ’

‘J‘Z'(2J+ I)e”

that is, f is proportional to (2J4-1)e~ WrotiT, Wy, in frequency units, is
given by
(a+c) {v24BJ(J + 1)+ (x~—aZ—PB)k2} -, + correction term
from perturbation Hamiltonian H'/h.
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"However, in the above expression, all terms are reasonably small compared to
Bla+c)WJ(J+1). Hence, combining the above expressions and substituting
the numerical values, we have the intensity proportional to

@I+){JJT+D—2} » 2o~ 37936x10-3](J+1) . .. Q7
{JT+1)}? o7

The above function has been tabulated in Table 2, which shows the line inten-
sity decreasing up to J = 10, then increasing at J = 11 but then monotonously
decreasing up to the highest value of J.

TABLE 2
Relative Relative
J | absorption | J | absorption
intensity intensity
2 336-1 12 63-28
3 289-6 13 57-06
4 233-7 14 49-44
5 190-5 15 43-92
6 157-6 19 23-19
7 132:0 20 19-62
8 111-6 21 16-16
9 95-37 25 521
10 82.81 30 0-69
11 86-08

10. HicH FREQUENCY MICROWAVE SPECTRUM OF METHYL ALCOHOL

Gordy (1948) observed several absorption lines of methyl aleohol around
6 mm wavelengths and concluded them to be due to over-all rotation of the
molecule. Ivash and Dennison (1953), supported by Swan’s (1952) work on
Starksplitting of these lines, have correctly identified the doublet at 48-374
kMe/s to be due to the transition J =0 — 1, K = 0 — 0, r - 7 (internal
rotation quantum number) and n» — = (vibrational quantum number). Accord-
ing to our calculation, the energies at J/ = 0, K =0 and at J =1, K =0
are given respectively by (a+ch2 and (a-+c)(28)+f+(a+ch2.  The high
frequency transition frequency is given by (a+c¢)(2B)+f, which .has thé
following numerical values :

(i) for normal CH4OH : 48-3696 kMc/s ;
(ii) for C3H,OH  :47-1778 kMc/s ;
(iii) for CH,O8H : 38-4488 kMofs.
The calculated frequency for normal CH,0H is remarkably close to the
observed value, the difference being only 4 Mc/s.
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11. DISCUSSION

Error analysis~—By lumping together similar terms in equation (294) of
I, the error in a typical matrix element can be put as

8 mdm/TUF)—EE+D). 8 .. .. .. (18)

where

sin 2 (=142 =)

x = gAA (}—o(K+1)—v'} — ¢ 1)
—(aL—-1+v —v)
We have then for maximum error
8x Sg+2 84 | S{Q—a(K+1)—v }
X C {3-K+1)—v'}
1
+ (S48’ 4-8y) {(7;:1—4-_7,———5-’- cot - (OL—I-I-V —-v)} . .o (20)

Since the atomic masses are known quite accurately, errors in terms like
F, G, ete., are caused mainly by the uncertainties in the interatomie distances
and angles. For our purpose, we take them as a factor of unity in the last
significant figure given by Ivash and Dennison (1953). We then get

8 _ 8(GIF) , 8(I,—G2/F)

7 = GIF T, —GE/F) R 3x19‘3 .o .. (21a)
and
8 _8F  8lg 8(Is—F) 8(I;+F) -3 1%
F+Ia+(13 )+(IJ+F)N4XIO e e .. (21D)
Combmmg (21a) and (21b) and substituting in (20), we get
S—X ‘2;&;001 . .. .. .. (22)
X ,§
and
o 4ld R
lsvlw_-—__-m Ay 10738 kMG/B . .o . (23)

at low J. It is to be noticed that error in (H;-H,) is negligible compared to
8¢, since the ¢ values are  very accurately known. The error indicated in
equation (23) is the maximum estimated. In an actual case, it may be ex-
pected to be less. There is also an inherent error in a perturbation method of
any type; however, that is expected to be small compared to that given in
equation (23). Coles’ experimental results (Hughes et al. 1951) are accurate
up to about 0-1 Me/s, whereas the present theoretical calculation is accurate
only up to about 1 Me/s.

Barrier strength comparison,—The total area under the s-potential‘ in
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our case is 9P/x. In the case of previous investigators, who take the po-
tential barrier in the form of -—2£—[ (1—cos 3w), the same is 7#HC, in frequency
units, where Cy = velocity of light. Equating these expressions, we get

9P(a+c)

=, 4
H="o% (24)
From equation (24), we get the equivalent H values of our barrier strengths
as 410-5690 cm -1, 406-9 em ™1 and 389-7 em 1 respectively for normal CH;0H,
C18H,0H and CH3;018H. Tt will be noticed that the uncertainty for normal
CH,0H is only as small as 00004 cm™" as is shown below :

AP Alate), ACy 1078

= -8 -8 oy 10~8
AHMH = S+ 57 5 v +10-8410 1078,

that is,
AH 2 10"%H ~ 000004 cm™1,

Our values of barrier strength are higher than those found by Burkhard and
Dennison (1951) and by Ivash and Dennison (1953) and apply strictly to a
3-barrier.

Lines of AJ = 0 series.—TIt will be found that theoretically calculated
transition frequencies for lines of the AJ = 0 series agree with the experi-
mental results, showing, in particular, the maxima at J = 20. The very
shallow minima at J = 3 has not been found. The transition frequency at
high J decreases with J, partly due to peculiar molecular structure and partly
due to centrifugal distortion. The agreement between theory and experiment
- is excellent at low J but not so good at high J. However, the difference
between theoretical and experimental value of 1-67 kMe/s at J = 30 should
not be taken as a large error inasmuch as the theoretically calculated value
for J = 30 is near to the experimental value at J = 29.

Desired theoretical results have not been obtained for intensity. The
calculated intensity decreases with J, except at J = 11, where there is a
slight increase. The observed intensity, however, is medium for J = 2 to 4,
strong for J = 5 to 11, medium again from J = 11 to 21 and weak for higher
J. The discrepancy may be due to the fact that the dipole moment matrix
elements were caleculated with respect to the unperturbed Hamiltonian only.

For the purpose of calculating the centrifugal stretching constants,
we have taken CH3OH as a symmetric top. This by itself is a simplification
because of the presence of hydrogen in OH bar. We have obtained negative
sign for D and positive for Dj;. This is in general agreement with the
observed fact that Dj: for a molecule of the type XY; is always negative
except for methyl derivated molecules, where it is positive. Theoretically,
however, there is no restriction on the sign of Dja.

High frequency spectrum of CH3;OH.—It was remarked by Ivash and
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Dennison (1953) that the transition J =0-—>1, K =00, v — 7 (internal
rotation quantum number). % — n (vibrational quantum number) may be
expected to fall between 48 and 50 kMe/s. Gordy (1948) observed a
large number of irregularly spaced lines in this region. Out of these, two are
strongest, one singlet at 49-867 kMec/s and a doublet at 48:374 kMec/s. The
singlet has been correctly identified by Ivash and Dennison (1953) to be due to
n = 1— 1 and the doublet due to n = 0— 0. Their argument is based on (a)
combination rules taken from Hughes, Good and Coles’ (1951) result, (b)
analysis of parallel vibration-rotation band of CH;OH (Borden and Barker
1938) and (¢) Swan’s (1952) work on the Stark effect of the absorption lines of
CH3OH. In our present calculation also, we find that the transition J = 0—1,
K=0-50, >, n=0-—0is very close to 48-374 kMec/s; the difference is
only 4 Me/s. It should be marked that this transition frequency is due to
pure over-all rotation and takes place at the same value of = and hence is quite
independent of barrier strength.

ACKNOWLEDGEMENTS

The author wishes to express his gratitude to Prof. S. Gupta, F.N.I., for
his constant encouragement and helpful discussions and to Dr. B. V. Gokhale
for suggesting this problem to him. His sincerest thanks are due to Mr.
S. Dutta-Majumdar, of the University College of Science, Calcutta, for his
suggestion and discussion in connection with the diagonalization of H-matrix
at high J.

REFERENCES

Borden, A., and Barker, E. F. (1938). J. chem. Phys., 6, 553,

Burkhard, D. G., and Dennison, D. M. (1951). Phys. Rev., 84, 408,

Gordy, W. (1948). Rev. mod. Phys., 20, 668.

Hughes, R. H., Good, W. E,, and Coles, D. K. (1951). Phys. Rev,, 84, 418,

Ivash, E. V., and Dennison, D. M. (1953). J. chem. Phys., 21, 1804.

Mozumder, A. (1961). On the microwave spectrum of methyl alcohol. Part I. Proc. nat. Inst.
Sei. India, 28, 57.

Swan, R. P., Jr. (1952). Quart. Rep. Blecironics, p. 30, April 15,

Van Vieck, J. H., and Weisskopff, V. F. (1945). Rev. mod. Phys., 17, 227,



