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In this work, the authors give the parametric form of the Zeta constants for the case of the
molecules XY?2 and X3 (symmetric species Cay), as a function of the mathematical parameter o
which generates all the solutions, and of the molecular coupling coefficient y;2 between two

symmetry coordinates S;(A41) and S2(A4;).

Introduction

As is the case for various functions in the theory
of molecular vibrations such as the force constant
matrix F 1.2,3,4 the energy distributions M{® 4.5,
the compliance matrix (F-1) and mean square am-
plitudes of vibration Xy 8.7, the Coriolis coupling
constants {;; can be studied using the parametric
form in the general case of second order equations.
The expressions we obtain are, then, dependent on
the type of symmetry of the molecule which is
studied.

As far as this work is concerned, the parametric
study of the vibrations of molecules XY2 or X3 of
point group Cay leads to results which are very
simple.

I. Parametric Study of the Coriolis Constants {;;

MeAL and Poro8:9 have defined the matrix Zeta
of the Coriolis coupling constants

fe = L-1C0x L1t

in which L is the well known matrix of the eigen-
vectors of the matrix product (GF). C*is a character-
istic matrix of the studied molecule which has a
certain analogy from the point of view of the de-
finition and the transformation properties, with the
matrix G which defines the inverse kinetic energy
of the molecule. These matrices are easily obtained
by the “vector method’ 10,11

with Gij = Z Ha (Sia * Sjc) 5
a

CY= Z Ha(Si, X 83,) €q -
a
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The matrix { being invariant under scaling is then
studied in the normed system S¥ of the symmetry
coordinates by using the definition of the molecular
coupling coefficient y;; between two symmetry co-
ordinates §; and S; which are defined by the
relations 6,12,

LN =g L, ;= (Giu)7 /2.
Thus we get: ON* = ¢g-1C%g1,
ENa — [N-1QONe [Nt-1 — [-1Qa [-1¢t — f«,

By using the parametric form of the matrix LV
related to the solution LY’ corresponding to a
completely characteristic lower vibrational mode,
which is identical to the model of ‘“‘progressive
rigidity of molecules” 13 and to the approximation 14
Ly =0 for @ > j15, we get

LN =L R with: RRt=1.
We have then
fo = [No — Rt(CN")zx R.

1. Case of non-linear molecules X Y2 (group Cay)

This is the very well known case of the water
molecule model with
81(41) = (1/)/2) (R1+ R2),
S2 (Al) =L+ a )
S3(B1) = (1/)/2) (R1— Ry) .
The different matrices G¥, CN¥ and (¥ take the
form

i 1 — sin 21[!12 0
GN = | —sin2y;s h, 0
0 0 1|
with Ein S — e Gy
ks VG11 Ga2 La
| 0 0 sin 21])12
¥y =| 0 o —1 |,
| —sin2yp12 1 0
0 0 £13 ]
CZI = 0 0 523
— &3 —é&3 O
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The matrix LY of order 3, taking into account
the expression for the sub-matrix of order 2
(LN (A4)), is written as

LN (4y) = L¥(41) R(w) ,

1 0 0|/ cose —sina 0O

LN = —sin2y12 cos2y12 0|/ sina cosa O]
1 0 1 0 0 1

Cos o — sina 0!

0

= —sin(2y12 —a) cos(2yi2 —a)
0 0

Thus we get the final expressions for the constants
{Y; and (Y5 as

s =sin(2yie—a) = — VGQ;L12= — L{vz g
Yo = —cos(Zyiz—a) = — VGzszzzz — L£2 :

We notice, in agreement with HErRscHBACH and
Laurie16 that the constant (¥, is always negative.

Remarks

The solution of the molecular potential function
based on the hypothesis of complete uncoupling of
the vibrations corresponds to the case of the
“splitting” of vibration?.16

0% =sin2yie, (33= —cos2yj
with
=L )aCq(L g
in which (L-1)g is the part of the matrix L-1 cor-
responding to the high frequency vibrations and
we deduce that

10, :
Ly = W—ﬁ%;z = CNY =sin2y;2.

Different authors14.17,18 have shown that this
approximation is suited very well to the molecules
XY, when the coupling between S; and Ss is not
too important (|sin2y;2| < 0,3 with our definition®
of the coupling between S; and Ss).

The influence of the value of the masses m, and
my on the values of the Coriolis constants has been
studied recently 14,18,19,

Fig. 1. Internal coordinates and the coordinates axes for
XY2(Cqy) type molecules.
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We can find again one of the limits of {13 by
taking into consideration the variation of the
molecular coupling coefficient sin2y;s
02sin? @

m, L
A o QR ooy Wy M
sin22yp = g Py e with = =p.
Let

Si11221p12(g ——>oo) =1
Y= w4,

This solution corresponds to the maximum cou-
pling between the symmetry coordinates S; and Sz.
The application of the energy criterium 5 defines the
only solution that is physically acceptable and is
given by o« = 0. Thus

or sin2y1p = 41,

(£18) 00 = (£95)p—r00 = 8IN2 Y12y 00 = + 1.
2. Case of linear molecules X Y2 (group D .y)

These molecules behave in the same way as the
diatomic molecules: the molecular potential model
for these diatomic-like molecules is given by the
solution corresponding to completely characteristic
vibrations.

Let vy=0, i,j=1,2,3.

We get the classical result 18
fos=—1, (13=0.
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Fig. 3. Vibrations of bent XY2 type molecules.

v, @,)
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Fig. 2. Mixing of the symmetry coodinates in normal
coordinates (@1 and Q) for n = 2 cases.
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II. Molecular Potential F
and Coriolis Constants {;; 00,9 59.9,22 0
S |E=S EXRABRAN
The force constant matrix F, the parametric ex- - Sl BSESHEs
pressions for which have been givenl, is entirely s e s i
defined by knowledge of the parameter « and can
be related to {;; as e ceoeee
F(41) = L5} R(x) A4 R(— o) L0}, S |5S88 835883
__ AB _1\B 53 — - N
F(By) =A™ (@)™ e+ A+t
with
__ tan 2y1 + (£13/&23) 600 0000 00
Vo = 1 — tan 2y12(&13/€28) © R3S ZZRIT
: m z ] e N e SNRRIS
Besides, it is possible to find again the Coriolis L1 o+t
constants, except for the sign, by developing the
relation of MEAL and Poro?
Lt(FCv) Lt~ = ALY BER RES38Y
which gives g T T T 1
& +++ 11
A [Fu/(G1
= [1111/_ Ja 1 and s t+is=1
=
Consequently, by using the parametric expression E? S S A
=~ 10D g O DO W
of Fy1, we get s, | 222 I9ReaE
e . ot 55 | 882 28253
Fui=(G")n (*2—— + 5 cos2(2yiz— a)) .
which leads to % 3R S3RERS
1-— 22 — . b5
- cos ; Y12 — o) = sin2(2y12 — ) . 5 +4+4+ 111
S
III. Energy Dlstrlbtmons 8 §B8 XIS
and Normal Coordinates | 2R BIBR=
SIS D (= R [*¢]
1. Energy distributions M{® L3838 333338
- nergy i S o
The energy contributions of the symmetry co-
ordinates S; to the normal modes of vibration Qj SRS 88383
are defined by 20 288 232223
) v B=
M(k)_zL LinFisdrl = Lo Lot = LN V-1 & gdo’ oggggo
;—’_ikfki.‘fk—iklm—zlch' 111
Factorization of the matrices G, F, L, A ... leads to s
(]
up - 1—MP 0 3 | I8 2R8353
o o vt i b —
w= 1o up M o I 285 373236 (8
0 0 1 % SSsS sSsosss | &
2
. 1+ tan2yjatana . —
@ _ -

MY = 1T tanfa , t=1,2,. _|s_.
Hence with tano = tan (2 y12 — (2912 — )) '§ N
Yo — 1T tan@yiz —a)tg2yr 3 Hoa, ?é

=11 tan?(Cyiz — o) E e e | B
1 — tan2y1a(&13/€es) 2 BRRQ, §'§No§9,° P~
1+ (br9/623)2  ° = |mzm #¥0%0z0
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From the vibrational energy distributions point
of view, we find that the exact coupling of the
vibrations is entirely defined by the constants {i;
(see Table 1).

2. Form of the normal vibrations (symmetry species A; )

a) in the space of symmetry coordinates:S

The use of the molecular coupling coefficients y;;
and of the normed system of the symmetry co-
ordinates makes it possible to define the normal
coordinates @ in the space S¥ 6,21 ag

le

cos (S;, Q) = Veu = L% = CoS (va, Q) .

Then we get
tan(S;, Qi) = LY/LY , tan(S2, Q) = {13/C2s
and (Sl,Sg) =7Z/2 —}—21/)12.

b) in the space of the internal coordinates R

The relation between the internal symmetry co-
ordinates S and the internal valence coordinates R
can be written as

S=UR or R=UtS

so that the form of the normal coordinates Qj is

S=LQ,R=1Q yielding Q=1"1R=(L"1U? R.
The deviations of the normal coordinates @; and

@2 from the symmetry coordinates S; and Sy are
defined, by the angles ¢; and g as

VG263
— /G262,

The solution of non-coupling based on the con-
sideration of energy distributions is limited by

cot @1 () = , (tan2yi9 4 1/tana),

tan @2 (x (tan2y12 — tana) .

tang;(0) =0, (pl(O) =0 or Ql:Ll—ll S1,
. G’22 sm 2_1)01_2 _ B G12
Tty = Gu  y2 T V26u

Thus, the bigger the molecular coupling coeffi-
cient 12, the more the normal vibration rs(Q2)
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will be a mixture of the coordinates S; and S,
although these coordinates contribute respectively

to @1 and Q2 only from the energy point of view
(see Table 1).

IV. Mean Square Amplitudes of Vibration 2';
and Centrifugal Stretching Constants & 7> 19

The parametric study 6 7 of the mean amplitudes
of vibration Xj; leads in that particular case to a
study of a fundamental relation between the con-
stants X9y and the {;; 19 which is

01+ & [}
oo = (a9 ( - ;—2 — ﬁ*z cos2(2 Y12 — 0())

= Gzz [(51 sin? (2 Y12 — O() + 62 cos? (2 Y12 — 0()] 8
Hence we get

Zoo=G92(010%; + 82(3;) with (3, =1—1(%;,

Lo FNe2 g T
o G P G _ (Gt e
B™ 6 — 02 g1 — o2 M—ie

These relations between Xss and (F-1)s2 are a
simplified form of the ones we obtained in the
general case of second order”.

It may also be possible to express the various
elements of the matrices £, 6 and @ in the matrix
theory of the centrifugal constants?22, which are,
for instance, given by

2 (Da2/Ga2) — 22
R e

M— A2
These relations make it possible to test the results
we get with the different experimental data for a
given molecule (X, 4, tygys, ...).

= -1
=2 [6/(6 1)) ete.
g1 — 02

Conclusion

The parametric study of the Coriolis coupling
constants leads to some expressions which are parti-
cularly simple and which directly define the mole-
cular potential, the energy distributions and the
normal modes of vibration. The relations between
the matrices £, F, 2, @ and 0 are obviously explicit.
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Molecular Zeeman Effect and the Determination of the Molecular g Values,
Paramagnetic Susceptibilities, and Molecular Quadrupole Moments in Dimethylketene

The rotational Zeeman-Effect in the microwave spectrum of dimethylketene was investigated at
fieldstrengths close to 22 kG. Only AJ=1 rotational transitions with AM= %1 selection rules did
show appreciable splittings due to the magnetic field. From the splittings the diagonal elements

of the molecular g-tensor were determined to be:
gaa= F 0.020(3) ;

gbp= T 0.0165(8) ;

gee= F 0.0126(5).

(Only the relative signs of the g-values are obtained from the experiment). The susceptibility an-

isotropies were found to be close to zero.

Uber das Mikrowellenspektrum von Dimethyl-
keten, (CH;),C=C=0, wurde mehrfach berich-
tet1. In der vorliegenden Arbeit werden die Ergeb-
nisse einer Untersuchung des Rotations-Zeeman-Ef-
fekts bei magnetischen Feldstirken um 22 kG vor-
gelegt. Der verwendete Zeeman-Spektrograph ist in
einer friitheren Arbeit 2 beschrieben worden.

Im Vergleich zu anderen Priparationen 3 hat sich
folgende hinsichtlich der Reinheit des Endproduktes
und der Ausbeute (60%) gut bewihrt.

(CH,) ,C(COOH) ; + HC=C—0—C,H; —

(0]
Il

~C
(CHy),C  0+CH,CO0C,H;
="

60—120 °C

CHy) C/ ~
(CHy) . 10=3 Tor

\C/ TO'—Z
Il
0

~ (CHy), C=C=0+CO,.

Die Herstellung von Dimethylmalonsédure erfolgte

nach 4.

Eine 60-proz. Losung von Ethoxyacetylen (Fluka)
wurde durch Destillation bei —30 °C, 10~2 Torr, von
einem Riickstand befreit. 2,2 ml der so gereinigten
Ethoxyacetylen-Hexan-Mischung (11 mmol Ethoxyace-
tylen) wurden auf —10 °C gekiihlt und zu einer eben-
S0 gekuhlten Lésung von 0,6 g (4,5 mmol) Dimethyl-
malonsiure in 4 ml getrockneten Athylither gegeben.
Die Mischung wird 40 Minuten unter Riickflu und
Feuchtigkeitsabschlul (CaCl,) gekocht. Das Produkt
wurde anschliefend im Exsikkator abgekiihlt.

Essigsiureithylester, Ather und Hexan wurden in
einem Stickstoffstrom bei etwa 10~2 Torr entfernt, zu-
nidchst 4 h bei Zimmertemperatur, danach 12 h bei
30 °C und schlieBlich 24 h bei 40 °C. Es verbleibt das
Dimethylmalonsdureanhydrid als weiles Pulver. Nach
Anschlufl eines mit fliissiger Luft gekiihlten Auffang-
gefifles wurde unter Vakuum (1072—1073 Torr) bei
60 °C bis 120 °C ansteigend die Pyrrolyse durchge-
fithrt. Das Dimethylketen und Kohlendioxid sammelt
sich als hellgelbe Substanz im Auffanggefal. Bei etwa
—60 °C wird das CO, abgetrennt. Dimethylketen ist
bei —180 °C iiber Monate haltbar.

Viele Rotationsiiberginge des Dimethylketens
(DMKT) erscheinen im Magnetfeld lediglich etwas ver-
breitert. Nur die Uberginge mit AJ =1, AM = +1
Auswahlregeln werden nennenswert aufgespalten.
Sie erscheinen im Magnetfeld als annahernd sym-

metrische Dubletts (vgl. Abb. 1). Die beiden Kom-



