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The microwave spectrum of 2-Cyanfurane was investi-
gated in the frequency range between 11 and 39 GHz. The
rotational constants of the most abundant species indicate
that the Cyano-group is bent toward the ring oxygen at the
central C-atom. From the measured quadrupole coupling
constants one may conclude that z-electron density is pulled
from the ring toward the Nitrogen atom.

The rotational spectrum of 2-Cyanfurane was
investigated in the frequency range between 10 and
40 GHz using a microwave spectrometer with 30
kHz Stark effect modulation described previous-
ly 12, The spectrum exhibits fairly strong a-type and
weaker b-type rotational transitions with quadrupole
hyperfine structure® due to the interaction of the
UN nuclear quadrupole moment with the intra-
molecular electric field gradient at the position of
the nucleus.

The measured frequencies listed in Table 1 were
used to calculate the rigid rotor rotational constants
by an iteration procedure as follows. First a set of
zeroth order rotational constants A, B  and
C© was calculated from an assumed structure. For
these rotational constants rigid rotor transition fre-
quencies 7i.; (A©@, B®, C©) were calculated
numerically together with the partial derivatives
with respect to the rotational constants (compare
too Ref.4). In this context j and j  stay for all
rotational quantum numbers of the lower and upper
state respectively. A first order Taylor expansion of
the measured transition frequencies then led to a
set of linear equations such as Eq. (1), with the
corrections 4A, 4B, and AC as unknowns.
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Table 1. Rotational transitions for the most abundant species

of 2-Cyanfurane in the vibrational ground state. They were

used for the least squares fit of the rotational constants.

Listed frequencies are intensity weighted center frequencies
of the hyperfine multiplets 3.

Rotational transition

Vobs Veale
Je-k.— JI'k"K" (MHz) (MHz)
[ltg-transitions
24 3,0 11617.068 11616.932
30 404 14632.104 14632.095
343 444 14007.98 14007.965
3,0 444 15472.576 15472.542
404 05 18191.767 18191.803
4.4 55 17486.376 17486.427
4.4 Sy 19312.89 19312.865
4,4 54 18429.085 18429.146
4,9 5o 18696.731 18696.815
Ip-transitions
s 31 21099.85 21099.500
444 4, 20519.70 20519.437
44 4oy 23979.985 23979.726
404 S 23196.443 23196.396
44 Say 38745.00 38744.883
6y 644 36215.115 36215.085
Tss Taa 35745.825 35745.988
Tse Tss 37318.262 37318.591 -
Tis Tas 18838.43 18838.682

This set of equations was subjected to a standard
least squares procedure and finally led to improved
rotational constants, A™ =A®©® 1 JA etc., which
were used as input data for a second cycle. This
procedure converged rapidly. In our case intensity
averaged center frequencies of the hyperfine multi-
plets > were used as “rigid rotor frequencies” with-
out weighting the equations for small differences
in observed linewidths. The results was as follows:
A =9220.106+0.020 MHz, B =2029.262+0.011
MHz, C =1662.640+ 0.009 MHz (given uncertain-

ties are single standard deviations of the fit).

The small value of the inertia defect/,, + 1, —I...
= —0.103 amu A? indicates that the nuclear frame
is planar. If an undistorted Furane ring% is as-
sumed, a bent structure for the CN group fits best
to the observed rotational constants (see Figure 1).
However, this result must be regarded as only pre-
liminary until a reliable structure can be deter-
mined from a sufficiently large set of rotational
constants of different isotopic species.

The hyperfine splittings of the rotational transi-
tions were analyzed using the first order energy
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Fig. 1. Orientation of the principal inertia
axes system in 2-Cyanfurane. If an un-
distorted Furane ring ® is assumed together
with rec=1.451 A and rcx=1.158 A 1 for
the CN-group, a bent C—C=N structure
with a surprisingly large bending angle
of 13° fits best to the observed rotational
constants. (The shown bond angles lead to
Acale. = 9220.104 MHz, Beale. = 2028.974
MHZ, and Ccalc, = 1663.012 MHZ) This
result is only preliminary until a substi-
tution structure can be determined from
a sufficiently large set of rotational con-
stants of different isotopic species.

expression for the rotational levels in the presence of one quadrupole nucleus given in Eq. (2)7.
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A, B, C = rotational constants.

J, I, F = quantum numbers for the rotational
angular momentum, 4N-spin, and overall angular
momentum respectively.

7 = quantum number used for the numeration
of the 2 J+1 rotational sublevels corresponding to
the same J value (—JStS +7).

C=FF+1)-J(J+1)-1(I+1).

{(Jz|J2|J7) = expectation values for the
squares of the angular momentum operators J,
(y = a,b,c) in direction of the principal inertia
axes, measured in units of %, and ’E:alculated in the
asymmetric rotor basis | J 7) where Hg,; is diagonal.

Xyy = €Q(32Vcow/3y?)/h = quadrupole cou-
pling constants with e Q the nuclear quadrupole
moment (e Q=4.8'10"% esu cm® for N#®) and
32V cow/Oa® etc. the second derivatives of the intra-
molecular Coulomb potential due to the molecular
charge distribution outside the nucleus ((Xqa+ Xb6
+Xee) = 0 form the Poisson Equation).

A least squares fit to the hyperfine splittings
listed in Table 2 then led to:

(o5 + Xec) = 4.2610.05 MHz and
(Xop — Nee) = 0.96 £0.07 MHz,

Table 2. Hyperfine splittings (peak to peak frequency dif-

ferences) used for the least squares fit of the quadrupole

coupling constants. If unresolved hyperfine satellites are

involved, as for instances in the case of the 4,3 — 5,4 rota-

tional transition, the fourth column gives the splitting

between the well resolved satellite and the intensity weighted
average frequency of the unresolved doublet.

Rotational Hyperfine
transition splitting Observed  Calculated
Jk k.~ J'k'k' veor'—vP-F  (MHz) (MHz)
3 3 13> — Va4 1.229 1.199
12 21 v3—>3 — vosa 1.631 1.619
4 4 v4-—+4 — v5—5 0.500 0.505
1 2 v4—~4 — v3—3 0.606 0.608
by Ba vars — ¥5-5  0.808 0.846
V5—
by B {v:_.:}‘ vass  0.305 0.312
V5—
bs 5 ot vaes 0333 0204
V7=
6aq 6ss V66 —{,,:__z} 0.598 0.638
v _Jr8—8
s Tu v =[5 0399 0302
_Jrs—s
Tas Ta V77 {VG__B} 0.500 0.511
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with a correlation coefficient of —0.3. Under the
assumption that the symmetry axes of the quadru-
pole coupling tensor will closely coincide with the
principal inertia axes (compare Fig.1l) i.e. as-
suming

Xua 7= Yzzs Xbb 7= Kz and Hee = xzm s (x-‘;b o xn‘.‘(‘}

may be used to give an estimate of the asymmetry
of the p-electron distribution in the CN-bond. Within
an approximate MO treatment?, the above values
lead to the conclusion that there is 0.064 e more
electronic charge in the 2 p, atomic orbital (perpen-
dicular to the plane) than there is in the 2 p, atomic
orbital (in the plane), i.e. the CN group is pulling
7-electron density from the ring. A similar dif-
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ference has been found previously by Pierce et al. 1?
in S(CN), where an excess value of 0.071 e was
found in the 2 p, orbital at the N nucleus (again
with the y-axis perpendicular to the molecular
plane).

An analysis of the Stark effect and the rotational
Zeeman effect which will give further information
on the electronic structure of the molecule is under
way.
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