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We resolved and analysed the nitrogen nuclear quadrupole hyperfine structure (hfs) in the 
rotational spectrum of perfluoropyridine C 5F 5N. The results are discussed and compared with 
those of previously measured pyridine compounds. 

The nitrogen nuclear quadrupole coupling in per-
fluoropyridine has been reinvestigated by means of 
microwave Fourier transform (MWFT) spectro-
scopy [1]. The accuracy of the results allows an 
interpretation of the coupling constants in terms of 
electronic parameters of the nitrogen nucleus molec-
ular environment. These are compared with values 
obtained for pyridine itself, pyridine-[4-D] [2], 
4-chloropyridine [3], 4-cyanopyridine [4], and 2,6-
difluoropyridine [5]. 

Perfluoropyridine was first investigated by 
Doraiswamy and Sharma [6]. They used a conven-
tional Stark modulated microwave spectrometer 
and reported the rotational and quadrupole coupling 
constants. The latter indicated an almost cylindrical-
ly symmetric electric field gradient tensor at the 
nitrogen nucleus. 

The reinvestigation with the higher resolution of 
our MWFT spectrometer in the frequency range 
from 8.0 to 12.4 GHz [7] led to more reliable values 
for the rotational and quadrupole coupling con-
stants and to a confirmation of the symmetry men-
tioned above. 

The substance, a colorless, volatile liquid, was 
purchased from Aldrich Chemie, Steinheim. The 
spectra were recorded at temperatures of approxi-
mately — 40 °C and pressures below 1.5 mTorr 
(0.2 Pa). A sample of the measurements is given in 
Figure 1, showing the JK_K+

 = 139 4— 138 5 and 
2010, i o - 2 0 9 , n rotational transitions, both triply split 
by the nitrogen nuclear quadrupole coupling. A 
listing of the recorded transitions is given in Table 1. 

The hfs analysis was carried out as described in 
[2] for pyridine. The hypothetical unsplit transition 
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frequencies were evaluated by adding the hfs correc-
tions to the frequencies of the strongest multiplet 
components. 

The lower J transition frequencies were then used 
to refine the rotational constants assuming rigidity 
of the molecule. We used our programs HT1NQ [8] 
and DH14KS [9] for the hfs- and^DH9 [10] for the 
rigid rotor analysis. The results are given in Table 2. 

The interpretation of the nitrogen nuclear 
coupling in substituted pyridines follows Gordy and 
Cook [11], Because the two orbitals which form the 
N - C bonds are equivalent, there are only three 
electronic parameters unknown: the ionic character 
of the a bonds ia, the hybridization parameter al, 
and the polarization in of the 7r-bond. From the 
CNC angle, which is known to be 117° [12] for 
pyridine and assumed to be the same for the sub-
stituted species, a\ can be evaluated to a\ = 0.312 
[13]. 
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Fig. 1. Rotational transitions J K K = 139 4 — 138 5 and 
20 10, IO 2O9 ] 1 of perfluoropyridine. Hyperfine com-
ponents labelled with F quantum numbers. Range 2 MHz 
out of a 5 MHz recording. Cell temperature: - 33 °C. Gas 
pressure: 0.3 mTorr = 0.04 Pa. Polarizing frequency: 8522.0 
MHz. 107 averaging cycles. Spectral point distance: 5 kHz. 
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Table 1. Measured rotational transitions of perfluoropyridine. v improved frequency of the hfs component, Av splitting 
referred to the strongest component, v0 hypothetical unsplit line frequency, A (zfv) = Av — ^vca|c, deviation of the splitting, 
Avcaic theoretical hyperfine splitting calculated with constants from Table 2, Av0 deviation from rigid rotor spectrum 
(derived from transition frequencies marked with asterisks). 

J' KL K'+ - J" K'. 'K'l F' - F" V A v v o A(Av) Av0 

[MHz] [MHz] [MHz] [kHz] [kHz] 

3 3 0 - 2 2 1 2 - 1 8 453.662 - 0.195 + 3 
4 - 3 8 453.857 8 453.888* - 1 
3 - 2 8 454.049 + 0.192 - 2 

3 3 1 - 2 2 0 3 - 2 8 151.093 - 0.688 - 2 
4 - 3 8 151.781 8 151.610* 0 
2 - 1 8 152.023 + 0.242 - 6 

4 3 1 - 3 2 2 3 - 2 10 832.038 -0 .186 + 5 
5 - 4 10 832.224 10 832.422* - 1 
4 - 3 10 832.964 + 0.740 - 3 

4 3 2 - 3 2 1 4 - 3 9 475.474 - 1.071 - 11 
5 - 4 9 476.545 9 476.282* + 6 
3 - 2 9 476.917 + 0.372 - 9 

5 2 4 - 4 1 3 5 - 4 8 335.626 -0 .621 + 2 
6 - 5 8 336.247 8 336.081 * 0 
4 - 3 8 336.410 + 0.163 + 4 

5 3 3 - 4 2 2 5 - 4 10 496.948 - 1.079 - 7 
6 - 5 10 498.027 10 497.745* - 4 
4 - 3 10 498.321 + 0.294 - 2 

6 3 3 - 5 4 2 5 - 4 8 618.099 -0 .251 + 4 
7 - 5 8 618.350 8 618.783* 0 
6 - 5 8 619.868 + 1.518 + 1 

8 4 4 - 7 5 3 7 - 6 11 960.647 -0 .149 + 3 
9 - 8 11 960.796 11 961.169 - 7 
8 - 7 11 962.046 + 1.250 - 4 

8 8 0 - 8 7 1 8 - 8 8 740.452 - 0.674 + 3 
9 - 9 8 741.126 8 740.926 - 95 
7 - 7 8 741.218 + 0.092 + 7 

13 9 4 - 13 8 5 1 3 - 13 8 524.686 - 0.601 + 5 
1 4 - 14 8 525.287 8 525.100 - 1 4 3 
1 2 - 12 8 525.337 + 0.050 + 3 

13 10 3 - 13 9 4 1 3 - 13 10 492.896 - 0.441 + 5 
1 4 - 14 10 493.337 10 493.199 -199 
1 2 - 12 10 493.373 + 0.036 + 2 

18 11 7 - 18 10 8 1 8 - 18 8 843.077 -0 .561 0 
2 0 - 2 0 8 843.638 8 843.461 -228 
1 9 - 19 8 843.670 + 0.032 + 1 

20 10 1 0 - 20 9 11 1 9 - 19 8 525.060 - 0.024 — 1 
21 - 2 1 8 525.084 8 525.228 - 2 7 8 
2 0 - 2 0 8 525.538 + 0.454 0 

The normal ized valence orbi tals of the ni trogen 
a tom are 

= ( 1 - 2 a 2 ) , / 2 ^ s + { 2 a \ ) m v P i (lone pair) 

V2.3 = ia])1/2 Vs - (1 / 2 - al)11/2 ± (1 /2)1/2 ipPi (1) 
(a bonds) 

¥4 = V P v fa b o n d ) 

with 

a\ = a m o u n t of s character in a bond , 
z = symmetry axis, 

v = axis pe rpend icu l a r to molecular plane, 
.Y = in-plane-axis. 

The popu la t ion n u m b e r s of these orbi ta ls are 

/7(y/,) = 2; n{y/2) = n(y3) = 1 + itt\ n{\pA) = 1 + in(2) 

and f rom (1) with o r thonormal i ty for the occupation 
numbers 

n(px) = 1 + / f f , n(py)=\ + in, 

n(pz) = (\+ia)(\-2al) + 4a2
s, (3) 

n(a) =2-2a]{\-i0). 
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Table 2. Rotational and quadrupole coupling constants 
[MHz] of perfluoropyridine. a standard deviation of the fit 
[kHz]. (A, B) maximum correlation coefficient. Derived 
parameters below the line (single standard errors in units 
of last digit). 

[6] 
A 1481.5813(3) 1481.539(3) 
B 1075.3725(2) 1075.384(4) 
C 623.1115(4) 623.101(1) 
a = 4 

(A, B) = 0.57 

X+ - 1.97(1) 
X - 5.90(2) 
o - 5 
ix\x~) 1 = 0.71 

Xaa 1.97(1) 1.94(25) 
Xbb - 3.94(1) - 4.08(6) 
Xcc 1.97(1) 2.14(25) 

The quadrupole coupling constants may then be 
expressed by 

Xzz 2a\+{\/2-2a\)ia- 1/2/, 

eQq2\o \ + 2eia+e in 

-a\ + {\/2 + a\)ia- 1/2 in 

(4) 
Z.V.Y 

eQqi\ 1 + 2 e i „ + e /„ 

where the charge correction [14] is applied 0.3, 
= MHz [15]). 

Rearrangement of these equations leads to 

{4e Xzz ~ (1 - 4tf2) eQqm} ia+ [2eXzz + eQqm) in 

= ~ 2xzz + e Qq2\o , 

{4e Xxx ~ (1 + 2al) eQqm} ia+ {2E xxx + eQq2l0} in 

= - 2 X x x ~ 2 a l e Q q m . (5) 

Introducing the abbreviations 

* = 4 e * „ - ( l ~ 4 al)eQqm, 

b = 2eXzz + eQqm, 

c = -2xzz + 4a2
seQqm, 

d= 4e Xxx ~ (1 + 2 al)eQqm, 

e = 2exxx + eQqm, 

f = -2xxx-2a2
seQq2]0. (6) 

(5) simplifies to 

a • ia + b • in = c , 

d-ia + e-in = f , (7) 

Table 3. Ring nitrogen nuclear quadrupole coupling con-
stants and derived electronic parameters of pyridine com-
pounds. in, i„ polarization of n and a bond respectively. 

Compound Coupling constants (MHz) Derived 
param-
eters 

Perfluoropyridine X.XX Xaa + 1.97(1) 71 20.4% 
[this work] Xzz = Xbb = -3.94(1) a 20.3% 
2,6-Difluoro- Xxx Xaa + 1.82(5) 71 — 16.0% 
pyridine [5] Xzz = Xbb = -4.16(2) a 20.3% 
4-Chloro- Xxx ~ Xbb = + 1.64(4) 71 5.4% 
pyridine-[35Cl] [3] Xzz Xaa -4.81(1) a 17.6% 
4-Chloro- Xxx ~ Xbb = + 1.5(1) 71 6% 
pyridine-[37Cl] [3] Xzz Xaa -4.7(1) a 20% 
Pyridine [2] Xxx = Xbb = + 1.434(3) 71 2.70% 

Xzz Xaa -4.908(3) a 18.96% 
Pyridine-[4-D] Xxx = Xbb = + 1.442(5) 71 2.76% 
[2] Xzz Xaa -4.907(3) a 18.89% 
4-Cyanopyridine Xxx = Xbb = + 1.41(11) 71 1.0% 
[4] Xzz ~ Xaa ~~ -5.02(4) a 18.4% 

and therefore 

c e— bf 
and 

a f - c d 
(8) 

a e — b d " a e — b d 
Insertion of the experimental data Xgg> 9 = x-z 

(6) followed by application of (8) yields the results 
given in Table 3. 

Contrary to the ia values, the results for in show a 
significant variation from perfluoropyridine (highest) 
to 4-cyanopyridine (lowest value). Although the 
derived data might not be very exact due to the 
simplifying assumptions of the model, the relation-
ship between the electron excess in and the n donor 
(or acceptor) quality of the substituent is obvious. 
While the halogens tend to form double bonds to 
the adjacent ring carbon atom, thus raising the 
electron density in the ring n orbital (mesomeric or 
+ A/-effect), the cyano group lowers the n electron 
density (—A/-effect) by drawing electrons out of the 
ring. In organic chemistry, these effects are known 
from reactivity phenomena, but cannot be measured 
directly. However, some predictions can be made 
concerning other pyridine derivatives. Nitro groups 
e.g. are supposed to be comparable to the cyano 
group considering their influences on the ring n sys-
tem. Therefore, the ring nitrogen coupling tensor of 
4-nitropyridine should resemble that of 4-cyano-
pyridine, while in case of 4-aminopyridine the 
coupling constants should be similar to those of 
4-chloropyridine. Both substances mentioned have 
not yet been investigated with respect to their 
quadrupole coupling. 
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