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The rotational spectrum of 2-fluoropyridine has been analyzed in the region between 7 — 40 GHz. 
The rotational constants for the vibrational ground state are: 4̂ = 5870.90 MHz, 5 = 2699.96 MHz , 
C = 1 8 4 9 . 2 6 MHz. The small inertia defect indicates that the nuclear frame is planar. The two 
components of the electric dipole moment were obtained from Stark effect measurements: 
/ ^ a — 2 . 8 0 i 0 . 0 6 D, ,a& = 1.87 ± 0.05 D. These values agree well with an I N D O closed molecular 
orbital calculation done at T.I .F .R. From the hyperfine splittings of the rotational line the 14N 
nuclear quadrupole coupl ing constant are determined. The values are : 

Xaa=-0.02±0.05 MHz, Xbb = - 2 . 8 0 ± 0 . 0 5 MHz, ; r c c = + 2 . 8 2 ± 0 . 0 5 M H z . 

The only microwave studies reported on substi-
tuted pyridines are 2-Methyl Pyridine1 and 4-Me-
thyl Pyridine 2. The microwave spectrum of ortho-
fluoropyridine (2-Fluoropyridine) has now been 
analyzed at the Tata Institute of Fundamental Re-
search and the Institut für Physikalische Chemie der 
Universität Kiel. The preliminary values of the ro-
tational constants had been determined at the for-
mer laboratory3. Since the results4 were in good 
agreement with each other, it was decided to have 
a joint publication. No electron diffraction work on 
this molecule has come to our knowledge. 

At the Tata Institute, the microwave measure-
ments were carried out at dry ice temperature with 
a conventional 100 kHz Stark modulation micro-
wave spectrometer in the frequency range of 8 to 
18 GHz. The pressure was maintained around a 
micron. As described in an earlier paper 5, the spec-
tral frequencies were measured using oscilloscope 
presentation and were reproducible to ± 0.05 MHz. 
At the Kiel University the spectrum was analysed 
in the region 5 to 40 GHz with a Stark modulation 
microwave spectrograph6 '6a employing phase sta-
bilised BWO's as radiation sources. The absorption 
cell had a length of 4.50 m with inner dimensions 

1 H . DREIZLER. H . D . RUDOLPH, a n d H . MÄDER , Z . N a t u r -
f o r s c h . 2 5 a , 2 5 [ 1 9 7 0 ] . 

2 H . D . RUDOLPH. H . DREIZLER, a n d H . SEILER, Z . N a t u r -
f o r s c h . 2 2 a , 1738 [ 1 9 6 7 ] . 

3 Private communication. 
4 S. D. SHARMA presented these values in the "Convention 

of Chemists" , Madras, Nov. 1970. 
5 S. DORAISWAMY a n d S. D . SHARMA . P r o c . I n d . A c a d . S e i . 

6 8 . 5 3 [ 1 9 6 8 ] . 

4.7 cm X 1 cm. It was cooled with methanol flowing 
through a cooling jacket. The pressure was around 
a micron and temperatures around — 60 °C. 

The molecule exhibits a very rich spectrum show-
ing strong a and b type transitions, many of them 
with resolved quadrupole hyperfine patterns due to 
the 14N nucleus. The low J lines were identified by 
their clear Stark patterns and preliminary values 
of the rotational constants were obtained by tran-
sitions 

2 n - l 1 0 = 3 ß + C, 212 — 111 = B + 3C, 
3 2 2 - 2 2 1 = 3 (B + C ) , a n d 2 1 2 - 1 0 1 = A + 3 C. 

The usual Q line plot further confirmed our results 
and assignments. The final rotational constants were 
obtained by a least square fit of many low I lines. 
Table 1 lists a few R and Q branch transitions and 
Table 2 gives the rotational constants. If the pyri-
dine structure as evaluated by BÄK et al. 8 is assum-
ed, and only the CF bond length and the FCN bond 
angle are optimized so as to give a best fit of the 
rotational constants, these values turn out to be 
1 . 3 0 0 Ä and 1 1 7 . 4 ° respectively. However, N Y -

GAARD et al. 9 in their thorough study on fluoro-

6 H . D . RUDOLPH, Z . A n g e w . P h y s . 1 3 , 4 0 1 [ 1 9 6 1 ] . 
U . ANDRESEN a n d H . DREIZLER. Z . A n g e w . P h y s . 3 0 , 2 0 7 
[ 1 9 7 0 ] . 

7 II. D . RUDOLPH, Z . N a t u r f o r s c h . 2 3 a , 5 4 0 [ 1 9 6 8 ] . 
8 B. BÄK, L . HANSEN-NYGAARRD . a n d J. RASTRUP ANDER-

SEN, J. M o l . S p e c t r y . 2 , 3 6 1 [ 1 9 5 8 ] . 
9 L . NYGAARD, I. BOJESEN, TH. PEDERSEN, a n d J. RASTRUP 

ANDERSEN, J. M o l . S t r u c t u r e 2 , 2 0 9 [ 1 9 6 8 ] . 
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Table 1. 
Transition fobs [ M H z ] ^obs-calc [ M H z ] 

2(0,2)—1(0,1) 8949.10a 0.038 
8949.05 - 0 .019 

2(1,2) —1(1,1) 8247.79 0 .024 
2(1,1)—1 (1 ,0) 9949.14 0.051 
2(2,1)—2(1,2) 12064.92® - 0 .05 
2(2,0)—2(1,1) 9662.46 0 .118 
2(1,2) —1(0,1) 11418.61© - 0 . 1 2 
2(2,1) —1(1,0) 19461,894 ± 0 . 0 1 a - 0 .001 
3(2,2)—3(0,3) 15103.90 - 0 .05 
3(0,3)—2(0,2) 13078.30 - 0 . 0 6 
3(1,3)—2(1,2) 12285.15 ± 0 .05 a - 0 .014 

12285.19 - 0 . 0 6 
3(1,2)—2(1,1) 14820.64 ± 0 .05 a - 0 .012 

14820.60 0 .06 
3(2,2)—2(2,1) 13647.60 - 0 . 0 4 
3(2,1)—2(2,0) 14216.93 0 .0 
3(2,1)—2(1,2) 26431,344 ± 0 . 0 1 a 0.0 
3(2,2)—3(1,3) 13427.38 0 .02 
3(2,1)—3(1,2) 9058.70® 0.01 
3(0,3)—2(1,2) 10608.78 0 .12 
3(1,3)—2(0,2) 14755.00 - 0 .05 
4(1,3)—4(0,4) 9391,808 ± 0.01 a ,® 0 .06 
4(2,3)—4(0,4) 16266.22 0 .02 
4(1,3)—4(1,4) 8391.87® - 0 . 0 4 
4 ( 0 , 4 ) - 3 ( 0 , 3 ) 16917.60 0 .06 
4(0,4)—3(1,3) 15240.90 - 0 . 0 4 
4(1,4)—3(1,3) 16240.30 - 0 . 0 3 
4(2,2)—3(1,3) 33503.96 ± 0 . 0 1 a 0.001 
4(3,1)—4(2,2) 16558.60 - 0 . 0 5 

a The frequency measured at Kiel is the weighted average fre-
quency of the HFS multiplet 7. Frequency uncertainties are 
due to finite linewidth. The frequency standard used has 
a long time stability better than 1 : 10 9. The measurements 
at T.I.F.R. were made at higher pressures when the quadru-
pole splittings were not resolved. 

® These lines were not subjected to the least squares fitting 
procedure for the rotational constants. 

benzene have concluded that the CF bond length 
should be 1.350 Ä. Even in polyfluorocompounds 

like C 6 F 5 H 5 , C 6 F 5 CN 1 0 , C 6 F 6 1 1 , C 6 F 1 2 1 2 the value 
for the CF bond length is around 1.330 Ä . There-
fore the low value of only 1.300 Ä for the CF bond 
length indicates, that the pyridine structure which 
was assumed in the calculation gets affected by fluo-
rine substitution and a number of isotopical species 
will have to be studied to give a reliable structure 
for the molecule. 

Values for the two components of the electric di-
pole moment were calculated from Stark effect mea-
surements. In both laboratories the Stark cell was 
calibrated using OCS as a standard with 

/*ocs = 0.71521 Debye 1 3 . 

During the evaluation of the data, the effect of 
the quadrupole coupling was neglected. The field 
strength was increased until the calculated compo-
nents of the electric dipole moment approached the 
values for the strong field condition. The results 
(| ju | = 3.40 D at T.I.F.R. and [ /u | = 3.33 D at Kiel) 

Table 2. Rotational constants and moments of inertia of 
2-fluoropyridine. 

Kiel T . I . F . R . 
[MHz] 

A = 5870.883 ± 0.014 A = 5870.921 ± 0.007 MHza 

B = 2699.977 ± 0.006 B = 2699.940 ± 0.006 MHza 

C = 1849.246 ± 0.004 G = 1849.271 ± 0.004 MHza 

7a — 86.081 a m u l 2 

lb — 187.180 amu A2 

I c = 273.283 amu A2 

A = 0.018 amu A2 

Conversion factor = 505376 MHz amu A2 

a These values are square roots of the variances. 

Table 3. Electric dipole moment of 2-fluoropyridine. For comparison the values calculated with the INDO method are given 
too. In this calculation Bak's pyridine structure was used for the ring together with rcF=L3Ä and FCN = 117.4°. 

Transition M E Stark /l^obs Av calc (AvIE^Us (z1W£2)calc 

[V/cm] [MHz] [MHz] [MHz/(kV/cm)2] 

2(0,2) —1(0,1) 8949.10 1 337.50 12.07 12.044* 
3(1,3)—2(1,2) 12285.15 0 281.2s 8.07 8.09s* 
3(1,2)—2(1,1) 14820.64 1 675.00 9.38 9.398* 
3(1,2)—2(1,1) 14820.60 1 21.3 21.44 
2(1,1) —1(1,0) 9949.14 0 17.2 17.16 
4(0,4)—3(0,3) 16917.60 2 53.8 53.75 
\/*a | = 2.78 i ; 0 .05D* 1 = 1.84 ± 0.05 D* I H = 3.33 ± 0.08 D* 
\Ha\= 2-82 ± 0.06 D 1 Mb I = 1.91 ± 0.03 D M = 3.40 ± 0.07 D 

Pa INDO = 2 . 6 5 D /M&INDO = - 1.83 D | //INDO | = 3 .22 D 

* Values obtained at Kiel. 

10 S. D . SHARMA and S. DORAISWAMY, Proc. Ind. Acad. Sei. 12 K.E.HJORTAAS and K.O.STROMME, Acta Chem. Scand. 2 2 , 
67,12 [1968]. 2965 [1968]. 

11 A. ALMENNINGEN et al., Acta Chem. Scand. 1 8 , 2115 13 J. S. MUENTER, J. Chem. Phys. 48, 4544 [1968]. 



are given in Table 3. An I N D O closed molecular 
orbital calculation using the program of D O B O S H 1 4 

done at T.I.F.R. gives for the total dipole moment 
a value of 3.22 D, which is in good agreement with 
the above values (compare Fig. 1 and Table 3 ) . 

Table 4. Quadrupole hyperfine splittings. 

4a) (T.I.F.R.). 

Fig. 1. 

Using the usual first order theory (see for in-
stance 1 5 ' 1 6 ) the quadrupole coupling constants of 
the N14 nucleus were calculated. The measurements 
at T.I.F.R. were done at lower resolution and the 
F = J +1—> J + 1 and F — ] — 1—>-/ — 1 components 
given in Table 4 a could be resolved only partly. 
The values for the quadrupole coupling constants 
are given in Table 5. In Table 6 the coupling con-
stants are compared with those of pyridine18 . For 
this purpose the coupling tensor was transformed 
into the pyridine principal axis system through a 
rotation of 31° 56' and it was assumed that the off-
diagonal element %xy caused by the fluorine substi-
tution is sufficiently small to be neglected. In col-
umns 2 and 4 of Table 6 coupling constants as ob-
tained from NQR measurements in the solid state 
are listed for comparison. Using relations derived 

14 P. A. DOBOSH, (QCPE 142) Quantum Chemistry Program 
Exchange, Indiana University, Bloomington, Indiana, USA. 

15 T. M. SUGDEN and C. N. KENNY, Microwave Spectroscopy 
of Gases, Van Nostrand, Amsterdam 1965, Sec. 5.3. 

16 J. E. WOLLRAB, Rotational Spectra and Molecular Struc-
ture, Academic Press, New York 1967. 

17 E. SCHEMPP and P. J. BRAY, J. Chem. Phys. 4 9 , 3 4 5 0 
[ 1 9 6 8 ] . 

18 G. 0. SORENSEN, J. Mol. Spectry. 22, 325 [1967]. 

Jk~K+ — J'K'-K+ A Vobs (A J'obs A Vcalc) 
[MHz] [MHz] 

322 — 3i3 0 . 9 9 - 0 . 0 2 
423 — 414 1 .08 0 . 0 2 
514 — 423 0 . 6 0 0.01 
5 l 4 — 5O5 1 .59 - 0 . 0 1 
615 — 6O6 1 .55 0 . 0 3 

?25 — ?26 1 . 2 4 - 0 . 0 3 
?25 — 0 . 9 6 0 . 0 5 
826 — 817 1 .04 - 0 . 0 2 

IO37 - io28 0 . 6 4 0.01 
IO37 - io38 0 . 9 7 - 0 . 0 5 
19613 — 19614 0 . 7 2 0 . 0 2 

Av = VJ+J — vj+i+j+i for Q-branch lines, 
= vj-+j-1 — vj+l+j for i?-branch lines. 

4b) (KIEL). 

Jk-k+ J'k'-k'+ F -> F' {vF-.FI-v)ot>s (vp^fi-v)calc 
robs [MHz] [MHz] [MHz] 

111 2ia 
8247.689 

404 -> 4l3 
9391.808 

l i o ->2n 
9949.190 

loi 2is 
11418.604 

3l2 422* 
33503.960 

2l2 -> 32I* 
26431.344 

ho-^221* 
19461.894 

+ 0.051 
- 0.689 
- 0.840 
+ 1.391 

+ 1.137 

- 0.403 
- 0.823 

0.777 

} - 0 , 049 
- 1.401 

} - 0 . 

0.711 
0.204 

713 

- 0.443 
+ 1.299 
- 0.998 
- 0.329 
+ 1.085 
- 1.007 
+ 0.142 
- 0.704 
+ 1.406 

+ 0.055 
+ 0.002 
- 0.706 
- 0.843 
+ 1.406 

1.133 
0.392 
0.329 
0.177 
0.123 

- 0.412 
- 0.809 

0.844 
0.700 

+ 0.002 
- 0 . 0 6 1 
- 1.406 

0.706 
0.700 
0.201 

- 0.702 
- 0.704 
- 0.450 
+ 1.300 
- 0.993 
- 0.327 
+ 1.081 
- 1.005 
+ 0.141 
- 0.703 
+ 1.406 

v0 is the weighted average frequency7 of the transition. 
Only the transitions denoted with * have been used for the 

least squares fit of the coupling constants. 



by L U C K E N 17>19 it is possible to calculate electron 
occupation numbers for the nitrogen n- and o-bond-
ing molecular orbitals: 

— 1/2 a — 1/6 6 = Xzz/Xp — 4/3 , 
(3rj-9)a+(t] + 9)b = Srjt \ \ 

y=(xw-xxx)jxzz\N/ it 

Here a is the occupation number of the p^-orbital 
perpendicular to the plane of the ring, which contri-
butes to the Jr-system. b is the occupation number 
of each of the two o-bonds (sp2-hybridization is as-
sumed for the nitrogen molecular orbitals). 

X v = - e * Q \ w v 3 c ° s 2 r f ~ 1 Vp dr = - 10 MHz 2°. 

From the above equations one gets for 2-fluoro-
pyridine: 

A = 1 . 2 9 ± 0 . 0 2 + 0 . 0 7 | I ) , 

b = 1 . 3 6 + ( 0 . 0 1 + 0 . 0 6 | J ^ P I) 

where AxP is the uncertainty of Xp • The values for 
pyridine calculated from the gas phase coupling 
constants18 are: a =1 .23 , 6 = 1.37. Thus the in 
plane electron density represented by b (which gives 
a positive contribution to the coupling constant Xcc 
perpendicular to the ring) remains essentially un-
changed, while the ^-electron density represented 

Table 5. Quadrupole coupling constants. The errors are twice 
the standard deviations. 

T.I.F.R. Kiel 

Xaa = 
Xbb = 
Xcc = 

- 0.04 + 0.05 MHz 
- 2.78 ±0.05 MHz 
+ 2.83 ± 0.05 MHz 

+ 0.01 ± 0.04 MHz 
- 2.82 ± 0.03 MHz 
+ 2.81 ± 0.03 MHz 

19 E. A. C. LÜCKEN, Trans. Faraday Soc. 57, 729 [19611. 
20 C. H. TOWNES and A. L . SCHAWLOW , Microwave Spectro-

scopy, McGraw-Hill Book Co., New York 1955, p. 243. 

Table 6. Comparison of the N14 coupling constants for pyri-
dine and 2-fluoro-pyridine as obtained from the hyperfine 
splittings of the rotational transitions of free molecules (mi-
crowave data) and from direct transitions between the qua-
drupole hyperfine levels in a molecular crystal (NQR data). 
Although the accuracy of the microwave results is consider-
ably less than that of the NQR data, the differences clearly 
indicate that the nitrogen bonds get affected in the molecular 

crystal. 

Coupling Micro- NQR17 Microwaves NQR17 

const. waves18 

(MHz) (gas phase) (solid state) (gas phase (sol. state) 

Xxx +3.45 +3.200 +2.82 ±0.05 +2.59766 
Xw +1.43 +1.384 +1.81 ±0.05 +1.60465 
Xzz -4 .88 -4.5845 -4.62 ±0.05 -4.20231 

by a (which gives a negative contribution to Xcc) Is 

slightly increased in 2-fluoropyridine when compar-
ed with pyridine. This is consistent with the de-
crease of Xcc when going from pyridine to 2-fluoro-
pyridine. One should however keep in mind that 
the interpretation of the coupling constants within 
the frame given above is based upon rather crude 
assumptions as is discussed in detail in the papers 
o f S C H E M P a n d B R A Y 1 7 a n d B O N A C C O R S I , S C R O C -

C O a n d T O M A S I 2 1 . 
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