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ABSTRACT 

The microwave spectrum of deuterated 3-fluorophenol, 3-FC,H,OD, has been 
observed in the frequency ranges 12.5-18.0 GHz (KU band) and 21.5-25.0 GHz (K 
band) in the ground vibrational state at room temperature. Analysis yields three rota- 
tional and five quartic centrifugal distortion constants: A = 3742.943 + 0.029, 6 = 
1737.449 + 0.017, e = 1186.728 2 0_016,d,= (7.383 + 2.0) x 104, dJ,= (-13.756 + 
3.191) x lo-‘, dK= (-17.814 + 4.298) x lo-“, dwJ= (-4.0 .+ 1.0) x lo+‘, d,= (9.3 + 
2.2) x lo6 (in MHz). From a consideration of the rs coordinate of the H atom in the 
OH group, the present analysis leads to the assignment of the observed spectrum to the 
tram conformer of the molecule. An r0 structure satisfying the rotational constants of 
both the parent and the deuterated species is proposed_ The small value of the inertia 
defect, A = -0.0368, confirms the planarity of the molecule. 

INTRODUCTION 

Rotational isomers of organic compounds have been extensively studied 
by microwave spectroscopy leading to their conformational analysis, evalua- 
tion of barrier heights and energy differences. Investigations of the rotational 
spectra of phenol by Kojima [ 11, Forest and Dailey [ 21, Quade [ 31, Mathier 
et al. [ 41 and Larsen et al. [ 51 led to its substitution structure and revealed 
that the OH group undergoes hindered internal rotation with respect to the 
benzene ring. Hence, one would expect there to be two distinct conformers, 
cis and tram, in unsymmetrically substituted phenols due to the different 
positions of the H atom of the OH group relative to the substituted atom. 
Indeed, Pedersen et al. [6] showed the existence of two different rotamers 
in unsymmetrically substituted deuterated phenol. However, it was not 
possible for them to distinguish between the cis and bans conformers. Later, 
Larsen [ 71 solved the cis/trans problem with complete substitution studies 
and determined the absolute direction of the dipole moment. 

Asymmetrically substituted fluorinated phenol should, in principle, 
behave as a mixture of two rotational isomers. A far-IR study [8] of meta- 

substituted fluorinated phenol predicted the existence of cis and trans con- 

formers. Onda et al. [9, lo] have so far been able to detect the cis conformer 
of 2-chlorophenol. We have reported [ll] an analysis of the microwave 
spectrum of the parent species of 3-fluorophenol in which we proposed 
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that the bands should be attributed to the bans conformer and showed that 
the compound behaves as a conventional planar molecule. In order to 
establish the planarity of the molecule and to remove the ambiguity in con- 
formational analysis, an investigation of the deuterated species of 3-fluoro- 
phenol was undertaken. The microwave spectrum is analysed here. Using the 
rs coordinate of the H atom in the OH group, the trans conformation of 
the molecule is confirmed. In addition, an I‘~ structure of the tram con- 
former is proposed. 

EXPERIMENTAL 

Deuterated 3-fluorophenol was obtained by conventional exchanging of 
the normal sample (Aldrich Chemical Co.) with D,O. The mixture was dried 
over anhydrous P205 for a few days after removing the excess D20 and 
distilled under vacuum. Microwave spectra were observed with a lOO-kHz 
Stark modulation microwave spectrometer in the frequency ranges 12.5- 
18-0 GHz (KU band) and 21.5-25.0 GHz (K band) at room temperature_ 
D20 vapour was injected into an absorption cell which was evacuated for 
several hours prior to injection of the sample. The sample pressure was 
maintained at around lo1 mmHg during measurements and the Stark voltage 
at around 300 V cm-‘. The maximum experimental error in the frequency 
measurement was estimated to be 20.2 MHz. 

RESULTS AND ASSIGNMENT 

The expected absorption pattern of deuterated trans 3-fluorophenol 
was generated using the rotational constants given in ref. 11 with the excep- 
tion that the H atom in the OH group was replaced by a D atom. The spec- 
trum was expected to have both b-type Q branch and a and b-type R branch 
transitions. 

The initial phase of the assignment involved the search for strong b-type 
Q branch lines (with high J) in the vicinity of the predicted frequencies. 
A leastsquares analysis using different combinations of these lines was 
performed in order to obtain a set of (A - C)/2 and K values. One such set 
using three of the most intense lines resulted in a fit which successfully pre- 
dicted all other observed lines in the KU and K bands within experimental 
error. The intensities of the observed lines were consistent with the caI- 
culated transition strengths in both the K and KU bands. A least-squares 
analysis of aU the observed Q branch lines gave a statistically meaningful 
estimate of (A - C)/Z and K . The values of (A - C)/2 and K predict the 
separation of the R branch lines at a given value of J. Selection of a suffici- 
ent number of R branch lines with the correct frequency separation com- 
pleted the assignment. 

In the above analysis the Watson [12] Hamiltonian in the P representation 
was used where K0 = AP: + BP; + cp,’ is the rigid-rotor Hamiltonian. 
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3c = X’,, - d,,(J2)* - dJKJ2J2, - dKJ4, - d,&,,J2 - dlYKXOJZZ 

A total of 48 transitions involving rotational states up to J = 28 were 
measured and used in the least-squares analysis for evaluating the eight 
parameters A, 8, t?, d,, dJK, d,, divJ and d Iyfc. The standard deviation of the 
overall fit f 13 f was 0.31, similar to the experimental error, Most of the 
observed and calculated frequencies agreed to within +0.35 MHz. The con- 
tribution to the centrifugal distortion parameters was found to be significant 
for transitions involving rotational states J > 11. The observed transition 
frequencies, obs. - talc. values and centrifugal distortion corrections can be 
obtained from B.L.L.D. as Supplementary Publication No. SUP26213 
(3 pages). The associated rotational and centrifugal distortion constants and 
their respective error limits are given in Table 1. The relatively large error 
limits for divJ and dim are due to the very slight dependence of these param- 
eters on the measured transitions. It should be noted that the centrifugal 
distortion corrections obtained must be added to the rigid-rotor frequen- 
cies, with the sign convention shown in the supplementary material, to 
reproduce the observed transition frequencies. 

MOLECULAR STRUCTURE 

The small value of the inertial defect, A = -0.0368, for the deuterated 
species of 3-fluorophenol confirms the planarity of the molecule. This value 
of A is more negative than that of the non-deuterated species (-0.0121), 
a feature which generahy arises Worn an out-of-plane motion [14j, in this 
case the OH torsion. 

Using the rotational constants of the two measured species of the 
molecule, it is a straightforward matter to obtain the absolute values for the 
coordinates of the H atom of the OH group by application of Kraitchman’s 
equations [ 15]_ However, due to the lack of available data, we decided to 
propose an r. structure which would reproduce with reasonable accuracy 
both the derived rotational constants of the two species as well as the co- 
ordinates of the H atom, calculated as indicated above. Thus, we considered 

TABLE 1 

Rotational and centrifugal distortion constants of trans-3-FC,H,OD (in MHz) 

A = 3742.943 + 0.029 
B = 1737.449 c 0.017 
e = 1186.728 5 0.016 

dJ = (7.383 2 2.0) x lO+ 

6.x = (-13.756 + 3.191) x lO-3 

dK = (-17.814 it 4.298) x 10-j 

dirw = (-4.0 rt 1.0) x lo-? 

dwK = (9.3 k 2.2) x 106 



Fig. I. r,, Structure of truns-3-fluorophenol. 

the I-~ structure proposed earlier for the parent species [ll] and varied the 
COH angle and the angle of tilt of the CO bond until we found the best 
combination of these parameters. It was found, in practice, that only a small 
increase (0.1”) in the angle of tilt was required to obtain satisfactory repro- 
duction of the rotational constants of the two species and reasonable co- 
ordinates for the H atom. The proposed structure is shown in Fig. 1. Table 2 
lists the observed and calculated principal moments of inertia for both the 
parent and deuterated species. The principal axis coordinates of the H aton 
are given in Table 3. The agreement between the observed and calculated 
values provides strong evidence in favour of the trams conformer of the 
molecule. 

TABLE 2 

Principal moments of inertia= (amu a’) 

trans-%FC,H,OH tians-3-FC,H,OD c 

Ohs.” CaIcd Obs. - talc. Obs. Calcd Obs. - talc. 
-- -----_-_ - - __--.- --_- __ _ 

1, 134.8627 134.8921 -0.0294 135.0624 135.1053 -0.0429 
Ib 281.2079 281.1532 0.0547 290.9616 290.9686 -0.0070 
1, 416.0585 416.0453 0.0132 425.9872 426.0739 -0.0867 
a = (1, - 1, - Ib) = -0.0121 -0.0368 

aConversion factor 505 531 MHz amu AZ. bRef. 11. CThis work. dCalculated using the 
r. structure shown in Fig. 1. 
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TABLE 3 

Principal axis coordinates (A) of the substituted H atom 

=H 

bH 

I Obs. I = Cakb 

3.124 3.164 
0.462 0.473 

aObtained from Kraitchman’s equations_ bobtained from the r,, structure shown in Fig. 1. 
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