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Experimental data for the calculation of relative fugacity values in the benzene-monofluorobenzene system in the presence of 
polar solvents has been obtained. 

The preparation of monofluorobenzene 1 by pyrolysis of from 2 by distillation or rectification owing to the small 
cyclopentadiene with fluorohalo enomethanes in the presence difference between their boiling points (ATb =4  OC) and the P of ammonia and water vapour afforded products contami- mean relative fugacity coefficient a= 1.176~,< special methods 
nated with 2-5 mass % of benzene 2. It is difficult to purify 1 should therefore be used. A polar solvent capable of produ- 
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Table 1 "Polarity" parameters for some organic substancesa 

Polar solvents Solvent polarity scales 
ET n: 

DMF 43.8 0.88 
N-MP 42.2 0.98 
DMSO 45.0 1.00 
Ethyleneglycol 56.3 0.92 

" For 1: ET = 37.0; no= 0.62; for 2: ET = 34.5; rr* = 0.59. 

cing solvate complexes with 1 and 2 of different stabilities was 
applied in those methods and led to an increase in a in the 1-2 
system. 

As can be revealed from NMR spectroscopic data?' some 
polar solvents, especially N,N-dimethylformamide (DMF), 
have different interactions with 1 and 2. It is assumed that 1 
and 2 are x-donors whereas DMF is a n-acceptor. IR spectro- 
scopic data confirmed the difference between interaction of 1 
and 2 with phenol (PhOH) as OH-proton donor. Two differ- 
ent types of 1-PhOH complexes were established: OH . . . F 
and OH . . . x(F), whereas the 2-PhOH complex is formed only 
due to an intramolecular hydrogen bond OH . . . x. 

DMF, some lactams [N-methyl-2-pyrrolidinone (N-MP), 2- 
pyrrolidinone], glycols (diethyleneglycol) and dimethyl sulfox- 
ide (DMSO) were used in the present study, based on the 
information reported above and the "polarity" scales of the 
organic substances (see Table 1; l+ is a measure of the 
acceptor property of the solvents,' x is a parameter of the 
"polarity-polarizability" scale8). Ethanolamine was taken as a 
reference. 

The interaction of 1 with DMF, N-MP and 2-pyrrolidinone 
was estimated from 1 9 ~  NMR spectrat of -0.1 mol dm-3 
solutions of 1 and polar substances recorded in CCL. The 
chemical shift differences (A:) were calculated using the 
formula: A: =Si-33.78, where Si (ppm) is the observed 1 9 ~  

chemical shift in a binary mixture of 1 and the polar solvent 
(4-8 mass %) in CC14; 33.78 ppm is the 1 9 ~  chemical shift of 1 
in pure CCL (a polar solvent is absent). 

The A: values for the polar substances studied are 2.44,2.02 
and 1.82 ppm, respectively. It is therefore obvious that all 
three solvents interact with 1; the strongest interaction was 
observed in DMF and the weakest with 2-pyrrolidinone. 

Experimental studies on the vapour-liquid phase equili- 
brium in the three-component systems were carried out under 
isobaric conditions (at 760 ~ o r r ~ )  using an Othmer apparatus 
with vapour-phase circulation. Equilibrium phase composi- 
tions were analysed using GLC. 

Experimental data allowed us to calculate the relative 
fugacities of the components in the presence of polar solvent 
(%) using equation (I), where y and x represent the content of 
2 (in mole fractions) in the vapour and liquid, respectively 
(converted into a binary mixture of the components and 
subjected to separation). The calculated data are presented in 
Table 2. 

Table 2 Relative fugacity of the benzen+monofluorobenzene mixture in 
the presence of a polar solvent 

Dipolar solvent Solvent concentration 
in mixture admitted 
into the apparatus 
(mass %) 

DMF 80.0 
87.5 
90.0 

N-MP 90.0 
2-Pyrrolidinone 90.0 
Ethanolamine 90.0 
Diethyleneglycol 70.0 

80.0 
90.0 

DMSO 90.0 

Vapour-liquid Relative 
mixture fugacity 
boiling point a, 
/ "C 

The results show that DMF, N-MP, DMSO and ethanol- 
amine present rather high selectivity and considerable increase 
in relative fugacity in the binary system studied. However, the 
utility of ethanolamine or diethyleneglycol is limited because 
of the possible formation of two liquid phases (so-called 
'stratification') in the mixtures of these solvents with 1 and 2. 
When DMSO is used vacuum distillation is needed for its 
regeneration and recovery of 1 and 2 seems to be a difficult 
task. DMF and N-MP appear to be the most appropriate 
extractive agents for 1 and 2 separation and will be studied 
more extensively. 
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t The spectra were recorded by A. I. Ignatenko using a Perkin Elmer 
radiospectrometer (internal standard CF3C02H). 
1 1 Ton  = (101325/760) Pa. 
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