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Simple partitioning of solutes, with or without the aid of synthetic  Table 1. Permeability Coefficients (P) of Solutes in Teflon AF

receptors, is of inestimable value in chemistry. Selective partition- F1ImS

ing, with solvents and/or synthetic receptors that solvate/bind to analyte PI(1078 cm2-s7Y)
specific types of compounds, is particularly reliable. Fluorous a,a,a,-trifluorotoluene 4.7
liquids are selective solvents for fluorous compounds, a property benzene 3.3
that is useful in synthesfsin practical situations, dimensionally toluene 2.4
stable solvents, such as polymer supported ligdidse advanta- Si;%zi'n”ee 12-2

geous. With this in mind, we investigated poly(2,2-bis(trifluoro-
methyl)-4,5-difluoro-1,3-dioxideo-tetrafluoroethylene (Teflon AF),
a stable fluorous polymer, as a transport/extraction medium for Scheme 1

solutes. Benzene aas K& B i Teflon AF
Teflon AF 2400 () contains 13 mol % tetrafluoroethylene and & » Benzenein Tetlon
has aTgy of 240°C# 1 is moderately soluble in some fluorinated KD’R\ Ky

solvents at room temperature, which allows thin and dimensionally Benzene in solution:

stable films to be cast easily. Films have been studied for their

F F K =V.p, @
—(FZC—CFZ}—G—Q»r1 -
o 0 (SEM: n = 7). The diffusion coefficient of benzene ihin a
. . C><CF pervaporation study (film between pure liquid and gas phase) was
3 3

reported to be 1.9x 1077 cn?-s L1l However, the diffusion
coefficient of the gas vapor of benzene in Teflon AF 1600 is only
el(rlo cm?-s~1.14 The diffusion of gases in Teflon AF 1600 is about
%]factor of 10 slower than i. Thus, the diffusion coefficient of
the solute benzene is remarkably2 orders of magnitude larger
than that of the gaseous benzene.

To assess the partition ratio for a solute to a “dry” film, it is
helpful to consider Scheme 1. We will compare measigtifor
benzene (solute) to the value ki§'9Kpo". The latter product is a
hypotheticaKp'™ for benzene (solute) to a “dry” film. The partition
ratio Kp9' comes from inverse gas chromatography (benzene vapor
sorption intol). Using eq 1 with a net retention volum¥g, of
600 cn¥-g~* (at room temperature from the plot\#§ vs temperature

suitability for gas separatién'® and pervaporatioit Films of 1

are highly permeable to gases apparently because of their high fre
volume. Some reports have shown gas-pressure-dependent transpo
suggesting that the films are plasticized under these condftihs.
There is no work of which we are aware that specifically looks at
this important material as a solvent or transport mediursotiites

How fluorous is Teflon AF? We will first show that films df are
influenced by the solvent to which they are exposed. We then show
that, as a result of imbibing organic solvent, filmsloére not as
dramatically different from organic solvent as is the fluorous solvent
FC-72 (a mixture of perfluorohexanes).

Table 1 shows the permeabilities of a series of organic solutes . -
in chloroform through Teflon AF film$2 The concentration repc_)r_ted by_ Bon?a_lr et &) ancli a densityps, 0f41'73 gem=, the
independence of the permeability of benzene and pyrazine is partition ratioKp' is 1038.Ko" IS 3.32x 107 from the partial .
consistent with a diffusion-controlled mechanism of mass transfer Préssuré of 0.1 M benzene _3,°|Ut'°r? at 298 K. (Refer to Supporting
in which permeability P) is the product of diffusion coefficient Information.) Thus, the partition ratio of benzene from chloroform

(D) and partition ratio Ko). We note that the films are somewhat solution to thechloroform-freeTeflon AF film, Kp'™*, is 0.34. This
) i i If i i
selective. The solutet,a,o-trifluorotoluene is preferred over its is about 8 times larger thafy" we measured, which is only 0.040.

nonfluorinated counterpart. Less polar molecules pass more readily

f_
than the more polar one®iuene > Ppyrazine > Ppyriding. Thus, in KDg - VgPs 1)
this limited perspective, the permeability behavior qualitatively
reflects the fluorous nature of the films. We therefore measured the extent of solvent uptake in film

Clues about the chemical nature of these films in equilibrium Films were monitored by infrared spectroscopy while in contact
with solvent can be deduced from a comparison of diffusion with flowing saturated vapor of chloroform. The concentration of
coefficient and partition ratio for a solute, benzene, to the same chloroform in 1 in equilibrium with saturated vapor at room
parameters for “dry” films. Diffusion coefficients came from temperature is 1.13t 0.04 M (h = 5), which is a 100-fold

analysis of transport data for benzene (solute in Gi$6lvent)1213 concentration of the vapor on a molar basis. This value is close to
Benzene has a diffusion coefficient of (H20.3) x 107% cn?-s! the value recently reported in a pervaporation study (1.3"Mhe

and a partition ratio Kp'f, from CHCk to 1) of 0.0404+ 0.011 surprisingly strong sorption of solvents in Teflon AF films is
13184 = J. AM. CHEM. SOC. 2004, 126, 13184—13185 10.1021/ja047453e CCC: $27.50 © 2004 American Chemical Society
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Table 2. Vibrational Frequencies of CHCls The fluorous FC-72 cannot dissolve the polar 3-hydroxypyridine.
chloraform v (emY) H-bond based association, which is highly solvent deperidést,
gad® 3034 very strong in FC-72. The noncovalent association between Krytox
liquid 3020 and 3-hydroxypyridine increases the extractability of the polar solute
1% solution in FC-72 3034 by 15 000 times in FC-72 as opposed to 41 time4.in
Lt 3025 Solvent-saturated Teflon AF films are not truly fluorous. The
solvent creates a supported-liquid membrane. The sorption of
Table 3. Partition Ratio of 3-hydroxypyridine and Its Association solvents changes the diffusion and partitioning properties of solutes
Constant with 2 in Fluorous Media in the films.
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aKp: partition ratio.Ks: association constant. The association constant Ty determination.

is calculated by taking the stoichiometry of the complex as 1:1 as measured

from Job’s plot of3 with perfluorodecanoic acith Supporting Information Available: Equations and MathCAD

nonlinear fit of the transport curve of benzene; calculatiorkKg¥;
consistent with the dual sorption model describing the gas behavior SPectra of chloroform in solution and in fildy determination of the
in Teflon AF215 in which 1 was demonstrated to have high stoichiometry of the complex between 3-hydroxypyridine and perfluo-
Langmuir sorption capacity and Henry constants compared to Otherrodecanom acid. This material is available free of charge via the Internet
glassy polymers. The Langmuir sorption capacity represents at http://pub.acs.org.
saturable partitioning into voids, while the Henry constant represents
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