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Material for Electronic Supplement

Derivation of the tissue-gas-film 3 phase resistance model to describe the relationship

between thin-film equilibration times and Kox

In this .model, the total resistance (Rroral) that a chemical substance encounters when
diffusing from the sample matrix into the thinﬁlm can be represented by the tes. The total
resistance can be viewed as the sum of the resistances for mass transport of the chemicél in

the biological tissue (Rry), the gas-phase (Rg) and the thin film (Re):
RroraL = Rr + Re + Re : : | (5)
Following the fugacity approach, Rrora. can be represented by the reciprocal of the chemical
conductivity, expressed by the film-to-tissue transport parameter Der (moI.Pa'1.hr'1). Drris
related to the chemical transport parameters in the biologicél tissue (D), the gas-phase (Dg)
and the thin film (Dg): |

1/Der = 1/D¢ + 1/Dg +1/Dy - e

Chemical frans'port in the biological tissue and the film is mainly through diffusion. As aresult -

Dr and Dg can be expressed as:

De = xr..ArZF and Dy =x1. A7y - (7)
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-Where «r. and xy are the mass transfer coefficients (m/hr) for diffusion in the film and tissue

respectively; Ar and Ay are the areas of diffusion (m?) and Zr and Z are the fugacity

{

capacities_(moI.m‘S.Pa") of the film and tissue for the chémicaL
Chemical transport in the gas phase is through a combination of diffusion and flow geherated

by rotating the vials. Dg can beiexpressed as:
DG = QG.ZG ) , . (8)

Where Qg is a hypothetical flow rate (m>fhr), representing diffusidn and gas circulation in the

vial. Substitution of equation 7 and 8 in equation 6, gives:

AIDer = (Ve ArZe) + (1 Qa.Zo) + (1kr.ArZy) | (9)

‘The equilibration time tes can be expressed as :

tes = 3/Ker | | | (10)

where kgt is the rate constant (hr™") for film-to-tissue transfer. Following the fugacity approach,

ket can be represented by:

ket = Der/(Vr.Zr) : (11)
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1 where Dgr is the transport parameter (mol.Pa™.hr™') for film-to-tissue transfer. Combining

2 equations 9, 10 and 11, results in:
4  tes=3. (Vr.Ze) Der =3. (Ve.Zr) {(1/xr.Ae.Zr) + (1/ Qo.Zs) + (1/xr.ArZ7)}  (12)
6 which can be simplified to:

8 tes=3.(VeZe) Der = 3. {(defke) + (Vr.Kea/Qo) + (Ve Ker ikr A} (13)
10  where dF_is the thickness of the film, Kes is the film to gas phasé partition Coeffibient (ZelZs)
11 and Ker.is the film to tissue paftitibn coefficient (Z¢/Zr). Equation 13 illustrates that since Kgs is
12 correlated to Koa and Ko varies from 10°% to- 10°2 for the test chemicals in this study, the gas-
13 phase resistance (Vr.Kee/Qo) 'canvbe expected to increase substantially felative to film and
14 tissue phase resistance. Ker representing the film/tissue partitioh coefficient is not expected to
15}  vary substantially among the test chemicals. An increas_e in film thickness is expected to result
16  in a proportional incfease in the overall resistance and hénce in the value of tes.
17
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