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a b s t r a c t

Evaluation of diffusion coefficients of pure compounds in air is of great interest for many diverse indus-
trial and air quality control applications. In this communication, a QSPR method is applied to predict the
molecular diffusivity of chemical compounds in air at 298.15 K and atmospheric pressure. Four thousand
five hundred and seventy nine organic compounds from broad spectrum of chemical families have been
investigated to propose a comprehensive and predictive model. The final model is derived by Genetic
Function Approximation (GFA) and contains five descriptors. Using this dedicated model, we obtain sat-
isfactory results quantified by the following statistical results: Squared Correlation Coefficient = 0.9723,
Standard Deviation Error = 0.003 and Average Absolute Relative Deviation = 0.3% for the predicted prop-
erties from existing experimental values.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Diffusion coefficient is one of the most important transport
properties of the fluids. This parameter plays crucial rule in diverse
engineering applications from designing mass transfer equipment
to atmospheric and indoor air pollution control.

From chemical engineering point of view, designing mass trans-
fer units entails the knowledge of mass transfer coefficients. This
parameter and the prior one appear in the important non-dimen-
sional number known as Sherwood number which defines as fol-
lows (Treybal, 1980):

Sh ¼ k � x
D

ð1Þ

In Eq. (1), k; x and D refer to mass transfer coefficient, characteristic
length and diffusion coefficient, respectively. Since many mass
transfer correlations are introduced in the terms of Sherwood num-
ber, the knowledge of diffusion coefficient is requisite for determi-
nation of mass transfer coefficients.

Besides, diffusion coefficient is an important parameter for
atmospheric pollutant dispersion models. Pollutant dispersion
models are mathematical expressions which allow researchers to
determine the vivid picture of pollutant fate and pollution profile

in specific location. These models are essential to quantify air pol-
lution impact on the environments and human health.

Finally, the concept of molecular diffusion finds its way through
the analytical chemistry applications. Monitoring organic environ-
mental contaminations is an ongoing challenge in the analytical
chemistry. There are two approaches for monitoring contaminant
concentrations in the air: active and passive sampling.

Active sampling methods require a large number of samples ta-
ken from a particular location over entire duration of sampling in
order to determine the contamination concentration in the indoor
air or atmosphere. The main drawbacks of this approach are its
time consuming and costly operations.

For the solution of this situation the passive sampling methods
is introduced. This approach is based on the measurement of the
concentration as a weighted average over the sampling time. Since
the concentration of the analyte is integrated over exposure time,
this approach is invulnerable to accidental and extreme variation
of pollutant concentrations (Namieśnik et al., 2004).

This sampling technique purely based on concept of molecular
diffusion. The governing equation for the free flow of the analyte
from the sampled medium to collecting medium is the first Fick’s
law of diffusion which presents as follows:

JA ¼ �DA
@CA

@z
ð2Þ

where JA is the molar flux of analyte, A which was diffused as a re-
sult of concentration gradient. As it is obvious in the Eq. (2),
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diffusion coefficient D is the key parameter to evaluate the diffusion
flux values. Accessing to the accurate values of the diffusion coeffi-
cient would result in more accurate determination of the pollutant
concentration for the indoor and atmospheric air quality assess-
ments (Stranger et al., 2008).

Fig. S1 schematically portrayed the application of the molecular
diffusion coefficient in diverse branches of engineering.

As it is indicted, knowledge of accurate values of diffusion coeffi-
cients is essential for many diverse applications. Unfortunately, the
experimental data for many compounds are scarce and even unavail-
able. Experimental determination of these values requires accurate,
costly and time consuming measurements (Marrero and Mason,
1972). To overcome this issue, predictive accurate models should be
introduced to estimate the unknown values of diffusion coefficients.

Up to now, many correlations have been presented to deter-
mine the diffusion coefficients in gaseous binary mixtures. These
correlations can be divided into two general categories: theoretical
and empirical correlations.

Generally, theoretical correlations of diffusion coefficients are
stemmed from solving Boltzmann equations. The results of this
solution credited to both Chapman and Enskog who independently
derived the correlation (Poling et al., 2001). This correlation could
be successfully applied to binary mixtures at low to moderate
pressures:

DAB ¼
3

16
ð4pkT=MABÞ1=2

npr2
ABXD

fD ð3Þ

where MA and MB are the molecular weight of molecules A, B respec-
tively; MAB = 2[(1/MA) + (1/MB)]�1; n, the number density of mole-
cules in the mixture; k, the Boltzmann’s constant; and T is the
absolute temperature. XD the collision integral for diffusion is a func-
tion of temperature and depends upon the choice of intermolecular
force law between colliding molecules.rAB is the characteristic length
of the intermolecular force law. fD is a correction factor to account
molecular differences of presented species in the mixture. XD and
rAB derived from appropriate potential function. Generally, Len-
nard–Jones 12-6 potential was employed for its convenience and sim-
plicity. The correlation presented in the Eq. (3) is valid for dilute gases
consisting of non-polar, spherical, monatomic molecules. Calculation
of diffusion coefficients based on theoretical approach shows up to
25% deviation even for aforementioned class of dilute gases.

The other estimation method correlates the diffusion coeffi-
cients with the viscosity values. Since the derived expressions for
these two parameters based on Chapman-Enskog have a common
basis, they can be combined to the related two parameters. To con-
duct diffusion coefficient calculation, the viscosity values as a func-
tion of composition at the constant temperature are required
(Hirschfelder et al., 1965; DiPippo, 1967; Gupta and Saxena,
1968; Kestin et al., 1977; Kestin and Wakeham, 1983).

The validity of this method was approved as excellent with a
large collection of viscosity and diffusion coefficient experimental
data by Weissman and Mason (1962) and Weissman (1964).

For extending theoretical approach for the prediction of diffu-
sion coefficient of polar gases modified version of Lennard–Jones
potential like Stockmayer should be applied.

Brokaw (1969) kept the original version of Eq. (3) and modified
XD for polar components. His modification involved the addition of
extra term to the original XD accounting for polarity. This extra term
is calculated from dipole moment, liquid molar volume at the nor-
mal boiling point and the normal boiling point. His assumption of
relating polarity effect, exclusively to the dipole moment was dis-
puted by some authors (Byrne et al., 1967). The estimated diffusion
coefficients using Brokaw’s method display maximum absolute
deviations up to 33% for the polar gases of the same group of gas mix-

tures investigated by conventional theoretical method using Len-
nard–Jonnes 12-6 potential function (Prausnitz et al., 1999).

Several proposed methods of estimating the diffusion coeffi-
cient retain the original form of Eq. (3) with empirical constants
based on experimental values.

Wilke and Lee (1955) proposed a model similar to the original
form of Eq. (3). They suggested that derived parameters from 12-
6 Lennard–Jones potential in original equation could be satisfacto-
rily replaced by their suggested empirical constants which are
function of liquid molar volume and normal boiling point.

Other modification was suggested by Fuller et al. (1966, 1969).
In their model a new parameter was introduced defining as summa-
tion of atomic diffusion volumes of the atomic species present in
the structure of the molecules. These values obtained by the regres-
sion analysis of a large collection of experimental data. The authors
claim that the largest associated error of this method of about 4%.

Despite of simplicity of the reported correlations, their employ-
ment accompanied with several drawbacks. First, all of the correla-
tions presented in this section require some additional parameters
in lieu of the estimation of diffusion coefficients. For the cases of
the unknown components, all of these parameters like normal boil-
ing point, scale factor, etc. should be estimated or calculated prior
to the diffusion coefficient. Second, despite of their promising pre-
diction of the diffusion coefficient of dilute and non-polar gases,
they could not accurately predict the associated values for high po-
lar gases. The more polar the gas is, the higher error is expected.
Finally, these correlations are based on the limited numbers of
experimental data. Many substances from various classes of com-
ponents are absent in the original data sets and therefore, any gen-
eralization should be conducted with the caution.

To sum up, the proper model not only should be derived from a
large collection of data for generalization purposes, but also should
be based on the least parameters of the studied components.

One of the approaches which successfully satisfied the men-
tioned criteria is Quantitative Structure Property Relation also
known as QSPR. In recent years, QSPRs gained recognition in the
correlation and prediction of physical, chemical and biological
properties (Gharagheizi, 2007b, 2008a,c, 2009; Vatani et al.,
2007; Gharagheizi and Sattari, 2009; Gharagheizi et al., 2011b,c).

In QSPR methodology, merely the structures of components
served as inputs of the model. The objective of the QSPR is to relate
microscopic properties solely derived from molecular structure to
the macroscopic ones. This would be done by introducing the con-
cept of ‘‘descriptors’’. The molecular descriptor is the final result of
a logic and mathematical procedure which transforms chemical
information encoded within a symbolic representation of a mole-
cule into a useful number or the result of some standardized exper-
iment (Todeschini and Consonni, 2000). These descriptors could be
empirical or purely based on topological or quantum chemistry
computations. Next, by the aid of statistical approaches and regres-
sion analysis the pool of descriptors are accurately scrutinized and
the best descriptors suited for the model are selected. This step is
the most critical step of QSPR modeling. Fig. S2 illustrates the
graphical presentation of typical QSPR modeling.

In this study the QSPR model was proposed for the prediction of
diffusion coefficients of 4579 diverse organic compounds at dilute
concentration and ambient condition (pressure and temperature of
1 atm and 298.15 K, respectively).

2. Methodology

2.1. Data preparation

The soundness and validity of the models for representation/
prediction of physical properties, especially those dealing with
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