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Abstract

We applied and compared seven vapor pressure estimation methods to the condens-
able compounds generated in the oxidation of α-pinene, as described by the state-of-
the-art mechanism of the BOREAM model (Capouet et al., 2008). Several of these
methods had to be extended in order to treat functional groups such as hydroperoxides5

and peroxy acyl nitrates. Large differences in the estimated vapor pressures are re-
ported, which will inevitably lead to large differences in aerosol formation simulations.
Cautioning remarks are given for some vapor pressure estimation methods.

1 Introduction

Biogenic SOA, originating from the oxidation of organic molecules such as isoprene10

and terpenes, is estimated to be a major contributor to organic aerosol (Hallquist et al.,
2009). Many uncertainties exist regarding the formation and composition of SOA.
These include, among others, missing pathways in the gas-phase oxidation of Volatile
Organic Compounds (VOC) to semi- and nonvolatile ones, unmeasured vapor pres-
sures of most relevant semi volatile molecules, ill-constrained non-ideality effects due15

to the fact that SOA is a mixture, unknown heterogeneous and aerosol phase reactions,
etc. If aerosol formation is primarily due to equilibrium partitioning, Pankow’s formula
(Pankow, 1994) applies (here written in its molar form; Compernolle et al., 2009; Barley
et al., 2009)

cp,i

cg,i
=

RT

γip
0
i

com (1)20

with R the ideal gas constant, T the temperature, p0
i the vapor pressure, and γi the ac-

tivity coefficient, cp,i and cg,i the mole quantity of species i per volume of air in aerosol
phase and gas phase respectively, and com the mole quantity of SOA per volume of
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air. Both γi and p0
i of a molecule determine its presence in the aerosol phase, but

while γi varies typically over an order of magnitude for a mixture of similar compounds
(e.g. all originating from the oxidation of the same hydrocarbon; Compernolle et al.,
2009), p0

i varies over many orders of magnitude. For the large majority of compounds
contributing to SOA, no experimental p0

i is known and hence it has to be estimated.5

Many methods for vapor pressure estimation have been developed. Some of them
use only molecular structure, often in the form of a group contribution method, while
others need also molecular properties as input, such as the boiling point. As these
properties are unknown for most species, they have themselves to be estimated. Some
methods (see e.g. Capouet and Müller, 2006; Pankow and Asher, 2008) assume a lin-10

ear dependence of ln(p0
i ) on the number of functional groups. Other methods introduce

group interaction terms (Nannoolal et al., 2008; Moller et al., 2008), but the number of
different terms becomes very large in these methods and there is in general a lack of
data for polyfunctional molecules to constrain them. Also the scaling of the group in-
teraction with number of functional groups is not trivial, and this choice is important for15

highly polyfunctional molecules, as we will show in this work. The following methods
are compared: the method of Capouet and Müller (2006) (CM), SIMPOL (Pankow and
Asher, 2008), SPARC (Hilal et al., 2003), and three methods needing a boiling point
as input (Myrdal and Yalkowsky, 1997; Nannoolal et al., 2008; Moller et al., 2008). The
boiling point is estimated either with the old method of Joback and Reid (1987) or the20

more recent and detailed method of Nannoolal et al. (2004).
During the course of this work Barley and McFiggans (2010) made an assessment

of different vapor pressure methods in their ability to predict vapor pressures of lower-
volatility compounds, including all methods presented here except SPARC. Their study
is complementary with the current work, as they compare the vapor pressure esti-25

mations with experimental values for compounds of relatively higher volatility. In this
study, our focus will be on typical aerosol constituents predicted by the BOREAM
model, for which experimental vapor pressures are generally not available. The impact
of some of these methods in the simulation by BOREAM of SOA yields of α-pinene
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dark-ozonolysis smog chamber experiments was very recently investigated by Ceule-
mans et al. (2010).

2 Description of boiling point and vapor pressure estimation methods

We tested in total seven different vapor pressure estimation methods, given in Table 1,
together with the abbreviation used in this work. Some of them need only molecular5

structure as input while others are combined with a boiling point estimation method.
The boiling point methods and vapor pressure methods are explained below. Note that
the boiling point method of Nannoolal et al. (2004), and the vapor pressure methods of
Myrdal and Yalkowsky (1997); Nannoolal et al. (2008); Moller et al. (2008) are available
on-line at the E-AIM website (Extended Aerosol Inorganics Model, www.aim.env.uea.10

ac.uk/aim/ddbst/pcalc main.php).

2.1 Boiling point method of Joback and Reid (1987), and its extension

Here it is assumed that the boiling point can be written as a sum over groups:

Tb,JR = 198.2 +
∑
k

vk∆Tb,k (2)

where k runs over the groups, vk is the occurrence of this group in the molecule,15

and ∆Tb,k a contribution to the boiling point due to this group. The linearity assump-
tion has been criticized before (e.g. Stein and Brown, 1994; Barley and McFiggans,
2010), in giving too high boiling points for large compounds. In the original method,
no parameters are present for hydroperoxides (−OOH), peracids (−C(=O)OOH), ni-
trates (−ONO2) and peroxy acyl nitrates (−C(=O)OONO2), which are all important20

groups in the BOREAM model. Camredon and Aumont (2006) extended the method
for nitrates and peroxy acyl nitrates based on experimental boiling point data. As no
experimental boiling points are available for hydroperoxides, they assumed that the
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group −OOH could be subdivised into the existing JR groups −O− and −OH. We ex-
tended this approach by assuming −C(=O)OOH and −OO− can be represented by
−C(=O)O−+−OH and −OO− by 2 −O−.

2.2 Boiling point method of Nannoolal et al. (2004), and its extension

This is a group contribution method that also takes into account interactions between5

functional groups.

Tb,N =

∑
k vk∆Tb,k + GI

n0.6583 + 1.6868
+ 84.3395

GI =
1
n

m∑
i=1

m∑
j=1

Ci−j

m−1
, with

n number of non−H atoms
m number of interacting groups

(3)

The nonlinear behaviour (through the term n0.6583) describes more closely experimen-
tal behaviour as opposed to the JR method. ∆Tb,k includes both first and second order10

groups. GI describes the interaction between groups. It includes a large amount of
functional groups, is therefore applicable to a wide range of organic molecules, and is
based on the renowned Dortmund DataBank (www.ddbst.com). However no param-
eters are available for the hydroperoxide, the peracid and peroxy acyl nitrate group.
It is known that hydroperoxides and peracids decompose before the boiling point is15

reached. For the peroxy acyl nitrate, only 1 boiling point (of peroxy acetyl nitrate) is
available.

From the boiling point of peroxy acetyl nitrate (Bruckmann and Willner, 1983), a
group contribution value for the peroxy acyl nitrate group can be directly derived. For
hydroperoxides and peracids, the boiling points were estimated from reduced boiling20

points found in the work of Sanchez and Myers (2000) by the Newton-Hass method
(Hass, 1936), with the entropy estimated following Myrdal et al. (1996) and subse-
quently used to derive group contribution values (Table 2). As these boiling points
were estimated, the group contribution values are presumably of lower quality. No
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group interaction parameters Ci−j can be derived for these groups because of lack of
data.

2.3 Vapor pressure method of Capouet and Müller (2006)

This is a simple group contribution method directly fitted to experimental vapor pres-
sures, given by the formula5

log10p
0
CM

= log10p
0
hc −

∑
k

vkτk (4)

τk = Ak − Bk(T − 298 K)

p0
hc is the vapor pressure of the hydrocarbon parent compound of the molecule under

consideration, i.e. the molecule with the same carbon skeleton but with the functional
groups replaced by the appropriate number of hydrogen atoms, and k runs over the10

functional groups. This vapor pressure is provided by experimental data or estimated
by some other method, as there exist several reliable ways to estimate the vapor pres-
sure of hydrocarbons. For the fitting, the large majority of p0

hc was provided by exper-
imental values, while for the use in modeling, the method of Marrero and Gani (2001)
was used to provide boiling point, critical temperature and critical pressure, which was15

then converted to p0
hc by the method of Ambrose and Walton (1989). In this work,

we chose the method of Marrero and Gani (2001) to estimate this hydrocarbon part.
Note that the method lumps acids and peracids, but distinguishes between primary,
secondary and tertiary alcohols and nitrates. A shortcoming of the CM method is its
limited range of applicability with respect to molecule types, as it was devised to handle20

oxidation products of terpenes. Furthermore, it is based on a relatively limited basis
set, and it includes only a crude temperature dependence.

Note that the definition of the hydrocarbon parent for ethers, esters and peroxides
(which all have one or more oxygens within the hydrocarbon skeleton) was not consid-
ered by Capouet and Müller (2006), as these molecules did not play a role in the version25

of their chemical model at that time. An update of the BOREAM model (Capouet et al.,
8492
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2008) based on the new chemistry provided by Vereecken et al. (2007), led to the in-
clusion of several compounds containing ether, ester and peroxide functionalities. The
parent hydrocarbon is then defined as if the two carbon atoms on the opposite sides
of the in-chain oxygen atom(s) are directly attached to each other. In the estimation
of p0

hc, second order effects from the method of Marrero and Gani (2001) due to for5

example neighbouring methyl groups on these two carbon atoms were neglected, as
they would obviously also not occur in the child molecule. The group contributions were
fitted to a few simple molecules, and the results are shown in Table 3.

2.4 SIMPOL (Pankow and Asher, 2008)

Like the previous model, SIMPOL assumes the additivity of functional group contri-10

butions to the logarithm of the vapor pressure. The vapor pressure is given by the
formula

log10

p0
SI

1 atm
=
∑
k

vkbk (T ) (5)

where the sum includes a contribution which is constant for all molecules (k=0), a
contribution proportional to the number of carbon atoms (k=1), as well as first and15

second order groups (k>1). An important difference with the method of Capouet and
Müller (2006) is that there is no distinction between primary, secondary and tertiary
alcohols and nitrates.

2.5 SPARC

The on-line method SPARC (Carreira et al., 1994) calculates a set of molecular descrip-20

tors (molecular polarizability, molecular volume, microscopic dipole, hydrogen bond)
from atomic fragments. From these, several other pure component properties (vapor
pressure, boiling point, ... Hilal et al., 2003) and mixture properties (activity coefficient,
Henry’s law constant,... Hilal et al., 2004) can be calculated. The vapor pressure is
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calculated with a detailed solute-solute interaction model. We did not implement the
code of SPARC, as we don’t have access to its current version, but we have calculated
the vapor pressure of all condensable explicit species occurring in BOREAM on-line
with SPARC, version 4.2 (http://ibmlc2.chem.uga.edu/sparc/).

2.6 Method of Myrdal and Yalkowsky (1997)5

The vapor pressure of a liquid is estimated through the relatively simple formula

log10

(
p0

MY

1 atm

)
= −

[
86.0 + 0.4τ + 1421

√
#HBG
M

]
(Tb − T )

19.1T
(6)

+
− 90.0 − 2.1τ

19.1

(
Tb − T

T
− ln

Tb
T

)
with Tb the boiling point, M the molecular mass, τ the number of torsional bonds and
# HBG the number of hydrogen bonding groups. This last term takes into account10

the non-additive nature of hydrogen bonding groups. The hydrogen bonding amines
were treated differently by Myrdal and Yalkowsky (1997), but they do not occur in the
chemical oxidation mechanism of α-pinene. Myrdal and Yalkowsky (1997) classified
carboxylic acids and alcohols as hydrogen bonding groups, Camredon and Aumont
(2006) categorized also hydroperoxides as hydrogen bonding, and in this work we do15

the same for peracids. In the study of Barley and McFiggans (2010), it was found that
this method tended to overpredict vapor pressures of lower-volatility compounds.
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2.7 Vapor pressure method of Nannoolal et al. (2008), and its extension

This is a very recent group contribution method that needs a boiling point as input:

log10

(
p0

N

1 atm

)
=

[
4.1012 +

(∑
k

vkCk + GI − 0.176055

)]
T − Tb
T − 1

8Tb
(7)

GI =
1
n

m∑
i=1

m∑
j=1

Ci−j

m−1
, with

n number of non−H atoms
m number of interacting groups

The groups k defined are (nearly) identical to those of the boiling point estimation5

method of Nannoolal et al. (2004), hence has about the same wide range of appli-
cability and is also based on the Dortmund Data Bank. Also this method takes into
account group-group interaction. A large number of parameters are needed for the
group-group interaction, and in some cases they are constrained by vapor pressure
data of only 1 or 2 compounds. Since the double summation in GI is divided by both10

n and m−1, GI becomes less important with increasing number of interacting groups
compared to

∑
k vkCk . In itself, this looks somewhat illogical; why would the group inter-

action become negligible for highly polyfunctional molecules? In practice, this means
that for highly polyfunctional molecules the method of Nannoolal et al. (2008) becomes
closer to a simple group-contribution method.15

As for the boiling point method (Nannoolal et al., 2004), no groups are available for
hydroperoxides, peracids and peroxy acyl nitrates. There are, however, room tem-
perature vapor pressure data available for all these compounds (Egerton et al., 1951;
Bruckmann and Willner, 1983). Together with the experimental boiling point of peroxy
acetyl nitrate (Bruckmann and Willner, 1983), and the extrapolated boiling points for a20

few hydroperoxides and peracids (see above), this allows to obtain group contribution
values for the vapor pressure methods (see Table 2). No group interaction parameters
Ci−j were obtained for these groups as data is lacking.
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2.8 Vapor pressure method of Moller et al. (2008), and its extension

This method is a successor to that of Nannoolal et al. (2008), and has many identical
or similar groups.

ln

(
p0

M

1 atm

)
=

(
9.42208 +

∑
k

vkdBk + na

∑
l

vldBl + GI

)
(8)

×
T − Tb

T −
(

T 1.485
b
135 − 2.65

) + D′ ln
T
Tb

5

D′= D +
1
na

∑
vidEi , correction term for acids and alcohols

GI =
1
2

m∑
i=1

m∑
j=1

Ci−j , with m number of interacting groups

with na the number of nonhydrogen atoms. Differences with Nannoolal et al. (2008)
include: some of the group contributions are molecule size dependent (through the
factor na); a correction term is included for acids and alcohols (D′); and the scaling of10

the group interaction term GI. As opposed to the method of Nannoolal et al. (2008),
the group-interaction term can become dominant compared to

∑
k vkdBk for molecules

with many interacting groups, and this can have profound effect on the vapor pressure,
as we will show below. As for the methods of Nannoolal et al. (2004, 2008), we derived
group contributions for hydroperoxides, peracids and peroxy acyl nitrates. In the recent15

assessment of Barley and McFiggans (2010), both this method and the method of
Nannoolal et al. (2008), in combination with the boiling point method of Nannoolal
et al. (2004), came out as the preferred methods.
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3 Application of vapor pressure methods to BOREAM-predicted α -pinene
degradation products

We applied the different vapor pressure methods to the condensable, explicit1 α-pinene
degradation products (254 in total) as predicted by BOREAM. These molecules contain
carbonyl, hydroxyl, acid, nitrate, peracid, hydroperoxide, peroxy acyl nitrates, and to a5

smaller extent, ether, ester and peroxide functionalities. Note that as we had to extend
some methods to treat certain functional groups (hydroperoxides, peracids, peroxy acyl
nitrates), and that these extensions are based on the same small set of vapor pressure
data, these methods will have similar contributions to the vapor pressure for these
functional groups.10

3.1 CM method: dependence on parent hydrocarbon vapor pressure estimation
method

The CM method starts from the vapor pressure of the parent hydrocarbon, and the
vapor pressure is then lowered by considering the functional groups. In the basis set
for fitting of the method, the vapor pressure of the parent hydrocarbon is known in the15

large majority of cases. However, this is not the case for most condensable molecules
in BOREAM, and log10p

0
hc in Eq. 5 has to be estimated by some method. The choice

of this method will have an impact on the end result log10p
0.

Generally, we use the method of Marrero and Gani (2001) to predict boiling point,
critical temperature and critical pressure. The vapor pressure is then calculated from20

these properties by the method of Ambrose and Walton (1989). Note that this method
fails when the temperature of interest is above the critical temperature of the parent hy-
drocarbon. In practice, this only arises for molecules with only 1 or 2 carbon atoms and
hence are of no concern for the condensable molecules in BOREAM. To investigate the

1“Explicit” meaning having a definite chemical structure, as there are also lumped species
in BOREAM with more limited chemical information.
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influence of method choice on log10p
0
hc, we used as an alternative the combined meth-

ods of Nannoolal et al. (2004) and Nannoolal et al. (2008). We find almost no system-
atic difference between both methods, and the mean absolute deviation is only 0.13.
When using SIMPOL (Pankow and Asher, 2008) to calculate the parent hydrocarbon
part, the difference is larger: SIMPOL predicts on average a 0.21 lower log10p

0
hc, with a5

mean absolute deviation of 0.24. SIMPOL calculates the hydrocarbon part of the vapor
pressure in a rather rudimentary way. Nonetheless, even this difference in log10p

0
hc is

small compared to the variations in log10p
0 of the functionalized molecules between

the different vapor pressure estimation methods discussed below. We conclude that
the choice of method for calculation of log10p

0
hc is relatively unimportant.10

3.2 Comparing vapor pressure estimations of explicit condensing molecules in
BOREAM

In this comparison, the method of Capouet and Müller (2006) is taken as the refer-
ence method, as it was used for our previous simulations with BOREAM. In Fig. 1 the
logarithm of vapor pressure estimated at 298K by each method is plotted against the15

corresponding values estimated with the CM method. In addition, the mean deviation ∆
and mean absolute deviation σ (with respect to the CM method) are also given, defined
by.

∆ =
1
N

N∑
i=1

(
log10

(
p0
X,i

)
− log10

(
p0

CM,i

))
(9)

σ =
1
N

N∑
i=1

∣∣∣log10

(
p0
X,i

)
− log10

(
p0

CM,i

)∣∣∣20
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3.2.1 MY-JR

It can be seen that MY-JR predicts considerably lower vapor pressures as compared
with the CM method for practically all explicit condensable molecules in BOREAM
(called BOREAM-molecule hereafter), and this deviation is larger for the lower vapor
pressures. It is a known shortcoming of the JR boiling point estimation method to over-5

predict high boiling points because of the linearity assumption (Eq. 2, see e.g. Stein
and Brown, 1994), which leads to a severe underprediction of the low vapor pressures,
almost irrespective of the exact vapor pressure estimation method used (Barley and
McFiggans, 2010). Therefore, we can only advise not to use the JR method for SOA
formation applications.10

3.2.2 MY-Nan

As opposed to JR, the Nannoolal boiling point method is carefully calibrated to repro-
duce the observed evolution of boiling point with molecule size. The MY-Nan method

agrees with CM for the highest vapor pressures, but starts to deviate at log10
p0

CM
Torr=−2,

and overpredicts the vapor pressure by about 2 orders of magnitude at log10
p0

CM
Torr=−9.15

From the current study alone it cannot be concluded which method is closer to the true
vapor pressure, but we note that an overestimation of MY-Nan at lower vapor pressures
(as opposed to both experiment and Nan-Nan) was noted by Barley and McFiggans
(2010).

The MY method starts from the Clausius-Clapeyron equation assuming a constant20

difference of heat capacity:

R ln
p0

atm
≈ − ∆Sb

(
Tb − T

T

)
+ ∆Cp

(
Tb − T

T
− ln

Tb
T

)
(10)

It can be anticipated that the assumption of constant ∆Cp will break down from a certain
difference Tb−T on. Methods based on the Antoine equation (Nannoolal et al., 2008;
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Moller et al., 2008, see below) have probably a wider range of applicability. However,
more investigation is needed to clarify which method is closer to the true experimental
vapor pressure.

3.2.3 Nan-Nan

When combining both the Nannoolal boiling point and vapor pressure method (Nan-5

Nan) a remarkably good agreement with CM is obtained. This is somewhat surprising
as both pN,Tb,N are very detailed methods and based on the large and recommended
Dortmund Data Bank, while the CM method is a relatively simple method based on a
limited set of vapor pressures.

As explained in Sect. 2.7, the group-group interactions in the method of Nannoolal10

et al. (2008) become unimportant for highly polyfunctional molecules. We checked this
by setting GI=0 in the method of Nannoolal et al. (2008) and comparing with the orig-
inal method: the systematic difference in log10(p) is only 0.12, and the mean absolute
difference only 0.14. This is a relatively small difference, which arguably does not jus-
tify the large number of parameters, often constrained by only a few measurements,15

needed to calculate GI. We note in this respect that Barley and McFiggans (2010) de-
vised a simplified version of the method of Nannoolal et al. (2008) to their experimental
vapor pressures, with fewer parameters and without group interactions, and found that
this method performed almost as good.

3.2.4 Nan-Mol20

The Moller method is a close successor to the Nannoolal vapor pressure method. Al-
though a good agreement is obtained with both CM and Nan-Nan for a large num-
ber of SOA products (Fig. 1) there are also many outliers, with both large under-
and overestimations in comparison to CM. Note that these large outliers disappear
when GI is set to zero in Eq. 9. Striking examples of vapor pressure overesti-25

mation include the following cases. The vapor pressure of the BOREAM-molecule
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CHOH(C(CH3)2OH)CH2COCOCH3, with 7 carbon atoms and four functional groups,
is predicted to be 0.33 Torr at 298 K, about the same vapor pressure as that of the
small molecule 1-heptanol (experimental vapor pressure: 0.22 Torr), with only 1 func-
tional group. HOCH2(CHOH)8CH2OH has a predicted vapor pressure of 2 10−3 Torr at
298 K, about 1/3 of the experimental vapor pressure of 1-decanol (7 10−3 Torr), while5

the molecule HOCH2(COCHOH)4CHO, is calculated to have a negative enthalpy of
vaporization, and as a consequence the calculated vapor pressure becomes unreal-
istically large at 298 K (>1.7 1034 Torr) (these last two examples are no BOREAM-
molecules, but are included to show the limiting behaviour). In the latter case, the
overestimation is caused by the large negative, and badly constrained (only 2 measure-10

ments) alcohol-keto group interaction term. However, the general cause of the wrong
behaviour can be attributed to the way group interactions are counted (see Eq. 9) in
the Moller method, where the GI term dominates the group contribution terms in pres-
ence of many functional groups. Note that this deficiency is known to the authors of the
method, which is currently under revision (B. Moller, personal communication, 2010).15

We mention finally that this anomaly is unrelated to the one mentioned by Barley
et al. (2009), where a steep increase in vapor pressure was observed between the
C5 and C6 diacids. Our implemented version following the publication of Moller et al.
(2008) suffers from exactly the same problem. This error is seemingly corrected at the
E-AIM website, in that the vapor pressures of the diacids with less than 10 atoms are20

different from our own calculations. The details of this correction are not made available
yet, but as the BOREAM-molecules tested here do not include diacids with less than
10 atoms, it is unimportant for the present intercomparison exercise.

In any case, the fact that this method came out as the best from the assessment of
Barley and McFiggans (2010), implies that it can be applied to molecules with a limited25

number of functional groups.
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3.2.5 SIMPOL and SPARC

SIMPOL predicts lower vapor pressures compared to the CM method for the large
majority of compounds. This is for the largest part due to the higher vapor pressures
CM predicts for tertiary alcohols, while SIMPOL makes no distinction between primary,
secondary and tertiairy alcohols. A second, less important, reason is the lower vapor5

pressure SIMPOL predicts for the carbon skeleton.
SPARC predicts on average lower vapor pressures compared to the CM method, but

there is considerable overlap between both methods.

4 Application of vapor pressure methods to experimentally found α -pinene
oxidation products10

In Table 4 we apply the different vapor pressure methods to some experimentally char-
acterized α-pinene oxidation products. Apart from the well-known compounds pinon-
aldehyde, pinic acid and pinonic acid, these include more recent identified products
from Szmigielski et al. (2007); Claeys et al. (2009). In general, also for these com-
pounds the MY-JR yields the lowest, and the MY-Nan the highest vapor pressure. For15

compounds containing an ester functionality, the CM method predicts a relatively high
vapor pressure. While the methods are reasonably in agreement for the semi-volatile
molecules pinonaldehyde and pinonic acid, the disagreement becomes very substan-
tial for the low-volatile molecules.

5 Conclusions20

As mentioned by Barley et al. (2009), vapor pressure equations using critical data are
probably less appropriate, due to the very large difference between the critical tem-
perature with the temperature of interest. This applies also to a lesser extent to vapor
pressure equations using boiling points; the boiling point is typically 300 K above the
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temperature of interest. The danger of bad extrapolation from this boiling point is exem-
plified by the large differences between the methods of Myrdal and Yalkowsky (1997)
and Nannoolal et al. (2008), using the same boiling point estimation method. Another
drawback is that for some types of atmospherically relevant compounds (hydroperox-
ides and peracids) no boiling points are available as they decompose upon heating; in5

this work we had to extend the methods of Joback and Reid (1987); Nannoolal et al.
(2004, 2008); Moller et al. (2008) with estimated boiling points. However, it seems
unnecessary complicated to have to estimate a boiling point for molecules for which
room-temperature vapor pressure data are available, while in the end one is only in-
terested to estimate vapor pressures for ambient conditions. This is a drawback that10

direct estimation methods (Pankow and Asher, 2008; Capouet and Müller, 2006) do
not have.

One of the methods (Moller et al., 2008) showed anomalous behaviour for certain
polyfunctional compounds. This is not simply due to some bad parameters but rather
due to the mathematical formulation of the method. Ultimately, this touches the problem15

of how the contributions of the functional groups to the vapor pressure should scale for
highly polyfunctional molecules. Group interaction terms are, in essence, corrections
to the group contributions obtained for monofunctional molecules. In the formulation
of Nannoolal et al. (2008) these corrections become negligible for highly polyfunctional
molecules, while for the method of Moller et al. (2008) they become dominant and20

scale agressively. The truth is probably in the middle of both extremes, with group
interactions being significant, but not dominant compared to the basic group contri-
butions. Adressing this problem is essential if one wants to predict reliably the vapor
pressure of highly polyfunctional compounds. Another problem of the group-interaction
approach of the methods of Nannoolal et al. (2008) and of Moller et al. (2008) is the25

large number of parameters necessary, while data for polyfunctional molecules are
scant and typically less precise. Hence a more concise approach to the problem of
group interactions seems to be justified.
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The method MY-JR (Myrdal and Yalkowsky, 1997; Joback and Reid, 1987) yields
generally the lowest vapor pressure of all considered methods. Given the known over-
prediction of high boiling points by JR (Stein and Brown, 1994), this method is not
recommended.

Assuming that partitioning to the aerosol phase follows Eq. 1, the precise vapor pres-5

sure method will determine to a great extent the amount of aerosol simulated. This was
illustrated by Barley and McFiggans (2010) and by Ceulemans et al. (2010). In this last
study, BOREAM was used to simulate a wide range of α-pinene dark ozonolysis smog
chamber experiments, and among other variables, also the vapor pressure method
was varied in the simulation of the experiments of Pathak et al. (2007). The methods10

CM Capouet and Müller (2006) and Nan-Nan (Nannoolal et al., 2004, 2008) gave re-
sults closest to the experiments. SIMPOL (Pankow and Asher, 2008) overpredicted
aerosol amounts, while MY-Nan (Myrdal and Yalkowsky, 1997; Nannoolal et al., 2004)
underpredicted aerosol amounts considerably2. Of course, this does not necessarily
imply that CM and Nan-Nan are the “best”, as large uncertainties exist in the chemical15

mechanism. For example, in a very recent publication Camredon et al. (2010) found
the best agreement with experimental aerosol yields of α-pinene dark ozonolysis ex-
periments using the method MY-JR (Myrdal and Yalkowsky, 1997; Joback and Reid,
1987), where MCMv3.1 (Jenkin et al., 1997; Jenkin, 2004) was the chemical mecha-
nism, while MY-JR would lead to large overpredictions in aerosol yield when applied20

with BOREAM.

2The methods of Joback and Reid (1987), of Moller et al. (2008) and of Hilal et al. (2003)
were not considered in that work, as vapor pressure was not central in that work and because
of the problems encountered with the first two methods.
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Table 1. Overview of the seven different vapor pressure estimation methods used in this work.

Vapor pressure method Boiling point method abbreviation in text mathematical symbol

Capouet and Müller (2006) N/A CM p0
CM

Pankow and Asher (2008) N/A SIMPOL pSI

Hilal et al. (2003) N/A SPARC p0
SP

Myrdal and Yalkowsky (1997) Joback and Reid (1987) MY-JR p0
MY

(
Tb,JR

)
Myrdal and Yalkowsky (1997) Nannoolal et al. (2004) MY-Nan p0

MY

(
Tb,N
)

Nannoolal et al. (2008) Nannoolal et al. (2004) Nan-Nan p0
N

(
Tb,N
)

Moller et al. (2008) Nannoolal et al. (2004) Mol-Nan p0
M

(
Tb,N
)
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Table 2. Group contribution values for the methods of Nannoolal et al. (2004), Nannoolal et al.
(2008), Moller et al. (2008), for groups not covered in these papers.

group ∆Tb,k Nannoolal dBi×103 Nannoolal dBi Moller

OOH 772.135 867.4375 1.7423
C(=O)OOH 1104.5 953.5625 1.8567
C(=O)OONO2 1478.8828 284.25 0.3043
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Table 3. Ether, peroxide and ester group contributions as an extension of Capouet and Müller
(2006).

Group A B

−O− 0.4107 0.00594
−OO− 0.18 0.0027
−C(=O)O− 0.9171 0.00451
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Table 4. log10( p0

Torr ) as estimated by the different vapor pressure methods to some experimen-
tally identified α-pinene oxidation products.

CM MY-JR MY-Nan Nan-Nan Nan-Mol SIMPOL SPARC

pinonaldehyde −1.17 −1.73 −0.93 −1.04 −1.04 −1.80 −1.15
pinonic acid −3.52 −4.44 −2.78 −3.49 −4.15 −4.0 −4.55
pinic acid −5.34 −6.51 −4.08 −5.29 −5.78 −6.14 −7.45
MBTCAa −8.26 −10.2 −6.38 −9.17 −6.73 −9.21 −7.73
terpenylic acidb −2.53 −5.52 −4.59 −5.42 −6.74 −3.37 −5.02
2-hydroxy terpenylic acidb −4.56 −8.19 −5.86 −7.77 −10.04 −5.55 −6.52
diaterpenylic acid acetateb −6.88 −10.89 −4.99 −7.04 −7.28 −7.71 −5.97

a 3-methyl-1,2,3-tricarboxylic acid was characterized by Szmigielski et al. (2007).
b These molecules were characterized by Claeys et al. (2009).

8512

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/10/8487/2010/acpd-10-8487-2010-print.pdf
http://www.atmos-chem-phys-discuss.net/10/8487/2010/acpd-10-8487-2010-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
10, 8487–8513, 2010

Intercomparison of
vapor pressure

methods

S. Compernolle et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

-12

-10

-8

-6

-4

-2

 0

 2

 4

-12 -10 -8 -6 -4 -2  0  2  4

log10(p
0)CM

lo
g 1

0
(p

0 M
Y
(T

b,
J
R
))

MY-JR vs. CM
Δ = −1.84
σ = 1.85

-12

-10

-8

-6

-4

-2

 0

 2

 4

-12 -10 -8 -6 -4 -2  0  2  4

log10(p
0)CM

lo
g 1

0
(p

0 M
Y
(T

b,
N

a
n
))

MY-Nan vs. CM
Δ = 0.99
σ = 1.05

-12

-10

-8

-6

-4

-2

 0

 2

 4

-12 -10 -8 -6 -4 -2  0  2  4

log10(p
0)CM

lo
g 1

0
(p

0 N
a
n
(T

b,
N

a
n
))

Nan-Nan vs. CM
Δ = 0.16
σ = 0.53

-12

-10

-8

-6

-4

-2

 0

 2

 4

-12 -10 -8 -6 -4 -2  0  2  4

log10(p
0)CM

lo
g 1

0
(p

0 M
o
l(

T
b,

N
a
n
))

Mol-Nan vs. CM
Δ = 0.29
σ = 1.17

-12

-10

-8

-6

-4

-2

 0

 2

 4

-12 -10 -8 -6 -4 -2  0  2  4

log10(p
0)CM

lo
g 1

0
(p

0 S
I)

SIMPOL vs. CM
Δ = −0.81
σ = 0.95

-12

-10

-8

-6

-4

-2

 0

 2

 4

-12 -10 -8 -6 -4 -2  0  2  4

log10(p
0)CM

lo
g 1

0
(p

0 S
P
)

SPARC vs. CM
Δ = −0.55
σ = 0.88

Fig. 1. Logarithm of vapor pressure estimations at 298 K of all explicit condensable molecules
in BOREAM vs. the CM method. The black line is the 1:1 diagonal. Given are also the mean
deviation ∆ and the mean absolute deviation with the CM method.
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