S. Langenberg and U. Schurath: Supplement of ''Study of adsorption of SO, on water-ice' 1

S1 The Temkin adsorption isotherm

This isotherm first reported by Temkin is valid at § ~ 0.5 in
the way derived by Temkin. (Masel, 1996). However, this is
not valid for our experiments, but the isotherm can be derived
in another way, even valid for low surface concentrations:
starting with Henry’s adsorption isotherm, Eq. (3) is written
as differential expression
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But now it is assumed that K depends on ¢:

K(q) = Krexp(—q/(). (S2)

The vapor pressure at certain ¢ can be evaluated by integra-
tion:
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This rearranges into

q:(ln(l—I—[(CT])). (S4)

For p — 0, Henry’s adsorption isotherm is obtained: ¢ ~
Krp. For larger p, where K7p/¢ > 1, Eq. (S4) simplifies
to
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which is usually known as the Temkin isotherm (Foo and
Hameed, 2010). With Van 't Hoff isotherm, it is obtained for
the change of Gibbs free energy

AG(q) = —RTInK(q) = AGo + RT% (S6)

S2 Simulation of peak shapes

Adsorption and transport in a chromatographic capillary col-
umn is described by a nonlinear partial differential equation.
To solve this special equation, we use the package ReacTran
(Soetaert and Meysman, 2012) of the open source software R
(R Core Team, 2016). The package depends on another pack-
age deSolve (Soetaert et al., 2010) to solve partial differential
equations. The default method LSODES is used as ordinary
differential equations solver.

S2.1 1D model

On the basis of plate theory the column is described as a se-
ries of ideal phase mixers (Smit et al., 1980). In this most
simplistic model, it is assumed that adsorption equilibrium is

instantaneously established. No radial transport limitation in
the gas-phase is assumed, therefore the gas-phase concentra-
tion only depends on ¢ and the coordinate of the column axis
z. In a short section Az the concentration change is given by
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where £ is the phase ratio and D, the axial dispersion coef-
ficient (Jonsson and Lovkvist, 1987). With &k’ as
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the concentration change in the gas phase is expressed as
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This partial differential equation is solved by ReacTran. For
a capillary column k£’ is calculated from the Temkin isotherm
of Eq. (S4) after applying Eq. (1):
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This expression does not fail for p — 0. Note that for reasons
of numerical stability, the dissociative Langmuir Model can
not be used in the model, because then for p — 0, & — oo is
obtained. A reasonable assumption for K7 has to be made.

The flow of the tracer into the column injected as peak is
described by a normal distribution. If the tracer is applied
as concentration burst for the simulation of breakthrough
curves, the tracer input is described by the cumulative dis-
tribution function of the normal distribution.
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S2.2 2D model

This model extents the 1D model and includes slow diffusive
uptake into the solid (stationary) phase with diffusion coef-
ficient D,. It is assumed that the uptake rate from the gas to
the solid phase is limited by diffusion in the solid phase. The
tracer concentration ¢, in the solid phase can be expressed
by the corresponding equilibrium gas phase concentration c,
linked together by Henry’s-law

H=5
Cg

(S11)

Thus, only the concentration in the gas phase and the equilib-
rium gas-phase concentration of the tracer in the stationary
phase need to be considered further. It is assumed that gas
phase diffusion is fast and therefore ¢, is uniform over the
column radius. The area of the solid-gas interface in a cylin-
drical geometry is given by A,, = 27rl. The volumes of the
gas and solid phases are written as

r

Ve :Asg§7 Vs = Aggh. (S12)
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Figure S1. Breakthrough curves of 9.8 ppm SFs and SOs at
208 K and 2.8 pm ice film thickness. Carrier gas flow rate n =
7.8 x 107% mols™!. The blue dashed line is a fit of Eq. (S16)
to the tail of the SOy breakthrough curve. From this fit H>D =
5.2 x 1071% m? s~ ! is obtained. The red curve is simulated using
the 2D model with H =100, D =5.2 x 10~!* m?s~'. Further
simulation parameters: Ky = 5.2 x 107® molm™?Pa™!, Kr =
107° molm2Pa~*.

respectively. In y-direction, the coordinate of the column ra-
dius, the first cell is used for the gas phase, cells 2 ... N, are
used for the solid phase:

gasphase z— ¢ C2,1 CN,,1
solid phase yl cip2 C2,2 CN.,2
C1,N, C2,N, CN.,N,

The coordinate z of the column axis is discretized by

Az=— S13
SN (S13)
and the coordinate y is discretized by
r Hh
Ay = = A = . S14
=3 Y2..N, N, —1 (S14)

With rising H, the thickness of the sold phase is virtually
increasing to fulfill mass conservation of the tracer.

Using this coordinate transformation for the solid phase,
the effective diffusion coefficient applied in the model is
H?D,. For the special case of gas-solid interface where the
flux through the interface is limited by solid phase diffusion,
the effective diffusion coefficient between cells 1 and 2 is set

to

Dy o= (S15)
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regarding the different sizes of Ay; and Ays.

Langenberg (1997) measured a limited number of SO,
breakthrough curves at 206 — 208 K. To validate the code,
breakthrough curves are simulated and compared to the ex-
perimental breakthrough curves. A simple mathematical ex-
pression for breakthrough curves can be derived for the limit
t — oo (Huthwelker et al., 2001, 2006). The time-dependent
mixing ratio of the tracer at the column exit is given by

2ZH\/DS>
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Using H2D, as fitting parameter, Eq. (S16) is fitted to the
tail of the SO,-breakthrough curve, see Fig. S1. From this
fit H2D, = 5.2 x 10719 m? s~ is estimated. Using the 2D
model several breakthrough curves are simulated with differ-
ent values of D and H until a reasonable fit is achieved, see
Fig. S1.

x(t) = xgexp (— (S16)
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Nomenclature

model fit parameter

area

concentration

axial dispersion coefficient
solid phase diffusion coefficient
ice film thickness
dimensionless Henry coefficient
adsorption enthalpy

Henry’s adsorption constant
Langmuir’s adsorption constant
Temkin’s adsorption constant
length of coated part of the column
mass flow rate

carrier gas mass flow rate

trace gas partial pressure
probability value

surface coverage

monolayer saturation capacity
column radius

gas constant

time

temperature

carrier gas velocity

column winding speed

molar volume

mole fraction

coordinate of column radius
coordinate of column axis
phase ratio
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column aging (binary variable)
density

surface area density of an ice cloud
surface coverage

contact angle

parameter of Temkin isotherm

N D9 DT R
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