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Reactive Uptake Coefficients'2
If it is assumed that all the reactive gas molecules in a flux react with the particle (with concentration
[MA]), in which the uptake of Os is equal to the loss of MA, the rate of change in the concentration of
MA can be expressed as:
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Where P03is the partial pressure of ozone in the gas phase, € is the mean speed of MA in the gas
phase, y is the probability of an ozone molecule colliding with the particle, and 7 is the radius of the
particle.? It is thought that the reaction between maleic acid and ozone exhibits two key limiting loss
processes; loss of maleic acid via reaction with ozone in the bulk and loss via reaction with ozone at

the particle surface, such that the net uptake of ozone is described by the sum of the uptake due to

reaction at the surface (Fsurf) and reaction in the bulk (Fbulk).
V= l—‘bulk + l—‘surf (2)
Substituting this into equation 1, results in*
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dt ~ 4RTr
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As long as the concentration of ozone at the surface is not

significantly affected by either process, it is possible to assume that the processes are decoupled from
one another, allowing for ¥ to be solved for two limiting cases for which functional forms of Fhulk and
Fsurfhave been determined. The two limits that apply are as follows:

1) Toursr <Thuk e, ¥ = Thu

2) Cowrs > Thuik je. ¥ = Uowrs
The heterogeneous oxidative ageing of aqueous MA has been shown to proceed via a bulk reaction
limited by ozone diffusion, and as such ozone uptake due to reaction at the surface can be considered
negligible.* This leads to the rate of change of 0zone concentration within the particle that can be

described by the differential:
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where 3] represents the diffusion of ozone in the particle, and ™'~3! is the reactive loss. D is the
diffusion coefficient for ozone in MA. k= k,[MA], the first order rate coefficient (s*!) for a reaction

between ozone and MA.

It is possible to solve the equation analytically if certain conditions are adhered to, such as assuming
that the concentration of MA is uniform throughout the particle, the ozone concentration is in the
steady state, and the particle is spherical and homogenous with constant radius r. On application of
these, the steady state ozone concentration as a function of position within the particle can be assumed
from which the flux of ozone into the particle can be calculated, and then normalised to the collision
rate of ozone as described by Hanson and Lovejoy to yield?
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where H is the Henrys law solubility

Ly = I
03C

constant of ozone in MA (mol dm atm™), and / is the diffuso-reactive length, the characteristic

distance that an O; molecule typically diffuses before it reacts, equal to*>

(6)

Substituting back into equation 3 yields:
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Although this equation cannot be solved analytically,

it can be solved numerically assuming two limiting cases for . Previous studies on the ozonolysis of
aqueous maleic acid indicate that the reaction is limited by the diffusion of ozone into the particle
bulk, however the increase in viscosity on addition of sucrose to the binary solution allows for the rate
of the reaction to also be limited by slow kinetics within the particle bulk. As is the case, both

scenarios for the diffuso-reactive length must be considered.



Case 1 — Slow kinetics within the particle bulk!

coth (r/l) - l/r z%

In this limit, coth(1/1) can be approximated by a Taylor expansion such that

lending to:

d[MA]
dt

=- P03Hk2[MA] (8)

Solving this differential, assuming the boundary condition whereby at t=0 s, [MA] = [MA],, and

[MA],
— =1,
assuming the identity [MA C-H ( a measurable quantity in our experiments):
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Rewriting this in terms of the uptake coefficient, ¥, yields:
4RTrHk,[MA]
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Case 2 — Diffusion limited?
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In a reaction limited by the diffusion of 0zone and occurring near the surface, < / l / T tends to

asymptotic unity, such that
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Again, solving this differential, assuming the boundary condition whereby at t=0 s, [MA] = [MA],,

[MA],
— =1
and assuming the identity [MA] €-H ( a measurable quantity in our experiments):
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Rewriting this in terms of the uptake coefficient, ¥, yields:
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Table S1

RH/ % Error / % Log (Viscosity / Log (Error / Mass Ratio
Pas) Pass) MA:Sucrose
Maleic Acid / Sucrose
14.7 0.3 5.15 0.11 0.12
15.4 0.3 4.78 0.49 0.09
21.1 0.4 3.93 - 0.09
23.2 0.5 4.43 0.36 0.12
30.6 0.6 247 0.25 0.11
33.0 0.7 3.83 0.57 0.14
35.9 0.7 2.96 - 0.10
424 0.9 2.53 0.44 0.09
46.5 0.9 2.08 - 0.11
52.8 1.1 2.59 0.75 0.12
55.8 1.1 1.88 - 0.10
62.8 1.3 1.96 0.23 0.13
423 0.8 6.18 - 0.02
52.3 1.0 4.46 - 0.04
Citric Acid
12.4 0.2 2.72 2.63 -
12.4 0.2 3.50 3.35 -
15.4 0.3 3.12 2.63 -
15.6 0.3 2.82 2.63 -
16.9 0.3 3.80 3.35 -

18.6 0.4 3.58 3.02 -
19.7 0.4 2.92 2.38 -

20 0.4 3.37 3.02 -
22.9 0.5 2.69 2.38 -
26.1 0.5 2.38 3.06 -
26.7 0.5 3.34 3.06 -
28.5 0.6 2.24 3.06 -
304 0.6 2.19 2.38 -
334 0.7 1.57 1.21 -
383 0.8 1.14 1.21 -
424 0.8 0.22 -0.25 -
473 0.9 0.83 - -
48.3 1.0 -0.34 -0.25 -
50.2 1.0 -0.01 -0.25 -
56.7 1.1 -0.32 -0.25 -
65.0 1.3 -0.36 -0.56 -

Table S2
System Parameterisation Error
Sucrose Logn=1.01514 x10-3(RH)? — 0.10564 x103(RH)>+
0.292865(RH) + 16.1351 0.026529 (RH) + 1.5965
Logn=-4.6071 x 10-4RH)? - 1.28763 x10*4(RH)>+
Sucrose/ MA 3.%(;]68 x 102(RH) + 5(.213)9 0.033856 (RH) i 2.0)9794
. . Logn =2.6421 x 10-4RH)? —
Citric Acid ®ol 106(RH) + 5.4520 : -
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