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Kinetic modeling of desorption rates

For a first-order desorption kinetic assumption, the change of the number of adsorbed
molecules, N,q4, per surface area is given by Eq. (S1):

dNad (t)
dt

= @;(t) — kq(Ts)Naq(t) (S1)

where @;(t) is the time dependent flux of molecules approaching the surface, modeled by the
sum of two Gaussian functions (Eq. (S2)) obtained from a measurement at T = 973 K:

;(0) = A1e_(t_t1)2/w% + Aze—(t—fz)z/w§ (SZ)

The number of molecules leaving the surface in a time interval ¢t ...t + dt is given by the
number of adsorbed molecules, N,4(t), at time t multiplied with the rate constant, k,, for
desorption. We obtain the analytical expression (Eqg. (S3)) for N,q(t) by integration of
Eq. (S1) for N,4(0) = 0.
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Since the sticking probability is not unity, we add a direct scattering contribution with zero
residence time to the flux of molecules leaving the surface (Eq. (S4)). The two additional
factors Bpg and Brp are used to scale the model to the signal size observed in the experiment.

®P4(t,Ts) = Bps Pi(t) + Brp ka(Ts) Nag(£) (S4)
direct scattering desorption

For the observation of bi-exponential desorption kinetics, Eq. (S4) changes to Eq. (S5):

2
2a(tT9) = Bos®u®) + BRSKE TN @ + BEVKITING©) ()
direct scattering fast desorption slow desorption

The model now contains two different rate constants, k2S(T) and k3'°% (Ts), as well as two
different kinds of adsorbates, N, m(t) and Neffi) (t). Their time dependent population is given
by Eq. (S6) and Eq. (S7), respectively:

1
N (©)
fast\2 2
i3 f (ref>) wi t, + kfastw?
2 ‘/_W1
2
k‘fiast t1+(kfiaSt wi E f( t+ tl + kfaSt 1)
- 2 Wl I‘
2
rfast s +(k£ia5t wh t, + kfaSt
+ A,ed 2 2 w,Erf
\/_ Wz
2
fast, (™) W —t +t, + kStw?
— Ayeld Ty Erf 2 w2
\/_ Wz
N2 (@®)
kslow 2w2 SlOW
2 \/_W1
2
! (ko) w —t 4t + kSlow 2
— Ak Ty Erf 1 td T
VZw, (S7)
2
kslow t +(kzlow) W% tz + kSIOW 22
+A,ed 2 2 w,Erf| ——=
VZw,

2
slow 2
(k w3

slow d
— Ayefd Tt szrf(

t+t, + k3%w3 )

V2w,



