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Derivation of probability (Py) for Model 11

In model Il we consider that the ions uptake vapor dopants as predicted by the Langmuir
adsorption model and upon collision the vapor molecules can bind at specific sites on the ion,
with a total of gmax available sites. An ion with ‘g-1’ vapor molecules bound can undergo a
collision limited association reaction to bind with a vapor molecule and also an ion with ‘g’
vapor molecules bound can undergo a dissociation reaction to emit a vapor molecule from its
surface. The balance between these two reactions is noted as:

Ng_1+ n, =ny
where n, is the number concentration (#m?®) of ions with g vapor molecules bound, n, is the

number concentration of vapor molecules.

The forward reaction rate for this reaction is calculated as:

Re = kgo1(1— 65 4-1)nyny4 (Sla)
where 8¢ ,_4 is the binding coefficient expressed as:

O g1 = L2 (S1b)
kg g-1 is the forward rate constant expressed as:

— 2

kf,g—l = Cv,g—ln(rg—l + Tv) n[dJD,g—l] (SlC)

where n[l[)D'g] is dimensionless enhancement factor for the collision of an ion with g vapor

molecules bound and a vapor molecule, as described in the main text, ry is the effective radius of

the ion with g vapor molecules bound, and r, is the radius of a vapor molecule. ¢, , is the mean
thermal speed of the reduced mass of a vapor dopant molecule and the ion with g vapor

molecules bound calculated as:

— — 8kpT (Sld)

where kgT is the thermal energy and pg ,, is the reduced mass of the vapor dopant and ion with g
vapor molecules bound. Similarly, the backward reaction where one vapor molecule dissociates
from an ion with g vapor molecules bound can be expressed as:

Ry = kp,g0p gNv,surfNy (S2a)

where 8, , is the binding coefficient expressed as:



Opy = —> (S2b)

Imax

kp,g is the backward rate constant expressed as:
— 2
kpg = Cpgm(ry +1,) (S2¢)
Ny surs 1S the vapor molecule concentration at the surface of the ion. This can be expressed in

terms of an effective saturation ratio defined as:

Ny

Sefr = (S3)

Ny,surf
This effective saturation ratio is also described as:

Seff =YS (S4)
wherein, vy is the ratio of the saturation vapor pressure of the dopant to the vapor pressure of the
dopant above binding site on the ion (i.e. y is an inverse activity coefficient) and S is the dopant
saturation ratio. At equilibrium, the forward reaction rate is equal to the backward reaction rate,

SO we can equate equations (S1a) & (S2a), which leads to the equation:

ng — kf,g—l(YS)(l_ef,g—l) (85)

ng-1 kb,g0b,g

The probability (Pg) that an ion has g vapor molecules bound at any instant of time can be
calculated as:

n
P, =2 S6a
9 Ntot ( )
where ny is the total number concentration of the ions expressed as:
Ngor = }q;nélx (nj) (S6b)

Therefore equation (S6a) can be alternately expressed as:

ng
P, = L -.eH (578.)

T

The numerator of this equation (:—g> is further expressed in the form of a multiplicative sum as:
0

Nk

n
"= I, (nk_l) g1  (S7b)

-1 g=0 (S7c)

No

Thereafter, equation (S5) can be used to rewrite equation (S7b) in terms of the rate constants as:

Mg _ (y$)9 «Zzl (M) g>1 (S7d)

no kb kObk



In conclusion the probability (Pgy) can be expressed in terms of the effective saturation ratio, the
rate constants and the binding and dissociation coefficients by utilizing equations (S7a), (S7c)
and (S7d):

P, = ! (S7e)

iri (Kfe—1(=0fk—1)
L (09 T (H45, )

kfiq1(1=60¢ i 1)
an9 fii-1 fj-1
P _ (YS) Hj:l( kb,jeb,j > >1 (S7f)
- 1+ngax ((YS)] 1-[] (kf,k—l(l_ef,k—l))) g—
J=1 k=1 kb kOb,k

Now substituting in equations (S7e) & (S7f) for the forward and backward rate constants using

equations (S1c) & (S2c¢) and for binding and dissociation coefficients using equations (S1b) and

(S2b), Py can be described by the equations:

Py = = (S8a)
Imax i/ 1_gmalx Miew \M? (g 4rp)?
1+39max | (v$)i T, | —% (ﬂk_'w) ( Ty ) Yo k-1
9max
1—]._—1 Wy i 1/2 ri_1+rp z
(v$)9 H«]q_zl ggjr_nax <#v,j‘il> (Jrj+ry > nl¥p,j-1]
P, = — g>1  (S8b)

g

Imax it/ 1_9,:;¢11x kv 1/2 T—1+1v)’
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Derivation of probability (Py) for Model 111
In model 111 the classical nucleation theory approach is used to predict the uptake of dopant
molecules on the surface of ions and vapor molecules can bind continuously regardless of the
site on surface of the ion. The association and dissociation reaction can be expressed in this case
as:

Ng_q+ Ny =Ny
The forward reaction rate for this reaction is calculated as:

R = kfg_1myng_4 (S9a)
k¢ g-1 is the forward rate constant expressed as:

keg-1 = Ev,g—lﬂ(rg—l + Tv)zn[¢n,g—1] (S9b)
Similarly, the backward reaction can be expressed as:

Ry = kpgNysurfng (S10a)

kp,4is the backward rate constant expressed as:

kg = Cogri(ty +7,)° (S10b)
Ny, sury 1S the vapor molecule concentration at the surface of the ion which can be expressed as:
AE
Ny surf = Nsat€XP (_ k?;) (S10c)

where ng,, is the number concentration of vapor molecules at saturation and AEj is the change in

enthalpy of an ion upon uptake of a vapor molecule (g-1 to g molecules bound):

AE, = —g64, — 2 (1-2)s(>) (S10d)

8meg Er Tk
The equation (S10d) integrates the combined influences of Kelvin and Thomson effects in model
Il as described in the main text. At equilibrium, the forward reaction rate is equal to the

backward reaction rate, so we can equate equations S9a and S10a which leads to the equation:
Mg _ Kpg-i$ exp (Aﬁ) (S11)

ng_1 kb’g kgT
Following a similar approach as model Il and using equations (S7a), (S7b) and (S7c) with

equation (S11), Pq4 can be expressed in this case by the equations:
1

o)




kf, i— AE ;
o (i)
g iy [ Frk- AE
143 ,-=1<(s>1 n{m( kh'}{%xl’(ﬁ)))
It should be noted that unlike model 11, there is no limiting value for g in model 111 and the vapor

sorption continues as g—oo. Further substituting for the forward and backward rate constants

using equations (S9b) and (S10b) in equations (S12a) and (S12b), P4 can be described by the

g1  (S12b)

equations:
1
PO = . 1/2 2 (8138.)
+372,(5) H{(:l(exp(%>(ul;f’zv> ( ﬁ;:vv) TI[¢D,k—1]>

I | ex (ﬂ) Hjv i rj-atre)’ [wp, -]
Jj=1 p kBT I’Lj—l,V r]-+rp n D,j-1

e o 1 (o2 () (Y )

g>1 (S13b)
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Model 111 Comparison to Peptide Measurements
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Figure S1. A comparison of experimental measurements of the ratio (Ki/Ks) for five peptide

Saturation Ratio (S)

ions to model 111 predictions.



Variable dictionary

Variables:

Sef

éeesmbq‘bgmg;gt\*)%-%gﬁa'\'*

surface area of an ion

mean thermal speed

enthalpy of an ion

unit electron charge

friction factor

number of vapor molecules bound

number of available sites in an ion for vapor uptake
electrical mobility

Boltzmann constant

forward rate constant

backward rate constant

collision cross section enhancement factor for the ion induced dipole potential
number concentration

probability that an ion has g vapor molecules bound
forward reaction rate

backward reaction rate

radius of bath gas molecule

radius of ion with g vapor molecules bound

radius of vapor molecule

saturation ratio

effective saturation ratio

temperature

ion charge state

polarizability of bath gas molecules

permittivity of free space

dielectric constant of vapor dopant

ratio of the saturation vapor pressure to the vapor pressure of the dopant
dimensionless enhancement factor for the ion-dipole interaction
reduced mass

dipole potential

binding coefficient

dissociation coefficient

density

surface tension of vapor dopant

collision cross section of a ion

momentum scattering factor

ion dipole potential energy to thermal energy ratio
polarization to thermal energy ratio



Subscripts:

0 bath gas molecule and bare ion

0,0 bare ion immersed in pure bath gas

0,0 bath gas molecule and ion with g vapor molecules bound
o,v bare ion immersed in vapor dopant as a bath gas

b,0 pure bath gas

b,s bath gas with vapor dopant saturation ratio S

g ion with g vapor molecules bound

g,0 ion with g vapor molecules bound in pure bath gas

g,v ion with g vapor molecules bound immersed in vapor dopant as a bath gas
i initial

j summation index for vapor molecules

k summation index for vapor molecules

S at saturation ratio S

sat at saturated conditions of vapor dopant

surf at surface of the ion

tot total

Vv vapor molecule and bare ion

v,g vapor molecule and ion with g vapor molecules bound



