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Supporting Information

Intramolecular potential function for the hydrocarbons

The geometries of the alkanes and alkenes were taken from the Computational

Chemistry Comparison and Benchmark Database (http://cccbdb.nist.gov). In particular,

the minimum energy geometries at the MP2/cc-pVDZ level of theory were chosen,
except for the CH molecule for which the C-H distance was chosen to be 1.10 A. The

conformation selected for each molecule is listed in the next table:

TABLE 1: Conformations the hydrocarbon projectiles studied in this work.

Hydrocarbon Conformation
lSClH _
CH,4 methane -
C,Hg ethane staggered
C4H o n-butane staggered anti
CsHo pent-1-ene linear
c-CsH, cyclopentane envelope
C¢H» hex-1-ene linear
c-C¢H 1, cyclohexane twist boat
CgH s n-octane linear

The parameters which describe the intramolecular interactions for the alkane and alkene
molecules were taken from the force field developed by Pierce et al. (J. Chem. Phys.
128 (2008) 214903). This force field was parameterized for alkanes and fluoroalkanes
so that the potential describes correctly ab initio energies and experimental densities and
vaporization enthalphies. The intramolecular potential consists of bond, angle and

torsion terms:

K
Vintra = Kp(r —19)% + K,(0 — 64)? + z%(l — cos(nd))

n

The intramolecular parameters are listed in the next table:



TABLE 2: Intramolecular parameters of the hydrocarbons studied in this work.

Bond parameters®

Kp To
C-C 309.0 1.53
C-H 327.5 1.10
Angle parameters’
K, 6o
Cr-Cr-Cyp3’ 54.0 112.0
Cy3-Cr-H 43.0 110.0
H-C5-C, 43.0 110.5
H-Cs;-H 38.5 107.7
H-C,-H 38.5 108.2
Torsion parameters®
K1 Ki, K3 Kt s
Cy3-Cr-Ca-Cyp3 -0.271 0.152 -0.187 -0.500
H-C,3-Cy5-H 0 0 -0.300 0
H-Cy3-C2-Cys3 0 0 -0.300 0

? Force constants in kcal/mol/A” and distances in A.

® Force constants in kcal/mol/rad” and angles in degrees.

¢ Force constants in kcal/mol.

¢ C, and C, represent C atoms in CH; and CH, groups respectively.

For the CsH;o and C¢H,, alkenes the same set of parameters was used except for the

equilibrium angles which involve a sp® carbon whose values were changed to 120°.

Interaction potential between the hydrocarbons and the F-SAM

The intermolecular interactions between the projectiles and C and F atoms of the F-
SAM surface are described by the potential developed by Wang and Hase (J. Phys.
Chem. B 109 (2005) 8320) where ab initio energies for the CH4/CF,4 dimer were fitted

to a Buckingham exp-5 potential:



C::
Vi = Ayexp(=Byri;) + r—lsj
ij

The parameters are listed in the next table:

TABLE 3: Parameters of the CyHy + F-SAM intermolecular potential

C-C 6500.0 6.7422 103.75
C-F 13879 3.0000 756.25
H-C 7514.6 5.1906 1.0937
H-F 7132.7 5.1688 2.3438

A;j in keal/mol, B;; in A” and C;; in keal-A*/mol.
The interaction between the projectiles and the S atoms of F-SAM were not considered,
and a repulsive potential for the projectile/Au interaction is employed to avoid the

collapse between the gas and the gold surface at high collision energies,
Vi = Ayjexp(—Byry;)

where A;j=4185200.0 kcal/mol and B; ;= 3.873 Al



Results

TABLE 4: Parameters of the energy transfer model (eqs 10 and 11) for B, colliding with

the F-SAM as a function of the projectile mass m,."

mg <AEy>y ay by ch dy

4 0.00 16.10 2545 6.69 2.04
10 0.13 593 984 393 11.73
20 0.15 231 875 254 11.07
40 0.04 069 341 141 1274
60 0.00 0.80 347 1.62 23.48
mg  <AEp>y ag br cr’ dr

4 0.05 3.57 812 3.73 14.99
10 0.07 3.16 9.16 204 11.24
20 0.08 240 994 125 11.34
40 0.05 057 519 0098 9.69
60 0.09 093 7.68 0.85 18.22
mg <Ep>y  ar br ch dr

4 1.58 4143 7.53 22.66 9.80
10 1.04 2122 6.69 10.17 10.42
20 1.25 9.83 745 2.75 5.09
40 0.00 267 1.78 1.60 18.88
60 0.00 140 0.79 1733 42.71

mg ayrr byrr P dyrr

4 20.13  4.06 5895 6.51
10 13.47 3.89 8030 6.46
20 543 235 9052 537
40 404 221 9583 15.29
60 2.88 1.87 84.20 34.25

“Units are such that the energy is in eV and m, in a.m.u.
bc is Multiplied by 100 so that it is expressed as a percentage (like P).



TABLE 5: Parameters of the energy transfer model (eqs 10 and 11) for B, colliding with
the F-SAM as a function of the frequency w."

o <AEy>y ay by ch dy
300 0.15 231 875 254 11.07
400 0.17 265 837 324 1574
500 0.14 247 7.16 3.85 17.78
600 0.04 244 575 3.80 18.03
700 0.00 320 6.38 4.02 20.68

o <AEp>y) ap br cRb dr
300 0.08 240 994 125 11.34
400 0.06 123 7.08 196 1045
500 0.07 1.51 7.34 225 12.18
600 0.11 279 972 242 1574
700 0.13 288 986 260 16.09

o  <Ep> ar  br cr’ dr
300 1.25 983 745 275 5.09
400 1.19 860 7.03 3.17 4.88
500 1.21 887 732 3.05 4098
600 1.24 878 748 292 5.06
700 1.28 881 7.68 286 5.09

w ayrr byrr P, dyrr
300 543 235 9052 537
400 508 221 90.04 524
500 495 2.15 89.83 5.15
600 496 2.16 89.86 5.08
700 512 224 8994 512

*Units are such that the energy is in eV and @in cm™.
bc is Multiplied by 100 so that it is expressed as a percentage (like P).



TABLE 6: Parameters of the energy transfer model (eqs 10 and 11) for B, colliding with

the F-SAM as a function of the intermolecular parameter L.

Vibration

L <AEy>¢ ay by o dy
.00 0.00 0.07 1.02 048 31.77
0.83 0.00 0.10 156 0.53 16.68
0.67 000 0.16 178 1.00 11.90
0.50 0.03 037 329 188 10.54
033 0.15 231 875 254 11.07

L <AEg> ag b c®  dg
1.00  0.01 049 21.63 0.07 25.30
0.83 0.01 053 16.53 0.18 20.32
0.67 0.02 1.10 1290 0.51 30.28
0.50 0.04 143 10.68 0.83 1541
033 0.08 240 994 125 11.34

L <Ep> ar br CFb dr
1.00  0.53 1640 3.67 71.78 5.74
0.83 140 629 529 61.76 2.69
0.67 0.98 517 3.52 4859 3.06
0.50 1.07 15.12 7.87 23.87 0.18
033 1.25 9.83 7.45 2.75  5.09

L AayrRF byrr Py dyrr
1.00 418 413 26.39 0.00
0.83 12.05 2.83 37.66 5.30
0.67 7.55 2.31 50.13 4.32
0.50 11.61 324 71.06 5.98
0.33 543 235 9052 537

“Units are such that the energy is in eV and L in A.
b¢ is Multiplied by 100 so that it is expressed as a percentage (like P).
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Figure 1. Model parameters of eqs 10 and 11, obtained from fits to the simulation
results, as a function of w. Parameters a;, b;, ¢; and d; are displayed in panels a, b, ¢ and
d, respectively. The subscript j refers to V' (vibration), R (rotation), F' (final translation),

or VRF (overall energy of the projectile).
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Figure 2. Model parameters of eqs 10 and 11, obtained from fits to the simulation
results, as a function of L. Parameters a;, b;, ¢; and d; are displayed in panels a, b, ¢ and
d, respectively. The subscript j refers to V' (vibration), R (rotation), F' (final translation),

or VRF (overall energy of the projectile).



