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11 1. Physical property calculation

12 1.1. Calculation for density

13 Density is of paramount importance for high energy density fuels (HEDFs), as a
14 higher density means a fuel tank of fixed volume can carry a greater mass of fuel, which
15 significantly enhances the range, payload, and speed of aerospace vehicles. Using
16 multiple molecular dynamics (MD) simulations to determine density can yield results
17 closer to experimental values, while DFT method offers higher computational
18 efficiency compared to MD simulations. Therefore, we combined DFT and MD

19 methods for the isomer screening of PHP.

20 DFT method
21 Density was calculated using the DFT method via Equation (1) [1, 2].
M
p:a(o 001 V]Jrﬂvéj‘z‘“)w
22 ' (1
23 The density estimated by the relative molecular mass (M) and the van der Waals

24 volume (V) of the molecule is given by M/V, where Vy, represents the volume of an
25 isolated gas-phase molecule in cm3/molecule. Following the proposal of Bader et al. ,
26 this volume is defined as the space enclosed by the 0.001 au (e/Bohr?) isosurface of the
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molecular electron density (r) [3]. The term vo2 tot accounts for electrostatic
interactions, where v denotes the balance degree of positive and negative charges on
the isosurface, and 62 tot measures the potential variation on the molecular surface.
Three fitting coefficients (6=0.9183, =0.0028, y=0.0443) were used to correlate with
experimental data. The parameters V,,, v, and 62 tot of fuel molecules were obtained
using the Multiwfn 3.8 software [4, 5].

MD simulations

MD simulations were performed using the LAMMPS package[6], with the
COMPASS force field employed throughout all simulations. The COMPASS force
field is well-suited for modeling various organic molecules, including alkanes, benzene,
and their derivatives, and can accurately predict physical properties such as density and
viscosity compared to other force fields [7-10]. First, 128 fuel molecules were dispersed
in a simulation box of approximately 30 A x 30 A x 30 A. Geometric optimization and
annealing processes were then conducted to obtain stable configurations. During MD
simulations, the NPT ensemble was applied under constant temperature (298.15 K) and
pressure (1 bar) conditions for a total simulation time of 5 ns, with a time step of 1 fs.
1.2. Calculation of mass net heat of combustion

The mass net heat of combustion refers to the heat released per unit mass of fuel
during complete combustion, where water vapor in the combustion products remains in
gaseous form. This parameter serves as a critical indicator for evaluating the energy
release of high-density fuels in practical combustion processes. The mass net heat of
combustion AH (M) (kJ/g) can be obtained by calculating the combustion enthalpy and
evaporation enthalpy per unit mass according to the definition, as shown in Equation
).

AH (298.15K)(g)+AH

AH (M) =
(M) v @

Combustion enthalpy is calculated by Equation (3).

n+m

C,H, (g) + ———0,(g) - nCO, (g) + %Hzom
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H_(298.15K)(g) = AE, + AZPE + AH(298.15 K) 3

where A E, represents the electronic energy at 298.15 K and 1 atm, A ZPE denotes the

zero-point energy correction under the same conditions, A H(298.15 K) refers to the

enthalpy correction term. The ZPE and H(298.15 K) values for each species were
computed using the Shermo software package [11].

Vaporization enthalpy is calculated by Equation (4).
CH,0H—->CH, (2

_ 0.5 2105
AH,, =a(SA)” +b(vo,,)™ +c )

where the surface area of the fuel molecule (S4) was obtained using Multiwfn 3.8
software. The fitting coefficients for the enthalpy of vaporization are a = 2.13, b= 0.93,
and ¢ = —17.84, respectively.

Mass net heat of combustion is calculated by Equation (5).

NHOC(M) = 2
M

)
Volume net heat of combustion can be obtained from the mass net heat of
combustion, as shown in Equation (6).

NHOC(V) = NHOC(M)x p (6)

1.3 Calculation for specific impulse
The specific heat of combustion of hydrocarbons, % (J/g), is given by:

h=1000NHOC(M) (7)

When polycyclic alkanes react with oxygen at the stoichiometric ratio, the

conversion relationship between the specific heat of combustion of the hydrocarbon (/)

and that of the fuel (hydrocarbon + oxygen) (H) is:

- h(11.91+x)
43.66 +8.93x (8)

where x is the ratio of the number of hydrogen to carbon atoms in the fuel molecule.
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The formula for specific impulse is [12]:
I - (2nH)™
g €
where the efficiency factor # is 0.556, applicable to most polycyclic alkanes, and the
calculated results are in good agreement with experimental values.
1.4. Other properties

Melting point, boiling point, critical temperature, critical pressure, critical volume,
flash point, and other properties were estimated using the group contribution method to
improve the prediction of the physical properties of PHP [13].

The group contribution method addresses the need for rapid estimation of physical
and thermodynamic properties of compounds in chemical engineering and related
fields. Its fundamental principle is to treat the properties of a compound as the sum of
contributions from each structural group within its molecular architecture. Despite its
utility, the group contribution method has limitations regarding the spatial structure of
fuel molecules. The influence of spatial structure on fuel properties is well-established,
particularly for stereoisomers with distinct stereochemical configurations. A typical
example is the difference in freezing points between endo-tetrahydrodicyclopentadiene
(endo-THDCPD) and exo-tetrahydrodicyclopentadiene (exo-THDCPD), which arises
primarily from the impact of molecular spatial geometry on physical properties.
However, the group contribution method cannot capture structural disparities between
molecules.

Melting point is calculated by Equation (10).

T
ex m =Y nG.
p(147.45j Z,: a (10)

Boiling point is calculated by Equation (11).

exp Ly = ZniGi
222.543 ; (11)

Critical temperature is calculated by Equation (12).
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(12)
Calculation of critical Pressure is calculated by Equation (13).
(P,—5.9827)"° - 0.108998 = > nG,
: (13)
Critical Volume is calculated by Equation (14).
V.-795=>"nG,
: (14)

G, represents the contribution of a certain group to the physical property, and the

G, values used are shown in Table S1.

Table S1. G; values in group contribution method [13].

Gi
T Ty T. P, Ve
CHy(cyclic) 0.5699 0.8234 1.8815  0.009884 49.24
CH(cyclic) 0.0335 0.5946 1.102  0.007596 44.95
CH(multiring) 0.6647 0.1415 1.2513 -3.33 —2.095

Groups
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Figure S1. Optimized unit cell of Ni.

S6



iz}
v
L b N
Lo}

> 1.00}

z a
1-08 " A
107} b

[m]
1.06
Q
1-05 - » » »

cis-decalin
trans-decalin
cis-anti-cis-PHP
cis-syn-cis-PHP
cis-syn-trans-PHP
trans-anti-cis-PHP
trans-anti-trans-PHP
trans-syn-trans-PHP

1 2 3 4 5

6 7 8

Decalin/PHP

Figure S2. M/V values for decalin and PHP.

S7




Table S2. Six stable adsorption sites of PHE on the Ni(100) surface.
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Table S3. Two stable adsorption sites of PHE on the Ni(111) surface.

Site b1 b2
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1 Table S4. Adsorption configurations of three PHE2H intermediates (9,10-A-PHE2H, 9,11-A-

2 PHE2H, 9,12-A-PHE2H) on Ni(100) and Ni(111) surfaces.

9,10-A-PHE2H

9,11-A-PHE2H

9,12-A-PHE2H

A-PHE2H
Ni(100) o=
NN/
'A-;i{i)i;‘!'A i-i‘_" N
E.4s(eV) —4.86 —6.67 —4.68
Ni(111)
Eaa(€V) ~3.83 ~5.73 ~3.78
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2 Figure S3. Adsorption energies of PHE and related species in vacuum and decalin solvent on the

3 (a) Ni(100) and (b) Ni(111) surfaces
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1 Table S5 The energy barrier for the first hydrogen addition of PHE on Ni(100) and Ni(111)

2 surfaces.
Ni(100) Ni(111)
C atom

Eq(eV) Eq(eV)
1 0.84 0.73
3 0.87 0.88
4 0.88 0.91
5 0.90 0.88
6 0.80 0.72
9 0.74 0.71
10 0.95 0.90
11 0.87 0.94
12 0.83 1.05
14 0.86 0.77
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1 Table S6. Energy barriers for the hydrogenation of the A-PHE4H intermediate on Ni(100) and

2 Ni(111) surfaces to form PHE5H.

Ni(100) Ni(111)
C atom

E(eV) E,(eV)
1 0.80 0.70
3 0.78 0.98
4 0.93 0.86
5 0.92 0.88
6 0.86 0.77
8 1.06 0.62
13 1.00 0.99
14 0.94 0.69
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1 Table S7. Energy barriers for hydrogenation of AC-PHE8H intermediate to AC-PHE9H on

2 Ni(100) surface.

C atom E,(eV)
1 0.83
8 0.73
13 0.98
14 0.92
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1 Table S8. Energy barriers for hydrogenation of AB-PHE8H intermediate to AB-PHE9H on

2 Ni(111) surface.

C atom E,(eV)
2 0.79
3 1.04
4 0.84
5 0.73
6 0.89
7 1.05
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Reactant Product

NN

Figure S4. Optimized reactant, transition state, and product structures for the first-ring
hydrogenation reaction of PHE on the Ni(100) surface. The first row: 9C+1H; the second row:
10C+2H; the third row: 11C+3H; the fourth row: 12C+4H. The numbers in the figure indicate the

C—H bond distances at the transition state.
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2 Figure S5. Optimized reactant, transition state, and product structures for the first-ring
3 hydrogenation reaction of PHE on the Ni(111) surface. The first row: 9C+1H; the second row:

4 10C+2H; the third row: 11C+3H; the fourth row: 12C+4H.
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Figure S6. Optimized reactant, transition state, and product structures for the C-aromatic-ring
hydrogenation reaction of PHE on the Ni(100) surface. The first row: 3C+1H; the second row:

4C+2H; the third row: 5C+3H; the fourth row: 6C+4H.
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Figure S7. Optimized reactant, transition state, and product structures for the B-aromatic-ring
hydrogenation reaction of PHE on the Ni(111) surface. The first row: 8C+1H; the second row:

1C+2H; the third row: 14C+3H; the fourth row: 13C+4H.
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Figure S8. Optimized reactant, transition state, and product structures for the last- aromatic ring
hydrogenation reaction of PHE on the Ni(100) surface. The first row: 9C+1H; the second row:
10C+2H; the third row: 11C+3H; the fourth row: 12C+4H; the fifth row: 2C+5H; the sixth row:

7C+6H.
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Figure S9. Optimized reactant, transition state, and product structures for the last- aromatic ring
hydrogenation reaction of PHE on the Ni(111) surface. The first row: 9C+1H; the second row:
5C+2H; the third row: 6C+3H; the fourth row: 4C+4H; the fifth row: 2C+5H; the sixth row:

7C+6H.
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Reactant TS Product

Figure S10. Optimized of reactants, transition states, and products structures for the formation of
trans configurations of 8C, 13C, 2C, and 7C of PHE on the Ni(100) surface. The first row: 8C
Htrans; the second row: 9C+H; the third row: 13C Htrans; the fourth row: 12C+H; the fifth row:

2C Htrans; the sixth row: 3C+H; the seventh row: 7C Htrans; the eighth row: 6C+H.
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2 Figure S11. Reaction networks for the formation of trans configurations of 8C, 13C, 2C, and 7C
3 of PHE on the Ni(100) surface.
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Figure S12. Optimized of reactants, transition states, and products structures for the formation of
trans configurations of 8C, 13C, 2C, and 7C of PHE on the Ni(111) surface. The first row: 8C
Htrans; the second row: 9C+H; the third row: 13C Htrans; the fourth row: 12C+H; the fifth row:

2C Htrans; the sixth row: 3C+H; the seventh row: 7C Htrans; the eighth row: 6C+H.
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Figure S13. Reaction networks for the formation of trans configurations of 8C, 13C, 2C, and 7C

of PHE on the Ni(111) surface.
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1 3. Microkinetic modeling
2 A microkinetic modeling was established to investigate the changes in reaction
3 rates and product selectivity of PHE hydrogenation at different temperatures. The

4 forward reaction rates were used to approximately estimate the entire process. The

5 elementary reactions are as follows:

6 Rl PHE+*—fu s PHE *

7 Ry H,+2*—"52H*

8 R3 PHE*+H* A 5>PHEIH*+*

9 R4 PHEIH*+H*—% 5>PHE2H*+*
10 R5 PHE2H*+H*—5 5PHE3H*+*
11 R6 PHE3H*+H*—f 5>PHE4H*+*
12 R7 PHE4H*+H* % 5>PHESH*+*

13 Rg PHESH*+H*—f 5 PHE6H *+*

14 R9 PHE6H*+H* 2 >PHE7H*+*

15 R10 PHE7H*+H*—% 5 PHESH *+ *
16 R11 PHE8H*+H*—~—PHE9H *+*
17 R12 PHE9H*+H*—f* 5 PHEIQH *+*
18 R13 PHEIOH*+H* 1 >PHE11H*+*
19 R14 PHEIIH*+H*—%2 s PHEI2H *
20 R15 PHEI2H*+H* 2 >PHEI3H*
21 R1e PHEI3H*+H*—f<cis-syn-cis- PHP *+*
22 r17 PHEI3H*—%>PHEI3H,,, *
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PHEI3H, *+H*—%¢ strans-anti-cis-PHP *+*

trans

R18

R19 Cis-syn-cis- PHP * —f=—cis - syn - cis - PHP + *

R20 trans-anti-cis - PHP * —%&2 s trans - anti - cis - PHP +*

Among them, R1 and R2 represent the adsorption processes of PHE and hydrogen,
and R3—R18 are the elementary reactions for forming cis-syn-cis PHP and trans-anti-
cis PHP. The species coverages (6) of reactants and products can be calculated by the

following formulas:

— *
gPHE - CPHE kPHEg

1
0, =y 2k, 0

The steady-state approximation was applied to R3—R20:
d‘gz% — 00y — BBy =0
SO0, 11400~ OO =0
SO 0,000~ KGO =0
SO 0,103~ KOO =0
dezi% — kBhipuOh — keOorgpes Oy = 0
SO 5400~ OO =0
dez% — BBy — KBy Oy = 0
SO 400 = OO =0
SO0~ OOy =0
SOOI 0,000 = i O sn O =0
SO0, O~ O =O
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do
— R = k129PHEllH9H - k139PHE12H9H =0

1 dt
dé

5 % = k13‘9PHE12H0H - k140PHEl3H9H - k15‘9PHE13H =0
decis—s n-cis-

3 #PHP = k149PHE13H9H - kdeslecis-syn—cis—PHP =0

dé,
PHE13H-trans __ _ —
- leQPHEIBH k160PHE13H—tran50H - 0

4 dr
6 The relationship of all coverages is:
0*+> 0, =1
7 #*
8 The calculation results of k and @ at different temperatures are shown in Table
9 S11-23.
10 The reaction rates for the formation of cis-syn-cis-PHP and trans-anti-cis-PHP can

11 be calculated using the following formula.
ycis—syn—cis—PHP = k149H00is—syn—cis—PHP
12 7trans—anti—cis—PHP = kléeHetrans—anti—cis—PHP
13 The selectivity of cis-syn-cis-PHP and trans-anti-cis-PHP were calculated using

14 the following Equation.

S = 7cis—syn—cis—PHP/trans—anti—cis»PHP

15 7cis—syn—cis—PHP + ]/trans—anti—cis—PHP

16
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Table S9.

AG, (kJ/mol) for PHE hydrogenation on the Ni(100) surface

T(K)  533.15 553.15 573.15 593.15 613.15 633.15 653.15 673.15 693.15 713.15 733.15 753.15 773.15
PHEIH 68.14 68.12 68.11 68.11 68.11 68.12 68.14 68.16 68.18 6822 6825 68.30 6834
PHE2H 6478 65.02 6526 6552 65.78 66.05 6633 66.61 6690 67.20 67.50 67.81 68.13
PHE3H 6570 6590 66.11 6633 66.56 6679 67.03 6728 67.53 67.79 68.06 68.33 68.61
PHE4H 36.52 36.67 36.83 3699 37.17 37.34 37.53 3772 37.92 38.12 3833 38.54 38.76
PHESH 82.95 8325 83.57 83.89 8422 84.56 8490 8526 85.61 8598 8635 86.72 87.10
PHEGH 67.95 68.12 68.29 6847 68.66 68.86 69.06 69.27 69.49 69.72 69.95 70.18 70.42
PHE7H 72.86 7348 74.10 7474 7539 76.04 76.71 77.39 78.08 78.77 79.48 80.19 80.91
PHESH 62.78 6253 6229 62.04 61.80 61.56 6132 61.08 60.85 60.61 6038 60.15 59.92
PHEOH 92.12 91.52 90.91 9030 89.68 89.06 88.43 87.80 87.17 86.53 85.89 8525 84.60
PHEIOH 68.70 68.80 68.91 69.02 69.15 69.28 69.42 69.56 69.71 69.87 70.03 70.20 70.38
PHEIIH 2477 24.85 2493 25.03 2513 2524 2536 2549 2563 2578 2593 2609 2626
PHEI2H 125.61 12625 126.91 127.60 128.31 129.04 129.79 130.57 131.36 132.18 133.01 133.86 134.73
PHEI3H 5450 54.70 5491 55.13 5534 5556 5579 56.02 5626 56.50 56.74 5699 57.24
CiS'IfIZII;CiS 26.63 2631 2600 25.69 2538 2507 2477 2446 24.16 23.86 23.56 2326 22.96
PHtiﬁH 133.80 134.92 136.05 137.21 138.39 139.59 140.80 142.04 143.29 144.56 145.85 147.15 148.47
“;251‘,2‘;3‘ 61.01 60.54 60.07 59.60 59.13 58.67 5820 57.73 5727 5681 5634 5588 5542
Cisf;;yl’;‘;:’sis' -146.17-146.14-146.11 -146.08 -146.06 -146.03 -146.01 -146.00 -145.98 -145.97 -145.96 - 145.95 - 145.94
glzn;ggz‘ -207.78-209.06-210.35 -211.67-213.01 -214.36 -215.74-217.13 -218.54 -219.97 -221.41 -222.88 -224.35
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Table S10. AG, (kJ/mol) for PHE hydrogenation on the Ni(111) surface

T(K) 533.15 553.15 573.15 593.15 613.15 633.15 653.15 673.15 693.15 713.15 733.15 753.15 773.15

PHEIH 70.70 7091 71.12 7134 7156 71.79 72.02 7226 72.51 72.76 73.01 7327 7353
PHE2H 1850 18.62 18.74 18.86 1899 19.12 19.26 1940 19.54 19.69 19.84 20.00 20.15
PHE3H 81.65 82.05 8246 82.88 8331 83.76 8421 84.67 85.14 85.62 86.11 86.61 87.12
PHE4H 33.82 33.89 3396 34.03 34.11 3420 3429 3438 3448 34.58 34.69 34.80 34091
PHESH 64.08 6443 64.78 65.14 6551 6589 6628 66.67 67.07 6748 67.90 6832 68.75
PHE6H 1545 15.60 15.76 1591 16.07 16.23 1639 1656 16.72 16.89 17.06 17.23 17.41
PHE7H 1559 14.75 1390 13.03 12.17 11.29 1041 952 863 773 683 592 5.00
PHES8H 5698 5643 55.88 5533 5477 5421 53.65 53.09 5253 5197 5140 50.84 50.27
PHESH 79.53 80.18 80.83 &81.50 82.18 82.87 83.57 84.28 85.00 85.73 86.47 87.22 8798
PHEIOH 23.08 23.16 2325 2334 2344 2353 23.64 23.74 23.85 2397 24.08 2420 2433
PHEIIH 1641 1639 1638 1638 16.38 1638 1639 1640 1642 1644 1646 1649 16.52
PHEI2H 60.54 61.01 61.48 61.96 6245 62.96 6347 63.99 6452 6505 6560 66.15 66.72

PHE13H 67.38 68.18 69.00 69.83 70.67 71.53 7241 7329 7419 7510 76.03 7697 7792

CiS'IfIZII;CiS 140 -1.76 211 -246 -2.82 -3.18 -354 -390 -426 -4.62 -499 -535 -5.72
PHtilniH 85.86 8578 85.70 85.63 85.56 85.50 85.44 8538 8533 8529 8524 8520 85.16
“;251;‘11‘?1?' 33.90 3333 3276 32.18 31.61 31.03 3046 29.88 2930 28.72 28.14 27.56 26.99
Cisf;;yl’;;is' -161.85-162.59-163.34-164.10-164.87 -165.66 -166.46 -167.26 -168.08 -168.92 -169.76 -170.61 -171.48
glzn;ggz‘ -175.89-175.73-175.57-175.42-175.26 -175.11-174.97 -174.82 -174.68 - 174.54 -174.40 -174.26 -174.13
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1 Table S11. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 533 K.

Rate constant

Reaction M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.04E+06 4.51E+05 PHE 2.94E-09 2.94E—09
R2 4.96E+10 2.15E+10 H 1.00E+00 1.00E+00
R3 2 43E+06 1.35E+06 PHEIH  1.15E-09 1.93E-14
R4 6.22E+06 2.06E+11 PHE2H  1.39E-09 2.70E-08
RS 5.16E+06 1.47E+05 PHE3H  2.24E-12  6.56E-13
R6 3.20E+09 6.06E+09 PHE4H  6.87E-08 6.02E-10
R7 1.04E+05 6.61E+06 PHESH  2.45E-09 1.13E-14
RS 2.92E+06 3.53E+11 PHE6H  8.83E-09 1.10E-14
RO 8.11E+05 3.62E+11 PHETH  7.76E-10  1.05E-10
R10 9.23E+06 3.79E+07 PHESH  5.42E-07 2.16E-08
RIT 1.32E+04 1.84E+05 PHEOH  3.20E-09 5.50E-14
RI12 2.24E+06 7.23E+10 PHEIOH  1.71E-13 1.17E-14
RI3 4.19E+10 3.39E+11 PHEITH  1.07E-03 2.63E-10
R14 6.67E+00 1.51E+07 PHEI2H  1.13E-10 1.12E-09
R15 6.32E+07 3.54E+06 PHEI3H  2.56E-13 2.47E-16
R16 2.80E+10 L6IE+HI3  CISSYRCS  536p.09  1.04E-07
R17  1.ISE+00(s') 5.29E+04(s') PHEI3H-trans 1.99E-20 1.88E-21
RIS 1 47E+07 6.92E+09  [ANSAMICIS ) 5p.13 8.09E-15
R19 3.04E+06 3.82E+04 * 1.90E-11  4.39E-11
R20 2.79E+00 1.61E+03
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1 Table S12. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 553 K.

Rate constant

Reaction M s Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
RI 1.06E+06 4.59E+05 PHE 3.11E-09  3.11E-09
R2 4.87E+10 2.11E+10 H 1.00E+00  1.00E+00
R3 4 41E+06 2 38E+06 PHEIH  133E-09 3.10E-14
R4 1.03E+07 239E+11 PHE2H  1.59E-09  2.77E-08
RS 8.62E+06 2.68E+05 PHE3H  3.18B-12  9.15E-13
R6 4.30E+09 8.10E+09 PHE4H  6.98E-08  6.97E-10
R7 1.96E+05 1.06E+07 PHESH  2.73E-09  1.85E-14
RS 5.02E+06 4.01E+11 PHE6H  1.03E-08  1.45E-14
RO 1.33E+06 5.10E+11 PHE7H  821E-10  1.07E-10
R10 1.67E+07 6.93E+07 PHESH  4.19E-07  2.33E-08
RIT 3.26E+04 3.18E+05 PHEOH  3.46E-09 8.43E-14
RI12 3.95E+06 8.79E+10 PHEIOH  261E-13  1.87E-14
RI3 5.24E+10 3.98E+11 PHEITH  8.26E-04  3.22E-10
R14 1.66E+01 2.30E+07 PHEI2H  1.42E-10  1.41E-09
RIS 9.65E+07 5.26E+06 PHEI3H  3.55B-13  4.17E-16
R16 3.85E+10 L78E+I3  CISSYRES ) 20p.09  5.45E-08
RI7  273B+00(s7) LIIE+05s)  THEDH 354500 438E-21
RIS 2.74E+07 LOSE+10  ANSAMICES g s54p 14 591E-1S
R19 1.13E+07 1.36E+05 * 1.97B-11  4.56E-11
R20 1.29E+01 7.82E+03

S32



1 Table S13. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 573 K.

Rate constant

Reaction M s Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.08E+06 4.68E+05 PHE 3.08E-09  3.28E-09
R2 4.78E+10 2.07E+10 H 1.00E+00  1.00E+00
R3 7.65E+06 4.04E+06 PHEIH  1.54E-09 4.81E-14
R4 1.63E+07 2.75E+11 PHE2H  1.80E-09  2.84E-08
RS 1 39E+07 4.67E+05 PHE3H  443E-12  125E-12
R6 5.67E+09 1.06E+10 PHE4H  7.10E-08  7.99E-10
R7 3.53E+05 1.66E+07 PHESH  3.01E-09 2.93E-14
RS 8 32E+06 451F+11 PHE6H  1.19E-08  1.88E-14
RO 2.12E+06 7.02E+11 PHETH  8.65E-10  1.09E-10
R10 2.90E+07 1.22E+08 PHESH  3.30E-07 2.52E-08
R11 7.59E+04 5.26E+05 PHEOH  3.73E-09  1.25E-13
R12 6.72E+06 1.06E+11  PHEIOH  3.90E-13  2.87E-14
R13 6.43E+10 462E+11  PHEIIH  651E-04 3.89E-10
R14 3.85E+01 340E+07  PHEI2H  1.75E-10  1.74E-09
R15 1 43E+08 760E+06  PHEI3H  4.83E-13  6.78E-16
R16 5.20E+10 LOSE+13  CISSYLCS 65610 2.98E-08
RI7  611E+00(s7) 221E+05(s) THEDH 601E20  9.61E-21
RIS 4.90E+07 1.56E+10 tr;gsl;‘;‘ﬁt}‘ 553E-14  4.40E-15
R19 3.82E+07 4.44E+05 * 2.04E-11  4.72E-11
R20 5.33E+01 3.41E+04
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1 Table S14. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 593 K.

Rate constant

Reaction M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.10E+06 4.76E+05 PHE 3.46E-09  3.46E-09
R2 4.70E+10 2.03E+10 H 1.00E+00  1.00E+00
R3 1.28E+07 6.61E+06 PHEIH  1.76E-09 7.28E-14
R4 2.52E+07 3.14E+11 PHE2H  2.04E-09 2.92E-08
RS 2.17E+07 7.83E+05 PHE3H  6.05E-12  1.67E-12
R6 7.32E+09 1.37E+10 PHE4H  7.25E-08 9.13E-10
R7 6.11E+05 2.50E+07 PHESH  3.32E-00 4.52E-14
RS 1.33E+07 5.05E+11 PHE6H  136E-08 2.40E-14
RY 3.25E+06 9.50E+11 PHE7H  9.13E-10  L.11E-10
R10 4.85E+07 2.07E+08 PHESH  2.65E-07 2.72E-08
R11 1.67E+05 8 41E+05 PHEOH  4.02E-09 1.82E-13
R12 1.10E+07 125E+11  PHEIOH  5.69E-13  4.30E-14
R13 7.79E+10 531E+11  PHEIIH  526E-04 4.67E-10
R14 8 42E+01 489E+07  PHEI2H  2.14E-10  2.14E-09
R15 2.07E+08 1.07E+07  PHEI3H  6.44E-13  1.07E-15
R16 6.87E+10 213E+13  CSSYRCS 371p00  171E-08
RI7  L29E+01(s7) 4.22E+05(s) THEDH 983520 1.99E-20
RIS 8.43E+07 2.26E+10 tr;gsl;‘;‘ﬁt}‘ 4.14E-14  3.34E-15
R19 1.20E+08 1.34E+06 * 2.12E-11  4.89E-11
R20 2.00E+02 1.35E+05
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1 Table S15. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 613 K.

Rate constant

Reaction (M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.12E+06 4.84E+05 PHE 3.63E-09  3.63E-09
R2 4.62E+10 2.00E+10 H 1.00E+00  1.00E+00
R3 2.07E+07 1.05E+07 PHEIH  1.99E-09 1.07E-13
R4 3.77E+07 3.55E+11 PHE2H  229E-09  2.99E-08
RS 3.29E+07 1.27E+06 PHE3H  8.08E-12  2.19E-12
R6 9.30E+09 1.73E+10 PHE4H  7.38E-08  1.03E-09
R7 1.02E+06 3.68F+07 PHESH  3.63E-09 6.76E-14
RS 2.07E+07 5.61E+11 PHE6H  1.55E-08 3.01E-14
R9 4.85E+06 1.26E+12 PHE7TH  9.56E-10  1.12E-10
R10 7.86E+07 3.39E+08 PHESH  2.14E-07  2.92E-08
RI11 3.51E+05 1.30E+06 PHEOH  4.30E-09  2.58E-13
RI12 1.75E+07 1.47E+11 PHEIOH  8.08E-13  6.27E-14
R13 9.30E+10 6.06E+11 PHEIIH  431E-04  5.53E-10
R14 1.74E+02 6.86E+07 PHEI2H  2.57E-10  2.58E-09
RIS 2.92E+08 1.47E+07 PHEI3H  841E-13  1.64E-15
RI16 8 94F+10 232B+13  OSSYECS 9 16E-10  1.01E-08
RI7  259E+01(s1) 7.70E+05(s)  TTioioH™ 155E-19 3.95E-20
RIS 1.40E+08 319E+10  TANSAMICES 3 spy4 257E-15
R19 3.49E+08 3.77E+06 * 2.19E-11  5.05E-11
R20 6.91E+02 4.91E+05
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1 Table S16. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 633 K.

Rate constant

Reaction (M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.14E+06 4.91E+05 PHE 3.80E-09  3.80E-09
R2 4.55E+10 1.97E+10 H 1.00E+00  1.00E+00
R3 3256407 1.61E+07 PHEIH  2.25E-09 1.53E-13
R4 5.51E+07 3.99E+11 PHE2H  2.55E-09  3.07E-08
RS 4.85E+07 2.00E+06 PHE3H  1.06E-11  2.83E-12
R6 1.16E+10 2.16E+10 PHE4H  7.51E-08  1.16E-09
R7 1.65E+06 5.27E+07 PHESH  3.96E-09 9.87E-14
RS 3.13E+07 6.20E+11 PHE6H  1.75E-08  3.70E-14
R9 7.05E+06 1.65E+12 PHE7H  9.99E-10  1.13E-10
R10 1.24E+08 5 40E-+08 PHESH  1.76E-07  3.12E-08
RI11 7.03E+05 1.96E+06 PHEOH  4.60E-09  3.58E-13
RI12 2.69E+07 1.71E+11 PHEIOH  1.13E-12  8.93E-14
RI3 1.10E+11 6.85E+11 PHEITH  3.60E-04  6.50E-10
R14 3 44E+02 942E+07  PHEI2H  3.07E-10  3.10E-09
RIS 4.03E+08 1.98E+07  PHEI3H  1.08E-12  2.44E-15
R16 1.14E+11 251E+13  CSSYICS 13010 6.16E-09
RI7  4.95E+01(s) 136E+06(s") THLDH 237819 7.47E20
RIS 2.26E+08 442B+10  UANSAICIS 943514 2.01E-1S
R19 9.54E+08 9.92E+06 * 225E-11  521E-11
R20 2.20E+03 1.65E+06
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1 Table S17. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 653 K.

Rate constant

Reaction M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.15E+06 4.99E+05 PHE 3.99E-09  3.99E-09
R2 4.48E+10 1.94E+10 H 1.00E+00  1.00E+00
R3 4.96E+07 2.41E+07 PHEIH  2.52E-09 2.16E-13
R4 7.86E+07 4.45E+11 PHE2H  2.83E-09  3.15E-08
RS 7.00E+07 3.05E+06 PHE3H  1.38E-11  3.61E-12
R6 1.44E+10 2.67E+10 PHE4H  7.67E-08  1.30E-09
R7 2.58E+06 7.40E+07 PHESH  431E-09 1.41E-13
RS 4.60E+07 6.81E+11 PHEGH  198E-08 4.51E-14
R9 1.00E+07 2.13E+12 PHE7H  1.05E-09 1.15E-10
R10 1.90E+08 8 38E+08 PHESH  1.46E-07 3.35E-08
RIT 1.35E+06 2.87E+06 PHEOH  491E-09 4.88E-13
RI12 4.04E+07 1.97B+11 PHEIOH  1.54E-12  1.25E-13
R13 1.28E+11 7.70E+11 PHEIIH  3.05E-04 7.59E-10
R14 6.49E-+02 127E+08  PHEI2H  3.63E-10  3.69E-09
RIS 5.46E+08 261E+07  PHEI3H  137E-12  3.55E-15
R16 1 44E+11 27IE+13 CSSYICIS gogEl 3.90E-09
RI7  9.09E+01(s) 231E+06(s1) ' -DH 353819 136E-19
RIS 3.54E+08 6.01E+10  UANSAMICIS ) g1p 14 1.59E-15
R19 2.46E+09 2.47E+07 * 233E-11  5.38E-11
R20 6.53E+03 5.14E+06
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1 Table S18. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 673 K.

Rate constant

Reaction (M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.17E+06 5.07E+05 PHE 4.18E-09  4.17E-09
R2 4.41E+10 1.91E+10 H 1.00E+00  1.00E+00
R3 7.39E+07 3.53E+07 PHEIH  281E-09 2.98E-13
R4 1.10E+08 4.94E+11 PHE2H  3.13E-09  3.24E-08
RS 9.87E+07 4.54E+06 PHE3H  1.76E-11  4.53E-12
R6 1.75E+10 3.24E+10 PHE4H  7.82E-08  1.45E-09
R7 3.94E+06 1.02E+08 PHESH  4.66E-09 1.98E-13
RS 6.62E+07 7.45E+11 PHE6H  2.22E-08 5.41E-14
R9 1.39E+07 2.72E+12 PHE7H  1.09E-09  1.16E-10
R10 2.83E+08 1. 27E+09 PHESH  123E-07 3.57E-08
R11 2.51E+06 4.12E+06 PHEOH  522E-09 6.53E-13
R12 5.91E+07 2.25E+11 PHEIOH  2.08E-12  1.71E-13
R13 1 48E+11 8.59E-+11 PHEIIH  2.62E-04  8.78E-10
R14 1.18E+03 1.68E+08 PHEI2H  424E-10  4.36E-09
R15 7.27E+08 3.38E+07 PHEI3H  1.72E-12  5.04E-15
R16 1.80E+11 2.92E+13 Cis'sﬁi;"is 5.15E-11  2.53E-09
RI7  LOIE+02(s) 3.80E+06(s) ' it 510E-19  2.39E-19
RIS 5.40E+08 8.04E+10 tr;gsl;%’l?‘ 1.52E-14  1.27E-15
R19 6.00E+09 5.81E+07 + 2.40E-11  5.54E-11
R20 1.81E+04 1.50E+07
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1 Table S19. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 693 K.

Rate constant

Reaction (M7 s™) Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.19E+06 5.14E+05 PHE 436E-09  4.36E-09
R2 435E+10 1.88E+10 H 9.99E-01 1.00E+00
R3 1.07E+08 5.05E+07 PHEIH  3.11E-09 4.04E-13
R4 1.50E+08 5.45E+11 PHE2H  3.43E-09 3.34E-08
RS 1.36E+08 6.60E-+06 PHE3SH  2.22E-11 5.64E-12
R6 2.11E+10 3.91E+10 PHE4H  7.96E-08 1.61E-09
R7 5.88F-+06 1.37E+08 PHESH  5.02E-09 2.72E-13
RS 9.33E+07 8.10E+11 PHE6H  2.47E-08 6.44E-14
RY 1.89E+07 342E+12 PHETH  1.13E-09 1.17E-10
R10 4.14E+08 1.87E+09 PHESH  1.04E-07 3.82E-08
R11 4.50E+06 5.77E+06 PHEOH  5.54E-09 8.61E-13
RI12 8 46E+07 2.56E+11 PHEIOH  2.75E-12 231E-13
R13 1.70E+11 9.53E+11 PHEITH  2.28E-04 1.01E-09
R14 2.06E+03 2.18E+08 PHEI2H  4.92E-10 5.12E-09
RIS 9.52E+08 430E+07 PHEI3H  2.12E-12  7.04E-15
R16 2.21E+11 3.13E+13 Cis'sﬁi;"is 3.36E-11 1.69E-09
RI7  274E+02(s 1) 6.09E+06(s) LM 720E-19 4.05E-19
RIS 8.05E+08 LOGE+11  TANSANI-CIS ) 20p14  1.03E-15
R19 1.39E+10 1.30E+08 * 2.47E-11  5.71E-11
R20 4.75E+04 4.15E+07
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1 Table S20. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 713 K.

Rate constant

Reaction M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.21E+06 5.20E+05 PHE  2.54E-11  5.88E-11
R2 4.29E+10 1.86E+10 H 455E-09  4.56E-09
R3 1.53E+08 7.088+07  PHEIH  1.00E+00 1.00E+00
R4 2.02E+08 597E+11  PHE2H  3.44E-09  5.40E-13
RS 1.85E+08 939E+06  PHE3H  3.76E-09  3.44E-08
R6 2.52E+10 465E+10  PHE4H  2.76E-11  6.93E-12
R7 8.57E-+06 1.82E+08  PHESH  8.13E-08  1.78E-09
RS 1.29E+08 878E+11  PHE6H  5.40E-09 3.67E-13
R9 2.53E+07 426E+12  PHETH  2.75E-08  7.58E-14
R10 5.93E+08 2.720E+09  PHESH  1.17E-09 1.19E-10
R11 7.82E+06 7.93E+06  PHE9H  8.90E-08 4.07E-08
R12 1.19E+08 288E+11  PHEIOH  5.87E-09  1.12E-12
R13 1.93E+11 1.0SE+12  PHEIIH  3.60E-12  3.07E-13
R14 3.47E+03 279E+08  PHEI2H  2.01E-04  1.16E-09
RIS 1.23E+09 540E+07  PHEI3H  5.67E-10  5.97E-09
R16 2.69E+11 334E+13  CISSYLCS  950p.12  9.65E-1S
RI7  453E+02(s") 9.50E+06(s™) oM™ 225E11 1.16E-09
RIS 1.17E+09 1.37E+11 trg‘;sl;ﬂ’f}‘ 9.98E-19  6.67E-19
R19 3.10E+10 2.79E+08 * 9.97E-15  8.46E-16
R20 1.18E+05 1.08E+08
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1 Table S 21. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 733 K.

Rate constant

Reaction M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 122E+06  5.29E+05 PHE 474E-00  4.74E-09
R2 423E+10  1.83E+10 H 1.00E+00  1.00E+00
R3 2.14E+08  9.75E+07 PHEIH  3.79E-09  7.09E-13
R4 268E+08  6.52E+11 PHE2H  4.10E-09  3.53E-08
RS 247E+08  131E+07 PHE3H  341B-11  8.42E-12
R6 298E+10  5.49E+10 PHE4H  829E-08  1.95E-09
R7 122E+07  2.37E+08 PHESH  5.80E-09  4.88E-13
RS 1756408  9.48E+11 PHEGH  3.04E-08 8.81E-14
R9 333E+07  5.25E+12 PHE7TH  122E-09  1.20E-10
RIO  833E+08  3.86E+09 PHESH  7.68B-08  4.32E-08
RI1 132E+07  1.07E+07 PHEOH  6.21E-09  143E-12
RI2 1.63E+08  3.23E+11  PHEIOH  4.64E-12  4.01E-13
RI3  2.18E+I1 I.ISE+12  PHEIIH  1.78E-04 1.31E-09
RI14  568E+03  352E+08  PHEI2H  648E-10 6.91E-09
RIS 1.56E+09  6.69E+07  PHEI3H  3.13E-12  1.30E-14
RI6  324B+11  3.57B+13  CSSYRCS ys4p g1 g04E-10
Ri7 - TETEOCT aspiorety PHEDHT 1asEas 1o7e-1s
RIS 1.68E+09 L76E+11  TANSAMICIS g 00E.15  6.99E-16
RI9  6.60E+10  5.75E+08 * 261E-11  6.04E-11
R20  2.78E+05  2.69E+08
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1 Table S22. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 753 K.

Rate constant

Reaction (M5 Species Coverage

Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.24E+06 5.36E+05 PHE 4.95E-09  4.94E-09
R2 4.17E+10 1.81E+10 H 1.00E+00  1.00E+00
R3 2.93E+08 1.32E+08 PHEIH  4.16E-09  9.19E-13
R4 3.49E+08 7.09E+11 PHE2H  447E-09  3.63E-08
RS 3.25E+08 1.80E+07 PHESH  4.17E-11  1.01E-11
R6 3.48E+10 6.43E+10 PHE4H  848E-08  2.14E-09
R7 1.71E+07 3.05E+08 PHESH  6.22E-09  6.39E-13
RS 2.33E+08 1.02E+12 PHE6H  3.37E-08  1.02E-13
RY 431E+07 6.41E+12 PHE7H  1.26E-09 121E-10
R10 1.15E+09 5.39E+09 PHESH  6.69E-08  4.59E-08
R11 2.17E+07 1.42E+07 PHEOH  6.57E-09  1.81E-12
RI12 2.21E+08 3.60E+11 PHEIOH  5.94E-12  5.17E-13
R13 2.45E+11 126E+12  PHEIIH  1.61E-04 1.49E-09
R14 9.05E+03 438E+08  PHEI2H  7.39E-10  7.96E-09
RIS 1.96E+09 8.19E+07  PHEI3H  3.76E-12  1.72E-14
R16 3.87E+11 379E+13 CISSYRES ) 0gE11 5.72E-10
RI7  LI4E+03(s) 2.16E+07(s) T 180E-18  1.67E-18
R18 2.36E+09 2.22E+11 tré‘igsf‘,i‘fg‘ 6.84E-15  5.82E-16
R19 1.35E+11 1.14E+09 * 2.69E-11  6.20E-11
R20 6.25E+05 6.36E+08
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1 Table S23. Reaction rate constants and coverage for elementary hydrogenation steps of PHE on

2 Ni(100) and Ni(111) surfaces at 773 K.

Rate constant

Reaction (M5 Species Coverage
Ni(100) Ni(111) Ni(100)  Ni(111)
R1 1.25E+06 5.43E+05 PHE 5.15E-09  5.14E-09
R2 4.12E+10 1.78E+10 H 1.00E+00  1.00E+00
R3 3.96E+08 1.76E+08 PHEIH  4.54B-09 1.18E-12
R4 4.49E+08 7.68E+11 PHE2H  4.84E-09  3.74E-08
RS 421E+08 2.42E+07 PHE3H  5.04E-11  121E-11
R6 4.04E+10 7.46E+10 PHE4H  8.65E-08  2.34E-09
R7 2.36E+07 3.87E+08 PHESH  6.64E-09  8.28E-13
RS 3.07E+08 1.09E+12 PHE6H  3.70E-08  1.17E-13
RO 5.51E+07 7.75E+12 PHE7H  1.30E-09 1.22E-10
R10 1.56E+09 7.40E+09 PHESH  5.85E-08  4.87E-08
RI11 3.49E+07 1.86E+07 PHEOH  6.92E-09 2.27E-12
RI12 2.95E+08 3.99E+11 PHEIOH  7.48E-12  6.60E-13
RI3 2.72E+11 137E+12  PHEIIH  145E-04  1.67E-09
R14 1.40E+04 540E+08  PHEI2H  835E-10  9.13E-09
RIS 2 44E+09 9.91E+07  PHEI3H  446E-12 2.25E-14
R16 4.57E+11 403E+13  GSSYICS  764E 10 415E-10
RI7  L73E+03(s) 3.05E+07Gs)  TrEDH 236518 2.55E-18
RIS 3.26E+09 277E+11  MANSANN- s 73p05 4.90E-16
R19 2.68E+11 2.18E+09 * 2.76E-11  6.37E-11
R20 1.35E+06 1.44E+09
3
4
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