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Theoretical Methods:
All molecules were built using GaussView 5.0,* and all calculations were carried out using the Gaussian 09 software (version B.01).?

The enthalpies of combustion were calculated using the following density functional theory (DFT) methods and basis sets:

Functionals Basis sets

DFTBA3 --

MO06-2X* 6-31+G(d,p) 6-311+G(2d,p)
B3LYP-D3%6 6-31+G(d,p) 6-311+G(2d,p)
B2PLYP-D37:# 6-311+G(2d,p)

We note that the DFTBA functional (the spin-polarized self-consistent-charge density-functional tight-binding method) is semi-empirical, and hence is several orders
of magnitude faster than the two other functionals, but typically less accurate. M06-2X and B3LYP-D3 are hybrid functionals that include dispersion corrections (M06-
2X by construction and B3LYP via the D3 dispersion correction). B2PLYP-D3 is a dispersion corrected double hybrid functional, which is considerably slower than
standard hybrid functionals, due to inclusion of second-order Mgller-Plesset (MP2) perturbation theory.

The enthalpies of formation were calculated using Gaussian-4 with second-order MP2 perturbation theory (G4MP2) in order to get accurate results (explained
below). This method is considerably more accurate than the DFT methods mentioned above, but costlier. Initial calculations of enthalpies of formation using DFT
indicated that these methods are not accurate enough.

The enthalpies of vaporization were calculated using the SMD solvation model,® in conjunction with the M06-2X/6-31+G(d,p) method.

An important approximation in the thermodynamic analysis of vibrations, rotations and translations is that all the equations assume non-interacting molecules and
are therefore applicable only to an ideal gas. This limitation will introduce some error, depending on the system being studied.'® Nonetheless, we stress that the

. .. . . . . . . corr
treatment for each individual molecule is rigorous and gives the electronic energy and zero-point energy and thermal corrections, H™

All the thermodynamic properties calculated by Gaussian in this work are directly derived from the electronic properties of the molecule and standard equations of
statistical mechanics.
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Thermodynamic considerations:

For any molecule, the total energy is the energy required to convert the molecule into isolated atoms (breaking all bonds) and then remove all electrons from those
atoms.

Enthalpy is defined as H = U + pV, the summation of the internal thermal energy and the pressure times the volume of the system.!! The enthalpy change is the
energy transferred as heat at constant pressure, AH = Q,. The standard Enthalpy of Combustion is the standard reaction enthalpy for the complete oxidation of an
organic compound to CO, and H,0 if the compound contains C, H, and O. (The standard enthalpy change is the change in enthalpy for a process in which the initial and
final substances are in their standard states, i.e. the pure substance at 1 atm). Hence, by definition the enthalpy (heat) of Combustion (i.e. AH.om, also known as HHV-
higher heating value) is the heat produced from burning 1 mol of fuel, and equals to the enthalpy change for the combustion reaction, i.e. AH cction-

Hess’s law states that the standard enthalpy of an overall reaction is the sum of the standard enthalpies of the individual reactions into which a reaction may be
divided. The standard reaction enthalpy may be estimated by combining enthalpies of formation: AH, = Zp,oquctsVAHs = ZreactantsVAH; = AHomp (V=stoichiometric coefficient).

The Enthalpy of Formation, AH;, of a molecule is the difference in energy between a molecule and the atoms that make up that molecule in their naturally occurring
elemental form, meaning the enthalpy of formation of a hydrocarbon is defined as the formation of the molecule from its constituent elements in their reference
standard states (graphite for C; H, at 1 atm for H).

The Enthalpy of Vaporization, AH,,,, is defined as the amount of energy in the form of heat that must be added to the liquid substance, to transform a quantity of
that substance into a gas.

The Gibbs Free Energy is defined by G = H - TS. The standard Gibbs free energy of reaction is given by: AG, = AH, = TAS, = Zpr0ductsVGm — ZreactantsVGm- (Gm stands for
Gibbs free energy per mol). The standard Gibbs free energy of formation (AGy) is the standard reaction Gibbs free energy for the formation of a compound from its
elements in their reference states. The standard Gibbs free energy of reaction may be expressed in terms of AG;:

AGr = ZProductsVAGf - zReactantsVAGf-
Heat capacity of a substance is the amount of heat required to raise the temperature of a substance by 1°C at constant volume. It is defined as the change in the

au
. . Cv=(0v . . .
energy of a substance as its temperature is changed under constant volume: . Translation, rotation, and vibration of atoms represent the degrees of
freedom of motion, which classically contribute to the heat capacity of gases.

€0 is the internal energy (i.e. electronic energy) of the molecule at 0 K within the Born-Oppenheimer approximation, and E,,. the zero-point energy of the molecule at
0 K (a correction to the electronic energy). E;ans, Eror and E,;, are the thermal energy corrections due to the effects of molecular translation, rotation and vibration at the
specified temperature, respectively.

, 0lng
Eior = NkgT“(— )y q=q.4.9,
The internal total thermal energy E,,; = U obtained from the partition function is calculated by: OT *" where viritie while each motion has
its own contribution to the total energy: E,,; = E; + E, + E, + E,,
0E dln q
Cv= >y Sior =R(ngq+ T( W)
The energy can be used to obtain the heat capacity: oT and the entropy can be computed by: oT . The enthalpy and Gibbs free

energy are then calculated by: H=E,,; + kT and G=H - T S,

After the addition of the total electronic energy, 50, to these thermal energies, the final thermodynamic property at a given temperature may be computed.

Computation of the enthalpy of combustion:

All Gaussian calculations with a given DFT functional for each terpene molecule were performed using two basis sets: 6-31+G(d,p), and 6-311+G(2d,p), except for the
double hybrid B2PLYP as mentioned above.
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The input file included the commands "Opt" - that instructs a geometry optimization be performed, i.e. the geometry is adjusted until a stationary point on the
potential energy surface is found, and the "Freq" keyword instructs that force constants are computed, as well as the resulting vibrational frequencies. No imaginary
frequencies were identified in all calculations (except for transition state calculations), indicating that the molecules are at a local minimum.

In the B3LYP functional calculations we also added "EmpiricalDispersion=GD3", which adds the D3 version of Grimme’s dispersion correction to the calculations. This
accounts for the lack of dispersion interactions in the B3LYP and B2PLYP functionals.

We also employed a DFT double hybrid functional, which combines exact HF exchange with MP2 correlation to a DFT calculation.

We also note that Boltzmann-weighted averages of the energies were considered throughout this work for flexible molecules in their stable conformations. For the
pinene-dimers, in an attempt to make sure the current geometry of the flexible molecules is at the global minimum and not a high-energy local minimum, we
performed simulated annealing calculations using Materials Studio's Forcite module with the COMPASS force field.'>!3 The conformers found were then optimized
using DFT in Gaussian.

The AH ., Was calculated according to the following Gaussian white page! scheme:

298 m 298 298 m 298
(51) AHcomb =n: (80 + HCOﬂ)COz ({;) + E . (SO + HCOW)HZO éq) - [(80 + HcorT) CnHmK(g) + (n * Z) . (80 + Hcoﬂ’)oz (.g)]

The equation above calculates the enthalpy of combustion at 298K when all reactants and products are in the gas phase. By definition, reaction enthalpies are
measured experimentally when all reactants and the products are at 298K and 1 atm. During the oxidation reaction at room temperature, the terpene molecule's initial
state is the liquid phase. The terpenes are oxidized and vaporized at the same time, creating the products CO, and water in the gas phase. The water then condenses
upon reaching 298K at 1 atm.

AHcomy, values were calculated using the following equation, after the first correction to the AH,,,:

_ 208K , M 298K 298K m 298K
(S2) AH ;=1 (g9 + HCW)CO2 @t5 [(go+ HCW)HZO @~ Myap, 1,01 ~|(& + err)anm @ Mgy, ¢+ (n + Z) “(go+ HCW)O2 0)

Further explanations regarding the calculation of AH,,, appear in the section below.
Correction to the AH ., due to the O, overbinding effect in DFT calculations:

The second correction was added in order to account for a deviation possible caused by electron self interaction®. DFT’s tendency to overbind the electrons in the O,
molecule®> 17 results in O, molecule's enthalpy being too negative (using so-called GGA/LDA functionals). The binding energies in sp-bonded molecules are usually
overestimated by both LDA, GGA, and hybrid functionals (such as M06-2X); this overestimation is greater for bonds involving atoms with more than half-filled shells.
The O, molecule's computed enthalpy is present in all the combustion energy calculations, thus causes a constant deviation from the experimental values. This problem
can be overcome by using linear regression that correlates between the computed AHo, (Without the O, correction) and the experimental AH,,.,. There is a linear
correlation between these two values because of the constant deviation caused by the O, overbinding. These figures are presented in Fig. S1a-f.

Initial calculations of the enthalpy of combustion, using each functional and basis set, were carried out for the monoterpenes only, while applying the first correction
of the enthalpy of vaporization by using the experimental values of the AH,,,. Then, the second correction of the O, overbinding effect was added, and each method's
overall deviations from the experimental AH.,m, Values were calculated, in order to determine which method gives the most accurate results. The most accurate
method is, as shown in Table S7, the M06-2X/6-31+G(d,p). The remaining calculations were carried out using this method.

(Note that all calculations were performed at room temperature- 298K)
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Table S1: M06-2X computed data and O, correction, using the 6-31+G(d,p) basis set, and using the experimental AH,,, values.

M06-2X/6-31+G(d,p)

c10H16

c10H18°

Molecules

a-Pinene
B-Pinene
Camphene
Car-3-ene
Limonene
Phellandrene
Sabinene
y-Terpinene
Terpinolene
Fenchol
Terpinol

0,

Co,

H,O0

Electronic Energy
[Hartree/particle]

-390.49681
-390.49385
-390.51584
-390.50431
-390.50683
-390.50784
-390.49646
-390.51135
-390.50772
-466.94185
-466.93136
-150.26395
-188.51605
-76.39496

Electronic
and Thermal
Enthalpy
[kcal/mol]

-244884.82
-244882.76
-244896.13
-244889.45
-244890.97
-244891.46
-244884.67
-244894.27
-244891.56
-244884.82
-244882.76
-94287.44

-118285.89
-47922.62

Achmb
after AH,,,
correction,

before O,
correction
[kcal/mol]

-1404.15
-1406.11
-1393.02
-1398.80
-1397.07
-1396.81
-1403.94
-1393.27
-1396.19
-1385.15
-1390.74

Experimental
AHcomb
[kcal/mol]

-1483.00%8
-1485.10%8
-1468.92%°
-1479.97%°
-1473.95%8

-1477.50%°
-1472.04%

-1468.78%1

AH omp, after O,
overbinding
correction
[kcal/mol]

-1481.86
-1483.81
-1470.84
-1476.57
-1474.85
-1474.59
-1481.66
-1471.08
-1473.98
-1463.04
-1468.58

Deviation
[kcal/mol]

-1.1
-1.3
1.9
-3.4
0.9

4.2
-1.0
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Table S2: M06-2X computed data and O, correction, using the 6-311+G(2d,p) basis set and using the experimental AH,,, values.

MO06-2X/6-311+G(2d,p)

c10H16

C10H130

Molecules

a-Pinene
B-Pinene
Camphene
Car-3-ene
Limonene
Phellandrene
Sabinene
y-Terpinene
Terpinolene
Fenchol
Terpinol

0,

Co,

H,0

Electronic Energy
[Hartree/particle]

-390.58275
-390.58547
-390.60490
-390.59320
-390.59791
-390.59851
-390.58568
-390.60255
-390.59856
-467.05503
-467.04977
-150.25411
-188.57889
-76.42204

Electronic
and Thermal
Enthalpy
[kcal/mol]

-244938.88
-244940.88
-244952.32
-244945.49
-244948.40
-244948.70
-244940.92
-244951.39
-244948.87
-292906.89
-292904.25
-94317.35

-118325.31
-47939.60

AHz:omb
after AH,,,
correction,
before O,
correction
[kcal/mol]

-1441.29
-1439.20
-1428.03
-1433.96
-1430.85
-1430.78
-1438.89
-1427.36
-1430.08
-1422.03
-1423.99

Experimental
AHcomb
[kcal/mol]

-1483.00%8
-1485.10'8
-1468.921°
-1479.97%°
-1473.9518

-1477.50%°
-1472.04%

-1468.78%

S5

AHomp after  Deviation [kcal/mol]
0,

overbinding
correction
[kcal/mol]
-1483.59 0.6
-1481.73 -3.4
-1471.78 2.9
-1477.06 -2.9
-1474.29 0.3
-1474.22

-1481.46 4.0
-1471.17 -0.9
-1473.60

-1466.42

-1468.17 -0.6



Table S3: DFTBA computed data and O, correction, using the experimental AH,,, values.

DFTBA

CioH1s

c10H180

Molecules

a-Pinene
B-Pinene
Camphene
Car-3-ene
Limonene
Phellandrene
Sabinene
y-Terpinene
Terpinolene
Fenchol
Terpinol

0

o,

H,O0

Electronic Energy
[Hartree/particle]

-23.16783
-23.17194
-23.19206
-23.16098
-23.18092
-23.18020
-23.15211
-23.18677
-23.18739
-27.29109
-27.28089
-6.50496

-8.38423

-4.07779

Electronic
and Thermal
Enthalpy
[kcal/mol]

-14385.77
-14388.61
-14400.35
-14381.79
-14394.44
-14393.79
-14376.42
-14398.14
-14398.58
-16954.84
-16949.51
-4078.38

-5251.99

-2543.35

AH o, after AH,,,
correction, before O,
correction [kcal/mol]

-1469.49
-1466.55
-1455.08
-1472.75
-1459.90
-1460.77
-1478.48
-1455.68
-1455.46
-1452.91
-1457.56

Experimental

AH omp [kecal/mol]

-1483.00%8
-1485.10%8
-1468.92%°
-1479.97%°
-1473.95%8

-1477.50%°
-1472.04%

-1468.78%

S6

AH o after O,
overbinding
correction
[kcal/mol]

-1478.72
-1477.23
-1471.40
-1480.38
-1473.85
-1474.29
-1483.30
-1471.71
-1471.59
-1470.30
-1472.66

Deviation
[kcal/mol]

-4.3
-7.9
2.5
0.4
-0.1

5.8

3.9



Table S4: B3LYP-D3 computed data and O, correction, using the 6-31+G(d,p) basis set and using the experimental AH,,, values.

B3LYP-D3/6-31+G(d,p)

CioHi6

c10H18°

Molecules

a-Pinene
B-Pinene
Camphene
Car-3-ene
Limonene
Phellandrene
Sabinene
y-Terpinene
Terpinolene
Fenchol
Terpinol

0;

o,

H,O0

Electronic Energy
[Hartree/particle]

-390.71315
-390.71612
-390.73512
-390.72286
-390.73255
-390.73508
-390.71580
-390.73723
-390.73409
-467.19478
-467.19398
-150.26608
-188.59058
-76.43406

Electronic and
Thermal
Enthalpy
[kcal/mol]

-245021.24
-245023.47
-245034.65
-245027.68
-245033.69
-245034.84
-245023.21
-245036.77
-245034.83
-292995.37
-292995.53
-94321.32

-118332.87
-47947.37

AH omp after

AH,,, correction,

before O,
correction
[kcal/mol]

-1373.90
-1371.59
-1360.68
-1366.75
-1360.54
-1359.61
-1371.58
-1356.95
-1359.10
-1356.29
-1355.45

Experimental
AHomp [keal/mol]

-1483.00%8
-1485.10%8
-1468.92%°
-1479.97%°
-1473.95%8

-1477.50%°
-1472.04%

-1468.78%

S7

AHomp after Deviation

0, [kcal/mol]
overbinding
correction
[kcal/mol]

-1483.28 0.3
-1481.49 -3.6
-1473.07 4.1
-1477.76 -2.2
-1472.96 -1.0
-1472.24

-1481.49 4.0
-1470.19 -1.8
-1471.85

-1469.68

-1469.03 0.2



Table S5: B3LYP-D3 computed data and O, correction, using the 6-311+G(2d,p) basis set and using the experimental AH,,, values.

B3LYP-D3/6-311+(2d,p)

CioHi6

c10H18°

Molecules

a-Pinene
B-Pinene
Camphene
Car-3-ene
Limonene
Phellandrene
Sabinene
y-Terpinene
Terpinolene
Fenchol
Terpinol

0;

o,

H,O0

Electronic Energy
[Hartree/particle]

-390.79131
-390.79420
-390.81354
-390.80187
-390.81353
-390.81543
-390.79434
-390.81851
-390.81510
-467.29555
-467.29690
-150.31319
-188.65082
-76.45953

Electronic and
Thermal
Enthalpy
[kcal/mol]

-245070.68
-245072.87
-245084.26
-245077.64
-245084.87
-245085.66
-245072.92
-245088.14
-245086.05
-293059.03
-293060.53
-94353.86

-118370.63
-47963.35

AH omp after

AH,,, correction,

before O,
correction
[kcal/mol]

-1416.03
-1413.74
-1402.64
-1408.35
-1400.93
-1400.35
-1413.43
-1397.14
-1399.45
-1400.18
-1398.00

Experimental
AHomp [keal/mol]

-1483.00%8
-1485.10%8
-1468.92%°
-1479.97%°
-1473.95%8

-1477.50%°
-1472.04%

-1468.78%

S8

AHomp after Deviation

0, [kcal/mol]
overbinding
correction
[kcal/mol]

-1483.17 0.2
-1481.52 -3.6
-1473.53 4.6
-1477.65 -2.3
-1472.30 -1.6
-1471.89

-1481.30 3.8
-1469.58 -2.5
-1471.24

-1471.77

-1470.20 14



Table S6: B2PLYP-D3 computed data and O, correction, using the 6-311+G(2d,p) basis set and using the experimental AH,,, values.

B2PLYP-D3/6-311+G(2d,p)

CioHi6

c10H18°

Molecules

a-Pinene
B-Pinene
Camphene
Car-3-ene
Limonene
Phellandrene
Sabinene
y-Terpinene
Terpinolene
Fenchol
Terpinol

0;

o,

H,O0

Electronic Energy
[Hartree/particle]

-390.36982
-390.36631
-390.38977
-390.37366
-390.38453
-390.38606
-390.36574
-390.38988
-390.38648
-466.81070
-466.80350
-150.26394
-188.51788
-76.39854

Electronic
and
Thermal
Enthalpy
[kcal/mol]

-244960.76
-244958.56
-244973.28
-244963.17
-244969.99
-244970.95
-244958.20
-244973.35
-244971.21
-292928.13
-292923.62
-94292.04

-118296.76
-47940.81

AHomp after

OH,,, correction,

before O,
correction
[kcal/mol]

-1516.50
-1518.90
-1504.83
-1513.44
-1506.54
-1506.00
-1518.68
-1502.51
-1504.90
-1502.42
-1506.81

Experimental
AH omp [kcal/mol]

-1483.00%8
-1485.10'8
-1468.92%°
-1479.97%°
-1473.95%8

-1477.50%°
-1472.04%*

-1468.78%

S9

AH o after Deviation

0, [kcal/mol]
overbinding
correction
[kcal/mol]

-1480.61 -2.4
-1482.56 -2.5
-1471.11 2.2
-1478.12 -1.8
-1472.51 -1.4
-1472.07

-1482.39 4.9
-1469.23 -2.8
-1471.17

-1469.16

-1472.72 3.9



AHcomb comp.[kcal/mol]

AHcomb comp.[kcal/mol]

AHcomb comp.[kcal/mol]

Figures S1,a-f: Regression analysis for calculating the AH,, for each method and basis set (R? values: a: 0.86, b: 0.85, c: 0.42, d: 0.83, e: 0.79, f: 0.75)
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By calculating the absolute average deviation, standard deviation and RMS as shown in Table S7, the most accurate computational method for calculating the
enthalpy of combustion turned out to be M06-2X, where both basis sets gave similarly good accuracy. In this study, we decided to use the smaller 6-31+G(d,p) basis set,
considering that its computational cost is significantly lower.
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Table S7: Deviations between computed and experimental enthalpies of combustion (kcal/mol).

Experimental  Exp. MO06-2X B3LYP-D3 B2PLYP-D3 DFTBA

AHcomb error
Molecules [keal/mol] 6-31+G(d,p) 6311+G(2d,p)  631+G(d,p)  6-311+G(2d,p) 6-311+G(2d,p)
a-Pinene -1483.0018 to07 -1.1 0.6 0.3 0.2 2.4 -4.3
B-Pinene -1485.1018 to07 -1.0 3.4 3.6 3.6 2.5 7.9
Camphene -1468.9219 tos5 1.9 2.9 4.1 4.6 2.2 2.5
Car-3-ene -1479.97%0 t04 3.5 2.9 2.2 2.3 -1.8 0.4
Limonene -1473.9518 1.1 0.3 -1.0 -1.6 1.4 0.1
Sabinene -1477.50%° 3.8 4.0 4.0 3.8 4.9 5.8
y-Terpinene -1472.04% -0.8 -0.9 -1.8 -2.5 -2.8 -0.3
Terpinol -1468.78% t15 -0.4 0.6 0.2 1.4 3.9 3.9
Average absolute deviation 1.7 1.9 2.2 2.5 2.8 3.1
Standard deviation 13 1.5 1.6 1.4 1.1 2.8
RMS 2.1 2.4 2.6 2.8 3.0 4.1
Maximum absolute deviation 3.8 4.0 4.1 4.6 4.9 7.9

Note: all the above calculations were performed using the experimental AH,,,.

Computation of the enthalpy of vaporization:
The enthalpies of vaporization were calculated using the SMD solvation model®, with the M06-2X/6-31+G(d,p) method.

Using this model, the Gibbs free energy of solvation, which is defined as the free energy required to insert a molecule from the gas phase into the liquid phase, is
computed using:

AGsol ~E” Liquid ~ €0Gas (S3)

€0 is the electronic energy of the molecule in the gas phase, and E* is the total energy calculated by the SMD model, consisting of the electrostatic and non-
electrostatic contributions to the energy of the molecule inside the continuum medium and is affected by the reaction field (the electric potential derived from the
polarized medium and solute that mutually polarize each other), the solvent cavitation, dispersion interaction, solvent structure. More information about this model
can be found in the original SMD paper.®

In order to compute the enthalpy of combustion (see above), we need to convert AG,, to the enthalpy of vaporization AH,,, (the SMD and related models only
compute the free energy of solvation). We found that the computed AG,, is linearly correlated to the experimental AH,,,. To convert AG,, into AH,,, without explicitly
calculating AS,,, we employed multiple linear regression:

According to Ref. 2223 the entropic contribution to the solvation free energy is due to the rearrangement of the solvent, induced by the solute's presence. The solvent
accessible surface area (SASA) can therefore be used as a measure of the entropic effect. This can be summarized as the following:

(S4)
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AGy,+ T AS AHg,,, ASy,XSASA = AG,, + T SASA o« AH

solv solv — solv’ solv solv

By applying multiple linear regression (MLR), where AG,, (computed as explained above) and T-SASA (computed as part of the SMD model calculation, where
T=298.15 K) are the variables, the values of the AH,,, of the terpene molecules were predicted with less than 1 kcal/mol deviation from the experimentally known
values.

The terpenes' solvation free energies were calculated using n-hexane as a solvent and for the terpenoids 1-hexanol was used as a solvent, resulting in slightly greater
deviations (due to the inability to express hydrogen bonds in the continuum model).

To validate the model, we performed cross validation for the set of molecules used in the MLR. The Q? correlation coefficients calculated from the cross validation
(i.e. the correlation between the experimental AH,,, values and the predicted values for each molecule that was left out in each step of the cross validation) were 0.92
for the terpenes and 0.46 for the terpenoids. These correlation figures are presented under Figures S2,a-b. Despite the poor correlation for the terpenoids, the
predicted values are within 1.5 kcal/mol of the experimental values. Tables S8,a-b present the terpene / terpenoid molecules' data that were used in the MLR. Figures
1,a-b (in the main paper) show the R? correlation between the experimental AH,,, and the predicted AH,,, that were calculated using the MLR after the cross validation
test.

An important note is that despite the small coefficient for the x, variable (T - SASA), the various statistic data shown in Table S9 indicated that the x, property is
important for explaining the variance of y and for predicting the true AH,,, values in this model. As shown in Table S9, the F statistic value (calculated at 5% significance
level) for the MLR data is higher (186.2) than the value calculated using linear regression with AG,, being xand the experimental AH,,, being y (178.4). This indicates
the high R? value given for the MLR is not coincidental. Indeed, it is expected that MLR performs better than LR due to the added variables.
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Figures S2,a-b: Multiple linear regression analysis results for calculating the AH,,, using cross validation. The plotted values are of the predicted AH,,, from the cross-
validation calculations against the experimental AH,,,. (Q? values: (a) Terpenes —0.92, (b) Terpenoids — 0.46)
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Table $8,a: Calculated AH,,, values for terpenes (solvent-n-hexane). All values were computed at room temperature (298K).

Molecules AGg,)y Cavity SASA-T Experimental Predicted AH,,, Deviation
Solvation  Surface [A2- K] OHy.p [kcal/mol]
Free Area [kcal/mol]
Energy (=SAsA) ™2 v
comp. [A2)
[kcal/mol]
X

Terpenes used in the multiple linear regression:

CioH16 a-pinene -5.24 184.36 54968.13 10.84 24 10.88 0.0 Monoterpenes

CioH16 B-pinene -5.09 184.04  54872.42 10.94 2> 10.73 0.2

CioH16 Camphene -4.96 184.14  54901.34 10.66 +0.226:7 10.60 0.1

CioH16 Limonene -5.59 192.48  57389.10 11.77 % 11.48 0.3

CioH16 Sabinene -5.69 192.12  57280.88 11.20% 11.57 -0.4

CioH16 y-Terpinene -6.02 196.05  58452.01 12.27 % 12.02 0.3

CioH16 Car-3-ene -5.85 188.07  56073.37 11.56 20 11.61 0.0

CioH16 B-Phellandrene -5.48 194.56  58008.36 11.54 %6 11.43 0.1

CioH16 Terpinolene -6.13 194.43  57970.20 12.06 26 12.08 0.0

CioH16 Myrcene -4.60 21230  63296.65 12.09 26 11.06 1.0

CioH1s Pinane -4.97 186.24  55527.46 9.98 %6 10.67 -0.7 Saturated
Terpenes

CisHag B-Farnesene -8.51 306.06 91252.68 17.32%7 17.73 -04 Sesquiterpenes

CisHs B-Caryophyllene -7.07 264.42 78835.93 15.65727 15.07 0.6

Predicted values:

CyoH16 Alloocimene -6.34 211.48 63052.17 12.78 Monoterpenes

CioH16 Sylvestrene -5.63 200.34 59731.67 11.74

CysHys a-Bisabolene -8.83 287.29 85656.41 17.50 Sesquiterpenes

CisHaa B-Bisabolene -8.29 287.91  85841.26 16.98

CisHaa a-Farnesene -8.85 304.12 90671.89 18.02

CisH3o Bisabolane -7.64 310.18  92480.47 16.98

CisH3o Farnesane -8.54 329.46 98229.39 18.44

CyoH3> Pinenedimerl -9.15 340.46  101509.34 19.38

CyoH32 Pinenedimer2 -7.87 319.33  95207.94 17.47

CyoH3; Pinenedimer3 -8.05 323.12 96337.63 17.76
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CyoH3, Pinenedimer4 -8.66 338.50 100924.37 18.83

CyoH3 Pinenedimer6 -5.55 193.06  57561.73 11.45

CyoH1s Hydrogenated -5.09 204.83 61069.47 11.33
Car-3-ene

CioHz0o Limonane -6.61 271.64  80989.17 14.81

CisHys Valencane -7.43 305.11  90967.35 16.62

Average absolute deviation 0.3

RMS 0.4

Regression equation: y=1.170093-x; + 0.000084-x, + 0.059668

Table S8,b: Calculated AH,,, values for terpenoids (solvent- 1-hexanol). All values were computed at room temperature (298 K).

Molecules AGg,), Cavity SASA-T Experimental Predicted AH,,, Deviation
Solvation Surface [Az- K] OH,,, [kcal/mol]
Free Energy Area [kcal/mol]
comp. (=SAsA) X2 v
[keal/mol]  [A2)
X1

Cy0H4150 Linalool -9.45 227.01 67682.14 13.20% 14.17 -1.0 Terpenoids

C1oH150 Terpineol -11.48 209.31 62404.29 12.90 26 12.56 0.3

Ci1oH200 Citronellol -10.09 234.43 69895.60 15.17 % 14.62 0.5
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Cy1oH150 Borneol -7.93 195.56 58305.62 12.16 %6 12.08 0.1

Predicted values:

Cy0H,00 Hydrogenated -8.63 213.58 63677.39 13.31 Saturated
Terpineol Terpenoids

Cy0H2,0 Hydrogenated -9.20 237.48 70805.26 14.98
Citronellol

Average absolute deviation 0.5

RMS 0.6

Regression equation: y=-0.15303-x; + 0.00025-x, — 1.11581

Table S9: Statistic parameters at 5% significance level.

Multiple linear regression

(x1=-BGyo, Xp= T * SASA, y=exp.
AHvap)

Standard Error 0.36

F test critical value 4.10

T statistic value-
variable 1 3.19

T test critical value 2.23

Linear regression

(x=-DGg,), y=exp. AH,;p)

Standard Error 0.52

F test critical value 4.84

T statistic value- 13.36
variable
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Calculation of all enthalpies of combustion using the computed AH,,,:

Regular linear regression was applied to calculate AH.omp, Using 12 terpenes in the training set and 7 in the test set. Since the AH o, Values of the mono- and
sesquiterpenes are so far from each other, the R? values has limited statistical meaning since they are biased towards 1. Thus, we created 3 correlation figures using
different molecules as training and test sets for each curve, to ensure the correlation remains stable for the different sets. Figure 2 presents one of these curves,

Figures S3,a-b presents two additional ones.

In Table S10 all predicted values are presented, and the overall deviation was found to be less than 10 kcal/mol.
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Figures S3,a-b: Regression analysis for calculating the AH,, with different molecules for training and test sets. These figures present the training set molecules only.

Exp. AH .., [Mcal/mol]

Exp. AH,,,, [Mcal/mol]

Regression equations: (a) y = 1.077697-x + 33.966097 , (b) y = 1.071963-x + 26.879368, R>=0.99.
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Table S10: Calculated values of all AH ., using AH,,, correction (Tables S8,a-b) and O, correlation curve presented in Fig. 2 (all molecules marked with * were
Boltzmann averaged).

Terpenes Electronic AHomb Predicted AHomb Deviation

and Thermal after AH,,, AH.mp values, experimental [kcal/mol]

Enthalpy correction  using the [kcal/mol]

[Ha/particle] [kcal/mol] correlation fig.

equation
[kecal/mol]

Terpenes used in correlation curve (training set):
CioH16 a-Pinene -390.24881 -1404.11 -1478.69 -1483.00 +0.218 -4.3 Monoterpenes
CioH16 B-Pinene -390.24553 -1406.32 -1481.06 -1485.10 £0.318 -4.0
CioHie Camphene -390.26682 -1393.09 -1466.89 -1468.92 +0.5%° -2.0
CioH16 Car-3-ene -390.25618 -1398.76 -1472.96 -1479.97 +0.42°  -7.0
CioH16 Limonene* -390.25888 -1397.36 -1471.47 -1473.95 +0.318 -2.5
CioH16 Alloocimene* -390.24163 -1409.40 -1484.36 -1480.32£1.2'8 4.0
CioH16 Myrcene* -390.21999 -1419.70 -1495.39 -1490.50 +0.218 4.9
CioH16 Sylvestyrene -390.25924 -1396.70 -1470.76 -1465.63 1° 5.1
CioH160 Terpineol -466.65733 -1390.74 -1464.38 -1468.78 £1.52t  -4.4 Terpenoids
CioHig Pinane -391.44049 -1445.94 -1523.49 -1512.59 +1.028 10.9 Hydrogenated Terpenes
CisHys B-Caryophyllane -587.77650 -2178.23 -2307.72 -2314.31% -6.6
CisHyg Valencane -587.80413 -2161.08 -2289.35 -2283.45% 5.9
Test set:
CioH16 Sabinene -390.24900 -1403.57 -1478.12 -1477.501° 0.6 Monoterpenes
CioH16 y-Terpinene* -390.26308 -1393.52 -1467.36 -1472.0421 -4.7
Cy10H150 Borneol -466.66182 -1386.15 -1459.46 -1465.18 2* -5.7
C1oH200 Menthol -467.84885 -1429.40 -1505.78 -1507.07 -1.3
CioHis Sabinane -391.44993 -1439.25 -1516.33 -1507.60 3° 8.7
CisHag Hydrogenated-Premanaspirodiene -587.81227 -2155.93 -2283.83 -2278.97 31 49
CisHs Farnasane* -590.15646 -2262.03 -2397.46 -2403.65 2 -6.2

Predicted values:

CioH16 B-Phellandrene* -390.26006 -1396.93 -1471.00
CioH16 Terpinolene -390.25954 -1396.17 -1470.20
Cy0H450 Geraniol* -466.61164 -1415.46 -1490.85 Terpenoids
C1oH150 Linalool* -466.61957 -1411.01 -1486.08
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CiHigO  Nerol -466.61189  -1415.51  -1490.91

CisH60  Farnesol* 66174080  -2113.56  -2238.46

CisHya B-Bisabolene* -585.38800 -2096.22 -2219.90

CisHaa B-Farnasene* -585.35182 -2120.54 -2245.93

CyoH3; Pinene-dimer 1* -781.68439 -2068.29 -2189.98

CaoH32 Pinene-dimer 3* -781.70698  -2051.71  -2172.22

CyoH3n Pinene-dimer 5* -781.70133 -2056.87 -2177.75

CioH1g Camphane -391.46541 -1430.35 -1506.80 Hydrogenated Terpenes

CyoH30 Limonane* -392.65588 -1472.02 -1551.42

C10H500 Hydrogenated-Terpineol -467.84736 -1430.40 -1506.85

Cy0H,,0 Hydrogenated-Citronellol -469.00950 -1488.88 -1569.48

Average absolute deviation 4.9

RMS 5.5
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Table S11: Computed specific energy.

Terpenes Specific Energy-
energy density
per kg [MJ/kg]

Cy5H3o Bisabolane -46.52

CioH20 Limonane -46.31

CisHaa B-Farnasene -46.01

CioH16 Myrcene -45.96

CyoH1s Sabinane -45.92

Cy5Hys Hydrogenated -45.89
Premnaspirodiene

CyoH1s Camphane -45.63

C10H15 B-Pinene -45.52

CisHaa B-Bisabolene -45.48

CioHi6 Sabinene -45.43

CioH16 Limonene -45.22

CyoH16 Sylvestyrene -45.20

CioH16 y-Terpinene -45.09

Ci5H3,0 Hydrogenated Farnesol -43.22
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Cy0H,,0 Hydrogenated Citronellol -41.51

Cy0H500 Citronellol -40.95

Cy0H150 Geraniol -40.47

Cy0H200 Menthol -40.34

Cy0H150 Terpineol -39.75

Cy0H4150 Fenchol -39.58

CyoHsz Pinene-dimer 4 -33.49

CyoHsz Pinene-dimer 2 -33.40

CyoH3n Pinene-dimer 6 -33.32

S20



Computation of the enthalpy of formation:

The enthalpy of formation should be calculated as described in the following equations:*

(s5)  AHK(M) = Z xAH K (X) —ZDO(M) = Z X0 - [ Z xey(X) - £y(M) = E pp(M)]

atoms atoms atoms

SO B = SN+ (HPEM) - B (0) - D xH X - H ()

atoms

AH(X)
f is the experimental enthalpy of formation of the atoms at OK (from JANAF34);

Y Dy, -~

is the computed atomization energy;
SO(X) is the atomic electronic energy;
(&9(M) + Ezpp(M)) are the electronic energy and ZPE correction of the terpene;
(H298K(M) _ EZPE(M))
(H298K(X) _ HOK(X))

are the calculated enthalpy correction of the terpene minus its ZPE correction;

is the experimental enthalpy correction of the atomic elements, taken from the Gaussian white page.

However, predicting enthalpy of formation directly from the DFT computed data can be difficult for two reasons:
1. The elemental forms are often in the solid state.
2. Atomization energies can be calculated, but it is hard to obtain high accuracy as atoms are often open-shell, and large basis sets are required to maintain a proper
balance between singlets (for most molecules) and high spin wave functions (for most atoms, following Hund'’s rule).3536 37

(In atoms and ions, for example, the local-density approximations underestimate the energy required to transfer an s electron to a d shell, and sp transfer energies if
the p shell is more than half-full.)

Also, size dependence errors in quantum-mechanical methods should, in general, grow with the size of the system. Since the enthalpies of formation are computed
from the calculated atomization energies, a roughly linear dependence on the size of the system can be expected, particularly in a sequence of molecules containing
similar kinds of bonds e.g., alkane chains.

Thus, in order to compute atomization energy as accurately as possible, the calculations were performed using G4AMP2 theory.3” The results of the enthalpy of
formation calculations are presented in Table S12.

Table $12: Computed values of AH:;.

Electronic Electronic and Electronic and AH; (0K) AH¢ AH¢
Energy Thermal Zero-Point [kcal/mol] (298K) experimental
T— [Ha/particle] Enthalpy‘ Energy . [kcal/mol] [kcal/mol]
[Ha/particle] [Ha/particle]
CioH1s a-Pinene -390.20226 -389.96003 -389.96980 19.47 7.53 7.2238
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CyoH16 Camphene -390.22622 -389.98348 -389.99299 4.92 -7.18 -6.69+0.53°

CyoH16 Limonene -390.21523 -389.97343 -389.98436 10.33 -0.88 0.74+0.240

CioH16 Sabinene -390.20054 -389.95885 -389.96928 19.80 8.28

CyoH16 Terpinolene -390.21552 -389.97396 -389.98531 9.74 -1.21

CyoH16 Myrcene -390.17376 -389.93688 -389.94729 33.59 22.06

C1oH150 Geraniol -466.57190 -466.30261 -466.31726 -10.15 -22.08

CioH150 Fenchol -466.62542 -466.35388 -466.36511 -40.17 -54.25

CioH150 Borneol -466.62472 -466.35311 -466.36445 -39.76 -53.77

CyoH200 Menthol -467.84030 -467.54555 -467.55821 -55.45 -70.66

CysH,0 Farnesol -661.68042 -661.28831 -661.30952 -5.03 -22.18

CisHaa B-Bisabolene -585.32397 -584.95942 -584.97684 15.31 -1.15

CisHaa B-Farnasene -585.28822 -584.92555 -584.94468 35.49 20.10

CioH1s Pinane -391.42916 -391.16323 -391.17356 -2.49 -16.10

CioH1s Dihydro-Car-3-ene -391.43184 -391.16609 -391.17691 -4.60 -17.89

CyoHa0o Limonane -392.67974 -392.39070 -392.40228 -40.12 -54.96

CisHas Valencane -587.80618 -587.39241 -587.40872 -43.90 -65.11

S22



CysHso Bisabolane -589.01980 -588.58427 -588.60273 -59.75 -81.62
Hydrogenated - -467.83847 -467.54406 -467.55681 -54.57 -69.72
C10H200 Terpineol

Hydrogenated - -469.03366 -468.71676 -468.73183 -58.51 -74.22
Cy0H,0 Citronellol

02 -150.19472 -150.18862 -150.19099

H20 -76.37692 -76.35301 -76.35585

S23



In Table S13 we present the detonation properties of the most energetic terpenes (the ones with the most negative enthalpy of combustion), calculated by the
EXPLOS5 program.*?*3 The input data required for these calculations are the computed enthalpy of formation, the experimental density and the molecular formula of
the required terpenes.

The EXPLO5 computer program is based on the chemical equilibrium steady-state model of detonation. The state of gaseous detonation products is described by the
Becker-Kistiakowsky- Wilson equation of state.

The equations’ system describing chemical equilibrium in detonation products is solved by a modified Newton-Raphson method. Further theoretical details can be
found in Ref. 4243,

These calculations present another computational approach for calculating the inherent properties of terpenes, and might be useful for determining whether terpene
molecules can serve as explosives.

Table $13: Computed detonation properties using EXPLO5.4243

Terpenes Density Heat of Detonation Detonation Detonation Particle Density of Volume of
[g/cm3] @ detonation temperature pressure velocity velocity products products
[KI/kg] [K] [GPa] [m/s] [m/s] [g/cm?] [em?/g]
CisHs; Farnasane 0.768 -128.5 506.0 1.61 3327.3 628.1 0.9 11
CisH3o Bisabolane 0.820 -74.8 481.0 1.69 3339.6 618.9 1.0 1.0
CisHag B-caryophyllane 0.850 -593.0 716.9 2.47 3867.9 752.4 1.1 0.9
CioH20 Limonane 0.841 -49.8 466.4 1.75 3415.6 607.9 1.0 1.0
CioH1s Pinane 0.857 -856.7 832.2 2.85 3993.4 833.6 1.1 0.9
CioH16 Myrcene 0.794 -1619.4 1112.6 2.39 3695.3 815.9 1.0 1.0
CisHag B-Farnasene 0.813 -1382.9 1028.7 2.38 3689.1 792.7 1.0 1.0
CisHag a-Farnasene 0.813 -1293.5 999.1 2.35 3646.8 793.0 1.0 1.0
CisHag Valencane 0.879 -206.5 546.5 2.13 3634.5 665.3 1.1 0.9
CioH1s Dihydro-Car-3-ene 0.867 -786.8 797.8 2.75 4000.2 792.9 1.1 0.9
CioH1g Sabinane 0.844 -751.3 784.3 2.51 3842.7 774.7 1.1 0.9

aSigma-Aldrich
The detonation data was computed for the terpenes that had the highest specific energy.
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Estimation of Cetane number:

Fuels for compression ignition engines must ignite readily through autoignition alone. If ignition does not occur promptly when the fuel is injected into the cylinder,
unburned fuel will accumulate as the injection process proceeds, and when ignition does occur, the rate of burning will be too rapid, resulting in engine knock- which
decreases efficiency while increasing engine noise and wear. Thus, the ability to rate the ignition quality of compression-ignition fuels is important for diesel fuel
formulation. Without adequate fuel ignition quality the engine will start with difficulty and run poorly.*4-%6

The cetane number is an indication of the ignition delay, measured as the time delay between the decided beginning of the injector needle lift and the chamber
pressure recovery point.* The factors estimated to influence this delay can be divided into physical processes and chemical processes. The physical processes influence
the time required for a droplet of fuel to heat, vaporize, and mix with hot air in the cylinder, causing the "physical delay" in ignition. This delay is affected by the fuel's
enthalpy of vaporization, it's heat capacity, viscosity, density, vapor pressure and more. The chemical processes influence the radical forming oxidation cascade
occurring in the engine. In this case the structure of the fuel's molecule plays an important role, in terms of bond strength and the ability to stabilize the formed
radicals. Weaker bonds will be broken to form radicals, which initiates other bond breaking reactions to forms more radicals, and once a sufficient concentration of free
radicals is reached, rapid oxidation occurs.**

For all but very heavy fuels, chemical ignition delay is a dominant factor over the physical ignition delay for determining the measured ignition delay time.*

In this work, we combine three calculated properties in a multiple linear regression calculation to estimate the cetane number values, based on experimental cetane
number data: the calculated enthalpy of vaporization, the computed heat capacity (given by the electronic structure calculations) and the global radical formation rate,
log k, (a logarithmic expression of the k rate constant, weighted by the number of equivalent hydrogens in each transition state structure). The values used are
presented in Table S14.

The kinetic model used for calculating the rate constants is based on conventional transition state theory (TST).#’° The following equation was used to calculate the
rate constant for each calculated electronic energy barrier:

_AE ¥
e

S7 3 -
(57) k[cm _kBTRTn RT

mols  h POU
The temperature used was 1000 K, as this temperature is considered representative of the temperature in the combustion chamber of the Diesel engine.*°

The global log k is calculated as explained in the following scheme:
N N

Globallog k = Z(ri/er) - log k; (S8)
i Jj

The molecule M has N possible transition state structures. The sum runs over all calculated structures, as the transition state structure i will have its log k calculated
using the above (S7) equation, and then multiplied by r; - the number of equivalent hydrogens for the transition state structure i, divided by the total number of
equivalent hydrogens in all N transition state structures of the molecule M. This creates a weight of the probability for the oxidation reaction to occur from a specific
transition state. (the global log k equation (S8) used in this paper is derived from the global log k equation presented in ref. 36)

For farnesene, the experimental data did not specify if it is for a- or B-farnesene, thus the training set includes a global log k that includes both. For most molecules,
the TS structure is calculated for one specific conformer, each structure describing a different C-H bond break, the molecules that has more than one conformer in their
TS calculations are specified. The structures of all TS conformers are presented in Table S17.
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Table S14,a: Computed values used to estimate the Cetane number values.

Chemical Terpenes Electronic k (Ee) log k Number
formula energy [em3/mol-s] (AEY) of
barrier AE.} equivalent
(at 1000K) hydrogens
[kcal/mol]
CioH1s  B-pinene TS 1 35.93 2.40E+10 10.38 1
CioHie  B-pinene TS 2 44.50 3.21E+08 8.51 1
CioHis 0-pinene TS 1 36.85 1.51E+10 10.18 3
CioHig a-pinene TS 2 37.90 8.91E+09 9.95 1
CyoHig 3-careneTS1 33.63 7.64E+10 10.88 1
CioH1s  3-carene TS 2 41.93 1.17E+09 9.07 1
CioHis 3-carene TS 3 45.09 2.39E+08 8.38 3
CioH1g 3-carene TS 4 46.16 1.40E+08 8.15 3
CioHis  Limonene- axial conformer TS 1 36.33 1.97E+10 10.29 1
CyoHie Limonene-axial conformer TS 2 38.82 5.62E+09 9.75 1
CioHie Limonene-axial conformer TS 3 39.02 5.08E+09 9.71 1
CioHis Limonene- equatorial conformer TS1  36.40 1.90E+10 10.28 3
CioHis Limonene- equatorial conformer TS2  36.85 1.51E+10 10.18 3
CioHie Limonene- equatorial conformer TS3  37.43 1.13E+10 10.05 1
CioHis Limonene- equatorial conformer TS4  41.59 1.39E+09 9.14 1
CioHie Limonene- equatorial conformer TS5  39.64 3.72E+09 9.57 1
CioHis Limonene- equatorial conformer TS6  46.68 1.07E+08 8.03 1
CioHi¢  y-Terpinene conformer 1 TS1 29.45 6.25E+11 11.80 1
CioHis  y-Terpinene conformer 1 TS2 32.49 1.35E+11 11.13 1
CioHie  y-Terpinene conformer 1 TS 3 32.99 1.05E+11 11.02 1
CioHis  y-Terpinene conformer 2 TS 1 37.02 1.39E+10 10.14 3
CioHie  y-Terpinene conformer 2 TS 2 38.97 5.21E+09 9.72 3
CioHis  y-Terpinene conformer 2 TS 3 49.57 2.51E+07 7.40 3
CioHie  y-Terpinene conformer 2 TS 4 49.82 2.21E+07 7.35 1
CioHis  y-Terpinene conformer 2 TS 5 37.28 1.21E+10 10.08 1
CioHie  y-Terpinene conformer 2 TS 6 29.45 6.25E+11 11.80 1
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CioHis Pinane TS 38.69 5.98E+09 9.78 1
CioHig  Sabinane TS 39.55 3.88E+09 9.59 1
CioHzo Limonane- axial conformer TS 1 39.10 4.87E+09 9.69 1
CyoHyo Limonane- -axial conformer TS 2 42.29 9.78E+08 8.99 1
CioHyo Limonane- equatorial conformer TS1  42.28 9.83E+08 8.99 1
CioHyo  Limonane- equatorial conformer TS 2 42.50 8.80E+08 8.94 1
CioHzo Limonane- equatorial conformer TS3  42.50 8.80E+08 8.94 1
CisHys  B-Bisabolene TS 1 35.55 2.90E+10 10.46 1
CisHys  B-Bisabolene TS 2 37.57 1.05E+10 10.02 1
CisHys  B-Bisabolene TS 3 38.40 6.93E+09 9.84 1
CisHys  B-Bisabolene TS 4 37.64 1.02E+10 10.01 3
CisHys  B-Bisabolene TS5 38.23 7.56E+09 9.88 1
CisHys  B-Caryophyllene 32.17 1.59E+11 11.20 1
CisHys  a-farnesene TS 1 29.91 4.96E+11 11.70 1
CisHyy  a-farnesene TS 2 31.06 2.79E+11 11.45 1
CysHys  a-farnesene TS 3 36.98 1.41E+10 10.15 1
CisHys  B-farnesene TS 1 35.26 3.37E+10 10.53 1
CisHys  B-farnesene TS 2 37.27 1.22E+10 10.09 1
CisH,s  B-Caryophyllane 42.12 1.02E+09 9.01 1
CisH3;  Farnesane TS 1 42.23 1.01E+09 9.00 1
CisH3;  Farnesane TS 2 42.29 9.78E+08 8.99 1
CisHs;  Farnesane TS 3 42.61 8.33E+08 8.92 1
CisH3;  Farnesane TS 4 46.31 1.29E+08 8.11 1

Another MLR calculation was performed to estimate whether the heat capacity value had any influence on the data, and the following data was obtained:

Table S14,b: Statistic parameters at 5% significance level

Multiple linear regression — 3 variables: Multiple linear regression — 2 variables:
x1=8H,,;, X2= C,, X3= global log k , y=exp. CN x1=8H,,,, x,= global log k , y=exp. CN

y =1.033869 - 1.348807 x, - 6.603378 x; + 60.143412 y = 3.497646 x, - 7.981281 x, + 61.70000
R? 0.91 R? 0.86
Standard Error 4.96 Standard Error 5.49
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F statistic value

F test critical value
Significance F

T statistic value- variable 1
T statistic value- variable 2
T statistic value- variable 3

T test critical value

16.51
5.41
0.005
1.52
-0.42
-2.76
2.57

F statistic value 19.32

F test critical value 5.14
Significance F 0.002
T statistic value- variable 1 5.48
T statistic value- variable 2 -3.26
T test critical value 2.45

The values obtained from both tests (the 3 variable MLR and 2 variable MLR) are not very different from one other: the R, correlation value of the 3-variable MLR and
also the standard error is better, but the F test critical value of the 2-variable MLR is slightly higher than the 3 variable MLR's. This indicates that both models give about

the same level of accuracy.

Another way to estimate the CN is by correlating it with the computed specific energy values. A better fuel will have a low (negative) specific energy, or in other words,
will release more energy upon combustion, and a better fuel will also have higher CN, indication low ignition delay. Therefore, good correlation suggests that terpenes

may serve as a suitable potential biofuel alternative.

The 3-variable MLR model has better correlation with the experimental Cetane number, but this model might be easier to calculate.

Tables S15,a: Correlation between the specific energy and the experimental cetane number, correlation equation: y =-17.9016-x — 790.036 , R2=0.88.

Terpenes Experimental Specific
Cetane number energy
[MJ/mol]
a-Pinene 17.1 -45.44
B-Pinene 19 -45.52
Car-3-ene 27 -45.27
Limonene 17.1 -45.22
y-Terpinene 18.7 -45.09
B-Bisabolene 32.6 -46.52
B-Caryophyllene 29 -45.65
a-Farnesene 32 -45.89
Farnesane 58 -47.25
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Tables S15,b: Cetane numbers derived from the linear regression equation correlating the specific energy and experimental CN.

Terpenes Predicted CN:
a-Pinene 24.07
B-Pinene 25.41
Camphene 17.38
Car-3-ene 20.82
Limonene 19.97
Phellandrene 19.71
Sabinene 23.74
y-Terpinene 17.64
Terpinolene 19.25
Alloocimene 27.28
Myrcene 33.54
Sylvestyrene 19.57
a-Bisabolene 24.86
B-Bisabolene 24.77
a-Farnasene 32.39
B-Farnasene 3461
B-Caryophyllene 27.94
Pinane 36.87
Camphane 27.55
Hydrogenated Car-3-ene 33.10
Sabinane 32.87
Limonane 40.02
B-Caryophyllane 41.08
Valencane 34.28
Hydrogenated 32.23
Premnaspirodiene

Bisabolane 43.91
Farnasane 57.48
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Computation of the Boiling Point and Vapor Pressure:

Both the boiling point and the vapor pressure were calculated using the ADF COSMO-RS (COnductor like Screening MOdel for Realistic Solvents) program.>! This
program can be used for calculating thermodynamic properties of fluids (and mixtures) by using the COSMO-RS method, developed by Klamt and coworkers,>>=>* and
the implementation of COSMO-RS in ADF is described in Ref. > (based on the COSMO-RS method developed by Klamt et al>*). With COSMO-RS it is possible to use a
thermodynamically consistent combinatorial contribution to the chemical potential @ 3

The COSMO-RS method allows calculation of the (pseudo-)chemical potential of a compound in the liquid phase, as well as in the gas phase. The liquid phase is
described as an effective continuum surrounding a single 'solute' molecule which is treated explicitly using QM methods. The difference of the COSMO model from
other continuum solvation models is that instead of considering the fluids as ensembles of molecules which are interacting via static and induced electric fields as well
as via vdW interactions, they are looked at as ensembles of ideally screened molecules contacting on the vdW surface with pairwise interactions of adjacent surface
charge densities and pairwise dispersive interactions through the contact areas. All interactions are local and pairwise, and the only ingredients to the new description
are the ideal, i.e., conductor-like, screening charge densities on the surfaces of the molecules, which can be derived from a single molecule's molecular orbital
calculation with a continuum model.>* Using these charge densities, the chemical potentials of the compounds in the liquid phase are derived. Further details are
presented in ref. >,

Vapor Pressures: The logarithm of the vapor pressure of a liquid X is proportional to the difference of the chemical potentials of a molecule of X in the gas phase and
the liquid phase X.>3>* The COSMO-RS model calculates the chemical potential in the gas phase (perfect gas with a reference state of 1 bar) and the chemical potential
of the liquid phase, and gives the vapor pressure (in units of bar) using the following equation:

(S9)  p" =exp(WTC - uIF)/RT

Boiling Temperature: The calculation of the boiling temperature of a solvent is performed with an iterative method. The temperature is varied until the calculated
vapor pressure is within a certain threshold of the desired pressure.

The model also features general parameters not specific to chemical groups or functionalities.

All calculated values show good correlation with the experimental values, as shown is Figures S4,a-b and Figures 5,a-b.

In addition to these two properties, the enthalpy of vaporization can be calculated using the COSMO-RS method as well, with the following equation:
(510)  AH,,, = RT?/p"*"a{p"**"'}/0T

The calculated values for the AH,,, are given below in Table S16, and its correlation to the experimental data is shown in Figure S4,c. However, we find that the model
presented in this project for converting the computed free energy of solvation (calculated using the SMD solvation model) to the enthalpies of vaporization show better
correlation with the experimental enthalpies of vaporization values. We note that employing experimental vapor pressure in Eq. S10 can yield more accurate values.
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Figures S4,a-b: Regression analysis for calculating (a) the Boiling point (R?=0.72, y= 0.51824-x + 204.32862) ; (b) the Enthalpy of vaporization (R?>=0.80, y= 0.32743-x +
8.59204). The presented data is for the training set molecules only. The vapor pressure calculations had no need for a correlation figure.
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In Figures S5,a-d we compare the experimental vapor pressure of the following terpenes with their computed values over a wide range of temperatures, which were
calculated using the COSMO-RS method:

T o-pinene - B-pinene - Limonene
2 12 s 8 2 5
2
£ 1w = () E O e commu
g 10 1 @ Computed o @ Computed © 41 @ Compute
2 Experi tal E °] Z Experimental
S 81 xperimenta 2 54 Experimental ] 3 4 P
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S 61 = 4 5
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Figures S5,a-d: Comparison between the computed vapor pressure values and experimental vapor pressure data®®°? of the terpenes a-pinene (a), B-pinene (b), limonene
(c) and verbenone (d).
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Table S16a: Computed vapor pressures using the COSMO-RS method (no correlation figure was used). The values marked in red are values that show large deviation
from the experimental values, suggesting the model didn't predict their vapor pressures as well as the other (these values were emitted from the RMS and average
deviation calculation). All values are computed at 298K.

Computed Experimental VP Exp. error Deviation

Vapor [bar] (at 298K) (computed from

pressure [bar] experimental)
a-Pinene 4.60E-03 5.77E-0327,56,58-60 +22E-04 1.17E-03
B-Pinene 4.65E-03 3.95E-0327.56586061 4 6E-05  6.98E-04
Camphene 5.63E-03 5.04E-03%2 + 1.2E-06 5.93E-04
Car-3-ene 4.26E-02 2.60E-03%7 +1.7E-07  4.00E-02
Limonene 2.59E-03 1.94E-0327/57-60 £ 8.7E-05 6.44E-04
B-Phellandrene 2.06E-02 3.33E-03%3 1.73E-02
Sabinene 2.35E-02 3.30E-03%7 +2.06-04 2.00E-02
y-Terpinene 2.14E-03 1.24E-03%79 +2.1E-04  9.00E-04
Terpinolene 2.05E-03 9.90E-04>° 1.06E-03
a-Phellandrene 2.21E-03 1.91E-036064 t4.3E-05 2.99E-04
Alloocimene 3.40E-03
Myrcene 4.03E-03 2.61E-035864 t9.9E-05 1.42E-03
Sylvestrene 2.05E-02
Geraniol 5.21E-06 4.00E-05%° +4.3E-08 3.48E-05
Linalool 7.60E-05 2.35E-0427,58:59,61 +2.76-05 1.59E-04
Fenchol 8.24E-04 1.50E-04°8 + 3.0E-05 6.74E-04
Terpineol 1.98E-04 5.69E-05°° 1.41E-04
Borneol 5.52E-04 3.65E-05°8/6265 + 1.2€-05 5.16E-04
Nerol 7.09E-06
Menthol 2.73E-04 1.49E-04%7:%° + 3.3E-05 1.24E-04
Citronellol 9.39E-06 3.82E-05%7:2265 +1.96-05 2.88E-05
Farnesol 2.00E-08 5.25E-082%° 3.25E-08
a-Bisabolene 6.67E-05 2.11E-05¢ 4.56E-05
B-Bisabolene 6.30E-05 2.93E-05¢ 3.37E-05
o-Farnasene 1.66E-05
B-Farnasene 1.42E-05 1.33E-05% 9.08E-07
B-Caryophyllene 6.80E-04 4.61E-05%7 6.33E-04
Pinane 7.16E-02 3.77E-03%7 +1.0E-07 6.78E-02
Camphane 9.31E-02

S33



Hydrogenated Car-3-ene 4.81E-02

Sabinane 4.46E-02
Limonane 2.78E-02
B-Caryophyllane 7.10E-04
Valencane 1.03E-03
Hydrogenated 9.72E-04
Premnaspirodiene

Bisabolane 9.82E-05
Farnasane 1.70E-05
Average absolute deviation 4.59E-04
Standard deviation 4.37E-04
RMS 6.26E-04

Maximum absolute deviation 1.42E-03

awww.chemspider.com (predicted using EPISuite software)

Table S16b: Predicted boiling points using the linear correlation equation presented in Figures S4,a, and the computed values using the COSMO-RS method. All values
are computed at 298K.

Computed Predicted Experimental Exp. Deviation

Boiling Point Boiling Point Boiling Point  error (predicted -

[K] [K] [K] experimental)
Training set:
a-Pinene 476.38 451.21 429.35%7 t25 221
B-Pinene 474.72 450.35 438.15%7 12.2
Camphene 468.37 447.06 433.65%4 +32 134
Car-3-ene 402.01 412.67 446.3327,66 t02 337
Limonene 492.28 459.45 449.65%7 15 98
y-Terpinene 499.28 463.08 455.655869 to5 74
Terpinolene 500.64 463.78 459,208 4.6
a-Phellandrene 498.16 462.50 448.15% 14.3
Myrcene 474.80 450.39 444.65% 5.7
Geraniol 577.13 503.42 503.15654 0.3
Nerol 558.33 493.68 499.1554 5.5
Citronellol 564.31 496.78 497.65%7 t03 04
B-Farnasene 658.25 545.46 541.80% 3.7
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Test set:

Sabinene 419.59 421.78 436.70% *25 149

Linalool 534.05 481.09 470.15%7 t01 109

Terpineol 496.18 461.47 490.7057 to05 292
EE e
Menthol 497.48 462.14 485.1564 t07 230
B-Bisabolene 613.27 522.15 547.65°% t68 255
B T
Pinane 386.01 404.37 436.407 +30 320
T T
Farnasane 665.88 549.42 522.255 ti10 272

Sylvestrene 424.46 424.30

Camphane 377.17 399.79

Sabinane 401.28 412.29

B-Caryophyllane 540.15 484.26

Hydrogenated 529.78 478.88
Premnaspirodiene

Standard deviation 13.23

Maximum absolute deviation 54.00

ahttp://www.hmdb.ca/metabolites/HMDB0041634 ; Pwww.chemspider.com (predicted using ACD/Labs software)
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Table S16c¢: Predicted data of enthalpy of vaporization, using the linear correlation equation presented in figures S4,b, and the computed values of the COSMO-RS
method. All values are computed at 298K

Computed Predicted Experimental Deviation
AH,;p AH,;, OH,;, (predicted -
[kcal/mol] [kcal/mol] [keal/mol] experimental)

a-Pinene 8.57 11.40 10.84 24 0.6

Camphene 8.51 11.38 10.66 +0.226:27 0.7

y-Terpinene 9.13 11.58 12.27 % 0.7

a-Phellandrene 9.11 11.58 11.392° 0.2

Geraniol 18.09 14.51 15.02 26 0.5

Citronellol 17.58 14.35 15.17 % 0.8

Car-3-ene 7.29 10.98 11.56 20 0.6

Sabinene 7.76 11.13 11.20% 0.1

Fenchol 13.74 13.09 12.21 2 0.9

Borneol 0.00 8.59 12.16 %6 3.6

B-Farnasene 12.33 12.63 17.32% 4.7

Pinane 6.91 10.85 9.98 26

o
o

Alloocimene 9.06 11.56

Farnesol 21.72 15.70
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B-Bisabolene 11.32 12.30

Camphane 6.76 10.80

Sabinane 7.22 10.96

B-Caryophyllane 9.62 11.74

Hydrogenated 9.43 11.68
Premnaspirodiene

Farnasane 11.82 12.46

Standard deviation 1.27

Maximum absolute deviation 4.69
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