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Table S1:  Auxiliary thermochemical data (kJ mol-1).  Uncertainties are standard uncertainties 
(coverage factor = 1). Published uncertainties have been divided by 2 to estimate the associated 
standard uncertainties.  The column “H(T) – H(0)” provides the value used for the molecular 
enthalpy content where needed to obtain values at T = 0. When this value is from elsewhere, the 
reference is provided. When the value of the enthalpy content includes hindered-rotor corrections, 
the computed barrier heights are included between parentheses.
Compound ∆𝐟𝑯𝐨

𝟎 unc ref H(T)-H(0)

Cl2 0 0 reference state 9.1811

F2 0 0 reference state 8.8251

H2 0 0 reference state 8.4671

N2 0 0 reference state 8.6701

O2 0 0 reference state 8.6831

S 0 0 reference state 4.4121

C 0 0 reference state 1.0511

H 216.034 0.0005 2

O 246.844 0.001 2

HCl -91.989 0.003 3

CO2 -393.108 0.0075 3

N 470.579 0.012 3

CO -113.803 0.013 3

H2O -238.93 0.013 2

HOCl -73.869 0.0135 3

NH3 -38.565 0.015 3

HF -272.677 0.0245 3

C 711.401 0.025 2

ClF -55.62 0.0275 3

CH4 -66.55 0.028 2

NO 90.619 0.0325 3

NO2 36.859 0.0325 3

HCN 129.661 0.045 3

CH2O -105.35 0.05 2
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HNO 109.93 0.055 3

C2H4 60.88 0.06 3

ketene -45.34 0.06 3

C2H2 228.82 0.065 3

C2H6 -68.29 0.07 2

CH3OH -190.01 0.075 3

S 274.74 0.125 1

propane -82.75 0.09 3

CH3Cl -74.61 0.095 3

HOF -84.39 0.095 3

SO2 -294.3 0.105 1

HCOOH -371.1 0.11 3

benzene 100.62 0.115 3

CH3F -227.45 0.12 3

F2O 26.81 0.12 3

CF4 -927.45 0.125 3

CH3CN 81.11 0.13 3

C2H3Cl 29.26 0.15 3

SF6 -1207.7 0.15 4

CH3NH2 -7.02 0.155 3

CH2F2 -443.02 0.175 3

1-butene 21.0 0.19 3

acetone -200.21 0.19 3

oxirane -40.06 0.19 3

dimethyl ether -166.38 0.205 3

tetrahydropyran -188.4 0.5 5

cyclopentane -43.97 0.205 3

acetic acid -418.88 0.215 3

CHF3 -688.92 0.215 3
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pyrrole 125.1 0.225 6 12.85

NH2OH -33.23 0.23 3

dimethylamine 3.54 0.24 3

1-methylpyrrole 126.1 0.25 6 16.30 (0.4)

H2S -17.6 0.4 1

C2F4 -671.2 0.275 3

CH3SH -12.0 0.295 7 11.82 (4.9)

methyl acetate -394.28 0.305 3

C2F2 2.85 0.33 3

cyclopentadiene 150.83 0.33 3

butyrolactone -344.3 0.35 8 16.18

tetrahydrofuran -156.36 0.4 9

CS 276.529 0.375 10

methyl formate -346.78 0.435 3

2-butanone -216.99 0.46 3

C2Cl2 230.05 0.475 3

dimethylsulfoxide -132.1 0.75 11 17.85 (10.0, 10.0)

dimethylsulfone -351.5 1.65 7 19.25 (9.19, 9.19)

SCl2 -16.43 1.65 1

bicyclo[3.2.1]octan-2-one -176.2 4.2 12 21.77
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Table S2:  Enthalpies of formation computed for all targets using many different working reactions, including standard 
uncertainties  associated with the auxiliary experimental data. All quantities in kJ mol-1.  Protocol is [CCSD(T)-F12b/cc-pVTZ-𝜎ex

F12//B3LYP/pcseg-2]. 
Reaction Target ∆𝐟𝑯𝐨

𝟎 𝝈𝐞𝐱 𝝆𝐓 𝝆𝐜 𝝆𝐄
1,3-dioxolane + 3 N2 = 3 HCN + 2 NO + NH3 1,3-dioxolane -282.7 0.2 9.1 18.0 814.4
1,3-dioxolane + 5 HCl = 3 CH3Cl + 2 HOCl 1,3-dioxolane -279.6 0.3 10.0 43.3 368.0
1,3-dioxolane + 5 H2 = 3 CH4 + 2 H2O 1,3-dioxolane -279.2 0.1 15.1 39.2 398.3
1,3-dioxolane = MeOAc 1,3-dioxolane -278.8 0.3 2.6 10.6 115.5
1,3-dioxolane + 3.5 O2 = 3 CO2 + 3 H2O 1,3-dioxolane -278.3 0.0 2.3 34.3 1617.8
1,3-dioxolane + cyc5 = 2 THF 1,3-dioxolane -277.2 0.8 0.2 1.0 8.5
1,3-dioxolane = CH2O + oxirane 1,3-dioxolane -276.1 0.2 1.0 14.0 130.7
1,3-dioxolane + H2O = 3 CH2O + H2 1,3-dioxolane -275.1 0.2 2.9 51.5 197.9
1,3-dioxolane + acetone = EC + propane 1,3-dioxolane -274.7 0.5 1.2 0.0 100.7
1,3-dioxolane + 2 propane = cyc5 + 2 DME 1,3-dioxolane -274.7 0.5 0.1 4.8 63.5
1,3-dioxolane + 2 O2 = 3 CO + 3 H2O 1,3-dioxolane -274.1 0.1 13.2 114.8 784.1
1,3-dioxolane + 3 CH4 + 2 H2O = C2H6 + 4 CH3OH 1,3-dioxolane -270.7 0.3 5.1 17.7 119.9
1,3-dioxolane + 12 HF = 3 CF4 + 2 H2O + 7 H2 1,3-dioxolane -266.2 0.5 9.6 77.9 278.1
1,3-dioxolane = 3 C + 6 H + 2 O 1,3-dioxolane -252.6 0.1 75.5 1202.5 4176.7
1,3-dioxolane + 11 F2 = 3 CF4 + 6 HF + 2 F2O 1,3-dioxolane -238.5 0.5 76.8 416.4 4126.3
EC + 3 N2 = 3 HCN + 3 NO + 0.5 H2 EC -499.9 0.2 8.5 40.8 1160.7
EC + 6 HCl + H2 = 3 CH3Cl + 3 HOCl EC -498.5 0.3 8.5 72.0 605.0
EC + 7 H2 = 3 CH4 + 3 H2O EC -497.3 0.1 23.8 35.9 419.1
EC = HCOOH + ketene EC -497.2 0.1 2.1 19.7 80.7
EC + 2.5 O2 = 3 CO2 + 2 H2O EC -496.2 0.0 2.5 35.3 1161.0
EC + CH4 = MeOAc + CH2O EC -495.6 0.3 0.1 11.4 62.5
EC = oxirane + CO2 EC -495.0 0.2 2.4 10.0 61.9
EC = MeFo + CO EC -494.1 0.4 2.6 49.5 33.5
EC + 2 C2H6 + H2 = acetone + 2 DME EC -493.3 0.5 4.9 10.9 96.9
EC + H2 = 3 CH2O EC -493.2 0.2 5.8 48.2 177.2
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EC + cyc5 = THF + butyrolactone EC -492.2 0.6 0.1 1.4 35.5
EC + 2 CO2 = 5 CO + 2 H2O EC -489.2 0.1 23.3 169.4 228.6
EC + 4 CH4 + 2 H2O = CH2O + 4 CH3OH + C2H6 EC -487.5 0.3 7.8 18.5 297.9
EC + 12 HF = 3 CF4 + 3 H2O + 5 H2 EC -484.3 0.5 0.9 74.6 257.3
EC = 3 C + 2 H2 + 1.5 O2 EC -479.4 0.1 43.9 494.5 2613.6
EC = 3 C + 4 H + 3 O EC -468.0 0.1 97.6 1287.6 4206.9
EC + 11 F2 = 3 CF4 + 3 F2O + 4 HF EC -458.9 0.5 62.4 336.8 3333.7
PhCOOH + 4.5 N2 + 0.5 H2 = 7 HCN + 2 NO PhCOOH -286.2 0.3 4.4 49.2 1375.1
PhCOOH = 2 C2H2 + CO + ketene PhCOOH -282.6 0.1 14.5 105.1 581.1
PhCOOH + 6 HCl + H2 = CH3Cl + 2 HOCl + 3 C2H3Cl PhCOOH -280.3 0.5 1.2 38.2 697.7
PhCOOH + 7 H2 = CH4 + 2 H2O + 3 C2H4 PhCOOH -277.8 0.2 36.8 90.4 84.0
PhCOOH + CH4 = benzene + AcOH PhCOOH -276.3 0.2 3.9 12.0 24.6
PhCOOH = benzene + CO2 PhCOOH -276.3 0.1 1.6 32.6 16.2
PhCOOH + H2 = benzene + HCOOH PhCOOH -275.5 0.2 6.9 25.3 5.0
PhCOOH + 16 HF = 3 C2F4 + CF4 + 2 H2O + 9 H2 PhCOOH -274.9 0.9 5.9 75.3 1218.8
PhCOOH + 7.5 O2 = 7 CO2 + 3 H2O PhCOOH -274.2 0.1 9.4 112.9 3194.4
PhCOOH + 9 CH4 = 3 C2H4 + 4 C2H6 + CH2O + CH3OH PhCOOH -269.3 0.4 19.3 40.8 482.4
PhCOOH + 8 F2 = 3 C2F4 + CH3F + 2 HOF + HF PhCOOH -256.1 0.9 78.4 367.0 2426.4
PhCOOH + 8 CO2 = 15 CO + 3 H2O PhCOOH -253.3 0.2 86.7 515.4 974.3
PhCOOH = 7 C + 3 H2 + O2 PhCOOH -235.2 0.2 125.0 1180.8 5215.0
PhCOOH = 7 C + 6 H + 2 O PhCOOH -226.4 0.2 160.8 1887.7 6996.1
DMF + 2 N2 = 3 HCN + HNO + NH3 DMF -176.7 0.1 5.1 23.4 637.0
DMF + 5 H2 = 3 CH4 + NH3 + H2O DMF -172.5 0.1 19.8 45.3 304.7
DMF + 4 HCl + H2 = 3 CH3Cl + HOCl + NH3 DMF -172.2 0.3 1.8 11.8 203.8
DMF + H2O = MeOAc + NH3 DMF -172.1 0.3 2.0 16.7 21.8
DMF + H2 = DMA + CH2O DMF -171.1 0.2 8.2 26.8 69.3
DMF + H2O = HCOOH + DMA DMF -171.0 0.3 3.4 18.8 42.4
DMF + 4.5 O2 = 3 CO2 + 3 H2O + HNO DMF -171.0 0.1 1.0 22.2 1615.2
DMF + H2O = MeFo + CH3NH2 DMF -170.7 0.5 2.9 22.8 55.8
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DMF = DMA + CO DMF -170.6 0.2 7.7 50.7 60.3
DMF + CH4 + 2 NH3 = 3 CH3NH2 + CH2O DMF -169.7 0.5 7.3 25.0 187.0
DMF + 5 HF = 2 CH2F2 + CH3F + H2O + NH3 DMF -165.8 0.4 11.1 67.5 138.2
DMF + 6 CO2 = 9 CO + HNO + 3 H2O DMF -158.5 0.1 47.4 263.7 886.0
DMF = 3 C + 3.5 H2 + 0.5 N2 + 0.5 O2 DMF -154.6 0.1 45.4 509.0 2288.8
DMF + 4.5 F2 = 3 CH2F2 + F2O + HF + 0.5 N2 DMF -153.5 0.5 36.4 203.2 1421.4
DMF = 3 C + 7 H + N + O DMF -143.9 0.1 81.6 1297.0 4507.8
NMP + 3 N2 = 5 HCN + HNO + NH3 NMP -192.2 0.2 7.6 10.9 911.8
NMP + 8 H2 = 5 CH4 + NH3 + H2O NMP -184.7 0.1 29.3 88.0 425.5
NMP + CH3OH + propane = cyc5 + DMA + AcOH NMP -184.5 0.4 1.4 1.3 2.0
NMP + H2O + H2 = DMA + MeOAc NMP -184.4 0.4 6.0 36.8 32.6
NMP = 1Mepy + H2O NMP -183.8 0.3 5.2 15.8 71.0
NMP + 6 HCl + 2 H2 = 5 CH3Cl + HOCl + NH3 NMP -183.7 0.5 4.1 9.8 250.1
NMP + CH4 + H2 = DMF + propane NMP -178.9 0.6 3.8 11.8 5.7
NMP + H2O = butyrolactone + CH3NH2 NMP -178.6 0.4 2.5 20.4 66.2
NMP + 5 CH4 + 2 NH3 = 3 CH3NH2 + CH2O + 3 C2H6 NMP -178.0 0.5 9.6 29.0 256.6
NMP + 4.5 O2 = 5 CO + 4 H2O + HNO NMP -175.8 0.1 26.1 195.1 1239.1
NMP + 8 HF = 3 CH2F2 + 2 CH3F + H2O + NH3 NMP -173.9 0.6 15.5 124.5 293.9
NMP + 9 CO2 = 14 CO + HNO + 4 H2O NMP -163.2 0.2 72.5 436.6 1262.2
NMP = 5 C + 4.5 H2 + 0.5 N2 + 0.5 O2 NMP -155.1 0.1 77.1 853.2 3712.1
NMP + 6.5 F2 + H2 = 5 CH2F2 + F2O + HF + 0.5 N2 NMP -154.7 0.9 62.6 351.1 2306.2
NMP = 5 C + 9 H + N + O NMP -143.8 0.1 113.3 1748.0 6362.5
2MeIn = HCN + 4 C2H2 2MeIn 136.7 0.3 18.5 120.0 908.2
2MeIn + 4 N2 = 9 HCN 2MeIn 137.3 0.4 10.0 63.3 1029.6
2MeIn + 2 CO2 + H2O = 5 ketene + HCN 2MeIn 142.8 0.3 14.9 116.2 785.3
2MeIn + 4 HCl = 4 C2H3Cl + HCN 2MeIn 146.7 0.6 9.1 53.2 468.0
2MeIn + propane + H2 = 2 CpH + DMA 2MeIn 149.5 0.7 12.1 28.5 238.5
2MeIn + 6 H2 = 4 C2H4 + CH3NH2 2MeIn 150.3 0.3 39.8 140.4 86.2
2MeIn + 0.5 C2H4 = benzene + pyrrole 2MeIn 151.4 0.3 2.5 17.5 43.8
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2MeIn + 15 H2 = 9 CH4 + NH3 2MeIn 151.8 0.3 67.6 190.0 789.3
2MeIn + 11 CH4 + NH3 = 4 C2H4 + 5 C2H6 + 2 CH3NH2 2MeIn 157.4 0.6 25.6 67.8 501.2
2MeIn + 12 HF = 1.5 C2F4 + 6 CH3F + NH3 2MeIn 159.3 0.9 33.0 198.2 702.8
2MeIn + 5 H2O = THF + 2 oxirane + CH2O + HNO 2MeIn 159.9 0.6 15.6 61.3 802.8
2MeIn + 7 O2 = 9 CO + 4 H2O + HNO 2MeIn 167.5 0.1 60.3 398.6 2037.5
2MeIn + 9.5 F2 + 5 H2 = 9 CH2F2 + HF + 0.5 N2 2MeIn 203.1 1.6 145.3 695.2 4463.0
2MeIn = 9 C + 4.5 H2 + 0.5 N2 2MeIn 204.6 0.2 164.3 1555.9 6198.0
2MeIn = 9 C + 9 H + N 2MeIn 212.6 0.2 182.6 2257.6 8604.9
thiophene + H2 = 2 C2H2 + H2S thiophene 120.2 0.4 16.2 76.5 319.8
thiophene + 2 HCl + Cl2 = 2 C2H3Cl + SCl2 thiophene 121.6 1.7 4.1 16.8 104.5
thiophene + H2O + 0.5 O2 = 2 ketene + H2S thiophene 124.4 0.4 10.3 81.9 6.3
thiophene + CO + 2 H2 = CS + THF thiophene 125.5 0.5 8.9 4.9 108.5
thiophene + 6 O2 = 4 CO2 + 2 H2O + SO2 thiophene 126.4 0.1 2.7 9.7 2471.0
thiophene + C2H4 = benzene + H2S thiophene 127.0 0.4 4.2 26.7 104.8
thiophene + NH3 = pyrrole + H2S thiophene 127.0 0.5 6.1 23.2 19.0
thiophene + 7 H2 = 4 CH4 + H2S thiophene 127.0 0.4 36.1 108.6 410.8
thiophene + 4 CH4 + H2S = 2 C2H4 + C2H6 + 2 CH3SH thiophene 129.6 0.7 13.1 43.4 183.6
thiophene + SO2 + 3 H2 = DMSO2 + H2S + C2H2 thiophene 130.5 1.7 29.3 87.9 23.5
thiophene + 4 H2O = 4 CH2O + H2S + H2 thiophene 132.5 0.5 12.1 125.1 384.2
thiophene = 4 C + 2 H2 + S thiophene 149.9 0.2 89.2 812.1 2970.4
thiophene + 22 HF = 4 CF4 + SF6 + 13 H2 thiophene 153.7 0.8 22.8 41.9 927.7
thiophene + 9 F2 = 2 C2F4 + SF6 + 4 HF thiophene 160.7 0.6 83.1 352.7 3801.5
PhNO2 + H2 + N2 = 2.5 C2H2 + HCN + HNO + NO PhNO2 72.9 0.2 29.6 137.2 829.4
PhNO2 + 3.5 N2 + H = 6 HCN + 2 NO PhNO2 73.0 0.3 26.4 88.4 670.2
PhNO2 + 6 HCl = 3 C2H3Cl + 2 HOCl + 0.5 N2 + 0.5 Cl2 PhNO2 75.4 0.5 18.0 38.5 416.6
PhNO2 + 14 HF = 3 C2F4 + 2 HOF + NH3 + 7 H2 PhNO2 76.8 0.9 2.5 71.7 1519.7
PhNO2 + H = benzene + NO2 PhNO2 79.5 0.1 3.1 23.8 158.1
PhNO2 + 7 H2 = 3 C2H4 + 2 H2O + NH3 PhNO2 79.9 0.2 56.2 158.5 413.7
PhNO2 + 2 H2 = benzene + HNO + H2O PhNO2 81.7 0.1 26.9 83.4 110.1
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PhNO2 + NH3 = benzene + 2 HNO PhNO2 82.6 0.2 16.7 69.5 276.4
PhNO2 + 7 CH4 + 2 NH3 = 3 C2H4 + 3 C2H6 + CH3NH2 + NH2OH + HNO PhNO2 86.1 0.4 32.2 84.9 504.3
PhNO2 + 3.5 O2 = 6 CO + 2 H2O + HNO PhNO2 92.5 0.1 56.8 329.1 1143.2
PhNO2 + 8.5 F2 = 3 C2F4 + 2 HOF + 3 HF + 0.5 N2 PhNO2 101.8 0.8 101.7 460.6 3102.2
PhNO2 + 7 CO2 = 13 CO + 2 H2O + HNO PhNO2 102.2 0.2 92.9 516.9 802.2
PhNO2 = 6 C + 2.5 H2 + 0.5 N2 + O2 PhNO2 116.9 0.2 129.9 1107.7 4151.5
acenaphthylene + C2H6 = 7 C2H2 acenaphthylene 261.0 0.5 28.1 151.8 1409.1
acenaphthylene + 5 N2 + 2 NH3 = 12 HCN + H2 acenaphthylene 267.1 0.5 16.1 88.7 1365.9
acenaphthylene + 2 CO2 + 3 H2O = 7 ketene acenaphthylene 276.1 0.4 21.6 158.8 909.5
acenaphthylene + C2H6 = 2 benzene + C2H2 acenaphthylene 280.4 0.2 11.0 63.6 218.0
acenaphthylene + 6 HCl + 2 H2 = 6 C2H3Cl acenaphthylene 280.7 0.9 21.5 54.8 446.8
acenaphthylene + cyc5 = 2 benzene + CpH acenaphthylene 281.8 0.5 7.0 64.5 114.3
acenaphthylene + 8 NH3 = 4 CH3NH2 + 4 CH3CN acenaphthylene 284.9 0.8 38.9 164.5 320.0
acenaphthylene + 20 H2 = 12 CH4 acenaphthylene 286.2 0.3 95.1 251.3 1084.8
acenaphthylene + 14 O2 = 12 CO2 + 4 H2O acenaphthylene 289.7 0.1 25.3 231.8 5962.7
acenaphthylene + 16 CH4 = 6 C2H4 + 8 C2H6 acenaphthylene 294.0 0.8 37.6 86.0 589.8
acenaphthylene + 10 F2 = 6 C2F2 + 8 HF acenaphthylene 299.1 2.0 129.4 585.1 2463.5
acenaphthylene + 8 H2O + 2 O2 = 12 CH2O acenaphthylene 302.1 0.6 40.8 292.2 345.2
acenaphthylene + 16 HF + 4 H2 = 8 CH3F + 4 CH2F2 acenaphthylene 308.6 1.3 69.8 333.6 462.6
acenaphthylene + 16 F2 = 6 C2F4 + 8 HF acenaphthylene 327.1 1.7 181.0 847.6 6535.7
acenaphthylene = 12 C + 4 H2 acenaphthylene 356.3 0.3 228.6 2060.1 8180.5
PhCl2 = 2 C2H2 + C2Cl2 PhCl2 23.7 0.5 11.8 53.0 664.0
PhCl2 + 2 N2 + 2 NH3 = 6 HCN + 2 HCl + H2 PhCl2 27.1 0.3 10.5 76.4 644.0
PhCl2 + N2 + 2 NH3 = 2 HCN + 2 CH3CN + 2 HCl PhCl2 31.6 0.3 17.6 91.0 283.1
PhCl2 + 2 H2O + 0.5 O2 = 3 ketene + 2 HCl PhCl2 32.5 0.2 12.4 109.5 125.4
PhCl2 + HCl + 2 H2 = 3 C2H3Cl PhCl2 33.6 0.5 16.5 50.1 146.1
PhCl2 + 3 H2 = C2H4 + 2 C2H3Cl PhCl2 34.1 0.3 22.4 72.5 85.3
PhCl2 + 3.5 NH3 = CH3NH2 + 2.5 CH3CN + 2 HCl PhCl2 34.9 0.4 21.5 106.3 111.9
PhCl2 + 2 C2H4 = benzene + 2 C2H3Cl PhCl2 35.0 0.3 3.3 11.3 2.4
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PhCl2 + 11 H2 = 6 CH4 + 2 HCl PhCl2 36.4 0.2 53.3 148.4 619.7
PhCl2 + 7.5 O2 = 6 CO2 + H2O + 2 HOCl PhCl2 36.4 0.1 8.5 85.7 2781.7
PhCl2 + 8 CH4 = 3 C2H4 + 3 C2H6 + 2 CH3Cl PhCl2 39.7 0.4 19.8 57.5 321.3
PhCl2 + 8 HF + 3 H2 = 6 CH3F + 2 ClF PhCl2 42.4 0.7 32.0 141.5 663.1
PhCl2 + 4 H2O + H2 = 4 CH2O + 2 CH3Cl PhCl2 42.6 0.3 22.1 143.8 342.5
PhCl2 + 6 F2 = 3 C2F2 + 4 HF + 2 ClF PhCl2 42.8 1.0 69.0 315.2 1236.2
PhCl2 + 9 F2 = 3 C2F4 + 4 HF + 2 ClF PhCl2 56.8 0.8 94.8 446.5 3272.3
PhCl2 = 6 C + 2 H2 + Cl2 PhCl2 67.7 0.2 114.4 1029.9 4200.7
cyrene + 4.5 N2 = 6 HCN + NO + 2 HNO cyrene -417.1 0.3 14.4 1.1 1505.6
cyrene + 6 HCl = 3 C2H3Cl + 3 HOCl + H2 cyrene -414.6 0.5 18.2 55.0 832.7
cyrene + cyc5 = bicyc82one + 1,3-dioxolane cyrene -412.4 4.3 0.1 1.7 5.1
cyrene = 2 ketene + oxirane cyrene -410.3 0.2 0.2 65.7 279.6
cyrene + C2H2 = 3 ketene + C2H4 cyrene -410.3 0.2 1.6 88.4 106.4
cyrene + 11 H2 = 6 CH4 + 3 H2O cyrene -409.5 0.2 40.2 119.5 706.6
cyrene + 6.5 O2 = 6 CO2 + 4 H2O cyrene -407.6 0.1 0.9 111.9 2906.7
cyrene + CH4 + H2 + propane = THP + DME + acetone cyrene -403.9 0.6 7.9 28.2 1.8
cyrene + CH4 + H2 = 1,3-dioxolane + MEK cyrene -403.8 0.8 8.0 33.5 21.6
cyrene + 3 H2O = 6 CH2O + H2 cyrene -401.3 0.3 4.2 144.2 486.0
cyrene + 3.5 O2 = 6 CO + 4 H2O cyrene -399.3 0.1 31.8 272.9 1239.3
cyrene + 9 CH4 + 2 H2O = 4 CH3OH + CH2O + 5 C2H6 cyrene -394.3 0.5 14.5 50.6 264.3
cyrene + 11 HF = 3 H2O + 3.5 CH3F + 2.5 CHF3 cyrene -393.9 0.7 19.9 164.3 158.2
cyrene + 10 F2 = 3 C2F4 + 3 HOF + 5 HF cyrene -385.7 0.9 78.4 418.6 3244.4
cyrene = 6 C + 4 H2 + 1.5 O2 cyrene -374.0 0.2 93.6 1030.3 4642.4
cyrene = 6 C + 8 H + 3 O cyrene -361.2 0.2 147.3 2037.2 7098.4
sulfolane + 6 HCl + Cl2 = 4 CH3Cl + 2 HOCl + SCl2 sulfolane -332.3 1.7 0.4 29.5 421.6
sulfolane + CO = CS + MeOAc + CH2O sulfolane -331.0 0.5 1.3 71.2 221.7
sulfolane = 2 C2H4 + SO2 sulfolane -331.0 0.2 3.4 41.4 158.4
sulfolane = 1-butene + SO2 sulfolane -330.2 0.2 4.1 16.6 56.9
sulfolane + 6 O2 = 4 CO2 + 4 H2O + SO2 sulfolane -329.2 0.1 2.1 49.8 2493.2
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sulfolane + 7 H2 = 4 CH4 + 2 H2O + H2S sulfolane -328.6 0.4 36.6 148.8 433.0
sulfolane + C2H6 = THF + DMSO sulfolane -325.0 0.9 4.7 28.9 104.8
sulfolane + 2 H2O = 4 CH2O + H2S + H2 sulfolane -323.1 0.4 12.7 165.3 362.0
sulfolane + 4 CH4 + H2S = 3 C2H6 + 2 CH3SH + O2 sulfolane -322.1 0.8 12.8 82.9 377.0
sulfolane + 2 H2 = DMSO2 + C2H6 sulfolane -321.7 1.7 10.2 44.6 98.0
sulfolane + 22 HF = 4 CF4 + 2 H2O + SF6 + 13 H2 sulfolane -301.9 0.8 22.2 82.1 905.4
sulfolane = 4 C + 8 H + 2 O + S sulfolane -295.9 0.2 116.7 1670.4 5638.2
sulfolane + 15 F2 = 4 CF4 + 2 HOF + 6 HF + SF6 sulfolane -259.9 0.6 139.6 692.9 6462.4
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Table S3.  Predictions (H) of enthalpies of formation at T = 0, associated standard 

uncertainties u(H), weighting parameters, combined predictive/experimental uncertainties (uc), 

and error relative to the experimental values.  All values in kJ mol-1 except for b and , which are 

unitless.

target  weighting a or 𝝈𝟎 b or  H u(H) uc error

1,3-dioxolane T non-unif 2.27 0.3604 -275.4 1.1 1.3 -0.4

1,3-dioxolane T probab 0.95 0.6320 -276.0 0.5 0.9 -1.0

1,3-dioxolane c non-unif 6.45 0.0187 -274.3 1.9 2.0 0.7

1,3-dioxolane c probab 2.94 0.0663 -276.5 1.1 1.3 -1.5

1,3-dioxolane E non-unif 2.51 0.0061 -274.9 1.2 1.4 0.1

1,3-dioxolane E probab 3.24 0.0068 -275.3 1.1 1.3 -0.3

EC T non-unif 3.50 0.2679 -492.6 1.4 1.5 0.3

EC T probab 3.78 0.3324 -493.5 1.2 1.3 -0.7

EC c non-unif 6.46 0.0167 -491.7 1.9 1.9 1.2

EC c probab 2.74 0.0649 -494.1 1.0 1.1 -1.3

EC E non-unif 2.45 0.0061 -492.6 1.2 1.3 0.2

EC E probab 3.10 0.0077 -493.1 1.0 1.1 -0.2

PhCOOH T non-unif a 0.98 0.2888 -276.7 1.6 1.6 -2.0

PhCOOH T probab 3.72 0.2774 -277.5 1.5 1.6 -2.8

PhCOOH c non-unif 5.95 0.0241 -274.0 2.2 2.3 0.7

PhCOOH c probab 4.05 0.0389 -276.8 1.6 1.6 -2.1

PhCOOH E non-unif 4.52 0.0062 -273.5 2.2 2.3 1.2

PhCOOH E probab 0.39 0.0113 -276.1 0.3 0.5 -1.3

DMF T non-unif 0.85 0.3101 -170.5 0.9 1.1 -2.1
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DMF T probab 0.00 0.4056 -171.4 0.3 0.7 -2.9

DMF c non-unif 4.68 0.0168 -168.9 1.5 1.6 -0.4

DMF c probab 1.04 0.0622 -171.7 0.6 0.9 -3.2

DMF E non-unif 3.42 0.0052 -169.1 1.2 1.4 -0.6

DMF E probab 0.73 0.0115 -170.9 0.4 0.8 -2.5

NMP T non-unif 2.37 0.2827 -180.4 1.7 1.8 -0.7

NMP T probab 3.43 0.3509 -182.1 1.3 1.4 -2.4

NMP c non-unif 8.33 0.0160 -178.1 2.5 2.5 1.6

NMP c probab 4.32 0.0432 -182.2 1.5 1.5 -2.5

NMP E non-unif 6.71 0.0047 -178.4 2.1 2.2 1.3

NMP E probab 2.89 0.0098 -181.3 1.1 1.2 -1.6

2MeIn T non-unif 3.45 0.3089 151.5 2.9 3.0 0.0

2MeIn T probab 6.01 0.2978 148.8 2.6 2.8 -2.8

2MeIn c non-unif 10.12 0.0242 154.3 3.5 3.6 2.7

2MeIn c probab 6.38 0.0459 149.8 2.4 2.6 -1.7

2MeIn E non-unif 5.19 0.0071 153.1 2.6 2.7 1.6

2MeIn E probab -0.00 0.0102 151.1 0.4 1.0 -0.4

thiophene T non-unif 4.31 0.2651 129.2 2.2 2.3 1.4

thiophene T probab 0.00 0.4430 126.3 0.8 0.9 -1.5

thiophene c non-unif 8.72 0.0200 131.0 3.0 3.0 3.1

thiophene c probab 8.20 0.0493 129.4 2.5 2.5 1.6

thiophene E non-unif 5.39 0.0051 129.5 2.3 2.3 1.6

thiophene E probab 1.81 0.0145 126.4 0.9 0.9 -1.4

PhNO2 T non-unif 0.00 0.2494 80.0 1.3 1.5 -5.8

PhNO2 T probab 0.00 0.2213 78.8 0.5 1.0 -7.0

PhNO2 c non-unif 4.26 0.0287 81.7 2.1 2.2 -4.1
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PhNO2 c probab 1.62 0.0461 78.9 1.2 1.4 -6.8

PhNO2 E non-unif 4.94 0.0058 83.2 2.4 2.6 -2.6

PhNO2 E probab 0.00 0.0111 81.1 0.9 1.2 -4.7

PhCl2 T non-unif 1.60 0.2204 35.0 1.6 1.8 0.0

PhCl2 T probab 4.17 0.1930 34.1 1.6 1.7 -0.8

PhCl2 c non-unif 3.29 0.0285 35.5 1.6 1.8 0.6

PhCl2 c probab 4.32 0.0331 34.4 1.5 1.7 -0.5

PhCl2 E non-unif 2.87 0.0064 35.6 1.4 1.5 0.7

PhCl2 E probab -0.00 0.0117 34.8 0.3 0.8 -0.1

acenaphthylene T non-unif 5.64 0.2276 284.8 3.7 4.1 -2.4

acenaphthylene T probab 0.00 0.3786 280.3 1.9 2.6 -6.9

acenaphthylene c non-unif 9.30 0.0294 286.1 3.9 4.3 -1.0

acenaphthylene c probab 7.38 0.0507 281.7 3.2 3.7 -5.4

acenaphthylene E non-unif 9.25 0.0061 287.9 3.9 4.3 0.8

acenaphthylene E probab 11.24 0.0065 286.4 3.9 4.3 -0.7

sulfolane T non-unif 5.06 0.3446 -325.2 2.4 2.6 0.3

sulfolane T probab 0.00 0.6453 -330.2 0.7 1.3 -4.7

sulfolane c non-unif 12.96 0.0159 -321.1 4.3 4.4 4.5

sulfolane c probab 0.01 0.1191 -328.4 1.4 1.7 -2.9

sulfolane E non-unif 3.97 0.0068 -324.7 2.4 2.6 0.9

sulfolane E probab 3.10 0.0123 -327.0 1.5 1.8 -1.4

cyrene T non-unif 5.42 0.2410 -404.5 2.4 b b

cyrene T probab 3.56 0.4136 -406.8 1.6 b b

cyrene c non-unif 8.13 0.0178 -403.9 2.7 b b

cyrene c probab 6.65 0.0290 -406.0 2.2 b b

cyrene E non-unif 6.54 0.0048 -403.3 2.5 b b
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cyrene E probab 6.35 0.0053 -404.6 2.1 b b

a Parameter self-consistency not achieved. 
b No experimental value available for comparison. 
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Table S4:  Abbreviations used in Table S2 and Table S5. 

Abbreviation Meaning

EC ethylene carbonate

PhCOOH benzoic acid

DMF N,N-dimethyl formamide

NMP N-methylpyrrolidinone

2MeIn 2-methyl indole

PhNO2 nitrobenzene

PhCl2 1,4-dichlorobenzene

cyrene dihydrolevoglucosenone

MeOAc methyl acetate

cyc5 cyclopentane

THF tetrahydrofuran

DME dimethyl ether

MeFo methyl formate

AcOH acetic acid

1Mepy 1-methylpyrrole

DMSO dimethylsulfoxide

DMSO2 dimethysulfone

MEK 2-butanone

THP tetrahydropyran

CpH cyclopentadiene

DMA dimethylamine

bicyc82one bicyclo[3.2.1]octan-2-one
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Table S5: Results from all quantum chemistry methods considered and from all analysis 
methods.  Basis sets are cc-pVTZ-F12 except for B3LYP, for which they are pcseg-2. Units are kJ 
mol-1, except that b and  are unitless. 

Theory Target  weighting a or 0 b or  H u(H) uc error

ccsd(t)-f12b 1,3-dioxolane E non-unif 2.51 0.0061 -274.9 1.2 1.4 0.1

ccsd(t)-f12b EC E non-unif 2.45 0.0061 -492.6 1.2 1.3 0.2

ccsd(t)-f12b PhCOOH E non-unif 4.52 0.0062 -273.5 2.2 2.3 1.2

ccsd(t)-f12b DMF E non-unif 3.42 0.0052 -169.1 1.2 1.4 -0.6

ccsd(t)-f12b NMP E non-unif 6.71 0.0047 -178.4 2.1 2.2 1.3

ccsd(t)-f12b 2MeIn E non-unif 5.19 0.0071 153.1 2.6 2.7 1.6

ccsd(t)-f12b thiophene E non-unif 5.39 0.0051 129.5 2.3 2.3 1.6

ccsd(t)-f12b PhNO2 E non-unif 4.94 0.0058 83.2 2.4 2.6 -2.6

ccsd(t)-f12b PhCl2 E non-unif 2.87 0.0064 35.6 1.4 1.5 0.7

ccsd(t)-f12b acenaphthylene E non-unif 9.25 0.0061 287.9 3.9 4.3 0.8

ccsd(t)-f12b sulfolane E non-unif 3.97 0.0068 -324.7 2.4 2.6 0.9

ccsd(t)-f12b cyrene E non-unif 6.54 0.0048 -403.3 2.5 b b

ccsd(t)-f12a 1,3-dioxolane E non-unif 2.83 0.0048 -275.0 1.2 1.4 0.0

ccsd(t)-f12a EC E non-unif 3.26 0.0043 -492.5 1.2 1.3 0.3

ccsd(t)-f12a PhCOOH E non-unif 6.60 0.0034 -272.0 2.6 2.7 2.7

ccsd(t)-f12a DMF E non-unif 4.99 0.0018 -168.1 1.5 1.6 0.3

ccsd(t)-f12a NMP E non-unif 9.14 0.0015 -176.9 2.5 2.5 2.8

ccsd(t)-f12a 2MeIn E non-unif 9.35 0.0046 155.5 3.3 3.4 3.9

ccsd(t)-f12a thiophene E non-unif 4.85 0.0046 129.6 2.1 2.1 1.8

ccsd(t)-f12a PhNO2 E non-unif 6.41 0.0042 84.4 2.5 2.7 -1.3

ccsd(t)-f12a PhCl2 E non-unif 4.22 0.0043 36.7 1.6 1.8 1.8

ccsd(t)-f12a acenaphthylene E non-unif 12.84 0.0034 290.6 4.3 4.7 3.4

ccsd(t)-f12a sulfolane E non-unif 4.70 0.0058 -324.6 2.3 2.5 1.0

ccsd(t)-f12a cyrene E non-unif 8.38 0.0023 -402.9 2.6 b b

ccsd-f12b 1,3-dioxolane E non-unif 0.00 0.0239 -275.3 1.6 1.7 -0.3

ccsd-f12b EC E non-unif 2.31 0.0252 -489.3 2.6 2.6 3.6

ccsd-f12b PhCOOH E non-unif 18.41 0.0241 -252.1 9.3 9.3 22.6

ccsd-f12b DMF E non-unif 9.55 0.0186 -159.0 3.8 3.9 9.4

ccsd-f12b NMP E non-unif 18.64 0.0189 -164.4 6.7 6.7 15.3

ccsd-f12b 2MeIn E non-unif 11.16 0.0269 179.8 7.7 7.8 28.3
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ccsd-f12b thiophene E non-unif 7.02 0.0219 141.4 4.0 4.0 13.6

ccsd-f12b PhNO2 E non-unif 19.56 0.0234 118.8 9.9 10.0 33.0

ccsd-f12b PhCl2 E non-unif 8.63 0.0222 57.3 4.5 4.6 22.4

ccsd-f12b acenaphthylene E non-unif 22.58 0.0266 328.8 11.5 11.6 41.7

ccsd-f12b sulfolane E non-unif a 1.62 0.0262 -321.4 4.5 4.6 4.2

ccsd-f12b cyrene E non-unif 11.17 0.0231 -393.1 5.7 b b

ccsd-f12a 1,3-dioxolane E non-unif 0.71 0.0236 -275.2 1.7 1.9 -0.2

ccsd-f12a EC E non-unif 2.94 0.0232 -489.0 2.6 2.7 3.9

ccsd-f12a PhCOOH E non-unif 20.95 0.0215 -250.6 9.6 9.6 24.2

ccsd-f12a DMF E non-unif 11.31 0.0151 -158.0 4.2 4.2 10.5

ccsd-f12a NMP E non-unif 21.71 0.0156 -162.6 7.2 7.2 17.1

ccsd-f12a 2MeIn E non-unif 15.40 0.0242 182.5 8.2 8.3 31.0

ccsd-f12a thiophene E non-unif 7.81 0.0206 141.9 4.1 4.1 14.1

ccsd-f12a PhNO2 E non-unif 20.99 0.0218 120.1 10.0 10.0 34.3

ccsd-f12a PhCl2 E non-unif 7.25 0.0273 56.7 4.3 4.4 21.8

ccsd-f12a acenaphthylene E non-unif 24.77 0.0252 331.2 11.8 11.9 44.1

ccsd-f12a sulfolane E non-unif 5.63 0.0259 -319.5 4.6 4.8 6.1

ccsd-f12a cyrene E non-unif 13.42 0.0205 -392.5 6.0 b b

mp2-f12 1,3-dioxolane E non-unif 2.81 0.0393 -280.4 3.5 3.6 -5.4

mp2-f12 EC E non-unif 4.30 0.0351 -501.8 4.5 4.6 -8.9

mp2-f12 PhCOOH E non-unif 65.69 0.0147 -336.5 21.4 21.4 -61.8

mp2-f12 DMF E non-unif 33.87 0.0121 -194.1 10.9 10.9 -25.7

mp2-f12 NMP E non-unif 66.32 0.0110 -218.6 19.3 19.3 -38.9

mp2-f12 2MeIn E non-unif 58.44 0.0217 70.9 20.9 21.0 -80.7

mp2-f12 thiophene E non-unif 3.42 0.0524 99.1 6.5 6.6 -28.8

mp2-f12 PhNO2 E non-unif 56.62 0.0251 10.1 20.2 20.2 -75.7

mp2-f12 PhCl2 E non-unif 20.19 0.0440 -6.4 9.6 9.6 -41.3

mp2-f12 acenaphthylene E non-unif 53.79 0.0383 208.1 22.9 23.0 -79.0

mp2-f12 sulfolane E non-unif 4.19 0.0449 -352.1 6.5 6.6 -26.5

mp2-f12 cyrene E non-unif 30.52 0.0229 -428.7 10.8 b b

b3lyp 1,3-dioxolane E non-unif 33.74 0.0036 -266.6 9.2 9.3 8.4

b3lyp EC E non-unif 24.99 0.0039 -479.9 7.0 7.0 12.9

b3lyp PhCOOH E non-unif 60.53 0.0016 -266.1 20.0 20.0 8.6

b3lyp DMF E non-unif 39.47 0.0000 -178.7 12.0 12.0 -10.3

b3lyp NMP E non-unif 65.23 0.0000 -176.6 18.8 18.8 3.2
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b3lyp 2MeIn E non-unif 63.23 0.0000 179.1 20.7 20.8 27.5

b3lyp thiophene E non-unif 21.87 0.0220 140.1 8.5 8.5 12.3

b3lyp PhNO2 E non-unif 56.50 0.0089 74.6 20.1 20.2 -11.2

b3lyp PhCl2 E non-unif 34.22 0.0043 65.5 10.5 10.5 30.6

b3lyp acenaphthylene E non-unif 67.48 0.0048 343.0 21.0 21.1 55.9

b3lyp sulfolane E non-unif 35.25 0.0146 -267.4 12.4 12.5 58.1

b3lyp cyrene E non-unif 67.72 0.0000 -351.5 16.3 b b

hf 1,3-dioxolane E non-unif a 23.88 0.1721 -245.9 14.3 14.3 29.1

hf EC E non-unif 41.65 0.2029 -438.5 20.0 20.0 54.3

hf PhCOOH E non-unif 0.00 0.2541 -240.4 14.5 14.5 34.3

hf DMF E non-unif 0.00 0.2805 -131.1 7.6 7.6 37.3

hf NMP E non-unif 0.00 0.3067 -171.9 11.0 11.0 7.8

hf 2MeIn E non-unif 0.00 0.2688 228.4 35.9 35.9 76.9

hf thiophene E non-unif 62.94 0.0878 207.5 26.1 26.1 79.7

hf PhNO2 E non-unif 114.51 0.1278 255.2 60.2 60.2 169.5

hf PhCl2 E non-unif 7.45 0.1800 117.7 16.5 16.5 82.8

hf acenaphthylene E non-unif 83.90 0.1628 487.3 46.6 46.6 200.2

hf sulfolane E non-unif 70.41 0.1386 -228.8 33.4 33.5 96.8

hf cyrene E non-unif 0.00 0.2667 -305.1 38.1 b b

ccsd(t)-f12b 1,3-dioxolane E probab 3.24 0.0068 -275.3 1.1 1.3 -0.3

ccsd(t)-f12b EC E probab 3.10 0.0077 -493.1 1.0 1.1 -0.2

ccsd(t)-f12b PhCOOH E probab 0.39 0.0113 -276.1 0.3 0.5 -1.3

ccsd(t)-f12b DMF E probab 0.73 0.0115 -170.9 0.4 0.8 -2.5

ccsd(t)-f12b NMP E probab 2.89 0.0098 -181.3 1.1 1.2 -1.6

ccsd(t)-f12b 2MeIn E probab -0.00 0.0102 151.1 0.4 1.0 -0.4

ccsd(t)-f12b thiophene E probab 1.81 0.0145 126.4 0.9 0.9 -1.4

ccsd(t)-f12b PhNO2 E probab 0.00 0.0111 81.1 0.9 1.2 -4.7

ccsd(t)-f12b PhCl2 E probab -0.00 0.0117 34.8 0.3 0.8 -0.1

ccsd(t)-f12b acenaphthylene E probab 11.24 0.0065 286.4 3.9 4.3 -0.7

ccsd(t)-f12b sulfolane E probab 3.10 0.0123 -327.0 1.5 1.8 -1.4

ccsd(t)-f12b cyrene E probab 6.35 0.0053 -404.6 2.1 b b

ccsd(t)-f12a 1,3-dioxolane E probab 2.96 0.0059 -275.4 1.0 1.2 -0.4

ccsd(t)-f12a EC E probab 3.04 0.0062 -493.1 1.0 1.1 -0.3

ccsd(t)-f12a PhCOOH E probab 0.45 0.0105 -276.1 0.3 0.5 -1.4

ccsd(t)-f12a DMF E probab 1.03 0.0100 -170.7 0.5 0.8 -2.3



S20

ccsd(t)-f12a NMP E probab 3.06 0.0093 -181.0 1.2 1.3 -1.3

ccsd(t)-f12a 2MeIn E probab -0.00 0.0099 151.3 0.4 1.0 -0.3

ccsd(t)-f12a thiophene E probab 1.61 0.0133 126.7 0.8 0.9 -1.1

ccsd(t)-f12a PhNO2 E probab 0.00 0.0106 81.5 0.9 1.2 -4.2

ccsd(t)-f12a PhCl2 E probab 0.00 0.0117 34.9 0.3 0.8 0.0

ccsd(t)-f12a acenaphthylene E probab 12.19 0.0057 288.0 3.8 4.3 0.9

ccsd(t)-f12a sulfolane E probab 3.31 0.0101 -326.9 1.5 1.8 -1.3

ccsd(t)-f12a cyrene E probab 6.68 0.0040 -404.5 2.0 b b

ccsd-f12b 1,3-dioxolane E probab 0.00 0.0333 -276.4 0.7 1.0 -1.4

ccsd-f12b EC E probab 0.00 0.0505 -492.6 1.0 1.1 0.3

ccsd-f12b PhCOOH E probab 13.12 0.0379 -261.8 6.1 6.1 13.0

ccsd-f12b DMF E probab 3.17 0.0351 -165.3 1.4 1.6 3.2

ccsd-f12b NMP E probab 4.21 0.0440 -178.7 2.1 2.2 1.0

ccsd-f12b 2MeIn E probab 14.17 0.0273 172.6 6.5 6.6 21.1

ccsd-f12b thiophene E probab 10.03 0.0229 139.5 3.6 3.6 11.7

ccsd-f12b PhNO2 E probab 13.56 0.0448 106.9 7.5 7.6 21.1

ccsd-f12b PhCl2 E probab 7.21 0.0308 51.8 3.2 3.3 16.9

ccsd-f12b acenaphthylene E probab 28.25 0.0271 322.9 10.6 10.8 35.7

ccsd-f12b sulfolane E probab 10.30 0.0236 -321.0 4.0 4.2 4.5

ccsd-f12b cyrene E probab 13.46 0.0241 -396.5 4.9 b b

ccsd-f12a 1,3-dioxolane E probab 0.00 0.0336 -276.4 0.7 1.0 -1.4

ccsd-f12a EC E probab 0.00 0.0499 -492.6 1.0 1.1 0.2

ccsd-f12a PhCOOH E probab 13.58 0.0369 -261.2 6.3 6.3 13.5

ccsd-f12a DMF E probab 3.25 0.0340 -165.2 1.5 1.6 3.3

ccsd-f12a NMP E probab 4.45 0.0437 -178.6 2.0 2.1 1.1

ccsd-f12a 2MeIn E probab 14.40 0.0270 173.5 6.6 6.6 22.0

ccsd-f12a thiophene E probab 10.05 0.0224 139.8 3.4 3.4 12.0

ccsd-f12a PhNO2 E probab 14.00 0.0439 107.9 7.5 7.6 22.1

ccsd-f12a PhCl2 E probab 7.35 0.0308 52.3 3.3 3.4 17.4

ccsd-f12a acenaphthylene E probab 29.27 0.0264 324.7 10.4 10.5 37.5

ccsd-f12a sulfolane E probab 10.48 0.0222 -320.9 4.1 4.3 4.6

ccsd-f12a cyrene E probab 13.45 0.0231 -394.6 5.2 b b

mp2-f12 1,3-dioxolane E probab -0.00 0.0556 -277.2 0.9 1.1 -2.2

mp2-f12 EC E probab 14.61 0.0366 -503.8 4.8 4.8 -10.9

mp2-f12 PhCOOH E probab 24.67 0.0607 -301.8 11.4 11.4 -27.0
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mp2-f12 DMF E probab 0.00 0.0521 -179.4 0.7 1.0 -11.0

mp2-f12 NMP E probab 11.45 0.0801 -187.6 5.4 5.4 -7.9

mp2-f12 2MeIn E probab 32.55 0.0510 85.9 14.4 14.4 -65.6

mp2-f12 thiophene E probab 14.67 0.0458 98.3 5.6 5.6 -29.5

mp2-f12 PhNO2 E probab 0.00 0.0927 55.8 6.2 6.3 -30.0

mp2-f12 PhCl2 E probab 17.88 0.0539 -6.7 7.9 7.9 -41.6

mp2-f12 acenaphthylene E probab 47.89 0.0527 203.2 18.7 18.8 -84.0

mp2-f12 sulfolane E probab 9.04 0.0568 -347.2 5.3 5.4 -21.6

mp2-f12 cyrene E probab 0.00 0.0742 -408.6 0.6 b b

b3lyp 1,3-dioxolane E probab 13.42 0.0564 -260.3 5.3 5.3 14.7

b3lyp EC E probab 25.08 0.0124 -480.9 6.8 6.8 12.0

b3lyp PhCOOH E probab 72.33 0.0001 -268.2 19.8 19.8 6.6

b3lyp DMF E probab 44.75 0.0000 -178.7 11.2 11.2 -10.2

b3lyp NMP E probab 70.10 0.0000 -176.5 17.6 17.6 3.2

b3lyp 2MeIn E probab 77.29 -0.0000 179.1 20.0 20.0 27.6

b3lyp thiophene E probab 20.52 0.0381 144.3 6.9 6.9 16.5

b3lyp PhNO2 E probab 0.00 0.0805 80.0 6.5 6.6 -5.7

b3lyp PhCl2 E probab 28.82 0.0263 71.3 8.8 8.8 36.4

b3lyp acenaphthylene E probab 58.38 0.0213 355.8 18.0 18.1 68.7

b3lyp sulfolane E probab 28.28 0.0325 -259.7 9.6 9.7 65.8

b3lyp cyrene E probab 62.89 0.0000 -351.6 15.8 b b

hf 1,3-dioxolane E probab -0.00 0.2028 -275.7 1.7 1.8 -0.7

hf EC E probab 49.20 0.1913 -451.6 16.5 16.5 41.3

hf PhCOOH E probab 0.00 0.3976 -259.0 4.0 4.1 15.7

hf DMF E probab 0.00 0.4781 -127.8 3.9 4.0 40.7

hf NMP E probab 0.00 2.3360 -184.8 1.5 1.6 -5.1

hf 2MeIn E probab 0.00 0.5493 192.9 12.7 12.7 41.4

hf thiophene E probab 31.23 0.1766 175.5 12.6 12.6 47.7

hf PhNO2 E probab 155.22 0.1620 239.6 52.9 52.9 153.8

hf PhCl2 E probab 35.83 0.1403 114.7 14.2 14.3 79.8

hf acenaphthylene E probab 107.67 0.1399 453.7 37.8 37.8 166.6

hf sulfolane E probab 26.27 0.2169 -278.0 14.9 15.0 47.6

hf cyrene E probab 0.00 0.2667 -305.1 1.6 b b

ccsd(t)-f12b 1,3-dioxolane c non-unif 6.45 0.0187 -274.3 1.9 2.0 0.7

ccsd(t)-f12b EC c non-unif 6.46 0.0167 -491.7 1.9 1.9 1.2



S22

ccsd(t)-f12b PhCOOH c non-unif 5.95 0.0241 -274.0 2.2 2.3 0.7

ccsd(t)-f12b DMF c non-unif 4.68 0.0168 -168.9 1.5 1.6 -0.4

ccsd(t)-f12b NMP c non-unif 8.33 0.0160 -178.1 2.5 2.5 1.6

ccsd(t)-f12b 2MeIn c non-unif 10.12 0.0242 154.3 3.5 3.6 2.7

ccsd(t)-f12b thiophene c non-unif 8.72 0.0200 131.0 3.0 3.0 3.1

ccsd(t)-f12b PhNO2 c non-unif 4.26 0.0287 81.7 2.1 2.2 -4.1

ccsd(t)-f12b PhCl2 c non-unif 3.29 0.0285 35.5 1.6 1.8 0.6

ccsd(t)-f12b acenaphthylene c non-unif 9.30 0.0294 286.1 3.9 4.3 -1.0

ccsd(t)-f12b sulfolane c non-unif 12.96 0.0159 -321.1 4.3 4.4 4.5

ccsd(t)-f12b cyrene c non-unif 8.13 0.0178 -403.9 2.7 b b

ccsd(t)-f12a 1,3-dioxolane c non-unif 6.70 0.0085 -273.8 2.1 2.2 1.2

ccsd(t)-f12a EC c non-unif 6.57 0.0076 -491.4 2.0 2.0 1.5

ccsd(t)-f12a PhCOOH c non-unif 7.67 0.0142 -272.2 2.5 2.6 2.5

ccsd(t)-f12a DMF c non-unif 5.89 0.0045 -167.7 1.6 1.7 0.7

ccsd(t)-f12a NMP c non-unif 10.20 0.0041 -176.5 2.6 2.7 3.2

ccsd(t)-f12a 2MeIn c non-unif 13.84 0.0136 157.0 4.1 4.2 5.5

ccsd(t)-f12a thiophene c non-unif 8.67 0.0130 131.6 2.8 2.8 3.8

ccsd(t)-f12a PhNO2 c non-unif 5.82 0.0209 83.2 2.2 2.4 -2.5

ccsd(t)-f12a PhCl2 c non-unif 5.19 0.0200 37.1 1.9 2.0 2.2

ccsd(t)-f12a acenaphthylene c non-unif 12.85 0.0204 289.7 4.3 4.7 2.6

ccsd(t)-f12a sulfolane c non-unif 12.97 0.0070 -320.4 4.6 4.7 5.2

ccsd(t)-f12a cyrene c non-unif 9.57 0.0074 -402.7 2.7 b b

ccsd-f12b 1,3-dioxolane c non-unif 13.52 0.0886 -272.4 4.2 4.3 2.6

ccsd-f12b EC c non-unif 14.81 0.0914 -485.9 4.4 4.4 7.0

ccsd-f12b PhCOOH c non-unif 24.38 0.1034 -254.3 8.4 8.4 20.4

ccsd-f12b DMF c non-unif 16.33 0.0687 -157.8 4.8 4.8 10.6

ccsd-f12b NMP c non-unif 27.33 0.0693 -162.0 7.9 7.9 17.7

ccsd-f12b 2MeIn c non-unif 32.84 0.0962 186.9 10.8 10.9 35.4

ccsd-f12b thiophene c non-unif 13.18 0.1406 141.5 5.1 5.1 13.7

ccsd-f12b PhNO2 c non-unif 19.71 0.1237 113.6 8.4 8.4 27.9

ccsd-f12b PhCl2 c non-unif 12.62 0.1340 58.2 5.4 5.5 23.3

ccsd-f12b acenaphthylene c non-unif 32.75 0.1319 328.8 12.2 12.4 41.7

ccsd-f12b sulfolane c non-unif 24.02 0.0945 -312.6 8.6 8.7 12.9

ccsd-f12b cyrene c non-unif 22.74 0.0856 -392.4 7.8 b b

ccsd-f12a 1,3-dioxolane c non-unif 13.65 0.0766 -272.0 4.4 4.4 3.0
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ccsd-f12a EC c non-unif 14.97 0.0809 -485.6 4.5 4.5 7.3

ccsd-f12a PhCOOH c non-unif 26.54 0.0913 -252.3 8.7 8.8 22.4

ccsd-f12a DMF c non-unif 16.74 0.0560 -157.0 4.8 4.8 11.5

ccsd-f12a NMP c non-unif 29.00 0.0561 -160.5 8.2 8.2 19.3

ccsd-f12a 2MeIn c non-unif 36.27 0.0838 189.7 11.4 11.5 38.2

ccsd-f12a thiophene c non-unif 12.72 0.1322 142.1 4.9 4.9 14.3

ccsd-f12a PhNO2 c non-unif 21.77 0.1128 115.5 8.7 8.7 29.8

ccsd-f12a PhCl2 c non-unif 14.17 0.1245 59.8 5.6 5.6 24.9

ccsd-f12a acenaphthylene c non-unif 35.82 0.1214 332.4 12.6 12.7 45.2

ccsd-f12a sulfolane c non-unif 25.13 0.0828 -311.8 9.0 9.0 13.8

ccsd-f12a cyrene c non-unif 24.28 0.0737 -391.2 7.9 b b

mp2-f12 1,3-dioxolane c non-unif 43.44 0.0594 -274.9 17.1 17.1 0.1

mp2-f12 EC c non-unif 29.37 0.0793 -497.9 12.0 12.0 -5.0

mp2-f12 PhCOOH c non-unif 68.88 0.0567 -333.4 21.2 21.2 -58.6

mp2-f12 DMF c non-unif 40.17 0.0283 -194.8 12.3 12.3 -26.4

mp2-f12 NMP c non-unif 66.38 0.0383 -215.3 19.4 19.4 -35.6

mp2-f12 2MeIn c non-unif 67.39 0.0685 78.1 23.7 23.8 -73.4

mp2-f12 thiophene c non-unif 51.28 0.0811 103.3 22.6 22.6 -24.5

mp2-f12 PhNO2 c non-unif 65.20 0.0618 15.6 22.8 22.8 -70.2

mp2-f12 PhCl2 c non-unif 44.05 0.1227 -2.0 17.2 17.2 -36.9

mp2-f12 acenaphthylene c non-unif 96.75 0.1121 223.1 35.3 35.4 -64.0

mp2-f12 sulfolane c non-unif 79.28 0.0543 -339.8 33.6 33.7 -14.2

mp2-f12 cyrene c non-unif 46.30 0.0615 -427.2 16.5 b b

b3lyp 1,3-dioxolane c non-unif 37.92 0.0029 -267.6 9.6 9.7 7.4

b3lyp EC c non-unif 27.23 0.0101 -479.6 7.1 7.2 13.2

b3lyp PhCOOH c non-unif 57.44 0.0136 -265.4 19.3 19.3 9.3

b3lyp DMF c non-unif 19.46 0.1137 -172.5 8.1 8.1 -4.0

b3lyp NMP c non-unif 61.89 0.0075 -176.1 18.3 18.3 3.6

b3lyp 2MeIn c non-unif 63.23 0.0000 179.1 20.7 20.8 27.5

b3lyp thiophene c non-unif 39.69 0.0469 132.3 13.3 13.3 4.5

b3lyp PhNO2 c non-unif 43.17 0.0678 84.3 17.2 17.3 -1.4

b3lyp PhCl2 c non-unif 39.04 0.0000 63.9 11.4 11.4 29.0

b3lyp acenaphthylene c non-unif 79.50 0.0000 338.3 23.1 23.1 51.2

b3lyp sulfolane c non-unif 54.76 0.0320 -274.9 16.8 16.8 50.7

b3lyp cyrene c non-unif 67.72 0.0000 -351.5 16.3 b b
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ccsd(t)-f12b 1,3-dioxolane c probab 2.94 0.0663 -276.5 1.1 1.3 -1.5

ccsd(t)-f12b EC c probab 2.74 0.0649 -494.1 1.0 1.1 -1.3

ccsd(t)-f12b PhCOOH c probab 4.05 0.0389 -276.8 1.6 1.6 -2.1

ccsd(t)-f12b DMF c probab 1.04 0.0622 -171.7 0.6 0.9 -3.2

ccsd(t)-f12b NMP c probab 4.32 0.0432 -182.2 1.5 1.5 -2.5

ccsd(t)-f12b 2MeIn c probab 6.38 0.0459 149.8 2.4 2.6 -1.7

ccsd(t)-f12b thiophene c probab 8.20 0.0493 129.4 2.5 2.5 1.6

ccsd(t)-f12b PhNO2 c probab 1.62 0.0461 78.9 1.2 1.4 -6.8

ccsd(t)-f12b PhCl2 c probab 4.32 0.0331 34.4 1.5 1.7 -0.5

ccsd(t)-f12b acenaphthylene c probab 7.38 0.0507 281.7 3.2 3.7 -5.4

ccsd(t)-f12b sulfolane c probab 0.01 0.1191 -328.4 1.4 1.7 -2.9

ccsd(t)-f12b cyrene c probab 6.65 0.0290 -406.0 2.2 b b

ccsd(t)-f12a 1,3-dioxolane c probab 3.02 0.0564 -276.3 1.0 1.2 -1.3

ccsd(t)-f12a EC c probab 3.02 0.0544 -493.9 1.0 1.1 -1.1

ccsd(t)-f12a PhCOOH c probab 4.20 0.0407 -275.9 1.6 1.6 -1.1

ccsd(t)-f12a DMF c probab 2.19 0.0470 -170.7 0.8 1.0 -2.2

ccsd(t)-f12a NMP c probab 4.16 0.0442 -181.9 1.4 1.4 -2.2

ccsd(t)-f12a 2MeIn c probab 6.13 0.0481 150.8 2.3 2.5 -0.7

ccsd(t)-f12a thiophene c probab 7.10 0.0487 129.9 2.3 2.3 2.0

ccsd(t)-f12a PhNO2 c probab 0.00 0.0465 79.7 0.9 1.2 -6.1

ccsd(t)-f12a PhCl2 c probab 5.29 0.0305 35.9 1.7 1.8 1.0

ccsd(t)-f12a acenaphthylene c probab 0.02 0.0788 282.3 2.2 2.9 -4.8

ccsd(t)-f12a sulfolane c probab 2.66 0.0922 -326.9 1.6 2.0 -1.3

ccsd(t)-f12a cyrene c probab 6.99 0.0228 -405.0 2.1 b b

ccsd-f12b 1,3-dioxolane c probab 0.00 0.3706 -276.2 0.5 0.9 -1.2

ccsd-f12b EC c probab 8.08 0.1848 -490.8 2.8 2.8 2.1

ccsd-f12b PhCOOH c probab 9.77 0.1975 -267.1 4.3 4.3 7.6

ccsd-f12b DMF c probab 5.35 0.2134 -166.9 2.1 2.2 1.6

ccsd-f12b NMP c probab 9.69 0.2030 -179.0 3.5 3.6 0.7

ccsd-f12b 2MeIn c probab 7.27 0.2365 163.9 4.5 4.6 12.4

ccsd-f12b thiophene c probab 3.82 0.2681 131.6 2.5 2.5 3.8

ccsd-f12b PhNO2 c probab 8.82 0.2131 98.7 5.1 5.1 13.0

ccsd-f12b PhCl2 c probab 7.89 0.1905 49.8 4.3 4.3 14.9

ccsd-f12b acenaphthylene c probab 11.25 0.2370 306.6 7.1 7.3 19.4

ccsd-f12b sulfolane c probab 5.78 0.2003 -325.2 3.4 3.6 0.4
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ccsd-f12b cyrene c probab 18.41 0.1443 -401.0 6.1 b b

ccsd-f12a 1,3-dioxolane c probab 0.00 0.3696 -276.3 0.5 0.9 -1.3

ccsd-f12a EC c probab 8.12 0.1771 -490.6 2.8 2.8 2.3

ccsd-f12a PhCOOH c probab 10.02 0.1957 -266.2 4.3 4.4 8.5

ccsd-f12a DMF c probab 4.72 0.2179 -166.4 1.9 2.0 2.1

ccsd-f12a NMP c probab 9.53 0.2043 -178.7 3.5 3.5 1.0

ccsd-f12a 2MeIn c probab 8.53 0.2302 165.6 5.0 5.1 14.0

ccsd-f12a thiophene c probab 0.00 0.2757 131.1 1.3 1.3 3.3

ccsd-f12a PhNO2 c probab 8.75 0.2158 99.7 4.8 4.9 14.0

ccsd-f12a PhCl2 c probab 8.29 0.1883 51.0 4.0 4.1 16.1

ccsd-f12a acenaphthylene c probab 11.82 0.2401 308.3 7.1 7.3 21.2

ccsd-f12a sulfolane c probab 5.74 0.1936 -324.7 3.3 3.5 0.9

ccsd-f12a cyrene c probab 18.22 0.1415 -400.6 6.0 b b

mp2-f12 1,3-dioxolane c probab 2.32 0.4989 -275.1 1.8 1.9 -0.1

mp2-f12 EC c probab 6.37 0.4344 -493.5 3.5 3.6 -0.7

mp2-f12 PhCOOH c probab 22.91 0.2992 -301.6 10.7 10.7 -26.9

mp2-f12 DMF c probab 0.00 0.3297 -180.8 1.3 1.4 -12.3

mp2-f12 NMP c probab 9.09 0.3012 -190.7 4.4 4.4 -11.0

mp2-f12 2MeIn c probab 24.70 0.2159 101.7 12.9 12.9 -49.9

mp2-f12 thiophene c probab 0.00 0.6570 109.9 8.9 8.9 -17.9

mp2-f12 PhNO2 c probab 23.34 0.2648 41.5 14.5 14.6 -44.3

mp2-f12 PhCl2 c probab 14.58 0.3222 9.2 11.7 11.7 -25.7

mp2-f12 acenaphthylene c probab -0.00 0.3389 238.7 15.1 15.2 -48.4

mp2-f12 sulfolane c probab 0.00 0.4278 -345.5 8.1 8.2 -19.9

mp2-f12 cyrene c probab 13.91 0.3241 -420.1 6.8 b b

b3lyp 1,3-dioxolane c probab 36.06 0.0000 -267.6 9.4 9.5 7.4

b3lyp EC c probab 19.77 0.1458 -477.9 5.6 5.6 15.0

b3lyp PhCOOH c probab 36.15 0.2295 -250.4 12.4 12.4 24.3

b3lyp DMF c probab 0.00 0.4023 -164.3 2.4 2.4 4.1

b3lyp NMP c probab 24.66 0.2625 -157.5 8.2 8.2 22.3

b3lyp 2MeIn c probab 77.29 -0.0000 179.1 21.0 21.1 27.6

b3lyp thiophene c probab 13.44 0.5149 139.4 6.6 6.7 11.5

b3lyp PhNO2 c probab 40.15 0.1778 97.8 14.1 14.1 12.1

b3lyp PhCl2 c probab 44.03 -0.0000 63.9 11.0 11.1 29.0

b3lyp acenaphthylene c probab 85.92 0.0001 338.4 22.8 22.9 51.2
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b3lyp sulfolane c probab 23.36 0.5902 -262.0 9.6 9.6 63.5

b3lyp cyrene c probab 62.89 0.0000 -351.6 16.0 b b

ccsd(t)-f12b 1,3-dioxolane T non-unif 2.27 0.3604 -275.4 1.1 1.3 -0.4

ccsd(t)-f12b EC T non-unif 3.50 0.2679 -492.6 1.4 1.5 0.3

ccsd(t)-f12b PhCOOH T non-unif a 0.98 0.2888 -276.7 1.6 1.6 -2.0

ccsd(t)-f12b DMF T non-unif 0.85 0.3101 -170.5 0.9 1.1 -2.1

ccsd(t)-f12b NMP T non-unif 2.37 0.2827 -180.4 1.7 1.8 -0.7

ccsd(t)-f12b 2MeIn T non-unif 3.45 0.3089 151.5 2.9 3.0 0.0

ccsd(t)-f12b thiophene T non-unif 4.31 0.2651 129.2 2.2 2.3 1.4

ccsd(t)-f12b PhNO2 T non-unif 0.00 0.2494 80.0 1.3 1.5 -5.8

ccsd(t)-f12b PhCl2 T non-unif 1.60 0.2204 35.0 1.6 1.8 0.0

ccsd(t)-f12b acenaphthylene T non-unif 5.64 0.2276 284.8 3.7 4.1 -2.4

ccsd(t)-f12b sulfolane T non-unif 5.06 0.3446 -325.2 2.4 2.6 0.3

ccsd(t)-f12b cyrene T non-unif 5.42 0.2410 -404.5 2.4 b b

ccsd(t)-f12a 1,3-dioxolane T non-unif 2.21 0.2734 -275.2 1.0 1.2 -0.2

ccsd(t)-f12a EC T non-unif 3.86 0.1781 -492.5 1.3 1.4 0.4

ccsd(t)-f12a PhCOOH T non-unif 4.62 0.1775 -273.7 2.2 2.2 1.0

ccsd(t)-f12a DMF T non-unif 3.69 0.1249 -168.7 1.3 1.5 -0.2

ccsd(t)-f12a NMP T non-unif 7.27 0.1084 -177.9 2.3 2.3 1.9

ccsd(t)-f12a 2MeIn T non-unif 7.15 0.2161 154.1 3.2 3.4 2.5

ccsd(t)-f12a thiophene T non-unif 4.53 0.1989 130.2 2.2 2.2 2.4

ccsd(t)-f12a PhNO2 T non-unif 1.87 0.1963 81.7 1.8 2.0 -4.0

ccsd(t)-f12a PhCl2 T non-unif 4.07 0.1545 36.9 1.9 2.1 2.0

ccsd(t)-f12a acenaphthylene T non-unif 11.15 0.1540 289.2 4.4 4.8 2.1

ccsd(t)-f12a sulfolane T non-unif 3.48 0.2824 -325.1 2.1 2.4 0.5

ccsd(t)-f12a cyrene T non-unif 8.07 0.1077 -403.1 2.5 b b

ccsd(t)-f12b 1,3-dioxolane T probab 0.95 0.6320 -276.0 0.5 0.9 -1.0

ccsd(t)-f12b EC T probab 3.78 0.3324 -493.5 1.2 1.3 -0.7

ccsd(t)-f12b PhCOOH T probab 3.72 0.2774 -277.5 1.5 1.6 -2.8

ccsd(t)-f12b DMF T probab 0.00 0.4056 -171.4 0.3 0.7 -2.9

ccsd(t)-f12b NMP T probab 3.43 0.3509 -182.1 1.3 1.4 -2.4

ccsd(t)-f12b 2MeIn T probab 6.01 0.2978 148.8 2.6 2.8 -2.8

ccsd(t)-f12b thiophene T probab 0.00 0.4430 126.3 0.8 0.9 -1.5

ccsd(t)-f12b PhNO2 T probab 0.00 0.2213 78.8 0.5 1.0 -7.0

ccsd(t)-f12b PhCl2 T probab 4.17 0.1930 34.1 1.6 1.7 -0.8
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ccsd(t)-f12b acenaphthylene T probab 0.00 0.3786 280.3 1.9 2.6 -6.9

ccsd(t)-f12b sulfolane T probab 0.00 0.6453 -330.2 0.7 1.3 -4.7

ccsd(t)-f12b cyrene T probab 3.56 0.4136 -406.8 1.6 b b

ccsd(t)-f12a 1,3-dioxolane T probab 0.81 0.5725 -275.8 0.5 0.8 -0.8

ccsd(t)-f12a EC T probab 3.33 0.3023 -493.5 1.1 1.2 -0.6

ccsd(t)-f12a PhCOOH T probab 4.62 0.2389 -276.0 1.7 1.8 -1.2

ccsd(t)-f12a DMF T probab 2.30 0.2638 -170.4 0.9 1.1 -2.0

ccsd(t)-f12a NMP T probab 3.48 0.3217 -181.8 1.4 1.4 -2.0

ccsd(t)-f12a 2MeIn T probab 5.69 0.2934 149.8 2.4 2.6 -1.7

ccsd(t)-f12a thiophene T probab 3.05 0.3801 128.1 1.4 1.5 0.3

ccsd(t)-f12a PhNO2 T probab 1.16 0.1990 79.2 1.0 1.3 -6.6

ccsd(t)-f12a PhCl2 T probab 5.59 0.1565 36.0 1.8 2.0 1.1

ccsd(t)-f12a acenaphthylene T probab 11.70 0.2045 286.2 4.1 4.5 -0.9

ccsd(t)-f12a sulfolane T probab 3.12 0.4553 -327.4 1.4 1.8 -1.8

ccsd(t)-f12a cyrene T probab 5.95 0.2314 -405.2 2.0 b b

a Parameter self-consistency not achieved. 
b No experimental value available for comparison. 
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Figure S1: Aggregated errors from all quantum chemistry methods considered, plotted as in 

Figure 2.
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Figure S2: Errors for each known target from all quantum chemistry methods and from all 
analysis methods.  Blue bars represent ±uc and red bars represent ±2uc, where uc is from combining the 
standard uncertainties of the prediction and of the experimental benchmark.  
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