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SUPPLEMENTARY MATERIAL



Table S1. MP2/6-31G(d,p) geometrical parameters® for the molecular species present in the gas-phase
ethanol dehydration process, according to Scheme 1 (See Figure 5b for atom numbering).

Bond/Angle Ethanol Transition State Product
c1-c2 (A) 1.52 (1.53) 2 1.42 (1.42) ¢ 1.34 (1.33)°
C1-07 (A) 1.43 (1.43) 2 1.82 (1.86) ? 3.44 (3.44)*
C2-H9 (A) 1.09 (1.09) @ 1.46 (1.44)° 2.51(2.51)°
H9-C2-C1 (°) 110.1 (110.4) 2 72.6 (73.8) 74.6 (74.6) ?
H3-C2-H6 (°) 107.9 (107.6) @ 116.0 (115.5) ® 117.0 (116.7) @
C2-C1-07 (°) 112.4 (112.7) 2 95.0 (94.0) 78.7 (78.8) ?
C2-C1-0O7-H8 (°) 62.8 (62.5) 2 103.8 (105.6) ? 94.5 (94.6)

#The B3LYP/6-31G(d,p) values a given in parenthesis.

Table S2. Ab initio gas-phase relative energies and thermodynamic properties (p = 1 atm; T = 298 K) for
molecular species present in the ethanol dehydration process (Scheme 1). All values in kcal mol™.

Gas Phase Ethanol TS structure Ethylene + Water
AE* AH* AG* AE AH AG
B3LYP/6-31G(d,p) 0.0 69.6 645 697 182 164 106
B3LYP/6-31++G(d,p)//B3LYP/6-31G(d,p) 0.0 677 626 678 133 115 57
B3LYP/6-311++G(2d,2p)//B3LYP/6-31G(d,p) 0.0 676 625 677 107 89 31
B3LYP/6-311++G(3df,3pd)//B3LYP/6-31G(d,p) 0.0 675 624 676 108 9.0 3.2
B3LYP/aug-cc-pVTZ//B3LYP/6-31G(d,p) 0.0 673 622 674 107 89 31
PBE1PBE/6-31G(d,p)//B3LYP/6-31G(d,p) 0.0 70.9 - - 21.9 - -
PBE1PBE/6-31++G(d,p)//B3LYP/6-31G(d,p) 0.0 69.2 - - 17.6 - - [
PBE1PBE/6-311++G(2d,2p)//B3LYP/6-31G(d,p) 0.0 69.1 - - 15.5 - -
CAM-B3LYP/6-31G(d,p)//B3LYP/6-31G(d,p) 0.0 726 21.2
CAM-B3LYP/6-31++G(d,p)//B3LYP/6-31G(d,p) 0.0 70.8 16.1
CAM-B3LYP/6-311++G(2d,2p)//B3LYP/6-31G(d,p) 0.0 70.6 13.5
MO062x/6-31G(d,p)//B3LYP/6-31G(d,p) 0.0 73.7 - - 20.4 - -
MO062x/6-31++G(d,p)//B3LYP/6-31G(d,p) 0.0 72.0 - - 16.5 - -
MO062x/6-311++G(2d,2p)//B3LYP/6-31G(d,p) 0.0 71.9 - - 14.2 - -
MP2/6-31G(d,p) 0.0 74.8 69.5 64.7 17.2 14.9 9.2
(75.00 (69.8)° (75.00 (17.2)* (15.3)° (9.6)°
MP2/6-31++G(d,p)//MP2/6-31G(d,p) 0.0 718 665 617 130 107 50
MP2/6-311++G(2d,2p)//MP2/6-31G(d,p) 0.0 701 648 600  11.0 87 30
MP4(SDTQ)/6-31G(d,p)//MP2/6-31G(d,p) 0.0 85.8 80.5 75.7 16.42 14.1 8.4
MP4(SDTQ)/6-31++G(d,p)//MP2/6-31G(d,p) 0.0 72.3 67.0 62.2 12.7 104 4.7
MP4(SDTQ)/6-311++G(2d,2p)//MP2/6-31G(d,p) 0.0 703 650 602 107 84 27
CCSD(T)/6-31G(d,p)//MP2/6-31G(d,p) 0.0 759 706 658 154 131 74
CCSD(T)/6-31++G(d,p)//MP2/6-31G(d,p) 0.0 733 680 668  11.8 98 41
CCSD(T)/6-311++G(2d2,p)//IMP2/6-31G(d,p) 0.0 718 665 617  10.2 79 22

*MP2/6-31G(d,p)//B3LYP/6-31G(d,p) value.



Table S3. MP2/6-311++G(2d,2p)//B3LYP/6-31G(d,p) thermodynamic properties as function of temperature
for the gas-phase ethanol dehydration process according to Scheme 1.

Temperature AG® AH° TAS AG* AH? TAS*

(K) (kcal mol™)  (kcal mol™) (kcal mol™) (kcal mol™) (kcal mol™) (kcal mol™) k()
300 3.3 9.1 5.8 65.1 64.9 -0.17 2.3x10%
350 2.3 9.4 7.1 65.1 65.0 -0.16 1.6x10%
400 1.3 9.6 8.4 65.2 65.0 -0.12 2.1x10%
450 0.2 9.8 9.6 65.2 65.1 -0.08 2.1x10™°
500 -0.9 10.1 10.9 65.2 65.1 -0.03 3.4x10%
550 -2.0 10.3 12.2 65.2 65.2 0.03 1.5x10™%3
600 -3.1 10.4 13.5 65.2 65.2 0.08 2.3x10™
650 -4.2 10.6 14.8 65.2 65.3 0.13 1.7x10°
700 5.4 10.7 16.0 65.1 65.3 0.18 6.7x10°®
750 6.5 10.8 17.3 65.1 65.4 0.23 1.6x10°
800 7.7 10.9 18.6 65.1 65.4 0.27 2.7x10°
850 -8.8 11.0 19.8 65.1 65.4 0.30 3.2x10"*
900 -10.0 11.0 21.0 65.1 65.4 0.33 2.9x10°
950 -11.2 11.1 22.3 65.1 65.4 0.35 2.1x10%
1000 -12.3 11.2 23.5 65.0 65.4 0.37 1.3x10™
1050 -13.5 11.2 24.7 65.0 65.4 0.38 0.64

1100 -14.7 11.2 25.9 65.0 65.4 0.39 2.8

1150 -15.9 11.3 27.1 65.0 65.4 0.39 10.7

1200 -17.0 11.3 28.3 65.0 65.4 0.38 36.7




Table S4. Relative energies (kcal mol™) for Fe,Os linear neutral monomer.

Spin UB3LYP/ UB3LYP/ UMP2/ UMP2/ UMP4(SDTQ)/ UCCSD(T)/
Multiplicity 6-31(d,p)  6-311++G(d,p)// 6-31G(d,p) 6-311++G(2d,2p)//  6-311++G(2d,2p)//  6-311++G(2d,2p)//
(25+1) UB3LYP/ UMP2/ U MP2/ U MP2/
6-31(d,p) 6-31G(d,p) 6-31G(d,p) 6-31G(d,p)
1 911 91.9 - - - -
3 66.2 87.5 - - - -
5 24.4 22.2 88.8 113.4 113.9 -
7 0 47.6 17.9 22.1 29.4 19.3
9 38.3 88.4 23.7 31.0 31.0 22.4
11 5.2 0 0 0 0 0
13 54.3 48.9 140.9 147.9 - -
15 167.2 162.2 157.4 171.3 - -
17 308.6 306.6 302.5 332.3 - -
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Figure S1. MP2/6-31G(d,p) IRC for the gas-phase ethanol dehydration process according to Scheme 1 (a)

and displacement vectors of the transition state imaginary frequency mode (2080i cm™; MP2/6-31G(d,p)
value) (b).
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Figure S2. UB3LYP/6-31G(d,p) optimized undecet spin state catalyst structures.
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Figure S3. A comparison between B3LYP/6-311++G(2d,2p)//B3LYP/6-31G(d,p) rate constant (Ink(T))
profiles for the ethanol dehydration gas phase and catalytic (Fe10O1s singlet state) process, using AE*, AH”
and AG" values in equation (2) for the evaluation of k(T).



