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1. Calculated CCSD(T) and MP2 energies. 

All individual values contributing to the total energies of OMEn used to assess Ecomp are compiled in S-

Table 1. 

S-Table 1: Components of the compound calculations to assess Ecomp of OMEn (in Hartree). 

n ECCSD(T)/A’VDZ EMP2/A’VDZ EMP2/A’VQZ Ecomp 

FA –114.242495 –114.216251 –114.348118 –114.374362 
0 –154.640226 –154.586687 –154.781965 –154.835504 
1 –268.908786 –268.830040 –269.158809 –269.237556 
2 –383.176677 –383.072635 –383.534772 –383.638814 
3 –497.444738 –497.315392 –497.910871 –498.040217 
4 –611.712749 –611.558095 –612.286909 –612.441563 
5 –725.980795 –725.800827 –726.662963 –726.842931 
6 –840.248828 –840.043548 –841.039004 –841.244284 
7 –954.516869 –954.286277 –955.415058 –955.64565 

 

2. Benchmark 1: Several methods against CCSD(T)/A’VDZ – MP2(CBS) compound method 

 

 

The method and basis set dependency of the general reaction 5 is exemplarily shown for OME5, i.e. 

reaction S1 

5 OME1 OME5 + 4 OME0

EQM

    (S1) 

 

is shown in S-Table 2.   

Electronic Supplementary Material (ESI) for Sustainable Energy & Fuels.
This journal is © The Royal Society of Chemistry 2017

mailto:krossing@uni-freiburg.de


S-Table 2: Method and basis set dependency of reaction S1. 

 

ΔEQM 
kJ mol–1 

Δ fom ref. 
[kJ mol–1] 

BP86-D3(BJ)/def-TZVP 8.10 0.52 

B3LYP-D3(BJ)/def2-TZVPP 6.85 –0.72 

HF/A’VDZ 5.58 –1.99 

HF/A’VTZ 5.98 –1.59 

HF/A’VQZ 5.89 –1.68 

HF/CBS(TZ,QZ) 5.86 –1.71 

MP2/A’VDZ 6.89 –0.68 

MP2/A’VTZ 8.34 0.77 

MP2/A’VQZ 8.47 0.90 

MP2/CBS(DZ,TZ,QZ) 8.51 0.93 

MP2/CBS(TZ,QZ) 8.60 1.03 

CCSD(T)/A’VDZ 5.86 –1.71 

CCSD(T)/(DZ->QZ) 7.44 –0.13 

CCSD(T)/(DZ->CBS(DZ,TZ,QZ)) 7.48 –0.09 

CCSD(T)/(DZ->CBS(TZ,QZ)) 7.57(= ref.) 0.00  

 

 

CBS(DZ, TZ, QZ) MP2 energies were extrapolated with X = 2 for DZ, 3 for TZ, 4 for QZ: 

 

𝐸𝑀𝑃2(∞) = 𝐸𝑀𝑃2(𝑋) + 𝐵 × exp(−(𝑋 − 1)) + 𝐶 × exp(−(𝑋 − 1)2)  (S2) 

 

(See ref. 1 for details) 

 

CBS(TZ, QZ) HF and (MP2) correlation energies were extrapolated with X = 3 for TZ, 4 for QZ: 

 

𝐸𝐻𝐹(∞) = 𝐸𝐻𝐹(𝑋) + 𝐵 × 𝑋−5 

𝐸𝑐𝑜𝑟𝑟𝑒𝑙(∞) = 𝐸𝑐𝑜𝑟𝑟𝑒𝑙(𝑋) + 𝐵 × 𝑋−3 

           (S3) 

(See ref. 2 for details) 

 

 

3. Benchmark 2: CCSD(T)/(DZ->QZ) and W1 method 

 

S-Table 3: W13 energetics calculated with Gaussian 034 (keyword: “w1u”). 

 W1-EQM W1-H°(298.15) W1-G°(298.15) 

OME0 -155.090354 -155.006920 -155.037053 

OME1 -269.678875 -269.560080 -269.596967 

OME2 -384.266658 -384.112550 -384.155570 

HCHO -114.561056 -114.531117 -114.555929 

 

Note: W1-EQM was calculated via W1-EQM = W1(0K) – E(ZPE) 

 

A) Comparison of compound method and W1 for a non-isodesmic reaction. 

 

OME0 + HCHO OME1   (S4) 

 

  



S-Table 4: Energetics for reaction S4. 

 

ΔEQM 
[kJ mol–1] 

ΔH°(298.15 K) 

[kJ mol–1] 
ΔG°(298.15 K) 

[kJ mol–1] 
MP2/A'VDZ –68.43   
MP2/A'VQZ –71.16   

CCSD(T)/A'VDZ –75.42   
Ecomp –72.70 –58.89 –14.23 

W1 –72.11 –57.87 –10.46 

exp.  –55.50 –10.93 

 

 

B) Comparison of compound method and W1 for an isodesmic reaction. 

 

2 OME1 OME2 + OME0

EQM

   (S5) 

 

S-Table 5: Energetics for reaction S5. 

 

ΔEQM 
[kJ mol–1] 

Δ fom ref. 
[kJ mol–1] 

MP2/A'VDZ –1.99 –0.05 

MP2/A'VQZ –2.32 –0.38 

CCSD(T)/A'VDZ –1.76 0.18 

Ecomp –2.08 –0.15 

W1 –1.94 (= ref.) 0.00 

 

4. COSMO-RS: Only lowest conformer against full conformer treatment. 

 

Influence of energetically higher conformers on COSMO-RS5 solvation thermodynamics of OME1. 

Version: COSMOthermX6,7 C30_1501, BP86-D3/def2-TZVPD//BP86-D3/def-TZVP:  

 

The four lowest energy conformers of OME1 (without enantiomers): 

 

 
OME1_c0  OME1_c1        OME1_c2       OME1_c3 

 

S-Table 6: Conformer ratio in gas and liquid phase  

(from COSMOTHERM6,7 output). 

 %(gas) %(liquid) 

OME1_c0 98.789 97.461 

OME1_c1 0.004 0.024 

OME1_c2 0.432 1.152 

OME1_c3 0.776 1.363 

 

  



S-Table 7: Effect on higher conformer neglect.  

 

ΔvapH° 
[kJ mol–1] 

ΔvapG° 
[kJ mol–1] 

only OME1_c0 29.08 1.32 

4 conformers 28.98 1.37 

 

5. Internal rotation of OME2 C-O-bond. 

Only minima and transition states were searched. Method: BP86-D3(BJ)/def-TZVP 

 

 
S-Figure 1: Energy profile of rotation around one of the internal CO bonds in OME1. Only minima and transition 

states were calculated. 

 
S-Table 8: Details to S-Figure 1. Values in kJ mol–1. 

 

 Escf (Escf+ZPE) H°(298.15) G°(298.15) 

m1 0.00 0.00 0.00 0.00 

ts12 37.15 34.55 33.37 35.79 

m2 7.92 7.62 7.45 7.75 

ts23 13.09 11.99 9.97 15.57 

m3 12.36 11.36 11.65 9.91 

ts31 12.58 11.38 9.29 14.80 

m1 0.00 0.00 0.00 0.00 

 

Note: The calculated minimum 3 (m3) is extremely shallow, and due to the method and basis set 

error, it is unclear if it exists in reality. 

 

  



6. B3LYP-D3(BJ)/def2-TZVPP cartesian coordinates in Å. 

 

HCHO 

C          0.00000        0.00000       -0.00626 
O          0.00000        0.00000        1.19285 
H         -0.93827        0.00000       -0.59330 
H          0.93827        0.00000       -0.59330 
 

OME0 

C          0.00000       -1.17210        0.04606 
O          0.00000        0.00000        0.82911 
C          0.00000        1.17210        0.04606 
H         -0.89003        1.22714       -0.59402 
H          0.89003        1.22714       -0.59402 
H          0.00000        2.02077        0.72742 
H          0.89003       -1.22714       -0.59402 
H         -0.89003       -1.22714       -0.59402 
H          0.00000       -2.02077        0.72742 
 

OME1 

C          0.00000       -0.00000       -1.03229 
H          0.89265       -0.11654       -1.65522 
O         -0.07456       -1.17212       -0.26818 
H         -0.89265        0.11654       -1.65522 
O          0.07456        1.17212       -0.26818 
C          1.28360        1.29588        0.46605 
C         -1.28360       -1.29588        0.46605 
H          1.24833        2.25626        0.97528 
H          2.15046        1.27462       -0.20433 
H          1.38964        0.49630        1.20256 
H         -1.24833       -2.25626        0.97528 
H         -2.15046       -1.27462       -0.20433 
H         -1.38964       -0.49630        1.20256 
 

OME2 

C         -2.53031        1.34531        0.10782 
O         -1.44199        1.21491       -0.79528 
H         -2.42284        2.24920        0.71819 
H         -2.60781        0.48017        0.76971 
H         -3.43295        1.42444       -0.49353 
C         -0.19276        1.16962       -0.17096 
H          0.54645        1.23120       -0.96992 
O          0.00000       -0.00000        0.60047 
H         -0.07362        1.99814        0.53373 
C          0.19276       -1.16962       -0.17096 
H          0.07362       -1.99814        0.53373 
O          1.44199       -1.21491       -0.79528 
H         -0.54645       -1.23120       -0.96992 
C          2.53031       -1.34531        0.10782 
H          3.43295       -1.42444       -0.49353 
H          2.42284       -2.24920        0.71819 
H          2.60781       -0.48017        0.76971 
 

OME3 



C         -3.07636        2.06427       -0.56988 
O         -1.79785        2.27400        0.01294 
H         -3.09084        1.16671       -1.19169 
H         -3.29061        2.93547       -1.18442 
H         -3.84581        1.97066        0.20476 
C         -1.40612        1.26267        0.89318 
H         -0.50001        1.62095        1.38206 
O         -1.17109        0.02560        0.24759 
H         -2.18840        1.05415        1.62902 
C         -0.00000        0.00000       -0.53761 
H         -0.07619       -0.89478       -1.15476 
O          1.17109       -0.02560        0.24759 
H          0.07619        0.89478       -1.15476 
C          1.40612       -1.26267        0.89318 
O          1.79785       -2.27400        0.01294 
H          0.50001       -1.62095        1.38206 
H          2.18840       -1.05415        1.62902 
C          3.07636       -2.06427       -0.56988 
H          3.29061       -2.93547       -1.18442 
H          3.84581       -1.97066        0.20476 
H          3.09084       -1.16671       -1.19169 
 

OME4 

C         -2.58768        1.32200        0.27903 
O         -1.48999        1.13622       -0.59535 
C         -0.23444        1.16154        0.04464 
H          0.50327        1.25965       -0.75117 
O          0.00000       -0.00000        0.81076 
H         -0.16794        1.99469        0.74364 
C          0.23444       -1.16154        0.04464 
H          0.16794       -1.99469        0.74364 
O          1.48999       -1.13622       -0.59535 
H         -0.50327       -1.25965       -0.75117 
C          2.58768       -1.32200        0.27903 
O          2.69222       -2.63043        0.75540 
H          2.49154       -0.68578        1.15897 
H          3.46757       -1.04323       -0.30823 
C          3.02483       -3.58159       -0.24607 
H          3.13201       -4.54181        0.25294 
H          3.97146       -3.31931       -0.73181 
H          2.24504       -3.65108       -1.00736 
O         -2.69222        2.63043        0.75540 
H         -2.49154        0.68578        1.15897 
H         -3.46757        1.04323       -0.30823 
C         -3.02483        3.58159       -0.24607 
H         -3.13201        4.54181        0.25294 
H         -3.97146        3.31931       -0.73181 
H         -2.24504        3.65108       -1.00736 
 

OME5 

C         -3.25703        1.89152       -0.79603 
O         -1.95481        2.13035       -0.29410 
C         -1.49310        1.14323        0.59930 
H         -0.61683        1.56902        1.08710 



O         -1.16955       -0.06382       -0.05713 
H         -2.25993        0.88578        1.32920 
C         -0.00000        0.00000       -0.84277 
H         -0.00799       -0.89774       -1.45992 
O          1.16955        0.06382       -0.05713 
H          0.00799        0.89774       -1.45992 
C          1.49310       -1.14323        0.59930 
O          1.95481       -2.13035       -0.29410 
H          0.61683       -1.56902        1.08710 
H          2.25993       -0.88578        1.32920 
C          3.25703       -1.89152       -0.79603 
O         -4.25552        2.08178        0.16114 
H         -3.35559        0.86066       -1.13647 
H         -3.37066        2.58934       -1.63080 
C         -4.40785        3.43339        0.57162 
H         -5.24323        3.46036        1.26725 
H         -4.63149        4.07696       -0.28663 
H         -3.50855        3.80546        1.06685 
O          4.25552       -2.08178        0.16114 
H          3.35559       -0.86066       -1.13647 
H          3.37066       -2.58934       -1.63080 
C          4.40785       -3.43339        0.57162 
H          5.24323       -3.46036        1.26725 
H          4.63149       -4.07696       -0.28663 
H          3.50855       -3.80546        1.06685 
 

OME6 

C          0.69405       -0.96029        0.17138 
O         -0.17712       -1.87254        0.80131 
C         -0.79128       -2.78950       -0.07916 
O          0.11691       -3.74700       -0.57269 
C          0.50933       -4.71692        0.38139 
O         -0.50805       -5.62107        0.69226 
O          0.00000       -0.00000       -0.59457 
C         -0.69405        0.96029        0.17138 
O          0.17712        1.87254        0.80131 
C          0.79128        2.78950       -0.07916 
O         -0.11691        3.74700       -0.57269 
C         -0.50933        4.71692        0.38139 
O          0.50805        5.62107        0.69226 
C          0.86267        6.47947       -0.38302 
C         -0.86267       -6.47947       -0.38302 
H          1.35841       -1.47075       -0.52502 
H          1.25883       -0.48664        0.97362 
H         -1.19261       -2.28013       -0.95464 
H         -1.58629       -3.26300        0.49593 
H          0.79012       -4.24140        1.32126 
H          1.36702       -5.22523       -0.06883 
H         -1.25883        0.48664        0.97362 
H         -1.35841        1.47075       -0.52502 
H          1.19261        2.28013       -0.95464 
H          1.58629        3.26300        0.49593 
H         -0.79012        4.24140        1.32126 
H         -1.36702        5.22523       -0.06883 
H          1.61484        7.16707       -0.00370 



H         -0.00719        7.04986       -0.72772 
H          1.27290        5.91818       -1.22508 
H         -1.61484       -7.16707       -0.00370 
H          0.00719       -7.04986       -0.72772 
H         -1.27290       -5.91818       -1.22508 
 

OME7 

C         -0.00000        0.00000       -0.64740 
O         -0.68339        0.95107        0.13871 
C          0.15939        1.87144        0.79742 
O          0.74154        2.79561       -0.09385 
C         -0.16036        3.75353       -0.60629 
O         -0.55135        4.69357        0.36750 
O          0.68339       -0.95107        0.13871 
C         -0.15939       -1.87144        0.79742 
O         -0.74154       -2.79561       -0.09385 
C          0.16036       -3.75353       -0.60629 
O          0.55135       -4.69357        0.36750 
C         -0.45766       -5.62725        0.70711 
O         -0.70539       -6.55651       -0.30482 
C          0.45766        5.62725        0.70711 
O          0.70539        6.55651       -0.30482 
C         -0.37250        7.45211       -0.53902 
C          0.37250       -7.45211       -0.53902 
H          0.76100        0.47650       -1.26442 
H         -0.76100       -0.47650       -1.26442 
H          0.99130        1.36174        1.28212 
H         -0.46931        2.37642        1.52993 
H         -1.07930        3.27929       -0.94932 
H          0.36102        4.23744       -1.43150 
H         -0.99130       -1.36174        1.28212 
H          0.46931       -2.37642        1.52993 
H          1.07930       -3.27929       -0.94932 
H         -0.36102       -4.23744       -1.43150 
H         -1.40488       -5.12052        0.89237 
H         -0.09483       -6.11764        1.61517 
H          1.40488        5.12052        0.89237 
H          0.09483        6.11764        1.61517 
H         -0.04029        8.15459       -1.29967 
H         -0.62597        8.00183        0.37440 
H         -1.26144        6.92535       -0.89215 
H          0.04029       -8.15459       -1.29967 
H          0.62597       -8.00183        0.37440 
H          1.26144       -6.92535       -0.89215 
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