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1. CCSD(T)/CBS Results Using Feller and Schwartz Extrapolation

Table S1. CCSD(T) energies for the cc-pVDZ, cc-pVTZ and cc-pVQZ basis sets, Feller three-point extrapolation of the
Hartree-Fock energies Eyp (o) and CCSD(T)/CBS energies Sccspry(90) using the Schwartz three-point extrapolation of the

correlation energy, defined as CCSD(T) — HF, for all monomers, given in Hartree.

CO: Dz | Tz | QZ | Egp() | Scespry ()
HF | -187.65020 -187.70619 -187.72056 -187.72553
CCSD(T) | -188.13293 -188.30827 -188.36802 -188.41452
N20 DZ | Tz | QZ | Epp(o) | Scespm(®)
HF | -183.69094 -183.74377 -183.75705 -183.76151
CCSD(T) | -184.22452 -184.39359 -184.45077 -184.49526
OCs Dz | Tz | QZ | Epp() | Scespm ()
HF | -510.28977 -510.33817 -510.35107 -510.35575
CCSD(T) | -510.72674 -510.88502 -510.93889 -510.98066
DME Dz | Tz | QZ | E () | Scespeny ()
HF | -154.07571 -154.12635 -154.1379 @ -154.14123
CCSD(T) | -154.55369 -154.72453 -154.77745 -154.81647
TMA Dz | Tz | Qz [ Ep() [Sccoom(®)
HF | -173.28170 -173.33329 -173.34531 -173.34896
CCSD(T) | -173.89413 -174.08668 -174.14630 -174.19033

Table S2. CCSD(T) energies for the cc-pVDZ, cc-pVTZ and cc-pVQZ basis sets, Feller three-point extrapolation of the
Hartree-Fock energies Eyp(o0) and CCSD(T)/CBS energies Sccspry(90) using the Schwartz three-point extrapolation of the
correlation energy, defined as CCSD(T) — HF, for all complexes, given in Hartree.

DME---CO> Dz | T2 | QZ | Epp(®) | Sccspm()
HF | -341.73138 -341.83566 -341.86092 -341.86899

CCSD(T) | -342.69435 -343.03949  -343.15183 -343.23723

DME:--N.O DZ [ Tz | Qz | Eup(®) | Sccsnm(*)
HF | -337.76997 -337.87141 -337.89556 -337.90311

CCSD(T) | -338.78483  -339.12407 -339.23388 -339.31732

DME---OCS (tetrel) Dz | Tz | Qz | Epp(o) | Scespm(®)
HF | -664.36788 -664.4648 -664.48855 -664.49628

CCSD(T) | -665.28610 -665.61452 -665.72112 -665.80193

DME---OCS (chalcogen) Dz | T2 | QZ | Epp(®) | Scespa ()
HF | -664.36675 -664.46436 -664.48843 -664.49630

CCSD(T) | -665.28523 -665.61398 -665.72074 -665.80155

TMA---CO: Dz | T2 | Qz | Epp(®) | Scespa ()
HF | -360.93555 -361.04042 -361.06595 -361.07417

CCSD(T) | -362.03608  -362.40299 = -362.52169 -362.61176

TMA.--N20 Dz | TZ | Qz | Epp(0) | Scesnry(0)
HF | -356.97411 -357.07627 -357.10068 -357.10834

CCSD(T) | -358.12614 -358.48741 -358.60359 -358.69167

TMA.--OCS (tetrel) Dz | Tz | Qz | Epp(®) | Scespa()
HF | -683.57173 -683.66916 -683.69320 -683.70107

CCSD(T) | -684.62795 -684.97837 -685.09139 -685.17689

TMA.--OCS (chalcogen) Dz | Tz | Qz | Epp(o) | Scespm()
HF | -683.57163 -683.66972 -683.69415 -683.70226

CCSD(T) | -684.62731 -684.97788 -685.09122 -685.17693
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2. Density Functional Approximation Benchmark of the Complexation Energies at 0K and Excluding Zero-Point Energies

Table S3. Theoretical complexation energies for a set of DFT functionals and basis sets, and comparison with experimental complexation energies, given in kJ mol. For all levels of theory, the
Counterpoise method was used to correct for the basis set superposition error. MUE = mean unsigned error. RMSE = root mean square error. MAX: maximal error.

Complex | Bondtype | AEey, ®wB97X-D B97X-D M11 PBEO0-D3BJ

TZ aug-TZ TZ aug-TZ TZ aug-TZ TZ
DME---CO. tetrel -16.6(8) -12.3 -12.7 -9.9 -10.5 -155 -15.2 -14.2
DME:--N20 | pnictogen | -15.3(17) -8.6 -8.7 -6.6 -7.0 -11.8 -11.2 -10.5
DME---OCS tetrel -13.6(12) -7.3 -7.4 -6.4 -6.7 -9.6 -9.0 -9.2
DME---OCS | chalcogen - -5.3 -5.6 -6.7 -7.0 -7.0 -6.8 -8.2
TMA.--CO2 tetrel -19.8(8) -14.8 -15.4 -15.1 -16.0 -16.4 -16.1 -16.6
TMA:--N20 | pnictogen | -10.3(11) -9.6 -9.7 -8.3 -8.9 -12.7 -11.9 -10.7
TMA.:--OCS tetrel -14.1(9) -9.7 -9.9 -11.6 -12.1 -11.9 -11.3 -11.8
TMA---OCS | chalcogen - -7.9 -8.1 -12.0 -12.2 -9.6 -9.3 -11.9

MUE? | 46 (5.4) | 44(51) | 5.3(6.0)  4.8(55) | 28(2.9) | 3.1(3.4) 3.0(3.5)

RMSE® | 50(5.5) | 4.8(5.2) | 59(6.4) | 54(5.9)  3.0(3.1) | 3.3(3.5) 3.3(3.6)

MAXe@ | 6.7 (6.7) | 6.6 (6.6) | 8.7(8.7) | 8.3(8.3) | 4.0(4.0) | 4.6 (4.6) 4.8(4.8)

@ The data for the pnictogen bonding complex TMA---N20 are not included in the error statistics in brackets.
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3. Complexation Energy Correlation Plots of PBE0-D3BJ/cc-pVTZ with Experiment
and with PBEO-D3BJ/TZ2P.
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Figure S1. Left: correlation between PBEO-D3BJ/cc-pVTZ and experimental complexation energies. Right: correlation
between PBEO-D3BJ/cc-pVTZ (Gaussian 16) and PBEO-D3BJ/TZ2P (ADF) complexation energies. The dashed line
represents the linear regression line. Pnictogen complex N20 + TMA is excluded from the linear regression analysis in the
left scatter plot.
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4. Cartesian Coordinates of the Isolated Lewis Acids and Bases and their Complexes
(at MP2/aug-cc-pVTZ level)
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DME---OCS (chalcogen)
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TMA.--OCS (tetrel)
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5. Observed Vibrational Frequencies for the 1:1 Complexes and the Shifts Induced by
Complexation (Tables S4-S9).

Table S4. Observed vibrational frequencies, in cm, for the 1:1 complex of trimethyl amine with 2CO.. For completeness,

also the shifts induced by the complexation with the partner molecule are given.

Monomer Complex
Assignment \Y v AV
N(CH3)3 vy, (e) 2979.7 2982.1 2.4
2(Vye +Vy) 2956.7 2957.4 0.7
vi(a,),vis (e) 2947.2 2948.7 15
2v, 2820.6 2825.8 5.2
v, (1), vie (€) 2771.0 2776.3 5.3
Vis + Vig 2733.7 2733.8 0.1
Vg + Vg 2637.1 2642.8 5.7
Vg + Vs 2626.0 2631.9 5.9
2589.0 2595.7 6.7
Vis + Voo 24955 2497.9 2.4
Vig + Ve 2098.9 2096.0 2.9
2vy 2080.5 2076.4 41
Vg + Vg 2011.0 2015.6 46
Voo + Ve 1867.0 1865.1 -1.9
Voo T Vo 1475.9 1475.2 -0.7
vis () 1468.9 1469.6 0.7
vs(ay) 1456.1 1455.8 -0.3
vis(e) 1440.2 14415 1.3
vy, (e) 14158 14245 8.7
1294.2 1288.8 5.4
vig(€) 1274.1 1272.7 -1.4
vs(a,) 1185.2 1190.5 5.3
vie (€) 1099.1 1099.4 0.3
v (€) 1042.1 1039.4 27
2v, 852.0 851.0 -1.0
ve(ay) 828.4 828.2 -0.2
2¢c0;, Vit Vg 3704.2 3690.5 137
2v, + v, 3601.6 3606.7 5.1
vo(24) 23418 23343 75
Va (T, 664.3 669.9 5.6
Vo (11,) 664.3 628.9 -35.4
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Table S5. Observed vibrational frequencies, in cm™, for for the 1:1 complex of trimethyl amine with 3CO>. For completeness,

also the shifts induced by the complexation with the partner molecule are given.

Monomer Complex

Assignment Y, v AV
N(CHs)s vi,(e) 2979.7 2982.2 25
2(Vyo + Vi) 2956.7 2957.3 0.6
vi(a,),vi5(e) 2947.2 2948.9 1.7
2v, 2820.6 2825.6 5.0
v,(ay), vy, (€) 2771.0 2776.1 5.1
Vis + Vig 2733.7 27335 -0.2
2718.2 2720.4 2.2
Vg + Vg 2637.1 2641.9 4.8
Vi + Vs 2626.0 2631.9 5.9
Vis + Vao 24955 24973 1.8
Vig + Vg 2098.9 2096.8 -2.1
2v,, 2080.5 2076.4 -4.1
Vs + Vg 2011.0 2015.9 4.9
Voo + Vg 1867.0 1865.4 -1.6
1524.8 1524.2 -0.6
Voo + Vo 1475.9 1475.1 -0.8
vis(e) 1468.9 1469.5 0.6
v, (a,) 1456.1 1455.7 -0.4
vis(e) 1440.2 1441.4 1.2
vi;(€) 1415.8 1424.5 8.7
1294.2 1288.8 -5.4
vis (e) 1274.1 1272.2 -1.9
vs (a,) 1185.2 1190.2 5.0
vie(€) 1099.1 1099.2 0.1
vy () 1042.1 1040.0 -2.1
2v,, 852.0 851.5 -0.5
vs(a,) 828.4 828.2 -0.2
13CO» 2v, +v, 3623.4 3609.3 -14.1
v, (z:) 2276.6 2269.4 -7.2
Vs (Hg) 645.9 650.4 4.5
vy () 645.9 611.4 -34.5
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Table S6. Observed vibrational frequencies, in cm, for the 1:1 complex of dimethyl ether with N2O. For completeness, also

the shifts induced by the complexation with the partner molecule are given.

Monomer Complex
Assignment v v AV
CH30OCHs vi(a,), vy, (by) 2994.0 29945 05
2954.3 2954.9 0.6
2v, 2936.6 2937.0 0.4
Vs Vi 2932.0 2933.6 1.6
vig (B,) 29195 2920.6 1.1
2vy, 2913.4 2913.6 0.2
Vi + Vi 2908.5 2909.5 1.0
2vyq 2889.4 2892.1 2.7
Vs Vi 2883.6 2886.1 2.5
Vig + Vi 2869.7 2871.4 1.7
Vis + Vi 2867.7 2868.5 0.8
v, (@), vy (by) 2814.6 2816.8 2.2
2700.0 2702.8 2.8
2694.3 2695.1 0.8
2629.4 2630.1 0.7
2601.3 2602.3 1.0
2597.2 2592.4 -4.8
2416.2 2415.6 06
2vi(a,) 2354.5 2355.2 0.7
Ve + Vi 2095.3 2092.8 25
2079.0 2072.7 6.3
Ve + Vi 2023.1 20205 2.6
2v, 1854.4 1851.8 2.6
v (a,) 1476.9 14773 0.4
Vi, (by) 1459.2 1459.3 0.1
Vie (D;) 1456.9 1457.7 0.8
vs () 1246.1 12475 1.4
Voo (b,) 11675 1166.4 -1.1
1093.2 1091.9 -1.3
ve(a) 930.7 929.2 -1.5
920.3 918.7 -1.6
N20 2v, +2v, 37425 37432 0.7
Vv, + v, 3474.6 3486.9 12.3
2v,+v, 3358.1 3361.9 3.8
2v, 2559.5 2558.8 0.7
2v,(*N,) 2531.1 2531.9 0.8
v, +2v, 2458.2 2459.6 1.4
vs(27) 22202 22279 7.7
vy *N, () 21735 2181.7 8.2
ViV, 1877.9 1870.1 7.8
vi(z7) 1283.2 1286.3 3.1
V2 (IT) 588.4 590.7 2.3
Vay (1) 588.4 584.8 3.6
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Table S7. Observed vibrational frequencies, in cm, for the 1:1 complex of trimethyl amine with N2O. For completeness, also

the shifts induced by the complexation with the partner molecule are given.

Monomer Complex

Assignment Y Y AV
N(CHs)s vy, (e) 2979.7 2981.3 1.6
2( vy + V1) 2956.7 2956.3 0.4
vi(a)vis (8) 2947.2 29473 0.1
2vy, 2820.6 2823.3 2.7
v,(a), vy (e) 2771.0 2773.7 2.7
Vis + Vig 2733.7 2732.8 -0.9
Vs + Vg 2637.1 2636.4 0.7
Vi + Vs 2626.0 2629.1 31
2589.0 2591.9 2.9
Vis + Va0 24955 2497.5 2.0
Vig + Vg 2098.9 2096.9 -2.0
2080.5 2077.4 3.1
Vg + Vg 2011.0 2013.4 2.4
Voo + Vg 1867.0 1863.8 -3.2
Voo TV 1475.9 14753 -0.6
vis () 1468.9 1469.2 0.3
vs(a,) 1456.1 1455.9 0.2
vis () 1440.2 1440.9 0.7
vy (€) 1274.1 1272.7 -1.4
vs(ay) 1185.2 1188.0 2.8
vy () 1099.1 1099.3 0.2
vy () 1042.1 1040.6 -15
2v, 852.0 851.5 -0.5
vs(ay) 828.4 828.2 0.2
N20 3v, 3830.9 3835.3 4.4
v+, 3474.6 3484.6 10.0
2v, +v, 3358.1 3359.4 1.3
Vv, +V, 2793.7 2793.0 -0.7
2v, 2559.5 2563.9 4.4
v, +2v, 2458.2 2457.9 -0.3
v(2) 22202 2226.2 6.0
va N, (2) 2197.7 2197.0 -0.7
vs N, () 21735 21731 0.4
ViV, 1877.9 1877.6 -0.3
vi(z7) 1283.2 1273.9 9.3
2v, 1166.8 1166.2 -0.6
Vaa (1) 588.2 590.9 2.7
Vv, () 588.2 578.0 -10.2
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Table S8. Observed vibrational frequencies, in cm, for the tetrel bonded 1:1 complex of dimethyl ether with OCS. For

completeness, also the shifts induced by the complexation with the partner molecule are given. @

Monomer Complex

Assignment Y Y AV
CH30CHs (ACHACH) 2994.0 2996.8 2.8
2994.0 2994.2 0.2
2v, 2936.6 2937.2 0.6
vis (b,) 29195 29205 1.0
2v, 2889.4 2890.8 1.4
vy + Vi 2883.6 2886.2 2.6
Via Vs 2869.7 2871.4 17
Vis + Vi 2867.7 2868.9 1.2
v, (ay),vis (by) 2814.6 2816.9 2.3
2700.0 27025 2.5
2694.3 2693.9 -0.4
2646.7 2647.7 1.0
2622.2 2622.7 0.5
2601.3 2602.4 1.1
2597.2 2601.2 4.0
2416.2 24132 -3.0
21955 2194.7 -0.8
va(a,) 1476.9 1476.1 0.8
Vi (b,) 1459.2 1459.0 0.2
Vi (B,) 1456.9 1456.8 0.1
vis (by) 1427.6 1428.0 0.4
vs(ay) 1246.1 1246.9 0.8
Vis (B1) vao (b2) 1173.6 11735 0.1
vir (by) 1100.1 1099.9 0.2
1093.2 1091.8 -14
vs(a,) 930.7 927.4 -3.3
0CS Vv, +2v, 4935.9 4934.6 -1.3
4v, +v, 41296 4129.3 0.3
2v, 4082.8 40825 0.3
2v4(**0) 4011.7 4014.2 25
2v4(*C) 3978.3 3977.9 -0.4
Vv, +2v, + v, 3927.2 3926.9 0.3
3761.4 3761.7 0.3
2v, +v, 3756.9 3756.7 0.2
3703.2 37005 2.7
2v, +v, 3085.6 3085.3 0.3
v, +4v, 2933.9 2937.1 3.2
v+ Vg 2908.7 2909.0 0.3
vi+ v, (*S) 2897.0 2896.2 0.8
vi+v4(*C) 2852.1 2852.0 0.1
v, +v5(*°0) 2840.1 2838.6 15
2v,+2v, 2729.3 2729.6 0.3
2706.3 2702.2 -4.1
Vv, v, 2565.7 2564.9 -0.8
3v, 2555.3 2555.6 0.3
4v, 2101.8 2100.8 0.1
1963.0 1962.8 0.2
v, +2v, 1890.5 1889.6 0.9
v+ 2v,(*S) 1878.0 1878.1 0.1
v, +2v,(¥C) 1855.2 1855.3 0.1
2v, 1710.6 1710.8 0.2
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2,
2v,(*c)
V1(2+)
w(s))
v (*0)(x')
v2a (1)
vz (1)

1701.7

1688.3

1529.1
1371.8

1045.5
1014.7

858.8
847.6
838.0
519.9
519.9

1701.9

1688.4

1529.0
1371.9

1044.7
1014.5

858.1
847.7
837.8
526.1
512.8

0.2

0.1

-0.1
0.1

-0.8
-0.2

-0.7
0.1
-0.2
6.2
-7.1

ano spectral features assigned to a chalcogen bonded complex were observed.
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Table S9. Observed vibrational frequencies, in cm, for the tetrel bonded 1:1 complex of trimethyl amine with OCS. For

completeness, also the shifts induced by the complexation with the partner molecule are given. @

Monomer Complex

Assignment \Y Y AV
N(CHs)s vi, () 2979.7 2979.5 0.2
2(vy +Vay) 2956.7 2955.9 0.8
vi(ay),vi5(€) 2947.2 2946.6 -0.6
2v,, 2820.6 2823.9 3.3
v () via(€) 2771.0 2773.6 2.6
Vys + Vi 2733.7 2733.1 0.6
2718.2 27178 0.4
Vs + Ve 2637.1 2639.0 1.9
Vig + Vs 2626.0 2629.1 3.1
Vis + Va0 24955 2496.1 0.6
Voo + Ve 1867.0 1864.6 2.4
1524.8 1523.9 0.9
. 1475.9 1474.7 -1.2
vis (€) 1468.9 1469.0 0.1
v, (a,) 1456.1 1455.4 0.7
vie (€) 1440.2 1440.0 0.2
vy, (e) 1415.8 1419.8 4.0
1294.2 1291.0 -3.2
vis (€) 1274.1 1272.5 -16
vs(a,) 1185.2 1187.9 2.7
N(CHs)s vio (©) 1099.1 1098.6 05
Vao (€) 1042.1 1040.4 1.7
ve(ay) 828.4 827.3 -1.1
ocs Vi +2v, 4935.9 49355 -0.4
av, +v, 4129.6 4128.2 -1.4
2v, 4082.8 4081.9 0.9
2v,(**0) 4011.7 4010.9 08
2v,(~c) 3978.3 3977.1 -1.2
vy +2v5 +V, 3927.2 3926.5 0.7
3761.4 3761.2 -0.2
2v, +v, 3756.9 3756.4 05
3703.2 3692.1 -11.1
Vo +2vq 3085.6 3084.8 -0.8
v, +V, 2908.7 2908.4 03
vi+v,(*S) 2897.0 2896.1 -0.9
vi+v,(*C) 2852.1 2851.2 0.9
v, + Vv, 2565.7 2565.3 -0.4
2558.7 2560.9 2.2
3v, 2555.3 2555.7 0.4
4v, 2101.8 21015 03
1963.0 1962.4 0.6
v, +2v, 1890.5 1890.8 0.3
v, +2vy(¥S) 1878.0 1877.9 -0.1
v, +2v, (C) 1855.2 1855.1 0.1
2v, 17106 1710.8 0.2
2v,(*c) 1701.7 1702.0 0.3
2v,(*s) 1688.3 1688.7 0.4
1529.1 1529.0 0.1
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v, + Vv,
2v,
2v,(*C)
vl(Z*)
W)
va, (M)
vy (IT)

1371.8
1045.5

1014.7
858.8
847.6

519.9
519.9

13729
1041.9

1014.0
858.6
847.5

528.9
502.7

11
-3.6

-0.7
-0.2
-0.1

9.0
-17.2

2no spectral features assigned to a chalcogen bonded complex were observed.
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6. MP2/6-311++G(d,p) Calculated Harmonic Frequencies and Infrared Intensities with
the Frequency Shifts Induced by the Complexation (Tables S10-S17).

Table S10. MP2/6-311++G(d,p) calculated harmonic vibrational frequencies, in cm™, and infrared intensities, in
km mol?, obtained for the 1:1 complex of dimethyl ether with N,O. For completeness, also the shifts induced by

the complexation with the partner molecule are given. Where applicable, BSSE corrected derivatives were used.

Monomer Complex

Assignment -+ v Int - Y Int - AV

CH30OCH3 Vi 31850 21.3 3186.8 19.3 1.8
3028.3  65.4 30325 70.2 4.2
1541.7 1.7 1541.3 1.2 -0.4
1507.7 0.4 1507.1 0.2 -0.6
1283.3 6.1 1285.1 5.8 1.8

968.6  40.5 966.6 48.1 -2.0
422.8 1.8 423.9 2.4 11
3091.9 0.0 3098.5 0.1 6.6

1498.0 0.0 1499.3 0.0 1.3

1177.3 0.0 1177.9 0.0 0.6

vorE (b, 31844 266 31860 16.7 16
vr® (b, 30203 539 30250 49.1 4.7
vor® (b, 1521.8 13.0 15214 15.4 0.4
vir'® (b, 14821 34 14812 03 0.9
voYE (b, 12253 109.2 12221  96.7 -3.2
v (b, 11389 27.7 11379 273 1.0
voV® (b, 30860 1193  3092.7 1085 6.7
DME

vi'® (b, 15084 137  1509.9 132 15
vy (b, 12124 81 12134 86 1.0

(a)
(a)
(a)
(a)
(a)
(a)
(a)
(a)
(2.)
(a)
v (by) 1986 0.0 2005 0.0 1.9
(by)
(by)
(b)
(by)
(b)
(by)
(b2)
(b)
(b)
(b2)

261.9 6.8 262.7 6.2 0.8
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N2O V?zo (y) 1285.6  10.8 12926  10.9 7.0
Vggo (H) 537.9 2.7 544.3 2.7 6.4
VI;;O(H) 537.9 2.7 536.3 5.7 -1.6
ngo (2—) 2243.0 366.0 2255.8 3214 12.8
Van der Waals modes 106.8 0.1
83.0 0.0
45.8 6.4
52.6 0.7
37.2 0.0
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Table S11. MP2/6-311++G(d,p) calculated harmonic vibrational frequencies, in cm, and infrared intensities, , in
km mol, obtained for the tetrel bonded 1:1 complex of dimethyl ether with OCS. For completeness, also the shifts

induced by the complexation with the partner molecule are given. Where applicable, BSSE corrected derivatives

were used.
Monomer Complex
Assignment - \Y Int - v Int - AV
CH3OCHs vi'E () 31850 21.3 31876 16.9 2.6
V' (a,) 30283 654 30309 768 2.6
Vo't (ay) 15417 17 15405 08 -1.2
Vo't (ay) 15077 04 15068 02  -0.9
ve 't (a,) 12833 6.1 12847 53 14
Vo' (a,) 968.6 405 9666 529  -2.0
V' (a,) 4228 1.8 4239 27 11
vt (a,) 30919 0.0 30962 0.2 4.3
V' (a,) 14980 00 14986 0.1 0.6
v (a,) 11773 0.0 11774 00 0.1
vir® (b,) 1986 0.0 2003 00 1.7
v (b,) 31844 266 31831 205 -1.3
vir® (b,) 30203 539 30232 495 2.9
v (b,) 1521.8  13.0 15210 16.0 -0.8
v (b,) 14821 34 14808 0.1 -1.3
vie® (b,) 12253 109.2 12227 901 -2.6
vy (by) 1138.9 277 11383 2438 -0.6
vo© (b,) 30860 1193 30904 108.9 4.4
v (b,) 15084 137 15095 121 1.1
v (b,) 12124 81 12129 86 05
v (b,) 2619 6.8 262.4 58 0.5

ocs v () 9012 58  90L5 57 03
ves® (11) 4950 09 4980 09 3.0
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vas® (T1) 4950 0.9 4883 48 6.7
Vi (z7) 21007 669.1 21047 628.9 4.0
Van der Waals modes 82.7 0.1
67.3 0.2
419 08
374 56
256 0.7
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Table S12. MP2/6-311++G(d,p) calculated harmonic vibrational frequencies, in cm™, and infrared intensities, in
km mol?, obtained for the chalcogen bonded 1:1 complex of dimethyl ether with OCS. For completeness, also the
shifts induced by the complexation with the partner molecule are given. Where applicable, BSSE corrected

derivatives were used.

Monomer Complex
Assignment - Ve Int® - V2 Int® - AV

CH30CHs vi'E () 3185.0 21.3 31845  24.0 -0.5
V¥ (a,) 30283 654 30319  80.0 3.6
Vo't (ay) 15417 17 15412 04 -05
Vo't (ay) 1507.7 04 15080 13. 0.3
ve't (a,) 12833 61 12844 6.1 11
Vo' (a,) 968.6 405 9653 640  -3.3
V' (a,) 4228 1.8 4228 3.1 0.0
ve't (a,) 30919 00 30981 0.0 6.2
V' (a,) 14980 00 14975 00  -05
v (a,) 1177.3 00  1176.9 0.0 0.4
vir® (b,) 1986 0.0 1969 00  -17
v (b,) 31844 266 31838 221 -0.6
vir® (b,) 30203 539 30247 514 4.4
v (b,) 15218  13.0 15216  13.4 -0.2
v (b,) 14821 3.4 14822 19 0.1
vie® (b,) 12253 109.2 12228 103.2 -2.5
vy (by) 11389 277 11383  29.0 -0.6
vi© (b,) 30860 1193 30923 106.5 6.3
v (b,) 1508.4 137  1508.2 0.6 -0.2
v (b,) 12124 81 12124 84 0.0
v (b,) 261.9 6.8 260.3 6.1 -1.6
ocs Vi (z7) 9012 5.8 8947 15 -6.5
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voeo (I1) 4950 0.9 5042 0.9 9.2
Voo (1) 4950 0.9 5024 0.8 7.4
Vi (2) 21007 6691 20893 7378  -11.4
Van der Waals modes 55.9 0.4
510 08
410 35
201 31
51 04
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Table S13. MP2/6-311++G(d,p) calculated harmonic vibrational frequencies, in cm™, and infrared intensities, in
km mol~, obtained for 1:1 complex of trimethyl amine with 2CO,. For completeness, also the shifts induced by

the complexation with the partner molecule are given. Where applicable, BSSE corrected derivatives were used.

Monomer Complex

Assignment - \Y Int - \Y Int - AV
N(CHa)s v (&) 31141 423 31162 391 2.1
v;" (a,) 29704 179.7 29803 178.4 9.9
v, (&) 15218 249 15226  26.9 0.8
v," (a,) 14923 03 14928 0.2 0.5
ve'™ (a,) 12283 254 12323 243 4.0
ve'" (a,) 8608 2538 8595 278  -13
v;" (a,) 389.4 8.6 396.8 12.8 7.4
vg" (a,) 31649 00 31632 91  -17
ve' (a,) 1507.3 00 15069 00  -04
Vo' (a,) 1076.3 0.0 10765 0.0 0.2
v (a,) 2409 00 2370 00 -3.9
Vi (e) 31680 354 31692  30.9 12
v (€) 31680 354 31676 188  -0.4
Vig (€) 31127 256 31152 163 25
v () 31127 256 31105 268  -2.2
Vi (€) 29621 461 29730 433 109
v (e) 29621 461 29730 427 109
vt (e) 15295 9.7 15305 14.6 1.0
vies (&) 15295 97 15291 108  -04

viee () 14993 7.0 15003 52 1.0

Vigs (&) 14993 70 14990 35  -03

Vi (e) 14545 05 14548 0.0 0.3

Vi (€) 14545 05 14539 01  -06

Viga (€) 13257 154 13254 125  -03
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1325.7 154 13231 143 -2.6
1137.8 8.6 1136.9 6.9 -0.9
1137.8 8.6 1136.6 8.1 -1.2

10826  15.6 1081.0 157 -1.6

)
)
)
)

e) 10826 156 10810 144  -16
) 4234 00 4230 00  -0.4
) 4234 0.0 4228 00  -06
) 289.4 05 2902 06 0.8
)

289.4 0.5 284.6 0.4 -4.8

2Co, v, 13354 00 13348 10  -06
6552 247  66L1 19.0 5.9

655.2 247 625.0 679 -30.2

v, % (2 24327 603.9 24292 5000  -35
Van der Waals modes 127.5 0.2
750 04
426 01
405 0.1
70 00
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Table S14. MP2/6-311++G(d,p) calculated harmonic vibrational frequencies, in cm™, and infrared intensities, in
km mol?, obtained for the 1:1 complex of trimethyl ether with **CO,. For completeness, also the shifts induced by

the complexation with the partner molecule are given. Where applicable, BSSE corrected derivatives were used.

Monomer Complex
Assignment - \Y Int - \Y Int - AV
N(CHa)s v (&) 31141 423 31162 391 2.1
v;" (a,) 29704 179.7 29803 178.4 9.9
v, (&) 15218 249 15226 2638 0.8
v," (a,) 14923 03 14928 0.2 0.5
ve'™ (a,) 12283 254 12323 243 4.0
ve'" (a,) 8608 2538 8594 281  -14
v;" (a,) 3894 86 396.8 129 7.4
vg" (a,) 31649 00 31632 90  -17
ve' (a,) 1507.3 00 15069 00  -04
Vo' (a,) 1076.3 0.0 10765 0.0 0.2
v (a,) 2409 00 2370 00 -3.9
Vi (e) 31680 354 31692  30.9 12
v (€) 31680 354 31676 187  -0.4
Vig (€) 31127 256 31152  16.2 25
v () 31127 256 31105 268  -2.2
Vi (€) 29621 461 29730 433 109
v (e) 29621 461 29730 427 109
vt (e) 15295 97 15304 147 0.9
vies (&) 15295 97 15291 108  -04
vier (e) 14993 7.0 15003 5.2 1.0
Vigs (&) 14993 70 14990 34  -03
v (e) 14545 05 14548 0.0 03
vize (€) 14545 05 14539 01  -06
Viga (€) 13257 154 13254 125  -03
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Vig (€) 13257 154 13231 143 -2.6
Vien (€) 11378 86 11369 6.9 0.9
Vigs (€) 11378 86 11366 8.1 12
Vaou' (€) 1082.6 156 10810 157 -1.6
Vaou (€) 10826 156  1081.0 14.4 16
Vo (€) 4234 00 4230 00 0.4
Vo (€) 4234 00 4228 00 0.6
Vo' (€) 2894 05 2902 06 0.8
Voo (€) 2894 05 2846 04 48
13 Bco, +
CO, v, % () 13354 0.0 13348 09 0.6
M (r1,) 6365 233 642.1 180 5.6
v, 0% (11, 6365 233  607.7 635 -28.8
Bco, (v+

v, (2) 23635 570.0 23599 472.6 -3.6

Van der Waals modes 1275 0.2

750 0.4

26 01

405 0.1

70 00
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Table S15. MP2/6-311++G(d,p) calculated harmonic vibrational frequencies, in cm™, and infrared intensities, in
km mol, obtained for the 1:1 complex of trimethyl amine with N,O. For completeness, also the shifts induced by

the complexation with the partner molecule are given. Where applicable, BSSE corrected derivatives were used.

Monomer Complex
Assignment - Y Int - \ Int - AV
N(CHz)s  vi"(a,) 31141 423 31086 285 -5.5
v;" (&) 29704 179.7 29764 179.6 6.0
v, (&) 1521.8 249 15223 273 0.5
v," (a,) 14923 03 14926 04 0.3
vi' (a,) 12283 254 12306 247 2.3
ve'" (a,) 8608 258 859.6 286 -1.2
v;" (a,) 3894 86 3934 92 4.0
vg"™ (a,) 31649 00 31615 96 -3.4
ve' (a,) 15073 0.0 15070 0.0 -0.3
Vo' (a,) 10763 0.0 10763 0.0 0.0
v (a,) 2409 0.0 2391 00 -1.8
Vi (e) 3168.0 354  3167.8 325 -0.2
Vi () 31680 354 31662 17.6 -1.8
Vigs (€) 31127 256 31144 382 1.7
v () 31127 256 31133 188 0.6
via (€) 2962.1 461  2969.0  45.0 6.9
Vi () 2962.1 461 29684  44.3 6.3
vier () 15295 9.7 15301 154 0.6
vies (&) 15295 9.7 15292 103 -0.3
vier () 14993 7.0 15002 5.1 0.9
vigs (€) 14993 7.0 14989 37 -0.4
v (e) 14545 05 14544 0.0 -0.1
v (€) 14545 05 14536 0.2 1.1
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Viga (€) 13257 154 13253 129 0.4
Vigs (€) 13257 154 13239 1438 18
Vies (€) 11378 86 11372 7.0 0.6
Vigs (€) 1137.8 86 11367 8.3 11
Vaou (€) 10826 156 10819 150 0.7
Vaos (€) 10826 156 10813 15.0 -1.3
vom (€) 4234 0.0 4232 0.0 0.2
Vo (€) 4234 0.0 4227 0.0 -0.7
Voo (€) 2894 05 2901 0.6 0.7
Vo (€) 2894 05 2866 0.4 28
N,O +
Nz0 we(z") 12856 108 12913 89 57
vh22 (1) 537.9 2.7 5433 2.3 5.4
vie? (IT) 5379 27 52563 65  -12.6
N,O (-

Vi©(2) 22430 366.0 22541 2960 111

Van der Waals modes 102.8 0.3

723 0.0

369 02

319 0.1

73 01
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Table S16. MP2/6-311++G(d,p) calculated harmonic vibrational frequencies, in cm™, and infrared intensities, in
km mol, obtained for the tetrel bonded 1:1 complex of dimethyl ether with OCS. For completeness, also the shifts

induced by the complexation with the partner molecule are given. Where applicable, BSSE corrected derivatives

were used.
Monomer Complex

Assignment * \ Int - \ Int - AV
N(CHs): v (&) 31141 423 31099 221 -4.2
vi" (&) 2970.4 179.7  2973.9 200.0 35
v, (&) 15218 249 15218 277 0.0
vi'(a,) 14923 03 14923 04 0.0
ve™ (a,) 12283 254 12295 241 12
ve'" (a,) 8608 258 859.5 336 -1.3
v;" (a,) 389.4 86 3905 118 1.1
ve(a,) 31649 00 31624 15 -2.5
ve''(a,) 15073 00 15068 0.0  -05
Vo' (a,) 1076.3 0.0 10765 0.0 0.2
v (a,) 2409 00 2392 00 17
Vi (€) 31680 354 31665 275 -15
v () 31680 354 31651 287 -2.9
Vigs (€) 31127 256 31126  39.1 -0.1
v () 31127 256 31110 234 -1.7
Vi () 2962.1 461  2966.4 455 4.3
Vi (e) 2962.1 461 29658  44.9 3.7
Vies (€) 15295 97 15296 173 0.1
vies (€) 15295 9.7 15293 114 -0.2
viee () 14993 7.0 14997 46 -0.4

Vi (€) 14993 7.0 14983 23 -1.0

via (€) 14545 05 14539 01  -06

v (e) 14545 05 14536 0.2 -0.9

Vies () 13257 154 13267 121 1.0
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vigs (€) 13257 154 13253 146 -0.4
Vies () 11378 86 11368 81 -1.0
Vigs (€) 11378 86 11364 7.2 -1.4
Vs (€) 10826 156 10830 13.4 0.4
Vao (€) 10826 156 10824 151 -0.2
Vo (e) 4234 0.0 4234 01 0.0
Vo (€) 4234 00 4229 00  -05
Vo (€) 2894 05 2886 0.6 -0.8
Vo' () 2894 05 2863 05 -3.1

0CS vaS(z* 9012 5.8 900.3 55 -0.9

495.0 0.9 499.5 0.6 4.5

(1)
ves® (T1) 4950 0.9 4780 79  -17.0
) 21007 6691 21012 59538 05

Van der Waals modes 86.1 0.3
63.6 0.0

38.2 0.2

35.5 0.2

51 0.3
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Table S17. MP2/6-311++G(d,p) calculated harmonic vibrational frequencies, in cm™, and infrared intensities, in
km mol?, obtained for the chalcogen bonded 1:1 complex of dimethyl ether with OCS. For completeness, also the
shifts induced by the complexation with the partner molecule are given. Where applicable, BSSE corrected

derivatives were used.

Monomer Complex

Assignment - Y Int - \ Int - AV
N(CHz)s  vi"(a) 31141 423 31135 46.3 -0.6
v," (a,) 29704 179.7 29764 2085 6.0
vi'" (&) 15218 249 15212 310 -0.6
v," (a,) 14923 03 14927 01 0.4
vi'™ (a,) 12283 254 12300 24.4 1.7
ve'" (a,) 8608  25.8 858.3 39.8 -2.5
v;" (a,) 3894 86 3920 143 2.6
vg"™ (a,) 31649 00 31633 05 -1.6
ve' (a,) 15073 0.0 15069 0.0 -0.4
vt (a,) 10763 00 10760 0.0 -0.3
v (a,) 2409 0.0 2362 0.0 -4.7
Vi (e) 31680 354 31669 31.8 -1.1
Vi () 31680 354 31662  31.3 -1.8
Vi (&) 31127 256 31122 246 -0.5
vig (€) 31127 256 31117  20.2 -1.0
Ve (€) 2962.1 461  2969.1  43.8 7.0
Vi () 2962.1 461 29688  44.7 6.7
Vies (€) 15295 9.7 15296 112 0.1
v () 15295 97 15296 117 0.1
Vies (€) 14993 7.0 14986 56 -0.7

N(CHs)s Vier (€) 14993 7.0 14984 49 -0.9

v (e) 14545 05 14543 02 -0.2

vize (€) 14545 05 14542 01 -0.3
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1325.7 154 13252 14.6 -0.5
13257 154 13248 147 -0.9
1137.8 8.6 1136.3 8.0 -1.5
1137.8 8.6 1136.0 7.9 -1.8

1082.6  15.6 1081.7  15.5 -0.9

423.4 0.0 422.6 0.0 -0.8
423.4 0.0 422.5 0.0 -0.9
289.4 0.5 285.3 0.5 -4.1

)
)
)
)
)
e) 10826 156 10815 154  -1.1
)
)
)
) 289.4 05 2852 05 -4.2

ocs  vi°(') 012 58 8880 25 132
) 4950 0.9 5062 11 112
) 4950 09 5060 11 110

2100.7 669.1 2085.2 755.4 -15.5

Van der Waals modes 57.0 0.3
53.1 0.3
52.9 0.3
11.6 0.0
7.4 0.0
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