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Fig. SI 2(a). Optimized geometry of the conformers of methanethiol dimer at B3LYP/cc-pVDZ



Fig. SI 2(b). Optimized geometry of the conformers of methanethiol trimer at B3LYP/cc-pVDZ
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Fig. SI 3. Counterpoise corrected thermodynamic parameter of methanethiol dimer at various
levels of theory and different basis sets.
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Fig. SI 4. Counterpoise corrected thermodynamic parameter of methanethiol trimer at various
levels of theory and different basis sets.
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Fig. SI 5. FMO isosurface of methanethiol’s dimer.
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Fig. SI 6. FMO iso-surface of methanethiol trimer



Table: ST1. Optimized geometrical parameters of the methanethiol monomer (R is distance in A,
O is angle in degree (°) and p is dipole moment in D)

Our calculation at B3LYP Lago et al’s Experimental
calculation Values

cc-pVDZ cc-pVTZ cc-pVQZ B3LYP/cc-pVDZ | [From Ref. 24, 25.]
Rs. 1.84 1.83 1.83 1.84 1.82
Rsu 1.36 1.34 1.34 1.36 1.33
Rcn 1.10 1.09 1.09 1.10 1.10
Rcn 1.10 1.09 1.09 1.10 1.10
O yssc 96.9 97.1 97.3 97.0 100.3
O ycn 108.8 108.9 108.8 109.0 110.3
O ycn 110.3 110.4 110.4 110.5 110.3
u 1.50 1.55 1.55 1.61 1.52

Table: ST 2. Optimized geometrical parameters of dimers of methanethiol at B3LYP (R and r*

are distances in A, © is angle in degree (°) and p is dipole moments in D))

1A 1B 1C 1D 1E

CcC- CcC- ccC- ccC- CcC- CcC- cc- cc- cc- CcC- cc- cc- CcC- cc- cc-

pVDZ | pVTZ | pVQZ | pVDZ | pVTZ | pVQZ | pVDZ | pVTZ | pVQZ | pVDZ | pVTIZ | pVQZ | pVDZ | pVTZ | pVQZ
R csi 184 | 184 | 184 184 | 184 1.84 184 | 184 1.84 184 | 1.84 1.84 184 | 1.84 1.84
R ysi 136 | 136 | 136 136 | 136 1.36 136 | 136 136 136 | 136 136 136 | 1.36 1.36
R s 184 | 184 184 184 | 1.84 1.84 184 | 1.84 1.84 184 | 1.84 1.84 1.84 | 1.84 1.84
R 57 136 | 136 | 136 136 | 136 1.36 136 | 136 1.36 136 | 136 1.36 136 | 1.36 1.36
O csis 98.1 | 981 | 98.1 772 772 77.2 664 | 664 66.4 751 | 751 75.1 983 | 983 | 983
O csis 758 | 758 | 75.8 783 | 783 783 663 | 663 66.4 773 7713 773 759 | 759 | 759
D s se 123.0 | 1230 | 1230 | -1169 | -1169 | -1169 | 180.0 | 180.0 | 180.0 | -116.8 | -116.8 | -116.8 | -123.7 | -123.7 | -123.7
s 406 | 406 | 406 398 | 3.98 3.98 441 | 441 441 398 | 3.98 3.98 406 | 4.06 | 4.06
™ s 322 | 322 322 314 | 3.14 314 | 413 413 4.13 317 | 317 3.17 323 | 323 | 323
™ 45 280 | 2380 | 280 317 | 317 3.17 413 | 413 4.13 314 | 314 3.14 436 | 436 | 436
O xa.s1 1304 | 1304 | 1304 | 139.1 | 139.1 | 139.1 778 | 7718 778 | 1329 | 1329 | 1329 | 1303 | 1303 | 1303
O xi1..57 1525 | 1525 | 1525 | 133.1 | 133.1 | 1331 778 | 778 778 | 139.0 | 139.0 | 139.0 | 1007 | 100.7 | 100.7
0 182 179 177 147 | 148 148 0.00 | 0.00 0.00 148 | 149 1.48 1.81 1.78 1.76




Table: ST 3. Optimized geometrical parameters of the methanethiol trimer (R and r are distances
in A, © is angle in degree (°) and p is dipole moments in D))
Geometrical 2A 2B 20 2D 2E
CCSD | B3LYP | CCSD | B3LYP | CCSD | B3LYP | CCSD | B3LYP | CCSD | B3LYP
Rsn 1.35 1.36 1.35 1.36 1.35 1.36 1.35 1.36 1.35 1.36
135 1.36 1.35 1.36 1.35 1.36 1.35 1.36 135 1.36
1.35 1.36 1.35 1.36 1.35 1.36 1.35 1.36 1.35 1.36
Th.si 2.89 2.77 2.85 273 2.85 2.73 3.03 3.01 3.00 2.77
- - - - 3.35 4.25 - - - -
T s 2.89 2.77 2.89 4.42 2.99 2.80 2.94 2.77 2.90 2.73
- - 3.82 273 3.24 430 - - - -
TS 2.89 2.77 2.99 2.77 - 2.73 2.82 2.74 2.85 4.43
- - 3.24 430 3.83 4.42 3.11 3.46 4.94 4.26
- - - - 2.90 - - - 3.35 273
Oxu_si 158.6 160.8 153.2 161.7 129.2 161.7 154.3 156.1 1453 159.7
- - - - 153.3 111.1 - - - -
Oxn. 57 158.6 160.7 112.7 97.3 126.5 159.6 149.2 165.6 144.9 161.6
- - 144.9 161.5 145.5 110.2 - - - -
Oxn. 513 158.6 160.8 126.4 159.7 144.9 161.6 149.2 163.5 90.2 97.2
- - 145.4 110.2 112.6 97.2 149.2 139.5 153.2 161.7
- - - - - - - - 129.2 111.0
1.80
m 3.43 3.75 1.40 1.25 1.40 1.25 2.20 1.40 1.25




Table: ST 4 Selected optimized geometrical parameters of methanethiol monomer, its most
stable dimer (1A&1E) and its trimer (2B, 2C and 2E) (R is distance in A, © is angle in degree (°)
and p is dipole moments in D))

Geometrical B3LYP/cc-pVDZ
Parameters Monomer Dimer Trimer
R51_C = 183 R51_C2 =1.83
Rg7.c=1.84 Rg7.cs=1.83
Rs.c 1.837 ST-C STC
Rsis.c14=1.83
RS]-H = 136 RSI—HS =1.35
RS7-H = 136 RS7—H9 =1.35
Rgn 1.358
Rgi3.015 = 1.35
RC}-H4 =1.10 RCZ—H4 =1.10
RC3-H5 =1.10 RCZ-HS =1.10
RC3—H6: 1.10 RCZ-H6: 1.10
Reomio =1.10 Regmio=1.10
RC-H Reoi =1.10 Regnpir =1.10
Reo.pin=1.10 Regnin =1.10
1099 C9-H12 C8-H12
Reigmie = 1.10
Reigmir = 1.10
Reiams=1.10
94’3‘5=35.6 92,4,5:35.6
64’ 3,6:108.8 94,2,6: 108.8
66 3 5:1098 62 6.5 =110.0
612’9,11 =108.7 610,3’11 =108.7
eH—C-H ©10,9,11 =108.8 10,512 =108.9
(S) =110.6 (S) =110.0
10877 12.9.10 12.8.11
e17, 14,18~ 109.8
e17, 14,16 = 108.9
O16.14.18 = 108.9
Onz-si-c3-na =-177.6 Omssi-coma = 179.2
Ous.s7-co-nin =-177.6 Ono-s7-cs-r10 = 177.6
Ons-c-H 180
Onis-siz-cia-nie = -175.1
u 1.50 D 1.71 D 1.40 D




Table: ST 5. Relative change in vibrational frequency (Av) and intensity (I) of S-H bonds in

dimer and trimer of methanethiol with respect to monomer (I,,) (Av in cm™)

B3LYP/cc-pVDZ CCSD/ cc-pVDZ
Av I, Av I,
1A (7,8) -53.92 4.66 -3.81 0.63
1,2) -1.10 0.82 -3.23 0.57
1B (7.,8) -2.83 1.47 -1.55 1.38
(1,2) 2.02 0.43 1.12 0.40
1C (7,8) 2.12 2.20 -2.03 2.19
1,2) -2.06 0.00 -2.02 0.00
1D (7,8) -3.05 1.47 -1.63 1.38
(1,2) 2.08 0.43 1.00 0.40
1E (12, 11) -53.81 4.66 -3.76 0.64
(6, 5) -1.12 0.82 -3.23 0.56
24 (1, 3) -79.07 0.05 -14.87 0.05
(7,9) -69.60 12.73 -10.54 1.34
(13, 15) -68.96 12.71 -10.51 1.33
2B (1, 3) -90.88 1.80 -13.88 0.55
(13, 15) -80.98 15.59 -6.46 0.44
(7,9) -90.92 12.00 -4.89 0.35
2C (7, 9) -90.92 1.82 -14.03 0.56
{1, 3) -81.01 15.57 -6.54 0.45
(13, 15) -72.65 11.99 491 0.35
2D (7, 9) 72.73 4.95 -12.79 1.00
1,3) -66.08 11.86 -5.59 0.51
(13, 15) -0.73 0.91 -2.36 0.96
2E (1,3) -90.79 1.80 -14.01 0.56
(13, 15) -80.88 15.55 -6.46 0.45
(7,9 -72.64 12.01 -4.81 0.34

1. All frequencies are calculated by subtracting the frequency of dimer/trimer from the
frequency of the monomer for the corresponding vibrational mode.

2. lis the computed IR intensity of the dimer/trimer and I, is the computed IR intensity of the
monomer.



Table: ST 6. Relative change in torsion frequency HSCH in dimer and trimer of the methanethiol
with respect to monomer

B3LYP CCSD

Av I, Av I,

1A 8,7,9, 11) 26.13 1.75 17.23 1.42
2,1,3,4) 121.71 1.90 79.36 1.92
1B (8,7,9,11) 15.38 1.73 14.13 1.56
2,1,3,4) 19.79 1.06 17.43 1.21
1C 8,7,9, 11) 4.77 0.00 6.90 0.00
2,1,3,4) 13.87 1.70 13.10 1.80
1D (8,7,9, 11) 15.63 1.78 14.43 1.58
2,1,3,4) 20.21 1.02 17.48 1.19
1E (12, 11,7, 10) 26.1 1.75 18.23 1.41
6,5, 1,4) 121.59 1.90 79.25 1.93
2A (9,7, 8, 12) ~135.99 0.10 -142.95 0.26
(3,1,2,5) -135.62 0.10 -142.83 0.26
(15, 13, 14, 17) ~121.87 0.00 -126.64 0.01
2B (3, 1,2,5) -135.97 0.09 -148.65 0.19
©,7,8,12) -134.83 0.10 -132.64 0.19
(15,13, 14, 17) -122.49 0.00 -108.78 0.21
2C 9,7, 8, 11) -136.01 0.09 -148.55 0.19
(3,1,2,5) _134.78 0.09 _132.86 0.19
(15, 13, 14, 17) _122.48 0.00 -109.01 0.21
2D 9,7, 8, 12) -148.02 0.04 -161.61 0.13
(3,1,2,5) _124.65 0.11 _137.11 0.29
(15, 13, 14, 17) -115.89 0.06 -116.9 0.12
2E (9,7, 8, 12) ~136.02 0.10 _148.54 0.19
(3, 1,2,5) ~134.79 0.10 -132.89 0.19
(15, 13, 14, 17) -122.48 0.00 -109.51 0.20

3. All frequencies are calculated by subtracting the frequency of dimer/trimer from the
frequency of the monomer for the corresponding vibrational mode.
4. 1is the computed IR intensity of the dimer/trimer and I, is the computed IR intensity of the

monomer.

Table: ST 7. Summary of the FMO analysis of the dimers and trimers of the methanethiol
molecule. (HOMO & LUMO values are in eV)

Conformers of dimer HOMO LUMO Conformers of trimer HOMO LUMO
1A -9.572426 | 3.754901 2A -9.657598 3.421017
1B -9.582222 | 3.940755 2B -9.651067 3.881162
1C -9.617325 | 3.945925 2C -9.650795 3.881706
1D -9.582222 | 3.939939 2D -9.650795 3.881706
1E -9.572698 | 3.756806 2E -9.651067 3.979667




Table: ST 8. Summary of second order perturbation theory analysis of fock matrix in NBO

analysis

Inter molecular interactions

Dimer
Conformer | Donor (i) Acceptor (j) E(2) (kJ/mol) E(G) - EQ) (a.u.) F(@,)j) (au.)

Intramolecular interaction in molecular unit 1

6S1-H2 o*C3-H4 2.10 0.97 0.040

LP(2) S1 o* C3-H5 3.66 0.68 0.045

LP(2) S1 o* C3-H6 4.07 0.68 0.047
1A Intramolecular interaction in molecular unit 2

6S7-H8 o*C9-H11 2.14 0.98 0.041

LP(2) S7 o* C9-H10 322 0.70 0.043

LP(2) S7 o* C9-H12 3.95 0.68 0.047

Intermolecular interaction of molecular unit 2 to 1

LP(2) S7 o*S1-H2 | 4.00 | 0.48 | 0.039
Intramolecular interaction in molecular unit 1

oS1-H2 o*C3-H4 4.44 1.08 0.062

LP(2) S1 o* C3-H5 3.06 1.41 0.059

B LP(2) S1 o* C3-H6 6.17 1.07 0.073
Intramolecular interaction in molecular unit 2

6S7-H8 c*C9-H11 2.93 1.43 0.058

LP(2) S7 o* C9-H10 5.90 1.07 0.071

LP(2) S7 o* C9-H12 4.85 1.07 0.064
Intramolecular interaction in molecular unit 1

oS1-H2 o*C3-H4 6.12 1.07 0.072

LP(2) S1 o* C3-H5 2.95 1.42 0.058

Te LP(2) S1 o* C3-H6 4.64 1.07 0.063
Intramolecular interaction in molecular unit 2

0S7-H8 o*C9-H11 6.12 1.07 0.072

LP(2) S7 o* C9-H10 2.95 1.42 0.058

LP(2) S7 o* C9-H12 4.64 1.07 0.063
Intramolecular interaction in molecular unit 1

oS1-H2 o*C3-H4 4.19 0.69 0.048

LP(2) S1 o* C3-H5 2.07 0.99 0.040

D LP(2) S1 o* C3-H6 3.34 0.68 0.043
Intramolecular interaction inmolecular unit 2

6S7-HS8 c*C9-H11 2.15 0.97 0.041

LP(2) S7 o* C9-H10 3.09 0.70 0.042

LP(2) S7 o* C9-H12 4.27 0.69 0.043
Intramolecular interaction in molecular unit 1

6S5-H6 o*C1-H3 3.07 1.41 0.059

LP(2) S5 o* C1-H2 5.17 1.06 0.066

IE LP(2) S5 o* C1-H4 5.92 1.06 0.071
Intramolecular interaction in molecular unit 2

6S11-H12 o*C7-H10 3.03 1.41 0.058

LP(2) S11 o* C7-HS8 4.94 1.08 0.066

LP(2) S11 o* C7-H9 5.58 1.07 0.069




Intermolecular interaction of molecular unit 2 to 1

LP(2)SI11 | o*S5-H6 |2.59 | 0.83 | 0.042
Trimer
Intramolecular interaction in molecular unit 1
6S1-H3 c*C2-H4 2.08 0.97 0.040
LP(2)S1 | 6*C2-H5 4.48 0.69 0.050
LP(2)S1 | c*C2-H6 2.77 0.69 0.039
Intramolecular interaction in molecular unit 2
6S7-H9 c*C8-H10 2.08 0.97 0.40
LP(2)S7 | c*C8-HI11 4.48 0.69 0.050
LP(2)S7 | c*C8-HI2 2.77 0.69 0.039
A Intramolecular interaction in molecular unit 3
6S13-H15 | 6*C14-H16 2.08 0.97 0.40
LP(2) S13 | 6*C14-H17 4.48 0.69 0.050
LP(2) S13 | 6*C14-H18 2.77 0.69 0.039
Intermolecular interaction of molecular unit 1 to 2
LP(2)S1 | 6*S7-H9 | 4.85 | 0.48 | 0.043
Intermolecular interaction of molecular unit 2 to 3
LP22)S7 | o*S13-HI5 | 4.83 | 0.48 | 0.043
Intermolecular interaction of molecular unit 3 to 1
LP(2) S13 | 6*S1-H3 | 4.85 | 0.48 | 0.043
Intramolecular interaction in molecular unit 1
6S1-H9 o*C2-H4 2.04 0.98 0.040
LP(2)S1 | 6*C2-H3 4.40 0.70 0.050
LP(2)S1 | 6*C2-H5 2.74 0.70 0.039
Intramolecular interaction in molecular unit 2
o S7-H12 | o*C8-H10 2.06 0.98 0.040
LP(2)S7 | ¢*C8-H9 2.83 0.69 0.040
LP(2)S7 | C8-Hl11 4.39 0.69 0.050
Intramolecular interaction in molecular unit 3
2B o S13- o*Cl14-H17 2.05 0.97 0.040
H118
LP(2) S13 | 6*C14-H15 4.49 0.70 0.050
LP(2) S13 | 6*C14-H16 2.68 0.69 0.039
Intermolecular interaction of molecular unit 1 to 3
LP2)Sl |o*S13-HI8 | 5.54 | 0.48 | 0.046
Intermolecular interaction of molecular unit 2 to 1
LP(2)S7 | o*S1-H6 | 5.51 | 0.48 | 0.046
Intermolecular interaction of molecular unit 3 to 2
LP(2) S13 | 6*S7-H12 | 4.81 | 0.48 | 0.043
Intramolecular interaction in molecular unit 1
6S1-H3 c*C2-H4 2.04 0.98 0.040
LP(2)S1 | 6*C2-H5 2.74 0.70 0.039
LP(2)S1 | c*C2-H6 4.39 0.70 0.050
2C Intramolecular interaction in molecular unit 2
6S7-H3 o*C8-H10 2.05 0.98 0.040
LP(2)S7 | c*C8-HI11 4.49 0.70 0.050
LP(2)S7 | c*C8-HI2 2.67 0.69 0.039

Intramolecular interaction in molecular unit 3




oS13-HI5 | o*C14-H16 2.06 0.98 0.040

LP(2)S13 | 6*C14-H17 4.39 0.69 0.050
LP(2) S13 | 6*C14-H18 2.83 0.69 0.040
Intermolecular interaction of molecular unit 1 to 2
LP(2) Sl | 6*S7-H9 | 5.53 | 0.48 | 0.046
Intermolecular interaction of molecular unit 2 to 3
LP(2)S7 | o*S13-H15 | 4.80 | 0.48 | 0.043
Intermolecular interaction of molecular unit 3 to 1
LP(2) S13 | 6*S1-H3 | 5.51 | 0.48 | 0.046
Intramolecular interaction in molecular unit 1
6S1-H3 o*C2-H4 2.08 0.97 0.040
LP(2)S1 | o* C2-H5 4.31 0.68 0.049
LP(2)S1 | o* C2-H6 3.22 0.69 0.042
Intramolecular interaction in molecular unit 2
6S7-H9 6*C8-H10 2.06 0.98 0.040
LP(2)S7 | o* C8-H11 4.53 0.69 0.050
LP(2)S7 | o* C8-H12 2.67 0.70 0.039
2D Intramolecular interaction in molecular unit 3
LP(2)S13 | o* C14-H17 4.50 0.71 0.051
LP(2) S13 | 6* C14-HI18 2.12 0.71 0.035
Intermolecular interaction of molecular unit 1 to 3
LP2)Sl |o*Cl4-Hl6 |2.03 | 0.69 | 0.042
Intermolecular interaction of molecular unit 2 to 1
LP(2)S7 | o* S1-H3 | 5.00 | 0.49 | 0.044
Intermolecular interaction of molecular unit 3 to 2
LP(2) S13 | o* S7-H9 | 5.33 | 0.50 | 0.046
Intramolecular interaction in molecular unit 1
oS1-H3 o*C2-H4 2.05 0.97 0.040
LP(2)S1 | o* C2-H5 4.49 0.70 0.050
LP(2)S1 | o* C2-H6 2.67 0.69 0.039
Intramolecular interaction in molecular unit 2
0S7-H3 o*C8-H10 2.06 0.98 0.040
LP(2)S7 | o* C8-H11 4.39 0.69 0.050
LP(2)S7 | o* C8-H12 2.83 0.69 0.040
2E Intramolecular interaction in molecular unit 3
0S13-H3 | 6*C14-H16 2.04 0.98 0.040
LP(2) S13 | o* C14-H17 2.74 0.70 0.039
LP(2) S13 | o* C14-H18 4.40 0.70 0.050
Intermolecular interaction of molecular unit 1 to 2
LP(2) Sl | o* S7-H9 | 4.80 | 0.48 | 0.043

Intermolecular interaction of molecular unit 3 to 1

LP(2) S13 | o* S1-H3 | 5.53 | 0.48 | 0.046




Table: ST 9. Absolute values of the S-H vibrational frequencies at different levels of theory. All
frequencies are given in cm’!

S-H CCSD/cc-
il | B3LYP/ee-pVDZ | BILYP/ce-pVTZ | BILYP/ec-pVQZ Dz Exp.
mode v | v 1 v | v |
IA(Z;“S)IE 250943 | 45.13 | 252339 | 51.99 | 2507.78 | 57.01 | 272978 | 7.51 | 2601
(1,2) | 265225 | 8.00 | 257597 | 484 | 2560.67 | 3.34 | 273036 | 6.80
1B (“7“;;')") 2650.52 | 1430 | 2575.09 | 939 | 2559.79 | 7.3412 | 2732.04 | 16.50
(1.2) 265537 | 419 | 2578.79 | 2.1675 | 2562.92 | 0.9326 | 2734.71 | 4.83
1C(7.8) | 265123 | 2130 | 257578 | 0.00 | 2560.58 | 0.00 | 2731.56 | 26.26
(1,2) | 265129 | 0.00 | 257581 | 12.47 | 2560.61 | 8.57 | 2731.57 | 0.00
2A (1,3) | 257428 | 049 | 261632 | 0.13 | 2620.16 | 0.12 | 2718.72 | 0.61 | 2567
(7,9) | 2583.75 | 123.46 | 2621.01 | 74.80 | 2624.17 | 72.92 | 2723.05 | 16.00
(13.15) | 258439 | 12326 | 262130 | 74.85 | 262440 | 72.81 | 2723.08 | 16.00
le’Ez((i’ 2‘)“’ 256247 | 1748 | 2604.16 | 24.70 | 2608.25 | 3035 | 2719.71 | 6.64
(13.18) | 257237 | 151.17 | 260930 | 10023 | 261322 | 9321 | 2727.13 | 531
(7.12) | 258071 | 11624 | 262126 | 57.99 | 2625.00 | 54.17 | 2728.70 | 4.16
2D (7.9) | 2580.62 | 47.99 | 261543 | 3407 | 2617.12 | 41.74 | 2720.80 | 11.86
(1.3) | 258727 | 114.99 | 2619.08 | 80.55 | 2620.79 | 77.03 | 2728.00 | 6.15
(13,15) | 2652.02 | 8.88 | 267044 | 491 | 2670.14 | 321 | 273123 | 11.46

Table: ST 10. Topological parameters for bonds of interacting atoms: electron density (pBCP),
Laplacian of electron density (V> BCP), kinetic electron energy density (G BCP), potential electron
energy density (VBCP), total electron energy density (HBCP), estimated interaction energy (E;,) at bond
critical point (BCP)

Confor. | Critical point | pgcp(a.u.) V2 ppcp Ggep Vgep(a.u.) | Hpep (au.) | Eiy (kcal/mol)
number (au.) (a.u.)
LA 19(CH- -S) 0.007675 | 0.019130 | 0.004387 | -0.003992 | 0.000395 1.253
24(SH- -S) 0.002562 | 0.015372 | 0.003230 | -0.000262 | 0.000613 0.821
4(CH- -S) 0.005405 | 0.015802 | 0.003412 | -0.002874 | 0.000528 0.902
1B 8(SH- -S) 0.003768 | 0.011871 | 0.002417 | -0.001867 | 0.005504 0.586
13(CH- -S) 0.006043 | 0.016176 | 0.003590 | -0.003135 | 0.000454 0.984
Te 9(CH- -S 0.005072 | 0.014728 | 0.003130 | -0.002578 | 0.000552 0.809
4(CH- -S) 0.005072 | 0.014728 | 0.003130 | -0.002578 | 0.000552 0.809
4(CH- -S) 0.005407 | 0.015807 | 0.003413 | -0.002875 | 0.000538 0.902
1D 8(SH- -S) 0.003763 | 0.011860 | 0.002415 | -0.001865 | 0.000550 0.585
13(SH- -O) 0.006049 | 0.016186 | 0.003592 | -0.003138 | 0.000454 0.985
B 13(CH- -S) 0.007669 | 0.019118 | 0.004384 | -0.003989 | 0.000395 1.252
15(SH- -S 0.005124 | 0.015372 | 0.003230 | -0.002617 | 0.000613 0.821

2A

7((CH- -HC)

0.002358

0.009885

0.001816

-0.001160

0.000655

0.364




8(SH- -S) 0.008447 | 0.019123 | 0.004539 | -0.004298 | 0.000242 1.349
10(CH--HC) | 0.002368 | 0.009924 | 0.001824 | -0.001167 | 0.000657 0.366
16(CH- -HC) | 0.002360 | 0.009895 | 0.001818 | -0.001162 | 0.000656 0.365
17(SH- -S) 0.008451 | 0.019130 | 0.004541 | -0.004300 | 0.000241 1.349
20(SH- -S) 0.008447 | 0.019123 | 0.004539 | -0.004298 | 0.000242 1.349
19(SH- -S) 0.009036 | 0.021120 | 0.005007 | -0.004733 0.000273 1.485
B 22(CH--HC) | 0.002678 | 0.011446 | 0.002095 | -0.001329 | 0.000766 0.417
23(SH- -S) 0.007256 | 0.017466 | 0.004007 | -0.003647 | 0.000360 1.144
24(SH- -S) 0.008500 | 0.020637 | 0.004812 | -0.004464 | 0.000348 1.401
6(SH- -S) 0.009041 | 0.021121 | 0.005008 | -0.004736 | 0.000272 1.486
2C 14(CH- -HC) | 0.002666 | 0.011395 | 0.002086 | -0.001322 | 0.000763 0.415
15(SH- -S) 0.007279 | 0.017512 | 0.004019 | -0.003660 | 0.000359 1.148
16(SH- -S) 0.008502 | 0.020635 | 0.004812 | -0.004465 | 0.000347 1.401
7(SH- -S) 0.380863 | -12.0882 | 0.006628 | -3.035302 | -3.028673 952.341
10(CH- -HC) | 120.6446 | 666646.6 | 5.189772 | -166672.0 | -166666.8 | 52294140.5
2D 12(SH- -S) 0.379907 | -12.0370 | 0.006653 | -3.022550 | -3.015897 948.340
14(SH- -S) 0.381102 | -12.1061 | 0.006623 | -3.039763 | -3.033140 953.740
20(CH--HC) | 0.001891 | 0.007797 | 0.001478 | -0.001007 | 0.000471 0.316
6(SH- -S) 0.009030 | 0.021103 | 0.005003 | -0.004730 | 0.000273 1.484
B 13(CH--HC) | 0.002652 | 0.011340 | 0.002075 | -0.001314 | 0.000760 0.412
14(SH- -S) 0.007253 | 0.017470 | 0.004007 | -0.003646 | 0.000361 1.144
15(SH- -S) 0.008494 | 0.020619 | 0.004808 | -0.004461 0.000347 1.400

[Note: Topological results also confirms the similarity of the conformers 1A and 1E; 1B
and 1D; 2B, 2C, and 2E. But the BCP number is different correspond to each conformer
that is why we provide topological results in to separate column.]|

Table: ST11. Thermodynamic parameters of different conformers of dimer and trimer of the
methanethiol molecule

Methods AE kJ/mol. | Dy kJ/mol. | AG kJ/mol. | AH kJ/mol. | AS kJ/mol.

B3LYP/cc-pVDZ -4.54 -1.10 29.87 0.96 -0.10

1A B3LYP/cc-pVTZ -1.87 2.60 42.57 1.53 -0.14
and B3LYP/cc-pVQZ -1.30 3.10 43 .48 1.85 -0.14
1E B3LYP/CBS -0.88 3.46 44.14 2.08 -0.14
CCSD/cc-pVDZ -3.76 -0.65 28.67 1.74 -0.09
B3LYP/cc-pVDZ -4.00 -1.20 28.54 1.44 -0.09

1B B3LYP/cc-pVTZ -1.89 2.39 42.27 1.56 -0.14
and B3LYP/cc-pVQZ -1.28 2.96 43.25 1.92 -0.14
1D B3LYP/CBS -0.83 3.38 43.97 2.18 -0.14
CCSD/cc-pVDZ -4.49 -2.45 27.98 0.06 -0.09
B3LYP/cc-pVDZ -3.03 -1.07 30.36 -0.23 -0.10
B3LYP/cc-pVTZ -1.11 2.89 41.77 2.24 -0.13

1C B3LYP/cc-pVQZ -0.58 3.41 42.80 2.54 -0.14
B3LYP/CBS -0.19 3.79 43.55 2.76 -0.15
CCSD/cc—iVDZ -4.44 -2.37 28.04 -1.56 -0.10

2A B3LYP/cc-pVDZ -13.07 -6.22 -2.16 59.46 0.21
B3LYP/cc-pVTZ -6.66 -1.06 3.89 60.49 0.19




B3LYP/cc-pVQZ 548 20.14 5.02 598 0.18
B3LYP/CBS 462 0.53 5.84 59.30 0.17
CCSD/ce-pVDZ 2933 2.93 1.69 62.62 0.20
B3LYP/cc-pVDZ 115.07 7.97 404 57.99 0.21

22% B3LYP/ce-pVTZ -8.85 33.00 1.81 58.33 0.19

2 [ B3LYPlecpVQZ 27.69 .04 2.93 58.23 0.19

- B3LYP/CBS -6.84 1134 3.75 58.16 0.19
CCSD/cc-pVDZ -10.27 33 0.99 64.8 0.21
B3LYP/cc-pVDZ 112,93 2638 11.95 59.12 0.20
B3LYP/ccpVTZ 27.59 2.13 3.07 57.96 0.18

2D | B3LYPlocpVQZ 26.48 1124 4.12 56.54 0.18
B3LYP/CBS 567 20.59 4.89 55.50 0.18
CCSD/ce-pVDZ 1161 519 20.45 60.92 0.21




Note: - Z-matrix of the optimized geometries of the methanethiol cluster at CCSD/cc-pVDZ
level of theory
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