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Table S1. Force-field parameters; values for Te analogue are given in brackets.? This is the factor
which divides the barriers. ® New parameters

(p-NH2-PhX)2
bonds angles dihedrals
g | b 0g | a [DIVF| vz | va2 | vi2 | vz |y
x—x P x—x—ca? ca—x—x—ca”
2.330 | 109.0 | 104.53 67.13 1 -1.85 -1.62 -0.66 0.00 180
(2.743) | (71.6) | (100.92) | (40.47) (-1.47) (-2.71) (-0.59) (0.02)
x—ca® x—ca—ca X—X—ca—ca "
1.948 | 1435 | 124.14 86.16 1 1.43 -0.19 -1.11 0.13 180
(2.145) | (122.8) | (119.94) | (78.24) (0.90) (-0.20) (-0.69) (0.09)
ca—ca ca—ca—ca x/ca—ca—ca—ca
1.387 | 478.4 | 119.97 67.18 x/ca/ha—ca—ca—ha
ca—ha ca—ca—ha ca/ha—ca—ca—nh
1.087 344.3 120.01 48.46 4 — 14.5 — — 180
hn—nh ca—ca—nh ca—ca—nh—hn
1.014 | 401.2 | 120.13 ‘ 69.34 4 — 4.2 — — 180
ca—nhh hn—nh—hn
1.364 | 449.0 | 114.85 ‘ 40.05
ca—nh—hn
116.13 | 49.08
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(p-OCH3-PhX)>

bonds angles dihedrals
g | D g | a [DIVFP|] vz | va2 | vz | va2 |y
X—X b X—X—Ca b ca—X—Xx—Ca b
2330 | 1090 | 10453 | 67.43 | -1.85 -1.62 -0.66 000 | ;g9
(2.743) | (71.6) | (100.92) | (40.47) (-147) | (271) | (059) | (0.02)
X—Ca b X—Ca—Ca b X—X—Ca—cCa b
1948 | 1435 | 12414 | 8616 | -7.70 0.11 -1.40 021 | o0
(2.145) | (122.8) | (119.94) | (78.24) (126) | (0.18) | (0.90) | (0.09)
ca—Ca ca—Ca—Ca x/ca—ca—ca—ca
1.387 | 4784 | 119.97 | 67.18 x/ca/ha—ca—ca—ha
ca—ha ca—ca—ha ca/ha—ca—ca—0s
1087 | 3443 | 12001 | 4846 | 4 | - 145 | - | - 180
ca—o0s ca—Ca—0s ca—ca—0s—C3
1373 | 3724 | 11920 | 6979 | 2 | - 18 | - | - Jis0
c3—0s hl—c3—o0s hl—c3—o0s—ca
1439 | 3015 | 10882 | 5084 | 3 | - - | s [ - Jo
c3—hl c3—0s—ca
1.093 | 3359 | 117.97 | 62.27
h1-c3-h1
109.55 | 39.18

Table S2. Force—field parameters; values for Te analogue are given in brackets. 2 This is the factor
which divides the barriers.® New parameters
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Table S3. Force—field parameters; values for Te analogue are given in brackets. 2 This is the factor
which divides the barriers.® New parameters

(p-CHs-PhX)2
bonds angles dihedrals
g | D g | a [IDIVF| vz | wva2 | vz | vz |y
X—X b X—X—Ca b ca—X—Xx—Ca b
2.330 | 109.0 | 10453 | 67.13 1 -1.85 -1.62 -0.66 0.00 | g0
(2.743) | (71.6) | (100.92) | (40.47) (-147) | (271) | (-059) | (0.02)
X—Ca b X—Ca—Ca b X—X—Ca—Ca b
1.948 | 1435 | 124.14 | 86.16 1 -1.25 0.12 -1.43 0.16 | o
(2.145) | (122.8) | (119.94) | (78.24) (1.03) (0.02) | (071) | (0.08)
ca—Ca ca—Ca—Ca ca—ca—c3—hc
1.387 | 4784 | 11997 | 6718 | 6 - | - | 2 | - 180
ca—ha ca—ca—ha x/ca/c3—ca—ca—ca
1.087 | 3443 | 12001 | 48.46 x/ca/ha/c3—ca—ca—ha
c3—ca ca—c3—hc 4 - 14.5 - - 180
1513 | 3235 | 110.15 | 46.96
c3—hc c3—ca—ca
1.092 | 337.3 | 120.63 | 63.84
hc—c3—hc
108.35 | 39.43

Table S4. Force—field parameters; values for Te analogue are given in brackets. @ This is the factor
which divides the barriers.® New parameters

(p-CI-PhX)>
bonds angles dihedrals
g | D g | a |IDIVFP[ vz | vz | vz | vaz |y
X—X b X—X—Ca b Ca—X—X—Ca b
2.330 | 109.0 | 10453 | 67.13 L -1.85 -1.62 -0.66 000 [ ,g9
(2.743) | (71.6) | (100.92) | (40.47) (-147) | (271) | (-059) | (0.02)
X—Ca b X—Ca—Ca b X—X—Ca—Ca b
1.948 | 1435 | 12414 | 86.16 L -0.62 0.17 -1.05 016 | ;g9
(2.145) | (122.8) | (119.94) | (78.24) (0.69) (0.05) | (-0.86) | (0.10)
Ca—Ca Ca—Ca—Ca x/ca—ca—ca—ca
1.387 | 4784 | 11997 | 67.18 x/ca/ha—ca—ca—ha
ca—ha ca—ca—ha ca—ca—ca—cl
1.087 | 344.3 | 12001 | 48.46 4 _ 14.5 — — 180
ca—cl ca—ca—cl
1729 | 3228 | 1194 | 5852
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Table S5. Force—field parameters; values for Te analogue are given in brackets. 2 This is the factor
which divides the barriers.® New parameters

(p-NO2-PhX)2
bonds angles dihedrals
g | D g | a [DIVFP[ vz | vz | va2 | wva2 |y
X—X b X—X—Ca b Ca—X—Xx—Ca b
2330 | 1090 | 10453 | 6743 | -1.85 -1.62 -0.66 000 | o
(2.743) | (71.6) | (100.92) | (40.47) (-147) | (271) | (-0.59) | (0.02)
X—Ca b X—Ca—Ca b X—X—Ca—Ca b
1948 | 1435 | 12414 | 8616 | 11.96 0.39 033 002 |00
(2.145) | (122.8) | (119.94) | (78.24) (-1.21) | (040) | (169) | (0.00)
ca—Ca ca—Ca—Ca x/ca—ca—ca—ca
1.387 | 4784 | 119.97 | 67.18 x/calha—ca—ca—ha
ca—ha ca—ca—ha ca/ha—ca—ca—no
1.087 | 3443 | 12001 | 4846 | 4 — 145 | - — |80
no—o ca—ca—no ca—Cca—Nno—o0
1219 | 7612 | 11954 | 6688 | 4 — 24 | - — |80
ca—no 0—Nno—o0
1468 | 3226 | 12513 | 77.15
ca—no—o
1181 | 68.74
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Table S6. Relevant interatomic distances (A) and angles (°) of the fully optimized dichalcogenides;
level of theory: B3LYP/6-311G(d,p),SDD. When available, parameters from the crystallographic
structures taken from CSD are given in brackets.

csD X gexxt | Cexex—ce | STOTCX
identifier A=X Cr=CrX=X
Cx' =X’ Cx'—X’—X () (D12)
(p-NHz-PhSe): - 252 o4 105 o o
(p-NH2-PhTe): - 2.86 55 181 -84 §§
(péﬁ?ef- _ 251 o 102 7 o
ooy | Bamav | 2T | e | 0iae0s | 205D o3 (20
(p-CH3-PhSe), | QQQGBVO1 | 2.50 (2.328) 182 ggigg 182 88?2; 80 (100) gg 2970?2)
(p-CHs-PhTe), | DPTOTE | 2.84 (2.696) ;ig ggi; 188 8833 83 (86) gg g;
(PhSe), YUXPIR | 2.50 (2.307) 132 ﬁggig 181 8823 80 (85) _9867(6(2);’ )
(PhTe). DPHDTEO1 | 2.84 (2.707) szij gﬁég 110000((19079'77)) -85 (-90) 'gg Eé%‘;)
(p-Cl-PhsSe): CLPHSE | 2.50 (2.332) 182 ggﬁ; 181 Egggg -9 (-74) 22 Eﬁl))
(p-CI-PhTe)2 | CLPHTEOL | 2.84 (2.680) ;:ij 81233 110000((1909iis)) 82 (-89) gg Eigi
e e e e e I
(p-NO2-PhTe)2 - 2.834 ;:Eg ggg -82 gg

Table S7. Molecular dipole moments in Debye calculated with ab initio density and dipole integrals
using the B3LYP/cc-pVTZ(-PP) open/closed geometry (A) and from RESP charges using the MM
equilibrium geometry (B). Values for the Te compounds are given in parentheses.

(p-NH2-PhX)2 | (p-OCH3-PhX)2 | (p-CHa-PhX)2 | (PhX)z2 | (p-CI-PhX)2 | (p-NO2-PhX)2
. 5.22 174 3.35 281 0.32 459
R P (4.80) (1.11) (2.95) (2.39) (0.46) (5.21)
4.26 1.76 266 211 0.90 5.10
closed
(2.34) (1.40) (2.49) (186) | (110 (5.73)
o o 455 135 311 254 0.60 5.02
(3.00) (L51) (2.82) 229 | (084 (5.70)
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Table S8. oearr values vs vdW radii for C, N, O, P, S, F, CI, Br, | atoms; values for Se and Te are

extrapolated and are those used in the work. For GAFF parameters O is the TIP3P water oxygen.

Atom VDW radius / A oearr/ A
C 1.70 1.90
N 1.55 1.82
o? 1.52 1.76
F 1.47 1.75
P 1.80 2.10
S 1.80 2.00
Cl 1.75 1.948
Se 1.90 2.12
Br 1.85 2.02
Te 2.06 2.26

| 1.98 2.15
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Figure S1. Energy profiles at B3LYP/6-311G(d,p),SDD level of theory for the rotation of ¥ of all Se
(@) and Te (b) diphenyl compounds.
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Figure S2. Trajectories a (c) and distributions b (d) in chloroform of (PhSe)2 (red) and (PhTe)2 (blue).
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Figure S3. Distributions (1250 structures) in chloroform of (PhSe)2

S8



