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Table S1: Summary of halogen acceptors properties

Acceptors IP NBO(A) | V(r)min | @iso | Dipole
NR,

NF, 13.54 0.552 —2.20 | 18.6 0.242
NH, 10.91 —1.022 —37.28 | 14.1 1.520
NHF, 12.39 0.147 —16.08 | 16.5 1.920
NH,F 11.60 —0.367 —27.87 | 14.9 2.269
NH,CH,4 9.76 —-0.813 | —36.63 | 25.5 1.360
NH,OH 10.75 —0.513 —26.46 | 18.8 0.601
NH,CN 10.99 —0.821 | —11.75 | 26.7 4.368
NH,Cl 10.48 —0.751 —27.09 | 26.8 1.916
PR,

PF, 12.28 1.717 2.55 | 25.8 1.153
PH, 10.52 0.108 —15.68 | 30.2 0.606
PHF, 10.94 1.324 —6.02 | 26.9 1.443
PH,F 10.65 0.793 —11.16 | 28.4 1.428
PH,CH,4 9.55 0.358 —21.04 | 42.3 1.139
PH,OH 10.06 0.675 —14.55 | 33.3 0.688
PH,CN 11.13 0.391 —1.34 | 424 3.551
PH,Cl1 10.20 0.413 —8.54 | 42.4 1.561
AR,

OH, 12.43 —0.895 —32.34 9.5 1.845
SH, 10.38 —0.232 —16.45 | 24.3 0.979
Anions

F 3.31 —1.000 | —168.62 8.8 0.000
ClI- 3.51 —1.000 | —139.48 | 28.1 0.000
Br- 3.38 —1.000 | —131.59 | 40.6 0.000

2 Computed at CCSD(T)/aug-cc-pVTZ. Vertical ion-
ization potential in e.V. NBO charges at the XB acceptor
heteroatom A, minimum electrostatic potential computed
on the 0.001 e/Bohr?® electron density surface at the lone
pair region of A (Vi) in keal /mol, isotropic polarizabil-
ity cuso in Bohr? and total dipole moment in Debye.




Table S2: Summary of halogen donors properties

Donors | r(YX) | k(YX) | n(YX) | NBO(X) | V(r)max | @2 | @iso | Dipole
F, 1.418 | 4.700 1.000 0.000 16.48 | 12.2 8.1 0.000
FCl 1.646 | 4.326 0.954 0.340 40.38 | 22.8 | 18.1 0.934
Cl, 2.019 | 3.025 0.780 0.000 25.39 | 422 | 30.6 0.000
Br, 2313 | 2.340 0.675 0.000 28.50 | 62.6 |45.0 0.000
O,NCI | 1.864 | 1.403 0.506 0.011 21.89 | 514 | 379 0.536
HCCCl | 1.649 | 5.227 1.062 0.149 34.23 | 55.6 | 36.6 0.454
NCC1 1.644 | 5.209 1.060 0.171 36.76 | 45.3 | 304 2.865
H,FP 1.577 | 5.791 1.125 0.793 36.57 | 28.7 | 284 1.428
HFS 1.626 | 4.569 0.984 0.406 40.28 | 22.7 | 238 1.491
FH 0.921 | 9.594 1.496 0.532 68.26 6.4 5.4 1.797

2. Computed at CCSD(T)/aug-cc-pVTZ. Bond distances r(YX) in A, local YX
stretching force constant k%(Y X) in mdyn/A7 bond strength order n. NBO charges
at X, maximum electrostatic potential computed on the 0.001 e/Bohr? electron den-
sity surface at the o-hole of X (V,,4,) in kcal/mol, polarizability at the z direction
., and isotropic polarizability ., in Bohr? total dipole moment in Debye.




Table S3: Geometric and vibrational shifts of the YX bond for complexes 1 -
44.°

# Complexes AR(YX) Aw?®(YX) Ak (YX) An(YX)
Dihalogens FCI1 A cm— 1! mdyn/A
1 F,---OH, (Cs) 0.005 —21 —0.212 —0.026
2 F,---NHg (C3y) 0.014 —-90 —0.879 —0.110
3 F,--+SH, (Cs) 0.007 —46 —0.462 —0.057
4 Cl,---OH, (Cs) 0.008 —12 —0.129 —0.019
5 Cl,---NHy (Csy) 0.028 —62 —0.655 —0.100
6 Cl,---SH, (Cs) 0.013 —29 —0.310 —0.046
7 Cl,---PHg (C3y) 0.015 —38 —0.413 —0.062
Interhalogen FCI1
8 FCl- - - NF4 (C3y) 0.004 —9 —0.106 —0.013
9 FCI- .- NHF, (Cs) 0.014 —42 —0.461 —0.058
10 FCI- - - NH,F (Cs) 0.034 —112 —1.170 —0.155
11 FCl- - - NHg (C3y) 0.057 —163 —1.639 —0.225
12 FCIl---NH,CN (Cs) 0.016 —52 —0.567 —0.072
13 FCI---NH,Cl (Cs) 0.039 —124 —1.284 —0.172
14 FCIl---NH,OH (Cs) syn 0.066 —188 —1.854 —0.258
FCIl---NH,OH (Cs) anti 0.054 —162 —1.629 —0.223
15 FCl- - - NH,CH; (Cs) 0.090 —216 —2.087 —0.296
16 FCI--- OH, (Cs) 0.014 —32 —0.359 —0.045
17 FCl- - - PF3 (C3q) 0.013 —72 —0.774 —0.100
18 FCl- - - PHF, (Cs) 0.241 —364 —3.117 —0.489
19 FCl- - - PH,F (Cs) 0.237 —383 —3.229 —0.514
20 FCI- - - PH3 (C3y) 0.139 —472 —3.672 —0.625
21 FCl- - - PH,CN (Cy) 0.024 —144 —1.469 —0.199
22 FCl- - - PH,CI (Cy) 0.194 —397 —3.304 —0.531
23 FCl- - - PH,OH (Cs) syn 0.270 —383 —3.231 —0.514
FCl- - - PH,OH (C;) anti 0.258 —387 —3.253 —0.519
24 FCI- .- PH,CH; (Cs) 0.256 —394 —3.287 —0.527
25 FCIl. - - SH2 (Cs) 0.027 —104 —1.089 —0.144
NH3 Acceptor
26 HCCCI- - - NH; (C3y) 0.003 —14 —0.155 —0.018
27 NCCI- - -NHg (C34) 0.004 —23 —0.233 —0.027
28 O,NCI---NH4 (Cs) —0.025 32 0.189 0.037
29 FH,P---NH; (Cs) 0.067 —174 —1.997 —0.239
30 FHS...NH; (Cs) 0.044 —120 —1.260 —0.164
31 FH---NH; (Csy) 0.032 —772 —3.254 —0.312
Ionic Systems
32 [F---F---F|]” (Doon) 0.321 —420 —3.324 —0.500
33 [Cl---C1- - - Cl|T (Doon) 0.309 —281 —2.324 —0.438
34 [Br-- - Br---Br]” (Doop) 0.281 —140 —1.610 —0.325
35 [F.--Cl---F|]~ (Doop) 0.229 —319 —2.840 —0.432
36 [F---H---F|]~ (Doop) 0.219 —2899 —8.746 —1.116
37 [F---PH,---F]7 (Cay) 0.259 —606 —4.534 —0.650
38 FCl .- Cl" (Ceow) 0.237 —363 —3.114 —0.489
39 HCCCI- - - ClI" (Coow) 0.008 —61 —0.628 —0.074
40 NCCI- - - ClI" (Coow) 0.015 —110 —1.083 —0.131
41 O,NCI- - - CI” (Cay) 0.093 —136 —0.671 —0.156
42 FH..-ClI'" (Coow) 0.050 —1043 —4.239 —0.420
43 FH,P---ClI” (Cs) 0.148 —359 —3.655 —0.484
44 FHS..-ClI” (Cy) 0.164 —350 —3.103 —0.466

& Shifts in the YX distances (AR), local mode stretching frequencies (Aw®), local
mode force constants (Ak®) and bond strength order values (An) . Computed as
the difference between the values in the monomer by the values in the complex.
Calculated at CCSD(T)/aug-cc-pVTZ.
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Figure S1: Schematic representation of the monomers with NBO atomic and group charges

calculated at CCSD(T)/aug-cc-pVTZ.Color is used to relate charges to atoms.
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Figure S2: Comparison of the BSO n values and the binding energy of complexes.



Figure S3: Comparison of the bond strength order (BSO) n with the density p, at the critical

point of the XB.

r(X-A) [A]

Figure S4: Power relationship between the relative BSO n and the XB distance r(X--- A). a)
Cl---N and CI- - - O halogen bonding (R? is 0.919). b) Cl---P and CI- - - S halogen bonding

(R is 0.879).
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Figure S5: Obitals and orbital energies calculated at HF /6-31G(d) using an isosurface of
0.02 a.u. Orbital energies are given in Hartrees.

Table S4: Cartesian coordinates of dihalogen complexes 1-7

‘ Atom type ‘ T ‘ Yy ‘ z ‘ ‘ Atom type ‘ T ‘ Yy ‘ z
F,---OH, Cl,- - - OH,
E = -275.65824 E = -995.78482
F 0.012431019 -0.386959569 0.000000000 CL 0.020320618 0.222572306 0.000000000
(0] 0.049559342 2.274274096 0.000000000 O 0.038496983 3.030078999 0.000000000
F -0.012083069 -1.810089955 0.000000000 CL -0.013654572 -1.804486643 0.000000000
H -0.396550940 2.660984073 0.759300576 H -0.421134587 3.399337359 0.760498875
H -0.396550940 2.660984073 -0.759300576 H -0.421134587 3.399337359 -0.760498875
F,---NH, Cl,- - NH,
E = -255.79740 E = -975.92614
F -0.335737109 0.000000000 0.000000000 CL -0.288680100 0.000000000 0.000000000
N 2.279248482 0.000000000 0.000000000 N -2.952464092 0.000000000 0.000000000
F -1.767928184 0.000000000 0.000000000 CL 1.758707678 0.000000000 0.000000000
H 2.662431813 -0.469847190 -0.813799204 H -3.327827864 0.471348271 -0.816399153
H 2.662431813 0.939694380 0.000000000 H -3.327827864 -0.942696541 0.000000000
H 2.662431813 -0.469847190 0.813799204 H -3.327827864 0.471348271 0.816399153
Fy---SH, Cl,---SH,
E = -598.25632 E = -1318.38273
F 0.027665115 -2.506187326 0.000000000 CL 0.023419952 -2.397342513 0.000000000
F -0.041774055 -1.082746594 0.000000000 CL -0.037961192 -0.366402121 0.000000000
S -0.047194112 2.008824605 0.000000000 S -0.040172772 2.842481402 0.000000000
H 0.881572072 1.963501254 -0.967824381 H 0.889488335 2.860100981 -0.968390371
H 0.881572072 1.963501254 0.967824381 H 0.889488335 2.860100981 0.968390371
Cl,---PHg
-1262.13818
CL 0.390720978 0.000000000 0.000000000
P -2.828759508 0.000000000 0.000000000
CL 2.424552488 0.000000000 0.000000000
H -3.581825246 0.600505569 -1.040106155
H -3.581825246 -1.201011138 0.000000000
H -3.581825246 0.600505569 1.040106155

2. Computed at CCSD(T)/aug-cc-pVTZ. the x, y, z coordinates are given in A and the energy (E) is in Hartree.



Table S5: Cartesian coordinates of

interhalogens complexes 8-25

Atom type

Atom type

FCL - - NF,
E = -913.11433
CL

Cl- - - NF,H
= -814.02484

L

Cl- - - NH,F
= -714.94925

L

Cl- - - NH,
= -615.89340
L

Q

-+~ NH,CN
= -707.96643

L

Cl- - - NH,Cl
= -1074.98320

L
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=
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Cl-- - OH,
= -635.74733
L

-1.605537311
1.178762130
-3.255027320
1.780462368
1.780462368
1.780462368

-0.121602803
0.066020834
0.398673184

-0.182204735

-0.182204735
1.331713534

2.405489048
0.756479467
-1.590479265
-1.914735252
-1.914735252
-2.422447525

-0.115991624
2.204304739
-1.818970520
2.562146782
2.562146782
2.562146782

2.689502623
1.112457568
-1.329708429
-1.392077114
-1.392077114
-2.243485344
-2.974336217

2.815632122
1.210104229
-1.048885033
-1.259460888
-1.259460888
-2.247206232

-2.249889834
-0.599385701
1.583429688
1.907519299
1.907519299
2.260056998
1.525018003

2.321531171

0.655259340
-1.595595437
-1.837536017
-1.837536017
-2.354414069
-3.287604375

-2.242284338
-0.553264166
1.592694131
1.789973574
1.789973574
2.363442396
2.085641859
2.085641859
3.444078039
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0.000000000
0.000000000
0.000000000
-0.615766106
1.231532212
-0.615766106

2.850622116
1.201645358
-1.351780703
-1.985789128
-1.985789128
-1.780763071

0.215395814
-0.104065945
-0.604714240
-1.117339444
-1.117339444

0.540409299

0.000000000
0.000000000
0.000000000
-0.474369405
0.948738809
-0.474369405

0.409594032
-0.115273934
-0.990450550
-1.562734999
-1.562734999

0.022104881

0.928609344

0.365973791
-0.143669755
-0.889989371
-1.455539030
-1.455539030

0.385128255

0.275041397
-0.180360963
-0.601740954
-1.097394366
-1.097394366

0.651943490

1.282042237

0.222162205
-0.113870503
-0.587217894
-1.122998384
-1.122998384
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0.000000000
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0.000000000
1.083485596
-1.083485596
0.000000000

0.000000000
0.000000000
0.000000000
1.094675603
-1.094675603
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
-1.091317918
1.091317918
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
1.086987619
-1.086987619
0.000000000
0.886643041
-0.886643041
0.000000000

0.000000000
0.000000000
0.000000000
0.969476450
-0.969476450

g lmmmoQu

. Computed at CCSD(T)/aug-cc-pVTZ. the x, y, z coordinates are given in A and the energy (E) is in Hartree.




Table S6: Cartesian coordinates of complexes 26-44

Atom type

Atom type

HCCCI- - - NH,
E = -592.80619

H
C

C

CL

N

H

H

H

NCCI- - - NH,
E = -608.89636
N

C

CL

N

H

H

H

O2NClI- - - NH,
E = -721.03538
CL

N

o

o

N

H

H

H

FH2P- - NH,
E = -498.35328
F

p

N

H

H

H

H

H

FHS. - NH,

E = -554.54106
s

F

N

H

H

H

H

FH---NH,

E = -156.85044
H

N

F

H

H

H

F3

E'= -299.10106
F

F

F

Cl,

E = -1379.28196
CL

CL

CL

FCIF

E = -1019.24965
CL

CL

F

FH,P- - - F-

E = -541.68039

3.865050892
2.802545657
1.591583919
-0.060456119
-3.132799693
-3.519771968
-3.519771968
-3.519771968

2.717308809

1.551211363
-0.096772635
-3.060239003
-3.449154070
-3.449154070
-3.449154070

-0.535291418
1.303400481
1.810429243
1.811722351

-3.307699690

-3.685462977

-3.689542582

-3.689542582

0.098328054
-0.140894748
0.060446112
0.958863624
-0.448021709
-0.448021709
0.786952679
0.786952679

0.181284204
1.841853155
-2.326144458
-0.052251468
-2.613041047
-2.743025126
-2.743025126

0.321576863
-1.373847914
1.274146369
-1.750550445
-1.750550445
-1.750550445

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
1.825720435
-1.825720435
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
-0.469269718
0.938539436
-0.469269718

0.000000000
0.000000000
0.000000000
0.000000000
-0.468993584
0.937987168
-0.468993584

0.000823432
-0.000221123
-1.091838935

1.090791559
-0.000357522
-0.942426034

0.469258828

0.469258828

-1.858874375

-0.232492435
2.422509101
2.895568050
2.754819860
2.754819860
0.061150118
0.061150118

0.103332464
-0.071197201
-0.049210424
-1.214434810

0.924219792
-0.481004397
-0.481004397

0.000000000
0.000000000
0.000000000
0.471131031
-0.942262061
0.471131031

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
-1.063689437
1.063689437

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
-0.812798994
0.000000000
0.812798994

0.000000000
0.000000000
0.000000000
0.000000000
-0.812320716
0.000000000
0.812320716

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
-0.814776345
0.814776345

0.000000000
0.000000000
0.000000000
0.000000000
-0.813433699
0.813433699
1.031500373
-1.031500373

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000
-0.818400169
0.818400169

0.000000000
0.000000000
0.000000000
-0.816022882
0.000000000
0.816022882

0.000000000
-1.738658324
1.738658324

0.000000000
-2.327707129
2.327707129

0.961107396
-3.416315322
4.519106337

-0.132137310
0.065090586
0.065090586
0.803490248
0.803490248

HCCCI- - - CI™
E = -996.13998
H

C

C

CL

CL

NCCl---CI™

E = -1012.24109
CL

CL

C

N

0,NCl. - - CI”
E = -1124.38726
CL

N

o

o

CL

FH2P- .- Cl

E = -901.69817
P

F

CL

H

H

FHS- .. ClI™

E = -957.88982
S

F

CL

H

FH...Cl
E = -560.19270
H

CL

FCIF

E = -659.21983
CL

F

F

Bry

E = -7718.06495
BR

BR

BR

FHF
-200.17074

H

F

F

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
1.085973748
-1.085973748
0.000000000

0.694766491
2.399731174
-1.947202856
0.486620909
0.486620909

-0.613897362
-2.391050996

1.873773647
-0.466344720

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

0.154301664
-0.106610697
-0.033840356
-0.779158841
-0.779158841

0.124337004
-0.087111917
-0.031757998
-1.200390294

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000

4.433562461

3.372097421

2.156631216
0.499964721
-2.524995381

2.452770130
-0.430549126
-2.089937925
-3.258962520

-0.190171477
1.766500350
2.325893021
2.325893021

-2.644961735

0.000000000
0.000000000
0.000000000
-1.040562036
1.040562036

0.000000000
0.000000000
0.000000000
0.000000000

-0.882782706
-1.853413993
1.032392946

0.000000000
-1.875270215
1.875270215

0.000000000
-2.567163316
2.567163316

0.000000000
-1.140076297
1.140076297

Hlmmem
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Computed at CCSD(T)/aug-cc-pVTZ. the x, y, z coordinates are given in A and the energy (E) is in Hartree.




