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Table (SM-1). Optimized CCSD(T) Bond Lengths (Å) for HX for (X = F, Cl, Br, and I).  

Molecule Basis Set RHX 

HF (1Σ - C∞v) aVDZ 0.9242
 aVTZ 0.9210
 aVQZ 0.9177
HCl (1Σ - C∞v) aVDZ 1.2872
 aVTZ 1.2760
 aVQZ 1.2760
HBr (1Σ - C∞v) aVDZ 1.4288
 aVTZ 1.4196
 aVQZ 1.4189
HI (1Σ - C∞v) aVDZ 1.6235
 aVTZ 1.6198
 aVQZ 1.6178
 

 



Table (SM-2). Optimized CCSD(T) Bond Lengths (Å) and Bond Angles (°) for BX, HBX, BX2, and H(3-n)BXn for (X = F, Cl, Br, I, 

NH2, OH,  and SH).  

Molecule Basis Set RHX R RHB BX ∠ HBX ∠ HXB ∠ XBX 

BF (1Σ+ - C∞v) aVDZ 1.3101 
HBF (2A′ - Cs) aVDZ - 1.2166 1.3429 120.5 120.5 -
H2BF (1A1 - C2v) aVDZ - 1.2063 1.3558 117.4 117.4 -
HBF2 (1A1 - C2v) aVDZ - 1.1970 1.3449 121.2 121.2 -
BF2 (2A1 - C2v) aVDZ 1.3411 120.3
BF3 (1A′1 - D3h) aVDZ - - 1.3370 - - 120.0
BCl (1Σ+ - C∞v) aVDZ 1.7496 
HBCl (2A′ - Cs) aVDZ - 1.2063 1.7463 122.7 122.7 -
H2BCl (1A1 - C2v) aVDZ - 1.2011 1.7592 118.1 118.1 -
HBCl2 (1A1 - C2v) aVDZ - 1.1963 1.7569 119.6 119.6 -
BCl2 (2A1 - C2v) aVDZ 1.7465 125.3
BCl3 (1A′1 - D3h) aVDZ - - 1.7581 - - 120.0
BBr (1Σ+ - C∞v) aVDZ 1.9278 
HBBr (2A′ - Cs) aVDZ - 1.2059 1.8975 123.1 123.1 -
H2BBr (1A1 - C2v) aVDZ - 1.2002 1.9165 117.9 117.9 -
HBBr2 (1A1 - C2v) aVDZ - 1.1964 1.9146 119.2 119.2 -
BBr2 (2A1 - C2v) aVDZ 1.9066 126.3
BBr3 (1A′1 - D3h) aVDZ - - 1.9196 - - 120.0
BI (1Σ+ - C∞v) aVDZ 2.1693 
HBI (2A′ - Cs) aVDZ 1.2057 - 2.1115 124.2 124.2 -



H2BI (1A1 - C2v) aVDZ - 1.1999 2.1316 118.0 118.0 -
HBI2 (1A1 - C2v) aVDZ - 1.1975 2.1333 118.6 118.6 -
BI2 (2A1 - C2v) aVDZ 2.1256 128.3
BI3 (1A′1 - D3h) aVDZ - - 2.1462 - - 120.0
B(NH2) (1A1 - C2v) aVDZ 1.0193 1.3997 122.6
HB(NH2) (2A′ - Cs) aVDZ 1.0148/1.0191 1.2080 1.3975 124.0 123.1/123.4 -
B(OH) (1A′ - Cs) aVDZ 0.9704 1.3295 118.9
HB(OH) (2A′ - Cs) aVDZ 0.9676 1.2120 1.3621 120.3 112.8 -
B(SH) (1A′ - Cs) aVDZ 1.3590 1.8402 86.9
HB(SH) (2A′ - Cs) aVDZ 1.3544 1.2035 1.7757 123.6 98.8 -
H2B(SH) (1A′ - Cs) aVDZ 1.3522 1.2035/1.2023 1.7930 122.8/116.1 98.6 -
HB(SH)2 (1A′ - Cs) aVDZ 1.3541/1.3509 1.2013 1.8095/1.8127 116.5/121.1 98.4/96.7 122.3
B(SH)3 (1A′ - C3h) aVDZ 1.3526 - 1.8252 - 97.3 120.0



Table SM-3. CCSD(T) Total Energies (Eh) as a Function of the Basis Set.a,b 

Molecule Basis Set Eh 

HF  aVDZ -100.263641
 aVTZ -100.349577
 aVQZ -100.377384
 CBS (DTQ) -100.393207
HCl  aVDZ -460.279700
 aVTZ -460.345710
 aVQZ -460.365829
 CBS (DTQ) -460.377143
HBr  aVDZ -2573.126878
 aVTZ -2573.252497
 aVQZ -2573.271275
 CBS (DTQ) -2573.279602
HI  aVDZ -295.759015
 aVTZ -296.166874
 aVQZ -296.352160
 CBS (DTQ) -296.463334
BF aVDZ -124.404497
 aVTZ -124.509794
 aVQZ -124.541670
 CBS (DTQ) -124.559572
BCl aVDZ -484.390708
 aVTZ -484.466045
 aVQZ -484.490162
 CBS (DTQ) -484.503857
BBr aVDZ -2597.232148
 aVTZ -2597.366396
 aVQZ -2597.388952
 CBS (DTQ) -2597.399536
BI aVDZ -319.886087
 aVTZ -320.317928
 aVQZ -320.511227
 CBS (DTQ) -320.626986
B(NH2) aVDZ -80.535312



 aVTZ -80.601842 

 aVQZ -80.621190
 CBS (DTQ) -80.631964
B(OH) aVDZ -100.405366
 aVTZ -100.489204
 aVQZ -100.514653
 CBS (DTQ) -100.528952
B(SH) aVDZ -422.97651
 aVTZ -423.041127
 aVQZ -423.060226
 CBS (DTQ) -423.070898
HBF aVDZ -124.981158
 aVTZ -125.089645
 aVQZ -125.122166
 CBS (DTQ) -125.140392
HBCl aVDZ -484.980146
 aVTZ -485.066351
 aVQZ -485.092433
 CBS (DTQ) -485.107079
HBBr aVDZ -2597.832147
 aVTZ -2597.972736
 aVQZ -2597.996443
 CBS (DTQ) -2598.007585
HBI aVDZ -320.490516
 aVTZ -320.929537
 aVQZ -321.123862
 CBS (DTQ) -321.240064
HB(NH2) aVDZ -81.147462
 aVTZ -81.218880
 aVQZ -81.239293
 CBS (DTQ) -81.250618
HB(OH) aVDZ -100.995257
 aVTZ -101.083048
 aVQZ -101.109261
 CBS (DTQ) -101.123940
HB(SH) aVDZ -423.598094



 aVTZ -423.668974
 aVQZ -423.689388
 CBS (DTQ) -423.700732
H2BF aVDZ -125.650880
 aVTZ -125.764191
 aVQZ -125.797692
 CBS (DTQ) -125.816414
H2BCl aVDZ -485.654953
 aVTZ -485.742082
 aVQZ -485.768429
 CBS (DTQ) -485.783222
H2BBr aVDZ -2598.499257
 aVTZ -2598.645607
 aVQZ -2598.670433
 CBS (DTQ) -2598.682132
H2BI aVDZ -321.156760
 aVTZ -321.601732
 aVQZ -321.797129
 CBS (DTQ) -321.913849
H2B(OH) aVDZ -101.662709
 aVTZ -101.756208
 aVQZ -101.783552
 CBS (DTQ) -101.798798
H2B(SH) aVDZ -424.265003
 aVTZ -424.341412
 aVQZ -424.362804
 CBS (DTQ) -424.374617
HBF2 aVDZ -224.794050
 aVTZ -224.994841
 aVQZ -225.055564
 CBS (DTQ) -225.089658
HBCl2 aVDZ -944.792619
 aVTZ -944.940467
 aVQZ -944.986867
 CBS (DTQ) -945.013113
HBBr2 aVDZ -5170.480063



 aVTZ -5170.746485
 aVQZ -5170.789876
 CBS (DTQ) -5170.809952
HBI2 aVDZ -615.765406
 aVTZ -616.612984
 aVQZ -616.993093
 CBS (DTQ) -617.220781
HB(NH)2 aVDZ -137.099872
 aVTZ -137.228113
 aVQZ -137.264476
 CBS (DTQ) -137.284614
HB(OH)2 aVDZ -176.810363
 aVTZ -176.969919
 aVQZ -177.018071
 CBS (DTQ) -177.045095
HB(SH)2 aVDZ -822.005327
 aVTZ -822.131765
 aVQZ -822.168167
 CBS (DTQ) -822.188393
BF2 aVDZ -224.117464
 aVTZ -224.314126
 aVQZ -224.374083
 CBS (DTQ) -224.407803
BCl2 aVDZ -944.124497
 aVTZ -944.266983
 aVQZ -944.312341
 CBS (DTQ) -944.338069
BBr2 aVDZ -5169.814369
 aVTZ -5170.075418
 aVQZ -5170.117709
 CBS (DTQ) -5170.137228
BI2 aVDZ -615.103115
 aVTZ -615.945125
 aVQZ -616.324265
 CBS (DTQ) -616.551491
B(NH2)2 aVDZ -136.426791



 aVTZ -136.549525
 aVQZ -136.584930
 CBS (DTQ) -136.604610
B(OH)2 aVDZ -176.136506
 aVTZ -176.291572
 aVQZ -176.338706
 CBS (DTQ) -176.365197
B(SH)2 aVDZ -821.337370
 aVTZ -821.459517
 aVQZ -821.495092
 CBS (DTQ) -821.514909
BF3 aVDZ -323.928009
 aVTZ -324.214740
 aVQZ -324.302722
 CBS (DTQ) -324.352267
BCl3 aVDZ -1403.923303
 aVTZ -1404.131839
 aVQZ -1404.198366
 CBS (DTQ) -1404.236117
BBr3 aVDZ -7742.454187
 aVTZ -7742.841032
 aVQZ -7742.903067
 CBS (DTQ) -7742.931561
BI3 aVDZ -910.369067
 aVTZ -911.619742
 aVQZ -912.184587
 CBS (DTQ) -912.523241
B(NH2)3 aVDZ -192.373244
 aVTZ -192.551232
 aVQZ -192.602145
 CBS (DTQ) -192.630395
B(OH)3 aVDZ -251.953120
 aVTZ -252.177163
 aVQZ -252.245944
 CBS (DTQ) -252.284679
B(SH)3 aVDZ -1219.739166



 aVTZ -1219.915703
 aVQZ -1219.967127
 CBS (DTQ) -1219.995773
a Dissociation is with respect to RCCSD(T) atoms for closed shell atoms and 

R/UCCSD(T) for open shell atoms.  Symmetry equivalencing of the px, py and pz 

orbitals was not imposed in the atomic calculations. The I RECP has a 28 electron core  

leaving 25 electrons to be explicitly treated.   
b CBS (DTQ) values from Eq. 1 (see text) obtained with the aVnZ basis sets with  n = D, 

T, Q. 



Table SM-4. CCSD(T)/aVnZ-PP (n = D, T, Q) Total Energies (Eh) as a Function of the Basis Set.a,b 

Molecule Basis Set Eh 

HBr  aVDZ-PP -416.230147
 aVTZ-PP -416.298131
 aVQZ-PP -416.315603
 CBS (DTQ-PP) -416.325057
HI  aVDZ-PP -295.369811
 aVTZ-PP -295.423675
 aVQZ-PP -295.441408
 CBS (DTQ-PP) -295.451530
BBr aVDZ-PP -440.336703
 aVTZ-PP -440.413079
 aVQZ-PP -440.434273
 CBS (DTQ-PP) -440.445954
BI aVDZ-PP -319.467324
 aVTZ-PP -319.529677
 aVQZ-PP -319.550841
 CBS (DTQ-PP) -319.562990
HBBr aVDZ-PP -440.935945
 aVTZ-PP -441.018655
 aVQZ-PP -441.041047
 CBS (DTQ-PP) -441.053306
HBI aVDZ-PP -320.071343



 aVTZ-PP -320.140257
 aVQZ-PP -320.162511
 CBS (DTQ-PP) -320.175170
H2BBr aVDZ-PP -441.602844
 aVTZ-PP -441.691411
 aVQZ-PP -441.714942
 CBS (DTQ-PP) -441.727779
H2BI aVDZ-PP -320.737180
 aVTZ-PP -320.811863
 aVQZ-PP -320.835221
 CBS (DTQ-PP) -320.848425
HBBr2 aVDZ-PP -856.687532
 aVTZ-PP -856.838352
 aVQZ-PP -856.879134
 CBS (DTQ-PP) -856.901476
HBI2 aVDZ-PP -614.956166
 aVTZ-PP -615.079505
 aVQZ-PP -615.119943
 CBS (DTQ-PP) -615.143009
BBr2 aVDZ-PP -856.022289
 aVTZ-PP -856.167591
 aVQZ-PP -856.207189
 CBS (DTQ-PP) -856.228920
BI2 aVDZ-PP -614.294607



 aVTZ-PP -614.412500
 aVQZ-PP -614.451905
 CBS (DTQ-PP) -614.474463
BBr3 aVDZ-PP -1271.765737
 aVTZ-PP -1271.979143
 aVQZ-PP -1272.037184
 CBS (DTQ-PP) -1272.069022
BI3 aVDZ-PP -909.170019
 aVTZ-PP -909.342589
 aVQZ-PP -909.400121
 CBS (DTQ-PP) -909.433040
a Dissociation is with respect to RCCSD(T) atoms for closed shell atoms and R/UCCSD(T) for open shell atoms.  Symmetry 

equivalencing of the px, py and pz orbitals was not imposed in the atomic calculations. The Br and I RECP has a 10 and 28 electron 

core respectively, leaving 25 electrons to be explicitly treated.   
b CBS (DTQ) values from Eq. 1 (see text) obtained with the aVnZ-PP basis sets with  n = D, T, Q. 



Table SM-5. Calculated Vibrational MP2/aVTZ Frequencies (cm-1). 

Molecule Symmetry Calculated 

HF (C∞v)a ωe 4256.1 

 ωexe 6.01 

BF (C∞v)a ωe 1390.7 

 ωexe 11.9 

HBF (Cs) a′ 2614.9 

 a 1317.1 ′ 

 a 1023.5 ′ 

H2BF (C2v) a1 2638.4 

 a 1363.9 1 

 a 1189.0 1 

 b 1105.6 1 

 b 2741.5 2 

 b 1035.6 2 

HBF2 (C2v) a1 2759.7 

 a 1169.6 1 

 a 535.9 1 

 b 944.4 1 

 b 1421.7 2 

 b 1116.5 2 



BF2 (C2v) a1 1157.8 

 a 518.0 1 

 b 1417.7 2 

BF3 (D3h) e′ 1463.9 

 e 1463.9 ′ 

 e 474.9 ′ 

 e 474.9 ′ 

 a 887.9 1′ 

 a 691.1 2″ 

HCl (C∞v)a ωe 3039.7 

 ωexe 4.30 

BCl (C∞v)a ωe 834.5 

 ωexe 5.4 

HBCl (Cs) a′ 2697.9 

 a 922.6 ′ 

 a 857.0 ′ 

H2BCl (C2v) a1 2666.3 

 a 1256.5 1 

 a 840.9 1 

 b 1021.9 1 

 b 2778.9 2 



 b 883.8 2 

HBCl2 (C2v) a1 2748.9 

 a 749.6 1 

 a 293.7 1 

 b 803.2 1 

 b 1114.7 2 

 b 919.1 2 

BCl2 (C2v) a1 711.0 

 a 285.4 1 

 b 1004.8 2 

BCl3 (D3h) e′ 977.3 

 e 977.3 ′ 

 e 256.2 ′ 

 e 256.2 ′ 

 a 482.4 1′ 

 a 460.8 2″ 

HBr (C∞v)a ωe 2678.2 

 ωexe 3.79 

BBr (C∞v)a ωe 680.1 

 ωexe 3.7 

HBBr (Cs) a′ 2707.8 



 a 864.3 ′ 

 a 738.6 ′ 

H2BBr (C2v) a1 2674.2 

 a 1237.1 1 

 a 711.3 1 

 b 996.7 1 

 b 2792.5 2 

 b 838.5 2 

HBBr2 (C2v) a1 2753.0 

 a 614.7 1 

 a 183.7 1 

 b 755.8 1 

 b 1068.4 2 

 b 811.0 2 

BBr2 (C2v) a1 567.7 

 a 178.3 1 

 b 889.0 2 

BBr3 (D3h) e′ 850.3 

 e 850.3 ′ 

 e 155.8 ′ 

 e 155.8 ′ 



 a 291.5 1′ 

 a 394.5 2″ 

HI (C∞v)a ωe 2324.7 

 ωexe 39.0 

BI (C∞v)a ωe 573.5 

 ωexe 2.7 

HBI (Cs) a′ 2707.8 

 a 790.9 ′ 

 a 644.9 ′ 

H2BI (C2v) a1 2673.0 

 a 1200.0 1 

 a 619.4 1 

 b 959.6 1 

 b 2794.3 2 

 b 760.4 2 

HBI2 (C2v) a1 2740.5 

 a 515.3 1 

 a 125.1 1 

 b 694.1 1 

 b 993.0 2 

 b 720.1 2 



BI2 (C2v) a1 509.8 

 a 121.6 1 

 b 799.9 2 

BI3 (D3h) e′ 738.3 

 e 738.3 ′ 

 e 104.5 ′ 

 e’ 104.5 

 a 202.4 1′ 

 a 323.7 2″ 

B(NH2) (C2v)b a1 3539.6 

 a 1572.1 1 

 a 1251.9 1 

 b 401.9 1 

 b 3651.6 2 

 b 610.7 2 

HB(NH2) (Cs) a′ 3698.8 

 a 3581.9 ′ 

 a 2676.0 ′ 

 a 1627.4 ′ 

 a 1320.2 ′ 

 a 1078.6 ′ 



 a 753.8 ′ 

 a 851.3 ″ 

 a 590.3 ″ 

HB(NH2)2 (C2v) a1 3771.7 

 a 3655.6 1 

 a 2650.5 1 

 a 1638.5 1 

 a 1199.8 1 

 a 928.5 1 

 a 394.5 1 

 b 941.6 1 

 b 605.1 1 

 b 355.7 1 

 b 3773.0 2 

 b 3655.9 2 

 b 1642.1 2 

 b 1441.2 2 

 b 1109.7 2 

 b 816.4 2 

 a 460.1 2 

 a 310.6 2 



B(NH2)2 (C2v) a1 3737.5 

 a 3595.2 1 

 a 1624.7 1 

 a 1157.2 1 

 a 926.0 1 

 a 370.0 1 

 b 573.2 1 

 b 361.6 1 

 b 3738.2 2 

 b 3597.4 2 

 b 1623.6 2 

 b 1416.8 2 

 b 837.5 2 

 a 348.9 2 

 a 306.9 2 

B(NH2)3 (Cs) a′ 3768.4 

 a 3660.4 ′ 

 a 3650.3 ′ 

 a 1648.1 ′ 

 a 1638.8 ′ 

 a 1406.8 ′ 



 a 608.7 ′ 

 a 480.3 ′ 

 a 377.6 ′ 

 a 326.7 ′ 

 a 286.4 ′ 

 a 3768.8 ″ 

 a 3756.6 ″ 

 a 3659.7 ″ 

 a 1636.9 ″ 

 a 1412.1 ″ 

 a 940.6 ″ 

 a 843.7 ″ 

 a 376.2 ″ 

 a 175.4 ″ 

 a 114.7 ″ 

B(OH) (Cs)b a′ 3824.0 

 a 1391.7 ′ 

 a 621.4 ′ 

HB(OH) (Cs) a′ 3849.2 

 a 2648.1 ′ 

 a 1330.7 ′ 



 a 114.7 ′ 

 a 885.3 ′ 

 a 768.9 ″ 

H2B(OH) (Cs) a′ 3835.9 

 a 2705.0 ′ 

 a 2601.6 ′ 

 a 1338.2 ′ 

 a 1187.1 ′ 

 a 1161.2 ′ 

 a 884.3 ′ 

 a 1066.7 ″ 

 a 779.6 ″ 

HB(OH)2 (Cs) a′ 3887.7 

 a 3886.3 ′ 

 a 2688.7 ′ 

 a 1439.6 ′ 

 a 1236.2 ′ 

 a 1122.4 ′ 

 a 1003.3 ′ 

 a 968.3 ′ 

 a 470.1 ′ 



 a 939.9 ″ 

 a 627.2 ″ 

 a 530.1 ″ 

B(OH)2 (Cs) a′ 3838.9 

 a 3776.1 ′ 

 a 1426.9 ′ 

 a 1203.3 ′ 

 a 969.4 ′ 

 a 965.1 ′ 

 a 448.9 ′ 

 a 569.5 ″ 

 a 468.6 ″ 

B(OH)3 (C3h) e′ 3876.7 

 e 3876.7 ′ 

 e 1455.6 ′ 

 e 1455.6 ′ 

 e 1019.9 ′ 

 e 1019.9 ′ 

 e 423.6 ′ 

 e 423.6 ′ 

 e 532.2 ″ 



 e 532.2 ″ 

 a 3876.5 ′ 

 a 1021.1 ′ 

 a 875.6 ′ 

 a 669.5 ″ 

 a 443.2 ″ 

B(SH) (Cs)b a′ 2649.7 

 a 771.9 ′ 

 a 568.7 ′ 

HB(SH) (Cs) a′ 2739.9 

 a 2725.6 ′ 

 a 922.9 ′ 

 a 877.6 ′ 

 a 693.6 ′ 

 a 723.7 ″ 

H2B(SH) (Cs) a′ 2715.8 

 a 2667.2 ′ 

 a 2615.8 ′ 

 a 1206.4 ′ 

 a 971.9 ′ 

 a 807.1 ′ 



 a 676.0 ′ 

 a 950.8 ″ 

 a 656.1 ″ 

HB(SH)2 (Cs) a′ 2681.6 

 a 2671.7 ′ 

 a 2650.6 ′ 

 a 1117.6 ′ 

 a 935.0 ′ 

 a 849.3 ′ 

 a 797.3 ′ 

 a 618.4 ′ 

 a 238.3 ′ 

 a 807.4 ″ 

 a 426.2 ″ 

 a 361.0 ″ 

B(SH)2 (Cs) a′ 2752.2 

 a 2679.2 ′ 

 a 1034.6 ′ 

 a 892.7 ′ 

 a 791.3 ′ 

 a 585.6 ′ 



 a 215.3 ′ 

 a 402.7 ″ 

 a 320.5 ″ 

B(SH)3 (C3h) e′ 2752.7 

 e 2752.7 ′ 

 e 1032.0 ′ 

 e 1032.0 ′ 

 e 776.9 ′ 

 e 776.9 ′ 

 e 212.1 ′ 

 e 212.1 ′ 

 e 369.2 ″ 

 e 369.2 ″ 

 a 2748.7 ′ 

 a 830.0 ′ 

 a 448.6 ′ 

 a 416.3 ″ 

 a 219.4 ″ 
a Diatomic molecule frequencies calculated at the CCSD(T) level with either the aVTZ or aVTZ-PP basis sets with a 5th order fit. 
b Frequencies calculated at the CCSD(T) level with either the aVTZ or aVTZ-PP basis sets. 



Table (SM-6). Components for Calculated Atomization Energies in kcal/mol for HX (X = F, Cl, Br, and I). 

Molecule CBSa ΔEZPE
b ΔECV

c ΔESR
d ΔESO

e ΣD0(0K)f 

HF  141.88 5.85 0.16 -0.22 -0.38 135.58 

HCl  107.42 4.24 0.18 -0.19 -0.84 103.44 

HBr  93.69 3.76 0.56 -0.57 -3.50 86.41 

HI  79.38 3.29 0.83 0.01 -7.24 69.69 

a Extrapolated by using Equation (1) with  aVnZ, n = D, T, Q  

b The zero point energies were obtained as described in the text. 

c Core-valence corrections were obtained with the cc-pwCVTZ (F, Cl and Br) and cc-pwCVTZ-PP (I) basis sets at the optimized 

CCSD(T)/aVTZ or CCSD(T)/aVTZ-PP geometries. 

d The scalar relativistic correction is based on a CISD(FC)/VTZ MVD calculation and is expressed relative to the CISD result without the 

MVD correction, i.e. including the existing relativistic effects resulting from the use of a relativistic effective core potential.  For HBr, the 

relativistic calculation was calculated using the DKH method as described in the text. 

e Correction due to the incorrect treatment of the atomic asymptotes as an average of spin multiplets.  Values are based on C. Moore’s 

Tables, ref. [36].   

f The theoretical value of the dissociation energy to atoms ΣD0(0K). 



Table SM-7. Components for Calculated Atomization Energies in kcal/mol for BX, HBX, BX2, and H(3-n)BXn for (X = Br and I). 

Molecule CBSa ΔEZPE
b ΔECV

c ΔESR
d ΔESO

e ΣD0(0K)f 

BBr 104.65 0.97 0.85 -0.09 -3.53 100.91 

BI 85.10 0.82 1.35 -0.01 -7.27 78.35 

HBBr 172.02 6.16 1.32 -0.13 -3.53 163.52 

HBI 155.49 5.92 1.82 -0.07 -7.27 144.04 

H2BBr 281.50 13.23 1.60 -0.15 -3.53 266.19 

H2BI 264.21 12.87 2.16 -0.08 -7.27 246.15 

HBBr2 279.54 8.87 2.28 -0.25 -7.03 265.67 

HBI2 245.11 8.27 3.41 -0.10 -14.51 225.64 

BBr2 171.26 2.34 1.93 -0.22 -7.03 163.60 

BI2 139.34 2.05 2.93 -0.09 -14.51 125.63 

BBr3 273.71 3.89 2.95 -0.36 -10.53 261.88 

BI3 223.15 3.16 4.68 -0.11 -21.75 202.81 
a Extrapolated by using Equation (1) with  aVnZ-PP, n = D, T, Q. 

b The zero point energies were obtained as described in the text. 

c Core-valence corrections were obtained with the cc-pwCVTZ (B, N, O, F, S, Cl) and cc-pwCVTZ-PP (Br and I) basis sets at the 

optimized MP2/aVTZ-PP geometries. 



d The scalar relativistic correction is based on a CISD(FC)/VTZ MVD calculation and is expressed relative to the CISD result without the 

MVD correction, i.e. including the existing relativistic effects resulting from the use of a relativistic effective core potential. 

e Correction due to the incorrect treatment of the atomic asymptotes as an average of spin multiplets.  Values are based on C. Moore’s 

Tables, ref. [36].   

f The theoretical value of the dissociation energy to atoms ΣD0(0K). 



Table SM-8. Electronic Contribution to the CCSD(T)/CBS Singlet-Triplet Splitting 

(kcal/mol) in the BX compounds where X = F, Cl, Br, I, NH2, OH, and SH. 

Molecule aVDZ aVTZ aVQZ CBS (DTQ) 

BF  81.3 82.8 83.2 83.4 

BCl  58.5 57.9 57.9 57.9 

BBr  54.2 53.4 53.4 53.4 

BI  48.0 46.9 47.0 47.0 

B(NH2)  46.8 47.5 47.7 47.8 

B(OH)  68.4 69.6 70.0 70.3 

B(SH)   34.4 33.7 33.5 33.4 



Table SM-9. T1 Diagnostics calculated at the CCSD(T)/aVQZ level.  

Molecule T1 Diagnostics 

BF  0.0157 
HBF  0.0171 
H2BF  0.0128 
HBF2 0.0127 
BF2  0.0156 
BF3  0.0118 
BCl  0.0161 
HBCl  0.0168 
H2BCl  0.0113 
HBCl2  0.0112 
BCl2  0.0157 
BCl3  0.0107 
BBr  0.0186 
HBBr  0.0192 
H2BBr  0.0132 
HBBr2  0.0134 
BBr2  0.0188 
BBr3  0.0129 
BI  0.0227 
HBI  0.0229 
H2BI  0.0162 
HBI2  0.0166 
BI2  0.0229 
BI3  0.0161 
B(NH2) 0.0137 
HB(NH2)  0.0148 
HB(NH2)2  00105 
B(NH2)2  0.0127 
B(NH2)3  0.0102 
B(OH)  0.0157 
HB(OH)  0.0169 
H2B(OH)  0.0134 



HB(OH)2 0.0126 
B(OH)2  0.0154 
B(OH)3  0.0115 
B(SH)  0.0188 
HB(SH)  0.0197 
H2B(SH)  0.0147 
HB(SH)2  0.0142 
B(SH)2  0.0176 
B(SH)3  0.0137 
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