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Table 1: Vibrationally-averaged (r0) or semi-experimental equilibrium (rSE
e ) structures

derived in this work.

Molecule / Parameter Value Molecule / Parameter Value
Structure Structure
H2S

a / rSEe HS 1.3360(1) HC7N
c / rSEe H1C2 1.06262(3)

HSH 92.19(2) C2C3 1.20930(4)
SO2

b / r0 SO 1.43510(2) C3C4 1.36397(7)
OSO 119.130(3) C4C5 1.2163(1)

C3O
c / rSEe C1C2 1.2678(12) C5C6 1.3574(2)

C2C3 1.2985(14) C6C7 1.2153(1)
C3O4 1.1471(10) C7C8 1.36954(7)

C3S
c / rSEe C1C2 1.2782(2) C8N9 1.16146(4)

C2C3 1.2950(5)
C2S4 1.5357(4)

a Vibrational corrections at the all-CCSD(T)/cc-pCVQZ level of theory. Ex-
perimental rotational constants employed in the fit were taken from refs. [1]
(H36

2 S), [2] (H33
2 S), [3] (D32

2 S), [4] (H32
2 S), and [5] (HDS).

b Using experimental rotational constants from refs. [6] (SO2), [7] (
34SO2

and S18O16O), and [8] (33SO2 and S17O16O).
c Vibrational corrections at the fc-MP2/cc-pVTZ level of theory. For C3O, all
experimental data were taken from ref. [9] except that for the parent species
which comes from ref. [10]. For C3S, all data were taken from ref. [11]. For
HC7N, the experimental rotational constants were taken from ref. [12] for all
isotopologues but DC7N; for this latter, the rotational constant is from ref.
[13].
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Table 2: Set of linear protonated species: computed ground-state rotational constants
(MHz). Relative errors (%) (listed in square brackets) with respect to experimental data.

Molecule HCNH+ HC3NH+ HC5NH+ HC7NH+

Expt.a 37055.7482(3) 4328.9970(5) 1295.8159(3) 553.938802(160)
Ref. [14] [15] [16] [17]

Lego-brick
Ref. [18] [19] [20] This workb

(TM) 37069.804 [0.04] 4326.580 [−0.06] 1294.982 [−0.06] 554.373 [0.08]
(TM+LR) 37088.561 [0.09] 4326.670 [−0.05] 1295.040 [−0.06] 554.386 [0.08]

LETSGO
Ref. (r0) [21] (r0) [22] (r0) [20] (r0) [12]
(TM) 36922.903 [−0.36] 4326.711 [−0.05] 1296.145 [0.03] 554.450 [0.09]
(TM+LR) 36941.529 [−0.31] 4327.164 [−0.04] 1296.204 [0.03] 554.436 [0.09]

revDSD/junTZ 36842.381 [−0.58] 4308.438 [−0.47] 1289.854 [−0.46] 551.687 [−0.41]

∆Bvib −223.480 −2.418 1.020 0.744

Molecule HCCNCH+ NCCNH+ NC4NH+ HOC+

Expt.a 4664.431891(692) 4438.0116(11) 1293.90840(60) 44743.9141(35)
Ref. [23] [15] [24] [25]

Lego-brick
Ref. [26, 27] [28] [28] [29]
(TM) 4664.691 [0.01] 4435.814 [−0.05] 1293.384 [−0.04] 44815.067 [0.16]
(TM+LR) 4665.431 [0.02] 4436.339 [−0.04] 1293.435 [−0.04] 44596.740 [−0.33]

LETSGO
Ref. (r0) [22] (rs) [30] (rα0) [31] (r0) [32]
(TM) 4661.906 [−0.05] 4436.172 [−0.04] 1304.427 [0.81] 44645.936 [−0.22]
(TM+LR) 4662.547 [−0.04] 4436.653 [−0.03] 1305.478 [0.82] 44765.533 [0.38]

revDSD/junTZ 4646.906 [−0.38] 4414.589 [−0.53] 1289.323 [−0.36] 44539.617 [−0.46]

∆Bvib −3.196 −1.472 1.065 −21.600
Molecule HCO+ HC3O+ HC3S+ HCCS+ [3Σ−]

Expt.a 44594.42895(27) 4460.590(1) 2735.46311(23) 6021.89878(55)
Ref. [33] [34] [35] [36]

Lego-brick
Ref. [29] This workb This workb [37]
(TM) 44513.954 [−0.18] 4466.338 [0.13] 2733.445 [−0.07] 6126.033 [1.73]
(TM+LR) 44548.842 [−0.10] 4477.058 [0.15] 2733.767 [−0.06] 6127.143 [1.75]

LETSGO
Ref. (r0) [32] (rs) [38] (rs) [39] (rs) [40]
(TM) 44345.081 [−0.56] 4468.601 [0.18] 2732.767 [−0.10] 6124.207 [1.70]
(TM+LR) 44379.735 [−0.48] 4469.217 [0.19] 2733.088 [−0.09] 6125.316 [1.72]

revDSD/junTZ 44217.353 [−0.85] 4433.081 [−0.62] 2712.853 [−0.83] 6031.082 [0.15]

∆Bvib −241.526 −1.395 −1.788 0.601

a Values in parentheses denote 1σ error and apply to last digits.
b The SE equilibrium structures of HC7N, C3O and C3S are available in Table 1.
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Table 4: Computed ground-state rotational constants for symmetric-top molecules (MHz).
Relative errors (%) (listed in square brackets) with respect to experimental data.

Molecule CH3CNH+ CH3CO+ NH3D+ SH3
+ H3O+

Rot. constant B0 B0 B0 B0 B0

Expt.a 8590.5589(10) 9134.47211(20) 131412.1315(130) 146737.6663(13) 331411.766(107)
Ref. [57] [58] [59] [60] [61]

Lego-brick
Ref. [62] [63] [18] This workb [18]
(TM) 8594.776 [0.05] 9132.590 [−0.02] 131268.635 [−0.11] 146788.081 [0.03] 332416.058 [0.30]
(TM+LR) 8596.115 [0.06] 9135.177 [0.01] 131052.052 [−0.27] - 329508.111 [−0.57]

LETSGO
Ref. (rs) [64] (r0) [63] (r0) [21] (r0) [65] (r0) [21]
(TM) 8584.797 [−0.07] 91144.593[−0.22] 131060.667 [−0.27] 143188.675 [−2.42] 333753.168 [0.71]
(TM+LR) 8587.266 [−0.04] 9117.145 [−0.19] 131898.638 [0.37] - 330426.601 [−0.30]

revDSD/junTZ 8553.738 [−0.43] 9082.291 [−0.57] 130660.147 [−0.57] 146049.942 [−0.47] 329769.185 [−0.50]

∆Bvib −26.476 −26.977 −1974.076 −1629.101 81.148

a Values in parentheses denote 1σ error and apply to last digits.
b The SE equilibrium structure of H2S is available in Table 1.

Table 5: Computed ground-state rotational constants for the “application” subset of
molecules (MHz).

Molecule C6H7
+ C7H5NH+

Rot. constants A0 B0 C0 A0 B0 C0

Lego-brick
Ref.a [66] [67]
(TM) 5443.973 5297.062 2727.236 5544.195709 1505.175743 1183.642453
(TM+LR) 5445.413 5297.508 2727.479 5544.195709 1505.249566 1183.688214

revDSD/junTZ 5419.571 5289.534 2719.081 5515.274783 5289.533736 1182.272605

∆Bvib -35.574 −36.165 −18.37 −46.318 −4.976 −5.334

Molecule Protonated Quinoline Protonated Isoquinoline

Rot. constants A0 B0 C0 A0 B0 C0

Lego-brick
Ref.b [68] [68]
(TM) 3095.012 1246.919 889.007 3135.851 1215.081 875.921
(TM+LR) 3095.192 1246.919 889.022 3135.898 1215.115 875.941

revDSD/junTZ 3085.062 1243.380 886.388 3111.576 1218.670 875.876

∆Bvib −23.938 −8.102 −5.912 −24.594 −7.822 −5.807

a References for the rSE
e structures of benzene and benzonitrile.

b Reference for the TM structures of quinoline and isoquinoline.
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HC3N, Mol. Phys. 78 (1) (1993) 166.

8



[20] L. Bizzocchi, C. Degli Esposti, P. Botschwina, Millimeter-wave Spec-
troscopy of Rare Isotopomers of HC5N and DC5N: Determination of
a Mixed Experimental–theoretical Equilibrium Structure for Cyanobu-
tadiyne, J, Mol. Spectr. 225 (2) (2004) 145–151.

[21] M. Piccardo, E. Penocchio, C. Puzzarini, M. Biczysko, V. Barone,
Semi-Experimental Equilibrium Structure Determinations by Employ-
ing B3LYP/SNSD Anharmonic Force Fields: Validation and Applica-
tion to Semirigid Organic Molecules, J. Phys. Chem. A. 119 (10) (2015)
2058.
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