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QUANTUM CHEMISTRY METHODS

The CCSD(T)-F12/aug-cc-pVTZ computations utilized here are computed with the

MOLPRO 2015.1 quantum chemistry program.[1] The anharmonic frequencies are com-

puted via a fourth-order Taylor series expansion of the portion within the internuclear

Hamiltonian, a quartic force field or QFF.[2] Such explicitly correlated QFFs have shown

promise in producing closely comparable data to more advanced QFFs[3, 4] and even ex-

periment for fractions of the computational cost.[5, 6] The displacements for the 3B1 He2H
+

geometry follow those from other C2v triatomics,[7, 8] and those for 1Σg HeHHe+ are the

same from the previous work.[9] In either case, the force constants are fit via a least squares

approach and refit to give zero gradients. The force constants are transformed into Cartesian

coordinates in the INTDER program,[10] and fed into vibrational perturbation theory at

second-order (VPT)[11–13] in the SPECTRO program.[14] The double-harmonic vibrational

intensities are computed with MP2/aug-cc-pVDZ in the Gaussian09 program.[15, 16]

The relative energies are computed from the energies of the CCSD(T)-F12/aug-cc-pVTZ

optimized geometries. The harmonic frequencies are then computed, and the subsequent

ZPVE is then added to the energy of each molecule or atom. The one exception are the

anharmonic frequencies included in the discussion surrounding Figure 1 in the main text.

Then, simple products minus reactants chemical energy computations produce the relative

energy values that are collected in Figure 3.

The PESs are computed by displacements of 0.1 Å for any bond length coordinates and

2.0◦ for any bond angles. Figures 3 and 4 have the coordinates transformed into planar

Cartesian positions (x & y) for the positions of the respective H and He atoms. In all cases,

the energies are then made relative to the minima of each PES.

FIGURES

Figures SI and SII represent respectively the singlet 1Σg and triplet 3B1 PES, in Jacobi

coordinates. If X is the center of massof the He+2 fragment, R is the XH distance, r the He+2

bond length and θ is the angle berween the r and R vectors. Note that the origin of energy

is different between Figures SI and SII; the triplet minimum is ∆EO = 11.13 eV above the

singlet state minimum, in the non-ZPVE picture. Figure SIII is a one-D cut of the singlet
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FIG. SI. PES in Jacobi coordinates for the singlet ground state of HeHHe+.

FIG. SII. PES in Jacobi coordinates for the triplet first excited state of HeHHe+.

surface, along the X direction, showing the van der Waals minimum at large distance.
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FIG. SIII. Van der Waals minimum on the singlet surface relative to the global energy minimum:

A one-D cut of the PES for He drifting away from helonium HeH+.
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