Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2017

Electronic Supplementary Information

Nonadiabatic quantum dynamics calculations of transition state
spectroscopy of I + HI and I + DI reactions: the existence of long life
vibrational bonding resonances’

Toshiyuki Takayanagi®
Department of Chemistry
Saitama University, Shimo-Okubo 255, Sakura-ku, Saitama City, Saitama 338-8570, JAPAN

Brief descriptions of A4b initio electronic structure calculations

Details of the ab initio calculations were described in Ref. 1. We employed the multi-reference
configuration interaction plus Davidson correction (MRCI+Q) level to construct the potential
energy surfaces of the neutral I + HI reaction system. All the calculations were performed using
the MOLPRO program? with C; symmetry. The molecular orbitals used in the MRCI+Q
calculation were optimized with the full-valence state-average CASSCF (complete-active-
space self-consistent-field) wavefunction, where seven states (4xA’ + 3xA” states) were
averaged. The augmented cc-pVQZ basis set® with additional diffuse functions was used for H
while the effective-core SDB-aug-cc-pVTZ basis set* was used for 1. The lowest seven
electronic states (4xXA’ + 3xA” states) were obtained from the MRCI+Q calculations. These
seven states were subsequently used in the Breit-Pauli spin-orbit CI calculations to obtain the
final potential energy values for the lowest three electronic states, which are asymptotically
correlating to I1(2P3,, and 2P, ;) + HI(X'Z). The above ab initio computations yielded the spin-
orbit splitting of an isolated I atom to be 0.933 eV which compares well with the experimental
value of 0.943 ¢V For the IHI™ anion, electronic structure calculations were performed at the
CCSD(T) level of theory with the same basis sets used in the neutral system.

The above ab initio calculations were done at the geometrical grid points described by
the three internal coordinates, R(I;—H) and R,(I,—H) distances, and £I,—H- I, angle. 51 points
were used for R, in the range of 1-8 A, while 21 points in the range of 1-3 A were chosen for
R,. As for the ZI;—H- I, angle, 20 points were chosen in the range of 20—180°. The final
potential energy surfaces were symmetrized with the respect to the equivalent exchange of [,

and [,. A total of 21420 points were generated. A cubic spline interpolation technique has been
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employed to obtain the potential energy values as well as spin-orbit coupling values at a desired

set of nuclear coordinates.
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Fig. S1

Contour plots of the lowest three spin-free potential energy surfac a function of R, and R,
for some selected ZI,-H- I, gl (6’) The ur increment is 0 0.1 eV. These three
(lA 22A’ and 12A”) surfaces were used in hdg al elemen fthe(3X3)diabatic
potential energy surface mat ( € ma ntext).
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(b) 1st excited state
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(c) 2nd excited state
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Fig. S2

Contour plots of the lowest three adiabatic potential energy surfaces as a function of R, and R,

for some selected Z1;—H— I, angle (6) obtained from the diagonalization of the (3 x 3) diabatic
potential energy surface matrix (see main text). The contour increment is set to 0.1 eV.
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(a) A parameter
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Fig. S3

Contour plots of the spin-orbit coupling terms of (a) 4 and (b) B as a function of R, and R, for

some selected £1;—H— 1, angle () (see main text). The contour increment is set to 0.02 eV.
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Table S1

Selected spin-orbit parameters (in units of cm™) as a function of the I-H-I internal

coordinates. Notice that a total of 21420 ab initio points were calculated.

R(1,-H)/A R(I,-H)/A Z1,-H-1,/ deg. A/cm™ B/cm™
5.000 1.000 180.000 2477.554 2477.582
5.000 1.100 180.000 2477.205 2477.255
5.000 1.200 180.000 2468.720 2472.820
5.000 1.300 180.000 2470.327 2475.521
5.000 1.400 180.000 2480.887 2483.353
5.000 1.500 180.000 2503.339 2495.146
5.000 1.600 180.000 2506.788 2493.980
5.000 1.700 180.000 2508.080 2491.397
5.000 1.800 180.000 2504.678 2490.047
5.000 1.900 180.000 2502.164 2487.308
5.000 2.000 180.000 2497.445 2484.245
5.000 2.100 180.000 2500.407 2475.171
5.000 2.200 180.000 2489.296 2469.746
5.000 2.300 180.000 2473.001 2461.391
5.000 2.400 180.000 2449.691 2447.273
5.000 2.500 180.000 2461.651 2399.246
5.000 2.600 180.000 2361.654 2378.751
5.000 2.700 180.000 2297.628 2225.150
5.000 2.800 180.000 1904.989 1827.803
5.000 2.900 180.000 1718.413 1488.853
5.000 3.000 180.000 1320.606 1030.946
6.000 1.000 180.000 2478.879 2478.400
6.000 1.100 180.000 2478.023 2477.624
6.000 1.200 180.000 2470.425 2471.611
6.000 1.300 180.000 2471.245 2473.132
6.000 1.400 180.000 2500.192 2500.521
6.000 1.500 180.000 2498.635 2500.944
6.000 1.600 180.000 2496.038 2500.523
6.000 1.700 180.000 2492.750 2499.797
6.000 1.800 180.000 2485.638 2500.196
6.000 1.900 180.000 2480.352 2498.816
6.000 2.000 180.000 2473.835 2496.656
6.000 2.100 180.000 2469.975 2491.030
6.000 2.200 180.000 2459.478 2485.303
6.000 2.300 180.000 2444913 2476.058
6.000 2.400 180.000 2423.800 2460.769
6.000 2.500 180.000 2468.394 2396.304
6.000 2.600 180.000 2340.990 2389.182
6.000 2.700 180.000 2281.151 2238.978
6.000 2.800 180.000 1891.388 1844.456
6.000 2.900 180.000 1744.028 1491.202
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Fig. S4

The effect of the initial adiabatic population values on the photodetachment spectrum (left
panels) and on the nonadiabatic population changes (right panels) for the IHI-(00°0) anion case.
Black, red and green lines correspond to the adiabatic populations on the ground, first and

second excited states, respectively.
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The effect of the initial adiabatic population values on the photodetachment spectrum (left

panels) and on the nonadiabatic population changes (right panels) for the IHI-(00°0) anion case.

Black, red and green lines correspond to the adiabatic populations on the ground, first and

second excited states, respectively.
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Fig. S6

Vibrational levels of the IHI- and IDI~ anions obtained from the DVR calculations on the
CCSD(T) level potential energy surface. The vibrational quantum numbers (viv,'v3) for the

linear triatomic molecule convention are also used. The energy is measured from the potential

energy bottom corresponding to the linear [-H—I minimum.
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