
J. Chem. Phys. 145, 147101 (2016); https://doi.org/10.1063/1.4964502 145, 147101

© 2016 Author(s).

Comment on “Are polynuclear
superhalogens without halogen atoms
probable? A high-level ab initio case study
on triple-bridged binuclear anions with
cyanide ligands” [J. Chem. Phys. 140,
094301 (2014)]
Cite as: J. Chem. Phys. 145, 147101 (2016); https://doi.org/10.1063/1.4964502
Submitted: 07 August 2016 . Accepted: 27 September 2016 . Published Online: 11 October 2016

Manuel Díaz-Tinoco , and J. V. Ortiz 

ARTICLES YOU MAY BE INTERESTED IN

Composite electron propagator methods for calculating ionization energies
The Journal of Chemical Physics 144, 224110 (2016); https://doi.org/10.1063/1.4953666

Are polynuclear superhalogens without halogen atoms probable? A high-level ab initio case
study on triple-bridged binuclear anions with cyanide ligands
The Journal of Chemical Physics 140, 094301 (2014); https://doi.org/10.1063/1.4867009

Vertical and adiabatic ionization energies of NH−
4 isomers via electron propagator theory

and many body perturbation theory calculations with large basis sets
The Journal of Chemical Physics 87, 3557 (1987); https://doi.org/10.1063/1.453000

https://images.scitation.org/redirect.spark?MID=176720&plid=1085727&setID=378408&channelID=0&CID=358608&banID=519848081&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=c13348bd5a0f79fb8ad524aee0a7dc1c899b85bf&location=
https://doi.org/10.1063/1.4964502
https://doi.org/10.1063/1.4964502
https://aip.scitation.org/author/D%C3%ADaz-Tinoco%2C+Manuel
http://orcid.org/0000-0002-2139-4913
https://aip.scitation.org/author/Ortiz%2C+J+V
http://orcid.org/0000-0002-9277-0226
https://doi.org/10.1063/1.4964502
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.4964502
http://crossmark.crossref.org/dialog/?doi=10.1063%2F1.4964502&domain=aip.scitation.org&date_stamp=2016-10-11
https://aip.scitation.org/doi/10.1063/1.4953666
https://doi.org/10.1063/1.4953666
https://aip.scitation.org/doi/10.1063/1.4867009
https://aip.scitation.org/doi/10.1063/1.4867009
https://doi.org/10.1063/1.4867009
https://aip.scitation.org/doi/10.1063/1.453000
https://aip.scitation.org/doi/10.1063/1.453000
https://doi.org/10.1063/1.453000


THE JOURNAL OF CHEMICAL PHYSICS 145, 147101 (2016)

Comment on “Are polynuclear superhalogens without halogen atoms
probable? A high-level ab initio case study on triple-bridged binuclear
anions with cyanide ligands” [J. Chem. Phys. 140, 094301 (2014)]

Manuel Díaz-Tinocoa) and J. V. Ortizb)

Department of Chemistry and Biochemistry, Auburn University, Auburn, Alabama 36849-5312, USA

(Received 7 August 2016; accepted 27 September 2016; published online 11 October 2016)

[http://dx.doi.org/10.1063/1.4964502]

Yin et al. have asserted1 that calculations on the
vertical electron detachment energies (VDEs) of triply-bridged
Mg2(CN)−5 superhalides performed with the Outer Valence
Green Function2–5 (OVGF) fail, with discrepancies over 1 eV,
for isomers D, E, and F (see Fig. 1) when compared with
results obtained with the coupled-cluster singles and doubles
plus approximate triples (CCSD(T)) method.6 They also report
a difference of 0.16 eV between the OVGF VDEs of isomers
A and B, whereas their CCSD(T) difference equals −0.04 eV.
In their attempts to perform CCSD(T) calculations on ground-
state doublets, these authors have chosen the wrong irreducible
representation for isomers B, D, E, and F, have employed
excited self-consistent-field (SCF) solutions for isomers G
and H, and for isomer A have employed a SCF solution whose
canonical orbitals do not transform according to the irreducible
representations of the C3v point group. When OVGF and
CCSD(T) calculations on the structures obtained by Yin et al.
are performed with Gaussian 097 on the same states with their
TZ3 basis set (see Table I), excellent agreement, summarized
in Fig. 2 and Table II, is evident. OVGF’s average signed error,
mean unsigned error, standard deviation, and maximum error
with respect to CCSD(T) are 0.09, 0.09, 0.05, and 0.19 eV,

FIG. 1. MP2/TZ1 structures of Mg2(CN)−5 triply–bridged superhalides. Mg:
white, C: red, and N: blue.

a)Electronic address: mad0031@auburn.edu
b)Electronic address: ortiz@auburn.edu

TABLE I. Basis-set abbreviations.

Basis C and N Mg

TZ1 6-311+G*14,15 TZVP16,17

TZ2 6-311+G(3df)18 TZVP
TZ3 TZVP+a Def2-TZVP19

aDiffuse basis from 6-311+G.

respectively. Only for isomer C, Yin et al. have compared
OVGF and CCSD(T) results for the same state. For isomers
D, E, and F, they have assumed that the OVGF prediction
for the highest occupied molecular orbital (HOMO) corre-
sponds to the lowest VDE. (Results in bold type correspond
to states that were ignored by Yin et al.; those in regular
type agree closely with their OVGF/TZ2 and CCSD(T)/TZ3
results.) OVGF, with its fifth-power arithmetic scaling factor,
has been a reliable predictor of defects in the Koopmans
ordering of final states for decades. Fig. 3 shows the close
spatial correspondence between unrestricted Hartree–Fock
(UHF) spin densities for doublets and amplitudes of canonical
Hartree–Fock (HF) orbitals of the anions. OVGF Dyson
orbitals (i.e., canonical HF orbitals multiplied by square roots
of pole strengths) provide reliable guides for initiating UHF
calculations and subsequent CCSD(T) estimates of correlation
energies. Fig. 2 and Table II indicate that isomer A, not B as
predicted by Yin et al., has the highest first VDE by 0.1 eV.

FIG. 2. Comparison between first VDEs predicted with OVGF and
CCSD(T).
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TABLE II. Vertical electron detachment energies of Mg2(CN)−5 isomers (eV).a

Isomer Stateb Orbitalc OVGFd CCSD(T) Isomer Stateb Orbitalc OVGFd CCSD(T)

A 2A′′ HOMO 8.49 8.41 F 2A′′ HOMO 8.50 8.42
A 2A′ HOMO-1 8.49 8.41 F 2A′ HOMO-1 8.49 8.42
A 2A′′ HOMO-2 8.57 8.49 Fe 2A′ HOMO-2 7.31 7.23
A 2A′ HOMO-3 8.57 8.50 F 2A′′ HOMO-3 8.72 8.65
B 2E HOMO 8.42 8.32 Ge 2A1 HOMO 7.20 7.07
B 2A2 HOMO-4 9.08 9.13 G 2E HOMO-1 8.69 8.50
Ce 2A1 HOMO 7.20 7.06 Ge 2A1 HOMO-3 7.37 7.32
C 2E HOMO-1 8.67 8.49 G 2E HOMO-4 8.77 8.74
D 2E HOMO 8.42 8.33 He 2A′ HOMO 7.26 7.15
De 2A1 HOMO-2 7.36 7.31 H 2A′′ HOMO-1 8.71 8.59
E 2A′′ HOMO 8.57 8.51 He 2A′ HOMO-2 7.41 7.24
E 2A′ HOMO-1 8.58 8.51 H 2A′ HOMO-3 8.61 8.59
Ee 2A′ HOMO-2 7.25 7.14 H 2A′′ HOMO-4 8.74 8.71
E 2A′′ HOMO-3 8.70 8.58

aBold type: doublets ignored in Ref. 1.
bElectronic state of Mg2(CN)5.
cCanonical Hartree–Fock orbital of Mg2(CN)−5 .
dAll pole strengths exceed 0.85.
eStates with ⟨S2⟩UHF = 1.24–1.25 and T1 diagnostic13 = 0.037–0.038.

FIG. 3. UHF spin densities for Mg2(CN)5 and canonical molecular orbitals
(isovalue = 0.02 a.u.) for Mg2(CN)−5 .

Yin et al. have published similar criticisms of OVGF for other
superhalogens with Mg atoms8,9 that have been refuted on the
basis of symmetry criteria10,11 and have repeated them recently
in this journal.12 Despite these critiques, OVGF remains an
efficient, accurate predictor of VDEs and Koopmans defects
and, through the interpretation of Dyson orbitals, a reliable
guide to the performance of more computationally demanding

total-energy calculations on ground and excited states of
doublet superhalogens.
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