

View

Online


Export
Citation

ARTICLE COMMENTARY |  MAY 12 2026

Comment on “Effective spin Hamiltonians for the quantum-
rotor tunneling problem in pulse EPR” [J. Chem. Phys. 163,
064104 (2025)]
Samuel M. Jahn  ; Stefan Stoll  

J. Chem. Phys. 164, 187101 (2026)
https://doi.org/10.1063/5.0308643

Connected Content
This is a related article to: Effective spin Hamiltonians for the quantum-rotor tunneling problem in pulse EPR
A related article has been published: Response to “Comment on ‘Effective spin Hamiltonians for the quantum-rotor
tunneling problem in pulse EPR'” [J. Chem. Phys. 164, 187101 (2025)]

Articles You May Be Interested In

Response to “Comment on ‘Effective spin Hamiltonians for the quantum-rotor tunneling problem in pulse
EPR'” [J. Chem. Phys. 164, 187101 (2025)]

J. Chem. Phys. (May 2026)

Torsion-vibration coupling in methanol: The adiabatic approximation and intramolecular vibrational
redistribution scaling

J. Chem. Phys. (September 2006)

Comment on “Elimination of translational and rotational motions in nuclear orbital plus molecular orbital
theory” [J. Chem. Phys. 122, 164101 (2005)]

J. Chem. Phys. (December 2005)

 08 O
ctober 2026 23:13:03

https://pubs.aip.org/aip/jcp/article/164/18/187101/3389256/Comment-on-Effective-spin-Hamiltonians-for-the
https://pubs.aip.org/aip/jcp/article/164/18/187101/3389256/Comment-on-Effective-spin-Hamiltonians-for-the?pdfCoverIconEvent=cite
javascript:;
https://orcid.org/0000-0002-0197-681X
javascript:;
https://orcid.org/0000-0003-4255-9550
https://crossmark.crossref.org/dialog/?doi=10.1063/5.0308643&domain=pdf&date_stamp=2026-05-12
https://doi.org/10.1063/5.0308643
https://pubs.aip.org/aip/jcp/article/163/6/064104/3358058/Effective-spin-Hamiltonians-for-the-quantum-rotor?pdfCoverLinkEvent=Connected
https://pubs.aip.org/aip/jcp/article/164/18/187102/3391083/Response-to-Comment-on-Effective-spin-Hamiltonians?pdfCoverLinkEvent=Connected
https://pubs.aip.org/aip/jcp/article/164/18/187102/3391083/Response-to-Comment-on-Effective-spin-Hamiltonians
https://pubs.aip.org/aip/jcp/article/125/10/104313/186760/Torsion-vibration-coupling-in-methanol-The
https://pubs.aip.org/aip/jcp/article/123/23/237101/965645/Comment-on-Elimination-of-translational-and
https://servedbyadbutler.com/redirect.spark?MID=188841&plid=3926530&setID=1044501&channelID=0&CID=1691017&banID=524902508&PID=0&textadID=0&tc=1&rnd=2243530570&scheduleID=4209283&placementScheduleId=4209283&adItemScheduleId=0&adSize=1640x440&ip=205.175.106.67&metadata=%5B%5D&mt=1791501183016643&spr=1&referrer=http%3A%2F%2Fpubs.aip.org%2Faip%2Fjcp%2Farticle-pdf%2Fdoi%2F10.1063%2F5.0308643%2F21003208%2F187101_1_5.0308643.pdf&request_uuid=cd3fb77e-0c74-465f-b6f0-371e8b1456b7&hc=2f90009513687e5f42664b15486753b7e4057d61&location=


The Journal 

of Chemical Physics COMMENT pubs.aip.org/aip/jcp

Comment on “Effective spin Hamiltonians 

for the quantum-rotor tunneling problem 

in pulse EPR” [J. Chem. Phys. 163, 064104 (2025)]

Cite as: J. Chem. Phys. 164, 187101 (2026); doi: 10.1063/5.0308643 

Submitted: 23 October 2025 • Accepted: 18 January 2026 • 

Published Online: 12 May 2026

Samuel M. Jahn and Stefan Stoll 

a)

AFFILIATIONS
Department of Chemistry, University of Washington, Seattle, Washington 98195, USA

a) Author to whom correspondence should be addressed: stst@uw.edu

https://doi.org/10.1063/5.0308643

Low-temperature magnetic resonance, neutron scattering, and 

gas-phase molecular spectroscopy experiments are sensitive to tun-
neling methyl groups. Based on earlier work by Freed, 

1 Apaydin and 

Clough 

2 established in 1968 that tunneling effects in the rotational 

ground state can be described using the effective spin Hamiltonian

Ĥeff = −
2
3

h̵ωt(Î1 Î2 + Î2 Î3 + Î3 Î1), (1)

where ω t 
is the tunneling frequency and ˆ I 1 

, ˆ I 2 
, and Î 3 

are the
spin operators of the three methyl protons or deuterons. This 

approach indicates an effective exchange coupling between neigh-
boring protons and has been widely and successfully used to describe 

experimentally observed spectral features.
A recent paper by Kuzin and Jeschke 

3 posits that Eq. (1) is 

incomplete and needs to be extended. Here, we show that their treat-
ment fails to correctly take into account the Pauli exclusion prin-
ciple. A methyl group contains three protons, which are fermions. 

Since their wavefunctions overlap non-negligibly (as evidenced by 

the measurable tunnel splitting), it is crucial to take into account the 

Pauli principle, which states that only states that invert sign upon 

exchange of two identical fermions are physical. This symmetry for 

identical fermions is universal.
For the purpose of describing low-temperature magnetic res-

onance phenomena, the methyl group can be considered rigid and 

non-rotating, i.e., excited rotational states are not populated. In a 

rigid methyl group, there are two types of permutations, single and 

double pair swaps. The barrier between two proton configurations 

related by a single pair swap is very high, resulting in essentially 

zero nuclear wavefunction overlap and a non-observably small tun-
nel splitting. Therefore, the Pauli antisymmetry requirement for 

single pair swaps can be neglected for the purpose of modeling

experimental observables. However, the barrier between methyl pro-
ton configurations related by a cyclic permutation (double pair 

swap) is lower, resulting in non-zero nuclear wavefunction over-
lap and observable tunnel splitting. Therefore, the Pauli symmetry 

requirement for cyclic permutation must be included in modeling. 

A cyclic permutation corresponds to two sequential swaps, and 

therefore, the wavefunction needs to be symmetric with respect to 

cyclic permutation. Therefore, the relevant permutation group is the 

alternating group A 3 
, a subgroup of the symmetric group S 3 

(iso-
morphic to C 3 

, which is a subgroup of C 3v 
) with the three symmetry 

species labeled A, E 1 
, and E 2 

(or A, E a 
, and E b 

; notation borrowed 

from C 3 
).

Note that this isomorphism of A 3 
with C 3 

is a bit unfortunate, 

as the point group symmetry of the methyl group is not directly 

relevant here. The A 3 
permutation symmetry applies to any three 

protons, regardless of spatial positioning. The spatial positioning is 

only important here in so far as it allows for the proton wavefunc-
tions to overlap. Note that a cyclic permutation of the three protons 

is different from a rotation of the methyl group. A cyclic permuta-
tion permutes both spatial and spin coordinates, whereas a rotation 

permutes the spatial coordinates only.
Let us consider a wavefunction ∣Ψ⟩ in the combined 

rotation–spin space of the methyl group. Any such wavefunction can 

be written as a symmetry decomposition:

∣Ψ⟩ = ⊕
π
∣Ψ 

(π) ⟩, (2)

where π runs over all irreducible subspaces under the appropriate 

symmetry group (π ∈ {A, E 1 
, E 2 

} for methyls under A 3 
).

Now the spin-statistics theorem requires that all wavefunctions 

describing physical states must be antisymmetric upon exchang-
ing spatial and spin coordinates of two identical fermions (such as
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FIG. 1. Block structure of the Hamiltonian (left) and a general wavefunction 

(right) for a methyl group in a basis symmetry-adapted to the three-proton cyclic 

permutation group A 3 

. The Pauli principle imposes Ψ 

(E 1 
) 

= Ψ 

(E 2 
) 

= 0.

protons) and symmetric upon exchange of coordinates of identical 

bosons (such as deuterons). In either case, the states will be sym-
metric upon two pair swaps. Therefore, ∣Ψ⟩ has non-zero amplitude 

only in the A subspace; it has zero amplitude in all other subspaces 

(see Fig. 1):

∣Ψ 

(π) ⟩ = 0 for π ≠ A. (3)

The full Hamiltonian of the molecule is fully symmetric with 

respect to permutations of any protons or any deuterons, and 

more specifically to cyclic permutation of the three methyl pro-
tons/deuterons. For example, the full Hamiltonian for the dipolar 

hyperfine interaction is

Ĥhf = ∑
i

Ŝ T( μ0

4π
h̵2γeγn

1 − 3ninT
i

∣Ri − r∣3
)Îi. (4)

Here, the sum runs over all protons/deuterons; r is the position of 

the unpaired electron; R i 
is the position of proton/deuteron i; Ŝ is

the electron spin operator; Î i 
is the nuclear spin operator for pro-

ton/deuteron i; n i 
= (R i 

− r)/∣R i 
− r∣; and γ e 

and γ n 

are the gyromag-
netic ratio of the electron and the proton/deuteron, respectively. A 

cyclic permutation changes the indices, which just reorders the sum 

leaving the Hamiltonian invariant. The same holds for every term 

in the Hamiltonian, not just the dipole hyperfine coupling. There-
fore, the Hamiltonian transforms as A under A 3 

. Note that Eq. (4) 

is the full hyperfine Hamiltonian, not the hyperfine term from the 

effective spin Hamiltonian. In addition, the permutations affect both 

spatial and spin coordinates. Permuting the spin coordinates in the 

spin Hamiltonian is generally a different operation.
For any Hamiltonian matrix element ⟨Ψ 

(π) ∣ Ĥ∣Ψ 

(π 

′ 
) ⟩ to be

non-zero, its integrand symmetry must contain the fully symmetric 

species A. The integrand symmetry is π 

∗ × A × π 

′ = π 

∗ × π 

′ , where
π 

∗ indicates the dual representation of π. For A 3 
, this is satisfied only 

for (π, π 

′ ) = (A, A), (E 1 
, E 1 
), and (E 2 

, E 2 
), since A 

∗ = A; (E 1 
) 

∗

= E 2 
; and (E 2 

) 

∗ = E 1 
. Therefore, the Hamiltonian does not couple 

the three irreducible subspaces and is block diagonal (see Fig. 1):

Ĥ = ⊕
π

ĥ 

(π) . (5)

Combined with Eq. (3), this means that the system starts in a 

state of A symmetry and remains entirely in the A subspace during
evolution under Ĥ. While there are three sub-Hamiltonians in the
symmetry decomposition of Eq. (5), only ĥ 

(A) is relevant.
The above considerations equally apply to tetrahedral rotors

such as CH 4 
, NH+ 

4 and BH 

−

4 

. For those rotors, the relevant permu-
tation group is the alternating group A 4 

(isomorphic to point group 

T) with the symmetry species A, E 1 
, E 2 

, and T. Again, only the A 

species is relevant due to the Pauli principle.
In the case of a methyl group with three protons, there are eight 

states of overall A symmetry, which group into states with different 

spatial and spin symmetries:

8A = 4(A × A) ⊕ 2(E 1 
× E 2 
) ⊕ 2(E 2 

× E 1 
). (6)

Here, the first factors in the products refer to the permutation sym-
metry regarding spatial coordinates and the second to the permu-
tation symmetry regarding spin coordinates. For tetrahedral rotors, 

the same analysis reveals 16 A states that group into four sets of states 

with different spatial and spin symmetries:

16A = 5(A × A) ⊕ (E 2 
× E 1 
) ⊕ (E 1 

× E 2 
) ⊕ 9(T × T). (7)

In their paper, Kuzin and Jeschke symmetry-decompose the 

Hamiltonian [their Eqs. (12) and (21)] and derive explicit expres-
sions for the sub-Hamiltonians [their Eqs. (22) and (23)]. However, 

they disregard the Pauli principle [our Eq. (3)] and include non-
zero amplitude in the unphysical subspaces in their initial states. 

They proceed in the enlarged space (dimension 24 for methyl, 192 

for tetrahedral rotors) instead of the physically relevant A subspace 

(dimensions 8 and 16, respectively).
Our analysis above assumes (a) that the overall proton wave-

function of the molecule factors into a part depending on the methyl 

rotation and methyl proton spin degrees of freedom [Eq. (2)] and a 

part depending on all other degrees of freedom (including vibrations 

involving the methyl protons) and (b) that the latter factor is sym-
metric under the cyclic permutation of the three methyl protons. If 

either of these assumptions is not fulfilled, E 1 
and E 2 

subspaces could 

be relevant. However, we are not aware of situations where this is the 

case.

This work was supported in part by the National Institutes of 

Health with Grant No. R35 GM151956.

REFERENCES
1 J. H. Freed, J. Chem. Phys. 43, 1710 (1965).
2 F. Apaydin and S. Clough, J. Phys. C: Solid State Phys. 1, 932 (1968).
3 S. Kuzin and G. Jeschke, J. Chem. Phys. 163, 064104 (2025).

J. Chem. Phys. 164, 187101 (2026); doi: 10.1063/5.0308643 164, 187101-2

Published under an exclusive license by AIP Publishing

 08 O
ctober 2026 23:13:03

https://pubs.aip.org/aip/jcp
https://doi.org/10.1063/1.1696995
https://doi.org/10.1088/0022-3719/1/4/313
https://doi.org/10.1063/5.0283582

