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Motivation

Importance of Polarized Targets:

Spin structure of nucleons.

Spin-dependent
scattering/interactions.

Probing the strong force and the
dynamics of QCD.

Today’s Challenges:

Achieving high
polarization.

Understanding the
relaxation mechanism.
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Big Picture

We want to explore ESR parameters such as linewidth, intensities
for radicals including NH2. and ND2..

Other characteristics that we can use in our Rate Equations.

We try to understand and extract the
properties/parameters governing polarization
and relaxation in target materials.
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Theoretical Framework
Density Functional Theory:
Uses the electron density approach to find the ground state of the
system.
Based on two Hohenberg-Kohn theorems.

Self Consistency of Kohn-Sham Equation

[
− ℏ2

2m
∇2 + V (r) + VH (r) + Vxc(r)

]
Φi(r) = εiΦi(r)

VH (r) = e2
∫ n(r′)

|r−r′| dr′n(r) = 2
∑

i ϕ∗
i (r)ϕi(r)
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Theoretical Framework

The ESR parameters form DFT
The g-Tensor:

Determines the position of the signal in the ESR spectra. There are four contributions to it.

g = ge1 + g
RMC

+ g
DSO

+ g
PSO (1)

Spin Zeeman / Isotropic part: free
electron g value is 2.002319

g
SZ
µν = δµνge. (2)

Relativistic Mass Correction

g
RMC

= −
α2ge

2S

∑
k,l

P
α−β
kl

⟨ϕk|T̂ |ϕl⟩,

(3)

Diamagnetic Spin-Orbit

gDSO
µν = α2ge

4S

∑
k,l P

α−β
kl

⟨ϕk|ξ(rA)

[rArO − rA,µrO,ν ]|ϕl⟩(4)

Orbital Zeeman: usually the main source of
deviation from free electron g-value.

g
PSO
µν = −

ge

2S

∑
k,l

∂P
α−β
kl

∂Bν
⟨ϕk|ĥ

SOC
ν |ϕl⟩

(5)

(Source: ORCA manual, Release 6.1.0)
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Theoretical Background
Hyperfine Coupling (A) Tensor:
It characterizes the interaction between electron and nuclear spin that leads to splitting of the signal.

AN = Aiso1 + A
dip

+ A
orb

+ A
GC (6)

Fermi Contact/ Isotropic Part

Aiso(N) =
4π

3
⟨Sz⟩−1

gegNβeβN ρ(RN ),

(7)

Spin Dipole: Through-space dipole-dipole
interaction of nucleus with electron magnetic
moment

A
dip
µν (N) = PN

∑
k,l

ρkl

〈
ϕk

∣∣∣r−5
N (3rNµrNν

- δµνr2N )ϕl(8)

Spin-orbit contribution: comes from cross terms
between spin orbit and nucleus orbit coupling
operators

A
orb
µν (N) = −

1

2S
PN

∑
k,l

∂ρkl

∂Iν

〈
ϕk

∣∣∣ĥSOC
µ

∣∣∣ϕl

〉

(9)

ĥ
(N)
NOC =

∑
i

r
−3
iA l

(N)
i,ν (10)

(Source: ORCA manual,
Release 6.1.0)
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Computational Modeling
DFT Software: for ESR parameters, we used ORCA. For phonon dispersion calculations,
we are using Quantum Espresso.
Radical : we are currently studying NH2. and ND2. radicals.

Steps:

Build the molecule/compound.

Made cluster/supercell depending on
the calculation.

Irradiated it with pymatgen.

Optimize the geometry and conduct
the production run for properties
calculation.

Fig:
Modeling of different size systems for

calculation.
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Results
Example output with anisotropic g and A tensors from
ORCA.
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Results

EPR parameters for NH2.
Experimental values are from references123. The Hybrid B3LYP
functional was used for all calculations.

System Size Basis set giso ∆g gexp

Single radical def2-TZVP 2.0043704 0.0020512 2.0034–2.0047
EPR-III 2.0044454 0.0021261 –

Cluster (51 atoms) def2-TZVP 2.0039831 0.0016639 –

System Size Basis set Aiso (MHz) Aexp (MHz)
Single radical def2-TZVP N: 23.1120, H: -59.2665, H: -59.2664 N: 19–27, H: 67–69

EPR-III N: 28.6276, H: -60.8941, H: -60.8883 —
Cluster (51 atoms) def2-TZVP N: 26.460, H: -57.202, H: -56.9775 —

1Köksal et al., 1985.
2Peyerimhoff et al., 1990.
3DeMarco et al., 1998.
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Results

EPR parameters for ND2.
Experimental values are from4 and5.

g giso ∆g gexp

2.0044462 0.0021270 2.0034 - 2.0047
Aiso (MHz) N D Aexp

28.6327 -9.1423, -9.142305 N:27.8, D:-10.1

4Peyerimhoff et al., 1990.
5DeMarco et al., 1998.
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Cluster Effect

HF-Coupling with Surrounding Nuclei

S. Subedi QM Properties of Polarized Targets October 2025 12 / 16



ESR Spectra
Used the softwareEasyspin, which takes the ESR Hamiltonian: Hs = µBB⃗ · g · Ŝ +

∑
i Îi · Ai · Ŝ

The Microwave frequancy used is ≈ 9.5GHz based on ∆E = hν = µBgeB⃗

ESR Powder Spectra for NH2. Radical

For ND2. radical

Single Crystal Spectra for NH2.

Powder Spectra for ND2.at1K.
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Future Prospects

We are currently running a QE simulation to calculate the phonon
dispersion relation / DOS for NH3.

Use DFT/ NNQMD ( NN driven Path Integral Molecular
Dynamics) to understand quantum level fluctuations at low
temperature.

We plan to generate INS data to study different contributions,
such as nuclear quantum effects and different vibrational modes,
that contribute to spin-lattice relaxation.

If funding situation allows, we also plan to perform INS on our
sample to verify these theoretical calculations.

We plan to model the time constants T1 and T2 in different radical
lattices.
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