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Motivation

➢NH₃ and ND₃ have been used as polarized targets for decades.

➢Yet we still lack a microscopic explanation of Polarization and
relaxation mechanisms.

➢Cold irradiation dose behavior of ND3.

➢We aim to connect the radiation-induced radical population and
lattice dynamics to the observed polarization behavior.



Recap from the last meeting
➢Have been using DFT to calculate fundamental solid-state properties of 

target systems.



ESR Parameters
➢ Expectation values for different electronic, nuclear and cross operators.





ESR Lines
➢Calculated A and g-tensors for both ṄH₂ and ṄD₂
➢ĤESR=μBB0⋅ge⋅Ŝ + ∑Ŝ̂ .A.Î − gnμN∑B0⋅Î
➢Constructed ESR line with EasySpin.

ṄH₂ Radical
Type equation here.

Experimental g & A values
1 Köksal et al., 1985. 
2 Peyerimhoff et al., 1990.

3 DeMarco et al., 1998.



ṄD₂ Radical

➢ ESR frequency ≅ 9.5GHz at 334 mT field. Linewidth for ṄH₂ is 4.2 mT and for ṄD₂ is 3.8 mT as measured by 
D.G. Crabb et al. J. Chem. Phys. 108(1998) 1423.

➢ Spin-Spin/ Dephasing relaxation time T2e for this linewidth would be in nanoseconds.



Possible paramagnetic complex (cold irradiation)
• NH3 polarization degrades under beamtime due to radiation damage but in ND3, it 

improves.

Radical: Ṅ=ND
giso= 2.0002716, Δg= -0.0020477

Aiso(MHz): D= 75.3, N1= 76.29,
N2= 15.62

D

Radical: ṄD-ND2 (Hydrazines)
giso= 2.0037656, Δg= 0.0014463

Aiso(MHz): D1=-6.8905,D2=-1.4110,D3=
0.6610 ,N1= 28.7719, N2= 24.8832

Radical: ṄD-ṄD
giso= 2.0028297, Δg= 0.0005104

Aiso(MHz):D1=18.1879, D2=18.1901,N1=49.9620,
N2= 49.9592



ESR Line widened

➢ Line flattened due to structural , dipolar , hyperfine complexity.
➢ While narrow line is better for microwave frequency tuning during DNP, wider line doesn’t rule 

out these radicals being formed.
➢ Need to extend it to  spectral density at microwave frequency, it’s overlap with deuteron larmor

frequency, spin-lattice relaxation time etc.



Phonon Bands

• Gives natural/fundamental vibration of lattice at quantum temperatures.
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NH3 Lattice

➢ Conversion 100 THz = 0.41 eV.

➢ Consistent with band measured by 
B. Monserrat et al. Physical Review 
B, 2015 .



ND3

• Follows fnew=
𝑓

√𝑀
as predicted by theory.

ND3 Lattice
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Inelastic Neutron Scattering
• Gives 2D picture of energy and momentum transfer during scattering

Fig: INS spectrum with DFT phonons and OCLIMAX software (left) and experimental 
measurements by T. M. Linker et al. Nature Communications, 2024 (right)



Molecular Bands

Fig: INS spectrum with DFT phonons and OCLIMAX software (left) and experimental 
measurement by T. M. Linker et al. Nature Communications, 2024 (right)



Lattice Band
• Dependent of the lattice.
• Mainly contributing to spin lattice T1e and T1n relaxation. 



Next Steps
• Spin-Phonon coupling
• Spin-lattice relaxation time for 

both NH3 and ND3

• Cold dose behavior of ND3
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