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 Nuclear magnetic shielding σ
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 Indirect nuclear spin–spin coupling (J-coupling)
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Can this mirror-image difference be detected by NMR?
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PV-NMR response
Perturbations

𝐵0 , 𝑚𝐾 , 𝜆𝑃𝑉

External magnetic field, magnetic moment of nucleus K, and nuclear-spin-dependent weak interaction

Experimental meaning
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Molecular properties as response functions

NMR shielding
Perturbations

𝐵0 , 𝑚𝐾

External magnetic field 𝐵0 and magnetic moment of the nucleus K

Experimental meaningThe NMR chemical shift
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𝜕2𝐸

𝜕𝜆1𝜕𝜆2
𝜆1=𝜆2=0

= ෡𝐻1 ; ෡𝐻2
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𝜕𝜆𝑃𝑉𝜕𝑚𝐾;𝜇𝜕𝐵0;𝑣
𝜆𝑃𝑉=𝑚𝐾;𝜇=𝐵0;𝑣=0

= ෡𝐻𝐵0;𝑣;
෡𝐻𝜆𝑃𝑉;𝑚𝐾;𝜇

= 𝜐𝐾;𝜇𝑣
𝑃𝑉
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 Strong relativistic enhancement of the PV response
 Soluble chiral complexes synthesized by Jeanne Crassous’s group (Paris)

Why Platinum?

PV effects increase strongly with nuclear charge Observed 195Pt linewidths: approximately 50−200 Hz

Is CSA the dominant source of line broadening?

Theory-guided design of a molecular PV-NMR experiment
Candidate selection requires a large PV response and a narrow linewidth

Towards understanding linewidth in heavy-element NMRFirst-principles calculation of relaxation-relevant properties
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Current-density treatment

Goal
• First-principles relativistic SCDFT 
• Consistent current treatment under 

strong SOC

𝑗𝑝 𝑟 -paramagnetic current density
𝐽𝑖𝑎 𝑟 -spin-current density
𝐿(𝑟) -orbital angular-momentum density 

Existing approaches:
• Pauli-based framework
• Limited consistency under strong SOC
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Δ𝐽𝑠𝑜𝑙𝑣​ ∼ a few percent
Current-density treatment

Δ𝐽𝑍𝑃𝑉​ ≲ 10%

→ Important for ZULF-NMR

Goal
• First-principles relativistic SCDFT 
• Consistent current treatment under 

strong SOC

𝑗𝑝 𝑟 -paramagnetic current density
𝐽𝑖𝑎 𝑟 -spin-current density
𝐿(𝑟) -orbital angular-momentum density 

• Numerical approach: (9𝑁2)

• Analytic gradients: (3𝑁) property calculations

𝐽𝑣𝑖𝑏 ≈ 𝐽𝑒𝑞 + Δ𝐽𝑍𝑃𝑉​

• Implicit solvent treatment using PCM
• Assess solvent screening of J- couplings
• Validation for ZULF-NMR systems

Existing approaches:
• Pauli-based framework
• Limited consistency under strong SOC

Goal: Realistic predictions in solution

Goal: Larger heavy-element systems
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