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@ X2C (Exact Two-Component)

Solve the full 4c problem in a finite basis, then construct the decoupling matrix from
the positive-energy eigenvectors

Diagonalize the Dirac matrix:
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Define the transformation matrix X:
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CL+ andCy, are the large- and pseudo-large-component coefficient matrices for the positive-
enerqy states

Unrenormalized X2C Hamiltonian:
Hypc = Hyp + HipX + XTH,, + XTH, X
Renormalization matrix:
_ o-1/2[o-1/2 -1/2 -1/2 1/2
R=S5, [SLL (SLL + XTSPPX)SLL ] SiL
Final renormalized Hamiltonian:
Hyxoc = RTszcR
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Theory-guided design of a molecular PV-NMR experiment

Candidate selection requires a large PV response and a narrow linewidth

PV effects increase strongly with nuclear charge

Why Platinum?

v Heavy element: Zp, = 78

v NMR-active 195Pt

v Strong relativistic enhancement of the PV response

v" Soluble chiral complexes synthesized by Jeanne
Crassous’s group (Paris)
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Theory-guided design of a molecular PV-NMR experiment

Candidate selection requires a large PV response and a narrow linewidth

PV effects increase strongly with nuclear charge Observed '>Pt linewidths: approximately 50-200 Hz

Towards understanding linewidth in heavy-element NMR
First-principles calculation of relaxation-relevant properties

Why Platinum?

v Heavy element: Zp, = 78

v NMR-active 195Pt

v Strong relativistic enhancement of the PV response

v" Soluble chiral complexes synthesized by Jeanne
Crassous’s group (Paris)

Is CSA the dominant source of line broadening?
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Representative case study: relativistic '>Pt NMR and PV-NMR properties
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Current Challenges for Reliable Magnetic Response

@ Current-density treatment

j p (T) -paramagnetic current density
Ji ia (T) -spin-current density

L (7‘ ) -orbital angular-momentum density

Existing approaches:
* Pauli-based framework

+ Limited consistency under strong SOC

Goal

« First-principles relativistic SCDFT

« Consistent current treatment under
strong SOC

8/9



Current Challenges for Reliable Magnetic Response

@ Current-density treatment @ Rovibrational corrections

]vib z]eq + A]ZPV

|1A]zpy| < 10%

—> Important for ZULF-NMR

j p (T) -paramagnetic current density
Ji ia (T) -spin-current density

L (T‘ ) -orbital angular-momentum density

Existing approaches:
* Pauli-based framework

+ Limited consistency under strong SOC

Goal
« First-principles relativistic SCDFT

« Consistent current treatment under

strong SOC « Numerical approach: (9N?)
« Analytic gradients: (3N) property calculations

Goal: Larger heavy-element systems

8/9



Current Challenges for Reliable Magnetic Response

@ Current-density treatment

j p (T) -paramagnetic current density
Ji ia (T) -spin-current density

L (T‘ ) -orbital angular-momentum density

Existing approaches:
* Pauli-based framework

+ Limited consistency under strong SOC

Goal

« First-principles relativistic SCDFT

« Consistent current treatment under
strong SOC

@ Rovibrational corrections

]vib z]eq + A]ZPV

1A zpy| < 10%

—> Important for ZULF-NMR

« Numerical approach: (9N?)

« Analytic gradients: (3N) property calculations

Goal: Larger heavy-element systems

@ Solvent effects

|AJsow| ~ @ few percent

D o Qb .
¢ &, %
’ U : 4 '.5/ ‘9
( % ¥ q.;\‘.

9

R J 0

+ Implicit solvent treatment using PCM
+ Assess solvent screening of J- couplings

+ Validation for ZULF-NMR systems

Goal: Realistic predictions in solution
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Conclusions & Outlook

« Chiral Pt complexes: promising PV-NMR candidates
» Pt shielding: XC-functional dependence
» PVresponse: Conformer- sensitive

« Two-bond J -coupling: sensitive (ongoing)
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Conclusions & Outlook

« Chiral Pt complexes: promising PV-NMR candidates
» Pt shielding: XC-functional dependence
» PVresponse: Conformer- sensitive

« Two-bond J -coupling: sensitive (ongoing)

« Theory: Spin-Current DFT

« Linewidths: first-principles relaxation calculations
« Solvent and rovibrational corrections

« Design PV-NMR going toward ZULF-NMR
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