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Chemically Induced Dynamic Nuclear Polarization (CIDNP)
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CIDNP: origin and manifestation.

Origin: Different recombination probability of singlet
and triplet spin-correlated radical pairs, and modu-
lation of singlet-triplet interconversion by hyperfine
interactions.

Manifestation: strongly enhanced (x10 to x100) NMR
emission or absorption, sometimes with significant
population of longitudinal multi-spin orders.
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Chemical pumping of nuclear magnetization.

Nuclear magnetization
and/or coherence in the system

Cyclic magnetosensitive
reaction chain Optical pumping using
CW or pulsed laser

Origin: Radical recombination probability modulation by nuclear hyperfine interactions.

Applications: Protein folding and surface structure investigation.
Chemically pumped nuclear magnetic resonance.

Free radical structure and kinetics investigation.




19F CIDNP and **F-tH DD-CSA cross-correlation.

Need a model for magnetization evolution in a
slowly and continuously pumped system.
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19F photo-CIDNP effect in 3-fluorotyrosine and a T T T
number of fluorinated tryptophans: self- Cross- chemical
relaxation  relaxation  pumping

Will hopefully work with a slow enough
pumping and low equilibrium radical
concentration...




A CIDNP-pumped two-spin system — relaxation analysis.
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The equation fitted:

(I. Kuprov, P.J. Hore, J. Magn. Res. 168 (2004) 1-7)




Green fluorescent protein — an application?

r GFP Is coloured and absorbs strongly at
Originally found in fluorescent medusas, used and above 488 nm.
primarily as a coexpressing protein to identify (
microorganisms with successfully embedded '
plasmids.




Optically dense sample illumination setup

|. Kuprov, P.J. Hore, J. Magn. Res. 171 (2004) 171-175.




GFP and Trp-cage proteins — 2°F CIDNP experiments.
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Relaxation contribution to the 1°F CIDNP effect at high
viscosities?
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Microsecond time-resolved photo-CIDNP installation
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Microsecond time-resolved photo-CIDNP installation
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Microsecond time-resolved 1°F photo-CIDNP experiments

The experiment shows that it is exponential. Cool.
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Analytical “Redfield processor” in Mathematica 5.2
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Relaxation theory treatment with the chosen

dynamics model
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observable operator shift

All relaxation, cross-relaxation and cross-correlation rates in a 3-spin system
(HFC anisotropy, g-tensor anisotropy, g-HFC cross-correlation) in 40 seconds.




Electron-nucleus dipolar cross-relaxation — too slow at 14.1 Tesla
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Longitudinal Ag-HFC cross-correlation — still too slow

W(E,—2F,E,)x1073, 57!

The square of the electron frequency in the
denominator kills all longitudinal cross-relaxation
processes at 14.1 Tesla.

Are there any processes that do not have that
bug?

Yes.

The transverse relaxation processes.




Full brute force relaxation analysis — works!
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Simulation details:

The brute-force simulation does predict the experimentally observed geminate 1°F photo-CIDNP sign
change at long correlation times. Cool. Now need to hunt down the pathway responsible...




Transverse Ag-HFC cross-correlated relaxation
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Applications.
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Can now do brute-force analytical RT — new opportunities.
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