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




TR-CIDNP system: design challenges

Wanted: a versatile, robust and inexpensive photochemical NMR setup,
compatible with a shared NMR spectrometer, field gradients, cryoprobes,

pulsed and continuous wave lasers.

Problems:

Light delivery: very intense laser light needs to be brought to the
coil region of the NMR probe.

Laser control: pulsed solid-state lasers must be running throughout
the pulse sequence and the relaxation delay at a constant
repetition rate.

Laser synchronization: laser events must be synchronized with the
pulse sequence with sub-microsecond accuracy.

Sequence programming: RF evenis must be “wrapped around”
laser cycles. Sub-microsecond photochemistry timing must be
programmed around rof delays on the low level.




NMR sample illumination problem — history.
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Pulsed sources: “Berliner setup”:




Uniform CW illumination — problem solved

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




Uniform CW illumination — problem solved

Light density, a.u.
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OD(488)=0.8

OD(488)=1.6

Z coordinate of the NMR sample, a.u.




Nanosecond pulsed illumination: our take
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Basic principle: it looks like the only way left is from - = ] 100 mJin 8ng
the top. The only viable way to bring the pulsed light gl 1l AT equl

in appears to be through-space routing by a series of [l 1L Seaesy " '-_:_‘{I 12.5 megawatts
prisms (mirrors in the latest incarnation). : o~




Microsecond time-resolved photo-CIDNP installation
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The hard bit: software
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Basic pulse sequence requirements:

* RF pulse statement must be coded at the low level
to ensure compatibility with rofl delay.

» External equipment (laser lamp and Q-switch) must
be synchronized with sub-microsecond accuracy.

Current system specifications:




Multi-flash TR-CIDNP sequence by Martin Goez
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Multi-flash TR-CIDNP pulse sequence:
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Fig. 5. CIDNP signals from a sample of 0.1 mM FMN and 50 mM
DABCO in D>0O, pH about 10, obtained with the multiflash method  Nested for |OOpS, in_sequence mathematiCS,

lescribed in Figs. 2A and 3 (Ar=0). The number of flashes per . . . I
o ) multiple if and switch statements, Varian C-

acquisition is given below each trace. Transverse and longitudinal

storage periods as in Fig. 4. based sequence language really shines!




So what can you do with it?

CIDMP intensity / a.u.

‘ Kinetics predicted to be exponential. That’s precisely the case.

3-fluorotyrosyl

‘ Experimental T,: 0.3 £ 0.1 ps
Calcd T, (z,=100 ps): 0.18 ps

DFT B3LYP
6-311G(2d,2p)/EPR-II|

Temperature, 'C




Transverse Ag-Ahfc cross-correlation in 1°F CIDNP

AgAA(1+3c0s(20))=0

Ao=0 or AA=0
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Simulation details:

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