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This dissertation focuses on utilizing multi-frequency-excitation microwave (MW) to enhance Dynamic Nuclear Polarization
(DNP) efficiency and spatial selectivity. The unique advantage of NMR spectroscopy is its capacity to elucidate the structure
and function of target molecules within complex mixtures, without the need for isolation or purification processes. However,
this application of NMR spectroscopy is not without challenges, particularly concerning signal overlap and sensitivity issues. To
mitigate these challenges, DNP, a technique commonly employed to amplify NMR signals, can be utilized. Despite its ability,
DNP only partially addresses these issues. Considering the availability of advanced frequency-agile MW sources in our
laboratory, the utilization multi-frequency-excitation MW presents a viable direction for the exploration.

Although DNP can selectively enhance the NMR signals of target molecules by specifically binding the polarizing agent to them,
the presence of background molecules in mixed samples can still produce substantial background signals, potentially interfering
with the analysis of target signals. To address this, a novel method for background signal suppression is introduced to enhance
the selectivity of DNP- NMR spectroscopy in the investigation of target molecules within complex mixtures. This approach uses
the subtraction of positively and negatively enhanced DNP spectra, resulting in a significant improvement in the contrast factor,
defined as the ratio between the intensities of the target and background signals. The efficacy of this method was experimentally
validated using a reverse-micelle system that encapsulates the target molecules alongside the polarizing agent, OX063 trityl. A
great increase in the contrast factor was observed with careful selection of the DNP build-up time. A subsequent simulation
study, based on the experimental outcomes, offers valuable insights into the methodology for selecting the optimal DNP build -
up time and the method's corresponding selectivity. Further exploration of this technique revealed its wide-ranging applicability,
extending to the study of large biomolecules and surface-modified polymers, with its effectiveness varying according to the
nuclear spin diffusion rate across different gyromagnetic ratios. This broad applicability underscores the potential of this method
to advance the field of DNP-NMR spectroscopy to study targets in complex mixtures.

To detect target molecules within mixtures, the sensitivity of the target can still be an issue even under DNP enhancement, as
the quantity of target molecules can be too low among the large number of molecules in the mixture. This necessitates a further
improvement in the DNP efficiency. | employed spin dynamic simulations to explore the potential application of multi-frequency
excitation MW to amplify DNP enhancement. The study simulates DNP enhancement frequency profiles across a variety of
scenarios. This includes a demonstration of the ineffectiveness of using frequency sweep MW to augment solid effect DNP
enhancement under Magic Angle Spinning (MAS), and a further investigation of the underlying reasons for the ineffectiveness.
And subsequent simulations revealed that in more complex scenarios involving polarizing agents, the use of multi-frequency-
excitation MW can indeed enhance DNP efficiency. For instance, scenario where the mixture contains two types of polarizing
agents with different g tensors, multi-frequency-excitation MW, serving as a complement to MAS, can improve the enhancement
of solid effect DNP. And another example, when employing Mn(Il) as the polarizing agent, the solid effect DNP matching
conditions, which are split due to isotropic hyperfine interaction, do not shift with MAS. Consequently, the irradiation of these
multiple matching conditions with multi-frequency-excitation MW can greatly increase DNP enhancement, providing the MW
power is high enough.

Overall, the research demonstrated the potential of multi-frequency-excitation DNP for both higher DNP efficiency and spatial
selectivity.
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[ AR R S IR S (NMR) 5 13 R P E, FERPEDO R F R & AIFREREZERLT I v A N K
T REEDRIEMT ICAH N TH 20, RN AXRT MABRHEERNRETCH > 72, —HiTHE, B O
WA E o3 TH W IREHC K> TREA E L IC BB L TER NMR QR 2 18 L9 5, @ik ToH)
HIZ AR (DNP) 15 DAEE S G IERR A FEIEL TE o, FL IO DNP THLNDEEFGICHESE, EH
L SEARAE TE MRAT 2 MR PN CIEEEAT O AR R FIE L HEO M REME L L THEFICA > TE 1,

TOXDMRRIMAERE 2. ABFZETIX DNP [EA NMR JEICE S KRD 2 SOFHFEEZBEE L TV D,
FT. MRIN O BT O L D IR S SN L < OIS PIRTET 23 C©, RS F 0
BEEaBEENICHBL, 2OERSFOESEZMHIT2HEMEZRBEL T1D, T VilE%
ol EREAEVENNZICHETAIEMY I 2 b —2a T, TOAMME L@ Z ML TV
Do FhE THz P8 E A M OISO, WO A ¥ U BRMREZ AL BE Lo, 7 —
B2 DFESERD FIET, DANS OBFEHREZ TROL2VWERSTOREFII BT N TS
Lo JREINZIEIE RS TOLZFICEIORWVEBFHEERAIRETHY | KHERICBWTAOBOENS T
BN O @R ICMT T 5 —RIEL LTHETH D,

BT DNP AFFEE T 2D THz A2 B F AL UBEME Y b EEICR RIS LS
BICEONDESHMEDH FICOWTHMEY I 2 b —Y a3 VTSI L, 28 L W5, Z
DO FETIEB 20T Mn (11) A A > OB 0 ZIT KIS T 2 85D DNP BB o2 R BERH L, 55
BREZ RO 1.7 B ETE2 2 E2HOMNI L, EMBEAORVIETRE CTHRIGEL
RN Mn (11) $& 1K 72 & % 45 ksl & 4% DNP-NMR VD &R & 1) L+ 2 5ilfE LTHZETH Y . 5% 0M
JaNEEEMFORIBIZFGTHbOLEEZ x5, LR SO FEEFHIC, FrEif= ChA I
BRZE S A7 JEIR A AT THz IR O TR Z 0 LT Fi B E DO m b O Th %,

LLED X 90c, ARFFEIESEmAI 72 THz WOCIROERE Z . M N 43 TS MRAT & W 5 AR IS HIC
ENT CEST 2 EEARRRZ L TR Y K33t (B%) oF w3 e LTHaiiEs» 2 b o &
W D,




	23_理_024_ZHONGLIANG ZHANG_要旨
	29.博士論文審査結果報告（様式7、8、理）_(Zhongliang Zhang)_上田 貴洋

