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Extension of deuterium NMR spectroscopy of paramagnetic solids for analysis of
molecular structure
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Solid state NMR spectroscopy of deuterium nuclei is an indispensable tool

for investigating static and dynamic molecular structures of solid materials. Most of deuterium NMR,

however, has been applied for diamagnetic solids, because in paramagnetic solids the magnetization
suffers from the paramagnetic interaction that affects the measurement and analysis of spectra.

In the present work, we developed two solid-state deuterium NMR methods for paramagnetic solids.
One is a method for separating chemically different sites by utilizing molecular dynamics, and the
other is a separation method of nuclear interactions in two-dimensional NMR. Using these methods, we

can investigate static and dynamic local structures about deuterium nuclei with iIncreased accuracy.
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Fig. 1: Pulse sequences of (a) QE-CPMG and
(b) PIQE-CPMG.
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Fig. 2: Schematic diagram of Fourier transform on t axis, followed by inverse Laplace

transform on t axis, for 2H NMR CPMG data.
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Fig. 3: Simulation of the dependences of (bottom) the 2H NMR 1D spectra and (top) the

corresponding 2D RAS spectra on k for the three-site jump.
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Fig. 4: (a) 2H NMR RAS spectrum of Sm(NOz)s 6D20
RAS at 213 K. (b, d) The two spectral components of (a). (f)
The sum of (b) and (d). (c, e, g) The simulated spectra
NMR for (b, d, f).
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Fig. 6: Separated pure-quadrupole and -
NMR
Ho shift spectra of (a-b) diamagnetic
Hs Zn(CDsCO2). 2H:0, (c-f) paramagnetic
Nd(CD3COz2)2 1.5H20. (a-d) and (e-f) show
the spectra by APIQE and APIQE3-I
APIQE .
APIQE3-I APIQE3-1  Sequences, respectively. (a, ¢, ) and (b, d,
f) show the observed and simulated
NMR Fourier .
affine AT spectra, respectively.
AT skew  rotation
Pure quadrupole Pure shift
e |M1\ () U\ © ,;‘i @ :ﬁ| f(.=|’34h};l/
Ho Hs 2  NMR ’ Al 7\ L JL
2 M , ﬂ i
Fig.5 Fig. 5(b, c) 2 i L 2 1 | s oaes
AT AT 4 J L

o A /\ / /Cﬁowl
1 =32 =6.1x10"s

Fig. 6 T=308K /\ . /L /"\ :('_:z’?ijlk(})ll\
Zn(CD3COz2)2 2H20

Nd(CD3COZ)2 15H20 l()(‘lv‘:)Hl)l()(l 1()([)'[&[”1(0 I(X:,‘:,'H[:m I()(I) (:)H”I()()
2 Obs. Sim. Obs. Sim.
F1, F2 Fig. 7: Temperature dependences of pure-quadrupole and
pure-quadrupole (PQ),
shift (PS) -shift spectra of paramagnetic CoSiFes 6D20.
F1 Pake-doublet
F2
2
2
Fig.7 CoSiFs 6D20 D20
180 [Co(D20)s]2* Cs 308 K
D20 180 [Co(D20)e)2*
PQ Fig. 3(a-h)
PQ PQ



4 4 0 0

T. lijima, T. Shimizu, A. Goto, K. Deguchi, T. Nakai, R. Ohashi, M. Saito 135

47,49Ti solid-state NMR and DFT study of Ziegler-Natta catalyst: Adsorption of TiCl4 molecule 2019

onto the surface of MgCI2

Journal of Physics and Chemistry of Solids 109088
DOl

10.1016/j . jpcs.2019.109088

Takahiro lijima, Tadashi Shimizu 91

Separation of 2H NMR spectra assisted by molecular dynamics in diamagnetic and paramagnetic 2018

solids

Solid State Nuclear Magnetic Resonance 1-8
DOl

10.1016/j .ssnmr.2018.03.001

Takahiro lijima, Tadashi Shimizu 84

Deuterium off-magic-angle spinning NMR spectroscopy for pure-quadrupole spectra of paramagnetic 2017

solids

Solid State Nucl. Magn. Reson. 234 241
DOl

10.1016/j .ssnmr.2017.06.007

Takahiro lijima, Shinobu Ohki, Masataka Tansho 112

Separated quadrupole and shift interactions of 2H NMR spectra in paramagnetic solids by 2021

asymmetric pulse sequences

Solid State Nuclear Magnetic Resonance 101709

DOl
10.1016/j .ssnmr.2020.101709




8 1 3

T. lijima, S. Ohki, A. Goto, T. Shimizu

Separation of 2H NMR solid-state NMR spectra assisted by molecular dynamics

8th Asia-Pacific NMR Symposium

2019

T. lijima, T. Shimizu, A. Goto, K. Deguchi, T. Nakai, R. Ohashi, M. Saito

47,49Ti solid state NMR and DFT study of Ziegler-Natta catalyst

EUROISMAR 2019

2019

Takahiro lijima, Katsumi Senyo, Jun-ichiro Yasuda, Eriko Watanabe

CBT Assessment for General Education in Yamagata University: Annual Changes in Academic Ability of Chemistry

100

2019 2020

2H NMR

57 NMR

2018




Takahiro lijima, Katsumi Senyo, Jun-ichiro Yasuda, Eriko Watanabe

CBT Assessment for General Education in Yamagata University: Application to Chemistry

99

2018 2019

11B, 23Na NMR

61 NMR

2017

Takahiro lijima, Tadashi Shimizu

Removal of Paramagnetic Effect on Spectra of Deuterium Solid-State NMR

98

2017 2018

Takahiro lijima, Shinobu Ohki, Masataka Tansho

Separated quadrupole and shift interactions of 2H NMR spectra in paramagnetic solids

The joint ISMAR-APNMR-NMRSJ-SEST Conference

2021







