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A method using the “H-NMR spectra was shown to be useful to study the solid state physics in
diamagnetic and paramagnetic compounds and in crystals having a modulated structure. The
spectra and 77 of NMR in solids were measured for [M(HyO)s][ABs] crystals to investigate the
static and dynamic structure of H.O and [M(H0)6]*" as well as the dynamics of the electron
spin in the paramagnetic M*" ion. The physical properties of [ M(H:0)s][ABs] were found to
be as follows: (1) The spin-lattice relaxations of the electron spin of M*" in [M(H:0)e][SiFs]
(M*" = Fe*", Co®", Ni*") are dominated by the Orbach process, the Orbach process, and the
Raman process, respectively. The spin-lattice relaxation of the electron spin of Cu’’ in
[Cu(H20)6][PtClg] is caused by jumping between the Jahn-Teller configurations. (2) In
[Cu(Hs0)6] [PtCls], HoO and [Cu(HeO)s]?* undergo 180° flips and jumping between the differ-
ent Jahn-Teller configurations, respectively. A weakening of the hydrogen bond O-H---Cl upon
deuteration results in a lowering of the transition temperature. (3) In [M(H2O)s][SiFs], HoO
and [M(H:0)s]*" undergo 180° flips and reorientation about the Cs axis, respectively. The
order-disorder transition is closely related to a freezing of this reorientation. (4) By elongation
of [M(H,0)4]%" along the C; axis, the mobility becomes higher. (5) The disorder of
[Fe(HsO)s]?" in the high-temperature phase of [Fe(HyO)s][SiFs] is dynamic. Rotational mod-
ulation of [Mg(HzO)6]2+ along the Cj; axis exists in the incommensurate phase of [Mg(H2O)s]
[SiFs].

Keywords : solid state NMR; molecular dynamics; electron spin dynamics; phase transition;
numerical simulation.
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Fig. 1 Schematic representation of the structure of
[M(H20)6] [AB]
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Fig. 2 Temperature dependence of “H-NMR spectra
of [Cu(H20)e] [PtCls] single crystal at Hy// Cs
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Fig. 3 Temperature dependence of the correlation
time of the electron spin (7.) in [Cu(H2O)s] [PtCls]
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Fig. 4 Temperature dependence of “H-NMR Tj in
[Co(HO)6] [SiFs]
The solid line shows the theoretical curve of 7;. The

broken lines show the theoretical curves of Tire, Timol
and Tie.
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Fig. 5 Temperature dependence of "H-NMR spectra
in [Co(HyO)e] [SiFs]
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Fig. 6 Temperature dependence of *H-NMR spectra
in [Fe(HyO)e] [SiFs]
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(a) three-site jump

(b) six-site jump

(c) three-site jump +
modulation

Fig. 7 Nsite jumping and rotational modulation of [ M(H»0)s]*" about Cs axis

The small circles show the water molecules on the top face of [M(HQO)G]2+ octahe-

dron.

ture. The solid arrows show the possible jumps from a site.
(a), (b) and (c) show the models of the three-site jump used for
s Ni%), of the six-site jump used for [Fe(H2O)(,]2+,

the modulation.
[M(H:0)]>" (M*"=Mn*", Co®"

The broken circles indicate alternative sites according to the disorder struc-

The dotted arrow shows

and of the three-site jump under the rotational modulation (modulation width Aq)

used for [Mg(H:0)6]"", respectively.
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Fig. 8 Temperature dependence of the jumping rate
(k) for the reorientation of [Fe(H,0)s]"" in [Fe(Hs0)s]
[SiFs]
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Fig. 9 *H-NMR spectra of [Mg(H20)e][SiFs] single
crystal at two crystal-orientations

The solid and broken lines show the observed and sim-
ulated spectra, respectively.
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FfR NMR 1%, WHEPOGTRA + O8N - BRI SR EEEA + OB T Ay 054 F 37
AEPRDL DI R TETH L. RFE T, KEELEY & ERELEY R OEHREEE 6T 21LEW
O NMR R 2 T HEIC L, — M [M(H.0)61[ABs] (M=Mg*", Mn*", Fe’", Co®", Ni’"; AB; = PtCls,
SiFs) THEINZ HOLAWITOWT, B NMRZEICL D HO 57X [MH:0)6]* A & ¥ Oy - B
TR S R M A X Y OBT A Y DF A F I 7 AZHRTz 1R & HEEMEER & O R
[M(H0)6]*" 4 F ¥ Ok & BEE L OMBE S22 Lz, [M(H0)6]*" 4 # ¥ @ dynamic disorder #§ 3%

LM D AT S 7.



