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Proton dynamics in letovicite: Part I. Static 1H and 15N NMR MAS experiments and       
lineshape simulations
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aBstract

Synthetic letovicite (NH4)3H(SO4)2 has been investigated using 1H static, low-speed MAS, and 
15N MAS NMR spectroscopy. Experiments were carried out in the temperature range of 215–425 K. 
The 1H MAS NMR spectra show three different resonances. The resonance assigned to the ammonia 
protons is broad and spinning sidebands cannot be resolved in the low-speed MAS NMR spectra. 
On the other hand, the acidic protons in the ferro- and paraphase show narrow signals with sideband 
patterns that enable a chemical shift anisotropy analysis. The chemical shift parameters of the free 
protons in the paraphase (δiso = 13.2 ppm, δaniso = 4.5 ppm, η = 0.0) differ completely from those of 
the protons in the ferrophase (δiso = 14.1 ppm, δaniso = 8.5 ppm, η = 1.0). The lowering of the chemical 
shift anisotropy δaniso by a factor of two and the change of the asymmetry parameter η imply a tetra-
hedral site jump mechanism of the protons. Three different ammonia tetrahedra can be distinguished 
by 15N MAS NMR spectroscopy in the P2/n phase below 273 K. Two resonances are prominent for 
the ferrophase (space group C2/c) corresponding to the two different crystallographic sites. Both 
resonances move together into a single resonance in the high-temperature phase that can be interpreted 
as fast dynamics of ammonia groups and its local environment so that the two crystallographic sites 
are locally nearly equal.
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IntroductIon

Triammonium hydrogen disulfate (letovicite) belongs to the 
well-studied class of ferroelastic materials of general formula 
M3H(AO4)2 (M = K, Rb, Cs, NH4; A = S, Se). The name letovi-
cite comes from the Czech village Lettowice where the mineral 
was first discovered in 1932. Natural deposits can be found in 
Bohemia (Czech Republic), Saxony (Germany), Hungary, and 
the United States. The monoclinic room-temperature phase is 
improper ferroelastic with space group C2/c and undergoes a 
phase transition at Tc = 413 K to a trigonal paraelastic high-tem-
perature phase. The formation of domain boundaries first occurs 
at a temperature of 30 K below the phase transition temperature 
(Baranov et al. 1987; Merinov et al. 1990, 1991; Suzuki and 
Makita 1978). The structure (see Fechtelkord et al. 2000) can 
be described in space group R3m and consists of a double layer 
of sulfate tetrahedra with their bases parallel to the (001) plane. 
The tops of the tetrahedra of every other layer point toward 
each other. Furthermore, the tetrahedra of one layer are shifted 
with respect to those of the opposite layer along the (001) plane 
and form a corrugated network of six-membered rings. Acidic 
protons are located in SO-H⋅⋅⋅OS bonds in the center of these 
double layers connected to one sulfate tetrahedron of the upper 
layer and one of the lower layer. The ammonium tetrahedra are 

located at two different crystallographic positions. On the one 
hand, they form double layers alternating with the sulfate double 
layers (N2 site). On the other hand they are located in the center 
of the six-membered rings of the sulfate double layers (N1 site). 
In comparison with the paraelastic phase, the ammonium and 
sulfate tetrahedra are tilted from their original orientations in 
the ferroelastic low-temperature phase. Furthermore, the am-
monium tetrahedra are displaced perpendicular to the threefold 
inversion axis of the paraphase along the binary axes of the 
ferroelastic phase.

Previous investigations have shown that the mechanism of 
the phase transition is dominated by a combination of order/
disorder effects of the acidic protons as well as displacements 
and reorientations of the ammonium tetrahedra perpendicular 
to the threefold inversion axis along the three binary axes of the 
ferrophase (Schwalowsky et al. 1998). Separating the dynamic 
behavior of acidic protons and the ammonium groups by 1H MAS 
and static 14N NMR spectroscopy allowed the examination of lo-
cal processes and coupling effects concerning the phase transition 
(Fechtelkord et al. 2000). The 1H MAS NMR resonance from 
ammonium was distinguished from that of acidic protons. A third 
resonance appeared just below the phase transition temperature 
caused by the acidic protons in the paraelastic phase. The low-
ering of the second moment M2 (which is the mean quadratic 
line width) for the ammonium protons took place in the same 
temperature range as the formation of domain boundaries, while * E-mail: Michael.Fechtelkord@ruhr-uni-bochum.de


