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Proton dynamics in letovicite: Part I. Static
 1
H and 

15
N NMR MAS experiments and       

lineshape simulations
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ABSTRACT

Synthetic letovicite (NH4)3H(SO4)2 has been investigated using 1

15

The 1

iso aniso

iso aniso  = 1.0). The lowering of the chemical 
aniso -

by 15 P2/n
C2/c

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 

C2/c and undergoes a 
Tc -

R3m and consists of a double layer 

OS bonds in the center of these 

layer and one of the lower layer. The ammonium tetrahedra are 

hand, they form double layers alternating with the sulfate double 
layers (N2 site). On the other hand they are located in the center 

sulfate tetrahedra are tilted from their original orientations in 
-

Previous investigations have shown that the mechanism of 

1H MAS 
and static 14 -

1H MAS NMR resonance from 

-
ering of the second moment M2 (which is the mean quadratic 
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the area of Tc. The static 14

-
dra. Two-dimensional 1

-

-

OS bonds 
e -

a
dc = b

dc = 10–2

S cm–1

c c
dc = 

10–4 S cm–1

c

conductivity along the [001] direction. Moreover he determined 

(Merinov et al. 2000).
-

-
ity and the formation of ferroelastic domains. This information 

1H and 15N MAS NMR 
-

the orientation of the local environment related to the outer 

1H resonance correlate strongly 

The two different ammonium tetrahedral sites can be distin-
guished with 15

the dynamics of the ammonium as well as the sulfate tetrahedra 
-

monium sites become undistinguishable in the 15N MAS NMR 

1H and 15 -

2H NMR 
2

with characteristic time scales in the range 10–3–10–8 s (the so-
called “intermediate motional range”).

EXPERIMENTAL METHODS
Single crystals of (NH4)3H(SO4)2 and (15NH4)3H(SO4)2 were grown in a 

an aqueous solution containing 40 wt% (NH4)2SO4 or (15NH4)2SO4 (60% 15N 
2SO4 or 

D2SO4 2O or D2

2SO4 and D2O were used to reduce the heteronuclear 
15N and 1

deuterated 15 1H MAS NMR 

1 -

 –  – 180y –  – (acq)

delay was set to  = 40 
1

s) and a 10 

1H as reference standard.

207Pb NMR signal of Pb(NO3)2 whose chemical shift shows a linear correlation as 

The {1H} 15N CPMAS and 15N MAS 1

1H 
was 8.0 s [ rf(1H) = rf(15N)solid

15N MAS 1
15N was 4.0 

A 1 M aqueous solution of 15NH4
15NO3 was used as reference standard setting the 

NH4

The static and MAS 1 15N MAS NMR line-

the chemical shielding tensor 
z-direc-

tion. xx, yy, and zz

  = 
xx

yy

zz

0 0
0 0

0 0

, 
zz xx yy      iso iso iso

(1)

iso Tr) of the 
aniso, which 

characterizes the difference between z x-y
 that describes the deviation from 

iso =  Tr  1
3

(2)

aniso = zz – iso    (3)
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RESULTS AND DISCUSSION

Static 
1
H and low-speed MAS NMR spectra of letovicite

Previous 1
-

TC -
M2 of the NH4 resonance is caused 

-

-

to that behavior a strong motional increase of the free acidic 
TC, which is indicated by 

the reduction of the signal half widths. Thus, the increase of the 

TC in the 
a-b

1

-

1

local environments.
The static 1

results of the recent 1

-

not visible, because they are located in SO-H OS bonds in 

they are nearly static. This causes broad resonances, which can-

resonances become narrower. This leads to the fact that the H1 

1

the estimated 1

signals from 1
iso iso

aniso)
(

1H MAS NMR 

were acquired. At low rotational frequency the chemical shift 
-

1

T = 400 K.

-

 = 1.0 
and is reduced to  = 0.0 for the H2 signal. The decrease of  to 
zero gives evidence that the local chemical environment of the 

FIGURE 1. Static 1
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h

e -

aniso of the 

two main directions of the chemical shift tensors. On the basis of 
the interbond dynamics of the disordered dynamical hydrogen 

During the rotation of the sulfate tetrahedra in the interbond 
-

between the two main directions of the chemical shift tensors 
amounts to 

1H MAS and static NMR investigations can only give infor-

-
2H NMR 

15
N MAS (CPMAS) NMR spectra of letovicite

In addition to the 1 15N MAS NMR 
15N-enriched letovicite with 

15N is 
I = 1/2, so that chemical shift 

technique. In this way, the signal line width can be reduced 

4

tetrahedra. The 15

are able to distinguish the individual nitrogen signals according 

The 15

215

TC = 408 K.
three different nitrogen signals can be 

observed in the 15
iso= 3.5 

-

Experimental

Theoretical
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FIGURE 2. 1H NMR 
T = 400 K.
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FIGURE 3. 1H MAS NMR 
T

TABLE 1. Chemical shift parameters of the 1H signals of the free acidic 
protons from the static 1H NMR- and low-speed MAS 1H 
NMR-spectra at T = 400 K 

H1 H2

iso aniso iso aniso

ppm ppm ppm ppm
MAS 1.4 kHz 14.2(1) 8.5(5) 0.9(2) 13.2(1) 4.5(5) 0.0(2)
MAS 0.8 kHz 14.1(1) 8.4(5) 0.9(1) 12.9(1) 3.5(5) 0.0(3)
static 14.1(2) 8(2) 1.0(2) 13.3(4) 3(2) 0.1(5)
Note: The 1H chemical shift of the ammonium resonance is at 7.0 ppm.



1825

P2/n or Pn. The N(III) signal at –1.8 
-

N(II*) signal at iso

C2/c. In addition, at 

15N 
T = 

R3m. All shift changes 

single N(II*) signal remains. The integrated signal area below the 
N(II*) signal is now twice as large as that below the former N(I) 

the nitrogen atoms of the N(1)H4 tetrahedra within the sulfate 
double layer, while the N(II) and N(III) resonances originate 
from the two N(2)H4 ammonium tetrahedra of the NH4 double 

evidence for that signal assignment. The direct neighborhood 

leads to a changed electron distribution in the nitrogen electron 

4
+ cations in solution (0 

4 tetrahedra of the double lay-

iso

from the symmetry increase of the crystal lattice with increasing 
P lattice 

to a C-
of the N(2)H4 tetrahedra become identical, and thus also their 

can be described best by a “fast” dynamic reorientation (10–8 s) 
of the tetrahedra leading to the dynamically averaged chemical 

a rotational frequency of 500 Hz nearly no rotational sideband 
intensity can be observed and thus a very low chemical shift 

15

-

The N(I) signal and the N(II*) signal shift together on further 

for all NH4

R3m. In addition, the dynamics of the ammonium tetrahedra 
TC a 

we see a time-averaged environment of both the sulfate anions 
as well as the ammonium tetrahedra. The chemical shift tensors 
of the different nitrogen atoms are time-averaged to the same 

FIGURE 4. 15 1

215–420 K. {1H}15
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FIGURE 5. 15N MAS NMR resonances 
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4

chemical environment and consequently the same time-aver-
aged chemical shift tensor. The two nitrogen signals thus merge 
into one signal located at a time-averaged resonant frequency. 

87Rb NMR 
study for the Rb sites in Rb3H(SO4)2.

induce a resonance shift change. However, another effect at 

resonance frequency.
The additional low intensity signal at T -

and can be assigned to ammonia (NH3).
15

changes of the structure reasonably well. The shift of signals 

of the chemical shift tensor caused by strong dynamics of the 
NH4 tetrahedra as well as their local environment. 
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