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The temperature dependence of the 170 NQR spectra in TIH2P04 has been measured using a 
proton- 17 0 nuclear quadrupole double resonance technique. The results show that the protons 
in the short one-dimensionally linked 01-HI--01 and 02-HZ--02 hydrogen bonds are moving 
between two equilibrium sites above Te and freeze into one of the off-center sites below Te. 
The protons in the asymmetric 03-H3--04 hydrogen bonds are static and ordered above and 
below Te. 

I. INTRODUCTION 

TlH2P04 (TlDP) undergoes 1-3 a slightly discontinuous 
antiferroelectric phase transition at Te = 230 K. At room 
temperature,4 the primitive cell is monoclinic4.5 with the di
mensions a = 14.308(5) A, b = 4.S18(6)A, c 
= 6.S16(S)A, andp = 91.76( 1,.. The space group is P2 11 

a, and there are four formula units per primitive cell. The 
phase transition3 is associated with a doubling of the primi
tive cell along the a and b axes. 

There are three types ofthe O-H--O hydrogen bonds in 
the structure. The hydrogen bonds 01-H1--01 [R(OI-
0 1) = 2.43(l)A] and 02-H2--02 [R(02--02) 

= 2.47 ( 1) A], which form zig-zag chains along the c axis, 
are effectively symmetric above Te. The protons are either 
dynamically disordered between the two equilibrium sites or 
are sitting at the center of the H bond. The hydrogen bonds 
03-H3--04 [R (03--04 ) = 2.S0( l)A] are asymmetric
with the proton in an off-center position-above Te. 

The strong deuteration effect on the transition tempera
ture Te I as well as on the pressure dependence of it, dTe I 
dp,6 suggests that the O-H--O bonds play an important role 
in the phase transition. 

Structural studies3 suggest that the phase transition in 
TlDP is, similarly as in the related monoclinic CsH2P04, 

connected with a pseudo-one-dimensional proton ordering 
in the hydrogen bonded chains along the c axis. 

In order to elucidate the role of the protons in the anti
ferroelectric phase transition in TlDP we decided to measure 
the 170 NQR frequencies as a function oftemperature. 

II. EXPERIMENTAL RESULTS 
170(1 = 5/2) has, in general, three doubly degenerate 

quadrupole energy levels. Their energies are obtained from 
the secular equation 

x 3 -7(3+7,z)x-20(1_'T/2) =0, (1) 

where the energy E = xA and A = e2qQ 141(21 - I). Here 
eQ is the nuclear quadrupole moment, eq = Vzz is the lar
gest eigenvalue (IV zz I;;. IV yy I ;;. IV xx) of the electric field 
gradient (EFG) tensor at the nuclear site and 
'T/ = (V xx - V yy ) / V zz is the asymmetry parameter of the 
EFG tensor. For each chemically inequivalent oxygen site 

we thus obtain three 170 NQR frequencies V1/2 .... 3/2 

<,V3/2 .... 5/2 < VI/2 .... 5/2 = V I / Z_ 3/ 2 + V 3/2_5/2' The asymme
try parameter 'T/ is calculated from the ratio v l / 2 .... 3 / 21 
V 3 / 2 ..... 512' When 'T/ is known the quadrupole coupling con
stant e2qQ Ih can be calculated from any NQR frequency. 

The 170 NQR spectra in naturally aboundant (0.037% 
170) TlDP samples have been measured by means ofIH-170 
nuclear quadrupole double resonance7.8 based on magnetic 
field cycling. 

The temperature dependence of the 170 NQR frequen
cies VI/Z_3/2 and V 3 / 2 .... 5 /2 is shown in Fig. 1. The corre
sponding quadrupole coupling constants and asymmetry pa
rameters are shown in Figs. 2 and 3. Above Tc we observe 
three sets of lines corresponding to three chemically inequi
valent oxygen sites. The lines corresponding to the 170 nu
clei with the intermediate quadrupole coupling constant are 
approximately twice as intense as the other lines. According 
to the previous 170 NQR studies of KH2P04-type sys
tems9

•
10 the 170 quadrupole coupling constant increases 

with decreasing O-H distance. We can therefore safely as
sume that the largest quadrupole coupling constant corre
sponds to the oxygen 03-i.e., to the shortest O-H dis
tance- and that the smallest quadrupole coupling constant 
corresponds to the oxygen 0 4, i.e., to the largest O--H dis
tance. The intermediate quadrupole coupling constant cor
responds to the oxygens 0 1 and O2, i.e., to the two effectively 
symmetric H bonds Ol-H--OI and 02-H--02' Here, in fact, 
two quadrupole coupling constants should be observed since 
the oxygens 0 1 and O2 are chemically inequivalent. The rea
son that within the experimental resolution (20 kHz) the 
170 1 NQR lines are not separated from the 170 2 NQR lines is 
probably due to the fact that in disordered rather short O-H
-0 bonds of KH2P04-type sytstems9-11 the 170 NQR fre
quencies depend only slightly on the 0--0 distance. 

Below Te we observe six quadrupole coupling constants 
which can be divided into two sets. The three larger quadru
pole coupling constants correspond to the "close" proton 
sites with the short O-H distances while the three smaller 
quadrupole coupling constants correspond to the "far" pro
ton sites with the long O--H distances. In addition it was 
observed that the width ofthe 170 NQR lines-which is due 
to proton-170 dipolar coupling-increases with increasing 
170 quadrupole coupling constant thus supporting the above 
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FIG. I. Temperature dependence ofthe 170 NQR frequencies in T1DP. The 
assignment procedure is given in the text. 

e2qQ 170 No.R IN TlH2P04 -h-

[MHz] 

~: 
Oz- Hz 

6.0 ~ 
~ 5.5 03 

0-0-0-0 

5.0 
0

01 <>-Q ~ 04 o 0 

04 ~ 

4.5 
:~:~o02~ 

-30 TloC ] 

FIG. 2. Temperature dependence of the 170 quadrupole coupling constants 
e2qQ /h in T1DP. 
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FIG. 3. Temperature dependence of the 170 asymmetry parameters TJ in 
TIDP. 

assignment. Within each set of three quadrupole constants 
the NQR lines corresponding to the intermediate one are 
approximately twice as intense as the others. According to 
structural studiesS these two quadrupole coupling constants 
correspond to the oxygens 0 3 and 0 4 , 

A recent 170 NQR studyl2 of the phase transition in 
diglycine nitrate has shown that the separation between the 
two equilibrium proton positions in a short O-H--O bond is 
much smaller than in longer O-H--O bonds. If we assume 
that the same is true here we may assign the largest and the 
smallest quadrupole coupling constant to the sites 170z-H-
O2 and 02-H2--1702' 

III. DISCUSSION 

The 170 NQR data show that the hydrogens HI and H2 
are above Tc effectively in the centers of the hydrogen bonds. 
Below Tc they freeze into off-center positions. The displace
ment of one of them (supposedly HI) is much smaller than 
the displacement of another one (H2 ). The hydrogen H3 is 
ordered already above Tc in a general position. Below Tc it 
displaces closer to the oxygen 0 3 , 

The near temperature independence of the 170 NQR 
frequencies of 10 and 20 in the paraelectric phase and the 
fact that the corresponding EFG tensors above Tc are ap
proximate, the averages of the EFG tensors below Tc seem 
to show that an order-disorder transition of Ol-H--OI and 
02-H-02 is more likely than a displacive transition. This 
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would mean that the protons in the o I-H--O 1 and 02-H--02 
bonds are moving above Tc between two off-center sites and 
that his motion freezes out below Tc. 

Measurements of the dipolar fine structure9
,10 of the 170 

NQR lines-which could provide a direct proof of the or
der-disorder character ofthe transition-cannot be done at 
present due to the short proton spin-lattice relaxation time 
in zero magnetic field. 
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