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Results of axis wise measurements of the electrical conductivity (de and ac) and dielectric constant 
ofNH

4
H

2
P04 confinn the occurrence of the recently suggested high-temperature phase 

transition in this crystal (at 133 "C). The corresponding transition in ND4D2P04 observed here for 
the first time takes place at 141.5"C. The mechanism involved in these transitions and those 
associated with the electrical conduction and dielectric anomalies are explained on the basis of the 
motional effects of the ammonium ions in these crystals. Conductivity values for deuterated 
crystals give direct evidence for the predominance of pro tonic conduction throughout the entire 
range of temperatures studied (30-260 "C). 

PACS numbers: 77.80.Bh, 77.80. - e 

L INTRODUCTION 

Recently Viswanath and Miller I suggested the occur
rence of a new high-temperature phase transition in ammo
nium dihydrogen phosphate (ADP) from their studies em
ploying infrared spectroscopy, differential scanning 
calorimetry (DSC), thermogravimetric analysis (TGA), and 
de conductivity. Even though extensive investigations2

-
7 

have been made on the well known transition occurring in 
this material at a low temperature ( - 125°C), no attempt 
bas SO far been made in clarifying some of the important 
features of the newly suggested high-temperature transition. 
Naturally, the first report on this transition I indicated the 
need for further work especially due to the following rea
sons. 

(I) The above authors have not made any attempt to 
explain the mechanism involved in this newly found transi-
11Ofl. 

(2) There appears to have no consistency regarding the 
tllIlsition temperature with respect to the different techni
ques they used to detect this transition, viz., IR spectrosco
py, DSC, TGA, and dc conductivity. In other words, the 
correct transition temperature is yet to be finalized. 

(3) ADP being a hydrogen bonded crystal containing 
ammonium groups, a direct way of obtaining infonnation on 
the newly observed transition is to make measurements on 
thedeuterated analogue of ADP, viz., ND4D 2P04 (DADP) 
and this crucial measurement has not been done so far. 

(4) Even though dielectric measurement has been ac
cepted as the final and confirmatory test for the detection of 
a new phase transition, this method has not been used in the 
present case. 

(5) Axiswise measurements are essential in the case of 
fcrroelectric and antiferroelectric crystals undergoing phase 
transition and these have to be carried out. 

Consideration of these aspects has prompted us to take 
up an axiswise study of de and ac electrical conductivity and 
dielectric constants of ADP and DADP above room tem-

"l'~! address: Dcpanmenl of PhYSics, Union Chri~lian College, AI
waye 683 to2, Kerala, India. 

perature giving special care in the region of the newly ob
served transition. 

11. EXPERIMENT 

Single crystals of ADP were grown by slow evaporation 
at a constant temperature (32 ± 0.0 I "C) of a saturated solu
tion prepared with triply distilled water. Single crystals of 
DADP were grown in a similar way using heavy water of 
isotopic purity 99.8%. Finished specimens measuring 
5 X 5 X I mm3 were prepared with their broad faces nonnal 
to the different crystallographic axes. The experimental de
tails of the measurement of dc conductivity made under 
vacuum conditions (10- 3 Torr) and of temperature have 
been reported earlier. 8 In the Case of dc conductivity mea
surements a potential difference of 9 V was applied across 
the crystal from dry batteries and the resulting current was 
measured. For ac measurements, a stable L.F. Oscillator of 
low output impedance was employed to obtain the alternat
ing potential (I (}-25 V nns, 90 Hz) which was applied across 
the crystal. A digital ac millivoltmeter (nns) of high input 
impedance along with an appropriate standard resistance 
was used for the current measurements through the crystal. 
The dielectric measurements (the details of which have been 
reported earlier9

) were also carried out under the same vacu
um conditions using a direct reading LC meter having a pro
vision to annul the effects of lead and fringe capacitances 
The rates of temperature variations used were 2 "C h - I in 
the vicinity of the transition point and 10 "C h - I in the other 
regions. 

Ill. RESULTS 
Figures 1 and 2 show the log u vs T - I plots for ADP 

and DADP from 30 to 125°C along the a and c axes, respec
tively. The curve for the b axis is almost identical with that 
for the a axis. Above 125 ·C, as noted earlier, 10 some anoma
lous variations are observed for the current through the crys
tal. The current measuring instrument in this case shows 
large fluctuations and it is not possible to take readings even 
with an applied voltage as low as 1.5 V across the sample. An 
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FIG. I. de conductivity plOIS (Q axisl for ADP and DADP. 

x-Y recorder connected to the output of the current measur
ing instrument along with the thermocouple voltage gives a 
large number of spikes above this temperature' 125 "C). The 
heights of these peaks are found to increase with further rise 
in temperature. In spite of the occurrence of these fluctu

ations it is possible to recover the clear and transparent crys
tal without any damage even after heating it up to 160 ·C. 
From 30 to 125 ·C, the dc conductivity plots have two dis
tinct straight line regions with a "knee" around 9O"C. The 
straight line regions of the curve corresponding to the c axis 
~f the ADP crystal can be represented by the following equa
tJOn: 

O'ADP =2.41XlC¥ exl>(-O.70 eV/kT) 

+ t.6X lctexp( - 1.78 eV/kT)D -I cm-I, 

giving activation energy values 0.70 and 1. 78 e V in the lower 
and upper straight line regions, respectively. 

Axiswise ac conductivity measurements have been 
made from 100 to 160·C and the log 0' vs T - I plots for the 
crystals along the a and c axes are shown in Figs. 3 and 4. It is 
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FIG. 2. de conductivity plots (e axis) for ADP and DADP. 
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FIG. 3. ac conductivity plots (a axisl for ADP and DADP. 

notable that the plots corresponding to the c axis of AD! 
DADP show wen defined peaks at 133 and 141.5"C.' 
are clearly indicative of the phase transitions occurri 
these crystals. The upward shift of the transition tell! 

ture by 8.5 'C is of particular importance. Along the; 
the respective conductivities abruptly rise up to lar~, 
at these temperatures and level off beyond these poinb 
results for b axis are the same as those for a axis and I 
they are not shown here. Generally, the deuterated Cl! 

show smaller values of conductivity when compared ~ 
crystals. 

To the best of our knowledge all the earlier did 
studies on ADP were limited to temperatures below 11 

DADP has been studied only below room tempell 
Here, we have measured the dielectric constants (at 1 
of ADP and DADP along the a and c axes in the tempa 
range 30 to 160 "C and the results are presented in Figs. 
6. It is found that the dielectric constants at first cia 
a~d th~ go on increasing. For ADP in the heating ru 
dielectnc constant along the a .axis (E,,) begins to i~ 
85 ·C, reaches a maximum value of 72 at 133 ·C alii 

levels off beyond this temperature. In the cooling n 
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FIG. 4. ae conductivity plots (e uis) for ADP and DADP. 
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:' FIG. S. f. vs T plots for ADP and DADP. 

i:~e chan~e rev~rses with a thermal hys~eresis of nearly 
20 C. The dlelectnc constant along the c axiS (Ee) also shows 
!he same type of variation with the difference that the dielec
tric maximum in this case has a slightly larger value com

'pmdtO€". The mean value ofthennal hysteresis in this case 
l is as much as 40 DC. 
, For deuterated samples, as observed in electrical con-

ductivity measurements, it is found that the transition point 
shifts upwards by 8.5 ·C. The dielectric constants ofDADP 
aJoq the a and c axes begin to increase around l00·C and 
reach maximum values of 215 and 130, respectively, at 
141.5 ·C. Thermal hysteresis effects in these cases (27 and 
SS .q were found to be much greater than those observed in 
!he case of ADP. The values of room temperature dielectric 
constants are found to be identical with the values observed 
pmiously.2 
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FIG, 6, f, vs Tplols for ADP and DADP. 

2595 J. "pp!. Phys., VoL 54, No. 5, May 1983 
71 

IV. DISCUSSION 

The electrical conductivity and dielectric anomalies ob
served in ADP and DADP along all the crystallographic 
axes undoubtedly show that there exist high temperature 
phase transitions in these crystals at 133 and 141.5 GC, re
spectively. These results confirm the suggestion of Viswan
ath and Miller l that ADP undergoes a high-temperature 

phase transition. The present experimental results along 
with some earlier results 1.10--1 S are indicative of the nature of 
the mechanism involved in the newly observed transition in 
ADP. Also, the present results lead to a better understand
ing of the process of electrical conduction in the different 
phases of the crystal as well as at the transition point. 

Generally, in ADP-type crystals the possible type of 
point defects which help the electrical conduction process 
are the "ionization" defects, viz., (HP04)2- and (H)PO .. ) 
produced as a result of the proton jumps from one phosphate 
group to another along the same bond (intrabond jump) and 
the Land D defects (proton vacancy and doubly occupied 
proton positions) which are generated as a result of jumps of 
protons from one bond to another (interbond jumps) of the 
same phosphate group.14 In ADP, in addition to the above 
defects there exist protonic defects associated with the am
monium groups which are called theA defects. In the extrin
sic region the conduction process is mainly due to the "ioni
zation defects" and the Land D defects. In the intrinsic 
region, the A defects, which are generated as a result of gra
dual release of ammonia gas, 14 dominate over the other kind 
of defects and this is assigned as the cause of the observed 
"knee" in between the straight line regions. The present ex
perimental result that the deuterated sample (DADP) has 
lower conductivity values (Figs. 1-4) compared to ADP 
along all the crystallographic axes is direct evidence for the 
existence of predominant protonic conduction in ADP both 
in the extrinsic and intrinsic regions. 

As the temperature ofthe crystal reaches the high-tem
perature transition point (133 GC), the (NH .. )+ ions, which 
are assumed to be in a state oftortional oscillation up to the 
transition region, may change over to a state offree rotation. 
The unhindered rotation of the (NH,,) + ions can cause the 
liberation of a large number of protonic defects (A defects) 
resulting in a high value of conductivity which is observed at 
the transition point. The high value of dielectric constant 
observed at the transition point along all the axes of the crys
tal arises from the contribution to the orientational polariza
bility from the freely rotating (NH4) + ions. The mechanism 
involved in this transition can be related to similar transi
tions observed recently in many other crystals containing 
ammonium groups, viz., NH"CI and NH 8rl6 

LiNH.SO .. ,B.17,IB (NH.hSO.,9.19.20 and (NH4hH(S04h. 2; 
The high temperature transitions occurring in these crystals 
~re also attributed to the onset offree rotation of the (NH .. 1 + 

Ions. Even though a similar high temperature transition is 
known to occur in KDP,22 the mechanism involved in that 
transition is not exactly of the same type. In KDP, the onset 
of disordered hindered rotation of (H2P04 ) - groups around 
all the three axes, is considered to be the cause of the high
temperature phase transition. 
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The upward shift of the transition temperature (by 
8.5 GC) in deuterated specimen (DADP) gives a direct evi
dence on the role of (NH4)+ ions in the phase transition 
mechanism. Such an upward shift in the transition point is 
expected when the rotation of the (NH4) + ions is the cause of 
the observed transition. Here, the shift in tbe transition tem
perature corresponds to the additional energy required for 
the onset of free rotation of(ND4) + groups in DADP which 
are heavier compared to the (NH4)+ groups in ADP. (Inci
dentally, the high temperature transition point is found to be 
lowered in KDP on deuteration. 23

) 

V. CONCLUSIONS 

An axis wise measurement of electrical conductivity (ac 
and de) and dielectric constant of NH4H2P04 and 
ND4D2P04 have been carried out over the temperature 
range 30-l60·C which confirms the occurrence of high
temperature phase transitions in these crystals at 133 and 
141.5 GC, respectively. The onset offree rotation of (NH4)+ 
groups in ADP is suggested to be the mechanism involved in 
this transition. The rise in conductivity at the transition 
point is explained as due to the liberation of A defects arising 
from the unhindered rotational effects of the (NH4) + groups. 
A direct evidence for the predominance of protonic conduc
tion in the crtystal throughout the entire region (both extrin
sic and intrinsic) has been obtained from the experimental 
result that the deuterated samples have lower conductivity 
values in comparison with the undeuterated samples along 
all the crystallographic axes. The large value of dielectric 
constant observed at the transition point is explained as due 
to the contribution to the orientational polarizabiIity from 
the freely rotating (NH4)+ groups. The upward shift of the 
transition temperature in deuterated crystals confirms the 
idea of (NH4)+ rotation as a cause of the new phase transi
tion. 

2596 J. Appl. Phys., Vol. 54, No. 5, May 1983 

ACKNOWLEDGMENTS 

Thanks are due to Dr. K. Sathianandan fOT

3
' 

the authors with the necessary facilities for carrying OIJI 

work. The financial assistance from the Depa 
Science and Technology, Government of India is gral 
acknowledged. 

'R. S. Viswanath and P. J. Miller, Solid Slale Commun. 32, 70311j 
'w. P. Mason, Phys. Rev. 69, 173 (1946). 
'D. T. Matthias. W. Merz.and P. Scherrer. Helv. Phys. Acta 20.27)1 
·W. P. Mason and B. T. Matthias. Phys. Rev. 88, 477 (19521. 
ST. Nagamiya, Prog. Theor. Phys. Jpn. 7. 275 (1952). 
"B. T. Matthias. Phys. Rev. 85,141 (1952). 
's. R. Gough. J. R. Ripuncester. N. S. Dalal. and A. H. Reddoch.J. 
Chem. 83. 664 11979). 

·U. Syamaprasad and C. P. G. Vallabhan, Solid Slale Commun.J\ 
(1980). 

·V. Syamaprasad and C. P. G. Vallabhan, Solid Slale Commun.41 
(1982). 

"'E. 1. Murphy, J. Appl. Phys. 35. 2609 (1964). 
"C. T. Perrino and R. C. BUsh. J. Solid Stale Chem. 17. 121 [19761. 
12c. T. Perrine and P. Wentercek. J. Solid Slale Chem. ID, J61191~ 
"J. M. Pollcek and M. Sharan, J. Chem. Phys. SI, 3604 (1969). 
"L. B. Harris and G. J. Vella, J. Chem. Phys. 58, 4550 (19731. 
ISM. Sharan and A. K. Kalia. J. Solid State Chem. 21, 17111977). 
I.y. v. G. S. Munhi and P. S. Prasad. Physica B 79, 243 119nl. 
l'U. Syamaprasad and C. P. G. Vallabhan. Nal. Aead. Sci ltIL 

Annu. Number 3.364 (1980). 
I·U. Syamaprasad and C. P. G. Vallabban. Phys. tell. A 89, 3711 
I·V. Syamaprasad and C. P. G. Vallabhan. Solid Slale Commun. 

(1981). 
:'<'U. Syamaprasad and C. P. G. Vallabhan, J. Phys. C 14, L865 (I 
21U. Syamaprasad and C. P. G. ValIabban,1. Pbys. C 14, U71 (191 
HR. Bline. V. Dimie. D. Kolar. G. Lahajnar, J. Stepisnik. S. Z 

Vene, and D. Hadzi.J. Chem. Phys. 49. 4996 (1968). 
l'L. P. Pereverzeva, N. Z. Pogosskaya, Vu. M. Poplavko, V.I. P 

1. S. Rez. G. B. Sil'nitskaya Fiz. Tver. Tela (USSRll3, 3199 (19111 

Subhadra, Syamaprasad, and Vallabhan 




