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Transport phenomena 
in ammonium halides under high pressures* 
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**, A.N. BABUSHKIN 

Physics Department, Ural State University, Lenin Avenue 51, Ekaterinburg, 620083, Russia 

Polycrystalline ammonium chloride (NH4Cl), fluoride (NH4F) and bromide (NH4Br) were studied at 
pressures from 20 to 50 GPa in the temperature range of 77–400 K. Phase transitions from a high-
resistance to low-resistance state was found. The transition pressures were about 15 GPa for NH4Br, 
27 GPa for NH4Cl, and 42 GPa for NH4F. The transition temperatures and pressures were shown to de-
pend on the preliminary pressure treatment. All ammonium halides show metal-like behaviour under high 
pressures, similar to that of alkali halides. 
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1. Introduction 

Alkali halides of cubic structure with mainly ionic bonds have been studied as 
model objects for high-pressure physics [1–3]. However, ammonium halides, with the 
ion (NH4)

+ being an analogue of an alkali metal, have hardly been studied at high 
pressures at all. Their structures have been studied only up to 9 GPa [4, 5]. In this 
work, the conductivity of ammonium chloride (NH4Cl), fluoride (NH4F), and bromide 
(NH4Br) under high uniaxial pressures from 15 to 50 GPa in the temperature range of 
77–400 K was studied. Similar to microscopic structural analysis, i.e. X-ray or Ra-
man-scattering measurements, transport measurements can be used to detect phase 
transitions. Recently, for NH4Cl and NH4F, we have found a transition from a high-
resistance state to a low-resistance one under high pressures. In this paper, we present 
studies of this transition in these two ammonium halides and, additionally, in NH4Br. 
The time dependence of the resistivity of the ammonium halides with changing pres-
sure was also studied. 
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2. Experimental 

High pressures were generated in a high-pressure cell with synthetic carbonado-
type diamond “rounded cone-plane” anvils [6]. These anvils are good conductors and 
can be used as electric contacts, making it possible to measure temperature and pres-
sure dependencies of resistance. At the temperatures and pressures used, the contact 
resistance did not exceed several ohms. The behaviour of the samples was examined 
during several pressure cycles. The samples, produced by a high-pressure treatment 
from powder materials of chemical purity, were ~0.2 mm in diameter and 10–30 µm 
in thickness. 

3. Results and discussion 

A hysteresis in the pressure dependence of resistivity was observed for the am-
monium halides studied (Figs. 1, 2). For all three materials, a sharp decrease in resis-
tivity by orders of magnitude from more than 108 Ohm to kOhms was observed above 
some threshold value Pc2. On reducing pressure down to Pc1<Pc2, the materials re-
turned to their high-resistive state. Pc1 was about 42, 25–27 and 15–17 GPa for NH4F, 
NH4Cl 
 

  
Fig. 1. Pressure dependencies of resistivity 

of NH4Cl at room temperature 
Fig. 2. Pressure dependencies of resistivity of  
NH4Br at room temperature: circles – initial  

increasing and decreasing pressure,  
triangles – after long exposure under stress 
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and NH4Br, respectively. A similar sharp transition was observed near Pc in the tem-
perature dependence of resistivity (Figs. 3, 4). The values of Pc correspond to a sta-
tionary state, which was reached after sufficiently long exposure of the samples to 
stress. The time of pressure treatment necessary to stabilize Pc was quite different for 
the three materials. Initial loading of the samples with the pressure of 50 GPa caused 
a change in the resistance only after one-month exposure to stress for for NH4F, and 
for about 10 days for NH4Cl. NH4Br samples did not require long pressure treatment; 
they became conductive at Pc2 = 20–22 GPa. There is a correlation between the times 
of treatment, as well as the values of Pc, and the densities of the materials (the atomic 
weight of the halogens F, Cl and Br). 

  
Fig. 3. Temperature dependence of resistivity 

of NH4Cl at the pressure Pc1 ≈ 27 GPa 
Fig. 4. Temperature dependence of resistivity 

of NH4F at the pressure Pc2 ≈ 50 GPa 

 
 
 
 
 
 
 
 
 
 

Fig. 5. Time dependence of the resistance of NH4Br  

Relaxation times of conductivity were found to be different for increasing or de-
creasing pressure (Fig. 5). The time dependencies of resistivity also demonstrated 
quite different relaxation times: one was seconds; another could be hours or days. The 
relaxation time was essentially larger at pressures near Pc1. At pressures far above Pc1, 
the relaxation times were several minutes. At pressures between Pc1 and Pc2, a thermal 
hysteresis of the resistance of all three materials was observed, indicating the exis-
tence of intermediate states. The magnitude of hysteresis decreased after each cycle of 
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applied and removed pressure and/or after each time of exposure to a high pressure. 
All ammonium halides have shown a metal-like behaviour under high pressures simi-
lar to that of alkali halides. Details of the behaviour of the resistance for each of the 
ammonium halides are given below. 

Ammonium fluoride. The main feature of the temperature dependencies of the con-
ductivity of NH4F under pressure was hysteresis; it is likely to be due to compacting 
the polycrystalline structure of the sample by a thermal expansion under high pres-
sure. On heating, the conductivity had a metal-like character up to some critical tem-
perature. The conductivity was practically temperature independent at higher tempera-
tures. A long application of pressure, for several weeks, dramatically changed the 
character of the temperature dependence as it became metal-like. Below 42 GPa, 
a reversible transition from a low-resistive state (kOhms) to a high-resistive state 
(more than 100 MOhm) was observed independently of previous pressure treatment. 
(For more details, see [8].) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Temperature dependencies of resistivity of 
NH4Cl at 45 GPa: a) after two weeks, b) after 

two-month exposure under high pressure 

Ammonium chloride. The pressure dependence of the resistivity of NH4Cl was 
similar to that of NH4F. However, the temperature dependencies were quite different. 
The conductivity of NH4Cl at temperatures below 340 K had an activated character. 
At temperatures higher than the critical value, a transition to the metal-like state was 
observed. A minimum in the R(T) dependence indicates the existence of a transition to 
an intermediate state. This transition did not disappear after long (up to six months) 
exposure to stress, but was observed in this case only at pressures below 35 GPa. 
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Figure 6 shows the temperature dependencies of the resistivity of NH4Cl at 45 GPa 
after high-pressure treatment for 2 weeks (a) and for more than 2 months (b). Below 
25–27 GPa, all ammonium chloride samples became high-resistive (MOhms). 

Ammonium bromide. The temperature dependencies of the resistivity of NH4Br 
had a positive slope in the temperature range 77 to 300 K. At pressures from 40 to 
44 GPa and temperatures above 300 K, anomalies in the dependencies were found, 
indicating a transition to another state. The transition of ammonium bromide into 
a high-resistive state was observed at pressures below 15–20 GPa, depending on pre-
vious pressure treatment. 

4. Conclusion 

Phase transitions are shown to exist in ammonium halides at high pressures. They 
are revealed by sharp changes in resistance by several orders of magnitude. Above the 
transition, the resistivity is, as a rule, metal-like and similar to that of alkali halides. 
However, after a period of time, a non-monotonic dependence of resistivity on tem-
perature was observed, indicating the existence of intermediate states. The data ob-
tained show that transport measurements can be used to recognize phase transitions in 
ammonium halides. To determine the microscopic structure of the phases, X-ray or 
Raman-scattering measurements are needed. 

Acknowledgements 

The work was supported, in part, by CRDF grant No. EK-005-X1 for Ural Centre of Research and 
Education “Advanced materials”. 

References 

[1] VERESCHAGIN L.F., YAKOVLEV E.N., VINOGRADOV B.V., Pisma Zh. Eksp. Theor. Phys. (JETF Lett.), 
20 (1975), 540. 

[2] BABUSHKIN A.N., BABUSHKINA G.V., IGNATCHENKO O.A., J. High Pressure School, 1 (1999), 32. 
[3] BABUSHKIN A.N., BABUSHKINA G.V., Fiz. Khim. Obrabotki Mat. (Phys. Chem. Mat. Treatment, 

in Russian, 3 (1996), 19. 
[4] BALAGUROV A.M., SAVENKO B.N., KOZLENKO D.P., GLAZKOV V.P., SOMENKOV V.A., Fiz. Tv. Tela 

(Phys. Sol. State), 40 (1998), 143. 
[5] BALAGUROV A.M., SAVENKO B.N., M.KOZLENKO D.P., GLAZKOV V.P., SOMENKOV V.A., HULL S., 

Physica B, 265 (1999), 92. 
[6] VERESCHAGIN L.F., YAKOVLEV E.N., VINOGRADOV B.V., STEPANOV G.N., BIBAEV K.KH., ALAEVA T.J., SA-

KUN V.P., High Temp., High Pressures, 6 (1974), 99. 
[7] BABUSHKIN A.N., PILIPENKO G.I., GAVRILOV F.F., J. Phys. Cond. Matter, 5 (1993), 8659. 
[8] TIKHOMIROVA G.V., BABUSHKIN A.N., Defect Diff. Forum, 208–209 (2002), 271. 

Received 18 February 2004 
Revised 15 May 2004 


