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a b s t r a c t

Crystal structure and compressibility of potassium azide was investigated by in-situ synchrotron

powder X-ray diffraction in a diamond anvil cell at room temperature up to 37.7 GPa. In the body-

centered tetragonal (bct) phase, an anisotropic compressibility was observed with greater compressi-

bility in the direction perpendicular to the plane containing N3
� ions than directions within that plane.

The bulk modulus of the bct phase was determined to be 18.6(7) GPa. A pressure-induced phase

transition may occur at 15.5 GPa.

& 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Metal azides, which exhibit a comparatively rare set of
physical and chemical properties have drawn considerable atten-
tion [1]. As their principle characteristic, the decomposition upon
external stimulations (impact, heat, irradiation, etc.) has been
studied extensively [2]. Their practical applications include explo-
sives and pure nitrogen sources. Scientifically, metal azides are
model systems to study the complex nature of chemical bonding
as their spatial symmetry and internal molecular structure make
them logical candidates for such studies following alkali halides
and cyanides. Both experimental and theoretical studies have
been undertaken on the structural, electronic, and optical proper-
ties of metal azides [3–7].

Alkali azides, a relatively stable species among metal azides
undergo a variety of phase transitions stimulated by either
temperature or pressure change, a phenomenon that has been
intensively studied [8–11]. A topic of recent interest of alkali
azide is the polymerization of N3

� ions to form a highly energetic
density material (HEDM) through high pressure treatment. This is
pioneered by studies of nitrogen, of which, a polymeric phase under
high pressure was first predicted [12] and later synthesized [13].
The N3

� ions in sodium azide were found to transform into larger
nitrogen clusters and then polymeric nitrogen nets [10].
A high pressure study on lithium azide (LiN3) also predicted the

formation of a polymeric nitrogen network with further compres-
sion beyond its pressure range studied [14]. Thus, a high pressure
study of potassium azide (KN3) would help in further under-
standing of the pressure effect on possible formation of polymeric
nitrogen.

At ambient condition, KN3 has a body-centered tetragonal
(bct) lattice of space group I4/mcm-D4h with potassium (K),
nitrogen 1 (N1), and nitrogen 2 (N2) atoms located on the
4c, 4a, and 8h wyckoff positions, respectively [7] (Fig. 1). The
N3
� ions, linear and symmetric, occupy alternate [1 1 0] and

[1 1̄ 0] directed position in the crystal to form N3
� ion planes

((0 0 1) and (0 0 2) planes) separated by layers of K ions. The
previous high pressure studies of KN3 have been done using IR
spectroscopy up to 2.5 GPa [15], Raman scattering up to 2.0 [16]
and 4.0 GPa [17], and single crystal X-ray diffraction up to 2.2 GPa
at room temperature and 7 GPa at 373 K [18]. No phase transition
at these P–T conditions was reported. To investigate the structure
and compressibility of KN3 at higher pressures, powdered
KN3 was studied using synchrotron angle-dispersive X-ray dif-
fraction (SADXRD) at room temperature up to 37.7 GPa in the
present work.

2. Experimental methods

Powdered KN3 was synthesized on a small scale by a replace-
ment reaction [1]. Two runs of high pressure experiments were
performed in a symmetric diamond anvil cell with flat diamond
culets of 400 mm diameter. In the first run, a sheet of rhenium
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metal was pre-indented to a thickness of about 40 mm, and a hole
with a diameter of 120 mm drilled at the center of the dent by an
electrical discharge machine served as the sample chamber. The
mortar-ground sample was hand-compacted into a flake and
loaded into the sample chamber. A ruby chip was then loaded
between the sample flake and the edge of the gasket hole for
pressure calibration by observing the spectral shift of the sharp
fluorescent R1 ruby line [19]. The sample chamber was filled with
a mixture of methanol and ethanol at a ratio of 4:1 as the
pressure-transmitting medium. In the second run, all the sample

loading setups are the same except that the selections of gasket
and pressure media were stainless steel (pre-indented to about
90 mm) and mineral oil, respectively. The first run of high pressure
in-situ SADXRD measurements was carried out at the B2 station of
Cornell High Energy Synchrotron Source (CHESS) by means of a
monochromatic X-ray beam with a wavelength of 0.4860 Å and
a 40�40 mm2 spot size. The Debye rings were recorded using a
Mar3450 image plate. The second run of SADXRD experiments
was carried out at X17C station of National Synchrotron Light
Source (NSLS), Brookhaven National Laboratory, using a mono-
chromatic beam with a wavelength of 0.4066 Å and a spot size of
20�25 mm2. The diffraction pattern was recorded using a Mar
charge-coupled device detector with a smaller sample to detector
distance compared with the first run to increase the collected
diffraction intensity. Using the software FIT 2D [20], these
diffraction images were integrated to two-dimensional diffraction
patterns. Cell parameters were calculated from the first run of
data by software Refine [21] using peak positions identified by
PEAKFIT v4.11 (Systat, Richmond, CA). Since the relative intensity
information was distorted by weak diffraction in the data of first
run, the data of second run with much stronger intensity were
analyzed using the Rietveld refinement technique [22] with
Fullprof software [23].

3. Results and discussion

The lattice constants obtained at ambient condition,
a¼6.1109(4) Å and c¼7.0975(5) Å, are in agreement with the
results in literature (a¼6.1129 Å and c¼7.0943 Å) [7]. The repre-
sentative XRD patterns obtained at various pressures are shown
in Fig. 2. Peaks are indexed as (1 1 0), (2 0 0), (1 1 2), (2 1 1),
(2 0 2), (2 2 0), (3 1 0), (2 2 2), (2 1 3), (0 0 4), (3 1 2), (3 2 1), and
(1 1 4) of the bct phase at ambient pressure. Fig. 3 shows the

Fig. 1. Crystal structure of KN3 at ambient condition. Big spheres and small

spheres represent K and N atoms, respectively.

Fig. 2. Selected diffraction patterns under pressures. Numbers under diffraction patterns on the left are pressures in GPa. New peak is indicated by arrows. (a) Patterns

obtained from the first run. A magnified view of the 15.5 GPa pattern in the dashed frame is shown in the inset. Intensity of patterns from 15.5 GPa to 37.7 GPa are doubled

artificially for the purpose of illustration. (b) Patterns obtained from the second run. Inset is a magnified view of the 16.0 GPa pattern in the dashed frame. Asterisk (*)

marked peak is the (1 1 0) peak of a-Fe gasket.
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pressure dependence of d-spacing, peaks consistently shift to
lower d-spacing values with (1 1 2) and (2 1 1) peaks moving
closer, and (2 0 2) and (2 2 0) peaks showing the same due to the
different compression ratio between a-axis and c-axis. In both the
runs below 15.5 GPa, all existing peaks can be well indexed into
the ambient bct phase; the observed weakening and broadening
of peaks are attributed to the thinning of sample and the
deviatoric stress, respectively. Additionally, it can be noticed in
Fig. 2(b) that the relative intensity between (2 0 0) and (1 1 2)
keeps changing with pressure and gets reversed around 14.0 GPa.
Since no significant preferred orientation was observed in diffrac-
tion images, the contradiction between the reversal of relative
intensities and calculation of Fullprof with the bct model [the
intensity of (1 1 2) should be much larger than that of (2 0 0)]
cannot be solely attributed to an preferred orientation effect and

can possibly be explained by splitting of the K atomic position
from 4a to 8f site together with slight release of N according to
the refinement results. With further compression, a new peak
that cannot be indexed in the ambient bct phase emerged in both
runs at 15.5 GPa [Fig. 2(a)] and 16.0 GPa [Fig. 2(b)]. From 15.5 to
37.7 GPa, the new peak intensifies [Fig. 2(a)] while the first two
high d-spacing peaks continue to shift consistently to lower
d-spacing values (Fig. 3). There are two possible explanations
for this phenomenon. The first one is a phase transition starting at
15.5 GPa with subtle and sluggish structural change in the
subsequent pressurization process. But we are unable to identify
a structure model for patterns at these pressures. The second
explanation is a decomposition induced by both pressurization
and X-ray illumination. The defects generated by N release may
be unstable under pressure and induce decomposition upon
further compression, which might explain the emerging of the
new peak.

Fig. 3. D-spacing variation with pressure. New peak is indicated by an arrow and

dashed line serves as a possible phase boundary.

Table 1
Variation of cell parameters and unit cell volume of KN3 under pressures. Numbers

in parentheses are the calculated standard deviations.

GPa a (Å) c (Å) V (Å3)

0.0 6.1109(4) 7.0975(5) 265.04(3)

0.2 6.1056(2) 7.0832(6) 264.05(2)

0.6 6.0645(2) 7.0008(7) 257.47(2)

1.2 6.0264(4) 6.923(1) 251.42(4)

1.9 5.9965(5) 6.831(2) 245.64(5)

3.1 5.9419(7) 6.688(2) 236.14(7)

4.0 5.9188(8) 6.627(2) 232.14(7)

4.8 5.8903(6) 6.549(2) 227.21(6)

5.6 5.8673(6) 6.484(2) 223.21(5)

6.7 5.8400(6) 6.404(2) 218.42(5)

8.0 5.8147(9) 6.333(2) 214.13(8)

9.1 5.7904(8) 6.262(2) 209.96(6)

10.4 5.782(1) 6.199(3) 207.2(1)

12.0 5.769(3) 6.106(7) 203.2(2)

12.3 5.766(1) 6.087(2) 202.35(8)

13.0 5.753(2) 6.042(5) 199.2(2)

13.6 5.746(3) 6.014(6) 198.6(2)

14.6 5.740(2) 5.989(4) 197.4(1)

14.9 5.736(2) 5.968(4) 196.3(1)

Fig. 5. Unit cell volume dependence on pressure. Error bars show the standard

deviations resulted from the calculation and star represents results from Weir et al. [18].

Fig. 4. Cell parameter dependence on pressure. Inset shows the ratio between

normalized cell parameters at pressures and error bars show the standard

deviations resulted from the calculation.

C. Ji et al. / Journal of Physics and Chemistry of Solids 72 (2011) 736–739738



Author's personal copy

The cell parameters at different levels of pressure up to
14.9 GPa are listed in Table 1 and plotted in Fig. 4. Compared
with the previous study by Weir et al. [18], the current a result is
in good agreement, while discrepancies exist in c result. Since
there was insufficient data to do a meaningful least-squares
refinement to calculate the cell parameters in the study of
Weir et al. [18], the discrepancies may be attributed to their big
calculation errors. According to the inset in Fig. 4, the (a/a0)/(c/c0)
ratio keeps increasing with pressure, reaching a maximum value
of 1.12 at 14.9 GPa. It shows that the c-axis along the inter-plane
direction of the N3

� ion planes is more compressible than the
a-axis along the intra-plane direction. In addition, K–K distance
along the [0 0 1] direction (dð0 0 1Þ=2) is shorter than that along the
[1 1 0] (or [1 1̄ 0]) direction (

ffiffiffi

2
p

dð1 0 0Þ=2) at a given pressure. By
considering this fact and the observation that the c-axis is actually
more compressible than the a-axis, it can be implied that the
repulsions between N3

� ions dominate the compressibility of the
KN3 crystal. Similar anisotropic compressibilities were also
observed in thallium azide (TlN3) at ambient pressure [18] and
potassium hydrogen fluoride (KHF2) at high pressures [24], of
which both are isostructural with KN3. LiN3, monoclinic with
N3
� ions lying in the ac plane was found to have its deformation

concentrated within the basal ab plane upon compression [14].
These published data and our data suggest that the compression
within the plane containing anion groups is more difficult for
these univalent linear anion compounds.

Variation in the KN3 unit cell volume with pressure is shown
in Fig. 5. The volume is found to reduce by 28.6% at 14.9 GPa
compared with the ambient value. Fitting the data to the third-
order isothermal Birch–Murnaghan equation of state [25] yields a
bulk modulus (KOT) of 18.6(7) GPa with the pressure derivative
(KOT

0) of 6.7(4) for the bct phase of KN3. These values are close to
those of LiN3, reported as KOT¼19.1 GPa with K0OT¼7.3 [14].

4. Conclusion

KN3 was compressed to 37.7 GPa with in-situ synchrotron
powder X-ray diffraction measurements. In the bct phase, com-
pression of KN3 is anisotropic with the N3

� ions plane more
difficult to compress in the intra-plane direction than the inter-
plane direction. A third-order Birch–Murnaghan equation of state
fitting resolves a bulk modulus of 18.6(7) GPa with the pressure
derivative of 6.7(4). KN3 may undergo a phase transition at
15.5 GPa.
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