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Abstract
The dependence of the magnetic structure of CuO on hydrostatic pressure
up to 18 kbar has been studied by means of neutron diffraction at low
temperatures. The pressure dependences of both the Néel temperature TN

and the incommensurate–commensurate lock-in transition temperature TL have
been determined. The Néel temperature, which is 230 K at ambient pressure,
increases to TN = 235 K at P = 18 kbar, whereas the lock-in transition
temperature, which is 213 K at ambient pressure, decreases continuously to
TL = 207 K at P = 18 kbar. Since hydrostatic pressure increases the stability
range of the incommensurate phase, it is likely that at very high pressures
the incommensurate phase would be the only stable ordered magnetic phase
of CuO and the commensurate antiferromagnetic phase would be completely
suppressed.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The magnetic properties of cupric oxide CuO have been studied intensively due to their
similarity to those of the undoped parent compounds of the high Tc superconductors. Unlike
those of the latter compounds, the structure of CuO does not contain CuO2 layers but
the coordination of copper with oxygen is approximately square planar. The magnetic
susceptibility shows only minute anomalies at the Néel temperature and continues to
increase above TN showing a broad maximum around 600 K and finally decreases at higher
temperatures [1, 2]. Calorimetric studies [3, 4] show that more than 70% of the magnetic
entropy is associated with the short range order and �Sm only approaches the value expected
for a S = 1

2 system around 1000 K. The above results suggest quasi-low dimensional
magnetic behaviour. Our inelastic and quasielastic neutron scattering investigations [5, 6]
did indeed confirm that CuO has a quasi-one-dimensional magnetic character. Neutron
diffraction investigations [7] established that CuO orders at TN = 230 K to an incommensurate
helimagnetic phase with the wavevector k = (0.506, 0,−0.483) which is temperature
independent within experimental resolution. At TL = 213 K this helimagnetic phase locks
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into a commensurate antiferromagnetic phase with the wavevector k = ( 1
2 , 0,− 1

2 ). The
magnetic structures of the commensurate and the incommensurate phases of CuO have been
investigated in detail using both unpolarized and polarized neutron diffraction [8]. In the
commensurate antiferromagnetic phase the magnetic moments are parallel to the monoclinic
b axis of the crystal. The magnetic structure of the incommensurate phase is helical and its
elliptical modulation envelope has one axis parallel to [010] and the other in the a–c plane,
making an angle of 28.2◦ ± 0.8◦ to [001] in the obtuse β angle. The envelope is almost
circular, the ratio of the b to the a–c component is 1.03 ± 0.01 and the normal to the plane of
the moments is inclined at 17.0◦ ± 0.5◦ to the wavevector.

2. Experimental details

High pressure neutron diffraction experiments were done in normal beam geometry on the
diffractometer D15 which is equipped with a tilting detector. Monochromatic neutrons of
about 1.72 Å were used for the present investigation. A prism shaped CuO single crystal with
linear dimensions of about 2 mm was mounted with its b axis parallel to the cylindrical axis of
the clamp high pressure cell. The pressure applied was determined from the lattice spacing of a
small NaCl single crystal placed on top of the CuO crystal. The pressure transmitting medium
was deuterated propanol. Please note that although deuterated propanol freezes at the relevant
temperature and pressure of our experiment, the solid propanol is a soft molecular solid and
still serves as an excellent pressure transmitting medium in the relevant pressure range. So the
pressure generated during our measurements is at least quasi-hydrostatic. The clamp pressure
cell was fixed to the sample stick of a standard 4He cryostat. Two different sized clamps were
used: the smaller one generated pressures up to about 10 kbar whereas the larger one could
generate pressures up to about 20 kbar.

3. Results and discussion

Figure 1 shows the temperature variation of the intensities of the 1
2 , 0,− 1

2 and 0.506, 0,−0.483
reflections corresponding respectively to the commensurate and incommensurate phases of
CuO close to the ordering temperatures TN and TL at ambient pressure and also at P = 18 kbar.
The intensity of the 1

2 , 0,− 1
2 reflection decreases abruptly with temperature at TL whereas that

of the 0.506, 0,−0.483 reflection grows abruptly at about the same temperature. The intensity
corresponding to the incommensurate phase goes through a maximum and then decreases
continuously and finally becomes zero at TN. The temperature variation of these intensities
was also measured at several intermediate pressures. The intensity in arbitrary units plotted in
figure 1 is the integrated intensity after subtracting the background. The background was rather
large due to the scattering from the high pressure cell and its measurement was difficult for weak
intensities close to the transition temperatures. The subtraction of the background therefore led
to some negative intensities. The lock-in transition temperature could be determined relatively
easily from the temperature dependence of the 1

2 , 0,− 1
2 and 0.506, 0,−0.483 reflections, but

the determination of TN was much less precise. The resulting pressure–temperature (P–T )

phase diagram of CuO is shown in figure 2.
The Néel temperature increases from TN = 230 K at ambient pressure to TN = 235 K

at P = 18 kbar, whereas the lock-in transition temperature decreases continuously from
TL = 213 K at ambient pressure to TL = 207 K at P = 18 kbar, the highest pressure
attained during the investigation. Hydrostatic pressure increases the stability range of the
incommensurate phase and it is possible that at very high pressures the commensurate
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Figure 1. Temperature variation of the intensities of the 1
2 , 0, − 1

2 and 0.506, 0,−0.483
reflections corresponding to the commensurate and incommensurate phases of CuO as a function
of temperature close to the ordering temperatures TN and TL at ambient pressure and also at
P = 18 kbar.

antiferromagnetic phase would be completely suppressed and the incommensurate phase would
be the only stable ordered magnetic phase of CuO.

The principal superexchange path in the crystal structure of CuO is through the zigzag
Cu–O–Cu chains parallel to [1, 0, 1̄]. The Cu–O–Cu bond angle θ[101̄] in these chains is about
145◦ and this is the highest Cu–O–Cu bond angle in the structure. The next highest Cu–O–
Cu bond angle θ[101] = 109◦ occurs in Cu–O–Cu chains along the [1, 0, 1] direction. All
other Cu–O–Cu bond angles are smaller than this. In the undoped parent compounds of the
high Tc superconductors the strength of antiferromagnetic exchange interaction is known to
be correlated with the Cu–O–Cu bond angle θ although it was found to be uncorrelated with
the Cu–O bond lengths [9]. Figure 3 shows the dependence of the superexchange interaction
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Figure 2. Pressure–temperature (P–T ) phase diagram of CuO.
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Figure 3. The superexchange interaction J determined from inelastic neutron scattering
investigations plotted against the Cu–O–Cu bond angle for several cuprate materials. The
continuous curve is a least squares fit of the data points to a second-order polynomial.

J on the Cu–O–Cu bond angle θ for several cuprate materials. The same dependence can
be used to estimate the relative strengths of exchange interactions along the different Cu–
O–Cu bond directions in CuO for which θ varies from 95◦ to 145◦. We estimate J1 along
[1, 0, 1̄] to be about 77 meV compared to J2 along [1, 0, 1] of about 15 meV, giving a ratio
J2/J1 ≈ 0.2. This explains the quasi-one-dimensional magnetic property of CuO and is in
agreement with the results of specific heat [1, 3], inelastic [6, 10] and quasielastic [5] neutron
scattering investigations.

The pressure dependence of the crystal structure of CuO has been investigated by
Ehrenberg et al [11] and Forsyth and Hull [12] and we have used their data to calculate
the Cu–O–Cu bond angles θ[101̄] and θ[101] at different pressures; these are shown in figure 4.
We note that the angle θ[101̄] increases continuously with pressure whereas θ[101] decreases. The
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Figure 4. Pressure variation of the Cu–O–Cu bond angle θ[1,0,1̄] along [1, 0, 1̄] and the bond angle
θ[1,0,1] along [101] directions in CuO. The angles have been calculated by using the high pressure
structural parameters of Ehrenberg et al (filled circles and squares) [11].
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Figure 5. Pressure variation of the normalized lock-in transition temperature TL (P)/TL(0) (circles)
and the normalized Cu–O–Cu bond angle θ(0)/θ(P) along the [1, 0, 1̄] direction in CuO. The
squares and diamonds are θ(0)/θ(P) calculated by using the high pressure structural parameters
of Ehrenberg et al [11] and Forsyth and Hull [12], respectively.

dominant antiferromagnetic exchange interaction J1 is associated with θ[101̄] and the relative
stabilities of the commensurate and the incommensurate magnetic phases of CuO should
therefore be sensitive to this bond angle. To demonstrate this we have plotted in figure 5
the pressure dependence of the normalized lock-in transition temperature TL(P)/TL(0) along
with θ(0)/θ(P), the inverse of the normalized Cu–O–Cu bond angle along [1, 0, 1̄]. Both
TL(P)/TL(0) and θ(0)/θ(P) decrease with increasing pressure, which is consistent with a
decrease in the dominant antiferromagnetic exchange coupling constant.

In conclusion we have investigated the pressure–temperature (P–T )phase diagram of CuO
up to 18 kbar and have determined the stabilities of the antiferromagnetic, incommensurate
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and the paramagnetic phases. We have discussed the temperature dependence of the lock-in
transition in terms of the Cu–O–Cu bond angle along [1, 0, 1̄].
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