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Report:

Structural properties of the antiferromagnetic insulators CuFeO, and NaFeO, were studied by

synchrotron x-ray diffraction to 50 and 35 GPa, respectively, using diamond anvil cells.

Pressures were generated with the TAU oposite/plate diamond anvil cells having anvils with

300-um diam. culets. Argon was used as a pressurizing medium. Angle-dispersive mode

high-pressure XRD studies were performed at the IDO9A beam-line, diffraction images were

collected with a MAR345 detector. The image data were integrated using the FIT2D program

[1], and the resulting diffraction patterns were analyzed with the GSAS [2] program. Pressure

was measured using the ruby fluorescence technique and Au or Pt XRD markers.




The case of Cu-Fe Delafossite. Cuprous ferrite (CuFeO2) has the hexagonal layered structure
R3m  which consists of hexagonal layers of Cu'', O, and Fe’" (see Fig 1); the
antiferromagnetic Fe °* (S=5/2) layers are separated by nonmagnetic layers of Cu'" (§=0) and

e ﬁ & O [3]. At ambient pressure spins are highly frustrated between

(ﬁ(""' neighboring layers as well as within layers but at ~18 GPa CuFeO2
i ﬁ becomes a normal antiferromagnet [4]. Recent High Pressure (HP)
b ’Fe Mossbauer studies [5] detected the onset of Fe*™ species at
around 23 GPa. The Fe’™ — Fe” process has been attributed to Cu-
Fe band overlap resulting in the Cu'" - Cu®" counter process. X-ray

diffraction studies showed that the low pressure (LP) structure is

Fig.1. The structure
of the layered

delafossite CuFeO, at o . i :
ambient pressure a-axis 1s approximately four times more compressible than the c-

stable up to ~ 16 GPa and that in agreament with Zhao et al. [6] the

axis (Fig. 2). This is undoubtedly a unique

case of an ambient pressure highly 5.80 —,

- CuFeO A

anisotropic ~ Mott  insulator  which . o 7Y .
576 | Al .

anisotropy  further increases  with 574 | A §
E 572 + Oa 4

pressure; i.e., d(c/a)/dP >0. With further © s 7ol ]
o A A OQurdata .

. . 5.68 |- o Zhaoet. al |

pressure  increase two  appreciable . o .
566 o ]

structural transformations (Fig. 3) are seal

0 2 4 6 8 10 12 14 16

. . : i Pressure [GPa
detected corroborating with: (i) transition ure [GPal

Fig. 2. Pressure dependence of c/a ratio for CuFeO.
to a normal antiferromagnet at ~ 18 GPa, and

(ii) valence transformation at ~ 23 GPa. These PI transitions are reversible in pressure.

According to preliminary data analysis the HP phase has similar to LP phase hexagonal



layered structure but in contrast to the
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Fig. 3. XRD patterns of CuFeO» at different pressures.
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parameter value, c/a parameters ratio (Fig. 4), and increase of bulk modulus value. The Fe-O
bond length show substantial increase corroborating with a reduction of Na-O bond length.
This result is rather unexpected taking into account the allowed valence states of Na. Further
carefull studies of the effect of replacing monovalent Cu with Na, Ag and Li extended to

higher pressures are desirable taking into account our results obtained for NaFeO,.
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