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Hydrogen is expected to be a metal at sufficient high pressures
[1] while it can also be a high temperature superconductor based
on BCS theory because of its high Debye temperature arising from
the light mass of hydrogen [2]. Since it is very challenging to reach
the pressure for the hydrogen metallization, the “chemically pre-
compressed” hydrogen-rich compounds were in turn proposed
[3,4] to realize high temperature superconductivity at lower pres-
sures. The experimental discovery of high temperature supercon-
ductivity [5] in SH3 has greatly stimulated efforts to explore new
hydrogen-rich superconductors, such as in rare earth polyhydrides
[6,7]. Here we report the discovery of superconductivity with T,
about 70 K in zirconium polyhydrides, the record high T, so far
for 4d transition metal hydrides. The new materials are synthe-
sized above 200 GPa and 2000 K by using diamond anvil cell
(DAC) combined with laser heating.

The diamond anvil cells made of CuBe with 30 over 300 pm
beveled culet are used to produce high pressure up to megabar
level. A plate of T301 stainless steel covered with ¢cBN powder
was used as a gasket that was indented to 10 um thickness. A hole
of approximately 20 um in diameter was drilled in the indented
gasket to serve as the sample chamber. A thin square shaped zirco-
nium specimen with size of 8 pm x 8 pm x 2 pm locates at the
center of culet on which four Pt electrodes are sputtered for the
transport measurements [8]. The ammonia borane (AB) was filled
in the chamber as both hydrogen source (hydrodizer) and the pres-
sure transmitting medium [6]. The samples are pressed to 210 -
240 GPa followed by laser heating to 2000 K for a few minutes.
The heating was performed with a YAG laser of 1064 nm wave
length in a continuous mode. The temperature was estimated by
fitting black body irradiation spectra. The sample was quenched
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upon laser heating but maintained at the same pressure for trans-
port measurements in a Maglab system combined with diamond
anvil cell that provides the synergetic environments of high pres-
sure at megabar order, low temperature down to 1.5 K and high
magnetic field up to 9 T.

Fig. 1a displays the temperature dependence of resistance mea-
sured at 220 GPa for a zirconium polyhydride sample. The resis-
tance shows a rapid drop at ~ 71 K and approaches to zero with
temperature decrease that suggests superconducting transition.
The inset of Fig. 1a is the derivative of resistance over temperature.
The T2™* and T#*™ are ~ 71 and 63 K that are determined by the
right and left side upturn point, respectively. Calculations sug-
gested that zirconium polyhydrides might be formed at high pres-
sures with possible high temperature superconductivity [9] but
only T. ~ 6.4 K has been experimentally reported so far [10]. It is
theoretically predicted that the Cmc2, ZrHg is stable within the
pressure of 150 - 275 GPa and T, is estimated to be 70 K at 215
GPa [9] that in principle matches with our experimental results
in terms of pressure and T.. Hence the observed superconductivity
here might arise from the Cmc2; ZrHg. Since AB was used as the
hydrogen source, we cannot rule out the possibility of N or B dop-
ing into the synthesized zirconium polyhydrides, which might
have effect on T, [11]. Fig. 1b shows the resistance versus temper-
ature measured at applied magnetic fields. The transition temper-
ature shifts gradually to low temperature with increasing field, in
consistent to the nature of superconducting transitions. Fig. 1c pre-
sents the results for another sample synthesized at 235 GPa, show-
ing transition with the same T. while the transition almost
coincides in both warming and cooling cycles.

Previously there were a number of reports on high T. supercon-
ductivity in hydrides including of sulfur [5,12], rare-earth [6,7,13],
alkaline-earth [14,15], etc. The discovery of high T. superconduc-
tivity in zirconium polyhydrides sheds light to search for new
superconductors in transition metal hydrides.
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Fig. 1. (a) The temperature dependence of resistance measured at 220 GPa for a
zirconium polyhydride synthesized at the same pressure at 2000 K. The inset is the
derivative of resistance over temperature to determine the critical transition
temperature. (b) The resistance measured under applied magnetic fields for the
same sample in (a). (c) The resistance for another sample measured at 235 GPa. The
inset is the results under different magnetic fields.
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