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Within the framework of this project, we concentrated on a possible occurrence of high-
temperature superconductivity in CuCl.

In what follows, we describe our main achivements.

Copper chloride (CuCl) possesses the zinc blende crystalline structure and has a white
color. At normal pressure, CuCl behaves as an insulator with the energy gap of ~ 4 eV.

While CuCl was studied for decades [1-3], its physical properties are still not fully
understood. Thus, CuCl demonstrates superdiamagnetism with the susceptibility y ~ - 0.8,
accompanied by a resistance drop of about six orders of magnitude, resembling the
behavior of superconductors.

This high-to-low resistance state transition can be induced applying either pressure [1-3]
or sufficiently high electric field [4, 5]. This insulator-metal transition (IMT) was
atributted to the formation of metallic copper filaments within the bulk material. Despite
of the observation of IMT in CuCl, the origin of the low-resistance state (LRS) is largely
unknown. This motivate us to study LRS in more details.
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The samples were prepared pressing the commercially available (Sigma Aldrich
and Alfa Aesar) CuCl powder into cylindrical pellets of 5 mm diameter (D) with the
thickness of 1 mm. The pressure of 1 GPa was applied using a hydraulic press and a steel
pastillator. During the measurements, the samples were kept in an inert atmosphere of He
gas inside of commercial cryostats from Janis and Quantum Design (PPMS) Co. The
equipment allows the variation of the temperature (T) and magnetic field (B) in the
intervals: 2 K<T<300Kand-9T<B<9T.

Two-probe electrical transport measurements were performed with the silver paste
(AQ) electrodes placed on upper and lower faces of the sample, as shown in Fig. 1(b).
Current-voltage (I-V) characteristics and the resistance vs. time R(t) measurements were
performed in the voltage-generator mode. The resistance temperature and magnetic field
dependencies R(T, B) were recorded at constant applied current. i. e. in the current-
generator mode, Fig. 1(a).
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Fig. 1. (a) Voltage- (top) and current-generator (bottom) circuits used in the measurements; (b) Cartoon of
measured CuCl samples with diameter (D) and thickness (h).

All our samples were characterized by means of monitoring the resistance as a
function of time at a fixed applied voltage. After a certain time delay, typically ranging
from 2 to 30 minutes, the samples revealed a sharp reduction of their resistance by 2 - 4
orders of magnitude, depending on the sample details (Fig.2, left panel).

No transition to the low-resistance-state was observed for oxidized (greenish)
phase (Fig. 2, right panel).
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Fig. 2. Resistance vs. time monitored at fixed applied voltage Vg = 100 V for white (left panel) and partially
oxidized greenished (right panel) CuCl samples.

It has been found that the transition to LRS is reversible. Figure 3 demonstrates
the electric-field-driven transition between high- and low-resistance states mesured in
CuCl at T = 300 K, and its intermittent time dependence reducing Vg or changing the
voltage polarity.
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Fig. 3. Temporal switching between low- and high-resistance states measured at T = 300 K for two CuCl
samples after reducing the applied voltage (left panel) or its sign reversal (right panel).

Measurements of the resistance vs. time at low enough temperatures revealed no
transition towards LRS on the time scale of several hours. Figure 4 exemplifies this fact
where measurements performed for the sample # 6 at T = 3 K revealed no transition
during ~ 2h whereas at T = 300 K, the transition takes place within several minutes (Fig.
3).

In samples made of a larger size particles, i. e. the samples that possess a smaller
surface area, the resistance drop at the insulator-metal transition is very modest (factor ~
4) implying that the conductivity in LRS is governed by the grain surface. Supporting this
fact, we measured a similar voltage-driven HRS-LRS transition when two electrodes were
placed on the same sample surface, i. e. in the “planar geometry”.
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Fig. 4. Resistance vs. time monitored for the same sample (#6) at applied voltage Vg =45V and T = 3K.
Note the absence of the transition towards the low resistance state.

It is found that LRS is characterized by non-linear I-V characteristics, | ~ V* with
o = 3/2 (Fig. 5), the behavior known for charge density wave (CDW) systems in a vicinity
of the electric-field-driven (EFD) depinning transition [6]. The right inset in Fig. 5
provides evidence for the “metallic” (dR/dT > 0) origin of the conducting state. No
metallic state was observed in four-probe measurements indicating that the metallic phase
is localized within narrow quasi-one-dimensional (1D) channels.

One can speculate that applied at T = 300 K electric field E > Ew (threshold field)
delocalizes preexisting CDW leading to the highly conducting state. Alternatively, the
low resistance state can be associated with the appearance of quasi-1D Cu filaments
followed by a nucleation of CDW at Cu/CuCl interfaces.
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Fig. 5. Two-probe 1-V characteristics measured for sample #6 at T = 4.5 K ((J) and T = 4.15 K (0). The
solid line corresponds to the power law | ~ V¥2, The left inset shows I-V curve measured at T = 4.5 K for
both positive and negative applied voltage. The right inset presents a temperature variation of the reduced
resistance R(T)/R(10K) in the electric-field-induced metallic state, measured at constant applied current |

=5 mA.

4

DISTRIBUTION A: Distribution approved for public release.



Assuming that sliding CDW form closed loops, strongly diamagnetic state
accompanied by the resistance drop [1-3] can be understood without invoking the
superconductivity in a usual sense. Instead, our results are consistent with the high-
temperature Fréhlich superconductivity [7].

As temperature increases, I-V characteristics demonstrate more complex behavior
related to the switching between metallic and insulating states (Figs. 6-7). The switching
was observed after a certain number of 1-V measuring cycles at a constant temperature.
Certainly, a further experimental work is needed to shed light on the origin of this high-
temperature metastable regime.
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Fig. 6. Multiple 1-V cycles measured for two samples at T = 100 K demonstrating hysteretic behavior and
switching between low- and high-resistance states.

Low-temperature measurements in magnetic field applied either parallel or
perpendicular to the measuring current and non-linear regime of I-V characteristics
revealed a small (~ 0.1 % at B ~ 7 T) negative quadratic magnetoresistance, AR(B)/R ~ -
B?, see Fig. 7. Similar magnetoresistance has been reported for 0-TaSz3 CDW whiskers
[8] and attributed to the delocalization of CDW solitons, supporting the Frohlich-type
CDW conductivity scenario.
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Fig. 7. Magnetoresistance measured for the sample #6 at T = 5 K and constant applied current | =5 mA
(non-Ohmic regime, see Fig.5). The red line corresponds to the parabolic fit to the data.
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Besides of the electrical transport, we have performed magnetization M(H,T) and
electron spin resonance (ESR) measurements in both insulating and metallic states with
no difference between the results. This comparative study corroborate our conclusion on
the occurrence of a tiny (filamentary) metallic phase in the low resistance state of CuCl.

Summing up, the here reported results provide experimental evidence that the low
resistance state in CuCl is governed by charge density wave motion along of some sort
quasi-1D filaments. Electric-field-induced LRS, non-linear 1-V characteristics, temporal
fluctuations between low- and high-resistance states, aging effect, and negative parabolic
magnetoresistance can be understood assuming the Frohlich-type CDW
(super)conductivity.

Part of the work described in this report is done in a collaboration with the
University of Texas at Dallas (UTD). The obtained results are in preparation for
publication.
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