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Principal Investigator: Dr. Iakov Kopelevitch  

 

Instituto de Física “Gleb Wataghin”, Universidade Estadual de Campinas-UNICAMP. 

Adress: Rua Sergio Buarque de Holanda, 777, cidade Universitária Zeferino Vaz, 

Campinas-São Paulo-Brazil (zip code: 13083-859) 

 

Grant/Contract Number: FA9550-13-1-0056 

 

Program Manager: Dr. Brett Pokines, AFOSR/IO 

 

Grant/Contract Title: “Interface Superconductivity in Graphite-and CuCl-based 

Heterostructures”. 

 

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 χ ~ - 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 < 300 K and - 9 T < B < 9 T.  

Two-probe electrical transport measurements were performed with the silver paste 

(Ag) 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).  

 

 

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.  

 

10
3

10
4

10
5

0.0 0.2 0.4 0.6 0.8 1.0

0

10

20

30

40

50

R
 (

O
h
m

s
)

t (h)

V (V)

 

 

 

T = 300 K

Sample #6

 

0 2 4 6 8

10
3

10
4

10
5

10
6

10
7

 

R
 (


)

t (h)

-60

-40

-20

0

20

40

60

80

100

V (V)

T = 300 K

Sample #1

 

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 = 45 V 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, I ~ V with 

 = 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 > Eth (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 I-V characteristics measured for sample #6 at T = 4.5 K () and T = 4.15 K (o). The 

solid line corresponds to the power law I ~ V3/2. 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  I 

= 5 mA. 
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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 Fröhlich 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 I-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 I-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, R(B)/R ~ - 

B2, see Fig. 7. Similar magnetoresistance has been reported for o-TaS3 CDW whiskers 

[8] and attributed to the delocalization of CDW solitons, supporting the Fröhlich-type 

CDW conductivity scenario. 
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Fig. 7. Magnetoresistance measured for the sample #6 at T = 5 K and constant applied current I = 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 I-V characteristics, temporal 

fluctuations between low- and high-resistance states, aging effect, and negative parabolic 

magnetoresistance can be understood assuming the Fröhlich-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. 

 

References 

[1] C. W. Chu et al., Phys Rev. B 18, 2116 (1978). 

[2]I. Lefkowitz et al., Phys. Rev. B 20, 4506 (1979). 

[3]N. B. Brandt et al., JETP Lett. 27, 37 (1978). 

[4] A. L. Gentile, Appl. Phys. Lett. 9, 237 (1966). 

[5] C. Dikavar et al., Solid State Comm. 34, 385 (1980). 

[6] D. S. Fisher, Phys. Rev. B 31 (1985) 1396.  

[7] M. Tsubota et al., EPL 97 (2012) 57011 and refs. therein. 

[8] K. Inagaki et al., arXiv: 1407.6795. 

 

 

 

 

 

 

 

 

DISTRIBUTION A: Distribution approved for public release.



Response ID:4280 Data

1.

1. Report Type

Final Report

Primary Contact E-mail
Contact email if there is a problem with the report.

kopel@ifi.unicamp.br

Primary Contact Phone Number
Contact phone number if there is a problem with the report

55-19-35215543

Organization / Institution name

Universidade Estadual de Campinas-UNICAMP

Grant/Contract Title
The full title of the funded effort.

"Interface Superconductivity in Graphite-and CuCl-based Heterostructures"

Grant/Contract Number
AFOSR assigned control number. It must begin with "FA9550" or "F49620" or "FA2386".

FA9550-13-1-0056

Principal Investigator Name
The full name of the principal investigator on the grant or contract.

Dr. Iakov Kopelevitch

Program Manager
The AFOSR Program Manager currently assigned to the award

Dr. Brett Pokines, AFOSR/IO, brett.pokines@afosr.af.mil

Reporting Period Start Date

01/15/2013

Reporting Period End Date

07/17/2014

Abstract

The results obtained within the framework of this project shed a new light on the long-
standing problem of possible high- temperature superconductivity in CuCl. The obtained
experimental evidence indicates that the low resistance state in CuCl is governed by
motion of charge density wave(s) along quasi-one-dimensional filaments. The electric-
field-induced metallic state, non-linear current-voltage characteristics, intermittent
switching between low- and high-resistance states, aging effect, and negative parabolic
magneto-resistance, all these can be understood assuming the Fröhlich-type
(super)conductivity in the studied material.

Distribution Statement
This is block 12 on the SF298 form.

Distribution A - Approved for Public Release

Explanation for Distribution Statement
If this is not approved for public release, please provide a short explanation.  E.g., contains proprietary

information.

DISTRIBUTION A: Distribution approved for public release.



SF298 Form
Please attach your SF298 form.  A blank SF298 can be found here.  Please do not password protect or secure

the PDF  The maximum file size for an SF298 is 50MB.

AFD-070820-035-filled-01.pdf

Upload the Report Document. File must be a PDF. Please do not password protect or secure the
PDF . The maximum file size for the Report Document is 50MB.

FinalReport.pdf

Upload a Report Document, if any. The maximum file size for the Report Document is 50MB.

Archival Publications (published) during reporting period:

Changes in research objectives (if any):

Change in AFOSR Program Manager, if any:

Extensions granted or milestones slipped, if any:

AFOSR LRIR Number

LRIR Title

Reporting Period

Laboratory Task Manager

Program Officer

Research Objectives

Technical Summary

Funding Summary by Cost Category (by FY, $K)

 Starting FY FY+1 FY+2

Salary    

Equipment/Facilities    

Supplies    

Total    

Report Document

Report Document - Text Analysis

Report Document - Text Analysis

Appendix Documents

2. Thank You

E-mail user

Jan 15, 2015 11:52:37 Success: Email Sent to: kopel@ifi.unicamp.br

DISTRIBUTION A: Distribution approved for public release.

http://www.wpafb.af.mil/shared/media/document/AFD-070820-035.pdf
http://www.wpafb.af.mil/shared/media/document/AFD-070820-035.pdf
http://surveygizmoresponseuploads.s3.amazonaws.com/fileuploads/11364/363557/153-63dbbbaa1be2a8b5fc0a0814d338d13f_AFD-070820-035-filled-01.pdf
http://surveygizmoresponseuploads.s3.amazonaws.com/fileuploads/11364/363557/209-11d4af9bcd155194076dc8d629cfeba7_FinalReport.pdf

	DTIC_Title_Page_-_Interface_superconductivity_in_graphite-_and_CuCl-based_heterostructures
	sf298
	Final Report
	FA9550-13-1-0056



