View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by University of Nevada, Las Vegas Repository

University Libraries
Unlversity of Nevada, Las Vegas

UNLV

Physics & Astronomy Faculty Publications Physics and Astronomy

10-3-2018

Pressure Effect on the Antiferromagnetic Compound Ce2Ni3Ge5

Jun Gouchi
University of Tokyo, gouchi@issp.u-tokyo.ac.jp

Yuki Nakamura
Shinshu University

Miho Nakashima
Shinshu University

Tasushi Amako
Shinshu University

Ravhi Kumar
University of Nevada, Las Vegas, ravhi.kumar@unlv.edu

See next page for additional authors
Follow this and additional works at: https://digitalscholarship.unlv.edu/physastr_fac_articles

0 Part of the Atomic, Molecular and Optical Physics Commons

Repository Citation

Gouchi, J., Nakamura, Y., Nakashima, M., Amako, T., Kumar, R., Uwatoko, Y. (2018). Pressure Effect on the
Antiferromagnetic Compound Ce2Ni3Ge5. AIP Advances, 8(10), 1-4.
http://dx.doi.org/10.1063/1.5043058

This Article is protected by copyright and/or related rights. It has been brought to you by Digital Scholarship@UNLV
with permission from the rights-holder(s). You are free to use this Article in any way that is permitted by the
copyright and related rights legislation that applies to your use. For other uses you need to obtain permission from
the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license in the record and/
or on the work itself.

This Article has been accepted for inclusion in Physics & Astronomy Faculty Publications by an authorized
administrator of Digital Scholarship@UNLV. For more information, please contact digitalscholarship@unlv.edu.


https://core.ac.uk/display/215446707?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://library.unlv.edu/
http://library.unlv.edu/
https://digitalscholarship.unlv.edu/physastr_fac_articles
https://digitalscholarship.unlv.edu/physastr
https://digitalscholarship.unlv.edu/physastr_fac_articles?utm_source=digitalscholarship.unlv.edu%2Fphysastr_fac_articles%2F310&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/195?utm_source=digitalscholarship.unlv.edu%2Fphysastr_fac_articles%2F310&utm_medium=PDF&utm_campaign=PDFCoverPages
http://dx.doi.org/10.1063/1.5043058
mailto:digitalscholarship@unlv.edu

Authors
Jun Gouchi, Yuki Nakamura, Miho Nakashima, Tasushi Amako, Ravhi Kumar, and Yoshiya Uwatoko

This article is available at Digital Scholarship@UNLV: https://digitalscholarship.unlv.edu/physastr_fac_articles/310


https://digitalscholarship.unlv.edu/physastr_fac_articles/310

Pressure effect on the antiferromagnetic compound CepNi3zGeg

Jun Gouchi, Yuki Nakamura, Miho Nakashima, Yasushi Amako, Ravhi Kumar, and Yoshiya Uwatoko

Citation: AIP Advances 8, 101323 (2018); doi: 10.1063/1.5043058
View online: https://doi.org/10.1063/1.5043058

View Table of Contents: http://aip.scitation.org/toc/adv/8/10
Published by the American Institute of Physics

Articles you may be interested in

Superconductivity induced by hydrostatic pressure effect in LaOg 5Fg 5Bi(Sg.9Seqg.1)2
AIP Advances 8, 101325 (2018); 10.1063/1.5043122

Pressure-induced quantum critical behavior in LaFeAsO1.yxHy studied via NMR
AIP Advances 8, 101331 (2018); 10.1063/1.5042482

Don’t let your writing
keep you from getting

pUbliShEd! Learn more today!



http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/1178022620/x01/AIP/HA_AuthorServices_ADV_PDFCover/HA_AuthorServices_ADV_PDFCover.jpg/686254725256755a63754d4141593558?x
http://aip.scitation.org/author/Gouchi%2C+Jun
http://aip.scitation.org/author/Nakamura%2C+Yuki
http://aip.scitation.org/author/Nakashima%2C+Miho
http://aip.scitation.org/author/Amako%2C+Yasushi
http://aip.scitation.org/author/Kumar%2C+Ravhi
http://aip.scitation.org/author/Uwatoko%2C+Yoshiya
/loi/adv
https://doi.org/10.1063/1.5043058
http://aip.scitation.org/toc/adv/8/10
http://aip.scitation.org/publisher/
http://aip.scitation.org/doi/abs/10.1063/1.5043122
http://aip.scitation.org/doi/abs/10.1063/1.5042482

@ CrossMark
AIP ADVANCES 8, 101323 (2018) o
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In this study, the electrical resistivity and magnetization of a single crystal of
Ce,NizGes heavy fermion compound were performed under pressure. The resis-
tivity and magnetization showed two antiferromagnetic transitions at ambient pres-
sure. On applying pressure, the transitions merged at 1 GPa. At higher pressures,
the antiferromagnetic transition temperature decreases, and disappears. It is sug-
gesting that the critical pressure of Ce;Ni3Ges was 4.1 GPa. © 2018 Author(s).
All article content, except where otherwise noted, is licensed under a Creative
Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1063/1.5043058

I. INTRODUCTION

The heavy-fermion material, Ce,NizGes, with an electronic specific heat coefficient of y ~ 90
mJ/K2mol Ce, exhibits an orthorhombic structure (space group: Ip.,) and undergoes two antifer-
romagnetic (AF) transitions at Ty = 5.0 K and Ty = 4.3 K. The effective magnetic moment e
= 2.51up/Ce for H || [100]. This value is comparable to that of free-Ce>* ions (2.54up /Ce).! The
results of neutron diffraction experiments show that the magnetic structure stabilizes only below Tn;.
The AF structure shows the moments are oriented and titled 20° from the a-axis in the ab-plane, with
a value of 0.4 ug/Ce. The high temperature phase between Tx; and T is thought to characterize
another magnetic phase.” In the previous investigation, Nakashima e al. measured the electrical resis-
tivity of a polycrystalline sample under pressure and observed pressure-induced superconductivity
at T, = 0.26 K, suggesting that it originates from antiferromagnetic fluctuation.> The upper critical
field H; in the superconductivity regime is approximately 0.7 T. Although the superconducting tran-
sition temperature 7. = 0.26 K is low, the H., value is large, indicating a heavy-fermion state. The
critical pressure of Ce,NizGes is 3.9 GPa because the AF transition temperature becomes zero under
pressure.

Recently, we were able to perform physical property measurements by cooling down to 10 mK and
extend the study on the pressure-induced superconductivity than before.* In this study, we measured
the electrical resistivity and magnetic susceptibility of single crystal Ce,Ni3Ges under pressure to
obtain the pressure dependences of Tn; and Tnp at low pressure region and the superconducting
properties around the critical pressure.

Il. EXPERIMENTAL PROCEDURE

Single crystals of Ce;NizGes were grown by the Bi-flux method. The details are described
in a previous investigation.! The magnetic susceptibility was measured by a commercial SQUID
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magnetometer (Quantum Design, MPMS) and a piston-cylinder pressure cell with Daphne oil 7373
as the pressure medium. The applied pressure was determined by the change in the superconducting
transition temperature of Pb. The electrical resistivity was measured by a standard AC four-probe
method up to 11 GPa. High pressure experiments were performed by using a cubic anvil cell, which
is known to generate hydrostatic pressure owing to the multiple-anvil geometry with Fluorinert as the
pressure medium. The pressure cell was set to a >He-*He dilution refrigerator (BlueFors, LD-400)
and cooled to 10 mK.

lll. RESULT AND DISCUSSION

Figure 1 shows the temperature dependence of the magnetic susceptibility of Ce,NizGes under
several pressures up to 1.12 GPa. The magnetic field was applied parallel to the c-axis. At ambient
pressure, the susceptibility data show two antiferromagnetic transitions: a second-order transition
Tni = 5.0 K and a first-order transition Ty = 4.5 K. With increasing pressure, the 71 and Ty shift
to slightly lower and higher temperatures, respectively (indicated by arrows) and eventually merge
around 0.97 GPa (inset of Fig. 1). To determine the magnetic transition above 0.97 GPa, the pressure
dependence of the magnetic structure must be evaluated.

Figure 2(a) shows the temperature dependence of the electrical resistivity below 4 GPa. The
current was applied parallel to the c-axis. The peaks around 100 and 5 K, which characterize the
Kondo compound, are observed at ambient pressure. The electrical resistivity decreased rapidly below
5.2 K, indicating the AF transition. The AF transition temperatures were 7n; = 5.2 K and Ty = 4.3
K. Tno disappeared at 1.5 GPa and Tn; continued to decrease under increased pressures (inset of
Fig. 2(a)), finally disappearing above 4.25 GPa (Fig. 2(b)). The two-peak structure merged into a
single-peak at 7 GPa at 70 K. At higher pressure, the single resistivity peak at 7 GPa shifted to higher
temperatures. The pressure dependence of the AF transition temperature is shown in Fig. 3(a). Our
data are compared with the previous data on a polycrystalline sample and the conventional equation
of Tni(P)=Tn1(P=0)(1 — P/P.)", where Tn1(0)=5.2K, P.(0)= 4.1 GPa and n=0.2. The critical
pressure P., at which the AF transition temperature becomes zero, was estimated to be around P, ~
4.1 GPa. When another value n was used, the fitting was not good. Thus, it suggests that n=0.2 is
suitable value. In the previous study, they fit by same value n = 0.2 and concluded that these pressure
region in the antiferromagnetically spin-fluctuation state,® where the present superconductivity is
realized. These results consistent with our present study. However, the superconducting transition at

Ce,NisGes H| ¢ 2(5)
| H=1T D sha T
: e T
b £aor AT,

.5 1 1
00 05 10 15
P (GPa)

X (arb. unit)

TX)

FIG. 1. Temperature dependences of magnetic susceptibility of Ce;Ni3zGes under various pressures in a magnetic field
H = IT. Arrows indicate the antiferromagnetic transitions. Inset shows the T and 77 versus pressure phase diagram.
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FIG. 2. (a) Temperature dependences of electrical resistivity of Ce;NizGes below 4 GPa. Inset: Magnified view at low
temperatures. (b) Temperature dependences of electrical resistivity of Ce,Ni3Ges above 4.25 GPa.

the lowest temperature (closed triangles in Fig. 3(a)) could not be observed in the present study. The
causes of this deficiently will be discussed later.

To determine the critical pressure of single crystal Ce,Ni3Ges, we estimated the A-coefficient and
residual resistivity pg from the electrical resistivity measurements. The pressure dependences of both
variables are plotted in Fig. 3(b). The low temperature resistivity approximately follows the Fermi
liquid relation p = po + AT2. Both values increased with increasing pressure and were maximized
around 4 GPa. We obtained A = 19.5 uQ cm/K? and pg = 7.3 uQ cm at 4 GPa, indicating the heavy-
fermion state. However, the resistivity was non-zero pressure over the entire region (Fig. 3(a)). The
A-coefficient is larger than the previous result. This may be the difference of the fitting range at
low temperature. We consider that non-Fermi liquid region is very narrow. It is suggesting a first-
order transition from AF to paramagnetism, but this judgment is tentative just by our resistivity
measurements. The further study is needed, and the work is in progress now.

The residual resistivity ratio was about 20 for the single crystal and 40 for the polycrystalline
sample, suggesting that Ce;Ni3Ges is sensitive to sample quality. Therefore, more high quality
samples are required for investigating the superconducting properties of Ce,NizGes.
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FIG. 3. (a) Temperature-pressure phase diagram of Ce;Ni3Ges. Open and closed symbols plot the previously reported data
concerning a polycrystalline sample and the present data concerning the single crystal, respectively. Closed red diamonds,
closed red triangle, and closed green circle symbols were obtained from the electrical resistivity data, and the blue circles and
squares were obtained from the magnetic susceptibility. AFM, FL, and SC indicate antiferromagnetism, Fermi liquid, and
superconductivity, respectively. The dashed line indicates a critical pressure in the present study. The solid line is in the plot
of the conventional equation 7 (P) = Tn1 (P =0)(1 — P/P.)". (b), (c) Pressure dependences of the residual resistivity pg and
A-coefficient. The solid lines are a visual guide. The dashed line indicates the critical pressure P of Ce,Ni3Ges.
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IV. SUMMARY

In Summary, we investigated the magnetic susceptibility and electrical resistivity of single crys-
tals of Ce,NizGes under various pressures. In the low pressure region, Ty and Tnp slowly converge
until they merge around 1 GPa. The AF transition temperature disappeared above 4.25 GPa. The coef-
ficient A and residual resistivity po are found to be maximum at 4 GPa, suggesting that the critical
pressure of Ce,NizGes is 4 GPa. These results are consistent with the previously observed pressure
effects on polycrystalline samples of Ce,NizGes. Nevertheless, the sample quality was insufficient
for observing the superconducting transition. More experiments need to be performed to understand
the superconducting properties of Ce;Ni3Ges.
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