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Fig. 1. XRD patterns of Cdz_;PbzRuz07 (0 < z < 2)
and the obtained unit-cell parameter a as a function of Pb

content z: (a) XRD patterns; (b) a vs. z.
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Fig. 2. Temperature dependence of resistivity normalized at
300 K for Cda—;PbzRus07 (0 < = < 2) and a plot of three-
dimensional variable range hopping model: (a) Tempera-
ture dependence of p(T)/p(300 K); (b) In[p(T)/p(300 K)]
vs. T=1/4 for the same data.
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Fig. 3. Temperature dependence of magnetic suscep-
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of Cda—zPbsRu207 (0 < = < 2) measured under
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(a) x(T) vs. T in FC mode and ZFC mode; (b) x ~1(T)
vs. T in FC mode.
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Fig. 5. Temperature dependence of resistivity of
Cd2Ru207 compared with similar compounds. The
resistivity data of HgoRuaO7 and Cd2Os207 are taken
from Ref. [11,19] respectively.

127402-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 12 (2018) 127402

IR BB A m AN, Ph2t-6s2/6p it B RE S
TN o T A ORI IR T PbaRus O [
W4 )84T M.

AN, HAEER S, X CdyRuy O it in 4 #E
FENECE B R RN &8 - S iR A
5 G M EFE 5d 59 Cda0s, 07 171 225 K
R & )8 - A G AR AR AL il 5 fios. B
SR 5d BUTE A BRI S R e, (H2 e -4
TE A A 20007 A DR 55 8, ik e A T AT Ak
ICREATT B Y R, AT 34 5 JR) d 8 1%, 1XAE 5d-4Kk Ak
Yk Z b (40 SrpIrQy) CAF RIRESE 0],

5 % W

KA & RSB TEERT — RV ARG A
ZERIH Cdy_ . Pb,Ru07 (0 < z < 2)1L &Y, 7
SXof e A 4 A B BHL 3R | R A 3 RN A L A S ) 1
17T RBRAE, KB CdaRuy O 16 KK il
DUF I & EAIEE AR E. 110% 1 Cd%t #
Pb2t B4 JG, Cdy sPbgaRusO7 7262 K HIFL T —
ARG R -8 AR T AR I BB B IR, TR )
BB GE. B PL2t SRS L, &
I HLBH 2 SR AR, IR AR NS RAT M. 18
5 R b A Rubt AL EAT X b, BATT4
th CdaRupO7 H 1) Ru®T-4d3 BT A 14 1 &b T 3% i
B R Y X 45K, 2> 8 Ph2t 5 443 R A
P38 T R B R, A5 R BRI ) T
PERE I T &R - R, X RFEGRSA
S5 R Ru® ™t A0 A& BF 90 38000 - J= 35k 7 6 A 11
HAEMEMA R,

S

127402-6

Goodenough J B 2001 Localized to Itinerant Electronic
Transition in Perovskite Oxides, In Structure and Bond-
ing (Vol. 98) (Berlin: Springer)

Bednorz J G, Muller K A 1986 Z. Phys. B 64 189
Imada M, Fujimori A, Tokura Y 1998 Rev. Mod. Phys.
70 1039

Morosan E, Natelson D, Nevidomskyy A H, Si Q 2012
Adv. Mater. 24 4896

Gegenwart P, Si Q, Steglich F 2008 Nat. Phys. 4 186
Miyazaki M, Kadono R, Satoh K H, Hiraishi M,
Takeshita S, Koda A, Yamamoto A, Takagi H 2010 Phys.
Rev. B 82 094413

Munenaka T, Sato H 2006 J. Phys. Soc. Jpn. 75 103801
Taniguchi T, Munenaka T, Sato H 2009 J. Phys.: Conf.
Ser. 145 012017

Gardner J S, Gingras M J P, Greedan J E 2010 Rev.
Mod. Phys. 82 53

Wang R, Sleight A W 1998 Mater. Res. Bull. 33 1005
Yamamoto A, Sharma P A, Okamoto Y, Nakao A, Ka-
tori H A, Niitaka S, Hashizume D, Takagi H 2007 J.
Phys. Soc. Jpn. 76 043703

Klein W, Kremer R K, Jansen M 2007 J. Mater. Chem.
17 1356

Duijin J V, Ruiz-Bustos R, Daoud-Aladine A 2012 Phys.
Rev. B 86 214111

Tachibana M, Kohama Y, Shimoyama T, Harada A,
Taniyama T, Itoh M, Kawaji H, Atake T 2006 Phys.
Rev. B 73 193107

Shannon R D 1976 Acta Cryst. A 32 751

Mott N F 1969 Phil. Mag. 19 835

Mott N F 1967 Adv. Phys. 16 49

Fritzsche H 1971 Solid State Comm. 9 1813

Mandrus D, Thompson J R, Gaal R, Forro L, Bryan J
C, Chakoumakos B C, Woods L M, Sales B C, Fishman
R S, Keppens V 2001 Phys. Rev. B 63 195104

Kim B J, Jin H, Moon S J, Kim J Y, Park B G, Leem C
S, Yu J, Noh T W, Kim C, Oh S J, Park J H, Durairaj V,
Cao G, Rotenberg E 2008 Phys. Rev. Lett. 101 076402


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
https://doi.org/10.1007/3-540-45503-5
https://doi.org/10.1007/3-540-45503-5
https://doi.org/10.1007/3-540-45503-5
http://dx.doi.org/10.1007/BF01303701
http://dx.doi.org/10.1103/RevModPhys.70.1039
http://dx.doi.org/10.1103/RevModPhys.70.1039
http://dx.doi.org/10.1002/adma.201202018
http://dx.doi.org/10.1002/adma.201202018
http://dx.doi.org/10.1038/nphys892
http://dx.doi.org/10.1103/PhysRevB.82.094413
http://dx.doi.org/10.1103/PhysRevB.82.094413
http://dx.doi.org/10.1143/JPSJ.75.103801
http://dx.doi.org/10.1088/1742-6596/145/1/012017
http://dx.doi.org/10.1088/1742-6596/145/1/012017
http://dx.doi.org/10.1103/RevModPhys.82.53
http://dx.doi.org/10.1103/RevModPhys.82.53
http://dx.doi.org/10.1016/S0025-5408(98)00082-8
http://dx.doi.org/10.1143/JPSJ.76.043703
http://dx.doi.org/10.1143/JPSJ.76.043703
http://dx.doi.org/10.1039/B615653C
http://dx.doi.org/10.1039/B615653C
http://dx.doi.org/10.1103/PhysRevB.86.214111
http://dx.doi.org/10.1103/PhysRevB.86.214111
http://dx.doi.org/10.1103/PhysRevB.73.193107
http://dx.doi.org/10.1103/PhysRevB.73.193107
http://dx.doi.org/10.1107/S0567739476001551
http://dx.doi.org/10.1080/14786436908216338
http://dx.doi.org/10.1080/00018736700101265
http://dx.doi.org/10.1016/0038-1098(71)90096-2
http://dx.doi.org/10.1103/PhysRevB.63.195104
http://dx.doi.org/10.1103/PhysRevLett.101.076402

) I8 % 4 Acta Phys. Sin. Vol. 67, No. 12 (2018) 127402

Effect of Pb doping on metallic state of
cubic pyrochlore Cd;Ru,O7"

Jiao Yuan-YuanY?  Sun Jian-Ping"? Prashant ShahiV? Liu Zhe-Hong"?
Wang Bo-Sen"?  Long You-Wen"?  Cheng Jin-Guang!??

1) (Beijing National Laboratory for Condensed Matter Physics and Institute of Physics, Chinese Academy of Sciences,
Beijing 100190, China)
2) (School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 22 February 2018; revised manuscript received 11 April 2018 )

Abstract

Many exotic phenomena in strongly correlated electron systems, such as unconventional superconductivity, metal-
insulator transition, and quantum criticality, take place in the intermediate regime between localized and itinerant
electronic state. To understand the electronic behaviors near the localized-to-itinerant crossover remains a challenging
problem in condensed matter physics. The Ru®T cubic pyrochlores AsRu2O7 (A = Cd, Cd, Hg) constitute such a
system that the Ru-4d electrons acquire characters of both itinerancy and localization. In addition, the magnetic Ru®*
ions that are situated on the vertices of corner-shared tetrahedral lattice are expected to experience strong geometrical
frustration given an antiferromagnetic (AF) arrangement. In this work, we investigate the cubic pyrochlore Cd2Ru2O7,
which develops a peculiar metallic state below the AF transition. We synthesize a series of Pb-doped Cds—,Pb,Ru207
(0 € z < 2) polycrystalline samples under high-pressure condition, and study the effects of Pb doping on their crystal
structure and physical properties. Although the PbaRusO7 pyrochlore is a Pauli paramagnetic metal, we find that the
substitution of 10% Pb?* for Cd** in Cdi.sPbo.2RusO7 converts the metallic state of CdeRuaO7 into an insulating
ground state, in a manner similar to the consequence of exerting hydrostatic pressure or substituting 10% Ca?* for Cd**
ions as we found recently. We propose that the electronic state of Cd2Ru20O7 be located at the itinerancy to localization
crossover, and the introduction of chemical disorder via Pb?" substitution may enhance the localized character and
induce the metal-to-insulator transition. Our results further demonstrate that the cubic Ru®* pyrochlore oxides offer
an important paradigm for studying the exotic physics of correlated electrons on the border of (de)localization in the

presence of strong geometrical frustration.
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