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Investigations of Magnetoelectric Coupling in Cu2+ (S=1/2) Spin Systems
Yoo, K.; Kang, J.; Koteswararao, B.; Kim, K.H. (Seoul National University, Physics); Bakakirev, F.F.; Zapf, V.S. and Harrison, N. (Los Alamos National Laboratory)
Introduction 
    Among the multiferroics/magnetroelectric (ME) materials with frustrated spins, the material system with S=1/2 (Cu2+) has brought special attention owing to the opportunity for investigating quantum effects in the spin degree of freedom. Recently, we have discovered that PbCu3TeO7, a quasi 2D stair-case Kagome spin system with Cu2+ (S=1/2), exhibits ferroelectricity in the magnetic field (H) of ~8.3 T for H//c. Such spin-order induced ME properties are expected to be sensitive to its spin configuration under high magnetic field as well illustrated in, e.g., Ni3TeO6 [1] and Ca3Co2−xMnxO6 [2]. Therefore, it is worthwhile to investigate the magnetic and electric phases in the high field up to 60 T in the PbCu3TeO7. 
Experimental 
    We investigated the magnetization using a pick-up coil magnetometer. For the polarization measurement, we used a SR570 current amplifier to change the current variation to voltage output. The measurements were all performed in a 60 T short pulse magnet.

Results and Discussion

    For H//c, the P increases up to ~15 µC/m2 at ~8 T and becomes constant from 10 T up to 60 T. For H//a, the P increases up to ~14 µC/m2 at ~16 T, and goes down to zero at 41 T. M increases linearly before the sharp steps at 8.3 T and 15.4 T for H//c and H//a, respectively. An additional relatively broad step can be observed at 38 T. It is noteworthy that the fields of the magnetic transitions are close to that of anomalies in P along each direction. Figure in the right summarizes resultant phase diagram of the PbCu3TeO7 for H//a that have been constructed from the anomalies appeared in P(H), χ(H), and χ(T) curves. The phase boundaries separate the phase into PM, AFM1, AFM2, SF and CAFM.
Conclusions
    We have investigated the evolution of ferroelectric phase and ME properties under magnetic fields by the measurements electrical properties in the staircase Kagome system PbCu3TeO7 that reflects the change of magnetic structure.
Acknowledgements
   This work was financially supported by the National Creative Research Initiative (2010-0018300) through the NRF of Korea. A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  

References

 [1]
Kim, J. W., et al., Phys. Rev. Lett, 115, 137201 (2015). 
 [2]
Kim, J. W., et al., Phys. Rev. B, 89, 060404 (2014). 
[image: image2.jpg]a PbCu,TeO 40 Pllal — 20 Pla
@ e Hila| E @ Hilc
o
£ L 2 % =)
@, 0 v = 10
& x—z—ls-—dwvmm T 20 20K N
% -20f10K = P
= o I~ Ananon, pwend 5 R
% il T 18.8
6022 AAAAA 2K
25K 2 18.6F75%
: ! -80 5K L
H/la w 18.4F30°% 7
a2 22K Hllc
D) __,,_L,\M/\\,.\ 18.2F5%
; 2K —_
< 10K ““! 2 “
% A A $ 2K /N
% 0K = =
[ — A~
= 20K
20K % 30K H///C
010 20 30 40 50 0 6 9
u,H (T) (1)




[image: image3.png]D=l R K

HMAE M2|2/5SE WordArt 2R 2 220|S JHH =4 HO2 2rjQ
A% - AZ ws s B
a3 sas I= ajio
20 . . . . ,
PbCu,TeO,

15
5
=10
2
=
Q,

0

0.8
206
:—-
2 o4
= 02

0.0

0 10 20 30 40 50 60
uu[[ (@)
‘4 » i
o110l 22101 =E0l g YA
860 T 260% (o) 0 @

0i(23) |

E240|= 1/1 | "Office BT | 5





[image: image4.jpg]
Fig.1 Magnetic field dependent electric polarization along a direction and magnetization at 2 K for each field directions (left) and Phase diagram of PbCu3TeO7 for H//a (right).








