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A hydrostatic high pressure micro cell for measuring the magnetization in a commercial magnetometer is developed. 

Experiments at pressures up to 10 kbar and in the temperature range 2 K•…T•…300 K have been carried out. The sensitivity 

of measurements under high pressure is the same as at ambient pressure.
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1. Introduction
 Electrical correlations in Ce-, Yb- and U- based 

intermetallic compounds lead to a variety of interesting ground 
states, including superconducting, semiconducting, magnetically 
ordered and non-magnetic state [1]. To understand these ground 
states and interactions responsible for them, measurements as a 
function of pressure are particularly informative. Recently, much 
interest has focused on high hydrostatic pressure apparatus (up to 
100 kbar) for low temperature electrical resistivity and magnetic 
susceptibility studies [2], apparatus capable of triextreme 
conditions for thermomagnetic measurements [3] and micro-cell 
apparatus for magnetization measurements [4]. We have 
developed a long type hydrostatic pressure micro-cell for studying 
heavy-fermion materials in a commercial (Quantum Design) 
SQUID magnetometer.

2. Apparatus and Procedures
 A schematic drawing of the micro high pressure cell is 

shown in Figure 1. The original idea for this cell has been 
described by Diederichs et al. [5]. The micro pressure cell was 
constructed from hardened CuBe alloy (C 1720B-H). At room 
temperature, force was transmitted to the high pressure region by 
a beryllium-copper pushing piston and then clamped in by 
tightening a beryllium-copper bolt against the piston. The high 
pressure sample space contained a quartz spacer with a pressure-
medium and sealed at both ends by a beryllium-copper plug with 
An O-ring, Teflon-ring and Cu-ring, as seen in Fig.2. As a 
pressure-transmitting fluid a mixture of Fluorinert FC70:FC77
=1:1 is used. The sample is located between the two quartz 
spacer rods.

 The pressure at liquid helium temperature was 
determined from values of the superconducting transition 
temperature TA(P) for 99.9 % tin which has a well-known pressure 
dependence [6]. The temperature dependent susceptibility of tin 
is shown in Fig. 3 for several applied forces. An estimate of 

pressure can be derived from the transition curves when one uses 
the susceptibility extrapolated to zero. The superconducting 
temperature TC(P) decreases with applied force. From the data in 
Fig. 3, liquid He temperature pressure as a function of applied 
force at room temperature is shown in Fig. 4. There is a linear

variation in the low temperature pressure slope dP(T=3K)/dF(T
=R .T.). For above about 40 (kgf/cm2) the pressure coefficient is 
constant.

Fig. 1. A long type hydrostatic high pressure micro-cell for 
studying heavy-fermion materials in a commercial (Quantum 
Design) SQUID magnetometer.
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Fig. 2. The view of the sealing plug setting .

Fig. 3. Temperature dependent susceptibility of Sn for several 
applied forces normalized by the inner, high-pressure area of 
the micro cell.

Fig. 4. Pressure at about T=3 K versus applied pressure at 

room temperature

Fig. 5 X-1(T) plotted versus temperature at various pressures 
applied to single crystal YbInCu4.

Fig. 6. Valence fluctuation transition temperature in 

YbInCu4 versus pressure.

3. Magnetic Measurements of YbInCu4
 The intermetallic compound YbInCu4 exhibits the well-

known sharp phase transition around T=40 K due to a valence 
transition fluctuation of the Yb ion. Fig 5 shows X-1(T) plotted 
versus temperature for a single crystal of YbInCu4 at various 
pressures. At 1 bar, the temperature dependence of the 
susceptibility is identical to previous results [7], within 
experimental error. The sharp rise at T=40 K (P=I bar), due to 
the Yb valence change with increasing temperature decreases 
with increasing pressure at the rate of dTM/dP=-2.23 K/kbar, 
which is slightly larger than previously reported [8]. This
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difference may be caused mainly by variation of pressure 

inside the micro cell with temperature. At high temperatures, 

the susceptibility follows a Curie-Weiss law, with values of the 

paramagnetic temperature and paramagnetic moments, ƒÆp=-7 

K and ƒÊ=4.50 (ƒÊB/Yb) at I bar. This Curie-Weiss behavior 

does not change under pressure within experimental error.

4. Summary

 A hydrostatic high pressure micro cell is developed. It is 

proved that magnetization can be measured over the pressure 

range 0•…P•…10 kbar and in the temperature range 2 K•…T•…

300 K under magnetic fields up to H=5.5 T. We are now 

planning to measure the magnetization under pressure to over 10 

kbar.
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