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We present heat capacity, c-axis thermal expansion and pressure-dependent, low-field, temperature-dependent
magnetization for pressures up to ~12 kbar, data for KFe,As, single crystals. 7, decreases under pressure with
dT,/d P ~ —0.10 K/kbar. The inferred uniaxial, c-axis, pressure derivative is positive, dT,/dp. ~ 0.11 K/kbar.
The data are analyzed in comparison with those for overdoped Fe-based superconductors. Arguments are
presented that superconductivity in KFe,As, may be different from the other overdoped, Fe-based materials

in the 122 family.
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I. INTRODUCTION

Since the recent discovery of superconductivity at elevated
temperatures in F-substituted LaFeAsO,! a large amount of
experimental and theoretical effort was concentrated on studies
of magnetic, superconducting, and normal state properties
of Fe-based superconductors and related materials.>* Of
several families of Fe-based superconductors discovered by
now, the 122, AEFe,As, (AE = alkaline earth and Eu)
family, appears to be the most studied one’”’ due to the
reasonable ease of growing large, high-quality single crystals,
the availability of multiple substitution sites, and the simplicity
of the crystal structure. In the 122 system, superconductivity,
witha T, &~ 38 K, was first reported on K doping of BaFe,As, .}
Subsequently the complete (Ba;_,K,)Fe;As; solid solution
series was studied®!! in detail.

KFe,As, stands out among the members of the
(Ba;_xK,)Fe,As, series, and the Fe-based superconductors
in general, as a unique material. It is a stoichiometric end
member of the (Ba;_, K, )Fe,As, series, and a rare example of
a stoichiometric Fe-based superconductor, albeit with a rather
low T, ~ 3.8 K.>'? The in-plane resistivity has a metallic
behavior with a remarkable residual resistivity ratio, exceed-
ing 1000 in the best single crystals.'"> The reported Fermi
surface of KFe,As, differs from that of the optimally doped
(Ba;_xK,)Fe,As, having three hole pockets: two centered at
the I point in the Brillouin zone, and one around the M point'*
with no electron pockets. Existence of quantum criticality,
and nodal or d-wave superconductivity was suggested and
discussed in a number of publications.'>!5-20

Given the unusual properties of this material, it is of
importance to have a broad set of data on its physical
properties, in particular, related to its superconducting state. In
this work we study the response of KFe,As,’s superconducting
transition temperature to external pressure—both hydrostatic,
via direct measurements, and uniaxial—that is inferred by
using the Ehrenfest relation for the second-order phase
transition. Hydrostatic pressure effects historically have been
studied for many superconductors, including some Fe-based
materials.?!~2* Uniaxial pressure effects are rarely measured
directly>*?> due to significant technical difficulties; however,
evaluations of the uniaxial pressure derivatives dT./dp; (i =
a,b,c) by combining the thermal expansion and heat capacity
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data, have been recently made for several BaFe,As;-based
materials?*~" yielding in-plane and c-axis uniaxial pressure
derivatives of opposite signs and distinct evolution of these
derivatives with doping.

II. EXPERIMENTAL DETAILS

KFe, As; single crystals were grown by using the KAs flux
method.?! Briefly, K (ingot), As (lump), and Fe (powder)
were weighed at an atomic ratio of K:Fe: As=5:2:6,
and loaded into an alumina crucible. A sealing technique with
liquid tin melt was developed to suppress the evaporation
of K and As elements.’> All the steps were performed in
a glove box under argon gas atmosphere. The sealed fused
silica ampule was heated up to 920°C, and then slowly
cooled down to 620°C at a rate of 1°C/h. Thin, platelike
crystals, with dimensions up to 8 x 5 x 0.2 mm?, can be easily
mechanically separated from the KAs flux. Further details of
the crystal growth will be reported elsewhere.’”> The crystals
are platelike with the ¢ axis perpendicular to the plate. They
are soft, micaceous, and moderately air sensitive. Low-field
dc magnetization under pressure was measured in a Quantum
Design Magnetic Property Measurement System, MPMS-5,
superconducting quantum interference device magnetometer
using a commercial, HMD, Be-Cu piston-cylinder pressure
cell.** Daphne oil 7373 was used as a pressure medium and
superconducting Pb as a low-temperature pressure gauge.’*
Thermal expansion data were obtained using a capacitive
dilatometer constructed of oxygen-free high-conductivity cop-
per; a detailed description of the dilatometer is presented
elsewhere.’ The dilatometer was mounted in a Quantum
Design Physical Property Measurement System, PPMS-14,
instrument and was operated over a temperature range of
1.8-305 K. Due to the morphology of the crystals, the dilation
was measured only along the ¢ axis. The heat capacity was
measured using a hybrid adiabatic relaxation technique of
the heat capacity option in a Quantum Design, PPMS-9
instrument.

III. RESULTS

The low-temperature heat capacity of KFe,As, is plotted
as C,/T vs (T)in Fig. 1. The jump in specific heat associated
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FIG. 1. Temperature-dependent heat capacity plotted as C,,/ T vs
T. Lines show how the AC,/T|7, was determined. Inset: C,/ T vs
T2

with the superconducting transition is rather sharp. From
the isoentropic construct, shown in Fig. 1, T, &~ 3.4 K,
AC,/T|z, ~ 67 mJ/mol K?Z. From the linear fit of the C,/T
vs T2 above the superconducting transition (Fig. 1, inset), the
Sommerfeld coefficient y ~ 107 mJ/mol K? and the Debye
temperature ®p ~ 224 K can be estimated. These results are
comparable to the literature data.’¢-3%

Low-field (H =25 O0Oe) zero-field-cooled (ZFC)
temperature-dependent magnetization data taken under
pressures up to ~11.7 kbar are shown in Fig. 2. The
signal associated with the superconducting transition in
KFe,As; is sharp; under pressure the transition shifts to
lower temperatures without any significant broadening. The
pressure dependence of T, (defined as an onset of transition
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FIG. 2. (Color online) ZFC temperature-dependent magnetiza-
tion of KFe,As, under pressure. The T, criterion used in the paper
is shown for the lowest pressure curve. The signal from the Pb
manometer is also shown. Inset: pressure dependence of 7, of
KFe,As,. Lines: linear (solid) and second-order polynomial (dashed)
fit of T,.(P).

PHYSICAL REVIEW B 86, 224514 (2012)

0.006 " ; : ;
15
.}‘ 1.0
o
= 05
=]
0.004 - 00
o~ 10
=4
_I% -<‘% 5
\U é
2 0
0.002 02
v
°
0.1 g
£,
-— o
5 7900
0.000 ) ) L TR E
0 100 200 300

FIG. 3. (Color online) Temperature-dependent c-axis dilation of
KFe,As,. The data are normalized to L. value at 1.8 K. Upper
left inset: low-temperature c-axis dilation and thermal expansion
coefficient o, with the anomalies at the superconducting transition.
Lower right inset: low-temperature thermal expansion coefficient o,
and heat capacity C, /T, both showing a jump at the superconducting
transition.

in magnetization; see Fig. 1) is shown in the inset to Fig. 2.
A linear fit of T,.(P) results in the value of the pressure
derivative dT./dP = —0.11 £0.01 K/kbar, so that in a
simple, linear approximation superconductivity in KFe,As,
can be suppressed by a pressure of ~30 kbar. It appears
that the measured 7.(P) dependence has a slight upward
curvature. Indeed, one can also fit 7(P) with a second-order
polynomial (shown as a dashed line in the inset to Fig. 2).
Then the linear coefficient corresponding to the initial d 7, /d P
is —0.14 £ 0.01 K/kbar (the quadratic coefficient is equal to
0.0027 £ 0.0004 K/kbar?). Very similar results are obtained
if a different criterion (e.g., maximum of d M /dT) is used.
Temperature-dependent c-axis dilation, normalized to the
value at 1.8 K (AL./L.), is shown in Fig. 3. The overall
behavior is monotonic with some flattening at low tempera-
tures. The relative change in the ¢ axis from 1.8 to 300 K
is similar to that measured in pure AEFe;As, (AE = Ba,
Sr, and Ca)*® and Co-doped BaFe,Ass,”%? with the value
of the thermal expansion coefficient o, = d(AL./L.y)/dT
at room temperature being under 3 x 10~ K~'. Both, the
c-axis dilation and the thermal expansion coefficient show a
clear anomaly at the superconducting transition. The jump in
the thermal expansion coefficient at 7, (using the criterion
graphically similar to that for AC,/T|7, in Fig. 1) can
be estimated as Aa.|r, &~ 1.2 x 107% K~!. The shape and
sharpness of the features in the thermal expansion coefficient
and the heat capacity at 7, are very similar (Fig. 3, inset), which
rationalizes use of the same criterion for both measurements.

IV. DISCUSSION AND SUMMARY

The value of the hydrostatic pressure derivative, dT,/d P =
—0.10 K/kbar, measured for KFe, As; is rather large. It is close
to, but somewhat smaller than dT./dP = —0.132 K/kbar
reported for stoichiometric, polycrystalline, RbFe, As,.** It has
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to be noted that for slightly overdoped (BagssKg.4s5)Fe)As;
rather large, negative, pressure derivatives, dT°™*/dP =
—0.15 K/kbar and dT°%/dP = —0.21 K/kbar were re-
ported as well.*' The evolution of the d7./d P values with
K-doping in the (Ba;_,K,)Fe;As; series, in particular in the
overdoped region, will be useful for further understanding of
superconductivity in these materials.

The uniaxial, c-axis, pressure derivative of 7, can be
inferred using the Ehrenfest relation*? for the second-order
phase transition: d7,/dp; = LC"‘“, where V,, is the molar

volume (V,, &~ 6.08 x 107> m? for KaFe,As,, using the lattice
parameters'' at 1.7 K), Aa; (i = a,c) is the jump in the
thermal expansion coefficient at the phase transition, and
AC), is the corresponding jump in the heat capacity. Using
the experimental data above, for KFe;As, we found out that
the c-axis uniaxial pressure derivative is positive, dT,/dp, ~
0.11 K/kbar. Since the hydrostatic pressure derivative in
this case can be written as d7./d P = 2dT1./dp, + dT,/dp.,
we can infer that the uniaxial, a-axis (or in-plane) pressure
derivative is negative, d T, /dp, ~ —0.11 K/kbar. So it appears
that KFe,As, is equally sensitive to uniaxial pressure applied
in the ab plane and along the ¢ axis; however, T, increases
when the pressure is applied along the ¢ axis and decreases
when it is applied in the ab plane. Uniaxial pressure derivatives
of T, in members of the 122 family were also reported to
have different signs for ab-plane and c-axis pressure. We are
not aware of such data in the (Ba;_,K,)Fe,As, series, but
for Co-doped (electron doping) and P-doped (isoelectronic
substitution) BaFe; As, samples in the overdoped region of the
superconducting dome negative values of d T, /d p. and positive
values of dT,./dp,, were reported.’*2%3 If we consider
KFe;,As; as an extreme of the overdoped (Ba;_, K, )Fe;As,, it
is clearly different, in this respect, from the other (studied so
far) overdoped Fe-based superconductors from the 122 family.

It has to be mentioned that the anisotropy and different
signs of the uniaxial pressure derivatives of T, as inferred
from thermal expansion and heat capacity data using the
Ehrenfest relation, can shed some light on the differences
observed in the values of the critical pressure and position of
the superconducting dome that vary in publications describing
the pressure-temperature phase diagrams in the A EFe;As;
materials.**# In many cases of the different anvil-based
pressure cells an additional, axial component of pressure is
present. With the platelike A EFe, As, samples in a “convenient
geometry,” this means that the c-axis pressure in such cells
is slightly higher than the pressure in the ab plane. Then,
for the samples with dT,./dp. < O the measured dT./dP is
smaller than the truly hydrostatic value, and vice versa, if
dT./dp. > 0, a larger than hydrostatic value of dT,./dP is
observed in an experiment.

Another clear difference between this material and other
Fe-based, 122 superconductors is that the jump in heat
capacity at T, clearly deviates from the trend suggested in
Ref. 47 and expanded in Ref. 48, the so-called BNC scaling
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FIG. 4. (Color online) AC,, vs T, for the KFe, As, sample, plotted
together with literature data for various FeAs-based superconducting
materials. Updated plot (Ref. 49) is used to show the literature data.
The line corresponds to AC,, o T2.

(Fig. 4). At the same time, our data y1e1d ~ (.62, which
is significantly smaller than the 1.43 value expected for
BCS superconductors. These observations are consistent with
previous publications’”-*® and suggest that superconductivity
in KFe,As, neither is a conventional BCS, nor should it
be considered as just a significantly overdoped Fe-based
superconductor from the 122 family.

To summarize, the superconducting transition temperature
of KFe;As, decreases under hydrostatic pressure rather fast,
withdT,/d P =~ —0.104 K/kbar. The uniaxial, c-axis, pressure
derivative inferred from the thermal expansion and heat capac-
ity measurements, is positive, which differs from the existing
data for overdoped Fe-based 122 superconductors. The jump
in heat capacity at 7, for KFe,As, deviates significantly from
the empirical trend AC, « T?? (and its recent modifications)
observed in a number of Fe-based superconductors. Taken
together, these results suggest that the superconductivity in
KFe,As; could be different from just an extreme overdoped
case in the 122 family. Detailed, comprehensive studies of
the (Ba;_,K,)Fe,As, series with x approaching 1, once
homogeneous single crystalline samples for these intermediate
concentrations are available, might shed light on the physics
of this interesting material.

ACKNOWLEDGMENTS

Work at the Ames Laboratory was supported by the US
Department of Energy, Basic Energy Sciences, Division of
Materials Sciences and Engineering under Contract No. DE-
AC02-07CH11358. S.L.B. acknowledges partial support from
the State of Iowa through Iowa State University.

Y. Kamihara, T. Watanabe, M. Hirano, and H. Hosono, J. Am.
Chem. Soc. 130, 3296 (2008).

’D. C. Johnston, Adv. Phys. 59, 803 (2010).

3G. R. Stewart, Rev. Mod. Phys. 83, 1589 (2011).

“Dirk Johrendt, J. Mater. Chem. 21, 13726 (2011).

Paul C. Canfield and Sergey L. Bud ko, Annu. Rev. Condens. Matter
Phys. 1, 27 (2010).

®N. Ni and Sergey L. Bud’ko, MRS Bull. 36, 620 (2011).

224514-3


http://dx.doi.org/10.1021/ja800073m
http://dx.doi.org/10.1021/ja800073m
http://dx.doi.org/10.1080/00018732.2010.513480
http://dx.doi.org/10.1103/RevModPhys.83.1589
http://dx.doi.org/10.1039/c1jm12318a
http://dx.doi.org/10.1146/annurev-conmatphys-070909-104041
http://dx.doi.org/10.1146/annurev-conmatphys-070909-104041
http://dx.doi.org/10.1557/mrs.2011.178

BUD’KO, LIU, LOGRASSO, AND CANFIELD

’D. Mandrus, A. S. Sefat, M. A. McGuire, and B. C. Sales, Chem.
Mater. 22, 715 (2010).

8Marianne Rotter, Marcus Tegel, and Dirk Johrendt, Phys. Rev. Lett.
101, 107006 (2008).

9Marianne Rotter, Michael Pangerl, Marcus Tegel, and Dirk
Johrendt, Angew. Chem., Int. Ed. 47, 7949 (2008).

19H. Chen, Y. Ren, Y. Qiu, Wei Bao, R. H. Liu, G. Wu, T. Wu, Y. L.
Xie, X. F. Wang, Q. Huang, and X. H. Chen, Europhys. Lett. 85,
17006 (2009).

US. Avci, O. Chmaissem, D. Y. Chung, S. Rosenkranz, E. A.
Goremychkin, J. P. Castellan, I. S. Todorov, J. A. Schlueter,
H. Claus, A. Daoud-Aladine, D. D. Khalyavin, M. G. Kanatzidis,
and R. Osborn, Phys. Rev. B 85, 184507 (2012).

12Kalyan Sasmal, Bing Lv, Bernd Lorenz, Arnold M. Guloy, Feng
Chen, Yu-Yi Xue, and Ching-Wu Chu, Phys. Rev. Lett. 101, 107007
(2008).

13K. Hashimoto, A. Serafin, S. Tonegawa, R. Katsumata, R. Okazaki,
T. Saito, H. Fukazawa, Y. Kohori, K. Kihou, C. H. Lee, A. Iyo,
H. Eisaki, H. Ikeda, Y. Matsuda, A. Carrington, and T. Shibauchi,
Phys. Rev. B 82, 014526 (2010).

14T, Sato, K. Nakayama, Y. Sekiba, P. Richard, Y.-M. Xu, S. Souma,
T. Takahashi, G. F. Chen, J. L. Luo, N. L. Wang, and H. Ding, Phys.
Rev. Lett. 103, 047002 (2009).

15]. K. Dong, S. Y. Zhou, T. Y. Guan, H. Zhang, Y. F. Dai, X. Qiu,
X. F. Wang, Y. He, X. H. Chen, and S. Y. Li, Phys. Rev. Lett. 104,
087005 (2010).

19Tajchi Terashima, Motoi Kimata, Nobuyuki Kurita, Hidetaka
Satsukawa, Atsushi Harada, Kaori Hazama, Motoharu Imai,
Akira Sato, Kunihiro Kihou, Chul-Ho Lee, Hijiri Kito, Hiroshi
Eisaki, Akira Iyo, Taku Saito, Hideto Fukazawa, Yoh Kohori,
Hisatomo Harima, and Shinya Uji, Phys. Rev. Lett. 104, 259701
(2010).

7], K. Dong and S. Y. Li, Phys. Rev. Lett. 104, 259702
(2010).

18] P. Reid, M. A. Tanatar, A. Juneau-Fecteau, R. T. Gordon, S. R.
de Cotret, N. Doiron-Leyraud, T. Saito, H. Fukazawa, Y. Kohori,
K. Kihou, C. H. Lee, A. Iyo, H. Eisaki, R. Prozorov, and L. Taillefer,
Phys. Rev. Lett. 109, 087001 (2012).

19§, Maiti, M. M. Korshunov, and A. V. Chubukov, Phys. Rev. B 85,
014511 (2012).

20R. Thomale, C. Platt, W. Hanke, J. Hu, and B. A. Bernevig, Phys.
Rev. Lett. 107, 117001 (2011).

2IC. W. Chu and B. Lorenz, Physica C 469, 385 (2009).

22p. C. Canfield, S. L. Bud’ko, N. Ni, A. Kreyssig, A. I. Goldman,
R.J. McQueeney, M. S. Torikachvili, D. N. Argyriou, G. Luke, and
W. Yu, Physica C 469, 404 (2009).

23 Athena S. Sefat, Rep. Prog. Phys. 74, 124502 (2011).

24U. Welp, M. Grimsditch, S. Fleshler, W. Nessler, J. Downey,
G. W. Crabtree, and J. Guimpel, Phys. Rev. Lett. 69, 2130
(1992).

M. S. Torikachvili, S. L. Bud’ko, N. Ni, P. C. Canfield, and S. T.
Hannahs, Phys. Rev. B 80, 014521 (2009).

26§ L. Bud’ko, N. Ni, S. Nandi, G. M. Schmiedeshoff, and P. C.
Canfield, Phys. Rev. B 79, 054525 (2009).

YFrédéric Hardy, Peter Adelmann, Thomas Wolf, Hilbert v.
Lohneysen, and Christoph Meingast, Phys. Rev. Lett. 102, 187004
(2009).

PHYSICAL REVIEW B 86, 224514 (2012)

2M. S. da Luz, J. J. Neumeier, R. K. Bollinger, A. S. Sefat, M. A.
McGuire, R. Jin, B. C. Sales, and D. Mandrus, Phys. Rev. B 79,
214505 (2009).

2 Christoph Meingast, Frédéric Hardy, Rolf Heid, Peter Adelmann,
Anna Bohmer, Philip Burger, Doris Ernst, Rainer Fromknecht,
Peter Schweiss, and Thomas Wolf, Phys. Rev. Lett. 108, 177004
(2012).

30A. E. Bohmer, P. Burger, F. Hardy, T. Wolf, P. Schweiss,
R. Fromknecht, H. v. Lohneysen, C. Meingast, H. K. Mak,
R. Lortz, S. Kasahara, T. Terashima, T. Shibauchi, and Y. Matsuda,
Phys. Rev. B 86, 094521 (2012).

3K, Kihou, T. Saito, S. Ishida, M. Nakajima, Y. Tomioka,
H. Fukazawa, Y. Kohori, T. Ito, S. Uchida, A. Iyo, C.-H. Lee,
and H. Eisaki, J. Phys. Soc. Jpn. 79, 124713 (2010).

Yong Liu et al. (unpublished).

3See www.qdusa.com/products/high-pressure-cell-mpms.html.

3*A. Eiling and J. S. Schilling, J. Phys. F: Met. Phys. 11, 623 (1981).

3G. M. Schmiedeshoff, A. W. Lounsbury, D. J. Luna, S. J. Tracy,
A. J. Schramm, S. W. Tozer, V. E. Correa, S. T. Hannahs, T. P.
Murphy, E. C. Palm, A. H. Lacerda, S. L. Bud’ko, P. C. Canfield,
J. L. Smith, J. C. Lashley, and J. C. Cooley, Rev. Sci. Instrum. 77,
123907 (2006).

36H. Fukazawa, T. Saito, Y. Yamada, K. Kondo, M. Hirano, Y. Kohori,
K. Kuga, A. Sakai, Y. Matsumoto, S. Nakatsuji, K. Kihou, A. Iyo,
C. H. Lee, and H. Eisaki, J. Phys. Soc. Jpn. 80, SA118 (2011).

¥7J.S. Kim, E. G. Kim, G. R. Stewart, X. H. Chen, and X. F. Wang,
Phys. Rev. B 83, 172502 (2011).

3M. Abdel-Hafiez, S. Aswartham, S. Wurmehl, V. Grinenko,
C. Hess, S. L. Drechsler, S. Johnston, A. U. B. Wolter, B. Biichner,
H. Rosner, and L. Boeri, Phys. Rev. B 85, 134533 (2012).

39Sergey L. Bud’ko, Ni Ni, and Paul C. Canfield, Philos. Mag. 90,
1219 (2010).

407 Shermadini, H. Luetkens, A. Maisuradze, R. Khasanov,
Z.Bukowski, H.-H. Klauss, and A. Amato, Phys. Rev. B 86, 174516
(2012).

#IM. S. Torikachvili, S. L. Bud’ko, N. Ni, and P. C. Canfield, Phys.
Rev. B 78, 104527 (2008).

“2T. H. K. Barron and G. K. White, Heat Capacity and Thermal
Expansion at Low Temperatures (Kluwer Academic/Plenum, New
York, 1999).

“3E. Colombier, S. L. Bud’ko, N. Ni, and P. C. Canfield, Phys. Rev.
B 79, 224518 (2009).

“Hisashi Kotegawa, Takayuki Kawazoe, Hitoshi Sugawara, Keizo
Murata, and Hideki Tou, J. Phys. Soc. Jpn. 78, 083702 (2009).

4D. Braithwaite, B. Salce, G. Lapertot, F. Bourdarot, C. Marin,
D. Aoki, M. Hanand, T. Wolf, and H. Sugawara, Physica C 470,
S482 (2010).

46W. J. Duncan, O. P. Welzel, C. Harrison, X. F. Wang, X. H. Chen,
F. M. Grosche, and P. G. Niklowitz, J. Phys.: Condens. Matter 22,
052201 (2010).

478. L. Bud’ko, N. Ni, and P. C. Canfield, Phys. Rev. B 79, 220516
(2009).

48], S. Kim, G. R. Stewart, S. Kasahara, T. Shibauchi, T. Terashima,
and Y. Matsuda, J. Phys.: Condens. Matter 23, 222201 (2011).

4S. Ran, S. L. Bud’ko, W. E. Straszheim, J. Soh, M. G. Kim,
A. Kreyssig, A. I. Goldman, and P. C. Canfield, Phys. Rev. B 85,

224528 (2012).

224514-4


http://dx.doi.org/10.1021/cm9027397
http://dx.doi.org/10.1021/cm9027397
http://dx.doi.org/10.1103/PhysRevLett.101.107006
http://dx.doi.org/10.1103/PhysRevLett.101.107006
http://dx.doi.org/10.1002/anie.200803641
http://dx.doi.org/10.1209/0295-5075/85/17006
http://dx.doi.org/10.1209/0295-5075/85/17006
http://dx.doi.org/10.1103/PhysRevB.85.184507
http://dx.doi.org/10.1103/PhysRevLett.101.107007
http://dx.doi.org/10.1103/PhysRevLett.101.107007
http://dx.doi.org/10.1103/PhysRevB.82.014526
http://dx.doi.org/10.1103/PhysRevLett.103.047002
http://dx.doi.org/10.1103/PhysRevLett.103.047002
http://dx.doi.org/10.1103/PhysRevLett.104.087005
http://dx.doi.org/10.1103/PhysRevLett.104.087005
http://dx.doi.org/10.1103/PhysRevLett.104.259701
http://dx.doi.org/10.1103/PhysRevLett.104.259701
http://dx.doi.org/10.1103/PhysRevLett.104.259702
http://dx.doi.org/10.1103/PhysRevLett.104.259702
http://dx.doi.org/10.1103/PhysRevLett.109.087001
http://dx.doi.org/10.1103/PhysRevB.85.014511
http://dx.doi.org/10.1103/PhysRevB.85.014511
http://dx.doi.org/10.1103/PhysRevLett.107.117001
http://dx.doi.org/10.1103/PhysRevLett.107.117001
http://dx.doi.org/10.1016/j.physc.2009.03.030
http://dx.doi.org/10.1016/j.physc.2009.03.033
http://dx.doi.org/10.1088/0034-4885/74/12/124502
http://dx.doi.org/10.1103/PhysRevLett.69.2130
http://dx.doi.org/10.1103/PhysRevLett.69.2130
http://dx.doi.org/10.1103/PhysRevB.80.014521
http://dx.doi.org/10.1103/PhysRevB.79.054525
http://dx.doi.org/10.1103/PhysRevLett.102.187004
http://dx.doi.org/10.1103/PhysRevLett.102.187004
http://dx.doi.org/10.1103/PhysRevB.79.214505
http://dx.doi.org/10.1103/PhysRevB.79.214505
http://dx.doi.org/10.1103/PhysRevLett.108.177004
http://dx.doi.org/10.1103/PhysRevLett.108.177004
http://dx.doi.org/10.1103/PhysRevB.86.094521
http://dx.doi.org/10.1143/JPSJ.79.124713
http://www.qdusa.com/products/high-pressure-cell-mpms.html
http://dx.doi.org/10.1088/0305-4608/11/3/010
http://dx.doi.org/10.1063/1.2403088
http://dx.doi.org/10.1063/1.2403088
http://dx.doi.org/10.1143/JPSJS.80SA.SA118
http://dx.doi.org/10.1103/PhysRevB.83.172502
http://dx.doi.org/10.1103/PhysRevB.85.134533
http://dx.doi.org/10.1080/14786430903325041
http://dx.doi.org/10.1080/14786430903325041
http://dx.doi.org/10.1103/PhysRevB.86.174516
http://dx.doi.org/10.1103/PhysRevB.86.174516
http://dx.doi.org/10.1103/PhysRevB.78.104527
http://dx.doi.org/10.1103/PhysRevB.78.104527
http://dx.doi.org/10.1103/PhysRevB.79.224518
http://dx.doi.org/10.1103/PhysRevB.79.224518
http://dx.doi.org/10.1143/JPSJ.78.083702
http://dx.doi.org/10.1016/j.physc.2009.10.053
http://dx.doi.org/10.1016/j.physc.2009.10.053
http://dx.doi.org/10.1088/0953-8984/22/5/052201
http://dx.doi.org/10.1088/0953-8984/22/5/052201
http://dx.doi.org/10.1103/PhysRevB.79.220516
http://dx.doi.org/10.1103/PhysRevB.79.220516
http://dx.doi.org/10.1088/0953-8984/23/22/222201
http://dx.doi.org/10.1103/PhysRevB.85.224528
http://dx.doi.org/10.1103/PhysRevB.85.224528



