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Fig. 1. Temperature dependence of resistivity p(T") ((a), (b)) and ac magnetic susceptibility x(7") (c¢) under various pressures

for (Lip.gaFeo.16)OHFeq 9sSe single crystal. Except for the data at 0.7 GPa, all other p(T') curves in (b) have been vertically

shifted for clarity. The T°1°* and T?°*° are denoted as down- and up-pointing arrows, respectively. The superconducting

diamagnetic signal appears below T in (c) (Adapted from Ref. [32]).
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Fig. 2. (a) Temperature-pressure phase diagram of
(Lip.g4Feq.16)OHFeg.9gSe single crystal. The contour
color plot shows the normal-state resistivity exponent
o up to 12.5 GPa. (b) Pressure dependences of the
Hall coefficient Ry and the electron density ne up to
8 GPa extracted from the transverse resistivity pzy,
and the pressure dependence of the resistivity coeffi-
cient A in the plot of p ~ AT? below 5 GPa (Adapted
from Ref. [32]).
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Fig. 3. (a) A double logarithmic plot of log(p — po)-logT for the normal-state resistivity of (Lig.gaFeo.16)OHFeg.98Se

under high pressure, illustrating the change of the normal state from the Fermi-liquid p ~ T2 for P < 5 GPa to non-

Fermi-liquid p ~ T1-® for P > 6.5 GPa; (b) field dependence of the magnetoresistivity MR; (c) the transverse resistivity

pzy at the normal state just above Tc under various pressures (Adapted from Ref. [32]).
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Fig. 4. (a) Temperature dependence of resistivity p(T) for Lig.36(NH3),FeaSes single crystal under various pressures
up to 12 GPa; (b) p(T) curves below 100 K illustrating the variation of the superconducting transition temperatures
with pressure. Except for data at 0 GPa, all other curves in (b) have been vertically shifted for clarity (Adapted
from Ref.[33]).
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Fig. 5. AC magnetic susceptibility x(7T") and resistivity p(T") curves measured under different pressures: (a) 2—
5 GPa; (b) 7-11 GPa (Adapted from Ref.[33]).
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Fig. 6. T-P phase diagram of Lig.36(NH3),FeaSes sin-
gle crystal (Adapted from Ref. [33]).
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Fig. 7. To9s°t as a function of Ry /Ry (P:) in the SC-1I phase
of (Lip.gaFeq.16)OHFeq.98Se and Lig.36(NH3),FeaSes single
crystal (Adapted from Ref. [33]).
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Abstract

Among the iron-based superconductors, the structural simplest FeSe and its derived materials have received much
attention in recent years due to the great tunability of the superconducting transition temperature (7;). The relatively
low T. =~ 8.5 K of FeSe can be raised to over 40 K via the interlayer intercalations such as A;Fes_ySes (A = K, Rb,
Cs, T1), Liy(NHs)yFe2Ses, and (Lii—zFe;)OHFeSe. Although the monolayer FeSe/SrTiO3 is reported to have a T.
as high as 65 K, none of the T, values of these FeSe-derived bulk materials has exceeded 50 K at ambient pressure
so far. In order to explore other routes to further enhance 7. of FeSe-based materials, we recently performed the
detailed high-pressure study of two intercalated FeSe high-T. superconductors, namely (Lio.saFeo.16)OHFeq.9sSe and
Liose(NHgs)yFeaSez, by using a cubic anvil cell apparatus. We find that the applied high pressure first suppresses the
superconducting phase (denoted as SC-I) and then induces a second high-T. superconducting phase (denoted as SC-1I)
above a critical pressure P. (~ 5 GPa for (Lio.gaFeo.16)OHFeq.08Se and 2 GPa for Lipss(NHs)yFeaSe2). The highest Tt
values in the SC-II phases of these two compounds can reach ~ 52 K and 55 K, respectively, the latter of which is the
highest in the FeSe-based bulk materials, and is very close to the highest Tt of FeAs-based high-T. superconductors. Our
high-precision resistivity data of (Lig.saFeo.16)OHFeg.9sSe also uncover a sharp transition of the normal state from Fermi
liquid for SC-I to non-Fermi liquid for SC-II phase. In addition, the reemergence of high-T, SC-II phase under pressure
is found to be accompanied with a concurrent enhancement of electron carrier density. Interestingly, we find a nearly
parallel scaling behavior between 7. and the inverse Hall coefficient for the SC-II phases of both (Lig.saFeg.16) OHFeg.9sSe
and Lio.36(NHs),FeaSes. In the case without structural transition below 10 GPa, the observed enhancement of carrier
density in SC-II should be ascribed to an electronic origin presumably associated with pressure-induced Fermi surface
reconstruction. Our work demonstrates that high pressure offers a distinctive means to further raise the maximum 7.

values of intercalated FeSe-based materials.
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