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Double-dome superconductivity under pressure in the V-based kagome metals
AV3Sb5 (A = Rb and K)
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We present high-pressure resistance measurements on the newly discovered V-based superconductors AV3Sb5

(A = Rb and K), which have an ideal kagome lattice of vanadium. Two superconducting domes under pressure
are observed in both compounds, as previously observed in their sister compound CsV3Sb5. For RbV3Sb5, the
Tc increases from 0.93 K at ambient pressure to a maximum of 4.15 K at 0.38 GPa in the first dome. The second
superconducting dome has the highest Tc of 1.57 K at 28.8 GPa. KV3Sb5 displays a similar double-dome phase
diagram, however, its two maximum Tcs are lower, and the Tc drops faster in the second dome than RbV3Sb5.
An integrated temperature-pressure phase diagram of AV3Sb5 (A = Cs, Rb, and K) is constructed, showing
that the ionic radius of the intercalated alkali-metal atoms has a significant effect. Our work demonstrates that
double-dome superconductivity under pressure is a common feature of these V-based kagome metals.

DOI: 10.1103/PhysRevB.105.094507

The materials with geometrically frustrated kagome lattice,
depending on the degree of electron filling, host a wide range
of intriguing physics, including quantum spin liquid, charge
density wave (CDW), topological states, and superconductiv-
ity [1–7]. Recently, a new family of V-based kagome-lattice
compounds AV3Sb5 (A = Cs, Rb, and K) was discovered [8].
The CDW order manifests in magnetic susceptibility, resistiv-
ity, and specific heat at 94, 103, and 78 K for A = Cs, Rb, and
K, respectively [9–12]. At low temperature, these compounds
also show superconductivity with superconducting transition
temperature (Tc) of 2.5, 0.92, and 0.93 K for A = Cs, Rb,
and K [9–11]. Interestingly, the scanning tunneling micro-
scope (STM) study demonstrates a topological charge order in
KV3Sb5 [12], which may cause the giant anomalous Hall ef-
fect [13] and possibly unconventional superconductivity [12].
The angle-resolved photoemission spectroscopy (ARPES)
and density-functional theory demonstrated the existence of
Z2 nontrivial topological band structure in CsV3Sb5 [9].

For the superconducting gap structure in CsV3Sb5, while
thermal conductivity measurements suggested nodal super-
conductivity [14], penetration depth and nuclear magnetic
resonance (NMR) measurements claimed nodeless s-wave su-
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perconductivity [15,16]. The latest ultralow temperature STM
measurements show both nodal and nodeless gaps [17] in
this superconductor with multiple Fermi surfaces [18]. The-
oretically, dominant f -wave triplet superconducting order,
succeeded by d-wave singlet pairing for stronger coupling
was found over a large range of coupling strength [19]. In this
context, the exact locations of the gap nodes in CsV3Sb5 still
need to be identified.

Meanwhile, two superconducting domes were observed in
CsV3Sb5 under pressure, together with the nodal supercon-
ductivity, further indicating unconventional superconductivity
in CsV3Sb5 [14]. The origin of the first dome in CsV3Sb5 is
likely related to the CDW instability, due to the competition
between CDW and superconductivity [14,20]. The second
superconducting dome was attributed to a pressure-induced
Lifshitz transition and enhanced electron-phonon coupling
in CsV3Sb5 [21,22]. To understand this double-dome phase
diagram, it will be interesting to study AV3Sb5 (A = Rb and
K) under pressure and compare with CsV3Sb5.

In this paper, we performed high-pressure resistance mea-
surements on AV3Sb5 (A = Rb and K) up to 50 GPa. A
clear double-dome superconductivity was revealed in the
temperature-pressure phase diagram of both compounds, as
observed in CsV3Sb5. The ionic radius of the intercalated
alkali-metal atoms apparently affects the phase diagram of
AV3Sb5. We discuss the possible pairing mechanism under
the two superconducting domes.

Single crystal of AV3Sb5 (A = Rb and K) were grown
from K ingot (purity 99.8%) or Rb (purity 99.75%), V powder
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(purity 99.9%), Sb powder (purity 99.999%) through the self-
flux method [8]. For RbV3Sb5, the eutectic mixture of RbSb
and Rb3Sb7 was mixed with VSb2 to form a composition with
50 at.% AxSby (A = Rb and K) and 50 at.% VSb2 approx-
imately. The mixture was loaded into an alumina crucible,
which was sealed in a quartz ampoule under partial argon
atmosphere followed with heating to 1273 K by taking 12 h
and kept there for 24 h. Subsequently, the temperature was
cooled down to 1173 K at 50 K/h and further to 923 K with a
slow rate. Finally, the ampoule was taken out from the furnace
and decanted with a centrifuge to separate RbV3Sb5 single
crystal from the flux. Analogous reactions were performed for
KV3Sb5. The x-ray diffraction (XRD) was performed using
powder x-ray diffractometer (D8 Advance, Bruker) with Cu
Kα radiation (wave length λ = 1.5418 Å).

High pressure was generated by a diamond anvil cell
(DAC) made from Be-Cu alloy with two opposite diamond
anvils. The diamonds with 300 μm culets were used for this
experiment. Several pieces of small single crystals (less than
100 μm in size) were loaded on the NaCl powder, which were
employed as the pressure transmitting medium. Subsequently,
four electrodes of 4-μm-thick platinum thin foils were laid on
the sample. With applying pressure, the small single crystals
were crashed into powder and compressed together solidly,
allowing a standard ohmic contact between sample and elec-
trodes. The solid pressure transmitting medium provides a
quasihydrostatic condition. The Be-Cu plate was used as gas-
ket and cubic boron nitride served as insulating material. The
pressure inside the DAC was scaled by monitoring the ruby
fluorescence at room temperature each time before and after
the measurement [23]. High-pressure resistance of AV3Sb5

(A = Rb and K) were measured in a physical property
measurement system (PPMS, Quantum Design) and a 3He
cryostat with van der Pauw method.

As depicted in Figs. 1(a) and 1(b), AV3Sb5 (A = Rb
and K) shows a layered structure with hexagonal symmetry
(P6/mmm, No. 191). V ions are coordinated by Sb atoms,
forming slabs with ideal kagome structure. The V-Sb layers
are stacked along c axis separated by alkali-metal layers. The
lattice constant c is 9.073(3) Å and 8.943(1) Å for RbV3Sb5

and KV3Sb5, respectively [8]. Figures 1(c) and 1(d) show
XRD patterns of AV3Sb5 single crystals, in which only (00l)
Bragg peaks can be observed, indicating that the largest nat-
ural surface of AV3Sb5 (A = Rb and K) single crystals is the
ab plane. Typical resistivity curves of AV3Sb5 (A = Rb and K)
single crystals at ambient pressure are plotted in Figs. 1(e) and
1(f). The residual resistivity ratio RRR = ρ(300 K)/ρ(1.5 K)
is 42 and 51 for RbV3Sb5 and KV3Sb5, respectively, sug-
gesting high quality of the samples. A kink is observed at
100 K for RbV3Sb5 and 75 K for KV3Sb5, corresponding to
the CDW transition as reported previously [10–12]. The Tc

defined at 10% drop of normal-state resistance (T 10%
c ) is 0.93

and 1.24 K for RbV3Sb5 and KV3Sb5, respectively, as shown
in the insets of Figs. 1(e) and 1(f), consistent with previous
reports [10,11].

Figure 2(a) presents the low-temperature resistance of
RbV3Sb5 in a pressure range of 0.38–9.35 GPa. The T 10%

c of
RbV3Sb5 remarkably increases from 0.93 K at ambient pres-
sure to 4.15 K at 0.38 GPa, then shifts to lower temperature
with increasing pressure until reaches to 0.86 K at 9.35 GPa,
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FIG. 1. (a) Crystal structure of AV3Sb5 (A = Rb and K). The
A, V, Sb atoms are presented as purple, orange, and yellow balls,
respectively. (b) Top view of the crystal structure, which shows the
kagome lattice of vanadium. (c) and (d) X-ray diffraction pattern for
the largest surface of the AV3Sb5 (A = Rb and K) single crystals. (e)
and (f) Resistivity curves for RbV3Sb5 and KV3Sb5 single crystals,
respectively, at ambient pressure. Blue arrows denote the CDW tran-
sitions. Insets of (e) and (f): superconducting transitions for AV3Sb5

(A = Rb and K).
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FIG. 2. (a) and (b) Temperature dependence of resistance for
RbV3Sb5 under various pressures up to 51.2 GPa. (c) and (d) Temper-
ature dependence of resistance for RbV3Sb5 under different magnetic
fields at 0.38 GPa and 28.8 GPa, respectively. Increasing the mag-
netic field gradually suppresses the superconducting transition. Inset:
Temperature dependence of the upper field μ0Hc2. The supercon-
ducting transition temperature Tc is defined as the 10% drop of the
normal-state resistance (T 10%

c ). The red line shows the fitting of
Ginzburg-Landau theory, μ0Hc2(T ) = μ0Hc2(0)[1 − (T/Tc )2]/[1 +
(T/Tc )2].
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FIG. 3. (a) Temperature dependence of resistance for KV3Sb5

under various pressures up to 3.68 GPa. (b) Temperature dependence
of resistance for KV3Sb5 under higher pressures up to 41.5 GPa.
(c) and (d) Temperature dependence of resistance for KV3Sb5 under
different magnetic fields at 0.32 GPa and 14.7 GPa, respectively.
Inset: Temperature dependence of the upper field μ0Hc2.

which is similar to that of CsV3Sb5 [14]. Below 3 GPa, a two-
step-like transition is observed in the R(T ) curves, resembling
the behavior at 0.61 and 0.90 GPa for CsV3Sb5, which was
attributed to the presence of two superconducting phases [20].
It is likely a macroscopic phase separation due to pressure
inhomogeneity inside the cell. By applying a slightly higher
pressure, zero-resistance behavior reemerges and T 10%

c starts
to increase with pressure to a maximum of 1.57 K at 28.8 GPa
[Fig. 2(b)], showing a second superconducting dome.

To confirm that the resistance drop in RbV3Sb5 under pres-
sures is superconducting transition, various magnetic fields
are applied at 0.38 and 28.8 GPa [Figs. 2(c) and 2(d)]. The
resistance drop is monotonically suppressed with increasing
magnetic field as expected and completely vanishes in 1.5 T
at 0.38 GPa and 1.4 T at 28.8 GPa, demonstrating that the
resistance drop under pressure is indeed attributed to super-
conducting transition. The upper critical field (μ0Hc2) versus
T 10%

c of RbV3Sb5 at 0.38 and 28.8 GPa are summarized in
the insets of Figs. 2(c) and 2(d). The data can be well fitted
by the empirical Ginzburg-Landau (GL) formula μ0Hc2(T ) =
μ0Hc2(0)[1 − (T/Tc)2]/[1 + (T/Tc)2]. The μ0Hc2(0) are de-
termined to be 0.86 and 1.06 T for 0.38 and 28.8 GPa,
respectively. These values are much lower than the Pauli
paramagnetic limit field Hp(0) = 1.84Tc ≈ 7.6 and 2.89 T,
indicating the absence of Pauli pair breaking.

In analogy with that of RbV3Sb5, the resistance of KV3Sb5

under pressures is also measured and plotted in Fig. 3.
Figures 3(a) and 3(b) show the low-temperature resistance
of KV3Sb5 in the pressure range of 0.32–3.68 GPa and
7.5–41.5 GPa, respectively. Initially, the T 10%

c of KV3Sb5

increases sharply from 1.24 K at ambient pressure to 2.9 K
at 0.32 GPa, which is, however, lower than those of RbV3Sb5

and CsV3Sb5 [14]. With increasing pressure, the resistance
drop gradually moves towards lower temperature until
reaches the minimum of 0.58 K at 3.68 GPa, which is similar
to previous report [24]. Upon further compression, the T 10%

c
increases to 1.14 K around 20 GPa followed with slow

SC-I SC-II

SC-I SC-II

CsV Sb

RbV SbKV Sb

(a)

(b)

(c)

FIG. 4. Temperature-pressure phase diagram of (a) RbV3Sb5 and
(b) KV3Sb5. Two superconducting domes can be clearly seen for
both compounds, with SC-I phase under lower pressures and SC-II
phase under higher pressures. (c) Temperature-pressure phase dia-
gram of AV3Sb5 (A = Cs, Rb and K). The data of CsV3Sb5 are
taken from our previous work [14]. The phase diagrams of CsV3Sb5,
RbV3Sb5, and KV3Sb5 are colored with green, pink, and blue,
respectively.

reduction and vanishes below 0.3 K at 41.5 GPa. Therefore,
a second superconducting dome is also observed in KV3Sb5.
Note that the transition is quite broad and an upturn manifests
before the transition at 30.6 and 37.0 GPa, as seen in Fig. 3(b).
Previously, such a peak has been observed in L2−xCexCuO4

(L = Pr, Nd, Sm) single crystals, which was attributed to an
intrinsic granularity of the crystal [25,26]. Here the broad
transition and the peak should come from pressure inhomo-
geneity at high pressures, which causes the granularity.

The magnetic fields are applied to the sample at 0.32
and 14.7 GPa, as seen in Figs. 3(c) and 3(d). The resistance
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drops completely suppresses at 0.8 T for 0.32 GPa and 0.5 T
for 14.7 GPa. The μ0Hc2(T ) can also be well fitted by GL
equation, giving μ0Hc2(0) = 0.31 and 0.42 T for 0.32 and
14.7 GPa [insets of Figs. 3(c) and 3(d)], respectively.

Based on above high-pressure resistance measurements of
RbV3Sb5 and KV3Sb5, the temperature-pressure (T -p) phase
diagrams are constructed in Figs. 4(a) and 4(b). Two super-
conducting domes can be clearly seen for both compounds,
named as SC-I under lower pressures and SC-II under higher
pressures. In SC-I phase, the Tc increases very rapidly at low
pressure, as also being clearly observed in Ref. [24] in more
detail. The rapid increase of Tc at low pressure is accompanied
by a rapid decrease of TCDW, which shows the competition
between these two orders and reflects their underlying mech-
anisms [24]. In SC-II phase of KV3Sb5, the superconductivity
persists up to 40 GPa, while in Ref. [24], it disappears already
when pressure is higher than 30 GPa. This small inconsistency
likely results from different transmitting medium, NaCl in
this study vs. Daphne oil 7373 in Ref. [24], and/or slight
difference in sample quality.

Therefore, all three compounds of AV3Sb5 (A = Cs, Rb,
and K) have two superconducting domes under pressure, as
a common feature. An integrated Tc–p phase diagram of
V-based superconductors AV3Sb5 (A = Cs, Rb, and K) is
summarized in Fig. 4(c). The high-pressure resistance data of
CsV3Sb5 are taken from our previous work, Ref. [14]. One
can see that CsV3Sb5 possesses the largest span phase dia-
gram while KV3Sb5 possesses the smallest one among these
V-based superconductors. With increasing the ionic radius of
intercalated metal atoms from K to Cs, the maximum Tc in
both SC-I and SC-II phases increases. The superconducting
transition of CsV3Sb5 is also robust against pressure to more
than 50 GPa in the second dome, whereas the superconducting
transition of KV3Sb5 is undetectable at 41.5 GPa. Further
experimental and theoretical works are needed to clarify the
effect of different intercalated alkali-metal atoms on the su-
perconductivity in AV3Sb5. Note that in the low-pressure
regime, an unusual M-shaped Tc–p phase diagram of CsV3Sb5

with two peaks at 0.6 GPa and 2 GPa, was observed in
the experiments with piston cylinder cell (PCC) and cubic
anvil cell (CAC) [20,27]. In our previous measurements of
CsV3Sb5 with DAC [14], we used relatively large pressure

increment (only two data points below 2 GPa) to cover a
wide pressure range. This is the reason why we do not re-
solve the unusual M-shaped phase diagram in the low-pressure
regime.

Previously, the pressure-induced double-dome supercon-
ductivity was also observed in some other unconventional
superconductors. The triggers of the second superconducting
dome are categorized as: (i) first-order volume collapse or
structural phase transition likely in the heavy-fermion su-
perconductor CeCu2Si2 [28] and (ii) Lifshitz transition in
the Fermi surface such as in iron chalcogenides [29,30] and
cuprate superconductors [31]. In V-based superconductors
CsV3Sb5 and KV3Sb5, the origin of the SC-I phase is strongly
related to the CDW instability [14,20,24]. Since there is no
any structural phase transition under pressure for CsV3Sb5,
the SC-II phase was attributed to a pressure-induced Lif-
shitz transition and enhanced electron-phonon coupling in
CsV3Sb5 [21,22]. The underlying superconducting pairing
mechanism of these two superconducting domes needs further
investigation.

In summary, we clarify the pressure dependence of super-
conductivity in the V-based superconductors AV3Sb5 (A =
Rb and K). Two superconducting domes are unambiguously
revealed in both compounds, as in CsV3Sb5, suggesting the
pressure-induce double-dome superconductivity is a common
feature in these V-based superconductors. The phase dia-
gram is strongly affected by the ionic radius of intercalated
alkali-metal atoms. These results shed a light on systemical
understanding the superconducting pairing mechanism of V-
based topological kagome metals.
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