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Enhancement of superconductivity and suppression of charge-density wave in As-doped CsV3Sb5
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We have investigated the As-doping effect in the newly discovered kagome superconductor CsV3Sb5 via
measurements of x-ray diffraction, electrical resistivity, magnetic susceptibility, and specific heat. Our results
show that partial substitution of Sb with As leads to shrinkage of the c lattice, which effectively applies a chemical
pressure in the system. The solubility of As atoms is about 2.3% for single crystals grown by the self-flux method.
In the As-doped single crystal CsV3(Sb0.977As0.023)5, the charge-density-wave (CDW) transition temperature
TCDW is suppressed from 94 to 83 K, and the superconducting transition temperature Tc is enhanced from 2.5
to 3.6 K. Furthermore, the residual resistivity ratio is significantly reduced, and the magnetoresistance with
magnetic field along the c axis decreases by nearly one order of magnitude, indicating substantial disorder
scattering induced by the As doping. The anomalous Hall effect (AHE) is only observed below TCDW, indicating
the intimate relationship between CDW and AHE. We found that the As-doping effect on Tc and TCDW is basically
equivalent to the hydrostatic pressure effect at 0.2 GPa.
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I. INTRODUCTION

Recently, the newly discovered kagome metals AV3Sb5

(A = K, Rb, Cs) [1] have attracted a great deal of
attention for their novel properties, including superconduc-
tivity (SC) [2–4], unconventional chiral charge-density wave
(CDW) [5–14], and nontrivial band topology [15,16]. AV3Sb5

crystalizes in a quasi-two-dimensional lattice consisting of
alternating A+ and (V3Sb5)− slabs. As shown in Fig. 1(a), the
V cations make up a kagome net with in-plane Sb1 atoms on
the centers of hexagons, and the Sb2 atoms form a honeycomb
lattice at both sides. The superconducting transition temper-
atures, Tc, for A = K, Rb, and Cs are 0.93, 0.92, and 2.5 K,
respectively. Various measurements focusing on the supercon-
ducting state have revealed multigap s-wave SC in CsV3Sb5

[17–20]. The first-principles calculations show that the elec-
tronic states near the Fermi level are contributed mainly
from the V-3d and Sb-5p states and there are several bands
crossing the Fermi surface. At the M point, hole bands with
weak dispersions form the saddle points, which contribute
the time-reversal and inversion symmetry-protected Dirac
quasiparticles [15,16,21]. The angle-resolved photoemission
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spectroscopy together with density functional calculations re-
vealed multiple van Hove singularities near the Fermi surface
[22]. These van Hove singularities are considered to induce
Fermi surface instability and drive the CDW transition. As
suggested by Jiang et al. [5], this charge order is responsible
for the giant unconventional anomalous Hall effect (AHE) ob-
served below TCDW [23,24], and it also opens up the possibility
of unconventional SC in this system. Thus, AV3Sb5 provides
an ideal platform to explore the interplay between SC, CDW,
and nontrivial topology.

One of the most interesting interplays is the competition
between the SC and the CDW. Applying pressure is an ef-
fective method to tune the different electronic states. Under
hydrostatic pressures, SC and CDW present an intimate and
complicated relationship [25–30]. As the CDW is suppressed
monotonously with increasing pressure, the superconducting
transition temperature experiences two maxima, and the sec-
ond peak coincides with the vanishing of the CDW. Note
that a double superconducting dome is usually observed in
unconventional superconductors [31]. In CsV3Sb5, the two
superconducting domes are supposed to have different charge
orders. The low-pressure dome originates from the suppres-
sion of the CDW, while the second dome may be related to
the pressure-induced Lifshitz transition [25,28]. Nevertheless,
these novel superconducting states appear only under high
pressures, which is unfavorable for in-depth studies. The other
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FIG. 1. (a) Crystal structure of CsV3Sb5. (b) Comparison of EDX spectra highlighting the signal from As atoms. (c) XRD patterns for the
crystals of CsV3Sb5 and CsV3(Sb0.977As0.023)5. The (009) peaks are magnified to show the shift.

method is chemical doping. In CsV3Sb5, since the van Hove
singularities are just below the Fermi level, hole doping is ex-
pected to drive the van Hove singularities closer to the Fermi
level. Extra holes could be introduced by doping at different
atom sites. In the case of Cs deficiency, realized by selective
oxidation [32], a superconducting dome was revealed accom-
panied by the suppression of the CDW. In Ti doping at V sites
and Sn doping at Sb sites, the CDW is suppressed rapidly, and
Tc presents two domes as a function of the effective doping
[33,34]. Additionally, for partial substitution of Sb with Sn,
the Sn atoms have the chance to enter either Sb1 or Sb2
sites, which brings different effects on the electronic structure.
The room-temperature nuclear quadrupole resonance mea-
surements revealed that the Sn preferred to occupy the Sb1
site. The first-principles calculations showed that external hy-
drostatic pressure and hole doping shifted the location of van
Hove singularities in a contrary way, and therefore it affected
the electronic orders differently [35]. For isovalent doping
with partial substitution of V with Nb in CsV3Sb5, negative
chemical pressure and disorder are introduced, accompanied
by the suppression of the CDW and enhancement of SC [36].
The DFT-based calculation and angle-resolved photoemission
spectroscopy experiment reveal an antiphase shift of Fermi
energy with respect to M and � points [36,37]. Is it possible
to generate a positive chemical pressure similar to external hy-
drostatic pressure in the system through an isovalent chemical
doping?

Here we report on the “chemical pressure” effect by substi-
tuting part of Sb atoms with As atoms in CsV3Sb5. Different
from the negative chemical pressure induced by Nb doping,
As doping is expected to introduce positive chemical pressure,
reminiscent of P doping in iron-based superconductors [38].
In this paper, we successfully grew As-doped single crystals
by the self-flux method. Compared with CsV3Sb5, the lattice
parameter is indeed shortened, with the TCDW decreased by
11 K, and Tc increased by 44%. The specific heat, anisotropic
upper critical field, magnetoresistivity, and AHE are also mea-
sured and discussed.

II. EXPERIMENTAL METHODS

Single crystals of CsV3(Sb1−xAsx )5 were grown by spon-
taneous nucleation with the self-flux method [1]. First, the
elements of Cs, V, Sb, and As were mixed in a molar ratio
of 10 : 3 : 30(1 − x) : 30x with a total mass of about 3 g. The
mixtures were loaded in an alumina crucible, which was then

jacketed in a Ta tube. The Ta tube was welded through argon
arc melting and sealed in an evacuated quartz ampoule. Sub-
sequently, the sample-loaded quartz ampoule was heated up
to 920 ◦C holding for 1000 min in a muffle furnace, followed
by cooling down to 500 ◦C at a rate of 2 ◦C/h. The obtained
crystals were embedded in the flux, which was washed off by
ethanol. Shiny platelike crystals with a typical size of 2 × 2 ×
0.1 mm3 were harvested, as shown in the inset of Fig. 1(b).
As-doped polycrystals with higher doping levels have also
been attempted, and an impurity phase VAs2 appeared when
the As content was higher than 3%. The composition of the
As-doped crystals was determined by energy-dispersive x-
ray spectroscopy (EDS) on a scanning electron microscope
(Hitachi S-3700N) equipped with an Oxford Instruments X-
Max spectrometer. X-ray diffraction (XRD) was carried out
on a PANalytical x-ray diffractometer (Model EMPYREAN)
with monochromatic Cu Kα1 radiation at room temperature.
Electrical transport and heat capacity measurements were
conducted on a Quantum Design physical property measure-
ment system (PPMS-9). The longitudinal resistivity and Hall
resistivity were measured with a four-electrode method on
strip-shaped and square sheets, respectively. The heat capac-
ity measurement was performed using the thermal relaxation
method. The magnetization measurements were performed on
a SQUID magnetometer (MPMS-5).

III. RESULTS

Single crystals of CsV3(Sb1−xAsx )5 with a nominal dop-
ing level of x from 1% to 5% were grown using the above
method. Unexpectedly, with the increase of As content, extra
crystals of VAs appear and the actual doping level tends to
saturate. The elemental compositions of the nondoped and
As-doped crystals are both determined by EDS measurements
for comparison. Although the signal from the As element is
weak, by comparing with the EDS of CsV3Sb5, the spec-
trum corresponding to the As element is evident, as shown
in Fig. 1(b). The As content of different crystals from the
batch with x = 0.03 ranges from 2.1% to 2.4%, indicating
good compositional homogeneity. The average value of As
content measured is x = 2.3%, slightly lower than the nom-
inal value. We note that the Cs and Sb contents are slightly
off the stoichiometric ratio for both crystals of CsV3Sb5

and CsV3(Sb0.977As0.023)5, which may come from systematic
measurement errors.
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The XRD patterns for single crystals of CsV3Sb5 and
CsV3(Sb0.977As0.023)5 are shown in Fig. 1(c). To eliminate
the effect of zero shift, a very thin layer of Si powder was
coated on the surface as an internal standard. Only (00l) re-
flections are observable here, indicating that the c orientation
of the crystals is perpendicular to the crystal plate. The (00l)
reflections shift to higher angles for the As-doped crystals,
as shown in the inset of Fig. 1(c). Indeed, the c parameters,
calculated by a least-squares fit, are 9.328(4) and 9.313(2)
for CsV3Sb5 and CsV3(Sb0.977As0.023)5, respectively. Namely,
the c axis for the As-doped crystal is shortened by 0.16%,
suggesting that the isovalent substitution of Sb with As has
effectively generated pressure to the system. The decrease of
the c parameter is consistent with the results of hydrostatic
pressure [28,39]. Estimated from the lattice shrinkage, the
corresponding hydrostatic pressure in CsV3(Sb0.977As0.023)5

is about 0.1 GPa through linear extrapolation [28].
Figures 2(a) and 2(b) show the temperature dependence of

magnetic susceptibility under magnetic fields of 1 mT and
1 T with the direction parallel to the ab plane for CsV3Sb5,
CsV3(Sb0.981As0.019)5, and CsV3(Sb0.977As0.023)5. Crystal of
CsV3(Sb0.981As0.019)5 is selected from the batch with a nom-
inal doping level of 2%, and EDS measurement reveals that
the actual doping level is about 1.9%. The low-field data
exhibit a strong diamagnetism at low temperatures, demon-
strating SC. The volume fractions of magnetic shielding
approach ∼90% at 1.8 K, indicating bulk SC. For the undoped
CsV3Sb5, SC occurs at 2.5 K, in accordance with previous
reports [16,17,24]. For samples of CsV3(Sb0.977As0.019)5 and
CsV3(Sb0.977As0.023)5, SC appears at Tc = 3.3 and 3.6 K,
respectively. The superconducting transition temperature is
increased by as much as 44% in CsV3(Sb0.977As0.023)5.

In the broad temperature range above SC, the suscepti-
bility shows a sudden decrease of susceptibility at TCDW =
94, 86, and 83 K for CsV3Sb5, CsV3(Sb0.977As0.019)5, and
CsV3(Sb0.977As0.023)5, respectively. Above TCDW, the suscep-
tibility is nearly independent of temperature, indicating Pauli
paramagnetism. The susceptibility tail at low temperatures is
attributed to tiny unknown paramagnetic impurities/defects.
To investigate the changes in physical properties caused by
As doping, the crystal with the relatively high doping level,
namely CsV3(Sb0.977As0.023)5, is chosen for detailed measure-
ments and discussions in the following section. The Pauli
susceptibility, χP, defined as the value of susceptibility at
300 K [40], is 3.6 × 10−4 and 3.3 × 10−4 emu mol−1 Oe−1 for
CsV3Sb5 and CsV3(Sb0.977As0.023)5, respectively. The Pauli
paramagnetic susceptibility is proportional to the density of
states (DOS) near the Fermi level with χP = μ2

BD(EF), where
μB is the Bohr magneton. Therefore, the corresponding DOSs
are 11.4 and 10.5 eV−1 f.u.−1, which is consistent with the
result of DFT calculation (10 eV−1 f.u.−1) in CsV3Sb5 [16].
Furthermore, the CDW-induced reductions of the DOS, cal-
culated from the changes of susceptibility �χ , are 1.0 and
0.5 eV−1 f.u.−1 for CsV3Sb5 and CsV3(Sb0.977As0.023)5, re-
spectively. The drops of susceptibility at the CDW transition
reduce by half, indicating significant suppression of CDW
order in CsV3(Sb0.977As0.023)5.

Figure 3 shows the temperature dependence of in-plane re-
sistivity for the CsV3(Sb0.977As0.023)5 crystal. The resistivity
in the normal state is about 6.0 μ� cm at 5 K, much larger

FIG. 2. (a) The low-temperature susceptibility for CsV3Sb5,
CsV3(Sb0.981As0.019)5, and CsV3(Sb0.977As0.023)5 in ZFC (solid sym-
bols) and FC (open symbols) modes under 1 mT with magnetic field
parallel to the ab plane. (b) Temperature dependence of magnetic
susceptibility at 1 T. The inset is the closeup of the CDW transitions,
and �χ is labeled as the change of susceptibility.

than the corresponding value of CsV3Sb5 (∼1.0 μ� cm, con-
sistent with other reports [16,17,24]). Meanwhile, the residual
resistivity ratio (RRR) decreases from 69 to 16, indicating the
disorder scattering from the As doping. The low-temperature
data (from 5 to 50 K) are fitted with the formula ρ(T ) = ρ0

+ AT 2. The fitted A values are 2.88 and 4.08 n� cm K−2

for CsV3Sb5 and CsV3(Sb0.977As0.023)5, respectively. The A
value is related to the correlation of quasiparticles, and we will
come back to it in the discussion part. At low temperatures,
the superconducting transition appears below T onset

c = 3.91 K.
At T mid

c = 3.6 K, the resistivity drops to half of the residual
resistivity. The transition width, defined by the temperature
difference between T onset

c and T offset
c , is about 0.6 K, indict-

ing good homogeneity of the sample. The above result is
consistent with the magnetic measurement, in which Tc is
defined by the appearance of diamagnetism in susceptibil-
ity. At high temperatures, a CDW-induced kinklike anomaly
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FIG. 3. (a) Temperature dependence of resistivity for CsV3Sb5 and CsV3(Sb0.977As0.023)5. The solid black lines are the quadratic fitting
from 5 to 50 K. (b) Amplification around the superconducting transition. (c) The derivative of resistivity around the CDW transition. (d) The
superconducting transitions under magnetic fields perpendicular to the c axis. The field intervals are 0.03 and 0.1 T, respectively, for B < 0.3 T
and 0.3 < B < 2 T. (e) The superconducting transitions under magnetic fields along the c axis. The field is up to 0.3 T with an interval of
0.03 T. (f) Temperature dependence of anisotropic upper critical field for CsV3Sb5 and CsV3(Sb0.977As0.023)5. The dashed green line is the
fitting based on the two-band model.

appears at around 83 K, which is observed more clearly in
dρ/dT , as shown in Fig. 3(c). This anomaly is also consistent
with the appearance of a drop in high-field susceptibility.
The measurements under a hydrostatic pressure of 0.19 GPa
[27] or 0.36 GPa [41] showed a CDW transition at about
83 K, accompanying with T mid

c at about 3.2 K. Except for the
pressure effect, the disorder induced by As substitution may
also move the saddle point away from the Fermi level, similar
to the case reported in Nb-doped CsV3Sb5 [36,37], in which
the isovalent Nb doping also suppresses the CDW and en-
hances SC gradually.

Figures 3(d) and 3(e) show the superconducting transi-
tion under various magnetic fields parallel to the ab plane
and the c axis, respectively. As expected, the Tc shifts to
lower temperature with increasing magnetic field. By choos-
ing 50% normal-state resistivity as the criterion to determine
the Tc(H), we obtained the temperature dependence of the
upper critical field Hc2(T ), as presented in Fig. 3(f). The
Hc2(T ) can be well-fitted by the equation proposed by Gure-
vich for two-band superconductors [42]. The Hc2(0) values
for magnetic field parallel and perpendicular to the ab plane
are estimated to be H‖

c2(0) = 7.50 T and H⊥
c2(0) = 1.1 T,

respectively. Both of them are slightly larger than the values
in CsV3Sb5 [4], while the anisotropic ratio of the upper crit-
ical field η = H‖

c2(0)/H⊥
c2(0) decreases from 9.0 to 6.8. For

CsV3(Sb0.977As0.023)5, the extra impurity scattering, which
leads to the decrease of the mean free path and coherence
length, will increase the upper critical field [43]. The η value
is decreased by a quarter, clearly indicating weaker anisotropy
in CsV3(Sb0.977As0.023)5, which possesses a smaller interlayer
distance.

Figure 4(a) shows the temperature dependence of specific
heat C(T ) for CsV3(Sb0.977As0.023)5. The specific heat at high
temperature saturates at around the Dulong-Petit limit of 3NR
= 224 J K−1 mol−1, where the N is the number of atoms
per formula unit, and R is the gas constant. A peak induced
by the CDW transition is observed at around TCDW = 83 K.
Figure 4(b) shows the plot of C/T versus T 2, which can
be well fitted by the formula C/T = γ + βT 2, where γ is
the Sommerfeld coefficient, corresponding to the contribution
from itinerant electrons to specific heat, and β is related
to the phonon contribution. The linear fit gives γ = 16.77
mJ K−2 mol−1, which is larger than the value estimated from
the Pauli paramagnetic susceptibility, γcal = 1

3π2k2
Bμ2

B/χP =
7.8 mJ K−2 mol−1. The γ value increases under the effect of
electron-phonon or electron-electron interactions, suggesting
the existence of quasiparticle interactions. The fitted β value
is 4.95 mJ K−4 mol−1, from which the Debye temperature θD

is calculated to be 153 K using the formula θD = ( 12π4

5β
NR)1/3.

With the Debye temperature, the electron-phonon coupling
constant λep is obtained using the McMillan equation [44]:

λep = 1.04 + μ∗ln
(

θD
1.45Tc

)

(1 − 0.62μ∗)ln
(

θD
1.45Tc

) − 1.04
, (1)

where the μ∗ is the Coulomb pseudopotential parameter
with a typical value of 0.13. The λep values for CsV3Sb5

(calculated with the β value of 3.31 mJ K−4 mol−1 [17], cor-
responding to the θD = 174 K) and CsV3(Sb0.977As0.023)5 are
0.62 and 0.72, respectively, suggesting the moderate electron-
phonon interaction in this system. The results are close to the
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FIG. 4. (a) Temperature dependence of specific heat for
CsV3(Sb0.977As0.023)5. The inset shows the specific-heat peak related
to the CDW at TCDW. (b) Plot of C/T vs T 2 below 10 K. The dotted
line is the linear fit above SC. (c) The specific-heat contribution from
SC by subtracting the phonons part.

recent results of λep = 0.45–0.6 measured by angle-resolved
photoemission spectroscopy [45] and much larger than the
value of 0.25 from the DFT calculations [9]. By subtract-
ing the contribution from the phonon, the electronic specific
heat Ce below 5 K is plotted using Ce/(γ T ) and T as
the coordinates in Fig. 4(c). A jump corresponding to the
superconducting transition starts at 3.6 K, coincident with
the temperature of the onset of diamagnetism. The super-
conducting specific-heat jump �C(T =Tc )/γ Tc ∼ 1.76, further
confirming bulk SC in CsV3(Sb0.977As0.023)5. The value is
somewhat larger than the theoretical value 1.43 for a conven-
tional BCS superconductor in the weak-coupling limit.

The quantum oscillations of isothermal magnetoresistance
are expected to provide information about the electronic struc-
ture. Here, the field dependence of magnetoresistance (MR)
under different temperatures with field along two directions,
i.e., H ‖ c and H ⊥ c, are presented in Figs. 5(a) and 5(b).
Interestingly, the large MR and Shubnikov–de Haas quantum
oscillations, which were observed in CsV3Sb5 at low temper-
atures with field along the c axis, are significantly suppressed
in As-doped CsV3Sb5. Interesting, the curvature of MR at low
field can be satisfactorily scaled to the curve of CsV3Sb5 at
10 K using the ratio of RRRCsV3Sb5/RRRCsV3(Sb0.977As0.023 )5

=
4.13, indicating that the functional form of MR remains un-
changed in CsV3(Sb0.977As0.023)5.

Figure 5(c) shows the field dependence of Hall resistivity
(ρxy) at various temperatures. At low temperatures, the ρxy

initially rises nonlinearly and then increases linearly at high

magnetic fields. It is interesting that ρxy remains negative at
every temperature, in contrast to sign reversal at around 30 K
in CsV3Sb5 [24] even at 0.36 GPa [41]. A similar disappear-
ance of the sign reversal in ρxy was reported in Nb-doped
CsV3Sb5 [36]. The different behaviors of the Hall coefficient
between CsV3(Sb0.977As0.023)5 and CsV3Sb5 could be due
to the significant decrease of hole-carrier mobility. The Hall
resistivity can be described as below:

ρxy =
(
nhμ

2
h − neμ

2
e

) + μ2
hμ

2
e (nh − ne )B2

(neμe − nhμh)2 + μ2
hμ

2
e (nh − ne )2B2

B

e
, (2)

where ne, nh and μh, μh are the density and mobility of
electrons and holes, respectively. Supposing the contrast be-
tween ne and nh is very small here, the Hall resistivity
would be linearly dependent on field, as observed in ex-
periments. Therefore, Hall resistivity could be simplified as
ρxy = 1

n ( 2
1+μe/μh

− 1). In CsV3Sb5, the mobility of the hole
obtains a rapid increase at low temperature [3,24], which
leads to a large positive ρxy. However, the mobility could be
significantly suppressed by disorder, which is in accord with
the sharp decrease in magnetoresistance. The ρxy becomes
negative when μe/μh reaches above 1. Note that, in Nb-doped
CsV3Sb5, sign reversal in ρxy disappears gradually as the
doping level increases [36]. On the other hand, Li and Kato
et al. [36,37] ascribe the vanishing of sign reversal to the
antiphase shift of the Fermi energy with respect to M and �

points.
Through the linear fit above the magnetic field of 2 T, the

Hall coefficients (RH) are extracted as shown in the inset.
The RH decreases gradually above TCDW and then increases
at low temperatures, generating a minimum at TCDW. Com-
pared with CsV3Sb5, the absolute value of RH changes from
∼1.92 × 10−4 to 2.39 × 10−4 cm3 C−1 at 300 K [24]. The
slight increase of RH indicates a decrease of carrier density
according to the single-band model. Figure 5(d) presents the
AHE term observed below CDW after subtracting the lo-
cal linear Hall part, which has the same magnitude as that
reported in CsV3Sb5. The inset shows the temperature depen-
dence of saturated ρAHE, defined as the mean value between
2 and 4 T. Indeed, the AHE gradually disappears at TCDW =
85 K. The fact that the AHE appears simultaneously with the
CDW transition suggests the intimate relationship between
AHE and CDW.

IV. DISCUSSION AND CONCLUSION

Table I lists the physical parameters of CsV3Sb5 and
CsV3(Sb0.977As0.023)5. Although the As doping level is lim-
ited, there are still many significant differences. On the one
hand, Tc is enhanced to 3.6 K from 2.5 K while TCDW is
suppressed from 94 to 83 K.The anticorrelation between SC
and CDW clearly indicates their competitive relationship, as
also revealed by the experiments of hydrostatic pressure. The
doping level of 2.3% accounts for a hydrostatic pressure of
0.19 or 0.36 GPa with a close TCDW, while Tc is slightly
lower under hydrostatic pressure. The mechanism of SC en-
hancement in CsV3(Sb0.977As0.023)5 is understood by both the
pressure effect and the disorder effect. For the former case,
it is interesting that the Tc values of RbV3Sb5 and KV3Sb5
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FIG. 5. Magnetoresistance measured at selected temperatures with field parallel (a) and perpendicular (b) to the c axis, respectively.
The magenta dotted line is the magnetoresistance of CsV3Sb5 at 10 K after being divided by RRRCsV3Sb5/RRRCsV3(Sb0.977As0.023 )5 . (c) Field
dependence of Hall resistivity at selected temperatures with magnetic field up to 9 T. The inset shows the temperature dependence of the Hall
coefficient. (d) The extracted ρAHE at different temperatures. The inset shows the temperature dependence of the saturated ρAHE.

are below 1 K, and their TCDW values are 103 and 78 K,
respectively. Therefore, isovalent substitutions at Cs sites and
As sites have different effects. Only the As doping tends to
generate a chemical pressure identical to the hydrostatic one.
For the latter case, note that the CDW order is suppressed
rapidly and Tc increases to 4.45 K with 7% Nb doping, indi-
cating that the disorder effect of the isovalent substitution may
also weaken CDW order and is benefit to SC. On the other
hand, in CsV3(Sb0.977As0.023)5, according to the McMillan
equation, the electron-phonon coupling is strengthened from

TABLE I. Physical property parameters of CsV3Sb5 and
CsV3(Sb0.977As0.023)5. Conventional notations are employed, which
can be found in the related text.

Parameters CsV3Sb5 CsV3(Sb0.977As0.023)5

c (Å) 9.328 [47] 9.313
Tc (K) 2.6 3.6
TCDW (K) 94 83
H⊥

c2 (T = 0) (T) 0.8 1.1
H ‖

c2(T = 0) (T) 7.2 7.5
χP (10−4 emu mol−1 Oe−1) 3.6 3.3
γ (mJ K−2 mol−1) 20.03 16.77
θD (K) 174 153
A (n� cm K−2) 2.88 4.08
RRR 69 16

0.62 to 0.72. The calculated Wilson ratio RW = 1
3

πkB
μB

2 χP

γ

for CsV3Sb5 and CsV3(Sb0.977As0.023)5 is 1.4 and 1.5, re-
spectively, indicating the slight enhancement of quasiparticle
interactions, which is consistent with the increase of electron-
phonon coupling. Another important parameter to estimate
the correlation of quasiparticles is the Kadowaki-Woods ratio
RKW = A/γ 2, which is usually a constant for a certain class
of materials. RKW for CsV3Sb5 and CsV3(Sb0.977As0.023)5 are
7.2 and 14.5 μ� cm K2 mol2 J−2. Cavanagh suggested that the
Kadowaki-Woods ratio fails to measure the electronic corre-
lations for multiband metals, which may be seriously affected
by carrier density and impurity [46]. The doubling of RKW

in CsV3(Sb0.977As0.023)5 is in agreement with the increase of
impurity scattering and the decrease of carrier density.

In summary, we have performed detailed physical prop-
erty measurements on an As-doped CsV3Sb5 single crystal.
It was found that only a small amount of Sb atoms (about
2.3%) can be substituted by As atoms in CsV3Sb5. In the
CsV3(Sb0.977As0.023)5 crystal, Tc is enhanced from 2.5 to
3.6 K and TCDW is suppressed from 93 to 83 K simultane-
ously, which is basically consistent with the effect observed
in the hydrostatic pressure study. The DOS deduced from
Pauli paramagnetism decreases slightly, and the Sommer-
feld coefficient is also reduced. It is interesting to ascertain
whether the As atoms prefer Sb1 sites or Sb2 sites. In the
case of Sn doping, the Sn atoms tend to stay in the kagome
layers. The significant changes of physical properties with
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the low-level doping suggest that As atoms could dominantly
occupy the Sb1 site in the kagome plane. Further research, in-
cluding transport measurements under higher magnetic fields,
angle-resolved photoemission spectroscopy, and electronic
structure calculations on As-doped CsV3Sb5, will be able
to provide more information about this chemical pressure
effect.
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Wilson, Fermi level tuning and double-dome superconductiv-
ity in the kagome metal CsV3Sb5−xSnx , Phys. Rev. Mater. 6,
L041801 (2022).

[35] H. LaBollita and A. S. Botana, Tuning the Van Hove singular-
ities in AV3Sb5(A = K, Rb, Cs) via pressure and doping, Phys.
Rev. B 104, 205129 (2021).

[36] Y. Li, Q. Li, X. Fan, J. Liu, Q. Feng, M. Liu, C. Wang, J.-X. Yin,
J. Duan, X. Li, Z. Wang, H.-H. Wen, and Y. Yao, Tuning the
competition between superconductivity and charge order in the
kagome superconductor Cs(V1−xNbx )3Sb5, Phys. Rev. B 105,
L180507 (2022).

[37] T. Kato, Y. Li, K. Nakayama, Z. Wang, S. Souma, F. Matsui, M.
Kitamura, K. Horiba, H. Kumigashira, T. Takahashi, Y. Yao, and
T. Sato, Fermiology and origin of Tc enhancement in a kagome
superconductor Cs(V1−xNbx )3Sb5, Phys. Rev. Lett. 129, 206402
(2022).

[38] Z. Ren, Q. Tao, S. Jiang, C. Feng, C. Wang, J. Dai, G. Cao,
and Z. Xu, Superconductivity Induced by Phosphorus Doping
and Its Coexistence with Ferromagnetism in EuFe2(As0.7P0.3)2,
Phys. Rev. Lett. 102, 137002 (2009).

[39] F. Yu, X. Zhu, X. Wen, Z. Gui, Z. Li, Y. Han, T. Wu, Z. Wang,
Z. Xiang, Z. Qiao, J. Ying, and X. Chen, Pressure-Induced
Dimensional Crossover in a Kagome Superconductor, Phys.
Rev. Lett. 128, 077001 (2022).

[40] The susceptibility in the Pauli paramagnetic state is contributed
by the serval terms, namely χ = χP + χL + χcore + χV. χP is
the Pauli susceptibility, and the other three terms are suscepti-
bility from Landau diamagnetism, atomic-core diamagnetism,
and van Vleck paramagnetism separately. We only consider χP

here, and the other three terms are ignored
[41] F.-H. Yu, X.-K. Wen, Z.-G. Gui, T. Wu, Z. Wang, Z.-J. Xiang,

J. Ying, and X. Chen, Pressure tuning of the anomalous Hall
effect in the kagome superconductor CsV3Sb5, Chin. Phys. B
31, 017405 (2022).

[42] A. Gurevich, Enhancement of the upper critical field by non-
magnetic impurities in dirty two-gap superconductors, Phys.
Rev. B 67, 184515 (2003).

[43] The upper critical field [Hc2(0)] is related to Ginzburg-Landau

coherence length (ξGL) with the equation ξGL =
√

�0
2πHc2 (0) ,

where �0 is the flux quantum. ξGL is proportional to the mean
free path (l) with the relation ξGL = √

ξBCSl , where ξBCS is the
BCS coherence length. Therefore, a decrease of l usually leads
to an increase of Hc2(0).

[44] W. L. McMillan, Transition temperature of strong-coupled su-
perconductors, Phys. Rev. 167, 331 (1968).

[45] Y. Zhong, S. Li, H. Liu, Y. Dong, Y. Arai, H. Li, Y. Shi, Z.
Wang, S. Shin, H. N. Lee, H. Miao, T. Kondo, and K. Okazaki,
Testing electron-phonon coupling for the superconductivity in
kagome metal CsV3Sb5, arXiv:2207.02407.

[46] D. C. Cavanagh, A. C. Jacko, and B. J. Powell, Breakdown of
the universality of the Kadowaki-Woods Ratio in multi-band
metals, Phys. Rev. B 92, 195138 (2015).

[47] This parameter is calculated from the data shown in Fig. 1(c).

124803-8

https://doi.org/10.1038/s41567-021-01451-5
https://doi.org/10.1126/sciadv.abb6003
https://doi.org/10.1103/PhysRevB.104.L041103
https://doi.org/10.1103/PhysRevB.103.L220504
https://doi.org/10.1038/s41467-021-23928-w
https://doi.org/10.1103/PhysRevLett.126.247001
https://doi.org/10.1103/PhysRevB.103.224513
https://doi.org/10.1088/0256-307X/38/5/057402
https://doi.org/10.1103/PhysRevB.106.024516
https://doi.org/10.1088/1367-2630/18/10/103033
https://doi.org/10.1103/PhysRevLett.127.237001
http://arxiv.org/abs/arXiv:2110.11228
https://doi.org/10.1103/PhysRevMaterials.6.L041801
https://doi.org/10.1103/PhysRevB.104.205129
https://doi.org/10.1103/PhysRevB.105.L180507
https://doi.org/10.1103/PhysRevLett.129.206402
https://doi.org/10.1103/PhysRevLett.102.137002
https://doi.org/10.1103/PhysRevLett.128.077001
https://doi.org/10.1088/1674-1056/ac3990
https://doi.org/10.1103/PhysRevB.67.184515
https://doi.org/10.1103/PhysRev.167.331
http://arxiv.org/abs/arXiv:2207.02407
https://doi.org/10.1103/PhysRevB.92.195138

