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We report the signatures of dynamic spin fluctuations in the layered honeycomb Li3Cu2SbO6 compound, with
a 3d S = 1/2 d9 Cu2+ configuration, through muon spin rotation and relaxation (μSR) and neutron scattering
studies. Our zero-field (ZF) and longitudinal-field (LF) μSR results demonstrate the slowing down of the Cu2+

spin fluctuations below 4.0 K. The saturation of the ZF relaxation rate at low temperature, together with its weak
dependence on the longitudinal field between 0 and 3.2 kG, indicates the presence of dynamic spin fluctuations
persisting even at 80 mK without static order. Neutron scattering study reveals the gapped magnetic excitations
with three modes at 7.7, 13.5, and 33 meV. Our density functional theory calculations reveal that the next-nearest-
neighbor (NNN) antiferromagnetic (AFM) exchange (JAFM = 31 meV) is stronger than the NN ferromagnetic
(FM) exchange (JFM = −21 meV), indicating the importance of the orbital degrees of freedom. Our results
suggest that the physics of Li3Cu2SbO6 can be explained by an alternating AFM chain rather than the honeycomb
lattice.

DOI: 10.1103/PhysRevB.103.174423

Low-dimensional honeycomb layered oxide materials that
consist of alkali-metal atoms sandwiched between slabs of
transition metal and chalcogen or pnictogen atoms arranged in
a honeycomb fashion are of great interest at present because
these materials play host to fascinating symmetry-protected
topological phases, and they are crucial for next-generation
cathode materials for rechargeable batteries [1]. The emergent
properties that they exhibit are the Haldane gap, fractionaliza-
tion of spin degrees of freedom, and a topological quantum
spin liquid (QSL) state with exotic quasiparticles for a
honeycomb lattice in which the spins fractionalize into emer-
gent quasiparticle-Majorana fermions [2–7]. Experimental
progress has been achieved in QSL states in realistic ma-
terials, including organic anisotropic triangular-lattice Mott
insulators [κ-(ET)2Cu2(CN)3 [8] and EtMe3Sb[Pd(dmit)2]2]
[9], the kagome-lattice system [ZnCu3(OH)6Cl2] [10], and
the three-dimensional hyperkagome-lattice system Na4Ir3O8

[11]. Despite the large magnetic exchange J ≈ 250 K
observed in these systems [8–11], there is no experimen-
tal indication of long-range magnetic ordering down to a
temperature of ∼30 mK. Candidate materials for QSL are 5d
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and 4d transition metal compounds with the d5-electron con-
figuration, such as iridates α-Na2IrO3, α-Li2IrO3, H3LiIr2O6,
Ag3LiIr2O6, and ruthenium-based α-RuCl3 [12–16]. Iridate
materials crystallize in an alternating two-dimensional (2D)
layered structure in which IrO6 octahedra form a honeycomb
network by sharing the three orthogonal edges of an octahe-
dron with 90◦ Ir-O-Ir bonds. The orthogonal anisotropies of
the three nearest-neighbor bonds of each spin conflict with
each other, leading to frustration. A QSL state has been seen
for H3LiIr2O6, while other candidates of LiIr2 type were
magnetically ordered due to Heisenberg interactions caused
by d-d exchange coupling, which compete with Kitaev-type
interactions, and supporting a magnetically ordered state [16].

In the case of the 3d d7 quasi-2D honeycomb lattice
A3A′

2BO6 (A = Li, Na; A′ = Co, Ni; B = Sb, Te) depending
upon the anisotropy and frustration triggered by the compe-
tition between antiferromagnetic (AFM) and ferromagnetic
(FM) exchange interactions, numerous forms of unusual or-
dering are found such as FM, AFM, zigzag AFM, and stripe
order AFM, which is anticipated to have the same origin
as in the d5+ materials, that is, due to Kitaev-type interac-
tions [17–20]. Turning to the title material of this paper, the
d9 Li3Cu2SbO6 compound crystallizes in a distorted honey-
comb lattice with edge-sharing CuO6 octahedra with space
group C2/m [21]. The bond geometry of the Cu-O-Cu bond
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angle resembling ≈90◦ puts this material close to a QSL-like
state [21,22]. The frustration index is defined as f = |θ/TN, f |,
where θ is the Weiss temperature and TN, f is either the Néel
temperature or the spin freezing temperature. The lack of a
magnetic transition down to 50 mK in Li3Cu2SbO6 indicates
that it is highly frustrated. Here we present the ground-state
spin dynamics of Li3Cu2SbO6 through a muon spin relaxation
study. Notably, below ∼4.0 K, a novel and unusual spin state
appears, which does not reveal any magnetic ordering down to
50 mK. Neither the oscillations in the time-dependent asym-
metry nor the 2/3 drop in the initial asymmetry are observed
in the zero-field (ZF) spectra down to 80 mK, confirming
the absence of long-range ordering. The absence of magnetic
peaks is confirmed by neutron diffraction data at 50 mK, thus
ruling out any long-range magnetic ordering. The muon spin
relaxation rate measured in ZF exhibits a plateau below 1.0 K.
These observations suggest that a QSL-like ground state is
formed in Li3Cu2SbO6. Furthermore, our inelastic neutron
study reveals the presence of gapped magnetic excitations
at 7 K, which can be explained using the exchange param-
eters estimated from our density functional theory (DFT)
calculation.

I. SAMPLE PREPARATION AND CHARACTERIZATION

A single-phase polycrystalline Li3Cu2SbO6 sample was
prepared employing a solid-state reaction method. Li2CO3

(BDH, 99%), Sb2O3 (Aldrich, 99.99%), and CuO (Cerac,
99.999%) powder was thoroughly ground and pressed into a
pellet. The pellet was placed in an alumina boat and heated to
900 ◦C. It was cooled down to 600 ◦C in 100 h in air finally,
the furnace was turned off. Magnetization measurements were
performed using superconducting MPMS-XL7AC. The spe-
cific heat was measured using PPMS with a 3He / 4He dilution
refrigerator. High-resolution neutron powder diffraction, μSR
and inelastic neutron scattering data were collected at the ISIS
Pulsed Neutron and Muon Source of Rutherford Appleton
Laboratory, U.K.

II. CRYSTAL STRUCTURE AND THERMODYNAMICS
PROPERTIES

The crystal structure was refined by the Rietveld method
using neutron diffraction (ND) data collected at 50 mK and
10 K, as presented in Figs. 1(a) and 1(b) of the supple-
mental material (SM) [23]. There is no difference between
these two ND spectra. No new peaks are detected down to
50 mK, which is about four orders of magnitude lower than
the JAFM value of 31 meV (359 K), indicating the absence
of long-range magnetic ordering. The distorted honeycomb
phase was indexed, which crystallizes in the monoclinic space
group C2/m as shown in Figs. 1(a)–1(c), isostructural with
other compounds in this series [19,24,25]. The χ (T ) data
as shown in Fig. 2(a) of the SM do not show any feature
of long-range magnetic order down to 1.8 K in agreement
with ND data. The linearity of inverse χ (T ) data at high
T > 200 K (I) and low T < 30 K (II) temperatures suggest
two different regions of Curie-Weiss (CW) -like behavior. The
analysis yields that the number of S = 1/2 Cu2+ spins effec-
tive at high T is about 1.0/f.u. The difference of χ exp − χCWI
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J2J1Sb

O
Cu

CuCuCu

J1 J2

AFM(J2) FM (J1) CuSb
Li O

(a) (b)

(c)

FIG. 1. (a) The monoclinic unit cell representation of
Li3Cu2SbO6. (b) Sketch of the ab-plane of the Li3Cu2SbO6

honeycomb structure (the gray hexagon illustrates the underlying
honeycomb structure). The Cu-O bond length and Cu-O-Cu bond
angles are given in figure. (c) The FM-AFM chain is formed by Cu
ions along the b-axis in the ab-plane, whereas the Li-ion acts as the
nonmagnetic defect and produces the fragmented Cu-spin chains.

presented in the inset of Fig. 2(a) of the SM, shows thermally
activated behavior. The peak appears near 80 K. The χ (T )
data well accounted with our calculated FM-AFM exchange
interactions with JFM = −21 meV and JAFM = 31 meV (see
DFT calculation). The absence of a λ-type anomaly in heat
capacity data rules out the possibility of any long-range order-
ing, which supports the susceptibility and neutron diffraction
data as shown in Fig. 2(b) of the SM. A Schottky-like feature
in the heat capacity is observed around ≈2 K, as shown in
the inset of Fig. 2(b) of the SM. Similar anomalies observed

FIG. 2. (a) Time-dependent muon spin polarization of
Li3Cu2SbO6 at selected temperatures measured in zero field.
Solid lines are fits to the data (see text), which consists of two
relaxation processes, λZF1 and λZF2 , which are the fast and slow
relaxation rates, respectively. The two relaxation processes were
found to have a weighting ratio 5:1. This is consistent with the
ratio of the two muon sites expected from the crystal structure.
(b) Temperature dependence of λZF1 and λZF2 . (c) Time-dependent
muon spin polarization of Li3Cu2SbO6 at selected longitudinal
applied fields at 100 mK. Solid lines are fits to the data (see text).
(d) LF dependence of the muon spin relaxation rate at 100 mK. The
line represents the fit to the data (see text).
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in herbertsmithite KCu6AlBiO4(SO4)5Cl, this behavior was
attributed to short-range spin correlations on the interlayer
sites [26,27]. It is interesting to note that the magnetic entropy
reaches a value of 0.5Rln2 near 16 K, suggesting short-range
ordering [Fig. 2(c) of the SM].

III. ZF-μSR: EVIDENCE FOR SHORT-RANGE
CORRELATIONS

No indication of long-range magnetic ordering has been
found down to 50 mK through neutron diffraction, magnetic
susceptibility, or specific-heat measurements, which moti-
vated us to measure the zero-field (ZF) and longitudinal-field
(LF) muon spin relaxation (μSR) of Li3Cu2SbO6 down to
80 mK. ZF/LF-μSR is an exceptional tool to probe static and
dynamic magnetic fluctuations or quantum magnetism, and it
is often employed to unravel the enigmatic QSL state. Fig-
ure 2(a) represents the ZF-μSR data at different temperatures,
which consist of the local responses of muons embedded at
various stopping sites of Li3Cu2SbO6. Our important obser-
vations from the ZF-μSR data are (a) the lack of oscillations
in muon spectra, as it usually seen for magnetically ordered
systems, and (b) no loss of the initial asymmetry at time
t = 0 down to 80 mK. These observations strongly suggest
the absence of static magnetism in Li3Cu2SbO6, and they
signify a slowing down of the spin dynamics. We have used
several relaxation functions to fit our ZF and LF-μSR data,
starting from (a) simple exponential decay, (b) stretched ex-
ponential, and (c) Umerao spin-glass. The best fit is obtained
using a stretched exponential relaxation plus a decaying ex-
ponential function with a constant background term, Gz(t ) =
A1 exp[−(λZF1t )βZF ] + A2 exp(−λZF2t ) + Abg, where the first
two terms reflect the contribution of the muons that stop
within the sample, and the third term accounts for those
muons that stop within the sample holder. The slow and
fast exponential decays λZF1 and λZF2 , respectively, repre-
sent a two-component electronic spin contribution to the
muon depolarization. A1 ∼ 21% and A2 ∼ 4% are the initial
asymmetry values, λZF1/λZF2 are the muon spin relaxation
rate, and βZF is the stretching exponent. This approach has
also been used in the analysis of the QSL-like candidates
SrCr2Ga8O19 [28] and Sr2Cu(Te0.5W0.5)O6 [29]. The co-
efficient Abg ∼ 0.5% is a background constant representing
muons that missed the sample. The solid curves show the fits
of ZF-μSR data in Fig. 2(a). Figure 2(b) shows the temper-
ature dependence of the spin depolarization rate, λZF1 , λZF2 ,
and the stretching component, βZF [Figs. 3(a) and 3(b) of the
SM, respectively].

The important result shown in Fig. 2(b) is that there is
no static magnetism in Li3Cu2SbO6 upon cooling to at least
80 mK, which agrees with the neutron diffraction, suscepti-
bility, and heat capacity data as presented above. Therefore,
the magnetic fluctuations remain dynamic down to the lowest
temperature of measurements, an indispensable criterion for a
system to undergo any transition to a spin freezing state. The
rise of λZF1 below 4 K designates the slowing down of Cu2+

spin fluctuations as a consequence of short-range interactions.
It is interesting to note that below 1 K, the λZF shows a
temperature-independent plateaulike behavior [see Fig. 2(b)],
which signifies the presence of dynamic spin fluctuations. The

FIG. 3. Left panels (a)–(i) show the estimated magnetic scatter-
ing of Li3Cu2SbO6 at 7, 50, and 150 K obtained after subtracting
phonon scattering. Panels (a)–(c) are for Ei = 67 meV, (d)–(f) are
for Ei = 36.4 meV, and (g)–(i) are for Ei = 22.9 meV. The strong
scattering near zero energy transfer is mainly due to the incoher-
ent background and elastic scattering. Right panels (j)–(o) show
the scattering angle integrated (2θ = 8◦–35◦) 1D-energy cuts of the
magnetic intensity, from the color maps, plotted as intensity vs
energy transfer at 7, 50, and 150 K, (j) for Ei = 67 meV, (l) for
Ei = 36.4 meV, and (n) for Ei = 22.9 meV. Note that the slightly
negative signal at larger energy transfer, especially in 22.9 meV, is an
artifact of the phonon background subtraction due to frame-overlap
in multi-Ei measurements. Right panels (k),(m),(o) show the energy
integrated momentum-dependent (Q) magnetic intensity of three
magnetic excitations at 7 K. The solid line shows the normalized
magnetic form-factor squares [F 2(Q)] of the Cu2+ ion.

plateaulike behavior in λZF versus T data has also been seen
in other QSL candidates [30,31]. The stretching exponent βZF

[Fig. 3(a) of the SM] approaches 1 near 2 K, which suggests
fast fluctuating local internal fields. Below 2 K, βZF increases
with decreasing temperature and attains a maximum value of
∼2 at 80 mK, suggesting Gaussian field distributions pro-
duced by magnetic exchange interactions of nearest-neighbor
spins. This type of behavior of βZF designates the slowing
down of magnetic fluctuations at low temperatures. Similar
βZF values are observed in the QSL candidates SrCr2Ga8O19

[28] and Sr2Cu(Te0.5W0.5)O6 [29].

IV. LF-μSR: PROBING THE SPIN-SPIN CORRELATIONS

To understand the nature of dynamic spin fluctuations,
we further examine the LF-μSR data at different fields from
1 mT up to 320 mT measured at 100 mK, as shown in
Fig. 2(c). The size of the internal field distributions is esti-
mated as � = 1 mT, where γμ = 135.5 × 2π s−1 μT−1 is the
gyromagnetic ratio for muons. The absence of saturation of
LF-μSR spectra at 320 mT infers that the plateaulike behavior
is not associated with static magnetic fluctuations, as seen for
magnetically ordered systems. Hence it must be linked with
dynamic fluctuations as observed for QSL-like systems [32].
The field dependence of λLF is shown in Fig. 2(d); the ob-
served plateaulike behavior suggests the slowing down of spin
fluctuations. This could be associated with spin-liquid-like
behavior similar to μSR observations reported for Ce2Sn2O7

[33] and SrDy2O4 [34]. We have fitted λLF(H ) using Red-

field’s equation, λLF = λLF0 + 2γ 2
μ�2τC

1+γ 2
μH2τ 2

C
, where � represents

the amplitude of the internal field distribution, and the re-
laxation timescale of spin fluctuations is τC . The fit to the
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FIG. 4. (a) Calculated spin susceptibility (circles) of the frag-
mented FM-AFM S = 1/2 chain model of the Li3Cu2SbO6 com-
pound in comparison to the experimental data. The inset shows the
plot of effective Cu x2-y2 Wannier functions placed at two neighbor-
ing Cu sites connected by t1 hopping (left) and t5 hopping (right). See
text for details. (b) The calculated dynamical structure factor using
the exact diagonalization (ED) method.

λLF(H ) data is given by the solid red line in Fig. 2(d). The
calculated parameters are λLF(0) = 0.003 μs−1, � = 1 mT,
and τC = 2.7 × 10−8 s.

V. INELASTIC NEUTRON SCATTERING:
MAGNETIC EXCITATIONS

The results of INS study for incident energies Ei = 67,
36.4, and 22.9 meV are presented in Figs. 3(a)–3(i) as color
maps of the scattering intensity, and energy transfer ver-
sus momentum transfer (Q) at 7, 50, and 150 K. The data
have been corrected with phonon scattering using the mea-
sured data at 300 K and using the Bose factor. Further, the
one-dimensional scattering angle-integrated (or Q-integrated)
energy cuts from the color intensity maps at the lower scat-
tering angles [where the magnetic scattering is dominated as
it follows the magnetic form-factor squares, F 2(Q), of the
Cu2+ ion], and the higher scattering angles [where the phonon
scattering is dominated as the phonon scattering increases as
Q2], are plotted in Fig. 4 of the SM. Figures 3(a), 3(d), and
3(g) show that at 7 K, we have three magnetic excitations
near 33, 13.5, and 7.7 meV. With the increasing temperature
at 50 K, the intensity of all three excitations decreases (see
Fig. 3). It is interesting to note that at 50 K, no apparent
change in the phonon intensity at high angles (see Fig. 4
of the SM) has been seen compared with 7 K in 67 meV
data. In comparison, at a low angle, a weak increase in the
intensity near 25 meV has been observed at 50 K compared
to 7 K. Further, at 150 K, the intensity of all three modes
(7.7, 13.5, and 33 meV) is reduced considerably. Upon closer
inspection, the color plots of 150 K in Fig. 3 indicate that
scattering has moved to lower Q and lower energy at 150 K,
which might suggest that ferromagnetic-like short-range cor-
relations exist in the high-temperature range. This has also
been supported by the data of 36.4 and 22.9 meV at 150 K.
To check whether the energy of three observed magnetic ex-
citations exhibits any dispersion (i.e., Q dependence) at 5 K,
we made 1D cuts at various Q-positions (not shown here) and
found that the energy of all the magnetic excitations is nearly
Q-independent.

VI. THEORETICAL CALCULATIONS

To achieve a theoretical understanding of the electronic
and magnetic behavior of Li3Cu2SbO6, we have carried out
first-principles density functional theory (DFT) calculations
[35], and we obtained a solution of the DFT-derived spin
Hamiltonian by quantum Monte Carlo and exact diagonal-
ization. The non-spin-polarized band structure, assuming a
perfectly ordered compound with no intermixing between Li
and Cu sites, shows two Cu x2-y2 bands at the Fermi level
strongly admixed with O p and Sb states, corresponding to
two Cu2+, d9 ions in the monoclinic C2/m unit cell. The
magnetic moments at Cu, O, and Sb in a spin-polarized
calculation turned out to be 0.49μB, 0.09μB, and 0.02μB,
respectively. Since Li atoms are mobile there is disorder in the
system, with some of the Li atoms replacing the Cu atoms,
as found experimentally. This is mimicked by considering
a 1 × 16 × 1 supercell resulting in 32 Cu sites in the cell,
out of which some of the Cu and Li positions are inter-
changed, amounting to 6.25% disorder. Starting from such
a structure, to derive the underlying spin model we use a
muffin-tin orbital (MTO) based NMTO-downfolding calcu-
lation [36] in which effective Cu x2-y2 Wannier functions
are constructed by integrating out all the degrees of free-
dom other than Cu x2-y2, defining a low-energy Hamiltonian.
The real-space representation of the low-energy Hamiltonian
shows interlayer Cu-Cu interactions to be negligibly small,
with two dominant intralayer Cu-Cu hoppings, t1 and t5, one
connecting the nearest-neighbor edge-sharing Cu atoms and
the other connecting Cu atoms through superexchange paths
involving O-Sb-O. The effective Cu x2-y2 Wannier functions
are shaped according to x2-y2 symmetry, while the tails are
shaped according to integrated O p symmetries, due to the
large admixture between Cu x2-y2 and O p [see the inset in
Fig. 4(a)]. For the nearest-neighbor interaction (t1), the O p–
like tails of two neighboring Wannier functions are orthogonal
to each other. For the interaction through superexchange paths
involving O-Sb-O (t5), they point toward each other (marked
with an arrow) in the figure. This makes the t5 hopping 3.5
times stronger than t1, although the Cu-Cu distance is 2.93
Å for t1 and 5.79 Å for t5. The edge-shared nearest-neighbor
Cu atoms are connected through Cu-O-Cu bond angles of 89◦
and 86◦, which gives rise to the possibility of ferromagnetic
exchanges in the system. Total energy calculations in a plane-
wave basis [37,38] of different magnetic configurations of Cu
spins, and subsequent mapping to the Heisenberg model, show
the edge-shared nearest-neighbor Cu-Cu magnetic interaction
J1 corresponding to hopping interaction t1 to be ferromag-
netic with a value −21 meV, while the long-ranged Cu-Cu
magnetic interaction J2 through Sb, corresponding to hopping
interaction t5, is shown to be antiferromagnetic with a value
31 meV. The obtained J values have been cross-checked by
considering different magnetic configurations, which is found
to cause very insignificant variation of only 4–5 % in the J
values. Our ab initio results thus predict an S = 1/2 FM-
AFM alternating chain model with JAFM � JFM, in contrast
to conclusions drawn in the previous work based on fitting of
susceptibility data, suggesting JAFM � JFM [21].

Based on first-principles input, we next consider a
system of fragmented FM-AFM (JFM = −21 meV and
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JAFM = 31 meV) S = 1/2 chains with 200 sites and ran-
dom disorder ≈6.25%, given by the Hamiltonian H =
∑N/2

i [JAFMS2i−1S2i + JFMS2iS2i+1] − h
∑N

i Sz
i , where i de-

notes sites occupied by Cu atoms, and h is an applied magnetic
field, which was taken to be zero in our calculation. The
impurity sites are chosen randomly. They host nonmagnetic
Li atoms, which are obtained by replacing Cu atoms of the
pristine compound. The obtained results are averaged over 50
random configurations. In a stochastic series expansion im-
plementation of quantum Monte Carlo (SSE-QMC) [39,40],
we measure the spin susceptibility as χth = βJ〈S2

z − 〈Sz〉2〉,
where β = 1/kBT , which can be related to the experimentally
measured molar susceptibility as 0.375 S(S + 1)g2 χth

TJ
, where

TJ is the temperature corresponding to dominant magnetic
exchange JAFM. A comparison between the calculated and
measured susceptibility is shown in Fig. 4(a). Good matching
between the two justifies the goodness of the ab initio derived
spin model.

Following the successful description of the experimen-
tally measured susceptibility results, we attempt to calculate
the inelastic neutron scattering response, which measures the
magnonic excitations in a quantum spin system. Theoretically,
the INS amplitude can be obtained from a calculation of
the frequency- and momentum-dependent dynamical structure
factors [41] given by Al (Q, ω) = ∑

n |〈ψn|Sl
Q|ψ0〉|2δ(ω −

(En − E0)) = − Im[G(Q,ω)]
π

. Here l ∼ x, y, z, |ψn〉 is the nth
eigenvector of the Hamiltonian having energy eigenvalue En.
Our structure factor calculation is based on the 1D spin
model adopted for the present system, and hence the cal-
culated Q here is one-dimensional. It acts along the spin
chain direction, which is the crystallographic b-axis for
Li3Cu2SbO6 as shown in Fig. 1(c). G(Q, ω) denotes the
dynamical correlation function or Green’s function, which
can be written (for l = z) in terms of continued fraction

[42] as G(Q, ω) = 〈ψ0|Sz
Q

†Sz
Q|ψ0〉

ω+iη−a0− b2
1

ω+iη−a1− b2
2

ω+iη−···

, where Sz
Q is the

Fourier transform of spin-z operator Sz
r and is given by

Sz
Q = 1√

N

∑
r exp[iQ · r]Sz

r . The continued fraction can be
solved iteratively first by defining | f0〉 = Sz

Q|ψ0〉 and obtain-
ing the orthogonal states, | fn+1〉 = (H − an)| fn〉 − b2

n| fn−1〉,
with an = 〈 fn|H| fn〉/〈 fn| fn〉, b2

n+1 = 〈 fn+1| fn+1〉/〈 fn| fn〉, and
b0 = 0. The result obtained by averaging over results from
50 random configurations is shown in Fig. 4(b). The overall
features agree well with measured INS data. In particular,
large structure factor values are obtained around an energy
≈8–10 meV, as also seen in experimental data at 7 K. Similar
to the INS result, the calculated spectrum shows a low-energy
peak near Q = 0, which indicates almost parallel preferen-
tial spin orientations among the nearest-neighbor S = 1/2
Cu2+ ions. This causes a FM-like behavior even though the

strongest interaction is antiferromagnetic. Due to the vacancy
created in the spin-lattice as a result of the random replace-
ment of the S = 1/2 Cu2+ ions by nonmagnetic Li, an overall
nonmagnetic spectral behavior dominates.

VII. SUMMARY

The important finding is that Li3Cu2SbO6 does not order
magnetically down to 50 mK even though the system has a
significant value of next-nearest-neighbor (NNN) AFM ex-
change interaction of JAFM = 31 meV, compared to NN FM
JFM = −21 meV, confirmed through our bulk as well as mi-
croscopic measurements. The plateaulike behavior in λZF(T )
and λLF(H ) might indicate the development of a disordered
state at low temperature due to the competing exchange in-
teractions of JFM and JAFM arising from nearest neighbors
and next-nearest neighbors. Finding real QSL materials is a
rare phenomenon as there have been only a few candidates
reported so far, such as in a pyrochlore lattice, a kagome
lattice, and organic charge-transfer salts with frustrated tri-
angular geometry, etc. Honeycomb 3d layered oxides with a
d9 or d7 quasi-two-dimensional lattice A3A′

2BO6 (A = Li, Na;
A′ = Co, Ni; B = Sb, Te) could be potential candidates of a
spin-liquid-like state as there are numbers of materials with
various stacking orders of the honeycomb slabs that are seen,
but these systems have not been studied yet in detail.

All data presented in this work are publicly available [43].
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