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Recently, barlowite Cu4(OH)6FBr has attracted
much attention as a new kagome system with mini-
mum disorder.[30�35] As opposed to herbertsmithite
with ABC-stacked kagome planes, barlowite crystal-
lizes in high-symmetry hexagonal rods owing to di-
rect AA kagome stacking. It has also been found
that the in-plane Dzyaloshinskii-Moriya interaction in
barlowite is an order of magnitude smaller than that

in herbertsmithite.[35] Consequently, the QSL physics
has been suggested to be present at relative high tem-
perature. Unfortunately, the material goes through
an antiferromagnetic transition at ⇠15 K.[32,35] It has
thus been proposed that substituting the interkagome
Cu2+ sites with non-magnetic ions may suppress the
magnetic transition and ultimately lead to a QSL
ground state.[15,32,34,36]
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Fig. 1. (a) Schematic crystal structure of Cu3Zn(OH)6FBr with copper Cu2+ ions (blue) forming the kagome
planes AA stacked along c-axis. Kagome planes are separated by non-magnetic Zn2+ (blond) ions. (b) Top view of
the Cu3Zn(OH)6FBr crystal structure, where F (brown) is in the center between two hexagons of two kagome Cu
planes. (c) Scanning electron microscope image of crystal grain in the polycrystalline samples. (d) Measured (brown
+) and calculated (green line) XRD diffraction intensities of polycrystalline samples. The blue curve indicates the
difference between the measured and calculated intensities. The vertical lines indicate peak positions.

Table 1. Structure parameters of Cu3Zn(OH)6FBr at room
temperature. Space group P63/mmc; a = b = 6.6678(2)Å,
c = 9.3079(3)Å.

Site w x y z B (Å2)
Cu 6g 0.5 0 0 1.48(6)
Zn 2d 1/3 2/3 3/4 1.93(8)
Br 2c 2/3 1/3 3/4 1.99(5)
F 4b 0.0 0.0 3/4 0.34(2)
O 12k 0.1887 0.8113(5) 0.9021(7) 2.22(2)
H 12k 0.1225 0.8775 0.871 1.0

In this Letter, we report a new kagome QSL can-
didate Cu3Zn(OH)6FBr. It does not experience any
phase transition down to 50 mK, more than three
orders lower than the antiferromagnetic Curie-Weiss
temperature (⇠200 K). 19F NMR measurements re-
veal a gapped QSL ground state in Cu3Zn(OH)6FBr.
The field dependence of the gap implies a zero-field
gap 7.5±0.4K and spin-1/2 quantum number for spin
excitations, i.e. spinons.

We have successfully synthesized Cu3Zn(OH)6FBr

polycrystalline samples by replacing the interkagome
Cu2+ sites in Cu4(OH)6FBr with non-magnetic Zn2+.
Our thermodynamical (e.g. magnetic susceptibility
and specific heat) measurements were carried out
on the Physical Properties Measurement Systems
(PPMS). The NMR spectra of 19F with the nuclear gy-
romagnetic ratio � = 40.055MHz/T were obtained by
integrating the spin echo as a function of the RF fre-
quency at constant external magnetic fields of 0.914T,
3 T, 5.026T and 7.864 T, respectively.

Figures 1(a) and 1(b) depict the crystal struc-
ture of Cu3Zn(OH)6FBr. Micrometer-size crystals
are easily observed by the scanning electron micro-
scope (SEM) (Fig. 1(c)). The refinement of the pow-
der x-ray diffraction pattern (Fig. 1(d)) shows that
the material crystallizes in P63/mmc space group
with Cu2+ ions forming a direct stack of undis-
torted kagome planes separated by non-magnetic Zn2+

ions (Figs. 1(a) and (b)) as expected from theoretical
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Fig. 3. (a) 19F NMR spectra under 3 T at different temperatures. The vertical dash line f0 = 120.199MHz,
corresponding to the chemical shift, is a guide to the eyes. (b) Temperature dependence of the Knight shift 19K
determined from the peak positions of the spectra. The dotted horizontal line shows the position of Kchem obtained
from the 19K–� plot at high temperatures as shown in the inset. (c) Magnetic field dependence of the spin gap.
The black short-dash line is fitted by �(B) = �(0)� gµBSB with spin quantum number S = 1/2. For comparison,
we also plot �(B) for S = 1 shown by the blue dash line constrained by the value at 0.914 T, which hardly describes
the data. The inset shows the Arrhenius plot of 19K � Kchem with the vertical axis in logarithmic scale, which
demonstrates visually that the gap decreases with increasing magnetic field. The solid curve is the fitting function
A exp(��/T ) for 19K �Kchem.

To directly unveil QSL physics in kagome plane,
we implement NMR measurements to probe uni-
form spin susceptibility of kagome Cu2+ spin mo-
ments in Cu3Zn(OH)6FBr. A unique advantage of
Cu3Zn(OH)6FBr for the NMR measurements is that
it contains 19F. It is known that 2D, 17O and 35Cl
NMR measurements in herbertsmithite are rather dif-
ficult due to multiple resonance peaks resulted from
nuclear spins I = 1, I = 5/2 and I = 3/2,
respectively.[20,23,28,29] In contrast, only one resonance
peak needs to be resolved for 19F with I = 1/2 nu-
clear spin, as shown in Fig. 3(a). The sharp high-
temperature peaks suggest that few ions of Zn2+ exist
in kagome planes. Moreover, no extra peak due to RIC
moments is observed even at low temperatures. The
line shape asymmetry may arise from the magnetic
anisotropy, e.g. gk/g? = 2.42/2.21 in Barlowite.[35]
We have also carried out the measurements with dif-
ferent pulse interval (⌧) in NMR echo to exclude the
possibility of impurity moment contributions in the
NMR spectrum.[44]

In a gapped QSL, the spin susceptibility should be-
come zero at low temperature. The Knight shift is re-
lated to the uniform susceptibility � as 19K =Ahf�+

Kchem, where Ahf is the hyperfine coupling con-
stant between the 19F nuclear spin and the electron
spins, and Kchem is the T -independent chemical shift.
Kchem = 0.015% is obtained from the 19K–� plot at
high temperatures as shown in the inset of Fig. 3(b),
where � is the DC susceptibility at B = 3T. Figure
3(b) shows that the Knight shift drops quickly below
⇠30 K. At high temperatures (⇠100 K), the Knight
shift 19K has a systematic variation as a function
of magnetic field, whose origin is unclear at present
and left for future investigation, but we note that
such a behavior would not change our results at low
temperatures below 30 K. The Knight shift at low
fields (0.914T and 3 T) tends to merge to Kchem at
low temperatures, similar to the previous results of
herbertsmithite.[29] The inset of Fig. 3(c) is the Arrhe-
nius plot of 19K �Kchem, where the low-temperature
data can be well fitted by an exponential function
A exp(��/T ), with A and � as fitting parameters
for a constant and the gap value, respectively. In the
fit, we fixed Kchem = 0.015%.

With elevating the magnetic fields, the gap is sup-
pressed due to Zeeman effect as �(B) = �(0) �
gµBSB, where µB is Bohr magneton. From the linear
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Fig. 1. (a) Schematic crystal structure of Cu3Zn(OH)6FBr with copper Cu2+ ions (blue) forming the kagome
planes AA stacked along c-axis. Kagome planes are separated by non-magnetic Zn2+ (blond) ions. (b) Top view of
the Cu3Zn(OH)6FBr crystal structure, where F (brown) is in the center between two hexagons of two kagome Cu
planes. (c) Scanning electron microscope image of crystal grain in the polycrystalline samples. (d) Measured (brown
+) and calculated (green line) XRD diffraction intensities of polycrystalline samples. The blue curve indicates the
difference between the measured and calculated intensities. The vertical lines indicate peak positions.
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