
Low Temperature Physics/Fizika Nizkikh Temperatur, 2017, v. 43, No. 8, pp. 1126–1130 

Observation of new magnetic ground state in frustrated 
quantum antiferromagnet spin-liquid system Cs2CuCl4 
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Cs2CuCl4 is known to possess a quantum spin-liquid phase with antiferromagnetic interaction below 2.8 K. 
We report the observation of a new metastable magnetic phase of the triangular frustrated quantum spin system 
Cs2CuCl4 induced by the application of hydrostatic pressure. We measured the magnetic properties of Cs2CuCl4 
following the application and release of pressure after 3 days. We observed a previously unknown ordered mag-
netic phase with a transition temperature of 9 K. Furthermore, the recovered sample with new magnetic ground 
state possesses an equivalent crystal structure to the uncompressed one with antiferromagnetic quantum spin-
liquid phase. 

PACS: 75.10.Kt Quantum spin liquids, valence bond phases and related phenomena; 
75.50.–y Studies of specific magnetic materials; 
75.50.Ee Antiferromagnetics. 
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Geometrically frustrated spin structures have been the 

focus of great attention from a broad range of the scientific 
community due to the potential functional and fundamen-
tally interesting physical properties they display such as 
superconductivity, magnetism and ferroelectricity [1–6]. 
The physical properties result from the competition be-
tween exchange coupling strengths on the frustrated anti-
ferromagnetic spin lattice. The magnetic phases and phase 
transitions of frustrated antiferromagnetic quantum spin 
systems have been investigated experimentally and theo-
retically [1–8]. 

In this article, we report the discovery of a new magnet-
ic ground state in the frustrated quantum antiferromagnet 
spin-1/2 system, Cs2CuCl4, obtained by holding the sam-
ple under hydrostatic pressure of approximately 5 kbar at 
room temperature for 2 days or more. The new phase dis-
plays magnetic properties that are similar to chiral heli-
magnet-like behavior in stark contrast to the quantum spin-
liquid phase of unpressurized Cs2CuCl4. Furthermore, there 

is no significant structural distortion or phase transition 
accompanying this new magnetic structure. 

Cs2CuCl4 is a well-studied realization of a two-dimen-
sional quantum spin-liquid phase [9]. The crystal structure 
of Cs2CuCl4 is orthorhombic with space group Pnma [10]. 
It is composed of 2–

4CuCl  tetrahedra and Cs+ ions as shown 
in Fig. 1. It provides a spatially anisotropic spin-1/2 trian-
gular antiferromagnet, which is characterized by Cu2+ ions 
on a geometrical bc plane. The interchain exchange coupl-
ing J ′ (= 0.125 meV) between Cu2+ ions along zigzag di-
rections on the triangular bc plane is weaker than the intra-
chain exchange coupling J (= 0.375 meV) along b axis, 
with the coupling ratio of J ′/J = 0.34 [9,11,12]. Experi-
mentally, the magnetic property of Cs2CuCl4 has been as-
signed to be a two-dimensional quantum spin-liquid phase, 
by neutron scattering [11–13], magnetization [14] and spe-
cific heat [15] measurements. 

The dc-magnetic susceptibility of pre-pressurized and 
post-pressurized Cs2CuCl4 is shown in Fig. 2. In the pre-
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pressurized sample the well-known phase transition from 
paramagnet to two-dimensional quantum spin-liquid phase 
with short-range antiferromagnetic order around Tm = 2.8 K 
is observed. We pressurized the sample to 5 kbar for 4 days 
in a hydrostatic piston cylinder cell and then released the 
pressure (post-pressurized Cs2CuCl4). The susceptibility 
behavior of the post-pressurized Cs2CuCl4 is significantly 

different from that of the pre-pressurized sample. The sus-
ceptibility is enhanced by nearly an order of magnitude and 
a new transition is observed at a temperature of Ts = 9 K. 
The post-pressurized phase has a very sharp increase with 
decreasing temperature to a large maximum moment around 
Ts = 9 K. From fitting the high temperature (T ≥ 20 K) 
behavior using a Curie–Weiss formula / ( )C Tχ = +Θ , a 
Curie temperature of Θ = (3.3 ± 0.6) K for pre-pressurized 
Cs2CuCl4 was obtained, consistent with the reported value 
[16], while that of Θ = (–7.1 ± 0.3) K was obtained for the 
post-pressurized phase. This implies that the spin exchange 
interaction in Cs2CuCl4 changes from antiferromagnetic to 
ferromagnetic-type after pressurization. As shown in the 
upper inset of Fig. 2, the susceptibility of the post-pressu-
rized Cs2CuCl4 exhibits reversible behavior as field-cooled 
and zero-field-cooled data are indistinguishable.  

In order to investigate the reproducibility and pressure-
zation time dependence of the new magnetic state in 
Cs2CuCl4, samples of Cs2CuCl4 were pressurized to 5 kbar 
for increasing amounts of time ranging from 0 to 6 days. 
The new phase was observed in the samples pressed under 
about 5 kbar and released after more than two days, as 
shown in Fig. 2(b) (solid symbol). Also, in order to verify 
the stability of the new magnetic phase for the post-pres-
surized Cs2CuCl4, we measured its susceptibility after 
keeping it in an evacuated desiccator for more than one 
month. We found no change in magnetic properties after 
this period. This demonstrates that this new magnetic state 
can be stabilized after a sluggish transition period and is 
a new magnetic ground state in the triangular frustrated 
antiferromagnet spin-1/2 system. 

Figure 3(a) shows the dc-magnetization curves of post-
pressurized Cs2CuCl4 as a function of temperature at dif-
ferent magnetic fields parallel to the ac plane. As the ap-
plied magnetic field is increased up to 1 kOe, the transition 

Fig. 1. (Color online) Crystal structure of Cs2CuCl4. Orthorhom-
bic crystal structure for the frustrated quantum antiferromagnet 
spin-1/2 Cs2CuCl4 with Cu2+ surrounded by Cl– ions and Cs+. 
The two antiferromagnetic spin interactions are the nearest neigh-
bor exchange coupling J between Cu(1) and Cu(2) in the b direc-
tion and the next nearest neighbor exchange coupling J ′  between 
Cu(1) and Cu(3) on the triangular bc plane with a ratio of J ′ /J = 
= 0.34. 

Fig. 2. (Color online) Susceptibility of pre- and post-pressurized Cs2CuCl4 with pressing time dependence. (a) The dc susceptibility for 
pre-pressurized (open symbol) and post-pressurized (solid symbol) Cs2CuCl4 with external magnetic field parallel to ac plane under 
ambient pressure. The susceptibility of the post-pressurized sample shows a transition temperature of Ts = 9 K. The upper inset shows 
that there is no difference between the zero-field-cool and field-cool susceptibilities. (b) The new ground magnetic phase of post-
pressurized Cs2CuCl4 could be observed under ambient pressure when it was pressed for more than 2 days. 
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temperature Ts is seen to decrease and broaden, and could 
not be observed above 2 K at above H = 1 kOe as shown in 
Fig. 3(b). The magnetization curves show a saturated be-
havior above 1 kOe at low temperature, which may suggest 
a field-induced phase transition to a ferromagnetic order 
phase. As shown in the lower inset of Fig. 3(a), these field-
dependent susceptibilities, determined from magnetization 
data, are also quite different from those for the pre-pressur-
ized Cs2CuCl4 which exhibited field-independent suscep-
tibility as shown in the upper inset of Fig. 3(a). 

While the magnetization versus field curve above the 
transition temperature of Ts = 9 K for post-pressurized 
Cs2CuCl4 is linear, indicating a paramagnetic phase, its 
curve below 9 K is a reversible S-shape, as shown in the bot-
tom inset of Fig. 4. Figure 4 depicts the field dependences 
of magnetization at different temperatures below 10 K. 
Below Ts = 9 K the magnetization curves increase sharply 
with magnetic field with a universal gradient before slowly 
saturating above a magnetic field (Hd), which is deter-
mined from the point of deviation from the low-field sus-
ceptibility indicated in the figure. The deviation magnetic 
field Hd decreases as temperature increases up to 9 K and 
could not be observed above 10 K. The magnetic behavior 
of the post-pressurized Cs2CuCl4 single crystal is similar 
to that seen in helimagnetic-like magnetization curves [17,18], 
in particular the decrease and disappearance of the transi-
tion temperature Ts with increasing field, and of the field 
Hd with increasing temperature. The magnetization curve 
above 1 kOe for post-pressurized version is linearly in-
creased up to 50 kOe, as shown in the upper inset of Fig. 4. 
The lack of saturation in the M–H curves may suggest 
that the field-induced ferromagnetic-type order, shown in 
Fig. 3(a), is based on the disordered antiferromagnetic 
phase. 

The different magnetic properties of pre- and post-pres-
surized Cs2CuCl4 single crystals are likely to be caused 
by the change of antiferromagnetic spin exchange coupling 
between Cu ions, caused by structural distortion or struc-
tural phase transition. The crystal structure of the pre-pres-
surized Cs2CuCl4 is orthorhombic with lattice parameters 
of a = 0.97644(2) nm, b = 0.76143(3) nm, and c = 1.23988(5) 
nm at room temperature as shown in Fig. 1, consistent with 

Fig. 3. (Color online) Temperature dependences of magnetization curves of the post-pressurized Cs2CuCl4 with each field (parallel to ac 
plane) from 0.02 to 1.2 kOe under ambient pressure in the main figure (a). The transition temperature is about 9 K up to 0.1 kOe. But as 
field increase, the peak transition temperature, Tp, is decreased and, above 1 kOe, has disappeared (b). The upper inset in figure (a) 
shows the susceptibility from the magnetization curve normalized by each field for the post-pressurized Cs2CuCl4. The lower inset in 
figure (a) shows the susceptibility of the pre-pressurized Cs2CuCl4 without change of transition temperature for several magnetic fields. 

Fig. 4. (Color online) The field dependences of magnetization of 
the post-pressurized Cs2CuCl4 with temperatures 2, 4, 6, 8, and 
10 K is shown in the main figure. A possible transition magnetic 
field Hc could be determined from the deviation of the linear line 
at low-field crossover. As the temperature increases, Hc is de-
creased and not observed above a transition temperature of 9 K. 
The magnetization versus field curves shows the S-shape with 
reversibility and linear behavior below and above 9 K, respective-
ly, in the lower inset. The upper inset shows the magnetization 
curve with linear behavior at 2 K, from 1 to 50 kOe. 
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the reported results [10]. An x-ray diffraction study under 
high pressure for a Cs2CuCl4 polycrystalline sample re-
ported that the volume and length of all crystallographic 
directions systematically decreases with increasing pres-
sure up to 40 kbar and are reversible as pressure is released 
without any structural phase transition [19]. It was reported 
by P.T. Cong et al. [20] that, in the doped range of 
1 ≤ Br ≤ 2 in Cs2CuCl4–xBrx, the magnetic behaviors are 
significantly different from spin-liquid phase in Cs2CuCl4 
due to change from O-type orthorhombic (Pnma) to T-type 
tetragonal (I4/mmm) structure. 

The lattice parameters of the post-pressurized Cs2CuCl4, 
with the values a = 0.97663(4) nm, b = 0.76094(3) nm, and 
c = 1.24146(4) nm, are similar to those of pre-pressurized 
without any crystal structure changes, as shown in Table 1. 
These cell parameters are consistent with the reported x-ray 
data [10,19]. While the differences the lengths of a and b axis 
between the pre- and post-pressurized Cs2CuCl4 are an or-
der of 10–2%, the differences in the length of c axis be-
tween them could not be ignored with an order of 10–1%.
Using our x-ray experiment results, we plot the distances 
between Cu(1) and Cu(2) ions and between Cu(1) and 
Cu(3) ions for the pre- and post-pressurized Cs2CuCl4 with 

the reported resulted [10,19,22–24], as shown in Fig. 5. 
While the distance between Cu(1) and Cu(2) of the post-
pressurized samples is similar to the pre-pressurized sam-
ples and the reported results, the distance between Cu(1) 
and Cu(3) is slightly longer than them. Due to the slight 
change between distance of Cu ions, NNN interaction J ′ 
on the triangular lattice for the post-pressurized Cs2CuCl4 
could be changed, relative to the pre-pressurized value 
( 0.125 m )eV .J ′ =  As a result, it could cause a spin rear-
rangement on the triangular frustrated antiferromagnet 
system with a change in spin frustration ratio. 

As a possible scenario for the interpretation of our re-
sults, the magnetic structure for post-pressurized Cs2CuCl4 
would be considered to be a less frustrated and more quasi- 
one-dimensional antiferromagnet spin-1/2 state with ordered 
magnetic phase. Theoretical studies suggested that the va-
rious ground magnetic phases in Cs2CuCl4 might exist as, 
for example, collinear antiferromagnet, spiral, and dimer 
phases, which are dependent of J' and second NN chain 
exchange coupling J2 [25–27]. The magnetic phase of 
Cs2CuCl4 could be sensitive to changes in the interactions 
of a few percent in magnitude of the largest exchange con-
stant [26] and ferromagnetic couplings in second NN chains 
are generated by fluctuations [25–27]. Tiny structural mod-
ification may induce a complete change of the ground state 
due to the high sensitivity of the exchange coupling con-
stants in the triangular frustrated antiferromagnet spin-1/2 
system Cs2CuCl4. We suggest that with pressure treatment 
the spin liquid gives way to new magnetic ground state 
with ferromagnetic-type interactions. In order to explain 
this phase in post-pressurized Cs2CuCl4, further theoretical 
as well as experimental study will be required. 
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Table 1. The comparisons for crystal structures between the pre- and post-pressurized Cs2CuCl4 single crystals at room temperature 

Parameter Pre-pressurized Cs2CuCl4 (i) Post-pressurized Cs2CuCl4 (ii) Difference between (ii) and (i) 

a, Å 9.7644(2) 9.7663(4) 0.0019 

b, Å 7.6143(3) 7.6094(3) –0.0049

c, Å 12.3988(5) 12.4146(5) 0.0158 

V, Å3 921.84(5) 922.6(6) 0.76 

Cu(1)–Cu(2) 7.6143(3) 7.6094(3) –0.0049

Cu(1) –Cu(3) 7.2851(1) 7.2804(6) 0.0053 

Fig. 5. The distances between Cu(1) and Cu(3) (related to J') for 
post-pressurized Cs2CuCl4 (solid symbols) is slightly longer than 
those for pre-pressurized and the reported samples (open sym-
bols) [10,19,21–23], however, the other (related to J) is similar to 
them. 
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