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a b s t r a c t

Correlation between structure and transport properties are investigated in high-quality single-crystals

of Ca2Ru1�xCrxO4 with 0oxo0.14 using single crystal X-ray diffraction and by electronic studies. The

parent compound was known to exhibit an intriguing first-order structurally driven metal–insulator

(MI) transition at 357 K. Upon chromium doping on the ruthenium site, the metal–insulator transition

temperature (TMI) was drastically reduced, and is related to the competition between structural

changes that occur upon Cr doping and with decreasing temperature. A strong suppression of structural

distortions with increasing Cr substitution was identified. No clear TMI can be observed when x413.5%

and the system behaves as an insulator. Such a large, sharp metal–insulator transition and tuneable

transition temperature may have potential applications in electronic devices.

& 2011 Elsevier Inc. All rights reserved.
1. Introduction

As the n¼1 (single layer) member of the alkaline earth-
ruthenium Ruddlesden-Popper series, Anþ1RunO3nþ1 (A¼Ca, Sr,
etc.; n¼1–N), Ca2RuO4 is isostructural with K2NiF4 at room
temperature with the lattice constants a¼b¼3.8163 Å and
c¼12.0250 Å [1,2]. It undergoes an important phase transition
involving octahedral tilting and cooperative Jahn–Teller distor-
tions [2,3], which lead to a structurally driven insulator to ‘‘near’’
metal transition at 357 K [4]. Most remarkably, the resistivity in
the basal plane changes by an astonishing ten orders of magni-
tude, from 109 O cm at T¼70 K to 10�1 O cm at T¼580 K [1]. The
transition is so significant because Ca2RuO4 is on the interface
between metal and insulator. The competition between bandwidth
W and interaction U of d-orbitals and nearest-neighbor oxygen
orbitals makes a highly sensitive balance of U/W ratio across the
metal–nonmetal boundary, which can readily be tipped by small
perturbations, with resultant pronounced changes in physical
properties [2,5,6]. Since the metal–insulator transition is driven by
structure changes [2,6,7], single crystal structural analysis should
provide important insight into this system. However, to date, few
structural studies have been reported in the literature [8–10].
Braden et al. [8]described a series of rotations of the RuO6 octahedra
ll rights reserved.
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around the long axis, combined with a tilt around an axis lying in
the RuO2 plane and their relation with magnetic properties and the
metal–insulator transition. Friedt et al. [9] studied the effect of Sr
doping on Ca site. Steffens et al. [10] studied the crystal and
magnetic structures of Ca2RuO4 under different pressures and
determined the structure change under high pressure in Ca2RuO4.

This work is the first case of Cr doping to Ca2RuO4. We chose
controlled substitution of the quadrivalent Ru by trivalent or
quadrivalent Cr in Ca2Ru1�xCrxO4 because Cr substitution is
uniquely effective for widening the stability range of the antiferro-
magnetic-metal state while preserving other properties [11]. By
substituting elements with a different ionic radius and the same
valence, bandwidth can be controlled relative to the amplitude of
the local electron–electron interaction by keeping the electron
density fixed at a commensurate value [12]. This approach is
advantageous to the study of lattice structure, especially the distor-
tion of RuO6 octahedra, and its direct relation with transport
properties. In this work we report the synthesis and structure
analyses based on single-crystal X-ray diffraction of the Cr doped
compound Ca2Ru1�xCrxO4, including crystal structure distortions
and the associated changes in transport properties.
2. Experimental details

Large single crystals of Ca2Ru1�xCrxO4 were grown by the
Floating Zone method. A feed rod was made from powders of
CaCO3(Alfa Aesar, 99.99%), RuO2(Colonial Metals, 99.99%) and
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Fig. 1. Room-temperature structure of Ca2Ru1�xCrxO4. (a) Structure at 290 K;

(b) projection onto the ac plane; and (c) projection onto the ab plane.
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Cr2O3(Alfa Aesar, 99.99%) in calculated stoichiometric amounts.
These were thoroughly mixed and reacted in air at 1050 1C for 24 h.
The pre-heated powder was formed into a cylindrical shape 7–9 mm
in diameter and 90–110 mm in length, and then pressed at a
hydrostatic pressure of 300 MPa. The rods were sintered at 1200 1C
for 24 h in air. The heating and cooling rates were 100 1C/h. Higher
rate may lead to crushing of the rods after cutting and mounting in
air. The equipment used for crystal growth was a 2-mirror type
image furnace equipped with two 1000 W halogen lamps as heat
source. The growth conditions were as follows: the seed and feed
shafts were rotated in opposite directions at rates of 10–15 rpm; the
shaft travel rate was 10 mm/h. Oxygen pressures of 0.2 bar were
applied during the growth.

The Cr concentration was determined by Energy Dispersion
X-ray (EDX) analysis, and results of X-ray diffraction and EDX
indicated that all crystals studied were single phase. Resistivity
was measured by a standard four-probe method with a super-
conducting quantum interference device (SQUID) from Quantum
Design on bulk single crystal samples. All measurements of
structure and resistivity were performed on same sample for
each Cr concentration to ensure the reproducibility, though
single-crystal diffraction required small pieces to be cut from
the whole. The structures at different temperatures and different
concentrations were examined on a Nonius–Kappa CCD X-ray
single-crystal diffractometer and refined using SHELX pro-
grams [13]. All structures were strongly affected by absorption
and extinction. All data were corrected for anisotropic absorption
by comparison of symmetry equivalent reflections using the
program SADABS [14]. Extinction proved to be more of a chal-
lenge. The extinction-correction facility within SHELXL [13] pro-
vides a purely isotropic treatment, but it was clear that extinction
was severely anisotropic, and in the most severe cases, prevented
stable structure refinement. The empirical program XABS2 [15],
has been observed to correct for extinction effects [16]. In conjunc-
tion with the isotropic correction available in SHELXL, this gave a
dramatic, albeit approximate, treatment of anisotropic extinction
that was sufficient to allow stable refinement. 3-D structure draw-
ings were created using DIAMOND [17]. Atomic positions, displace-
ment parameters, and oxygen site occupancies were allowed to
refine independently. All structures for Ca2Ru1�xCrxO4 determined
here with x¼0, 0.032, 0.067, 0.092 and 0.135 at both 90 and 295 K
had the symmetry of space group Pbca, and all feature a rotation of
the RuO6 octahedral about the c-axis with a tilt about an axis
parallel to an edge of the octahedron basal plane.
3. Results and discussion

3.1. Room temperature structure of Ca2Ru1�xCrxO4

Ca2Ru1�xCrxO4 consists of layers of RuO6 octahedrons with Ca
between the layers (Fig. 1a). Note that the neighboring layers are
not stacked exactly on top of each other, but are offset with
respect to each other. This pattern clearly demonstrates the
enormous structural distortion in this system. The in-plane
tilt and rotation around the c axis of RuO6 octahedra is readily
apparent and all the distortion angles can be measured directly.
The neighboring octahedra tilt in an ordered way, which becomes
clearer in a projection of the unit cell on the ac plane (Fig. 1b). The
layers are formed by corner-sharing RuO6 octahedra. Looking
down on the ab plane, we find that octahedra on the same layer
rotate left and right alternately along the [1 1 0] direction
(Fig. 1c). That reflects the change of Ru–O–Ru bond angle, which
should be 1801 in the ideal case.

Ca2Ru1�xCrxO4 has only one Ru position, so Cr is doped on that
site. The room-temperature lattice parameters (Table 1) agree well
with literature values [1,8] and theoretical values [18]. An important
feature of this structure is that there is only one in-plane oxygen
position, which means all in-plane oxygen ions have the same
distance to the planes formed by the Ru atoms.
3.2. Temperature dependence of the Ca2Ru1�xCrxO4 structure

The cell parameters all changed significantly with decreasing
temperature. These changes were not simply a result of thermal
contraction because they were not uniform. Indeed, we observed
opposite trends for cell parameters parallel and perpendicular to
the direction of buckling of the layers. Comparing high tempera-
ture and low temperature lattice parameters in Fig. 2, it is clear
that a and b are elongated while c shrink, reflecting the flattening
of RuO6 octahedra, which is expected to greatly influence the
crystal field that determines electron occupancy in the triply
degenerate orbital state of ruthenate. It was ascertained to arise
from a Jahn–Teller effect [8]. The temperature dependence of the
lattice constants and the volume in Fig. 2 is indicative of profound
structural changes. Moreover, the lattice volume V of Ca2Ru1�xCrxO4

(0oxo0.12) abruptly expands with cooling below TMI, giving rise to
a total volume expansion DV/V��0.9% over the temperature range
90oTr290 K [2]. The orthorhombic distortion and the extremely
large and anisotropic thermal expansions indicate a dominant
structural distortion, which is frequently due to a rotation of the
octahedral [8]. In Ca2Ru1�xCrxO4 the RuO6 octahedra have the
freedom to rotate around an axis parallel to c, which is in turn
related to the observed decrease of b.

Fig. 3 shows the temperature dependence of the three angles
used to describe the tilt and distortion of the octahedra. We use
the same definition as Braden et al. [8]: O1 is the oxygen on basal
plane and O2 on top and bottom vertex. Y�O1 is the tilt angle
between the octahedron basal plane and the ab plane. Y�O2 is
the angle between the Ru–O2 bond and the c axis. Ru–O–Ru is the
bond angle between two connected Ru–O bonds. Dramatic
changes of all three distortion angles can be observed in Fig. 3.
All the RuO6 octahedra alternately rotate in opposite directions in
the direction of infinite chains of corner-sharing RuO6 octahedra.
The big decrease of Ru–O–Ru bond angle and the big increase of
both Y�O1 and Y�O2 on cooling show the incremental struc-
ture distortions with decreasing temperature. The Ru–O–Ru bond



Table 1
Experimental and refinement details of Ca2Ru1�xCrxO4(x¼0.067) at selected temperatures.

90 K 190 K 290 K

Crystal data
Chemical formula Ca4Cr0.134Ru1.866O8 Ca4Cr0.134Ru1.866O8 Ca4Cr0.134Ru1.866O8

Mr 474.02 474.02 474.02

Crystal system, space group Orthorhombic, Pbca Orthorhombic, Pbca Orthorhombic, Pbca

Temperature (K) 90 190 290

a, b, c (Å) 5.3917 (2), 5.5157 (2), 11.8804 (4) 5.3920 (3), 5.4432 (3), 12.0037 (6) 5.3359 (3), 5.3528 (3), 12.2571 (7)

V (Å3) 353.31 (2) 352.31 (3) 350.09 (3)

Z 2 2 2

Radiation type Mo Ka Mo Ka Mo Ka
m (mm�1) 6.99 7.01 7.05

Crystal size (mm) 0.05�0.05�0.05 0.01�0.05�0.05 0.01�0.05�0.05

Data collection
Diffractometer Nonius KappaCCD diffractometer Nonius KappaCCD diffractometer Nonius KappaCCD diffractometer

Absorption correction Multi-scan SADABSa Multi-scan SADABSa Multi-scan SADABSa

No. of measured, independent

and observed[I42s(I)]

reflections

7241, 398, 352 7265, 396, 260 7243, 403, 228

Rint 0.03 0.026 0.027

Refinement
R[F242s(F2)], wR(F2), S 0.016, 0.046, 1.13 0.028, 0.080, 1.10 0.016, 0.044, 1.14

No. of reflections 398 396 393

No. of parameters 36 36 36

No. of restraints 0 0 0

Drmax, Drmin (e Å�3) 0.66, �0.60 1.33, �0.96 0.58, �0.57

a Ref. [14]

Fig. 2. Temperature dependence of the lattice parameters of Ca2Ru1�xCrxO4(x¼0.067),

obtained from single-crystal X-ray diffraction. Note: In this and the following figures

the scales for a, b are on left side and c on right side.

Fig. 3. (a) Temperature dependence of the tilt, rotation and bond angles in

Ca2Ru1�xCrxO4 (x¼0.067), obtained from single-crystal X-ray diffraction; and

(b) definition of Y�O1, Y�O2 and Ru–O–Ru distortion angles.
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angle is considerably less than the ideal 1801 and the decrease of
Ru–O–Ru bond angle upon cooling shows the rotation of octahe-
dra around the c axis. This implies insulating behavior due to
narrowing of the d-electron bandwidth [1]. The temperature
change provides sufficient perturbation to the system to tip
the balance of U/W ratio across the metal–nonmetal boundary,
resulting in an insulator.

3.3. Cr concentration dependence of the Ca2Ru1�xCrxO4 structure

Another perturbation that can tip the balance of U/W ratio is
impurity doping. The experimental and refinement details of the
single crystal X-ray diffraction data are given in Table 2. The
results of the full structure refinements and comparisons of bond
lengths and distortion angles are given in Table 3. The Cr
concentration dependence of the lattice constants was
determined up to 13.5% (Table 3). The position of Ru atom is
always (0,0,0). Ru–O–Ru means the bond angle between con-
nected Ru–O bonds and the tilt angles are determined at the two
oxygen sites. Note that the tilt is always around the b axis.

Selected Ru–O distances of Ca2Ru1�xCrxO4 obtained at 90 K are
also gathered in Table 3. O1 denotes the oxygen in the RuO4 basal
plane and O2 means the oxygen on top and bottom apex of an
octahedron. The increase of Ru–O2 bond with increasing Cr doping
is counter to the usual thermal expansion. The shrink of the in-plane
bond is also remarkable. The overall elongation of the RuO6

octahedra along the c axis might be associated with a Jahn–Teller
distortion. Similar distortions of octahedra and large octahedral tilt
angles are also reported in manganites [19] and vanadates [20,21].



Table 2
Experimental and refinement details of Ca2Ru1�xCrxO4 with different x.

x¼0 x¼0.032 x¼0.067 x¼0.094 x¼0.135

Crystal data
Chemical formula Ca4Ru2O8 Ca4Cr0.064Ru1.936O8 Ca4Cr0.134Ru1.866O8 Ca4Cr0.188Ru1.812O8 Ca4Cr0.27Ru1.73O8

Mr 490.46 474.02 474.02 474.02 469.85

Crystal system, space group Orthorhombic, Pbca Orthorhombic, Pbca Orthorhombic, Pbca Orthorhombic, Pbca Orthorhombic, Pbca

Temperature (K) 90 90 90 90 90

a, b, c (Å) 5.3869 (2)a, 5.6334 (2),

11.7349 (5)

5.3901 (1), 5.5909 (2),

11.7819 (4)

5.3917 (2), 5.5157 (2),

11.8804 (4)

5.3852 (2), 5.4454 (2),

11.9859 (4)

5.3160 (2), 5.2978 (3),

12.3091 (7)

V (Å3) 356.11 (2) 355.05 (2) 353.31 (2) 351.48 (2) 346.66 (3)

Z 2 2 2 2 2

Radiation type Mo Ka Mo Ka Mo Ka Mo Ka Mo Ka
m (mm�1) 7.13 6.95 6.99 7.02 7.07

Crystal size (mm) 0.08�0.08�0.04 0.08�0.05�0.04 0.05�0.05�0.05 0.10�0.08�0.05 0.08�0.05�0.04

Data collection
Diffractometer Nonius KappaCCD

diffractometer

Nonius KappaCCD

diffractometer

Nonius KappaCCD

diffractometer

Nonius KappaCCD

diffractometer

Nonius KappaCCD

diffractometer

Absorption correction Multi-scan Multi-scan Multi-scan Multi-scan Multi-scan

SADABSb SADABSb SADABSb SADABSb SADABSb

No. of measured, independent and

observed[I42s(I)] reflections

6050, 399, 342 7175, 396, 367 7241, 398, 352 6955, 390, 362 7546, 441, 338

Rint 0.031 0.025 0.03 0.025 0.033

Refinement
R[F242s(F2)], wR(F2), S 0.021, 0.055, 1.11 0.016, 0.037, 1.10 0.016, 0.046, 1.13 0.018, 0.049, 1.17 0.026, 0.068, 1.33

No. of reflections 399 396 398 390 441

No. of parameters 34 36 36 35 34

No. of restraints 0 0 0 0 0

Drmax, Drmin (e Å�3) 0.73, �0.85 0.55, �0.60 0.66, �0.60 0.61, �1.10 0.97, �0.95

a Note that errors of the last digit given in parentheses represent only statistical errors, not systematic errors which may for instance arise from correlations between

parameters.
b Ref. [14].

Table 3
Structure refinement results of Ca2Ru1�xCrxO4 with different x at 90 K. The position of Ru atom is always (0,0,0).

Space group Pbca

x¼0 x¼0.032 x¼0.067 x¼0.092 x¼0.135

a (Å) 5.3869(2) 5.3901(1) 5.3917(2) 5.3852(2) 5.3160(2)

b (Å) 5.6334(2) 5.5909(2) 5.5157(2) 5.4454(2) 5.2978(3)

c (Å) 11.7349(5) 11.7819(4) 11.8804(4) 11.9859(4) 12.3091(7)

V (Å3) 356.11(2) 355.05(2) 353.31(2) 351.48(2) 346.66(3)

Ca x/a 0.00297(12) 0.00462(8) �0.00732(8) 0.00928(7) 0.0088(2)

Ca y/b 0.05957(14) 0.0555(1) 0.04771(13) 0.04074(12) 0.0165(2)

Ca z/c 0.35246(6) 0.35218(5) 0.35145(5) 0.35057(6) 0.34826(13)

O1 x/a 0.1937(4) 0.1951(3) 0.0608(4) 0.1975(3) 0.1953(9)

O1 y/b 0.3011(4) 0.3012(3) �0.0190(3) 0.3011(3) 0.3042(10)

O1 z/c 0.0280(2) 0.02672(15) 0.16479(16) 0.02214(12) 0.0118(3)

O2 x/a �0.0701(6) �0.0665(4) �0.1967(3) �0.0556(4) �0.0296(9)

O2 y/b �0.0217(4) �0.0212(3) 0.3008(3) �0.0166(3) �0.0063(7)

O2 z/c 0.1644(2) 0.16470(15) 0.02456(15) 0.16488(14) 0.1650(4)

Ru–O1 (Å) 2.018(2) 2.0087(17) 1.9907(16) 1.9724(14) 1.922(5)

Ru–O1 (Å) 2.021(2) 2.0103(16) 1.9915(16) 1.9740(14) 1.929(5)

Ru–O2 (Å) 1.970(2) 1.9769(17) 1.9878(18) 2.0008(17) 2.038(5)

Ru–O–Ru (deg) 149.46(13) 150.11(10) 151.14(10) 152.00(9) 154.0(3)

Y�O1(deg) 13.419(47) 12.872(33) 11.966(38) 10.925(28) 6.098(76)

Y�O2(deg) 11.626(68) 11.010(51) 9.970(55) 8.993(48) 4.528(1 3 8)
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If we plot the Cr concentration dependence of the lattice
parameters of Ca2Ru1�xCrxO4 (Fig. 4), we can clearly see the
effect of Cr-doping leads to a trend opposite to that of cooling
(Refer to Fig. 2). With increased Cr concentration, the c axis is
enormously elongated, reflecting the elongation of RuO6 octahe-
dra by Cr doping. Alternatively, the flattening of RuO6 octahedra
with decreasing temperature is suppressed by Cr doping. The
increased volume of the unit cell on cooling, which indicated an
extremely large orthorhombic distortion, is also shown to be
suppressed with increasing Cr doping.
The tilt, rotation and bond angle changes in the structure of
Ca2Ru1�xCrxO4 are also suppressed by Cr doping. Dramatic
changes of the three distortion angles are shown in Fig. 5. We
observe significant decrease in tilt angles with increasing Cr: With
3.2% Cr concentration, Y�O2 angle goes down to 11.0(5)1,
comparing with 11.63(7)1 for pure sample. When x increases to
0.135 the Y�O2 angle has decreased to 4.53(14)1. The similar
decrease of Y�O1 and increase of Ru–O–Ru angles also provide
evidence that increasing Cr concentration can suppress structure
distortion. The close association of this unusual suppression of



Fig. 4. Cr concentration dependence of the lattice parameters of Ca2Ru1�xCrxO4,

obtained from single-crystal X-ray diffraction.

Fig. 5. Cr concentration dependence of the tilt, rotation and bond angles in

Ca2Ru1�xCrxO4, obtained from single-crystal X-ray diffraction. We use the same

definition of Y�O1, Y�O2 and Ru–O–Ru distortion angles as in Fig. 3.

Fig. 6. Temperature dependence of electrical resistivity r(T) when I//ab and I//c

for x¼0.045 sample.

Fig. 7. Temperature dependence of in-plane electrical resistivity rab for x¼0,

0.032, 0.045, 0.067, 0.092 and 0.135. This change of transition temperature also

has been presented in Ref. [2].
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structural distortion with increasing Cr to different physical
properties will be discussed in detail.

3.4. Transportation property and metal–insulator transition

Structural distortions discussed above are closely related to
physical properties. The suppression of structural distortion with
increasing Cr can be linked to colossal change of metal–insulator
transition temperature (TMI) in this system.

The resistivities as a function of temperature for different
crystallographic directions are shown in Fig. 6. This abrupt transition
from an insulating state to a nearly metallic state occurs at
TMI¼357 K in pure compound [4]. In our x¼0.045 sample, the
sudden decrease by more than two orders of magnitude can be
clearly observed and it characterizes a discontinuous alteration in
the d-band structure typical of a metal–insulator transition [4].
Below the transition, r(T) rises rapidly, increasing several orders of
magnitude over a relatively narrow temperature interval. The wide
hysteresis region in both ab plane and c axis are shown in Fig. 6,
indicating that the metal–insulator transition is first-order. TMI

happens at the same temperature on both c axis and ab plane,
while the c axis has about one order larger resistivity throughout the
temperature range. This structurally-driven metal–insulator transi-
tion can be related to the enhancement of structure distortion with
decreasing temperature as discussed above. Structure distortion was
enhanced at low temperature, leading to, an insulating phase.

In Fig. 7 the resistance is plotted on a logarithmic scale versus
temperature. Upon Cr doping, the metal–insulator transition tem-
perature (TMI) decreases dramatically: For x¼0, the metal–insulator
transition occurs at TMI¼357 K and when x¼0.032 TMI drops to
284 K. With further Cr doping, TMI decreases further, such that for
x¼0.092 the metallic phase is retained down to T¼81 K. This
continuous decrease of TMI with the increasing Cr doping is directly
related to the suppression of the structural distortion discussed
above. The bandwidth W in this system depends critically on the
Ru–O–Ru bond angle distortion. If we suppose there is a critical
distortion angle where the metal–insulator (MI) transition happens,
Cr doping suppresses the distortion in the system while cooling
increases this distortion. Thus, increased Cr doping requires lower
temperature to achieve this critical angle, which means the MI
transition happens at lower temperature. The colossal change of TMI

can be interpreted as a competition between these two phenomena.
These two effects rigorously compete, but Cr doping prevails
eventually, thus, the overall disappearance of TMI when Cr is higher
than 13.5% can be seen in Fig. 7 [2]. After TMI is suppressed, the
system shows insulating behavior at low temperature, which means
the energy gap is still open. Compared to other dopants such as
La [6,22] or Sr [23,24], the impact of Cr doping on r(T) is profoundly
different: Cr substitutes on Ru site while La and Sr both occupy a Ca
site. High concentrations of La or Sr make the system metallic, but



Fig. 8. Fit of the electrical resistivity in the ab plane, r(T), of single crystal

Ca2Ru1�xCrxO4 for x¼0.032 to variable-range hopping with n¼3. Inset: (a) Fit to

activation-type insulating behavior were not good; and (b) variable-range hopping

with n¼1 is less good.

Fig. 9. Cr concentration dependence of TMI (metal–insulator transition temperature).
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rich Cr doping makes the system an insulator at low temperature
due to suppression of the metal–insulator transition.

The amplitude of r(T) for doped sample decreases more than
one order of magnitude throughout the entire measured tem-
perature range compared to pure sample. For all samples with
0oxo0.10, a metallic phase at T4TMI can be well established. In
order to elucidate the electronic state in the insulating phase, we
analyze the electrical resistivity in the ab plane, rab, of single
crystal Ca2Ru1�xCrxO4 for x¼0.032. As shown in Fig. 8, the result
does not fit well to activation-type insulating behavior [23]:
r(T)¼A exp(EG/2kBT) in the temperature range 70oTo300 K. In
the same T region of insulating phase, r(T) can well fit to the
Efros–Shklovskii mechanism. The Efros–Shklovskii mechanism
can be given by r(T)¼A exp(T0/T)1/(nþ1) (n¼1, 2, 3), which
represents the n dimensional variable-range hopping (VRH) with-
out interaction among the localized electrons: T0 is the character-
istic temperature. In almost all concentrations of Cr, VRH fits of
r(T) were much better than the activation law. However, the
behavior of the low temperature r(T) for pure sample and Cr
doped sample is fundamentally different. For pure sample (x¼0),
VRH fits best with n¼1 [1,4]. While for x40, VRH fits best when
n¼3, as shown in Fig. 8, thus Cr doping fundamentally changes
the low temperature range conductivity behavior.
4. Conclusions

Ca2Ru1�xCrxO4 single crystals with different Cr concentrations
were synthesized by the floating zone method and studied by high
resolution single crystal X-ray diffraction. The change of lattice
parameters and distortions in the structure were studied in detail.
We found the RuO6 octahedrons are flattened with decreasing T, and
structure distortion is enhanced at low temperature. Cr-doping leads
to an opposite trend. Strong suppression of structure distortion was
found in Cr rich samples. The competition of Cr doping and cooling
results in a colossal change of metal–insulator transition tempera-
ture. We observe a suppression of TMI when x413.5%, indicating
that the effect of Cr doping prevails eventually. In the plot of Cr
concentration dependence of TMI (Fig. 9), we can clearly see this
decrease of TMI with increasing Cr concentration. The dashed line
in Fig. 9 separated the insulating region on bottom and conducting
region at the top.

Ca2RuO4 is a rare model system for investigating questions of
metal–insulator transitions because of its unusual ground-state
instability, and the interplay of charge, spin, and orbital degrees of
freedom. Cr doping can effectively suppress the structure distortion,
and provides a good opportunity to study the metal–insulator
transition in this system. Such a large and sharp metal–insulator
transition, with a transition temperature that is tuneable by virtue of
dopant concentration, may have potential applications in electronic
devices.
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