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Supplementary Fig. 1. The crystal structure of  CuB2O4. 
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Supplementary Fig. 2. X-ray powder diffraction patterns for CuB2O4 and Cu11B2O4 show high 

similarity. 
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Supplementary Fig. 3. Observed, calculated, and difference of X-ray powder diffraction patterns 

for Cu11B2O4. 
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Supplementary Table 1. Crystallographic data for Cu11B2O4.  

Parameters 

Lattice parameters 

a 11.4935 Å 

b 11.4935 Å 

c 5.6239 Å 

volume 742.919 Å3 

Atomic position 

Label 
Wyckoff 

position 
x y z 

O1 16e 0.16285 0.06764 0.49052 

O2 8d 0.25074 0.25000 0.62500 

O3 8d 0.25000 0.08335 0.87500 

O4 16e 0.07236 0.18819 0.80329 

B1 16e 0.18587 0.15422 0.69674 

B2 8d 0.00933 0.25000 0.6250 

Cu1 4b 0.00000 0.00000 0.50000 

Cu2 8b 0.08168               0.25000 0.12500 

Bond Length 

B1 − O1 1.5509 Å 

B1 − O2 1.3894 Å 

B1 − O3 1.4872 Å 

B1 − O4 1.4878 Å 

〈B1 − O〉 1.4788 Å 

B2 − O1 1.4859 Å 

B2 − O4 1.4265 Å 

〈B2 − O〉 1.4562 Å 

Cu1 − O1 2.0274 Å 

〈Cu1 − O〉 2.0274 Å 

Cu2 − O2 1.9261 Å 

Cu2 − O3 1.8968 Å 

Cu2 − O4 1.9267 Å 

〈Cu2 − O〉 1.9291 Å 

RB  4.36 % 

Rwp  9.4 % 

 

  



5 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

143.0

143.5

144.0

4.0

5.0

6.0

0 50 100 150 200 250 300

0.5

1.0

1.5


1
 (

 c
m

-1
)

 1
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

152.0

152.5

153.0

3.5

4.0

4.5

5.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2
 (

 c
m

-1
)

 2
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

191.5

192.0

192.5

193.0

4.0

5.0

6.0

0 50 100 150 200 250 300

0.5

1.0

1.5


3
 (

 c
m

-1
)

 3
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

209.0

209.5

210.0

3.5

4.0

4.5

0 50 100 150 200 250 300

0.5

1.0

1.5


4
 (

 c
m

-1
)

 4
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

223.0

223.5

224.0

224.5

4.0

5.0

6.0

7.0

0 50 100 150 200 250 300

0.5

1.0

1.5


5
 (

 c
m

-1
)

 5
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

250.5

251.0

251.5

252.0

252.5

4.0

6.0

8.0

10.0

0 50 100 150 200 250 300

0.5

1.0

1.5


6
 (

 c
m

-1
)

 6
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)



6 
 

 

  

264.0

264.5

265.0

3.5

4.0

4.5

5.0

0 50 100 150 200 250 300

0.5

1.0

1.5


7
 (

 c
m

-1
)

 7
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

284.0

284.5

285.0

4.5

5.0

5.5

6.0

0 50 100 150 200 250 300

0.5

1.0

1.5


8
 (

 c
m

-1
)

 8
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

319.0

319.5

320.0

320.5

321.0

4.0

4.5

5.0

5.5

6.0

6.5

0 50 100 150 200 250 300

0.5

1.0

1.5


9
 (

 c
m

-1
)

 9
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

333.5

334.0

334.5

3.5

4.0

4.5

0 50 100 150 200 250 300

0.5

1.0

1.5


1

0
 (

 c
m

-1
)

 1
0
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

391.5

392.0

392.5

393.0

3.5

4.0

4.5

5.0

5.5

0 50 100 150 200 250 300

0.5

1.0

1.5


1

1
 (

 c
m

-1
)

 1
1
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

402.0

402.5

403.0

3.5

4.0

4.5

5.0

0 50 100 150 200 250 300

0.5

1.0

1.5


1

2
 (

 c
m

-1
)

 1
2
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)



7 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

491.0

491.5

492.0

492.5

2.0

4.0

6.0

8.0

0 50 100 150 200 250 300

0.5

1.0

1.5


1

6
 (

 c
m

-1
)

 1
6
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

504

506

508

510

10.0

20.0

30.0

0 50 100 150 200 250 300

0.5

1.0

1.5


1

7
 (

 c
m

-1
)

 1
7
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

558.5

559.0

559.5

560.0

2.0

4.0

6.0

0 50 100 150 200 250 300

0.5

1.0

1.5


1

8
 (

 c
m

-1
)

 1
8
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

572.5

573.0

573.5

574.0

4.0

6.0

8.0

0 50 100 150 200 250 300

0.5

1.0

1.5


1

9
 (

 c
m

-1
)

 1
9
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

587.0

587.5

588.0

4.5

6.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2

0
 (

 c
m

-1
)

 2
0
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

597.0

597.5

598.0

5.0

5.5

6.0

6.5

7.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2

1
 (

 c
m

-1
)

 2
1
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)



8 
 

 

  

625.0

625.5

626.0

626.5

627.0

5.5

6.0

6.5

7.0

7.5

8.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2

2
 (

 c
m

-1
)

 2
2
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

676.5

677.0

677.5

678.0

5.0

10.0

15.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2

3
 (

 c
m

-1
)

 2
3
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

692.0

692.5

693.0

693.5

6.0

7.5

9.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2
4
 (

 c
m

-1
)

 2
4
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

704.5

705.0

705.5

5.5

6.0

6.5

7.0

7.5

0 50 100 150 200 250 300

0.5

1.0

1.5


2
5
 (

 c
m

-1
)

 2
5
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

726.5

727.0

727.5

728.0

5.0

5.5

6.0

6.5

0 50 100 150 200 250 300

0.5

1.0

1.5


2
6
 (

 c
m

-1
)

 2
6
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

744.5

745.0

745.5

4.0

6.0

8.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2
7
 (

 c
m

-1
)

 2
7
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)



9 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

786.0

786.5

787.0

6.0

8.0

10.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2
8
 (

 c
m

-1
)

 2
8
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

886.0

886.5

887.0

887.5

888.0

4.0

6.0

8.0

0 50 100 150 200 250 300

0.5

1.0

1.5


2
9
 (

 c
m

-1
)

 2
9
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

897.0

897.5

898.0

898.5

4.0

4.5

5.0

5.5

6.0

0 50 100 150 200 250 300

0.5

1.0

1.5


3
0
 (

 c
m

-1
)

 3
0
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

908.0

908.5

909.0

909.5

910.0

6.0

7.0

8.0

0 50 100 150 200 250 300

0.5

1.0

1.5


3
1
 (

 c
m

-1
)

 3
1
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

927.5

928.0

928.5

3.0

4.0

5.0

6.0

0 50 100 150 200 250 300

0.5

1.0

1.5


3
2
 (

 c
m

-1
)

 3
2
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)

959.5

960.0

960.5

961.0

961.5

2.0

4.0

6.0

0 50 100 150 200 250 300

0.5

1.0

1.5


3
3
 (

 c
m

-1
)

 3
3
 (

 c
m

-1
)

N
o

rm
a

liz
e

d
 I

n
te

n
s
it
y

Temperature (K)



10 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Fig. 4. Temperature dependence of phonon peak energy, damping, and normalized 

intensity of Cu11B2O4. 
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