
Nano-criticality in small CoO particles

To Kenneth Wilson, Cornell, USA

"for his theory for critical phenomena in connection 
with phase transitions" 

from [1].

To Kenneth Wilson, Cornell, USA

"for his theory for critical phenomena in connection 
with phase transitions" 

from [1].

a Niels Bohr Institute, University of Copenhagen, Denmark.
b Materials Research Department, Risø National Laboratory, 

Technical University of Denmark, Denmark
c Institute for Physics, Technical University of Denmark
d Laboratory of neutron Scattering, Paul Scherrer Institute, 

Villigen, Switzerland

a;b;d a;b
Jari í Hjøllum , Kim Lefmann , Christof Niedermayer , 

b;d cNiels B. Christensen , Cathrine Frandsen  

a d
Jonas O. Birk , 

Abstract

Through a neutron scattering study of CoO bulk and nano-powders, we 
have measured the critical magnetic scattering at temperatures below 
and above the phase transition, T . From the size and shape of the N

magnetic diffraction peak, we extract the magnetic order parameter,
M µ (-e) (where  = T/T -1 is the reduced temperature), and the C

-nmagnetic coherence length x µ (-e) .

We have found a b of 0.31 and 0.35 for bulk and nano respectivly, which 
is close to that of a 3-D Ising model of 5/16 = 0.3125 » 0.3258 [2]. The 
critical scattering is strongly enhanced in nano sized particles, corre-
sponding to larger values of .
The measuremens have been conducted running in 2-axis mode,
 using a PSD. 

b e 

What is criticality?
• The behaviour of order parameters close to 

(on both sides of) a phase transition.
• Local / localized order/disorder with a 

charateristic correlation length.
Why CoO?

• Simple antiferromagnetic structure.
• Good neutron scattering intensity.

Why Nano?
• Little is known about the behaviour of 

criticality in nano-materials.
Why Neutrons?

• Probe of magnetic order.
• Well suited instrument available (the Danish 

RITA-2 at PSI).

Results summary

Our results
Bulk:

T = 290.25 ± 2.69N

b= 0.319 ± 0.048
2c= 0.47880

Nano 20nm (1):
T = 288.7 ± 0.0N

b= 0.370 ± 0.019
2c= 1.26024

Nano 20nm (2):
T = 288.7 ± 0.0N

b= 0.381 ± 0.072
2c= 0.18179

Litterature
Renormalization group calculations [2]:
b= 0.3258 ± 0.0014
n= 0.6304 ± 0.0013

Measured bulk values [3]:
T @289K N

b= 0.290 ± 0.25

[1] www.nobel.se
[2] J. Zinn-Justin, ArXiv, 9810193
[3] M. D. Rechtin, Phys. Rev. L26 (24) (1971) 1480-1483

Conclusion

We have investigated the critical scattering of CoO 
bulk powder and of 20nm nano-powder, and 
determined the intensity and width of the critical 
component. The found values for the bulk sample are 
in good accordance with predicted values, [2] 
whereas nano values differ somewhat.

The finte size is very evident in the nano-particles, 
limiting the critical correlation length by a cut-off.

Recent measurements indicate that in smaller nano-
particles the critical exponents differ more, as well as 
there are indications that the cut-off of the correlation 
length is lowered.

MonochromatorSample

PSD

The RITA-2@PSI.CH

The RITA-2 spectrometer in 2-axis 
configuration, which was used for 
measurements.

Measurement 1

0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7

0

100

200

300

400

500

600

700

800

Voigt fit of bulk CoO (T= 99.99K). ChiSqr:  1.02511

Q (1/Å)

C
o

u
n

ts
 (

a
.u

.)

Data
Data
Fit
Static magn.
Critical scat.
Co

3
O

4
 (111)

Background

1 1.1 1.2 1.3 1.4 1.5

0

50

100

150

200

Voigt fit of bulk CoO (T=286.97K). ChiSqr:  5.07474

Q (1/Å)

C
o

u
n

ts
 (

a
.u

.)

Data
Data
Fit
Static magn.
Critical scat.
Co

3
O

4
 (111)

Background

270 275 280 285 290 295 300 305
0

20

40

60

80

100

120

140

160

180

200
Critical magnetic peak vs T

T (K)

In
te

n
s
it
y
 (

a
.u

.)

1 1.1 1.2 1.3 1.4 1.5

0

50

100

150

200

Voigt fit of Nano20nm_01 CoO (T= 13.36K). ChiSqr:  2.86728

Q (1/Å)

C
o

u
n

ts
 (

a
.u

.)

Data
Data
Fit
Static magn.
Critical scat.
Background
Background, init. guess

1 1.1 1.2 1.3 1.4 1.5

0

20

40

60

80

100

Voigt fit of Nano20nm_01 CoO (T=286.00K). ChiSqr:  2.28253

Q (1/Å)

C
o

u
n

ts
 (

a
.u

.)

Data
Data
Fit
Static magn.
Critical scat.
Background
Background, init. guess

260 270 280 290 300 310
0

5

10

15

20

25

30

35

40

45

50
Critical magnetic peak vs T

T (K)

In
te

n
si

ty
 (

a
.u

.)

Measurement 2
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Data analysis

Contact

My data:
Jari í Hjøllum
Building 227, AFM, 
Risø National Laboratory, DTU
Fredriksborgvej 399
4000 Roskilde
Email : 

Do not hesitate to contact me if you 
have suggestions, comments etc.

jari.hjoellum@risoe.dk
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