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Pnictides

Cuprates

The Magnetic Spectrum – from Local to Itinerant

EF

Ug(EF) ≥ 1

J = L + S

Moriya and Yoshinori. Ann. Rev. of Mat. Sci. (1984).



There are two known ferromagnetic metals without magnetic elements

Discovered by 

Bernd Matthias 

around 1960

Sc3.1In

ZrZn2

TC = 27.5 K

TC = 4.5 K

B. T. Matthias, et al. PRL (1961)

B. T. Matthias, et al. Phys. Rev. (1958)



TiAu is the first itinerant antiferromagnet without magnetic elements

Discovered by 

Emilia Morosan

in 2015

TiAu

TN = 36 K

E. Svanidze, et al. Nat. Comm. (2015)



TiAuSc3.1InZrZn2

▪ 3D crystal structure

▪ Mean field ferromagnet

▪ Small single crystals

▪ Nb-doping induced QCP

▪ Quasi-1D crystal structure

▪ Non-mean field ferromagnet

▪ No single crystals

▪ Lu-doping induced QCP

▪ Quasi-2D crystal structure

▪ Antiferromagnetic

▪ No single crystals

▪ Sc-doping induced QCP

D.A. Sokolov et al., PRL (2006) E. Svanidze et al. PRX (2015) E. Svanidze et al. PRB(R) (2017)



Let’s Build a Binary Intermetallic

1. No unstable, radioactive, 

inert, or deadly elements

2. Exclude non-metals and 

metalloids 

3. Exclude elements that are 

commonly magnetic in 

intermetallics *semi-empirical 

How to design a purely itinerant magnet 

ie. How to search for a needle in a haystack
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The Ti-Cu phase diagram includes three 

interesting layered compounds, all I4/mmm
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The Fermi surface of Ti3Cu4 is heavily nested

Band 1 Band 2

Band 3 Total FS
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We were able to grow large single crystals of Ti3Cu4



Ti3Cu4 orders antiferromagnetically at TN = 11 K 

Ferromagnets:

ZrZn2:

TC = 27.5 K

μeff = 1.8 μB

Sc3.1In:

TC = 4.5 K

μeff = 1.3 μB

Antiferromagnets:

TiAu:

TN = 36 K

μeff = 0.8 μB

Ti3Cu4:

TN = 11 K

μeff = 1.0 μB



Ti3Cu4 has a saturated magnetic moment of 0.15 μB

Ferromagnets:

ZrZn2:

μsat = 0.17 μB/f.u.

Sc3.1In:

μsat = 0.2 μB/f.u.

Antiferromagnets:

TiAu:

μsat = 0.13 μB/f.u.

Ti3Cu4:

μsat = 0.15 μB/f.u.



The entropy release in Ti3Cu4 at TN = 11 K is very small

Ferromagnets:

ZrZn2: 

ΔS = 3% Rln2

Sc3.1In:

ΔS = 2% Rln2

Antiferromagnets:

TiAu:

ΔS = 3% Rln2

Ti3Cu4:

ΔS = 0.7% Rln2



Muon spin relaxation confirms that the magnetic order in Ti3Cu4 is bulk



Summary: Ti3Cu4 is the second known purely itinerant antiferromagnet 

and the first such compound in single crystal form. 



Mean-field Curie-Weiss 

law gives χ ∝ ൗ1 T
for temperatures

above TC/TN
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T = 0

T ≈ TC

T > TC

T = 0

T ≈ TC

T > TC SCR theory 

of spin fluctuations 

gives χ ∝ ൗ1 T
for temperatures 

above TC/TN





Ti3Cu4 has T-linear resistivity below TN = 11 K

Ferromagnets:

ZrZn2: 

ρ(T) ∝ T5/3

Sc3.1In:

ρ(T) ∝ T

Antiferromagnets:

TiAu:

ρ(T) ∝ T3

Ti3Cu4:

ρ(T) ∝ T


