
12.1 Energy barrier for bit reversal

1

Commercial magnetic storage requires that the bits retain their orientation for 10 years.
Calculate the corresponding energy barrier 𝐸𝑟𝑒𝑣 .



12.1 Energy barrier for bit reversal - Solution
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𝜏 = 10 years = 3.1536 108 s

𝑘𝐵𝑇 = 0.026 eV @ RT

𝜏 =  𝜏0 exp(𝐸𝑟𝑒𝑣 /𝑘𝐵𝑇) 𝜏0 ≈ 10−10s

𝐸𝑟𝑒𝑣 = 𝑘𝐵𝑇 ln
𝜏

𝜏0
≈ 0026 ⋅ 42.6 ≈ 1.1 eV



12.2 Tb of Co islands
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The blocking temperature 𝑇𝑏 of 2D islands grown on Pt(111) has been determined by measuring the magnetic susceptibility 𝜒 =
𝑑𝑀

𝑑𝐵
(~

𝑑𝑀

𝑑𝐻
):

𝑇𝑏 corresponds to the position of the peak in the magnetic susceptiblity curve vs 𝑇.

Two different samples have been grown: a) Co 2D islands, b) Pt 2D islands decorated by a Co rim. The islands are 1 atomic layer thick, and 
have a size of approx 1000 atoms.  The magnetic susceptibility curves of the two samples have been recorded (the figures shows also some 
models, colored liines) .
What can you say about 𝑇𝑏 for the two samples, and how can you explain it? 

a) b) Pt core and Co shell

S. Rusponi et al., 

Nature Mat. 2, 546 (2003)
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Pt core and Co shell islands

From the position of the peak in the magnetic susceptibility curve, we deduce that the to systems display the same  b locking 
temperature 𝑇𝑏 ≈  100 K.

This means that the barrier for reversal, related to the blocking temperature, originates from the Co atoms at the edge of the islands, 
i.e from the atoms that have lower coordination. For the atoms with lower coordination the orbital momentum is less quenched, 
resulting in a larger MAE (strong reduction of L implies a strong reduction of 𝐾𝑀𝐴𝐸 = 𝜆 𝑆 Δ𝐿, and therefore of 𝐸𝑟𝑒𝑣 and 𝑇𝑏.
The edge does the job!

Co islands

12.2 Tb of Co islands - Solution
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𝑇𝑏

𝑇𝑏



Adapted from: L. Thomas et al. Nature 383, 145 (1996); J. R. Friedman et al. Phys. Rev. Lett. 76, 3830 (1996) 

Single molecule magnet:
Mn12-acetate

We measure the magnetization curve of a Mn12-acetate.
The molecule consists of 12 Mn atoms, 8 Mn atoms having spin 
up and 4 Mn atoms having spin down. Each Mn atom has a spin 
𝑆 =  5/2 and orbital moment 𝐿 =  0.

For simplicity, to find the energy levels we assume a uniaxial 
crystal field:
𝐸 =  −𝐷𝑀𝐽

2 
at 𝐵 = 0 T.

Calculate the expected difference in magnetic field between 
two consecutive drops of the magnetization.

𝐷 =  0.052 meV;    𝜇𝐵 =  0.06 meV/T

12. 3 Quantum tunneling of magnetization in Mn12-acetate

B



The magnetization drop is due to QTM induced by spin-phonon scattering 
between states with opposite 𝑀𝐽 values.

In field the energies are described by 𝐸 = −𝐷𝑀𝐽
2 − 𝑔𝐽 𝜇𝐵𝑀𝐽B

At low T, after saturation at high field only the ground state is occupied. 
Then, reversing the field, a drop in M(H) is observed when the ground 
state 𝑀𝐽 = 𝑆 is degenerate with a state with opposite 𝑀𝐽 = −𝑆 + 𝑛 i.e.

−𝐷𝑆2– 𝑔𝐽𝜇𝐵 𝑆 𝐵 = −𝐷 −𝑆 + 𝑛 2– 𝑔𝐽𝜇𝐵 −𝑆 + 𝑛 𝐵

𝐵 = −
𝐷𝑛

𝑔𝐽𝜇𝐵

𝛥𝐵 = −
𝐷 𝑛 − 1

𝑔𝐽𝜇𝐵
−

𝐷𝑛

𝑔𝐽𝜇𝐵
=

𝐷

𝑔𝐽𝜇𝐵

Since 𝐿 = 0, 𝑔𝐽 = 2

𝛥𝐵 =
0.052

2⋅0.06
≈ 0.43 T

12. 3 Quantum tunneling of magnetization in Mn12-acetate - Solution

here 𝑀𝐽 = 𝑀𝑆 is called 𝑚

B



The electronic structure of 3d metals can be 
represented as 1s2 2s2 2p6 3s2 3p6 3d 4s 4p

 is between 1 and 10,
+  is between 1 and 2.

The schematic valence DOS of vanadium (V) and copper 
(Cu) are shown in the figure.

Using the dipolar selection rules and the table of the 
binding energies at the next page, for both V and Cu:

a) Identify the possible transition in a XAS experiment.

b) At which photon energy will the absorption edges 
appear ?

c) Which edges are “step-like” and which ones are 
“peak-like”?

vanadium copper

12.4 XAS: dipolar selection rules





a, b) The dipolar selection rule: Δ𝑙 = ±1

vanadium:
K  1s → 4p  5465 eV 
L1 2s → 4p  627 eV
L2,3 2p → 3d, 4s L2 : 520 eV, L3 : 512 eV 

copper:
K  1s → 4p  8979 eV
L1 2s → 4p  1097 eV
L2,3 2p → 4s  L2 : 952 eV, L3 : 933 eV

c) Vanadium K edge and L1 edge are step-like, while the 
L2,3 has peak-like shape because of the 3d contribution 
to the absorption. Note that the 2p → 4s contribution 
appears at the same energy, but as step like. 
For Cu, all the edges have a step-like shape (no empty 
3d DOS). 

vanadium copper

12.4 XAS: dipolar selection rules - Solution



The XAS and XMCD spectra acquired at 
(L2,L3) edges of Co deposited on K 
(potassium) are shown in figure a). 

Figure b) shows the evolution of the 
XMCD signal at the L3 and L2 edges as a 
function of the amount of deposited Co. 

With a qualitative use of the sum rules, 
which kind of information we can deduce 
concerning the evolution of the orbital 
moment with the amount of deposited 
Co?

a) b)

Source: doi.org/10.1103/PhysRevLett.88.047202

12.5 Measuring the orbital moment with XMCD



From the sum rules we know that:

i.e., the orbital moment is proportional to the total XMCD area (𝑞).

The spectra show that for a Co coverage < 0.06 ML, the area of the XMCD peaks at both L3 and L2 have the same sign (both are 
pointing down) thus giving an additive contribution to the above integral, while for a Co coverage > 0.07 ML the L2 peak is reversed 
with respect to the L3 one, thus giving opposite contributions. 

In addition, the area of the L3 peak stays approximately constant, while the area of the L2 peak rapidly increases, in particular above 
0.08 ML, with the Co coverage. This implies that for Co coverages > 0.08 ML the orbital moment rapidly decreases → quenching of the 
orbital momentum 
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12.5 Measuring the orbital moment with XMCD - Solution
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