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Chapter 4  Summary  
 

Structural and magnetic properties of Ni-based ultrathin films on Pt(111) were 
studied by Auger electron spectroscopy (AES), low-energy electron diffraction 
(LEED), ultraviolet photoelectron spectroscopy (UPS) and surface magneto-optic 
Kerr effect (SMOKE). The epitaxial growth mode of Ni on Pt(111) follows 
layer-by-layer growth mode up to 2 ML, then turns into 3-dimentional island growth. 
Rich structural phases in Ni/Pt(111) were observed as a function of coverage: the 
pseudo )11( ×− structure for Θ <0.2 ML; the °× 30)33( R commensurate 
superstructure for 0.3≤ Θ ≤ 0.9 ML; the Ni(1×1) spots appearing outside Pt(1×1) 
LEED spots for 1.0≤ Θ ≤ 1.2 ML; the incoherent epitaxy for 1.3≤ Θ ≤ 6.0 ML, and 
the (2×2) superstructure for 6.0≤ Θ ≤ 10 ML. The starting temperatures for alloy 
formation of Ni-Pt are 450, 475, 500, 600, and 650 K for Ni coverage of 0.8, 1.3, 2.0, 
2.3, and 3.0 ML, respectively. In order to raise the coverage degree of accuracy, we 
use two theoretical models for fitting our growing curve. The result indicated the 
determination of coverage of Ni on Pt(111) within 1.6 ML closely match the 
Tanuma’s model. The chemical composition of which showed enrichment of Pt atoms 
in the surface layers was analyzed by a depth profile experiment after high 
temperature annealing. The electron band structure of Ni/Pt(111) which depends on 
the coverage and annealing temperatures was also measured. From the peak height of 
the Fermi edge versus Ni coverage, we can conclude that the initial growth within 1.4 
ML is that of the layer-by-layer growth mode. 
 In the second part of Ag/Ni/Pt(111) study, the growth mode of Ag on 1 ML 
Ni/Pt(111) is checked as layer-by-layer mode in the first monolayer then followed by 
the 3D islands growth. The evolution of d-band density of states as a function of 
coverage confirmed the growth mode of the AES observation. The temperature effect 
for the formation of Ni-Pt alloy in 1 ML Ag /d Ni/Pt(111) are 500 K, 610 K and 725 K 
for d=1, 2, and 3 ML, respectively. These ordering temperatures are higher than the 
same coverage of Ni/Pt(111). A new structural phase of (2×2) LEED pattern was first 
observed when the sample was annealed at 800 K. From the depth profile experiment 
and the calculation of lattice constants, we propose that the possible interface 
structures of the annealed 1 ML Ag/1 ML Ni/Pt(111) are the 0.25 ML Ag in (2×2) 
structure on the topmost layer, followed by the possible Ag75Ni25 surface alloy in the 
second layer, and the remaining layers are the Ni-Pt alloys. 
 In the third part, the magnetic property of Ni on Pt(111) crystal was first 
proposed by P-MOKE and L-MOKE. We estimated the non-magnetic Ni layers on 
Pt(111) about 7 ML near room temperature. The MO signals emerged when the 
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coverage is over 8 ML. The Curie temperature measurements for 4 ML, 12 ML and 
24 ML Ni on Pt(111) is 227 K, 507 K and 620 K, respectively. Thinner Ni films than 4 
ML may possess lower TC lower than 200 K or less. 

The structural and magnetic properties of 1 ML Ni/1 ML Co/Pt(111) was also 
studied. First, the epitaxial of Ni on the 1 ML Co/Pt(111) follows 2 ML layer-by-layer 
growth mode. We observed a surface mixing effect of Ni and Co in the temperature 
range of 400 to 480 K. Ni and Co atoms then diffuse successively to bulk when the 
annealing temperature is higher than 600 K. In the depth profile analysis and the 
calculation of relative chemical compositions, strong evidence shows the diffusion 
volume of Ni is larger than that of Co. In other words, Ni has a higher diffusibility 
than that of Co. Co layer forms surface alloy with Pt about few layers but the Ni 
diffuses to the deeper layer. The magnetic properties of 1 ML Ni/1 ML Co/Pt(111) 
were performed by P-MOKE due to its large perpendicular anisotropy. We observed a 
slight increase during the surface mixing of Ni and Co. But the alloying effects of 
Co–Pt contribute to a significant enhancement in the temperature of 575 to 620 K. 
The Kerr rotation enhanced about two times than the as-deposited layered film after 
annealing at 725 K. It is very interesting that we unexpectedly obtain near 
room-temperature Curie temperature for the 830 K-annealed sample. Besides, we 
prepared 1 ML Ni/1 ML Co–Pt(111) alloy layer to study the intercalating layer of Ni. 
Interestingly, the TC of the annealed sample is a function of Ta. The TC shifts from 485 
K to 275 K when Ta is higher. The compositional analysis estimated by relative Auger 
signals in the top layer indicated the Pt-rich surface and the Ni concentration on the 
top layers may contribute to the low-TC alloyed film. The chemical composition in the 
lowest-TC of 275 K is estimated as a (Pt0.69Co0.29) Ni0.02 alloy. 

The MO properties of the mirror 1 ML Co/1 ML Ni/Pt(111) film was also used to 
compare the 1 ML Ni/1 ML Co/Pt(111). The same annealing condition was used but a 
very different effect in the temperature range of 600 to 725 K. For Ni/Co/Pt 
layer, kθ has a maximum value about 0.06º in this range but for Co/Ni/Pt layer has a 
minimum approach 0. In addition, the coercivity of Co/Ni/Pt film is large than that of 
Ni/Co/Pt film. This unusual and interesting phenomenon may be attributed to the 
diffusion volume of Ni and Co layers.  

Ultimately, both electronic d-band structures of 1 ML Ni/1 ML Co/Pt(111) and 1 
ML Co/1 ML Ni/Pt(111) were examined comparatively. From the evolution of UP 
spectra as function of temperature, the high concentration of Pt on the surface layers 
can explain magnetic behavior with near room temperature TC. 
 


