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Fig.1. Calculated total energies of (a) 1Fe/Cu(001), (b) 1Fe/Rh(001), (c) 1Fe/Pd(001), and (d) 1Fe/Ag(001).
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Table L. Calculated Fe-TM(S) interlayer spacing (IS), Fe-TM(S) bond length (BL), and Fe-TM(S-1) BL in units of A, respectively.
Fe-TM(S) IS Fe-TM(S) BL Fe-TM(S-1) BL
System 2D LC
FM AFM FM AFM FM AFM
Fe/Cu(001) 3.6149 1.863 1.855 2.596 2.590 3.670 3.662
Fe/Rh(001) 3.8034 1.787 1.707 2.610 2.555 3.689 3.609
Fe/Pd(001) 3.8907 1.720 1.640 2.597 2.544 3.665 3.585
Fe/Ag(001) 4.0862 1.860 1.858 2.763 2.761 3.903 3.901
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Table II. Calculated magnetic moments (MM) of Fe/Cu(001), Fe/
Rh(001), Fe/Pd(001), and Fe/Ag(001) in units of z. For a reference
magnetic moments of free-standing Fe monolayers (ML) with the
same lattice constants as that of the substrates are listed also.

MM
System 2D LC

FM AFM
Fe/Cu(001) 3.6149 2.811 2.624
Free standing Fe ML ’ 3.023 2.858
Fe/Rh(001) 38034 2.945 2.879
Free standing Fe ML ’ 3.154 3.024
Fe/Pd(001) 3.8007 2.987 2.922
Free standing Fe ML > 3211 3.147
Fe/Ag(001) 4.0862 2.990 3.001
Free standing Fe ML ' 3.224 3.233

Fe/Ag(001)S A28, Fe-TM(S) A&ole 2xH AAds
oF FHSIA AP SR oA oF 2.6 A2, Fe/Ag(001)ell
Mol AgHdol= 276 ACE A=A WA AdEjollA
©] Fe/Rh(001)%} Fe/Pd(001)] AgHol= Zhzte] A 4
ele] Agkdoldl uls] oF 2% AU, FA et Hggk
Fe/Cu(001)7} Fe/Ag(001)ellX= Atdol= A “deliel A
o FHgRS & F AST

Cu(001), Rh(001), Pd(001), Ag(001) EW £]9] Fe T
o] Aitd AV|EHNEE A AdHol A 2811, 2.945,
2.987, 2.990 101231, WA AElolAE 2,624, 2.879,
2.922, 3.001 us=, Ag(001) EHS] 9= ALl A
’Jefe] A7 |RHET} WA el vls) ok ZAck A}
4 F3E5ES AFE 2 A B4 floll glow 1 A B
WEZL 433 FXIgo] ojdd Eie up QIHi3].
Ag(001) 919] Ho] & AAE Zh= o= AvHe A%
dZAA7E & AA URFoR AFds] FEslEe] Qlo],
T dReRe] Bdo] A4 ekl 7IRIg Aol

flo] dy= viAHd T™ 713 99| Fe @59 A3
5] AR} el oJal AR == Blo] ofds Kol Tl
fec w4 W 99 IS WA Feo] APJOZHE
S| e = e AL () A3 AR 34
AoM= fee Ferk 238 Aolal A AL WA,
(ii) bec Fed] AAPIE] 2u9]1 Ag(001) FEHAE bee Fe
7} 237438 Aola 1A AL A, (i) fee Fert 33
sitelE ofd AzPdsroldo] B AR AdElE FdE A
olghz A7HA S g 4= QAT SollA A&t vle)
o] BA| fec Fex WPIAMY ZdEl7} vie: Adejola AAPY
71 AR wet AR e} A Azt FolEal of
3.65 A ool AAFREE A At v A
o B3] WA} O] Golxle AL & deA 4] 18
w, 9jo] Axtazhs 3ulEAE 231 ARG 7 ot
2} Q3]e WY eVt ol AskEe Ae Hol FaL 3l
= ol B9 AAPIel wE A wsleh= guk) |
’goltt.

N 3o

TN

2. MK =
B2 245 713 919] Fe w9 A ol o] wlA]



- 168 - S=2}718F3) 2] A 1978 535, 20094 102

s =
z @ o| 2
a r @
K]
g $
- ]
3 3
" 2
;- :
3 .
5 4 2 0 2 4
s E (eV)
5
= f¢) . | . p T~
2
z —a 2
E
2 o IR £
i g
[

:
S . | b
" 4 -2 0 2 4

. E (eV) E (V)
5
2
o a
§ ™ -
3, §
g " E
5 4 :
o =5
2. 0
8 g
4-5 4 2 0 2 4
E (eV)
3 ¥
) I A M
g . T
a1 . &
2 14 »
i :
(] 1 o
F 3
] ]
0 2. 0
8 2
- 4 2 0 2 4 "8 4 2 0 2 4
E (eV) E (eV)

Fig. 2. Calculated atomic projected density of states of the Fe atom on (a) Cu(001) in a FM state, (b)Cu(001) in an AFM state, (c) Rh(001) in a FM state,
(d) Rh(001) in an AFM state, (e) Pd(001) in a FM state, (f) Pd(001) in an AFM state, (g) Ag(001) in a FM state, and (h) Ag(001) in an AFM state.
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Magnetism of Fe Monolayers on Nonmagnetic fcc Transition Metal
(Cu, Rh, Pd, and Ag) (001) Surfaces

Won Seok Yun, Gi-Beom Cha, Tae Hwan Rho, Dong Ho Han, and Soon Cheol Hong*
Department of Physics, University of Ulsan, Ulsan 680-749, Korea

(Received 22 July 2009, Received in final form 20 August 2009, Accepted 31 August 2009)

It is well-known that a meta-stable fcc bulk Fe has an antiferromagnetic (AFM) ground state and could be synthesized by growing
Fe on a proper fcc metal substrate. In this study magnetism of Fe monolayers on nonmagnetic fcc transition metal (Cu, Rh, Pd, and
Ag) (001) surfaces has been investigated using the all-electron full-potential linearized augmented plane wave method. The Fe
monolayers on Rh(001) and Pd(001) surfaces were calculated to be stabilized in an AFM state, whereas the Fe monlayers on Cu(001)
and Ag(001) surfaces are stabilized in a ferromagnetic (FM) state. Noting that Cu and Ag have the smallest and largest lattice
constants and the fcc bulk Fe with a larger lattice constant is getting stabilized in a ferromagnetic state, it is unexpectable and
interesting. The calculated magnetic moments of the Fe atoms on Cu, Rh, Pd, and Ag(001) surfaces are 2.811, 2.945, 2.987, and 2.990
p in FM states and 2.624, 2.879, 2.922, and 3.001 x5 in AFM states.

Keywords : Fe, first-principles calculation, electronic structure, surface magnetism
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