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Fig. 1. Temperature dependent inverse magnetic susceptibilities of the
pure MnF; and the single crystal MnF,(1.5 % EuF5).
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Table I. The calculated values of the 8, and L from the magnetic
susceptibility measurements of the pure MnF, and the single crystal
Man(l 5% EUF3).

q s SEA ZAE A Fo) L%

HeglLis) 0,(K)
MnF, 5.99£0.01 -88.3%£0.5
A MnFo(1.5 % EuFs) 5.90+0.01 —96.1+0.6
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Fig. 2. Additional inverse magnetic susceptibility of the single crystal
MnFx(1.5 % EuFs) due to 1.5 % EuF, as a function of temperature.

o BlE] o STHERNES & 4 3ok mWEb 1.5 %]
EuF:0] MnFell H7HEo) 718 A7) 2488 vt 2
< HdS B3l Akl 7hssith,

98.5
XMnFy(15 % EuFy) ~ (m)XMnFZ * XEur, @

o] AollA ywpis% mrye SHEH DEA MnFA1.5%
EuF3)®] 7] 8o,y e S8 5% MnF® 2
7] Z=rgoltt. 18|a viA|2t &2 1.5 %2 EuFs°] MnFol
HA7HE Algell FTHEAAE 2] Aol auEE
EuF0] 7Moo 2 F7IEE A7) 58S Ay = vuris%
BuFy — (98.5/100)3r,0) BT,

Ayrol 59} FH3HA| Hi= MnFoo) RRVIXE 252
FFE Curie-Weiss HES wl2= X& &3ty A3 Fig.
20 o W o A7) 158-& 2FTh agelA 70K
ol EAEE AL < MnFy2b B8] ©2% MnFy(1.5 %
EuF3)®] 79 Néel 2% olalollre Wl wet 7] 34
Fo] gEfx)7] wiEeloH10].

250 W& G 2] A& A= Fig 204 B A
2ol 250 wet YarAo g Witt. o)A EuFel 7t
Hog Fe A 58 9A] Curie-Weiss 'H2S TS
the AMS Sesith g Fig 2828 A e %7
—rolek= ARdOlA EuFel A7MEeE e A7) 458
AA] AGAQ viaAIA ] Lo WE 217] 7448 FelY
< & 4 At} Oliver 59 9+ Bl o3P 4= EuF;=
50K ©)gollA] orthorhombic 7%= AAMAl] A4S Holx]
T 50 Kol AR RS A)A Horh dojdriii). 2=
U MnFoll EuFe] 7SR St A7) 2482 A
ole-Eo] WA JEAES sk Us-S YEhAh

-

(o3




LAEE> B2 MnFy(1.5 % EuFs) 2] A7) 448 - o1& -

Fig. 27} Curie-Weiss 218 WE31Th= AR A7 &
A MnFy(1.5% EuF;) Woll EuF,9] 3712 F71Es 2]
Egolela Rl ug, AF ARz RE SR 2]
8-S Yol AN o9 FEAP|RAE & ALY
4+ At} Fig. 29 100 KollA 300 K AFe]e] Curie-Weiss
g TSl 25l tE A IEERE AL /R
2 4.4 pgoIth o] F Mn*t A ol F
A7) ERE 4.9 pps} vISzst grolth vk Mne] 272
EZAFTHE Mn?* A o)) FEAP] BHE 59 el 7h
7he ol AF AzNE Ak olob ittt WEbA MnF,
o EuFs& F7F Al U3 Mn oo 3+ olgo] B A g
A4S Bl A0F Wt o] EuFelA Ewe] +3712 &
A= A 22 olf-Z Eue] Mn Agdl E017F3 Mn &
Al Z2F g 7HE bondingS S8l g 7R B WFo] +271]
A 712 H7) g 7 Aoz EojE 4= vt ¥HF Euol
+712 EA3CPE MnF, W2] Mn] o277t +2712 Alg
FEA317) wlZo] MnFoll 2391 1. 5%9] EuFE H7ielex
Alge] A ERE e A WA & F0E T S
et whEbA B Ay Adol|rfet o] Mn +37} o]29] =}
71EHES} HlS=S Ghe BETA| & A o|EE Ewe] 2
7} B 37k EXgitial A4 4 gt

AFZ o7 felE WEA MnFy(1.5% EuFy)¥] &% o
2 2] 258 SAHOTRE] MnFol EuFsS F7IgleR 3
Ztele A7) gL A|IHoEE ME dRPdHeR A
3 283k AL AT T EuFe] FVIEHOE ofr)H
= AP 24588 A4 o] Mnel Mn* ol2x¥ @ 3
B ZE gt o] MnFy(1.5% EuF;) el Euo] +3

a7 - 263 -

712 EAE] Wl Ao 5+ ok

B A7 ek gk FEAT(2006-8-1005)2]
gog FYP=USE WRIT B A7E 3 A A &
g sl Bkt fEA ATl AR =dth

it
Mo
rat

il

[1] Ibério de P. R. Moreira, R. Dovesi, C. Roetti, Victor R. Saun-
ders, and R. Orlando, Phys. Rev. B, 62, 7816 (2000).

[2] B. A. Wilson and W. M. Yen, Phys. Rev. B, 19, 4238 (1979).

[3] J.-S. Kang, K. Nahm, C. K. Kim, C. G Olson, J. Pelzl, J. H.
Shim, and B. I. Min, Phys. Rev. B, 66, 075108 (2002).

[4] R. W. Alexander, Jr. A. E. Hughes, and A. J. Sievers, Phys.
Rev. B, 1, 1563 (1970).

[5]1 R. L. Melcher, Phys. Rev B, 2, 733 (1970).

[6] C. Kittel, Introduction to Solid State Physics p. 467 Seventh
Edition, Wiley (1996).

[7] P. Dufek, K. Schwarz, and P. Blaha, Phys. Rev B, 48, 12672
(1993).

[8] K.Nahm, J. S. Kim, K. B. Lee, B. Y. Cha, and C. K. Kim, J. of
Materials Science Letters, 8, 1003 (1989).

[9] R. Job, M. Rosenberg, K. Nahm, and C. K. Kim, Supercond.
Sci. Technol., 4, 77(1991).

[10] 2-AF, Gt, A2 o] 23} 8-, 72} page 67 (2004).
[11] F. W.Oliver, D. Seifu, E. Hoffiman, C. Williams, and E. Kan-

nan, 43rd Annual Cnference on Magnetism and Magnetic
Materials in Miami, Florida. November 9-12 (1998).

Magnetic Susceptibility of the Single Crystal MnF,(1.5 % Eulk3)

Jun Young Lee and Kyun Nahm*
Department of Physics, College of Liberal Arts and Sciences, Yonsei University, Wonju 220-710, Korea

Chul Koo Kim
Institute of Physics and Applied Physics, Yonsei University, Seoul 120-749, Korea

(Received 12 October 2006, in final form 19 October 2006)

In order to investigate the magnetic properties of Eu ions in the single crystal MnF,, the temperature dependent magnetic
susceptibilities of the antiferromagnetic MnF, and the single crystal MnFy(1.5 % EuF;) with the rutile structures were measured in the
temperature range from 4 K to 300 K. The detailed analysis of the measured susceptibilities showed that the magnetic susceptibility by
the doping of the small amount EuF; in the antiferromagnetic single crystal MnF; follows the antiferromagnetic Curie-Weiss law with
the negative paramagnetic Curie temperature similarly as in MnF,. It was also found that Eu ion has +3 valence. This solves the long

standing discrepancy on this problem.
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