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MAGNETIC PROPERTIES OF THE NEW NpX2�x(X= Si, Ge) WITH THE AlB2 TYPE STRUCTURE�P. Boulet, E. Colineau, F. Wastin and J. RebizantEuropean Commission, Joint Researh CentreInstitute for Transuranium ElementsPostfah 2340, 76125 Karlsruhe, Germany(Reeived July 10, 2002)We report on the magneti and eletroni properties of AlB2-type stru-ture NpSi2�x and NpGe2�x as inferred from SQUID magnetisation and237Np Mössbauer spetrosopy. NpGe2�x orders ferromagnetially belowTC � 157.4 K with an ordered moment �Np � 2.01 �B, whereas NpSi2�xexhibits three di�erent ordered magneti phases respetively below 110 K,105 K and 90 K. The average ordered moment amounts to �Np � 1.51 �Bat 4.2 K.PACS numbers: 75.30.Cr, 75.30.Kz, 76.80.+y1. IntrodutionThe reent disovery of ompounds that are simultaneously ferromag-neti and superonduting has attrated muh attention in the orrelatedeletron phenomena ommunity. The stoihiometri ompound UGe2 repre-sents the �rst system where suh properties were observed [1℄. The rystal-lohemistry of the binary systems An-X (X=Si,Ge) is more omplex as onemay expet. Indeed a areful analysis of these systems shows that aroundthe 1:2 omposition several phases with defet stoihiometry (UGe2�x) areforming, rystallising either in the tetragonal ThSi2-type (low defet) orhexagonal AlB2-type (large defet) phases and exhibiting a rih range ofmagneti properties [2, 3℄. We have undertaken the study of the An-X bi-nary systems with An = Np, Pu and have indiated that for transuraniumelements the defet phases were preferentially obtained [4℄. In this ontri-bution, we report on the magneti and eletroni properties of AlB2-typeNpSi2�x and NpGe2�x as inferred from SQUID magnetisation and 237NpMössbauer spetrosopy.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1421)



1422 P. Boulet et al.2. ExperimentalThe Polyrystalline samples were prepared as explained in [4℄. Thetetragonal AlB2-type strutures were determined by X-ray single rystaldi�ration. The oupany was found to be x = 0:41(1) for both ompoundsand the lattie parameters a = 3:969(1) Å and  = 4:171(1) Å for NpGe2�xand a = 3:838(1) Å and  = 4:092(1) Å for NpSi2�x. Magneti suseptibilitymeasurements were performed on bulk samples using a SQUID magnetome-ter in the temperature range 2�300 K and in magneti �elds up to 7 T.The 237Np Mössbauer investigations were onduted on powder absorbers,with a thikness of �100 mg of Np/m2 using a transmission spetrome-ter alibrated with the standard absorber NpAl2. The Mössbauer soureof �100 mCi of 241Am was kept around 4.2 K and the temperature of theabsorber was varied from 4.2 K up to 140 K.3. Results3.1. NpGe2�xThe suseptibility and magnetisation urves of NpGe2�x learly showthe onset of ferromagneti order at low temperature with a saturation mo-ment �sat � 1.1 �B/Np. The Curie temperature TC � 157.4 K was de-termined using Arrott plots. In the paramagneti region, the suseptibilityfollows a modi�ed Curie�Weiss law with �e� � 1.93 �B, �p � 152 K and�0 � 737 � 10�6 emu/Np mole. The Mössbauer spetrum reorded atT = 4:2 K exhibits a lear magneti hyper�ne splitting whih on�rms theourrene of magneti order. From the hyper�ne �eld value Hhf = 432(4) T,we dedue an ordered Np moment �ord � 2.01(4) �B. This value is approx-imately twie higher than the saturated moment whih suggests that theNp magneti moments are aligned along the -axis. The value of the isomershift (ÆIS � 11.2 mm/s vs NpAl2) suggests the ourrene of a Np3+ hargestate (on�guration 5f4). Due to the high Curie temperature, no spetrumould be reorded in the paramagneti phase.3.2. NpSi2�xNpSi2�x exhibits a more intriate magneti phase diagram: The onset ofmagneti order ours at T1 � 110 K where a ferromagneti-type phase isobserved in a very narrow range of temperature. NpSi2�x then undergoes amagneti phase transition to a ferrimagneti-type order below T2 � 105 K.Finally, an antiferromagneti-type phase appears below T3 � 90 K. Thislatter phase is metamagneti and transforms into the ferrimagneti phase atrelatively low �elds, as illustrated on Fig 1. Suh suessive magneti phasetransitions (Ferro ! Ferri ! AF) are rather unusual but a similar magneti



Magneti Properties of the New NpX2�x . . . 1423phase diagram was observed e.g. in NpIn3 [5℄. As Fig. 1 shows, there is ahigher indued moment at 100 K than at low temperature.

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
M

ag
ne

tiz
at

io
n 

( µ
B
/N

p)

Field (T)

NpSi
2-x

0          1          2          3          4          5          6          7

5K
30K

50K

70K

80K
90K

95K

100K

Fig. 1. Magnetisation urves of NpSi2�x at di�erent temperatures.The magneti suseptibility above 150 K obeys a modi�ed Curie�Weisslaw with �e� � 2.08 �B, �p � 128 K and �0 � 345.10�6 emu/Np mole. Thepositive value of �p quite lose to TC on�rms the ferromagneti nature ofthe �rst ordering phase.The Mössbauer spetrum at 140 K onsists of a pure quadrupolar split-ting (je2qQj � 14.3 mm/s), as expeted in the paramagneti state. Thisshows, in agreement with the rystal struture determination, that there isonly one Np rystallographi site experiening the same surrounding. Theisomer shift (ÆIS � 6.4 mm/s vs NpAl2) suggests the ourrene of a Np3+harge state. At 110K, the spetrum lines begin to broaden, indiating theonset of magneti order, in lose agreement with the magnetisation data. At105 K, i.e. in the �ferromagneti� phase aording to magnetisation data, thespetrum exhibits a rather omplex pattern onsisting of the superpositionof a paramagneti subspetrum and a magneti splitting with a popula-tion ratio 1:2. At 100 K, the paramagneti ontribution is still present butthe ratio is strongly redued. From 90 K down to 4.2 K, i.e. in the �AF�phase suggested by the magnetisation data, the Mössbauer spetra display afully magneti splitting, inreasing with dereasing temperature. However,this splitting onsists of two magneti subspetra of omparable popula-tion and respetive hyper�ne �elds Hhf = 337(2) T (�ord � 1.57(2) �B)and Hhf = 309(2) T (�ord � 1.44(2) �B). This shows that the AF-phase is



1424 P. Boulet et al.atually ferrimagneti (with an antiferromagneti oupling of the two sub-latties). Moreover, the omparison of quadrupolar interation parameters,of both sites and in the ordered and paramagneti phase, suggests that Npmoments are ollinear and make an angle of 40 to 60Æ with the  axis. Itis worth mentioning that the magneti moments in the uranium isotypiferromagneti ompound UGe2�x are aligned in a diretion oriented at 38Æfrom the  axis [6℄. 4. ConlusionNpGe2�x and NpSi2�x (x � 0.41) are isotypes to the UX2�x. WhereasUGe2�x orders ferromagnetially at T = 94 K [6℄ and USi2�x is a param-agnet [2℄, the neptunium ounterparts show a stronger magneti harater:NpGe2�x orders ferromagnetially at TC � 157.4 K with an ordered moment�Np � 2.01 �B. NpSi2�x exhibits a omplex magneti phase diagram withthree distint magneti phases appearing respetively below 110 K, 105 Kand 90 K. The Mössbauer experiments suggest the Np magneti momentto point at 40Æ from the -axis (similar to UGe2�x). The average orderedmoment amounts to �Np � 1.51 �B at 4.2 K. In both NpSi2�x and NpGe2�x,the value of the isomer shift suggests a Np3+ harge state. The magnetiand eletroni properties of these di�erent phases remain to be orroboratedand omplemented by further investigations.The high purity Np metal required for this study was made availablethrough a loan agreement between Lawrene Livermore National Labora-tory and ITU, in the frame of a ollaboration involving LLNL, Los AlamosNational Laboratory and the US Department of Energy.REFERENCES[1℄ S.S. Saxena, P. Agarwal, K. Ahilan, F.M. Groshe, R.K.W. Haselwimmer,M.J. Steiner, E. Pugh, I.R. Walker, S.R. Julian, P. Monthoux, G.G. Lonzarih,A. Huxley, I. Sheikin, D. Braithwaite and J. Flouquet, Nature 406, 587 (2000).[2℄ K. Remshnig, T. Le Bihan, H. Noël, P. Rogl, J. Solid State Chem. 97, 391(1992).[3℄ R. Tro, H. Noël, P. Boulet, Philos. Mag. B82, 805 (2002).[4℄ P. Boulet, D. Bouëxière, J. Rebizant, F. Wastin, J. Solid State Chem. 156, 313(2001).[5℄ E. Colineau, A. Blaise, P. Burlet, J.P. Sanhez, J. Larroque, Physia B206&207, 528 (1995).[6℄ P. Boulet, M. Potel, G. André, P. Rogl, H. Noël, J. Alloy. Compd. 283, 41(1999).


