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Forthetwo isomorphouscompoundsTb2O2Sand Th2O2Se,the magnetic
susceptibility measurementson powdersamplesshowan antiferromagnetic
orderingwith Néel temperaturesof about7.7and 7K respectively.Differing
in this respectfrom the otherrareearthoxyselenides,the magneticanisot-
ropy of Th2O2Seat low temperatureis weakerthan that of Th2O2S.

We also determinethemagneticstructuresof thesetwo compoundsby
neutrondiffraction experimentsat 1.5K. The magneticcell is orthohexagonal
and doubledalong thec-axis;the magneticmomentsmakean angle,with the
c-axis, of 47 ±10 for Tb2O2Sand30 ±100 for Tb2O2Seand themoment
valuesat 1.5K are 8.14±O.

2I~IBand 6.5 ±O.2bLB,respectively.

It is ratherexceptionalthat in a rare earthuniaxial compoundthemag-
neticmomentmakesan anglewith the c-axis. Howeverwe interpretthis
situation by the fact that severallevels existvery nearto theground state.
The crystal field calculationsarein good agreementwith theexperimental
results.

1. INTRODUCTION In this paperwe give themagneticstructuresand

A SYSTEMATICstudyof the paramagneticproperties the magneticpropertiesof the rareearthoxysulfide
of the rare earthoxysulfIdesR

202S,using powdered Tb2O2Stogetherwith that of its isomorphousoxysel.
enide Th2O2Se.

samples,showedthat only compoundswith R = Gd,
Th, Dy, Ho andYb haveantiferromagneticorder;

1the
magneticstructures(exceptGd)havebeendetermined 2. CRYSTALLOGRAPHICSTRUCTURE
by neutrondiffraction experiments.2’3Howeverrecent
magneticmeasurementson singlecrystals4showed,for The rare earthoxychalcogenidesR

202Sand
Th andDy, anincompatibility betweentheobtained R2O2Se,from lanthanumto lutecium,form a seriesof compoundswhich havethe samecrystallographic
resultsand themagneticmomentdirectiongiven by structure.

6’7Theycrystallize in the spacegroup
reference2. To removethis discrepancywe redeter- ~m —Did andin thehexagonalunit cell the atoms
minedthe magneticstructuresof the terbium and dys- havethefollowing positions(Fig. 1),
prosiumoxysulfides.ForDy

2O2Sthe resultsare given
elsewhere.

5 2R in±(~,~,u)
* Guest scientist,from the Atomic EnergyAuthority, 20 in ±(~~ v)

Cairo,Egypt. 15 or iSe in (0,0,0).
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Table1

a(A) c(A) u v R

Tb2O2S 3.814 6.616 0.282±0.002 0.630±0.002 0.037

Tb2O2Se 3.876 6.859 0.291 ±0.002 0.628 ±0.002 0.027

~ . Tb2O2S.

~—~~---~ ~ ioc —.Tb2O2S

~ ?R:00 :. I)__

FIG 1 Crystallographicstructureof the rare earth
oxychalcogenidesR202Sand R2O2Se 40

For Tb2O2Sand Tb2O2Sewe determinedthe 30 -

position parametersu and v by the aid of neutron
diffraction diagramsobtainedat room temperature. 2C
We usedfor thecalculations,thefollowing scattering
lengths

8in 10~2cm/atom: 10 -

= 0.76, b
0 = 0.577, bs = 0.28 and b~e= 0.78. —_______ _________ _________ T.vnpèrstur.1k)

The results are given in Table 1 with the reliability 0 5 10 15 20

factorR definedasR= ~IIob~~IcaicI/~IobS. FIG. 2. Magnetic susceptibility of Th2O2S and Tb2O2Se.

3. MAGNETIC SUSCEPTIBILITY . 3+ 7
field splittingof the Tb fundamentalmultiplet F6

The magneticsusceptibilitywasmeasured,using in thetwo compounds.
a Faradaybalance,between2 and 300K on powdered
samples. Howeverat low temperature(below20K) the

molar susceptibilityof Fig. 2 showsan importantdif-
Forthesetwo oxychalcogenidesof terbium,the ferencefor the two compounds.Fromthis figurewe

magneticsusceptibility above20K is well represented canseethat terbiumoxyselenidehasa low magnetic
by theCurie—Weisslaw; the Curie constantsare of anisotropyas comparedwith terbium oxysulfide,
the sameorderasthe free Th

3~ion value (CTbOS= whichleadsto a lower Néel temperature(TN = 7K
11.8,CTbOSe = 12 and Cfree ion = 11.82in e.m.u./ for Th

2O2Se,TN = 7.7K for Th203S).Thisresult is
ion). The paramagneticCurie temperaturesO~,are also oppositeto that obtainedfor the otherrare earth
nearlythe same: = —17K for Th202Sand Of., = oxychalcogenides(Gd, Dy, Ho)which show higher
—18K for Th2O2Se.Thismeansthat in the paramag- Néeltemperaturesfor the oxyselenides.

9
netic regionthereis no greatdifferencein the crystal
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FIG. 3. Neutrondiffraction patternof Tb2O2Se.

4. MAGNETIC STRUCTURE In the orthohexagonaldescriptionwith
1 = (2n + 1)12 the magneticstructurefactor canbe

The magneticneutrondiffraction patternsob.
tamedat 1.5K are identical for the two comnounds writ Len as.
Tb2O2SandTb2O2Se,but the intensitiesare different. FM = 27?f(mi.e2~/3)+lu) — m2e

2~~3~)
Thismeansthat for the two sampleswe havethe same h
magneticarrangementof the Tb3~moments.The mag- w ere — e~y2 — -12 -I

netic reflectionscanbe indexedin a monoclinic cell 17 — 0.27 10 cm.PB
(a, 2a,2c): the propagationvectoris k = (0, ~, ~).

Neverthelesswe shall usethe equivalentorthohexag- f is theform factor,1°mi andm
2 are the magnetic

onal cell (a,b = asJ3,c); herethe magneticunit cell moments(in Bohr magneton)in the crystallographic
canbe describedby an orthohexagonalone doubled cell at the coordinatesu and I — u respectively.
alongthe c-axis;i.e. the propagationvectoris
k = (0, 0, ~). The comparisonof the intensitiesof the reflec-

tions(01k) and(03~)clearly indicatesthatmi = +m2
In Fig. 3, we representtheneutrondiffraction for thetwo compounds;thusthemagneticstructure

diagramsfor Tb2O2Seobtainedat 300and 1.5 K. factor is well determined.
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Table2. Observedand calculatedmagneticintensitiesof Tb202Sat 1.5K

Calculatedintensities
Observed çb=0 çb=0 0=0 q=0 0=30° 0=90°
intensities

(hkl) 6 = 30° 6 = 47.5° 0 = 60° 0 = 90° 0 = 540 = 9~

0 1 1/2 1793 1552 1653 1789 1794 1406 1418

1 0 1/21 1474 1036 610 165 1163 1873
0 1 3/2) 2486 1062 1441 1861 2303 1622 679

2536 2577 2471 2468 2785 2552

1 0 3/2 453 417 339 386 268 305 451

0 1 5/21 305 483 711 791 494 129
2169

121/2) 2240 ~77 ~07 ~46
2545 2460 2518 2272 2240 2548

1 0 5/2) 909 1186 1312 1585 1426 723
0 3 1/21 5023 1432 1497 1481 1515 1282 1367
123/2) 2295 23~ 2208 2L94 2266 2293

4636 5004 5001 5094 4974 4383

0 3 3/2 355 479 442 567 449 307 441

0 1 7/2) 457 857 1169 1523 974 131
1 2 5/2i 2577 731 774 925 876 722 653
211/2) M02 ~7 602 983 ~78

2590 2588 2696 2571 2679 2562

107/2) 17 5 43 1 3 12
0 3 5/2i 2626 1101 1354 1445 1692 1301 909
213/2) ~54 ~3 8~ 497 W6

2672 2572 2339 2190 2640 2792

R 7.2% 4.6% 5.8% 6.4% 6.3% 9.9%

m ~fl I-SB 8.07 8.14 8.18 8.09 8.06 8.0

Themagneticintensity is givenby: Tb2O2S

= p <sin
2a> IFMI2 For Tb

2O2S.the resultsare summarizedin Table
2~0 is the angle of the antiferromagnetic direction ~

where:p is themultiplicity of the reflection (hkl), and with the c axisand 0 is theangleof the projectionof
a is the anglebetweenthescatteringvectorand ~ on the basalplanewith thea axis. The direction,in

the antiferromagneticdirection. the (a, c) plane,makingan angleof 47°with the c axis,

Theintensity of the (01k) reflection shows that gives the best agreement between calculated and ob-
servedintensities(R = 4.6%).Howeverwe canseethatthe magneticmomentdirectioncanbe neitheralong
the determinationof the angle0 is not very accurate

theb axis nor in the (b, c) plan.A systematiccalcu- andmoreover0 may be 0 or 30°with aboutthe same
lation was performedwith themagneticmomentin intensityagreement.
the (a, c) planeand in a planewhich makesanangle
of 30°with the (a, c) plane.

The difficulty arisesfrom the fact that the lattice
parametersare,unfortunately,suchthat c is approxi-

matelyequalto b(b = a\/3).Thismeansthat mostof
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Table3. Comparisonofcalculatedand observed
intensitiesTh2O2Seat 1.5K C

‘caic I

0=0 0=30° 0=90° I
h/cl ‘obs 0 = 31° 0 = 17.5° 0 = 0

o i 1/2 2203 2005 1860 1808

1 0 1/2) 3694 2176 2738 2837 — I
013/2 1601 1222 1044

3777 3960 3881

1 0 3/2 581 335 285 261 I

0 1 5/2) 3257 362 205 138 — — a
121/2 2978 3141 3158 b —

3340 3346 3296
FiG. 4. Magneticstructureof Tb2O2SandTh202Se.

1 0 5/2) 1457 1296 1156
0 3 1/2 7242 2195 2190 2188
1 2 3/2 3569 3715 3689 The bestagreement(R = 4.6 per cent)is ob-

7221 7201 7033 tainedfor a directionin the (a, c) plane makingan
angle0 = 30 ±10°with thec-axisand the magnetic

0 3 3/2 389 385 388 263
momentvalueis foundto be 6.5 ±°.

2PB at 1.5K.
1 2 5/2 313~1 862 782 739 The magneticstructureof Tb

2O2Seis very similar
0 1 7/2} 641 301 154
2 1 1 1850 2226 2287 to that of Tb2O2S,Fig. 4, exceptfor a changein the

3353 3309 3180 momentanglewith the c-axisand in the magneticmo-
ment value.

107/2)

18 37 36
0 3 5/2 4318 1711 1534 1452
2 1 3/2 2340 2823 2894 5. DISCUSSION

4069 4394 4382
This typeof magneticstructuresis relatively

R 4.6% 5.3% 5.3% exceptionalin rare earthcompounds,particularlyin
uniaxial oneslike oxychalcogenides.Generallythe

m in PB 6.50 6.50 6.42 antiferromagneticdirectionlies eitheralongtheprin-

cipal axis or perpendicularto this axis. This result is

themagneticreflectionsaresuperimposedin sucha valid if the fundamentalground stateis eithera daub-
mannerthatwhenwe changethe angIe0 one Bragg let or a pseudo-doublet(formedby two singletsnear
intensity increasesand the otherone decreases,so together)relativelywell isolated,that is to saythe
that thetotal intensity is nearlyunchanged(Table 2). magneticinteractionenergymust be weakerthan the

distanceto thefirst excitedlevel. In Tb2O2Sthis is
Howeverwe canconcludethat the magneticmo- notthe case.

11
mentsmakean angleof about47 ±10°with thec-
axis; for this directionwe obtaineda magneticma- Wedeterminedthe crystalfield levelof the Th34
ment valueof 8.14±°~2PBat 1.5 K. ion, in a Y

202Shostlattice,by opticalspectroscopy;’
2

we obtainedtheresultthat the groundstateof Th~
Tb

2O2Se cannotbe consideredasa doubletor a pseudo-doublet
butas a set of a doublet,two singletsandanother

The comparisonbetweenthe calculatedand ob- doubletwith energyseparations:0,6, 15 and 26cm~
servedintensitiesis given in Table3. For this corn- (theotherexcitedlevelslie 100cm above).
poundwe havethesamedifficulties for the determin-
ation of the magneticmomentdirectionasfor Tb2O2S.
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Thissituationgives rise to a magneticanisotropy the groundstatethanin the oxysulfide.Indeedcal-
which dependson themagneticfield directionand on culationsperformedon Th202Sshowthat an increase
its value. From crystal field calculations we deduced of the separation of the first excited level implies a
that theeasymagnetisationaxismakesan angleof decreaseof the momentvalue and of its anglewith
about42°with thec-axisand that the magneticmo- the c-axis.
mentvalue in this direction is about8 PB; this value
is in verygood agreementwith theexperimentalone: On theotherhandthe smallerNéel temperature
8.14±0.2PB~ value of Tb2O2Seis not dueto a weakeningof the

superexchangeinteractionsthroughtheselenium
In the caseof Tb2O2Sewe did notdetermine comparedto thatof sulfur, but only to the different

experimentallythe crystal field levelsof the Tb
3” ion, magneticmomentvalues,Indeedwith equalmagnetic

but in the light of the precedingresultswe cancon- momentvaluestheNéel temperatureof therare earth
siderthat theselevelsarenearlythe sameasin the oxyselenideis higher than the correspondingoxysul-
terbiumoxysulfide. fide,9 which confirms that thesuperexchangeinter-

action at 180°,is greaterfor R—Se—Rthanfor
Howeverasseverallevelslie verynear to the R—S—R.

ground state,a smallvariation in the level positions
and in the wave functionsmay give rise to an impor-
tant changeof themagneticanisotropyand of the
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Lesmesuresde susceptibilitémagnétique,surdesécharitillonspolycristallins,
indiquentque les deuxcomposesisomorphesTb2O2Set Tb2O2Ses’ordonnent
antiferromagnétiquement pour des temperature deNéel respectivementde
7,7et 7K environ.A bassetemperature,contrairementauxautresoxyséléniures
de terresrares,l’anisotropie magnétiquedeTb2O2Seest plusfaible que celle
de Tb2O2S.

Par desexpénencesde diffraction neutroniquea 1,5K nousavons
déterminéIa structuremagnétiquede cesdeuxcomposes.La maille mag-
nétiqueest orthohexagonaledoubléeselonl’axe C; les momentsmagnétiques
font un angleavecl’axe c de 47 ±10~pourTb2O2Set de 30 ±10°pour
Tb2O2Seetlavaleurdu momenta 1,5K est respectivementde 8,14±0,2p~.

La fait quedansun composeuniaxial de tenerareIa directiondesmo-
mentsfasseun angleavec l’avec l’axe c est tout a fait exceptionnel.Toutefois
nousavonsinterprétécettesituationparla fait qu’il existeplusieursniveaux
de champcristailin trésprochesdu niveaufondamental;l’accord entrele calcul
et l’expérienceest trèsbon.


