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Themagneticstructuresof Dy2 02SandDy2 02Sehavebeendetermined
by neutrondiffraction experimentsat 1.5K. Forthesetwo antiferro-
magneticcompoundsthemagneticunit cell is orthohexagonalanddoubled
alongthe c-axis.Theantiferromagneticdirectionis parallelto thec-axis;
the valuesof the l)y

3~magneticmomentin Dy
2 02SandDy2 02Se are

7.2±0.5~ and9.0 ±0.5 ~, respectively.

THISWORK is a partof systematicmagneticstudies,
on powdersamples,of rareearthoxysulfidesand
oxyselenides.~

5Themagneticstructureof Dy
2 02S

hasbeenalreadydetermined,
1but furthermagnetic6

are in disa~eementwith the momentorientation.To
andMössbauereffect7experimentson singlecrystals
removethis discrepancywe redeterminedthe mag-
neticstructureof Dy

202Swhich is presentedhere
togetherwith that of its isomorphousoxyselemde
DY2 O2Se. Q SorSe ~ 000 R in 1 2

—u
33

Thedysprosiumoxysulfide andoxyselenide 0 0 in ~ lv 0 in ~ vend R in~ ~1-u
are net represented

orderantiferromagneticaflyat 5.8and8.5 K res-
pectively.

4Theycrystallizein the spacegroupP3m —

D~.Figure 1 gives the atomicpositionsin the FIG. 1. Projectionin thebasalplaneof the crystallo-
hexagonalunit cell. Thelatticeandpositionpara- graphicstructureof the rare earthoxychalcogemdes
metershavebeendeterminedfrom the neutron R

202Sand R202 Se.
diffraction patternsobtainedat room temperature.

In thenuclearstructurefactor the followingscatteringlengthsb1 were usedfor the
calculation

8b
1~,.,= l.69;bo = 0.577;bs= 0.28and

FN(h) = ~ bje~ b~e= 0.78in unitsof 10~2cm/atom.The results

are given in Table1.

* Guestscientist,from Atomic EnergyAuthority, For thetwo compoundsDy2 02S and Dy2 02Se

Cairo,Egypt.

magneticneutrondiffraction patternshavebeen
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Table1.

a(A) c(A) u v

Dy2 02S 3.792 6.587 0.272 ± 0.006 0.64 ± 0.005

Dy2 02 Se 3.855 6.825 0.283± 0.004 0.622± 0.006

Table2. Comparisonofcalculatedandobserved recordedat T= 1.5 K. As the absorptioncross-
magneticintensitiesofDy2 02Sat 1.5K sectionof dysprosiumis very largewe havediluted

thecompoundswith aluminiumpowderin orderto
hkl Calculated Observed obtain reasonableintensities.The neutrondiffraction

intensities intensities diagramsof Dy2 02 Se obtainedat room temperature

011 198 228 andT 1.5 K are reportedon Fig. 2. In thecase

101 284 of Dy2 02Smagneticpeaksare observedat analogous
013 1 102 386 377 positionsbut with different intensities.The magneticunit cell is thereforethesamefor the two compounds:

103 48 52 themagneticreflectionscanbe indexedin an

015 16 orthohexagonalcell doubledalong thec axis (a, b =

121 } 352 } 386 340 a~,/(3),2c), i.e. the propagationvectoris k = (0 0 ~).

031 224 In the orthohexagonaldescription(1 = (2n + 1)12),
105 131 727 730 themagneticstructurefactorcanbewritten as:
123 372 FM = 2nftm1 e

2~”~~lu) — m
2 e~’’

3~’~)

Reliability factorR = ‘obs — I~JI/~1obs= 4.3% where 2

= — = 0.27 1012 cm
Table3. Compansonofcalculatedandobserved mc2

magneticintensitiesofDy
2 02 Seat 1.5 K

__________________________________________________ f is theform factor.
9

hkl Calculated Observed
intensities intensities m

1 and m2 are themagneticmoments(in p~)
011 629 708 of theDy

3~ion at thecoordinatesu and 1 — u in
thecrystallographiccell. Forthetwo compoundsthe

101 )~ 1006 ~ 1376 1359 comparisonbetweenthe observedandcalculated
013 J 369 J intensities(Tables2 and3) indicatesthat m

1 andm2
103 80 127 arecoupledferromagneticallyi.e. m1 = m2 and that

antiferromagneticdirectionis parallelto thec-axis.
015 ~ 48 1
121 5 1101 ,~ 1149 1186 ForDy2O2SandDy2O2Sethemagneticmoment

105 413 valuesof theDy
3~ion at 1.5 K are 7.2 ±0.5P~and

131 792 1 2537 2535 9.0 ±0.5p~,and thereliability factorsare4.3%and
123 3.4%respectively.

033 84 obscuredby The magneticstructureof Dy
2 02Sand Dy2 02 Se

A1(200) is representedon Fig. 3.

117 57 1 8 11 ForDy2 02Sthemomentdirectionandvalue
125 281 19 05 are to be comparedwith the crystal field determination

6 andMässbauereffect results.Optical experiments

107 20 andcrystal field calculations
10indicatethat the first

035 570 1738 1755 exciteddoubletlies at about30 K abovethe ground
213 1148

Reliability factor(definedas in Table2)R = 3.4%
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FIG. 2. Neutrondiffraction patternsof Dy
2 02 Se at 300K and1.5 K. The magneticpeaksare indexedin an ortho-

hexagonalunit cell doubledalongthec-axis.

momentalong thec-axis;themomentvalueat T=

0 K deducedfrom thecalculatedwave function is
8.2p~.Mossbauerexperimentsindicatealsothat the
magneticmomentsare alongthe c-axiswith a value

I of (8.2±0.4)PB.

. .1-P.— Wecanseethat all theseresultsare in good

agreementconcerningthe momentdirection. How.
everthemomentdeducedfrom neutrondiffraction

datais smallerthan thevaluegivenby crystal field
- calculationsandMossbauerexperiments.This slight

- discrepancycanperhapsbe relatedto thehigh

neutronabsorptioncross-sectionof dysprosium.

In theoxyselenide,the wavefunction of Dy
3~

FIG. 3. The magneticstructureof Dy
202SandDy2 02Se. groundstateis probablyof the samenatureasin the

oxysulfidebutwith a higher15/2 component,
becauseof thehighermagneticmomentvalue.stateand thusthemagneticmomentamsotropyin the

antiferromagneticstate,dependsonly on the wave
functionof the groundstatedoublet.Thenatureof Also themagneticanisotropyof Dy2 02Se should
theirreduciblerepresentationassociatedwith this begreaterthan thatof Dy2 02S which isactually
doubletimposeanIsing behaviourwith themagnetic observedby susceptibilitymeasurements.
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Nousavonsdétermin~les structuresmagnétiquesdescomposesantiferro-
magnétiquesDy202Set Dy2 02Segracea desexperiencesde diffraction
neutroniqueeffectuéesa 15 K. Danscesdeuxcomposesla maile
magnétiqueest orthohexagonaledoubléeselonl’axe c,et les moments
ma~iétiquessontparallélesa l’axe c.Le momentmagnetiquede l’ion
Dy

tvaut7.2 ±0.5p~dansDy
2 02Set9.0±0.5PB dansDy2O2Se.


