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BehaviorsofSr2IrO4SampleSynthesized
undertheMagneticFieldwith9T
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【Abstract】 Sr2IrO4hasbeensuccessfullysynthesizedunderthemagneticfieldwith9T,andthestructuraland
magneticpropertieswerecharacterized.Althoughitsstructureandcrystallatticearethesamewiththesample
synthesizedunder0T,HRTEMrevealsthatthedistributionofelectroncloudischanged.Theincreaseddensityof
statesinthedarkregionsleadstothedifferencesinmagnetismfromthesamplesynthesizedunder0T.Ourfinding
indicatesthatthemagneticfieldof9Tcouldbemorefavorabletothegrowthofpurephase.
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在9T磁场中合成Sr2IrO4 样品的物理性质研究*
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【摘要】 我们在9T的磁场下成功合成了Sr2IrO4样品,并且研究了它的结构和磁性.尽管样品的晶体结构与在零

场下合成的样品相比没有改变,高分辨透射电镜像显示出电子云的分布发生了变化.在暗区,态密度增强引起了样

品的磁性发生改变.我们提出9T的强磁场有利于生长出更纯相的样品.
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1 Introduction

Sr2IrO4isahot-spotinstrongcorrelated
physicswhichisprimarilydrivenbystrongspin-
orbitcoupling(SOC)[1],andithasbeendeeplyin-
vestigatedinthelastfewyears[2].Ourprevious
workfindthatbothofthemacro-andmicro-mag-
netismexhibitinterestingbehaviorsbelow40K,

whichareinducedbythevariationofIr-O-Irbond
anglebelow40K[3].Tounderstandthephysical
propertiesofSr2IrO4andtofindawayoftuning
itscompetinginteractions,experimentalstudiesof
chemicaldoping[4-11],andhighpressure[12]have
beenrecentlyconducted.Thenovelmagnetismof
thesystemhasattractedgreatattention,butthere
arestillsomeproblemstobesolvedsuchasthein-
fluenceofhighmagneticfieldwhensynthesizing
Sr2IrO4.Consideringthefeaturesofspincanted
structure and strong spin-orbit coupling in
Sr2IrO4,sinteringmagneticfieldmayhavesome
impactsontheformationofmagneticstructure,

andthisresearchhasnotbeeninvolvedyet.There-
fore,itis necessary to study the physical
propertiesofSr2IrO4 whichwassinteredunder
highmagneticfield.
Inthis work,weinvestigatethesample

Sr2IrO4-9Twhichwassynthesizedunderthemag-
neticfieldof9T,bytheX-raydiffraction(XRD),

high-resolutiontransmissionelectron microscopy
(HRTEM),infrared(IR)andmeasurementsof
macroscopicmagnetism.Wealsostudythesample
Sr2IrO4-0Twhichwassynthesizedunderthemag-
neticfieldof0Tforcomparison.Thespatialcon-
ditionsandgrowthparametersarethesamefor
thesetwosamples,exceptthatthesinteringmag-
neticfieldisdifferent.Ourexperimentalresults
giveanimportantfindingthatthestructureand
crystallatticeofSr2IrO4-9Tarethesamewith
Sr2IrO4-0 T,butthedistribution ofelectron
cloudsischanged.Thus,themagnetismshows
somedifferentbehaviorsfromSr2IrO4-0T.

2 Experiment

PolycrystallinesampleofSr2IrO4-0 T was
synthesizedunderthemagneticfieldof0Tasre-
portedpreviously[3].Thesamestartingmaterials
weremixedandheatedunderthemagneticfieldof
9T.Itisemphasizedthatbothofthemwerecal-
cinedinthesamepositionofthesamefurnaceand
theirgrowthwascompletedinthesameprocedure
forcomparison.

Structureandphasepuritieswerecheckedby
theX-raydiffractionatroomtemperature,andsin-
gle phase patterns were obtained. The
magnetization was measured by a Magnetic
PropertyMeasurementSystem (QuantumDesign
MPMS7T-XL)withasuperconductivequantum
interferencedevice (SQUID). High-resolution
transmissionelectronmicroscopyimageswereper-
formedonJEOL-2010transmissionelectronmicro-
scopeat200kV.Theelectronspinresonance
measurementswereperformedat9.40GHzusing
aBRUKEREMXplus10112spectrometerequipped
withacontinuousHegas-flowcryostatinthetem-
peratureregionof2-300Kbysweepingthemag-
neticfield.TheIRspectrawereperformedatvari-
oustemperaturefrom300Kto5K.

3 ResultsandDiscussion

X-raydiffractionpatternsofSr2IrO4 which
weresynthesizedunderthemagneticfieldof0T
and9Tshownodifferencebetweenthem,asde-
pictedinFig.1.Thus,thelatticestructureisnot
changedandtheybelongtothesamespacegroup
of I41/acd.It is worth noting that the
experimentalresultsofSr2IrO4-0Tareingooda-
greementwiththephysicalpropertiesofSr2IrO4
whichweobtainedinourpreviouswork[3].
Fig.2 (a) gives the high-resolution

transmission electron microscopy (HRTEM)

imagewhichconsistsofthe(116)and(008)

planesinSr2IrO4-9Tsample.Anewfindingis
giventhatsomedarkregionsappearinFig.2(a).
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Fig.1 PowderX-raydiffraction(XRD)patternsforSr2IrO4-0T
andSr2IrO4-9Tsampleatroomtemperature

Fig.2 (a)TheHRTEMimagewhichconsistsofthe(11
6)and(008)planesinSr2IrO4-9Tsample.(b)TheHR-
TEMimagewhichconsistsofthe(116)and(004)

planesinSr2IrO4-0Tsample.(c)Theenlargementof(a).
(d)Theenlargementof(b).(e)TheHRTEMimageofthe
(200)planeinSr2IrO4-9T.(f)TheHRTEMimageof
the(200)planeinSr2IrO4-0T.

Inordertomakeitclear,Fig.2(c)showsitsen-
largement.Theweakdarkregionsinthe(200)

planealsoappearinFig.2(e)forSr2IrO4-9T.
Forcomparison,Fig.2(b,d)showstheHRTEM
imagesofSr2IrO4-0Twhichconsistsof(116)

and(004)planes.Fig.2(f)depictstheHRTEM
imageinthe(200)planeofSr2IrO4-0T.Such
darkregionscannotbeobservedinSr2IrO4-0T.
Thecrystallatticeshowsperiodicbehaviorineach

image.Furthermore,theHRTEMimagesindicate
thatthecrystalstructureofSr2IrO4isnotchanged
evenifthegrowthconditionisdifferent.The
whitecirclewhichcontainsthedarkregionand
background,asdepictedinFig.2(c),indicates
thatthecrystallatticeisnotchangedinthedark
regions.

Fig.3 TemperaturedependenceofthemagnetizationM(T
)forSr2IrO4(0Tand9Tsamples)underthemagnetic
fieldof0.001T(a)and0.2T(b).Theinsetin(a)dis-

playstheenlargementofM-TcurveforSr2IrO4-9Tfrom0
Kto80K.(c)dM/dTvsToftheFCcurvesunder0.001
T.TheinsetshowstheenlargementofdM/dT (T )from
70Kto170K.(d)Fielddependenceofthemagnetization
M(H)measuredat5K.

Fig.3(a)depictstheM-Tcurvesmeasured
underthemagneticfieldof0.001T.Itisobvious
thattheM-TcurveforSr2IrO4-0Tisfarabovethe
curveforSr2IrO4-9Tbelow240K.ForSr2IrO4-0
Tsample,Mincreasesrapidlywithcoolingbelow
240K,anditincreasescontinuouslybelow210K.
Below 40 K, M drops with decreasing
temperature,whichdemonstratesthattheantifer-
romagnetic(AFM)interactionisenhanced.For
Sr2IrO4-9Tsample,Mincreasesslowlywithcool-
ingbelowthemagnetictransitiontemperature.A
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tinydipisobservedinSr2IrO4-9Tatabout120K,

asshowninFig.3(c)andtheinset.ThenMdrops
slightlywithcoolingbelow40K,ascanbeseenin
theinsetofFig.3(a).

Figure3(b)givestheM-Tcurvesmeasured
underthemagneticfieldof0.2T.Obviously,the
M-TcurveforSr2IrO4-9Tisraisedgreatly,and
themagnetictransitionregionisoverlappedwith
Sr2IrO4-0T.Furthermore,theM-T curvefor
Sr2IrO4-9TisalittlehigherthanthatofSr2IrO4-0
Tfrom240Kto50 K.Thedipexhibitedin
Sr2IrO4-9TandthedropofM below40Kin
Sr2IrO4-0Tdisappear.AsdepictedbytheM-H
curvesinFig.3(d),thecoercivityofSr2IrO4-9T
isabout0.2T,whichisalittlesmallerthanthat
ofSr2IrO4-0Tsample.Thesephenomenaimply
thattheAFMinteractionmaybeenhancedinthe
darkregions.Hence,the micromagnetism was
furtherinvestigatedbyEMR.

Inordertocleartheoriginofdifferentbehav-
iorsinmagnetization,weinvestigatedthelattice
dynamicsbytheinfraredspectra.Fig.4givesthe
IR transmission spectrafor Sr2IrO4-0 T and
Sr2IrO4-9 T samples.As weknow,Sr2IrO4
belongstoadistortedK2NiF4-typestructurewith
thespace-groupI41/acd[2].Accordingtothe
groupsymmetry,peak 5isclassifiedtothe
bendingmodeA2u,whichisrelatedtothemodula-
tionofIr-O-Irbondangle[13-15].Itcanbeseenthat
thereisanimportantdifferenceinthechangeof
A2u mode with decreasing temperature. For
Sr2IrO4-0T,theA2u modeshowsobviousblue
shiftwithcoolingfrom300Kto40K,andthenit
onlyexhibitssmallshiftbelow40K,asshownin
Fig.4(c).ButforSr2IrO4-9T,theblueshiftof
A2umodechangesat120K.TheblueshiftofA2u
modeabove40KforSr2IrO4-0Tand120Kfor
Sr2IrO4-9Tisduetothethermalcontraction,and
thebondangleofIr-O-Irkeepsunchanged[3].
Below40KforSr2IrO4-0Tand120KforSr2IrO4-
9T,theshiftofA2umodeisinducedbythede-
creaseofIr-O-Irbondangle.

Fig.4 Temperature-dependentinfrared transmission
spectraof(a)Sr2IrO4-0Tsample;(b)Sr2IrO4-9Tsample
atselectedtemperaturesfrom300Kto5K.(c)TheA2u

modevarieswithtemperature.

4 Discussion

Ourexperimentalresultsrevealthatthemag-
neticfieldof9Tcouldbemorefavorabletothe
growthofpurephase,sinceonlytinyamountof
paramagneticsignalscanbeobservedintheEMR
spectra.AsshowninFig.2(a,c,e),somedark
regionsappearonthebackgroundofthehomoge-
neouslatticeinSr2IrO4-9Tsample.Sincethese
darkregionsalmostdistributeregularly,whichis
depictedinFig.2(a),theycannotbeintroduced
bythethicknessnonuniformityofmaterial.Itis
emphasizedthatthecrystallatticeiscontinuous
fromthedarkregionstothebackground,asdepic-
tedbythewhitecircleinFig.2(c)whichincludes
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thedarkregionandbackground.Thisphenomenon
meansthatthedistributionofelectroncloudmay
bechangedinthegrowthofsampleunderthemag-
neticfieldof9T.Thedensityofelectronstates
couldbeincreasedinthedarkregionsandthelight
transmittance is weakened. So, the
electromagneticbehaviorofsampleisaffecteddi-
rectlybytheincreaseddensityofelectronstates.

Itisnotedthatthemagneticgroundstateof
Sr2IrO4iscantedantiferromagneticstate,which
producesaresidualferromagneticcomponentinthe
IrO2-plane[16,17].Sincethedensity ofelectron
statesincreasesinthedarkregionsofSr2IrO4-9T
sample,theorderedinteractionwouldbeenhanced
below240K.Theantiferromagneticinteractionis
alsoenhanced,andthentheferromagneticcompo-
nent becomes weakened. Therefore, M of
Sr2IrO4-9Tsampleismuchsmallerthanthatof
Sr2IrO4-0Tsamplebelow240K,ascanbeseenin
Fig.3(a).Thisphenomenonisalsodisclosedby
themicromagnetism.Asweknow,theEMRsig-
nalsareintroducedbythecantedmagneticorder
withJeff=1/2inSr2IrO4belowthemagnetictran-
sitiontemperature.TheincreaseofHsindicates
thattheAFMinteractionofsystemisenhanced
withdecreasingtemperature.ForSr2IrO4-9T,Hs

islargerthanthatofSr2IrO4-0Tatlowtempera-
ture.ThereforetheAFMinteractionisstrongerin
Sr2IrO4-9TcomparingwithSr2IrO4-0T.

OurIRresultsshowthatthebondangleofIr-
O-Irdecreasesat40KforSr2IrO4-0Tand120K
forSr2IrO4-9T.SincethestrengthofDMinterac-
tiondependsontheIr-O-Irbondangle,theferro-
magneticcomponentdecreasesduetothereduction
ofIr-O-Irbondangle.SoMshoulddropbelow40
KforSr2IrO4-0Tand120KforSr2IrO4-9T.For
Sr2IrO4-0T,Mdoesdecreasewithcoolingbelow
40K,asdepictedinFig.3(a).ButforSr2IrO4-9
T,Mdoesnotshowobviousdropbelow120Kand
itdecreasesslightlywithcoolingbelow40K.The
AFMinteractionshouldbeenhancedbelow120K
duetothereductionofIr-O-Irbondangle,as

showninFig.4(b).Ontheotherhand,theferro-
magneticcomponentofsystemincreaseswithde-
creasingtemperature,whichisdeterminedbythe
intrinsictransitionofM~TinSr2IrO4-0TthatM
wouldincreasewithcoolingfrom240Kto120K,

ascanbeseeninFig.3(a).Therefore,thecom-
petitionbetweenthemleadstoatinydipwhichis
observedatabout120K.Below40K,M drops
withdecreasingtemperatureduetotheintrinsic
transitionofM~TinSr2IrO4-0T.

AsdepictedinFig.3(b),theM~Tcurve
measuredunder0.2TforSr2IrO4-9Tisraised
greatlyanditisalmostconsistentwiththatof
Sr2IrO4-0T.Theincreaseofferromagneticcom-
ponentinthesystem maybeduetothechange
whichoccurstotheorientationofthemagneticdo-
mains.Becausethemagneticdomainscouldbe
pinnedbytheimpuritiesexistinginSr2IrO4-0T,

thecoercivityofSr2IrO4-0Tislargerthanthatof
Sr2IrO4-9T.

5 Conclusion

Insummary,ourexperimentalresultsindicate
thatthemagneticfieldof9Tisfavorabletothe
growthofpureSr2IrO4.Althoughthestructure
andcrystallatticeofSr2IrO4-9Tarethesamewith
Sr2IrO4-0T,thedistributionofelectroncloudsis
changed.The density of electron states for
Sr2IrO4-9Tisincreasedinthesedarkregionson
thebackgroundofSr2IrO4-0T,andtheAFMin-
teractionisenhanced,whichleadstothegreatre-
ductionofM ~Tcurvecomparingwiththatof
Sr2IrO4-0T.ForSr2IrO4-0T,theIr-O-Irbondangle
decreasesandtheAFMinteractionisenhancedbelow
40K.ButforSr2IrO4-9T,thisreductionofIr-O-Ir
bondangleisraisedto120Kduetotheincreasedelec-
trondensityinthedarkregions.
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