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ABSTRACT Tbcum03)2cl w髂0btained in high yield fbm l】igh t锄p日anlre s甜d-s协te re∽一
ion 0f Tb4Cb，CuO。CuCl2粕d Te02 in a 1：2：2：8 m01ar r撕o at 7lO℃in锄evacuated quartz

缸be．I乜s蛐ctIl犯w嬲辟诅bHshed by sin91e_crystal X-ray diff髓cdon．The伽e compound crystal-
吐z鹳iIl monocunic，space group P21，c，witlI d=5．409(2)'6=14．994(6)，c=9．183(4)A'声=

98．884(5)。，y=735．8(5)Ⅳ锄d Z=4．n，cu∞03)2Clis isos缸uctural witll LnCu∞03)2X aLn=
Dy，)(_a；Ln=Er．X=Cl，Br)．I谯s仕ucture fcat眦s aⅡ1rec·dimensional(3D)network bIlilt
蛔n Tb(Ⅲ)锄d C“Ⅱ)im培intcrc伽nected by teUurite锄d chlofide allions：tIle曲d嘶dc蛆ion
and曲10ne。pair elec自rons of tlle把ⅡIIrium(IV)ior培am 0rien6ed toward the cavi廿es of吐le tunnels
iIItllenecwofk．Sond—s眦1urIlincsc∞t spec廿吼ofnCufrc03)2clshows a s忙ongernissi叽band
at545nmwith al啪inescentUfctime of291口s．
Keywords：terbium(ⅡI)tenuri啪qv)oxychl砌de，soHd·state nac伽n，
cr】，stal stnlcnl砷，IumiⅡ档c哪

!INTRoDUCTl0N

Metal selellit鹤蚰d tellufites can fomI a Varie哆0f

un璐ual s仇lctIlrcs due t0 the pr器enoe of stereoche-

Inically ac吐ve 10ne pai一．The asymme晡c c00r．

din蚯0n p01yhedron adoptcd by Se(rv)m Te∞，)
atom may alsO result in nOnc锄仃佛ymmc廿ic s呲·
呲s wim consequent int嘲廿ng physical pr叩硎髂，
¨ch∞∞nⅡneⅡ叩ncal㈣ond ha∞∞ic gen啪-
曲n(SHG)p钾．Di豌瑚吐舶m seIelIi砌(Ⅳ)．吲Ju．
mm(Ⅳ)c锄fofm Vafiaw poly∽ric坝lu一山m旺v)
o】【ide allio邶pol”珊Idzcd imo a varie哆ofpolymcric

teUllrium(Ⅳ)oxidc蛐i∞s witlI extendcd s觚lc-

nlres疆1． hence lanthanide t锄sin帆 metal te“

hlrium(Ⅳ)0xyh“de systcm may a肋rd com．

pounds witlI new咖ctllral types蟠weⅡ站novd

op廿cal柚d magne吐c propem郎．So far 0Illy six

lanthaIlide缸蛆sid衄Ⅱletal teUIlrite halides，namely

LIlCuTe206)((LⅡ=Dy，X=Cl：Ln=Er’X；C1，

Br)， Sm姗lⅡb013)C12。 Dy《u(Tc5013)Br2锄d
Nd4cufre03)正b have bc吼s仉lcmr卸y char∽一

terizcdl6J．Terbi啪唧oun出are espccially farely
reponed in 1如tllaⅡon(ⅡI)tdluritcs．锄d to the best

0f o吖lmowlcdge，only Tb2Tc4011 h船been is01ated

of aU lar曲a∞nⅡⅡ)tenuritesL，J．1b furmer ol】r

knowIed聆0n me I剐1t}laⅡide仃aIlsi廿on metal tenu—

rium(Ⅳ)“yhalidesⅫd锄埘um tellllrites，we llave

prep骶旧TbcuCrc03)2CL Herein wc dc∞ribe i协

synthesis锄d s血lcn】re站weU舔惬Ⅱt蛆dlumill韶-

cem prop酬龆．
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2．1 syntII惜is 0f恤e∞mpound

1rbe伽e comp蚴dw衄iIIi吐a11y obtained by血e
high锄npe豫ture soⅡd·staIe m删0n 0f m西(93．5
mg'0．125删01)．CuO(19．9 mg，0．25Ⅱ瑚01)．Cucl2
(33．6 mg，0．25mfn01)柚d Tc02(239．4 m蜀1．5皿n01)
in ollr atccmmto s”thesi∞a new pha辩oftcJ：_bium

copper tellIlfium(Ⅳ)帆yclllofide．ne reacdon nIix_

tIlre w鹊也omughly gm吼d趾d pr鼯sed imo a pelI瓯

put into a siⅡca tIlbc'evacuated and sealed．T11is

tubew懿heatedt0700℃fbr7 davs锄dth朗c00l-

ed to 250℃at 4．5℃m befb∞swi硼血g off廿le

fLllll∞e．sky blue Prism—shaped crystals of n’cu—

fre03)2Cl、Ⅳere obtained．The Ineasured molar ratio

of Tb：Cu：Te：Cl by 111icroprobe elemental曲alysis

resulted in 1．0：1．1：2．3：1．3，wllich is in 900d agree_

ment wit}1 tllat dete眦ined f如m singlc_crys诅1 Xtray
s协lcnlre analysis．Af锄’prop盱stnlctIlml衄alysis，a

pure powder sample of n)cu(Te03)2cl w弱pr印小
cd quandt撕Vely by reacdng a IIlixturc of Tb407：

Cuo：CuCl2：Te02 in a molar mtio ofl：2：2：8 at 710

℃fbr 7 daysin a seaIed silicatIIbe．Themeasured

XRD powd盱pat吼Ⅱm眦h船weU wim山at simu-

lated胁n sin91e．crystal smlcnlre d嘲(Fig．S1)．
Thus，tlle powder s锄pk is 8 single Phase and used

for锄bsequent皿肌d hl芏llinescent studies．

2．2 Mate—als and physical me舾urem∞ts

舢l of the cherrIicals were卸aly6cally pure血胁
commercial sources and used wit，lout further p试fi-

can叽．Te02(99+％)w船purch船ed from ACROS

ORGANICS．Terbium oxide，copper oxide a11d

chloride were purchased from the shaIlghai Reagent

Factoq．Microprobe elemen“analysis was per。^
fomed on a丘eld emission scanIIin宴electron IIli—

cr0∞ope(FEsEM，JSM附)equipped wim n
∽ergy dispersivc X-ray spec廿0∞叩e(EDS，Oxford

矾CA)．)(．ray powdcr di胁cⅡ∞(Ⅺm)pattems
(cu砌)were coUectcd on a XPERT-M呼D∞-2口dif-
f}actomeoer‘IR spect晴、vere recol_ded 0n a Magna

750 Fr-Ⅱt spec订叩hotome衄witll KBr pelkts in山e

4000～400 cm-l ran窖e．Photolmnjnesc即ce analys部

were carried out∞舭Edinh昭h FLS920 nuores-

cence spcc廿咄ter winl a lIlicmsecond flaSh 1amp
0F900，Edinburgh)鹊tlle cxcit撕on source．

2．3 x-my cryst8Ilognphy

A sky blue prism crystal of ncu(Te03)2cl witIl

dimensjo雌0f O．10mm x O．08mm×0．05mm w船

put 0n a Rjgaku Mercury CCD(Mo勋radia石on，土=
0．71073 A，grapllite m叫0cllromator)at 293(2)K．

The da诅were con优ted for Loren协口ol州zation’

factors，air absoIp廿on，a11d absorpn叫due to v撕a-

dons in血e pa血kng山tllrou曲detector face-plate．

AbsorDnon coⅡecn叽based 0n a muln—sc柚techrIi·

que was also applied吵A total of 5557 renections

were c01le吐cd ill廿le疗f柚2e丹om 2．62 t0 27．48。，of

w11icb 1669 were indeperldent witll甩nl=O．()272 aIld

1584 we∞0bservcd witll，>2D∽．The space group

was dete洲ned to be f121／亡hased on svs蜘撕c
absences，E-value sta廿sncs，and subsequent succcs-

sfhl reflnements of tlle crvstal struc“lre．The struc-

tIl坨was solved by direct me山ods(S}IEI X兀，)and

rcflned by fuu_mamx leaSt_squares tech【liques wiⅡl

atoIIlic co删nates and anjso灯叩ic t11e皿a1 displace·
ment parameters【8】The cfystauograptlic data collec一

60n and re丘nement Dar锄eters are summarized in

Table l。她d也e selected bond lengths and bond

锄2les arenstediII’rabIe 2．

E|llpifical fomuh ClcIIo胁
Rmuhweiohl 609ll

咖K 293(2)

ch蛐d出m蛐$ion“胁) 0-10D0×0．伽00×m0500

C竹sⅢsysm M∞Ⅲirlic

spa∞擎伽p ．p2止

d(A) 5．409(2)

6(A) 14．994(6)

c(^) 吼183(4)

，o 辨B84∞

y(^，) 967 6(2)

  万方数据



2007Ⅷ．26 蛄构化擘(月E∞u日uu眦)ch扫l删上＆慨ck札 1161

Z 4

D曲缸吼ala岫耐(Ih竹 5棚
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w蛐血g‘d枷∞ 酬c正w-1A，cFb+(00152咿+m嗍用
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kmⅢ“¨“sMF n974 and一1．151
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砸1卜o(6)
碳1Ⅲ5)
Tb(1卜o(1)ii

o虻1>—“1)

c“1卜㈣
o“l砌1)
n(1脚)
叫1卜0(1一
TH2卜0(6一

^ngle

O口}-THl卜0C2)

o口州1)“1W
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23州3)
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2|376。)

2撕8(3)

1．913(3)

1．992【3)

2．653(2)

1．881(3)

1．勰8(3)

1．874(3)

(。)

粥42(13)

88．3“13)

87石l(14)

1M1如(3)n
1b(I如∞逾
1Ml卜0∞iv

1Ml>-OH)

C“1■o(4)

oⅢ1卜0(6)

似l柚(2)
1H2卜O(5)

嘶卜o(4)
^口gk

0(3卜1圳卜0(1)v
“5MH2Ⅲ6)v
O(6卜_1杖2)删

上328(3)

土35IC砷

2』25a)

2洲卸
1．923(3)

土∞9(卸

1．88帼
1．87l(3)

l舯5(3)

n

9矗72(14)

％．56(14)

9丘07(14)

sy玎1mc舡y cod瞄：(i)—时l，呻．吨；(螂玉叫+l店z_1，2；(iii)畸+1。，一I届岬+1尼；∽埘扣l，叫+1偶z_1儡“)，+1t*：

3 RESUITS ANDDIsCUSSl0N

3．1 Descd口6∞ofme鲥加chlI℃

TbcIlcIMb)2cl is isos咖咖lral埘th I mo】Te幻承

(L丑=Dy．x=cl；Ln=E‘X=C1．Br)州．ns

smIctIlIe f色atur嚣a Dm郴3D nenvork wim tLl曲els
al蚀g血e4 axis，蛐d血e halidc alIion眦dlone-pair
dec咖of thc teUllrimn(Ⅳ)i吼s a∞小ier他d珏
ward岫cavi石鼯0f men瑚els@g．1)．皿erc珊
oIle tcrbium acom。one copp盯at伽，∞c chl耐dc
aIld two tenu五te allions presem in the鼬y肌netric
uIlit of Tbcu∞岛)2c1．Tb(1)is eight-co础nated
by oxygen atoms蛐a distorted square an吐pris—

m撕c ge嘲eⅡy．!rhe Tb—O dist衄ces a陀in the

r¨ge of 2．324(3)～2．564(3)A，snghdy 10ng口tb锄

mo∞in isomorphous Dy柚d丘c伽1pounds【6J柚d

com口arable to t110辩iII OIll盯terbium tcmlri把sl“．

The coppe“Ⅱ)i∞is in adistorted square pyⅢ血d8l

coomin蚯∞∞诎mment composed of fbⅡoxyg吼
at。fns f‰foI|r ten叫te窖roups蛆d a cbloride
缸ion．The four oxyg跖atoms fo衄矾approximgce

square，锄d tlle chloride anion is loc肿ed at t11e

p删dal posm∞．The cu—cl distance of 2．653(2)
A is si鲥ficallny 10nger tll龇mose of cu—o b∞ds

(ranging f而m 1．913(3)to 2．009(3)A)，踮sllawn in

Table 2．H即Ice t11c square pyramid is also seVerely
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diston酣．c咖p缸able t0 tllat in LnCu]re206X CLn=
Dy，X=cl；Ln=&X=a，Br)驯．Bo曲Ⅱle
temlri啪(Ⅳ)atof吣are．m a弘-Te03蛐edral
c00rdi删on量。咖e打y wiⅡl tlle four血cooI_dilladon
s沁occupied by tllc lone-pair elec拍m 0f Tc(Iv)
ion．The Te—o dist柚c嚣faU试也e 1．871(3)～

1．895(3)A r∞ge．TIle∞s蟾mem of copP口nd
tenIIri啪atoms 60 have oxidation staoes of+2如d
+4 is suppo】也d by也e b。nd valeI睇cakuld吐。舔．
The calcul种ed total bond valences are 2．002．3．854

and 3．90l∞specnvely for Cu(1)，Te(1)aIId Te(2)⋯．

nIe Tbog p01yhedra are in【e∞onr呲ted v缸edge

sharing(o(5)⋯o(5))int0 a lD terbium(IⅡ)oxide

chain a10ngtlle4 a】【is(Fig．2)．Eachpair ofCu04Cl

polyhedm afe bridged by a pair of teUurite gmups

口H1)03柚d T色(2)03)to f0Ⅱn a lD chain along tlle

4 axis(Fig．3)．111esetwotyp∞ofchailIsarein睇
connected al把mtely廿lrDugh Tb0·Te嘶dg姻into
a 3D ne脚。收蜘mc咖wi也1arge ap髓tI】rcs along
the口axis(Fig．1)．“l(e丽se．the s锄e c00rd血a廿on
mode w∞ad叩t。d by bdth Te(1)03∞d Te(2)03

gr饥巾s，each of whjch d忙lates bidentately wi也a

Tb(I田ion如d Mdges wi廿l伽D T_b(Ⅲ)and铆o
Cu(玛i∞s．IIence，the s仉Ictu碍of n)Cu汀b03)2Cl

c蛆be also se％勰T矿andQl2+ions bridged by
Teo广鲫ups(Fig．1)．The 1盯ge ape巾时es in恤
network are formed by tenmember酣Iings com—

posed of four terbium，follr coppcr atoIns，and御o

tell嘶te anioIls．The chloride aIlions aIld 10ne pairs

of thc tcuurium(Ⅳ)atoms are oricntated toward血e

aboVe apertur％(Fig．1)．

Fig．1．VtewoCU他gtrⅥct虹eocTbclIfreo曲1adawnthe4缸缸The(Ⅺ0‘CI squa雎pyra血血a弛shaded
In mid珊e呻y．1自，Te，and o atoms n件d朋wn船cro锄d，h8tched，and opeⅡ(sHlau)c砌蜉，r唧ec吐州y

F．912．A1Dterbj岫叩田脚decha．mⅡIongthe4旺hinTbCu(Te03)2cI

n蚤3。A1D∞pper0田伽Ilri岫(I、，)o碍ch】棚de曲曩土丑量nT【bCu《Te蚴鄹
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3．2 Uv．vb sp睇ho鼬opy

m spcc咖of TbCu①03)2clindicgtcs lhat it is
啪nspa埠吐in也e w斜柚∞gm r姐ge 0f 4000～1000

cnl．“The absorp曲n bands砒778，724，695，657，

500，473，”l锄d410 cm-1a坤嘶ginated胁nthe
试lIlrium(Ⅳ)埘dde舯叩s．
3．3 hIminwent property
The∞nc卜s协te J岫1inescenl妒Dperly 0f TbCu-

crb03)2Cl w丛iⅡv船dg曲ed吐r∞m teIIlpe—m嘶．
Under excit矾on at 378 m．nCufre03)2Cl dis-

plays the foIlr sets of cbaracteris垃c删ssi∞b础

foflheTb(Ⅲ)i∞iⅡtl圯visiblc re窖i锄：肌印吐ssi吼

band al 486nm C，D4-÷’F6)，a s虹Dng e耐ssi加b柚d

at 545眦(D4-+’Fs)，twoweakb锄ds at 582柚

(’94一啊)∞d 620 m(5D4—7F3)，"spe甜ve矿1∞
cFig．4)．Each emissi∞b∞d is fIIr恤cr spnt into

scv盯al sul)_b钏ads due toⅡle cIvstal field effbct驵d

也e10w syII蚰e时(C1)of Tb㈣site∞g．4)．The
1uminescent 1ifc虹me of(3D4)fbr tlIe 379 m
exdtadon卸dd 545 m elnissi∞is measurcd to bc
about291堋．

waveleng椭佃m)

n昏4．S0ud·sta怔伽l蟠h spen瑚ofThcu(Te蚴2a毗r∞m teIIIp啪衄朋

n垂SI．S-珊l|Iated衄d唧e血蛐t丑I x．my州derdi胁ctI阻阳t咖f缸TbCI“n魄ha
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