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Abstract:Thenovelrareearthcomplexwithmulti-benzenoid, multi-carboxideanddoublecarboxylstructure, ascore, wereSyn-

thesized.TheIR, solidstate13CNMRandfluorescentspectraofthecomplexwerestudied.IRabsorptionspectraindicatethatthe

ligandiscoordinatedtotheEu3+ion, andchemicalbondsareformedbetweenEu3+ ionandnitrogenatomsofphen.Thefluorescent

spectraillustratethatthecomplexhasanexcellentluminescence, indicatingtheligandfavorsenergytransfertotheemittingenergylev-

elofEu3+.

Keywords:rareearth;core-shell;lightconversion;resource

CLCnumber:O43;O63　　Documentcode:A　　ArticleID:0529-6579 ( 2007) S1-0079-03

Withthedeficiencyofthenaturalresources, the
exploitationofthenewresourceshasbecomemoreand
moreimportant.Asakindofimportantresource, the
researchandapplicationofsolarlighthaveattractedthe
mankindsattention.Therareearthlightconversiona-
gentcantransfervioletandgreen-yellowlightintheso-
larraysintored-orangelightandblue-violetlightwhich
arenecessarytocropphoto-synthesisduetosomerare
earthions, specialouter-shellelectronicstructureand
multi-coordination.Thusnotonlycanmakethesun-
lightresourceberationallyandeffectivelyapplied, but
alsoletthecropsearly-cropping, increaseproduction
andfinallyimprovethelight-ecologicalenvironmentof
crop.So, thestudiesoftherareearthlightconversion
agenthaveattractedattentionofmanyresearchers

[ 1-2]
.

Inourwork, wesynthesizedanovelcore-shell
polymericrareearthlightconversionagent.Thecore-
shellpolymericlightconversionagenthasabettercore-
shellstructure, outstandingluminescentcharacterand
excellentthermalstability.Inthispaper, Synthesis,
CharacterizationandLuminescentPropertiesoftheno-
velrareearthcomplexwithmulti-benzenoid, multi-car-
boxideanddoublecarboxylstructure, asthecore, are
discussed.

1　Experimental

1.1　SynthesisofligandL
ThesyntheticroutefortheligandLisshownin

Scheme1.3, 5-Dihydroxybenzoate( 2 ) wasprepared
accordingtotheliterature

[ 3]
.TheligandLwassynthe-

sizedasfollow:p-phthaloylchloride( 28 mmol) and
3, 5-dihydroxybenzoate( 14 mmol) wereaddedtothe
DMFsolution( 50mL) containingpyridine( 2.5mL).
Thewholemixturewasstirredat95℃ underargonfor
4h.Afterbeingcooleddown, themixturewaspoured
intowater( 100 cm

3
).TheresultedligandL ( 3 )

(whitepowder) wasfiltered, washedwithwaterand
driedinvacuumovenat105 ℃, yield85%.

1.2　Synthesisofthecomplex

Eu2O3 wasdissolvedin2mol·L
-1
HCl, evaporat-

edtoneardryness, finallydissolvedin99.7% ethanol
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toprepare0.2 mol·L
-1
EuCl3 solution(Solution1).

1.10- phenanthroline ( 2mmol) wasdissolved in
99.7% ethanol( 20mL) ( Solution2 ).LigandL
( 3mmol) andDMF( 40mL) weremixedandstirredat
50℃ untiltheligandLwasdissolved( Solution3).
ThepHofsolution3 wasadjustedtotherange6 ～ 7

withaquaammonia( 25% ～ 28%, NH3 ).Solution1

( 10mL) andSolution2 werestirredat50℃ for
30mins, andthenSolution3 wasadded.Themixtures
solutionwasstirredat50℃ for2handatroomtempera-
turefor24h.Thesynthesizedcomplexwaswhitesolid
powder, whichwaswashedwithethanolandwater, fil-
teredanddriedinvacuumovenat160℃.

2　Resultsanddiscussion

2.1　TheIRabsorptionspectrumofthecomplex
IntheIRspectraofthecomplexandphen, the

characteristic peak ofνCOOH for the ligand L

( 1699cm
-1

) disappearswhenthecomplexareformed.
Theasymmetricandsymmetricstretchingvibrationsof
carboxylicgroupareappearingat1657 and1520cm

-1

inthecomplex.Thesefactsprovethatthecoordinate
bondsareformedbetweenoxygenatomincarboxylic
groupandtherareearthion.Intheotherhand, the
benzeneringνC-H bendingvibrationpeaksofphenin

highfrequencyregionappearingat854 and739cm
-1

areshiftedto847 and731cm
-1
, indicatingthatthe

chemicalbondsareformedbetweenrareearthionand
nitrogenatomsofphen

[ 2]
.Finally, theabsorptionpeak

atabout451cm
-1
canbeassignedtotheEu-Ovibration

absorptionband.AccordingtotheanalysisoftheIR
spectraofthecomplexandligandL, thenovelEu

3+

complexwithligandLandphenisformed.
2.2　TheSolidState

13
CNMRspectraofthecom-

plex
Inthesolidstate

13
CNMRspectraofligandLand

thecomplex, thepeaksofligandLat53.16 and
131.12 arenotobviouslychanged.Thepeakat173.0
isdisappeared, andthetwopeaksat162.2and148.6
areenhanced.TheseresultsindicatethattheligandL
hascoordinatedwithEu

3 +
ion.Furthermore, thenew

peaksliein163.9, 127.5and121.6correspondtothe
δCofC=NandC-Hforphen, respectively.These

meanthatthepheniscoordinatedwithEu
3+
ion.So

that, theanalyzingresultsofsolidState
13
CNMRspec-

traoftheligandLandcomplexfurtherverifythoseof
IRabsorptionspectraofthecomplex.
2.3　Fluorescencespectraofthecomplex

Thefluorescentspectraofthecomplexshowthat
thecomplexhasexcellentluminescentproperty.The
excitationandemissionspectraofcomplex(pH=8.5)

arerecordedintheFig.1.Thestrongandsmooth
bandsobserved( 200 ～ 400nm) couldbeassignedto
theefficientπ※ π

＊
transitionbasedontheconjugated

doublebandsofligandLandphen.Thefactindicates
thatEu

3+
ioncanbewellexcitedin330 ～ 360nm

wavelengthrange, andtheoptimumexcitationwave-
lengthis347nm.

Thefluorescenceemissionpeaksofthecomplex
areallfrom

5
D0※

7
FJ( 0— 4) transition.The

5
D0※

7
F2

transitionisanelectricdipoletransition;itcanbede-
tectedasarelativelystrongpeakwhenEu

3+
doesnot

lieincentrosymmetricligandfield.The
5
D0※

7
F1 tran-

sitionisamagneticdipoletransition, anditsfluores-
cenceintensitybecomesthemostintensiveonlywhen
Eu

3 +
ioniscenterofinversion

[ 5]
.IntheFig.1, the

correspondingemissionpeaksbaseonthe
5
D0 ※

7
F1

( 601.6nm) ,
5
D0 ※

7
F2 ( 625.0nm) ,

5
D0 ※

7
F3

( 660.5nm) and
5
D0※

7
F4 ( 706.3nm) transitionsare

observed.Thestrongestemissionpeakisat625nm,
whichbelongsto

5
D0※

7
F2 transition.Theresultpres-

entsthattheEu
3+
liesinanon-centrosymmetricligand

fieldinthecomplex
[ 6]
.Theluminescentintensityof

rareearthcomplexhasrelationshipwiththeexcellent
absorptioncoefficientoftheligandandthehigheffi-
cientligand-to-trivalentrareearthionenergytransfer.
IntheligandL, thelone-pairelectronofoxygenatom
ofthecarbonylgroupandbenzeneringcanformhyper-
conjugationeffect(Scheme2 ).ThismakesligandL
possessesrigidstructure, goodstructurestability.Fur-
thermore, theabsorptionenergyofligandLcanbeeffi-
cientlytransferredtotheEu

3+
ion.Thesefactswillen-

duethecomplexwithstrongluminescentproperty.In
theFig.1 thestrongemissionpeaksalsoprovethatthe
luminescentpropertyofthecomplexisexcellent.

Fig.1　Theexcitationandemissionspectra
ofthecomplexScheme2.Theenergytransfers

diagramoftheligandL
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3　Conclusion

ThecomplexesoftrivalenteuropiumwithligandL
andphenhavealsobeenstudied.Thecomplexesex-
hibitcharacteristicemissionpeaksofEu

3+
ionand

strongluminescentintensityundertheexcitationspec-
trum.Theexcellentluminescentpropertiesofthecom-
plexesindicatethatthereexistshighefficientenergy
transferbetweenligandLandtrivalenteuropiumion.
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一种新型的光能转换剂的合成 、 表征和荧光性能
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摘　要:合成了一种作为核的带有多苯环联结结构 、 多羰基 、 双羧基的新型稀土配合物, 对配合物的红外光谱, 固相核

磁碳谱和荧光光谱进行了研究。红外光谱表明所制备的新型配体与稀土 Eu3
+
进行了配位, 而邻菲啰啉中的氮原子也与稀土

离子进行了成键。所制备的配合物的荧光光谱表明配合物具有优异的荧光特性 , 同时配体与稀土离子间具有较好的能量转

换性能。
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