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Abstract Four solid quatemary canplexes of light rare earth perchlorate w ith diphenyl sulfoxide (L) and benzoic
acid (L") have been synthesized and characterized By elenental analysis TGA-DTA and themolar conductivities in
acetone solition studies the canposition of the canplexes were suggested as [REL,;L!( CD,)]1(CDy;) (RE= La
Pr Nd Eu L= CH;S0CH,, L = CgHsCO0™ ). As shown in R spectra the absorption band associated w ith the
S0 stretchingmodes in the first lieand diphenv] sulfox e apvears at 1 037 an™ . while the absomtion bands in the
canplexes appear betwveen 987 an”' and 989 an”'. A shift of the S O stretching frequency towands lower wave
mumber by about 50 an” ' suggests that rare earth ions are bonded w ith an oxygen atan i sulfoxyl group In the

. . . . -1
second ligand benzoate the absorption band associated with V ¢o0-, appears at 1 550 an™ ", V-, appears at

1 416 an” . The valie of An| V. co0-y = Yicoo-; ] 1 134 an” " A shift of Vi coo-, frequency in canplexes to-
wards higher wave number while a shift of V, -, frequency i canplexes towards lwer wave number W hat's
more the value of An[ V con-y = Vywo-, ] M canplexes is higher than that of An[ V, o0y = Yycoo-, ] I sodim
benzoate This showed that benzoate (L) bonded w ithRE™ ions by one oxygen atan in carboxyl group which coord
nate as an unidentate group One of o perchlorates (CDy ) is coord mated w ith RE*" while another is not F hiores-
cent specira of Eu'™* canplex showed that quatemary canplexes have stronger fliorescence than the b nary one whose
licand is diphenyl sulfoxide ( the fluorescence mtensity of Eu’" can plex increased by 46%% ). Phosphorescent spec-
tra of tvo ligands showed that the lower lin it of the triplet state w ith benzoic acid was overlapped by the upper I it
w ith diphenyl sulfoxile the energy level range of triplet state was extended As a resuli matching extent of triplet
state of ligands w ith excited state of the rare earths have been mncreased by coondnation of the second ligand benzoic
ackl the tranan it efficiency also have been mcreased A tributed to the addition of the second ligand the synm etry

of the canplexes alvays have been decreased as a result the fluorescence mntensity was mcreased

Kev words licht rare earth quatemarv canplexes dihenvl sulfoxide benzoic acid fliorescence phosphorescent
spectra
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. bility of the canplexes is not ideal To sane extent
1 Introduction . L .
this I ited the applications of the camplexes W hile

The canplexes of rare earth ions w ith camboxyl the rare earth ions such as Sm™", Eu’*, Th'", Dy3+

. . [1~3] . . . .
acils have optmal fliorescence =, but the solu- with sulfoxides not only have fine lm mescence but
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[4~ 7]

also have good solubility ™ . W hether a camnp lexes
have both advantages of the canplexesw ith sulfoxide
as ligand and advantages of the canplexes w ith car
boxyl acid as ligand when it contams sulfoxide and
catboxyl acid as ligand¥ In order to get rare earth
canp lexes having strong i mescence high themo-
dynanm ic stability and good solubility we have syn-
thesized four solid quatemary canp lexes of rare earth
perchlorate w ith diphenyl sulfoxide as the first ligand
and benzoic acid as the second ligand W e have n-
vestigated the fluorescence of canplexes and the
effects of fluorescence The researches n this article
have theoretical significance and application value of
organic rare earth materials having excellent hm r

nescent perfom ance

2 Expermental Section

2 1 Materials and Instrum entation

Rare earth oxides( 299 99% ); benzoic acid
A R( 299 S ); other cheam icals were analytical
reagent grade E lement analysis of catbon hydrogen
was obtained on PE-2400 elamental analyzer The
rare earth on content was detem ned bv the stan-
dard EDTA canplexanetric titration IR spectra
were recorded with a Nicolet NEXUS 670 FT-RR
spectram eter using KBr plates in the range of 400~
4000 an” ",

The molar conductivities were measured by
DDS-11D detector at roan temperature The solvent
was acetone and the concentration of the solution w as
L 0x10 *mol+ L'

an ission spectra and exitation spectraw ere recorded

The solid state fluorescent

by H itachi F-3010 fluorospectrophotam etry at roan
tanperature The slit width was 3 nm ( L-42 filter
was used). Phosphorescent spectra were recorded
with SPEX 1934D phosphorineter at roan tem pera-
wre TGA-DTA curve was drawvn on SDT2960
differential them al and gravin etric analyzer
2 2 The Synthesis of Quaternary Cam p lexes

0 7mmol sulfoxide (CHsSOCsHs) was weighed
and dissolved mn the ethano] then the ethanol solu-
tion of rare earth perchlorate(Q 1 mmol) was added
slwly in the ethanol solution of ligand to give the
canplex as a precipitate A fier refluenced half an
hour ethanolwas added to dissolve the precipitate
Then the solution of benzoic ac weighed O 1 mmol
was added contollng pH to be 6 using anmonia
after reaction for 10 b cooled the camplex was ex-
tracted washed w ith anhydrous ethanol and dried in

vacua The yield of productwas 70e ~ 75 .

3 Results and D iscussion

3 1 Canmposition Analysis of Canplexes and
theM olar Conductivity

Camposition analysis data of the canplexes
were shown nTable . It showed that the canplexes
have the general fomula [ RELL' (CDy) -
(CDy), (RE= La Py Nd Eu; L= CsHsSOC¢Hs,
L'= CHsC00 ). The range of molar conductivr
ties is fran 126 7 to 134 1 s* an’* mol . ac-

cording to the literature ",

this mdicated that can-
plexeswere 1. 1 type electiolytes One of wo mor
ganic anions CD; was coordinated and the other

was not

Table 1 Camposition analysis(% ), molar conductivities(s* an’* mol '), m. p ( 'C) and decamposing point( C)

of the rare earth camplexes(25 C).

Canplex C H RE A, m. p decan posing point
[LalsL'(CD4) ] (CDy) 54 46 (54 73) 179 (3 74) 9 12(946) 1267 164 5~ 167
2158 7[PrLsL’(CD,) 1(CDy) 54 38 (54 66) 177 (374 9 70 (9 58) 127 2 176~ 179
217 8[NdLsL'(CDy) ] (CDy) 54 21 (54 54) 175(373) 924(978) 1268 188~ 191
220 1[EuLsL'(CDy) 1 (CDy) 53 92 (54 25) 369 (3 71) 9 92(10 26) 134 1 178 5~ 180 218 3

( Theoretical data are in the bracket)

3 2 The Analysis of TGA-DTA

TGA-DTA curve( as shown in Fig 1) of La”

canplex was drawn n N, and the heating rate was 10

C/min According to TGA curve of La* canplex
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at 166 31 C there is an endothem ic peak area ac-
cordance with the m. p of the canplex( showed in
Table 1). La’ canplex began to lose weight at
213 61 C and weight loss was 4L 4%. And on
the DTA curve of La” canplex there is an endo-
them ic peak area at 267 65 C which was caused
by the decan position of La" canplex the percen-
tage of the weight loss was in good accordance w ith
the theoretical data 41. 25% when the canplex lose
three ligands ( C¢HsSOCgHs). The La™ canplex
began to lose weight at 292 61 C again the weight
bss was 44 3%. whatsmore on the DTA curve of
La* canplex there is an exothem ic peak area at
409 94 C caused by the oxidized decanposition of
canplex the percentage of the weight loss was i
good accordance w ith the theoretical data 44 65k
when the camplex lse weight to became LaO-
(CO3),5 The canplex began to lose weight bew een
557. 64 C and 793 78 C for the thid tme The
percentage of the bseweightwas 2 849%,
accordance w ith the theoretical data 2 993% when
the canplex lose catbon dioxie Until 1 000 C,
the canplex didn't bse weight
canplex had the fomula La0O,.

itwas n

the canposition of
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Fig I TGA-DTA data of [ LalsL (CD,) ] (CD,).

3 3 The Properties of Canplexes

The quatemary canplexes have the higher solu-
bility Al the canplexes can be dissolved n water
(5 g/100 mL), ethanol (10 g/100 mL) and ace-
tone (23 g/100mL). The canplexes also have good
solubility n chlroform, DM SO and DMFE. The de-
cam position tenperature of the camplexes is high so

they are themostable as shown in Table 1, the de-

canposing point of the canplexes is very high
34 IR Spectra

The R spectra of diphenyl sulfoxide sodim
benzoate and quatemary camplexes were recorded
(shown m Fig 2 Fig 3 Fig 4).

band associated w ith the S O stretching modes in

The absorption

the diphenyl sulfoxide ligand appears at 1 037
an” ', while the absomption bands i the canplexes
appear betveen 987 an” ' and 989 an” '. A shift of
the S O sireiching frequency towards lower wave
number by about 50 an”' suggests that rare earth
ons are bonded with an oxygen atam in sulfoxyl
group In the benzoate the absorption band V, co0-)
appears at 1 550 an” ',
1416 an” . The valie of An[ Viicoo-) — Vicoo |
is 134 an”~'. The absorption band Vcoo-, m the
canplexes splits mto wo bands one appears fran
1 570 to 1 575 an”' and the other appears fram
1621 to 1623 an” . The absomption band Vo0
appears fram 1 398 to 1 400 an”'. The valie of An
[ Viccoo-) = Yicoo-) | is fram 170 10 177 an” " and
fram 221 0225 an~ . A shift of Vi coo-, frequency
n canplexes towards higher wave number while a
shift of Voo~
lwer wave nunber W hats more the valie of
An[ Viqcoo-) = Vacoo ) |
than that of An| V. coo-) = Yicoo-, | M sodim ben-
zoate This showed that benzoate (L’) bonded w ith

RE™ ons by one oxygen atan i carboxyl group

and V co0-, appears at

frequency I canplexes towarnds

n canplexes is higher

which coordinate as an unidentate group . In the
IR spectra of the canplexes the absomption bands of
perchloric ions appear at 1 091~ 1092 an” ', 1 163~
1170 an” ', 1014 an” ' and 621 an” .
to the literatures * ', when CD;

A ccording
isn't coordina-
ted it hasT, symmetry and there are o absorption
bands W hen CD,
group
tion bands

is coordinated as an unidentate
ithasCs;, symmetry and there are five absorp-
In the R spectra of the camplexes four
absorption bands can be seen clearly So CD; isn't
allwith the T; symmetry and sane of them should
have C;, symmetry In temsw ith themolar conductivr
ties it can be mduced that one of wo perchlrates
(CD; ) is coordmated w ith RE™ while another is
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Fig.4 IR spectrum of [ EuL,L'(ClO,) ](ClO,).

not Above data showed that the coordmation num-
ber of quatemary canplexes is 7.
3 5 Phosphorescence Spectra

The phosphorescence spectra of diphenyl suk
foxide and benzoic acid were recorded ( shown n
Fig § Fig 6).
state of diphenyl sulfoxide and benzoic acid were
frim 21 459 an” ' 10 16 863 an” ' (466~ 593 m)
and fran 30 120 an™ ' 10 20 964 an” ' (332~ 477
mm ) respectively ( The energy level range of triplet
state was calculated by half-peak w idth of the rela-
The energy level of “D, of Eu is

The energy level range of triplet

tive nlensity).

17 360 an” '
the wo ligands were a little hicher than that of the

The energy levels of triplet state of

excited state Dy, which can am it fliorescence of the
rare earths so the energy can transn it fran the trip-
let state of the wo ligands to the Dy excited state

W hatsmore the lower lin it of the triplet state w ith
benzoic acid was overlapped by the upper Im it w ith
diphenyl sulfox ide
state was extended( A s shown n Fig 7).

the energy level range of triplet
As a re-
sult matching extent of triplet state of ligands w ith
excited state of the rare earths have been ncreased
the transm it efficiency also have been increased
1 R
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Fig.5 Phosphorescence spectrum of C,H,SOCH;.
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Fig. 6 Phosphorescence spectrum of C,H;COOH.
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3 6 Fluorescence Spectra
3 6 1 The Fluorescent Exitation and Em ission
Spectra

The fluorescence exitation and am ission spectra
of Eu'" canplex were shown in Fig & Fig 9

The most suitable excitation wavelength of Eu’”
canplex is 336 mm . The excitation peak of Eu'

canplex is wide band According to the litera-

12
tuvel I,

ifwe use the light whose wavelength is be-
ween 280 mm and 350 nm to excite the rare earth
canplexes the excitation have taken place n ligands
not rare earth ons but the character an ission of rare
earth appeared in the en ission spectra of the canp-
lexes this contrbuted to the energy transfer fram
licands to rare earth ons The excitation spectra of
Eu” quatemary canplex in this article belong to this
k ind
3 62 Symmetry of Canplexes

In the enission spectra of Eu’* canplex the
an ission mntensity of 'Dy='F, is stronger than that
of 'Dy—"F,. The ratio is 5:2 It can be had seen

that the symmetry of the canplexes is not good

There was no symmetry center mn the canplexes
that is the ions didn't lie in the symmetry center of
crystal lattice
3 6@ 3 Canparison of Fluorescence Intensity betv een
B nary Canplexes and Quatemary Ones

In order to mvestigate the effect of benzoic acid
as the second ligand to the fluorescence intensity of
canplexes i this article we canpared the fluores-
cent en ission spectra datd °~ "' of binary to that of
quatemary canplexes which were recorded at the
sane condition (The 3 nm width of the slit roam
tem perature particle size and the test conditions of
nstrum entation). The data were shown m table 3
the loca-

tion of an ission band of rare earth didn’t changed

A fier fomed quatemary camplexes

But the fluorescence intensity mcreased by 46%% .

There are wo factors affected the fliorescence
ntensity

(1) matching extent of triplet state of ligands
w ith excited state of the rare earths

The energy level of the triplet state of diphenyl
sulfoxide was fram 21 459 an”™' 1o 16 863 an” ',
itwas a little hicher than that of the excited state
of Eu” which can em it fliorescence so the energy
can transfer fran the triplet state to the excrted
state The phosphorescence spectra of diphenyl suk
foxide was w ide peak the phosphorescence spectra
of benzoic acid was wide toa the energy level is
from 30 120 an” ' 1020 964 an” ', so the lwer lin-
it of the triplet state of benzoic acid was overlapped
by the upper Im it of the triplet state of diphenyl suk
fox de
tended( as shown in Fig 7). This ndicated that the
m atching extent of triplet state of ligandsw ith excited

the energy level range of trip let state was ex-

state of the rare earths was increased

(2) The symmetry of canplexes

W hen the rare earth ions are not lie in the sym-
metry center of the crystalline field the exclusion of
f-f transition was released That i the lower the
symm etry of canplexes is the stronger the fluores-
cence mtensity is A ttributed to the addition of the
second ligand the symmetry ' of the canplexesw as
the fluorescence n-

alvays decreased as a result

tensity was ncreased
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Table 3 Canmparison of fluorescent am ission spectra data of binary and quaternary camp lexes

Can plexes A (mm) A,, (rm) I(a u) T ransition
Eul; (CDy) 5 395 595 2 36 21 D= F,
617 4 70 62 Dy—"F,
[EulsL'(CDy) [(CDy) 395 594 0 133 4 Do TF,
616 2 275 4 Dy—F,
623 2 331 Dy TF,
4 Conclusion (CDy) (RE= La Pr Nd Eu L= CHsSOC4Hs,

L'= CHsCOO ). Fluorescent spectra of Eu’” can-

F solid te «am plexes of rare earth
our sofxt qualomary cumprexes of arc car plex showed that quatemary canplex has the stronger

perchlm;ate w ith diphenyl sulfoxide (L) and benzoic fluorescence than that of binary canplex Al the
acid (L ) have been synthesized The cam position of

, quatemary canplexes have higher solubility
the canplexes were suggested as [RELsL (CDy) |-
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