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SYNTHESIS AND SPECTRAL P R O P E R T I E S  OF THE EUROPIUMCIIII 

CHELATES WITH S C H I F F  BASES. 
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ABSTRACT 
The complexes of E u C I I I 2  and t h e  Sch i f f  bases  

w e r e  ob ta ined  and t h e  s t r u c t u r e .  n a t u r e  of chemical 

bonds, and symmetry of t h e  compounds w e r e  e luc i aded  on 
t h e  b a s i s  of spec t roscop i  c and elemental  anal  y s i  s 

data. Two of t h e  compounds w e r e  t h e  monomers with 

8-coordinated europium and one of them w a s  a dimer 

wi t h  6-coordi na t ed  eur opi  um. 
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594 NOWICKI AND ZACHARA 

I NTRODUCTI ON 
S i n c e  Tsumaki ’S discovery,  complex of cobal tCII> 

and N,N’-ethylenebisCsalicylimine3 is a b l e  t o  bond 

molecular oxygene i n  a s o l u t i o n  a t  room temperature  . 
a number of complexes of d i f f e r e n t  m e t a l s  and Schi f f  

bases  w e r e  ob ta ined  and i n v e s t i g a t e d .  However, t h e  

r e s e a r c h  w a s  focused mainly on compounds of Schi f f  

bases  and d - t r a n s i t i o n  m e t a l s  d i s r e g a r d i n g  chemistry 

of complexes of lan thanides .  The compounds of 

f - t r a n s i t i o n  m e t a l s  and Schi f f  bases a r e  known for 
s e v e r a l  y e a r s  but  no d e t a i l e d  d e s c r i p t i o n  of t h e i r  

p r o p e r t i e s  and s t r u c t u r e  i s  a v a i l a b l e ,  t h e  

i n v e s t i g a t i o n s  being f r e q u e n t l y  r e s t r i c t e d  due t o  its 

low s o l u b i l i t y  i n  organic  s o l v e n t s  with a s m a l l  

d i e l e c t r i c  c o n s t a n t .  The complexes are moderately 

s o l u b l e  i n  s t r o n g l y  coord ina t ing  polar  organic  

s o l v e n t s  but  a formation of so lvent  adducts  occures .  

e s p e c i a l l y  i n  t h e  case of compounds type LnL3 C where 

Ln is a l a n t h a n i d e C I I I > ,  and L is a Schi f f  base 3 

being br i dgei ng 1 i gands 2’3. Moreover. such 

compounds are d i f f i c a l t  t o  o b t a i n  due t o  t h e  

ol i gomer i c n a t u r e  of 1 anthani  d e  compl exes ,  and t h e  

synthes i  s f r e q u e n t l y  1 eads to  compl exes of d i  verse 
2,4-P molecular ra t io  C Ln:L > 

i 

EXPERIMENTAL 

P r e p a r a t i o n  of ligands and t h e  complexes 

1. N, N’ -ethyl enebi s C  sal i c y l  i mi ne) - C H sal en> and 2 
N, N’ -C1,3-propylene> bi  sCsali cyl  i mi ne> -CH sal -1 ,3-pn). 

The compounds w e r e  synthesed by r e a c t i n g  t h e  

s a l i c y l a l d e h y d e  C 1  mole> with t h e  diamine C 2  m o l e s >  

under r e f l u x  f o r  1 hour i n  chloroform. N e x t .  t h e  

s o l u t i o n  w a s  evaporated and a p r e c i p i t a t i o n  w a s  
f i l t e r e d  off and dr ied on a i r .  The r e s u l t i n g  
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EUROPIUM(II1)  CHELATES WITH SCHIFF  BASES 595 

p r e c i p i t a t e s  w e r e  r e c r y s t a l l i z e d  from a mixture of 

n-hexane and t o l u e n e  C 1 :  10> CH2salen3 or from methanol 

C H 2 s a l  -1 ,3-pn3. The products  w e r e  d r i e d  in vacuo over 

P20s. The products  with melt ing p o i n t s  : 125-126OC - 
Hgsalen, 48-50 C - H sal-1.3-pn w e r e  obtained.  0 

2 

2. N , N ’ -C 1 ,2-phenyl ene3 bi  SC sal i c y l  i m i  ne3 -C H p d  phen> 

H salphen w a s  ob ta ined  by condensing 

1 ,2-phenyl enedi ami ne and sal  i cyl  a1 dehyde C 1 : 2 m o l  e 

r a t i o  > under r e f l u x  f o r  2 hours i n  a b s o l u t e  

methanol. After cool ing  t h e  mixture t h e  orange 

p r e c i p i t a t e  w a s  re leased .  The r e s u l t i n g  p r e c i p i t a t e  

w a s  f i l t e r e d  off and r e c r y s t a l l i z e d  from methanol. me 
product w a s  f i l t e r e d .  washed with a s m a l l  amount of 

co ld  methanol and d r i e d  in vacuo over P20s. The 

product w i  t h  m e 1  ti ng poin t  162-1 64OC w a s  obtained.  

2 

3. Synthes is  of t h e  europiumCIII3 complexes . 
To a v igorous ly  s t i r r e d  s o l u t i o n  of t h e  

a p p r o p r i a t e  Schi f f B a s e  C 0.002 mol 3 and pi  per ydyne 

CO. 002 mol3 i n  methanol C l O O  c m  3 t h e  europium 

c h l o r i d e  C O . 0 0 1  m o l 3  i n  w a t e r  C 1 0  c m  3 w a s  added 

dropwise. After 1 hour s t i r r e d  t h e  p r e c i p i t a t e  w a s  
f i l t e r e d .  washed with a c o l d  methanol and d r i e d  in 

vacuo over P20s. 

3 

3 

Apparatus and measurements 

Elemental a n a l y s e s  w e r e  performed with a C a r l o -  

-Er ba el ement a1 anal  yser  MOD 1 1 06. 

Thermogravimetric and DTA curves w e r e  recorded on 

a Paulik-Paulik t y p e  OD 103 Derivatograph using A1203 

as a reference .  

I n f r a r e d  C I R  3 s p e c t r a  of t h e  compounds i n  

hexachl or obutadi ene  and Nu j 01 mu1 1 s w e r e  r ecor ded i n 
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5 96 NOWICKI AND ZACHARA 

TABLE 1 

Anal y t i  cal d a t a  of europi  umC I I I 3  complexes. 

Compounds 

Analyses, c a l c d .  Cfound3 [ % I  

C H N 

EuCsalen32Hpip*'/2Hz0 57.00C57.293 5.30C5.353 8.98C9.003 

56.11C55.783 5.80CS. 693 8. 39C8 .173  

56.17C56.543 3. 6 1 C 3 .  473 6.55C6. 443 

EuCsal-l.3pn3 Hpip m2H20 

Eu C sal phen> *2H20 
2 

2 

t h e  4000 - 600 cm-' range using a Specord I R  71 

spec t romete r ;  t h e  s p e c t r a  of t h e  compounds i n  KBr 

t a b l e t s  w e r e  recorded i n  t h e  520 - 40 c m - l  range using 

a Perkin-Elmer 180 spectrometer .  

Emission s p e c t r a  measurements w e r e  performed a t  

77 K. For t h i s  purpose t h e  examined sample,  placed i n  

a q u a r t z  ampoule, w a s  immersed d i r e c t l y  i n  l i q u i d  

n i t r o g e n  l o c a t e d  i n  a q u a r t z  D e w a r .  The sample w a s  

e x c i t e d  by means of a HBO-50 mercury lamp and a f i l t e r  

t r a n s p a r e n t  for t h e  365 nm mercury l i n e .  The emission 

s p e c t r a  w e r e  ob ta ined  with a PGS-2 spectrograph.  i n  

which t h e  photographic  p l a t e  has  been r ep laced  by a 
pho tomul t ip l i e r  t u b e  of t h e  type FEU-51 similar t o  

t h a t  desc r ibed  i n  '*. 

R e s u l t s  and Discussion 
Two new complexes of europium and S c h i f f  bases, 

EuCsalen3 Hpi p mi/ H 0 EuCsal -1 ,3-pn3 Hpi p -i3Hz0. 
2 Z Z  2 

and a new s y n t h e s i s  of Eu2Csalphen3 - 2 H Z 0  w e r e  

de sc r ibed  i n  t h e  p r e s e n t  paper. The elemental  

composition of t h i s  complexes w e r e  determined on t h e  

b a s i s  of e lemental  a n a l y s i s .  The r e s u l t s  of elementar 

and 
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EUROPIUM(III) CHELATES WITH SCHIFF BASES 597 

analyses  are  l i s t e d  i n  Table  1. Despi te  t h e  s a m e  

s y n t h e s i s  c o n d i t i o n ,  t h e  obta ined  compounds w e r e  of 

d i f f e r e n t  s to ich iometry ,  probably due t o  d i f f e r e n t  

complexating power of t h e  l igands .  On t h e  b a s i s  of t h e  

r e s u l t s  of elemental  a n a l y s i s  as w e l l  a s  from t h e  

thermogravimetric and I R  spec t rographic  d a t a  i t  has  

been s t a t e d  t h a t  t h e  obtained complexes of 

europiumCIII3 w e r e  hydrated.  Thermogravimetric curves  

obta ined  as an  a i d  t o  g a i n  information on thermal 

decomposition of t h e  compounds g i  ve evidence for 

hydrat ion.  i n  agreement with t h e  a n a l y t i c a l  f i g u r e s  

CTable 1.3. For example, i t  has been found t h a t  

EuCsal-l,3-pn32Hpip - 2 H 2 0  l o o s e  a t  about 15OoC t w o  

w a t e r  mol ecul  es C m a s s  decrement : found 4.5%, cal c 

4.32m and one molecule of p iper idyne  a t  about 2OO0C 
C m a s s  decrement: found 9.5%. calc. 10.32m. 

The i n v e s t i g a t e d  complexes w e r e  found s t a b l e  up 

t o  about 35OoC. A t  higher temperatures  decomposition 

of t h e  complexes C a t  48OoC f o r  EuCsal -1 ,3-pn3 Hpi p2Hz0 

and 53OoC f o r  Euzsalphen>3 * 2 H Z 0  1 w a s  observed. 

A l l  ob ta ined  compounds show s t r o n g  , orange-r ed 

luminescence a t  t h e  temperature  of l i q u i d  n i t r o g e n  

when exposed t o  W r a d i a t i o n .  The narrow-band 

1 umi nescence s p e c t r a  r esembl ed t h o s e  of europi  um 

p-diketone c h e l a t e s  and i n d i c a t e d  t h a t  t h e  emission 

Do l e v e l  of t r i v a l e n t  arose e n t i r e l y  f r o m  t h e  

e u r  opi um i on. E d  ssi on s p e c t r a  of Do-’Fo 
. i . Z  

t r a n s i t i o n s ,  are i l l u s t r a t e d  i n  F ig .1 .  I n  t h e  s p e c t r a  

shown i n  F i g . 1 . .  t h e  axis of o r d i n a t e s  s e p a r a t e s  
s p e c t r a l  reg ions ,  i n  which t h e  s p e c t r a l  l i n e s  w e r e  

recorded a t  d i f f e r e n t  s e n s i t i v i t i e s  of the d e t e c t i o n  

equipment. This  r e s u l t s  from t h e  l a r g e  d i f f e r e n c e s  i n  

i n t e n s i t i e s  of t h e  set of l i n e s  f a l l i n g  within t h e  

s p e c t r a l  range of t h e  Do-’F2 t r a n s i t i o n  C 6100 - 

2 
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NOWICKI AND ZACHARA 

a 

1 

C 

F i g . 1 .  Emission spectra i n  t h e  region of 

D d 7 F  t r a n s i t i o n s  for t h e  f ol lowing 5 

0 0,i.z 
che l  ates of eur opi umC I I I 3  : 

a> EuCsalenI Hpip mi/ H 0, 

b> EuC sal -1 ,3-pn> 2Hpi p m2H20, 

c3 Eu C sal phen> 

2 2 2  

*2H20 .  2 
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EUROPIUM(II1)  CHELATES WITH SCHIFF BASES 599 

- 6300 A 3 as compared with t h e  i n t e n s i t i e s  of o ther  

l i n e s .  For al l  t h e  t h r e e  complexes no emmision i n  t h e  

reg ions  could be observed above t h e  5 

D~-+’FO, 2 
n o i s e  1 eve1 charac te r  i sti c of t h e  i n s t r  umentati on. 

The s p e c t r a  of t w o  complexes CFig. 1. a.1. b> 

e x h i b i t  a s i n g l e  l i n e  a t  about 580 nm. These l i n e s  are 
due t o  D0-7F0 t r a n s i t i o n .  S ince  t h i s  spec t roscopic  

states are not  degenerated.  a s i n g l e  l i n e  is c o n s i s t e d  

with t h e  assumpti on t h a t  europi um i o n  conta i  ni  ng 

s p e c i e s  is r e s p o n s i b l e  f o r  t h e  observed spectrum. The 

t h i r d  complex CFig. 1. c3 e x h i b i t s  spectrum of t w o  

d i f f e r e n t  s p e c i e s ,  p o s s i b l y  with d i f f e r e n t  c r y s t a l  
s t r u c t u r e s  by only  15 c m - I  i n  energy of t h e  5 Do+7Fo 

t r a n s i t i o n .  

The a n a l y s i s  of t h e  5D0+7F1 C 585 - 600 n m  > 
and 5Do_t7F C 610 - 630 nm > m u l t i p l e t s  enables  one 

t o  determine t h e  s p l i t i n g  of 7Fi and 7F2 levels. The 

maximum s p l i t i n g  of t h e s e  l e v e l s  may be 3- or 5-fold.  

r e s p e c t i v e l y .  The l o w  symmetry C monoclinic or 

t r i c l i n i c  s y s t e m s  > of t h e  c l o s e  sorroundings of 

eur opi um i o n  e n t i  re1 y excl udes degenerat ion of t h e s e  

levels. The m u l t i p l e t s  observed i n  t h e  spectrum ranges 

of t h e s e  t r a n s i t i o n s  may be caused by t w o  e f f e c t s :  

C a >  v ibronic  t r a n s i t i o n s ,  and Cb3 e x i s t i n g  of s e v e r a l  

s t r u c t u r e s  i n  t h e  close sorroundings of europium ion .  

5 

2 

Because t h e  spectrum bands of t h e  l o w - s y m m e t r i c  
complex EuCsalen3 Hpip mi/ H 0 CFig. 1. a> are s h a r p  and 

t h e i r  number is i n  agreement with t h e  assumption of no 

degenerat ion of spec t roscopic  s t a g e s ,  i t  could b e  

s t a t e d  t h a t  t h e  complex e x i s t e d  i n  one c r y s t a l l i n e  

form. I n  t h e  case of Eu2Csalphen>a-2Hz0 complex 

CFig 1 . d  t h e  s p e c t r a l  bands w e r e  also s h a r p  , but  its 
number , i n t h e  appr i opr i ate t r a n s i t i o n  ranges , w a s  
g r e a t e r  than one could expect  according t o  t h e  theory.  

2 2 2  
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6 00 NOWICKI AND ZACHARA 

This  may i n d i c a t e  formation of a complex con ta in ing  

t w o  europium i o n s  s u b j e c t e d  t o  s l i g h t l y  d i f f e r e n t  

crystal f i e l d s .  The number of s p e c t r a l  bands show t h a t  

t h e  symmetry of t h e  f i e l d s  is a l s o  l o w .  Spec t r a l  

l i n e s  of EuCsal-1 .3-pn3 Hpip e 2 H  0 complex w e r e  broad 

and its number w a s  g r e a t e r  t han  pe rmis s ib l e .  I t  may 

i n d i c a t e  fo rma t ion  of o l igomer i c  complex Cof 

s y s t e m a t i c  but s l i g h t l y  d i s t u r b e d  s t r u c t u r e l , .  

2 2 

The elemental  a n a l y s i s  data as w e l l  as a n a l y s i s  

of t h e  s p e c t r a  show t h a t  t w o  compounds, 

EuC sal  en> 2Hpi p 'i/2H20 EuC sal -1 ,3pnl, z H p i  p m2Hz0, 

w e r e  monomers of e igh t - coord ina ted  s t r u c t u r e  of t h e  

t h r  e e - w a l  e n t  e u r  op i  um i on ,  and EuzC sal  phenl - 2 H z 0  

w a s  a dimer of s ix -coord ina ted  s t r u c t u r e  of Eu3+ ion.  

and 
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