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New complexes of some lanthanides with barbi tura tes  such as phenobarbital,  amylbarbt tal ,  and 
butabarbital  were  obtained. Mixed complexes containing, in addition to the barbi tura tes ,  8- 
hydroxyquinoline as a second ligand were also obtained. The complexes were charac te r ized  by 
their  absorption spec t ra  in the UV, visible, and the IR regions.  Simple and mixed neodymium 
complexes with barbi tura tes  were subjected to thermal  analysis ,  and the resu l t s  are  discussed.  

The study of complexes of barbi turates  with t ransi t ion elements is far f rom complete. Only copper [1,2], 
zinc, mercury ,  and nickel [2] complexes with barbi tura tes  have been described. 

Barbi turates  are  known mainly because of their  soporif ic  action, and the methods used to identify them by 
complexing with t ransi t ion metals  a re  of substantial analytical  value [3]. However, complexes of the lantha- 
hides have not been adequately studied, and methods for the preparat ion of complexes of the lanthanides with 
barbi tura tes  and their  mixed complexes with 8-hydroxyqus as well as their  spectral  and thermal  cha rac -  
t e r i s t i c s ,  were therefore  investigated in detail in the present  r e sea rch .  

E X P E R I h I E N T A L  

The spect roscopica l ly  pure lanthanide oxides used in this r e s e a r c h  were obtained f rom the Bhabha 
Center of Atomic Research  in Bombay. 

The UV and visible spec t ra  were r ecorded  with a Beckmann DB spectrophotometer .  The I:R spec t ra  of 
minera l  oil suspensions or KBr pellets of the compounds were recorded  with P e r k i n - E l m e r  model 137 and 
238 spec t romete rs .  

The barbi turates  of the lanthanides were obtained by the method in [4]. The excess ligand was washed 
away with ether. All of the compounds {Table 1) were vacuum dried over fused calcium chloride for 48 h. 

The mixed complexes were obtained as follows. Solutions of the lanthanide barbi turate  complex and 8- 
hydroxyquinoltne in ethanol (molar ra t io  1:3)  were  mixed, the pH of the solution was brought up to 5.8 bymeans  
of alcoholic ammonia solution, and the solution was evaporated slowly to dryness  on a s team bath. The solid 
residue was washed with ether to remove the excess oxine (8-hydroxyquinoline) and vacuum evaporated over 
fused CaC12 for 48 h. The anal xlical data for the mixed complexes are  presented in Table 2. 

R E S U L T S  A N D  D I S C U S S I O N  

U l t r a v i o l e t  Region 

The spectra of the complexes were recorded only in methanol solution because of their insolubility in 

other nonaqueous solvents. At pH values below i0 the barbiturates do not have any characteristic absorption in 

the UV region [3]. No selective absorption of the lanthanide complexes in methanol whatsoever was therefore 
observed. 

*All inquiries should be directed to V. Ramachandra  Rao. 
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T A B L E  1. A n a l y t i c a l  D a t a  f o r  L a n t h a n i d e  C o m p l e x e s  w i t h  B a r -  

b i t u r a t e s  

Complex* 

Ytphenobarb) ,CI3. H20 
La (phenobarb) iCla. H20 
Pr{phenobarb) IC13. H20 
Nd(phenobarb) ~C13. HeO 
Sm(phenobarb) ~Cl~. H~O 
Gd (phenobarh} ICI~. H~O 
Dy(phenobarb) ~Cla. H~O 
Y(amylobarb) iCl~. H~O 
La (amylobarb)tCl~, H~O 
Pr (amylobarb) ~CI,~ �9 HeO 
Nd/amylobarb) ~Cla. H~O 
Sm (amylobarb)iC]3" H2O 
Y(butabarb} ICI~. H.O 
La(butabarb) ~CI~- H~O 
Pr(butabarb) ~CI.~- H20 
Nd(butabarb) ~Clx. H~O 
Sm (butabarb)~Cls. H_~O 
Gd (butabarb) ~CI~- H20 
Dy (butabarb)~CI~. H:O 

metal 

19.76 
27,73 
27.90 
28,87 
29,52 
30,34 
31.22 
19,99 
28.07 
29.56 
30.00 
29.93 
20,50 
28,90 
29.30 
29.92 

-30,52 
31.53 
:33,40 

Found, % 

cI 

24,02 
21,43 
20.96 
20.97 
20,54 
20,32 
20.10 
24,13 
21,45 
22,23 
22,03 
21,15 
24.86 
22,t7 
22.14 
21,90 
21,46 
21,20 
21.08 

6,20 
5.42 
5,50 
5,40 
5.46 
5.26 
5.37 
6,16 
5.71 
5.40 
O.DI 
5,33 
6,29 
5,87 
534 
5,74 
5,48 
5.60 
5,55 

Calculated: % 

rneEal CI 

19,99 23,72 
27.96 21,36 
28,37 21.24 
28.85 21,10 
29,71 20.84 
30~5 2O.56 
31,36 20.35 
20,22 24.22 
28.23 2[.79 
29.75 22,49 
30.30 22.16 
30,01 21,25 
20.89 25,03 
29~8 22,44 
29,51 22,30 
30,07 22,16 
30,89 21,87 
31,85 21,59 
33,79 21,34 

6.28 
5.66 
5,63 
5.59 
5,52 
5,45 
5,39 
6.37 
5.73 
5,72 
5,66 
5.59 
6,57 
5,90 
5,86 
5,83 
5,74 
5,67 
5.61 

* A b b r e v i a t i o n s :  p h e n o b a r b  is  p h e n o b a r b i t a l ,  a m y l o b a r b  i s  a m y l -  

b a r b i t a l ,  and  b u t a b a r b  is  b u t a b a r b i t a l .  

T A B L E  2. A n a l y t i c a l  Da ta  f o r  M i x e d  C o m p l e x e s  

Complex* 

Y (phenobarbt i loxine hCt - H20 
La~phenobarb) l(oxinebCI �9 H20 
Xd (phenobarb) l(oxine) :C! �9 H20 
Sm (pfienobarb) 1 (oxine):CI �9 H20 
Gd (phenobarbl ~ (oxine ~ ~C 1. H:~O 
Y(amylobarb) ~(oxine)2(:l �9 H_~O 
La (amylobarb) z (oxine)aC1 �9 H~O 
Pr (amvlobarb), (oxinet _~C! �9 I120 
Nd (ar@!obarh)~ (oxinehCl, 1-120 
Sm (amvlobarbt ~ loxine~2Ci - ll~O 

tbuta[;a!'b J t (oxinel~CI - I-1:O 
i,a (butabarb) ~ (oxille)~CI - 1 !~O 
Prlbutabarb~, (~xine)~.CI - H,O 
Nd Ibutabarbt :{oxine~2Ci �9 H20 
Smt but abarbl ~ (oxine~2Ct - H~O 
Gd (bmabarb) : (oxinc) ~CI �9 I teO 
l)y(bulabarb) ~(oxine}~Cl - H~O 

metal 

13.21 
19,20 
19,72 
20.42 
21,23 
13,41 
19,22 
19.70 
20.0 I 
20.84 
13.7; 
19.4.~ 
20,N 
20.4~ 
21.2f, 
21.9~ 
2'2.4t 

Found, % 

c! 

5,20 
4,72 
4,94 
4,72 
4.70 
5.02 
4,90 
4.81 
4.95 
4.80 
5,49 
5.11 
5.09 
5.05 
4.97 
4.90 
4.63 

8.20 
7.83 
7.68 
7.50 
7.48 
8,05 
7.80 
7.70 
7.75 
7.63 
8.40 
8.06 
7.94 
7,89 
7.80 
7.70 
7 $5 

Calculated, % 

metal CA 

13.38 
19.34 
20.04 
20.71 
21.45 
13,50 
19.50 
19.83 
20.19 
20.88 
13.79 
19,90 
20.23 
20.61 
21.30 
22.12 
22.63 

5,34 
4.98 
4.93 
4.89 
4,84 
5.37 
5.01 
4.99 
4,97 
4.93 
5.50 
5.12 
5.10 
5.07 
5.02 
4.99 
4.94 

8.43 
7.85 
7.7b 
7.71 
7.6t 
8,50 
7.91 
7.87 
7.84 
7,77 
8,69 
&07 
8.04 
8.0(~ 
7.93 
7.87 
7.80 

* A b b r e v i a t i o n s :  p h e n o b a r b  is  p h e n o b a r b i t a l ,  a m y l o b a r b  is  a m y l -  
b a r b i t a l ,  b u t a b a r b  is  b u t a b a r b i t a l ,  and  o x i n e  i s  8 - h y d r o x y q u n i n o l i n e .  

A s t u d y  of  t h e  s p e c t r a  o f  m i x e d  c o m p l e x e s  w i t h  8 - h y d r o x y q u i n o l i n e  s h o w e d  t h a t  t h e  c h a r a c t e r i s t i c  a b -  

s o r p t i o n  m a x i m a  of  8 - h y d r o x y q u i n o l i n e  t h a t  a r e  o b s e r v e d  a t  240 and  320 n m  a r e  r e t a i n e d  w i thou t  s p e c i f i c  
c h a n g e s  fo r  t h e  m i x e d  l a n t h a n i d e - p h e n o b a r b i t a l - 8 - h y d r o x y q u i n o l i n e  c o m p l e x e s ,  e x c e p t  f o r  an  a d d i t i o n a l  band  

a t  255 n m  in t h e  s p e c t r a  o f  t h e  n e o d y m i u m ,  s a m a r i u m ,  a n d  g a d o l i n i u m  c o m p l e x e s .  Wi th  t h e  e x c e p t i o n  of t he  

n e o d y m i u m  c o m p l e x ,  t h e  b a n d  a t  320 n m  is  a b s e n t  in t h e  s p e c t r a  o f  a l l  o f  t h e  a m y l b a r b i t a l - 8 - h y d r o x y q u i n o l i n e  

c o m p l e x e s .  T h e  b a n d  a t  320 n m  i s  a b s e n t  in a l l  c a s e s  in t h e  s p e c t r a  o f  t h e  m i x e d  b u t a b a r b i t a l - 8 - h y d r o x y q u i n o -  

l i n e  c o m p l e x e s ,  w h e r e a s  an  a d d i t i o n a l  band  a t  260 n m  a p p e a r s  in t he  s p e c t r a  o f  t h e  l a n t h a n u m ,  p r a s e o d y m i u m ,  
s a m a r i u m ,  and  g a d o l i n i u m  c o m p l e x e s .  D e s p i t e  t h e  f a c t  t h a t  t h e  u s u a l l y  h i g h e r  a b s o r p t i o n  of  t h e  l i g a n d  a s  c o m -  
p a r e d  w i t h  t h e  m e t a l  ion  m a s k s  a n y  s p l i t t i n g  o f  t h e  b a n d s ,  t h e  p r e s e n c e  o f  an  a d d i t i o n a l  band  a t  255 n m  in t h e  
s p e c t r a  o f  t h e s e  c o m p l e x e s  c o u l d  be  due  to  s p l i t t i n g  o f  t h e  b a n d  a t  240 n m  c h a r a c t e r i s t i c  fo r  8 - h y d r o x y q u i n o -  
l i n e .  T h e  l o g  ~ v a l u e s  o f  t h e  l a n t h a n i d e - b a r b i t u r a t e : - 8 - h y d r o x y q u i n o l i n e  c o m p l e x e s  r a n g e  f r o m  3 .25  to  5 .16.  

V i s i b l e  R e g i o n  

A s t u d y  of  t h e  s p e c t r a  in t h e  v i s i b l e  r e g i o n  g i v e s  i n f o r m a t i o n  r e l a t i v e  to  t h e  c h a n g e s  in t h e  i n t e n s i t i e s ,  

s b i f t s ,  a n d  s p l i t t i n g s  o f  t h e  b a n d s  [4-8] .  

T h e  a b s o r p t i o n  bands  a t  444 a n d  480 n m  in t h e  s p e c t r a  o f  t h e  p r a s e o d y m i u m - b a r b i t u r a t e  c o m p l e x e s  a r e  
c h a r a c t e r i z e d  by  a s m a l l  r e d  s h i f t  and  a c h a n g e  in t h e  i n t e n s i t y .  An  a b s o r p t i o n  band  a t  590 n m  is  o b s e r v e d  o n l y  

in t h e  c a s e  of  t h e  p h e n o b a r b i t a l  c o m p t e x .  
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T A B L E  3. 

t h a n i d e  C o m p l e x e s  w i t h  B a r b i t u r a t e s  

Ligand 

Pheno- 
barbital 

3290 s 

3160br, m 

1725 w 
1700w 
1670m 

t660 s 
Amyl- 

barbital 
31bO w 

1725 s 

1680 s 

Buta- 
barbital 

3125 br, s 
1720 sh 

1710 sh 
1575 s 

A b s o r p t i o n  B a n d s  (in e m  -1) in  t h e  IIR S p e c t r a  o f  Lan- 

Y c o m  - 
plex 

3650 w 
3425 w 
3250 w 

1675 m' 

La com- 
plex 

3200w 

1710m 

1695m 

1620br, m 

3160m 

1720 s 

1680 s 

1610 sh 

360O m 
3350m 

3125 w 
1725 s 

PIT c o m -  
p l e x  

3220 m 

1710 s 

1680 m 
1670 m 

1635br, m 

3150 m 

1720 s 

1680 s 

1625 m 

3290 w 

3150 sh 
1725 s 

Nd coin- 
plex 

3200 w 

1705 s 

1680 w 
1665 

t630 

3150 

1705 s 

1690 s 

1600 n 
3350 s 

3150 s 
[725 s 

3180 m 

1726 s 

1680 s 

1625 m 

3575 w 
3325 m 

3110 m 
1725 s 

i 
lSm corn- Gd com- 
plex plex 

I 

3600 w 3650 w 
3390 w~ 3400 w 

3210 ~ 3250 w 

1710bL 1705 s 1720 s 

1680 ~ 1680 w 
1670 ~ 1670 w l 

1640 

3130 

1710 s 

1680 s 

1610 

3590 n 3550 m 3550 rr 
3350 s 3310 m 3350 rr 

3110 s 3100 m 3150 rr 
1725 s 1725 s 

1710 s 

DV e o m ~  
?[ex {Assignment 

Water OH 

NH stretch- 
ing vibra- 
tions 

C = 0 in the 
4and 6 
positions 

C = 0 in the 
2 position 

NH stretching 
vibrations 

C = O in the 
4 and 6 
positions 

C = O in the 
2 position 

Water OH 
NH stretching 

vibrations 

C = O in the 
4 and 6 
positions 

C = 0 in the 
2 position 

T h e  c h a r a c t e r i s t i c  b a n d s  of  t h e  Nd 3 + ion  in t h e  s p e c t r u m  of  t h e  n e o d y m i u m - p h e n o b a r b i t a l  c o m p l e x  a r e  

c h a r a c t e r i z e d  b y  a r e d  s h i f t  a n d  a l a r g e  i n c r e a s e  in  t h e  a v a l u e .  On ly  t h e  b a n d  a t  576  n m  in  t h e  s p e c t r u m  of  

t h e  a m y l b a r b i t a l  c o m p l e x  d i s p l a y s  a r e d  s h i f t  t o  586 n m .  In t h e  s p e c t r u m  of  t h e  b u t a b a r b i t a l  c o m p l e x  o n l y  t h e  

c h a r a c t e r i s t i c  b a n d s  a t  521 a n d  576 n m  a r e  s h i f t e d  to  t h e  r e d  r e g i o n  a n d  a r e  o b s e r v e d  a t  525 a n d  585 n m ,  r e s -  

p e e t i v e l y ;  a p r o n o u n c e d  i n c r e a s e  h~ t h e  a b s o r p t i o n  t s  n o t e d .  

S p l i t t i n g  o f  t h e  c h a r a c t e r i s t i c  a b s o r p t i o n  b a n d  o f  t h e  S m  3 + ion  a t  402 n m  [7] w a s  o b s e r v e d  in  t h e  s p e c t r u m  

of  t h e  a c e t y l a e e t o n a t e  c o m p l e x  of  t h e  S m  3+ i o n ,  w h e r e a s  s p l i t t i n g  of  t h i s  b a n d  w a s  no t  o b s e r v e d  in  t h e  c a s e  of  

c o m p l e x e s  w i t h  o t h e r  d t k e t o n e s  [8] a n d  m a n y  o t h e r  s a m a r i u m  c o m p l e x e s  [4, 9 - 1 3 ] .  H o w e v e r ,  t h e  a b s o r p t i o n  

m a x i m u m  in t h e  s p e c t r u m  of  i t s  c o m p l e x  w i t h  a n t h r a n i l i e  a c i d  [14] i s  c h a r a c t e r i z e d  b y  a r e d  s h i f t .  T h i s  a b -  

s o r p t i o n  b a n d  w a s  o b s e r v e d  [n t h e  p r e s e n t  r e s e a r c h  a t  415  n m  in t h e  c a s e  of  t h e  p h e n o b a r b i t a l  c o m p l e x  a n d  a t  

404  n m  in  t h e  c a s e  of  t h e  b u t a b a r b i t a l  c o m p l e x ,  w h e r e a s  i t  v a n i s h e d  in  t h e  e a s e  of  t h e  a m y l b a r b i t a l  c o m p l e x .  

T h e  r e d  s h i f t  o b s e r v e d  in  t h e  p r e s e n t  r e s e a r c h  i s  c o m p a r a b l e  to  t h e  s h i f t  o b s e r v e d  in  t h e  s p e c t r u m  of  s a m a r -  
i u m  a n t h r a n i l a t e .  

In t h e  c a s e  of  t h e  m i x e d  c o m p l e x e s  w e  w e r e  u n a b l e  to  o b s e r v e  a n y  o n e  of  t h e  c h a r a c t e r i s t i c  b a n d s  of  t h e  

P r  3 + ,  Nd 3 + ,  a n d  S m  3 + i o n s ;  t h i s  i s  a p p a r e n t l y  a c o n s e q u e n c e  of  t h e  strong absorption of  t h e  8 - h y d r o x y q u i n o -  
l i n e  f r a g m e n t  a t  4 0 0 - 8 0 0  n m .  

S o m e  of  t h e  c h a n g e s  ( the s h i f t  a n d  t h e  i n c r e a s e  in  t h e  i n t e n s i t i e s )  of t h e  c h a r a c t e r i s t i c  b a n d s  of  t h e  P r  3 +, 

Nd 3 +, a n d  S m  3 + i o n s  t h a t  w e r e  o b s e r v e d  in  t h e  v i s i b l e  region of  t h e  s p e c t r u m  c a n  b e  l i n k e d  w i t h  dsp h y b r i d i z a -  
t i o n  a n d  a l s o  w i t h  t h e  s t r o n g  i n t e r a c t i o n  o f  t h e  m e t a l  ion  w i t h  t h e  l t g a n d s .  

Infrared Region 

T h e  l i t  s p e c t r a  o f  v a r i o u s  b a r b i t u r a t e s  h a v e  b e e n  s t u d i e d  b y  s e v e r a l  i n v e s t i g a t o r s  [1, 1 5 - 1 7 ] .  T h e  p o s i -  

t i o n  a n d  t h e  i n t e n s i t y  o f  t h e  a b s o r p t i o n  b a n d s  d e p e n d  m a i n l y  on  t w o  f a c t o r s :  f i r s t ,  o n  t h e  n a t u r e  o f  t h e  s u b s t i t -  

u e n t s  in  t h e  1 a n d  5 p o s i t i o n s ,  a n d ,  s e c o n d ,  o n  w h e t h e r  t h e  b a r b i t u r a t e  e x i s t s  in  t h e  f r e e  a c i d  f o r m  o r  in  t h e  

s o d i u m  s a l t  f o r m .  T h e  s p e c t r a  o f  a l l  of  t h e  b a r b i t u r a t e s  c o n t a i n  t w o  b a n d s  a t  3 1 0 0 - 3 2 0 0  c m  -1 (NII s t r e t c h i n g  

v i b r a t i o n s )  a n d  s e v e r a l  b a n d s  a t  2 8 0 0 - 3 0 0  c m  -1 ( C - H  v i b r a t i o n s  o f  t h e  a l k y l  s u b s t i t u e n t s ) .  
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The b a r b i t u r a t e s  have t h r e e  groups of s t rong  absorp t ion  bands at 1670-1765 cm -1, which c o r r e s pond  to 
the s t r e t ch ing  v ib ra t ions  of the C =O groups and were  inves t iga ted  in detai l  in [16]. The f i r s t  group of bands 
is obse rved  at 1740-1760 cm -1 (the C =O groups in the 4 and 6 pos i t ions) ,  the second group is obse rved  at 
1700-1720 cm -1 (C =O groups in the 4 and 6 pos i t ions ,  which exper ience  the effect  of the v ibra t ions  of the C =O 
group in the 2 posi t ion) ,  and the th i rd  group is o b s e r v e d  at 1670-1700 cm -1 (vibrat ions of the C =O group in the 
2 posit ion).  

The var ious  b a r b i t u r a t e s  inves t iga ted  in the p r e s e n t  r e s e a r c h  have absorp t ion  bands at  3125-3290 cm - t  
that  a r e  r e l a t e d  to the f requency of the NH s t r e t ch ing  v ibra t ions .  Only one absorp t ion  band at  3200 cm - t  was 
obse rved  in the s p e c t r a  of the l an than ide -phenobarb i t a l  complexes .  The f requency of the NH s t re tch ing  v i b r a -  
t ions in the s e r i e s  of l a n t h a n i d e - a m y l b a r b i t a l  complexes  is changed somewhat ,  whereas  the co r respond ing  
band in the s p e c t r a  of the bu taba rb i t a l  complexes  is spl i t .  The C - H  absorp t ion  bands of the alkyl  subst i tuents  
a r e  shif ted and a r e  obse rved  at 2950-3080 cm - l .  

All  t h r ee  groups of bands of the earbonyl  groups a r e  obse rved  in the s p e c t r a  of the l a n t h a n i d e - p h e n o -  
b a r b i t a l  complexes .  However ,  the c h a r a c t e r i s t i c  f requency of the second group at 1725 cm -1 was obse rved  be -  
tween 1695 and 1710 cm -1 in the ca se  of the f r ee  l igand. The v ib ra t ions  of the C =O group in the 2 pos i t ion ,  
which were  noted at  1670 cm -1 in the s p e c t r u m  of the f ree  l igand,  a r e  obse rved  at 1620-1680 cm -1 in the s p e c -  
t r a  of most  of the complexes .  On the b a s i s  of these  obse rva t ions  one can conclude that the C =O group in the 
2 posi t ion is poss ib ly  involved in the format ion  of a bond. A s i m i l a r  phenomenon was a lso  noted in the case  of 
o ther  complexes  of b a r b i t u r a t e s  with lan thanides ,  except  for the band at 1675 cm - t ,  which was obse rved  in the 
ca se  of bu taba rb i t a l  but was absent  in the s p e c t r a  of a l l  of the complexes .  The s p e c t r a l  data for some of the 
lanthanide complexes  with b a r b i t u r a t e s  a r e  p r e s e n t e d  in Table  3. 

M i x e d  C o m p l e x e s  

8-Hydroxyquinol ine  (oxine) has an absorp t ion  band at 3500 cm -1 (the s t r e t ch ing  v ib ra t ion  of the phenolic 
OH group).  This  band is shi f ted  in the s p e c t r a  of some  of the mixed b a r b i t u r a t e - 8 - h y d r o x y q u i n o l i n e  complexes ,  
and this  may  be cons ide r ed  to be proof  for the format ion  of an O -  M bond. The shif t  in the s t r e t ch ing  v i b r a -  
t ions of the C - O  bond f rom 1090 cm -1 for the C - O H  group of oxine to 1100-1105 cm -1 in the s p e c t r a  of a l l  of 
the mixed complexes  may a lso  be another  indicat ion of the format ion  of an O -  M bond. 

The following conclus ions  can be drawn on the bas i s  of a study of the IR absorp t ion  f requency of the b a r -  
b i t u r a t e s  in the mixed complexes :  1) the bands of the s t r e t ch ing  v ib ra t ions  of the NH groups vanish or  a r e  
shif ted during complexing;  2) the bands of the s t r e t ch ing  v ibra t ions  of the C = O group in the 2 posi t ion a r e  ab-  
sent  in the s p e c t r a  of the mixed bu taba rb i t a l  complexes ,  whe reas  they a r e  shif ted in the s p e c t r a  of the mixed 
phenobarb i ta l  and a m y l b a r b i t a l  complexes .  

The data obtained in this  s tudy make it poss ib le  to a s s u m e  that the C =O group in the 2 posi t ion of the 
b a r b i t u r a t e s  pa r t i c i pa t e s  in complexing both in the case  of s imple  complexes  and mixed complexes .  One of the 
n i t rogen  a toms (either in the 1 posi t ion or in the 3 posit ion) is a l so  involved in bond format ion.  Inasmuch as  
both ni t rogen a toms  a r e  o r i en ted  s y m m e t r i c a l l y  r e l a t i v e  to the ca rbonyl  group,  it is difficult  to draw a definite 
conclus ion and s ta te  a p r e f e r e n c e  for one of them. 

The s p e c t r a l  data for the mixed complexes  a r e  p r e sen t ed  in Table 4. 

Thermal Decomposition of Simple and Mixed 

Neodymium-Barbiturate Complexes 

The combined curves showing the weight loss (TG), thermal effect (DTA), and rate of change of the 
weight loss (DTG) were recorded for 200-rag samples, which were heated in a platinum crucible at i0 deg/min 
at atmospheric pressure in a stream of air. The three different neodymium-barbiturate complexes display 
weight losses of ~ 3% at 100-120 ~ and this was conjecturally linked to dehydration of the complex. An endo- 
thermic peak on the DTA curves was observed at 160-200 ~ for all of the barbiturate complexes. In a communi- 
cation regarding the thermogravimetric study of 5-nitrobarbituric acid [18] it was pointed out that this com- 
pound decomposes explosively at 185 ~ A comparison of barbituric and 5-nitrobarbiturie acids makes it pos- 
sible to consider the endothermie peak of the neodymium-barbiturate complexes at 200 ~ to be, within a first 
approximation, the initial decomposition point. 

The exothermic peak in the case of all of the complexes at 520 ~ corresponds to a weight loss of 46-49%, 
and this indicates complete elimination of the ligand. A sesquioxide is formed at 800 ~ as indicated by the 
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sloping portion of the TG curve in this region. The intermediate  formation of a chloride cannot be postulated, 
inasmuch as there are  no indications whatsoever  of this on the TG curve.  The overal l  p rocess  can be r e p r e -  
sented by the scheme 

Nd (L) 1C13. H20-~Nd (L) 1C13-~Nd203. 

The thermal  decomposition of the mixed complexes exhibited a weight loss of 2% on the TG curve,  and 
this constitutes evidence for a dehydration process .  The endothermie peak at 200 ~ on the DTA curve in the 
case of all of the mixed complexes may cor respond to explosivelike decomposit ion of the barbi tur ic  acid, as in 
the case  of simple barbi turate  complexes.  The other endothermic peak at 380-400 ~ corresponds  to a weight 
loss of 30-33%; this indicates initial splitting out of a barbi turate  molecule. 

A combined examination of the DTA and TD curves provides a basis for the assumption that one of the 
oxine molecules is lost at 600 ~ and a second oxine molecule is lost at 800L The calculated and experimental ly 
observed weight losses  indicate two-step elimination of the oxine molecules.  A sesquioxide is formed finally 
at 900 ~ . The decomposition can be depicted by the scheme 

Nd (L) I (L') 2C1. H20--~Nd (L), (L') 2C1.-~-Nd (L') 2C1--~Nd (L') C1--~Nd203. 
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