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XXVI.* METALLOATRAN-3,7 ,10-TRIONES CONTAINING 

R A R E - E A R T H - E L E M E N T  HETEROATOMS 

M .  G .  V o r o n k o v  a n d  S .  V .  M i k h a i l o v a  UDC 547.79' 256.5 

Methods for  the p repa ra t ion  of me ta l loa t r an -3 ,7 ,10 - t r ione  hydra tes  (containing r a r e - e a r t h -  
F r 

e l ement  he t e roa toms)  of the N(CH2COO)3M �9 nH20 type (M = La, Ce, Nd, Eu, Gd, Dy, Ho, Er ,  
Yb) a re  desc r ibed .  The i r  IR s pec t r a  and d e r i v a t o g r a m s  were  studied.  

Continuing our  invest igat ion of chelate compounds of me ta l s  with amino acids (which we have a r b i -  
t r a r i l y  named  me ta l lo t r an -3 ,7 ,10 - t r i ones ) ,  we have turned  our attention to the cor responding  der iva t ives  of 

the r a r e - e a r t h  e l emen t s  (REE) of the N(CI-I2COO)3~ type (M = REE).  Ni t r i lo t r i ace t ic  acid (I) has been used  
for  many  y e a r s  to s epa ra t e  REE mix tu res  [2-7]. The format ion  of complexes  of europium with I was 
studied by p a p e r  e l e c t r o p h o r e s i s  [8]. Complexes  of I with lanthanum were  obtained and desc r ibed  [9], and 
t he i r  s tabi l i ty  constants  were  de te rmined  [10-15]. Complexes  of I with Gd, Nd [13, 14, 16, 17], and Ce [18] 
have also been inves t iga ted .  I t  has  been pointed out that  the t i t ra t ion curve  of the complex  of I with Gd dif -  
f e r s  in c h a r a c t e r  f rom those for  the r emain ing  REE [11]. 

The p r e p a r a t i v e  methods ,  s t r u c t u r e s ,  and p r o p e r t i e s  of REE complexes  with I have been desc r ibed  
m o s t  comple te ly  in [12-17]. 

We have obtained the hydra tes  of nine me ta l l oa t r an -3 ,7 ,10 - t r i ones  (which contain an REE h e t e r o -  

atom) of the N(CH2COO)3M �9 nH20 (II) type,  where  M = La, Ce, Eu, Gd, Nd, Ho, Er ,  and Yb {Table 1), by r e -  
action of the appropr ia t e  REE oxides with I in wate r .  

l I 
M2Oa + 2 (HOOCCH2) aN + ( n -  3) H20-+2M (OCOCH2) aN. nH20 

* See [1] for  communica t ion  XXV. 

T A B L E 1 .  

3{ n 

La 3 
Ce 3 
Nd 3 
Eu* 
Gd 
Dy* 
Ho 
Er 

Yb* 

N(CH2COO)3M �9 nH20 

Empirical 
formula 

CsHI2NOgLa 
C,HIzNOgCe 
C6HuNOgNd 
CsHI2NOgEu 
CsHIsNOIIGd 
C6Ht6NOuDy 
C~HI2NOgHo 
C6HIoNOsEr 
C6HIsNO~2Yb 

_ _  Found, % _ Calc., % M Yield, % 
C I H N t M C i H i N I (method No.) 

[ 
18,84 3,12 6,64136,551891 3,17 3,67 36,451 92(4) 
19,46] 2,82 [ 3,07 36,60 18.90 2,90 3,67 36,75 62 (3) 
18,9713,72 [3,31 37,00 18,63 3,13 3,63 37.34 75 (5) 
18,72[ 3,19 [ 3,50 39,50 18,30 3,05 3,56 ]38,50[ 65,5 (2) 
16,7513,6513,24 36,70116,50 3,68 3,22[36,051 70,0 (I) 
16,9013,8613,34 37,40 16,40 3,64 ~.18 [36,901 84,0 (2) 

3144 140,50] 40,80 17,75 2,96 (2) 17,68[ 3,05 [ 3,32 85,0 
1895 280/411 43.00[18,4012,56 3,58142,80 80,0(1) 
15:4813:58/2:80, i36,20115,3513,74 12,99136.90 74,5 (2) 

* New compound. 
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TABLE 2. Frequencies of the Absorption Maxima in the IR Spectra 

of N(CH2COO)3M �9 nH20* 

La Ce Eu Gd Dy Ho E:r Yb 

425 413 m 
494 m 
562 m 

722 s 

912 s 
995 m 

1122 

I242 W 

1305 m 
1335 m 

482s 
541m 
580w 

744s 

866w 

902m 
966m 

1009m 

1120 

1200s 
1236s 

1325m 

1406m 
1430m 

425 
490 
510 

620 

735 

838 
875 
914 
93O 
997 

1006 

t133 

1209 
1233 
1272 
1318 
1346 
1366 
1400 
1422 
1435 

'W 

f 

T 
7 

T 

L'} 

T 
f 

8 

O. 

510 
�9 570 
620 

741 

841 

914 
932 
994 

1027 
[ 100 
1134 
1186 
1233 

1272 
[318 
1349 
1366 

[424 
[ 435 
[452 

49O 

620 
585 

m 740 m 
775 w 

w 864 w 
904 m 

m 913 m 
m 930 rn 
m 971 rn 

m 1015 m 
w 1025 w 
m i127 m 
w 
w i236 w 

1255 s 
m 1272 rn i 1341P m 1387 s m 

1397 
.1419 
1433 s 

425 

515 
575 
625 

743m 

850w 

915 s 
934m 
952 w 
975 w 

1014w 
1027m 
1128 s 

i230 w 

1270m 
1315 s 
1342 s 
1363m 
1400m 
1420 s 
1448 s 

425 

515 

620 

742m 

916 S 

973 s 
1017 m 
1024 ra 
I133 m 

1270 s 
1317 m 
1346 m 

1401 w 
1423 s 
1436 s 

1574s 

1723s 

1454 

1477 

1608 s 
2243 w 
2320 W 

2920m 

3206 s 

3490 s 

3580s 

[471 s 

i595 v.~ 

.)330 w 

.~851 s 

.)918 vs 

3180 m 

3340 m 

3580 w 

1473 m 
1480 ~ 
1600 
2252 W 
2370 rn 

2923 s 

3033 s 
3155 
3360 ~ 

3575 m 

1474 s 

1604vs 
2240w 
2380w 

2920s 

3103 s 

3452 s 
3572s 
3575s 

1460 m 

1476 m 
1490 w 
1600 vs 

235l w 
2852 m 
2923 s 
2953 m 
3167 

3340 s 

3580 m 

625 
708w 
732 rn 
746 m 

917 s 
934 m 

997w 
I020 m 
1094 w 
I133 m 

1240w 

1276 m 
1322 m 
1347 ra 
1367 m 

1426 s 
1440 s 
1453 s 
1463w 
1479 s 
1490w 
1601~vs 
2270w 
2330w 
2385w 
2855w 
2930 m 
3050 s 

3450 s 

3580 m 

* I n  c m - 1 ;  m i s  m e d i u m ,  s i s  s t r o n g ,  w i s  w e a k ,  v s  i s  v e r y  s t r o n g ,  

a n d  vw i s  v e r y  w e a k .  

We p r e v i o u s l y  [19] d e s c r i b e d  II  w i t h  M = L a ,  C e ,  a n d  Nd,  w h i l e  1"[ w i t h  M = Eu a n d  D y  w e r e  o b t a i n e d  

f o r  t h e  f i r s t  t i m e .  ( S t r u c t u r e  l'( w i t h  M = L a  [9, 12],  P r ,  Nd,  Y,  Y b  [12], S in ,  E r  [12, 15] ,  Gd [12, 13] ,  and  

Ho [13] h a v e  b e e n  r e p o r t e d . )  

We  o b t a i n e d  ]I w i t h  M = Yb  a s  t h e  t r i h y d r a t e .  I t  w a s  p r e v i o u s l y  [12] p o i n t e d  out t h a t  i t  e x i s t s  o n l y  a s  

t h e  t e t r a h y d r a t e .  

Al l  of t h e  II  o b t a i n e d  a r e  w h i t e ,  c r y s t a l l i n e  s u b s t a n c e s  ( e x c e p t  II  w i t h  M = Eu  and  Nd,  w h i c h  a r e  r o s e -  

c o l o r e d )  w h i c h  a r e  on ly  s l i g h t l y  s o l u b l e  in  w a t e r  ( e x c e p t  f o r  II w i t h  M = L a ,  w h i c h  i s  n o t  a t  a l l  s o l u b l e ) .  

We s t u d i e d  t h e  IR s p e c t r a  of  a l l  o f  t h e  II  f r o m  400 t o  4000 c m  - i  (T ab l e  2) .  (Up to  n o w  t h e  s p e c t r a  of  

II  w i t h  M = L a ,  P r ,  Nd,  S i n ,  Gd ,  Y,  E r ,  and  Yb  f r o m  1600 to  1650 c m  -1 h a v e  b e e n  s t u d i e d . )  T h e  s p e c t r a  of  

a l l  II c o n t a i n  an  a b s o r p t i o n  b a n d  a t  510 c m  -1,  w h i c h  w e  a s s i g n e d  to  t h e  v i b r a t i o n  of  t h e  M * -  N b o n d .  T h e  

f o r m a t i o n  o f  t h i s  b o n d  i s  a l s o  i n d i c a t e d  by  t h e  s h i f t  i n  t h e  s p e c t r a  of II o f  t h e  b a n d  of  t h e  v a l e n c e  v i b r a t i o n  

o f  t h e  C - N  b o n d  t o  t h e  l o w - f r e q u e n c y  r e g i o n  (1120-1134  e m  - i )  a s  c o m p a r e d  w i t h  t h e  s o d i u m  and  p o t a s s i u m  

s a l t s  o f  I (1147 c m  -1, r e s p e c t i v e l y ) .  

T h e  p r e s e n c e  of  a s t r o n g  a b s o r p t i o n  at  1 6 2 0 - 1 6 5 0  e m  -~ (v a s  C O 0 - )  and  at  1 4 2 0 - 1 4 5 0  e m  -1 (u s C O 0 - )  

a s  w e l l  a s  t h e  a b s e n c e  of  a b a n d  at  1 7 0 0 - 1 7 5 0  c m  -1 (v C ----O) i n d i c a t e  t h e  i o n i c  c h a r a c t e r  of  t h e  b o n d s  of  a l l  

t h r e e  C O O  g r o u p s  w i t h  t h e  m e t a l  a s  w e l l  a s  t h e i r  e q u i v a l e n c y .  T h e s e  d a t a  m a k e  i t  p o s s i b l e  t o  c o n c l u d e  t h a t  
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Der iva tograms  of meta l loa t ran-3 ,7 ,10- t r iones  containing REE 
he teroa toms (heating rate 12 deg /min ) :  T) heating curve;  TD) the rmo-  
g rav ime t r i c  curve;  DTA) differential  heating curve;  DTD) derivative 
curve .  

the compounds obtained actually have the meta l loa t ran-3 ,7 ,10- t r ione  hydrate s t ructure ,  in which the endo-  
cycl ic  M - O  bonds have ionic cha rac te r .  

A single broad band, which was assigned to the vibrations of the O - H  bond of water,  is observed at 
3000-3500 cm -1 in the spec t ra  of compounds with M = Gd and Yb. At the same t ime there are two or  three 
bands in this region in the spec t ra  of the remaining II. This indicates that not all of the water  molecules  
are  identically bonded to the meta i loa t ran-3 ,7 ,10- t r ione  molecule (see also [12]). 

A study of the der ivatographic  curves  (Fig. 1) of the thermal  decomposit ion of the compounds indicates 
that they all lose all of their  water  of hydration up to 180-240 ~ and above this t empera tu re  they decompose 
to form M203. Compound II with M = Eu begins to decompose at 90 ~ The trend of the heating curve indi- 
cates  the p resence  of an endothermic effect at 160 ~ which is accompanied by the loss of two water  molecules .  
On fur ther  heating to 180 ~ it loses  yet  another water  molecule .  Above 180 ~ rapid decomposit ion of the c o m -  
pound accompanied by combustion is observed.  The white residue af ter  combustion of the organic par t  of 
the compound is EthO 3. Two endothermic effects at 130 and 238 ~ are  observed during the thermal  decom-  
posit ion of II with M = Dy. The attendant weight loss ~ cor responds  to the loss of two and five water  molecules  
(the las t  five water  molecules  are  lost  at 235~ Above 238 ~ the substance decomposes  completely to form 

DY203. 

Compound II with M = Yb contains six molecules  of water  of crysta l l izat ion,  three of which are lost on 
heating~from 123 to 180 ~ 

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

Analytical  grade  ni t r i lo t r iacet ic  acid (I) r ec rys ta l l i zed  f rom hot water  was used. The s tar t ing REE 
oxides were also analytical grade reagents .  The IR spec t ra  were obtained with a UR-10 spec t romete r  (KBr 
pr ism) and an IKS-14 spec t romete r  (NaC1 and LiF pr i sms) .  The spec t ra  were obtained f rom suspensions of 
the solid hydrates  in minera l  oil. The der iva tograms were obtained with a der ivatograph [20]. 

A list  of the five methods used to synthesize the meta l loa t ran-3 ,7 ,10- t r iones  containing an REE 
he teroa tom (H) is given below. 

1) An equimolar  amount of I and the appropriate  REE oxide were mixed with excess  water  at room 
tempera tu re  and shaken for  4 h. After all of the oxide dissolved, the solution was fi l tered,  and all of the 
water  was removed  f rom it in a ro t a ry  vacuum evapora tor .  The residue was suspended in absolute alcohol, 
suction fi l tered,  and dried in vacuo.  

2) A mixture  of equimolar  amounts of I and the REE oxide was refluxed with excess  water  for  2 h 
(until the mater ia l  went into solution). T h e  hot solution was fil tered, the water  was removed f rom it in a 
ro t a ry  vacuum evaporator ,  and the residue was suspended in absolute alcohol, suction fil tered, and dried in 
vacuo.  

3) An aqueous solution of an REE salt was poured into a hot aqueous solution of an equimolecular  
amount of I. The solution was slowly evaporated to half its original  volume. The c rys ta l s  of 11 that p r e -  
cipitated on cooling were suction filtered, washed with hot water,  alcohol, and ether  and vacuum dried.  
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4) Aqueous solutions of equ imolecu la r  amounts of an REE sal t  and I were  mixed,  and the prec ip i ta te  
of II was suction f i l tered,  washed with hot wate r ,  alcohol,  and e the r  and vacuum dried.  

5) Aqueous solutions of equ imolecu la r  amounts of an REE sal t  and t r i sod ium n i t r i l o t r i ace t a t e  we re  
mixed .  The prec ip i ta te  of II that  fo rmed  on standing was suction f i l tered,  washed with hot wate r ,  alcohol,  
and e the r  and vacuum dr ied .  
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