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Hafnium complexes with diantipyrinylmethane (L) were studied by competitive extraction method 
in 2M-HC1 medium. Complexes HFL** and H f L f + with stability constants of f}2 — (2-5 ± 0-5). 
. 107 I2 m o l ~ 2 and = (1-6 =b 0-1). 101 1 l 3 m o l - 3 are formed. Diantipyrinylmethane acts in 
these complexes as a bidentate oxygen-containing Iigand forming an eight membered chelate 
ring in the hafnium chelates. 

Diantipyrinylmethane (L) forms colourless complexes with zirconium and hafnium 
in solution; they were studied by competitive spectrophotometry1-3 . Their stability 
is quite high and is comparable with e.g. the stability of the complexes of nitrilo-
triacetic and phosphoric acid in 1 m - H C 1 (ref.4), and causes interference in the photo-
metric determination of titanium5. In order to make the data so far published1 - 4 

more accurate, competitive extraction method in 2m-HC1 medium was used in the 
present paper to study the hafnium complexes with this ligand. 

H - j C C H I 3 \ C = = = = C ^ 2 \ c — C " 3 

H , C N ^ O O N C H , 

L 

EXPERIMENTAL 

Diantipyrinylmethane was prepared by condensation of antipyrine with formaldehyde6 as a mono-
hydrate. As extractants, 2-thenoyltrifluoroacetone (Arcochemie, Berlin, GDR) , di-n-butyl-
phosphoric acid (Koch and Light, England) and l-phenyl-3-methyl-4-benzoyl-5-pyrazolone 
(HA), prepared according to Jensen7 , were employed. Benzene and hydrochloric acid were 
of reagent grade quality. 

* Part XIX in the series Extraction of Hafnium; Part XVIII: This Journal 40, 1711 (1975). 
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A n ind ica to r solut ion, 1 8 1 H f in IOM-HCI, was p repa red f r o m a s tock solu t ion in 10M -HC10 4 

( ref . 8 ) . A n a l iquot po r t i on was di luted t o an acidi ty of 1M -HC10 4 a n d 1 8 1 H f was ex t rac ted 
twice in to 0 - I m - T T A in benzene. T h e c o m b i n e d ext rac ts were di luted wi th benzene to a concen t ra -
t ion of O-OIM-TTA a n d back-ext rac ted twice wi th 10M-HC1. T h e c o m b i n e d back-ex t rac t s ( 1 8 1 H f 
in 10M-HC1) were finally f reed of dissolved T T A by repea ted shak ing wi th benzene. 

The m e t h o d s employed f o r ex t rac t ion exper iments a n d the rad ioac t iv i ty measu remen t have 
been descr ibed in previous c o m m u n i c a t i o n s 8 ' 9 . T h e a q u e o u s phase con t a ined d iant ipyr inyl -
m e t h a n e a n d 1 8 1 H f ( I V ) in 2M-HC1 m e d i u m (L is insoluble in H C 1 0 4 ) a n d was shaken with 
benzene so lu t ions of the ex t rac tan t s overnight . T h e phase vo lumes were 4 ml . T h e d is t r ibu t ion 
ra t io of h a f n i u m (D) was expressed in t e rms of the r a t io of the y-activities measu red in 2 ml ali-
q u o t pa r t s of t he o rgan ic a n d a q u e o u s phases a f t e r the ex t rac t ion . 

Back-ex t rac t ion exper iments were carr ied out in o rder to de te rmine the d is t r ibut ion of L 
as fo l lows: 10 ml 0-1M-L in 2M-HC1 were shaken with 10 ml benzene. Af t e r the ext rac t ion, 2 ml 
6 . 1 0 _ 3 M - H A in benzene were added to 2 ml of the benzene phase a n d this so lu t ion was used 
as the o rgan ic phase f o r the ex t rac t ion of 1 8 1 H f f r o m 2M-HC1. A log D value equa l t o 1-15 was 
f o u n d as an average f r o m three de te rmina t ions . Accord ing t o Fig. 1, this value co r re sponds t o an 
overal l L concen t r a t ion of ^ 1 - 5 . 1 0 _ 4 M in the second ext rac t ion, i.e. the concen t ra t ion of L 
t r ans fe r red in to benzene du r ing the first ex t rac t ion . Hence the d is t r ibut ion ra t io of L is ^ 1 - 5 . 
. 10 ~ 3 f o r the benzene-2M-HCl system; therefore , the d is t r ibut ion of L was neglected in f u r t h e r 
cons idera t ions . 

Fig. 1 shows the dependence of log D on the concentration of L in the aqueous phase. 
Because of the small distribution ratio for L, its overall concentration can be con-
sidered to be its equilibrium concentration. It is evident that the curves have similar 
shapes for all three extractants. Therefore interaction of L with the extractants can be 
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excluded, as is also indicated by the low distribution ratio L, and the decrease in D 
with increasing concentration of L can be ascribed to the formation of competing 
complexes of hafnium in the aqueous phase. 

The curve for 3 . 10~3M-HA was used in the following calculations, because 
of its good reproducibility. The D values given are averages from 3 — 5 determina-
tions. As hafnium forms chlorocomplexes HfCl 3 + and HfCl^"1" in 2M-HC1 (ref.10), 
the decrease in D with increasing concentration of L must be expressed by the equa-

DolD = (1 + £ ADkli + I £j,c>[Cl]j)/(l + z / W e i l ) , (1) 
1=1 j = l j = l 

where D0 is the distribution ratio of hafnium in 2M-HC1 in the absence of L and 
and /?j>Ci are the stability constants for the hafnium complexes with L and chloride 
ions, respectively. The values of the polynomial, £ A[L] ' , denoted as (p and cal-

i = 1 
culated using the values, C1 = 2-2 1 m o l - 1 and /?2>Ci = 0'95 l2 mol" 2 (ref.10), 
are given in Table I. 

The sharp decrease in D from the lowest concentrations of L and approaching 

TABLE I 

The Competitive Extraction Equilibrium in the H f 4 + -Diantipyrinylmethane System 

C L . 1 0 3 a Dm <P <p[Ly3 • 1 0 - 1 1 <p'. 1 0 ~ 7 

0 - 3 1 6 10-27 8-2 2 - 6 0 3-1 

0 - 4 0 0 7 - 6 9 14-1 2 - 2 0 2-3 

0 - 5 0 0 5-13 2 5 - 7 2 - 1 4 2-1 

0 - 6 3 2-93 51-8 2 - 0 7 2-8 

0 - 8 0 1 - 6 4 1 0 0 1 - 9 5 2-6 

1 0 0 0 - 8 9 2 1 9 0 1 - 9 0 2 - 7 

1 - 2 6 0 - 4 7 3 3 7 0 1 - 8 5 2-8 

1 - 6 0 0 - 2 4 2 7 3 0 1 - 7 8 2 - 4 

Z-00 0 - 1 2 8 1 3 9 0 1 - 7 4 2 - 2 

2 - 5 0 0 - 0 6 8 2 6 1 0 1 - 6 7 — 

3 - 0 0 0 - 0 4 2 5 4 2 0 0 1 - 5 5 — 

3 1 6 0 - 0 3 3 6 5 3 0 0 1-68 — 

3-25 0 - 0 3 1 2 5 7 2 0 1 - 6 6 — 

3 - 5 0 0 - 0 2 4 9 7 1 5 0 1 - 6 6 — 

3 - 7 5 0 - 0 2 1 8 8 2 0 0 1 - 5 6 — 

4 - 0 0 0 - 0 1 7 1 1 0 4 5 0 1 - 6 3 — 

" I n mol . 1 _ 1 . 
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of the curve to the tangent with a slope of —3 at high concentrations of L indicate 
that a complex with a H f : L ratio equal 1 : 3 predominates in the aqueous phase. 
Therefore, cp = /?3[L]3 as a first approximation, and the stability constant /?3 can 
be determined from the relationship /?3 = lim (<p[L]~3). It can be seen from Table I 

[ L ] - o o 

that the term <p[L]~3 is independent of [L] for [L] > 2-5 . 10"3M and the average 
of its values yields the constant, /?3 = (1-6 ± 0-1). 101113 mol~3. The extraction 
curve calculated using this constant is in good agreement with the experimental 
curve for [L] > 10~3M; at lower concentrations, the calculated D values are some-
what higher. This indicates the presence of a lower complex. If it is assumed that this 
is HfL^ + , its stability constant can be determined from the function, (p' = (cp — 
— /?3[L]3)/[L]2, neglecting the first complex, HfL4 + . It can be seen from Table I 
that function (p' is actually constant at lower concentrations of L, verifying the exis-
tence of the HfL4 + complex and indicating that the H f L 4 + complex, if it is formed 
at all under the given conditions, is present at a very low concentration and is im-
perceptible by the present method. (The difference between the experimental and 
calculated curves cannot be explained by assuming the existence of the H f L 4 + 

and H f L t + complexes, as the appropriate function, (<p — /?3[L]3)/[L] is not constant 
at low ligand concentrations). The average of the values of function cp' gives the 
stability constant for complex H f L 4 + , j?2 = (2-5 ± 0-5). 107 l2 mo l - 2 . The litera-
ture1,3 quotes the values, /32 = 3-2 . 1011 l2 mol"2 and /?3 = 8-3 . 1016 l3 mol~3 for 
zirconium. We have no explanation for this discrepancy. 

DISCUSSION 

The composition of the hafnium complexes with diantipyrinylmethane with H f : L 
ratios of 1 : 2 and 1 : 3, found in the present paper, is in good agreement with the 
results of the study of complexes of this ligand with zirconium by competitive spectro-
photometry1 " 3 . Babko and coworkers have found ZrL4 + and ZrL4 + complexes 
in media 0-05 —1M-HC1. Complexes with a metal-to-ligand ratio of 1 : 3 are also 
formed by zirconium in 0 04 — 1M-HC1 and hafnium in 0 0 4 —0-5M-HC1 with a deriva-
tive of L, bis-(l-/?-sulphophenyl-2,3-dimethyl-5-pyrazolonyl)methane11. 

Babko and Shtokalo2 assume that zirconium complexes with diantipyrinylmetha-
ne are cationic complexes of the amocomplex type, with metal-to-nitrogen coordina-
tion. The presence of two oxygen atoms in the molecule of L and much greater 
tendency of Zr(IV) and Hf(lV) to form M—O bonds rather than M—N12-13 , how-
ever, render this assumption rather improbable. It has been verified by IR spectro-
scopy14 that, in complexes of zirconium and of other metals with antipyrine, the 
metal is coordinated to the antipyrine carbonyl group. Busev and coworkers15 

have also found that, in salts of diantipyrinylmethane of the type of (LH+)2OSC16, 
it is the oxygen atom of L that is protonized; the authors ascribe a structure to the 
LH + cation containing a chelate intramolecular hydrogen bond with the proton 
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bound to both carbonyl groups. It is therefore probable that L acts as a bidentate 
ligand in the complexes of zirconium and hafnium. Our experiments with antipyrine 
as a competing ligand are in agreement with this assumption; under conditions 
identical with those given in Fig. 1, antipyrine does not cause a decrease in the haf-
nium distribution ratio. This fact excludes the existence of the M—N bond in the 
studied complexes since the two ligands are equivalent from the point of view of the 
metal-to-nitrogen coordination. 

The fact that the 1 : 1 complex was not detected is interesting from the point 
of view of stepwise complex formation in solution, which usually proceeds according 
to statistical laws by stepwise addition of ligands to the central atom. It occurs relati-
vely rarely that some intermediate is missing in the series, M, ML, ..., MLN; this 
has mostly been encountered with halide complexes of heavy metals16,17, where 
some complexes, usually with an odd number of coordinated ligands, have unstable 
steric configuration and consequently are not formed in solution. However, this is 
rather exceptional with bidentate ligands and the complexes with L are the only 
examples of this kind for zirconium and hafnium. The studied chelates are further 
interesting from the point of view of the existence of the uncommon eight-membered 
chelate ring, which is probably stabilized by the ligand structure. Similar stabiliza-
tion was found with the seven-membered ring of the hafnium chelate with maleic 
acid18. 
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Translated by M Stulikova. 
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