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Amino acid complexes of Pr(IIT) and Nd(£II) have been synthesized by the reaction of lanthanide(III) iso-
propoxides and the amino acids (glycine, alanine, valine, leucine, isoleucine, histidine, serine, 4-aminobutyric acid,
methionine, tryptophane and cysteine) in 1 : 3 molar ratio. These sparingly soluble complexes of the type Ln (amino
acid), have been characterized on the basis of elemental analyses and electronic spectral data. The values of Slater-
Condon (F., Fo, F.) interelectronic repulsion and Lande' (1;0/) spin-orbit interaction parameters have been computed
from the spectral data. The variation of these parameters in the complexes from the corresponding Pr3+ and Nd3+
free ion parameters is discussed. The average values of F.IF. and f~/F. have been found to be 0.139 and 0.0151 for
Pr(III) complexes and 0.150 and 0.0150 for Nd(ITI) complexes, respectively. Using F2 values, the nephelauxetlc ratio
(~) nnd bonding parameter (b'I') have been calculated. The relative variation of covalent bonding in the complexes
has been discussed.

"THE absorption spectra of free or aquo ions of
lanthanides in ~ifferent chemicll:I env~ronments
have been studied by several investigators':".

But work on anhydrous chelates of praseodymium
and neodymium is scanty"?", With a view to making
a comparative study of various parameters of Pr(IIl)
and Nd(IIl) complexes with amino acids, we report
herein the synthesis and characterization of anhy-
drous amino acid chelates of Pr(IIl) and Nd(III).
Calculation of various parameters like Slater-Condon
(Fk), Lande (~4/). nephelauxetic ratio (~) and bond-
ing parameter (blf2) has also been carried out. The
variation of these parameters and correlation of these
with the nature of metal-ligand bonding have been
discussed.

Materials and Methods
Synthesis of lanthanide isopropoxides - Isopro-

poxides of Pr(IIl) and Nd(IIl) were synthesized by
a method reported earlierll,12. The anhydrous
trichloroacetate of Pr(III) or Nd(III) (prepared by
heating the hydrated trichloroacetate in vacuo at
60°C for 6 hr) was reacted with sodium isopropoxide
in 1:3 molar ratio in benzene when Pr(IIl) or
Nd(III) isopropoxide was obtained in good yield.

Preparation of amino acid complexes of Pr(Il!)
and Nd(III) - The complexes were prepared by
the reaction of the lanthanide (pr or Nd) isopro-
poxide with amino acid in the molar ratio (1 :3) in
benzene-isopropanol mixture. These were purified
by repeated crystallization. The analytical data of
the complexes have been summarized in Table 1.
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Results and Discussion
Lanthanide(III) complexes have generated much

interest among chemists and biochemistsw-". The
lanthanide ions have been classified as class (A)
acids having ionic sizes in the range 0.85-1.05 A
and thus these do not show much inclination towards
coordination with ligands containing sulphur. The
reactions of lanthanide isopropoxides with amino
acids have been carried out in benzene medium,
and these appear to follow the following type of
equation:

Ln(OC3H~)3 + 3H2N-R-COOH --)-
Ln(NH2 R-COO)3 + 3 C3 H~ OH

The reaction scheme is supported by analytical data
as well as IR spectral data. The reaction appears
to be a bit slower than the reaction of lanthanide
alkoxides with carboxylic and hydroxy carboxylic
acids16,11.

The amino acids used in the present study are
monocarboxylic acids having different structural
features. Histidine has pseudo-aromatic imidazole
ring; tryptophan has indole unit; serine has a side
chain oxygen (hydroxyl) atom; while cystein and
methionine have sulphur as a potential donor site.
Although structural features of these amino acids
are such that these may cause some hindrance to
direct interaction with metal ion of the potential
donor sites, the large ionic size of lanthanides and
their tendency to form coordination polyhedra where
coordination number of metal exceeds six may per-
mit these ions to have some sort of interaction with
sulphur, imidazole nitrogen, indole nitrogen and
possibly with the side chain hydroxyl group of serine.

Absorption spectral parameters - The electrostatic
and magnetic interactions among 4f electrons can be

275



INDIAN J. CHEM •• VOL. 21A. MARCH 1982

TABLE 1- SYNTHESIS AND ANALYTICAL DATA OF LANTHANIDE AMINO ACID CoMPLEXES

Reactants Product and Colour Found (Calc.), %

M N

Pr(OPrl). (1.6 g)
glycine (1.12 g)
Nd(OPrl). (1.62 g)
Glycine (1.12 g)

Pr (OPrl). (0.79 g)
Alanine (0.66 g)

Nd(OPrl). (1.05 g)
Alanine (0.86 g)

Pr(OPrl), (1.13 g)
Valine (1.22 g)
Nd(OPrl). (1.00 g)
Valine (1.08 g)

Pr(OPrl). (0.78 g)
Phenylalanine(I.20g)
Nd(OPrl). (0.83 g)
Phenylalanine (1.27 g)

Pr(OPrl). (1.0 g)
Leucine (1.22 g)
Nd(OPrl). (0.86 g)
Leucine (1.04 g)

Pr(OPrl) (1.00 g)
Isoleucine (1.21 g)
Nd(OPrl), (0.90 g)
Isoleucine (1.08 g)

Pr(OPrl). (0.68 g)
Histidine (0.98 g)
Nd(OPrl). (0.72 g)
Histidine (1.03 g)

Pr(OPrl). (1.0 g)
Serine (0.98 g)
Nd(OPrl). (0.88 g)
Serine (1.00 g)

Pr(OPrl)3 (0.88 g)
2-Aminobutyric acid:(0.85 g)
Nd(OPrl). (0.80 g)
2-Aminobutyric acid (0.67 g)

Pr(OPrl). (0.70 g)
4-Aminobutyric acid (0.67 g)
Nd(OPrl). (0.72 g)
4-Aminobutyric acid

Pnglycinate),
Green
Ndtglycinate),

Pr(OPrl). (1.11 g)
Tryptophan (2.10 g)
Nd(OPrl). (1.05 g)
Tryptophan (1.95 g)

Pr(OPrl). (0.92 g)
Methionine (1.00 g)

Nd(OPrl). (0.76 g)
Methionine (1.08 g)

Pr(OPr!). (1.58 g)
Cysteine (1.78 g)

Nd(OPrl). (1.64 g)
Cysteine (1.80 g)

pre tryptophanate),
Green
Ndftryptophanate),
Pink

38.3
(38.80)
38.6

(39.38)

34.2
(34.77)
35.0

(35.32)

28.6
(28.79)
29.5

(29.29)

22.5
(22.25)
22.7

(22.67)

26.3
(26.53)
26.8

(27.00)

26.7
(26.53)
27.1

(27.00)

23.7
(23.36)
24.2

(23.79)

3l.0
(31.40)
31.4

(31.63)

31.3
(31.5)
32.0

(32.03)

31.3
(31.50)
31.7

(32.02)

19.00
(18.77)

19.3
(19.13)

24.2
(24.06)
24.6

(24.49)

28.3
(28.13)
28.8

(28.61)

11.3
(11.56)
11.2

(11.47)

10.1
(10.36)
10.1

(10.28)

8.7
(8.58)
8.6

(8.52)

Prealaninate),
Greenish-yellow
Ndtalaninate),
Yellow

Prevalinate),
Green
Nd (valinate),
Pink

Prtphenylalaninate ).
Greenish-yellow
Ndfphenylalaninate),
Yellowish-pink

Prfleucinate),
Greenish-yellow
Ndileucinate),
Pink

Prtisoleucinate),
Green
Ndfisoleucinate),
Pink

7.7
(7.91)
7.9
(7.86)

8.0
(7.91)
7.9

(7.86)

Pr(histid inate),
Yellowish-green
Ndfhistidinate),
Orange

Prtserinate),
Green
Ndtserinate),
Pink

Pr(2-amino butyrate).
Green
Nd(2-aminobutyrate)3
Pink

Pre4-ami :-obutyrate)3
Green
Nd( 4-aminobutyrate).
Pink

9.3
(9.27)
9.1

(9.20)

9.5
(9.39)
9.4

(9.31)

9.2
(9.39)
9.2

(9.31)

Prtrnethioninate),
Green
Ndtmethioninate),
Yellow

Pr (cystenate),
Green
Ndtcystenate),
Yellow

7.3
(7.17)
7.3

(7.13)

8.5
(8.38)
8.5

(8.32)
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expressed in terms of electron repulsion integrals,
Slater-Condon (Fi,) and spin-orbit interaction (~~f)
parameters. The change in the value of FIc with res-
pect to the free ion as a result of complexation is
known as nephelauxetic effect and is expressed by
nephelauxetic ratio (~), defined as,

f3 = Fk FI
where F~and F~refer to the parameters in complex
and free ion respectively".

The positions of free ion bands of Pr(III) and
Nd(III) have been inferred from the crystal spectra
of Pr(IlI) and Nd(III)18. Using these estimated zero
order and partial derivative values, the free ion FIc'.,
have been computed as discussed below.

An initial set of F2, F4, F. and ~4' values may
be evaluated by expressing the band energy as Taylor
series expansion. To a first approximation, the
energy EJ of jth level is given by Eq. 1.

EJ (F/<, ~4f) = Eoh (Fk, ~~f)+ E (8E1/8Fk) t:Jk
k - 2,4.6

+ (8EJ/8~4f) /'::"~4f .. (1)
where E"J, is the energy of zero order energy level;

the value of EoJ and partial derivatives ~El 8E J
8Fk' 8~4f

for different levels (with respect to the free ion) are
known. The observed EJ values can be written as :

EJ = E01 + nl /:;,F2 + n2/'::"F4 + nJf:...F, + n46~4f

EJ - Eol = 6F2 + ~ 6F4 + ~ /':,Fo
n, n, n,

+!!.:. 6. ~4f
n,

which is of the form,

y= ~L~. Eol
n1

Y = a + X1bl + X2bz + X3bS .. (2)
a = 6F2; hi = sr; b2 ~c= /'::" Fo; s, = 6 ~4f

and X, = ~. X2 = nJ/nl and X3 . -; nJnln1

where nl, 1/2, 113 and 1/4 are the partial derivatives.
For each observation (for a level) the equation of

the type (2) can be obtained. The values of bl, bz,
h3 can be obtained using partial and multiple regres-
sion methods": From these, the values of F" and other
parameters are obtained (Tables 2 and3). The reported
values of zero order energies and partial derivatives
with respect to Fk and ~4f parameters for Pr(HI) are
given".

In the present study of Pr(III) and Nd(III) com-
plexes, it has been observed (Tables 2, 3) that the
values of F" and ~4f are less as compared to the
corresponding parameters of free ion. These obser-

TABLE2 - COMPUTEDVALUESOF VARIOUSENERGYINTERACTIONPARAMETERSOF PRASEODYMIUMCOMPLEXES

Complexes F. F, F. ~.f
11 hl F,/f", F./F,~=--
Ff1

Prs+ free ion 332.09 44.46 4.58 741.0 1.000 0.1334 0.0138
Prtglycinate), 313.8 43.3 4.74 738.0 0.9744 0.113 0.1378 0.0152
Prralaninare), 312.4 43.13 4.72 736.5 0.9700 0.116 0.1380 0.0151
Pr(2-amillobutyrate ). 312.37 43.140 4.72 736.4- 0.9698 0.116 0.1381 0.0151
Prtvalinatc), 312.2 43.0 4.67 735.0 0.9688 0.117 0.1378 0.01409
Prtphenylalaninate), 311.6 403.0 40.71 739.0 0.%75 0.127 0.1380 0.0151
Pr(leucinate )3 311.04 42.9 40.70 738.0 0.9669 0.128 0.1379 0.0151
Pr(4-aminobutyrate). 311.0 43.0 4.70 735.3 0.9666 0.129 0.1380 0.0151
Prtisoleucinate), 310.10 42.8 4.68 739.6 0.9632 0.1358 0.1380 0.0151
Prthistidinate), 309.6 42.78 4.69 734.0 0.9612 0.139 0.1382 O.OlSl
Prunethioninate), 308.6 42.6 4.66 732.6 0.9581 0.144 0.1380 0.0151
Prttryptophanate), 307.3 42.4 4.64 719.9 0.9537 0.152 0.1380 0.0157
Precysteinate), 307.0 42.4 4.64 719.6 0.9534 0.153 0.1381 0.0151

TABLE3 - COMPUTEDVALUESOFVARIOUSENERGYINTERACTIONPARAMETERSOFNEODYMIUMCOMPLEXES

Nd3+ Complexes F. F, F. t., F2 hi F,/F. F.fF.~=--Ff
2

Nd3+ free ion 331.16 50.71 5.15 884.0 1.000 0.1531 0.0155
Ndtglycinate), 326.75 49.83 4.91 866.0 0.9867 0.0812 0.1526 0.0160
Nd(alaninate)3 326.5 50.40 2.90 861.0 0.9860 0.0&37 0.15~2 0.0159
Ndtserinate), 325.0 48.84 4.59 878.8 0.9814 0.096 0.1507 0.0151
Nd(2-aminobutyrate). 324.9 48.96 4.60 880.0 0.9812 0.097 0.1507 0.0151
Ndtvalinate), 3:!4.2 •••9.62 4.52 870.0 0.9790 0.1025· 0.15:\() 0.0153
Ndfphenylalininate), 323.6 48.<f.() 4.51 868.0 0.9770 0.1070 0.1••·55 0.0145
Nd(4-aminobutyrate). 323.8 48.2 4.71 860.0 0.9770 0.1070 0.149() 0.0145
Ndtleucinate), 37.3.4 48.6 4.70 858 0.9755 0.1082 0.1535 O.oJ60
Ndtisoleucinare), 322.6 ••8.3 4.76 851 0.9712 0.120 0.1498 0.0148
Ndunethioninate), 321.5 47.2 ~r.80 848.0 0.9707 0.1214 0.1468 0.0150
Ndthistidinate), 321.0 •••7.2 4.80 846.0 0.96!l3 0.1240 0.141)8 0.015()
Ndrtryptophenate), n1.0 47.2 4.80 846.0 0.%!l3 0.1241) 0.1458 0.0150
Ndfcysteinate), 321.0 47.2 4.80 846.0 0.9693 0.1240 0.1468 0.0150
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vations are in conformity with the general trend that
on complexation central metal ion orbital expands.
This is expected to decrease the interelectronic repul-
sion and spin-orbit interaction parameters. The average
values of ~41 for Pr(III) and Nd(III) complexes are
,....731 and 871 cnr-' which are of smaller magnitude
than those computed using Hartree-Fock methodt"
[980 and 1130 em"? for PrCIlI) and Nd(IlI) respecti-
vely]. However, these values do not differ much from
these of aquo ion and satisfy the relation,

~41 = 142z - 7648 .. (3)

suggested-" for lanthanide ions where z is the atomic
number of the lanthanide.

In Pr(III) and Nd(III) complexes, 4f orbitals do
participate in bonding. The amount of 4f ligand
mixing is represented by parameter bl known as
bonding parameter. This parameter is related to the
nephalauxetic ratio (~) by the relation,

b1/2 = [(1 - ~)/2lt.
Nephelauxatic ratio and bonding - The complexes

of praseodymium and neodymium have been arranged
in the increasing orders of bonding parameter (bt),
nephelauxetic effect (1-~)and decreasing magnitude
of F2 parameter. Tables 2 and 3 indicate that the amino
acid chelates which do not have sulphur atom have
higher values of F~ parameter while methionine and
cystein yield chelates with minimum v~lues of F2 and
maximum values of bt/~ and 1-~.ThIS suggests that
the presence of sulphur causes increased covalency in
the metal-ligand bond. The presence of d'fT orbitals on
sulphur may increase the mixing of ligand orbitals
with the 4f orbital on lanthanide.

Though histidine does not contain sulphur atom,
yet we find sufficient de~rease ~n t~e inter~electronic
repulsion (F2) and spin-orbit . interaction (~4/)
parameters for its complexes. ThIS decrease ~a~ .be
easily understood from the structure of histidine
itself. Histidine molecule has imidazole nitrogen as a
coordinating sites, in addition to the amino nitrogen
and carboxylic hydroxy group. During complexa-
tion, it is the imidazole nitrogen that preferentially
participates in coordination and thus the presence. of
pseudo-aromatic imidazole ring in the chelate nng
increases the covalency.

Tryptophan complexes of Pr(III) and Nd(III) also
show sufficient decrease in the F2 and ~tl para-
meters. Tryptophan like histidine has an indole unit.
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Its presence in the chelate ring causes sufficient dec-
rease in interelectronic repulsion and spin-orbit
interaction parameters. This finds further support
when we compare the magnitudes of these parameters
in alanine and phenyl-alanine derivatives. The lower-
ing of these parameters is greater in the latter deriva-
tive which possesses an extra phenyl ring.

While comparing the data for 2-amino- and 4-
aminobutric acid complexes we find larger lowering
of F2 and ~41 in the latter series of complexes. The
chelate ring formed in the latter derivatives will be
larger and would contribute towards larger decrease
in F2 and ~4/.
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