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Spectral study of the complexation of Nd(I11) with glutathione reduced
(GSH) in the presence and absence of Zn(l1) in aquated or ganic solvents
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Abstract. Studies on the difference in energy parameters and comparative absorption spectrophotome-
try involving 4f—4f transitions on Nd(I11) and glutathione reduced (GSH) in the absence and presence of
Zn(I1) have been carried out in aquated organic solvents (50 : 50) like methanol, dioxane, acetonitrile and
dimethylformamide. Variations in the spectral energy parameters— Slater—Condon (Fi) factor, Lande
spin-orbit coupling constant (x4), nephelauxetic ratio (b), bonding parameter (b"?) and percent covalency

(d) — are calculated and correlated with binding of Nd(111) with GSH in presence and absence of Zn(Il).
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1. Introduction

Lanthanide co-ordination chemistry in solution state
is of great importance with the increasing use of lan-
thanides as probes in the exploration of the structural
functions of biomolecular reactions.™ This is parti-
cularly due to their ability to replace Ca(ll) ions in
specific manner.>® Shah’ studied comparative 4f—4f
transition spectra of Pr(l11) with lysozyme by using
energy interaction parameters to explain the behav-
iour of binding between them. Mehta® also studied the
mode of binding between Pr(I11) and Nd(IIl) with
lysozyme in presence of Zn(l1), a soft metal ion, by
employing intensity parameters. The ligand we chose,
glutathione reduced (GSH), is a naturally occurring
tripeptide with g-L-glutamyl-L-cysteinyl-glycine.® It
has eight potential binding sites, viz. two carboxylic
acid groups, an amino group, a sulphydryl group and
two peptide linkages.

Hard metal ions like Ca(ll) and the soft metal ion
Zn(l1) are endigenous metal ions that have differing
co-ordinating behaviour towards biological molecu-
les. For binding, Ca(I1) ions prefer hard donor sites like
carboxylic and carbonyl group whereas Zn(l1) pre-
fers soft donor sites like the sulphydryl (—SH) group
found in GSH. Since Nd(Il1) resembles Ca(ll), its

*For correspondence

Hypersensitive; pseudohypersensitive; glutathione reduced (GSH); absorption spectra;

complexation can provide information about the co-
ordination characteristics of diamagnetic Ca(ll) with
biomolecules during biochemical reactions. Hence,
paramagnetic lanthanides are good spectral probes
for exploring the biological roles of Ca(ll) by iso-
morphous substitution.™® The present work discusses
the quantitative spectral energy interaction parameters
of Nd(I11) complexes with glutathione, reduced in
presence and absence of Zn(ll) in aquated organic
solvents at pH 4 and 298 K. The present work reports
the sengitivity of the hypersensitive transition “lg, ®
“Gs, and ligand mediated pseudo hypersensitive
transitions 4| a ® 4|:3/2, 4|9/2 ® 4|:5/2, 4| o ® 4|:7/2 and
o ® “Gy, of Nd(I11) and uses the magnitude and
variation of Slater—Condon factor (Fx, K =2, 4, 6).
Lande spin-orbit coupling (X4), nephelauxetic ratio
(b), bonding (b*?) and percent covalency (d) para-
meters to discuss the bonding of Nd(I11) with GSH
in presence and absence of Zn(ll).

2. Experimental

Neodymium(lI1) nitrate hexahydrate of 99%0% purity
(CDH Analytical Reagents) and glutathione reduced
(GSH) (Sisco Pvt Ltd, Mumbai), were used for the
synthesis of the complex and for spectral analysis.
Glutathione reduced (GSH) was kept below 4°C and
a fresh solution (0%01M) prepared for spectral study.
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The Nd(I11):GSH complex was synthesised by mix-
ing Nd(lI1) nitrate (002M) with 0004M GSH in
ethylacetate—acetone mixture with constant stirring
at pH 4. A pinkish crystalline complex was obtained
after 8 to 10 days. The crystal obtained was washed
with acetone and dried in a desiccator over P,Os.
The purity of the complex was checked by elemen-
tal as well as spectral techniques and the stoichiome-
try of the complex was found to be [Nd(GSH),
(H,0),]. For preparation of the Nd(I11)-GSH-Zn(I1)
complex, Zn(Il) nitrate of the 0001M was added to
a mixture of Nd(IIl) nitrate (0001M) and GSH
(0002M) in ethyl acetate and acetone mixture
(50: 50). The crystaline solid was highly hygro-
scopic in nature and the stoichiometry of the com-
plex was [Ndx(GSH),Zn(H,0)g]. Elemental analysis
data of the two complexes are given in table 1. The
metal contents in the complexes were estimated by
complexometric titration with EDTA and estimation
of water in the complex was done by the Karl Fisher
method. The solvents used were CH;OH, CH3CN,
DMF and dioxane of A/R grade from Qualigens.
The absorption spectra were recorded on a Perkin—
Elmer Lamda 35 UV-visible spectrophotometer with
high resolution and expansion of scale in a water-
jacketed cell holder in the region 300-1100 nm. The
IR spectrum was taken on FTIR, Shimadzu model
8400/890. The temperature for all the observations
was maintained at 298K by using water-circulating
thermostat model-DS-G-HAAKE.

3. Theoretical

Nephelauxetic ratio has been regarded as a measure
of covalency™™ and has been interpreted in terms of
Slator—Condon and Racah parameters (inter electronic
repulsion parameters) as well as by the ratio of the
free ion and complex ion,*

b=F¢/F or EX/EK, (D

Tablel1l. Analytical data of the complexes.

where F, (K = 2, 4, 6) isthe Slater—Condon parameter
and EX is the Racah parameter for complex and free
ions respectively. The bonding parameter (b*?) isin-
ter-related to nephelauxetic effect as,

b2 = [(1 - b)/2]¥2 )

The electrostatic term E is expressed in terms of the
product of Slater radial integral known as Slater—
Condon parameter Fand is given by

N
B=aKH. ©)
k=0

The Slater—Condon parameters are also known as
direct integrals and are a decreasing function of K as
given by therelation,

¥¥ K
O Re ()RR (1 rrednr, @
00 ~

FX =

where R is the 4f-radial wave function; r. and r. are
the radii of near and more distant electrons; and i
and j the ith and jth electrons under consideration.
Condon and Shortley™ redefined F* integralsin terms
of reduced integral Fy related to each other and the
relationis

F = F¥/D.. ©)

Combining relations (4) and (5), the reduced Slater—
Condon integral can be written as:
1 ¥ ¥
FK =D_w<k I‘>k+1R2(n)R,2(rj )Tizrjzdridl‘j. (6)

Koo

Here Dk is the denominator and Fx are coefficients
of linear combination and represent the angular part
of the interaction. The energy Eg, arising from the

Complex %Nd %C %H %N %S  %Zn

[Nd(GSH),4H,0] 2976 24579 335 867 662  —
(2887) (24412) (208) (886) (607) -

[Ndy(GSH),Zn6H,0] 26:94 22>44 397 785 599 641
(26x1.4) (2243) (347) (704) (502) (588)




Soectral study of the complexation of Nd(111) with glutathione reduced

most important magnetic interactions, which are spin-
orbit interactions, may be written as

Eso = Aso,|\4f1 (7)

where Ay, is the angular part of spin-orbit interaction
and i isthe radial integral and is known as Lande's
parameter. By first order approximation, the energy
E; of the jth level is given by Wong™ as

E; (Fi Xar) = Eg (Fc®Xar)

= g (8)
[ Tl

+

where E,; is the zero order energy of the jth level.
The value of Fy and x4 are given by

F« = Fc° +DF,
Xar =X +DXys. (9

The difference between the observed E; value and the
zero order value, DE;, is evaluated by

1E 1E.
DE, = § +—DF +-—Dx,. (10)
! K=2,4,6 ﬂFK ﬂX4f 4

By using the zero order energy and partial derivatives
of Nd(I11) ions given by Wong,™ the above equation
can be solved by least square technique and the
value of DF,, DF,, DFg and Dx4 can be determined.
The percent covalency parameter (d) representing the
nephel auxetic effect was calculated from the relation

d=((1-b)/b) " 100. (11)

4. Resultsand discussion

From figure 1 we can see that there is a red shift as
GSH is added to Nd(I11) and further longer wave-
lengths are observed on addition of Zn(ll) in DMF.
Table 1 shows the variation of the magnitude of en-
ergy interaction parameters like Slater—Condon (F),
Lande factor (x4), Racah energy (E¥), nephelauxetic
ratio (b), bonding (b¥?) and percentage covalency
(d) for Nd(II1), Nd(I11):GSH and Nd(I11):GSH:Zn(ll)
in agueous and different aguated organic solvents.
Table 2 gives the computed and observed values of
energies for the various transition bands and root
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mean square (RMS) deviation showing the correct-
ness of the various energy parameters. There is a
dlight decrease in the values of Fx and x4 as the
complexation goes on which leads to increase in the
values of nephelauxetic ratio (b) and percentage co-
valency (d). The IR spectrum of the glutathione re-
duced (GSH) shows a stretching frequency due to
sulphydryl (=SH) group occurring as sharp intense
band around 2523 cm™. The IR spectra of GSH,
Nd(111):GSH and Nd(I111):GSH:Zn are given in fig-
ures 2 and 3. The addition of Nd(l11) to GSH clearly
leads to its deprotonation; the addition of Zn(ll) to
the Nd(I11):GSH complex enhances the deprotona-
tion tendency. Zn(11)-S band absorptions can be ex-
pected in the region 800-200 cm™. This confirms
the binding of Zn(I1) with the thiol group.

For spectral studies on the structures of co-ordi-
nation compounds of lanthanides in solution, any
evidence of the relationship between the nephelau-
xetic band shift and the structure is of special inter-
est. Jorgensen and Ryan™ noticed the dependence of
the nephelauxetic effect on the co-ordination number
and suggested that shortening in the metal-ligand
distance occurs with decrease in the co-ordination
number. To interpret the correlation, analyses of the
relationships between nephelauxetic effect, geometry
and energy parameters have been derived and evalu-
ated for complex compounds. Using the angular
overlap model, the value of ‘n’ is proportional to the
nephelauxetic effect,

n=[(1-b"?)/b"¥?. (12)
It may be expressed as
n={H%L/(Hv — H)% (S*R)°N, (13)

where N is the co-ordination number, Hy and H, are
coulomb integrals of the atomic orbital, S is the
overlap integral, R is the radius of the orbit. For
compounds with ligands coordinated through identi-
cal donor atoms, the first term of the RHS of (13) is
a constant and (13) then becomes

n = constant (S*R)°N. (14)
Equation (14) represents the nephelauxetic effect as
a function of two variables. S*R and N, which vary
with changes in lanthanide-ligand distance in oppo-
site directions. However, any variation in the value
of R leads to a larger change in (S*R)? compared to



306 Th David Singh et al

0.011 0.024 0.018
0.010+ g . e Rl
o 0.021 ’I,.:\ “ 0.0161 NS
; \ ‘WL; NN
0.008 - I i . TRN
i 0.016 [ RN
) 0oty oy 0.0114 R e
0.0064 5 | { h A Vg
A o ! “ A 5 \\.\ I\ ] \¢
4 \‘ { 0.011 + ) ¥ "
0.004 I{ VY ;‘ \ | \
NN ' ; W R 0.006 7 | Vi
N Y 2 R 0.0064 W . W
0.0024- = U i, s Vis
) NN Y ;j A "/ N
\ ,\’\ | 7// AR ,'I \.;;
0.000F— —a] 0.000 £= ’ Al 0.000F . —
495.0 am 535.0 560.0 nm 600.0 725.0 nm 765.0
b‘lv: i 4(37: 41.)/.1 - 4Gw 4[.} , ;\Fv_y
0.024 T 0.009
- A :r:
0.021 R 0.008 - nA
."I/'.\ “ :-,1“-
¢ it
0.016 1 i\ 0.006 - w
5 W [}
i v how
A i 3 oy
0.011 1 f! ! A N \\
- ’ W, 0.004+ Doty
/}I % iy i 1 \
0.0064--" : IS N
R I ) 0.0024 /0N TN
7 A VA * N
a N 20 R
-5:. \\:‘ - - , M
0.000 y 0.000 +——
Q .
780.0 o 830.0 £50.0 i 900.0
410: —"4F.~‘1 41%5: _'4}:3/;

Figure 1. Comparative absorption spectra of Nd(I11) - - -, Nd(l11):GSH -xx and Nd(l11):GSH:Zn(l1l) -» in DMF:
water (50: 50).

r T 1 T T 1
4000 3000 2000 800 500 200
Figure 2. Comparative IR spectra of GSH —, Nd(l1):  Figure 3. Comparative IR spectra of GSH —, Nd(lll):
GSH - - - and Nd(I11):GSH:Zn -*x in the range 4000 GSH - - - and Nd(I11):GSH:Zn -xx in the range 800—

2000 cm™. 200 cm™.
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Table 2. Computed values of energy interaction: Slater—Condon Fy (cm™), spin-orbit interaction x4 (cm™).

nephelauxetic ratio (b), bonding (b

), covalency (d) parameters for Nd(I11), Nd(111):GSH and Nd(I11):GSH:

Zn(Il) systemsin different aquated organic solvents at pH 4.

System F, Fa Fe Xaf b b2 d
Solvent — CH;0H

Nd(I11) 3299268 484191 54316 63058109 00988 0247 0x4217
Nd(I11):GSH 3299122 484233 54313 9304989 00989 0236 04117
Nd(I11):GSH:Zn(11) 3298822 484217 54310 9308920 090990 0%225 0x009
Solvent — DMF

Nd(I11) 3299506 480432 54632 9369598 10121 00779 14977
Nd(I11):GSH 3296665 480692 54631 9398620 10139 0%833 13689
Nd(I11):GSH:Zn(11) 3296118 480690 5X629 94058386 10145 0851 14274
Solvent — dioxane

Nd(I11) 33000494 484105 54288 92941102 10074 0%610 0%391
Nd(I11):GSH 3299625 484026 54220 929-41096 10082 0601 08147
Nd(I11):GSH:Zn(l1) 3390654 480939 5X208 929977 10084 0607 0%305
Solvent — CH3CN

Nd(I11) 3299409 484148 54349 9310499 10087 0%659 08600
Nd(I11):GSH 3299155 484052 54306 9298215 10089 06627 0%872
Nd(I11):GSH:Zn(11) 3294208 484046 54213 9268599 10091 0550 06018
Solvent — CH3;CN:dioxane

Nd(I11) 3299739 484417 54329 9299167 10081 0%636 058027
Nd(I11):GSH 3299562 484376 54308 9294261 10088 0%623 0%692
Nd(I11):GSH:Zn(11) 329x288 480941 54249 9280430 10091 0%580 06672
Solvent — CH3;CN:CH3;OH

Nd(I11) 3299846 480825 54305 9304892 10081 0%638 058070
Nd(I11):GSH 3299819 480752 54304 930191 10082 0%639 018112
Nd(I11):GSH:Zn(11) 329X4447 480696 54227 9274653 10085 0568 06409
Solvent — CH;CN:DMF

Nd(I11) 3299221 484222 54359 9312720 10088 0X%665 08772
Nd(I11):GSH 3298899 484075 54324 935%252 10118 0768 14619
Nd(I11):GSH:Zn(11) 3298611 480820 5x581 936%738 10123 09785 12170

that in N. As a result, the nephelauxetic effect in-
creases when the co-ordination number decreases.
The Ln-O distance shortens in spite of the additive
nature of b and decrease in the number of co-ordina-
ting ligands. Variation in the value of EX (K =2, 4,
6); corresponds to that in the value of F¥, since they
are inter-related. Misra et al*"*® observed a general
decrease in the values of Fx and x4 parameters as
compared to the corresponding parameters of the free
ion.

The hypersensitive transition, *lg, ® “Gg, obeys
the selection rule, while the ligand mediated pseu-
dohypersensitive transitions, “lg, ® “Fap, ‘g ®
“Fs, 192 ® “F7 and “lg;, ® “Gyy, of Nd(111) do not.

The latter however exhibit substantial sensitivity, re-
flected through the wide variation of oscillator
strengths and energies with even minor changes in
the immediate coordination environment around
then even in the presence of a structurally related
ligand.’** Due to extremely fast water-exchange
rate and very low crystal field stabilization energy,
conversion from one geometry to another is very
convenient and facile. Karraker™ showed that the
shape, energy and oscillator strength of hypersensi-
tive or pseudohypersensitive transitions can be cor-
related with coordination number and are diagnostic
of the immediate coordination environment around
the lanthanide ions.
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80C%90T 6&TSC6T  CXEVIOT VXEGCLT  VXELZLT 6W09VET  L&GBVET 8XG6SCT  9%C9GCT V&COVIT BXPYSTT

908XTOT GixZ¢GC6T  GxIYT6T E€X/LGCLT  TKOBZLT Tex6SYET  T&GBYET VPXGESCT  vx99GCT E8AXVIVIT G%CVSIT

0CZ&TOT ¥ix0SC6T  8&WYT6T 0KV CLT  CXETELT 6KO9VET  YXVBYET G&66SCT  V&B9GCT S&V.IVIT  WocvbSTl
4NQ:NOSHO —

0CeExx6  6X6VC6T  C&TST6T 8AXCO6CLT  CxLCELT  G&CEIVET  9&C6VET LXV09CT  V&ELSCT  GQXV8YIT TKIVSTT

2Clx66  6%8VC6T  CXKVPTET 9%6.CLT  CKVCELT SXTOVET  EX68YET 8&T09CT  0%69S9CT 6(<LLVIT 8&6ESTT

V8GX00T E€X6VC6T  8&WYT6T  8&6LCLT  C&ECELT GXTIVET  9&KO6VET G&TO9CT  Cx89GCT L& /[LVTT 8XXTYSTT
HO®HO:NOPHO —

980XV6  PAX6VC6T  8XTST6T  G&06ZLT  CVCELT  WixCIVET  L&TEVET 8xE09CT  GIXZ/GCT CXEBYIT  BX.LVSTT

[8Vx86  GX0GC6T  GXBYTET E€&XCBCLT  C&GCELT O%X09VET  66<G8YET 06x009CT  16¢B9GCT OXBLYIT G&EVSTT

G6L6<GL  GXBYI6T  6&8VI6T C&GCELT  C&ECELT  C&OIVET  v&PBPET C&009CT  GIx69SCT V& .LLVIT 8&2VSTT
BUEXOIP:NOEHO —

CLZ&EG  LX0SC6T  C&CST6T  TXV6CLT  CKBCELT  EXTIVET  CXO8VET T&Y09CT  9XV/GCT P&S8YTT 8X0SSTT

029%/6  CBx6VCeT  C&LVT6T  O(<Z8CLT  C&ECELT G&TIVET  8HBBVET PXT09CT  V&0LSCT CX8LVTT  8&TVSTT

LO6T&66  8KO0SC6T  CAXSPTET  6&GLCLT  C&OCELT  CO9PET  6(<S8YET LX66SCT  9X69S9CT  66<VLVIT  GXG6ESTT (1np

NOSHO —

888496 GX6VC6T  CX6YT6T  66<G8CLT  C¢¢CELT T&xTIvET  8KOGVET 8XC09CT  [&0.SCT 8XO8YTT V&GYSTT

066%86 Tox6VC6T  6x9VT6T  L6<BLCLT  8&CCELT 8X09VET  L&KSBYET Ox009¢T  TXO0LSCT OX9LYTT  8XTYSTT

ET8%96 8(x0GC6T  8&6VTI6T 9OKGBZLT  CXECELT OXTIVET  v&B8BVET 9x209¢T  TAX0.LSCT 8&08YIT T&WYSTT
auexoip —

VOOXKETT T&O0SC6T  LKCET6T EWOECLT  LAXB8I9CLT  TXBSVET  6EBVET VX06SCT  TAXB8GGCT  LAXCSPTIT  GKBESIT

898XTTT <C&0GC6T  OXKVETOT OKOVCLT  G&KELZLT 9&BSYET  EXGBYET TXT6SCT  V&6SGCT  9&GSYTT  8&BESTT

TYaixOTT <Z&6VC6T  EXVET6T  TikZSCLT  L%K06ZLT  LKOIVET  vXO6VET 8KG6SCT  9X6SGCT 6XTOVYTT G&x8ESTT
dANd -

68EXE0T TX6YC6T - CiXCVT6T  v&GLZLT  CXECELT EXO6SVET  L&EBVET OxX66SCT  v&B9GCT 8AV.IVIT GKCVSTT

OV6XTOT 8X6VC6T  6XKEVT6T 8KL/LCLT  CKVCELT EWOIVET  T&EBVET V&66SCT  L6&¢89SCT 9XKGLVIT  TixCrSIT

00L6¢00T [X6¥VC6T  S&VYT6T  GABLCLT  CVCELT  EXO09VET  SKIBYET 6%009CT  OX69SCT Lx9LYTT 8XCVSTT
HO®HO —

SINY *3 saog *3 saog *3 saog *3 saog *3 saog
NPO# ® 26 _v NBO# ©) N\m_# NRH_# ® 26 _v N\mH_v ©) N\m_# N\mn_# ® 26 _v
v Hd e (0S:

Sl 3)Ip puesnoanbe ul (T:T:

T) (INUZ:HSD: (114 *(T:T) HSO:(11DPN ‘(111)PN JojSenfeA SINY pue (;_ Wwo) sa1fijeud Jo sanfen paAJesgo pue paindwod
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5. Conclusion

From the present investigation it has been observed
that there is possibility of the involvement of Zn(l1)
in the complexation of Nd(I11) and GSH, revealed by
the comparative absorption spectra, which is further
supported by the decreased value of the inter-electro-
nic repulsion parameter (Slator—Condon parameter,
Fx) and increased values of the nephelauxetic ratio.
Further work on the evaluation of intensity parameters
isgoing on.

Acknowledgement

We thank the Department of Science and Technology,
New Delhi for financia support.

References

1. (8 Misra S N 1985 J. Sci. Ind. Res., 44 366; (b)
Misra S N and Kothari A 1983 Can. J. Chem. 61
1778; (c) Misra S N and Cabalfin W N 1989 Chem.
Ser. 27 75; (d) Misra S N, Joseph G and Anjaiah K
1980 Chem. Ser. 28 233

2. (&) Bukeitynska K and Ngoethey P 1987 Inorg.
Chem. Acta 131 21; (b) Bukeitynska K and Mondry A
1987 Inorg. Chem. Acta 130 145

3. Holz R C and Thompson L C 1988 Inorg. Chem. 27
464

11.
12.
13.
14.
15.

16.
17.

18.

19.

20.
21.

309

Devlin M T, Stephens E M and Richardson F S 1988
Inorg. Chem. 27 1517

Einsphar H and Bugg C B 1984 Crystal structure
studies of calcium complexes and implication for bio-
logical systems, In Metal ions in biological systems
(ed.) H Singel (New York: Marcel Dekker)

Martin R B 1983 Structural chemistry of calcium:
Lanthanides as probes, In Calcium in biology (ed.) T
G Spiro (New York: Marcel Dekker)

Shah K J and Shah M K 2001 Bull. Pure Appl. i.
C20(2) 81

Mehta J P, Bhatt N P and Misra S N 2001 Bull. Pure
Appl. Sci. C20(2) 93

Hopkins F G 1921 Biochem. J. 15 286

. Evans C H 1990 Biochemistry of lanthanides (New

York: Plenum) ch. 2

Peacock R D 1964 Chem. Phys. 8 281

Jorgensen C K and Judd B R 1964 Mol. Phys. 8 281
Henrie D E, Fellow R L and Choppin G R 1976 Co-
ord. Chem. Rev. 18 429

Condon S U and Shortley G H 1963 The theory of
atomic spectra (Cambridge: University Press)

Wong E Y 1961 J. Chem. Phys. 35 544; Wong E Y
1963 J. Chem. Phys. 38 976

Jorgensen C K and Ryan L 1966 J. Phys. Chem. 70 2845
Misra S N, Joshi G K and Vaaishnav P P 1979 Indian
J. Pure. Appl. Phys. 16 553

MisraS N, Megh Singh and Joshi G K 1981 J. Inorg.
Nucl. Chem. 43 207

Misra S N, Joseph G, Anjaiah K and Abdi SH R
1992 Indian J. Biochem. Biophys. 29 07

Misra S N 1990 J. Biochem. Biophys. 27 285
Karrakar D G 1967 Inorg. Chem. 6 1863



