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Characterization of Some Nd(III) Sulphonanilide Complexes
in terms of Electronic Spectral Parameters
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Nine complexes of Nd(IH) with sulphonanilide have been char-
acterized on the basis of various electronic spectral parameters, viz.,
Judd-Ofelt parameter, symmetry parameter, nephealuxetic ratio and
bonding parameters. The study provxdes useful information about
M-L mteracﬂons e
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INTRODUCTION

After the publication of Judd-Ofelt theory!™ for lanthanide intensities, a great
deal of work has been reported on the measurement of f-f transitions of free and
comp]exed ions of lanthanides in different chemical environments by several
workers™. Owing to the poor thermodynamic stability of lanthanide complexes, a
modified doped model® is undertaken to record solution spectra in DMF medium
using spectrophotometer.

In the present work, various electronic spectral parameters have been evaluated

for Nd(m} systems by using computerized programme, as designed by earlier

workers’. The study invalves various parameters like Judd-Ofelt parametrers (T;),
bonding parameters (f and b"?) and symmetry parameter (T4/T¢) which provides
important information about M-L interaction and about change in symmetry around
Nd(II) ion in different ligand environments.

EXPERIMENTAL

Nine systems were prepared by using NdCl;-6H,0 (provided by Rare Earth Lid., -

Kerela) and ligands L; to Ly (Fig. 1) in DMF medium by using standard methods'®.
Solution spectra have been taken by standard spectrophotometer (systronic 106) in
the range 520-950 nm.

Ligands (I; to L)
COOR!

HO—(( ))— SO,NH
| Fig. 1.
where R' = H, CH,, C,Hs; and R? = 0-NO,, m-NO,, p-NO,
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Calculation of parameters: Value of oscillator strength ‘s calculated by the
equation ~
P=46x107E,Av)y ===
where E,, = molar extinction coefficient, Av,, = half band width
Values of Judd-Ofelt parameters have been calculated by using the equation

Poys. = [UAVT, + [UAVT, + [USV T

RESULTS AND DISCUSSION

Values of various electronic spectral parameters are presented in Tables 1 to 6.
The average value of nephelauxetic ratio () has been found to be 0.9929. Using the
value of B, the value of bonding parameter (b'%) has been computed and it has been
found to be 0.0585. The positive value of b'’? infers covalency in metal-li gand
bonding. ‘ ' :

—— s S

TABLE-1
OBSERVED AND CALCULATED VALUES OF OSCILLATOR STRENGTH OF THE
BANDS RECORDED FOR Nd(III) ION SYSTEMS INVOLVING LIGAND ENVIRON-
MENT IN DMF SOLVENT

NJ(IIT) ion systems involving ligand environment (1 : 2 molor ratio) in DMF solvent

Free Nd(II1) ion Nd(I) with Ly NA(IIT) with Ls Nd(II) with L5

S.No.ilLevels

Pobs X 10° Peat X 10% | Pobs X 10° Py X 10° | Pas X 10° Pewy X 10%|  Pops % 10° Pegy x 10°

1. 1 *Gsn| 2442 2443 | 4438 4372 | 38.14  38.15 4137 418
2. | *Fon | 0.90 1.67 425 2.81 3.71 2.63 341 2.86
3. 1% | 1566 1488 | 2412 2451 | 2199 2314 2367 2497
4 {%Fsp| 1796 1878 | 3442 3301 | 3151 3035 3394 3325
5 1% 859 792 | 1503 1536 | 12.68  13.66 1406 15.17
rms.dev.| *6.79%x 1077 +9.73%x 1077 +9.81x1077 +8.82x1077

TABLE2 i-
OBSERVED AND CALCULATED VALUES OF OSCILLATOR STRENGTH OF THE
BANDS RECORDED FOR Nd(IiI) ION SYSTEMS INVOLVING LIGAND ENVIRON-
MENT IN DMF SOLVENT -

Nd(III) ion systems involving ligand environment (1 : 2 molor ratio) in DMF

- “solvent
NA(IID) with Lg ~ Nd(IID) with Ls Nd(IIT) with Ly
S.No.| Levels | Pops X 10°  Peyyx 10° | Popg x 100 Pogx 10° | Pype x 105 Py x 10°
1. | YGsn | 3213 30.93 2745 26.5 29.73 28.69
2. | *Fon 3.07 2.13. 226 157_4 226 1.85
3| *Fin | 2001 1898 | 1445 1358 _ | 1792 16.60
4. | *Fsp | 2482 24.04 19.02 1846 | 2088 20.65
5. | *Fan 11.17 10.30 945 87 9.71 8.61

r.m.s. dev. +9.74 x 1077 o +774x 1077 +9.33x 1077
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TABLE-3
OBSERVED AND CALCUILATED VALUES OF OSCILLATOR STRENGTH OF THE
BANDS RECORDED FOR Nd(IIl) ION SYSTEMS INVOLVING LIGAND ENVIRON-
MENT IN DMF SOLVENT =

Nd(III) ion systems involving ligand environment (1 : 2 molor ratioyin DMF solvent

Nd(II1) with Ly Nd(III) with Lg Nd(ITI) with Lo
S.No.[Levels
Pops X 10°  Peyy x 10° | Popex 10°  Payx 10% | Popex 10°  Pogyx 10°
1 [ 4Gsn | 30.64 30.07 25.41 25.31 27.46 26.88
2. | “Fon 1.69 2.00 1.05 1.71 1.37 1.82
5 ‘Fin 19.10 17.85 16.11 1526~ | 1767 16.25
” *Esp | 22.00 22.43 1846 1918 | 19.89 20.49
5 1 "B 10.57 9.50 8.83 8.10 9.93 8.75
r.m.s. dev. +8.13x107 +6.64 %1077 +9.38x 1077

TABLE-4
COMPUTED VALUES OF Ty, PARAMETERS FOR Nd(lI) ION SYSTEMS INVOLVING
LIGAND ENVIRONMENT IN DMF SOLVENT

S. No. Nd(III) System T, x 10° Ty x 10° Te x 10° ToTe
1. Freg Md(IIDion 0.36 2.46 2.37 1.03
2. Nd-L 0.45 499 3.84 1.29
3. Nd-Lo 0.36 4.37 3.65 1.19
4. Nd-La 0.35 4.91 3.94 1.24
5. Nd-La 0.43 323 =303 1.06
6. * Nd-Ls 0.35 2.83 2.11 1.34
7. Nd-Lg 0.55 267 T T266 1.00
8. Nd-L7 0.49 295 2.84 1.04
9. Nd-Ls 0.40 2.51 2.43 1.03
i0. Nd-Lg 0.40 2.72 2.58 105

The covalency in M-L bond is indicated by red-shift in energies of various
bands as compared to lanthanide ion free value (Table-5). These values have been
considered to calculate nephelauxetic ratio (8) and boﬁaing parameter (bm').,
Symmetry parameter (T4/Ts) values for Nd(III) systems have been found to vary
from 1.00 to 1.34. The change in T,/T, values suggests the change in stereo-
environment around lanthanide ion. Oscillator strength for hypersensitive transi-
tion varies from 25.31 x 107 to 43.72 x 10, This increase in intensity of
hypersensitive band also suggests M-L interaction.
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TABLE-5

'OBSERVED \/ALLI:S OF ENERGIES (cm™) OF FOUR BANDS FOR VARIOUS INd(I1)

ION SYSTEMS IN DMF SOLVENT

S. No. N d(liff)vse}ysstenl “Gsn *Forp P~ *Fsn “Fin
1. FreeNd(Il)ion 16920 14490 13300 12200 11310
2. Nd-L1 16980 14510 13330 12220 11340
3. Nd-L2 16950 14490 13280 12210 11300
4. Nd-L3 17010 14530 13350 12240 11350
5, Nd-L4 17060 14580 13400 12270 11380
6. Nd-L5 17040 14560 13370 12250 11360
7. Nd-L6 17120 14600 13420 12290 11390
8. Nd-L7 17210 14640 . 13420— 12320 11430
9, Nd-L8 17150 14620 13420 12290 11390

10. Nd-L9 17240 14660 13420 12350 11420
TABLE-6
COMPUTED VALUES OF § and b"? FOR Nd(11I) SYSTEMS

S. No. Band Average energy [In em™) p p!’2
L. ‘Gsn : 17048.88 0.9889 0.0744
2. *Fan 14555.55 0.9928 0.0600
3 *Fin 13365.55 0.9959 0.0452

4, “Fsn , 12254.44 0.9922 0.0624
5. “Fip , 11361.11 0.9948 0.0509
‘ Mean 0.9929 0.0585

hce ion valucs ioz different bands of Nd(HI ion: For Gs/z band 17240 cm™; for 4Fm:
14660 cm™ ' for h/; 13420 cm™ for Fm. 12350 cm™ ;f F3/2. 11420 Cm'2

The authors are grateful to Pnncxpal DungarCGﬂege Bikaner for providing

ACKNOWLEDGEMENTS

o

necessary facilities and to (Drs.) Rama Gupta, Anil Gupta, Narender Bhojak, K.P.
Soni, S. Jain and P.C. Tater for fruitful discussion and keen interest in the work.

SO R L

oo

REFERENCES

B.R. Judd, Phys. Rev. (USA), 127,750 (1962).

G.S. Ofelt, J. Chem. Phys. (USA), 37,511 (1962).

W.T. Carnall, PR. Fields and B.G. Wybourne, J. Chem. Phys. (USA), 42,3797 ( 1965).
S.P. Tandon and P.C. Mehta, J. Chem. P/zy&: (USA), 52,4313 (1970).

S.N. Mishra and G.K. Joshi, Indian J. Pure Appl. Phys., 19, 279 (1981).

S.S.L. Surana, M. Singh and S.N. Misra, J. Inorg. Nucl. Chem., 42, 61 (1980).

R.D. Peacock, J. Chem. Soc. A., 20’78(1971) Molec. Phys 25 817(19 33 Chem. Phys.
Len., 16, 590 (1970).

B.K. Gupta, G.K. Joshi and PR. Bhaii, indian J. Pure Appl.-Phys., 28, 525 (1990).
PR. Bhat, K.P. Soni, G.K. Joshi and §.N. Swami, Asian J. Chem., 4, 828 (1992,
G:K. Joshi, Indian J. Pure Appl. Phys., 21, 224 (1983).

(Received: 4 October 2005; -~ Accepted: 2 May 2006) AJC-4822



