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ABSTRACT

The thermodynamic parameters and stereic environment of Nd (III) ion with a series of
semicarbazone in saturated alcoholic solution has been discussed on the basis of electronic
spectral data. The variosu energy parameters such as Racah (EX) Slater—Condon (Fk) Lande
parameter (Car) and the intensity parameters such as oscillator strength (P), Judd-Ofelt
parameter (Tx) have been computed using partial and regression methods. The bonding
parameter (b“z) and nephelauxetc ratio () have also been evaluated.

Key words : Nd (IIT), Semicarbazones, Spectral, Thermodynamic
INTRODUCTION

Semicarbazones have been found of vital importance due to their biological and analytical
applicability and strong coordination behaviour'?. The energy and intensity parameters of
lanthanon chelates with variety of ligands have widely been studied for the interpretation of
sharp line like bands arising from the transition among different level of 4f" cont'igurati011.3‘4
Doped study of certain systems finds immense zlpplications.‘s_?, therefore, the present work
deals with the study of various energy and electronic parameters viz. Judd—-Ofelt intensity (T;),
Slater—Condon (F;), Lande’s (C"ﬂ) intensity of hypersensitive band (3P2) and Racah’s (Ey) as
well as bonding parameters b"* for Nd (III) ion doped in alcoholic saturated solution of
semicarbazones derived from carbonyl compounds. In these studies, a saturated solution in
alcoholic media has been made by dissolving some semicarbazones derived from carbonyl
compounds at room temperature and a constant amount of Nd (III) chloride has been added to
each of the solutions. Spectrophotometry has been used for the characterisation and
determination of electronic parameters for Nd (III) ion doped in saturated alcoholic salution.
Several bands including 4G5/2 are characterized for Nd (III) ion in the visible region and the
change in the intensity of these bands in indicated by red shift caused by the change in
coordination environment around the ion resulting from f<>f transition in lanthanides.
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EXPERIMENTAL

Synthesis of ligands

Eight semcarbazones were synthesized by refluxing semcarbazide in equimolar ratio with
* p-hydroxyacetophenone, o-hydroxyacetophenone, m-hydroxyacetophenone, ethyl vanilline,
phenazone, p-aminoacetophenone, o-aminoacetophenone and m—aminoacetophenone, respec-
tively for 5 to 6 h at temperature 70 to 80°C. Each compound was purified and crystallized in
ethanol.

Preparation of saturated ligand solutions containing doped Nd (III) ion

The saturated solutions of p-hydroxyacetophenonesemicarbazone (p-HAP-SC), o-
hydroxyacetophenonesemicarbazone (0-HAP-SC), m-hydroxyacetophenonesemicarbazone
(m—HAP-SC), ethylvanillinesemicarbazone (EV-SC), phenazonesemicarbazone (P-SC), p—
aminoacetophenonesemicarbazone (p—AAP-SC), o—aminoacetophenonesemicarbazone (o—
AAP-SC) and m—aminoacetophenonesemicarbazone (m—AAP-SC) were prepared by dissolv-
ing each of them in ethanol and 0.014 M of NdCl;.6H,0 was added to each of the solutions.

The solution spectra of these systems were recorded by using standard spectrophotometer
(Spectronic-20) in the visible region. The calculation for various electronic parameters was
made by computerized statistical method reported earlier®. All chemicals used were of A.R.
Grade. PrCl3.6H,0 (99.9% purity) was supplied by Indian Rare Earth’s Udyogmandalam,
Kerala.

RESULTS AND DISCUSSION

The value of energies (E) for peaks of various transitions and the parameters of all the
compounds are summarized in Table | and 2. The decrease in values of the Slater—Condon,
Lande and the Racah parameters of the doped system as compared to those of the free metal ion
may be attributed to chelation of Nd (III) ion with the ligand present in the surrounding
environment and this in turn indicates the expansion of metal orbital, which is in accordance
with f < f transtions. The decrease in the value of the Lande parameter ({yy) is more than the
Slater—Condon (F}) parameter. It indicates that the ligand affects the spin orbit coupling more
than electrostatic repulsion. The order of Slater-Condon parameter is found to be F > F4 > Fg.
The observed values of Fg/F, are less than F4/F,. The solution spectra are analyzed by
resolving each band into Gussian curve shape to enable evaluation of oscillator strength. The
observed oscillator strength has maximum contribution from the induced electric dipole mode
in comparison to magnetic dipole and electric quadripole modes. Comparing the values of
energies with corresponding energy level in free metal ion, the bands for the different transitions
are identified.



213

2(2), 2004

Int. J. Chem. Sci. :

0011 losze lotezlovry | 0002 | ObL 1 |0L8T [08T°0 | 0EE1 PO6'LI POSIT | OTHY |08%'S | 00F0 |OE0'T |09L'T [O91'E [OLT'O |09F0 | 0SO'] 0060 | DSdVV-W-PN
06t'1 | 0v0t |056'T | 058°L | 0667 | 0F1°S |0L6'F | 0¥9°0 | 08T POS'61 DOS'LT| 0€S°S [ 0S0'9 |009°0 |0£8°0 | OLF'T | OBE'Y | 06Z°0 | 0S¥0 | 06171 0r60| OSdVY-O-PN
00¥'1 |060°€ |0L+'T | 0129 |00F€ [0L8t |0ST'S | 08570 [OTET POSOTPOS8T| 0L ¥ | 008°S | 0050 | OFT'T |0TO'T [0SL't | OVT0 | 060 0880|0101 | JSdVv—d-PN
0051 |ozzv |089z | 0oL L 01€ |0L8t [0S+t | 0290 | 086°0 POL 1T PO 61| 0T8'S | 0069 |019°0 [09L°0 | 0FST|0OIL'E|06T0|09L°0 oLT 1| 090°1 JS8-d-PN
0681|091t |014°¢ | 0s+°6 | 0£8°S | 00172 |09L°L | 0£8°0 | 0T8'Z PO1'OT POS 8T | 0£8'S | 068°L POT'89|000'T | 0EL'T | OFT'S | OFE'0 | 0SOT| 09171 ozl JS-AF-PN
o161 |ove's losee | 018°6 [ 00t'S |001°9 |028'S [08L°0 [ 0E11 POL LT POLYT|ORE'L|069°8 [OLLO [¥68°0 |0ITE|0T9¥ |TOL0 | ITHO 0091 |0£E'] [ DS-dVHW-PN
0s8°1 | 085w |0££°€ Po0'01| 029 |0SE'L |06+°L [998°0 |00t 1 POLTTPOTOT| 01+ | SLY'L |SELO [S960[096T | OL6'Y |S9L0 | O6L'T | OOL'] 0801 | DS-dVH-°-PN
0812 oty locre | 0588 | 0esy [0S6¢ [016°S | LOL0 | 0£1°T PO6'OE POS'ST| OTO'L | OLE'6 | L69°0 [0T9'1 | 0T6HT|0T99|STL0|08LO 0€r'1 {0281 | DS~dVYH-d-PN

Q01X [ 01X [ Q01X [ 01 X[ 01X [ 01X [ Q01 X[ 01X | 01X ;01 X[ 01 XT,01 X | 01X 1,01 |01 X | 01X |01 X401 x40 X},0x
g _._xun_ ™y ._xum ™y nnum ™y dxog | g _._..un_ ™y dxog | g .._num ™y dxoyg g ..:an_ mg | 9y

— Uedy s o, n.ﬁnr. m..mn_.. Usop LD ti6ng 6Dy Ulingy (¥

AaNNOdWOD

[4

spunoduwiod [AU0qIed JO SOUOZRGIEIIWIS SNOLIBA JO
uonnos pajeanjes dfjoyodqe ui padop uol (I11) PN 10J [I3ua)s J0Je[[1950 Jo (,_un) £319u0 Jo sanjea pandwo)) ‘[ dqe]



A. Popli et al. : Thermodynamic and Spectral...

09¢€°0 LL66'0 LO'16¥ vt L1'Tros 0£T6'0 rRCLR ceoro 0g's cTos 018°0€€ 8
9rt0’0 9L66°0 el'16y 60T 11°S¥0S 9991°1 69°EL8 oL1ro 0e's 9t°08 0LL'0EE L
96700 98660 81’16t 1T 1108 99¢8°0 09°9L8 08000 ot's 6008 OEl'1EE 9
9£L00 LL660 Lo'16v TI've 1I'Tros 0£ET60 P8CL8 e01'0 0g's sTos 018°0€E <
88£0°0 69660 8°06¥ 0¥ S LYOS LyTT'l LI'ELS ¥8LI'0 0g's 9t 08 095°0€€ 14
9£T00 LL660 LO'16F FAR 14 11°Zr0s 0£T6°0 ¥8'CL8 L TANY) 0g's 9¥'08 09¢°0tE £
960 98660 81'16¥ 17T I°1v08 99£8°0 09'9L8 oo 0g's STos 018°0ge 4
£880°0 69660 8°06v €0vT PSLYOS LrTTl LI'ELS 08000 0g's 6008 Ogl 1€ I

- = 00°L6¥ 06'tT 00'vT0s N 90°'v88 - Y 1L0S 091°1€€ v

ATEu ur) A_uEu ur) n_lEo ur) (-2 ur) :;Eu ur) :. wo ui) (w2 ur)
9 d A A 13 LpT) )] = % 4 | ANMOdWOD

214

spunodwod [{uoqied Jo SaU0ZeqIBdIIWIS SNOLIEA
Jo uonnjos pajeanyes dijoyode ui padop uor (11) PN (;,9pueg 79 19, IS Ay £319u0 Jo sanfea paindwo)) ‘7 qe



Int. 1. Chem. Sci. : 2 (2), 2004 215

Nephelauxetic ratio has been found less than one for all the complexes, which reflects the
mixing of metal-ligand orbitals and covalent nature of metal-ligand bond. To establish the
validity of the theory given by Judd-Ofelt with reference to the result obtained for the systems,
T,, Ty and Tg Judd-Ofelt parameters (T) have been further used to classify the symmetry
environment around Nd (III) ion. The values of oscillator strength were found in the order of
p-HAP-SC > m-HAP-SC > o-HAP-SC > P-SC > p-AAP-SC > EV-SC > 0-AAP-SC >
m-AAP-SC. The r.m.s. deviations with respect to oscillator strength were in the acceptable
range.
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