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ELECTRONIC ABSORPTION BANDS OF HoCl, AND
SmCl; COMPLEXES IN ALCOHOLS
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The normal absorption and second derivative spectra of ten alcoholic
complexes of HoCl, and SmCl; were recorded. From the observed bands,
energies and intensity values were measured. To fit in these measured values
with the theoretical values, a set of spectroscopic parameters namely Judd-
Ofelt (Ty, Ty, Ts), intensity (R4, £,, Q) had been computed. A good fit of
intensities was obtained between the experimental and theoretical data. The
environmental influences on the intensities of the hypersensitive transitions of
Sm(IIT) and Ho(III) ions were found to be noteworthy.
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INTRODUCTION

THE authors have extensively carried out the spectral analysis of various inorganic
rare-earth complexes.]-8 Recently, they have studied the spectral features of organic
complexes of PrCl;, Pr(NOs); 6H,O NdCl; and Nd(NOj); 6H,O, the results thus
obtained are quite interesting.9-12 To understand the environmental influences on
the spectra of SmCl; and HoCl;, the alcohols such as methyl, ethyl, isopropyl,
butyl and amy! alcohols have been undertaken in the present work.

EXPERIMENTAL STUDIES

By adding about 0.1M per cent of HoCl; and SmCl; into the methyl, ethyl,
isopropyl, butyl and amyl alcohols, ten organic rare-earth complexes (each
10ml quantity) were prepared for the present study. Electronic absorption
spectra of both normal and second derivative patterns were recorded on a UV-Vis
spectrophotometer. However, for NIR, only normal could be recorded, as there
has been no second derivative unit attachment to the spectrophotometer. With
regard to the refractive indices(n) of the complexes, they were measured on a
standard refractometer.

RESULTS AND DISCUSSION

Energy Levels

The observed bands of Ho(III) and Sm(IIIl) complexes were assigned to the
electronic transitions by following Carnall er alt* The band energies for the
complexes alongwith the transitions are presented in Table I.
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Intensities

By using the mathematical expressions given by Lakshman and Buddhudu,!
the measured intensities for the observed states of rare-earth ions have been worked
out. Theoretical spectral intensities have been carried out in two different computa-
tional methods :

(i) Judd-Ofelt theory.15°16

(ii) Flectric-dipole linestrength.!”
The formulae connected to these methods were used from the articles of Judd,!s
Ofelt!é and Reisfield.!” The Judd-Ofelt intensity is designated as fiZ;- Prior to get

these values, a set of parameters called Judd-Ofelt (T, T4, Ts) are to be got by
performing a least-squares fit!8 method. Similarly, to have the -electric-dipole

linestrength intensity (f ‘;:l), parameters namely intensity (Q,, Q4, Q¢) and electric-

dipole linestrength values (S.q) for each observed band are to be evaluated. The
evaluated Judd-Ofelt (T), refractive index (#) and intensity (Q,) for the complexes
undertaken are given in Table II. The computed Seq values for the observed states
of ions are presented in Table III. Both the experimental intensity (/expt) and
calculated values (figl, fzgl) for the complexes of holmium and samarium are tabu.-
lated in Table IV. The data presented in this Table show an excellent agreement
between the theoretical values (f 221 and fz:l), however these values are reasonably

coinciding with the experimental intensities (fexqt) Of the ions studied. The depen-
dence of the intensity of the hypersensitive transitions such as

SIg(Ho3*) ——-» 5Gg

6H5,2(Sm3+) ——— 6F1, 2

on the Judd-Ofelt T, parameter has been verified. These transitions follow the
selection rule

AJ< 2, AL < 2;and AS < 0.

The following Table explains the dependence of the intensity value of hypersensitive

transitions 5Gg <-—— 5Ig for Ho(ITI) and 6Hs;, —-—— 6F,, for Sm(1!I) complexes.
MA BA AA EA IPA
f(3G¢) Ho(lIN — 7.017 6.492 5.278 4.518
T(10%) —0.011 0.070 0.033 0.027 0.005
BA 1PA MA EA AA
f(6F\,2) Sm(lI) 4.742 2.565 1.292 -

T(10%) 3.823 2.068 1.041 —5.185 —-3.200
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Such a kind of phenomenon was earlier reported.19°20

V RAMESH BABU et al.

The remaining other two

Judd-Ofelt intensity parameters (734, Tg) would monitor the intensities of all bands
except the hypersensitive transition level of the ion. The data presented in Table IV
and parameters in Table Il would sufficiently signify the impact of the hosts on the
spectral characteristics of HoCl; and SmCl; complexes studied in this paper. The
second derivative spectra of these complexes have exhibitéd the presence of a few
more bands, which could not be recorded in the normal spectra of the ions in various
alcohiols. The energies of the bands obtained from the second derivative recordings

TABLE Va

Energies E(cm ) resolved e:ergy states of HoCl; complexes in alcohols obtained from the
second derivative spectral recordings
(The energies of spl't components of *F;, 3K, are also presented here)

HoCl,

Ethyl Alcohol

Amyl Alcohol

Butyl Alcohotl

Isopropyl Alcohol

Methy! Alcoho!

L, (29146)

3K, (25966)

3G, (30112)

L, (28977)

SF, (41654)

3G, (30249) 3¢, (30021) 5D, (34833) 3G, (30067)
M, (34119) D, (34712) 3H, (35960)
5D, (34955) 3H, (35703)
3H, (36090) 3F, (41309)
IF, (41654)
15274 15298 14988 15309 15333
sE.
£ (15621 ) 15620) (15572 15596) 15548)
SK 21546 21091 21136 21453 —_
8121271 21407) 21453) 21136) ( —
TABLE Vb

Energies E(cm~Y) for the resolved energy states of SmCl; complexes in alcohols obtained from the
second derivative spectral recordings
(The energies of split components of 4/,,,, are also presented here)

SmCl,

Butyl Alcohol

1G,,. (18144)
4Gz (25699)
5Gy/a (30157
‘P, (31438)
P,,, (32885)

*M,y,5 (37026)
10, (42540)
2G,,q (44629)

\ 21003
Tt 21226)

Isopropyl Alcohol Methyl Alcohol

Amyl Alcohol

Ethyl Alcohol

$Gyr2 (18144)
a1z (21733)
8hsre (23142)
1Py (33158)
*Kysia (33888)
2F,;, (38450)
1F,, (38898)
1Gyry (43277)

(Z)

1G5 (25832)
Gyy (30294)
*P,,; (31536)
1Py, (32993)
2P,y (35803)

21046
21270 )

iF,,; (34473)
*Py; (35704)
M0 (37302)
4Gyra (43277)
4G,y (45235)

21003
21226

1G,ys (25866)
5Gy/a (30386)
By, (31734)
4Py, (32994)

21047)
21226

R
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are presented in Table V. Thus the importance of the second derivative spectra in
identifying the energy levels of the ion has been realized.
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