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Abstract—Absorption spectra are reported for the mixed-ligand complexes of Pr'", Nd"!, Ho", and Er"
containing ligands having nitrogen donors, in four different solvents (pyridine, DMSO, DMF and methanol).
The solvents differ with respect to their donor atoms. The oscillator strengths for the hypersensitive and non-
hypersensitive transitions have been determined and variations in the oscillator strengths and band shapes with
respect to solvent type is rationalized in terms of ligand (solvent) structures and ligand coordination properties.
Pyridine has been found most effective in promoting 4/-4fintensity and is the strongest ligand in a nephelauxetic
sense among the solvents studied. © 1997 Elsevier Science Ltd.
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Some specific transitions in the lanthanide spectra are
enhanced by an order of magnitude, in going from an
aquated system to systems with larger, bulkier ligands.
This intensity change is taking place while the remain-
ing transitions in the spectrum are not drastically
increased. For such enhanced transitions the selection
rule |AJ} < 2, |AL} < 2 and |AS| = 0 is consistently
obeyed [1] and these are called ‘hypersensitive’. Much
of the interest in the phenomenon of hypersensitivity
has centred about an effort to implicate a particular
intensity promoting mechanism. Apart from certain
symmetry requirements (i.e., those concerning electric
dipole selection rules) some of the effects which have
been considered include covalency, ligand basicity,
the nephelauxetic effect, solvent properties and ligand
polarizability [2]. The intensity of the absorption band
is measured by its oscillator strength. The oscillator
strength defined [3] as:
s 9
P=431x10""———{e(v)dv )
(n*+2)?

may be obtained by evaluating je(v) dv over the tran-

* Author to whom all correspondence should be addressed.
1 Part X, ref. [4].

sition region of interest. 5 is refractive index of the
medium.

In a recent paper [4] we have reported syntheses of
the trivalent lanthanide complexes of the type
[Ln(phen),(SCN);(H,0),] where Ln = 1a, and all
lanthanides (except Gd, Tb and Tm); x = 0 for La,
Nd, Pr, Sm and Eu and x = 1 for Dy, Ho, Erand Yb.
We have investigated NMR spectra of the para-
magnetic complexes of Pr, Nd, Sm, Eu and Yb. In
continuation of our research programme we report
here results of the study of optical spectra, in the
visible region, of the complexes: [Pr(phen);(SCN),],
[Nd(phen);(SCN);], [Ho(phen);(SCN);(H,0)] and
[Er(phen);(SCN);(H,0)], where phen = 1,10-phen-
anthroline, in different medium. The praseodymium
and neodymium complexes are nine-coordinate ; and
holmium and erbium complexes are ten-coordinate.
The solvents used include methanol, dimethyl-
sulfoxide (DMSO), pyridine and dimethyiform-
amide (DMF). Methanol is a very weak donor which
in some cases does coordinate and otherwise does not.
DMSO is a very strong oxygen donor. DMF and
pyridine are strong nitrogen donors. Our interest is to
see the solvent effect on the spectral intensity and
shapes of the hypersensitive as well as non-hyper-
sensitive bands in these complexes.
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EXPERIMENTAL

The synthesis and characterization of the complexes
has been reported elsewhere [4]. The electronic spectra
of the complexes were recorded in methanol, DMSO,
pyridine and DMF on a Perkin—Elmer Lambda 3B
spectrophotometer in the concentration range of 103
to 2x 1072 M using 1 cm’ stoppered quartz cells of 1
cm path length. The complexes have a poor solubility
in methanol, and are dissolved by warming the solu-
tion using a hot air blower. After dissolution the com-
plexes do not reappear. The absorption spectra of
the solid compounds, in the cases of neodymium and
erbium, were recorded on mulls that were prepared
by grinding the dry solid and then regrinding into a
paste with paraffin oil. This paste was spread on one
of the walls of the quartz absorption cell ; the proper
thickness was determined by trial and error. A thin
layer of paraffin was spread on the other cell and was
placed in the reference position. We have calculated
covalency parameters (B, b and &) using previously
reported methods [5]. The oscillator strengths were
obtained using eq. (1). All measurements were made
at room temperature (~30°C).

RESULTS AND DISCUSSION

[Pr(phen);(SCN);]

The bands of praseodymium in the visible region
are known to originate from symmetry-forbidden
transitions from the ground state *H, level to excited
J levels. The four transitions occur within the 400—
600 nm spectral region. The oscillator strength of the
four transitions ('D,, °P,, °P;, and *P,) of the complex
in methanol, pyridine, dimethylsulfoxide (DMSO)
and dimethylformamide (DMF) are given in Table 1.
The oscillator strength of hydrated PrCl; in water are
also collected in Table 1. Dissolving the complex in
methanol, pyridine or DMF increases the oscillator
strength of the 3P, transition (while there is no appreci-
able change in the oscillator strength in DMSO solu-
tion) relative to aqueous solution of hydrated PrCl,
and decreases the oscillator strength of °P, transition
relative to the same standard. The pyridine solution
of the complex shows a very marked intensification
of 3P, peak. It is 42% more intense compared with
praseodymium aqua-ion. This transition was found
insensitive in the complex [Pr(phen),(SCN)
(H,0)](SCN), [6]. The solution of the complex in
any of the solvents fails to show any distinct spectral
modifications for *P,, °P, and >P, transitions. More-
over, the 'D, transition gives distinctively different
band shapes in different mediums (Fig. 1). The oscil-
lator strength of this transition did not show appreci-
able variation going from one solvent system to the
other. This transition was found [6] to be quite sen-
sitive in the complex [Pr(phen);(SCN) (H,0)](SCN),,
both in respect to the value of the oscillator strength
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Fig. 1. *H, - 'D; transition of [Pr(phen);(SCN),} in (a)
methanol ; (b) DMF; (c) pyridine and (d) DMSO.

and band shape. The °P, « *H, and 'D, « *H, tran-
sitions have been found to be sensitive to the change
in the environment but since these do not obey the
selection rules they are not considered hypersensitive.
Some intensity enhancements are noted in a few
praseodymium complexes but in most of the cases the
oscillator strength is lower than for the aqua-ion [5,8-
11].

[Nd(phen);(SCN);]

The absorption spectra of the solutions of the neo-
dymium complex were measured in the solvents men-
tioned (methanol, DMSO, pyridine and DMF). The
absorption spectra of the solid compound was also
measured. We also recorded the spectra of hydrated
neodymium chloride in the four solvents. The absorp-
tion intensities, presented as oscillator strength, of the
complex and hydrated chloride are collected in Table
2. The spectra of neodymium complex and neo-
dymium chloride, in all solvents, have a very peculiar
transition, (*Gs,, Gy, « “Ly;2), near the middle of the
visible region. The relatively high intensity of this tran-
sition and its unusual sensitivity to the chemical
environment about the metal ion have lead to its
classification as ‘hypersensitive’; its behaviour is in
sharp contrast to many other typically weak and con-
sistently unvaried, normal f/~f transitions [2,12]. The
bands observed involved transitions from the Iy,
ground state to the states *F,, (referred to hereafter
as Nd-1); *Fsp, Hy,,, (NA-II) 5 *Fp, 4S5, (NA-IID)
4F9/2 (Nd-1V) ; *Gs),, 2Gm (Nd-V), K3, 4G7/2’ 4G@,fz
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Table 1. Oscillator strengths of [Pr(phen),(SCN),] in different solvents
Pt P x 10°
Spectral range® Aqua-ion

SLT (cm™") 10°P Methanol DMSO Pyridine DMF

(ground state *H,)

‘D, 16290-17180 3.12 3.22 2.57 2.92 4.36
(7.83)

Py 2020021000 2.52 2.05 2.99 1.63 1.91
(3.40)

°P, 21000-22100 6.60 3.40 425 5.65 5.55
(6.93)"

°p, 22100-23260 14.60 17.74 11.31 20.86 17.26
(11.35)"

“The spectral ranges observed for the transitions vary from solvent to solvent, so the values listed here are only meant to

indicate approximate location of the bands.

*»The values given in parentheses are those for [Pr(phen);(SCN)}(H,0)](SCN),, ref. [6].

Table 2. Oscillator strengths of [Nd(phen),;(SCN),] and NdCl; - 6H,O in different solvents

Nd** 10°P Complex (NdCl, - 6H,0)"
Spectral range® Aqua-ion
S'LT {ecm™) 10°P Methanol DMSO Pyridine DMF
(ground state “Iy,)
“Fip 11280-11770 1.26 1.32 1.34 2.20 1.14
(0.94) (1.09) ) (1.52)
Hy,y, *Fs 1206012860 7.84 10.19 9.27 12.63 11.71
(7.28) (7.98) (2.46) (8.39)
[7.23]
“F,, 8, 1298513815 7.90 11.43 8.03 13.47 12.23
(6.67) (1.52) (4.59) (7.80)
[8.38]°
*Fy 14370-15150 0.36 0.10 0.57 0.16 0.86
(0.43) (0.39) (—) (0.87)
*Gsps °Gopa 1661517850 8.60 24.82 13.09 29.28 23.06
(15.12) (13.59) (7.58) 19.17)
[40.39]°
Ky 4G7,2} 17590-20325 6.20 14.69 9.68 13.53 10.30
4Gy, (4.81) (6.30) ) (6.76)
[8.30]°
K 1525 °Go 20500-22220 1.09 3.51 1.20 2.52 2.78
’Dyp, Py, ‘G n,z} (1.30 (1.79) =) (1.34)
Dy, Dy, 22750-23750 0.35 0.20 0.42 0.45 0.99
=) 0.27) —) 0.44)

“The spectral ranges observed for the transitions vary from solvent to solvent, so the values listed here are only meant to

indicate approximate location of the bands.

*The values given in parentheses are those observed for NdCl, - 6H,0 in the respective solvents.
“The values given in square brackets in the case of DMSO, are those for [Nd(phen),(SCN)(H,0)](SCN),, ref. [6].

(Nd-VD); 2K15/29 2Gg/z, 2Ds/z, 2Pz/z, 4Gn/lz (Nd-vII)
and P, “Ds, (Nd—VIII). The changes in band shapes
of the transitions Nd-1, Nd-II, Nd-III, Nd-V and
Nd-VI as the solvent is changed are shown in Figs 2—
5. In all five bands there is a distinct change in shape
as the environment (solvent) around the neodymium
ion is varied. The band shapes in the solid complex
(Figs 2--5) do not resemble those of the bands in the

complex in any of the four solvents. Despite variation
in the appearance of the band shapes as solvent is
changed, the oscillator strength of Nd-I and Nd-II
transitions are nearly constant. The variation in the
oscillator strengths of Nd-III, Nd-V and Nd-VI
bands identifies them as resulting from hypersensitive
transitions. The latter two transitions has been classi-
fied as hypersensitive [12].
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Fig. 2. “Iy;; = K3 “Grs ‘G, transitions of [Nd(phen),
(SCN),] in (a) methanol; (b) DMF; (c) pyridine and (d)
DMSO (e) solid complex.

Among the Nd™ transitions examined, the absorp-
tion intensity of the ’G,,, *Gs), « *lIy, (Nd-V) pair
exhibits the greatest sensitivity to the solvent environ-
ment. These transitions centred around 580 nm have
large U® and U" matrix elements [13]. These obser-
vations conform with previous studies in which this
region has been classified as being hypersensitive
[2,5,12]. This transition is most intense in pyridine
followed by DMF and methanol and least intense in
DMSO. The oscillator strengths of this transition in
any of the solvents studied is larger than the oscillator
strength of neodymium hydrated chloride in the
respective solvent, except DMSO where the complex
and the chloride both have same intensity. The results
given in Table 2 show that the *S;,, °F;;, « *Io,, (Nd—
II1) transition intensities also exhibit significant
change in going from Nd** (aqua) system to neo-
dymium complex in pyridine, DMF and methanol.
DMSO is again the exception where there is no change
within experimental error. These transitions have
small U? and U“ matrix elements but a very large
U® matrix element [13]. We note that the transitions
K 372, “Gopa, *Gjz « *Lgp (Nd—VI) centred around 530
nm show significant intensity enhancement in going
from Nd’* (aqua) system to certain neodymium com-
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Fig. 3. *ly, = *Gsp, Gy, transition of [Nd(phen);(SCN);] in

(a) methanol; (b) DMF; (c) DMSO (d) pyridine and (e)

solid complex.

plex/solvent systems (especially for methanol and
pyridine). These transitions have small U® matrix
element but significantly larger U® and U® matrix
elements [13].

We note generally higher oscillator strength for the
pyridine system vs those observed for other solvent
systems indicating that pyridine is especially effective
in promoting 4/~4f electric dipole intensity. This indi-
cates association of pyridine with neodymium which
changes the nature of the chemical environment
around of the metal ion. To propose that solvent
polarizability is contributing to an enhanced oscillator
strength requires evidence of at least some degree of
solvent coordination to establish this. We have
sufficient evidences of pyridine coordination to neo-
dymium without displacing any end of phen ligand.
These include appearance of a resonance in the NMR
spectra of pyridine solution of europium and ytter-
bium analogues of this complex for coordinated pyri-
dine and inducement of large paramagnetic shifts in
the resonance frequencies of phen without displaying
any signal for free phen [4], and appearance of differ-
ent band shapes in the solid state and in pyridine
solution of the neodymium complex (Figs 2-5). Thus,
the pyridine enters the coordination sphere of the
metal ion and enhances its coordination number from
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Fig. 4. *I,;, — (i) *Fs,5, *F;,, and (ii) *Hgp, *Fs, transitions of

[Nd(phen);{SCN),]} in (a) methanol ; (b) DMF ; (c) DMSO;
(d) pyridine and (e) solid complex.

9 to 10. The higher values of the oscillator strength of
the bands in pyridine is due to polarizability of this
solvent which is contributing to an enhanced oscillator
strength [2]. The oscillator strength of the transition
are nearly similar in methanol and DMF. The band
shapes of this transition are also similar in shape. This
is attributed to the coordination of DMF through its
oxygen. DMF generally binds via oxygen, not nitro-
gen, when it coordinates to hard acids like the lan-
thanides. Most interesting is the comparison between
values obtained in DMF and DMSO since both enter
the coordination sphere by replacing one thiocyanate
group and the complex in both the solvents behaves
as 1:1 electrolyte [4]. This may be attributed to the
different structure of the two, presence of nitrogen in
DMF and how the donor groups interact with the
electrons of the lanthanide ion. We compare the oscil-
lator strengths of the transitions of the present neo-
dymium complex with those observed for
[Nd(phen),(SCN)(H,0)](SCN), [6] in DMSO. The
oscillator strength of the non-hypersensitive tran-
sitions do not show appreciable change. Moreover,
the hypersensitive transitions have lower values in the
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Fig. 5. Ly, — *F,,, transition of {Nd(phen),(SCN);] in (a)
methanol; (b) DMF; (¢) pyridine ; (d) DMSO and (e} solid
complex.

present complex. The oscillator strength of the Nd—V
transition is much lower than the complex reported
earlier [6] (Table 2). The [Nd(phen);(SCN)
(H,0)](SCN), in DMSO was argued to be nine-coor-
dinated by accepting one solvent molecule. The pre-
sent complex is also nine-coordinated and one DMSO
molecule enters the coordination sphere by replacing
one SCN unit [4]. This large difference in the oscillator
strength may be explained by invoking the difference
in symmetry of the two complexes. The low molecular
symmetry is responsible for unusually higher oscil-
lator strength in [Nd(phen);(SCN)(H,O)](SCN),.
Both the complexes give distinctively different band
shapes in the solid state and in DMSO solution. Given
a symmetry effect [1,14] on the hypersensitive tran-
sitions, the occurrence of different spectra for different
symmetry is a predictable result. Finally we compare
the values of the oscillator strength of the present
complex and hydrated neodymium chloride in meth-



4158

anol with those reported [15] for the neodymium per-
chlorate and; neodymium perchlorate and phen in
different mole ratios in methanol. The values observed
for hydrated NdCl; in methanol for Nd-1II Nd-V and
Nd-VI transitions are lower than those reported for
anhydrous or hydrated Nd(ClQOy); in methanol [15].
The higher values in case of perchlorate is because
of coordination of bidentate perchlorate ion to the
neodymium ion. The coordination of ClO; has been
shown by Bunzli er a/. [16,17] for lanthanide per-
chlorates in solution. However, the oscillator strength
of these transitions, in the complex, are higher than
for the 1:4 neodymium perchlorate (hydrated or
anhydrous) phen ratios in this solvent. The higher
values are due to the presence of thiocyanate ion in
the inner coordination sphere, in addition to phen,
which would lead us to expect a greater deal of
covalency in its bonding compared with [Nd(phen),
(solvent),_,] [15] and a corresponding increase in
the oscillator strength.

[Ho(phen);(SCN);(H;0)]

Transitions were observed from °I; ground state to
the °F, (Ho-I), °S,, °F, (Ho-II), °F; (Ho-III), °F,,
(Ho-1V), *K; (Ho-V), G, (Ho-VI) and °G;, *G; (Ho-
VII) excited states. The oscillator strengths of the tran-
sitions are listed in Table 3. Of special note are the
significantly larger values of the oscillator strength
observed within the 22,500-22,800 cm~' region vs
those observed within the other six regions. This
reflects the strongly hypersensitive behaviour of the
3Gy « °I; transition in holmium(II1) systems [2,12].
We also note the generally higher P values observed
for the pyridine system vs those observed for the other
solvent systems, indicating that the pyridine solvent is
especially effective in promoting 4/-4f intensity.

A. A. Khan and K. Iftikhar

Among the Ho™ transitions examined in this study the

absorption intensity of °G4 « °I; exhibits the greatest
sensitivity to the ligand (solvent) environment. This
transition has a very large U® matrix element as well
as a relatively large U matrix element [13]. The oscil-
lator strength of this transition increases almost 7-, 4-
and 3-fold on going from Ho’* aqua system to the
complex in pyridine, DMF and methanol systems,
respectively. Previous studies have also shown the
intensity of this transition to be hypersensitive
{2,5,12]. The pyridine vs DMF and DMSO vs meth-
anol comparisons for holmium complex are quali-
tatively identical with those discussed for neodymium
complex. The comparison of oscillator strength for
Ho—VI transition in the present complex with that of
the [Ho(phen),] [8] (Ho perchlorate and phen in 1:4
ratio) in methanol reveals that the values are similar
in magnitude (P = 17.5 x 10° for [Ho(phen),] in meth-
anol). We believe this species is 10-coordinate in solu-
tion, if one ClOj ion enters the coordination sphere
of Ho**. The tetrakis(phen) complexes of the lan-
thanide perchlorates, Ln(phen),(ClO,);, have been
isolated [19,20]. The oscillator strength of Ho-VI
transition in the present complex in DMSO is much
lower than that reported for [Ho(phen);(SCN)
(H,0)](SCN), [6] in this solvent. The lower value
of the oscillator strength, as discussed for the neo-
dymium complex, is due to different symmetry of
the complexes accepting the premise that oscillator
strength of the hypersensitive transitions depend on
the symmetry of the field around the ion [1,14].

The band shapes of the Ho—VI transition of the
complex in different solvents are shown in Fig. 6.
The band shapes of this transition in methanol and
pyridine are similar in shape which is due to associ-
ation of solvent molecules. This has been shown for
[Yb(phen);(SCN);(H,0)] that pyridine enters the

Table 3. Oscillator strengths of [Ho(phen);(SCN),;(H,0)] in different solvents]

Ho’* Px 10°
Spectral range” Aqua-ion

SLT (cm™") 10°P Methanol DMSO Pyridine DMF

(ground state °I)

°F;s 15050-15850 335 0.59 3.54 3.48 3.02
(5.20)"

S,, °F, 18050-19050 5.11 2.69 482 6.88 6.36
(6.80)°

°F, 20100-21000 3.09 1.19 1.04 2.15 1.49

°F, 2080021450 0.24 0.50 0.22 1.20 0.42

*Ks 21200-21750 0.15 0.19 0.19 1.10 0.26

’Gy 2150022800 5.64 14.27 11.52 32.20 19.84
(38.38)°

’Gs, *Gs 23400-24510 293 1.72 3.51 3.63 3.73
(3.43)°

¢The spectral ranges observed for the transitions vary from solvent to solvent, so the values listed here are only meant to

indicate approximate locations of the bands.

®The values given in parentheses in the case of DMSO, are those for [Ho(phen);(SCN)(H,0)](SCN),, ref. [6].
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Table 4. Oscillator strengths of [Er(phen);(SCN);(H,0)] in different solvents

Er’* P x 10°
Spectral range® Aqua-ion

S’LY (cm™") 10°P Methanol DMSO Pyridine DMF

(ground state “I5p)

L, 1230012660 0.13 — 1.23 — 1.13
(1.08)*

“Fon 14700-15625 1.94 0.92 2.70 1.34 2.86
(4.05)

8. 17790--18700 0.41 0.19 0.42 0.77 0.77
(3.86)

My, 18700-19770 291 9.14 3.74 12.98 8.27
(46.00)°

“F,n 19840-21100 2.22 2.16 2.03 3.03 2.96
(3.59)"

Fe Fas 21550-22730 1.10 1.09 0.89 1.44 1.74

(G, *F)y, 23800-25660 0.51 0.47 — 1.23 1.00

‘Gin 25640-27550 5.90 17.65 6.44 16.01 15.26
(31.85)

*Go, 27770-28330 0.94 — 0.58 — —

“The spectral ranges observed for the transitions vary from solvent to solvent, so the values listed here are only meant to

indicate approximate location of the bands.

*The values given in parentheses in the case of DMSO are those for [Er(phen);(SCN)(H,0)](SCN),, ref. [6].

Absorbance

(b) (d)
(a) (©)
4 'y Y PN § l' A % Y i
430 450 ) 440 460

Fig. 6. °Iy — °Gy transition of [Ho(phen),(SCN);(H,0)] in
(a) methanol ; (b) DMSO; (c) DMF and (d) pyridine.

coordination sphere by replacing water molecule [4].
Methanol may also enter in the first coordination
sphere since it is a stronger donor compared with
water [21]. Small differences in the band shapes
between methanol, pyridine and DMF as solvents
may be attributed to differences in how DMF vs pyri-
dine or methanol groups interact with the f-electrons
of the holmium ion.

[Er(phen);(SCN);(H,0)]

Transitions were observed from the “I|5/2 ground
state to the states I, (Er-1), “Fy, (Er—II), *S;, (Er—
1), *Hyy, (Er-1V), 4F7/2 (Er-V), (‘Fsp, 4F3/2) (Er—
VD), (G, *F)yp, (Er=VII), *Gy1, (Er=VIII), “Gy, (Er—
IX). The absorption intensities, presented as the oscil-
lator strength are given in Table 4. From the results
given in Table 4 the drastic increase in the oscillator
strengths of the two transitions namely *H,,, « Lisi2
(Er-1V) and *Gy,;), « *l,5, (Er—VIII) centred at 520
nm and 380 nm, respectively from the values found
for the aquated Er** ion, are very evident. This reflects
their strongly hypersensitive behaviour and conforms
to previous studies [2,12] where these have been classi-
fied as hypersensitive. Of the two transitions the Er—
VIII band is more intense. This transition is nearly
twice as intense as the Er—IV band (except in pyridine
where the Er-VIII band is partially obscured by strong
solvent absorption). Both the transitions have large
U® and U® matrix elements. Moreover, the values
are larger for Er-VIII transition. Besides inten-
sification we also note considerable splitting of the
two levels (Figs 7 and 8) in different solvents. As
noticed in the case of the neodymium compiex, the
band shapes of the hypersensitive transition (Er-IV)
of this complex are similar in methanol and DMF.
The oscillator strengths are also not much different in
magnitude (Methanol, 9.14; DMF 8.27) in the two
solvents. From Table 4 we see that the oscillator
strength of the hypersensitive transitions is largest in
pyridine as compared to other solvent systems. The
reason is similar to that discussed for Nd™ and Ho™
complexes.
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Fig. 7. 1,5, = (i) *Fyp, (i) *Hyy;,; and (iii) *S,, transitions of
[Er(phen);(SCN);(H,0O)] in (a) DMF; (b) methanol; (c)
pyridine ; (d) DMSO and (e) solid complex.

Another point of interest in the spectra of these
complexes is the shift of spectral bands towards lower
energy as compared to the position in the respective
aqua-ions. These red shifts have been called the
nephelauxetic effect and have long been regarded as a
measure of covalency [22]. The nephelauxetic effect in
the spectra of lanthanide complexes is analogous to
that observed in the spectra of d-transition element
complexes. This is of course, a smaller effect than that
observed for d-orbitals in transition metals, because
of d-orbitals are about the same distance from the
nucleus as the orbitals used for bond formation, where
as the f~orbitals lie closer to the nucleus. Moreover, it
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Fig. 8. *I;s, = *Gyy,, transition of [Er(phen);(SCN),(H,0)]
in (a) DMSO; (b) pyridine ; (c) DMF; (d) methanol and (¢)
solid complex.

cannot be quantitatively interpreted by neglecting the
covalent interaction of the lanthanide ions with the
neighbouring ligands [22]. The nephelauxetic par-
ameter (f), bonding parameter (5% [23] and
covalency parameter (J) [24] for the complexes have
been calculated from the spectra and are collected in
Table S. The nephelauxetic parameter is less than one
and bonding and covalency parameters are positive
for these complexes, showing some covalent nature in
the bonding between the metal and the ligands. The
values of b"? and § are highest for pyridine followed
by DMSO. It follows that pyridine is the strongest
ligand in a nephelauxetic sense and the complexes in
this solvent show largest covalency.

The main objectives of this study were to (1) obtain
intensity parameters of the complexes of Nd™ and
the structurally similar Ho™ and Er'™ complexes in
different solvents and (2) demonstrate the sensitivity
of the oscillator strength and band shape between
the complexes in different environment. The results
obtained for the complexes of Nd™, Ho™ and Er™
clearly show that among the solvents studied pyridine
is most effective in promoting 4/~4f intensity. This is
related to the higher covalency of pyridine which
would lead us to expect a greater deal of covalency in
its bonding since it could result in some changes in
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Table S. Covalency Parameters

Complexes/ Parameters
solvents B b2 B
[Pr(phen);(SCN);]
Pyridine 0.9856 0.08 1.46
DMSO 0.9903 0.07 0.98
DMF 0.9948 0.05 0.52
Methanol 0.9960 0.04 0.40
[Nd(phen);(SCN),]
Pyridine 0.9849 0.09 1.53
DMSO 0.9863 0.08 1.39
DMF 0.9879 0.08 1.23
Methanol 0.9879 0.08 1.22
[Ho(phen);(SCN),(H,0)]
Pyridine 0.9904 0.07 0.97
DMSO 0.9965 0.04 0.35
DMF 0.9981 0.03 0.19
Methanol 0.9969 0.04 0.31
[Er(phen);(SCN);(H,0)]
Pyridine 0.9885 0.08 1.16
DMSO 0.9916 0.06 0.85
DMF 0.9958 0.05 0.42
Methanol 0.9971 0.04 0.29

the extent of overlap. This is in accordance with the
mechanism proposed by Choppin er al. [12] and
receive support from the observation that the hyper-
sensitivity depends upon the polarizability of the
ligand [2].
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