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Lanthanide(III)  quinolinecarboxylates  having
stoichiometry Ln(n-AN);*mH,0 (n = 2,4, 6; m =
0—4; HAN = quinolinecarboxylic acid) have been
prepared and characterized [1, 2]. Vibrational and
electronic spectra indicated O-bidentate structures for
the 4- and 6-quinolinecarboxylates and N,O-chelate
structures for the 2-quinolinecarboxylates. Dehydra-
tion of the hydrated species or dissolution in organic
solvents caused only small changes in the band shape
and intensity of the hypersensitive transitions. On the
other hand, transitions that occur between low J-
values in europium(IIl) ion are very sensitive to
changes in the environment and are thus able to give
useful information on the nature of the chromophoric
group and symmetry of the complex.

Results and Discussion

Europium(IIl) fluorescence arises from ligand-to-
cation energy transfer and almost totally from the
5Dy level. Fluorescence arising from the °D, level is
very weak, the spectra showing only bands associated
with the various D, - 7F; transitions the intensity
of which is lesser than 2% the most intense 5D, —
F, transition.

It will be seen from the spectra of the europium
(ITI) 2-quinolinecarboxylate trihydrate (Fig. 1 and
Table I) that the degeneracy of the 7F; , levels is
removed and that three and four components of the
5Dy = 7F, and 5Dy = "F,, respectively, transitions
appear in the relative regions. The Dy = "F, transi-
tion is allowed and appears as a relatively intense line
at 578.2 nm. Only slight change in the relative
intensity occurs on lowering the temperature from
300 to 77 K. This spectral pattern suggests C,, site
symmetry for the europium(IIl) ion in this com-
pound. The appearance in the spectra of numerous
broad components of the Dy - "F3 4 transitions
agrees with the postulated C,, symmetry. The spectra
show that the splitting of terms, baricenter and
relative intensity of the various bands do not undergo
any significant change on dehydration or dissolution
of the various species in DMSO or methanol. This
indicates that the N,O-chelate conformation of this
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Fig. 1. Emission spectra at 77 K of: (—.—.) Eu(2-AN)3+3H,0;
(...) Eu(2-AN)3; (-~ — —) Eu(2-AN)3 in DMSO. Assignments
and relative intensity (%) are also shown.
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Fig. 2. Emission spectra at 77 K of: (———) Eu(4-AN)3-
3H,0; (—.-.) Eu(4-AN)3. Assignments and relative intensity
(%) are also shown.

ligand secures to the cation sixfold coordinated ar-
rangement of the [LnN3;0;] type; if additional inter-
actions occur they are, in this case, of the outer-
sphere type only.

The emission spectra of the europium(III) 4-quino-
linecarboxylate trihydrate agree with D4, distorted
towards C,, site symmetry for the europium(IIl) ion
(Fig. 2 and Table I); the spectra of the 6-quinolinecar-
boxylate tetrahydrate suggest C,, site symmetry (Fig.
3 and Table I). It will be seen that the dehydration of
these two species causes such a modification of the



Inorganica Chimica Acta Letters

90€pT 9811
SYTPl 98TH1 $9THl . 88€EYI . 88€PT

> >
(1°0>) _ 89¢p1 (1°0>) | 89¢v1 (1'0>) | 88¢epl 0> | 21 ppr Rl e
¥4, « 0d; yeam A10A €6v¥1 1§3441 wLypl SESPI 9SS HT
. LEEST i LEEST . pIEST
€4, « O Jyeom A1oa (@0>) _ 19€ST (4'0>) 6¥EST Jyeom A1on @0>) | cgeer @O ¢/ ey
£0191 LTI9T 92091 12091
PET9T 18191 LY19T 8ST91 1791 70791
001 |g, 701 (001 49791 00D | /oo 00D | {1191 00D | 4 eoor 0D (7701
g, « °d; L9€91 76791 80€91 §ST91 12€91 LTE91
64891 67891 81891 L0891 10891
e | 35897 (@9 | rg01 (vg) | 5891 Uy | ¢ogo1 (67) | 00697 (80) | 86891
T4, « °dg 1691 $5691 0€0LT 86891 26691 86691
0,4, < Qs 0% T1LTILT (s°€)  LLTLI (Te)  s9TL1 () yLTLY (S¥)  68TLI (0'S)  S6TLI
04, «'dg (T0>)  6£681 (T0>) Lp681
0=w p=w o=Ww ¢=w 0=w €=w
nounudrssy OPHW-E(NV-9)nd OtHw- S(NV-p)n3 O®Hw- §(NV-7)ng

L90

*(9) SaNfeA KISUALUT JATIR[RI QY] aIe sisaytuared uf ‘sajejAxoqIedaurjoutnd) ([I)wnidoms ays JO SUOHISULI ], S0UIISAION].] PIAIISGQ) AU} JO sfrea(f ‘1 IT4VL



Inorganica Chimica Acta Letters

s 7,
Do""F2
]
iH
i
TR T]
i '
'ﬂﬂoo
Ik
5p | HE
|:’o R (A
h Ty
ri i
AT I
e
AN B
[] l_' v 1!100‘_ \
"\r’f “I! Vo~
738 jaal ! \
Aoy
,”\_i N7 N
-~
1 1 L
580 620 nm

Fig. 3. Emission spectra at 77 K of : (———) Eu(6-AN);-
4H,0; (—.—.) Eu(6-AN);. Assignments and relative intensity
(%) are also shown.
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TABLE 1. Partial Energy Level Scheme for Europium Quino-
linecarboxylates in the Solid State at 77 K. The values refer
to the baricenter of the band group. In parenthesis are the
values for the hydrates (cm_l, +6).

Level Eu(2-AN)3;  Eu(4-AN);3 Eu(6-AN)3
5D, 21496 21515 21515

D,y 18947 190252 190062

5Do 17289 17265 17271

TFa 29252 28772

TF3 19352 19302 19352

TF, 989(985)  1021(1040) 1018(1045)
F, 371(368) 393(385) 390(376)
Fo 0 0 0
2+10.

TABLE 111 Intensity, as Oscillator Strength (10° P), of the *Ig/, =%Gs 5 in Nd>* Ion and %13 = 5Gg in Ho®" lon Hypersensitive
Transitions. In parenthesis is the baricenter of the band group (in kK).2

Solvent Ln(2-AN); Ln(4-AN); Ln(6-AN);
Nd Ho Nd Ho Nd Ho
DMSO 2041 22.35 23.92 25.97 24.74 26.53
(17.12) (22.03) (17.18) 22.07) (17.18) 22.07)
C,H;0H 20.38 22.96 24.05 b 24.87 b
(17.14) (22.03) (17.18) (17.18)
Pyridine 20.80 22.07 25.03
(17.12) (22.03) (17.18) (17.18)

aSee also ref. [1]. PScarcely soluble.

spectral patterns that structural rearrangement
through release of the hydrogen bondings acting be-
tween the pyridine nitrogen and the water molecules
of adjacent entities [3] must be postulated. IR and
UV spectra indicated [1] that replacement of the
cation—water interactions by pyridine nitrogen—
cation interactions through formation of polymeric
species does not occur; on this ground sixfold coordi-
nated arrangements of the [LnOg] type can be
assigned to both the dehydrated compounds. The
cation is in these compounds in a non-centrosym-
metric ligand field; in this case both the *Dy — F, ,
transitions are allowed by selection rules. On the
other hand, the efficiency of the intramolecular
energy transfer from the ligand to the cation is
increased the more covalent the complex; it happens,
moreover, that the 5Dy - 7F, transition, among the
various transitions that occur between low J-values in
europium(IIl) ion, is more sensitive to the sur-
roundings than the 5D, = ?F, transition. The intensi-
ty ratio (*Dy = "F,):(°’Dy = F,) values (1) measured
for these compounds are in any case relatively low

and do not differ appreciably from one another.
Moreover, the low-energy diagram constructed from
the results of both the absorption and emission
spectra shows that the values measured for the 4- and
6-quinolinecarboxylates are approximately identical
(Table II); these values are, on the other hand,
comparable with those measured for the europium
(I11) ethylsulphate [4] . This trend agrees with the ab-
sorption spectra from which approximately the same
values were measured for the oscillator strength of
the *Iy;; ~ *Gsj, and Slg ~ 5Gg hypersensitive
transitions in the neodymium, respectively holmium
compounds (Table III); both spectra suggest low-
covalency in the Ln—ligand bondings.

Experimental

Lanthanide(III) n-quinolinecarboxylates (n = 2, 4,
6) were prepared following previous procedures [1,
2]. The 2-quinolinecarboxylates were recrystallized
from methanol; the 4- and 6-quinolinecarboxylates
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are soluble in methanol, but rapidly reprecipitate as
insoluble species. All compounds are soluble in
DMSO. Samples were treated under reduced pressure
(~107? mm Hg) at 150 °C for 1 h. Thermoanalytical
measurements and IR spectra indicated that dehydra-
tion occurred almost totally.

IR and electronic spectra and thermal analysis
were performed following previous procedures [1].
The fluorescence spectra were obtained by a Perkin-
Elmer MPF-3L fluorescence spectrophotometer from
solid compounds and methanol or DMSO solutions
at room and liquid nitrogen temperatures exciting
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with 330-350 nm radiations. The resolution was
better than 10 cm™?.
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