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Investigations on the Rare Earth
Terpyridyl System

II. Preliminary Observations on the Luminescence
of Eu®" and Th*" Terpyridyl Complexes *

Suyama P. Sinna

Cyanamid European Research Institute
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(Z. Naturforschg. 20 a, 164—165 [1965] ; eingeg. am 27. Dézember 1964)

Recently the organic complexes of trivalent rare
earths have attracted considerable attention as possible
laser materials, where optical pumping can be con-
veniently carried out resulting in a relatively high
fluorescence yield 1719, All of these studies involved
complexes having oxygens as coordinating atoms. In
our search for ligands containing atoms other than
oxygens and preferably nitrogens as coordination cen-
ters we have previously shown?2’ the intramolecular
energy transfer from 2,2"-dipyridyl molecules to the
coordinated Sm?®", Eu?’, Tb3" and Dy®" to give rise to
line fluorescence characteristics of these coordinated
metal jons. Similar fluorescence was observed in the
rare-earth-phenanthroline system 21,

It was of interest to investigate the analogous 2,2",2”-
terpyridyl complexes and in this report preliminary
observations on the fluorescence characteristics of Eu®"
and Tb3" terpyridyl complexes are presented. The ab-
sorption spectra of the methanolic solutions of mono-
terpyridyl complexes of lighter lanthanides are describ-
ed elsewhere 22 and those of heavier lanthanides will be
reported soon.

Fluorescence of the Solid Chelates

By exciting the terpyridyl chelates of Eu?" and Th?%"
with long-wave ultraviolet light, the characteristic emis-
sions of the coordinated ions are observed and the data
are presented in Table 1. Undoubtedly the fluorescence

* Presented at the Conference on Luminescence of Solids,
University of Hull, England, September 1964.
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of these chelates resulted due to the intramolecular
transfer of the absorbed energy by the ligand to the
central metal ions. According to the present concept 375
of intramolecular energy transfer mechanism, the
energy absorbed in the singlet state of the ligand cros-
ses over to the triplet level from where the energy
migrates to a low lying 4f-level of the rare earth ion.
The transferring level according to Freeman and
Crossy ® is some higher triplet level than the one from
which the phosphorescence originates.

The emission spectra of Eu(Terp)Cly-H,0 and
Eu(Terp), Cl3-4 H,O (Terp = terpyridyl molecule)
consist of a large number of lines. The transitions
Dy — F; and °D,— 7F, of Eu®" in these chelates
show a group of three and a group of four lines respec-
tively 2. The observed splitting of 7F; may be com-
pared to the similar splitting in europium naphthalate 20
and that of 7F, to europium-tris-dibenzoylmethide 4.
A slight shift of these transitions towards higher wave-
numbers was noted in the case of europium-bis-terpyri-
dyl chloride chelates. A rough comparison of the
’Dy— 7F, transition in europium chelates with neutral
nitrogen containing ligands shows a linear relationship
of the intensity with the number of coordinated nitro-
gens. It is also remarkable that the intensity of the
5Dy — 7F, transition in the case of dipyridyl and ter-
pyridyl complexes is higher than in the phthalate and
naphthalate complexes. It is possible that the energy
transfer through a Eu-O ionic bond is less efficient
than a covalent europium-ligand bond. We assume that
the intensification of D, — 7F, transitions in dipyridyl
and terpyridyl complexes is possibly due to a slight
intermixing 2> of the triplet state of the ligands with
the °D, and 5D, level of Eu3*.

The strong green fluorescence (’D,— 7D;) transition
of Tb(Terp) (NOg)3 has also been examined and the
transitions originating from the D, level of Th3" (4f8)
and terminating at the 7F multiplets viz Fg, 7F;, F,,
“F3 and 7F, have been identified (Table 1).

15 M. L. Buavmik and C. L. Terk, J. Opt. Soc. Amer. 54, 1211
[1964].

E. H. Hurrmax, Nature, Lond. 200, 158 [1963].

H. Samerson, A. Lemeickr, V. A. Broeny, and C. Brecueg,
J. Chem. Phys. 40, 2547 [1964].

H. Samerson, A. Lempickr, and C. Brecuer, J. Chem. Phys.
40, 2553 [1964].

19 F. Havversow, J. S. Brinew, and J. R. Lero, J. Chem. Phys.
40, 2790 [1964] ; 41, 157 [1964].

S. P. Sinua, C. K. Jorcensen, and R. Pappavrarpo, Z. Natur-
forschg. 19 a, 434 [1964].

21 1,. 1. Kenonexko, R. S. Laver, and N. S. PoLuekrov, Zh.
Analit. Khim. 18, 1468 [1963] ; Chem. Abstr. 60, 11366
[1964].

S. P. Sinua, Part I, Forthcoming paper.

The width of 7F, in the mono and bis terpyridyl chelates
is approximately 240 £10 em~1, and that of bis dipyridyl
and naphthalate is 150 and 180 e¢cm—! respectively.

A. Lempickr and H. Samevson, Appl. Phys. Letters 2, 159
[1963].

N. McAvoy, N. Fiueescu, M. R. Kacan, and F. A. SErarIn,
J. Phys. Chem. Solids 25, 461 [1964].

16
17

18

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung

This work has been digitalized and published in 2013 by Verlag Zeitschrift

@O0

BY ND

in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veréffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

fir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs
3.0 Germany License.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung*) beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher
Nutzungsformen zu erméglichen.

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is
to allow reuse in the area of future scientific usage.



NOTIZEN

| Observed fluorescence
Chelates line Assignments

(wavenumber in cm—1)

Eu(Terp) Cl;-H,0 16835 5Dy — 7F,

16181 s

16129 (Sh) Dy — "Fe

15380 * 5Dy — F3

: ~ 14390 ° 5D, — 7F,

Eu (Terp) ,Cl;-4 H,O 16892 5Dy, — F,

16207 5D, — 7F,

1 15380 ° 5Dy — 7F,

i ~ 14390 * 5D, — F,

Tb (Terp) (NO,) 4 20284 Dy — Fq

18349 5D, — TF,

16949 Dy — 7F,

~ 16000 * 5D, — TF,

~ 15380 * 5D, — TF,

A These lines are observed through a hand spectroscope and are accurate
within 100 wavenumbers.

Table 1. Details of fluorescence emission of Eu?* and Tb3*
terpyridyl complexes in the solid state at room temperature.

Fluorescence of Methanolic Solutions

The methanolic solutions of europium mono and bis
terpyridyl and terbium-terpyridyl complexes fluoresce
strongly at room temperature and offer possibilities as
potential candidates for liquid laser materials.

A 1 : 2 mixture of methanolic solutions of Eu?" and
terpyridyl has a fluorescence lifetime 7=310 us and
@ =0.07 at room temperature. This 7 value may be
compared to 7=250 us for bis-dipyridyl complex and
7=280 us for europium-dibenzoylmethide ' solution at
room temperature. On lowering the temperature, a
decrease of quantum efficiency (@) of the 1 : 2 mixture
of europium-terpyridyl was noted. This is quite un-
expected. Another isolated case where this phenomenon
was observed is that of europium acetophenon solu-
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tion 26, In solution probably the bis-complex is dis-
sociated to the mono-complex and a free terpyridyl
molecule. The energy transfer at low temperature being
inferior to that at room temperature may be attributed
to collision changes with temperature.

A 1:1 mixture fluoresces slightly when the com-
ponents are first mixed and the intensity increases with
time. Conductometric titration of the 1 : 1 mixture re-
vealed that the complexation in methanol is slow at
room temperature, thus supporting the increase in in-
tensity with time of the 1 : 1 mixture. It seems that in
methanolic solutions of the mono-terpyridyl complex,
the terpyridyl molecule is bound to the europium ion,
and the energy transfer from the ligand to the Eu®" is
an intramolecular one. Addition of excess of Eu®" ions
to a solution of the solid complex in methanol quench-
ed the fluorescence of the solution. The same effect is
obtained with the addition of Gd*" ions.

Experimental

The fluorescence spectra were measured with a
Beckman DU spectrophotometer equiped with a
fluorescence attachment. Filter no. 22892 (Beckman)
was placed between the light source and the sample.
Unfortunately the phototube response in the red region
and in the yellow of the Beckman instrument is
not constant and thus a direct comparison of the
5Dy — 7F; and 5D, — 7F, transitions cannot be made.
A Schmidt-Haensch “Longo II” spectroscope
provided with a wavelength scale was also used to ob-
serve the emission spectra.
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Untersuchungen an terniren Fluoriden. IV 1
Kristallstruktur von CsNiF;
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Im Verlaufe systematischer Untersuchungen an Fluor-
perowskiten ! wurden die Cdsiumverbindungen CsNiFy
und CsCuF; dargestellt. Einkristalle von CsNiF; konn-
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ten aus einer langsam abgekiihlten Schmelze von
1 CsHF, + 1 NiF, erhalten werden.

Die Verbindung kristallisiert hexagonal in der Raum-
gruppe P6s/mmc—Dg& mit ¢=6,23; A, ¢=5,22, A,
c/a=0,838 und zwei Formeleinheiten in der Elementar-
zelle. Mit Cs in 2¢, Ni in 2a und F in 6h ergab sich fiir
2p = —0,143; ein Zuverldssigkeitswert von R=0,065
(45 Reflexe h k).

CsNiF; ist somit ein weiterer Vertreter des BaNiO;-
Typs 2, dem auch CsNiCly 3 angehort. Auf die Verwandt-
schaft dieser Struktur zum Perowskitgitter ist schon
mehrfach hingewiesen worden 275,
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