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Abstract—The luminescent heteroligand complexes of europium(III) with quinaldic acid and sulfur-containing 
neutral ligands Eu(Quin)3∙D∙3H2O (Quin – quinaldic acid, D – dimethyl sulfoxide or dihexyl sulfoxide) and 
Eu(Quin)3·3H2O have been obtained. Their composition and structure have been determined. The thermal and 
spectral-luminescent properties of the heteroligand europium(III) complexes have been studied. The quinaldate ion 
has been found to coordinate to the europium(III) ion as a bidentate ligand. The Stark structure of 5D0–7Fj (j = 0, 
1, 2) transitions in the low-temperature luminescence spectra of the europium(III) complexes has been analyzed.
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Complexes of rare-earth elements with carboxylic ac-
ids are among promising luminescent compounds [1–6]. 
Structural and compositional diversity of carboxylic acids 
makes them convenient model objects for the study of re-
lationship between molecular structure of the components 
and their physico-chemical properties. Carboxylic acids 
are widely used as bridging ligands in the polynuclear 
complexes of f-elements and, similarly to other bridging 
ligands, determine the properties of the compounds and 
their ability to the formation of supramolecular systems 
[7–9]. Strong luminescence, photostability, and high 
thermal stability of rare-earth compounds allow their 
application as dopants in functional optical materials 
for optoelectronics and laser devices, for the creation of 
light-transforming polymer materials, etc. [10, 11].

The presence of two functional groups in quinaldic 
acid and the possibility of different types of coordina-
tion of the carboxylic groups can lead to the formation 
of different rare-earth elements quinaldates exhibiting 
interesting luminescent properties. For example, we have 
synthesized complex europium(III) quinaldates with is-
land and polymeric structure [11–13]. The synthesis of 
heteroligand europium(III) complexes containing quin-
aldic acid is usually complicated: generally, the formed 
precipitate contains a mixture of several compounds [13]. 
Synthesis and luminescent properties of europium(III) 
quinaldates with N- and P-containing neutral ligands 
have been described in [14].

Herein we discuss the results of the study of thermal 
and spectral-luminescent properties of heteroligand 
europium(III) complexes with quinaldic acid and sulfur-
containing neutral ligands: Eu(Quin)3∙D∙3H2O with Quin 
being anion of quinaldic acid and D being dimethyl 
sulfoxide (DMSO) or dihexyl sulfoxide (DHSO) as well 
as Eu(Quin)3·3H2O.

The composition of the synthesized complexes, 
Eu(Quin)3·D·3H2O, was confirmed by means of el-
emental analysis (see the table). The obtained yellow 
heteroligand europium(III) complexes were soluble 
only in polar solvents and were not decomposed during 
prolonged storage. The data on hydrate composition of 
the heteroligand complexes as well as their dehydra-
tion, composition, and decomposition were obtained 
by means of thermogravimetric analysis at 25–700°С. 
The decomposition of the europium(III) complexes was 
similar (Fig. 1), occurring in four stages. Thermogravi-
metric analysis of complex europium(III) quinaldates 
with sulfur-containing neutral ligands revealed a single 
endothermic effect accompanied by the mass loss in the 
TG and DTA curves (Fig. 1). The 90–135°С temperature 
range corresponded to a single-stage dehydration of the 
complexes accompanied by an endothermic effect. The 
water content determined from the samples mass loss 
corresponded to the calculated one. Further heating led 
to a single-stage endothermic elimination of the neutral 
ligands (DMSO, DHSO) at 130–155°С. The mass loss at 
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that stage equaled 10.5% for Eu(Quin)3·DMSO·3H2O and 
24.6% for Eu(Quin)3·DHSO·3H2O. The fi nal stage of the 
neutral ligand elimination overlapped with the onset of 
the complexes decomposition; therefore, the Eu(Quin)3 
compound could not be obtained via heating. Vigorous 
decomposition of the quinaldates affording europium(III) 
oxide occurred at 380–500°С. 

Thermal stability of the studies europium(III) 
complexes was lower in comparison with polymeric 
europium(III) quinaldates [13], being comparable with 
that of the island-type europium(III) quinaldates with 
neutral N-containing ligands [12]. Likely, the presence of 
the europium(III) ion with two functional groups in the 
case of the polymeric complexes [12, 13] signifi cantly 
enhanced the complexes thermal stability.

IR spectra of the obtained europium(III) quinaldates 
were recorded over the 400–3600 cm–1 range. The 
presence of the deprotonates carboxylic group in the 
complexes was evidenced by the absence of the OH de-
formation band at 990 cm–1 [15, 16]. The absorption of 
the carbonyl group of the free quinaldic acid at 1705 cm–1 
was absent in the complexes spectra as well [17]. Strong 
bands at 800–807, 1620–1630, and 1372–1385 cm–1 could 
be assigned to the δ(ОСО–), γas(СОО–), and γs(СОО–) 
absorption, respectively, of the carboxylic groups exhibit-
ing bidentate binding, whereas the weaker bands at 1469–
1474 and 1594–1597 cm–1 could be due to the С–С and 
С–N bonds stretching [17, 18]. Similar bands have been 
observed in the IR spectra of island-type europium(III) 
quinaldates. Bidentate coordination of quinaldic acid 
in the island-type complex europium(III) quinaldates 
has been elucidated from the IR and X-ray electronic 
spectroscopy data [13]. IR spectra of the europium com-
plexes obtained in this study revealed especially strong 
symmetric stretching band of the carboxylic group at 
1372–1385 cm–1, pointing at the bidentate coordination of 
the carboxylic groups as well [16]. The Δν = νas(СОО–) –  
νs(СОО–) difference exceeded 200 cm–1, evidencing the 
ionic character of the Eu–O bond involving the carboxylic 
group of quinaldic acid [17]. The Δν value exceeding 

100 cm–1 generally corresponds to bidentate coordina-
tion of the СОО– group with europium(III) ion [18]. The 
ν(Eu–N) and ν(Eu–O) bands of the obtained complexes 
appear at frequency below 400 cm–1 [16]. The spectra 
of the studies complexes contained the bands at 3300–
3500 cm–1 assignable to water molecules stretching 
[17, 18], whereas the band at 1018–1020 cm–1 was related 
to the S=O stretching. The latter frequency was lower 
than that in the free dihexyl and dimethyl sulfoxides 
(1050–1100 cm–1 [16]). 

Electronic absorption spectra of the studied heteroli-
gand europium(III) complexes are shown in Fig. 2. The 
maximum of the broad band λmax = 300 nm in the spectra 
was somewhat shifted to longer wavelength in compari-
son with the free quinaldic acid. Moreover, the absorp-
tion spectra of the heteroligand complexes contained 
the absorption bands of the sulfur-containing ligands at 
λmax = 290–294 and 308–312 nm, absent in the spectrum 
of europium quinaldate hydrate (Fig. 2).

Analysis of the electronic absorption spectra re-
vealed the position of the singlet levels S: Quin (34960–
35240 cm–1), DMSO (47778–47790 cm–1), and DHSO 
(46882–46890 cm–1). The position of the quinaldic acid 
triplet level was determined from the fl uorescence spec-
trum of gadolinium quinaldate (18602–17485 cm–1 [13]).

Data of element analysis of heteroligand compounds of europium(III) with quinaldic acid

Compound
Found, %

Formula
Calculated, %

C H N Н2О Eu S C H N Н2О Eu S

Eu(Quin)3·3H2O 50.4 3.3 6.0 7.7 21.4 0.0 EuC30H24O9N3 50.1 3.3 5.8 7.5 21.1 0.0

Eu(Quin)3·DMSO·3H2O 48.3 4.1 5.1 6.7 18.8 4.3 EuC32H30O10N3S 48.0 3.8 5.3 6.8 19.0 4.0

Eu(Quin)3·DHSO·3H2O 41.1 3.3 4.6 6.0 16.1 3.7 EuC42H54O10N3S 40.9 3.2 4.5 5.7 16.2 3.4

m
, w

t %

T, °C

Fig. 1. Thermogravimetric analysis data for Eu(Quin)3·
DMSO·3H2O: (1) TG, and (2) DTA. 
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Excitation spectra of the studied europium(III) com-
plexes luminescence are shown in Fig. 3. In contrast to 
that of europium(III) quinaldate hydrate, the excitation 
spectra contained the bands at 250–320 nm assigned to 
the transitions of the sulfur-containing neutral ligands. 
That fact pointed at effi cient energy transfer from quin-

aldic acid and sulfur-containing neutral ligands levels to 
europium(III) ion. 

The obtained heteroligand europium(III) complexes 
exhibited strong room-temperature red luminescence, 
the emission maximum appearing at 612 nm (Fig. 4), 
similarly to the island-type heteroligand europium(III) 
complexes with quinaldic acid and nitrogen-containing 
neutral ligands [13]. The strongest bands in the lumi-
nescence spectra of europium(III) quinaldates with 
sulfur-containing neutral ligands were those assigned to 
the electrodipole 5D0–7F2 transision, whereas the bands 
corresponding to triplet magnitodipole 5D0–7F1 transition 
were weaker. 

The luminescence spectrum of Eu(Quin)3·DMSO·3H2O 
was of interest, since the intensity of the 5D0–7F1 and 
5D0–7F4 transitions were practically the same as that of 
the 5D0–7F2 transition. 

As for majority of europium(III) complexes, the in-
tensity of the forbidden 5D0–7F0 transition was low. The 
relative intensity of the band of the electrodipole 5D0–7F0 
transition was increased along the Eu(Quin)3·3H2O– 
Eu(Quin)3·DMSO·3H2O–Eu(Quin)3·DHSO·3H2O 
series. That could be caused by the increase in the dis-
tortion of the coordination polyhedron in the europium 
complex due to the adduct formation. The shape of the 
luminescence spectra was similar for the studied com-
plexes. However, the change of the sulfur-containing 
neutral ligand led to signifi cant rearrangement of the 
intensities of the bands of the 5D0–7F1,2 transitions. The 
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Fig. 2. Electronic absorption spectra of Eu(Quin)3·DMSO·3H2O 
(1), Eu(Quin)3·DHSO·3H2O (2), Нquin (3), and Eu(Quin)3·
3H2O (4) in ethanol (с = 10–4 mol/L). 

Fig. 3. Excitation spectra of Eu(Quin)3·DMSO·3H2O (1), 
Eu(Quin)3·DHSO·3H2O (2), and Eu(Quin)3·3H2O (3) at 300 K 
(λlum = 615 nm). 
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Fig. 4. Luminescence spectra of Eu(Quin)3·3H2O (1), 
Eu(Quin)3·DMSO·3H2O (2), and Eu(Quin)3·DHSO·3H2O 
(3) at 300 K.
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change of the neutral ligand in the Eu(Quin)3·3H2O– 
Eu(Quin)3·DMSO·3H2O–Eu(Quin)3·DHSO·3H2O series 
affected the energy gap of the resonance 5D0–7F0 transi-
tion (the О–О band exhibited red shift) and reduced the 
splitting of the Stark components of the 7F1 (ΔF1) term. 

EXPERIMENTAL

The heteroligand complexes of europium(III) were 
prepared from europium(III) nitrate hexahydrate, quinal-
dic acid, dimethyl sulfoxide, and dihexyl sulfoxide (all of 
the “pure” grade). Quinaldic acid was recrystallized from 
96% ethanol. The complexes were prepared as described 
elsewhere [13].

The obtained yellow heteroligand europium(III) 
complexes were soluble only in polar solvents. The ther-
mograms were obtained using a Paulik–Paulik–Erdey de-
rivatograph (heating rate 5 deg/min, α-Al2O3 as reference). 

Low-temperature luminescence spectra were recorded 
using an SDL-1 spectrometer (77 K, λexc = 365 nm). The 
excitation was performed using a DRSh-250 mercury 
lamp. The electronic absorption spectra were recorded 
using an RF-2550 Shimadzu spectrometer (concentration 
10–4 mol/L in 96% ethanol). The excitation spectra were 
recorded using an RF-5301 рс Shimadzu instrument.  
Nitrogen content was determined via the Dumas method, 
water content was determined via the Fischer titration Sul-
fur content was determined using a Shimadzu EDX-800 
HS energy-dispersive X-ray fl uorescence spectrometer. 
The samples were pressed with boric acid as substrate. 
Duration of the measurement in the Ti–U and C–Sc was 
100 s (each). IR spectra were recorded using a Tensor-27 
Bruker spectrometer (4000–350 cm–1, KBr pellets). 

FUNDING
This study was fi nancially supported by the Ministry of 

Education and Science in the scope of the State Task (no. 
0265-2014-0001).

CONFLICT OF INTEREST
No confl ict of interest was declared by the authors.

REFERENCES
 1. Duarte, M.G., Prata, M.I.M., Gil, M.H.M., and 

Geraldes, C.F.G.C., J. Alloys Compd., 2002, vol. 344, 
no. 1, p. 4. 
https://doi.org/10.1016/S0925-8388(02)00295-5

 2. Jin, J., Li, Y., Wang, X., Chi, Y., and Niu, S., Struct. 
Chem., 2012, vol. 23, no. 5, p. 1523.  
https://doi.org/10.1007/s11224-012-9957-6

 3. Kalinovskaya, I.V., Zadorozhnaya, A.N., Kuryavji, V.G., 
and Kаrasev, V.E., Russ. J. Phys. Chem., 2007, vol. 81, 
no. 7, p. 1147.  
https://doi.org/10.1134/s0036024407070242

 4. Svakumar, S., Reddy, M.L.P., Cowley, A.H., and 
Vasudevan, K.V., Dalton Trans., 2010, vol. 39, 
no. 3, p. 776.  
https://doi.org/10.1039/B917256D

 5. Bukvetskii, B.V., Mirochnik, A.G., and Zhikhareva, P.A., 
Luminescence, 2017, vol. 32, no. 3, p. 341.  
https://doi.org/10.1002/bio.3184

 6. Marques, L.F., Cantariti, A.B., Correa, C.C., Lahoud, M.G., 
Silva, R.R., Riberto, S.J.L., and Machado, F.C., J. Photo-
chem. Photobiol. (A), 2013, vol. 252, no. 1 P. 69.  
https://doi.org/10.1016/j.jphotochem.2012.11.012

 7. Kаrаsev, V.E. and Kalinovskaya, I.V., Russ. J. Inorg. Chem., 
1996, vol. 41, no. 5, p. 766. 

 8. Seminara, A. and Musumeci, A.J., Inorg. Nucl. Chem., 
1977, vol. 39, no. 4, p. 599.  
https://doi.org/10.1016/0022-1902(77)80572-1

 9. Bukvetskii, B.V. and Kalinovskaya, I.V., J. Fluorescence, 
2017, vol. 27, no. 3. P.773.  
https://doi.org/10.1007/s10895-016-2009-7

10. Sage, I. and Bourhil, G., J. Mater. Chem., 2001, vol. 11, 
no. 2, p. 231.  
https://doi.org/10.1039/B007029J

11. Kalinovskaya, I.V., Mirochnik, A.G., and Kаrasev, V.E., 
Russ. J. Appl. Chem., 2008, vol. 81, no. 12, p. 2183.  
https://doi.org/10.1134/S1070427208120306

12. Kalinovskaya, I.V., Mirochnik, A.G., and Kаrasev, V.E., 
Russ. J. Inorg. Chem., 1991, vol. 36, no. 7, p. 1778.

13. Kalinovskaya, I.V., Kаrasev, V.E., and Zaitseva, N.N., 
Russ. J. Inorg. Chem., 1989, vol. 34, no. 3, p. 618. 

14. Kalinovskaya, I.V., Оpt. Spectr., 2016, vol. 120, no. 6, 
p. 948.  
https://doi.org/10.1134/S0030400X16060102

15. Hollerman, W.A., Fontenot, R.S., Bha, K.N., Ag-
garwal, M.D., Guidry, C.J., and Nguyen, K.M., 
Opt. Mater., 2012, vol. 34, no. 3, p. 1517.  
https://doi.org/10.1016/j.optmat.2012.03.011

16. Nakamoto, K., Infrared and Raman Spectra of Inorganic 
and Coordination Compounds, Hoboken: Wiley, 2009.

17. Zolin, V., Puntus, L., Kudryashova, V.V., Tsaryuk, V., 
Legendziewicz, J., Gawryszewska, P., and Szostak, R., 
J. Alloys Compd., 2002, vol. 341, p. 376.  
https://doi.org/10.1016/j.jallcom.2004.03.055

18. Johansen, A.V., Kurkchi A, and Dement’eva, L.A., Zh. 
Strukt. Khim., 1977, vol. 18, no. 2, p. 743.


