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The coordination compound EulLsPhen (where L™ = N-{bis[methyl(phenyl)amino]phosphoryl}-
benzenesulfoneamidate anion) has been synthesized and studied by laser-desorption and temperature-
programmed mass spectrometry in the condensed phase and on the surface of a standard metal substrate. The
temperature dependence of the main mass spectrum components in the method of temperature-programmed
desorption mass spectrometry (TPD MS) is defined and interpreted, components of the laser
desorption/ionization (LDI) mass spectrum of the synthesized substance have been identified. A comparative
analysis of mass spectra obtained by both methods for the studied coordination compound has been carried
out. A possibility of both mass spectrometric methods using for the investigation of metal-containing polymer
components is discussed.
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INTRODUCTION excitation of the electronic system of the ligand
environment (chromophore) is realized, followed by
transfer of excitation energy to the emitting metal
center (antenna effect). From this standpoint, the
selection of appropriate ligands, which are effective
sensitizers of lanthanide luminescence and form
thermodynamically stable complexes, is especially
important.

The development of film luminescent materials
is one of the priorities of the novel technologies. The
chromophores belonging to the polymers of
different nature and controlled by optimal
concentrations of the lanthanide ions chemically
bounded with the surface are of particular interest.
Lanthanide  coordination ~ compounds  with
O, O'-chelating  sulfamide  acido-ligands and
N, N-chelating neutral additional ligands are
promising model systems for such tasks.

In present work, the results of mass-
spectrometric  studies of the coordination

The growing interest of researchers to the
synthesis and comprehensive study of the properties
of lanthanide-containing compounds is caused by
wide possibilities of their practical applications,
especially those related to their useful magnetic and
optical properties [1, 2]. Coordination compounds of
lanthanides with chelating ligands of B-diketonate
type, which contain N,N-chelating additional neutral
ligands, lately have attracted especial attention due
to the advancement of technology MOLED (metal
organic light emitting devises) for the creation of
color flexible displays and laser devices, as well as
the possibility of using such compounds in
biomedical research and as contrast reagents for
NMR tomography studies [3—6]. It is well known
that direct excitation of the 4f- levels of the emitting
lanthanide ion leads to a very low quantum yield of
luminescence. In the case of coordination
compounds the much more likely the process of
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compound of europium(lll) with the ligand
N-{bis[methyl(phenyl)amino]phosphoryl}benzenesul-
foneamide («ligand — antenna») selected as a
model have been presented.

The different methods of soft ionization such
as matrix activated laser desorption/ionization
(MALDI), its modifications — LDI (laser
desorption ionization) and GALDI (graphite
activated laser desorption/ionization) are widely
employed for the investigation of complexes [7-9].
These methods allow us to get the information
about the composition of complex (stoichiometric
ratio of the components), to estimate the nature and
stability of the complex particle and the character
of intramolecular bonds due to analysis of the
fragments and associates.

The main preference of the «soft ionization»
methods is the possibility of unfragmented ions
registration. On the other hand, the TPD MS
guantifies the changes in some physical and
chemical characteristics of the complexes at the
thermolysis, which give an idea about the features
of their structure. Thus, a combination of MALDI
and MS TPD methods provides fairly complete
information about the properties of substances.

APPARATUS AND INSTRUMENTS

IR spectrum was recorded using a Perkin-
Elmer Spectrum 100 FT-IR spectrometer over the
frequency range 4000-400 cm™ (KBr pellets). 'H,
IP NMR spectra were recorded on a Varian
AMX 400 spectrometer with frequencies 400 MHz
for 'H and 162.1 MHz for *'P respectively in
deutero- dimethylsulfoxide solution. As an internal
standard tetramethylsilane was used and as external
standard 85 % orthophosphoric acid in D,O was
used. The X-ray diffraction patterns were obtained
with a DRON-3 diffractometer (CuK, radiation).

MALDI TOF. Mass analysis was performed
by the method of laser desorption/ionization in
linear mode for positive ions on a Autoflex Il
(Bruker Daltonics, Germany) mass spectrometer
with nitrogen laser (A = 337 nm).

Samples were prepared for laser desorption
mass analysis as follows: 1 mg of complex was
dissolved in 1 ml of methanol. Small aliquots of
mixture were applied to the steel probe tips and
dried. Spectra were obtained for the mass range 50
to 2 000 a.m.u. by summing the data of 100 laser
shots. Processing of the data was performed by the
software  FlexAnalysis  (Bruker  Daltonics,
Germany).
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TPD MS. Investigation of the thermolysis was
performed by temperature-programmed desorption
mass spectrometry (TPD MS) on a monopole mass
analyzer MX-7304A (Sumy, Ukraine) equipped for
the ionization of gaseous samples by electron
impact and facilities for the programmed heating of
the sample and the computer system of registration
of mass spectra.

The resolution of the instrument was 1 M at
10 % height, heating rate 10 °C/min, mass range
1-200 Da. The method allows us to determine the
thermal stability of systems, both in the thermal
desorption and thermal decomposition of bulk
sample in the temperature range up to 800 °C.

RESULTS AND DISCUSSION

Preparation of Eu(L);Phen. The ligand and its
sodium salt were synthesized as reported in
literature [10] with some modification. NaL
(3 mmol) was dissolved in 5 ml of 2-propanol and
was added to a solution of 1.10-phenanthroline
(1 mmol) in 2 ml of 2-propanol. The mixture was
poured into a solution of Eu(NO3)s5H,0

(L mmol) in 5ml of 2-propanol. The precipitated
NaNO; was filtered off and kept undisturbed
during a few days, until crystals were formed. The
yield was 87 %. The single-crystals were obtained
from 2-propanol. To identify the impurities in the
crystal powder, the X-ray diffraction patterns
method have been used.

Fig. 1. Schematic  representation ~of the neutral
europium(ll) complex based on phosphoro-
sulfamidic type ligand
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MALDI TOF. Method of laser de-
sorption/ionization — ‘soft’ ionization method is
more useful for identification of non-covalent
complexes. This method allows us to generate
unfragmented molecular ions for the respective
determination of the complex composition. But in
our case the mass spectra do not content the
molecular ion peak (calculated mass for the
complex under consideration is equal to 1575 Da).

In the mass spectra of the complex (Fig. 2)
there are peaks which can be refer to the fragments
with different ratio of europium/metal/phenantro-
line and their short-lived adducts with alkali metals
ions (Na" and K*) and water molecules formed in
gaseous phase. Experimental values and
theoretically calculated mass of the core fragments
are presented in Table.
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Fig. 2. Representative mass spectrum of europium(I11)
complex under consideration

Table.  Fragmentation of europium(lll) complex
under conditions of MALDI ToF mass
spectrometric experiment in the linear mode
of positive ions

The
Fragment Theoretical experimental
values, Da mass values,
m/z
[EuL] 567.0 566.6
[EuLPhen]” 746.6 746.5
[EuL,]” 980.8 979.9
[EuL,Phen]” 1161.0 1160.4
[EuL,F2]" 1288.1 1287.3
[EuL, NaK]" 1871.2 1869.5
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The highest relative intensities have two series
of peaks 566.6, 746.5, 979.9m/z and 1160,
1287.3 m/z, which correspond to fragments of
[EuL]®, [EuLPhen]" and [EuL,]", [EuL,Phen]’,
[EuL,F,]", respectively. Also, in the mass spectrum
there is a peak corresponding to the [EuL,NaK]"
fragment. These fragments are the most stable
under mass spectrometry experiment conditions.

The low-intensity peaks with m/z 1019.1,
1418.4, 1435.0, 1454.6, 1457.8, 1547.7, 1959.8
were also detected in the mass spectrum. These
peaks correspond to the following fragments:
[EuLPhenF1]*,  [EuLsNa]’,  [EuL,PhenF1]*,
[EuL,PhenF1+H,0]", [EuL,PhenF1Na]" (last three
fragments are the maost similar to the molecular ion
composition), and [EuL3]", [Eu,L4]", where F1 —a

fragment of the ligand with the structure
JoL i
/P\
and F2 — a fragment
the Ilgand with the structure

, respectively.

Low ionization capability of the formed
fragments leads to low intensity of the respective
peaks.

TPD MS. Investigation of thermolysis process
of the complex studied allows us to conclude that
the emission of volatile products occurs in three
stages. In the first stage, at temperatures up to
200 °C, a cleavage of the ligand terminal fragments
has been observed in the mass range from 28 to
65 Da.

When the temperature reaches 200 °C, in the
temperature interval 200400 °C, fragments with
mass numbers 77, 93, 106 m/z are detected, as it is
shown in Fig. 3. Characteristic feature of all those
fragments are their synchronous appearance in
mass spectra, with invariable ratio of signal
intensities. Two maxima of thermally stimulated
evolution of decomposition products are distinctly
observed in thermograms, with maxima located at
approximately 260 and 340 °C.

Thermal decomposition of the ligand is
illustrated by the scheme presented in Fig. 3.

The attention is to be paid to the fact that
evolution of fragments occurring at the low
temperature stage of thermolysis in our
experiments was observed in wider temperature
range than those observed at high temperature.
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Such behavior of fragments evolution testifies in
favor of discrepancy of activation energy
distribution usually observed in thermal desorption
and thermal decomposition on the surface of the
support, whereas narrow temperature interval
points at presence of cooperative effects typical for
bulk co-ordination compounds [11, 12].
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Fig. 3. Possible pathways of thermal bond rupture of
the complex
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Fig. 4. Characteristic thermograms of europium(l11)-containing complex decomposition (1 - 77 Da, 2 -93 Da, 3 - 106 Da)

Besides, TPD MS data, concerning
thermolysis of the ligand, confirm indirectly the
assumptions about the decomposition mechanisms
of sulfamide ligand coordinated to lanthanides
under conditions of laser desorption experiment.

Thus, a possibility of investigation of Eu(ll)-
containing compounds by combined LDI MS and
TPD MS methods has been proposed as an
example of complement approach to studies of
such complexes.

LDl mass spectra of the complex under
investigation has been obtained and interpreted. It

has been shown that the absence of molecular ion
peaks testifies that the loss of one electron by
complex molecule results in destruction of excited
molecular ion and formation of positively charged
ion-fragments  which intensity ~ probably
corresponds to that of molecular ions in mass
spectra.

Characteristic thermograms of europium(lIl)
complexes have been obtained and it has been
shown that thermal decomposition of the
compound occurrs in two stages, which correspond
to certain type of intermolecular interactions.
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Jlazepna necopouisi/ionizanis (JIII MC) i Tepmo necop6uiiiHa Mac-cieKTpoMeTpis
(T MC) xoopaunauiiinoi cnosryku espomito(l11)
3 N-{bis [merna(denin)amino]pocdopun}densencyabphonamizom

O.B. CeBepunoBcbka, O.B. Micuanuyk, B.O. Tpym, A.1O. Ilputyna,
B.M. Amipxanos, B.O. [lokpoBcbKuii

Tuemumym ximii nogepxui im. O.0. Yyiixa Hayionanvroi akademii nayk Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Yxpaina, severinovskaya.o@gmail.com
Kuiscoxuii Hayionanvnuii ynigepcumem imeni Tapaca Llleguenxa
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Cunmesosany koopounayitiny cnonyky EuLzPhen (de L~ = N-{bis [memun(ghenin)amino]pocgopun}-
beH3eHCYIbOHAMIOHUTL AHIOH) 8 KOHOEHCOB8AHIll (a3l ma HA NOBEPXHI CMAHOAPMHOL Memanesol NiOKIaoKuU
00CIONCEHO MEMOOaMU MeMNePanypHO-npoOSPaAMOBaHoOl ma aa3epHo-0ecopOYiiHOl MAac-cnekmpomempil.
Busnauena ma inmepnpemosana memnepamypna 3aieHCHICMb OCHOGHUX KOMHOHEHM 00EPIUCAHUX MAC-
cnekmpig 8 memooi mepmonpopamosanoi 0ecopoyitinoi mac-cnexmpomempii (TT1] MC), idenmugpixosaro
KOMNOHEHMU MAC-CREKMpA, 00ePHCAH020 Memooom Jazeproi Oecopbyiifionizayii (JIAI) cunmesosanoi
PeHOBUHLL.

Ilposedeno nopieHAIbHULL AHANI3 MAC-CHEKMPI8, 00epiicanux oboma memoodamu, ma  002080PEHO
MOACTUBOCTE IX 3aCMOCYBAHHSL OISt OOCTIONCEHHS KOMNOHEHMI8 MEMANI08MICHUX NOAIMeDIs.

Knouosi cnosa: nazeprna oecopoyis/ionizayis (JIJI MC), memnepamypro-npoepamosana Oecopoyitina
mac-cnexkmpomempis (TI/] MC), nanmaniou, pocgpopunshi nicanou

Jlazepuas necopouusi/monnsamus (JI/IU MC) u TrepmoaecopouHoHHast
macc-ciektpometpus (TIII MC) koopauHannoHHoro coexnnenusi espomusi(l11)
¢ N-{bis [merna(penna)amuno]pocdopui}densencyabponamugom

O.B. CeBepunosckas, A.B. Mucuanuyk, B.A. Tpym, A XO. lIputyaa,
B.M. Amupxanos, B.A. IlokpoBckuii

HUnemumym xumuu nosepxrnocmu um. A.A. Yyiiko HayuonaneHot axademuu Hayk Yxpautvl
vn. I'enepana Haymosa, 17, Kues, 03164, Vkpauna, severinovskaya.o@gmail.com
Kueesckuii Hayuonanwvhwiti ynueepcumem umenu Tapaca Llleguenxo
yi. Braoumupcras, 64, Kues, 01601, Yxpauna

Cunmesuposanivle koopounayuonnvie coeounenusi EuLzgPhen (eoe L™ = N-{bis [memun(genun)amuno]
GochopuntoenzencyiboHaMuoOnblll AHUOH) UCCIE008AHbL 8 KOHOCHCUPOBAHHOU (hasze u HA NOBEPXHOCHIU
CMAHOGPMHOU  MEeMANIUYecKol NOONONCKU MEMOoOamu memMnepamypHO-npocpamMmupyemol. U Ja3epHo-
Oecopbyuonnoil macc-cnekmpomempuu. Onpedenena u UHMepnpemuposana memnepamypHas 3a6UcUMOCb
OCHOBHbIX KOMHOHEHMOB NOTYHEHHBIX MACC-CNEKMPO8 8 Memooe mepmMonpocpamMMupO8aHHoL 0ecopOYUOHHOU
macc-cnexmpomempuu  (TII/] MC), uoenmugpuyuposanvl KOMNOHEHMbL MACC-CNEKMPd, NOTYHEHHO20
Mmemoodom nazeproul Oecopoyuu/uonusayuu (JIJH) cunmesuposannoeo sewecmaa.

Tlposeden cpasHumenbHblil AHAIU3 MACC-CHEKMPOB, NOLVYEHHbIX 000UMU Memooamu, U 00CYICOeHbl
BO3MOINCHOCU UX NPUMEHEHUSL 0TSl UCCICO08AHUS KOMNOHEHNO8 MEMAIOCOOEPAHCAUUX NOTUMEDPOS.

Kmouesvle cnosa: nasepnas oecopoyus/uonusayus (JIAH MC), memnepamypno-npocpammuposanias
oecopoyuonnas macc-cnekmpomempust (TIH MC), nanmanuowt, hocghopunvuvie muearnovt

ISSN 2079-1704. CPTS 2014. V.5. N 4 471



0.V. Severinovskaya, A.V. Mischanchuk, V.A. Trush et al.

REFERENCES

Kido J., Okamoto Y. Organo lanthanide metal
complexes for electroluminescent materials,
Chem. Rev., 102 (2002) 2357.

Eliseeva S.V., Binzli J-C. G. Lanthanide
luminescence for functional materials and bio-
sciences, Chem. Soc. Rev., 39 (2010) 189.
Katkova M.A., Vitukhnovsky A.G., Bochkarev
N.M. Coordination compounds of rare earth

metals  with  organic  ligands  for
electroluminescent diodes, Uspekhi khimii,
74(12) (2005) 1193.

Tsukube H., Shinoda S. Lanthanide complexes
in molecular recognition and chirality Sensing
of biological substrates, Chem. Rev., 102(6)
(2002) 2389.

Mathis G. Probing molecular interactions with
homogeneous techniques based on rare earth
cryptates and fluorescence energy transfer,
Clin. Chem., 41(9) (1995) 1391.

Amiot C.L.,, Xu S., Liang S. et al. Near-
infrared fluorescent materials for sensing of
biological targets, Sensors, 8 (2008) 3082.
Henderson W., Mclndoe J.S. Mass
Spectrometry of Inorganic, Coordination and

472

10.

11.

12.

Organometallic ~ Compounds:  Tools -
Techniques — Tips, John Wiley & Sons, Ltd,
2005, 270 p.

Wyatt M. MALDI TOF MS analysis of
coordination and organometallic complexes: a
nic(h)e area to work in, J. Mass Spectrom.,
46(7) (2011) 712.

Chernii V.Ya., Severinovskaya O.V., Bon V.V.
et al. Novel zirconium(lV) and hafnium(1V)
phthalocyanines with  dibenzoylmethaneas
out-of-plane ligand: Synthesis, X-ray structure
and fluorescent properties, Dyes Pigments. 94
(2012) 187.

Kirsanov A. V., Fesenko N.G. Derivatives of
N-phosphoric acid Nitrobenzolsulfamides,
J. Gen. Chem., 12 (1959) 4085.

Logvinenko V.A. Thermal Analysis of
Coordination Compounds and Clathrates,
Novosibirsk, Publishing House "Science",
1982, 128 p.

Pokrovskiy V.A. Temperature-programmed
mass spectrometry in surface chemistry
studies, Rapid Communications in Mass
Spectrom., 9 (1995) 588.

Received 11.07.2014, accepted 17.09.2014

ISSN 2079-1704. CPTS 2014. V.5. N 4



