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During last decades coordination compounds of lanthanides with polychelating [f-diketones and their derivatives
have attracted increasing interest due to the possibility of using such compounds in biomedical research, as contrast
reagents for NMR tomography studies and MOLED technology. That is why the selection of appropriate ligands,
which are effective sensitizers of lanthanide luminescence and can form thermodynamically stable complexes, is
especially important.

Carbacylamidophosphates (CAPh ligands) of general formula (R’ )C(O)NHP(O)(R?), are structural analogues
of f-diketones, which can serve as an antenna providing more efficient energy transfer to the lanthanide ion followed
by Ln(Ill) luminescence.

The present work is devoted to the mass-spectrometric studies of the stability of coordination compound of
terbium(Ill) with new CAPh ligand using methods of soft ionization such as matrix activated laser desorption /
ionization (MALDI), its modification — LDI (laser desorption ionization). The main preference of the «soft
ionizationy methods is the possibility of unfragmented ions registration.

Terbium coordination compound with new bis-chelating carbacylamidophosphate ligand (Tb(HL),(NO;))
(where HL = tetramethyl[pyridine-2,6-diyldi(iminocarbonyl)]diamidophosphate anion) has been synthesized and
studied by IR spectroscopy and X-ray diffraction. It was shown that the deprotonated arm of each ligand is
coordinated to the terbium ion in the bidentate manner and the protonated arm in monodentate manner via the
oxygen atom of phosphoryl group. The nitrate ion is bidentate coordinated, completing coordination number of
terbium to eight.

The components of the LDI mass spectrum of the synthesized coordination compound have been identified. The
positive region of the mass spectrum of the complex Tb(HL),(NO;) is characterized by the presence of smaller
fragments due to the effect of the metal ion on the fragmentation of the ligand molecules and the molecular ion is not
observed due to formation of more complex and stable structures based on Th(IIl) ions.

Keywords: laser desorption/ionization (LDIMS), terbium(lll) coordination compounds, bis-chelating
carbacylamidophosphates

INTRODUCTION Carbacylamidophosphates (CAPh ligands) of
general formula (R")C(O)NHP(O)(R?), are
structural analogues of B-diketones, which can
serve as an antenna providing more efficient
energy transfer to the lanthanide ion followed by
Ln(I1T) luminescence [4].

In present work, the results of mass-
spectrometric  studies of the coordination
compound of terbium(Ill) with the ligand
tetramethyl[pyridine-2,6-diyldi(iminocarbonyl)]-
diamidophosphate are presented.

The different methods of soft ionization such
as matrix activated laser desorption / ionization
(MALDI), its modification — LDI (laser

Coordination compounds of lanthanides
with polychelating [B-diketones and their
derivatives lately have attracted especial
attention due to the advancement of technology
MOLED (metal organic light emitting devices)
[1], as well as the possibility of using such
compounds in biomedical research [2] and as
contrast reagents for NMR tomography studies
[3]. From this standpoint, the selection of
appropriate  ligands, which are effective
sensitizers of lanthanide luminescence and can
form thermodynamically stable complexes, is
especially important.

© I.P. Olyshevets, O.V. Severinovskaya,
V.A. Ovchynnikov, V.M. Amirkhanov, 2018 411



I.P. Olyshevets, O.V. Severinovskaya, V.A. Ovchynnikov, V.M. Amirkhanov

desorption ionization) is widely employed for the
investigation of complexes [5, 6]. These methods
allow wus to get the information about
composition of the 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 a
possibility of unfragmented ions registration.

APPARATUS AND INSTRUMENTS

The sample was prepared for the MALDI-
TOF analysis as follows: 1 mg of studied
complex was dissolved in 1ml of water.
Aliquots of mixture were applied to the steel tips
and dried.

MS analysis was performed by the method
of laser desorption/ionization on an Autoflex II
(Bruker Daltonics, Germany) mass spectrometer
with nitrogen laser (A =337 nm). Experiments
were carried out in reflectron mode for positive
ions in the mass range 50 to 2000 a.m.u.
Resulting mass spectra were obtained by
assuming the data of 150 laser shots and
processing by the software FlexAnalysis (Bruker
Daltonics, Germany).

IR spectrum was recorded using a Perkin-
Elmer Spectrum 100 FT-IR spectrometer over
the frequency range 4000-400cm™' (KBr
pellets). The X-ray diffraction patterns were
obtained with an Xcalibur-3 diffractometer
(graphite monochromator, MoK, radiation).

RESULTS AND DISCUSSION

Preparation of Tb(HL):(NO;). The ligand
and its sodium salt have been synthesized as
reported in literature [7] with some modification.
NaHL (4 mmol) was dissolved in 5ml of
methanol and then added to a solution of
Tb(NOs);3-6H,0 (2 mmol) in 5 ml of 2-propanol.
The precipitated NaNO; was filtered off and kept
undisturbed during a few days, until crystals
were formed. The yield was 91 %. 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. IR for Tb(HL),(NOs;) (KBr, v-cm'):
1208 (PO); 1598, 1618 (CO), for H,L
(KBr, v-em '): 1252 (PO); 1628 (CO), for NaHL
(KBr,v cm™): 1290 (PO); 1607 (CO). Two
absorption bands from CO group vibrations can
be explained by different type of coordination
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(monodentate or bidentate) [8]. The IR spectra of
the sodium salt NaHL and Tb(HL),(NO;) reveal
shifts of the characteristic stretching vibrations in
comparison with the neutral ligand H,L. which
indicate a significant delocalization of m-electron
density in the CONPO fragment (Av, (CO)=
=10-30 cm ', and Av(P=0)=38-46cm™) [9, 10].
X-ray diffraction study was carried out for
Tb(HL),(NO;). The complex has a monomeric
structure (Fig. 1). The deprotonated arm of each
ligand is coordinated to the terbium ion in the
bidentate bridging manner and the protonated
arm in monodentate manner via the oxygen atom
of phosphoryl group. The nitrate ion is bidentate
coordinated, completing coordination number of
terbium to eight.

Fig. 1. Schematic representation of the coordination

compound Th(HL),(NO3)
MALDI TOF

Method of laser desorption/ionization —
‘soft’ ionization method — allows generating
unfragmented molecular ions for the respective
determination of the complex composition. But
in our case the mass spectrum does not contain
the molecular ion peak (calculated mass for the
complex under consideration is equal to
1101 Da).

The positive region of the mass spectrum of
the complex is characterized by the presence of
smaller fragments due to the effect of the metal
ion on the fragmentation of the ligand molecules.
Due to the formation of more complicated and
stable structures, the compound itself is not
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ionized and because of this, the molecular ion is
not observed.
In the mass spectra of the complex (Fig. 2)

and their short-lived adducts with alkali metals
ions (Na" and K'). Experimental values and

theoretically calculated mass of the core
there are peaks which can be attributed to the fragments are presented in Table.
fragments with different ratio of terbium/ligand
[TbE":Na]"
g 542269
I aun —
6001 [TbF"KNaz]”
351.498
AR
[TbF'2]"
433.761
400 1 |
[TbE]*
293.012
e )
200 [TbF'K2]* [T:;Fg '53;“2 F
449657
300 400 500 m/z

Fig. 2. Representative mass spectrum of terbium(IIT) complex under consideration

Table.  Fragmentation of terbium(IIl) complex under conditions of MALDI TOF mass spectrometric experiment
in the linear mode of positive ions
Fragment miz Values The experimental mass
values, m/z
1. [TbF']" 294.97 293.01
2. [TbF"KNa,]" 349.02 351.50
3. [TbF',]" 431.01 433.76
4. [TbF"K,]" 447.15 449.66
5. [TbF" F"Na,]" 489.00 489.64
6. [TbF",Na]" 540.60 54227
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In the general mass spectra of the complex, g u
series of peaks with masses from 85.9 to u J;l
196.4 Da, corresponding to the fragmentation of By E
ligand, are presented. The next series of low- ligand with the structure H
intensity peaks are presented in mass range from respectively.

282.8 to 5423 Da and belong to terbium- The formation of such associates with alkali
containing fragments: [TbF']", [TbF"KNa,]’, metals ions is characteristic for various classes of
[TbF,]", [TbF"K,]", [TbF" F""Na,]’, [TbF",Na]", coordination compounds [9, 10]. Low ionization
where F' — a fragment of the ligand with the capability of the formed fragments leads to low
0 C|) o— intensity of the respective peaks.
HﬁJ\N/Le/ CONCLUSION
structure ~H s F'-a fragment LDI mass spectrum of the terbium complex
of the ligand with the  structure under investigation has been obtained and
= o o0 interpreted. It has been shown that the absence of
S | )j\ /lllae molecular ion peaks testifies that the loss of one
N ﬂ H and F" — a fragment of the electron by complex molecule results in its

destruction with formation of positively charged
ion-fragments which probably corresponds to
complex particles based on Tb(III) ions.

Jlazepna necopOuiiina/ionizaniiina (JIII MC) mac-ciekTpoMeTpisi KOOPAMHALIITHOI
cnoqyku Tepoiro(I1l) 3 HoBuM Oic-xes1aTyrouum
kapOoanunaminopocparnum (KAD) airangom

LII. OaumeBens, O.B. CeBepunoBchka, B.A. OBunnHikoB, B.M. AmipxaHos

Kuiscokuti Hayionanvnuii ynisepcumem im. Tapaca Lllesuenka
6y1. Bonooumupcoka, 64, Kuis, 01601, Ykpaina, olishevetsirina@gmail.com
Tnemumym ximii nogepxui in. O.0. Yyiixa Hayionanvhoi akademii Hayx Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Vkpaina

Ipomsiecom ocmannix decsimunims KOOPOUHAYIUHI CROLYKU JIAHMAHOI0I6 3 NONIXENAMYIOUUMU [-OUKemoHamu ma
iIX NOXIOHUMU GUKTUKANU 6Ce Oinbuiull Hmepec 4epe3 MONCIUBICIb SUKOPUCMAHHL MAKUX CHONYK Y OIoMeOUUHUX
docnioxcentsix, ik konmpacmui acenmu 6 AMP momoepaghii ma mexuonocii MOLED. Tomy ocobaueo easxciugum €
6UOIp GIONOGIOHUX Ni2aHOis, 5KI € eeKmusHUMU CEeHCUOLNI3amopamu HOMIHeCYeHYil TaHmanoioie i Modcyms
YMEopreamu mepmMoOuHaAMIYHO CIMITIKI KOMIJIEKCU.

Kapbayunamioogocpamu  (KAD-nicanou) 3acanvnoi  opmynu  (R))C(O)NHP(O)(R?), ¢ cmpykmyprumu
ananoeamu [-OuKemonie, sKi MOJCYMb GUCMYNAMu sIK aHmeHu, 3abe3neuyiouu Oilbul ehexmughe nepeHecents
eHepeii 00 ioHa ranmanoioa, wjo cynpogooxcyemocsa Ln(11l) nominecyenyiero.

Jlana poboma npuceésayenHa Mac-cneKmpoMempuyHuM OOCIIONCEHHAM CMIUKOCMI KOOPOUHAYIUHOI CHOMYKU
mepoito(Ill) 3 nosum KAD-niecanoom 3 BUKOPUCTHAHHAM MemO09die M AKOI IOHI3ayii, Makux K MAMpUyHO aKmMue08anda
nazepua oecopoyis/ionizayis (MALDI), it moougixayis - LDI (nazepra decopbyis/ionizayis). OchoeHo nepesazoro
Memooie «M Kol IOHI3ayily € ModCIUGiCmb peecmpayii HepacmMenmosanux ioHis.

Koopounayitina cnonyka mepbito 3  Hosum  bic-xenamylouum — Kapoayuramiogocgamuum  1i2canoom
Tb(HL)y(NO3), oe HL = mempamemunnipuoun-2,6-ouin(iminokapbonin)diamioopocpam anion Oyna cunmesosaua
ma docniddcena 3a donomozorw 14-cnexmpockonii ma penmeeniecvkoi oughpaxyii. Ilokasano, wo denpomorosana
2IIKA KOJICHO20 JIi2AHOA KOOPOUHYEMbCSL 00 UOHA mepOilo OI0eHMAamHo uepes amomu OKCUSeHY KapOOHIIbHOI ma
docghopunvHoi epynu, a HeOenpomoHO8aHA 2iNKA - MOHOOEHMAMHO Yepe3 amom OKCuzeHy Gocgopunvroi epynu.
Himpam-anion koopounosanuii 6ioenmamno, 00N08HIOIOYU KOOPOUHAYiliHe Yucio mepoito 00 80CbMU.
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Komnonenmu LDI mac-cnekmpy cunme3osanoi koopOunayitinoi cnoayku 0yno ioenmugbikosearo. Ilozumuena
obnacmo mac-cnexkmpy komnaexca Th(HL),(NO3) xapakmepuzyemvcs HAs8HICMIO MEHWUX (DPAMEHMIE Yepe3 6Naus
iona memany Ha pazmeHmayito MoaeKyn NieaHod, a MONEKVIAPHULL iOH He CNocmepicacmvcsa uepe3 VMeOpeHHs
OinbUL CKIAOHUX Ma cMabiibHUX cmpykmyp Ha ocHoei ionie Th(III).

Knrouosi cnosa: nazepna oecopbyis/ ionizayis (JI[I MC), koopounayitni cnonyxu mep6iro(Ill), oic-xeramyroui
kapbayunamioogpocgamu

Jlazepnas necopounonnasi/monusaunonnas (JI I MC) macc-cnekTpomeTpust
KOOpAMHANUMOHHOTO coequHeHus TepOusi(Ill) ¢ HOBBIM OHMC-XeIaTHPYIOIIUM
kapOaunaamuaopochatupiM (KAD) muranaom

NL.II. Onumesen, O.B. CeBepunoBckas, B.A. OpuuHHunkoB, B.M. AMupxaHoB

Kueescxuti Hayuonanvnuuii ynusepcumem um. Tapaca Llleguenxo
yia. Braoumupckasa, 64, Kues, 01601, Ykpauna, olishevetsirina@gmail.com
Huemumym xumuu nosepxnocmu um. A.A. Yyuxa Hayuonanvroii akademuu Hayk Ykpaursl
ya. I'enepana Haymosa, 17, Kues, 03164, Yxkpauna

B meuenue nocnednux oecsimunemuil KOOpOUHAYUOHHbIE COCOUHEHUS! IAHMAHOUOO08 C NONUXEAAMUPYIOWUMU
[-Ouxemonamu u ux npouU3BOOHbIMU GbI3LIEAIU 6CE OONLUIUL UHMEPEC U3-3A BOZMONCHOCIU UCHOIb308ANUSL MAKUX
COCOUHEeHUll 8 OUOMEOUYUHCKUX UCCIe008AHUAX, 8 Kayecmee KOHMpacmuulx azenmos 6 AMP momoepaguu u
mexnonozuu  MOLED. ITloosmomy 0COOEHHO 6adiCHbIM  SIGISAEMCS  NOUCK  JUSAHO08, KOMOpble  SAGISIOMCS
IPexmusHbIMU CEHCUOUTUZAMOPAMU TTIOMUHECYEHYUU TAHMAHOUO08 U MO2YM 00PA308bl8aMb MEPMOOUHAMUYECKU
yCmouuugsle KOMIIEKCHL.

Kapbayunamudopocpamor  (KAD-nueanowr)  obweii  gopmymt  (R)C(O)NHP(O)(R®),  saensomes
CMPYKMYPHLIMU AHATO2AMU S-OUKEeMOH08, KOMopble MO2Ym GbICHYNAMb 8 KA4eCmee aHMmeHHbl U 0becneuusams
bonee 3¢hpexmugnbvill nepeHoc IHepauu K uoHy aanmarnouda c nociedyrowei Ln(I1l) nromunecyenyuetl.

Jannas paboma noceésuena macc-cneKmpomempudeckum UcCie008aHUsIM YCMOUMUBOCIU KOOPOUHAYUOHHO20
coeounenus mepous(lll) ¢ nosoim KAD-nueandom ¢ ucnonvzo8anuem memooos MASKOU UOHUAYUU, MAKUX KAK
MAMPUUHO AKMUBUPOBAHHASL AazepHas Oecopoyus/uonuzayus (MALDI), eé moougurxayus — LDI (nazepuas
Odecopoyusi/uonuzayus). OCHOBHbIM NPEUMYWECBOM MEMO008 «MASKOU UOHU3AUUUY SGISLeMCsT B03MOICHOCb
peaucmpayuu HepasmeHmupoBAHHBIX UOHOE.

Koopounayuonnoe coedunenue mepbus ¢ HO8bIM OUC-XeIaMUPYIOWUM Kapoayuramuoophochammvim 1ueanoom
Tb(HL)y(NO3;) (20e HL = mempamemuinupuoun-2,6-ouun(umunokapbonun)ouamudopocpam aunuomn) 0OvL10
CUHME3UPOBAHO U UCCIE008aHO ¢ nomowbio MK-cnexmpockonuu u penmeenosckou ougpaxyuu. Ilokazano, umo
0enpomoHUPOBAHHAsL 6eMBb KAXCO020 NUSAHOA KOOPOUHUPYEMCs K UOHY mepbus OUOeHMAamHO uepe3 amoMmbl
KUCTIOpOOa KapOOHUIbHOU U (QOCHOPUTLHOU 2pYnnbl, d HeOenpOMOHUPOOBAHHAS 8emeb — MOHOOEHMAMHO uepe3
amom  Kuciopooda  ¢ocgopunvrou  epynnei.  Humpam-anuon  koopOunHupogan — OUOeHMAmMHO,  OONOJIHASA
KOOPOUHAYUOHHOE YUCTIO mepOusi 00 80CbMUL.

Komnonenmvr LDl macc-cnekmpa — cunmesupo8anHo20 — KOOPOUHAYUOHHO20 — cOeOunenusi  Obliu
uoenmuguyuposanvl. Ilonoxcumensnas obaracme macc-cnekmpa xomnaexca Tb(HL),(NO;) xapaxmepuszyemcs
HanuyueM MeHbUWUX QpacMenmos u3-3a 6IUsAHUsS UOHA MeMmAaild HA @pacMenmayuio MONeKyl Iusanoa, a
MONEKYISPHLIIL UOH He Habodaemcs u3-3a 00pazoeanusi Oonee CIOJNCHbIX U CMAOUTbHBIX CMPYKMYP HA OCHO8E
uonoe Th(III).

Knrueswvie cnosa: nazepnas oecopoyus/uonuzayus (JIAU MC), koopounayuonnvle coedunenus mepous(lll),
buc-xeramupyrowue Kapoayunamuoogocgamol
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