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The complexation of molybdenum(VI)  with  6,7-dihydroxy-4- methyl-2-
phenylchromenilium (MPDOCHh) and its chlorine and bromine derivatives containing a
halogen atom in 4th position in phenyl ring was studied. The composition of the com-
plexes Mo(VI) : L = 1:2 was established by classical spectrophotometric methods.
Based on a combination of spectrophotometric and mass-spectrometric data,
complexation way is proposed. It was shown that MoO,2" cation acts as a complexing
agent, and the ligand involved into reaction in the form of an anhydrobase. The analyti-
cal characteristics of the resulting complexes were determined, and it was also noted
that the halogen derivatives of MPDOCh form more intensely colored and stable
complexes with Mo(VI).

Keywo rds: 6,7-dihydroxy-4-methyl-2-phenylchromenylium; molybdenum(V1);

com-plexation; spectrophotometry.

INTRODUCTION. One of the significant
problems of chemical analysis is the control of
the heavy metals content in objects of various
nature. Polyvalent metals are of interest, in
particular, molybdenum, which is an im-
portant essential trace element that is part of a
number of metal enzymes involved in meta-
bolic processes. The most reactive forms of
Mo (VI) in acidic medium are molybdenyl
cations MoQ,”*, which can form complex
compounds mainly with O- and S-containing
ligands [1]. The state of analytical chemistry
of molybdenum and methods for its determi-
nation were considered in [1-3]. Effective
methods have been proposed for determining

Mo (VI), for example, atomic absorption [4,
5], woltammetric [6, 7], and mass spectromet-
ric [8]. Howeer, these methods are costly and
require highly qualified service. Spectropho-
tometry remains the simplest and most com-
mon method for determining molybdenum [9—
12]. The possibility of colorimetric determina-
tion of Mo (VI) after its micellar extraction
concentration in the form of a complex with
salicyl fluorone and a cationic surfactant was
shown in [13].

As a rule, Mo (VI) interacts with hy-
droxyl-containing  ligands —  hydro-
Xybenzenes, trioxyfluorones, and
dioxychromenols (DOCh) mainly in an acid-
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ic medium [1-3]. The latter are of interest
because they form intensely colored and sta-
ble complexes with Mo (VI), W (VI), Bi
(1), Ga (1), In (1) and some other metal
ions [14, 15]. Using DOCh derivatives, sen-
sitive photometric methods for determining
Mo (VI) have been deweloped [15, 16]. In
turn, the potential for modifying the reagents
of this class has not been fully exhausted.
For example, the introduction of halogen
atoms promotes a shift in the pH of
complexation to a more acidic region and,
consequently, an increase in selectivity, and
also often leads to an increase in the contrast
of the reaction and the sensitivity of the de-
termination.

Based on the foregoing, the aim of this
work is to study the complexation of Mo
(VI) with halogen derivatives of 6,7-
dihydroxy-4-methyl-2-phenylchromenilium
in aqueous solutions; establishing the chem-
istry of their interaction, as well as determin-
ing the corresponding chemico-analytical
characteristics.

EXPERIMENT AND DISCUSSION
OF THE RESULTS.. Derivatives of
dihydroxychromenilia: 6,7-dihydroxy -4 —
methyl -2- phenylchromenilium
(MPDOCNHh), 6,7-dihydroxy-4-methyl-2-(4-
bromophenyl)-chromenilium (4'-Br-
MPDOCh), and 6,7-dihydroxy-4-methyl-
2- (4-chlorophenyl)-chromenilium (4'-ClI-
MPDOCh) perchlorates were synthesized
by condensation of equimolar amounts of
pyro-gallol A and the corresponding p-
dicarbonyl compound in acetic acid medi-
um with the addition of 50% perchloric
acid, according to the scheme:

The individuality and purity of the
synthesized compounds were confirmed

by high performance liquid chromatog-
raphy. We used an Agilent Technologies
1260 Infunity chromatograph with an Ag-
ilent Technologies 6530 Accurate-Mass
Q-TOF LC/MS mass detector (column
temperature 35 °C; DOCh concentration
in the analyzed solution 1 mg/ml; injec-
tion wolume 2 ul; column - Zorbax
4.6x100 mm, 3.5 um; mobile phase - ace-
tonitrile-0.1% aqueous solution of formic
acid, 60:40).

Absorption spectra in the range 380-
780 nm were recorded on Specord UV
VIS and SF-56 spectrophotometers in cu-
vettes with an absorbing layer thickness of
1,2, and 3 cm. The acidity of the medium
was monitored using an ESL-63-07 glass
electrode paired with silver chloride com-
parison electrode EVL-1M3 on the 1-160
ionomer, calibrated according to standard
pH buffer solutions.

DOCh working solutions with concen-
tration of 1:107> mol/dm® were prepared by
dissolving an exact weighed reagent in a
mixture of ethanol with dimethylformamide
(5 wl%). The initial Mo (VI) solution with a
concentration of 1:10 mol/dm® was pre-
pared by dissolving 1.7651 g of
(NH4)§M070,,4-4H,0 in hot distilled water,
after cooling to 20 °C bringing volume to 1 |
and standardized titrimetrically. Solutions
with lower concentrations were obtained by
diluting the initial one immediately before
use. Reagents of qualification not lower than
analytical grade were used, the required
acidity was created with solutions of sulfuric
acid and sodium hydroxide, and with the
help of acetic acetate buffer solution.

To optimize the conditions for the
complexation reaction, Mo (VI) and DOCh

ISSN 0041-6045. YKP . XIM . XVYPH ., 2020, .86, Ne 3 27



AN. Chebotarev, D.O. Barbalat, M.V. Zherebko, E.M. Guzenko, D.V. Snigur

0.0

350 400 450 500 3550 600 650
A M

Fig. 1. Light absorption spectra of MPDOCh
derivatives (dashed line) and their complexes
with Mo (VI1): 4'-CI-MPDOCh (a) and 4'-Br-
MPDOCh (b), Mo:L=1:2,1=1cm.

solutions with a concentration of 1:10™° —

1-10™* mol/dm?® were mixed in different mo-
lar ratios in the pH range 1-8 (ApH = 0.5)
and the light absorption intensity was rec-
orded relative to the solution of the blank
experiment. The stoichiometry of the prod-
ucts of interaction was established by the
methods of isomolar series, molar ratios, and
equilibrium shift; molar absorption coeffi-
cients and stability factors were calculated
by the method [17]. Mass spectra were rec-
orded by the FAB method on a VG 70-70EQ
mass spectrometer using a beam of Xe atoms
with an energy of 8 kV.

Changes in the absorption spectra during

the complexation of Mo (VI) with different
DOChs are similar. Figures 1 and 2 show the
absorption spectra in the Mo (VI) —4'-Cl-
MPDOCh and Mo (VI)-4'-Br-MPDOCh
systems with the ratios Mo : L = 1:2. As
seen from fig. 1, the interaction of 4'-Cl-
MPDOCh with Mo (VI) is accompanied by a
bathochromic shift at 65 nm, 4'-Br-
MPDOCh with Mo (VI) — at 70 nm, which
indicates an increase in the length of the
conjugation chain.

When optimizing the conditions for the
interaction of Mo (VI) with MPDOCHh deriv-
atives, the influence of the medium acidity
was first investigated (Fig. 2). The stoichi-
ometry of complexation was studied under
optimal conditions for the interaction of hal-
ogen derivatives of DOCh with Mo (V1) us-
ing classical methods: isomolar series, met-
al/ligand saturation, and, as an example,
Figure 3 shows the results of processing the
ligand saturation curves by the equilibrium
shift method. An analysis of these data, as
well as those obtained by the methods listed
abowe, allows us to draw a conclusion about
the formation of Mo (VI)-DOCh complexes
with a composition of 1:2.

The interaction products in the Mo (VI) -
DOCh systems were isolated in a solid state
and studied by mass spectrometry with ioniza-
tion by bombardment with fast atoms (Fig. 4).

In the mass spectrum of the Mo (VI) -
PDOCh complexes, a polyisotope cleavage
with a maximum at m/z 631 is observed, which
corresponds to the protonated MoO,L, com-
plex. Signals are present at m/z 381 and 395,
indicating the cleavage of one MPDOCh mole-
cule and the corresponding MoO,L" particle
and the protonated MoO(OH),L complex.

A L+ ligand signal with m/z 253 and a set
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of matrix signals are also observed.

In the case of complexes of Mo (VI) with
halogen derivatives of MPDOCHh, peaks of sim-
ilar ions are observed in the mass spectra.

Based on the obtained experimental re-
sults and published data on the state of Mo (V1)
and DOCh in solutions [8, 9], it can be as-
sumed that the complexation scheme has the
form of:

HO,
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Fig. 2. The effect of pH on the complexation of
Mo (VI) with 4'-CI-MPDOCKHh (a) and 4'-Br-
MPDOCHh (b), I =2 cm.
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Fig. 3. Determination of the composition of Mo
(VI) complexes with 4'-CI-MPDOCh (a) and 4'-
Br-MPDOCh (b) by the equilibrium shift meth-
0d. CR=4-10° M, 1=2cm

The two anhydrobase molecules of the
corresponding DOCh form two bonds with
the molybdenyl cation through the carbonyl
oxygen at position 7 and deprotonated hy-
droxyl group at position 6. The basic chemi-
cal and analytical characteristics of the stud-
ied complexes are listed in the table.

According to the table, it can be con-
cluded that the introduction of halogen at-
oms into the reagent molecule shifts the op-
timal pH of complexation to the acidic re-
gion the stronger, the greater is the electro-
negativity of the halogen. The molar coeffi-
cient of light absorption and the contrast of
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Fig. 4. Mass-spectrum of Mo(VI) complex with MPDOCh

Formation conditions and chemico-analytical characteristics of the Mo(VI) complexes
with 6,7-dihydroxy-4-methyl-2-phenylchromenilium derivatives in solutions

Reagent MO(V[) 'L pHopt A, NM AX, nm 8-10_4 lgB

MPDOCh 1:2 2.5 485 50 13 11.23
4'-Br- MPDOCh 1:2 1.5 490 70 2.3 10.18
4'-Cl- MPDOCh 1:2 1.0 495 65 19 9.98

the reaction increase in the series MPDOCh
- 4'-CI-MPDOCh - 4'-Br-MPDOCh, which is
associated with the effect of “weighting” of
the reagent molecule, and the corresponding
complexes can be effective analytical forms
for the dewelopment of methods of photo-
metric and extraction photometric determi-
nation of Mo (V1).

CONCLUSIONS. In this work, we de-

30

termined the chemico-analytical characteris-
tics and composition of the complexes
formed in the Mo(VI)-DOCh systems. The
composition of the complexes
(Mo(VI1):DOCh = 1:2) was found by spec-
trophotometric methods (molar ratios, equi-
librium shift). Based on a combination of
spectrophotometric and mass spectrometric
data, a probable complex chemistry is pro
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posed. It was shown that the MoO,** cation
acts as a complexing agent, and the ligand
enters into the reaction in the form of an
anhydrobase. It was found that halogen-
containing derivatives of MPDOCh form
more intensely colored and stable complexes
with Mo (VI) than MPDOCHh, and the opti-
mal pH of complexation shifts to a more
acidic region.

KOMIUIEKCOYTBOPEHHSI MOJIIBJEHY
(VI) 3 6,7-JUT'JIPOKCU-4-METUJI-2-DE-
HUIXPOMEHUIIEM TA HOT'O T'AJIOTEH-
MOXIIHUMU B PO3UMHAX
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JlocmiKeHO KOMILIEKCO YTBOPEHHST MOJI-
oneny(VI) 3 6,7-murimpokcu-4-MeTuiI-2- heH i-
xpomeH itieM (M®JIOX) i fioro xiop- Ta 6poM-
MOXITHUMH, IO MICTATH aTOM TaJIOT€HY B IIO-
nokeHH1 4 ¢eHubHOrOo KuThisa. Ckiaan KOMII-
nexcisB Mo(VI) : L = 122 BCTaHOBJIIEHO KIIacHy-
HHUMH  CHEKTPO(MOTOMETPUUHHUMH  METOdAMHU.
Ha ocHOB1 cykymHOCT1 crekTpodoroMerpry-
HHUX 1 Mac-CIIEKTPOMETPUYHHUX NaHHUX 3aIpoIIo-
HOBAHO XIMI3M KOMILIEKCOyTBOpeHHs. Iloka3a-
HO, [0 KOMIIJIEKCOYTBOPIOBAYEM BUCTYIIAE Ka-
Tion MoO,%", a nirana BeTymae B peakuioo y do-
pMi aHTIAPOOCHOBHU. BH3HaueHI XiMiKO-aHa-
JITUYHI XapaKTepUCTHUKA YTBOPECHHX KOMILIE-
KCIB, a TAaKOX BIAMIYEHO, IO TaJOTEHIOXIIHI
M®JIOX yrBOpIOIOTH OUIBII IHTEHCHUBHO 3a-
OapBreHi i crifi ki koMrieken 3 Mo (V).

KnwdaoBi cuxoBa: 6,7-gurinpokcu-4-
MeTHI-2-peHinxpomeHn iniil; momidoaen(VI); kowm-
IJIEKCOYTBOPEHHSI; CIIEKTPO(POTOMETPIS.

KOMITJIEKCOOBPA3OBAHUE MOJIVB/IE-
HA (VD) C 6,7-IUTUJIPOKCU-4-METWII-2-
OEHUJIXPOMEHWIMEM U ErO TAJIO-
TEHITPOM3BO/HBIX B PACTBOPAX

AH. Ye6orapés, JI.A. Bap6anar, M.B. XKepeG-
ko, J1.B. Cauryp

Ooecckutl  HAYUOHALHBILL  YHUBEPCUMEM  UMEHU
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CuHTE3UpOBaH PsiJi TAIOTEHCOJEPKAIMX TPO-
W3BOAHBIX Tiepxiopata 6,7- AWTUIPOKCH-4-
MeTHII-2-peHunoen3onupums.  MccnenoBaHbl
0COOEHHOCTH KOMILIEKCOOOpa30BaHUsI MOJINO-
neHa(VI) C 6,7- TUTUAPOKCH -4-MEeTHIT- 2-
(EeHUITXPOMEHWINEM U €T0 XIIOp U Opomorpo-
W3BOJIHBIMH, KOTOPBIE COJIEPIKAT aTOM TaJloreHa
B mojoxxkeHuu 4 QeHunpHOro kombia. CocraB
komruiekcoB Mo(VI):L = 12 ycraHoBieH kiac-
CUYECKUMHU CIEKTPO (POTOMETPUIECKUMU METO-
namu. OmpenerneHbl MOJISIpHbIE KO3(PQPUIIUEHTHI
CBETOIOIJIONMICHUS KOMIIJIEKcoB MosmoneHa( V)
C HE3aMEIIEHHBIM U XJIOpO- U OPOMOTPOU3BO/I-
HBIMH Tiepxiopara 6,7-IuTHApOKCH-4-MeThII-2-
(eHUTXPOMEHMIHS, KOTOPbIE COOTBETCTBEHHO
COCTaBJISIOT 1,3-104, 1,9-104 u 2,3-104. Paccuu-
TaHO JOrapu PMbl KOHCTAaHT YCTOMYHBOCTH, KO-
TOpBIE COOTBETCTBEHHO paBHbl 11,23, 9,98 u
10,18. Ha ocHOBaHMHM COBOKYMHOCTH CIIEKTPO-
(GOTOMETPUYECKUX W MacC-CIEeKTPOMETpUYEC-
KX JAHHBIX MMPEUIOKECH BEPOSTHBIH MEXaHU3M
KoMIIeKkcoo OpazoBanus moauoaena(VI) ¢ mpo-
W3BOJHBIMU  TepxiopaTta 6,7- IuTruapokcu-4-
MeTHiI-2- peHunOeH3onupumms. [lokazano, 4To
MPU ONTHUMAIBHBIX YCIOBHSX B3aMMOJCHCTBUS
KOMILIEKCOO Opa3oBaTeNieM BBICTYIMAeT KaTHOH
MOJIMOICHWIIA, a JIUTaH[] BCTYIIAET B PEAKIIHIO B
dopme anruapoocHoBaHus. OnpeaeneHbl XUMHU-
KO-aHAJIMTUYECKUE XapaKTEepPUCTHKH  00pa3o-
BAaHHBIX KOMILIEKCOB, & TaKKE OTMEYEHO, UYTO
rajoreHnpou3Boaabie M®JJOX obpasyror 60-
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Jjee WHTCHCHUBHO OKpalleHHbIE M JOCTaTOYHO
ycroitunBbie komruiekcbl ¢ Mo(VI). Otmeueno,
9TO MOJIAPHBIA KOI(D(UIHMEHT CBETOMOTIIONIE-
HUSI YBEIMYUBAETCS C YBEIMYEHHUEM MOJIIPHOM
Macchl COOTBETCTBYIOIMX KOMILJIEkcoB. [loxa-
3aHO, YTO omTHMaibHOe pH KommIekcooOpazo-
BAaHUS CABUTACTCS B KHCIIYIO 00JacTh TEM CUIIb-
Hee, ueM OoJibllle 3JIEKTPOOTPUIATEIBHOCTD
rajoreHa B MoJieKkyne juranaa. OTME4YeHo, 4To
HOBBIe KoMIuiekchl Mmonuoaena (VI) ¢ ximopo- u
OPOMOIIPOU3BOIHBIMU nepxjopara 6,7-
TUTUAPOKCH-4-MeTU - 2- peHHIIXPOMEHHIINS  SIB-
JSIETCSl DIIEKTPOHEUTPATBHBIMU M TTPUTOIHBIMH
IS pa3pabOTKU SKCTPAKIIMOHHBIX U COPOLIMOH-
HBIX METOAMK KOHIICHTPUPOBAHHUS MHUKPOKOJIH-
yectB monubaeHa(VI). K tomy ke, npennarae-
Mbl€ KOMILIEKCHI MOTYT OBITH HCIIOJIb30BAHBI B
KaueCTBE HOBBIX aHAJIUTHUYECKUX (OpM s
IPSIMOTO  CIIEKTPO (POTOMETPUUECKOTO  OTIpesie-
JeHus ciaenoBbIX konmdecTB monuoOaeHa(VI) B
00BEKTaX pa3smUuYHON IPUPOJIBL.

KnmoueBbie cioB a:6,7-quruapokcu-4-
MeTul-2-peHmnxpoMeHwnuii;  monu6aeH(VI);
KOMILJIEKCO0 Opa3oBaHue; CIeKTpo poToMeTpusl.
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