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It was shown that basic dye neutral red (NR), reacting with molybdogermanic heteropolyacid
(MGA) at pH 2.4-4.0, leads to the stabilization of a-8-molybdogermanic heteropolyacid (8-MGA) in
the form of less water soluble ion association with NR. The substitution level of MGA in the products,
which was determined by the acidity of the reaction with NR, is equal to 4 (pH —-0.4+0.1) and 8 (pH
0.2+0.85), and in the case of masking of the surplus molybdenum(VI), it is equal to 8 (pH 0.2+5.0). In
accordance with experimental results, it has been demonstrated that the eightfold basicity of 8-MGA
involves both “strong” and “weak” basicity. The formation chemistry, the structure of 8-MGA, and the
conditions for its high stability in agueous solutions have been discussed.

Figs. 6, tables 3, references 17.

Introduction. Basic dyes, due to their structural characteristics and nature,
selectively react with various series of molybdenum heteropolyacids (HPAS). It has
been established that the compositional variations in the products depend both on the
nature of the basic dye used and on the acidity of the performed reaction. This
information is of significance in demonstrating the stabilization of the practically yet
not described molybdogermanic heteropolyacids (MGAs) belonging to the series
containing eight Mo atoms in the form of ion association with characteristically
different basic dyes [1-5]. In all cases, it was found that, even when the acidity was
reduced up to pH 6.0, the substitution level of MGA was equal to four[1]. MGAs
belonging to other series form both tetra- and octa-substituted complex compounds,
depending only on the nature of the basic dye used [6-9]. The investigations
presented herein on reactions of MGA with the basic dye neutral red reveal new
properties of 8-MGA.
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Results and Discussion

Earlier we showed that the acidity for the quantitative formation MGA, which
was confirmed by light absorption of MGA-basic dye compounds, is practically
independent on the used basic dye and is observed in the quite wide range of acidity
pH = 1.4+4.2 [6]. During the establishment of the optimal conditions for MGA-NR
compounds, MGA was initially obtained at pH = 2.4+4.0 (referred to as the initial
acidity, pH;).It was found that the quantitative formation of MGA-NR compounds is
impossible to investigate directly under the conditions of quantitative formation of
MGA because of the interaction of NR with the available surplus isopolymolybdate
ions in the solution. This obstacle was eliminated in two ways:

(a) by gradually increasing the acidity after the quantitative formation of MGA
and studying the reaction of NR with MGA (outside the optimal acidity interval for
the formation of MGA).

(b) by masking the incoherence of isopolymolybdate ions in MGA through the
use of sodium oxalate and studying the reaction of MGA with NR both in the
optimal acidity intervals for the quantitative formation of MGA and under less
acidic conditions (referred to as the final acidity, pHy).

The dependence of light absorption on pHs is shown in Figure 1, in which the
data was obtained at constant values of pH; and constant concentrations of
molybdate ions and NR.

€107
Fig. 1. Dependence of molar
3 coefficient of light absorption on pHs
1 in acetone solutions containing
2 MGA-NR compounds (curve 1) and
—o—o—o isopolymolybdate ions (curve 2).

11 [Ge"] = 1:107° mol'I™}; [NR] = 1.7-10"

2 * mol'r*; [MoO4*] = 1.2:107 mol'I™;

oo os—o—e—s—s—e pH: = 2.5; £ = 0.1 cm (& path length)
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The dependence of light absorption on acidity in the process of obtaining
MGA-NNR is characterized by two plateaus at the intervals pH = —0.4+0.1 and
0.2+0.85. In the first case the molar coefficient of light absorption is 1.62:10° I'mol”
Lem™, in the second case it is 3.2:10° I'mol “-em™. It has been experimentally
established that in both cases Ge' is quantitatively bound in the compound
MGA-nNR.

The results on the optimal acidity for the formation and separation of
MGA-nNR compounds when the surplus isopolymolybdate ions are masked by

using sodium oxalate are given in (Fig. 2).
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Fig. 2. Dependence of € on pH; in
acetone solutions containing MGA-
3/""‘—‘—‘—‘—‘—‘—‘—‘—*\ NR compounds (curve 1) and

1 isopolymolybdate ions (curve 2) with
2 use of C;0,% ions to disguise excess
molybdenum(V1). [Ge"] = 110~ mol'I”
L INR] = 1.710™ molT™; [Mo"] =

1.2:107% mol-I™%;
/'—-/.\'-‘—°—""’ pHi = 2.2; [C,04%] = 0.01 mol'l™; ¢ =
o 1 20 3 4 5 pH 0.1 cm (& path length).

The application of sodium oxalate makes it considerably possible to move the
optimal pH interval towards less acidic values, and, in accordance with this, to
obtain the MGA'nNR compounds under the conditions of acidity required for the
quantitative formation of MGA (pHs = 0.6+4.2), as well as enabling the acidity to be
reduced up to pHs = 5.0. Under these conditions, the molar absorption coefficient of
the compounds was constant at a value of &€ = 3.2:10° ['mol **cm*. In the above-
mentioned optimal concentrations (pH; = 2.6; [M0"'] = 1.2:10 2 mol-I**, pH = —0.3
or 3.0 when using 0.01 mol-I"* Na,C,0,) the formation of MGA-nNR compounds
was studied in relation with the concentration of NR and molybdate ions (Table 1).

Table 1

The optimal conditions for obtaining MGA-nNR compounds in the absence
(entries 1, 2) and presence (entry 3) of masking agent; pH; = 2.6+3.0.

Entry [MGANR oH, Ezzo(l)ji]) [h/zi,?)?%;i;os [(Ijn]z]l, ,;9)4 Molar ggg(l)r:tr;enfyat
(I'mol™-cm™)
1  |MGA4NR| —0.4+0.1 - 0.96-5.0 1.0-2.0 1.62 :10°
2  |MGA-8NR| 0.2+0.85 - 0.96-5.0 1.7-45 3.2°10°
3  [MGA-SNR| 0.2+4.6 0.01 0.96-7.0 1.7-6.0 3.2-10°

It is obvious that the use of oxalate ions also notably improves the concentration
conditions for the formation and separation of MGA-nNR compounds.

The quantitative relation of NR and MGA in the reaction products was
established by the method of isomolar series, in which experiments were performed
at different acidities and total concentrations of Ge' and NR (Figures 3 and 4).

A

1.07 1
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0.61 k._‘_.__‘z Fig. 3. Isomolar diagram of the system
MGA-NR [v(Ge")/v(NR) = 1:8]. pHi = 2.6;
0.4 [Mo"] = 1.210° mol'l™; [C,0.4] = 110°
] *moll™; £ = 0.3 cm (& path length); pH; =
0.2 1.5 or 4.0; [Ge"] + [NR] = 2107 mol'I™*

. 1. -5 -1
7 R To Goml (curve 1); 1°107 molI™" (curve 2).
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On the basis of the given data, it follows that NR forms two ion associations
with structurally different outer coordination spheres, which are related with the
acidity of the performed reaction: MGA-4NR (pHs = —0.4+0.1) and MGA-8NR (pHs
= 0.2+0.8 or 0.2+5.0 when surplus molybdate ions are masked). Analogous data
were obtained also by experimental analysis (Table 2) and according to the relation
emca-nnr/enr (Table 3).

Table 2

The results of experimental analysis of MGA-NNR compounds for content of NR,
Ge"', and Mo"" (the number of parallel experiments is 6, P = 0.95)

MGA-NNR | pH; Number of moles determined experimentally v(/'\vl?&/;;ge)
NR(mol-10") | Ge"" (mol-10") | MoO,* (mol-107)

MGA-4NR | 2.6 | 4.00+0.03 1.01 £0.01 8.00 £0.01 3.99:1.00:8.01
MGA-8NR | 2.6 | 8.00+0.02 1.02 £0.02 8.05£0.05 7.84:1.00:7.88
MGA4NR | 3.2 | 4.00+0.02 1.00 £0.01 8.04 £0.01 4.00:1.00:8.00
MGA-8NR | 3.2 | 8.00+0.03 1.01 £0.01 8.05£0.05 7.92:1.00:7.97
MGA4NR | 3.8 | 4.02+0.02 1.00 £0.01 8.04 £0.01 4.02:1.00:8.04
MGA-8NR | 3.8 | 8.04+0.01 1.02 £ 0.01 8.00 £0.02 7.88:1.00:7.84

For determination of the content of Mo"', the MGA-—basic dye precipitate was
dissolved in 0.5 mL concentrated H,SO, and Mo"" was determined in the obtained
solution by using the sulfocyanitic method [10]. Supposing that the interspherical
content of MGA, thereby also the content of the reaction product, can change as pH;
changes, the compounds MGA-NnNR were distinguished by three different but
optimal pH; values. In the obtained sulfate solution NR was decomposed by boiling
with hydrogen peroxide for a long time. The calibration graphic was obtained under
the same conditions.

The results show that in all cases the formation and separation of the ion
association on the basis of MGA belonging to the series containing eight
molybdenum atoms do not depend on pH;.
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Table 3

Relation of eMGA-nNR and eéNR
(the number of parallel experiments is 6, P = 0.95).

Composition Molar absorbency at 530 nm n=

according to (I'mol *-cm™) EMGANNR/ENR
isomolar diagram emcannr 10 enr 107

MGA-4NR 1.62+0.01 0.40+0.01 4.05

MGA-8NR 3.21+0.02 0.40+0.01 8.02

At pH; = 2.4+4.0 the o form of MGA is obtained. The formation of the
association complex with four associated NR cations under the comparably acidic
conditions shows the existence of “strong” basicity in a-8-MGA, which is equal to
four. It is obvious that this basicity of a-8-MGA was realized by using the reagent
we had used earlier[1,4] and does not depend on the acidity of the performed
reaction.

When NR was used, it was established that association complex
[GeMo0gO30]-8NR formed first at reduced acidity of the performed reaction. Without
doubt it is evident that “weak” basicity also exists for a-8-MGA and it is equal to
four, which we had not observed previously when using other basic dyes. According
to our previous observations, the availability of “strong” and “weak” basicity, which
in both cases is equal to four, is also characteristic for a-MGAS belonging to series
containing higher numbers of molybdenum atoms[6—-9]. Therefore, the basicity of a-
MGA does not depend on the content of inner coordination spheres. a-MGAS
containing less than eight molybdenum atoms, which are stable in solution and can
react with the basic dye, were not obtained by us and also not described in the
literature. Therefore, as it was earlier presented by us, the formation of
heteropolyacid (HPA) occurs only on the basis of the proposed Hi, ,X"Og acid
(where X is the central heteroatom, n its valency) and does not depend on the
composition of the inner sphere.

The composition of the inner coordinated network has been suggested by us on
the basis of the “core” where the atoms of molybdenum(VI) have sublayered
distribution [11-13]. In addition to this, we suppose that the contents of
heteropolyacid “cores” in the o and B forms are different [14, 15].

The B-core is formed on the basis of the supposed saturated acid Hg[H,Ge''Og]
resulting from coordination. Condensation of six hydrogen atoms of this acid with
molybdic acid results in the formation of the rigid compact structure with a cavity
shown in Figure 5, where the Ge atom at the center is surrounded by six oxygen
atoms in an octahedral environment. This involves six atomic cycles (one of which
is shown in Figure 5 with bold lines).

not reversible

HG[HzGeNOG] + 6MOO42_ + 12H" —_ (HO)G[HQGE‘IVMOGOlg] + 6H,0
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Fig. 5. Proposed core structure of (B-6-
MGA

It is known that B-MGA is converted irreversibly into the more stable a-form in
solvents, especially when the acidity is reduced. This behavior most probably results
from the structure of the B-MGA core. At reduced MGA concentrations and reaction
acidity, two hydrogen atoms of the inner sphere in this B-“core” can separately
participate in the condensation reaction with molybdate ions and then, as a result of
condensation between one OH group of this new connected molybdate and one of
the six OH groups in the B-core, can form six-atomic supplementary and stable
closed rings (whose total number is 2) on the basis of the -core.

(OH)6[H,Ge'"VM0gO15] + 2M00O,> + 120H " ™¥ersible (OH),(OH)4[Ge'YMogOy;] +
6H,0

As a result, the packed rigid structure shown in Figure 6 is formed. In this
structure, the germanium atom is centered in an octahedral environment and is
surrounded by oxygen atoms included in eight units with six atoms. This causes the
high stability of the “core”.

Fig. 6. Proposed core structure of a-8-
MGA.

(HO)4(HO)4[GeMogO2,]
As it is obvious from the presented structure, the presence of eight connected

OH groups in the “core” stipulate the basicity of the core. In this case, the basicity of
a-8-MGA, which is eight, involves four “strong” (connected with molybdenum
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atoms through six oxygen atoms) and four “weak” types of basicity (connected with
molybdenum atoms through five oxygen atoms) [16-19].

There is no doubt that the demonstrated a-8-MGA “core”, which exists in the
real form, can be synthesized as a separate, stable form of MGA in the solution. The
growth of 0-MGA from a-8-MGA to a-12-MGA more probably occurs in the stages
of the condensation reaction as a result of the presence of four OH groups with
“strong” basicity and with use of one of two OH groups of molybdic acid (HO—
MoO3H). In these cases, a second superficial layer of a-MGA appears which might
contain from one up to four atoms of molybdenum (VI). These atoms are not
connected with each other because of the distance between them, and they are
mobile. This certainly determines the presence of chemical equilibrium between the
eight-basic a-MGAs of the series containing various numbers of molybdenum
atoms: from a-8-MGA up to a-12-MGA. Each one of these forms can be stabilized
as a less water soluble complex compound, as a result of its selective interaction
with the basic dye, which was experimentally demonstrated by using basic dyes of
various characteristics.

In addition, the suggested structure of the a-MGA core may become a key for
understanding the formation of dimers and then polymers (conglomerates) by
accepting that this occurs by the condensation of OH groups directly related with the
core.

Conclusion. In this paper, the formation of MG-NR compounds is discussed
and proposals for their structure are presented. These results are important because
they can help understand the chemistry of heteropoly compounds in solution, which
was unknown up to now. On the other hand, on the basis of such results, it will be
possible to synthesize in aqueous solution new biologically active types of
polyoxometalates and/ or heteropoly compounds, which can help understand the
mechanism of action of polyoxometalates on living organisms, which would be very
useful in modern medicine.

Experimental part

Reagents: A solution of Ge' (0.005 m, pH 7.2) was prepared by dissolving the
appropriate weight of GeO, (especially pure) in distilled water, adding a small
portion of sodium hydroxide solution and further diluting as required.

The following reagents were used: sodium molybdate (pure; 0.024 m), NR
(pure; 0.1% aqueous solution), sodium oxalate (pure; 0.2 M), nitric acid (especially
pure; s. g. 1.41), acetone (pure). All solutions were kept in polyethylene bottles.

Preparation and Separation of MGA-NR Compounds: To a solution (containing
a definite amount of Ge'") in a conical centrifuge tube was added a definite amount
of molybdates followed by nitric acid until the optimum acidity (referred to as the
initial acidity, pH;) required for the quantitative formation of MGA was reached, and
the volume was made up to 5 ml with distilled water.
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The solution was stirred and left for 10-15 min for the formation of the
maximum amount of MGA. Then the optimum acidity (called the final acidity, pHy)
for the separation of MGA-NR was established, and a certain amount of oxalate
solution (if necessary) and the reagent dye were added, and the volume was
completed to 10 ml with distilled water. After mixing and formation of a
considerable amount of precipitate, the mixture was centrifuged, the solution was
carefully decanted, and the pH of the solution was measured. The precipitate was
washed in a test tube with water (2 ml), then separated by centrifuging and dissolved
in acetone (10 ml). The degree of combination of Ge'” in MGA and then in MGA—
NR was estimated from the absorbance of the acetone solution.

A blank test was performed to check the formation of isopolymolybdate salts of
NR. The absorbance of the solution was measured at 530 nm in 1 mm cells. Solid
compounds were separated by centrifuging for 1-2 min at 3000 rpm.

o-8-UNLPAYANGELUTTLUGTL (@1 AULAFER-USGPLL LUS 2620L
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XAPAKTEPUCTHUKA 0-8-MOJINBJIOTEPMAHUEBOM KUCJIOTHI 11O EE
PEAKIIMUA C OCHOBHBIM KPACUTEJEM HEUTPAJIbHBIM KPACHBIM

3. X. AUPUSIH

WuctuTyT OOlIelt U Heopranudeckon xummuu uM. M.I. ManBeasgHa
HAH Pecny6auku ApMeHUs
Apwmenns, 0051, EpeBaH, yA. ApryTgHa, 2 nep., A. 10
®akc: (374 10)231275, E-mail: mirferd@rambler.ru

CrnexTpo()OTOMETPHYECKMM METOJIOM YCTaHOBJICHO, YTO OCHOBHBIH KpacHUTENlb
HeWTpanbHblil kpacHbll (HK), pearupys ¢ MonnbaorepMaHneBON reTeponoInKHCIOTOH
(MI'K), nomyuennoii npu pH 2.4+4.0, npuBoaut k crabuinuzauuu 8-MI'K B Buge maino
PacTBOPHUMBIX B BOJIe KOMIUIEKCHBIX accoiaroB. Ctenens 3amenieHHoctu MI'K B mpo-
NYKTax 0OYCJIOBIMBACTCS KHCIOTHOCThIO mpoBeneHus peakiuun ¢ HK u paBHa 4 (pH -
0.4+0.1) u 8 (pH 0.2+0.85) u B cinyuae mackupoBku u3ositka Mo(VI) pH (0.2+5.0). Tem
caMbIM JIOKa3bIBA€TCs BOCbMHOCHOBHOCTE 8-MI'K, a Takke Hanuuue “CUIbHOM U “‘cila-
00i1” ee OCHOBHOCTEH.

Coortnomenune konmudects HK nu MI'K B mpoaykrax peakuuu ObUIO YCTaHOBJICHO
METOJIOM HM30MOJIIPHBIX CEepHUl, IOCTABJICHHBIX IPHU PA3JIUYHBIX KHCIOTHOCTSIX U CyM-
maproii kouueHrpaiuun Ge(lV) u HK, npenapaTHBHBIM aHAIH30M U MO OTHOIICHHIO
EMrinHK/EHK

W3 npuBeeHHBIX AaHHBIX CIEAYyeT, 4YTO B 3aBUCHMOCTH OT KHCJIOTHOCTH IIpOBEjie-
nust peakiun HK ¢ MI'K oGpasyer nBa pazinuyHbBIX [0 COCTaBy BHELIHEH KOOp/HMHA-
UOHHOU cepbl KoMmIuiekcHbIX acconuata — MI'K*4HK (pH -0.4+0.1) u MI'K-8HK (pH
0.2+0.85) wmm (pH 0.2+5.0) B ycnoBusix MmackupoBku u36eitka Mo(V1). Beiio ycranos-
JICHO TaK)Xe, 4TO BO BCEX CIIydasix, HE3aBUCUMO OT PHy,, KOMIUIEKCHBIN accolat odpa-
3yeTcs U Beiaensercs Ha ocHoBe MI'K 8-oro psia mo MmonubaeHy.

UyBCTBHTENHHOCTh Peakiiy BhICcoKas: € = 1.75°10° mpu pH -0.4+0.1 u & = 3.2°10°
mipu PHy 0.2+5.0.
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