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The NMR method has been employed for the investigation of the chain sodium and
potassium trimolybdates. The results indicate that the hydrogen-oxygen formations occur
in two forms: H,O and OH. The quantitative analysis of the results obtained lead to the
conclusion that the chemical composition of the trimolybdate anion at —195°C corresponds
to the following formula: [MoO; — (OH),,(H,0)1 — L0(M0O,),]; ~, with @ = 0.19 for sodium
compound and « = 0.16 for the potassium one.

1. Introduction

Recently the chain isopolymolybdates of the general stoichiometric formula
X,0 - 3MoO; - nH,O (where X = Li, Na and K, and n = 3 for the sodium and potas-
sium compound and 5.7 for the lithium one) have been described [1-3]. According to the
mechanism of the formation of linear trimolybdates [4], the final products contain one
constitution water molecule bound directly to the central molybdenum atom [5]. In our
previous paper we reported that the chemical composition of the lithium trimolybdate
anion at —195°C corresponds to the following formula: [McOg s5(OH)o.30(H20)0.35
O(Mo00,),]2”. This means that the part of anionic water exists in the crystal structure
in the form of hydroxylic groups.

The purpose of the present research was to examine the character of anionic water
in the sodium and potassium compounds.
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2. Experiment

Proton magnetic resonance spectra were registered for polycrystalline samples at
the temperature —195°C on a broad line spectrometer operating with a Robinson-type
marginal oscillator at the frequency of 17.455 MHz. Calculations of the second moments
of the resonance lines and those leading to the theoretical spectra consistent with the
experimental curves, were carried out on an ODRA-1204 digital computer.

‘3. Results and discussion

In Fig. 1 the first derivatives of the proton resonance absorption lines obtained for
sodium and potassium trimolybdates at —195°C are shown. Both lines are similar in
shape and consist of two components: a broad and a narrow one. The broad line has
the typical shape of the Pake doublet and thus it-obviously corresponds to the immobile
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Fig. 1. First derivatives of the NMR spectra at —195°C

water molecules. The narrow component, according to the arguments s1m11ar to those
of Porte et al. [8], we ascribe to the separate OH groups.

In order to perform a quantitative analysis of these spectra the theoretical line shapes
were assumed in the form of the equation i

Eh) = whi(h)+d —w)f>(h), ()

and fitted to the experimental lines.

In equation (1), fi (%) is the Pake function [6, 7] for water molecules, and f,(/), describing
separated OH groups, is taken as a Gaussian function [6]; w — presents that fraction of
all protons in a molecule which are situated in water molecules; # — is the distance from
the center of the spectrum expressed in gauss.

The best fit parameters: ry_yg— the proton-proton - distance in water molecule,
B3 — the broadening parameter of the water line, 82— the broadening parameter of the
OH line and “w”, for both investigated compounds are listed in the Table. The sccond
moments M (2)\ of the theoretical and the experimental curves are also included.
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TABLE 1
o The best fit parameters
Parameter Sodium trimolybdate Potassium trimolybdate

ra—n [Al 1.54 1.54

W ' 0.937+0.002 “ 0.946.:+ 0.002

B2 Tgauss?] 3802 30402

B2 [gauss®] 17802 17402

M &y [gauss’] . 293406 : 28106

M. [gauss?] . 28.8+0.3. + 285+03 .,

f(h) harb: units
S 47 —exp
o o theory

I —
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Fig. 2. Theoretical and experimental line shape for the sodium trimolybdate

f(h)*arb.un/ts
| 7 ——exp
o otheory

B 128 1 01 8 128
h(gauss)

Fig. 3. Theoretical and experimental line shape for the potassium trimolybdate

The open circles in Fig. 2 and 3 represent the theoretical spectra calculated according
to equation (1) for the best fit parameters, while the solid lines are the integrated and
normalized experimental lines.
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The total numbers of protons in the form of H,O groups, calculated from the “w”
values, are 5.62 and 5.68 for sodium and potassium trimolybdates respectively. Thus, the
remaining 0.38 and 0.32 protons exist in the form of OH groups.

4. Conclusions

The main conclusion from the presented investigation is that, analogically to the
lithium trimolybdate, the hydroxylic groups also exist in the crystal structure of sodium
and potassium trimolybdates. This fact shows that the water molecule, mentioned in the
introduction, directly bound to the central molybdenum atom occurs in two forms:
H,O and OH. The relative amounts of the two forms at —195°C are 0.81/0.38 for
sodium and 0.84/0.32 for potassium trimolybdate. Hence, the relevant formulae of these
compounds can be written as Na,[Mo0Og 5;(OH), 35(H,0)0.6;0(M00,),]- 2H,0 and
K;[M00Os g4 (OH)o32(H,0)0.8:0(M00,),] - 2H,0.
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