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Abstract
Full Text

PHYSICAL CHEMISTRY
Academician Vikt. I. SPITSYN, V. F. CHUVAEV, V. Ya. KABANOV

STUDIES OF THE STATE OF HYDROGEN IN
AQUOPOLYCOMPOUNDS OF TUNGSTEN
BY THE METHOD OF NUCLEAR MAG-
NETIC RESONANCE

The study of the state of water in aquopolycompounds is essential for under-
standing their structure. Numerous studies of dehydration under various con-
ditions have not been able to resolve this question completely. During dehy-
dration, a significant rearrangement of the original hydrate structure occurs,
accompanied in some cases by partial decomposition of the substance. Pro-
ceeding from the fact that on heating the last 1-2 molecules of water are re-
moved with the greatest difficulty, a conclusion was drawn about their spe-
cial position in the original molecule. Taking into account the results of de-
hydration and formally using the provisions of coordination theory, Copaux
(!) and Rosenheim (2) assigned to the most typical aquopolycompounds of
tungsten—sodium paratungstate and sodium metatungstate—the following for-
mulas: Na;H[H,(WO,)] - xH5O and, respectively, NagH,[Hy(W50,)g] - xH5O.
In these structures the central complex-forming species is the ion Hy?*, which
lacks physical justification, since the indicated ion cannot exist in a stable form.

Recently, the method of nuclear magnetic resonance (NMR) (®) has begun to
be used to study the state of water in crystalline hydrates. Aquopoly- and
heteropolycompounds have not yet been investigated by this method. Among
substances close to them, molybdic (*) and tungstic acids (°) have been studied
by the NMR method.

We obtained derivatives of the NMR proton signals for the following substances:
normal sodium tungstate (n.s.t.) Na, WO, -2H,0, sodium paratungstate (p.s.t.)
Na,,W150,; * 28H,0, sodium metatungstate (m.s.t.) Na,W,0, - 10H,0, and
yellow tungstic acid (y.t.a.) WO4 + H,O (Fig. 1). The starting product for the
synthesis of these compounds was Na,WO, - 2H,O of chemically pure grade,
which was recrystallized several times from water. Yellow tungstic acid was
prepared by the usual procedure (). P.s.t. and m.s.t. were synthesized by
the gradual addition of yellow tungstic acid to a boiling solution of Nay,WO,,
respectively to pH 7 and 2.5-3, followed by crystallization. The preparations
obtained were analyzed for the content of H,O, WO, and Na,O. The analytical
results were close to the theoretical values.
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Derivatives of the NMR absorption signals from protons were recorded on a
spectrometer constructed at the Institute of Physical Chemistry of the Academy
of Sciences of the USSR. The spectrometer used a permanent magnet with a
field strength of 5500 gauss and inhomogeneity of ~0.03 gauss/cm3. As the
radio-frequency generator and signal detector, Robinson’” s circuit (7) was used.
The rate of frequency change when passing through the line corresponded to a
field-change rate of 1 gauss/min. The level of radio-frequency voltage on the
working coil was set at 0.1 V. The constant magnetic field was modulated at
a frequency of 81 Hz and an amplitude of 0.1 gauss. The signal, proportional
to the first derivative of the absorption line, was amplified by a narrow-band
amplifier and fed from the phase detector to the recorder. The samples were
taken in the form of powder placed in an ampoule with a working volume of
0.4-0.5 cm?.

The second moments AHZ were calculated from the derivative of the absorption
line.

The error in the calculation did not exceed 5%. The shape of the NMR absorp-
tion and, consequently, the second moment are affected by thermal motions of
the atoms and by lattice vibrations. However, in a number of works (3) it was
shown that at temperatures below 120°K this effect is negligibly small, and the
NMR absorption line below this temperature may be regarded as correspond-
ing to the rigid proton structure of the substance. Therefore the spectra of all
compounds were recorded at 77 and 293°K (Table 1).

Table 1
Second moments and line widths (0H) of proton NMR

Compound §H (gauss) 293°K  H2 (gauss?) 293°K ~ H?Z (gauss?) 77°K
Na,WO, - 2H,0 — — 17
NayyW1,0,; - 28H,0 0.8 24 29
Na,W,0 5 - 10H,0 0.8 11 25
WO, - H,0 0.6 12 27
Al(OH), 0.6 17 23

The shape of the absorption lines and the magnitude of the second moments
in paratungstate hydrate, metatungstate hydrate, and tungstic acid are typical
of crystalline hydrates with an average H—H distance in the water molecule of
1.58-1.60 A (®). These compounds differ from “pure” crystalline hydrates by
a component of the line in the region of fields AH = 43 gauss. According to
(89), this component indicates the presence of hydroxyl groups, in the present
case bound to the W atom. Here the H—H distance is 2-2.5 A. The number of
protons entering into the hydroxyl groups amounts, for paratungstate hydrate
and metatungstate hydrate, to approximately 2-3%, and in tungstic acid to 1%
of the total number of hydrogen atoms in the substance.
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Fig. 1. Derivatives of the proton NMR absorption lines in solid tungsten
compounds. Temperature 77°K: 1 —Nal0W12041 - 28H20; 2 —WO03 - H20; 3
—Na2W4013 - 10H20; 4 —Na2WO04 - 2H20; 5 —Al(OH)3. Temperature 293°K:

17 —Nal0W12041 - 28H20; 2" —WO3 - H20; 3’ —Na2W4013 - 10H20; 4" —
Al(OH)3.

Figure 1: Fig. 1. Derivatives of the proton NMR absorption lines in solid
tungsten compounds. Temperature 77°K: 1 —Nal0W12041 - 28H20; 2 —WO3 -
H20; 3 —Na2W4013 - 10H20; 4 —Na2WO04 - 2H20; 5 —Al(OH)3. Temperature
293°K: 1’ —NalOW12041 - 28H20; 2’ —WO3 - H20; 3’ —Na2W4013 - 10H20;
4" —A1(OH)3.

Fig. 1. Derivatives of the proton NMR absorption lines in solid tungsten
compounds. Temperature 77°K: 1 —Na;,W;,0,; - 28H,0; 2 —-WO, - H,0; 3 —
Na,W,0,5 - 10H,O; 4 —Na, WO, - 2H,0; 5 —Al(OH);. Temperature 293°K: 1’
—Na,(,W,,0,; - 28H,0; 2 —WO, - H,0; 3’ —Na,W,0,5 - 10H,0; 4 —Al(OH),.

At room temperature, part of the water molecules in the crystalline hydrates of
metatungstate hydrate and tungstic acid passes into a more mobile state, which
is accompanied by the appearance of a central narrow line (Fig. 1).

Of note is the small difference in the values of the second moments and in
the general form of the absorption curve for paratungstate hydrate at 77 and
293°K. Evidently, in this case the appearance of a new motion in the system,
affecting the shape of the NMR line, is associated only with a small change in
the vibrational motion of the lattice, which only slightly changes the distribution
of the proton correlation times. In contrast to the other compounds, the water
molecules in paratungstate hydrate are arranged very densely, and raising the
temperature from 77 to 293°K has little effect on changes in their mobility.

An unexpected result was obtained in the study of sodium tungstate hydrate.
The second moment (17 gauss?) proved to be considerably smaller than that
observed in crystalline hydrates. To estimate the H—H distance one can use the
Van Vleck equation for polycrystalline structures ():

A =Sy 1)92’“‘3 DR (1)
2 5 N ]>k jk’

where I is the nuclear spin quantum number, g is the splitting factor, and r
is the H-H distance. Since the main contribution to AHZ is made by the
smallest H-H distance, in formula (1) the terms with larger r may be neglected.
Substituting into relation (1) the values of all quantities and taking N = 2 (the
number

of the H atoms in the cell, which make the largest contribution to the second

—2
moment), we obtain the equation AH, = 3;%, which has been used by a number
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of authors (1%11) to estimate r in low-water hydrates. For N.V.N. r proved to

be 1.65 A, which is appreciably larger than the analogous distance for molecules
of free water (1.58 A).

The anomaly found can be explained by the fact that the water molecules in
Na,WO, - 2H,0, owing to the considerable affinity of the protons for the anion
WO?Z~, as well as the formation of hydrogen bonds between the WO?%~ anion
and the water molecules, are in a stretched state. The latter is also confirmed
by the fact that the NMR line shape for N.V.N. is very similar to the line shape
of typical aluminum hydroxide Al(OH); (Fig. 1). Consequently, in N.V.N. a
peculiar “hydrolysis” occurs, as it were, within the crystal lattice itself.

Thus, the results obtained by us indicate the absence in tungsten aquopolycom-
pounds of a special rigid proton structure with a small H—H distance, which,
according to the views of Copaux—Rosenheim, should have been observed in
them. These conclusions, refuting one of the basic propositions of the Copaux
—Rosenheim hypothesis, are in agreement with other published works (1271).

Institute of Physical Chemistry
Academy of Sciences of the USSR

Received
1 VI 1963

REFERENCES CITED

1. H. Copaux, C. R., 156, 1471, 1773 (1913); Bull. Soc. chim. France, (4),
13, 819 (1913).

2. A. Rosenheim, Zs. anorg. u. allgem. Chem., 96, 157 (1916).
3. E. Andrew, Nuclear Magnetic Resonance, IL, 1957.
4. S. Maricic, A. Smith, J. Chem. Soc., 1958, 886.

5. E. Schwarzmann, O. Glemser, Zs. anorg. u. allgem. Chem., 312, 45
(1961).

6. Yu. V. Karyakin, I. I. Angelov, Pure Chemical Reagents, 1955.
7. E. Robinson, J. Sci. Instr. 36, 481 (1959).

8. A. Porte, H. Gutowsky, J. Boggs, J. Chem. Phys., 36, 1695, 1700 (1962);
37, 2318 (1962).

9. A. Porte, H. Gutowsky, G. Harris, J. Chem. Phys., 34, 66 (1961).

sovietrxiv.org/items/ru-196301.24771 Machine Translation


https://sovietrxiv.org/items/ru-196301.24771

10. M. Soutif, B. Dreyfus, Y. Ayant, C. R., 233, 395 (1951).

11. A. Losche, Izv. AN SSSR, Otd. fiz.-matem. nauk, 21, 1064 (1957).
12. Vikt. L. Spitsyn, ZhNKh, 2, 502 (1957).

13. V. Ya. Kabanov, Vikt. I. Spitsyn, DAN, 148, 109 (1963).

14. L. C. W. Baker, G. Foster et al., J. Am. Chem. Soc., 77, 2136 (1955).

15. L. C. W. Baker, T. Cutcheon, J. Am. Chem. Soc., 78, 4503 (1956).
Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.

sovietrxiv.org/items/ru-196301.24771 Machine Translation


https://sovietrxiv.org/items/ru-196301.24771

	Abstract
	Full Text
	PHYSICAL CHEMISTRY
	STUDIES OF THE STATE OF HYDROGEN IN AQUOPOLYCOMPOUNDS OF TUNGSTEN BY THE METHOD OF NUCLEAR MAGNETIC RESONANCE
	REFERENCES CITED


