Synthesis and Properties of Ethanolammonium Decavanadates
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(EAH)4H32V 10025 - 2H,0 (A), (EAH)6V10032s - 2H20 (B), (DEAH)4H;V 10025 (C), (DEAH)4H,-
V10028 - 2H20 (D), and (TEAH)4sH;V1002s (E) were prepared by dissolving V205 in an aqueous
solution of ethanolamine (EA), diethanolamine (DEA) or triethanolamine (TEA). The compounds
prepared were characterized by IR spectroscopy, and their thermal properties were studied.

A relatively large number of decavanadates with
inorganic and organic cations was characterized so far.
While the crystal structures of decavanadates with in-
organic cations all contain crystal water molecules, the
decavanadates with organic cations can also occur as
anhydrous salts.

The structure of the bulky V;005; anion con-
sist of an arrangement of ten edge-shared VOg oc-
tahedra. The decavanadate anion can be found in
different protonation states. The double- and triple-
linked oxygen atoms are most susceptible of protona-
tion [1]. The crystal water has a stabilizing role in
the crystal structure of decavanadates with inorganic
cations. The cations are usually coordinated by water
molecules and, due to the hydrogen bonds to the oxy-
gens of decavanadate ion, they strengthen the bonding
interactions between the structural units. On dehy-
dration, the crystal structure of such decavanadates
is decomposed [2]. The existence of anhydrous deca-
vanadates with organic cations is obviously based also
on a strong hydrogen bond formation.

The anhydrous protonated decavanadates are used
as precursors for preparation of a new class of highly
condensed vanadium compounds with unusual prop-
erties.

The aim of this work was the synthesis and charac-
terization of ethanolammonium, diethanolammonium,
and triethanolammonium hydrogendecavanadates.

EXPERIMENTAL

V205 was prepared by thermal decomposition of a
previously purified NH4VOj3. All other chemicals used
were of anal. grade.

The elemental analysis was performed on a CHN
analyzer 1106 (Erba, Milan). Vanadium was estimated
by titration with FeSO4 using diphenylamine as indi-
cator. pH was measured on a TTT-2 pH-meter (Ra-
diometer, Copenhagen) using a GK 2401C electrode.
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The IR spectra in Nujol mulls or KBr pellets
were measured on a Specord M 80 spectrophotome-
ter (Zeiss, Jena).

The thermal analysis was performed on a Derivato-
graph Q-1500 (MOM, Budapest) under following con-
ditions: air atmosphere, sample mass 200 mg, heating
rate 5°C min~!, Pt-crucible, Al,O3 as internal stan-
dard, and temperature interval 20—800°C.

Syntheses

Ethanolammonium decavanadates were prepared
by dissolving V5,05 in an aqueous solution of ethanol-
amine. The reaction mixture was kept at room tem-
perature in dark and stirred for 24 h. After being
filtered off, the pH of solution was adjusted by hy-
drochloric acid (¢ = 4 mol dm~3) to the value re-
quired.

In syntheses of (EAH)sH2V;0025-2H,0 (A) and
(EAH)6V10023 : 2H20 (B), V205 (1.14 g 6.25 mmol),
EA (0.45 cm®; 7.5 mmol), and H,O (50 cm?) were
used. The EA to vanadium mole ratio, n(EA) n(V),
was 0.6. After dissolving of V205, the pH of solution
was adjusted to 2.2 for A and to 6.6 for B. To the or-
ange solution, ethanol was added until formation of a
weak turbidity. The orange crystalline products were
formed within 8—10 d from solutions kept in refrig-
erator. The pH values of mother solutions were in the
range 3.5—3.6 for A and 7.5—8.0 for B. The crystals
were washed with ethanol and air-dried in dark.

In synthesis of (DEAH)4H2V10023 (C), V505
(1.36 g; 7.5 mmol), DEA (2.15 cm?; 22.5 mmol), and
H;0 (50 cm?) were used. The DEA to vanadium mole
ratio, n(DEA) n(V), was 1.5. After dissolving of
V20s, the pH of solution was adjusted to 2.0, one and
half volume of ethanol was then added, and the mix-
ture was left to stand in refrigerator. An oil-like layer
was formed within few hours. After its separation, the
turbid orange solution was placed in a refrigerator. In
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an interval of 5—10 d, the orange crystals formed were
isolated, washed with ethanol and air-dried in dark.

In synthesis of (DEAH)4H2V10023 ® 2H20 (D),
V205 (1.82 g; 10 mmol), DEA (2.90 cm?; 30 mmol),
and H,O (100 cm®) were used. The n(DEA) n(V)
mole ratio was 1.5. The pH of solution was adjusted to
2.0. Big orange crystals were formed within 4 d from
the solution kept in refrigerator. The pH of mother
solution was in the range 2.0—2.3. The crystals were
washed with cold water and air-dried in dark.

In synthesis of (TEAH)4H5 V10025 (E), V205 (1.36
g; 7.5 mmol), TEA (2.40 cm?; 18 mmol), and H,0O
(50 cm?3) were used. The n(TEA) n(V) mole ratio
was 1.2. The pH of solution was adjusted to 2.5. The
formation and isolation of orange crystalline product
were identical as for (DEAH),H,V1009s.

For (EAH)4H2V;0025 - 2H20 w;(calce.): 40.96 % V,
3.08% H, 7.73 % C, 4.50 % N; w;(found): 40.93 % V,
3.05% H, 7.71 % C, 4.44 % N. For (EAH)V ;0025 - 2
H,0 wi(calc.):37.29% V, 3.83 % H, 10.55 % C, 6.15 %
N; w;(found): 37.05 % V, 3.70 % H, 10.41 % C, 6.01 %
N. For (DEAH)4H2V 0028 wi(calc.): 36.81 % V, 3.64
% H, 13.89 % C, 4.05 % N; w;(found): 36.75 % V, 3.59
% H, 13.95 % C, 4.03 % N. For (DEAH)4H>V10028
-2H,0 wi(calc.): 35.87 % V, 3.83 % H, 13.563 % C,
3.95 % N; w(found): 35.64 % V, 3.85 % H, 13.36 % C,
3.92 % N. For (TEAH)4H2V10028 w,(calc.): 32.65 %
V, 4.26 % H, 18.48 % C, 3.59 % N; w;(found): 32.43
% V,4.27 % H, 18.18 % C, 3.56 % N.

RESULTS AND DISCUSSION

From the viewpoint of the polyanion composition,
two types of compounds were prepared: 1. decavana-
date (EAH)gV1002s-2H50; 2. dihydrogendecavana-
dates with general formula (AH)4H2V;005s, prepared
as anhydrous salts (A = DEA, TEA) or crystallohy-
drates (A = EA, DEA).

Which of the two types of decavanadates can
be prepared, depends on the cation properties (size,
structure, polarizing effect, and considering the or-
ganic cations also the ability to form hydrogen bonds)
and on the reaction conditions (pH, vanadium concen-
tration in solution, temperature, and solvent used).
The stability of the structure of decavanadates with
organic cations is influenced by hydrogen bonds be-
tween cation and anion, too. In the decavanadates
with inorganic cation this is the role of crystal water
molecules. This is why decavanadates with inorganic
cation are known only as crystallohydrates, while or-
ganic cations can form also anhydrous decavanadates.
As in the aqueous solution there is an equilibrium be-
tween decavanadates with different protonation degree
H, V100%™ (n = 0—4), the reaction conditions for
preparation of different types of decavanadates with
the same cation depend also on their solubilities.

The majority of decavanadates prepared so far is
of composition (AH)4H2V1902s. Such decavanadates
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were obtained with almost all organic cations used in
syntheses, even with cations of macrocyclic tetramines
[3]. Only a relatively small number of decavanadates
of the composition (AH)eV1902s are known. This
fact can be explained by stoichiometry and crystal-
lochemical factors. Though, the vmogg anion is vo-
luminous, the requirements on cation properties, in
case of the cation to anion stoichiometry 6 1, in-
crease. That is why the decavanadate of composition
(EAH)g V100238 - 2H,0 can be prepared only with the
smallest cation used. Another factor which allows to
prepare both types of ethanolammonium decavana-
dates as pure substances is the sufficiently great dif-
ference in the solubilities of the decavanadates and
their dihydrogen derivatives.

The role of crystal water molecules in structures of
decavanadates with organic cations being able to form
hydrogen bonds is not as important as in those with
inorganic cations. At a convenient ionic radii ratio, r¢

TA, there are the reaction conditions which determine
whether a crystallohydrate or anhydrous compound is
formed. As the alcoholammonium-cations are able to
form hydrogen bonds with anwo;‘;‘"’ ~ anions (n
=0, 2) via OH and [NH,]* (z = 1—3) groups as well,
anhydrous decavanadates can also be obtained.

The structure of the Vwas' anion is relatively
rigid. It is only slightly influenced by the nature of
cation and by the hydrogen bonds between cation and
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Fig. 1. IR spectra of the prepared compounds.
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Table 1. Observed Wavenumbers and Intensities (I) in IR Spectra of Decavanadates in the Regions of 400—1000 cm~! and 1500—1650 cm™!

(EAH)6V10028 -2H,0 (EAH)4H2V10023 -2H20 (DEAH)4H2V10028 (DEAH)4H2V10023 -2H2,0 (TEAH)4H2V10023
p/cm~1 I pfem~1! I pfem~! 1 p/cm~! I p/cm~1 I Assignment
990 sh 988 sh 977 sh 975 sh 999 s v(V—Or)
971 Vs 968 vs 957 vs 967 vs 983 s
940 vs 949 vs 940 sh 934 s 960 vs
920 s
903 w 888 sh 893 m 8(V—O0—H)
873 m vas(V—OBg)
832 vs 844 s 845 vs 834 vs
822 ' 824 Vs 820 s 827 vs
810 vs
773 sh
747 s 751 vs
730 sh 738 vs 740 s 740 s 745 vs
724 s 737 sh 720 m
714 m
700 m 704 m 704 w 705 w
687 m
671 w 668 sh 662 vw
652 vw
642 sh 646 w
628 m 621 sh 623 sh
609 m 614 m 605 m
592 s 595 sh 594 m 590 s vg(V—OB)
571 s 576 m 572 m 588 m
562 m 571 m 565 sh
538 s 534 m 534 w 558 m
520 s 520 m 518 m 525 m
511 m 513 w
480 w
458 m 450 sh
434 w 440 m 445 m 445 m 446 m §(Vv—0p)
413 m 432 sh
1665 w 1669 vw 1670 vw d(H20)
1650 m 1648 m 1646 m d(NHZ)
1630 m 1627 m 1625 m 1624 m S(NH;})
1594 s 1607 m 1595 m 1600 sh 1577 vw §(C—N+—H)
1579 m 1575 vw 1561 vw
1564 sh 1566 w 1572 vw 1545 vw
1537 vw
1514 s 1518 w

VYAOXHNZ "1 ‘ANSAOMVH '3
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Fig. 2. Thermoanalytical curves of (DEAH)4H2V10028 (—)
and (DEAH)4H2V10028 2H20 (...).

anion, and between crystal water and anion, respec-
tively. Therefore, the compounds prepared could be
identified based on their IR spectra (Fig. 1, Table
1) in the v(V—O) region (400—1000 cm~!). Some
authors believe that the IR spectra allow to distin-
guish the protonated and nonprotonated decavana-
dates. According to [4], the IR spectra of compounds
with H, V100%™~ anion exhibit two characteristic
bands at 995 cm~! v(V—Or) and 630 cm™! §(V—
OH). Obviously, the protonation of V0055 anion
causes a change in the skeleton with V—O bonds,
however, according to our knowledge, the polyvana-
date cannot be identified as protonated decavanadate
by presence of two bands mentioned above. Some of
the dihydrogendecavanadates prepared in our labora-
tory exhibit these bands [5], but the others do not |3,
6, 7). The IR spectra of ethanolammonium decavana-
dates are not in agreement with this hypothesis. The
IR spectra of the anhydrous dihydrogendecavanadates
C and E exhibit weak absorption bands at 903 and 893
cm™! assigned to §(V—OH) [5]. In the IR spectra of
the product of recrystallization of D from D,0, the
shoulder at 888 cm™! disappeared and a new shoul-
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der at 644 cm~! appeared. The observed shift allows
to assign these bands to §(V—OH) and §(V—OD),
respectively.

The IR spectra in the (N—H) and § (O—H) region
(1500—1600 cm~1!) are, due to hydrogen bonds, very
complicated. The exact assignment of the individual
bands is thus not possible.

The thermoanalytical curves of C and D (Fig. 2)
represent thermal decomposition of ethanolammo-
nium decavanadates with following common features.

The thermal decomposition consists of simultane-
ous redox processes, dehydration, structure decompo-
sition, and of crystallization of vanadium oxides. Un-
der conditions used, it was not possible to separate
the individual processes and to obtain well defined in-
termediates.

The mass loss starts at about 40°C in the crystal-
lohydrates, or at about 100°C in the anhydrous com-
pounds. Vanadium is reduced just in course of the
crystal water release, therefore, corresponding anhy-
drous decavanadates could not be prepared.

The decavanadate structure is completely decom-
posed at about 200°C, and an X-ray amorphous prod-
uct is so formed. The endothermic peaks on the DTA
curves up to this temperature are connected with de-
hydration, corresponding redox reactions, and struc-
ture decomposition.

The maximum mass loss is reached in the tem-
perature interval 560—600°C. The intermediates iso-
lated at these temperatures are mixtures of V;Os,
V304, and of at least one substance, maybe vanadium-
oxide bronze, still containing residues of the organic
component. In the temperature interval 200—600°C,
the DTA curves are dominated by the exothermic ef-
fects corresponding to the crystallization of given com-
pounds and redox process in which the gaseous prod-
ucts are released.

At still higher temperatures, due to the oxidation
of vanadium(IV) to vanadium(V), a mass increase was
observed. The rests of organic components are oxi-
dized, too. The vanadium is quantitatively oxidized
only if the thermal decomposition of the compounds
with a high content of organic component (B) is per-
formed at a lower heating rate, or in course of a re-
peated thermal analysis started from 500°C.

The end product of the decomposition is V2Os. Its
melting is manifested on the DTA curve by the last
endothermic peak. The observed and the calculated
total mass losses for all decavanadates are in good
agreement.

The compound N(CHyCH,0)3VO was isolated
from the reaction system TEA—V,05—H,0 at pH >
7 by precipitation with ethanol. The characterization
and crystal structure of this compound were published
earlier [8, 9].
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