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The thermal properties of LiHV6016 -~/5.5H20~ were studied in air atmosphere by DTA, DTG 
and TG in the temperature interval 20-800 ~ The studied compound is thermally unstable. In the 
course of the third step of mass loss, it decomposed with the f~rmation of new phases. On further 
heating, reaction between these phases took place. A mixture ofV20 s and LiV308 was obtained 
as final product. 

The crystal structures of the polyvanadates formulated as M|HV6016"xH20 
[1-3] or M~VI2013 .yH20 [4, 5] are not yet known. Their X-ray patterns exhibit 
only a small number of diffuse diffractions. Accordingly, it is not possible to draw 
any conclusions about their structures from X-ray studies. Information about their 
structures, however, can be obtained from studies of their properties, e.g. their 
thermal properties. 

Except for cesium, all of the alkali metals form hydrogenhexavanadates, hut only 
the thermal properties of sodium and ptassium hydrogenhexavanadates have been 
studied so far [6, 7]. This paper deals with a study of the thermal reactivity of the 
hydrate of lithium hydrogenhexavanadate. 

Experimental 

LiHV6016 "5~5H20 was-prepared by adding HNO 3 (c = 1 mot.din -3) to a 
s61ution of LiVO 3 (c = 0.5 mol.dm-3). The degree of acidification Z was 1.1 
(Z = nHNO3/nLiVO 3 where n is the mass amount). The reaction proceeded at 20 ~ 
The lithium hydrogenhexavanadate was isolated from the reaction mixture after 10 
days. 

The composition of the prepared compound was verified by chemical analysis 
and via the IR spectrum. 

The thermal analysis of the lithium hydrogenhexavanadate was performed on a 
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Q 1500 Derivatograph (MOM, Budapest); conditions: air atmosphere, sample 
mass 250 mg, heating rate 10 deg/min, Pt crucible, AI20 3 as internal standard. 
Before being measured, the compound was powdered and sifted through a sieve 
with 4900 mesh/cm 3. The products obtained during DTA interrupted at various 
temperatures were cooled to room temperature and identified by IR spectroscopy 
and X-ray phase analysis. 

The IR spectra were measured in Nujol mulls on a Perkin-Elmer 180 
spectrophotometer. X-ray diffraction patterns were recorded with a Philips PW 
1050 diffractometer; CuK, radiation was used. 

Vanadium(V) and vanadium(IV) were estimated volumetrically with 
0.05 mol-dm -3 FeSO4 and 0.01 mol. dm -3 KMnO 4, respectively. The lithium 
content was determined by flame photometry (Flapho 4, C. Zeiss, Jena). 

Results and discussion 

In order to explain the endo-and exothermic peaks in the DTA curve, the heating 
of LiHV6016"5.5H20 was interrupted at 168, 248, 325, 562 and 615 ~ (Fig. 1). 

In the temperature interval 40-325 ~ LiHV6016 �9 5.5H20 lost mass in three steps. 
The total mass loss found was 16.82%; that calculated was 16.16%. 

The first step of mass loss is connected with partial dehydration: a lower hydrate 
of lithium hydrogenhexavanadate is formed. The rest of the water is then released in 
the temperature interval 168-248 ~ The IR spectrum of the product obtained at 
248 ~ is shown in Fig. 2(b). The product obtained when heating was interrupted at 
325 ~ when the exothermic process with maximum at 292 ~ is already finished, is a 
mixture of V205 and LiV3Oa. 
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Fig. I Thermoanalytica] curves of LiHVrOI~'51/2 H20 (�9 interruption of heating) 
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Fig. 2 IR spectra of LiHV6016- 5 1/2 H20 (a) and products of its thermal decomposition at various 
temaperatures: a: 168 ~ (identical with parent compound), b: 248 ~ c: 325 ~ d: 562 ~ e: 615 ~ 
f: 800 ~ 

However, the X-ray pattern indicates that Lio.4sV20 5 and Lio.56V2015 bronzes 
and a third phase, not identified as yet, are also present in the mixture (Table 1). 
From these results, we presume that in the temperature interval 248-325 ~ the mass 
loss is connected with decomposition of  the structure of  hydrogenhexavanadate to 
yield new substances. From the presence of  vanadium-oxygen bronzes of  lithium in 
the mixture obtained at 325 ~ , as well as from the results of  vanadium(IV) 
estimations (Table 2), it follows that within this temperature interval oxygen is 
released, too. However, the formation of  new phases and oxygen release cannot be 
excluded in the temperature interval 168-248 ~ as the second and third steps of  mass 
loss partially overlap. It must further be mentioned that the X-ray patterns of the 
starting compound and of  products obtained at 168 and 248 ~ contain only a small 
number of  diffuse diffractions, and so they are not suitable for X-ray phase analysis. 

The product obtained when heating was interrupted at 562 ~ is a mixture ofV20~,  
LiV308 (in greater amount  at 325~ a fl-bronze having the formula Lio.33V205 and 
a further, unidentified phase whose presence is evidenced by two weak unassigned 
diffractions in the X-ray pattern (Table 1). This means that in the temperature 
interval 325-562 ~ thermochemical reactions between the components of  the 
mixture take place, which are accompanied by oxygen release and result in the 
formation of  the fl-bronze and LiV3Os. 
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Table I Interplanar distances in products ofthermal decomposition of lithium hydrogenhexavanadate 
at various temperatures 

325 ~ 562 ~ 615 ~ 800 ~ 

d, n m  Ire I d, n m  Ircl d, n m  Ire I d, n m  l ,  ol 

0.941 43 B 0.941 30 B 0.947 73 B 
0.865 22 

0.720 29 B 0.723 100 B 
0.714 64 B'T 
0.630 45 O 0.634 85 O 0.637 46 O 0.631 100 O 

0,572 27 O V T 0.575 63 O V 0.577 23 O V 0.575 49 O V 

0,510 14 B' 
0.497 43 B 

0.496 18 
0,472 22 B' 0.472 16 B 0.473 36 O 
0.437 48 V 0.437 100 V 0.438 100 V 0.436 100 V 
0.408 22 V 0.408 60 V 0.410 31 V 0.408 t00 V 
0,379 23 O B' 0.381 29 O 0.386 29 O B 0.381 35 O 

0.362 x B 0.361 87 B 

0,359 18 B' 
0.348 16 B V 0.344 43 B O 0.347 24 V O 

0,339 52 O B' 0.340 100 O V B 0.338 38 B V 0,340 53 V 

0,335 90 V T 
0.322 25 O 0.322 14 O 0.320 48 O 

0.320 17 B 

0,318 33 O 0.314 83 O B 0.315 36 O B 0.314 46 O 

0,312 60 T B' 
0,303 46 O T 0.304 17 O B 0.303 100 O B 0.305 13 O 

0.297 10 O 0.296 12 O 
0,295 18 B 0.295 58 B 

0,291 53 O 0.288 100 V O 0.289 39 V O B 0.288 100 V O 

0,286 62 V B' 
0,276 18 V 0.276 51 V 0.277 x V 0.276 30 V 

0.273 2I B 

0,271 30 V B' 0.269 19 V 0.268 14 V 
0.2606 25 O V 0.2610 50 O V 0.2613 13 O V 0.2607 23 O V 

0.2494 x B 0.2570 10 B 

0.2520 15 0.2522 2l 
0.2445 14 0.2446 10 

0.2402 x V 0.2403 V 0.2398 • V 

0.2390 x 
0,2371 x 

0.2358 13 B 
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Table 1 (cont.) 

1563 

325 ~ 562 ~ 615 "C 800 ~ 

d, tam I~c I d, n m  I,, l d, n m  I,, I d, tam I,~ I 

0.2286 x O 0.2289 • O 0.2296 x O 0.2287 x O 
0.2256 14 0.2254 12 B 

0.2199 3 0 0  
0.2193 2 6 O V T  0,2187 33 V 0.2190 2 8 O V  

0.2152 24 V T 0.2149 17 B 0.2153 1 0 0 B V  

0.2123 1 7 0  0.2137 2 7 O V  

0.2035 I 1 B 0.2041 12 B 
0.2042 x O 
0.2014 x 

0.1993 23 V 
0.1978 19 0.1970 • B 

0.1916 31 V 
0,t910 17 V 0.1900 20 V 

0.1855 15V 0.1860 2 5 V  

0.1821 x 0.1841 10 B 

0.1795 4 1 0  0,1799 2 5 0  
0A782 I8 V 0,1782 33 V 
0.1757 11V 0.1757 18 V 

0,1740 I l V  0,1731 x V 
0.1728 x 

0;1668 • 0.1699 
0.1648 I 1 V  0.1651 1 7 V  

0.1633 x V 0.1633 x V 
0.1606 x 0.1616 • 

0.1576 x V 0.1577 1 1 V  

0.1565 x V 0.1563 17 V 

0.1546 t 2 V  0.t535 17V 

0.1526 22 V 0.1529 1 5 V  

0.1985 22 V B 

0.1926 "20V B 

0.1903 10 V 

0.1892 13 
0.1888 13 B 

0.1866 19 V 

0.1839 11B  

0,1802 2 l O B  
0,I786 x V 

0.1763 11V 

0.1663 x 

0.1650 13 V 
0.1629 11 V 

0.1559 x V 
0.1548 11 

0.1541 28 V 

0.1537 26 

0.1523 1 7 0  

0.2185 100 0 V 

0.2139 8 1 V  
0.2105 1 9 0  

0.2036 12 

0.1989 14 V 
0.1966 11 

0.1917 25 V 

0.1896 35 V 

0.1859 26 V 

0.1838 13 

0.1796 11 0 

0,1780 16 V 
0.1755 15 V 
0.1737 x V 

0,1650 13 V 

0,1635 • V 
0.1616 10 
0.1573 x V 

0.1559 12 V 

0.1530 12 V 0 

B /]-bronze Lio,ssV20s [8] 

B' -~ if-bronze Lio. ,sV20 ~ [8] 
0 = LiVsO a [9]'1" -~ 7-Oronze Lio,s6VsOt2 [8] 

V = V20~ [8] x = I m  less than [10] 
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Table 2 Composition of products of  thermal decomposition of  lithium hydrogenhexavanadate at 

various temperatures and the contents of  vanadium(IV) 

t, ~ % V(IV) 
Composition of  the mixtures 

V205 LiV30 s Lio.3~V20 s additional 

325 1.11 + + - B' T N 

562 1.64 + + + + N 

615 5.11 + + + + N 

800 1.17 + + + - N 

+ = present in the product; - -- not present in the product; + + = the highest content in 

comparison with another temperatures; B ' =  Lio.4sVzOs, T = Lio.,6V,Otz, N = unidentified 

admixture. 

The temperature interval 562-615 ~ in the DTA curve is characterized by a 
marked endothermic peak with minimum at 592 ~ In this interval the product 
partially melts. According to [9], the melting point of LiV30 s is 601 ~ Although the 
oxidation of vanadium-oxygen bronzes when they are heated in an air atmosphere 
does not allow the determination of their exact melting points, we presume that 
LiV308 melts in this temperature interval. The product obtained at 615 ~ contains 
the same three phases as that at 562 ~ , but their relative amounts differ: the/?-bronze 
content is increased, and those of LiV308 and V205 are decreased. These facts, 
indicate that the endothermic effect is a result of a superposition of several 
processes: the melting of at least one component, and redox reactions between the 
components, resulting in fl-bronze formation and the elimination of oxygen (mass 
loss is evident in the TG and DTG curves). The formation of the compounds 
mentioned above can be described by following equation: 

2 LiV30 s + 3 V20 5 = 6 Lio.3aV2Os + 1/202 

The other components of the mixture melt within the temperature interval 
615-800 ~ In the course of the melting, the fl-bronze is oxidized (mass increase in the 
TG at~d DTG curves). The melting points of fl-bronze (oxidative) and V205 
according to [9] are 585 ~ and 675 ~ , respectively. The final product obtained at 800 ~ is 
a mixture of V205 and LiV308 . The composition of this mixture is in agreement 
with data in [8]. During the cooling of a melt of LizO : V205 with molar ratio 1 : 6 in 
an air atmosphere, the fl-bronze begins to crystallize first, and is then oxidized to 
form a euteetic VzOs-LiV3Oa mixture. The observed DTA curve of cooling of the 
product obtained at 800 ~ is in agreement with this. The first exothermic peak 
corresponds to crystallization of the fl-bronze, and the second one to the 
crystallization of the eutectic mixture. The shifts of the temperatures of the maxima 
in the DTA curve of cooling, as compared with those in the DTA curve of heating, 
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are caused by a characteristic undercoo l ing  in the course of  the crystal l izat ion of 
t 

VzO5 and  vanad ium-oxygen  bronzes  of  alkali  metals formed in an  air 

a tmosphere  [8]. 

L i H V 6 0 1 6 . 5 . 5 H 2 0  is a thermal ly  reactive compound .  In  the tempera ture  

interval  40-325 ~ , the mass loss proceeds in three steps. The third step is. connected 

with decomposi t ion  of  the paren t  s t ructure and  the fo rmat ion  of  new phases. At  

higher temperatures,  redox react ions accompanied  either by mass loss or  mass 

increase, reactions between the componen t s  of  the mixture,  and  successive melt ing 

of  the individual  phases take place. The p roduc t  ob ta ined  at the highest 

temperature  (800 ~ is a mixture  of  V20~ and  LiV308.  It  mus t  be ment ioned,  

however,  that  there are 5 weak unass igned diffractions in the pat tern  of  this 

product ,  which may  be connected with the presence of  further  componen t s  (Tables 

1 and  2). 
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Z ~ a s s u n g  - -  Die thermischen Eigenschaften von LiHV60~6-5.5HzO wurden in 
Luftatmosph/ire im Temperaturintervall yon 20 bis 800 ~ durch DTA, DTG und TG untersucht. Die 
untersuchte Verbindung ist thermisch instabil. Im Verlaufe der dritten Stufe des G-ewiehtsverlustes 
zersetzt sich die Verbindung unter Bildung neuer Phasen, die bei weiterem Erhitzen miteinander 
reagieren. Als i~ndprodukt wurde ein Gemisch von V20 ~ und LiV3Os erhalten. 

Pe3EoMe - -  MeTO~OM ]/TA, ~TF n "IT" a3ysema B aTMocqbepe Boaayxa 14 TeMnepaTypaoM HtiTepBa.rle 
20-800 ~ TepMHqeCKHe CBO~CTBa LiHV60 ~ 6" 5,5H 20. H3yqenHoe coe~aaenae TepMH':IeCKH HeycrofiBOe. 
Ha TpeTbefi cTa~nn noTepH aeca aemecTao paaaaraeTca c o6paaoBam~eM rloB~ax dpa3, gOTOpUe npn 
,aa,a~,aefitueM narpeeannH ~TynaloT n peartmro. B ra'~ecTae i~onesnoro npo~y~Ta peartma noayqena 
CMeCh V 2 0 5  I,l LiV30 s . 
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