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I. INTRODUCTION 

A. Survey of the Literature 

The addition of a strong acid to a concentrated sol¬ 

ution of a vanadate throws down a precipitate of hydrous 

vanadium pentoxide, closely resembling hydrous ferric oxide. 

Although many investigators have considered this substance 

to be a definite hydrate of vanadium pentoxide, there is 

no agreement as to the exact hydrate or hydrates compris¬ 

ing the gel. The numerous alleged hydrates postulated by 

various investigators, together with methods of preparation, 

are summarized in Table I, 

Fritzsch (6) added concentrated nitric acid to a hot 

concentrated solution of an alkali or alkaline earth meta¬ 

vanadate. After drying in air, the res^Lting precipitate 

contained 16.8$ water, corresponding to VgOs*2*®6 H2O or 

H4V2O7. By drying this supposed dihydrate over concentrated 

sulfuric acid, Fritzsch obtained a composition corresponding 

to VgO5*H20 or HYOg. Yon Hauer (14) prepared a gel contain¬ 

ing 15.9$ water corresponding to Vg05»1.87 H2O, and also 

duplicated the preparation of Fritzsch’s monohydrate. Bitte 

(3) prepared samples corresponding in composition to the 

mono- and dihydrates, by exposing the red amorphous form (to 

be discussed later) of anhydrous vanadium pentoxide to at¬ 

mospheric moisture.. Unfortunately, he gave no analyses, but 

stated that these hydrates weire^.-soluble" in water, giving 

a blood-red solution. Ditte also reported the existence of 
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Table 1 

Method of Preparation Alleged Hydrate 

Gel from hot solution of VgOs^SHgO or 
an alkali or alkaline earth H4V2O7 
vanadate and nitric acid. 
Dried in air. 

Above dihydrate dried over VgOg'HgO or 
concentrated sulphuric acid HVO3 

Exposure of yellow amor¬ 
phous V2°5 t° moisture 
in air. 

Vg05>2H20 or 
H4V2O7 
Vg05*H20 or 
HV03 

Exposure of above hy- V205*BH20 
drates to air saturated 
with water vapor. 

Precipitate from dilute tgOjj’&HgO 
solution of ammonium 
metavanadate and nitric 
acid shaken during 
precipitation. 

Above hemi-hydrate VgOg^HgO 
aged under water. 

Phase-rule study of the 
system V2O5-H2SQ4-H2O. 

VgOg'SHgO 
Vg05-2H20 

VeOg-HgO 

investigator 

Pritzsch (6) 
von Hauer (14) 

Pritzseh (6) 
von Hauer (14) 

Ditte (3) 

Ditte (3) 

HUttig and KOnig 
(7) 

Htlttig and KOnig 
(?) 

Makarov and Repa 
(10) 
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■if 

V205*8 H2O, prepared by allowing the mono- or dihydrate to 

stand in air saturated with water vapor. This hydrate 

lost water upon exposure to dry air and returned to the 

dihydrate. He stated that the water content of the hydrate 

depends upon the humidity of the air, but apparently meant 

that the water was present, not as hydrous water, but as 

water of constitution. 

Dttllberg (4) investigated various vanadium pentoxide 

gels and concluded that they were neither acids nor hydrates 

but merely hydrous oxides, the water content depending 

upon drying conditions. Htittig and KOnig (7) prepared 

V205*XH20 by slow precipitation from a dilute ammonium meta¬ 

vanadate-nitric aoid mixture, and also found that the 

water content depended upon the length of time of con¬ 

tact with water. However, by shaking the ammonium meta¬ 

vanadate-nitric acid mixture during precipitation, they 

obtained a material said to be Y2°5*& E2Q, which upon 

further shaking in water, took up additional water and 

became the monohydrate. The evidence for these alleged 

hydrates was sharp breaks in isobaric dehydration curves 

at a composition of respectively 1 and | moles of water per 

mole of Y2Q5. Htittig and KOnig finally concluded that the 

fresh precipitate is a hydrous, amorphous oxide which takes 

up water to form crystalline hydrates. X-ray diffraction 

patterns of these crystalline forms were reported in chart 

form. 

Makarov and Bepa (10), by systematic phase-rule inves- 
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tigatlon of the system 'V2O5-H2SQ4-H2O reported four solid 

phases: Vgos* V205*H20, VgOg’SHgO, and V205*3H20. However 

more recently, Lanford and Kiehl (9) from a phase-rule study 

of the same system, found only hydrous V2O5 6* varying water 

content. It is obvious that someone must be wrong. 

Several aliotropic forms of anhydrous vanadium pent- 

oxide have been reported. For example, Ditte (3) stated in 

1885 that three aliotropic forms exist; (a) A reddish- 

yellowr substance (solubility in water, 8 grams per liter) 

formed by heating ammonium- metavanadate in a closed vessel, 

treating the product with nitric acid, evaporation to dry¬ 

ness, and gently heating the residue. This form of 

vanadium pentoxide was said to take up water from the air 

very readily to give the alleged hydrates previously men¬ 

tioned. (b) A pale yellow powder formed by heating ammon¬ 

ium metavanadate for several hours at 440°C. in a current 

of dry air. This substance was said not to take up water 

from the air, and to be only very slightly soluble in water, 

forming a pale yellow solution. A similar substance, except 

that it is reddish-brown, may be prepared by boiling ammon¬ 

ium metavanadate with dilute nitric acid, and then heating 

the resulting alleged dihydrate to 35Q-440°C. (c) A dark 

brown or red crystalline substance obtained by heating am¬ 

monium metavanadate in a closed vessel, treating the pro¬ 

duct with nitric aoid, and subsequent fusion. This sub¬ 

stance is very insoluble; Ditte giving a value of 0.05 grams 

per liter of water. Ephraim (5) believed that these var- 
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ious forms were not true aliotropes, but that the dif¬ 

ferences resulted from particle size variations. Berzelius 

(1), one of the first to work with vanadium, had expressed 

the same belief, and also said that the smaller the par¬ 

ticle size, the lighter the color. In accordance with 

Berzelius’ view, Zocher (16) prepared a light colored sol 

by grinding vanadium pentoxide particles obtained from a 

darker sol. 

Nordenskjold (13) said the crystal ..form of vanad¬ 

ium pentoxide was rhombic and-the axial ratios were 

a:b:c:; 1: 0.380 : 0.989. Ketelaar (8), by exact X-ray 

diffraction studies, found the crystals were rhombic 

and the axial ratios were a:b:o:: 1: 0.380: 0.310. This 

crystalline form of vanadium pentoxide is designated in 

this paper as ^-YgOs. 

More recently, Milligan and Simpson (12) observed that 

the hydrous vanadium pentoxide gel prepared by treating 

ammonium metavanadate with concentrated nitric acid, gives 

a very sharp electron diffraction pattern, the position 

of the diffraction lines agreeing closely with the broader 

bands obtained by X-ray diffraction methods. This defin¬ 

itely crystalline pattern is distinot from the pattern of 

anhydrous vanadium pentoxide, and therefore it was concluded 

that the hydrous gel is either a new modification of van¬ 

adium pentoxide or a definite hydrate. 

B. Purpose of the Present Investigation 

The purpose of this investigation is to attempt to 



determine by X-ray and isothermal dehydration methods, the 

constitution of the freshly precipitated and aged gel of 

hydrous vanadium pentoxide prepared from both ammonium 

and sodium metavanadates. 
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II. EXPBHIMKNTAL 

A. Preparation of Samples 

I. The Gel from Ammonium Metavanadate 

a. Gel allowed to stand quietly—Series A: Follow¬ 

ing the procedure of Httttig and KOnig (7), 6;. 4 grams of 

ammonium metavanadate: were dissolved in three liters of 

distilled water at 25UQ. in a pyrex flask. After solution 

of the salt was complete, 8.8 ml of concentrated nitrio 

acid (Sp. Gr. 1.4) were added; the color of the solution 

changed immediately from pale yellow to orange. This 

mixture was allowed to stand quietly in t$e stoppered flask. 

After a period of ten days, a reddish-brown precipitate begai 

to form on the bottom and sides of the flask. Samples for 

X-ray diffraction analysis were taken at various times, washed 

with distilled water using a centrifuge, and finally dried 

on porous plates at room temperature. X-radiograms of sam¬ 

ples removed at various times, and treated in various ways, 

are given in chart form in Figure 1. 

X-ray diffraction patterns were obtained by the wedge 

method using Or X-radiation filtered by vanadium pent- 

oxide. The exposure time was 360 minutes, at 18 milli- 

amperes and 30 kilovolts. The X-ray tube employed was 

equipped with beryllium foil windows (2). some of the X-ray 

diffraction patterns are reproduced in Figure 7 and quant¬ 

itative data for typical X-radiograms are given in Tables 

II, III, and IV. 

b. Gel Shaken 5 Minutes Each Day—Series B: A mixture 



Figure I 6> 

Series A: V20s from a dilute solution of NH4V03 and 

HN03. Allowed to stand quietly. 
o 

15 A 6 4 3 2 L5 
- 

it. i 1 

A 1 

l . 

, 
i i . I 1 

A 2 

i ...... 

II. i 1 

A 3 

i 

tl. i 1 

A 4 

i . 

1 
II. i 1 

A 5 

, 
II. i 1 

A 6 

i 

J l  i i . i 1  

A 7 

i . 

Ll. tl. 1 I... 

A 8 

1,1. 11. 1 1... 

A 9 

1.1. i Ii L.iu  1 > 1 lull ■ ■ 1. 1 ..  

AGED 18 DAYS. 

tl 2 4 It 

64 " 

>• .... “ MS 

• • . _ „ II 
167 

U , - II 186 

A3, HEATED 2 

HR. AT 200 0 G. 

A3, HEATED 2 

HR. AT 4 0 0® 0. 

A3, HEATED 2 

HR. AT 600 ° C. 

^ V2 0 5 



Table II 

X-ray Diffraction Data—tl- 'y2°5 

d/a 1 dZa I 

5*701 6 1.623 1 

4.324 10 1.604 0.2 

3.984 4 1.550 0.1 

3.474 0.1 1.536 0.2 

3.560 9 1.514 0.1 

2.840 8 1.491 1 

2.724 3 1.469 2 

2.640 0.1 1.419 0.2 

2.570 2 1.387 0.1 

2.470 0.5 1.359 0.2 

2.208 1 1.350 0.1 

2.151 3 1.341 0.1 

2.113 1 1.329 0.1 

1.961 2 1.318 0.1 

1.888 3 1.294 0.1 

1.869 0.5 1.289 1 

1.835 0.5 1.282 0.1 

1,811 0.5 1.256 1 

1.754 4 1.236 0.5 

1.728 1 1.219 0.5 

1.673 0.2 1.216 0.5 
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Table III 

Xyray tAXt.motion Data-- p -IfoQs 

d/n I Mi1 1 d/n i. : 

9.217 7 ■ ■ 2.052 ■ 0.1 1.490 1 0.5 

7.055 10 2.030 0.1 I.477 0.2 

4.58%;. 4 2.004 1 • ' 1*449 ■ >y 
5.713 1 1.976 . ,0:,.2 :;:i0|3 v 0.1 

3.509 0.5 :;‘l*96l:. 0.1 : ,1.426 0.1 

3.419 ■1., ,1.906 4 1,418 0.1 

3.259 9 1.659 j O.l' :1*#7. , ' o.i 

3.093 . . 4 1.849 ■ 0..1 , 1.397 0.1 

3*055 . 0.2 . 1.807 1 , i.353' 1 3 

2.958 10. ,1*756 . .0*5 ■ i.301 2' 

2.818;/ : 6 1.718 0.1 ■' . ; ';;:'^^2p4' ' ' 0.1 

2.760 0.2 ■ * 1.697 1 ■ ‘ : 0,1 

2.63 S;' ’ 0.1 1.634,' ’ 0.2 I.254 ■0.1 

2,5370: V'%;. • 1.619 1 ' : - M§? 3 ; 0.1 

2.430 1 ’ . ;:i^9& ; ■ 0.2 1.211 1 

2,3%v 0.2 ' . 0.1 :.;v
:'-:;:;’'f^;i75. 1 

**&%&. o. 2 1.534 0.1 1.160 0,5 

2.180; 0.1 1.501 ■■1 1^119 , 0.3 

2.105 5 1.495 1 
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Table XV 

X-ray Diffraction Data--. 3/>-VgQg*xH20 

10*78- 

3*593 

3.426 

2*948 

2*728 

2.549 

2.165 

1.877 

1.765 

1.505 

1.295 

X 

10 

4 

■5 

1 

1 

0*5 

1 

2 

5 

1 

0.5 



of ammonium metavanadate and nitric acid was made in the 

same way as for Series A; however, the mixture was shaken 

vigorously for five minutes each day. The freshly formed 

precipitate resembled that formed in series A, hut after 

aging 30 days, a considerable quantity of a light yellow 

fluffy material appeared. A sample of this yellowish, 

fluffy material gave the same X-ray diffraction pattern as 

the more granular material, demonstrating that the fluffy 

material is the same chemical individual as the red hy¬ 

drous precipitate. The difference between the two samples 

probably results from particle size variations and from 

differences in physical character. As the aging continued, 

more of the red precipitate was converted into the fluffy 

form, until the transformation was practically complete. 

X-ray diffraction diagrams with supplementary data, are 

given in Figure S. 

o. Gel Stirred Continuously—series C: Absolution ® f 

ammonium metavanadate and nitric aoid was made in the same 

way as for Series A and B, exoept that the mixture was 

stirred continuously by a current of air. The first pre¬ 

cipitate resembled the fresh precipitates from Series A 

and B, but it soon started to change to a brick red fluff. 

A sample of this red fluffy precipitate gave an unchanged 

X-ray diffraction pattern, proving again that the fluffy 

red material and the ordinary hydrous red precipitate are 

the same chemical individual, see Figure 3 for X-ray di¬ 

agrams and supplementary data. 



Figure 2 13 

Series B: V205 from a dilute solution of N H 4 V03 

and HN03. Shaken 5 minutes daily. 
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Series G: VE05 from a dilute solution of NH4V03 

and HN03. Stirred continuously. 
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d. Thiok Paste from Ammonium Metavanadate-Nitrio Add 

Mixture—Series D: To 50 grams of ammonium metavanadate was 

added 50 ml of concentrated nitric acid (Sp. Gr. 1.4), giv¬ 

ing a thin paste. After 14 hours this paste had set to a 

thick mass, at which time an additional 20 ml of nitric acid 

was added to restore the original consistency. After four more 

days the paste had set once more to a thick semi-solid gel. 

See Figure 4b for X-ray diagrams and supplementary data for 

this series. 

e. Thin Paste from Ammonium Metavanadate-Nitrio Acid 

Mixture—Series E: A thinner paste was prepared by adding 

100ml of concentrated nitric acid (Sp. Gr. 1.4) to 50 grams 

of ammonium metavanadate giving a mixture with a definite 

liquid phase. See Figure 4^ for X-ray diffraction diagrams 

and supplementary data. 

2. The Gel from Sodium Metavanadate. 

a. Gel Precipitated at 100°G.—Series Kt TO’ 50 ml of 

an approximately saturated sodium metavanadate (1.9M) at 100°C. 

was added 10 ml of 6 H hydrochloric acid. The reaction mix¬ 

ture was boiled for about 10 minutes, and the resulting pre¬ 

cipitate washed using a centrifuge. No chloride ion test 

was obtained in the supernatant liquid from the last washing. 
a. 

See Figure 5a for X-ray diffraction digrams and supplemen¬ 

tary data. 

b. Gel Precipitated at 25°0.—Series F: A vanadium 

pentoxide gel was prepared lay mixing 80 ml of approximate¬ 

ly saturated sodium metavanadate (1.9M) with 20 ml of 6N 

hydrochloric acid. The resulting precipitate was washed 



Figure 4o 16 

Series E: V20g from a thin paste of NH4V03 and 
cone er.tr ated HN03. 
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4b 17 Figure 

Series D: V206 from a thick paste of NH4V03 and 
concentrated HN03. 
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using a centrifuge, only a very faint test for chloride 

ion was obtained fn the supernatant liquid from the last 

washing. The precipitate was dried on a porous plate at 

room temperature. See Figure 5b for X-ray diffraction di¬ 

agrams and supplementary data. 

c. Effect of Addition of Sodium Carbonate and chloride: 

Since sodium is a probable impurity in the gels precipitated 

from sodium metavanadate, it was desirable, for reasons to 

be discussed later, to determine the effect of sodium con¬ 

tent upon the crystal structure ofcX-VgOg (8). Various 

amounts of sodium carbonate were added to ammonium metavan¬ 

adate; the mixtures were gently ignited, and finally the 

products were fused for 24 hours at 750°C. Samples were 

prepared containing 0.1, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, and 

10.0 mole-fa HagO. See Figure 6 for X-ray diffraction diagrams. 

A similar series was prepared by adding sodium chloride to ammon 

ium metavanadate followed by the ignition treatment. The 

X-ray patterns of the resulting mixtures were identical 

with the sodium carbonate series, and hence are not repro¬ 

duced in this paper. 

B. DEHYDRATION ISOTHERMS 

1. Procedure; 

dehydration isotherms ??ere obtained in a modified form 

of the apparatus described by ?/elser, Milligan, and Cop- 

poo (15). This all glass apparatus consists essentially of 

an oil manometer and a McBain-Bakr silica spring balance (11). 

The silica spring was calibrated using a set of fractional 
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Figure 6 £0 

Determination of .the effect of Na2C03 upon 
the crystal structure of V205. 
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platinum weights whieh had been calibrated in terms of 

a standard weight certified by the National Bureau of 

Standards. Changes in the extension of the spring were 

measured with a precision measuring microscope. A silica 

fiber was suspended in the apparatus as a refersce rod 

for measuring the spring extension. The sample was placed 

in a s)nAll aluminum foil bucket, suspended from the spring 

by a glass fiber. Since the samples exhibited a marked 

tendency to explode in a high vacuum, the helpful precaution 

was taken to use as the sample the original lumps of air- 

dried gel. The mouth of the bucket was partially pinched 

together as an added precaution against loss of sample by 

exploding. 

Air was removed from the system by means of a Cenoo 

Hy-vae pump. To minimize the loss of water from the sample 

during this operation the tube containing the sample was 

immersed in an ice-salt freezing mixture. After the evac¬ 

uation, the stopcock aoross the manometer was closed, the 

ice bath was removed, and the sample was heated slowly 

until a pressure of from 20-30 cm of oil was obtained. The 

temperature was then maintained oonstant. After equilib¬ 

rium had been established as evidenced by no change in 

either the pressure or the spring extension in a period of 

30 minutes, the vapor pressure and the spring extension 

were recorded. The stopcook across the manometer was then 

opened and a small portion of water was pumped off. This 

process was repeated until the pressure was down to 4 or 5 
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om of oil. To get a second isotherm, the temperature of the 

system was slowly raised until the desired pressure had again 

been attained, and the whole operation was repeated. 

In order to convert the spring extension values to moles 

of water per mole of vanadium pentoxide, an analysis of 

the original sample was necessary. A small portion of the 

sample was taken and the loss on ignition was determined; 

knowing the composition of the original sample, the weight 

of the sample in the bucket, and the sensitivity of the 

spring, a linear equation may be set up giving the compos¬ 

ition of the sample directly from the spring extension. 

2. Results of Isothermal Dehydrations. 

Data from a preliminary isothermal dehydration of a 

gel from, a paste of nitric acid and ammonium metavanadate 

are plotted in Figure 8. A final appraisal of the results 

obtained by isothermal dehydration must await the completion 

of more precise experiments. 
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Figure 7 
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Dehydration Isotherat on ^-v205‘xH20 
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III. DISCUSSION 

A. Hydrous y-VaOs’XHaO 

1, Gel from Ammonium Metavanadate: The precipitate of hy¬ 

drous vanadium pentoxide from a dilute solution of ammon¬ 

ium metavanadate and nitric acid allowed to stand quietly 

(Series A, Figure 1) gives a definitely crystalline type of 

X-ray diffraction pattern consisting of several broad bands 

or lines. The position and intensity of the observed X-ray 

diffraction lines agree with the position and intensity of 

the lines on the very sharp electron diffraction pattern 

previously reported by Milligan and Simpson (12). These 

observations demonstrate that this precipitate is not amor¬ 

phous as claimed by Httttig and KOnig (7). The preliminary 

isotherms for this crystalline form of hydrous vanadium 

pentoxide Are :of the bivariant type; therefore it appears 

most probable that this substance is not a definite hy¬ 

drate. This hydrous crystalline substance is designated, 

as <r-V2°5*-£H2°* The view that -VgOs’xHgO is a hydrous 

oxide, rather than a definite hydrate, is consistent with 

unpublished dehydration isobars obtained by Mr. W.C. Simp¬ 

son of this laboratory. As the is aged, a 

s*all amount of yellow fluffy material appears. This ma¬ 

terial gives an X-ray diffraotion pattern identical with 

that given by the more granular material, showing that 

the two substances are the same chemical individual and that 

any difference in appearanoe is due to physioal character 

only. Heating iT-VgOg^xHgO for two hours at 200°c. has 



no effect upon the crystal structure. If it is heated at 

400° or 600°C., the X-ray diffraction pattern is entire¬ 

ly different. This pattern, which we have designated as 

P(-V205* is identical with the pattern described by Ketel- 

aar (8). After aging 167 days, the hydrous precipitate 

gives an unchanged X-ray diffraction pattern and also a 

sharp line near the strongest line of the predominant pat¬ 

tern. This new unidentified line is sharper and more dis¬ 

tinct than any of the other lines indicating that it oomes 

from another new crystalline material formed upon aging. 

The original precipitate from a dilute solution of 

ammonium metavanadate and nitric acid shaken five minutes 

daily (Series B, Figure 2) gives an X-ray diffraotion pat¬ 

tern identical with that given by A-1. The same yellow 

fluffy material, which appeared In Series A, appears in 

Series B in a much shorter time. For example in Series A 

a small amount of this fluffy material was obtained in 200 

days, whereas the transformation was almost oomplete in 

Series B at the end of 100 days. Ignition of both the 

fluffy and the solid material for 2 hours at 200°G. has no 

effect upon the crystal structure, but heating 2 hours at 

400°C. causes complete transformation to ^-VgOs- After 

being aged 170 days, the hydrous precipitate gives the or¬ 

iginal pattern plus two lines near the strongest line of 

the original d"~Vg0g*3fiBg0 pattern. One of these unidenti¬ 

fied lines is quite strong and the other is weak; neither 

is in the same position as the extra unidentified line ap- 
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pearing in the diffraction pattern given hy the aged preoipitate 

from Series A. 

The original precipitate from a solution of ammonium me¬ 

tavanadate and nitric acid stirred continuously (Series 0, 

figure 3) gives an X-ray diffraction pattern identical with 

those given hy A-l, and B-l. The red-brown precipitate, 

however, *oon breaks up into a fluffy red material which 

gives the same X-ray diffraction pattern as 0-1. This mater¬ 

ial acts in the same way as the samples in Series A and B 

when ignited, being stable at 2Q0°C. and completely trans¬ 

formed to at 400°C. After the hydrous precipitate 

is aged 118 days, the precipitate gives a diffraction pat¬ 

tern identical with that given by 0-1 together with the 

extra line appearing in the pattern obtained from the aged 

precipitate from Series A. The other extra line does not 

check with the extra line given by the aged precipitate from 

Series B. 

It is evident that stirring or shaking has no effect 

upon the crystal structure of the first preoipitate thrown 

down from a dilute solution of ammonium metavanadate and 

nitric aoid, but that intermittent shaking hastens the 

formation of a yellow fluffy material, and that continuous 

stirring rapidly breaks up the original red-brown precip¬ 

itate into a brick-red fluff which has the same crystal 

structure as the original precipitate. Upon long aging 

unidentified diffraction lines appear in the patterns given 

by each of these preparations, and stirring and shaking have 
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a definite effect on the tims of appearance of the new 

phases giving these new diffraction lines. In the solution 

allowed to stand quietly (Series A), 167 days had elapsed 

before the presence of a new phase was detected by X-ray 

diffraction, but this same new phase was detected in the 

solution stirred continuously (Series c) after 118 days. 

In the solution shaken daily (Series B), a new phase, 

having a different crystal structure from that appearing in 

Series A or 0 was detected in 170 days. 

The X-ray diffraction pattern of the hydrous van¬ 

adium pentoxide taken immediately from a thin paste of am¬ 

monium metavanadate and concentrated nitric acid (Series E, 

Figure 4a) consists of three diffuse lines in positions i- 

dentioal to those of the three strongest lines given by the 

the diffraction pattern of the first precipitate given by 

Series A, B, and C. This indicates that the substances are 

the same chemical individual and the only difference is that 

the crystal* of J'-V^Og’xHgQ from the paste are much smaller 

than are those precipitated slowly. Aging the paste causes 

the crystals to grow as is evidenced by the appearance of 

lines in the diffraction patterns. These lines are all pres¬ 

ent in the diffraction pictures of the more crystalline 

precipitates from Series A, B, and C. Heating the aged 

precipitate at 100°C. causes considerable growth of the cry¬ 

stals, and if the same material is heated 2 hours at 200°C., 

a pattern identical with that given by A-l, B-l, and c-1 

is obtained. Ignition of any sample of this series ,1ust be- 
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low it’s melting point produces tf-VgOg. 

The X-ray diffraction pattern of the hydrous vanadium 

pentoxide taken Immediately from a thick paste of ammonium 

metavanadate and concentrated nitric acid (Series D, Fig¬ 

ure 4b) is identical with that given by E-l. X-ray dif¬ 

fraction patterns of Series D are given in Figure 4b. It 

has also been found that D-l gives the same diffraction 

pattern after most of the hydrous water has been removed 

in the vacutto* produced by a Hyvac pump. A sample taken from 

the paste 14 hours after preparation gives the same dif¬ 

fraction pattern, but, surprisingly, a duplicate X-radio- 

gram of the same sample give an additional very strong line 

near the strongest line in the pattern obtained previously. 

This line is not in the same position as any of the extra 

lines appearing in the patterns given by the aged precip¬ 

itate from series A, B, or G. This same line has appeared 

in other preparations of samples by this same method, and 

also appears in the pattern given by the precipitate from 

a paste of sodium metavanadate and concentrated nitric acid. 

This seems to prove that this extra broad line does not re¬ 

sult from the presence of some foreign substance in one 

isolated sample, but that it is definitely due to another 

crystalline phase which, however, has been found to be very 

evasive so far. A sample of this thick paste, D-4, aged 

67 days gives a diffraction pattern identical with that giv¬ 

en by A-l, B-l, and C-l. 

This evidence indicates that the same crystalline form 
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{ V-V2O5*—K2°) is produced by the action of an acid on am¬ 

monium metavanadate whether the reaction is fast or slow.- 

Xf the reaction is rapid, as it is in the paste of ammon¬ 

ium metavanadate and concentrated nitric acid, the vanadium 
■t/it "f«r»t «"f 

pentoxide is in^much smaller crystals, but these crystals 

may be grown either by aging or by heating to about 2Q0°C. 

The aging is much more rapid in the thinner paste. If 

^r-VgQg'xEgO is heated much over 200°C., eC-VgOg is produced. 

£. Gel from Sodium Metavanadate. 

a. Gel precipitated at 100°C; The X-ray diffraction 

pattern given by the air-dried gel precipitated from sod¬ 

ium metavanadate solution by HC1 at 100°C. consists of five 

lines which coincide with the five strongest lines of the 

pattern given by A-l, B-l, and C-l. See Figure 5a for 

the X-ray diffraction diagrams of this series (series K)* 

Heating this air-dried gel of ^-VgOg'xHgQ for 9 hours at 

200°C. produces a substance which gives an X-ray diffraction 

pattern containing all the lines given by A-l, etc. and also 

about 50 additional diffraction lines. If this same sample 

(K-3) is heated for several hours just below it’j melting 

point, a substance is obtained which gives a sharp well-defined 

pattern consisting of the extra lines obtained from the gel 

heated at £00°0. This new pattern contains none of the 

y-VgOg'xHgO or o(-Vg05 diffraction lines, and contains none 

of the extra lines given by the aged precipitates in series 

A, B, or C; no line is in the same position as the extra 

unidentified band obtained in Series D. This new material 
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Is very stable. If a portion is melted and then poured 

into ice water, it gives the same X-ray diffraction pat¬ 

tern; if the red hot solid is quenched in ioe water, the same 

diffraction pattern is obtained from the product, standing 

in contact with water also has no effect upon the pattern 

given by this substance. This new form of vanadium pentoxide 

is designated in this present paper as “VgOg. 

b. Gel Precipitated at 25°0; The X-ray diffraction 

pattern given by the air-dry gel from a solution of 3odium 

metavsnadate and dilute HG1 at 25°G. (Series F) consists of 

three diffuse hands in the same position as the three strong¬ 

est lines in the pattern given by A-l, etc. see Figure 5b 

for X-ray diffraction diagrams of this series. Portions of this 

air-dried gel were heated at various temperatures for 2 hours. 

As the temperature is Increased the crystal size of the gel 

increases as is evidenced by the appearance of the other 

lines given by A-l, etc., and by the sharpening of the orig¬ 

inal three lines. At 250°0. a transformation into (2 -V2O5 

begins, but all the lines due to the form 

do not disappear until 400°C. At temperatures above 400°C., 

only /3-TgO5 is present. Fusion has no effect upon the cry¬ 

stal structure. 

It is seen that the gels produced by the action of acids 

on either sodium or ammonium metavanadate give (T-VgOg^xHgO 

alike except for crystal size, and that the crystals may be 

grown by aging in water or nitric acid or by heating the 

dry gel to 200°c. However the crystal structure of the 

substance produced by igniting the gel from ammonium meta- 
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vanadate is entirely different from that resulting from 

the ignition of the gel from sodium met&vanadate. The 

crystal structure of the form resulting from the ignition 

of hydrous vanadium pentoxide from ammonium metavanadate 

is Known and has been described by Ketelaar (9), but no 

reference has been found in the literature to this second 

crystalline form from sodium metavanadate which gives the 

new diffraction pattern. The three alleged aliotropic forms 

of Vg05 described by Ditte {3) have been found to be <<-VgOg. 

B. $-V205 

In the preceding section of this paper, it was pointed 

out that heating the gel precipitated from a 

solution of sodium metavanadate, produces an anhydrous 

form of vanadium pentoxide which has been designated as 

/3~v20g. This observation, together with the fact that 

-VgOg'XHgO precipitated from ammonium metavanadate yields 

<X-V205, requires further consideration, it would be ex¬ 

pected that the gel from the sodium metavanadate would re¬ 

tain small amounts of adsorbed sodium, which would not be 

removed in the washing process. This belief led to the 

systematic addition of varying amounts of sodium carbonate 

and sodium chloride respectively to ^-VgOg, followed by 

fusion, in an attempt to transform o(-VgOg to /3-V00&. 

As the results shown in Figure 6 indicate, this attempt was 

successful. It will be noted that about 10 mole-$ of Nag0 
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was required to complete the transformation during the heating 

time of two hours. The much smaller sodium content of the 

gels precipitated from sodium metavanadate is effective be¬ 

cause of the more intimate mixing which is obtained when the 

sodium is adsorbed on the gel particles. The dmall amount 

of sodium required suggests that is a true poly¬ 

morphic form of VgOg and is not a complex sodium metavana¬ 

date. A compound such as VgOg'O.llNagO (corresponding to 

10 mole-$ NagO) does not seem probable. The stabilizing 

action of sodium on ft -VgOg recalls the effecti^ess of sod¬ 

ium on the tf-AlgOg —»^-AlgOg transformation, and the ef¬ 

fectiveness of small amounts of magnesium on the o( -AlgOg —* 

X“AlgOg transformation. 

0. Suggestions for Further investigations 

The studies reported in this paper have led to the 

suggestion of several problems concerning the chemistry- 

of vanadium pentoxide, which may be the subject of fmo¬ 

ther investigations to be carried out by the application 

of X-ray diffraction and phase-rule methods, some of these 

problems are outlined below. 

1. Systematic Aging of y-VgQs*XH20* 

The two distinct sets of extra, unidentified X-ray 

diffraction lines which appear in the patterns of <y'“V'>0g*xH20 

(precipitated from dilute ammonium metavanadate solutions) 

during prolonged aging, indicate that new crystalline material 

is forming In the gels. It is suggested that systematic 

aging experiments at room temperature and at elevated tem- 
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peratures, with and without violent agitation, may lead 

to the disoovery of the conditions required for the prep¬ 

aration of these two new crystalline phases in quantity. 

The extra, unidentified, broad baud which is occasion¬ 

ally observed in I-radiograms of ^“V2°5*~I12° €0ls Is thus 

far very evasive, Additional systematic experiments will 

be required to establish the conditions which are respon¬ 

sible for the appearance of this extra band. 

£. Evaporation of of-YoOe; and /? -V»Og sols; 

In preliminary experiments not described above, a sol 

was prepared by peptizing in water, a portion of finely- 

ground o^-YgOg produced by the gentle ignition of ammonium 

metavanadate. Evaporation of this sol to dryness in air at 

room temperature yielded a red-brown residue which gave an 

unidentified X-radiogram distinct from that of ^-VgOg. 

Ignition of this residue gave (3-V2O5. A similar experl- 

05, yielded a 

residue of still different crystal structure*-1-, and igni¬ 

tion yielded /$ 0^. These experiments are of interest 

since^-VgOg may have been produced in the absence of ap¬ 

preciable amounts of sodium. However the possibility of 

reduction during evaporation, or the dissolution of sod¬ 

ium from the glass containers, should not be overlooked. 

These new X-radiograms have been compared with, and are 

distinct from, the patterns of VQg and Vg03 listed in the 

ment with a sol made by peptization of (3 -Vg 

literature 
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IV. SUMMARY 

The following is a brief summary of the results of 

this investigation: 

1. The reddish-brown gel of vanadium pentoxide pre¬ 

cipitated from ammonium or sodium metavanadate, at 25°C. 

or 100°C», has been found to consist of minute, hydrous 

crystals, possessing a structure distinct from that of 

rt-VgOg. The X-radiogram of this new crystalline phase, 

designated as (T-VgOs’XHgO, agrees with the electron dif¬ 

fraction pattern of a vanadium pentoxide gel reported by 

Milligan and Simpson. 

2. Preliminary dehydration isotherms for ^'-VgO^xHgO 

are bivarient, suggesting that this phase is a hydrous 

oxide, rather than a definite hydrate or acid. 

3. Contrary to the results of Htlttig and KOnig, aging 

of ^-VgOg/xSgO, results in the formation of slightly 

larger primary particles, with no indication of the for¬ 

mation of definite mono- or hemlhydrates. 

4. Ignition of gels of ^-VgQg^xHgO formed from am¬ 

monium metavanadate yields an anhydrous oxide, designated 

as ^-VgOg, which gives a characteristic X-radiogram. 

5. Ignition of gels of ^-VgOg'XHgO formed from sod¬ 

ium metavanadate yields an anhydrous oxide, designated 

as /CJ-VgQg, whicA gives an X-radiogram distinot from that 

of ^-VgOj.. 

6. The addition of sodium compounds to fused ©(-VnO- 
w 5 

transforms the <^-Vg05 to /?-VgOg. An amount of sodium 
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carbonate corresponding to 10 mole percent, or Vg0g*0.11Na20, 

causes the transformation to be complete in £4 hours at 750°C. 

7. The evidence in (6) suggests that when sodium is dir¬ 

ectly adsorbed on the finely divided ^-V20g*xHgG particles, 

lesser amounts are sufficient to complete the transforma¬ 

tion of o( -VgOg "to $ ”v£°5* 

8. Prolonged aging of under diverse con¬ 

ditions has resulted in the formation of very small amounts 

of additional crystalline materials, possessing X-radlograms 

distinct from that of rt'-Vg0S, ^3-VgOg, or ^“Vg0g*xH£0. 
Experiments have been suggested for the further study of 

these phenomena. 
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