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ABSTRACT 

The thermography of the sodium and potassium salts of metaniobate and 
metatantalate as we11 3s the dichelate of niobium with n-propyl-3,4,5trih>-droxyben- 
zoate (PTB) is investigated in atmospheres of air, nitrogen. and carbon dioxide; and 
their thermal decomposition products are identified_ The niobyl dichelate (diche- 
Iate (1)) is isoIated and its structure has been shown to be K[NbO(C,H-,(0H)(02)- 
(COO)C3HT)2]2( PTB) - 3H,O. 

IYXRODUCi-!OS 

The uses of crystaIs of potrtssium metaniobate and pokassium metatantalate in 
solid state physics are gowing; the synthesis of organometallic compounds of these 
elements may lead to advances in the fields of catal-tic reactions and polymer chem- 
istry_ 

The preparation, therma decomposition, and characterization of some oxy- 
s&s and organometallic compounds of niobium and tantalum in atmospheres of air, 
nitrogen and carbon dioxide are investigated. The compounds so formed and their 
heatins products have been identified, wherever possible, by chemical, X-ray, neutron- 
activation, and atomic absorption methods. ResuIts concernins the mode of prepa- 
r&on, oxidation states, and structures of various compounds of the two elements are 
obtained_ 

Reagenls 
AI1 reagents and chemicals were analytical grade. 

M elirod of analysis 

Diflerenlial lherrnal ana@ses (illA) 

The DTA of ali substances used throughout this work were carried out on a 

*This research was carried out between May 1970 and JuIy 1971, and was sponsored by Baghdad 
University, Faculty of Advanced Studies. 
**Present address: Chemistry Department, College of Engineering. Riyad. Saudi-Arabia. 



Perkin-Elmer differential therma analvser. Since particle size has an effect on the 
shape of the DTA curve, that of 50 mesh/in was used throughout_ Ignited alumina 
was used both as diluent and reference_ A heating rate of IO’ and sometimes 4”Q’rnin 
-was used for the DTA run and was repeated in dry air, nitrogen, or carbon dioxide. In 
each run 0.5 g cf a mixture of the substance (5% b-w.) in alumina and 0.5 g of the 
a1umir.a were gentIy tapped down the respective hoIders. The apparatus was calibrated 
each time it was used with calcium carbonate and silver nitrate. 

ThermograCmetric analysis ( TG) 

A Stanton thermorecording baIance was used to record time, temperature and 
weight changes. In a11 cases the O-5 g sampIe, contained in a micro pIatInum crucible, 
was pIaced on the Iower pan_ The balance was calibrated by placing a known weight 
on the pan_ Furnace temperature and weight change were followed simultaneously on 
a twin pen eIectronic recorder, at a heatin, (3 rate of IO’Ci’min. The ff ow rate of con- 
trolted gases was 3M ml/min. Effluent gases and decomposition products were 
evaluated as necessary by gas chromatography. 

Diflerenhd thermograz+uetrr_ (D 7%) 

To pinpoint ambiguous positions on the heating curve, DTG was usuaiiy 
constructed to try to clarify the situation_ 

Neutron-acf kalion analysis 

This technique was used for the quantitative evaluation of the decomposition 
residues of niobinm and tantaIum and the compounds themselves. In each determina- 
tion ! 00 mg of sample was weighed in a polythene container, seaIed and transferred to 
the core of the nuclear reactor using a high-speed pneumatic system. The irradiation, 
decay, and countin g times were aI1 recorded on the pneumatic system. An IRT-2000 
swimming pool nuclear reactor with 2000 kW pow-er was employed. The neutron ff UY 
at the irradiation position was 2.8 x IOx2 n&m’ sec. A Ge (Li) semi-conductor 
detector and 2048 Channei irfuclear Data multichannel analyser were empioyed as a 
counting system- Standards of the various eIements present in the investigated com- 
pounds and their residues were prepared and their areas were measured_ The samples 
were then irradiated under identical conditions and t% unknown weigbt of the element 
was caIcuIated from the area measurements. Standards were subjected to simiIar 
sample temperatures before activation. 

X-ra_v specl ra 

AI1 X-ray spectra were taken with a Philips X-ray spectrometer_ The identity of 
a compound u-as then evaiuated by direct comparison uith standard spectra of known 
compounds and whenever possibIe checked agai~t ASTM resuIts_ 

A comic absorprion analvsis 

Analyses B-ere carried out with a Beckman Atomic Absorption System with a 
DB-G model spectrometer using a Techtron Burner Kit-W186100. 
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Chetnicd analysis 

Elemental analyses for carbon and hydrogen were run on a homemade micro- 
combustion electrical burner using suitable microtrains. Orher elements were analysed 
according to standard procedures. 

Preparalion and identificarion 

The potassium and sodium salts of orthoniobate, orthotantalate, metaniobate 
and metatantalate were prepared_ The ortho salts were prepared by fusion of their 
acidic oxides with excess alkali carbonate and their formuIae evaiuated; the corre- 
sponding meta salts were obtained by thermal decomposition of the ortho salt~*-~. 

peak of chart (a) 

34’ 30’ 26’ 22’ 18’ 14’ 10’ 6’ 2’ 

.I ’ 

background 
I I I 

22. 18. 14. 10’ 6. 2. 

Fig. 1. Diffrzztion pattern of (a) pckssium metaniobatz powder and (k~ mctatantaIate powder prc- 
pared with a Philips X-ray spectrometer adjusted for high resolution. 



Cross checks between these salts and similar salts obtained from B.D.H. were made 

using various techniques. In Fis. I are given the X-ray spectrograms of the meta- 

niobate snd metatantaIate_ In contrast the ortho compounds showed sharp diffracted 

beams at 31.3 and 27.5’ for the niobate and tantalate respectiveIy on pIotting the 

intensity of the diffracted beam against the angle of diffraction, 20. In spite of the 

structures devefopedJ-’ solutions of the ortho and meta saIts of niobium and tantalum 

were stoichiometricaIIy followed by atomic absorption and spectrophotometry and 

calibration tunes could be constructed. 

The procedure, deveIoped for the preparation of the tentatively proposed 

structure previously published6 was now extended to isolate the dichelate (I), K[NbO- 

(PTB),]Z(PTB) -3Hz0. The deep orange solution was sIowIy cooled to almost 0°C. 

The excess PTB was ccstaliized cut and centrifuged. The orange centrifuged solution 

obtained was then evaporated under vacuum at 0 ‘C. The orange prism-like crystals 

were kept under vacuum for further investigation. 

The compounds investigated were mainly the sodium and potassium s&s of 

metaniobate and metatantaiate: and the dichclate (I) of niobium with PTB. 

RESULTS ASD DISCUSSIOS 

The heating curves of the investigated salts are shown in Fig. 2. At SO’C the 

air-dried sodium metaniobate crystals strtned to Iose water. Compiete dehydration 

occured at 225’C with 35.14% weight Ioss of the ori@naI sample (Theory gives a 

35.43% weight 10s~). This corresponded to elimination of 5H,O. The DTG, shown 

in Fig 4? showed some pecukxities durin, * the dehydration stage. The anhydrous 

niobate being strlble between 225 and 750-C su,agested 3 eravimetric determination 

of Nb(V) in NaNbO; 2s the most suitable. Repetition of the thermogram \-erified the 

stoichiometry of the compound from an anaI>ticaI viewpoint notwithstanding its 

discrete natureS-‘. Just after this temperature the anhydrous metaniobate beame 

unstable and 31.444’0 loss weight was recorded between 750 and 9OO’C. The Ioss in 

lsei_ght has due to the evoIution of oxy_een. The changes might hypotheticaliy be 

represented by: 

JNaNbO, --, 4NaNb0, i 202 

3NaNbO-. + ‘N+O t 2Nbz0, 

However a horizontai line could be constructed between 900 and 1 IOO’C on the 

t hermognm. Up to 1250 ‘C the weight loss was 53.__ 3YL due to the removal of I I .S I % 

IQ20_ FinaIIy at 195O’C the pyrolysis cume assumed a horizontal line with 46.30% 

weight loss of the ori$naI sampie in the microcrucible. To elucidate the structural 

chanses of the compounds at eievated temperatures. DTA runs were made under the 
three different gaseous ntmospheres. The corrugated dehydration endotherm eshibited 

two continuous stases of dissociation of water of hydration molecules. It was con- 

cluded that the first dissociation was due to the coordination of four water _groups to 
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Fig. 2. (a) Thermogram and (b) differential thermogravimetric curves of NaNbOx-SHzO. 

the sodium ion and the second dissociation due to the fifth water group coordinated 
to the metaniobate ion. Therefore the structural formuIa of the hydrated salt could be 
written as [Na~H,O),]*~bO,-HzO]-. The discrete molecule of hydrated meta- 
niobate was presumed_ The Ievelling out of the curve after 1950°C in air could be 
expiained by the re-oxidation of trivalent to pentavalent niobium 

2Nb,03 +O, 7 - 2lrJb,O, z$ Nb2CI- iNb205 

and therefore the endotherm dip on the DTA might indicate t’le therma dissociation 
of Nb20, into Nb203 and Nb,05 --a process which absorbs energy. Decomposition 
products were obtained on different pIateaux of the thermogram_ 



Fiqre 2a shows the thermogram of NaNbOj-5Ht0. The residue obtained at 
225’C produced X-r:;:; spectra that couid match the ASTM standard diffraction data 
of NaSbO,. Therefore dehydration did not disrupt the metaniobate ion and therefore a 
coordinate bond might be cscIuded_ Activation anaI_vsis’ yielded the same composition 
formula of the compound_ The >eIIowish white residue formed at 900% was free from 
soiubie substances. Its X-ray diffraction pattern was different from that of the metani- 
obare (Fig Ia). Its composition, as determined by neutron-activation analysis (Table I) 
and by the amount of osygen evoived, was found to be NaN b02. It couid be dissoIved 
in both boiiing 25% aikaii carbonate or hydroside, and a mixture of nitric and hydro- 
fluoricacids. The solutions save positive Ca-cotheiine’ tests of trivaient niobium. The 

TABLE 1 

ANALYSIS OF RESIDUES OBTAIXED FROM THERMAL DECOMPOSITION 
OF SODIUM !METASIOBATE HYDRATE 

325 35.14 99.5 0.00 0.00 00.0 00.0 
900 41.31 00.0 99.8 00.0 00.0 99.0 

1100 53.25 00.0 00.0 19.8 79.0 0.08 

R, values on 1Vhatmann chromatographic paper were different from those of NaNbO, 
in a similar soivent. However, a-c_ poIaro_graphy could not resuIt in a steady E* of the 
NaNbOz soiution in either the HKO,-HF mixture or the alkali mixture. The black 
powder residue, heated at 125O’C in atmospheres of nitrogen and carbon dioxide, 
gave on activation anaIysis an approximate niobium-to-osygen ratio of 213 (Tabie 2). 
The X-ray diffraction pattern for it is shown in Table 3; the powder obtained in air 
~3s of unsteady composition_ 

At higher temperatures and different gaseous atmospheres lower oxides or 
states of niobium were not identified’. Nevertheless near 1950°C there was a com- 
parative gain in 76 weight of the sampie. To reveal the nature of the unknown biack 
residue, the (ci) values of its strongest three lines did not match that of niobium(W) 
oxide, niobium(W) oxide, niobium(V) oxide, nor even the free niobium metal. .&zti- 
vatiorr anaiysis could not supply a definite composition for it. The residue was perhaps 
a mixture of oxides and nitrides of the eIement. Extracts of the residue with water or 
oxygen containing organic solvents were devoid of any soIubIe substance. 

Potakum nreraniobaze hl-drare 

Similar procedures were foilowed for the thermal decomposition of both potas- 
sium metaniobate hydrate and the aiready discussed sodium metaniobate hydrate. 
Their heating curves (Fig. 3 and TabIes I and 4) were almost identica1. Moreover 
lexperiments showed that the metaniobate of potassium decomposed at lower temper- 
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TABLE 3 

X-RAY DIFFRACTION PATfERN OF XaXbO= PREPARED AT 9OO’C 
IN TU’ITROGEN AKD CARBOPI’ DIOXIDE GASES 

234 25 1.1s I3 
2.30 30 I.15 10 
227 100 I-10 20 
I.!% 40 I.01 S 
1.27 35 0.93 20 
1.22 20 0.860 3 
.I -20 30 0.820 4 

Tcmpcrcturc (‘Cl 

9.of (b) 

400 800 1200 1600 2ooo 

Temperature (‘Cl 

Fik 3. (a) thermogram and (b) differtntial thennogravimetric curves of KNbOa -3&O. 
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TABLE 4 

ANALYSIS OF RESIDUES OBTAINED FROM THERMAL DECO.MPOSI-I-ION 
OF POTASSIUM METAXIOBATE HYDRATE 

TelXp. 
Cc) 

WeigJrr 
loss 
(%I 

Puriry of subsrances formed al srarcd remperarure (%) 

KA’bOa A%-b O= KZO Xb: 0, 02 

195 23.0 99.6 00.0 00.0 00.0 00.0 
870 29.8 00.0 99.1 00.0 00.0 98.0 

1180 49.9 00.0 00.0 19.6 so.0 0.1 

atures than that of sodium; whence it was concluded, with little reservation, that the 
percentage ionic character of the bond between potassium and the oxygen atoms in 
metaniobate or in water of hydration is lower than that of the sodium sait despite 
potassium being more electropositive and having a Iarger ionic radius than sodium, 
which perhaps could have conferred more stability on the anion and water of hydra- 
tion through lattice energy effects. However, the pyrolysis curve (Fig. 5) shows the 
presence of three groups of water of hydration bound to the salt moIecuIe, [K - 2H20]’ 
[NbO, - H,OJ-. MeanwhiIe thermogravimetric caIcuIations indicate, but not con- 
cIusiveIy establish, the drmeric structure of the metaniobates, that was speculatively 
written as the tetrahedrai b&pyramidal 

cf. the octahedra1 perovskite structures of the mixed oxides. Therefore the sodium and 
potassium niobates were isostructural. ExpuIsion of water of hydration at tempera- 
tures lower than those necessary for the collapse of the metaniobate ion might 
ascertain that the metal-to-oxygen bond between the metal and the group of water 
was not operating and instead the two were linked through the more easily breakable 
ion-dipole bond. No evidence was found for interstitial waters of hydration. 

Potassium me2atan:alate hya?afe 
The l thermoIysis curve of that crystalline saIt is shown in Figs. 4 and 5. The 

analyses of various residues are given in Tabies 5 and 6. There were four water 
groups per molecule of the hydrated salt, which could be depicted as [K-4H20]+ 
[Tao, - HzO]-. In atmospheres of nitrogen or carbon dioxide, the thermal disruption 
of the tantalite ion into tantalum(V) oxide was a major difference from that of the 
niobite ioa. To account for this behaviour it was thought that the oxygen-to-m%21 
coordinate link in the tantahte (metatantalate) was more stabilized and shielded by 
arrays of multi-dimeric, of some sort, of non-distorted octahedral structure. At a 



temperature slightly higher than 900°C it was shown that the electric conductance of 
the salt Increased; therefore poIarization of the octahedral crystal, due to the presence 
of Iarge holes in it and at the oxo-bridge region between the alkali metal and the 
central atom, was more likely to occur and consequentIy splitting of the alkali metal 
mono-tide from the octahedral tantalum(V) oxide was possible in that temperature 
region. 

60 
z 

- in air and Nr gas 

6 ---in co, gas 

Temperature(%) 

Fig- 4. Thcrmognm of KTa03-4H:O. 

- in air 

--- in CO2 or Nz gas 

Temperature <‘CJ 

Fis_ 5. Rch,ion bemoen TGA and DTG curves for the pyrolysis of Nb-FTF3 chelate 
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TABLE 5 

ANALYSIS OF RESIDUES OBTAINED FROM THERMAL DECOMPOSITION 
OF POTASSIUM MFTAIANTALATE HYDRATE 

Temp. 
(‘C, 

W-eight 
Ioss 
(%a) 

Pc.ui~_v of substances formed or scared remperarure (‘T/o) 

KTaO, K,O 7-LZz05 TO 0, 

205 21-l 99-O 00.0 00.0 00.0 00.0 
1150 349 00.0 17.5 82.4 00.0 00.0 
1935 46.7 00.0 00.0 00.0 63.8 17.5 

The above structure of dichelate (I) resulted from elemental and functional 
group analyses as well as other analytical procedures. Thermal analyses (Fig. 6) 
showed the presence of three water groups of hydration and two PTB’s of crystalli- 
zation. Dislocation of the waters of hydration and PT’B’s of crystallization without 
breaking down of the binuclear chelate might be a good evidence for their being 
interstitially present as lattice molecules uncoordinated to the central atom. 

Like its congeners in the transition series, niobium formed the oxoniobium 
radical. The ability of that radical to form coordinate bonds with ligands could be 
accounted for through the stretchzble double bond. It was shov.n that NbO had 
infrared bonds around 1000 cm- ‘_ This property of the Nb-4 structure and accord- 
ingly the flow of electron density from pn of oxygen to dz of niobium (niobium has a 
partially filled 46 orbital) might create a z-bond capable of taking up ligands and 
forming a maximum valence of six and in the cast of PTB, having an octahedral 
geometry. 

However, at 356°C the dichelate (I) decomposed into potassium monoxide, nio- 
bium(V) oxide and coIourIess crystals of unknown sublimate which could not be 
identified. 

The X-ray diffraction pattern of dichelate (I) is given in Fig. 7_ The three (ri) 
strongest lines for it were 2.60, 2-46, 2-36 A respectively (Table 8). On plotting the 
intensity of the diffracted beam as a function of the angle of diffraction a chart peak 
at 37.7” was obtained (see Fig. 11). 

It was worthwhiie to see if the dichelate (I) causes any shift in absorption in the 
niobium atomic spectra. Experiments showed that maximum atomic absorption of 
the dichelate occurred at 298.3 nm, Fig. 8, whereas ecluivalent amounts of atomized 
niobium without chelation absorbed a: 290.2 run. That shift of wavelength could be 
used for the determination of the metal in the presence of other metals that might 
interfere before chelation. That was really the case since the interference of tantalum, 
rhenium, molybdenum, and manganese were avoided because of the dirlrerent maxima 
of their absorption wavelength. 

Moreover, microcrystalloscopic examinations showed rhombic prismlike crys- 
tals. The deep orange coIour could be due to the occurrence of moderatelv strong 
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A Exo 

1.0: i Endo 
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t I 

400 1600 2000 

(b) 

in CO2 or Nz gas 

Temperature (‘Cl 

Fig_ 6. Differential thermal curves of NLPTB. 

charge transfer bands within the doubIe bond of the oxomobium group. A hypo- 
thetical explanation for the solubility of dichelate (I) could be as fohows. The long 
chelate molecule foIds up in such a way that its negative charge is buried under 
PTB’s of crystallization. Resulting from that distortion Van der WaaIs forces arise 
and soivation of the chelate occurs. Strong acid solutions decomposed the chelate; but 
no hydrogel of niobium(V) oxide was detected_ Perhaps the decomposition products 
contained the acid resistant soiubie oxoniobium radical. . 



0.0’ I I 

60’ 50’ 40’ 30’ 20’ 10‘ 
26 

Fig 7. X-ray emission spectrum of K@ibO(PTB)JWTB)-3H,O_ 

TABLE 7 

X-RAY DIFFRACTION PA-I-TERN OF NbtOJ PREPARED AT 1100°C 
IN NITROGEN AND CARBON DIOXIDE GASES 

217 50 1.09 20 
2.15 100 l-03 15 
2.02 35 I.01 5 
1.85 45 0.950 5 
I.75 30 0.910 4 
1.37 35 O.Sl2 10 
1.34 40 
I.22 10 0.78 I I4 

TABLE S 

X-RAY DIFFIUCTION PATSERN OF THE DICHELATE(I) 

2-60 28 1.05 7 
246 34 0.991 19 
236 IO0 0.93 I 15 
1.27 23 0.593 8 
I.20 13 0.811 8 
I.18 5 0.798 9 
I.09 6 0.714 5 
I.07 3 
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I 
020 t 

! 

0.16 1 
i 

Amox= 298.3 nm (01 

t 
slit width = 0.05mm 

lamp current= 10rr.A 
f:ame =air/C$-ft 
1 ppm Nb as the dichclatc 

0.18’ 

0.16 I 0.14 j- 

0.12 

240 280 320 360 400 

Wavelength (nm) 

(b) 

A mox = 298.3 nm 

I I t I I 

3.4 0.8 ‘1.0 1.2 1.4 

ppm of Nb as the dichclote 

Fig. 8. (a) Atomic absorption spectrum of K~OCP’T’B)J2Wl’B) - 3Hz0 in water-acetone solution, 
and (b) calibration curve 

It may be said with some certainty that the absence of niobium-to-niobium 

interaction meant the molecule had a magnetic moment corresponding to one 
unpaired eiectron. 
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