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T thesis ntitled "otudics on alik~li and alkaline
eart’ nic.-tes, niouiv . c¢c., lexes with soime orcnnic lizands
and tielr sewiconductin properties™ deals with the syste-
matic studies on thir formation of alkali =and alkaline earth
niobates at hizh temperature and some aspects of complex
forming ability of niobium (V) with organic ligands contain-

ing sul hur, oxy-en and nitrogen donor atoms.

The electrical conductivity of the prepared niobates
and niobium complexes have been measured in the range of
40—25000 end 30—15000 respectively. Activation energies of
niobates and niobium coiplexes have been calculated. Seebeck

coefficients of the above compounds was also measured.

First chapter contains a brief survey of the literature

on the studies of niobates and niobium complexes.

Chapter two deals with the formation of lithium,
potassium,calcium, strontium and barium niobates in the range
of 500—120000. Following niobates have been pPrepareas
Li,0.Nby0s5), 2L120.Nb205, 3Li,0.0b505, KsG.Nbpls, Cal. 2Nb20s5,
Cal.Nb20s, SrU.2Nby0s5, 5rC.Nbs05, 25r0.Nbo05, 35rU. NbpUsg,

LSr0, Hbpls, Bal.2Nbs05 and Bao. NbpOs.



The for tion of these .iobates was coiuwirned by analytical
results. Luac electrical e wuctivity of £l _se niobates

has b.en ueasured at differe.t te r tures, lrom which

t eir activation er r i»s have been calculated. The Seebeck

coefficient . asureacints were also made with each niobate.

Chr Lter three deals with the isolation and chzoracteri-
zation of complexes of niocbium{V) with :(-aryl u'-2(4,5,6-
menosuostituted pyridyl) thioureas; 1,5-disubstituted
2,h-dithioviurets, 1,5-disubstituted 2—thiobiurets,benzi—
midazole and acridine. The structure of these complexes have
been confirmed by infra-red spectra, magnetic susceptibility,
molar conductance and electrical measuremnents. From the
electrical coanductivity of these complexes, measured at

dif Jerent temperatures, their band gaps have been calculated.



:;CA--..L .c.Lluu%I:J.. - .TD‘

#)

The soul o th thor feels thr i est order of

v

satisfacticn zad jubilotion in profferin - profouse amnd
para.iounc ratitudes to wr. ws1.oriveostava, feoc.,ch.D.,
Aeneley felivade, azsocl te rrofessor of Clenistry, “or his
unilinchin  encoura ement and remarkable ‘uldance 2t each

and every juncture of this dissertation.

I am extremely thankful to Dr. G.P.Srivestava, Lecturer
Physics Group, B.L.T.3. for helpful discussions during

entire course of work.

I &m thankiul to Dr. C.R.siitra, Director, B.L.T.S.,
Professor d.Subramanian, Degn Faculty uJivision III,
Dr. V.K. Tewary, Dean Resecrch and Consultancy Division,
Dr. S.K.Banerji and Dr. J.H., Jzitly, Group Leader Chemistry,

for providing necessary facilitvies.

I am grateful to Professor J.P.Tandon, Head of the
Departmznt of Chemistry, Rajasthan University, Jaipur, for
his help in taking magnetic susceptibility of the complexes;
Dr. Ved Frrakash, Lecturer, B.I.T.3. Pllani for his help in

set up of electrical conductivity measurement.



I -0o..c. likc to express my siacere t!.nic to Zlrofessor
h.C.orivasc va, ur. A.D.soneja, Ur. wevenai, Dre 4,3, caurthy,
Ur, a.e. dain, Ur. :.o.hendurker, Ur. A.oe. fant, ur. 2.D.Vyas,
e Lo, cendiangg . feneoll rog ¢ +.r. Sukhdev Sinzh for

conste it help, encoura’e eat ~nd conctructive su; estions.

Let me extenuate my accumnulation by pronouncing heartiest
thenks to my colle: ues, sr. h.b, cadhok, ~r L.h, Jain,
Dr. . .. uh"tng 'ar, Dr. s.George Abriham, -.r, V.3.Rao, wsiiss
Saroj fadav, Dr Frithvi Singh and lr. R.P.S.Jdgkhar for their
valucble help during the course of this work. wy thanks are
also due to iar .iam sumar for tY})il’lf_', this thesis with diligen‘c

care.

I teke this opportunity to express my profound gratitude
to wr Ved sumar Arya, my parents and relatives without whose
blessings and good wishes the completion of this work would

not have been possible.

Finglly I would like to thank all my respected teachers
and Research Scholars for extending thelr zZenerous co-operation

in various capacities in accomplishing this work.

I wish to acknowledge vith thanks the financial asslstance
in the shape of fellowship received from Council of Scientlfic

and Industrial Research, Vew Delhi, and University Grants Commi-

SKRrya

‘(‘.."-i\. .'\l"_'»"&'.)

ssion, MNew Delhi.,



SUrpRVIoUR' . CELT LAICATE

Iu—ilanCE o e
ACHiiL L w WG L TS -
ChMTL‘uL 4 : oAl J.nTRUDUCTlUN PP «aa

CharTeR L1 @ NIObaATES UF LITalUM, POTASS LUk,
CALCLUM, STRUATIULL AND BarlUsl.

2.1 : Introduction Y
242 i Lkxperimental v e
2.3 : Results & Discussions e e
2.k : Semiconducting Properties v q

References W

CHAPTER ILII : COwPLEX CCHMPCUNDS OF NIOBIULM
PENT ACHLORIDE «wITH GRGANIC

LIGANDS.
3.1 : Introduction swie e
3.2 ¢ bxperimental R
3.3 : Results and Discussions ... ..
ol : Semiconducting Properties .o
fleferences e 8 #9
LIST OF PUBLICATIONS SRS R

PUSUSUIW LY & B 89 354

(i)
(ii)

(iv)

21
28
34
62
104

1o
11
138
213
220

R27



UHAPTRR -~ 1

GENERAL INTRUDUCTION



GENERAL LNTRODUCTLON

Niobium is one of the heaviest elements of V A Group
of the periodic table. It exhibits oxidation states ranging
from 2 to 5. The pentavalent belng most stable. Niobium
forms a number of oxides such as NbO, Bb,03, NbOp and Nb,Os.
It also forms halides of the type NbXp (X = Clor I), NbXsj,
NbX, and Nb Xg (F, C1l, Bror I).

Dela fontaine' and Grube® obtained NBO by the
reduction of niobiun pentoxide with hydrogen at 1300 -
0 i 0 % y p SR
1750 C, or reduction of niobium tetraoxide with niobium

metal in the atmosphere of argon at 1600 - 170000.

Nb203 was prepared by Smith and Maas3 by heating
niobium pentoxide with five times its weight of magnesium
at 1200 = 130000. Br'auer‘j+ and Grube? obtained NbO, by the
reduction of niobium pentoxide with hydrogen at 1000420000.
Niobium pentoxideS is formed on heating niobium metal,
lower oxides, niobium hydride, niobium oxysulphide or

oxalatoniobic acid in oxygen or air.

4

Brauer” reported that Nb,O5 exists in three crystalline
modifications i.e. @ , /3 andYyY . On heating tranébrmations

between these forms takes place asi amorphous toY at SOOOC,
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vy to B at 1000°C and /¢ to o at 1100°C. Holtzberg et 519
comfirmed the existence of only two modifications i.=z.

« and Y and the possible existence of third b - modifica-
tion was proved to be poorly crystallized state of 7 ~phase.
They proposed that « and B~ phases are identical with

/3- modification existing as a two dimensional array, the
transformation temperatures were observed to be amorphous
to Y, 435°C and Y to x 830°C. X-ray investigation by
Goldschmidt7 confirmed that /3= modification was stable

only above 900°C.

The preparation, structure and thermal properties
of wvarious polymorphic forms of Nb205 have been reviewed

in detail by Schafer and coworkers.S '!

. o . 4
x - modification suggested by Brauer has been

12-18 e Greener et al12

accepted by most of the investigators
measured the electrical conductivity of o - NbyUs; single
crystals and sintered specimens under a constant oxygen
Iressure and in the temperature range of 573~1173°K. They

observed exponential temperature dependence with an

activation energy of 1.65 eV in both the cases.

15 measured the electrical

Greener and Hirthe
conductivity of single crystal and sintered specimen of &= Nbs0g
: il ;
after prior reduction in 10 ° atom of air at temperatures

varying from 350° to 1150°K. The conductivity of single



crystals as well as simpered specimens was found to be
exponentially dependent on temperature. The activation
energy of single crystals was found to be 0.91 eV in the
range of 650° - 1150°K and 0.2 eV in the range of 350-650°K.
The activation energy of sintered specimen varied from |.ceV
for the smallest degree of reduction to almost zero at the

highest degree of reduction.

13 re-examined the

On the other hand Chen and Swalin
temperature dependence of electrical conductivity using
co-Nb205 single crystals in an oxygen pressure range of

6 atm and temperature range of 873-1623°K.

1 atm to 107
They observed that at high temperatures the activation

energy is 1.4 eV, whereas below 1073°K it is 0.4 eV,

Niobium pentoxide reacts with basic oxides to form
compounds known as niobates. Numerous anhydrous as well
as hydrated niobhates are known. Certain aspects of their

- » - - O
chemistry is reviewed by Fa:l.rbr-other1’9 and Wycoff?

The formation of several lithium, sodium and

: : ; ; 21~31
potassium niobates has been reported by many investigators.

Balke and Smith®Z2

Prepared silver niobate Agzo.
NbyOgz. 2H,0 by adding a solution of silver nitrate to a
solution of silver niobate in 1:1 proportion. They also

prepared rubidium niobate, 4 RbyU. 3Nb205. 14H20 and



cesium niobates 4 Cs;0. 3Nb205. 14H20 by fusing Nb205

with rubidium and cesium carbonates respectively.

Balke and Smith32 also obtained aluminium meta-
niobate Al(NbOB)B- 6H,0 by adding a solution of alum.
to sodium niobate., He observed that the same compound is
formed when niobium pentoxide is fused with alum .
Kvashenk031 et al studied the formation of aluminum ortho
and meta-niobate conductometrically and potentiometrically.
They also observed that dielectric constant and dielectric

conductivity of Nb AlG, 1s dependent on temperature.

LT IT
Niobates of the type Nb,M "0Of (M "= Mg, Mn, Fe, Co,
Ni, Zn and Cd) are known to possess orthorhombic type of
structure [sz (Fe,Mn)Og | , in which each metal atom is

surrounded by nearly regular octahedron of oxygen atoms.

Rose?! prepared Mg0.NbyOs.4Hs0, 2Fep05. 3Nby05.8H,0,
CuO.Nb205.2H20 and Hgy0.Nb,05.3H50 by fusing Nby,05 with

respective chloride of the metals.

Joly33 obtained a number of niobates by heating
Nb205 with metallic chloride at temperatures somewhat below
the volatilization temperature of the respective chlorides.
The following niobates were prepared: 2 MgO.Nbp0s5, 3 MgO.Nby0s,
4 MgO.Nbp0Us, MnO.Nbp0s5, FeO.Nbp0s5 and YO.Nb205.



Larssonau alsoc prepared a number of amorphous niobates
by fusing Nb205 with chlorides of corresponding metal. The
niobates obtaired were: MgO. Nby0g, 4 MgO. Nb,O5, 3 MnO. Nb205’
Co0. Nb,05, NiO. Nb205, Cub. Nby05, Zn0. Nb,O5, Y505. NbyOs,
{505. NbyOg, 2r0,. 5 NbpOg, CdO. Nb205 and ThO,. 16 Nb,Os.

By adding a zinc sulphate solution to a solution of
sodium metaniobate Bedford35 obtained zinc ortho dodecaniolate
7 Zn0. 6 NboOrn 25 HZO‘ Antimony orthoniobate was synthesised

from a solution of potassium niobate with antimony carbonate?

Goldschmidt37 investigated the systems between
niobium pentoxide and certain metal oxides which include
“g0, alyy, Si0p, Ca0, Ti0,, V05, COrOy, Fe, O, Gos0,, NiO,
SrC, 2r0,, M003, Ba0, Ta,0s, W03 and CeO, by x-ray and
observed the formation of 1:1 niobates. He also observed
the formation of 2 Nby0s. CoBGb and 6 2r0.Nby05 besides 1:1
niobates. These niobates form rutile, columbite, hematite

or perovskite type structures,

Electrical conductivities of binary systems of oxides
based on niobium pentoxide are reported by Manakov et al?8
Systems studied are Nby0s5 — NMxOy (in which N varied from
zero to fifty mole percent for M=K,Li,Ca,Al,Fe & V) showed
that in NbpOs5-Fep03, NbpOs - V,05 and pure Nby0s;, transition

from electronic to ionic takes place with the increase in



content of Mx Oy. The structure and temperature dependence
of electrical resistivity of metanicbates of manganese,
iron, cobalt, nickel and copper was studied by Bazuev and

Krylov?9

Niobium like other members of V Group forms a large
number of complex compounds in oxidation states of 2 to 5.
The complex compounds of niobium halides are probably the
most extensively studied compounds. Known halides are

NoY, (¢ = Clor 1), NbX, NbX, and Nb X5 (X = F,C1,Br or I).

2

Lower halides are generally obtained by reduction
or thermal decomposition of the pentahalides. The ease of
reduction increases from fluoride to lodide. By varying
reaction conditions it 1is possible to obtain a variety of
products using MCl5 + M (M = Nb, Ta) reaction and different
temperature gradient for reaction. Schafer and his

LO=-47

colleagues prepared various chlorides.

Niobium (II) fluoride and bromide are not yet known
whereas niobium (II) chloride was prepared by Schafer and
Dohmannbh on heating stoichiometric quantities of niobium

metal powder and niobium trichloride at 800°C.

Corbet and Seabaughh7 obtained niobium (II) iodide
by heating niobium tri-iodide in a stream of pure hydrogen

at 500°Cs

o)



Niobium trichloride, tribromide and tri-iodide are
obtained19’*ﬁ’“’ by reduction of the respective penta
halides with hydrogen, 2luminium or niobium metal. 1In
certain instances, therrmal decompositicn of the tetrahalides

to respective trihalides was used.

Monomeric cyclopentadiene complexes of niobium (III)
are reported e.g. (T - CsHgl, Nb HL where L = CO, PR3,
50 2
C,H,” " and RC = GR'’ .
Maas and l\’IcCaJ."le],rs2 prepared niobium (IIL) halide

complexes of the type Nb, X, (80, Hgly (X = C1, Br, I) and
A - .
LNb2 Cig(3 C, HS)] ;

Recently a convenient synthetic route to niobium (IIL)
halo complexes has been discovered by Allen gnd Naito?3
They observed that on treating niobium pentachloride with
borane-dimethyl sulphide complex and a stoichiometric
amount of sodium/potassium alloy in toluene at room
temperature forms Nbp, Clg (SMe2)3 which can be converted to
Nb, Clg (L-L),, where L-L is a chelating diphosphine or

diarsine,

Nb F,, Nb Clh and Nb Br, can be conveniently prepared

I
by the reduction of corresponding pentahalides under
controlled conditions at elevated temperatures with either

niobium, iron, aluminium or hydrogen.



Niobium tetraiodide’" was prepared by thermal

decomposition of pentaiodide at 270°C in a sealed tube.

Blight and Kepert"b observed that the electrical
conductivity of niobium tetrachloride increases sharply by
a factor of 104_105 at 533°K and the temperature dependence

is typical for it,

Fowles et aljtJ reported the formation of niobium (IV)
halide complexes of type Nb X, .2L (X = Cl, Br and I;
L = methyl cyanide, 7Y-picoline, diarsine, gﬁiourea,
triphenyl phosphineand 1:4 dioxane), Nb Xh' 2L (X = C1 and
Br; L = tetrahydrofuran and tetrahydropyran). Nb X,. L
(X = C1, Br and I; L = 2,2' bipyridyl, 1:10 phenanthroline
triethylamine and NNN'N'-tetramethylene diamine) type of
complexes are reported by Brown et al?7 In non aqueous
solvents, Deutsher et al58 and Hamilton et al59 prepared
complexes of type Nb L, (where L = 1,2-dimethyl thioethane,
benzoyl tri fluoroacetone, theonyl trifluorocacetone,
dibenzylmethane, tropolone and 8-hydroxyquinoline) by the
reaction of niobium tetrachloride with respective ligands.
They concluded on the basis of spectral results that
complexes of S diketonates are dodecahedral and dimethyl

thicethanes are triangular dodecahedral.



Green dimeric compounds with composition NbKB(MeGN)3
(X = CL or Br) wereprepared by zinc reduction of NbCl, in
methyl cyanide, containing a new bridging ligand 84H6N2
which was proposed as [ﬁbQClb (NCMe)u 04H6N2‘| by Schaefer
et al@o Upon replacement of 2 or 4 of the coérdinated
methyl cyanide molecules with chloride salts gave
¥b,01g (MeCN),, Cigly| *7 ana [Nb 10 (8 g, | ¥ anions

respectively.

A nine coordinated acetylacetone complex Nb ac acys
dioxan having spin only magnetic moment of 1.73 B.M. was

prepared by Deutscher and Kepert@1

Recently Malhotra and Chaudhry62 have isolated
complexes of type M Clu.Benzo, M Cl3' 2 Benz. and M 012.
3 Benz. (M = Nb, Ta & Mo) by the reaction of pentachlorides
with benzoins in carbon tetrachloride on the basis of
molar conductance, molecular weight, magnetic susceptibility
and i.r. spectral results they proposed the structure of

the compounds to be octahedral,

All the pentahalides are most conveniently obtained
by direct combination of the elements at elevated
temperatures (230 - BOOOC). Care is necessary during the

preparation of Nb lg because of its ready thermal decomposi-

tion., Alternative methods have also been reported for the



63,6 . :
preparation of pentahalides%g’ 0 Niobium pentachloride

Le

- . - - [} . - -
exists as a dimeric unit in the solid state.

A11 the pentahalides form stable 1:1 complexes with a
variety of ligands. Most of these complexes have been
discussed by Fa:i.r‘bro‘cherI";’I"5 Glushkova et albé pregared
pentaflucride amine complexes whereas Brown et al67

prepared pentahalide triphenyl phosphene sulphide and

triphenyl phosphene selenide complexes.,

By the reaction of niobium pentachloride with
1,h~selenoxan and thioxan in chloroform Fowles and Baker
obtained 1:1 red coloured complexes in which bonding is

through sulphur or selenium and not through oxygen.

Elinson and Maltseva69

studied the optical properties
of coloured complexes of o-{pyridylazo) cresol, (pyridylazo)
(ethylamino) p-cresol, (pyridylazo)(diethylamino) phenol

and their bromo and dibromo derivatives wit h niobium

pentachloride.

By the reaction of 8-quinolinol (OXH) with niobium
pentachloride and pentabromide Fﬁ&er et :5117(‘J obtained
compounds with composition NbX5.n(0XH) (n = 2-6, 8 & 10},
which on heating gave compounds of type MXm(%;)5-m (m=1~4).

Nb Bro(OX)3 and Nb Br(OX),- do not form similar compounds



on heating. Infrared and conductance measurements
studies indicated these compounds to be having coordination

nunbers of 9,8,7 & 6 for m = 1-4,

Ackermann and Koch’! studied spectrophotometrically
the formation of Nb (V) mix ligand complexes of type
Nb (V) L-L' (L = pyrocatechol, pyrogallol, gallic acid,
dibromogallic acid and L'= EDTA or 1,2 diamino cyclohexane
tetra acetic acid) at pH 1.6 -~ 3.7. They observed that
these complexes have 1:1:1 composition and can be used for

the estimation of niobium in aqueous solutions.

McCarley et al72 reported synthetic methods for the
preparation of hydrated halides and halo complexes of
Nbg X12+ (X = C1 or Br) cluster in the stable oxidation
state n = 2-4, by reduction of anhydrous niobium penta

chloride in the presence of alkali metal chloride at high

temperatures.

By the reaction of niobium halides with acetonitrile
Fowles and Gadd73 obtained three type of complexes.
NbX5. CoHj CN (X = C1 or Br) Nbi,. 20pH;CN and
NbX 3, 302H3 CN. Spectroscopic and magnetic measurements
showed that bonding is through nitrogen atom rather than

double bond and complexes are consistent with 6-coordinated

structures.
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Raman spectra of crystalline complexes of type
MXSL (M = Nb or Ta; X = C1l or Br and L = dimethyl sulfide
or acrylonitrile) were also studied by Fowles et al7h,
results were compared with model species [MX5 Yj] (M = Nb

or Ta, X = C1 or Br and ¥ = Cl1, Br or I) and MX.., MeCN,

5.
By studying x-ray structural analysis of niobium (V)
complexes, a new type of carbon-bridging group was found in
crystals of bis - m (trimethyl silyl methylidine) - tetrakis

(trimethyl silyl methyl) - diriobium (V) by Huy, et al?5

The complexes of niobium (V) with wide range of
Schiff bases containing a variety of donor sites have been

prepared?o’/]’78

Chang and Savich76 and Chang and Lapitski£78
have shown that in almost all the complexes the coordination

nunber of niobium is seven.

Parasher and Tondon79 reported hexa and octa-coordinated
Schiff base complexes of niobium (V). Biradar et a180’81
used aromatic Schiff bases of type N-N'-disalcylidene
ethylene diamine, bis—]:p-(salicylidene amino) phenyi]
snlphide, kb'-bis (salicylidens emino) @iphenyl, amine
bis [:o—(salicylidene amino) phenyl] disulphide, sali-
cylidine -~ aniline, salicylidine-p~chloro aniline, sali-
cylidine~-p~toluidine, salicylidine-p-anisidine, benzylidene-
p-aminodiphenylamine and anisylidene p-amino diphenylamine

for their studies. They observed that Nb (V) has coordi-
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nation number seven in all the comblexes formed by the

above mentioned bases.

Niobium pentafluoride xenon difluoride adducts
NbFc. 2XeF, and NbFg. XeF, have been prepared by direct
combination of the niobium halide in hydrofluoric acid by
Lawrence and Sturgeons2 and, Holloway and I(nowles?3 Thermal
decomposition was found to proceed with an intermediate
compound formatiocn of 2:1 adducts. Edwards and Jonesgk,
on interacting niobium pentafluoride and selenium tetra-
fluoride found the major product to be Sth. 2NbF5. The
complexes SeF, .NbFs; and SeUFp. NbFg were obtained as minor

products of this reaction.

With mono, di and trialkylamines, niobium penta-
fluoride forms simple 1:1 adducts wereas, with methylamine,
dimethyle amine and diethylamine the niobium pentachloride
and bromide undergo replacement reactions to yield compourds
of types NbCl, (NHCH3)3, NbC1 (NHR), NH,R and NbCly(NRy)e
NHR,, . Whereas with trimethylamine 1:2 complexes vig

NbCls. 2 N{(CH3); and NbBrs. 2N(Ch3); were isolated.

Niobium penta fluoride form stable 1:2 complexes,
whereas depending on reaction conditions, the other penta-
halides either form 1:1 complexes or undergo reduction to
give tetrahalide complexes of type NbX,. nL (X = C1, Br

and I; L = monodentate ligand; n = 1=3)



. go _ . s oo T——
1+t is also re_ crted that alcbluw pentachloride is
re uce. in cthe presence ol litlium ciclkylamides with the

foruation of tetravalent co.plexes such as dJb(uis)0 (R = lie,

]
n n. . : ’
Et, 1rr, ":uetc.), the extent of reduction increases with

the len th ol alkyl chain. Electrolvtic reduction of penta-
chleride in presence of _yridine, wentworth and Brubaker© '
obtained a dimeric complex of type [ﬁbCl (G Et)3' - &t ] "

which on adding alcoholic pyridium chloride soluticn was

converted to another ccmplex (C5H6N)2 [ﬁb (C Et) 015] .

The present wcrk was, therefore undertaken with a
view to study systemstically the formation of alkali and
alkeline earth niobates between 500 - 120000. Prepesration
of complex compounds of Eb{V} with the ligands containing
sulphur, nitrogen and oxygen as donor atoms in tetrahydro
furane aqueous medium, structures of these compounds have
been studied using analytical and vhysico-chemical methods.
Semiconductinz propervies of the prepared niovates and
complexes have alsc been studied by measuring electrical

conductivity and Seebeck coefficients.
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CHAPTER - II

NICBATES CF LITalUwm, POTASSIUM
CALCIUM, STRCNTIUl AND BARIUl4,
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The potential use of niobium for high temperature
service has focussed attention on its oxides and niobates,
particulerly of lithium, since oxides make up the barrier

layer between the metal and gas phase during oxidation.

lliobates find their use in ceramics1, plezoelectric
meterials?®, electro-optic modulatorSB, ferrcelectric

L 2

materials® and superconductors:

Hofmann and Kohlschutter” obtained hydroxylamine
niobate, 3(NH20H). HNbO3, by digesting a mixture of
potassium deutrohexaniobate, K2 Nb,012. 5% H,0 with conc.

L 2
ammonie and hydroxylamine chloride. They also prepared
anot her hydroxyl amine niobate, 5 NH20H. Nb205. 2H20 which

had different composition.

Evnalova and Rashkovich7 prepared lithium meta-
niobate, LiNb03 by baking stoichiometric mixture of Li2003
and Nby0s at 1000°C for 3 hours and determined the domain
structure of crystals. Robert8 obtained lithium
metaniobate, Lillb03 by sintering L:i.2003 and Nb205 for
12-15 hours at 9509C. He also prepared single crystals

o
by carrying out the reaction at 1300 C.

O
'o-



foitberg et al> measured the pyroelectric and
electrical conductivity of lithium metaniobate single
crystals in the range of 20 - 25000. Novik1o et al
measured thermoelectric effects in lithium metaniobate
whereas Cermak Karel11 studied optical properties in the

near ultravoilet spectral region.

Large single crystals of lithium niobate were grown

12

using an automgted puller by Zydzik G!Z Byer et al used
Lithium metaniobate in electro optical switch and second
harmonic generation. Hecently single crystals of lithium
metaniobate have been grown by many investigators using

14-17

different techniques.

Rose18 obtained hydrated sodium metaniobate,
Na,O. Nby0gz. 9H,C, by heating a solution of Ne OH
containing niobium hydroxide in suspension. He also
prepared 3 NajyC. Yb205, L, Nas0. Nb205. L 0H20. Na20. L Nb205.
5H20 by expelling G0, on fusing Nb205 with Nas 003 in

different proportions.

Holmquist19 isolated cubic and hexahedral crystals
of sodium pyroniobate, Naa sz 07 by melting a mixture of

sodium carbonate, niobium pentexide and sodium fluoride.

Small crystals of sodium deutro hexaniobate,

Ng) Nbg Uq9. 9H50, were isclated by Santessonzo from a

) 4
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boiling aqueous solution of a fused mixture of ... Og
; 21 . C
and KCH, but Béford  could not confirm the findings of

Santesson.

When sodium hydroxide 1s added to a hot solution of
potassium oxyfluoro niobate, sodium orthonicbate

025 x B8 ok Es obtained?2

—

I o
1310 Pl W

Bouilland23 studied Na20—Nb905 systems by heating
Nb205 and N32003 or Nb205 and NaN(;3 in mole ratio 1:1 and
1:2 respectively, in argon atmosphere at 1100°C and
obtained Na Nb03. It wes also observed that at the same
temperature the reaction in the latter system proceeded

faster in contrary to the data of Spitsyn and Lapitskii.zlF

Na O—Nb205 system was again studied by Pietro25

2
who on heating Nb205 and NaNO3 at temperatures between
800—120000 for 100-500 hours, obtained five compounds
Na,U. 13 NbZOS’ Na,0. 7 Nb,0s, Nazo. 3 Nb,05, Hay0. 4Nb,0g

and Nazo. 2 Nb205.

Joly26 obtained potassium metaniobate, KNb0,;, by
fusing equimolar parts of potassium and niobium pentoxide

with calcium fluoride in a platinum crucible.

The formation of potassium orthoniobate K3Nb0, was
coni'irmed by Rose18 from the amount of carbondioxide evolved

when niobium pentoxide was fused with potassium carbonate.



Pre arstion of pure potassium metaniobate, LlbCUs,
has been reported by diesmann et al?7 They observed the
formation of potassium metaniobate at 1075°C. lmpurity
segrezations and their interacticn with domains and dis-
locations in potassium metaniobate single crystals were
studied by ulishra and Lngle?g Dielectric and conductivity
measurenents were nade by Deshmukh and Ingle?9 In recent
years single crystals of potassium metaniobate have been

30 31

grown by Quittet et al’~ and Gaffar et al?

Jander and Frey32 studied the reactions of Nb205
with various oxides such as BaO. SrO, CaO, iigO, Zn0 ang
Cu0 and reported the formation of some niobates. Ibraghim
et al’’ studied CaO-Nb205 systems and observed the
formation of two calcium niobates, CaO.Nb205 and 3Ca0.Nb,05,
at higher temperatures. Calcium orthoniobate 3Cal. NbyOg

exists in both cubic and orthorhombic forms.

By using heavy atom method Gummingth determined
the crystal structure of calcium metaniobate and observed
that the structure consists of calcium and niobium atoms
surrounded by oxygen atoms in polyhedral arrangement.
Carpy et a135 determined the crystal structure of calcium

pyroniobate, Cag (Nb03)2 by x-ray method.

The crystal structure of strontium niobate was

reported by lIshizawa et a136 as a compound of perovskite



type slabs. Thisstructure was confirmed by 3-dimensional

x-ray diffraction method.

Thermogravimetric, x-ray and chemical analysis of
solid phase reaction of a 1:1, BaCU3:Nb,Ug mixture was
carried out by Gonslavskii et al37 and they observed that
barium metaniobate is formed at a very high temperature

although the decomposition of BalO, in presence of Nb205

3

occurs at 7OOOC.

The crystal structure of common highly conducting
metals like copper, aluminium and silver is such that the
outer atomic electrons are shared by all the atoms. These
electrons are actually free to wander throughout the
substance and this remains true over a wide temperature
range. I1n most metals each atom supplies one such free
electron and electrical conduction takes place as a result
of the motion of the free electrons under the action of

an applied electric field.

In contrast to good conductors, the structure of
solid insulators is such that over a wide temperature
range almost all the electrons remain bound to thelr
respective atoms, therefore insulators have no appreciable

electrical conductivity.

€«

[ |

)



20

There are substances which normally behave like

insulators but start conducting 1if some energy 1s supplied
38

to them. These are known as semicoanductors. Semiconductors

generally have electrical conductivity in the range of 102

a s ( Ry, Temperature)
“ o™ ' ¢m~1 at R.T.nintermediate between good

conductors | 106 ohm™ 1 il

10722 ohm~1 em™1).

to 10

em™ ') end insulators (10 to

Conductor, semiconductor and insulator have also
been distinguished on the basis of the band gapgg, Eg., the
energy difference between valence band which refers to
the fully occupied energy band (and corresponds to all
bonding molecular orbitals) and conduction band (corresponds
to the antibonding molecular orbitals). Iost semiconductorgO
have an energy gap of the order of 1 eV, although many
thermoelectric and infrared materials have band gap (Eg)
in the neighbourhood of 0.1 eV. Energy gap values of more
than about 3 eV is found in the case of insulators and

such substances are useful in phosphors and luminescent

. 41
materials.

The development of semiconductors requires an
ever great application and this demand cannot be fully
met by handful of elements having semiconducting properties,
nor by few relevant chemical compounds, which are already

understood. Therefore, increasing attention is being



paid to studies on less known compounds able to act as
semiconductors. Among them compounds of metals or
semiconducting elements with oxysen may be considered
as most promnising because semiconducting properties of
oxides originate generally from the presence of lattice

defects. Although the application of oxide semiconductors

is abreast of the use of gerimanium and silicon in technology.

For example, NiU is frequently used in thermisters.

Dif ferent conduction mechanisms have been proposed
for semiconductors depending on the nature of system under
study. Generally, Band mc;vdelh'2 is extended to the
conduction processes where hopping of electrons takes
place from valence band to conduction band. Tunneling

L i
Bl e dlan been proposed for many systems in

models
which the electrons or holes penetrate through a potential
barrier. A special theory has been developed known as

smgll polaron theor‘y}’5 for materigls in which mobility of

,
electrons or holes is in the region of about 1 cmL/Vs or

lower.

The current knowledge of oxide materials is rather

Liz=52

limited and very less work is reported in literature.

A critical survey of literature showed that no
systematic work has been done on the formation of niobates

of alkali and alkaline earth, and therefore the mesent

£y -
.‘J r
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investigation was undertaken with a view to study
systenatically the formation of alkall and alkaline earth

niobates in the temperature range 500-1200°C.

Vorious workers observed that activation energy of
. i ; 3=55 : ;
oc_.Nb,)(:5 increases with rise of temperature5 which 1s
- t)ernﬂz*rmﬂL <
contrary to the,behavior of semiconductors. L1t was
therefore thought worthwhile to study the seaiconducting
properties of various niobates formed at various tempera-

tures. Seebeck coefficients were also determined to

ascertain the type of conduction.

2.2. BXPERIMENTAL

2.21 Preparation of «, 8 & 77 - forms of Nb,Os

————

«, 4 and Y forms of Nby0s5 were obtained by
heat ing amorphous Nb205 at 1200, 1000 and QOOOC
respectively. These transformations were confirmed by

Differential thermal analysis (DTA) as shown in Fig. 1.

2.22 General method of preparation of Alkali niobates :

All the chemicals used were of B.D.H. Fluka or

Analar quality.

Several mixtures were prepared by weighing accurately

niobium pentoxide and alkali carbonates in different






proportions (1:1.2, 1:2, 133, 134, 1:5 and 1:10). These
were mixed separately in an azate pestle and mortar,
transferred into porcelain or platinum crucible . .o
heated at a fixed temperature for three hours. The h-oated
mass was taxken out, powdered well and welshed. Weighed
quantity of the - reacted mass was transferred into a
conical flask and washed with 002 free hot water till it
was free of unreacted oxides. Pure nicbates thus obtained
was dried in air oven at 110-120°C till its weight was
constant and then cooled in a desciccator containing

potassium hydroxide pellets. Yield was ~—~ 80-85%.

2.23 General method of preparation of Alkaline earth

niobates :

Several mixtures were prepared by weighing accurately
niobium pentoxide and alkaline earth carbonate or acetate$
in different proportions (131, 1:2, 1:3, 1:4, 155, 1:6, 117,

1:8, 1:9 and 1:10). These were mixed separately in an Agate

* Goslavskii et a137 observed that barium metaniobate is
formed at a very high temperature although the'decomposition

of BaCO3 in presence of “szs occurs at 700°C, therefore

Ba(OAc), was preferred.



pestle and mortar transferred into a platinumor porcelain
crucionle and heated at a fixed teuperature for fixed

interval of time.

The hecated mass was taken out, powdered well and
weizhed. weighed gquantity of the reacted mass was
transferred into a conical flask, washed free of unreacted
oxides, first with 0.05 N HCL and finally with 002 free
hot water till it wac free of chloride ions. Pure niobate
thus obtained was dried in an air oven at 110-120°C till
its weight was constant and then cooled in a desciccator

containing potassium hydroxide pellets. Yield was

~ 80-85%.

2.24 Anglysis of Alkali niobates

A weighed quantity of the washed dry product was
decomposed with standard hydrochloric acid solution and
alkali oxides were estimated by standard methods. Preci-
pitate of hydrated niobium pentoxide was obtained by
adding ammonium hydroxide till the pH of the solution
was between 7-8. Precipitate thus obtained was filtered,
washed free of chloride lons, ignited to a constant
weight. The results are reported in Tables 2.01 - 2.04.
An glternative scheme for formation of Alkall niobates as

a function of temperature is given in Fig. 2.

(9 I
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2.25 Analysis of Alkaline earth nigbates :

A wel_lied quentity of the washed and dry product
was decomposed by fusion with potassium hydroxide. The
melt so obtained was extracted with water, neutraligzed
with dil hydrochloric acid and then hydrated niobium
pentoxide precipitated by adding ammonium hydroxide till
the pH of solution was between 7 and 8. Precipitate of
hyarated niobium pentoxide as filtered, washed free of
chloride ions and then again fused with potassium
pyrosulphate and finally washed free of sulphate ions,
ignited and weighed ©till constant weight. Alkaline earth
oxides were estimated by standard methods?6’57 The

results are reported in Tables 2.05 - 2.17.

An alternate scheme for formation of Alkaline earth

niobates as a function of temperature is given in

Figs. 3, 4 and 5.

2.26 BLECTRICAL MEASUREMENT

The electrical conductivities of the samples in the
form of cylindrical pellets as reported by Rao et alS8
(1 cm diameter and 1-2 mm thick, shown in Fig. 6) were
measured. The pellets were prepared by applying a

pressure of 2x107 Kgs per sg. me Two thin steel foils

were placed on both the sides of the pellets prior to the



1)

application of pressure to avoid any contamination. Pellets
thus obtained were coated with silver paint+ and heated

in an inert atmosphere of nitrogen at 500-55000 for ohmic
contact. The electrical conductivity (S ) of the pellets
of niobates were measured by employing a conductivity cell
fabricated at B.1.T.S. workshop (Fig. €). The conductivity
cell (2-3" diameter and 25" long) wes mede of glass and
electrodes were made of stainless stell. In this apparatus
measurements could be made in the temperature range of
0_50000. The electrical conductivity measurements of
prepared niobates were made in the range of 40-25000 by
means of a Digital Picoammeter (DSA 813 Electronics
Corporation of Indie Limited). The temperature of the

samples was measured with the help of contact thermometer

attached to the thermostat U-10 (VEB MLW Model No. 22146 GDR)

in which the cell was placed.

The temperature dependence of the electrical

conductivity is given by the equation
I
G/—= Q’O e /kT "o e s s e (1)

where < 1s conductivity in Ohm"1 cm'1 at TOK, &o is #
constant, Ea is the activation energy, k the Boltzmann's

constant. The Ea values were obtained from the linear plots

of log & versus 1/T-

+ Obtgined from:Trensene Company Inc. Rowley, MASS, U.S.A.



The Seebeck coefficient «, of a semiconductor is
given as
lim AR
(.4:.; ; (2)
where A E 1s the thermal emf set up due to a thermal
gradient & T between the two ends of a semiconducting
specimen. In order to measure &« as accurately as possible

we measured a number of &E values arising from several

AT values, using a D.C. sicrovoltmeter (Philips GM 6020),Fi'5'7.

2.%2 RESULTS AND DISCUSSION

Alk-11 niobates

To start with the formation of niovates some
preliminary experiments were conducted to obtain optimun
time of reacticon as shown in Table 2.01(al). It was
observed that the reactlons were almost complete when the
mixtures were heated for three hours, therefore this time

of heating was kept constant for carrylng out the reactions.

The temperature at which sample is prepared should
be suitably high to allow rapid establishment of the state
of thermodynamic equilibrium between the two mixtures
and the surroundings. Therefore, when mixtures containing
NbaUg and lithium or potassium carbonate in varying

proportions, were heated at high temperatures (500~1OOOOC),
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varicus insoluble nicbates were formed. Their composi-~

tions depend on the proportions of the constituents in the

mixtures and teumpersture of heating.

It is interesting to note that lithium formed
three insoluble nicbates, whereas potassium formed only
one insoluble niobate. For other ratios and temperatures
the niobates formed were soluble in hot water. 4n attempt
was also made to prepared sodium niobates but the niobates

formed were soluble in hot water which prevented us to

continue further.

It is evident from the results reported in Tables
5.01 and 2.04 that almost no reaction takes place at 500°C

whatever may be the ratioc of constituents. On lncreasing
the temperature to 600°C, when Nb,O5 3 Lich3 is 933,

lithium metaniobate, Liz0. NbyUs, is formed.
this ratio to 1:5 or more, another nicbate, lithium

pyroniobate, 2L120. Nb205, is formed. This niobate is

reported for the first time.

At 700°C  lithium metaniobate is formed when

LiZCOB 2 Nb205 ratio is only 1:2 and with higher ratios

lithium pyroniobate was isolated. On further increasing

the temperature to 8000—1OOOOC lithium meta niobate is

formed at lowest ratio of 1:1.2 (1ables 2.02, 2.03}.

On increasing



Lithium orthoniobate, 3Lis0. NboUe, was obtained

on taking lib,0g : LiyC05 ratio 1:4 or higher (Table 2.03).

Potassium metaniobate (K20. Nb205) was obtained in
the range of 700°- 1000°C with ratio 1:1.2 of Nb,05- and
K2003 as shown in Table 2.C4. It glso formed at 700°C

when reaction mixture of Nb205 and K2003 was taken in the

ratio 1:2.

{n taking higher ratics reaction product was

observed to be soluble in hot water due to formation of

soluble niobates.

Alkaline earth nicbates :

It was observed in these cases glso that the reactions
were almost complete when the mixtures were heated for
three hours, therefore this time of heating was chosen for

carrying out these reactions as well (cf. Table 2.01(p) .

When the mixtures containing NbyUg and carbonate
or acetate of calcium, strontium and barium in varying
proporticns were heated at high temperatures (500-120000),
various insoluble niocbates were formed. Their compositions

depend on the proportions of the constituents int he

mixtures and temperature of heating.



It is interesting to note that calcium and barium
both formed two stable compounds X0. Nb205 and XC, 2Nb905
(X = Ca or Bal), whereas strontiwn formed five different

niobates, Y Srl. Nb,Us (Y = 1,2,3 & &) and Sro. 2Nb205.

Calecium nilobates

From the results reported in Table 2.05 it is
evident that when Nb,0c : Ca003 were heated in ratios
1:2, 1:3, 14 and 1:6 at 500°C, very little reaction was
observed, unless a large excess (10 to 20 times) of CaCO3

was used in the reaction mixture. The compound finally

formed was GCalC. 2Nb205.

On further increasing the temperature from 600 to
1000°C the same niobate was obtained with Nb,05 : CaCl,
ratio of 1:2 and 1:3 (Tables 2.06 and 2.07), whereas
for 1:1 ratio very less reaction was observed upto 100000.
Calcium metaniobate, CaO. Vb205, was observed to be formed
in above mentioned temperature range but with Nb205 : CaCO3

ratio of 1:4 and 1:5 (Tables 2.06 and 2.07).

Calcium metaniobate was also isolated in the range

of 1100_120000 when Nb205 and CaCO; mixtures were heated

in any ratio ranging from 1:1 to 1:i5.



strontium nicbates ¢

1t is clear from Table 2.09 that almost no reaction
was observed when Nb2L5 and SrGLB mixtures were hcated in
the ratios 1:2, 1:4 or 1:10, but at 600°C strontium
metanicbacve oru. Jb205, was obtained with same ratios. On
higher temperatures i.e. from 7C0 to 120000, it was

isolated, when Nb205 $ SrCO3 ratio was 1:2 only.

Strontium pyroniobate 25r0. Nb,0, was isolated at
70000 when Nb205 and Sr003 mixtures weré taken in ratiocs
1i4, 1:6 or 1110 (Table 2.10). It also formed in the
temperature range 700—120000, when Nb205 : SrCO3 was only

in the ratio 1:3 and 1:4 (Table 2.10~2,13).

Strontium orthoniobate 35r0. Nb205 was obtained
when Nb,Cg ¢ SrCUB was taken in the ratio 1:10 amd heated
800°C. It was also obtained when reaction mixture
having NbyOg5 and SrCO3 in the ratlo 1:5 or 1:6 were

heated at 800-1200°C. (Table 2.10-2.13).

Stront ium nicbate 435r0. Nby05, formed in the range
o
temperature range of 900-1200 C when NbyUs and SrC0,

mixtures were taken in ratio 1:7 or more (Table 2.11-2.13).

Another strontium niobate, SrO. 2Nb205 was obtained
when Nb205 and 3rC0; mixtures were heated in the temperature

range of 1100-1200°C with 1:1 ratio (Table 2.12 & 2.13).



Bariun niobates

It was observed that no sarium niobate was formed

even on heating Nb205 and SalUz at 1200°C (cf Table 2.01 b)

Therefore Jarium acetate was preferred for the formation

of barium niobates.

From the results reported in Table 2.14 it is
evident that no Barium niobate was isolated on heating
Nb205 and Ba (OAc)2 mixtures at 500 or 600°C in any ratio.
But two stable niobates BaO. 2Nb205 and BaQ. Nb,0: were
obtained when the mixtures were heated in the temperature
range 700-~900°C with 1:2, 1:3, 1:4 and 1:5 ratio of

NbyO5 and Ba (OAc)y (ci Tables 2.15 and 2.16).

Barium metaniobate, BaO. Nb2°5: also formed when
reaction was carried out between 1000-1200°C with various
ratios of NbyUs and Ba(QAcl,, except 1:1 in which case

glmost no reaction was observed as is shown in Tables 2.16
and 2. 17‘

The formation of Cal. 2Nby0s5, Sr0. 20Nb,0s,
3Sr0. Nb205 and BaO. 2Nb205 is reported here for the

first time.

Semiconducting properties of alkali niobates :

In tables 2.18 to 2.24 the measured values of

electrical conductivity of various forms of Nb205 and
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TABLE - 2.18

Electri:al Sonducti-dty of X-Nhy0s5 at c¢ifferent temperatures.

- -

e N éﬁ;ée¥3ﬁ) 1. 403(% 1) < (oha'cm™') Logo (Chm™om™')

(T)

P — - !

— -~

=l

ts 313 3420 1.10 x 10°° 7.0l
20 323 3,10 1.29 x 10'Z 7o 11
3. 333 3.00 1+51 % 19" 7.18
- 343 2.2 1.86 x 10'7 Tl
5. 353 2.83 1.9 x 1677 7.30
6. 363 2,76 2.1k x 10:3 ?fBB
7 373 2.68 2.69 x 10 ; T3
8. 383 2.61 3.2l X 10'; 7.51
9 393 2.54% 3.55 x 10” ' 755
10, 4,03 2.48 be79 % 10:3 7.68
11, 513 2. 42 6.76 x 10 ' 7.83
12 423 2.36 1.1 x 1070 8.15
13« L33 2.31 3.71 x 10:2 .57
14. 443 2.26 6.61 x 1o~5 f.sz
15 1,53 2.21 1,20 x 10‘-5 2.08
16, 1,63 2.16 1.51 x 10 i 3.18
17, L73 2011 2.19 x 1077 534
18, L83 2.07 hotl o 10"5 5,62
1S. 493 2.03 5,76 x 10"5 ?.76
20, 503 1.99 8.71 x 1o:i 5,9k
21. 513 1.95 1.35 x 10 k.13
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TABLE - 2.19

Electrical Conductivity of S-NbyOs5 at different temperatures

-, - —

Tempera-

S.N. tufg)(oK) /e x 1¢2(%71) o (0nn~Tem™)  Logs™ (Ohm~Tem™ )
1 313 3.20 ° 6.31 x 1€7° .80
2o 323 I 10 8.71 x 10°° ERAA
3. 233 3.G0 1.10 x 1077 70k
e 343 2.52 1.15 x 1077 7.C6
5 353 2.83 1.35 % 1077 7.13
6. 363 2.76 1.70 x 107" 7.23
7s 373 2.68 2.2h x 10_7 735
8, 383 2.61 2«75 % 10—"7 Tolily
9, 293 2.5k 3.16 x 10'3 7.50
10, 5,03 2.48 3.31 x 10 7452
. 412 2.42 3.98 x 107" 7.60
12, 423 2.36 8.21 x 10"Z 7,53
13, 433 2.31 135 % 10'/ 6.13
14, W43 2,26 2.40 x 10'2 6.38
15, 53 2,21 4e90 x 10:6 ?.69
16, 163 2.16 8.51 x 10 6.93
17. 473 Bt 1.15 x 1077 T.18
18, L83 2,07 1,95 x 10~ 5.29
19, 193 2.03 3.24 x 1077 5.51
20. 503 1.99 437 x 1o’i 5,64
21, 513 1.95 6.31 x 10”‘; 5.80
22, 523 1.91 8,71 x 10~ 5.9




TABLE - 2.20

Electrical Conductivity of Y ~NbpOs5 at differemt temperatures

1x 10° (°¢k~1) o (G~ lew7)  Loge(Chm™fem™ ')

Tempera~

S«Ne rature(oK)
(1)

1. 313 3.20 3:17 x 187 11.50
2, 323 3.10 3,17 x 1071 17.50
3. 333 3.00 3.1 x 107 17,59
L 353 2.62 1:62 % 10"10 0. 21
5., 353 2.83 3.72 x 10710 10,57
6. 363 2.76 8.36 x 10“10 70.52
7s 373 2.68 2.15 x 10—9 9.33
8. 383 2. 61 5.05 x 10_9 3.70
9. 393 2,54 1.55 x 10:2 .19
10, 103 2.48 3.82 x 10 8. 56
1% 413 2.42 8.36 x 10:: 8.92
12, 423 2,36 1.20 x 10 7.08
13, L33 231 3.2 x 10:: 7.51
14. Lk 3 2.26 Lol x 10“7 7,65
15, L53 2.21 8,95 x 10_6 7.95
16. 4,63 2.16 1.36 x 10-6 6.13
17, 473 2011 2.35 x 10 6.37
18, 183 2,07 3.10 x 10:: Bu49
19. 493 2.03 5.03 x 10—6 8,70
20, 503 1.99 7Tek1 x 10—5 | €.87
21. 513 1,95 1.05 x 10“5 3.02

191 1.63 x 10 5¢21

22, 523




Electrical conductivity of LigO,Nby0g at different temperatures

— - — e L > f— ——

S.N. ES%;&;T‘%:J % (OK-") 5 (Uim™? c:ﬂ_") Le_fr’f'(Ohm—‘cm-i)
1. 313 3.20 9.77 x 10 77.99
2. 333 3.00 9,77 x 101" 77.99
3. 353 2.83 9.77 x 10| 17.59
b 373 2.68 9,77 x 1€ =756
5, 393 2.5k 9.77 x 101 77,59
6, 413 2,42 9.77 x 10::;' :“_1‘.99
% 433 2,31 9.77 x 10_11 11_.99
8, 453 2.21 9.77 x 10 11.99
9. 473 2.11 9,77 x 10"1; 17,99
10, L83 2.07 1,92 % 10:':‘: 16.28
1. 493 2.03 3.16 x 10_10 .50
12, 503 199 5.05 x 10-9 18.70
13 513 1.95 119 x 10 9.07
14. 523 1.9 2.30 x 10 3.36




TLBLE - 2,22

Electrical conductivity of 2Li0.Nb,0s5 at different temperatures

-

S. M. Eﬁ?ﬁ?f%ﬁ) 1, 1072k ") & (Chn™ e ) Logs—(Ohm™ Tem=1)
T
1. 313 3.20 1.32 x 107 1° TR
& 333 3.00 1.32 x 1071° 1. 12
3 353 2.83 1.32 x 10°1¢ 1. 12
ba 373 2.68 1.32 % 10'10 1012
5. 393 24 5h 1.32 x 10::§ z§.12
6, 413 2042 1.32 x 10 1C.12
7. 133 2,31 1.32 x 10"12 10.12
8., L43 2.26 2425 x 10_10 13.35
9. 453 2.21 5,86 x 10 10.77
1C, 1,63 2.16 9.16 x 10';0 ??.96
11. 473 2011 1.49 x 10-9 3.17
12 483 2.07 | Le19 x 10-9 ?:éz
13, 193 2.03 5.82 X 10_8 3.76
14. 503 1.59 1.16 x 10_8 5.06
15, 513 195 146 x 10_8 f.16
1.91 3,04 x 10 8,48

16. 523




TABLE - 2.23

Electrical conductivity of 3Li,0.Nb,05; at different temperatures

( y
Ly (d

SsNa zi%l‘gj?gﬁ) X 103(01{-1) & (ohn~Yem 1)  Loges (Ohm™tem™1)
1. 313 3.20 3.23 % 10710 10. 51
2. 323 3.1C 3.23 x 1671° 10. 51
%5 333 3.C0 3.23 x 10~ 1° 10.51
I 343 2.92 3.23 x 10" 1° 10,51
5, 353 2,83 3,23 x 1071° 0. 51
6e 363 2.76 6.92 x 10”10 70.84
7 373 2,68 1,64 x 1077 J.21
8. 383 2.61 3.31 x 1077 9.52
9. 393 2. 54 6.78 x 1077 3.83
10, 403 2.48 1,92 x 1070 T.28
11, 513 2,42 3,04 x 10°° 8,48
ig, 423 2.36 7.26 x 107° B.86
13 433 2.31 1.18 x 1077 a7
1, L3 2.26 1.83 x 10-7 7.26
15, 153 2421 3.56 x 1077 FoliS
16, 463 2.16 6.19 x 10'7 7679
17. L73 2011 9.86 x 10“7 7.99
18, 483 2.07 1.49 x 10'6 Bt
19. 493 2.03 2.25 x 10:2 6.35
20. 5.03 1.99 3.65 x 10 6,56
21, 513 1.95 5.15 x o 8.71
22. 523 1,91 745 x 10““6 6.87




o,

TABLE ~ 2.24

Electrical conductivity of r,L.lib,0: at different temperatures

S.N. Eﬁ?g?fgﬁ) % x 107 (9k™1) G {0hm~ ! em™!) Log Gfphm_Tcm-t)
1e 313 3.20 3.12 x 10710 10,49
B 323 3.10 3.12 x 1070 10. 49
: 8 333 3,00 3.12 x 1071° 10,49
L, 343 2.92 6.79 x 10710 10.83
5. 353 2.83 1.85 x 107 3.27
6, 363 2.76 5.27 x 1077 9.72
e 373 2.68 8.kl x 107 3.93
8. 383 2. 61 2.41 x 10~° 8.38
94 393 245k .32 x 10°° 8.6l
10. 403 2.48 7.84 x 107° 8.89
11 413 20 12 1677 % 10"'7 7.23
12, 423 2.36 3.82 x 107/ 7658
13, 433 2.31 5.33 x 107/ Tl T
e  L43 2.26 7.99 x 1077 7.90
15. 453 2+ 21 1462 x 10:2 6.21
16, L63 2.16 2,05 x 10 ; 6.31
17 473 514 L.82 X 10"6 6.68
18, 1483 2:07 5651 % 10:6 6.7k
19, 493 2.03 9.21 x 10-5 §°96
20, 503 1.99 197 x 10-5 3.29
21, 513 1.95 2.76 x 10-q 5. 0l
22, 523 1.91 4.82 x 10 ~ 5.68




TABLE - 2.25

Electrical conductivity of Ca0.2Nb,Us at different temperatures

T lTenrera=- e -1 - s P
S.N, ture (°K) TlX‘IOB(OK Ly ««~ (Ohm™'ecm™')  Logo (Ohm~tem™1)
(T)

-13

fa 313 3.20 6.16 x 10 13.79
g 323 3.10 8.14 x 16712 13.91
3. 333 3,00 1.05 x 10”12 12.02
4 343 2.52 4,79 x 1077 12.68
5% 353 2.83 1.95 x 10711 11.29
6. 363 2.76 5,25 x 107 17.72
7 373 2,68 8.71 x 10~ 1" T7.9%
8o 383 2.61 4.89 x 107 1° 10.69
9. 393 2.5k 1.38 x 1077 9. 14
10, 403 2.48 helh7 x 10"9 9.65
11. 413 2442 B.01 x 10‘9 3.53
12. 423 2.36 2.57 x 107" 8. 41
13. L33 2¢31 621 x 10_8 8.80
14, L43 2.26 9.55 x 10°° 8,98
15, 153 2.21 2.51 x 1077 7,40
16, 163 2,16 5x 13 3 10'? TeT1
1% 173 211 1.20 x 10‘2 5,08
18, L83 2,07 1.51 x 10~ 6,18
19, 493 2.03 1.78 x 10:: B.25
20. 503 1.99 537 x 10-6 6.73
21, 513 1.95 6.61 x 10_5 ?.82
22, 523 1491 1,10 x 10 5.0L




TABLE - 2.26

S.H. Eﬁ?g%?gﬁ) %x103(°K'1J S (onm™Ten™!)  Logs™ (Ohm™'em™1)
Ty 313 3.20 1.34 x 10_12 12.13
2 323 3.10 1.45 x 10h12 12.16
3. 333 3,00 faibl o 10 12.22
L. 343 2.52 2.19 x 107 1% 72.34
5. 353 2.83 2.47 x 1071 12,39
6. 363 2,76 7.28 x 10-12 12.86
%% 373 2,68 1.97 x 107" 17.29
8. 383 2.61 7.11 x 10~ 11 77.85
9. 393 2.5 9.61 x 107 77.98
10s 403 248 2.15 x 10710 10.33
11, 413 2.42 he19 x 10-10 10.62
12, L23 2.36 8,53 x 10-'10 10.93
13. 433 2.31 2.25 x 10'9 9.35
14 Ll 3 2.26 5.63 x 10'9 9.75
15. 453 2a 2 7.9 x 107 .90
16, 463 2.16 1.21 x 10°° 8,08
17 L73 2:91 2.00 x 10"8 8.30
18, 483 2:07 3.73 x 1070 8,57
15, 493 2.03 6.95 x 107° B. 8L
20. 503 1.99 1.15 x 1077 7.06
21. 513 1.95 1.56. x 10:; 7419
1. 91 3.0 x 10 7o 48




Electrical conductivity of Sr0.2Nbo0s5 at different temperatures

Tempera-. :
S.N. ture (9K) %1103(°K"') S (unn~len™)  Logo (Ohm~Tem™7)

(T)

i. 313 3.20 8.91 x 10~ 1k 75.55
2, 323 3.10 8.91 x 10”14 1L.95
3. 333 3.00 1,05 x 10712 13.C2
ke 343 2.92 2.40 x 10712 13.38
5. 353 2.83 6.76 x 1071 73.83
6. 363 2,76 2.57 x 10717 T2.41
7 373 2.68 1.55 x 1011 17.19
8, 383 2,61 5.37 x 107" TT.64
9. 393 2.5k 1.02 x 10~ 1° 70.01
10, KO3 2.4L8 7P % 10710 10.24
11, 113 2442 3.63 = 10"10 10,56
18 423 2436 7:59 x 10'10 10.88
13. 433 2431 1.62 x 107 T 21
1. k3 2426 339 x 10:2 9.53
15 453 2421 5.25 x 10 9,72
16, 463 2,16 1.32 x 10-8 8.12
7. T3 2.11 2.95 x 107" 847
18 1483 2,07 5.37 = 107° 8.73
19. 1,93 2.03 1410 x 10:?{’ 7.04
o, 503 1,99 2.2h x 10_7 7.35
21 513 1.95 3.31 % 10_7 _7..52

1.91 4.89 x 10 7,69

224 523




(

TABIE - 2,28

Electrical conductivity of Sr0.NbpOs ap_different temperatures

S.N. li%;iﬁﬁi 1 x 107 (%1) S (o~ Tem™!)  Logs(Ohm~Tcm 1)
T
1. 313 3.20 1.05 x 10717 12.02
% 323 3.10 1.05 x 107 1% 12.02
3. 333 3.00 1.05 x 10712 92.02
i 343 2,92 1.49 x 10717 12,17
54 353 2.83 5.27 x 107 '° 12.72
6. 363 2.76 2.10 x 107" 7132
7. 373 2.68 3.49 x 1071 T7.54
8. 383 2.61 1.07 x 107 1° 10.03
9. 393 2.5k 2.90 x 10~ 1° 10.46
10. 103 2.48 6.97 x 1010 10,84
11, 413 2.42 1433 x 10_9 9.12
10, 423 2.36 2.26 x 107" 9.35
13. 433 2.31 4.82 x 1077 9.68
1% L3 2426 8.57 x 10_2 2.93
15. 453 2,21 2.06 x 10 . 5.31
16. 1,63 2.16 .91 x 10'7 5.69
17. 4,73 2.11 116 % 10“7 3.06
18. L83 2.07 T % 10”7 723
19. 493 2.03 he22 X 10_7 3.62
5. 503 1.99 6.37 x 10-6 7.80
21, 513 1:95 =30 & 1 ?’”
2.36 x 10 6.37

o 523 1-91




TA-BLE = 20 29

Electrical conductivity of 25r0.Nbp05 at different temperatures

S.N. Etelr?g?gf%:” r%9{103(03'."") s(ohr~Tem~1) Log ¢ (Ohm™'em™1)
T
1. 313 3.20 3.24 x 10712 72.51
2. 323 3.10 3.24 x 10714 12+ 51
3. 333 3.00 7.62 x 107 1% 77.88
e 343 2.52 1.83 x 107" T1.26
5 353 2,83 5.52 x 10_11 15 Th
6. 363 2.76 1.42 x 10710 70.15
7 373 2.68 6.50 x 10~ 1Y 10.81
8. 383 2.6 2.50 x 10”7 J.46
9, 393 2. 5L 3.92 x 107 3.59
10, 403 2.48 1559 % 1078 8,20
1. 413 2.42 Lok9 x 107° 8.65
12, 423 2.36 8.79 x 107° 8.4
13. 433 2.31 2.58 x 10'Z .?.41
14, L3 2.26 4e19 x 107 7.62
15, 153 2.21 6.34 x 107/ 7.80
16, 463 2.16 1,04 x 10"? 5.02
17. 473 2.11 1.64 x 10"? .21
18, 483 207 2.98 x 10'6' 6.47
19. 493 2.03 7.11 x 10'6 6.85
20, 503 1.99 9088 x 10_, 095
0 1.33 x 10 5012
21. 513 192 -5 °
1.91 .70 x 10 5,23

224 523




TaBie ~ 2.29{b)

Blectrical Conductivity of 28r0.Nby05 (formed at 800°C, L:i1) at

different Temperatures

S.K. tu€%§°n) % x 10°(°k~1) o (ohm~T6m™T)  Logo~ (Ohm™'Cm™')

L 313 3.20 2,82 x 10717 T5.15
2. 323 3.10 3.18 x 10712 T B
s 333 3.00 7.60 x 10712 12.88
L. 343 2.92 1.42 x 10~ 11 T7.15
5 353 2.83 boh7 x 1071 11.65
6. 363 2.76 1,26 x 10719 75.10
7 373 2.68 5,02 x 107 1° 75.70
8. 383 2.61 2.52 % 1077 5.10
9. 393 2.5 7.96 x 107 3.90
10. 4,03 2.48 1.42 x 10738 B.15
11, 413 2.42 4.08 x 107 3. 61
12 123 2.36 8.32 x 107° 5.92
13 L33 2.31 2.52 % 10"7 7. L0
7 LL3 226 357 % 10"7 7.55
15« 459 2.21 6.31 x 1077 7,80
16. L63 2.5 1,00 x 10'6 6.00
174 573 217 159 x 10“5 6.20
18, 483 2,07 2,57 % 10": B ir
19. 493 2.03 b.l5 % 10:5 ?.81
20. 503 1.99 .57 x 10_5 3.98
24 513 193 1.18 x 10_5 3,07

1.91 1.45 % 10 5«10

2. 523

-—- - - =




TABLE - 2.30

Electrical conductivity of 35r0.8bz 05 at different Temperatures.

Tempera- O . a
S.N. ture(t.3!) ?}'x 103( K 1) S (Ohm™ 'cm 1) LogG_(Ohm“'cm_1)

(T)

1. 313 3,20 5,50 x 407 1= 12.74
2. 323 3.10 5,50 x 10 7% 12.7L
3. 333 3.00 436 x 10711 17.64
lis 343 2.92 1.82 x 10" 10 70.26
. -
6. 363 2.76 2.40 x 10 9.38
7 373 2.68 3.98 x 107~ 5.60
8. 383 2.61 1.29 x 107° 8.11
9 393 2. 54 1.81 x 107° 8.26
1. 513 a2 7.08 x 107° .85
-7
126 423 2.36 1.95 x 10 , 7.29
2.31 L.78 x 107 7.68
- - 2426 6.92 x 107 7.8k
e kb3 - o -
15, L53 0-6 g
16 463 2.16 2.51 x 1
. 00 673
17 473 3l 5.37 x 1 .
18 L83 2,07 6.91 x 10 8'84
) =8 5.98
2.03 Pe55 x 20 °
19, 193 "
1 99 1009 X 10 - -S'OLI'
20, 503 . . _
1.95 1.82 x 10 5426
21s 513 . -5 A
1.91 2.40 x 10 5.3

22, 523

e ——
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TABLE - 2.31

Electrical conductivity of 4SrC.NboOs5 at different Temperatures

S. N, Eﬁ;gigﬁf 3 x 103 (%) ~ (omm 'em™ ") Logo (Ohm em™ )
T
Tis 313 320 3.55 x 10711 11,55
2 323 3.10 9.81 x 1071 17.59
3. 333 3,00 3.81 x 1071°¢ 10. 58
b 343 2.92 1.13 x 1077 9.05
54 353 2.83 1:95 x 10" 3.29
6. 363 2,76 4.07 x 1077 9.61
7e 373 2.68 7.98 x 107> 3.90
8. 383 2.61 2.65 x 1075 8.42
9. 393 2.50 460 x 1070 5.66
10. 1,03 2.48 1.26 10'7 7.10
11, 413 2,42 2.81 10:; F.05
12. 423 2.36 5.16 x 10 . 5,71
13 L33 2431 1.09 10“f .04
14, b3 2.26 1.38 x 107" 3. 14
15, 453 2621 2.65 10“: B. b2
16, 463 2. 16 Lek0 x 107 6.64
% 473 Bt 6450 10'2 5.81
18, 483 2,07 7.98 10:5 ?.90
19. 493 2.03 1429 10-5 3.11
20, 503 1.99 2.33 10_5 5.45
21, 513 1.95 3.10 10_5 5.49
22. 523 1.91 ke59 x 10 3ol




TABLE - 2.31(b)

Electrical Conductivity of 48rC.ubs05 (formed at_QOOOG, 8:1) at
different temperagtures

Tempera-~ 1 T 1 1
Setie  ture(On) —TX1O (°%x=1) 7 (Cam™'Cm™') Logo (Ohm~1Cm=1)

(T)

Ts 313 3.20 3.81 x 10711 17.58
2. 323 3510 8.93 x 10”11 11.95
%o 333 3,00 4.08 x 107 1O 76.61
ks 343 2.92 8.94 x 10710 10.95
5. 353 2.83 2.25 x 1077 3.35
6. 363 2.76 3.99 x 1077 3.50
7 373 2.68 6.95 x 1077 3.34
8. 383 2.61 2.25 x 1079 5.35
9. 393 2. 54 5.15 x 107° 3.71
10, 403 2.48 8.35 x 107° 8.92
11, L13 2eili2 2.25 x 1077 7.35
12. 423 2+36 L.08 x 1077 7.61
13. 433 2:31 7.26 x 1077 7.86
the 143 2,26 8.93 x 1077 7.95
15. 16 2421 2.00 x 1070 8.30
16. 1463 2.16 Lah8 x 107" 6.65
17+ 473 2. 11 6,93 x 1070 é,su
18, L83 2407 8,95 x 10'6 6.95
19. 493 2.03 1.13 x 1077 5.05
20, 503 1.99 2.52 x 10:2 3.40
21. 513 1495 3.2h x 10_5 5.51

1.91 4.18 x 10 5.62

22, 523

——— i —— -
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3LE - 2.32

Activation Energzies of Alkali Nigbgtes

S.N. Niobate Ea in eV
1 & - NbyOs 0.91
2e B Nb,0s5 0. 94
34 v - Nby0s 1.04
be Lisy0. NbyOs 145
5» 2L120. Nb205 102k
&, 3Li20. Nb205 1415
0.97

K,,0. Nb,05

TS -y



96

TABIE - 2,33

Activation Bnergies of Alkaline Earth Nicbates

S.i. Niobate Ea in eV
I 125
1. Cal. 2Nb205
I «38
Z-o CaO. Nb205 1 3
Fs Sr0. 2Nb205 1+.21
1.16
Le Sr0. Nb205
1.08
6. 35r0. Hby05
1.02

7, 4LS1r0a Nb205




TABLE — 2.34

Seebeck Coefficients of Allkgli Niobates

S.N, Compound o in p V/og
1. o - Nb,Os - 350
2. 3~ Nb20s - 300
3. Y- Nby05 = B
b Liy0. Nb,0s - 270
&, 3Li,0. NbyOs + 370
7o K .. B85 - 280

e
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TABLE -~ 2,35

Seebeck Coefficients of Alkaline Earth Niogbates

S.N. Compound « in mV/og
) I CaO. 2Nb205 + 60
B CaO. Nby0s + 115
3. Sr0. 2Nby0s + 20
ll-o SI‘O. szos * 7?
5. 25r0. Nb205 * 177
6. 35r0. Nby0s L
i, 4510, Nb,0s + 197
8. BaO. 2Nby05 * 26
+ 58

BaO. Nb205




alkali niobates at different temperatures are given.
In Firs. 2.01 to 2.07 plots of logarithm of electrical

conductivity {log o~ ) of niobates against reciprocal of

tempc rature (T‘1) in are shown. The values of

activation enerzy, Ba, for the conducilon process were

calculated using the equation59

- R/ky (1)

where 6~ is conductivity at T°K, ©< is a constant and k

is Boltgzmann's constant. The slopes of the log 6 vs i/T



hence it ceould not be compared with any other data. The

activation energies for niobates and different rorms of

“byUgs are given in table 2.32.

In all the cases a common feature in the variation

of electrical conductivity with temperature is that the
conductivity first remains constant over certain range
of temperature and then it increases rapidly. It seems
Probable that the applied energy is not sufficient to

excite the charge carriers initially but when the tempe-

rature gsoes beyond certain value the available energy excites

the charge carriers sufficiently and thus they are able

to conduct electricity.
The ranges over which conductivity remains constant

are 313-473%K, 313-433°K, 313~353°K and 313-333°%€ for

lithium meta, pyro and orthoniobates and potassium niobates

respectively.
It is evident from Figs. 2.04-2.06 that with the
increase in concentration of lithium oxide, the electrical

conductivity increases and subseguently activation energy

decreases (cf. Tables 2.21-2.23).

Tn case of lithium metaniobate, LiNbOB, activation

cnersy is found to be the highest (1.45 eV) and 1t is in

cement with results of Roitberg et al and

good agr



alkali niobates at different temperatures are given.

In Figs. 2.01 to 2.07 plots of logarithm of electrical

conductivity (log o~ ) of niobates against reciprocal of

temperature (1~1) in “. are shown. The values of

activation enersy, bBa, ror the conduction brocess were
calculated using the equation59

- B
ST= 57 e " BT (1)
where S iz conductivity at T9K, G; is gz constant and k

is Boltgmann's constant. The slopes of the log 6 vs 1/T

straight lines were accurately determined using the least

square method.
Cn measuring the electrical conductivity of %, A3

and~Y forms of Nb205 and also niobates at various

temperatures it was observed that conductivity is expo-

nentially dependent on temperature. The activation energy

of o form is observed to be 0.91 eV in the temperature
range 398_523°K, which is in good agreement with the

rl
observation of Greener and Hirthe”" and it is 0.1k eV in
the range of 313-3980K~ The value of the activation

energy for J form is found to be 0.95 eV in the range
0 S

413-523% and 0.21 eV between 313 K and 413%:. On the other

hand Y form has shown only one activation energy that is

Q.-
1.04 eV between 3135
f R and Y forms were determined for the first time and
for A a

and 523°K. The activation energies

/
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hence it could not be compared with any other data. The

activation energies for niobates and different forms of

"b205 are given in table 2.32.

In gll the cases a common feature in the variation
of electrical conductivity with temperature is that the
conductivity first remains constant over certain range
of temperature and then it increases rapidly. It seems
probable that the applied energy is not sufficient to
excite the charge carriers initially but when the tempe-

rature goes beyond certain value the available energy excites

the charge carriers sufficiently and thus they are able
to conduct electricity.

The ranges over which conductivity remains constant
are 313-473°K, 313-433°K, 313-353°€ and 313-3339K for

lithium meta, pyro and orthoniobates and potassium niobates

respectively.
Tt is evident from Figs. 2.04-2.06 that with the
increase in concentration of lithium oxide, the electrical

conductivity increases and subsequently activation energy
decreases (cf. Tables 2.21-2.23).

In case of lithium metaniobate, LiNbO3, activation

energy is found to be the highest (1.45 eV) and it is in

good agreement with results of Roitberg et al  and



10} ¢

Be'r et . 2 o
Beuann. .« gee fron the results reported in table 2.32

\ - e PR — ~ . .
that the cctivation enerqdgy oI lithium pyro and orthoniobates

is less (1.24 eV and 1.15 <., as compared to that of

1it  ium metaniobate (1.45 eV). 4 possible explanation for

this ray be thst in the case of lithium metaniobate the

lithivmr icns mostly occupy the vacancies in the crystal

lattice whereas in lithiwm pyro- and orthoniobates they

occupy interstitial «ites and are therefore able to

conduct easily.

The activation energy (Ea) of potassium metanicbate

(0.67 V) is much lower as compared to the observed acti-
This

vation energy of lithium metaniobate (1.45 eV).

difference may alsc be due to occupation of interstitial

sites by the potassium jons in potassium metaniobate crystal

Litticas
Seebeck coefficient (x ) measurements in Table 2.34

show that LisC.Nb2ls and KZO.Nb205 have negative values of

that these are n-t

e is mainly through electrons. The

Nb205 and 3Li20. Nb205

x , which means ype semiconductors - 1
electrical conduction her
« in the case of 2L120.

valves of
sitive thereby proving that these are

are found to be PO
conduction is mainly through

p-type semiconductors i.e.

holes.
Semiconductit: proserties ot qlkaline garth niobates
The electrical conductivity (¥ at. different tempe -

ontium niobates are given 1in

ratures of caleium and s



tables 2.25-2.31 and plots of logarithm of electrical
conductivity against reciprocal of temperature in °k is

presented in Figs. 2.08 to 2.14. The activation energy, Ez,

for the cenduction precess for these niobates was also

calculated using the equation (1].

The slopes of the log o versus 1/T straight line
curves were accurately determined using the least sguare

method. It is observed that there is very little change

in t+he electrical conductivity values for the niobates
formed at g00° or 120000 and 900° or 1200°C (compare

table 2.29, 2.29(bl), 2.31 and 2.31(bl} and Figs. 2.12, 2.15,
2. 14 and 2.16), indicat ing that the nlobate forted at 800o
or 1200°C and 900° or 1200°C should have the same activaticn

energies. This proves that once a niobate is formed 1t
should have the same value of activation snergv irrespective

of its temperature Of formation and Nby0s5 loses its forms

(o 73 crYl). The 1ittle change in electrical conductivity
¥ ) ]
values can be due experimental errors.

From the results reported in Tgble 2.33 it is observed
that in case of Ca Nb}_l_o11 (OI' Cal, 2Nb205) the activation
1 which is probably because the number of

energy is smal
um ions in the niobate lattice

vacgncies occupied by calcl
is less, whereas when the calcium metaniobate Ca(Nbo3)2
b4

lor Cobs Nb205) is formed the activatlon energy 1S found

10} 4
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larser and correspondingly conductivity decreases,(Fig.2.09)
becavse rzrhaps more of vacancies are occupied by calcium
icns in Ca(libU»), lattice to form polyhedral type of arrange-

ment34 and are unaple to conduct well.

In the case of strontium niobates as the ratic of
Srothbzos increases it 1s observed that activation energy
decreases (table 2.33). It may be that the strontium ions

occupy more and more interstitial sites in the lattices to

form distorted perovskite structures”

Tt is further ascertained that SrC. having more

6 ; ;
conductivity than Ca061’ 2 forms niobates having less
activaticn energies.

The electrical conductivity of both the barium niobates

Ba Nbl‘_O11 and Ba (NbOB)? was observed to be constant

-11 - -
(BaU. 2Nb205; 9 = 4.20 x 10 ohm™1Cnm 1. BaO. NbyOs g

G= 1.02 % 10“12 ohm"1cm"1) ir the temperature range 313 to
523%K, therefore their activetion energies cannot be

. (o
calculated. It is because the energy available upto 523 K

may not be sufficient to excite the charge carriers.

Seebeck coefficient (o ) measurements as reported in

Taple 2.35 show that all the alkaline earth nicbates are

p-type semiconductors i.e. conduction is chiefly by means

of holes.
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CU4PLEX COrPOUNDS OF NIOBIUM
PENTACHLORIDE WITH ORGANIC
LIGANDS.
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Cc  lex coul.ounds are defined as the coubination
of two or wore atons, lons or molscules, which arise as a
result of the formation of bonds by sharing pairs of
electronc criginally associated with the different

components (1i-ands), and which possess some identifiable

physical cor chemical characteristics of a distinct species.
Ligands are classified as monodentate, bidentate, tridentate
etc. depending upon the number of donor groups. Bidentate

or polydentate ligands, whosSe structures permit the attachment
of two or more donor atoms to the same metal ion simul-

taneouslv, thus closing one or more ring, are called chelate
Usuolly chelation having five or six umembered ring is

favoured due to low straine

The origin of chemistry of coordination cempounds

begins with Werner's theory! of complaxes, which is based

on the concept of secondary valencies and for which he was
; - 2 4 i e

awarded Nobel prize in chemistry. Lowry® and Sldgwik” gave
a new impetus to the subject by putting forward the
ronic interpretation of coordinate bond. According to

elect
every coordinating molecule or group Possesses

this theory
a donor atom with a lone pair of slectrons, which it can

Somate b6 the central atom forming a coordinate bond. The
ong



Tre central atom accepts the lone sceir of electrons till
effective atomic number assumes the next inert gas

it s

COfif ITuration,

lhe valence band theory of :"ulingh intrcduced the
concept of hybridization of orbitals to exolain the sterio-
chemnistry and ma netic procperties of complexes, This theory
is limited toa a qualitative treatment and cannot Predict

the relativs energies of different structures. It cannot

interpret or predict the sprectra and also in liany instances

fails to explain detailed magnetic properties of the
complexes.

The ligand field theory as we have it today evolved
out of a purely electrostatic theory called crystal fielg
theory, which was first expounded in 1929 by Bethe., This
theory was further developed by Yennev and Schlapp5, Van
Vlecké, Van Vleck and Penney7 and Kotanis to explain
magnetic and cptical properties in complex compounds, but
partly covalent bonding nas been neglected, and thereclfore
whatever effects and phenomena stem directly from covalency
are entirely inexplicable in simple crystal field theory.
On the other hand crystal field theory provides a very
sinple and easy way to treat numarically many aspects of
the electronic structure of complexes, il.e. it treats a

complex as a positively charged metal ion surrounded by a

)



b

nuiber ¢ 1i. ads (equal to coordination aumber of metal ion),
wulch are ccuciaered as ne ative point ch rges or almost
poiat dijocles with the ne_ bive end oriantation towards the
metal ion. Under these circumstonces the dezeneracy of the
metal d orvitals is lifted. Thus in an octahedral complex
the d-orvitals are split into two sets of orbitals consisting
of d », and d , , Orbitals, which are designated as eg,

2 X'y
and the otrer consisting of dxy’ dyz and dxz orbitals

designated as tog.

The eg orbitals are higher in energy than t. orbitals.

oA ke |

This theory has been widely used tc explain the so-called

vigsible region gnd in the

ionic complexes. Or‘gelg_11

d-d spectra of complexes in

prediction of properties of

s first to draw attention to the effect of crystal field

cplitting on the stability of coordination compounds of
trensition metals.

The molecular orbital theory developed by Van Vleck12

starts with the premise that overlap of orbitals will occur

to some degree, whenever symmetry permits. It thus includes

the electrostatic situation (no overlap) as one extreme,

maximum overlapping of orbitals as the other extreme, and

211 intermediate degree of overlap in 1ts scope. It explains

the energy considerations which were neglected in valence
vond approach and also treated the electron as moving in the



11<

Petential field set up by the nuclei of all atous in the
nolecule. It explains th: for.ation of molecular orbital
Ly the coubinaticn ef stc.uic orbitals in two difflerent ways,
{irstly by bondia * where the clectrons have lower potential

enerzy in the molecule than i1 th~ original atom ang

secondly by antibondin orvitals where electrons have been

excited to the higher energy level. During the fomation of

a molecule, an interaction occurs between the electrons

from the individual gtoms whereby the structure of a

molecule is stabilized. These interactions produce three

electronic conbinations known as <o, TT & & bonds and the

electrons which form the bonds are designated by the same

symbols.

The ligand field theory developed by 0rge115,

Gr‘if'_f‘:‘Ltl'l“P and Ballhausen' ' is a more recent approach. The
theory generalizes certain features of the molecular orbital

theory. 1t thus gives more rigid treatment of the effect

of the coordinating atom in the ligand on the orbitals of

the central stom to which it is attached and of the efrect

this interaction has on the stereochemistry of the complexes.,
it leads to a more complete understanding of electronic

spectra and magnetic properties.

tal complexes in theoretical ang

The usefulness of me
A

spplied chemistry and 1in technology is well recognized.
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lerge o ount of werk has been d.ne on the reactions of

trangition metal haliles with li-ands containing nitrogen,

sul hur nd oxy en donor atoms.
R ] < ) . &
Thiourea couiplexes have been a subject of study for
16-27

many lnveztirzators.
Ti (IV), i (IL), Cu (I), wo (IIL), &g (I), Sn (IV), Au (I),

These workers while working on

Hg (£0), T1 (IX) and Pb (Ii) complexes with thioureas

observed that coordination cccurs throuzh sulphur.

metal complexes of substituted thioureas have also
: . . X 28-38
received considerable attenticn of chemists. Complexes

of Co (II), Ji (II), Cu (I}, ag (I}, Te (II) and Te (IV)

with substituted thioureas have also been ‘found to co-

crdinate through sulphur. wore recently substituted thicwr eas

having a heterocyclic group as a substituent have also been
. 39-42
studied by various workers.

nitrogen in heterocyclic ring and sulphur are found to be

In these compounds

donor atoms to form a quite stable chelate as a six

membered ring.

Tnterest in sulphur donor ligands ana their related

metal complexes has grown rapidly and number of chemical
s increased to a considerable extent.

studies in this area ha
A number of excellent reviews dealing with different aspects

of the field have appeared. The discussions by Livingston,
e X



serris and Livin_stone,’ &CCleverEy%5 Gr;yho and

Jorzensent' deal with sulphur and sulphur and oxygen lizand
complexes in _eneral. & review by Eisenberg48 deals with
structural systems of 1,1~ and 1,2- dithiolatochelates of

iron, covalt, nickel, copper, palladium, platinua and gold

and otier related systems.

Like other transition elements, niobium forms a

large numoer of corpounds due to the presence of vacant

"4d' orbital. It has the electronic configuration as

3 }
152 252 gpé 352 3p 310 kg hpé La* sg', Usually nicbium

exhibits covalency of six, seven and eisht in its complexes.

Complexes of niobium pentachloride with acetophenone
and benzophenone gives the moisture sensitive complexes of
type Nb Cls.L. The carbonyl stretching frequency was
lowered in complexes indicating that co-ordination is taking

place through oxygen of acetophenone and benzophenone.

Gadd and Fowles5o prevared 2,2'-bipyridyl complexes

of nickbum (V) ot 0°Cc in methyl cyanide. Theyobserved

the Formation of 131 complexes. The infrared spectra and

. . ;
magnetic measurements showed that complexes are dlamagnetic
o

with coordination number six.
Polymeric oxochloroalkoxo dipyridyl derivatives of

I i . 2H,0 were isolated fr
formula th(J? Cll—l—(o bt)l‘_ (dlp}’)z 2 W -



et .anolic solution of dbCls containing dipyridyli1

Polyueric complex cationic species of Wb (V) of the formulg
8 z i ] I ' .

_%bh Ug Vi dvomiy (dlpy)z' HZG-] was precipitated

from glcoholic solution of these polymers. In these

cations chloro ligands are replaced on hydrolysis by

hydroxo groups.

Complexes of niobium (V) with wide rance of Schiff

It has been observed that in almost all the complexes the

co-ordination number of niobium is seven. Parasher and

Tondon55 have reported hexa and octa coordinated Schiff
56,57

base ccmplexes of niobium (V). Later Biradar et al

reported co-ordination number seven for some schiff base
complexes of niobium.

Johnson and Ilmeir‘5 reported the formation of

new compounds Nb (BPHA), Cl and Nb O(DEDTC); (where BPHA

and DEDTC are the anions of benzoyl phenyl hydroxyl amine

59
and diethyl dithiocarbamic acid). Bradley et al”” observed

that niobium {V) pentakis dialkylamide (R=siec & Et) reacts
ulphide in cyclohexane to yield tetravalent

with carbon dis

dialkyl dithiocarbamates of general formula Nb{(Sz CNRZ)A,

but Johnson and FPantaleo . observed that if the reaction

is carried out 1in methyl alcohol the compounds formed are
ol 4

NbXx (O Me);, (3201\11‘1'.2}2 (£ = ul, tr, «C5; &

o s : " : 52-
bases containing a variety of denor sites have been reported.

0 ,-;(~,LL ¥ L‘;iizt'h)o

1

15

L
4.
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Crystal and nclecular structures of dickloro (0X0) 2,2
bipyridyl ethoxy nicbium (V) and tetra phenyl arsonium

oxopenta thiccyanato nicbiuwn (V) have been reported by

-

Kamenar and rrout?1 They observed that both complexes contain
octahedrally co~-ordinated nitrogen and oxygen atoms multiply
bonded to niobium atom. The bond distance of each nitrogen
and cxygen atcm with respect to niobium is reported.
Reactions of b (V) chlcrides with bidentate lizands such

as dithiane, 3 Phy, 0—(MeU)2 Cg i - E?hz P)Z Cﬂz] o and
Scme complexes

3

g O
dithio ethane zave 2:¢1 or 1:1 complexes.

contained ligand bridging two oO-coordinated metal atoms.
63-06

Fowles and co-workers have been continuously

working on niobium complexes and have recently reported the
crystal structure of 1:1 adduct of trichloro sulphidoniobium(V}

T unit cell contains

.. Oy
with triphenyl phosphene sulphide. he

5 identical monomers of NbCl3S.5 PPhy and a centrosymmetric

dimer of [Nbcl3S.SPPhé]2. It was also observed that in

monomer Nb atom is 5 co-ordinzted and 1n dimer 1t 1s
properties of several other

6 co-ordinated. Semiconducting
(Cu(II), Go(II), Ni(II) and Pt(II)) phthalocyanin
2

metal
en reported and they have almost same

8
have be
0
627 The Hgll

6
complexes
' Ea . 0-75 to 009 eV-

activation energies
er phthalocyanine has been found to be about

mobility of COPP
ders of magnitude great

71
compoundse

er than that of the metal free

two or



The &tiporphyrine and metal Cu(II), Co(Il)}, .i(II) and
(L) complexes have Bz in the range of 0.S to 1.0 eV:
this sncws the abseince of any warked eflect of the metal
atoms on the conductivity.2

Dipyrcaethane complexes of Cu{li) and Co(II)
complexes have 550.G ev, which is very clcse to Lie values
e the gorphfrins.73 weslistivity measureients on the Cu(Il)
complex of the zchiff base, -ormed from salicylaldehyde and
p~anisidine, in which the metal Ioraus a oridge between the
videntate lizands, have revealed that the complex has a
resistivity of the same order as that of the ligand, log R
(R = Resistance) at 127Oc being 11.6 and 11.1 respectively?h

However Eg is increased from 1.6 to 2.7 eV when the metal

is present.

The resistivity of the Schiff bases formed from
salicyldehyde and ethylenadiamine or phenylene diamine is

increased oy four to six orders of magnitude when Cu(II)
or Ni(IL) complex is formed.

It has been found that the delocalization of

T —electrons in a simple organic molecule possessing a

conjugated system of double bonds, 1ls more pronounced in a
=

planar polycyclic aromatl
5,76 Electron transport through

c structure than in a linear or

branched chailn polyene.

117
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Cco-crdinated metal sroups in a polymeric system should
therefors be enhunced if the lir:nds have conju;iated vlanar
polycyelic structure, particulirly if the metal ig chelated
and the chelate rin,;s are coplanar with the ligands. Hence,
metals formin: square planar complexes are preferred,
although coplanar situsztions are possible in octahedral
complexes if the filth and sixth coordination positions are

filled by cother donors. Therefore the observation cf

conductivity in co-ordination compounds is of eoreat interest
< .

0f great value 1s the observation of high conductivity

in polymeric metal complexes of 2,2'-dipyridyl, 1,10-phenan-
79,80

o BT 1 . el el

thrcline’’, polyacrilonitrile, ferrocene , tetracyang-
81 oy :

ethylene and dithio-oxamide metal complexes?z’83 Extended

polymers of double ligands, such as polymeric metal complexes

of the dioxime of 1,5-diacetyl-2,6-dihydroxy naphthalene have

also been found to be good semiconductors.

It is evident from the survey of literature that

oractically no work has veen done on the complex formation

»f NbClz with N-Aryl N'-2
1,5-disubstituted 2,4~dithiobiurets; 1,5-disuosti-

(4,5,6-monosubstituted pyridyl)

_hioureas,
acridine, benzimidagzole and imidazole.

-uted 2~thiobiurets,
The present investigations were therefore, undertaken

Aith a view ©O study the formation of complex compounds of
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nioblunl pentacnloride with above mentioned ligands in
tetrahydrofuran. The magnetic properties, molar conductance
measuremeit s, i.r. spectral results nd semiconducting

properties have also been studied.

3s:2 bBXroalugNTAL

3.21 Chemicals and lnstruments

411 the reagents used were of EDH iAnaler, E. Merck GR

or Fluka extra pure quality. Solvents used were purified

5,8

by distillation after drying. All the solutions were

made immediately before use. The i.r. spectra were recorded

on a Perkin Elmer Infrared Grating Spectrophotometer
(viodel 2378) using KBr pellet technique. Conductance

measurements were made on conductivity meter type LBR of

Yiissenschaftlich technique (Warkstatten, Germany), using

dip type cell. Magnetic measurements were made on a

Gouy's balance using Hg Co (CI\]S)Z+ as the standard. Electrical
conductivity measurements were made by using conductivity

cell (Fig.6) and Digital Picoammeter (ESA 813 Electronic

Corporation of India) and Seebeck coefficients were obtained
by using a D.C. Microvoltmeter (Philips GM 6020). 2-amino-

L-methyl pyridine and 2 amino-6~-methyl pyridine of Aldrich
ere used for the preparation of ligands. Niobium

chemicals W
wss used in all the experiments.

pentachloride of Fluks



Acridine of BDH, imidazole of E.:erck and Benzimidagzole

of aoch li -ht were used.

3.22 Synthesis of il-substituted N'-2{(L,5,6-substituted

oyridyl) thioureas

Equinolar amounts of the 2-amino 4-methyl, 2 amino-6-
methyl pyridine and aryl isothiocyanate were taken in

ethanol. The mixture was refluxed for about three hours.

The product i.e., substituted thioureas started separating
out even in the boiling ethanol because of their low
solubility in ethancl. The precipitate was filtered and
washed with hot ethancl. The formation of substituted

thioureas can be represented by the following equations:

substituted thiourea

where

R = - CgHs 5 - Cgly (CH3) 5 - CgH,, (CHg)
crtho para

& W =H X = CHg; Y= Hy 2+ U

or W= H x=H ; Y=H; 2-=-Ci

The compounds were found to have high and sharp melting

pointsS.



16528 or FPhenyl, o-colvyl and p-tolyl isothioevanates

rhenyl, orthotolyl znd paratolyl isothiocyanates
o

2
were prepared by th. method described by Vogel. The
reaction taking plece in the preparation of the mustard oils

are civen below:
g
] _— NH? 5 Il .
B Mhz + G5, — RNH - G ~ SNH

R WH CSSNH) + Pb(NC3), ——> RHCS + NH NGy + HNO, + PbS

(R= rhenyl, orthotolyl and paratolyl).

|

3.24 Synthesis of 1,5-diaryl substituted 2,4-dithiobiurets

and 1,5 diarvl subgstituted 2 thiobiurets.

The ligands 1,5~diphenyl 2,4-~dithiobiuret (DPDTB):
1,5-diphenyl-2-thiobiuret (DPTB); 1,5-diorthotolyl
2, k-dithiobiuret (D-0-TDTB); 1,5-diparatolyl 2,4-dithio-
bivret (D-p-TDIB); 1-phenyl 5-orthotolyl 2,4-dithiobiuret
(P-o-TDTB); 1-phenyl 5-paratolyl 2,k-dithiobiuret (P-p-TDTB);
i1-phenyl 5-orthotolyl 2-thiobiuret (P-0-TTB) and 1-phenyl
5-paratolyl 2-thiobiuret (P-p-TTB) were prepared by the

method of Dixit. A general scheme of the reaction is

given below-



ao= ol = ﬁ - LH —  _JH-¢ = HH, HC1
!

SBz

reduietion iyl
.Il"..f + 'i,-
y i s 1
- = 1 = (: L - l"'L'v— f]-;.'c-'.I.L
|
S o \\ UI ) vt
‘9\ (&l
1}}\\
o \
Y} | ; A |
:ii.‘J—L-:'-l.f-,';.'.l.
[ I
A U
Jreduction with
- 2 .
NHB H2.S

R ~NH -C ~ NH - ﬁ - NH R'

0

U=

(B)

(4) = 1,5-diaryl substituted 2,4-dithiobiuret

(B) =
R,R'= Phenyl, orthotolyl or paratolyl

i

1,5-diaryl substituted 2-thiobiuret.

Bz = Benzyl.

3.25 General Method of Preparation of Complexes:

To a solution {(0.C1 M) of niobiwm pentachloride in
o) 1

tetrahydrofuran was added in slight excess (mole ration 1:11.3
etrahydr



1<
~ tJ

except Lenzimidazole), mole ratic 1:5 in case of bengi-
midazolel) in the same solvent (but acridine in chloroform)
with vigorous shakin- and suflicient time was allowed for
the precipitate to settle down. The flask containing
reaction mlxture was kept at TCOC. The complex thus settled
was filtered, washed with either chloroform or tetrahydro-

furan, then with dry ether and finally dried in vacuum.

4ll the preparations were carried out in a dry box

in the absence of moisture.

3.26 Analvsis of the Complexes.

The composition of the complexes were determined by

the estimation of elements. 4 welighed quantity of the

complex was fused with 1:1 mixture of sodium peroxide and

sodium carbonate in nickel crucible. The fused mass was

extracted with water and then neutralized with nitric acid.
Hydrated niobium pentoxide precipitated by adding ammonium

hydroxide while the pH was maintained between 7 and 8. This
precipitate was ifiltered and washed with hot water. The

filterste so obtained was divided into two equal portions
For estimation of chloride, silver nitrate was

L and Il.
n I, kept overnight, filtered and washed with

added to solutio
taining (1-2%) nitric acid, dried and weighed as

water con
For the estimation of sulphur, solution 1I

silver chloride.



1-':.";

i+ Z Dors Y a - .
as ev:pereted to aryness 3-4 times with hydrOchloric

acla -n’ then . rium chloride was added to it The preci

Bitabe 6 Baili e i
Pitate or tasy, was filtered, washeq free of chloride Foyms

ignited and weished.

Complexes with acridine ang Benzimidazole were

analysed for nicbium and chloride by the same nethod as

aaopted above and the nitrogen was estimated by semi-micro

Kjeldahl's method.

227 mlectrical Measurements

The electrical conductivities of ths samples in the

Torm of cylindrical pellets (1 cm diameter, 1-2 mm thick,

shown in Fig. 6) as followed by Rao et a188 were measured.

The pellets were prepared by applying a pressure of 2 x 10 ke s

Per sq.m. Two thin steel feils were placed on both the
sides of the pellets prior to the application of pressure

to avoid any contamination. Pellets thus obtained were

coated with silver paste¥ and heated in air oven at 50-60°¢

The electrical conductivity (G} of

for ohmic contact.
the pellets of complexes were measured by employing a

conductivity cell (Fig. 6) and Digital Picoammeter (ESA 813
The temperaturesg

Electl"OniC Corpol"ation o_f' India Limfted).

;;;qunpd from Bpoxy Technology Incorporation, 65 Groove

Street, Watertown, MASS 02172 U-S.4.
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F<is

OI the sz . les were .ieasurcd with the help of contact
Lher cuccer attaci-d to the Thermostat U-10 (VB wLiy

wodel (¢, 22140 wud) in which the cell was placed.

The te perrture dependence of the electrical conducti-
Vity is -iven by the following equation89 already used in

Chapter I1 ith cg/o = Ba

5 o~ E8/5 k1 ceene (3)

—
_JO

The vglues of the Jseebeck coeffici nt, & , of the complexes
were obtained by usinz equation (2). The set up used ror

this easurement is shown in rig. 7.
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Do B = 3.0,

el =~

Jiolar Cenductance of

S.N B . the complexes_jfk;t£\ Susceptibility
ot mejouna . R 1 = /\ -;
Mg o, BRI
x v Cmmole ohm™
1. NbClg. FTU Sell 90.76 _ 0.574
2.  NpCls. o TTU 0,11 90.76 - 0.Lbb
3. 1ipClg. pTTU Gs1l 75,95 « s 275
by  dpClg. PleTV 0-13 81043 - 0.356
5.  NpCls. o_TLieTU 010 83. 20 ~00.525
5 i . O
6. NoClg. p-ThiseTV 0.12 8l .61 0.21
_ 0.430
7. NpGls. péiieTU 0.10 91.52 0. 43
Y 80077 e Ol71h’
8.  NbClg. © o6ieTU €10
. ; bt 0-256
9.  NbCls. p-T6MeTY 0.10 89 .40
i g



Tache - 3.10

Molar conductance of Suscepti-
‘ the complexes in DMF bilit v,
S. N Formula Concen- \ ;

traticn b X x 10~

x 1072 M Cm? mole~!

ohm™ !

1. NbCl:. DFDTB. .10 80, 66 0.299
R NbCls;. DPTB «10 87.16 0.294
3 NbClz. D-o~TDIB .099 91.52 Oe302
be  NpCls. D~-p-TDTB +098 85.07 0.298
% NbClg. P-o-TDTB - Insoluble 0.373
6.  NbClg. P-p-TDIB .12 93.22 0.481
8 NbCls. P-o-1TB .10 92. 44 0.543
€,  NbClg. P-p-TIB - Insoluble 0.429
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Th~ results of the elemental analysis, molar conduc-

teuce and me netie Measurenient data are recorded in tables

3.01 to 3.03 and 3.09 to 3.10. The i.r. spectra of lisands

€xes are 1in Figs. 3.C1 to 3.30. The relative i.r.

and complex
The electrical

-’ recorded in tables 3.04 to 3.08.

conductivity is reported in tables 3.11 to 3.29 and

log s vs

1/T plots are shown in Figs. 3.32 to 3.50. The
Seebeck coefficient data are recorded in tables 332 to 3.34.

3.31 General nropsrties of the Complexes

The complexes of Nb{V) chloride with PiiieTU, oT4MeTU,

pPT4ieTU and PomeTU eare brown in colour, while that of PTU,
pPTTU znd pTéileTU are green. The complexes of DFDTB, DPTB,

D-o-TDTB, D-p-TDTE, P-o-TDTB and acridine are yellow in
colour whereas P-OTTB, P~pTTB and Benzimidazole are white

Oor cream coloured.
X . i
All these complexes are insoluble in common organic

solvents like Benzene, Chloroform, Carbon tetrachloride,
All

ether, alcohol, nitrobenzene and Tetrahydrofuran.

tr, . v .

3.01, 3.02 and 3.03.
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The composition, melting points ang Percentare of

Varicus elements of the complexes obtained hy the i
-} e

Pyrridyl) tuiourea are revorted in table 3.01.

The analytic al
€Suits of these complexes correspond to gencral emperics]

foriula ubClS.L where L is a molecule of bidentate and

The molar conductance measurements of these complex.
in freshly distilled dimethyl formamide are found to be
74.95 to 91.52 mhos (Tzble 3.09). These results indicate
the electrolytic nature of complexes corresponding to

141 electrolytes.9o

The magnetic susceptibility of these complexes at
.3}:’10;2 were observed to be in the range of -~ .210 x 1()‘5 to
~ P x 10_5(Table 3.09). Negative values of the suscepti-
bility indicate that all the complexes are diamagnetic

showing thereby that all the electrons are paired.

On examination of i.r. spectra of ligands and their
n 0

niobium pentachloride complexes (Tables 3.04 and 3.07 ang
t has been observed that bands appearing

Y, (NH) and B, (NH),

Figs. 3,01 to 3.15) 1

] to
around 3090-3160 have been agsigned

ol
i - 3100 cm ' has been
A medium broad band appeariig& =~ 3000 - 31

yridine vibrations. Bands appearing

assigned to 2aminop



-1' —
1000 em and 1640 cm™’ have been assigned to

C+C =K L
C = K) of aryl Eroup. In case of the meta]

W(C =
coaplexes there is a little change in these bands Th
) . "

band appearing around 1152 to 1905 cm™ ! has been assigned

to V(i -0~ H+C =3) modes in case of ligends. Thege

0ancds are elther reduced in intensity or shifted to a

| A ) ey -
Hlgner frequency in most of the spectra of metal complexes

S) accurring at 752 - 775 cm” ! in ligands

The mode 2 (C =
1s also reauced in intensity or shifted to a lower frequencie
S

-1 ’ i .
(13 - 65 cm ') in metal complexes, showing that ST C——

is taking place through sulphur atom of ligand.

In addition to the above bands the following bandsg
i

The bands appearing ~ 1512 -~ 1590cm
6 ("J and

au

have also been assigned.
and~1270 - 1390 cm"1 have been assigned to

65 (NH), respectively.
C+ C =N is very

Assigning the band for 2/ (C
imvortant in deciding whether the heterocyclic nitrogen is
This band has been

involved in coordination or not.
hifted to higher frequencies in case of
!

reported toc be s
LU in increase by 20 - 52 cm~

coordinated pyridyl nitrogen.’
in M(C = C + C = N) shows that pyridyl ring nitrogen is

involved in bond formation.



The other possible sites for co-ordination are

nitro en and sulphur in the ligand. & shiit 13 - 65 cm™'

of W(C = 5) in complexes and lowering of intensity favour

coordination through sulphur of the thiourea unit making

thereby dz sp) hybridization having octahedral structure.

lience, the possible structure cf co
Insolubility of thesese

mplex compounds can be

represented DY structure 1.
conplexes in suitable solvents precluded the molecular

weloht determination.

Q%

o



STRU( TUR ) : »
UCTURE I MeLEX 1 UCT URE NbCls WITH N-ARY(
v L (MOf UH Uik '
Baer: (EUIED  YRIDYL) THIOUREAS.
f i
LNb»_lq.PlU]r',n CgHg; W H ‘H ; H; Z=H

[NbClq.PaMeH}C‘.;R- t.o-*fsiwr-H;X::(‘H3;Y HiZ=H

[NbC{q PGMQrU]flgFf (6”55W"H5X+H;Y=H;Z=CH3
CeHg(CHy) iW=H ;X =H;Y=H;Z=H

[NbC(q.oTTUJCl; R -

r ortho

leClq. OT\QMOTU] Cl; R=~-CgHg (CHhaJiWuH}X“—“CH35Y=H§Z=H
) - ortho

¥1i Hh;
Hq(CH3) sW =H i X=H;Y=H;Z=(CH,

NbCL TTU |Cl; R=—C(
[ 4. P | 65
[_NbCLa, pTdMeTU_] Cl; R=—CgHgq(CH3) iW=H;X=-CH3iY=H;Z=H

[Nbcig. 0T6MeTU] CLiR = —CaHa (CH3 ) 3W=H X =H;V=H;Z = ~CH3

‘l-]f 3

‘i : R =2 - (CHA) sW=H; X=H;Y=H;Z =—(CH
[Nt:Cl4,pt6MeTUJ CLi R C6H4 Dcar% ’ i P ; 3



“bCl5 ~1lso formed coaplexes with 1,5 disubstituteg

2,4-~dithiobiurets aml 1,5 disubstituted 2-thioubiurets in

tetra hydrofuran medium. Their Compositions, melting

Polnts aad percenta s of various elements are reported
10 Taole 3.02, indicating the general emperical formula

“bClS-L, vhere L 1s o molecule of bidentate ligand.

The conductance studies in freshly distilled N, N~

dimethyl formamide indicate the electrolytic nature of the

complexes. The molar conductance values are in the range

or 80.66 -~ 93.22 mhos, which corresponds to 1:1 electrolyte

in this solvent. The negative values of magnetic suscepti-

bility - .29 x 1077 to - .543 x 1077 (Table 3.10)
suggests that complexes are diamagnetic and all the electrons

are paired as was observed in the case of substituted
thioureas complexes also.

Un exaiination of the spectra of ligands and their

niobiun pentachloride complexes (Table 3.05 and 3.08) it

has been observed that a medium strong band is present abt

3120 - 3250 cm” ' which may be assigned to v, (NH) and

In complexes Y (NH) stretching bands are observed

Vv, (HH),
at 3125 - 3170 cm™1 which are 5-25 cm lower than those

of the ligands. A similar observation for the Y(NH) stretch
-1 was made by Stephen and Townshend91 in the

at 3250-3200 cm

e of dithiobiurets and their silver complexes.

cas



4 ledium strong intensity band is also observed at

: G
1.~ = 1025 cn in ligzunds and 1585 - 1020 cm™" in

co.plexes, whach may be assigned to i-i bending Vvibrations

4nother strong band appearinz at 1435 - 1502 cm~! in
ligands and 1415 - 1480 cm™ ! in complexes may be mixed

band of N-H bending, C-K stretching and C=S stretching

vibrations.

A medium intensity band appearing at 1227 - 1295 B

in ditaiobiurets shifted to 1200 - 1275 cm™! with medium
intensity in complexes appears to be due to C = § vibrations.

The band at 745 -~ 795 cm™! in DPDTB, D-o-TDTB, D-p-TDTE,

P-0-T3TB and p-TPDTB is mainly due to C=5 stretching

vibrations, having a little coatribution of C-N stretching
vibrations. This band has been observed at 700-780 cm™’
(15-45 cm™ ' lower than in ligands) with medium or weak

coordination is taking place through sulphur atom of the

ligand.
Tn thiobiurets a band of medium intensity occurs in

the region 1710-1715 em™1, which is observed to be stronger
On chelation with Nb015 this

than usual ketone C=0U hand.
0 ~.1710 (~75 em™ '),

peak is shifted to lower frequency 10k

indicating chelation through C=C group.



10,2

L*; CD : 2 1 ) » e o .
HPAT1INT the 1.r. spectra of ligands and complexes

the donor sites Present are two sulphur atoms of .

Ceroveayl roups in 1,5-disubstituted 2y4-dithiobiurets
J

and oxyzen atoms in 1,5-disubstituted 2-thiobiurets

~

and one of tiuc nitrosen of the NH groups.

The decrease in C=5 stretching frequencies (15-45 cm‘1)

on ccuplexation is more than the decrease in N-H stretching
(=]

(5-15 cm™ 1} and H bending vibrations (Table 30§ )

hus the nitrogen of the WH group as a donor is not favoured.

T)

2 .
Srivastava and Agarwal” ~ showed by their potentiometric

studies on the oxidation of dithioblurets and their complexes

that ligands are oxidized by iodine to dithiagolidine, but
in the case of complexes no oxidation to dithiazolidines

This is because of the chelation through

occurred.
sulphur atoms of the two thiocarbonyl groups giving a very

stable complex.

Tnsolubility of these complexes in suitable solvents

precluded the molecular weight determination.

sis of the results of elemental analysis,

On the ba
eptibility and i.r. spectra,

molar conductance magnetic susc
it seems that complexes with 1,5 disubstituted 2,4 dithio-
All

biuret and 1,5 disubstituted 2 thiobiurets are formed.



1'“.).

tl> co  leves seem to heve d° sp3 hyoridization having

octe.. dr¢l structure.
The co plex coupounds may be represented as
structure Il « ILI.

In these couplexes chelation takes place throush two
sul hur atoms in dithioobiurets and sulphur and oxygen

atoms in thiobiurets respectively.
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'HU

+H8L- 4 - , _
l; also formed complexes with benzimidazole ang
acridlne. The composition, melting points and Percentages

oL rious elements are revorted in table 3.03, showing that

benziaidazole form ol 7 : s g
e mned complex with 1:4 stolchiometry, whereas

ecridine formed complex with 1:1 stoichiometry (Table 3.03)

. The molar conductance of benzimidazole and acridine

complex in dimethyl formamide at the concentration of 10 i

; 3 0
are 172.00 and 90.42 indicating 1:2 and 1119 electrolytes

respectively (Table 3.10). The negative values of magnetic

-6 -C . .
susceptibility ~0.434 x 10 and -0.868 x 10 indicate

that complexes are diamagnetic and therefore all the
electrons are paired.

Un comparing i.r. spectra of benzimidazole and its
complex with NbCl5 (Tabple 3.06; Figs 3+27 to 3.30), it is
observed that a b}oad band ~ 3505 cm-1 appears in ligand,
whereas a medium intensity appears at 3500 cm'1 in complex,

these bands are due to H-H stretch of - NH group of

bengimidagole. A weak band in the case of complex indicates
that CG-H band of molsture (either from KBr or complex) is
overlapping with N-H band, which is confirmed by appearance

of a weak band at 3000 cm”
3 while studying molybdenum amine complexes.

1 A similar observation was made

by Srivastava
-1 in bengimidazole is assigned

A sharp band at 1600 cm
0 stretching vibration in view of the previous



]h‘."’

&ssl .. nts oy norganja ani Harkins et al?”? This band

appears around 1615 ca”!, an increase by 15 em™71, indicating
thav coordination is taking place througzh unsaturated

nitrosen of the imidazole ring of ligand as was observed
by viradar and Gaudar.®

in addition to the bands assigned above, a band

"in ligand and at 1220 cm™ ' in complex

appearing at 1225 cm
can be assigned to C-N stretch vibrations.

Since obenzimidazole complex has NbCls : ligand
stoichiometry as 1:i4 and corresponds to 1:2 electrolyte and
coordinates through unsaturated nitrogen of imidazole ring,

it is very difficult to assign a definite structure to the

complex. 1t seems probable that in this complex NbCl5 forms
a seven co-crdinated complex.
acridine and its complex, it is observed that a band appearing

On comparing I.r. spectra of

at 1610 em~! in acridine, which may be assigned to C=C+C=N

tions is shifted toO 1625 em~ ! in complex.

stretching vibra
shows toordination through nitrogen

An increase of 15 cm

gtonm.
- -1
1 ppearing at 1362 cm
: . ; atirmed by a bana al
It is further contl
: a_T i 1 i
in lierand, which may be assigned to G-N stretclhing vibrations,
s 3 .
which means an increase

| —_ | — t

of 13 cm™1.



there is no possibility of coordination with any other atom

except nitro en of ligand.

from table 3.03 it is evident that acridine also
foried 1:1 co.plex as in case ofi substituted thioureas,

1,5 disubstituted 2,4 dithiobluret and 1,5-disubstituted

o-thiobiurets and also ccrresponds to 1:1 electrclyte. From

the above date it appears that acridine couplex is a plymeric
-metal bonding.

one, in which Jiobium atom has metal

1638



TABLE - 3.11

tlectrical Conductivity of NbClﬁ,PTU Complex at different

Temperatures

104

Tempera- . _
S.i. tu?%§OK) % x 10°(°%~1) o (Ohm™Cm™ ')  Logs (Ohm~Tem™')
1, 303 3.30 3.25 x 10717 15.51
24 313 3.20 2.25 x 1071k 15.35
s 323 3.10 6.95 x 10714 T5.84
La 333 3.00 3.18 x 10713 13.50
5, 343 2.92 53 x 10717 73.92
6, 353 2.83 2.25 x 1071% 12.35
T 363 2.76 8.17 x 1071% 12.91
8. 373 2.68 2.53 x 1071 77.40
9. 383 2.61 8.34 x 10711 17.92
10, 393 2,50 2.83 x 1070 T0.45
11 1,03 2.48 6.47 x 1071 10.81
12. 513 2.42 1.26 10‘;7 Vel
13. 423 2.36 2.52 x 107 Pkl




e

Conductivity of

TAplE ~ 3.12

Temperatures

1.0

NbCls,oTTU Complex —at different

" Tempera- _y o o
. lve tuf-%)(OK) % < 103%™} s (onntem™!) Logs (0hm™Tem™1)
o 303 3.30 7.43 x 10717 15.87

2o 313 3.20 4,08 x 10”14 Th.61

3. 323 3410 145 % 10713 13.16

b 333 3.00 L.58 x 10~ 12 13.66

5 343 2.92 1,32 x 1071% 72.12

6. 353 2.83 6.46 x 10772 12.81

P 363 2,76 i.4E x o= 71.16

8. 373 2.68 8,93 % 167" 17. 8L

9. 383 2.61 1.42 x 10719 10.15

10. 393 2454 3.19 x 10719 10. 50

1. 4,03 2,48 1.03 x 10:: B0

12, 413 2el42 2.30 x 10_9 2.36

13. 23 2.36 5,15 x 10 9.71




Electrical Conductivity of NbCls.p il Complog. gy ALl iemens

TABLE -~ 3.13

1.
124
13-

Temperatures

373
383
393
403
413
423

3.30
3.20
3.10
3.00
2.92
2.83
2.76
2.68
2.61
2.5k
248
2.472
2.30

Q;'(Ohm-Tcm_T)

Logﬁ’(Ohm_1cm

6.18 x 1O—JW
0-13

13

1.70 x 1
7,60 x 10

2.58
6.49
Re 2y
92
1.2k
2.05
6.61
2.0h

492

9.55 %

X

X

X

X

X

10-12

10-12
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TLELE - 3.1k

Electrical conductivity of NbC1ls.Pllie. TU Complex at different

Temperatures
= Tempera- ’ 3/ crem L
sHe' purelCK) = x 102(°™") o (O~ ™1} Logo(Ohm™cn7)
(T)

1. 303 3,30 1.42 x 10710 70.15
2e 313 3.20 2.97 x 1071° 0. 47
3. 323 3.10 5.36 x 10719 10.92
loe 333 3.00 1.79 x 1077 9.25
5. 343 2.92 3,99 x 1077 3.60
6. 353 2.83 762 % 107 9.88
7 363 2.76 1.87 x 1070 .27
8. 373 2.68 2.97 x 107° 8.47
9. 383 2.61 5.64 x 1078 8.75
10 393 2.54 1.59 x 10'? 7.20
11. 103 2.48 2+ % 10:; 3.43
12. 413 2.42 L.18 x 107" 7.62
2.36 5,65 x 1077 7.75

13 423




TABI—‘E s 3-15

uetivity of WbClg.o T 4MeTU Complex at different

Electrical Cend

Temperatures

- ————

Tempera-
SeN. ture (°

(T)

1 103(% ") o (onaTem ') Logs(Ohm”Ca )

1. 303 3.30 2,05 = 10"2
2. 313 3.20 428 x 10';
3. 399 7. 1 1.56 x 10:$
L 333 3.00 Le19 X% 10_;
B, 553 2.92 6.85 x 10_8
6. 353 2.83 1.66 x 10_8
7 363 2,76 he37 X 10—8
8. 373 2.68 Jiapee B
9. 383 2.61 150 % 10-7
10. 393 2 5k 2.35 x 10-7
1 403 Gt el 12".’
12. 413 242 73l x 10_6
13. 423 2,36 1.21 x 1
-
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TABIE - 3.16

Electrical Conductivity of NbCl.. pT4¥eTU Complex at different

Temneratures
5., fflre?gl%j 1x 103(01{_1) s (Ohm™ cm™") Logd’(Ohm—1Cm—1)
(1) B S B
i 303 3.30 5.26 x 107" 70.72
2e 312 Z-20 1.05 x 1077 3.02
3. 323 3,10 3.04 x 10“; .48
Lea 333 3.00 5,91 x 10 Ay
133 % N 8.12
5- 3)4—3 2092 8 —
6. 353 2.83 3.48 x 10 . 8. 54
7 363 .76 8.75 x 10° 8.9k
=7 -
8 373 2.68 1.38 x 10 , :z.m
2,25 x 107 %:35
90 383 2"61 * -7 »
L.18 x 10 7.62
10. 393 205k % !
5,66 x 107 7.'75
14 403 248 . . ’
. 46 x 107 7.87
413 2e42 7e 2
1% o -
13 423 2.36 2.19 %




TASLE - 3.17

Temperatures

14&3

S.N. tura(on)
@
1w 303
2. 313
3. 323
ba 333
5. 343
6. 353
7e 363
8. 373
9. 383
10, 393
[y 403
12, 413
13. 423

« 103%™ ") & (Ohm~ T0m™1)

3.30
3420
3 TH
3.00
2.92
2,83
2.76
2.68
2,51
245k
2.48
2l
2436

B2l
9.55
L.79
2.05
5.65
212
7.08
2:57
1212
.19
9.16
1,82
4.09

-15

x 10 15,35
% 10_15 15.98
x 10_1h 14.68
e 12.31
% 10-13 13475
A 12434
x 10717 72,85
e GE 11.41
< 10710 10.06
¥ 1O~10 10.62
x 10’10 10,96
% 10”9 9.26
X 10’” 9.61
I



TABLE

"3018

Electrical Conductivity of NbCls. ol 6ieTU Complex at different

Temperatures
Tempe . e =
2§ tm(”%)( - %x 102 (°k~1) s (nmTem™ ) Log s (Obm™ Yem™1)
fe 303 3.30 8.73 x 107 1% 5.9
2. 313 3.20 Lo18 x 10”1 13.62
3. 323 0 1.35 X 10~1% 12413
s 333 3,00 4,37 x 10777 12.64
5, 343 2.92 1.03 x 10717 771.01
~11 .
6. 353 2.83 3.48 x 107 TT. 54
[ 363 2.76 I 10'10 10.06
-10 -
8. 373 2.68 4,58 x 10 ! 10.66
9. 383 2.61 8,55 x 107 1° 6. 93
<D -
10, 393 2.5l 3,80 x 10 9.58
-0 -
19 4,03 2.48 8,17 x 10~ 9.91
-8 -8- 5
12 413 2.42 1.42 x 10 .1
07" 8.4 1
13. L23 2,36 2.57 %




TASLE = 3.1y

Llectrical Conductivity of NbClg.pT6iMeTUT Complex at different

Tempneratures

Tempera- <
coPTOR) 14 10°(%k™") S (Chmlem”')  Logs(0hm 'em

“%

S. I,
(T) T |
-4 .
i 303 3.30 3.03 x 10717 T3.46
2i 313 320 Tt 10'3 13.85
3 323 3.10 2,52 x 10714 7240
-12 o
s 333 3.C0 9.55 x 10 12.58
5 343 2.92 21 w48 17.38
& " 3 2.83 §.95 x 107" 17.95
. . 2.35 x 10"10 10.37
7 363 2.76 . O'W e
o} 2.68 4’4-092 X 1 .
N " 1.92 X% 10—9 9,28
g. 383 2. 64 - S
5,28 x 10 B
1k 393 2...5% - 10-9 ..
148 35 4 —
1. 403 2ok e o -
12, 413 Relr2 8 K
3.33 x 10 B.52
13 1-{—23 2-36 2

g e
i | —



BElectrical Conductivity of NbCls, DPDTB Complex at different

TASLE - 3.20

Temperatures

] ( 0

-

— - —

S. N, Eﬁ‘?“;é;?g?? —T1 x 103(°%~") s (omn"'cm™") Logs (Ohm~lom™)
1. 303 3.30 7535 & 100 8.29
g 313 3.20 448 x 1075 8.65
Bie 323 3.10 1.32 x 1077 7.12
4. 333 3.00 3.40 x 1077 7. 53
5. 343 2.92 6,04 10“;“' 7.78
6. 353 2.83 1e13 10'6 f.os
7 363 2,76 2452 10:6 6440
8. 373 2,68 19 % 10 6.62
9. 383 261 6.78 10_g %.33
10. 393 205k 101 10_; :5.05
11. 403 248 1.78 x 10 ] 5.25
12. 413 2.42 2.90 10:; 5.46
13. 123 2.36 469 x 10 5,67

- -

i



Vil

ME = _,10_2.1

Electrical Conductivity of NbCi.. DPTB Complex at different

Temneratures.

Tempera- N
Sl e tuzé"%.g:': J J‘X‘IOB(OK 1) G’(Ohm-10m-1) LOg G._(Ohm-iCm~1)
1 303 3.30 1.55 x 107° .19
2 313 3.20 3.64 x 107° 5. %
3. 323 3,10 §.15 x 107° .91
e 333 3.00 1:8%F = 10"7 .07
5, 343 2.92 3.56 x 107" 7.55
6 353 2+83 7.60 x 1077 7.88
) _6
7 363 2,76 1.23 x 10 6.09
| 6
2.68 2.25 x 10 6.35
N " 3.72 10'6 697
" 2.61 ° b »
90 )83 ...6 -6
10 393 2.5k 5,90 x 10 T
? _5 _
.0 10 5.01
11 403 2.48 1.03 x 0_5 e
125 413 2.42 1.59 % 1 5 L
2.6 x 107 5.42
13. 123 2.36

-




Blectrical Conductivity of N

.... —— -

TABLE - 3,22

Temperatures

bCl5.D-o—TDTB Cemplex at_different

< (Chm~ fem™ 1) Logd’(Ghm_jcm-1)

S.N. 53?5?527 ¥ 263¢%)
(T) T o

1o 303 3.30 2.64 x 1077
2. 313 3.20 5014 10':
3. 323 3.10 8.95 12_7
be 333 3.60 1.7k 10-7
5e 343 2.92 3.25 = 1 P
6. 353 2.83 6.47 10-6
7. 363 2.76 1,26 10_6
8. 373 2.68 2,40 10-6
9. 383 2.61 4. €0 10-6
10. 393 2.54 8.15 10"5
114 403 2.48 1ak45 10-5
12. 413 2l 2.1k 10”5
13. L23 2,36 3,10 x 10

vy ol
o

il W\
L]

K]
wiJ
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TAJ""L“E - 3023

tlectrical Cenductivity of MbClg.D-p~TDTB Complex at different

Temperatures
Tempera-~ _ 1 L
i eure (O] 1 103" s (om len™") Logs(onnTen™")
(T)
The 303 3,30 1.66 x 10“7 Ps22
2. 313 3,20 3.81 x 1077 7.58
3 323 3.10 7.60 x 1077 7,88
. -6 o~
4 333 3.00 tat5 x 10 0.16
5 343 2.92 2.25 x 107" B.35
. &
6 353 2.83 3.56 x 107 B. 55
7 363 2.76 6.31 x 107" 8.80
' 60 x 1077 5,00
8. 373 2.68 1.00 x : 2
9 383 2.61 1.35 x 107 2+13
o = T, 95
1C. 393 2. 5L 1.78 x 10 ] f
1077 5.54
114 403 2.48 348 X : o
124 413 2.42 1.00 x 10-! e
1036 b’ 10 ¥ LP-13

130 L23 2436




Electrical conductivicy of NbCls.
Temperatures

TABLe - _

162

P-o-TDTB Complex at different

102¢%x~T)

G (6hm~tem™ 1)  Logs (Ohm~lem™!)

‘ Tempera~
S. . tu€$§oﬁ] L
1s 303 3.30
2, 313 3.20
3. 323 210
b 333 3.00
343 2.92
6 353 2:83
7, 363 2.76
8. 373 2.68
9. 383 2.61
10. 393 2«5k
11. 403 .48
12. 413 Rat2
13. 423 2.36

2e21
Lo78
1.00
2+32

L.80 :

178
2.63
4o 18
6.47
957
142
2. 14

1077 .40
. 1077 7.68
107° 3.00
Y 6.37
107" 5.68
c 1677 5.02
10-5 5.25
107" 5,42
1072 5.62
1072 5.81
1077 5.98
g %45
i 533

C— e ——r—,—ay 5 =



TABIE - 3425

: Coqdnntivitv of NbCl5.pr~TDTB Complex at different

Temperagtured

e e v ———— ye

s s — S ——

S. . zi%gfgi; % x 103(0K"1) & (ohm-lem™ 1) Log 6 (0hm™Tem~1)
1. 303 3.30 1,07 x 1077 .03
24 313 320 5,05 x 1077 7.31
B 323 3.10 5,15 5% 1077 7.71
L 333 3.00 1,26 % 10’66 ?.10
She 343 2:92 2.51 x 10 ) c—:.:,,o
B 353 24583 5,64 X 10:5 i.75
e 363 2.76 1.32 x 10 5 3.12
8. 373 2.68 2.69 x 10:5 i.m
D 383 2.61 5,14 x 10 i.71
10, 393 2.5k 7.96 % 1o:i 5.90
11 403 248 1 32x101 i.m
z 1077 Le25
2 413 2642 1.78 = 1 ] 4
13. 123 .36 2,35 x 10 s 37
g

i ——



IABLE - 3.26

-0-TTB Complex at different

zlectirical Conductivity of JbGlS. !

ol

Tenperatures

B ———— -

Tempera- - - - . &
! 39T & (e lew™ 1) Loeolona e 1)

S Ns tul("%)(“' ©og X 10
Tis 303 3.30 1.55 x 10~7 7.19
2 313 3.20 3.02 x 1077 7.48
. Al 7
3 323 3410 L.69 x 10 7.67
...7 —-
3.00 8.15 x 10 7.91
- > 135 % 10"6 8.13
.92 . :
) - - 35 10’6 3.37
5 283 2- X .
0‘ > 2,76 3.82 x 1070 8.58
- 363 2.63 6.76 x 107° 5.83
N " . 20 x 1077 5,08
9. 383 2.61 1.2U X y 7
0 93 26 5k 2.00 x 10 5.30
S 5 x 1072 5.52
03 2. 48 3.32 X
" * 0_5 5,63
2eir2 L.27 x 1 -
12 413 0_5 z o5
13 423 2.36 6a 78 x 1

- e




S.

Tempera~
|

N ture(®k) = x
= T

¥

)

11

303
313
323
333
343
355
363
373
383
393
403
413
423

TASLy - 3,27

Temperatures

f NbCle, P-p-TT erent
5 o-TTB Complex gt diflf
- - .‘T'_‘._--;-.

Frop—1
107 (7K hm~
} o (Ohm Tem™1) Log 6 (Oh i
m cm

-1

)

3.30
3 20
3.10
3.00
292
2.83
276
2.68
2.61
24 Sk
2.48
242
2.36

1077 7
_7 ZeT5
10 7
: 7.50
o~ 7
1 7.82
107" 6
P T 4
10 6
. 6445
10~ 3.6
| .62
-1
10 . 3.82
10—5 3.97
10 5
s 54758
10 5
5 5.32
10 : 5,48
10 .85

"n’;



T..‘p.).u.u . 3. 28

Cl

BElectrical Cenductivity of ub(C7ﬂégglh__

Temperatures

- rm—

Tempera- 4
S.. ture(°8) % X 103(°K ¥

(T)

e 303 3.30 5.62 x
2. 313 3.20 1.09 x
3. 323 3.10 2.2h X
L 333 3.00 L.17 x
91,3 2.92 741 X
6. 353 2.83 1.10 x
2. 363 2,76 1.95 X
8. 373 .68 3.31 x
9. 583 2,61 6.03 X
0 393 2.5k Wt ®
11, 403 saie 217 %
12, 413 Bei? 3'3; z
13. 423 2.3 .
J— e

c complex at di.ierant
'/

ll\i’

(0hm™Tem™ ') Log
07 815
107° 8.0k
58 5.35
1078 8.62
10-8 8.87
1077 7.0k
1077 B 29
1077 Fe52
1077 7.78
1076 6.06
10"6 6.34
1S 6.52
0~° 5.69




Table ~ 3.29

Bl _cirical Conductivity of “bClg.Géﬁh CH06“4N Complex at different

Temveratures

Sl Eﬁ?ﬁe?gl) 1X 107 £% L) o (ohm 37!} Loge(Chm™Tom™T)
T i
1 303 3,30 §.13 x 1071 17.91
2 313 3.20 2.75 % T 10.44
. -10 —
L.89 x 10 10.69
3’ 2 3-10
- 3,00 1.15 x 10_9 5.06
b 533 . 9 =
2.92 2.19 x 1 s
2 343 ’ . -
2.83 6.70 x 10 9.83
6. 353 . . ’
2,76 1.48 x 10 8.17
- 2 i oo 8.45
68 2.82 x 1
8. 373 P R s
2,61 4.89 x 10 .
9. 83 : s _
: L, 7,76 x 10 8.89
yiio® 393 2.5 7 o
0 1.-!4'1 X lL’ ¢
114 403 2o & ™
1.3 2.24 X 10 .
13, 413 Bt = 7.48
36 3.02 x 10
13a }P23 2. -
e
-
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Iﬁ@éﬁ_t_huyi
s nd ueps of .—Aryl—n'—2(415,6~m929§ubstituted pyridyl) thioursa
Comnlexes
Swda Compound Eg in eV
1e Nb Cl5. PT 2. 149
S Nb Cls. oTTU 2.46
3. Nb Cls. pTTU 2.18
L. Nb Clg. P Liie TU 1.57
5 Nb Cls. © T heie TU 160
6. iib Cls- pT Luie TU 1.56
5. Npb Cls. F éite TU 2.70
s. Nb Clg. oTéiie TU 236
m 220
9, Nb Clg- pTélle TU
‘_-M_—"______*J____,,..auza-*~*“""

{}¢



TABLy - +e31

o nd Gaps of 1,5-disubstitut
] 5 substituted 2,4~-dithiobiuret and 1,5-disubsti
& hacdh L, —

tuted 2-thiobiuret Complexes

Salda couzpouad =~ in el

NbCl5. DPOTB

NoClg. DrTB

3. NbClz. D-o TDTB _—

b NbClg. D-P TUTB T 18

5. NbCls. i-o TDTB 25

6. nbuls. P-pToTs 5B

7, NbClge p-oTTB T3

8. NbClge p-pTTB 1.09
L R I s
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TABIE - 3.32
. Deef .0  dcients ¢i il-a 3
foaryl 10-2(k,5,6-m
5 1y 2O -Monosubstituted pvri
thiourea complexes uted pyridyl)
Daide Compound
x in 4 V/on
. o
Te NbGlg. PTU 5
+ ll-Lj-
2 {pCle. OTTU
o 7 g T 428
3 NbCls. PTTU . 208
Lo NbClg- PLeTU N
Se NbClso OT Z}-I"IGTU - 220
bis NbCls- pT4bieTU - 250
+ 260
7 e Nb015. p6ideTU
.y o+
8e NbClse oT6MeTU 392
+ 256
0, NbClge pTélieTU
R



TABLE - 3.33

VEEDLCn -0€.licients o1 1 i
s 2-alsubstituted 2,4~dithi
1 y~dithiobiuret :
and

1,5-disubstituted 2-thiobiuret complexes

S lia Compound )
x in /uv/oc
s NbClg. DPDIB P
2e NbClsg. DPTB + 292
3. pClg. D-oTDTB - 285
L. NbClg. D-p TDTB 51450
5. NbClse P-oTDTB 146
6. NbCls. P-P TDTB + 180
7 NbCls- P-o TI3 = 178
. NbGlg. P-PITB ~ s
__-———-“—""'“"_J_—'—-J‘ﬂ___
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Band Geps and Seebeck coefficients of Bengimidazole and Acridine

Comnlexes

S. M. Compound Eg in eV 5 in n V/OC
1 Nb (Coy Iy 2l Clg 1o 2 - 225
; 138 - 340
20 NbClg- C M, CHCgHy N
R

e ———— ——

«o\y)
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‘ CESIMLIALS UF 0., i :

SE.a I Ln - i
cc.lriconductin Broperties of -Aryl ¢ :
S ¥ % “5_’»“--"10"-"?10110—

341
1tuted pyridyl) thioures complexes
— - - --—"-‘_—g—-‘__-__.

The clectrical conductivity (9) at different t
r empe -

L . o 3.1
ical conductivity

o,
L

and the plots of logarithm of electr

asalnst reciprocal of temperature in X spe Presented i
n
Fizs. 3.32 to 3.40. The band gap, Eg, for the conduction

process was calculated using the equation

_Eg/
S- Sy e J2KT (3)
5z D .
where & 1is conductivity at T K, G5  is a coastant and k ig

soltzmann's constant. The slopes of log S~ vs /g strafphe
line curves were accurately determined using least square

method.
From the results reported in Tables 3.11 to 3.19 it
rical conductivities of these complexes

is observed that elect
-1 4o 10"19 ohm™lem™ 1 at room

are in ther range 1U
cal conductivity of ligands

whereas the electri
15 g 30710 ohm™! cm™1 at room tempe-

temperagture
in the range i 10 '
y that increase in

18
3.31), proving thereb
ssociated wit h complex formation.

rgture (Fig.
Pl y is a
istivity of

electrical coailes e
i electrical reids

Lebhes € a 3 '.\'.;Jii o 3tuay 5V
a t ]E ‘ L
|4 3 ex d wi ] & 11nones;
T g S O
i z'ocal'b 5 comp e
SUbStltuted hyd 1 1 t h . > .
r‘ing of electr‘ical presisbdivd Ly 4 ; o

observed that lowe

with complex format ion.



from Table 3.30 it 4e

band 2aps of
and HbClS.PAAéTU are |

+ . the
» Whereas for otherg the ran-e i,

QC]—EOL‘TZ}-"-‘eTU’ _"'001 = 04 eA
-

Tanie of 1.56 to 1.60 oV

" donates Fhegt s

Pyridyl rin- which increases the mobility of the charge

carriers. Un the other hand substituent at Position six have

'‘eea found to behave in different manner.

# series of polymers has been obtained from bok? bis(oc

thiocaldyl P¥ridineamido) diphenyl having various substit

uents
in dipnenyl by

~100
Rukhadge and co—worker898 10

who observed
that Co(II), Wi(II),

Cu(Il) ang 2n(ii) polymers are insulators

at room temperatures, but at 110°C Cu(LiI) derivative was

found to be best conductor,
It has been observed in these complexes also that these

5 [ ituent
are insulators at rooim Lemperature, byt four subst

omplexes are semiconductors at'~'40°C, whereas others are
cC O

o)
{ P O Ve
semiconductors au 11

Seebeck coefficients (®) were obtaineg by eq. (21
eebe ricle

d that cc values are negative for oT4)eTU and
p— - L a
It is observed ©

; .32) which Means these
1z {Tables 3
i lexes of NbLLj
pT 4 veT J conp

; onduction is by means of
type semiconductors, 1.0y B
are n-

ther compl
ther hand o ~values for © .

i tOrSJ:
i - semlconduc
itive (p-type
are posk

mainly through holes.



32 demiconductinﬁ Properiisc | ~ :
: e ey <o IR R TIE LUt - ':'L; di-
' *———h_‘_%.-z ’__________
thiocoiuret and 1,5 dlsuost%tuted 2-thiobiuret . ) |
o ee===n &l 1,2 disuost TS e PRt v ilenian

s
Ine electrical conductivit; -
“tlvities of these complexes at
different tenpParatures are given in tables 3,20 - 3.27 and
tre plots of logarithm of electrical conductivitw EE ek

reciprocal of temperature in %K are represented in Fig, 3 Li &
&E- . 0

3.48. The band gap, Eg, for the conduction process wag

calculated using the equation (3).

The slopes of log o vs T/T straight line Curves were

accurately deterwined using least square methog 458 wWas adoptad
in the case of other conmpounds.

The electrical conductivities of T,5-disubstituteq
2,hk-dithiobiurets (DSDTB) and 1,5-disubstituted 2-thiobiuprete

(DSTE) complexes are in the ranges 107° to 1077 ohm™1 gp-1
i 10.7 o 10 ohm-:cm'T (figs. 3.41 to 3.48), on Comparing

these ranges with the electrical conauctivivy range of the
given as by Kittel'W! it is observed that

semiconductors
T8 d DSTB complexes are good semiconductors with bang
B an

DSD )
ps ronging from 1.09 to 1.47 eV (Table 3.33).

gaps ro g

ductivity of these complexes is

The electrical con f
ical conductivity o
the electrica
ompared tO

[ ul ea C m |

s incr



D
h‘-n
<.

contuctivity of complexes (compare tables 3.01 & table 3.02)

C - 1 - : .
ur observation is in agreement with the observation

_— 1
of Lnoue et al. They also observed that electrical

coaductivity of aniline black increases with increasing
sulphur content.

It has also been observed that resistivity of co-
ordination polymers formed from ligands having sulphur or
sulohur and nitrogen containing donor groups, are dependent
more on the concentration of metal groups than on the nature

of the metaljoa The materials studied include Cu(I)
derivative of substituted bis {(dithiocarbamic acids),Cu(II)
coordination polymer of dithio-oxamide, Cu(I) thiocyanate,

3 heat treaveu cu{I) thiocyanate thiourea complex and copper
metal. Keeping the oxidation state of metal same, Terentev

W ablished that an increase in copper concentration
’

et a!
ds L0 a decrease in registivity by an order

L, lea
g was taken to indicate that

by about
This dependant

of magnitude.
narticipate in the conductiocn

d-electrons oi tne e ptd

mechanisie
in regards to the electrical

le.es with respect to

\isn-4
| T R

No definite cOnc-
i ese Cui
conductivity can be drawn in th .
TTLAR PRRLs poratrieal
ration vi ND present, " ) |
ﬂ voimzdig WESH the presence
T

the concent
e Gt

ua
conductivity has been found



suvstituent zroups at different positions in the benzene
ring (Tables 3.20 to 3.22). It is observed that complexes

hav.ng suvstituent at para position in the ligands have

more conductivity than in the case of suustitusnt at

ortho position .

The Seebeck coeificient (o ) measurements in these
complexes showed that D-o-TDTB, P-o-LTB amd P-pTTB complexes

are n-type (negative cc ) semiconductor ana DFDTB, DPIB,
D-p-TDTB, p-o TDIB and P-p TDTB complexes to be p-type

(positive o ) semiconductor (Table 3.331.
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43 semiconductine Properties of benzimidazole ang

-~

Acridine Complexes

Llhe electrical conductivity (o7) at difrferent temn pe

ratures of these complexes are given in tables 3.28 and

3.29 and th. plots of logarithm of electrical conductivity
. =L

against reciprocal of temperature in %% are given in

Figs. 3.49 and 3.50. The band gaps, Eg, for the conduction

process were also calculated using eguation (3).

From the results reported in lable 3.34, it is seen
that band gap of benzimidagzole complex is 1.24 eV while
that of acridine complex is 1.53 eV. &ftergut and Brown =¥

reported the band gap 1.9 eV of benzimidazole, which on

complex formation reduced to 1.2k eV, Similarly th. band
and

gap 1.85 eV of acridine as reported by Kleinermann

. O 5 .
MCGlynn1 5, decreased to 1.53 eV on complex formation. It
s et el9§

i also in agreement with the observation of Labe
100-109 s e

I+ has been observed by many investigators
&roduction of a metal group into an organic polymer‘

i{‘n.'.;
11y enhances its conductivity, which further confirms

genera

our observatiole
.picient (cc ) measurements (Table 3.34)

Seebeck coetl
gs are H-Uype, lses, conduction

X
show that poth these comple

ons.
is ainly through elect?
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.00l also formed a light yellow coloured complex
with imddagol but it was so hygroscopic that we could
not proceed with any study except that it contained nitrogen

and niobium in g i3 AW

-~
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