
)

£

{

STUDIES ON EXTRACTION AND SPBCTROPHOTOMETRIC

DETERMINATION OP KIQBIUM(V ) USING

N-4-CHL0R0PHENYLCINNAMOHYDROXAMIC ACID

AND

THIOCYANATE

A Thesis

Presented to

The School of Graduate Studies

Addis Ababa University

t

In Partial Fulfilment

of the Requirements for the Degree of

Master of Science in Chemistry

by

Taddese Wondirau

June '1989,



TO MY UNCLE AND SISTER



n,iTi,rrnr-̂ -r—
?JMM* titich-t IM V*#*%**'$

AJHJIS ABABA UNIVKRStTV j

| L I B R A R I E SA 0 I(N 0 W L E D G E H EJ I S L
__

-—
I am highly indepted to my advisor Br.B.S. Chandrav-

anshi, without whose constant help the research work as

well as the preparation of the thesis would have been impo-
ssible« I pay respect and express my heart felt gratitude

to Ato Zelalem Adam and Ato Sisay Engida who contributed

much to the materialization of this work. I wish to exp-
ress my deepest appreciation to W/t Konjit Arnha who did

her most in keeping up the moral and material need for the

successfulness of my work, to Ato Dejene Ayele who shared

all the troubles of the laboratory problems, and to Ato

Menassie Ephrem who was heartedly longing to see me succe-
ssfully finish the research in time. Special thanks are

due to W/t Hirut Aberra, Ato Merhatibeb Bezabih, Ato mulat

Abegaz, Ato Negussie Megerssa, and MraS.K5»Tripathi for

their part in the experimental work and encouragement.
I have also taken into account the advice, help and volun-
teered suggestions of too many people to mention indivi-
dually. In particular I fefel it essential to thank Dr.
Bikru Tafesse, Br.W.Kalies, Ato Admassu Belay, Ato Asfaw

Debella, Ato Awera Ejeta, Ato Biratu Oljira, Ato Eufa

Ambacha Ato Getnet Negussie, W/o Kelemework Tadesse, Ato

Mesfin Tadesse, Ato Messele Tilahun, Ato Million Mekonnen,
Ato Negussie Negash, Ato Sahilemichael Alemu, Ato Solomon

Genet, Ato Teketel Yohannis, Ato Temam Juhar,W/o Tenagne

Bogale, and Ato Yidnekachew Girefie. I wish to thank the



»Vo

Arbaminch Water Technology Institute for sponsoring me to

participate in the graduate programme.. Finally I wuld

like to appreciate the Department of Chemistry, AAU, for

providing me all the laboratory facilities.



0 O N T E H T S

ACKNOWLEDGEMENTS P * 0 O O O O 0 <> <> O O O O « O O O O O Q O O O O O O O O

I/IST OF T-i -̂BliESft p o o o o o o o o o o o o o o P 0 0 0 0 0 0 0 P 0 0 0 0 0 9

OE iIGURES O P O O O O O O O O O P ^ O O O P o O P O O C O O O o O g o

ilBSTRiiOHIo O p O O P O O P O O O P 0 0 0 0 0 6 4 0 O O P O o p O O O O o o O o o o

"i• XN^RORUCTION6 o o o o o o o o o o o o o o o o o o o o o o o p o o b o

1*1* Terminology, Occurrence and Uses of

N1Oh1U11o o o o o o e o o 0 9 0 0 O 0 0 0 P O O O 0 O O O O 0 9

1*2* General Properties and Chemistry of

XT1OhHU!oooooo p o o o o o o o o o o o o o o o o o o o o o

1#3o Reagents used for the Spectrophoto-
metric Determination of Niobiutru••*

104. Aim and Scope of Present Investigate
*1Onpooo o o o o o o o o o o o o o o o o e o o o o o o o o o o o

PAGE

iv

ix

xi

xiii

1
i

1

3

6

10

2a THEORETICAL BACKGROUND* »,» » * * « 0 * 0 0 * * 0 0 0 * «

2« *1 « Fundamentals of Solvent Extraction*,

2.2» Quantitative Treatment of Extract-
ion Equilibria of Metal Ions........

2.3» Spectrophotometryoo » » » » oo » o » » » o » » ooo

2»3»1o Spectrophotonetric Determinat-
ion of Metal ions«.ooo » ooo,o.

2oJ,2, Characteristic Terms in Photo-
metrie Analysis.....o........

14

14

15
19

20

21
p ... y - v • 1 -C~ a » o .... -D - ' - ’J-- i-

* 3

et^r i ;
__
ji .

"
^ ? *..cs:.ti:v\

o yi •
• f Let'v: yv PA

o



:

* Vll .
Page

2« 3®3« Spectrophotonetric Methods for

Deternination of Composition of

Metal Complexes*,» * * * * * * * * *..* * 24

3* EXPERl-Flf Ah n o o o o o o o o o Q o o o c a o o o o ^ c o o t f O P O O O S

3.1. Synthesis of N-4-Chlorophenylcinnano-
27

hydroxamio Acid * * o * * o o o * * o * p « * o * o.* *,. 27
3*2. Equipment and Reagents,,.,,d . 30
3*3* Procedm?e s* * o o * * * * * o * o o o o o * * o o * * * * * * * * 34

3*3*1. Standardization of Nb(V) Solution* 3̂

3*3*2* Standardization of Thiocyanate

S o l u t i o n* o * o o * * * * * o * o o * o * * * * * *
*.

3« 3»3« Purification of Chlorofora.*.*

3*3*4. Extraction and Determination

Of Eh(V^* * * * * * A * * « * * * 0 0 * * 0 0 0 * *

3*3*5* Selection of Solvents by Two-
Step E x t r a c t i o n* O « * * * * O * O P * * O *

3»3-6. Examination of Experimental

Variables* * * * * * * * 0 * 0 0 0 * * 0 * 0 * *.
3«3-7» Investigation of the Influence

of Diverse Ions* * 0 o * * * * * * * * * * *

3.3*8. Deternination of the Stoichio-
metry of the Complex* * * * * * * * * *

4. RESULTS ^ND DISCUSSION * * *..* * * * * * * * * * * * * *.
4*1. Colour Reaction and Absorption Spectra.
4,2* Examination of the Experimental Vari-

ableS o * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

i

34

35

35

36

37

38

38

40

40

1

46



I.. VllX .

4„3« Stoichiometry of the Complex.... 0....
4.4>. Evaluation of Photometric Parameters..
4.5« Effect of Diverse Ions..............

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Other Spectrophoto-
4.6. Application.....
4.7« Comparison With

metric Methods..

PAGE

55
61

63
65

65

^. COfJCLUS1Qff . 0 0 . 0. O . o . Q O ...... o o . o o....... 7 3
6. W 1 t Hi K HJT'JC/EB Q . O . O . O. O O . O O. O . O O O O O O O O . 0 . 0 . 0 7 4

i



<
I

L I S.uOT O' T A B L E S

1„ Effect of solvents on the extraction of

the Hh(V)-SCN-CPCHA conplex0,,,,,,,,,,,

2. Effect of hydrochloric acid concentrat-
ion of the aqueous phase on the extracts

ion of Nb(V)-SCN-CPCHA complex,

Effect of the concentration of stannous
chloride in the aqueous phase on the

extraction of N b^V"

,,,<»,0,0 0,0,,

4, Effect of the amount of CPCHA on the extra-
ction. Of Nl)(V) 0 0 0 0,0 0 0 0 0 0,0 0,0 0 0,0 0 0 0

5» Effect of the volume of the aqueous phase

on the extraction of 24,4 pig NbCV),,,,,,

6, Stability of the complex with tine for

the extraction and determination of 1 9-5 Pg
N b ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 , 0 0 0 0 0 0

7* Optimum experimental conditions for the

extraction and determination of Nb(V).,
8» Results of the continuous variations neth

od of the determination of Kb(V)to CPCHA

ratio in the Nb(V)-SCN-CPCHA complex,,,,

ix »

PAGE

45

49

52

53

54

55

56

57

p



X

:i

a 0

PAGE

9.. Results of the extraction method for the

determination of the ratio of Eb(V) to

SCN" in Nb(V)-SCN~CPCHA system..........
10. Data for calibration curve and the Ring-

bOH S 101 o.a.o...o.o....o o o.o o........
11. Photometric characteristics of the com-

pleX..0 0 . 0......................g o......
12. Tolerance limits of diverse ions in the

determination of Nb(V

1 3* Determination of niobium in various syn-
thetic matrices............os...........

14. Comparison with other methods...........

59

63

64

66

68

70

i



L I S T O F F I G U R E S

1 „ Absorption spectrun of 5 x 10 ^ M CPCHA

111 01Yl<\IIOX o o o o o r o o o o o a o o o o o o o o o o o o o o o Q

2. Absorption spectra of (A) i »05 x 10~^ M

Nb(V)-SCN~CPCHA complex against the reag-
ent blank,(B) 1„05 x 10“5 M Nb(V)-0P0HA
complex against the reagent blank, and

(0) 5 x 10“4 M CPCHA, in chloroform,,,,.
3« Absorption spectra of 1„05 x 10~^ M Nb(V)-

SCN-CPCHA complex against the reagent blank

in chloroform extracted in the (A) absence

of SnClg and (B) presence of 0,15 M SnCl^,*

4„ Effect of HC1 concentration of the aqueous

phase on the extraction and determination

of 24,.4 ng Nb(V) o f l o d o i j o o o d o o o o o o o f t d o u o o o o

5/V Effect of chloride ion concentration on the

extractxon of Nb("V”) ,00, 0,00,0 0 0 0,,0 0,,,,,

6, Determination of minimum acid concentrat-
ion required for the extraction of 24,4 ng

Nb(V) at 5 M chloride ion concentration *,

7* Effect of the concentration of thiocyanate

on the extraction of 24*4 ng Nb(V),,,,,,„ „

PAGE

41

42

42

48

48

51

51

* xi <»



o<, xii

PAGE

8» Curve for the determination of the ratio of

Nb(V) to CPCHA by the method of the contin-
uous variations....Do...6....o.a.oo..o.o.o.

9, Curve for the determination of the ratio of

Nb(V) to CPCHA by the mole ratio method....
10. Curve for the determination of the Nb(V) to

SCir ratio in the Hb(V)-SCN-CPCHA system by

the extraction method..ooooooo.ooo.ooo.oo.o

11„ Calibration curve for the determination of

(V).r o e o o o o o o o.o.o o o.o o o o o.o o o Q o o o.o o.o o

12. Ringbom's plot for the evaluation of optimum

concentration range for the determination of

^V)a l O O O O O.O.O O O.Q O O O.0 0 . 0 0 0 0 0.0 0 0 . 0 0 . 0.0 0

57

60

60

62

62



A B S T R A C T

t

Studies on Extraction and Spectrophotoraetric

Determination of Niobium (V) Using

N-4-Chlorophenylcinnamohydroxaraic Acid

and

Thiocyanate

by

Taddese Wondimu

Research i&dvisor .f^Uhandravsnshi'' .

Niobium(TT)N has been found to react with. N-4-chloro-
phenylcinnamohydroxamic acid(CPCHA) and thiocyanate to form

a golden yellow mixed ligand complex which is quantitatively

extractable into chloroform from 5*5-6« 5̂ 1 hydrochloric acid

solutions. The complex exhibited a wavelength of maximum
~iabsorption at 568 nm with a molar absorptivity of 47500M -

cm and the system obeyed Beer's lav/ in the concentration

range of 0«177~2.73 ppm of Nb, The composition of the com-
plex has been established spectrophotometrically to be

1:1:2(Nb:SCN“:CFCHA). The effects of diverse ions and of

several other experimental variables have been studied to

establish the optimum conditions for extraction and determin-
ation of niobium. On the basis of these studies a simple,
precise, sensitive, and a highly selective method has been

developed for the , determination of niobium(V) by solvent

extraction and spectrophotometry,, The method has been n
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successfully applied to the determination of niobium in

several synthetic samples corresponding to niobium contain

ing Ores, minerals, and alloys <>



'! I I T H O D D C T I O N

1„1 „ Terminology, Occurrence and Uses of Niobium

The name niobinm(symbol Nb), from Niobe, has been

recommended, to be used exclusively, by the Commission on

Inorganic Nomenclature and the Atomic Weights Commission,

however, the name columbium(symbol Cb), in honour of the

country it was found in, is still used, particularly by

the American Industries(1)* The Metal is frequently

referred to as a 'rare element' because it has come to

common use relatively recently,(since 1866)(2), and it

is of very rare occurrence in the earth's crust, the cru-
stal abundance of the element being only 24 ppm, which is

largely in the state of dispersal(3,4)„ However, it is

reported that in stars of the S-type, such as R-andromedae,
niobium is 'over-abundant',,

The metal does not exist in the free state in nature.
It almost always occurs together with the element tantalum.
Though estimates vary largely, recent reports show that

niobium is approximately ten to twelve times more abundA

ant than tantalum(5)- The most important sources of the

element are the columbite-tantalite series of minerals of

general formula(Fe,Mn)(Nb,Ta)20g, which are found in granite

pegmatites and in residual or alluvial deposits derived from

such rocks, Pyrochlore,(Ca,Na,Ce)(Nb,Ta,Ti)2(0,0H,F)y, and

euxenite,(Y,Er,Ce,La,U)(Nb,Ta,Ti)2(0$OH)^have gradually

,1. '
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assumed industrial importance as reserves of columbite

are insufficient to support large scale production of

niobium., Other minerals of very rare occurrence from

pegmatites include: microlite,(CajNa^CTajNb^CO,
dysanalite,(Ca,Na,Ce)(Ti,Nb,Ta)0^

., stibiotantalite,

Sb(Ta,Nb)0^, fBrsmite(Ca,Ce,)(Nb,Ti)2(0,F)g, hatchetto-
lite,(Ca,Fe,U)(Nb,Ta,Ti)2(0,OH,F)r,, and samarskite,

(Y,U,Fe,Th)(Nb,Ta)206.
There is no indication that the element has any parti-

cular biological significance. However, the metal is widely

used in industry(1,6,7)» It is employed in chromium-nickel
type stainless steels in the form of ferroniobium or ferron-
iobium-tantalum as a stabilizer to prevent carbide precipi-
tation, thereby inhibiting intergranular corrosion and imp-
roves strength at high temperature. Numerous high temper-
ature alloys containing niobium are used in components for

aircraft jet engines and turbine wheels. It is a potent-
ial constituent of nuclear fuels and fuel cladding mater-
ials. In welding technology, niobium bearing electrodes

are in use. The carbide of niobium is very hard and resist-
ant to wear and is used in dies and cutting tools and as

abrassive.




























































































































































