SOLVENT EXTRACTION AND SPECTROPHOTOMETRIC

DETERMINATION OF COBALD(IIL) aND IROH(ITI) WITH

: NfHYDROXYwN,N'—DIPHENYLBENZAMIDINE IN PRESENCE OF AZ1DE

A Thesis Presented to the
School of Graduate Studies

Addis Ababa University

In Partial Fulfillment of the
Requirement f£dr the Degree of

Master of Science in Chemistry

BY

GHIRMs MOGES

June 1982




TABLE OF COHTENTS .

DEDTOATTCN 4 e e vvvonoooccosocsancsoannssas 1,
ACKNOATEDGEMENTS « o e aseeonnnnns Cevevonos id
DIST CF TiBLES e oevocococosncoosansensass iii
"LIST OF FPIGURES..cevvessecncnsaccanccacos  vd
ABSTRACT 4 veoonnoooonccoconcasonnossons i
1, INTRODUCTION ©cvvooooencocnoccsooncas 1

1.} Solvent Extraction cececcccccoocea 3

1.2 Classgification of Solvent Extra-~

chion Systenms ceseascoscsavacas 4
1s3 Type of Extractable Species ... 5
14  Extraction Equilibria of Metal

"ohelateSeocnooonoooooonooeoooao 6

2, N-HYDROXY~N,N'-DIARYL~-BENZAMIDINES AS
ANATLYTTICAL RBEAGENTS .cccocossccoccoosasss 1l
2,1 General Method of Syntheis of
'N-Hydroxy-N,N'-Diarylbenzamidines 15
« - 2,11 Fethods of Preparation of
HN-Arylbenzimidoyl Chloride. .... 16
2.12 Method of Preparation of N-Ary-

lhydroxylamine ooonoooooeoooobo 17

3, EXPERIMENTAT) « e ooeeseceononnasoosceoonnes 19
3.1 Syntheis of N-Hydroxy-N,N'-Diphenyl~

benzamidine 504D 0O00LGCGANTGEEEOEE O 19




5012

513

- -

Freparation of N-phenyl-
benzimidoyl Chloride..ccecosss
Freparation of N-phenylw °
hydroxylamineicoocsoossososcoas
Synthesis of N-hydroxy-N,N'-

diphenylbenzamidine cccccccoooe

_,1(- flpparatuS and Reagents R A I I R

%., FProcegure .for Extraction gnd

Determination of Cobalt(IIL) eccsosso

3.4 Procedure for Extraction and

Determination of Iron (II1)csceccsoos

R-.ESIETS -!!-ND DISCUSSIONQDDQDOGUQBQDQDOOOOQ“

4,1 FExtraction and Determination of

GObalt(III)ononooeooooooooonueoooooho

4,11
4,12
4,13
4,14
4,15
4,16
4,17

4,18

4.19

Color Reaction .ccscacccsccccss
Abgorption spectra .cccccccsosa
Bffeét of Vardables....coocveee
Beer's T:iaW soccocesesccascnnsas
Bensitivity ceececcseacccccconns
Precision .....- Posaevsscossss
Effect of Diverse Ions ceccceco
Composition of the Cobalt(III)
Complex ©<ecsescoascubecsaccns
Extraction Equilibrium of

the Cobalt (III) CompleX.ccooca

19

20

21

2e

2h

25

25
25

26
52
32
53

29




4.2

R :405

Bt

3

Fxtraction and Determination

Of .LI‘OI’l (III) 4 0o e d b 4000 400 HOCo0 oD D0a

. 4.21 Color }—{eaction o 0 0 009005 0 GO 0Co O8N

4,22 Absorption Spectra cceccscocsscssa
4,23 Effect of VariableS cococeccsso
4,24 Beer's Law, Molar Absorptivity
and S5ensitiviby ccoecoccscoccoccone
5,25 Precision .eseoceesessesssessees
4,26 Influence of Diverse Ions ccecos
4,27 Composition of the Iron(III)
HpPBA-Azide CoOMPleX soceceocsssn
4,28 FExtraction Equilibrium of tHe

Tron (III) CompleX socececccssos

Separation and Determination of

Lron (IJI) and Cobalt (III) from

each Other # 0000008 0S a0 PLRaDD 0000 w060

Applications of the Methods .ceccsoces

74°41 Determination of Cobalt in

Synthetic Erythrite Sample eeeo.
4,42 Determination of Iron in

Synthetic Beorodite and D&uberu

aelite Sanples cocececcoossacose

Comparison with other methods for

.CO])altJOQG990.00000.000DQGOIOOOOQOOOOO

41
41

4

42

46

47

48

50

23

55
57

o7

57

61




4.6 Comparison with other methods

for IT0n c.cssevcscocnccncasoncssos

5, CONCEUSTON v vvvesosoccoseoccsosonocans

6. REPARENCES ¢cccoconsccsscncoonascoosans

ol

67
68



To My Brothers and Sisters




ii
ACKNOWLEDGEMENTS

I an very grateful to my advisor Do. B.S.Chandravanshi
for identifying the topic of this research, his consistent
and stimulating guide, and his unfailing patience during
the resezrche I am most thankful to W/t Hirub Bizuneh,
¥Elise Hiwét Moges, Amsale Tessema and Yilma Tamiru, who
did their best in typing the present méterial. My
-appreciation also goes to Ato Paulos‘G.Yohannes, Ato
Berhane.Tecle, Ato Fikru Tafesée; Dr. é. Haucke, Ires .

7 Liebscher and Dr. Ermias Dagne who shared their ideas to
me in the ways of finding the success of the project. I
am also grateful to the Swedish Agency for Research
Cooperation with Beveloping Countries (GAREG) for the
financial assistance made throﬁgh the Ethiopian mscience
and Pechnology Commission, and to the addis Ababa
University which covered part of the expenses. Last,
but not least, I &m thankful to the Department of
Chemistry for giving an opportunity to me to participate

in the graduate program..




Table

Table

Table

Table

Table

Table

Table

Table

iid

LIBT OF TABILES

Effect of Hydrogen Peroxide on the
Extraction and Determination of

CObalt(III) A N I A

Effect of amount of Pyridine on the
Extraction and Determination of
CObalt(III) AL L R L I O I N N Y
Effect of Céﬂcentration of Azide on

the Extraction and Determination of

GObalt(III) AR RN TN

Effect of ﬁhe Amount of HDPBA on the
Extraction and Determination of

CObalt(III) -.60.60010..-‘6...Qe-nt-q-
Calibration Cﬁf%é Data for the
Determination of Cobalt(ITI) seesssso
Influence of Diverses Ions on the

Determination of Cobalt(ITI) sssesssas

Job's Method for the Determination of
Cobalt: HDPBA in the COMPLEX +ssse s

Absorptionetric Method for the
Determination of Cobalt: sazide in

the Complex lcdj-ouocattdiioo:ofcoof

PuGE

27

28

29

31

32

37

39




iv

Table 9 Lffect of pH on the Extraction and

- MTable

Table

Pable

Pable

Table

Table

Table

Pable

Table

Table

12

13

L4

15

16

17

18

19

Determination of Iron(ITI) sseshyyaees
Effect of hzide Concenﬁfatibn Qthhe

Extraction and Determination of iron-

.(III)A;;Obooolll...l.l....!l..!..lp.oo

‘Effect of the amount of HDPBA on the

Extraction and Determination of
Iron(III) .ll..lll.l.l...*i.;mt...;.l.
Calibration Curve Data for the
Determination of Iron(ITI) eeceevoosns
Effect of Diverse Tons on the
Determination of II‘OH(III) IR
Method of Continuous Variation for the
Devermination of Iron: HDFBA ceveeanas
Data for the Determination of Iron:

HZide I.t‘j;?..l...l.l.l"'.l.l.....’.

Separation and bDetermination of Iron

and Cobalt from each other

Debermination of Cobalt in the

Synthetic Erythrite Sample P S

Determination of Iron in Synthetic

samples of Scorodite and Daubereelit..

PAGE .

43

45

47

49

51

52

56

58

60

Sensitivities of the Mothod for (Cobaltes 62




, . PAGE
Table 20 Belectivities of the Methods for
GObalt ,-"0 L] e.o o;.‘fu.‘o‘~o‘o s e ang .‘l{l e e LI ISR L I S 65

Table 22 Belectivities of the Methods fo:

II’OI}. .o‘hto-ooo.o.oa.oooolll-oolt-.o. 66




FIGURE

1o

4,

Da

7,
8.

9.
10.

1l

12.

vi

LIST OF IIGURES

Infrared Spectrum of N-Hydroxy-N,N'-

Diphenyl benzamidine 4900 st

Oobalt(III)mHDPBA—Azide Complex sesesese

Effect of Hydrogen Peroxide on the ...
Extraction of Cobalt(ITT) weeeneovesnss

Effect of Concentration of_Pyridine-W{{-

Calibration Curve for Cobalt cieesacnte et

Jobls method for the Determination of

Co; HDPBA .lot-ocnoeoJle{{{louWhl-oeol
Mole katio Method £or Go: HUPBA &ivesss
Absorptiometric Method for Cos Ng-

Abgorpbion Spectra of HDPBA and Iron-

HDPBA“AZide GQmpleX .o--q‘-nnncoeo---o

Effect of pH on the kxbraction. of .

IPOHCIII) etoci--o-o.oc..-oooooioooaa
GalibratiOn'GurVé ertern N R R

dJob's Method for Fe: HDPBa in the

IPOH Complex l‘l.at..f}.il..‘}‘.t.ll
Mole Ratio Method for Fe: HDPBA wope -

Lxtraction Method for Fe: Ng sredens

PaGE

22

25

27

28

32

57
38

39

41

43
47

51
51
55




vidi

ABSTRACT

’

NwHydroxy-N,N'~diphenylbenzamidine (HDPBA),. a
bidentate chelating agent,; reacts with cobalt(JIII) and
iron(III) in the presence of azide to give a pinkish
red and red-violet coloured mixed ligand complexes,
which are quantitatively extractable into chloroform
from the agueous phase at pH 7.4-7.8 and 2-5 respectively,.
allowing spectrophotometric déterminations of the metal
ions. The cobalt(III) and iron(III) mixed ligand
complexes have wavelengths of maximum absorption at
520 and 520-540 nm with their respective molar absorp-—
tivities of 1980 1lite mole™  cm™! and 4895 lit. mole™*
ety Beer's Law obeys from 3.6 to 24 ppm for cobalt{III)
and from 1.6 to 1l.2 ppm for iron{III). The effect of
foreign ionsrand several other éxperimental variables
have been studieds . The composition of the cobalt(III)

- and iron(III) mixed ligand complexes have been determined
by spectrophotometric methods and are found to be 1:1:2
(Co: HDPBA:Ng)land 1:2:2 (Fe:HDPBA:Ng) respectivelys

On the basis of the differences in the pH of the
reaction médiarfor irbh(lll) and cobalt(III), a separation
procedufe for the two métals'in a solution has been
established followed by spectrophotometric detérminations.
The method has allowed the separstion and determination
of varied proportions of iron(III) and cobalt{III) in a
solution of the two metal ions.r,Mofebﬁer, the methods
have been applied.sucéessfuiiy{fér the separation and

determination of cobalt and ironfin synthetic samples.

-
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a solution of the two metal ions. Moreover, the methods
have been apprlied successfully for the separation and

determination of cobalt and iron in synthetic samples.



l. INYRODUCTIOHN

Analytical Chemistry has been characterized by
recent advances of powerful methods of separation and
gquantitative determinations. The advances made in this
field have been a requirement to the development of
modern science and technology. Many elements, therefore,
which were considered unimportant previously have
obtained a high industrial significance at the present moment.
For exampley the use of germanium and silicon in semi-
conductor technology; uranium, thorium, the lanthanides
and the actindes in nuclear energy programs are o
mention some. These developments have necessitated the
progress being made in Phe field of analytical chemistrye.
Hencey the analytical chemist is forced to include these
elements in his analytical schemes which almost always
involved the basic problems of the field, separation and
gquantitative determination. Albhough rapid advances
are being made in the field of new analytical methods
based on instrumental techniques, the chemical reactioh
of a suitable reagent with the substance to be determined
still remains the true basis of numerous methods of
detectioﬁ, separation and delermination. Organic re-—
agents play a predominant role and find wide applicationlm?
in spectrophotometry, titrimetry (as titrants and indi-

cators), spot tests, and last but not least in separation
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that is, préconcentration methods likerprecipitation,
masking, extraction, and ion—exdhange procedures,-

Bvery year, hundreds of papers on the reactions and
possible applications of new and.previously known
organic reagents for inorganic analysis are published.
The study of these reagents results in the development
of highly sensitive, selective, and rapid methods for
the analysis of wvariety of mabterials, requiring only
simple instrumentation, .
rThe reaction'of organic reagents with inorganic
ions5 in solutions can yield products of various pro-
perties which can exhibit a change in coldur,
luminescence, solubility and volatility. _Thé reaction
products may be compiex compounds or new organic com-
pounds formed due o oxidation-reduction or catalytic
actions of inorgenic ions. Besides these reaction
types, the formation of the products which is insoluble
in aqueous solubtion can be employed for gravimetric
determination,_separation or precepitation titration of
an ion. If the reaction product is-less soluble in
water than in an organic solvent immiscible with water,
it may be extracted into the organic solvenbt. |

In many reactions of organic'reagents a conspicious
colour or fluorescence ié developed, or conversely, a

coloured component in solubion is decolourized during

the reaction, or its fluorescense is quenched. Such
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reactions can be applied For both qualitative tests and
quantitatiYe determinations. Furthermore, these types
of reaction are alsgo employed for end“point detection
in acid-base, oxidation-reduction or- complexmetic tit-
rations.

One of the main applications of organic reagents
in the inorganic analysis is the separation and deter-

mination of metal ions by solvent extraction and spectro-

phometry.,

l.1 BOLVENT BXTRACTION

Solvent exﬁraction is the partition of one or
more components between two liquids of limited
miscibility. Such a liquid-liquid partition is
caused by the different soluﬁilities of a given
substance in the two phases. This method of
partition of a given substance from one phase to
the other is a rapid and non-instrumental method -
of separation technique provided the substance is
practically soluble only in one of the two phases,
It is usually effected in a few mingtes using a
prear-shaped or cylinderical separatory funnel and
is applicable both to trace level impurities and

8-11 ¥urthermore, inorganic

najor constitutents.
congtituents are often separated from an aqueous

solution to water-immiscible organic solvents




via the formation of inner complexes which may be

applied to direct analysis by spectrophotonmetry, gas

chromatography, atomic absorpition, radiochemical or

other suitable methods,

Solvent extraction, therefore, has so far enjoyed

a favored position among the separstion techniques

because of its ease, simplicity and wide scope.

1.2 CLASSIFICATION OF BXTRACTION LYSTEMS

Extractioms are categorized according to

different criteria,l:2 Sone of the common basis of

clagsification are:

da

be

Ce

d.e

the type of extiraction process or reaction
in which the extractable species is formed
(physical partition, solvation, formation

of chelates or ion pairs etc);

the kind of extractable species (simple
covalent compounds, chelates, ion-

association complexes etc);
the type of extracting agent (neutral,
acidic or basic);

the kinetics of the extraction.

None of these criteria, however, allows an

unequivocal classification of all known extraction
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systenms under the given headings.

If the use of organic reagents is considered for

extiractions applied in inorganic analysis, the most

reasonable classification is the one based on the kind

of extractable species.

1.3 TYPE OF BXTRACTABLL SYECIES

On the basis of reactions with metal ions,

complexing agents (organic and inorganic) used in

solvent extraction may be classified

ie’

iie

iide

ive

13 as followss

simple mondentate coordination alone as

with G6014,

heteropoly acidgy’ a class of coordination
complexes in which the central ion is a
complex rather than monoabomic as with

phosphomolybdic acid, H E05M005°

5

chelation (polydentate coordination) alone

as with Al(8—quinolinate)5

ion association alone as with Gs+(06HS)4B;

gimple coordination and ion assocliation as

with ( Onium ),-Feclq,‘ "Onium" stands for
o . ¢ + ]

cations like (H20)5H ,.RnNH4mn (where

R = alkyl or aralkyl group and n ranges

from 1 to %, and substituted phosphonium
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and stibnium ions (R,P* and R,5b%),

chelation and ion association with either

positively or negatively charged netal chelates

. such as Cu(2,9~dimethyl~l,lO«phenanthroline)2+.

€10y«

simple coordinétion and chelation ag in Zn(8-
quinolinéte, pyridine). Thié category is of
significance for coordinately unsaturated metal
qhelates, that is, fhose with monoprotic -
bidentate ligands in which the coordination
number of the metal is greater than twice its

valence.

Bxtraction methods based on the formstion of

extractable chelaﬁes, types 1ii and vii, are of great

importance in analytical chemistry, since they give

eXtremely selective separations. Uncharged metal

chelates are usually more soluble in organic solvents

than in water with greater efficiency under suitable

conditions, pHs concentration and solvent,

1o BXTRACTION EGUILIBRIA OF METAL CHELATES? »3*

The equilibrium prbcesses on the extraction of

a-metal ion by an ofganic reagent in the organic

solvent from the aqueous'phase can be represented

by the following schemes:




s I’IHIJ(OI‘g) ;:::::E nHL(aq) m'-"-_'::t‘*: IIH+(aq) + an(aq)
be Mot § 4 nL” et MT, meme® M,
(dQ) (aQ) - nfaq) 3 n(org)

Wihen the two phasés ére in contact, the equilibrium
processes taking place are as follows:
i. distribution of the chelating agent between
the two phases given by the distribution

constant

[HLH(Org)

1i. +the deporotonation of the chelating agent in

the aqueous phase 1is represented by

[H*] [L7]

HL,
[HL]

iii. formation of the chelate whose position of
equilibrium is determined by the overall
stabilivy constant

(ML, ]

U Pl

By =

ive 'finally the distribution of complex between
the two phases, which is represented by

distribution constant
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[MLHJ(Org)

D, ML |
(ML g )

The over ‘
The overall extraction process is represented as

follows:

T4 +
W aq) * PEL(opg ) =zIiiz MIn(opg + BH (40)
where h

. +
. ) [MLnjorg LH laq
ex

4 kel
MY aq) LY (opg)

The distribution coefficient of the metal ion is

defined, assuming no side reactions, By

D = LMED (o)
n+
[M ](aq) “‘
Hence, ' ]n
HLI % ope)
DM = Kex f_org‘
[H 3(aq)

or log Dy = log Ky, n log [HI.] + npH

org
In the case of mixed ligand complex formations the

equilibrium may be represented as follows:

n+m - +
Mlagy) + THD(opgy + m¥ ooz MIMYmeo,.) + BH(5q)




L

EMLnYm}Org [H+3?3q)

Kex =

-+
[m§m+‘§(aq)ﬁﬂﬂl%org)[Yﬂl?aq)

Where Y  is a monodentate ligand. The distribution

coefficient of the metél‘ion is given by

DM = [.MLI!YH]] (Org)
+
[M(mn) ](aq)
Hence, _ S
v =
[H+3?aq)
or log DM = log Ky + n log [HLY( ..y + n log (Y J(aq) + npH

If a certain metsal ion has to be transfered into
the organic phase, the value of the distribution ratio,
DM for that metal should be as high as possible. Organic
ligands, therefore, play an eminent role in extraction
separations because they can react with metal ions to
give products having the basic requirements for extract~-
ability that is, solubility in water immiscible‘organic
solvents due to their ﬁarked non-polar nature and
electrical neutrality.

The organic ligands which form water insoluble

chelates (inner complexes) with metal ions sre those
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which have acidic functional groups, such as -0H; -SH,
~COOH, at one coordination cire and neutral donor groups
such as =0, =N-, =5, at anothep.

In reaction with metal ions, the acidic functional
groups lose their protoﬁs and replace them by metal-
anionic donor atoms bondss Such reagents can form
neutral water insoluble metal chelates or if charged
further reactions with monodeutate charged ligands take
place forming mixéd ligand complexes} The metal chelates
so formed in either way are essentially insoluble in an
aqueous phase and transfér into an organic phase in a
golvent extraction system. Furthermore, the metal
chelates extracted into organic solvents are usually
intensely coloured or exhibit fluoresence. Hence, the
extracted complex is nolt only used for separation bub
also for quantitative determination by spectrophotometry
or fluorimebtry.

One of vhe important group of organic reagents
recently employed'in analytical chemistry for solventi
extraction and spectrophotometric determination of metal
ions are the N-Hydroxy~N,N'-diarylbenzamidines which also
form the basis of the present investigaltion. Hence, the
general properties and analytical applications of these

compounds are briefiy described in the next section.
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2. N-HYDROXY-N,N'-DIARYLBENZAMIDINES AS ANALYTICAL
REAGENTS

N~Hydroxy-N,N'diphenylbenzanidine, I, and its
analogues are typlcal monobasic and bidentate chelating
agents. These compounds are represented by the general

formula, II, having an analybtical functional grouping, III.-

Celly=0 = N-Cgll PG = N-¥h =G - N-
CgHoN<OH Ph"~N-OH ~N~OH
I I III

"

Where Ph, Ph' and Ph" are phenyl or substituted phenyl

groupss
The hydroxyamidines are pale yellow coloured

crystalline solidse. These compounds are stable toward
heat, light and air and can be stored indefinitely. They
are insoluble in water but readily soluble in common
organic solvents such as alcohol, acetone, chloroform
and benzene. Their soiutions in organic solvents are
light yellow coloured and stable for several days if
properly stored.

N-Hydroxy-N,N'-diarylbenzamidines were first
synthesized by Leyl5 in 1901 and some of their properties

16

were studied by Ley and Holzweisseg s Their studies wexre

confined to isomerism and reduction of these compounds,
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They showed that l-p-tolyl-2,%--diphenyloxyamidine and
ly2-phenyl-5-p-tolyloxamidine are isomeric and melt at
different tempratuies, In alcoholic medium, the
hydroxyl group of-these compounds could be reduced by
sulphur dioxide %tc the corresponding amidiﬁe form. They
also studied the kinetics of hydrolysis of the hydro-
chloride salts of hydrokyamidine free bases. However,
the analybical potentialities of these compounds remained
unexplored until 1974.
N—-Hydroxy-N,N'~diphenylbenzamidine (HDEBA) was

introduced as an analytical reegent for the first time
in 1974 by Satyanarayana and Mishra17 Tfor the extraction
and spectrophotometric deterﬁination of vanadium{V),
They further extended the snalytical application of
HDPBA for the determination of other metal ions. Later
on Mishra and co-—workers have synthesized a large number
of substituted hydroxyamidines and extensively studied
their analytical'ﬁotentialities.v Beveral research
papers have been published on the applications of
hydroxyamidineS%S"BBN—Hydroxy—N,N'—diphenylbenzamidine
and its analogues are now widely used as reagents for
the detection and determination of several metal ions in
gravimetrig analysis; solvent extraction and speciro-
photometry. | |

- Hydroxyamidines react with metal ions to form

five-meﬁbered ring complexes. The metal chelates may
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N-Hydroxy--N,N!~diphenylbenzamnidine and it%s analogues
have been applied for the grevimetric deltermination of
00pper(II)19 and ﬂickelCII)EQ They have been used for
the spectrophofometric determination of iron(III) and
manganese(II)22 in aqﬁeoUs solutions. These reagents
have also been employed for the solvent extraction and
spectrophotometric determination of vanadiumtV)%7’50
The use of hydroxyamidines have been extended for the
synergic extraction and spectrophotometric determination
of vanadium(V)aO’ﬁg in presence of various adduct forming

substances like carboxylic acids;87a38 29431 and

H phenols
aldghydes?B;QB

NeHydroxy-I,'~diarylbenzamidines have been applied
és reagents for the synergic extraction and spectrophoto-
metric determination of iron(iii)24?26; vanadium(V)25’24’52
and molybdenum(V)55 by the formation of mixed ligand
complexes with thiodyanaté; They have also been used for
the simulbaneous determinatioh of iron(III), vanadiun(V)
and molybdinum(v)gl

The formation of mixed ligand complexes of iron(III)26
and Vanadium(V)QB‘with hydroxysmidines and azide have
also been studied and applied for the extraction and
spectrophotometric determination of these metal ionss
Studies on the applicability of the N-hydrexy-N,N'-
diéfylbenzamidines has continued until véry recently

for the gravimetric, spectrophotometric and extraction-
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photomefric determination of some mcetal ionS;
It is clear from the foregoing litersture survey
that the use of hydroxyamidines for the deterﬁination
end ssparstion of éobalp from commonly associlated metals
such as iron in complex materials have not been reported
so fax, Hence, N-hydroxy-N,N'-diphenylbenzamidine (HDPBA),
the parent compound, has been applied in the present
investigation for the determination of cobalt(III) and
sinulbtaneous separstion and determination of cobalt(III)
and iron(III) in the presence of azide by solvent
extraction and spéctrophotometry in vhe same solution.
The exbtraction and determination of iron(III) has also
been studied in a different condition to improve the
sensitvivity and selectivity of the reported method. The
outcome of the present investigation will further extend

the analytical application of the reagent.

2.1 GENERAL METHOD (F SYNTHESTS OF N-HYDROXY-NoN'-
DIARYLBENZAMIDiNES
Since, N-hydroxy-N,N'-diphenylbenzamidine is
not avallable commercially, it ﬁas necessary to
synthesize the reagent in the laboratory by the
method reported in literature. Although, some of
the B-hydroxy~N.N'-diarylbenzanidines were synthe-

sized in 1901, the detsiled procedures of the
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syntheses of these compounds were not described%’5 A
general method of syntheses of these compounds was
described by Satyanarayana and Mishral7 in 1974. The
method involves the condensation reaction of N-aryl-
hydroxylamine with N-arylbenzimidoylchloride in absolute

ether medium at low temperature.

_ O-Ne ARt L Bther e
Ar~NHOH + Ar' G=N AR - >A;~N0H + HOL
a1 0°¢ AP ' —Ce=N-Ar®

The hydrochloride‘salts of hydroxysmidines obtained

give the corresponding free base on treatment with
ammonia. Twe to three crystallizations from benzene and
pebroleun ether or from alcohol gives the pure products.
The yield ranges from 40 to 70 percent.

7 The preparation of a large number of N-hydroxy-N,N'-
diarylbenzamidines reported‘in the litrature have been.
synthesized by the sanme nethodt® 32  Hence, the synthesis
of . these compounds reguire the preparation of the re- -

spective N-arylbenzimidoyl chléride and N—arylhydroxylamine.

‘2.11 METHODS OF FREPARAPION OF N-ARYLBENZIMIDOYL
CHLORIDES: - A number of methods are reported in

255 for the preparation of

the literatur
' N-arylbenzimidoyl chlorides. However, the most
commonly used method of the synthesis of imidoyl

chlorides involves chlorination of benzanilide or
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substituted snilides of aromatic carboxylic acids with
thionyl chloride under reflux2C The imidoyl chloride
can easily be separated from excess thionyl chloride by

fractional distillation under reduced pressure.

AD=CO-NH-AT' + 001, EeflVX _ o pve(=N-ar®

150-160°C |
Cl + B0, + HOL

Anilides of the corresponding aromatic carboxylic
atids can be obtained by additvion of slight excess of
aromatic acyl chloride Lo aniline or substituted aromatic
amines in aqueous solution of sodium hydroxide with _
stirring followed by crystallization from boiling benzene?
2.12 METHODS OF PREPARATION (F N-ARYLHYDROXYLAMIIIS

Beveral methods are availaﬁle for the preparation

of NAarylmhjdroxylamine3?8"48 However, the simple

and most widely used method&2’45 of preparstion is
based on the reduction of aromatic nitro compounds
with zince dust and ammonium chloride in aqueous

golubtion at 60—6500.

The pure producis can be obtained by re-

crystallization of the crude hydroxylamines from
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benzene and pebtroleum ether. N-arylhydroxylamines are
highly unstable and therefore, they should be used

imnediately for further synthesis,
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5  EXPERTHLERTAL

BYNTHESTIS OF N-HYDROXY-N,N'-DIPHBNYLBENAAMIDINE

The preparation of N—hydroxynN,N';diphenyln
benzamidine required the synthesis of N-phenyl-
benzimidoyl chloride and prhenylhydroxyiamine.
Hence, these compounds were to be prepared for the
synthesis of the parent compound(l) according %o

the liverature cited:’

PREPARATTON OF N-PHEHYLBENZIMIDOYL, CHLORIDE: The
gsynthesis of N-phenylbenzimidoyl chloride was made
by chlorinaﬁion of benzanilide using thionyl .
chloride as a chlorinating agent?6

A 20 excess of thionyl chloride was mixed with
33.0g (0.17 mole) of benzmanilide and heated for
thirty minutes at llOOG, and further heated under
reflux at 150-160°C until the reaction mixture
turned liquid. The excess thionyl chloride was
removed by distillatién under partial vacuum. The
imidoyl chloride was used as such for the synthesis

of the reagent.

Ph~CO~NHPh + 80012 emeimeees> PheG=N~-FPh + HC1l + 802

l
cl
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Benzanilide which was used for the synthesis of

H-phenylbenzimidoyl chloride was prepared by addition ofa

glight

excess of benzoyl chloride to aniline in 107 (w/v)

- of sodium hydroxide solution with stirring followed by

crystallization in boiling benzenex

5.12

37

PREPARATION OF N-FPHENYLHYDROXYLAMINE: N-phenyle
hydroxylamine was synthesized by the reduction of
nitrobenzene with zinc dust and an aqueous solution

of ammonium chloride atb 60—6500%2’45

Zn/NHqcl
POy e e > Ph--NHOH

60-65°0
50g of nitrobenzene (41.6 ml, 0.41 mole) was mixed
with 800 ml of water to which 25g of ammonium
chloride was already added. To the mixture was
added 60g of zinc dust gradually with stirring in
a course of twenty five minutes, so that the
temprature of the reaction mixture does not rise
beyond 6O~6500 due to the exothermicibty of the
reaction. The product was separated from the zinc
oxide produced by suction.s b50g of salt was added
to the solution to crystallize the N-phenyl-
hydroxylamine. The product was recrystallized
from benzene. Yield 55/, melting point 80-81°C

(reported value 81°¢).
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PREPARATION OF N-HYDROXY~N,N!'~DIFPHENYLBENZAMIDINE &
Nmphenylhydroxyiémine (7.525¢, 0.07 mole) in
absolute ether was added in small pertlonsg with
stirring to a solution of N—-phenylbenzimidoyl
chloride (15+0g, 0.069 mole) in 180.0 ml of absolute
ether placed on an ice-salt nixture.

First a light brown oilly substance separated
which solidified into light yellow cryStals on
continued stirring. The crystals were filtered and
washed with ether. ©he hydrochloride salt was
treated with 52{0 ml of )L.ON ammonia. The pre—
cipitated free base was filtered off, recrystallized
twice from petfoieum ether.(60~800) and benzene
(1:2) to give psle yellow crystals., Yield 7.5g,
MePe 161~l650, reported17-16500. The coupound was
characterized by its meliting point and infra red
spectrum.  The compound is insoluble in water but
séluble in chloroform, ethanol, acetone, benzene
and aceti&.acid.

The infra red spectrum of ithe reagent
synthesized indicate (¥igure 1) the presence of
~OH sbretching bamdat 3080 cm™ . The shift from
the normal QOH:band, which is lower in the case
of the reagent under study, is found to bej@ue to
the partial hydrogen bonding of the sysbem OH.s«N=C,

The stretching frequencies assigned to —OH, C-N,
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C=l sre in good correlation with the Jliterature values,
1

17
3080, 1425, 1600 c¢m™* respeckively. - A sharp band at
3040 cm“l is also observed which is charvacterstic of

aromatic C~H étretching vibrations.

3.2  APPALATUS AND KEAGENDS
Apparatus: Beckman (R) Model 24 UV-ViS spectro-
photometer equipped with 1 cm matched gquartz cells
was used. Beckman CHEM MATE pH meter was used for

pH measurementsi

STARDARD COBALT(II) HOLULION: .A sbock solution was
prepared by dissolving 4.9412g of analytical grade
cobalt(II) nitrate hexahydrate in distilled water
Tollowed by dilution to make a litre solution. This

solution contains lmg cobalt per milliliter.

STANDARD IRON(IIE) SBOLURION: A stock solution was
prepared by dissolving 5.5108g of iror{II) emmonium
sulphate hexahydrate in 15ml of nitric acid (1:3)
followed by dilution with distilled water to make a
500ml of solubion. This solution conbains img iron{ III)

per milliliterf;

SOLUTION CF FORBIGH IONS: The solutions of foreign

ions were prepsred from salts following bLhe procedure
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of Wwest, 2 50 that the concentration of bthe solutions

were adjusted to give 10mg per ml of the ion in questione

SOLUTION OF HUPBA: fhe organic reagent was dissolved in

distilled chloroform to give 0.25-0.57 (w/v) solutionse

ALZIDE SOLUTION: A 1.0M azide solution was prepared by

dissolving 65g of sodium azide to make a litere solution.

3% PROCEDURE FOR BLXTRACPION AND DEVERMINATION OF COBALT(ILI)

Transfer an aliquot of cobalt(IL) sélution con-
taining.o.l to 0.0mg of the metal inteo a 100ml
separatory funnel. add 4ml of 30/ hydrogen peroxide
followed Zml of 1.OM sodium azide. Adjust the volume
of the aqueous phase to 10ml by addition of distilled
water. To the solution add a mixture of 4ml of
pyridine and 6ml of 0.5/ reagent solution, shake
the mixture for two minutes and allow the two phases
to separate. Dry the organic phase with suffié&ent
anhydrous sodiun sulphate after Separatiﬁg the
extract from the aqueous phase. Wash the aqueous
phase with 2 x 5ml protions of chloraform. Dry the
washings after separation. Tranéfer the chloroform
solution into a 2bml volumetric flaskf Dilute to
volume with chloroform. Measure the absorbance a¥b

520nm against chloroform as blank.
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PROCEDURE FOR BXTLaCRION AND DEPELMINATION OF IRON(III)

Transfer an aliquot of iron(III) solution con-
taining 0.0% to O\ 30mg of the metal into a 50ml
beaker add #4ml of 1.0M sodium azide solution followed
by 5:Oml of @istilled watery adjust the pH to 4 using
15-16 drops' of 2.0l hydrochloric acid. fSransfer the
solution into a 100ml separatory funnel. Wash the
beaker with small amount of water and transfer the
washings to the separatory funnel. To the solubion
add 10ml of 0.25/ of HDPBA solution in chloroforn
followed by shaking of the mixture for two minutes.
Allow the two phases‘to separate. VWash the agueous
phase with 2 x bml portions of chloroform followed by
drying of the washings. Transfer the chloroform
extract and vthe washings into—a 25ml volumetric flask.
Dilute to volume with chloroform. Measure the

absorbance gi 530nm against chloroform as blank;




4o RESULTS AND DISCUSGTON

For the sake of convenience, the results and
discussion for the extraction and Spectr0photometrio
determination of cobalt(III) and iron(III) are given

sepsratelyi

4.1 EXTRACTION AND DETERMINADION OF COBALT(III)

4,11 COLOUR REAGTION: Cobalt(III) forms a pink-
red coloured complex on the reaction with
the reagent solution in presence of azide
and pyridine, which is readily extractable

into chloroform.

4,12 ABSORPTION SFECTRA: A dilute solution of the
reagent in chlorofornm showed negligible
absorption in the region 450-700nm. The red
coloured cobalt(III)hHDPBA;azide complex
showed a maximumn absorpﬁion at 520nm with
molar extinction coefficient of 1980 1lit.

-1, At high coﬁcentfation of reagent

mole tom
and azide, well beyond the optimum limits,

the wavelength of maximum absorption did not
change although é blank solution was necessary

for absorbance measurements. The absorption

spectra of the reagent and complex are shown
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in Figure 2.
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EFFECT OF VARIABIES: The effect of the experimental
variables on the extraction of cobalt(ILI)—-HDPBA~
azide complex ihto chloroform has been invesbtiw
gated. The efféct of & particdlsr variable was
rtudied by determining the absorbance following the
general procedure described earliér, keeping all
experimental parameters congstant except the one

under study.

Choise of Solvents for Extraction: The cobalt(III)
complex can be extracted by chloroform and benzene,
Chloroform was found to be the most suitable since
the complex'is.readily extracted into if. It was
also preferred because of 1ts low cost, easy to
recover, very high'solubility of HDPBA in it than
in benzene and its higher denéity than the agueous
phase making an easy separation of the two phases

from the separatory funnel.

Effedt of Hydrogen Peroxideé The effect of hydrogen
peroxide on the formation of cobalt(III) complex
from the cobalt(IIL) solutioh was Sfudied using
different volumes of approximatelj BOZ of hydrogen

peroxide and the results indicale a range of 4~5.5Z
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of hydrogen peroxide for complete extraction. Higher
amounts of hydrogen peroxide decreases the absorbance of
the extract indicating an incomplete extraction of the

metal. The results are given in Table 1 and Figure 3.

TABLE 1

EYFECT OF HYDROGEN PEROXIDE ON THE BXTRACGEION AND
DETERMINATICH OF COBALR(III)
Cobalb(ILI) concentration = 3.06 x 10”4

P - 3, - o LI S bz it b ot di

Volume of %0/ Absorbance
of Hy0, (ml) at 520 o
0.0 0349
1.0 0386
1.75 0.525
2.0 0,570
305 0.590
B0 0.595
b5 0,596
5.5 | 0,588

6.0 0.560

Effect of Anount of Pyridine': The extraction of cobalt
(II1) was studied in the presence of different con-

centrations of pyridine. The results show an optimum




ABSORBANCE

04 L

| 0.6}

0.5

&

03}

P

Bl T R R v R T

VOLUME OF -30 % HYDROSEN PEROXIDE (m

Fig.3 EFFECT OF HYDROGEN PEROXIDE




w 2B -

range of Q.15 to Os3M of pyridine with respect to the
agqueous phasec, cofrespondingrto the pH of 7i4-7.8 for
COmplete'extractidn (Pable 2 and Figure 44

Other bases were found to be unsuitable for adjusting
the pH of the aqueous phase, due to_compstin@ complex

" formation reactions of the metal with bases like ammonias

TABRLE 2

EFFECT OF AMOUNT OF FYRIDINE ON THE EXTRACTION AND
DETERMINATION OF COBAYR(III)

Gobalt(III) concentration = 3.06 x 107N

Concentration of Absorbance

Pyridine in Agqueous at 520nm

Phase (M)
0.000 0,363
0075 T 0.531
0.150 | 0.59% .
0.225 0.593
0+ 300 0.594
0.450 0.486

0.500 04410

Effect of Amountslof Azide? "The optimum concentration
of azide for the extraction of cobalt(III) as a mixed

ligand complex was found to be in the range of 0.20M To
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0.25M. Higher concentrations above 0.25M upto 0.5
did not have any adverse effect. The results are given

in fable 3,

TABLE 3
EFFECT oF AZIDE CONCEWPRATION ON 9HL EXTRACTION
AND DETERMINATION OF COBAL®CITII)

Concentration of cobalt(III) = 3106 x IO“GM

g

Concentration of azide (M) Absorbance at 520nm

04000 0.125

10,005 04358
0.010 0. 378
0.020 . 0. 485
0. 040 0. 514
0,050 0.514
10,060 0.515
- 0.080 0.517
0.100 . 0.538
0.150 10,550
04 200 0. 594
0.250 0,595

04500 0,595

Effect of Amount of HDPBA: A 1:6 molar ratio of the
cobalt(III)-to~reagent was found to be adequate for

the complete extraction of cobalt(III). 4 large excess
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of the reagent upto fifty-~fold has no influence on the
extraction of cobalt(III)s However, a blank solution of
the reagent was necessary'fof more than fifteen fold
excess of the reagent-to-metal for measurement of absor-

bance. The results are shown in Table 4.

Order of addition of keagents: The best order of
addition of reagents was found Lo be the addition of the
HOPBA solution in chloroform and pyridine to the cobalte
(III) and azide solubion. Addition of azide or pyridine
after the addition of the other reagents require 1-2
hours for the formation of the complex to prodﬁoe the
same resulbt. Addition of hydrogen peroxide after the
addition of the azide and HDPBA solution did not have
any effect giving the readily extractable coloured

comMplex.

Qime of Extraction and Stability of Complex: Following
the recommended procedure, the complex was extracted

into the choloroform phase within two minutes. The
chloroform solution of the complex was found to be stable

for at least two hours.
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TaBLE 4

EFFECT OF AMOUNT OF HDFBs ON THE EXPRACTION AND
DETZRMINATION OF COBALM(TIT)

Concentration of cobalt(ITI) = 1.72 x 10~ n

%ebal: HDPRA Absorbance

mole' ratio
10 : 0,00
1iy2 0.15
1:l 0.273
1:2 0.3%26
1:3 0.328
1:4 0.330
1:5 0.332
1:6 09357
1:8 04337
1:10 01558
1:15 0.338
1:20 0.338
1:40 04338

Volume of the Aqueous Fhase: fThe volume of the agueous
pPhase can be varied from one to two tlmes relative to
the volume of the organic phase without affecting the
mixed ligand complex formation and its subsequent ex-

tractione
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BEER'S LaW: The cobalt(III) mixed ligand complex‘
obeys Beer's law in the concentration range of

3.6 to 24 ppm of cobalt. Varying amounts of
cobalt(III) ranging from 6.09 to Q.6mg were
extracved following the recommended procedure. A
plot of‘absdrbance against cobalt concentration
shows linearity in the range mentioned above. The

results are shown in Table % and Figure 5.

TaBLE 5

CALIBRATION CURVE DARA FOR THE
DETERMINATION OF COBALR(ILI)

‘ Cobalt(IIT) Absorbance
Mg/25m) Chloroform at 520nm
90 y 0.120
1.00 04135
200 - 0.270
300 © 0,404
400 o O.54)
500 ' 0.675

600 ' 0.811

SENSITIVITY: The molar absorptivity of the red
complex in chloroform is found to be 1980 lit.

-
mole"qumfl corresponding to Sandell'sgo
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sensitivity of 0.0297 ug of cobalt per cm2 at 520nm.

4.15. PRECISION: Ten independent determinations were
nade on solubions each conbtaining a cobalt(III)
concentration of 10 ppm. The measurements give a
nean absorbance of 0.542 with a standard deviation
of 0,004 corresponding to relative standard
deviation of 0.74/. These observations suggest
that the method is fairly precise and gives re-

producible results.

4,17 EPFFECT OF DIVEKSE IONS: To study the effect of
diverse ions on the coloured system, an aliquod
of standard solution containing 200 ug of cobalt-
(I1) was transferred to a separatory funnel and
to this was added a splution containing a known
quantity of the diverse ion. The cobalt(II),
oxidized by hydrogen peroxide, to cobalt(III) was
extracted aﬁd determined following the recommended
procedure.

Chloride, bromide, nitrate, sulphate,
ammonium, alkali metal and alkaline earth metal
ions did not interfere. The tolerance limits for
the wvarious diverse ions studied are given ih
Pable 6, Iron(II & III), nickel(II), lanthanume
(III), copper(II) are found to have low tolerance
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limits. Manganesc(II) interferes at all levels. Cons-
sequently, these ions deserve separstion. MNMasking of
iron(III) with fluoride or phosphate was not successful.
¥From the anions,cyanide . interferes at all levels.
¥luoride, oxalate, thiocyanate have melatively low

tolerance limits as indicated in Table 6.




INFLUENCE OF DIVERSE IONS ON THE DETRRMINATION

...5.5..

TABRLE 6

OF COBaLD(III)

Cobalt(ITI) concentration = 200 g/25ml = 8,0 ppn

Added as

Tolerance limit ppm Absorbance

SOW

KSCN

40

Ion
at 520nm
None - - 0.270
agt AglOy 400 0.273%
PARE AL(NOS), 120 1 0.268
64*° ca(wo; Y, 400 0.273
ettt (178, ) 5Ce (05 )¢ 400 0.260
crtd Or(NO5) 5 32 0.276
cute Cu80, 4 0.274
Hg* Hg(NO,) 800 0u20
Tat? La(N0,) 40 0.269
Mo+ (mH,) sMo O, 400 0.274
Hite N1(NO,) 40 0.268
Tt Th(NO}),, 400 0.268
uté U0,(N0,) 400 0.273
v+ NH,, VO, 200 0.273
wto Na WO, 400 0.271
zm*e 7n(N05) , 400 0,295
gt Z2(NO3), 400 0.268
CH,CO0”  CH,COONa 800 0.272
180, NaghsOy, 800 0.277
o
B,On°".  Na,B,0n 800 0.27
Citrate G6H807 200 0. 265
B NoF 40 0260
Po4,“ Na,HPO, 800 0.277
5::.;.

5bO,, NazSb0,, 400 0.294
Tartrate CyHgOg 135 0.267
0266
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%;18. COMFPOSITION OF 7HE COBALT(III) COMPLEX: The
cobalt-to~HDPBA ratio in the complex was determined
by Jobfssl and mole-ratio methods 2 and the cobalt-
to-azide fatio was determined by the simple form
df absorptiometric method55 as described in the

following sections,

Job's Method of Continuous Variation: To sbudy the
cobalt(':EII)-'tox-HDPBA ratio, 4.244 x 107°M cobalt-
(II) in water and 8.5 x 107°M HDPBA in chloroform
were prepared. The mok fractions of cobalt(IIl)
and the reagent were varied with constant molarity
(Lo = 16%5M in a 10 ml aqueous phase) in the
presence of 0.OM of azide and extraction was made
‘acdording to the general procedure. The absorbance
was measured and given in Mable 7+ The absorbance
plotted against the mole fraction of the metal
indicated that the metal-to-reagent ratio in the

‘complex is 131 as shown in Figure 6.
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TaBLYE 7

JOB'S METHOD FOR THE DEVERWINATION
OF COBALM(III): HDPB4

Concentration of cobalt(IlI) = 6.8 x-lb"qﬁ
and  HDPBA o . . 70

Concentration of azide = 0.50M
in the aqueous phase

'ﬂfgmele Ratio of Co(III) to HDPBA ibsorbance
at 520 nm
1030 , .- 0.180
1 9:1 - 0310
8:2 . - 0. 362
7:% . o 0.454
61l ' - 04532
. 515 - - 0.595
426 0,022
317 v 04420
2:8 - - 0.35
1:9 0.202

. 0:10 . 02000

Mole Ratio Method: “#.244 x 107 M of cobalt(II) and

1,06 x 10771 of HDPBA solubions were prepared in
distilled water and chloroform respectively. Extractions
were wade taking 1 ml of 4.244 x 1072M of the cobalt(II)

solution and varying the amount of the reagent in the
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ratio of 1:¥2 to 1:40 .as depicted in Table 4. The plot
of absorbances against the mole ratio of metal-to-reagent
is ghown in Figure 7. Extrapolétions of the tangents of
the curve to‘a point of intersection indicate that

cobalt(I1I)~to-HDPBA in the mixed ligand complex is 1:l.

Absorptionetric Method: To determine the ratio of cobalt
{0 azide in the ternary complex, a series of exbtractions
were made. The concentration of cobalt(III) and HDPBA
in excess were kept constant and the concentration of
azide waS'Variedoe Absorbance measurements were made
after each extraction both in the absence and in the

presence of azide (Table 8). The absorptiometric plot
. (4 - Amin)
- (4max - A)

of idg.f against log £N5"], (where Amin is
absorbance without azide and smax is the maximum absor-
 bance in presence of azide), shown in Figure 8, indicates
slopes of 1.% and 1.0. These results suggest that the
formation of mixed ligand complex takes place in two

successive steps and the total number of azide in the

mixed ligand complex to be 2.
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PABLE 8

ABSCHPRIOMETRIC METHOD ¥FOk THIS DEVERMINATION

OF COBALT(III) T0 A%IbE RATIO IN THE COMPLEX

Gobalt(III) concentration = 3,06 x 107 M

kit

a.

[Nad] Log [Nah] Abgorbance A-amin amax-A  Log %é;éﬁigl
(520 nm) Amax-i)

0. 000 - 0.125 -

0,005 2,3 0,358 0.23%  0.237 ~0.007

0.010 ~2,0 0.%78 0.25% - 0,217 0. 0066

0.015 ~1.8% 0.4%3 0.308 0,162 0.27

0.0180 ~1475 0,460 0.335  0.135 0.40

0.020 ~1:69 0.485 0.360  0.110 0.5%

0. 040 ~1.39 0.514 0.389  0.081 0.68

0.050 ~1.30 0.514 0,389.  0.081 0.68

0.060 ~1.22 0.515 0.390 0,080 0.69

0.080 ~1.10 0,517 0.392.  0.078 0470

04100 ~1.0 0,534 0.409. 0.061 0.85

0:125 ~0.9 0.54% 0.419.  0.051 0:89

0,150 ~824 0. 550 0.425 .  0.0u4 0.98

0:20 20469 04594 0.469  0.001 2,67

025 - 0.595 - - -

4,19 EXTRACTION EQUILIBRIUM OF THE COBALT(III) COMPLEZ: The

extraction of cobalt(III) may be represented,according

to the 1:1:2 (Co(IXI): HDPBA: Né) composition, as

followsi
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5+ .
Co(aq) ¥ HL(Org) + 2N

Where HL = HDFBA, org = Organic phase and aq = agqueous phase
according to -the extraction eguilibrium eguation
given sbovey the extraction constant for the system may be

represented by
+
L0121 (ore) T I(aq)

3 -2
(oo™ J(aq) HUT (org) (34 Cag)

Kex =

Assuming no side reactions, the distribution ratio

| may be given by

of the metal, Dco,

Fag—e
B - [HLJgorg)[Najcaq> . X
Co ex

+
] (aq)

or Log Dy, = log K, + log [HLJ(org) + 2 log [NgJ(aq)+ pH

From the equation expressing the distribution ratio,
it can be observed that extraction of the cobalt complex
is a function of the reagent concentration in the organic
phase, and azide concentration and pH of the agueous phase.

The structure of the complex that may be suggested
according to the 1:1:2 (Co: HDPBA: Ng) composition would
be )
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4.2 EXTRACTION AND DETERMINADION OF IRON(III)

4.21 CCLOUR REACTION: Iron(III) forms a redish—
violet coloured complex on reaction with the
reagent solution in presence of azide in
acidic medium, at pH 2-5. The mixed ligand

complex is readily soluble in- chloroform.

4,22 ABSORPITON SFECTRA: & dilute solution
l.?é’x 107 of the reagent in chloroform
showed negligible absorption iﬁ the region
450-700nm. :The red-violet coloured iron(III)-
HDPBA-azide complex showed a broad maximum
absorptlon at 520-540nm with molar extinction
coefficient of 4895 lit. mole™  cm™ . 4t

high concentrations of the reagent and azide,
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well beyond the optimum limits, there is no shift of the

absorption peak., However, a blank solution is necessary

for the absorbance measurements when excess of the reagent

is useds The absorption spectra are shown in Figure 9.

4,25

EFFLCT OF V&RIABLESE The effect of the experimental
variables on the extraction of the iron(III)-HDPBA-
azide complex into chloroform has been investigated.
The effect of a particular variable was studied by
determining ‘the absorbance following the general
procedure described earlier, keeping all experi-
mental parameters constant, except the one under

Studyo

Choice of Solvent for Lxbtraction: The iron(III)
complex can be extracted by chloroform and benzene.
chloroform was preferred for the simple reason

that it has higher density than the aqueous phase
allowing easy separation from the separatory funnel
in addition to its low cost, easy to recover and

high solubility of HDPBA in it $han in benzene.

Lffect of pH: The complete extraction of the mixed
ligand complex was effective in the range of pH
2-5+ The desired pH was maintained by 8~18 drops

of 2M hydrochloric acid using a pH meter. The
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absorvance of the complex exlracted intoe chloroform
under the desired pH is shown in Table 93 The effect

of pH on the extraction of iron is shown in Figure 10.
PH lower than 2 and higher than 5 during the extractions
showed decrease in the absorbances measured suggesting

incomplete extraction of the complex.

TaBLE g

EFFLECT OF pH ON THE BEXTRACTION AND DETFRMINATION
OF IRON-(ILI)

: Concentration of iron = 1.073 x 10y

PH wbsorbance (530 nm)
1,0 0,161
ls5 0446
260 0.523%
Za5 0. 524
540 0e524
440 0. 524
4458 06525

5.0 04525
545 - 0. 424,
(S0 0.092 ' .
6o 0.0%6
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Effect of Amount of Azide: The optimum concentration
range of azide for complete extraction of iron(III) as
a mixed ligand comlplex was found to be 0.25 to 0.50M
(ffable 10). Higher concentrations above 0.50M did not
have any adverse effect. It was also found that the
extraction of the metal ion is dependent on the con-
centration of azide and not on the metal-to«azide molar
ratio, the limiting lower concentration of azide being

0. 25M.
PABLE 10
EFFECT OF AZIDE CONCERTRATION
ON THE EXTRACTION AND DETERMINATION OF IRONCIIIL)

Goncéntration of iron = 1.07% x th4M

Goncentration of Absorbance
azide (M) at 530 nm
0.00 . 0.054
S 0.02 0,085
0.03 0,120
0.04 0143
0.05 0.170
.06 0+ 220
0.08 0. 340
0. 10 04360
015 04470
0e20 . 0.480
0,25 0.520
0,30 0.525
0440 0.526

0450 0.525




Effect of Amount of HDPBA: ' A 1:5 molar ratio of the
“iron(III) to reagent was found adequate for the complete
extraction of iron(III) as a mixed ligand complex

(Table 11). 4 large excess of the reagent upto fifty-
fold has no inf1Uencé. Howe#er, a blank solution of the
reagent was necessary for more than fiften-fold excess
of the reagentetojmetal for measuring the absorbance at
530 nm. The results are indicated in the table which is

also used for studying composition by mole ratio method.

TABLE 11

EFFECT OF THE ANGUNT OF HDPBaA ON THE EXTRACTION
AND DHETCERMINATION OF IRON(IIL)

Concentration of iron(IIL) = 8.6 x 10™7M

Iron: HDFPBA aAbsorbance

(mole ratio) at 5%30 nm
1:0 0400
1:1 0,175
1:2 0.285
l:2.4 . 0.330
1:3 ; G.3%62
1:4 ' . 0.406
1:5 . 0.420
1:6 S 0421
1:8 . - 0.420
1:10 L 02l
1:20 . 0.420

1:40 i 0.421
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Order of addition of Reagents: 'The best order of
addition of reagents was found to 5@ adding the chloro-
form solution of HDPBA to the iron-apide solqtion whose
pH 1s adjusted to the desired value. The cémplex does
not form readily if the azide solution is added to the
iron-HDPBA mixture, Moreovery adjustment of a desired

PH is obviously difficult in the latter case,

Time of ¥xtraction and Stability of Complex:? Eollqwing
the recommended procedure, the complex was extracted
into chloroform phase within one minute. The complex
in chloroform was found to be stable for at leést 48

hours.

Volume of Aqueous Phase: The volume of the aqgueous phase
does not have any effect on the formation and extraction
of the complex provided the pH and the azide concentraﬁion
are within the optimum range. A five fold increase in
the aqueous volume relative o the volume of the organic

phase did not have any effect on the extraction.

4424 BEER'S LAW MOLAR ABSORPTIVITY AND SENSITIVITY:
The coloured system obeys Beer's law from 1.6 to
11,2 ppm; of diron(III) as shown in Table 12 and
¥Yigure 1l. The molar absorptivity of the mixed
ligand complex in chloroform is found to be

1

4895 1it. mole™t em™ with Sandell's”C sensitivity




of 0.0114 pg of iron per cum,

402

._LR?..

2

TABLE 12

CLLIBERATION CURVE FOR THE
DT ERMINATION OF IRON(ILT)

Concentration of Iron Absorbance
pg/25 ml in chloroforn at 530 nm
4040 _ 0.140

50.0 : 0174

10040 0.350

12040 - 0.420

15040 S 0ehel

20040 - 0.700

250.,0 - 0.874

28040 . 0.978

PRECISION: Ten independent determinations were
nade on solutions of iron(III) each containing

6 ppme Absorbance measurement for each extraction
gave a mean of 0.525 with a standard deviation of
0.00164 which dorresponds to relative standard
deviation of 0.3/, These results suggest that

the method is fairly precise and gives reproducible

results for the determination of iron(IIi).
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INFLUENGE OF DIVERSE IONS: To sbudy the effect of
diverse ions on the coloured system, an aliquot

of standard solubtion containing O;l5mg of iron(III)
was transferred to a 50ml beaker followed by
addition of ‘a solubtion containing a known quantity
of the diverse ion. Determination of iron(III)

was made after each extraction according to the
general procedure described earlier.

Chloride, bromide, nitrate sulphate, ammonium,
alkali metal and alkaline esrth metal ions did not
interfere. The tolerance limits for wvarious ions
were studied (Table 13). Vanadium(V) interferes
at all levels while.tungsten(VI), molybdenum(VI)
and uranium(VI) were found to have low tolerance
limits. From the anions, cyanide and thiocyanate

were found o have low tolerance limits.
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TABLE 13
EFPECD OF DIVERSE IONS O PHE DEYLURMINATION OF IRON(IIIL)

Concentration of iron(IIL) = & ppm

Ton . Added as Amount Absorbancerat

added ppn 53 nm
IR A1(10,), 400 0.520
cate 0a(moy); 800 0.52%
ort? Cx(N0,) 5 800 0.529
cot? Co(MO3) 400 0.529
cut? Cu(Noy) 5 200 0.530
Hg ™" Hg(NO,), 200 04522
Lat? La(N0,) 400 0. 520
ynte MnGl, 600 04524
Mo*© (NH,,) JHo0,, 50 04520
Nite N1(NO0,),, 400 04527
y*o U0,(N0,),, 50 0.521
AN Na,(WO,,) 50 04520
7n*e Zn(N05) 800 0. 524
grtH ZrCl, 800 0.527
ASO45; NaA50,, 400 0. 524
B0, NaB,0,, 400 0.526
ox NaCN 40 0.528
r0;,” (NH,) ,HPO, 400 0.526
SO~ KSCN | 40 0.530
Citrate  CgHgOp 100 0.521

Partrate G4H606 100 0.519
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4.27  COMFOSITION OF THE IRON(IIL) COMVLEX: The
composition of the mixed ligand coumplex was
determined by different methodss ©he ratio of the
iron(III)-to=HDPBA in the ternary complex was

51

determined by Job's method of continuous variation
and mole-ratio method52. In the case of the metal—
to-azide ratiola plot of log D égainst log CNEJ54 :
was made and the slope of the curve gave the
approximate number of azide ions in the ternary

complex.

Method of Continuous Variationt 5.361072M
solutions of iron(III) and HDPBA were prepared in
distilled water and chloroform respectively. In
the extractions, the mole fractions of iron(III)
and HDPBA were varied with total constant molari%y
of 5.36 x 107" with respect to the aqueous phase
in the presence of O.BM sodium azide, the results
of which are shown in Table 14. The absorbance
measured is plotted against the mole fraction of
the metai.; The result suggests that the wetal-to-
HDPBA is 1:2 as shbwn in Figure 12.

Mole Ratio Method: 2.68 x 107°M of iron(III) and
1.072 x 107°M HDPBA solubions were prepared and

extractions were made according to the recommended
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procedure, btaking l.Oml of the 2.6 x 10724 iron(IIT)
solution and varying the amounis of HDPBA from 1:1

to 1:40 molar ratio of:iron(III)—fosHDPBA. The results
are shown in Table 11 on page 45, 4 plot of-the absor-
bance against the metal-to-ligand ratio is shown in
Pigure 13. LExtrapolation of the tangents of the curve
to a poinﬁ of interseclion indicate that the metal-to-
reagent ratio is 1l:2 which is also supported by Job's

method of continuous wvariation.

TABLE 14

METHOD CF CCNTINUCUS VARIADION PCR THE DETLRMINATION
OF IRCN(III) %0 HDPBA RATIO

Concentration of reactants = 5.%6 x lO"4M

Tron(III)-HDPBA Ratio  Absorbance at 520 nm

10:0 o N T
9:1 ) 0. 094
8:2 R 0+178
7:3 0,252
614 0. 422
5:5 0.480
416 0.520
3:5:16,5 0.512
3:7 0.52
2¢517.5 0.+ 504
2:8 0. 460
1.:9 0.244

®)
—
e

0.005

£
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bxtraction Method: To determine the ratio of iron(IIT)
to azide in the ternary complex, a constant excess éf
HDPBA and constant amount of iron(IIT) were taken‘and
the concentration 'of azide was varied. The absorbance
vas measured after each extraction following the genera;
procedure for iron(III). The results are shown in

Table 15 along with the calculated distirbution ratio,

DTe’ for each azide concentration.

TABLE 15
DaTA FUR DIEPERNINATION OF TRON(III): AZIDE BY EXTRACTION
MEDHOD

4.

Concentration of iron = 1.073 x 10 M

Concentration of Log £Ng] Absorbance Log Lpe

azide (M) (530nm)

0.05 . ~1.%0 0.180 -0,288

0.06 ~1.,22 0.223% ~0.132

| 0.075 ~1.1% 0433 +06152

: 0.08 ~1.20 0. 345 +0.198
0.10 ~1.0 0. 365 +04 350

0,15 -0.82 0.469 +0.920

0.2 ~0u7 0.487 ' +1.100

A plot of log Ly, against log [Ng] shown in Figure

14 gives a squgof 2.2 which suggests the number of azide
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ions in the mixed ligand complex to be 2.
The composition of the complex is, therefore 1:2:2

(Fe: HDPBA: Ng).

4.28 EITRACTION BLUILIBRIUM OF THE TRON(III) COMPLEX:
According to the coumposition 1:2:2 (FE: HDPBA: Ng)

the extraction equilibrium may be represented by

the following eguation:

+3 : - e
Fe™aq) + 2HL(gpg) + 2Ny =z Fe Le(NB)e

H&
(aq) (org) (20

where HL = HDPBA,y org = organic phase and agq = agqueous
phase. The extraction constanty Kex, may be represented

by

[FeLg(Na)g)%org£H+](aq)

3 12 ~2
[Fe +](aq)[HLJ(org)[N53(aq)

assuming no side reactions, the distribution ratio,

gFe’ can be expressed a

2 -
Dr ' . [HLJ(OI‘Q;)[NE)](aq)
e 7 ex

o
[H 3(aq)

or
log Dy, = log Kex +2 log [HLl,,.+2 log ENg](aq)+ pH.
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From the eguation expressing the distribution ratio
it can be concluded that extraction of the metal is a
functioﬁ of reagent concentration in the organic phase
and the azide concentration and pH of the aqueous phase.
The composition of the complex being 132;2:(Fe: HDPBA:
Ng) and extractability as neutral complex into chloro-
form, it may be suggested that only one HDPBA molecule is
depnotdnated, hence the formula of the complex would be
(e (1) (HL) (Né)al which may possibily have the following

structure.

s
B
%;:>AHN-Mm~ 0. ﬁg- ' \%Elzx;‘Cﬁhﬁ;ﬁ
y ' T r‘ .
{m}\}\“ C :x..."::., .I[\T “"/ - \\O e, ot <:*4>
. _ -f-'?\\ N5 s h
iy i
W

The complex may thus have the name diazido=-bis (N-hydroxy-

N,N‘mdiphenylbenzamidine) ferrate(III)..
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SEPARATION 4AND DETERMINATION OF TRON(IIY) aND COBALT
FROM EACH OTHER

By virtue of the difference in the pH of re-
actions of iron(III) and cobalt(III), an effective
separation of the two metals frém a mixture was
made, followed by spectrophotometric determinatiouns
at their respective wave lengths of maximum absorption.

The procedure is essentially the same for the
separations. 'Iron(III) was extracted at pH 5
following the fecommended procedure from a mixture
of the two meﬁals. The remaining aqueous phase
containing cobalt(II) was extracted by HDPBA in
chloroform-pyridine solutiOnléfter oxidation to
cobalt(IIT) with hydrogen peroxide. fThe volume of
the aqueous phase forlthe extraction of cobalt(III)

should not exceed 15ml.

The method enables.the separation of widely
varied amounﬁs of the two metals. The results
shown in Table 16 indicate sample containing 10:1
to 115 (Fe:Co) by weight could be separated and

determined accurately using the method.
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TABLE 16

SEPARATION sND DETERGINATICH OF IRON 4ND

COB4LT FROM EsaCH OTHER

Iron Conbtent Iroh Founda Cobalt Content Cobalt Founda

(mg) (mg) (me) (mg)
0.10 0.101 0. 50 0. 496
0.15 0,152 0.50 0. 494
0.20 0.20% 0.40 0. %97
0.25 0.252 0.30 0.297
0. 40 0.405 0.30 0. %02
0.60 0.607 0.30 0+ 302
0. 80 0.805 0.20 0.197

1.0 1.007 0.10 0.099

aAverage of three determinations.

The resulls in the table above indicate the relative
error is generally less than 1/ for. the determination of
each metal and may be applied to ssmples containing‘iron
and cobalt in the range 1031 to 5 (Fe:Co) by weight.® The
method may be suggested for the analysis of materials
which do not have constituents that interfere with the
determination of both iron and cobalt in the present
methods. Therefore samples contéining vanadium, nanganese

and copper required prior separation or masking of these
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APYLICATIONS OF THE METHODS

The applicability of new methods of anaiysis
require the vests of validity by determining the
constituents in question in standard samples. Due
to unavailability of standard samples, however, the
present method for cobalt(III) and iron(III) were
tested for thelir validity by determining the
contents of gynthetetic samples, that correspond to
the composition of the minerals-erythrite,””

2 [(Co5(hs0,), + BH,01, scorodite,”® Fe(as0,)2H,0,

and, daubereelite,5? Fel. Grgsa.

4.41 Determination of Cobalt in Synthetic Erythrite
‘ Sample: & synthetic erythrite sample was
prepared by mixing 0.873%g (0,003 mole) of
cobalt(II) nitrate hexahydrate and 0.848g
(0.002‘mole) of sodium arsenate, N33A50412H20.
The mixbture was dissolved in dilute hydro-
chloric acid and diluted with distilled

water Go 100ml.

The cobalt content of an aliguot of the
solution of the synthetic efythrite sample
was extracted and determined following the
general procedure for cobalt(III) described

earlier. _The results are shown in Table 17,




TABLE 17

DETERMINATION OF COBaLL ¥N THE SYNTHETIC
ERYTHRITE SaNPLE

Measurement Cobalt Content Cobalt Found

) e
1 0.1767 041759
5 0.1.767 0.1741
3 0.1767 .O°1759
4. 0.1767 0.1756
5 0,1767 0+ 1741

Mean 0.17%67 0.1751

The results in the table indicate that the method
for the synthetic sample, erythrite, is precise and
accurate corresponding to a standard deviation of.0.002
and relative error of 0.9/. The results obtained indi-
cate that method can be applied for the determination of

cobalt in diverse ssmples.

3.42 Determination of Iron in Synthetic Scorodite and
Daubereelité‘sampleS: Phe method for iron(III)
was tested by determining the amount of iron in
the synbthetic mixtures which correspond to the

minerals scorodite and daubereelite.
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1. To prepare a synthetic wixture in the composition

of scorodite, 0.403%g (0.001 mole) og iron(III)

| nitrate nona-hydrate Fe(N05)5 o 9H,0, was mixed
with Q.424g (0.001 mole) of sodium arsenate,
NaBnSO4 « 12H,0, and the mixture was dissolved
in distilled water, followed by addition of
5ml of nitric acid (1:%). The solution was
finally diluted with distilled wsber to 100ml

after boiling off and cooling.

iin A’mixturé of 0.784g (0.002 mole) of ammonium
iron(II) sulphate, 1.600g (0.004 mole) of
chromium(TII) nitrate hona-hydrate and 0.624g
(04008 mole) of sodium sulphide, in the ratio
of 1:2:4 [Fe(II):Cr(III):8(II)] that correspond
to the composition of daubereelite, was de-—
compoéed by 10ml of nitfic acid (1:3) followed
by addition of about 50ml distilled water. The
solution‘was boiled off to remove the oxides of
nitrogen and diluted with distilled wabter to
100ml after cooling.

An aliquot of each synthetic mineral sample
solution was transferred to a separatory funnel and
iron(III) was extracted and determined following the
general procedure for iron(IIT). The results are given

in Table 18,
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TABLE 18
DETERMINATION OF IRON(III) IN SYNTHEDTIC SaiMPLES

OF SCORODITE aND DaUBEREBLITE

Sanple Iron Content Iron Found Standard
(g) (g) deviation
Scorodite - 0.0558 0.0549 0.006

Daubereelite 0.1116" 0.1097 0.008

a s . . .
Average of five determinations.

The results in the table indicate that the method
for determination of'iron in the synthetic samples of
scorodite and daubereelite is fairly precise. The
method can, therefore, be applicable for diverse samples.

The results obtained by the application of the
present methods for the separation and determination orf
iron and cobalt in the synthetic samples have been
subjected to the statistical treatments. It has been
found that mean values and aétual values do not have
significant difference at 95/ and above probability

levely.
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COMEARISON WITH OTHER METHODS FOR COBALT t

Among the several resgents recommended for the
spectrophotometric determination of cobalt, ammonium
thiocyanate,58‘59 tetraphenylarsonium salt and thio=-
cyanateéonitroso~ﬁ saltél 2—nitroso—-l-—naphthol,62"6ZJr
1~nitroso—2-naphthol§5 2-nitroso~l~naphthol-4-

shlphonic acid66 and o—nitrosoresorcin0167 are in

general usee

The comparative study of the proposed method
for cobalt, in regard to selectivity and sensitivity,
with other well known spectrophotometric methods
are summarized in Table 19 and 20

The seléctivity of the present method for
cobalt is comparable to most of the other methods
while the sensitivity of the present method is

relatively low in comparison to mogt of the methodse



TABLE 19

SENSTTIVINIES CF ©Hl MUTHODS FOLK COBALD

Reagent Colour of >‘Max Sensitivity Reference
Complex nm  pg Co em™? -
sanmonium thiocyanabe Blue . 620 0.055 '58n59

Tetraphenylarsonium ' ‘ B
with thiocyanate Blue 620 0,034 60

(1-2-Pyridylazo)=o-

naphthol (PiN) Red=violet 590  0.0022 = 68 -
o~Nitrosoresorcinol Yellow-green 430 0.0025 = 67

P=Nitroso—l-Naphtol-l— | LT e

Sulphonic acid.‘w Pink 525 0. 0042 - 66
l;Nitroéoa2mnaphﬁhol"-Redmyiolet: , 556 “_‘QLQQ?%-\l, “65.,
P~Nitroso-l-naphthol  Red~violet  5%0 0, 0042 | 62~é4
'NnHydroxy-N,N'—

diphenylbenzamidine in-
presence of azide Pinkish-red 520 0.028 -
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PELECTIVITIES OF “HE METHODS FOR COBALT

¥eCITI)

Reagent pH  Interference Reference
ATamonium thiocyanéte 4;5“ Ni(TL) ,Fe(TII) V(V),
cu(I1),Cr(II1),0x(VI)} 58, 59
Metraphenylarsonium
-chloride with thio-
cyanate 5.5 _ Fe(I1I) yMo(VI),U(VI)
Ceu(II), vI(V) 60
1-(2-pyridylazo)~2-
naphthol (PAN) 3.6 . eu(ID),Ni(II) 68
2-Hitroso-l-naphtol-
4-sulphonic acid 2:5-5 . Cu(II),Fe(II),Ni(II) 66
1-Witroso-2-naphthol  4.5-5 cu(II),Pe(1I),Mn(IL) 65
. 2-NWitroso-lnapthol 2-2.5  Cﬁ(Ii),Fe(Ii) 62, 64
Nitroso-K salt 5.0-6.0  u(ID),Ce(IV) Pe(IIL),
y it NigII) | 61
N-Hydroxy-NyN'- o _
diphenylbenzamidine
with azide 7et=7.8 - MN(II)yCulIT)e « hu. . -
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COMEARISON WiITH OTHER MIRHODS FOR IRON

There are several reagents in general use for
the specirophotonetric determination of iron. These
include thiocydnate,69"7l tributyl ammonium salt
with thiocyanate]~ 1,10-phenanthroline and its
dorivatives,/ 27> 2,2-bibyridinelC 2,21, 21~
terpyridinezg ferron,77 nitroso-R salt?B mercapto-
acetic acid79 and salicylic acid?o

The sensitivity and selectivity of the present
method has heen éompared with other well known
nethodse Table 21 and 22 clearly indic