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Abstract
Two aryl hydroxamic acids were prepared;
hydroxamic acid and the N-lwas prepared by

the N-phenyl benzo

naphthyl benzohyddroxamic acid the first one

the partial reduction of nitrobenzene to the

$-phenyl

hydroxylamine and coupling the latter with benzoyl chloride. The reduction
was carried out using ammonium chloride and zinc dust; this pair failed after
so many attempts to give the N-l-naphthyl hydroxylamine. So the latter was
prepared by using a somewhat milder reducing agent; hydrogen sulphide and
ammonia gas in absolute alcohol. The two acids were obtained using the
modified procedure

of Tandon coupling the hydroxylamine with benzoyl

chloride.
The two acids were characterized by their melting points, elemental
analysis, their l.R functional group frequencies and by their characteristic
colour tests with vanadium (VI) and iron(III).
The acids were used for

the extraction and

spectrophotometric

determination for iron (HI), chromium (VI) and uranium (VI) from different
molar solution, pH and from synthetic sea water.
The maximum recovery of iron (III) occurred at pH 4 andpH 5 giving
92.25 and

91.25% when using

N-1-naphthyl benzo hydroxamic acid and a

maximum recovery of 100% atpH 5 with the other acid.
The maximum recovery for chromium (VI) occurred at 3MH2SO4 of
97.50% when using N-1-naphthyl benzo hydroxamic acid and a maximum of
94.25% at the same molar concentration with N-phenyl benzo hydroxamic acid.

in

The maximum recovery for uranium (VI) was occurred at pH 7 giving
100 % when using N-1-naphthyl benzo hydroxamic acid and a maxinnmi
recovery of 85% at pH 7 andpH 8 with the other acid.
The two reagents give sharp colour with both iron (III) and chromium
(VI), so trials were carried out to compare the curves obtained with that of the
original reagent i.e. Thiocyanate and diphenylcarbazide, which give a smaller
slope.
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Chapter One
p. Introduction
M.I Separation techniques

Analytical chemistry is the chemistry of the identification and separation of
ubstances. Ideal methods of analysis would involve measurement techniques of
uch specifity that only the component of

interest in a sample would give a

feaction or response without interference from other components,

in actual

fractice, a sample may be composed of substances that are chemically similar, so
re likely to interfere with the measurement operation. Consequently analytical
Darations are frequently necessary to isolate or concentrate material before any
Measurement can be carried out. The extent of such separation operation, depends
Mi the measurement selected or available, the nature and amount of the sample,
tie time restrictions and the precision required.
When an interfering element has several oxidation states, interference
pmetimes can be prevented simply by changing the oxidation number. Many
echniques for separating and concentrating the species of interest have been
aevised.

such as:

(I) Extraction.
!*• (II) Chromatography.
is| (III) Ion- exchange.
(IV) Distillation.
ff (V) Precipitation.
(VI) Complexation.
j(VII) Adsorption.

I (VIII) Elector-deposition.
Wl.l solvent extraction:-

I.

Although solvent extraction as a method of separation has long been
liliar to the chemist, only in recent years it has achieved recognition among
(4)
||nalyst as a powerful separation technique. Liquid-liquid extraction, the form
nost used in analysis is a technique in which a solution (usually aqueous) is
|rought into contact with a second solvent, (usually organic) essentially
liscible with the first in order to bring about a transfer of one or more solutes
to the second solvent. The separation that can be achieved by this means are
simple and convenient and rapid to perform; they are clean in as much as the
[•••

mall interfacial area certainly precludes any phenomena analogous to the
undesirable co-precipitation encountered in precipitation separations; they are
ipplicable equally well to trace level and large amounts of materials, and required
|br the most apparatus no more elaborate than a separatory funnel. The
applicability of the technique of extraction is broad since separation of the most
inorganic as well as organic materials can be achieved. Solvent extraction may be
employed to effect a clean-up and to achieve concentration of the solute of interest
prior to analysis.
For all phases the classical phase rule of Gibbs, is most helpful
P+ V = C+2
Where;
P = The number of phases.
V = The degree of freedom.
C = The number of components.
In a particular case of solvent extraction, we are dealing basically with two
essentially

immiscible solvents and one solute distributed between them, so that

P= 2,

and C = 3. At constant temperature and pressure, the rule predicts a

^variance of unity. This means that if we choose the concentration of the solute in
one phase the solute concentration in the other phase is fixed, this relation is
(5)
'quantitatively described in the distribution law.
In the simplest extraction case; the distribution ratio is constant in accord
(6)
with the classical distribution law:
a solute will distribute itself between two
essentially immiscible solvents so that at equilibrium the ratio of the concentration
of the solute in the two phases at a particular temperature will be constant,
provided that the solute is not involved in chemical interaction in either phase. For
such a solute, then,
[A]or
=KD

(1)

[A] aq
Where KD is a constant known as the distribution or partition coefficient.
The law as stated is expected to be applied only in very dilute solutions and when
the distributing species do not undergo dissociation or polymerization in either
phase. But in many

practical situation the solute may do so and the extraction

process is then better described in terms of distribution ratio;
[A]Or
D=

(2)
[Aj aq

Where ;
D is the distribution ratio
[A]aq is the total concentration of solute A in the aqueous phase
[A]Or is the total concentration of solute in the organic phase

Since solvent extraction is used as a method of separation, it becomes
Ecessary to introduce a term to describe the effectiveness of separation of two
plutes. The separation factor, P is related to the individual distribution ratios as
|jllows;

[A] Or /[B] Or

1=

[A] Or /[A] aq

=
[A] a q /[Bj a q

DA

(3)

=
[B] Or /[B] aq

DB

ere A and B represent the respective solutes.
In those conditions where one of the distribution ratios is relatively large
[and the other is small, almost complete separation can be quickly and easily
[achieved, i.e. when P^ 1, but when (3 = 1 the separation will be difficult. The
i,.

optimum ratio for the best separation is given by Bush -Densen equation:
|V0/Vw=[l/(DADB)l1/2

(4)

Of more immediate interest to the analytical chemist is the per cent
extraction, which is related to D, thus

100[A] 0 r VOr
%E =

100 D
=

[A] O r V O r +[A] a q V a q

(5)
D + V a q /V O r

Where V represents solvent volume and the other quantities remain as
>reviously defined in equation (2). The per cent extraction may be seen to vary
vith the volume ratio of the two phases as well as with D.
It may also be seen from equation (5) that at extreme values of D, the
lercent extraction becomes less sensitive to changes in D so when the phase

plume ratio is

unity, for any value of D below 0.001, the solute may be

Dnsidered to be quantitatively retained in the aqueous phase.
The pH value at %E =50 has been designated as pHj/2> The difference in
pHj/2 values

of two metal ions in a specific system is a measure of the

Daratibilty of those two ions.

\.1.1.1 Extraction process:-

Almost all the extraction systems involve three essential aspects;

.1.1.1.1 Chemical interaction in the aqueous phase:

A major point of differentiation between extraction of organic and inorganic
materials is found in the extent to which the formation of an uncharged extractable
species depends on chemical interactions in the aqueous phase. Most organic
([compounds are already uncharged and extractable. While

most inorganic

compounds are dissociated, so that in order to extract species of interest into an
organic solvent, reaction in the aqueous phase leading to the formation of an
uncharged, extractable complex must be utilized.
-1.1.1.1.2 Distribution of extractable species:

Although the ratio of solubilities of a solute in each of two phases may not
be critically equated to the distribution coefficient of the solute between these two
phases, the underling factors affecting relative solubility and distribution are
undoubtedly similar. It is therefore useful to discuss solubility characterization of
various types of substances.
In solutions where specific chemical forces are not active, the classical
principle of

" like dissolves like " is of great help in predicting solubility. In

systems where hydrogen bonding may be present, particularly those involving an

pieous phase, the solubility parameter is inadequate in predicting solubility,
inlander had observed regularities in distribution characteristics in system
lyolving hydrogen bonding.
Pasquinelli had correlated the mutual solubilities of a pair of liquids with
lie electric and magnetic properties of the pure components.
Solubility of metal salts in aqueous media can be explained on the basis of
wo special properties of water. First,

its high dielectric constant permits

|issociation of ionic species relatively easily. Even more important, the high basic
liaracter of water results in the solvation of cations which gives these ions a
plvent sheath serving to reduce electrostatic interaction and to make the ions
foe " Solvent like".
J.I.1.3. Chemical interaction in the organic phase:

Chemical interaction of the extracted species in the organic phase would
'naturally lower its concentration in this phase and hence, improve extractability.
11.1.1.2.1 Extraction of metal chelates:

The equation describing the extraction of metal chelates may be derived by
considering the reaction occurring when an aqueous phase containing a metal ion
in contact with an organic phase containing a chelate extractant.
[HR] 0
HR a q

= = = = = = HR o r g ,

KDR

=

(6)

[HR]
The reagent will dissociate in the aqueous phase
[H+] * [R]
HR ===== H + + R ,

Ka =

(7)

[HR]
|" react with the metal ion to form the extractable chelate;
[MRJ
I

M n+ + n R =====

MR n ,

Kf=

(9)

i,

[Mn + ] * [R"J"] n

Which in turn, distributes between the phases
[MRJ 0
MR,, =====

MR n ( o r g ) ,

Kdx =

(10)
[MRJ

The distribution ratio D, can be evaluated from these equilibrium
xpressions if the metal chelate MRn,

is

assumed the only metal containing

species in the organic phase and the metal ion, Mn+, essentially the only metalcontaining species in the aqueous phase thus,
[M]o
D =

=
[M]

KfKanKDx

[MRJ
=
[Mn+]

[HR] o n
*

KDRn

(11)
[H + ] n

The validity of this equation was verified by Kolthoff and sandell
ithizone extraction, and also by Furman '

for

et al for cupferron extractions.

.1.1.2.2. The effect of the reagent:
Equation (11) clearly indicates the importance of chelate stability (Kf) and
he relative solubility of the chelate in the organic phase (Kdx). can also be seen
hat an acidic

reagent (high Ka) that is

7

datively soluble in water (low KDx)

avours good extraction.

Since chelate stability increases as reagent acidity

creases, these effects must be considered together.

IP

$.1.1.2.3 The effect of the reagent concentration andpH:

It may be noticed from equation (11) that the extractability of metal with a
fgiven reagent and organic solvent depends equally heavily upon the organic phase
^concentration of the reagent and upon hydrogen ion concentration in the aqueous
"phase.
In early extraction works the reagent concentration employed is little more
[than needed to form the metal chelate.
extraction was

An increase in the pH range of good

achieved by using somewhat higher reagent concentrations.

With the employment of very high reagent concentrations a substantial reduction
in pH of extraction can be achieved permitting extraction of more highly acidic
solutions.
IU.I.1.2.4. The effect of the metal ion concentration :
I
I

F

As indicated by the absence of any metal ion term in equation (11), the

i distribution ratio is independent of the initial metal concentration, thus trace and
macro amounts of metal ion is expected to be extracted under similar equilibrium
conditions, provided that the solubility of the chelate in the organic phase is not
i

exceeded.

1.1.1.2.5. The effect of the organic solvent:
A variety of organic solvents have been employed in metal chelate
extractions, and the nature of the solvent has not been too critical a factor in
determining the success of an extraction. As may be seen from equation (11), the
8

jjlvent affects two quantities, the distribution coefficient of the reagent and of the
ft

aelate, thus a change to a solvent in which the reagent is more soluble will result
I lower D values for polyvalent metal, such as dithizone and its chelates are more
soluble in chloroform than in carbon tetrachloride and extractions with the former
fplvent requires a higher pH region than when the latter is used.

If
§1.1.1.3. Selectivity in chelate extractions:
The separation of the metals with a particular reagent -solvent system may
be evaluated with equation (11). The separation factor, p\
I

Di

Kfl * K Dxl

=

:P=
\

D2

(12)
K fi * Kdx2

The ease of separation of two metals is seen to depend not only on
the difference in the stability of their chelates but on the relative solubilities of
Ihese chelates in the organic solvent. A sufficiently great difference in solubility
;may result in an extraction sequence that differs from the stability sequence, such
as Ni(II) and Co(II) which form more stable acetylacetonates than does
I
(13)
(14)
zinc,(II)
the latter is extractable whereas the former two are not.
It has been shown that the stability of a number of metal chelates is fairly
independent of the nature of the chelating reagent employed, and that Mellor and
[Maley

listed

the following stability sequence for the complexes of

salicyaldehyde and ethylene diamine in one hand and some bivalent metal ions in
| the other hand;
I

Pd >Cu > N i > Pb >Zn > Cd >Fe >Mn>Mg.
High solubility of the tris-phenanthrolme-iron-II- complex '

•;exceptional and has been attributed to resonance stabilization.

is

(17)
Steric hindrance in chelating agent can result in increased selectivity.

A

generally applicable approach to increasing selectivity in chelate extractions
)e based on the use of competing completing agents called masking agent,
ise of two competing

agents will tend, in favourable cases, to exaggerate

small differences in the stability order such as copper(II) which gives more
i chelates with both 8-quinolinol and EDTA than does uranium (VI). In the
snce of EDTA, only uranium (VI) ion may be extracted with the reagent.
1.4. Kinetic factors in extraction:

In most cases, optimum extraction is obtained under equilibrium conditions,
asionally the slow extraction rate of one or more components may serve to
prove selectivity. The rate of extraction depends on those factors affecting (a)
le rate of formation of the extractable species and on those affecting (b) The rate
"transfer of the extractable species.
Metal complexes formed in most ion association extractions are reversibly
Drmed at extremely rapid rates, there are notably exeptions, particularly with
netal chelates, where formation and dissociation can be measurably slow. Nonjquilibrium extraction have been observed in the case of dithizonates of
(18)
(19,20)
zinc(II)
and copper(II)
in the thenoyl trifluoroacetone (TTA)
(21)
(C8H5O2SF3 ), extraction of a number of metals,
and in the acetylacetone
1

.extraction of chromium(VI). The presence of EDTA was found to reduce the rate
Ipf equilibrium in a number of instances.
The rate of transfer of the extractable species from one phase to the other is
relatively rapid when reasonable agitation is employed.
1.1.1.5. Methods of extractions:-

Three basic methods of liquid-liquid extractions are generally utilized in the
tolytical

laboratory;

batch,

continuous

extraction

and

countercurrent

actionation. The choice of the method to be employed will depend primarily
|on the value of the distribution ratio of the solute of interest, as well as on the
jaration factor of the various interfering materials.
IU.I.5.1. Batch extraction:-

It is the simplest and most used one, it consist of extracting the solute from
|ne immescible layer by shaking the two layers until equilibrium is attained, after
r

hich the layers are allowed to separate. This batch extraction process provides

|apid, simple, and clean separation, and is used to most advantage when the
'distribution ratio of the solute of interest is large, for in such instances a few
far
i',

[extractions will effect quantitative separation.
Batch extractions can be applied to spot test analyses as a means of
f separating an ion from interference, and a useful extractor may be easily made
[from a capillary dropper pipette.
'4.1.1.5.2. Continuous extraction methods:-

\

They are particularly applicable when the distribution ratio is relatively

small, so that a large number of batch extractions would normally be necessary to
effect quantitative separation. Most continuous extraction devices follow a same
general principle, which consists of distilling the extracting solvent from a boiler
flask, condensing it and passing it continuously through the solution or material
being extracted. The extracting liquid separates out and flows back into the
receiving flask, where it is again evaporated and recycled while the extracted
solute remains in the receiving flask. High efficiency in continuous extraction
depends on the viscosity of the phases and other factors affecting the rate of

11

Raining equilibrium, the value of the distribution ratio, the relative volumes

k

f the two phases, and other factors.
Continuous extractors can be conveniently classified into two major types
(23 25)
Spending upon whether the extracting solvent is lighter '
than or

I
I

(26,27)

"eavier

than the phase being extracted. One of the few extractors designed

pecially for the continuous extraction of metals using chelating agents is that of
leinke and Anderson.
$1.1.5.3. Counter current

fractionatiom-

Counter current distribution extraction have been applied with great success
i the fractionation of organic compounds particularly where the distribution
itios are of the same magnitude. In principle counter-current distribution is
(29)
Identical with the triangular scheme of fractional crystallization
Counter current technique differs from that of continuous extractions in that
|esh portions of only one phase are introduced in the latter while fresh portions

I

md an special device are needed in the former.
U.1.6.Methods of enhancing extraction :j.1.1.6.1. Choice of the solvent:-

The choice of the solvent is governed by the following considerations;
(a) High distribution ratio for the solute and low distribution ratio
for undesirable impurities
(b) Low solubilities in the aqueous phase.
(c) Sufficiently low viscosity and sufficient density difference
fftom the aqueous phase.
!

•

•

12

(d) Low toxicity and flammability.
(e) Ease of recovery of solute from the solvent.
(f) Low boiling point, or ease of stripping by chemical reagents.
Sometimes it is possible to achieve many of the desired characteristics of a
|olvent by employing a mixed solvent system. Another method of varying the
properties of the extracting solvent is to use organic diluents. Various organic
^compounds such as ketenes and other hydrocarbons are employed to dilute
tributylphosphate for extraction purposes.
1.1.1.6.2. Acidity:-

The extractability of metal complexes is greatly influenced by the acidity of
itfae aqueous phase. In the case of the chelate extractions , it can be seen from
if

[equation (11) that, provided the chelating reagent concentration is maintained
^constant, the distribution of the metal in a given system is a function of pH
Acidity greatly affects many of the oxonium type of extraction systems,
particularly when the metal is extracted as a complex acid. In many extractions
involving metal halide complexes, for example, the distribution increases within
\

'certain
limits, with increasing acid concentration.
s

(30)

<f

!i

In organic extraction of acidic or basic organic solutes, pH control is vital
in as much as the neutral form of the solute will be extractable and the charged

[ form will remain in the aqueous phase.

11.1.1.6.3. Salting-out agents :
A technique that has resulted in marked enhancement of extraction of
[metals, particularly in the oxonium type of extraction systems, is the use of
salting-out agents. The addition of high concentrations of inorganic salts to the
aqueous phase greatly increases the distribution ratio of many metal complexes to
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the organic phase. It is essential
appreciable extent in order to

that the

maintain

added salt does not extract to any
the

optimum effect and to permit

direct use of the organic extract without further separation. The added salt should
be chosen to produce a favourable separation factor between the element of
; interest and the impurities. Aluminum and calcium salts are strong salting-out
agents, whereas ammonium salts are much weaker but analytically more
convenient.
»

Among the metal extraction systems that have benefited through the use of

I salting-out agents are the nitrate, halide and thiocyanate systems.

1.1.1.6.4. Volume of extracting solvent:-

Since the distribution ratio in liquid-liquid extraction is a concentration
[ratio, the actual fraction of the total solute extracted will vary with the ratio of
L

solute volumes. If the same volume (Vo) of the extracting solvent is used in
successive batch extractions, and Wn represents, after n extractions the weight of
solute remaining in aqueous phase; containing W grams of solute in a V volume,
jthen
Wn =

w [ V / ( D V 0 + V)] n

(13)

For the most complete extraction, Vo should be made as small as possible
and n as great as possible for a given amount of solvent, so that the best results are
^obtained by

a relatively large number of extractions with small volumes of

solvent.
$.1.1.7. Methods of increasing selectivity :11.L7.1. Oxidation state
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A useful method of increasing the selectivity of metal extractions involves
modification of the oxidation states of the interfering ions present in solution in
frder to prevent the formation of their extractable metal complexes. Conversely, it
^important in the preparation of solution for extraction to adjust an ion to the

jloper valence state required for formation

of the complex in order to ensure

uplete extraction of that element.
11.1.7.2. pH

The attainment of the selectivity in metal chelate extractions is greatly
dependent upon the pH, provided that the reagent concentration is maintained
[Constant. Increased selectivity can be achieved in the extraction of acidic or basic
[organic substances by the addition of buffer solutions to the aqueous phase to
^control the pH.
r

lll.l. 7.3. Masking

•

Masking agents are introduced in a number of extraction procedures to

improve the separation factor for a pair of metal ions or more. The masking agent
[forms water-soluble

complexes with the metals in competition

with the

^extracting agent. The application of masking agents, which include tartarate,
| citrate, fluoride and EDTA, is restricted largely to metal chelate extraction
s

[systems. Masking agents form sufficiently strong complexes with interfering
[metals to prevent their reactions with the extraction agents, either altogether or at

I

least until the pH is much higher than the value needed for quantitative extraction
of the metal of interest.

1.1.1.7.4. Backwashing
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An auxiliary technique used with batch extractions to effect quantitative
|eparations of elements is backwashing . The combined organic phases from
Is,

Several extractions of the original aqueous phase contain particularly all of the
ilement desired and possibly some of the impurities that have been extracted to a
\'
touch smaller

extent, depending on their relative distribution ratios. This

iombined phase when shaken with one or more small portions of fresh aqueous
jhase containing the optimum reagent concentration, acidity, etc., will result in
edistribution of

the impurities in favour of the aqueous phase since their

Jjstribution ratios are low. Under optimum conditions most of the element of
titerest will remain in the organic layer, since its distribution ratio is high.
With the proper conditions most of the impurities can be removed by this
ackwashing operation, with negligible loss of the main component thereby,
Iteming a selective separation.
\1.1.8. Application of the extraction procedures:Extraction is often more attractive than a classic precipitation for separating
iinorganic species because the equilibrium and separation of phases in a separatory
|&nnel are less tedious and time consuming than precipitation, filtration and
| washing as well as it does not the aqueous original volume. In addition, the
[iproblems of coprecipitation and post-precipitation are avoided. Finally extraction
(•

^procedures are usually suited for the isolation of trace quantities of species.
1.1.1.8.1. The extraction of metal chlorides:-

Substantial number of metal chlorides can be extracted into diethyl ether
from 6M hydrochloric acid; equally important a large number of metal ions are
either unaffected or extracted only slightly under these conditions. Thus many
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useful separations are possible such as the separation of iron(III) (99% extracted)
from a host of other metal ions.

ILL8.2. The extraction of metal nitrates:-

Certain nitrate salts are selectively extracted by diethyl ether as well as
other organic solvent

such as Uranium (VI) which is conveniently separated

from Lead (II) and Thallium (VI) by extraction of an aqueous solution, that is
saturated with ammonium nitrate
1.1.1.8.3. The extraction of metal chelates:-

Many organic chelating agents are weak acids that react with the metal ions
to give uncharged complexes that are

highly soluble in organic solvents.

Distribution ratios for such reagents vary widely among cations and can be
controlled by changes in pH and reagent concentration, thus making possible;
many useful extractive separations.
1.1.1.9. Properties of a good chelate extractant

A good extractant must show
(a) Very high solubility in water-immescible organic solvent and low
iolubility in water.
(b) Very good chemical stability.
(c) Strong extracting power with respect to several metal ions.
(d) Fast extracting kinetics.
(e) High loading capacity.
(f) Possibility of recycling the extractant after regeneration.
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1.2. Hydroxamic acids
LU.Generah-

Hydroxamic acids have exhibited many interesting aspects in chemistry
(32,33)
iince they were first reported in 1889, by H. Lossen,
working in W.
,ossen's

laboratory,

who

isolated oxalohydroxamic acid from the reaction
(34,35)
iroducts of ethyl oxalate and hydroxylamine.
Complexation of metal ions by hydroxamic acids is a basis of a number
(36,37)
if analytical determinations.
The best known of these complexes is
hat formed with Fe(III) whose beautiful purple colour forms the basis for
i the

sensitive qualitative and quantitative determination of carboxylic. acids and

(38 39)
k
A • ••
'
itneir derivatives.
f.

f 1.2.2. Classification:Hydroxamic acids are classified by Mikes and Turkova into three main
(40,41)

groups:
(1) Primary hydroxamic acid with the general formula:
H--N --OH

(2)

R-C = O
Secondary hydroxamic acids with the general formula:

R1-N--OH
I
R2--C ==O
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(3) Cyclic hydroxamic acid with the formula:

I

£

N--OH

(
0=0

I

1.2.3. Structure:

A tedious structural investigation era was commenced when W- Lossen
obtained a mixture of mono-, di-, and tribenzoyl derivatives from the reaction
of

hydroxylamine

and

benzoyl

chloride. The pioneering efforts of

'investigators like Werner, Lauder, Jones and Hurd
^understanding

of

paved the way of a clear

structure and reaction of hydroxamic acids chemistry. In the

[absence of spectral data, the structure of the oxoform (1) was difficult to
establish; many experimentalist believed that the hydroximic acid structure
(2) represents

hydroxamic

acid

correctly

and that (2) would also exhibit

geometrical isomerism akin to oximes. Considerable progress was achieved in
the last thirty years in understanding the chemistry of acyl derivatives of
(33)
hydroxylamine, particularly with the evolution of spectral methods.

o
R--C-NHOH ,
(1)

o

o

R--C == NOH,

R - C --ONH

(2)

(3)

Monoacylation of hydroxylamine should produce N- and O- derivatives (1) and
(3) respectively,

members of both series are known but thermodynamically

controlled reactions usually yield (1).
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E2.3.1. O-A cylhydroxylamine:-

It was shown in 1942 that hydroxyamnolysis of isatoic anhydride produces
||-aminobenzoyl hydroxylamine;
|). Acylation

the first identified

representative of class

of hydroxylamines frequently provide the primary kinetically

bntrolled product (3), which rearranged rapidly, particularly under the effect of
ydroxylamine (oc-effect) to the thermodynamically stable hydroxamic acid (1).
lie structure of (1) can be distinguished from (3) by IR ; the C=O stretching
lequency in (3) is considerably higher (1760-1730 cm" ) than that for the more
piidictypeofC=Oin(l) (1670-1640 cm"\ (42 " 44)
1.2.3.2. N-Acylhydroxylamines

(hydroxamic acids):-

Structure (1) represents hydroxamic acid in the solid state as shown by X-ray
|analyses of crystalline acetohydroxamic acid hemihydrate, and N-hydroxy
(45)
lurea,
All spectral evidence indicate that (1) is the predominant species in
Isolutions. Attempts to detect even minute amounts of the tautomeric oximino
IT*

[iform (2) in solution failed. U.V-Vis. studies on hydroxamic acids and the
monoalkyl derivatives of type (4) and (5) support structure (1), whichis further
(43)
{substantiated by the C=O stretching frequency in their IR spectra,
further
!
(46)
(47)
', more ESR,
Mass and PNMR
spectra of hydroxamic acid agree with
structure (1).
O

OR

R-_C -N--H
(4)

O
R - C — N-OH

(4)

R
(5)
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m2J. Nomenclature:-

Hydroxamic acid belong to a group of organic compounds which are
EJerived from hydroxylamine, these derivatives having as their principal functional
p, the hydroxylamine residue >N-OH, are described in the literature under the
|eneral name of oximes, these oximes however, are usually classified according to
|e parent organic substance from which they are derived. Thus we have the
tlcloximes, derived from aldehydes, ketoximes from ketones, and also hydroxy
fximes, dioximes, which are derivatives of a-hydroxy aliphatic aldehydes or
9-hydroxy aromatic aldehydes, ketones or o-diketones, respectively.
According to this classification compounds having the N-hydroxyamide
rouping
O
R-C-NHOH
§brthe tautomeric oximino alcohol grouping,
OH
R-C =NOH
which are obviously the derivatives of carboxylic acids, are termed as hydroxamic
tfcids. These are related to the other members of the class, namely the aldoximes,
ij'the ketoximes and the amidoximes as shown below:
H

CH3

NH2

R-C= NOH

R - C = NOH

R - C = NOH

Aldoxime

Ketoxime

Amidoxime
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OH
R-C==NOH
Hydroxamic acid

Hydroxamic acids occur in two tautameric forms, the enol and keto forms

O
-C- NHOH

OH
and

-C == NOH

Since hydroxamic acids are derivatives of carboxylic acids, their
(nomenclature must

be based on them, thus in naming a specific compound , the

it

practice is to drop the -ic of the related carboxylic acid and substitute the letter O
[for it, followed by hydroxamic acid.
This system of nomenclature leads to
I
[some problems, according to these rules for carpoic acid the corresponding
i
[hydroxamic acid is caprohydroxamic acid and for carpic acid, the hydroxamic
i"

[acid would also be carpohydroxamic acid. Therefore, in these and similar cases,
[an attempt was made to use the systematic names as a basis of nomenclature. Thus

j.
I'carpoic acid derivative is named hexano hydroxamic
| decanohydroxamic acid is given to carpic acid derivatives.

acid

while

I
11.2.5. Physical properties:
;,
All the hydroxamic acids are white crystalline solids except the nitro and the
}
(49,50)
;iodo substituted acids which are yellow and violet respectively.
The solid
[
(51)
reagent are veiy stable to the action of heat, light and air.
Chloroform
(52)
,'solutions if stored in amber-coloured bottles, are stable for several days.
They
are sparingly

soluble

in water, but soluble in organic solvents like benzene,
(53-56)
diethyl ether, ethyl alcohol, carbon tetrachloride and chloroform.
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Ch aracterimtion:

Hydroxamic acid have been characterized in terms of their elemental
lysis, melting points, colour test and spectral data which are in many cases
(53,57)
obtained basically for their characterization;
such as infra red, U.V.-Vis.
in some cases proton nuclear magnetic resonance, mass spectra and thin layer
fchromatography. *"
1.2.6.1. Colour test:

All hydroxamic acids gave characteristic violet extracts with vanadium (V)
rom strong hydrochloric acid (2-10M) solutions, and a characteristic red or
(59)
|purple colouration in aqueous media with ferric chloride
according to the
(3)
^equation;
3

3RC0NH0H + FeCl3

> (RCONHO)3 Fe + 3HC1

In this color test, chloroform must be free from ethanol, other wise the
extracts were unstable and extracts containing ethanol gradually acquired a
•reddish brown colour and recorded shift in spectral characteristic, other alcohols
ri
1

i*

jwhen added to the chloroform extracts exhibits similar behavior. With cupric ions,
^characteristic green blue insoluble salts are formed. This reaction is frequently
jis

^utilized in the isolation and purification of the mono hydroxamic acids, as well as
{(ammonia.
11.2.6.2. Infra red:-
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In the Infra red spectra, only those bands which are associated with
lydroxamic acid functional groups have been assigned. In these acids the (OH)

etching vibration have been assigned in the region 3200-3230 cm"1. It is known
pat the O-H stretching when free appears around 3600 cm"1, hydrogen bonding
lifts those bands to lower frequencies are mainly due to the ability of acidic
|drogen of the -OH group to form H-bonds with electron rich atom. In the
pdroxamic acids the lower shift of the (OH) group is due to the intramolecular
fdrogen

bonding

of

the type -OH -COO. The (C=O) and (N-O ) bands are

Isigned at about 1620 and 920 cm"1, respectively.
1.2.7. Synthesis:-

Hydroxamic acids can be prepared by different methods, the most common
•e:
J.2.7.1. Blattprocedure:-

In this method an alkyl or aryl ester (RCO2Et) reacts with hydroxylamine in
I'flie presence of alkali.

'

The reaction is carried out in absolute alcohol and at

[room temperature, it is rapid particularly in the presence of equimolar quantity of
(62)
sodium alkoxide, In the absence of the alkaline reagent longer time is needed.
:The free acid can be obtained by the addition of acid ( H X) in the appropriate
.quantity to cold solution.

RCO.Et + NH.OH + KOH -> RCONHOK + Et OH + H,0

RCONHOK + H X -> RCONHOH + K X
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As stated above sodium methoxide can sometimes be used instead of
iiassium or sodium hydroxide. Dutta

used the modification to synthesize

|otinohydroxamic acid and quinoldohydroxamic acids,
fquite different technique was adopted by Wise

in which pure acid was

covered by passing the methanol solution of potassium hydroxamate prepared
|y Baltt through the hydrogen form of cation exchanger ( R- H ) and removing the
Icess solvent under vacuum
§2.7.2. Acvlation of N-substituted hvdroxvlamine

Acylation of N-substituted hydroxylamine is done by one of the following
cylating agents; amides, nitriles, ketenes, acid chlorides, alkylimidazoles and
., (65)
zides.
However the acid chlorides are the most commonly used acylating agents
bat react with N-substituted hydroxylamine to give monohydroxamic acid,
besides the partial decomposition of the desired product due to it is based
latalyzed hydrolysis the reaction gives a further acylated products leading to

Ijfdihydroxamic acid which can be isolated from the desired mono derivative by
|ising a tedious , time consuming method of repeated extraction by a base.
Knowing that using excess acid chloride results in increasing the amount of
di-derivative, and using excess N-substituted hydroxylamme leads to products

v,
^contaminated with the decomposition products of the unreacted hydroxylamines;

iTandon improve the method by using equimolar quantities of the acid chloride
and the N-substituted hydroxylamine at low temperature in diethyl ether

and a

suspension of sodium hydrogen carbonate. The modified method is

highly
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ipmmended for

the preparation of monohydroxamic acids that so many acids

lorted in the literature were prepared by adopting the method.
Other methods which are not common for preparing the acids are the
idation of aldoximes, aldehydes-ammonia, amides and nitriles, e.g. using caro's
agent (a per sulphuric acid), benzaldoxime gave amongst other products
;ohydroxamic acid, hydrogen peroxide can replace the persulphuric acid in
iese conditions, amines primary or secondary and certain amino acids were
ccessfully oxidized. Nitriles yield the acid when oxidized by hydrogen
teroxide. Although the oxidation of amides to the corresponding hydroxamic acid
Is a well known

biological process, the approach for preparing these acids in

iyetro is to convert secondary

amides into their corresponding imido-ether

[derivatives before oxidation with a peroxy acid. Hydroxamic acid can also be
obtained

from the reaction of an amide with hydroxy ammonium chloride at

cmoderate temperature (20-100°C). From aldehydes and compounds capable of
lyielding nitrosyl group, the reaction was shown to proceed via the formation of
jiitrosyl alcohol by a 1,2 addition of free nitrosyl to the carbonyl group.
I

Nitroparaffms rearrange by mineral acids to give hydroxamic acids, when nitro
{Compounds are treated with sulphuric acid without previous conversion to the
Si'

Conjugate base, they give carboxylic acid. Hydroxamic acids are intermediate and
can be isolated, so that this is also a method for preparing them.

Lastly as a

^condensation product between carboxylic acids, hydroxylamine and nitrobenzene.
j 1.2.8. Chemical properties:
1

The reaction of hydroxamic acids resemble those of the acid amides in

I many respects. However, the presence of a second oxygen atom in O=C-N-O
I chain of hydroxamic acids altar both the nucleophilic reactivity and the pattern of
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Institution

compared

to amides. Thus hydroxamic acids are stronger

ucleophiles than amides. A number of pKa values are reported in the
feature

and those are in the order of 9 pk units i.e approximately 6 units

H
fore acidic than amides and similar to those of carbonate and therefore can be
[jrated with a base using phenolphthaline as indicator. The acidity of hydroxamic
:ids many be attributed essentially to the -OH group. They are stronger than
jjienols, but still they are weak acids. Their lower acidity is attributed to intra
iolecular hydrogen bonding.
12.8.1. Oxidation:Hydroxamic acids when oxidized by several oxidizing agents in aqueous
land non aqueous media yielded a variety of products, apparently by a free radical

I

(73)

.

imechanism, nitriles, amides and nitroso condensation products are found.
112.8.2. Rearrangement:-

j,

Hydroxamic acids react with a base to form a salt, the anion of the salt then
i

•

•

(74-76)

releases a negative carboxylate ion and rearranges to an isocyanate.
[
I
|
O
H
O
I I I
I
I
R_C — - N -X + OH ===> R-C = N-X + H2O

o"
R-C= N = O

<-

R -C =' N
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Triphenylacetohydroxamic acid was first to show this rearrangement by
(77)
Jones and co-workers.

1.2.8.3. Nuecleophilic reactions:-

There are three possible sites of substitution reaction N, N-O, and C=O. OSulphonylated N-alkylhydroxamic acids are readily converted to 2- substituted Nalkylamides upon treatment with triethylamine and a neucleophile. The formation
of 2-chloroamides was first observed during attempts to prepare 0-sulphonylated
Jiydroxamic acids from readily available N-alkylhydroxamic acids. Hydroxamic
acids upon treatment with methanesulphonylchloride and triethylamine, a good
yield of

2-chloramides were obtained after purification. Also the hydroxamate

c

Ration is a particularly effective neucleophile for attack on a phosphorous atom of
(78)
(70)
phosphine, phosphoric anhydride, halides,
and phosphoroflourodates.
\ 1.2.8.4. Hydrolysis:-

j
A recent kinetic studies showed that the hydrolytic decomposition of Nf
(79,80)
• aryl hydroxamic acids catalyzed by both hydronium and hydroxyl ions
Periodate reacts with the synthetic hydroxamic acid to split the molecule into the
i
1

aryl and hydroxylamine. Less is known about base catalyzed hydrolysis except

that as with amides there is both first and second order dependence on the
(51)
.1.2.8.5. Metal complex formation:-
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Hydroxamic acids usually act as a bidentate ligands and since there exist
vo tautomeric forms of the acid, the structure of their metal complexes may be
^presented in three different ways as shown below:

H

O

6
M

-c

-

N-OH

O
\

-c

/

N-O

I

NHO
III

il

The other possible structure are excluded as they would lead to the
formation of unstable four membered rings involving the metal nitrogen linkage.
Depending on the pH hydroxamic acids react with metal ions with different
Stoichiometric ratio; for the violet complex of iron (III) with benzohydroxamic
acid at low pH the ratio is 1: 1 while it is 1:2 (red) at higher pH values especially

v
pn the presence of excess of the reagent. Many transition metals, such as cobalt
[(II), nickel (II),

XA

-

A

copper (II), zinc (II) and iron (III), form stable complexes with
(73)

ihydroxamic acids.
I
Hydroxamic acids from both naturally occurring or synthetic sources have
strong affinity for iron (HI) and a large variety of synthetic hydroxamic acids had
I been used for extractive spectrophotometric determination. The simplest member
I of this class is acetohydroxamic acid which undergoes a series of rapid stepwise
^reaction with iron (III) to yield strong 1:3 complex at neutral pH.
1.2.9. Biological A ctivity:Several studies had been carried out on hydroxamic acid and their
importance in both biology and medicine, is now well recognized. Most of their
biological activities seems to be related to their ability to chelate metal ions and
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pecially iron (III). The unihydroxamic acid disferrioxamine B is currently being
|sed for the treatment of iron overload disease. Rhdotrorulic acid; a dihydroxamic
has

also undergone preliminary clinical trials for the same purpose,

of them have shown to be potent inhibitors of amino peptidase which is
isociated with a variety of decease states such as asthma, and allergy. Besides
iveral peptides hydroxamic acids have been designed as inhibitor for human skin
jbllaginase. Also the influence of 5-bromosalicylohydroxamic acid on serum
iholesterol-level was studied and that the level of cholesterol was reduced in
}
(82)
average by 20 %. They were also used as antilubercular agents,
such as the
|erivatives of salicylic acid; the most important of which being the well known pFaminosalicylic acid used by Lehmann. As fungicides, it was found that
|alicylohydroxamic acid completely inhabits

the growth of some pathogenic

(83)

I
•fungi in vetro

. Also a series of o-, m-, and ^-alkoxybenzohydroxamic acids

were found to be highly effective against pathogenic fungi. A similar effect was
produced by benzohydroxamic acid and 2-hydroxy-3-naphthyl hydroxamic acid.
jA series of terephthalohydroxamic acid and other dicarbohydroxamic acids have
(33)
been investigated as potential antimalarials
. They were also used as
Antipyretics or anagetics. They are widely used for organic and inorganic analysis
T

including pharmaceutical and food additives, such as the

spectrophotometric

i

determination of Molbdnum(VI) in vegetal tissues, soils and pharmaceutical
I
(84)
Icompounds with mandul hydroxamic acid
\

N-benzyl benzohydroxamic acid has been reported to be a highly selective

[reagent for the determination of vanadium (V) in biological material such as,
!
(85)
[blood, tissues and urine.
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A rapid and suitable method as a routine procedure is described by P.B.
cer. et al, for estimating one or more species of penicillin in a mixture. The
itively stable hydroxamic acid derivatives of the various penicillins showed
erent partition coefficient

between isopropyl ether-isopropyl alcohol and

jthalate buffer at a given pH and can therefore be separated by paper
romatography.
§2.M Analytical Application of Hydroxamic Acids:-

The most important uses of hydroxamic acids are their application as
aalytical reagents for gravimetric analysis,
fetermination of metals,
py flow injection analysis,

extraction and spectrophotometric

and also find wide uses in the analysis of trace metals
and high performance liquid chromatography.

Many hydroxamic acids such as N- benzo-N-phenyl hydroxamic acid react
iwith many transition elements to form highly coloured complexes, this makes
piydroxamic acids as useful spectrophotometric agent.
(91)
Using N-Benzo-2-naphthohydroxamic acid Sahu and Tandon

extracted

iyanadium (V) selectively and quantitatively into chloroform from 2-8.5M
i

hydrochloric acid in the presence of molybdnum (VI), zirconium (IV) and Cerium
(III). The extraction takes place quickly and gives a stable reddish-violet extract
.which shows an absorption maximum at 505 nm. The optimum range of the
[determination is (2.2-7.4) ppm of vanadium in the final solution. The method has
'-'T

•been used for the determination of vanadium in steel.
[!

Majumdar and Das

showed that N-benzo-O-tolylhydroxamic acid

i

['(NBTHA) form reddish-violet complex with vanadium (V), which can be
.extracted in chloroform and has an absorption maximum at 510 nm.
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(93)
Jeffery and Kerr

determined vanadium in silicate rocks and minerals
(94)

|th N-benzo-O-tolylhydroxamic acid. Priyadershing and Tandon
aamo-phenylhydroxamic
jfdrochloric acid

acid

for

used

N-

extraction of vanadium from 2-10M

into chloroform. The

coloured complex showed broad

iff

bsorption band at 530-550 nm.
A rapid method for simultaneous solvent extraction and spectrophotometric
Betermination of uranium(VI) was developed by Agrawal

with N-/>tolyl-N-

jpnzohydroxamic acid; the intense red complex can be extracted in chloroform at
&H 4.3. Later

he used N-w-tolyl-N-benzo hydroxamic acid to determine

jjranium (VI) spectrphotomertically by extracting its 1:2 complex from pH 4.5
)lution into chloroform.
Poluettova and Nazarrenko have use benzohydroxamic acid as extractive
sagent for determination of tungsten (VI) and its separation from vanadium.
Jranium also forms an extractable complex with this reagent.
(97)
Vernon and Kharassani
extracted iron (III), copper (II) and nickel (II)
fwith benzo-, stearo-, and caprohydroxamic acids. The three ligands were found to
fseparate iron, copper and from nickel which have

very low distribution

[[coefficient. Benzohyddroxamic acid gives the most

effective iron-copper

[[separation, virually complete from an aqueous phase at pH 2.0.
Agrawal and co-workers

studied the quantitative separation of the rare

[elements and some other metal ions by N-wz-tolyl-7/j-nitrobenzohydroxamic acid.
N-benzoylphenylyhydroxamic acid; synthesized for the first time by
(99)
gave coloured precipitates with certain transition group elements
«Bamberger,
(such as copper (II), iron (III) and nickel (II). Shome
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(100)

demonstrated that this

gagent has definite advantages over cupferron in gravimetry and extended its
[ehavior to

many

metal

ions, Agrawal

determined Cadmium (II)

avimetrically with NBPHA, the optimum pH for complete precipitation was
bund between pH 5.8 and 6.5.
(102)

Yug-Hsiang

used BPHA as indicator in determining scandium and

irconium, Das and Shome used it as indicator in the determination of iron and
ippper in the presence of many other ions by using an extractive end-point
procedure making use of the fact that iron (III) and copper (II) form reddish IT:

yiolet and greenish-yellow extractable complexes, respectively, with the reagent.
(103)
The reagent was also used by Shome
for spectrophotometric
fdetermination of vanadium (V).
(104)

Zirconium

is completely precipitated by benzophenyl hydroxamic

EL

acid from 0.5 N acid solution. The complex formed in sulphuric acid has a
3

Inconstant composition, Zr(C13 H10O2N)4
I

and is used for the direct weighing of

^zirconium. The reaction is sensitive that one ppm of zirconium being detectable
land quantitative determination of 0.2 mg is possible, thorium and rare earth do not
•interfere.
?•

(105)

Ross

used N-benzophenyl hydroxamic acid for the quantitative

| gravimetric determination of tantalam in the presence of niobium, titanium and
r zirconium. The method separates tantalam quantitatively and reliably from the
[ above metal ions by two or three precipitations from hydrogen fluoride-sulphuric
i

; acids at pH 1.

; 1.2.11. Applications of hydroxamic acids prepared in the department:
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This department began an extensive work since 1982 when Meddani
succeeded to prepare hydroxamic acids derived from cotton seed and sesame oils.
it

•All the hydroxamic acids in the department were prepared for their possible
Si?

application as analytical reagents such as solvent extraction, spectrophotometric,
Ind gravimetric analysis of metal ions. The analysis covered a broad spectrum of
(hetal ions such as vanadium, zinc, iron, nickel, copper, molybdenum, uranium,
Itanium, cobalt, cadmium, silver and gold. All the acids were prepared following
iither the modified procedure of Tandon or the procedure of Blatt. see Table 1.
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Table I-a
Hydroxamic acid

No
1

N-phenyl N-/>-bromobenzo-

O OH

Br

2

C N
\O/
\O/
\—/ ~ \—/

N-phenyl N-o-bromobenzo-

O OH
C

\ 0 / ~*H 0 /
•1—/I.

/)-methyI-N-phenyl-N-p3

O OH

B-<O>c-N^gycH3
4

/;-methyl-N-phenyI-N-obromobenzo-

O OH

<§K-N^0>CH3
5

N-phenylbutyro-

O OH
CH3(CH2)-C-N-/Q\
6

N-p-chloro phenylbutyro-

O OH

CH3(CH2)-C - N - / Q V C 1

Medium
pH

Maximum
Recovery

1M H2SO4
Cr(VI)
1.0 Mo(VI)
4.0. Fe(III)
1.0 V(V)
8.0 Co(II)
6.0 Cu(ID

96.00%
87.00%
73.90%
93.00%
83.10%
93.80%

1M H2SO4

Cr(VI)
Mo(VI)
Fe(III)
V(V)
Co(II)
Cu(II)
Cr(VI)
Mo(VI)
Fe(III)
V(V)
Co(II)
Cu(II)

97.00%
92.70%
71.20%
90.00%
59.70%
86.50%
98.70%
74.00%
69.60%
76.00%
51.20 %
82.20%

1.0
4.0
1.0
7.0
6.0

Cr(VI)
Mo(VI)
Fe(III)
V(V)
Co(II)
Cu(II)

51.00%
84.70%
66.00%
88.00%
50.00%
78.60%

1.0
1.0
2.0
6.0

Cr(VI)
Mo(VI)
Ti(IV)
U(VI)

100.00%
93.75%
33.34%
72.00%

116

100.0%
73.75%
16.67%
76.00%

116

Metal

1.0
4.0
1.0
7.0
5.0

1M H2SO4
1.0
5.0
1.0
8.0
5.0

1M H2SO4

1M H2SO4 Cr(VI)
1.0 Mo(VI)
2.0 Ti(IV)
6.0 U(VI)

Ref.

115

115

115

115

Table 1-b
No
7

Hydroxamic acid
SalicyloO OH

8

N-(p-chlorophenyl)-/;-nitrobenzo-

Medium

Metal

Maximum

Ref.

Recovery
pH
4.0 Cr(VI) 98.40%
1.0 Mo(VI) 94.40%

117

3M H2SO4
1.0

Cr(VI) 99.20%
Mo(VI) 93.10%

O OH
117

9

N-(p-chlorophenyI)-3,5-dinitro
benzoONx

3M H2SO4
3.0

Cr(VI) 51.60%
Mo(VI) 32.30%

O OH

117

2
10

N-/;-toIy]-3,5-dinitro benzo-

3M H2SO4
1.0

Cr(VI) 93.20%
Mo(VI) 86.00%
117

2
11

N-phenylaceto-

1,2M H2SO4

Cr(VI)
Cr(VI)
1M H2SO4
Mo(Vl)
1.0 Mo(VI)
2.0 Ti(IV)
3.0 Zr(IV)

100.00%
99.59%
73.75%
93.1%
42.98%
48.25%

1,2M H2SO4

100.00%
99.38%
93.47%
92.00%
63.96%
88.75%

1.0

O OH
" ' /—\

CHjC -N-/ QJ
12

N-p-chlorophenylaceto-

1.0

O OH

11 1 / — \

CH3C-N-/QVCI

1M H2SO4
1.0
2.0
3.0

Cr(VI)
Cr(VI)
Mo(VI)
Mo(VI)
Ti(IV)
Zr(IV)

118

118

Table 1-c
No

Hydroxamic acid

Medium

Metal

Maximum
Recovery

2.0
5.5
6.0
6.5
7.0

V(V)
Fe(III)
Ni(II)
Ni(II)
Zn(II)

43.00%
100.00%
25.50%
89.70%
11.10%

2.0
5.5
6.0
6.5
7.0

V(V)
Fe(III)
Ni(II)

86.50%
100.00%
27.70%
91.00%
21.00%

3M H2SO4 „

Cr(VI)

pH
13

14

15

Hydroxamic acid derived from
cotton seed oil

Hydroxamic acid derived from
sesame oil

N-(/>-cIilorophenyl)-0-methoxybenzo-

O OH
/~r\ ii i /TT\
16

OCH 3
N-phenylsalicyl-

1.0
2.0 Ti(IV)
3.0 Fe(III)
3.0 V(V)
1,2,3 M H 2 SO 4

Cr{VI)

1.0
2.0 Ti(IV)

O OH

5.0,6.0 Fe(III)
1.0 V(V)

(OVC-NYQ)
OH
17

Zn(II)

N-(p-chlorophenyl)-/?-nitrbenzo-

3M H2SO4 _

Cr(VI)

1.0
5.0 Ti(IV)

O OH

3.0,4.0,5.0 Fe(III)
2.0,3.0 V(V)

Ref.

106

106

100.0%
92.00%
26.60%
97.20%
100.00%

110

100.00%
96.20%
28.00%
100.00%
100.00%

110

99.50%
99.50%
40.50%
100.00%
100.00%

110

2

18

N-(p-chlorophenyl)-ochlorobenzo-

O OH
C N

\0/ " \0/
Cl

3M H2SO4 _

Cr(VI)

1.0
5.0 Ti(IV)

Cl

3.0,4.0,5.0 Fe(III)
2.0,3.0 V(V)

100.00%
91.80%
24.00%
100.00%
100.00%

110

Table 1-d
No

Hydroxamic acid

Medium

19

N-(p-chlorophenyl)-/«chlorobenzo-

3M H2SO4 _
1M H2SO4 _

Metal

Maximum
Recovery

Cr(VI)

79.00%
96.70%
38.00%
100.00%
100.00%

PH

6.0 Ti(IV)
6.0 Fe(III)

O OH

1,2,3M H 2 SO 4

V(V)

Ref.

110

Cl
20

5.0 Ti(IV)

N-/»-toIy-N-benzo-

15.50%
3M H2SO4 _ Cr(VI) 90.60%
1.0 Mo(VI) 10.00%
7.0 U(VI)
100.00%

O OH

21

5.0

N-/?-toly-N-p-nitrobenzo-

O OH

Ti(IV)
3M H2SO4 _ Cr(VI)
1.0 Mo(VI)
8.0 U(VI)

11.10%
52.80%
94.70%
100.00%

6.0
7.0
4.0
1.0
5.0
5.0
6.0

17.40%
16.00%
98.00%
95.50%
71.50%
92.50%
7.50%
0.00%
11.00%
0.00%
100.00%
100.00%
98.70%
92.50%
93.00%
57.00%
13.00%
8.50%
14.50%
10.5%

111

111

ON-YQYC -N-/QVCH 3
22

Salicylo-

O OH
/—\ " '
\ <
OH

23

All

9.0
All
2.0

N-phenylsalicylo-

6.0,7.0
1.0
2.0
1.0
5.0
6.0
8.0
8.0
8.0

O OH
/7A " ' /~^\
X

OH

38

Fe(III)
Cu(II)
V(V)
Mo(VI)
Ti(IV)
U(VI)
Ni((II)
Co(III)
Cd(II)
Zn(II)
Fe(III)
Cu(II)
V(V)
Mo(VI)
Ti(IV)
U(VI)
Ni((II)
Co(III)
Cd(II)
Zn(II)

40

40

Table2-e
Hydroxamic acid

No
24

0-methoxybenzoO OH
/—\

II 1

/QVC-NH
OCH3

25

0-methoxythiobenzoS OH
/—\

II I

(g>C-NH
OCH3

26

Stero-

O OH
C 1 7 H-C-NH

27

N-phenylsteroO OH
II
H

Metal
pH
6.0
6.0
3.0
2.0
4.0
5.0
6.0
8.0
8.0
AH

Maximum
Recovery

Fe(III)
Cu(II)
V(V)
Mo(VI)
Ti(IV)
U(VI)
Ni((II)
Co(III)
Cd(II)

Zn(II)

97.50%
97.00%
100.00%
98.00%
88.80%
77.00%
10.50%
11.60%
9.00%
0.80%

6.0
All
3.0,4.0
6.0
1.0
5.0
5.0
5.0
8.0
8.0

Fe(III)
Cu(II)
V(V)
Mo(VI)
Ti(IV)
U(VI)
Ni((II)
Co(III)
Cd(II)
Zn(II)

98.00%
100.00%
100.00%
100.00%
67.50%
95.50%
97.00%
97.00%
100.00%
100.00%

5.8
1.0
6.0
7.0
6.0
7.0
1.0
7.0

Ti(IV)
V(V)
Fe(III)
Ni(II)
Cu(II)
Zn(II)
Mo(VI)
U(VI)

74.00%
28.00%
80.00%
3.60%
75.00%
2.40%
44.50%
74.30%

6.0
1.0
5.0,6.0,7.0
7.0
6.0
7.0
1.0
6.0

Ti(IV)
V(V)
Fe(III)
Ni(II)
Cu(II)
Zn(II)
Mo(VI)
U(VI)

89.00%
66.00%
69.80%
3.00%
88.60%
8.20%
42.50%
93.50%

Medium

1 /—\

C N

C,7 3, - -(O>

3-9

Ref.

40

40

112

112

Table 1-f
No

Hydroxamic acid

Medium

Metal
pH

28

Oleo-

O OH

HrC NYTSN

17^3

29

"\ly

N-phenyloleo-

O OH
C

H

C

l 7 33 ~

N

\O/
—

30

/j-methoxybenzo/—A

31

O OH
II 1

/>-methoxythiobenzo-

5.0,6.0,7.0 Ti(IV)
1.0 V(V)
4.0 Fe(III)
7.0 Ni(II)
5.0 Cu(II)
7.0 Zn(II)
1.0 Mo(VI)
6.0 U(YI)
5.0 Ti(IV)
1.0 V(V)
5.0 Fe(III)
7.0 Ni(II)
6.0 Cu(II)

93.70%
76.70%
96.20%
90.00%
3.50%
85.00%
7.00%
90.00%
78.00%
29.20%
97.60%
4.50%
94.00%
7.0 Znfll)
18.00%
1.0 Mo(VI) 73.20%
6.0 U(VI)
84.50%
70 Cu(II)
99.40%
All Zn(II)
99.40%
3.0 Mo(VI) 95.10%
All Ag(I)
99.50%
All Au(III) 99.50%
5.0

7..0

S OH

3.0

CH O-/QVC -NH

2.0,4.0
4.0

32

33

Hydroxamic acid derived from
cotton seed oil (IM)

N-ph enyl-p-chlorob enzo-

O OH

Maximum
Recovery

4MHNO3
0.5MHNO3
0.5MHNO3
O.IMHNO3
0.5MHNO3
0.5MHNO3
0.5MHNO3
0.5MHNO3

Cu(II)
Zn(II)
Mo(VI)
Ag(I)
Au(III)

Ti(IV)
Mo(VI)
U(VI)
Zr(IV)
Ti(IV)
Mo(VI)
U(VI)
Zr(IV)
1.0 V(V)
7.0 U(VI)

99.50%
99.40%
95.10%
99.50%
95.50%
65.40%
99.40%
35.30%
100.00%
28.70%
99.40%
33.60%
99.30%
100.00%
95.40%

Ref.

112

112

107

107

48
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Table 1-g
No
34

Hydroxamic acid
N-phenyl-o-chlorobenzo-

Medium

Metal
pH
1.0 V(V)
7.0 U(VI)

Maximum
Recovery

100.00%
85.00%

O OH

35

36

Ref.

113

N-(p-chIorophenyl)-benzoO OH

1.0 V(V)
6.0 U(VI)

N- ph enyl-0-met h oxybenzo-

1.0 V(V)
7.0 U(VI)

O OH

100.00%
73.80%
109

96.30%
100.00%
109

^~^OCH 3

37

N-phenyI-/>-methoxybenzoO OH

38

N-(/>-ehIorophenyl)-/?-methoxy
benzo-

1.0 V(V)
7.0 U(VI)

97.50%
100.00%
109

1.0 V(V)
7.0 U(VI)

100.00%
100.00%
109

O OH

39

N-phenyl benzoO OH

5.0 Ti(IV)

12.70%
3MH2SO4
Cr(VI) 77.50%
5.0 Fe(III) 87.50%
1.0 Mo(VI) 94.30%

114

Table 1-h
No
40

Hydroxamic acid

Medium

pH
5.0 Ti(IV)
3MH2SO4
Cr(VI)
5.0 Fe(IH)
2.0 Mo(VI)

N-(p-chIorophenyI)-N-benzo-

O OH
/—\

'I

'

/—\

'(O/- c - N \O/ci
41

Metal

5.0 Ti(IV)
3MH2SO4
Cr(VI)
5.0 Fe(III)
2.0 Mo(VI)

N-(p-chlorophenyl)-N-pchlorobenzoO OH

Maximum
Recovery

Ref.

14.00%
57.50%
70.00%
96.00%

10.00%
57.50%
47.00%
83.00%

114

114

1.2.12. Research Objectives:

The

work

carried

out in this department in the

analytical application of hydroxamic acid functional group contains
aliphatic and or aromatic nucleus or the combination of the two, no
attempts have been done to prepare the functional hydroxamic of
more than a single aromatic nucleus.
In this work an attempt was made to prepare N-lnaphthyl benzohydroxamic acid with two fused benzene ring, and Nphenyl benzohydroxamic acid

and to investigate and compare their

extractive ability towards iron (III), chromium (VI) and uranium (VI)
at different pH values and different molar concentration, as well as
from synthetic sea water, and to study their spectrophotometric
properties if any.

2-EXPERIMENTAL AND RESULTS:H.1 Instrumentations:

•(1) Jenway pH-meter, Model 3030.
(2) Meller; Melting-point determination apparatus.
;(3) UV-Vis, Spectrophotometer, Perkin Elmer 550s.
(4) IR Spectrophotometer, Perkin Elmer 1330.
2.2 Chemicals:
¥

Nitrobenzene (AR), zinc dust (G.P.R), sodium chloride (AR),
\ concentrated sulphuric acid (AR), potassium sulphate (AR), manganese
[;• dioxide (AR), sodium hydroxide (AR), hydrochloric acid (AR), potassium
chloride (AR), potassium hydrogen phthalate, (AR), sodium hydrogen
k carbonate, (G.P.R.), boric acid (G.P.R), ammonia solution (28%), (AR), ferric
£ ammonium sulphate (AR), 8-hydroxyquinoline (AR), ethylene diamine
I tetraacetic acid, (EDTA) (AR), potassium dichromate (AR), uranyl acetate
[ (AR), potassium thtocyanate (AR), diphenylcarbazide (AR), naphthalene
I (G.P.R) were purchased from (B.D.H., U.K.). Diethyl ether, (A.R.), petroleum

G.P.R), benzene (AR), ethanol (AR), magnesium chloride (G.P.R), calcium
carbonate (G.P.R),

were purchased from (H.W.,U.K.), chloroform (G.P.R.),

from (May and Baker, U.K.), and ferrous sulphide (G.P.R), from (FSA- U.K.).
2.3 Reagents:

0.1 and 0.2M hydrochloric acid, 0.1 and 0.2M potassium chloride, 0.1
and 0.2M sodium hydroxide, 0.1M potassium hydrogen phthalate, 0.1M
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I potassium

hydrogen

phosphate,

potassium

thiocyanate

(20%),

X,

|biphenylcarbazide (1% in ethanol), 8-hydroxyquinoline (1% in chloroform), 1
1,2, and 3M sulphuric acid and 0.2M boric acid.
I 2.4 Preparation of intermediate compounds'.2.4.1 Preparation of nitronaphthalene:-

To a mixture of 40 cm 3 concentrated nitric acid and 40 cm 3 of

\

concentrated

sulphuric

acid was introduced 50g of finely powdered

naphthalene in small quantities at a time such that the temperature was
maintained at 45-50° C, after all the naphthalene had been added; the mixture
was wanned on a water bath at 55-60°C until the smell of naphthalene had
disappeared. The mixture was poured into 500 cm of cold water and the
nitronaphthalene sunk to the bottom. The clear liquid was decanted and the
solid cake was boiled with 300 cm3 of water for 20 min, the water was poured
away and the oil was transferred to a large volume of water and subjected to
steam distillation, the warmed contents of the flask were poured into a beaker
containing a large volume of water which was vigorously stirred, the
granulated

crystals of nitronaphthalene were filtered at the pump, well-

pressed and crystallized from dilute alcohol, the yield was 50 g, (78%) m.p
59.

NO

HNO

3

45-50'
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12.4.2 Preparation of N-1-naphthyl

hydroxylamine:

Twenty grams of 1 -nitronaphthalene were dissolved in 500 cm 3 absolute
^alcohol in a flask,

the flask was cooled in ice. The cooled solution was

^saturated successively by ammonia and hydrogen sulfide gasses until the
I golden yellow crystals of ammonium sulphide appeared. The flask was then
•i

|'kept in a freezing mixture for 24 hr. After that a large volume of ice water was
added. The yellow crystals of N-1-naphthyl hydroxylamine were filtered and
recrystallized from benzene and petroleum ether and used within 1 to 2 hours.
[ The melting point was 78.

S
NH,
2.4.3. Preparation

offy-phenylhydroxylamine:-

In a 1 dm 3 beaker, equipped with a thermometer and a mechanical
stirrer, 25 g of ammonium chloride were introduced, 800 cm 3 of water and
50g (41.8 cm3) of nitrobenzene was then added, and while the mixture was
stirred vigorously,

60 g of zinc powder were added in portions during about

15 minutes. The temperature was maintained between 60-65°C during the
course of the reaction until all the zinc had been added. Then the mixture was
stirred for further 15 minutes, or until the temperature commences to fall to
ensure the completion of the reduction. The solution was then filtered while
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I hot at a pump to remove the zinc oxide, washed with 100 cm 3 of hot water.
I;
| The filtrate was placed in a 1 dm 3 conical flask, saturated with 300 g of
I sodium chloride and cooled in

ice bath for 1 hour to ensure maximum

crystallization of the product. The yellow crystals were then filtered at a
jfBuchner funnel, the yield of p-phenylhydroxylamine was found to be 30.0 g
|(69%). m.p. 81.
NO
Zn

H O , NH4C1
ZnO.
55-65

2.5. Synthesis of hydroxamicacids'.
\; 2.5.1 Preparation ofN-1-naphthylhenzohydroxamic acid:\
\
Into a 500 cm3 three-necked flask equipped with stirrer, dropping
funnel, and thermometer, 100 cm 3 of diethyl ether, 10.9 g (0.1 mol) of freshly
crystallized N-1-naphthylhydroxylamine, and a fine suspension of 12.6 g (0.15
mol) of sodium bicarbonate in 25 cm 3 of water were added. After the mixture
was cooled to 0°C or lower, 9.5 g (0.1 mol) of benzoyl chloride dissolved in
100 cm 3 of diethyl ether was added dropwise over a period of 20-30 min.
Some of the product was precipitated as light yellowish solid while the ether
layer was separated and ether removed under vacuum. The light yellow
residue was combined with the precipitated solid, triturated for about 15 min
on a glass mortar with a saturated solution of sodium bicarbonate to remove
the acid impurities, filtered, and washed with cold water. The yield, m.p. 160,
was 70%. Two crystallizations from a mixture of benzene and petroleum ether
without the use of charcoal gave white needles, m.p. 164°C.
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2.5.2 Preparation of N-phenyl-N-benzohydroxamic acid:-

t

27.5 g (0.15 mole ) of freshly prepared p-phenyl hydroxylamine were

\ dissolved in 200 cm 3 of diethyl ether in 500 cm 3 beaker and mechanically
i

stirred in an ice bath at 0°C with a suspension of 38.0 g (0.45 mole) of sodium
[ hydrogen carbonate in 50 cm 3 of distilled water. 35.2 g (0.25 mole) of benzoyl
chloride, dissolved in 100 cm 3 of diethyl ether, placed in a dropping funnel
and added dropwise to the cooled mixture during a course of an hour. After
the benzoyl chloride had been added, the stirring was continued for further 30
min. The granular white precipitate was filtered under suction, washed with
water, dried and weighed 39.8g (74%). The product was recrystalized from a
mixture of benzene and petroleum ether, the yield of a white crystals was 35 g
(62%), 121"C.

NaHCO 3
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\ 2.6 Analysis of the acids :i2.6.1 Melting points:-

The melting points of the acids were determined using Mettler melting
*I point determining instrument, and it was found to be 121 and 164 for the N•f

'; phenyl-N-benzohydroxamic acid and N-l- naphthyl benzohydroxamic acid,
, respectively. The two readings were in accordance with the reported values.
2.6.2 Determination of the nitrogen contents:
About 5g of the acid were taken in a Kjeldahl flask and digested with 10
\ cm3 of concentrated sulphuric acid, 3.5 gm of potassium sulphate and 0.2 g of
manganese dioxide were added to the mixture. The mixture was then heated
until the organic matter was destroyed and the solution became clear. The
contents were cooled, diluted with 50 cm3 of distilled water and transferred
quantitatively into a distillation apparatus, few antipumping granules were
added, the end of the condenser was just dipped into a flask containing 100 of
0.1M hydrochloric acid. Excess sodium hydroxide was then added and the
mixture was heated to boiling. The distillation was continued until all the
ammonia gas was absorbed by the acid (15 min). The excess acid was titrated
against standard 0.1M sodium hydroxide solution.

%N

=
Weight of sample

Typical results of the determination of the nitrogen content of each of
the two hydroxamic acids were shown in Table 2.
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(Table 2 Determination of the nitrogen content of the hydroxamic acids

\

Hdroxamic

Weight of

NaOH used

Theoretical

Calculated

acid

sample (g)

(cm )

N%

N%

N-phenylbenzo-

0.5361

77.00

5.30

5.32

0.5115

80.00

5.30

5.32

0.4919

81.50

5.30

5.32

N-1-naphthyl

0.5227

75.60

6.53

6.57

benzo-

0.5109

76.10

6.55

6.57

0.4991

76.50

6.58

6.57

•

2.7. Preparation ofpHl

and pH 2:

670 cm of 0.2M hydrocholric acid and 250 cm of 0.2M cm of
potassium chloride were mixed and diluted to 1000 cm with distilled water to
give a solution having pH 1. Similarly pH 2 was prepared by mixing 65 cm
and 250 cm

of the reagent, respectively, and transferring to a one

dm volumetric flask and dilute to the mark with distilled water.
2.7.1. preparations of buffer solutions:

The pH of all the prepared buffer solutions, including pH 1 and pH 2
was adjusted to the proper pH value using the Jenway pH-meter, adding dilute
hydrochloric acid or dilute sodium hydroxide whenever necessary.
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Preparation ofpH3 andpHd :

Buffer 3, was prepared by mixing 670 cm of 0.2M hydrochloric acid
w>

3

3

tod 500 cm of 0.1 M potassium hydrogen phthalate in a 1000 cm volumetric
Bask and completed to the mark with distilled water.
Buffer 4 was prepared similarly, when 1 cm of 0.1M hydrochloric
|cid and

500 cm of 0.2M potassium hydrogen phthalate were mixed in a

11000 cm volumetric flask and completed to the mark with distilled water.
§2.7.3 Preparation ofpH5

andpH6:

Buffer 5 was prepared by mixing 226 cm of 0.1M sodium hydroxide
§with 500 cm of 0.1M potassium hydrogen phthalate in a 1000 cm volumetric
Iflask and completed to the mark with distilled water.
I

Buffer 6 was prepared by mixing 56 cm of 0.1M sodium hydroxide

Iwith 500 cm of

0.1M potassium hydrogen phosphate in a 1000 cm

[ volumetric flask and completed to the mark with distilled water.
\ 2.7.4Preparation ofpH 7:

This was prepared by mixing 291 cm of 0.1 M sodium hydroxide and
500 cm of potassium hydrogen phosphate in a 1000 cm volumetric flask
which was then completed to the mark with distilled water.

2.7.5 Preparation ofpH 8:

This was prepared by mixing 461 cm of 0.1M sodium hydroxide and
500 cm of 0.1M potassium hydrogen phosphate in a 1000 cm volumetric
flask which was then completed to the mark with distilled water.
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\2.7.6. Preparation

L

ofpH8.8:

This was prepared by mixing 250 cm of 0.2 M boric acid, 250 cm of

[ 0.2M potassium chloride and 82 cm of 0.2M sodium hydroxide in a 1000 cm
f volumetric flask which was then completed to the mark with distilled water.
2.7.7. Preparation ofpH 9:

This was prepared by mixing 208 cm of 0.1 M sodium hydroxide and
500 cm of 1:1 mixture of 0.1M potassium chloride and 0.1M boric acid in a
1000 cm

volumetric flask which was then completed to the mark with

distilled water.
2.8. Preparation of metal ions standard solutions
2.8.1. Preparation of chromium (VI) standard solution:

0.2826 g of potassium dichromate was taken and dissolved in distilled
water, transferred quantitatively to 1000 cm volumetric flask and completed
to the mark with distilled water, to give 100 ppm of chromium (VI).
2.8.2. Preparation ofiron(III) standard solution:

8.6443 g of ferric ammonium sulphate was dissolved in 200 cm3 of
distilled water, 10 cm3 of concentrated sulphuric acid were added and the
solution

was transferred quantitatively to 1000 cm3 volumetric flask and

completed to the mark with distilled water to make a 1000 ppm iron solution.
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I 2.8.3. Preparation of uranium (VI) standard solution:

I
0.8807 g of uranyl acetate was dissolved in distilled water, transferred
I quantitatively to 500 cm3 volumetric flask and completed to the mark with
t distilled water to make a 250 ppm uranium (VI) solution.
I 2.8.4. Preparation of synthetic sea-water
Synthetic sea-water was prepared by dissolving 23 g of sodium chloride,
f 5 g of magnesium chloride, 4 g of sodium sulphate, 1.1 g of calcium chloride
i-

' (from

calcium carbonate and hydrochloric acid), and 0.7 g of potassium

I chloride, in distilled water and quantitatively transferred to a 1000 cm3
volumetric flask and completed to the mark with distilled water. The pH of the
synthetic sea-water so prepared was adjusted to 7.5 and left

overnight, the

mixture was

The pH of the

', filtrate

was

then filtered from any precipitate that formed.
readjusted

to

3

to

prevent

the

growth

of

algae.

This synthetic sea-water approximates major cation concentration in actual
.

sea-water

(H9)

2.9. Preparation Of 0.5 % hydroxamic acid solutions in chloroform:

2.5 g of each hydroxamic acid was taken separately, dissolved in dry
chloroform, transferred

quantitatively into 500 cm3 volumetric flask and

completed to the mark with dry chloroform.
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12.10. Extraction of iron fill):f

'2.10.1. Construction of a calibration curve for iron(III) by the thiocyanate
i method:
A calibration curve was constructed by placing 0.5, 1.0, 1.5, 2.0 and 2.5
3

cm

3

3

of 100 ppm of iron (III) in 25 cm volumetric flask. 2.5 cm of 20%

[

3

! potassium thiocyanate was added to each flask, followed by 2 cm of 4M
; nitric acid, the solution was then completed to the mark with distilled water
\ and the absorbance was taken at 480 nm. The results were tabulated in Table 3
; and were graphically represented in figure 1.
2.10.2. Extraction of iron (III) with 0.5% hvdroxamic acid:

5 cm of 100 ppm iron (III) solution were pipetted into a series of nine
100 cm

separator/ funnels, 5 cm of 1M, 2M, 3M, and buffers from pH 1-6

were added to the separator/ funnels in the respective order. 10 cm of 0.5%
hydroxamic acid in chloroform were finally introduced. The contents were
shaken for about two minutes. The two layers were allowed to separate, the
aqueous layers were taken and kept for further analysis.
2.10.3. Determination of iron (III) in the aqueous layer by the thiocyanate
method:
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P

3

\:

3

2 cm of the aqueous layer were taken into 25 cm volumetric flask,

t, then 2 cm of 4M nitric acid were added, followed by 2.5 cm of 20%
potassium thiocyanate solution. The solution was then completed to the mark

with distilled water, the absorbance was read at 480 nm. The results are shown
in Tables 3 and 4 and represented graphically in figures 2 and 3.
2.10.4. Extraction of iron (IIP from synthetic sea water:

5 cm of synthetic sea water solution, containing 100 ppm iron (III)
were pipetted into a 100 cm separatory funnel, 5 cm of pH 5 were added to
the separatory funnel. 10 cm of 0.5% hydroxamic acid in chloroform were
finally

introduced. The contents were shaken for about two minutes. The

aqueous layer was separated and analyzed for the iron (III) ions using the
thiocyanate method, following the same procedure as in 2.10.3. The results are
shown in Tables 14 and 15 and they were represented graphically in figures 12
and 13.
2,10,5,

Suitability

of

the

N-1-naphthyl

benzohydroxamic

acid for

spectrophotometric determination of iorn (III):

A series of 2.0, 4.0, 6.0, 8.0, and 10.0 ppm of iron (III) standard
solution were prepared, 5 cm of each was transferred to a 100 cm separatory
funnel, then 5 cm of pH 4 were added and 10 cm of 0.5% N-1-naphthyl
benzohydroxamic acid were added, the contents were shaken for about two
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f minutes

and the absorbances were read at 480 nm. The results are shown in

|: Table 6 and they are represented graphically in figure 4.

Table 3 a calibration results for iron (III) determined
bv the thiocvanate Method
Concentration (ppm)

Absorbance

0.00

0.000

2.00

0.481

4.00

0.966

6.00

1.493

8.00

2.000

10.0

2.441

Table 4 extraction results of iron (III) with
N-1-naphthyl -N-benzohydroxamic acid
Condition

Absorbance

% extraction

1M

1.000

0.000

2M

0.976

0.000

3M

0.951

2.500

pHl

1.004

0.000

pH2

0.858

7.500

pH3

0.242

77.500

55

pH4

0.082

92.250

pH5

0.102

91.250

pH6

0.153

87.500

Table 5 Extraction results of iron (III) with
N-phenyl-N-benzohydroxamic acid.
Condition

Absorbance

% extraction

1M

0.895

10.0

2M

0.945

5.0

3M

0.951

5.0

pHl

0.559

45.0

pH2

0.461

55.0

pH3

0.073

95.0

pH4

0.044

97.5

pH5

0.021

100.0

pH6

0.606

40.0

Table 6 Spectrophotometric results ofiron(III) determined
by the N-l- naphthyl benzohydroxamic acid as a reagent
Concentration (ppm)

Absorbance

0.00

0.000

2.00

0.340

56

4.00

0.521

6.00

0.793

8.00

1.020

10.00

1.280

57

Figure 1 Caliberation curve for the determination of
iron (III) with the thiocyanate method.
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10

Figure 2, % Extraction curve of iron (III) with N-1- naphthyl
benzo hydroxamic acid
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Figure 3 % Extraction curve of iron (III) with N-phenyl benzo
hydroxamic acid
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Figure 4 spectrophotometric determination of iron (III)
with N-1 -naphthyl benzo hydroxaniic acid at pH 4

Concentration(ppm)
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2.11. Extraction of chromium (VI):
2.11.1.

Construction

of a calibration curve for

Cr( VI) by the

diphenylcarbazide Method:-

A calibration curve was constructed by transferring 2.5 , 5.0 , 7.5 ,
10.0 and 12.5 cm of 1 ppm Cr (VI) solution into five 25 cm volumetric
flasks, respectively. 5 cm of 1M sulphuric acid were added to each flask
and lcm

of 1%

ethanolic solution of diphenylcarbazide containing 6

drops of concentrated sulphuric acid per 100 cm were added to each
flask. The solution was then completed to the mark with distilled water,
left to stand for about 5 min for complete colour development. The
absorpance was read at 540 nm. Results are shown in Table 5 and they
are represented graphically in figure 5.
2.11.2 Extraction of chromium (VI) with 0.5% hydroxatnic acid:5.0 cm 3 of 20 ppm chromium (VI) solution were pipetted into a
series of nine, 100 cm 3 separatory funnels, 5.0 cm 3 of 1, 2, 3M sulphuric
acid

and 5.0 cm3 of buffers from 1 to 6 were added to the flasks,

respectively, then 10 cm 3 of 0.5% hydroxamic acid were introduced, the
contents were gently shaken for two minutes. The two layers were
allowed to separate and the aqeuous layers were kept for further analysis.
2.11.3. Determination of chromium (VI) in the aqueous layer by the
diphenylcarbazide method:

1.0 cm 3 from each aqueous layer separated in 2.11.2, was taken
into 25 cm 3 volumetric flask. To each flask, 5.0 cm 3 of 1M sulphuric
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acid and 1.0 cm 3 of diphenylcarbazide were added, then completed to the
mark with distilled water, left for five minutes to ensure maximum
colour devolopment and the absorpances were read at 540 nm. The
results are shown in Tables 8, and 9 and representeed graphically in
figures 6 and 7.
2.11.4. Extraction of chromium (VI) from synthetic sea water:

5 cm

of synthetic sea water solution,

containing 20 ppm

chromium (VI)) were pipetted into a 100 cm separatory funnel, 5 cm of
3M sulphuric acid were added to the separatory funnel. 10 cm of 0.5%
hydroxamic acid in chloroform were finally introduced. The contents
were shaken for about two minutes, allowed to stand for about five
minutes to ensure maximum colour devolopment, then the aqueous layer
was

separated and analyzed for the chromium (VI)

diphenylcarbazide

ions using the

method, following the same procedure as in 2.11.3.

The results are shown in Tables 14 and 15 and they are graphically
represented in figures 12 and 13.
2.11.5. Suitability

of the N-1-naphthyl benzo hydroxamic acid for

spectrophotometric determination of chromium (VI):

A series

of 0.2, 0.4, 0.6, 0.8 and 1.0 ppm of chromium(VI)

solution, were extracted with the acid and at the maximum extraction
conditions,

i.e. 3M sulphuric acid. The extraction was performed as in

2.11.2, and the aqueous layers were taken and analyzed as in 2.11.3, and
the reasults are shown in Table 10 and they are graphicallly represented
in figure 8.
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Table 7 a calibration curve for chromium (VI)
determined by diphenylcarbazide
Concentration (ppm)

Absorbance

0.00

0.000

0.10

0.053

0.20

0.103

0.30

0.172

0.40

0.243

0.50

0.264

Table 8 Extraction results of chromium (VI) with
N-phenyl -N-benzohydroxamic acid
Condition

Absorbance

% extraction

1M

0.010

85.00

2M

0.007

93.75

3M

0.012

94.25

pHl

0.129

37.25

pH2

0.162

22.50

pH3

0.170

09.00

pH4

0.161

22.50

pH5

0.144

32.50

pH6

0.172

17.50
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Table 9 Extraction results of chromium(VI) with
N-1-Naphthyl benzohydroxamic acid
Condition

Absorbance

% extraction

1M

0.005

95.00

2M

0.012

91.25

3M

0.006

97.50

pHl

0.006

95.00

pH2

0.089

92.50

pH3

0.106

47.50

pH4

0.125

40.00

pH5

0.045

67.50

pH6

0.016

66.25

Table 10 Spectrophotometric results of chromium (VI) determined
by the N-1-naphthyl benzo hydroxamic acid as a reagent.
Concentration (ppm)

Absorbance

0.00

0.000

0.10

0.009

0.20

0.021

0.30

0.031

0.40

0.035

0.50

0.044
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Figure 5 calibration curve for chromium (VI) determmed
with diphenylcarabzide
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Figure 6, % Extraction curve of chromium (VI) with
N-l- Naphthyl benzo hydroxamic acid
110
100
90
80

a
.2 7 0
«60
u

:

s*

~~—A

5

6

\

/
30
20
10

0

2

;3

pH

66

4

Figure 7, % extraction curve of chromium (VI) with
N-Phenyl-N-Benzohydroxamic acid
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Figure 8 spectrophotometric determination of chromium (VI)
by N-1-naphthyl benzo hydroxamic acid
at 3M sulphuric acid
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0.4

0.5

2.12. Extraction of uranium (VI):
2.12.1 Preparation of standard calibration curve:

A calibration curve of uranium (VI) was constructed by placing 1, 2, 3,
4 and

5 cm 3 of 50 ppm uranium solution into a series of ten, 100 cm 3

separatory funnels,

then 10 cm of 8.8 buffer and 5.0 cm3 of 0.02M

ethylene diamine tetraacetic acid (EDTA) were added to each separatory
funnel and the volume was completed to 25 cm 3 with distilled water, the
solutions were gently shaken for two minutes with 10, 10 and 5.0 cm 3 of
1.0 % (w/v) 8-hydroxyquanoline in chloroform. The organic layers were
collected in 25.0 cm 3 volumetric flask and completed to the mark with
chloroform. The absorbance of hydroxyquinoline-uranium (VI) complex of
the standard solution were read at 400 nm and the results are shown in Table
11 and they are represented graphically in figure 9.
2.12.2. Extraction of uranium (VI) with 0.5% hydroxamic acid:-

5.0 cm 3 of 250 ppm uranium (VI) solution were pipetted into a series
of nine, 100 cm 3 separatory funnels, 5.0 cm3 of buffer solution of pH 1 to 9
were added to the flasks, respectively, and finally 10.0 cm 3 of the
hydroxamic acid solution were introduced, the contents were shaken for two
minutes, the two layers were

allowed to separate and the aqueous layers

were kept for further analysis.
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2.12.3. Determination of uranium (VI) in the aqueous layer by the
8-hydroxyquinoline method:

1.0 cm 3 from each aqueous layer separated in 2.12.2, was pipetted
into a series of nine, 100 cm 3 separatory funnels. Acidic solution were
neutralized with 0.1M sodium hydroxide and 10 cm 3 of 8.8 buffer solution
were added and 5.0 cm 3 of 0.02M EDTA were added and the volume was
completed

to 25.0 cm with distilled water. The yellow

solution was

extracted with 10.0, 10.0 and 5 cm 3 8-hydroxyquinoline in chloroform. The
organic extracts were collected in 25 cm3 volumetric flasks, completed to
the mark with chloroform, the absorbance was read at 400 nm, and the
results are shown in Tables 12 and 13 and they are represented graphically
in figures 10 and 11.
2.12.4. Extraction of uranium (VI) from synthetic sea water:

5 cm of synthetic sea water solution, containing 250 ppm uranium
(VI) were pipetted into a 100 cm separatory funnel, 5 cm of pH 8 were
added to the separatory funnel. 10 cm of
chloroform were finally

0.5% hydroxamic acid in

introduced. The contents were shaken for about

two minutes. The aqueous layer was separated and analyzed for the uranium
(VI) ions using the 8-hydroxyqumoline

method, following the same

procedure as in 2.12.3. The results are shown in Tables 14 and 15 and they
are represented graphically in figures 12 and 13.
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Table 11 Calibration results for the determination of uranium (VI)
by the 8-hydroxyquinoline Method.
Concentration (ppm)

Absorbance

0.00

0.000

2.00

0.063

4.00

0.112

6.00

0.171

8.00

0.239

10.0

0.283

Table 12 Extraction results of uranium (VI) with N-1-naphthyl benzo
hvdroxamic acid
Condition

Absorbance

% extraction

pHl

0.159

0.00

pH2

0.160

0.00

pH3

0.147

0.00

pH4

0.150

0.00

pH5

0.160

0.00

pH6

0.003

96.00

pH7

0.001

100.00

pH8

0.009

92.00

pH9

0.018

60.00
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Table 13 Extraction results of uranium (VI) with N-phenyl benzo
hvdroxamic acid
Condition

Absorbance

% extraction

pHl

0.159

0.00

pH2

0.165

0.00

pH3

0.140

0.00

pH4

0.139

0.00

pH5

0.145

0.00

pH6

0.018

60.00

pH7

0.011

85.00

pH8

0.012

85.00

pH9

0.059

15.00

Table 14 Extraction results of the metal ions with N-l-naphthyl benzo
hydroxamic acid from synthetic sea water.
Metal ion

Condition

Absorbance

% Extraction

Fe (III)

pH4

0.451

50.00

Cr (VI)

3M H2SO4

0.005

100.00

U(VI)

pH7

0.063

54.00

Table 15 Extraction results of the metal ions with N-phenyl benzo
hydroxamic acid from synthetic sea water.
Metal ion

Condition

Absorbance

% Extraction

Fe (III)

pH4

0.002

100.00

Cr(VI)

3M H2SO4

0.006

97.75

U (VI)

pH7

0.048

65.00
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Figure 9 Calibration curve for uranium (VI) determined
with the 8-hydroxyquinoline method
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Figure 10, % Extraction of uranium (VI) with
N-l -Naphthyl benzo hydroxamic acid.
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Figure 1 1 , % extraction of uranium (VI) with
N-phenylbenzo hydroxamic acid
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Figure 12, % Extraction of metal ions with
N-1- naphthyl benzo hydroxamic acid.
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Figure 13, % Extraction of metal ions with
N-phenyl benzo hydroxamic acid.
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3.0 Discussion
3.1. preparation:-

Two acids; the N-phenyl benzo- and the N-1-naphthyl
benzohydroxamic acids were prepared following the modified procedure of
Tandon from the coupling reaction between an equimolar quantities of the
hydroxylamines and benzoyl chloride in diethyl ether and a suspension of
sodium hydrogen carbonate with an average yield of 60 %.
Equimolar quantities of both the acid chloride and the hydroxylamine were
always used, because the excess acid chloride leads to diderivative products
which presents a real problem when comes to isolate the desired mono
derivative. While if the hydroxylamine is in excess the product contaminates
with the decomposition products of the unreacted hydroxylamine (a-effect).
sodium hydrogen carbonate was used here to neutralize the evolved
hydrogen chloride gas and to keep the medium slightly alkaline

to

facilitate the extraction of the desired mono derivative in the aqueous layer
in stead of using a tedious, time consuming method of extracting the product
by a base.
Although the use of an aqueous suspension of sodium hydrogen
carbonate may seem to be objectionable on the basis of acid
hydrolysis, Tandon and co-workers

chloride

found that this rate was extremely

low, and they were attributed that to the presence of diethyl ether which is
immiscible with water and to the lower temperature at which the reaction
A

•

^

was conducted
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N-phenylhydroxamine was prepared by the partial reduction of the
\ nitrobenzene

using

ammonium chloride and zinc dust, while N-l-

naphthylhydroxylamine was prepared differently, since the above condition
leads to the fully reduced aminodervative, so the partial reduction of 1nitronaphthalene was conducted by successively saturating its ethanolic
solution with ammonia and hydrogen sulphide gasses; a pair that is milder
than the zinc dust- ammonium chloride one. The reaction was carried out at
low temperature to ensure maximum absorption of the two gasses.
3.2. Characterization:

The two acids were identified by their characteristic colour reaction
with acidic vanadium (V) and iron (III) solutions. Their melting points
which they were in accordance with the literature values

, their infra red

functional group frequencies and finally their elemental analysis; namely,
the determination

of the nitrogen contents which was determined in the

laboratory through the khjeldal method.
3.3 Suitability of the acids for spectrophotometric determination of the
elements :

Only the N-1 -naphthyl benzohydroxamic acid gave an intense red and
yellow colours with iron (III) and chromium (VI) respectively, therefore it
was tried to use them as a spectrophotometric reagent for the determination
of these metal ions. It was found to be a less sensitive agent compared to the
standard

thiocyanate and diphenylcarbazide methods, which they give

higher slope

value than that given by this reagent. The slope given by the

thiocyanate in the determination of iron (III) is 1.2 compared to only 0.788
when using the acid, and it was 1.133 in the determination of chromium (VI)
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using the diphenylcarbazide reagent compared to only 0.226 when the acid
was used. The other acid also gave the same colour set with the above metal
ions, but it was not as intense as that given by the N-1-naphthyl
benzohydroxamic acid, so it was excluded in the spectrophotometric trials
in the determination of them.
3.4 Extraction of the metal ions:-

The two acids were found to extract iron (III) efficiently at pH 4 and
pH 5 while chromium (VI) was found to be extracted at 3M sulphuric acid
and uranium (VI) at pH 7 and pH 8.
The extraction was performed by

dissolving the hydroxamic acid in

chloroform and extracting the metal ions from an aqueous solution of a
known molar concentration or a known pH value. The content of the metal
being taken by the acid was calculated by difference after the analysis of the
aqueous layers, which was achieved by different standard methods
depending on the metal ion being determined.
The maximum recovery of chromium (VI) was found to be 94.25% at
3M sulphuric acid when using the N-phenyl benzohydroxamic acid,
increasing to 97.75% when the metal ion was extracted from synthetic sea
water. While it was 97.5% at the same molar concentration when using the
other acid, increasing to 100.0% when the metal ion was extracted from
synthetic sea water, replacing the phenyl by the naphthyl group have only
slight effect on increasing the percent recoveiy of the metal ion, but it has an
effect that the recovery of the metal ion was increased at the pH site see
Tables and 9.
The maximum recovery of iron (III) was found to be 97.5% at pH 4,
when using the N-phenyl benzohydroxamic acid, increasing to 100.0%
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when the metal ion was extracted from synthetic sea water. While it was
92.25 at pH 4, when using the other acid, dropping to 50.0 % when the
metal ion was extracted from synthetic sea water.
The maximum recovery of uranium (VI) was found to be 85.0 % at
pH 7 and pH 8 when using the N-phenyl benzohydroxamic acid, dropping
to 65% when the metal ion was extracted from synthetic sea water. While it
was 100% at pH 7, when using the other acid, dropping to 54% when the
metal ion was extracted from synthetic sea water.
Recovery of chromium (VI) from synthetic sea water was high
because at 3M sulphuric acid, only the chromium ion was extracted, while
iorn (III) was only extracted to a maximum of 5 % at the same condition.
Recovery of iron (III) from synthetic sea water is expected to
decrease at pH 4, because
extent

at

the

same

pH

chromium ion was extracted to a considerable
reaching

40%

with

the

N-1-naphthyl

benzohydroxamic acid.
Similarly, the recovery of uranium (VI) from synthetic sea water was
expected to decrease because both the chromium (VI) and the iorn (III) ions
were found to be extracted to a considerable extent at pH 7; the pH at which
maximum extraction of uranium was obtained.

3.5. Conclusion:

Beside the extension of this work to study the stability constants,
crystal structure,

the rate of metal complex formation, and the biological

activities of the prepared acids, one can suggest that a number of new acids
based on the naphthyl group could be prepared, and used for the same
purpose.
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