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Abstract

Two aliphatic hydroxamic acids were prepared:

(A) N-phenyl-n-butyrohydroxamic acid

(B) N-p-tolyl-n-buryrohydroxamic acid

by (he reaction of B-phenylhydroxylamine and p-tolylhydroxylamine with

n-butyryl chloride.

The acids were identified by: their melting points, characteristic

reactions with acidic solutions of vanadium (V) and iron (III), infrared

spectroscopy, nitrogen content and molecular weight determination.

The extractability of these acids towards Cr (VI), Cu (II), Fe (III) and

U (VI) were investigated at different pH values and molar acid concentrations.

N-phenyl-n-butyrohydroxamic acid has a maximum extraction

(98.80 %) for Cr (VI) at 4 M H2SO4, (83.25 %) for Cu (II) at pH 6, (99.17 %)

for Fe (III) at pH 5 and (99.76%) at 4 M HN03 for U (VI) respectively. N-p-

tolyl-n-butyrohydroxamic acid has a maximum extraction (98.40 %) for Cr

(VI) at 4 M H2SO4, (81.30 %) for Cu (II) at pH 6, (92.80 %) for Fe (III) at pH 5

and (99.64 %) for U (VI) at 4 M HNO3, respectively.

The ratios of the metal to ligands were determined by Job method

(continuous variation method) and were found to be 1:2 for Cr (VI) and U (VI).
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(%99.17) ,6 ̂ ^ j j ^ — l l ŜjB AID o-lajll (%83.25) l f 4 cuj

.j. 4 4U1 -^ o^ ^> ji—^JJ - ^ CAH'JJ^1 (0//° 99.76)J 5 (jiii

,f 4 Cyjj—SJI o i ^ jAjl ±c fJ>U (%98.40) : JtillS (u) o^-UJl cf
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1. Introduction

1.1 Analytical chemistry:

Analytical chemistry is the science and art of determining the composition

of materials in terms of the elements or compounds which they contain(1). Its

application in science is of great value (2). Historically, the development of

analytical methods has followed closely the introduction of new measuring

instruments. Analytical chemistry fundamental concepts are quality, quantity and

structure(3).

1.1.1 Qualitative analysis:

Qualitative analysis helps us to know whether our prediction for the nature

of the component is true or false. Qualitative analysis is useful in learning about

properties of substances and compounds with addition to their behaviour in

different reaction media(1).

1.1.2 Quantitative analysis:

Quantitative analysis determines the ratio between the components of the

sample. At first, analytical chemistry could be applied only quantitatively;

gravimetric and volumetric methods remained for many years the only quantitative

procedures available for nearly all analysis.

Quantitative analysis consists of measuring a physical property, which is

concentration dependent, so quantitative analysis can not be separated from

physical methods of analysis (2). The great development in measuring physical

properties leads to a wide variety of methods and established accurate results.

Much worthy research has been dedicated to the development of more different

methods of estimation<4).



1.1.3 Structural analysis:

Structural analysis is the science of recognizing the structure of the

molecules present in the substance in question(1).

1.2 Analytical Separations:

Analytical separation is the isolation of the species of interest from the

sample. Separation technique represents the cornerstone in any analytical process.

Recent advances in analytical chemistry are characterized by great progress

toward more powerful methods of separations (4). The physical and chemical

properties upon which analytical methods are based are seldom, if ever, entirely

specific. Instead, these properties are shared by numerous species; as a

consequence, the elimination of interference is more often the rule than the

exception in quantitative analysis (5).

All analytical methods as mentioned are based upon the measurement of

some physical quantity X that varies with the concentration CA of the analyte (2'l).

Ideally, the relationship between these two quantities is linear that is,

CA = KX

where K is a proportionality constant. Analytical methods require the empirical

determination of K. employing chemical standards, for which CA is known. The

process of determining K is an important step in most analysis and is termed

calibration.

1.2.1 Selection of separation methods:

There are no specific rules for selection of separation methods, but can be

estimated experimentally. The selection of separation technique depends on the

measurements operation, the nature and the amount of the component, the time

restrictions, the precision required and cost(6).



1.3 Solvent Extraction:

Solvent extraction is the distribution of a solute between two immiscible

phases, so can be treated by the law of mass action.

Equilibrium constants for this process vary enormously among solutes; thus

making possible many useful separations based on extraction (5). Gibb's classical

phase rule states that: from all phase distributions:

P + V = C + 2

where P is the number of phases, V is the variance or degree of freedom and C the

number of components. At constant temperature and pressure, the rule predicts a

variance of unity. Hence, there will be definite relation between the solute

concentrations in each of the solvent phases, which is quantitatively described in

the distribution law(4).

1.3.1 Solvent Extraction Terminology and General Considerations:

1.3.1.1 Distribution coefficient or partition coefficient:

If we assume that the solute species A distribute itself between an aqueous

and an organic phase, the resulting equilibrium may be written as:

org

where the subscripts (aq) and (org) refer to the aqueous and organic phases,

respectively. Ideally, the ratio of the activities of A in the two phases will be

constant and independent of the total quantity of A. That is, at any given

temperature

K = [Ao r g]/[Aa q] = C o r g /C a q (1)

where the equilibrium constant K is the partition coefficient or distribution

coefficient.

The solute may exist in different states of aggregation in the two solvents.

Then, the equilibrium becomes:

x(Ay)aq



and the partition coefficient takes the form:

K = [(Ax)

[(Ay) aq]x

1.3.1.2 Completeness of extraction (7):

The completeness of extraction depends not only on the value of the

distribution or partition coefficient, but also on the volumes of phases and the

number of extractions.

A solute can be quantitatively removed by one extraction when the value of

the distribution ratio is great. Suppose that Vorg cm3 of the organic solvent was

used to extract a solute A from Vaqcm3 water. Suppose further that the number of

total moles of A = Ao moles, the number of moles of A in the organic phase =

moles Aorg and the number of moles in the aqueous phase after equilibrium equal

moles Aaq. So the concentrations of A in the two phases after equilibrium equal:

[Aaq] = moles Aaq

» aq

[Aorg] = moles of Aorg = moles Ao - moles Aaq

V V
v org v org

By substitution of these quantities in equation (1) we obtain the number of moles

remaining in the aqueous phase after one extraction qi as follows:

= moles Aaq = moles Aaq

moles Ao moles Aaq + moles Aorg

[Aaq] Vaq

[Aaq] Vaq +[Aorg] Vorg

Multiplied by [Aaq] we have:

q, - Vaq = (Vaq / (Vaq + K Vorg)) Ao (2)

Vaq + ([Aorg]] / [Aaq]) Vorg



The number of moles remaining after a second extraction with identical

volumes of solvent will, by the same reasoning,, be:

q2 = [Va q /(Va q+KVo r g)]2Ao

After n extractions, the number of moles remaining is given by the

expression:

qn = [Vaq/(Vaq+KVorg)]n Ao (3)

Equation (3) can be rewritten in terms of the initial and final aqueous

concentrations of A by substituting the relationships

An = [AaqJn and Ao = [Aaq]0 Vaq

where [Aaq] is the concentration in the aqueous phase after n extractions.

Substitution of these relationships into equation (3) gives

[Aaq]n = (Vaq / (Vaq + KVorg))
n [Aaq]0 (4)

1.3.1.3 Percentage extracted (% E):

Percentage extracted (% E) is related to the distribution ratio, D by the

following equation (4)

%E-100D/(D+[V o r g /V a q ) ]

When the volumes are equal

% E = 100D/ (D+l )

1.3.1.4 Separation factor (P):

Separation factor (P) is the ratio of respective distribution coefficient of the

two solutes measured under the same conditions

P = DA/DB

where A and B represent the respective solutes.



•1.3.1.5 Optimum ratio:

Optimum ratio is given by Bush-Denson equation:

Vo r g /V a q=l/(DADB)1 / 2

1.3.2 Extraction process:

The ionizable proton in the chelating agent is displaced by the metal ion

when the chelate is formed, and the charge on the organic compound neutralized

the charge on the metal ion.

Extraction process consists of four-equilibrium steps (8):

Aqueous phase

H++ R"

(HR)aq nR + M ^ - ^ - (MRn)
a q

(HR>org (MRn)o rg

Organic phase

First step, the chelating HR distributes between the two phases:

(HR)org *̂* (HR)aq

distribution coefficient of the reagent = KDHR = [HR]org/ [HR]aq (5)

Second, the reagent in the aqueous phase ionizes

HR ^ H+ + R"

The ionizing constant equals
Ka = [Hf [R]7 [HR] (6)

Third, the metal ion chelates combine with the anion to form uncharged

molecule (chelate)

Mn+ + nR' \ MRn

The formation constant equals:



Kf=[MRn]/[M'+][RT- (7)

Finally, the chelate distributes between the two phases:

(MRn)aq ^ — ^ (MRn)org

The distribution coefficient of the chelate equals:

KDMRn = [MR,,]org / [MRJaq (8)

Assuming that the chelate portion of the metal distributes largely into the

organic phase and that the chelate is essentially undissociated in the non polar

organic solvent, the distribution ratio D is given by:

D = [MRn]org/[M
n+]aq (9)

By substituting the appropriate equilibrium concentrations from equation (5)

through (8) into equation (9), the following equation can be derived

D = KDMRnKiKn
Bx [HR]n

org / KnDHR * [H+]n
aq

= Kx[HR]n
org/[HTaq (10)

From equation (10), the distribution ratio is independent on the

concentration of the metal ion and affected only by changing the reagent

concentration or pH (9). The more stable the chelate the greater the extraction

efficiency, but chelate stability decreases as the reagent acidity increases.

From equation (10), if reagent concentration remains virtually constant then:

D = K* + [H + ]"a (11)

Where K* = K * [HR]"org and the percentage of solute extracted (E) is given by:

log Ex log(100-E) = logD = logK* + npH (12)

where n is the charge of the metal.

The distribution of the metal in a given system is a function of the pH

alone.

If pH|,2 is defined as the pH value at 50% extraction (% E = 50), from

equation (12)

pHl/2=-l/nlogK* (13)

The difference in the pH1/2 values of two metal ions in a specific system is

a measure of the separability of these two ions.



1.3.3 Types of extraction procedures (4>5)-

1.3.3.1 Simple extraction:

A separation by extraction can be a simple process, provided partition

coefficient of order 10 or greater.

1.3.3.2 Exhaustive or continuous extraction:

A relatively simple apparatus permits continuous extraction of a solution

automatically. Such apparatus is useful for the removal of extractable components

from those with partition ratios that approach zero.

Even components with relatively unfavourable partition ratios will be

separated after an extraction period of several hours.

1.3.3.3 Countercurrent fractionation(10):

Automated devices have been developed that permit 200 or more

successive extractions to be performed mechanically. The countercurrent method

permits separation of components with nearly identical partition ratios. For

example, Craig (l0) has demonstrated that 10 amino acids can be separated by

coimtercurrent extraction even though their partition coefficients differ by less

than 0.1.

1.3.4 Some techniques in Extraction(4):

1.3.4.1 Choice of solvent:

The most important consideration in the selection of a solvent for use in a

particular extraction procedure is the extractability of the element of interest. The

choice of solvent for extraction is governed by the following factors:

I. A high distribution ratio for the solute and a low distribution ratio for

undesirable impurities;

II. Low solubility in the aqueous phase;



.III. Sufficient low density and viscosity;

IV. Ease of stripping by chemical reagents from the solvent;

V. Low toxicity and inflammability;

VI. Cost and availability.

Sometimes mixed solvents may be used to improve the above

properties(" \

1.3.4.2 Stripping:

Stripping is the removal of the extracted solute from the organic phase for

further preparation for the estimation step of the analysis; chemically or physically

depending on the volatility of the organic solvent.

1.3.4.3 Variation of oxidation state:

Variation of oxidation state is a useful method of increasing the

selectivity of an extraction that involves modification of the oxidation states of

some of the ions present in solution in order to prevent the formation of a metal

complex unnecessary for extraction. Conversely, it is important in the preparation

of a solution for extraction to adjust an ion to the proper valence state required for

formation of the complex in order to ensure complete extraction of that element.

1.3.4.4 Use of masking agents:

Masking is of course necessitated by the presence of foreign metals that

would otherwise react with the extracting agent at the same pH region, or possibly

a lower one, as would the metal of interest. In solvent extraction, masking agents

are used to prevent certain metals from forming extractable complexes and thus to

increase the selectivity of the extraction methods in which masking is employed.



l.3'.5 Analytical application of solvent extraction:

Solvent extraction has a wide range of applications in analytical

chemistry(l2):

I. A useful metal separation technique;

II. Plays an important role in purification of chemical reagents and

semiconductors; useful for processing of nuclear fuel;

III. Applicable as a method of studying chemical processes those proceed

in aqueous solutions such as hydrolysis, association, dissociation,

polymerization and complexation.

1.3.6 Advantages of solvent extraction:

Solvent extraction has the following advantages (13):

I. Simplicity and wide scope, by using a separatory funnel for just a few minutes

at most.

II. The separations are clean, due to the relative small interfacial between the two

liquid phases, avoids any effects analogous to undesirable coprecipitation

phenomena;

III. High selectivity, applicable for spectrophotometric determinations in case of

colour extracts.

1.4 Photometric studies of complex ions:

They are the most common techniques employed for complex ions studies:

1.4.1 The method of continuous variation (14):

In continuous variation method, suggested by Job volumes of solutions

with identical analytical concentrations of the cation and the ligand are mixed in

such away that the total volume is the same. The absorpance of each solution is

then measured at a suitable wavelength.

10



The absorpance is plotted against the volume fraction-(whicb is equal to the

mole fraction) of one reactant; that is, VM/(VM+VL) where VM is the volume of the

cation solution and VL that of the ligand.

A plot of the absorpance with respect to VM / (VM+VL) suppose to be linear,

but the curvature of the plotted line is the result of incompleteness of the complex-

formation reaction.

1.4.2 The slope-ratio method:

The slope-ratio method is applicable only to systems in which a single

complex is formed. The method assumes that the complex-formation reaction can

be forced to completion in the presence of a large excess of either reactant and

that Beer's law is followed under these circumstances.

In the first series various amount of metal ion are added to a large excess

of the reagent, while in the second series different quantities of reagent are added

to a large excess of metal ion. The absorpance of the solutions in each series is

measured and plotted versus the concentration of the variable component.

The combining ratio of the component in the complex is equal to the ratio

of the slopes of the two straight lines.

1.4.3 The mole-ratio method:

In this method a series of solutions is prepared in which the analytical

concentration of one reactant (usually the cation) is held constant while that the

other is varied. A plot of the absorpance versus the mole ratio of the reactants is

then prepared. Two straight lines are obtained; the intersection occurs at a mole

ratio that corresponds to the combining ratio in the complex.
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1.5 Organic analytical reagents:

Analytical chemistry is always co-operating with organic chemistry. The

possibility of directing synthetic methods of new compounds used as analytical

reagents has ensured this co-operation(l5).

Organic analytical reagents are of importance in quantitative inorganic

analysis both in separation techniques and in the final determination of elements

for their considerable sensitivity towards metal ions (16).

The gall nut liquid reported as the first analytical organic reagent, which

was recommended by Pliney for identification of iron ( l7). Dimethyl glycoxime is

regarded as one of the first analytical useful reagents.

Tartazine is an example of an organic reagent used in the gravimetric

determination of zirconium (IV)(l8).

Methyl red is highly sensitive reagent for spectrophotometric determination

of palladium (II)(19).

Also cupferron (20):

is one of the best known organic reagents which form extractable chelates with

many metals, such as copper and ferric and hence its name.

/ N H - N H - C 6 H 5 / N = N-C 6 H 5

O=C O=C
N N H - N H - C 6 H 5

 N N H - N H - C 6 H 5

(I) («)

Sym-diphenylcarbazide (1,5-diphenylcarbazide) (I) and diphenylcarbazone

(phenylazoformic acid 2-phenylhydrazide) (II) is chiefly of interest because of the

veiy sensitive color reaction they give with Cr (VI) in mineral acid solution.

12



Relatively recent work has shown that the coloured species is a chelate of

Cr (III) (formed by reduction of Cr (VI) by diphenylcarbazide and diphenyl-

carbazone, namely Cr(HL)2
+, diphenylcarbazone being H2L and diphenyl-

carbazide R,L(2I)).

Diphenylcarbazide is also a reagent for renium, technetium (IV),

aurum (III) and selenium (IV).

8-hydroxyquinoline:

OH

This compound is also known as 8-quinolinol and commonly called oxine (HOx)

by analysts. Oxine forms chelates with most metals e.g. iron (III), vanadium (V),

thorium, copper (II), nickel, cobalt, bismuth, tellurium (III), indium, gallium,

aluminium, uranium (VI) and molybdenum (VI)(2l).

Shome (22) suggested N-benzoylphenylhydroxylamine as a precipitant

reagent for gravimetric determination of Cu (II), Fe (III) and Al (III) which can be

weighed but titanium (IV) compound must be ignited to oxide. Tri-n-butyl-

phosphate is one of the most versatile and frequently used extractants employed in

analytical separation chemistry \

Also hydroxamic acids having a phenyl group have been found to be most

useful reagents for gravimetric estimation of metals like copper (II), nickel,

cobalt (II), manganese (II), cadmium, titanium (IV), zirconium (IV), iron (III),

vanadium (V), uranium (VI), niobium (V) and tantalum (V)<24).

1.5.1 Some properties of organic analytical reagents:

For analytical applications, reagents are usually chosen that their acid and

basic groups are in such proper positions so as to form five or six-membered

chelating rings (25).

13



Nitrogen, otfygen ' and sulfur atoms are the groups that take part in

formation of chelate rings (26). Actually, there are no specific reagents. Selectivity

of organic reagents towards different metal ions is built on the differences in

physical and chemical properties of the reaction products.

The selectivity of the reactions often increases as the functional groups that

form chelate through oxygen atoms are changed to those chelating through one

oxygen and one nitrogen atom and further when chelation is through two nitrogen

atoms (27). Also, steric factors govern the stability of chelates and further more the

selectivity of reactions.

1.6 Hydroxamic acids:

Although hydroxamic acids have been known for over a century(28) and a

considerable literature exists on the subject, the study of their chemistry and

practical applications began in 1869 when H. Lossen isolated oxalohydroxamic

acid from reaction products of ethyl oxalate and hydroxylamine(29).

Later he obtained a mixture of mono-, di- and tri-benzohydroxamic acid

derivatives from the reaction of hydroxylamine via benzoyl chloride (30).

The pioneering efforts of Werner, Jones and Hurd(3I) helped to understand

the structure and reactions of hydroxamic acids.

In the absence of spectral data, the structure of the oxo form (i) was

difficult to be established; many experimentalists believed that the hydroximic

structure (ii) represented hydroxamic acids correctly and that (ii) would also

exhibit geometrical isomerism akin to oximes.

NNHOH * \

i(R=C6H5) ii
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In his review in 1943, Yale brought some order to the state of confusion

existing in the literature of hydroxamic acids (32). Considerable progress was

achieved in the last decades in understanding the chemistry of acyl derivatives of

liydroxylamine (2833), particularly with the evolution of spectral methods.

Hydroxamic acids which have bidentate functional group

{? ? H

(-C-N-)

that fulfils the basic requirements of complex formation with metal ions are known

to be excellent complexing agents for a large number of metal ions, therefore, they

have been used as specific analytical reagents in both organic and inorganic

chemistry.

The formation of coloured chelates with great number of metal ions is of a

particular interest in analytical inorganic chemistry specially in colorimetric

determination of metal ions (3^.

1.6.1 Nomenclature of hydroxamic acids(35):

Hydroxamic acids can be regarded as derivatives of carboxylic acids and

hydroxylamines.

Modifying the ending "-oic" or "-carboxylic" of the systematic name of the

carboxylic acid, or the ending "-ic" of the trivial name, forms the name of an acid

in which the hydroxyl group of the carboxyl group has been changed to -NH-OH.

Hydroxamic acids can be regarded as derivatives of amides and hence named N-

hydroxymides.

N-Acetohydroxamic acid or N-Hydroxyacetamide:

II
0
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N-Methyl acetohydroxamic acid or N-Hydroxy-N-methyl acetamide:

0
II

/ C OH

H3C N

H3C

1.6.2 Classification of hydroxamic acids:

Hydroxamic acids have been classified by Mikes and Turkova (36)

according to their biological function or activity into: primary hydroxamic acids

(1), Secondary hydroxamic acids (II) and cyclic hydroxamic acids (III):

H\ /OH R\ /OH /OH
N N /N

I I ( l
. C V

(I) (II) (III)

which are capable of intermolecular and intramolecular hydrogen bonding in the

solid state(37).

\ C I

H l i l !
O

Misokami and Nagata (38) have replaced the oxygen donor atom to get

thiohydroxamic acid (IV) and (V):

H \ .OH / O H
N tautomeric

(IV) (V)
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1.6.3 Properties of hydroxamic acids:

1.6.3.1 Physical properties of hydroxamic acids:

Generally, hydroxamic acids are colourless or white crystalline solids (39)

except the iodo substituted and nitro derivatives that are light pink and light

yellow respectively ('l0). They are nearly insoluble in water, sparingly soluble in

carbon tetrachloride and cold benzene and readily soluble in hot benzene, diethyl

ether, dioxane, chloroform and ethanol. They are stable to normal storage (4I>42).

1.6.3.2 Structure of hydroxamic acids:

An X-ray diffraction study of acetohydroxamic acid proved that the bond

lengths and bond angles for the RC(O)N- part of the molecule are very similar to

those of amides, indicating that the nitrogen lone-pair elections are partially

delocalized into the 7i-system of the carbonyl group. Consequently, isomerism

about this partial double bond is expected(43).

Hydroxamic acids exist in two tautomeric forms, keto-form (i) and enol-

fonn (ii)<44) or N-acyl and O-acyl derivatives respectively (45).

H0\ /R

? tautomeric N ' PNH2I
[or R-C=O]

R \ ) H

(I) Keto-form (N-acyl derivative) (II) Enol-form (O-alkyl derivative)

Evidence for the existence of tautomers (I) and (II) was represented by

Jones and Werner (32), who prepared chloro-acetohydroxamic acid and found that

the melting point, between 92-93 °C, was raised to 108 °C after several days.

17



OH OH
I II I

CICH2-C=NOH CICH2C-N-OH

92-93 °C 108 °C

Keto-form becomes the more stable form due to hydrogen bonding, it

contains one easily replaceable proton so it behaves as a mono basic acid, while

enol-form have two protons, so it behaves as a di- basic acid. The keto-form is the

most noticeable in acidic solution, while the enol-form in alkaline medium(28).

For mono- and di- acidic behaviour, the keto-form and enol-form provide a

number of sites for chelation which usually takes place with the replacement of the

hydroxylamine hydrogen by the metal ion Mn+ and ring closure through the carbon

oxygen to form a chelate (46>47).

' ° - (n-k)+crv
Mono hydroxamic acids form octahedral complexes with a number of metal

ions co-ordinating with two oxygen atoms of the protonated hydroxamic acid

group [NOH].

Amino hydroxamic acid complexes are more easily to form due to the

presence of additional amino group (NH2, N) which increases the sites for

chelates.

O OH

Hydroxamic acids have the general formula, R _ C — N — R' > where (R and R'

= hydrogen, alkyl or aryl) and a large number of derivatives are available with

different R and R'. So if a restricted rotation about the N-C bond occur, there must

be both Z and E isomers of the keto-form:
R \ / H Rv / 0 H
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This statement is confirmed by H1, C13 and N15 spectroscopy. The Z/E ratio

varies widely with the nature of R-group, the solvent, the concentration of the

hydroxamic acid and the temperature.

Hl and C13 NMR studies on N-substituted hydroxamic acids have shown

that the Z-E isomer predominates in polar solvents like DMSO, which may be due

to the stabilization of Z-isomer by solvation or hydrogen bonding with some

residual water present(48).

In case of O-Methylacetohydroxamic acid:

0/ OCH3

the Z- and E-enol-forms become more stable than the Z-keto-form(47) because

there is no possibilities for hydrogen bonding in the Z-keto-form.

H3C. ,OCH3 H3CX /OCH3 H3CN

C = N C = N
0 ' ^ / \ Q / V

0 H \H__._b-CH3
Z-keto-form Z-enol-form E-enol-form

1.6.3.2.1 Structure of hydroxamic acid cation:

The structure of the cations of hydroxamic acids has received little

attention, particularly since such salts are seldom isolated.

Protonation of the carbonyl oxygen is suggested, by analogy with the

behaviour of amides; hence the cations are represented by the following

formula00:

RC=OH(NHOH) M *- RC(OH)=f$HOH
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1.6.3.3 Acidity of hydroxamic acids:

Hydroxamic acids behave as weak acid pKa (6.8-9.4). The acidity of

hydroxamic acids arises due to the presence of hydroxyl group which causes

intramolecular hydrogen bonding as shown by the infra-red spectroscopy (l|8).

O---H
II \

R-C .0

H

Exner and Kaback (49) reported that the proton bounded to the nitrogen atom

in the hydroxamic acid is the acidic proton, and ionization gives rise to the

following anions in equal concentrations:

O O O
ii n - i +

R-C-NHOH *- R-C-N-OH ** • R-C = N-OH+H

Other workers (50) reported that two anions are formed in equal

concentrations as in equilibrium below:
O O
n II .

R-C-NHO •. R-C-N-OH

The ionization of hydroxamic acids is complex and may be represented by

the equilibrium below * 7):

O .0

RCC / ° H - RCC P~
XNH —^T~ XNH

> f I < >R<> -f I < >
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1.6.4 Detection of hydroxamic acids:

1.6.4.1 Spot test of hydroxamic acids:

The most popular test is Spot test in which chloroform solutions of

hydroxamic acids are prepared to give characteristic violet extracts with

vanadium (V) from strong HC1 solutions (42). Most hydroxamic acids give typical

colours with ferric chloride depending on the pH values (51). They form green

complexes with copper solutions (:>2). This method failed to detect certain

hydroxamic acids in which their complexes are insoluble in chloroform.

1.6.4.2 Volumetric analysis of hydroxamic acids:

This method consist of titration with alkali using phenolphthalein as an

indicator to give a dark violet colour to detect mono hydroxamic acids (46).

1.6.4.3 Nitrogen contents of hydroxamic acids:

Nitrogen contents or Kjeldhal method which is one of several methods

used to determine nitrogen contents of hydroxamic acids.

1.6.4.4 Infra-red spectra of hydroxainic acids:

Infrared spectra of hydroxamic acids show the most characteristic bands

associated with the hydroxamic acid functional groups are those due to the (O-H),

(C=O), (N-O) and (C-N) stretching vibrations, which are generally around 3200,

1600, 910 and 1385 cm"1 respectively(53).

1.6.4.5 Ultra-violet spectra of hydroxamic acids:

Arylhydroxamic acids and their N- and O- substituted derivatives show

absoiption band at the region 220-260 nm associated with phenyl rings( \
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Hearn and Ward (55) observed the -existence of an absorption band at a

maximum wavelength X max in the region 205-210 nm that is around the amide

region which is due to K- 7t* transition of the carbonyl group (56).

1.6.5 Preparation of hydroxamic acids:

Like amides, one of the most useful methods of forming hydroxamic acids

is by acylation of hydroxylamine or its 0- or N-substituted derivatives. Aldehydes

can be converted to hydroxamic acids either via oximes or by treatment with

nitrosobenzene; oxidation of amines or amides and the rearrangement of

nitroparaffins offer useful, relatively unexplored synthesis.

As with amides, alkylation of the parent hydroxamic acid provides more

highly substituted derivatives.

Examples of most of these methods are given by Sandier and Karo <28), and

a useful compilation of hydroxamic acids and their preparation is given by Exner

and Simon(4I).

Most acylating agents readily affect monoacylation of hydroxylamine, but

di- and tri-acylated derivatives can also form. Since hydroxylamine is a powerful

nucleophile it also reacts readily with carboxylic esters and generally these are the

reagents of choice.

The reaction is usually carried out under basic conditions using potassium

hydroxide in either alcohol or pyridine (57i:)8) Isolation of water-soluble

hydroxamic acids can be achieved by precipitation as their copper salt{59).

Acid chlorides are employed less frequently because it is difficult to

prevent further acylation, but several successful syntheses have been reported(31).

An interesting observation by Jencks (60) that O-acylhydroxylamines form in

preference to the desired N-acyl derivative is so exceptional.

Acid anhydrides also react with hydroxylarnine, but so far only cyclic

anhydrides seem to have been used. These produce the relatively stable cyclic N-

hydroxyimides (6I), which are the N-acyl derivatives of hydroxamic acids.
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Substituted hydroxamic acids can be prepared similarly from the

corresponding substituted hydroxylamine and acid chloride in pyridine.

Employing only one molar equivalent of acid chloride to minimize the tendency

towards di- N-acylation(62).

It is more difficult to prevent di- acylation of N-alkylhydroxylamines and

the alternative procedure of using excess reagent to give the 0, N-diacylhydroxyl-

amine followed by selective hydrolysis of the O-acyl group using sodium

methoxide is recommended(63).

p+NH2OH

R1COCI+NH2OR2 -£§§§• R1C0NH0R2

R1COCI+R2NHOH—L-^R
1

CONR2OH ^ R 1 C O C L R I C O N R 2 O C O R 1

iii, NaOMe

Other, less commonly used, acylating agents include amides, ketenes and

isocyanates. All react with hydroxylamine to give hydroxamic acids or their

derivatives(41}.

General methods of preparing hydroxamic acids other than by acylation of

hydroxylamines are few, despite early indications of several interesting

possibilities (32). Two methods for converting aldehydes to hydroxamic acids have

been developed recently. One involves formation of the oxime, then the

hydroxamoyl chloride, RCC1=NOH, followed by hydrolysis to the hydroxamic

acid. The other method involves treatment of an aldehyde with nitrosobenzene in

the presence of aluminium isopropoxide(4l).

One other method of preparing hydroxamic acids in moderate yields

requires treatment of nirroparaffm salts (e.g. MeCH=N02~ Na+) or nitronic esters

(e.g. MeCH=NO2Et) with concentrated H2SO.,.

23



1.6.6 Reactions of hydroxamic acids:

Reactions of hydroxamic acids resemble those of amides in many ways

The second oxygen atom, ° ~ C -N-O ? j n the chain of hydroxamic acids, however

alters both the pattern of substitution and their nucleophilic reactivity compared to

amides. The hydroxamic acids are stronger nucleophiles than amides, with the

most reactive atom (N)-O.

1.6.6.1 Oxidation and reduction (64) of hydroxamic acids:

Hydroxamic acids are readily oxidized in aqueous solution to the

corresponding carboxylic acid, by reagents such as bromine water and periodic

acid.

Bromine in methanol or ethanol oxidizes benzohydroxamic acid (i, R = Ph;

R1 = H) to the corresponding alkyl benzoate and, at least in the case of ethanol, to

the N, O-diacylhydroxylamine (ii, R = Ph).

These and similar oxidizing agents oxidize hydroxamic acids to the N,O-

diacylhydroxylamine (ii) when the reaction took place in a non-nucleophilic

solvents. The nitroso derivative (iii) has been suggested as the common

intermediate for all these process:

RCONHOR1 RCONHOCOR
(i) (ii)

R-CNHOH [ Q ] > [R-CN=O] - H 2 ° » RCO2H
0 0

RC0NH0H

\
R-CNHR' RCONHOCOR
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1.6.6.2 Hydrolysis of hydroxamic acids:

Acid or base-catalyzed hydrolyses of hydroxamic acids and their

derivatives to carboxylic acids and hydroxylamine derivatives proceed readily and

it would appear logical to compare these hydrolyses with corresponding reactions

of amides.

The acid-catalyzed reaction is assumed to involve a cation whose structure

was mentioned.

The base-catalyzed reaction is somewhat more complicated since the

structure of hydroxamate anion has not been established(31).

1.6.6.3 The Lossen rearrangement of hydroxamic acids:

In 1872 Lossen discovered the rearrangement bearing his name when he

observed that pyrolysis of the mixed anhydride affords phenyl isocyanate:

CVN-O-COC6H5

H
(anhydride)

— • * R-N=C=O+R'CO:M+

2
(salt)

This rearrangement does not take place with hydroxamic acids

RCO-NHOH, as is stated errously in some textbooks(3I).

Preliminary O-acylation is essential for a smooth rearrangement. Eventhen,

such acyl derivatives only undergo pyrolytic rearrangement under fairly stringent

conditions; e.g. O-(acetoacetyl) benzohydroxamic acids form isocyanates, acetone

and carbon dioxide only at 300-400 °C.
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1.6.6.4 Nucleophilic reactions of hydroxamic acids:

These are complicated due to the three possible sites of substitutions, (N,

NO and CO).

1.6.6.4.1 Alkylation of hydroxamic acids:

Alkyl hydroxamates are the major products resulting from the action of an

alkylating agent on the hydroxamate ion , in spite of the fact that three possible

sites exist for alkylation. One would expect the ambident anion to favour

alkylation of the nitrogen or the carbonyl oxygen rather than the OH oxygen.

However, the two anion species might be sufficiently hydrogen-bonded or

coordinated to the accompanying cation that the oxygen attached to the nitrogen

becomes the most nucleophilic and sterically least encumbered atom for attack on

an electrophilic center.

Alkylation of the potassium and silver salts of the alkyl esters

C6H5CO—NHOR afforded a mixture of products from which the esters (I) and

the (Z) and (E) isomers of (II) were isolated.

C6H5-C^. M + - ^ - ^ C6H5-Cf + c6H5-C-OR
\ N 0 R "MX NN-OR ||

I NOR1

M=K,Ag I K ||

The isomers distribution is very much influenced by the alkyl halide R'X, the

solvent (DMF/ROH), the structure of R1 and the nature of the leaving group X.

The isomers did not isomerize during work up and were thus formed under

kinetically controlled conditions.

1.6.6.4.2 Acylation of hydroxamic acids:

The reaction of hydroxamic acids with acid halides or anhydrides produces

mixed anhydrides ("O-acylhydroxamic acids").

'P
R-C;

NN-O-COR'
ii
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1.6.7 Some applications of hydroxamic acids:

1.6.7.1 Biological applications of hydroxamic acids:

Many hydroxamic acids show important biological effect(28> 29-30-31-32and34);

they form precipitates or coloured complexes with a variety of inorganic cations

and some are used as analytical reagents(6i66). The iron, copper, cobalt and nickel

chelates are coloured(67).

Hydroxamic acids are formed in vivo, as biological intermediates in the

metabolism of some amino-aryls or acetamido-aryls (22) and some have been

isolated from microbial ferementations(24).

1.6.7.1.1 Siderophores and siderophore derivatives as antibiotics:

Iron has played an essential role in the evolution of nearly every form of

life on earth. Ionic forms of iron, specially iron (III), its most common state, are

veiy insoluble under physiological conditions. To circumvent the solubility

problem, many microbial plants and even higher organisms (68) synthesize and

utilize very specific low molecular weight iron hydroxamates called siderophores.

When grown under iron-deficient conditions, many microbes will

synthesize and excrete siderophores to mask and solubilize iron. This extreme

focus on the need for iron is reflected by its requirement for the proper function of

the enzymes that facilitate electron transport, oxygen transport and other life-

sustaining processes.

Page (69) in his study explained how Azobacteraceae (a family of bacteria)

could be successful and active in an environment where iron could be unavailable

for their use; results observed upon Fe (III) addition and iron-uptake coincident

with hydroxamate production suggested that the hydroxamate was a siderophore.
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Desferrioxamine is an iron-chelating drug for human use,' while other

compounds have been reported to inhibit stone formation in the urinary tract.

Some hydroxamic acids inhibit DNA biosynthesis(70).

David (71) and others have suggested that aminohydroxamic acids may be

used for the same purpose. Infact, competition for iron between a host and bacteria

is one of the most important factors determining the course of a bacteria

infection (72>. Because of their ubiquitous nature, microbial siderophores have been

extensively studied, yet much still needs to be learned about their chemistry and

biochemistry, as well as other important aspects of iron metabolism.

An excellent review on syntheses and antimicrobial activity of hydroxamic

acids based siderophore isolated from bacteria has been published by Miller(73).

1.6.7.1.2 Biological activities of hydroxamic acids:

Hydroxamic acids are useful in biologyl74) and medicine fields(75). Recent

progress in hydroxamic acid chemistry has been stimulated by the isolation of

several naturally occurring hydroxamic acids and the syntheses of a number of

medicinally active hydroxylamine derivatives(3l).

Cyclic hydroxamic acids are secondary plant chemicals that exist in a

number of important cereal grains including rye, wheat and corn, such as 2, 4-

dihydroxy-7-methoxy-l, 4 -benzoxazin-3-one (D1MB0A).

CH3Ov

•N-
I
OH

DIMBOA

The most abundant hydroxamic acid in corn, which is highly correlated with the

resistance of corn plants to infestation by several significant pests.
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An improved method of sample preparation and separation was developed

that allowed the separation of (D1MB0A), 2,4-dihydroxy-l,4-benzoxazin-3(4II)-

one (D1B0A), 2-hydroxy-l,4-benzoxazine-3(2H)-one(HBOA),2- hydroxy-7-

methoxy-l,4-benzoxazine-3(2H)-one (HMBOA) and their corresponding

glycosides as well as lactams. The compounds were determined in the roots of

Aphelandra squarrosa and A. fuscopunctata plants (76).

Neilands and Valenta (77) concentrated on iron containing antibiotic focuses

on natural siderophores with antimicrobial activity. More examples will now be

considered like series of o-, m- and p-alkoxybenzohydroxamic acids which were

found to be highly effective against pathogenic fungi, while salicylohydroxamic

acid and derivatives are effective antibacterial and antifungal agents.

P-alkylaminopropionohydroxamic acid shows hypotensive properties and a

number of hydroxy acids and N-hydroxy ureas possess hypocholesteremic

activity, p-butoxy phenyl acetohydroxamic acid (bufexamac) is used as anti-

inflammatory agent in human.

A series of terephthalohydroxamic acids and other dicarbohydroxamic

acids have been investigated as potential antimalarial(74).

1.6.7.2 Hydroxainic acids as gravimetric reagents:

Most of the common hydroxamic acids have been investigated as

precipitating agents for metal ions. The formation of precipitants is pH

dependent. However the pH range of complete precipitation is usually broad

enough to provide convenient application. In most cases, gravimetric

determination is possible even in presence of other inteifering ions (37). The

most useful reagents for gravimetric estimation of metals is found to be

hydroxamic acids having a phenyl group attached to the side chain.

Some of the metals precipitated by hydroxamic acids are copper, nickel,

cobalt (11), manganese (11), cadmium, titanium (IV), zirconium (IV), iron (III),

vanadium (V), uranium (VI), niobium (V) and tantalum (V).
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N-phenylbenzohydroxamic acid (NPBHA) or N-Benzoyl-N-phenyl-

hydroxylamine (BPHA):

O OH
II I
C-N

This reagent was first introduced and synthesized by Shome (22) to replace the

widely used reagent cupferron; is widely used for the gravimetric analysis of

copper, iron, aluminium and titanium(78).

The compound has a molecular weight of 213.3, melting point 121 °C,

stable towards heat, light and air, could be preserved infinitely.

Sihna(79) used it for precipitating cobalt and nickel that were precipitate

separately by adjusting the pH. Dyrssen(80) reported that the chelates of

lanthanum (III), thorium (IV) and uranium (VI) are precipitated by PBHA.

Uranium has been precipitated by PBHA as U (VI) from acidic solution(81).

Cerium (III), thorium, lead and bismuth can be masked with manganese-ethylene

diamine terra acetic acid complex.

Iron (III), titanium (IV), molybdenum (VI) and small amounts of

aluminium can be precipitated with the reagent and filtered before U (VI) is

determined in the filtrate by proper adjustment of acidity(82). PBHA was used for

the separation of niobium and tantalum.

Salicylo and N-phenylsalicylohydroxamic acid have been used for

gravimetric determination of titanium (IV).

The reagent forms yellow complexes being soluble in organic solvents, but

non is as selective as N-acetylsalicylo-N-phenylhydroxamic acid which was used

for gravimetric determination of titanium (IV)(83).

Agravval and Roshnia(84) utilized N-p-chlorocinamohydroxamic acid for

the determination and separation of beryllium, magnesium, calcium and barium by

adjusting the pH.



Agrawal(85) used N-m-tolyl-nitrobenzohydroxamic acid as gravimetric

reagent for the determination of uranium (VI).

N-substituted hydroxamic acids are the most popular reagents for the

gravimetric determinations as tin can be determined in brass with N-benzoyl-

liydroxamic acid in acidic media(86).

1.6.7.3 Hydroxamic acids as spectrophotometric reagents:

Almost all metals can be determined photometrically by the use of organic

reagents( \

Hydroxamic acids are among the most selective and sensitive reagents for

spectrophotometric determination of several metal ions.

The intense colouration given by many metal ions with hydroxamic acids

makes the latter often useful as colorimetric reagents (50).

The most characteristic reaction of the hydroxamic acid is the red-violet

colouration develops with ferric ion in acid medium below pH 2 and the orange

complexes that develop gradually above pH 3 (87).

N-phenylcinnamohydroxamic acid was found to be the most sensitive

reagent for determination of vanadium (V) spectrophotometrically( \ Some nitro

substituted hydroxamic acids are coloured and unsuitable for colorimetric

determination of vanadium (V).

N-o-methoxyphenyl-2-thenhydroxamic acid was used for the determination

of trace amounts of vanadium(89).

N-phenyl-N-benzohydroxamic acid (NPBHA) was used for the

determination of vanadium. It was found that the smallest amount of vanadium

that could be detected with the reagent was 0.33 mg in ldm3 of solution (90).

This provides a simple and sensitive method for spectrophotometric

determination of vanadium. Iron, even in traces, interfere with the procedure, thus,

it will be required to eliminate the interference caused by iron which are

commonly associated with vanadium.
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Also N-benzohydroxamic acid (NBHA) extract 90 % or more of the

following metals from an equal volume of 0.1-1 M HC1 solution: zirconium,

hafnium, vanadium (V), and niobium, chromium (VI), molybdenum (VI),

tungsten (VI), stannous (IV), antimony (III), bismuth (III), cerium (IV), iron (III),

tantalum and titanium (IV).

Poddrand and Seugupta (9I) developed a spectrophotometric method for the

determination of microamounts (up to 4ppm) of cerium (IV).

Celinium (IV) formed a soluble reddish-brown complex with salicylo-

hydroxamic acid at pH 9 to pH 10.

Savarier and Joseph (83) used N-acetyl salicyl-N-phenylhydroxamic acid for

spectrophotometric determination of titanium (IV) in which the reagent forms

a deep yellow chloroform soluble complex with titanium (IV) and thiocyanate in

4.5-8 M HC1 media.

Agrawal(92) determined uranium (VI) spectrophotometrically. U (VI) was

extracted at pH4-4.5 into 0.1M HC1 with N-phenyl-2-naphtho-hydroxamic acid in

chloroform.

N-m-tolyl-m-nitrobenzohydroxamic acid used for spectrophotometric

determination of cerium (IV) at pH 8 (93) was extracted in chloroform and used to

determine titanium (IV) spectrophotometrically l94) by extracting its 1:2 complex

with N-phenyl-m-methylbenzohydioxamic acid from 8 M HC1.

Agrawal and Patle (34) used N-p-tolyl-2, 4-dimethoxyhydroxamic acid as a

spectrophotometric reagent for vanadium (V).

Chandravanshi and Gupta (95) detennined cerium (IV) spectrophotmetrically

using N-p-chlorophenyl-p-methoxybenzohydroxamic acid.

Meloan(80) developed spectrophotometric determination of uranium (VI),

the colour of the complex is pH dependent.

N-p-tolyl-o-methoxybenzoliydroxamic acid was used for simultaneous

photometric determination of Mb (IV) }.
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Lead was determined spectrophotometrically by Agrawal and Patle (34)

using N-p-chloroplienylbenzohydroxamic acid. The extraction was canied out at

plI9.

Spectrophotometric determination of antimony in the environment(34) by

Agrawal and Patle was canied out using N-phenylbenzohydroxamic acid as

a reagent, the greenish yellow complex was extracted in chloroform at 4 M HCI.

Agrawal and John (97) developed a sensitive reagent for spectrophotometric

determination of cerium (IV).

The reagent used is N-p-chlorophenyI-3, 4, 5-trimethoxycinnamo-

hydroxamic acid which forms with cerium (IV) a reddish-brown complex be

extracted at pH 9-10.

Vanadium (V) was extracted from 2.0 to 4.0 M HCI in chloroform solution

of the I-methoxy-2-naphthoyl-l-N-phenyl hydroxamic acid (PMNHA)(98).

Vemon and Khurrasani(99) applied solvent extraction with benzo-, stearo-

and caprylohydroxamic acid for the separation of iron from cobalt and nickel.

Benzohydroxamic acid gives the most effective iron copper separation from

aqueous phase at pH 2. Caprylohydroxamic acid is suitable extractants for

titanium (IV), vanadium (V), and chromium (VI) and molybdenum (VI) from

6 M HCI.

Dobosz (100) and co-workers synthesized a new reagent: 2-hydroxyimino-

propanohydroxamic acid (HPH). Modification of amino group into oxime function

(=NOH) results in a veiy acidic nitrogen and rather basic oxygen (pKa =11.0).

This oxime nitrogen is more efficient anchoring site than that of amino groups.
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*l\6.8 -Research objectives:

The aim of this work is to prepare N-phenyl-n-butyrohydroxamic acid and

N-p-tolyl-n-butyrohydroxamic acid and to investigate and compare their extractive

ability towards Cr (VI), Cu (II), Fe (III) and U (VI) at different pH values and

molar concentrations in addition to determinate metal to ligand ratios for Cr (VI)

and U (VI) respectively.
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2. Experimental and results

Instruments used:

I. I. R. spectrophotometer, Perkin-Elmer 1330.

II. U.V/visible spectrophotometer, Perkin-Elmer.

III. Genvvay, pH-meter, model 3030.

IV. Atomic Absorption Spectrometer (A.A.S.), Perkin-Elmer 3110.

V. Mettler, melting point determination apparatus.

Reagents:

All reagents are A. R. Grade.

2.1 Preparation of hydroxamic acids:

2.1.1 Preparation of n-butyryl chloride:

39.5 cm3 (0.4 mole) of pure n-butyric acid (density 0.89) was mixed with

57.5 cm3 (0.8 mole) of redistilled thionyl chloride (SOC12, density 1.64) in 250 cm3

round bottomed flask fitted with double surface reflux condenser plugged with

CaCI2 guard tube. The flask was heated gently on a water bath with occasional

shaking for 2 hours until the evolution of hydrogen chloride and sulfur dioxide

(MCI, SO2) was completed.

The reaction mixture was allowed to cool and then connected with a water-

cooled condenser and receiver. The excess of thionyl chloride (boiling point 70 °C)

was distilled off. The crude n-butyryl chloride (boiling point (70-110 °C)) was

finally redistilled. The n-butyryl chloride was collected, yield 20.20 cm3(l0l).

The acid chloride was formed according to the following equation:

O O
11 reflux "

CH3CH2CH2C-OH + SOCI2 — - CH3CH2CH2C-CI + HC! + SO2
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2.1.2 Preparation of hydroxylamines:

2.1.2.1 Preparation of P-pheny 1 hydroxylamine:

41.6 cm3 (0.4 mole) of nitrobenzene (density 1.18) and 25.1450 g

(0.47 mole) of ammonium chloride were mixed up with 800 cm3 of distilled water,

the mixture was stirred vigorously, 59.50 g (0.5 mole) of zinc dust were added, the

rate of addition was controlled by the rate of increase of temperature. The

temperature was raised and kept between 55 and 60 °C until all zinc dust had been

added. The stirring was continued for 15 minutes. The reaction was completed

which was known by the fact that the temperature commenced to fall. The reaction

mixture was filtered under suction to remove zinc oxide and washed with 100 cm3 of

hot water. The filtrate was placed in a conical flask, saturated with sodium chloride

and was cooled in an ice bath for one hour to ensure maximum crystallization of the

product. The white plates were filtered, melting point 83.0 °C (lit. 81.0 °C) and yield

26.10 g (60%, lit. 64-68 % (102)).

The product was formed according to the following equation:

NO2

K 2 Z n + H : n NH4CI ,
J 55-60 °C

2.1.2.2 Preparation of p-tolyl hydroxylamine:

The same procedure was used to prepare p-tolyl hydroxylamine, except that

54.80 g (0.4 mole) of p-nitrotoluene was used and the temperature was kept between

60 and 65 °C.

The pale yellow crystals were filtered, yield 31.30 g (63.6 %, lit. 64-68 %) of

p-tolylhydroxylamine, the melting point was 93.0 °C, (lit 93.0 6C)(1OI).

The product was formed according to the following equation:
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HNOH

+ o 7 n 4- W <^t NH4CI f I

60-65 oc U ^ J +2ZnO

CH3

2.1.3 The coupling reaction between P-phenyl hydroxylamine and n-butyryl
chloride:
2.1.3.1 Preparation of N-phenyl-n-butyrohydroxamic acid:

In a 500 cm3 three-necked round bottomed flask, equipped with a stirrer,

dropping funnel and a thermometer, 10.90 g (0.1 mole) of freshly prepared P-phenyl

hydroxylamine dissolved in 150 cm3 of diethyl ether and suspension of 12.60 g

(0.15 mole) of sodium hydrogen carbonate in 25 cm3 of distilled water were added.

The mixture was stirred and the temperature was kept under 0 °C. A solution of

10.6 cm3 (0.1 mole) of n-butyryl chloride dissolved in 100 cm3 of diethyl ether was

added dropwise over a period of one hour.

Towards the completion of the reaction the colour of the mixture changed

from yellow to pink as n-butyryl chloride was added, on vigorous stirring the colour

became yellow again.

The organic layer was evaporated and the product was recrystallized from a

mixture of benzene-petroleum ether, yield 11.40 g (65.8 %, lit. (50-90 %). The

melting point was found 79 °C, lit. 81 °C (l03).

N-phenyl-n-butyrohydroxamic acid was formed according to the following

equation:

HNOH

6 0 OH

ether/NaHCO3 ^ C H 3 C H 2 C H 2 C - N H

0°C
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2.1.3.2 Preparation of N-p-tolyl-n-butyrohydroxamic acid:

The same procedure in (2.1.3.1) was applied for preparation of N-p-tolyl-n-

bulyrohydroxamic acid, except that freshly prepared p-tolyl hydroxylamine was

used. The product was recrystallized from a mixture of benzene-petroleum ether,

yield 9.650 g (50 %, lit. (50-90 %). The melting point was found 64 °C, lit.

63°C(IO3).

N-p-tolyl-n-butyrohydroxamic acid was formed according to the following

equation:

HNOH

0 OH

CH3CH2CH2COCI + I || - t h e r / N a H C ° 3 - » CH3CH2CH2C-NH
0 •

0 C

CH3

2.2 Characterization of hydroxamic acids:

The two hydroxamic acids were charactered by:

2.2.1 Melting points.

2.2.2 Characteristic colours develop with vanadium (V) and iron (III)

acidic solutions.

2.2.3 I. R. spectra.

2.2.4 Nitrogen contents.

2.2.5 Molecular weight determination by titration.

2.2.3 I. R. spectra of the two hydroxamic acids:

The I. R. spectra of N-phenyl-n-butyrohydroxamic acid and N-p-tolyl-n-

butyrohydroxamic acid were shown in appendices. The 1. R. spectra of the two

hydroxamic acids were determined in table (1).
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Table (1): I. R. spectra of the two hydroxamic acids:

The hydroxamic acid

N-phenyl-n-butyrohydroxainic acid

N-p-tolyl-n-butyrohydroxamic acid

Appendix

(A)

(B)

2.2.4 Determination of nitrogen contents of hydroxamic acids:

2.2.4.1 Determination of nitrogen content of N-phenyl-n-butyro-

hydroxamic acid:

0.5371 g of N-phenyl-n-butyrohydroxamic acid was taken in Kjeldhal

flask, 20 cm3 of concentrated sulfuric acid, 3.50 g of sodium sulfate and 0.20 g of

manganese dioxide were added in 100 cm3 volumetric flask. The mixture was

digested on a heating mantle in the fume chamber until the organic matter was

destroyed and the solution became clear, the content was diluted with 50 cm3 of

distilled water, then few antipumping granules were added. The excess acid was

neutralized with approximate 4 M NaOH solution, then excess caustic soda was

added. 100 cm3 of 0.0912 M standard HC1 solution were placed in the receiver

flask which was adjusted so that the tip of the condenser was just dipped in the

acid solution. The content was heated to boil gently until about 2/3 of original

solution was distilled off.

The excess acid was titrated with 0.1277 M standard NaOH solution, the

average volume of NaOH which neutralized the excess acid equal 49.20 cm3.

Nitrogen % - [( MaVa - MbVb )] * 14x 100

1000 1000

weight of sample
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Nitrogen % = [ MaVa- MbVb] 1.4

weight of sample

where Ma and Va are molarity and volume of standard HC1 solution; Mb and Vb are

molarity and volume of standard NaOH solution, respectively.

The average volume of NaOH solution was 49.20 cm3.

Nitrogen % = (100*0.0912-49.20*0.1277)x 1.4 - 7.39 %.

0.5371

The theoretical value 7.82%.

2.2.4.2 Determination of nitrogen content of N-p-toIyl-n-butyro-hydroxamic

acid:

0.6370 g of N-p-tolyl-n-butyrohydroxamic acid was treated as in (2.2.4.1).

The average volume of standard NaOH solution was 46.6 cm3.

Nitrogen % = (100*0.0912-46.60*0.1277)x 1.4 = 6. 96 %.

0.6371

The theoretical value = 7.25%.

2.2.5 Determination of molecular weights of hydroxamic acids by titration:

2.2.5.1 Determination of molecular weight of N-phenyl-n-butyrohydroxamic

acid:

A fixed weight of N-phenyl-n-butyrohydroxamic acid dissolved in 100 cm

of ethyl alcohol were titrated against standard solution of sodium hydroxide

(0.113 M) using phenolphthalein as an indicator.

From the equation:

M, * V, = M2x V2

3
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where M| and V| represent molarity and volume of NaOH solution and M2 and V2

represent molarity and volume of N-phenyl-n-butyrohydroxamic acid respectively.

The average weight of the hydroxamic acid equal 0.6109 g and the average volume

of NaOH solution equal 31.0 cm3.

0.113 x31.0 = M2x 100

M2 = 0.03503 M

The results were calculated from the following equation:

Weight = M2 x V

Molecular weight 1000

Molecular weight = Weight x 1000

M2x 100

The average weight of the hydroxamic acid equal 0.6109 g, M2 = 0.03503 M.

Molecular weight = 0.6109 * 1000

0.03503

The average of molecular weight of N-phenyl-n-butyrohydroxamic acid equal

176.2 (lit. 179.0)(103).

2.2.5.2 Determination of nitrogen content of N-p-tolyl-n-butyro-hydroxamic

acid:

The same procedure as in (2.2.5.1) was carried out. From the equation:

M,x V, =M2x V2

where M| and V| represent molarity and volume of NaOH solution and M2 and V2

represent molarity and volume of N-p-tolyl-n-butyrohydroxamic acid respectively.

The average weight of the hydroxamic acid equal 0.6890 g and the average volume

of NaOH solution equal 32.26 cm3.

0.113 x 32.26 = M2xl00

M2= 0.0364538 M

The results were calculated from the following equation:
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Weight = M2 x V

Molecular weight 1000

The average weight of the hydroxamic acid equal 0.6890 g, M2= 0.0364538 M.

Molecular weight = Weight * 1000

M2x 100

Molecular weight = 0.6890 * 1000

0.0364538 x 100

The average of the molecular weight of N-p-tolyl-n-butyrohydroxamic acid

equal 189.0 (lit. 193)(IO3).

2.3 Extraction:

2.3.1 Preparation of stock solutions:

2.3.1.1 Preparation of 0.1 Mand 0.2 M potassium chloride solutions:

0.1 M potassium chloride solution was prepared by weighting 7.450 g and

quantitatively transferred to 1000 cm3 volumetric flask. Then completed to the mark

with distilled water. 0.2 M potassium chloride solution was prepared by weighting

14.90 g of potassium chloride and quantitatively transferred to 1000 cm3 volumetric

flask, completed to the mark with distilled water.

2.3A.2 Preparation of 0.1 M and 0.2 M hydrochloric acid solutions:

Approximate 0.1 M HCL was prepared by transferring 1.2 cm3 of

concentrated hydrochloric acid (density 1.189, 36 %) to 100 cm3 volumetric flask

then completed to the mark with distilled water. 0.2 M HCL was prepared by

transferring 2.34 cm3 of the concentrated hydrochloric acid to 100 cm3 volumetric

flask, completed to the mark with distilled water.
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2.3.1.3 Preparation of 0.1 M sodium hydroxide solution:

Approximate 0.1 M sodium hydroxide solution was prepared by dissolving

4.0 g of sodium hydroxide in distilled water and quantitatively transferred to

1000 cm3 volumetric flask, completed to the mark: with distilled water.

2.3.1.4 Preparation of 0.1 M potassium hydrogen phthalate solution:

20.40 g of potassium hydrogen phthalate was dissolved in distilled water and

transferred quantitatively to 1000 cm3, completed to the mark with distilled water.

2.3.1.5 Preparation of 0.05 M acetic acid solution:

Approximate 0.05 M acetic acid was prepared by transferring 0.7 cm3 of

pure glacial acetic acid to a 250 cm3 volumetric flask containing about 100 cm3

distilled water, completed to the mark with distilled water.

2.3.1.6 Preparation of 0.05 M sodium acetate solution:

0.05 M sodium acetate was prepared by dissolving 4.10 g of sodium acetate

in distilled water and quantitatively transferred to 1000 cm3 volumetric flask,

completed to the mark with distilled water.

2.3.1.7 Preparation of 0.1 M ammonium chloride solution:

0.1 M NH4C1 was prepared by dissolving 5.350 g of ammonium chloride in

distilled water and quantitatively transferred to 1000 cm3 volumetric flask,

completed to the mark with distilled water.

2.3.1.8 Preparation of 0.1 M ammonium hydroxide:

Approximate 0.1 M NH4OH was prepared by dissolving 3.50 g of ammonium

hydroxide in distilled water and quantitatively transferred to 1000 cm3 volumetric

flask, completed to the mark with distilled water.
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2.3.2 Preparation of buffer solutions :

All buffer solutions were adjusted to their pH values with pH-meter using few

drops of 0.1 M hydrochloric acid or 0.1 M sodium hydroxide solutions according to

the need.

2.3.2.1 Preparation of pH 2 solution:

pH 2 was prepared by adding 65 cm3 of 0.2 M hydrochloric acid and

250 cm3 of 0.2 M potassium chloride solution in 1000 cm3 volumetric flask,

completed to the mark with distilled water.

2.3.2.2 Preparation of pH 3 and 4 solutions:

pH 3 was prepared by mixing 223 cm3 of 0.1 M hydrochloric acid with

500 cm 0.1 M potassium hydrogen phthalate in 1000 cm3 volumetric flask then

diluted to the mark with distilled water, buffer 4 was prepared by adding 1.0 cm3 of

0.1 M hydrochloric acid to 500 cm3 of 0.1 M potassium hydrogen phthalate in

1000 cm3 volumetric flask, completed to the mark with distilled water.

2.3.2.3 Preparation of pH 5 solution:

pH 5 was prepared by adding 226 cm3 of 0.1 M sodium hydroxide to

500 cm3 of 0.1 M potassium hydrogen phthalate in 1000 cm3 volumetric flask,

completed to the mark with distilled water.

2.3.2.4 Preparation of pH 6 solution:

pH 6 was prepared by adding 764 cm3 of 0.05 M sodium acetate to 36 cm

of 0.05 M acetic acid in 1000 cm3 volumetric flask, completed to the mark with

distilled water.
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2.3.2.5 Preparation of pH 7 solution:

pH 7 was prepared by adding 291 cm"5 of 0.1 M sodium hydroxide to

500 cm3 of 0.1 M potassium hydrogen phthalate in 1000 cm3 volumetric flask,

completed to the mark with distilled water.

2.3.2.6 Preparation of buffer 8.8 solution:

pH 8.8 was prepared by mixing different volumes of 0.1 M ammonia

solution and 0.1 M ammonium chloride in 1000 cm3 volumetric flask, completed to

the mark with distilled water.

2.3.3 Preparation of 1 M, 2 M, 3 M and 4 M sulfuric acid:

Were prepared by diluting 1.8, 3.6, 5.4 and 7.2 cm3 of concentrated sulfuric acid

(density 1.82, 98 %) with distilled water to 100 cm3, respectively.

2.3.4 Preparation of 1 M, 2 M, 3 M and 4 M nitric acid:

Were prepared by diluting 1.6, 3.2, 4.8 and 6.4 cm3 of concentrated nitric acid

(density 1.63, 63 %) with distilled water to 100 cm3, respectively.

2.3.5 Preparation of standard metal solutions:

2.3.5.1 Preparation of 1000 ppm chromium (VI) stock solution:

2.830 g of potassium dichromate (K2Cr207) was dissolved in distilled water

and transferred quantitatively to 1000 cm3 volumetric flask, completed to the mark

with distilled water.

2.3.5.2 Preparation of 1000 ppm copper (II) stock solution:

3.9282 g of cupper sulfate (CuSO4.5H2O) dissolved in distilled water and

transferred quantitatively to 1000 cm3 volumetric flask and completed to mark with

distilled water.
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2.3.5.3 Preparation of 1000 ppm iron (III) stock solution:

7.0213 g of ferrous ammonium sulfate (FeSO4.(NH4)2SO4.6H2O) were

quantitatively transferred to 1000 cm3 volumetric flask containing 100 cm3

distilled water. Ferrous ions were oxidized to ferric ions by treatment with

0.001 M KMnO4 solution drop by drop until faint pink colour was appeared. The

volume was completed to the mark with distilled water.

2.3.5.4 Preparation of 1000 ppm uranium (VI) stock solution:

2.1095 g of uranyl nitrate UO2(NO3)2.6H2O were quantitatively transferred

to 1000 cm3 volumetric flask containing distilled water, 10.0 cm3 of concentrated

nitric acid were added and completed to the mark with distilled water.

2.3.6 Preparation of 2*10"2 M hydroxamic acids:

2.3.6.1 Preparation of 2* 10"" M N-phenyl-n-butyrohydroxamic acid:

3.580 g of N-phenyl-n-butyrohydroxamic acid was dissolved in 1000 cm3

chloroform.

2.3.6.2 Preparation of 2*10*2 M N-p-tolyl-n-butyrohydroxamic acid:

3.860 g of N-p-tolyl-n-butyrohydroxamic acid was dissolved in 1000 cm3

chloroform.

2.4 Extraction of chromium (VI):

20 ppm of Cr (VI) solution was prepared by diluting 5.0 cm3 from

1000 ppm Cr (VI) stock solution to 250 cm3 with distilled water.

10 ppm of Cr (VI) solution was prepared by diluting 1.0 cm3 from

1000 cm3 Cr (VI) stock solution to 100 cm3 with distilled water.
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1.0 % (w/v) ethanolic solution of diphenyl carbazide was prepared by

dissolving 1.0 g of smy-diphenylcarbazide (1,5-diphenyl carbazide) in 100 cm3 of

ethyl alcohol containing traces of concentrated sulfuric acid.

1, 2, 3 and 4 M H2SO4 solutions.

2x 10'2 M N-phenyl-n-butyrohydroxamic acid chloroform solution.

2x 10"2 M N-p-tolyl-n-butyrohydroxamic acid chloroform solution.

2.4.1 Construction of standard calibration curve of Cr (VI) solution:

A standard calibration curve was prepared by transferring 0.5, 1, 1.5, 2.0

and 2.5 cm3 of 10 ppm Cr (VI) solution in five 25 cm3 volumetric flasks, then

5.0 cm3 of 1M H2SO4 solution were added and 1.0 cm3 of 1.0 %(vv/v) ethanolic

solution of sym-diphenyl carbazide was introduced. The solutions were completed

to 25 cm3 with distilled water, left for 2 minutes for complete colour development.

The absorbance was read at 540 nm using an aqueous solution of diphenyl

carbazide as a blanc and 1.0 cm3 quartz cell. The absorbance was plotted against

the concentration as shown in table (2) and figure (1).

Table (2): The calibration readings of Cr (VI) solution:

cone, in (ppin)

0.2

0.4

0.6

0.8

1.0

Absorbance

0.150

0.235

0.351

0.488

0.598
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Figure (1): The calibration curve of Cr (VI) solution

0 0.2 0.4 0.6 0.8 1

cone, in ppm

2.4.2 Extraction of Cr (VI) with 2x10"2 M N-phenyl-n-butyrohydroxamic

acid (M/L = 0.9615x 10'5):

5.0 cm3 of 20 ppm Cr (VI) solution were transferred in four separatory

funnels. 5.0 cm3 of 1 M, 2 M, 3 M and 4 M H2SO4 solutions were added followed

by the addition of 10.0 cm3 of 2* 10"2 M N-phenyl-n-butyro-hydroxamic acid. The

contents were shaken for two minutes. The two layers were allowed to separate,

and the aqueous layers were kept for further analysis.

48



2.4.2.1 Determination of chromium (VI) in the aqueous layer by diphenyl

carbazide method:

From each aqueous layer separated in (2.4.2), 1.0 cm3 was taken into four

25 cm3 volumetric flasks, 5.0 cm3 of 1M H2SO4 solution were added and then

1.0 cm 3 of 1.0 % (w/v) ethanolic solution of diphenyl carbazide was introduced.

The solution was completed to 25 cm3 with distilled water, left for

2 minutes for complete colour development. The absorbance was measured at

540 nm using an aqueous solution of diphenyl carbazide as a blank.

The amount of Cr (VI) in the aqueous layer was calculated from the

calibration curve obtained by plotting absorbance against concentration of the

prepared standard solution, in table (3) and figure (2).

2.4.3 Extraction of Cr (VI) with 2x 10"2 M N-p-tolyl-n-butyrohydroxamic

acid (M/L= 0.96x10"5):

The same procedure as in (2.4.2.1) was applied except that N-p-tolyl-n-

butyrohydroxamic was used. The results were shown in table (4) and figure (3).
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Table (3): % Extraction of Cr (VI) with N-phenyl-n-butyrohydroxamic acid:

M H2SO4

1 M H2SO4

2 M H2SO4

3 M H2SO4

4 M H2SO4

Absorbance

1.039

0.729

0.625

0.312

cone, (ppm)

0.798

0.560

0.480

0.240

% Remaining

3.99

2.79

2.40

1.20

% Recovery

96.01

97.20

97.60

98.80

Table (4): % Extraction of Cr (VI) with N-p-toIyl-n-butyrohydroxamic acid:

M H2SO4

1 M H2SO4

2 M M2SO4

3 M M2SO4

4 M H2SO4

Absorbance

1.247

0.935

0.729

0.416

cone, (ppm)

0.958

0.718

0.560

0.320

% Remaining

4.79

3.59

2.80

1.60

% Recovery

95.21

96.41

97.20

98.40
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Figure (2): % Extraction of Cr (VI) with N-phenyl-n-butyrohydroxamic

acid
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Figure (3): % Extraction of Cr (VI) with N-p-tolyl-n-butyrohydroxamic

acid
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2.5 Extraction and analysis of copper (II):

Reagents:

I. 200 ppm copper (II) solution.

II. 2* 10 "2 M N-phenyl-n-butyrohydroxamic acid.

III. 2* 10 '2 M N-p-tolyl-n- butyiohydroxamic acid.

IV. 2, 3, 4, 5, 6 and 7 pH solutions.

Standards were first sprayed in the atomic absoiption spectrophotometer to

calibrate the instrument.

2.5.1 Extraction of copper (II) with N-phenyl-n-butyrohydroxamic acid

(M/L= 0.34x10"*):

5.0 cm1 portion of 200 ppm Cu (II) solution were pipetted into six 25 cm3

volumetric flasks and 5.0 cm3 of buffer solutions from 2 to 7 respectively were

added. This constituted 20 ppm Cu (II) in each. The content of each flask was

transferred quantitatively to six 100 cm3 separatory funnels and 10.0 cm3 of

2* 10 "2 M N-phenyl-n-butyrohydroxamic acid were added.

The mixtures were shaken gently for two minutes and the layers were

allowed to separate. The aqueous layers were separated in 25 cm3 volumetric

flasks.

The results were recorded in table (5) and figure (4).

2.5.2 Extraction of Cu (II) with N-p-tolyl-n-butyrohydroxamic acid:

The same procedure as in (2.5.1) was applied except that N-p-tolyl-n-

butyrohydroxamic acid was used. The results were recorded in table (6) and

figure (5).
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Table*(5): % Extraction of Cu (II) with N-phenyl-n-butyrohydroxamic acid

PH

pH2

pH3

pH4

pH5

pH6

pH7

cone, (ppm)

78.691

20.022

17.661

16.863

16.751

16.901

% Remaining

78.69

20.02

17.66

16.86

16.75

16.90

% Recovery

21.31

79.98

82.34

83.14

83.25

83.10

Table (6): % Extraction of Cu (II) with N-p-tolyl-n-butyrohydroxamic acid

pH

pH2

pH3

pH4

pH5

pH6

pH7

cone, (ppm)

81.300

24.521

24.231

20.120

18.704

23.191

% Remaining

81.30

24.52

24.23

20.12

18.70

23.19

% Recovery

18.70

75.49

75.77

79.88

81.30

76.81
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Figure (4): % Extraction of Cu (II) with N-phenyl-n-buryrohydroxamic

acid
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Figure (5): % Extraction of Cu (II) with N-p-tolyl-n-butyrohydroxamic

acid
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2.6 Extraction of Fe (III) solution:

Reagents:

10 ppm of Fe (III) solution was prepared by diluting 2.5 cm3 of 1000 ppm

Fe (III) stock solution to 250 cm3 with distilled water in volumetric flask.

4 M HNO3.

20 %(w/v) potassium thiocyanate solution was prepared by weighting

20.0 g of KSCN and quantitatively transferred to 100 cm3 volumetric flask then

completed to the mark with distilled water.

Buffer 2, 3, 4, 5, 6 and 7 solutions.

2x 10'2 M N-phenyl-n-butyrohydroxamic acid.

2x 10"2 M N-p-toIyl-n-butyrohydroxamic acid.

2.6.1 Construction of standard calibration curve of Fe (III):

It was constructed by placing 0.5, 1, 1.5, 2 and 2.5 cm3 of 10 ppm Fe (III)

solution in five 25 cm3 volumetric flasks. 2.5 cm3 of 20 % (w/v) KSCN solution

were added, followed by 2.0 cm3 of 4 M HNO3 and completed to the mark with

distilled water. The absorbance was read at 480 nm using an aqueous solution of

KSCN as a blanc. The results were recorded in table (7) and figure (6).

Table (7): The calibration readings of Fe (III) solution:

cone, in (ppm)

0.2

0.4

0.6 -

0.8

1.0

Absorbance

0.305

0.625

0.936

1.246

1.554
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Figure (6): The calibration curve of Fe (III) solution:

0 0.2 0.4 0.6 0.8

cone, in ppm

2.6.2 Extraction of Fe (III) with 2x10"2 M N-phenyl-n-butyrohydroxamic

acid (M/L= 0.89x10"5):

5.0 cm3 of 100 ppm Fe (III) solution were transferred into six 100 cm3

separatory funnels, 5.0 cm3 of pH 2, 3, 4, 5, 6 and 7 were added to each funnel.

10.0 cm3 of 2*10*2 M N-phenyl-n-butyrohydroxamic acid were finally added. The

contents were shaken vigorously for two minutes and the aqueous layers were kept

for further analysis.
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2.6.2.1 Determination of Fe (III) in the aqueous layer by KSCN method:

From each aqueous layer separated in (2.6.2), 2.0 cm3 were introduced into

six 25 cm3 volumetric flasks.

2.0 cm3 of 4 M HNO3and 2.5 cm3 of 20 % (w/v) KSCN solution were added

to each flask, then completed to the mark with distilled water. The absorbance was

read at 480 nm. The results were recorded in table (8) and figure (7).

2.6.3 Extraction of Fe (III) with 2><10"2 M N-p-tolyl-n-butyrohydroxamic

acid (M/L= 0.89x10'5):

The same procedure as in (2.6.2) was applied and the amount of Fe (III) in the

aqueous layer was determined by the same procedure as in (2.6.2.1), except that

N-p-tolyl-n- butyrohydroxamic was used. The results were recorded in table (9) and

figure (8).
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Table (8) Extraction of Fe (III) with N-phenyl-n-butyrohydroxamic acid:

PH

pH2

pH3

pH4

pH5

pH6

pH7

Absorbance

0.100

0.097

0.096

0.010

0.048

0.081

cone, (ppm)

1.604

1.557

1.550

0.166

0.770

1.312

% Remaining

8.02

7.79

7.75

0.83

3.84

6.56

% Recovery

91.98

92.21

92.25

99.17

96.16

93.44

Table (9): % Extraction of Fe (III) with N-p-tolyl-n-butyrohydroxamic acid:

pH

pH2

pi I 3

pH4

pH5

pH6

pi I 7

Absorbance

0.111

0.109

0.047

0.048

0.089

0.098

cone, (ppm)

1.788

1.772

0.760

0.770

1.440

1.580

% Remaining

8.94

8.86

8.80

3.84

7.20

7.90

% Recovery

91.06

91.14

91.20

96.16

92.80

92.10
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Figure (7): % Extraction of Fe (III) with N-phenyl-n-butyrohydroxamic

acid

1

!

. C

o

%
 E

xt
ra

ct
i

100 -

90

80

70

60 -

50

40
!

30 i

20

10 ]
0 i 1 1 1 1 1 1 1

0 1 2 3 4 5 6 7

pH

61



Figure (8): % Extraction of Fe (III) with N-p-tolyl-n-butyrohydroxamic

acid
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2.7 Extraction of uranium (VI):

250 ppm of U (VI) solution was prepared by pipetting 62.5 cm3 of

1000 ppm in 250 cm3 of volumetric flask, completed to mark with distilled water.

0.02 M EDTA (Ethylene diamine terra acetic acid), was prepared by

dissolving 7.448 g of ethylene disodium terra acetic acid in distilled water and

quantitatively transferred to 1000 cm3 volumetric flask then completed to the mark

with distilled water.

1.0 %(w/v) 8-hydroxyquinoline was prepared by dissolving 1.0 g in

chloroform and quantitatively transferred to 1000 cm3 volumetric flask and

completed to the mark.

2.7.1 Preparation of standard calibration curve of U (VI) solution:

Calibration curve of U (VI) was constructed by placing 1, 2, 3 , 4 and 5 cm3

of 250 ppm U (VI) solution into a series of five separatory funnels, 10.0 cm3 of

8.8 buffer solution and 5.0 cm3 of 0.02 M EDTA were added to each separatory

funnel and completed to 25 cm3 with distilled water. The solutions were shaken

gently for two minutes with 10.0, 10.0, and 5.0 cm3 of 1% (w/v) 8-hydroxy-

quinoline/CHCl3 solution. The organic layers were collected in 25 cm3 volumetric

flask. The absorbance of hydroxyquinoline-U (VI) complex were measured at

405 nm against 8-hydroxyquinoline /CHC13 solution as a blanc and the results

were recorded in table (10) and figure (9).
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Table (10): The calibration curve readings of U (VI) solution

cone, (ppm)

10

20

30

40

50

Absorbance

0.048

0.096

0.150

0.190

0.241

Figure (9): The calibration curve of U (VI) solution

0 10 20 30 40 50

cone, in pprn
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2.7.2 Extraction of U (VI) with N-phenyl-n-butyrohydroxamic acid

(M/L=26xlO6):

5.0 cm1 of 250 ppm U (VI) solution were pipetted in a series of four

separtory funnels, 5.0 cm3 of 1 M, 2 M, 3 M, and 4 M HN03 and 10 cm3 of

2><10"2 M N-phenyl-n-butyrohydroxamic acid were added to the contents which

were shaken gently for 2 minutes, then the aqueous layers were separated and kept

for further analysis.

2.7.2.1 Determination of U (VI) in aqueous layer by 8-hydroxyquinoline

method:

From each layer separated before, 1.0 cm3 was pipetted into a series of

100 cm3 separatory fuimels. 10.0 cm3 of buffer solutions from 2 to 7 were

introduced and 5.0 cm3 of 0.02 M EDTA solution were added. The volume was

completed to 25 cm3 with distilled water. The yellow solution was extracted with

10.0, 10.0 and 5.0 cm3 of 1.0 % (w/v) 8-hydroxyquinoline chloroform solution.

The organic extracts were collected in 25 cm3 volumetric flasks, the

absorbance of the yellow layer was measured at 405 run against 8-hydroxy-

quinoline/CHCb blank and results were recorded. The amount of U (VI) extracted

was calculated from calibration curve shown in table (11) and figure (10).

2.7.3 Extraction of U (VI) with N-p-tolyl-n-butyrohydroxamic acid:

The same procedure as in steps (2.7.2) applied except that N-p-tolyl-n-

butyrohydroxamic acid was used. The results were recorded in table (12) and

figure (11).

65



Table (11): % Extraction of U (VI) with N-phenyl-n-butyrohydroxamic acid

M HNO3

1 M IINO3

2 M HNO3

3MHNO3

4 M IINO3

Absorbance

0.750

0.560

0.400

0.140

cone, (ppm)

16.344

12.200

8.700

3.051

% Remaining

1.13

0.97

0.96

0.24

% Recovery

98.69

99.03

99.31

99.76

Table (12): % Extraction of U (VI) with N-p-toIyl-n-butyrohydroxamic acid

M HNO3

1 M HNO3

2MI[NO3

3 M HNO3

4 M MNO3

Absorbance

0.900

0.740

0.490

0.210

cone, (ppm)

19.573

16.093

10.570

4.570

% Remaining

1.57

1.29

0.84

0.36

% Recovery

98.43

98.71

99.16

99.64
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Figure (10): % Extraction of U (VI) with N-phenyl-n-butyrohydroxamic

acid
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Figure (11): % Extraction of U (VI) with N-p-tolyl-n-butyrohydroxamic

acid
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2.8 Determination of Cr (VI): hydroxamic acid complexes using continuous

variation method:

2.8.1 Determination of Cr (VI): hydroxamic acid complexes:

A series of extractions were carried out in which the mole fraction of Cr (VI)

with the two hydroxamic acids were varied from 0.1 to 0.7, respectively. The

absorbance of the organic extract was measured against the solvent as a blanc at

maximum 540 nm. The results were recorded in table (13) and constructed in figure

(12) for N-phenyl-n-butyrohydroxamic acid and table (14) and figure (13) for N-p-

tolyl-n-butyrohydroxamic acid, respectively.

Table (13): Readings of the ratios of Cr (VI): N-phenyl-n-butyro-hydroxamic

acid complexes

Solution

Vol. of (0.01) M
Cr (VI) solution
in cm3

Vol. of 4 M H2SO4

in cm3

Vol. of distilled
water in cm

Vol. of (0.01M)
N-phenyl-n-butyro-
hydroxamic acid
in cm3

Vol. of chloroform
added to H. A.
in cm3

Mole fraction
M/(M+L)
Absorbance

1

0.4

7.1

2.5

3.6

6.4

0.1

0.005

2

0.8

6.7

2.5

3.2

6.8

0.2

0.007

3

1.2

6.3

2.5

2.8

7.2

0.3

0.009

4

1.6

5.9

2.5

2.4

7.6

0.4

0.008

5

2.0

5.5

2.5

2.0

8.0

0.5

0.006

6

2.4

5.1

2.5

1.6

8.4

0.6

0.005

7

2.8

4.7

2.5

1.2

8.8

0.7

0.004
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Figure (12): The ratio of Cr (VI): N-phenyl-n-butyrohydroxamic acid

complexes
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Table (14): Readings of the ratios of Cr (VI): N-p-tolyl-n-butyrohydroxamic

acid complexes

Solution

Vol. of (0.01) M
Cr(VI) solution in cm3

Vol. of 4 M H2SO4

in cm3

Vol. of distilled water
in cm3

Vol. of (0.01) M
N-p-tolyl-n-butyro-
hydroxamic acid in cm3

Vol. of chloroform
added to H. A. in cm3

Mole fraction
M/(M+L)

Absorbance

1

0.4

7.1

2.5

3.6

6.4

0.1

0.008

2

0.8

6.7

2.5

3.2

6.8

0.2

0.010

3

1.2

6.3

2.5

2.8

7.2

0.3

0.012

4

1.6

5.9

2.5

2.4

7.6

0.4

0.011

5

2.0

5.5

2.5

2.0

8.0

0.5

0.009

6

2.4

5.1

2.5

1.6

8.4

0.6

0.008

7

2.8

4.7

2.5

• 1 . 2

8.8

0.7

0.007
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Figure (13): The ratio of Cr (VI): N-p-tolyl-n-butyrohydroxamic acid

complexes
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2.8.2 Determination of the ratio U (VI):hydroxamic acids complexes using

continuous variation method:

A series of extractions carried out in which the mole fraction of U (VI) with the

two hydroxamic acids was varied from 0.1 to 0.7, respectively. The absorbance of

organic layers were measured against the solvent as a blank at maximum 405 mn.

The results were recorded in table (14) for N-phenyl-n-butyrohydroxamic acid and

table (15) for N-p-tolyl-n-butyrohydroxamic acid, respectively.

Table (14): Readings of the ratios of U (VI):N-phenyl-n- butyrohydroxamic

acid complexes

Solution

Vol. of (0.01)
M U(VI)
solution in cm3

Vol. of 4 M
HNO3 in cm3

Vol. of distilled
water in cm3

Vol. of (0.01) M
N-phenyl-n-
butyro-
hydroxamic acid
in cm3

Vol. of
chloroform
added to H. A.
in cm3

Mole fraction
M/(M+L)
Absorbance

1

0.4

7.1

2.5

3.6

6.4

0.1

0.018

2

0.8

6.7

2.5

3.2

6.8

0.2

0.024

3

1.2

6.3

2.5

2.8

7.2

0.3

0.027

4

1.6

5.9

2.5

2.4

7.6

0.4

0.026

5

2.0

5.5

2.5

2.0

8.0

0:5

0.023

6

2.4

5.1

2.5

1.6

8.4

0.6

0.019

7

2.8

4.7

2.5

1.2

8.8

0.7

0.016
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Figure (14): The ratio of U (VI): N-phenyl-n-butyrohydroxamic acid

complexes
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Table (15): Readings of the ratios of U (VI):N-p-tolyl-n-butyrohydroxarnic

acid complexes

Solution

Vol. of (0.01) U
(VH solution in
cm
Vol. of 4 M UNO.,
in cm3

Vol. of distilled
water in cm

Vol. of(0.01M)N-
p-tolyl-n-butyro-
hydroxainic acid in
cm3

Vol. of chloroform
added to H. A. in
cm3

Mole fraction
M/(M+L)
Absorbance

1

0.4

7.1

2.5

3.6

6.4

0.1

0.022

2

0.8

6.7

2.5

3.2

6.8

0.2

0.028

3

1.2

6.3

2.5

2.8

7.2

0.3

0.031

4

1.6

5.9

2.5

2.4

7.6

0.4

0.030

5

2.0

5.5

2.5

2.0

8.0

0.5

0.027

6

2.4

5.1

2.5

1.6

8.4

0.6

0.023

7

2.8

4.7

2.5

1.2

8.8

0.7

0.020
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Figure (15): The ratio of U (VI): N-p-toIyl-n-butyrohydroxamic acid

complexes
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3. Discussion

3.1 Preparation:

The preparations of the two hydroxamic acids:

(A) N-phenyl-n-butyrohydroxamic acid

(B) N-p-tolyl-n-butyrohydroxamic acid

are prepared by reacting B-phenylhydroxylamine and p-tolylhydroxylamine

respectively with n-butyryl chloride at low temperature in etheral solutions

containing suspensions of sodium hydrogen carbonate. The acid chloride was

prepared by the reaction of n-butyric acid with redistilled thionyl chloride,

B-phenylhydroxylamine and p-tolylhydroxylamine were prepared by the reduction

of nitrobenzene and nitrotoluene, respectively with zinc dust.

In the modified procedure adopted, use of equimolar proportions of N-aryl

hydroxylamines and acid chloride improve yields of hydroxamic acids of higher

purity. Use of aqueous suspensions of sodium hydrogen carbonate gave pure

crystals instead of contaminated ones obtained before by another procedures,

although it appears objectionable on ground of hydrolysis of acid chloride.

However, under the experimental conditions employed, the rate of hydrolysis of

acid chloride is extremely slow because diethyl ether which constitutes the reaction

medium is immiscible with water and is maintained at low temperature (88103).

3.2 Characterization and identification of the hydroxamic "acids:

The two hydroxamic acids prepared were characterized by:

I. Their melting points which were found (79 °C, lit. 81 °C) for N-phenyl-n-butyro-

hydroxamic acid and (64 °C. lit. 63 °C) for N-p-tolyl-n-butyro-hydroxamic acid,

respectively.
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II. Their reactions towards vanadium (V) and iron (III) acidic solutions gave deep

violet and blood-red colour, respectively.

III. Their I. R. spectra showed the most characteristic bands associated with

hydroxamic acid functional groups as in table (1) and appendices (A) and (B) for N-

phenyl-n-butyrohydroxatnic acid and N-p-tolyl-n-butyro-hydroxamic acid

respectively.

IV. Nitrogen contents of the two acids had been determined by Kjeldhal method

differs slightly from the theoretical values, for N-phenyl-n-butyrohydroxamic acid

was found (7.39 %, lit. 7.82 %) for N-phenyl-n-butyrohydroxamic acid and

(6. 96 %, lit. 7.25%) for N-p-tolyl-n-butyro-hydroxamic acid, respectively.

V. The molecular weights of the two hydroxamic acids were determined by

tihation against alkali which were found (176.2, theoretical. 179) for N-phenyl-n-

butyrohydroxamic acid and (189, theoretical. 193) for N-p-tolyl-n-butyro-

hydroxamic acid, respectively.

3.3 Extraction:

Chloroform solutions of the two acids were used for extraction for the

transitional metals Cr (IV), Cu (II), Fe (III) and U (VI), at different pH values and

molar acid concentrations.

3.3.1 Extraction of chromium (VI):

Chromium (VI) in acidic media forms yellow complexes with the two acids,

chromium remains in aqueous layer was determined by the diphenyl carbazide

method.
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For the two acids, maximum extraction was (98.80 %) with N-phenyl-n-

butyrohydroxamic acid and (98.40 %) with N-p-tolyl-n-butyrohydroxamic acid

respectively at 4M H2SO4 solution, agree with the result obtained by Mohamed (70)

(98.40 %) at 4M H2SO^ solution and agree better than the results obtained by

El bashier (I(W) (90.60 %), El Aidy (l05) (100.0 %) and Abdel Aziz(106) (97.06 %) at

3 M H2SO4 solution.

3.3.2 Extraction of copper (II):

Copper (II) forms green complexes with two hydroxamic acids. The

recovery of Cu (II) by the two hydroxamic acids studied is complete at pH 6

solution. Maximum extraction was (83.25 %) with N-phenyl-n-butyrohydroxamic

acid and (81.30 %) with N-p-tolyl-11-butyrohydroxamic acid respectively, agree

with the results obtained by El Mugdad {il) (100.0 %), Meddani(l07)(88.60 %),

Khalid (108)(99.50 %) and Mohamed(109)(93.80 %) at pH 6 solution.

3.3.3 Extraction of iron (III):

Fe (III) forms yellow complexes in acidic media with the two acids,

ferric (III) which remains in aqueous layer was determined by thiocyanate method.

Maximum extraction occurs at pH 5 solution and was found (99.17 %) with N-

phenyl-n-butyrohydroxamic acid and (92.80%) with N-p-tolyl-n-butyrohydroxamic

acid respectively, agree well with the results obtained by El Aidy(105) (100.0 %)

and Meddani(108) (100.0 %) at pH 5 solution.

3.3.4 Extraction of uranium (VI):

Uranium forms orange complexes with the two acids, U (VI) which remains

in aqueous layer was determined by successive extraction with 8-hydroxyquinoline

chloroform solution.
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Maximum extraction occurs at 4M HNO3 solution, (99.76%) with N-phenyl-

n-butyrohydroxamic acid and (99.64%) with N-p-tolyl-n-butyro-hydroxamic acid,

respectively.

3.3.5 Determination of stoichiometric ratios of hydroxamic to metal

complexes:

Chromium reacts with the two acids to give complexes with 1:2 metal:

ligand ratios, the proposed formula for the complexes with the two acids is

Cr(L)2O2, agree with the result obtained by Sawsan (112) and Mohamed (113).

Uranium (VI) gives 1:2 metal: ligand complex with the two acids, the

proposed formula for the complexes with the two acids is U(L)2O2, agree with the

result obtained by Sawsan ( l l 2 ) .

3.3.6 Effect of N-p-inethyl phenyl substituent:

N-p-methyl phenyl substituent have slight effect on the percentage extraction

through the comparison between the results of extraction of the two hydroxamic

acids as in following table:

Metal

Cr (VI)

Cu (II)

Fe (III)

U(VI)

N-phenyl-n-butyrohydroxamic

acid

% Extraction

98.80

83.25

99.17

99.76

M

4

-

—

4

pH

—

6

5

-

N-p-tolyl-n-butyrohydroxamic

acid

% Extraction

98.40

81.30

92.80

99.64

M

4

—

—

4

pH

—

6

5

—
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The slight decrease in the percentage extraction may be due to the electro

possitivity of the methyl group which decreases the acidity of the hydroxamic acid

and hence decreases the extractability(70).

3.4 Recommendation:

The previous extractions ( % E) are maintained by a single extraction,

inorder to have (% 100.0) we must apply a number of successive extractions: for

Cr (VI), Fe (III) and U (VI) two successive extractions, for Cu (II) three successive

extractions. Hence, the two acids are suggested to be analytical reagents for

specrrophotometric determinations for Cr (VI), Cu (II), Fe (III) and U (VI).
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