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Abstracts

A mathematical formula describing the efficiency
of extraction of metals as chelates, from agueous into

organic phase wzgs derived. The formulsa

E = X
1l + q[H

+]m

which resembles other existing extractability formulae
in its final approximation, is, however, original in
derivation. Verification of the formula with simple
metal oxinates and the possibility of its extension to
systems in which hydrolysis of the metal takes place or
involve other competing ligands (masking agents) have
been investigated,

Enhancement of the gelectivity and sensitivity
of the 8~hydroxyquingldine by substitution of aryl
groups in the 2-position of the pyridine ring of the
8—hydroxy@uinoline nucleus has already been investigated
by some workers in the field with no success. The
possibility of increasing selectivity and Senéitivity
of this organic reagent has been attempted by substitution
of bulky élkyl groups of both powerful inducti#e and
steric effects in the 2-position. Different methods

of organic synthesis were examined for the synthesis of



2-ethyl-, 2~isopropyl- and 2=t ,butyl-8-quinolinols,

Synthesis of the first two derivatives, 2-ethyl-
and 2-isopropyl-8-quinolinols, in reasonable yields
has been achieved by application of a suitable method.
Preparation of the third derivative, 2-%.butyl-8-
quinolinol, has been shown out to be possible,

The physical and chemical properties of these two
derivatives which included ultraviolet, Infrared, X-ray,
sensitivity and selectivity and solvent extraction, etc.
have been examined thoroughly and general analytically
useful data is presented.

Sensitivity has been shown to be improved, especially
with the 2~igopropyl derivative, but the apparent
selectivity has not improved. A tentative explanation
of the increase in sensitivity of the reagents in terms
of steric and solubility effects is presented.
Application of the new derivatives in the analysis
of metals indicate the suitability of the highly sub-
stituted derivative, 2-iscpropyl-, for the analysis by
solvent extraction separation followed by spectro-
photometry, of aluminium in its alloys where the un-

substituted reagent fails,
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CHAPTER ONE

GENERAL INTRODUCTION



Historical Survey

Solvent extraction (liquid-liquid extraction) of
metal chelate complexes has, for a long time now, been
recognised as a powerful method in separation, but it
has not achieved a great advance until recently. This
technigue enjoys a favoured position among other
gseparation methods because of its ease, simplicity,
speed and wide scope. By utilizing apparatus no more
sophisticated than a separating funnel, requiring but
several minutes to perform, extraction procedures offer
much to the analyst. Added to these advantages are
cleanliness and the fact that the method does not
involve contaminations, such as coprecipitations.

The principle of solvent extraction'is the parti-
tion or distribution of a solute between two immiseible
solvents., This principle has, from the earliest times
in technology, been applied in the preparation of
perfumes, essential oils, drugs, dyestuffs, etc,
However, its application to inorganic problems was not
made until 1842, when it was first foreshadowed by
Peligot'!s discovery that uranium (VI) could be
extracted with ether from nitric acid‘l) and by Skey's

proposals (1867) for the separation of cobalt from
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nickel, gold from platinium and iron from alkaline
earths, aluminium, chromium, and manganese and also
platinum and nickel, by exploiting the different solu-
bilities of their thiocyanates in ether(z).

Up to forty years ago only the solvent extraction
of ferric chloride’?) and gallium trichloride'?) had
made impact on general analytical practice. The intro-
duction of the versatile organic reagent (dithizone)
by Fischer in 1925 marked a new stage in the solvent
extraction and guantitative determination of a considerable
number of metal ions(s),

The discovery of other types of chelating agents,
e.g. thenoyltrifluoroacetone (TTA), cupferron, |
dimethylglyoxime, 8-hydroxymincline etc., which soon
followed, promoted the application of this technique

further in the analysis of ores and industrial products.

Basic Concepts

Similar to chromatography, ion exchange, precipi=-
tation from homogeneous solution, the principle of
separation by solvent extraction is phase distribution
(movement of matter across phase boundaries). The

phase rule, as defined by Gibbs is;

P + P = ¢ + 2
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where P is the number of phases (in this case 2), B
the number of degrees of freedom and C the number of
compoﬁents(lL Solvent extraction is limited to two
immiscible solvents with one solute distributed between
them which has, therefore, one degree of freedom at
constant temperature and pressure. This means that
by fixing the activity of the solute in one phase, aqs
the solute activity in the other phase, 8oy remains
constant. This relationship was the basis of Nernst
partition isotherm(7) which is in turn based on

Berthelot and Jungfleish experiments(6). The thermo-

dynamic concept of Nernst law is

_ 8 Yol
K = = = 7=
1 Y1M

where KD represents the metal distribution coefficient,
m, the solute concentration in molality, and ¥, the
molal activity coefficient.

Application of the distribution law to inorganic
systems has been attenpted in 1941 by Kolthoff and
Sandell(8), who laid down the first wuantitative
description of the extraction process of a metal
chelate zineg dithizonate. A full theoretical treatment
was presented later by Irving(g), then by Sonnick and

(10)

McVey » Furman et al.(ll), Dyressen(12), Stary(lE),
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Ringbomn (14), Morrison and Freiser(l5), Sohweitzer(lG),
Oosting(l7) and several other authors.
Definitions

Definitions of terms of similar superficial
appearance and which are fregquently used in this
thesis are as follows:

Distribution or Partition Coefficient

A constant ratio exists between the activities
of a pértioular gpecies of solute in one phase and that
of the same species in the second phase in equilibrium
with i+, This is a thermodynamic quantity unaltered
by changing chemical conditions although changes of
physigal conditions, such as temperature bring about
changes in it. In most of the work described in this
thesis ratios of concentrations can replace those of
activities.

Extraction Coefficient or Distribution Ratio

The stoichiometric ratio between the total concen-
trations of the solute species in the organic phase and
that in the agueous phase.

Extractability

The ratio betwecen the total concentrations of the
solute species in the organic phase and that in both

organic plus agueous phases,
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Extraction Eguilibrim

Unlike the phenomenon of liquid-liquid extraction
of ion association complexes, which is frequently
selective and for which the physical-chesmical
interpretations are intrinsically complicated, the
systems of metal chelate complexes behave as if they
were thermodynamically ideal. The reason for this
simplicity is attributed to the fact that the partition
is of molecular rather than ionic species, the two
gsolvents are highly immiscible and the concenfration
of the solute is usually low.

The latter restriction arisés in two ways. Pirst
there is the limited solubility of the organic reagent
and still smaller solubility of the metal chelate in the
agueous phase and even in the organic solvent (0.01 M
is considered an upper limit), In the second place
procedures involving metal chelates are generally used
for the solvent extraction of microgram quantities of
metals. Concentrations of all the solutes are therfore
in the dilute, ideal,solution range even allowing for
residues of solvents, buffering agents, etc.

The factors of low concentration and high parti-
tion coefficients of, especielly, the chelating agent
tend to slow down the attainment of equilibration;

but achievement of the latter can be approached by the
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forward and back reactions, i.e, either extraction into
the organic phase from a mixture of free metal ions and
chelating agent or reversing a previously prepared
solution of the netal chelate into the organic solvent,
Equilibrium may also be shifted by enploying other factors
such as excess organic reagent or pH conditiohs which

have proved experimentally to affect the equilibrium.

The factors influencing equilibria are to be shown to

have thecretical basis later.

Solubility - Extraction of Metal Chelates

Extraction depends vitally on the formation of
extractable complex. Simple metal salts are insoluble
in non-polar solvents. This is attributed to their
highly ionic nature, as they are strong electrolytes
with a large solubility in aqueous media, in which the
charged metal ions are co-ordinately bonded to the water
of solvation, and to the low dielectric constant of the
organic solvents,

Extraction of the metal is promoted by neutralisa-
tion of the metol-ion charge, i.e. dehydrating it totally
or partially, and by increasing its size through the
formation of large neutral molecules with a suitable
organic reagent.

Organic reagents possessing such polyfunctional

groups as -~0OH, -SH, -NH, =0, =5, =N, are capable of



T
replacing the co-ordinated water molecules by occupying
two or more posifions of the co-ordination sphere of the
netal ion to form a cyclic compound. The functional
groupévdf thé base must be 80 situated in the molecule
that they permlt the formatlon of a stable ring, four,
five and six membered rlng, of which the five-membered
is most important. - For example, the metal chelates of

the following reagents:

P

G, )N"“

\5/

diethyldithiocarbamate phenanthroline thenoyltrifluoroace~:

tone

FOrmatibn of the mefal chelates follows the Lewis;.
eléctronic theory, which relates covalent-co-ordinate
bond formation to acid-base reactions, The metallic
cation is electron pair deficient, and may be considered
as a polybasic acid capable of reacting with basic
entities (electroﬁ donors), the number of which is
linited by the co-ordination number, x, of the metal.

Stability of the metal chelates produced, according
to the same theory, is determined by factors related to
the "basicity" of the co-ordinating ligand, e.g. the

basic strength of the functional groups; those related
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to the acidity of the metal such as cationic charge con-
centration (ionic potential), electronegativity, oxidation
state of the netal, available bonding orbitals, the
location of these orbitals; and finally special factors
related to the configuration of the resultant complex,
e.8. the size and nuwmber of chelate rings formed.

As the metal in these netal complexes has becone
part of the organic structure (guasi-organic) and is
more or léss buried inside the molecule, metal chelates
are, theréfore, only slightly soluble in water but dissolve
readlly in organic solvents which they resemble elec-
tronically.

The transfer of a metal cation into its organic
chelate dissolved in an organic solvent is complex and

1s shown schematically below:

. S - _ kK P
M(OH)® 1 =2— om + Mt + AT =8 MR, <=2 (org. )
n n
+ +
i ng*
/) a
H By X
1 ' K,
Ll R + —
V PR




9.

Prom these relationships it can be seen that the
extractability of a metal is dependent upon the following
factors: dissociation constant of the netal chelate,
X ; +the dissociation constant of the organic reagent,
KR; the partition coefficient of the metal chelate, Pc;
the partition coefficient of the organic reagent, PR;
#ha dissociation constant of the metal hydroxy complex,
Sl’ the dissociation constant ¢f the metal complex formed
with a secondary complexing agent, Blg also upon

the metal ion MTT

the metal ion concentration

the chelating agent, RHn

the chelating agent concentration

the pH

the prescnce of a conmplexing agent anion in the

aqueous phase, OH and I~
the complexing agent concentration
the presence of an adduct-forming substance in the
organic phase

the adduct-forming agent concentration

the orgunic solvent

the teuperature

the stability constant of the metal chelate

the equilibrium time and other kinetic factors,

Extraction of the metal with a given organic reagent
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and organic solvent is especially greatly influenced by
the concentration of the organic reagent. The higher
the RHn in the organic phase is, the higher the dis-
tribution ratioand the metal chelate formation and the
extraction curve is shifted to the acid side, permitting
extraction from more acidic solutions. Provided .the
reagent concentration (and certain other factors) is
wmaintained constant, the distribution of the metal is a
function of the hydrogen ion concentration alone. Thus
the lower the pH is, the less efficient is the process
of metal chelate formation and consequently its
distribution.

The extraction of the metal is diminished also in
the presence of certain secondary complexing agents.
Owing to the production of the non-extractable ionic
couplexes in the aqueous phase.

By treéting the above relationships quantitatively,
a nurtber of solvent extraction equilibria have been
described for metal chelates.

Details concerning the qualitative pattern of the
reactions involved in the wmetal chelate extractions
description of these reactions mathematically; the
approxinations encountered, and finally the investigation
of the validity of the fornula with typical di- and ter-

valent netal-8-hydroxyquinolinei-water-chlorcform systems
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are to be subnitted inithp.II of the thegis.

8-Hydroxyquinoline as a Chelating Agent

= /N

NI.’A'
OH

It is obvious that during the last 60 years 8-
hydroxyquinoline, 8-qguinolinol, "oxine!", has proved
itself to be a most versatile organic reagent. This
is due to its ability to chelate with a wide variety of
netals forming insoluble compounds, In many cases
the metalliccomplexes have a stoichiometric composition
and mnay be weighed directly to give the amount of metal.

The fact that different metallic couplexes preciﬁi-
tate from solution at different pH!'s has been utilized
for the separation of metals, and the discovery that
certain metallic conplexses are soluble in organic
solvents forming highly coloured solutions, the intensity
of which, with few reservations, is proportional to the
anount of metal pres:nd, has led to the introduction of
colorimetric technigues applied to the determination
of trace metals in solution.

In oxine, the hydroxy group is so located with

respect to the nitrogen atom of the quinocline nucleus
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that a stable five membered rings are formed with metals.
By virtue of its structure two properties are exhibited,
nanely the phenolic and that of a gquinone, As a con-
sequence metals which react with the recgent, forming
inner Complex Conmpounds, may do in two ways: the metal
atons may be bound co-ordinately to the heterocyglic
nitrogen atom or %o the oxygen atom; 1in either case ag

five membered ring is forued,

5 4
o 3
8 N 1
C--—~l\:/i—-. Oeeeeee :\‘A-
phenol | gquinone

The same holds for the derivatives, with substituents
in the 3, 4, 5, 6 or 7 positions since these all contain
the same reactive grouping as the parent conmpound.

8~-hydroxygquinoline Derivatives

8¥hydroxyquinoline is very "unselective" in its
action. It is known to. form chelates with well over
50 metals, whereas certain derivatives, with substituents
in either the pyridine or the benzene ring, are more
"selective", and chelate under the same conditions with

slightly fewer metals.
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Thus, aluninium forms a stable 3:1 stoichiometric -
complex with O-hydroxyquinoline which permits its

detemmination by gravimetric, volumetric and absorptio

netric procedures, Several substituted oxines behave
similarly, but 2-methyl-8-hydroxyquinoline (8-hydroxy-
quinaldine) displays a remarkable difference. It was
found by Merritt and Walker'l®) that while a considerable
number of metal lons is reactive with 8-hydroxyquinaldine,
the lattax would not give a precipitate under any
conditions with aluminiua. They attributed increased
selectivity to increase of size compared with that of
8-hydroxyquinoline, mnd the difficulty in grouping larger
molecules around a snall ion, The close proximity

of the methyl group to the reaetive grbuping causes
gsteric hindrance, and -the atomic radius of the aluminiunm
in such that it is prevented from entering and forming
the complex.

The steric nature of the failure of B;hydroxyquinaldine
to react with aluminium was supported by the observation
that 2-phenyl and 2-styryl substituted 8-hydroxyquinoline
derivatives would not react with aluminium, while the
isomeric compounds with substituents in the 3- and 4-
positions would react(zc).

Now although the steric hindrance could he the ex-

planation for the case above, however, it does not apply
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in all cases of non-chelation, as derivatives with sub-
gtituents in position 5 are known which appear to be
more selective in their action, e.g. S5-nitroso-8-
hydroxyquinoline will not chelate with tervalent aluminium,
gallium, and indium or magnesium under the same condi-
tions in which chelation occurs with the parent compouhd,
Increased selectivity cannot here be ascribed to steric
hindrance, but rather to the action of nitroso group in
the para position to the hydroxy group in increasing
the acidity of the chelating function (the plenolic group)
with the resultant formation of weaker metallic complexes(lg),

The above behaviour of aluminium towards a 2-methyl-
8-hydroxyguinoline has been utilized to work out a
specific determination of aluminium in binary nmixtures,
using 8-hydroxyquinaldine to remove the second constituent
by solvent extraction and then determining aluminium
with 8-hydroxyquinoline by a spectrophotometric technique.
The extension of the procedure to complex mixtures where
aluninium is a ninor ronstituent has not been wholey
successful. Use of secondary complexing agents has
improved the method but results have no great advantage
over those obtained from existing procedures.
In an attempt to increase the selectivity of the

nethod, preparation of a number of sensitive 8~hydroxy-

guinoline derivatives substituted in the 2-position with
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bulky alkyl groups; namely 2-ethyl-, Z2-isopropyl-
and 2-tert-butyl-, were investigated.

Also the issue of attributing the failure of
aluminiun to react with a 2-methyl and other 2-substituted
8-hydroxyquinoline, to steric hindrance or to the
inductive effect caused by the 2-substituents remains
open, It was therefore highly desirable to investigate
the problem and attempt to present a clear structural
gxplanation. The introduction of bulky alkyl groups
both more inductive and voluminous than the methyl group
into the 2-position of the pyridine ring of the 8-hydroxy-
guinoline nucleus; could clarify the issue elther way.
Little could be gained from gualitative experiments but
gquantitative differences between ®the new reagents should
point to the correct mechanism, The results of these

investigations are described ih Chap. V of this thesis,



CHAPTER TWO

DERIVATIONS OF EXTRACTION EQUILIBRIA RELATIONSHIPS
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Quantitative Treatment of Metal Chelates Extraction

Baquilibria

By consideration of the behaviour of metal chelate
as that of a thermodynamically ideal system, and of the
concurrent equilibria involved in the extraction process
as those of the formation of an uncharged co-ordination
complexes in the aqueous phase and the distribution
of this extractable chelated species between the two
'immiscible phases according to the law of distribution(7),
a number of guantitative relationships have been
elucidated(a’ 10, 11, 13, 15, 16, 17, 21), and others.
Here, a formula describing efficiency of ex~-

traction of metal chelates from agueous into organic

phases, formed according to the follawing reaction,
+ +
a4 DRH cem= M R+ mH

or M + BRH =sMR + mH (1)
n

and by téking into account the same considerations, is
derived, The final form of the new formula, but not
the derivation, which is original, resembles other
existing formulae in relating extraction efficiency

of the metal to the hydrogen ion concentration raised %o
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the power of the cationic ion charge (valency).
1

5os 1+ q [gH® (2)

During the solvent extraction of a metal ion et
with a weakly acidic chelating reagent HR, suoﬁ as
8-hydroxyquinoline and a non-miscible solvent,vthe
following reactions have to be considered:

(Note): unless otherwise indicated, concentrations of
any species are those in agueous phase. No activity
corrections are included in these considerations.

1. The reagent dissociates to give the active cﬁelating

anion,
RH, ===R"" + nH' (3)

The reagent dissociation is determined by a dissocia-

tion constant.

- f[ﬁm:% Eui (a)

Kpy

2, It will be recalled that many organic reagents possess
a basic nitrogen atom. Therefore, in the presence of

protons the organic reagent ¢an accept these:

RH + Hgo-——...——:RHLl + OH™ (5)
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Such dissociation of the reagent is described by a

dissociation constant.

[RH+n+l] [on™]

Kpo = N (6)
R . S
| [RH+n+l]

- “ . . 4 B .
As an example of 1 and 2, 8-hydroxyquinoline disscciation

occurs in thé followihg two ways(zg)

"@*«@ntq
(7)
o) :

0X ox~

selSe ekt

fFﬁg()';;ii: +C it

N

on N O H* (8)
0X ox ut

but only the species OX can be extracted into an organic
solvent of low dielectric constant.
3. The undissociated organic feagent is extracted by

the organic solvent.
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[rH, ] == [RH, ], (9)

Distribution of the organic reagent between the two

immiscible phases is determined by the partition

coefficient:
RH
PR = [ n]org (10)
[rH, ]
4.

The metal ion reacts with the reagent anion to form
the metal chelate

n

Mm+ + i

_......;N[Rm (ll)
n

The chelate formation is determined by the dissociation
constant

n
K = IMQT] [Rp_]n (12)
¢ (R ]
n

The chelate formation may occur stepwise according to
the finding of galvin(23),

(For the sake of simplicity
n is considered 1.)

(M1 [r7]
[RE ]

- E e, ] (8]
mey RS MR, K o= '

(R, ]
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The overall dissociation constants Ki is the product
5. The metal chelate formed is extracted by the -immis-

cible organic solvent.

LRy} o= lmy ]y, (13)
n n
Digtribution of the metal chelate between the two
immiscible phases is determined by the partition
coefficient.

(1] g

o]

P, = ———— (14)

¢ (R, ]

6, The metal ion can be fixed by other competing ions
beside the organic reagent anion, e.,g. hydroxyl or

masking agents anionic groupings:

Mt + 0" = m(oE)®t ... etec. (15)

PR v S yr2-1 ... ete. (16)

Such reactions are determined by the successive

dissociation constants:
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_ [ Tom) 5 |
Sl = [M(OH)(m_D +] oo e‘tC. . (17)
+ -
By = %ﬁi(%_£§+% ... etc. (18)

Mathematical Derivation of EBxtractability and Extraction

Efficiency

Consider the metal ion, M'', extracted by the
organic solvent, is in the form of chelate and such that

. . . -
no free metal ions or organic rcagent anions, R
RH(n—l)

’

can be extracted by the organic solvent, then

el RO ra®1) | ote.

i
O

org [ ]org

The total organic reagent, TR’ is therefore,

= 0 m .
Tp = 7 [MRgJorg' Vorg + - [Mag]aq. Vag + [RHn]org’ Vorg
n n

+ [RHn]aq' Vaq + [Rn"}aq.Veq + [RHn+l]aq.vaq (19.1)

where Vorg and Vag represent the volumes in litres of
the organic and aqueous phases respectively, while the

values between square brackets refer to concentrations

in g.Titre T,
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By substituting appropriate values from eqs. 14 and 10,

=4 m .
T = 3 [MRg]aq Vorg P, + 3 [MRE]aq.Vaq + [RHn]aq.Vorg Py
n n

1
+ [Rﬂn]aq.Vaq + [R ]aq.Vaq + [RHn+l]aq.Vaq (19.2)
By considering P Vorg + Vag = a (19.3)

and substituting values from egs. 4 and 6 (Note: unless

otherwise indicated, dissociation of the reagent is

that of KRl)’
n- +91 n- + 0
_m 7] (5] [R] [H ]
Tp =3 [MRm]aq a + % Vorg P, + e Vag
- R R
n
- +n+1
+ [Rn-]aq Vag + [R] (5] Vaq (19.4)
| KpRpgt
By considering P Vorg + Vag = Y (19.5)

and rearranging

+0 +yn+l
1, = % [MRQJaq o + [R™] ([%R] .Y =£§K§H+ .Vag+Vaq) (19.6)
n

+1n +an+1l
putting -[l_l._l_ LY + Lg_l-..._ Vag + Vag = 8B (19'7>
K K K-+
R R RHE
. = I
e TR T n

(MR, 1, o + [B7]p (19.8)
n
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Following a similar treatment for the total metal, Toy»

Ty = [MRm]org Vorg + [MRg]aq ¥aq + [ME+]aq Vag (20.1)
o)

|

By substitution from eq, 14
_ +
Ty = [iRy ]y Vorg 2, + (iR, ], g Vaq +.[M@ Jag Vea (20.2)
n
and by further substitutions of the value
P, Vorg + Vag = o from eg. 19.3 and that of [Mm+]aq

from eq., 12

’ K Vaq
Ty = [Mgg]aq (0 + —2—m) (20.3)
n

[ T=

From egs. 19.8 and 20.3

T -p[R*7] i
i ag _ M
[y Jag = —% = X Vag (21.1)
n ‘n o + =
(R~

. m n—- T.K Vaq BK Vaq
fe aup Ty =0 Ty - ap [R ]a +-—-——1E¢ ——-—15-1 (21.2)

[&-1" " [
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2 - 241
. Q. % Ty [R*~1" - alp [R™" 1™ + ap [R*]" +
B K, Vag ] - 1K Vag = O (21.3)
0 = - [RF’]%+1 + @ (T, - =p.) [Rn—]%
= - ap agq R = M -
Tl
B K, Vaq [R"7] + TpK Vaq ‘ (21.4)

From the earlier definition of extractability as
the ratio between the total quantity of metal in the
organic phase and that in both organic plus agqueous
phases, and by assuming that only one metal chelate
species exists in both phases of the simple metal
chelate systems treated,

(Nﬂ?m]org Vorg

. E = (22.1)

Ty

By substitution of the appropriate values from egs. 14

and 20,3

= ) (22.2)
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P Vorg
= ¢ (22.3)
KC Vag

[RA-]2

a +

On subgtituting the value of B from eq. 21.4
which corregponds to the approximate value obtained
when considering B and KC in the third term very small

in reasonably acid solution and T, and Vaq of the last

R
term to be small too, compared with unity,

- "), + a (T, I-I-l--T-E'g) = 0 | (21.5)
af aq R n B :
n TM
o TRf - . nTR - mTM
. [R ]aq=—————-——— = (21.6)
B np
Extractability becones,
PC Vorg .
E = B (22.4)
X Vag n” Bn
a + =2 v
o
n
(nTR - mTM)
o
Vorg P. (nT, - mT, )"
c R Il
— [
= . — —— (22.5)

n n o n
a(nTR - mT,)" + K, Vag n~ B

. + 1 +n+1
By putting the vaelue B = Lﬂ-l_,y + Lﬂ,l___ Vag + Vaq
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from eq. 19.7

: m
N
. Vorg PC(nTR - mTM)
m o
- = [rtn +qn+1 1=
a(nl-n1)" + K _Vag n® [LII‘{I—J—-Y + -IQE-K]—*_—Vaq+Vac1}n
R R RH

(22.6)

By substitution of the value PcVorg + Vag = o from

eq. 19.3 and the value of y from eq. 19.5

m
n
. Vorg Pc(nTR—mTM) _
- E +1n
n n“iH l
(PcVorg+Vaq)(nTR—mTM) + K Vaqn t - (PRVorg+Vaq) +
m
+n+1 4= (22.7)
+ %ﬂﬁlfFAVaq+Vaq]ll
R™RH

+qN
By considering P Vorg };Vanﬁ-L%—l~ (PR Vorg) at pH's
R

lower than 8 and n = 1 and rearranging the equation

n

Vorg P_(nT,-mT, )®
E = c R i} (22.8)

5 yfi“-'.'H*’]n [857] o
PcVorg(nTR—mTM) +K Vaqn LKR (PRVorg KRH+Van n

If n > 1 then this only holds for more acid solutions



27,

~PH 4. By dividing the numerator and denominator by
n

n
Vorg PC(nTR~mTM)

m m
K Vaq LH+]n gt -

1+ ( )n [ (P, Vorg + 5] quj]n
P Vorg nTR—mTﬁ ,KR R KRH+ .

(22,9)
or
E = L
K Vag . ’ + B
1+ —9——-——l:fk (o) (B, Vorg + %E—} Vaqi]n[H+]m
Pc Vorg R R M RH T

(23.1)

Various reuasonable approximations can be made:
for example, experimentally nTR > mTM and it may be
assumed that the volume of solvents do not exceed a

ratio of 10:1 while P, is very large (i.e.» 1000) then,

E = L

K Vag ; + o
Vorg Pp [7] N 40
1 P Tors (Ao * Tpgved)” [HT]
R R R*R™RrHE

(23.2)
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and for a given system the equation may be reduced to

E = L (2)

1+ q [BT]"

However, above pH 8, protonated oxine specics are

not to be expected in the system, thercfore, the value
#* n+l

TR Vaq in eq. 19.7 is to be ignored; and eq. 22.7
REgmt

becone

jaf {=i

- Vorg PC(nTR—mTM)

]

n
- = +n
(P_Vorg+Vaq) (nT,-nT, )%+ K Vagn® L§—1~(P Vorg+Vag)+Vaq ™
c R M c KR R )

(24.1)

By considering PcVorg » Vagq in the first term and on
dividing the numerator and demominator by Vorg PC(nTR—mTM)n

E = 1
K Vagqg L =
c' TH 1 n{[B 1" _ n
1+ T Vorg(nTR—mTM) { X (PpVorg+Vaq) + Vag}

(24.2)

By making similar approximations to those of eq. 23.1
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i.e. considering nTR).mTM, the volume of solvents do not
excecd of a ratio 10:1 and PCJ» 1000 and rearranging the

equation,

E = (24;.'3)

1

K Vaq {PR Vorg+Vag

Vaq o+
P Vorg } [H ]

KgTg

Here, the small values of Vaq and X%ﬂ inside the big
R
brackets may be neglected also, on a further approximation

) o
E = (24.4’)
o
K, Vag P, Vorgin
1+ c { R }, [H+]m
PC Vorg KR TR

and for a given gystem the equation can also be

reduced to

E = (2)

1 +2z [gf]®
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Derivation of Coefficient of Ixtraction,

EBxtractability from eq. 2

E = L (2)

1+ g [H+]m

which is, in turn, equal to tue ratio betwecen the total
quantity of metal in the organic phase and that in both
organic plussaqueous phases, i.e.

{ru]

[RMorg] + [RM]aq

and assuming that only the fully co-ordinated metal
checlate species exists in both aqueous and orgsnic
phases.

Therefore,

[Ru]
= 1 o+ —20 (25.2)
[RM]org
[ru],,
However, the ratio f~—i~—§ is equal to the coefficient
RN ‘
of extraction agq (from the earlier definition)

A - (25.3)
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or

1
[+

On substituting the value of E from eq. 2

1 + q [B']® -1 (25.4)

CiH
]

ot % = q [gT]®

and the logarithmic form of the equation
log @ = - log q - m log [HY] (25.5)
which is log @ = - log q + mpH (25.6)

By represénting log g equal to constant X, p8 = k -~ mpH,
(25.7)

It can be seen that egs. 23.2 and 24,4 have highlighted
fhe relationships between the extractability of a metal
with a given reagent and organic solvent, and the pro-
perties of the solvent and nmetal chelate systemn;

K

Kp» Kpy» P,y Py and of the variables Ty and (%]

c '’ R

which are subject to the experimental variation for a

gilven systen.
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Bffect of pH

Extractability of the metal is shown by the previous
equations to be a function of pH of the aqueous phase
and the total amount of the organic reagent. Due to
limitations to be stated later, it is seldom possible
to cuange the concentration of reagent more than 10—~ or
100~ fold. The hydrogen ion concentration, can, however,
be varied over a range of more than 14 powers of 10,
Therefore by maintaining the reagent concentration
constant, and provided equilibrium has been attained,
the extractability becomes almost a function of pH
alone (eq. 2). According to eq. 2, theoretical
prediction of the extractability of metal i1s possible
for every value of pH, if g is known, The extraction
curves plotted from extractability ves. pH are expected
a series of symmetrical sigmoid curves similar to those
obtained by Irving et al.(9) based on the application
of a similar formula, The steepness of the curves
should bear the same relation with the metal ion
charge, i.e¢. increéase with increasing valency. This
is obvious from eg. 25.7, whereby the ircrease one unit
in the pH will increase the coefficient of extraction
tenfold in the case of univalent metal ions, but 100-,
1,000~ and 10,000-fold for divalent tervalent and

tetravalent metal dons respectively.
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Influence of the Concentration of the Organic Reagent

It may be noted from egs. 23.2, 24.4 that the

higher the total reagent, T., the higher the yield of

R
the active chelating anion resulting from the reagent
dissocliation ahd the higher the extractability and the
extraction curve is shifted to the acid side, permitting
extraction from more acidic solutions. The use of high
concentrations of the organic reagent is thus advantageous
especially for the extraction of metals which are easily
hydrolysed. Practical considerations often 1limit the
permissible variation in the magnitude of the latter
parameter. The upper limit is set by the solubility

of the reagent in the organic solvent used, which isg
often small; +the lower limit is given by the formation
of non-extractable hydroxycomplexes., Besides, large
excess of the reagent affects the spectrophotometric
measurements of the metzal chelates extracts particularly
those which have absorption maxima close to that of

the chelating agents. As a consequence, the total
concentration of reagent is practically bound to certain
limits and rarely does the ratio of these exceed 10:1,
which, for a bidentate reagent-becaring two anionic basic
groups, and bivalent ion, corresponds to an equivalent

pH change of one.
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Influence of K, znd P

R R and the Association with K0 and Pc

It becomes evident from the same equations that
the higher the PR/KR ratio, the lower is the extracta-
bility of the metal, and the extraction curve is shifted
towards the alkaline side. The influence of the
ratio KC/PO, however, is more complicated. This is
due to the strong correlations existing between KO and
KR’ on one hand, and PC and PR on the other. The
varigtion of the logarithms of the formation constants
of the co-ordination compounds of Cu2+, N12+, Ba2+ with
structurally similar g-diketones has been found to be,
at least empirically, an essentially linear function
of the negative logarithms of the dissociation counstants
of the B-diketones(??),  The partition coefficients
of metal chelates of a particular metal, bear a linear
relationship with the partition coefficients of the
different chelating agents applied in the extraction,
thehigher the partition of the organic reagent, the
higher expccted the active chelating anion and the com-

plex formation equilibrium isg shifted to the right.

Influence of the Immiscible Solvents

The volume of immiscible phases affect extraction.

EQ. 24,4 shows that the volume of organic phase ig of
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subordinate effect compared with that of the agueous
phase, For example, if m/n = 1, then the Vorg term
disappears. Therefore, the greater the bulk of the
aqueous phase 1is, the lower the distribution of the
metal.

However, the structure of the organic solvent
still influences the distribution of both reagent and

metal chelate since it affects PR and PC.

Calculation of Extractability, E

Varifications of the formulae were made as
follows:
Initially, simple mefal-chelating reagent-water-chloroform
systems which do not involve additional complexes,
hydrolysing or masking agents and the metal chelates
of which are of high partition coefficients were chosen
for such investigations. They are those of cupric and
ferric oxinates which are typical examples of simple di-
and ter-valent metal chelates. Monovalent metal
chelates such as silver oxinate has not been considered
in these investigations because of its low partition
coefficient and to which the approximation formulae
are inapplicable,

For a full treatment, the constants KC, KR’ Py and
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Pc of the above two metal chelate systems have to be
known.

Many data regarding the dissociation constants of
the oxinézdénd netal oxinates(zS) have already been
published.

Although the partition coefficient of oxine between
chloroform and@ water has been reported by different
Workers(24), the values, however, were contradicting;
log PR ranged from 2.3 to 2.81, Determination of this

constant was, therefore, necessary. It was made

according to the extractability formula:

E = 1
v Ky (1t ]
1 o+ —24 (1 + = + L1 )
Py Vorg ("] L)

from the known experimental values of B at 22°, Vag,
Vorg, [H+] and the well known dissoclation constants
of the reagent: K, = 10*9’66 and K, = 1072+0 (54).

An average value is obtained from 6 to 8 determina-
tions. Here, seven partition coefficient determinations
gave values ranged between 2,38 and 2.52, with an
average of 2,48. This value is satisfactory and it
agrees closely with the figure given by loeller et al.(55),
2.55,
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Regarding the partition coefficients of the cupric
and ferric oxinates, no reference was available, This
necegsitated their determination experimentally.
lieasurements of the two partition coefficients of the
metal chelates under investigation betwesn water and
chloroform phases, by existing partition coefficient:
methods(26’ 27), produced unsatisfactory results.
Partition coefficients according to Sandall et al.
method(26) was made from separate metal chelate solubility
nmeasurements in agueous and organic phases. The objections
to this method are:

a, The solubility of themetal chelate in water was made
at pHts 0.75~2,00 and 6. Experimentally the
solubility figure obtained at the lower pH range
was high, hence the partition coefficient is low.

b, Also, the equilibrium time ranged between 30-120
minuvtes was considered insufficient to bring about
equilibration. This is expected from the ratio
between the large bulk of the water solvent and the
negligably small guantity of the sclute, its poor
twetting' qualities, and the slowness of attainment
of equilibrium,

Partition coefficient measurement made according
to Hoste et al. method(27) by equilibrating an aqueous

solution of the metal with an organic phase containing
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excess reagent, -at a non-specified pH resulted in low
partition values. Measuremenfs of the solubility of
the metal chelate in the aqueous phaée which was made
by back extraction into an organic solvent produced a
high result, This erroneous result may be attributed
to the fact that the agueous phase after equilibration
was still saturated with the metal chelate, and the
attenpts to separate completely the organic solvent by

centrifuging the aqueous phase were impractical.

Determination of the Partition Coefficients of Metal

Oxinates

A. Bolubility of the Metal Oxinate in Chloroform

The measurement which is based on Geiger and
Sandell method(26) is made by equilibrating 20-30 mg.
of the anhydrous metal oxinate for 24 hours with 2 mls,
of chloroform, using continuous mechanical shaking.
After filtration through a sintered glass disc, the
absorption of the filterate suitably diluted with
chloroform was determinéd'at the respective wavelength
of maximﬁm absorption in a‘high precision spectro-
photometer (Hilger Uvispec HT700). Solubility measure-
ments thus produced were of good agreement. An average

1

value in g.mole.litref was obtained from 6 to 8 experiments.
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B. Solubility of the lMetal Oxinate in Water

It is determined by equilibrating about 0.2 g. of
the anhydrous metal oxinate with 1 litre of double
distilled water of a neutral pH (6 = 1) for 24 hours,
again with vigorous mechanical shaking, and then back-
extracting the metal oxinate from 500 ml. of the filtered
aqueous phase by shaking with chloroform. After
suitable dilution with shloroform, optical density of
the chloroform extract is determined at a proper wave-
length and the reading is compared with a standard graph
produced from metal oxinate of known concentrations vs.
optical density measurements. The metal chelates
studied were virtually non-ionised, even bearing in mind
the effect of hydrogen ion concentration (lO-7 M) in
the agueous solution. This is evident from potentio-
netric studies of the ionic copper in the aqueous filtrate,
obtained after equilibraticnwith copper oxinate at pH 6,
The procedure was that an equilibrium was established
between the metal chelate and cu-~electrode, and the
potential difference was measured with the aid of
Dynacap pH meter and a saturated calomel-electrode.

This electrode system is sensitive to copper ion
concentrations of the order of 10_4 M. With the copper
oxinate solution investigated, no reproducible potentials

were oObtained and hence it was concluded that the free



40,

-4

metal ion concentration was much less than 107" M,

_ solubility (g.mole.litre™>) in CHCl3
coefficient solubility (g.mole.litre;l) in H,0

C. Partition

Table I. Solubility and partition coefficient walues of

metal oxinates.

Metal  Solubility in  Solubility in  Partition

- oXxinate chlo;oform water Coefficient
g.mole.litre™l g.mole.litre™t
Cu(0X), 3.45 » 1070  7.50 - 107 4.6 - 10*
-2 -6 4
Fe(_ox)3 2,07 - 10 1.67 -10 1.2 - 10
. -2 -5 4
Ni(0X), 5.02 . 10 1.31 » 10 3.8 + 10

Solubility measurements of metal oxinates in both water
and chloroform solvents, obtained aéeording to the
above procedures were found satisfactory. The
differences between results were within the acceptable
limits, e.g. the values for copper oxinate “solubility
in water, obtained from eight determinations were

ranging from 2.8 - 10'_'8 to 1.1 -~ 10"7 with an average
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value of 7.5 . 10_8

, while, the solubility of the game
oxinate in chloroform, in six experiments gave values
ranging from 3.3%36 to 3.52 . ILO"3 and an averzge of
35,45 , 107,

Nevertheless, these experiments are open to some
criticism for reasons given above, and because it is
not necessarily valid to assume that the ratiog of con-
centrations in saturated solutions in chloroform and waker
are ldentical with the partition coefficients. Indeed,
such a method(65> for the reagent gives results a
multiple 2.4 high compared with the rational indirect
method. This discrepancy is likely to be enhanced in
the case of the chelates. However, the approach gives
results which are probably in fhe right order and in
the absence of better data they are used in all subsequent

calculations.

Bxtractability (Experimental)

The cation is extracted from water into chloroform
phase as its 8-hydroxyquinolinate complex, by eguilibration
at different measured pH's, with oxine. At each pH
value the optical density (absorption) of the organic
phase is measured hence its extractability, and graphically

related o the hydrogen ion concentration conveniently
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plotted as pH.
Reagents: All chemicals are of A.R. purity.
Lxtraction efficiency is defined as

total quantity of metal in the organic phase
E =

total gquantity of metal in both organic and agueous

phases

Because the Beer-Lambert Law is obeyed extremely
exactly by the metal-8~hydroxyguinolinate complexes,
therefore E can equally well be expressed in terms of
absorption in the organic phase.

measured optical density
E =

maximum optical dénsity
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In summary, therefore, the following parameters of
equations 23.2 and 24.4 have been or can be obtained ex-
perimentally: B, P_, Vaq, Vorg, Tp, P and [B"]; while

KR and to some extent, K,» are available in the literature,

Extractability (Theoretical)

This is calculated from the formulaé, using the
previously reported constants and the experimental values

for Vaq, Vorg, TR and [H+]a

Checking the Vaglidity of the Formula

The experimental extraction curves for Fe3+, 0u2+

and Wit

oxinates were plotted from the corresponding
extractability values, measured between the minimum (~ 1)
and maximum (~ 4) pH values of extraction vs. the pH -
Figé. I and II. They are in the form of apparently
sigmoid curves, the slopes of which depend mainly on the
charge of the metal ion species present in the aqueous
phase,

| The theoretical curves should obviously be similar
to the experimental and in good congruence with them,

However, the expected and found extractability

curves, although agreeing generally with sigmoid shape and slope

were found to be displaced by up to 0,5 pH unit.
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Experimentally measured parameters such as E, Vaqg, Vorg,
TR and [H+] were subject to minor errors only, values of
KR and KRH+ appear to be acceptable, while Pq although

2.81

guoted value is given as 10 has been redetermined as

.02 x 102. The two most doubtful parameters are un-
doubtedly those of Kc (published values) and P (own
values)., The criticism of evaluation of P, has been
given earlier in this thesis, and methods used for the
determinations of Kc are inconsistent or are based on
single unsubstantiated experiments.

In equation 22,8 or its approximation for low pH's
(23,2) 1t therefore becomes useful to evaluate the ratio
KC/PO from the accurately measured extractability values
at different pH's in conjunction with other experimental
parameters and the reasonably reliable values for PR'
KR and KRH+ y according to the following arrangement of

the formula:

_ 1 ~-~F
Kc/Pc -
P.Vorg + a
Vag R IH ] n 4+
E Vorg( TRKR + KRTR RH+ Vaq) [H ]

The following are the ratios K /P, for the investi-
gated metal oxinates determined accordingly. Each

value is an average calculated from three extractability
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values located at different positions on the curve.

Metal Oxinate KC/PC

Perric oxinate 1.0 x 10™°8
Cupric oxinate 5.4 % 10™25
Nickel oxinate 4.3 x 10722

The extractability equations are thus useful in two
wayss Tirst for the determination of the extractability
of a metal at different pH's, provided accurate data
regarding the other various parameters are available;
and second for the determination of the stability con=-
stants of the metal chelates as seen above, i.e., from
extractability values obtained from a graph plotted
from experimentally determined extractability vs. pH, -
provided only one metal chelate species is formed in
the aqueous phase, the partition of which is very

accurately measured,

Ixample:

Determination of extractability of nickel as oxinate
from agqueous into chloroform phase at pH 2.9, if the

following are known:
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The retio K /P, for Ni(0X), 4.3 x 107°7

Volume of the agueous phase 0.050 litre
Volume of the organic phase 0.025 litre

Partition of the oxine between

water and chloroform 3 x lO2

Dissociation constants of the oxine K 10"9'66

R
~5.0
qt 10

and

Ep

Total reagent concentration (oxine) 1.72 % 1072 u

) ] .
1+ 4.3 x 10722 0,050,3.0x10 x10""x2,5

0.025 lOf9‘66x1,72x10—3

-+

1.26x10™°x5x10™2

)
107995041, 72x10™2x10™"

2
T [1.50 x 1077

= 0036.



Determination of +the Kc/Pc Ratio of Wi(0X),

224,

Experimental extractability at three pH values

E at pH
E at pH
E at pH

2
2

3

b6 = 0,23
.9 = 0.55
.5 = 0,86

where
Kc/Pc =
E =

P _Vorg + -
Vag R H | n
Kp/Pc Vorg ( KT t ¥ Vaq)

?

0.23, 0.55, 0,86
0,050 litre
0.025 litre

5 02

10"5 .0

1.72 x 10~3 M
2
1

2.6, 2,9, 3.5 respectively

1 -F

[H+ ]m

Reference

Experimental

"

OWQ value
(54)
(54)

Bxperimental

Experimental

s s

P_Vorg + 2
- vag R !H [ n .t

R7R R"RRH
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[27]
[E*]?

E

K/P,

at pH 2.6
- 2.5 x 107
= 6.25 x 10~°
= 0,23
_ 1 - 0.23
] -3 )
0,050, 3 02x0,025 2.5%107°%5, 0x10
0.23%x ( +
0,025 0=9-86,7 ,70x10~2 100+ 0031, 72510~ 35102
6.25 x 10™°
) 0.77
0,46 (4.39 x 107296 7. 06 x 10126032 5 05 x 10™©
_ 0.77
0.46 x (1,17 x 1017:96y2 ¢ o5 4 1070

It
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0,77

0.46 x 1.37 x 102732 x 6,25 x 10~

1.95 x 1

9.3 x 10

0—22.32

-23

6

2



Similarly at pH 2.9, and E = 0,55, KC/PC = 2,1 x 107

and at pH 3.5, and E = 0.86, K /P, = 1.5 x 107°%

e'e Mean value =

4.3 x 10”

12€,
22

Similar calculations for the copper oxinate give the

following results:

pH T KC/PC
1.8 0.20 1.5 x 1072
2.1 0.50 5.0 x 10727
2.4 0.84 1.1 x 107¢4

Mean value: 5.4 X 10»25

and for PFerric Oxinate:
pH B KC/PC
1.6 0.20 2.9 X 10-39
1,75 0.45 6.5 x 10777
2,00 0.80 4.6 x 10~28

Mean value:

1.0 x 10™
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Bearing in mind that the experimental wvalues of
Pc remain substantially constant, these values of KC/Pc
follow the pattern of published values of Kc and if
it may be temporarily assumed that the values of Pc
are correct the Kc's can be evaluated as follows:

Litera-

Element KC/PC P, K, ture K, Reference

Ferric 1.0x107°° 1,2x10% 1.2x107°% 10773:9 25

Cupric 5.AX10_25 4.6X104 2.5Xlo“20 10”23-4 o

-22

It appears, therefore, that dissociation constants
evaluated from the solvent extraction work resemble closely
the published data which have been largely determined
electrochemically and it would appear that assumption

with regard to the evaluation of Pc and the general

validity of the extraction formulae is substantiated.
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Influence of Competing Complexing Reactions

GBquations 23.2 and 24.4 have two important limita-
tions that have so far been neglected; the hydrolysis
of the metal ion and the effect of masking agents.
Extraction oxr the metal according to the previous
gguations could be achieved only if the following

conditions are fulfilled,

a, The metal oxinate should be spéringly soluble
in the agueous phase so that its partition co-
efficient, PC, has a large value. in this
case the concentration of both charged and un-
charged intermediate metal oxinate species
(where s'= l—sm - 1 )} in the aqueous phase
could be neglected at the lower values of
metal distribution. The validity of neglec-—
ting such concentrations has already been reported

during
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the application of similar formulae(56) on similar
systems@ |
b. The formation of hydrqu complexes M(OH)m_can be
neglected at the pH’s}investigatedf
The above conditions are fulfilled for the extraction

of Cu2+ 3+

and Fe oxinates with chloroform, and therefore
the experimehtal extraction curves did not differ
substantially from the theoretical ones calculated

according to eg. 23.2.

Effect of Hydrolysis on Extractability

However, if hydrolysis of metal ion has occurred
in the aqueous phase, with the result of formation of
hydroxycomplexes like M(OH)(m"l)+, M(OH)2(m°2)t ... etec.
another equation which takes into consideration the
combined effects of hydrolysis and cemplex formation
with the chelating reagent has tQ be applied. The
derivation of such an equation is as follows:

The total reagent, TR, in the preyious system is
not likely to be effected on hydrdlysis. Its value,

therefore, remains as in eq. 19.8, i.e.

Tp = o g (I, + 8 [B7],,
n
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The total metal, TM’ on the other hand, will be
greatly affected. An gppreciable fraction of the metal
in the agueous phase should exist as metal hydroxycomplexes,
With multivalent metals a considerable number of lower
hydroxycomplexes eould be produced.

Therefore, by neglecting in the organic phase any
species other than the fully co-ordinated chelate

[MR_], the total metal will be
X

Ty = [MREJOTg.Vorg +'[MRE3aq.Vaq + [M]aq.Vaq
n n
+ [M(OH);‘aq.Vaq + [M(OH)Z]aq.Vaq (26.0)

By considering the dissociation constants of these
metal hydroxycomplexes, and neglecting charges for

convenience of presentation,

_ LM{ {OH S M OH (26.1)

On substituting the values [M(OH)] and [M(OH)Z], from

eq. 26,1 and the value [MRm] from eq. 14

n

org
Ty = [MRgJaq.Pc.Vorg + [MRg]aq'Vaq + [M]aq.Vaq +

n n
2
Lhﬁ_%[glﬂ Vag + M—%—‘)—Iﬂ— .Vag (26.2)
1
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Foaeee (26.3)

.
By putting L= 1+ [on] + [on]
S 5y So

- Yor 1
Ty = [MRE]aq.PC.Vorg + [MREJaq.Vaq + 5 .Vaq.[M]aq (26.2)
n n

By further substitution of the value PC.Vorg + Vag =

a
fron eq. 19.3 and that of [M]aq from eq, 12 we find
KC[MR§3aq,Vaq

= n

Ty = O [MRg]aq + = (26.5)
- K. vag ]
_ C
= [MR,_H_]aOl a + - (26.6)
n —
[R%~1" s
But from eq. 21.1
Tiwe
[L } _ TR - B[R ]aq - TM
IRQ aq m _ KC Vag
n (o 8 'ﬁ- o + )
Nen
(BT, s

anT T.K Vag B K. Vag

. M _ N~ R™e , c
[~ 1"s [Rn“in S

and
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am a Z = + 1)
____y_[[Rn—Jn -aq 7 [Rn—]n + GB[Rnn] n .
n R

n-—
Tk Vaq  BK cVaq[R ]

- -+ = 0 (27.2)
S S

m o
U«B[Rn"](n ) +of BT (Fay -1 ) 4

7oK Vagq , B KCV8Q[Rn—] }

S S

(27.3)

By assuming the third term of eq. 27.3 <1 and the fourth
term ¢ 1 in highly alkaline medium, the appruximation

of the equation becomea:

n- (§ + 1) ne- % m .
ap[R"7] +a[R7) (Fry -1 =0 (27,4)
I
ne,  TEWM Y IR
. [R7] = (27.5)
B
nl, - mT
e - | | (27.6)
nf '

It is seen from eq. 27.6 that the value [R™™]
has not been affected by the hydrolysis of the metal
and it is equivalent to that of eq., 21,6,
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Extractability of the metal, from the definition and

from eq. 22,1

E = Morg Vorg
N T
M

gsince the metal in the organic phase is in the form of
the fully co-ordinated chelate

[MRE]Org.Vorg

* E - n

Ty

but by substitution of appropriate values from egs. 14

and 20.3

[MREJaq.PC.Vorg P,.Vorg
E = 4 = (28.1)
- K Vaqg K. Vaq
C (]
[Ivm_nz] a + m } o + T
n [R* P s [~ 1", s

On substituting the value of [R™”] from eq. 27.6

o o
Kc Vagq n Bn

n .
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=

P .vorg.S. (T, - mT, )™
= & R M (28.3)

4] n

a(nly - nTy)™.s + K, Vag o™ g"

but by substitution of the appropriate values of a from

eq. 19.3 and that of B in alkaline medium from eq. 19.7
+n+1
i.e, by ignoring KHk Vaq in the latter value
R“RH"
(reference eqg. 24.1)

m
n

n m
n n
(PcVorg + Vaq)(nTR - mTM) .S.+ K, Vaqn

n
[(rF " \n
(P.Vorg + Vag) +Vaqj
KR R

(28,2)

By considering PCVorg j}Vaq,at PH's where a complete
hydrolysis of the metal has not yet taken place, and on
dividing the nunmerator and denominator by

m
n
PCVorgS(nTR - mTM)
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B 1

It

n . m
K _Vagq = {1+ : =

1+ e ( n Mﬁ%niFH ] (PRVorg + Vaq) +~Vaq§n
PcVorgS nTR - mTM KR

(28,5)

By making similar approximations to those of egs. 23.1
and 24,2, i.e, considering’nTR > mly, the volume of
solvents do not exceed of a ratio 10:1 and P, »» 1000
and rearranging the equation

E = 1 (28,6)

K, Vag ,P,Vorg + Vag A 2
1 4 ¢ R + qu)‘n [E*]™
P,Vorgs Kp Tp

The values Vaqg and E%ﬂ inside the big brackets may be
R
neglected as they are small

E s ‘ 1 (28.7)
XK Vag P.Vorg g
1+ —Z - ( R o [ate
PCVorgD KRTR
By putting the equivalent value of % from eq. 26.3
E = - (28.8)
X Vaq 2 - P Vorg 2
1+ oSeo(1 + LOBL | LOH]" (BT ZENE [prym
PCVorg Sl 32 KRTR
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It can be seen from eq, 28.8 and when hydroxy-
complexes of the metal are produced in thé agueous
phase, extractability tends to decrease according to
the dissociation constants of the metal hydroxycomplexes
and the concentration of the hydroxyl ions, Fig. II.
For the sake of compatibility the formula is written

in terms of the hydrogen ion concehtration as follows:

E = = -
K Vag K, K +um, P Vors
o' OT€ s;[8"]  s,[H"] R'R
(28.9)

where Kw represents the hydrolysis constant of water
K, = [E"][0E"] = 10714  at o

When only the first hydrolysis step is considered as is

likely to be in practice, the formula approximately

becones

E = : (29.1)
+qm-1 i

VagK K [H"] (PRVOrg)ﬁ

PcVorgSl KRTR

1l +

4l
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which indicates that the extractability will be nuch
less sensitive to pH variation. In fact, from
equation 28.9, if the neutral hydroxide is formed
(i.e. the mth hydrolysis is considered alone) then the
extractability will be independent of changes of pH,
as would be expected.

In an increasing number of extraction prosedures
fTor netal pairs that are difficult to separate, a
supplementary 'masking' chelating agent can be intro-
ducéd to improve spearation factor (the relation between
the distribution raticsor extraction coefficients of
the material of interest and the interference,
_(Cq),/ (), (cy),(cy),

= = = 9,/6
(Cl)w/(CE)W <02)O(02)W voe

where Cl is the total concentration of component 1, in
eilther the organic or water phases, and Co is the total
concentration of couponent 2 in the same particular
phases),

The masking agent forms an ionic non-extractable
water soluble conplex specices with the metzls in com-
petition with the extracting agent. Oxalate, tartrate,
nitrilotriacetic acid, and tetraethjlenediamine-tetra-
acetic acid, EDTA, are typlcal examples on such secondary

complexing agents.
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An extractability formula applied to systems which
involve masking agents is described s follows:

Derivation of such formule is similar to that of
eg. 28.8 described for hydrolysis systens, with the
exception of replacing S with B, and [0H] with [I]
throughout the steps of derivation. Where B represents
the overall disseciation constants of the netal-conmplexing
agents compounds. They are obtained from

ar 2
_ Ju] [1] 5 - lM] (L ote.

- * e

B ,
1 u)] S M(1).,]

(Note: 1if only a mondligand complex is formed, B2 should
not be considerecd).
By assuning that the hydrolysis is negligably Small,

(i.e. Bi‘:si) the new formula becones

B = -
K Va 2 P. Vore =2
1+ ?EVE%“(l + %Ll-+ L%l— + oeee) [H+]m( li 7 5 ya
c'0teé 1 2 R'R

From the above equation, it is evident that in the
presence of a masking agent, the distribution ratio of

a metal at various values of pH, is diminished according



56.
to the dissociation constants of the new metal complexes,
and the equilibrium concentration of the mamking agent.
The lower the dissociation constant of the new complex
the wore alkaline 1s the solution required for the
extraction of netzl.

In the case of EDTA which forms only a monoligand
complex and the equilibriwa of which is affected by
hydrogen ion concentration, TFig. III, the value of [L]
is calculated from the total concentration of the com-

plexing agent and from its dissociation constants as

follows:
, +14 +13 +12 + '
g - c, ) [HT]* + K, [E"]7 + K K[HT]T + KlKQKB[H 1+ K KpK3K,
[y | KEphsK,

(30.2)

whare Cy = total concentration of free EDTA in all forms
Ki = guccessive ilonization constants of EDTA.

The formula can be written:

B = ——— e, (30.3)
aq org =
voC ( R )n [H+]m

VorchQ B KpTh
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Checking the Validity of the Equation

Verification of the equation was made with the

2+ 3+

sane systens of Cu and Fe oxinates.

ixperinental xtractability

The procedure of deternining exbtractability is
similar to the one applied to the simple netal-=8~hydroxy-
guinolinate systens, with the exception of incorporating
a complexing agent into the systen. Thus, equilibration
is made between 25 ml. of 1% W/V oxine solution in
chloroform and 50 ml., of aqueous phase, containing the
appropriate amount of metal, 5 nrl. of IM sodium
perchlorate, and 10 nl. of 0.05 M EDTA to give an ionic

concentration of 0,01 M,

Theoretical Extractability

This is calculated from egs. 30.1 and 30.3 using
the previcusly reported comstants and the experimental
values for Ty, Vaq, Vorg and of (5], |

[L] is calculated from a plot of -log (¢) ve: pH,
using @ values evaluated at various pH's from the known

EDTA ionization constants,pKi = 10.26, 6.16, 2.67, 1;99(25);



59.

Dissociation constants, B, of the ferric- and cupric-

EDTA chelates are known - viz 10-25‘1 -18.9

(28)

and 10
respectively Applicaetion of these to the formulae
gave predicted extraction curves somewhat different

from the expérimental. Assuming that the formula for
extraction in the presence of EDTA is correct (equation
30.3) then the gquantity BPC/KC can be evaluated from

the expression:

m
EEQ - B Vaq Cy , Pgvors )H [H*]o
K, I-<E * Vorg * @ KT,
For exanmple, for ferric oxinate:
B = 0,88
Vag = 5 x 10-2 litre
Vorg = 2.5 x 1072 Titre
Cy = 107%
2

PR = 3 x 126

_ -9.
KR = 10
i = 1.72 x 1077 g.mole
pH = 10,10

. BB, g.88 5x107° 1072 ,3x10°%2,5x107° )3

UK, 0.2 T 5 59070 T 109439 T1079-0047 7051077
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= 1.25 x 10297 or  1.16 x 10°

Similarly at pH 9.5 and $.0

BPc/Kc equal 4.9 x 1010 and 3.0 X 10Mt

giving a mean of {.3 X lOK?

respectively,

For cupric the values were calculated to be
4.8 x 107, 3.6 % 108 and 1.2 x 108, giving a mean of
| o7 X 108 (Insufficient extraction data for nickel
chelate can be obtained in the working pH range).
Assuming the calculated values of KC/PC are
satisfactory the dissociation constants, B, of ferrié
and cupric metal EDTA complexes can be evaluated as

28

153 x 107°2 and 9.2 x 10~ respectively.

Thege are somzwhat different from those obtained

electrochemically and given above. On the other hand,

(78)

using the data of Stary and the present equation

(24.3), the value of B can be calculated as 5.7 X 10"33

for ferric and 7.0 x 10720

for cupric.
The results are summarized in the following tables:

Calculated from own results

Tlement BPC/KC K./P, B Literature B
'-.7 -— —
Perric ].3x10°0 1x10-°°  |.3x10°¢° 107°2-1

Cupric |.7x10° 5.4x1072% g.,2x10"+/ 10
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Calculated from Stary's results

ilement BP /K, K /P, B | Literature B

Ferric  5.7x10° 1x107°°  s5.7x10727  1074%-1

5 20 -18.9

Cupric 1,3x10 5.Ax10~25 7.0x10"

10

Ignorihg the ferric result of Stary, which is
apparently wild, it appears that reasonable agreementy
ig obtained in the determination of dissociation
constants. With further refinement with regard
to thermostatting and pH measurement the approach
appcars to be suitable for the determination of
stability constants, and, in converse, for the

prediction of extraction versus pH extraction curves.
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CHAPTER THREE

DISCUSSION OF THE METHODS OF SYNTHESIS OF
2~ALKYL SUBSTITUTED 8-QUINOLINOLS
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Synthesis of the 8-gquinolinol homologues, sub-

stituted in the 2-position of the pyridine ring, with
ethyl-, isopropyl- and tert~-butyl- groups, as one of
the principle objectives of the work, has been atiempted
by the application of very long organic processes, and
rigorous schemnes of reactions. The noteworthy dis-
cussions of the maiﬂ methods used in the synthesis are

prescnted as follows:

The Doebner von Miller Synthesis(29)
e Q
N o, .
+ R~-CH =CH ~C -R + [0]»
NH2 _
R
OH

This reaction betwecen aromatic amines and o : B-ungaturated
carbonyl compounds has been the most widely used method

of naking 2-, 3-, and 4~ methyl substituted quinolinols;v
The mechanism of this reaction is not clear: recent
work(BO) on the reaction between aniline and crotonalde-
hyde has shown that crotonylidineaniline @N=CH - CH =

CH - CH5 is formed and that this undergoes rearrangement

on heating with hydrochloric acid to give guinaldine;
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conversely, however, it has been shown(jl) that an

aldol base

0H
;4¢\\*,fCH\?H2
L§§>/l H - CHy

H

is formed which gives quinaldine on heating,

The conditions that have been employed in this
reaction and the closely relatcd Skraup reaction(sz)
vary tremendously. Reaction times from ninety
seoonds(33) to many houfs, oxidising agents ranging
f ron ferric chloride(34) to p-nitrobenzene sulphonic

(35)

, and catalysts from sodium iodide to zinc
36 )

acid
chloride(34); nitroéompounds instead of amines(
have also been used,

In this work the experimental procedure generally
consisted of naking the necessary o ; p-unsaturated
aldchyde (penten 2~al-1, Z—ﬁethyl penten - 3-al-5, 2:2-
dimethyl penten-3-al-5) by a scheme developed by
Hartin ct al.(37), heating it in concentrated hydrochloric

acid with o~anminophenol and o-nitrophenol for six hours,
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renoving the o-nitrophenol by steam distillation from
aclid medium, and finally steanm distilling or subliming
the prodﬁct after neutralization of the reaction mixture:
The reactions between the three a B—unsaﬁurated aldehydes

and o-aminophenol may be represented by the following

equation,
i 0
l
+R~-CH=CH~-C-H+ [0] 39#
NH,
3
o—amino-phenol oif-unsaturated o-nitro- 2-alkyl-

aldehyde phenol 8-quinolinol
(where R = ethyl-, isopropyl- or t.butyl-group)

Although the synthesis leading to the preparation
of the 2-alkyl substituted gquinolin-8~0l derivatives
gave reasonable yields, the condensation according to
this method remains inefficient. Low yields are fouﬁa
in practice and may be ascribed to the following:

a. Although the Doebner von Miller béiaﬁced equation
obviously requires an oxidising agent, no effective
one was found. ; Picric acid, o-nitrophenol and

arsenic pentoxide in phosphoric acid have been tried
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(38, 18, 39)

in this reaction In the present
work it was noted that o-nitrophenol can be re-
covered alwost quantitatively by steam distillation
from acid medium and after the Doebner von Miller
reaction is over.

b, Most of a: B-unsaturated carbonyl compounds tend to
polynerize under the ratuer strenuous conditions of
the Docbner von Miller reaction. This was partially
coupensated for by using excess aldehyde. Also
copolymerization with o-aminophenol to give bakelite
type resins was always observed as a side reaction.

c. Commercial og-aminophenol is impure and even when
purified by sublimation the substance turns dark
again in a few days.

d. The product after steam distillation quickly dis-
coloured and required numerous recrystallizations
to give a pernanently white-yellowish oxine dcrivative,

e, o=~Aminophenol zppears to be less active in Skraup
t¥pe reactions(Bz) than most aromatic amines.

f. Absence of active catalysing agent.  Hydrochloric
acid has been used as the principle catalyst in
this reaction.

The possibility of improving the yields from the

Doebner von #iller reaction has been investigated.

Such investigations were mnixture of failure and success
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e.g. ferric salt has been enployed as a condensing and
oxidising agent in the reaction, and in conjunction with
QAnitrophenol, but, resulted in oxidation breakdown of
any oxine derivative during the isolation stages and con-.
sequently steam distillation of the latter from alkaline
medium was not possible.

Dissociation of the ferric-2-alkyl-8-guinolinate,
in order to set free the organic ligant, has been attenpted
by different ways, but no success has been achieved in
this direction.

A,R. hydrochloric acid 1s not active enough as a
catalysing agent. An attenpt has been made to increase
its potential by bubbling hydrochloric acid gas through
the reaction system; no improved yield was noticed,

Steam distillation was not sstisfactory as a means
of isolation the 8;quinolinol derivatives, because they
were not sufficiently volatile in steam: the igolation
was partially successful by sublining the air-dried,
very gumny precipitates, obtained on neutralising the
reaction mlxtures; vacuun stean distillation was a com-
plete failure,

The Doebner von Lidiller reaction was totally un-
successful in the preparation of 2-@g£§—butyl—8-
guinolinol.

Attenpts were made to synthesise the derivative
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according to this method from the reaction of o-aminophenol
with 2:2-dinethyl penten-3-al-5, but the product,
characterised by n.p. 67-68°, was identified as
8-hydroxyguinoline. This suggests the elimination of
the bulky alkyl group from its position on the pyridine
ring. This obscrvation necessitated the search for
milder conditions of condensation and isolation.
Addition of or removing the oxidant; lowering or
elevating the condensation temperatures; super-steanm
or vacuun distillation; sublimation, have all been

tried but with no sucaess noted.

Preparation of the a :8~unsaturated Aldechydes

A, Martin, Schepartz and Daubert Method(37)

The general schene of reaction may be outlined as

follows:

60002H5

C‘}Hz ~%,
COOCEH5

diethyl malonate
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900C2H5

HC1
CH, —

3t

CO0X

potassiun cthyl nalonate

O
I
- CH

* pyridine
R ~ CH2 - CHO + CH2 RTTTTITOT

i Piperidine

¢ =20

i

002H5

aliphatic aldehyde ethyl hydrogen malonate

LiAlHa X
lithiuvn aluminiun h§5§§&€

R - CH, ~ CH = CH - 00002H5

a sB-unsaturated ester

. . ‘HoS0y
, L1A1(002H5)2 (OCH, - CH = CH - CHyR), B
R - CH, - CH = CH - CH,0H %ggfg?
a s B-unsaturated alcohol ‘ HQSOA

R - CH2 - CH = CH - CHO a4 B-unsaturated zldehyde
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This scheme, which has becn applied to the preparation
of a nunber of a : B-unsaturated aldehydeé of high
degree of purity such as 2-heptenal and Z—nonenal(37)
has been successfully used in the preparation of
reasonable yiclds of penten-2-3l-1 and 2-nethyl-penten-3-
al-b5, both free of their saturated isocners. However,
the method was unsuitable for the produetion of 2:2-
dimethyl penten-3-al-5, This is also ascribed to the
linitations of low yield, The a =B¥unsaturated ester
which is the main source for the desirable unsaturated
aldehyde could not be prepared, except in a trace
quantity, by Galats wmethod of condensation(AO) between
ethyl hydrogen .Talonate and trimethyl acetaldehyde.
This is to be expected from steric considerations and
it appears that the prescnce of at least a single hydro-~
gen atom on the a-carbon atom of the zaliphatic aldehyde
nay be necessary for such condensations,

The yields at the different stages of thé scheme
nave becn reproduced and in sone cases improved,

Total yiclds of the mono salt of ethyl hydrogen
malonate and of ethyl hydrogen nalonate, which were
(82%) and (96%) respectively, have been reproduced.

The a:B-unsaturated esters were prepared according
to the Galat wmethod by heating a nixture of (1 mole)
aliphatic aldehyde, (2 mole) half ester of diethyl
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nalonate, (6 mole) dry pyridine and 1 nl. piperidine
(catalyst), under reflux on a stean bath for six
hours; cooling the nmixture overnight and removing the
pyridine and piperidine by fracticnal distillation in
vacuo under nitrogen, produced 62% l-ethyl 2-pentenoate
and 52% l-ethyl 2-en-4:4-dimethyl butyrate.  Attempts
to increase the yield yet further, through variation of
conditions of rezction, e.g. the time and tenperature
of condensation, mole ratio of reactants, were not
succcessful. Moreover, attenpts of sebaration of the
a : B-unsaturated ester fron pyridine afbter the convertion
of the latter into its hydrochloride szlt by hydrochloric
acid treatment of the mixture, and thus cutting down
the very long time required for fractionation (6 moles
pyridine require 2 days of fractionation) were also
unsuccessful, A considerable znount of the ester was
lost during the successive extractions with hydrochloric
acid.

The yield of the crude a : p-unsaturated alcohol,
however, has been improved from 79 to 100% by applying
100% excess of the reducing agent (lithium aluminium
hydride) during the process of reduction. Disgtillation
of the crude alcohol under nitrogen through a helix-
packed fractionating column, resulted in the loss of

approximately 50% because of partial polymerization of
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the alcohol, Attempts to use the crude unsaturated
alcohol in the dichromate-sulphuric =2cid oxidation *to
the corresponding aldehyde met with complete failure,
and purification by vacuum distillation has been found
to be indespensable. |

The lowAyiéld of the unsaturated aldehyde « 50%,
produced from low-temperature oxidation of the pure
unsaturated alcohol has not been improved by allowlng
more time for the oxidation process. On the contrary,
it resulted in a further oxidation breakdown énd p0ly~
~nerization. The use of a less councentrated oxidising

agent solution was also not effective.

B. The Aldol Condensation

This is a general reaction exhibited by aldehydes
and ketones having labile (USually a) hydrogen atoms(Sz).
The hydrogen of one ﬁolecule of the carbonyl compound
adds to the carbonyl group of another molecule of the
same or different compound to form an aldol (hydroxy
aldehyde) or a ketol (hydroxy ketone).

The first step of the condensation which is promoted

by basic catalyst is easily reversible,
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H H
‘a / f

. ; R Y !
CH, - '\ + HQHQ - C <~~~~CH3 —~ CHOH - CH2 - C

N
t 0 , 0 \o

while the second step, loss of water, which is brought
about by the same catalyst, is also, but less readily

reversible.

1]
i

H H
/

OH; - CHOH OH, ~ € <= CH; - CH = CH - O+ Hy0

NS N
0 0

3

This reaction has been extensively used in the synthesis
of unéaturated derivatives(dl’ 42, 43, 44, 43, 50, 51),
mos+tly a=-alkyl acrolein derivatives,

However, no information whatsoever regarding its
application in the preparation of B-alkyl-acrolein
derivatives, is provided in the literature. The reason
for the general reluctance to apply this apparently
gimple method of condensation is that both reactents,
cnd the products, contain a-hydrogen atoms and hence
the reaction can be extensively polymeric in character
and is difficult to stop at the desired stage. This is
markedly different from condensations using ketones, or
aromatic aldehydes which lack a-hydrogen atoms where the
reaction is less complex., It can be expected, therefore,

that a complex mixture, with highly polymeric or condensed
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resins and also side reaction products will eventually
be produced, from which the desirable o : B-unsaturated
aldenyde is not easily separable. This is demonstrated
in view of the fact that the unsaturated aldehyde pro-
duced by the former reaction, reacts with another mole-

cule of aldehyde,

H H
/ /
CH; - CH = CH - C + CHy - 0 =
0 0
H
' /
CH5 -CH = CH-CH = CH =~ C\\ + HZO
0.

and polymerization of tuis type, which takes place in
the presence of strong bases, leads eventually to alde-
hyde resins,

iloreover, wheéen both aldehydes possess active a-—
hydrogen atoms, there is a high proballlity of the
formation of both the symmetrical aldols and both the
'mized' aldols in widely different proportions.
The 'mixed' isomers would be almost impossible to
separate by phsysical means,

Accordingly, and in view of the complex reactions
expected, the aldol condensation reaction has been

ruled out for the'synthesis of (1) penten-2-al-1l from
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the condensation of acetaldehyde andpropion aldehyde and
of (2) 2-methyl penten-3-al-5 from the reaction of
aceteldehyde and isobutyraldehyde. However, fthe
method appeared far more useful than the liartin et al.
scheme in the synthesis of 2:2 dimethyl penten-3-al-b

from the reaction of trimethyl acetaldehyde*and

acetaldehyde,

, 5 1
CHy - ¢ ~—=--CHO + H - CH, - CHO ===CH, - C -~ C = C - CHO
50 - 2 ) 5 b

CH3 CH3 OH H

Here the self condensation of trimethyl acetaldehyde is
impossible owing to the absence of the a-hydrogen atom,
while it continues to be important‘for the

acétaldehyde. This effect can be compensated by

using excess of the acetaldehyde. The reaction mixture
produced is less conplex and geparation of the desired
unsaturated aldehyde from other ingredients is, in

principle, possible by fractionzl distillation.

*  Trimethyl acctaldyde is not available commercially,
It was, therefore produced by a modification of

Bouvault method(AS), the outline of which is as follows



?H3 ’ 4.

3_(13-01 + Mg —— >

CHB

CH

tert-butyl chloride magnesiuvm turnings

¢
1H3 ' 9

CH3~? - Mg - Cl + CH3-—-O—C'.H—-—————$
CHy

tert,butyl magnesium chloride methyl formate .

CH H
A

CHy -0 =0 =0 - CHy fydrolysiy
CHB 0 - Mg0l -Me. O-ligCl

Gerignard Complex
o5
CH3 - ? - CHO

CH3

trimethyl acetaldehyde

In this work the experimental procedure of aldol
condcnsation, generally consisted of adding the
acetaldehyde to a cooled, well stirféd mixture of
trimetlyl acetaldehyde, ethanol and alksli and through
which nitrogen gas was bubbling. After the mixture was

allowed to stand overnight, the required a : B-unsaturated
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aldehyde was separated by fractionation.

Some of the 2:2 dimethyl penten-3-2l-5 has been
prepared by this method, but owing to the inductive
and steric effects, the rate of condensation between
trimethyl acetaldehyde and acetaldehyde was extremely
slow., In an attempt to improve the yield, factors
which have been reported to influence the z2ldol conden-
sation such as mole ratio of reactants, catalysts and
catalyst concentration, temperature and diluents have
becen briefly studied with this particular system dbut
results showed no appreciable improvenment. It is clear
that a general study of the kinetics of 'mixed! aldol

condensations would be well worthwhile,

C. Jutz Method 16)

An apparently scheme of reactions is as follows:

- - oxidation
CH = CH CHZOH Ku6;”6“7ﬁ”“6—
oM/ HoPYy
propargyl alcohol

CH= C - CHO + Qf/ S\,N - CH ethanol

propargyl aldehyde N-methyl aniline
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1 - = - R
N N -CH =CH CHO + R ~ MgX -
(N-methyl eniline) Prop-l-en-3al Grignard reagent

N
?HB R

L x
- N=-CH=CH=-C-0-1MgX >
H
Grignard ComplexX
. AN
O NN G &
[ .~y - CH=CH=~0QH-R—\ -V % CH=CH- CH - R]
@ e -.‘___.._IQI-.-I] . Héo
———
N
.- o
~~(CHz) NH, + O0=CH=CH-CH-R s
{
0=C-CH=CH-R

a:pB-unsaturated aldehyde

where R = ethyl-, isopropyl- or tert-butyl-groups.
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This method has been reported to be successful
in=the preparation of B-alkyl acrolein derivatives, and
cach stage of its scheme, with the exception of the
second (which was unsepcified) is said to produce satis-
factory yields.

The preparation of the propargyl aldehyde
.acoording to the method of Willie and Saffer(47) from
Jthe oxidation of the starting material, propergyl alcohol
in the cold and undef vacuo by concentrated chromic-
sulphuric acid mixture was successfully carried out,

But despite repeated attempts, variation of conditions
etc., the condensation of propargyl aldehyde with N-

- methyl aniline in ethanol could hot be accomplished
satisfactorily. The best yield obtained was 1%
based on propargyl aldehyde =and hence the method was

abandoned.



CHAPTER FOUR

SYNTHESIS OF 2-~ALKYL SUBSTITUTED
8~HYDROXYQUINOLINE DERIVATIVES



8.
Synthesis of the Half-Ester, Ethyl Hydrogen Malonate

The synthesis is based on Breslow et al.(sa) nethod
described for B-keto esters of the type RCOCHzCOOCZHS,
and which is in turn a modification of the small scale

preparation of Marguery(Sg).

Procedure

In a five—lifre three~-necked flask equipped with a
dropping funnel, reflux consenser and a mercury-sealed
stirrer, were placed 2400 g. (2.5 moles) of diethyl
malonate (practical grade dried over drierite) and
1600 ml, of A.R. absolute ethanol, To this was added
with stirring during 1 hour a solution of 140 g. of
potassium hydroxide in 1600 ml. of A.R. ethanol. A
white crystalliﬁe silky precipitate formed. After
stirring for three hours and standing overnight the
mixture was heated to boiling on a steam~bath and’

filtered hot, through a jacketed funnel, to remove

dipotassium malonate. The monopotassium salt, which
precipitated on cooling the filtrate, was filtered
using a bachner funnel, washed with a small amount of
ether and dried in vacuo. Concentration of the mother

liquid to about 500 ml. yielded another crop of crystals.
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The total yield of monopotassium salt of ethyl hydrogen

malonate reported was 82%., The yield obtained 80%.

To a chilled solution of the potassium salt
(106 g, = 0.625 mole) in 60 ml., of water (immersed in
an ice-bath) wes added slowly with stirring 55 ml. of
concentrated hydrochloric acid. The mixture was
extracted three or four times with ether, the etherial
extract dried over anhydrous sodium sulphate and the
solvent distilled. The liquid residue of ethyl hydrogen
malonate was dried in vacuo (2 mm,) at room temperature

for 3 hours. Yields of 99% were repeatedly obtained.

Synthegis of the a:B~Unsaturated Esters

The method followed for the synthesis of the
unsaturated esters - l-ethyl 2-en~4:4-dimethyl butyrate,
l1-ethyl 2-pentenocate and l-ethyl 2-en 4:4-dimethyl

pentenate (in small yield), was that of Calat(io).

Procedure

528 g. (4 moles) ethyl hydrogen malonate, 116 g.
propion aldehyde; 144 g, isobutyraldehyde or 172 g.
trimethyl acetaldehyde (2 moles), 2.4 ml, of piperidine
and 950 g. (12 moles) of dry pyridine* were mixed together
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and heated under reflux on steam bath for six hours,
and allowed to stand at room temperature overnight.
The pyridine was then distilled in vacuo under vacuun
(using 20 inch, helix-packed, electrically heated
fractionating column eguipped with a total—réflux partial-~
take~off head and a manostat-controlled vacuun, but with
a dry nitrogen leak). The unsaturated ester begins
to distill after the complete removal of the pyridine,
and the fractionation temperature and pressure remain
constant to the end of the distillation.

The three unsaturated esters produced by this method
were colourless compounds characterised with pleasant

ester smell and infrared spectra of a:B-unsaturated esters,

Description % Yield B.P. (°C)

l-ethyl 2-pehtenocate 62 70-72/36 mm
l-ethyl 2-en--4:4-dimethyl butyrate 52 70-72/24 mm
l-ethyl 2-en-4:4-dimethyl pentenate 2 38-40/4 mm
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Table IT
Infrared absorption characteristics of an a:f-unsaturated
ester,

Wavelength Wave XNo.
(m) en™t Assignment

1, 5.83 1,715 asB~unsaturated ester characteristic

band (C = 0 stretching)

2. 6,06 1,650 stretching ¢ = ¢ frequency
3. 11.35 980 trans g = (¢ deformation
| H H H
4. 14.1 710 Cis C = ¢ deformation
5. 3.35 2,980 ¢ - H unsaturated siretching

Reduction of the a:B~Unsaturated Esters by Lithiunm

Aluminium Hydride

The method applied here is that of Nystrom et al.(6o)
described originally for the reduction of aldehydes,
ketones, esters, acid anhydrides and other organic
compounds, with slight modification. ’

In general, the experimental procedure for effecting

reduction by lithium aluminium hydride is substantially
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identical to those commonly employed in Grignard synthesis.
Starting with LiA1H44 the same precautions against the
excess of moisture are taken, and following the usual
Grignard technique the substance to be reduced, was
added with stirring at a rate determined by the wvigour
of the reaction as indicated by the refluxing ether.

‘The reaction results in precipitation of a conplex
alcoholate which may cause the mixture to thicken and may
necessitate the addition of further quantities of ether.
As in Grignard synthesis, the metal alcoholate is de-
compoOsed by hydrolysis and the product is isolated from

the ether extract.

Procedure

A solution of 56 g. LiAlH4 in 1800 ml. of sodium
dried ether was placed in a 5 litre three-necked flask
equipped with reflux condenser, dropping funnel and
mechanical spark-proof stirrer, and protected fromnm
moigture until completion of the reaction by calcium
chloride tubes attached to the openings. Through the
dropping funnel, 200 g. of the unsaturated ester was
introduced at a rate such as to produce gentle reflux.

Ten minutes after the last addition and with combined

stirring, water was added cautiously, drop by drop,
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cooling the flask if, during the exothermic decomposition
of excess hydride, the refluxing became too vigorous.

To the mixture 600 ml, of ice water was added, and to
this then added 1800 ml. of 10% sulphuric acid.

After separation of the ether layer, the aqueous
layer was extracted with two further 250 ml. portions
of ether, The crude a:B-unsaturated alcohol after
evaporation of the ether from the dried etherial extract
gave 100% yields; but distillation of this product
under nitrogen through the fractionating column resulted
in about 50% of pure a:B-unsaturated alcohol.  The
latter alcohols are characterized from the infraredé

spectrum of a:pB-unsaturated alcohol.

Description Yield B.P. (°0)

penten 2-0l-1 49 59-60/30 mm.
2~methyl penten-3-o0l-5 48.5 68/37 mm.
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Table IIT

Infrared absorption characteristics of an a:p-unsaturated

alcohol.
Wavelength Wave No, Assignmentyt
(n) em™ T
1. 5.78 1,705 a:B~unsaturated alcohol characteristic
band
2. 3.35 2,980 C - H of the CHO stretching
3. 3.00 3,330 0 = H stretching (hydrogen bonded OH)

Low Temperature Oxidation of the a:B-Unsaturated Alcohols

Oxidation of penten-2~0l-l and 2-~-methyl penten-3-o0l-5
was performed according to the procedure of Delaby and

(61)

Guillot-~Allegre descriped earlier for some a:f~

unsaturated alcohols such as 2~heptenal and 2—nonenal(37).

Procedure

Into a long-necked 1l-litre flask, a solution of 30 g.
potassium dichromate and 30 g. of concentrated sulphuric
acid in 270 ml., of water was introduced. The flask

was cooled in ice to about 5°C (cooling below 5°C has
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the disadvantage of causing crystallization). At this
monent, an emulsion of 10 g., olefinic alcohol and 10 g.
of water was added in one lot, The mixture was stirred
vigorously while keeping the flask in ice. There was
a. very rapid browning cnd heat evolution. Observation
of the thermometer showed the temperature after having
rcached a maximum (about 20~24°C) begin to fall,

The reaction was stopped at once by the addition of
100 ml. of diethyl ether while the stirring was continued.
Duration of oxidation was only 2-3 minutes.

After separation of the ether layer, the brownish
agueous phase was re-~extracted with two 50-nl. portions
of diethyl ether. The brown etherial extract was washed
with water, saturated solution of sodium bicarbonate and
then with water again and dried over anhydrous sodium
sulphate. 1l g. of hydroquinone was added as a
stabilizer,

The liguid residue after the removal of ether was
distilled in a fractionating column in vacuo and with a
nitrogen leak,

The aldehydes produced were characterised from the

infrared spectrum of an a:p-unsaturated aldehyde,

Description % Yield B.P. (°C)

penten~2-al-1l 58.6 62-64/80 mm,
2-methyl penten=-3-al-5. 41,2 59-60/48 mm.,
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Tgble IV

Infrared absorption characteristics of an a:p-unsaturated

aldehyde.
VWavelength Wave XNo. Assignment
() em™

1. 5,78~5,93 1,705-1,685 a:B-unsaturated aldehyde
characteristic bands
(G = 0 stretching)

2, 3.35 2,980 C - H of the CHO stretching

with two weak shoulders and deformation

at 3,47 2,880

3.60 2,730
3. 6.,94-7.55 1,440-1,3%25 other vibrations

Synthesis of Trimethyl Acetaldehyde

Trimethyl acetaldchyde wos prepared from the
reaction of purified methyl formate and I.butyl magnesium
chloride by a modification of the methods of

Bouvault(45) and Campbell(62).
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Purification of Methyl PFormate

Commerically pure methyl formate b,p. 31-35° was
purified according to the method described for the
purification of ethyl formate(63). It consisted in
allowing the methyl formate to stand for 1 hour with 15%
of its weight of anhydrous potassium carbonate-with
occasional shaking; decanting the ester into a dry flask
containing some anhydrous potassium carbonate and allowing
it to stand over for a further hour, followed by filtration
into a dry flask and distillation through the fractionating
column protected from moisture until completion of
distillation. The fraction b.p. 31-32°C was sufficiently

pure for subsequent work.

Preparation of Grignard Reagent

t.Butyl-magnesium chloride was prepared from magnesium

turnings and t,butyl phloride as follows: 120 g. of

dry magnesium turnings and 900 ml, of sodium dried ether
were placed in a 3élitre three-necked flask equipped

with a dropping funnel, reflux condenser and a mercury=
secaled stirrer and protected from the moisture until
completion of the reaction by calcium chloride tubings
attached to the openings. Few crystals of iodine and

6 ml, of t.butyl chloride were introduced into the flask
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without the stirrer running.

The reaction was initiated by warming the flask
gently in o water bath. The water bath was removed
when the reaction showed signs of proceeding, e.g., dis-
appearance of the iodine colour and generation of heat
shown by the rapid reflux of ether.

550 ml., of the t.butyl chloride in 850 ml, of sodium
dried diethyl ether were then introduced at a rate such
as to produce a gentle reflux, The complete addition
of the alkyl halide took 1.5 hours per g.mole on the

average.,

Procedure

The Grignard reagent was filtered under an atmosphere
of dry nitrogen and added dropwise to 600 ml, of purified
nethyl formate. The temperature of the reaction was
kept below -40°C until the addition of the Grignard
reagent was completed. The cooling mixture (solid
carbon dioxide -~ ethanol) was removed, while the stirring
was continued until the temperature of the reaction
mixture reached room temperature. The white-~coloured
Grignard conmplex was transferred into a 5~litre beaker

containing 1 kgm. crushed ice and hydrolysed using
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500 ml, of 35% sulphuric acid. After separation of the
etherial layer, the aqueous phase was extracted with
two further portions of diethyl ether. The combined
ether extract of the aldehyde was dried over anhydrous
potassium carbonate, 2 g. of hydroquinone were added
as stabiliser, Ether was femoved by distillation
through a fractionating column and the liquid residue
was fractionated at ordinary atmospheric pressure, under
a gentle strean of nitrogen.

Fractions of b.p. 67=74° were oonsidefed
sufficiently pure for subsequent work. The gas
chromatographic separation and subsequent infrared
identification showed less than 10% impurity in the
aldehyde. Yield 19% based on the Grignard feagent

used.,

Table V¥
Infrared absorption characteristics of an aliphatic
saturated aldchyde.

wovelength VWave No. Assignnent
(1) cn™?

1., 5.75-5.81 1,740~1,720 aliphatic saturated aldehyde
" characteristic band (C=0 stretching)
2. 3,47-3.70 2,880-2,700 C~H of the CHO stretching and
10.,26~13.,1 975=763 - deformation
3, 6.77=7.33 1,485=1,370 other vibrations
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Synthesis of the 2-Alkyl-8-~Hydroxyguinoline Derivatives

The preparations of 2-ethyl, 2-isopropyl and the
attempted 2-tert-butyl-8-hydroxygquinoline derivatives
were made according to Mierritt and Walker method(IB),
based on the Doebner von Miller(zg) and the Skraup(Bz)
reactions, described originally for the 8-hydroxyguinal-

dine.

Procedure

Into 500 ml. three-necked flask, equipped with a
dropping funnel, reflux condenser and a mercury-sealed
stirrer, 27,5 g. (0.25 mole), o-amino-phenol and 12.5 g.
(0.09 mole) o-nitro-phenol, both dissolved in 75 g.
concentrated hydrochloric acid, were introduced. The
a:p-unsaturated aldehyde eguivalent to (0.275 mole)
wes added with stirring and over a period of 20-30 minutes.
The flask was heated in a water bath at 95-100°C for six
hours and allowed to stand at room temperature over-
night. The excess o-nitro-phenol was then removed by
steam distillation from the acid solution and until
the distillate was almost colourless. After cooling
the flask to 30°C the reaction nixture was made almost

neutral by the addition of 20% sodiun hydroxide, and
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then almost alkaline to litmus, i.e. pH 7-8, by the
addition of solid sodium carbonate.

Removal of the ?~alkyl-8-gquinolinol derivative
thus preeipitated from the alkaline mixture, was made
either by filtration through sintered glass crucible or
by super-steam distillation.

The product obtained by filtration was purified
by sublimation under vacuo ( ~ 5 rmm., Hg). The
sublimate of the 8-quinolinol derivative obtained
mixed with o-amino-phenol was further purified by
sauxlet extraction with petroleum ether (B.p. 40-60°).
The pure derivative was crystallized afterwards from
the petroleum ether extract after concentrating the liquid.

The product obtained by the super-steam distillation,
on the other hand, turned dark red on exposure to air.
A further purification was required. This was carried
out by a second super-steam distillation from Jjust al-
kaline (pH 7-8) medium, followed by recrystallization
from low boiling petroleum ether,

The two new 8~quinolinol derivatives purified
by the above procedurcs were nmeinly light yellow

crystalline solids characterised by the following:
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Description | % Calculnted % found
(M.p.) |
C H N C H N

2—cthyl-8-quinolinol 50-51 76,6.4,8.,1 175.98, 7.23, 8,28
2—-isopropyl-8-
quinolinol 86-87 77, 7, 7.5 76.0, 6.88, 7,98

Aldol Condensation

Preparation of the p~t.butyl-acrolein (2:2-dimethyl-
penten-3-al-5) was made by = modification of Kraft(64)
method, from the reaction of trimethyl-acetaldehyde
and acetaldehyde in presence of a basic catalyst,

agueous potassium hydroxide.

Procedure

To & mixture of 1.68 g. (0.03 mole) of potassium
hydroxide, in 1.8 g. (0.1 mole) of water, 78 g. (1.7
rnoles) of ethanol and 22 g. (0.255 mole) of trimethyl
acetaldehyde, placed in 250 ml. three-necked flask;
equipped with a dropping funnel, reflux condecnser and
a mercuryfsealed stirrer, were zadded, while bubbling

nitrogen gas gently through the solution, 70 g. (1.6 moles)



93.
of écetaldehyde, and over a period of three hours,
The temperature of the reaction is kept below 35°C.
The yellow mixture formed was allowed to stand at room
temperature overnight, while the nitrogen gas bubbling
was continued. The solution was acidified with glacial
acetic acid and fractionated in vacuo under nitrogen
using "a six-inch single surface helix-packed column in
conjunction with a side condenser and Perkin intermediate
receiver, as the fractionating device".

The yellow fraction b.p. 68=70 (50 mm.) was
characterised, from the I.R. Spcectrum of an a:p-
unsaturated aldehyde (Table IV) as the desired product
(yield 16%).



CHAPTER FIVE

PROPERTIES OF THE 2-ETHYL- AND 2~130=~PROPYL~8=
QUINOLINOLS



Sa.
Ultraviolet Abserptien Spectra

The ultrsviolet absorption spectra of the 2-ethyl-
and the 2-isopropyl-8-quinolinols, from 225-400 umu,
which furnish additional information about their
structures have been studied in acid, neutral and
alkaline solvents. Fig. V is a typical example of
these spectra. The spectra were recorded with awmicanm
ultravoilet spectrophotometer sp.800 with automatically
adjusted slit width.

Reproducibility is judged by the agreement of
duplicates within 1-2 mu, Approximate obedience to
Beer's law over the concentration range used (generally
0,000025% - ,0lH) was universal.

In the following btables absorption maxima are given
in millimicrons (mn); +the figures in parantheses are
the molecular extinction coefficients and I, II, III
represent absorption maxima, Apart from the 8-hydroxy-
gquinoline and 8-hydroxyquinaldine data which were re-
corded by Merritt et al.(zz), other data are the authors

WOork.
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Table VI

U.V. absorption maxima of 8-quinolinols in neutral solvent

Compound Neutral Solvent (Cyclohexane)
I L1 o
8-quinolinol 242 (42,000) 320 (2,400)
2-methyl-8—guinolinol 246 (43,000) 309 (2,900)
2-ethyl-8-guinolinol 245 (S0,000) 305-8 (2,600)

2-isopropyl-8-quinolinol 245 (48,000) 304-7 (2,500)

Table VII

U.V., aosorption maxima of 8-quinolinol in tydrochloric acid
q J

Compound 0.1-3 N hydrcchloric acid solution
I 11 111
8~quinolinol 250(40,000) 317-9(1,700) 358(1,700)

2-methyl-8-guinolinol  255(44,000) 320(3,100) 345(1,700)

2-ethyl-8~quinolinol 254(49,000) 317-8(3%,500) 330~43
308-11(3%,200) (1,760)

2-isopropyl-8-guinolinol 254(49,000) 315(3,500) 336=43
309-12(3,300) (1,900)
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Table VIIT

U.V. absorption maxima of 8-gquinolinols in sodium hydroxide

Compound O.1=1 ¥ potassium hydroxide
I IT
8-quinolinol 253 (3%2,000) 345 (2,700)

2-methyl-8~guinolinol 255 (30,000) 335 (3,000)
2—-ethyl-8-guinolinol 255 (35,000) 331-5 (3,000)
2-igopropyl-8-quinolihol 255 (34,000) 331-5 (3,100)

Intersretation of the Spectra

¥easurements of the absorption maxima and the
molecular extinction coefiicients have two limitations:

1. The second area of maximum of absorption is rather
broad coampared with the first band, therefore the
difference in wavelength of maximum absorpition should
not be considered significant unless they amount to
at least 5 mu,

2, The absolute precision of the molecular extinction
coefficients is not better than % 104, This is due
to the Taet that the solutions used were prepared by
weighing out guantities of the order of 1-2 mg. on

an ordinary analytical balance,
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Interpretation of the spectra of the two 8-guinolinol
derivatives studied were made either by comparison with
the spectra of 8-hydroxyquinoline and 2-methyl-8-hydroxy-
guinoline, or with tue spectra of closely related known
compounds.

The spectra produced are all similar in shape 1o
the absorption spectra of 8-~quinolinol and 2-nethyl=-8-
guinolinol. Some shiftes in (maxima~II) of the two
gquinolinol derivatives, amounting to 10~15 mp when com-
pared wivh 8~guinolinol, are produced, These are batho-
chromic shifts, produced by tue replacement of the
hydrogen, on the 2-position of the pyridine ring of the
8~quinolinol nucleus, with ethyl or isopropyl groups.
They are at slightly lower wavelength ranges than those
0f the 2~methyl-8-guinolinol. Lvidence for the batho-
chromic shifts produced on replacing hydrogen in an
a¥omatic ring by methyl group have been reported(66’ o7, 68).

The spectre of the 2-ethyl- and 2-isopropyl-8-qguinolinols
in hydrochloric acid are considerably different from
those observed in neutral or alkaline solutions
Table VII, This has been attributed, for B-guinolinol,

to a change of structure. Protonated oxine was claimed

/’\\ P

to have been formed; evident from the simi- N & N
i\

larity of the spectra of oxine in acid solu=- OH g+

tion and its diazomethane reaction nroduct
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which has been postulated to have the struc-

ture in acid solution and the dissimilarity inL\\n/;;J

ot

neutral solution, where the diazomethane CH
product has the presumed structure(69>, lfﬂfj
\N/

A very pronounced bathochromic shift of o- OH+
the 2~ethyl and 2-isopropyl-8-quinolinols ab-
sorption bands, mounting to 10-15 mu when compared with
8-quinolinols, are produced in alkaline medium,
Table VIII. Thisgs is in accord with an empirical rule(7o)
in which it is stated that when ionization increases
the tendency of a group to shift electrons into an
aromatic ring a bathochromic shif+t occurs; ilonization
of the oxine takes place in alkaline medium to give the
oxonium ion {structure II) which would readily allow
shift of electrons to the benzene ring to give the guinone

ion {structure III)(67).

T =
| \\Zf/ \N’/
0

o
=
_/

\ /\N

I II III



Infrared Absorption 3Spectra

The infrared avsorption spectra of the 8B8-guinolinols

100,

and derivatives from 2-15 u, (5000~650 cm"l), were

automatically

protometer
rig, VI,

lengths is
L)

reccrded

estimated to ve - 0.05 M.

with

2 Unicam infrared spectro-

sp.200, using the Nujol mull vechnigue
The probable precision in assigning wave-

The 8~guinolinol

derivatives have no significant absorpitions at the

regions where total absorption of the Nujol

occur * (3.4 u(2,970cu™t), 6.83u(l,475cm )

Infrared absorption maxima of 8-guinolinols
Nujol mull absorption bands. )

(*

IX

Table

mall

8-guinolinol

2-methyl

2-ethyl

8-auinolinol 8-guinolinol

2,93 (3,495)
*3,4 (2,970)
6.35 (1,580)
6.65 (1,520)
*¥6,83 (1,475)
7.1 (1,410)
*7,25 (1,390)
7.8 (1,290)
7.9 (1,270)
8.18 (1,270)
8.28 (1,210)

2,93 (3,495)
*3.4 (2,970)
6.2 (1,600)
6.55 (1,580)
6.65 (1,520)
*¥6,83 (1,475)
*7.25 (1,390)
7.5 (1,340)
7.9 (1,270)
8.0 (1,250)
8.18 (1,220)
8.28 (1,210)

2,93 (3,495)
*3.4 (2,970)
5.2 (1,600)
6.35 (1,580)
6.65 (1,520)
*¥6,83 (1,475)
7.1 (1,410)
*7.25 (1,390)
7.5 (1,3%40)
7.6 (1,320)
7.8 (1,290)

7.9 (1,270)

8.0 (1,250)
8.18 (1,220)
8.28 (1,210)

2-isopropyl-
S=guinolinol
2,93 (3,495)
*3.4 (2,570)
6.2 (1,600)
6.35 (1,580)
6.65 (1,520)
#6.83 (1,475)
*7,25 (1,390)
7.5 (1,340)
7.6 (1,320)
7.9 (1,270)
8.0 (1,250)
8,18 (1,220)
8.28 (1,210)

and 7.25u{l,390cm

in Nujol mull
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Interpretation of the Infrared Absorption Spectra

The absorption band at about 2.93m (3,495 cm"l)
present in these four 8-guinolinols, but absent in the
8-alkoxy compounds, is assigned to the OH stretching
frequency obsgerved in all phenols(7l’ 72).

The strong maxima at about 6,2u(l,603 cm_l),
6.351(1,580 cm"l) and 6.65u (1,520 cm“l) are evidently

. . . L. . 2
fundamental frequencies of the aromatic rlng( 2).

The absorption beads from 7.1~7.6 u (1,410-1,320 cm™)
are probably due to the aliphatic C-H bending(gz).

The band at 7.5 pm (1,340 cm-l) perhaps being caused
by the C-H bond in the active alkyl group since it is
lacking in 8-quinolinol and 4-methyl 8-guinolinol but
apparent in 2~methyl-8—quinolinol(22), An additional
band at 7.6 u (1,320 cmul) is probably assignable to
another C~H linkage in the 2-ethyl- and 2-isopropyl
substituent, since it is lacking in the 2-methyl.

The maxima from 7.8-8,283(1,290-1,210 cm™")
are perhaps asgociated with C-0 and C-N stretching
vibrations(zg).

Aibove 8,28 m (1,210 cm_l) assignment of definite
wavelengths to definite gstructural featvres is not
possinle. It is interesting that no C=0 band at about

5.8 u (1,750 cm_l) was observed in any of the compounds,

although a2 keto tautomer of 8-quinolinol has been
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claimed to constitute about 35% of the total concen-

tration in non-polar solvents(73).

X-Ray Powder Diffraction

The X-ray powder diffraction lines of the 2~ethyl-
and the 2-isopropyl-8-hydroxyquinoline derivatives were
measured and the results were compared with those of
8-hydroxyquinoline, 2-methyl-8-~hydroxyquinoline and
2,4-dimethyl-8-hydroxyquinoline reported by Merritt
et al.(ez).

The measurements were made by exposing the finely
powdered gample loaded in a 0.3 mm. quartz cappillary
to filtered CuKa radiations for five hours, using a

Philips X-ray generator at 40 Kv and 20 mA and 1 radian

Philips camera for these purposes,
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Table X
X—ray powder diffraction lines of 2-alkyl substituted

S=guinolinols,

'dt vaelues in order of de-

Compound

reasing intensity.
8~hydroxyquinoline 6,27 3.18 3.82 3.50
2-methyl-8-hydroxyguinoline 3.92 3.67 3,13 5.45 5.93

2,07 5.00 7.94

244-dimethyl-8-hydroxyquinoline 7.14 3,55 3,98 4,50 3,24

2-ethyl-8-hydroxyquinoline 7.06 4,90 3,92 3,51 3.22

6.29 5.24 4,16 4,56 2,91

2-isopropyl-8~hydroxyquinoline 7.21 5,02 3,83 4,67 6.42

3.59 3.52 3,22 3.29 3.52

Literature date on the X-ray diffraction of the
Z-substituted.8-guinolinols are very scarce, Though
many 2-phenyl and 2-styryl 8-quinolinol derivatives
were syntnesized, none of ther was studied by this
technigue. The only 'd' values reported, so far, for
2-substituted 8-quinolinols were those 6f 2-mnethyl-,
2,4-dinethyl and their halogen substituted derivatives,
yet interpretations of these datalwere not reported.

The following, is a brief study made by comparing the
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'dt values obtained for the 2-ethyl- and 2-isgpropyl-

8—quinolinols with those available on the 8-quinolinol,

2-nethyl-~ and 2,4~dimethyl-8-quinolinols. From Table

X the following are exhibited:

1, The 1lst 'd! value is increasing in the order of

~ the substituent 2-isopropyl- > 2;4-dimethyl- >
2-ethyl- > none. However it is low for the 2-methyl-
substituent.

2., The 2nd 'd' value is also increasing in the order
of the substituent isopropyl- > ethyl- M dimethyle >

methyl- none.

3. The 3rd 'd' values are showing no definite trend.

4, The 4th 'd' values for the 8-guinolinol and the

A 2~ethyl- derivative are comparable, but they are
lower than those of the other three 8-quinolinols.

5. The 5th '4! #alues of the 2-methyl- and 2-isopropyl
derivatives are higher than those of the 2,4-dimethyl
and 2-ethyl- derivatives,

6. The 6th 'd! value of the 2-ethyl-8~quinolinol is
higher than those of the 8-methyl- and 2-isopropyl-
8~quinolinols, The 7th and 8th 'd! values on the
other hand are higher for the 2-methyl~ and 2-ethyl-
than that of the 2~isopropyl-8-quinolinol,

The previous data revealed the fact that the first

and second 'd' values increase with increasing size of
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the 2-substituents. This is attributed to an increase
in the dimensions of the unit cell and hence increase
in the lattice spacings. However, the first 'd' wvalue
reported for the 2-methyl-8-quinolinol, 3.90(22) is
considered very low in comparison with that of the 8-
quinolinol 6,27, reported by the same authors. Its
value should therefore be greater than 6.27 and lower
than <the corresponding value for the 2-ethyl- derivative
7.06. Such argument was based on a study made on
different metals where a similar conclusion could be elu-
cidated. Table XI describes the relationships existing
between lattice spacings of different metals and the 'd!
values in terms of the strongest lines and relative inten-
gities.

Table XI
X-ray powder diffraction of some metals.
Ele~ Struc- Spacing Three strongest Relative
ment ture R lines in de- intensity

creasing inten-
sity order

Cu f.c.c. 3.6153 2,09 1.81 1.28 100 46 20

Pd " 3.8902  2.25 1,95 1.38 100 42 25
Pt " 35,9237  2.27 1,96 1,18 100 53 33
A1 " 4,049 2.34 2,02 1.22 100 47 24
Au g 1,078 2.36 2,04 1.23 100 52 36

Note: TF.e.c¢. represents face centered cubic, while the

data are those of the A.S.T.M,
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TableXI exhibits a disorder in the 3rd 'd! values of
the metals, which is in turn‘parallel to the disorder
cnaracteristics of the 3rd 'd!' values of the 8-gquino-

linol homologues studied,

Steric Hindrance, Selectivity and Sensitivity

Selectivity and sensitivity tests were carried out
uging the method of Lutz(74) used by Irving, Butler and
Ring(75) in which the sensitivity of a reagent is
recorded in terms of the smallest amount of metal which
will give a perceptible precipitate in a fixed volume
of a test solution under standard conditions, The
buffer solutions designated A, B and C were prepared
as follows:

A. 250 ml, 2N acetic acid
225 gm, sodium acetate (hydrated) PH 5.3
500 mli., of water

B, 40 ml. 2N ammonium hydroxide
320 gm, ammonium acetate pH 8.35
30 gm. sodium potassium tartrate
850 ml, of water

C.o 500 ml, 2N sodium hydroxide
275 sodium potassium tartrate pH 13.1
500 mi, of water '
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Stock solutions of metals containing 0.01 g.atom/1
were prepared from 'spekpure! meitals or 'AR!' salts,
The organic reagent solution was 0.,1M in absolute
alcohol, The procedure adopted was to take a 0,01M
solution of the metal under investigation and 4.0, 0.4,
and 0,04 ml, were regpectively placed in three test
tubes (5 x 5/8 in.) previously bvoiled in nitric acid
and washed repeatedly in distilled water and finally
steamed with live gteam from boiling redistilled water.

In each tube was placed 2 ml, of buffer A, 0.2 ml.
of organic reagent, and sufficient water to bring the
total volume to 6.2 ml. A fourth tube containing the
buffer solution, reagent solution and water served as
a reagent blank and a fifth tube containing 0.4 ml, of
the metal solution, 2 ml. of buffer sclution A and 3.8
ml, of water served as the metal blank. The latter
blank was necessary so that a possible hydroxide
precipitation should not he nistaken for complex
formation. A1l tubes were then heated in a water bath
at 80° for 15 minutes =nd examined, hot and after
cooling, for precipitatvion. If results were positive
with as 1little as 0,04 ml. of 0,01 N metal solution,
tne whole series was repeated with 0,001 N metal
golutions and if necessary with 0,000l N until pre~

cipitation did not occur. The linits of sensitivity
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were then more exactly limited by carrying through a |
gseries of tests with 0.4, 0.2, 0,1 and 0,04 ml, of metal
solution of the appropriate strength, The seguence
of testing was then repeated with buffer solution B
and C in turn, and the whole procedure reprated for
each reagent and every metal studied. The results
obtained under these conditions are given in Table XII.
Tae figures for 8-hydroxyguinoline and 2-methyl-8-
hydroxyouinoline employed in the comparison are those

(75)

of Irving, Butler and Ring



Table XIT

Records for each combination, the smallest concentration (Ug/ml) of metal
which gave & precipitate; together with the largest concentration which
just failed to do so under the standard conditiong of test.

Metal ion used Attt orttt ettt

Buffer A B C A B C A B C

8-hydroxyguinoline A A= A, 4~ N,p., 8,4~ 16,8~ N,p. 1.8~ 1.8~ N.p.
1.7 1.7 3.4 8.4 0.9 0.9
(yellow) (yellow~brown) (greenish-black)

2-nethyl-8-hydroxygquinoline N.p. N.p. Hop. 3.4- 1.7- N.p. 1.8- 0.9~ H.p.
1'7 008 O¢9 O‘.d.
( - ) (yellow~brown) (grecenish-black)

2=-ethyl-8-hydroxyquinoline H.p. N.p., W.p. 1.6~ 3.6~ H.p, 1.8- 1.8~ W.p.

0.8 2.5 0.9 0.9
( - ) (yellow—green) (greenish-black)
2=-igopropyl-8-hydroxy— N.p. N.p. N.p. 0.3- 0.9~ NW.p. 0.4~ 0.9~ N.p:
guinoline 0.C9 0.4 0.09 0.4
* ¥* ¥*
( - ) (yellow—green) (greenish-black)

*OTT

¥.p. signifies that there was no precipitate of couplex

*: the reagent was insoluble in the cold buffer, though freely soluble at 80°,
whilst the metal complex was sufficiently insoluble for its formation to be
detected with certainty when observations were made on the hot solution.



Table XII (cont.)

Metal ion used out T zn* Ga ™t
Buffer A B C A B C A B C
8-hydroxyquinoline 1.0- 1,0~ 1.0 1.1~ 1,0~ 10.6~ 2.3~ 2.%~ N.Dp.

0.4 0.4 0.4 0.4 0.4 4.2 1.1 1.1
(yellow-green) (yellow) (yellow)
2-methyl--8-hydroxyguinoline 1.0- 1.0- 20.5~ 21.0- 1.0~ 2.1~ 22.5- 2.3 H.p.
0.4 0.4 10.3 10.5 0.4 10.6 11.3 1.1
(salmon) (yellow) (yellow)
2—-ethyl-8-hydroxyquinoline 1.8~ 0.9~ 90- HN.p. 1.0~ H.p., 2.3- 1.1- T.p.
0.9 0.4 36 0.4 1.1 0.4 |

(orange) (yellow) (yellow)
2-isopropyl-8-hydroxy- 0.1- 0.1~ 10,2~ W.p. 0.2~ N,p. 0.4~ 1,1~ N.p.
guinoline 0.04 0,04 2.0 0.09 0.09 0.4

(orange) (yellow? (yelfow)

N.p. signifies that there was no precipitate of conmplex.

%¥: the reagent was insoluble in the cold buffer, though freely soluble at 80°,
whilst the metal complex was sufficiently insoluble for its formation to be
detected with certainty when observations were made on the hot solution.

T
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Discussion

Complexes of the type MRm will not be precipitated
until [M®F]® [R®7]® equals orfexceeds the solubility
product SMRm . The observed sensitivity will thus be

n influenced by the 'visibility' of the
precipivtate and will depend on the concentration of
the reagent, RHn, the hydrogen ion concentration, pH,
and finally on the presence of masking agents such as
the tartrate salt,

Reproducibility was judged from the close agree~
ment of duplicates. To avoid a false impression, the
sensitivity data are presented in Table XIII in terms
of sensitivity exponent pL, and not in the customary
manner as ug/ml (where pl = -logqq [1imiting concen-
tration in g. equivalent/L]).

In default of comprehensive data relating the
percentage of element precipitated to the pH of the
golution for each metal and reagent studied, and where
the seneitivities in the turee test solutions A, B and
C were not identical, the values zdopted were those
from the medium where the greatest sengitivity was

shown,
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Table XIIT

Sensitivity values in terums of sensitivity exponent pL

letal 8-quinolinol 2-methyl- 2~ethyl— 2-igopropyl-

8-guinolinol 8-qguinolinol 8-guinolinol

A1t 3.3 T.p. ¥.p. N.p.

a2t 3,73 1.0 4.0 4.8

peot 4,0 4.3 4,0 4,7
2+

cu 4.5 4,5 4,5 5.5
2+

Zn 4.5 4"5 4.5 5'5

Gadt 4.0 4.0 4.3 4.8

Aversge values excluding those for aluminium

4,1 4,3 4,3 5.3

From the results shown in Tables XII and XIITI it
is apparent that the 2-ethyl- and 2~isopropyl~8-
guinolinols are selective, in that they do not chelate
with aluminium under any conditions. However, the
observed sgalectivity of the two derivatives are

comparable with that of 2-methyl-8-quinolinol, The
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two tableg reveal the failure of these two derivatives
to enhance selectivity for other tervalent metsls
begides aluvminiun, The failure of aluminium to chelate
with 2-methyl- oxine has bcen attributed to steric
hindrance. Irving and comworkers(75) have shown
stereochemically thow heterocyclic ligands could possibly
arrange around a tervalent A13+, Fe3+, Ga+3, In+3 in oxine
couplexes conforming to the general formula MRm, and
why ligands of 2-substituents fail to do so for
aluminium, This is summarized as follows: with ter-
valent elements of co-~ordination number six the three
heterocycliclligands form chelate rings in planes
mutually at right angles. Pigure VII depicts the
proposed arrangements for the 2-methyl oxine of a
tervalent metal.,

In this figure the 2-methyl group of =ach ligand
is directed towards the oxygen or nitrogen of the
neighbouring chelate ring at right angles to it.
The octahedral covalent atomic radius of A13+ is 1.34°.
Together with conventional atomic radii for the remaining
elements (C = .77, 0 = .74, N = ,74) the lengths
Cmethyl ~ Oxygen end Cmethyl -~ Nitrogen are nearly
eugal at about 2,TA°, 1i.e. shorter than the distance
of approach accepted for non~bonded atoms, The

hydrogen atoms of the methyl group are naturally still
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closer, and therefore concluded that purely steric
considerations would prohibit the formestion of aluminium
2-methyl-8-quinolinate complex.

The arrangemsnts of the 2-ethyl- and égiggpropyl-
oxines of a tervalent metol may also be depicted by
similar figure. The lengths Galkyl“ Oxygen and
Calkyl - Nitrogen are equally similar to those of the
2-methyl substituent, but the hydrogen atoms and the
side oarbon atoms of the alkyl groups are even at shorter
distances than the distance of approach for non-bonded
atoms, as compared with the Z2~methyl- oxine. Therefore
greater steric repulsions nrust have been produced, the
order of which 1is methyl,.<:ethyl._,<1§23ropyl._‘<
t.butyl. and could have been clearly verified with
the availability of instability data for the various
metal -chelates complexes. It must also be remembered
that as the covalent radiuvs of the metal determines the
gsizes of the groups which could arrange around it, then
the steric repulsions will be decreasing with the
increase of the covalent octahedral radii of the
elements Al = Ga N In v T1 whose covalent radii &are

103} 1037 1'0449 1-4-8 AO.

In practice, though selectivity of the 2-methyl-—
8-guinolinol has not been enhanced by substitution in

the 2-position with ethyl- and isopropyl- groups,
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and results are therefore disappointing they indicate
that 2-%t.butyl- derivative if it could have been
prepared, may show greater selectivity. Woreover,
and in view of these investigetions, the distinctive
behaviour of aluminium in not forming complexes with
2-methyl, 2-ethyl, 2-isopropyl and with other 2-
substituted-8-quinolinols could not be ascribed wholly
to its small size,. Gallium, which ie reported as
having egual octahedral covalent radius ag that of
aluminium (1.3 A°)(75) is anomalous in that it was
Tound rezctive with these two new derivatives.

A final conclusion could therefore be drawn which
is that the tendency of aluminium towards such complex
formation with oxine derivativee substituted adjacent
t0 the nitrogen atom is small and being still further
reduced by the additional energy barrier imposed by
unfavourable steric factors(TB).

The reactivity of gallium and other metal ions of
comparable sizes, e.g. FeIII, CrIII, with the 2-
substituted 8-quinolinols may therefore be explained in
terms of their decreasing electroposivity in comparison
with 2luminium, hence their bvondings to oxyvgen and nitro-
gen should be more covalent in character. Other
factors such as: the basicity of the reagent; the

nunber and position of the ligands; the
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electronegativity of the metal; the clectronic structure;
the orbitals available and the location of these
orbitals, etec. may also affecct the chelation.

If each of the above factors is to act independent,
the result will be as follows:

1., The bpasicity of the 2-substituted 8-guinolinols
is increasging in the order of the 2-gubstituent
C4H9— > 03H7~ > 02H5~ > CHB_ and therefore mnore

stable metal chelates should be formed with the 2~

isopropyl- and 2-t.butyl-8-quinolinols.

2, The nunber and location of the functional groups in
all the chelating anions studied are identical and
highly favourable for chelation, The chelate rings

produced with these 2~substituted derivatives are all

of the most stable five-membered type.

3. The effect of clectropositivity of the metals is
as explained above.

4, The electronic structure of the metal atoms; the
orbitals available and the location of these orbitals
have remarkable effect on chelation. The lower

the orbitals, the greater the stability of the metal

chelates, Accordingly more stable metal chelates are

those of the transition clemcnts.
But the outcome is that of all these factors acting

collectively, However, for a given metal ion it is
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that of the inductive and steric effects of the 2-
substituents only. Interpretation of thes sensitivity
results which follow immediately should enlighten the

igsue further.

Sensitivity

It is obvious from Table XIITI that the average
sensitivity value for 2-ethyl-8~guinolinol complexes

with the metals A13+, Cr3+, Fe3+, Cu2+, Zn2+ 5+

and Ga
is comparable with the figure given for 2-methyl-8-
guinolinol complexes With the same metal ions(75);

average pL = 4.3. However, the average sensgitivity

value for the 2-isopropyl-8-quinolinol chelates with the

above metals is much greater; average pL = 5,1.

This figure actually is the highest for any known
8=quinolinol- metal chelates., Increased sensitivity
is noted especially for the divalent copper and zinc
with 2-isopropyl-8-quinolinol; average pL for these
two metal oxinates 5.5, and may either be amcribed to:

1, The decrease in the metel chelates agueous solu-

bilities (and increase in organic solvent solubilities)

duec to the increase of size and molecular weight.
Thus the order of agueous solubility should be that

of the 2-substituents C3H7—<§ C2H5- <_CH3— and
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hence the most aqueous insoluble metal chelates are
those produced by the reaction of metals with the
2~isopropyl~8~quinolinol.

or
2, the powerful inductive effect of the 2-substibtuent.
Here, increased sensitivity mechanism may be degcribed
by the following: alkyl groups such as ethyl and
isopropyl are electron donating and so will increase
electron availability over the nucleus in the order
OH3 < 02H5 <'CSH7 <_C4H9.

The presence of a powerful inductive group in the
2-position of the 8-quinolinol nucleus may restrict the

formation of oxonium ion

and so permit the metal chelate to persist in solutions
of greater acidity. Such reactions may be compared with
that of 7—methyl—8-quinolinol(75),and can be demonstrated

by the following

/47\\//Q§\ H //'\,/(\\i
1& cx !
A S G
o 0~ Hs
reaction of the 2-isopropyl-8-quinoclinol
@e

H- (} % T H—g l\\b_/"’\ Nj

reactlon of the T-methyl 8-quinolinol
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The compatability of the selectivity and sensitivity
results are to be discussed with the aid of the solvent

extraction properties data later.

The Solvent Extraction Properties of the 2~Ethyl- and

the 2-igopropyl-8-Quinolinole

The solvent extraction propertics of the 2~ethyl-
and the 2-isopropyl-8-quinolinol complexes with some
metal. ions have been studied, Such properties
included wavelengths of absorption maxima, molecular
extinction coefficients, and optimum pH ranges for the
extraction, The metals selected for these studies
were those agsociated with aluminium in alloys,

e.z. Fedt, ox3*, cul*, §il", o, wn2", Pplt,

Absorption maxima were recorded between 300-700 mp
on an automatic recording Unican spectrophotometer, Sp
800, using a sultable concentration of the metal chelate
solution in chloroform, Pigs., VIII and IX,

The extractability measurements are similar to those

of cupric and ferric oxinates reported earlier in
Chapter II of this thesis, i.e. the cation is extracted
from aqueous into chloroform phase as either its

2-ethyl- or 2-isopropyl-8=-quinolinate derivative and at

each pH value the optical density (absorption) of the
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organic phase is measured at the respective abgorption
maximum of the complex. Here, the same apparatus,
i.e, Dynacap pH meter and Hilger Uvispek spectrophoto=-
meter H 700, were employed for these measurements.
In Table XIV the optimum pH's of extraction of
the 2-ethyl- and 2-isopropyl-metal-8-guinolinates are
presented, while in Table XV the values for absorption
maxima of these complexes are given, The figures in
paranthesis are the approximatec values of the molecular
extinction coefficients (data regarding the molecular
formulae of the two 2-alkyl-substituted quinolinol metal
complexes are not available, so the moleculer weights
employed in these determinations are therefore estimated
from the metal oxinates of similar composition.)
The values for 8-guinolinol and 2-methyl-B-quiholinol
metal chelates used in the comparative study are those
of Motojima et al,(78),

The absorption maxima spectra of the metals ~ 2-
ethyl- or 2-isopropyl-8-quinolinates in chloroform are
similar in shapevto those of ©the metals - 8-gquinolinates
and 2~methyl-8~guinolinates, Figs, VIII and IX.

However, they are shifted to lower wavelengths; the
shifts amount to~ 40 mu for A _ of 2-ethyl- and 2-iso-
propyl-ferric complexes, in comparison with that of the

ferric-8-quinolinate, Table XV,



Table XIV

Optimum pH!'s of extraction of some mectals with 8-guinolinol and derivatives
Compound Reagent con-

centration (11) Fe- * cust §il* G0t 1+ Pp2t
8-gquinolinol 0,021 2.0~ 2.8~ 5.5-8.8 97.3-8.2 9.,0-10.5 8.2-11
2-methyl- 0.019 4,5-12,2 24,2-12.5 8.5-10.7 - - 8.2-11.8
8-quinolinol 0,001 4,5-12.2 4,2-12.5
2-ecthyl—- 0,015 2,0-11.5 5,0~ 8.5-11,0 8.0~ 9.8- 8.0-
8-guinolinol 0,001 4,0-11,5 5.0~

(3.05)  (3.75) (7.20) (7.00) (8.3) (6.65)

2-isopropyl 0,001 3.7= 5.5~ 8.9~10.5 8,5~ 9.8-10.7 -
8-quinolinol (2.75)  (3.80) (7.55) (7.80) (8.45)
Note: if not recorded, the second pH values in the above table are those of

greater than measurable (> 14).

The figures in paranthesis are those of pH's of % extraction (pHy).
for the metal-8-guinolinates and 2-methyl-8-quinolates are not atailablé,.

pH1 values

G621



Table XV
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Absorption maxims (mm) and, in parenthesis, molecular

extinction coefficients of some metal-oxine and deriva-

tives complexes.

Compound P’ cou®T Mt o?t ottt mm®Y
8~guinolinol 470 410 370 420 2400 395

580

(5100) (3100) (3300) ( =~ ) ( =~ ) (6500)
2-methyl- 470 395 272 - 384 -
8=-quinoelinel 580

(4300) (2900) (3100) ( = ) '(1500) .= =
2~ethyl~ 430 386 370 378 382 382
8-quinolinol 560

(4700) (3700) (3100) ( - ) (2750) (4000)
2~igopropyl- 430 393 375 385 - 375
8-quinolinol 560

(5100) (3950) (3100) (4250) = (2000)



1217.

L2+
, Ni— T,

Txtractability of the metals Fe ', cu’

co?t, e, Ppet

with the 2-ethyl- and Z-isopropyl-8-
gquinolinols were quantitative at their opntimum pH values,
Figs. X and XI, but generally with a further shift in
the extraction curves away from the acid side than those
produced with the metal~8—quinolinates and 2-methyl-8—-
guinolinates and in the order of +thie substituents
03H7—-> 02H5 > CH.3 > none(zg), Table XIV, This in-
dicates that less stable (i.e, more dissociated) metal
conplexes are formed, due to the increasing steric
effect of the 2-alkyl substituents and therefore more
alkaline medium is reguired to promote guantitative
extraction, The decrease in the agqueous solubility of
these metal chelates in the order of the 2-substituent
03H7 % 02H5 < GH3 £ none and the respective increase
in the organic solvent solubility in the reverse order
should result in higher P,'s and PR's in the order of the
2-gubstituents 03H7 p 02H5-> CH3 y none. Therefore
and in reference to the extractability formula shifts
in the extraction curves to the =z2cid side should be
produced due to the increase in the PC while the reverse
should happen when the PR increasges.

However, such interpretation is not yet conclusive,
There are few points which when clarified might affect

the outlook of the picture, c.g. the stability constants
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and the composition data regerding the metal 2~alkyl-
substituted 8~quinolinates are not available, it is
therefore not yet clear whether more stable complexes
were produced by the chelation of the metals with sueh
strongly basic or inductive ligands.

Although the extraction measurements were made
with organic reagents of variable concentrations,
experimentally no shiftes ih the extraction curves along
the pH axis were noted on tne application of such low
organic reagent concentrations ranging between 0,001~
0.021M, This is evident from the extraction measure-
ments of Cul? and Pe T 2-methyl- and 2-ethyl- 8-quino-
linates with the lower and higher values of reagent
concentrations, but in contradiction with the previous
extractvability formula and with that of Irving et al.(g)
(pH%h”OO = pH - (log q)/N + log [HA]org (where (pH e )l.OO
= pH at which 50% of the metal is extracted {(q = 1) at
1.00 M eguilibrium concentration of the organic reagent
in tae organic phase provided the values of the organic
and agqueous phase arc equal, ¢ = distribution ratio of
the metval between the two immiscible phases, ¥ = the
metal ion charge, HA = organic reagent) which expected
a decrease of one pH unit in the (pH%)l.OO on an increase

of tenfold in the equilibrium reagent,
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Ionization Constents of the 2-Alkyl- Substituted

8-Quinolinols

o et s P - .
The dissociation constante le and KRE of the
2-ethyl- and 2-isopropyl-8-quinolinols have not been

studied, but from the following dzta given for the 8-

quinolinol(BA) and the 2—methy1~8~quinolinol(77)
Phpy Ppo

8-quinolinol 9.66 5.00

2-methyl-8-guinolinol 10.15 5.65

it should be possible to predict that the zcid dissocia~
tion constant, KRZ’ should decrease in the order of the
2-gubstituent none > OH3- > 02H5~ > 03H7~ . The
following ionization data may be assumed for the 2-ethyl-
and the 2-isopropyl-8-qguinolinols by considering similar
changes in the values of pKR1 and pKR2 t0 those pro-
duced on substituting methyl group in the 2-position

of the 8-gquinolinol

PRy P2
2=ethyl—-8-guinolinol 10.64 6.30
2-isopropyl-8~quinolinol 11.13 6,95

It is interesting that the order of increasing pH at
which a given metal ion is c¢xtracted by thece four
reagents is roughly the order of decreasing acidity

of the 2-substituted 8~guinolinols.
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8-quinolinol increasing KR2
2-nethyl-8~guinolinol
2methyl=-8-quinolinol

2-igsopropyl-8-quinolinol ; increasing pH

This is explained by noting that, although the
weaker zcids should form more stable complexes with
wetallie ions(23) and the extraction should, therefore,
be possible from more acid solutions, 1t is necessary to
use more pasgsic solutions in order to produce comparable
amounts of the active chelating ion. The latter effect
is apparently the predominant one,

The effects of PR and PC are as degscribed under the
solvent extraction proverties of the 2-ethyl- and

the 2-isopropyl-8~guinolinols.

Interpretation of Sensitivity and Selectivity in Terms

of Inductive and Steric Iffects

It was shown from the sensitivity, selectivity and
solvent extraction properties of the 2-ethyl- and 2-igo-
propyl-8-quinolinols with various metal ions how steric,
inductive and solubility factors affect the resulwus,

The steric factors should be greatly effective in

the octahedral chelates of tervalent metal atoms of the
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type MR3 which is to be expected from the difficulty
arising from fitting large groups around comparatively
small ions. However, it should be a minor one for the
tetrahedral metal chelates which involve divalent metals
of relatively increasing covalent atomic radii and
consequently the ligands are not in a crowded position
to exercise the steric repulsions.

Steric effects are likely, therefore, to reduce
sensitivity on their own but in practice many metals
were found reactive and with strong enhancement in the
sensitivity values in the order of the 2-substitutents
none ¢ CHB— £ 02H5~ 4‘03 i The explanation to this
may ve that in the reaction of these two derivatives with
the metal ions under investigation the steric effect
was compensated by inductive effect coming from the
2-bulky-alkyl-substituent. Accordingly, more electrons
are being pushed into the ring by the 2-substituent
which would finally result in lengthening the M~N and M-O0
bondings by increasing their ionic character andlence
reducing the steric effect in allowing larger groups 1o
arrange comfortably around the metal. However, strong
enhancenent in the sensitivity does not necessarily
indicate inductive effects, since the increase expected
in the ionic character of the bondings may not be enough

to produce stronger chelztes. Availability of stabllity
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constants data regarding these metal chelates should
clarify this issue. The increase in sensitivity may
therefore have to be looked at from another aspect:
since the sensitivityis measured by the formation of
perciptable precipitates in the Test solutions 1t 1is
likely, therefore, that the latter (agueous insolubility
of metval chelate) becomes a determining factor.

The solubility of the metal 2-alkyl-8-qguinolinates
snould decrease according to the increase of the size
and molecular weight of the chelating agents-in the
order 03H7— 4 CZHS" < GHB- and hence more insoluble
metal chelates should be produced by the reaction of
retales with the 2-isopropyl-8-quinolinol and subsecuently
nigher sensitivity results should thus be produced.

The marked increase in sensitivity with the Q'EEE'
propyl-8~quinolinol, where major steric effects begin to
be apparent from 3-dimensional models is therefore ex-
pected from the solubility point of view but not from
purely steric cffects.

The solvent extraction data indicated that less
stable metel chelates were produced, due to increasing

.

ts oF the 2-allkyl substituents, which required a

gitfec
more alkaline medium to promote guantitative extraction,
L

Tne greatest shifvs, away from the acid side, were noted

in the extraction curves of the metal-2-isopropyl=—8-
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quinolinates. Steric effects may be shown to be pre-
dominant, desnite the inductive effects, from Figs. XII
and XIIT plotted from the sensitivity values for a typical
tervalent metal, galliuwn tested with four 8-guinolinols
vs. the number of c-atoms in the different 2-substituents.

In conclusion increased pL is attributed to steric
rather than to inductive effects, Linear increase in
the sensitivity, plL (Fig. XII ) as indicated by the dotted
line ghould be ascribed to inductive factors, but since
the plot (Pig. XII) shows breaksat different points the

fect is <therciore that of steric.

(o)
]

e
The interpretation is at the prescent a tentative

one because some fundamental data regarding the stability

congtants, composition, solubility and the minimum and

maximun pH renges of precipitation of the metal chelates

under lnvestigations, are still not available,
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Churomiun IIT Extraction with 2-Zthyl-8-Quinolinol

It is well known thatv the formation of CrIIl~8—

hydroxycuinolinate comnplexes is kinetically poor, and
even on ageing, the complexes cannot be quantitatively
obtained for gravimetry. The effect of ageing with

the Z2~ethyl-8~guinolinol has been studied for the
purposes of solvent extraction: neither precipitation
nor cxtraction of the Cr (III) complex is complete in

the cold, but a guantivative extraction became possibdle
after heating tue metal~chelate suspension at 60-80°C

for 10 minutesg, Mg, IV is plotted from time of

ageing in the cold and at 60~80°C vs. the optical density

in Tthe organic phase,

Erocedure

25 mg., of 2~¢thyl-8-guinolinol was dissolved in
4«5 drops of glacial acetic 2c¢id by warning on a
hot plate. 2 ml. of 0.0011 Cr°' solution and 1 ml.
of 1% sodium perchlorate were then added. After adjusiving
the pH to ~ 6, the nixture wes hecated to 60-50°C for |
various periods,  The Cr (III)-2-ethyl-8-guinolinate

thus prccipitated was extructed from the agueous

solution with 10 ml, of chloroform and the absorption
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oY the organic phase was mecsured at the respective
absorption maximum of the complex, 425 mu, Similar

neasurements in the cold were also carried out.

Anolication of the 2-Alkyl-Substituted 8-Quinolinols 0

the Analysis of Aluminium Alloys

Utilization of tlhe remarkable property of 2-methyl-
8-guinolinol to chelate with very many metals and
not to do so with aluminium has already been suggested
by ¥alker and Merritt(lB) to eliminate elements that
ordinarily interifere in the determinastion of aluminium.
However, the results obtained have not been wholey
satisfactory, particularly when the aluminium was a
mihor constituent. Hynek and Wrangell(da) improved
the results by the application of secondary complexing
agente in addition to electrolysis with mercury cathode.
The method described, however, has no great advantage
over existing methods,. Tarlier Pantony and Selfe have
attenpted the elimination of interferences in binary
alloys by successive extraction with 8—hydroxyquin&ldiﬁe
solution in chloroform, Thelr investigations showed
that, Tor binary alloys of aluminium with magnesiun,
nickel, copper and beryllium, accurate analyses for both

constituents were obtained by extracting into chloroform
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the second element with 2-methyl~8-c¢uinolinol and then
aluminiuwg with S-quinolinol and using a specitrophoto-
metric finish. However, in more complex samples,
e.%. alnico and an iron ore -~ the method failed and
invariably high results were obtained desplite the
use of different extrocction conditions.

Moreover, the rcagents sensitivities, especially
of the 2-~isorropyl-8-quinolinol are greater when com-
pared with the 2-methyl-8-guinolinol, and therefore
successful removal of trace quantities of inter-
ferences was expected. A simple method, which is a
modification of Riley and William procedure(57), is
descrived., Permanent magnet (BCS Ho. 233), as a
typlcal alloy was selected for the present brief study.
Thie composition of thne alloy is as follows:

Al = 6,98%,

i

e

!

51,15%, Wi = 11,22%, Co = 23,72%,

Cu = 5.09%, Ti

0.79%, Iin = 0,235%,

Procedure

Preparation of Samwnle Solution
pi by

20 ng. of the slloy, weighed on a microbalance, were
dissolved in 1 ml. perchloric =2cid, by heating on a hot

plate until clear solution was obtained. Heating was
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continued until fuming in orxrder to remove excess volatile
acid, The golution was then cooled and made up o
100.ml, with distilled water.

25 mg, of the 2-alkyl substituted 8-quinolinol,
in a 25 ml., bezker, were digsolved by warming with a few
drops of glacial acetic acid, 2 ml, of the alloy
solution, accurately measured, and 0.5 ml, of (0.5 I4)
sodiun acetate were then added; foliowed by 1 ml,
of (7% ammonium chloride solution in %:5 ammonium hydroxide
solution) to bring the solution to pH 10.0, The
mixture was transferred guzantitatively into a 50 nl.
separating funnel, using little water and 10 ml. of
chloroform, and eguilibrated by shaking on a mechianical
shaker for 30 minutes. The lower chloroform layer
which contained the nmetal complexes wag discarded and
the agueous layer was re-extracted by equilibration for
10 minutes with 5 ml, of 2% reagent in chloroform,
This chloroform phase wag also rejected. Tne pH of the
agueous phase was brought to pH 7.0 using 0.4 ml, of
glacial acetic acid, and another extraction was carried
out by equilibration for 10 minutes with 5 ml. of 2 %.
reagent in chloroform, The chloroform phase was
rejecved, Traces of reagent which were still in the
agqueous phase was removed by brief extraction for 30

seconds with 5 ml, of chloroform, The pH of the



143.
agueous solution was brought down to ~ 4.5 by the
addition of 0.2 ml, of glacial acetic acild and the
solution eguilibrated for 10 minutes with 1% 8-quinolinol
in chloroform, Tue chloroform extract was run turough
a plug of filter paper (held in the stem of the funnel)
into a 25 nl, graduated Ilask, The aqueous phase

was washed with a few mls., of chloroform, by gentle

¥

A,

rotation of the separating funnel, and the chloroform
wash was run into the flask.

The volume was made up to 25 ml, with chloroform.

The optical density of the chloroform extract was measured
at 410 mp on a Hilger Uvispek spectrophotometer, against
a ccmpensating cell conteining chloroforn,

Aluminium content was determined from a graph
plotted from aluminium concentrations vs. optical density.
Standard aluminium solution was prepared by dissolving
0.,0529 g. of Vgpecpure” aluwminium in excess of huydro-
chloric acid and diluted to 1 lifre.

o

Note: The yellow aluminium oxinate extract fades in

strong light and the extractions were therefore carried

out in artificial light or diffuse daylight.
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Table XVI
Determination of aluminium as 8-quinolinate in permanent

magnet alloy.

Reagent employed in the % Aluminium
removal of interferences Fresent Found
2-methyl-8~quinolinol 6.98 7.76

7.91
2-ethyl-8~quinolinol 6.98 7.34 7,63

7.48 7.63
2~isopropyl-8~guinolinol 6.98 6.91

6.98

It is obvious from the above Table XVI that aluminium
results obtained when apyelying the two 8-guinolinol
derivatives in the zluminium alloy analysis, i.e. by
separating the foreign netals from about 200 ug. sanples
with the 2~-alkyl-~G-guinolinol and determining aluminiun
in the zgqueous phase with 8-hydroxyguinoline, was slightly
high with the 2-ethyl- , but it was guantitative with
the 2~isopropyl-8-quinolinol,

The analytical improvement bver the series methylcg

ethyl ¢ isopropyl is as anticipated.
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It is due to the very limited availability of
the reagents thotv a small number of results are

obtained,



CHAPTER VI

COHCLUSION
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In the introduction to this thesis it was stated
that, although a considerable number of formulae dealing
with the solvent exbtraction eguilibria of metal chelates,
are available in the literature, only few were of
practical importance. The rest are either too com-—
plicated or oversimplified, The complicated deriva-—
tions resulted in hindering the general application of
the solvent extraction of metal chelates Technique in
the inorganic analysis, while the gimplified derivations

fail

d to give satisfactory understanding of the func-

]

tions of all the parameters iavolved in this system.

The stated intention was to investigate the possibility
of introducing an extractability ecuilibria which would
employ the fundamental principles of solvent extraction
and avoid botvh the foregoing draw-backs, A considerable
success has been achieved in this aim is evident from

the extractability equation, presented in Chapter II

of this thesis, for the solvent extraction of simple
metal chelates., Though verification of the equation
has been attempted only with simple metal oxinates system,
however, the formula may be of przctical application in
other systens also. The extention of the formula to
systems in which hydrolysiz of the metal takes place

or involve other competing ligands (masking agents), has

shown with no doubts the exbtent to which the characteristics
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of the formula can be taken. This may encourage more
work to be carried out to extend the formula to mixed
complexes of the type MRm(RHn)Y, MRm(OH)p, I»iRm(RHn)Y.(OH)p

and MRm(RHn)Y.(OH)p.(HZO)t.(organic solvent) The

1
original aim of this work was also to investigate and
resolve the elements which interfere in the reaction of
aluminium with the 2-methyl-, the 2-phenyl- and the 2-
styryl-8-guinolinols, and to increase the selectivity
and sensitivity of the 2-methyl- derivative, so that
wider application could be made out of it. Such re-
quirements demanded the synthesis of three 2-alkyl-8-
guinolinol homologues characterised with both powerful
steric and inductive Z2-substituents. Thesc were 2-
ethyl-, 2-isopropyl- and 2-3%,butyl-8-quinolinols.

The atitenpted synthesis met with partial success. Two
derivatives out of the three were produced after a very
lengthy and rigorous ianvestigzation for a suitable method
of synthesis. These are 2-ethyl- and 2-isopropyl-
8-quinolinols. The third derivative, 2-%.butyl-8-
quinolinol could nct be made under the conditions of

tie Doebner von Miller reaction applied in the synthesis
of the previous itwo derivatives. It is noteworthy to
point out nere that the possibility of producing this
rcagent is not completely out of the question especially

after having succeeded in preparing the necessary q:f-
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unsaturated aldehyde by the unsymmetrical aldol conden-
satlon,

An assessuent was made in the beginning that more
sensitive and selective reagents should be produced on
substituting bulkyl alkyl groups, of both powerful in-
ductive and steric effects, in the 2-position of the
8-quinolinol nucleus.

In the gourse of investigation the seclectivity and
sensitivity of the synthesized 2-ethyl- and 2-isopropyl=-
8=quinolinols, it was realised that no obvious gain,
as regarding selectivity, has been achieved in terms of
indirect tests.

The 2-ethyl- and 2~isopropyl-8-quinolinols are
still only selective for aluminium, In chelation the
greatest steric hindrance was that exerted by the 2~
isopropyl substituent, yet insufficient to isolate
other metals besides aluminium, Though results are
disappointing, they indicate that 2~t.butyl-8~quinolinol
if i+t could have been produced, may show greater selectivity.

The main objectives have, however, been fully
materialised for sensitivity. Sensitivity results, as
shown earlier, have been enhanced especially with the
2=-igopropyl-8-~quinolinol. The enhancement was very great
in comparison with the 2-methyl- derivetive and was

ascribed to the effect of the 2-substituent. A
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satisfactory though tentative interpretation to the
enhancemcnt of the sensitivity with the 2-isopropyl-8-
guinolinol has been given, The increase in the size of
the 2~substituent though tending to produce less stable
metal chelates, however, also causes decrease of the
aqueous solubility of these chelates in the order of
increase of the size and molecular weight of these pro-
ducts. The sengitivity which is determined by the
agqueous insolubility was therefore the highest for the
metal~2-isopropyl-8~guinolinates. The inductive effects
of the 2-alkyl groups may compensate the barrier imposed
by steric factors but the compensation is so small that
stable complexes are not to be expected as evident from
the sensitivity and solvent extraction data. It is
expected that an even greater sensitivity increase should
result with 2-t.butyl-8-quinolinol.

Failure of aluminium to react with the 2-ethyl-
and the 2-isopropyl- derivatives has been partially
clarified. Failure of reaction cannot be ascribed
substantially to steric factors alone, The reaction
between these two reagents and the metal ilons under
investigation has been shown to be sffected by steric
factors. Extractability measurements have given the
gvidence for tﬁis. They indicated that dissociation of

the metal 2-2lkyl-8-quinolinates increases in the order
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of the 2-alkyl substituents. This was predicted from

the shifts of the extraction curves away from the acid
gside in the same order.

Also evident from Table WII that the quantity q
which contains some thermodynamic guantities [determined

from the experimental extractability values according

to the formula & = and which is equivalent

gne) i
KCVaq Vorg PR

) ] was increasing in the
POVorg KR TR

increasing order of the 2-substituents. This indicates
that themore ionized or dissociated metal chelates were
those produced with the highly substituted 8-quinolinol
(the 2-isopropyl-8-guinolinol), provided the dissociation
constants of the reagents decrease in the reverse order
of th% increase in the 2-substituents, and the increase

in PRn and PO is not substantilial.

Table XVII

g values for metal oxinates and derivatives.,

Metal Oxine 2~-methyl 2-ethyl 2-isopropyl
21°% 2,51x10Mt - - -

Pedt 1,00x10°  2.,00x10%° 1.41x10° 1.25x10°
cu®t 1.58x10%  3.98x10°  3.16x107 . 3.16x10]
Wittt 5,00%10°  6.31x10%° 2.16x10%%  3.98x10%°
Colt  2,51xl0° BT avail- H 51,9013 1 25%10%0

able

m?* 3.98x1013 Bo¥ avail- 2.98x10%°  6,31x10%°
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The differences between the ¢ values of metal
chelates could also be employed in the separation of
various metals. A difference of 106 in q values of
metals bearing similar charges 1s considered adequate
to achieve separation.

A measurable success has also been achieved on
application of the two derivatives in the metal analysis.
A brief application of the two derivatives in the analysis
of gluminium a2lloy has proved the superiority of especially
the 2-igopropyl derivative over the 2-methyl-8-quinolinol
in obtaining a quantitative result for aluminium. The
procedure followed is sinple, direct and avoids the com-
plication of incorporation of other techniques
(e.g. mercury cathode electrolysis) or masking agents
(¢cyanide, hydrogen peroxide, etc.) in the removal of the
interfering metal ions. OQther applications of the two
8~-quinolinols in qguantitative extraction and determination
of various metal ions were shown to be possible.

The 2-ethyl- derivative has been employed success-—
fully in the determination of chromium (III) which is
known to be characterised with kinetically poor oxinate
complexes. This behaviour should precipitate in an
extensive use of the recagents under conditions where
other reagents are less effective.

In conclusion the main objectives of this work,
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set forth in the introduction, has been materialised
to some extent, although some side problems arose
throughout needed to be sought with extensive

investigation,
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