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ABSTRACT

In this work the Schiff base: 2,2'[%,6npyridinediylbis
(methylidynenitriloi] diphenol, obtained from the con-
densation of 2,6-pyridine dicarboxaldehyde and o-amino-
phenol is proposed for the sensitive and specific detection
of U(VI), Sb(III) and Bi(III) in the presence of other
lons. Procedures are presented for masking the effect
of interfering ions. |

The identification limits for U(VI), Sb(III) and
Bi(III) are 0.05Mg, 0.05ug and 0,54 respectively. Pro-
cedures are proposed for detecting these ions in wvarious
mixtures and in the presence of a large number of foreign
cations.

Antimgny (ITI) reacts with the Schiff base, whereas
antimony (V) fails to do so. Both antimony and bismuth
can be detected 1n pharmaceutical products.

A mechanism for thé formation of the colored chelates

is also proposed.
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CHAPTER I

INTRODUCTION

The ablility of metal lons to form chelates is relatively
general and for a particular chelating agent, the stability
of' chelates formed changes only gradually from one metal to
another. Consequently it would seem unlikely that a chelating
agent could be specific for a single metsal ion, However,
some remarkable agents for concentrating metals occur in
nature. Hemoglobin molecules concentrate iron in blood; the
vanadium concentration in the blood of the sea squirds,

1 Phallusia mamdllata, is a million fold that of the ocean

water in which it lives, and the blood of the octopus contaginsg
100,000 times as much copper as its surroundings. On this
basis, Bayer (1) has stated: "In nature the specifically
concentrated metal lons are all bound in organic complexes,
Thus, the simplest explanation for the selective concentration
appeared to be the hypothesis that the organic complexing
agents are specific for only one ion. Selectivity for g
single metal ion has not yet been achieved with synthetic
chelating agents."

The probgbility of synthesizing s chelating agent dig-
playing gbsolute specificity seems at present remote, but
considerable research is being undertaken towards this end,

With more knowledge of the properties of functional groups



and the nature of donor and central atoms, more selective
and more sensitive reagents are being continuously prepared.
Among such promising reagénts_are the group variously called
anils, imines or azomethines, but best known as Schiff bases
after the worker who first synthesized them in 1864,

Schiff bases have the general structure -RC=NR', where
R and R'!' are alkyl, cycloalkyl, aryl or heterocyclic radicals
and may be variously substituted. Schiff bases are prepared
by the condensation of a primary amine with an active car-

. bonyl group. To be effective as chelating agents,Schiff

bases must include a functional group appropriately located

so that g five or six-membered ring can be formed upon reaction
with a metal ion.

Because Schiff baseé are relatively easy to prepare and
because of their synthetic flexibility, they can be obtained
with widely varied substitution by selection of the appro-
priate reactants. By changing the nature and the position
of donor atoms and groups it is possible to control the size
of chelate rings formed and to exploit the effect of subsg-
titution. All these and other factors make Schiff bases
interesting analytical reagents in general and, with appro-
priste structure, chelating agents of great potential vélme
for analytical applications.

The anglytical applications of Schiff bases have been




extensively discussed and reviewed by Jungreis and Thabet(2).,
It appears though, that Schiff bases have found limited appli-
cations in the field of ultra-micro enalytical work,

The main objective of this work was to develop new rea-
gents that show specific and sensitive reactions with uranium
antimony and bismuth. These ions were chosen because no
satisfactory method has so far been reported for their trsce
analyses. This is to be expected in view of their electronic
configurations It was thought that in order to promote the
formation of a colored chelate with uranium, antimony and
bismuth, the most favourable conditions have to be satiéfied
by the chelating agent, namely the possibility of forming
fused five membered rings, and extended resonance. These
conditions seemed to be satisfied with the Schiff bagse
2,2i[2,6-pyridinediylbis (methylidynenitrilo?] diphenol,
obtained from condensing 2,6=~pyridine dicarboxaldehyde with
o=-gn inophenecl. This Schiff base reacts with uranium, anti-
mony and bismuth in acidic medium to yield intensely colored
products extractable in chloroform. Only vanadium gives a
red color not extractable in chloroform. All the other
cations that were tested and gave colors, lost their color
in acid solution. It was therefore comparatively easy to

develop a specific test for each of these three cations.



The tests that are described in this work present g
number of advantages over the reported methods:

l.- Their sensitivity and selectivity are superior.

2e= They have relatively few interfering cations.

S«= They are not affected by anions.

4.~ The colored products are extractable in chloroformu

O+~ The methods permit the detection of each of these

ions in a mixture of g very large number of cations.,
6.~ The same reagent can be used for each ion, provided
the reactions are "conditioned",

The most serious disadvantage of the method is the
difficulty in securing 2,6-pyridine dicarboxaldehyde. This
used to be easily avellable, but its production has beeh
discontinued by a number of manufacturers.. It can however
be prepared from 2,6-pyridine diester (3).

The work in this thesis will be presented in thrée
separate parts, each dealing with the historical and expe-

rimentel work related with g particular ion.




CHAPTER II

PART ONE: TURANIUM TEST

A. Historicsal:

A review of the literature reveals that a large number
of tests have been reported for uranium (VI). Essentially
these tests are based on precipitation, complex formation
and fluorescence.

In hydrochloric acid solution U(VI) and U(IV), in concen=-
trations above 20Qug form a green precipitate upon addition
of EDTA, NH,F and FeS04. Other heavy metal cations inter-
fere with this test (4). A more sensitive precipitating
‘agent for U(VI) with a 1limlt of 2.5ug 1is Co(NHz)g Clz. Be(II),
Pi(IV), In(III), Ga(III) and Zr(IV) interfere however (5).,

In neutral or acidic solutions of U(VI) salts, K@E@(CN)@
gives a red brown precipitate. Only Cu(II) and Fe(III) in-
terfere by giving a brown color and Prussian blue respectively.
The interference can be removed by reducing ferric and
copper ions with iodide, or precipltating interfering lons
with carbonate leaving uranyl in solution as soluble uranyl
carbonate complex. The limit of identification is 0,92¢g. (6)
The procedure can be modified to detect uranium in minerals
containing up to 0.2% uranium in 0.2 g samples. (7)

Oxine gives a red brown precipitate in alkaline ear-

bohate solution with more than 10ug U(VI). All possible



interfering lons are precipitated with carbonate. A sep=-
aration of the precipitate and the solution is therefore.
necessary (8).

A filter paper procedure for detecting uranium (VI) has
also been reported. The filter paper 1s treated with
K4[Fe(CN)é)and Mn(NOz)g, upon spobting with uranyl ions
an orange color will sppear. The 1imit of identification
ig O.18«g. Ag(l), Cu(Il), Pe(III), Hg(II), Col(II) Ni(II)},
Zn, Cd, Bi, and 3n(IV) interfere with the test (9).

A specific test for U(VI) is described by M.P. Pavliove
skaya and co-workers, They use 2-quinolinol in pyridine which
'gives a red color with U(VI) in concentrations greater
than 177.5«g/2ml. All interference is removed at pH 5.3
by Complexon III (10),

" Bayer (11) has reported that Schiff bases obtained
from aminophenols and thiophenols_with aromatic or alipha-
tie dicarbonyl compounds have selective affinities for
Ni, Cu(II), Ba and especlally U(VI). Glyoxal and o-amino-
phenol condense to give a Schiff base which complexes uranyl
ion selectively; however no further work seems to have been
done, although a spectrophotometric method for détermining
uranium using the Schiff base was reported by Bayer (12).

Rhodamin B reacts with Fe(III), Bi, and U(VI) in neutrsal

solutions to produce a red color. The benzene extract gives



an intense oraﬁge fluorescence in ultra-violet light. The
limit is 0.05«g (13). A yellow fluorescence is obtained at
U(VI) concentrations greater than 0,05/g with Na PO, (14).
Fluorescence produced by the fusion of NaF with uranyl ions
on a platinum loop provides a very sensitive test for uran-~
ium with a 1imit of 0,001lxg in 0,001 ml; Fe(III), Mn(II),
Th(IV), and Be interfere (15).

Uranyl ions in concentrafions greater than 2,54g can
also be detected by the quenching'of the red fluorescence
of cochineal (16).

The decomposition of oxalic acid to formic acid in the

- presence of U(VI) has been attributed to the photolytic
activity of the latter. The fbrmic acid produced, reduced
HgCly, to finely divided mercury in the presence of acetlc
acid and ammonia. The limit of identification is 2,5xg (17).

Jungreis and Ben Dor (18) have described what seems
to be the best reported test for uranium (VI). At pH 2-3
the Schiff base obtained from p-dimethylaminoaniline and
salicylaldehyde reacts with uranyl ions to give a red color
for concentrations of uranium greater than 1 ppm. Only
Fe(III) interferes by giving a blue-violet color through
reaction with salicylaldehyde.

Feigl (19) gives a list of tests which are of little



importance in view of their lack of selectivity and sensi-
tivity. PFor example, quercetin, fluorescein, and phthalie
mide dioxime (20) all give with U(VI) red colors under
Tdif‘ferent: experimental conditions. A large number of ions
‘interfere, however. BSeveral other organic reagents are used
in the detection of uranium (21-30), None of these are

specific or sensitive endugh for its microdetection.

Ha Exgeqimental:

l.- Preparation of the Reagent
The reagent 1s prepared by the following method:

O.44 g of freshly sublimed ©-aminophenol is dissolved in
75 ml of water at 100°C. To this add 0.27 g of 2,6=-pyridine
dicarboxaldehyde in 25 ml of water. The pyridine 2,6-
dicarboxasldehyde was obtained through the University of
Illinois from Raschig Co., Germany. The mixture is magin-
tained in a water bath for 80 minutes, then stored overnight
in the refrigerator. The yellow precipltate is filtered and
washed with water and recrystallized from methsanol. The
yield is 78%. The solid reagent is stored in a dark bottle
kept in the refrigerator.

The reagent solution is prepared by dissolving 30 mg
of solid reagent in 10 ml chloroform and is kept in dark

brown bottle provided with a dropper.



2e= Detection of U(VIl

To one drop of the test solution add four drops of

043% solution of the reagent in chloroform, shake the test

tube and add a drop of glacial acetic acld, shake again.

Add about one ml of water. A thick red precipitate is formed

at high concentrations of Uranium (VI), vhereas at low

concentrations & red color is obtained which isg extractable
in chloroform. 0.05ug uranium (VI) can be detected by com-

paring the test solution with a blank which gives a pale

yellow color in the chloroform layer.

Limit of identification: 0.08ug U(VI),
Limit of dilution: 1:1,000,000,

Heagents: 0.3% solution of the reagent in chloroform.
Glacial acetic acid,

Chloroform,

.- Effect of Reagent on Other Cations
Table 1,

shows the colors obtained when the procedure

described egbove i3 applied to various catlons. In each case

& drop of the test solution containing 500ug of the cation
is used
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Table I

Colours Qbtained with Various Cations

Cations Color in the Color in the
g absence of HAc presence of HAe
7§ ) yellow yellow
Na(I) yellow vellow
K(I) yvellow yellow
Rb(I) yellow yellow
Cs(I) yellow vellow
Be(II) vellow yvellow
Mg(II) yellow yellow
Cal(ll) yellow vellow
Sr(IT) yellow yellow
Ba(II) yellow yellow
Zr(IV) yellow yell ow
V(V) yellow vellow

red in water red in water
Cr(III) vyellow yellow
Mo(VI) yellow yellow
W(VI) yellow yellow
Un(I1) pink pale pink
Fe(III) yellow yellow

red in water red 1n water
Co(II) red yellow
Ni(II) pink vellow
Pa(IV) vellow yellow
Rh(II) yellow yellow
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LTable 1, continued

Catliong Color in the Color in the

abgence of HAc presence of HAc
Pt(IV) yellow vellow
Cu(II) yellow yellow
Ag(I) vellow yellow
Au(IIL) brown=red brown
Zn(II) red yellow
Cda(II) yellow yellow
Hg(I) yellow yellow
Hg(IT) yellow wellow
BIATTE) vellow ¥ellow
T1(I) yellow yellow
Sn(II) red pale red
Sn(IV) pale red vellow
Pb(II) yellow yellow
AS(III} yellow yeliow
As(V) yellow yellow
Sb(III) yellow red(discharged)
Bi(III) red red
La(IIT) yellow yellow
Ce(III) yellow yellow
Ce(IV) yellow yellow
Th(IV) vellow vellow
U(VvI) red red
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It is apparent from the above results that the presence
of glacial acetic acid increases the specificity of the
test for uranium. Color interference by the cations are
not significant except for Bi(III). Further investiga-
tions were therefore undertaken to eliminate the inter-
ference from bismuth without affecting the sensitivity of
the uranium test.

4.~ Effect of Reagent on Anions

To test for the effect of the various anions (1%
solutions) on the uranium test, two sets of experiments
were carried out. In the firgt set, a drop of each of the
anion solutionswas treated as in the procedure described
above. In the second set the procedure was repeated in the
presence of 0.,5ug U(VI).

The results are summarized in Table 2.

Table 2

Colors Obtained with &nionq

Anions Anions glone Anions+ U(VI)
I yellow red
Gl yellow red
Br~ yellow red
: yellow red
ﬁog yellow red



Table 2, continued

Anions Ani@q; alone Anions+ U(VI)
SOZ | yellow red

8~ ~yellow red
sgog | yellow . red
CN™ yellow red
COE - yeliow red
Poz yellow | red
Citrate . yellow red
Tartrate yellow red
Mglonate yellow red
EDTA yellow e red
GHS_ yellow red
Croy vell ow red
MﬁQ;; vellow red
Oxelate yellow J yellow

Table 2 shows that 0e¢5ug U(VI) can be detected in the
presence of 1000 times its concentration of foreign anions
with the exception of oxalate which prevents the detection

of uranium at concentrations below 500ug,

5.= Detection of U(VI) in the Presence of Foreign Cations,

Lo prevent the interference of bismuth, see Table 1
the conditions of the test were varied. Several acids were

tried instead of glacial acetic acid; thus nitrie, hydro=-
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chloric, citric, malonic and phosphoric acid either failed
to remove bismuth or masked both hismuth and uranium or
produced interference from other ions such as gold(III),
Sn(II). BHEven 3N and 6N acetic acid proved to be less sg-
tisfactory than glacial acetic acid.

Various masking agents were also tried in an attempt
to prevent the reaction with bismth. Thiourea was found
to be the most suitable. It did not reduce the sensitivity
1limit while it removed the interferenée of bismuth. Although
%hiourea forms yellow complexes with several cations, none
of them were found to be extractable in chloroform.

Procedure: To one drop of the test solution, add one

drop of saturated thiourea solution in water and one drop
of glacial acetic acid. Bh& e well. Add three drops of
0.3% of the Schiff base in chloroform followed by one to
two ml of water, Observe color in chloroform layer. Vigo-
rous shaking is recommended for better results.

Linig€ of identification: 0.05«g U(VI),

Limit of dilution: 1000, 000.

Reagents: 0.3% reagent in chloroform.

Saturated solution of thiourea in water.
Chloroform,.

Glacial acetiec acid,



The procedure described ahove was applied to the cations
ligsted in Table 1. None of the cations interfered by giving
a color in'the chloroform layer. Thiourea was‘thsrefore

adopted as a masking agent for bismuth.

6.- Limits of Identification of U(VI) in the Presence

of Foreign Ions

The work deseribed above has shown that thioures dig
not affect the identification limit of the uranium test which
remained at 0,05x4g. It was therefore desirable to determine
quantitatively the sensitivity of the uranium test in the
presence of foreign ions. For this purpose, two sets of
experiments were carried out. In the first, the procedure
described above was applied Wl thout thioures while in the
second set thiourea was ﬁsed. In all cases, the concentrge
tion of the foreign ion was maintained st o00ug while the
concentration of uranium was decreased until the limit of

isentification could be clearly determined.,

Table 3

Limits of Identification of U(VI) in the

Presence of Foreign Cations

Cations Limits without Thiouresg Limits with
e FRAR = Thiourea inug
Li(I) 0,05 0,05

Na(I) 0.05 0.05
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Table 3 - continued

Cations Limits without Thiourea Limits with
== e inag Thiourea in . g
K(I) 0«05 0.05°
Rb(I) 0,05 0,05
Cs(I) Cellb 0605
Bé(II) O.1 Ol
Mg(II) 0.1 0.05
Ca(II) 0.l 0.05
Sr(II) Osl 0.05
Ba(II) O.1 0,05
- Zr(IV) 0.1 0.1
V(V) Oeb 0.5
Cr(III) O.1 0.05
Mo(VI) 0.05 0.086
w(VvI) Ol 0.05
Mn(II) Oed &P &
Fe(III) 0.05 0.05
Co(ITI) Oul 0605
Ni(II) 0.05 0.05
PA(IV) 0095 0.05
Pt(IV) 0,05 0,05
Cu(II) 0.1 .05
Ag(T) 0.5 el
Au(III) O0e5 0.2
Zn(II) 0.05 0,05
Rh(IT) 0,05 0,05
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Cations Limits without Limits with
Thiourea inwug Thiourea in « g

ca(1I) 045 0.1

Hg(I) 0.5 0.1

Hg(II) 0.2 0.1
A1(IIT) 0.05 0,05

T1(I) 0,05 0405
Sn(II) 0.5 0l

Sn(IV) 5 0.1

Pb(II) Osl 0,05
As(III) Ol 0,05

As (V) 0,05 0:08
Sb(III) - S e
Bi(IIT) - &% §
La(III) 0,08 0.05
Ce(III) 0.05 0.05
Ce(IV) 5 0.5

Th(IV) Osl 0.05

A number of interesting facts appear from Table 3.

l.- In no case does the addition of thiourea decregse
the sensitivity of the uranium test.

2.- On the contrary the limit of identification is im-
proved 1in a very large number of cases.

Se= In the absence of thiourea it is not possible to

determine U(VI) when bismuth is present, while in
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the presence of thiourea O.lmg U(VI) can be clearly
determined in the presence of 5000 times as much

bismuth,

- Surprisingly, Sb(III) which does not form a color

with the reagent (Table 1) prevented the detection
of uranium and even thiourea did not mask it. This
#s probably due to the fact that the'very high aci-
dity of the antimony solution caused the uranium
chelate to decompose. This is to be expected since
it was shown that mineral acids prevent the formation
of the uranium chelate. A buffer was therefore
needed To prevent the damaging effect of the sacid
antimony. A number of buffers were tried and it
was found that a 20% solution of tartrate masked the
antimony.

When antimony is present the following procedure
is8 therefore recommended: add two drops of a 20%
solution of potassium sodium tartrate to a drop of
test solution containing Sb(III) and U(VI). Follow
this with two drops of glacial acetic acid. Shsake
well and observe the color. It 13 possible to detect
0.5#g U(VI) in the presence of 50Q«g Sb(III),

This i1s not a serious obstacle since the same
reagent can be used to prove the presence of antimony

(see Part Two).



L P .

6.- In a large number of cases it is possible to detect
uranium at concentrations as low as Oe080g in the
presence of 10;000 times its concentration -

of foreign lon,

7.~ Detection of U(VI) in Mixtures of Foreign Ions

In the following set of experiments U(VI) was detec-
ted in seven different soluticns each containing at least
six cations. Standard solutions containing 1% of the
cation are prepared (i.e. 500ug per drop). Take one drop
from each solution and mix in a test tube. Add ten drops
of glaclal acetic acid and 5 drops of thiourea to each
mixture and shake well, and follow this with 10 drops of
the reagent. Observe the color in the chlorform layer. The
same procedure is gpplied to mixtures containing the same
cations and one drop of 1% U(VI). The results of these ex-

periments are summarized in Table 4.

Table 4

Detection 68 Urgnium in Various Mixbtures

Mixtupes of JTons Coclor
Cu(II)+Co(IT)+Mn(II)+Ni+Fe(I1T)+Cd+Sn(II) vellow
Gu(II}+Go(II)+Mn(II)+Ni+Fe(III)+Cd+Sn(II)+U(VI) red

Zn+Ba+T1(I)+Sr+Ca+Al+Pt(IV) yellow

Zn+Ba+T1l(I)+Sr+Ca+Al1+Pt(IV)+U(VI) red



Table 4 - continued

Mixtures of Ions ' Color
Li+W(VI)+Pb+K+Hg(II)+Cs+Cr(III) yellow
LA+W(VI)+Pb(II)+K+Hg(II)+Cs+Cr(III)+U(VI) red
Hg(I)+Cr(III)+Zr(IV)+Mg+As(V)+PA(II) yellow
Hg(I)+Cr(III)+Zr(IV)+Mg+As(V)+Pd(II)+U(VI) red
V(V)+Au(III)+Na+Ce(IV)+Ag(I)+Be+Zn vellow
V(V)+Au(III)+Na+Ce(IV)+Ag(I)+Be+Zn+U(VI) red
Sn(IV)+Rh(III)+Ce(III)+Th(IV)+La(III)+Rb(I) yellow

Sn(IV)+Rh(III)+Ce(III)+Th(IV)+La(III)+Rb(I)+U(VI) red

A similar experiment to see the effect of Sb(III)
was also carried out, by adding 2 drops of 20% tartrate.
Sb(IIT)+Ce(IV)+Sn(II)+Bi+Pt(IV)+Pd(II) ' yellow
Sb(III)+Ce(IV)+Sn(II)+Bi+Pt(IV)+Pd(II)+U(VI) red

| The procedure described above was finally tested by
detecting U(VI) in a solution contalning all the cations lis-
ted in Table 1. This solution wes prepared by taking a drop
from each cation mixed with 5 drops of 1% uranium. The pro-
cedure adopted 1s the following: To the mixture add 18 drops
glacial acetic acid, 10 drops of thiourea, two drops of 20%
tartrate and 10 drops of the reagent,

Solution (1): Li + Na + K + Rb + Cs + Be + Mg + Ca +

Sr + Ba + Zr(IV) + V(V) + Cr(III) + Mo(VI)
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W(VI) + Mn(II) + Fe(III) + Co(II) + Ni +
Pa(3l} + Po(IV) + Culll) + &g + Aul(ITI) 4+
Zn + Cd + Hg(I) + Hg(IT) + Al + T1(I) +Rh(IT)
Sn(II) + 8n(IV) + Po(II) + As(III) + As(V)
+ 8b(III) + Bl 4 La(III) + Ce(III) + Ce(IV)
Th(IV).

Solution (2): Solution (1) + U(VI).

Results: Solution (2) produced a red color while solu-

tion (1) gave a yellow color,

These results are extremely satlsfactory and show that
the test can be applied for the detection fo uranium in the
presence of a very large number of foreign ions.

The sensitivity and specificity achieved by this test

make it superior to hitherto reported procedures,



PART TWO: ANTIMONY TEST

A. Historical:

Feigl (31) gives an excellent review of the various
methods for the detection of antimony up to 1960, Several
other tests have &lso been reported in the literature for
Sb(III), Sb(V) and 8b(-III). They can be classified into the
following groups:

&) Reduction of Sb(III) to antimony metal or SbHS,
b) Oxidation 6f Sb(III) to Sb(V).

¢) Precipitation reactions.

d) Complex forming reaction,

e) Luminescence reactions.

Antimony compounds are reduced to antimony metal by na-
scent hydrogen on a platinum rod giving a brown stain. Ar-
senic and tin-compounds do not interfere. The 1imit of iden-
tification with this test 1s 20ug (32). Antimony compounds
can also be reduced to the metal by shaking with silver
powder at room temperature. However arseni¢, bismuth, tel=-
larium and copper also precipitate and a preliminary sepa-
ration of these cations is necessary (33).

Hdydrogen from a hydrogen generator will reduce antimony

compounds at concentrations 10-«200ug to SbH5 which is fixed

on Agli0Oz paper as a black spot (34). A modification of this

- 98 o



SBDT

procedure, limproving the limit to lug antimony in 5 ml solu-
tion is described by Cinhandu (35). SbH, is bubbled through
AgHNCoB8C»H4C0oNa giving a grayish yellow to dark brown sol.

The reducing power of antimony itself has also been
used for its detection. It reduces complex phosphomolydic
aclid to molybdenum.blue, and the limit 1s 0.2ug, 8Sn(II) 1is
the only interfering cation.(36)

Sb(III), upon oxidation with concentrated HNO, is
converted to Sb(V). The latter is specifically identified
with Rhodamin B which produces a violet color extractable
in benzene. The 1imit of identification is 2.5u4g antimony
in 5 ml of fingl solution (57).

When oxime is added to a drop of Sb(V) solution in a
Perspex spot plate placed over black paper, yellow crystals
are formed. Sb(III) is oxidized to Sb(V) with HgOp and
using such techniques, the limit of identification is 60ug,
The test can be applied in the presence of fifteen fold
excess of Cu{II), Pb(II), Zn(II) and Sn(IV) (38),

Sb(V) in concentratlons gfaater than dSug per ml could
also be detected by extraction of Sbﬁlg with toluene to
give a green color, Sn(II) and As(V) do not interfere (39),

Antimony cean &l so be identified through precipitation

with both organic and inorganic reagents.
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The fact that antimony salts are hydrolyzed at a lower
pH than interfering Bi(ZII):ahd:other HoS group cations can
be used to detect antimony in the presence of bismuth. Thus
the Sb0OCl and the SbOCL, formed during hydrolysis give an
orange preclpltate with sulfide ions. Bismuth does not
interfere up to a ratio of Bi:Sb of 100:1 (40).

Addition of thiosulfate to Sb(III) produces a dark red
precipitate in the presence of EDTA at pl 4-5 and in boiling
solution., The 1imit is 10 ppm. The gsensitivity is however,
reduced in the presence of several ilons, their limiting pro-
portions for clear detection being 4 times as much of Hg(I),
20 of Hg(TI), 8 of Ag, 15 of Culil), 40 of Bl, 40 of As(IIT),
80 of As(V) and 94 of Mo(VI) (41). The specificity of the
test was subsequently improved by neutralizing the solution
with ammoniuﬁ hydroxide and adding EDTA in the form of a
5% solution until all the precipifate dissolved. An orange
red precipitate was formed by boiling the solution with
solid Nag8,0. (4).

ﬂH4[§r(CNS)4 (NHB)é]HQO is a useful reagent for preci=-
pltetling Ap, Po(IT), Bpll) & (TX), Sb({ITTI), B8nlil), B4 GulT)
Cd, Au{III), Pd(II), and T1(I). These catinns cen be difm=
ferentlated by the variation in the manner of precilpitation

in each case.(42), Evidently greater selectivity would be

required.
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Sb(ITI) salts in acid solution react with aromatic
o-dihydroxy compounds, to produce slightly soluble white
or pale yellow crystalline precipitates. However the yellow
dyestuff, 9-methyl,2,3,7, trihydroxy 6-fluorone gives a red
precipitate with Sb(III) at concentrations greater than O,cu9.
A number of other heavy metal lons interfere with this test
in neutral or weakly acid solutions. In 1N HC1 Mo(VI),
Ge(IV), and Sn(IV) react giving orange to orange red colors (43),

1-(2-pyridylazo=-2-naphtol), that is PAN, is snother rea-
gent used for spot testing Sb(III). Colors are produced on
1gn exchange resins at a pH range of 4.7-6,0. Sb(III) is
detected and identified under a microscope by observing
the manner of crystal formation (44).

Similerly, dibenzofuran-2-sulfonic acid which precipi-
tates 33 cations, each having characteristic crystals, can
be used for the gualitative detection of antimony (45),
Obviously such tests are of little practical use,

Paper chromatographic separation of Sb(III),As(III) and
Sn(IT) using HC1-BuOH solvent is proposed in two separate
methods, the cations are detected by ammonium sulfate (46)),
or by dithizone (47),

among the complex forming reactions, the following

seem to be satlisfactory for detecting antimony. Sb(V) gives
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a blue color with diphenylbenzidine or diphenylamine solu-
tion 1n sulfuric acid; a black or gray color is produced
with Sb(III) and Hg(CN)s, in alkaline medium. A modified
procedure 1s proposed tb detect Sb(III) in the presence of
Sn(II) and other thioanions (48).

Alkaline solution of 3,4(QH)oCgHsN:NPh (phenylazopyro-
chatecol) added to a éolution containing more than 0.53 g/ml
of 8b(III) produce a red violet color. Sn(IV) interferes,
but can be masked with phosphoric acid. The anions bromate,
lodate, dichromate, sulfide, and tartrate interfere with
this test and tartrate prevents the reaction (49),

Feigl (50) has described a flame test, to detect extre-
mely small amounts of antimony, which imparts a green blue
1uminescence to a hydrogen flame. K.P. Stolvarov and co-
workers also report a method for detecting antimony, tin,
and arsenic by luminescent reactions (51).

1t thus appears that few of the tests for antimony
enjoy specificity while the sensitivity, in general, is not
too good. Tests based on luminescence properties, while
showing extremely low identification limits, are not by
any means specific. On the other hand the Rhodamine B

test which is specific for Sb(V) is not sensitive.
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-B. Experimental:

1l.- Prggaration of the Reagent

The reagent is the sane Schiff base used for the uranium

test.
The reagent solution is prepared by dissolving 40mg

of the Schiff base in 10ml chlorform and is kept in a dark

brown bottle provided with a dropper.

2.- Detection of Sb(III)

To one drop of the test solution in a test tube, add a
drop of 0.3 N HCl, four drops of the chloroform solution of
the reagent and 1 ml of distilled water. An intense red
€olor depending on Sb(III) concentration is observed in
the chlorofgrm layer. DBetter separation of the layers can
be achieved by addition of water or by centrifugation for
10 seconds.

As little as 0.05ug Sb(ITI) can be detected particularly
when the reaction is compared with a blank.

Limit of identification: 0.,05ug Sb(III).

Limit of dilution: 1:1,000,000.

Reagents: 0.4% resgent in chloroformn.
0.3 N HC1,

Chloroform,



3.= Effect of Reagent on Other Cations

The following table, Table 5 shows the colors obtained
when the procedure described above is applied to wvarious
cations. In each case a drop of the test solution containing

500ug of the cation is used.

Table 5

Colors Obtalined with Various Cations

Ions Color lons Color
Obtalned Obtained
Li(I) yellow Th{IT) yellow
Na(I) | yellow V(V) red in water
K(X) yellow Cr(III) yellow
Rb(I) yellow Mo (VI) yellow
Cs(I) vellow W(VI) vellow
Be(II) ¥ellow U(VI) red
Mg(II) yellow Mn(IT) yellow
Ca(II) pink Fe(III) yellow
Sr(I1) yellow Co(II) yellow
Ba(II) vellow Rh(II) yvellow
La(III yellow Ni(II) yellow
Ce(IIT) yellow PA(II) yellow
Ce(IV) vellow PE{TIV) vellow
Zr(IV) yellow Cu(II) yellow
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Table 5 « contlinued

Tons Color lons Color
e Obtgined Obtal ned
Ag(T) vellow Jig yellow
Au(III) orange Sn(II) yellow
Za (1) vellow Sn(IV) vellow
Ca(IT) yellow P11 ) yellow
Heg(I) . yellow As(III) yvellow
Heg(IT) yellow As(V) - yellow
A1(ITT) vellow | Bi(III) red

Sb (V) yellow

The results clearly show that the lnterfering cations
are U(VI), Bi(III) and Au(III), The other cations produce
a yellow color distinguishing them from the red Sb(III)
chelate. The color of V(V) is of no consequence since it
is not extracted in chloroform.,

The reagent does not react with antimony (V). This
was confirmed by a number of tests carried on compounds of
Sb(V). Further,Sb(II)) oxidized to Sb(V) with hydrogen

peroxide fails to give a test.

4,- Lffect of Reagent on Anions

To test for the effect of the various anions (1% solu-

tions) on the antimony test, two sets of experiments were
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carried out. In the first set, a drop of each of the anion
solutionswas treated as in the procedure described sgbove,
In the second set the procedure was repeated in the presence
of O.5mg antimony.

The results are summarized in Tgble 6. Whenver 045ug
antimony falled to give a positive test, the concentration
of the antimony was 1lncreased until a test was obtained. The

concentration of antimony is indicated inrbatween brackets.

Table 6

Colors Obtained with Anions

Anions ~ Anions alone Anions + Sb(III)
w yellow red

c1~ | yellow red

Br~ yellow red

. vellow red

NO% yellow red

S0, yellow red

& yellow red (50axgq)
szog yellow red

CN yellow red

COE vellow red

PO: vyellow red
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Teble 6 -~ con@}nueq

Anions Anions alone Anions +gb(IIT)
Citrate yellow red

Tartrate yellow red

Malonate yellow red

BDTA yellow red

CNS~ yellow red

GrOz vellow red (5ug)
MnO7 yellow ‘ red (5u«g)
Oialate yellow red

850g yellow red (Bug)

5e- Detection of Sb(III) in the Presence of Foreign Cations

All experiments seemed to indicate a dependance of
chelation on pH. The red color of Sb(III) chelate was not
observed when 6 N HCl was added instead of 0.3 N. .To find
the appropriate pH at which the effect of interfering cat-
lons is removed, several buffers were tried. It appeared
that a mixture of HCl and ammonium acetate gave the best
result. A mixture of 1 part 6N HCl to three parts 9% ammon-
ium acetate (pH 0.235) was found to be the most,effective
in removing the interference of U(VI) and Au(III). Bismuth
however still interfered. Several attempts at masking big=-

muth failed; they all either completely masked antimony or
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appreciably decreased the sensitivity of the test. The buf-
fer did not decrease the sensitivity of the Sb(III) test.

Of the various reagents tried to mask bismuth, thiourea
seemed to be the most satisfactory. Addition of a drcp of
a saturated solution of thioures gave an intense yellow
complex with Bi(III) and a pale yellow complex with Sb(III)
both of which were not extracted in chloroform. When the
procedure described below was repeated with thiourea, bismuth

was removed completely leaving Sb(III) relatively unaffected.

Procedure: Add 4 drops of the buffer solution to one
drop of the test solution, then add 4 drops of the reagent
in chloroform. The red color formed is extracted in chloro-
form. In the presence of bismuth add a drop of thiourea
before the addition of the reagent.

Limit of identification: 0.05ug Sb(III).

Limit of dilution: 1:1,000,000.

Reagents: 0.4% reagent in chloroform.
Buffer solution.
Chloroform.
saturated solution of thiourea in water.
The procedure described above was applied to the cations
listed in Teble 1. None of the cations interfered by giving
a color in the chloroform layer. The mixture of 6N HC1 and

9% ammonium acetate was therefore adopted to control the pH
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and thiourea to remove the interference of bismuth.

6.- Limits of Identification of Sb(III) in the Presence

Foreigq_IoQ§

The work described above has shown that the buffer did
not affect the identification 1imit of the antimony test
which remained at 0,05mg. It was therefore desirable to
determine quantitatively the sensitivity of the amtimony
test 1n the presence of foreign ions. For this purpose,
experiments were carried where the procedure described gbove
was applied. In all cases the concentration of the foreign
ion was meintained at 500#g while the concentration of an-
timony was decreased until the limit of identification

could be clearly determined. Results are shown in Table 7.

Table Y7

Limits of Identification of Sb(III) in the

Presence of Foreign Cations

Cations Limits Cations Limits
inm g ine g
LitI) i e B Gel{l) 2
Na(I) s 5 | Be (II) 7 §
K(I) Ol Mg(II) sl

Rb(I) 0.1 Ca(IT) 0s1
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Table 7 - continued

Cations Limits Cations Limits
inug inug
Sr(II) Gl PA(II) 0.1
Ba(II) 0.1 Pt(IV) 8.7
La(III) Oal Cu(II) 0.1
Ce(III) 0.1 Ag(T) 0.1
Ce(IV) 0.5 Au(III) 0.5
Zr(IV) P Zn(IT) 0.1
Th(IT) 0.1 Cd(IT) 0.1
V(V) 0.8 Hg(I) 0.5
Cr(III) 0,1 Hg(I1) 0.1
Mo (IV) 0sl ALLTIT ) 0.3
W(VI) 0.l PLEE) 0.1
U(VI) 042 Sn(IT) 0.1
Mn(II) g1 Sn(IV) 0.1
Fe(III) 1 0 Pb(II) 0.5
Co(II) 0.1 As(III) @yt
Rh(II) 0.1 As(V) 0.1
Ni(II) 053 Bi(III)* 05

% Bi(III) test was done with 1 drop saturated thiouresg.

7«- Detection of Sb(III) in Mixtures of Foreign Cations

In the following set of experiments Sb(III) was detec-




ted in nine different solutions each containing at least

five cations. Standard solutions containing 1% of the

cation are prepared (i.e. 500ug per drop). Take one drop
from each solution and mix in a test tube. Add ten drops

of glacial acetic acid and 5 drops of thiourea to each
mixture and shake well, and follow this wlth 10 drops of

the resgent. Observe the color in the chloroform layer. The
same procedure 1s applied to mixtures containing the same
cations and one drop of 1% Sb(III). The results of these

oy

experiments are summarized in Tgble 8,

Table 8

Detection of Antimony in Various Mixtures

Mixtures of JTons , Color
Cu(II)+Co(II)4Mn(II)+Ni+Fe(III) yvellow
Cu(II)+Co(II)+Mn(IX)+Ni+Fe(ITT)+Sb(IIT) red
Zn+Ba+T1 (I )+Sr+Ca+Al vellow
Zn+Ba+T1(I)+Sr+Ca+A}+Sb(III) red
Li+W(VI)+Pb(II)+K+Hg(IT) vellow
Li+W(VI)+Pb(II)+K+Hg(ITI)+Sb(III) red
Cr(ITI)+Hg(I)+Zr(IV)+VMg#As(V)+PA(II) yellow
Cr(ITT)+Hg(I)+Zr(IV)+Ma+As(V)+PAa(TI)+Sb(IIT) red
V(V)+Au(ITI)+Na+U(VI)+Ce(IV)+Ag(I) yellow

V(V)+Au(III)+Na+U(VI)+Ce(IV)+Ag{I)+Sb(III) red
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Table 8 - continued

Miztures of Ions | Color
CA+Sn(IT)+Sn(IV)+As(III)+Pt(IV) yellow
Cd+Sn(II)+8n(IV)+As(III)+Pt(IV)+Sb(IITI) red
Th(II)+Cs+Be+La(IIIl)+Rb+Rh(II)+Ce(III) yellow

Th(II)+Cs+Be+La(III)+Rb+Rh(II)+CefIII)+3b(III) red
U(VI)+CelIV)+Au(III)+8n(II)+8n(IV) vellow
U(VI)+Ce(IV)+Au(III)+8n(II)+Sn(IV)+Sb(III) red

A gimilar experiment was also carried out in the
pregence of bismuth, with one drop of saturated thioures
U(VI)+Ce(ITII)+Au(III)+Sn(II)+Bi yellow

U(VI)+Ce(III)+Au(IIT)+8n(IT}+Bi+83b(III) red

The precedure described above was finglly tested by
detecting Sb(III) in a solution contel ning all the cations
- listed in Table 1. This solution was prepared by taking
a drop from esch cation mixed with 5 drops of 1% Sb(1II).
The procedure adopted is the following: To the mixture
add 20 drops of buffer, 1 drop of saturated thiourea and
10 drops of the reagent.
Solution (1): Li + Wa + K + Rb + Cs + Be + Mg + Ca +
Sr + Ba + Zr(IV) + V(V) + Cr(III) + Mo(VI)
W(VI) + Mn(II) + Fe(III) + Co(II) + Ni +

PA(II) + Pt(IV) + Cu(II) + Ag + Au(III) +
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Zn + Cd + Hg(I) + Hg(II) + A1l + T1(I) +
Sn(II) + Sn(IV) + Po(II) + As(III) + As(V)
+ U(VI) + Bi + La(III) + Ce(III) + Ce(IV)
+ Th(II) + Rh(II).

Solution (2): 8olution (1) + 8b(III).

Results: Solution (2) produced a red color while solué

tion (1) gave a yellow color.
It was also possible to detect Sb(III) in the pharms-
ceutical product, tartar emetic,
These results are highly satisfactory and show that
the procedure is functional and can be applied f&r Tthe
detection of Sb(III) in the presence of a very large number

of foreign ions.



PART THREE: BISMUTH TEST

A. Historical:

The literature 1s quite rich in tests for bismuth,
most of which are based on precipitation. Howwer, detection
by reduction to metallic bismuth and complex formation
regctions are also used.

Filter paper impregnated with cinchonine gives an
orange red fleck in the presence of potassium iodide whén
a slightly acidiec solution of bismuth having a concen-~
tration greater than 0.l4«g is added. Hg(II), Pb(II) and
Cu(II) interfere; a preliminary removal of these ions is
therefore necessary, mppreciably reducing the sensitivity
of the test (52). Other organic baﬁes, such as alcoholic
solution of quinoline, glso give an orange red color in
the presence of KI. The identification 1limit is l«g
bismuth. Here again Pb(II), Sb(III), Hg(I), Ag, Cu(II)
and Fe(III) interfere (53).

A yellow color, with an identification limit of l4g
is produced by extraction of the bismuth iodide with iso-
butyl ketone. Platimum and palladium interfere (54).

Tomicka reports several methods for the detection of

bismath. Bismuth cen be spot tested on filter paper

- oae
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impregnated with a mixture of KI, ceprolactam and sodium
hypophosphate at concentrations greater than 0,03ug.

Cu(II) and Sb(V) interfere by delaying the reaction(55).

In a second procedure a mixture of BiI, in nitric acid
reacts with caprolactam and 1s detected and determined at
420um sfter extraction with chloroform and acetone, Hg(IT),
Sb(IIT) and C1~ interfere with the test (56). A one per
cent solution of thiocaprolactam in chloroform is also

used to detect bismuth on chromatographic paper with a limit
of identification of O.4uge. Addition of KI increases the
sensitivity to 0.04mg (57).

Korenman and co-workers (37) have reported another pro-
cedure to detect bismuth using KI., In the presence of
Pb(N05)2 and Nags,addition of KI tb the test solution gci-
dified with nitric acid, results in a yellow-brown preci-
pitate with a 1limit of identification of O.lug bismuth in
5 mli solution. This test is quite speciflec except for a
slight interference from Au(III) (lwg in 250«g Au). Other
inorganic reagents used to precipitate bismuth are: ammon=-
ium thiocyanate, to detect bismuth in minerals by forming
yellow Bi(CHS)5 (58); KS(?P(GNS)é], to give brick red
Bi[CP(CNS)é} precipitate at bismuth concentrations up to
O0.4mg, However Hg(II), Ag, T1(I) and Pb(II) interfere
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giving pink or yellow precipitates (59).

1,5[bis(B-mercapto-?—thiophyllinyli]propane 1s another
reagent which gives a red precipitate with bismuth salts in
hydrochloric acid solution. This test has a sensitivity of
5Queg/0.05 ml (60).

At the appropriate pH, isonaphtazarine (61) and 3-amino-
lawsone (62) precipitate bismith selectively, but both
reagents precipltate heavy metal ions in acidic and basic
media, and hence special pH control is essential.

4-mercapto resorcinol (63), thiopyrogallol (64), mer-
capto and thiosemicarbazéne derivative of thiazole carbox-
aldehyde (65), thiosemicarbazone derivative of 4,4'bithiazole
(66), sodium salt of m~sulfanilamide benzoic acid (87) are
al so used to precipitate bismuth. IHowever, due to lack
of sensitivity and specificity, none of these reagents is
very useful for the detection of bisimuth.

Hematoxylin at pH 1-3 forms a violet complex with bis-
muth at concentrations above 5ug/ml. The complex is decom-
posed by EDTA. Al, Fe(III) and Hg(II) interfere. A filter
paper procedure utilizing ascorbic acid to remove the in-
terference of PFe(III) and Hg(II) is adopted. This raises
the limit to 0.lxg/0.05 ml (68).

Allaline stannite solution reduces bismuth salts and
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bismuth hydroxide to metallic bismuth. The 1limit of iden-
tification is lug (69). In the presence of Pb(NOz)o the
reaction is more sensitive with a limit of identification
of 0.,0lug (70)., Hg(II) and Cu(II) interfere, and special
procedures should be adopted. A specific reducing agent

-

is Ké[Mﬂ(CN)é] which reduces bismuth to BiO. However,

the sensitivity is 10wg Bi in 0,01 ml (71).

B, Experimental:

l.- Preparation of the Reagent

The preparation of the reagent solution 1s similar

to that for the antimony test.

2.- Detecticn of Bismuth

Use the seame procedure as for antimony.

Limit of identification: 0.5«g bismuth.

Limit of dilution: 1:100,000

S«= BEffect of Reagent on other Cations

Same as for antimony.

4.~ Effect of Reagent on Anlons

Same as for antimony.




5.- Detection of Bismuth in the Presence of Foreign

Cations

Same as for antimony. When antimony is present its
interfering effect 1s removed by oxidation to 8b(V) since
in this state of oxidation 1t does not react with the

reagent.

Procedure: To a drop of the test solution add 2 drops

of 15% hydrogen peroxide and heat in a water bath for about
one minute, add 4 drops of buffer solution followed by

4 drops of 0.4% reagent in chloroform and observe color in
chloroform layer.

Limit of identification: 0.54g. of bismuth

daama b of dliubions 131006,000

Reagents: 0.4% reasgent in chloroformn.

Buffer solution.

15% hydrogen peroxide.

6.- Limits of lIdentification of Bismuth in the Presence

of Foreign Cations

The 1limit of identification of bismuth, in the presence
of each cation:: was 10 times its corresponding value with

antimony.(see Table 7).



7.~ Detection of Bi(IIT) in Mixtures of Forelgn Ions

The cation mixtures and the procedure used to detect

Bi(III) in mixtures were similar to that for antimony.

results are summarized in Table 9.

Table 9

Detection of Bismuth in Various Mixtures

Mixtures of Ilons

Cu(II)+Co(IT)+Mn(IT)+Ni+Fe(ITII)
Cu(II)+Co(II)+Mn(TT )+Ni4+Fe(IIT)4+Bi
Zn+Ba+T1(I)+Sr+Ca+Al

Zn+Ba+T1 (I)+Sr+Ca+Al+Ri

Li+W(VI)+Po (II)+K+Hg(ITI)
Li+WIVI)+Pb(II)+K+Hg(II)+B1
Cr(III)+Hg(I)+Zr(IV)+Mg+As(V)+Pd(II)+
Cr(IIT)+Hg(I)+Zr(IV)+Mg+As(V)+Pd(II)+B1
V(V)+Au(III)+Na+U(VI)+Ce(IV)+Ag(I)
V(V)+Au(TII)+Na+U(VI)+Ce (IV)+Ag(I)+Bi
Ca+Sn(II)+Sn(IV)+As(III)+Pt(IV)
Ca+Sn(II)+Sn(IV)+As(III)+Pt(IV)+Bi

Th(IZ)+Cs+Be+La(III)+Rb+Rh(II)+Ce(III)

Th(II)+Cs+Be+La(ITII)+Rb+Rh(II)+Ce(III)+B1i

U(VI)+Ce(IV)+Au(III)+Sn(II)+8n(IV)

U(VI)4+Ce(IV)+Au(ITTI)+8n(II)+8Sn(IV)+B1

Color

yellow
red
yellow
red
vellow
red
vellow
red
yellow
red
yellow
red
yellow
red
yellow

red

The
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A similar experiment was also carried out in the pre-

sence of antimony, after oxidation with 15% hydrogen perozide.

U(VI)4Ce(IIT)+Au(III)+Sn(II)+Sb(III) vellow
U(VI)+Ce(IIT)+Au(III)+Sn(II)+Sb(III)+B1 red

The procedure was finally tested by detecting Bi(III)
in a solution contalning all the cations listed in Table 1l.
This solution was prepared by taking a drop from each cation
mixed with 5 drops of 1% Bi(III). The procedure adopted
is the following: To the mixture add 20 drops of buffer
2 drops of 15% hydrogen peroxide and heat. Add 10 drops
of the reagent.
Solution (I): Li+Na+ K + Rb + Cs + Be + Mg + Ca + Sr
Ba 4 Zr(IV) + V(V) + Cr(III) + Mo(VI)
W(VI) + Mn(II) + Fe(III) +Co(II) + Ni +
PA(ITI) + Pt(IV) + Cu(II) +Ag + Au(III) =
Zn + Cd 4 Hg(I) + Hg(II) + A1l + T1(I) +
Sn(II) + Sn(IV) + Pb(II) + As(III) + As(V)
+ U(VI) + Bb(III) + La(III) + Ce(III) +
Ce(IV) + Th(II) + Rh(II).
Solution (2): Solution (1) + Bi/
It was dlso pessible to detect bismuth in the pharma-

ceuticsgl product, Bismuth Tulasne, using the above procedure.



CHAPTER II1

DISCUSSION

The condensation of 2,6-pyridine dicarboxaldehyde with

o-aminophenol forms the following Schiff base (I).

| H
N"" C=N“"[ B

HO =, =

(1)

In the absence of a study of the nature of the complex
formed in solution with uranium, antimony and bismuth, and
its empirical formula 1t is difficult, at this stage, to
postulate a definite structure for the complexes.,

Study of the atomic models of the Schiff base show
that it is planar. 1t 1is doubtful that a rigorously flat
polydentate ligand can satisfy the stereochemicsl require-
ments of such a variety of metals as Cu(II), Ni, Mn(II),
Zn, Pb, Calll), Ti(¥), Me(Il), Co(Il), Fe(ITl), Or(i11),
Th(IV) all of which form red complexes with the reagent
in alkaline medium (72).

The stability of the complexes obtained in acid medium
is unusual, the vast majority of colored chelates being formed

in alkaline medium when the hydrogen ions may be stripped
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from the phenolic groups. This is not unique, however, since
Bayer (11) had reported that U(VI) formed red complexes
with glyoxel bis(o-hydroxyanil), a Schiff base obtained

from the condensation of glyoxal and o-aminophenol (II).

N—12 N=C - C=N.—

v OEC—CH R |
OH 5 OH HORX

(1)

In fact,it appears that the arrangement of the coordi-
nating and donor groups in Schiff base (I) is identical to
that in Schiff base (II) except that the former has an ad-
ditional center of coordination: the pyridine nitrogen.

The fact that more intense andomore:.gtgble colors are
obtained with (I) than with (II) is no doubt due to the
increased reconance and to the heavier molecular welight
which contributes a weighting factor,

There is strong evidence that the two phenolic groups
in (I) are acting as a center of coordination even in acidic
medium. Thus when 2,6-pyridine dialdehyde is condensed
with aniline a Schiff base similar to (I) is obtained but

without the two phenolic groups. This Schiff base does not



form colored chelates with U(VI), Bi(ITI) or Sb(III). It
would seem that salt formétion takes place by phenolic hydro-
gen replacement even in acidic medium. There would seem to
be a competition between the metal ion and the hydrogen

ion forathe phenolic oxygen. That the metal-oxygen bond
(partiéularly uranyl) is stronger than the hydrogen-oxygen
bond is substantlated by the fact that once the red chelate
is formed it will not be decomposed even by the addition

of excess acid. The role of the hydroxyl groups acting

as coordination centers is also demostrated by the fact

that '2,6=-pyridine disldoxime (III)

b

g _
HO- N=C~ C=N=-0H
| H H

(1)

which has essentiglly The same struéture as the reagent (1)
except for the position of the hydroxyl groups does not
form colored chelates with uranium, antimony and bismuth.

There remains the guestion of why these chelates are
decomposed in alkaline solution when they should have been more
stable. An examination of the ions that give intensely color-

ed chelates in acid medium shows that these are U(VI), Sb(III)
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and Bi(III). At such pH ranges all these exist as condensed
ions of the type UOLT, BioH**, Bio%, Bio0f+, B105°, Spo* etc.
When the solution is made alkaline, the hydroxyl ions are
picked by the cations preferentially to give insoluble
hydroxides and the corresponding uranate, antimonate and
bismuthete which will not coordinate with the chelating
agént.

That this 1s so is confirmed by the fact that vanadyl
ions,VO%,give with the reagent a red color. The test doeg not
interfere since the color is not extracted in chloroform.,
Molybdenum which also forms condensed lons in acidic medium
should therefore have also formed a red color with the rea-
gent. No such reaction was however observed; this could be
due to the fact that with molybdenum,these condensed ions
are only formed in very acidic solutions when the chelate
is decomposed or not formed at all,

On this basis and keeping in mind the fact that the
chelating agent is a flat molecule 1t becomes possible to
suggest a mechanism for the chelation.,

For the uranyl ion for Instance the chelate will be as

shown in (IV)
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Such an arrangement will satisfy the stereochemical
requirements of uranium, antimony and bismuth. It is dif-
ficult otherwise to see how three molecules of the Schlff
base can surround the metal ion; steric hindrance would
not permit it. <The oxygenated condensed ions will have four
vacant positions in a plane which will be satisfied by the
four planar coordination positions of the chelating agent.

Such a spatial arrangement would satisfy the coor-
dination requirements of the ions that react with the Schiff
base; it could also provide an explanation for the red colors
obtained when chelates are formed. That all colored
chelates should be red is gn indication that this color is
not due to the bonds formed between the metal and the chela-
ting agent only bul also to the resonance which arises when

the chelate is formed. This is shown below in (V).
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The guinold structure and the extended conjugate

system could thus be responsible for the red colors obtained.
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