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Prom the tise of Werner'l), 1893, the chemistry of
metal complexes has made such a rapid advance and has
found applicstion in 0 many diversified fields that it
is difficult to keep pace with the day to day develoments
which are being added to its existing vast and enormous
echeaical literature. Moreover the chemistry of complex
eompounds does not cease to exist gimply with the mention
of resctions of metels with coordinating emd chelating
agents, having nitrogen or oxygen and even sulphur or phos-
phorous as domor atoms, but finds new outlets in structural
problems to be solved by highly complicated theories based
on quentum theory and quantum mechanics and by using extre-
mely refined physical tools like T.R, W.W.R.y B.8.Rep ULV
and Raman speetra , X=-¥ay, megnetic susceptibility, mass
gpectroscopy, electron microscopy et, And thenm beyond this,
1t exhibite its many peculiasr yet highly fascinating facets
in enelytical chemistry beginning with precipitates in
estimating metals in volumetriec analyels and colorimetry
ass indicator eomplexes, finelly finding support for their
fdentity en? stebility in verious electr.chenical methods,
@.8y P! metzy, polarography, coulometry, smperometry ete.
and modern analytical techniques like equilibrium dialysis,
radio isotopy, liguid-licuid extrsetion , iom exchange,
chromatography. cte.
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Yot there i asnother aspect of the problem, vis.,
the type of metels which show readiness to unde rgo
chelation or complex ion forastion, It is seen that most
of the investigetions on complexes have been limited to
the metals of tremsition series. Complexes of non-
transition elements so far investigsted are quite small
in muober and reactions of analytical importonce (usually
baged on eolour changes) have only been studied with dyes
(substituted and unsubstituted), pignents, a few anines
and halow-gomplexes, As such there existe enough scope for
investigating new complexing and chelating agents which

may be specifie for non-transition elements, To one such
eless of reagents belong the enils which though not well
regognised as chelating agents, esre known for exhibiting a
resonating structure when brought in contset with different
lewis acids. Study with these compounds ecem, therefore,
form a new besis of study in the fleld of eo=ordination
cheaistry,

Before introducing the subject on the imterasction
of metals with anils and 1its derivatives, it will not bde
out of place if a brief survey of the chemistry of enils,
Iewis acids and of the different physio-chemical techninues
employed to gtudy ecomplexes ia mede,

Anils ere organic compounds obtained by condeneing



erometic aldehydes with aromstie anines. They are
popresented by a formula RR'C = N - R", where R may
be an alkyl, aryl or hydrogen attached to an imino
eaybon or altrogen. They are often referred as Schiff's
bases after the name of the discoverer, Schiff (186¢) (')_
A mochanisa segar-ding thelr preparation mey be givea
below:

o W
L 20 mO0emmt b x-i ok

Ry > 0 =N R"+ HgO

=

The reaction 1 acid catslyszed ani is generalliy carried
sut by refluxing the carboayl ecompound and the anine with
an ageotropic sgent, like zine chloride, if necessary.
Anils show 1ittle or no tendency to polymerise spontons
gously but may be polymerised by heat and acids. For
exanple, benseleniline, OCgHg~CH = NCgHg, is resinified
on heating with aqueous hydrochloric secid or formic
aeta(®),

DREEPARATION OF ANILS

Nouren snd Mignonag(®) synthesised verious enils
by the action of an aryl Orignerd reagent with en aryl
cyanide, Wontague ot o1(5) loter found that eertain



anilides, which moy de regarded a8 o-hydroxy imines,
reaet with alkyl or aryl Grignavds to give the corres-
ponding imines in sbout 47 °/ ylelds.

Ritter was the first to dehydrogenste amines to
give inines ®), He found that Lsobornyl eniline is
readily dehydrogenated with sulpher at 220°0 to give an
yield of sbout 89 / of the anil of camphor,

H
j—*@ -'Q"
W Ce"s

Bven catalytie dehydrogenation of secondary amines over
nickel, platinum or ehromium catalysts at 180° gives the

eorresnonding ant1s(®e7),

Hiosseh and Houben(®*?) found thet phemols or thetr
others react with aryl oyanides when catalysed by hy‘roe-
chloric aeid gas or sine chloride to give ketimines in
very good yields.,

on o4
HOG ) ¢ ROW + HOL --a-m@.._-c--n Hol

Oximes of aromatic ketones ean be reduced with
hydrogen and nickel under pressure to give the correspond-

y (10)
ing anils, Agetophenone oximes gives an anil in 30 / yield

RgC = N-OH ¢ Hp ——> RoC = NH + Hp0



Idthium sluminium hydride in tetra hy'ro furan
reduces aromotiec nitriles snd gives » nixture of anines
and ni‘“(u):

e,
Ph On =eee——Smd Ph CHy NHp + Ph Ol = CGff Ph + Wiy
(80 °4) (30 %)
Nitriles can slso bde roduced to anils with stannous
ehloride in othyl acetate eontaining hydrogen chloride!l®),

An alkali metal or caleium salt of primery aromatic
emines rosets with aromatic ketones to yleld the correspond-
ing mﬂ.u‘”‘ B

Diethyl ketals also when refluxed with oﬁ.r]. or aryl
suines give aalh(u'“).

Phenyl isocyenate and p-dimethyl emino bensaldehyde
at 190° give an anil in nearly quantitistive yleld, Similarly
phenyl isocyanste and bis(pedimethyl amino phenyl thiocketone)
give the same mhet(u). g-amino acide resct with sodium
hypochlorite to give the chloroc-amine intermediate which
decomposes with elimination of carbon dioxide and sodiun
chloride an?! the corresponding anils are ’Mucodu”.

RR'(NE R™ )000H + NaClO ----:- RR* (NC1R")COONa

RR' = L COg+NaCl,



Anile are found to have wide applications in industry,
technology and medicine, A number of references are avallable
desoribing their use as sccelerators for wvulcanization of
rubber, bacterieidal’®) and anticancerous meter1s1(1®), inf1e
derived froz salicylaldehyde and arom-tic amines, o-amino
phenol and polymethylene diamines are useful bdbactericidal and
fungietdal agents(®%), The activity of these eompounde mey
be explained by the presence of an 20 group ortho to the agom-
ethine group, In some ¢sses, their use hss bern recommended
for removing traces of metals harmful for mineral ousug).
Recently 1t hasg been ghown that traces of metade catolyse
the oxidation end deterioration of uineral oils and gascliae.
From the pragtical point of view, it is impossible to remove
traces of metals permanently because contaet with metallie
progessing and storage equirment would bring about further
contaninstion,

The addition of 0il soludble sequestering agente to the
oil inhibitg the undesirable effect of trree metal ions by
formation of 511 soluble metsl chelstes'®1¢®?), wany types
of organie cheleting agenta have been suggested for this
application, including smines, oximes and hydroxamic aecids.
The anils obtained from selicyaldehyde or o-hydroxy aeeto-
phenone snt dismines such as ethylene dismine or propylene
diamine e.g. WW' disalicylidene dinmine ete. have, however,
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found the widest applications. The eompounds are oil
soluble chelating agents:

A number of anils possess a photegraupnic developer
eapaelity ani have been used for preparing papers for
eloctrophotograph{”>), The anils of biphenyl glyoxal and
substituted azines have bYeen used as antiviral demother.
apeutios’®®), Tt nes been observed thet anils from pesudst-
ftuted phenyl glyoxal and 4-acetyl amino aniline produce
antiviral tests. The most setive compounds are derivatives
of Pligh OgHly 000 Cglig. Mylon has been stabdilised
ageinst oxidative degredation by 0,01 ~ 1,00 / addition
of Schiff's bases containing > 1 esterified or etheri-
fied ~OH group or thelr derivatives in which asomethine
group ias selectively hyirogenated. p-(3,4-methylene
dioxy) densylidene diphanylanine an!il has been used for
this umﬂ" ’. Jet fuels are stabilised at s relatively
high temperature dy the addition of a amall amount of
aixture of certain esters and metal deactivating compounds.
The addition contains 1-10 / by weight of a deactivater,
whieh 1s an asomethine of benzylidene type'’®). In ayeing
polyesters snd other hydrophobic textile materials,



agomethine derivatives of an aromatiec emine and an
aldehyde oontaining e solubiliszsing grou» have been
applied from solutions or dispersions at > 160° in
order to give deep colours, especially black with
good fastness to sublimation and 1ight 7),

In recent years, the bdbiochemical significance
of Schiff's beges has attracted the attention of a
muader of workers, A number of bilochemical processes
are known in which Schiff's bdases are formed, Vitaain
Bg catalyzed reactions hove been studied by Smell and
Mﬂ'l‘l(”} and it has been ghown that Schiff's bases
are formed, Mnaymstie decarboxyletion(’®31), ensymatie
ddounttontu) and perhaps the visual muuu(“'“)
21l appear to invelve Schiff's base formetion and hydro-
lysis. Pyridoxal phosphate are ensymatic reactions, very
probably imvolve both the sminolytic and hydrolytie
¢leavage of Schiff's Ml(mo).

Anils of salicylidene type are good chelating agents,

@sey P=calicylidene amino bengo thiasole forms an orange
preeipitate with Ag' and is fairly specific for this

l.ll“l). Some of the anils form chelate with heavy metal
lm(“) » Oopper, nickel en® uranyl chelates of salieyli-
dene enils are suitable as light stabilizers for thermo-
plastic synthetic resins, when the amount of the chelnte
used 1o not mere than 10 7 by weight of the vesin(43),



Solutions of the anils prepared from:

1) ethylene diamine and o-hydroxy aecetophenone,
11) ethylene diamine and formyl salicylic acidy, and
111) 1,3 diamino propan-2-01 snd 3-formyl salicylie
aeld,
are used ss indicators in the titration of ferric ions with
pova(44),

(45)
Ilewis secid is the nome given by G.N, Tewis to comp-

ounfis, both of non-metels and metals, showing tendency to
aceept electrons from eleotron donor substances (lewis
beses ). ¥any examples in support of this type of combination
con be eited, vis,, reagtion of boron triflouride with
ammonin and diethyl ether; lithium chloride with methyl
aleohol, anhydrous alumirnium chloride with water, berrylium
flouride with Fe'' (generally utilised in electrolytic
melts), sine chloride with Sesulpho-8 hydroxy quinoline ete.

x n PR
PiB ME — PIBSNIH
4 H PH
Aeid Noge Co=ordinated complex

Other eompounds which fall under this classifieation
ave AlPg, SnClg, TiCl,y POly and SP,. These eompounds tend
¢t form complexes with organic bsses such as ethers,

N - Q - R .
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Besides, lewis acids can be titrated with bases in
a variety of solvents, FPor example, BPy and SaCl, can de
titreted against pyridine and trimethyl amine in chlore-
bengene with ¢xystal vielet as an indicator,

The Lewis concept hesides its theoretical impact,
hes greatly influenced the practice and use of acid
catalysis, particularly 'n organic chemistry, Al1Cl,
(anhydrous), “Fgs FeBry ore all important catalysts. Often
the lewis ecid catalysts are far superior and, in some cases,
e¥e effective for reactions where Brfnstead aeids have little

U

Another interesting fact worth mentioning in connec-
tion with lewis =seolds is that they react with certain anils
to form the coe-ordinated eomplex, The formation of complex
fs indicative of = sharp batho-chromic shift from yellow to
violet, green ete, For exanple, addition of p-dimethyl amino
anil of phenyl glyoxal when added to InCly, AlCly, fglly ete.
solutions, results in such colour chenge. The probable
mechenisgn for such resction as suggested by Krohnke and
62005(4®) 1o given velows

@g-m-:@«t l‘-‘-’#@z-m-u@-ﬂ::

Satd of Jhemyl e, oy
glyexal (e - cﬂ:/l ()= Wy |
T
; f
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Purther the solution of the same compound in bensene
produces a sharp colour chenge from yellow to violet om
eluting over dry silica gel. This change hos been attributed
%o the sdsorption of orgenic compound on the gel. The table
given below deseribes some of the colour changes obzerved
on silica gel.

MBS US S1LICA GEL,
P AUN OF ANLLS

o
Own eolour Colour on

R R* of anil in silica gel,
agetonitrile

1s Bensoyl H Bright red Violet

2, Yenszoyl oN Bright red Violet

5. Pyridine cN Dark red Blue violet
carboxy-2 :

4, Pyridine CN Bright red Red Violet
earboxy-3

8. Pyridine CcN Bright red Dark red
carboxy-4

6. Quinolyl-(2) (44§ Bright red Dark red

7. Guinolyle(4) ON Bright red  Dark red

ST " TS



The introduction of sensitive spectrophotometers,
gbout forty years ago, hes helped in the study of absorption
gpactra of solutions, With the improvement of the techaigque
and instrumentation of spectrometry, it is now possible teo
gtudy the absorption of the golution from ultrevioclet to
infro«red vegion with great precision and accuracy. This
mothod ,besides providing evidence for the sxistence of
eomplexes, can be efficlently employed to investigate
whether one or two complexes are present in solution, €.g.,
the phenolie ligands in combination with Pe°' and phensn-
thr:line in combination with Pt “ﬂ. {he optical measure-
monts have algc been applied in the case of eooumplex fomming
tyes'“®), The chenges in extinetion with chenges in relative
proportions of the metel ion and the ligend permit conelusion
t2 be drewn regarding the composition of prineipsl complexes
formed unier the reaction condition chosen,

BESR-LAVDERE LAV

Before employing spectrophotometric technique %o
gtudy the eoloimetric estimstions or to determine the composi-
tion snd stability of metal complexes it ie highly desirnble
to know whether the solution obeys Beer-lanberta law, The
law gtatest



B = log -;’— =C.c.d
where
E = gptical density of the soclution,
I, = intensity of incident monochromatip light,
¢ = goncentr-tion of dissolved substance in m>1l/litre,
d = depth of the solution traversed by light,
€ = egxtinection coefficient,

¥hen tw> non-rescting substonces are present in solu-
¢tion, the total absorption is equal to the sum of absorbances
of the congtituents in the same thickness of the solution i.e.

I'l‘l"é‘ -lieiﬂtlsllil
=[( ey+€ 0g*€ g «os “ .,)‘]

Henge, it is possible to determine the conceatration of a
goloured complex species in solution with a failr degree of
accuracy from the measurement of light absorption,

SOEPOS ITION OF CHELATES

A number of methods are available for the deteraination
of the composition of chelates using sbsorbance measurements.
A brief account of some of the methods is given below,

In recent years, & simple colorimetrie method has been



uged to deternine the composition of chelates in solution,
This technique known as the method of continuous varistion
was introduced by Job. The basis of this method was
descrided as early as 1910 by Ostromisslensky(4?) ana
Dantson(®%) 1n 1912 but leter on Job published the details
of method along with the discuseion in a series of papers
end since then it has been termed as Job's method of gont-
tmuous vartetion(®1), A sinilar method has been employed

(62) (63)
by Cornec and Urbein and Shibata, Inouye nnd Naketsuks .

In the method of continuous waristion, an additive
molecular property is used as » guide, provided that t:is
property has different values for the various species present
in the solution of the metal fon(¥) snd ligend (L). Consider
the reaction;

W+ nL == ML, 3

= _{-ﬁ]—__
Tee 1u® ]y
where [ ] represents activities  molsr concentration,

L
end k {8 the equilibrium constant, The ratie -r;} =n i»

sotisfied at the maximum concentration of the complex
compounds, Hence,

"[ - Ihi =0 for the maximm,
4y
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In other words, for a comstant total concemtration of

the metal and the chelating sgent, the concentration

of the chelate is greajest when the metal and the

chelating sgent are brought together in the same ratio

in which they exist in the chelate, If the chelate ie

the only coloured species present, the optical density

of the solution is proportional to the concemtration of

the chelate, The plot of the additive property e.g.

optignl density versus the composition of the solution
would be a curve with a maximum corresponding to the
eomposition of the chelate. Othexwise, an allowance for

the absorbance of the reactents is to be made in the
relevent region, This is achieved by plotting the diff.
erence between the obgerved optical density end theoretical
optical density i.e. in the absence of complex formation,
ageingt compogition of the species, The mexima of the curve
gives the composition of the chelste formed, provided
Peer-lamdbert's law is 'n‘lu throughout the course of the
experiment, The method of contimuscus variation is applieable
provided not more than one complex ig formed under the given
set of experimental conditions and there is no volume change
on nixing the solution of the metal ion snd the ligand. A
modification was made by Vosburg and Cooper(®®) in whieh
they deternined the nature of equilibria where more than
one complex or chelate is formed.

In Job's continuous variation method, a solution N
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of molar concentration O, and Ke of molar concentration C°
are prepared, The ratie C(°/C is usually denoted by the
aymbol P, A volume X of the soluton Ke 1is then mized
with a volume (1-X) of solution ¥ where X1, It is wd
that there is mo change in volume on mixing the two solutions.
Lot 0Oy, Op amd Oy be the concentration of W, Ke and i, ,
Ko, respectively end Ky, the dissoclation constant,

For sny mixture, the following esquations apply:

6 + G =% 0 vee (1)
b ¢ mOy = 0(1.X) seu(ll)
.0. + n 0, = P 0! otluﬂ)
On differentiating (i), (m, and (1i1), we have
lﬁ.—Eoli nol-r = 0 ses(iv)
d
é = .0 eselV)
:—ﬁ- = PO .l'“’l)
dx

4 d
Putting the velue Eol and é- in (iv), we get

‘POL - Iﬁ. = 0 -at(m)

Maltiplying (14) by n end (i41) by = end on
gimplifications



mPCy » n0 (1.X)
ol ® ~ - 1_) se (".“)

Substituting the value of € in (ii)

0 ® N0 (1.X) (P-1) = w

Thea substituting the values of Cys Op and @y in (1) we get:

ﬂ-’-lt"-l (Pa +n) X i
e R
If P =1, the right hand side becomes sero and since C,P,n
aye constantg then,

(a+n)X « n -0

or nX = n(l-X)

or + o H—E
Hence, from the knowledge of the maximum value X, the
composition and the formule of the chelate can be deter

nined from the ratio of m/n , teking the simplest value
of m and n,

Ketsin and Gebret (68) gave a more genersl treatment
for the determination of the compesition of the chelate,

but it hed limited applicability.

A large number of workers ®®=6%) neve checked the
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usefulness of the method of gontimuous veriations and
varisus modifications have been suggested from time to
time, Mention mey be made of Woldby'®l) who found thet
~ the results obtained by this method are satisfactory
only when light absorption measurements are used.
Inspite of limitstions, Job's continuous varistion
method remeins a convenient tool for the study of compe
psition of complexes im solution,

During the course of present investigations
this method was found to give quite reliable results
and @0 it was frequently smployed for the deternination
of the composition of the oomplexes studied,

In Russian literature, Job's continuous veriation
method is known as Ostromisslensky‘'s e thod (49)

51028 RavI0 mEriop(67+63)

This method was originally used with grectro-
photometric measurezents and is restricted to cases where
@ single complex is formed at a time, The resetion
@A ¢+ nB F=i A, B, is considered where only one ecomplex
ie formed, By making the concentration of B large and
gongtent, the equilibrium concentration of the complex
Ay B, will be proportional to analyticel eoncentration of

A ofded: 2
s ‘ " " i - -
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If the asbsorption speetra of the variosus species do not
sverlap seriously, one may write for the optical density
gt = suitable wave length:

As =adb | A, B, |

shere a 4is extinction coefficient of A B and b is
the length of the abgorption ecell, Since, here Beer-
Lambert's law holds good, so As = ayb,0 where As is the
optical density, a is the extinotion coefficient and M
s the length of the cell and C i3 the concentration of
the species under consideration, The proper wave length
is selected go thst abgorption is due ohly to the coumplex,
Substituting the value of [A, B,| in the expression

As = ab |Ay %, |s we get:

As = ab Oy/nm

Sinee, o,b and C; are known, a plot of As versus J,

will be a streight line having a slope ab/m, from which m
may be determined, Similarly, the concentration of A may
be kept constant while the concemtyation of B ie varied:

Thue As = ab | A, B, |
w2

3 e Ag = “;2
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Thus o » plot of As wversus Cp under these eonditions
#ill be a straight line having o slope 3%, The ratie
o2 the two slopes will, therefore, be equal to S / 2B
= & , The composition of the complex may thus be deter-
mined from a kmowledge of ratlo of the two slopes.

Slope retio method was modified by Vankateshwarlu
~nd ho(“). shere the abgorbances of the solutions are
plotted egainst th. coneentrations of variable components
from either end of the Xeaxis., The point of intersection
of the two curves corresponds to the composition of the
eomplex , assuming thn‘l; only one complex is formed.

SOLAR RATIQ MEIHOD

A monovarisnt method was descridbed by Yoe and
Jones(85086) s tormed 1t as » mole ratie method, Tt
is applicadle orly to the weactions which are stolohio-
metric or nearly so,

By measuring the optical denmsity of a solution
in which a reaction was occurring, it is possible to
determine the retio of species added during complexation,
By adding various amounts of the chelating agent to the
gonstant amount of the solution of & metal iom or vice-
versa, a set of date 1s obteined from which plot of

optical density versus the ratio of chelating agent/metal
fon or vicesversa may be considered, This inercases to a

large eonstant welue at a ratio of the chelating agent/the
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metal fon or vice-verss whion represente the eomposition
of the complex, For = stable complex, when both the
reactsnts are eolourless, the curve rises from the ovigin
e@ & straight line and breaks sharply to s constent
abporbance at a molar ratio of the components in the
gomplex. However, a complex that undergoes appreciable
disooeintion in solution, gives a continuous curve which
approxinstely becomes perallel to molar ratio axis, only
when an exeess of varisble component is added, Sometimes
it 1s found that the results obtained by extrapolation of
the curve are uncertein, It is observed that in meny casers,
such 2 curve may be mede to break sharply =t the correct
molor ratio, if the ilonic strength of the solution ia
edjusted to a suitadble wvalus by the addition of an
indifferent elegtrolyte. Thus in such cases elso it is
possible to get information about the composition of the
eomplex.

The pelation of this method to gontimuous varistion
nas beon developed by Sidnanta(®”) Mayer ant syres(®®)
deduced the composition of complexes in solutionm by this
method for situations where more than one complex exists
in golution,

QEEER METHODS

Besides the sbove methods for determining the
eomposition of chelates, mention may be made of Babko's
method (69), the logarithmic method of Bent end Frenon(”’),
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Janssen’s epectrophotonetric method (")) and the method
of isobetie nl.nt-(n ’; There are a few, other methods
which are applied to special cases such as the method

of mum‘”’ vhere more then one central ifon is

fnvolved in the complexation, Stepwise complex formations
have bern investigated by other methods'’4=76),

DETERMINATION OF STABILITY CONSTANTS

Consider the following reaction in which the metal
chelate is formed from the hydrated metal lon snd the most
basie (most nighly dissociated) form of the chelating
agent:

R o= ™

| A"
il §

o' ..‘ -

vhere the brackets indicste molar concentration and the
gonstant appiies to the epecific temperature, This equili.
briuvn constant ir known as stability constamt.

Just as & knowledge of dlssociation eongtants of
aeids end bases hes done much to systemise our understanding
of the behavisur of these substances, 50 a sknowledge of
gtability congtants has done much to ratioralise our under.-
gtanding of the beheviour of metal chelates in solutionm.

The universal measure of the tendency towards formatioa of
metal chelate compounds in agqeous solutions is governed
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by this constent, the magnitude of which gives a
quantitative measure of the relative stebilities of
various metal ghelates, This quantity mey be used in
eoubination with other data to prediect whether a2 metal
chelste com»vound will or will not form unier various
eonditions, Information sbout the concentration of
different gpecies of a metal complex in egquilibrium
piztures ig invalusble in the study of amslytical separ-
ation procedures-solvent extraction, ion excheange or
chyomatography. It is equally important in the study of
the role of metsl chelates in various biological systems.

The themmodynasi¢ constant czn also b calculated
from o knowledge of stebility constant, ilowever, it is
doubtful whether true thermodynamic data could de deter-
nined except in very simole cases, because the method is
seeompanied by many difficulties. Two prineipal procedures
are meinly followed in studying the atability constamt of
the chelates,

lowis and Randell(77) first introduced the concept
of ionic strength which leter received theoretical
justification from Debye and Mueckel's theoxy., The classical
approsch for the evaluation of thermodynamie eonstant
involved the determination of equilibrium congtant in media
of different low ionic strengths (infinite dilution). Some
IOI'OH(M’ have used the wvanlue of a single determination
end attempted to correct this value to a thermodynanie
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equilibrium eonstant by the application to Debye and
fuckel's theory. The second method was introduced by
Pledernann and Sileen("™) and the fundementsl 14ee of
this method is to control the activity coefficient by
keeping lonic strength constant, because in dilute
solutions, the activity coefficlent of a given strong
electrolyte is the same in all solutions of identieal
fonic etrength, Consequently measurements of chelate
formation congtant are usually carried out at controled
ooncentrations of sn added inert eleetrolyte such as
potassiun nitrate or potassium chloride, Por most
chemical purposes, 7,10 ¥ solutions of these electrolytes
ere employed, whereas for biological or medical applice
tions 0,164 WaCl is considered to repressnt more closely
the conditions which exist in neutral systems, When
equilibrium messurements are mede in = constont electroyte
concentration, it is neecessary thet the concentration of
the metal fon, ligsnd snd the metel chelate must be lower
than that of the inert eleotrolyte so that they will not
eontribute appreciably to the total electrolyte concent.
ration,

In view of the practicsl difficulties encountered
in the determinstion of true thermodynamic stebility
constants, Rasooti and Rasoots(®?) concludeas

'It would, therefore, seem betterto obtain

relisble values to the corresponding complexes
with solvent molecules and medium ioms than less
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certain values of the thermodynamic constants

which 4o not give absolute atability either,

but only & stability related to the solvated

molecules®,

During the present studles, the ionie strength
gould not be kept conatent as the investigations were
carried cut in purely non-squeous media, It was
obhgerved that even traces of moisture would break the
gomplex and therefore, mixed solvents containing water
end organie liquids could aleo not be used. oreover,
in the csse of phenacylidene aniline oxime, a true
solution eould not be obtained even in water aleochol
miztures. Spectrophotometric investigations of these
chelates were not poseible at a known ilonic etrength,
The stability constant deta given in the thesis refer
to aerbitrary values only,

There are a nuzber of methods for the experimentsl
determination of etability econstsmts. The first method
was completed at the very begimning of the twentieth
mq“‘*"). During further progress of these investi.
gations, the work of W, Bjorm(u) played sn outstanding
gole. The idea of stepwise complex formation was espoelally
fruitful, This idea was evolved in many countries,
particularly in U,5,.5,R, as a result of the work of
K. Babke'®®) ana nis eowworkers., The pi-metrie method
of determining the equilibrium concentrations of ligends
and caloulating from them the formation funetion ()
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developed by J, n:m‘“). was also very important,
Almost half of the stability comstente of chel:tes
and other coordination eompounds has been extensively
carried out by this methodj the important contribution
belng the work of Taden(®®) schwarsendach(®®), sireen(”?)
and others. Current interest in the formation and
gtebility of metal lon complexes in solution is indicated
by mumerous yeviews published since 1950(%6-%3) ans 1 tne
procecdings of @ series of international conferences ' ?4-97}
A number of methods are :vl.lhbla'for the determina-
tion of stability constants by absorption measurenents,
mention may, however, be ma‘e of methods of Woore and
Anlmu‘.). Dey and mn(”"lw). Harvey and
Mu“,) and Job's method of continuous umtlu(“).
A short sccount of these methods is given below.

ioss axp avpsson's weriop(®®)

Thig method is bosed on the compositions of solutions
having an identical intensity of golour, i.e, the sane
absorbance velue., In this method, both the reactants should
be eolourless, These authors have shown that 1if the negnitude
of the extingtion coefficlent i» proportional to the concen-
tretion of the complex formed, the formation constant for
the equilibrium m, + nB ¥ A, B, may be calculated es
lqlnlnﬂsnmn.!‘-nlqAtnlunﬂmn

If A 4is kept constant, while B is varied, log Ay P,
is & linear function of log ® amd thus the value of n ecan
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be determined from the slope of the straight line
obtained by plotting log 0.D. (which is proportional
to log A.‘B‘) agninst B, The value of m can de
ginmilarly determined by keeping B constant and vary-
ing A, Prom the vaiues of m and n, the value of K
ean be caleculated.

1(99,100)

Dey and co-workers have modified the method of
eontinuous variation to the cases where one of the
reactsnts may be coloured. In tiis method, sbservutions
obtained for the mth&l of continuous variations are
utilised and the abgorbances (not the difference in
absorbances) are plotted against [W]/[]+[Ke] , where
[#] is the eoncentration of the metnl ion and [Ke] is
that of the chelsting agent. A typicsl graph obtained
£ron the experimental observations is shown below,

d-6|. A
‘ 0.5 B .

o.D 94t 5, TR
0 3 '
0.2l : | |
0-l
g ¥ O~ TV R

¢ ¢ 82 03 0f &5 0.6

[4] / [u][Re]

Calculation of the atability constant from the
curves of Continucus Variation Wethod.
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With progressive inerease of %, Ke deerecases and
it may be assumed that in the deseending portion of the
curve where metal ions are in exeess, nost of the chelating
agent 1s bound up in the complex, Moreover, the cholating
sgent has lower absordance than the chelate at the parti-
gular wave length of observation, Therefore, in this
portion of the curve, the absorbamce of the free cielating
agent does not gontribute substantially to the absorbance
of the system as e whole, The observed absorbance nmay,
therefore, be regarded to de due to the colour of the
complex alone, We may, therefore, assume that in the above
figure, where the absorbances are seme (say 0,3), the
respective amount of complex formed in each cnse sre
i‘enticel,

Let us consider the case of » system where & complex
is formed, ¥With the composition of the metaslichelate as
lll. i.0,. i.l or m = n.

For the system mA + n3 ¥= A, B,
I = =)
where m=n ,

SRR ==

vhere X 48 the concemtration of the complex and a and
are the initial concentrations of the reactents. Taking the
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concentrations a,s 85, and by, by of the resctants
(from the two curves) having same absorbance, i.e. seme
value of X , we have:

€= GO T Tl T

ik
(31+) )= {ap+,)

Enowing the value of X, the value of K can be found,

Next consider the case of a chelating whers the
ratlio of the reactants is 112, The system can de
represented as:

M+ 2Ke z—> M Kep

T
(omX) (b-2X)°

Taking the concentrations a;, &g and by, By of the
resctants having saze absorbance, we have

' &
Ko ety =
(8,=X) (by=2%) (Rg=X) (bg=?X)"

oy
% (ay+0)) = (aghby). Top + 4(agby = ayby)s (ayb]ragby)=0
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or  =(al-Bea(abyonghy)| +LAop-br4(as0pard, )’

«168| (8)+by )=(ag+dy)| m{fcm

e

8| (l1 + ‘1) = (l""") |

Knowing the value of X from the abdove equation, the value
of K can be found out from the equation memtioned above.
gimilarly in the case of a chelate where the ratio of the
reactonts is 23l , the reaction be represeated asi

21 + Ko 4~ My Ke

oy
Em e=
(l-!i-),(u)
or
—jalealva(aybyeaghy)| 3 /(r1-agralaydy - agbe)” |
T41 (apvog)=(ag#ny)| (agvg = o1 by)
I =

8| (ag+dy) = (a3+dq)]

From the value of X ealculated from the experimental data,
K ecan be calculated,

As mentioned previously (pp. ) the instability
gongtent of a chelate can be determined from the following
eguation:

0=l p7=1 | (pm ¢+ n).X-n|™™"
Pissoeiation
gomstant Ky 2T, aY| o (mem).X| - (1)1
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The reciprocal of K, is the stability econgtant of
the chelate.
KoLe nATIO wevnop'®®+94)

Congider the dissociation of a couplexi

¥ Ko, F= u + nke Initial concentration
e 0 0
(1 - w) a.C na, 0 Final conecentration

€ is the total concentration of the complex in moles
per litre assuming no dissociation, and &« 1is the
degree of dissociation, The equilibrium eonstant may
be written as:

& (2.0) (nac)”

= o(1-a)

The value of n for the complex having been established,
the value of & may be obtained fro- the mole ratie
curves by the following reletionship:

.-_5,:_!:_

where B, is the mexivum extinetion obtained from the
.horigontal portion of the curve, Indicating that the
whole of the metal ion is present in the form of &
gomplex § B, is the extinetion at the stachiometric
molar ratio of the ligand to the metal in the complex,
the total goncentration of the complex being the total
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goncentration of the metal, When both the reactants are
golourless, the curves generally break abruptly at the

o
ltﬂhlontm ratio and a 18 not relia¥le in such cases,

Conductivity measurements gener+lly give useful
informetion about the composition of insoluble complexes.
Specific information regarding their nature cannot be
obtained for soluble compiexes although = nusber of workers
heve applied Job's method to determine the composition,

It, however, suffers from one great drawback, viz.,
gondugtance does not vespond well to additive behaviour
as absorbance does,

Another drawback of conductance method in
gtudying complexes is that it camnot be applied to systenms
of low conductances, especially when desling with purely
non-agqueous solutions as in the present studies, The only
useful infommation which we could get from conduetivity
moagurenents was about the position of O1' in lewis acid-
»p=bromo phenscylidens p-dimethyl amino smniline chelates.

RU=MBETRY,
This involves the measurement of pH during
¢helation when hydrogen atom of the ligand ie renlaced by

the metal ion, A drop in pi! during the chelation causes
an increase in acidity. This megnitude of the observed
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pH change is related to the metal-ligand binding tendency
and mey be used t5 determine the stability constant of
the metsl chelate formed.

The inereased acidity is a result of competitive
binding temdencies of the two specles i.e, the ligand and the
setal ion, The resction may be represented as shown below:

W2 e n A == 0™ e m’ e (1)

The equilibrium constant K' for this reaction may be
defined as:
™" |ut"

| | RgAl

oo (2)

¢ the rumerator and denominator of (=n)(2) be multinlied
v |A"®|, we have

o I L o U

K= I.““‘-.“ﬂ-]l - H‘ . ‘. ae ")

T

and l. is the acid dissociation constent for the diss-
oelation of HyA to u|n*| and |47

i.e. Agh == utesr™
l“‘l‘““l

IHgdl

or Ky oo (4)
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Honce, if X' and Ky can be deterained experimentally,

equation (3) may be solved for the chelate formetion
eonstant.

These principles have been spplied by Bjerrum
and Schwarsenbach (loeit) to the calculation of formation
constant of metal chelates in agueous solution, Bjerrum
deser!bes the stepwise formetion of & series of metale
chelates of the type NA, MA, ... MA, as shown belowi

maﬁn.xn-—!:ﬂ—- .e (5)

Frf Al

n*‘z‘l’"“-*‘"-"l- no(‘)

{aa] | aj

| MA, |
MA, 4 * 13:-'2!5. Kaay, * T%T‘l oo (7)

Bjerrum introduced a fumetion n , which is
defined as the average nmunber of the ligand molecules
bound per mole of metal, This may be expressed mathemati.
eally as 1

o . Dul s simy) ¢ 3jug) . miney)
4]+ ]+ |uag] ..o fuay]

*® (‘)

Bouetion (8) may we obtained in terms of |A| and the
various formation constents Ky, , .IA,' eruns tn‘ by
gubstitution of equetion 6,68 and 7 into 8 , i,e,
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1"5‘“‘ + !n “ ¥ S ln l.‘. Iu'al“‘
o (9)

Bouetion (9) is the so=called Bjerrua formetion funetion,
If the concemtration of the unbound ligend can be determined
exporimentally, n can be caloulated from the relation:

BN S
n- os (10)
“t

vhere At am? Mt denote the total concentration of the
ligend and the metal respectively.

Te solve equetion (9), n sets of n and the
. eorresponding |A| velues ere required and by plotting
the graph between n values as a fumotion of P|A|,

the negative logarithm of the free ligand concentration,

log Kypo logln' uﬂmxl"hnn been calculated for
?, ot T value of 0.5, 1.6 and 2,5 respectively.

Attempts were made to apply Bjerrum method %o
gtudy the complexes of copper with the oxize of phenaeylidene
aniline enil, ¥o fruitful informstion could be obtained
(vp. ) since the titretion vegion corresponded to B
values greater thsn 1,5, Titration at lower pH values,
which could give 7 values < 0,5, could not be performed
singe addition of acid breaks the umn'thnu linkage (OH=N)
of the ligend itself.



Valuable information about the composition of
the metal chelates and their behaviour in agueous golution
has been obteined from the study of their reduction at
dropping mercury electrode, The underlying prineiple is
that the reduction potentinls of the metrl ioms are
ghifted, ususlly to more negative values, as a result of
eomplex formation mnd the correlation of this displacement
of potential with both the concentration of the ligand and
the pH of the solution provides an excellent method for
deternination of the composition of the metal chelate
eompounds.

Two important omldcnﬂonfm be emphasised
in studying chelate formastion by polarographic techniques
Piret, helf wave potential |B, | data for the determination
of the compogition of the chelate and its formation constant
are valid oaly if electrode reduction is thersodynanicelly
reversible, Secondly, the deviation of the equation of the
polarographic wave is dused on the assumption that the
rate contyolliing step of the electrode reaetion is the
diffusion of the reducidble species to the dropping nmu
eleectrode,

To avoid interference fron the reduction of
the chelnsting mgent itself, measurement of |B, | are made
generc:lly in presence of relatively large exeess of the
iigand with respect to> metal ion,
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The following general equetion mey be utilised to
deternine the composition of chelate by Imowing the
goordination mumber of the metal ion bound with the ligand
1.009

Alog|A™"|

where the various symbols have usual meaning,

Thus, by plotting a graph between ‘llﬂ‘ values
and -log eoncentration of the ligand, the number of the
1igend molecules combining with one aton »f the metal ecan
be determined and hence the composition of the chelate can
be assigned, |

#hile applying this technique to study the compos-
$tion of various lewis acid-p-bromo p-dimethyl anino anil
of phenyl glyoxal, no reversible wave was obteined and hence
she technisue could not de employed.

AUEEROWSTRIQ TITRATIONS

in emperometric titration is the polarographie
snalogue of eonductometric titration and consists of using
2iffusion current messurements to locnte the end point of
o titration with a chemical remgent, The titwation performed
by adding suceessive aliquots of o standard solution of &
reagent to a solution of the samole and mesguring a diffusion
current after each ad?ition., Depending upon the potentlial



applied to the cell, the &iffusion current which 1is
measured may be proportional %o the concentration of
the substance being titrated or the excess of the
peagent, or one of the products of the reaction. The
titration curve which is e plot of this diffusion
current versus the volume of the reagent alded, ideally
consists of two straight lires whose poiat of inter-
gection eorresponds to the end point of the titratlon.
Anperometric titnuonci\ur- more accurate than other
polarographic methods in the great majority of the
ingtances, They require no knowledge of the character-
{stics of either the eapillar, or the current measuring
eloments an! they make possible the determination of such
nonereduction substances such as phosphates, sulphates
ete, which could otherwise be deterained only by less
acourate indirect methods,

An attempt was made to obtaim the polarogram of
the metsl iom in scetone (using LiNOy; as & supporting
electrolyte) medium, No well defined wave with a platean
for the diffusion current was obtained. The cholce of the
potential at which amperometric titration gould be carried

out was not possible.

At present the use of magnetic susceptibility
peagurenents in structural studies is less common than it
wes a decade ago.To a large extent this is due to a greater
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appreciation of the difficulties associnted with this
method, Por memy years the 'magnetic criterion' was used
to distinguish between ionic and covelent bomung in
eomplexes but this genmersl eriterion has been mm
by its originstor I, hauu(mn and no Iouor seang
tenable. ™he most obvious velue of this method is in the
four coordinate complexes of nickel (11), Unfortunately
the magnetic behaviour of fons is characteristic of their
spectra an? hence must be interpreted on an individual
basis. In many studies it has been typileal to measure

the mognetis susceptibility at a single temperature and
then assume that the following rcl-f fons held between the
measured magnetic suseeptidility )X , the megnetie momenmt U.(s
end the number of unpaired electrons

” 3w
X = — —-LT__
NpTT (2.84)(7)

or : ‘eﬁ- SOW,— B. M.
or U= /a(n¥E) B.¥,

where K is Boltsmann constant, N the Avagedro's number,
T 418 the sbsolute teaperature, n 1is the number at.
unpaired eleetrons and B,M, {s Bohr Megnetom, the commonly
used unit for the msgnetic moment, In general, a diemegnetiec
ecorrection is made for the contridution of the other parts
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of the molecule to the magnetic susceptibility.

A further complication may arise if there is an
appreciable orbital angular momentum to the magnetie

monent,

In such 2 cagpe:

ws _[EEIT = _/AS(STY

mist be replneced by a more complicated relationship,

u=_/T{IaD) + 45(5+1)

Fortunately for most of the first row transition
elemente, the simple relationship is generally a reasonable
approximetion and the magnetic susceptibility may then be
ueed to determine n 4in the complexes, For the second and
third row transition elements the simple relationship is
not applicable. Keeping in view this property we have
gtudied magnetic susceptibility of a number of chelates
studied spectrophotometrically as well as by I.R., technigque,
and having found the meture of the metal in the chelate as
well as paramagnetism of the ligand itself and its effect
on eomplexes,

Infrasred spesctrum measurements help to find out
the actual linkage in the complexes, structure of the ligand
a8 well as that of the complexes.
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Ultre-violet speetra of the lirands ond the
complexes help to find out the bdonding in the complexes
and to locate any other charge transfer occurring within
the 1igend or the complex. Visible spectra of the complexes,
speeially those of the transition metals, help to determine
the nnn_o-omui:w of the complexes., Mut if the charge
trenafer band is in vieible region, then the visible
gpectrs of the normal elements will alec help.

JHUE PROBLEM

The problem unier investigation has two aspectsa,
vis., the synthesis of new anils and the study of their
{atersetion with me'als, especially the nonetrensitional
Tnes.

The mewly synthesised rnils were characterised
by preparing their derivatives and confirming the funct-
fonal groups in then by recording their 7,R, in solid
state.

The bathochroamic effect of p-bromo phenacylidene
pedimethyl anino eniline was followed by mrytng sut
genctions with lewis aecids, Fgllg, InCly, Fellg, AlClge
Sael‘ end Sbllg. Evitence for complex ion formation
eould only be obtained by using purely non-aguecus media,
spectrophotometric atudies eould only be successfully
employed in elucidating their composition. Oonuetoutria
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method falled to give resulte of eny velue due to low
gonductances, pl-metrie method could partly be employed
in studying u((})- PAO chelate.

Polarographie reduetion did not give either
well defined or reversible waves with the resuvlt that
botn polarogrephy and amperometry could not be success-
- fully employed.

The complexes were lsolated, snalysed and their
I.1 and mognetic susceptibility determined in order %o
get on ineight into the various metal-anil chelates,

The oximes of phenacylidene aniline was chosen
for interaction with Cu(TI) due to its speecificity. Its
composition, stability and structure was deterained by
speetrophometry, magnetic susceptidility emd I,R, metnode.



CHAPIER I

SYNTHESIS AND IR, SPECTRA OF SO04B NBS ANILS

e -
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Reference to the synthesips, »roperties and
{ndustrial epplications of = large number of anils
hes olrealy been mede under ‘Genersl Introdugtiont.
other interesting compounds of the series which have
gttracted 1ittle attention both from the view point
of their synthesis and their anelytical applieations
are the anils of aromatic keto-aldehyde and their
anino eompounis, Yntu"') condensed phenyl glyoxal
nydrate with aniline in 98 /, , ethanol containing few
drops of acotlie aeid, The product isolated by him
meited at 164-166° and was considered by him to be a -
mono anil, {Wm.mo.n‘). Tn 1963, Proctor et
repented the above experiment and detected five compounds
by mesns of thin layer chromatography. Two of these

eompounds were isolated and were found to be s dimer,
BePs 76° and & trens anil (monomer, m.p. 146%), In 1068,
the above workers repested their own work snd discovered
that the monomer earlier reported by them as trans anil
was in fact & dimer(3), The cis anil of phenyl glyexal
hydrate and aniline (l.p.210.) was also synthesiged by
Proctor ot l‘l") in 1966 by a different route, This to0
was later on found to bde & umr(”. The existence of
dimers in the adove syntheses may be attriduted due to
the presence of glaclel acetie acid, An analogy may be
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found in the ¢ase of bengalaniline which ceases to

exist as a monmomer in presence of 90 / fommie seu“).

Krohnke and Onu(” prepared o mumber of anils
by condensing phenyl giyoxal hydrate with pedimethyl
anino aniline and found that these compounds react with
lewis scids to form the corresponding chelates ase shown
belows-

Og's - 3- o - l-@-l<::
Phenscylidene p-iimethyl amino aniline

§
o‘u.-o-m-l@-n"(::
o ety

- - .*G. '
c.n...? a-n@n(u’]oz
0—1lg

h

Then such anils react with Lewis seclds, there is
& bathoohromie shift in the molecule, It was quite interest.
ing to observe thet these compounds gave characteristics
eolours when coming in eontact with silica gel.

In the light of the observation of Krohnke % al,
it was considered worthwhile to synthesise some new enile
frm phenyl glyoxal hydrste, employing arometic amine



eompounds instead of p-dimethyl amino aniline as the other
reactant, The condencations were carried out in aleonholie
medin, The products were characterised by preparing warious
derivatives and studying the IR speetrs of the pure
mlluu products. One of thelr derivatives, visz.,
oximecs nh interesting from another vioi point alse, They
gave colour weactions with various metel ifone therebdy
offering posalbility of being used sp analytienl reagents.

This chapter desls with the preparation and physico-
chemical studies of some new anils obtained from phenyl
glyoxal hydrate with aniline, s-chlorosniline, 9-, pealtro-
anilines, 0-, p-toluldines and @, P-naphthylenines'®),

Phenyl glyoxal hydrate was prepared by earlier
workers by the following methods 1=

(a) Prom isonitroso acetophencne, by prepering
its bisulphite and subsequently hydrolysing
“(’t')

(b) By oxidation of bensoyl carbinol with eopper

acetate ’ . (10)
(e¢) By heosting dromo acetate with copper scetate.

(d) Oxidation of acetophenone with nitrosyl
ehloride (11),
(o) Oxidation of c-bromo acetophenone with dimethyl

sulphoxide (1%),



46

(£) Nydrolysis of the nitrones of imethyl

phenseyl pyridiniun halises(l®),

Phenyl glyoxal hydrate was prepared following the
mothod recomsended by Riley snd Oray (!4 with siignt medi-
fication, 600 ml. dioxane, 111 gas of Se0y and 0 nl,

Yater wers token in & three necked round bottom flash

{1 1itre capueity), fitted with a mercury sesled stirrer

and & reflux gondenser, The mixture was heated to 50-80°

and ptirred until a clear solution was obtained., 120 gus,

of acetophenone were added in one lot and the resulting
nixture was refluxed with eontinued stirring for four

hours. The hot solution was decanted from the precipitated
gseleniun, snd dioxane snd water were removed by distillstion
through a short column, 100 ml, of toluens were added end
the distillation econtinued t1l! the distilate was no more
turbid, The remasining mixture was transferred to a 767 ml,
Claisen flask and dlstilled at 96-97° / 26 m,n, Stean was
pasged through the leibig condenser in order to prevent
phenyl glysxel to underge polymerisation, The yellow oll,

g0 obtalned, was immediately trensferred to bolling water.

On ovoling, fine needles of phenyl glyoxal hydrate (l.p.&')
were obtained (m.p. recorded in the literature from "-“:il)
depending uson the varying degree of hydration of the sample )

ZREPARATION OF AVILS

Bquimolecular quantities of aleoholic solutions

of phenyl glyoxal hydrate snd the corresponding amines
were tnken in an Erlenmeyer flask. A condenser was attached
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and the flesk was set in a hot water bath, The mixtuype
was refluxed for about half an hour and allowed to eool,
The product which solidified in a short while, was
filtered and erystallised from hot aleohol,The condenss=
tion product obteined from phenyl glyoxal hydrate and
eniline resulted in the formation of a solid together
with a large quantity of a resinous substance, A consider-
able dirficulty was experienced in erystallising thip
resinous mass, It was dissolved in » minimus quantity of
othyl acetate and then chromatographed over Brockmana
alunine, The eluents were used in the order of petroleun
ﬁhr, bengene, chlorofomm and their corresponding
mixture as shown in teble I, The eluents were collected
in fractions of 37-47 ml, each and evaporated to dryness,.

s s bl SeSS e eSS an—

s v

let? Petroleun + Benszene (931 V/V) Resinous meterial
3 Petroleum + Bensene (1l:1 V/V) Resindus material

4 - 10 Petroleun + Bengene (119 V/V) Resinous material

1l.. 1° Rengene Resinous material

13- 14 Bengene + chloreform(31l V/V) HResinous material
15 Benzene + chloroform V¥axy material

18- 20 “hloroform Yellow solid

£0. 72 Nil mil

The fractions 1-105 were combined together and
¢harcoalised with sotivated charcoal and filtered, The
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filterate was concentrsted and rechromctograched on
3pockmann Alumina. Wo solid was, however, obtained. The
frogtions 16-20 were crystallised from hot aleshol ond
afforded yellow erystalline plates, m.p. 124°,

On adding the aleoholie solution of phenyl glyoxal
hydrate to the eorresponding solutions of p-chloroeniline
ani ge, p-naphthylemines, condensation product were
obtained immediately and no warming was necessary. The
esndensation ppoduet of oetoluidine, however, did not
give a solid guitsdle for crystallisation, The yields of
the anils varied from 47,2 / to 99,2 :(. Tt 1e rather
417f1cult to explein why such a large wariation in yield
values is observed in these compounds, All these enils
except phenacylidene p-chloro-aniline sre ecloured,
erystelline ecmpounds possessing a characteristic disagreabdle
odour, They ere gsoluble in methansl, ethanol, benzene,
acetone and chlevofors producing light yellow sclutions,

‘hey ave, however, inscluble in water and petroleum ether,
they characterdstics of these anils are recorded in tadle IT.
(PeS52 o

Aleoholic solutions of penitrophenyl hydrazine
(2,8g) and the eorresponding anil (7,5g) were mixed, warmed
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and o lm of glaciel ascetic scid was added, The nixture
was left overnight, when penitro phenyl hydrasones
separated, They were filtered, washed well with water and
erystallised from nitrobensene.

A solution of P34 di-nityo phenyl hydresine in
ethanol econtaining = few drops of concentrated sulphurie
acid was warned with eguimolecular quantity of the correspond-
ing enil, The ”14 -~dinitro phenyl hydresones wiich separated,
were filtered, washed well with water and orystallised from
nitrobensene.

A mixture of semicarbazide hydrochloride (1lg) and
gsodiun acetate (1.6g) was dissolved in e ninimum quantity
of water, and added to an elecholic solution of the anil
(7.8g). The mixture was refluxed over » water bath for about
half an hour. It was then transferred to » deaker containing
esld wa'er and eny turbidity if produced was removed by the
addition of slechol, A few drops of amcetic acid were ailded
and the whole nixture was left overnight, The precipitate of
the senmicarbagone was filtered, wached well with water end
orystallized fyom alcohol,

BREPABATION OF OXIMES
A solution of hydroxylamine hydrochloride (0.5g) and
sodiun scetate (1g) in water wes mixed with an aleoholie
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solution of the anil (1g) ani refluxed over a water bath
for about three hours. After removing most of the alechol,
the reaction mixture was transferred to ice ocold water,
The precipitate of the oxime was filtered, washed well with
water and erystallised fro=m aleochol.

The above derivatives were obtained in elmost
quantitative ylelds. The characteristics of the derivatives
of the anils are recorded in tadle ITI. ( p. 5> ).

ARACTION WITH METSL IOWS

The oximes give eolour resctions with alesholie
solutions of heavy metal ions, especially eopper, cobalt,
nickel and iron, The colours are all green of varying shades
ranging from yellow green (nickel), bright green (copper) snd
dark green (cobalt). With ferric iron, the colour response is
given only by two of the abdove oximes vis, phenseylidene-
f-naphthyl amine and phenacylidene-o-toluidine oximes, which

+ | B

HIDRA'E AV
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Some new anils derived from phenyl ;ﬁnnl hydrate
and aromatic amines hed already been described (pp.s52 ).
A few more anils were prepared by condemnsing phenyl glyoxzal
hydrate with m-nitroaniline, p-bromoaniline, m-chloroaniline,
s-toluidine, o-anisidine, o-aminophenol, sulphanilic ecid,
anthranilic acid, m-amino bengoic secid, p-amino benzoic acid,
and sulphanilamide. These anils were characterised from their
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Penityo phenyl Myircsones, P14 dieniiro phonyl hyiragones,
seni-carbasoncs and oximes using the methods descrived
previously., The anils and their derivatives are listed 4n
tables Wo.TV and V respectively.(pp.54-55).

The oximes of msny of these anils also produce
yellow, greenish yellow and green colourations with difrf.
évent metal ions and they may offer a porsibility for being
explofted as anelyticel reagents.



Table II- Anils Derived from Phenyl Glyoxal Hydrate amd Aromstic Amines

Name of the Anil Colour Pornula | up, Yield | - Witrogem, |

% 7 Caled. Found
R-aniline Yellow o“nuo N 173.174 92,9 - 6.89 6.73
*Rep=chlorosniline i.:lou- Ci1¢f10% ¥ 01 1156-118 63.8 5.74 5.89

88
R-o-nitroaniline Tellow Oy M, 04N, 106-106 87, 11,0° 11.°9
R-p-nitroaniline Tellow Oy H; 0N, 1°7-129 47.2 11.02 11.41
Reg=toluidine Reddish Cy5tys0 ¥ Gunny mess 688.5 6.28 8.1°
Brown

Rep=toluidine Yellow emuuo N M-8 82.6 6.78 6.3
*R=g-nashthylaaine Yelilow Cyafy30 ¥ 136137 9”7.2 5.40 5.74
*R.f.naghthylamine Yellow Cy1atys0 ¥ 90-91 81.8 5.40 5.1

(R = Qglig = C O~ CH =, phenacylidene redical)

® > warning was, however, mecessar: to obtain these anlis.

o A Y



Tabvle .3II Charsctapisties of the Derivatives of the Anils

214 @inityo Zenicarbagones Mximes

|celed. |Pouna :;" [c.m Pound

B-aniline 135-196 16.78 16.53

Bep=-Chloro. 200.201 16.16 16.48
aniline

R 0=nitro-
aniline 233-734 17.99 17.61

A-p=nitro. 250-752 17.99 17.56¢
aniline

Re0=tolul- 100-101 15.64 15.56
dine

f=p=-tolui. 134-135 15.64 15.32
dire

R- -naphthyl- £64-265 14.°1 14,13
anine

E-B.naphthyl 190.190 14.71 14.09
amine

P36-738 17.99 17.74 100-191 71,06 20,98 538-59 17,580 12.46
?67-269 16.5” 16.46 180-181 18.63 13.44 146-147 10.8310.35

256-266 19.36 19.17 197-198 22,50 22,31 189-201 15.61 15.42
26°-263 19.35 19.40 2032086 22,57 ?7,°5 206-207 15.61 15.48
?50-251 17.36 17.86 - = = 77-68 11.76 11.56
263-265 17.36 17.16 244745 20.00 19.96 101-10° 11.76 11.43

194-195 15.94 15,63 710711 17.7? 17.88 119-170 10.°? 10,20

247-249 15.94 15,83 100-101 17.7? 17.43 95-96 17,72 10.3®

{‘*%‘Go-fﬂs)

Fal
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Table =3V Anils derived froz Phenyl Glyoxal Nydrate and Arvematiec Amino Compounds

Name of the smil | Colour! Pormula - ?‘ "TeTd trogen ,
c 4 Caled. Found
R-n=Nitro aniline Yellow °u'1o°:' 157158 19.68 11,02 10.98
Rep-Bromo aniline Buff Ouﬂlth!r 137-138 83.33 4.68 4.49
rown
Rem-Toluidine Yellow Cy5'130" 113-.114 19.33 8.78 6.13
R-o-imino phenol Dark Opefiy % 173-17¢ 93,33 6.72 6.06
Rep-Amino phenol Choeolate o“lluotl 1956.127 40,00 6.72 6.12
”‘ﬁ:' O15%13%
R-Sulphanilie actd gt
Op47110,7S 242-245 g 99.20 .01 4.98
R-Anthranilic acid Pale o“uno,l 140-141 64.53 5.53 5.74
yellow
R-n-Amino benzoic acild Buff °u"u°a' 246-746 39.72 5.53 5.32
Rep=Amino bensoic acid m:‘ cunuo,l 170-171 73.22 5.53 5.16
ow
&-Sulphanilanide :ﬂt 0y451205Mo8 96-96 66,63 9.72 9.48
oW

(R = Ggllyg = C 0 -~ CH = , Phenscylidene radical)

y e



Table <F

Characteristies of the Derivatives of the Anils

214 Dinitro

Semipcarbagones Oximes
Hitrogen,/ ¥itrogen,/
!. ,. — : u. ,¢
og =mu|m o, caledl Found

267-768 17.99 17.73

198-199 13.23 13.15
101-102 16.16 16,73
257-288 15.64 15.42
270-292 15.56 15.23
244-245 15.55 15,19
198-199 14.97 14.68
£74-275 13.20 13,02
218-219414.43 14.18

208.209 14.43 14.70

199.200 14.43 14.18

259.260 16.54 16.48

273774 19.35 19.13

724226 14.93 14.76

200-201 16.5? 16.14

241-243 17.36 17.13
241-242 17,45 17,98
269-260 17,45 17.13
267-269 16.70 16.4°
247-741 14.92 14.76
?65-256,16.16 15,98

203204 16,16 15.56

306-377 16.18 15.93

1974198 17.656 17.42

(R = Ogig = C 0 - 07

190-.191 °22.50 22,36
296227 16.73 16,18
?47-741 18.63 18.74
233-234 20,00 19.89
£?18-219 19.88 19.71
221229 19.8° 19.63
229-230 18.91 18.89
£30-93° 16.18 16.06
197-198 18.08 17.08

253-734 18,06 17.87

133-134 20.28 20.13
- )

176-177 15.61 15.32
185-136 9.°4 9.08
94.98 10,83 10.56
95-29¢ 11.76 11.61
257-°68 11.66 11.34
180-181 11.66 11.°3
89-90 11.02 10.97
163-164 9.21 9,08
160-161 10.44 10.78

185-186 10.44 10.17

168-159 10.44 10.38

132.1%3 13.86 15.65
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PASNY L GLYOXAL HYDRAT

Krohnke et al. (loc. ecit) synthesised anils
derived from phenyl glyoxal hydrate end pedimethyl emine
aniiire and digeovered that these compounds geve metal
cheletes with lawie acids, To add to our existing knowledge
of these new types of aniis , it was thought worthwhile
to study the condensation nroducts of pebromo phenyl
glyoxal hydrate and aromatig amines,

p=bromo phenyl glyoxal hydrate was obtained by
Se0g oxidetion of p-bromo acetophencne ‘“Lm was
prepered by scetylation of bromo bensene 18), In a 5-1
round dottomed three nocked flask, fitted with mechenieal
stirrer, seperating funnel and reflux condenser connected
with gas absorption trap for disposing off hyirochlorie
ecid gas, was pleced 392 g, of bromo bensene in l.l of
carbon disulphide., To this was sdded 767 g. of anhydrous
aluniniun chloride. The nixture was heated on a stean dath
until gentle wefluxing starts snd then 204 g, of distilled
agetic anhyiride were added slowly through the dropping
funnel, The time of addition was sbout one hour., Gentle
refluxing was continued throughout the addition of the
anhydride, The nixture was refluxed for one hour. The
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resotion was ageonpanied by copious evolution of hydro-
chlorie ncid gas which 414 entirely cease oven after this
gubsequent heating, T™he condenser was then attached to one
of the side necks and carbon digulphide was distilled
without removing the flask from the stean bath,

After the removal of the solvent, the reaction was
allowed to gool somewhat but while 1t was still wara, it
was poured slowly with stirring over crushed ice to which
goneentrated hydroechlorie scid was added, In this way,
only a» small smount of anhydrous aluminiuz chloride remained
in the flesk, This was decomposed with ice and concentrated
lydrochloric seid end added to the main product, The volume
was now about 8 litres, Sach two litye portion was extracted
twice with 300 ml, end 290 ml, portions of ether. The
extracts were combined and washed twice with water, once
with 10 Z sodfum hyiroxide and twige more with water, The
final water washing was practically colourless ani the separ-
ation sharp.

The ethereal extract was dried for one hour with
sbout 30 g. of fused caleium chloride end filtered, and
the solvent was distilled over » water bath., The residue
was d4istilled unier reduced pressure with a ehort eolumm,
The distillate was found to be eolourless which solidified
in fine white plates; n.p. 49-51,8%, The yield was 347-395 g,
§0=72 7 of the theoretical amount,

The oxi‘ation of p=uromo acetophenone was corried
out as already nentioned (pp.50 ) by SeOp oxidation of the



kotone. After the oxidation was complete, the hot solution
wvas decanted from the precipitated seleniun and distilled
under atmogpheric pressure until most of the aleohol wae
renoved, 100 nl, of xylens was now added and the solution
agein distilled unier atmos heric pressure till the disti.
1late was no longer turbid. The remsining anixture was
troneferred to o 260 nl, Claisen flask under reduced
pressure. This modification was necessary in order %o
provent the formetion of p-bromo phenyl glyoxel hydrate
whioch could also distil along with the solvent, The residue
wap then distilied unier reduced pressure (at 7 m.n.) and
the distillate was dissolved in hot water, On ecoling p=broms
phenyl glyoxsl hydrate was obtained in fine meedles, m,p.132°,

The snils described in table VI (p. 5° ) were
gbtained by refluxing on a water bath equimslecular quantities
of p=bromo phenyl glyoxal hydrate and the corresponding amine
compounds in 96 / ethanol, On cooling, the solid produects
obtoined were gpeparated and crystalliged from hot aleohol,
The anils ere soluble in ethanol, methanol acetone, ageto-
nitrile, bensene and toluene while they are practicelly insol.
uble in water and petrolefm ether.

DERIVATIVES OF THE AVILS

penitre phenyl hyiragones, P:4 di-.nitro phenyl hydra-
gones, semicarbazones amnd oximes of the anils were prepered



Teble VI Anils derived from p-bromo Phenyl Glyoxal lNydrate and Aromatic Amines

o «Hlirogen 7/
Name of the Solour Formula M.P, Yiela / o
Anils : I | o ' ' Caled. |  Found
= Aniline  Light yellow CpJi, ONBr 60-81 78.21 4.86 4.81
B-Toluidine  Brown Cygliy 0Ny  76-77 56.32 4.63 4.59
R-a-Tolulline Brown Oyglyo0NBr 7475 B2.35 4.63 4.62
R-p-Toluidine Yellow Oygli 0By  86-87 64.52 4.63 4.57
R-0=Chloreaniline Brown cun,m: Cuzmy -~ 4,34 o
B-s-Chloresailine Dark Cp4Hg0N0L5r 82-83 56.52 4.34 4.29
B-p~Chloreaniline Blaseck 0 Fg0NC1Br 68-86 73.42 4.34 4.31
RSulphenilanide Brown Oy 0 0,N,SBr N2-113  68.23 7.63 7.60

!'(h-c.l‘-m-m*,i-bfﬁ
phencseylidene radical )




Charseteristies of the Derivatives >f the Anils

Senl-carvagones “Sines
Anil wr. Bitrogenss P, rogen,
Talcd, Found Taled, Found
% : I % l
Re.Aniline 267-268 13.24 15.21 £858.260 14.96 14.86 231.232 16,24 16.18 158-.156 9.26 92,12
f-0-Toluid ine290-291 12.88 12.46 2850.751 14.57 14.52 142.143 15.61 15.59 Cumy 8.8 =
:-1;-?.1&’.— 250251 12.86 12.58 245.247 14.88 14.42 183.184 15.61 15.62 Gumy 8.8 =
:-&Tom- £81-2682 12.88 17.67 266.268 14.52 14.48 207.209 15.61 25.44 128.129 8.83 8.79
::—uhn- £3i.233 12.22 12,13 266-248 13.90 13.82 196.197 14.74 14.68 193.196 8.8 8.25
::;m 221.273,1°.22 12.08 215.217 13.90 18,76 238.239 14.74 14.72 Cumny 8.28 8.19
m 2
:rmhn- 219720 12.22 12,18 284.985 13.90 18.84 232.23& 14.74 14.69 143.144 8.78 8.23
snl- 28°.284 13.94 13.84 272.274 12.73 17,68 240-741 16.51 16.48 Gumy 11.90 =

lamide

R = (Br-QgH ~00-CH = , p-bromeo phenacylidene radicsl)

09
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in the usual memner, and were obtained almost in
guantitative yields. penitro phenyl hydragones and 234
dienitro phenyl hydragones were arystallised from nityi.
benszene while semicarbagsones and oximes from aleohol, The
choracteristics of these derivatives are given in Table
VII (peGo )¢ The oximes of these enils alsc give sharp
oolour changes with various metel ions and may offer e
'poul.bluty of being used as chelating agentas.

5 U

1y UDL
| DERIVA

199 i & A
ASD SOME THSLH

The I.R. spectres of the above listed anils
(ineluding some of their derivatives) were recorded in
golid state by KBr technique in order to eseertain
the presence of the functional groups., Perkin<RElmer infra-
@opd and Peckmenn T,R-4 spectro-photometers werve used for
this purpose (courtesy: Saldtler Research mntéﬂu.
UsBehs )« The styetohing frequencies of the fuactional
groups of such compounds are listed in tebles VIII to X2

{ppe 66T 7! )e
ALLLS

Phenacylidens aniline, p-chloro phenacylidene
aniline and phenacylidene m-toluidine possess an asomethine
linkage to cheracterise thom as anils. Thelr otretohing
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frequenecies are given in table VIIL,

The speetre of these compounds show a sharp band
avound 1700 on.”', characteristie of an aryl abeorption
vand (1700-1670 em.'), I, M, sterie effect end esnjuga-
tion of the > 0 = 0 group with respect to phenyl or
naphtyl skeleton lowers such frequeney. CHeN group shows
characteristic band between 1830-1613 on."l. Pron the
spoeten of the compounds (1.3), there is on evidence of
~CH=N because the frequencies lie aroun’ this range,
However, lowering of frequency in (?) may be due %0 =1
effect which generally lowers this velue, The streteohing
frequency at 2930 en,”> {n the compound (3), cannot be
other than C.(fly situnted in the mets position since there
@re ususlly three peaks due to t.ls group in the range of
207026860 en.™" of which the most useful for dlaganosis
is near 2960 om,"l, A compound having single C=Cl link
attached to a phenyl skeleton shows stretehing frequency
~in the renge of T50-Y00 em,”>. In the spectrum of the
compound (?) the freguency 708 n.'l falls well within this
range and hence the evidence £ r such a linkege is forth.
eoning. The 0=C stretching frequencies of benzene derivatives
are in the ranges 1520.1480 u.'l and 1630-1580 u.'l respeo-
tively, 114 disubgtituted derivatives reveal the frequency
around 830 n."ln The peaks of the spectra (1.3) of the anils

slgo give evidence for such grouping or linkesges.
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N l!,'

Some of the anils synthesised (loc.cit) have been
characterised by 2:4 di-nitro phenyl hydragones and
penitrophenyl hydragones snd the stretching fsequencies
of their functional groups are given in tabdble IX,(

Aromstie nitro eompounds show a bend in the range
s¢ 1860-1350 em,™> due to 0=N0g group., Presence of an
glectron-attreeting group in para position or a bulky
group in orths position (steric effect) tends to move the
Celilg frequency ocut of erometie plene and is consequently
reised from 1350 to 1540 em.”' On the other hand when the
gubstituents are electron.donating , the fresuency is
lovered from 18680 to 1490 cu."l Further, in aromatic comp-
sunds eonteining two or more nitro groupe, multiple
fyequencies are observed, In the spectra of the compound
(4 to ©7) the stretching fregquencies of C.N0g group or
groups fits well in this renge as well as multiplication
of bonds is observed in 2:4 di.nitro derivatives due %o
the sbove influence. Thehigher or lower wvalue than the
nogmel renge mey be sccounted for due to aforesaid
influences. NH group has charscteristic frequency between
34003000 -."l The spectra of all the hydragones show a

sharp peak yound sdout this region,

The agomethine linkage in such type derivatives lies
in the normal range of = CHsN, Begides, most of the
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derivatives are p-disubstituted whose frequency is in

the range »f 840-87) u."" On exanining all pueh soectra,
there is @ broad peak around 839 en™' which cen be nseigned
5 such grouping. There is a peak at 1080 ou™" in the
gompound (4) which ean be attributed to 8=) gwoup of
pesubstituted sulphonic (-S50gH) constituent, pebromo phenyl
gkeleton of some of the derivatives (18,17,18) possess CeBr
gkeleton around 690-645 ..-1 range and C.C0l linkage in

p-chloro substituted compound at 760-7720 n‘ltlf.lv).

The characteristiec groups of semicarbagones of the
anils, which @stermine their structure, are > CONH,, CH=N,
W etc, The frequencies of such compounds are listed in
table X,

In the compounds (28 to 37) CHs¥ linksge around

1600 on"' is quite evident, The ¥H stretching frequency

of such grouping lies in the range of 3400-3770 cu™> end

is a sharp diagonisable peak. Above 3000 ﬂ.l there ig &

gharp peak due to WHg group of ~0'WH,. However, >0=0 group
of such compound lies meer 1700 o, Like 214 di-nitro and
phenyl hydragones of the anils, such compound possess 134
disubstituted group. The frequencies 3200 en"' and 3000 em™.
in the compounds ("8 and 35) is due to C-Ciy gwouping atte-
chod to phenyl skeleton, 1480 om™: in the compound (19) is
beceuse of Culilp and S=0 group of pera ﬂi!ﬂ.‘hﬂol—lﬂ.l

group in (31) is around 1080 o,
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Oximes of the anils were prepared to exploit
them as chelating agent for metal ions, Besides -Od=N
group of the anil, there are charscteristic Off and O=N
grouping in such compounds due to oximino C=NeoH linkage,
Some of the oximes are tabulated in tabdble XI,

From the spectra of such oximes (38 to 41), ~OHeN
and p-digubstituted stretching frequencies f£2ll wel! within
their reaspective ranges, The OH frequency of =N.OH group
shows such frequency in the vieinity of 3200 -"1 ag aleo
depicted fron the respective spectra, 0=V froguency of
O=NwON group is in the range of 1850-1670 ca™! which s
algo ghown by spectra (Table XI), However, in one case(4l)
there is 1320 n'l frequency which hes been slso reported
tn the literature 1®) ue to weak bond of sueh grouping,
The oxime (39) shows S=0 frequenecy at 1150 -."1 due to
=80gliHy p-substituted group,



Tadle-VIITI Infraved streiching
of the Aniis

frequencies of the functionsl groups

Strueture > om0 =y [1:4 D1, ooy |e-c1. | pig.

subst ituted | | Wo.

1. Cgiig = C = CH = W 1690 1600 86> - - T
¢s i o

2. Ogfg- O~ cu=w 1690 1590 818 - 708 11
-

1700 1670 850 290 - 183

99



Teble Iw Infrared Stretching Frequencies of 2:4 ~dinitro Phenyl Hydrasones

and Penitro Phenyl Hydragzones of the Anils

Cm'l

Cglig = C = CH= B J)- 5040 1610,  14%0, a - B - w
5.
c Ci= ¥ .@ (0) 1800 1420 3350 - . - v
¢"s - ﬂ 1620° 1500 845’
6.
Celly = E - gl ¥ -@5 (a) 1610 um’g, 3255 - 83 - vI
Cgllg - zl - OE= ¥ 7 HB0y(?) {:0‘3. 1420, 3290 - 838 - vIX
8.
Cgllg ~ E - CHey -E (0) 1598, 1420, 3300 3440 - - ’ virr
9‘ ¢ = CHeNe 8‘ (m) 1890 3370 3100
U i 5 1610° 1440 e
10. |
Cels - E = CH=N - _p00H(?) ﬁ;' las, 3°80 3450 8% - x
11,
%-E-ma-@m {g, }::g. 3350 - 835 - X1
12. (C-CHz)
Oglig = C = CHeX = % 1580 140, 3290 840 . 30 XII

LY



G — CHeN C-HO, ~NH 1:4  50,-FH, C-Oiiy Pig.
Colly « C = CHaN 1580 1440 3299 830 - 3100 XIIT
S e
- C o Oiey <O 1608 1370 3380 838 5 I IV
14. %sfg = 1640 1490
(=)
15.0gH, « 0 = CHeN 1800, 1430, 3300 842 - " v
18, Br- - € w CH=E.( > 1538 1420 3230 830 - - IV
%" i 1610° 1490
 Br-0 -c-m-u% 1580 1415 3280 830 B 3100 XVII
17 gy s 1490
o, e
B - lw=N 1575 1440 3440 830 % 3090 XVIIY
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INTRODUCT ION

Many oximes are kmown to poscess valusble analytiecal
mnutm“"). These compounds are supposed %o enter
into reaction with metal fons in the following two wayat-

1) Complexation takes place through ecordination
by nitrogen atom of the group =N.OH of the oxime,

1i) Salt formation takes plece by replacesent of the
hydrogen atom of the oxime by the metal fon.

Many of these salts are ingoluble, and ususlly
goloured, whieh makes them importent ia analytical procedures,
Hoot of the anelyticslly importsat oximes belong to the
following clesses:-

1. The ortho dioxinme - (1)
2. The aecyloin oxime - (TT)
3. Ortho-hyiroxy aromstic oxime = (III)
4. The monoxime of a-diketone- - {(IV)
5. Nitroso-substituted

ine - (V)
-’OI . g — C - &- --L - L
B-0H
(1) (11) (r11)

i

s ]
v
g
I

i

=

|

2

(1v) (v)



The dioximes of a-f diketones for:m metellic
derivatives in which one of the oxime groups functionsg
o8 an acid and the other as the coordinating group e.g.
dimethyl glyoxime, s.furaldioxime and cyclohexane diome
dioxime ete, Tn 1008 , the Russian chenist, Tsohugaeff''’
diseovered for the first time the reasction between nickel
palts and dimethyl glyoxime, which possesses an orthoe
dioxime grouping., It ylelds a drilliant searlet red
insoluble complex u{o‘ Hy Op Ng)gs This composition
indicates that one of the hydrogen satoms of each of the
two molecules of dimethyl glyoxime has been veplaced by
the bivelent nickel atom (IX). The dioxime EPoup-C({=NeOH)-
C{=NO0H )= (VI)uselect ively precipitates nickel ifons provided

the group ie a part of an aliphatic molecule and is attached
to alkyl groups, and has ¢ or anti configuretion (XI),
These dioximes also yield yellow precipiteates with pallesdium
galts, but not with salts of any other metal, The ortho.
dioxime group may, therefore, be considered as » specifie
group for nickel and pelladium, When this group is attached
to an aromstie systen, its behaviour is gimilar to that of
a didasic acid e.g. G-bonsil dioxime, which forms salts

- with metel ions,

The sensitivity of the reagent may be incressged by the
intyoduction of different substituents in the molescule, PFor



instance, the replacenents of methyl groups in dimethyl
glyoxime (VII) with furan groups in the fom of
furildioxine (VIII), inereases the sensitivity of the
reagent for nickel to ebout three-fold,

o M

(V1) {VvIiI)

CH e CH OH == (H Cllg = “0--“‘
o N B B e
Pt TN i, S o wm¥ o
| i
1O ‘o | I
Mg~ @ == O =
{xvizir) : ()

The strueture I¥ for dimethyl glyoxime.nickel chelate
has been proved beyohd doudbt., If one of the OH groupe of the
oxime be methylated, no change in precipitation character-
fstics tokes m("'). Further, it hes been shown thet
no precipitation takes place when the dioxime grouping
possesses a sgyn-or Pf-configuration (XII). However, or
amphi dioxi=me (XIII) rescts with nickel to give a yellow or
yellowish green compound, in which one molecule of the |
dioxine reacts with one atom of nickel where hydrogen stoms
of both the exime grouping are repleced by the metal to give



@ six membeved ring (XIV)

HO 0 oHy HO ~ o
(x) (x1)
Anti
I i
N N
TR, AT

A nuuber of compounds containing the group > 0(0H)-
¢(=N.0H )~ possess valusble snalytical applications.These
gubstonces which are known as s-acyloin oximes resct with
gupric saltes to form green water-insoluble complexes,There
is some difficulty in assigning = definite structure to
the copper eomplex, since available evidence indicates three
possible structures, While reacting with eopper, the molecule
moy act e o dibesic acid in which both hydroxyl and oxime



groups are acidic, or it may function as » monodasio aeid
with either of the hydrexyl or the oxime groups reacting
while the other functioning as a eooriinsting group. The
The available evidence, however, ssems to indicate that
the aeacyloin oximes react =e 4dibasic aclds towards cuprie
calts to form eompounds of the type XV.

= (O ~wesee (= R
W
Bu
)

(xv

Under special eonditions, a-benszoin oxime reacts
with eobelt, nickel, bivalent platinum and pallsdium to
form complex compounds in which the oxime fumetions as
a monobasic ueid(1?).™he setd charseter of the hydroxyl
group is greatly enhsnced by the proximity of the oxime
group, and this structure appears to be essential for the
hydroxy oximes to funetion as a didasiec acid, G.benzoin
oxine (Oglig = 0 « 0 = N = OH) is the most commonly used
analytical a:ut amongst acyloin uhn‘u). Copper is
precipitated fyom & neutral or ammonicsl solution, even

in presence of tartarate lons, It should be emphasiged

thet all the hydroxy oximes of pentancl-2-ons=d, OHy-0OH(0N)-
nﬂ.-d(-l-ﬂ)-ﬂ' and chloral acetophenone, 00Llg=OW(7H)(How
O(=N.0N)-0g Fg do not form water insoludle salts , sinee the
structures of these compounds are luch that the formatien

of s five membered chelate ring with copper is impossidle,



It nay, therefore, be inferred that the copper specifieity
of the scyloin oxime depends in part upon = structure which
malkes it possible for the formation of such 2 ring systen,

These rnpuunﬂs s Which are characterised by the
met@-dﬂm grouping, form bright yellow to
OH

greenish copper salts, insoluble in dilute asgetic acid, The
oot peadily avallable compound of this cless is salicyloldoxime
Ol Ggll~CHwN=0, which wes firet employed by phrain(l) for the
detection and gravimetrie estimation of copper, In the fommation
of the copper selt, salicyleldoxime fumetions =8 a monocbasie
acid in which the hydrogen stom of either the phenslie grou» or
the sxime group mey be replaced by an equiveleat smount of the
metel, The covper atom, in turn, iz a coordinated to the sther
group to form typical complex eompounmds such as (XVI) or (XVII)

. | g-?
. ]
Yo or (I ]
/2
(xv1) (XVII)

sphrain(loc.cit) assumed that it is the phemolic
hydzogen atom which is replaced, and this view hes been
supperted by the investigations of Peigl and Benail”) on
the meactions of the isomeric methyl ethers of saligylaldoxime
(XVIII) or (XIX),
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o

(XVIII) (xIx)

The eompound gontaining the free hydroxyl group reacts
with eooper scetate to form a dark brown salt, while
the fsomeric phenolie ethar does not react,

@m\\l - 00y
o~buse

(xx)

A mmber of other metals aslso react with this
reagent to form salts in a neutral or slightly alkaline
medtun‘13), The ineclubility of the eopper complex of this
type of oxime has mede it selective and hence it can be
lmratoi fronz the other metal ions, The grouping

|
H e 0w Cal=1. m' which is m.ln‘l l‘“l’.”wm

and other o-hydyoxy oximes is not in itself sufficlent to
give & molﬂa goprer reaction, Pentan)i-®-one.4 oxime
a,.a(ou).m..a(-:.om.m,. and chloral acetophenone oxime,
M(dﬂ)-ﬂ,—ﬂ(%}-d.ﬂp which containg the sane
grouping , neither yields insoluble copper selts nor
produces eny charecteristie colouration with eopper salts,
Prom this it is evident that the enhanced acidity of the
phenolic group because of its linkage to aromatic ring and
lack of any steric hindrance between the =N-OH and an OH
group seem to be respohsible for their interagtion with metal
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The grouping, «C0.0(=N.OH)., which is present in
the monoxime of the diketones, is important from analytical
point of view s 1t confers upon the molecule the property
of inner complex formation with metal ions, Ome of the most
iuportant reasgtions of compounds of this type is the
80 ealled *ireon blue resction', which was first ocbserved
by "hitely. Ferrous salts in solutions buffered with an
agetate form imner complex salts with numercus isonitroso
eompounis, which .iﬁ the oxime group after emolisntion, The
gcompounis are generally deep blue in colour, soluble in water
and meny organic solvents.

In order to esteblish the relationship between
gtpucture and *iron blue reesction' with ferrous iron, Peigl
end po-workers investigeted the reactions of monoximes of a
mumber of esrbonyl compounds. Theyfound that isonitroso
asgetone, isonitroso agetylacetone, isonitroso acetophenone,
fisonitroso benzoylasstone, isonitroso acetoacetic ester,
bromo isonitroso ncetoacetic ester ete. produce blue colours
with ferrous salts. On the other hand tribromo acetoacetic
ester, chloro isonitroso apetophencne etc., which are
incapable of undergoing enolisation, do not give any resction
with ferrous selts, From the avbove observations it is evident
thet 'iron blue resction' is given only by those compounds
which econtain an enclisable carbonyl grour in proxisity with



80

an oxime grouping. For examnle, s-bensil monexime (XXI)
reacts with ferrous salts to give » blue colour, while
febenzil monoxime (XXIX) does not,

Ogigs0e0-Ogly  Ogly = O = O = Ogiy
e Ty

~ (XXT1) (Xx171)

There is no posridility of enoslisation in either of

the compounds, but the eonfiguration of the oxime

group in (XXI) is such thet the e mplexation tekes place
as gshown in (XXTII).

O'l'-o T— 0""""'0.!‘
I i

W0
o\hﬁ i3

(XX111)

The configuration of the f.isomer is such thet it does

not give similar complex.A number of analyticelly important

compounds containing the grouping -C0-C(=N.O0f) are known

in which the two carbon atoms form & part of a ring system.

Begt known of this cless of compounds are ce.nitroso

f-naphthol, fenitroso-g.naphthol and orthe nitrosophenol.

These compounds form intensely coloured complexes with

almost all the hesvy metals. The cobaltie salt of S-nitroso-
E4 783

- CREEAT UNIVERSITY 0F pepst

ROORKEE,
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«fenaphthol, for example , iz derived from the tesutomerie
fomm of the guinone uh-‘“*“’

N=0 O W 92 O4= § 03
R - T

The conversion of 00(II) to CO(III) fa prodably
due to the exidising nature of the resgent or the oxidieing
agtion of the air. This reagent also formes precipitate of

0u(0) 4fg0(N0g)g with copper salts. This resetion has lnu(“)

employed for the microchenicsl detection{®) and sepiration
of copper, The photometric deternination of gobelt ean also
be undertaken by this reagent and 1t can be estimated even
in the presence of nickel,

These compounds (XXVII) exist i{n tsutomeric equilibria
with the correspondiing enol forms (XXVIII) and can, thervefore,
be classed as oxinee,

H(N0 « OH T o W(=0)=N.OH
(XXVII) (XXVIIT)

The two welleknown compounds, cupferron and neocupferron
belong to this group have deen extensively used as anlytical
reagents,
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Ul(m)—ﬂ WHe CU.(H)—O m‘
l :
\Y /

(XxX1X) (xxx)
Cupferron Neocupferron

Twaces of coper in water can be detected with the help
of eupferron which forms copper cupferronate (“). It is
then extracted with chloreform and the residue obtained
on evaporation of the soclvent is treated with eligarin
blue,

Fron the foregoing survey of oximes, it is evident
thet oxiznes are potentisl enalytical reagents, There ig
further scope for the development of this field involving
the synthesis of a large number of analytically impertent
oximes putting them to use for the detection and deter-
aination of various metal ions.

The author has synthesised a group of new oxines
eontaining an oxime group in proximity with sn asomethine
grouping i,0y Q== 0 = N == and examined their
analytiocal applications. T™he complexation takes place by
the salt formmtion due to the replacement of the hydrogen
atom of the oxime group and goordination from the nitrogen
aton of the agomethine grouping as shown in ¥XXIT,

A St s Sl

(¥xx1) (xxxr1)
i=bivalent metal
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From this group, the suthor selected phenacylidene
aniline oxime and investigated its complexes with

CODpeT.
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Schiff's bases like salicylaldinmine (salicyliehyde-
amonia Schiff's base)(1?), ponyirexy nephtheldimine,
sehydroxy acetophenone imine'Z?), ethylens dtenine dis-
sulphoselicylidehyde, salicyldehyde-glycine-hydroxanie
2e14(®1), othylene diamine bis-o-hydroxy acetophensne
heve been employed by o mumber of workers for the deter-
nination of copper, nickel and iron (III), It may, however,
be pointed out that Schiff's bases obtained from phenyl
glyozal hydrate hove not been tried so far as chelating
egents.

Prelizinery studies showed that none of these gave

(22)

guitable colour reactions with metsls 80 ss %2 be usefully
employed for colorimetric estimations. Surprisingly emough,
when the above anils were changed intc thelr gorresponding
Oximes, very sensitive colour resctions with metsls were
sbgerved. Phenseylidene eniline oxime (PAD) was, therefore,
muinﬂ and its copper complexes were algo investigated.

The spectrophotometris study of this reagent in
squeous medium could not be undertaken on mgcount of its
extremely low solubility in water. The compound is, however,
goluble in water-ethansl mixture (11l), but the solution
80 obtained fails to give a clear solution when reagted
with the metsl, The most favourable condition for the
interaction was found to be 90 per cent aleoholic solution



ek

of ecopper (TT) and abaolute alecholie solution of the
chelating agent. The veaction of the two resulte? in the

formation of & dark drown eoloured complex,

BXPERTMENTAL

A solution of eopper nitrate (A.R), wa"'al was
prepared in 90 per eonf ¢th-nol and standardiiged iodometri-
eally, 5x10°M solution of phenseylidene aniline oxime
was prepared in absolute aleohol, Absorbence messurements
were carried cut with a ‘spectronic-?0'- Bausch and Tomb

gpeetrophotometer. I.R, spectra were carried out by Perkin-
Zimer Infracord spectrophotometer,

Phenyl glyoxal hydrate was prepsred by the oxide.
tion of acetophenone with selenium dioxide (pp. Ys
Bguimoler quantities of phenyl glyoxal hydrate and eniline
were dissolved in 95 per eent alechol and the mixture was
refluxed over a water bdath for about helf an hour, The
reaction product, which got solidified after a short time,
wag geperated and erystallized from hot aleshsl,

E OXIMI

An sgueous solution of hydroxylamine hydirochloride
(0.,8g) and sodiun acetate (1g) was mixed with an sleoholie
polution of phenacylidene aniline (lg) and refluxed over



& water bath for about two hours., After evaporating mogt
of the aloohol, the resction mixture was transferred to
an lee cold water. The precipiteted oxime was filtered,
washed well with water and crystallised from hot aleohol,

BAIVRE OF TIR COMPLEX

. In oxder to aseertain the mumber of eomplexes
foraed, Vosbumg and Cooper's uthol(':“ was employed, On
mixzing the solutions of the oxime and the copper(TI) ienm,
a dark dbrown coloured complex was obtained, An interval of
twenty four hours wes foumd sufficient for equilibrationm,

Copper (IT) and PAO (both ,00BX) were mixed in different
ratios, 1.0., 111, 112, 113 ... P31l etec. The total

volume of 107 mi, was kept eomstant throughout the measure-
nents, The absorbence of the uhtiéa was meagured at
difforent wave lengths., By plotting the graph between the
optical density snd wave lengths, only one A max at 35 mm
was obtained imdicating thereby the formation of one somplex.
The optical dempity of either the metal ion or the ligand

et this wevelength was small in comparison to thet of the

complex,

In the table 1,the optical densities tabulated
weye calculated from the 7/ transmittances of the mixtures.

Thus from Pig.T, it is evident that the maximum
abpogbence for the complex is observed at 350 mu, This wave
length was chosen to determine the composition and other



thermodynanie data of the chelete,

Job's continued variation n-t‘zod(“) was employed
for the determination of the composition of the complex,
The following sets of solutions were token for investigations,

1.2.3 sssse 9 ml, of 5!19.’! copper nitrate golutions
9:,8,7 sseee 1l ml, of Md-;' PAY solution,

The total volume of each get was kept constant at
10 ml, Same volumes of the solutions of the metal ion and the
ligani were taken and the total volume was made upto 10 =ml,
in each case, The absorbance of different e¢onplimentary
mixtures, ligand and the metal ion solutions was deterained
at 350 mu , and the difference of 7.D, between the mixtures
and the oum of the ligand and the metal ion was plotted against
molie fraction of the aomnn‘!s. The peeks of the curves a,
l;l b in Fig.? show that the ratio of the metal to the ligand
is 112,

The eomposition of copper (I1)-PAO chelate was
further confimmed by slope ratio method,

208 s1oPE RATI0 uEriop(4+6®)

Varying volumes of copper nitrate solution (,006M)
were sdded to & constant volume of the ligand (6 ml, of
2,0008%), The totel volume was kept constant at 10 ml, by
addition of ethanol, In a-other set, different volumes of
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the ligand (0.005%) were adied to 6 ml, of 0,0006M Copper(II)
golution and the totnl volume was kept constant et 10 nml,
Their 0.D, were measured and plotted against varying amounts
> the metal ion s well ss that of the ligand, The composi-
tion of the complex formed was deteramined by the reotio of
the slopes of the two curves (Pig.3,4 and B),

All messuroments were carried out after 24 hours
3£ esuilibration, The composition of the copper (IT)=PAD
shelate was also confirmed by mole ratio method,

21 3arzo uemion(4+%°)

Varying volumes of copper (II) were added to a
songtant volume of PAO i.e. 1 ml, (both equimelar). The total
volume was made upto 10 ml, by addition of aleohol, The
optical densities of all these solutions were plotted against
the different amounts of the metal lon or PAD ndded. The
gomposition of the chelate was deterained from the curves s,
» and o in Pig.s,

QUEUICAL ANALYSIS

The eomplex was prepared by mixing equimolecular
solutions of the metnl fon and the ligand in the ratio of
112, It was dried in vacuum., The solid so obtained was
repeatedly erystsllised from aleshol to give dark brown
erystals. A weighed quantity of the complex was fused with
fusion mixture and copper oxide, thus odtained was
gonverted into copper sulphate, in which the netal was



estinmated fodometrically, Nitrogen was estimated by
Kjeldhel's method,

Poundi Ou, 11,80 7 3 N, 17,21 7., OpgllppN,0p0u

TheoreticaliCu, 12.47 Z 3 N, 12,80 7 .

SLRUCTURE OF TUE CHSLATE

The infrared spectra of the ligeni and the complex
were determined in Nujol using a Perkin.Blmer infracord
gpeetrophotometer, The ligend shows the presence of two CO=§

groupings at 1870 on"t and 1870 en™, (Pig.7). The first
fyequency shows very little shift (1670 u"l to 1860 e-'l)
on oomplex foa formation but the seecond one is markedly

shifted (160D em' to 1540 em™'). Prom letter shifts it may

b9 inferred that dinding tekes place through nitrogen of

agomethine linkage (Pig.8). The band at 1178 cu”'

£5 1170 on' which may be dus to N = O vibration.

shifts

In the parent compound lﬂr)}u’l under shoulder
3400 en~> (Pig.7) is due to an O stretching vibration of
= ¥ « OF group. The complex does not show such a sharp
posk at 3370 es~l (Pig.8) indicating the absence of the
0l gwoup in the chelate,

On the bagis of the above data the structure of

the chelate may be represented as follows:-



9o

o Sl hitsabi

N O Clie O=N

<

e.l.-l-m-cls-u.u,

Attexnpts to study the stability of the comnlex
by Bjerrum methods met with little success bdecause of the
small drop in p¥ on the sddition of metel fon to the
ligend, Moreover the p! range avellable for titration
against the elkali was also small due to the slightly seidie
nature of the ligand (pi 86.0). Titration with aeid, done
with the aim of getting = range towards the lower pi side
could also not be performed because of the decomposition

of the asomethine linkage of the ligand by acids. The
results of one particular study (Pig,?) are given in table 1017

The velues of % were too high to ensble caleul-
ation of stability constant,

Hiowever, the above results provide definite gqualit-
ative information about the binding of the metal ion through
a covalent lirksge by the release of H' from the oxime
grouping of the ligand,

(66,68)

Congidering the following reaction between copper(IT)
an’ phenacylidene sniline oxime (P20),.



91
Oa Rg = Ou + R

c O O (Initial gonecentration)

01l ) Gz ?Cx(Bquilibriun concentration)

where € i the total concentration of the complex in moles

per litre and & 1is the degree of dissociation, The stabil-
ity constant is given by

Bs — »
. aC (20x) ‘II ; ‘ll ;ll-

The velue of ¢ was obtained from the ocurve a, Fig.6.

o

o -M = 0B
1._‘0

where E, 1s the maximun extinction coefficient obtaimed
fyon the horisontal portion of the curve, indicating that
the whole of gopper (II) is converted into the complex,. B,
is the extinetion coefficient of the solution eentnining

stoichiometric molar ratio of the two renctants present
in the complex,

R A o rarerer Sl L

4(.06)"(.0208)

“he standard feee energy of the complex has been caloulated
fron the following expression at 16

« AP = R? 1nBs
P AP = 1,087 x 289 x 2,303 log 0.7697 x 10'°0
= 1307) cals., = 13,07 K eale./m0l.



Table-l V. and p? Nethod {
m’m?:mrﬂ:i ; for Gu{iX) and

Goncentration of Ou(NOy)g solution = 8x10™u(0)

Concentration of PAD solution = 0:10"8!(0')
pe &y =2
- {Bat1o of the metal %o the lgand)
veve | 112 | 119 113 311 211
leagth! (a) ‘ (b) (e) (a) w
-
3 1,68 1,60 1.77 1,972 1.34
336 1.52 1.69 1.82 1.26 1.39
340 1.60 1.82 2.00 1.26 1.45
345 1,60 1.82 £.00 1.l18 1.46
3560 1,69 2,00 2,00 1,97 1.39
360 1.60 1,82 2.16 N.93 1.28
370 1.46 1,82 2,30 0,73 1.04
378 1.39 1.82 P+00 .64 0.938
400 0.88 1,30 1.69 0.36 0.53
426 0.51 7.8° 1.18 0,20 0.32
450 7,30 7,53 0,78 0.11 2.17
a7 0,18 0.34 0.54 9,08 0.09
B00 0,10 0,72 0.38 0.04 0,08
525 0,07 0.18 0,29 0,02 0.04
678 .06 0,115 0.21 0.02 0.028
Ay |

Fig.l
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fadble 2= Job's Method for Ou(IT) end PAO (Both Bx10™ N)

Gongentration of OU(WD4), Solution = Bx10™ M(C)

Goneentration of PAO solution = 5x10™n(0")
Wave length = 350 mu

P= —g—'— -1

Peak at 11233 cu{IXl) : PAO

s Sramms

Vol,of Vol, of 0.D,0f 0,D, of | 9,0, | Diffeorvence
ou(rI) PAO the Cu(TI) of =D
nl. ml, mixture PAO

e T e T o 1 a T» Tiotem)
1 ] 2,070 0,080 1,607 0.368
2 8 2.700 0,086 1,573 .442
3 7 2,000 0,088 1.456 1,500
4 é 1,884 0.046 1.347 D.492
5] L] 1.699 0.056 1.184 04487
8 4 1.5°3 0,080 1,046 0.417
7 3 1.188 0,066 2.80 0.79
8 2 0,9208 0,076 0,63 0.213
9 1 0.48500 7.08 .27 0,10

Pig. 2 ourve (a)
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Table 3e Job's Method for Cu(II) and PAO(Both 2,80x107>N)

Concentzation of Cu(N0g)p solution = 2,80x10™>u(0)
Coneentrat ion of PAD solution = r.mmd"t(c')
Wawe length = 350 mu

Pm £==1

Peak at 11%3:0u(TI)sPAD

Vol,.of

oa(i) [P0’ 2112'-::5-‘ anr I | Ta.
nl. ml,
R R A e e b || o=(asD)]
P,
1 g 1.874 0,.0362 1,158 00,6328
- s  1.8%4 0,08 1.0m 97930
3 7 1.8°4 0,038 0.,9788 0.810°
4 6  1.786 0,065 0,88 0.8450
¢ 5 1.602 0,088 0.7328 0,812
6 4 1.6 0,08 5,61 0.7860
k4 3 1.321 0,978 0,48 7.746
3 g 1.0 0.0878  0.3878 0,697
9 4 0,69 0,085 N.18 0.3450

l

rig.2 , Curve (b)
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Table 4. Uomposition of the Complex by Slope Ratio Method

Set I Volume of 0,6 x 1

0O "M PAO solution = 6 ml,
Strength of Ou(TI) solution -5 x 10™n
Set II Volume of 7,5x107 ¥ Cu(Il) solution = 6 ml,
Strength of PAD golution = Bx10™ N
‘ave length = 360 mu
p— , 1 - Set II -
Vol, of
“(II) O;D. '01. of O:D.
ml, PAO
ml,
0,00 0.176 0.00 0,078
nilo 00“ otan q.“
0,20 0.62 7.80 0.8
7430 0.80 0.9 1,029
0440 n.87 1.20 1,60
0,80 0,96 1,80 1.70
curve (a) Curve (b)
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Table B- Jomposition of the Complex by Slope Ratio Method

Set 1 Volume of 0.26 x 10™2% PAD = 6 ml,
Strength of Cu(II) Solution = 9,8x1070N
Set IT  Volume of 0.28x10"°H Cu(Il) Solution = 6 ml,
Strength of PAO solution = 2,5x10"x
Wave length = 350 n
Set 1 set TI
reeea s
Vol, of Vol.of
cu(I1) 2.D, A0 5.D%
'1. .1'
0'0"] 0.130 0.00 0;0“
9,10 0,189 0,29 0,148
0,20 9,980 9440 0.250
9430 0,339 0.80 5.368
0,40 0.400 0.80 0.478
- L 1100 '3.639
. % 1,20 9,680

curve (a) Fig.4 curve (b)
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Table 6~ Composition of the oomplex by Slope Ratio Method

Set T Volume of 7.128x10™°M PAd

= ‘ llo
Strength of Ou(II) solution = 1,98x10™%
Set II Volume of 0,125x10™°% Ou(II)
solution = 8 ml,
Strength of PAO solution = 1,28x10"3H
Wave leagth = 350 m
-t 1 |
Vol. of Vol.of
u(1I) OsBs ‘ P40 2.D.
B e e,
0,00 0.08 0.00 0,008
2.10 0.09 0.20 2,08
0,29 n.12 .40 7,08
7,30 2,13 .60 0.14
0.4 2.14 0.80 0,19
.80 2.16 1.00 7,21
v 3 1.29 24285
ourve (a) Pig.b curve (b)
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Table 7« Composition of the Complex by Mole Ratio Method

Styength of Cu(IT) or PAD solution = B x 10™°N
Constant Volume of Cu(II) or RO = 1 ml,

solution
Wave length = 360 mu
pR— W |
Vol.of Vol.,of
Gu(II) 0Dy PAO 0.D,
ml, l ml.
2,07 0.798 0,00 2.046
0.10 0.590 0.40 0.82
7420 0.8%8 0,80 0.98
7+30 1.048 1,70 1,260
0.40 1.097 1.60 1.456
0.82 1.178 2.00 1.6°3
7460 1,658 2.49 1,608
0.80 1.568 ?,.80 1,602
0,90 1.686 3.70 1.602

Pig.6 curve (a)
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fable B« Composition of the Complex by Mole Ratlo Nethed

Strength of Ou(II) or PAD solution = ®,5x10"N
Congtent Volume of Cu(II) or PAO =1 ml,

solution,.
Wave length = 367 mu
-ditt 1 Set 1T
Vol.of Vol,of
Cu(II) NeDa PAD 0.0,
. nl,
ilihiaahd =
0,20 0.178 2,00 0,018
0,10 2.280 0.40 2.31
0,20 0.40 0.82 0.56
2430 0.820 1.20 0.77
D40 2.5640 1,60 1,00
082 0,670 2.0 1.26
0460 7,610 2,40 1.30
2,70 2,610 2.80 1.30
0,80 7,619 3,20 1.30
—

l'il-l Jurve ('b)



Table 9= Composition of the Complex by Mole Ratio Method

100

Strength of Cu(II) or PAO solution = 1.26x10™°n

Constant volume of Cu(II) ox PAD

Solution = 1ml,
Wave length = 350 ma
—tt Set 11
Vol, of
ou(II) 04D, Vol. of eDs
ml. PAD
ml, o
0.00 9,98 .00 .
0,10 0,086 0.40 0.08
0,20 0.09 0,80 2,17
0,30 0,12 1.29 0,30
0,40 2,137 . 1.60 .40
0.6 9,20 ®,00 0,80
0,80 0,21 2,40 0452
0,70 .21
0480 721 2,80 0.52
0,90 .21 = o

Pig.6 Curve {e)
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Table <10 Titration of 2.50x107 N PAD sgainst

2,50x10™ MKOH
oY Vol.of ! pit Vol,of KOH
KOR (ml,)

o (ml.)

6.0 0.0 9,00 6.0

8.1 0,40 9.10 8.80

8.3 0.80 9.15 .20

3,58 1,20 2,20 7.60

8.75 1.60 2.28 8,00

.00 2,00

7.58 ?.40

.70 2,80

7,96 3,20

8,15 3.60

8.30 4.00

8,80 4,40

8.60 4,80

8,76 5.20

8,80 5.80

9400 8.00

rig.? , Curve (a)

101
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Pable <11 Titration of (2.80x10"°N PAO + 10x10™¥ Cu(II)
against 2,50x10™> KON

Volume of 2.5x107°N PA0 = 20 ml.
Volume of 10x10™°M Cu(II) = 1 mi,

N T Veol, of KO pi Vol,of EOR
ab o (ml) _m)
5,18 0.0 6.80 7.8
5.30 0.4 . .58 8.0
.40 0.8 6,60 8.4
5450 1,2 6.68 9.?
5480 1.6 8,78 10,0
8,70 2.0 6.90 10.4
.78 2.4 6.90 10.8
5.8? 2.8 7.00 11.2
5490 3.2 7.08 11.8
8,00 3.6 7.28 12,2
6.08 4.0 7.28 12.4
6.0 4.4 7.40 12,6
8,18 4.8 7.40 12.8
6.20 5.2 7.40 13,0
6,30 6.0
8436 6.4
6.40 6.8
8,48 7.2
Pig. 9, Curve (V)
Table =12 Determinstion of u of Cu{IX)=PAD Comples
i a.uE’l n Average R
KON
(ml)
6.8 6.8 1.70
7.0 9.2 2,30 2,19
7.8 10,3 2.57
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It 19 & well known faect that the presence of an
suxogchromiec group increases the basic charagter of a
molecule, When such compounds remct with lewis ecids,
they experience resonance and one of the bensenold rings
ie transformed into a guinonoid one., This re-arrangement
is then responsible for the chelation of Tewis acids with
the ligend, Sueh eoffects have rarely been reported for
enilg. Tn this commeetion the reference worth mentioning
is that of Krohnke mnd Gross, (loc ecit) who on the basis
of eslor changes only, proposed the possibility of
pathochroaic effect in snils prepared from phenyl glyoxal
hydrete with pedimethyl amino aniline (pp.:© ).The
ghelation takes place with a typicel lewis aeld,is shown
belows

I Oy
@.I..m-:.@.l(m’ —3 {@.i-u.r@-l%,’}
Sy
{@-o -0 - l-©-l’<:: c
2
Singce anil obtained from p-bromo pheanyl glyoxal
hydrate with pedimethyl amino eniline is expected %o
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behave in a similar mwenner, it was considered worthwhile
to study comprehensively the resction of this compound
with lewis acids. Preliminary experiments exhibited the
following eolour chenges with different lewis acids of
pe-bromo phenacylidens pedimethyl amino aniline.

Anil
ain ot RLLLE S o
LEWIS ACID OwN COLOUR CHANGE IN
oF 718 COLOUR
REAGENT
1, FeCly Yellow Bluish green
2. ALCL4( Anhydrous) Yellow Violet
3. Hglly Yellow Green
4. InCly Yellow fluish green
6. Snll, Yellow Vioclet
6. S0l Yellow Violet
e e e . ma—

The results on the interaction of pebromo phenoe
eylidene p-dimethyl amino aniline with FPo(TIIY) otudied
spectrophotometricelly are given below:

P §RNERON I ENE A

SSYNETAYY, 1IN0 ANTLINE
The synthesis of the compound i{nvolved the folle.
owing stagesi
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(1) Preparation of p.brome acetophenone,
(11) Preperation of pebroms phenyl glyoxal hydrate,
(411) gondensation of p-bromo phenyl glyoxal hydrate
with p-dimethyl amino aniline.

p-bromo acetophenone was synthesised from bromoe
benszene with Priedal-Orafts reaction as described
previously (pp. 5¢C )o

p-bramo acetophenone was oxidised with seleniun
dioxide (pp. 57 ). Bquimolar quantities of p.bromo
phenyl glyoxal hydrate and p-dimethyl snino aniline were
diseolved in 95 / slechol and refluxed on a water bath
for about one hour. A £21i4 mass was separated which was
ezystellised from sleshol (m.p. 108°C)

BRAGENT AND APPARATUS

igetone (B.D.H) was redigtilled before use. A
stock solution of ferrie chloride (A.R.) was prepered in
goetone and Fe(ITT) estimated gravimetrically as FegOge

0.08 ¥ solution of p-bromo phenacylidene
pedinethyl anino aniline was also prepared in acetone.

The sbsorbance meassurements were carried out with
a'Spectronie 20' Bausch and Lomb spectrophotometer. I.R.
measurements wore carried out by Perkin-Elmer Infracord



106

speetrophotometer.

JAZNEE OF T1§ COMPLER

The mumber of the complexes formed during the
course of interaction of ferriec chloride solution with
the ligand was escertained by Vosburg and Cooper's method,
£ max. Of “gHgE Solution of the ligend was found to be
at 4°6 mu while that of gpes PeCly at 350 mu. The sharp
ghonge in eolour was evidenced instentaneously. The ecolour
414 not fade even after a week. The solutions of Pe(III)
and of pebrome phenscylidene p-dimethyl smine aniline (beth
0,8210"2)) were mixed in different ratios i.e. 111, 11%..
411 and the totsl volume was kept constent at 10 ml, The
plots of 0,D, against wave length gave two peaksj one at
S50 mu found only in mixtures containing excess of irom
and the other at 620 mu (Pig.10). The latter wave length
wag chogen for all the subsequent studies.

Job's eontimmed variation method (loe cit) was
employed for the determination of the rumber of metal ions
got bound to the ligend. The following sets of nixtures
were prepared and their optical densities measured at 6°0 mu

1523 sese 8,0 ml, of Pe(IIT) solution,
28,7 ssss 79l ml, of the ligand.

Same volume of the metsl ion and the ligand were
taken and the total volume in every set was kept constemt



107

at 10 ml, By plotting s graph between the composition of
the mixtures and the difference between the 7,0, of the
mixztures and the sum of the ligand end the metal ifon,a

peak was realised which gave the composition of the chelste.
The ratio metel to ligend wes found to be 1312,

Prom the ocurves, it is evident that the ratio
of the metal fon to the ligand is 1:2 (Table 14 to 1B and

mln}o

SIOPE RATIO METHOD

'ﬂlh mothod was employed at three different goncen.
trotions. The gomposition of the gomplex was found to be
142 (metaliligend) as in cmse of Job's contimued variation
method (Tadles 17 to 19 and Pige, 12 and 13),

HORAR RATIO JIETHOD

This method was employed with a view to ueinlm
the gomposition, stability constant and other thermodynanie
properties of the complex (Table 20 to 21 and Fig.l4).

SUBUICAL ATALISIS

When meetonic solutions of ferric chloride and
p=bromo phenscylidene p—‘lﬂlﬂvl amino aniline (0,51 each)
were mixed together in the ratie of 112, a green solution
was obtained, The mixture was concentrated under reduced
pressurs, when a sticky mass was obtained, On washing this
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mass several times with petroleun ether (8%.80%), a vislet
80lid was left which was crystallized from acetonitrile,

A weighed guentity (0.5002 gm,) of the chelate was
heated with concentrated nitric acid several times to ensure
the decomposition of the organic matter. The residue was
@iosolved in distilled water ond Fe(TTT) estimated as Fegly
gravimetrieally.

{a) Weight of Fe(TII). Complex = 01,5000 gu.
Weight of FegOy found = 93,0476 ga.
'nuo;.-.::.ul weight of PegOy in the = 0,0481 gm.
Caled. Found Srror /

0.0481 gn, 0.0476 ga. 1.24

(b) weight of Pe(IIT)~ Complex = 0,8639 gn.
Weight of FegDg found = 10,7818 gn.
'1::?.:&.-1 weight of Pegly in the o R
Caled, Pound Error 7
02,0827 gm, 17,0818 III. 0.96

The grsvimetric snalysis gave results in sccordance
with the composition determined by spectrophotometirie methods.
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SIRUCTURE OF TUE CHELATE

Prom the above data and assuming a coordination
sumber 6 of Pe(TII) , the following ntrﬁet\uo may be given
for the chelate:

nr-c.l‘-o-m-n-Q-l‘Z::

b

Ob-hy\- 0 a

0
L ar-u.n‘-é-m-l-Q-u‘Z::

-

On adiing aleoholic solution of silver nitrate
to en aleoholiec solution of the isolated chelate, 2 white
precipitate of silver chloride was obtained, indicating
the preesence of ilonic chlorine.

The structure of the complex was also confirmed
by infrered studies. In the ligand, (Fig. 15) the streteh-
ing vibration of an aryl ketone, found at 1790 en.~' and
thet of & O=§ at 1800 on"  are the centres of the binding
of Pe(III) ion, Prom the Pig.16 it is found that these
two vibrations shift to iower frequencies vig., 159 tls”l
and 1540 on™' respectively, thereby confiraing the above
positions as the sests for ghelation. Further the ligend

W;—&m-’(m: shows out of plane vibration of

0
pedisubstituted bengens around at 830 on~! as a doudlet,

In the chelate, this band becomes a singlet, Tt is punt’bit



that the two peaks found in the ligand are due to the two
pedisubstituted units, On chelation, ome of the 830 em, ™
poaks venighes due to change from bensonoid t5 quinonsid,
The spectrum of the complex also shows some perturbation
in the phenyl group skeleton vibration wegion betwoen

185" n.'l and 1470 u.’l which is expected fronm the type

of structure proposed for the chelate.

DESSRHINAT 10T

F5 4 A0

AND PHE: Sno

A i

21 .
WY CHANG)

The gtability constant of the chelate was deter-

mined by mole ratio method which enabled to celculate free

energy change.
Consider the reaction between Pe(III) and the
ligend.
TeRp —> Fe + 2 R

c 0 O Initial concentration.

110

2(l-a) ca 20z Eguilibrium concentration.

THE STABILITY CORSTANT

o(1-a)

{aC) (uo)' 3 uiE

e -

= 0,028 (Fig.1l4,0urve a)
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where E, and By have usual significance,

E l1 -8 1 -0-0!.
o R LTS 4(.028)3(.002)°

= 10,2767 x 10%°

Teap. - El‘c
Chenge in free energy
<OF =BT 1n B = 1,987 x 299 x 2,393 log 0,°767x10°

= 15860 cals. = 15.68 £ Cals./mol.



Table 13

P =

& =1

Concentration of Fe(III) solution
Concentration of the ligand

Vosburg and Cooper's Method for Pe(III) and

PeBromo Phenacylidene p=dimethyl Amino
Aniline (Both 0,8x10™ u)

(Ratio of the metal ion to the ligand)

=n
et
o2

= 0,86x107>%(c")

i':::n 111 1:2 1:3 411 J 311 51
m | (a) (v) () () (o) (£)
330 1.92 2,00 2,0 1,89 1,52 1.70
350 2,00 2,30 2,30 1.70 1,70 1.82
376 1,92 °,00 2,00 1.60 1.60 1.68
400 1,02 1,39 1,70 0.97 .82 0.88
4°B 0.74 1.72 1,60 0.41 0.44 0,82
450 0.65 1.12 1.82 0.32 0.36 0.44
478 0.58 0.9 1.185 0,29 0.3 0.40
500 0.56 0.72 0.77 0,27 0.31 0.39
5265 0.60 0.72 0.7 0.26 0,30 0.39
850 0.68 0.79 0.7214 0.2450 0,99 0.39
B78 0.70 .98 0.70 0.!? 0.77 Q.37
600 0,72 0.89 0.62 0.18 0.2 0.34
6%5 0.70 0.88 0.53 0.138 0,17 0.29
650 0.56 .68 0.40 0.09 0.11 0.17
675 0.46 0.86 0.32 0.07 .08 0.13
700 0,31 0.38 0.72 n,08 0.06 0.09
798 0,18 0.2 0.15 0,04 0.04 0,07

Fig.10
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Table -14

Job's MWethod for Fe(III) and the Ligand
(Both 0,33x10™n)

Coneentration of FeCly Solution = 0.33x10"u(3)

Concentretion of the lLigand
solution = 0,33x202u(0")

Wave length = 800 mu
P = £ =1

Peak st 112 33 Pe(ITI) : the ligand,

SN

Vol,of Vol,of 0.0, of 2D, of 0,0, of Mff-
Pe(III) the ligand the mixture PE(III) the ligand erence
~ mle ml, ' - D
- T fEf“ PR, ° [=(a+b)
1 9 0.37 0.01 0.3%8 0,038
2 8 0.44 0.01 0,300 0,130
3 7 0.56 0,01 0.240 0,310
4 8 0.69 0.01 0.910 2,400
] ] 0.46 0,07 0.176 0,765
6 4 0.31 0,02 0,136 2.188
7 3 0,23 0,078 0,110 0,098
3 2 0.16 0.03 0,07 2,08
9 1 2.098 0,03 7.03 0,036

Fig.l1, Curve (a)



Table <15

(Both 0,25x107 M)

Job's Method for Fe(TII) and the Ligand
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Concentration of PeCly solution = 0,2Bx19™N(c)
= 0,26x10™n(C*)
= 600 ma

Concentration »f the ligand
solution

Wave length

P= 8:" 1

Peak at 137 3¢ Pe(ITI): the

ligand

Vol.of the 0.0, of ‘

Vol.of 0.0 of 04D, of Difrf-
Fe(III) ligend., the mixture Pe(III) the ligsnd erence
'1. Il. ”n
— b S g ] T )

1 9 0.30 2,000 0.2856 7,018
2 8 0.778 2.0086 0,786 0,0°0
3 4 0,320 0,008 0,720 0,098
4 8 0.410 0.0086 0.182 0.7°8
8 5 0.370 0,018 0.180 0.208
[ é 0,788 0.018 0.190 0.180
4 3 0.186 0,016 0,088 7,788
g e 0.09 0,018 0,045 0,030
9 1l 0.04 0.07 0,029 0.700
L -

Pig.ll, Ourve (b)



Table -~18

Job's Method for Pe(III) and the
2gand (Both 0,288x10™>N

)
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oncentwzation of Pe(IIT) solution = 0,285x10"°x (C)

Concentration of the ligand

solution
Weve length

P= gi-l

= 0,286x1070% (0%)

= §%0 mu

Peak at 1:2 33 Pe(III) 3 the ligand

To{ith) |Vhe Tigana | e sisture | Po(ID) |the ltgans|Ptffere:
nle =l,

ey ) - o a 1) [l(nﬂ
p | 9 0.31 0,01 0.288 7.018
2 8 0.38 0,01 D.280 0,080
3 L4 0.39 7,018 0,710 0.168
i [} 0.876 0.025 0.170 0,390
8 6 0,889 0.028 0.140 0.38
[ “ 0.470 0.0286 0,118 0.353
v 3 0,378 0.030 0,086 0,760
8 2 0.770 0,035 0.08 2,188
9 1 *.136 0.040 0,03 0,068

o
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fable -17 Slope Ratio Method for 1,25x10™°M Pe(IIT)

and  0,126x10™° M ligand, and Vice-Versa

Set I  Volume of 0,125x10™°M 1ligand = 8 ml,
i Strength of Fe(IIl) Solution = 1,26%10%3%
Set IT  Volume of 0,128x10™°N Pe(IIT)
golution = 8 ml,
Stpength of the ligsnd = 1,25x20y
Set I Set IT
Vol.of 9.0 Vol.of the 0.,De
r:ixn) «D. 1igand
- .1-
2400 0.108 .00 0.010
0,10 0.110 710 5.030
0.20 0.140 0.20 0,068
0430 0.190 2.30 0.080
'J.‘D 0.230 OI‘O ’)nno
0.‘0 0.?.0 0.50 O-m

Curve (a) Pig.12 Curve (b)
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Table -18 Slope Ratio Hethod for 1,00x10™°N Pe(IIT)

and 9,10x10"°

¥ ligand, and Viee-Versa

Set I Volume of 0,17x107°N ligand = 8 nl,
Styength of Pe(III) solution = 1,0x10"°n
Set I1  Volume of 0,10x107°k Pe(IIT) solution = 3 nl.
Stwength of the ligend =1, 0x10™x
- o —nt I i
'ﬂl.‘f Vol.of the
Pe(111) 0.D. 1igand 0.Ds
» -10 :
LTS e
9,00 0.010 0,00 0.01
0,10 0.080 9.10 0.03
0.20 0,115 0.20 0.08
0,30 0,168 0.30 n,08
0.40 0,220 0440 0.08
0,60 0.270 0.50 7,108
curve (a) Curve (b)
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Table-19  Slope Ratig Method for 0.833x10 N Pe(III) and
0. Ligand, and ViceaVersa

Volume of 0,0833x10°¥ ligend = 8 ml,
Strength of Pe(III) solution = 0,838x10™y

Volume of 0,0833x10™°¥ Fe(III) = 8 ml,

Strength of the ligand = 0,838x10">"
Set 1 Set I
Val.of Vol.of
ml, .13
. - -
3.0‘} -JOM ")Om oﬁw
3,10 2.07 2,10 0,02
2.20 0,08 0.20 0.04
0,30 0,09 .30 0,07
0.40 0,10 2,40 0.10

9.80 2.1° 2,80 0.18




Table -0
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Composition of the Complex by ¥ole Ratio Method

Strength of Pe(ITT) or the ligand solution = 2x17°°n
Constant Volume of Pe(ITI) or the ligend = 1 ml,

Tave length = 600 m

-0l 1 Set II
Vol.of 0.D. Vol. of the 0.Ds

!:ﬁu) 11(:!113- |
0,00 0.4° 0.00 0.068
0,20 0.47 0.20 0.140
0.40 0.86 0.40 0.280
7460 .68 .80 0.5
.80 7.88 .80 2.68
1,20 1.08 1,00 0,83
1,40 1.292 1.20 0.96
1,60 1.347 1,40 1.1?
1,80 1.347 1,80 1.36
- - 2.0 1.380
- = ?.? 1.420
- - 2.4 1.4%0

Pig.l4 Curve (a)
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Tavle 2l Composition of the Complex by Hole Ratio Method

Strength of Fe(III) or the ligand solution=1,25%10™ 4
Congtant Volume of Fe(ITI) or the ligand = 1 nl,

Vave leagth = 00 m
- L - Set IT
Vol,of Vol, of the
Pe(ITT) D40, ligand, 0.0,
.
0,00 0.27 0.00 7,02
0.20 0439 0.90 74088
0.40 5,36 0.40 e
0.60 0.4° 0460 2419
1,00 0,89 1.00 0,948
1.20 0,70 1,20 0,388
- - 1.40 .84
- - 1.60 .86
- - 1,80 2.79
- - 2,70 0.90
> & 2,20 2.94
- - 2.40 7. 94

Pig.l14 curve (b)
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Like other lewls acids, anhydrous aluminium
chloride ales> forms chelates on resction with p-bromo
phenacylidene pedimethyl amino aniline. During the
formation of this chelate the ligand molecule experiances
a bathochronies shift where one of the benzene rings
recerranges from the bensenoid to the quinonoid fomm,

A stoek solution of the ligand (0,754) was pre-
pered in scetone. Anhydrous aluminium chloride was
digsolved in scetone and AL(TTI) est mated gravimetri.
cally as Aly0y. When dilute solutions of AL(ITI) and
the ligand were mixed together, a sharp change in edlour
fron yellow to violet was observed, The abgorbance and
I.R, measurenents were carried out with Bausch and Iomb
'Spectronic 20 spectrophotometer, and Perkin-¥lmer
Infracord spectrophotometer respectively.

BAIUSE OF 7% COMPLEX

Vogburg and cobpr‘a method was used for the
determination of the poseible nuumber of chelates formed
during the interaction, Two A .. &t 476 mu end 538 mu
were obdtained (Fig.17). The first msxims was realised
n nixtures eantaining excess of the ligand while the
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gecond gorregponded to the chelaste formed, The wave
length 538 mu eould, therefore, be employed for
gpectrophotometric study of the complex. The studies
were, however, carried ocut at 559 mu, the wave length

at which largest difference between the 7,D, values
of the lig'nd and the chelate could exist.

Job's method of continued variation was used
for the detemination of the e¢omposition of the chelate,
A peak was obgerved when the ratio of the metel to the
ligand was as 112, The !o_nowhu gets of the mixtures
were prepared, The metal ion being eolourless, the
abgorbance of the ligend wasg only deducted., Throughout
the investigations the total volume was kept constant
et 17 ml, (Tadble 23.74), Pig.l8,

S10P8 RATIO NEIHOD

This method was als> employed to deduce the
eomposition of the chelate ws slready determined by
Job's eontimied variation method (Tadle 25 and Pig.19).

Prom the ratio of the slopes of the two curves,
the ecomposition of the metal to the ligand was determined
as 117,

HDLAR RACIO MEIHOD

To a fixed volume of AL(III) solution (2 ml, of

mo"’u) varying volumes of the lisand (lxlﬁ”all) were



123

added. The absorbsnce plotted at 535 mu ageinst volume
of the variable components ghowed » sharp dresk at a
molar ratio of the components. Simlilar resulte were
obtained on adding varying volumes of the metal ion to
a constent volume (2 ml, of 1x10™°¥) of the 1ligand.
The results are summarised in tables 26-27 , Pig. 2),

QIENTCAL ANALYSIS

On aixing eq:imolar quantities of AL(ITI) and
P=bromo phenacylidene pedimethyl emino an!line solutions
(7.78 ¥ esch) in the ratio of 1:?, a sharp change of the
eslour from yellow to violet was observed. The resulting
violet solution wne eoncentrated in vacuum when = violet
sticky mase was obtained., This was washed several tines
with petroleum ether (80-30%) to remove the adhering
sticky mass. The golid thus obtained was then dried and
erystellized from acetonitrile, The resulting chelate

was extrenely hygroscopic.

A known weight of the chelate was heated with
congentrated nitric acid end the solution evaporated to
dryness. The process was repeated several times in order
to ensure the complete decomposition of the srganie
matter. The residue was dissolved in water and AL(III)
estirated gravimetricerlly es AlgOz. The observations are

recoyded as shown belows

BSTRUASION OF A)(ITT) IN THE CHELATE

(1) weight of aluminium eomplex = 0,3492 gnm.
Veight of AlgOy obtained = 0.0°18 gnm,
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Theoretical weight of AlyOyq in complex = 0,077 gn,

Caled, Pound Brror /
0.0222 gm, 9.0718 gnm, 1.93
(41) weight of AL(TII) complex = 10,7972 gn.
Weight of Aly0y obtained = 17,0611 ga.
i:-:;:t::h:;fght of AlgOy = 0,0660 ga,
Caled, Pound Error /
0,0611 gme 0,088 ga. 1.20

Prom the chemical analysis it is evident that
sme AL(ITT) fon is bound with two molecules of the

ligand,
SIRUCTURE OF JHE CUTLATE
Whea anhydrous Al Cly reacts with pebromo nhen-

eylidene pedimethyl amino snnima,‘ a lone pelr of electrons
ghifts fro- the nitrogen of -i(m: to the mucleus

benzene and then to >0=0 group, resulting in the trens.
gorastion of denzenoid to quinonoid structure.

Pue to resonsnce, = C = and ~CH = ¥ are likely

the gests of interaction., On this basis , the following



struecture may be glven for the chelate:

0l - Al - C1 '310

g\
@.L =Nl D= n*<$:

On adding aleoholic solution of silver nitrate
to an alcoholic solution of the isolated chelate, a
white precipitate of silver chloride was obtained, indic-
ating the presence of ionic chlorine outside the coordina-

tion sphere.

The seats of interaction of the ligend with the
metal ion could be eonfirmed by considering the I.R,
gpectra of the ligand and complex. In the ligand (Pig.18),
the stretching vibration of an aryl ketone is found at
1700 cm.™t .

while that of -CH=N at 1600 cm. . On chelation

1 1

these two frequancies are shifted to 1650 em  and 1525 em
respectively (Fig.”l) confirming thereby these two positions
to offer seats for binding with the metal ion to cause

chelation, Purther, the ligand shows out of plane vibration
of p-disubstituted benzene arouni at 830 on.™> as a doublet.
As observed for the iron chelate, here too one band vanishes

and only one band remains on chelation. Purther, there is a
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perturbation im the phenyl group skeleton vibration
region between 1660 em.”> and 1470 cm.”l in the complex,

411 these ohservations confirm the above structure,

TAS
HARGE

%

MMINATION OF
AUD FREE SNSRGTY C

Oonsider the dissoclntion of A1(IIT) chelate,
As the chelat on takes plece with one part of the metal
fon and tw> parts of the ligand, it may be represented as:

.\1],-—-—-& Al + 2R

c 2 0 (Initial concentration)
O(le) on raC (Sguilibrium eoncentra-
tion)

where
g = Concentration of the complex in moles per litre.

a = Degree of dissociation

aw- —&-!E—h -W = 0,303 (u‘.”')

Curve a
where E, and B, have usual significance.

. Lo 1 « 2,303
% @ O 2(7.373)5(7.0002)"

= 0,1568 x 10™7

Teup, = o7%¢

«'s Change in free energy

- AP = R T 1n By = 1,987x(300)x?.303 log. 0,1666x10°
= 11960 cals/mol = 11,76 K ecals/mol.
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Table -22 Vosburg and Cooper's Method for AL(IIT) and

Concentzation of AL(TTT) solution = 1x10™n (C)

= 1x10™%u(c*)

Aniline (Both 1x10™°N)

Qoncentration of the ligand

P= =1

p=bromo phenacylidene imethyl Amineo

(Ratio of the metal to the ligend)

Yave 131 112 1:3 114 a: 3:1 231

langtn| (q) ™ | (e) (4) (e) (£) (g)

328 1.34 1.70 1.82 1,89 0,76 0.8861 0,99
360 7498 1,30 1.45 1.59 0.5? 0.61 0.64
378 0.84 1,09 1.6  1.30 0.45 0.54 0.87
400 0.82 1,07 1.2 1,30 0.4 0.48 0,51
4% 0,81 1,09 1.26  1.34 0.39 0.47 0,52
450 0.79 1,04 1,22 1.30 0.39 0.47 0.52
a7b 0,72 0.94 1.07 1,18 0.36 0.44 0.47
800 0,64 0,81 0.92 0,98 0,35 0.41 0,44
578 3..’ 0.77 0.87 0,92 0.34 0.40 0.43
536 0468 0.78 0.88 0.94 0.34 0.44 0.44
680 0.63 0,78 0.86 0,92 0.385 941 - 0,43
565 0,58 2,786 0.82 0,88 0.34 0,39 0.42
575 0,56 0.69 0,78  0.81 0,29 0.35 0,38
80" 0,47 0,58 7.49 0.88 0.%4 0.28 0.31
678 0,36 0.43 0.48 0,80 0.17 0.22 0,23
850 0.22 0,30 7.31 0,33 0.11 0.136 0.15

Pig.17
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Teble <23 Job's Hethod for AL(III) and the Ligend
(Both 0,66 x 107°¥)

Gongentration of AlOlg solution = 0,66 x 107 ¥(C)
Concentration of the ligand = 0,66 x 10™°u(0*)
Wave length = 550 ma

P= alll

Peak at 1312 13 AL(TIT) 3 the Ligand

v g Vol,of 0.0, ~0,D, of
of A1(IT1) the iigand the mxgn the ligsna Difference
-&‘ —&:

aneiinse = . i (=R
1 2 1.14 1,088 0,088
2 8 0.90 2,820 2,08
3 7 0.84 0.743 0.097
5,33 8.67 0.78 7.660 0,100
o 8 0.87 0.574 7,098
B 6 .80 0.81°? 7,088
8 o 0.87 0.491 0.079
7 3 .47 0.368 0,088
8 2 .31 0.7567 0.063
9 1 .18 0,137 .08

Pl..lﬂ. Curve (.)
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Job's Method for A1(ITI) and the Ligand

(Both 0,50x107"1)

Gongentration of Al0ly solution = 0.80x10">%(0)

Concenty tion of the ligand

Peak mt 112 $3 AL(TII) ¢ the Ligand

= 0,80x10"0n(0")
= 8§60 mu

e =

=

==

Vol,of Vol,of 0.0, of 9.0, of Differe
AI:{EI) thl l.iflnﬂ the nixture|the ligand
1 9 0.54 7,61 0.03
0.49 0,437 0,08
3 D.47 0,38 2,07
3,33 6.67 D.4° 0,376 0.07
4 [ 0.38 2,308 0,07
6 6 0.34 0.276 0,06
6 i 0.7B 0.197 0.08
J 3 0.18 0.14 | 0.04
8 » 0,109 0,083 ' 0,08
9 2 0.068 0,061 | 0,00

Pig.18 , Curve (b)
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Table -5 Slope Ratis Method for 0.175x10%>m AL(
1.26x10=° ¥ ligand, and vice~versa,

Set T Volume of 0.186x107°¥ 1ligand ® 8 ml,
Strength of AL(III) solution = 1,28x10"°%
set IT Volume of 0.128x10>x AL(Y1I) = 8 ml,
solution
Strength of the ligand = 1.25%10™0)
-ttt I Set 11
Vol.of
11;{111) 04D Vol.of the 0.0,
. ligend
AT S ‘ .
2410 0,96 7,10 9,038
0,29 0.927 7,20 0.088
.30 0.9 0.30 0.098
7440 .30 0.40 0.130
0,80 0.3186 .80 N.1680

curve (=) rig.19 : Curve (b)
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Table -26 Composition of the Complex by ible Ratio Method

Styength of A1(III) or the ligand

= I.CIIO'*I

2::.:%:?11110 of AL(TIT) or =2 ml,
Wave length = 535 mu ,
Set I Set 1T
Vol.of Vol.of the
A (1II) 0.D, 1 04De
nl, B
0.720 0.21 0,80 2.10
7440 0.22 1,60 0.19
0.89 0.74 ?.40 0.28
1,00 0.26 3.20 0.37
1,20 0.28 4.70 0.46
1.20 0.25 4.80 0.58
o o 5.60 0.68
- - 5.80 0.668
- - 8.0 0,668
Pig.20 Curve (=)
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Table <87 Composition of the Complex by Nole Ratio Metho

St of AL(III) or the ligand

Sapar = 0,66x10™N

(1101::::?‘ volume of AL(IIT) or the s

Wave length = 535 a
Set 1 Set TII

-;;l.ot Vol.of the £
a1(1rII) 0.D. uglm 0.D
0,20 0.08 .80 2,08
0,40 0,09 1.60 0.09
2.80 0.10 ?.40 0.14
0,80 0.11 3.20 0.19
1.00 0,118 4.7 0.74
1,70 0.12 4.80 0.29
1.40 .12 6.00 0.31
1.80 0,12 8,40 0.328
- - 8.00 0,33
Pig.20 Curve (b)
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* AROMD

IMIND ANILINR

MEJLL ST

- 1 'H 'i"

An agetonic solution of mercuric chloride when
added to solution of p-bromo phenacylidene p=diuethyl
anino aniline brings about a bathochromic shift in ite
molecule together with the formation of the chelate, The
gompoeition an? nature of this chelate was determined by
spectrophotometry.

EEPERINENTAL

Stock solutions (7,06 ¥) of mercuric chloride
and the ligend were prepared in acetone. The absorbances
and 1.R. measurements were carried out with the help of
‘gpectronic 20' Bausch snd Lomb spectrophotoneter and
Perkin-Elmer Infracord respectively.

BAZURE OF TS COMPLEX

When the solutions of pebromo phenacylidene
ped imethyl saino sniline and mercurie chloride were aixed,
a gharp colour change from yellow to green was instantan-
eously observed which was indicative of the fact that
chelation took place. To sscertain the nuuber of chelates
gormed in complexstion, Vosburg and Cooper's metho! was
employed. A oy for diffevent mixtures was found at BYS m
(Pig.??) an? this wave length was selected to study the
aature of the complex formed. In the case of Job's
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eontinuous variation method,wave length 585 ma wes
shogen in order to have marked d4ifference in absorbance
values »f the chelate and the lirand,

Job's continued variation method gave a poak
at 111 (the ratio of the metal and the ligand). Since
Hg(1T) solution showed no absorbance at 585 mu, so the
optical density of the ligend was deducted from that of
the =ixture. The total volume was kept constant at 10 ml,
(Table 2930 and Fig.?3).

Slope end molar ratio methods were also employed
0 ascertain the above ecomposition, These methods could
not, however, dbe employed succesefully. For determining
the etability eonstant of the chelate, Job's continued
varistion method with non-equimolar rat!io was smployed
(Tables 37-32, Fig.%4).

QUENICAL AWALYSIS

The chelate was prepared and isolated by concenw
trating equimolar solutionsof Hg(II) and the ligend. It
wes washed several times with petroleun ether (60-827) to
renove adhering sticky msse. The solid thus obteined was
erystallised from acetonitrile,

0.2 to 0,6 gms, of the complex was deconmposed by
gubsequent treatuent with concentrated nitriec acid and
aqua=-regia, The mixture was evaporated to dryness and the



residue dissolved in concentrated hydroshlorie acid and
diluted with BO ml, of distilled water. The solution was
saturated with hydrogen sulphide gas in order to precipe
fitate mercury as mercurie sulphide. The precipitate was
filtered through a asintered cruecible, wnshed well with
eold water, dried at 105-110° and finally weighed as Mgs.

ESTINATION OF Bg(IX) IN THE CHBLATE
(1) welght of the complex = 0,5020 gnm,
Veight of mercurie sulphide
obtained. = 09,1974 gm.,
Theoretical weight of Hgs = 10,1938 gm,
in the complex,
Caled, Found Brror p/p
0.1938 gn, 0.197¢ gu. 2,7
(11) weight of Hg(III) complex = 0,467) gnm,
Weight of HgsS obtained = 0,179 gn,
Theoretical weight of HgS = 0,1802 gnm,
in the complex,
Caled. Pound Brror Z
0.1807 gm, 7.1792 gnm. 0,68
C T

As in the case of other lewis acids, mercurie
chloride als> introduces conjugation on sccount of the
resonance effects in the ligand. This results in a
bathochromic shift and the chelation takes place due to
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increasing negative tendency at the >C=0 group of the

1igend. The following possible strueture may be sssigned
to the chelates

F</_\\>|3-m'!'©.f<i::
o\n‘ | ar

h J

An alecoholic solution of the chelate gave a
white precipitate of silver chloride with an sleoholie
golution of silver nitrate, thereby indicating the
presence >f ionisable chloride ion, The structure of the
eomplex was further confirmed by I.R. studies,

The ligand shows a >0=0 gtretching fnqu-an
at 1700 en."]' due to an aryl ketone snd another at
1600 om.™' cherscteristic of an amomethine grouping
(«CH=N) Pig,15, Prom Fig.25, it may be seon that these
frequencies shift to 1670 em.”) and 1576 om.™
after chelation. This lowering of frequencies at these

regpectively

centres indicate the seats of the interaction of the metal
fon with the ligand, Around 830 cm,”t
in the spectrum of the ligand, while only one peak is
ghown in the spectrum of the chelste. This also indicates
that one of the two bensenoid rings amight have changed to
a quinonoid one. Further, there 1s some perturbation in

s @ doudblet is shown

the phenyl group skeleton vibration region between 18869 u‘l
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1

and 1400 em ~ in the chelate as expected from the

proposed structure.

The molar ratio method was not appliceble to this
chelate but Job's equation could be employed for the
deternination of the stability conatant and other thermo.
éynanic data of the chelate,

Noh-tquimolar solutions of the ligsnd and the
metal ion were prepared and the curves between difference
in 0,D, of the mixture and the ligand against my were
drawn, Prom the following general equation , the instability
econgtant and hence stability constant of the chelate was

deternined:

®*n=1 po=l 1 (op 4 n) x = n)] e
.n-l nll—i (P-1 )nn:f

= K|ne(2¢n)X|

or

¢™2-1 ™1 |(pn + n) x - 0)|™*®
l‘.r;.;l (L.l)"“'ilu-(n&n).xl

where C ptands for the concentration of Hg(II) ions, Pe

_ '
gtends for the concentration of the ligand, i,e, P = %-
and X 18 the smount of the ligand used as determined from

the maximum in the curves.
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pig. Ourve Ooncentra- X P A Ingtebility Meenm

tion of gonstant
Hgf11) % s
solution
24 & ,695x10°"M 0,64 0,66 576 9.607x107°
2,6825x10™0
24 b .66 x10"°M 0,78 0.80 575 2,76 x 107>
Since stability comstent K' =
P ,
fs K'm = 0,3729x10°
l.‘lﬂﬁxld'b

- AOF = RT 1n K'

= 1,987x308x?,303 log 0,3729x10°
= 8443 cals/mol = §.443 K Cels/mol,



Table -8 Vosburg and Cooper's Method for Hg(TI) end
p=Bromo Phenacylidene P-dimethyl Amine

Concentration of Hg(II) Solution

Anfline (Both 1,°6x10™>m

Concentration of the ligand

p= §m=1

(10 C.Y, of the ¥Mixture diluted to 15 0.0)

)

= 1,28x10"°% (2)

= 1,26x10™>

(Ratio of the metal to the Ligand)

u (0*)

R a3 3

‘ave l 1l 211 ‘ 3:1 l 41 1:3

3"’*‘ (a) o (v) (e) (d) :jéf)
3206 1,30 .88 2,70 0,68 2,000
380 1.18 0.75 0.60 0,50 1.87¢4
376 1,18 0.78 0.68 0.47 1,770
40 1.30 0.80 0.64 0.51 1.874
4156 1,36 0.82 0,68 " .83 ?,000
478 1.34 0,082 0.88 N .64 2,000
435 1.34 0.6? 0.68 0.63 2,700
480 1.%6 0.79 0.64 0.5 2,000
476 1.04 n.66 0.54 0.43 1,700
600 0.82 0.53 0.44 0.34 1.301
598 0.78 0,81 D.4% 0.33 1,187
580 0,81 0.53 0.43 0,34 1,722
F85H 0.87 0.B4 0.44 0.345 1,272
676 0.82 0.54 0.48 0.38 1,158
586 0.79 N.63 0.43 0.34 1.17°8
620 0,7 D.6? 0,41 0.33 1.109
678 0.68 0444 0.36 0.79 2,920
850 0.680 0.40 0,30 0.25 2.800

Fig.”?
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Table 29 Job's Method for Hg(II) and the ligand

(Both

0.416x10721)

Coneentzation of 0,416x10" Hg(II) solution = 0,416x107>u((
Concentration of 0.410:10"11;.&#

Vave length

p=den

Peak at 1il:iHg(II)sthe ligend

= 1,418x20" (¢

Vol.of | Vol.of O.D.0f the DD, of
Hcl(l{f) thliz‘tgm nz:tun the ligand| Difference
pRE—-1 = 8 B i " N
1 9 0.59 0.53 0,06
2 8 0.51 0.43 0,08
3 7 0.48 0.37 0,091
4 8 0.39 0.79 74101
5 ] 0.36 0.25 2,110
6 4 0.76 0.16 0.10°
? 3 0.20 0.11 7,092
8 2 0.18 0.10 0,08
9 1 0.10 0.034 0,066
—

,1‘- '31\

Curve (a)
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Table 30 Job's Method for Hg(IY) and the Ligand

(Both 0.20x10™°N)

sm:t;::auan of 0.9-0:10'5?# Hg(11) - 0.901:10"! (@)
Concentpation of 0,70x10™ M ligand = 0,20x20%°% (0')
Wave length = 586 n

p= §= =1

Peak at 13l 33 Hg(II): the ligand

S S Se— ES————

B | o st [ i) o ] Peeen
2 al, L nl, i
i - e c b (e=b)
1 9 0.28 0.77 2,01
2 8 0.98 0,213 7,037
3 v 0,738 0.184 0,081
4 2 0.190 0.198 0,089
5 (] 0.160 24080 0,070
5 ¢ 0.130 2,070 0,089
7 s, 0.09 0,046 0,044
3 2 .06 0.03 0.03
9 1 0.03 0.02 0,01

Pig.?s , OCurve (b)
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Table 31. Jobfs Method for Hg(II) and the Iigand
(Won-equimolar)

Congentration of HgClp solution = o.cza:m”u(c)
Congentration of the ligand = 0,416x10"2u(0*)
Wave length = B76 mu

Pe = =060

T

;:%}g nh::'n:m 0:D. of ' 21.11.:.12:“‘ Difference
mixture i |
& MR 2 b (ceb)
r < S SRR
1 9 0.47 0.38 9.09
2 8 0.45 0.34 0.11
3 7 0.42 0.30 9,12
4 ] 0.37 0.75 0,12
& 5 0,31 0.20 0.11
6 4 0.26 0.16 0.10
7 3 0.20 0.12 0.08
8 2 0,13 0.08 0408
9 " 0,07 0.04 0.03
prrcam

Pig.%4, Curve (a)
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Table -32 Job's Method for Hg(II) and the Ligand
(Non-Equimolar)

Goneentration of Hglly solution = 0,66x107 4(C)
Ooneentration of the ligend = 0,33x107>u(C*)
Wave length = 576 mu

p= § =0

Vol.of Vol.of the | 0,0, of 0.0, of
;fﬂhx) ligand | the mixture ltht 1igana |Difference

- 2 ¢ b  (0eb)
donis R v _

1 9 0,36 0,33 7408
2 8 7439 0,296 0,025
3 7 0.285 0.7871 0,077
4 8 0.24 0.%2 0,0?
3 5 0.208 0.19 0,018
3 4 0,165 0,18 0,018
7 3 0.12 9,11 0,01
8 ° 0,09 0.08 0.01
9 1 0,06 0,048 0,008
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Y i) L IS THY L, ANINC

i sharp colour change from yellow to green tales
place when the acetonic solutione of sine chloride and
pebromo phenacylidene p-dimethyl anino aniline are mixed
together, Like other lewis acids, bathochromie shift in
this case frou 475 mu to 600 mu takes places. Besides,
the possidility of the formation of the chalate also

existe,

A stoek golution =of gine chloride was prepared
in acetone and Zn(TI) estimeted gravimetricelly es znum‘)ro‘.
A solution of the ligand in acetone (2.06Y) was prepered.
The absorbanges were mecsured with the help of Pauseh and
Lowd ‘spectronic ?0°', I.R., spectra were taken with the help
of Perkin-Elmer Infracord,

HAZURE OF THE CONPLEX

Plots between 0.D. snd wave lengths of 0,312x10™M
ligend give A max, 8% 4°8 mu, By Vosburg and Cooper's method
(Loc eit), Agpy, Of the olive green chelate was observed
at 500 mu (Pig.?6). This wave length was, therefore, selected
es the suitable wave length for the deternination of the
composition exeept in the case of Job's continuous wvariation
pothod where wave length of 610 m was chosen in order
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to heve maximum difference in absorbance. The green eolour
di4 not fade even on keeping it for a week,

To ascertain the gomposition of the chelate, Job's
eontinued variation method was employed at two different
concentrations, The peak was found at 1:1 (metal: 1lisend)
Table 84-35 and Pig, ?7. ? ml. of each mixture was diluted
to 19 ml, and 7,0, determi‘ned, The same dilution was made
for the ligand also. As zine chloride 1is colourlses, only
the absorbange of the ligand was subtracted from that of the
nixture,

By this method, the composition of the chelate
was found to be as 1:1 (Wetal ifon: ligand),

From the slopes of the curves (Pigs, ?8 and 79,
Curves a and B) clearly the existence of 1l:1 gomplex is
indicated,

MOLAY RAIO WETHOD

This method also provides evidence for the form.

ation of 1li1l eomnlex (Pig.3?, curves a and b),

SUBMICAL ANALYSIS

Bquimolar solutions in acetone of 3a(IT) and
p-bromo phenagylidene p-dimethyl amino aniline were nixed
together, The mixture afforded on concentration in vacuun
s violet coloured sticky mmss. It was repeatedly washed
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with petroleus ether (60-80°) to free 1t fron the stieky
mass. The s>1id thus obtsined was exrysteallised fron aceton-
fitrile. 2n(I1I) was estimated gravimetrically as sine
anmoniunm phosphate.

A waighed amount of the complex was heated with
congentrated nitrioc acid repestedly till whole of the
oyganic matter was destroyed. The residue obtained after
evaporating the mixture to drynese was diserolved in water
and 2n(II) was estimated as Zn(WHg) PO,.

I B CH

{1) Weight of gine (7T) complex = 0,2578 gn,
Welight of tn(lﬂ‘)m‘ obtained = 10,1089 ga.
Theoretical weight of In(WH )PO,
in the complex, = 00,1007 gu.

Caled. Pound Brror 7.
o.m” '.. 0.1&’ n- ‘"

(11) weight of sine (II) complex = 0,979? ga.
welght of Zn(NH)PO, found = 0,1066 ga,
Theoreticsl weight of Zn(NE )P0, = 71,1085 ga,
in the o mplex, :

Caled, Found Error /
0.1065 gm. 0.1066 gna. «86

The sbove determination shows that one molecule

of Zn(IT) resets with 1 molecule of the ligand to give



the corresponding chelate,

SERUCTURE OP THE CHELATE

From the speetrophstometric data and chemicel
analysis, the following structure may be assigned to the
Zn(71)=p-brom¢ phenacylidene p-dimethyl emino aniline
chelatet
-0 =0 - r@q‘(::

e
| b ]

in aleoholic solution of the complex produces
a white precipitate of silver chloride with an alesholie

golution of gilver nitrate indicating the presence of
chloride 1on along with the complex,

The structure given above gets suocport from

I.R, studies, The stretohing vibrations of an aryl ketone &.0f=

i -1

are at 1700 em,”  and 1607 em,” respectively (Pig.18), In

the spectrum of the chelate (Fig,31), the stretching froquency

of the aryl ketone is lowered to 1678 e:.'l and of the (=N

1

group to 1576 em.” . This lowering of stretching frequencies

evidently proves thet these are the locations for intersetion

to form the corresponding chelate,

Congider the resction between Zn(Il) and pebrome
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phenscylidene pedinmethyl smino aniline
ZnR === 2In + R

o 0 0 (Initiml concemtration)

C(l-at) aC aC (Zquilibrium concentration)

wvhere C = gongcentration of the complex in mols, per litre,

assuni g ns dissoclation, while &« iz the degree
of dissoeciation,

«'s BStability constant of the chelate(lil):

5- C(Hl -ﬂ-ﬁ"l‘

g . 0, 5.0 Ca

Prom the mole ratio curve b, Fig, 30

am 2882043 __ L g 188
0.58

R . mtilrr~—voer

(.00025)(0.188)
= 0,1407 x 10%
Tenmp. = 29°

Gliange in Free Energy:

-Ap = R T 1n %g = 1,987x302x2,303 log 0,1407x10°
= 71°8 COals/mol, = 7,178 K cals/mol.



Table -33

Vosbu
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and Cooper's Method for Zn(IT) and

)

phenacylidene F.dimethyl Amine
Aniline (Both O.

Concentration of Zn(II) solution = 0,896x10™°xu(0)

Conecentration of the ligand

p= =1

Ratio of metal to the ligand

= 0,828x10">n{0")

s
Vave

s W8 1:1 L L3 411 l 311 251
ma (=) (b) (e) (a) (e) ()
326 1.00 1.40 1,60 0.43 0.52 0,77
360 0.77 .09 1.3 0.32 0.40 0,56
378 0.74 1,07 1.34 0.25 0.37 0.43
400 0.81 1.6 1.52 0.74 0.42 0.41
410 0.92 1,30  1.66 0.78 0.44 0.42
4°8 0.96 1.30 1,69 0.%6 0.46 0.43
435 0.92 1.04 1,85 0.76 D.44 -
480 0.88 1,30 1.6 2.78 0.43 -
476 0,72 1.04 1.30 0.8 0.38 0.46
800 0.56 0.94 0.9 0.76 0.30 0.48
878 0.54 0.74 0.88 0.28 0.79 0.51
660 0.56 2.76  0.88 0.30 0.31 0.52
878 0.87 0.76 1.12 2.36 0.32 0.53
588 0.57 0.74 - 0.37 0.34 0,53
600 0,58 2,70 0,79 0.39 0.86 0,86
:il 0.80 0.590 0.68 0.36 0.32 0.53

Fig. 26
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Teble «34 Job's Method for Zu(II) and the ligand
(Both 1,28x10™21)

Concentyation of 1,P5x10™°M Za(IT) solution = 1,26x10"u(

Concentrstion of the ligand = 1,78x10"
Weve length = 6§10 mu
(2 0,C. of the YMixture diluted to 197 wl.)
Pegmel

Peak 2t 1:1 3¢t Zu(II) ¢ the ligand

Vol,of!Vol,of! ©O,D, of the 0.0, of the Difference
Za(II)|the nixture ligand.
. 11.;“

- > _ c b (C=b)

2 9 0.41 0.38 0.08

2 8 0.388 N.314 0.071
3 7 0.378 0.£99 0,088
4 e 0.276 0.180 0.098
8 5 0,72 0.1° 0.100
4 4 .20 0.107 0.093
7 3 0.16 0.077 0,083
8 2 0.13 0.062 0.068
Q9 1 0.100 0,049 0,081




=
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Table -38 Job's Method for Zu(TI) and the Ligand

(Both 1x10™>x)

Concentration of Zu(II) solution ® 1x10™ N(C)
Concentpation of the ligand
(2 0,0, of the mixture diluted to 10 ml)

p-.g.'--l

Peak at 131 3¢ Zu(IT)ithe ligand

= 1x10"u(0*)

Vol,of

® O 9 6 o & U N0 M

JJolsof JeD, of the tO-D» of Difference
9 0.36 .34 0.02
3 0.34 0,30 2,04
7 0.27 0.717 0,063
A 0.93 2.167 0,763
£ 0.90 0.13 0,770
P 0,176 2,107 0.086
3 0.1° 0,08? 0.0868
n 0.09 0.046 0,044
1 0406 7.088 0.08%8

Pig.?7, Curve (b)
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Table <38  Slope Ratio Nethod for 0,178x10™°i 2n(1T)

and 1.&10": ligand, and vice<versa,

Set T  Volume of 0,125x107°N ligend =5 ml,
Strength of Zn(IT) solution = 1,76x107°x

Set IT  Volume of 0,178x10™>% Zn(IT)

solution =5 al,
Strength of the ligand. - 1,28x107%
Set I gSet 11
Vol,of 2.0, Vol.of the 0D
in{11) ligend, :
L .
W - e o
0,10 0,008 0.10 0,08
0,20 .10 0.20 2,08
".“ °ln 0'50 ).m
o"o ‘)Qn '3-‘0 0.“
0..0 ’J.ls 0-50 1'”
Curve(a) Pig.”8 Curve (b)



o./of

0-9

0‘8|—

04t

.05—

DENGSETX —

.03 -
'64—?—

02

CPT/ONAL

CONCENTRAT(ON !SED
L2 5 XL 2

POt A R

FlG. 27—

“+ -+
Zn

Zu-f*f- + L.
COMPOSITION Zn C/;: COMPLEX
By JOB METHOD.

e

R ]
.!4]..
i3
f 2 k
-8 A=
r\
{5 lot
2
g 09
Q
A=
il
§ o7k
Q
R odf
0,
O O
Bt
o
FIG.28—
Yn_cé

VER/ABLE COMPONENT—=

COMPOSITION OF THE

COMPLE X BY SLoPERATIO
METHLD




193

Table-37 Slope Ratis Nethod for 0,10x107°% Zu(I1T)
and 1,0x10"°H ligand, and vice versa.

Set T Volume of 0,10x10™°N 1igand =8 ml,
Strength of mm(TT) solution = 1,0510™%

Set II Volume of 0.10x10”°¥ 2a(II) solution= B ml.

Strength of the ligzend = 1,0x10™%
Y set 1 Set IT

D o

Val,of Vol.of

nl, nl.
2,10 0,07 .10 2,03
1',0 q‘m 0,‘!0 ﬁ.m
0,30 0.11 7430 .07
0.40 7.118 0.40 0,09
780 0,13 0,80 0.11

Curve (.) Pig.?9® Curve (‘)
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Table 38 Compopition of the Oulnlll.ty Mole Ratio Mef

Strength of Zu(TT) or the ligend solution = 1,28x107 N
Constant Volume of Zu(II) or the ligeand = 2 ml,

Wave length = 670 m
-ttt L - Set I1
Val,of 0.0 Volume of the 0.0,
o [ lig
dils. Bly
40 0.71 0.40 .09
0,80 0.23 0.89 0,19
1,90 0.74 1.00 0.23
1,70 0,246 1.20 N.79
1.60 0.26 1,60 N.39
2,00 0.27 2.00 .49
2,40 0,29 2.40 2,88
2.80 7.296 2.82 2,68
3,20 0.208 2,80 7.588

Pig.30 Ourve (a)
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Table-39 Composition of the Complex Yole
Ratio Method, -

Strength of Zu(TI) or the ligand = 0,698x10™>w

Constant velume of Zu(II) or the

ligand. = 2 ml,

Wave length = 600 ml,
Set I Set II

Vol.of Yol.of the
h(II) 0.0 11‘“- o!.o
ml, mal.
o.w 0.0' q.‘o 0.'0
0.80 T.14 .80 0.2?
1.20 0,21 1.20 0.74
1,60 0.26 1.60 0.26
2.00 0.78 2.00 0.28
..‘o ﬂ.u 9.‘0 0.”
2,80 0.368 2.80 0,996
3.20 0.39 3.00 D.2986
Pig.30 Curve (b)
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Stanniec chloride, like other lewis acids, reset
with p-bromo phenscylidene p-amino 4imethyl emiline to
give » green coloured chelate whers A . of the ligand
ghifte from 475 mu to 600 mu due to bathochromic effect,
The composition of the chelate was determined by speetro.
photometry.

A stoek solution of the ligand (.08Y) was prepared
in agetone. Stannic chloride solution was prepared by
disrolving stannic chloride pentahydrate (E,ilerck) in acetone
and Sn(IV) estimated gravimetrically as 5n0g.B0 ml, of the
golution was diluted with water to 100 ml. It was then
neutralised by ammoniun hydroxide till a slight permenent
white precipitate was formed, 50 nl, of saturated ammonium
nitrete was added to dissolve metastannic aeid and this
was diluted to 400 ml, The contents were boiled and stirred
eonstantly. The precipitate s> formed was digested, filtered,
dried, ignsted end finally weighed as SnOpe

HATURE OF TH8 COMPLEX
Vosburg and Cooper's method was applied to ascertain
the mumber of chelotes formed.A ... due to the ligand was

found to be at 475 mu while that of the chelate at 600 mu,
(Pig.3?). Therefore, 600 m was selected as the appropriate
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wave length tc study the composition. Absorbance measure-
ments were carried out with the help of Bsusch snd Lombd
‘spectroniec 20' spectrophotometer while I.R, was recorded
on Perkin.Elmer infracord,

For determining the composition of the Sn(IV)
chelate, the methods of continuous variation, slope ratio

end mole ratioc were employed.

In the continuous varistion method, optical
Gensities of » series of solutions prepared by mixing
X ml, of 0,56%x10™"¥ SnCl, solution with (10-X)al. of
7.888x10™%% of the ligand solution. The total volume was
kept constant at 10 ml, (where X wvaried dy 1,0-9 ml,)
were determined at 800 mu, employing scetone as a blank,
The peak in the curve a (Fig.33) shows the molsr composition
of the SnCly and p-bromc phenacylidene p~dimethyl amine
aniline complex as 13?, The 0.D, of 5n(IV) solution was
negligible at 800 mu (Table 41, Fig.33).

SLOPE RATIO METHOD

This method gave similar results as obtained from
Job*e eontinuous variation method for the composition of the
chelate, (Table 43-45, Pigs. 34-36).

MOLAR RATIO METHOD

This method wes employed to determine the composition
gtablility sonstant and change in free energy of the chelate.



The results are given in Table 46-48, Pig. 37 and Curves
Gy » and ¢.

SUBMICAL AWALYSIS

The chelate was prepared and isolated by concen
trating 112 (mole) mixture of Sn(IV) and the ligand, It
wap orystalligped from acetonitrile, A known amount of 1t
wes decomposed by concentrated nitric seid. The nixture
was evaporated to dryness and the residue dissolved in

goneentrated hydrochloric ecid. It was diluted with water
and Sn(TV) was estimated from the solution as SnOp
gravimetricelly.

(1) weight of the complex = 0,8048 gn,
Weight of Sn0p obteined = 0,1175 gm.
Theoretigal weight of Sn0p = 0.1134 gm.
in the complex.

Galed, Pound Exzor /
0.1134 gn. 0.11%5 gm, 0.80

Proz the chemical snalysis, it may be concluded
that one molecule of Sn(IV) combines with two molecules
of the ligand to form the chelate,

As in the cage of other Tewis aclids stannie



echloride slso introduces conjugation on seccount of
resonance, This results in a bathochromic shift and the
chelation takes place due to the increasing negative
tendency at the >0=0 group of the ligand.

In agcordance with the composition, the following
possidble structure may be assigned to the chelate,

Cl <8n - C1 | e
o/\
@S LR Pty

4
Thiz structure clearly shows that 8n(IV) has a coordinstion
numbery six in the chelats.

in aleoholic solution of the chelate gave a white
precipitate of silver chloride with an aleoholic solution
of silver nitrate, theredy indicating the presence of
ionissble chloride ions,

I.R, spectra of the ligand shows s >0=0 stretching
frequency at 1700 on~' characteristie of an aryl ketone

1 due to

and snother stretohing frequency at 1600 om,”
pressnce of a C=N group. From the speectrum 5f the chelate
{Fig.38) , it is seen that the lowering of the frequencies
1878 cn.”' and 1625 om.”t respectively takes place. The
lowering of frequencies af these centres indicetes the seats

of the interagtion of the metal ion with the ligand. The
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opectrum of the ligend also exhibits doublets eround
M’z(l‘iggﬂ) while only one peak is shown in the
spectrum of the chelate. This may de due to the change

of one of the two benszenoid rings to s quinonoid one.
Purther, there is some perturbation in the phenyl group
skeloton vibration reglon between 1550 em.”) and 1470 on™)
in the chelate. This i{s expected from the proposed
struocture,

STABILITY CONSTANT AND FREE ENERGY CHANGE

From various methods of absorption measurenents,
it has been found thet 1 mole of Sn(IV) combines with 2
moles of the ligand t» foram the corresponding chelats.
The dissociation constant of the complex may be expressed

ans
0 0 0 (Initial concen.-
| tration)
o(l-a) Ca 2Ca (®quilidbrium
eoncentration)

The stability constent was deduced from the following

egquetion:
o(l-a) C(l-a)
e (200)° oz 4c® o h’ ;l

whexs C 18 the concentration of the complex in moles
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per litre and a is the degree of discociation.

The value of & can be deduced from the relationship:

i el A Ss _ 086 (Pig.37
'. 0.30 Curve .)

Where R, is the maximum absorbance of a given amount
of Sn{IV) in the presence of e large excess of the ligend,
which assures that all the Sn(IV) is bdound as the complex,
By ip the value obtained when the same amount of Sn(1V)
is nixed with two moles of the ligand {.e. 13172,

= 0,5199x10%L

Temperature=33°C
Change in free mirgn
- AP = R,7.1n Bg = 1,987 x 306 x 2,303 log 0.5199x10™!

- m c..l./.ﬁlo
= 15.00 K cala/mol.
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Table =40 Vosburg and Cooper's Method for Sn(IV) and
P-Promo Phenacylidene Podimethyl Amino
Aniline (Both 1x10~°k)

Oongemtration of Sn(IV) solution = 1x10~>(0)
Conecentrstion of the ligand = 1x10™3%(c')

Pe fmel

Wave | 1% e 113 | Lia | 41l ik | hL
length| (a) {®) (e) (a) (e) (£) (8)
- —

330 1,02 1.48 1.70 1,70 0,44 0.50 0.72

380 0,90 1.39 .52 1.80 0,38 0.43 0,63

3  0.76 1,18 1.34 1.46 0,31 0.36 0,89

400 0,70 1,18 1.39 1,52 0,07 0.31 0.47

428 0,68 1.18 1,40 1.8 0.% 0.39 0.45

450 0,84 1.09 1.30 1,45 0,% 0.29 .42

476 0,56 2,90 1,00 1,18 0,21 0,28 0.39

500 0,50 0.70 0,81 7.8 0,20 0.%4 0.26

%6 0,54 2,69 2.79 0,82 0.2 0.76 0,38

B8O 0,89 7.78 0.82 0.886 0.78 0.30 .43

576 0,66 0,76 2,83 0.88 0,78 0.33 0.46

588 0,67 7476 0.87 0,81 0,9 7.34 0.48

800 0.66 0,7? 2.77 2,76 0.9 0,36 0.49

816 0,64 0,68 - 0,67 0.28 0.34 0.47

828 0,67 0,80 - 0,89 0,28 0,32 0.46

660 0,54 0.45 0.44 0,37 0.%4 0.29 0.40

676 0,43 0433 0,32 0,26 0,19 0.74 0.34

f

Fig.32
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Table-41  Job's Method for Sn(IV) and the ligand

(Both 0.5x10™x)

Gongentration of SnCl, solution = o.mo"x(c)
Comgentration of the ligemd = 0,8x10™>u(c?)
Wave length = §00 mm

Pefe =1

Peak at 112 33 Su(IV): the ligend

-’-i?) ‘ﬁ.;}? and E tmt{i‘:i Difference

T b - Cr Ty TS
9 0.42 0.38 0.04

8 0.4156 0.366 0.08

3 v 0.410 0.30 0,11
333 6.67 0,408 0.79 0.118
& é 0,372 0.76 0.112
B L 0.308 0.20 0.1086
8 £ 0.26 0.17 0.09
7 3 0.228 0,145 5,08
8 2 0.145 0,08 0,066
9 1 0.068 .03 2.738

Pig.33, Curve (=)
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. Table -42

Congentration of SnCl, selution
Congentration of the ligand

164

Job's Wethod for Sn(IV) and the ligend
{ Both 0,6686x1

)

= 0,855x10"°%(0)

= 0,B88x10">u(0*)

Vave length = 8§00 mu
P= =]
Peak at 1:P3: Sn(¥) : the ligand
a:ZJ}j‘)ﬂ h%i;l:?:h. o Rteoas the 1igana| Difference
cts— —
el - ¢ b J(c-b)
1 9 0.465 7,420 0,046
0.478 0.3686 N.11
v 0.45 0.32 0.13
3,33 6.67 ND.44 7.30 0.14
4 8 0.37 2.276 7.098
8 5 0.32 0.73 0.09
8 3 7.31 0.728 0,086
k4 3 0,21 N.14 0.07
8 2 0.145 0.08 0,085
9 1 0.08 0.0? 0.04




fable -43 Slope Ratio Method for 0,.5x10°°H Sn(IV) and

L | lw. and vice versa.

165

Set T Volume of 0,8x107°4 ligand = 8 ml.
Strength of Sa(IV) solution = 5:10'5&
Set IT Volume of 2,5x10™ M Sn(IV)
golution = 8 nl.
Strength of the ligand = Bﬂc"’m
Set I Set II
Vol,of
ol | oo | peaw] o
R e . _ T
0.10 o-u ’7.10 O."
0.20 0.31 0.20 0,52
0,30 D+4%7 0.30 0,58
0,40 0.58 D.40 0.68
Curve (a) Fig.34 Curve (b)
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Table -44 Slope Hatio ethod for 0.33x10™°1 Sn(IV)
and a.mo ¥ Iigand,and

Vice~Versa,
Set I. Volume of 0.33x10™°¥ ligand = 8 ml,
Strength of Sn(IV) selution = 5.!&10'3!-!
Set II. Volume of 0,35x10™°¥ Sa(IV) solu-
tion, = 8 ml,
Strength of the ligand = 3,33%10"0y
Set I Set II
Vol,of : Vol.of the 0.D
sn(IV) 94D, ligand, oo
— ST
0.10 0,28 010 2,09
0.20 0.29 5420 .18
0.30 0433 0.30 0,27
0,40 0.36 0.40 0.38

Curve (a) Fig-36 Curve (b)
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Table -45 Slope Ratio Method for 0,25x107°N Sa(IV) and
2.6x10"°¥ 1igend, and vice-versa,

Set I Volume of 0,75x10™°N ligand = 8 ml,
Stremgth of Sn(IV) eolution = 2,60x10°8

Set II Volume of 0,25x10™°Sn(IV) solution = 8 ml.

Strength of the ligand = 2,80 x 10™°K
Set I Set II
Vol,of | Vol,of ok
Sn(I1V) 0D, the ligsnd * ¥y
ml, ml,
0,10 0,18 .10 0.08
0,20 0,29 0,20 0,145
0,30 0,265 2430 0,22
7440 0.28 0.40 0.29

Gurve (a) Pig.36 Curve (b)
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Tadble -46 Composition of the Complex by Wole Ratio Method

Strength of Sn(IV) or the ligend solution = 1,26x17" %
Constant volume of Sn(IV) or the ligand = 1 ml,

Wave length = 600 mu
Set I Set II
E:{IV) 0.0, the ligand g
. ﬂl.
q.lo Ogm ’)l‘o o.“
0,20 7,10 2.80 0.11
’).” 0.11 1.’0 O.m
0.‘0 Oom 1.‘0 0;"
0.50 0.18 2.0 0.28
3.80 0.12 ?.,20 0.29
0.0 0.1°? 2.40 2.30
0.80 0.12 2,60 0,30

Fig. 37 Curve (.),
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Table -47 Composition of the Complex by Mole Ratie Metho

Strength of Sn(IV) or the ligand = 2,0x10™3n
Qonstant Volume of Sn(IV) or the

ligend, = 1 ml,
Vave length = 800 mu
;:l(.m [ by I ‘e 1igamd 0D
ml, ml,
0.10 0.10 0.10 0,04
0420 0.70 0.70 0408
0,30 0.71 030 0.09
0.40 0,22 0.40 D.11
0.80 2.728 0.80 0,16
0,60 0.236 1.00 0.28
.70 0,260 1.82 .40
0,80 0.285 2.00 0.41
0.90 D477 2,89 0.68
1,00 0.77 3.00 0,58
- = 3.70 0.58
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Table 88 Composition of the Complex by Mole Ratio ¥ethod

Strength of Sn(IV) or the ligand = 2,8x107°w
Constont Volume of Sn(IV) or the

ligand, = 1 ml,
Wiave Iength = 820 mu
Jet 1 _ et II
h— 2 0.0, b+ e 0uD.
al, ml,
7«10 .24 .40 0.10
N.20 0.286 0,89 0,245
0,30 0.77 1,20 0.37
Ne80 0.278 1.87 0,48
0,60 0.290 ?.00 0.87
0.6 0.290 2.20 n.62
0,79 0,290 2,30 0.64
0.8 0.290 2,40 0.66
Pig.37 urve (C)
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Antinony pente chloride interacts with p-brome
phenacylidene pedimethyl amino aniline to form s violet
chelate. During this reaction, the electronegativity
of the >C=0 group of the ligand ia enhanced and conse-
quently it becomes wore reactive towards the metal {on.
A bethochronie shift fron 425 mu to 550 mu takes place,
The latter wave length was pelected to study the

couposition of the chelate.

EXPERINENTAL

A stoek solution of the ligand (),.06%) was
prepared in acetone, Antimony penta chloride (.01x)
solution was also prepared in acetone and Sb(¥) contents
estimated gravimetrically S Sbesy(l),

HATURE OF THE COMPLEX

Vosburg snd Cooper's method was employed to find
out the number of chelates formed during complexation, By
plotting opticsl densities of the ligand against wave
lengths, K.‘. wag obteined at 4°6 mu. Solutions of SH(V)
en? the ligand were prepered in different ratios and their
absorbences me~sured at different dave lengths, Prom the
curve the A __.  for the chelate was observed st 670 ma
(Pig. 39), which was selected as the proper wave length to



find out the composition, stebility constant and other
thermodynanic properties of the chelate formed. Since
only one /<..l. was obgerved for the adove golution, it
is evident that only one chelates has been formed.

Job's eontinuous variation, slope ratio and
molar ratio uethods were employed for studying the
compogition of the chelate and it was concluded from
these methods thet one mole of Sb(V) combines with two
moles of the ligand to fora the corresponding chelste,

In Job's continued variation method, the foll-
owing sets of mixtures were prepared and their optiecal
densities measured at 800 mu.

12,3 see 8,9 ml, of 0.B58 x 107°# Sb(V) solution.
2,8,7 +ss 2,1 ml, of 0,566 x 10™°u lizand solution,

Same volumes of 5b(V) end the ligand were taken
and the totel volume in all the solutions were kept
gongtant st 12 ml. The optical density of the metal ion at
600 m was negligidble. By plotting & graph between the
difference of the optical densities of the above mixtures
and the corresponding value of the ligand against the
eompoeition of S5b(V) and the ligand, a peak was obtained
whieh showsd that the composition was 132 (SB(V)sthe ligand).
Similer results were obtained at different concentrations
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of the metel ion and the ligend, (Pig.40, curves = and b),

SIOCE RATIO 4ETHOD

This method gave similar results as obtained from
Job's eontimuous variation method for deternining the eompos-
ition of the chelate (Table 52-83 and Pige. 41-47),

H0LAR RATIO MITHOD

This method was employed for deternining the
eonmposition, the stability constent and other thermo-
dynaszic data of the chelate (Table 54-55, Fig.43).

SEEIICAL ANALYSIS

When solutions of Sb(V) and p.bromo phenacylidens
pedimethyl aaino aniline were mixed in the ratio of 112,
a green solution was obtained which on congentration in
vacuun afforded a violet sticky mess, This was washed several
times with petroleum ether (87-80°) to free it from the res-
inous mass and 2 so0lid was obtained., Tt was then crystalliszed
fron acetonitrile. A known amount of the chelate was decom-
posed by boiling with concentrated nitriec aoid and then
évaporated to dryness, After cooling, the residue was tritur.
ated with water snd then diluted. Sb(V) contents in the
resulting solution were estimated gravimatrically as SbgSye

(1) Weight of the complex = 0,804 gn.
Weight of SbgSy obtained = 00,1272 gn,
Theoretical weight of SbpSy = 17,1281 gnm.



Oaled, Pound Errer /
‘).12‘1 ’. °alm gm, 00’0
(11) weight of the complex = 0,8674 gn,
Veight of SbgS;, obtained = 0,108° gn,
Theoretieal weight of
by Sy = 0,180? ga,
Oaled, Pouhd Brror /,
0.1568 gm. 0.108° gm, 0.56

From the chenical analysis as well as sbsorption

neasurenent studies , it is quite evident that one moleculs
of 5b(V) combines with 2 molecules of the ligand to form
the chelate.

From the above data, the following structure may
be assigned to the chelatei-

S b
\

An aleoholic solution of silver nitrete gave a
white precipitate with an aleoholic solution of the complex,
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indieating thereby the presence of chloride ions,

The above structure for the chelste was further
eonfirmed by I,R. Study =f the ligand and the chelate,
In Pig.18 the stretehing vibration characteristie of an
aryl ketone is exhibited at 1790 o-‘l and that of a O=§
at 1800 u‘l- For the complex (PFig.44) these frequencies
are lovered to 1675 on” " and 1568 en"! respectively.
This lowering of stretching frequencies indicates that
the > 0=0 and the C=N are the only positions for the
echelation, Around 830 cu"l, the ligend exhibits out of
plane vibration as a doudlet which on complexation appears

@8 & singlet, This may be due to conversion of one of the
bengenoid ringe into a quinonoid,

The different absorpt 151: »easurenents have shown
that 1 mole of Sh(V) combines with ® moles of the ligand
to form the edfresponding chelate., Consider the dimsecistion
of Sb(V)-the ligand chelatet

S Rp ——> S +2R
e 0 0 (Initiel conee
entrution)
0(lea) Ca 20a (Bquilibrium
concentration)

Where C is the concentration of the complex amd o i=»
the degree of dissocistion,
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T

Where Ej, and EB have usual significance.

. 0,53-0,47 _
. a 553 0.113 (Fig.43, Curve a)

2 E ﬂ(l.a) 4 l—a
NS . Ca (20 )* a3 2
= = 0.2459x10%°

4(0.113)3 (0.00025)>

. 1%2.B0 x 10~
. 10

= ,00025 gm/litre.

Temp, = 23°

.« Change in free energy:

- P =RT ln Eg

= 1.987 x 296 x 2.303 log 0.2459x10%C

= 12720 cals./mol.
= 12,72 K Cals/mol,



Table-4? Vogburg amd Cooper's Method for SH(V) and peBromeo

Phenacylidene p-dimethyl Amino An{line
(Both 0,8x10™>x)

Concentration of Sb(V) solution = 0,5x10™0K
Concentretion of the ligzand = ,Bx10"oN

Pe g =1

177

Jave T 118 | 119 114 131 381 | Pl
dength | (a) ) | (o) (4) - wilnienbomili
326 .89 1,09 1.22 1,301 0.53 0.56 0.67
360 0.72 0.92 1,08 1,114 0,47 0.45 0.54
ave 0.58 2,79 .88 0,98 2.31 0.326 0.41
400 0.54 0.79 0.91 0,99 0.78 0,28 0.37
418 0,54 0.81 N.9¢ 1,00 0.73 0.27 D.58
4°5 0.54 0.80 0.93 1.01 0,72 D.78 0.36
438 0,52 .79 0,92 0,99 0,71 0.78 0.33
480 2.80 0.7™ 0.88 0,98 D.90 .26 0.52
4786 0:43 0.63 0,72 0.78 .18 7.23 0.8
870 2.3 0.48 0.53 0.69 0.18 0,20 0.28
828 0.37 0.46 0.49 0,56 .18 2.18 0,78
836 0.37 0.47 0.61 0.58 2.16 0.18 0.26
560 2.41 0.49 0,83 0,67 0.17 2,18 2,76
566 0,38 0.48 0.,86° D.80 0.16 2,18 0.76
876 0.38 0.46 0.49 0,853 0.18 0.18 0.%4
800 0,36 0.47 O.44 0,83 Jel4 0.18 0.°4
626 0431 0,33 0,30 0.47 0.11 0,13 N.24

Pig. 39
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Teble 80 Jodb's Method for SbH(V) and the Lizand

(Roth 0,565x10

)

Goncentration of SbClg solution = 0,B88x10>u(0)
Coneentration of the ligend

solution

Wave length

pe & =1

Peak at 1312 13 Sb(V) 1 the ligend

= 0,686x10"u(c")
= 550 mu

Het ol txliz:m Vo 3 I sg:"h:fu Difference
po..... 1 ...
9 0.54 0,80 0.04
0.49 0.44 0,08
4 0.465 .39 0,078
3.33 6,67 0.46 7,38 0.08
¢ 8 0439 0.33 2,08
) 5 0,345 0.29 2,088
8 4 0426 0.21 0.04
? 3 2471 0.17 0.04
8 n 7416 0,128 0,088
9 1 9.10 0,07 9,03
e =

m.‘o. Curve {l)
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Table <81 Job's Method for Sb(V) end the ligand

Concentretion of Sb0ly solution = 0,80x10™ u(C)

Congentration of the ligand

solution
Wave length

Pw 8:-1

= 0,850x10">u(c)
= 50 mu

Peak et 152 g1 Sb(V) 1 the ligand

- e
BT ok i8fana | 8351360 ..‘."?;.&_[mmnm
- -10
bl e .
9 0.54 0.57 0.02
D.48 0.48 0.03
e L4 .44 0,39 0.08
3.3 6.67 0,43 0.378 0,086
4 8 0.39 2.38 0.04
5 6 7438 0.37 0.73
7 3 0.78 2.3 0.02
8 ? 0,71 0.19 0.02
9 1 0.18 0.17 2,01

Fig. 40, Curve (b)
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Teble <B2 Slope Ratio Method for 4x10°% Sb(V) and
0.4x10"%K 1igend, end vice-versa

Set T Volume of 0,4%10°M licand = 8 ml,

Concentration of 3b(V)
eolution, = 4x10™x

Set II Volume of 0,4x10™>% sb(V) -
Seiution )

Qoneentration of the ligand = 4!10'3!

‘et I Set 1I
;;;.of Vol.of 4
(V) 0,0, the ligand DeDe
ml, ml,

0,00 0.3868 2,90 0.04
0,10 0,36 0,20 0.14
0,20 0.3686 0.40 0.78
2.30 0.37 0.60 7.388
D.40 1,385 0.80 D.44
0,60 0.44 1.90 7.563
0,80 .46 1,20 2.61
1.0 0.49 1.40 0.70

- - 1,80 0,78

Carve (a) ?ig.41 Curve (b)
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Table 53  Slope Ratio Method for 0,33x107°N Sh(V)

and 3,33x10™>

Vice~verss.

Set I- Volume of 0,33x10°M 1ligand

Congcentration of Sb(V) solution

mgﬂ

=8 Ila
= 3,33x10"°%

Set Il.Volume of 0.3&10"'3l 8b({V) solution =8 =1,

Goncentration of the ligand - 3,33x10™n
~ Set T Set IT
B | on | othi | om
 ml. 7 ml,
0.00 2,268 7,00 0,04
0.10 0,27 0,20 0,11
0,20 0.28 0.40 0.90
0.39 .29 7460 0.7
0.40 0.89 0.80 0.34
0,60 0.33 1,70 0.475
0.80 7.38 1,29 0,495
1.00 0,39 1.40 0.86
5 & 1.60 0.64
curve (a) Pig.4® Curve (b)



Table B4 Composition of the Complex by

Strength of Sb(V) or the

Mole Ratio Method,

ligend o g 5x19~3x

solution
;l;.nl::::u:!vlm of Sb(V) or =1 ml,
Wave length = 580 mu
Set 1T Set 1I
Eﬁ%&?’ 0.0, th:o};:ind 94D,
. 0 ml,
0,70 0.18 2,00 0,03
2,19 D.196 D.40 0.13
0.20 0.218 0.89 .72
0.30 0.2186 1.20 0,32
0.40 0.22 1.60 J.40
0.80 0.23 2.00 0.47
0.60 0.23 2,10 0,80
0.70 0.236 2,20 0.53
0,80 D.24 2,30 0.53
0.90 0.74 2.40 .83
Pig.43 Curve (a)
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Table ~50  Composition of the Complex by Yols Ratio Metho

Strength of Sb(V) or the ligand = Px10™°N

g::::::t volune of Sb(V) or the ik

Wave length = 580 nl.
Set T Set TI

m-;’ol.of Vol,.of
. (V) 0.D. the 11gond 0.9,
9,00 7.4 0,00 0,02
0,10 0418 0,40 2,09
0.20 0,16 .89 24168
0.30 0.17 1.20 0,24
S 0,175 1,60 0,31
0489 0,178 .00 0,388
0,80 0.1778 2,10 0,396
k1 * °,20 0,410
- A 2,30 0,410 -
- - ?.40 0.410
Pig.43 Curve (b)
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MAGNETIC PROPERTIES OF Ou(Tl) Hg(Il),
Ee(IID), Sn(IV) AND Sb(V)COMPLEXES

The ligand p-bromo phenagylidene pe=dimethyl amine
aniline Brl el - 08 = N l<:: has a possidility
[8)

of existing in a resonating snd swittor ifon structures by
which process the phenyl ring attached to the substituted
anilino group may take a2 gquinonoid structure »s shown below:

oH
nr-@-zl- o= i l<m:

p=bromo phenacylidene
pe-dimethyl amino aniline

$
Br «=C = 0H - l@=z‘<m’
A Ty
e
On the other hand there is = possibility that both
intre and intermolecular charge transfer may take place. The
letter possibility mey render the ligand molecule partially
paramagnetic, Since the chelates under discussion are of the
lewis neutralisation type, the stuiies of the magnetie
properties is expected to provide interesting and useful
information.

As descrided earlier (Chapters II and III), some of
the isolated complexes are quite stable and non-hygroseopie.
Megnetic susceptidility mecasurements of these complexes were
possible by Gouy's method,
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Magnetic susceptibility measurements were carried
out in this laboratory by Gouy's banlence consisting of a
penimicro Wettler balance for suspending and weighing the
sanple in a magnetic field 8,6x10° Gauss generated by an
elegtromagnet which was fed from the A.C., mains via
rectifier cun gurrent stabiliser (UNIC)).Measurements were

earried out at only one teamperature, vis, the room teuperature.

Piretly the constant of the tube, C, was deterained,
ueing copper sulphate (A.R.) as o standard and then copper
sulphate was replaced by the ligand or the complex uader
investigation,

The change in weight , AW, of copper sulphate under
the influence of msgnetic field was found from the following
deta:

Veight of the empty tube + Fleld off -

Teight of the empty tube + Field On = W

iie of the ty tube + copper =
te + H.:ﬂ off. s

Weight of the ty tube + Copper

sulphote + Pleld on il

Chonge in weight AW B (!‘-I,)-(lr-l
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The total magnetic force on the tube containing
¢opper sulphate or eny other standard substance iz given

vy
P =g ax (1 - )

where H is the field at the centre of pole gap of &
magnet, H, 4s the field in the region out of influence
of the megnet and A is area of cross section of the
tude, '

Since H < H,
o' r'}lﬂ‘

But P = g, AW

oz z-‘:;ﬁl

Sinee specific susceptibility
X =

e
ht(-}.ﬂQn Y is the volume and ¥ the
total weight of the subetance.

PSR X B

But V= A,1, where 1 1is the length of the tube
to which the specimen has been filled up.

SR.C ?—‘-’-}&1-?1&[
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Put g, " and 1 @&re constant for a particular tube
at a particular pisce unfer a constant magnetie field,

o X; ﬂ"é'\"!

where C i the constant of the tudbe. In the ahove eXpress-
fon AV {is expressed in mg, and W in gms, After determining
the eonstent, C, of the tube, the specific and thence molar
suseeptibility X, 1is determined. AW of the complex was also
deternined in the similar menner as carried above, replacing
eopper sulphate by the complex under investigation.

The values of the Pascal's constant, to determine
the dismagnetie corrections of the ligends were taken from
Nagnetochenistry by Shelwood,and Shatnsgar and Mathup(l'®),
The dismegnetie correctione for the ligends under investi-

gationg are given below:

Molegular formuls of the lizand under interaection

C= uu.m:lo" = 84,00 x 10"
= 1ix?,98x10"8 - 32,98 x 108
0 = 1x4.81x20"° - ¢.61 x 1078

Fegx20x0"® =402 x 2070
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Gomstitutive |0 = ¥ = 2(8,2)10™8 = .16,40x10™°
Correction
Carbon in -8
two phenyl = !(#1.4)10 - 2,80 x 10
rings :
' Total 108,86x10™°

) L !!9" 4 L"‘N‘T' !

Molecular formula of the ligand under intersgtion

* Ore15%° Pr
3 = 16x6,00x1076 = 96,00x10™%
¥ = 18x2,93x10"° = 43,98x10~°
0= 1x4.61x10"° = 4.61x107°
N = 2x0,11x10™0 - 4.29x107°
Pr = 1x30,60x10™° = 37,80x10™°
Gonstitutive| ¢ = N-R = 1(-8.72)10~%
Correction - -8,20x10°
2:»:. in 2(-1,40)10"%
ay
rings - _9,80x10"°
¢=0C = 1(-8.86)10"°
= 5,50 x 10™°

As shown above , the constant

o= ¥

where ¥ is the weight of the gpecimen under investigation,
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AW the change in wt, under the influence of spplied
nagnetic field and Xh the specific susceptibility

oo X Gt

From Gouy's method both W, Wand ¢ can be deterzined

and hence the specific susceptibility esn be calculated,
Enowing the molecular weight of the somplex, molar
suseeptibility of tne complex X, = X .uWol.wt.of the complex.
By applying diemegnetic eorrection of the ligand portion,
XAy can be determined. Therefore, the effective magnetie
noent of the ilon bound in the complex isg

neff = 2,04 x; T B.N,

. of the envty tube + Pield off = 17,.58345 gn.
Wt. of the empty tude + Pield on = 1°,.60948 &n,
wt. of the tube + Topper
sulphate + Pield off = 13.19818 gm.
¥t. of the empty tube + Copper = 13.19306 gn.
sulphate + Field on

0.0 W, of mr - ntlun.u'm - '3-504’0 &n,.
sulphate

¢*s AW = (13,19306.13,18815)-(17,58245-12,58345)

= (0,008680)-(-0,00100) ga.
= 5.8 ng. + 1.0 ng = 6.8 ng.
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o
=

-8
+"s Constant of the tube a-%:%

= 5.2 x 1077

¥. of the empty tube + Pleld off - 17,58345 gn.
¥t, of the empty tube + Field on = 19.68245 gn.
Wt. of the enpty tube + Oopper complex :
+ field off. - = 17,89906 gn.
Wt. of the empty tube + copper eomvlex
+ field on, = 17,89980 ga,

+'s Veight of the ecomplex(12,89778-19,583458)= 1,31560 ga,

o’ AW = (17,80060.17,89908 )-(17,58245-.17,65345) gn.
= (7,00%85) =« (-2.0010) gm. e (0
= 66mg. + 1 ng. = 1.56 ng.

,
o )[.mpm ..i.ﬁ..u- .W

= 2,554 x 10™°

Molecular weight of the complex = 510,088

e’ —7(' ® Mol, wt, x fmpm

= 510,088 x 2,564x107°
= 1,304 x 1070

= 1304 x 10~°
Diamagnetie eocrrection for each ligand molecule
= 105,86x10™°

for the two lizand molegules
= 211,79x10~8



e f' = f, + (Diamagnetic correction) x 2
for each ligand molecule

= 139 x 10°% + 221,70 x 107°
-8

= 151872 x 10
Temp, = !8.0

w et =02,88/2X,

= !.l:/ (273433 )x1515,79x10"°

= 1,984 B, X,

GH

110 CHIORIDE CONPLEX

Gonatant of the tube 0 = MEIIOT ; 080470

- 5,2 x 10"
Velight of the empty tube + Pield off = 17,88345 ga.

Weight of the eapty tube + Pleld on = 12,88245 gm.
Uelght of the empty tube + Nglly

complex + FPield off = 13,70840 gn.
Weight of the empty tube + Hglip
complex 4 Pleld on = 13,09765 gm.

o'e Weight of the complex(13,00840.12.58348 gn,)
= 1,51498 ga,
v AW = (13,00755-13,00840)-(12,568245-12,58345)
= («0407786 )= (~0,00107 )gm,
= «0,86 ng + 1 ng.

= 0,156 mg.
De AW 7
Xeomplex * ~ o = 5.2x10" ").‘ﬂi €%,

= 0,1514x10~6

#oleeular weight of the = 602,752
complex
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Ve i f -
..i J(; - &]ﬂu +mol,.wt, of the o mnlex I‘ J 2
= 5,1514 x 10°°

= 91,29 x 1070

x 6032.,.75°

Diomagnetiec correction of each organiec portion
- 162,80 x 10~8

L - 2290,16 x 10~°

- 42,20 x 1070

Total diemagnetiec correction = 208,78x10™°
X = 91.29x10"5+203, 8x10™"
= 294,37x107°
Toup. - "‘c

u off,= 2,88 /7 X B,

- :.o:/umumu.mm‘"

= 0,3423 B,M,

Veight of the empty tube + Fleld off = 12.66770 gn.

Weight of the empty tube + Pield on = 1°,68620 gn.
Weight of the empty tube + Copper

sulphate + Pield off = 13,2007) ga,
We ight of the empty tubetcopper = 13.77625 gn.

sulphate + FPield on

2" Weight of eopper = (13.20070 . 1°,66720) gm,=0,.53380 gn.
sulphate

D.Q AW = IOQM)*(--)QOOIOJ gn,
= 5,86 mg. + 1 mg, = 6,50 mg.
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-
«*s Oonst nt of the tube ¢ = Lﬂ.’b‘fﬁ_ - w

= 4,763x1077
ﬁtqht of the expty tube+Pield off = 1%,66720 gn,
Weight of the enpty tube + Pield on = 17,8662) gn.
Vei of the enm tube +Fe eomplex = 12,98780 ga.
-fh}uu off et o3 - -
Feight of the empty tube + FeCly comolex = 135,00610 ga.
+ Pield on
+"s eight of FeCly complex = (12,98780.12.667

= 0,32080 gn,

«'s W= (13,00610-192,98780) - = (0.0183gm, )=(.00

(17,666°0-12,66720)
= (18,341)ng.
= 19.3 ng.
4,763x20""x10,3
Xoomplex = sa'; e T 0,008 gn.
= 28,68x10™°

Woleculer weight of the iron complex = 874,677

P )(. - )(;MM‘ bl.wt,of the complex
= 28,68x10"8x824,677

= 23680 x 10™° |

Dismagnetic correction of each ligand molecule
= 162,88x10"8

*. Dismagnetic correcti = 2(182.88x10"°
* % Tof two 11:-:: ..1.-:?.. ( )
= 375.76x10"°

3 01' = 8x90,10x10"° = 60,37x10™%
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+"« Total dicmagnetic eorrection
= 396 ,76x10" %480, 30x17~%
= 386,08x10""

f‘ = 23687 x 10™5+388.08 x 178

= 240360,06x10"°

Temp. = 04°

u eff, =9,84/7. X

= :.n:/ (273424 )x240360, 06210~
= 7,588 B ¥,

i}‘

TANTIC oDt

omstant of the tuve 0 = YIS » 2,030 &n.
- 4,763x10™°

Weight of the empty tube + Pield off = 1°,66720 gn.
Weight of the empty tube + Pleld on = 19,66620 gn,

Vel of the empty tudbe + Sn0Ol = 13,084826 gn
z::ﬂn + mﬂ off, ¢ ; :
Weight of the empty tube + anol‘ = 13,08340 gn.

complex + Pield on.
«*s Weight of the complex
= (13,064256-12,66770)gm. = 0,39706 gn,
s"s oW = (13,06340 - 13.064°76)-
(12.66670.12,86720 ){~0,00086 )« (~0,0010 )ga
» (-O.'r)..’)) -'
= 0,18 HEg .

+ focae)
e
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Komptex * ke« ATCIOU ag, ’
= 0,1797x10"°

“ol.weight of tre complex = 922,78

oo Xy * XAomplex * ¥0l. WE. of the complex
= 2,1797x10"8x922 7

= 168,80x10~%
Disnagnetie correction for two molecules
of the ligand mu.e&m—r - 325 ,76x10°
4 01" = 4x®9,10x10"% = 87,47 x 10”8
Totel diamagnetie correction = m.vum"‘m.cmm‘
= 408.16x10"°

/’

JQ")G + Totsl Aiemagnetic eorrection

= 165,80 x 10™° + 406.16x10~%
= 571,96x10™°
Temp, = .‘

o's u off,= 2,84/7 JQ B. M.

= 2,84/ (273436 )x571, 96x10°

= 1,192 B. M,

VTS
conatamt of the tube ¢ = MSZEO . 2,833 mn.
-8

= 4,763 x 10
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Weight of the empty tube + Pleld off = 17,867°0 gm,
Weight of the enpty tube + Fleld on = 17,8680 g=,

Teight of the empty tudbe + noa.. conplex

+ field off. = 13.037686 gn.
Weight of the empty tudbe + S complax= 13,031 .
+ field on. g N

»"« Weight of the complex
= 13,03768 - 12,88720 = 0.36548 gn,

«'s AW = (13,03185-13,03265 )-(12.66620-12,86720)

-0,0210 )ga.

= (=0,80¢1) mg.
- 0.?0 u.

7
Kongton * BYR - W'
“ = 0,2607210"%

folecular weight of the complex = 061,377

Q.. X‘ = x.“pl.. x ml. "Q Of
the complex,
= 7,2607x10"%x061,377 = 280,87x10°°
Diamagnetie correction for two ligand
moleoules = Px162.88 = 395.76x10"°
g o1 = Bx?0,10 = 100,80x10™°

SR

Total diamagnetio correction
® 308,76x10"0+100,60x10~° = 426.26x10"°

v

o' -7(. - )G + Diamsgnetie eorrection

= 259,60x10"%+426, 26x10™% = g76.86x20"0

Tenp, o uﬂ



u eff, = !.lﬂ

= 2,84/ (273+38 )x676,86x10~°

B 15'“ " ';

The effective magnetic moment of the copper complex
is 1,98 B, ¥, which s well within the range, (1,70 to 2,20,
expected for the copper eomplexes. The arbital contributions
in the copper complexes sre all quenched.

From the dsta (obtained at one temperature) it appears
that there is not much vedugtion of the constant in the

1y

eomplex fron the free ion value. FHowever, one thing is ecertain
that there is not mich antiferrc-magnetic interaction. From
these results 1%t mey be c2neoluded that the possidility of
the oomplex existing in form of a polymuclear eomplex is very
remote,.

The most interesting feature of these itulh- is the
paramagnet ic behaviour of the ligand itself. The ligsnd ie
found to show the effective megnetic moment of 1.61 B.Y,
The ligand consists of even number of eleotrons and this is
obviougly not a free radical, Hence & paranmsgnetic behaviour
ghould not norsslly be expected in the ligand., The paramage
netiec behaviour may,therefore, come if there is some partial



cherge transfer, The paramagnetic behaviour is well
manifested in the complex Hg(TI), Sn(IV) and SbH(V),

whieh would nommally give a diamagnetic bdehaviour, Hg(Il)
eomplex which eontains only one ligand molecule gives
effective magnetic moment of 7,84 B,i. whereas Sn(IV) and
5b(V) complexes, which contain two ligands each, give
effective magnetic monent of 1.19 and 1,30 B,¥, respectively.

The faet that the ligand itself ghows higher moment
value puggests that either the ligand gets asoocisted
or it possesses more effective charge transfer property being
eut off in the complexes by the metal-ligand bond, Probably
it is for this reason that mn. gives a lower megnetic moment
and the other two complexes contsining two ligend molecules
give values nearly egqual to those of the ligand, In the free
ligend it seemp that the effective spin.free electron is one
but in these complexes it seems to be half while in Sa(IV) and
5(V) complexes, the effective spin electron is nearly one,
This supports our contention that in the free ligand the eoff-
ective charge transfer is more( This has been amply denons.
trated in the electronic spectma),

In Fe({III) complex the charge transfer will be more
effective than the complexes deserided avove. The net result
is that the iron complex may retain one effective spin.free
electron per ligend besides the five usual spin-free electron
in Pe(IIT) fon, The effective magnetic moment of iron complex
is 7.5 B.M, which is just short of the spin only value of



742 free electrons. As the magnetie moment of iron 199
complexes are independent of their stereochemistry, erbital
eontridution and spin-orbit eoupling constant, the higher
valu® has not other explemation,

This peculiar magnetic behaviour is the only
example of its type, It appears that the paramegnetisa of
the ligand has been carried to the complexes to a reduced
degree. But the reduction is wiped off if the lTewis acid
beeomes an soctive participitant as in the case of Pe(III)
ecmplex,
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Further confirmatior regarding the position of C1Y
fon in the evordinntion sphere of the Tewils acid eonplexes
of pebromo phemseylidene p-dimethyl amino aniline was done
by eonductivity method, Measurcments were carried out at
#5°410 with Mllard's eonductance bridge. The observat’ons
are recorded belowie

LY AL

D TN, ATIND ARTLINE

. of pebromo phenscylidene

imethyl a:ino sniline and = 4,16473 gn.
R i e '

¥, of eupty tube = 4,15040 gn,
.l‘ ". “ ‘h. lmﬂ.‘ O.W '.. ;

«*s 0,00533 gum. dissolved in 10 ml.of
acetone has molarity
= 1,800x10%%n

+*. Conductance = 3,45x1x19™° hos.

'+ Molar eomductivity = dnseifis conductiviey x 10°
3 -8
Oy w BN . unm?.&u_
G " 1.809x1

* 4.15 hos

‘hus when the concentration is of the order l.d". the molar
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eonductance is 4.18 mhos,

When the concemtration is of the order of 17™%,
the molar eonfductance is found to be 6.6 '‘hos,

) €1oiis A ) SR8

Wt. of weighing tube + Hg(TI)

e = 4,01956 gus.
Wt. of weighing tudbe = 4,00100 gms.

o'e W, of complex 0.01885 gms.
Volune of the solution = 19 mnl.

«'e Molar concentration = £,986x10"0%
Conduetance = 0,638x10"% moe.

 Specifiec conductance = Opll constant x conductance
= 1,4516x0,638x10™%

o’ ¥ = 41,69 Mos,

¥hen the solutiorn was diluted 10 times the confuctance
obtained was found to be 6,45x10°% mos.

-
oo e WANESERTTAC L g5 mos.

i) i 3T 4 Imaulym”""

", of tube+the Sn(IV)
::_‘g::' 3,98350 gm.
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¥t. of weighing tubde = 3.97237 gn.

l‘. ¥, of the mplu 2.0113 £,

Sinee 0,0113 gn, have been dissolved im 10 c.c.
«*s Malar concentration - 1,206x10™°¥

Conductance = 0,230x10™% mop
SRR *.2 ngm:.‘m_’__
.. = - .
1.206x1
= 37.71 thos.

¥hen the dilution has been done 10 times the conductance

obgerved 2,9x10"° imos.

oo Py um!%!m:
1.

= 46,92 ihog,

ONDUQT AVIT

LIIND ANILTIE COMPLE

Weight of weighing tube + Sb(V) chelate = 4,01797 gm.
Weight of weighing tube = 3,99973 ga.
+*s Weight of the chelste in 10 ml.solvent = 0,01824 gu,

+*s Molar concentration - 1.897x17"°
Cnductange mospured = 0,335x10.4 "hos.

,Ox = ledSlgx0a3eg”txio] .
.o 2 84.46 ‘hos

When molar concentration is 1.89’:10"‘
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Oonductence is 4.1x10™° Mhos

*,awe dedBBedneTae® 0 o,
s e 1.0 4 ‘hos

Veight of the Cu(TI)-PAO Oxime = 0,91308 gn/10 ml,

fsl, concentration = !.HGIIO"
= 15,03 Yhos

When the solution has been diluted 10 times

AM = 21,36 Mhos

The molar conductance of the ligand pebromo phense
eylidene p-dimethyl auino aniline in scetons was expected
to be o 1ittle higher than what wag found., The lower value
be ponsibly due to ion mssociation, A ten-fold dilution
increases the A¥ values by B0 /£ which may also supjorts
ion assoclation, The complexes on the other hand ghow &
linited conductahece, not even comporable to 131l eleotrolytes,
This partial conductivity mey be due to either solvation or
the positively charged amino nitrogen combining with the
anion i.e. C1', A decrease in dissociation may also give
a low value, Except the Hg(IT)-complex, the ingrease in
AM velues is fairly considerable with ten-fold dilution.
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Bven then solvation gannot be ruled out at all,
On the other hand Cu(Il)-phenacylidene aniline
oxine complex shows a limited conductance., The conductance

of this neutral complex cennot be other than gome golvol-
yois, In that complexes are foumnd to be very stable units,

The conductence of the solvent acetone was also
deternined and was found to be negligidle as compared to
the conductenee of complexes in solution, The observed
conductance nmay, therefore, be taken as the econductance
of the complexes for all practical purposes,



2095

The U.V, spectra of the ligand p-bromo phens-
eylidene p-dimethyl amino aniline in acetonitrile
ghowe & Drosd and at the same time few sharp peaks
at 220 mu (Pige45, Curve a). The band at the lowest
wave length ig m-n* band due to the earbonyl group,
suggesting effective delocalisntion, The bread dands
around °50 ma is due to the densene ring as well as the
gquinonoid strueture but in the process of the formation
of the quinonoid unit the partly allowed bands have
been rendered sllowed, (Pig.4G, Ourves a and b), No
n=2* band could be detected and hence their change on
gomplex formation eould not be properly characterised.
The ligand shows a charge transfer band alse, The bend
at about 430 mu is nearly absent in complex but the
570 mu is retained, It seems that we have located doth
the inter molscular and intra molecular charge transfer
bands (Pige47 sOurve a). Both these bands are weakened
on undergoing complex informetion but the intra-nolecular
one we:kens more.
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Out of the lorge nmumber of eomplexing and chelating
agents cited in the chemical litersture, anils find very
little mention. These compounis, besides oant-lniug anitrogen
and oxygen which can serve as coordination gites, have the
unique property of exhiditing eolour changes (due to batho-
chromic effeet) when brought in contamet with metal fons,
especially those belonging to non-transition series,
Erohnke and Gross observed such changes in P=dimethyl amine
anil of phenyl glyoxal when brought in contaect with gilion
g1 or certain lewis acids., The nature and composition of
the product or products found dy such interagtion have not
yet been investigated., An attempt in this divection was
considered worth investigeting and forms the theme of the
thesis,

To begin with a number of enils besides the one
mentioned by Krohnke and Gross were synthesised and fully
characterized in the laboratory, Having obtained the anils
and their oximes in pure form, their acetonic or alesholie
solutions were mede to resct with some lLewis acids, The
Iewie acide chosen for this purpose are the halides of
Hg(II), 2n(IT), enhydrous AL(TIT), Sn(IV), Sb(V) and
Fe(III), Woreover,a charscteristic colour change was observed
in the case of phenacylidens aniline oxime with cupriec ions
and was studied for the sake of complexation,

Some new anils were prepsred by condensing phenyl



glyoxal hyirate with aniline, m-, p-chloroanilines, o-,
fey p-nitreanilines, p-bromoaniline, 0=, m=, p.toluidines,
Geyf-naphthylanines, 0=, p-aminophenols, o-anisidine,
sulphanilic aecid, anthranilic acid, m-, p-amino benszoie
acids and MMM.

Similarly p-bromo phenyl glyoxal hydrate was
synthesised by Se0p exidation of pebrome acetophenone, Thie
keto sldehyde hydrate was then condensed with aniline,

Owy W=y P=toluidines, 0w, m=, p=chloroanilines and sulphanil-
smide,

Nitrogen contents of the above anils were estimated
and were characterized by preparing their p-nitro phenyl
hydrasones, 244-dinitro phenyl hydraszones, semicarbaszones
and oximes, The oxime of many of these anils gave golour
reaction with ¢ number of metsl ifons and thereby offered
a possibility of being used as chelating agentes.

The functionsl groups in some of the anils and their
derivatives were confirmed by recording their I.R. spectra
in solid gtate, Typical structures of some of the new
anils and their derivatives are given below,(For other
structures,vide pp. c6-7/ ),

SE-ine Gerfwative s
1. Phenacylidene aniline 0.“5 -0« CHi=sY|N —@

2. Phenacylidene p-chlore- Cgiig - C - CH 'ﬂ@ﬂl
aniline “O



3. Phenacylidene
sulphanilic acid

4. Phenacylidene m-
nitroaniline

5. Phenacylidene o-
aninophenol

6. Phenacylidene
sulphanilamide

Senmicarbagones of;:

7. Phenacylidene
sulphanilamide

8. Phenscylidene
sulphanilic acid

Oximes of;
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OH
Ogy - ¢ = OH = N «{_)
P
CgHg - 0 = CH = N D-50,H,
P

Ogfs = § - OF = ¥ )50,y

Cglly = § - O0 = N =50,

9. Phenacylidene Aniline Cgliy - § — CH = N ()

10, Phenacylidene
sulphanilamide

N-OH
Oglg ~ G~ CH =X -@.so,mg
N-OH

(n-#-m—(____:}nog.xa-#-m@_no,
NOg

|
unds-r)-g_m-mz)
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Oximes have proved analytically important chelating
agents and are clacsified asg

Orthodioxime, agyloin oxl::t; ortho-hydroxy aromatic oxine,
monoxime of a-diketone and nitroso substituted hydroxylamines.
These compoundis react with metal fone either by replacement
of hydrogen of the oxime group by metal or through nitrogen
of such grouping to give chelates. Under suitavle conditions
the oxime can be made to react quite selectively and can
prove to be of analytical importance.

The aleoholic solution of Cu(Il) with phenacylidene
aniline oxime gave a soluble complex of wine colour. The
gomposition, stablility and thermodynanic data of this chelats
were deteruined by sputrophotwrio and chemical methods,

A 132 complex was found to be formed with stability constant
and free onergy formation chenge values as 0.7547 x 107 and 13,07

K Cals/mole respectively,

Equimolar ethanolic eolutions of Cu(TII) and phenacyli-
dene aniline oxime were mixed in 112 ratio wher a colour change
was observed, resulting in the formation »f wine eoloured
eonplex, This was concentrated in & vacuum dessicator when a
80114 mase was obtained, The s0lid was then erystalliged from
aleohol, The metal gontant was estimated lodometricelly(pp. 89 |

The iafrared spectrum of the complex showed the absence
of Ol streteching frequency thereby providing evidence for the
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exiegtance of a covalent binding through exygen.

A drop in pH was also noticed when the metal ion
and the ligand were mixed, This faet further confirmed
the above view point., The following structure is proposed
for the chelate:

Cgllg = C —~—CH = N - Cgfiy

I
'\o—u-l{'l'

o‘l,..u/-”m.-a..c.na

pent U il AON OF p.BROMO PHENACY LIDENI LMETHY L
WM LINELLEWIS ACIDSLHAL: [ DES OF Pe(ITT), AL(TII), T
Blll), Sa(IV) AND 8H(V) CONPLELE:

A [

Fig%

P

W¥hen acetonic solution of p.bromo phenseylidens
p=dimethyl anino aniline was added to either of these
Lewis acids, a bathochromic shift was experienced in the
whole system, This shift caused mesomerism of the 1ligand
in situ with chelation.The reaction mixture deconposed
even with troces of moisture, liderating the ligand a»
an isolated species, The following changes were obtained
on the interaction of the Tewis neids with the ligand,

PE ()0 - Ol = W (T s
=g s o,

ANIL
Towis ecld —— Dwn oolour o Change In colour
the resagant
1, FeCly Yellow Bluish green
2. mn, Yellow Vislet
3. Hglly Yellow Green
4. inClg Yellow Bluish green,
6. hﬂl‘ Yellow : Viclet
6. SbCly Yellow Violet
e S e " =
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Job's Method of Gontinuous ¥aristion was employed
to determine the composition of Fe(IIT), AL(TII), Hg(II),
@n(1I), Sn(IV) and 5b(V) complexes in purely non.aqueous
modiunm, !onotiu their chemical analysis and I.R. spectra.
However, stability constante and changes in fyee energy
of these chelates were determined by mole ratio method
exeept in the case of Hg(II) chelate where Job's method
was found to be more suitadle. The data for the chelates ‘
are tabulated below,

N0, [Neme of the chelate Ratio |Stability Chenge in
Lyw congtant free ¢

o ‘t ' K cnll?::g

1, P-Petly 211 0,2757x10™° 15.66

2, P-AL0L 251 0,1s66x10’ 11.28

3. DP-gll, 11 0,3720x10° 6.4¢

4 P-2n0l, 111 0.1407x10° 7.13

S, P-Sn0l, 211 0,8190x10Mt 15,90

6. P-SvOl 2:11  0,2489x10%0 12,72

* P e (BrmCgl, - ; cn.-n-@-d(c..a) unit

i

The cholates in their eolid state were isolated
by evaporating the reasction mixtures in a vacuum dessicator,
The resinous mass thus obtained was washed several times by
petroleus ether (60-80%) and the solid so obtnined was
erystallised from acetonitrile, The metal contents [pp,Fe(III)
log o AL(TITIT)I124 , Hg(II) 135 4, Zn(TI)I4G, Sn(IV) 58 ,and SH(V)I7



Were estimatéd by the usual methods. 2 i 2

The actual linkages involved in chelate formation
to form M-L bonds was studied by I.R., spsctra., Perkin-Flmer
Infracord spectrophotometer was used. In the spectra of
the chelstes lowering of stretehing frequencies of >C=0 and
CH=N groupings from those of their normsl values 1700 em'l
and 1600 cn™t in the ligand was observed. This lowering
can only be due to binding uf the lewis acids by ecoordination
through oxygen and nitrogen of >C=0 and CH=N groupings of
the anil,

These chelates differ from those of Cu(IT)-Phena-
c¢ylidene aniline oxime complex that unlike cupric ion, the
whole Lewis aeid enter into complex formation (vide infra),
Some typical structures of the Lewis acid chelates are

given below,

Xa ol -c-cn-u-Q-w"<cn3 c1!
6'ls o,
\Hl

h

2, c,na-?-m{-x-@-l‘(g: al

og>n<— c1 | ov
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4. —c,n, - O® _;.@..ﬁ<::

CH
Al = Q1 ol

6. | Oy~ ©= m-r-@-n’(&

| 01 = Sn ~~01 201"

X |

6. [ Oglly = g- CH - -@-l’<:: :
(1 = Sb=— 01 | 3o

OgHg = g- m-l-*-l"<:§~

oV, D VISYRLE SPEOFAL OF TiE - SOibLE R

The chelates Cu(II) - PAD, n;(n). 2n(11), Sa(IV),
5b(V) and Pe(III) = p-brome. phenacylidens peiimethyl
anino aniline were isolated as solids and kept in a vacuun
desaicator te avoid the effect of moisture, Their magnetic
susesptibilities were determined uaing A.R. copper sulphate
pentahydrate as the ealibrant, Magnetic noments were
calculnated from the relntion:

u eff, = an.‘./yc.‘ = ? i B.K,




where 7 is sbsolute temperature.

These vesults, besides providing the informatien
about the guanta state of the ehelatea, also gives evidence
of the parae-magnetism of P=brome¢ phenacylidene p-dimethyl
tuine aniline itself and ites effect on complexes by charge
trensfer in the formation of M-I bond,

The effective magnetic moment of Cu(IT)-PAD
(1.70 - 2,20), expected for the copper complexes,

Hg(TI)y Sn(IV) and Sb(V) complexes are generally
dismagnetic in character, But this peculiar paramagnet {isn
in such type of complexes mey be due to the induced
negrwtisn carried out by the metal from that of the ligend
to form cherge transfer complexes.

Evidence for the formation of charge transfer
complexes was available from U.V, spectra.

That the Lewis acids es such and not the metal ion
alone coordinete with the ligand could be seen from conduo-
tivity measurements. The molar conductances (»p.z~-23) of the
complexes in acetone solution are of the same order og that
of agetoniv sslution of the ligand. But some conductanae
showed that ehlorine fon in the complexes, therefore, exists
outside the coordination sphere.
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ndensation of Some Aromatic Amines with Phenyl Glyoxal

{ID U. MALIK, D. R. GUPTA, and C. L. TAPLOO
mical Laboratories, University of Roorkee, Roorkee, India

ME NEW ANILS have been prepared by condensing EXPERIMENTAL
1yl glyoxal hydrate (1) with aniline, p-chloroaniline,

nd p-nitroanilines, 0-, and p- toluidines, and «-, and Preparation of Anils. Equimolar quantities of phenyl
phthylamines. They have been characterized by pre- glyoxal hydrate and the corresponding amines in 95%
ng their p- nitrophenyl hydrazones, 2,4-dinitrophenyl ethanol were refluxed on a water bath. The solid products,
. .0nes, semicarbazones, and oximes. The oximes give which separated on cooling, were crystallized from absolute
- reactions with a number of metal ions and offer the alcohol and gave anils listed in Table I. These anils are
ibility of being used as analytical reagents. soluble in methanol, ethanol, benzene, acetone, and chloro-

Table I. Anils Derived from Phenyl Glyoxal and Aromatic Amines

Nitrogen, %

Anil Color Formula MP., *C. Yield, % Caled. Found
R-“Aniline Yellow C,H,,ON 89-90 90.9 6.69 6.73
R- p-Chloroaniline’ Colorless CH,ONCI 115-116 63.6 5.74 5.89
R- o-Nitroaniline Yellow C1:H0:N, 105-106 82.2 11.02 11.29
R- p-Nitroaniline Yellow CuH,,0:N, 127-129 47.2 11.02 11.41
R- 0-Toluidine Reddish Ci:H,,ON Gummy mass 85.5 6.28 6.12

brown
R- p-Toluidine Yellow C;H,,ON 97-98 89.6 6.28 6.32
R- «-Naphthylamine® Yellow CsH;ON 136-137 92.2 5.40 5.24
R- 8-Naphthylamine’ Yellow CiH;;ON 90-91 61.8 5.40 B2

‘R = CsHs—CO—CH= (phenacylidene radical). * No warming necessary to obtain these anils.

Table Il. Characteristics of the Derivatives of Anils

p-Nitro Phenyl 2,4-Dinitro Phenyl i
Hydrazones Hydrazones Semicarbozones Oximes

M.P Nitrogen, % M.P Nitrogen, % M.P Nitrogen, % M.P. M

Anil g : Caled. Found . Caled. Found . Caled. Found i, Caled. Found
Aniline 185-186 16.28 16.53 236-238 17.99 17.74 190-191 21.05 20.95 58-59 12.8 12.46
p-Chloroaniline 200-201 16.16 16.46 267-269 16.52 16.46 180-181 18.63 18.44 146-147  10.83  10.35
o-Nitroaniline 233-234 1799 17.61 255-256 19.35 19.12 197-198 22.50 22,31 189-201 15.61 15.42
p-Nitroaniline 250-252 17.99 17.54 262-263 19.35 19.40 203-205 22.50 2225 206-207 15.61 15.48
0-Toluidine 100-101 1564 1556 250-251 17.36 17.25 sy Wi y 77-78 11.76  11.56
p-Toluidine 134-135 15.64 1532 .263-265 17.36 17.16 244-245 20.00 19.95 101-102 11.76 11.43

o-Naphthylamine 264-265 1421 14.13 194-195 15.94 1563 210-211 17.72 17.56 119-120 10.22 10.?0
8-Naphthylamine 189-190 14.21 14.09 247-249 1594 1583 100-101 17.72 17.43 95-96 10.22  10.32

CsH:—CO—CH-=.
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Preparation of Anils from Phenyl Glyoxal Hydrate
end Avomatie Amino Compounds,®

WAHID U,MALIK, D.R. GU?!A'AID C. L. TAPLOO

EIETL I, immlly o

Some new anils derived from phenyl glyoxal ﬁydutc
and erometic amines were reported earlier'l’, The presen?
communicatior deals with the preparation of anils from
phenyl glyoxal hydrate and n-nitroaniline, p-bromoeniline,
mechloroeniline m=toluidine, o=sminophenol, peaninophensl,
o-anisidine, sulphenilic acid, anthranilic acid, m.amino.
bensoic acid, p-aminobensoic acid end sulphanilanide, These
anile have been Bharacterized from their p=nitro phenyl
hydrasones, 234 -dinitro phenyl hydrsgones, semicarbagones
and oximes.

Exepsration of Anilg:

The anils listed in table I were prepared by refluxing
on a water bath equimolar quantities of phenyl glyoxal hydrate

and the corresponding amino compounds in 96 / ethanol, On
cooling, the @0lid produots obtained were separated and oryst-
alliged from hot aleoochol, These anils are soluble in methanol,
agetone, acetonitrile, bensens and toluene; while they are
practically insoluble in water end petroleunm ether,

® Indian Journal of Chemistry (In press).

X Profesgor of Chemistry, U,P, Agricultural University,
Pantnagar, Nainital,



Table 1- inils Derived from Phenyl Glyoxal Hydrate and Aromatic Amino Compound.

Neme of the Anil Colour Pormula NP, Yield
o / m;’. Pound

Ben-Nite> aniline Yellow oulmO,l 167-158 19.68 11,07 10.98
Ren-Chloro aniline Reddigh WO‘L 6887 18,89 5.74 5.82
Rem=T2luidine Yellow cnlut)l 113-114 19.33 8.78 6.13
R~0=Anins phenol Dark Cy4F110:F 173-174 713.33 8.2 8.06
R-p=Aain> phenol g:n- u“nuo,l 176177 40,00 8.7? 6.12
Bl
Amo-Anisidine s Oysfiys0p¥ 176-127 63,00 5.85 8.71
-]

R-Sulphanilie Light 0 88 244-7454 39.20 5.7 4.98
acid. Pink 14"M1%"

fAnthranilie Pale H,,0 140-141 64,53 5.53 5.24
acid. Tollew 28'2%"

n.-;um bensofie Buff o“luo'l 245-746 39.72 $.53 5.32
aecl

l-ﬁhlm bengie l-:gi C.FE 170-.171 73.22 5.53 5.16
::anl henilamide ?H.g:' O“'HI‘M‘ S 98-.96 66.83 9.72 9.48

p . . .
Yellow c“

(R = Ggliy ~ 00 « O = , Phenacylidene raiical)

-




-3
Although in the synthesis of the eniles of phenyl glyoxal
hydrete-oc-aninophenol and anthrenilic acid the following
two alternstive structures can be envisaged, but their
poselbility is muled osut on the following observations

,/" S

FH
/
Cglly = CO— N ' 0gHlg 0O —on :
~0 8.

(1) (11)

The structure I should not give a phenolic test while

structure II would not respond to the carboxylie group
test, It is, however, observed that alpoholie solution
of the condensation product of phenyl glyozal hydra‘e
and ceaminophencl gives red colouration with alesholie
ferrie chloride solution, eonfiraing the presence of a
free phenolic group, while the coniensation product of
phenyl glyoxsl hydrate and anthranilic meid is ssludle
in godium hydroxide solution inticating the presence of
& free-COOH grouping. The possibility of the existence
of structure I snd IT {g, therefore , very remote,

21418 tridroms aniline, however, gave no condens-
ation product with phenyl glyoxal hydrate prodbably due to
steric hindrance ceused by bromine atoms in the ortho
positions.
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condensation of Some Aromatic Amines with Phenyl Glyoxal

NAHID U. MALIK, D. R. GUPTA, and C. L. TAPLOO
_hemical Laboratories, University of Roorkee, Roorkee, India

-
DOME NEW ANILS have been prepared by condensing
henyl glyoxal hydrate (I) with aniline, p-chloroaniline,
-, and p-nitroanilines, 0-, and p- toluidines, and «-, and
-naphthylamines. They have been characterized by pre-
aring their p- nitrophenyl hydrazones, 2,4-dinitrophenyl
\ydrzzones, semicarbazones, and oximes. The oximes give
olor reactions with a number of metal ions and offer the
ossibility of being used as analytical reagents.

EXPERIMENTAL

Preparation of Anils. Equimolar quantities of phenyl
glyoxal hydrate and the corresponding amines in 95%
ethanol were refluxed on a water bath. The solid products,
which separated on cooling, were crystallized from absolute
alcohol and gave anils listed in Table I. These anils are
soluble in methanol, ethanol, benzene, acetone, and chloro-

Table I. Anils Derived from Phenyl Glyoxal and Aromatic Amines

Nitrogen, %

Anil Color Formula MR, =C. Yield, % Caled. Found
R-“Aniline Yellow CuHON 89-90 90.9 6.69 6.73
R- p-Chloroaniline® Colorless C:HONCI 115-116 63.6 5.74 5.89
R- 0-Nitroaniline Yellow C1:H1w0:N, 105-106 82.2 11.02 11.29
R- p-Nitroaniline Yellow C1sH1wOsN. 127-129 47.2 11.02 11.41
R- 0-Toluidine Reddish Ci;:H;ON Gummy mass 85.5 6.28 6.12
brown
R- p-Toluidine Yellow Ci:Hi:ON 97-98 89.6 6.28 6.32
R- «-Naphthylamine® Yellow CiHnON 136-137 02.2 5.40 5,24
R- 8-Naphthylamine® Yellow CiH;ON 90-91 61.8 5.40 5.12
*R = CsHs—CO—CH = (phenacylidene radical). * No warming necessary to obtain these anils.
Table Il. Characteristics of the Derivatives of Anils
p-Nitro Phenyl 2,4-Dinitro Phenyl
Hydrazones Hydrazones Semicarbozones Oximes
M.P Remgen, %  wyp, _DNewogen® yp 2 _Nisge % gp  Niboge
Anil < il Caled. Found S, Caicd. Found %434 Caled. Found @ Calcd. Found
R-* Aniline 185-186 16.28 16.53 236-238 17.99 17.74 190-191 21.05 20.95 58-59 12.5 12.46
R- p-Chloroaniline 200-201 16.16 16.46 267-269 16.52 16.46 180-181 18.63 18.44 146-147 10.83 10.35
R- 0-Nitroaniline 233-234 17.99 17.61 255-256 19.35 19.12 197-198 22.50 22.31 189-201 15_3.61 15.42
R- p-Nitroaniline 250-252 1799 17.54 262-263 19.35 19.40 203-2056 22.50 22.25 206207 15.61 15.48
R- 0-Toluidine 100-101 15.64 15,56 250-251 17.36 17.25 gt e e . 77-78 _’.Ll.76 11.56
R- p-Toluidine 134-135 15.64 15.32 .263-265 17.36 17.16 244-245 20.00 19.95 101-102 11.76 1?.43
R- a-Naphthylamine 264-265 14.21 14.13 194-195 1594 15.63 210-211 17.72 17.566 119-120 10.22 10.20
R- g-Naphthylamine 189-190 14.21 14.09 247-249 1594 1583 100-101 17.72 17.43 95-96 10.22  10.32

R =CsH,—CO—CH=.

JOURNAL OF CHEMICAL AND ENGINEERING DATA
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lozivatives of Anils

p-nitro phenyl hydrasones, Pi4-dinityo phenyl
hydragones, senicarbasones and oximes of the anils were
prepared by the ususl methols and were obtainmed almont
in theoretiesl yields., penitys phenyl hydrssones end
214 «dinitro phenyl hydresones were crystallised from-
afity: bensene. Semicarbasenes and oximes were, however,

orystallised fron ethanol, The characteristiecs of these
derivatives are recorded in table 11,

The oximes of many of these anils produce yellow,
gresnish yellow and green eolouration with metal ions ond
offor a posnibility for being used as analytical veagents.

Thanks are due to CeSeToRyy Now Delhiy for the grant
of & rescares scheme Wo, 1(208)/63.%, IT under whieh this work
has been carried out.

Befezence
1 .lll '.‘ B. and T 0. ;. Lede
(1) — L‘ls’h.mh :ib. aploo, O,L., C.ea



Table -IX

Characteristics »f the Derivatives of Anils

Bach on st p-¥i' ro phenyl ©34 Dinitr> phenyl | GSemi-cervegones Oximes
.nll m -
!‘.P. i - , tm z." ltm’ fc LP. [. '1‘ " u.r. -“tb
.c ‘ o, og Cal | nd o,
e Lt |
Rem-Nitro ani- 067-268 17.99 17.73 273-274 19.35 19.15 190-191 22.50 ae..! 176-177 15.61 15.32
line. 4&/"‘:’;&
Hﬁﬁ' 198-199 13.23 15.15 244-226 14.93 14.76 226-227 16/4 ﬁ m 185-186 9.4 9.08
an
l-r;ﬂllom 101-102 16.18 16.03 200-201 16.52 16.14 240-241 u.ﬁalg/zm 94. 95 10.83 10.56
aniline
R-m-Toluidine  257-258 15.64 15.42 241243 17.36 17.13 233.234 20,00 12.89 96-96 11.76 11.61
R-o-imino phenol 270.272 15,56 15.23 241.242 17.45 17.28 218.210 19,82 12.71 257-258 11.66 11.34
R-p-imine phemol 244-745 15.55 15.19 °59-260 17.45 17.13 271.922,19,.82 19.63 180-181 11.66 11.23
R-o-Anisidine 108199 14.97 14.68 267.269 16.70 16.42 273230 18.71 18.69 82-90 11,02 11.97
L?thulnc 274276 13.20 135.08 240.%41 14.92 14.76 230.732 16.18 16.068 163-164 9.21 9.08
acid |
:’L;:thnuna 18-219,14.45 14.18 255-256, 16.16 15,98 197.198 18.06 17.98 160-161 10.44 10.28
s mino SensolSpng 909,14.43 14.20 203-20¢ 16.16 16.86 ©65-767 18.06 18.01 185-186 10.44 10.17
;‘;I;‘“" Bensole; 95, 000 14.43 14,18 308-307 16.16 15.93 233734 13,08 17.82 158-159 10.44 10.36
f-Sulphanilanide 259-760 16,54 16,48 194-196 17.65 17.42 133.134 20.28 20,13 132-1335 13.86 13.68

(l-o‘l'-co..u- )
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