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G%HR8AL TMgROPUCT?IOW

From the time of Werner*1 *» 1B03, the whealstry wf
aetal eoaplexee has aade such a rapid advance and has

feuad application in so aany Iivereified fields that it

is difficult to keep paee with the day to day aevelopaents

which are being added to its existing vast and enormous

ehealcal literature. Moreover the chemistry of complex

c^mpoun'8 doss not csaae to exist slaply with the asntioa
of reaotions of metnls with coordinating end ehelating

agents, having nitrogen or oxygen and even sulphur or phos
phorous m donor atoms, but finds new outlstw in structural
problems t> be solved by highly complicated theories eased
en quantum theory and quantum aechanioe and by ueing extre-

nely refined physical tools like T.R, W.H.R., S.S.R#f U.f
and Raman spectra t x-ray, magnetic euseeptlbllity, aass

8peotroso> yt electron microscopy st. And then beyond this,
it exhibits Its ia*my pec«lt»r yet highly faneinating facets

ia anslyttoal chsmlstry beginning with precipitates ia

estimating astals in voluaetrio analysis and eolorlaetry

es indicator ©omplexes, finally finding support for their

identity an4 stability in various electro-eheaieal aethods,

eg, pH aetry, polarography, eoul>aetry, saperoaetry etc.

and modern analytical techaiquee like equilibrium ditlysls,

radio lsotopy, liouid-ll^niia extraction , ion exchange,

chromatogr phy. ete.



Tet there Is another aspeot of ths problem, vis.,

the type of motels which show readiness to undergo

chelation or complex Ion formation. It is ween that most

Of the investIgstlons on complexes have bean limited to

the metels of transition series. Complexes of non-

traawltion elements so far investig«ted are quite small

in drawer and reactive of analytical import-nee (usually
weawd on colour changes) have only ween etudled with dyes

(substituted and unwubaUtutcd), pigments, s fsw amines

and aalo-otsaplexea. As such there exists enough scops for

investigatlag new ooaplexing and chelating agents which

amy be specific for non-tranaitlon elements. To one such

class of reagents belong the anils which though not well

reoognlssd aw chelating agents, are known for exhibiting a

resonating structure when brought in contact with different

Lewis acids. Study with these compounds can, therefore,

fora a new b^sls of study In the field of co-ordination

onanistry.

Before introducing the subject on the interaction

Wf aetala with anile and its derlvatlvee, it will not he

ut of place If a brief survey of the chealetry of -nils,

Lswia acids and of ths different physic-chemical techniques

employed to study complexes la a»ds.

AHILS

Anils arw organic compounds obtained by condensing
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eroaetie aldwhydws with wiwaatlw a-sinee, Tawy arw

represented by a foraula RR'C - H - RM . Where R way

he em alkyl, aryl or hydrogen attached to wn imino

carbon or aitrogwn. They are often referred as Sohifffo
(2)bases after the none of the dieeoverer, Sehiff (18S4)V

A aechPTiiwm rega ding their preparation apy be givea

belowi

> C « 0 ♦ HfWRw

• <i •" • i in

R»

OH

1 - C «• I *»

L
> 0 • H - Rf* ♦ %0

Tha rwactio i is acid oatalyawd an* is generally carried

out by refluxing the carboayl eosipouad an^ the anlne with

aa aaeotroplc agent, like sine chloride, If accessary.

Anile show HitIs or no tendency to polymeria? spontan

eously but any be polymerised by heat and acids. For

•sample, wwawjalealllawt O^Rr-CR » *%%, Is resinlfied

on heating with aqueoue hydrochloric eeid or formic

awid<3).

Xoarea wnd Mignonaw*4* oyathesised various enils
by the action of an aryl Orlgaard reagent with an aryl

cyanide. Mont ague at el^8* leter found thafc certain
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aailldsB, which aey be regarded as ^-hydroxy lmines,

react with alkyl or aryl Orlgnarde to give the corres

ponding lalaws in «*bout 40"/ yields.

Hitter wae the first to dshydrogsnats amines to

give lalaww' '. He found that isobomyl aniline ie
readily dehydrogenoted with eulpher at $?19Q t give an

yiwld of about 89 Jf of the anil of oertphor*

—Hi2

$
Qmtilm

•tan catalytic dehydrogenatlon of wecmdary aalnes over

nickel, platinum or chromium catalysts at ISO0 gives the

worresoondlng anile' * ^»

Hoeeeh and K^ubew
(1,9)

found that phenols or their

ethers react with aryl cyanides when oatalyawd by hy^ro-

waiorie acid gaw or sine chloride to give ketlminew in

very good yields.

no

1W

O ♦ ROW ♦ HC1 no/7 R RC1

Oxlaww of aromatic ketones ean be reduced with

hydrogen and nickel under pressure to give the correspond

ing anils. Awetophenone oxlaee glvee an anil In 30 */t yield

RgC • I-OH • Bg RgC • HH ♦ H^O
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Lithium aluminium hydride in tetra hy ro furaa

reduces aroantlc nitrllww was givws • mixture of amiaee

and iainew* %

* 1A1R
Pli on lwii In > Ph CRg RHg 0 Ph CHgt • OH Ph ♦ RHj

(80 °/) (SO %)

Ritrll^s can elso be reduced to anils with stannwuw
(If*)

shlorlde In ethyl aoetate containing hydrogen chloride '.

An alkali awtal or oalciua salt of primary aroaatie

caiaes reacts with aroaatie ketones we yield the correspond

ing anil*15*.

Diethyl ketals also when refluxed with plkyl or aryl

amines give «ailw(U,1*>.

Phwnyl isocyanate and p-dimethyl amino bsnwoldwhydw

at 190° glvw Sfl anil In nearly quantitintivw yisld. Siailarly

phenyl ieeeyaaets an^ bio(p-dimethyl amino phenyl thlokwtoae)

give the waae product 'I6\ a-aatno acids react with eediua
hypochlorite to give the ehloro-amlne intermediate which

decomposea with wliainntion of carbon dioxide and eediua
(17)chloride wad the corrwsponding anils are prwdueed* '.

RR»<RB RM )COOH ♦ WadO >

HRt -

•I1

it*

(HClR")000wa,

♦ COg+NaCl.
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Anils are found to have wide applications in industry,

technology and aedlelne. A number of references are ^va'labia

dwwwriblng their use aw accelerators for vulcanisation of

rubber, bactericidal* ' end anticanoeroua apterinl*19'. Anils

derived from walieylaldehyde and aroet tic aainee, o-aaino

phenol end polyaethylene disainss are useful bactericidal end

fungicidal agente* K the aotivity of theee compounds may
ww explained by the presence of an OH group ortho t > the awoa-

ethfne group* In sons e**ees, their uss has ww*n reeoaaended

for reaovlng traces of metals harmful for mineral oils* '.

ily it has been shown that traows of met#*e catalyse

the oxidatloa and deterioration of mineral oils sad gasoline.

Proa the practical point of view, it is Impossible to remove

traows of aetale permanently because contact with metallio

prwwwwwing and storage wquloawat would bring about further

weataaln^tlon*

Taw addition of oil soluble sequestering agents to the

oil inhibits the undesirable effect of tr^ee metal lone by

formation of oil soluble aetal ehelatew*8l»S?**. many typee
ef organic chelating agents have b%m suggested for this

application, including aainee, oxlacs and hydroxaale acids.

Tha anils obtained froa selleyaldehyde or o-hydroxy awwte-

pheaono sa>* disainss such as ethylene diamine or propylene

diamine e.g. WW* dleallcylldene dinmlne etc* h*>ve, however,



thw widest applications. Ths coaponads are oil

soluble chelating agentwt

08 J*M
#Y CB-R-CHg-CKj-S • CH-rft "ml I

o 7>lfrV °r^^Cl . ./ \, aw «£
Cag— 6a,

A number wf anile possess a photographic developer

wapawity wad wave been awwd for preparing papers for

.l.*»ph.i.e»,*<<'S>. m .nil. « btph.^1 glyoxU «*
substituted waiaww have been uwed aw antiviral deaotheiw

epeutiow^4'. ft haw been observed that anils from w-wabwt-
itutwd phwnyl glyoxal and 4-acetyl aalao anilIns produce

antiviral tests* The meet aetive compounds are terlvetivee

Wf B-H3R Oga^ 000 OgJ%* Rylon haw been wtablllwwd

against oxidative degradation by 0.01 - 1.00 % addition

of Sohiff*s bases containing > 1 asterifled or etheri-

fied -OR group or their derivatives in whleh awomcthine

group las select irely hyrogenoted. p-(3,4-aethylenw

dloxy) bensylidene dlphaaylamlne anil haw been awwd for

this Burpoww'88'. Jot fuels are stabilised at a relatively
high temperature by the addition of s anal: aaount of

mixture of cwrtwin esters sad mwtal deactivating eoapouads.

The addition eontains 1-10 'A by weight of a deactivator,
#eg|

which ie an awoawthlne of bensylldene type* '* In dyeing

polyestsra and other hydrophobic textile materials.
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aaoaethlne derivatives of an aromatic anlae sad an

aldehyde containing e solublllwlng grou have been

applied from solutions or dispsrslons at > ISO0 in

wrier to give deep colours, especially black with

good fastness to sublimation and light* .

In recent years, thw biochemical significance

of Sohiff•s bases has attracted the attention of a

number of workers. A number of biochemical processes

ere known in which Sohiff*s bases era formed, Vltaoln

Bg watalywwd reactions have been studisd by Snell and

wo-w^rktrw^8' and it haw bwen whoan that Swhlf^e bawww

are formed, Sasyaatiw decarboxylation*1*9"31'* on*ym*»tie
oXdolleation*8^"58' and perhaps the visual processes* • '

all appear to involve Sohiff»a base formation and hydro

lysis. Pyrldoxsl phosphate are ensyastlo reactions, very

probably Involve both the aminolytic and by irolytic

cleavage of Schiff»s basas*38"41*.

Anils of ealicylidcne type are good chelating agwntw,

e*g*, e-salicylldene amino benso thissole fores an orange

precipitate with Ag* and is fairly specific for this

ion*41** Some Wf the anils form chalets with heavy aetel

ienw'41* * Copper, nickel and uraayl whwlstww of solicyIi-
wane anils are euitable ae light stabilissrs for thermo

plastic synthetic resins, when the amount of the chelate

awwd le not acre than 10 /£ by weight of the resin* K
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Solutions of ths anils prepared frost

i) ethylene diamine and o-hydroxy. aoetophenona,

11) ethylene diamine an* foray1 salicylic aoldt and

iii) lt3 •IswjtmW propan-2-ol and S-formyl salleylle

so*"*

are awwd aw indicators in the titration of ferric lone with

U£A(44>.

JsSnuTw i *irr4iNiiiS}i

(46)
Lewis weld is ths name given by O.R. Fawls to comp

ounds, both of non-metals and mstalo, s owing twndwnwy to

accept electrons from eleotrm donor substances (lewis

bases). Isay wxamplws in support of this type of combination

watt bw cited, vlw., reaction of boron trlflcuridc with

wiwuwiti and diethyl ether; lithium chloride with methyl

alwohol, aaaydrouw aluminium chloride with water, berryHum

flouride with Fw** (generally utiliwed in electrolytic

melts), sine chloride with 5-suipho-a hydroxy qulnoline eto.

y n F h

FiB till *• FtBtWta*

F H F H

Aeli Beww Co-ordinated complex

Other compounds which fall under thle class1fie tion

are AlFj, SnCl4, T1C14, Pd8 and SF4. These oompounds tend

t form complexes with organic basse such as ethers,

l#fell
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Decides, lewis aside can be titrated with bawws in

a vatisty wf solvents. For example, BF5 and SnCl^ can be

titrated against pyridine and trimsthyl sains in chloro-

wwnwwne with crystal viwlwt aw an Indicator,

Taw Lewis concept besides its theoretical Impact,

hrs greatly influenced the practice and uww wf acid

catalysis, particularly la organic chemistry. AICI3

(anhydrous), :!Pg, FsBr8 re all important catalysts. Often

thw lewis acid catalysts are far superior and, in come eases,

?re effective for reactions where QrWnstead acids have little

UPC*

Another Intwrwwting fact worth mentioning in connec

tion with Lewie eclds is that they react with certain anils

t form the co-ordinated complex. The formation of eoaplwx

is Indicative of a sharp batho-ohroaic shift from yellow to

Violet, green ete. For example, addition of p-dimethyl amine

mail of phenyl glyoxal when addwd to SnCOLg, A1C13, figdg wto.

solutions, results in wuoh colour change, Thw probable

•wwhanlwm for such reaction as suggested by Krohnke sad

tim«»vdd) & glirwn bwlowt

<Q>-C - Off - S-O-B^0H3 4 ^0C • mm* "©• ^OH*
p-diaethyl aainw
anil of phenyl
glyoxal

•~~fwr

CI

d»
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Further the solution of the came compound in bcnaene

produces a waarp colour change froa yellow to violet on

elating over dry silica gal. This change has been attributed

to the adsorption of organic compound on the gel. The table

glwwn below describes woraw of thw colour changes observed

on silica gel*

QL0U3 CHJKttM W STLICA QBL. BI
~ OF ANIL^M&a&tf&i

I*
>0 » RXj>S<C!iS

OH

R»

1* Bensoyl K

S* Bensoyi

S* Pyridine
earboxy—8

4* Pyridine
carboxy-3

B# lyridlne
earbexy-4

g* QuinolyMS)

V, qainolyl»(4) OR

ARIL
3

Own colour Colour oa
of anil in silica gel,
aoetonitrlie

Bright rod Violet

Bright red Violet

Bark red Blue violet

Bright red Bed Violet

Bright red Bark red

Bright red Bark red

Bright red Bark red
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Thw Introduction of wwnwitive spectrophotometers,

•bout forty years ago, has helped In the study of absorption

spectra of solutions. With ths improvement of ths technique

and iastramsatation of spectrometry, it is now posaibls to

study ths absorption of thw solution from ultraviolet to

tafrr -red region with great precision and accuracy. This

method.besides providing evidence for the existence of

complexes, can be efficiently employed to investigate

whether one or two complexes are present in solution, e.g.,

Is
thw phenolic Uganda in eoabinatlon with Pe and phenan-

thr line ta combination with Fe^* *4?*. ib» optical meswure-
meats hav also been applied in the eawc of complex forming

dyww*48^ The changew in extinction with changes in relative
proportions of the metal ion and the ligaad penult conclusion

to be drawn regarding thw composition of principal complexes

formed under the reaction condition chosen.

Before employing epeetrophotometric technique te

etudy the eoloiaetric estimations or to determine the c viposi-

tlon mtifi stability of aetal complexes it is highly desirable

to know whether the solution obeys Beer-LamberVs law. The

law statest



where

i0
1 m lag jZ • e * C • d
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B « optical density of the solution,

I0 » latsnslty of Incident monochromatic light,

o » eonocntrtton of dis: olvsd substance ia mol/litre,

d * depth of the solution traverwwd by light*

S * extinction coefficient.

When www mom-rwewtlng subwtanoww arw present ia wolu-

tioa, the total absorption is squal to ths warn of abworbancoc

of the oonetituents in the eame thickness of the solution i.e.

I
B • log -w*- • I I 8t • U 6 ij dj

• [ (S o^€ o**B c9 ... €| o«)d }

Hence, it le possible to determine the ooncwntration of a

coloured complex spsoles in colution with a fair degree cf

accuracy fro® the neaeuretswmt of light abeorption.

A number of aethods are available for the determination

of the eompowition of ehwl&tow using abwwrbaaww aeawuremente.

A brief account of worn* of thw aethoda la given below,

jfWffB OP COBTIBPOUS VARIATIQW

In recent years, a simple coloriraetric method has been
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awed to determine the composition of chelate* in solution.

This technique known as ths method of continuous variation

www introduced by Job. The basis of this awthod www

dwwcTlbod as sarly as 1910 by Ostromisslsnsky^49^ and
Baaisen* in 101? hut later on Job published the dotalIw

of method along with the dieeussion in a series of papers
sad wince then it has been termed as Job*s method of coat-

iaawuw variation*61** Aelmilar method haw bwen employed
ajr Comee and Brb^la*e ' and shlbata, Inouye and Rakateuka .

In the method of eontinuo s v»riationt en additive

molecular property Is uwwd ae a guide, provided that t-ilw

property has diffsrent values for the various wpsciss pressnt

in ths solution of the metil lon(il) and ilgaad (L). Cmsidsr

the react lent

sf ♦ ijIj «e——• ifL_. t

k - LiSrnJ

f ] represents activities molar concentrationt
sad k is the equilibriua constant, Ths ratio — • a ie

[m]
satisfied at thw maximum concentration of the complex

a '— * 0 for the maxima.
»W
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la other words, for a eoaetant total concoctratIon of

thw mwtal wad thw chelating agent, the concentration

wf thw chelate le greatest whwn thw astel and the

chelating agent are brought together in the saaw ratio

in which they exist In the chelate. If the chelate iw

thw only coloured epeelew present, the optical density

of taw solution is proportional to the concentration of

the chelate* ?ne plot of the additive property e.g.

cpticr.l dwmwlty vwrwuw the composition of the solution

would be a curve with a aaxissuat correeponding tw thw

wompwwitlea of thw chelate. Otherwise, an allowance for

thw wbworbaacw of the reactante ie to be mads in ths

relevant region* This is achieved by plotting the diff

erence between the observed optical density and theoretical

Wptical density i.a. ia ths abssaee of oomplex formation,

agalawt composition of the species. The maxima of the curve

gives ths composition of the chelate formed, provided

Beor-Lambert*a law 1c valid throughout the course of the

experiment. The method of continuous variation is applicable

provided not more thaa one oomplex ie formed uader the given

set of cxperimwatal eonditioae and there ie no voluae change

en aixlag the solution of the aetal ion and tha ligand* A

modification www aadw by Vowburg and Cooper*54' in which

they dwtersaiawd thw nature of equilibria where more thaa

caw complex or chelate iw formed.

In Job's continuous variation method* a eolutiea If
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Wf malar eonowatration 0, and Re of molar concentration 0*

are prepared. The ratio Cf/C iw ueually denoted by the

symbol F. A voluaw X of the eolutioa fa iw than aixwd

with a volume (1~X) of solution M where X<1. It iw awwuaed

that there iw no change in voluae on mixing the two solutions.

tat Cj» Og and Cg be tha concentration of % fit and ^ 9

fma respectively and td, the dir wociatlon constant.

For way mixture, the following eouatlonw applyt

<? * °8 * *d °» *•• (1*

0*. ♦ a Cj • 0(1-*) ,..(11)

0* ♦ n 03 * F Oj ..*(ili)

On differentiating (i), (ii), and (ill), we have

dO* dCj»
#0^ m^Jt, ♦ aC^ ' 'j!| • * 0 ..*(iv)

-jS* «• *»c ,,*(v)

dx

dC* dO—
Fatting the wine ^ and ^gp in (iv), we get t

FO ...(vi)

aF©^ - aCg • 0 ,,,(vil)

Baltiplying (11) by n and (ill) by a end en

simplification!
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aPCv * ac (l-X)
°1 * n ( I - i) •• <*»*>

Substituting the value of Cj in (ii)

aPOy - nO (1-.1E)
Oj » no (1-X) (F-l) . mi(|,1)

substituting the values of Gj, C9 and C3 in (1) ww gett

Qa+n-l^ptwl J (?» ^n) x ^ a j^»
n-1 ,m-l • % ICMw^W

m • a

(P-l)**1*-1

If F • 1, the right hand eide beeoaws wwro and since C,P,a

are constants thwa,

(a+n)X - n • 0

wr ml • n(l-X)

or a X

Banco, from thw knowledge of the maximt-s value X, the

composition and the formula of the chelate can be deter-

mined from thw ratio of m/m , taking thw simplest velum

of a and a*

for the determination of the wompwwltiea of the chelate,

eat it had limited applicability.

Alarge number of workerw*64"*60* have checked the
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mwwfulawss of the method of continuous variations and

various modiflentions have bean suggested fr>m time to

time. Meat ion may be made of Weld by**1* who found that
thw results obtained by this method are satisfactory

only when light absorption aeswureaeatc are uwwd.

Xaspite of limitations, Job's continuous variation

method reaalaw a convenient tool for the study of comp

osition of complexes in solution.

Baring the course of present investigations

this method warn found to give quite reliable results

and wo It was frwquwntly employwd for thw dwtwrmlnation

Wf thw composition of the complexes studied,

la auwsisn literature, Job*c continuous variation

method iw known as Ostromisslsnsky*s method*4*'

mm wmmw**9*9***

This method waw originally uwwd with sosotro-

phwteactrle mwawurw^wmtw and is restricted to eases Whwrw

a single complex is formed at a time. The reaction

aA ♦ nB | "ft1 Ag Bft ie considered whsrs only one complex

is formed. By making the concentration of B large aad

eoaataat, thw equilibrium concent motion of the complex

An itt will be proportional to analytical concentration of

A addedt

**♦ j Ajg 1^ j e>
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If thw absorption spectra of the various species do not

overlap seriously, one may write for the optical density

«t s suitable wave length!

AC - ab j Ag Bft |

wlterw e Is extinction coefficient of A^ BR and b iw

thw Iwagth of the absorption coll. Since, here Beer-

Iambert*e law holde good, so Aw * a,b,e where Ae ie the

optical denaity, a is ths sxtlnotion coefficient and b

iw thw Iwagth of the cell and 0 is the concentration of

the species under consideration. The proper wave length

is weleeted e - thrt absorption is dus only to the complex,

Smbstitutlng the value of (^ \j in the expression

Aw • ab 1*^ \i, we gett

Aw * ab Cj/a

Since, a,b end CA are known, a plot of Ae vwrwaw 3A

will be a wtraight line having a slops ab/m, from which a

may be determined. Similarly, the concentration of A acy

be kept constant while the concentration of B is varied:

Aw * ab | A^ Bn |

*** l*m "ml "" 5?-

,'. Aw • ab a*
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Taws , n plot of As versus On undwr these condition*

will be a wtrmight line having a slops 5» 0 thw ratiw

„ «,. t„ .X^. .ill. «,.„„... W .**..*/ *•
* jj • Thw composition of the complex may thus bs deter
mined from a knowledge of ratio of the two slopes.

Slope ratio method wee aodifled by Vankatssh arlu

ad Bao*84*, whore the abworbaaces of the solutions are
platted against the concentrations of varisble components

from withwr wad of thw x»sxis, Ths point of Intersection

af the two eurvws corrceponde to the compcwition of the

oomplex , assuming that only was complex la formed.

WW ,«»

A monovarient method wae described by Toe and

#,eaee*il*,*^» Who twrawd it aw a mole ratio method. It
la applicable only to thw react tone which are stolchlo-

awtric or nearly wo.

By measuring ths optical density of a solution

in wnlch a reaction wae occurring, it iw powsiblw to

determine the ratio of species addsd during ccaplexatioa*

By adding various amounts of the chelatin? agent to thw

constant amount of the solution of a astal ion or vice-

versa, a sat of data iw obtainsd from which plot of

wptlwal dwnwlty versus the ratic of ohelatiag agent/mwtal
ion or vice-versa amy be considered. This Inwreawee to a

largo wonwtamt value at a ratio t the chelatiag egeat/the
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mwtal ion or vlee-vwrwa whie• represents the coapoeitiwa

of the complex. For a ctable complex, when both the

react*nts are colourless, ths ourve rises from the origin

am a wtralght line and breaks sharply to a constant

abeorbanoe at a molar ratio of the componentc in the

complex. However, s complex that undergoes appreciable

dissociation in solution, gives a oontinuouc curve which

approximately wecomes parallel to mOlar ratio axis, only

whwa en sxeec® of variable component ie added. Sometimec

it ie found that the results obtained by extrapolation of

thw curve are uaeertein. It le obwerved that in many caeca,

such a curve may be made to break sharply at ths correct

•cl-r ratio, if the ionic strength of the solution is

adjusted to a writable fWBww by the adiition of an

indifferent electrolyte. Thus in such oases also it is

possible to get information about the composition of the

complex.

The relation of thie method t continuous variation

maw bsen dsvoloped by Sidaaata^l mayor and Ayres*68'
deduced thw composition of complexes in solution by this

method for situations wherw mere than one eoaplex exists

ia solution.

Besides the above methods for determining the

composition of chelates, mention may be made of Babko*w

method("\ the logarithmic raetho* of ^eat and French* ',
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Jemwwwn'w wpwwtrophotoawtric method*71* and the method
of isobetic pointers There are s few, other aethodw
which are applied to special oases such as the method

Wf ?dolland*^' where acre than one central ton is

involved in thw eoaplexation. Stepwise complex formations

have bon investigated by sther nethode^4"7*^.

HBATXOB OF STAB!Lift 03W8TABTS

Consider the following react ton in which the mwtal

chelate is formed from the hydrated aetal ion and the wort

bawle (most highly dissociated) form of the chelating

agent:

•rWm ^ .—• ,*.
m • m ^"™* HA

i«A**°|
* • %A IH^JIA-*!

thw brackete indicate molar concentration and the

constant appliww to the specific temperature* This equili

brium constant is known as stability constant.

Just aw a knowlsdge of dissociation consteats Wf

awlds and bases haw done much to aywtwaiss our understanding

wf the behaviour of these substances, eo e wkaowlwdgw ef

stability coawtsats haw donw much ww ratioral1we our under

standing of the behaviour of aetal chelates In eolation,

fmW anlvwrwal measure of the tendency towards formation of

octal chelate compounds in aqeous solutl >ns is governed
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by thiw constant, the magnitude of which gives a

Quantitative measure of the relative etabilities of

various aetal ohelates. Thiw cguantlty acy be uswd ia

•lamination with other data to predict whether a metal

chelate com ound will or will not form un*er various

commitlone* Information about the concentration of

different species of a met^1 complex In equilibrium

mixtures is invaluable in the study of analytical ssper-

atlon procedures-solvent extraction, ien exchange or

chromatography. It ie equally Important in the study of

the role of metal chelates In various biological systems.

Ths theraodyna lie constant can also be calculated

from a knowledge of wtability constant, itowwvwr. It iw

doubtful whether true thermodynamic data could be deter-

alned except in very elm >lw cawws, bwcauww the method iw

accompanied by many difficultlee* Two principal procedures

are mainly followsd is studying ths stability eonstamt cf

the chelates*

liswis end Rsmdwll*^7* first Introduced the concept
cf iwnic strength which l*»ter received theoretical

juwtifieation froa Debye and Hueksl's theory. The elacsieal

approach for the evaluation of thermodynamic constant

involved the determination of equilibrium constant in aedla

of different low ionic strengthe (infinite dilution). Some

worxore^78^ have uecd the vnlue of a elngle determination

earn attempted to correct thle value to a thermodynamic



wcuillbrlua eonetaat by the application to Bcbyw

Bueewl*s theory. The swcond method wae introduced by

Bledermaaa wad Sllcea*79* and ths fundamental idea of
thiw method is to control the activity ooeffielent by

keeping iwaie strength constant, because in dilute

solutions, the activity coefficient of a given etroag

electrolyte iw the came in all solutions of identical

ionic strength. Consequently aeawarsmsats of chelate

formation constant are usually carried out at controlod

concentrat lone of »a added inert electrolyte such aw

otasoiun nitrate or potassium chloride. For seat

ohemioal purpceee, 0,10 v solutions of those electrolytae

arm employed, whereas for biological or aedicsl applies**

tione 0,1«M BaCl is considered to represent mor« closely

the Gonditionw which wxlst in neutral systems. When

Cfuilibriua •eawurwawatw are aade in 1 conet nt electroyte

ocmceatratton. It is accessary that the woaomtretlom of

thw metal lea* ligand and the mwtal chelate mast be lewer

than that of ths inert electrolyte so that they will not

contribute appreciably to the total electrolyte ooneemt-

ration.

In view of the practical diffieultiee encountered

la the detetmin«tion of true thermodynamic stability

constants, Baaootl sad Stasooti*90* concluded|

•It would, therefore, weem bet tor to obtain

reliable values to the eorrecpondlng eoaplwxww

with solvent molecules and medium lone than leww

24
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certain values of the thermodynamic eonatante

which do not give absolute ctabtlity either,

but only a stability related to the eolvated

moleeaiee**

During the present studies, the ionic strength

would not be kept constant ee the investigations were

carried out in purely nonaqueous aedla. It was

observed that even traces of aoisture would break the

complex and therefore, mixed solvents containing watwr

and organic liquids could also act be ussd, creover,

la she oaee cf phenacylidene aniline oxiae, a true

eolation could not be obtained even in water alcohol

mixtures. Speotrophet©metric Investigations of these

chelates were not possible st a known ionic strength*

Thw stability constant dsta given in the thecle refer

to arbitrary valuss only.

There are a nuiwer of methods for the experimental

determination of stability eonwtemtw* The first method

waw completed at the very beginning of the twentieth

century^8X»ts), During further progress of thess investi
gations, the work cf W, BjwrrW74* played am outstanding
role, Ths ides of stspwlws eoaplex formation wee sap^wially

fruitful* Thiw idea waa evolved in many countries,

particularly in u*,S.S,t, ae a result of the work of

A*I. Babka*^ and hie •o-workerw. Thw p'-uwjwtrle acthod
of datesaining the equilibrium concentratlone of ligeaew

aaa calculating from theis the formation function (a).
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dwvelopwd by J, BJwrrwm*05** was alco very important.
Almost half cf the stability coastents of ehel tec

and other coord instioa compounds has been extenelvel*

carried out by this methodf the important contribution

being the work of Laden*84* Schwarsenbach(86)t Sileea* 9'
and others* Current Interect in the format'oa and

stability of metal ion complexee In eolution is indicated

by numerous rsvisws published sines IBBO*86""9®' and in the
proceedings cf a aeries of International eonferenooe I

A number of aethodc are svailabls for ths determine-

tlon of wttwility constnntw by absorption aeasurenents,

meat ion may, howsver, be aa^w cf methodw of Sfoorw and

Anderson^*, ley and co-workers*9 * 't Harvey and
amwmiag*'**) and Job's method of continuous variation*
A short account of thes# aethodc lc given below,

Thic awthod iw b»wwd on the composition* of solutions

having aa identical intensity of colour, i,e, the samw

absorbance value. In this method, both the reoctaats chould

be colourUew* Thece authors have shown thet if thw a**gaitudw

•f thw •xtiawtion coefficient is proportional to ths concen

tration of the complex formed, the formation eonetaat for

the equilibrium mA ♦ aB 5F=* A, %n may be calculeted aw
leg I - log jpf or leg Ag, Ba • alog A♦ alog B«leg *.
If A ie kept eonetaat, while I is varied, log A,, Bft

ie e linear function of log B and thus the value of n cea
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ww determined from the slops of the straight lias

obtainwd by plotting log 0,B, (which is proportional

to lag Ag B&) against B, The value of a can be

Similarly determined by keeping B constant and vary

ing A, From the values of a sad n, ths valas of K

•an be calculated.

PATIOf TO ABimSQB'S MBT jQp<99'100>

Bey ami co-workers have modified the method of

continuous variation to the eases whsre one cf the

fwawtcints may be coloured. In this aethod, obeerv tionw

obtainwd for thw aethod of continuous variations are

utilised and the abacrbsacee (not the difference in

abeorbanoes) are plotted against [M]/(>i) +pGw} , where

[a] ie the concentration of the metnl ion and [KWJ 1c

that of the chelating agent. A typical graph obtained

from the experimentel obcervations is shown below.

0-6 • J.\

0.5, / B\
O.I) o-A

n ^

/ /c \ \

0-Z. \
-^

0-1.

c ///.. \ \ .
(. 0,1 o.Z o.3 e* °.S o.£>

[*] / [«] [U]
/ Calculation of the stability constant from the

curves of Continuous Variation Method,
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With progressive increase of «, Ke decreases and

It amy bs assumed that in ths descending portion of thw

carve whwrw mwtal lone are In excess, most of the chelating

agent Is bound up in tha complex. Moreover, the chelating

agent has lwwer absorbanoe than the chelate at the parti

cular wave Iwagth of observation. Therefore, in thie

fcrtion of the curve, the abaorbsnoe of thw free delating

agent doee not contribute substantially to ths absorbanee

wf thw wywtwm aw a whole. The obeerved abecrbanee may,

therefore, be regarded to be due to the colour of the

•omplwx doom* WW aey, therefore, assume that in ths above

figure, whsre the abeorb^nces arw sems (say 0,3), thw

respective amount of complex formed in each cess arc

1 entical,

let us consider the ease of • systwm whwrw a complex

iw formed. With the ooapoeition of the aet^liOhelatc aw

111, i.e. f "» 1 or a • a.

For the wywtem ml ♦ aS ^^ A^ BB

•*• ** Te7ml!(b:nJ0

•mj#— m •• ii wh aSt Mk
wawrw m m a ,

*• %m (a-*!(b-*)• •

X is the concentration of ths complex end a and b

arw thw initial concentrations of the reewtaats. Taking the
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concentrations aiv a?, and bx, b^ of ths resetante

(from the two curves) having wamw abeorbanoe, i,e, ssmw

value of X , ww havet

**(eprfopT) " Ta^TS^fT
•r

x •

(w^*%^M«w4*t)

Bmowing the value of X, the value of K can bo found,

Hext conoidsr ths case of a oho1stlug where the

ratio of the reaetants is lt£. The system can be

represented cat

B # FKW yr :"» B Ke8

Xg m •—• iff mi mi

(a-X)(b-^X)

Taking the concentrations a^, ag and b^, bg of ths

resetante having same absorbanee, we have

JL I • — '"" ' M

(ej-x) (Bx-fv)B <**-x) (ba-^i f

or

4X8(a1*b1) - (a^bc). XbJ f 4(a?bj8 - e^Ma^a^)-*)
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jim i,u.i idii i. urn •Mini

or -jwl-b^dlaibx-egbg)! ^b^f+eUpb^b^*
-1«| (a14bt)-(ag^p)l(ab1-aybg

X „ »»» ' • ' ' ' "~" """""'

•I («i • bx) - (*g*bg) |

Knowing ths vaSmw of X from the above equation, the value

•f X can be fwuad out from thw equation aeationed above.

Similarly in the cace of s chelate where the ratio of thw

reactants is 8fl , the reaction be repreeented act

BB ♦ KS 5^ Bg Kw

SB

X
K • »' •

(a-?xr(b-X)

or

-iaj-4*4(slb3^-a?bf )| ♦ */j^-«*B*4*ml*l -•»»•> i

•wT T
- 4j (w^agMta^l >!<•»*. -*iV

x a __-_-———I— —

•I<•*♦■!>- <«1**1>I

Fwcm thw valuw of X calculated from the experimental data,

X wan we calculated,

Ae mentioned previously (pp. ) the instability

constant of a chelate can be determined fwwa the following

weaationt

pBWBm*u«B»* |(Pa ♦ a).X-m|,i*a
Dissociation m ,„ L — rzr-r*
constant X, fTn^^mn).!! - (F-i)m*n-i
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The reelprwcel of Kt ie the wtabllity eonetaat of

the chelate,

LB BAflQ ?IBTmP(8B>g4)

Consider the dissociation of a eoaplext

H g* #s3» B ♦ nKe Initial concentration
am

C 0 0

C(l - a) a.C na.O Final concentration

C ie the total concentration of the complex in

war litre aweumiag no dissociation, and « is the

degree of Blwmoelctior.* The equilibrium constant nay

be wrlttwn awt

(o,C) (naC)11
g * a(i-o)

Thw value wf a for thw eomplwx having been sstabllwhed,

the value of a amy be obtained fro the aole ratie

curves by the following reletionehlpt

m — w

a « .II.IM "V w

whwrw a, is ths aaximue sxtinction obtained from the

horisontal portion of the ourve, indicating that the

whole of the aetal ion ie present in the form of a

eoaplex | Mm is the extinction at the etachlose trie

molar ratio of thw ligand to the metal la the eoaplex,

the total concentretion of the complex being the total
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concentratio of the metal. When both the reectente are

Qolourises, the curves generally break abruptly at the
o

wtawhioawtric ratio and a is not reliahl* ia such eaeee.

gwnF^^CT

ConductIvlty meawure^jcnta generally give useful

information about the eompoeltion of Insoluble complexes.

Specifio information regarding their nature cannot be

obtained for soluble complexes although a number of workers

aave applied Job»e aethod to determine the composition.

It, however, suffwre from ons great drawback, vis.,

conductance dees not respond wsll to sdditive behaviour

aw abworbanww does.

Another drawback of conductance aethod in

studying complexes is that it cannot bs applied to systems

Cf low oonductaneee, especially when dealing with purely

non-aqueous coiutione ae in the present studies. The enly

useful infoiaatlwa which we coul^ get from conductivity

measurements was about the position of 01' in Lewis aeid-

-p-bromo phenacylidene p-dimethyl amino Aniline chelates.

this involvss ths msasursmsat of pH during

chelation whwn hydrogen atom of the ligand Is re laced by

the aetal ion, A drop in pH during the chelation causes

am inoresse An soidity. Talw aagnituds of the obcerved
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pH change Is related to the aetal-ligand binding tendency

and may bo used to determine the stability constant of

the attel chelate formed*

fhw increased acidity is a rewult of competitive

binding tendencies of ths two species i,s, ths ligand and ths

metal ion* The reaction may be repreeented aw shown below:

jfa 4 r * 3=£ ha11-* ♦ «h4 •* (1)
m

Taw equilibrium constant X' for thiw reaction may be

defined aat

ft * y. ••.•••• t# {2}

If the numerator wad denominator of (-n)(8) be multiplied

by |A~"|, we have

lax**! |H*|*|A**|
v - tzzt^st^tt:— -««.»..•(»)

JMAIWIIi
^ |B*"| |A"*i

sad Kg Is ths acid dissociation constnut for the dise-

•Ciatlon cf S^A to a|H*| and {A"*!

.♦ «-mi*e. H»A •*—* aH ♦ A

iH*riA-i
cr Kg * •• !•)

\fLJk\
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>, if X* sad Kg csn be determined experimentally,

•oustIon (») may be solved for the chelate formation

constant*

Theee principles have wewm spoiled by BJwrrua

and Schwarwenbach (loolt) to the calculation of formation

constant of mwtal chelates in aqueous solution. BJerrua

dwwwr'bas the stepwise formation cf a ssriss of aetal*

chelates of the type SfA, BA* ... BA^ ae shown belowt

2=± |«A|
JW*A ^fmmmtm XA, **2§* «••——» - g f (J 1

1*11*1

BA ♦ A 4—- BA-, K«. • <•" mi ,. (g)
^"* jMA||Aj

^|__A| | aA|ji

M*n-1 * A *" " 'r' ^n. **ia_ • ".' •• (T)n-1 -a, "HA* iMA^^jjAj

B|wrrum introduced a function a , which iw

defined ae the average number of the ligand moleculew

bound per mole of aetal* This may be expre sed mathsaati-

cally am i

JBAj ♦ gjBAgl ♦ BpfAal .„ ajBApj
n * ——in i • i' '•• i ## (B#

i*i * i«m • i«*gi ... r«*ni

Bcaetion (8) may be obtained in terms of |A| end the

•*• "-"- "'""'**' •*' X X "
substitution of equntion 6,6 m^ ? into 8 , I.e.
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f • *«A Ul *g%A *MA» 1*1* —««M *BAC ^J***
UK^jAj ♦ tm Kig |A | ... K^ K^ X^|A|

Inaction (9) is the so-called Bjerrua formation funstfon.

If the conoeatration of the unbound ligand can be determined

wxpsrlmsntally, n can be calculated fBWWJ the relet lent

At - 1*1
^ - Li— M (io)

where At em«* «t denote the total concentration of the

ligand sad the aetal respectively.

Tw eolve equation (9), a cctc of a and thw

corrpsporvUog jA| values ere required and by plotting

the graph between n valuee am a function of FjAj,

the negative logarithm of the free ligand concentration,

log KgA, log Xj« and log K^. have been calculated for

fA at n value of 0.8, 1,5 and ?,8 recpeotively.

Attempts were made to apply Bjsrrua method to

study the eomplexee of copper with the oxlae of phenacylidene

aniline enil. Bo fruitful information could be obtained

(pp* ) wince the titration region corresponded to a

valuee greater then 1.5, Titration at IwBWjej pH values,

which could give n valuee < 0,8, eould not be performed

wince addition of acid breaks the asoaethine linkage (OH-B)

wf the ligand itself.
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*wBw\MWStfffl IT^gy 9f «»TA^ CTW83

faluablw Information about the composition of

ths aetal chelates and thsir bshaviour in aqueous solution

Baa been obtained from the study of their redaction at

dropping mercury electrede. The underlying principle ie

that the reduction potentials of ths metrl ions are

shifted, usually to more negative values, aw e result of

complex formation »m& ths correlation of thlc dlcplaoemeat

cf potential with both the concentration of the ligand and

thw pH of the solution provides an excellent aethod for

determination of the composition of the aetal ehclatw

wempouadw*

h
Two important eonsidsret ion, may be eraph aiaed

la studying •tmlfttw formation by poiarcgmphle techniques

First, half wave potential \%yz\ data for the determination

cf the composition of the chelate and ite formatloa constant

ere valid only if electrode reduction is theraodynaoicelly

reverelble. Secondly, the deviation of the equation of the

oelarogrophie wave is b ssd on the aw»umotion that thw

tatw controlling stsp of the electrode reaction is the

diffuclon of the reducible species to the dropping mercury

electrode,

fw avoid interference from the reduction of

the chelating agent itself, measurement of |ly2| are made

gener lly in presence of relatively large excess of the

ligand with respect to metal ion.
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The following general equation asy bw utilised to

determine the eompoeltlen of chelate by knowing the

coordination number of the metal Ion bound with the ligsnd

i*e«,

Agl/B _ _ OA
in in—ii i—6—•

AiogirY n

wmmrc the verieue symbols have usual meaning*

Thus, by plotting w graph between ll^/gl values

cad -log concentration of the ligand, the number of the

ligand molecules combining with one atom >f the metal can

be determined and hence the coapoeition of the chelate cam

he assigned.

While applying thiw technique to study the compos

ition of variouc tiowie acid p-bromo p-diaethyl amino anil

of phwnyl glyoxal, no rcve eible wave wae obtained and hence

the technique could not be eapleyed,

AJ^BBTBIO IHamflQlJ

Am smperoaetrlc titration iw the polarcgraphlc

snalcgue of conduct©metric titration and consists of using

diffusion current measurements to loe»te the end point of

a titration with a cheaical reegent. The titration performed

by adding eucwewwive aliquots of s standard solution of a
reagent to a solution of the •Willi an* aeaeuring a diffusion
current after each addition, Depending upon the potential
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applied to the cell, the diffueion current which le

measured may be proportional to the concentration of

the eubctance being titrated or the excess of ths

reagent, or one of law producte of the reaction. The

titration curve which is a plot of thic diffusion •

current vwrwuw thw volume of the reagent added. Ideally

consists of two straight linss whowe poi<t of inter

section eorrecponds to the end point of the titration,

Amperoaetric titrat loaders more acoursts than other
polarographic methode in the great majority of the
Instances, fawy requirw no knowledge of the eharaeter-

ietica of either the capillar or the current measuring

elements sat thwy maks possible ths determination of such

aen-reduetlon substancec wuch ae phosphates, sulphates

etc. which could otherwise be determined only by lose

accurate indirect methods,

Aa attempt was aa^s to obtain the polarogram cf

the mwt*l ion in acetone (using LlH03 as e supporting

elewtrolyte) medium. Bo well defined wave with a plateau

for the diffueion current wae obtained. The choice of the
potential at which aaperometrle titration co Id be carried
oat was not pessibls.

?IB I LIST aatASBBBMSBTB

At preeent the uss of aagaetie wawwwptlbility

meawuretaenta In wtructural ctudiww is Iwss? common than it
was a decade ago.To a large extent this ie due to a greater
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appreciation of the difficultlee associated with this

method. For many yeare the •magnetic criterion* was ussd

to distinguish between ionic and covalcnt bonding la

eomplexee but this general criterion has been abandoned
by its originator L, FUuling*101*, and no longer eeeas
tsnabls. Tie newt obvious valus of this aethod is in thw

four coordinate complexes of nicks! (11), Unfortunately

the magnetic behaviour of ione is characteristic of their

epwetra and hwaee must be interpreted on an individual

basis. In maay studiss it has bsen tyoioal to measure

the aagaetle susceptibility at m elngle temperature and

than sssuas that the following rul«tlonw hsld between the

aagastio susceptibility X, tthe magnetic moawatUe^
thw number of unpaired electrons

x. sfg . «'_
BB*f (3.84r(T)

or «*//« 2,54V 8-VxT* B.B.

or u^« m/n(nf2) B.B*

Whwrw X is Boltsaann co- stent, !f ths Avagsdro*s number,

f ie the absolute temperature, n la the number of

unpaired elewtrons and B.n. iw Bohr Magnstoa, ths commonly

used unit for the magnetic moment. In general, s dlaangnetio

correction is msds for the contribution of thw other parte



40

Wf the molecule to the magnetic susceptibility.

A further complication acy arise If there is an

appreciable orbital angular momentum to the magnetie

moment.

In such • case:

mast be replaced by a more complicated relationship*

u « Jt(Ut) + 4s(s+l)

Fortunately for moot of the first row transition

elements, the simple relationship is generally a reasonabls

approximation and the magnetic susceptibility nay then be

used to determine n in the eomplexee. For the second and

third row transition eleracnte the elmple relatlonehio iw

not wpplicable. Xeeping in view this property we have

etudied magnetic susceptibility of a number of chelates

studied spsctrophctometrlcally as well ae by I,R. technique,

and having found the nature of the metal in the chelate as

well ae parsmagnetiwa of the ligand itself and ite effect

cm complexes.

RABBB. BuTBAVIQSgT ABB VISIBLE SPfSOTBOSOQrT.

Infrared spectrum measurementa help Be find out

the actual linkage in the complexes, structure of tha ligand

aw wwll aw that of the complexes.
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Bltre-violet spectra of the li-ande and the

eomplexee help to find out the bonding in the Comdexes

and to locate any other charge tranofer occurring within

the ligand or the complex. Visible spectra of the eomplexee,

epewially those cf the traneltlon mctale, help to determine

the r.tereo-e a ietry of the eomplexee. But if the charge

tranefer bead is in visibls region, then the visible

spectra of ths normal elemente will ale help*

Thw problem umdwr investigation has two aspects,

vis*, the synthesis of new snll^ and ths study of their
interaction with me ale, eepeeially the non-tr«naltional

t

The aewly wyathesissd nails ere charaetoriwwd

by prwparing their derivatives and confirming the funct-
lonal groups in then by recording their j.R* in eolld

•tatc.

Thm bathochroaic effect sf p-broao phenacylidene

p-dimethyl amino aniline was followed by carrying mt
reactions with lewis aside, Bg)a%f XnCl*,, FwCl3, A1C1S,
Sa014 and SBC!*,* FJviiwnce for eoaplex ion foraatioa
scald only be obtained by using purely non-aqae^ue aedia.
taectrophcteawtrlc studies could only be sueesssfully
employed in elucidating their composition. Conductometric
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method fsiled to give results of any value due to Iww

conductances. pUmetrle method eouid partly be employed

ia studying ^u(ll)- PAO chelate.

Fwlarcgraphie reduction did not give either

wwll defined or reversible waves with the result that

hot polaregmphy and aapsroastry could nit be success

fully saployed.

he coaplexea were Isolated, analysed and their

t»B and magnetic suscsptibllity dsterminwd in order tc

get an Insight into the various aetal^an 1 chelates.

Ths oxiaee cf phenacylidaaw aniline was chosea

for interaction with Cu(TI) due to ite spweifieity. Itw

coapoeition, wtebility and etrueture waw determined by

spswtrophomstry, magnetic suscsptibllity sad I.R, methods.



w
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f^ftf. IJESS FAB1XIAR AXIM

awforenee to the synthesis, oropsrtiss and

imdawtrial appllcationw of a large number of anile

haw already been aede under *<Jencrel Introduction*.

Other interesting coaoounds of the serlee which have

attracted little sBtewtiwa both fr^a the view point

of their synthesis sad their analytical appllcationw

arw thw anils of aromatic ket^-aldehyde *md their

amiao eoapoua^e, Tatee^5 condenssd phenyl glyoxal
hydrate with aniline in 98 */A f wthanol containing fww
dropw of eeatle acid. The product isolated by him

melted at l«4~lec° and wae considered by him to be a

mono anil, (OgHg-cn-OK-BWC^Ig). tn 19«S, Proctor at al
repeated the above experiment and detected five compounds

by meaaw of thin layer chromatography. Two of these

compounds were isclatsd and were found to be a diner,

a.p. Tw° and a tranw anil (aonomer, a.p. 148*). In l$ww,

the above wwrxere repeated their own work and discovered

that the aeaoaer eerller reported by thea aw tranw wall

was In fact a dimer*8^* The cie «nil of phenyl glyoxal
hydrate and aniline (a.p*2l0°) wae aleo synthesiecd by
Procter et al*8* in li«8 by a different route, Thle too
was later oa found to be a dlmer*3'. The existence of
diners in taw above syntheses may be attributsd du« to

the presence of glaelel acetic acid. An analogy aay bs
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found in the case of hcosalanilins which ceases to

exist as a monomer in presence of 90 / foralc acid1*'.

Xrwanke and arose*6* prepared a number of nolle

ay condensing phenyl glyoxal hydrate with p-dimethyl

amino aniline and found that these eompouads react with

Lwwiw acids BW form the oorrsspondlng chelates ae shown

belowi-

O0H5 - C- OR «*~0 *<CH,

Phenacylidene p-diaethyl amino aniline

Q V %0lg

<%% - 9 • OH __ ^
0

/OR,

0*1% • 0 • » - B •<=!/• *<aH-

0—-Hg

01

then wuch anils react with Imwie acids, there is

a bathoehr^ic ehift in the molecule. It www quite interest

ing to observe thet thece compounds gsve oharecterietiee

•clears when coming In contact with silica gel.

In the light of the obeervstion of Xrohnke at al,

it www considered worthwhile to synthsslse some new anile

from phenyl glyoral hydrate, employing aromatic amine

01 •
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•cmpounds iawtead of p-dimethyl amino aniline as ths other

react ant. The ecadwasatlcna vera carried out ia alcoholic

madia. Thw preduete were characterised by preparing various

derivatives and etudying thw I»* speotra of thw purw

crystalline preduete. One of their derivatives, vis.,

oxim b wwrs interesting from anothsr view point also. They

gave colour react lone with various aetal lone thereby

•ffaring possibility of being used aw analytic-1 reagents.

This chapter deals with the preparation and physico-

chemical studies of come new anils obtained from phenyl

glyoxal hydrate with aniline, >-ohloroenillaw, o-, p-nitro-

anilinss, c-, p-toluidines and a-, jMftaphthyleminee* '•

WWWBaBwB m fm** 9ff^i HYBRAtg

%wnyl glyoxal hydrate wae prepared by earlier

workers by the following mathods t-

(a) From iwonitrowo aeetophenone, by preparing

ite bisulphite and subsequently hydrolyeing

(b) By oxidation of benzoyl carbine1 with soppsr

acetate*9'.
(10)

(e) By hasting bromo acetate with capper acetate.

(d) Oxidation of aeetophenone with nltrwcyl

chloride* %

(e) Oxidation of o-br mo aeetophenone with dimethyl

eulphoxide*1P*.
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(f) Hydrolysis of thw nitronew of n-dlmwthyi

phenaeyl pyridinium halldew* '•

Phenyl glyoxal hydrate wae prepared following the

method recoamwadwd by Riley and Grey*14* with slight modi
fication. BOO mi. diexane, ill gae of SeOg sad PO ml*

Bmtmr wwrw taken in a three necked round bottom flash

(1 litrs capacity), fitted with a mercury wealed ctlrrer

emd e reflux wondwawcr* The mixture wae heated to 5-8)

and wtirrwd until a clear solution was obtainwd. 12) gas.

•f aeetophenone werw addwd in onw lot and thw rswultiag

mixture was refluxsd with continued etlrring for four

aware. The hot eolation was decanted from the precipitated

selenium, amd dlexnno and water were removed by dietIllation

through a short column. 100 ml, of toluene were sdded and

thw dietillation continued till the dietilate was no mere

tarbid. The remaining mixture wae traneferred to a ?»80 ml.

CXslsen flask and distilled at 98-97° Jf 88 m.a. Stsan www

pawwwd throagm thw Ieibig eandwnwer In ordwr to prevent

phenyl glyoxal to undergo polymerisation. The yellow oil,

ww obtained, #§e Immediately traneferred ww boiling water.

On cooling, fine needles of phenyl glyoxal hydrate (m,p.85°)
ware obtained (a.p, recorded in the literature from tiwad0,

(18)
impending u.W)n thw varying degree of hydration of the waaple ),

FBBFARATIOB OF ABIIB

Bquimoleoular quantitlee of alcoholic solutions

of phenyl glyoxal hydrate and the eorrewpondlng amlnee

wwra taken in an iSrlenaeyer flask. A condsnser was attached
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and the flask as set in a hot matWW bath* Thw mixturw

was refluxsd for about half an hour and allowed to cool.

The product which sol idiflad in a smart while, wae

filtered and crystal Uwwd from hot alcohol*The eondwnwa-

tiom product obtained from phenyl glyoxal hydrate and

aniline resulted in the formation of a solid together

with a large quantity of a resinous substance, A conwidsr-

sblw dl-'ficulty www experienced in cryetallislng thiw

resinous mm&9 It was dissolved In a minimum quantity of

wthyl acetate and than ohroaategraphed over Brockmana

alumina. The eluente were uwwd la the order of petroleum

ether, benswmw, chloroform sad their corresponding

mixture aw shown in tabls I. Ths slusnts sere collected

In fractions of So-dO ml. each and evaperated to dryness*

Te>lw I

TOORAPHT Of fill R.S8IB0B3 '4ASS

racilon
fluents

1 m f Petroleum ♦ lenaene (Btl T/T) Issinous material

9 Petroleum ♦ Bensene (ltl T/F) Beslnous material

4 * 10 Pwtrolwum ♦ Beaaeaw (If9 V/T) oesinous material

lU IP awaaBBwB Issinous aaterlal

4w«^*"* Ana Bwawwne ♦ chloroform(3tl T/T) Resinous material

18 Beasene ♦ chloroform *exy materiel

IB- BO Chloroform fellow eolld

P0- Ft Bll Bll

The fractions 1-18 were combined together and

charcoalised with activated charcoal and filtered. The
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filtwratw waw concentrated and rwwarwmatwgra^nwd on

irocsmann Alumina. Bo solid www, however, ob alned. 2he

fractions 16-20 were crystallised from hot alcohol sad

afforded yellow erywtalline plates, »9pm l*4°*

On adding the alcoholic eolation of phenyl glyoxal

hydrate to thw eorreaponding solutions of p-chloroanillie

wad a*, 0-naphthylaainew* condensation product were

•btainwd immediately and ao warming wae necessary. The

coaawamation •.••roduet of o-toluldlne, however, did not

give a wolid auitnalw for cryetall last ion, ?he yields of

too anils varied from 4*,* '£ to *>,B /♦ It is rather

difficult to explain why such a large vari-»*io* in yield

vaiawc iw observed in these compounds. All these anils

except phenacylidene p-ehlero-eniline are coloured,

•aBmtwlllnw woapoundw possssslng a characteristic disagreeVie

odour. They arm soluble in aetaanol, sthanol, benscne,

aowtoae wad chloroform producing light yellow solutions,

tBaBS arw, however, insoluble few water and petroleum ether.

fjwwv* eh«raeteristicc of thece anile are recorded in table IT.

(P. 5 2 )»

PBBXTATITB (OF ABIHI
'V

FBBFABATIQB OF lUBlZRo PHRBYL BYBRABQBB8

Alcoholic wolmtloaa of p-nltrophcnyl hydrazine

(%Sg) and the ecrresponding anil (o.Bg) were mixed, warmed
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ami a drop cf glaclel acetic acid was added. The mixture

www iwft overnight, When p-nitro phenyl hydraaones

separated. They were filtered, washed wwll with watwr and

crywtalliwwd from nitrcbensene.

fSBtABAflOB Of,Bt4 PIRITBO fftBTt. HTBRAB^Bll

A solution of f»t4 di-uitro phenyl hydrawlnw in

wtaaaol containing a few drops of concentrated sulphuric

acid www waraed with equimoleeular quantity of the eorreepond-

ing anil. The ?M -dinitro phenyl hydraaonea w ;ich eeparated,

ware filtered, washed well with water and crywtalliwwd from

nitrobenaene.

HOtt nfu fBB^ffABBjl

A mixture of wemlearwwaidw hydrochloride (Ig) sad

wedioj) acetate (l.Bg) was dissolved In a nlnimmm quantity

of water, and addwd to an alcoholic solution of thw anil

(%8g). The mixture was refluxwd over » watwr bath for about

half an hour. It wae then transfsrred to a beaker containing

•old fair and any tuibtdity if produced was removed by the

addition of alcohol. A fww dropw of acetic acid were aided

and the whole mixture was isft ovsmight. The precipitate of

thw wemlcarbaaonw wae filtered, washed well with water arid

crystaliIaed from alcohol*

fBBFAaAfiaa of oxiubs

A solution of hydroxylamine hydrochloride O.Bg) wad

sodium acetate (Ig) ia water was mixed with an alcoholic
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solution of the anil (ig) and rafluxed over a watwr bath

for about three hours. After removing aost of the alcohol,

the reaction mixture waa transferred to ice cold water.

Taw precipitate of the oxime wae filtered, waahed wwll with

watwr and crystallised fron alcohol.

Ths above derivatives were obtained in elaoet

quantitative yields. Ths characteristics of ths derivatives

of the anils are recorded in tabic XXX* ( p, 50 )•

aaavW awwa sBBawl IP"*

Taw wBBwBMI glvw colour rweetlonw with ©lcoholio

solutions of harry mwtal ions, especially eopoer, cobalt,

nickel snd iron. The colours are all green of varying shadee

ranging from yellow green (nickel), bright green (copper) and

dark green (cobalt), with ferric iron, the colour rewconsw is

given only by two of thw above eximss vis. phenaeylidene-

3-naphthyl amine and phenocylidene-o-t luiline oxlmes, which

give reddish orange and violet colours reepejgCj

txaroxi
f».»jiji &m3fm*imm8m&Emi

Seam new anile dwrivwd fron phenyl glyoxal hydratw

tatie eminee had already been 1escribed (pp. 5a )•

A few acre sails were prepared by ondeaelng phenyl glyoxal

hydrate with m-nltroanllins, p-bromoanliine, a-chloroanlilne,

m-tolmldlne, o-anlsldlne, e-aalnophenol, sulohanllle acid,

anthranilic acid, a-amlno bensoie acid, p-aalno bensolc acid,

and wulphanilamidw. These anils were characterised from their
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SMnltro phenyl hyIff,mrew, Pi4 di-ni ro phenyl nyiraaonws,
seai-carbason s and ox laws using thw mwthods described

previously. The anils and thsir derivatives are lieted ia

tables Be, IT and T reapeetively.(pp.54-55).

The oxifflcs of many of thece anils also produce

yellow, greenish yellow and green colourations with diff

erent aetal Ions and they amy offsr a possibility for being
exploited am analytical reagents.



fable H- Anile Derived from Phenyl Glyoxal Hydrate mad Arwmatlo Aalnee

of ths Anil Colour Formula

8-aniline Tellew Cj^Hj^O B

W.P.

1P3-1P4

jTiwld
t

90.9

Bltrogen,
Calcd.

•R-p-chloroanilinw Colour- CufflO° W Cl 118-11B 63.6

6.69

8.74

11.07

11.02

6.28

6*78

8.40

6.40

R-o-nltraaalllaw

B-P-nitroanillne

H-o-toiuldlne

R-P-toluldine

• R-o-napht hylaaiae

•R-6-aashthylamias

•5Tlo"

Yellow cl4Hio03B2 108-lOf 87. f»

ToUow %t*|wf%% 1*7-179 47.2

Brown

Tellow

fellow

Yellow

C18H13° w

OimB^O B

°18H1S° *

C18a13° •

BP-98

136-13F

90-91

89.8

ImWB

61.8

(R • 0gBB - C 0 - CH » , pheaacylldeaw radical)
irmlng was, however, aeceesar to obtain these anile.

X

6.73

8.89

ll«ff

11.41

6. IP

6.37

6.74

8.IP
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Fablw^KI nhamotwrictlee of the BerWativee of the Anila

R-aniilne 188-186 16.78 16.88

R—p—Ohlorc—
aniline

200-POi 16.16 16.46

R-o-nitro-
anillne

283-734 17.99 17.61

R-p-nitro-
aniline

280-782 17.99 17.84

IWo-tolui-
diae

100-101 15.64 18.86

R-p-tolai-
diaw

184-138 18.64 15.32

R- -aaphthyl- 764-768 14.71 14.13
amine

B-B-maphtmyl
ami a

149-190 14.PI 14.09

P36-PX3 17.99 17.74 190-191 71.06 20.98 88-5-) 1P.60 IP.46

767-269 16.67 16.46 180-181 18.63 Id.44 146-147 17.8810.38

758-786 19.36 19.1P 197-198 77.80 27.31 189-801 15.61 15.42

76P-P63 19.35 19.40 7o3-f05 22.5o 77.78 706-707 16.61 15.48

"80-251 17.36 1T.1 77-68 U.76 11.86

763-265 17.36 17.16 P44-748 73.00 19.95 131-lOP 11.76 11.43

194-136 18.94 15.63 710-P11 17.7P 17J9B 119-170 10.P7 10.20

247-749 15.94 15.83 100-101 17.7P 17.43 96-96 1>.72 10.32

(R - CgHg - C 0 - OB »)

CO
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Table Jf diwxacteristics ef the Derlwatlwwe of the anile

Seaieaxmasonee
of

the Anil

.?.

MS_

*itrogwa»^

Is led

2*4 Binitro

iP'BWBTl Bf^ratanWl

.•'.

|Bii •&

o*lcdjFoaad
M.P.

°0

flltrogen,0/

'«lcd Found'

Ozlmei

?*?.F.
o«

Witrcgea*/

C^leo* Found

-ro-tlSBWJ
aniline

h—p—uromo

aniline

R-a-Chloro
aniline

R-a-Tolal-
dlne

267-*88 17.90 17.78 273-P74 19.36 10.13 190-101 72.50 29.38 176-177 15.61 15.32

188-199 13.23 13.15 774-276 14.93 14.76 PP6-72T 16.73 16.18 135-136 9.74 9.08

101-107 16.16 16.13 F00-P91 16.6P l«.l4 740-P41 18.68 18.74 94-96 10.88 10.86

P87-P88 15.64 15.42 241-243 17.36 17.13 P33-234 70.00 19.89 96-96 11.76 U.61

B-O-Awlao P70-*TS 15.55 15.25 P41-P47 17.45 17.P8 P18-"19 19.8B 19.71 757-788 11.66 11.34

180-181 11.66 11.73R-p-Amlmo 844-248 18.65 15.19 P89-760 17.45 17.13 P71-2f7tt19.8P 19.63
phenol

R-o-Anlsi- 198-199 14.97 14.63 P67.769 16.70 16.4P P79-P80 18.91 13.69
din*

R-Sulphana 274-776 13.20 13.0P 249-741 14.92 14.76 730-P3P 16.18 16.06
lie acid

R-Attthranl- P18-P19«|14.43 U.18 P65-P66d16.16 15.98 197-193 18.06 17.98
lie acid

B a iW.aW B08-709 14.43 14.70 703-P94 16.16 16.36 P6B-P67 13.96 18.01
bensoie

•aid

R-p-Aalno 19SLS00 14.43 14.18 396-317 16.16 15.93 733-984 16.06 17.8P
benaoie
acid.

R-Sulpha- 28B-P80 16.84 14.48 1M-198 17.65 17.48 133-134 80.28 20.13
nllemldw (a m0^Hfi . c 0 - OH • )

88-90 11.02 10.97

163-164 9.81 9.06

160-161 10.44 10.78

185-186 10.44 10.17

158-159 10.44 10.36

132-1*3 13.86 13.1
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ISATIOH OF BOMB AftOa.VTTO AMI

UwH!tLMi*M'iitti J4MX* eifSlliiiii..' 5*

to st si. (loo. cit) synthesiser anils

deriwed firm phenyl glyoxal hydrate end p-dimethyl amino

aniline end discovered that thece compouadw g^rw aetal

ehelatew with lewis oci1s. ?c add to our existing knowledge

cf thwwe new types of anils v it was thought worthwhile

te study the condensation oroduets of p-hromo phenyl

glyoxal hydrate and aromatic amines,

AOJfQFHSBOilITT—T^T 'T TUTT

p-brome phenyl glyoxal hydrate wae obtained by

SmOg oxidation ©f p^broato aeetophenone* *hwhich was
prepared hy awwtylatlcn of hroao hwawwne* °% fia a 5-1
round bottomed throe necked flack* fitted with mechanical

stirrer, coperating funnel and reflux condenser connected

with gae abwcrptlon trap for disposing off hyiroehloriw

said gas* saw placed 397 g. cf hroao benwwnw in l-l of

carbon dleulphlde. To this was added 760 g. of snhydrous

aluminium chloride, "he mixture wae heated on a etea-o beta

amtil gentle rwfluxing wtsrtw end thwn 204 g. of distilled

acetic anhydride wwrs added slowly through the dropping

funnel. The time of addition wae ebout one hour. Gentle

refluxing was continued throughout the addition of thw

anhydride, thw fixture wae refluxed for one hour. The
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reaction was aceoapanisd by copious evolution of hydro

chloric acid gac which did entirely eeaee even after thiw

wmwswcuwnt heating, "he condeneer was then etteehcd to one

•f thw side neck* and carbon diwulphids was distlllsd

without removing *ae flask frost the stean bath,

Aftwr the rwoowel of the eolvent, the reaction was

allwwwd to cool eomwwaat but wtiils it was e ill wars. It

was poured slowly with stirring over crushed lee to which

oonwwntrated hydrochloric acid waa added. In thiw way,

caly a waall amount of anhydrous alualnlu-i chloride remained

in the flawk. fhis waw decomposed with ice and concentrated

hydrochloric acid end added to the aain product. The volume

waw now about 8 litrss. Bach two litre portion wae extracted

twice with 390 ml. and poo »i. portions of ether, ^he

wmtraetw werw combined and waehed twice with water, once

with 10 % wodiaa hydroxide mM twice acre with water. The

final water weaning was prawtieslly colourless and taw wwpar-

atlon sharp*

Tha ethereal extract wae dried for one hour with

about 3^ g. of fuwwd calcium chloride end filtered, and

the eolvent waw distilled over a water bath. The residue

was distlllsd under reduced pressure with a wmwmrt c>lumn.

The distillate wae fouad to be eolourlece which eolldlfled

ia fine white platee, m*p* 49-5).6°. The yield was 849-396 gt

69-79 % of the theoretical amount.

The oxidation of p-brono aeetophenone waw carried

out as already -seatlonwd (pp.56 ) by SeOg oxidation of the
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ketone. After the oxidation waw ooaplete, the hot a lution

waw decanted .from the precipitated eeleniua and distilled

under ataowpawric pressure until «ost of the alcohol warn

removed. 100 ml* of xylene as now added and the solution

•gain distilled umiwr atmow hwrie pressure till the disti

llate was no longer turbid, he remaining fixture was

traawfsrred to a 280 ml, Claiwwn flask undwr reduced

prwwwarw. Thiw modification was nwesssary in or'er to

prevent ths formation of p-broao phenyl glyoxal hydrate

which could also distil along with the eolvent* The residue

was thwn distilled un'wr reduced pressure (at 7 a.m.) and

tae distillate was dissolved In hot water. On cooling p*bremo

phenyl glyoxal hydrate wae obtained in fine needlea, m*p*132*.

FBBFARATIO^ OF ABllfl FROM p-BRoB9 FBBBTL BgOXJU.

The walls described in tabic ?I (p* 59 ) wsrw

eb aimed by rwfluxing on a watwr bath equlmolecuiar quantit ita

•f p-br^mo phenyl glyoxal hydrate and the corresponding amino

compwuads In 95 % wtaanol. On cooling, the solid products

obt-insd ware separated and crystallised from hot alcohol*

The) amilw erw solublw in sthanol, aetaanol acetone, aceto-

nitrile, beamwaw and toluene while they are practically lnwol-

uble in water and petroleum ether.

XFATITB8 OF THE INTO

p-nitro phenyl hy^rawones, P|4 di-nitro phenyl hydra-

BcmeWff weaicarbasonew sad axlace of the anile were prepared
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eble -VT Anilw derived

i wf the \ Dolour
Anile

| B.F. J Yield A
»C

-Il'rogen %
Oaied. T Found

B- Aniline

R-Toluldlne

R^a-ToluUins Brown

R-p-Toluidine Tellow

R-c-Chloroanlliae

R-s*-Chloroaniline Bark
Brown

B-p-Chloreanlllnw Blewk

R-SulpaanilaaIda

Light yellow Cj^H^gORBr 60-61

O|0BlfOBBr 76-77

Cj^H^gOBBr 74-75

O^Bj^tfOBBr 86-37

ej^ftgORClBr Gammy

Oj^BgOIClBr 82-83

Oj^HjOWClBr 65-66

OjASjjOgRgRBr US-IS

78.21 4*86 4.61

56.32 4*63 4.59

62.35 4*63 4.68

84.68 4.63 4.87

- 4*84 em

66.68 4*84 4.29

73.48 4.84 4.31

68.83 7.6B 7.60

B * (Br-CgR^ - CO - CH - , p-brome
phenacylidene radical )

CO



Table - FIX

?-nitropheayi
!Vdgawonea

M.P.

oc

<

Ohaxmcmmriwtiee of taw Derivativea of the Anils

»Pound wc

t 2j4 Mnitrophwnyl
,17'rBagntg „

OalediFouaJ

Seml-carbasonea j Oximee

'*.F. trogcn,/ ^
Calcd.FounTj wc tailed j found

Bitrogen, /s

R-Aalline 267-P68 13.84 13.81 288*280 14.98 14.86 *31~232 16.24 16.18 188-156 9.88 9.18
R-0-Tolaidine290-29i 12.88 IP.46 280-751 14.67 14.82 142-143 15.61 18.59 ©mmmy 8.83 -

R-m-Tclui- 850-781 IS.86 17.88 245-247 14.88 14.42 183-134 15.61 16.88 Barney 8.83 -
dime

R-p-Tolui- 281-288 12.86 17.87 288-888 14.82 14.48 207-809 15.61 25.44 188-129 8.83 8.79
dice

R-o-Chloro- 231-838 12.28 12.13 748-248 13.90 13.87 196-197 14.74 14.68 193-116 8.*8 8.23

B-m-Cfclero- 221-878al7.28 1B.08 218-817 13.90 18.75 888-889 14.74 14.78 Oummy 8.78 8.19
emillne

>ro- ^19-P80 12*22 12.18 284-208 13.90 18.64 738-734 14.74 14.69 143-144 8.*8 8.23
line

a-Sulphaai- 887-284 13.94 13.84 278-774 12.73 1P.68 240-n41 16.51 16.48 •mmmy 11.00 -
Immldw

B * (Br-C^B^-CQ-SH » , p-bromo phenacylidene radical)

05>
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In the uwual manner, and were obtained almost in

gaaatitative yields, p-nltro phenyl hydraaonec *nd P|4

di-aitro phenyl hydreaonea wsrs oryetailised from nitro-

beaaene while wwmicarbasones and oxisss from alcohol* The

characteristic© wf theww derivatives are given in Table

FIX (p. Go )« The oxlmes of thece anile also give sharp

colour changes with various metal ions and may offer a

possibility of being uwwd aw chelating agente*
*

LB. SFBOTBA 8TUBXB8 OF TBI Ml
.U'BJ :*Ll WL*iL.MM£>J.\iy*iJisMi\*

The I*R* spectra of the above listed anils

(including some cf their derivatives) wars recorded in

solid statw by KBr technique in order to ewwwrtain

the prwawnce wf the functional groups. Pwrkin-Blaer infra-

cord and Beeamenn T.R-4 spsotro-photoaetere wwrw need for

thiw purpewe (courtesyt Saldtler Bwwearwh Laboratories*

1MMU). The stretching frequencies of ths functional

groupe of wuch compound* are listed in tebles Fill to XI

?*6 6To7l).

ABII8

Phenacylidene aniline, p-chioro phenacylidene

aniline and phenacylidene m-toluldine poawws^ an asoaethine

linkage to characterise thorn as anils. Their stretching



frwquwneies arw given in table Fill.

The spectra of theee compounds «how a wharp

around 1700 cm** , characteristic of an aryl absorption
band (1700-1670 wa.* ). X, w, wtwric effect i»nd conjuga
tion of thw > 0 • 0 grown with respect to phenyl or

aaphtyl skeleton lowers wash frequency. GH-B group shows

characteristic band between 1639-1613 cm.*1. From the

wpwwtra of the eompounde <U3), there ie en evidence of

-CH«B becauee the frequencies lie 6aWjmwjl this range.

awwwvwr, lowwring of frequency in (p) may be due to —I

effect which generally lowere thie elue. ^he stretching

frequency wt PSB© cm.* in thw enmpeuad (3), cannot be

other thaa O-CR, sltmated ia the mete pceltion wince there

are mwaaliy threw peakw dae to t tie group in the range wf

29F0-2850 eau*1 wf which the most ussful for diaganoeiw
iw aaa* 2960 em.-' . A compound having single C-Cl link

attsched to a phenyl skeleton chows stretching frequency
*

in thw range of 760-700 wa. . Xn ths spsstrum of thw

wow^camd (?) the freemency 705 em/"1 falls wwll within thie
range and hence the evidence for such a linkage le forth-

woaing. The C-C stretching frequencies of benawaw derlvetivee

arw ia the remgww 1870-1480 cm.*1 sad 1639-1890 cm.*1 respec
tively. Ii4 disabstitutwd derivativww reveal the frequency

around 830 em. • The peek* of the wpwwtra (us) of thw anile

alwo givw evidence for such grouping or linkagew.

62



63

it*. Pl-Slrm FHBMTt. HtP«ApH|3 ABO fcJUTW
*..? httmitteil* *) L:.9b)M*iiJKJMf-

Seme of the anile wynthesised (loo.clt) heve been

eaarawteriwwA by P14 di-nitro phenyl hydrawonww and

p-altropheayl aydrasones end the etretohlng frequencicc

of their functional groupw are given in table XX•(

Aromatic nitro compoundsmhow a baaa in thw range

of 1860-1350 •a.""1 duw to G-B02 «roup. Presence of sa
eiectron-attr&eting group in pera poeltlon or a bulky

group in ortho position (steric effect) tends to move the

CLBOb frequency out of aromatic pl«ne and is consequently
—1

raiwwd from I860 to 1540 em. On the other hand when the

•mhwtitueats are electroa-dwasting , the frequency ie

lowered from I860 to 1490 cm.*"1 Further, in aromatio eomp-
contelniag two or more nitro groups, multiple

frequenelec are observed, rn ths spectra of the compound

(4 to 27) the stretching frequencies of C-B9g group or

groups fits well in t ie range aw well as multiplication

of bonds is observed in 2i4 di-nitro derivatives dus te

taw above inflaeaeo. Hie higher or lower value then the

normal range may b« accounted for due to aforewaid

inflnencee. 8H group has eharaoteristic frequency betwwem

8400-8000 em/*1 The spectra of all the hydraeeaee chow a
sharp peak round about this region.

The esomethins linkage in such type derivatives lice

In the normal range of «-QH-fl. Beeides, moat of the
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derivatives are p-disubstitutsd whoww frequency iw in
—1

thw range of 840-8*9 cm* On examining all much e-wctra,

there iw a bread peak around 889 cm which can be assigned

to wuch grouping. There ie a peak at I960 em in thw

compound (4) which can be attributed to S«9 group of

p-wubstltuted sulphonie (-SO3H) conctituent. p»broao phenyl

skeleton of some cf the derivatives (16,17,13) poasecs C-Br

ekwlwton around 690.645 wm range and C-Cl linkage in

p-chlore substituted compound at 780-710 cm* (17,19)*

The characteristic groups of ssmicarbawonww of thw

anils, which detwrmine their structure, are > OOBHgt CB>W.

BB wtc. Thw frequencies of such compounds are Hated ia

table 1.

Xn the compounds (28 to 37) CH*R linkage around

1600 cm*1 Is qpjito evident. The m stretching frequency
—1

of wuch grouping lies in ths range of 3409-8190 cm sad
—1iw a sharp diagenlsable peak. Above 3999 cm " there ie «

sharp peak daw to f% group of -09RTU* However. >CK> group

of wuch eoapouad lice aear 1700 em"1. Like 2t4 di-nitro and
phenyl hydrswones of the anilw, such compound pwsswww ltd

UMMitMt »-,. m fi.in.lm iwo -1 «a sooo --1
in the compounds (*8 and 35) la due to C-OBji grouping atta-

ched to phenyl skeleton, 1459 csT1 in the compound (19) iw
because of 0-1% and S"0 group of pera substituted-SOjH

-1
p In (31) is around 1080 em •
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Oxlaww of thw sails wwrw prepared to wxploit

thea as chelating agent for metal lone. Beeidea -CH»B

groan of the anil, there are ebaraoteristiw BS and 0«l

grouping in such compounds due to oxlmlno 6afwBBj linkage.

Bemw of the oxlaww are tabulnted in table XI.

From the cpectra of such oxiaes (38 to 41), -0H«B

ami p-disubstituted stretching freq eneiee fall wall within

their rewpcctive rangee. ?hw OH frequency cf "H-9H group

Whoww wuoh frequency in the vicinity of 3^*00 cm"1 ae alec

depleted fjsjwsj ths respective spectra. 0*w fracuwney of

6*w)aOR group ie In the range of 1650-16f»0 cm*1 which is

also shown oy spectra (Table XT). However, in one case(41)
—1there iw 1390 cm " frequency which haw bwea also reported

la the literature*18* due to weak bond of such grouping.
Thw oxiaw (39) ehowe S»0 frequency at 1189 cm."*1 due tc
-SOgBHg p-wuhstituted group.
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IBTRODUCTI0H

Baay emimes are known to pesewsw welaabla analytical

applications '. These eoapouaow awe euppseed to eater

late reset ion with aetal ions in the following two waywt-

1) Qomflwxatiea takes place through coordination
ww aitregwa aton of thw group «B-a8 of the sxlaw,

li) Salt forest ion takes place hy replace eat of the
hy&rogen atom of the oxime by the nets! lea.

of these welts arw inwoluble, awl usually

coloured, which aides* theis importsnt la analytical prowwdures

Bast of the analytically important exiiaww belong to taw

fallowing olswwwwt*

1« The ertho dioalas - (I)

8. fam aeyloia axis* - (Ti)

3. Ortho-hyiroay aroaatie ©xiaw - (Til)

4. Thw aonoximw of s-diketoaw~ - (I?)

8« Blttwwo~wubwtitutwd
hydroxylaratns # (?)

ii I J "
S-* lt-OH *_0H

(t) (II)

I bLor
(I?)

A. .1 • 0

OH OH

ii
B-OH
(III)

m»9 *m OH

laf
<*)

•
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Q9TH0 DIQXIMB

The dioxiaes of e~8 diketones form awtallic

•wwlwatiwas In which WJM of the oxime group* functions

cm an eold and thw other m ths coordinating group e.g.

dimethyl glyexims, awfuraldloxias and eyeleaexane dlome

diexime wtc. tn 1908 , the ftaesisa chemist, Twehugseff^
discovered for ths first tins ths reaction between nickel

•site and dimethyl glyoxi??*, which powweeses an ortho-

dlftxiae grouping. It yields a brilliant scarlet red

insoluble complex Wi(C€ B7 Og N2)s. This oatpoeition

Indicates that on® of ths hydrogen atone of each of taw

two molecules of dimethyl glyoxlme hue been replaced by

the bivalent nickel atom (DC), The dioxi&e group«c(«rw>H)-

C(^fOH)-.(VIMelsetiY0ly prsolpltatss nickel ions prowidsd

thw group is a part of an aliphatic nolseule and is attached

to alkyl groups, and has a or smtl configuration (Xt).

These dloximes also yield yellow praeipltatee with palledlua

•alts, but net with eaite of any other aetal. The ortho-

diexime group aay, therefore, be consldsrsd as • specific

group for nickel and palladium, When this group is attashed

to an aroaatie eystei, its behaviour is similar to that of

a dibasic said s,g, o-banail diexime, which forme salts

The sensitivity of ths reagent aay be incre^ssd by the

introduction of different eubstltusnts in the molecule, Far
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instance, the replace ants of aethyl groups in dimethyl

glyoxime (TTI) with fnran groups tn the for® of

furlldioxiie (fill), increases the sensitivity of taw

xwagwnt far nickel to about three-fold,

"I r i I
W X0H HO7 X0B

(•I) (Til)

(Si

;o^ A. x^
^S — {— « — (»%

/ \ /
BO—BJ!

G8JL -"•"» 0 •••» 0

(XVIII) (a)

The structure If for dimethyl glyox£m*.nlokel chelate

haw bwwn prowwd beyond doubt. If one of the 8U grouse of the

•Xiao bs aathylated, ao change in precipitation character

istics tnkws place&*9K Further, it hae bean shown th«*t
ao precipitation takes plaow when the diexiae grouping

possesses a wyn-or ft-configuration (XII). However, or

WWJWM dioxide (Bill) reacts with nickel to give a yellow or

yellowish green compound, in which one molecule of tha

dioxime reset* with one atom of nickel whwrw hydrogen atoms

Of both the wxias grouping are replaced by the metal to give



a wix aeabered ring (XIV)

mm Q iwhiiiwm • @

1 K > K0 CHj HO^ \0B
(X) (HI)

WBBa

0 i niiu. 0 mm «•» 0 _ 0
H II II u
n b /•

^E BJF*

XII
Syn

'Ob •m/

(XII) <XIII>

0

1 I1

Bi

(XI?)

?S

A number of compound a containing ths group > '(TF)~

0(«B*OH)~ peewwws valuable analytical applications.These

substances which are known ae auaeyloln oximww react with

cuprle salts to form green water-insoluble eomplexee*There

is some difficulty la assigning a definite structure to

ths copper weraplex, since available evidence indicates three

pw sible structures. While reacting with copper, the molewulw

amy met as a dibasic acid in which both hydroxyl and oximw
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arw acidic, or it aay function as • monobasic sold

with wither of the hydroxy1 or the oxime gnu s reset lag

while the other functioning aw a coor in'.ting group. Thw

The available evidence, however, seems to 1 Heats that

thw fiu*aoyloin oximes react #?s dibasic aelds towards eupriw

salts to form compounds of thw typw XV.

H — OH —— 0 — B

C
(XV)

flayer wpeclal eonditioae, o-bens>in oxims reacts

with cobalt, nicksl, bivalent platinum and palladium to

foam eoaplex compounds in which the oxlae functions as

a monobasic eeid* ',The acid character of the hydroxyl

group Is greatly enhanced by the proximity of the oxime

group, and this structure appears to bs essential for thm

oxlass to function aw a dibasic aeid, o-bensjin

wxlmw (QgHA - Oil m 0 • B - OR) is the most commonly used
pjbbj

analyticnl reagent amongwt aeyloln oxlsee'11^. Copper la

acmeialtated *rom * neutral or awmomical solution, even

ia presence of tartarate ions. It should be emphasised

that all thw hydroxy oximes of pentaool-2-on«-4f ORg-Cf (0B)~

*0w^e*0(aiB»OH>»OBj and chloral aeetophenone, 00l3-CW(lR)-GKg-

0(«IMB?)*>>Og Kg go not form water insolubls salts , sines ths

structures of these compounds are such that the format lea

•f a five awmwexwd chelate ring with copper is iapoaaibla.
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It a«y» therefore, be inferred that the copper specificity

of the aoylola oxiae depeade in part upon a structure which

mamas it possible for ths formation of such • ring systsm.

Thwwe compounds § which are characterised by the

prwseace of rVc • 8QH grouping, form bright yellow to

greenish ooppwr salts, insoluble in dilute acetic sold, Ths

most readily available compound of thiw clews is sallcylaldoxlas

0Tw.0g?l€-aH»8*0!it which waw first employed by BwhraJjr ' for thw

si on and gravimetric eetlmatlon of copper* In the formation

of thw ooppwr salt, walieylaldoxlae functions as a monobasic

•old in which the hydrogen etoa of either the phenolic grouo or

taw oxioe group aay be replaced by an equivalent amount of ths

wjwtrl, Thw eerassr atom, in turn, is a coordinated to thw other

group to form typical complex compounds aueh as (T.VI) or (IVII)

ocir" - (Cf
(XVI) (XVII)

Bwhraim(loc.oit) awwumwd that it is the phenolic

hydrogen atom which iw replaced, and thiw view h»s been

supported by the investigations of Fslgl and Bendl* ' on

th« reactions wf thw isomeric methyl ethers of salioylaldoxiae

(XVTIX) or (XXX)*
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#•00% ^-Kvdf«lU««<5H

** GC^^o cai
rn

(fvin) (xrx)
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-The corn-pound •ontaiming the free hydroxy1 group resets

with ww*)ww* sawtate to form a dark brown aaltf whils

thw iwomeric phenolic ether does not react,

[f<Y'0R^B mOOH3
\Ao^Ou/?»

k number of other mwtals also react with this

reagent to form salts In a neutral or slightly alkaline

awdium*18*. Thw insolubility of thw copper eoaplex of thie

type of oximw haw madw it selective and hence it can *•

separ ted from the other metal Ions, The grouping
B

H0«*C-G-O«?f- 0H» which is present ia salleylsldexlaw

and other o-hydroxy oxlass is not ia itself sufficient to

give a specific BWfBaB) reaction, *watanol-0-one««.4 oximw

0Rg*»Oi(OH)«Cifc-0(*B-O^)-OH3, and chloral sect~phenone oxlne,

O0a3«*<Ii(iH)-C%-C('^W>H)-Oil%, which eontalaw the eame

grouping , neither yields Insoluble ewoowr salts nor

produces any charaeteristis colouration with ewppwr welts*

From thiw it iw wvldsnt that ths wnhaaoed acidity of thw

phenolic group because of ite linkage to aromatic ring wad

lawk of any steric hindrance bwtwswn thw 4U0R and an OB

gtoup wwea to be responsible for their interaction with awtal
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AjBMBWB

The grouping, «.00~C(*B-OR)-, which is present in

the aonoxime of the dlketones, iw important froa analytical

pwiit of view aw it confers upon the molecule the property

•f toner complex formation with aetal ions* Oas of thm most

important reactions of compounds of this ty e is the

»• wsllwdHrea blue reaction'» which wee first observed

by ffhitcly* ferrous salts in solutions buffered with am

•aetata form inner eoaplex salts with nuasrms isonitroww

mds, which givw thw oximw group aftwr enolia tion. The

is arw generally dw»p blue in colour, soluble in water

and aaay organic solvents.

In order to establish ths relet ionwhip betwwen

structure and Hron blue react ion* with ferrous Iromt Feigl

sad co-workers investigntsd the reactions of aonoxlmes of a

number of curwoayl ewapwuada, Tbwyfouad that isonitroso

awwtons, Isonitroso awetylaowtone, leonltreee aeetophenone,

isonitroso beazoylawetone, leonitroso aeetoaoetlo ester,

wrwmo iwonitroeo aowtwaowtlc ester etc. produce blue colours

with ferrous waits. On ths other hand tribroao aoetoaeetic

water, chlors Isonitroso acetopheaoae etc., which are

incapable of undergoing enoliaation, Be not givw any reaction

with ferrous waits, Froa thw a eve obeervatioaw it iw evident

thet *iroa blue react ion • is glvsn only by thoss compounds

which contain an enolisabls carbonyl group ia proxlaity with
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em oxlaw grouping. For example, a-bensll aonoxise (XXI)

resets with ferrous salts to give « blue colour, while

p-bensil aonoxiaw (XXII) does not,

0^Hg-»O-C-0jHg ®g% —G•* 0 «* OgHg

HO/
(XXI) (XXIT)

mere is n» possibility of enoliaation in either of

the compounds, but the configuration of the oxiae

grou In (1X1) is such th«t the e •mplexation takes place

aw shown in (XXTIT),

Ii ii
0 B"*0

(XXIII)

he eonfiguration of the p-ieomer iw such that it doww

not give wimilar complwx.A number of amalytieelly important

eempcuada eoatalnlng the grouping -CO-0(«^OB) are known

ia which the two carbon atoms form a p*rt of a ring syetsa.

Best known wf this cIpww of compounds are cnitroso

8**aaphtholt p»nitroso-a-naphth^l end ortho nitrosophsnol.

These compouads fora intensely coloured complexes with

•amort iU thw he^vy me els. The oobaitie celt of o-nitroso-

tf^7^S
***** maas/ry of ijmam
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«8*4Mwhthol9 for sxampls , is derived from the teutomerle

fowa of the wuinoae oxirae* • '

Om+8 0*- • *^

(xxrv) (xxv) (xxvi)

Thw oeaverwion of 00(11) to 00(111) iw probably

duo to the oxidising nature of the reagent or the oxidising

awtlon of the air* Thie reagent aleo forms precipitate of

Ga(°10H8(*{|K3a,)8 wlth •°SB*r salts* This reaction hae been
(\a\ (XT)

employed for the mierwehwmlonl detection1^' and sap ration

of ewpper* The photometric determination of wobnlt ean also

be undertaken by this reagent and it ean be estimated even

in the presence of nickel,

TH8 BI?B0a0-8gB8TITWBI> ftYP8Q3TUMIBBB

These compounds (IXVIX) exist in tautomeric equilibria

with thw owerwwpondiag eaol forme (XXVIII) and can, therefore,

be classed as oxlmss,

•B(B0 9) OH 5Pdfe m n( mo) « B- OH

(XXVII) (XXVIII)

-he two wel.—totowrn compound, cupferron and aeocupferroa

belong 11 thie group have been extensively used es anlytical

reagente.
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BOo cupfe rron
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f races of co per In water oan be detected with the help

of eupferr n which forms cooper cttpferronftte* ', It is

thwn extracted with chloroform and the residue obtained

on evaporation of the eolvent la treated with alisarin

From ths foregoing survey of oxlmes, it ia evident

thet oxlmes are potential analytical reagents. There iw

further scope for the development of this field Involviag

the synthesis of a large number of analytically imparteat

•ximss putting them to use for the detection and deter

mination of various aetal lone*

The author has syathaslsed a group of new oxlsies

containing em oxime group in proximity with an asoaethime

grouping i,e» — 0 — OH » H — and examined their
K—OR

analytical applications. The complsxation takes place by

the wait formation due to the replacement of the hydrogen

atom, of the oxime grown and coordination from the nitrogen

of the awoaethinw grouping as shown in IXXII,

ff "—<*-» —% A- o—a.<* - ofy

(xxzi) (mil)
fbt.al.nt natal



*

from thiw group, the suthor selected* phenacylidene

aniline oxime and Invewtigated its oonolwxww with

©Wpper,

83
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CTU'TffTS ABXI»1M^MBOli.ifiliA:

Sehlff*s bases like ealleylaldirjlne (salieyldehyde-

la Sehlfffs bass)*1^, p-hy^rexy nf»nhth»ldimine#

o-hydroxy aeetophenone Imine* \ ethylene diamine bis-
sulphosalicyIdehyde, salicyldehyde-glyclne-hydroxamiw

awld*81*, ethylene diamine bis-o-hydroxy aeetophenone* '

haww been eapleyed by * number of workers for ths deter

mination wf copper, nickel and iron (III)* It aay, however,

be pointed out that Sehlff*e bases obtainwd from phenyl

glyoxal hydrate have not been tried eo far as chelating

•gents.

Frsliminary studice showed that none of thece gave

suitable colour reactions with aw*»ls so ma to bs usefully

employed for eolorimetrlo eetimatione, Surprieingly enough,

when the above anils were changed into their corresponding

Oximesf very eensitive colour reactions with awtalw wwrs

observed, fheaacylidene aniline oxime (PAO) wee, therefore,

synthesis*? and its copper complexes were also inveetlgated*

The spsetrophotometrio study of this reagent in

"Qumous medium could not be undertaken on isocount of Its

wmtrerswly low wolubility in watwr. The compound la, however,

soluble in watwr-ethanol mixture (Isl), but the eolation

WW •btained fallw to givw a clear solution when reaotwd

with the metal. The most favourable coadition for the

Interactioa waw found to be 90 per cent alcoholic solution
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of capper (If) ano* absolute alotholle solution wf the

©mwlsting agent* The react ion of the two results"' in the

fillwaWtJin of a dark brown coloured complex*

BBFB8TBBBTAL

Aeolation of copper nitratw (A.R), BwJIwf^M www
prepared in 80 per cent eth- nol and etnadardised iodoaetrl-

cally* axlO^a solution of phenacylidene snillns oxime

waw prepared in obsolete alcohol, Absorb«noo measurwmwatw

were carried out with a •sps©tronle-P0,- Bauwoh sad Mb

wpwetrophotometer, I*B* spectra wwre esrriwd out by Ferkla-

~3aer Infracord speotrop otoawter*

BBBFARATIQW Of BigHACTl>IBiB8 ABifeIBB

Fhwayl glyoxal hydrate waw prepared by the oxide**

tlon of acetwphwnone with sslealum dioxids (op* ).

Bwmimolar euentitlww of phsnyl glyoxal hydrats and aniline

were dissolved In 98 per cent alcohol ?mft the mixture waw

reflaxed over • watwr bath for about half an hour* Thw

rwawtlor. product, which got eelidified after a ehort time,

waw eeparated and erystallissd fro?, hot alcohol.

I8BJ8J8J OF FJaBACYfclPBBB ABIU38 OXIBB

An eojueous solution of hydroxylsmlne hylroohloride

(0»8g) and eodiasa acetate (Ig) wae mixed with an alcoholio

eolation of phenacylidene aniline (lg) and refluxed over



8^

a watwr bath for about two hours. After evapwrating aost

•f ths alcohol, the reaction mixture wae transfsrrsd to

an ios cold water. The precipitated oxime was filtered,

washed mail with water and crystnllissd from hot alcohol,

, In order to ascertain the number of eomplexee

formwd, Voeburg and Cooper's method*54) was employed* On
mixing the solutions of ths oxims and ths eopper(TI) ion,

a dark brown coloured eoaplex wae obtained. An Interval of

twenty four hours wpw found sufficient for equilibration.

Copper (II) sad FAO (both ,006sf) wars mixed in different

ratios, i.e., Ill, ljn, 1:3 ... 9%\ etc. The total

volume of 18 ml* was kept eonetant throughout ths asasure-

meats* The absorbrnee of the solution was measured at

different wave lengths. By plotting the graph between thw

optical density and wave lengths, only one A sax at SB mm

waw obtained indicating thereby the formation of one eoaplex.

The optical density of withwr the aetal ion or the ligaad

at this wavelength wae email in comparison to th«t of the

In the table lythe optleal densities tabulatsd

were calculated from the % tranwalttancea of the mixtures.

Thus fro*: Fig, I, it is evident that the aaxlaum

ie for the complex is obeerved at 380 au, Thiw wavw

length waw chowen to determine the coapoeition end other
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thermodynamic data of the chelate,

Job's continued variation met sod* ' waw employed

for the determination of the composition of the complex*

The following wets of solutions ware tnken for investigations*

—3
l,£f3 ,,,*• 9 al, of 5x10 w copper nitrate solutions

9,8,? .*,., 1 al, of oxlO^M PAO solution.

The total voluae of each set waw kept constant at

10 ml* Sams volumes of the solutions of the metal ion and the

ligwad were taken and the total voluae wae aade upto 10 al.

ia each case. The absorbaaoe of different wo pliacnt^ry

mixtures, ligand end the metal ion solutions was determined

at 880 mu , sad ths difference of O.D. between the mixtures

wad the eua of the ligsnd and the metal ion was plotted agslnst

aole fraction of the components. Ths psaks of the curvww a,

sad B in Pig.'* show that the ratio of the metal we the ligand

is It9,

The composition of copper (If)-PAO chelate was

furthwr eonfirawd by elope ratio method,

fjj fjOfB HAT^q amTgffi***'**)

Varying volumes of copper nitrate solution (,008?0

were added to a constant voluae of the ligand (6 ml, ef

0,00081), The totr?l volume was kept constant at 10 al* by

wditlwn of sthanol. In a other eet, different volunee of
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thw ligand (0*006M) were aded to 6 al* of weWWBBwB Ooppwr(II)

wolmtlon and the total volume was kept conetent at 10 ml*

Their O.D. were aeaeured and plotted against varying amounts

of the awtal Iwa ae well ee that of the ligend. The coapoei

tion of the complex formed waw determined by the ratio of

the slopes of the two curves (Ftg.3,4 and 8),

All aeasure^ients wsrs carried out after 24 hourw

of equilibration. The composition of the copper (TT)-PAO

chelate wae also e-mflrawd by mole ratio method,

>(8w",0B)

Varying volumes of copper (II) were added to a

eonetaat volume of PAO i.e. 1 al. (both equimolar). The total

volume was aadw upto 10 al* by addition of aleohol, the

optical densities of all thece eolations were plotted against

the different amounts of the metal Ion or PAO rdded. The

composition of the chelate was dstsrmined from the curves e»

b sad e in Vlg*8,

Bawl wBBBwmBml

Thw a>wplex was prepared by mixing eeuiaolecular

solutions of WWW mwtal ion and the ligand in the ratio of

1,2. It was dried in vacuum. The eolid so obtained wae

repeatedly crywt?*lliaed frcm alcohol t:> give dark brown

crystals. A wwighed quantity of the complex was fussd with

fusion mixture snd copper oxide, thus obtainwd waw

oonverted into copper sulphate, in Whiwh the awtal waw



89

estimated ledoaetricaliy, Hitrogen was sstlmated by

lt$eldhal*8 method.

Foundi Ou, 11,80 %i 8, 1?,81 % , O^HjggF^OgOu

TheoretioaltOu, Iff,4V 7* % H, 1P.80 % ,

wBwmWmf 9f IH1 fffflgaTJ

Thw infrared spectra of the ligand and ths complex

were determined in Hujol using a Perkln-Slaer lnfreeord

spectrophotometer* The ligand ehowe the presence of two C*H

—1 i
groupings *t 1*70 cm and 1800 em , (Pig.T), The first

—1 -i
freouency shows very little shift (18V0 cm to 1860 em )

•a complex ioa formation but the second one is marks »ly

—1 —1
8'ifted (1800 cm %• 154"* em ), Pro^ l»tter shifts it may

be Inferred that binding taken place through nitrogen of

—1
asomethine linkage (Pig,8), The band at 1175 cm ' shifts

to 1170 cm-" which isay be due to B «• 0 vibration.

In the parent compound 3370 cm uader shoulder

8400 cm (Pig*f) ie due to an OH stretching vibration of

* B • OH group. The complex does not whom wuch e shar

peak at 3370 ca*1 (Pig.3) indicating the absence of the
OH group in the chelate*

On the baeie of the above data the structure of

the chelate aay be represented ae foilowe.-
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CjgUg - C - OH * B - OfH_

a—Ou.Qu—0—B

CgHg - B • CH - C - C^Hg
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Attempte to study ths stability of ths eomolex

by BJwrrum met ode met with little success because of the

email drop in pK en the addition of motel ion to the

ligand* Moreover the §8 range aveilable for titration

against thw alkali waw also small due to the elightly neldlo

mature of the ligand (pi! 8,0), Titration with acid, done

with the aim of getting a range towards the lower pH side

could aleo not be performed because of the dec --.position

Wf thw asoawthine linkage of the ligand by acids, Ths

results ef one particular study (Pig,9) are given in table 10*1?<

The valuee of a were too high to wnwole calcul

ation of etability eonetaat,

Mwwever, the above results provide definite qualit

ative information about the binding of the metal ion through

a ewvalwnt linkage by the release of M* from the oxloe

grouping of the ligand,

gfABILITY 00B8TAWT ABP BBSS BBBB8T OHAKOB*64'*8*

Considering ths following react ton between copper(II)

wad phenacylidene aniline oxime (PAO),
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Ott Bg " ' > 00 ♦ PR

0 0 0 (Initial •onwwatratlon)

C(l-«) CO ?Ca(BquilibrlUTi concentration)

whwre 0 is the total concentration of the wwmplwx in moles

per litre and « is the degree of dissociation* The wtabil.

ity eonetaat iw given byi

a. . 0{U*) _ m 0(*-»> XZ\
•C (2Ca)* " 4a5 CB 4m3 08

Thw valuw of a waw obtainwd from the curve a. Pig.6,

• ear jam H• • " | ' i

• Jkwm9 • hW m .05
1,80

whwrw 1^ is the maximum extinction coefficient obtained

from the horisontal portion of the curve, indicating that

thw whole of oopper (II) ie eoavorted Into the eoaplex* 8,

is the extinction coefficient of the solution containing

stoicalometrle aoler ratio of the two re^etants present

la the complex*

m m i aBmB| y • 0,7547x10
^ 4(.06)8(.0^05r

10

fhw standard free energy of the complex haw been calculated

fro» the following expression at 16°t

• Af » BT laws

••.Af • 1.98? %P89 x 3.303 log 0.7897 x 1010
• 13071 esls, « 13*07 X eels./sol.



Table-1 Vosburg snd Oooper'e Method for Oa(lX) and
PAO (Both 5x10-3*)

Ooncentration of 0u(B03)8 solution a BxIgH^O)
Concentration of PAO solution

* - ££ - 1

>-3
• 8x10

to the llaand)

33 1.68 1*80 1.77 1*88 1*34

330 1.88 1.09 1,88 X««S 1.39

84-) 1,80 1*88 8.00 1*88 1.48

848 1.80 1*88 ?,00 1,18 1*48

880 1.89 8*00 *\00 1.07 1*88

«a.

1,80 1*88 8.18 0.98 1*88

870 1,48 1,82 8*30 0,73 1.04

878 1,39 1,88 P.00 0,84 0.98

400 0,88 1.30 1*89 0,88 0,88

mows
man
mBw"W* 0*8i 1,8? 1.18 0,70 0,31

480 0.30 0,88 0*78 0.11 0,1?

478 0,18 0,34 0*84 O.Qg 0.08

800 0.10 0.78 0,38 0.04 0.08

878 0,07 0,18 0.79 0,02 0*04

878 0.08 0.118 0.?1 0,08 0.088

Pig.l
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Table 8- lob»s ffethod for Cu(TT) and PAO (Both 5xlO~3l)

-.-''>Concentration of 0U(ID3)p Solution « Baior^o)

Ooncentration of 880 solution

Wave length * 380 mu

Peak at lt7ti Ou(II) t PAO

Vol,of
Ou(TI)
ml*

Vol* of
PAO

ml.

O.B.of
the

mixture

0

0,0. of
Ou(TI)

• 8xiO*3M(0»)

0,9.
Of

PAO

Diff renee

jo-(sH*b)|

1 0 7.000 *s,030 1,607 0.368

8 8 7.000 0,035 1.873 0.448

3 f 7.000 0.038 1.456 0.500

4 i 1.884 0.046 1,34? 0,498

8 § 1*099 0.058 1.184 0,48?

8 * 1.093 0,060 1.046 0.417

? i 1.155 0,065 0.80 0*79

3 § 0*9808 0,078 0.63 0.713

9 X 0*41300 0.08 0.7? 0.10

pig. s Ourve (a)
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fable Iw Job's Method for Cu(II) and PA0(Both 2*80x10"

Concentration of Cu(H03)2 solution

Oonowatration of PAO solution

PW Tain i «* 1

Peak at lt9tt0u(ri)fPA0

7.80xl0*3^(C)
7.50xlO*3?#( 0*)

380 mu

Vol,of
0tt(XI)

sal*

Vol,of
PAO

ml*

0,0. of '
the mixture

o.o.of
Cu(II)

0.0. of
PAO

Difference
-0

<m • 0 a b j o»(a+b)|

% 9 1,8*4 0,0367 1,155 0*6388

s 8 1.884 0,03 1.071 0*7730

8 ? 1,874 0,035 0*9788 0*3107

4 6 1.758 0.068 0,88 0,8480

0 8 1,808 0,088 0.7886 0,3148

8 4 1*488 0,06 0*81 0*7860

? 3 1.301 O.o?8 0.48 0,?46

8 8 1,077 0.0678 0,3878 0,677

0 1 0.89 0.065 0,18 0.3480

Pig,8 9 Owrve (b)



1

X

u

0

• e

•7-

•6~

>4~

•I 4 »S

•+ +
cu

•t> -7 -8

Concentration used

ex. - 5'xio'^M

b ~ Z-5 >' im~3*'

ho

Cu* U PAO

FlGt.Z COMPD^/f/OAJ OF COPPEk COMPLEX

BY' Joss A/ET//OD



05

fsblw 4» Composition of the Complex by Slope Ret is ;*»thod

SWt I Volume of 0,5 x UT5® PAO solution - 6 ml.

Strwagth of Cu(TI) solution - 5 x ICT^B

Swt n Voluae of O.SxlO""3?! Ou(II) solution • 6 al.
Strength of PAO eolution • 8xlO~*M

ave length • 360 nu

Vol, of
Ou(fT)
ml.

O.D. Vol. of
PAO
ml.

O.D,

0,00 0.178 0,00 0.070

0,10 0,46 0.30 0.84

0.70 0.67 o,60 0.80

.30 0.80 0.90 1.""

0*40 0.8? 1,70 1.60

0.00 0.98 1.80 1.70

Curve (a) ?lg-3 Ourve (b)
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Table 8- Ooapositioa of the Oomplsx by Slope Batio smthod

Set I Volume of 0.78 x 10*8"i PAO * 6 ml,
Strwagth of Ou(II) Solution » 7,5x10 B

SWt II Velume of O.^BxlO*5^ Cu(Ii) Solution - 6 ml*

Strength of PAO solution * B.BBiaP^*
Wave length • 350 a

Set I Set II

Vol, of
Ou(ll)
ml*

0*8*.
Vol.of
PAO

Hlw

0,0,

0*00 .180 0.00 i,oi8

0.10 0.180 0,70 0.148

0,70 0,780 •1,40 0.780

0.30 0.330 0.60 o ana

0*40 0.400 0.80 0,478

• -
1,00 1.680

m mm U80 0,680

Carve (a) Fig. 4 Ourve (b)
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fable 6- Composition of the complex by Slope Patio 'lethod

Swt I Volume of O.l^oxlO""3^ PAO

Strength of Oa(II) solution

Swt II Volume of ^,176xl0"3^ Cu(II)
solution

Strength of PAO solution

Wave Iwagth

Vol. of
Ou(II)

• 8 ml,

» l.^BxlO"3?

• 0 ml.

• 1.70xlO~3r

• 380 a

0*00 0.08 0.00 0*008

0.10 0.09 0.70 0,08

0.70 0.12 -\40 0.08

0,30 1.13 1.60 0.14

0.40 0.14 0,80 %19

0.50 well 1.00 1.71

ea»
-

1.71 l#®e5

Curve (a) Fig.8 Curve (b)
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Table ?*. Composition of ths Coraplsx by ?!Ole Hntlo Bwthod

Strength of Ou(TI) or PAO solution l|l 10*5!

* 1 ml.Constant Volume of Ou(il) or HO
solution

Wave length

set I

380 mu

0,00 0,^98 o.on 9*881

0.10 0.890 0*40 0.88

.70 0.8*8 0.80 0.93

• 30 1.046 1.70 1.860

0.40 1.09? 1,60 1.458

0*00 1,178 8*0$ 1*888

0*60 1.888 8.40 1*608

0,60 1.883 7.80 1*602

0.90 1.338 3.70 1,608

Pig.6 Curve (a)
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fable 8- Composition of thw Complex by Bwlw Batlo

Streagth of Cu(II) or PAO solution » 7.8x1c"3?!
Constant Volume of Cu(Xt) or PAO « 1 ml.
solution.

Wave length

•ffflafi •—

Vol.of
Cu(II)
ml.

• 880 am

tJLL

O.D.

0,00 Qw>X*n*l 0.00 0.018

0,10 1.780 0.40 0.31

0*80 0*40 0.80 0*88

.30 0.880 1,20 0,7?

0*4 0 0.840 1.00 1.00

0,80 0.6 0 2.00 1.20

0*60 %610 2.40 1.30

0.70 0,610 2,80 1.30

0.80 >.610 3.20 1.80

Pig,6 Curve (b)
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fable 9* Composition of the Complex by Mole Hatlo Method

Strength of at(II) or PAO solution a 1.78x1^

Constant voluae of Ou(ll) or PAO
Solution •lil,

wave length a 380 mu

0*00 0,08 0.00 mm

0*10 0,038 0.40 0.03

0.20 0,09 0.80 i.l?

0.30 0,12 1.20 0,30

0,40 0,13? . 1.60 1.40

0.80 0.70 2.00 1.50

0.00 o.n 2,40 0,57

0.T0 0,21

0,80 .21 7,80 0.88

0*90 0,21 *• m

Pig. 8 Curve (e)
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Table -10 Titration of 2,50xlO~3B PAO against
2.50xlO"3i8tOH

WB Vol.of
•MMKim

(ml*)

6.0 0.3

0.1 0.40

6.3 0.80

0.88 1,20

6.75 1.60

7.00 2,00

7.35 2.40

7.70 2*80

7,96 3.70

8*18 3*60

0.30 4.00

0*80 4.40

8.00 4*00

0*78 8*20

8*08 5.00

9.00 8.00

pBj Vol,of KOI!
(ml*)

9.00 6*00

9.10 6*80

9.18 7.70

9.20 7,60

9.75 8*00

Pig«0 • CUrVS (•)

101
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Table -11 Titration of (2.80xl0*3B PAO ♦ lOxlCT^ Ou(ri)
agaiast 2.80X10*3 I0B

Voluae of 2.6xI0~3*C PAO • 20 al.
Voluae of lOxlO^M Gu(II) » 1 al*

ffC' o* tW
(wit)

pB VoI.oFW
Jmmlmm

5.10 0.0 6.80 7.6

5.30 0.4 6.65 8.0

8.40 0.8 6.60 6*4

5*80 1.2 6.68 9.7

8.60 1.0 8.78 10.0

8.70 2.0 6.90 10.4

8.78 2,4 6.90 10,8

5.87 2,0 7.00 11.2

5*90 3.7 7.05 11.6

6,00 3*6 7.25 12.7

0*08 4.0 7.78 12.4

6*10 4*4 7.40 12.6

6*18 4.3 7.40 12.8

6*80 6*8 7.40 13.0

6*30 6*0

0*38 6*4

6*40 6.8

6*48 7.2

?'$"£. 9* Curve IM '
Taolw -12 Determine-'1felon ot\ n of Cu(TI)~PA0 Couple*

JHi 2,5x10
COB

(al)

m»Kj am

n Average n

6*5 6.0 1.70

7.0 1. 4130 7,10

V.B 10.3 2,,57
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00BP0S1TI0B Of a-B80a0 PilfWACYLIDBBB cDllgTHVL A1IB0

ABILIffl E8WI3 ACIOS-HALIDBS OP Ps(IIfl. Al(ni),Bw<II),

u(ii)t gffiW mmm wBwfWwwwV
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TBCB fill) COMPLY Of twBaO^O PtfBBAOTUDB*Bp

o-PI«THTL ABIBO ABI&UB

It iw a wwll known fact that the pressnee of em

aaxowhrontle group increases ths basle cbarawtwr of •

molecule. Whan wuch compounds react with tewis soldo*

thmy wxpsrtwawm rewonance ana one of the bsnesnolfi rings

iw traaeforaed into a oulnonoid one, Thiw re-arrangwaent

ia then responsible for the chelation of TWwis acids with

the ligand* Sewn «ffacte have rarely been reported for

anils. In thiw coaaewtion the reference worth sectioning

iw that of Krohake and ©rows,(loo oit) who on the bawiw

•f wolwr changws only* proposed the ooselollity of

wathwehronlc effect in anils prepared from phenyl glyoxal

hydrate with w-diawthyl sjaino aniline (pp* »° )•?»•

chelation takes place with a typical Iawiw aeldvls showa

belowi

sm Baffle f~ /OH«<^.C- OH • BmFj}mm B<« 4—1 ^.C - OR • B^O-B^Cqu
O 0

&

f

t

QJ » Of - H-<S"**<n?

I
Sines anil obtained froa p-brosao phenyl glyoxal

hydrate with p*diaethyl a«ino enillne is expeeted to

CI
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behave in a similar aanner, it wae considered worthwhile

to study comprehensively the reaetion of this cospouad

with Lewie aoidw* Preliainary ex erioents exhibited tha

following colour changes with different Lewis acids of

p~broao phenacylidene p-dimethyl am* no aniliae*

EfWlS AC10

Anil

Br —-^_1^—*•* C —• CH

OWB COLOUR
0? tm
BBA0BBT

B H^7)~B CR,

CHAB01 IS
COLOtffi

i in

MM*

1* PWClj fellow Bluiwh green

2* AlCls(Anhy«roue) TeUow Violet

8* HgClg fellow wreea

4* ZnClg fellow Bluish green

8* SnCl4 fellow Violet

8* Sb(% follow Violet

The results wo thw interaction of p-broao phone*

cylidsne p-dimethyl smino aniline with Ps(IIT) atwdima

spwetrophotometrioally arw given belowi

ITS OW «-SHDWO BHBBACTLIP8BB
•?•.'>« *iMjy^w^i!.ii&BiiiiiAi^

Ths synthssis of the oaaocund involved the foil-

•wing wtagewt
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(i) Preparation of p-brorse seetophenonct

(11) Properstion of p-broao phenyl glyoxal hydrate*

(Hi) Ooadwnaatlon of p-brosae phenyl glyoxal hydrate

with p-diaethyl aalno aniline.

p-broae aeetophenone was wynthewiawd froa broao-

wwmwwae with Priedal-Crafta reaction aw deeeribed

previouwly (pp. SQ ).

p-hreao aeetophenone wae oxldiwwd with eeleniua

dioxide (pp, 5 7 ), Bqulaolar quantities of p-broao

phwayl glyoxal hydrate and p-diaethyl aalno aniline wwrs

dissolved in 96 /f alcohol and reflaxed on a water b**tb

for about one hour, A solid was® was eeparated whiei waw

crystallised froa alcohol (a.p. 108°C)

B^ahXwB8TTAJf

Awwtoaw (B.O.H) waw rwdiwtilled before uee, A

•took wolutloa of ferric chloride (A.a.) www prepared in

awwt.ns and IW(ITI) wstiaated gravimstrically as P*gOg*

0*08 V eolation of p-brono phenaoylldene

p-dimethyl aailno aniline waw BWJBB prepared In ecetoae.

Thw whworbance mwawurwmwntw wwrw carried out with

at8wwctronie 70* Bauweh and Loab apeetrophetoiaeter, tome

awawurwaeatw were carried out by Perkln-Hasr Infracord
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wpwwtrophwtoaeter.

OP XH6 QQBPXgK

Thw number of the coaplexew formed during thw

of interaction of ferrie chloride solution with

the ligsnd waw ewewrtalned by Vosburg and Coowwr*w aethod,

/ Ji(a^ of gj^5 eolation of the ligand wae found to be
at 470 nu while thet of pjgpj 7eCl3 at 350 am* The sharp
Whaagw In oolour waw evidenced inwtentenwouwiy. Thw colour

did not fade even after a wwwk. The eolations of Pe(III)

cad of p-broa© phenacylidene p-dlmethyl amino anili -a (both

0.8x10**^) werw aixwd in different ratios i.e. 1»1» l|7,„
4tl and the total volume waw kept eonwtant at 10 al* Thw

plots of 0*0* against wave length gave two peakei one at

880 am fouad only in aDcturww oontaiaing execes of Iron

wad thw other at 800 aa (Pig. 10), Thw lattwr wavw Iwagth

chosen for all the subsequent studlss,

IQBBTBV. Of THB COBPqBfflWT, f

Job1* continued variation aethod (loo clt) waw

employed for the deterainatlon of the naaber of awtal ionw

gwt bound to the ligand* The following soto of lixturee

wwrw prwpared and thslr optical deneitiee aeawarsd at 0oo aw

1.2t3 **,* 8*9 al, of Pe(III) eolation,

9*8*? •••• 7,1 ml* of the ligand.

Seme voluae of the acta! ion and the ligand were

taken sad the total voluae in every eet wae kept const rat
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at 10 al* By plotting • graph between the composition of

thw nixturea and the difference between the 0,0, of the

mixtures and. the sum of the ligand m& the aetal ion,a

weak waw realised which gave the composition of ths chelate.

The ratio aetal to ligand was found to bs lt2.

Prom the curves* it is evident that ths ratio

of the aetal ion to the ligand is Ii2 (Table 14 to 18 and

Plg.lD*

BflOFK RATIO BJTKO0

Thie aethod waw employed at three different eonceiw

tretione. "he postposition of the woaplwx was found to bw

lt2 (actaltligand) sa in ease of Job's continued variation

method (Tables 1? to 19 and Piss, 12 and 13),

BftmAB RATIO fyeHOP

Thiw aethod waw employed with a view to deteralHO

the wompowitlwat stability constant and otoer thermodynamic

properties of the eoaplex (Table 70 to 21 and Fig.14),

tviQ'-- Wmmmm1

Whan eeetonie solutions of ferric chloride and

p-broao pheaaeylidene p-dimethyl amino aniline (0.5 " each)

were alxed together in ths ratio of lt2, a green solution

maw obtained. The nixture waw concentrated under reduced

pressure* when s sticky aass was obtsined. On washing this
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mass several tines with petroleum ether (60-30°)* a violet

solid was left which was crystallised from aoetonltriie*

A weighed quantity (0.5002 gm.) of the chelate was

heated with concentrated nitric acid several tiries to ensure

the decomposition of the organic matter. The rewldue was

dissolved in distlllsd water and fe(TIT) estimated ae PegOg

exuviaetrieallv,

matggfM op pq(uI) ** • wbjwbbbbI

(a) flight of Fw(TII)- complex • .8000 gm*

weight of Pe20a found » 0.0475 gm*

Theoretical weight of ^Oj in the „ 0 g^
complex. * *^*

Caled, Found Brror %

0*0481 gm* 0.0478 gm* 1*24

(b) weight of Fe(TIT)- Complex a 0.8839 go.

Weight of Pec03 found - 0,0815 gm*

beoretieel weight of PogO, in the
eoaplex, - 0.08?>2 8Bm

Calcd. Pound Brror %

0.087? gm* 0.0818 gm. 0*96

The gravimetric analysis govs results in accordance

with the coapoeition determined by spsctrophotonstrle methods.
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8fBgQftmiS OF 6BBJ CRgLATl

Proa the above data and assuaing a coordinatioa

numwwr 6 of IW(III) , the following structure may bs given

for the chelatei

[

1

Br - CgR^ -

Cl—Pe — 01

Br - C6T!4
CHj
CR,- C« OR - B-<0>" H^

CI

On adilag alcoholic solution of eilver nitrate

to en aleo'iolic solution of the Isolated e;mlsts* e white

precipitate of silver chloride wae obtainedt indicating

the pressnee of ionic chlorine.

The structure of the complex wae alee oonf Iraed

by lnfrered studiss. In the ligand, (Pig. 18) ths streteh-
•1 aing vibration of an aryl ketone, foun* at 1?00 era. " and

that «f a C*» at 1600 cm"1 are the centres of ths binding
of IW(III) Ion. Frost the Pig.18 it is found that thsss

-1
two vibrations whift to lower frequenciee via., 1590 em,

and 1840 ©a"1 rewpeotlvely, thereby confirming the above
powitionw aa the eeats far chelation, further the ligand
Br-C^-C-OH-B^3 showw out of plane vibration of
p-aisubstttuted bsnssns around at 830 cm* as a doublst.
In ths chelate9 this band becomes a eaglet, Tt is possible



that the two pssks found in the ligand are duo to the two

p-Usubstituted units. On chelation, one of thw 830 cm,"

p-^aks vanishes due to change from bensonold to quirion-»id.

The spectrum of the complex also shows soms perturbation

la the phenyl group okelston vibration region between

150^ cm.*1 and 1400 ca."1 which ia expected from ths typs

of structure proposed for ths chalets.

Of MB STABILITY OQISTAST

110

The stability oonstsnt of the chelate wae deter

mined by aole ratio method which enabled to calculate free

energy change*

Consider the reaction between Pe(tll) and the

IWBg -* Pw ♦ 2 H

C 0 0 Initial concentration*

0(l-a) Ca 80s Souilibrium concentration.

MB STABILITY OOBSTAS?

C(l-a)
ii i • m <* mmmm/mmmmm

(aC) (2«cr 4*3 C

«• U£ h - ri4g^t,8»

• 0.078 (Pig.l4tCurve s)
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Ig sad Be have usual significance.

1 - a 1 -0.028

^ 4a3 C* 4(.028)3(.007r

a 0.7767 x 1018

Twsap. a 70°0

Change in free energy

12mAf » a f In % » 1.087 x 799 x *.303 log 0.^787x10

* 15660 csls. * 16.06 It Oals./mol.



Table -13 Voaourg and CoopwrU lethod for Fw(III) and
p»Bromo Phenacylidene p-dimethyl Amino

Aniline (Both O.oxlO""5?!)

Concentration of Pe(III) solution » O,6xlO"3^(0)
Concentration of thw ligand m O,0xlO"3«(Cf)

F- f-x

(Batio of the me •'.el ion to the ligand)

Wave
length Itl lt2 1:3 4tl 3ll 7|1

(a) (h) (c) (d) (s)
....... ..

(f)

330 1.92 2.00 7.00 1.87 1.82 1.70

350 8.00 2.30 7.30 1.70 1.70 1.82

376 1,98 7.00 2,00 1.60 1.60 1.65

400 1.02 1.39 l.?0 0.97 0.88 0.88

428 0.74 1.98 1*60 0,41 0.44 0.62

480 0.66 1.12 1.57 0.32 0.36 0.44

4?6 0.68 0.90 1.15 0.70 0.37 0.40

V.

600 0*56 0.78 0.77 0.^7 0.31 0.39
HB-

•—

SS0 0.60 0.72 0.72 0.26 0.30 0,39

850 0.06 0.79 0.7714 0.2460 0.70 0.39

678 0.70 0.85 0.70 0.72 0.7? 0.37

600 0,72 0.89 0.68 0.18 0,78 .34

625 0,70 0.88 0.83 0.136 0,17 0.20

V
650 0.66 0.68 0.40 0.09 0,11 0.17

875 0.46 0.66 0,32 0.07 0.08 0.13

700 0.31 0,38 Q.«>2 ^.00 0.00 0.09
770 0,18 0.*>7 0,15 0.04 0.04 0.0?

M
Pig,10
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CONCENTRATION USED

z ~ 1:1

b =r /:&

C =F /:3

ct^ 4:/

^2t~iyTt^AZ5 450 475 S^tTsSo 575 6oo 6Z5 65o ,75 7oO 7Z5 7So
WAVE LENGTH — >

piG.ro- ABSORPTION SPECTRA OF FERRIC CHLORIDE COMPLEX.



Teble -14

•fob'w Method for Fe(III) ano" the Ligand

(Both CSSxlO^M)

Conoeatration of FeClg Solution a Q.33xlQ"3M(0)

113

uonecmxxtrsio

eolution
a .n mn» i«xga

• 0,33xl0"°a(0*)
wave length * 600 am

P .§1.1

Peak at lt2 it Pw(III) J the ligand.

SJSjWJBBWJBJ m»

tol.of
Fe(lII)

tal*

Vol.of
the ligand

al.

0,0, of
the fixture

0.0. of
P8(III)

0.0, of
the ligaad

Diff-
e ranee

- 0

-
c a b |cu(a+b)

1 0 0,3? 0.01 0.375 0.036

7 0 0,44 0.01 0,800 \130

8 ? 0.66 0.01 3*240 0.310

4 0 0.67 0.01 0.710 0,400

8 6 0*48 0.07 0,175 0.^65

0 4 0.31 3.02 0,135 • 156

f 8 0,73 9,008 0.110 0.098

8 8 0,18 0.03 0,07 0.06

0 1 0,095 0.03 .03 0,038

Fig.11, Curve (a)



Tahi© -15 *Tob*s Method for Pe(III) awd the Ligand

(Both 0.26xlO"3M)

Concentration of PeClj solution « 0.25x10" M(c)
Concentration *f the ligand
solution

Bavs lsngth

• C^IO"3^')

W 603 «tt

P m JL« %

Peek at It? tt Fe(III)i the ligand

114

Vol.of
Fe(EII)

al.

Vol.of the
lig nd,

al.

0.1>. of
the fixture

O.D. of 0.0, >f Olff-
Pe(III) the ligfind erence

-0

JL 3ZZUI3SI

1 0,30 0.000 0,885 0.015

8 0,f*?5 0,008 0,705 0,070

3 0,320 0.006 0.720 0.095

4 0,410 0.006 0.180 0,^6

8 0,370 0.015 0.160 0.205

0 4 0,706 1.016 0.1^0 0,150

? 8 0.186 0.015 0.088 . *W3

8 7 0.09 0.015 0,045 0,030

9 1 0.04 0.0? 0.07^ 0.000

Flg.ll* Curve (b)



Table -18 *Tobfs Bethod for Pe(III) and tha

ligaad (Both CTBBxlO"3!)

116

Conoeatration of Fe(ril) solution •

OoaamatBetlon of the ligand m
solmtlom

0*288xl0~3f* (C)

O.705xlOr4I«( (0«)

Wave Iwagth * 000

p . Spm • 1
Peak at 1*8 it fe(III) t the ligand

Vol.of
PW(IIt)

Vol.of
the ligsnd

0..P* of
ths raixturs

. ), of
?w(lir)

O.D, of
ths ligand

01 fference

em* w a .. •
|C<W>Wj|

1
i

0*31 o,oi 0,880 0.015

f 0,36 0,01 0.780 0,080

8 0,39 0.018 0.710 0,168

4 0,575 0.075 0.170 0,390

8 0*880 0.028 0.140 0,38

0 4 0,4?0 0.026 0,115 3,38

f 8 0,375 0.030 0,085 0,*60

• 8 0,7?3 0.035 0.05 0,188

• 1 0.136 . HO 0,03 0,068
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fable -1? Slope Ratio Method for 1,25x10**3! Pe(ITI)
«ad o,126xlor3 Mligand, and Vioe-Vsrss

Swt X

•bbBjABBBJ BJ

Set II

Voimse of 0,125x10 1 ligand
Strength of Pe(III) Solution

Bolusse of 0.188x10
solution

—3.n Pe(IH)

Strength of the ligsnd

• 8 al*
* 1.26*10-31!

. 8 al*

* l^SxlCT3?*

swt I r^et II
—

Vol.of
Fw(III)

0,0,
Vol.of the

ligaad
al.

0.0.

0*00 0,108 0,00 0.010

0#10 0,110 .10 3.030

0*80 0,140 0.80 0.068

0,80 0.190 0.30 0.080

>,40 0.230 0.40 0.120

0*00 0,200 0.60 0.148

Curve (a) Flg«,12 Curve (h)
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U
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FIG.IZ. COMPOSITION OF THE COMPLEX

By SLoPE RATIO METHOD.
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Table -18 Slope Satio Method for l,00x!0"3M Pe(III)
and ClOxlO*3?! ligand* and Viee-Verwa

Swt I Voluae of O.lomiO"8** ligaad
Strength of Pe(fll) solution

• 8 ssl,

* l.oxier3?*

Set II Volume of O.lOxld"3*? Pe(III) eolution • 8 ml*
Strength of the ligand •l*OxlCP*B

0.00 0.010 0.00 0,01

0*10 0.060 0.10 0,03

0.20 0.115 0.20 0,08

0*30 0,108 0.30 ->,06

0*40 0,220 0*40 0.08

0*80 0,770 0.80 0.108

Curve (a) Fig,13 Curve (w)
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fahle-19 Slope Satio Method for 0.833xlO"3M Fe(III) and
O.OdSSxlCr^B Ligand, and VlocmVWraa

Voluae of 0.3833xl0"3>? lig nd
Strength of Fs(III) solution

Volutes of 0.3833xKT3^ ?e(TIl£
Strength of the ligand

Swt X

• 8 al*

- O.Bwwrnlo"3*

• 8 al,

« 0.833xl0^»

swt ii

Tol.of
fw(rTr)
al.

0.0.
Vol.of
the ligsnd

al.

n n

,00 .^0 0.00 0.00

.10 3.0? 0.10 0,02

3.20 0.08 0.70 0.04

0,80 0.09 .30 0.07

0.40 0.10 0.40 0.10

0,80 3.17 0,00 0.13
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fable -70 Composition of the Complex by lole Rrtio 'lethod

Strength of Pe(TTT) or the ligand solution • 2x1o*s*

Constant Volume of Pe(HT) or the ligsnd » 1 ral,

wavw Iwagth » 600

X

Vol.of
Pw(III)
al*

0,0,

0*00 0.4°

0*20 0,47

0,40 0.50

0,00 0.68

3.80 0.85

1,73 1.05

1,40 iJsBB

1,60 1.34?

1.00 1.347

Fig.14

SBt u,

Vol, of the
ligand.

ml.

0,0.

0.00 0.008

0.70 0.140

0.40 0*880

1,80 0.57

0.80 0.68

1.00 0.83

1*80 0.90

1.40 1.17

1.80 1.30

7.0 1.300

7.7 1.480

7.4 1.470

Curve (a)
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fablw 21- Owmpoeitlon of the Complex by wwem Hatio Bethod

Strength of Pe(ITI) or the ligand solution«i.28xl3~3M
Constant Volume of Fw(IIT) or the ligand * I ml*

Wavw iwagth * 600 au

V I.of
Pe(ITI)
al.

0.00

0.^0

0.40

-.60

1.00

1.7)

O.D.

0.77

0,30

0.36

0.47

0.67

0.73

Pig.14

Set TI

Vol, of th»
ligand. 0*0.

0,00 0.0^

,88 3.008

0.40 .13

.60 3,19

1.00 0,740

1.70 0*888

1.40 3.84

1.00 3.00

1.80 0,79

2.30 0.90

7.20 3.94

2.40 3.04

Curve (b)
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m?Lm op b-l

owmmmMi-

tike other Lewie acids, anhydrous aluminium

chloride aim* foras chelates on react loo with p-broao

phenacylidene p-diaethyl amino aniline. During the

formation of thiw chelate the ligand nolecule experiences

• bathoehro^ic shift where one of the benseaw rings

rsarrsngss from the bensenoid to the euinonoid form*

k stock solution wf ths ligand (O,O0*V) was prs-

pared tn acetone. Anhydrous aluainiua chloride was

dissolved in acetone and Al(lTI) eet'aated grav?aetri~

cally as Ai$0jg* Bhen dilute solutions of Al(ITI) and

ths ligand were mixed togwthwr, a sharp change In colour

from yellow to violet wae obaerve^. The whworhsnee and

X.B* aeasureoents wsrs carried out with 3auseh and &ewb

•Spwetronic 70* epwotrophotomwtwr, and Psrlcin-Hlasr

Infrecord spectrophotometer respectively.

imp* a? m w**

Voeburg and Cooper's awlawi waa used for ths

determination of the possible nuatoer of chelates forned

during the interaction, ^w^^ax, at 4*56 mi and 535 tiu

were obtained (Pig.17). ,?h* first awxiraa was realised

IB ilxturee containing excess of the ligaad while thw
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•••end corresponded to the chelate formed. The wave

length 535 au could, therefore, be employed for

wpwotrophotomwtric study of the complex. The studiss

wars, however, carried >ut at 650 mu, the wave length

at which largest difference between the %0. values

Of the lig nd and the chelate could exist.

BmCTIOftBTB? OP ?H8 CO-iPOBlggS

Job*s aethod of continued variation was ueed

for the determination of the exposition of the chelate.

A peak was observed when the ratio of the aetal to the

ligand wae ae lt2. The following sets of the mixtures

wwrs prepared* The aetal ion being wolourleswt the

absorbanee of the ligand wae only deducted. Throughout

the Investigations the total voluae wee Kept eonetant

at 10 ml. (Table 23-74), Pig.18.

$wm hatio mmot>

This method wae also employed to deduce the

composition of ths ohwlatw ae already determined by

Job's continued variation aethod (Table 25 and Fig,19),

Prom thw ratio of the slopes of the two curves,

ths composition of the aetal to the ligand wae determined

aw lt7.

•OLsB RA.-IO 8BJ8J8J

To a fixed voluae of Al(IIt) eolution (2 al, of

\xl(f*m) varying volumes of the Hand (lx!3~3g) were
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added. The abacthane* plotted at 536 rau against volume

of the variable components showed • aherp bre®k at a

•olar ratio of the components. Similar results were

obtained on adding varying volumes of the aetal ion to

a constant volume (2 ml. of IxlO^M) of the lig«nd.

The results are wuamerlmwd In tables 20-27 , »lg. 80,

On mixing eq imolar quantities of Al(ITT) and

p-bromo phenacylidene p-dimethyl amino aniline solutions

(0,08 B each) in the ratio of 1|2, a sharp change of ths

colour from yellow to violet was observed. IB* reeultlng

violet solution w»s concentrated in vacuum when a violet

stfoxy mass was obtained. This waa waahed several tl^es

Wttb petroleum ether (00-03°) to remove the adhering

stioiry mawa. The solid thus obtained was then dried and

•rywtellissd from acetonitrile. The resulting chelate

extremely hygroscopic.

A known weight of the chelate was heated with

concentrated nitric acid end the solution evaporated to

dryness. The process *•• repeated several tiies in order

to ensure the ooaplete decomposition of the organic

aattsr. The residue w*»e dissolved in water and Al(III)

est! ated graviraetrfc lly *s Alg03. fmw observations are

recorded ae shown belowt

.-:•:> j /^ios v aktti) r? . • "-u-r?

(1) Weight of aluminium oomplwx * 0.3402 gm,
weight if AI5O3 obtained » 0.0°18 gm.



Theoretical weight sf AlgOg in complex * 0.077* gm.

Oalcd* Pound Brror 'A

0.0772 gm* 3.3718 gm. 1.83

(li) Weight of Al(III) complex • 0.7977 gm,

weight of Al^Og obtained - 0,3511 gm,

Theoretics 1 weight of AlgOj • 0,0560 gm.
in the eoaplex.

Calcd. Pound Error '/„

0,0511 gm. 3.0850 gm. 1.20

124

the ehwmical analysis It is svldsnt thet

one Al(Itr) ion is bound with two aolwwulww of the

BaWa snhydrous Al Cl3 raaets *'th p-broao phsna*

eylidene p-dimethyl a^lno aniline, • lone p*lr of electrons

shifts fro ths nitrogsn of -»<<« to the nucleue
3

benaene and then to >0-0 group, resulting in ths trans

formation of benaenold to quinonoid etrueture.

Due to resonance, - G • and -OH • B are likely

o ' ; ...
the wet. of lnt.raot oa. On t-ils basin , th. following



structure may be given for the chelate*

<f Vc a CH - •O- «♦<£
3

CI - Al - CI

OH,

CHr

\

<^^)-C aCH -N»<f!3» N+<^

25

CI

J

On adding alcoholic 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 sphsrs.

The seats of interaction of the ligsnd with the

metal ion could be confirmed by considering the I.B,

spectra of the ligand and complex. In the ligand (Pig.15),

the stretching vibration of an aryl Batons is found at

1700 cm.*"1 while that of -CH«N at 1600 cm."" . On chelation

these two frequencies are ahlfted to 1650 cm" and 1575 cm"

respectively (Pig.^1) confirming thereby these two positions

to offer seats for binding with the metal ion to cause

chelation. Further, the ligand shows out of plane vibration
•1

of p-diaubstltuted benzene around at 830 cm. as • doublet.

As observed for the iron chelate, here too one band vanlshss

and only ons hand remains on chelation. Further, there is a



perturbation in the phenyl group skeleton vibration
«»1 -»1region between I860 cm. and 1400 cm. in the comoiex.

All theae observations einfirm the wJwwww structure.

BBBIBATIO^ OP 3TA3II>t?v COVSVABT

M*m ii>-i^wB>»a-1vJLWBlilfRM'
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Ooawidwr the dissociation of Al(IIT) chelate.

As the chelet on takes plwce with one part of the aetal

ion and www parts of the ligand, it m»y be represented set

Al % > Al ♦ 7 a

0 0 0 (Initial concentration)

C(i-a) Cm PaC (Equilibrium concentra
tion)

Q » Concentration of toe complex in moles per litre.

a • Degree of disaociation

a m jyj. Jj • *BwjBh§iM * 0.303 (Plg.^0,
*• '•Be Curve a)

BL and Bg have usual significance.

1-s 1 - 8*888
• •» m - i„ii||i i m i • •iiiiiiiin.il |j

• ^ 4e? C* 4( >*808r< >#00O8)

» 0.1560 X 10*§

tWWWJh • *7°C

,*, Change in free energy

• Ar«Sf ln^» 1.387x(303)x^.303 log. 0.1586x10
• n*50 oals/mol • 11.75 K swBw/aoV*

i
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•owburg and Coopwr's Msthod for AI(III) and
p-broao phenaoylidene p-dimethyl Amino

Aniline (Both lxlO**8^)

Concentre Ion of Al(III) solution

Concentration of the ligand

lxlO*3^ (C)
1x1CT3M(c«)

wave al

P W mjmm » 1

(Ratio of the metal to the ligand)

itt

(w)

1:3

(c)

1«4

(d)

ill

(•)

3il

(f)

"tl

(g)

an.

1*34 1.70 1.88 1,88 0.76 .9361 0.99

360 '. ..SB 1*80 1.45 1.57 0.57 0.61 0.64

3?5 .34 1,00 1.70 1.30 0*40 0.54 0.57

400 0.87 1,0? 1.77 1.30 0.40 0.40 0.61

478 0.81 1.09 1.26 1.34 0.39 0.47 3.62

480 0.?0 1.04 1.77 1.30 0.39 0.4? 0.68

4?8 0*?7 0,94 1.0? 1.15 0.36 0,44 0.47

800 0,64 0,81 0.07 0.00 0.35 0.41 0.44

870 .07 0,?? 0.8? 0.9i 0.34 0.40 0*43

836 0*05 0.78 0,09 0.94 0.34 0*44 0.44

580 0.03 0.70 0,85 0.97 0.35 0.41 0.43

508 0*58 0.70 O.oS 0.99 0.34 0.39 0,42

575 0*30 0.09 0.?8 0.81 0.29 0.35 0,38

000 0,4? 0.58 0.49 '.WW 0.*4 0,70 0,31

075 0.30 0.43 0.48 0.80 0.17 0.72 O.03

080 i/gy^?*^ 0.30 .31 0.33 0.11 0.136 0.16

7ig.l?
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T«ble -83 Job's iethod for A!(Ill) and the Idgaad

(Both 0,00 x 10T3B)

128

**flConcentret ion of AlClg solution * 0,66 x 10 &(C)

Concentration of the ligand * 0.06 x 10 B(S*)

Wave length • 550 mu

7 • §1-1
1
Peak at Ii7 tt Al(TII) t the Ligand

Toll
Of 41(111)

lr al*

Vol.of
the lif-and

ml.

0.0. of
the sixtmrs

0,0. of;
the ligaad Difference

•» «. c b ccU)

1 0 1.14 1.086 0.088

, 8 • 0.90 0.070 3.08

8 7 0.84 0.743 0,097

3*38 0.67 .75 3.650 0.100

4 0 0.67 0.674 vow*

• 0 0,60 0.617 )« USB

6 4 0.87 0.491 0.370

* 8 0,47 0.366 0.060

• 8 0.31 0.76? 0.083

0 1 0.10 3.137 0.0*5

Fig,10, Curve (a)
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Table -84 /ob'e Method for Al(III) and the Ligand

(Both 0.50xicr8f«)

Concentration of AlOlg eolution

Concentr tion of the ligand

length

P • «» * 1

• O.BOxICT'bCo)
• csoxio-^c*)

• 860 em

Pooh at 1.2 ti Al(TII) t the Ligaad

Vol,of
Al(III)

al*

Vol.of
the ligsnd

al.

0.0. of
thw mixture

3.y. of
the ligand

Difference

1 0 0.54 %01 0,03

8 8 0.49 0.48? .053

8 ? 0.4* 0.35 0.070

3*38 8.0? 0,40 0.3*8 0.075

4 0 0.38 3*808 0.072

6 0 0.34 0.270 0.06?

8 4 0.70 0.197 0.053

? 3 0.10 0.14 0.040

8 7 0.100 0.003
1

0.020

0 1 0.000 0.001 | 0.00?

Pig. 18 * Curve (b)
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Table -78 Slope Hatio *fethod for O.lTBxlO*3?* Al(IH)
1.85x10-- • ligand, and vice-versa.

Set I Volume of 0.125x10 tf ligond w 9 ml.

Strength of Al(III) solut? n *
1.70xiaT*»

Set II Volume of O.170X1O"3! Al(III)
solution

• 8 1.

Strength of the ligand •
i.78xicr*a

i>et I ...<.::,.<:.. SOt.. II

Vol.of
Al.(III)

al.
o.o. Vol of tho

ligand
al.

O.D.

0.10 ."6 0.10 0.038

0.70 0.77 0,20 0.006

0*30 0,*>9 0,30 0.090

0.40 0.30 0.40 0.130

0*50 0.316 0.00 3.160

Curve (a ) Fig.19 Curve (h)
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fable -20 Composition of the Complex by Sole Hatio Utthod

Strength of Al(III) or the ligand a l.OxlCT3!

Constsat Volume of Al(TIT) or • 8 ml.
the ligand,

wave length • 035 au *

Swt I Sot TI

Vol.of
AI(IIT)
ill.

O.D,
Vol.of the

ligand
ml.

3.0.

0*70 0.21 0.00 3.10

3*40 0.0" 1.60 0.19

0,03 0.74 7.40 0.20

1.00 0,20 3.23 0.37

1*80 0,86 4.00 0.46

1.20 0.26 4.80 0.55

— — 6.60 0,00

m mm 5.00 0.065

*
— 6.0 0.666

Pig.20 Curve (a)



9 0

fable -87 Composition of the Complex by Mole Batlw Bethod

Strength of Al(III) or the ligand
eolution

Omstant voluae of Al(nt) or the

.dgxur'M3

ligaad. - 2 al.

^^—— w ^F" mm^R aava — •• * 635 a

set I sst II

Vol.of
Al(ITI)

ml.
0.0.

Vol.of the
ligand
al.

O.B

0980 0,08 3.00 0.08

0*40 0,09 1.60 0.00

0.00 0,10 *.40 0,14

0.80 0,11 3.20 0.19

1,00 0,118 4.00 0.74

1**0 0.12 4.80 0.20

1.00 0.18 6.00 0.31

1.60 0.17 5.40 0*888

— — 6.00 0.33

Fig.70 Curve (b)
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naOMO PHBBAOTIIBBBl

An awetonlc solution of mercuric chloride when

to solution of p-bromo phenacylidene p-dimethyl

amino aailiae brings about a bathochroaie shift in its

molecule together with the formation of thw ehelsts* the

•ompositlon ana nature of this chelate was determined by

speotr ^photometry.

Stock solutione (0.05 *) of mercuric chloride

and the ligaad were prepared In acetone, law abeorbaaces

and 1*8* measursmsnts were carried out with the help of

•speotronie 20• Bausch end Loab wpWl|lli|hWlWW8tWW and

fwrkin-Bimsr Infrecord respectively.

f A?0HB OF 7H8 COBPI18B

fheo the solutions of p-bromo phenacylidene

p»diaethyl aWjSmW anilias end aereuric chloride were mixed,
s sharp colour change fsem yellow to green wae inwtantsa-

eouely observed which wae indicative of tha fact that
•halation took place. To pssmwttts the number of oheletee

formed in eomplsxation, Voaburg and Ceopsr's BWtawa www

employed. Xj^. fer different mixtures was found at 878 am
(Pig.77) an? this wave length was eelected to etudy the
mature of the complex f raed. In tha ease of Job»e
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continuous variation aethod,wave length 585 mu was

chosen in order to have marked difference in atesorbanee

values of the chelate and the lirand.

8f8ICHI0«KTBY Of THS WJMhMUufc

Job's continued variation aethod gave a p*ak

at ltl (the ratio of the metal and the ligand). Since

Hg(IT) solution showed WW absorheno« at 585 mu, so thw

optical density of ths ligsnd was dsduotsd from thet of

thw -ixturs, the total voluas was kept constant at 10 ml.

(fuels 29-30 and Fig.73).

Slops end molar ratio asthods wsr© also employed

to ascertain the shove composition. These methods could

not, however, be employed successfully. For determining

ths stsbllity constant of ths chelate, Job»s continued

variation method with non-eeuiaolar ratio was saployed

(Tables 33-3*, Fig.*4).

•;•-•: toal gj8Bj8J|

Thw cbslats wae prepared and isolated by onoen-

tratlng equimolar eolutionaof *fg(II) and the ligand. It

waw weehed several times with pstrolsum ether (60-83a) to
•amove adherlnf etioky meae. the eolid thue obtained wa»

crystallised from •owtonltrlla*

0.2 to 0.5 gms. of ths complex was decomposed by

subsequent treat sent with concentrated nitric acid and

aeua-regla. the mixture was evaporated to dryness and ths
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rwwiduw dissolved in concentrated hydrochloric acid and

diluted with 50 al, of distilled water. The solution wsw

waturatwd with hydrogen sulphide gas In ordsr to preclo-

ltats mercury as mercuric sulphide. The precipitate was

filtered through a eintered crucible, wished veil with

cold water, dried at 106-110° and finally weighed as HgS*

BmtHATlOB 0» Bam) Iff TKB CIBLATB

(1) Weight wf the complex • 0,8020 ga.

Weight of mercuric eulohide
obtained. • 0*1000 gm.

Theoretic**! weight of HgS » 0,1930 gm,
in the complex*

Calcd* Pound Brror %.

0,1938 gm, 0,1974 gm, 0.7

(il) weight of Hg(lTI) complex m 0.4073 gm.

Weight of HgS obtained • 0.179* gm.

Theoretical weight of HgS » 0.1002 gm,
in the complex,

Calcd* Pound Brror %

0.1807 gm* 0.1797 ga. 0.60

9f W* Cmftiim1J«-.vi*i.i!jL!

As In ths case of other fewle aolds, aorouric

chloride also introduces conjugation on recount of the

resonance effects In the ligand. This results in a

hwthwwhromlc shift and tha chelation takes place due to



increasing negative tendency at the >C*0 group of the

ligand. The following powwiblw structure aay bs assigned

to the chelates

,68
3<^)- C-CH .1-O- B*<^

a /X
r
01

1
01 •

3 6

An alcoholic solution of ths chslats gavs a

whits precipitate of silver chloride with an alcoholic

eolation of eilver nitrate, thereby indicating toe

presence of ionlaable chloride ion. The etructure of the

•omnlex was further confirmed by I.a, studies.

The ligand shows a >0»0 stretching freousney

•t 1700 cm,*"1 duo to an aryl ketone end another at

1000 em,""1 flhareoteriotie of an asomethine grouping

(-CB*H) Plg,16. From Plg.75, it may be soan that these

freeuenclee ehift to 1670 cm."1 and 1870 cm.-1 reepeetlvely
after chelation. Thie lowering of frequencies at thess

centres indicate tha seato of the intereotion of the aetal

ion with the ligand. Around 830 cm."1, a doublet is shown
In ths spectrum of the ligand, while only one peak ie

•hewn in thw spectrum of the chelate. Thie also lndioatee

that one of the two bensenold ring® might have changed to

a ouinonoid one. Further, there is some perturbation in
-1the phenyl group skslston vibration region between 1550 cm
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and 1400 em" in ths chelste as sxpected froa the

propowwd structure.

loiLirr ciBBrABg amp psb% ^shoy cHABpa 3F tim chslatb

Ths aolar ratio aethod was not applicable to this

chelate but Job's squation could be employed for the

determination of the stability constant and other thermo

dynamic data of the chelate.

Web-eculaolar solutions wf ths ligand and thw

awtal ion were prepared and the curves between difference

In 0,0, of the mixture and the ligand agalnmt ^jyv; ewrs

drwwa. From the following general equation , the instability

constant and hence stability constant of the ehel«tw waw

determinedi

•osj

wr

s8»8hl Fn-1 j (Pa f n) mmnj|

n*"1 (P-l)gl 53 ,a^a+n-i " *I»-(wjm.)X|

an-l Bm-1 (p.1)"*B-l|Iw(ltfB)#,j

0 stands for the concentration of Rg(II) ions, Po

stands for the concentration of the ligand, i.e. F• ^r
and X ie thw amount of the ligand ueed ae determined from

thw maximum in the curves.
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38

0aTBBMIBATtO»J OF IHSTABIUfY COffSTABT OF fHB Bwf IIU0H8UT8

Pig. Curve Concentre- X P * Instability Bbea
tioa of consteat
Hg(TI) K (
solution

84 • .875xlO"3B 0,04 0,00 076 7.607x10"®
2.6825X10*6

.60 xlO"3!* 0.730 3.50 676 7.70 x 10"6

1Since etability constant K" * ^

e_ Ki m Z « 3.3729X106
2.60P5X1O"5

- AF - BT In V

m1.987x308x7.303 log 0.3729xlOC
• 0443 cals/mol * 0.443 K Csls/aol,
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Voeburg and Cooper^ aBBBmd for Hg(H) sad
p-Bromo Pheaswylldwne P-dimsthyl Aalno

-3,
Aniline (Both 1.96x10

Conoeatration of Hg(II) solution

Conoeatration of ths ligsnd

(10 C.«. of ths ^fixture diluted to 15 0,C)

• l.TBxlO"*^ (C)
m1.26xl0"3^ (C»)

(Hatio of the metal to the Ligaad)

BmBBj I 1>1 i 2il 8*1 ] tit. i Ii3
1 t ^. V

^^E2^81— —<•• (a) I I J (o) (d) (•)

1.30 0.85 0.70 0.88 7.000

880 1.18 0.75 0,60 0.60 1.074

378 1,15 3.72 0.80 0.47 1.770

400 1*80 0.80 0.04 0.61 1.874

415 1,35 0.88 0.68 .83 9.000

428 1,34 0.02 0.00 .54 9.000

488 1,34 0.89 0.68 0.63 0.300

480 1.^0 0.79 0,64 0.80 7.030

478 1.04 0.06 0,54 0.43 1.700

800 0.02 0.53 0.44 0.34 1.331

678 0.70 0.01 0,42 0.33 1.187

880 0.01 0.53 0,43 0.34 1,778

800 0.09 0.64 0.44 0.848 1.778

878 0.88 0.64 0.45 0.38 1.150

888 0,vw 0.53 0.43 0.84 1.178

800 0.77 0.07 0,41 0.33 1,100

028 0.08 0,44 0.36 0.70 0.980

0.00 0,40 0,30 0.2 5 3.830

Fig.^7
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Table -29 Job's BWthod for Rg(II) and the ligand

(Both 0,410x1c"3!)

Concentration if 3.4l0xlO"3Hg(H) solution
Conoeatration of 0.4l6xl0"3llgand

wave length

O.4l0xlO"3M(C)

O^lwxlO"3^*)

600 a

P - 21 • i

Peak at ltltiHg(It)tthe ligsad

vol.of
H*(n)

al.

?ol
the

..of
l ligand
ml.

o.o.of the
mixture

•

0.0, of
th« ligand Difference

- • . • T
mm •• .87 i • IH?

1 9 0.59 0.03 0*06

8 . 8 0.51 0.43 0.08

8 7 0.46 0.37 0,001

4 0 vJ.Siy 0.70 0.101

• 8 0.80 0.75 0.110

8 4 0.70 0.18 0,107

7 8 0.70 0.11 0.008

• 8 0.18 0.10 0*00

8 I 0.10 0.034 0,060

Fig. 23, Curve (a)
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Table -80 Jeb*e Iwithod for Hg(II) and the Idgaad

(Both O.tOxlO^B)

Concentrtion of O.90*io~3I Hg(II)
solution

—3
Concentration of 0,70x10 M ligand

Wave length

** •»
Peak at 111 is Hg(II)s the ligand

Vol.of
Hg(II)
ml.

fol.of
the ligand

ml.

O.D.of
the mixture

O.TOxlCT5* (0)

O.BOxlCT^ («*)

586 m

0,0, of
the ligand

Difference

- C b (C-b)

1 0 0.28 0*77 0.01

8 • 0.76 0.213 0.037

8 7 0.935 0*184 0.061

4 8 0.190 0.170 0.007

8 8 0.100 0.000 0.070

6 4 0.130 0.070 0.069

7 » . 0.09 0,040 0.044

8 8 0.00 0.03 0.03

9 1 0.03 0,08 0*01

Fig.73 , Curve (b)
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fwblw 31- Job's Method for Hg(II) and the Ligand

(Bon-eculmolar)

fol.of
Hg(TI)

Conemntratlon of Hgclg solution • O*0B8xl0*9M(O)

Ooncentration of the ligand

length • 070 wm

p- gl « o,00

Fol.of tba
ligand

O.D, of
the
mixture

C

- o,4i6xiarsi(o«)

0,0. of
the ligaad

b

Difference

(C-b)

1 9 0.47 0.36 0.00

8 8 0.45 0.34 0.11

8 7 0.48 0.30 0.18

4 0 0.37 0.26 0.12

8 8 0,31 0*20 0.11

• 4 0.26 0.10 0,10

7 1 0.20 0.17 0,00

0 8 0.13 0.00 0*08

8 1 0.07 0.04 0,08

*ig.94, Curve (a)
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fable -33 Job's Method for Rg(II) and the Ligand
(Bon-tauiraolar)

Concentration of HgCXg solution

Conewatretion of the ligand

Wavw Iwagth

p• ^1 • 0,0

O.00xlO"3^(C)
O.SSxlO"3^')

670 am

Vol.of Vol.of the
ligand

ml

O.D. Of
the mixture thViigemd loi»««80

1

8

3

4

8

4

f

0

0

9

0

7

0

5

4

3

7

1

0.35

0.39

0.280

0.74

0.905

0.165

0.12

0*09

0,06

Pig.24, Curve (b)

(0-h)

0.38 3.08

0,795 0.088

0.^571 3.097

0.^2 0.09

0.10 0,015

0.15 0,016

o.u 0.01

0.00 0.01

0.340 0.008
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(IX) QPggjgX 0? ?-^«> ^fei^^^*
mmm9mtmm\M3Mi

a. sharp colour change from yellow to green taxes

place when thw aoetonic solution* of sine chloride and

o-bromo phenacylidene p-dimethyl amino aniline are mixed

together. Like sther Lewie aci<?s, bathoehromle shift ia

this ease fr 495 mu to 600 ma takes places. Besidss,

the poeeibilitv of the formation of the ehelete also

exists.

BXPaftlBBBTAL
i,mm.mmmi<mimmmm<i,m»<\iM ••• -nnwi••!.

A stock solution of sine chloride wae prepared

in acetone and Zn(II) estimated gravtaetrioelly ae 2n(BH4)P0^.

4 solution of the ligand in aeetone (0.06£) waw prepared*

faw abaorbaaoes were meesursd with the help of Bauson and

IVeae •spsetronlc 73*, I. a. spectra were taken with the help

of Terkin-Slaer Infrecord.

|| •• 3f , t: 8j 8J8J

Plots betwwen O.D. end wave lengths of O.SlTxKT3*!

ligaad givw ^jM^t at 495 mu. By Yoeburg and Ooopwr'o aethod
(lee «lt)tX3liot of *»• olive green ohelate waw obwerved
at 600 an (Fig*70). This wave length wae, therefore, selected

ew thw writable wave length for the amwwraiaillws of the

weaposltlon except la the eass of Job's oontinaoas variation

aethod where wave length of 010 a was chosen in order
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to have aoxlsmm differenoe In abeorbanee. The green colour

did not fade even on keeping it for a week.

ar*awBWWBWB« PF VS* gOMPOBBBJl

To ascertain the composition of ths chelate, Job*e

continued variation method was employed st two different

concentreit ions* tap peak was found at 111 (astslt li*and)

Tabla 84*35 and Fig. 77. 7 »1. of each mixture wae diluted

to 10 al* and O.D. dot era'nod. The same dilution was mods

for ths ligand also. As sine chloride is colourless, only

thw abeorbanee of the ligand was subtracted fBwm that of the

mixture.

By this method, ths composition of the chelate

waw found t be as ltl (Bet si lent ligand).

From the elopes of the curves (Figs. 73 and 99,

Curves a sad b) clearly ths existence of ltl eoaplex ie

Indicated,

mu^ hayio ;arrwop
mmmmmmmmmmmmmmmmmwmmm^ m iiufm*"mmmmmmwm>

This method, also provides evidence for the form

ation of 111 complex (Fig,30, curves a and b),

•:• •• ••','-h A--IALT5IS

Boulmolar solutions in acetone of 3n(IT) and

p-bromo pheaaaylidene p-dimethyl amino anil'no were nixed

together, the mixture afforded on ooncentration in vacuum

• violet coloured sticky ansa. It was repeatedly washed
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with petroleum ether (00-80°) to free it fro the sticky

asms. Ths olid thus obtained was crystallised from aceton-

ltrlle. Zn(II) was estimated gravlmetrieally ae sine

emmonium phosphate.

A weighed amount of the complex was heated with

concentrated nitric acid repeatedly till whole of the

organic aatter waw destroyed. The residue obtained after

evaporating the mixture to dryness wae dieeolved la water

and Zn(II) waw wstlmatsd as 2n(KH4) P04.

ffilOB OF tot II) IB 1KB C iBLATB

(i) wsight of sino (TT) complex « 0.2370 gm*

weight of Sn(TO4)P04 obtained • 0.1089 gm.

Theoretical weight Off Xn(BB4)P04
In thw eoaplex. • 0.1097 ga.

Calcd. Pound Brror %

0.1017 gm. 0.1089 gm. *T2

(ii) weight of wine (II) complex a 0.9799 gm.

•Wight of Zn(RH4)P04 found * 0.1056 ga*

Theoretical weight of $n(NH4)PQ4 • 0,1068 gm*
in the omplex.

Calcd. Found Brror %

0,1000 ga, 0,1056 gm. ,88

The above determination showe thet onw molecule

Of Za(II) reacts with 1 molecule of the ligand to give
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the corresponding chelate.

IfflS OF pm CHBLATB

the speetrophotometrle data and chemical

analysis, the following structure Bap be assigned to the

Zn(n)-p-.bromo phenacylidene p-dimethyl amino aniline

ehelatot

I
-CBL

- Of? - B-O-B^^3

8a

k

31 •

An alcoholic solution of ths complex produces

a white precipitate of silver chloride with «*n alcoholic

solution af silver nitrate indicating the preewaww of

chloride ion along with the complex.

The structure given above gets su port froa

I*B* studios. The stretching vibrations of an aryl ketone ^-CH*
—1 -1

are at 1700 cm* and 1003 cm, respectively (Fig.15), In

the speetrua of the ehelato (Fig,31), the stretching fr»owwnwy
-1

of the aryl ketone ie lowered to 1695 cm. and of the -(H*B

-1
group to 1575 em, • Thie lowering of stretehing fresuenelee

evidently proves th«t these are the locatione for interaction

to form the corresponding chelate,

STABILITY CQWSTAKT km FREE 8BJ8BJ QHABOBi

Considsr the wwewtlww between 2n(TI) and p-bromo



1-0.156\ % • -*=§
Ca* (.00075) (0.158)'

• 0.1407 x 10*

fwap. » 29°

48
phenacylidene p-dimethyl amino aniline

ZnR iiin" i Zn ♦ B

0 0 0 (Initial concentration)

C(l-a) sC aO (^Seullibrium concentration)

C • ooncentration of the eoaplex in uels. per litre,
assual g no dleaociation, while a is the degree
of dissocliitloa.

.*. Stshility constant of the ehelats(ltl)i

• • C * a.O C az

Froa the aole ratio curve b, Fig. 30

« a *w*mBwBawwai • 0.455
0.68

-» Change in free Inergyi

- AF * RTIn %• 1.307x302x2,303 log 0.1407x10*
• 719S Cf»ls/raol. • 7.190 K oals/mol.
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Vooburg and Cooper's ttethod for Zn(It) and
F-Bromo phenacylidene ^-dimethyl Amino

Aniline (Both 0.675xlQP3'£)

Concentration of Zn(II) solution * 0,096x10 1(0)

Concentration of the ligand

P« fli- 1

Ratio of aetal to the :lgend

O.075xlO*3^(C»)

wave

Iwagth
mu

111

<•>

lt7

(b)

113

(c)

4tl

(d)

3tl

(•)

2ll

(f)

^ m *•

888 1*00 1,40 1.60 0.43 0.68 0.77

880 0,77 1,09 1.30 0.3S 0,40 0.50

878 0,74 1.07 1.34 0.25 0,37 0.43

400 0,81 1.70 1*58 0.74 0,48 0,41

410 0,08 1,30 1.65 0,76 0.44 0,48

478 0.00 1.30 1.69 0,9« 0*46 0.43

488 0.07 1.04 1.05 0,96 0*44 —

410 0,88 1.30 1.60 0.78 0.43 •

478 Oiiw 1.04 1.30 0.70 0.36 0.46

800 0,66 0,94 0,96 0.96 0.30 0.40

870 0,84 0.74 0,00 0.70 0.90 0,51

680 0,66 0,70 0.88 0.30 0.31 0,62

878 0.07 0.70 1.18 O.S0 0.38 0.53

886 0.87 0.74 mm 0.37 0.34 0.53

000 0.50 3,70 0.79 0.39 0.85 0.66

078 0.80 0.59 0.68 0.36 0.32 0.53

Fig. 26
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Teble -34 Job's Bsthod for 3a(II) sad ths ligaad
—3.(Both 1,95x10

Concentration of 1.75xl0~3& 2a(ri) solution » 1.95xlO*SB(C)
ConwwatrntioB of the ligand

Were length •

(2 C*C. of the fixture diluted to 10 al.)

P m ijmm ** 1

Peak at 1»1 it Zu(II) t the ligand

Vol.of
the
ligand

O.D. of the
mixture

C

0.0. of the
ligand.

« 1.95xlO*3M(C»)
• 610 mu

Difference

(c-b)

1 0 0.41 0.30 0.00

8 • 0.808 0.314 0.071

8 f 0.378 0.790 0,088

4 8 0.276 0.100 0,096

0 i 0.90 0.17 0.100

0 4 0.80 0.107 0.098

7 8 0.10 0.077 0.083

8 • 0.18 0.062 0.068

0 1 0.100 0.049 3.351

Fig.97, Curve (a)
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Table -38 Job's Bathed for Sa(TI) and the Ligand

(Both lxlO~3M)

Concentration of Zu(II) solution a lxHf^O)
Concentration of the ligsnd a lxlGrSM(C')
(2 C.C, of the mixture diluted to 10 al)

p m $1 - 1

Peak at Itl :: Zu(TI)ithe ligand

Vol.of

—MM

iliJTiT I

Vol.of

Bint— •1

.0, of the | 0,D, of Difference

i

B

8

4

8

6

7

8

9

0

8

f

6

6

4

8

8

1

0.36

0.34

3.77

0.78

0.70

0.170

0.19

0.09

0.00

Fig.97, Curve (b)

^.54 0*07

O.BT 0.04

0.917 0.053

0.107 0.303

3.13 0.373

3.107 3.000

•0.307 0.080

0.040 0.344

0.030 0*025
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Table -30 Slope Ratio Method for o.lTBxlQT8?! 3»(1I)
aad l*88xlor8K ligand, and vice-versa.

Sst I Volume of 0,125xlO"S# ligaad • 6 al.
Strength of Zn(TI) soluti a « 1.70*10*^

Sst II Voluas of 0,19fixl3*55S Zn(II) _ «. m%
solution * mU
Strength of the ligand, * l,96xlO""^B

800 I Swt II

Vol.of
Zn(fl)

3.0, Vol.of thw
ligsnd.

al.

0.0.

0*13 0.098 0,10 0.00

0.80 0.10 0,73 0.00

.30 0.11 0,30 3*07

0.43 3.12 3.40 0.08

0*80 0.13 3.00 1.00

Curvw(a) Fig, 98 Curve (b)
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Slope Ratio Method for o.lOxlO*3! 2u(ri)
—3

1,0x10 M ligand, and vies versa.

Set I Volume of O.lOxlO^Bf ligand
Strength of at(TT) solution

* 6 al,

» l.OxlO*3!

Set II Volume of O.lOxlO*3*! 2a(TI) eolution- 5 ml.
Strsngth of the li*mad • l.OxlC^B

J 3Wt I sat it

Vol.of
ta(tt) 0*0.

• Vol.of
the ligand

al.

O.D.

.10 0,07 0.10 0.03

.70 0,09 O.fO 0.00

0.80 0.11 .30 0.07

0*40 %110 0.40 0.09

0*00 0,13 0.60 0.11

Curve (a ) fig .99 Curve (b)
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fablw Composition of ths Complex by Mole Ratio *mthod

Strength of Za(Tl) or the ligand solution - 1.70xlcT^B
Constant Volume of Za(TT) or the ligand • 7 «!.

Wave length - 030 mu

.40 0.71 0,40 )*09

0*80 0*88 0.03 3.10

1.00 0,74 1.00 0.23

1*70 0.945 1.70 0.70

1*00 0.26 1.00 3.39

7,00 0.97 2.00 .49

2.40 0,79 9.43 3,65

7,00 3.795 0.03 0.50

3*20 0,795 9.00 0.606

fig.30 Curve (a)
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T«ble-80 Composition of the Complex by aaW
Ratio mthod.

Strength of Ba(Tl) or the ligand * 0.675xl0^3?

Const nt vwlums of Zu(II) or the
ligand. a 0 al*

Wave Iwagth - goo ml.

swt i Set II

Vol.of

Mix) 0,0,

0*40 0.0T 0.43 0.20

0*00 0.14 0.00 0.77

1*20 0.21 1.20 0.74

1*00 0,70 1.00 0.20

2.00 0,90 r& p.' iK} 0,28

8,40 9*8J 7.40 0.90

2*00 0*88 2,00 0.998

3*00 0.39 3,00 0,898

Fig.30 Curve (h)
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Stannic chloride, like other Tewia aeida, reaot

with p-brono phenacylidene n-amtno dinethyl aniline to

give e green coloured chelate where ^aa3C# wf thw liiaad
shifte froa 490 am to 000 au due to b®thoehrosie effect,

The composition of the chelate wae detemined by epeetro-

phwtou«try*

A Stock eolution of tha ligand (.05 ) was prepared

In acetone. Stannic chloride eolution was prepcred by

diseolving stannic chloride pentahydrate (I.»rek) in acetone

and Sn(IV) sstimatsd graviaetrioally aa SnOg.60 al* ef ths

solution ass diluted with water to 100 al* It saw thwn

awatrallwed by aaaoniura hydroxide till a slight pera&aent

white precipitate was forasd. 50 al* of saturated aiaeoalaa

aitrate was addsd to dissolve aetastannic acid sad t*;lw

was dilutsd to 400 al. The contents were boiled end stirred

wonatantly* lie precipitate wo forsed wae digested, filtered,

dried, igaatwd etm& finally weighed as SnO^*

BiTBBB OF f H8 QOBPLBB

Vosburg and Coopsr's nathod waw applied to aecartain

the number of chelates formed. Amax# due we the ligand was
found to be at 495 WB while that of the e elstw at 800 au.

;*39), Therefore, 600 sm was eelected ae the appropriate
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wave length to study the coapoeition. Absorbance measure-

mentw were oarried out with the help of Baueeh and Leah

•epeotronlc 70* spectrophotometer while I.K. wae recorded

oa Ferkin-llaer infrecord.

BBQW lOHaTBY 0> WB CO^FOBIgrFa

For deterainlng the comooeition of the Sn(IV)

chelate, the aethode wf continuous variation, slope rat'o

aole ratio were employed*

In the eontinuoue variation aethod, optical

densities of • ssrlss of solutions prepared by aiming

Xal* of 0.55xlO~8M SnCl4 solution with (lO-K)al, of
—3

•588x10 * of the ligand eolution. The total voluae was

kept constant at 10 al* (where 8 varied by 1.0-9 «l.)

wwrw determined at 600 am, employing acetone as a blank*

The peak in the curve a (F^g.33) ehowa the wjaat coapoeition

Of the Sn314 and p-bromo phenacylidene p-dimethyl amino

aniline eoaplex as Ii9# Ths o.D. of Sn(TV) solution was

negligible at 60n mu (?»ble 41, Fig.33).

8BJ8J RAT|0 8BBJBBB;

Thla method gave similar results as obtained from

?ob*s eontinuoue variation aethod for the composition of the

ehelato.(Table 43-45, Figs* 34-36).

mm *jt*p jww

This aethod was employed to determine the coapoeition

stability eonstant and change In frea energy of the chelate.
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The results are given in Tsbls 46-40, Fig. 37 and Curves

a, b and o.

fflBffCAL Mai

Taw chelate was prepared and isolated by concen

trating It2 (mole) mixture of Sn(IV) and the ligand. It

wae crystallised from aeetonitrile. A known aaount of it

waw dweeapowed by concentrated nitric weld. The mixture

was evaporated to dryness and the residue dlsaolved in

•oawwmtratwd hydrochloric eeid. It was diluted with watwr

and Sn(IV) waw estimated fWWa the solution as SnOg

gravinetricrlly.

fwaMMIOB OP Sa(IV) II? CT8 OOBFMB,

(i) weight of the complex « 0.0940 gm.

Weight of Sn02 obtained - ^.1195 gm.

Theoretics! weight of SnOg » 0.1134 gm*
In the complex.

Calcd. Pound Error t

0.1134 gm. 0.1175 ga. 0.00

Froa th# chealcal analyeie, it may be concluded

that one molecule of Sn(IV) combines with two molecules

•f the ligand to form the chelate.

»BBBTtmi5 OF -M CWUVATl

Ae in the caee of other tewis acids stannic
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chloride also introduces conjugation on isocount of

resonance* This rwaults in • bathoohromio shift and the

chelation takes piece due to the increasing negative

tendency at the V3»0 group of the ligand.

Ia accordance with the compoeitlon, the following

pwsslbis etrueture may be assigned to the chelete*

O- 0 m CH - 1 a

/

CH—

| CI -Sn - 01 Cl»

This struoturw clearly shows that Sn(TV) has a coordination

number six in ths chelate.

An alcoholic solution of the chelate geve a white

precipitate of Oliver chloride with an alcoholic solution

of silver nitrate, thereby indicating the presence of

ionlsable chloride lone.

X*B* spsetra of the ligand shows e >0"0 stretehing

frequency at 1700 ca** characteristic of an aryl ketone

-I
another stretehing frequency at 1000 cm, due to

presence of a 0*f? group* From the spectrum of the chelate

(Fig,38) , it le seen that the lowering of the frequeneiee

1 1
1070 ca. and 1800 em, respectively takes place. The

lowering of frequencies af these oentree indicates the weatw

of thw interestion of the metal ion with the ligand. Ths
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wpeetrua of the ligaad aleo exhibits doublete around

—I
080 (Fig,15) while only one peak ia shown in the

spectrum of the chelate. This awy bs dus to the change

of one of the two bensenoid rings to a quinonoid ->ne.

Further, there is some perturbation in the phenyl group

•keleton vibration region between 1651 cm."1 and 1400 em"1

In the chelate. Thie ie expected froa the propoeed

^k4t*K. — ^^ mm, "

structure*

BfAlILITT COBB7ABT ABO FRB1 MEMl OHABOS

varloue methods of absorption measureawatw*

It has been found that 1 aole of Sa(IV) combines with 8

moles of the ligand to form the corresponding chelate*

The dissociation constant of the complex.may be expressed

Sn Bg i •• i i> Sa etB

0 0 0 (Initial concen
tration)

C(l-a) Ca 70s (Equilibrium
concentration)

The wtabllity •oawtaut was deduced from the following

wwmatlont

C(l-a) C(l-«)
Swwaaami*9f *• a*waBWaWwaBBBI I 00B0 m mmmmm*»mM**mm

Ca (90ar Co 4C^ az 4a3 Cp

C is ths concentret ion of the complex In moles
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per litre and a ia the degree of dissociation.

The value of a can be deduced froa the reletlonshipt

8. - 8L 0.30 . 0.90
o a —a 2. « . .O00(Fig.3f

\ 0.30 Curve a)

whwrw Bg iw thw aaxlaum absorbanoe of a given aaount

of Sn(IV) in the presence of a large excess of the ligand,

which assures thet all ths Sn(lV) is bound as ths complex.

Bg is ths value obtained when the same amount of Sn(TV)

Iw stlxwd with two moles of ths ligand i.e. 1|7.

4sa C* 4(O.O60r(.nooi^r

a 0.5199xl011

Temporature"33°G

in free energy:

- AF 8 S.T.ln % - 1.087 x 306 x 7.303 log 0.6190x10

• 18000 calw/aol.

• 15.00 K cala/mol.

11



Wave

lengthj

Table -40 Vosburg aad Coopwr#w aiethod for Sn(TV)

F-Proao Phenaeylidene 7-diasthyl Aalno
Aniline (Both IxlO"3*?)

Oonwmatretion of Sn(IV) eolution

Concentrat lea of the ligand

fa §1-1

• IxlO-'^C)
- ixicr3B(c»)
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TiT
(w)

TiT
(h)

TiT
(e)

TiT
(d)

"iTT
(e) (f) (g)

330 1*08 1*48 1.70 1.70 0,44 0.60 0.78

300 0.90 1.00 1*08 1.00 0,38 0.43 0.63

375 0.76 1,18 1*34 1.45 0,31 0.38 0.89

400 0*70 1,15 1.39 1.89 0.*7 0,31 0.47

486 0,00 1*15 1,40 1.09 O.*0 0.80 0.46

450 0.04 1.09 1.30 1.46 0,74 0.79 .47

478 0.60 %0O i.oa 1.10 0,71 0.75 0.39

800 0.00 0.70 0.81 0.08 0.70 0.94 0.70

690 •54 0.00 %70 0.87 0.77 0.9« 0.30

680 0.69 0.70 0.07 0.85 0.70 0.80 0.43

670 0.00 0*70 0.03 0.08 0.70 0.33 0.46

088 0*07 O.V0 0.30 %31 0.70 0.34 0.40

000 0*00 0*77 %77 0.78 0.70 0.35 0.49

018 0.84 0.08 • 0.07 0.88 0.34 0.47
Aeaea

6"B .07 0.00 - 0.80 0. cB 9*88 0.45

65 > 0*84 0*45 0.44 0,37 0,74 0.79 0.40

675 0.43 0*33 0.37 O.P0 0.10 0,74 0. 34

Fig.38
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Table-4l Job's Method for Sn(IV) and the ligaad
(Both 0.6xlO~38f)

Concentration of SnCl^ solution - O.OaloT^MlG)
Conoeatration of the ligand » O.dxIO"3'^^)
wave length * 000 mu

P m X- m X

Peak at 1,7 tt Sn(IV)t the ligand

Fol.Of Vol.of %D. of O.D. of
(TV) the lignnd the the ligand Oifference

ml* ml, mixture

W> - Ob (C-b)

1 0 0,42 0,30 0.04

8 • 0.418 0,356 0.00

3 f 0.410 0,30 0.11

3*88 0.07 0,405 0.70 0.115

4 0 0.372 0,70 0.112

0 8 0.305 0,70 0.106

0 4 0.70 0.17 0,00

f 8 0.770 0.145 0.00

8 8 0.146 0.08 0.060

9 1 0.000 0.03 0.088

Pig.33, Curve (a)
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fablw -47 Job»s Wethod for Sn(IV) and the ligand
( Both 0,565xlO*8M)

Concentration of SnCl4 solution

Concentration of the ligand

Wave length

pm $!• 1

Peak at liPtt Sn(.V) t the ligand

- 0.856xlO*3^(C)

• 0.668xl0^l(C«)
• 000

Vol.of
Sn(IV)

Vol.of the
11 and

mi.

0.0. of
tha mixture the ligand MtTSwwBBBl

1

(c-b)

1 0 0.406 0,470 0,045

• 6 0.475 0.305 o.u

i f 0.45 0.32 0.13

3*33 0,67 0.44 9*80 O.U

4 8 0.37 0,775 %095

8 8 0.32 0,93 0.00

• 4 0.31 0,"28 0.005

f 8 0.21 0.14 0.07

6 8 0,148 0.08 0,065

§ 1 0,08 0.07 0,04



T«bl* -43 Slope Rati* Method for O.BxlCT5* Sn(IV)
5x10*** ligand, and viae versa.

Sst I Voluae of 0.5xl0~3 ?ligand a 8 «i.

Strength of Sn(IV) solution * BxlO*"3!!

Set II Volume of O.BxICT'm Sn(IV)
solution 8 ml.

165

Strength of the 1Igand « 5x10"•°<

0Wt I Set II

Vol.of
Sn(IV) 0,0. Vol. of the 0.0.

0.10 0.16 %10 0.30

0*20 0.31 0.20 0.02

0*80 *4T 0,30 0,88

0*40 0,68 0*40 0.08

Curve (a) Fig. 34 Curve 0>)
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Table Slope Batie iwjthod for CSSxlO*3^ Sn(IV)
aad 3.33X10"8!! Ugand.aad

Vice-Versa.

* 8 ml.Swt X- Volume of Q,33xlO~3M ligand
Strength of Sn(IV) solution 1—3.

3.33x10

,-3Swt IX- Volume of O.SSxlO""*ft? Sn(IV) solu
tion, m g m\m

Strengt i of the ligand - 3.33X10-3?

Set I set II

Vol.of
Sn(IV)

HLL*

O.D.
Vol.of the I

ligand. 0.0.

0.10 0.95 0.10 0.00

0.70 0*70 %70 0,10

0,30 V33 0.30 0.27

0.40 0.30 0.40 0.30

irve(a) Fig-3f Curve (b)
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fable -48 Slope Hatio BWthod for 0,76xl0*5^ Sn(TV)
8,6x10" 1 ligand, aw! vice-versa.

167

Set I Voluae of 0.96x10^^ ligand • 0 al.
Strength wf Sn(IV) solution • S.OOxlor8*

Swt II Voluae of 0.75xlOT3Sn(IV) solution * 8 al.
Strsngth of the ligand « 2.50 x 10T5B

Swt I Set II

Vol.of
Sn(IV)
al.

0.0,
Vol,of

the ligand
ml.

0.0.

0,10 0.18 0.10 0.05

0.20 0*27 0.70 0.145

0*80 0.705 ^.30 0.97

0.40 0.70 0.40 0.20

Curve (a) Fig,,30 Curve (h)
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TawU -46 Oompoeitiott of the Complex by *oie Hatio Method

Strength of Sn(TV) or the ligand solution • 1.25xlO*8M
Constant volume of Sn(IV) or the ligand • 1 ml.

Wave length * 000 mu

•88 I Set II

Vol*of
Sn(IV)
ml*

0.0.
Vol.of

the ligand
mi.

o.o.

0.10 0.00 0.40 0.06

0,80 0.10 0.80 0.11

0.30 0.11 1.70 0.165

0.40 0.110 1.60 0.70

0.00 0.12 2,00 0.20

0.00 0.12 7.80 0*80

0.70 0.19 2.40 0,30

0.80 0.12 9,60 0,30

Fig* 37 curve (•)
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fabl« -47 Ooapositlon of the Complex by *»le Katie Method

Strength of Sn(IV) or the ligand a e.oxlCT3^

ponetant Volume of Sn(IV) or the
ligaad.

Wave length

• 1 ml,

* 600

Vol*of
Sn(IV) 0,0. Vol.of

the ligwai 0.0.

Si a al.

0*10 0.10 0.10 0.04

0,80 0.70 0.70 0*00

0*30 0.91 0.30 0.09

0*40 0,22 0.40 o.U

0*60 0,770 0.60 0.15

0.00 0,705 1,00 0.28

%T0 0.700 1,00 0*40

0*80 0.865 2.00 0.41

0.00 0.77' 2.00 0.50

1*00 0.9? 3.00 0.88

- — 3.90 0.88

Fig.37 Curve (b)
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Table 88 Coapoeition of the Complex by aawB Batio Method

Strength of Sn(IV) or the ligand » 8.8xlO""'Sv

Constant Volums of Sn(IV) or ths
ligand. m % ml.

Wave Length « goo am

Vol. of
Sn(IV) 0.0. Vol.of the

0.0.

ml. al.

.10 0.84 0.40 0.10

0*80 0.80 0.00 0.845

0*30 0.77 1.70 0.37

0*40 0.275 1.00 0*48

0,00 0.790 9.00 0.67

0,00 0.900 2.20 0.88

0*70 0.790 2.30 0.04

0*80 -.*» a * w^Jf °*40 0.60

Fig.37 Curve (C)
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ABTffaOWTfV) 8BWJWJ0J 1F p,BaOlO PHglACfFLinwxa
W-BlBBfHYL AMIWQ ABILIPB

Antltaony penta chloride interacte with p-bromo

phenacylidene p-dlmethyl amino aniline to form a violet

chelate. Oaring thie reaction, the electronegativity
of the >C-0 group of the ligand is enhanced and conse-

quently it eeeemee iorw rwaotive towards the aetal loa,

A bathochromlc shift frm 475 am to 550 mu takes place,

The latter wave length was selected to study the

composition of the chelate.

71

A stock solution of the ligand (0.06M) wsa

prepared in acetone. Antimony penta chloride (,01?4)

salution was also prepared in acetone and Sb(V) contente

estimatsd graviwetrlcaily •« SbgS*^1).

BJfVm OF 8BJ COMFLHX

Vosburg and Cooper* a method was employed to find

out the rwmb&r of ehelates formed during ccmplcxation. By

plotting optical densities of the ligand against wave

leagthe, AmMKtm wae obteined at 490 mu. Solutions of Sb(V)

en^ the ligand were prepared in different ratios and their

absorb wicea me sured at different wave leagthe. Proa the

curve the ^^g^ for the ehelato was observed **t 000 mm
(Pig, 39), which wae selected as ths proper wave length to
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find out the composition, stability constant antf other

thermodynamic properties of the chelate formed. Since

•nly one ^^g. was observed for the above eolution, it
1® evident that only one chelate haa been formed.

|piCEI0M8Tgf OF 8J8J ooiFOBigrra

Job's continuous variation, slope ratio and

molar ratio msthods wsrs snployed for studying the

•eaoesltlon of the chelate and it wae concluded froa

wawww methods that one mole of Sb(V) combines with two

moles of the ligaad to fBam the corresponding chelate.

In Job*a continued variation method, the foll-

owing wets of mixtures were prepared and their optical

deasitlss aeasured at 600 mu.

1,7,3 .♦* 8,0 ml. of 0.565 x 10~3« Sb(V) solution.
3,8,7 ... 7,1 ml. of 0.605 x 10*3M li and solution.

volumes of Sb(V) and the ligaad were taken

the total volume in all the solutions were kept

constant at 10 ml. fhw optical density of ths aetal ion at

000 mu was negligible. By plotting a graph between the

difference of the optical densitlss of ths above mixtures

aad the oorreeponding value of the ligand against the

coapoeition of Sb(V) and the ligand, a peak wae obtained

mhleh Showed thst the compoeition wae 1.9 (Se(V)tthe ligand).

Similar results were obtained at different concentrattone
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of the aetal ion aad the ligend, (Fig.40, curvee a aad b).

m 8AT10 8BBJWMJ

?biw aethod gave similar results as obtained from

Jeb»« continuous variation method for determining the compos

ition of the ehelato (Table 69-63 and Fi^s. 41-49),

_z>h>i ka/io awaawl

Thiw aethod waw employed for determining the

«ompo»ition, the stability constant and other thermo

dynamic data Of the chelate (Table 64-55, Fig.43).

♦wamssiTiiffr* T*7i*iiWffeTf»

m solutions of Sb(V) and p-bromo phenacylidene

p-dlmcthyl amino aniline were aixed in the ratio of It9,

a gxwen solution was obtained which on concentration la

vaeuua afforded a violet sticky aas** fhis *as washsd several

times with petroleum ether (60-80°) to free it from the ree-

imous mass and a solid was obtained. It was thsn crystallised

from aoetcoltrile. A known aaount of ths chelate www decom-

powwd by boiling with concentrated nitric aeid and then

wvaporated to dryness. After cooling, the reeldue wae tritur

ated with water and then diluted. Sb(V) contents in ths

resulting solution were estimatsd gravimatrically as SwgSg,

B8HMAXI08 OF Sb(V) 48 8b,* gj IB fBB COBFLBf

(1) Weight of the complex » 0.0704 ga.
•Wight of Sb8S3 obtained • 0.17*8 gm.
Theoretical weight of SbgSg * "5.1281 gm*



Calcd. Found

0.1701 gm. 0.1979 ga,

(11) Weight of the complex

Weight of SbgSg, obtained

Theoretical weight of
SbgS3

Calcd.

0.1008 ga. 0.1067 ga.

Brror %

0.70

• 0*06*4 ga*

• 0.1007 gm.

• 0.1007 gm.

Brror f0

0.50
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the chenlcal analyaie ae well as absorption

aoaaurwmsat wtudiss , it is quits evident that one molecule

•f Sb(V) oombines with 8 molscules of the ligand to form

the chelate*

0**VOTURa o? w omnTi

Prom the above data, the following structure

be assigned to ths chelatet-

<£jyQ • CH - B «0-» W^

"Sb

\

aB|
CH,

1

0

01

O-i - C3 - H-0« «XZl

01«

An alcoholic eolution of silver nltrets gave a

white precipitate with an alcoholic solution of the complex.
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Indicating thwrwby thw presence of chloride ions.

The above structure for the chelate was further

eonflraed by T.R. Study of the ligend and the chelate,

la Fig.15 the stretshing vibration characteristic of an

aryl kstons is wxhibitwd at 1700 ora** and that of a C»B

at 1600 ca* . For the complex (Fig.44) theee frequenelee
arw lovered to 1670 cm* and 1506 em*1 respectively.
this lowsring of stretching frequencies indicatss that

0 tha > C«0 aad the 0*H are ths only positions for the

chelation. Around 030 em"1, the ligand exhibits out of
plane vibration as a doublst which on complexation appears

em « etnglet. Thie aay be due to conversion of ons of the

bensenold rings into a quinonold.

iSABILICT 8WJ8J0JI AMP FBB% m%mi CHASSIS

law different absorption measurements heve shown

thet 1 aole of Sb(V) combines with 7 moles of ths ligand

t to form the edrresponding chelate. Considsr ths dissoelatlon

Of Sb(V)-the ligand chelatet

3b Rg > Sb eSB

8 0 0 (Initial cono-
p eatration)

C(l*m) Ca 20a (Bquillbrium
concentration)

Where C ie the concentration of the complex wad a Is

ths degrea of dissociation.
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where "E^ and Eg have usual significance.

* .

t •

a . gtJ3-0T47 . 0#U8 (pig.43, Curve a)

C(l~a) ma
Ec = 5 • -0—o

Ca(20ar 4a3 CK

1 - 0.113
# m = 0.2459x10

4(0.113)3 (0.00025)2
*

1x2.50 x 10"3
10

.00025 gm/litre,

Temp. * 23°

.*. Change in free energy:

_ F = RT In E<

10
* 1.987 x 296 x 2.303 log 0.2459xlOxu

• 12720 cals./mol.

* 12.72 K Cals/mol.

10
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fablw-49 Vosbarg and Cooper*w Bathed for Sb(V) and

Fhenscylidene p-dimethyl Amino Aniline

(Both 0.§xlO"3M)

*•»*

Ooneeatwatioa of Sb(V) solution

Concentration of the 1 ifend

»* JL «l

tut
•AWifi

TiT TIT
ifil

ltd

ALL

o.BalcT*»
.ftxll^B

4ll

-JB-.

77

sTT TTT

Sfifi %88 1.01 1.8S 1.301 0.88 0.88 0.87

880 O.we 0.92 1.02 1,114 0.4^ 0*48 1.84

8f8 0*88 0.78 O.BB 0.98 0.31 0*828 0.41

400 0.84 0.79 0.81 0.98 0.?»8 0.28 0.37

418 0,84 0.81 0.24 1.00 0."S 0.27 0.3d

428 0.84 0.80 0.83 1.01 0.22 0.28 0.38

488 0.82 .78 0.B2 0.99 0,21 0.08 0.33

480 0.80 0.77 V«QO 0.98 9#1Q 9*88 0.32

4*8 0.43 0.88 0.72 0.78 1.18 1.23 O.eg

810 O.Sf 0.48 0.83 0.89 0.18 0.20 0.96

828 o.sv 0.48 0.49 0.66 .18 0.18 8,88

888 0.8? 0.47 0.81 0.88 0.18 0.18 0.28

880 0*41 0.49 0.83 0.8? 0.1? 0.1S 0.98

586 0.38 0,48 0.85 B«86 0.18 1.18 o.?d
• *•
•To 0*88 0.48 0.49 1.83 0.18 0.1S 0.*4

800 0.38 0.45 0.44 0.83 1*14 0.18 0.24

828 0.81 1.33 0.38 0.4F 0.11 0.13 0.i>4

Fig. 39
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Tsbls -80 Job's BWthod for Sb(V) wad thw ligaad

Vol.of
sb(v)
al*

(**oth 0.888*10"**)

Conewatratlon of SbClg eolation •» 0.888xlO*SSI(C)
Conoeatration of the ligaad ,- .«-v,rt-3-/rti>
solution l,0EDxla^wM(c•)

wars Iwagth

- 1

Fee* at Ii2 it Sb(V) t the ligaad

Vol.of
the ligand

al*

0.0. of
thw mixture

O.D. of
the ligand Difference

1 8 0.84 0.80 0,04

8 8 0.49 0.44 0,08

8 7 0.485 %89 0.078

8*88 8*87 0.48 0,88 0.08

4 8 0.39 0.33 0.08

8 8 0,348 0.29 0.068

8 4 0*28 0,21 0.04

• 8 0*21 0,17 0.04

8 8 • 16 0,126 n a**

9 1 0,10 0,07 0*08

Fig.40, Curve (•)

78
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Table -81 Job's isthod for Sb(V) aad the ligaad

Vol.of
sb(f)
al*

Concentr tlon of SbClg eolution • 0,POwlO'"8?I(C)

wo*6oai(rsff(c9)
$©ve length •

Peak et H2 tt Sb(V) t the ligaad

Ooaowntretlon of the ligaad
solution

Vol.of
the ligand

ml*

0,0, of
the mixture

0,0, of
the ligftnd Difference

1 9 0.64 0412 0.08

8 • 1.48 0.48 0.08

3. f 0.44 0.39 0.08

8*83 8*87 0,43 0.378 0.088

4 8 0,39 0.38 0.04

8 • 0,86 0.3? 0.03

? i 0,?8 0,*3 0,08

• t 0.f»l 0.19 0,08

9 1 0.18 0.17 0.01

Fig. 40* Carve (b)
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fable -82 Slope Hetio Method for dxlC^a Sb(V) waft
0.4*10*** ligaad* ®n&

Swt X Volume of >.4xiaT3M li and • 6 ml*

- •xicH'b
It ret ion of Sb(V)

oolut Ion.

Bet II Volnae of O.gxKT3^ SB
Solution

dxlO^MOoaawatr^cior. of the ligsad •

et I Set TI

Vol.of
8W(V)
al.

" ""

0.0.
Vol.of

the ligend
al.

j
l.D.

O.Ol 0.888 1,00 0+ Q%

O.IO 1.38 0,20 0.14

0.20 0.888 0.40 0.26

0.30 0.37 0.60 1.3&6

0.40 0.888 0.80 0.44

O.dO 0.44 1*06 0.63

0.80 0.48 1.20 i.di

1.00 0.49 1.40 0.70

- -
1.60 .73

Curwe (e) ?ig.41 Cnrwe (b)
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Tablw -83 Slopw aatiw BSthod for 0.88xlor*B 8h(V)
and S.SSxlO-5 Ligand, wad

Vice-Terse.

Swt I- Volume of O.SSxlO^B ligand a 8 ml.
Concentration of Sb(V) eolution • 3*33x10^?

Set Il-Volurae of O.SSxlO^M Sb(V) solutioa a 8 ml.
Concent ret'on of the ligaad - 3.33x10'̂ 8 •

Set I Set II

Vol.of
Sb(V)
ml.

0*0,
i Vol.of

the ligand
al.

0*0.

0.00 0,888 o*00 0.04

0.10 0,87 0.20 0.11

0.70 0,28 0.40 0.20

0.31 0,29 %60 0.?7

0.40 0.30 0.80 0.34

0.80 0.83 1*00 0.4*8

0.80 1.38 1.90 0.496

l.OO 0*89 1*40 0.88

—
•

1.80 0.64

Curve (e) »ig*4F Carre (b)



Table -84 Composition of the Complex by
Bole Bstlo Method.

Strength of Sb(V) or the ligsad
solution

Constsat volume of Sb(V) or
the ligsnd

Ware Iwagth

• 2.8xlO-3B

• 1 al.

• 680 wa

Sat I Set IX

182

Vol.of
Sb(V)
al.

O.D.
Vol.of

ths lifand
ml.

O.D.

0.00 0*18 0.00 0.03

0.10 0,198 1.41 0.13

0.80 0,218 0.80 0.22

0.30 0,216 1.20 0.30

0.40 0.2S* 1.60 0.40

0.80 0,23 2.1) 0.47

0.60 0,28 2.10 0.80

0.70 0,886 2.20 0.63

0.80 1.24 2.30 0.68

0.90 0.24 2.40 0.63

Flg.43 Curve (•)
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fable -88 Composition of the Complex hy Mole Batio aethod

Strength of Sb(V) or the ligand • SalO"3*
Conwteat volume >f Sb(V) or the

• 1 al.

length • 860 ml.

Set I set n

Vol.of
Bh.(V)

al.

O.D.
Vol.of

the ligand
ml •

0.8*

0.00 1.14 0.00 0*08

0.10 0*18 0*40 0*09

0.20 0.18 0.80 1.186

0.30 0.17 1.20 0*P4

1.40 0.178 1.60 0*31

0.60 0.176 o.oo 0*888

%80 0.1776 '.10 0.896

- *» ".20 0.410

— — £.30 0.410

- -
?*40 0.410

; .48 Ourve (b)
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•nfFFT? »80ffP*f8 02 9tt(H)i^g(TI)t

nUUh QJt(Pr) m waJl^wwattaaBl

Taw ligand p-bromo phenacylidene p-diaethyl amino

aniline Br-^^-C - CH • »-<J>- B<jjj has a possibility
0 s

of existing in a resonating anl swittor ion structures by

which proeeee the phenyl ring attached to the substituted

anilino group aay taks a quinonoli structure SB shown below:

Br ~E$-Q - CH * B-<£>- B^'
j| 8

p-bromo phenacylidene
p-dimethyl amin> aniline

t
CHBr -<£>-c • m- i-O-b^obJ

0
5

On thw othwr head thwre is a possibility that both

intra and interaolecular ©hsrge tranwfer aay take place* The

latter poeslbility aay reader the ligaad molecule partially

paraaagnwtio. Since the chelates under discussion ere of the

Lewis neutralisation type, the stuUee of the aagnstle

properties is expected to provide interesting and useful

laformat ion.

Ae deeerlbed earlier (Chaatwrw II and III), some of

tha Isolated complexes arw quite wtablw and non-hygrosoopic.

Bagnetle susceptibility moasureraents of these complexes wwrs

possible by Ooay'w jasthod*
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HtpSR IM8HT AL

alTBfflFATIW w? PMP1I0 gyfWTm*t££am

Magnetic susceptibility aeasurements were carried

out In thie laboratory by Oouy'e baleaee consisting of a

wwmlalwro Bottler brlance for suspending and weighing the

sample in a aagawtlo field 3.8xl03 Grubs generated by an
elootroa&gnet whlc was fsd from the A.C. aalas vis

reotifisr eu i current stabiliser (tmici) .aWawureaentw were

oarrled out at only one temperature, vis. the room temperature.

Firstly thw woawtant of the tube* C* waw dotorained,

using copper sulphate (A.R.) ae a standard end than copper

sulphate wae replaced by the ligand or the complex uader

laveot Igat ion*

0ALCPLATIOB8
^^^^^^^^^^^^m^^^mmmm^m^m^mmmmmm^m^mm

QBTBSKIffATIOIf OF TBS C0B8TABT OB EBB TUBB

The change in weight , ^w, of copper wulphatw undwr

taw influence of aegaetie field wae fouad froa the following

detsi

Weight of thw wapty tube • Field off - *x

Weight of the empty tube ♦ Field On • Wg

Weight of the empty tube ♦ copper • 9%
sulphate ♦ Field off*

Weight of the empty tube ♦ Copper . w
wulphatw ♦ Flwld on 4

Cheap* in weight aw • (B4-Ws)-(W2-w1)
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The total magnetic force on the tube containing

•opper sulph-ts or *ny other standard substance is glvea

B3T

f - J AB (H8 - hJ)

where H lw thw fiwld at thw centre of pole gap of a

magnet, H0 Is the flsid in ths region out of influence

of the aagast and A is area of cross ssctlon of the

wBaap

H < H0

• • P • w ABB*

Bat P • g. AW

or K mmm-ffL

Sines epeelfio susosptibflity

X"- 1

• "•
• 8a AB - 8a aw

7ap

Bat ? • | , where V is ths voluae and B thw
total weight of the substance.

Bat V • A.l, where 1 is ths length of the tube

to which thw specimen hae been filled up*

U n
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Bat g, !! and 1 are constsnt for a particular tube

•t a particular piece under a constant aagnetie field*

whwrw C iw the conwtant of the tube. In the above express

ion aw Is wxprceeed in mg. and W in gms* Aftsr determining

the eoawtentt C, of the tube, the specific andthence molar

•awwwptlbillty Y^ Is determined* aw of the complex was also
* determined ia the siailar mennsr as carried above, replaelng

•upper wulphate by the complex under investigation.

fiaBwtiiw oq^bo^qb

Taw values of the Faecal'a constant, to determine

taw disaagawtlw correctlone of ths Uganda were taken froa

* wjsgawtoeheaistry by Shelwood,and T&atneger and listhur^1* K
Tha dlaaagaetie correctlone for the li-finds uader invasti-

gatIons are givsn belows

BIABaSBBf10 001^80*108 OF FtaBAOTTOBBB aBttiBI 0X1BJ

BWlweuler formula of the ligaad un*wr interaction

" C14H113B8°
aa

0 a 14x6.00x10^ • 84*00 x 10"*

B « Ux*.03x10-* - 3***3 x 10~*
0 - 1x4.41x10-* • 4.41 x 10"*

* B a 8 x 8.11x10-* » 4.P? x 10-*



Coastitutive
Correction

C - B « 2(8.?)10-°

Carbon In
two phenyl • 9 (-1.4)10'
rings

Total

-S

-18.40x10"

-F.80 X 10*

106.84x10-

!°-gBWSI??jy °-»«>M0 FHBBAOYLIBBBB
itiMX**mrMmrJ

188

Molecular formula of the ligand uader Interaction

• 018H18t8'5 Br

c • ldxB.ooxio-d • id.ooxio"

H » IBxB.fSxlCT6 • 43.96x10**

0 - 1 x 4.41X10-* - 4.*taur*
B • 8x*,llxl0-* —6

• 4*FPxlO

-4
Pr * 1x30*40x10 • 30.61x10-*

Constitutivw
Correctlea

C » B-R • 1(-8.*O)10-*
*•*•

• -8.00x10

Carbon in
two phenyl
rings

a 2(-1,40)10"*
» -P.SOxlOT*

0 m Q - 1(-6.6)10-*
- -8.60 x 10"*

Total 14*».8axl0-°

BBB1TATI0H OF THS F08M**1«A FOR MaBHBTlC SUSCBFTIBILITf

Aw shown abovs , the constant

0• *j|

W is the weight of the speeiasn under Inveetigation,



AW the change in wt, under the influence of applied

magnetic fiwld and Xt8 ths specific eueeeptibUity

• •
X c» w

189

Oouy'o aethod both B, w and C can be determined

aad hence the wpwoiflc wuweeptibility enn bw calculated*

Knowing the molecular weight of the oonplox, molar

eusosptlbilit-/ of the eoaplex X. » X.Hol.wt.af thw eoaplex.

By wpplylng dleaagnetio correction of the ligand portion,

y;| can be determined. Therefore, the effective am netis

aoent of tha ion bound i the o implex let

u off - £.*HyyM t i.M.

AifilfTTC 888CByHBIMTT OF TH8 OBFLBlaB

Bt. of the wapwp tubw e Field off

Wt. of thw wmpty tubw ♦ Fiwld on

Wt. of the empty tube •*• oo '.per
wulphatw ♦ Fiwld off

Bt. of the wmpty tub* ♦ Copper
sulphate ♦ Field on

• *♦ Wt, of copper * 13.18816-1?'.68346
wulphatw

a ie,«9346 gm.

* 1?.68946 ga.

•* 13,19816 ga,

* 13.19386 ga.

* 0.604V0 ga.

#% Aw • (13,19896-13,18816)-(1?»,88248-12.68346)

• (0,00880)-(-0.00100) ga.
-e

• 6.8 mg. ♦ 1.0 mg * 6.3 ag.
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•** Constant of ths tubw C• 'fyffijffi" • x &-|P|?? ^*
• 8.F x 10-7

ttJBlglO BBiwaTTIBlLirY op mt ooppsis oomplbj|

ft. of taw wmpty tubw • Fiwld off • 1*.58346 ga.

ft, of tie empty tube • Field on » 1P,68848 ga*

Bt, of the waawp tube ♦ copper complex
♦ field off. m ie.89-ns ga.

Bt. of toe empty tube ♦ eopoer eomnlwx
♦ field on. a i«.8938o gm.

.*. Wwight of the «oanlax(l«,89 >06-l*.68346)* 1.31840 gm,

.*, AW • (1^,8P9«0-19.89006)-(l^.68?48-l?>.68348) ga.

• (0.00068) - (-1.0010) ga. a (0

• *66ag. + 1 mg. • 1.66 mg.

#* *eo.pl« • "•aft"* " •8BaaBBB^8a»©oaplea • gm. 0.31660

• 2.554 x 10-*

molecular weight of the complex * 610.084

*♦. Jfn * Bol. wt. x ^OTpX#x
• 610.058 x F.664X10-*
• 1.304 X 10"1
• 1304 X 10"*

Oisaagnetie •orrwetl n for each ligand molecule

• 106,8ixl0-*

* * Maangnetlo correct ion m «/1n. aa**Mi*B't
for the two ligand molecules »«106.88x10 )

• Pll.fPayH



w-

•*• ^m • X* ♦ (Oiamagnetle oorreotion) x t 1 «/ J
for each ligand molecule

- 1304 X 10"* ♦ 811 .TP x 10"*

- 151B*7?» x IG"*

Twap* * 380C

a wff * '».84AX*|

- F,84/(273+33)xl518.TPxlO"

* 1,934 . .

mm *fawasiey-mi

p8
Constant of ths tube 0* ^f}j*tf ' * Va^ax

• 8,? x 10"?
•Sight of the empty tube • Field off • 1?,58346 ga*

•eight of the empty tube • Field on, * If ,68846 ga.

Weight of the waoty tubw ♦ ffgClp
eoaplex <* Field off • 18*09840 gm.

weight of ths sapty tubs ♦ HgClg
complex * Field on • 13.09T88 gm*

*** Weight of the complex(IS.09840-12.88346 ga.)

* 0.81496 ga.

**i AW * (13.09T6f-13.09840Ml2.58245-l2.58346)

a (-0*00088)-(-0.00100)gm.

• -0,88 ag ♦ 1

• 0,16 ag,

Xm 0£ solely m k, o—in'"*' I?|5 Wgt
waaplsx weoaplex ' •i.8U96gm.

• 1.1814x10-*

Molecular weight of the " 402.T68
eoaplex



*

A ^m • >•«plex •mol.wt. of the womolaB

* 0.1814 X 10^ x 40?.782

• 91*89 x 10"*

Plnaagnetlc oorreetlon of each organic portion

• 162.88 X 10

801* .16 x 10"

• 40*20 x 11"

Total dlaaagmetle correction * 803.08x10-^
X

Tamp*

a *ff.- 2.84/t yZ. B*B.

91.89*10-**203.18x10"*

- 294.87x10"

- 8*84/(273*24)x?94,37x10-*

* 0,8423 B.M.

BA8WBIIC Su^gBfTiaam OF MB FeO^ 00*ffliaa

mrff* of • m

eight of the eapty tube ♦ Pleld off

Weight of the empty tube ♦ Field on

Wwight of the etapty tube ♦ Copper
wulphatw ♦ Field off

Wwight of thw empty tubeeoonoer
sulphate ♦ Field on

»•* Weight of wopper a (13.20070 - 12.69780)
wulphatw

.♦.AW a (0,00668M-i.0010) ga,

• 6,86 mg. ♦ 1 mg. • 6.56 ag.

192

12.66720 gm,

1%64420 ga.

13.80070 ga.

13.^0488 ga,

i,*0.53380 gm,



193.-6
•*. Const nt of the tube 0- ^Iffiip"1" * ifl^ng?'

• 4,763x1c-7

Wwight of the wmpty tube*Pield off

Wwight of thw wsipty tubw ♦ Field on

• 12.64701 ga,

* 12.64420 gm.

Weight of the espty tube ♦Fed- complex • 12.98780 ga,
♦ fiwld off *

Weight of the empty tube ♦ FeCl3 eoa lex
e Field on

«*. Weight of FeOlg oomlex

*% W » (13.00610-19,98780) -

(12,666*0-12,68790)

Xeoaplex Fga "»•

*oleculi?r wwight of the iron complex

* 13.00610 ga.

* (12.987a0-18.6678o]a;

* 0.32060 ga.

* (0,0l83gm,M*0010g?

* (18.3kl)ag.

* If.3 ag,

ii --TTlMrtfTrl —
0.3206 ga.

* 28.48x10-*

* 8?>4. «77

.'. Xn * ^jgpj^* Bol.wt.of the eoaplex
* 88.68xl0rix324.677

-6
» 23460 x 10

Olrmagnetic oorreotion of eaoh ligand aolecule

• 169.88x10-*

.*, Diauagnetic oorreetion " 2(169.88x10**)
of two ligaad aoleoulae -

- 398.76x10-*
3 Cl« • 3x90.10x10 60.31x10"



a-

**• Total dif-aagnetio oerreetlon

B

Temp*

u off*

'Id

• 398.74xl0-**40.30xl0-*

• 388.06x10-*

• °3680 x 10-**386.06 x lOT*

• 240360.06x10"*

• 94°

9.84/tT^"

- 2.84/(973+*4)x940361.06xl0-*

* 7.688 B.M.

Iprni?'-:' -*F ?>\9
Jtl. (*BM1C'1^«*) BK»Sy.*.-?..

anatan? or tne xuee u * ^WjJo «• Til ».

-6
» 4.783x10

194

Weight of the empty tube ♦ Field off

Wwight of the empty tube ♦ Field on

weight of the empty tube • SnCl^
co plex • Field off.

•Wight of the empty tube ♦ 3nCl4
eoaplex ♦ Field aa,

•*, weight of the complex

• (13.06428-19.66790)ga.

• 19.6679C ga*

• 19.66490 ga*

• 13.06486 gm.

• 13.06340 ga.

• 0.39706 ga.

.'.AW (13.06340 - 13.06426)-

(19.64420-12.66720X-0•00086)-(-0.0010)gm

• (-0*86+1*0) ag

* 0*18 ag.



* 0.1797X10-*

BWl.weigsst of to complex * 929.76

****** ** ^eomplex * 5asl* **• 3f th® womplex
• 1*1797X10-*X9?2.76
• 168.80x10-*

Oiamagnetlo o;rreet(o for two molecules -
•f th« ligand 2x162. *8xl0~d a 39B.76X10-8

4 CI* - 4x90,10x10-* • 81.41 x 10-*

Total dlaaagaetie correction « 896.76xl0-*+80,40xl0-*

» 406.16x10"*

-Xg *-^| ♦ Total diemagnetic oorreotion

- 188.80 x 10-* ♦ 406.16x10-*
• 8¥l.96x10-*

laaa* * 38°

»*•> u eff,* ".Od/? jQ B.H.

* 2,84/(273+36)x671.96xl0~6

• 1.192 B.B*

gfH SB8JBFTIBILITT OP THB

,-6

*WJN

Consteat of the tube Cm̂ ffiffi x °gfJP,ff*
• 4.763 x 10-*



•tight of the empty tube ♦ Field off • I".867*0 ga.

weight of the empty tube ♦ Field on - 18,66690 ga.

aalght wf the empty tube ♦ 8bd. •omplws
♦ field off. 9 a 13.03966 gm.

weight of the etapty tube ♦ 8b01- complex* 13.03188 gm.
♦ f laid on. ^

•*. Weight of the complex
* 13,03968 - 12,66720 * 0.34848 ga.

.*. AW • (13.03185-13.03965)-(19,86690-1?,46790)

96

♦
* (-0.00080)-

(-O.OllO)gm.

* (-0.80+1) ag.

* 0.90 mg*

complex w git, 0,3664a
,7xl.*0»g.
1 gw.

• 0.2607X1CT*

Boleoular weight of the complex

A XM " ^Complex * ml* «*• <*
the eomplex.

* 961.377

8
» 0.2«07xl0-*x941.377 * 280,61x10**

Oiamagnetle oorreotion for two ligand
molecules * 2x16?,38 • 826.76x10-*

8 01* * 8x90.10 • IX).81x10"*

w
Total dlaaagnetle oorreotion

• 32B.76x10"*+100.60x10"* • 426.P4X10-*

**•< - •«•
M

- 850,6OxlO-*+426.96x10** « 676,84X10"*

Temp. -SB*



u wff, • 2,84/^ ol

• 2.84/(273+36 )x674,86xl0-*

* 1.294 B*M*

197

mmm* mam m^x oomfmbc

Thw effect ire magnetic moment of the copper complex

le 1*98 B.B. which is wsll within ths range, (1*70 to 9.20,

expected for the copper eomplexee, The orbital contributions

in the copper ooaplexes ere all quenched.

Prom the data (obtained at one temperature) it appears

that there le not ranch reduction of the constant in ths

complex from tha free ion value* However, one thing ie certain

that there ie not much ant iferro-mrgnat ie interaction. Froa

these results it aey bs concluded that the possibility of

thw aoaplax wxisting in form of s polynuoiear complex iw vwry

xwaotw*

•1TTff-fjfgfg mtitm-rnmr tt «*•***""• >'*xy
.»*<?*.? w£3Ii*i£

Thw moot intsrsstlng feature of theee etudiea iw thw

•tie behaviour of the ligand itself, The ligand iw

found to whoa thw effective magnetic moment of 1,61 B.B*

The ligand consists of even number of electrons end this is

obviously not a free radical. Hence a paramagnetic behaviour

should not normally be expected in the ligaad. ?he paraaag-

aetle behaviour may,therefore* come if there ie swaa partial
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charge tranwfer* Thw paramagnstic bohav!our ie wwll

aanlfseted in the complex Hg(II)f 8a(TT) and Sb(F),

which would normally give a diamagnetic behaviour, Hg(IT)

coaolwx whieh contain* only one ligaad aolecule gives

offaetive magnet io aoaeat of .84 B.B* whereas Sn(IT) and

Sb(?) coaplexea* which contain two ligaads each, give

effective magnetic aomeat wf 1.19 and 1.30 Self* respectively.

The foot that the ligand Itself ehowe higher aoaeat

valaw waggwwtw that wither the ligand gats asoeeiated

or it poeeeeeww mors effective ehergw tranwfer property being

eat off In the complexes by the aatal-ligand bond. Probably

It iw for thiw reaeon that fig&g gives a lwwwr aagawtle moment

aad thw other two eomplexee containing two ligand molecules

give valuee nearly equal to those of the ligaad. In the free

ligaad it eeeaa that the •ffeetive epln-free eleotron ie one

bat In these eoapiexee it seems to be half while in Sn(IT) and

3b(?) complexest the effective coin eleotron is nearly one*

Thiw supportw our contention that in the fret ligand thw eff

ective charge trensfsr lw aorw( This has been amply demons

trated in the electronic spectra).

In Pa(III) complex the charge transfer will be mora

•ffeetive than ths complexes deeeribed a ;ove. The net result

lw that the iron eoaplex may retain one effective spin-free

eleotron per ligsnd besldss the five usual spin-free eleotron

In PW(III) ion* The effective magnetic mo ant of iron complex

lw T«8 B.M, which ie Just ehort of the epin only value of



T*8 free electrons. Ao thw magnetic moment of iron *~^»
eomplexee are independent of their etereoeheaistry* orbital

contribution am* spin-orbit coupling constant* ths higher

value haa not other explanation.

Thie peculiar magnetic behaviour le the only

•xampls of itw typw* tt appears that ths paramagnetism wf

tha ligaad haa been carried to the eomplexee to a reduced

degree. But the reduction is wiped off if the lewis sold

beeoaes an aetive participitant ae in the case of Fa (III)

sa**FW*wgF"aii^—*^— a
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'OTIYIfY BBAatmBBBBTa OF THB 8BWWJWJWJI

Farthwr oonfirmatio- regarding the position of 01•

ton in the coord taction sphere wf thw lewis aeid oomplexew

of p-bromo pheaawylldwae p-diawthyi aalno aniline waw done

by conductivity aethod, 'leewureaeatw were carried out at

28°+lC with &llard*a conductance bridge. The obeervatone
9JS9 recorded belows—

ivm of amMmm PsHhact.idbbimMEStfTtii I ii \W<<lm< '* iii,
i itW&taiMMWl

wt, of p-bromo phenacylidene
n-diaethyl a lno aniline and * 4*16478 .ga*
the weighing tube

Wt* of empty tube » 4*18940 ga*

*•* wt. of thw ligsnd 0.00533 ga*

•*, 0,00688 ga* dissolved In 10 ml,of
aoet >ne has molarity

- l,409xlcrSM

«*• Conductance • 3*4®xlxl0~^ ^tioe,

*•* siolar o nduetivity • tow*ftQJPT^||Tjlfr 1 W
,8 , «.,.„,„3.

•r ^Si * .—fijilX.. m A.tn^iiffiiFlfQ *f
i.dowxio-3

_ ^
•ST

* 4.18 hoc

.**, *,. th* «»o*.*.Mtt- 1. of tt. ord.r IS-9, tb. -Ur



8

conductance is 4.18 mhos.

—A
When the conoeatration Is of the order of 11 •

thw molar conductance lw found to be 6.6 "how.

kg ClBBBOTlflTY OF Hi

i* hWkMM&.*iii*M)JAS&L
mmmlmjAmHmmBmmmmSmm^

Wt. of weighing tubw ♦ Rg(IX)
eoaplex

Bt* of weighing tube

, • wt* of complex

Volume of the eolation

•*♦ Baler concentration

Conductance

a 4,01168

* 4*00100 gas,
mm mu i

1,01866 gas*

* 10 al,

- P.PBdxlO-8!

* 0.838X10-4 twice.

201

Specific conductance * Cell conetant x conductance

• 1,4816x0.638X1CT4

• H _ IxlO
* • a «• '̂ J

9.9B*xlCr*

1 * 41.63 Stios.

in the eolution was dilutsd 10 times the conductance

obtained was fouad to bo 6,45xlO*S mom.

.*. M • «•——I vr*vr 48.18 *4his.

OOftPOCTSFITT OF SnClfUw^BBPBO FBBBAOY MtMWB
^pp^h&Mi*jmiMmM*^

wt. of weighing tube*the Sa(IV)
complex

3.98381 ga.
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Wt. of weighing tube » 3.87f»37 gm.

•*• Bt* of the eoaplex 0.0113 ga*

Since .0113 gm* have been diasolvsd ia 10 c.c*

»*• Baler concentration • l«P04xlQr*B

Conductance » O.PBOxlO-* *4hoe

,'. \ . %l£ - 1.4816X0.^IxlO^XlO3
C 1.806x10-'

* 37.PI Whoa.

•haa tha dilation has bsen done 10 times ths cenduetanee

obeerved 8.wxio~* stios.

.*. \ mmmmmmmmltfZmmml
l.^OdxlcT4

"46.88 36009.

.——fflgJtjg^-Jfe^.-mL, WW If m>mmmm*m*. ,*WiaWaO* mIPWWW P—Olmmsalit
y i *,i*M.lM?l*xt 9m*j£M*'

wwight of weighing tubw + Sb(Y) ohelate a 4*01707 ga*

Walght of weighing tube * 3*80978 ga*

.*. weight of the ohelate in 10 ml.eolvent * 1.01824 ga*

• ** Belar concentration * l.SPTxlo*8

Coadactence aeewurwd * % 336X10-4 "hew.

*3

* *
^- - 1.4816x0.536xlQ-^XlQatlgel^^gjg xio,, . U4§ m99

Whan molar concentrat ion is 1.897x10-*
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Conductance lw 4.1x10"* who*

\ An - l>4B16x4.1xlflrgx^Q3
1*897x10*

* 4F.17 3§tos

..OOIWOTinxT OF OBfllUPTiatACYLipwjIg ABILIBB QfffQJ

wwight of the cu(ti)-FAO oxime - 0.01305 gaAo al.

awl* concentration • f.BBOxlO-3

? t m^m^ ,«^.,«-4..,*3
•*• *•• ¥*- --fcqffi&gi^'"

• 16.03 sibow

whwn the solution haa been diluted 10 tlaee

/\M » SI.36 Itsoe

ffJOfSSIQW;

The molar condaotaaoe of the ligand p-bromo

•ylideno p-dimethyl unino aniline in sectone wae expected

to be a 11'tie higher than what was fouad. Tha lower value

he possibly dwa to ion association, A ten-fold dilution

incroaees the ab values by 80 % which aay also •apoorta

ion association* Ths eomplexee on the other head chow a

limited conductance, not even comparable to Itl electrolytes.

Taia partial conductivity say be due to either eolvatSoa or

the positively charged amino nitrogen combining with the

anion i.e. 01*, a decresss in disaoelation may also give

* a low value. Bseept the Hg(ll)-ooaplext the increase in

AB valuss is fairly considerable with ten-fold dilution*
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thwn solvstion cannot be ruled out at all.

On the other hand Ca(II)-pheaaeylldene aniline

oximw complex shows a liaitsd conductance. The conductwaww

of this neutral complex cannot be other than some solve1-

ysls. In that complexes are fouad to be very stabls units.

The conductance of the solvent acetone wae alee

determined aad wae fouad to be negligible ea compared to

gj the conductance of eomplexee in solution. The obeerved

condactanoe aay. therefore, be taken am the c nduetanee

Of the complexes for all practical ourposss*



a

a.

205
ffffgPM P* BrBBOgP. FH36ACyfp|PBBB

fL ABfJO APyLIBB ABO ?TS COBPIifBS

*» Mi IP HEP** Wf ffll

Thw O.f. epoetra of ths ligand p-bromo phena

cylidene p-diaethyl amino aniline in aoetonitrlle

shows a broad and at tha sane time few sharp peaks

at 880 aa (Fig.45* Curvw a), taw band at thw lowest

waww Iwagth is w-w* bead due ww thw oarbonyl group*

• «Bggewtlng effective dclooallaatlon. Baa broad bands

around P80 nu is due to the bensene ring aw well mm the

•Uiacmoid structure but in the process of the format lea

cf the ouinaaoid unit thw partly allwwsd baadw have

been rendered allowed. (Fig.4£> * Curvee a end b). Bo

a-w+ band could be detected and hence their change on

eoaplex formation could not be properly characterised.

The ligaad shows a charge tranwfer band alec. The bead

at about 480 mu Is nearly sbssnt in complex but the

8fO m is retained. It weems that we have located both

the inter molecular and intra aolecular charge transfsr

bead* (Flg*47 ,Curve a)* Both these bands are weakened

•n undergoing complex information but the i atre—molecular
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Out of the largw number of eomplexing and chelating
ageats cited in the chemical literature, anils find vwry

llttlw mention. These compounds* besides containing nitrogen
and oxygen which can awrvw as coordination sites, have the

unique property of exhibiting colour changes (due to batho-

ehromic effect) when brought in contact with aetal lone,

•specially thoee belonging to non-transition seriec*

Krohnke and Grose observed such changes in p-dimethyl amino

•all of phenyl glyoxal when brought in contact with silica

gel cr certain lewis acids. The nature and composition of

the product or products found by such interaction have not

yet been investigated. An attempt in this direction was

considered worth Investigating and forms ths theme of the

thesis.

To begin with a number of enila besides the one

awatloned by Krohnke and Groes were synthesissd and folly

characterised in the labor tory. Having obtained the anile

g and their oximee in pure form, their aootonle or aleoholie

solutions were node to react with some Lewis acids. Thw

Lewis acids chossn for this purpose are the halides of

Bg(II), Sn(II), anhydrous Al(TIT), Sn(rr), 8b(v) and

Pa(III). 'Oreover,a characteristic colour change was observed

in the case of phenacylidene aniline oxime with euprle lone

and was studied for the sake of complexation*

3TBTBB3IS ABB I.R. SFSCritft OF SOaB BJ| AHIL8
*

Seas new anile wore prepared by condensing phenyl
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glyoxal hydrate with aniline, a** p-ohloroanflines, o~,

a-, p-nltroanilines, p-bromoaailfne* o-, a-* p-toluidinee,

». a-t6-naphthylaaines, o-, p-aainophenols, o-anieldlne*

wttiphanlllo acid, aathranlilc sold, a-, p-eaino console

acids and suiphanliamlds•

Similarly p-bromo phenyl glyoxal hydrate wee

•yathesised by SeOg oxidation of p-bromo aeetophenone. This

tt koto aldehyde hydrat# wae then condeneed with aniline,

m. o-t m-9 p-toluidines, o-, a-» p-ehloroanilinee end sulphanll-

waidw.

Bitrcgwn contents of the above anils were estimated

and were characterised by preparing their p-nitro phenyl

hydrasonee* 814-dinltro phenyl hydrasonee, ecmloarbasonee

and oxlmes, *hs exiae of many of these anils gave colour

B reaction with e number of motel ions and thereby offered

• possibility of being ussd as chelating agente.

The functional groups in soaw of thw anils and their

g derivatives were ecnfiraod by recording their I.R. spectra

la solid state. Typical structures of soms of ths new

anils and their derivatives ar« givsn below,(For other

struoturaSfVide pp. 6.6-7/ ),

»f th* kni

Tw-rnxrxx

1* Phenacylidene anil ins CgHg - C- OR • W-<vtT)

8, Phenacylidene p-chloro- C*H. - C - CH - W-^^ 01



gld-dlnltro phinyl
hydrasones oft

3. Phenacylidene c-H- - C- OH - H-j^Vso.H
sulphanilic acid 6 5 S *w/ ^S*1

D

4. Phenacylidene m- cflH. - 0 - CH « N mm// v\ 2
nitroaniline 6* 3 ^L=/

8

F—nltro ohei

hydrasones of:

5. Phenacylidene 0-
aminophenol

-

6. Phenacylidene
sulphanilaiaide

Semicajrbasonea oft

7. Phenacylidene
sulphanilamide

- 8. Phenacylidene
sulphanilic acid

HmmiMn!,Pf I

OH

C6H6 - C- OH - B-4Q>
P

Wb - ^ - OH - B-£>«*
P

BgJ% - 0 - CH - B-O-SOgNHg
3

Cg*© - <j - CH « H-O-SOjH

208

9. Phenacylidene Aniline CaHg - 0 — CH a | -<J2>
N-OH

10. Phenacylidene _ _ m /r^^
sulphanilamide 06H5 - jj - OH - H-^L^-SOgHHg

B-OH

( 8• I; - NH -<f ^ BOg, P- B- HH-^^- HOg
BOg

I.e.and S*B«.C-BH-HHg )
0
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Oximee have proved analytically important chelating

agents sad are classified est

Orthodloxiae, aeyloln oxiaOt ortho-hydroxy aroaatie oxioe*

aanaxiae of o-dlketone and nitroso substitutsd hydroxylaminae.

These compounds react with motel lone either by replacement

cf hydrogen of the oxime group by metal or through nitrogen

of such grouping to give chelates. Under suitaals conditions

ths oxlms ean be made to react quite selectively end eaa

prove to be of analytical iaportaaoe*

The alcoholic solution of Cu(II) with phenacylidene

aniline oxime gave a soluble complex of wine colour, the

coapoeition, stability and thermooyna«2tc data of thie ehelato
y

were determined by spectrophotometry and cheatcal asthodw.

A ItP complex waw found to be formed with stability const tint

aad free energy formation change values as 0.T547 x 107 and 13.07

» t ala/mole respectively,

Bquiaolar othanollc eolotions of Cu(II) and phenacyli

dene aniline oxime were ixed in It? ratio when a oolour change

was observed, resulting In the formation of wine coloured

oamplex. Thie wae concentrated in a vacuum deselcater when a

solid aase was obtained. The solid was then crystallised froa

alcohol. The metal content wae estimated ledoaetrically(pp. 83 )•

The infrared spectrum of the complex showed the absence

of OH wtretching frequency thereby providing evidence for the
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wxiwtsncs of a covalont binding through oxygon.

A drop la pH waw also noticed when the aetal tea

and ths ligand wwrw mixed. Thiw fact further confirmed

the above view point. The following ctrueture le propowwd
for the chelates

%f% c

II
B

xo~ca-o-B
II

CH Vb

OgBg. - B * CH — 0 - CdH5

SITIOB u-BHOBO UCYLIDSWS «wl)TWm*ltVT.

Bhon acetonlc eolation of p-bromo phenacylidene

p-diaethyi amino aniline wae added to either of thewe

Lewis acids* a bsthoohroaic shift was experienced in the

whole systsm* This shift caused mesomerlem of the ligaad

in situ with chelation.The reaction mixture deeompoeed

•wen with wBwawBJ of moisture, liberating the ligand sa

an isolated species. The followiag changes were obtaiawd

•a the Interaction of the Lewie acids with the ligand.

WBflB

Br m^-a - ch - b-<^„ p<£jj
ABIL

Lewie scid Own colour of Change in colour
Jat
Tellow
Yellow
Yellow
Yellow
Yellow
Yellow

1. FWC13
8. A1C1«
8. UgGlg
4* ISnClg
8. saci*
8* SbClg

Bluish
Ylolst
Green
Bluish green.
Violet
Violet
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JTob^s BWthod of Continuous variation was employed

to determine the composition of Fo(III), A1(IHJ, Hg(II).

Zn(II), Sn(IF) anrt Sb(V) eomplexes la purely non-aqueous

medium, following their chemical analysis and I.a. spectra.

However, stability constants and changes in free energy

of thece chelates were determined by mole ratio aethod

except in the ease of Hg(II) chelate where Job's method

wsa found to be more euitable. Ths data for the chelates

are tabulated below.

:If Banc of the ohelate Hatio
Li

1Stability
jconstant

Change in
free energy
K Oele/mole

Is F-Pe&g fll %?757xlOX8 le.dd

8* P-AlClj 8ll 0,18d8xl09 11.28

8e P-HgClg 111 0.3T?»p>tloB 6.44

^9f9t F-SnClg 111 0.1407x10* T.18

8, F-SnOl^ Sll O.BlopxlO11 10,00

8» P-SbClg 8il 0,?4B9xl0X0 18.78

'CH3
♦ P• (Br-CgH4 - 0 • CH-bO-HX^w ) unit

I _
*"*""•**"" WM*MWW*m*l»*» ^mmimmmmmmmmmm**a*»—•&mmWtmMm*mmmWmmmMm*mmmmmmmmmmmm*mmmmmmm*« •» ili»**—*»*J*J**MiT*J*>t

The chelates in their solid state were isolated

by evaporating the resetion fixtures in a vacuum do sicator.

the reeinoue aass thus obtained wae washed several times by

petroleua ether (60-80°) and the solid so obtained wae

crystallised from acetonitrile. The metal contents |pp,Fs(III)

los * Al(ni)l2^} , Hg(II)l35 , Zn(TI)H^, Sn(TV)i58 ,and Sb(F)l74|
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The actual linkages involved in chelate formation

to form H-L bonds was studied by T.l. spsctra. Perkin-Blmer

Infracord spectrophotometer was used. Tn the spectra of

the chelatss lowering of stretching frequencies of >C«0 and

CH«B groupings from those of their normal values 1700 cm"1

and 1600 cm"*" in the ligand was observed. This lowering

can only be due to binding uf the Lewis acids by coordination

through oxygen and nitrogen of >C»«Q and CH*B groupings of

the anil.

These chelates differ fro:i those of Cu(II)-Phena-

cylidene aniline oxirae complex that unlike cuprlc ion, the

whole Lswis acid enter Into complex formation (vide infra).

Some typical structures of the Lewis acid chelates are

given below*

1.

s.

3.

C6H5

C6Hg

- C - CH

Hg

01

-B*0* N+<\
CH,

J
0

CH,

oh-i -O- i<£* 1
Zn

CI

01'

ca'

<^>- -♦<£
i

C6H5 - C
0-

Cl-

0'

C6Hg - C

CH - H *

. / ,

.Fe -— 01

CH - N-O" H+'

| 01'
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4,

8,

8.

°g%

C6H6

aV^ / »
Cl — Al — 01

C• CH - B -CD- ifcCrJ*CH
3

CflHg • C

0-

Cl

0

c

OBJ,
CH - • «CD- H*<Cn3

CR3

C6%-

°8H8

°8% •

0

0

d

0"

0

Sn —01

> . fW

CH- B-CD* »+<Tcr3

OH - B •

Sb— Cl

o- *+<%3

* CH
CH,

- 8 -O- ^^IcH

'RPwP/AjJal'
titS* OUPUCXiVTinf USABUi

'm(lia>?*BJS^alh^^i!.

213

sv

>»•

801'

The cheletee Cu(II) - ?A0f Hg(II), Xa(II), 3n(I¥)t

Sb(V) and Fe(III) - p-bromo- phoneeylidene p-dimethyl

aalno aniline wwrs isol ted as solids and kwpt in a vacuum

deesicntor to avoid the effect of moisture* Their aagnetle

susceptibilities were determined using A.H. copper sulphate

pentehydrats as the callbrant. Magnetic moments were

calculated from the reletlent

u off, * «,84•/->X* * * **• "•
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where T to ebsoiuts temperature.

Theee results, besides providing the information

about the quanta etate of the chelates, also givss svidence

of the pera-aagnetlsm of p-brosio phenaeyliden* p-dimethyl

amino aniline Iteelf and ite offeet on eomplexee by charge
treaafer in tha formation of BJeft bond.

The effective magnetIe moment of Cu(H)-PAO

ooaplex ie 1,98 B.M. which is wsll within the range

(1.70 - F.«0)t expected for the copper complexes,

Hg(ll), Sn(TY) and Sb(V) eomplexee are generally

disaagnetic in ehsracter. But this peculiar paraaagnetiea

in such type of eomplexee aey be due to the induced

aagnwtisn carried out by the metal froa thet of the ligaad

WO form charge tranwfer cotpler.ee.

Evidence for the format ion of charge transfer

complexes waw availablw from U.f. spectra.

That the Lewie aelda as such and not the metal Ion

alone coordinate with the ligand could be seen froa conduc

tivity measurements. The molar conductances (^p.z^-^) 0f ths

complexes in acetone solution are of the same order as that

of acctonlc solution of the ligand. But some conductance

Showed that whlorine ion in the complexes, therefore, exiete

outaids the coordination sphere.
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Condensation of Some Aromatic Amines with Phenyl Glyoxal
•> WAHID U. MALIK, D. R. GUPTA, and C. L. TAPLOO

Chemical Laboratories, University of Roorkee, Roorkee, India

s OME NEW ANILS have been prepared by condensing
phenyl glyoxal hydrate (1) with aniline, p-chloroaniline,
o-, and p-nitroanilines, o-, and p- toluidines, and a-, and
0-naphthylamines. They have been characterized by pre
paring their p- nitrophenyl hydrazones, 2,4-dinitrophenyl
hydrLz.ones, semicarbazones, and oximes. The oximes give
color reactions with a number of metal ions and offer the
possibility ofbeingusedas 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 1. Anils Derived from Phenyl Giyoxa and Aromatic Amines

Ani Color Formula M.P., °C. Yield, %

Nitrogen, %

Calcd. Found

R-°Aniline Yellow C„H„ON 89-90 90.9 6.69 6.73
R- p-Chloroaniline1' Colorless C„H10ONC1 115-116 63.6 5.74 5.89
R- o-Nitroaniline Yellow C14HI0O3N2 105-106 82.2 11.02 11.29
R- p-Nitroaniline Yellow C„H10O3N2 127-129 47.2 11.02 11.41

•*
R- o-Toluidine Reddish Ci5H13ON Gummy mass 85.5 6.28 6.12

brown

R- p-Toluidine Yellow C15Hl3ON 97-98 89.6 6.28 6.32
R- ff-Naphthylamine' Yellow C,8H13ON 136-137 92.2 5.40 5.24
R- /3-Naphthylamine' Yellow C,8H13ON 90-91 61.8 5.40 5.12

"R = C6H5 -CO—CH = (phenacylidene radical). 'No warming necessaryto obtain these anils.

Table II. Characteristics of the Derivatives of Anils

p-Nitro Phenyl 2,4-Dinitro Phenyl
-♦ Hydrazones Hydrazones Semicarbozones Oximes

M.P., Nitrogen, % M p Nitrogen, %
M.P., Nitrogen, %

M.P., Nitrogen, %
Anil •c. Calcd Found • C. Calcd. Found •c. Calcd. Found •c. 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- o-Nitroaniline 233-234 17.99 17.61 255-256 19.35 19.12 197-198 22.50 22.31 189-201 15.61 15.42
R- p-Nitroaniline 250-252 17.99 17.54 262-263 19.35 19.40 203-205 22.50 22.25 206-207 15.61 15.48
R- o-Toluidine 100-101 15.64 15.56 250-251 17.36 17.25 77-78 11.76 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 11.43

* R- a-Naphthylamine 264-265 14.21 14.13 194-195 15.94 15.63 210-211 17.72 17.56 119-120 10.22 10.20
R- #-Naphthylamine 189-190 14.21 14.09 247-249 15.94 15.83 100-101 17.72 17.43 95-96 10.22 10.32

"R = C6H5—CO—CH = .
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Preparation of Anils froa Phenyl Glyoxal Hydrate
aa« (*tl—tit Aaino Coapouada.* ^ ^^'

tfAHIB U.MALIK, D.R. GU?TA*A*D C.L. 1ABLOO
impmvtmwt at Chemistry, University of
Roorkee* RoorJoae.

•all* derived from phenyl glyoxal hydrate

wroa«tie amines wort reported earlier*1*. The preeeat
•ewsaiaicptlo^ deale with tao preparation of anils fr>»

phony1 glyoxal hydrato and a-nitr©anil(ne, p-broraoanllino,
a-chloro*sniUn© m-toluidine, o-aafnophenol*. p»a*inopheaoi,

o-anisidine, sulphenilic acid, anthranllic acidf avaalao.

console moid* p-aainobenaoic acid and sulphanilamide. These

anil® have been ftharaoterised froa thoir p-nitro phonyl

hydrasonee, St4 -dinitro phanyl hydrasonee, se?3loarb*sones
and oxirtoa.

assae m kmmH

Tao anils listed in tablo I «oro prepared by rofluxing

on a water bath equiaolar quantitiee of phonyl glyoxal hydrato

and the corresponding amino coapouads in It % ethanol. On

oooliag, the solid products obtained wore separated end cryst

allised froa hot alcohol. These anils are soluble In aethanol,

acetone, acetonitrile* benseae and toluoaet while they are

practically insoluble ia water end petroleum other.

• Indian Journal of Chemietry (Xn press).

* |rofo<sor of Chemistry, u.?. Agricultural University,
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Althoagh in the syatheeis of the aaiUt if phenyl glycol
hydrate-o-eminopheaol and anthmnilie acid the followiag
two alternative structures can be envisaged, bat their
possibility is ruled out on the following observation,

/**V^ Pofy mco- on' XJ Mb"~~m^

CD (n) °

«ae structure I should not give a phenolic teat while

structure n would not respond to the earboxylie group
test. It is* however, observed thet alcoholic solutioa
af the condensation product of phonyl glyoxal hydrate
•nd cwaainophonol gives red colouration with alcoholic
ferrie chloride solutioa, eonf irsilag the presence of a
free phenolic group, while the condensation product of
Phenyl glyoxal hydrate mn& anthranilie sold ia eoluble
in sodium hydroxide solution la*looting the presence of
a free-cOOH grouping. The possibility of the existence
of etructuro Xand II is, therefore t very roaote.

«*4i« tribrosso aniline, however, gave ao condens
ation product with phenyl glyoxal hydrato probably due to
etorio hindrance caused by bromine atoas in the ortho
•••III ft
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Condensation of Some Aromatic Amines with Phenyl Glyoxal
m. WAHID U. MALIK, D. R. GUPTA, and C. L. TAPLOO

Chemical Laboratories, University of Roorkee, Roorkee, India

OOME NEW ANILS have been prepared by condensing
phenyl glyoxal hydrate (I) with aniline, p-chloroaniline,
o-, and p-nitroanilines, o-, and p- toluidines, and «-, and
,8-naphthylamines. They have been characterized by pre
paring their p- nitrophenyl hydrazones, 2,4-dinitrophenyl
hydrL^ones, semicarbazones, and oximes. The oximes give
color reactions with a number of metal ions and offer the
possibility 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 1. AnilsDerived from Phenyl Glyoxa and Aromatic Ami nes

Anil Color Formula M.P., - C. Yield, %

Nitrogen ,%

Calcd. Found

R "Aniline Yellow CuHnON 89-90 90.9 6.69 6.73
R- p-Chloroaniline6 Colorless ChHjoONC 115-116 63.6 5.74 5.89
R- o-Nitroaniline Yellow C„H,„03N2 105-106 82.2 11.02 11.29
R- p-Nitroaniline Yellow C„H10O3N2 127-129 47.2 11.02 11.41
R- o-Toluidine Reddish Ci5H13ON Gummy mass 85.5 6.28 6.12

brown

R- p-Toluidine Yellow Ci5H13ON 97-98 89.6 6.28 6.32
R- a-Naphthylamine' Yellow CleH13ON 136-137 92.2 5.40 5.24
R- /J-Naphthylamine1' Yellow CiHuON 90-91 61.8 5.40 5.12

°R = CeHs--CO—CH = (phenacylidene radical). 'No warming necessary to obtain these anils.

Table II. Characteristics of the Derivatives of Anils

p-Nitro Phenyl 2,4-Dinitro Phenyl
Hydrazones Hydrazones Semicarbozones Oximes

M.P., Nitrogen, % M p Nitrogen,% M.P., Nitrog sn.% M.P.,
Nitrogen, %

Anil •c. Calcd Found ° C. Calcd. Found •c. Calcd. Found °(
-1

Calcd. Found

R- 0Aniline 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- o-Nitroaniline 233-234 17.99 17.61 255-256 19.35 19.12 197-198 22.50 22.31 189- 201 15.61 15.42

R- p-Nitroaniline 250-252 17.99 17.54 262-263 19.35 19.40 203-205 22.50 22.25 206--207 15.61 15.48

R- o-Toluidine 100-101 15.64 15.56 250-251 17.36 17.25 77- 78 11.76 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 11.43
R- a-Naphthylamine 264-265 14.21 14.13 194-195 15.94 15.63 210-211 17.72 17.56 119- 120 10.22 10.20

R- /3-Naphthylamine 189-190 14.21 14.09 247-249 15.94 15.83 100-101 17.72 17.43 95- 96 10.22 10.32

*R = C6H5—CO—CH = .
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