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The incdustrial and agademic uzes of lonegxchanje have
heen broadened 10 sucth an extent that the ters now 3! nifles
& unit op-ration that s 9nalojous to such claseie eperation:
as adzo:ation, distill tion and Filltration, Mest ion exchanye
apolications are transformation, fractionation, concent atlon
and ramoval of lonle nubstarceg, All aver the 1 uxld, namerous
plantes are n op rotion, accomnlishing taske that rans. from
the recovury of -etals from industrial wastes o the ~uparation
of rarc ¢a ths and from gatalysis of aranic resctisne 1o
decontamination of va:er in cooling :ystems of nuclear reaci-rs,
in the lavorntory, 'on exchanjers are uzod 8s an ald inm
analytieal anct oreparative chomistry, Th. aim: of =¢ientific
rosgarth with Llunegxchange moabranes oXtend far into
phyziological chomlstry and biophy:ice, Hovrever, 'hy prominent
use of lon exchange chromstograshy - 24111 the pu:sifiention
and demingralizaetion of water, a perennial challan e and 2
task «ith tho growth of population and fndustrier ha: sar‘e mnre
pres.in; than ov.r. The heavy me:al lons such 2. codpur, luad,
zinc, c¢adnium 2nd morcury have cacolved jrgate. attentian in
roCent y«ars because =f *holr 2oxic prop ztles «vur 'n tragas ln
sevages Industirial and alalng -astes streant, Many
agricultural vasie metorisls are casable oI tindiny heavy me'al

ions by 1 n exchangu, adsopopiian or cholatler mechan’ im,

Chromastography 42 of‘on rofu-red Lo a: an art of
soparation, 1¢ deals with <hen menon involvud in renarating
nd resolving #ifferent ¢ rstitutenis of mixiurer by vistue of
cotain physical and chemnical »ropuriles ane Torces of

se?
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interaction. The lmpaet of chramatography has been wry Jreat

on alac ¢ all arest of osnalysis and therefure on the janvral
progres: of sclence, The nrincioles of chr.msatlography and thelr

v ide applicatility were dlscovered by Mlchsel Tavett in 196,

The ohenomsncn of 1o oxchange a: first ebsarved and studies by
to Gritish agsicultural ch@miﬁtrag’a in 1833, Although tho
shonomenon  of lon axchanjo an the principles o chromatoraphy
had meen rew o mized and utilized toparstsly for many yesrs, tholr
analymation as len-&xchan e chromatography could Le con idared o
date €x-m the ork of Adams snu Halmes‘ in 1935 Chromat.graphy
1: furthor bLranched a: a5, c2luan, thin layer, paper and

ionwaxchanne chromatonraphy,

lon oxchance separations are limited to samnles

sonta aing lon c¢cd or jartially lonlsed solutes, Ion exchange
i3 » charical :eaction &n vhich free m =1ly ion: of 3 olld,

the lon wachangsr, arc exchanged for <17 ferent 1-ce of lmilar
eharge la zolutlion, The ion sx hang rs are in-cluble in the
solvent conta ning lons to be exchanged, ang they are resiztant
to chomlicals at tomporature: hulow xaﬁ°c. Maony  tholr ba le
phy=ical proper.las, hardnest and resisilapce ©o sbracior ars

the moot oo drshle,

All iom oxcha . .r+ have the —ame basle s{ uCturo, This

fun aawntal frase ork s a threo diaantlonal net ork “hat s
fixed and chumieally fnsensitive o the surrounding sloe r lyten,
It act. lize 3 ronlpermcable mumbrane thrzui» h.ch charged

snoeles can dif?ugs. Tha <8tz of exehan o 15 attached to thibs



fnert matrin, (Me -ite of exchan:e i+ hycrephilic »ra 2ontsir:
fangiional grouns that ars lonisable =nc gonlile Sowntx lonn,
Thenre Countor $ons can e replaged «hen by ught  in contaet
with ar extarn3l rolution ¢ ntalnling lons of ~ultenle eharge
and +120, The fixed funectional grouns deierming ths nature

of the sachanjze piofest, Thus the 1on axcharge wat::iel: are
catoporited 8: ¢ation exthanyer: i B70un SRCHGILGISe ‘ho
eation exchang re ase eapable at exchanatiag catisng e the
anion exthangers can exchanis eaionz +44% the .urrounding
elagtrolytes,

ton Thus a eation exchanier eun.lats =f & oolwe . rie
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catisn with  sutive aniong,
A videly used cation quchonsa resin 1= that ohizined

by ths copolyaerisation of :tyrens and a a1l propo:tion of

divinylbenzene, follieed by mi;shmmim;’. &l Ty be yepyesented
' e
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The Toruls enablo. us Lo visuelice a typlesl cation ex: hange re-in,
It consizie of a Lolyme 1€ skoeleton, huld together by linkings
er-<sing oo onae polymer chain ¢ tho next, the lon exehange gr uns
are ca:ricd un this suelaton, Thae xolid ranule: of r.sin wwell
whan placed 10 - ater, but ths zwelline $2 tlalited by tho
eros:=linking. ‘he resulting struciure 13 8 vast spoRge-like et - ork
~ith nsatively cha:gaes sulphonate lons sttached fizmly 1o the

froacy the Thete fixed negativs charyig a: .. 33langced by an grijuivalont
mmbsr of catl:one, Theso fons move froaly within the vatur filled
pores snd are jometines @alled moblle Llon:3 they arp the fonc vthich
oxchan @ it sithes fons, <hen a e:tlon exchunjer containlng

mobile tons €Y1 browy -t lnto contact »ith o asluitlon cortalning

AT the lattor diffuse inato the -o-3n &' ouciurs on. Catlons &
dirfu-e out untll eguilibrium e at ainedg, The « Vi anet the

<glution then conta'n both catlons C¥ ant AY  1n numbur- deronding

wrenr the poodtdon of euillibrivme

Cotion excharno rozins contaln freeo caticrc %ich can bhe
gachan wd for Catlione ia :ilution (Solgm)
(e8¢ + € (sclution) = (i1086A7)CT + 5%{:07001cA )0 mmen(1)
If the experimantal conditionsare such that the equilitrium -
comnlutaly lsplaced froa laft to right the len et completely
finod on the carlisn sxchanger, If ths solutisn esnt:ins soveral lons
(C*,B’,anﬁ 57 ) tho sxshanser may sho  diff: ont af ‘initie for ithus,
thus caking .eoaratione nossibles A tynical axam e is the
displaconent of sodiam 1:n: in & culphonate resin vy caleium lons,

B E 4 r}
2, 05.0047) dateca®” (9 ln) = "«"“"’3&’2 catt ¢ 2 Nat {0 injmeada)



The resction ¢ roveorsible, by pazeing a :clution containing
codium Lons  through the procduct, the ¢alcium ione may be
removed fr.a the resin and thu o:igina! =adium form zeqgene ated,
Similarly, by pe sing a solution of & noutral zalt through the
hydrogen form of a sulphonic asin, an ciuivalent guantity of
the corresponding acld lu poduced by the followin; tpical
reagtion,

(a;os‘ﬁ‘}; ni*edeY (Soln) =22 (H 8, ,:‘;)Ha’ + H'C1™( 201n) —eme (2)

rar strongly acidic cation sxchange resins, the exchange
cspacity 1: virtually indepondent of the pH of the <~-lutien,
For -oak acld catlon exchangers, such az those € ntaininy *he
garboxylate group, lonisation occurs to an aporeciable extont
only in slualine sclution, 1.8, in tholr zalt form, consejuently
the earboxyliec resins have bory little aetion in salutione
beler pH 7, These cariexylic exchanzers in the hy rogen fore
w111 abscrb stron; bases from solution,
(Res, 200" )?Y wia® K™ (Loln)ons (ileseC O™ )ila"e Hy) wemee(4)
but will hove little action upon, say, socdium chloride)
hydrolystis of the =alt form of ths rezin oceurs ro that the
base aay not be complately etsorbed even if an excess of
recsin ls  prosent.
iazlisr sz

Carboxylic acid media have shown 3 great potential for

the :eparstion of mera}l lons which ars otherwise v ry dificult

to ceparate, Flrdmsn and Yudimzh° extrattied and seoarated

no* .nd T1%* fomm oxalie scid selution uzlng cation
excharger KYe2 in prot:nated form. Tho use of lon exchange
sgpazations in dete aining trace elemtns by neutron

activation snalysis is deseribed by drcoksbank and Loddicuttg.



Lanthanices were :eparated s the column of Uovex 5 using
samonium cliraie as aluent at pH 3,206, Tartaric acidz citriec
acid and formice ac168 have srovwed to be vory sffective for metal
1on saparations, oron 2rd aagnesium ere zecarated fros i-on

by a zimple procedure ith a eation oxchange rosin, * Dlazon K',
ﬁsﬁis in an aeldic sclution 8" the sample 1s pazned through the
resin, and lron or other catiasns are abs:rbed, Soron as detectas
titrisetrigally or ¢olorimetrica’ly, Hainesium was ardasrbed
gquantitatively by the resin sven n the prec<ente of tartariec ae'd,
but iron 1s passed into the eluate thr -ugh the e=in by 29,
tartaric acid,

The cation exchanae ghazaeteristics «f o large numher of
eleaents towards the strongly acl ic €atlon exchangs resin Doex
5 ...wad in medla containing verying concentratiosng a7 form!e acid
and mixtures of formle acld »ith 2gun ue lsxan were investinaged
by wrechl st 01.8 The atxture of bizmuth ard conper <olutl :ns
88 nupsrateds Bloauth was sluted by pas:ing 23 4 formie acid
thoiegh the column at a tlow rate =f 3 al/nin, <enps: was thon
elutsd v1th 5 M awirochloric acld st a “lovw rate of 1.5 ml/min.
Also the cepasaticna of the aixiures <7 lead and copper, barium
and lanthanum, cadalum arai CoPpUr ere nradicted,

Atteapys wore mado to emdloy aiddition of watereacetons to
promote mrtalegonrb xylats complex ormation for the sole€t ve clution
of Hig Cupy Co and Zn lon: froa Jowex %axd raﬁion? ihe distributicn
cosfflclants of Ni, Cu, Co ancd Jn 1 ne in aquoousr atet.ne~acutie,
chloroacetic, dichlo aacetic and trichloroaceti€ acids were “ound
out at va:lrus comaizitions of the lattere The data - wure usad for
~orking oyt the optimum conditi ns for netwsl fen separatiors,

secults on the sapa:ation of inary amd tornary aixtura: o netal



lons were pre-ented,.

Cation -xchango chromat:g aphic studies of =nanjenese on
Uowex S0:eXB are ecently reported in out laberator}, The
distribution cceffielents for Cu, Zn, Mg, ', Cd, Co, 4n,

Ca, Pb, Thy Al, N3, Sr and Ba wero found out in sgueous

scat noe - suceinic acld vecdla, The effect of wvarying
concentrations of atetons and the atid on distribution
coafficients vere studied ¢ find out the sultable conditions
for the seperitions, The quantitstive teparations of manganese
from ovthexr olesonte were carrid out,

A syei.matle study of the caticn exchange behaviour of
mtals on Hedd! & type Tosin in aquedsur-amm-nium acetate and
amaonium agetate conte ning other solvents (mixecd aedia) has
been reported by soze vorkers, Minmmi and Ishimori oxplored
the 90s3ibility of ceparating ba fum from lead an a3 €atione
exchanger by first eluting the altzsurbed lead with amaonium
agcotete at *H 4 anv! ther barium, with 1°% , am=onium chloride
solution, The 44fforence in the ntability of the snioalce
coaplexes 8f barlum and lesad Ath ethylonedianinatotraacetice
acid at “H 4,5 and 10,9 respectively has been utilized for
thaip wmmﬂm!‘ﬂ Lead {(pH = 4,9 ) passed out of hed and
ad.orboed barium was eluted with L0TA (disodiun salt) at pd 17,9
Khaaka: and U.m studied tho catiorn axchangu bohavi ur of
barium on bowex SMeX3 (H'), Hitcle seid, hydroehlorie scid,
sanonium chloride, so0dium nitrate, zodium chloride, ammonium
acetate, citric acid, tartaric scid and LUTA has been used a:
the eluting acents, Barlus has boen saparsted from U{VI),
Cu(11), Ha(ll), Cs, Zn, Cd, Ag, Ce{lV), Zr, Th, Fellll} and
BA(IIZ) by 4 4 anmonium actetate., Pemuls and CM‘Gﬁ&t‘4



doveloped a nroeedure for the separation of silver from the
copper bassd on the adsorption of both ions on the gatlion
exchanger, #elffatit KT «zd), Copper +ar eluted ax the Cozplaex
cwzf by hyarochloxle acid, ~hile silver war nroeipltated on
the taluman, A mmw“

silver, loac and weroury {II) 1in their mix: re: at the

had Leon develaped for =eparation of

ailligren lavel, uaced an thely diffsrences in ion excharne
potentisl on 2 eation exchanger, Dovex dieX8 (H'), Out of the
twe tozactn +luting agent: nitrie acld snd ~amonius secumm’w
the latier 1Y »refershle in vier aof the mora Tsvourabls =zoaritism
factors, It wes obrerved that 370 ol of 7,25 in amannium acatate
oluted lead alone, the ef "luont was frea from +ilver 2anc mercury,
Further 2,5 M amioniuvn 22ete’. 32fare 3 gocdt senarzation of -ilver
from asteury, 157 ml -f this sluent rumcved silver 2lone and tho
offluent ¢ froc from sarcury, Finally mersury w2 rsacved “rom
the r2:in bud dy 10 &) of 4 4 sm niun 2tetate,

Jantuer ote 81, =eparated beriws fr:m other nutal ions
by metnt »f caticn encharge in sm acueous Wi, vy DI wediun
contrining Je2% mol/l of thlety:-mt*?’" Ar ‘he TRTT off t8
suReTous sdventsSger as sn ¢lyaat ir exticawexchar 29 chromdtecraphy
betause of ite complex frraing tendeney with 2lmoet 21) metal
fene, 1t i2 used a. solvent 4in many analvtical srocedurus,

Uiehl ot .1?:) rtudied the hehavi us of 312’, c:a’*.c:u’“, f»'-‘h?g't
Ag*. -sn" and Zaﬁ' on a gation oxchangs w2in (Blo Kad AG HwiS)
in ¥ Yehyirochlorie sclid « water sy:tems, In the bhasls of Kb
values thoy predigted the pornziblility of :cperating these cstiens
from mixtures, The anlonwexchange behaviour of several catlons
in notha oleahydrochloric acld-lMS )-wvater systems has been
sxplored by Fritx and Mﬂ::lvgl who showed the ussfulness of
thase vysiems by separ:ting various mixturces of metsl ions,



?hxppcaa ha: studied the solectivity sequencs of monovalent
anions on an anion sxchange resin in 470 systems, Sarlliar
studhzm'z‘@ have shown that foralc scid offsxs unu-al
poseibilities in eatisnesxchanie chromatography end - ixconium
ean he sanarited from thorius and hafalum by cationeaxch:ange

in £ :rmic azlid macdlia,

The thesis mainly comprises ths studies in lon anchange
separations of some metal fons, The work done on different
aspests of Lfon exchange $s divided inte three chapters,

First ehapter cover: the theory of ion sxchange
chyonmatography and the gwuorél experimental proceduxe,

Second chante ¢ nsists of the studles of kimetic: of
exchange «f capper, magnesium and lz:ad on Amberiite zﬁaaza(wa‘)*
in equeous acetone Amonium tariarato medium, Va lous kiretle
paraneters such as half exchange time ( ¢ 1/2 Js interdiffusion
coefrizlent:{lL)y parebolic diffusion constants (k) and rote
consta tt (K) srv ¢ mputed and the recults are examined in view
point .f varlous oxchange l:othem:w, The effect of tomverature
ovir thess exchange »rocesses wa: studied and the values of cnargy
of sctivation {3'] entropy of activetion { 8) are reported,

Chapter thre deals with column chromat:graphlc seperations
of binary and multic aponent aixt rqas of dlffe:ent m:tal lons
sueh as Th**,a1%% £g3*) za, Mn, Co, N1, 4, Pb, Sr, Ba, Ca, Cd,
Hg and Mg by using cation excharger Amborlite IH 120 (8 4)*

The cistribution couffictents (K,) werw calculated at vari-us
concentrations of Nam nium tartxate nd at variou: percunteges of
astotone, ihe optimum conditions such as congentration of metal
fons, camposition of aixed selvonts, th2 strength of the acids



wore deturmined frou the velues o7 distribution coefficlents, The
results of all the sepe:aticns are presented inthis echamter, ho
slution charseteristics such as 3TV, VLP and TEV wore found ut

from elution curves,

The 1.n excha gor used for all exp.riment: is a strongly
ac:dic cation exchange rasin in anacnia furme The cation exchan jox,
comnezeially known as Aaborlite 1k 120 (20-850 mesh) in ommonis form
is in the form >f besds of golden yelle: colour, The resin had a
soisture content of e= 8%, The oair driad resin hod a capacity
of 3,6 a,eq/5.

Prior t: use, the catlion exchange rosin was washed vwith 2 M HC]
foxr tovsral time: and then with (stillod -ater until th: resin in
free froam fre. chloride fons, The re-in j0t swellen 'han placed in

(s 3 ) 4
shon the rosin 1s used for any exchanje exp:.riment, the

ehloride 1ons get repnlaced Dy other nejatively charsed metal ion
complexes, The rezin im then brought te oriiinal chfzﬁig; fora by
wathing 1¢ with excese of 2 M&q$l. followved by m:ahiug 4th distilled
water, fh- rosin then comes back in the chiaf;do form vhich ¢an be

usad ajain for othe exchange progesses, Ihis pr.cess is called ss

regonoration,

For all sepe:ation erk corning glass columns are used. $he
resin is £illod in ihe zlass column:, by preparing » sluxy of it
An vater, The colunn 1 open on one end and at the other end thare 1o
8 nogele «ith 8 :tep cock, =vith the hulp of <hich ene can control
thy drop rate of the eof “luent, The glass coluan has a length of ee/0(y,



snd uniform inner diameter of == 14 mm, A column of resins bed can 3
rest casily on a sintered glass porous support at the bottom, The
height of the resin bed can be varied easlily, A care is always
taken that the resin bed will always remain bneath the water

lovel at the top,

Solutions |
All BDH chemicals of Analytical grade are used,

Ballalafs

Q.1 M, 0,01 M and 0,001 M standard solutions of E DT A
viere prepared by dissolving 37.22% ge. 3.723 g and 0,372 g of A.R,
grade E D T A per litre, -
Metal salts

0.05 M solutions of calecium, magnesium, manganese, nichel,
cobalt, copper, cadaium, zinc, strontium , barium, aluminium,
mercury, iron chlorides and thorium and lead nitrates were prepared

by using AR, grade salts as follows,

1) Q‘.)Clgoﬂao 11,896 g.
2) CdCl, 2.3 H 0 11,42 g. @
3) CuCl, 2 H,0 8.524 g,
4) Hqcl2 13,575 ge ¢
5) NiClzﬂ-le 11,889 g, ¢
é) Znel.2 6.814 g, 8
7) Mn Cl, 4 H)O 0,996 g. 8
8) c.cxz.:mzo 7.351 g. ¢ were dissolved in
9) BaClzﬁﬂzo 12,215 g, ¢ :8221'.1 distilled
10) sxC1, 6,0 13,331 g. 8
11) A1C13&-120 13.072 g.
12) MgC1,6H.0 10,169 g. 3

13) m:'(ma):2 16,960 go 8



14) m(m3)4a4ﬁ20 27,600 ge §

15) F¢613.6ﬂ20 13,510 g. 8 Few drops HCl added
iggotg;? diluted ¢to
The solutions were standardised by using literature
me thods,
Buffexr solutions (g = 10))
T0L0 g of AR, Ammoniua chloride was disselved in 568 ml
of concentrated Ammonia and diluted to 1000 ml ~ith distilled
water,
JINRICATORS
1) ERIOCHROME LACKeI, 3« The Iindicater solution :as prepared
b dissolving C.2 g of dyestuff in 15 ml of triethenolamine with
the ad<ition of % ml of absolute alcehol to reduce the viscosity.
2) XYLEBNOL ORANGE ¢ The indicator solution was prepared by
dissolving 0,5 g of xylenol orange in 100 ml of water,
3)
was prepared by disselving 0,1 g of PAN in 100 ml of methyl

The indicator solution

alcohol,
4) Phthalein complexons t The indicator solution wa:c prepared
by dissolving O.1 g of phthalein complexone in 100 ml of water
contalning a little ammonium hydroxide,
5) Murexide Indicater : The indicator solution was prepsred by
di:solving one ¢ of murexide in 50 ml of distilled water,
6) Agnonlup thigcyanathk 3 40% solution in disttiled water,
Apmonium taxirate ( 2 M )

Tartarie acid of 4 M vwas mixed with 4 M NH soln,.

The tomp.of rcaction was controlled by flow of water and allewed

to cool in the reactor.

¢ The solution: of

anmonium tartrate of the derived molarities were prepared in



various compositions of acetone-wa er mixture (v/v) and the molar
strengths of the stock solutions were determined volumetrically,
Bstimation of Metal lens ¢
1) Estimation of Calcium®> s The calcium lons were ostimated
titrimetrically using standard EDTA solution., 10 ml of calcium
chloride solution was pipetted out in a conical flask and it vas
diluted to 50 ml vith distilled water, 4 ml of buffer solution and
a few drops of Eriochrone black«T indicator was then added and
the aixture was titrated with O,1 M EDTA solution until the
colour changes from wine red to blue., The ameunt of calcium
was calculated by using the relation 3

1 m O,1 MEDTA = 4,000 mg Ca
2) szst The magnesium ions ere estimated
titrimetrically using standard EDTA solution, The procedure for
estimation of magnesium lons is the same as that of calcium 1ons,
The amount of magnesium was calculated by using the relation 3

1 ml. O,1 M EDTA @ 2,432 mg Mg
3) WW% ¢ 10 m! of manganese chloride
solution was nipetted out in a conical flask, 0.5 g of hydroxyl
ammonium chloride was added to prevent oxidation of manganase ion,
The solution was then diluted to 5C ml, with distilled water,
3 ml, of triethanol amine, 2 ml of buffer solution (pH=1D) and few
drops of crio-l indicator were added and the mixture was titrated
with O,1 M EDTA solution until the colour changes from “ine red
to sky blus., The amount of manganese was calculated by using the
relation 1

1ml Ol M EDTA = 35,494 mg Mn



4) ESTIMATION OF CADMIUM®” § The cadmium ions :vere estimated
titrimettically using standard EDTA solution, 10 m! of cadmium
Aehlorld. solution was plpetted out in a conical flask and it was
diluted to 50 ml with distilled water, three drops of xylenol orange
indicator were added. If the c¢olour of the solution is red, dil,
32504 1s added until the solution agulires yellow colour, powdered
hexamine 1s added in order to change yvellow colour of solutlion to
intensely red, This step ensures that the solution has the
correct pH (about J.,6). The mixture was titrated with O,1 M EDTA
solution until the coleur changes from red to yellow, The amount
of cadmium was ¢alculated b using the relation,

lml O] M EDTA = 11,242 Mg Cd

5) ﬁg;;gn;ﬁgn_gﬁ_ﬁghg&iél 10 ml of the cobalt chloride solution
was diluted to 25 ml »ith distilled water and 3 drops of xylenol
orange indicator were added followed by very dilute sulphurie acid
until the colour just changes from red t-» vellow, To this =olution
powdered hexamine was added with shaking until the deep red colour
was restored (pH = 6), The solution was warmed to about 40° C and
titrated with standard EDTA solution until the colour changes from
red to yellow orange, the addition of titrant should be made dropwise
near the end point, since the colour c¢chanae is normally not
altogethex sharp, The amount of cobalt was calculated by using the
relation.

1ml Ol M EDTA = 55,8033 mg Co
6) Estimation of Thorium> & 10 ml of thorium nitrate solution
was pipetted in a 250 ml conical flask and diluted with about 25 ml,
distilled water. The pH was adjusted to a value of 243 by the
addition of dilute nitric acid. To the s=clution added 3 drops of
Xxylenol orange indicator szolution and the solution was titrated with
staneard EDTA solution, until the colour changes from red to lemon

yellow, l1mal 9,1 EDTA = 23,205 mg Th



7) Estimation of Zine®® 1 10 ml of the zinc ehloride solution
was diluted to about 75 ml with distilled water and 3 drops of
xylenol drange indicator solution .ere added, To this solution
powdered hexamlne was added with shaking until it acquires an
intense red colour, The -olution was titrated wity the standard
EDTA selution until the coleur changes sharply from red to
he yellow,

1ml 0,1 M EDTA = 6,538 mg 2Zn

8) ﬁﬁggngsggn_ginngﬂgb 8 The lead lons were estimated

titrimetrically using standard EDTA solution, The »rocedure for

the cctlmation of lead 1:ns 1s the same as that of the cadmium

fons, The amount of lead was ealculated by using the relation g
1 al 0,1 4 EDTA = 20,721 ag Pb

9) Eg&;ng:;gg,;g{,sgaagi§ $ 10 ml of nearly noutral solution

of copp«r chloride was pipetted in a 250 ml conical flask, One
ml. of glaclal acetic acid and 3«4 drops O,1 percont PAN indicator
solution were added. The solution was titrated with O,1 M EDTA
solution, The end peint indicated by a celeur change from red

to vellowishegreen, Before the end point reddish brown colour

appears 1f more than few milligrams of copper are present,

1ml 2.1 M EDTA = 6,354 mg Cu

10) Eﬁ&&nﬂ§13n_g£_ﬂ15kgl?ﬁ 8 Nickel was determined by a direect
titration with £DTA, using muroxide as an indicater, Amnonium
hydroxide was added to the 10 ml of solution of nickel until the
niekel ion is converted to the tetramine complex, Uiluted
mixture and 3.6 drops of a saturated aqueous solution of

auroxide was added for each 100 ml of solution, The solution



titrat.d with staneard O,1 M EDTA solution, The end point is
indicated by a colour change from orange-yellow to purple,

1 ml O,1 MEDTA = 5,860 mg Ni
26

: The solution containing the strontium
was mixed with an equal volume of alcohol and for each 100 ml of the
mixture 2-3 drops of O.1 percoent aqueous solution of phthaleincoapl.
exone containing a little amnonium hydroxide and 5 ml of conceentratecd
ammonium hydroxide was added, The solution was titrated immodiately
with 0,1 M £DTA solution, At the end polint, the red colour of the
mixture disappears abruptly.

l ml of Ol M UDTA = 8,763 mg Sr
12) nglngxien_gi.ﬁéxignzé 8 The titration of barium with
phthaloincomplexone was carried ocut at pH 11, At :H = 10, the
colour of the indicator is substantielly weaker, At highor
concentration the ¢-leur change is rot sharp, due to small cdifference
in stabilitios of metal~indicator and metal EDTA complexes. The
dtermination is improved by adding 30-30% alcohol, In the presence
of alcohol the carbonates of the metals may precipitate, For this
reason 2 back titration is recommended. An exces:c of LDTA 1s added
and the excoss titrated with standard barium chloride solutlon,
The indicator is coloured in basic solution, with the result that, at
the end point of the titration, the solution rerians ross Ccolocured,

1l ml O, 4 EDTA = 13,738 mg Ba
13) Estimation of Aluainiug>> ¢ Té 10 ml of the alumintum chloride
silution run from a burette a slight excess of 0,1 N EDTA selution
and adjusted the pH betwecen 7 and 8 by the addition of anmonia
solution, The solution was boriled for a few minutes &0 ensure
compleote complexsiion of the aluminium, The solutlion was cooled te

roem temperature and adjusted the pH ¢c 7 toe 8, Than a fev: drops



of Eriochrome Plackel 1indicator we e acded and the solution was
titrated xmmudkt wuix rapidally with standard 0,01 M Zinc sulphate
solution until the colour changes from blue tc wine red,

Every ml difference between the volume of 0,01 M EDTA
added and the 0,01 M zinc sulphate solutien used in the back
titration corresponds to 00,2698 mg Al,
14) .ﬁg&gnggign_ggﬁug;gggxgﬁ t To th: 10 ml of morcury chloride
solution ran from burette 2 small excess of standard EDTA solution,
Buffer (2 = 10) 5 ml, , and Eriochrome black~T indicator were
added, The excesc EDTA titrated with standard zinc or magnesiua
sulphate solution, Mercury also determined by adding an excess of
magnesium EDTA complex in an amount of at least equivalent to
mercury present, and then after auding the buffer and lndicater
the magnesium formed in the replacement reaction was tltzrated
with standard «DUTA solution,

1 Ml, Ol M EDTA = 20,061 mg MY

1%) ,E;;Lma&&nn_gﬁmlxan?e 3 &0 ml ferric chloride solution was
plpetted out in a conical flaske The sclution was nsutralised by
the addition of 0,1 N NaCH, Then 1=2 drops of 40% ammoniun
thiocyanate solution was added and the solution was titrated
against standard EDTA solution, The end »bint is indicated by
the colour change from red t- ceclourless,

1 ml O, M EDTA = 5,%8% mg Fe
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