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I}IORGANIC CIIEMISTR,Y

PRACTICAL - I
A. COLORIMETRIC 

^ANALYSIS
fntroduction

coiourimetric analysis is based on the variation of the colour of the systemwith change in concentratiin of the un"tyt". The colour is usually due to the formationof a coioured compound by addition of an appropriate reagent or it may be inherentin the desired constituent itsetf. The intensity oi colou. may then be compared withthat obtained by treating a known amount of the substance in the same manner.vg.vvvqrlv\i rrl. ull(;

colorimetry is concerned with the determination of the concentration. of asubstance by m-easuring the retative abs'rption oilight with respect to a knownconcentration of sqbstance' In visual colorimetry ,r"t,.,tut or artificial white,light isgenerally used as a light source and the d.t;;i;ation is made with a sirnpleinstrument called coloriLeter. The main advantage of colorimetric method is that itprovides a simple means for detet^ioi.rg minute luantities of substances (1 or 2vo).

Principle 
o

when light falls upon a homogenggus medium, a portion of the incident beamis reflected, a portion it absorbed *itrrin the *"ai.r*, and the remainder istransmitted' when a monochromatic light pu**..-lhro.,gh a solution (coloured ortransparent) the intensity of the transiitdd fight J..r.ures exponentiarly as thethickness or concentration of the absor[irrg medium increases arithmetically. This isknown as Beer - Lambert's law 
"";-;;; be written in the form :

It = Io 16-eCl o, log IolI, = eCi

t = Molar extinef.inn nnoffinianr t*^1^* -L^ ^,, L. \(1 _ Xli-t 
v::w^ir!viir* viitrrruurerlu (moiai. absorptivity)(_, = Concentration (moles/litres) r'vL ' Ler ,/

I -' renght or thicknus, of the medium (cm;

ESTIMiTUON OF IRON
Prineiple

A convenient and sensitive method for the colorimetric determinati.on of ironis based on the intense. red colouration which 
"rrr*orri.,* o. potassium thiocyanategives with a solution of ferric salt (Ferro,ru uurtr;;;;;luu.t). The sorution containingiron must be strongry acidic to i.rpp.."r-trr. rrv;;;i;[:o""'' 

rlte suru

Fe3* + BHro

l.' +',911;1ffiPgin' ffi#iir
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compiex wirh iron(III) ioirs rd.s u Hcl o. ur.ro, i;;;;;;mendect). ins inav foi.'i

The red colouration fades slowly on acc*unt of spontaneous decompositio' ofthe ferric thiocvanate. Thi; ;il;i i, ,"r*f;;;r.y^ir, -urr" cases but in rhe presenceof phosphate' fluorides ancl certain 
-o.gu.ri. 

acids, which form complexes with Iron(III)' the development of colour i. *E .,rsly affect"a. u"tals whicl, 
".u 

precipitated.byammonium thiocvanate ancl thor. *iri.rr"gine ;;;i;;.ed sorution with this reagentinterfere in the determination' In such cases iron must 
!rs-!-be separated with a slightexcess of ammonia solution and dissolve trr" n"iOii[ i" dilute Hat.

Ferric iron reacts with. thiocyanate to give a series of intensely red colouredcomplexes' which remain in solutionl n'*r.o* f;;;;.s ,ot react. Depending upon thethiocyanatb concentration a series of compi^exes .u' n. obtained. ftr... complexes arered and can be formulated as tre{sClr)'il3;}"ffi; = 1 b 6. Ar row ririocyanateconcentration (0.1 M) the predominant._ito.,..A Cu.iu, is [Fe(SCt{)]2*, and 
"t o"oyhigh thiocva'ate concentralion it is rr'.rsbrulrit:. t"t#rimetric determination a larse

;i:trJ.'"1"i:lfniffl""ld be ""d u.'it inciease, tt'. r,'tensity u.,J urro the stabih?;

Reagents 
r ernnl.'hi,,,-. ^,.r.^L^r, 

' 
o 

o 
o1. Ferric ammoniuhr sulphate

Dissolv,e 
-0,'7022 

g of A'R' Ferrous ammonium sulphate in 100 ml of water add5 ml of 7:2 HNos (or l'1 Hcl) urra uJa .r..tio*ry"u'ait..rte sorution of potassiumpermanganate (2g / litre) until a-slight pi"t .olo,r.ition ,u*ains after stirring wer.Dilute to 1 litre and mix thoroughly. f f Lf contains O.l _S of Fe).

(oR)

Dissolve 0'432 of ferric ammonium sulphate in water add 10 ml of conc. HCI (orHNO3) and dilute to tr litre" (1 ml contains 0.0S mg of iron)
2. Foi,assium thiocyanate

.1

{

{

t

Dissolve a wei$hed portion of the"substance in which the amount of ir:on is tobe determined in a sultable acid and 
""rpor1t-.-nearry to dryne.u. oil.,te slightry withwater' oxidise iron to ferric state wittr diiute Krvrnof!.ra mal<e upto 2b0 ml (or) makeup the given unknown solution to 2b0 ml. o ---ro lrlake upto

Measurewith a plpeite 5 ml of unknown iron soiltion into a iVessler tube, add2 mi o' 4 M Hcl (or itxopi unJ;;i*; ,o 2s mI nlark. Add 5 nrr ,of ammoniumthiocvanate solution mix and" dilii; ;;^;0;i;;ri:'i";o ,o,r. orher Nessrers tubes adc
.7,2,s,4 

mr of standard iron .orutio"";;J z *i-.i'a u ucr (o, HNos) d'ute to 25 mI

Dissolve 20 g of AR potassium thiocyanate in 100 ml wate r. (2M)
Procedure o

,
a
t

tti:*ffii,*i, ffi,,r'ffiislg*r ' 1"1'ji*-';r:,:tE6Ata$1;..{{r*"
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thioc,rr2nate soiution t,o each t-.ibe, mix and cclmpare ihe
after diluting to 50 ml mark and fix the range (say between

Into four other htressier's tubes pipette out the observed volumes of the
standard solution (say 4.2,4.4,4.G, 4.8 ml) aCd 2 ml of 4 M HCI dilute to 25 ml mark
and add 5 ml of ammonium thiocyanate mix and dilute to 50 ml mark. The d'epth of
the colour in one of the tubes match exactly with that of unknown.

Better result"s are obtained with a photoelectric colorimeter. Use a , filter.
showing maximum t"ransmission at or near 480 nm (blue-green filter) and dete.rmine
the al"rsorbance of the unknown solution. Prepare a set ofstandard solutions with 1
to 5 ml of iron (Fe3*), ad,d.2 ml of 4 M HCI u.ra S ml of ammonium thiory"""t. and
make upto a known volume (Say 50 or 100 ml in an SMF). From tte aUso;b;;";.;f
these solutions construct a calibration graph, from which the amount of iron in the
unknown solute can bc calculated.

2" ESTIMATION OF NXCKEI-,

Principle

When dimethyl glyoxime is added to an alkaline solution of Nicket (II) salt
which has been treated with an oxidising agent (such as bromine), a red colourafion.
is obtained. The red soluble complex contains nickel in a higher valency state (rnay
be Ni(III) or Ni(IV)). The nickel complex formed absorbs at, about 445 nm provided
absorbance reading are taken within 10 minutes of mixing. The DMG - Nickel
complex formed by this procedure is different from Ni(II) - DMG complex which is
soluble in chloroform and insoluble is water..

Reagents
1. Standard hlickel (II) suiution

Weigh 0.673 g of'AR Nickel ammonium sulphate in water and dilute to 1 litre.
This solution contaius 0.1 mg/rni of I'{ickei. This soiution is turther diluted to a basis
of 0.01 mglml of Nickel.

DMG Solution - Dissolve 1 g of DMG in 100 ml of ethanol.
Saturated bromine water and
Ammonia.

Procedure 
:

Transfer 1to 5 ml of Standard Nickel solution containing 0.01 mg/ml of Ni(tI)
solution to a series of 50 ml Vblrrm.etric flasks, add 20 mi of wat,er foiioweri by 1 rni
of saturated bromine watei. Then add 2 ml of conc. ammonia solution. Adcl 1ml of IAa
DMG and clilute to 50 m1"and ailow it to stand for 5 minutes. Measrrre the absorbance
at 445 nm against the blank and construct a calibration glaph.

and add 5 ml ammonium
colours with the unknown
4 and 5 ml). .
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The given unknown soiution is madc upto 2s0 nii. From ihis 5 or 10 mi ispipetted out into 50 mi standard flask and d.uuiof t}r. .olour followirrs the procedureoutlined above' (colour comparis.n can also be done using lr{essler,s reagent)
Note : The final lrlickel concentration should not exceed 0.6.mg/100 mi because aprecipitate may form above this con.eni.ation. For caiibration purpose use 0. s to 4ml of Nickei (Ii)'solution containing 0.01 mg/mr. For giving unknown solution tostudents' prepare a stock solution .J"tui'in€-1 ,n/-l-of Nickel by dissolving 6.78 gof Nickel ammonium suiphate in 1 iitre. Each iudent may be given s-10 ml ofsoiution and can be asked to dilute to 2s0 ml, frorn *t irt, 0.5 to Z ml can be usedfor colour development' If precipitate occurs the solution may be diluted further- Frornthe calibration graph the amount of Nicke1 in the unknown solution can be calculated.

S. ESTI1VIATION OF MANGAhIESE

Prineiple

Manganese is determined colorinretricatty by using manganous suiphate andpotassium periodate which is a oxidising agent. The absorbance is calculated fromtheir tra'smittance for varidus ,on..ntration ,f *urg-;;;;.'b;iinrutio' graph isdrawn and unknown is found from the graph.

Procedure

About 0'1 e of MnSon.Hro-is weighed and made upto 250 ml in a stanrla'dflask' From the standard solitidn"20 ml is pipetted out into a conical flask, to this Sml of syropv phosphoric acid is added u"a uppioximately 0.5 g of potassium perioclateis added and boiled for 5 minutes. It is kept hot for 10 mts, cooled and then it is madeupto 100 ml in a standard flask. various concentration are pipetted out into separate100 ml standard flasks and made upto the mark and corresponding transmittance orabsorbance at 545 nm"is measured by using.ri"ri*.tui. curinration graph is drawn.

Th given uni<nown solution is macle upto 100 ml in a standard flask and20 rnlof this solution is pipetted out into a conicai nask. Th9 above procedure is repbatedfor oxidation' The coloured soiution is made upto 100 ml and from this 20 ml ofsolution is pipetted out and diluted to 100 ml, [h..r the absorption is measured.forunknown concentration the amount of manganese is calculated from the calibrationgfaplf. / 
---o---- vsrvsacrusL' lr(Jrll 

.v^'v 
\.a.rr.Lrrd.Uj(J

4. ESTIMATION OF COPPEfl

ur'.nufJ,1T;::*l'"*;:,lT:i:ff;1'j11T,1P,"'"lne usual reagent for rhe cotorirnerric
ro r c opp e r 

"" 
d 
-;;;." 

1" ; ; i;;' ;;,.;,',:"*Hf;::;T,Xl,Xf %T :T ;:i Tlr ",:ffi :f 
. il50,000,000 of solution gives a definite orange vel{ow colnr.rration, ancl thc coiour is

*l'irr:l#tjiit,r' *!r,',di,&inl';rt -Tti'lri6iftTrif;'1:'
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;Jhifr;Jttd' aikaiine anci neutral solution. The colour produced is stabre for

Reagents required

1. Standard copper solution

Dissolve 0'393 g o{P.ure crystailil" gopper surphate, make up the sorution to1 litre' Dissolve 25 mi oi trti. t. zdo^ilr. 1 .nl-;iiti. .or..tion .onrains 0.1 mg ofcopper. a rrrr vr url 
o o

2' shndard diethyldithiocarbamate - Dissolve 0.1 g in 100 ml water.
Procedtlre

If iron is present, add 1 'rl of concentrated nitric acid to a mea$ured ,volumeof the solution to be aetermined, ;; ;*porate to a smap bulk. precipitate the ironbv adding a slight excess t{ 4;;;,*fiitu, and wash. Dissoru. trr. i.rric hydroxidei' dilute nit.c acid, reprecipitate witir arnmonia, firter and wash. combine the twofiltrates and d'ute io u k ro*r, vorume. 
rr'rru'ra' rrtrer and wash' ur

A suitable depth of colour for matching is obtained with about 0.0s rng ofcopper in the final vorume of l.Iessru",, irrbu - - -rr'e(r wtf,rl 
'Dr

Prepare standard sotrution as follows

Measure 5 ml of the standald copper solution into I b0 ml Nessler,s tube, add20 ml of dilute--ammonia, dilute to the mark, add 10 mi-ortn. reagent, mix and d'utenff#.Tf;Ii:;:rffi1'r or il'" p;*J. i, carried out in "" ;d,;ous manner to

ii.t
, t-i
,f :l
f.: I

ff!!ll'B;;iffi*::;, lr,Tlr'tf".Trffi *":s3,$,
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" B. PREPARATION OF COMPLE)GS

1. Potassium trisoxalatoaluminate(IID hydrate
Chemicals required

Commercial Aluminium
acid (dihydrate), ethanol, Glass

Procedure

turnings (Dural alloy), Potassium hydroxide, Oxalicwool, filter paper.

:

weigh 1 g of commercial aluminium turnings and transfer into a 200 mIbeaker' cover the netal with L0 ml oi;;;* rvater. Add B0 ml of potassiunr hydroxidesolution'in portions, as the vigorous effervesce[rce subsides. Heai the contents to theboiling temperature to dissolrr* th. ur.,*irri1* Jo-pr.i"l, Filter the solution througha smail plyg*p{ glass wool inserted into the bas. ri-ii. funnel--Che ,filt rate maycontain fineliTivTden pifticies whi,ci *r, u* removed later. Add 10 ml of waten,to thefiltrate and then heat ihe solution to the loilirrs i.*p*rltu... weigh out 14 g of oxalicacid and add it in portions to the hot solution 
"rtii the precipitate of hydratedalumina formed at first is just redissorved on continued boiling lAvoid excess of acid].

Filter the neutralised solution by suction through filter paper from the finaltraces of residue' cool the fittrate to.oorn temperature and then add 50 ml of ethanol.
3;l1lll": 

t*"T:u?fl1:_tlp* ;;;;';r ice Th. comprex seperates out as smal,i'Il'iii'TiT' $;:ifit
ffiri:'r:l,];^:i:]-*l*&,byvigorouSshaking.]Filterthecomplexwith filter paper, wash the crvstal first wirh ""1;;;,it1ffi.1#lt""i 

jffj:jlif;
water and finally with ethanol. Dry in air at room t.-fu.uture. yield = 11 g.

2- preparatlon of tristhiourea 
"ooo.rrkurilrr.

,oChemieals Required. o a

=
-J

--t

\r
.J

:t
-

:t

\.J

\J
'siri.' ,.'

F- . ":.f;t'r 
'

jffiH*;

Copper sulphate
Thiourea

Procedure

2g
1.5 e

2'5 s of cuso4'5Hto in 15 ml water was mixed with the solution of 15 mlthiourea (1'5 g)' The rilxtu"re is cooled on a Icq bath. Th. products of mixture appears
"r yglu:I:tflr. vqv'' rrrc *e^*p

Recrystallise the nr9f19t -bv dissolving in it into dilute thiourea sol.,tioircontaining few drops of I 14 H2So4. The sol.,tion is heated to a /nax of TboC todissoive the prociuci and cooled.6rr. nrt.rll cryptur, orr'a funnel was washed with 5ml of water and then with 5 ml oirt;"h"i.Crr.;;;;;i, are drred. yield 2.5 g:

t'

iE;il iil'rffigr*}.1trf'*,
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3. Potassium trisoxalatoehromate (IID trihS,drate . 
, 

.

Chemicals requl".A

Potassium dichromate' oxalic acid (dihydrate), potassium oxalate, ethanor.Procedure

I"ffiT":l'ffiiffi:$J*ilTl:l::*:::l:1itjo 200 mr beaker Add 20 ml
*!p'niTJ'.iH::*:ltr,*''H##i"I1li,{J???iil13,"*'i,ff *3"il1#i,'#ff fl'J:T,:?.1"#;[,::lii*##.{T,'ii:l'"',:,1i:i:';j*;fl ff ffi f;l,mr::"*:.*l,llli*j#,* T:iJ+:ui11*"ji:?".J"ff il*'Xi:tri;: L:'H j: :::r j:Tnt* :: 

;* 
"TtTi" 

!? ff '"?'# #l

"J*il?:*f 
,J;,'.:',,Tsi#i"#'l"r{ii'tri"I"3"T;"*::i:a:,-H'Ti*

fmnerature 
in air. yietJ ,ir;;::";;il:%"_

t9, Sodium cuprousthiosu lphte ,,r
Chemieals Required 

. ,,

\'/ cupric sulphaie, sodium thiosulphate and ace tone.,r'.
Proeedure

Dissolve (i) t0 g of cupric crystal i'b0 ml of warrn water, (ii) 1g g of sodiumthiosulphte c*'stals i'i0 
"tl 'r*rr"r Jur".. Adjust trr" t"*perarure of each solutionto about 40oc and then pour the solution of thios'rp-rrut" inio trre wlu stirred cupricsolution' After: :h:'l-iH;; tl," c'vs;;ilil, brighi;;ji;; complex rhiosurphate beginsto separate and is fullv deiositei;;;;t an hour. il is rhen firrered off by the use

of the filter ?ump, and the sotid ;h;;;;hly *uJ*j"o' the filter with cold waterwhich is finail{ qit;;;]a"fi acerone to alliiur"?ori* rn. producr at a rernperarur,Jnot exceeding gOtC, yield = f .6 S. 
-- -*-'lLate ory1ng the product at

5/ Tetrammineeopper (II) sulphate 
o

Chemicals Required

Cupric sulphate CuSOn.5HzO concentrbted ammonia
Procedure

solution and alcohol.

o

H"1',, I'

+dd *ri;:nlTi'tr#"*;1;:1J"1"'r*ixii,,il,lrr:.^::r:'er and nrter * if necessary
d 

Io 
p bv cirop, un t' tr, u p,..ip it ate L;^r# ilffi ; T:SffH Ht ?Xt:Ji::iffi l"#:igl''ng a blue solution' thtnLdd u,,otrr..io *t ra;;;;nia, folrowecJ by alcohor, untiia permanent blue prccipitate begrn, to iorni. w;;;"rhe solutio., orr"u water ba.th,



adding more,alcohol' if this can be done witliout causiiig precipiturr*, then utto* ttr"clear' deep biue toi"iio""#;rli"i;;" stand 
"f-ooor,, _temperarure as rong as

crystallisation continues' Drain thu ;;l"tion from trr* ,.yrtats and dry the crystals on
filter paper in.ghe .aii.-no-not, how;;;;; t.u'u Jir-* -.rruua. r-orrs;, th*r, necensary
ffiffi #: 

t"til'v lose ammonia' Preserve the .ryrl"r, in a dhtry ;roppered bottre.

6' Freparationofpotassium tetraehloroeuprate(Il) IltCuCIaJ
weigh 1p.s.of c-uct, and transferinto a 200 ml RB flask. Add 20 ml of thionylchloride until alt ihe c"ci dissolve.. fti'u reflux condenser. when the evol'tions ofsot ceased reflux undet ;1ts;g f; rl;;t 2 hourr. nitin off excess thionyr chlorideunder low pres"ttt"'"si"fwat".Etter 

add io *t u."il. urrhydride to the residu&Filterand wash the residue *]tn-'*utt po.tio* or acetic-arrhyariau. pra." in an ampouleand dry il u vacuum desiccator. yield 7.2 g. 
_-Yvvrv *^^"/dride' Place :
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c' SEPARATT'N oF Nrrxrg*E or TEio iviETAL ioNs ByCTIROIVIATOGR.AP}rY PAPER'

)
j

b
P
)
)

capiilary analysis is the precursor of present 
l"l', papel chromatogrqphy. Itwas shown that when a solutior, *, altowed-io^riru irrr.ilgr, iuo*, by qap' Iaryaction' the. solvent migrated raste.ln"" trr; il;;.. bhe solut., frurunt in the sorutionwere retained to different exte"t ny nrt.-, pupur' il the reratii. airtunce reached by

different sorutes *.." it aracteristic of th. ,;l;;. - the rerative d

g"1,"1"3ifi:i.Tlffi;i"',i"T.*;fent is 1 verv T*r' puritv sampre or cenurose.
I i n k e d t h ro u gh o"r g*.'i 

T!.s . r'r;;;;;ru:"ff S : [t ""+r if H :f; ?i 
"1t*."" 

X hitand there a're potentiar 
'lJ"r'i# ilils on tire ends of chai". ii.re is arso versr rowmineral content which it :t;;iqiitr i.rive ro some exrent. The celrulose contairrshvdroxvl' carboxvt' utJlrtvde and k;; zur.tioruilo,ro. and is highly polar. It has

great affinitv for watet utta other;;i;;."trrurrtu uniiota, trr"* ,t."ngly through the
formation of hydrogt"=ilonds. niecrranicat 

"rJ-.i.*i."r treatment phortens thenaturally long glucose chains u,,J r"Jiu"t., Jo tn.-.upilrary adsorption propertiesof the celluloJe' fttt atni"io" of the-solution. throush nit*, punr, * due to capilraryand adsorption phenomena' Relativer, !ru* interstTtial spacer"u.t*uen the cerulosefibres are responsible for the ,"t.'oi iiff*i.*- s*utt.r_ capillaries within theindividual fibres **pot*-u i*g* surface area which is favourabre to i.r.".use absorptionof solutes' The ceiutose watgl complex acts as stationary phase and hence thesepa.ation of solutes is by partition *..rrurrism. iveuertt eless, adsorption proeess alsoplav a definite but *i"ot rote in th; ;iff-rentiar migratio' oi *or.riJ. in the paper.
Three types of techniques are avail.ablq for carqring out paper chromatographicexperiments, namelv ur."rrd}rs, dur;";;l"g ,ra ."ailj. In the ur."rairg techniere,the sorvcnt flow* "u*urJJrr."ilr"r;i;;; ;,,rp"" rrv ."pril"ry actiun. As rhe solvent isflciwi'g against the pulf of gavit-r', thn"c is pracLi'Jul rirnit to the heieht of the snrysnlcar) rise, ln the rjeseencjing technirlue,- tt,* p"obi;;-il__ witli .lscenrCing techniqueeslteeially the fluw of solve't *u, overcom? bi tetting'the solv.rrt ao*owards througha paper' In radia-l chromatographv, the *or"*i i;;f.;;d to flow ,uai"'y in a plane.

The position of the various solute zones after the chroyalwam is deverop*atrr'"il:H':l;:ti'j}-#ffJn:i'; ;i tt'.,otu.'i r',,r RerativJ *is,.ution or ih e

Prineiple

Rf=
Distance moved by solute

.Dista4ce nloveC by solvent

The measurement is made by measuring the distances from the startrng poinb(centre of initial mixed ,oiu) to the i"*top". n,""t lnd thc ccntre cleusity of eaclL

Tli:liffi+tli;:.:1ii

' .,j, ''1,!
,1 .,"1

",i
I, .1.
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1. The'chromatogram can be exposed to uv radiation.2' spraying with reagent which^wili give corour.

r' Separation of t{ickel and Cobalt and determination of Rp

Reagents

zorte. For locating the solute zane on the paper anJr one
be used. r- --

1. weigh s00 nig of Nickel ammonium surphate

2. Wbigh 400 mg of CoClr.6HrO and dissolve in
[The solution contains-I 

^'S 
of Co2+/ml].

of the followiirg iechniques can

values

dissolve in 100 ml of water.

ml of 2 M hydrochloric acid.

and

100

.-3' stock soiution of the mixture: Mix 10 mi Ni2+ solution and 1Oml Co2* solutionand this solution is used as sampre sorution. -- - - -y'*'^'

4' Acetone' HCI solvent mixture: Mix 43.5m1 ofAR acetone,4 ml of concentrated' hydrochloric acid and 2.5 ml of water.

i5' Rubeanic acid : Prepare a 0.1 M solution of rubeanic acid in ethanol.

Proeedure 
o

Place 10 - 15 ml of the soivent mixture in a petridish into a clean desiccatorfor equilibrating the chromatograpbo chamber. cul the filter paper in ciicular formsimilar in size to chromatograprric ptates. Using capillary, place a small drop of tliesample mixture at the centre ofthe fiitur pap.er. cu.u must be exercised to prevent thespreading of the spot. i{fter loading the sarnple into a small area, dry the filt.r;"p;;.After the spot is dried, introducu u *i.k at the centre of paper with it . t.lp of neeclleand twine' The filter papet'with the wick is placed in beLween thc plates and then onthe petridish inside the Cesicca'uor. Aiiow the solvent to flow through the paper. Whenthe solvent front reaches more or ress the edge of trre paper (0.5 cm ress than theradius) remove the filter paper and dry the solvent. Ma.k th".ot,r".rt rrr"l^ii"rr'"pencii' Expose the dried paper to ammonia vapours to neutralise the acid. Then spraythe paper with rubeanic acid and dry. Cobait will grve yeilowish orange band.andnickel wiil give a biue purple band. Calculate the Ri ialues of Cobalt and nickel fromthe distance moved by the solute and soivent. 
Yvvs4v q

i

'i
, ,l

.L

' 
' .toft.lffiti,i 3fi:ii:j'ffi]t#i(:''; I drd .lD|lrF,il 11 ,'
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il. =-Qeparation of Copper anci Cobalt and
Chemicals and apparatus_ : Copper sulphate,acetate, hydrochloric acid and rub.".ri. u.lO.

Reagents
,](1) weigh 440 mg of copper sulphate and dissorve in 100 ml of water,

(2)Weigh400mgofCoCl2.6H2oanddissoIvein100mlofwater.

(3) sample solution:Mix 10 mi each of the neutrar solutions to get 20 ml. (eachsolytion contains 1 *g of each metar ion). 
--r DuluLrurls ro 

E

(4) solvent : Prepare a mixture of acetone, ethylacetate and 6 M Hcl in the ratio9:9:2 by volume from AR reag*rri* 
t'ctr,e ir'rru o ryl r

(5) spraying reagents : Prepare 0. 7 % soltrtion of rubeanic acid in ethanol.
Proeedure

As described for the previous experiment. cobalt gives a yellow orangq bandand copper sives an olive sr"* [r"a.'E;i;;il; *r" n, 
"a]ues.

.'

11

determination of R, Values.

cobaltous chloride, agetone, ethyl

i ri'itiblqat!&Rd1 *Ji j j

il'

:,
Fi.
I
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IEllffii.f :.,;:ji,
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PR.ACTICAL . il
A. ANALYSIS OF ORES

1. ANALYSIS OF LIMESTONE OR DOLOMITE
Limestone consist essentially of calciunr carbonate, but may co4tain also somemagnesium carbonate' If the ptopottion of -ugrr"ri,r^ ,urbonate ig considerable, therock is calied a dolomite' The usual minor cinstituents are iron, aluminum silica(either free or combined),.and ;;;;"nese. A carefui quaritative analysis musttherefore precede the quantitative aniysis. 

quaurartv

In the foliowing description of the. analysis, it is assumed that a jolomitecontaining magnesium and calcium carbonatls with .*;if qrantities of. ,iron,aluminum silica (or silicate),-and phorphate is under examination. The results of theanalysis of a rock are usualty stLt"JL terms of the constituent basic and acidicoxides' expressed as percentages. In dolon1it", ro. .*u*pt", the results are given interms of sior, flzgr,Fer.o3, cao, Mgo, cor,pzosand Hro and it is conve^ient totabulate them in trrit o.frai.' 
a- ' v"2''2v5 a-LL\t LLz\r arlcl lf,

1. ESTIMATION OF CALCILIU AND MAGNESIUM IN DOLONdITE
Proeednrre 

o

About 1 g of the ore is weighted accurately, transferred into a breaker andmade into a paste with water. pilute hydrochtoris acld is added to this till theeffervesence ceases and the solution becomes clean. Then the solution is boiled, cooledandmadeupto250mlinastandardflask.Ir!I1gDU1ut,IUI].

Pipette out 40 m{ of the solution into a beaker, dilute with water, add I.ewdrops of methyl red indilator. This is heated to gOoc and 1b ml of Bvo arnmoniurnoxaiate is added slou'ly with constant stirring. Ammonium hydroxide is added till thesolution turned yellow in colour. The .ui.i,r- oxalate is digested on a boili'g waterbath for about half an hour a'd tested for the compr"tio., of precipitation. It is filteredthrough a whatman filter paper and the filtrate .o.rtaining magnesium is collected.The precipitate is washed wilh dilute ,-.rro.ria solution"

Estimation of Calcium

. The precipitate of calciurn oxalate is dissolved in hot sulphuric acid and the hotsolution is titrated against std' KM;o4.;;;;ii;;;';erimenr is cond.r.:_cred.

,

,

t
t
t
,

,

t
t
t
t
t
I

Tr-r..,;,

;:-fux, liil,$*;iilifl *xrnsr.",,

I
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f:l

,i:$,ft*;;1ffi*,',ln* YHi;-iffi'dl;i:i:i
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Estimation of Magllesium

Reagent

f-. EDTA solution 0.1 M

Dissolve 9.728. g of AR disodium
dihydrate in water and dilute to L litre in
water.

2. Eriochrome Blaek T indicator

dihydrogen ethylenediamine tetra-acetate
a volumetric flask with distilted / deionised

!

)
,
I
I

Dissolve 0.2 g of the
ethanol.

Proeedure

dyestuff in 15 ml of triethanolamine and b

i

ml of absolute,

t
,

t
)

t
:t
3
=J

a
:t

The filtrate is made upto 100 mi with'distilled water. 20 ml of the solution ispipetted into a conical flask and add 2 mI of the buffer solution tpH J roi ""a i:+drops of Erio T indicator. Titrate with 0.1 M EDTA until the colo.r .hurrges from redto pure blue. The last trace of reddish shade should disappe ar at thJ end ;oi";Cornplex formation does not takes place instantaneously, titration should therefore beconducted slowly near the end point.

1 ml of 0.1 M EDTA = 2.482 mg of Mg.

2. DETERII{TNATION OF PERCENTAGE OF MNO2 IN pyltolusrrE

Principle

ono

. M}O, occurs in nature as the mineral pyrolusite. This may be analysedtreating the ore with a excess of an acidified solution of reducing 
"g"rrt-;uch 

as f"SOn,
NarCrOn or AsrO,

MnOr+2Fez++4H+

MnO, +2HrCrOn+H+

2MnO,+HrAsO,+4}J+',"

The excess of reducing agent is determinua uv titration with standard KMnonsoiution. The disadvantage of using FeSOn solution is that the operation must b.ecarried out in an atmosphere free from air fri order to prevent aerial oxidation of theferrous suiphat'e- Both sodium oxaiat,e anti arseniis oxide which are pnmary
standards and are stable in air, ntore convenient. Arseniorr. o*iau irlornuwhat moretrust worthy in this determination than sodii:m oxalate because oxalic acid

*
I';rm:fi'ffffmiflitii
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..decomposse-q very rapidly at higher t,emperature into Co and co, the decompositionunder ordinary circumstances ia ,rary smail. 
\-'l d'rlLr \-"\'r2 trr

Chemicals Required

0.1 N sodium oxarate, 4 l\trH2son and 0.1 N KMnon

Proeedure

About a'2 s of the pyroiusite is weighed accurately and finely powdered. Thisis transferred into a clean-conical flask urrd 
"rld s0 ,ni xarc 2C.n and b0 ml of 4 NH2so4 and place a short funnel in the mouth of the flask.tn6l ih* **turb gentiyuntil no'black precipitate remains. Allow to cool and the excess of oxalate is'titratedagainst the KMnon' The end point is the appearance of pale pink colour. The titrationis repeated for coniordant varues. 

I r - -.- v^ rq'v vr*a\ vwrvLrr

3. DETER,NfiNATION OF PERCENTAGE OF LEA-D IN GALENA
Frineiple

'rhe constituent of galena is lead sulphide. The sulphide ion isl oxidised tosulphate ion bv concentr"lug H{o, and errrnr,o. 
-r,uaa 

is pr".ipilJq"j^H ;"asulphate' Dissolve the precipitate in "sodium a6etite solution and estimated as leadchromate by addition of KnCron as follows. 
; --- qru vov4rrrq\,vu " ':s

pb2* + Cra n2 __> pbcroo :

Procedure

' 
About0'2 g of finely powdered galena is taken in a breaker add 10 ml of dilute

I\O, and are al-lowed to stand for 10 minutes. The solution is digesfi ;; ;;;;,bath with 15 ml of concentrated^{Nor_a:td then evaporate to dryness. Again 10 mlof concentrated.HI\IO3 is added followe"d by littic watlr alcl Lg-Lb drops of IJr,,AJ.,o..Heat wit'h stirring foi sometimes on water bath and evaporated *itli;;;;il?;H\O^t to dryness. Repeat the process thrice. The ?esidue is boiled wlthjO;i;i;il,
and 20 ml of concentrated HCl. The insoluble gangue is filtered off and wash with hotwater and 10 C.C. of dilute HCl.-MuJ.e the soiution too 100 m1.40 ml of the solutionis taken and lead is precipitated as PbSO+ hy ad-ding excess of Conc. H2SO4 to th'efiltrate. Impure sulphate is iemoved and washed wiih L07o Hesod to remove.solidimpurities and then w"ith 50Vo ethanol to remove peracid. LeaJi"fo*fr.re is dissolvedfrom the impurities of the resiclue b1, repeat.ed. e*rru.tior, lvith u *trrrrg ;il;;;;;.ammonium acetate. Then the solution .orttaining lead is acidified and i i"nt"-;i-Sn
{zCrOa is added in boiling conclition. It is then cliiested and the precipitate is filteredthrough a previouslv weighteci sintered glass ...,.Ibiu. Washings are do;; ;ilh;;;;

a

:t
\t
:t

-t

-

-t

"t'.r"=.-##.:s*;. l"i.#.:,i ,
'lil,;,\i:i'l'fi ffi S{.lti::lii,,.
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ESTI]VIATIONI OF I-.EAD XhI SOLDER
Principle

A mixture of stannic tin and iTU ions mar b.e complexed with excess of
standard EDTA solution' trtu u".u*lr nnrc;; d. determlrr.a-bv titrarion with
standard lead nitrate tol'tiott at plts]b ,*furg'*yr"rJ orange as indicator. This gives
the lead an-d tin t";;";lrrrr" r"'l;;;. rrsciaiu-^n""ride is rro*ldded, rhe nbrais now displaced fl;;-it. ttl .o*pl"*' in amoonr'!1ri""rent to ihe tin (fluoric,ecomplex of srannic rin ir;irrighe, siltriry tha'ii, bora complex): libeqated EDTA
is titrated with stanoata La 

"itrate Ji.riior, 
";;-;h"ln content irr..r, evaruated. ?he

relationship between;t;;l"td cbTl *iution 
""a-*ru standard real nitrate sorutionis established bv titratio" *i*r th* i;;t., at pH s-6 i; the xyrenor orange indicator.

Reagen6s

_EDTA solution , O.Z ltt
Lead nitrate solution, 0.1 M
Hexamine solution
Xylenol orange indicator. 

.

Procedure

Dissolve a weighed amount of solder (about 0.4 sm)in 10 mi of concentratedHCI and 2 ml of tot?"ntrated nitric acid; gentre iua.-irrg is necessary. tso' the" solution gently for aboui s *i.r.r;;; u*pui ,itro,r, fumes ancr chrorine, and a'ow tocool slightly' where uporsome lead chioride.Tay sep"rat.. Add 2s mr of standard 0.2M EDTA and boil for i minutt; th;-l;ad chloria. ilrrorves and a crear sorution isobtained' Dilute with tbo mt of watJr^;;; ;;;i;ti;#'ro 2s0 mr ; ; srandard flasks.without deiay pipette two or three zs 
"rr 

po.tion.-il separate eonicar flasks to eachflask add 15 mt or hu*u"r** ,or*inn,"ioo *r oi Jiriiu-a *r"rcr-*d a few dro$s ofxylenol orange indicator' Titrate with the stanJ"Ji*ua 
'itratc rtr.,tio' unt' thecolour changes fror' vellow to read (Titre A). Now uaa z s oraR-;ll"* fluoride, thesolution acquires u vulto* colour r;;;;; rhe riber;;;" ,rgnTA;; its tin comprex.Titrate again with the lead .ritraiu 

-.oir,tior, 
;;;i-; perrnanent (i.e., stabre for 1

minute) red colour is obtained ?i;;;d;i.ioo *r" tiiru.t d.op *ir" ;;1the end poinr,a temporarv pink or red tolottt'gr;.i".ii; reverting to the yeilow signars the approachof the end point..Repeat t'u above tit.utiol.slt'''rs 
to::t 

:

Diiute 25 ml of the standard 02M PDTA sorution to 2s0mr in a vorurnetricflask' Ta25 ml o diiutecipolt'tioo udl i;l of .o'.*"t.utla Hcr, 1b mr of the hexarninesolution' about 100 mi oiwutut, and a few u.opr-oi,.ii-"rr orange indicator. Titratewith standard lead nitra-te snlrrfinn rn *1.: yeiiow to,.n.rA point (Titre C).

.r;li,
liiE::#ffi,"*"..';, lTi.,lil;:r?#Etry*,:x.,;,
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calcuiaiing ihe percentage of Tin and Lead

EDTA solution = 0.200 M
Weight of soider used = g. o

Lead nitrate solution =
Titre A : mean value =.24.as mi = zs.O ml of 0.02 M
Titre B : mean value = 15.00 mL = {Sn /I0)
Titre c:.{nean vaiue = b0.1b ml = 28.0 ml of 0.02 M
percent of tin = TR X N, x 118.70M. of the solder
The lead in the solution (L) 10 {C - (A+B)} = 111.00 ml
percent of lead = (L X N, X207.21) / (1000 X W)
N1 = Strength of lead nifrate solution
TB = Titre value of B
!! = Weight of the solder.

- iSn+Pb)/101

EDTA

of lead nitrate solution.

:t
Y

2. ESTIMATIOI{ OF' COPPER, AND ZINC II{ BRASS

trrinciple . 
o

Copper is estimated iodometrically in the presence of ,in, by titrati.rg, theliberated iodine against standard thio, using starch as indicator.

2CuSOn.+44I >2CuI+I, +2KrSOn

I, +Na2SzOg > Na2SnOo+2NaI

From this 2 CuSOn - 12 2 NarS2Og

Ztnc is estimated after removing'the copper present as copper sulphide by
nlssi.ns TaS in acidic solution and it is remorred ny mtration. fo tn" 

"e*airrirrgsolution 8-hydroxy quinoline is added. Zinc is precipit"t"d as 8-hydroxyquinolinate
complex. It is drieC and weighecl.

Proeedure

Weigh about 1 g of 4.R- luSOn.{HzO and dissolve it in deionised water and
make upto 100 ml in a standul*!?qt efldlte out 20 ml of CuSOa solution in a clean
conical flask- To this solution t lbH is adhed and permanent pr"cfoitation of Cu(OH),is formed. Add dilute acetic acid, (1:1) until the abovu pr..ipitari d;;;;l;;;.-rfj *jrf
70% KI is added and titrated against thio solution. The colour of the solution becomespale yellow and 2 ml ',of starch is added and titr:ation os continued tilt the colour
changes. The same procedure is repeated till the concordant valuer ur" ont"i";;."-

About 1 g o{ailoy is weighed and clissoived by boiling in 10 ml of concentrated
nitric acid and 4 ml of water in a beaker and then add 1o ml of concentratecl srrlphr-rric
acid and evaporate in a huutl. Carefulty add 30 mi oi *at"r. Boil the solution for I-2
minutes and allow it to cool. Vfitn good mixing, ad conc. HNOB dropwis* .rtrtlt tfr* nrrt

*rol,.,,,lii{i'io', ;'
. . ..+!1.,,,

a+ta.:"r :i.ffFl i' :i.;: I tr;li..............i1 ;.ffilii43i',-. r: !i



dark blue colour appears. The solution smell faintl,r, of ammoi-,ti&. Addenn rrAn f vo* ^ )fftffi;il*#""?t"T#i?: 'olo"'-ai'upp"".r. 2 mi, or Hrpon is added

\7

3mlof
and th,e

,

g

f
,

t

Estirnation of Copper :

tv ^-- Pipttte out 20 mlortr'i' soiution in a clean conic.ar. flask. To this borution 1 NNaoH is added atop*i'* until 
",'h;h1;ermanent precipitate of cupric hydroxide isformed' Add dilute uttut acid tiil th;-;uoy" precipiiare dissolved. iad 10 mr of r'voKI and titrated against rtunaurd thi;;;;tion. rh" colour of the ,ot;o3 becomes paleyellow and2ml'o?tt"tttt it added. rhe utration i..onii.rued tilr trr"lorrtion becomescolourless' The procedut* It repeated till concordant varues are obtained.

Pipette out 40 ml of the solution in a clean beaker, add b mI cong. HcJ andpass Hzs gas for about 10 min'.*h.;;;;;u,l il precipitatqd as cupric sulphide and theprecipitate is filtered' Th; filtrare iu'6oit.a -i;; ;0"iirrutes io remove,hydroeensulphide sas' fh-e'-boiling is continued to reduce the uorume of the filtra,te. To the{iltrate 3 ml of 8-hvdror,'v ;ilil";";9;;*"t is added drop by drop with constantstirring' Add {top uy atop concentrated ammonia solution ti]l the pH of the solutionbecomes g'3' The precipitit. i, filtered through sintereJ crucible *d *urhed with hotwater and dried. A duplicate experiment is carried out. jt
t

t
,

)

a

t
t
t
9

I
t
,

t

Complexometrie method

Zinc can be estimated
in dolomite.

Cr2(SOa)3 + B(NH4)2S2O, + BH2O

The permanganic
2HMnOo +

(oR),

by"following the procedure for estimation.of magnesium

3. ESTINIATION OF CHROMIT.]-'M AND NICKEL IN STAINLESS STEEI,
Principle

Nickel is estimated gravimetrically by precipitating as Ni-DMG using analcobolic DMG. as the frecipitant. The ct*omium is oxidised to chromabe by
i-T:*3hT jr'}|,'|;*,]" it" presence or AgNe J.ururr,o the-.el.tio, may be

2H2CrOn + 6H2SO*.+ B(NH4)2 SO4

acid is reduced by HCI ; o e

14 HCt > 2MnCl, + bCl, + gH2O

t
?
,^ *+Jffilu**,

H2Cron reacts with II2SO4 and FeSon in the solution as foijows
Hecroa+ 6Hrso+ i 6Feson--> crrtson)3 + B Fe2(son)2 + gHro

*rt'.:ffid*, Htit-ffis{ft' lqrit&irj;ffFg$l*;iiii
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To the solution excess cf -knolvn amouni of FAS is acicieci anci then excess ofFAS is back titrated with standard KMnOn

Procedure :

c'

Preparation of Alloy Solution

About 1 g of stainless steel is weighed and taken in a 400 ml beaker. Added30 ml of Hrso4 - HsPon mixture (preparqa p1_"dding rto*ty 100 miof 1:1 HrSon to300 ml of watei tooiittgiri*itrg"witt ab mi orureooiHeat it until the effervesceRce .creases then added continuously 4.5 ml of con. iix6, La boiled until"ti;-.;i;;i;t,free from the oxides of Nitrogen- Dilute the solution into 200 ml with distilled waterand added 5 ml of AgNO" sotution (5g of aqNpa p". tOOo cc) and 1b-20;i^;;f##t."prepared 70% solution oda*Tonium persulpha'te solution. Boiled the sqlution for 10min' Added 5 ml of dil. Hcl (1:3) ; the hot solution boil for 10 min after thepermanganate color had disappeared cool the solution and macle upto the mark into .

a 250 ml standard frask using-distilled water.

Estimation of chromiurn

From the steel
20 ml of 0.05 N. FAS
color is obtained. The
by FAS.

soltrtion 10 ml is pipetted out into a clean conical flask added
and it is back titrated against standard KMnon until-a pink
titration is repeated for concordance. KMno, isistandardised

Estimation of Nickel
.:

Amount 10 ml of the Uo-t*ron is pipetted out and acldecl about 4 ml of I%alcoholic DMG followed uv Ag.YMHs slowiy and constant stirring till the precipitationis complete. This is digested for 30" min and tested for complele precipitation. Theprecipitate is filtered through a previously weighted siniered crucible and theprecipitate is washed with ag. NH, and Cried in o"rr.n at 100oC. A d;tfi"a*-i, fi;conducted.

'I

-:*-t-J:SSi: u* 
',

t"l'il::'iffi*f 
'

:,r--*i$1i{ffi*i;imi
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C. ANALYSIS OT INORGANTC COMPLEX COMPOTINDS

PREPARATION OF CIS AND
DIAQUOCHROMATE AND ANALYSIS
CHROMNm{

1.
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(A) The trans isomer, K [Cr( CzA4)z(H2O)2]

:t
:t
!F J

chemicals required : oxalic acid and potassium dichromate
'o

Procedure

' Dissolve oxalic acid difrydra te (12 g) in minimum amount of boiling water. Itis advisabt" j,^o^::_?_1 beaker of not less than 300 ml capacity, since th; ensuingreaction is rather vigorous. Add, in small portions, a solution of pliassium dichromate(4g) dissolved in the minimum quantity of hot water, covering the bcaker while virlentreaction proceeds. Evaporate the solution to about one haf of its ";g;i-L"if "iathen allow spontaneous evaporation at room temperature to proceed until the solution
is reduced to about one thirl of its originat bulk. i'ittur off the **y*iufu, wash with coldwater, and alcohol. Record the yield, dnd express this as a percentage UaeeA un
chromium. A high yield cannot be expected since only part of the proAurT id 6ri"t.a.

Note that in solution there is an equilibrium between the cis - and trans-
isomers, but the low solubility of the trans isomer result in its initial deposition.
Excessive spontaneous evaporation should be avoided otherwise the producf may be
contaminated with the cis isomer.

B. The cis Isomer, K [Cr (C, A+)z(I{2O)z]

Chemicals required : as in (a) + ethanol

Procedure ..,,
Prepare an intlmate mixture of finely grouncl potassium dichromate (a g,) an'd'

oxalic acid dihydrate (12 g) and heat the powder in 6 inch diameter evaporating dish.
Place one drop of water in a small depression in the mixture and cover the disir with
a watch glass. After a short induction period the reaction commences and soon
becomes vigorous with the evolution of stream and CO 2. A solution of the product is
avoideci, and hence an equilibrium mixture of cis and trans isomers is not formed.

The product of this reaction is a purple viscous liquid over which is.poured
20 ml of ethanol and the mixture stirred untii the product of the reaction. solidifies.
If soiidifrcation is slow, decant the liquid and,repeat the process with a second portion
of aicohol until the product is entirely crystalline, Fiiter, dry at the pump,.and recorci
the vield

19

TRANS DIOXALATO
OF EACH OF THESE FOR
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ANALYSIS .

Chromium estimation

Almost anv standard analytic?l nr11ed,ur.,*?.y be adopted; the followiirg is atypical example' A known weighi of the compiex is dissolved in diiute sulphuric acidand oxidised by boiling with potassium bromate for 10 minutes. The exce,ss potassiumbromate is destroy'ed 6v adding' u;r;;;um sulphate 
""q boiling until nearly all theexcess of bromine has been volatilized. Add 5 ml of i twhydrochlorie acid and boiluntil free halogen is no longer evolved. The r.rultins alr]r.omate solution may nowbe determined by a standarl iodimetri. p.o..drrr..

Place 100m1 of cold,-recently boiled "distilted water in a b00 ml of conical,preferably glass.stoppered, flask, ad"d g g. of iodate free potassium ioclide and 29. ofpure sodium carbonate, and shake untii-the salt airrolrrus. Add 6 ml of coneentratedHcl slowly whilst gentiy rotatin"g the flask in order to mix_the liquids; run in ps mlof resulting potassium dichromate solution. stopper the flask in order to rnix theiiquids; run in 25 rnl of resultTg pola;;t; dichrornate solution. stopper thehask andall0w to stand for minutes. Dilute the solution to 300 ml and titiate the liberatediodine against standardised sodium thiosulphate ,ot,riion contained in the burette.when most of the iodine has reacted as indicatecl by the solution acquiring a lellowishgreen colour, add 2 drops of starch solution and rinse down the sides of the flask.colour changes to shades of biue. continue the addition of thiosulphate *ntil thecolour changes from greenish plue to light_green. Carry out the blank titration aftersubstituting for potassium dichromate ianth distilled water.

Procedr.lre

2. PREPA-R,ATION
ANALYSIS FOR

PreparaIion

CrrOrz' + 6I- + 14H+ = 2 Cr3+ + BI, + TH,'O

OF POTASSTTN{ TRIS
OXAI.ATB AND IRON

oxAl,ATO FE {iR^4.T8 (U), AND

{t

t7
t
7

Dissolve 3'8 gm of ferrous ammonium sulphate in 1b ml of water" Addl rnl ofammonium sulphate followed by a solutio of oxalic aciJ containi ng zgm in lD rnl ofwater' stir the contents over a stirrer for about b minutes. Decant tire i;ld;i^;"awash the precipitate with water. Transfer the above precipitate into a warm ul*tionof lrofassium uxalate containing 2.5 grn in 030 ml of water. Add slowly front a lu-z.ette15 ml of 207o Hzoz, stir the iquidcontinuously during thc additionil;,#il-tertrperatu'e nca-r to 400c. Ileat tlie r'ixture to boiling 
""a 

a"i--rTffi; precipirate byadding 10 ml of I0To oxalic acid (in one lot) and thu;jf 
"ecessary 

in drops tiih elearsolution is obtainetl. Filter the hot solr-rtio".;;t1;;"t; ;:'" haoL^- r^:.-?paper and add 20 mr .r ;;;;;;-;;';;'ffi;;;l':fr";#1;TJ,L'1"%kt?:;
crystallisation' Filter the crystals using GS,sintered crucible and wash it wttsr 1:1acetone after'r'ix-bure. Followed bv aceiine 

""a dritt;; air, Ncte the yielcl,
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AN-ALYSIS

Weigh accurately around
standard flask. Add 10 rnl of 4 N
well.

Analysis of Oxalate

1 gm of the complex and transfei it into 100 ml
H2so4. Dissolve and make upto the rnark and mix

Pipette out 10 ml of macle up solution and add 5 ml of 4 N H2SO4 and heat .

to boilin8, (800c) Titrate the hot solution with 0.0s N KMno4 till a falu pink colouris formed. + ---'

Vo of Oxalate
v1 xN1 44.07 X L00

10xwt10

v1
N1
wr

= volume of KMnO,
= Normality of KMnO.,
= qrt. of sample in 100*ml

t0

Yr = volume of KrCrrO,
N1 = Normality of KrCroO,
Wt = wt. of sample in tOO int

Analysis of fron 
o

To the titrated solution (after oxalate estimation), add b ml of conc. HCI heated
to boiling and add SnCl2GS% in 1:1 HCI) till the upp*urunce of yellow;;tr*,;J;
one drop in excess and cool. Add 5 ml af |Vo HgClri" 1". lot. Sitky white precipitate
should be formed (Grey colour. Repeat the experfment) Add 2 mI ofptrosphoric acid
and 2 drops of diphenylamine indicator and titiate against standard KrCrrO, fO.OSlf)till a bluish violet colour is formed.

Fe?* 7o =
VrxN, 55.85 x 100

10xwt

,o

..liiqj 
:ri:i.*ffi alEii:$,:*lr.l$#.io*,' -"'giiffililir';1'' '111;.,::J.ffiifi.'.it,i
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D" QUANTITATNIE AI{ALYSIS

1. MTXTURE OF IRON AND MAGNESTUM

Principle

In this process, iron is first converted to ferric state by hydrogen pqroxide,
using concentrated ammonia it is precipitated as ferric hydroxide and srrbiq.rently
it is estimated in the form of ferric oxide after ignition. Magnesium is estimated using
EDTA titration in the presence of Eriochrome black T as indicator.

Proced.ure

Weigh out accurately abotrt 0,5 g of the mlxtlre in e beakcr and add slowly 10
ml of concentrated nitric acid. When the reaction is almost over, warrn the rnixture
on a hot plate until the mixture has completely dissolved. Add 10 ml of water, and
allow the soiution of digest for 10-15 minutes

Add 7to2 ml of hydrogen peroxide to the solution to oxidise tlr.e iron to Ferric
state. Add a large excess of concentrated amrnonia solution, and. heat to boiling. Filter
off dissolve precipitate in the minimum yolume of hot 1:1 hydrochlori. r"1d, and
receive the acid solution in a small beaker. Porur in enough I:2 - ammonia solution
to reprecipitate the ferric hydroxide, heat to boiling, filter and wash the precipitate.
Add the filtrate and washings to the main filtrate. Ignite the precipitate, and weight
the ferric oxide

Dilute the filtrate to 250 ml in
thoroughiy. Take a aliquot, adjust the pH
buffer and titrate with standard 0.02 M -

indicator. Calculate the percentage of Mg.

a volumetric flask. Shake well to mix
with a monoethanol amine hydrochloride
EDT'A but using Eriochrome Black T as

Mg.1 ml 0.02 M - EDTA = 0. .4864 mg

2r MD(TURB OF IRON AND NICKEL

Principle

The iron in the mixture is estimated as ferric oxide. In this process, iron is first
converted to ferric state by hydrogen peroxide, using conccntrated ammonia it is
precipitated as ferric hydroxide and subsequently it is estimated in the fbrm of ferric
oxide after ignition

Nickel is estimated aS lr{ickel DMG complex.
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Procedure

Weigh out hccurateiy about 0.5 g of the mixture in a beaker and add slowly L0
ml of concentrated nitric u.la. When the reaction is almost over, warm the mixtureol a hot plate until the mixture has completely dissolved. Add 10 ml-"f *"t"r: 

""aallow the solution to digest for 10 - 15 minutes.

Add hydrochloric acid to the filtrate till it becomes neutral and add 5ml excess.
Add the ammonia solution slowly until the solution is slightly ammoniac.al. For each
0.1 g of Nickel that is expected to be present, add to the hot solution 0.S g of
djmcthylglyoxime dissolved in rectified spirit, and make certain that the solution is
slightly ammoniacal. Allow the beaker to stand on the steam - bath for 1b - 20
minutes, 3nd test the solution for compiete precipitation after the red. p""rlpitrie has
settled out. Allow the precipitate to stand for t ho.rr, cooling at the;;- ti*;: Fiilr*
the cold solution through a Gooch, sintered. glass o, poi.elain nftering';;;ilj;,
previuusly heated to 110 - 120o(-) and weighed after cooling in a desiccatrt. fff""h the
precipitate with cold water until free from chlpride, and dry it at 110 - 1200C for 45 -
50 minutes. Allow to cool in a desiccator and weigh. Repeat the drying untilconstant
weight is attained. Weigh as Ni(CaHzOzN2)2, which contains 20.82 per cenf of Ni.

3. MIXTI.IRBS OF COPPER AND NICI(EL

Principle

Copper is estimated iodimetrically in
liberated iodine against thio using starch as

,

t

2 CUSOo+ 4KI

the presence of Nickel
Indicator.

2CuI +2KrSO++Iz

I, + 2 NarSrO3 

--> 

NarS+Oo + 2NaI

from this,

. zCuSOn = 2Na2S zOs = Iz

Nickel is estimated after removing cu by passing Hzs
medium and removed by filtration to the filtrate solution alcohoiic
are added and Nickel present is precipitated as Nickel DMG.

Procedure ,'

by titration with

o

in slight! a.cidic
DMG andrq- NHg

,i.:::.i.j

=si;ffi*.,;i.!',

,

,

,

t
J

)

)

Standardisation of Thio

About 2.5 g of CuSO4.5H2O is accurit.ty weighed and it is made upto,g.O ml
by using distilled water. In a 100 mi standard flask 20 ml of the solution is llettecl
out into a clean conical flask to this add aq.NH, solution till Cu(OH), is precilt=t.d
till the solution becomes dark blue solution and to this acetic acid is'added iif,-op*
tiil the soluliun is acidic then added 10 ml of I07o KI and titrated against thirnsing

rtTrSe.Zmffi{$tqfr#
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starch as indicator. The end pcint, is disappe arailce of brown coiour and the
appearance, of white color. The titration is repeated for concordant vaLues.

Preparation of Alloy Soh.ation

About 1.5g of Cu-Ni ailoy is weighed and dissolved in con.HNO, it is dilutedwith water and concentrated by evaporation, cooled and made upto 250 ml i' astandard flask using distilled water. L-

Estimation of Copper

From the alloy solution 20 ml is pipetted out into a clean conical flask. To thisa{de$."g. {H.g is drops till there is CH'-OOU smell. Then added 10 ml of L0% Ktsolution and titrated against thio soluti; using starch as indicator. Th; ;;; p"i,'t'i,
disappearance of dark brown color to appearance of white color. The titration is
repeated for concordant value. 

: ,

Estirnation of trlickel

20 rnl is pipetted out into conical flask and acidified with 10 ml of con.FICl to
the above s.olution HrS:s passed. Copper present in the solution is precipitated as
CuS and it is filtered off. The filtrate is tested for copper with HrS. If thlre is anyprecipitate it is rennoved by filtration. The filtrate is boiled to remJve HrS ang ,aJ"a
5 ml of alcoholic DMG solution slight excess of aq,NH, solution in drops .iatfr constantstirring the precipitate is kept in the steam bath foi hatf an hour and then nftered
through a sintered crucible. The precipitated is washed with ag.NH, and Ari"a "t110oCandweighted.Aduplicateexperimentisperformed.

ffi.ig'
4. MIXTI.IRE OF COPPER AND ZINC

(See estimation of Brass) . ,

fl*{[-'|:i8taes P. id-s ryiF-$.ti5ffiiii€rlniir:: TSFtiffiK#,:ii*ria -':'r::..', 9.. E*:ffiEEi'"
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PART II

PREPAR,ATIOI{ OF THE COMPLE)MS

1. SODIUM HEXAI{ITROCOBALTATE(III)

Dissolve 30 gm of sodium nitrite in 30 ml of hot water. Cool the solution to
50oC arrd dissolve in it by stirring 10 gm of Cobalt nitrate crystals. Add dr;t ;;;;"p
from burette 10 ml of 50% acetic acid to.the continuously stirred solution: 

-J

Cb(NOs)2 + 5NaNOz + 2HNO 2 -----> Na, [Co(NO2)6] + 2NaNOs + NO + HzO

Tlansfer the brown liquid to afilter bottle, which is then closed with a cork
car-r-ying an inlet tube reaching to the base of'the bottle. With the aid of the filter -
pump draw a current of air through the liquid for about 80 minutes to remove €xcess
nitrous acicl. If any yellow crystals are then seen in the liqu1d (originating from the
potassium salt contaminating the sodium nitratc used) thesei filtered off by suction;
the clean brown filtrate is placed in a beaker surrounded by an 'ice-,bath, and
mechanically stirred while 50 ml of ethanol are added drop by drop from tap funnel.
The bright orange precipitate is filtered b.y suction, washed several times with
ethanol, and then dried in warm air. Yield, 13-L4 g.

TRTS (ETIIYLENEDIAMINE) COBALT (IID CHLORIDE

Chemieals required

Ethylene diamine 3.25 mI
CoCI, - 6 g
Conc.HCl 1".5 ml
Alcohol 10 ml

F) . o-a
trroced,i.; 

* 
--l

)/ /
The ethylenediamine solution is partially niut.ahqla with gon.HCI and the

resultingmixtureispouredslowlyintofi''*"*allamountsof
water. The solution is oxidised using small amounts of HrO, slowly. The crystals of
,d' ("tlr1:"g1,-l*iI29 L.ggg:_g*Iered, *r'i*iwith dcohffiffia.
3. CHLOROPENTAMMINE COBALT (III) CHLORIDE . '

Chemicals required
t
t
t
t
t
T

t

Aq. NH, 
o

CoClr.6HrO .

NH4CI
Conc. HCI
Alcohol

- 6ml
- 29
- 7g
- 6m1
- 20mI
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;,.rroceCt.ure

About,7 .g ol AIH4cl is dissorved in 6 ml of con.NHo. The sorution is
:o"li""?":lvi'1+tated to which 2 s of cocl 261420 ir uaJJ;^;i;"ll porrion, eachqofign.!:iS dissolved before next is adderli A y'ellow pink precipitut.: of t.;;;;.cobalt (il) Chloride forms with the evolutiorr of heat. To warm, ,l,rrry t;i ;;-ia'n
5-rC, is added with good stirring. This resuits in vigorous reaction with effervescence.When effervescence ceases a de-ep red solution of a"luo pentammine .;lt h;; f;;;.To this, 6 ml of Conc.HCl is added slowly. During nlutralisation, the temperature ofthe reaction mixture rises and purpte p.oduct pptl bearing a pale yellow green liquid.The mixture is heated for uborri 15 minutes on a steam bath, cooled to roomtemperature and frlterB. The precipitated product is washed with several portion ofice cold'water. An alcohol wash foliowed by an acetone wash facilitate drying whichis accomplished by heating the product at 100-11goc for I-2 hours.

4. BIS(ACETYI.ACETONATO) COPtrER (II)

Chemicals required

Cupric sulphate, Acetylacetone, Sodium hydroxide and glacial acetic acid.

Procedure

Weigh about 5 g of cupric sulphate in 250 ml beaker and dissolve it inminimum amount of water 4.3 ml of acltylacetone and 1.6 g of sodium hydroxide inaqueous solution is added. Thb precipitate thus obtained 1s dried orr"" HrSOn invaccum and recrystallised twice from glacial acetic acid as steely ;i";;";Ji3;."
/

'i r-- n.

i 5:,, HEXAMMINECOBALT (IID CHLORIDE
\. -.- 

...'-

In boiling solution of 72 gm of ammonium chloride in 25 ml of water dissolve
18 gm of Cobaltous chloride,,CoClr.6HzO ph.9 1gm of decolo,rririrrg charcoal in a dryflask, introduce the hot solution and tfren cccl the vrhole in runnid ;;-t". Wirf, o"tthe vessel in which the solution is first made with 40 ml of concentrated arnmonia (d
= 0.880), and then add the ammoniacal liquid to the flask. Cool th. *hole p.*p*utio"
in an ice - bath to 1OoC (or lower). Add slowly, in portions, while briskly rrr"iJ"g iltu
flask and its contents, 35 

1^1^1f 
HzO.z.All the ixidizing agent having been added,"heat

the mixture gradually to 60oC, and ihen maintain the temperature in the ,."rrgl S0 -
60oC, with frequent mixing by shaking, until a pinkish tinl in the lt;;ia;- Ja,iir,*a.
(20 min). Crystals begin to separate at the close of the heating, and are depositea inquantity on cooling in an ice - bath.

?, ?92ClZ + 2NHu9l *. 10I{Hs + .HrO, -_: > 2Co(6NHs).C1, +
after which clear soluiion is pour"ed iniofrc.HCl. After heating fir
steam bath, the complex can be isolated.

o 

n 'r^ :^ 1f * (:C,1 a, Lt'ur-
\/ r=\ | - V1.iL.,u t,tj"\,i

7
L-\

( d'; r,'ffs K )-

a

e

,

aJ

Iq--

,

)

]
r 

=irl:i#frr, 
i

2H2C-
few minutes in a

3fi.ffiift-"":, Tllr..{r,ffi, f.,i'i, , :l , ff}f,,ffi,1i{'g+1

/f'-a-
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S. HEXAiviivfii.iEhiiCKEL (iI) CHLORTDE

Dissolve 6 bf I{i
sl(

ibf l{ickel chloride in 10 ml of warm water. (and filter the solution ifrJlssolve b ot Ntckel chloride in 10 ml of warm yater. (and filter the solution il
it is not quiet clear). Mix well !0 -12 ml (?-8 mol.) of concentrated aqueou$ grnmonia
(d = 0.880)'with the solution, un'til all initial green precipitate Nickut nyarpxide has
redissolved, and the liquid, deepljrejg-giqql2-_contains a copious crystalline deposit
of the violet coloured hexammitr-awi.t etdllT6lEde.

7. DIISOTHIOCYANATO DIPYRIDINE MANGANESE(II)

Chemicals required.

"MnSOn 5H2O - 7.7 e
Pyridine - 5.5 ml
Ammonium thio cyanate - I.52 g

Procedure

1.7 e of Manganese sulphate pentahydrae in dissolved in 60 ml of {istilled
water containing 3.5' ml Byridine. The this solution is added slowly with gtirring a
solution of 1,52 g of Ammonium thiocyanate in 10 ml of distilled water .and the
resulting mixture is allowed to stand in an ice bath until propitiation appears
completed (continuously for an hour) the precipitate is filtered through Buckner funnel
and is washed with three 10 ml portions of an ethanol - pyridine (9:1) splutiorl- The
product is air dried not more than 10 minute. The product is white in cdlour.'*

*-.'=?:li.intrExf:,iF{
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NUCLEAR I\{AGNETIC RE SONAD{CE SPECTROSC OPY

I.{uclear magnetic resonance absorption 
0

Nuclear magnetic resonance (NMR) spectroscopy is one of the most advanced
methods of structural investigation in coordination chemistry. Nuclear magnetic
resonance arises from the phenomenon that, according to quantum mechanics, the
magnetic moment of a nucleus (w) assumes quantised orientation in an external
magnetic field Hp, where the preferential orientation is the one alligned with the field.
The possible values of the interaction energy (Em) between the nuclear magnetic
moment and the extelnal magnetic field are :

E* = hy Hpr where m = I, I-1, ... -I ... (1)

where y is the gyromagnetic ratio for the nucleus, h is the plancks constant divided '

by 2n, m is the magnetic quantum number, having 2I+I possible values and I is the
nuclear spin quantum number. The contribution to the energy of the nueleus arising
from the interaction with the uniform magnetic field H6 can be characterised'by 2I+1
energy levels; the gap between the levels increases linearly with the strength of the
magnetic field. By absorption of electromagnetic radiation of suitable energy and
polarity transitions coresponding to the selection rule Am = + 1 can be .induced
between these enerry tevels. The angular frequency of the electromagnetic radiation
inducing the transition is

:.

wr = rHt Q)

transition between adjacent energy levels will be induced only by radiation of"ang.ular
frequency which satisfies (2). Consequently, the transition has a resonance character.

The nucleus under investigation interacts with its environment. Therefore
the frequency dep'endence of energy absorption will not appear as an exfremely
rlarrow line corresponding to equation (2) but, similarly to other spectral lines, will
have a definite shape and width and spiitting on various interactions.

The difference in resonance field strength for nuclei in two different
environments is called the, chemical shift, and is generally expressed in parts per
million relative to some standard nucleus

Hrumol. - Hr.f.rurr.u
6=

In the case of
Tetr'arrreLhylsiiane (TMS) is
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Hr.f"r".r."

proton rnagnetic
cunrmonly used as

x 106

resonance of organic
a reference compound.
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An NIMR spectrum is
absorption. An NMR can be
absorption peaks.

1. position
2. width
3. shape

4. integrai intensity

The measurements
information on the immediate

29

a plot of chemical shift vs percentage intensity of
characterised by the forlowing parameters of the

and theoretical analysis of these parameters provide
environment of the nucleus c

Results obtainable by the NMR technique

I{MR spectra may yr.ro the following information about a molecule :1' The position of the resonance frequency (ie. chemical shift) provicles
information on the environment of the magnetic nuclei in the molecule. Atthe same time, it allows the identification of the mag:retic nuclei.

2' The relative ratio of equivalent ,r,r.l*i in the molecule can be determined
from the intensity distribution of the corresponding resgnanc* firr*.-------*

3' The fine structure of the spectrum of a nucleus or an equivalent nuclear
group provides information on the spin of the other nuclei present in its
vicinity, and on the number of equivalent, interacting nuclei in the nuclear
group.

4' Analysis of the fine structure permits, on the basis of the differences in the
values of the spin-spin coupiing constant, determinatiorr of the spatial
arrangement of the nuclei.

5' The investigation of the o-shielding tensor also yields information on the
spatial arrangement of the nuclei studied. This means that the magnetic
shielding of the atomic nuclei depends not only on theirnature and bonding,
but also on the spal.iai arrangement of the neighborlring atum.

:Tiiirffii,1{l#i . Tfr..T:,ffi.f,.1:r'
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frequency values of elements
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Nueleus Natural.
isotopic

abundance

Nuclear
spin

Nuclear
magnetic
moment

Frequency

1H 99.99 r/2 2.792 42.59
2H 0.01 1 0.85 7 6.53
118 81.00 3/2 2.688 13.66
12c 98.9 b
13c

1.1 rl2 0,7 02 10.70

14N qqA 1
I 0.4c4 3.07

15N 0.4 It2 -0.283 4.21

16o 99.7 o
r7o 0.04 5/2 - 1.892 D.'U

18o 0.2 0

leF 100 L/2 2.6289 40.09
3lP 100 1,/2 1.1316 17 .25q

35cr
7 5.39 3/2 0.8218 4.17

37cl 24.61 3/2 0.684 3.47

r27I 100, 512 2.808 8.56

ltf"lffi#oll';, lff{ti,Sffiffi#',.}rii;i, g,gigffifriffi 1fiffi,I;ffi#;,;Ir:
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Ring Protons

H-C=N

H 

-e.

( l-o
Y )cor:

FN.,
cHr

t\
I

35Ai

. L-" l-1"!\ nrsl

.l--\._i, \
t( | ''\l Ni

\t/ '"lo' crHs

llanc

in CDCI, 40 Mc/sec. 23''C

,N_fm

H_C=N

454
0 c.p.s.

{l))

proton rcsona.ncc spcctrunr of (a) tris-A'-mcthy'lsalicyllldinrino Co(lll) artd

(b) tris-N-isopropyl-pvrr0lc-2-aliirnino co(lll) in cl)(-l',. Tlrc inscrt irr (a) sltorrs thc

N-CH3 signals on an crpandcd scalc. Tlrc inscrt in (b) shotvs a portion ot'thc isopropl'l

mbthyl signals on an expanded scale.

\N..
| .Co/3

,r=r.i
cH(cH3 )2

B3

Hp

PMR spectrum of bis(N, t/'-diethylaminotioponcimino)Ni(l I).

ct13 ttu
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a,0 a \?,4\jr,,.,
U/':! J-:// \\

60Mc/S t( )a
rN cDCr3 ,F1. a( ,)s

\_-/
1^/o

Ho-+

PtvlR ,n".,lun-, ol- bis(N,N'-<1i-B-naplrtlrylarninotroponeimino)Ni(tl).

! tcH.,),cH.\ - ^ r

ftaI r3v

(5-CFi3)A

(5.CH 
3 ).

(4-H)A

c(cH 3).

5

(4.H )B

-f l1)11. ^^ , I t aa I

I JOrl I

vr r3

H --"-'>

r: Hto | 1:

(3.H) 
I

---21-;-;'-
1292 | 1c

1 348

H)t

l

plvl R sp..ti*,.* oi the mixed salicylaldimino e ompie.x r'Bu(5'CH:)-r'Pr(5-CHr)
and its pure components in CDCIr at 25" and 60 MHz. Frequencies are the chemicalshifts.

I refers to the pure l-Bu(S-CHr) afld II to the pure r-Pr(J-CHr) complex.
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Douolet due to sprr',-spin
Inte.oction of two
iden',rcol Fo 's wrth One FO

Arecs 2 t,,cr t,aro F" ,s)

High-resolution I eF resonance

----*1920 e-r___+

Pair of resonance triplets in

I ?.'9o-?-o-?-o-?-o

frrplet due to spin-sprn
Interoction of Fo v6th
two Fo's

'(for cne F:)

speoctrum of CiF3 at 220 K.

l9r.t' n.m.r. spectrurn of _qFa at 180 K.

in Sfilft in Dom frcrn-" 85"Yo H3PO4

A

FFtilt\\' F \,1 rlfini\La'\ -s-F Hyi\, . .
\FF '. €pain palrt 

o

line only (b) 
- 
Two lines: quadrupret (") Two lines: both triprets,

:llooi::t.! 
in intensity equal in intensity.

Types of n.rn,r. spectra consistent rvith three hypothetical structures.

F/

(a) One

Rercnme
&sorgt,cn

\J

-A-o
Illoo

t11

3lnr n.m.r. spectra of tripolyphosphate dnd te brapolyphosphate ions.
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ItrT EtnrFfDrlilr CT)Tr.T Tlnr\.Ar? a r?1!.!.t 1------:--F- it tuv i r-r-uii\ si'iir" iiii S Or\Ai{C E SPE C L-RO S C OFy

ELE C TROI{ PARA]I#3iw",, RE s oI{A}ICE
SPECTROSCOPY J

Principles

The fundamental principles of Electron spin Resonance (EPR) are essentially
the same as those of NMR. Practical differences arise from the fact thattfr" *uCuti.moment.ofane]ectronissubstantial1y1argerthanthatofaproton.

The energy of resonance absorption is

AE=hu=gBH,

where, u denotes the frequency of radiation used, h is the planck's constant, l'g" is'the
spectroscopic splitting factor, B is the Bohr magneton, and H is the maghetic field. In
most of the cases investigated, the factor g has a value of about 2, depending:on the
molecularandcrystalstructure,andhasatensorcharacter.

In proton magnetic resonance a field intensity of about 10,000 G corresponds
to a frequency of about 40 MHz. Calculation on the equation shows that in nSn
measurements, owing to the larger magnetic moment of an electron, an intensity of
about 20 gauss corresponds to the same frequeilcy, but resonance conditio4s produiitrg
interaction of an unpaired electron with microwave radiation are satisfied if a stronger
field is used.

Therefore the EPR or ESR instrum.rrt, used in practice operate in the
region of 9,000 mega hertz (3 cm wavelength) or 36,000 MHz (g mm wavelength). The
corresponding field intensities ar6 about ,?.,300 and 13,000 gauss respectively. For
technical convenience, a higher modulation frequency is generally used with ESR
instruments (100 MHz) compared with a few hundred cycles (Hz) in NMR.

Electron spin reson&r:ce can only be produced by electrons possessing non-
compensated spin. Therefore the ESR method can'only be applied to the investigation
of substances containing unpaired electrons, such as transition metal complexes and
free radicals. For the coordination chemist, it is the information obtainable by the ESR
rnethod on the electronic structure of transition metal ions which is of iarticular
interest

Fur technical reason, ESR spectrometers grve the differential of the
absorption in a static magnetic field on which a varyirig neta is superi;;;r.d. Th;
second integral of this value is proportirinal tci the concentraticn. . o '

oo

Thc ESR spectrum carr be represerited lly plotting intensity against the
strength of tlie applied field but ESR spectra are commonly presented as derivative
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cui*\ies, i.e. iire firsi, cierivative (the siope) of the magnetrc fleld. Much gt!.eater
sensitivity can be achieved by this detection rnethod if th; line shape is brouj.

One important characteristic of an ESR spectrum is the field strength at
which resonance occurs, or what is more fundamentai, the g value. In the case #rpit
signals, the g value corresponds to the centre of- gravity of the signal. E;;;y
paramagnetic substance is characterised by a unique g value, which is formally
analogous to the chemical shift value of NMR spectrom"iry. o '

SCOIJE OF ESIT SFECTR,OSCOPY

The area under the ESR absorption curve is proportional to the number of
unpaired electron in the sample. The sensitivity of the method permits determin"iiott
even if this numberis as low as 1011. This high sensitivity renders the method
suitable for the investigation of transition metal complexes of low solu.bility.

Hyperfine splitting

Electronic spin can couple with nuclear spin and therefore ESR signals will
generally be split into hyperfine muitiplets whenever the unpaired electrons are in the
vicinity of magnetic nuclei.

Each- ESR signal of an electronic system that interacts with a group of "n"
equivalent nuclei of spin I is split into (2nI+1) lines.

fnterpretation of &qg spectra
BSR spectra of Mnz*

1. Wir.at is zero field splltting?

A species containing one unpaired electron can have its spin dr-rgeneracy
removed onl-v b.y application of a magnetic fietd. The same is true for a spccics
containing mOre than urre unpaired electron, as long as there is no appreciable
magnetic interaction between the unpaired electrons. For example, for a tripiet species
(S = 1 and M, = +1, 0, -12) in which there is no magnetic interaction. In the absence
of a magnetic field the three spin states are degenerate and are split upon application
of a field. In this case the two allowed transitions occur at the same fietd strength 4nd
only one ESR resonance is observed. However. if there is appreciable rnagnbtic
interaction between the twb electrons, the different M, states have differ'ent enlrgies
even in the absence of a magnetic field 'l'h js is called as zero fieid splitting.

2. How many states are possible for- MnZ* ion (Mn(H2O)6)2+ under zerefreld' splitting.

There are three states are possihle under zero field splitting.

They are + 112, +3!2 and 512

Tl;:1.,;,ffiir,ait,;. *-??t1t:i63r.,;;1.:i. Tir3{ffik$li : lE t-'1-l"r r l;



'['ltc csr spcctrult) ol'uqucous Mn2 *
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f ield glrttrng
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Electronic levels

in Mn (H2O)62*
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3. How i,he degeneracy of i,hese rhree states are
a magnetic field?

i37

iifteci uncier the influence of
,,

of these states +I12, +B/Z' and 5/Z

by the hyperfine splitting of copper

In a magnetic field, the degeneracy of each
lifted, yielding six states.

ESR Speetra of bis(salicylaldiimine)copper(Il)

1. What is the. I value of 63Cu?

I value of 63Cu 
= B/2

2. How many resonances arc possible
nucleus?

states

c.

How manganese nucleus causes hyperfine splitting of each of these states?

Manganese nucleus (I = 5/2) causes hyperfine splitting of each of 
lthese

into six states. .

. "How many primary splitting occurs in (Mn(HzO)u2* ESR spectrum?

Therearefivetransitionspossibleforsixstates...
..

How many secondary splitting is possibre for MN(]F^2})62+?

The ESR spectrum consists of five peaks each split into six components.

6.

There are four main

(2 x 7 x 3/2 + 1) = 4

3. What is the nature
nitrogen atoms and
atom?

resonances possible.

of hvncrfinp snliffino nqrrqorl hrr fha *rrrn ^^,,.i ,,^l^-#__ _-J vssuvq pJ vrtr/ VVV.V Et.][LfI Vd.l(,l.lt/

two equivalent hydrogen atoms attached to carbon
.o

I value for nitrogen = 1 
"

I value for hy"drogeh = 1/2

The spectrum of the complex made with 63C,, (I - 3/D consist of'4 main
resonances (hyperfine splitting by the copper nucleus) each resonances being split into
what appears to be 11 peaks. It is believed that this secondary hypern"e $titting is
caused by the two equivalent nitrogen atoms (I = 1) and the two equivalenttydrolen
atoms (I = 7/2) attached to carbon atoms (mhrked with *), and thus *. 

"*puct 
each

multiplet to consist of a total of (2x2x 1 +1) (2x2xr/2 +L) = 1b lines. Thtfacf that
only 11 lines are observed is ekplained by assulningghat four of the proto" fry;".fi;;
lines coineirJe with four of the nitrogen hyperfine lincs as shor,vn beiow.

I
-
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ESI{ spcctrurrr of un accronirrile solurion of Cr(E.r.rJrc,1 
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INFR.AR,ED SPECTROSCOPY

Infrared
identification of
determination,

specrroseopy is used by chemists
compounds, quantitative analysis

..

for three different purposes,
of mixtures and structure

The infrared spectrum is a proi of percentage transmittance againstwavenumber. 
o 

'-- - -' f/vr vvarvq.; ur arl.

The infrarcd spectrutii uf , .,urrpound m,ay be used as a ,,fingerprint,, 
of thecompbund' To identify a compound its spectrum is compared with the spec tra of alimited number of possible compounds with suggesteaproperties and the source of thecompound' when a matching spectrum is founl, identification is complete..

complex formation affects the vibration of the ligand. co-ordination of thedonor atom of the ligand to the central uto* .rr"";;r the symmetry of the ligand.complexation alters the electron d"r.ity on the indTvidual aiom, or tn. ligand, andtherefore bond orders, etc. in th" li;;;; 
"r" .rru.gui. The formation of the chelaterings offers lew possibilities of theJe factors .rrr" certain changes in the infraredspectrum of the ligand' Shifts in the IR absorptio" of the ligand orr-complex formationmay also yield vaiuable information on-the ,tr.,.t.rr* urrd bonding characteristics ofthe compiex' coordination of the donor atom.of the ligand to the.centroai atom lowersthe symmetry of th.e 

.ligand. This decrease i., symmltry gives rise to bands:in theinfrared spectrum which were not infrared activu in ilr. free ligand in accordance withthe selection rules' Bonds 
.ylrich ur:" *[.,ivalent in the free ligand are not equivalentin the coordinated state. This may .u"i. the spliit*s of certlin bands.

As a result of co-ordination, the stretching frequencies of the -C=N bond incyano ligand and the NH bond in ammonia show opplrit. changes. In a metal complexthe -c:N stretching frequency is higher than in lfr; cyaniae ion and the frequency ofthe c=N vibration increlses with r.r.ruurift-ri"uilirri or rrr. .o_p]o
In metal carhonyls, the co stretching frcquency clecreases with increasingfrequencv of the stretching vibration of the x{-C borrd. L irr.r"ases irr';h;*i#il#'",the complex results therefore in a lowering .r in" rtr""gth of the Co bond.

In dimethylglyoxrTe, complexes, the frequency of thb c=N vibrationincreases with the decrease of the thirJ io"isation poiurrtiul of the central atom. Theiower frequency of the c=N vibration in the .h.lut. rind indicates increasedconjugation. 
Y^'vrq vv r ^*5 r*LrrLr

comparison of the stabiiities of accetylacetone complexes and thefrequencies of the co vibration of the carbonyl g.orp, , f acetylacetone bound int hec'ompiexes and shows that th. c=o bond strength is decreased as the stability of thecomplexes increases. 
-- ---t> uvvr vqp\i\r oLD urrc ;
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trnterpretation of IR spectra

IR spectra of sulphate ion

1 200 1 100

*r, /'\' /^\IW-\). ,\J\ ,//
S',Z\o' 'o

[Jrticleitate ('Cr,)

,1/-o: .o\- nt\,/
,S,Z\o'/ "o.

Bidentate (bridging)r\- 2r'

Ta nl2-

| -r ^/.:'lI s. I| '/' '\
LO" 'tO j
Free ion (Ta)

*oo,/ \,
MS.
.td/ oo

Bi de nt at e (c he I a t i rtg)
C,,

47

7 (cm-1 )

1 000 950 900

B I 10 11

Wavelenqth (microns)

Infrared spectra se 
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1' What are the various ways of coordination for SOo2- iol and mention theirsymmetries. 
o

2' Identify the frequencies for the characteristic for SOa2- io1. There are two
bands u4, 1104 Cm-1 1vs) ur, 978 cm-1 (vw).

3' When the SOnt- iort coordinate to the central metal ion, what is the nature
of the u, and u, bands if it behaves

The,u, (g7T..*-),bund is obtained gs.,a strong band. The u4 band undergoes
fnittlilg into, two bands. They are as the SOnt- r, Uaia uppuu6 i" ffr. region-ig32to 7044 cm-'.' When the SOn i9t is coordirlat6d to a metal ion and 

-act as ;monodentate ligand, the symm=etiy of the SOn2- ftal is lower.d-to-dru. Hence *or.
bands appear,

d4. When the SOnz' ion coordinate to the central metal ion as a, bidendate
ligand what is-the nature of the IR spectrum. -

When SO+'- ion,coordinate to the central metal ion as a bidendate ligand,
then the sym-:tgjt fu-rther lowered to C2n. Hence more bandg rpp"ui. ;, rffi;;;
very strongly at 995 cm-' uttq sphts into STands. They are in the region fbSb-f OOO(w), 1105 (s) and 1170 (s) cm-r.

500 400

7 icin- r;
G

100 cm -l

, Infrated spectra of bis- atrd trisiacctylaccronato) coml'rlexcs.

Cu(ll )

l'c(l Ii )

'^u-)r-;
\C-

Cr(lll)

Co(ll l)

T:",F,1r,i i:ii+;;r:m$,l;.i:ffr la,$;tliffi;i*:5fi; lili.F"ilifi ffiitY,f $iii
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Ftc. l. Infrated spectra of netal-etlrylenetliarnittd cotnp!t.rcs itt. tltc
spectrometer with NaCl ald KBr prixns). The luo $,ptt tf
Brohen portiotzs of the curaes carrespond to lterncJiloyobutadiene

IJ
[Co(en[]Cl, (octahedral h-vdrate): 351G-.-3{{0; 3195-3C60; 1619; 1591-1563;

r 1{66; 1366; 1325; 1302;1977;1!b1; t2IS;1163-11iJ; 11!9;10J7;
; 1002; 891; 782; 744; 523--{e0-*{65--.{35 (Tipe A).

![Cr(en)r1Ct, (octahedral hyd^rate): 3300; 3190-5060; 2945-2591; 16!0;
1574-15{{; 1463; 1394; 1359; I330; 1303; 1275; 19!5; 1153-11{{;
1115 ; 1053; 1005; 8S0-369; ?3S ; 5,15-$30-{S0-1.1b (Type A).tY

[Rh(eo)r]Cls (octahedral h-v*drate): 359S-3-{'10; 3991-3095; 9697*2773;
I 1620; 1570; 1460; 136{; I32?; 1:i06; 1!73; 13:19; 1315; 1105-il.i0;
D tL21; 1057; 87c; 793; 751; 7r,tt 57S-r30-500-105 (T1'pc r\).

t-.
lNi1en1.;Cl, (octahe<lral): 3{80-3{00; 3350r lc{0-3S?5; 15S7-156e; 1 t57 ;v 1393; 1369; 1330; L276; 11{0-1118-i100; 1072; 10:}0-074; 80i; 70c-

663-662; 632---{eS (Type B).t
-
L [Pt(en)'1Cl; (planar): 390?-31,11-306-1; 1010; l lil; 1373; 1330; 1311;
! 12?5; 1104-1138; 1050; 999; 897; Si6; S31; '5.t9; 5{6; liS (Tvpe A).
t-

43
regiolt 1750-100 cnt.-t ([Ii.lger. FISCrU
spcctrum aye designatecl b1t A attd B. ..

t?t1t!!s, atheys lo iri;jol iiitil's,

$a1.rr)r1Ct1 (planar): 3190-31{5-30.10; 1960-3575; 1601- 1367; l3l7; 1993: 1273; 12l0; 113{-11:t; 1055; 997;

- 
(Not er;'mined in potassium bromide region) (Iype A).

g

{u(ea)'l[PtCl.] (planar): 3562; 3300-3330; 9c{G-2678; 1633; 15E7; 1{59;
FJ36,5; 1315i L277; 1169; 10S9; 10{0-1015; 975; 700; 550 (Type B). '

"(*)rlfC'O.l 
(tetrabedral)' 3,t05-i.195 ; 3991-3159 ; 29 14-2E69; near 1600

- broad band; 1155; 139Et 1371; 1303; 1130; 1100; 1091; 791-7S3; 7.11);

_ 680-025; 500 (spectrum is complicated by presence of strong osalate
{baodr, but appears'to be of tlpe B).v

trR spectra of DMG cornplexes
3
qU
\
Dl

D
3
T
3
I
a
rt
I
o
'o

, L'LV-,

S9{ ; 675;
1590;

:(l{

/ 7 5 0 /500 /2SO lOO O
o cm-l

750 450

1. Write the structure of dimethyiglyoxime ligand

H3C-C=N-OH
I

HsC-C=N-OH

2. V/rite the qtructure of the Ni-DMG complex.

- /o-H"Q..H3C-C=N- -, N=C-CH3
| \Ni/ | "

H3C-C=N./ - Ju=a-CHgt o-H-o'
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3. What are the characteristic IR bands for Ni-DMG complex

OFI T\_NI
v-I I

l\TN1\ -\-,'
I{i(II) - DMG 2346 7576 r24r 110g cmji o 

o 
6

4. What about the position of O-H stretching band in the infrared spectrum of
Ni-DMG iomplex

The broad band'bf low intensity exhibited at 2346 c--1 is assignable to OH
stretching vibration. The same band 

"pp"rrc around g100 .;-t l; th" free ligand
confirm ing com pl exation.

The stretching frequency of CO is 2768 crn-l. The C-O bond order is slightly
lower when the CO molecule is coordinated to a metal atom. Consequentlyl thl
:tt:l.Ing frequency for such a CO group lies in a slightly lower frequen.y r"rrg. 

'2000

to 2700 cm-''
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R"* and Rgd = Radius of the nucleus in the excited and the ground state respectively.

Quadrupole splitting

A deviation from spherical geometry in the charge distribution of the atomic
nucleus produces a quadrupole moment. The non speherically symmetric charge

distribution of the electron shell results in gn electric fieid gradient at the nucleus.
The interaction of the electric field gradient with the quadrupole moment of the
nucleus effects the splitting of the mossbauer line. This phenomenon is called
quadrupole splitting.

,^= yz e"qe,
':'

Quadrupole
electric field

Magnetic hyperfine splitting
,ii

. This nuclear effect is analogoris to the zeeman splitting of atomic orbitals
by a magnetic field. The magnetic field at the nucleus produced by the surroundings
can interact with the nr-lclear magnetic fnoment. This interaction causes removal of
the clegeneracy of rluclear eneigy leveis. fhe nirmber of different levels obtained from
this eflect is determined by tire magnetie nuniber of the nucieus. In general (2I + 1)

47

MOSSBAUER SPECTROSC OPY

'. 
:

Mossbauer spectroscopy depends on the resonant absorption'ef a T-ray,
photon by a nucleous. Nthough the photon energies are so different, Mossbauer
spectra are so sharply resolved that they show splittings comparable to those of NMR.

Miissbauer effect

"Recoil frgg emission and ,.rorr"rlt absorption
Mcissbauer effect

Important terms and definitions

of gamma raysf is the

Isomer strift (S) : "The displacement of the centroid of the
spectrum from the zero velocity.

6 = KZe2 t lv(o) | z - | v (o) l2l " lR.*2 - Rna2l

absorber source

K = corstant characteristic of the substance
Z = atomic number

, .9 ,1 ' 
*

elV(o)lz = 6 electron density at the nucleus.

mosgbauer

AEq

a=
q=

moment o

graclient at the nucleus
:
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levels can be obtained for a given nucleus where I is the nuclear spin quantum
number

Mossbau.er spectrum

A plot of the intensity of the gamma rays transmitted through oi.scattered
by the absorber versus the relative velocity of the source-absorber p4ir is the
mossbauer spectrum

TYPICAL QUBSTIOI{S ON MOSSBAUER SPECTRUM

1. Whart are the two parameters
spectrum?

Source velocity (in mm/sec) is plotted against intensity of u-ray (c,ounts/sec)
obtain mossbauer".spectrum.

Mention the significance of isomer shift.

The isomer shift d"epends on a nuciear term dR/R and a ciremical term {1' V
O)12 lV(o) l2 that gives the difference in the total electron densities at the, absorber
and source nuclei. If the nucleus in the excited state has a smaller radius than that
in the ground state as happens in utF., dRlR is negative and the value of the isomer
shift relative to a fixed standard decreases with an increase in the total electron
density at the absorber nuciei. On the other hand, if dR/R is positiv:e, as ' ' 1195tt, the
valuesoftheisomershiftwouldincreasewithanincrasein|v(o)|z

3. What is the information that can be obtained from the magnitude of
quadrupole splitting?

The magnitude of the quadrupole splftting can serve as a measure of the
inhomogeneity of the electric field of a Mossbauer nucleus. The electric field at the
nucleus is determined primarily by the electronic configuration of the atom and
consequently by the nature of the bonding, and secondly by the symmetry of the
crystal lattice. The occurrence and the magni.tude of quadrupole splitting are therefore
of use for the study of chemical bonding or the symmetry of the compound.

4. Expiain the origin of magnetic hyperfine splitting of 5?Fe. 
:

The excited state with I = 312 is split into four and the ground state with
I = 712 is split into two subsets. Hence six allowed transitions are possible.

I

that are used for obtaining the mossbaqer

to

2.
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A. Mtissbauer spectrum of FeSOn.TIlzO

-) 0 -lL rnm/s

(b) Mossbauer spectrum of FeSO., ' 7H,O 1,-) Mcissbauer
spectrurn of FePO,

j

1. What are the parameters that are used for obtaining the Mossbarier
ospectrum?

gamma ray counts percentage

I

-o I

o-: t tnn I- l luur
'.r I'Jl

=l€ 1050 F
I
I

I2 rooo l-

F: (b) 
|

e50 i-

.l

I 100.

1050

(c)
r000

950

Source velocity is p"lotted against
transmittance.

2.

6=
AEq =

0.13
0.3 L5

3. Why Mossbauer spectrum of FeSO 4.7H2O shows splitting?

FeSOr. THrOhas spin free Fe2* ion. It belongs to d6 system. As a result of
the field era^diefts at'the nucl-eus, quadrupole splitting is observed. Thus it is obvious
that, for Fez* ions contai4ing six d electrons, the s electron density at the riucleus
must be lower than for Fez* ion. Further this compound is a high spin compound and
hence Mossbauer spectrum shows quadrupole splitting.

4. What is the significance 0f positive isotner shift valueS for F'eSO 47H2O?

Isomer shift in a positive directiirn correspond to a decrease in electron
density in the region of thei nucleus

Calculate the isomer shif'u and AE*.

q.f $''?iE,Gtslt:f.':.ii'!lli ft*kd,i#&*$llt**r *tt i*#i



I
!
!
I
{

{

"9
€

{

€

4

"a
*a

€
.e
{

*9

{

I
b
{

-o
€

-t
{
*t
*c
{

t
,o

50

Mdssbauer speetrum of FdClo

What is the value of isomer shift?

0.085 cm

-o,l O +o,t
Soulco r/..loc; 17',c-/S

2.

at the
charge

3. What is the oxidation state of Fe in FeCl".

The oxidation state of Fe in FeCl, is +B

what is the nature of cr- ligand in Feclr?

- cl' liganci is found in the lower end of the spectrochemicala weak ligand. 
o

How many dn electrons are there in Fes+?

There are six electrons in d orbitals. d6"

6.Whatisthenatureofelectrondistributioninoctahedra]fie1d?

t'o3 eg2 hence it has symmetric distribution and hence there is noquadrupote "splitting. vr rrrrrr v vr rr' LrrD ur ru u tlurr ano nenc(

whv there is no quadrupole splitting observed in this spectrum? .

Fecl3 is a spin free comple.x' T.t* (d5) has virtually spherical electric fieldnucleus' In the d5 case 
"t.t d orbital'has one.electrol producinga sphericaldistribution. Hence there is no quadrupore splitting, 

:

B.

I
c
t
o
\,

t\I
l l'.

1.

4.

is

D.

lTi.?ril:iffil}l','i'jlft,.,"ffiqxr, 'lFftrti'ffi'i rit*r
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C. M<issbauer spectrum
--2r0

of KalFe(CN)5J
l1LL
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M.ssbntrcr spcct'. of ir.rr-cya,itic co'lrrprcxcs(a) 6, IFc(,-N),, | . ] I t,,O, flr) K.,It:c.(CN),,],

1. What is the oxidation state of iron in (Fe(CN)614- o

x + 6(:I) = _4

x=6-4=2

2.

3.

4.

What is the geometry of Fe(CN)o-a 
.

Octahedral "geometry.

WhatisthepositionofCN.inspectrochemicalseries?

CN- ligand is found in the higher end of the spectrochemical.series.

whether KnFe(cN)6 is spin free complex or spin paired complex?

Spin paired complex



a|}'
q
U
tv
ib/
q
L/

alt'
s
s
q
tr/
jq
b/

p
3
3
3
3
3
3
I
3
3
3
3
3
I
g
3
3
I
o
c

D.

1.
2.

3. What is the nature of CN- ligand?

ii is founci in the higher end of the
stronger ligand.

dn configuratino of Fe in Fe(CN)u4-?

configuration.

electron distribution in an octahedral field?

Miissbauer speetrum of Ks[Fe(CN)5]

What is the oxidation state of Fe in K, (FeCNuI?
How many d electrons are there in Fe3*? o

There are five electrons in d orbitar sand hence it belongs to d5

52

5.

6.

7.

8.

'i

Vthat is the

Fez* has d6

What is the

trnu ugo

whethe, tznu eg' distribution is symmetric or unsyrnmetric

Symmetric distribution.

Calculate isomer shift from the spectra.

-0.333 mm/sec.

9' Why there is no quadrupole splitting in the Mossbauer spectrum?

The electronic configuration of llw spin octahedral Fe21 eomplex issymmetrical and therefore its spe,ctrum does not show q.radrrrp.i. rpiitting. Hence the
L"ll.q.:lpS: 0. The electronic cbnfigurarion is symmltri.. i;;;6tl"a h"r." therers no quadrupole splitting. zs -o ' -'

system.

spectrochemical series. Hence it is a
'r

4. What is th'e co-ordination geometry of FeCNus->

Octahedral geom ut y

whether KrFecNu is a spin free complex or spin paired complex,

Spin paired complex

What is the d eleciron distributiqn in FeCNus-?
E n Iri.'iL

t2s' .gu .Hence it is ufsi-mefricar distribution.

D.

6.
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7 . Caicuiate rsomer shift of KrFeCZ,

0.413 mm/sec.

8. what is the nature of Mossbauer line for Kr(FecN6)?

Mossbauer spectrum exhibit quadrupoie splitting.

9. What is the reason for quadrupole splitting?

Five eiectrotis rire accommodated rn the 3d, (t2d electron shell of low spin
iron -III compiexes. This electronic configuration givei rise even in complexes of
regular'octahedral geom etry to a small quadrupole splitting

10. What is the value of AEo, quadrupolc splitting?

4Eq = 0'373 mm/sec.
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