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CWDH ETRIC TITRATIONS
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iscussion: Complexometric titration is a form of volumetric analysis in which the formation of a
mg

EEI{ZTS;DI“E@ is used to mto 3 fitration. A metal ion indicator
ange is usually used 1© detect the end-pomnt Sf the titrations. These titrations are particularly
fferent metal i00s i the solution.

usef =
eful for the determination of metal ion Of mixmure of di
plexing ngeuluscd n mmplexumcu-ic

E R
titrati A diaminetetraacetic acid) isan excellent com
on.
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is a tetrabasic acid. The four electron rich

hexadentate ligand which

acetate grou
; ps together
Will form complexes with octahedral geometry: . .
 Jt being 3 weak acid dissociates stepwise.

For simplicity EDTA is 81¥€? ine formula Y- I
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Burette Reading

Volume of EDTA used = ¥y, =————mL
M.

eota ™ Veota = Mg 7050, % Via zas0,
Mgppa = —M
3. Titration of EDTA vs. Given ZnSO, Solution:
Burette : EDTA.

Conical flask ~ : 10 mL given ZnSO, + 20 mL H,0 + 2mL buffer
Indicator :  Enichrome Black-T.
Colour change : Red to Blue.

Burette Reading
SL.No.
Initial Final

Volume of EDTA used = VEn‘m = mL

Meota * Vepa =

H?,ns{'.l‘x Vmﬂ. gl

Mznsa, — M
Strength of given ZnSO, solution

= My.s0, x molecular weight of ZnSOy
( Mm‘ * 23".-'.56) gL

My.s0, * atomic weight of Zn

= (Mpas0,65.3) x653g/L
Resuit: The strength of Zn(IT) in the given ZnSO, solutionis  g/L. . r;lﬁ »
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[Same as in experiment 11(a).

Strength of Zn(IT) in given ZnS0, solution
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proc® 142 mL concentrated NH, solution to 17.5 g NH,Cl and diluting to 250 mL using
distilled water.

=

_ Preparation of Standard ZoSO, Solution in 100 mL Standard Flask: Prepare standard
M/100 ZnSO, solution using distilled water by transference method.
3. Titration of EDTA vs. Standard ZnSO, Solution (Standardisation of EDTA
Solution): Rinse and fill the burette with EDTA solution. Pipette out 10 mL of standard
ZnSO, solution in a conical flask and add 20 mL of water to it. Further add 2 mL of
buffer (NH, = NH,Cl, pH = 10) and 2-3 drops of Erichrome Black-T as an indicator to
it. Titrate the solution against EDTA solution until the colour changes from red to blue.
Repeat the titration to obtain three concordant readings.
4. Titration of EDTA vs, Given BaSO, Solution: Rinse and fill the burette with EDTA
solution. Pipette out 10 mL of given BaSO4 solution in a conical flask and add 20 mL
of water to it. Further add 2 mL of IM NaOH and 2-3 drops of methyl thymol blue as
an indicator to it. Titrate the solution against EDTA solution until the colour changes
from blue to grey. Repeat the titration to obtain three concordant readings.
Observation and Calculation:

|. Preparation of Standard ZnSO, Solution in 100 mL Standard Flask:
Molecular weight of ZnSO, = 287.56g
Mass of BaSO, required to prepare (M/100) solution in 100 mL flask =0.4314
Mass of empty weighing bottle = w, =

g

Mass of bottle + ZnSO, = w,=___B

Mass of bottle after transferred = w,= g
Mass of ZnSO, actually transferred = Wy =Wy =W £

W
Mﬂm‘ = leﬁ M

.
2T
*tion of EDTA vs. Standard ZnSO, Solution:
H:lll‘l.:[tu . EDTA
[Ihr:?m ek 10 mL standard ZnSO, + 20 mL H,0 +2 mL buffer
ICator :
C :  Erichrome Black-T.
ﬂllﬁur Eha,'nge * Red to Blue.
SiNo. | Buretie Resdin e
T TR I FOTA ool
2,
.
I

Volume of EDTA used = Veppa ™ —— ™
Mepra Veora = My 2250, Vit 2250,

MEDTE:——_'M



g

Practical Chemisiry for
3. Titration of EDTA vs. Given BaS0, Solution: w
Burette EDTA
Conical flask 10 mL given E:lS{J4 + 20 mL HO+2mL 1M NaOH.
Indicator ¢ Methyl thymol blue,
Colour change : Blueto grey.
™ Burette Reading o
EI'H“' ; s
Initial Final Eﬂ'l'lm ml,
1.
2
3
e S
Volume of EDTA used = Veota=. X mL
Meppa 1 EDTA = Maﬂﬂi" FB&SU;
MB:IS{'.I_I = —_— M
Strength of given BaSO 4 Solution = M

BaS0, * Molecular weight of BaSO,

(Maso, x 233) g1
Result: The strength of given BaSO, solution is = o Tn

Exparimant 11{d¥)

Aim: To estimate the amount of AI(IIT) ions in given M/100 AIC, using M/100 EDTA in
complexometric titration using Erichrome Black-T as an indicator by back titration. Preparc
standard ZnSO, solution,

Theory:
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) oaration of ZnSO, Solution in 100
o: |. Preparation ofZnS0,: mL Standard Flask:
ur 7nS0, solution using distilled water by transference me ask: Prepare standard M/100

»_ Titration of Standard ZnSO, vs. AICL, Solution: Pipette out 10 mL of AICI, soluti
(i.e.. AP* ions) in a conical flask. To this add 25 mL of EDTA solution and’? m'-}‘u::-
buffer (ag NH,, pH = 7-8). Boil the solution for a few minutes to ensure c;mplele
complexation of the AP* ions. Cool the solution to room temperature and again add
2 mL of buffer (ag NH;, pH = 7-8) and 2-3 drops of Erichrome Black-T as indicator.
Titrate the solution quickly with standard ZnSO, solution taken in the burette until the
color changes from blue to red. Repeat the titration to obtain three concordant readings.
This volume corresponds to the excess EDTA in the solution which remains uncomplexed
by AI’* ions and thus gets uncomplexed with the Zn** added from the burette.

proced

observation and Calculation:
| Preparation of Standard ZnSO, Solution in 100 mL Standard Flask:
Molecular weight of ZnSO, = 287.56g

Mass of ZnSO, required to prepare (M/100) solution in 100 mL flask = 04314 ¢
Mass of empty weighing bottle = w,=__§
Mass of bottle + ZnSO, = W, = g
Mass of bottle after transference = w;=___B

Mass of ZnSO, actually transferred = wy=W;=

'M’“ﬁ-ml ,= ﬁﬁxln:?ﬂm

X Titration of Standard ZnSO, vs. AlClL, Solution:

uretie . Standard ZnSO,.
Conical flask . 10 mL AICI, solution + 20 mL EDTA +4 mL buffer

Erichrome Black-T. ; ’

llllji;:atu.r

Volume of ZoSO, used = /2250, = ———
Initial amount of EDTA taken = 25 mL
A'“ﬂllnl,' of EDTA used 'b.y znsnl - (Fw‘) H‘L
Amgy - . -{25 = Fhm‘] mL
Bt of ED TA used by AF* ion = Far*

¥
MM}." Fuh - HMII 2050,

. , . J
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'”\L 34 " { 25 = il'}n!'il.\‘} - 'r'"'anSD. :-c VZ::LSG*I_BWR reading )
.l'fr\.r.. = e M
Strength of Al (11) ions in given solution of AICI; = M, - X atomic weight of Al

= {.’-‘fm e 7 2?) gfll_
The strength of Al (I1T) ions in the given AICL, solution 1S /L.

Result:
( Experiment 11 [ﬂ
Aim: To estimate the amount of Ca(ll) in given M/100 CaCO, solution using M/100 EDT,
~in complexometric titration using Erichrome Black-T as indicator by Substitutios
displacement titration. Prepare standard ZnSO, to standarised EDTA lnd-m
FDTPA Complex solution.
Theory: Substitution Titration/Displacement Titration: The complex formed between Ca io

and Erichrome Black-T is not very stable (the formation constant of Ca — In is only abo

T ~stie=fourth of that of Mg).
\w: Ca - In < Mg - In (In = indicator).
Ca - EDTA > Mg - EDTA,
il W
ﬁ As a consequence, significant conversion of Ca — In(red) to HIn?" (blue) occurs wil
before equivalence i.e., the colour change occurs prematurely in the titration of Ca®* with
EDTA because Ca** ions has a large tendency to form Ca — EDTA complex. wlh
Ca®" ions alone no sharp end point can be obtained and the transition from red to blue
ot observed. Thus, when Ca®* ions are titrated with EDTA, a relatively stable Ca cot
1s formed.
—_— Cal” + FHY* o " CayE i S aHE

(EDTA) (Complex)
" {more stable)

m_’f’"-‘“ with Mg?* ions, a somewhat [ess stable cnﬁ;plex is formed.
Mg® + H,Y> — MgY* + 2H*
\\\___‘EDTM (Complex)
(less stable)
Also the order of stability .s\ )

——

Ca—EDTA > Mg — — =
T x . g EPTA >Mg—In>Ca—1In Mﬂ'
NS can be determined by displacement/substitution titration, The u_-.i“

unsatisfactorily) with metal indicator or for metal ions which form EDTA '@gﬂ“’

that are more stable than those of other metals such as Mg and Zn. Thus, this €7
18 useful where no satisfactory indicator is available for the metal ion being T oy

The metal cation (Ca®) to be determined be treated with Mg — EDTA when the 055

reaction takes Flﬂl:c.
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Ca?* + MgY*™ &= CaY* + Mp*
[ . (less stable) A (more mhh}_JMgz
The amount of Mg*" 1ons set free is equivalent to the cati 2*) presen
- tions (Ca*") tand c
hé'ﬁl’radfc___?.{‘-'-'llfl a standard solution of EDTA and suitable metal indicator E,E. Erichrni:

Black-T).

Mg?* + HIn* &= Mgl + H'

r—'  (Indicator) , TN AN
Mgln- + H,Y* &= MgY* + H* + H'
&% T X (Blue) I

_ Preparation of Buffer Solution of NH,-NH,CI (pH= 10): It iss prepared by adding
142 mL concentrated NH, solution to 17.5 g NH,CI and diluting to 250 mL using

distilled water.

Preparation of Standard ZnSO, Solution in 100 mL Standard Flask: Prepare

standard M/100 ZnSO, solution using distilled water by transference method.
1 Titration of EDTA vs. Standard ZnSO, Solution (Standardisation of EDTA Solution):
Rinse and fill the burette with EDTA solution. Pipette out 10 mL of standard ZnSO,
solution in @ conical flask and add 20 mL of water to it. Further add 2 mL of basic
buffer (NH; — NH,Cl, pH = 10) and 2-3 drops of Erichrome Black-T as an indicator to
it. Titrate the solution against EDTA solution until the colour changes from red to blue.

Repeat the titration to obtain three concordant readings.
10'mL of CaCO, solution in a

4. Titration of EDTA vs. CaCO, Solution: Pipette out
conical flask and add 20 mL of deionised H0 toit. Then add 2 mL buffer (NH, - NH,C,
(Mg—EDTA complex is prepared

pH = 10) and 2 mL of (M/10) Mg—EDTA complex :
by mixing equal volumes of 0.2 M EDTA solution and 0.2 M MgSO, solution). Then

add 2-3 drops of Erichrome Black-T as an indicator 0 it. Titrate thr.‘ suh_nion aga.iuls:
EDTA solution until the color changes from red to blue. Repeat the titration (0 obtain

three concordant readings.

J
.

b
:Ewa“n" and Calculation:
eparation of ZnSO, Solution in 100 mL Standard Flask

M

455 of ZnSO , required to prepare (M/100) so
Mass of empty weighing botle = W= ——

= 287.56¢
[ution in 100 mL flask =0.4314 g

Molecular weight of ZnSO;

Mass of bottle + ZnSO; = w,=___—8

= W3= _..E

M J'L»‘Iass of bottle after transference
ass OFZDSD‘. acmauy msfﬂred = wz'"sz'ﬂf:_______g
T e |
i .
ra"un ﬂf EDTA vs. Stllldlrd ZIISU‘ solllﬂﬂlll

Bureyye

Ina:
ﬂdli_‘a tor

: EDF E
2 +mmLHID+2mLhuﬂ'=f

[-~ur1iq;aI flask
: 10 mL Smﬂdard ZnS()‘

- Frichrome Black-T

"
Ur change . Red to Blue

D —



. Burette Reading
i SLNo ;_ initial Final
| 1 |
"y
.
Volume of EDTA used = Vipta = mL
Mepta ™ Vepra = My 2050, * Vo ZnS0),
Moo = M
. Titration of EDTA vs. CaCO, Solution:
Burette : EDTA.
Conical flask 10 mL CaCO, solution + 20 mL H,0 + 2 mL Mg—EDTA complex + 2 mL buffer
Indicator Erichrome Black-T.
Colour change : Red to Blue,
1.
2
3
Volume of EDTA used = Vo™ mL
Meco, * Veao, = Mpr, > ¥, EDTA
Mc‘.l_-u] - M
Strength of Ca (T} in given solution of C;{:{)} = Mtnfﬂ.,l atomic mass of Ca
= {Mc.co, *20) g/L
Result: The strength of Ca (1) in the given CaCO, solution is g/L.
Expaﬁmant 11{fﬂ
Aim: To estimate the amount of Ca (1) in a sample of drug/milk/food sample/biological 3t
using (M/100) EDTA in compl i

standard ZnSO, solution to standardise EDTA.
: There are many me

il I".".
tal ions (like Ca®') whose concentration

a1
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q consequence, significant conversion of Ca— In (red .
; to Hin*-
cquivnlcnct“ i.€. the color change occurs prematurely I:In ﬂl:[:‘ l.r::'?:::::n?g:f::;ﬁ E;'?r::
because Ca™" 10nS has a large tendency to form Ca — EDTA complex. Thus, with Ca®*
jons alone, no sharp end point can be obtained and the transition from ml I-:I.hlt:i: is :DI
observed. Thus, when Ca*" ions are directly titrated with ED :
']" ;
complex is form 2 A, a relatively stable Ca
ca? + HY® & CaY* + 2w
(EDTA) (Complex)
Thus to determine the concentration of Ca** jons, an excess of EDTA solution is added
(o the solution of Ca*" ions and the resulting solution is buffered to the desired pH. Some
portion of the l_:':DTﬁ gets complexed with Ca®* ions in the solution and the rest of the |
EDTA is back titrated with a standard metal jon solution (like ZnSO, or ZnCl, or MgCl,
or MgSO,) taken in the burette. The end point is determined by using the metal indicator
which responds to the Zn?* or Mg* ions introduced in the back titration.

— EanEDTﬂadd&dhmmmmuuﬂﬁmL——-b

B ——

¥ 1
Amount of EDTA used up Amount of EDTA used up by i
by metal ions present in ZnS0, or MgSQ, added from '
solution = (25=V) mL burese, Volume used = V mL
{from buretie reading)

Procedure: 1. Preparation of Buffer Solution of NH,-NH,Cl (pH= 10): It S preparcd by adding 1
142 mL concentrated NH, solution (0 175 NH,Cl and diluing 0 250 mL using distlled )
waler.
2. Preparation of Standard ZnSO, 5“‘]“!“ 10 m[u'-nisf : r: method. i
standard wlmm,suluﬂmuﬁﬂﬂﬂﬁtm‘d“‘”“ |

Containing Ca* lons:
1. Titration of Standard ZnSO, vs. GIve Sample of MX : :anicaﬁm. To this

: ; 11 (e, Ca* jons) in
Pipttc out 10 mLof given SR OCBFC0 Ly i, —NHCL A= D)

add 25 mL of 0.01 MEDThmiuﬁmlﬂﬁ

: lete
Boil the solution for a few minutes © gIRIOCe - of buffer (NH, — NH,CL |
Cool the solution to room (EMPERALIE dagain 242 01 ion qui ‘

T g5 indicator. Titrate the
pH = 10) and 2-3 drops QEEXCHSS me;::t: until the color changes from blue to

with standard ZnSO, solution tken 1 e dant readings. This volume corresponds
red. Repeat the lin-ut;uu 10 ﬂhf"-'i"l three remains wf:gml by Ca®* ions and thus
to the excess EDTA in the i?lt:m from he burette-

gets complexed with the Zar* 8dded SEER

Obse
1 "Vation and Calculation:

P 2
"*Paration of Standard ZnSO, Solutio"
I. Moo Molecular weight of 2080 = ="~
5 0f ZnS0, required to prepare (M/107) solution in |
Mass of empty weighingbotle =1 _——
Mass of bottle + ZnS0,

in 100 mL Standard Flask:

56 ]
= Euu mL flask = 043142 |

=l'|i':='_____.——




Mass of bottle after transfermence

= “_-1' = g
amount of ZnSO, actually transferred = wy,-w,=w=__ ¢
M,y 2050, = -21—{'!;:-55 X 0=—u
2. Titration of Standard ZnS0, vs. Given Sample of Milk Containing Ca** Jons:
Burette . Standard ZnS50,.
Conical lask 10 mL of given sample of milk + 20 mL EDTA + 4 mL buffer.
Indicator . Erichrome Black-T.
Colour change : Blue to red.
SL.No. Burgtte Reading Volume of
1
2
3.
|
Volume of ZnSO, used = ¥, ., = mL

Initial amount of EDTA taken = 25 mL
Amount of EDTA used by ZnSO, =V, ., mL
Amount of EDTA used by Ca™ ion = V2 (25 -

Mo % Vo= Myego, * Vaaso,

M(\.l" = {25 — F&Sﬂ;"" - il";znsu,‘ » M]‘ lumw
Maxy=__ M
Strength of Ca** ions in given sample of milk = M 2+ = atomic weight of Ca

= (M2 % 20) g/L

Result: The strength of Ca?* ions in the given sample of milkis _ g/L.

( Experiment 11(g) |

To determine Il_n: total, temporary and permanent hardness of given water slﬂ‘P'h :
I;lr’mﬂ EDTA in complexometric titration using Erichrome Black-T as e
repare standard M/100 CaCO, solution and M/10 Mg—EDTA complex solufio®:

!'Ilrd I‘nd Soft Water: Depending on the nature of substances disolve in it :
15 classified as hard and sof.

Soft Water: Water free fro
called soft water, It readily

Alm:

I pate ¥
m soluble salts of Ca/Mg bicarbonate, chloride: S
gives lather with soap.
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g8
e

rd Water: Water containi

I.”: hates 1S called harduﬂlalnmg solube Ca and Mg salts of bicarb .
sulpie ? = water. It does not g'we lather with dsip Y onates, chlondes and
i . use i

1(‘m soap © anges'ltf the cormspm ing Ca/Mg sals which ause the sodium stearate
orms scum/precipitate with soap. precipitates out. Thus, hard

2C ;
- H;COONa + Ca**Mg** — (C;;H,,C00), CaMg | +2Na*

presen
water

For example,

Because of this scum formation, hard w : .

ater 1s :

dyeing. It is also harmful for steam boilers becausle ::: ﬁ:::: r fhund“;' washing and

. i of tum i

of the 'rfmlcr gets co:-'ered with the boiler scale (which is largely C:SDE mg::; Euf:::

mugnl.csmm D‘xychlunde). This boiler scale is a poor heat conductor and :hu: eﬁi-;m:w is

drasucull}f effected anc.! boilers have been put completely out of action by local overheaing
due to boiler scale. [t is therefore necessary 10 make the water soft before it can be used

o Hardness of water is of 2 types:
(A) Temporary Hardness: [tisdueto the presence ofbi

removed by:
(a) Boiling: On boiling the soluble calcium bicarbonate changes 1© insoluble
calcium carbonales and hence get precipitated and soluble magnesium

carbonatesof CaorMg. ftcanbe

(b) Clark’s Process: In this,
which causes P jtati
which can be filtered off.

Ca(HCO,); * ca(OH), — 5cac0,! +2H:0
2CaC05t Mg(OH,)! = 20

Mg(HCO;), ™ 2Ca(OH); —
of soluble Ca/Msg sulphates/

rdness: 1t 1S due to the P .
o oved by poiling. It €48 be removed by.

(washin

(B) Permanen

chlorides. It cannot

(a) Treatment with N8,C0s
CESO4 + Nﬂzcos =T

ey MEC'D;'L + 2NaCl

+Na.CO; &
MgSO, ™ l: dness involves jon-exchang®

a):
caC0, L + NS0

method, synthetic

Other methods tO remove o
resin method and Calgon’s MERE 4 may be determ
Hardness of watef is generaly due 0 ‘_ﬁml“dcn’ fmd ; f:-l?:gg! p:r million of water:
Proced complexometric itration. The ‘;‘;p- = 10): 18 prepared o
ure: 1. Preparation of Buffer Solution of NEy mlL using
solution 1 175

142 mL concentral 3 aCO 1
i :
adard W1 "5 (os CCOs 7

2. Preparation of Sta d G
Standard Flask): Take 1 8° e inj :
insoluble in watef, 3¢ first diss?
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water bath. The residue left is dissolved in distilled water to make gpe ltre sojys:
Each mL of this solution contains 1 mg of CaCO,, Ution_

1 Titration of EDTA vs. Standard Hard Water (Standardisation "rEDTMI )

ill the burette with EDTA. Pipette out 50 mL of standard hard water in a copieg ﬂ:
Then add 10 mL buffer (NH,—NH,Cl, pH = 10) and 10 mL of Mg — EDTA“"ﬂPh
(Mg — EDTA complex is prepared by mixing equal volumes of 0,2 M EDTA solutigy
and 0.2 M MgSO, solution). Then add 2-3 drop of Erichrome Black-T as ap indicato,
to it. Titrate the solution against EDTA solution until the colour changes from red
blue. Repeat the titration to obtain three concordant readings.

4. Titration of EDTA vs. Given Sample of Water (Determination of Total Hardness
Pipette out 50 mL of given sample of water in a conical flask. Then add 10 mL buffer
(NH, — NH_CI, pH = 10) and 10 mL of Mg — EDTA complex. Then add 2-3
of Enchrome Black-T as an indicator to it. Titrate the solution against EDTA solution,
until the color changes from red to blue. Repeat the titration to obtain three concordas
readings.

. Titration of EDTA vs. given sample of water (Determination of Permanent
hardness): Take 250 mL of the given sample of water in a 500 mL beaker and boil
gently for 20-30 minutes (by boiling, temporary hardness present would be precipitated
out as CaCO3 or MgCO,). Cool and filter it directly into a 250 mL standard flask. Also
during filtration, do not wash the filter paper. Then dilute the filtrate upto the mark with
delonsed water and mix well.

Take 50 mL of the filtrate in a conical flask. Then add 10 mL buffer (NH,—NH/(C,
pH=10)and 10 mL of Mg — EDTA complex. Then add 2-3 drops of Erichrome Black-T
as an indicator to it. Titrate the solution against EDTA solution until the color changes
from red to blue. Repeat the titration to obtain three concordant readings.

- Determination of Temporary Hardness: Temporary hardness of given sample of

water is calculated by substracting the permanent hardness from the total hardness.
Observation and Calculation:

Let volume of the water taken for each titration = 50 mL
Volume of EDTA used when titrated against standard hard water = V, mL.
Volume of EDTA used when titrated against given sample of hard water =V, mL.

Volume of EDTA used when titrated against water having permanent hardness = V; mL.
(a) Strength of EDTA Solution:

| mL of standard hard water contains = | mg of CaCO,,
50 mL of standard hard water contains = 50 mg of CaCO,,
Volume of EDTA consumed for 50 mL of standard hard water = V, mL.
V, mL of EDTA is used for = 50 mg of CaCO,,
| mL of EDTA i -(¥
of EDTA is used for ¥, ) mg of CaCO,

or Strength of EDTA solution = 51;9) mg/mL of EDTA.
1
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Jotal Hardness:

bl : 5 ‘
| ¢ EDTA used for 50 mL of given sample of hard water = (V) mL,

volume @ 50
since, 1 ML of EDTAvall cansimess (.F:.) bt

: 50
v.mL of EDTA will consume = (T{ X V;) mgofCaCUl

50 mL of given sample of hard water = (E‘F‘-’lx p;_) mg of CaCO,
|

Hence,
50 > P:, 1
| mL of sample water = —,;:—‘ *25 | M8 of CaCO,
x I
1000 mL of sample water = (EP_Z X %) mg of CaCO,
|
¥, = 1000
= 27" mgof CaCO),
1

Total hardness =2 ppes
1

ic) Permanent Hardness:
Volume of EDTA used for 50 mL of water, containing permanent hardness = V; mL.

Sinc, | mL of EDTA consumes = (3| mg of CaCOy
1

V, mL of EDTA consumes = ('5;:?' X I’;) mg of CaCO;.
1
Hence, 50 mL of given sample of water contains permament hardness = (

. 50xk 1 of CaCO..
| mL of given sample of water contains permanent hardness = ( h lll:36) w3

[
1000 mL of water conlains mﬂ“ - (EI_F:{_J I%) mgnfflcﬂ;-

()
Permanent W;W

———

d) Pet
T'-‘“‘Pﬁrnn‘lednﬂ:=TumlhardnﬁS" ¥, x 1000
¥, x 1000 _F5* ) pprm
1

The given sample of hard water contains
(@) Total hardness ===
(b) Permanent hardness = Sl PP
(¢) Temporary hardness = e

Flt""ﬂll:

50
.ﬁ-xl‘;)mguffﬂ}.




