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FOR THE STUDENTS

e chemistry laboratory is an experimentation workshop and an experimentation
wssroom for the students. This section presents

Suggestions that will maximize efficiency in performing experiments and
recording data.

Rules that must be followed to ensure the safety of students and

Rules that enhance the maintenance of the laboratory.

Suggestions for laboratory studies.

Record the results of your experiments as you observe them and do not relay on
your memory. Unless otherwise instructed, work independently and draw your own
conclusions before consulting with the instructor or fellow students.

The results of the experiments are truly meaningful only if you understand the
purpose of cach experiment. You must be able to answer the questions in general
exercise, placed at the end of every experiment, which are designed largely to help you
to extract the significance of the results.

Safety glasses must be worn in the laboratory unless otherwise indicated by the
instructor.

It is strongly suggested that you must wear a laboratory apron or other protective
clothing in the laboratory.

Do not perform unauthorized experiments. If you want extra experiments, consult
your instructor.

Never smell or taste chemicals, when smelling of chemicals is required, do so by
sweeping the vapors towards your nose.

IFany chemical touch your skin, flood the area with water and notify your
nstructor. Make a habit of washing your hands before leaving the laboratorv,

Laboratory rules.

- The following rules will help you to maintain a neat and orderly working area
Nd will eliminate difficultics arising from contamination.

Always use clean apparatus for each experiment.

Clean the bench top at the end of that period

Before leaving the lab. be certain that water outlets are turned off,



INTRODUCTION

( hemical Analvsis

a1 chemical sample 1s called chemicg] il
1in substances that are present in jt is%
amount of the ascertained SUbﬂtﬂnchi]

['he determination of the elements I“"Ji"":“t‘ ""ﬂ
[he analysis of an unknown .-:;u_nplft' to ;1;:.;.“"1
qualitative analysis. The |d-:ulJ!|luut?un 0 L] .~
chemical sample is called quantitative anatysis.

Volumetrice (Titrimetric) Analysis

In this analysis. the substance to be determined 1s uIl{J‘v»-'ud to rTftLt '-,;f:ll::jz:ir:]dard
solution :,m:l the volume of standard solution needed fL_H‘ f-"‘-”‘”‘r?w‘"l“: 'i tod o o
determined. The weight of the substance to be determined g R -
volume of the standard solution used and the known laws of stoichiometry. The aboye
analysis can be done by electrical methods which involve the ITI?ﬂsurﬂmem G.fm]tag’
clectrical conductivity or resistance in relation to the concentration of a certain species
solution

Classification of Reactions

The common types of reactions are:
*  Neutralization (acid - base) reactions
* Complex formation reactions
*  Precipitation reactions
*  Oxidation - Reduction reactions

GENERAL PHRASES IN OUANTITATIVE ANALYSIS

Standard Solution: Solution

of known cong entration,

Titration:  The process of adding standard ' o ihe
— solution to t ‘o until
reaction is just completed. he unknown solution |

End Point : The point at which the reaction completeg
Indicator : Ap auxiliary reagent

Titrant -

|
added during the titration to indi cate the end pﬂint: ]-
The standard solutio :

Titration Error : -
theore

T'he smal) diffe o
. ) Crence existi . Z s
tical or stochiometric end point ng between the practical end point and

MMM 2 A solution CONAININE one oo






I. DETERMINATION OF TOTAL HARDNESS, TEMPORARY HARDNESS
AND PERMANENT HARDNESS OF WATER
BY EDTAMETHOD

I

iEXPT. No. | Date: .50 ke e dossbMresss
- Aim
! To estimate the amount of total hardness, permanent hardness and temporary

hardness of the given water sample. You are provided with a standard hard water sample
" and standard EDTA solution,

Principle

Temporary hardness is largely due to the presence of bicarbonates of Calcium and
Magnesium. When the sample of water is boiled, bicarbonates of calcium and
magnesium are converted to insoluble carbonates and hydroxides, which can be
removed by filtration. The permanent hardness, which is due to the presence of
chlorides and sulphates of Ca and Mg, cannot be removed by boiling.

Ca(HCO3 )y —L—»  CaCO3 + HrO + CO,
Mg(HCO3 )» —&F Mg(OH)y +2C0O»

The Total Hardness is the sum of permanent and temporary hardness, which is
determined by complexing with EDTA.

M>+Ind ——p M-Ind (wine red)
M-Ind + EDTA ——p M-EDTA+ Ind. ( Steel blue)

edure

itration 1 : Standardisation of EDTA

;

The burette is washed with distilled water and then rinsed with EDTA solution. Then the
ette is filled with EDTA solution. 20 ml of standard hard water is taken in a conical
: k 5 ml of buffer solution is added to maintain the pH of the mixture, followed by the
_ dition of 1-3 drops of EBT. The solution is titrated with EDTA. The end point is the

arance of steel blue colour. Titration is repeated to get concordant value, From this
volume of EDTA consumed (V 1) is noted.



Simple Procedure

Content

Titration 1

Titration Il

'I'itrntiunﬁ\

Burette solution

Pipette Solution

Reagent added

Indicator

End point

EDTA

20ml of std. hard
water

Sml of buffer
solution

Ertochrome Black-T

Appearance of steel
blue colour

EDTA

20ml of sample
hard water

Sml of butfer
solution

Eriochrome Black-T

Appearance of steel
blue colour

—3

EDTA

20ml of boileg
water

Sml of buffer
solution

Ertochrome Black.t

Appearance of steg]
blue colour

Standardisation of EDTA

Standard hard water vs EDTA

Volume of Std. Burette reading
CETY Concordant
S.No. hard water ; : Volume of EDTA :
Inital | Final | cone Value (ml) |Indicak
(ml) i) | (m) consumed (ml) V.
1 | pi |
A0 00 [RI6] Q¢ oz E&T
[ l . 6 ‘;x / :
: | 7
= 0 |2h0 4.6 N’
3 Q’h
0. lakd 1 ag-%
Volume of EDTA consumed for std. hard water = v ] = 2
I - b

-



Estimation of Total Hardness - Stand
Unknown Hard water

ardised EDTA vs

———
Jurette reading N Concordant
Volume of Std. R Volume of ED1A Value (ml) |ipg;
S.No hard water Inital | Final | consumed (ml) ' .
(ml) (ml) | (ml)
! O L) L
. L) )
o U (10 .5 | © |
) .
. R0 O 1. L
3 <
XU 0 10 v 1O .

Volume of EDTA consumed for unknown hard water = V: ml= By

Standardised EDTA vs Unknown

Hard Water (After Boiling)

Volume of Std. | Burette reading 1
S.No. hard water Inital | Final volue of EDTY E’(;.IIIL{I:S Ecrllfﬂt Indict
[ 10 .
) (ml) | (ml) | © et () Vv,
1
2




firation 11 ¢ Estimation of Total Hardness

: ¢ burette is filled with EDTA solution. 20 ml of unknown water sample is taken in the
onical flask. 5 ml of butfer solution is added to maintain the pH of the mixture,

ollowed by the addition of 1 -3 drops of EBT. It is titrated with EDTA solution. The end
oint is the appearance of steel blue colour. Titration is repeated to get concordant value.
rom this the volume of EDTA consumed (V3) is noted.

Litration 111 : Estimation of Permanent Hardness

00 ml of water-Sample 1s taken in the beaker and boiled till the volume is reduced to

bout 50 ml. Filter and wash the precipitate with distilled water. The filtrate is collected
and makeup the volume to 100 ml with distilled water. 20 ml of this water sample is
-cn in the conical flask- 5 ml of buffer solution is added to maintain the pH of the
pixture, followed by the addition of 1-3 drops of EBT. Then the solution turns wine red
solour. It is titrated with EDTA solution. The end point is the appearance of steel blue
olour. Titration is repeated to get concordant value. From this the volume of EDTA
onsumed (V73) 1s noted.

stimation of Temporary Hardness
emporary hardness is calculated by substracting the permanent hardness from the total
ardness as follows.

emporary hardness = Total hardness - Permanent hardness

esult o’ {
,-=_.'"=-' hardness of water = H3L-2 ppm «
emporary hardness of water = ppm
ermanent hardness of water = ppm

IVA VOCE QUESTIONS:

~ Mention the common units used for expressing hardness of water.

Define ppm.

What is the simple test for hardness?

~ What is the function of buffer in EDTA titration?

What is hard water?

What are the different types of hardness?

‘Draw the structure of the (EDTA-M2*) complex formed

Wine red color formation after the addition of EBT indicator in hard waterisdueto .

Formation of Steel blue color at the end is due to ;







Short Procedure

Content

Titration |

Titration 11 \\\

Burette solution

0.1 N H,50,

0.1 N H,S0, .
—

20ml of given water samp|

Pipette solution | 20ml of given water sample | el
= |
Reagent added
—
Indicator Phenolphthalein Methyl Orange
—
End point (i) Disappearance of pink colour | (i) Colour changes from yelly,

to reddish orange

Estimation of Phenolphthalein Alkalinity

Volume of Std. Burette reading Volume of Concordant
S.No. hard water Initial | Final H,50, Value (ml) | Indica
(ml) (ml) | (ml) (ml) My
Frewy
: {e O 8,4 1R 4 LGy | e
2 , e
;{{? 0 U 1Ny B Y
3 | =
=
Volume of H,SO, consumed e e Vv,
Normality of H,SO = 0.]
y ot H,00, IR S O 2 F? ~ 1
Volume of water sample = N oewin
0
- V,xN = Qtuﬁﬂﬂ) —Lk
Normality of water sample = Lo ?Oﬂ
Iphthalein alkalini : S lpn e
Phenolphthalein alkalinity Vv
in terms of carbonate P = --l.d:i].‘_



e 2 . Tt kalinit)
Estimation of Total Al et ‘m-r ( nnmnlm\
ette reatitis - /s
Volume of Std. "!illl__—. Final i el ll”{* e [MJ‘\
S.No. hard water Inital . I (ml)
(ml) (ml) | (M0 1 - @
I 0 [)5.72 e I‘r'--}u _.‘\[E
20 —
: o | 1§ n(;'r :
3 /£
i ""'"'\
Volume of H,50, consumed “ﬂz
Normality of H,50, - E1N’
Volume of water sample = ¥V, £90
Total alkalinity in terms V,x N,
of carbonate M = menmsones x 50 x 1000 ppm < %00 p""i
v,
m = \60b /
2
Interpretation of Various Alkalinity
Titre value Hydroxide Carbonate Bicarbonate
alkalinity alkalinity alkalinity
P=1xM 0 2p 0
P>~ M 2P-M 4
Z2IM =
P=M M ( 0 ®) g
e
1.  When P= M, there is
creis only O fy - a]kdhmty C ”
2. When 2= 0, alkalinity is only qye 5
o ff CO - o 11
5 When P = A fvf (‘Il‘ll}f CO 2 15 present
4. When P < 4 M, P!‘E‘Iﬂnce of i ¢ O - CO o Q_Cgﬁbﬁ._l-ﬂﬁ
5. WhenP>% M, . ("O 2 alkalinity,

and O H are prf:bent.

12

- LQ—WE‘)
= <1600,

|



Erocedure

RETERMINA'I'IDN OF PHENOLPHTHALEIN ALKALINITY

20ml of water sample is pipetted out into a clean conical flask. Two drops of
‘phenolphthalein indicator are added and titrated against standard HySO4 taken in the
::_bu:ettc. The end point is the disappearance of pink color. Titration is repeated for

‘concordant values.

DETERMINATION OF TOTAL ALKALINITY

20ml water sample is pipetted out into a clean conical flask. Two or three drops of
‘methyl orange indicator are added and titrated against standard /504 taken in the
‘burette. The end point is the color change from pale yellow to pale pink. Titration 1s
repeated for concordant values.,

Result

Bicarbonate alkalinity = Oppm
Hydroxide alkalinity = ... 2590 ....ppm

; i 00 .
Carbonate a‘lkahmtj:* -+L‘5 ppm Aﬁﬁﬁ
Alkalinity of water is due to the presence of .................. and ....oceeeneeennn 1008,

)ﬁlﬁr all the above three ions cannot exist together?
] Among the three ions which are the two ions neutralized in phenolphthalein end

~ 1

point?

Why OH and HCO3 cannot exist together in water.
=5 i

i



3. ESTIMATION OF DISSOLVED OXYGEN

Bt NoO Date

fo estimate the amount of dissolved oxygen present in the given water sample

drinciple

Dissolved oxvgen determines whether biological changes are brought about by aerobic
o anaembn_ organisms Dissolved oxygen is one single test to indicate bow aquatic lifs
18 supported Oxygen in water 1s determined by Winkler's method - based on the
axidation of A7 by dissolved oxvgen However, as the dissolved oxygen in water is in
the molecular state. it is not capable of reacting with A7, and so an oxygen carrier like
dn (()H )5 is used to bring about the reaction The liberated I is titrated against
hiosulphate

MnSOy4 + 2KOH ———» Mny( MH)a + K250y

2Mn(OH)s +()y ——» 2MnO(OH )~
Manganous Hydroxide

MnO(OH)3 + 2H2504 —————® Mn(S04), + 3H>O
Manganous Sulphate

2Nap§703 +1y ————® 2Nal + NarS40¢

ANDARDIZATION OF SODIUM THIO SULPHATE

':':?;.' ml of standard K»('ro()7 is pipetted out into a clean conical flask: one test tube
Gilute H7504 and one test tube of 10% K/ are added and the liberated /5 is titrated
mediately against Thio taken in the burette



Standardisation ol I'h

e e
Standard h__:.’ r. (). VS Sodun

iosulphate

Thiosulphat€

____._I_:_E#——_ . of Concordang \pﬂ
Burette readin Volume © Value (ml) |
" Volume of Std. I”'[[;lr Final Thio (ml) £ fl(h%m
S.No. K.Cr,0, (ml) | (ml) _‘"-\E
| —---\:l.I
i
2 a
. il
: —
!
Volume of K,Cr,0, taken = 20 ml i
Normality of K.Cr.0. = 0.0125
Volume of Thio consumed WV, =
NOrmality of Thio 20x 0.0125
TR . AL N
Vi
Estimation of Dissolved Oxygen q
o r‘s.f’u::riume of Burette reading :
No. water sample Inital | Volume of Concordant |
(ml) ] Inal Thi Value (ml)
(ml) | (m]) 0 (ml) v d
i : o
2
3 0
4







fhen the "”'”“”“ becomes straw yellow 1 ml of starch is added as indicator and the
jfration 1S -.-ummmtw.i. !?nd point is the disappearance, of blue color and appearance of
ale green color. Titration is repeated for concordant values.

eSTIMATION OF DISSOLVED OXYGEN

950 ml of water sample is taken in a bottle and 2 m] of MnSO4 and 2 ml of alkaline
fodide solution (K7 + NaOH + NaN3) are added and shaken thoroughly. NaN1 is added
fo prevent the interference from Nitrite. To the sample solution, 2 ml of con Ifzﬁfj,; T
added and shaken. 100 ml of this solution is titrated against Thio taken in the burette,
psing starch as the indicator. End point is the disappearance of the blue color.

Result

The amount of dissolved oxygenina=.........coooevveieeeeren.ppm
given water sample

VIVA VOCE QUESTIONS

1. s the presence of Oxygen necessary in water?

What is the Name of the Titration Carried out in the estimation of dissolved
oxygen level?

Name the indicator used in this titration.

Short Procedure
",ft‘ﬂntent Titration I Titration 11
L-. 3 - -
‘Burette solution | Sodium thio Sulphate Sodium thio Sulphate
'_-,'putte solution | 20ml Potassium di chromate (250ml water + 2ml MnSO, +

' 2ml alkaline iodide). Shake
Add NaN, + 2ml con-H SO,
100ml of above prepared solution

Additional | test tube of dil. H,SO, and
Solution | test tube of 10% Kl

- . ch
Indicator 1ml of starch Iml of star

d point Appearance of pale green colour | Disappearence of blue colour




4. ESTIMATION OF CHLORIDES IN WATER BY ARGENTOMETRIC
METHOD (MOHR'S METHOD)

ex— 6 ot |6 =217

To estimate the amount of plul:arnth:ﬁ present in the given water sample A standard solution
of sodium chlonde 1s provided with an approximate N/20 solution of silver nitrate

Principle

Natural water contains chloride ions in the form of NaCl. KCl. Caclr and MaCla The
total chloride ion can be estimated by Argentometric method It is known as Mohr's
method Here Ag+ 1on in solution reacts with chloride ions in the presence of potassium
chromate as the indicator to form sparingly soluble silver salt

AgNO3 + NaCl ———» AgCl + NaNO3

When all the chlonde 10ns are removed, a colour change from yellow to reddish orange
is noticed as end point of the titration

2AgNO; + K2CrQOg4 ——» AgrCrO4 + 2KNOj3

Standardardisation of silver nitrate

The burette is washed and filled with silver nitrate 10 ml of sodium chloride is pipettted
out in 1o a clean conical flack. I ml of 2 9% potassium chromate indicator is added Then
the solution is titrated against silver nitrate solution At the end point, the solution
changes its colour from yellow to reddish brown The titration is repeated for

concordant values

il Estimation of chloride

0 ml of water (Sml Tap water + 5ml Dish water) is pipetted out in to clean conical

flask | ml of 2 % potassium chromate indicator is added Then the solution is titrated
against silver nitrate solution At the end point, the solution changes its colour from

ellow to reddish brown The titration is repeated for concordant values



Short Procedure

End point

Appearance reddish brown

——
Titrati Titration ||
S.No. Content litration |
" 1 TP, ; 5 " SI "l'l'q.:l ”IIT'-'[[ &
| Burette solution Silver mitrate ate
- _ﬁ
Y - a3 o 2 e
2 Pipette solution 20ml of sodium chloride 20ml of water samp)|
- ——
3 Reagentadded” 1 =~ o 0 ) U
4 Indicator Mixture of Potassium Chromate |Mixture ol .Pr.}lasslum Chre
Potassium dichromate Potassium dichromgge
3 Appearance reddish by

=

Volume of silver nitrate (v ) = 213)

—_—-

ml (titre val

Normality of silver nitrate (N_) = 9

ue)

Equivalent weight of chlorine — 35 45
Titration - Standardization of silver nitrate
Sodium chloride Vs silver nitrate
Volume of Burette Tfadillg Volume of (”“ﬂcurdﬂnt
S No NaCl Inital | Final | silver nitrate Value Indicator
(ml) (ml) | (ml) (ml) _Aml)
{ p Il - O |2l 2{. A & Mixture of
; O |2 # 1 | b l Potassium
20 L | \ {chromale
ey
Calculation
‘mlume. of sodium chloride (V ) = 20ml
Normality of sodium chloride (N) 0005 N






Rtwll]l
he ! 1::\..‘il_[|,.-- &1_6}*3!%-30:{3(?’&

VIVAVOCE QUESTIONS \
\ \
\'—; i -I". 5

[ AT e tiranon V.,!rHL'L1 Ot 1O estimate r|.-“_. nresende of |"!"'r!¥1ll' 1N 1N walter

j | winch torm \_.l‘lzll."‘.ril.\]k' Is ENISTINE i water '

- @

1‘-1\-' s 1he name ol ”"L' eIt ate [.”l”l“;'d inm |l'||-..‘ ||:|l:”|l.'!"|1

L What will happen if von

L do not rinse the apparatus by distlled wate

54
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S. ESTIMATION OF COPPER BY EDTA METHOD

Expt No _‘J) Date ﬁn' -’0} '£

Aaum

To estimate the amount of copper in the give

n solution using EDTA You are provided
with a 0 01 M solution of EDTA and st

andard CuSOy solution, of strength 0.01M

Principle

Copper torms red coloured complex with Fast Sulphon Black F-indicator and the colour
feaction is specific tor copper 1ons in ammoniacal medium In the direct titration of

[ﬂ"i‘l‘t‘f i ammoniacal solution, the colour change at the end point is from magenta or
purple to dark areen

Procedure:

Standardisation of EDTA

Standard CuSOy4 (20ml) solution is pipetted out into a clear apnical flask and diluted to
SO0ml using distilled water Five ml of concentrated ammonia solution and 2 drops of
Fast Sulphon Black F-indicator solution are added. The solution is then titrate | against

EDTA solution taken in the burette until the colour changes from purple to dark green

The given copper solution 1s made upto the mark in a 100 ml standard flask and shaken

Well Twenty ml of the solution is pipetted out into a clean conical flask and diluted to

20 ml using distilled water Five ml of concentrated ammonia solution and 2 drops of
a5t Sulphon Black F-indicator solution are added.  The solution is then titrated against
DTA solution taken in the burette until the colour changes from purple to dark green



Short Procedure

itration 11 3
{Content Titrﬂtiﬂ“ 1 Titration
EDTA |
Burette solution EDTA = : -
3 . , SO 20ml + 30ml water 20ml of unknown solution
Pipette solution Std. CuSO, + 50ia] water
) = |
Indicator 5ml ammonia & 5ml e éi:il
2-3 drops fast sulphon black-F 2-3 drops fast sulphon black-f
End point Purple to dark green Purple to dark green
Viva Voce Questions .
1.  What is the indicator used?
2. What is the colour of the complex formed with indicator?
STANDARDISATION OF EDTA SOLUTION
STANDARD CUSO4 VS EDTA SOLUTION
Volume of Std. | Burette reading
S.No. CuSO, solution Inital | Final Vi;‘rlume of EDTA Concordant Indicat
taken (ml) (ml) | (ml) consumed (ml) | Value (ml)
‘ 2L O 0 2185 2t |
2 | ao 0 |22 | sy () By
3 | S Fig S N
CALCULATION
Volume of Std. Copper solution taken = 20 ml
Strength of Copper solution =+, 0.01 M
Vol fE ;
olume of EDTA consumed . Vi
20 X 0.01 ox vt
Strength of EDTA X - R "i"~ lj
2

Vi









6. Estimation of Iron in water by spectrophotometry

EX &
Aim 6 Dare - 20| g) 1

To estimate the amount of ferric ion (Fe') present in the water sample using

slwﬁr'npfh omeler.

Principle
When lightis incident upon a homogeneous medium, a part of the incident light is reflected,
a part is absorbed by the medium, and the remainder is allowed to transmit as such, If
denotes the incident light- 1 the reflected light, | the absorbed light and I the transmitted
light, then one can write.

lo=la*th+l

The following laws govern the absorptron of light by the molecule.

Lambert's law: “When a beam of light is allowed to pass through a transparent medium,
the rate of decrease of intensity with the thickness of medium 1s directly proportional to
the intensity of incident light”. Mathematically lambert’s law may be stated as follows,

di/dt a1l or dl/dl = K1

Where, | = intensity of incident light of wavelength
t = thickness of the medium

k= proportionality factor
On integrating the above equation with limit I =1, when t =0 then,

In Icﬂtz Kt

The ratio | /1 1s termed as transmittance (opaciy) and the ratio 1s termed as the absorbance,

(optical density or extinction coefficient, E) of the medium.



Absorbance at Different Concentrations

; : ‘one of -
\"Th.""f,'" \I;TI‘:.:”..I.:;.. Jl@:rij:l{}::- ‘w:f::!”" ’]"Iin:;lu : []j:{j“ Absort
5.No :*'-'-l:ji llzltlinn :-::ﬂLut lon | Sol ation | water : {;”L.:;} Solution (A
(ml) (ml) (ml) (ml) (ppm) A
L. | \ 1 = | O ' O 0.1
e T S 6 16 | 20t R
3. i 4 ‘ I S | O 10 O v
5. :
¥ - 3110 | sO |ow
EL i
i 4
. r(:’ ‘f Hoo
8 .
| Son] 4+ U] _ 6
wa 0O
9. 10“1 GJ
e}
10,







peer's law: * The intensity of a beam of monochromatic light decreases exponentially

with the increase in concentration of the absorbing substance arithmetically”. By combining
flic these two laws, we get

Loglp/li=€Cx  (or) A= €Cx

The above equation is fundamental equation of spectrophotometry.

It is important to remark here that there exists a relationship between the absorbance A,
transmittance T and the molar absorption coefficient, € .

In order to get a good result, a careful attention is extremely important while preparing a
coloured solution by adding a suitable reagent. Such reagents are known as chromogenic
reagents- When ammonium thiocyanate is added to the solution containing Fe 3% jons, a
blood red colour is formed due to the formation of ferric thiocynate complex which
absorbs white light in the blue region of wave length, = 480 nm. .

Fe3* + 6KSCN — [Fe(SCN)g]3- + 6K

Procedure

‘Spectrophotometer is switched on and warmed up for 15 min. Distilled water is taken in
the cell (cuvette) and it is placed in the cell holder of spectrophotometer. Then the meter
is calibrated by fixing 100 % transmittance or 0 % absorbance. Then a series of
solutions of known concentration are prepared. Then absorbance of each solution is
measured. Finally a calibration curve is obtained by plotting absorbance against
concentration.

ult | 1":?

The amount of Ferric iron in the given water sapple =

ppm

Yiva-Voce Questions

Write the beer - lambert
What is calibration curve?
What is the color of the complex formed.

1 9 sPain the parameter involved.



7. CONDUCTOMETRIC TITRATION OF ST

Expt. No: S_ Date 23)1[1'{-
£ 1

To determine the strength of a strong acid (like
with 0. 1N NaOH.

HCT) conductometrically. You are provided

Procedure

e conductivity cell is washed with water, rinsed with conductivity water. Twenty ml of
0.1N HChis pipetted out into a ¢lean 100 ml beaker. The conductivity cell is dipped into it
e burette 1s filled with NaOH solution and clamped above the beaker. One ml NaOH
solution is added from the burette and stirred well. The conductance of the solution is

measured. Similarly conductance is measured for each 1 ml additions of NaQFH from the
burette.

Principle

A solution of electrolytes conducts electricity due to the presence of ions. Since specific
conductance of a solution is proportional to the concentratica of ions in it, conductance of
the solution is measured during titration. .
en sodium hydroxide is added slowly to the hydrochloric acid, it gets neutralized as
shown by the following equation.
HCI + NaOH NaCl + H>O

During the addition of sodium hydroxide, conductivity of the solution decreases slowly.
This is because of the removal of fast moving H' ion by slow moving Na™ ions. This
decreasing trend continues till the end point is reached.

After the complete neutralization of all HC1, addition of excess of sodium hydroxide
causes sudden increase in the conductance. This is due to the presence of excess of hydroxide
100s 1n solution.

Initially the measured value of conductance gradually decreases; after the Equivalenge

point the value increases steadily. A graph is drawn by taking conductance in t!}e i axis

and the volume of NaOH in the X axis. The point of intersection of the two strai ght lines

vy

Bives the end point.
Btrength of hydrochloric acid - ......08..015......
Yiva Voce Questions T

Explain the principle of conguCtometric titrations.

Will conductivity of the solution increase on dilution? Why?

State two advantages of condutometric titractions. N
Before the addition of alkali the conductance of the acid solution is ---- due to ----

What 1s ionized water?

0o









8. IJ;) Eﬂlltif:r“ INAT‘I{)‘N OF MOLECULAR WEIGHT OF A
A MER BY VISCOSITY AVERAGE METHOD

=y k \\\"
AW Date:. ..o

A

To deternine the molecular w eight of a polymer

Principle

When a high molecular welght polymer is dissolved in a solvent. the viscosity of the
solvent increases This increase in viscosity of the solvent depends on the concentration €.
and the molecular weight of the polvmer A/ When the densities of the polymer solutions
are not very much different from that of the solvent. the viscosity is proportional to the
flow ume (7). The flow times 7 (solution) and 7 (solvent) can be used to calculate other
desired quantities 1 ng is the viscosity of the pure solvent and n that of the solution of a
aiven polvmer. then the relative viscosity can be related to the flow time as

The specific viscosity of a polymer solution gy 1s given by

s 1) “
]]Sp‘——_—_l "T]I_—l

¢

. - - 0
where 1]~ relative viscosity

the relative increase in specific viscosity per unit concentration of

Theratio 1) op /C |
: iscosity, which depends on the molecular weight of

the polvmer is known as reduced v
the polymer ’
f].f = lim Ngp/C
c -0
5 found out by plotting f] Sp - against C. where ti is intrinsic viscosity. From the equation,
I:I ;= K x M2 ( Mark Houwink equation )

the molecular weight M of the polymer can be determined, K™ and “a” are constants for a

#iven polymer









The » m-mim-lurl 1S [I;hl washed with water and thep with acetone and dried. The viscometer
is clamped vertically in a thcrmnstat. 10 m] of the solvent is pipetted out [;uu the reservoir

of the |i++.‘:mm:!ur. The upper bulp of the vViscometer is filled with the solvent (water) b

suction. The mhh*_ﬂ tube attached o the limb of the viscometer ‘sE S? Vﬂﬂd, ‘ﬁda Ef}ﬂ F
solvent starts ”“W‘f"gn the flow time of the solvent to flow from th:a urL Z?'S:mr?(nm ?;w;f
mark is noted by using a stop watch (10). The procedure s repeated forz];ncurdant values.

H‘_"" ”Ilu_l_u [mI}‘!}nc‘r solution (1 g of polyviny] alcohol in 100 m] of water) is prepared. From
this, desired dilutions of the polymer are pPrepared in five different standard flasks, Solvent

is poured out of the viscometer. Now the flow time for each concentration of the polymer
is determined as done for the solvent, pipetting 10 m]

every ime. From the flow times, nr, n sp/C and and Nsp/cC

and a plot of M sp/ C against C is made to get TI:

Result

1. The molecular weight of a given polymenr =
2. Degree of polymerization of a given polymer = —

Viva-Voce Questions

l. - Define polymer. t
2. What is mark-hawnik equation? Explain the terms in it.
3. Name the apparatus you are using for flow time measurement

E Viscusity - Molecular Weight Constants for Polymer
Solvent System at 30°C

e,
Polymer Solvent K x 105 g/dI B
s
: 10.2 0.72
Pol yvinyl acetate g:stz[;]; 56.3 0.62
s
Polyvinyl alcohol Water o <
Poliv: . Chlorobenzene 71.2 i
Olyvinyl chloride Cyclnhexa"f’“e 16.3 | 0.77
Tetrahydro furan | 83.3 0.83
e :




9. pH Measurements For
Acid - Alkali Titrations

13
Expt. NO 517 1, L S

A

1o determine the strength of approximately 0.01 N hydrochloric acid solution by pH titration.

you are provided with 0.1 N sodium hydroxide solution.

Principle

pH titrations are generally used to fine out equivalence point or end point of coloured
solutions of acid or alkali where there is problems in using indicators. During the acid-

alkali titrations the H' ions of the acid is progressively consumed, increasing the pH only

slightly.

But as the end point is reached, the Ht ions react with OH of the alkali to form water
‘Molecules and further addition of alkali increases the OH™ ions. The change in H' ion to
OH ions with a small volume change is denoted by a steep rise in peak when ? pH /7 V

(V-axis) versus volume of alkali added V (x-axis) and this point in x-axis denotes the

SQuivalence point or end point.






I , hydroc ‘ic acid
Standard Sodium hydroxide vs hydrochloric :

; ApH e ______‘\;*l.p!{
Volume of pH ” 5 .
S.NO NaOH
|
|
- : r
- i
3 i
L i
4 : E
]
i
1
I
| K
I
y 1'
Voluma of:NaOH.(v)
Calculation Y
V —
odium h ide :
vdroxide Hydrochloric acide 2
N, _ V1N|
VE
g V.x0.]

-p.—-.___h‘-.-



procedure

Make up the given HCT acid solution into g 100 . Standard flask. Fill the burette with

up acid solution in a 100 ml. Beaker and
the acid solution, switch on the pH meter and
n, add gradually 1 ml. each of sodium hydroxide
¢d by stirring or shaking the beaker gently and note the
pH reading each time for the specific volume of the sodium hydroxide added. This is

repeated till a sharp jump in pH value is obtained. From this trial titration the equivalence

the &b en NaOH SDlLlﬁUI‘].THkE 50 mil, of the made
insert the pH glass-calomel electrode into
note the initial pH of the acid solution, The

solution through the burette, follow

;.

point range is obtained from the graph drawn by plotting pH Vs volume of titrant added.

The solution is discarded and the same cell is formed with fresh aliquot of HCI solution

(20ml). The experiment is repeated by adding NaOH solution in 0.1 ml portions in the
region of sharp increase.

Tabulate the reading as shown. Plot the graph ?pH / ? V in the y-axis and the volume of
NaOH added V in the x-axis as shown in the figure. From the sharp peak in the second
graph. the volume of sodium hydroxide corresponding to the equivalence point or end

int is obtained.

ult:

¢ exact strength of hydrochloric acid

a-\Vop

ce Duestions

Define pH of a solution.

What electrode and instrument you are using for pH measurements.



10. ESTIMATION OF FERROUS IRON BY
POTENTIOM ETRIC TITRATION

Ain
b estimate the amount of ferrous iron IN the
-pgu-nlh"'““”“-' litration using a st

inciple
When potassium dichromate solution is added to an acidified ferrous solution, it oxidizes

to ferric (Fe2t 3+ : _
ferrous to ferric ( ‘ Fe?™) and a redox couple is set up. The cell representation
for this titration 15 as follows.

d given ferrous ammonim sulphate solution by
andard potassium dichromate solution of strength O.I N,

Hg / HgyCly(s) KClgyeq // Fe2t / Fe3t, (HT)/Pt
calomel electrode

Addition of potassium dichromate solution increases the Fe3* and decreases the ratio
Fel™ Fe3™ which increases the observed emf. At the equivalent point, the concentration
of Fe2 ™ reduces to zero and a new redox couple is just set up which is indicated by a
sudden jump in the observed emf value.

ocedure

10m! of the given ferrous solution is pipetted out in to a 100 rnl. beaker. 10 ml of dil.H>S04
(4N) and adequate amount of distilled water is added so as th} immerse .the electrode well
in solution mixture. A clean platinum wire electrode, a dip type cainf'ncl E]cctrf}de and
glass stirrer is placed in to the solution. This forms a cﬂmplete cell. The leadls Tomfﬂ}:g
Calomel and platinum electrode are connected to the negative and positive terminals of the

Potentiometer respectively.

A o ; ands tassium dichromate solution and is so mounted

The burette is filled with a standard po S ; : -

above the be L that its tip is dipped inside the hqmu.:l le':rnl. In the trial e;::penment 1 mlof

: B dfl hﬂl‘ 1 ‘o solition 18 added to the solution in the beaker. stirred well and the
ichroma -

Stey the experiment is continued till a

dy ¢ : -ell is ured. In the same Wﬂ}’a : : ; :

}j::::f f*‘i t’;hc LE:lf.l+ lsofblz;i:,i ed. From this the equivalence point range 1s obtained from
P n the emlI 18 z

i d.
graph drawn by plotting emf Vs volume of titrant adde '
is formed with fresh aliquot of ferrous solution.

- ! . ' 1 . : :
Solution is disgaied HE £1L i assium dichromate solution of 0.1 ml portions in

€ Cxperiment is replaced by adding pot
"gion of sharp increase.












11._Conductometyi

CDrecipitation (irati
- ation titration

Na 80,

m
A

_ietermine the amount of Barium chlaei . :
[o¢ N o T chloride present i one litre of the given solution b
Juctormetric titration using a standard sodiun grven ! on by

1sulphate of strength - vt

y solution of electrolytes conducts electricity due to the pre

, S sence o 1ons. Since specific
conductance of a solution is proportional to

the concentration of ions in it, conductance of
he solution 1s measured during titration. In the precipitation titration, ions arc converted to
msoluble precipitate, which will not contribute the conductance. When sodium hydroxide
s added slowly to the Barium chloride, it gets precipitated while the chloride ions remain

unchanged.
BaZ®t +2C1- + 2Nat + 8043‘ —F BaS04 +2Na" + 2CT

. : al EneRmE
The Barium ions in the solution are replaced by free Na™ ions. Since the mobility Na ions
s less that of Ba2t jons the conductance of the solution decreases. After the end point,
ition of sodium sulphate increases the

when all the Ba2* ions are replaced. further add
¢ d SO42-.

o - 1 - . +
tnductance. This is due to the mcrease of Na™ an

te solution. A conductivity cell is placed in the

- vorotie 16 S Sﬂdil;m 'SUngﬁjnﬁdc (20 mi BaClp & 30 ml distilled water).
ke containi :on of barium 01 : ' _
um:r. Ltmptdlnl{ag a sohft‘mnnnected o the conductivity meter. h!nw a c;nm[?t vulu_::e:;: .:
mdm:nmﬂml of e ce‘;llilt;lﬂ?mm the micro purette to the solution and a change 1

U sulphate 1s adde

“ivity is recorded for each y decreases through AB and further

ctivit , el
I)urmg the addition of Sodium sulphate, C::;i: through BC. End point of the reaction is
¢

Uhon causec T in condu -codium sulphate with conductance.
lay U.n o A mq,,n:aﬂtf 1 lotting the yolume ﬂi{ Wd]?mn-: i [I: the | litre of the given
]"h.,]nui from the graph drawn bY I‘;‘ it chloride acid prese

I tthe end point, the amount O

dl¥t,
ure is caleulated.



0 T"ToOCcal on

NaCl + NHISO'I

ﬂ

Volume of sodium sulphate (ml)

S.No.

Volume of sodium sulphate
(ml)

——

Conductance (mho)

—

fad | Pl | =

decrease

| |uh | &

10

11

12

13

14

increase

15

16
17
1%

19

20
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» Determination o
2. Dt { water of ¢pys

- tallizati 2
(CuSO ﬂ_i.lg_l_)lamm of a crvstalline salt

—

lk[|'|r .
germune the quantity of water oFridvst

=2 s vdrat N 3
1 sample of AR CuSo, SHO 1On present in ( uS0, 5H.0) You are provided

pr-uu'll*l'-'

(80 SH O 1s a blue cerystalline solid The
awhich 15 ICHPUH\IMU tor TI"HZ’ colour ot the

cours resulted with appearance of wirite

salt 15 hydrated with five molecule of w ater

ﬂallt i When it is healed. loss of water molecule
solic

CuSO SH O

I8¢ CusO, + SHO
\ccordimg to stoichiometric equati -
CusSO. SHO oS, + SHO
(mol Wt = 249 68) (150 68) (90}

Lo 249 68 am of CuSO . SH O contains 910 gms of water
then. X gms of CuSC SH O contains -~ X x 90 249685 ams of water

Procedure

Silica crucible is washed and healed to about 2007 C i a hot air oven Fhen it 1s cooled in
a desiccator and then weiahed The process of heating. cooling and weighing is repeated
il a constant 1s recorded

I et the weraht of empty sihica crucible - W ams

AR CuSO SH O s tahen i the weighted silica crucible

Now a definite antity of given . |
OW.aceHE e 7 hangees into white  Then it 1s coded m a desiccator and

' aste [  colour ¢ : : _ _
f:ld T;m;h;.? U Ijltji:,i-f1eﬂtit11, coolineand weighing is repeated 1ill a constant 1s recorded
eloched The process s E

I ef the weight of empty silica crucible + residue (CuSO ) = W ams
¢t the ¢ :

: ¥ » ditference qehts of Woand W
. = I o abtaimed from the difference in weights ot ¥
he weight of residue (¢ us0,) is obt:

il i = ums

Then, Weight of the residue. (W_- W ¢

R

o : oo salt. CuSO4 SHoU e VS
Water of crystallization ol ;:rg.rstalllm salt. 2

VIVA-VOCE OUESTIONS

Define crystallization ; CuS O
What is lt:lﬂ n!nlECU«I%r “-'E!.__!:',h[ of rg:.l.‘"f{ J
Why silica gel used n desiccators ¢ the moisture”
What are the substances used to remove the .

- £ d_}
ek hen CuSO4 18 roastc
What happen. w e

ke e I -






paration of Reagents

' Ammonium thiocyanate

Reagent Strength Details of Preparation
Acetic acid 4N 250 ml glacial acelic acid per litre
of distille water
Hydrochloric acid 4N 330 ml con. HCI per liter of
distilled water
Nitric acid 4N 250 ml con. HNO, per litre of
distilled water
Sulphuric acid 4N I 10 ml con. H 50, per litre of
distilled water
Ammonium hydroxide 4N 270 ml liquor ammonia per litre
. EDTA solution
- (Disodiumsalt) 0.01 M 3.72 g disodium salt of EDTA per
litre distilled water
Eriochrome black-T 0.5 g of solid EBT in 50 ml of
L in-dicator alcohol
Calcium carbonate solution 1 mg/ml Dissolve | g of CaCO, in dil HC
and make up to one litre
B oniura chloride pH=10 Dissolve 67.5 g of NH,Cl in
ammonium hydroxide buffer 570ml of con. ammonia solution
' and make up to one litre.
o itrate 0.1 N 16.9 g of AgNO, in one litre of
| distilled water
. : _ A
- Barn chlorts 1N 58.44 g of NaCl per litre ©
Sodium chloride ol ountey
: 4.56 g of KCT
Potassium chloride I'N f i
0.1 M 8.5 g NH,SCN in 1 litre of

distilled water




Molecular Weight of Hardn

ess and Alkalimity Producing Sal

- ’ P |
v B a of the Eq weight | Molec
Name of the chemical Mole. Formula o - Lu_hr'ﬂ
Salt L» Of the Say
' Y ( ¥ |
Calcium b carbonate Ca(HCO ) 162
—
Magnesium b Mg(HCO ) ¥ 146
carbonate
Calcium carbonate CaCO 50 | 00
Ethylene di amine CHN(CH.COOH) 122 -
letraacetic acid (CH.COONa) 2H O
Ferrous sulphate FeSO 7H 0O 278 () A
Ferrous Ammonium Fe(NH ) (50,). 6H.0O 302 () )
Sulphate '
Copper sulphate i:-n_J.‘.ilZ'J1 5H O 250 0 :
Potassium Dichromate KCro. 49 0 |
2% 5% |
Potassium hydroxide KOH 56.0 & |
Potassium Permanganate | KMnO, np —
Sodium carbonate Na CO $3 0 et
Soduum Thiosulphate NaS O SH,O _2:;';_ ol
Sodium hydroxide NaOH ;;;;""""‘— —
Sulphuric acid H 50, 49 ¢
: : . - - _—
Hydrochloric acid HCl 36,5 )
_____.-'-""'—-.
'l-—...______-_-_-__.‘f
Nitric acid HNO 63 00 N
—“*J"---...______,Jﬂt.



Preparation of Reagents

Sodium hydroxide

T —
Reagent Strength Details of Preparation
i - wind
- S ASCN i 1 litre of
Potassium thiocyanate 0.1 M “_]'- gh |
Distilledwater
Potassium chromate 5% S ol K,CrO, in 100 ml of
distilled water
Iron III indicator Dissolve 40 g ammonium I'I'IIH'.' |
sulphate in 100 ml and add few
drops of 6M HNO,
Potassium dichromate | N 49 o OFK,Cr,0, in | litre
Ferrous ammonium sulphate I N Dissolve 392 g of FAS in distilled
water and required quantitics of
con /1, S{J_; and dilute to one litre
Fast Sulphon Black -F Dissolve pinch of the indicator
indicator Iin [;inll”ui water and dilute ¢
00 m]
¥/
Starch solution b Dissolve | 8 of soluble w[q:r.,h in
water and gdq to 100 ml o
boiling wae,
Potassium iodide 10% 100gof &7 per 4
I N 40g uf‘Na()H

n I litre of
distilled water
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