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PREFACE

Environmental studies is multidisciplinary branabnsists of chemical sciences,
physical sciences, biological sciences and vareEngineering branches. So, it is very
important that students of Environmental Sciencefopm lab experiments to fully
understand that the theories they study in leaackin their textbook are developed from
the critical evaluation of experimental data. Thbdratory can also help the student to
develop interest in the study of the Environmer8alence by clearly illustrating the
principles and concepts involved. Finally, laborgtexperimentation teaches students
the opportunity to develop techniques and other ipudative skills that students of
Environmental Science must master for applicatiocareer and daily life.
The faculty of the Environmental Science/ChemisityAIT clearly understands the
importance of laboratory work in the study of Eovimental Science and committed to
educate the student in lab skill and hopes thay thil take full advantage of this
opportunity. This Environmental Science lab manpabvides the students clear,
comprehensive and upto date information about #reows practical of Environmental
Science.
This Environmental Science lab manual is designedmeet the need of GGSIP
University B.Tech % semester students
In addition, students are encouraged to completerdport as soon after laboratory as
possible, as this is much more efficient than wgitintil the night
Before it is due. In conclusion, we view this mamgmone of continual modification and
improvement. We encourage you to discuss ideasriprovements or suggestions with
author. Finally, we hope you find this laboratoryamal helpful in your study of

chemistry.

Dr. A.K.Jain
Dr. Era Upadhyay & Mr Anupam Adhikary

Acknowledgement
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Flrst we bow down at the feet oAlmighty God” and pray for peace in world and let

noble thoughts come to me from the universe andthey eternal blessing of
omniscient almighty as to enable persist alwaymenthe strong belief of devotion
and determination that anything incomprehensible the holy earth is
comprehensible through team work with the pleasach moment, we spent working
on this lab manual.

It gives us deep pleasure to express our sincattdlgte to Prof. M.P.Singh
Director Ansal Institute of Technology, Gurgaon fbis valuable guidance for
preparing this manual.

We would like to pay our sincere gratitude to P#fS Sexana, Dy. Director
Ansal Institute of Technology, Gurgaon for proviglias all the facility and support
for this work. We are also highly thankful to DrtthKumar, Head Applied Science

and Humanities for his valuable suggestions.

Last, But not least we wish to thank all those, sehmames have not figured
alone but have helped us directly and indirectlsirdythe course of this work.

Dr.kAJain,
Dr. Era Upadhyay & Mr Anupam Adhikary
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Subject code - ETCH-154

Subject title - Environmental Studies Lab
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LIST OF EXPERIEMNTS
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Determination of Alkalinity in the water sample

Determination of dissolved oxygen (DO) in theavaample.

Determination of Biological Oxygen Demand (BAD}he water sample.
Determination of chemical oxygen demand (COLCthawater sample.
Determination of pH, Conductivity and turbidity some drinking water sample
and preparation of report.

Determination of residual chlorine in the watample.

Determination of pH and conductivity of soilldbe samples.
Determination of moisture content of soil sample

Determination of Total dissolved solids in wateffluent sample.

Preparation of Urea-Formaldehyde polymer.

To determine a) max of the solution of KMn©b) Verify Beer’'s law and find
out the concentration of unknown solution by spgutotometer.

To determine the concentration of iron in watamnple

To determine the concentration of particulaggten in the ambient air using High

volume Sampler.
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GENERAL RULES FOR THE SAFE WORKING OF STUDENTS IN T HE
LABORATORY.

Laboratory Safety

1. State-approved safety goggles must be worn in thaldoratory at all times.
This is required by state health regulation. Failiar observe this requirement will
result in your removal from the laboratory. Thetdssapproximately Rs100 (and
trivial in comparison to your eyesight). Safetyggles, etc. are not acceptable. If
you already have goggles, you will not be allowed the laboratory and,
consequently, will miss the experiment.

2. The use of contact lenses in the laboratory is alstely prohibited. In the case
of a splash or other emergency, they may interfétie the flushing of the eye,
you may not be in a position to remove them, am$e¢hadministering first aid
may not know that you are wearing them or might lb@table to remove them
easily.

3. You must dress appropriately for the laboratory.Lab coats are required to be
worn. Bare feet, sandals, or other open-toed slawesnot permitted in the
laboratory. Shorts and short skirts are likewis¢ permitted; legs must be
covered to below the kneebleadphones are not allowed in the laboratory.
Failure to observe these requirements will resnltyour removal from the
laboratory. Cotton clothing (including denim) isripeularly susceptible to being
eaten by acid solution. The laboratory is not adgplace to wear your favorite

clothes Long hair should be tied back.

4. Learn the location and operation of the safety gtreywemergency eyewashes and
fire extinguishers in the laboratory. In the caéspmll onto a person or clothing,
the immediate action should be to flush with wabed lots of it. Do not hesitate

to yell for help. Report accidents to your instarctHe/she has been certified to
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administer first aid. If you are not familiar witthe operation of the fire

extinguishers, ask your instructor to explain thergou.

5. The fire extinguishers should only be used for realergencies since the
chemicals they contain can cause considerable dantagany emergency that
requires the assistance of the fire departmentgaidor police, sends someone to
the stockroom for assistance. Should clothing catckire, remain as calm as
possible. Walk (do not run) to the safety showed awll the ring to douse
yourself with water. Alternatively, you may drop the floor and roll to
extinguish the flames.

6. Become familiar with all of the exits from the labtory. A repeating siren and
flashing of the FIRE indicator is the building euation signal. If this alarm goes
off while you are in the lab, turn off any opennflas, grab your valuables, and
leave the building as quickly as possible.

7. Never attempt any unauthorized or unassigned expeaments Follow the
experimental procedures explicitly, checking andlde-checking the identity of
all reagents before you use them. There are patgntiazardous combinations of
chemicals present in the laboratory. If you havedaa for further investigation,
discuss it with your instructor.

8. Clean up spills immediately The next person to come along has no way of
knowing if the clear liquid or white powder on theb bench is innocuous or
hazardous. Neutralize acid spills with sodium oaate (baking soda) before
cleaning them up. Spills of sulfuric acid solutiare particularly hazardous since
only the water will evaporate, thereby making tleduson more concentrated
upon standing.

9. Never return unused reagents to their storage coniaer. If you take more than
you need, dispose of the excess in the appropnetener. Use the reagents
sparingly—they are expensive and time-consumingprepare. When taking
reagents, transfer the amount you need to a cleakeb or other suitable

container for taking the material back to your ddd&ver insert a pipette or any
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“other object into a liquid reagent container. Hinatheck and double-check the

identity of all materials before using them.

10.Do not pick up hot objects Be sure your apparatus is cool before pickingpit
Do not point the open end of a test tube or othemsel containing a reaction
mixture toward yourself or anyone else. If the pahare calls for you to observe
the odor of the contents of a vessel, hold it ugrig front of you, gently fan
some of the vapors toward your nose and sniff oasly. Most chemical vapors
are at least irritating, and many are quite toRlease do not taste any chemicals.

11.Do not eat, drink or smoke in the laboratory

12.Playing of radios, tapes, CDs is not permittedThis includes small portable
devices used with earphones or headsets.

13.Keep coats, backpacks and other non-essential imlataway from areas where
people are working.

14.Dispose of all broken glassware and other sharpctdbjin the cardboard glass
disposal boxes. Custodial personnel will stop otitg trash after they find
broken glass in the trashcans.

15.Wash hands often when working in lab, and alwayshwtnoroughly before
leaving.

16.Use the hood for evaporation of anything other tvater. The vapors from your
procedure alone may not present a problem but thoseall the students in the
lab could combine to create a hazard.

17.Do not leave a Bunsen burner or other heated appatas unattended. The
person working next to you may not know what isoirred with your setup and
may be working with a flammable material. Turn offen flames if you must
leave your area. Make sure the gas taps are cahpldt whenever the Bunsen
burner is not lit.

18.Waste Disposal Dispose of chemical reagents aner otfaterials properly. The
proper disposal of chemical wastes is essentitdddealth and safety of Institute

faculty, staff, students and the surrounding comiyun
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" 19.Chemical wastes must be managed and discardedeimdst responsible and

environmentally sound method available.

Miscellaneous Policies and Procedures

Homework and Lab Report Due DatesLab reports are due one week from the date
of performance, at the beginning of the lab perdly a verifiable illness (Doctor’s
note) or prior permission of the instructor cousésexcused absences. Unexcused lab
reports will receive a grade of zero.

Lab Partners. For those experiments where students are to workairs, lab
partners will be assigned randomly as announcatiédinstructor at the beginning of
the lab period. You may not exchange lab partrigoth lab partners must be present
for the entire experiment.

Copying. All lab reports are to be your own. Lab partners ® independently
produce their lab reports. It is very easy for ¢gin@der to spot identical work among
two or more students. In the event of copying,sélidents involved will receive a
grade of zero; therefore do not give a copy of yyabrreport to another student.

Make-Up Labs. There will be no make-up labs.
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Experiment No...... 1...... Date.................

Objective: To Determine the Alkalinity of a given Water Sample

Apparatus Required. Burette, Pipette, Conical Flask, and Beakers.

Chemicals Required: N/10 HCI, Phenolphthalein and Methyl Orange.

Theory:

Alkalinity in water is due to the presence of diéfet ions in water. Determination of alkalinity in
water is based on titration of water sample agairsandard acid using selective indicators. The
indicators used are phenolphthalein and methylgeahhe following reactions take place —
i)OH +H" - H,0

i) CO3% +H" - HCOy

i) HCO3 + H" - H,CO;

The volume of the acid used up to phenolphthalath goint corresponds to the reaction i) and
ii), i.e., complete neutralization of Okbns and C@* ions up to HC@ stage. The volume of the
acid used up to methyl orange end point correspemdbe reaction i), ii), iii), i.e., complete
neutralization of OH CO;# and HCQ ions.

Thus from the volume of respective titration theesgths of various ions can be determined. By
measuring phenolphthalein alkalinity and methylngea alkalinity, it is possible to calculate the
magnitude of various forms of alkalinity presentiater sample, e.qg.,

() Alkalinity due to HCQ only

(i) Alkalinity due to CQ # only

(iii) Alkalinity due to CO, % and HCQ

(iv) Alkalinity due to CQ % and OH

(v) Alkalinity due to OHonly.

Case (I): When phenolphthalein alkalinity = 0, means Gidd CQ ? both ions are absent.

Whatever alkalinity is present is due to HC@ns and can be detected using methyl orange as

indicator.
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Case (II) When P = M / 2, this means that only £0ons are present. Neutralization reaches up

to HCG; ~ stage-using phenolphthalein as indicator. Sameuatraf acid will be further used to
neutralize HCQ@™ to H,O and CQ. M or 2P will determine the strength of CO32-.

Case (lll): When P < M / 2, this means that in addition to,C@ns, HCQ ~ ions are also
present.

Alkalinity due to CQ* = 2P

Alkalinity due to HCQ ™= (M - 2P)

Case (IV): When P > M / 2, this means that in addition to;€i®ns, OH ions are also present.
Let [OH] = x and [CQ* ] = 2y,

Then P = x+y ---(i) and M = x + 2y ---(ii), so suétting (i) from (ii), we get

(M-P) =y -—(iii)

Putting the value of y from (iii) in (i), we get

P=x+M-P

Or, [OH]=x = 2P-M ---(iv) and [C& ] = 2y = 2 ( M-P)

Case (v): When P = M, this means that only [OHons are present, so [O P=M

Significance:

Highly alkaline waters are usually unpalatable apg@er limits with respect to phenolphthalein
alkalinity and total alkalinity are required to Bepecified. Alkaline waters used in boilers for
steam generation may lead to precipitation of sgdgleposition of scale and cause caustic
embitterment. A knowledge of the kinds of alkalnfiresent in water and their magnitudes is
important in calculating the amounts of lime [Ca(glHind soda [NACO)] needed for water
softening.Use of different fertilizers in agricukvis dictated by alkalinity of water.

Procedure:

a) Pipette out 20 ml of water sample into a conicadkl Add 1-2 drops of phenolphthalein.

b) Rinse and fill the burette with N / 10 HCI.

c) Titrate the water sample in conical flask with NY/HCI till the pink color just disappears.

d) Note down the reading and repeat to get three edanbreadings.

e) Again take 20 ml of the water sample in conicaskKland add 2-3 drops of methyl orange

indicator to it.
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g) Record the observation and repeat to get threeocdact readings.

Observations:

Using Phenolphthalein:

Normality of the acid used = N/10

S. No. | Volume of the Burette Readings Volume of the
solution  taken™ s Reading Final Reading | ttrant ~ used
in the titration (Final-Initial
flask (ml) Reading)  (ml)

Vi
1.
2.
3.
Note : If no color develops on addition of phendhaiein to the water sample, it means

that phenolphthalein alkalinity is zero and hence mbt titrate the sample for
phenolphthalein alkalinity.
Using Methyl Orange

Normality of the acid used = N/10

S. No. Volume of the Burette Readings Volume of the
solution taken in inital Read; Final Readi titrant used (Final-
the titration flask hitial keading Inal Reading Initial Reading)

(ml) (ml) Vi
1.
2.
3.
Calculations :

1. Phenolphthalein alkalinity in terms of CagCEquiv. :

(Acid)

NV =NV

(Water Sample)

1/10 x Vi = N x 20

N2 = 1/10 x M/ 20 = W/ 200

Strength in terms of CaG@quiv. = N x Eq. wt. of CaC@
(V4/ 200) x 50 g/L =X g/L

For Internal Circulation only
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Phenolphthaleln alkalinity (P) % x 1000 mg/L =X x 1000 ppm.

2. Methyl orange Alkalinity in terms of CaG&quiv. :
(Acid) (Water Sample)
NVi =NV,
1/10 X Vi= N, X 20
N, = 1/10 x \{/ 20 = 4/ 200

Strength in terms of CaG@quiv. = N x Eq. wt. of CaC@

(V4/200) x50 g/L =y g/L
Methyl orange alkalinity or total alkalinity of wett sample = x 1000 mg/L

Result:

Phenolphthalein alkalinity = ....... ppm. of CagO

Methyl orange alkalinity = ...... ppm. of CaGO

Alkalinity in terms of individual ions: P
2
S

Questions:

1. Write the structural formula of methyl orange. lhieh forms does it exist in
acidic and alkaline medium

2. Explain the use of two different indicators in #igove experiment on the basis of

pH change during the titration.
3. Explain the action of phenolphthalein as an acgehbadicator.
4. Why the alkalinity is calculated in terms of Cag#€uivalent?

5. Why Phenolphthalein cannot be used for titratingeak base like HCE?
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6. How much alkalinity is permissible for drinking vea®

Experiment No...2........ Date:................
Objective: To Find out the amount of dissolved oxygen inghen sample of water.
Apparatus required: Burette, pipette, conical flask with stopper, sweang cylinders.
Chemical required: NaS,03; (N/40), MnSQ solution, Kl, Starch, conc.430;.
Principle: Oxygen itself is not a pollutant but its deficienisyan indicator of several
types of pollution in water determination of disssml oxygen (D.O.) is important for
Industrial purposes. Dissolved Oxygen is neededi¥ang organism to maintain their
biological process. In presence of good amounissfalived oxygen, aerobic bacteria lead
to oxidation of organic compounds present in waldris kind of oxidation is called
aerobic oxidation. But if the dissolved oxygenasd than 5ppm, anaerobic oxidation of
organic compounds present in water takes placenlgrabic bacteria. If the water is
polluted with large amount of organic matter, agéaramount of dissolved oxygen is
rapidly consumed in the biological aerobic oxidatidVhich in turn decreases the
population of aquatic life. D.O. is also important precipitation and dissolution of
inorganic substances in water. Dissolved oxygemisnportant factor in corrosion.
Oxygen is poorly soluble in water. The solubility axygen decreases with increase in
conc. Of the salt under a pressure of one atmosptier solubility is less in saline water.
Dissolved oxygen is usually determined by Winkler's method. It &skd on the fact that
dissolved oxygen oxidized potassium iodide (KI) itmline. The liberated iodine is
titrated against standard sodium thio sulphate teoluusing starch indicator. Since
dissolved oxygen in water is in molecular stateadtsuch cannot oxidize KI. Hence
Manganese Hydroxide is used as an oxygen carribring about the reaction between
Kl and Oxygen. Manganese hydroxide, in turn, isaoigd by the action of NaOH on
MnSQ,.

MnSQ + 2NaOH ~—» Mn (OH) + Na SO,
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2Mn(OH), +O, - 2MnO(OH ),

MnO(OH), + H,S0, - MnSO, +2H,0+[O]
2Kl +H,80, +[0] - K,S0,+H,0+1,
2Na,S,0; +1, - Na,S,0, +2Nal

Starch+] —» Blue colored complex.

The Nitrites present in water interfere with theation as these can also liberagt&rom KI.

2HNQ + H,SOy + 2KI -~ 2NO + KSO, + 2H,0 + |,

Thus to destroy nitrite, sodium azide is used.

2NaN; + H,SO, - 2HN; + NaSO,.
HNG, + HNs - NGO, + N, + H,O

Procedure:

1. Take 250 ml of sample water in a bottle avoidindaasas possible contact with air
in a stoppered bottle.

2. Add about 1ml of MnS@solution to it . Also add 2ml of alkaline iodideide
solution to it.

3. Stopper the bottle and shake thoroughly. Allow brewn precipitates of MnO
(OH), formed, to settle down.

4, When some portion of the liquid below the stopperciear, add 2 ml of Conc.
H,SO,. Stopper and mix till the precipitate is complgtetiissolved. The
characteristic brown colour of iodine is produced.

5. Transfer 50ml of the above solution is a conicasKl Titrate the liberated With

standardized sodium thiosulphate solution untike fyellow colour appeared. Now
add 2 ml of freshly prepared starch solution (1¥g,solution will turn blue.
Continue titration till the blue colour disappears.

Repeat to get another reading.

End Point: Disappearance of blue colour.

Observation:

Volume of the water sample taken for titration & ral.

Observation Table:

S.No.

Volume of sample taken (ml) Burette reading | Volume of hypo solution used

Initial Final
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Calculation:
Volume of Hypo solution used in each titration =.........ml.
NV, = NoV o
(Water sample) (Hypo Solution)
Normality of sample water () = NoV oV,

The strength of oxygen = Normality X Equivalergight
(N; X 8) gm/L
(N; X 8) X 1000 mg/L (ppm)

Result: The amount of dissolved oxygen in water = ............. ppm
Precautions
1. No bubbles should be their in the sample bottlebse, if present, the oxygen of air
present inside the bubble will also take part i haction and this will lead to high
value of dissolved oxygen.
2. Avoid air contact while introducing the reagentgtia bottle.

3. Addition of sulfuric acid should be done slowly dmgshaking the flask

Questions:

1. What is dissolved oxygen?

2 Discuss the factors, which affect the solubilityos/gen in water.

3. What are the disadvantages of boiler corrosion?

4 With the help of an example explain why the deteation of D.O. is important

for industrial purposes?
Differentiate between lodometric and lodimetricditons.
What is Starch?

Why starch solution is added near the end point?
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8. What is the role of MNSO4 in D.O. determination?

Significance of Dissolved Oxygen
1. It is essential for survival of aquatic life.
2. If water does not contain sufficient Dissolved Oaggthe degradation of pollutants
will occur through anaerobic oxidation giving farhelling product.
3. The D.O. content predicts the purity and the abditthe stream to purify itself
through biochemical process.
4, Higher amount of D.O. in water is harmful for bedesince it causes corrosion of

boiler.
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Experiment No...... 3..... Date:................
Objective: To determine Biological Oxygen Demand (BOD) afieen sample of water.
Requirements: Burette, pipette, conical flasks, beakers, MgS&dlution, CaGl
solution, Fe(d solution, Phosphate buffer solution, BOD botthgS20:;.
Principle:

Microorganisms such as bacteria are responsiblddoomposing organic waste.
When organic matter such as dead plants, leavass glippings, manure, sewage, or
even food waste is present in a water supply, teebia will begin the process of
breaking down this waste. When this happens, nfofteoavailable dissolved oxygen is
consumed by aerobic bacteria, robbing other aquatjanisms of the oxygen they need
to live.
Biological Oxygen Demand (BOD) is a measure of the oxygen used by micrausgas
to decompose this waste. If there is a large qtyaotiorganic waste in the water supply,
there will also be a lot of bacteria present wogkio decompose this waste. In this case,
the demand for oxygen will be high (due to all thecteria) so the BOD level will be
high. As the waste is consumed or dispersed thrthghvater, BOD levels will begin to
decline.
Nitrates and phosphates in a body of water canribo® to high BOD levels. Nitrates
and phosphates are plant nutrients and can caase ljjfe and algae to grow quickly.
When plants grow quickly, they also die quickly.id bontributes to the organic waste in
the water, which is then decomposed by bacterias Tésults in a high BOD level.
The temperature of the water can also contributédigin BOD levels. For example,
warmer water usually will have a higher BOD levian colder water. As water
temperature increases, the rate of photosynthgsatghe and other plant life in the water
also increases. When this happens, plants groerfastl also die faster. When the plants

die, they fall to the bottom where they are decosepdoby bacteria. The bacteria require
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oxygen for this process so the BOD is high at tbeation. Therefore, increased water

temperatures will speed up bacterial decomposamhresult in higher BOD levels.
When BOD levels are high, dissolved oxygen (DOklswdecrease because the oxygen
that is available in the water is being consumedhgy bacteria. Since less dissolved

oxygen is available in the water, fish and otheradig organisms may not survive.

Procedure
The BOD test takes days to completeand is performed using a dissolved oxygen
test kit. The BOD level is determined by compatimg DO level of a water sample taken
immediately with the DO level of a water sampletthas been incubated in a dark
location for 5 days. The difference between the D@ levels represents the amount of
oxygen required for the decomposition of any organaterial in the sample and is a
good approximation of the BOD level.
1. Take 2 samples of water
2. Record the DO level (ppm) of one immediately ushngmethod described in
the dissolved oxygen test.
3. Place the second water sample in an incubatormptaie darkness at 20 °C for
days If you don't have an incubator, wrap the waten@e bottle in aluminum
foil or black electrical tape and store in a dadcp at room temperature (20 °C
or 68 °F).
4. After 5 days, take another dissolved oxygen reappgn) using the dissolved
oxygen test Kkit.
5. Subtract the Day 5 reading from the Day 1 readindetermine the BOD level.
Record your final BOD results jppm.
What to Expect

BOD Level .
- Water Qualit
(in ppm) Qually
1-2 Very Good
There will not be much organic waste present intager supply.
3-5 Fair: Moderately Clean

Poor: Somewhat Polluted
6-9 Usually indicates organic matter is present andes&care
decomposing this waste.
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Contains organic waste.

NOTE: Generally, when BOD levels are high, there is aidedn DO levels. This is
because the demand for oxygen by the bacteriagls dnd they are taking that oxygen
from the oxygen dissolved in the water. If theraasorganic waste present in the water,
there won't be as many bacteria present to decaripaad thus the BOD will tend to be
lower and the DO level will tend to be higher.

At high BOD levels, organisms such as macro inbedies that are more tolerant of
lower dissolved oxygen (i.e. leeches and sludgemsdrmay appear and become
numerous. Organisms that need higher oxygen ldvelscaddisfly larvae and mayfly
nymphs) will NOT survive.

Observation:

)

Determination of DO in bottle No-1

S.No.

Volume of the solution

Burette Readings

Volume of the

titrant used
(final —initial
reading) (ml)

taken in the titration flash

(mi)

Initial Reading | Final Reading

i) Determination of DO in bottle No-2 (after incatoon for 5 days)

Volume of the
titrant used

S.No. Volume of the solution

taken in the titration flask

Burette Readings

(ml) Initial Reading | Final Reading | (final —initial

reading) (ml)
1.
2.
3.

Volume of sample taken for each titration = 100mi
Normality of Na&S,03 used = N/100
Calculations:
Volume of the sample before dilution = 5 ml
Volume of the sample after dilution = 300 ml

i) DO in bottle No-1
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N]_V 1= N2V2

1/100 x V= N, x 100
N2 = V1/100OO
Strength of dissolved oxygen = M Eq. Wt

(D1)= V1/10000x 0.8 g/L
= 0.8 V1 ppm
i) DO in bottle No-2
Similarly find D.O. in Bottle No-2
Letitbe B
iii) OD = Dy- D, x Volume of sample after dilution / Volume of sdmpefore
dilution
Result: BOD of the given water sample =.................. ppm
Questions:
1. What is BOD?
2. What do you mean by BQDest?
3. How is dilution water prepared?
4. What is the significance of BOD determination?
Significance of BOD
1.
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Experiment No...... 4..... Date:................
Objective: To find out the chemical oxygen demand (COD) oiater sample using
K2Cr0y.
Apparatus required: Burette, pipette, conical flask, beakers, roundtdmo flask,
condenser, water bath.
Chemicals required K,Cr,O;, Mohr’s salt solution, ferroin indicator, sampleater,
HgSQ, silver sulphate reagent
Theory: The chemical oxygen demand is defined as the athmiuoxygen used while
oxidizing the organic matter content of a sampléhve strong chemical oxidant under
acidic conditions.

A known amount of,&r,O; is added to the measured amount of the sample
and mixture is boiled with conc.,B0, .The organic matter gets completely oxidized to
produce CQand HO.

C,H,0, +(x+%—§j02 ~ XCO, +%HZO

The excess of ¥Cr,O; remained after the reaction is titrated againstdsied Mohr’s salt
solution using ferroin as indicator .The dichromet&sumed is calculated which gives
the oxygen required for the oxidation of organiatt@r .1t is an important and quickly
measured parameter for steam and industrial waatervanalysis and water treatment
plants.
Indicator : Ferroin
End point: Blue to wine red or (colourless to red).
Procedure

1. Take 50ml of the sample in a round bottom flask an@i gram of HgS©and

some broken porcelain pieces.
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~ Immerse the flask in cold water and slowly add 7Siiver sulphate-sulphuric

acid reagent with continuous shaking through thenopnd of condenser
attached.
Now add 25ml of KCr,O;to this solution and mix the contents of the flask.

Attached the reflux condenser and reflux for Lhowar a water bath.

Wash the condenser with distilled water into theskl Cool and dilute to
about 300ml by distilled water.

Take about 50ml of the sample in a conical flastt 268 drops of ferroin as
indicator and titrate against standard Mohr’s salution till the end point.
Record the volume of Mohr’s salt solution as Xml.

Perform a blank titration using distilled water ptace of sample solution
exactly following the same steps. Record the volaineMohr’s salt solution

used as Yml.

Observations

Volume of the sample taken for the titration. = rbo

Observation Table:

a) For Sample Water

S.No. Volume of sample Burette reading Volume of titrant used
taken in the titration] initial Final
flask (ml)

3

b) For distilled water:

S.No.

Volume of Burette reading Volume of titra
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. sample taken in | Initial Final used
the titration flask
(ml)
Volume of K;Cr,O7 used Volume of Mohr’s salt
To oxidize the organic matter =  solution eqientto = [Y-X] ml

Present in water sample®r,O; used.

NV, = N Vo
(Sample) (Mohr’s salt Solution)
N; X 50 = % (Y-X)
1
N = ——(Y-X
' axsc’ T

Therefore COD = Nx equivalent wt. of oxygen =\ 8 x 100 mg/L
Result: The COD of the given sample is ............. mg/L
Precautions
1. The addition of AgSOy- H,SO, to the sample should be done slowly with
shaking and cooling during mixing
2. It should always be added through the open endeotdndenser.
3. Smaller volume of the sample should be taken irfl&sd, if it has high COD
Questions:
1. Define COD?
What is the role of HgS{n the reaction?
What is the structure of ferroin?
What is septic and stale sewage?
Differentiate between BOD and COD?

o~ WD
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Experiment No. :...5......... Date:............

Objective: Determine the pH and Conductivity and turbidifygiven water samples.
Apparatus Required: pH meter with electrode, beakers, Conductometeth w
conductivity cell. Turbidity meter

Chemical Required Water samples from different sources, Buffer 8oty standard
KCI solution (.001M).

Principle:: pH of a solution is defined as the negative powwexhich [H] concentration

of a solution is raised to express theddncentration or Hactivity of the solution.

For dilute solution [H] = 10°"

Taking logarithms we get —log [H¥ pH

pH value of a solution may be defined as the negédg of [H]' .

pH is a measure of how acidic/basic water is. Tdrge goes from 0 - 14, with 7 being
neutral. pHs of less than 7 indicate acidity, whsra pH of greater than 7 indicates a
base. pH is really a measure of the relative amotifite hydrogen and hydroxyl ions in
the water. Water that has more free hydrogen isridic, whereas water that has more
free hydroxyl ions is basic. Since chemicals in thater can affect pH, pH is an
important indicator of water that is changing cheatly. pH is reported in "logarithmic
units," like the Richter scale, which measuresheprakes. Each number represents a 10-
fold change in the acidity/basic ness of the waléater with a pH of five is ten times

more acidic than water having a pH of six.

The pH of water determines the solubility (amounattttan be dissolved in the water) and

biological availability (amount that can be utikikeby aquatic life) of chemical

For Internal Circulation only 25 Dr. A.K.Jain, Dr. Era Upadhyay & Mr Anupam Adhikary



Ansal Institute {;'_f Technology

= Pilamecned fap Tidns
constituents such as nutrients (phosphorus, nitroged carbon) and heavy metals (lead,

copper, cadmium, etc.). For example, in additioaftecting how much and what form of
phosphorus is most abundant in the water, pH ad$erishines whether aquatic life can
use it. In the case of heavy metals, the degreeéhtoh they are soluble determines their

toxicity. Metals tend to be more toxic at lower pecause they are more soluble.

Conductivity:
Conductivity is a measurement of the ability ofeueous solution to carry an electrical
current. An ion is an atom of an element that haisegl or lost an electron which will
create a negative or positive state. For exampldium chloride (table salt) consists of
sodium ions (Na+) and chloride ions (Cl-) held tbge in a crystal. In water it breaks
apart into an agueous solution of sodium and dlttoions. This solution will conduct an
electrical current. An equation which shows this is
Na (atom) * CI (atom) Na* CI ~ (ionic crystal)

Na’Cl ~ (in a water solution) = Na" (ion) + Cl ~ (ion)
There are several factors that determine the degredich water will carry an electrical
current. These include:
1) The concentration or number of ions;
2) Mobility of the ion;
3) Oxidation state (valence) and;
4) Temperature of the water.
Conductivity is a measurement used to determin@raber of applications related to
water quality. These are as follows:
1) Determining mineralization: this is commonly ledl total dissolved solids. Total
dissolved solids information is used to determihe bverall ionic effect in a water
source. The number of available ions in the wafeznoaffects certain physiological
effects on plants and animals.
2) Noting variation or changes in natural water sadtewaters quickly;

3) Estimating the sample size necessary for othemecal analyses; and
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4) Determlnlng amounts of chemical reagents ortineat chemicals to be added to a

water sample.

Elevated dissolved solids can cause "mineral tasteslrinking water. Corrosion or
encrustation of metallic surfaces by waters higHigsolved solids causes problems with
industrial equipment and boilers as well as dormestimbing, hot water heaters, toilet
flushing mechanisms, faucets, and washing maclainéslishwashers.

Indirect effects of excess dissolved solids armarily the elimination of desirable food
plants and habitat-forming plant species. Excesdisgolved solids limit agricultural
uses of water for livestock watering and high digso solids can be a problem in water
used for irrigation.
Turbidity:
Turbidity is a measure of the degree to which tlgewlooses its transparency due to the
presence of suspended particulates. The more satgdended solids in the water, the
murkier it seems and the higher the turbidity. bidity is considered as a good measure
of thequality of water.
The WHO establishes that the turbidity of drinkimgter shouldn't be more than 5 NTU,
and should ideally be below 1 NTU.
Turbidity is measured in NTU: Nephelometric Turlbydunits. The instrument used for
measuring it is called nephelometer or turbidimetdrichmeasures the intensity of light
scattered at 90 degrees as a beam of light pdssegh a water sample.
Procedure:
Determination of pH

1. Switch on the pH meter and connect the banana sotkeH electrode with the

instrument and allow it to warm up for 15 to 20 otes.
2. Insert the electrode in buffer solution of 4.00 @it adjust the desired value by
using CAL control.
3. Wash the electrode and carefully insert it intothapbuffer solution of 9.20 pH,

adjust the value again by using the CAL knob.
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“Now insert the electrode in the water sample 42,3 respectively and note

down the pH values for each of the sample.

Determination of Conductivity.

1.

4.

Connect the conductivity cell to the instrument atidw it to warm up for 15
minutes.

Wash the cell with distilled water and calibrate thstrument as described in the
working manual.

Dip the cell in the water samples whose condugtigito be measured.

Note down the conductivity of the water samplediaplayed by the instrument.

Procedure:

1.

Pipette water out of the top of the first samplel atace it in a sample tube,
making sure that no air bubbles are present irsdéimeple. (Air bubbles will rinse

while turbidity will sink.)

2. Carefully wipe the outside of the sample tube clean
3. Place the sample tube in a calibrated turbidityemahd read the turbidity.
4. Repeat for the water from the other samples.
Observation:
S. Sample Observed pH Observed Observed Turbidity
No. No. value Conductivity value
1.
2.
3.
4.

Result and Report:

Precautions:

1.

3.

Handle the pH glass electrode very carefully anepkihe pH meter always at
stand by mode when not in use.

Wash the pH electrode and Conductivity cell witlstiled water after every
observation.

Do not disturb the CAL mode of the instruments dgrihe experiment.
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Questions:

What is the pH

Define conductivity of the solution.

What should be the range of drinking water pH?

What is turbidity?

What causes turbidity?

Which is the maximum allowed turbidity in drinkimgater?
What are the impacts of turbidity?

How do we measure turbidity?

NGk~ WNE

Experiment No...... 6...... Date:.........oevennes

Objective: To determine the total residual chlorine in wai@mple.

Apparatus Required: Burette, pipette, conical flask beakers

Chemical Required: Standard Nz5,03, Glacial acetic acid, Kl (Solid), conc. HCI,
starch indicator.

Theory: Living organism such as algae, fungi and bacteean@ore abundant in surface
drainage water, while in deep well waters, the dx@aitcount is often low. The process of
killing diseases producing bacteria, microorganetm from water and making it fit for
use is called disinfection. While doing the disotfen of water it is necessary to add
sufficient quantity of disinfectants to kill the thagen. Chlorine is widely used for
disinfections of potable and municipal water suggplio remove bacteria, fungus and
other pathogenic microorganism, and for deodooratsince it is a powerful oxidizing
agent and is cheaply available. Chlorination isedaith the help of bleaching powder or
chlorine gas or chlorine dissolved in water in tben of concentrated solution or with
chloramines. The sterilizing action of chlorinesigpposed to be due to its reaction with
water producing hypochlorous acid and nascent axygsh of which have powerful

germicidal properties.

CaOCh+H,O —— Ca(OH) + Ch

Cl; + HO B— HOCI + HCI

HOCI nypochiorous acid  ——— > HCI + (O)nascent oxygen
HOCI| + Germs —— Germs are killed
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However excess of free chlorine in drinking watgrundesirable, as it is not only

unpleasant for drinking but it also injurious farrhan metabolism. Hence, the amount of
free chlorine in municipal water is estimated ptmthe domestic supply.

The estimation of residual chlorine is based ordation of Kl by residual chlorine
(lodometrically).

When the water sample containing residual chlofbwth free and combined) is treated

with excess of KI, the free chlorine present inwaer oxidizes the corresponding

amount of } .The liberated,lis titrated against hypo solution using starclndgator to

estimate the amount of chlorine present in the msetsple.

Cl, + 2Kl . 2KCIl +}
HOCI + 2Kl + HC| ——» 2KCIl + 4 + NHs.
NHCI, + 2Kl + 2HC| —— 2KCl + 2] + NH;

The liberated,lis titrated against hypo solution, using starcindgator

I+ 2 NaS,03 —— 2Nal + NaS,Os

I, + Starch —_— Deep Blue complex.

End Point: Disappearance of Blue colour.

Procedure:

1. Pipette out 50 ml of given water sample in conftadk and add 1g of Kl (solid)
and about 2 ml of glacial acetic acid.

2. Cover the flask and shake it well to mix the saluoti

3. Using a wash bottle rinse the sides of the flask.

4. Titrate it with standard hypo solution from the éite till the solution becomes
straw yellow.

5. Add 2 ml of the starch solution. The solution vfn blue.

6. Continue the titration with hypo solution till tidue colour disappears.

7. Note the final reading and repeat to get three eafant readings.
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Observation Table -

S.No. Volume of sample taken|  Burette reading | Volume of hypo solution used
(mb) initial | Final

Calculation:

Volume of Hypo solution used in each titration =.........ml.

N:Vy = NAYP

(Water sample) (Hypo Solution)

Normality of sample water (f){ = NV oIV

Total Chlorine residuals = Normality {NX Equivalent weight
= (N; X 35.5) gm/L
= (N; X 35.5) X 1000 mg/L (ppm)

Result: The amount of Residual Chlorine in water = ............. ppm
Precautions
1. Chlorine vapours are harmful so the solution showlobe sucked into the

pipette with mouth.
2. The titration should be completed rapidly in ortteavoid atmospheric

oxidation of iodine.

Questions:
1. Why chlorine is added to water?
2. What are the disadvantages of excess of chloriesept in water.
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What is the role of acetic acid added in step thén procedure?

4. Name few other chemicals used for disinfectionaaifer.

Experiment No...... 7..... Date:................

Objective: Determination of pH and conductivity of soil/ dge samples

Requirements: Burette, pipette, Conical flasks, Beakers, Saihple, water. pH Meter ,
Conductivity meter

Principle:

A saline soil contains sufficient soluble salts abely affect crop growth & production.
On visual inspection of fields, saline soils ofsdrow white patches, spotty crops stands,
irregular crop growth stunted deep green plantsiargbme cases visible signs of salt
injury, such as tip burn of leaves and chlorosis ofeaves.

It is how ever necessary to know the amount of salthe soil for further remedial
measures. The amount of salt in a soil can be g@lcdetermined only by complete
chemical analysis. But a close estimate can berwuaelatively easily by measuring
Electrical Conductivity of Soil: Water mixture. Theore the salts, higher the electrical
conductivity. The Electrical Conductivity of a s@blution is usually expressed in milli
mohs/cm and that of irrigation water in mili mot® at 25°C.
The pH value of soil is indicative of acidic/basiature of soil. The pH value of a
solution is the negative logarithm of the Hydrogen activity. When the exchangeable
sodium percentage becomes high (exceeds 10 - 2@cbénge capacity) , the pH value
of such soil sample is above 8.5 and soil show iphAysonditions of low permeability ,
sticky when wet and hard when dry , nutritionaloditers etc which visually display in
reduction of crop growth and water logged condgion

Procedure
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Take 20gm of soil sample is shaken with 40ml ofilkksl water in a 250ml conical flask

for 1hr.

pH Measurement
1. The suspension is steered at regular interval3@aninutes. Then pH is recorded.

The suspension must be steered well just beforeldotrodes are immersed.
2. pH meter is calibrated with 2 buffers , one in #o@lic side and the other alkaline
or neutral range. The glass & calomel electrodesirsserted in suspension and

pH measurement is made.

Conductivity:

1. The conductivity of the suspended liquid is detewdi with the help of
conductivity meter. Measurements of Electrical Qeility is determined on a
saturation extract of soil or supernatant liquid. &f soil water suspension.

2. Electrical conductivity is measured with the help Electrical Conductivity
Meter. The Conductivity Meter is to be calibratedl aell constant be determined
with a Standard Solution of 0.7456 gm of dry patasschloride of 1 liter of
distilled water (at 25°C , this solution gives Etexdl Conductivity of 1.41 milli

mohs/cm)

Observation:

S.No. | pH Conductivity
(milli mohs/cm)

Result:
pH of the given soil sample T
Conductivity of the given soil sample  =................ milli mohs/cm
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Questlons

1. What is pH?
2. What do you mean by Electrical Conductivity?

Experiment No. :...... 8...... Date:............
Objective: To determine the moisture content in a given sarhple
Requirements: China dish, balance of precision .001gm, hot &émg desiccators, soil sample,
pestle and mortar.
Principle: Water contained in soil is called soil moisturbeTwater is held within the soil pores.
Soil water is the major component of the soil ifatien to plant growth. If the moisture content
of a soil is optimum for plant growth, plants caadily absorb soil water. Not all the water, held
in soil, is available to plants. Much of water rénsain the soil as a thin film. Soil water diss@ve
salts and makes up the soil solution, which is itggd as medium for supply of nutrients to
growing plants.
The method is based on removing soil moisture bgnodrying a soil sample until the weight
remains constant. The moisture content is caladilfiem the sample weight before and after
drying. Soil containing gypsum lose water of crilsgation on heating therefore the moisture
content determined by this method will be affedigdapproximately 0.1% for each 1% gypsum.
If it is suspected the presence of gypsum in tlietlsen drying shouldn’t be more than at°’80
temperature for 16 hours.
Importance of Soil Water

» Soil water serves as a solvent and carrier of fugdents for plant growth

> Yield of crop is more often determined by the antooinwater available rather

than the deficiency of other food nutrients
> Soil water acts as a nutrient itself
» Soil water regulates soil temperature

» Soil forming processes and weathering depend oarwat
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S Microorganisms require water for their metabolit\ates

» Soil water helps in chemical and biological actestof soll

» Itis a principal constituent of the growing plant

» Water is essential for photosynthesis

Procedure:

1.

L T o

Weigh accurately a dry crucible (China Dish) keptHe oven at 1€ overnight and
cooled in desiccators.

Take 10 to 20 grams of finely powdered soil sanpkhie same crucible.

Keep the sample in the oven at 40%o 110C for 16 hours.

Remove the sample from oven and cool in a desiczato

Take the weight again.

Repeat the process of step 3 to 5 till a constaighw is found.

Observation Table:
Weight of the dry china dish =W

Observation Weight of the sample Weight of the samplg Difference in weight
Number before drying (W) | after drying (W) (Wx-W5)

1.

2.

3.

4

Calculations:

The moisture content of the soil as the percenthgiee dry soil weight is
MC% = (W,-W3)/ (W5-W,) X 100

Result: The moisture present in the soil sample is ......... %
Precautions:
1. The balance to be used in a particular test wilethel on the size of the sample. The

balance should be accurate to within 0.03% of teight of the sample.

The soil sample should be finely powdered befse

The sample may be crumbled to assist drying bt isamecessary to avoid loss of

any soil.

The soil sample used in determination of moistwetent should be discarded
and should not be used in any other test.
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Slgnlflcance of Soil Moisture

Compared to other components of the hydrologicesyitie volume of soil moisture is
small; nonetheless, it of fundamental importancentmy hydrological, biological and
biogeochemical processes. Soil moisture informat®rvaluable to a wide range of
government agencies and private companies concevitiedveather and climate, runoff
potential and flood control, soil erosion and slofagure, reservoir management,
geotechnical engineering, and water quality. Sailsture is a key variable in controlling
the exchange of water and heat energy betweemtldesurface and the atmosphere
through evaporation and plant transpiration. Assult, soil moisture plays an important
role in the development of weather patterns and pghaduction of precipitation.
Simulations with numerical weather prediction madélave shown that improved
characterization of surface soil moisture, vegetatiand temperature can lead to
significant forecast improvements. Soil moistureoaktrongly affects the amount of
precipitation that runs off into nearby streams awdrs. Large-scale dry or wet surface
regions have been observed to impart positive fedon subsequent precipitation
patterns, such as in the extreme conditions owecénmtral U.S. during the 1988 drought
and the 1993 floods. Soil moisture information t@nused for reservoir management,

early warning of droughts, irrigation schedulingdacrop yield forecasting.
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Experiment No...9........ Date:................
Obijective: Tofind out the total dissolved solid in the given arasample
Requirements: China dish, hot air oven, balance and desiccator.
Principle:
Total Dissolved Solids(often abbreviatedDS) is an expression for the combined content
of all inorganic and organic substances contaimeé iliquid which are present in a
molecular, ionized or micro-granular (colloidal sauspended form. Generally the
operational definition is that the solids must b&al enough to survive filtration through
a sieve size of two micrometers. Total dissolvelilscare normally only discussed for
freshwater systems, since salinity comprises sadimkeoions constituting the definition
of TDS. The principal application of TDS is in teeudy of water quality for streams,
rivers and lakes, although TDS is generally considiaot as a primary pollutant (e.g. it
is not deemed to be associated with health effdotg)it is rather used as an indication of
aesthetic characteristics of drinking water andrasggregate indicator of presence of a
broad array of chemical contaminants.
Procedure:

1. Take a clean china dish and heat it at’*X8@or one hour in an Oven.

2 Store the dish in a desiccator for 15 to 20 minutes

3. Weigh the dish kept in desiccator immediately befose X)

4 Pippete out the properly filtered water/ sludge gl@mand pour it into the

weighed china dish.
5. Evaporate to dryness in a hot air oven for 1 hou8&'C.

6. Cool in a desiccator to balance temperature andhuei
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Observation Table:

Volume of the|Weigh of empty| Weight after | Difference (Y-X)

Sample taken (ml) | china dish k) gm evaporation (y) gm

Calculation and Result:

Milligram of total dissolved solids/L =Y{X) x 1000/ Sample Volume (ml)

Significance of TDS measurement

High TDS levels generally indicate hard water, ihgan cause scale buildup in pipes,
valves, and filters, reducing performance and aglttiinsystem maintenance costs. These
effects can be seen in aquariums, spas, swimmimds,pand reverse osmosis water
treatment systems. Typically, in these applicatioisal dissolved solids are tested

frequently, and filtration membranes are checkearder to prevent adverse effects.

In the case of hydroponics and aquaculture, TD&ten monitored in order to create a
water quality environment favorable for organismodurctivity. For freshwater oysters,
trouts, and other high value seafood, highest mibdty and economic returns are
achieved by mimicking the TDS and pH levels of egphlcies’ native environment. For
hydroponic uses, total dissolved solids is considesne of the best indices of nutrient

availability for the aquatic plants being grown.

TDS or Total Dissolved Solids is a measure of ttaltions in solution. EC is actually a
measure of the ionic activity of a solution in teafits capacity to transmit current. In
dilute solution, TDS and EC are reasonably comparalthe TDS of a water sample

based on the measured EC value can be calculategitbe following equation:

TDS (mg/l) = 0.5 x EC (dS/m or mmho/cm) or = 0.5000 x EC (mS/cm).
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Questions;

What is TDS in water?

What is the importance of TDS?

The TDS value of bottled water is usually more ttt@nTap water. Explain?
Experiment No. ......10..... Date:............

Objective: To prepare Urea Formaldehyde resins.

Apparatus Required: Beaker, Measuring cylinder, Pipette, Glass rod, @ropper
Chemicals required: (a) Urea Formaldehyde: Urea, Formaldehyde soluif)?®s),
and Sulfuric acid (EBOy)

Principle:

Polymers: The term polymer is derived from the &r@erds ‘poly’ meaning many and

mer’ meaning part. Thus, a polymer means a substamith many parts. Every
polymeric substance has a definite identifying wihitnolecular structure, which is called
a part or mer (monomer). A polymer is a large maieanade up of small, simple
chemical units held together by covalent bonds. &polymers are linear in the form of
chains while others are branched or interlinkedirchao form three-dimensional
networks.

On the basis of reaction to stress and teatyper polymers may be:
(i) Thermoplastics (Thermoplasts) which can be aggdly given shapes by heat and
pressure. Hence, once used for a particular fohay tcan again be formed into a
different shape or form, e.g. polyethylene (PE)ystyrene (PS).
(i) Thermosets are the polymers which once sub@edd heat and pressure to give a
particular form, cannot be formed again like therthoplastics, e.g. urea formaldehyde,
phenol formaldehyde, nylon-6,6, etc.
(i) Rubbers, when subjected to heat and pressigieave at first like the thermoplastics
and subsequently become highly elastic. Their ielastmay be arrested at an

intermediate stage and this process is called g(vinlcanization)

For Internal Circulation only 39 Dr. A.K.Jain, Dr. Era Upadhyay & Mr Anupam Adhikary



Ansal Institute {;'_f Technology

z Pilamecned fap Tidns
On the basis of method of production, polymersciassified as:

(i) Addition (chain reaction) polymers are producky addition or chain reaction
polymerization in which a simple, low molecular glei molecule (monomer), which
possesses at least one double bond, is inducectad iis double bond resulting in the
free valences, which then link up with other simif@lecules to give the polymer. In this
polymerization, the monomer retains its identityhe polymer and also, no byproduct is

formed, e.g. polyethylene:

NCH=CH, 0 - O [CH,0 CH,],O

(i) Condensation polymers are produced by the oethf condensation polymerization
in  which the monomer need not contain a doublelland the monomer does not retain
its characteristic molecular formula in the polym&toreover a small molecule is
essentially given out and hence the resulting nubdeis condensed in the process, e.g.

Urea formaldehyde :

0 F 0
I — I
HoN- C- NH, + HCHO  HN- C-NH- CHOH

Mono methylol urea
HCHO

O

HOHC-HN- C-NH- CHOH

Dimethylol urea

/

N-CHZ-Il\I-CHz-Il\I-CHz
I
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N-CH- N CH2-N CH,
Cross Linked polymer
(Urea- Formaldehyde)
Procedure:
1. Take 1.5 gm of urea in a 100 ml beaker.
3. Add 3 ml of formaldehyde solution.
4. Stir the mixture till all the crystals of urea dibze.

5. Now add 2 drops of Conc.,BO, when all of a sudden a white mass of urea
formaldehyde resin appears.
6. Wash the resin several times with tap water to reamy trace of acid.
7. Collect the white resin and take the weight.
Result:
The measured weight of the resin formed is --—gm.

Precautions:
1. Be very careful while adding Sulphuric acid in thixture.
2. Keep the beaker away from the body during the r@act
3. Avoid inhaling the fumes coming out from the reaatmixture

Questions:
1. What is polymer?
2. What arte natural polymer?
3. What are thermoplastic and thermoses polymers?
4. What are the applications of Urea formaldehydenfesi
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Experiment No.: ...... 11... Date:............

Objective: Determine the concentration of KMp®olution Spectrophotometrically

Apparatus Required: UV- Visible spectrophotometer, cuvette, test 8)l@pette

Chemical required: KMnQO,

Principle: When an electromagnetic radiation is passed threug@mple, certain characteristic

wavelengths are absorbed by the sample as a mbsulintensity of the transmitted light is

decreased. The measurement of the decrease irsityteof the radiation is the basis of

spectrophotometry

According to the Beer Lambert's Law the intensifytloe incident light is proportional to the

length of thickness of the absorbing medium andctreentration of the solution,

log I/l = A =¢ Cl wheree is Molar absorption coefficient defined as theaabance of a

solution having unit concentration (C= 1M) placedicell of unit thicknesd € 1 cm).

A plot between absorbance and concentration isate@eo be linear. Such a straight line plot,

passing through the origin, shows that Beer-Landdew is obeyed. This plot is called

calibration curve can also be employed in findimg toncentration of a given solution.
TheAmax0f KMNO, solution is calculated by plotting the graph itveeen the absorbance

(A) and wavelength and the concentration of the IQysolution is calculated by plotting the

graph in between the absorbance (A) and concemtrafithe solution.

The relationship between absorbance and transmdttarillustrated in the following diagram:

% Transmittance

o 12 20 a0 A 50 B0 m an il 100
| | N A I S R N
1t T T T T 1T 7 |
2015 10 0B 0OF 08 05 04 1)} 0.2 1 005 [11s ]
Absorbance
Fig. 1
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Significance:

» UV [ Visible spectrophotometers are used in the enodife science laboratory for the
guantification of nucleic acids, the determinatiof protein concentrations and the
calculation of enzyme activity in kinetics studies.

» The purity of DNA and RNA extractions from cells ncdbe readily measured using

spectrophotometry

ﬁ

Sample Cell
Sls
Light Sourcef I/ Dishector

ﬁ\ Bearm

%@5 ~ I%I E SR T

Mirrors Refarence Call

Fig: 2Schematic of a Double Beam Spectrophotometer

Procedure:

1. Switch ON the instrument and allow it to self cedite.

2 Calibrate the instrument for blank solution astperinstrument Manual.

3 Prepare the solution of different concentrationstithe given stock solution.

4, Find the value ok ,,0f KMnQ, solution as per the instrument manual.

5 Note down the value of absorbance for differentcemration of KMnQ solution at\ yax

value of/KMnQO, (say 0.5%, 1.0%, 1.5%, 2.0% etc.).

6. Plot the observed values of absorbance againsentnation.
7. Find the concentration of given unknown KMngblution from the plotted graph.
Observation:

Determination of concentration of given KMp&olution

Sr. No. Concentration (C) Absorbance (A)
1
2
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3

4

5

6

Unknown

Absorbance
Concentration
Graph in between absorbance and Concentration

Result:
Concentration of given KMn©= mg/l
Precautions:

1.Always use the dilute solution.
2. Cuvette should be cleaned properly and mustipedwith tissue paper.

3.Do not leave any finger marks on the cuvette.

Questions:

1. What is the purpose of this experiment? Whahésrelation between concentration
and absorbance? Explain.

2. Mention the role of potassium permanganateenithter treatment.

3. What is the light source for visible region amd region of the spectrum?

4. What are the advantages of using Quartz @asiiells over Glass and plastic when
measuring absorption of ultraviolet wavelesgtly a solution?

5. Why is it important to determidanax before determine the concentration of the
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unknown’?

Experiment No...... 12..... Date:................
Objective: To determine the concentration of iron in watengke by spectrophotometric
method.
Requirements: Spectrophotometer. Stock solution of Fens, conc. HCI, Potassium
thiocyanate.
Principle: The colorimetric determination of iron using KCNS eolour developing
agent is based on the formation of a red colouosdptex between Fe3+ and CN&ns

Fe€*+3CNS < [Fe (CNS)f*

(Red)

In the determination of iron in the water samplsgges of standard solutions having iron
is treated with KCNS to get iron-thiocyanate complEhe absorbance of all the standard
solution prepared is noted amax 480 nm because iron-thiocyanate complex shows
maximum absorbance at this wavelength. Now therBbsce for the unknown solution
is also determined. A graph is plotted against #sorbance (OD) against the
concentrations of the known solutions. From thelgrne concentration of the unknown
solution can be found out.
Procedure:

1. Set the Spectrophotometer and adjust the waveleagt&0 nm.

2. Prepare the stock solution of ¥dons by dissolving 2.0g of ferric ammonium
sulphate in 50 ml of distilled water and 10 ml.aoinc. HC1. HCI is added to
suppress the hydrolysis of ferric ammonium sulphate

3. Take the stock solution in the burette and prepaselutions of different known

concentrations by diluting the above stock solutiofive different flasks.
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4. Transfer 1 ml solution of standard stock solutionr50 ml measuring flask and

add 10 ml of thiocyanate solution. Dilute the $ioluto 50 ml.

5. Repeat the process (step 4) with the solutionstloéroconcentrations prepared
above and also with the unknown sample.

6. Prepare the blank solution by dissolving 10 mlheé¢yanate solution in distilled
water and making the volume to 50 ml.

7. Keep the solution at rest for 5 minutes.

8. Note down the absorbance of all the solution agaibknk solution,
spectrophotometrically at 480 nm.

9. Prepare a calibration curve by plotting absorbagaenst concentration.

10.From the calibration curve, the concentration ok tnknown solution
corresponding to its absorbance can be found.

Observation:

S.No. | Concentration Absorbance

o gk~ whPE

Unknown

Calibration Curve:

Absorbance of unknown
solution

Abs /
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Result:
The amount of Fe(lll) in water was found to be =............. g/L.
Questions:
1. What is spectrophotometry?
Discuss Lambert's and Beer's law of absorbance.
What is colorimetry?
What is absorbance, transmittanc/?, extinctionfuent.

How you can verify Beer's law?

o gk~ w N

How you can find out the conc. of the given unknowwolution spectro.
photometrically?
7. What is the significance of spectrophotometry.

8. What is the structure of orthophenanthroline compiéh iron (l1).
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WATER QUALITY PARAMETERS AND DRINKING WATER STANDARDS

SL. NO. PARAMETERS UNITS DRINKING WATER
IS: 10500 - 1991
DESIRABLE MAXIMUM
1. Colour Hazen units 5 25
2. Odour - Unobjectionabl -
e
3. Taste - Agreeable -
4. Turbidity NTU 5 10
5. pH value - 6.51t0 8.5 No relaxation
6. Total hardness mg/| 300 600
(as CaCO3)
7. lron mg/| 0.3 1.0
8. Chlorides mg/ 250 1000
9. Residual, free mg/| 0.2 -
Chlorine
10. Dissolved mg/| 500 2000
Solids
11. Calcium mg/| 75 200
12. Copper mg/| 0.05 1.5
13. Manganese mg/ 0.1 0.3
14. Sulphate mg/ 200 400
15. Nitrate mg/ 50 No relaxation
16. Fluoride mg/| 1.0 1.5
17. Phenolic mg/| 0.001 0.002
compounds
18. Mercury mg/| 0.001 No relaxation
19. Cadmium mg/I| 0.01 No relaxation
20. Selenium mg/ 0.01 No relaxation
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21. Arsenic mg/| 0.05 No relaxation

22. Cyanide mg/l 0.05 No relaxation

23. Lead mg/| 0.05 No relaxation

24. Zinc mg/| 5 15

25. Anionic mg/I 0.2 1.0
detergents

26. Chromium mg/| 0.05 No relaxation
Polynuclear

27. aromatic mg/l - -
Hydrocarbons

28. Mineral olil mg/| 0.01 0.03

29. Pesticides mg/ Absent 0.001
Radioactive
materials
(@) Alpha

30. emitters Ba/l - 0.1
(b) Beta Pcill - 0.037
emitters

31. Alkalinity mg/| 200 600

32. Aluminlum mg/I 0.03 0.2

33. Boron mg/| 1 5
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