"LAB SAFETY AND
‘PRACTICAL SKILLS

Student Learning Outcomes : _— )

After studying this chapter, students will be able to:
e Identify the chemical hazards in the lab in the context of the experiment being conducted.

(Knowledge) - St

e Test that the equipment is working properly without any potential risk of injury before conducting an
experiment. (Knowledge) ‘ ;

e Ensure that work space for conducting the experiment is not crowded with apparatus as to be
hazardous. (Knowledge) : '

e Ensure that safe distance space is kept at all times from other investigators who may handling lab

apparatus. (Knowledge) - s @
e Identify what bodily harm could occur from phkysical, @&@n safety hazards in
context of the experiment being condugte '
|

e Recognize that it is always ab instructor when unaware of how to use
new apparatus. (Knowledg . :
Identify the pr (6] system for chemicals being used. (Knowledge)

Set up app s¥otlowing instructions given in written or diagrammatic form. (Understanding)

Use apparatus to collect an appropriate quantity of data. (Understanding)

Make observations including subtle differences in colour, solubility or quantity of materials.

(Understanding) J el

e Make measurements using pipettes, burettes, measuring cylinders, thermometers, and other
common laboratory apparatus. (Understanding)

e Decide how many tests or observations to perform. (Understanding)

e Identify where repeated readings or observations are appropriate. (Understanding) i

e Replicate readings or observations as necessary, including where an anomaly is suspected.
(Understanding) :

e Identify where confirmatory tests are appropriate and the nature of such tests. (Understanding)

N e Select reagents to distinguish between given ions. (Knowledge) ! :

e  Carry out procedures using simple apparatus in situations where the method may not be familiar to

§ 5 ’ the candidate. (Application) v @@ G
4 e Describe acid base titration to include the Uée'oii @W and suitable indicator.

(Understanding) :

e Describe how identify the(® i %&E using an indicator. (Understanding)

e Describe tests to ident; %%m a) CO%, (b) C£*,Br' and I (c) NOL™ (d) SOi (e) SO3
(Understandi & ' e

e Describe tests using aqueous NaOH and aqueous NHs to identify the aqueous cations: (é) AL** (b)
NH; (c) Ca®* (d) Cr** (e) Cu™* (f) Fe** (g) Fe’* and (h) Zn** (Understanding)

i/

.



the laboratory work, a

A chemistry laboratory is a chemist workshop. It is a place where a student is traine @&é the physical and
re s
n

chemical characteristics of substances by following definite-proc
student should get himself familiarized with the \o)
laboratory table as well as the side sr&l ' T

d various fittings provided on the

9%

GENERAL NS TO THE STUDENTS
NN o -
N N\J "

i. Students are exww conduct themselves in a responsible G

manner at all times in the lab. i q Rack Your Mind!
ii. They are advised not to work alone in the lab. Experiments | 1 gefore starting an experiment, what

should be performed in the presence of lab instructor and other should you do to ensure safety?

laboratory staff. a) Wear casual clothes

ase
1.

iv.

Students should always wear lab coat and safety goggles while :’Jncti:‘?ag SEnEet o Wi

working in the lab. Girls must tie up their scarves and hair before ¢) Leave workspace crowded
start working in the lab. ' : d) Work without supervision
Determine the potential hazards related to any equipment or the ' : '

experiment before beginning any work. Appropriate safety precautions must be observed at all cost.

v.  There must not be any crowding in the lab and students should stick to their work places at a safe distance
from each other. ,
vi.  Don't bring any food items in the lab. Never taste or smell any compound or a gas.
vii. Any accident or breakage of glassware must be reported to the inc e immediately.
viii. If you cannot handle an instrument or an equipm@t properl @ &e help from the instructor.
ix. Do not pour chemicals down the drains and u | hemical waste disposal.
X.  Follow the warning sign displaye@
co OF HAZARDS IN A LABORATORY
) : (Exercise L.Q.3)
Q. Describe’common types of the Chemistry lab hazards with two examples in each case.
Most hazards which we might face while working in the laboratory fall into three categories, physical,
chemical and biological hazards.
< Physical Hazards

The most common physical hazards are slips and falls when @ : e
working on wet floor. A worker must take all types of precautions 2 Rack Your Mind!

to avoid accidents related to physical hazards such as slipping, | 2. What safety precautions should be
pulling, falling etc. ; . taken regarding workspace and
A worker should wear cut-resistant gloves while handling the dEancE?

broken glassware to prevent cuts, abrasions and skin damage. It should be mandatory for the laboratory
staff to dispose off broken glassware in special container to prevent injury.

SO

3 ble Compressed Gas : Corrosive
Toxic Irritant Environmentally Healith Hazard
Damaging

Figure: Pictogram of chemical hazards
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® Chemical Hazards \3\3\3
A laboratory worker must use the chemicals acco N ack Your Mmd’
standard procedures keeping in view the i How can you identify chemical
~precautions required for the safe ‘hazards in the laboratory?
< Biological Hazard Q :
T
The most comm ards arc allergens, infectious Rack Your Mind!
diseases which ar nsferred from ammals to humans and viral- A What Bodiy R G o
diseases. ; hazards cause?
a) Burns and poisoning
_ b) Muscle strain :
¢) Fractures .
; d) Headache only"
. ® A
/ =\ Genetically 9 RCC'( YOIII‘ Mll'ld-
ant modified agents 5. Why should you test equipment |’
before starting an experiment?
Figure: Some Biological Hazards
WASTE DISPOSAL SYSTEM FOR CHEMICALS
»  Disposal of Chemical Waste:
Chemical waste cannot be dispos
off keeping in view the following reie
1. Store chemical wastes ainers.
2. Llabel the cheraj tainers WIth the types of wastes, the date of waste and place of origin.
3. These containe¥s dre then transferred to the allocated site where these are appropriately treated to
dispose them off. :
4. Chemical treatment of wastes involves: .
(i) neutralization (i) precipitation _(iii) ion exchange (iv) oxidation/reduction.
FIRST AID IN LABORATORY
Q. What are common accidents in the Chemistry lab? How they are managed in first aid treatment.
: Every laboratory must have a first aid box. Common accidents and thevr first aid treatments are given in
the Table below ;
Table: Accidents and their First Aid Treatment
Type of Accident First Aid Treatment 30
1. | Cuts : ® Remove the glass pxece if Iw&ﬁylated spirit or
Minor cuts ; ; oth act as disinfectant.
Serious cuts d r about 10 minutes to stop bleedmg
_ A\
2.

Eye Injuries O&\)Wa\sﬁ thoroughly with water and then with 194 sodnum
Acid in the eye ; bicarbonate solution.
[ ]

Alkali in the eye Wash with water followed by 19 boric acid solution.

Foreign particle in the eye e Do not rub the eyes. Remove the particle carefuliy with soft
Sorenessintheeye handkerchiaf then wash with water.
: e Put a drop of olive oil in the eyes and keep them closed for some
] time.




e Rl oW
3. | Burns e Apply burnol or mus \3\3“ :
Burns with dry heat (flame, hot ° W@ free Rer Then wash with a saturated
object) S @ mibica onate and again with water.
Burns causing blisters O % eély with water and then with 1% acetic acid solution and
Acid bqrns “ \ |\ 3gain with water, dry_the skin and apply.the burnol.
Alkali buwo | ¢ Wash fully with 2% ammonia solution and apply glycerin. Wipe
Bromine i off glycerin after sometime and apply burnol.
4. | Poisons e Spit immediately, wash mouth with water repeatedly.
Poisons swallowed e Drink a lot of water or lime water or milk of magnesia.
Acid swallowed e Drink a lot of water; drink a glass of lemon or orange juice.
Caustic alkalies swallowed e Take milk or white part of the egg.
Salt of heavy metals swallowed. ; : _
5. | Fire : e Do not run. Wrap with blanket or with dry cotton cloth. Lie down
i) Clothes catch fire on the floor.
ii) Beaker containing e Cover the beaker with a duster or damp cloth. This will cut off the
inflammable liquid. catches supply of oxygen.
fire. e Throw a mixture of sand and sodium blcarbonate Do not throw
iii) Spirit or oil catches fire. water. It will simply spread the fire.
| iv) Electric parts catch fire. e Switch off the electric supp Wd throw sand. Do not
throw water in ¢ s %;A(
& 0w ""@@X@E@W """"""" %
1 . @A 3
! a) Mention common types%%~
| Ans. Most hazard ace while working in the Iaboratory fall into three categones physma!
chemica cal hazards.
(i)  Physical Hazards
(ii) Chemical Hazards
(iii) Biological Hazards
b) How chemical waste is disposed off?
Ans. Chemical Waste:
1. Store chemical wastes in proper containers.
2. Label the chemical waste containers with the types of wastes, the date of waste and place of origin.
3. These containers are then transferred to the allocated site where these are appropriately treated to
. dispose them off.
. 4. Chemical treatment of wastes involves neutralization, precipitation, ion exchange, oxidation or reductlon
c) How H,SO, burnis treated in the lab?
Ans. In the lab, an H,SOs (sulfuric acid) burn is treated immediately by:
e Flush with water for at least 15-20 minutes to dilute and re
. Remove contaminated clothing/jewelry carefull %
e Neutralize (optional) with a mil i @@ fter flushing.
e Coverwitha sterile@ i
) e Seek medical attent i evere burns.
d) What are diff
Ans. Types o

e Burns with dry heat (flame, hot object)

e Burns causing blisters
e Acid burns

e Alkali burns

e Bromine burns







Observations

Titration Number Rough Reading

- A\ /70\(

Final reading

Initial reading

)

VR QW DU

Volume of acid used (erp)] |
IR VA

WU e=y)

Volume of H used = cm

Chemical Eguation
NaOH(aq) * HCK(aq) e NaCé(aq) o Hzo(()

Calculation 4

Find out the molarity of NaOH solution by using the following molarity equation:
Acid Base
Mlvl e MZVZ
e,

M, = Molarity of acid solution

V, = Volume of the acid used
n, = No. of moles of the acid in the balanced chemical equation

@ Rack Your Mind!

M, = Molarity of base solution

entify the end point

V, = Volume of base solution used
n, = No. of moles of the base in the balafite %@m
ety
) N
V2

onis

n,

Molarity of the gi M.

QUICK CHECK 16.2

Define indicator and endpoint in a titration.

indicator. The moment at which the indicator changes colour is called the end point.
What is meant by concordant reading?

@ a id-base titration?

. The substance which indicates the completion of reaction by the change in its colour is called an

. Concordant reading refers to multiple measurements (titres) that are in close agreement with each |

other usually with a minimal variability. In titration, one typically performs multiple trials to ensure !

accuracy. Concordant readings indicate that the process is consistent and reproducible, i = the results |
1

are likely reliable.
How the volume of the titrant used is calculated?

1
. The volume of titrant used in titration is determined by reading the burette befors 2nc after the

titration the difference between the initial and final burettte readings provides the wolume of titrant ,

added to reach the equivalence point.

TESTS FOR IDENTIFI
W28\

= @@_ ..... 3

|

a)

1

Identification of Carbonate %\ﬁ%l \jﬁuw
Ex;

xperiedt[ .\ V- Observation

Inferencs

Take about 2 olitd carbonate sample | Effervescence takes place
in a clean test tube and then add about | during which a gas evolves
5cm’ of dilute HCL solution. Pass the [ briskly, that turns lime
gas evolved in the above step through a | Water milky.

solution of lime water.

ions.

Carbonate (CO: |

e indicated
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Reactions involved in the above steps
CO§(‘) +2H' ' -5>HO0

(aq)

Ca(OH)z(aq, +CO

(b)

167 +co§%§% @@@

o
Rack Your Mind!
. T ——
8. Which reagent can be used to test

2(g) W for carbonate ions (COs*)?
lime water a) HCL b) NaOH
c) AgNO; d) NH;

Identification oW})&omide (Br'") and lodide (1'7)
Radicals

Experiment Observation Inference
Take 2 g of solid sample in a test tube and add | A thick white precipitate is cr! ions are
5cm’ of distilled water to make the aqueous [ formed which dissolves in indicated.
solution. Add a few drops of dil. HNO, solution | ag. NH, .
to acidify the solution of the salt, finally add
about 5 cm*® of aqueous AgNO,.
Take 2 g of solid sample in a test tube and add [A  thick cream-yellow | g,1- ions are indicated.
5cm’ of distilled water to dissolye the salt. Add | precipitate is formed.
a few drops of dii. HNO, to acidify the above
solution. Finally add 5 cm?® of aqueous AgNO, . a@m
Take 2 g of solid sample and dissolve it in A bright yelloy, @X 3\‘&%,:5 are indicated.
5cm’ of distilled waler. Add a few drops of dil. | isforms @W :
ANO; to make it acidic. Finally adq s &“
aqueous AgNO,.

T
Reactions involved in the estal
) (aq) ‘—)Agcg(s)
white ppt
AB() B —>  AgBry,
cream yellow ppt

Ag(*aq) +I(‘aq) =iy AR B

bright yeilow ppt
N

&Did You Know‘{

In the above tests for the detection of halide
ions, dilute nitric acid is added to prevent
the precipitation of carbonate ions along-
with haiide ions.

Chloride (White)

Figure: Obsery.
) Identification of Nitrate (NO

““. “Todide (Yellow) o
halide ions with AgNO,

Experiment NIV

Observation Inference

Take 2 g of solid sample in a clean test

A characteristic smell of NH,
gas is felt near the mouth of
test tube. This gas turns red
litmus paper blue.

tube and dissolve it in 5cm’ distilled

water. Add to it 5cm’
hydroxide solution. Finally
powdered aluminium metal.

of sodium
add 3 g of

NO;" ions are indicated,




Aluminium metal reduces nitrate ions to ammonium ions which then us NaOH to evolve
ammonia gas. The reduction of NO" with alummu wh|ch Al metal acts as a
cathode and reduces nitrate ions to amm @@gﬁ

3NOY + —3NH, +8[A€(OH)4( =

3(aq)
o Litmus Paper

© Test Solution

Bunsen Burner

(d) Identification of Sulphate (SO?™ ) Radical Seeks
Experiment Observatnon 2(O)\| Inference

Take 3 g of solid sample in a clean test %\5% ions are indicated.
tube. Dissolve it in 5cm’ of dlStI"ei

water. Acidify the solution Q)

drops of dil. HNO, an
barium mtratg\

SO?;

laq) +Ba(aq ———~>BaSO‘,(S)

white ppt.

-#: Did You Know?
Dilute nitric acid is added to destroy any carbonate ions present in the solution as an impurity.

,
I
i
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|
i

]

QUICK CHECK 16.3
a) Distinguish carbonate (CO§‘) and bicarbonate (HCO}") radicals.

Ans. | Experiment Observation (C0O;*") Observation (HCO;™) Inference
Add dilute HCL Brisk effervescence (CO; | Slower effervescence | COs*~ reacts faster
gas) (CO, gas) due to higher

alkalinity.

MgSO, test White ppt. (MgCO;) No ppt. (unlessen@@%\&&ecipitates
forms immediately o irectly; HCO3™ needs
r\ Q /S\(\ Y\wa heating to form CO;*".

Phenoiphthalein test in \B\-’ ~ colorless COs* shows higher
a!k m 0 (\ (weakly alkalme) pH.

Heat solid sample k\ﬂéﬁéé {stable) Releases CO,, turns to | HCO3~ decomposes
(\M CO;?" (ioses H,O + CO;) | on heating.
b)  What is ring test? Give equation for this test.
Ans. The ring test is a qualitative chemical test used to detect the presence of nitrate ions (NO57) in a solution.
Procedure & Observations:
Prepare the test solution containing nitrate {e.g., NaNO,). Now, Add freshly prepared ferrous sulfate
\

(FeSOs) solution to it. Carefully add concentrated sulfuric acid (H:S0.) along the test tube walls without
Sht ’\lu

— - — - B e o e I - Y SIS S e e s - w—

e e e — - ——— ————

Z




The brown ring is due to the formation of Ni

|

. I

frous : |

]

NO; + 3Fe, 4 I

(Simplified: Brown ring = [Fe ‘o '
Inference: 0 |
®* The brown ri n¥rms nitrate (NO;~) in the sample. "
]

I

I

|

]

|

]

L

Ans.

]

]

~ b
lb"
]

]

1

o g Give names and formulas of some water insoluble sulphates.
1. Barium sulfate — BaSO,
2. Lead(ll) sulfate — PbSO,
: 3. Calcium sulfate (slightly soluble, but often considered insoluble) - CaSO,
! 4. Strontium sulfate — SrSO,
Li 5_ Silver sulfgte_ (s_pa_nn_gly sghﬂlg_, p_ut_m_ost_ly insoluble in dilute solutions) —Agz_S(ﬁ caeliaway

a)  Identification of Aluminium (A% ) radical @
Take 4 g of solid sample in a clean test tube. Dissolve it in about 1 ,‘:' ivide this solution
into two parts for further tests. s e 5 “\ K\ i ; /
= \,@\;éﬁ;\}a&@\a\?& = Inference

Experiment

A
To one part, add about 5 cm® N \ tinous precipitate | a3+ ions are indicated.
solution. i \ ormed.

7o the second Wé"%ove A white precipitate is formed. A s ae indicated.
solution, add a few rops of aqueous

ammonia.
ALY 4 30H- —>A/(OH)
(2q) aq) 3(s) /
St white pot Rack Your Mind!
9. HO\A'I can aqueous NaOH and NH;
b) Identification of Ammonium (NH}' ) radical help identify metal ions?
Experiment Observation Inference

Take 4 g of sample in 3 clean test [ Ammonia gas is evolved with a NH}" ions are indicated.
tube. Dissolve it in 10 cm® distilled | distinct smell. Ammonia gas
water. Add NaOH solution and gently | turns moist red litmus blye.

heat it.

k- Q
—— offes
NHi() +OHLL, ——NH,  +H,0, @O@
¢)  Identification of Calcium (Ca?) radical @) @
Take 4 g solid sample in a clean test tuﬁ(i?}s\s/ab\ i \l led water.
ests\

Make two parts of this solution for fi

Experiment 1 ANV “Observation Inference
To one part, add NaOH VN O White precipitate is formed | ¢+ ions are indicated.
which does not dissolve in

excess of NaOH solution.
To the second part of the above | Only a slight turbidity appears Ca** ions are indicated.
solution, add aqueous ammonia. or No precipitate is formed.
2 =
Ca(:q) + ZOH(aq) ﬂCa(OH)Z(S)

white ppt




d)

f)

g)

solution for further tests.

Identification of Chromium radical (Cr**) @
Add 4 g sample in a clean test tube. Dlssolve it in3 W Ketwo parts of the above
’ V\

Experiment %\ \[a Q \\ \Q\}éw on Inference
To one part, add NaOH soluti O\A\,\A\ér\e)e; precipitate appears | Cr** ions are indicated.

which turns into green
solution when excess of NaOH

is added
To the second part of the above | A green precipitate appears Cr** ions are indicated.
solution, add agueous ammonia. which is insoluble in excess of
agueous ammonia.
Cr(aq) + 3OH(aq) ———>Cr(0H)3s
Green ppt

Identification of Copper radical (Cu®)
Add 4 g SO|Id sample in a clean test tube. Dissolve it in 10 cm? of distilled water. Make two parts of the
above solution for further tests.

Experiment Observation Inference
To first part, add NaOH solution. A light-blue precipitate is Cu? ions are indicated.
formed. e o
To the second part of the above Deep blue éol nis @Me’ indicated.
solution, add agueous ammonia.
¢ “ Cu OH)Zs
KX Blue ppt
small amount an excess
of ammonia of ammonia
B —ee——p
[Cu(H,0)f" [Cu(H,0).(0H),] [Cu(NH;).(H,0).J"
ammonia acting . Ligand exchange
as a base : - reaction

Identification of Iron (l1) radical (Fe**)

Take 4 g sample in a clean test tube. Dissolve it m 10 cm of distilled water. Make two portions of the
solution for further tests.

Experiment Observation Inference

To one portion, add NaOH solution. | A green precipitate is formed | Fe?* io , dicated.
which is turned mto orange b 1 @
precipitate @fter (2

es to form red brown
precnpntate of Fe(OH), .

To second portion of the abo A white in@?\&ﬁﬂtﬁe%f e?* ions are indicated.
solution, add aqueous ammonia VQ which quickly
iz

Green ppt

Identification of Fe (Ill) radical (Fe**)
Take 2 g FeCl, in a clean test tube. Dissolve it in 10 cm® of distilled water. Make two portions of the
solution for further tests.

-
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Experiment

Observation

\ \" Inference

To one portion, add NaOH solution.

To the second portion of the abav,
solution, add aqueous ammonia.i'\

e is formed.

Fe** ions are indicated.

Orang9bro@n pﬁekiﬁ\tﬁ\& ‘?@'\'7"#&/ Fe>* ions are indicated.
HdrRieditare

e
O\é}’ﬁ) +30H —> Fe(OH),

Orange brown ppt

Ans. Lake Test

complex) with an organic dye.

Purpose: To detect aluminium (Aﬁ %@@
0§\

ming a colored "lake" (adsorption

h)  Identification of Zihc radical (Zn?)
Take 4 g solid sample in a clean test tube. Dissolve it in 10 cm® of distilled water. Make two portions of the
above solution for further tests.
Experiment ‘ Observation Inference
To one portion add NaOH solution. White precipitate is formed which is | Zn?* ions are indicated.
soluble in excess of NaOH solution.
To second portion of the above | White precipitate is formed which Zn** ions are indicated.
solution add aqueous ammonia. dissolves in excess of ammonia.
2+ -
Zn(aq) +20H(aq) ——>Zn(0OH) )
3 white ppt
l_‘—"_‘_'_‘_‘—""'.-r-- '''''''''''''''''''''''''' |
! QUICK CHECK 16.4 m
a)  Whatis lake test? Give equation. @o@

1
I
1
I
]
|
i Experiment AN A Observatlon Inference
1| O.S + few drops of Wlﬂ A blue lake (blue ppt. in | A is confirmed.
| | solution + excess of NH{OR. colourless solution) is formed.
; A3 +3NH,0H—> AZ(OH), { +3NH]
1 Inference:
I * Blue colour floats over colourless solution.
i b) How ammonium ionis indicated?
Ans. Identification of Ammonium (NHZ?) radical
Experiment Observation Inference
Take 4 g of sample in a clean test Ammonla gas is evolved with a NH." ions are indicated.
tube. Dissolve it in 10 cm?® | distinct smell. Ammonia gas turns
distilled water. Add NaOH | moist red litmus blue.
solution and gently heat it S (\

NH4(aQ)+OH ——)M@@Y@Y/@ S

€)  How will you distinguish ferrous (Fe?*) and fe
Ans. ol\can)
Test Ob;gr.yﬂti\p?‘\@\'}@u Observation for Fe3* Inference

Potassium ferricyanide <W&U\‘J o= Brownish solution (no ppt) | Fe?* confirmed by
(K3[Fe(CN)q]) cipitate (Turnbull’s blue) blue ppt.
Potassium White/blue ppt (if dilute) Deep blue Fe3* confirmed by
ferrocyanide precipitate (Prussian blue) | intense blue ppt.
(KilFe(CN)s])




= A

 pwasreddish-

NaOH solution Dirty green precipitate Red-brown
(Fe(OH)2) o @reﬁ@tﬂm@c own ppt.
NH4SCN (Thiocyanate) | No colour che) (pal \fﬁ @ @3/\)\) Ul Fe3* confirmed by
green) (ﬁ(f\?\\ Nheelodr Fe(SCN)]** red complex.

KMnO, (in acid) D,ggp[@gm A@Hﬁb@l\ﬁ Fe**) | No reaction (already Fe3*) | Fe?* reduces KMnOa.
d) What happens wh \“Jﬁhf i; added to Cu®** solution in limited and excess quantities?
Ans. When agueous NHs; (ammonia) is added to a Cu?* (copper(ll)) solution in limited and excess amounts we 3

observe:

1.  Limited NH; (Pale Blue Precipitate)

Reaction: Cu; +2NH, +2H,0 —>Cu(OH),  (pale blue)+ 2NH;

Observation: A pale blue gelatinous precipitate of copper(ll) hydroxide (Cu(OH),) forms.
2.  Excess NH; (Deep Blue Solution)

Cu(OH), + 4NH, —>[Cu(NH,), |* +(deep blue)+20H"

Observation: The precipitate dissolves, forming a deep blue solution due to the tetraamminecopper (1)
complex ion [Cu(NHs)a)*".

In short:

e Limited NHs: Forms insoluble Cu(OH),.

e  Excess NHs: Forms soluble [Cu(NHs)s]** complex (used in qualitativ Si

Reaction:

\ q 4 » 2 5 e /

= Optio nianatio
1. B Testing prevents accidents caused by faulty apparatus. :
Keep the workspace organized and not overcrowded to avoid hazards, and maintain a safe

distance from others handling apparatus to prevent accidents.

By understanding the properties of chemicals used, reading labels and safety data sheets,

3. S.
8 and knowing the risks associated with spills, fumes, and reactions during the experiment.

Chemical hazards can cause burns, poisoning, respiratory issues, and skin irritation.

To ensure all apparatus works properly and safely, preventing accidents or injuries during the

5. s.Q -
experiment.

Burette allows precise delivery of titrant drop by drop to find the exact end point.

7 s.Q By observing a clear color change of the indicator, which signals that the titration reaction is

complete. S @mm J
8 A Carbonate reacts with acid to produce £O: ,gqs(,\c?q(i@w#@e}%@wu =
9 5.Q They react with specific,metali % r@c \ﬁiéﬁc Zplrecipitates or soluble complexes,
helping to distinguis I@@?\L . JFe?*, etc.

SR
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Exercise

= FAES ISR f
- MULTIPLE GHOICE QUESTIONS (MCQs)
\lr\‘{ O\/
Four choices ar e_ach question. Select the correct choice.

Q.1
:

V.

VI.

Vil.

Sr.No. | Option |-

While taking a reading with a burette, why it is always advisable to read the lower meniscus for the
colourless liquids and the upper meniscus for the coloured liquids?

a) because it is more convenient

b) because colourless liquids have more surface tension than coloured liquids

¢) because lower meniscus does not exist for coloured liquids

d) because of the parallax effect

Why phenolphthalein indicator is more appropriate to use during the titrations which invoive a strong
acid and a strong base? :

a) because it is itself weakly acidic

b) because the pH at the equivalence point as well as the pH over where the colour of phenolphthalein

changes match each-other.
¢) because the solution at the end of titration is acidic. @ @@m

d) because the solution at the end of titration is basic. o)

Which cation gives a white gelatinous precipitate'dp queous ammonia?

a) cr3t b) Cr** ‘ : d) A%

Addition of NH,OH to an aque Aéém a cation gives a green precipitate which turns brown upon

standing. Which basi indicated?
a) Cu?* cr* c) Fe** d) Fe?*

On dry heating test for salt analysis, the evolution of a colourless, odorless gas that turns limewater
milky suggests the presence of: '

a) Chloride ion (C/™)  b) Sulfate ion (S0i) ¢) Carbonate ion (CO2")  d) Nitrate ion (NO;)

The chromyl chioride test is a specific confirmatory test for:

a) Bromide ions (Br') b)lodide ions (i) c) Chloride ions (ce) d) Sulfate ions (SOf,‘)
The brown ring test is a confirmatory test for which acid radical?
a) Chloride (C£7) b) Nitrate (NO;) ¢) Sulfate (SO2") d) Carbonate (CO?")

Answer Key with Explanations

: Explanation-

e b o
L = because it is more e ‘g Cus is easier to see.
convenient ® fiient practice based on visibility,
R  \\NoKskntase fension or parallax.
because the pH atzgé\;\’y\j\jhﬁé%ﬁ%hthalein changes color between pH 8.2-10,
equivalence poj which matches the equivalence point pH of strong acid—
i b the p €colour strong base titrations.

hithalein changes
match each-other.

HS

. 7p2e ®* Zinc ions form a white gelatinous precipitate with
LR | 3 i . .
agueous ammonia, which is soluble in excess.

V.

* Fe? forms 3 green precipitate with NH;OH, which

c Fe?* o = :
oxidizes to Fe?*, giving a brown colour on standing.




V. c Carbonate ion (CO?) ' g E;Zﬁeﬁﬁgt:%%ﬁwm e
° @K\cﬁe\ﬂe%/gives red vapours of CrO,Cl,
VL. c Chloride ions (CL) ide—feacts with potassium dichromate and
o V\“ﬁ entrated sulfuric acid.
VIL. d W&’e&l oY= "I e The brown ring test confirms nitrate ions by forming a
< brown ring of [Fe(H,0)s(NO)]** complex.

- SHORT ANSWER QUESTIONS -

Q.2

Attempt the following short-answer questions:

a.

For which type of titration, methyl orange is used as an indicator?

Ans.

Methyl orange is used as an indicator in strong acid-weak base titrations.
Methyl orange changes colour in the pH range of 3.1to 4.4, making it ideal for titrations where the equivalence
point is acidic, as is the case when a strong acid (e.g., HCL) is titrated against a weak base (e.g., NHsOH).

Explain why phenolphthalein is a suitable indicator for the titration of a weak acid with a strong base
but not for the titration of a strong acid with a weak base.

Ans.

Phenolphthalein is suitable for weak acid—strong base titrations because the equ@ point is basic
1

(pH = 8.5), which falls within phenolphthalein’s colour change ran @
It is not suitable for strong acid—weak base titrations Aty € point is acidic (pH < 7),
outside phenolphthalein’s range, so irt\would n&i\;ﬁP@\ @e ehdpoint.

= N

Explain why different indicators cﬁhé&v@i&\gkwﬁéfent pH ranges.

JAns.

Different indicators ¢ lour \ovET different pH ranges because each has a unique acid-base
equilibrium and ¢ utture (and thus colour) at a specific pH range where its conjugate acid and
base forms are presént in comparable amounts.
Examples:
1. Phenolphthalein:

= Colour change range: pH 8.2 - 10

= Colour: Colourless in acid, pink in base
2. Methyl Orange:

= Colour change range: pH3.1-4.4

= Colour: Red in acid, yellow in base

It is always advisable to use dilute solutions while performing experiments in volumetric analysis?
Give a reason.

Ans.

Yes, it is advisable to use dilute solutions in volumetric analysis because they reduce the risk of large heat
changes and allow for more precise volume measurements, minimizing errors and improving the accuracy
of the titration results.

e.

mfn\\J :
White precipitates are formed when Ca™,Af** and ;grzi alam@o@&&ggﬂ solution. How
=

will you detect which basic radical is present3 /IC()\

Ans.

To distinguish between Ca?*, AL3+OW§§MWﬁte precipitates with NaOH, excess NaOH
can be used:

1. Add excess NaOH i Cipitate formed:
= Ca(OH):: n excess NaOH — White ppt remains
= AL{OH)s: Dissolves in excess NaOH forming a colorless solution
= Zn(OH);: Dissolves in excess NaOH forming a colorless solution
2. Differentiate AL** and Zn?* using ammonium hydroxide (NHsOH):
= AL(OH)s: Insoluble in excess NHsOH — White ppt remains
= Zn(OH),: Soluble in excess NHsOH — Colorless solution forms



R —

How Fe’ can be distinguished from Fe®* chemically? @““U
o] i

N
- Identification of Iron (I1) radical ( Fe?) O @mw —
Take 4 g sample in a clean test % Q of distilled water. Make two portions of the

solution for further tests.

be. Di

W\
Experiment U Observation Inference

NI
To one portiW&éﬁ A green precipitate is formed which Fe’* ions are indicated.
solution. is turned into orange brown

precipitate after some time.

To second portion of the | A white gelatinous precipitate of Fe’" ions are indicated.
above solution, add aqueous Fe(OH), is formed which quickly
ammonia. oxidizes to form red brown
' precipitate of Fe(OH),.

Fe(y) +20H,,) —>Fe(OH),
Green ppt

Identification of Fe(lll) radical (Fe?*)

Take 2 g FeCl, in a clean test tube. Dissolve it in 10 cm® of distilled water. Make two portions of the

solution for further tests. a0\
Experiment Observation A 9\ (C)MPeﬁce
To one portion, add NaOH solution. Orange bwﬁmg\ﬁ%;ns are indicated.
forméd, 20\ O\
To the second portion of the alid 1 é\j@\ﬁh—ﬁ‘r’écipitate is | Fe** ions are indicated.
solution, add aqueous ammonja

. s
W&‘J O'Fer +30 Hiu — FelOH),
Orange brown ppt

Why does Ca** not give precipitate with aqueous ammonia?

Ans.

Ca”* does not give a precipitate with aqueous ammonia because calcium hydroxide (Ca(OH),), formed by the
reaction of Ca** with ammonia, is sparingly soluble in water. The amount of hydroxide formed is insufficient
to exceed the solubility product (Ksp) and produce a visible precipitate under normal conditions.

In contrast, other metal ions like AL3* and Zn?* form insoluble hydroxides that precipitate in the presence
of ammonia.

How will you find out the concentration of acetic acid in vinegar solution?

Ans.

To find the concentration of acetic acid (CH;COOH) in a vinegar solution, we can perform a titration using a
strong base (such as NaOH) and an appropriate indicator (such as phenolphthalein).
Procedure:

1. Prepare a Sample of Vinegar: Measure a known volume (e.g., 10c¢
2. Titration Setup:

O
* Titrant: Prepare a standard solution o tration (e.g., 0.1 M).
* Indicator: Add a few dréps\o S it {which changes from coloriess to pink as the
solution goes from acidic to\¢ 2 basic

3. Perform the Titrati o '
*  Slowly ad H solution from the burette to the vinegar solution while stirring.

* End point: The titration is complete when the solution turns light pink (indicating neutralization).

e}

olution.
)

4. Calculate the Concentration of Acetic Acid:

*  Use the formula:
C1V1 = C2V2



AN
* G, = concentration of acetic acid {required), @o@©
* V;=volume of vinegar used, Q @@@
* * C; = concentration of NaQH “
*= V= volume of NaOH used
5. Final Calculation: Sgl othe
Example Calculati
e If 25 cm® of NaOH (0.1 M) neutralizes 10 cm3 of vinegar, the calculation would be:
C1x10.0cm?®=0.1 M x 25 cm?
C1=0.1x25.0/10 =0.25M
So, the concentration of acetic acid is 0.25 M.
This gives the molarity of acetic acid in the vinegar.

ne point.
oncentration of acetic acid in vinegar.

i.  What precautions you need to observe while diluting a concentrated acid?
Ans. Precautions to Observe while Diluting a Concentrated Acid:
(i} Always add acid to water, never water to acid — this prevents splashing due to the exothermic reaction.
(i) Use protective gear — wear gloves, goggles, and a lab coat to prevent burns and injuries.
(iii) Perform the dilution slowly, while stirring continuously, to control heat release.
(iv) Use heat-resistant glassware — to prevent breakage from the heat generated.

(v) Work in a well-ventilated area or fume hood — to avoid inhaling harmf%pt@@@@
o .\0

(vi) Keep neutralizing agents (like baking soda) nearby in case o(f\ﬁ,pﬂ\is&\”

j-  Why does an aqueous solution of NEgCO3 beﬁvgﬁ(ﬁ%&éﬁ)ﬁ\) U U

Ans. An aqueous solution of Na,CO,3 (s% r ﬂe}j\e‘h\afé)s like a base because the carbonate ion (CO52)
e

undergoes hydrolysis in water: ;
32"+ H,0 HCO; + OH~
This reaction produc droxide ions (OH"), which increase the pH of the solution, making it basic in nature.

NazCO; is a salt of a strong base (NaOH) and a weak acid (H2€03), so its solution is basic due to the weak
conjugate acid (HCO;) not fully neutralizing OH- formation.

k.  If an aqueous solution of NaOH is kept in an open container, what changes do you expect to take place
with the passage of time?

Ans. If an aqueous solution of NaOH is kept in an open container, the following changes occur over time:
1. Absorption of CO, from the air:
NaGH reacts with carbon dioxide in the atmosphere:
2NaOH + co,—— N32C03 + H,0
This reaction forms sodium carbonate {Na,C0;) and water.
2. Decrease in alkalinity: :

As NaOH is gradually converted into Na,COs, the concentration of OH- ions decr reducing the
solution's basic strength (pH). @ @@em >

3. Formation of precipitates (if concentration is high): o
If the solution becomes saturated, precipitdts drate may form.

So, by the passage of time the Na(nj%\l 53 basic and transforms into a carbonate solution.
)

- %Wéﬁ\%ﬁ@s QUESTIONS -

Q.3 Describe common types of the Chemistry lab hazards with two examples in each case.
Ans. See Page No. (510)

Q.4 What are common accidents in the Chemistry lab? How they are managed in first aid treatment.
Ans. See Page No. (511)




—v =
Q.5 How the following acid radicals are indicated and confirmed-insa o= = :
i) co- ii) e “ O /‘&3‘%_},\ ; | 7 iv) sor
Ans. See above acid radicals in Theory A \{\&\)\\})v
Q.6 How the following basic r ga‘}ﬁ\'é \n\:\‘ééfed and confirmed in salt analysis:
e r\m\mfﬁfﬁ; % i) Fe* iv) Zn?*
Ans. See above acid\radicals in Theory.

- ADDITIONAL SLOs BASED MCas _

:

10.

1L

12.

13,

Which of the following is used as an indicator in the titration of a strong acid and a weak base?
A. Methyl orange B. Phenolphthalein C. Thymol blue D. Fluorescein

The idea_l indicator for the titration of strong acid and weak base should have a PH range between

A.3-5 B.4-6 C.6-8 ’ D.7-9
Find the concentration of HCl, if 10 cm3sf 0.5 M Ca(OH); is required to titrate 50 cm3of HCI,

A.1/10Mm B.1/5M C5M D
What is the concentration of the sulphuric acid solution, if 100 4he @@ s neutralized by 50
o

cm?of 0.5 M Ba(OH); solution? Y
A.0.25M B.0O.5 M O @

Which of the following is a buffe m

A. CH3COOH + CH;COONH, “ B. H,S0, + CusO,
©

C. CHsCOONa + CH;C D. NaCl + NaOH

Which of the fo NEIS used as an indicator in the titration of 3 weak acid and a strong base?
A. Methyl orange (3 to 4.6) : B. Bromothymol biuye {6to7.5)
C. Phenolphthalein {8 t0 9.6) 0. Methyl red (5 to 6.9)

D.50m

25 cm’of the barium hydroxide solution?

A 0.28 B.0.21 C.0.14 D. 0.07

A difference between strong and weak acid is '

A. proton donation and electron acceptance B. complete and partial ionization

C. negative and positive pH D. presence and absence of halogen ions
Which of the following titrations will have the equivalence point at a pH more than 8?

A. CH3COOH and NaOH B. HCl and NaOH

C. CH;COOH and NH; D. HCl and NH; m
What is the primary purpose of adding silver nitrate in the identifi a: 6@ anions?

A. To produce a gas B. To form precipitates ot fange D. To neutralize acidity

Which reagent is commonly used to test for s A\LIridride ions in a solution?

A. lodine solution B. SilvéDnihate . Hydrochloric acid D. Sedium hydroxide

What observation indicate o a \‘- of sulphite ions in a solution during the identification of non-
metal anions withwmyg

A. Formation of a Wi} precipitate B. Evolution of a gas smeilling like ammonia

C. Formation of 3 yellow precipitate D. Absence of any visible change

Which non-metal anion is typically identified through a starch-indine resction?
A. Chloride B. Bromide C. iodide D. Sulphite



14.

15.

anions?

A. Wearing safety goggles B. using a fume fao Q
Which cation gives a white ge

A e

What safety measure is crucial when working with reagents durm@he @@@@on of non-metal

D. All of the above
¢ addition of aqueous ammonia?
£ i D. AC*

B aoverey

1.A 2.8 3.B 4. A 5.C 6.C D 8.A 9.A 10.8 | 11.B | 12.A

13.C | 14.D | 15.C

- ADDITIONAL SHORT ANSWER QUESTIONS -

Q.1 What is meant by standardization?
Ans. Determination of exact concentration of a solution by titrating it against a solution of known strength is
called standardization.
Q.2 What is the volumetric analysis?
Ans. A quantitative analysis based upon the measurement of volume is called as volumetric analysis.
Q.3 What is Titration? » RN
Ans. The process of determination the exact volu Céb\&\mjpletely with the definite
volume of another solution. ﬂ
" \/‘)

Q.4 How carbonate (€CO3") raduc%ﬁ*\( e
Ans. WUV Observation Inference

Take about Mg\bf solid carbonate sample in | Effervescence takes place | carbonate (CO§‘) are

a clean test tube and then add about 5cm® | during which a gas evolves | ;- dicated ions.

of dilute HCL solution. Pass the gas evolved | briskly, that turns lime

in the above step through a solution of lime water milky.

water.

Reactions involved in the above steps

€O; , +2Hi, >H.0( +CO,
Ca(OH), + COzm e CaCO%) +H,0,,
Lime water (white ppt)

Confirmatory Test

Original Solution + MgS04 l White ppt. of MgCOs I CO§‘ is confirmed.
Q.5 How Chioride (CL¥) radicals are identified? P\
Ans. Experiment =" " Inference

aqueous solution. Add aq. NH,.

HNO, soluti tion of the In other words, White
salt, finally\add about 5 cm® of aqueous | ppt. (AgCl) soluble in dil.

Take 2 g of solid sample in a test tu @e vhit \p\rﬁprtate is | ¢! ions are indicated.
add 5 cm® of distilied w@’% which dissolves in
olu

AgNOs. NH4OH.

Confirmatory Test

0.S + Silver Nitrate (AgNOs3) solution. White ppt. (AgCl) soluble | CL is confirmed.
in dil. NHsOH.

Result: Acid Radical = Chloride CL




D
Q.6 Give the chemistry of Chromyl Chloride test. e i ﬂé\ ,\@U“ Bhs
Ans. It is a confirmatory test of CL". In this test reddish bfow @%{\E@@e\ﬁj@f volved when solid salt, solid
K>2Cr;07-and Conc.H,S0, are heated ther k
4NaC€+K C ;s 7 SO +2Cr0,Ce5 +H,0
Q.7 How Aluminium (I\G\’R&W&ﬂs]lamtlﬁed?
Ans. Take 4 g of solid samyle in a clean test tube. Dissolve it in about 10 cm® distilled water. Divide this solution
into two parts for further tests.
Experiment : Observation inference
To one part, add about 5 cm? | A white gelatinous precipitate is formed. A" ions are indicated.
NaOH solution. ; :
To the second part of the | A white precipitate is formed. A" ions are indicated
above solution, add a few ;
drops of agueous ammonia.
AL(3,) + 30H ) —> AL(OH),
white ppt
Confirmatory Test (Lake Test):
O0S + few drops of HCL +| A blue lake (blue ppt. in colourless | A{* is con flr
litmus solution + excess of | solution) is formed.
NH;OH.
Q.8 How Calcium (Ca?) radical is identified? ﬂ ﬂﬂr (L\\UA\)D U
Ans. Take 4 g selid sample in a clean tes \;j\ib\éb““3 distilled water.
Make two parts of this solution #q1 f S.
Experiment (NN [\ © 7 Observation inference

To one part, add NaO¥'solution. | White precipitate is formed which does

Ca’" ions are indicated.
not dissolve in excess of NaOH soiution.

To the second part of the above | Only a slight turbidity appears or No | ¢z
solution, add aqueous ammonia. | precipitate is formed.

2
Ca(:q’ +20H; ——>C3(0H)2(5)

white ppt

ions are indicated.

(aq)

Confirmatory Test:

0.S + NH4CL + K4[Fe(CN)e) | White ppt. of Ca,[Fe(CN)s] formed. Ca** is confirmed.
Result: Basic Radical = Calcium (Ca?*)

Q.9 How Ammonium (NH;" ) radical is identified?

Ans.

Experiment Observation Inference

Take 4 g of sample in a clean test tube. | Ammonia gas is evolved with a ns are
o ted

Dissolve it in 10 cm® distilled water. Add | distinct smell. Ammonj HeP
NaOH solution and gently heat it. moist red litn

i

Yellow needle like crystals are
obtained.

Confi irmatory Test:

To the 0.5 added P@W@

Result: Basic Radical = Ammonium NH;

NH, is confirmed.

Q.10 How Chromium radical (Cr**) is identified?

Ans. Add 4 g sample in a clean test tube. Dissolve it in 10 cm® distilled water. Make two parts of the above

solution for further tasts,



Experiment Observation : inference

To one part, add NaOH solution. | A green precipitate appears which turns { Cr’* ions are indicated.
: into green solution when excess of NaOH

is added o

To the second part of the above | A green precipi @@M Tons are indicated.
solution, add aqueous ammonia. | insoluble e@e @ ohid. :

@@@

Pale green ppt. of CrPO,4 formed. | C** is confirmed.

Confirmatory Test:
OS+N

Nl

SELF-ASSESSMENT |[ 87T Z 2 T2

Total Mark: 30

Q.1 Encircle the correct option. {(1x6=6)
(i) What color phenolphthalein turn in a basic solution:
a) Red b) Blue c) Pink d) Colouriess
{ii) Which cation gives a white gelatinous precipitate upon the addition of aqueous ammonia?
a)crt b) Cr** ¢} Zn*" d) A
(iii} Addition of NH,OH to an aqueous soluticn of a cation gives a green precipitate which turns brown upon
standmg Which basic radical is indicated?
a) Cu™’ by er’
(iv)

milky suggests the presence of:

On dry heating test for salt analysis, the evoh@ ‘ ﬁ%}@é@gas that turns limewater
T

a) Chloride ion {C")  b) Sulfsd bonate ion (CO?7) d) Nitrate ion (NO;)

The chromyl chioride tesi ' ; -
a) Bromide ions ) Yodide ions {I") ¢) Chloride ions (C/7) d) Sulfate ions (SO} )

{v) nfvrmatory test for:
{vi) The brown ring test is a confirmatory test for which acid radical?
a) Chioride (C{7) b) Nitrate (NO;) ¢} Sulfate (soi') d) Carbonate {CQ@‘)
0.2 Write short answers of the following questions. (2x8&=16)
(i) What are different types of burns? '
(ii} What is meant by concordant reading?
{(iii) What is ring test? Give equation for this test.
{iv) if an agueous solution of NaOH is kept in an open container, what changes do you expect to take place
with the passage of time?
{v] What precautions you need to observe while diluting a concentrated acid?
(vi} Why does an aqueous solution of Na,COs; behave like a base?
{vii} Why Ca’* does not give precipitate with aqueous ammonia? m
{viii} Explain why different indicators change colour over different Meg\eﬂ@ C@@
Q.3 Extensive Questions. o /}_‘ \(\K\\ N\ / Jer (2x4=8)
(a) How the following acid radicals ing: 3 %kﬁr\)&\:\d’(‘rfsait analysis:
i) CO% i) ¢7 iii) NO; iv) SO5
{b} How the feliowin € indicated and confirmed in salt analysis:
i) Cu™ iii) Fe’’ iv) Zn’*

P
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