STOICHIOMETRY

-C!lh nﬂn Hw' ""Ill' !ﬂ“*]wﬂn Stude n'l“.‘s”h-  ab ‘l" {

1 J.

Express balanced chemical oquatmns in temls uf moles, represenmtve partictes, masses and volumes
of gases at STP.

Explain the concept of limiting reagents.
Calculate the maximum amount of product and amount of any unreacted excess reagent. .

Calculate theoretical yield, actual yield, and percentage yield when given appropriate information,
State the volume of one mole of a gas at STP. o~

Use the volume of one mole of gas at $TP to solve mole- vulu‘ne prublm p=10a\\

Calculate the gram molecular mass of a gas from density measur 2 : )

Derive measurements of mass, volume; an(fﬂumbér qf pamcles ushm Me's

Calculate the quantities of reactants al*tﬁ nducu, invotved'in a “chemical reaction using stoichlometric
principles. (Some examﬁles inr_r[ude calcﬁla As invu-lvmg reacting masses, volumes of gasses, volumes,

and concentratluns«ﬂ sﬁtuhons, hm:ttrw reagent and excess reagent, percentage yield calculations).
10, Expl@in vﬂ\h{g xa bles ‘the importance of stoichiometry in the production and dosage of midicne.
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What does a chemical equation indicate? The elements anqd cpmpeﬁﬂd react together in
definite proportions. The study of the rél:atmnshlps between the amounts of the reactants and
the products is referred,to as- Stmchin etnf 'The word stoichiometry is derived from Greek
words, stoicheion means element and metron, means measurement. Such a study is essential
when quanmattvg Jn?Hn'natiDn about a chemical reaction is required. Moreover, it is important
to pre\du:tJ 1'LL.- yields of products in chemical reactions.

4.1 MOLE

Remember that chemists use the mole as the Sl unit to weigh and count atoms, molecules, and

‘ions. A mole is the amount of substance that contains 6.023 x 10® representative particles. This
experimentally determined number is called Avogadro's number. Just as a dozen represents 12
identical things, a mole represents 6.023 x 10* particles of a substance. For example, a mole
of carbon is 6.023 x 102 carbon atoms. A mole of sodium is 6.023 x 10® Na atoms. One mole of
water is 6.023 x 102 H,0 molecules. The terms for particles are atoms, molecules or ions. This
relationship allows us to convert moles into representative particles and vice versa.

The atomic mass, formula mass and molecular weight of a substance in gmmgare equal to one

mole of the substance. This relationship allnws us to cpnve\q tl;e ma{igfﬁ 'substance to moles
and vice versa. For example, e /ﬂ \ e 1\ _

\
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One mole of O atoms =<1I-,\g f“ \ \\ \Qnemule of 0, molecules =32 g

\ \ B

One mole O\J Nq@mﬂbcules 18 g One mole of Na"ions =23 g
One mule uf NaCl formula units =58.5¢

4.1.1 Molar Volume (Va)

One mole of any gas at STP (standard temperature and pressure) occupies a volume of 22.414
dm?®.This volume is called Molar volume. With the help of this relationship, we can convert the
mass of a gas at STP into its volume and vice versa.

22.414 dm’ of any gas at STP =1 mole = 6.02 « 102 molecules.

22,414 dm’ of H; gas at STP =2g = 6.02 » 102 molecules.

22.414 dm’ of NH; gas at STP = 17g = 6.02 « 10 molecules.
Example 4.1:

- y (

Determine the volume of 2.5 moles of chiprjne mu[gcu[es 3,: ng Al
Solution: .

We know that N \\” “
22.414 dnt?o fﬁl at STP = 1 mole

Or 1 mole of Cl, occupies a volume of 22.414 dm’ at STP.

2.5 mole of Cl, occupy a volume of 22.414dm’x 2.5 = 56.035dm’



4.1.2 Molar mass and density of gases - A O\WC \..."\\\' |, ( » =

\ )

Density is defined as the mass per L unit- ‘mlumé of a)subsiance Asmnlar mass of all the gases
occupies same volume at STP Theréfure de?ﬁty ofa gas is depended on its molar mass. A gas
having higher molar B(g?s;wu have- hlgher density and vice versa. So, density of a gas can be

calculated froql JHS\ ar mass and molar volume. If the density of gas at STP is determined,
its molar mass can be calculated.
Example 4.2:
Calculate the gram molecular mass of a gas which has density of 1.43 g/dm’ at STP.
Solution:
1 dm’ of gas at STP = 1.43g
22.4 dm’ of gas at STP =1.43x 22.4
= 32.032¢
As 22.4 dm® of a gas at STP = molar mass N
-3\ 0 \T\?\\'\?\‘l
Therefore, gram molecular mass of gas is 32.032 amu. ﬁ,-«\'\,’ 2\ m“@\_// o
"\ J\K\T\‘\ QL ‘1'\“//"
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Concept Assessment @eerc 4 \’Y& /J
1. How many moles of_ oxygeﬁL lécﬂlé are there in 20.0 dm’® of oxygen gas at STP?
2. What y\w\d&;\g 6 nsnaIe of H, gas occupy at STP?

1,1 3 Stmchlometrlc Calculations and Mole Ratio
What does a balanced chemical equation tell us?

Consider the following reaction,

We get the following information from this chemical equation.

i. 2 moles of H; combine with 1 mole of O, to produce 2 moles of H,0
ii. 2 x 6.02 x10%molecules of hydrogen react with 6.02 x 102 molecules of oxygen to
produce 2 x 6.02 x 107 molecules of water vapour.
iii.  4g(2 moles) of H, combine with 32g(1 mole) of O, to produce 36;{2 mnl;es} of HgO
iv. AtSTP, 2 x22.414 dm’ of H, combine w1th 1 X 22 414;|m€ of | 04 ,to pr:oduce 2 x 22.414
dm’ of H,0 vapour, S ATV Y

Example 4.3: A\ () DD
When 100g of m ﬂ@p}unhl is treated mth dllute hydrochloric acid. What volume of hydrogen
can be cnuédtéa at STP?

Mgs + 2HClag — MgCIum + Hzm



Solution:

Moles of Mg =

1 mol of Mg pr

1 mol of Mg produces = 1 x 22.4 dm’ of H, at STP

So, 4.17 mol Mg will produce = 22.4 dm’ x 4.17 = 93.408 dm’ of H, at STP
Example 4.4:

Nacl 22, Nat + Gt

i.  The chemical equation shows that 1 mole of NaCl when dissolved in water gives 1 mole
of Na'* ions and 1 mole of Cl"ions.

ii.  When 6.02 x 10 formula units of NaCl are dissolved in water, they produce 6.02x10%
Na" and 6.023x10% CI" ions. i

—\V(\\\

iii.  58.5g of NaCl dissolved in water gives 233 of Na,‘uﬂns\gnﬂ/”is '.ig\qf\ﬂ“ ion
Concept Assessment Exgrmse@ 2\ )| \ IR\BA=N

1. What quantative_ Wurﬂ\a’domﬂdym get from the following chemical equation.
\W\R
\ “

2. Compare and contrast the terms, molecular mass and molar mass
3. What mass of Zn is needed to produce 100 cm’ of H, at STP

CiHygy + 90,5 — 3CO,, + 4H,0,

Ing + HCleg —  ZnCly,, + Hy,

Using mole as unit of quantity we can calculate mass, volume, molecules etc. particles used
in calculations.

4.1.4 Mole -mole calculation

In a balanced chemical equation, the coefficient used are taken as mole that indicate the
proportion to the next chemical in equation e. g, A 20O\
X \; // Noo="
CH4+ 201 /’* CO; *Il'llﬁ Y[ T
The reaction indicates that for- ;umplete'\Quming of one mole of CH, require 2 mole of O, or 1
mole of methane car} prmduted 2.motes of water and 1 mole of CO;.

Example \4, 5

How much MgO formed when 4 moles of magnesium react with excess of 0,. Also calculate
moles of O, required?



Solution: XN\ D Ao )
2]/ Do You Know?
What is the Mole Day?

The mole day is a sort of funny
celebration day for chemists, which

4 moles of Mg produce MgU =2/2 x4 = 4moles of Mg0 takes place on October 23 between |
6:02 am and 6:02 pm. This makes
So 4 moles of Mg give 4 moles of Mg0 the date to be 6:02 102. This
Similarly celebrates basically Avogadro
2 moles of Mg required O, = 1 mole e T Ry

1 moles of Mg required 0, = 1/2 mole
4 moles of Mg required 0, =1/2 x4 = 2 moles of O;
Hence 4 moles of Mg needed 2 mole of 0,

4.1.5 Mole - mass calculations:

4, 7] //ﬁ\‘- /;)/F\‘ \' ) .‘ 'v
Example 4.6 N2

Potassium chlorate is used in mahng matchbﬁ and d&f&i, m df.'!:\wnposinon it produces KCl and
oxygen gas. (_) \ea \\ NN ', =

If 25 g KCLOs is decorngof.ﬁd ca[culate‘the quantities of the following:

a) How man@q\'@\eﬁi \:L are produced.

b) How much mass in gram of O; is produced.

Solution:

2KClO, — 2KCl +30,
Given mass of KCIO, = 25¢g
Molar mass of KCLO, = 39+35.5+16x3=122.5g/mole

Moles of KCLO, = 25/122.5= 0.204 moles

2 moles of KCIO, give oxygen =3 moles

0.204 moles of KCIO, give oxygen =3/2x0.204= 0.306 moles of 0,

b) Mass of 0, =moles x molar mass O\ (A
=0.306 x 32 = 9.796 grams o T \ |
Concept Assessment Exergise 4\7 }

1. CO can redl;j irgn (III) oxide into iron metal. How many moles of CO are needed to
reduce 5/ es of Fe;0s.

Fe,0, + 3C0 -&72F8+ 3C01 _

.‘,___r e iria i s T I SR o R Ry
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2. Calculate amount of phosphine (PHﬂ that can. beprapare When 1mule of r;alcium
phophide (CasP2) reacts w1t|1 messof/mo AN

; "Cagpz & 6»5@\ Bh 3Camm, . ZPH,

3. r?o;,wmsJ hccording to the following equation.
2CH,OH, + 30,y — 200, + 4H,0,,
If 3.50 moles of methanol are burnt in oxygen, calculate

(a)  How many moles of oxygen are used?
(b)  How many moles of water are produced?

4, Calculate the no.- of molecules and volume of O, at STP produced by thermal
decomposition of 490 grams of KCIO,

Example 4.7
20g of H,S0, on dissolving in water ionizes completely. Calculate A0

- I&/_\ \.‘ /,— ‘\_/.:'. \\
e —~ \\' / / '.‘ /’:\\\_—.
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a) No. of H,50, molecules

b) No. of H* and SO, O\~ VAN
c) Mass of individu 1| fons || [V
N
Solution \J \l I\\J \'\| '
a. Mass of H,S0, = 20g
Molar Mass of H,50, = 98.016g mole™'
No of molecules of H,S0, = Mass of H,SO, ‘
1= Molar M MHﬁO‘xB.OZxTF
= 20
98.016 > 6.02 W=
= 1.228x 102
b. H:504dissolves in water as follows:
HSO, —2H +S0Z
According to equation VWY [ (o=
1molecule of H,SO Nl

1, naxmﬂ n‘ﬁnef:ules of H,so"' © 21,228 % 107 H fons
= 2.456x 10”H'ions

As imolecule of H,SO, =1 S0 ion

So,  1.228x10” molecule of H,50,= 1.228x10% SO, fons



-
l [

c. Mass of individual ions l= %“/an mm of an ion

Masm}\H M 1.008

AN 6.02x 107
\“\J'“\' | = 0.411g
Mass of go* =1.228x 102
‘' Bo2xi0®
-19.58¢

4.1.6 Solution Stoichiometry

In solutions the most common concentration unit is molarity. The molarity of a solution is simply
the numerical value of its concentration in mol/dm’.

If you read label on the bottle of concentrated H2504 you will notice 98% H2504 by mass and
also 18M H,50,. What does 18M stand for? This means there are 18 moles of H2504 in each dm?
of solution. Similarly, conc. HCl is 37% and 12.1 M HCI. This means there arglelea of HCI

in each dm? of solution. We can express the con;entratigndrx\t#rfrﬁ‘ﬁf rﬁga/&\miute in the
given volume of solution. A LA

Molarity is the cuncentrati@ u ]\icﬁ ahn?df solute is expressed in moles and
KOS

quantity of solution in cm-’- \\ \ \
O \

"Molarity is ﬂ\gﬂl‘l\éd\a\fhe number of moles of solute dissolved per dm?* of solution”.
Mathematically,

(\|

mole of solute
dm’ of solution

M=

Example 4.8

Urea (NH,CONH, ) is a white solid used as fertilizer and starting material for synthetic plastic.
A solution contains 40g urea dissolved in 500cm® of solution. Calculate the molarity of this

solution.
Solution

Mass of urea = 40g PP

- /
]\ )

i~>14+1x/2*f2§(f +1\4:‘112

Molar Mass of urea (NH,CONH,) = 3 \
\\/#[ \(Cotgrmot -
Moles of urea _ N o= 409__ 0.667mol
J\\“\ NJ oY 60g/mol
\N '\\] U\
Volume of solution - 500 _ 4 54m’
1000

Now




Molarity = mole of solute | @
dm nf sp[ﬁﬂﬁﬁ 0\
Mﬂhrity .-_ \

1.334 M

In solution stuichinmetry we use volumes of solutions of known concentration instead of masses
of reactants and products and their molarity is used to determine its moles.

Example 4.9

When 250cm’ of 0.1M AgNO; solution is added to an excess of NaCl solution. What mass of AgCl
will be formed.

Solution
AgNOjyjaq) + NaCliag  — AgCly + NaNOsgaq)
Find the moles of silver nitrate present in the solution. . J(\«ﬂ\\
As the solution is 0.1M \ oA \\\;;/’; ﬁ@)f\ Jha
1000cm’ of solution contain \/7 \ ﬁ‘ﬁx“l\mdlknf Ag
O\\‘(\\\v\“'\x ,\’_,
3 \\ VW 0 1x 250
250cm f\N tlon contain — — =" =0.025 mol of AgNO;
N 1000
N N
- \N
Now
1 mol of AgNO; produces = 1 mol of AgCl
0.025 mol of AgNO; will produce = 0.025 mol of AgCl
Mass of AgCl produced = moles x molar mass
= 0.025 x 143.5
= 3.59¢
When two solutions are mixed, we proceed as follows.
Moles of reactant 1 = MyV, and  Moles of reactant 2 = Mz‘h

.......

MiVi:iMVz=m: ‘:.3 .
Where n, and m; are li'tdles'-f“freactanﬁ\iutlwe chemical reactmn

W J'\“\\J'l A N
VA szz n, 4

In this expression the ratio of two volumes remains the same whether you used volumes in dr?
or cm’



Example 4.10

What volume dﬁ_big lsbdh.lm sulphate will react with 275cm’ of 0.25M barium chloride solution
to completely precipitate Ba®* in solution.

Solution
Na:SOuaq) + BaClziasg — BaSOss) + 2NaCliag)
Vi=? V2 = 275¢m’
M = 0.5M Mz = 0.25M
n =1 nz=1
MY
M "1 A0

W

Concept Assessment Exercise 4.4

1. Potassium chlorate (KCIO,) is a white solid. It is used in making matches and dyes.

Calculate the molarity of solution that contains. (a) 1.5 moles of this compound dissolved in
250cm? of solution (b) 75g of this compound dissolved to produce 1.25dm? of solution. (c)
What is the molarity of a 50cm? sample of potassium chlorate solution that yields 0.25g
residue after evaporation of the water.

2. What volume of 0.25M LiOH will completely react with 0.500dm” of 0.25M H,SO..
2Li0H g + HyS04aq)  — L1xS04aq) + 2H,0y
3. How many grams of NaOH are required to neutralize 40cm’ uf n 5M HCL /sqlﬂhon\

Wow \| /,/ Le \v\
NaOH,,,, + HCL, w O NaCLM ¥ Hzom >

4.2 LIMITING&N{% N@N\UMFFING REACTANTS

When two reactantfgwmiwﬁd fm‘ a reacnan usually one of them reacts completely and other

actant does not\ f’eﬂct completely. The reactant that is completely consumed in the
reaction and limits the amounts of product formed is called limiting reactant and reactant
that is left unreacted after the completion of reaction is called non limiting or excess
reactant.




1A\ (C

To understand this concept, consider the foltowing reacnen W\ N | ‘,,,-;;/;i5‘\?\__9\__3/ JUL
2H1 VGI : — IH Q \BRS :;

When | mole of 0, and 1 mnle of H.,are mm%’ all the Hz will react completely and O, will left
unreacted becays fwi A mole-of H,, % mole of O, is required, which is available but for
complete reaﬁti uf 1 mole of O, , 2 moles of H, required which are not available that’s why
H, is limiting reactant, and O, is non-limiting or excess reactant.

Example 4.11:

Calculate the mass of calcium nitride (Ca,N, )prepared from 54.9 grams of Ca and 43.2.grams
of N, 3Ca+N, — CaN,

Solution:

Moles of Ca =54.9/40 =1.37 moles
Moles of N1 = 43.2/28 = 1.54 moles

3 moles of Ca produce = 1 mole of Ca,N,

V.,/\/\
~{"
\
~\ //_)/‘ \'l\\t

1 moles of Ca produce = 1/3 moles of Ca,N, ~ [\

A W[ G
1.37 moles of Ca produce =1/3 x 1.37 = Dvﬁ?méles uf ‘;%N: \

\ '\ J \\o~

1 mole of N, produces =1 m(ﬁie af Calﬂ? \8) & i
1.54 moles N, RWQ\W moles of Ca,N,

Ca pruduced\éast amount (0.457 moles of Ca,N,) so it is limiting
react

Concept Assessment Exercise 4.5

1. How much volume is occupied by marsh gas (CH,) at STP containing 4.8 x10*
molecules.

2. Calculate the molecular weight of a gas with the density of 1.25g/dm’,

| &, Calculate molecules of H,0 produced by 500 molecules each of H, and O, . Which one

is the limiting reactant? How much excess reactant is left unreacted? What would
happen if molecules of O, were doubled?

4, Excess of AgNO, was added to FeCl, and 2.02g of AgCl was produced. Calculate amount
of FeCl, produced in the reaction. —~ AN

4.3 THE ORETICAL VIELD, ACTUAT] Yiiﬂ.bmn PERCENT
7\ IELD -

We adopted a Qmm\sﬁtt appmach tu the amount of product resulting from the chemical
reaction. Wela&u&e that 100% of the limiting reactant becomes product. The amount of
product as calculated from the balanced chemical equation is called the theoretical yield.

In reality, the amount of products during chemical reactions does not match what the chemical
equation shows because some side reactions produce alternative products, some of the product
may remain in solution, the reaction may be stopped before completion, etc. Whatever the
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reason, the fact is that the reaction produces less, FFW 'than thé/\calculated amount.
Quantity of product produced experimgntiﬂly ln @ themk:al‘ reactinn is called the actual
yield, and the percentagé ylelct f& TOD {fnges the'ratio of the actual yield to the theoretical
yield. NI 8\

NJ o\
N| | N i ‘Actualyield
Theoretical yield

x 100

Percent yl\ei

Example 4.12:
Calculate the percent yield of Ozone that could be produced by 10g of O,
Actual yield of 0,;1.05g .

Solution:
301 - 201
Molar mass of O, = 48 g/mol
Mass of O, = ‘iﬂg
z f \ @/@ m
Moral mass of 0, = 32g/mol @v\

Moles of 0, = ;0 03125\\ R\f@\@@\ﬂA j
3molof%wﬁ\@\}ﬂ}\;ﬂ@ﬁ6

1 mol of 0, gives = 2 mol of 0,

10

0.3125 mol of O, will give = 32,;0 .3125=0.208 mol of O,

Mass of O, produced = 0.208 x 48 = 10g
Actual yield = 1.05g of O,
Percent yield = 1.05/10 x 100 =10.5 %

Concept Assessment Exercise 4.6

\

1. Determine the amount of Ferric Chloride produced by thefeaCtiBJmf 0
o \| /,/ \ oo~

KMnO, , 10 moles of FeCl, and 22 moles uf HCF-“ |
KMnO, +5FeCl, +8tICE ,-anCl;\\KCl *51-‘&613 + 4H=0

F Baking soda\{sqq)mwmially prepared by passing ammonia and carbon dioxide.through
saturated:olition of NaCl. If 20g NH, and 30g CO, produced 40g baking soda than
calculate percentage yield

of baking soda taking NaCl and H,0 in excess!
NaCl+ H,0+ CO, +NH; — NaHCO, +NH,Cl
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4.4 Importance of stmchwmetryin the pmﬁuctmn and
desag\ of medwme

In the production of- , nES theamount of active ingrident is essential to produce desired
effects. &l}ﬂi}gh*i@ﬁ&h énsures the accuracy of drug synthesis. Any deviation can results in
lncnrnplet!'! reaction or contamination with un-reacted reactants or by-products. Stoichiometry
allows chemists to precisely control chemical reactions to produce drugs, to ensure its
efficiency, effectiveness and safe use. For examples;

i.  In the preparation of antibiotics, the stoichiometry ensures that each dose matches the
active ingredient and target bacteria.
fi.  Use of insulin relies on the stoichiometry to precise control of blood sugar levels.
jii.  Stoichiometry determines the concentration of viral antigens in the preparation of
vaccine for effective results.

Activity: Symthesis of aspirin

Materials required: Salicyclic acid, acetic anhydride, sulphuric actd,,sadmm hydrogen
carbonate, ice bath, water, filteration set up T WO

A3
| S
\ ~ O —‘/\\Q|’/C \oN=
\ \ \ \ f -
VAW AVY )

Chemical reaction O\ A WO AN )
CHO, + (CACOR0 |\ L GHO, + CHCOOH
Sallcyelc ﬁ\{\“\V*gmmm ] aspirin acetic acld

Steps: \

 Mix reactants in stoichionmetrically calculated amounts ( one mole of each reactants)
in a flask and add few drops of sulphuric acid to catalyse the reaction.

¢ Place the flask in ice bath.

¢ Stir the mixture with a glass rod.

o The flask wil{ be filled with insoluble aspirin.

« When the reaction is over, add sodium hydrogen carbonate solution to neutralize excess
acid.

+ Filter the aspirin, wash and dry aspirin crystals.

¢ Calculate the arnount of aspirin formed. _

+ (Calculate theoretical yield using stoichionmetry.

¢ Compare the actual yield obtained expenmently\wlth the theorehtal yleld and seepes
the eff1c1ency of the Synthens o A .

| Key Pmnts

» Amole is the amount of substance that contains 6.023 x 10” representative particles.

+ One mole of any gas at STP (standard temperature and pressure) occupies a volume of
22.414 dm’. This volume is called Molar volume.



,— w",— N\
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» The reactant that completely reacts in the reactimamsl [Imits the ambtmf.s of product

formed is called limiting reactant’ =
« Percent yield = Actuab yteldf{heorqicgl yfeld x‘lﬂﬂ

References for Flﬁ‘tjher !nfermatioﬁ

o James #fady and John R. Holum, Chemistry, The studies of matter and its changes.
« Theodore L. Brown, H. Eugene LeMay Jr and Bruce E. Bursten,

« Chemistry, The central Science.

+ Rose Marie Gallagher and Paul Ingram, Complete chemistry.

« Graham Hill and John Holman, Chemistry in Context

« E. N. Ramesden, Calculations for A-Level chemistry.

By 1 SauTe S |

1. Choose the correct answer
(i)  Which sample produces most hydrogen by reaction with excess of HG&?/ \

(

(a) 0.25mol Ca (o 2ot Iu\' 1% /_; \ (&
(c) 0.25mol Zn_ . JL ( w} 0.25Na -
(ii) A flask contains 500 ,r.am1 oﬁﬁﬂz At STP. The flask contains S0,
Qﬂ%ﬂ“” © (b)100g
(c)50¢g (d)1.42 ¢
(i) When 1 mole of each of the following is completely burnt in oxygen, which will
give the greater mass of CO,?
(a) CO (b) Diamond
(c) Ethane (d) Methane
(iv) Which one occupies more volume at STP.
(a) 18 0, (b) 18 H,
(c) 1g CH, (d) 18 NO;
(v) 0.2 moles of Na,50,, when completely ionized produce Na‘ iuns.f S
(a) 2.4 x 102 0 {b}uxmﬂ CA et
(€)1.204x 108\ V/\\ () 0:42x 108
(vi) How much wolq{névgf NH; sas produced when 3g H, react with excess of N, at STP,
‘@:@Eﬁ}gl | (b) 2.24dm?

(c) 2.4 dm’ (d) 1.2dm’




(vil) When equal volumes of 50, and r:>1 taken fnr the\fnrmatianﬁfsol,'wmch one will
be Left unreacted A\RR!

2 ~ (b) Dz

(a) SO,
Lcl Hot]‘d AR (d) Not possible
(viii 8 1 moles of laughing gas (N,O) consist of.
(a) 6.022 x 10 molecules (b) 1.806 x 10" atoms
(c) 1.204 x 10" atoms of N (d) All

(ix) Which pair contains equal quantities?
(a) Volume of 28g N; and 8g CH, at STP
(b) Molecules in 0.1 mole NH, and 2.2414 dm’ O, at STP
(c) Mass of 1.204 x 10** molecules of CO, and 4.8 x 10** atoms of NH,
(d) Bonds in 56g N, and 2 mole CH,
(x) 2X+3y—» 12 e Tm

When 12 moles of y react with excess of ); aud\\gi#&} mqfeﬁ&f Z, its percentage
yield is? n &

2 b) 33.33%
(d) 75%

(a} 25%

{1&] N

GM\gh ort answer.

(i) 49 g each of H;50, and H,PO, have same number of molecules but having different
number of atoms.

(ii) Different gases having different masses occupy equal volume at STP.
(iii) One mole of Na and Al has equal No. of atoms but size of atoms are different.
(iv) Limiting reactant is always in lesser quantity in reaction mixture or not.

(v) Amount of product obtained through balance chemical equation is greater than
the amount obtained experimentally.

(vi) What are the basic assumption in Stoichiometric calculations?

(vii) 18g of steam has Avogadro’s No of molecules but 58. Sg of NaCl has not

(viii) Why 2Zmoles of Na react with 1rnule of chlerlne kas m pmduce 1mule of NaCl?
Calculate each nf the follawing qﬁantlﬂes.

(i) Massin gram nf 0 ?4 mot Kﬁ}nm

() ]m}és ot O'atoms in 9.22g Mg(NO,),

(tii} ‘Number of O atoms in 0.037g CuS0,.5H,0.




10.

1.

12.

13

14.

15.

{iv) Mass in kg of 2.6 x 10° molecules of §0, ' o
(v) Total number of 1ans m 14 3 g Caﬂr C NS
(vi) Mass in mg of 0 4‘5 mnle of EU’CEZHIU

(vii) Mﬁsmmé}arhs nf % 78 x 10”" molecules of N,0,.

(viii) Volume of SO, at STP of 4.8 x 10* molecules of S0,.
(ix) Mass in gram of Ca(NO,), having 2 x10*' ions of Nitrate

(x) Covalent bonds in 22 gram of dry ice.
Calcium ion can be precipitated from solution by sodium oxalate.
Ca* + Na,C,0, — CaC,0,+2Na’

Is 15 g Ca** can be completely precipitated by 15 g of sodium oxalate, If Ca® ions are
left in the solution, calculate how much Ca®* ions are left in the solution?

0.05 mol of potassium chlorate heated for a time and its 0.015 mol left. Hovg much KCl
produced, also calculate molecules of O, produced? ;Keta; —#QR(:{ ¥ 30,.

N 75\
Calculate No. of moles of water pmduc:e h/yS X 1 0"‘ n{dleéulefaf H;SG. and 20g of NaOH.

Formalin is an aqueus ‘solation\ pf fogﬂatdehy&e [HCHO). used as a preservative for
biological speame\?s \A bialcglst wants to prepare 1dm? of 11.5M formalin. What mass
e fequires?

of forQPlHeh&HEh
What mass of CaCO;, would you use to add to 100cm’ of 0.5MHCl to completely
neutralize acid?

CaCOyy) + ZHCL,q) —* CaClyyg, + €Oy + Hy0y,

Calculate mass of oxygen required for complete combustion of | mole of gasoline (CgH,g).
Graphite is the crystalline form of carbon used in “lead” pencil.

a) How many moles are present in 315mg graphite?

b) How many rbon atoms are in it?

Manganese is transition metal essentlal for the growth of strong bones, Calculate mass
of 3.22 x 10% atoms of manganese found in 1 kilogram of bnne? =

Pt 2\

How much mass of excess feactant left after 40 53 of Jiluf‘mnum metat rEacts with 196g
of H;SD.. \ \W\ VL L

Calculate mass of SOzthat wﬂl be prbatlced with 1 SSg of Cu from the roasting of Cus.

Cus +0y 7 gu&Sa“

S0, is alr pullutant it contributes to acid rain. Its emission is controlled by.absorbing it
into a base (NaOH). Calculate mass of SO, absorbed by 33g of NaOH.

SO, + 2NaOH —»Na;50; +H,0
Potassium super oxide (KO,) is used as source of oxygen in re-breathing mask.
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17.
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4KO, + 2H,0 — 4KOH +30, 1 et \\\v | ;/) \ \”\‘- -
Identify limiting reactant in each of faﬂm@mg reattanklmmmres

i) 6.4 moles KO, andi ‘l males bf H{O.\

ii) 8.4 ?WNM and 1.5 moles of H,0.

\
Cntic;t‘ “evaluate the importance of the mole concept in understanding chemical
reactions.

Analyze the relationship between molar volume and Avogadro’s number.

Compare and contrast the molar volumes of different gases under the same condition of
temperature and pressure.

Project:

Develop a series of conversation problems that involve moles, grams, and molecules. Ask
students to create step-by-step guide or tutorial explaining how to convert between these units.

e
W\W\J\J o\




