Stoichiometry

Student Learning Ouicomes

After studying this chapter, students will be able to:

@ Use the molar gas volume, 24 dm® at room temperature and pressure, in
calculations involving gases.

e  Define concentration, use both g/dm® and mol/ dm’, and convert between them.

e Calculate stoichiometric relationships between substances relationships
(specifically:

e  reacting masses, limiting reactants,

e volume of gasses at R.T.P.,

e  volumes of solution and concentrations of solutions in g/dm* or mol/dm’. including
conversion between cm® and dm?)

e  Calculate concentration of a solution in a titration using empirical data.

e  Calculate empirical formula and molecular formula Imm ﬁ:rpmpnﬁlmdaw

e  Calculate percentage }tcld pErCEI‘L{ngﬁDmi)pEI\IIQﬁ \by Inassrand pereentage purity
from appropriate data. _ .\ \/{ _*“ Qe

= l.'.

/ l-a:-.g Questions prepored in the light T S — Techniques

(Knowledge, Understanding, Application, Analytical & Conceptual)

Calculate the concentration of a solution in titration using empirical data
Q.1: What is molar volume. Why the concept of moiar volume is useful for us?

Ans. Molar volume:

It has been found that one mole of all gases occupies a vnlumc of 24 @m at RTP.
This is called molar volume. SAUANE S

It is worth nothing that one mpia m: ﬂach gas mntams lhe same number of
molecules, occupies the same vqlnMﬁ and Eﬁ.tﬁt’t same time has different mass.

In other words the. mqhsbs \and thi: sizes of the molecules of gases do not change the
volume occupied h}’ ihﬂ
Variation in volume of a gas:

The volume of a gas varies with changes in pressure and temperature.




Room temperature and pressure: In order to compare lhc volumes: e@@\]}}ﬁiﬁcmm
gases. we must adopt a set of standard can@lmhsfﬂp{ ) nd pressure called
room temperature and pressure {R'I‘P] i_} AL
Measurement of volumes of qi\itdﬂ

The temperatu 15k) and one mﬁosphcrc (760 torr) arc used as
standard condi Itmﬁfml-Iamre and pressure for measurement of volumes of gascs at
room temperature.
Usefulness of molar volume: The concept of molar volume is useful because it enables us
to calculate the number of moles or masses of the gases if we know their volumes.

Q.2: What is concentration of a solution. Identify the specific units used for it.

Ans. Concentration of a solution:
Concentration of a solution is a measure of the amount that has been dissolved in a
given amount of solution or solvent.
The amount of solute dissolved is expressed either in grams or in moles.
The quantity of solution is expressed in terms of its volume. dm® or cm”.
Units: ¢  The units used for the mass /volume concentration is gdm?. iR A\l
® The units used for the molar concentration is moldsm/ |2 T2\ G

Example: Calculate concentration of \rr\fg}]d\t}ﬁ \%ﬂ!hich contains 20 g of
sodium chloride dissolved in (; A\ -‘ LE
Solution: : )g\.\\j
. Mass of sl
Volume of soditm in dm® = 0 2
Concentration of solution = ?

Mass of solute in gram
Volume of solution in dm’

Concentration =

e e
02 g/ dm

Q.3: How the concentration of a solution in tm'atlun is calculated using empirical
data?

Ans. Titration:
The concentration of a solution can be determined by mratmg it wnh aaﬁﬁnmn of
known concentration till the end point is reached. iAW

{U"

Things to know for titration: For the purpus.:, yOu n dgee :

®  The balanced chemical equation for- re{tck tht: two solutions.

e  The volumes of the two mf?ﬂm\s& uﬂq g the titration.

e The cnnccntmtmnrgl‘ ﬁh@‘ﬂth \sotution.

Example: A titration) i Iperformed between NaOH and HCI till the end point is reached.

15 ecm?® of solution of sodium hydroxide having a molar concentration 0.5 mol/dm?® i
used to neutralize 23 cm?® of HCI. Find out the concentration of HCI in mol/dm?,




Solution: | alIe\(
o Balanced chemical equation: - ﬁ 1 () {m fjg

Balanced chemical equation for.this: cﬁﬁ m '

NaOHaq) + HCl(ag) —~;‘>‘h\:5timq\ +F *Ou
e  Conversion of veli

Convert the volumc of NaOH used to dm®. volume of the solution=

o Conversion of volume of HCZ:
Convert the volume of HCI required to neutralize NaOH solution in dm?,

S =0.015 dm?
0

23
Vv ired= —— = 2
olume of HCI required = 1000 = 0.023 dm’.

° No of moles of NaOH:
No of moles of NaOH = molar concentration * volume
=0.5 mol/dm® x 0.015 dm®
=0.0075

e According to the balanced chemical equation:

| mol of NaOH has reacted with 1 mol afH(‘I w2\ ,_5_1 HL_P_‘}:@)@":‘”
« No of moles of HCI: o 29 f, u \; D=
No of moles.of HCI = 0007\ ~~\\ V. Q \
Concentration of HC! ;ollﬁlhn ” b
NRINNRESETE o o moles” 10,0075

Cﬂnccnlralmn tﬁfHCI solution = Volime it dr® . 0.073

=(0.326 mol/dm?
Therefore, the molar concentration of the HCI solution is 0.326 mol/dm®,

ILE Percentage Composition by Mass, Empirical formula and Molecular formula

15.5 Empirical formula

15.6 Limiting Reactant
Q.4: What is percentage composition of a compound. How is it useful in
Stoichiometry? :

Ans. Percentage composition of a compound: AN T
Percentage composition of a compound refus lﬂTﬁé ﬁ{‘ -:f{’:h}zgf mass of cach
element present in the compound. W AT\ 11* O i

Percentage of an Element: TR ']\H_“‘“ PRSI
The percentage of aq"#]:n%m if a compound is the number of grams of that
element present m‘iﬂﬂﬂ ams of the compound.

Determining percentage of an Element:
The percentage of an element can be determined by applying the following




Y e S ~Ta0)
e -.-II. I'.I

Mass of the element in; th‘p,f;&mp@uid’;'m
Percentage of an element = anma mﬁsa pﬂﬂhdo!npound
Usefulness of percentage ﬁﬂ\mﬂlﬁ#‘ PEtBEMage composition is useful concept to
determine the purity of a ?omt}ohﬁd ndHits empirical and molecular formula,
Determining mgpw position of a compound:
Pr:rccntagt composition of a compound can be determined both theoretically as
well as by performing quantitative analysis,

Q.5: Write a note on empirical formula.
Ans. Empirical formula:

The formula which shows the simplest whole number ratio of atoms percent in a
compound is called empirical formula.

Example: Empirical formula of:

e  Hydrogen peroxide (H20,) is HO

e  Water (Hy0) is HyO

e  Benzene (CgHg) is CH.

Empirical formula of ionic compounds: Al the ionic compou e RN by their

empirical formulac. These formulae show the si m(ﬁ Eam’ﬁetween their ions.

Sodium chioride (NaCl): The ﬁ;rmul;dﬁﬁﬂ aCl) represents the simplest

ratio between sodium and chp lﬁew;:feaent in it.

Caicium m _ ‘the formula of calcium chioride (CaCly) shows the

ratio present e Imum and chloride ions.

Compounds having same empirical formula;

Since an empirical formula does not tell us about the actual number of atoms
present in that compound rather it represents the simplest ratio of minimum ratio
between atoms, it is possible that some compounds may have same empirical formula.
Examples:

e  Both acetylene (C2H,) and benzene (CgH6) have some empirical formula CH.

®  Acetic acid (CH;COOH) and glucose (CgH 1206) also have same empirical formula
CH>0.

Q.6: How can the empirical formula of a compound be calculated?

Ans. Empirical formula of a compound can be calculated by folluwmg s;qw \

(i) Determine the percentage composition of the N Sl de

(i) Find out the number of moles of cagh cilemhn x'l’lﬂs isadppeﬁy diwdmg the mass of
cach clement (percentage of e]emcql} fb}l‘jlsh LOMIC mass.

(ilf) Determine the atnmu: ra‘\iq éf ch}xh Efumcnt in the compound. This ratio can be
found by dmﬁmﬁf of moles of each element by the smallest number of
moles.

(iv) - If the atomic ratio obtained is simple whole number, it gives the empirical formula,




otherwise muitiply this ratio with suitable digit to get the whele numhgf Fatio.
(v) Use this whole number ratio as a subscript t‘or~ﬂr§“¢ternﬁ_1!s m«gﬂ the empirical

formula. \"ﬁ f,frw- ‘M‘Uﬁ
Example: The percentage eqq\ ) ﬁ*ﬁl’ e m-pou-d shows it to contain 25.26%
Mg and 74.74% Chiorine. tﬂ-ﬁauf its empirical formula.

Soiwtion: !
Change the percentage of elements to grams:
Mg=2526%=2526g
Cl=7474%=74.T4 ¢
No. of moles of each element:

S 25.26 58
24
C -Ii 2.10
=358
Atomic ratio of each element:

M 1.05 | “‘I ;:"ﬁl lr \fj}.,il'.l'l'l'n}l
g-_"—-—h--: .-':;,,_
1.05 %

2.10 ﬁ‘“@""w\“ \‘\L”
e osewmn 5 "-, \ ™
o 1.0 2 o l-l ".\ .,i'. LE'A\

8 magnesium chloride is MgCl,.

Q.7 MWMMEHM?
Ans. Maolecular formula:

Molecular formula of an element or a compound represents the actual number of
atoms present in the molecule of these substances.
Examples: Water, hydrogen peroxide, ethylene and sulphur have molecular formulac
H,0, Hy0,, C2H4 and Sg respectively.
Calculation of molecular formula: Molecular formula of a compound can be calculated by
multiplying a whole number with the empirical formula of that compound.

Molecular formula = n (Empirical formula)

Molecular Mass i
Whess n= EmpircalFormuaMpss - [J5\ @O
S o I B R R S T

Example: Let's find out molecular fo ' qﬁgﬂfs its‘ empirical formula is CH

and molecular mass q“ﬁ'ﬂ\\ A :
Solution: k 1

Empiricar&l':;nd}l of l:u:nzcne CH

Empirical formula mass of benzene = 12+ 1 =13

Molecular mass of benzene = 78




n:

1A r—@\}ﬁm
WY £ 3%{;‘“

H e T_TLF‘E;H:\\\JI /-u:_
Therefore the molecular = 6 ( Empiﬁm?ﬁ &'f-_ﬁ 55 _‘}'a.."ﬁ \ X L
o) w’\y W~
6l g

Formula of benzene
e
So mnlcculﬁrlw&' oenzene is CgHyg.

0.8: How is chemical equation helpful in calculations?
Ans. A complete and balanced chemical equation tells us the mole ratio or mass ratio
between the reactants and the products,
With the help of this ratio we can find out:
®  The masses of the products from the given masses of the reactants.
®  The masses of the reactants from the given masses of the products.

Example: The following equation tells us that one mole (100 g) calcium carbonate reacts -

with two moles (73 g) of hydrochloric acid to produce one mole (111 g) of CaCls one
mole (18 g) of water and one mole (44 g) of carbon dioxide.

CaCO; (s) + 2ZHCI (ag) ———» CaCls aq) ¥ H2O gy + COy (2)

| mole 2 moles I mole | mole I }m

".19*11:-‘ =y
100 g g - 18g~N\HFg )\ O
Q.9: What is a limiting reactant? Expﬂ!‘qqu. . m\h ing.

Ans. In a chemical reaction, fedctan

ratio shown in the balance&;ﬁ‘n _ :

The use of Eluﬁﬂm;\ i experiments: Most often in experimental works, one or

more reactants is l:rs‘.“ed'in large excess. This is done deliberately to ensure that the other

expensive reactant is used completely. In this way the reactant which is'used in execss in

left behind at the end of the reaction and the other reactant is consumed completely.

Limiting reactant: The reactant which is consumed carlier is called the limiting reactant.
In fact, it is the limiting reactant which controls the amount of the product formed

in a chemical reaction.

How to identify a limiting reactant: A limiting reactant present in a chemical reaction can

be identified by carrying out the following steps.

(i) Calculate the number of moles of the reactants from the amounts provided.

(if) Calculate the number of moles of the product which will from with the given moles
of reactants. . e

(iii) [dentify the reactant which gives the least amount of lhﬁ'ﬂf?@t‘!},;:@b&%gﬂﬂm will
be the limiting reactant. o oo \‘*-J, e |

15.7 A

Q.10: Define actual erIﬂJ-a iy
calculated? . (NN o=

Ans. Actual yield:"'" .
The quantity of the product obtained when chemical reaction is performed is called

ane notl 's mixed according to stoichiometric
1 et
ehﬁaticn.

retical yield. How is percentage yield




the actual yield . This yield is always less than the theoretical J:‘L?k! &

Theoretical yield: The theoretical yield is the-am qmﬁqﬁﬂﬁ& v&ehrt we calculate

assuming that all reactants react aeeer&{i:g (t\j i&lﬁh\:&thémmal reaction.

Interest of a chemist: Pcmew chlc tated by applying the following formula:
j )!\étu yie d

Pereentaggw Tﬁ Theoretical yield
0.11: What is meant by Percentage purity? Explain with an example.
Ans. Percentage purity:

In chemistry, purity refers to the degree to which a substance is free from
impuritites. Percentage purity of compound indicates the amount of pure compound
present in an impure sample.

Percentage purity of a sample is calculated by the following formula.

Mass of the pure sample <100

Percentage purity = o1 mass of the impure sample

Example: 12.0 g sample of a pharmaceutical product was found to contain 11.57 g of
the active drug. Find out the percentage purity of the sa ke 'J Lwﬁwu

Solution: e r-. T @fm _,_;.
T s \oF st

Percentage purity =

x 100

<100 =96.4%

Voot 4

15.1 Calculate the number of moles of nitrogen gas present when it occupies a
volume of 2.5 dm® at RTP.

Solution:
24 dm? is occupied by how many moles of nitrogen = | mole

1 dm® will be occupied by how many moles of nitrogen = 24 mole

&) \{F
SNINNAYR
\U“ﬁ‘r 12.0

|
2.5 dm?® will be occupied by how many moles of nitrogn = 28 > 2.5= 0.10 mole

You can use the following’ oquatien as well as to solve 171!;5 preb(e‘m AT

,.H

fﬁwmm Sy
f molesof of s i o0
No.of moleso Eﬁssfwlhﬂdtu\@ebﬁﬁe (1)
152 Caleulate the Tq ﬁnkﬂt\uméﬁ ‘of hydrogen at RTP.
Solution: ﬂ‘k\‘
Volumeof hydrogen
Apply the requation (1) 0.5 = = | mole

24




Volume of hydrogen = 0.5 x 24 = lzdm-"
153 Calculate the volume occupied by 200,5 H H1;[\I4§;I(‘:Ic p’ti
Solution: x\rr% (OGN L;J
%ll'ffm\ NS
No. of moles = %)laﬁ\i‘ni"u
tﬁﬁerN'o of moles x Molar volume

) Mass
Since no. of moles = MolirMeas

Sa,
Mass
Volume = Molar Mass * Molar volume

A0y 3 3
Volume = 44g x 24 dm’ = 109 dm

15.4 Calculate concentration of a solution in g/dm’ which contains 20 g of sodium
chloride dissolved in 0.2 dm’ of water.

Solution: L
| Mass of solute in grqm 1\ \f [Ta e
Concentration = Volume of solu %{’f} \JB
20 PEM‘Q >
{qm \|,~ﬁg~ﬂ

15.5 500 em® of M loric acid contains 1.8 g of dissoived hydrogen chloride.
Calculate the concentration of the acid in g/dm?*
Solution:

3

1000

Volume of hydrochloric acid in dm® = =0.5 dm’

1.8
Concentration of hydrochlofic acid in dm?® = 05" 3.6 g/dm®

15.6 Calculate the mass of copper sulphate in grams dissolved in 2 dm’® of the
solution to get a solution with a concentration 15 g/dm?®.
Solution:
Mass of solute in gram = Concentration in g/dm?* x volume in g[n : F‘ﬁi“ﬂ‘-
=15x2=30g ANTA @

15.7 A solution is prepared by dissolvi iﬂﬂé\-@ @}l :‘:ﬁ u:lmJIL of water.

Calculate the concentration \ h oﬁlm
r\ \

Solution:
Amquﬁtb N&ELFI 10g

10
No of moles of NaOH = E =10.25 mol




e e =

025 »-n:,:"-ﬁ RO
Concentration of the solution = I 2 ﬂ N\ \\ o=
L] I'-I'| '.I
Concentration of the solution. W H'"
15.9 Find out the pcrmta &\ég nh:a(ou}z

Solution: (RN
Formula mae i{‘a(onh 40+32 +2=74
Applying the formula given in equation (2)
- Mass of the element
in the compound <100
Percentage of an element = Formula mass of -

the compound
Percentage of Ca = %xiﬂﬂ=54.05%

32
Percentage of Oxygen = -,i:!lm=43.24%
o
'.'u;":"\.ll ,f’("@\pﬁqﬂ

_,.\_‘_{‘ || ) -\"t -

lg;)\&‘dlmuh. It give 5.217g of

il uf oxygen. Fiud out the percentage

2
Percentage of Hydrogen = ,?—*ﬂw =2.70

' e |

Applying the following formula
Mass of element
Percentage of element = Mass of compound x 100
5.217
Percentage of carbon = 3 657:’*100 =60.26 %
0.962¢g
Percentage of hydrogen= 3 65731100 =11.11%

Percentage of oxygen = ali x 100 =28 62%
8.657¢g

So, 100 g of the compound under study cnntams 60 .26 g of ;maﬂl 11 g of
hydrogen and 28.62 g of oxygen. W"' 0\ Hﬁ {\ '; AL
15.11 The percentage composition ﬂﬁ q;dﬁ mnhgstit to contain 25.26% Mg

and 74.74 Chlnrine, Fiﬁl itq Wﬁffﬂmulm
Solution: NIPABIEE
‘1.  Change théjﬁérééntage of elements to gram

Mg = 2526% = 2626g Cl=7474=74.74¢
2. No. of moles of each element




B

26 26 7474 A g

Mg = 105 —V—QN (@02~
3. Atomic ratm of each el \f é,\, \ \
:‘T\ L‘E‘ 2.10

e L Cl= —— =2
il Mlmrdi”f”‘ 1.05

“J*Fhe empirical formula of magnesium chloride is MgCl>
15.12 The percentage composition of an organic compound by mass is 64.8%
carbon, 15.62% hydrogen and 21.58% oxygen. Find out its empirical formula.
Solution:
Change the percentage of elements to gram:

C = 648% H= 1562% 0= 21.58%
= 64.g = 15.62¢g O = 2158¢g
No. of moles of each element:
o S48 _ . 1582 WL
2 H= I 35 =1562 O 1.35
Atomic ratio of each element C@@u

5.4
" i35 ‘15 A

The empifip @wﬁ:ﬁmmd is C4l-[1f,0
15.14 Glucose h Ew %ﬁuﬂhhnula CH,O and its molecular mass is wng mol.

What w olecular formula?
Solution:
Empirical formula of g[ur.:asc =CH,0
Empirical formula mass of glucose = 12+ 2 + 16 =30
Molecular mass of glucose = 180
180

n=——=

30
Molecular formula ofgiucose = 6(CH>0) = CgH 204

So molecular formula of glucose will be CgH 204
15.15 25 g of lime stone (CaCOj3) react with an excess of hydrochloric acid
according to the above equation. How much calcium chloride LQ&CI;} will be

produced? _ =o)L
Solution: u /3 \:\ 76 ’?L
According to the equati \\\J E\B\U
100 g of lime ston iﬁ 13]: mum chloride =111 g
\8 11g

1 gof I:rgﬁ\‘wm{“rcact to produce calcium chloride = 100

25 g of lime stone will react to produce calcium chloride = x25=127.758

100




IS 16 Calculate the amount of carbon dioxide i in gmmwrw\ﬁhen 25g of

glucose reacts with 40 g of oxygen 8 13 reaction.
CsH20¢(s5) + 602 ® -—} ﬂﬂ? am
Glucose \
Solution: \ﬂ
In order_tafin t-ﬁé amount of CO; in this reaction, we will have 1o identify
which of the reactants is a limiting reactant

No. of moles of the reactants:

No. of moles of glucose = 180 =0.138 mol

No of moles of oxygen = 3 1.25 mol

Calculate the no of moles of COzwhichwill be given by cach of the reactants:
| mole of glucose gives = 6 moles of CO2

6
0.138 mol of glucose will give = 37 0.1385

= 0.83 mol @O 1\

6 moles of oxygen gives = 6 @ %\l\ 1/

1.25 mol of oxygen @*ﬁ
\g \J = 1.25 mol

Since CO20 éﬁ\ﬁum glucose than that of oxygen, so glucose is the limiting reactant.
Amount of CO; produced = 0.83 x 44 =36.5 ¢
15.17 A chemist reacts 50 g of Zn with excess of nitric acid to get 80.2 g Zn(NO3)2.
Calculate the theoretical yield and the percentage yield of this reaction.
Solution:
Balanced chemical equation for the reaction

Zn(s) + 2HNO3(ag) ——> Zn(NO3)z g + Ha(g)

5
No of moles of Zn = 6537 =0,76 mol

Amount of Zn (NO3)2 =802 ¢
Theoretical yield

According to the balanced chemical equation ﬁg'}_‘

1 mol of Zinc gives = | mol qFZn i‘:; \. i;
Amount of Zn (NO3) ul\grams ‘ﬁ %i m LA
Percentage yield:
o \ \F\BL‘ ko] yield
|¢Id x 100
NI Theoretical yield
= e x100=55.7%

143.92




.- Solution. Given data

5 1 \Quick (7118 Ol
ﬂ_\ J _|' (#] D !

Calculate the amount Cﬂ;ln IIIIIZII dm? at HT?‘H[ \ﬁu LJ 51 ‘._, i |' -

&Qmﬁé o

Given \mlu.mn

U‘% I

Molar volume i\\li 24 dm .l"n'u:rlr.
Number of mok:u ?
Volume of the gas at RTP
No. of moles (n) = Molar volume of the gas
100 dm’
= 24dm?/ mol
= 4.17 moles

What mass of CuSO, is present in 5- cm” of 2 § x 10 -2 mol/dm® aqueous solution?
Solution. Given data

]

ekt ol Sk =\ 0 AT
Concentration of solution = 5 = 10-2 mol/dm® (0. HM‘W H{:\\\J / AL
\ L2

Molar mass of CuSO4= 159.5g/mol |\ ~{\(

=00 #1005 dm?
ﬁ‘.] \]r% g #ﬂmh
Mass of in CuSO, = No. of moles = Molar Mass
= 0.0025 = 159.5
= 039875 g
=040g
15.3\Quick (175"
Calculate the volume of 0.1mol/ dm® oxlic acid {C;ﬂ.l-l;j solution to exactly neutralize 18
cm? of 0.1 mol/dm® KOH solution.

Solution. 1. Balanced chemical equation:
C;,04H; +2KOH — 3 K,C;04 + 2H,0
The ratio of Acid : Bareis 1 : 2
2. Calculate moles of KOH:
Volume of KOH = 25 cm’

Concentration of KOH = 0.1 mol/dm* )\ [ijﬁ“f \)
Vol F r-ﬁ-:.‘;w,\_:,l (2. \- Ao
MRSPTR = e § Vel AW
{ J "\ L“’___,_.'- ot
=0.1% v{-%\rﬂmdbﬁ o
3. Calculate q mmlﬁlu%'id needed:
Using the | : the balanced equation
Moles of B
Moles of acid = et

2




0.0025 = =~
Moles of acid = e 0.00125 moles ] = ~\ @\ ‘J\.ﬁ\“
l. \ RV} | | ot I Wy ‘-._p-
4. Calculate volume of oxalic acid: | _ I'_‘ﬁ \ ﬂ"} \ Lj, T e -4
Moles of oxalic acid = 0.001 tl}‘(motea‘ V{ R h oA e

Concentration of oxalic = 0. Ex\’\ (dm?® \\\ N

WA
\1@1\&;&# NloMols __ ;405

Connr.ntratmn
0.00125
=03 x 1000
= 0.0125 = 1000 = 12.5 cm’
Therefor the volume of 0.1 mol/dm?® oxalic acid required is 12.5 cm®

Caiculate the percentage of sulphate ions (SO7) in Al; (SOy)s3.
Solution. Atomic mass of Al =27
Atomic mass of § = 32
Atomic mass of O =
Molar mass of one sulphate ion (SO,):

Molar mass of SOy = 32 + (4 x |5) - (o m(\_,
=32(64) = = /f.m 7% 'w-y_
u-hrmurmmlmu( ;}L. . -,ﬁ "1 WY =
IL!,,H o i
Hmaf!{ Y3k ifgn e
%W 5-3."»if+2li
N NN =342 g/m
hllrlrhi the mm compasition formula:
Mass of the clement
5 in the compound
mﬂmm(m‘}= Molar massof = 100
the compound
_ 8
= 303 ©100

=0.8421 x 100 =84.21 %
The percentage of sulphate ions (SO) in Aly(SO,); is 84.21 %

29 Al..slnlph of compound contsins 0.418 g of antimony [Sﬁ]qldtm\ﬁ@ypl What

hmmmhﬂmmmn.ﬁ S AN ERTS
mmu“ = —u '-" II" '-.I.'.'I,II" r||

Antimony (Sb) = lzj \ i N\ AN
Onmn{ﬂ)ﬂt X
H..Hnnlﬂw
Moles of S/
0.418¢
%n

121.08 g/ mot ~ 0:00343 mol




Moles of O N JTﬁ@}\@

: et / A
Atomic ratio of each elemen 0 ) e B

0= m = 1.494 (close to 1.5)

Conevert to whole number
Since we cannot have a fraction in a formula (1.5), we multiply both numbers by 2 10 get the

simplest whole number ratio:
Sh=1x2=2
0O=1.5x2=3

The empirical formula of the compound is Sb;O;.

[15.6\Quick (TR0

Solution.

An unknown hydrocarbon contains 85.71 carbon. its molar mass is 84g/mol. What is its
molecular formula? ; )

AUGON 0
Carbon = 85.71 % \) d @"ﬂ

Molar mass = Mg!mul P < @E\
Molecular formula = 7 = A jg e
Finding the empirical fo .i% @i\

A hydmcarbungﬂﬁ on (C) and hydrogen (H).
Carbon = 85. '.-' \%
Hydrogen = 100 % — 85.71 % = 14.129 %

Assume a 100 g sample:
Moles of C =85.71 g/ 12.0 = 7.14 mol

‘Moles of H=14.29 g/ 1.0 = 14.29 mol

Mole ratio
B e 20 ® H= S =3
7.14 7.14
The empirical formula is CH;
Finding the molecular formula:

Calculate empirical formula mass:

CHa = 12 +(2 1) = 14,g/mol R il

Find the n: 0 _ K‘\J/@\F}K(j©1 -
Molecular mass Q ~ ﬂl\:k |

~ Empirical formula mass ’j}\ :\B\ (H \ ‘-B
Multiply the empirical ;,
Molecular fnmemﬂr hw
: =CgHy2
Therefore, the molecular formula of the hydrocarbon is CgH 3




[15.7XQuick (4 T @
Why it is necessary for a chemical ¢ uaggn to, Hzfﬁ\ Iﬁ‘nb &/ﬁ{ﬁi‘;“{t can be used in
calculation? sk I l"!,x

Ans. It is necessary for a chemical ﬁl&ﬁ“ﬁ} Egcf:}re it can be used in calculation becausc
0O

a complete and ha[anr.- : ﬁy}m n tells us the mole ratio or mass ratio between the
reactants and : the help of this ratio we can find out the masses of the products
from the given &s of the reactants or the masses of the reactants from the given masses of thr:

products.
[15.8\Quick (7738

If you react 100 g of chlorine gas with 500 g of KI, which reactant will be the limiting
reactant?

Clz (q) + 2Kl jaq) —— KCliag) + 2 (g4)
Solution. Given data
Chlorine gas = 100 g
Kl = 500¢g
Calculating available moles:
Moles of Cla:

Volume

No. of moles = =~ . bl U(%\“ }@@ﬁ\m
g N S
s AU

= 71g/mol g\ lj \Sod
1.41 moles (\\\ W‘L
Moles of K1 w\ll

T\\

No. of moles = T

50g
166 g / mol

3.01 moles

Determine the limiting reactant
Clz () + 2KI —— 2Cljaq) + I2 ()
The moleration of Cla: Klis I : 2
Moles of KI required for 1.41 moles of Cla:
1.41 x 2=2.82 moles -
We have 3.01 moles of kJ, which is more than the 2.82 moles needed.
Since we have more Kl than requured Kl .is the excess reactant and C ﬁi‘(ﬁa

IIL. 3
Find out the theoretical W{l en }&‘t&& oxygen genented by heating 40 g of
KCIO3 {MHIIIS)F\'R tngnspmdumdisliﬂg
“fr\, ixcnﬂ“., —» 2KCl )+ 302(p)
Solution. Given data
Mass of KCIO3 = 40 g




Molar mass (M) = 122.5g/mol o K \ il jl‘_[“n_r'f-_"'arﬁ.-”
= P RN s B e
Mass of oxygen = 14.9.g e Q- : ‘W‘.\I"E sﬂg { \Zne
Theoretical yield of oxygen = 250\ —~—y\ LA\ WA=~ &
n Woad
= o{) R mw S
Percentage yield of'nxygen TARRIRRY
T 15
Calculate l&ﬁgw Id of n:yg:n
Find the moles of reactant
Volume
"= Molar mass
4
= 122.5g/ mol
= 0.3265 mol
L Use the mole ratio from the balanced equation
2KCIO; —— 2KCI +30O2
The ratioof KCIO3: 02i52:3
3
Moles of 02 = 0.3265 x 7 = 0.4898 mol i
o i
® Convert moles of o mass ﬂ‘heoretlul yleld} 7 Ffjx ;_J“l_"--ﬁﬁ-IE 4

Molar mass of O2: 16 x 2 =32 g/ mol 0 15“ x\ﬁﬁn\\)'
Theoretical yield = 0.4898.ma \{!i S(mof e
-E
. ‘R“J‘T]” T'a\l—

Call:ulm
Actual yield
megeyteld= Theoretical yielde x 100
. 149
T
=05.1%

B INTERESTING INFORMATION ¢

@  The composition of all the chemical products which are in our daily use, such as shampoos,
cleaners, soaps, perfumes and fertilizers are formed using stoichiometric calculations.

® Stoichiometry is essential for optimizing chemical reactions in mmy_mduwm.sl, 0 \

INTERESTING INFORMATION : F‘Ul f (630"
! .

®  Stoichiometry is used to Wﬁcaﬂ‘p@ﬂ
woight, age and otheqf¥Fies. pop

POINT 10 NOTE e

] Molar concentration and molarity both refer to the concentration of a solute in a solution.

, of medications for patients based on their
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Multiple Choice ¢ Questions pn,pmcd in the light of new Examination Techniques

(Knowledge, Understanding, Application, Analytical & Conceptual)

151 Molar Volume
15.2 Concentration of a Solution

LK Calculate the concentration of a solution in titration using empirical data

What is the room temperatrue for standard conditions:

(a) 0°C (b) 25°C {¢) 75°C (d) 100°C
At RTP, one mole of any gas occupies a volume of:
(@) 22 dm? (b) 23 dm? (c) 24 dm® (d) 25 dun?

Which factor does NOT change the vulume uctuqu ?} mp: n‘mltl bf'a gas at

RTP? M Y

(a) Temperature \H v}@) ife . -

(c) Size of the molcl:ules 1\ | (L) Number of moles

The pressure Ya]qf\q.gedfof ftandard RTP conditions is:

(a) 100 kpa|l (b) 1 atmosphere (760 torr)
(c) 273 torr (d) 24 atmosphere

Concentration of a solution is a measure of the amount of solute dissolved in a
given amount of:

(a) Solution or solvent (b) Only solute

(c) Solid crystals (d) Catalyst

What is the standard unit for the mass/volume concentration?

(a) mol /kg (b) g /em?® (c) mg/{ (d) g/dm?
Molar concenttration is expressed in which of the following units?

(a) g/dm? (b) mol/ g (c) mol/dm? (d) dm*®/ mol

If 20 g of sodium is dissolved in 0.2 dm?® of water, the concentration is:
(a) 10g/dm? (b) 40 g / dm? (c) 80g/dm? (d) IDQngm

In a titration, the solution is added until the p-am’f ls re:fﬂheﬂ” s

(a) Starting (b) Boiling - C {cr}‘ 1Iii!'ld WALY IS “(d) Freezing

To determine the concentrqitinn ui'h (ali.itian vm’ﬁtrahnn, you must know the:
(a) Density of the flask | W0 N — {b) Room humidity

(c) Colours of} L?Nlr!ﬂ (d) Balanced chemical equation
Empirical ‘ditta equired for titration calculations includes:

(a) Volumes of two solutions used (b) The atmpospheric pressure only

(c) The weight of the burette (d) None of these




12.

13.

14.

15.

16.

17.

18.

19.

21.

Titration is a techinque used to find the mm:unmm nf sol iy reaciing
it with:

(a) Water only u E\?&;&?Itnaw& concentration
(c) Insoluble sait \ ﬂ” J\\ aseaus catalyst

In the formula fo qﬂﬁc what is the denominator?

(a) Mass oﬁﬁ.ﬁlﬂibf in grams (b) Mass of solvent in kg

(¢) Volume of solution indm? (d) Temperature of the solution

for titration purposes, you need to know the concentration of:

(a) Both solutions beforehand (b) The other (known) solution

(¢) indicator (d) Bothaand b.

It is esential for optimizing chemical reactions in many industires.

(a) Stoichiometry (b) Biochemistry :

(c) Organic chemistry (d) Electrochemistry

'TXY Percentage Composition by Mass, Empirical formula and Molecular formula

Limiting reactant

— s -

Yield

The percentage mas.’ nf ich element present in a compound is known as:

(a) Moleg! ﬁr ' (b) Percentage composition

(c) Empmbsﬂ ratio (d) Molar volume

What is formula mass of Ca(OH);?

(a) 58 (b) 62 (c) 74 (d) 85

The formula that represents the simplest whole number ratio of atoms in a
compound is the:

(a) Emirical formula (b) Molecular formula

(c) Molar volume (d) Percentage composition

Benzene (CgHg) and acetylne (C3H,) both have the same empirical formula,
which is:

(a) CH; (b) CoH (c) CH (d) CHq4
To find the molecular formula from an ‘empirical formula, the multiplier 'n’ is
calculated by: --h’ﬁ-." -f“'l'nf‘t"-"Jl

(a) Empricial mass / Molecular mass. | A ﬂx
(b) Molecular mass / Emplrlcal ﬁmp. 3”\

(c) Atomic masa X mg\;s A VAL —(d) Actual }rn:h:l x Theoretical yield

The mct hmﬂ'}umed earher in a reaction and centrols the amount of
product fnm:d is the:

(a) Excess reactant (b) Catalyst

(¢) Limitng reactant (d) Theoretical reactant




22." How many moles of HCI are needed to react thh 1 mg}lc ot CF@?; in the
given reaction? J ; (: '1 =
(a) 1 mole (b) 2 moles ) x{c} 3 rr}dlcs ) {d) Pl

23. The quantity of prm[u‘ct ﬂtu‘ﬂl“f bbtaihed when a chemical raetion is
performed is called: \\ \
(a) Theorcnf;qt\ypé]d" (b) Actual vield
(c) Percent purity (d) Stoichiometric yield

24. What is the empirical formula of a compund containing 25.26% Mg and 74.74
% chlorine (At . mass : Mg = 24, Cl = 35.5)

(a) MgCl (b) MgCl, (¢) MgxCl (d) MgCl;
25. Empirical formula of magnesium chloride is:

(a) MgClp (b) 2 MgCl (c) MgsCls d) 2 MgCl,
26. Glucose has an empirical formula of CH;0 and a molecular mass of 180. What

is its molecular formula? ' :

(a) CaH4O, (b) C4HgO4 (c) CgH 1206 (d) C4HgO4
27. Empirical formula of giucose is:

(a) C3HgO;3 (b) CH,0O (c) CeHg - (d)_C iﬁh
28. Empirical formula of water is: J [ 2. APAS

(a) H;O (b) 2H,0 - .Lf;w { ‘ )| 1d) HO
29. Which of the following is ap.ﬂutpi of bes benune"’

(a) CeHe (p? q,,mm AR (c} CH (d) 6CH

A
el O "ic; 3 @ 4 ®"Y @@ @ T ©
8 (© 9 (@ 10.( 1@ 120 () 13 (@) 14 (b)
1. (@ 16 (b)) 17. () 18 (@ 19. (© 20, (b) 2L (c)
22. (b)) 23. (b)) 24. (b) 28 (b) 26. (c) 27. (b) 28 (a)

29. (c)

/ hor! Answer Questions prepare the Hh'fn ‘nmanw ) L *um’u# /
IHi"lUWlt‘dgr Undr*rﬁt inmng l'-‘u. cation, Analytical & Conceptual)

Calculate the concentration of a solution in bitration using empirical data

‘1. Define molar volume.
Ans. Molar volume: One mole of all gases occupies a volume of 24 dm® at RTP. This is
called molar volume.




Sul mj\m standard
conditions? \L'?. | (&

Ans, The standard mnd:tm% fprﬁ&]‘?ﬁ” i :@Muxjex [‘JCQQE 15 k) and a pressure
of one atmosphere (?ﬁﬁ 913(}1 VLA \6

3. Whatis ti Jﬁhﬂhﬁl value of molar volume at RTP?

Ans. At RTP, dn'c mole of any gas occupics a volume of 24 dm®.

4. Do the size and mass of gas molecules affect the molar volume?

Ans. No. one mole of different gasses will contain the same number of molecules and
occupy the same volume (24 d m” at RTP), even though they have different masses
and molecular sizes.

5.  Define concentration of a solution.

Ans. Concentration of a solution: Concentration of a solution is a measure of the
amount of solute that has been dissolved in a given amount of solution or solvent.

6. In what units is the mass/volume concentration typically uprmad"

Ans. It is expressed in g /d m*. - =) G‘f& W

7.  What is the unit for molar conctntrllinrl? \“{f \}"7 L” 2.0

Ans. The unit for molar con Qng\_,.

8. Give the formula for %@ﬁ!ntraﬁun in g / dm’.

n “Miass bt solute in gram

AR% Cunccnu-a"ﬂ‘ﬁr Volume of solution in dm?

9. How can the concentration of a solution be determined? _

Ans, The concentration of a solution can be determined by titrating it with a solution of
known concentration till the end point is reached.

10. What is titration?

Ans. Titration: Titration is a technique where the concentration of an unknown solution
is determined by reacting it with a solution of known concentration until the end

2. What is the value for room t:mperntnre ud pr

mmmufm mﬂmwmmﬁ.
titration? - s

Ams. (i) The balanwdmiul uation for : reaction-betweer (ﬁd;i%‘sulutmns
(i) The volumes ofthe two solations usedidurin iy
(iii) The concentration of the-of

i2. How is ts.nw
volume? ]"\P ]

Ans. It is c-alculétcd by knowing the volume of the gas and using the relationship that
| mole =24 d m* at RTP.

i



15.4 LI EDE i‘mnpnmtmn by Mass. Empirical formulza and l\."r‘mrm;. formula

13. Define percenfage cov

Ans. Percentage i:umpmitiun of a compound: Perwntage cumpomtmn of a compound
refers to the percentage mass of each element present in the compound.

i4. What is the percentage of an element in a compound?

Ans. The percentage of an element in a compound is the number of grams of that
element present in 100 grams of the compound.

15. What is the formula to caleulate the percentage of an element in a compound.?

Ans. The percentage of an element in a compound can be determined by applying the
following formula:

Mass of the element in compound

Formula mass of the compound *190

16. Define empirical formula. e ﬁ ':d
Ans, Empirical Formula: The formula which shows hc:siﬁ’lp’é‘ﬁ wtk‘}tkn mber ratio of
atoms present in a compound is ¢

Example: Emptncalf qgffn \ .H a.;ux o~ 3
¢  Hydrogen de

e  Water ]f\lfﬂﬁ 1; ;0 e  Benzene (CgHg) is CH.

17. How can tile percentage composition of a compound be determined?

Ans. Percentage composition of a compound can be determined both theoretically as
well as by performing quantitative analysis.

18. What is a useful concept to determine the purity of a compound and its
empirical and molecular formula?

Ans. Percentage composition is a useful concept to determine the purity of a mmpound
and its empirical and molecular formula.

19. Give two examples of compounds having the same empirical formula.

Ans. Acetic acid (CH;COOH) and Glucose (CgH120g) have the same empirical formula
CH;0.

20. Define molecular formula,

Ans. Molecular formula: Molecular formula of an clcmg:_ntfﬂr,;a‘m\mgnw represents
the actual numbers of present in the mglnculﬁﬂf these, aubsmnces
Examples: Water, hydgagen pcm’mdekelhﬂen«b and sulphur have molecular
formula H,0, HzOz, {Eg‘@ﬂcnvciy

21, What is molecular formula and empirical formula?

Ans. Mﬁlecu'larlfbrrhtim nfa compound can be calculated by multiplying a whole
number with the empirical formula of that compound.
Molecular formula = n (Empirical formula)

Percentage of an element=

.--v-"""'




‘Molecular mass
Where n = Empirical formula mass

22. What mformitfﬂ! bl
stoichiometry? A g

Ans. A complete. d‘ alan d-chemical equation tell us the mole ratio or mass ratio
between the réactants and the products.

23. Define limiting reactant.

Ans. Limiting Reactant: The reactant which is consumed earlier in a chemical reaction
is called limiting reactant. In fact, it controls the amount of the product formed in a
chemical reaction.

24. Differentiate between theoretical yield and actual yield.

Ans. Theoretical Yield: It is the amount of product which we calculate assuming that all
the reactants react according to the balanced chemical equation.

Actual Yield: The quantity of the product determined when chemical rr.aeuun s
performed is called the actual yield.

25. Why is the actual yield often less than the theoretical yield?

Ans, It can be due to side reactions, r:versible reactions, @T‘Mt{g@m filtration

: crystallization, or mechanical errn

26. How do you calculate,
Ans. Percentage yield is catcuiﬁt@ By Wyiﬁﬂrm falluwmg formula
E\J \]T\J “dtfu\d'lj)'lﬂld *100
EErCEIEREe Sﬁﬁ “Theoretical yield

27. Define percentage purity.

Ans, Percentage Purity: It refers to the degree to which a substances is free from
impurities. : ,

28. What does percentage purity of compound ildiuu"

Ans. Percentage purity of compound indicates the amount of pure compound present in
an impure sample.

29. How is the percentage purity of a sample calculated?

Ans. Percentage purity of a sample is calculated by the following formula:

Mass of the puresample 100

Percentage Purity = .21 mass of the impure sample

30. ' In stoichiometry what must be done hcforc calcul W‘&I“Hﬁdutﬂ
Ans. In stoichiometry, before c.alculatmg\th{m,aés of E’E"mth youthust have a balanced
chemical equation. O\

31. How do you find the "A; 'ﬁ: Hkiiﬂ Eiementu"
Ans. Divide the mjmbqﬁbf mo nf each element by the' smallest number of moles
obtained. ]\

32. What is importance of stoichiometry in the field of medical?
Ans. Stoichiometry is used to determine the optimal dosages of medications for patients




based on their weight, age and other factors. A0 u”
33. How are the composition of all the. chemicalu[fmdw yjﬂéll“are in our daily
use such as shampoos, r,lﬂnerm, bemprid a‘uﬂ fertilizers formed?
Ans. The composition of ath the’ nharﬁmal prodiicts which are in our daily use such as
shampoos, clt;a[aeq'ﬁ; p&thmés and fertilizers are formed using stoichiometric
calculatmjis. JhS

Exercise Questions (Solved)

[A.Muttiple Choice Questions _
Yr Choose and tick the correct answer from the given choices.
1. Volume occupied by 15 moles of ammonia gas at RTP:

(a) 224 dm’ (b) 160 dm® (c) 360 dm? (d) 265 dm’

2. How many moles of natural gas CH, will be present in a cylinder if its volume
is 18 dm? at RTP?
(a) 0.75 mol (b) 0.67 mol (c) 0.85 mol (d) 0.56 mol

3.  What will the molar concentration of potassium hydmxide_nllﬂﬁi if20gof
it are dissolved in 100 cm? ul‘snlutigu“ AN ._f_; o=

(2) 0:36 mol/dm®  (b) 0.53mof/dm (" {eﬁ; mmhbtyd {d} 0.45mol/dm’
4. What will be the mdﬂ\pl{ﬁ@l ieed dilﬂjmakﬂ up 15 dm? of its solution with a

concentration ?‘I IH( &
(a) Zlg‘jﬂ\ }IBSg (c) 31.5g (d) S54g

§. Find out the cnncentratmn of H;S04 in mol/dm? if its 10 em® react with 20 cm’
of NaOH solution having concentration 0.1 mol/dm®.
(a) 0,01 mol/dm® (b) 0.001 mol/dm* (c) 0.1 mol/dm? (d) 0.15 mol/dm®

6. If the molar mass of a compound is 178 g/mol aud its empirical formula is
C3Hs03 . What is its molecular formula?

(a) C3Hs03 (b) CeH 1006 (¢) CoHy500 (d) CgH;0Os

7. When natural gas burns in air, which component is the limiting reactant?
(a) Both components (b) Neither component is a limiting reactant
(c) Air : (d) Natural gas

8. If the actual yield of a compound is 0.198 g while the theoretical yield is
0.217g. What will be the percentage yield?

(a) 50% (b) 91.2% {E} 30% 15 uiﬂ_}ﬁ?ﬁ
3 ek e < th\‘”ﬁ‘w @l '*r' 7. (d) 8. (b)

hedsbspdual | | L= =
[ B. Short Answer ‘;‘luestmm

15.1 What is\the molar volume of a gas at RTP?
Ans. The molar volume of any gas at room temperature and pressure (RTP) is 24 dm’.
This means that one mole of each gas contains the same number of molecules.,




occupies the same volume under these specific c{mdmuns ?ﬁiclp(@ﬁﬁ% K) and
| atmosphere (760 torr) pressure. i JI AL

15.2 How does the concept of molar vo yﬁg@
Ans. The concept of molar va%‘ u ecause it cnables us to caleulate the

number of moles orma »the gases if we know their volumes.

15.3 How does ﬂlf\ olar volume relate to the Avogadro's law?

Ans. Mulm-\;mluﬂilﬁn direct practical application of Avogadro's Law. Which states that

~ equal volumes of different gases must contain an equal number of molecules if the

tcmperature and pressure are kept constant. It is because:
I mole of any substance always contain 6.02 x 1023 particles (Avogadro's number),
Avogadra's Law implics that | mole of any gas must occupy the same volume.
Molar volume (24 dm?) is simply the specific volume that this "Avogadro's number”
of gas particles occupies at RTP.

15.4. Why two different compounds may show the same empirical formula?

Ans. Two different compounds may have the same empirical formula because an
empirical formula does not tell us about the actual number of atoms present in that
compound rather it represents the simplest ratio between a!;q w}\&{\ﬁ

Example: D\_.J
M&gﬁrﬁ;’cmplrtca! formula CH,

Both acetylene (Csz) and benz
Hydrogen atoms.

because both havea | :
Similarly both at\:g\l;fq’ yl\ 3COOH) and glucose (CaH204) have same
empirical fw 6 because both have a | : 2 ratio of carbon and Hydrogen
atoms.

15.5 Why is percentage yield important?

Ans. Percentage yield is the efficiency of the chemical rwz:tmn It is important in both
laboratory and industrial fields.
Efficiency Measurement:
It tells a chemist how much of the theoretical maximum product was actually
obtained. .

. Economic Viablity:

In industrial manufacturing (like producing medicines or fertilizers), a high
percentage vield is essential to keep costs low and maximize profit.
Resource Managment:

It helps in identifying the waste of raw materials b}' lm ﬁ]mbompanles
“can reduce the amount of starting emlshm fe sustainable.
15.6 What is the cnncentraq,q \offa aq ﬁp ilL Euntlinn 49 g of H;S04

in one dm?of solution? 0 H f‘% W

Ans. To find the cnﬁccqeédML ﬁu\l/dm’ we first need to convert the mass of HzS04
into moles. /|

(i) Calculate the molar mass of HyS04
Using the atomic masses : H =1,$S=32,0=16




Molar mass = (2 x 1) + 32 + (4 x 16) i ﬁfﬁrm
Molar mass =2 + 32 + 64 =98 g/mol. _ : e J'r” ' \on S
(i) Cllculltethenumherol’nmlu ‘\ f”\ - “J\\H‘ /
Si e J“\\ H\H\-> |

Moles = M“"‘? \FJJ \ \
NN
_...LL._-.-_-..-.

Moles = 98 g/ mol = (.5 moles

(ilf) Calculate the concentration:
Since the volume of the solution is | dm?, the concentration is simply the number
of moles per dm®.

: Moles
Concenration = Volume in dm?®

0.5mol
ldm?®
So the concentration of a solution is 0.5 mol/dm?.

= (.5 mol/dm’

L LTI L] -

| €. Constructed Response Questions

72\ kuk)‘f\g“

15.1 How would you identify the limi qg&:&z{cﬂ reaction?

Ans. For answer see Q.9 \\M

15.2 Why is it lmporﬁgp\n ‘%\A\’ pirlt}r of a compound which is used as a
nllﬂlll:l!ll"\ N

Ans. Purity: Purity refers to the degree to which a substance is free from impurities.
Importance of finding the purity of a conmpound: It is important to find the
purity of a compound which is used as a medicines for three main reasons.
Toxicological safety: During the synthesis of a drug, harmful by-products or
impurities can be created. Even in trace amounts, these can cause severe allergic
reactions, organ damage or long term toxicity.
Precise Dosage: Medicine must have a specific concentration of the active
ingredient. If a compound is only 80 % pure, a patient taking a 100 mg pill is only
receiving 80 m g of the drug, which may fail to treat the illness.
Stability and shelf life: Impurities can act as catalysts that spced up the
decomposition of the medicine, making it expire faster.

15.3 Will there be a limiting reactant in a reversible m\mpbf \JCR (¢ ‘M’ \

Ans. Generally no. In a n:vemble \L:h n pt,_of Timiting reactant is not
typically applicable in tﬁi'.-* ritreversible (one-way) reactions.
Reason: Tﬂf ;

In an |rmvcr,sfb]hl|{eyc4mn the limiting reactant is used up until it reaches to zcro.
However, ity & reversible reaction, a state of chemical equilibrium is reached where:
both reactants and products coexist.




R T I

15.4 How do you know

Qutcome: K r’ﬂﬁ%@

Since the reaction never goes to 100 % completi ﬁpﬁ&@;ﬁm ‘reactant is
ever "completely consumed". ’[h;rx & \(ech gﬁ&j) gre is no "limiting" factor
that stops the reaction b'{%ﬁ@w tire y, instead, the reaction is limited by
the equilibriu it (Ke). -

u “if a formula is empirical or not?

Ans. Empirical Formula: The formula which shows the simplest whole number ratio of

15.5 Write down one method to find out them:

atoms present in a compound is called empirical formula.
Determining if 2 formula is empirical or not: You can determine if a formula is
empirical or not by checking the mathematical ratio of the atoms.

A formula is empirical if the subscripts of the elements are in their simplest whole
number ratio and cannot be divided further by a common factor.

Example 1 : H;O(Ratio 2 : 1) :

The formula of water (H30) represents the simplest ratio (2 : 1) between Hydrogen
and Oxygen atoms present in it; You cannot simplify this further. So, HaQ is an
empirical formula of water.

knowing its molecular formula. 1\ _ O £

Ans. The effective way to find \o P \as;ﬁf a compound without knowing

Where

its molecular Tuwiq. H"1:r'mrlar volume of a gas, which is the volume
occupied ﬁy:[\ ole-of any substance at a specific temperature and pressure.

At standard temperature (25 °C or 298.15 k) and one atmosphere (760 torr), one
mole of any gas occupies a volume of 24 dm?.

Here is how molar volume is used to calculate molecular mass:

The Fundamental Principle:

The molar mass (M) of a substance is the mass of one mole of its particles,
measured in grams per mole (g / mol). If you can determine the mass of a gas
sample (m) and determine how many moles (n) that sample contains, you can
calculate the molar mass:

_@ W

XK _h_l'l ~ Vm

By rearranging this formula, you can find out the molar mass (M).
< i Vi —\”'.I" ";1';'_115

M==3

.--\J| L:;-:\ "E:\L'::_ L

. Q1 I\’\ i\_\\j;\ ]rhf'}h- OL :
s @ NS

n = Number of moles T\ \\ { ﬁﬂ_\ﬁ,}? b s

m = ngi] | '@M‘Jin grams (g))

M = Moledilair'mass (Expressed in g/mol)

V = Volume (Actual volume of gas)

Vm = Molar volume (24 dm?)




| D.Numerical Problems A /w \ 0 ®) X\XJ

o=

15.1 Calculate the number of molu, and| n“m@f bfffﬁ;lecules in 4.0 g of
CH,4 at RTP. wﬂr '{

{ IH, T
Sol. Molar mass of CHy = | E\'(_iaj\@;xi\?ﬁg;mul
No. of moles W : 3080 04 goemites
lﬁg!mﬂl

Molar volume = 24 dm’ :
Volume = No. of moles x Molar volume:
=0.25x24=6.0dm?
Number of molecules = Moles x 6.02 x 1023
- =1.505 x 1023 molecules.

15.2 What mass of NaCl need to be dissolved in 150 cm?® of a solution if the

concentration of the solution is 0.4 mol/dm*?
Sol. Volume=150cm*=0.15 dm?

Concentration = 0.4 mol/dm?

Finding moles = ? £T _I,,.:\rf*ﬁ
Moles = Concentration x Volume ~\ / 7o \dOE
= 0.4 x 0.15 = 0.06 moles W \ \J\\ ) e

Finding mass (Molar mass of \S
Mass = Moles W@;ﬁﬁﬂ “{g
=(. ¢
S35ty
15.3 Find out the percentage of sodium in NaHCO3,
Sol. Molar Mass of NaHCO3:
23(Na) + 1(H) + 12 (C) + 48 (O3) = 84 g/mol
Percentage of Na = ?
Mass of Na
Percentage of Na= ‘Moo mass of NaHCO, * 190

= 2 %100

= 2738%
15.4 A sulphide of iron contains 1.926 g nfulphur and 2.333 g
empirical formula of this cnmpound 2 __"{‘ Hﬁx\: NILE
Sol. Moles of iron (Fe) = 2.333¢/56. —Q mdluk JAULY
Moles of sulphur (s) = | s?&qug(sgﬂ *ﬂ 2 moles
Molar ratio = l?wf I'\
0.0416

0.0416

Fe = =]




0.0602

S = goatg ~ 1H44=15 o @@m
Whole number ratio: et :'\ j.ﬁ,f?r‘-'\ KF_\AY\}J\\“\ ‘n,_}\! J So
Multiply by 2 = FesS3 f 0 ﬁ YN =
Empirical formula ofi fg);}hu}é— €253

155 A mmponrfalﬁéb “by mass, 40.0% C, 6.71 % H and 53.3 % Oxygen. A
0.320 mole of this mmpound weighs 28.8 g. What is the molecular formula of
this compound?

Sol. Molecular formula of the compound = 7
Empirical formula calculation = ?

40.0

Carbon (C) = ‘]‘2_‘ =3.33
6.71

Hydrogen (H) = S =6.71
533

Oxygen (0)= <~ 16 =3.33
RatioC:H:0=1:2:1

R @
Empirical formula = CH-;0O \
o WQQKSE\@

Molar mass of compou ]? .

W g 288
Molar mass =\ lec = 0.320mol
Molecular formula of compound = 7

Molecular mass

reolt

=90 g/mol

M~ Empirical formula mass
90
n= 39
=3
Multiply CH2O by 3 = C3HgO3
15.6 The formation of ammonia gas is given by the following equation:
32+ N2 — INH3@)
If you start reacting 12 g of Hz with 64 g of Nz, whie W' limiting
reactant? »\\‘ = ‘kJ f {;; =
o w\ 3{ u UANS
o . J\\“ﬁ'\]’ | O --llllll" g
W Moles of N2 = Tha = 2.28 moles

1 mole of N2 needs 3 moles of Ha.




2.28 moles of N2 should need = 2.28 3
A = 6.84 moles of H2

. Percen adost(Nﬂsh—"
1. Equation Ratio:
2. . Moles AgNO; produce | mole Mg (NO3);

FARNO = B = | 794 mol
3. Molesof AgNO; = {70 g /mol moles
4, Theoretical mass = 0.897 moles x 148.3 g/mol =133 g
Actual yield -
ield = x100
5. Percentage yield = T/ rerical yield
2 23. ?J <100
133
=178% - ~—~SN
15.8 A sample of metal haﬂ
What is the percenta 4\;% iit this sample?

h,
mﬁ@f% 5
s=3.66 kg
Pure gold mass=2.45 kg

Mass of the pure sample
Percentage purity = - 1 of the i impure sample

T
S - Y
C:*‘n. iﬂh\ﬁ}ﬂ ¥

pﬂ,ﬁ@éjgwn&' mnuljns 2.45 kg of gold.




