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Chapler 4 : Chemical Bonding ; Chemical Reaction
Lesson 12 : Reaction Stoichiometrj, Lim’-l:fnj Reactants

and Percent Yield

X Tn\:roo\uc{imﬂ «
R e S

= S\Ioich'\omeh:\ is the calculation of 4he relakive quantitiea of the

re.ac\:cm\:s and pmclud:s N achem“ca‘ reoc\:\'orn .

— Balonced equations
The coefficients in a balanced chemical equation show +he
relotive omounts (in moles) of reactants and products.
e.q.
2 CgHigy + 25 Oz — 16 COzy + 18 HO o)

2 mol 25 mol 16 mol 18 ol
Thua;
Balanced equations gutline how reactants combine %o form products.
. 2mol CgHig react with 25mol 0, (2: 25) T T
also, 2mel CgHig gwe 16 mol COo, (2:16) Rkis

2mol CgHjg give 12 mol H, 0 <2 : IB)

(). Suppose that we burn 22 mol CgHyg , Calculate the formed amount

of CO, ?
From the equation : 2 Cogtlyy ——5 16 CO;
2 mol .. e mel
22 wol b ? Page No. @

moles (C0,) = 22X 16 _ 96 4ol CO,
2

—
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Q. Calculate the wmass of COz produced if /14.223 of
Cg Hig was burnk ? (Given“'hot'. Molar mass CgHg = 114,22 3/,,.,,;)

From the eqdaéim : 8 Molar mass CO, = 42 /ol
2 mol 16 ol

So, F?fslry Convert mass 114,22 3 of Cg Hig to moles -

Moles (C? H:g) = Mass — = 198 = 1 moal
Molar Mass 4. 22
So;
2 CgHig - 16 CO,
2 mol "L, P & ‘6 'mol
1 ol '_,--'\"Q . @
» "moles CCOz_) = Lﬁz_‘_é_ = 3 mol

Now ;

Convert mmoles O‘F COZ +o the r‘equ'\mc\ Mass:

Mass (co)= 8 X4y = 352 9

N.B. T& You asKed about the no. 5§ CO, moleculen produced use
Avogadro's number (6.022 X107 molecules Amol ).

Molecules of CO, = moles X Avogadm's No.

I

24
3 X 6.022XI10°2 = 4.82X 10 molecules.

Dama NAa @
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Q. Tn the —‘:ollow‘\na Pho\:o S\’M‘he/ius process ; howa Many Qrams of
Jlucose CCSH\ZOSB Could be Synthesized fom 37.3 9 €0z ?

Equation: 6 COz + 6 H0 —5 CGHis0c +602  Molor mass (CeHi0¢)= 180.2
A v« (COx)= 44
from the equation: € CO, _—_y C¢H,0¢

€ mol 1 mol

Buk we have thewassof Co0, (37.2 3) . Se You have to Convert it to
raolen :

wmoles (CO;) = Moss 372 = 0.359 mpoles

Moler Mass 44

Thuns,
'Rvm the skoichiomeltric ratiot

6 COz_ —n CC H\ZOG

é W'nol T 4 e "Yhol
0.2854ms) = "> 2 ~moles = 9859 5 143 males
Ce¢H20¢

but Yhe question asks about +he nmass of glucose.

So, We have *to Convert moles to mass wsing Molar many :

Moss (CeHiz0g)= O.143 X 180.2 = 25.3 g 3

Q- Estimate 4he amount of CO., (9) produced in 200% by
the Combustion of 3-’5X(O's a of 3050\\»’19. F 4

Ao Ro\:io 1 2ol Cgl“hgt ‘6-mo|cq
(S
Skepl: Convert 3.SxI10 § to moles of aaSOIine Amol CgHiz=11422 g
IS 13 1 mol CO, = 44 3
moles (aanine) = S5 X0 = 3.06 X0 md Page No.

14.22
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Step 2 =
Fl"om Stoichiomctric ra‘tn'o: 2 1ol Cg H.lg . |6 mol CO?_
3.06 X10> wol =~ ~~.. 7 mol

13
wmolen (COz) = (3'06)('0 )X 16 = 2.45 XlOlL' ol
2

S‘:CP 3: Convert moles of (COZ) to mass :

MOSS (COZ) = mmoler X Molar mass
16
=(2.45 %10 ) (44 9hmi) = .03 X 10" 4

=1.1x10° 5 €O,

Page No. @
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* Limib‘nﬂ Reactant
A SN
the \imi\:ma veackont determines +he amount

of produck Hhat will be proc\uccd in a reackion.

E)(Ompleg 3Ca 4+ 2P N CQ3 PZ
Skoichiometric 3 s 2
ratio

If we start with 2woler Ca and 2 moles 4 P

So, the amount of Ca isn’t enous\r\ o vreack with the 2 vyoles £ P.
Thus; Ca Contrdls the prsduction of Caz P (Wi” Comp\e\‘.e\\( wred up).

So, Ca is the \’\m'\\'.ina reactankt (P is excems reac.l:onl:).

% Excess Reackant :
I i T

This is any reackant that occurs in a Iarger

QVanl:fl:y than is requir‘ed for the reaction to taKe ploce .

% Theorekical Yield ¢
NS A~

This is the amounk of producl +hat can be
preduced in achemical reaction, based on the amounkt of Iim;l-inj
reactank .

=& AC‘:Ua1 Yield :

ANSS~AAAASANS A A
This is +he amounk of produck aCf’Ua//y produced

in a reaction (USUG/,)/ < theoretical YIQId)

+* PerCeanade Yield :

e A~ 556 NG
o yield =_Actval Yield 00 e
° Theoreticol Yield
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Q. If we have S wolecules of CHy and 8 molecules of O,
Which is the \im‘\\:inj veackant in the -f-ouowinj veackion :
CHq@) - 202@) S COZG) + 2 H,0
A.
To decide which one (CHq or O;_) is the \:m'\b’nﬂ veackank
Compare the amount of preduct +hat Prodvced from each .

Preduct amount

Depenoknﬁ on CHL‘ amount Dependmg on OZ omounl:

EC] CHL‘ —_— COZ. Eq~ 2 Oz SEEDSFRES. Y& Coz_
Ratio 4 1 Ratio 2 1
GQiven 5 ? Given 3 ?

ExPec\:ccl amounk (COZ) = 5 molecuks ExPec\:cc\ awount (Qoz): 4 wmolecules

‘Tﬁu/.\.'. OZ amownt is enova\ﬂ OY\\Y to ‘PNG\UCC A molecules of- COZ

(lL’AA amo\m\:); so , O)_ s the \‘\m’\\:\'rlj Y‘eaC\:on‘E.
P33

Q. Ammoﬂia,NH_:,, was S\/n‘\‘hesized accordms o the ¥ollow‘mj
reackion US'\nj 26,33 NO and 25.6 g Ho :

2NQ@s + SHayg —s 2 NHz gy + 2 M0 ()

Whal 1s ¥ne Yheoretical yield of NHz in grams 7

Quven that : wolar mass NO = 30.0l  3/mol

Page No. (3
" " H?_ — 2.02. 3/m°‘ O

" ~ NH; = 17.03 3/mol
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A. 2M0Gya 5Haw —% 2 NHy. 4 2000,
#Step1:
Hink =
Fro a
%r NO . 3N0 —>s ol NO ....ie_q.y aol NH3
. e
(-: 30.0‘) (X 2/7_) Smallest }——-’ 3 NH3
. X17.03
FO\' \"\2_ % 3 H?_ - mo‘ HZ ___*meEﬁ ’\‘T\o\ NH3 )
(% 2.02) =
X 2/5)
Mass
« Which isthe ltmiting » ohes | Hholer
reackant J hindad L
for NO: For Hy :
2N0 ey 2NH3 SH> —> 2NHj
Rakios 2 mmoles 2. woles Ratio : S moles 2 moles
Given 86-3  mnoles ? GQiven 25.6  noles ?
30.0l 2.02
moles (NHz) = 2.8757 ol amoles (Hz) = 5.0693 mol

less product (s Pmdvc_ed
Lo Yo \'\W\.\h'\f\\j veackont NO

%Step 2 :
-T; C,alCulate_ 'Hneor(!:n'Cal \/ie_'d (qnass O-F Pmducé)l_ COY)VEf'k ‘H’?Q
PMCI'UCCA moles O‘F PNdUCL' <2-37S? 'nno') to mass :

Theovetical yie'c;CNHg): 2.8257 X Molor mass

= 2.37s7 x 1703 = 44.0 g

Daaa N @
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Q. 53.2 g Na ond 65.8 9 Clz yeack accordinj to the equobfmn:
2 Nags) -+ C‘Z t9) —> 2 NOC' (s)
— Which is the \'\m’\finj reackant 2
— The actval yield was 86.4 q of NaCl. whak s the theovetical

Yield and percentage yield ? Afomic Mass Na = 23
A Moler amass Cl, = 70.9

wWhich is the \.’nmil:inﬁ reactont

For Na: y For Cls :
Eq. 2Na 2 NacCl Eq: Gz —5 2 NacCl
Rotio 2 mol 2 mel Ratio 4 1ol 2 mol
Given _53.2 7 Qiven _SS.3_ 7
23 70.9
. moles (Nacl) = 2.3 & moles (Nacl) = .35 (Smal/.

Cly s the 'im:’b‘(lj reactant .
Thun;

Theoretical \/n'elcl (Nacl) = mmoles X Molar mass = 1.85 X 58.5 - 103 3

gvm the given actval yield (Nacl) = g6.04 3

7 )’icld = Actval Yicld X 100
Theoretical Yield

= g86.4 X 100 = SOOZ X
08
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Ch. 4 : Chemical bomdin3 & Chemical Reaction
Lesson 183: Solution Concentration & Vypes of

agueous Solutions

3 Solution Concentrotion & Solution S\:o‘\chiome\:v\\j

Solution is = homogenous mmixkture of two or more sSubstances.

Solution = Solvent Solute(s)
(\araes\: amount ) (small amount s)
e.g.
- Sugar solition :  water is solvent % svger is solvte.
o Air : Ny gas is Solvent % other qasen (0, ,€0,, H,0..) are
Solutes .

% Solution Concentration :
R N Y D L 4

Solute +o solutiom relotionship .
% Mm\or'\\tj it
Tt is the number of "moles og Solute per liker of solvtion.

. N of moles of Solute by sl

Volume of solution (L)

X Prepore LL of o .00 M NaCl solution :
D e N e e P

o Wefjh out and 1.00 mol of Nac] (ss.qq 3) in Smduated FlasK
Hhen odd water to dissolve the salk |, then add o Page No. (9)
the markK i L.,
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Q. Find +he 'molarif:j (M) of asolution +hat hes 25.5 g KBr
dissolved in .75 L solution ? Giiven : "mo\ar'mass(Kgr)

(4’)‘no| KBr = 119.00 3)

A.

s ]\/\ = oles of Soluke (KBr) _ M solvke.
Volume 0‘( SO\U‘:]UY\ (L) VSO\ﬂ-(L)
M
'Y‘So\ute = i - 2S-5 — 0.214 fyno‘
Molay Mass 119.00
M= 024 _ 0.122 M (Unil:-,'mo\/L or M)
. +5

N.B. Mosk solubions are lbetween 0 and I8 M, so. +he answer vna Kea

Sense .

Q. How many liters of 0.125 M NaQH Comtain 0.255 mol NaOH?

A.

0.125 M NaOH  means that : 0.125 mol NaOH — {4 L solution
0.255 mol NeaoH __; ?
Vaollbon = 2252 At 2.04 L solution (ACCepf-'ab’e)
0.125

% Solvtiom Dilutiom :
NN A A A~

Often, solutions are stored as ConCenktrated
StocK solutions.

To make solutions of lower Concenkrations, Only page No. (10)
more. Solvent is added .
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Thus; the amount of Solute doenn’t Chorge , Just the volume of Solvkiom

Moles of salute

= Moles os: Solute
before dilukiom

After dilukiom

Q. Prepare_ 3.00L. scluktion of o 0.500™M CaCl, Lfrom 10.0 M skock

Soluktion 7
dilvked stock
A. Solution (4) selukion (2)
V=3L; M=05 N=? ;M=10.0
- M‘ . V‘ f— MZ . VZ
(0.57(3 ) = (IO.QXVZ) = Vz ::_o‘sl—ox3__: 0.1s0 L
Thus:

we toKe 0150L Lrom Hhe stock Solubionn and add water to reoch Volume
of 3.00L.

(. How would you prepare 200 mL of 025 M NaCl solukion fom

o 2.0 M solution ?

A‘ Diluted solutiom sbock solution
V= 200 ml ; M:O.zsm Vf? ;Ml=2 M
Ml 2 vl = Mz . 'vz
(200 x 0.25) = (2xV,) =5 V, = 200%X925 _ a5 ml.
Thuns; ‘

Page No.
take 25 ml of 2.0M solvtion, and add water vpto 200 mL, ; @
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& '7_y_pes of aqueous solutims and solubiliky
S e N O N N N

Case A : Dissolve NaCl Salt in water Hormgeneow.\ solutiem .

Case B : . S\Jdar' C;z H220" n water R 7

Now;

~

How do solids svch as salk and Sugar dissolve in waker ?
OR :

What happens when a solute dissolves ?
A.
In general, dissolution of soluke n Solvenk depends on :
A) Afttractive forces between soluke molecules .

-B) rs ¢’ o SO‘\/EY')E ) o

c) 7 o a2 Solute ond Solvent smolecules -

TF +he attraction forces between Soluke and solvenkt are stmnj

encvgh, the solute will dissolve .

< Charge distribukion in woter mmolecule : 3 +‘8+

In wakter molecule; there is an uneven diskribukion of eleckyons in
such way that oxygen has partial —ve chorge and hydregen has

Portial +ve Charge , Thus water is a polar molecule.
L S
$+H/ \H8'+

Solut S interacki :
o Qlule Ond Ol\/CﬂE interactions NaCl in ymter

Solvent—solute interactions

/ Page No.
>-‘o--@-9 ~°

Solute-solute interactions
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* D?ss‘olv:‘r\)j NaCl in water:

AN AR TN

When NoCl is added to water :
l. Eoch ion (NG' or CI7) is oftracted

tOWOVd HzO wmolecules and away ‘F"‘O‘WI

the solid Crdsl:al :

When the ion enters the Solukion,

Dissolution of an lonic Compound

it is surrounded by water wmolecules Through the opposite Chorged pole -

Condvck 4he e\cc\:rici\:y :

. As rvesult | solution with free fYY\ovinj ions s -govmecl and Can

=k G)mPare_ e\ec\:m\&\'e and ncne\ec\:m\d\—e solutioms 7

Stmnge elec\:m\:’tes

weak eleckrolytes

Nonelectrolytes

Tonization

Exomples

tomize Complctely
Soluble salts and

Stmns acids orboses

CuCly — cu";ch

ionize por\:io“y

weak acids or bases

CH3CO0H == CHyco6 + HY

don’t ‘omize ot all
pc\ar substances

1iKe Sugar ond alcohol|

C‘ Hi20¢ &= GeHiOg
@9

Electrical
Conduc\:iv"\:\\,

SOOd Conductors
Lor eleckrica t\/

weaK Conductors

dorwt Conduck

eleckri cil:y

Page No. @
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Electrolytes and Nonelectrolytes

Electrolyte and Nonelectrolyte Solutions

Salt
solution

| Conducts current J

° A solution of salt (an

electrolyte) conducts
electrical current

Sugar
solution

Nonconductive l

* A solution of sugar (a
nonelectrolyte) does not.

Salt (Ionic compound) vs. Sugar Dissolved in Water

Strong electrolyte solution

NaCl(aq)’

e e .

Salts (ionic compound) ionize when

Nonelectrolyte solution

— : .
...M_EIZszou(aq)

Molecular compounds do not

Page No.
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Ch.4: Chemical chdinj & Chemical Reaction
lLesson14: Acid-Base Reactions g Redox Reactions

% Acid _Base Reackions :

WV\NW\/-V\/\/\/
They are very Commam in Chemfsfg.

e.q. i
J HC| "hydrochloric acids  exisks in Skomach and helps in food
digesb‘m. When it is leaKed into +he esopbadw.s, ik Causes t+he
) heor‘:burn". So, Antocids are uned to neubyglize the stomach

acid b)’ ACid-—Base Chem‘\Cal reochim-

% Arrhenivs definitions for acid and base :
N i e N A N A

Acid: A substance +hat produces HY ions in aqueoun Solution.

Rase : A substance +hak produces OH™ ions in aqueoun solukiom .

Emmples;
+ - + &
HC|m~) et H(a+) o l@ﬂ ; Na OHM) S Nam) + .Of{m')
Acid - Base
eb  HAy TR SERF T AT BOH — 5 BY 4+ oH
Acid forvmdla e Base forpnula hydeode

Acid—Base "Neutraliza,:io‘n" Reacktion :

Geneval equation : Acid + Base 5, Salt 4+ water
e.g. HCl) + NaQH,  — NaClg,, + Hz0

X ia Page No. @

+ OHo 5 H20,,

ionic tion s
Nel: ionic equati H(aq.) o
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% Protoms released by acids associake \ith waker (H20) in

solution to form Hydrvm‘um T H3O"' 2

+
ACid — H B0 g Hz O+(aq-)
‘Pm’ton /Wal:er hydmn\um ion

S0

+ x,
“"lC‘ (ag) oy Hzo(l) ——— H30 @gqy + C\(‘“\‘)

% Hydroxide ions released by bases in waker

Base sy OH LHOSEESY OH .4

hy droxide /water

Ammanio  does not Conlain hydmx\tj' grovp (OH) but produces
hydmxicle ions (OH™) n water, thus it is a base -

+ =
NH3 e HQ_O —— NH}"(M-) - OH(aq.)

A'mmon'\q

¥ Po\ypm\:ic_ acids :
AN AN NASAANASIANAY
Some acids Contain more than ionizable proton

e.q- Sulfuric acid (H2804) Vs diprotic acid
= HZSOH@«;-) il H:;q_) i HSO;(“_) (is': Sl‘ep is Stmrgj)

= H8O0§ s =5 W

7 nd :
- (ag) T 504 (2 (2 St'ep is Weak)

Fage o
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&mila(/]; Bases can release omore +han one OH per mole .
e.q. ” )
Sr (OH), (agqy —> Srza‘r) 2 Oblgs

Q. How to write the acid - Base equatioms ?
A.
Example ; Reackion of hydrogen iodide (HI) with barium hydroxide
Ba(oH),

Stepd : Main unbalanced equation

HI 4+ Ba(oH), 5 Bal, + HQy
@4-) @9) @a
(Acid) (Base) (salt) (waker)
Sthz s Ba\anCe the equatn'm g "Molecu,ar equah‘m"

2HI 4+ TBaloH),

(aq.) e BaIz@‘\'J +2 HZO ()
@99 &

Step3: Nek ionic equation (By removing Spectator ions of sall)

- 1
H(aw e OH(°9~J — HZO(L)

Some common acids Some common bases
Hydrochloricacid | HCI Sodium hydroxide NaOH

Hydrobromic acid | HBr
Hydroiodicacid | HI
Nitric acid HNO ' _
Sulfuric acid H,SO, Calcium hydroxide Ca(OH),

Perchloricacid | HCIO, Barium hydroxide | Ba(OH),

Acetic acid HC,H,0, (weak acid) Ammonia NH, (weak base)  page No. @

Lithium hydroxide LiOH
Potassium hydroxide | KOH
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“ Qxidation — Reduction Reactions “Redox‘ Reactions
\N\MN\/\/WW\/\/\/

TF)cy are +he reacl:n'orns in which e|ecf:mn(s) are {'ran.s/:erred 'me One

reactant to the other .

exqmpks; ’Rusb’r\)a of iron & Combustion 01c 8asoline (0Cfane)~
Where ;

OX:'c:lafio'n: gain of Oxdjcn or loss of hyc'mjen-
.Reductim: 8ain D-F hydfmden or loss of Ongcn.

F_e(s) + 302 gy —> 2 F6203 ’Rustig of iron

- 4’/
Jain of Oxygen *oxidation”

s Kedox Reactions without Oxygen t
————————— .

Durirlj the formation of iomic Compounds, mekal loses electron(s)
"Oxidation” and nonmektal gains the eleckron(s) “Reducktion’.

e g- NaCl S
1# "=

i et '
(/mekal) Na(:)( 23 1) " C‘w) (2,3,%) ( non metal )
J’Redox
+ s
Na (z;2) Y Cl (23,3)
NOCI ()

Na (W\d:o\) loses electwmn "Oxidized” and ClI Gronmetal) gans this

eleckron “ reduced ”.

Equol::on: 2 NQ‘S) A C‘z(%) —— ZNGC\L;, Page No.
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(\E: ImPokaﬂt N\t

******-***4&*
% The element which is oxidized is Known as "Reducing agent or

Reductant  e.g. Na s oxidized but reduces C| .
% The element which is reduced is Known as "OXidizmj agenkt or

OXidaﬂt e-9- Cl s reduced but oxidizes Na .

e)e;Rules -For Assfdn?nj Oxidation skote :
M T NSNS U AN NN AN AN

TE 4s very wmporkont to Kmow +he oxidakion number (state) +o

'\den\:i{ia the redox veactions Hhat occur bebtween mommekals .

Rule (1) = Oxidation state of an atom and free element is Zero .
Rule@) :  Oxidation state of momoatomic ion is equal to its chorge .
Rule(3) : Sum of oxidation states of all atoms in:
— Neukral molecule or formula unit is Zero .
~ Anion is equal to its Charge.
Rule ) : For metkals, oxidation number equals to the group number-.
€9. Group 1A have +1 oxidation skate.

Qroup 2A have +2 Oxidation skate.

Rule (8) + for monmetals

Nonmetal Oxndation State| Example
5 MgF
Fluorine 1 ,ﬁz" 2
Hydrogen +1 S
Oxygen 2 S ok state
[
Group 7A 1 s
= H,S
Group 6A 2 i
NH
£ 3 -3 ox state Page No.
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~ Sulfur as s:njlc ion has (—2) oxidation state but in polyatomic
ion is different. e g- HzSOq

- H: is 414 (3muP 1A) Sum of Chargen = Zero (RuleB)
i 0% R 5 (amvp GA) 2(+) + 1 X) +4(-2) = O
X= +6 s~ S =+6

Q. Is +he {:o“owir\':j reaction a redox reaction ?
= 4+ 295 ey /S0

A.
From the rules of oxidation States ; €y 2.5 e CSa
(0) (0) G+4) (=2)
Nhere. 5 L_ N
L Reduction,__
OXTdOtio‘ﬂ : loss o-‘: electron(s) or Oxidotion oo}

inCrease in oxidation state. (C)

Reduckion : qain of eleckron(s) or

decrease in oxidation state. (5)

Q. Idenl:ifj which element oxidized and that reduced in the

Followinj reaction ?
CHy +20, —> COz + 2HQ

A. Fom the rules of oxidation skotes

O is reduced 4+1 0 +4-2  +1-2
(gains electrons). f"a +20,— CO,+2H,0
t

| A | ~ETRTTT
441 0 —> 443 +19 Cis oxidized
CH, + 20, CO,+2H,0 (loses electrons). Page No. @
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&- In the -Fo”owinj reaction which Substance 1s the
Oxidfzinj aaenb and which is the reducirzy ajent 2

.Pl‘ -+ 5 Brz — LI PBY‘3
Al

Reducing agent: reduces Br, and is oxidized.
{Oxidizing agent: oxidizes P , and is reduced.

0 0 +3 -1
P4 + GBr; — 4PBr3

L lEach Br gains one electron (reduction).J]

Each P loses three electrons (oxidation).

Thus 3

* t7he elemenk which is oxidized =5 Qcc’ucfn\j ajenl:or Reduckant.

* e s s - ’\edUCCd =+ OX;C{FZ;U adcnt or Oxidanf.
€ e ¥ e AN



