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CHM.5.3,05.007.02 Identify components of a voltaic or galvanic cell (anode, cathode, salt bridge or porous barrier, wires, electrolyte

1 | compartments); while explaining the role of each component, when does the reaction start and determining the direction of electron
and currant flow

CHM.5.3.05.007.05 Use the half-cell standard reduction potentials to calculate the electrochemical cell standard potential, while
determining whether the redox reactions are spontaneous or non-spontaneous

3 |CHM.5.3.05.007.04 Write the cell notation and the overall chemical equation for a redox reaction occurring in a voltaic cell potential

CHM.5,3.05.011.03 Compare between electrolytic cell and voltaic cell in terms of identifying where will reduction and oxidation
processes take place, anode, cathode, direction of electron flow and current flow and spontaneity of the reaction occurring

5 CHM.5.3.05.011.05 Define electroplating while describing how it works, identifying anode, cathode and electrolyte needed for an
electrolytic cell in which a selected metal is to be plated on an object {car or spoon,..etc)

Redox in Electrochemistry

» Electrochemistry is the study of the redox processes by which chemical energy
is converted to electrical energy and vice versa.

» Redox reactions involve a transfer of electrons from the species that is oxidized to
the species that is reduced.

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il
School Cluster 2.4 4.2 Lyl Glaill
Zayed Ed. Complex - Rt d il tanll ol
P e s, R gl ) - gl o
Al Khawaneej C1,C2 & 3 MINISTRY OF EDUCATION A g aslidl g Jo¥laalell

Redox in Electrochemistry

» Avoltaic cell is a type of electrochemical cell that converts chemical energy to
electrical energy by a spontaneous redox reaction.

Copper wire
b/\ A wire joining the zinc and copper strips

(. ' provides a pathway for the flow of electrons,

> - _, but the pathway is not complete. Electron
\ | transfer is still not possible. (lons build up on
| ; : the electrodes.)

How to fix this? Use a Salt Bridge

Redox in Electrochemistry

Avoltaic cell is a type of electrochemical cell that converts chemical energy to
electrical energy by a spontaneous redox reaction.

A salt bridge is a pathway to allow the passage of ions from one side to another, so that
ions do not build up around the electrodes.

The redox reaction provides
energy to light the bulb.

The salt bridge and the wire provide an / The addition of a salt
unbroken pathway for electric charge to flow. l\,. ) .
— bridge completes the

J / e flow \
S&(\ 4

Owidation

pathway. Negative
ions move through
the salt bridge to the
zinc side. Positive
ions move through

e
half-cell ; half-cell
Negative :
znmf.i;,, S the bridge to the
LEY - copper side.
In—ZIn** + 2e Cu** +2e~—Cu
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Quiz

1. Which is a pathway to allow the passage of
ions from one side of a redox process to the
other?

@ voltaic cell

@ nalf-cell

. salt bridge CORRECT

. standard hydrogen electrode

Quiz

2. Which is an apparatus that uses a redox
reaction to produce electrical energy or uses
electrical energy to cause a chemical reaction?

. salt bridge . standard hydrogen
electrode
. half-cell . electrochemical cell
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Quiz

3. Which is a type of electrochemical cell that converts
chemical energy to electrical energy by a spontaneous

redox reaction?
. voltaic cell . half-cell
® saltcell ® oxidation cell

Chemistry of Voltaic Cells: Main points

* An electrochemical cell consists of two parts called half-cells, in which the separate
oxidation and reduction reactions take place.

* The electrode where oxidation takes place is called the anode.

* The cathode is the electrode where reduction occurs.

+ - Salt bridge: It is a pathway to maintain solution neutrality by allowing the passage o
lons from one side to another, where anions migrate towards anode and cations migrats
towards cathode.

* |t usually contains a conducting neutral soluble solution as KCL, NaCl or NaNO3

» - The spontaneous reaction starts when the connecting metal wire and salt briage are il
place
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Chemistry of Voltaic Cells: Main points

- Electrons flow through the wire from the oxidation-half reaction (anode) to the
reduction-half reaction (cathode) while positive and negative ions move through the salt
bridge

- Current flows from cathode to anode

- The flow of electrons through the wire and the flow of ions through the salt bridge
make up the electric current

* Electric potential energy is a measure of the amount of current that
can be generated from a voltaic cell to do work.

Check Point (Paired Activity) !

Assign the components to the numbers
in the image.

|®

*Cathode [
*Anode

*QOxidation-half cell

*Reduction-half )=
cell

*Salt bridge < =
*electrolyte <
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1.

anode
2.

cathode
3 .

salt bridge 1 2
4,

electrolyte
5. =p

oxidation half-cell
6. .
" reduction half-cell

5 b

3 CHM.5.3.05.007.05 Use the half-cell standard reduction potentials to calculate the electrochemical cell standard potential, while determining whether the redox reactions

are spontaneous of non-spontanegus

CHI.5.3.05.007.04 Write the cell notation and the overall chemical equation for a redox reaction occurring in a voltaic cell

5 CHM.5.3,05.008.01 Use the standard reduction potentials to predict if a reaction accurs or not, while identifying the strongest reducing or oxidizing agent and the

substance that is easily oxidized or reduced
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What is “Standard Electrode Potential” E° ?

Standard electrode potential(E°) is the potential or voltage developed by a metal or other
material immersed in an electrolyte solution relative to the potential of the hydrogen
electrode which is zero.

Why is the standard potential of hydrogen
(H,) 761027

Because itis used as the reference point
of the scale.

Example from table 1in the book (Standard
Reduction potentials E°)

Table 1 Standard Reduction Potentials

Li* + e~ =i 30401 | Cutt4em == Cut +0153
Ca* + 2~ =Ca % —2.868 Cu?* + 2~ = C.‘;u l +0.3419
Na* + e~ = Na S27 | Og+ 2H;0+ de™ = 40H- +0401
Mg?* + 2~ == Mg 2312 | h+2em =l +0.5355
Be?* + 2~ = Be —1.847 | Fed3t + e~ == felt +0.11
AP+ 4 3™ = Al -1662 ”No;- + 2H* + e~ == NO, + H0 +0775
Mn2* + 26~ = Mn U185 | Hgy?* + 26~ = 2Hg +07073
Crit 4+ 26~ = (r -0.913 ﬂg+.+ e-=Ag +0.7996
2H;0 + 2e~ == H, + 20H" 0827 | Hgt* + 2e~ = Hg +0.851
It +2e"=1In -07618 2Hg?* + 2¢™ = Hg,™* +0.920
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H,{g) (at 1 atm)
Salt bridge |
l .
\ ! | Ir Reduction:
2H*(ag) + 2e~ — H.(g)
Oxidation:
H.{g) — 2H"(aq) + 2e”
Platinum electrode
 ———H,_bubbles
~—fL M acid solution
. e
Reduction
2H*(aq) + 2~ = Hs(g) E® = 0.000 V
Oxidartion
I H,(g) (at 1 atm)
Salt bridge i
| .
A 1 | I|r Reduction:
2H*{aq) + 2e~ — H_ (g}
Oxidation:
H.(g) — 2H"(aq) + 2e~
: = J Platinum electrode
 ———H, bubbles
-—,J— 1M acid solution
= =
Reduction
2H*(aq) + 2e~ = Hy(g) E° = 0.000 V
Oxidation
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Example from table 1in the book (Standard
Reduction potentials E°)

Table 1 Standard Reduction Potentials

it +e" =i “30401 | Gt 4o = Gt +0153
Ca*+2e=C(a ! -2.8;33- | Cu_z" + 2" :t C-u_. = +0.3419
Not + 6™ = No SN | O TR0+ dem = AOKT +0401
Mg+ + 26~ == Mg o3| ly+ 26” = +0,5355
Bett + 26~ = e -1847 A IFE3+;|- e~ = felt +0.M
A 436 = A 166 N0y + M+ Oy H0 +0775
Mn?* + 26~ = Mn ~1185 Hgy™* + 2e™ = 2Hg +0.7973
Gt +2e™ = (1 091 iAg+I+ e~ = Mg +0799
2,0 + 26~ = Hy + 20H" s Hg? + 2™ = Hg +0851
Int* +2e™ = In 0761 | 2Hg* + 26" = Hy,t +0.920

Calculating Electrochemical Cell Potentials !
(

. i 0 0 0
Formula for Cell Potential Or Eooll = Epeduction — Eoxidation

0 0 0
Ecell = Ecathode ~ Eanode
* The standard potential of a cell is the standard potential of the reduction half-cell minus the
standard potential of the oxidation half-cell.

If E°cell is positive (>0), the redox reaction is spontaneous ((~4L)

If E°cell is negative (< 0), the redox reaction is nonspontaneous (45 x£)

(a) (b) e ﬁ%]
(ﬁf—‘ ' =—Hjg
i | o
e Znit electiode
e =

M Cul i H e En' 4 acil solution
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Table4 Standard Reduction Potentials

Hlf Reacton BV | HaltReaction By

[ 4= 200 |G = HIE

(a¥* + 2= (3 | =] 868 | Cult 4+ 267 = Cy ) +(.3019

Na* e =M =11 054 2H,0 4 de™ = 40K" +0401

Mgt* 4 267 = g - m|1+2e--::zt- HOSBS

Be?* + 20 = fe -84 I"-Fa” o w2 et +07M

A 4 3 = =662 NO,™ + 2H* + 6™ == N0, + H,0 +0.775

Mot + 267 = n =1 185 1 Hg;’* =M | +0./973

(42 el =091 | Ag*-l- el | +0,799

M0+ 2™ = Hy 4 20H =08aM :Hqi'* t =H +0851

Wt 4% = 0068 | Mgt 4 2o =g +0.920

Write the cell notation and the overall chemical equation for a redox reaction occurring in a
voltaic cell. Page 184

Ha(g) — 2H"(aq) + 2e~ (oxidation half-cell reaction)
Cu**(ag) + 2e™ — Cu(s) (reduction half-cell reaction)

Ha(g) + Cu**(aq) — 2H™(aqg) + Cu(s) (overall redox reaction)

This reaction can be written in a form called cell notation.

Reactant Product Reactant Product

|| represents \

the itz andsalr H,|H* || Cu?* |Cu EQ,=+0342V  CellNotation
bridge V0| 4]

connecting the  Oxidation  Reduction

half-cells half-cell half-cell
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Calculate a Cell Potential
okS5S ENAMELE KNOWN UNKNOWN

Use with Example Problem 1. Standard reduction potentials for the  overall cell reaction = 7
Problem half-cells
The following reduction half- LU L | 0 -
reactions represent the half-cells ~ C&l  reduction  oxidation cel

i inn = 7
of a voltaic cell. cell notation = 7

,(s) + 2e~ > 2I(aq)
Fe?*(aq) + 2e~~ Fe(s)

Deter.minethe overall cell (s)+ 2632 (aq)  E0=+0.536V
reaction and the standard cell

2+ = =
potential. Describe the cell using Fe*"ag) + 2e™>Fe(s)  E°=-0.447V
cell notation. First, which one is oxidized,

and which one is reduced?

The half reaction with the higher E° is reduced

Given to you in the exam

The standard reduction potentials of each half-
reaction in Table 1.

Calculate a Cell Potential

Given to you in the exam The half reaction with the

The standard reduction potentials of each half- higher E0is reduced
reactionin Table 1.

,(s)+2e21(aq)  E0=+0.536V
Fe?laq) + 2eFe(s) E°=-0.447V
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Calculate a Cell Potential

IN-CLASS EXAMPLE
SOLVE FOR THE UNKNOWN (continued)
* Rewrite the iron half-reaction in the correct direction.
l,(s) + 2e72I"(aq) (reduction half-cell reaction) because it has the higher E°
Fe?*(aq)+2e>Fe(s) (oxidation half-cell reaction)
* Add the two equations.
l,(s) + Fe(s) > Fe**(aq) + 2I-(aq) Overall reaction
Calculate the standard cell potential.

« State the formula for cell potential.

0 s 0 _ 0
cell ~reduction oxidation

, 0 0 : : .
* Substitute £, ,,_and EFEQJrlFe in the generic equation.

-
0 0 0
cell I~ ~Fe¥|Fe

Calculate a Cell Potential

IN EXAMPLE
el I(s)+ 262 (aq)  E°=+0.536V (Reduction)

Fe(s) » Fe?'laq) + 2e- E°=-0.447V (Oxidation)

E® -40536V-(-0.447V)
cell
% -40.983v
cell

Describe the cell using cell notation.

* First, write the oxidation half-reaction using cell notation: reactant then
product.

Fe | Fe?*

* Next, write the reduction half-reaction to the right. Separate the half-cells by
a double vertical line.

Fe | Fe2* ||, | I-
Cell notation: Fe | Fe?* || I, | I

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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l,(s)+2e2I-(aq)  E°=+0.536V (Reduction)
Fe(s) > Fe?laq) + 2e E°=-0.447V (Oxidation)

EY - 40536V-(-0.447V)

cell
0

E~  =+0.983V
cell

Is this reaction spontaneous or
nonspontaneous?
It is spontaneous because the cell potential Ecellis

positive

PRACTICE Problems ADDITIONAL PRACTICE

For each of these pairs of half-reactions, write the balanced equation for the overall cell
reaction, and calculate the standard cell potential. Describe the reaction using cell notation.
Refer to the module on redox reactions to review writing and balancing redox equations,

1. Pt**(ag) + 2e” = Pt(s) and Sn*’(aq) + 2e~ = Sn(s)
2. Co’*(ag) + 2e” = Co(s) and Cr**(aq) + 3e™ = Crs)
3. Hg**(aq) + 2e” = Hgll) and Cr**({aq) + 2~ = Ci(s)
4. CHALLENGE Write the balanced equation for the cell reaction and calculate the standard

cell potential for the reaction that occurs when these half-cells are connected. Describe
the reaction using cell notation.

NO," +4H* + 3e" = NO + 2H,0
0, +2H,0 + 4e" = 40H"

Hg'" (ag) +2¢" - Hg(l)

Pt** (aq) +2¢” — Pt(s)
E,=+118V
Sn*'(ag) + 2 — Sn(s)
B, =-01375V

Co®' (aq) + 2¢~ — Co(s)
By = ~028V

Cr*' (ag) + 3¢~ = Cr(s)

E.4=-0T44V

red =

NO; +4H" +3¢ — NO+2H,0
E. =+0957V
Oy +2H,0 + 4 — 40H

E,q=+0851V
Cr*' (ag) + 2¢~ = Cr(s)

E, =-0913V

ed =

E:exl =+0401 V

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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PRACTICE Problems ADDITIONAL PRACTICE

For each of these pairs of half-reactions, write the balanced equation for the overall cell
reaction, and calculate the standard cell potential. Describe the reaction using cell notation.

Refer to the module on redox reactions to review writing and balancing redox equations.
1. Pt*(aq) + 2e~ = Pt(s) and Sn**(aq) + 2™ = Sn(s)

2. Co™(aq) + 2e- = Cols) and Cr**(ag) + 3e~ = Cr(s)

3. Hg**laq) + 2e- = Hg(l) and Cr**(aqg) + 2e~ = Crls) oq=+L18V

4. CHALLENGE Write the balanced equation for the cell reaction and calculate the standard 2y
cell potential for the reaction that occurs when these half-cells are connected, Describe Su”" (ag) +2¢ — Su(s)
the reaction using cell notation. By = ~01375V

NO, +4H +3e = NO +2H0
0, +2H,0 +de" = 40H"

Pt*' (ag) + 26 — Pt(s)

PRACTICE Problems X ADDITIONAL PRACTICE

For each of these pairs of half-reactions, write the balanced equation for the overall cell
reaction, and calculate the standard cell potential. Describe the reaction using cell notation.
Refer to the module on redox reactions to review writing and balancing redox equations.

1. Pt*"(aq) + 2e- = Pt(s) and 5n*f(aq) + 2e~ = Sn(s)

2, Co**(aq) + 2e” = Cols) and Cr**(aq) + 3e~ = Cr(s)

3. Hg**(aq) + 2e” = Hg()) and Cr**(aq) + 2~ = Cr(s)

4, CHALLENGE Write the balanced equation for the cell reaction and calculate the standard

cell potential for the reaction that occurs when these half-cells are connected. Describe
the reaction using cell notation.

NO," + 4H* + 3e” = NO+2H,0 By =+0957V
0,4+ 2H,0 + de"= 40H"

NO; +4H" +3¢ — NO+2H,0

s+ 2H,0 + de = 40H

2= +0401V

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING




School Branch 1

School Cluster 2.4
Zayed Ed. Complex -

Al Khawaneej C1,C2 & C3

balid g A 31559
MINISTRY OF EDUCATION

Jo¥! oyl gl
4.2 gt Gl

il 931 - aladll )5 pazea
A g aslidl g Jo¥laalell

Practice Problems
page 631
For each of these pairs of half-reactions, write the
halanced equation for the overall eell reaction and
calculate the standard cell potential. Express the
reaction using cell notation. Refer to the chapter on
redox reactions Lo review writing and balancing redox
equations.
1. Pr'*{aq) + 2¢" = Pe(s) and
Sn™(ag) + 26 - Snls)

Pi*(aq) + Sn(s) = PA(s) + Sn™(aq)
Ely=4118V - (01375 V)
E,=+132V
SnfSn* PPt

2. Co™ (aq) + 2" Cols)
Cr*(ag) + 3¢~ Crls)
3Co™(aq) + 2Cr(s) = 3Cols) + 2Cr*(aq)
5:. =028V (D74 V)
E,= 4046V
Cr|Cr||Co™|Ca

3. Hg(ag) + 2e - Hell)
Cr*(ag) + 2¢ - Crfg)
Hg*(aq) + Cris) - Hg(l) + Cr**(ag)
E.,=+0851 V- (-03913V)
ElL=41T84V

CriCr*|[Hg"(Hg

PRACTICE Problems

4. Challenge Write the balanced equation for the cell
reaction and calculate the standard cell potential for
the reaction that occurs when these half-cells are
connected. Describe the reaction using cell notation,

NOv + 4H' + 3¢ = NO + 2H:0
02+ 2H:0 + de” — 40H

4ANOy (aq) + 120H (aq) + 16H"(ag) — 30:(g)
+4ANO(g) + 14H:0())

B i =+0.957V - (+0.401 V)
Eﬂ ol = +0-556 V
OH{04[NOsINO

W ADDITIONAL PRACTICE

Calculate the cell potential to determine if each of the following balanced redox reactions is
spontaneous as written. Use Table 1 to help you determine the correct half-reactions.

5. Sn(s) + Cu?*(ag) — Sn?*(aq) + Cu(s)

6. Mg(s) + Pb**(aq) — Pb(s) + Mg**(aq)

7. 2Mn**(aq) + 8H,0()) + 10Hg™*(ag) —
2MnO,"(aq) + 16H"(aq) + 5Hg,*" (aq)

8. 250, (aq) + Co**(ag) — Co(s) + S,0,* (aq)

9. CHALLENGE Using Table 1, write the equation and determine the cell voltage (E°) for the

following cell. Is the reaction spontaneous?
Al| AF* || Hg* | Hg,*

Cu**(agq) +2¢~ — Cu(s) Pb** (ag) +2¢~ — Pb(s)

By =+0.3419V E:, =-0.1262V

red =

Sn** (ag) +2¢ — Sn(s) Mg"" (ag) + 26~ — Mg(s)

E,

red =

01375 V

E ., =-2312V

Het' (aq) + 26 — 2Hg(l)
ELy=+0920V
MnO; (ag) + 8H' (aq) + 5¢ — Mn*" (aq) + 4H,0(1)

Eiy=+1507V

I

Co®' (ag) +2¢ — Co(s)
Ei =028V
8,0; (ag) +2e — 250 (aq)
i, =+2010V

Hgi' (aq) +2¢ — 2Hg(l)
E.q=+0920V
AY (aq) + 3¢ — Al(s)

Ely=-1662V

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING




School Branch 1 o yutadl § il

School Cluster 2.4 4.2 uyud| Gladl
d Ed. C I _ ) ) . 3 i

Zaye m:np = bty A N 85109 &"Hl"“ﬂ e 45 au

Al khawaneej C1,C2 & C3 MINISTRY OF EDUCATION il g aptl g Jo¥l adlall

PRACTICE Problems W ADDITIONAL PRACTICE

Calculate the cell potential to determine if each of the following balanced redox reactions is
spontaneous as written. Use Table 1to help you determine the correct half-reactions.

5. Sn(s) + Cu**(ag) — Sn**(ag) + Cu(s)
6. Mg(s) + Pb**(aq) = Pbis) + Mg*'(aq)
7. 2Mn**(aq) + 8H,0(l) + 10Hg™ (aq) —
2Mn0, (aq) + 16H(ag) + 5Hg, ™ (aq)
8. 250,"(aq) + Co**(aq) - Cofs) + 5,0, (aq)
9. CHALLENGE Using Table 1, write the equation and determine the cell voltage (E) for the
fallowing cell Is the reaction spontaneous?
Al| AP || Hg [ Hg,*

Hey'(ag) +2¢ — 2Hg(l)
E =40920V
MnOQ; (ag) + 8H " (ag) + 5¢ - Mn*" (ag) + 4H;0(1)
= 41507V

H

PRACTICE Problems W ADDITIONAL PRACTICE

Calculate the cell potential to determine if each of the following balanced redox reactions is
spontaneous as written. Use Table 1to help you determine the correct half-reactions.
5. Sn(s) + Cu?*{ag) — Sn**(aq) + Cu(s)
6. Mg(s) + Pb**{aq) — Pb(s) + Mg**(aq)
7. 2Mn**(aq) + 8H,0()) + 10Hg**(ag) —
2MnO, (aq) + 16H"(aq) + SHg,*" (aq)
8. 250, (aq) + Co**(aq) — Cofs) + 5,0, (aq)

9, CHALLENGE Using Table 1, write the equation and determine the cell voltage (E) for the
following cell. Is the reaction spontaneous?

AL| AP || Hg**| Hg, ™

Cu?' (ag) + 2¢ — Cu(s) |
Eiy=+0.3419V

I

Sn’' (ag) + 2¢~ — Sn(s)

E,y = -0.1375V
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PRACTICE Problems ADDITIONAL PRACTICE

Calculate the cell potential to determine if each of the following balanced redox reactions is
spontaneous as written. Use Table 1to help you determine the correct half-reactions.
5. Sn(s) + Cu’*(ag) = Sn**(aq) + Cul(s)
6. Mg(s) + Pb**(aq) — Pbl(s) + Mg**(aq)
7. 2Mn**(aq) + 8H,0() + 10Hg* (ag) —
2MnO, " (ag) + 16H"(aq) + 5Hg,” (ag)
8. 250, (aq) + Co*(ag) — Cals) + 5,0, (aq)

9. CHALLENGE Using Table 1, write the equation and determine the cell voltage (E°) for the
following cell, Is the reaction spontaneous?

Al AF || Hg* | Hg,™

A g aslidl g Jo¥laalell

Hg' (ag) + 2~ — 2Hg(1)

AL (ag) + 3¢ — Al(s)

© = -1662V

Calculate the cell potential to determine if each of the
following balanced redox reactions is spontaneous as
written, Use Table 1 to help you determine the correct
half-reactions.

5. Sn(s) + Cu**(aq) — Sn**(aq) + Cu(s)
El, = +0.3419 V - (-0.1375 V)

E, - 0419V
E_, > 0; spontaneous
6. Mg(s) + Pb*(aq) - Pb(s) + Mg™(aq)
B, =-0.1262V - (-2372V)
E,, =+2.26V
E;, > 0; spontaneous

7. 2Mn* (aq) + 8H,0(1) + 10Hg* (aq) — 2MnOy(aq) +
16H" (aq) + 5Hgz*'(aq)

E',=0920V - (+1507V)
E,=-0587V

cell

E, < 0; not spontaneous

9. Challenge Using Table 1, write the equation and

8. 250 (ag) + Co*(ag) — Co(s) + $:06* (aq)
E,=-028V - (2010V)
E,=-229V

E;, < 0; not spontaneous

determine the cell voliage (£') for the following cell.
Is the reaction spontaneous?

AIlAI*|[Hg*[Hg.*
2Al(s) + 6Hg™ (aq) > 2A1*(aq) + 3Hg.(aq)
E.,=0920V - (-1.662 V) = +2.582 V

The reaction is spontaneous.
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| Check Your Progress

Summary Demonstrate Understanding

« |In a voltaic cell, oxidation
and reduction take place at
electrodes separated from
each other.

= The standard potential of a
half-cell reaction is its voltage
when paired with a standard
hydrogen electrode under
standard conditions.

« The reduction potential of

a half-cell is negative if it
undergoes oxidation when
connected to a standard
hydrogen electrode. The
reduction potential of a half-cell
is positive if it undergoes
reduction when connected to a
standard hydrogen electrode.

« The standard potential of

a voltaic cell is the differ-
ence between the standard
reduction potentials of the
half-cell reactions.

10. Describe the conditions under which a redox reaction

n.

12.

13.

14.

causes an electric current to flow thruugh a wire.
Identify the components of a voltaic cell. Explain the
role of each component in the operation of the cell,
Write the balanced equation for the spontaneous cell
reaction that occurs in a cell with these reduction
half-reactions.
a. Ag'lag) + e = Agls) and Ni*t(aq) + 2e~ = Ni(s)
b. Mg*'({ag) + 2e” = Mgls) and 2H"(aqg) + 2e” = H_[g)
c. Sn**{ag) + 2e- = Snis) and Fe¥**(aq) + 3e- = Fe(s)
d. Pbl(s) + 2e- = Pb{s) + 21" (aq) and Pt*(aq) +
2e- = Pt(s)

Determine the standard potential for electrochemical
cells in which each equation represents the overall
cell reaction. Identify the reactions as spontaneous or
nonspontaneous as written,
a. 2A1*(ag) + 3Cu(s) — 3Cu**(ag) + 2Al(s)
b. Hg?*(aq) + 2Cu*(aq) — 2Cu?*{ag) + Hagll)
c. Cd(s) + 2NO, (aq) + 4H"(aq) — Cd**{aq) +

2NO.(g) + 2H,0()
Design a concept map for Lesson 1, starting with the
term electrochemical cell. Incorporate all the new
vocabulary terms in your map.

IB Check Your Progress

Summary

Demonstrate Understanding

10. Describe the conditions under which a redox reaction
causes an electric current to flow through a wire.

1. Identify the components of a voltaic cell. Explain the
role of each component in the operation of the cell.

« In a voltaic cell, oxidation
and reduction take place at
electrodes separated from
each other.
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12. Write the balanced equation for the spontaneous cell

reaction that occurs in a cell with these reduction

half-reactions. - _

JO L '

a. Ag*(aqg) + e~ = Ag(s) and Ni**(aqg) + 2e~ = Ni(s) Sn®"(aq) + 26~ — Sn(s)

b. Mg?*(aq) + 2e~ = Mg(s) and 2H"*(aq) + 2~ = H,(g) eeir =AY

c. Sn*{ag) + 2e- = Sn(s) and Fe**(ag) + 3e~ = Fe(s) Fe* (ag) + 3¢~ = Fe(s)

d. Pbl,(s) + 2e~ = Pb(s) + 2I-(aq) and Pt*'(aq) + | By =-0.036V

2e- = Pi(s)

Ag”*(ag) + e — Ag(s)
E:, = +0.799 V
Ni**(aq) + 2¢~ — Ni(s)

Phls(s) 4 2¢ = Pbis)+ 2 (a
B = 0250V 2(s) (s) + q)

B, =-0365V
Pt*" (aq) + 2~ — Pt(s)

E ;=+4+118V
Mg* (aq) + 26 — Mg(s) :

Ely=-23T2V
2H" (ag) + 2e” — Hai(y)

E, = 0.000 V

13. Determine the standard potential for electrochemical
cells in which each eguation represents the overall
cell reaction. ldentify the reactions as spontaneolus or
nonspontaneous as written.

a. 2APRNag) + 3Cu(s) — ICuitlag) + 2Al(s)

b. Hg**lag) + 2Cu‘(aqg) — 2Cu**{ag) + Hgll)

c. Cd(s) + 2NO, (aq) + 4H*(aq) — Cd**(aq) +
2ZMNO.(g) + 2H,0()

Al (aq) + 3e — Al(s)
Eiy = —1.662V

Cu " (ag) + 26~ — Cu(s)

Hg* (aq) + 2~ — Hgll)
E., = +0851V

Cu*"(aq) +e~ — Cu” (ag)

EL, = +0.153V

NOy (ag) + 2H ag) + e — NO2(g) + H20(I)
Ey=+0LTI5V
Cd** (ag) + 2e~ — Cd(s)

Ejy = —0.4030 V

KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING




School Branch 1 Jo¥) sayutal| gl
School Cluster 2.4 4.2 Lyl Glaill
Zayed Ed. Complex - -— A oatl e ootasll ol
l‘lh - P . TN 7l 92l - aladll ol 5 aees
Al Khawaneej C1,C2 & C3 MINISTRY OF EDUCATION A g aslidl g Jo¥laalell
Lesson 1 Check Your Progress 12. Write the balanced equation for ihe spontaneous
page 632 reaction that occurs in a cell with these reduction half-
10. Describe the conditions under which a redox reactions.
reaction causes an electric current to flow through a
it ¥ a. Ag'lag) +e — Ag(s) and
Ni** + 26" = Ni(s)
An electrochemical cell in which an oxidation hall-
reaction and a reduction half-reaction are 2Ag' +Ni— 2Ag + Ni**
connected by a salt bridge and a conducting wire ” o
results in a flow of electrons (electric current) b. Mg*(aq) + zf’ - Mgls) and
through the conducting wire. 2Hrlaq) +2¢" - Helg)
+ I
11. Identify the components of a voltaic cell. Explain the Mg Mg+
role of each component in the operation of the cell. ¢. Sn’(aq) + 2" — Sn(s) and Fe* (aq) ! :
) + 3¢ = Fels) 13. Determine the standard potential for electrochemic:
A voltaic cell consists of an anode, a cathode, a salt cells in which each equation represents the overall
bridge, and a connecting wire between the two 2Fe*(ag) + 3Sn(s) - 2Fe(s) + 3Sn*(ag) cell reaction. Identify the reactions as spontaneaus or
::de;:trc;des.t :.'Ikxid::lliin t:kﬂe; place at ﬁ a:almli:;ﬁd d. PL(S) + 26" = Phis) + 21 (ag) nonspontancols as wrilten,
ctlon takes place t the catfnds, the 8¢ d Pi*(ag) + 2 P . 2A1%(ag) + 3Cu(s) = 3Cu™ (aq) + 2Al(
allows movement of ions from one solution to the il st : ]+ 08 o 0 10
other, and the wire allows the passage of electrons Ph(s) + 21"(aq) + Pt**(ag) = PbL(s) + Pi(s) E,,=-1662V - (+0.3419 V) = -2.004 V
from the anode to the cathode. nonspontaneus

b. Hg"(aq) + 2Cu’(ag) - 2Cu* ag) + Hg(l)
E = 40851 V = (+0.153 V) = +0.608 V
spontaneous

c. Cdls) + 2NOy {ag) + 4H'(ag) —» Cd* (ag) +
NO:{g) + 2H0(1)

B = 40.775V - (04030 V) = 41178V

spontaneous

Electrolysis

* Reversing Redox Reaction

* The use of electrical energy to bring about a chemical reaction is called

electrolysis.

* An electrochemical cell in which electrolysis occurs is called an electrolytic

cell.

* Forexample, when a secondary battery is recharged, it is acting as an

electrolytic cell.
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Reversing Redox Reactions
* The use of electrical energy to bring about a chemical reaction is
called electrolysis.

* An electrochemical cell in which electrolysis occurs is called an
electrolytic cell.

Voltaic cell

Voltaic cell Electrolytic cell

Figure 18 The zinc-copper electrochemical cell can be a voltaic cell or an electrolytic cell.
Infer in each electrochemical cell, which metal is oxidized? What is reduced?
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Quiz

1. Which is the use of electrical energy to bring
about a chemical reaction?

. reduction
. galvanization

. electrolysis CORRECT

. oxidation

Quiz

2. Which is an electrochemical cell in which
electrolysis occurs?

@ a voltaic cell © ahalf-cell

@ afuelcell @ an electrolytic cell
CORRECT
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Differences between voltaic cells and electrolyti

cells
Chemical energy - Electrical Electrical energy - Chemical
energy energy

Voltaic cells convert chemical
energy to electrical energy as a
result of a spontaneous redox
reaction.

Electrolytic cells use electrical
energy to drive a nonspontaneous
reaction.

Inthese electrochemical cells, the |These cells feature a positively
anode is negatively charged, and | charged anode and a negatively
the cathode is positively charged. | charged cathode.

The electrons originate from the Electrons originate from an external
species that undergoes oxidation. |source (such as a battery).

NOTE: Cathode is ALWAYS where Reduction happens regardless if the cell is voltaic or Electrolytic.

Anode is Always where oxidation happens regardless if the cell is Voltaic or Electrolytic.

* What type of electrochemical cell is this?

Electrolytic cell

* What is the charge on anode and cathode?

Anode is positive and cathode is
negative

* |s the cell reaction spontaneous or nonspontaneous?
Electrolytic cell

Nonspontaneous
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Electroplating

Oijects are electroplated when o uniform coating s deposited usually as a protective or
decorative layer. The substance used is typically a metal. Electroplating with a mietal
such as silver is accomplished with a mothed similar to that wsed to refine copper. The
ebject to be silver-plated is the cathode of an electrolytic cell, The anodse i= a silver bar or
shect, as shown in Figure 22,

Ab the anode, silver is oxidied o silver ons a8 electrons are removied by the power
sanree. Al Lhe cathode, the sibver lons ame educed to stlver metal by clecirons from the
external power source. The silver forms a thin coating over the object belng plated,
Current passing through the cell must be carefully controlled in order to get o smoath,
even mital coating,

Fgare 22 Power b neoded i oxidine sitver at the anode and redotn sitver ot the cathode. [n an electralytic
cefl used for slfver plading, The obsec] o be plabed is Ehe cothode whsete slser ons in the eleciroile solution
AR redulid 1o Wity mali and depoiibed on U obapct

In the voltas cell vhown bebow, wisere are the lony =¥ lﬂy.mupwpﬂlﬂ
mare Irom one wade 1o smoihar b Ta A A s

-

i

{

|

— -

F e

Lo o ';.".'." }hl--ii
"
i

-Ef

F T I:I" . Bivai i

Y

Through the silver sirip Al ol "3
Through the salt heidge dantal i k! ik

Through the copper wire TG, 1Y

o O O 0

Through the gind strip R S
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Which af the fellowing reprevends the cell oo g T A D a5 By o
fedathon for the veltais cell comdsting of sbckel Ta el €y 0D Link
anil caleium electrodes®
_ Ni** + 2" = i -0.157
Ca'' +2e ~Ca | -2.868

Ca'' |Cal KilNE*
NP [Killca® Ca
NINE |t [Ca

CalCa®* [NF* N

i e e ol Bedors . Wl epereeseats

D Q| Q| @

A o o ek Hlally T il

LT R R TR [ T e T Ly ma
S - e M b
2Br- + a, — Br, + 2CI-

JRay! el Cheal
Reduction half-reacton

2Br" + 28" —» Br,

Cly —a 201" + 20~
IBr —» Br,+ 2e Cl; + 28 —» 2CF 3
Cl, + 2a” —= 2CI° 2Br" — Bry + }a 4

280 + 26— Br, 2
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The figurc below shows & picture of 4 kev being clectroplatod with copper in an
electrofytic cell Which o the following statements s froe?

3. Cafiper 1s i il 0 0 oy at the cathode
b, veduction of copper jans occurs on the anade clectrode ¢

¢ Ihe mass of the copper clectrode mereases

d. electrical corgy is wsed t cause & redox reaction
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LM, 5 6 00 0010 07 Explain why carbon farms many compaunds
M5 6 00 00314 idaptily the mais |general) charactariitic of an organe: compound

P EHM. A 5,00 d10] AW Explain, using Lews diagiam and bal-itikk modsl (ke dfamncs babvess safiralod and onestisnbed Fydeooelons

CHM.S b ] (08T Dnacrbe e process ned & aepanme deirolpm comgainds by o pkinieg ta physcal property @l during 1he

[HElCA R

Wﬁy can Carbon atom form so many different organic
compounds?

» 1. a carbon atom has four electrons in its outer energy level

valence electrons).
« Carbon can share 4 valence electrons, thus it can make a total of
4 covalent bonds
.
P SN
I'I.. .-'ll.. ."'... "‘ll-l
@ i ¥ (€))*
| l.'-l .“'\-_‘.h- ‘-..._,. .IIII'I
~ N
AL
T
<C: 182 28?2 2p
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Why can Carbon atom form so many different organic

compounds?

« 2. a carbon atom can form
four covalent bonds with
atoms of carbon or with other
glements because it has 4
valence electrons.

Recall! covalent bond is formed whan
two atoms share pair of elactrons,

Why can Carbon atom form so many different organic
compounds?

3. Carbon can form single, double, or triple covalent bonds.
Typeofbonding | Bond structure | Example 3D ple |

T [
A - [ e J?“
|l : '
Doubls: o= [ e VF{
/ I

Ethyne

m —C= H=C=C-H U‘“‘L
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Figure 2 Carbon can bond to four other elements
and form thousands of different compounds.

“ Sn
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Madaie nf Meihane
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Models and hydrocarbons Chemists represent organic molecules in a vanety of ways. Fpae 2ie
shiows four different ways to represent 3 methane molecule. Covalent bonds are represented by a
single straight line, which denctes two shared electrons. Most often, chemists use the type of
rmodel that best shows the information they want ta highlight.

A5 shown in Figue 2.4, molecular formulas give no information about the peometry of the molecule.
A structural formula shows the peneral arrangement of atoms in the molecule but not the exact,
three dimensional peometry. The bal-and-stick model demonstrates the peometry of the

molecule clearly, but the space-filling moded gives 3 more realistic picture of what 3 molaguls
would look like if you could see it. Keep in mind as you fpok at the models that the atoms are held

tlosely togather by elactron-sharing bonds.
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Lewis structures and structural formulas

* Carbon can bond to other carbon atoms in double and triple

bonds. These Lewis structures and structural formulas show
two ways to denote double and triple bonds

One shared pal Two shared pai
E.. ..Im w" .?am Three shared pairs
: c : c : c : : E L LN L
| \ /
—ll':—E— ;{:Eg — =
I

Singhs conslent bond Double covalent bon TSRS
- and « = catbon elecirons
« = electron from another atom

Bondingin
Hydrocarbons hydrocarbons
->Bondingin hydrocarbons: | | |
: Multipl
" AR E Single Bonds wone
Bonds
MNote:
the ending —ane indicates a single bonds only, ’_[ ]-I
The ending —ene indicates a double bond,
and —yne indicates a triple bond. Saturated Unsaturated
Hydrocarbons
= Hydrocarbons |
the term “unsaturated” means more 'T [
hydrogen atoms may be added to 1
: L o
the hj;dmcarhun to make it saturated. i o i " 1::1._1 o T
i Mo , T e
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Reacting with Bromine: Double and triple bonds
(Unsaturated hydrocarbons)

Not reacting with bromine (single bonds): saturated
hydrocarbons

§ | CHMLS 608 013,872 Use IUPARD ayubem to sama siphaslic alknnss [ll:-lu.iql'n'.' chain, brmnchsd, non-ibalilubed and sobsbiubed)

IEF | CHSLSGANOF03 Ui IUPAL syabem B0 samo Cycioalknnss [non-Dranoned, eanchad, non- subadtuled and subsbiisd)

CHML 5 6.00.0 i Use the stuctures snd furdtiossal groups 10 rmerpnet tha physical propartias of crganic compeonds (&g, meRing pond,
it

bl poind &d scdubity in 'HH:EI].

Straight-Chain Alkanes

Alkanes are hydrocarbons that have only single bonds between
atoms.

Structural Ball & Stick .

Model
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Straight-Chain Alkanes

+ Thenames of alkanes end in -ane.
» Alkanes with five or more carbons in a chain have names that use a prefix

derived from the Greek or Latin word for the number of carbons in each chain.

* Example: pentane Table 2 First Ten of the Alkane Series
":}'“m::" Condensed Structural Formuls

Lirihane CH, iCH;
Hhane G oha,
Fropane . iy | i, 0
bawe | Gy OHOUONON
Punine Caty O, 0 CH M,
e | G| CHOHONCHENEN
fsplane € iy (CH)CH CHCH M CH O
Grtne . Cly | CHICH
v EgH CHCH 3 EH,
pow | G oWomoh

Table 3 Common Alkyl Groups

| Propy | bopropd | Buny
EH II:HJCH"-._ CHJ_EIHfHIJ EHJCH;EH;CHJ._
H
| ‘
H=C=H
H=C= H—?—H 1
H=C—H
=t e |
H=C=H
H=C=H | H ? 4 |
|
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Straight-Chain Alkanes

» A series of compounds that differ from one another by a repeating unit is called a
homologous series.

« A homologous series has a fixed numerical relatiﬂnship among the numbers of
atoms. For alkanes, the relationship between the numbers of carbon and
hydrogen atoms can be expressed as C_H, .., where nis equal to the number of
carbon atoms in the alkane.

+ Forexample, heptane has seven carbon atoms, so its formulais CH,, ., or C.H,,

Branched Chain Alkanes

« (Carbon atoms can bond to one, two, three, or four other carbon atoms, making a
variety of branched-chain alkanes possible,

« Astraight-chain and a branched-chain alkane can have the same molecular
formula, but their structural arrangements are different.

« The order and arrangement of atoms in an organic molecule determine its

identity,
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Your Turn!

* Use the IUPAC rules to name the following structures.

A ':l:Hg 'll:H3
CH;CHCHCHCH,CH;,

2.4-dimethylhexane

Your Turn!

* Use the IUPAC rules to name the following structures.

A, [l:H] :l:Hi
CH]CHEH;[:H{:H;'CH}

2.4-dimethylhexane
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Your Turn!

* Use the |UPAC rules to name the following structures.

2. "-lfH'a ffHa
CH _;{l:CH +CHCH,
CH;

Your Turn!

* Use the IUPAC rules to name the following structures.

oy
tHlﬁZEH;EHEHi-
CH,
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Plenary Page 224

Draw the structures of the following branched-chain alkanes.

'1:H-| EH: 'itHE:HImI
* a. 2, 3-dimethyl-5-propyldecane oM, ~CH— CH~CH,~CH=CH,~ CH,~ CH, ~ CH, ~ CH,

« h. 3,4,5-triethyloctane fT'HIEHJ fI:FLJ:H1
EH,EHECH—tltH—EH CH,CH,CH,
CH,CH;

Cycloalkanes

* An organic compound that contains a hydrocarbon ring is called
a eyclic hydrocarbon. (Cyclic = ring-like structure)

* Cyclic hydrocarbons that contaln enly single bonds are called
cycloalkanes. Example: cyclohexane

* The relationship between numbers of carbon and hydrogen
atoms in cycloalkanes can be expressed as: C H,,
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Cycloalkanes -
Cyclic hydrocarbons such as cyclohexane are #FH
represented by condensed, skeletal, and Crll'l: Cil"l:
line structures. R CHy
-~
CHJ
Condensed structural
formula
7
{:“"'c _,,.-‘E
Skeletal Line

structure  structure

I
Activity (Practice Problems page 226}

il Q/FH.

methylevelopentane

CH, CHCH,

2ethvl-L4-dimethyleyelohexnne
{CH«{CH-

CHW(CH
1 3-diethyleyclobutane

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1

School Cluster 2.4
Zayed Ed. Complex -

Al Khawaneej C1,C2 & C3

Jo¥! oyl gl
4.2 gt Gl

by Ao 53185159 @Ql,ﬂl-@q&ﬂlquw
MINISTRY OF EDUCATION A g aslidl g Jo¥laalell

%

1. CHALLENGE Draw the structures of the following cycloalkanes.
a. 1-ethyl-3-propylcyclopentane
b. 12,2 4-tetramethylcyclohexane

11. Challenge Duw thie structures of the following
cvekatianes b. 1,2.2,4-tetramethylcyclohexane

i J-ethyl-3-propylevelopentane CH,
€M, CHy

CH,

_-{:;HT ":HJ

Properties of Alkanes

« The structure of a molecule affects its properties.

»  Alkanes are nonpolar. They have little intermolecular | yu010 8 Comparing Physical
attraction and do not form hydrogen bonds like water. Properties
Subitance l HM
L 4 | WateriH 0|
+  Asaresult, they boil and melt at lower temperatures ahd farmula ICHY
than water. Molecular TSI,
*  Also, they are more soluble in solvents composed of PR
nonpolar molecules than in water, s ood | g
temperature
Boling WL -
pornt
Mehi
ool n‘t"ﬂ oY -6
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Properties of Alkanes: Chemical properties

+ The main chemical property of alkanes is their Low reactivity, Why?

* Molecules such as alkanes, inwhich atoms are connected by nonpolar bonds,
have no charge. As a result, they have little attraction for ions or polar molecules.

+ The low reactivity of alkanes can also be attributed to the relatively strong C-C
and C-H bonds.

® Figure 21.11 Wany ahiti—usid

s ab thimers for pals, coalngs, wakes, pho-
C oo tonas, adhiives, and frintis priss

mks—ortaln alkanes snd cytloaltanes
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| Check Your Progress
Summary Demonstrate Understanding
+ Alanes contain only singhi 12. Describe the main structural charnctonstcs of afeane
st peiwanen carbion ajoms makaCules
« Alangs and other geganic 13 Name ihe folowing structuros using IUPAC rules.
COmpounds ia best repre- i b cH, €
sented by structursl formulo cH, l}L..lI: o CH, CH,
and con ba namicd wsing { H
systematic rulis determined by wm"‘c""ﬂ"’ CH. CH, CH,CH,
ihe International Unkon of Pure
and Applied Chenntry lUPAC), 14, Describe the general propertis of alkanes.
+ Alkanes that contain hydro. 15 Draw the mobecular structung for each of the
carbon fings are called cycic tatigweny
alkanes. a ddwtwiegtane  c oihyl-d-methy
EyChoteauang
b d-omropyl: d Ld-dmettyicyclopropans
Fmettldecant
15, Interpiet Chamical Structunes Wiy i 1he pafme
B butyipentane ncotrect? Bated on this name, wilte
e sarusctiisal foemiila for the compound What & the
cofrect IUPAC namss for 3-bubyipentang?
t:l mhﬂmd m“l'l k5 m“lh’l‘l.h“ ﬁhhlhﬂl‘l{h ul"hr
o wnckbniidin i
ARy wre chaln o ring hydrac arbany o LAt Buptine
ro g wmly vingle rurksn cailen ooy albiad CH -,
. M - =
1k Maem the folbmed viraties inwg [LPAL Adds O, 08,
[ |.'r| b detoprepid Lok Bedane
EH ECHCH CHACH i ::
T m.r'lnll.
Y wmihi prmim o D,
B b lolgtdatyihbenss Wmﬂﬂmu‘mﬁﬁ
CIECER Oy cHyom, ket vl formedy for e compound Wik ja
. iy ™ coerrt TUPAL mame for T-ryipenians?
“ o o, :
12 dismrths lpempane Oy e T
5 l:“'._,r" gl i |2 Sl lopropass H Iﬂu
W CHAH o ol
Ut} LA trimethyberelohessn & HEEEEEH
iHy 1k kepgnd comdinmsw corbes chain mnians
14, Describe the genenl properties of alkanes wevem carhon st wot five corbun stoms. Furess
chtia oy vesom carle abvimn with o il | grep
The C-C and C-H boads are nonpalor, making i il N Loiky Thoptant.

alkamis imeolubls is warter, o polar solvest. Allcanes
wre good sobvents for other nonpolar sabstances,
The bends are slsa strang and siakle, making
shkamis relatively unresctive.
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17 |CHAALS 601 .00 10X Drrw the structure of an aluene given s IUPAC name

13 |CHLS.6.01.00 106 Use IUPAC system 19 name alones {siraight chain. branched, non- substituled and subsblubed)

14 JCHAL 50000 107 Use IUPAL wyshim fo name alomes (idraight chan and branched)

Alkenes

* Alkenes are hydrocarbons that contain at least one double bond.

Because an alkene must have a double bond between carbon atoms, there is no 1-carbon

alkene.

The simplest alkene has two carbon atoms double bonded to each other.

The remaining four electrons—two from each carbon atom—are shared with four hydrogen
atoms to give the molecule ethene (C,H,).

The smallest Alkene
. “Ethene”
J
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Examples of Alkenes -
Etheiie Propene 1-Butene 2-Biitene
CH, GH; CHy CiHy

CH=CH,  CHCH=CH,  CHCHCH=CH,  CH,CH=CHCH,

Alkenes

* Unsaturated hydrocarbons that contain one or more double
covalent bonds between carbon atoms in a chain are called
alkenes.

* For alkenes with only one double bond, the relationship betweern

the numbers of carbon and hydrogen atoms can be expressed as:
CnHI.n
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Naming Alkenes (with 4 or more

+ To name alkenes with four or more carbons in the i 1 3 @
chain, it is necessary to specify the location of the (=C—=C=C
double bond, fig. 21.12. I-Butene

y 2 3 4

« This is done by numbering the carbons in the C=C=C~-C

parent chain, starting at the end of the chain that 2.Butene

will give the first carbon in the double bond the

lowast number, : 1
Then, use only that number in the name.

3-Butene

& 2 2
C=C—C=C

1-Butene

a. Straight-chain alkenes

Naming Alkenes (Cyclic Alkenes)

» Cyclic alkenes or cycloalkenes are named in 5
much the same way as cyclic alkanes; however, p | CH,
carbon number 1 must be one of the carbons
connected by the double bond. In the figure, note 3 ;
the numbering in the compound. CH, y
b. Cyclic alkenes

»The name of this compound s
1,3-dimethyleyclopentene.
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Naming branched-chain alkenes

When naming branched chain alkenes, follow the IUPAC rules for naming
branched-chain alkanes, but with two exceptions:

1. First, in alkenes, the parent chain is always the longest chain that
contains the double bond, whether or not it is the longest chain of
carbon atoms.

2. Second, the position of the double bond, not the branches, determines
how the chain is numbered,

The positions of the double bonds in o, I
alkenes are numbered in a way that gives | o (ogy-c, .
the lowest set of numbers, This s true of =~ ° ° ° T ST
both branched and straight chain alkenes, S B O
4 heptadens
b Yot dodte bond b T dokie honidn

Naming branched-chain alkenes

* For alkenes with more than one double bond, you must indicate the
position of the double bond(s) using a prefix (di-, tri-, ete.) before
the suffix -ene,

Example: 2,4-heptadiene

* The positions of the bonds are numbered to give the lowest set of
numbers,

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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NAMING BRANCHED-CHAIN
ALKENES {Page 231)

[NCLASS EXAMPLE
ot CHyCH=CHCHCH,CHCH;

Mame the alkzne shawn, ] |

CH, CH,

MNAMING BRANCHED-CHAIN

ALKENES (Page 231)
INCLASS EXAMPLE
: SOLVE FOR THE LINKNOIWN
LI8 N ZAOTIPE EHET 2 Step 1. The longest continuows-carbon chain
Problem that includes the double bond containg saver
Mame the afiozne shown. carbons. The T-carbon afkane is heptans, but
the name & changed to heptene because &
LHCH= L-HEH: H.I'EH'EHi doubde bond is present.
CH, CH, * Heptene parent chain
CHCH —{H!{HEH.EIH-I}I'-.
tH; H,
Response e
ANALYTE THE PROBLEM Step 2. Mumber the chem to give the [owest

number ta the doubde bond.

You are green a8 branched-chain alkene that +  I-neptens parent chain

contains one double bond and two afkyl
graups. Follow the |UPAC rules to name the

arganic commpaund, ':HTI-_-H=EH'|_-_HD||'|§|{H:

CH, O,

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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(Page 231)

NAMING BRANCHED-CHAIN ALKENES

INCLASS EXAMPLE

Step 3. Name each substtuent,
*  Eagh iubsttuent id o methy! group

O CHOHEH CHEH,
N, M
| |
Do oyl finif

Stap 4. Detarmong how many of sach subitituent
|4 prasert. and assign the correct prefis
represent that number. Then, include the pastaan
Aumbers 1o get the complete pref.

*  X-hepiene parent chain

* T methy! zroups st Pontans 4 and 6

* Peafin is 4, Brdimethy!

i i
CH,CH= CHCHCH CHCH,
i
H, W,

Step 3. The names of substituents de nat
have to be alphabetizad because they are the
sarna, Apply the complate prefia to the name
af the parent alkene chaln, Lse commag

hetwaen purmbers, and hyphens between
nimbers and words, Write the rame 45

dimathyl-d:haptena,

EVALUATE THE ANSWER

The lengest carban chain includes the
double band, snd the pesition of the double
and by the [yt pezible number
Correct prefiues and alkyl greup name:
designate the branches

Practice Problems Page 232

Use the IUPAC rules to name the following structures.

& CH(H= EHC|HEH;
CH;

b '|:H1
¢|:H, 11:H3
CH;CHCH,.CH= CHI'JIHJ

CH;

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Practice Problems Page 232
Use the IUPAC rules to name the following structures,
t .|;|:|:4l
B CHCH= ':H':]:H':HH CH; CH,
I I
ch CHCHCH,CH = CHCCH;

o,

4-methyl-2-pentenc 1.1 6-trimethyl-3-octene

Table 6 Examples of Alkynes
Condensed Slidetural

F&i il

Matecular Farmula GEhructuial Formula

Elfwyme CsH; | H=C&C—H CH=CH
k. i i.

Propyne CH, H-r:-c—:';-H CHmCCH,
’
H H

1-Butyne CaHg H=(Cm({— ||: lI: =H CHECCH;CH;
i
H H

&-Butyne CiHy H—I'.L-'C -E"I..IT-H CH,CmCCH,
| [

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Naming alkynes

+ Straight-chain alkynes and branched-chain alkynes are named in the same

way as alkenes. The only difference is that the name of the parent chain ends
in -yne rather than -ene.

+ Alkynes with one triple covalent bond form a homologous series with the

general formula C_H,,_ .

H H IT] H
e e — L et H_CEC_?‘#_H
1l 2 3 1 1 2 H 3 H 4
H H
2-Butyne 1-Butyne

Check

*  Whatis the name of the alkyne with the formula C,H,?

a. ethane
b. ethene
& Etlh_\_.rne
d. ethylene

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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A. B !
H—f|'=f'=|:i“—H IIEF—I'.'—H—I.'l.'—H
H H H
L ||| I3, Ill
H—C= -I.'_'ﬂ—li'-—H H -rl_'_'—-["ﬁl_"--"ll

I I .
H H H H

Which of the figures above is the structural formula for propyne?
A

B
L
D

Check

. What is the name of this hydrocarbon?

CH; CHs

| |

H3C—-CH—C=C—CH—CHs

2,5-dimethyl-3-hexyne
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+ Hydrocarbon lsomers:  INtroduction

« Some hydrocarbons have the same molecular formula but have
different molecular structures.

Have you ever met a pair of identical twins?
Identical twins have the same genetic makeup,
yet they are two separate individuals with

different personalities.
Isomers are similar to twins—they have the m

same molecular formula, but different

molecular structures and properties. ?Hs
CHy—CH;—CHy—CH3 (H3—CH-CHy
CiHy E.sHm
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Structural Isomers

* |somers are two or more compounds that have the same molecular
formula but different molecular structures.

* There are two main classes of isomers:
* structural isomers
* Stereocisomers
* Geometric Isomers
* Optical Isomers

1. What is the name of two or more compounds with the
same molecular formulas but different molecular

structures?
* telomeres
' chiral molecules
. ISOmers CORRECT

t Compounds with the same molecular formulas
never have different molecular structures,

END OF TERM 03 REVISION 2025-2026 -
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED
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* Structural isomers have the same chemical formula, but their atoms are
bonded in different arrangements.

* Structural isomers have different chemical and physical properties.

* The structure of a substance determines its properties.

e iy

E.Himﬂn'lllﬂlﬂlm
bp = }EF = =

2. What is the best name for the molecules shown below?

@ isomers . stereoisomers

'. Structural isomers

. geometric isomers

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Check

* \Which of the following compounds cannot have
different structural isomers?

A, CiHy
B.  C.H,
[c. CH,

D.  CeHy,0.

Pantane

m-ﬂ LERTT Y ST ) FRE T R ] R TR

E s Illl-.l-l'll'l-ll-l.._l.l-lt-

Al e Fi

iilr'li-ll-ll-ll |.|-|:|l-|||-|ni-|||p-|--||
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Butane
1 a) fH" Formalae JUPAC names
OHy~Chy=CHy~CHy  CHy~CH=CH .l = ly - iyl Cly Hoe
Butane (C.Hy)  2methylpropana (C,H,,) 2ty = Clly = Cy = GH = CHy 2ty priane
CHs

Pentane

0-y-CH-CHy-Cly - Hponne

e o ey CHy
! 4, CHy = CH - CH - CH, w
cl
| %
5. CHy=C=CHy=CHy 2, -Dimethylbutane
I
Iy = o :ﬂ:ﬂ £ :-:“'-.'I J m]
:I;E
Butans
o) ?H’ Formtue 1UNC nases
CHy=CHCHy=CHy  CHy=CH=CH 1. CHy = CHy = CHy-CHy-CHy-CH; - Hevane
Butana (GH,)  Zmethyipropand (G.H| 1“'1'“'1'“'1'?"-“‘1 2-malhyl pantare
CHy
Pertans ’*ml*“ﬁ‘lﬂi*ﬂh*fﬂj J-Methylpentane
s Dy iy Lo - O ml o, )
- CH - O -
f o, -
CHy
W f‘ T 5. m,-i:-m,»m, 1, MDimethy bt
iy g e "1'1'!;

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il

School Cluster 2.4 ik ) ﬂum \[ 4.2 puyud] Gl

Zayed Ed. Complex - il el wl s

Al Khawaneej C1,C2 & €3 e temtliiiny e iy
R MINISTRY OF EDUCATION il g aptl g Jo¥l adlall

N P owl el T il

Stereoisomers

« gre isomers in which all atoms are bonded in the same order but are
arranged differently in space.

» There are two types of sterecisomers:
+ Geometric Isomers.

» Optical Isomers: “Chirality”, mirror images (right- and left-handed form).

The single-bonded carbons in xil ”
athane are free to rotate around the C? o |
bond. - :

The double-bonded carbons in
athene resist being rotated.

Stereoisomers

* here are two types of sterecisomers:

* One type occurs in alkenes, which contain double bonds.
Two carbon atoms with a single bond between them can
rotate freely in relationship to each other,

* However, when a second covalent bond {dnubla bond) is

Frmnt the carbo
Lingls pmen end Divald powaling 50edl
\ ;
£\ ¢ I
Wiy - - T
E-ﬁ' 5 . .
oL >
Lol bbby ot {abaang Bowd 0 pémmipn
B fElatian poiith
Ethane Elhene

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 e Jodl gytadl gyl

School Cluster 2.4 Y 4.2 syl Gl
d Ed. Complex - ) g3 - udatll gl

Zaye m:np = bty o 015,559 @l"“ﬂ e IQIJW

Al khawaneej C1,C2 & C3 MINISTRY OF EDUCATION il g aptl g Jo¥l adlall

Geometric isomers

Isomers resulting from different arrangements of groups around a double bond are
called geometric isomers.

cis- trans-

3. Which term that means across from is used
to describe and name sterecisomers?

® trans ® evo

® o ®
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o
|somers resulting from different
arrangements of groups around a double
bond are called geometric isomers. HH
'w.clul' "o,c.nl
Pt Y &,y
« Cis means the branches are on the e HF' E"i-a H
same side, of the double bond
o - - Eutere 60 Ha!
H M
i bd
W =l M
H C
= trans means the branches are across el
from each other. R ——
e
b = 0T
Geometric isomers have different physical
and chemical properties.
= Fapare W 4 o Bl cdbmsi B Gl imgbbint vl
IR YR T VLY T e T
“:‘l‘lﬂ:“lFﬂ'ﬂ'ﬁuu—[
FEEE
Tejihe Mo du g Fomdd P Ao vde'
B AT
s o dbarn el 16 e e
g i e | Ea g !
im0 SN p, P RS
it e maka
E1huar Fihene
Caudale bonded campoands cnly
rleram b s e
= Flpardy ™ 150 ey o J s ey s p By e p a1 e i
Pl PRETY Dl B T T SR AR TR P P CERTLY VLR BT
EEF AN EN b e T R e TS E N T RN R Rl
ki H
H H i L
-..: F ‘I: ¢ #ﬁ . H
i A g’ H
H g=t W " H;'E '&ﬁ
H H -"'
H H
ol {1 R
rp = —1H¥C
g = L
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17 | CHALE 60100004 Datinguish smong sl phale and argmabe Pydiscafion
18 | CHMLS.6.01.003. 2 Describe the Slruchire of benzens and &5 reactly
19 | Ioenithes e haadn riss of pOposure 1o Aromatic compounds [‘-'.'-EI"[JEIIEFIE Wﬂ'lﬂ.ll'lﬂﬂ:l
Starter
Match each keyword withits ~ Ringfeyclic
proper structure below Straight-chain
Branched chain
i H H H H
CH, ' | /
| "'hc‘/ N H—=C(—C—C—Cm=(
H ~H A \
CH. - H H
| Tl I T
(H=—CH = CH,~—CH H H
cpelapertae
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EXPAND YOUR THINKING

To which family of hydrocarbons do you think “C.H." belongs
to?
What is Its name?
Which structure does it have?

The Structure of Benzene

* Benzene molecule CH,

Because the benzene molecule had so few hydrogen atoms, chemists reasoned that it
must be unsaturated; that is, it must have several double or triple bonds, or a
combination of both. They proposed many different structures, including this one
suggested in 1860

CH;=C=CH—-CH=C=(H,

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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The Structure of Benzene
* Benzene molecule C.H;

Although this structure has a molecular formula of C.H,, such a hydrocarbon would be
unstable and E:Irgmelyr reachve hgf;ause of its many double bonds.

However, b 2 was fairly unreactive, and it did not react in the ways that alkenes and
alkynes usually react.

For that reason, chemists reasoned that structures such as the one shown below must be
incorrect.

=C=CH,

The Structure of Benzene * Benzene
molecule C.H,

» Kekulé’s dream: Kekule proposed a different
kind of structure for benzene— a hexagon of
carbon atoms with alternating single and
double bonds.

» Kekule claimed that benzene's structure came to ~
him in a dream.

+ The flat, hexagonal structure Kekulé proposed
explained some of the properties of benzene, but
it did not explain benzene’s lack[+42) of
reactivity.n

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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What can explain why Kekulée

model of C;H, (Benzene) lack high
reactivity???

Kekulé Structure (Isomers)

H H

H H

What is the difference between both structures?

Alternating single and double bonds.
The double bonds are changing their places.
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The Structure of Banzene
+  Linus Pauling's hybrid orbital theory explained benzene's (8} 8}

lack of reactivity.

+  This theory predicts that the pairs of electrons that form
the second bond of each of benzene's double bonds are

shared among all six carbons’ nuclei in the ring,

® Flgure 25 Berrenis honiig
lechins Spraan everly in 4 doubée-danut

+  This makes benzene chemically stable because electrons shae dround the ring instead of remaleieg

reai individual stams

shared by six carbon nuclei are hard to pull away.

Benzene
nttpe./fedushare. moe.gov.ae/Uploadz/Resourcesed 766 Th-8a7a-
44971 %0 afBead] 95RF 3/EERERT 211 2021 504/ ind=x, ktm|

Page 5 video

Quiz

1. What did Friedrich Kekulé’s proposed structure of
benzene fail to explain?

@ its reactivity

@ its lack of reactivity

@ its boiling point

. its melting point
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Quiz

2. Which of the following best describes the
structure of benzene as it is understood today?

. It is a ring structure,
@ 1tis alinear structure,

. It is a ring structure with six carbon atoms,

. It is a ring structure in which electrons are
shared by six carbon nuclei.

Check Your Understanding

Select the correct answer.

Which of the following statements applies to benzena
l: contains 12 hydrogen atoms

ll: unsaturated hydrocarbon

I undergoes adodillon reactions
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Aromatic Compounds vs. Aliphatic Compounds

Aromatic Aliphatic

compounds s compounds

Organic compounds | Hydrocarbons such
that contain as the alkanes,
— benzene rings as —  alkenes, and
part of their alkynes. NO
structures | benzene rings

Aromatic Compounds

* Organic compounds that contain benzene rings are called
aromatic compounds.

* The term aromatic was originally used because many of the
benzene-related compounds known In the nineteenth
century were found in pleasant-smelling oils that came from
spices, fruits, and other plant parts.
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Aromatic Compounds

* Hydrocarbons such as the alkanes, alkenes, and alkynes
are called aliphatic compounds to distinguish them
from aromatic compounds.

* The term aliphatic comes from the Greek word for fat

because the compounds were obtained by heating
animal fat.

Check Your Understanding

Select the CORRECT answer,
Stady the four simectures Balows, WHIEh INE COMMpoamnds iE arenmaid
H:I
™y ) é
compound A compound B compound C  compound [
A, C and D A B C andD
Cand D only D
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Check Your Understanding

Select the CORRECT answer,
Study the four structures below, Which of the compounds 1s aliphatic?
@,CH: ;C:Iu O W
campound A compound B compound C compound D
A, C, and D A B, C,and [
CandD anly 0

All of the compounds zre aliphatic as none consist of benzene rings

Carcinogens (Chemicals that cause
cancer)

*Many  aromatic = compounds,
particularly benzene, toluene, and
xylene, were once commonly used as
industrial and laboratory solvents,

* However, tests have shown that the
use of such compounds should be
limited because they can affect the
health of people who are exposed to
them regularly.
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Carcinogens

Health risks linked i a—
« respiratory ailments.

« liver problems.
 and damage to the nervous system.

» Beyond these hazards, some aromatic compounds are carcinogens, which
are substances that can cause cancer.

Carcinogens: benzopyrene

*The first known carcinogen was an aromatic substance
discovered around the turn of the twentieth century in chimney
s00t.

* Chimney sweeps in Great Britain were known to have
abnormally high rates of cancer.

* Scientists discovered that the cause of the cancer was the
aromatic compound benzopyrene, see next slide.
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1 Figure Benoopyrany K 2 cancar
cmning chamical Bat i found in sood, cigaretie
unchka, and car exhaust

R T TR TR L Sttty gengrad lormekn, molgoiter Rk, suclumt fprmein pnd Sonciiangl grip for ifprmad fmitog ol organk

Sy ]

TU[CHAL I B2 Wietn the IUPAT pama of adorl hakias and Ay halicas

CHEL S IR0 Eupien sy {ha densliies mad The beding oinis of plod helides incrags in ordor od qosng dmen: the codsmm al
i
hididss o fe pEiocic (ekis, oo Nugine o odns
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Functional Groups »

* |n an organic molecule, a functional group is an atom or group of
atoms that always reacts in a certain way.

* Addition of a functional group to a hydrocarbon always produces a
substance with different chemical and physical properties.

* Double and triple bonds between carbon atoms are considered

functional groups.
Salict the correct answer,
v hat 1§ [he name glven 1o an alom ol JIp Of atams [hat aved a 1 QIQARIE MOECUIE NS | femical g grtles?
VaTiante side chatn functional grod
Atkyt Group eyeloalryl substituent
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Table 1 Organic Compounds and Their Functional Groups

Compound Typa General Formula Functional Group '

Halscarban FI' HKX=FClEl) Halagen

Alcohal FI'*—ﬂH Hydrcuy!

Ethe A—-0-K Ethes

At R-NH, Aiic
O

Adahyde _E_H Caitsony!
0

Ketone g....';_ < Carbenyl
4]

Cartiaylic acid _E_DH Calsy
0

Ester I_E_ 0=p Ester
Al

Amide --Lrlq—- Al

Tulss 1 UiQanic Compounds and Theit Functiznal Groaups

=
* The symbols R and R' inthe  perrosss e T
general formulas represent e :.fl'ﬂ‘ o HI:.UL

carbon chains or rings bonded - e

to the functional group. = = -
Rty ..,I:.... il
et nju: il
* An asterisk (*) represents 8 ..., e s
hydrogen atom, carbon chain, :
or carbon ring. =
i _E_L_ dnide
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Silact [he CoFect Ariwe.

Study the hati-ang:srice mocel of or aigasic rampound

Cilnd |"i|_l:|| flils bildch il
Elgment heydrogan {4 zarhan |€) oyt 0]
mEh pobon epreenic B TUMTane| QIEREN L i ARG Compaund?

ethergoop

Farbam] oiie R QrUp

Select the comect answer,

cthyl etharioate is an ester used in glues. Which functianal group is present in ethyl ethanoate?

-€00- 0-
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Select the correct answer,

Which compound i5 2 ketone?

CH.OH,C0H CHCH,00H, CH;

CH3CHaCOCH; CHsCH.CO.Chy

SHBeT e compel answer

gy the shrocturogof #inmire and cysieing

H.N -~ €~ COOM '

Which statement does KOT apply 1o the<e comphunds?
CH '
1
H
I"I'!-'ll'l' colibairg an sing funckisnalar {11 Lntelne canliing & sarbasd luncliang ML,
LB & Eaf LRI i i Ji] AARIHE conialfg o AT TRl N
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Halogens (X)
17

F
L Lhuaine )

17 A5S

Cl

SR
LI

Br

Hriwrre
51 1aS

liscl e

Halocarbons

Any organic compound that contains a halogen substituent (X) is

called a halocarbon. 17
The first four halogens— o
F

. ]
T

c

‘Br
Halocarbons A

Alkyl Halides Aryl Halides
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Alkyl Halides and Aryl Halides

« An alkyl halide is an organic compound containing a halogen atom covalently bonded
to an aliphatic carbon atom,

* For example, chleromethane |s the alkyl halide formed when a chlorine atom
replaces one of methane's four carbon atoms.

Chloromethane is an alkyl
halide that is used in the
manufacturing process for

silicone products, such as
window and door sealants.

Alkyl Halides and Aryl Halides

* An aryl halide is an organic 0 ,f”’f;‘i‘
compound containing a halogen \_/
atom bonded to a benzene ring v
or other aromatic group. Ehiormlimmaent
* The structural formula for an aryl |
halide is created by first drawing /\ (’\xﬁ
the aromatic structure and then 1""“‘/’L“F L‘\‘t:}L
replacing its hydrogen atoms | : o
with the hElDEEF‘I atoms Fluarobenzene and 1-Bromo-3, 5-dilodobenzens
specified.
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Quiz
An alkyl halide has a halogen bonded to a(n)

.' aliphatic carbon atom

@ sromatic group

Quiz

2. What term refers to an organic compound with
a halogen bonded to an aromatic group?

halocarbon
alkyl halide

aryl halide

plastic
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Naming halocarbons

» a prefix indicates which halogen is present. The prefixes are formed by changing the -
ine at the end of each halogen name to -0. Thus, the prefix for fluorine is fluoro-,
¢hlorine is chloro-, bromine is bromo-, and iodine is fodo-,

« |f more than one kind of halogen atom is present in the same molecule, the atoms are

listed alphabetically in the name.

» The chain also must be numbered in 8 way that gives the lowest position number to the
substituent that comes first in the alphabet.

« Similarly, the benzene ring in an aryl halide is numbered to give each substituent the
|  nasit | bl

Organic Compounds Containing

Halogens
8 H
| | |
H=C=—C=C=F
Cl I
Chlorobenzene H H H
1,2-Difluoropropane
rE YA
H“?_‘?:_'[I:}_(I:#_H
| Br H H H H

1-Bromo-3,5-diiodobenzene 1-Bromo-3-chloro-2-fluorobutane
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Activity

Name the alkyl or aryl halide whose structure is shown.

=
|
L Y=
|
T—i—T
|
T ——
|
Lr—M—1I
|
- =

2-fluorobutane

Activity

Mame the alkyl or aryl halide whose structure is shown.

2.

x
I
:|:—-|"| =i
r—nN—x
I
- ol 4
I
T—N—I
|
I—-T —
T

1-bromo-5-chloropentane
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Activity

Name the alkyl or aryl halide whose structure is shown.

cl

Br

1,3-dibromo-2-chlorobenzene

4. Compare and contrast alkyl halides and aryl halides.
5. Draw structures for the following molecules,

a. 2-chlorobutane c. V1 Hrichloroethane

b. 1,3-difluorchexane d. +bromo-4-chlorobenzene

7. Evaluate How would you expect the bolling points of

propane and Y-chloropropane 1o compare? Explain
yOur answer.
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" 4, Compare and contrast alkyl halides and aryl |

e b. 1, 3-difluorobexane
An alkyl halide Is a subnilivied hyilrocarbon ihat FHF III H 1|i
v covalently honded (o an lllpillll: carlsn atom. Th | 1]; I_._c_é —H
An aryl halide l a substituted hydrocarban that Tlri l|I )
contalns a halogen bonded 1o a beasene ring or
othir aromatic compound, & | ‘r:j'““”“““’“#
M
u_-l::_i::_ﬂ
O H

£, I;;I.;r struilres [".'IT“H following malecules.

g Jechlomohutsse €
HClHH :
I?II [fB
[T O | -
| ! Br
HHHH —

7. Evaluate How would vou expect the boaling poimts
of propane and 1-chloropropane to campare? Explian

WOUE LIEEWET.

The boiling point of | -chlorapropane shoald be
higher than that of propane. The molecales in |-
chloropropane should form mere temporary
dipoles thaa the molecules in propane.

Organic Compounds Containing
Halogens

Table 2 A Comparison of Alkyl Halides and Their Parent Alkanes

Boiling
5 ¥ ] by,
fruciure Mamo Point £l

Density (g/mL)

in Liquid State
0423 at -162°C
CH, methane -162 (boliing paint
0.9M at 25°C
CH,CI chio tha =24
™ ook {uncior prossurne) 1 7
CHCH.CH.CH.CH, | pentane 36 | 0626 n F'“'
CH,CH,CH.CH.CHF | Mluoropentane | 62.8 0791 _mirine
{ [ | [ LE LA
CH.CH,CH.CH CH Ci | \-chioropentane | 108  Increases | 0882  Increcses Cl
CH,CH,CH_CH CH Br | -bromopentane. | 130 1218 e
CHCH.CHCHCH) | Vedopenane 155 v 1516 1 Br
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Organic Compounds Containing Haloge

Halocarbons
+ The trend of increasing the boiling points and densities as the
halogen changes from fluorine to chlorine, bromine, and iodine was 17
observed inthe table. WHY?? R
F
[l because the halogens from fluerine to iodine have increasing RS
numbers of electrons that lie farther from the halogen nucleus. Cl
n e
+ These electrons shift position easily and, as a result, the halogen- Er'
substituted hydrocarbons have an increasing tendency to form P
temporary dipoles. - 5
/ —EE

Organic Compounds Containing Haloge
Halocarbons

» Because the dipoles attract each other, the energy needed to

separate the molecules also increases, ’ F“"’
+ Thus, the boiling points of halogen-substituted alkanes increase Fw”;ﬁ"
as the size of the halogen atom increases. cl
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Sétoct the carrect,

! 1 At bl ke a1l i | Nisil live} o naHe

Nl 1 II BIAR"sia "~ 'L {ju] Ll ] Gl
—Chimig
¥ A

Br

B ue
I

i

10 sl abidEe 18 & Norire adom i ailkist halkle with o chlaiing alam

i syl habide with an iodiee sfan i allegd halkde with o Bomang atdn

Colkl & p Y ol ki Dol slyiblaitn raichion. akids wilng P agitis b 1 spbatiiles reictnn kaing Pasipiraies
of ahitai o halde ankd (el Ton W) Paki v PR

Ju (Gl R (] 0D D L e OPAE il b e Sl

Fi | GRS AT 100 0T L e BUTRAL il b v o
== —— i

Cold 4 () 01 (R 101 Coryiy asil ooddipnl ey ol sifar and aioohal ol sesiler s i saiis [Yokabily, Dolirg poinl soldbly @ sg

Rl %R0 011400 Dl an e whis chialyrg § i grrary, seioniany and letery B
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Alcohols

* Qxygen commonly forms two covalent bonds to form a stable
octet.

* An oxygen-hydrogen group covalently bonded to a carbon atom is
called a hydroxyl group.

* Anorganic compound inwhich a hydroxyl group replaces a
hydrogen is called an alcohol.

Alcohols
Table 3 Alcohols

General Formula

| aimple Alcohol and Simple Hydrocarbon

H l H
o -CBH  HeCmOH
H répresents carbon chains of rings I!I fﬂ
RNGRd 10 1ha unclianal group Mathane (CHg  Methanol (CH,OH)
Alkane Aleohol
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m;ohuls

* Like water mﬂ[EEI:J|ES, the hyﬁrnwl groups of alcohol molecules &ré
moderately polar and form hydrogen bonds,

* As aresult, alcohols are miscible with water and are good solvents
for other polar substances.

* Alcohols have relatively high boiling points.

4

Ethanot Water

Naming Alcohols

* Alcohol names are based on the alkane names, with the ending —of, There
can be one or more hydroxyl groups; positions are specified with numbers.

* Methanol, or wood alcohol, is the simplest alcohol.

* Ethanol Is the kind of aleohol found in alcohalic drinks.

* Denatured alcohol is ethanaol with small amounts of noxious materials
added to it.
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Naming Alcohols

+ Acarbon chain can also have more than one hydroxyl group. To name
these compounds, prefixes such as di-, tri-, and tetra- are used before
the -of to indicate the number of hydroxyl groups present.

)
T
OH OH OH

Naming Alcohols

o
SneN

OH OH OH
1,2,3-Propanetriol (glycerol) Cyclohexanol

OH
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Practice

Draw the structure for each molecule.
A. T1-propanol

B. 1,3-cyclopentanediol

Practice

Draw the structure for each molecule.
A. T-propanol

B. 1,3-cyclopentanediol
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Check

1. An alcohol is an organic compound in which a(n)
replaces a hydrogen atom of a hydrocarbon.

. halogen
. hydroxyl group
. amino group

. oxXygen atom

Check

1. An alcohol is an organic compound in which a(n)
replaces a hydrogen atom of a hydrocarbon.

t halogen

correct| @ hydroxyl group

' amino group

3¢ oxygen atom
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Seiect the cormect answer,

whheh ol Bhe Eodlonwing line shrupebures reprdssnls an sloehol maleculs

campaund O pompound A

compatind B rampound C

Seloct the corredt answer

Which al the fellawing line struetures reoresents an alephol moleculs?

- d F N | |
(maliglral¥]plif 1] wijgfajriifigel-]

compaund B rgmpound C

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1

School Cluster 2.4
Zayed Ed. Complex -

Al Khawaneej C1,C2 & C3

Jo¥! oyl gl
‘ 4.2 gt Gl

ity A 1185159 @'dl"jdl MI o5 g
MINISTRY OF EDUCATION A g aslidl g Jo¥laalell

il

_iu

|||||

Senect the cormect andwers fam the drog-down s

Shuidy tha (e gtructre of w cyelic aléohal Hﬂ [}H

P Lowest position nambies for thi Bydron | grongsare: Select.. v
The preflx Shad iridicabes the dumbier of hidro Grauga s el UH

Tha CUIPRE reme ol [his comanlad i Séledt,, v

Sedect the cormict dméwers fram the drag-down menus

sudy ihe Ling Strocture o & Cyctic Aienal Hﬂ UH

Tha Lot ROSIEAN NLMmOaTE For 10 f

demy geouge are: Select . v

The grefix thad indicates the number of bydroal groupa i St v UH
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Select the correct answer,

Which condensed slruciural Tormula fenre<ents an alcohol malieeule

CH 4 CHyCH0M CHLCHLCO0H

CHCOOCH- CHCHCOH

Selact the correct answer,

Nhieh eondenved struelural formivla repré<ents a

L H+l I'I_-l"l'l_-llll CHaLH- U0

UH«U U M. -:'|-||.|'||| COH
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Select the correct answer fo complete the senfence,

ileohols e potar comoounds. |'hc-'_.; interact with other molecules through hydrogen bonding excapt with

SOLAT Malecules waler molocules

Jleohol moleculis MY pOAT O eCLlos

Sefect the correct answer to complete the sentence.

ieohols am Poda comoounds. Thik intaract with olher molooules AebpeliH hedraaen banding -:'l,l',':'|l', Wilh

|1-'|' i moledules waler moloculos

alcohol molecutes nan-polar moloculos
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Ethers 1

|
An ether is an organic compound containing an oxygen bonded to
two carbon atoms,

Table 4 Ethers

ROR

whode B and B regabgent
cathon chairs of Hngs

fitugs by = BS'C bp==13'C

Examplos of Ethors

Q—OO CH;CH,CHy=0=CH,CH,CH,

Cyclotieingd athor Piopyl ether
CHJEHI-G-EH_‘.CHEE H;-":H-I EHJEH;- ﬂ'—":HJ
Butyl athyd other Ettryl matingd ether
Ethers

* Ethers have no hydrogen atoms bonded to their oxygen atoms, so
they cannot form hydrogen bonds with each other.

* Because of that, Ethers are volatile and have low boiling points
compared to alcohols,

Table 4 Ethers

General Formula | Methanal and Methy ether

ROR

whierds B and B reprie

CAroon chasns of finfs
banded to functional Methanal Methyl ethes
Qs ip = B5°C bp = =25°C

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Methanol and Methyl ether

* Because ethers have no hydrogen

atoms bonded to the oxygen atom,
their molecules nﬂmﬁu iiﬂn
hydrogen bonds with each other,

* Therefore, ethers are generally more
volatile and have much lower boiling

points than alcohols of similar size and
mass.

* Ethers are much less soluble in water
than alcohols because they have no

Mathanol Mthyl ethes
EE?}?EEH to donate to a hydrogen 1 = 5 b = ~25°C

* However, the oxygen atom can act as a
receptor for the hydrogen atoms of
water molecules.

Hrﬁnﬂnlmd Hil.'rrpi ether

Ethers

* Ethers with identical chains are named by the chain followed by the
word ether.

* Ethers with different chains are named in alphabetical order followed
by ether.

<:>-D-Q EH]{:HPEH:-E-‘:H}EH:E I'|'|

Cychohenyl ather Propyl ethed
CHyCHy = 0=CH,CH,CH,CH, CHyCH,=0~CH,
Butyl ethyl ethisr Ethyl methyl ether

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Examples of Ethers

)

Cyclohexyl ether

CH,CH,CH,— 0 — CH,CH,CH,
Propyl ether

CH,CH,— 0 — CH,CH,CH,CH,
Butylethyl ether

Naming Ethers

Symmetrical
‘ identical alkyl chains |

« first name the alkyl group
« then add the word ether

ﬂH;CHJ e U o CH3
Ethylmethyl ether

—

Asymmetrical \
different alkyl chains

)

« the groups are listed in alphabetical
order
« then followed by the word ether

CH,CH,~ 0 I (EH,CHY-0 - CH,
Dy e iyl ther

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED
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1 II
symmetrical Asymmetrical

. identical alkyl chains | different alkyl chains

L.-

« the groups are listed in alphabetical
order
« then followed by the word ether

+ first name the alkyl group
« then add the word ether

Quiz

2. The formula at right is for
what kind of compound? CHg_’O_CHE

@ alkyl halide

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1

School Cluster 2.4
Zayed Ed. Complex -

Al Khawaneej C1,C2 & C3

il

IIIIIII

sk

My \ = ‘ I
balid g A 31559
MINISTRY OF EDUCATION

Jo¥! oyl gl
4.2 gt Gl

il 931 - aladll )5 pazea
A g aslidl g Jo¥laalell

Quiz

2. The formula at right is for

what kind of compound? CHg_O_CHg

20K alkyl halide

Practice

= Mame the ether represented by each structure.,

i/ b # b
rJ

B. ¢ 0-{ Y
&_,-’} % oo
b CHx
EH{J\U“’“““E Hs

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Practice

« Name the ether represented by each structure,

A,  CH;CH,=0=CH,CH,CH,CH, Butylethyl ether

R F— ﬁ“.,

B. 1} 04 ) lohexyl ether
<«._ Via W Cyclohexyl

C. CHg Ethylisopropyl ether

CH )\n"’“‘cHa

L

Practice

« Based on the molecular structures below, which compound would you
expect to be more soluble in water? Explain your reasoning.

CH,—0—CH, OH
Methyd Ether CH _-,,C HI
Ethanal

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Practice

» Based on the molecular structures below, which compound would you
gxpect to be more soluble in watar? Explain your reasoning,

CH;—0 —CH, ?H
Methyl Ether CHJCHI
Ethanot

Amines

» Amines contain nitrogen atoms bonded to carbon atoms in aliphatic chains or
aromatic rings and have the general formula BNH,.

* Chemists consider amines derivatives of ammonia (NH,).

= Amines are considered primary, secondary, or tertiary amines depending on
whether one, two, or three of the hydrogens in ammonia{NH,) have been replaced by

Qrganic groups.
NH, 1
: . R
"“h‘w"""*x )\ h .-f'”"u.

1-ami . LN-di '
propan- | -aming ropan-2-amine N-methylethanamine N.N-dimethylmethanamine

Primary
amiine FI'EIIII'}' EEELIHI.IEJ' Terti
{ arhin amine m:
NH, becomes NH, NH, becomes NH NH; becomes N
1Hare lost 2Hare lost 3 H are lost

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Naming Amines

* the -NH, (amino} group is indicated by the suffix-amine {the last part
of the name is amine).

*« When nacessary, the position of the amino group is designated by a
number.

+ |f more than one amino group is present, the prefixes di-, tri-, tetra-, and
s0 on are used to indicate the number of groups.

I CHCHCH
CHCH,CH,CH |
L NH,  NH,
NH,  NH, o @m
3-Propanddidmin
1.1.4.4-Eutan@mine R

Quiz

3. What kind of organic compound would most
likely be derived from ammonia, NH,?

CORRECT . amine

I alkyl halide

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Examples of amines
Table d

CHit, [;]
NH,

NH; NH,
Cyclohexylamine Elhylanine Arillirss
N CHCH,CH
CHCH,CH,CH !
A | ;AH i
: ; 1, 3-Propanediamine

1,1.4.4-Butanetetraaming

Tatle 5 Amines

RNH
]
whara R opresents o carbon chain or ring borded fo the functional group

NH, rE'""e
Q EH:.[EH;. @ CHCH }[H:-EH l'i:H:EH:fl:H:.

Mk NH; MH; NH, NH, NH;  NH,
Cyclohewylaming  Etlwlamine finiline {14 4-Butanptetraoming  1.3-Propanediamine

\\D O
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED
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Substitution Reactions

* A substitution reaction is one in which one atom or a group of
atoms in a molecule is replaced by another atom or group of

atoms.
* Replacing hydrogen atom with a halogen, typically chloring or
bromine, is,g prosses called halogenation.

e 15 P halbg H o H
H—C—C—H 8 X —— H—C—C—H
H H H H

¥ is Cl or Br but not |, lodine does not react well with alkanes, EI“Oﬂ halide
Substitution Reactions
m Substitution Reactions
Generic Substitution Reaction Example of General Substitution Reaction
R-CH; + X; — R—CH,X 4 HX [Haloganatian)
where X is fluaring, chlonne, or bromine CoHg + Cly — CyHsCl+ HCl
Ethiane Chiaroethane
General Alkyl Halide-Alcohol Reaction Example of an Alkyl Halide-Alcohol Reaction
ReeX 4 OH™ = R OH 4 X CHyEH,E1 & OH™ s CHyCH,OH + €I
Alkyl halide Alcohol Chloraethane Ethanol
General Alkyl Halide-Ammaonia Reaction Example of an Alkyl Halide-Ammaonia Reaction
R & NHy = RNH; 4 HX CHCH:) CHLBI -+ NHy =o CH(CHy) CHNH, + HBL
Alkyl halide Al 1-Bromoactans Octaneaming

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Furt bstitut

* Once an alkane has been halogenated, the resulting alkyl halide can

undergo other types of substitution reactions in which the halogen
atom is replaced by another atom or group of atoms.

» For example, reacting an alkyl halide with a basic solution results in
the replacement of the halogen atom by an -OH group, forming an

alcohol,
General Alkyl Halide-Alcohol Reaction Example of an Alkyl Halide-Alcohal Reaction
R-X + OH" — R—0H + X CHCHACl + OH= — CHyCH,0H + €
Aoyl halicke Aleohol Chikonoe thane Ethanol

Further substituti

« Reacting an alkyl halide with ammonia (NH,) replaces the halogen
atom with an amino group (=MH,), forming an alkyl amine.

* The alkyl amine |5 one of the products produced In this reaction, Some
of the newly formed amines continue to react, resulting in a mixture of

amines.
General Alkyl Halide-Ammaonia Reaction Example of an Alkyl Halide-Ammonia Reaction
R=X + NH; — R—NH, + HX CH;(CH3)CH;Br 4 NH; = CH4ICH,)CH;NH; + HEBr
Alkyl halide Aming 1-Broemooctane Octaneamine

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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28 CHM o0 (] ey Exglain they piysical propoertes of aidehydes amd ooiongs

29 |CHM.5.6.01.003,)1 Defina carboydic ackd while explining, using equation, why it s classfied as an ackd

3 |CHMS6.00,013,27 Daw the sireolurs of an aster given its Tormula

Aldehydes

* An aldehyde is an organic 'CHO
compound inwhich a carbonyl .
group located at the end of a Eﬂ"’::ﬂa" ﬂ"::::‘mp
carhon chain is bonded to el
carbon atom on one side and a
hydrogen atom on the other.

* Aldehydes have the general 0
formula *CHO, where * I
represents an alkyl group or a —-C—
hydrogen atom, as shown in Carbonyl group
table.

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Naming Aldehydes

« Aldehydes are formally named by changing the final -e of the name of the
alkane with the same number of carbon atoms to the suffix -al.

« Because the carbonyl group in an aldehyde always occurs at the end of a

carbon chain, no numbers are usad in the name uniass branches or
additional functional groups are present.

« Methanal |s also commonly called formaldehyde,
» Ethanal has the common name acetaldehyde.

Examples of Aldehydes

‘ Aldehydes

| bawleclmde

H O

0 |

! H—-¢—~C—H
H—C—H |

hanal e 5
Methanal {formaldehyde) Ethanal {acetakdehyde)

O-<, Qc;: @‘”“ﬂ”—“‘::
OH

Benzaldehyde Salicylaldehyde Cinnamaldehyde

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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rable 7 Aldehydes

Cipriesr il Farmila Eiamples of Aldehyddas
‘THO 0 H O
i 1 |
TeprEEnts an alkyl Group or a H==H H"E =C=H
hydrogen mom Methanal H
formaedie Ty e
| vt Ethanal (aceiakdeiyoo)
a H H ©
i H 1l
~C= 1 | | 1§
Cm{) i =) =L =C=H
o T e
Cirl
Berzaldeinyde  Salcyisidehyde Canamalieryde

Quiz

2. What has the general O
formula shown at right? “
+—C—H

' a carbonyl group

@ analdehyde coRrmecT

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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Properties of Aldehydes

« An aldehyde molecule contains a polar, reactive structure.,

« However, like ethers, aldehyde molecules cannot form hydrogen bonds amang

themselves because the molecules have no hydrogen atoms bonded to an
oxygen atom.,

« Therefore, aldehydes have lower boiling points than alcohols with the same
number of carbon atoms.

* Water molecules can form hydrogen bonds with the oxygen atom of aldehydes, so
aldehydes are more soluble in water than alkanes but not as soluble as algohols
or amines.

Properties of Aldehydes

0 I 00-
&
R”"R R™ R

An aldehyde molecule contains a polar, reactive structure.
But aldehyde molecules cannot form hydrogen bonds
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Uses of Aldehydes

Formaldehyde has been used for
preservation(<Lu] Las) for many years,

Industrially, large quantities of
formaldehyde are reacted with urea to
manufacture a type of grease-resistant,
hard plastic used to make buttons,
appliance and automotive parts, and
electrical outlets, as well as the glue that
holds the layers of plywood together,

BOLLAMINT

FORRARLDEMYDE BMARNTT -

Uses of Aldehydes

]
1l
C—H
+ Benzaldehyde and salicylaldehyde, o
are two components that give 8
almonds(.s!) their natural flavor. sésitMitivli o
Th d fl fei X |
* The aroma and flavor of cinnamon, .
a spice that comes from the bark of a mniahin
tropical tree, are produced largely by
A
-
cinnamaldehyde
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Ketones

* A carbonyl group can also be
located within a carbon chain ‘
rather than at the end.

* Aketone is an organic 0
compound in which the carbon I

of the carbonyl group is R=C=R
bonded to two other carbon whire ] ¥ represen
atoms. Ketones have the carbon chains or rings bonded to
general formula shown inthe Giachornl iyoins
picture.
Ketones
The carbon of Carbonyl

. T!‘IE carbon atoms on either H SC C H 3

side of the carbonyl group are
bonded to other atoms.

* The simplest ketone,

commonly known as acetone,
has only hydrogen atoms
bonded to the side carbons.

KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED
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Naming Ketones

* Ketones are formally named by changing the -e at the end of the
alkane name to -one.

* and Including a number before the name to indicate the position
of the ketone group.

H O W
1 ]

M e € =
' |
H H

-Froprre
ChCi k|

* Inthe previous example, the alkane name propane is changed to
propanone. The carbonyl group can be located only in the
center, but the prefix 2- is usually added to the name for
clarity.

Naming Ketones
* Examples
H H H H O H
L W 5 .
HMTME-T-?-H H—(C—C—C—H
L A
J-Butanone .
(methyethyl ketone) 2 {ZTEF;;:E?E

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
KHAWANEEJ COMPLEX. THE MATERIAL IS JUST INTENDED

FOR TRAINING



School Branch 1 o yutadl § il

School Cluster 2.4 '%ﬂgﬂﬁ‘ 4.2 oyl ] Gladl
Zayed Ed. Complex - — ) g3 - aladll
- ettty Ao )it 13 559 & N T
Al Khawaneej €1,C2 & €3 MINISTRY OF EDUCATION il g aglidl dj‘a’l aal=ll
Quiz
H O H H
3. What is the name of the . I 1 ]
compound with the formula H— CI-: —C—=C—C—H
shown at right? H P£| Ill
0L 2-butanal
. 2-butanone CORRECT

t ethyl methyl ether

J08 methyl ethanoate

Properties and Uses of Ketones

* Ketones and aldehydes share many chemical and physical
properties because their structures are similar.

* Ketones are polar molecules and are less reactive than

aldehydes. For this reason, ketones are popular solvents for
other moderately polar substances, including waxes, plastics,
paints, lacquers, varnishes, and glues.

* Like aldehydes, ketone molecules cannot form hydrogen bonds
with each other but can form hydrogen bonds with water

molecules. Therefore, ketones are somewhat soluble in water.
* Acetone Is completely miscible with water,

END OF TERM 03 REVISION 2025-2026 — CHEMISTRY- AL
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T
Properties of Ketones
0 0o~
i ] il
¥ Co+
e, i
R R R R
A Ketone molecule contains a polar, less reactive than aldehydes.
But ketone molecules cannot form hydrogen bonds
Plenary

* Name the following compound
I
CH;—CH; —CH; —C—H
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Plenary
* Name the following compound
1
CH;—CHy—~CHy—C—H  nansl
Cyclobutanone
0 /2
Cyclohexanone

Carboxylic Acids

* A carboxylic acid is an organic compound that has a carboxyl
group.
* Carboxyl group consists of a carbonyl group bonded to a

hydroxyl group.
0
|

—(=—0H or

A carboxyl group

A carboxyl group Is usually represented in condensed form by writing =COOH
For example, acetic acid, the acid found in vinegar, can be written as CH,COOH
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Carboxylic Acids (General Formula)

General Formula

0

I
+—(C—0OH

where R represents carbon
chains or rings bonded to

functional groups

Activity

* What is the difference between carbonyl and carboxyl group?

(Hint: draw them baoth and compare)

0 i
i o | = OH

carbonyl carboxyl
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Naming Carboxylic Acids

* The formal name is formed by changing the -ane of the parent
alkane to -anoic acid. Thus, the formal name of acetic acid is

ethanoic acid.

Examples
H O
-0 A
H—=([L=0(L=—0H o
| A=<
H O-H
Ethanoic acid {acetic acid) Methanoic adid (formic acid)
Ethana - Ethanoic Acid Mathane = Mathanoic Acid

Properties of Carboxylic acid

+ Carboxylic acids are polar and reactive.

* Those that dissolve in water ionize weakly to produce hydronium ions,
the anion of the acid in equilibrium with water, and the unionized acid,

« Recall: The lonization of ethanoic acid.

CHyCOOH(ag) + H,0(l) == CH;CO00"(aq) + H;0*(aq)
Ethanoic acid (acetic acid) Ethanoate lon (acetate fon)
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Properties of Carboxylic acid

« Carboxylic acids can ionize in water
solution because the two oxygen atoms f

are highly electronegative and attract

#
laci ot ths b i (}{"r
the -OH group. { “& r*
*As a result, the hydrogen proton can 1 ‘ﬂ&‘ v
transfer to another atom that has a pair of oo
electrons not involved in bonding, such as TEGAE

the oxygen atom of a water molecule.
Because they ionize in water, soluble

carboxylic acids turn blue litmus paper
red and have a sour taste

Dicarboxylic Acid

» An acid with two carboryl groups is called & dicarbootdic acid.

« Some important carbaoytic acids, such as exalic aeid and sdipic aeid. have two or more carboxyl groups,
Q
ot -1\/
H
xﬁ.f N Y
0
]

« Oabyrs hinve additional funetanal groups such o hydrcoyd groups, as in the ieothe seld found in yogun

(4]
Ethi_.

|
"'[‘“GH
OH

« Typecnlly, those neids are mors soluble in water and often more acldic than acids with anly a carboxyl group,
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Carboxylic Acids

Table 9 Carboxylic Acids

General Formula Examples of Carboxylic Acids
0
| g
v C=—0H
H—?—E—GH ﬁ
it 3 a hyd
eng I-E'prE'EE'I'II:En-'I WO N H H-E_ﬂ_H

atom, cartxan chain, oo ring . ) ) : :
bonded to the functional group Ethanoic acid {acetic acid] Mathanaole acld formic acid)

Organic Compounds Derived from Carb&Xaré'2
Acids

= The hydrogen or the hydroxyl group of a carboxylic acid is replaced by a
different atom or group of atoms. The two most common classes are esters

and amides.
S
R ,-f"'c“'-.

NH2 R OR’
r Amide I | Ester |

Esters

= An ester is any organic compound with a carbo group in which the
[P leer of the hydroxyi group has been replaced TR 11 AUB- i1
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Naming esters

* Write the name of the alkyl group followed by the name of the acid with the
-ic acid ending replaced by -ate.

 Note how the name propyl results from the structural formula.

* The name shown in parentheses is based on the name acetic acid, the
commaon name for ethanoic acid,

Pl 1 L i el
h“l.ﬂ#l-.l'-h:ﬂ
Fe v of P v i bt
vl by s |y boamat o ik
Vi Bt Pk i b hel]
e ru Pl e Serlae o ml

ik wley wd asrh

| CEHANL = 0 = CHH,
T et

i
EHJCHLE = 0= EM,
It ek it

P,

Table 10 Esters

General Farmula Exarmples of an Ester

UL T LT i il
0
0 i
+-E-G-H EH}_E_U_EHIEHJEHJ
Ester group Ester gtiug

Propyl ethanoati
(propy| acetate|
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Naming esters

+ Write the name of the alkyl group followed by the name of the acid with the
¢ acld ending replaced by-ate.

+ Note how the name propyl results from the structural formula.

+ The name shown In parentheses |s based on the name acefic acid, the
cammon name for ethanoic acid.

y o, O\

|
[HllitHJhC 'ﬂ = ':H |
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