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1 CHMLS.3.05.007.02 identify components of 3 voltaic or gabvanic cell (ancde, cathode, sait bricge or porous barrier; wires, glectrolyte compartmentsl while explaining the Tk v A 1.2 25 26
rede of sach component, when does the reaction start and determining the direction of electron and current flow ' ‘

3 CHNLS300.007.00 identify components of a voltaic or galvanks c2ll {anode, cathode, salt bridgs or porous bammier, wares, dectrolyte compartments; while explaining the Textbook & 2 6
rode of each component, when does the ssadiion start and determining the direction of electron and curment flow figure L

Redox in Electrochemistry

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

All redox reactions involve a transfer of electrons from the species EHaETS oo

Half Reactions

Write the two half-reactions make up this redox process: Zn(s) + Cu**(aq) — Zn**(aq) + Cu(s)

G At ON Rl o A O O e i o o o

. .
educton nalr-reaction:
i
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+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Zinc strip Copper strip

not complete. Electron transfer is still not possible.

Figure 1 In a, zinc metal is immersed in 1M zinc sulfate solution, and copper metal in 1M copper(ll) sulfate.
In b, a wire joining the zinc and copper strips provides a pathway for the flow of electrons, but the pathway is

Copper wire

What is the role of the wire?

-----------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------

When the metal strips are placed in their solutions, oxidation begins at the zinc strip and reduction begins at the copper strip—but

these reactions cannot continue.

The reason is that as zinc is oxidized, positive zinc ions build up around the zinc electrode. As copper in the copper sulfate solution is

reduced, negative sulfate ions build up around the copper electrode. The buildup of charges stops any further reaction.

A salt bridge is a pathway to maintain solution neutrality by allowing the passage of ions from one side to another. It consists of a

tube containing a conducting solution of a soluble salt, such as KCl, held in place by an agar gel or other permeable plug. lons can

move through the plug, but the solutions in the two beakers cannot mix.
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The redox reaction provides

energy to light the bulb.
The salt bridge and the wire provide an

unbroken pathway for electric charge to flow.

—_— i

/’ e~ flow \

Reduction
half-cell

Oxidation
half-cell

Zn — Zn*t 4 2e- Cu?t 4+ 2e~ — Cu

Figure 2 The addition of a salt bridge completes the pathway. Negative ions move through the salt bridge to
the zinc side. Positive ions move through the bridge to the copper side.

When the connecting metal wire and the salt bridge are in place, Electrons flow through the wire from the oxidation half-reaction to
the reduction half-reaction, while positive and negative ions move through the salt bridge.

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

Electrochemical cells

An electrochemical cell is an apparatus that uses a redox reaction to produce electrical energy or uses electrical energy to cause a

chemical reaction.

A voltaic cell is a cell that converts chemical energy to electrical energy by a spontaneous redox reaction.

Chemistry of Voltaic Cells

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

Each half-cell contains an electrode and a solution containing ions.

0
An electrode is an electrically conductive material, usually a metallic strip or graphite, that conducts jI(
electrons into and out of the solution in the half cell. y No

Question: in the previous cell, where do oxidation and reduction take place?

The reaction that takes place in each half-cell is called a half-cell reaction.
The electrode where oxidation takes place is the anode.

The electrode where reduction takes place is the cathode.
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Voltaic cells and energy

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

Electric charge can flow between two points only when a difference in electric potential energy exists between the two points.

WHEE AT S HINEEE WO PIOITIERT uiiariiouscusronissioiosssmoomsesrsesssion s s s st s SR e Rt
The electromotive force (EMF) pushes the electrons toward the cathode. This force is due to the difference in electric potential
energy between the two electrodes and is referred to as the cell potential.

Avolt (V) is a unit used to measure cell potential.

The electric potential difference of a voltaic cell is an indication of the energy that is available to move electrons from the anode to
the cathode.

The voltage of a cell is determined by comparing the difference in the tendency of the two electrode materials to accept electrons.
The greater the difference, the greater the potential energy difference between the two electrodes and the larger the voltage of the
cell will be.

In the zinc-copper cell, copper(ll) ions at the cathode accept electrons more readily than the zinc ions at the anode. Thus, the redox

reaction occurs spontaneo usE_}t ﬂnly when the electrons flow from the zinc to the copper.

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

Anode

Cathode

Salt bridge

Wire
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Final Exam Question

Regarding the cell in the figure below. Which of

The following is incorrect?

Zinc strip

bl JERI 3 daiagall GATL 3y Lo

A salt bridge allows ions fo pass from one side

to another

Sl A Oe SV 55 Gl haiill nad

Electrons flow through the wire from the oxidation

half-reaction to the reduction half-reaction

preadll 5aSY Jelis (e clldl e g SN S
s JEaV Jels

This cell converts electrical energy to chemical

energy

A€ T ) 2l g 2B 42N oa Jpud

A sponlaneous redox reaction takes place

305 Iy o] ilee Bias

In the figure below, which of the following is not

a function of the salt bridge?

Twiwhﬂmjt}.wqﬁbhag‘uUjﬁﬂlqj

Prevents the mixing of the two solutions
Prevents ions building up around the electrodes

Allows the passage of ions from one side to another

Allows the passage of electrons from one side to another
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the following statements is true?

Zinc strip Salt bridge
& KQ
2080,
. A

In the voltaic cell shown in the figure below, which of

Copper strip =2/ s

Uses electrical energy to cause a chemical

reaction

Electrons move through the salt bridge to

the copper side

Positive zinc ions build up around the zinc

electrode

The wire can serve as a pathway for electrons to

flow from the zinc strip to the copper strip

e Joli Slaay 3505l AL ains

laill Zga ) Vsuny Lald) 3l jo iy <Y Sz
Sl el Ja Rl uiaall ciligd S
Al

N O Al ogf ya ilig SEY SR JlseS Sl (Jan

eladll -]

In the figure below, what do the two half-cells need so that

you can convert chemical energy into electrical energy?

Only connecting the zinc and copper strips with

a metal wire to serve as a pathway for electrons to flow

A salt bridge and a metal wire to provide an unbroken

pathway for electrical charge to flow

A salt bridge to serve as a pathway for electrons to flow

and a metal wire to serve as a pathway for ions to flow

Only a salt bridge to serve as a pathway for ions to flow

SIS s LAl uﬂ;ﬂq@ﬂhum‘ﬂlq{i

PAoleS Al ) Aslesl AL L

O
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3 CHMLS.3.05.007.05 Use the hall-cell standard reduction patentials to calculate the slectrochemical cofl standard potential, while determining whather the redax reactions. | Testbook + Example problem1 + Practice problems+ check 31,32,33 34 35
ale SpOnianGoUL ar Non-Spantansous YOUr progress

4 CHNLS,3,05.007.04 Write the cell notation and the overall chemical equation for a redos reaction coourring in a voltase ceil Textbook » Example problem + Practice problems 31,32 .33

- 1 Use the standard reduction potentials to predic (F a rescion ooturs or nof, while identtfying the strongest redodng or oxldizing agent and the

» substsnos that t5 easity oadied o reduced Textbook + figure 6 3

Determining electrochemical cell potentials

~ Standard Standard
hydrogen hydrogen
electrode electrode
M Cu* M H* M Zn** 1M acid solution
Figure 6 a. When a Cu®* | Cu electrode is connected to the hydrogen electrode, electrons flow toward the
copper strip and reduce Cu’* ions to Cu atoms. b. When a Zn | Zn** electrode is connected to the hydrogen
electrode, electrons flow away from the zinc strip and zinc atoms are oxidized to Zn** ions.
In Cell a, electrons flow fromthe ........c............... ... . . In Cell b, electrons flow fromthe .........cccccco.o.... (10 JPURR
The oXidation at ...t s L FREBKIAD AT T i
THE FEAUCHION AL ...ooevieerieinciensrsressessssnsssaresesstsssessssssassssssnsasssssassesssesens THE redUCHION AL ...ttt ens s ssssnsses

The E?, measured by a voltmeter, is +0.342 V.

The positive voltage indicates that Cu®” ions at the copper
electrode accept electrons more readily than do H" ions.
Study the overall redox reaction and cell notation. (cell a)

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

H,(g) + Cu**(aq) — 2H"(aq) + Cu(s) (overall redox reaction)

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

Reactant Product Product

N

Reactant

H, | H* || Cu** | Cu E“t_u = 40342V
A A

Oxidation Reduction

half-cell half-cell

The EY, measured by a voltmeter, is —0.762 V.

The negative vultage indicates that

+++++++++++++++++++++++++++++++++++++++++++++++++++++

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

Write the overall redox reaction and cell notation. (cell b)

The double vertical line in the cell notation (||) represents

------------------------------------------
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Final Exam Questions

Which of the following is true for the standard hydrogen Ll g gl Galads Bl Lo mania Sl s
electrode shown in the figure below? ?.Lui-_ﬁmqic..aj.n
It is the cathode in all the voltaic cells in which it is lgd Juasd A0 Aglyill LAY aaep A L3S 00K

connected
It is the anode in all the voltaic cells in which it is g ey Al dalgill WIAN w3 13080 s
connected

The reduction potential of this electrode is 0.000V

Qs Letis 0.000V (ggbias kel 1 1) 260

when the concentration of the acid solutionis 1 M

and hydrogen gas is pumped under pressure 1 atm

M;&,Mﬁlﬁ@h}glmgﬂdﬂ' | Jslae 383

C xo 3l glalldap 43y 1 atm L
and the temperature is maintained at 25°C 25°C xo Ll plad dasn A5y 1

The reduction potential of this electrode is 0.000V at

all conditions

asan 25 0.000V  gybuss el 134 Tl g

below. Which of the following is correct?

Cu™ +2¢- = Cu

Zn* 42" = 2Zn

Regarding the standard hydrogen electrode in the figure

E'(V) =+ 0.3419
E'(V) =-0.7618

colial JEAN G Ll oy gl Calads lady Lk
Aol 3 dacad)
Salt beidge

It will be an anode when connected to Zn | Zn*" electrode
It will be a cathode when connecled to Cu|Cu®" electrode

The slandard reduction potential (E%),of the standard
hydrogen electrode is defined as 1.104 V

The standard reduclion potential [E°].uf the standard
hydrogen electrode is defined as 0.000 V

@ @the_garden_academy ” o The garden academy
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CulCu™ (il pe dliaags 22 338 58 O
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Regarding the figure below. What are the conditions

required to make sure that the standard hydrogen

s el Cig e

i,.-.l...l;_.:,.h.ia.ll

electrode potential (£”) equals 0.000 V ? bridge

3 only

l1.2,and 3

1 only
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el =
=)

J g
e colution

el las N
H; tusbatdes

o
e rhectrode

25 °C aic Gl s)al dnp i
The temperature is maintained at 25 “C

Uglioa (g sangll el (£7) bl IV o (35S0 A

£ 0.000V

1 atm his sic Joadll 3 (Hy) Cangpngd e pa
Hydrogen gas (H,) at a pressure of 1 atm is bubbled into the solution

1 M 585 g pned sl e gy g3 (HCI) ipslSysngd) (ana Jsbase 39
The presence of hydrochloric acid (HCI) solution that has a hydrogen- 3
ion concentration of 1 M.

ladé 3

2,1

3 52,1
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To calculate the electric pﬂten{ial of a voltaic cell consisting ofa copper electrode and a

Formula for Cell Potential

zinc electrode, combine the copper and zinc half-cells as a voltaic cell.

Because reduction occurs at the copper electrode and oxidation occurs

E

cell

E’

reduction -

E?

oxidation

at the zinc electrode, the E° values are substituted as follows.

Egen - E?:ulﬂcu o Eg:nlﬂzn
= +0.342V — (—0.762 V)
= +1.104 V

EXAMPLE Problem 1

CALCULATE A CELL POTENTIAL The following reduction half-reactions represent the half-cells
of a voltaic cell.

L(s) + 2~ = 2I(aq) E), - =+0536V
Fe?*(aq) + 2e~ = Fe(s) Erez+pe = —0.447V

Determine the overall cell reaction and the standard cell potential. Describe the cell using
cell notation.

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) + 2e~ = Sn(s) ‘F'f“ +2e" =Pt +118
‘ Sn** + 2e” = Sn —0.1375
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2. Co’*(aq) + 2e~ = Co(s) and Cr’*(aq) + 3e~ = Cr(s)
\ Cr* + 3¢~ = Cr —0.744

‘ Co* + 2e = Co —-0.28

3. Hg’*(aq) + 2e~ = Hg(l) and Cr?*(aq) + 2e~ = Cr(s)
| Crir+2e-=Cr —0.913

‘ Hg* + 2e~ = Hg +0.851

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 NO,™ + 4H* 4+ 3e~ = NO + 2H,0 +0.957
O, + 2H,0 + 4e” = 40H" O, + 2H,0 + 4e~ = 40H" +0.401
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Using Standard Reduction Potentials to indicate spontaneity

To predict whether any proposed redox reaction will occur spontaneously:

1-  Write the process in the form of half-reactions.

2- Look up the reduction potential of each.

3- Use the values to calculate the potential of a voltaic cell operating with these two half-cell reactions.

4- If the calculated potential is positive, the reaction is spontaneous. If the value is negative, the reaction is not spontaneous.
5- The reverse of a nonspontaneous reaction will occur spontaneously because it will have a positive cell voltage.

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?*(aq) — Sn**(aq) + Cu(s)

‘ Sn2t + 2e~ = Sn —01375
Cu’* + 2e” = Cu +0.3419
6. Mg(s) + Pb?*(aq) — Pb(s) + Mg“*(aq)
Mg+ + 2e~ = Mg ~2.372
Pb2* + 2e~ = Pb ~01262
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7. 2Mn**(aq) + 8H,0(l) + 10Hg**(aq) —
2MnO, (aq) + 16H*(aq) + 5Hg.** (aq)
MnO,” + 8H" + Se™ = Mn?t + 4H,0  +1.507
2Hg?* + 2e~ = Hg.** +0.920

8. 250,7(aq) + Co?*(aq) — Cofs) + S,0,7"(aq)

S,0,.2~ + 2e~ = 250, +2.010

| Cor*+2e=Co —0.28

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,*
APt + 3e- = Al —1.662

2Hg* + 2e” = Hg,** +0.920
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Final Exam Question
The following reduction half-reactions represent the cadlodll LAl Lol LA AJ6N Adeadd JpaY! cMall (LS
half-cells of a voltaic cell. which of the following is

tmaia Sk le
comrect?
Co*+2e =Co .E?(V)--0.28
Pt2+ +2e— = Pt . E9(V)-+1.18
T
393y a8l (E 7) il o Jeldl gy
Anode cathode Electrochemical Cell Potential ( £°) | Reaction Type
+
A Pt Co +0.9V an
Spontaneous
B Co Pt +1.46V a
Sponlaneous
:lih &
C Pt Co - 0.9V ==
Nonspontaneous
mabh
D Co Pt - 1.46 V -
Nonspontaneous
The following reduction half-reactions represent JAalgdl) Adall Ldadll LAY A6 Laaidt JipaVt edlels B

the half-cells of a voltaic cell. eaulal el 3gall L

What is the standard cell potential?

Be2* + 2e~ =+ Be E'(V)- —1847

Pt2+ + 2e~ = Pt E (V) - +1.18

(+0.667 V)
(+3.027 V)

(-3.027 V)

(- 0.667 V)
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2 & O © f

The vollaic half-cell expressed by the following reaction has aa A Jolidl dis jad 3l Adlgl LAl Chal Juags
been connected with one of the half-cells shown in the table Aoalil) el bl el O gy calial Jpaadl 53l LGN Ciliail 2al
below, and the standard cell polential found to be (+3.89 V). . (+3.89 V) s
What is the half-cell connected? Taliags a3 (530 AA) Clal Lab

Pt?* + 2e- = Pt FE°(V) =+1.18

Half reaction Jelill) cial E (V)

Na® + e~ = Na

Mn?* + 2~ = Mn | 1185

Cr3* +3e~ = Cr | 074

Fe’t + 2e~ = Fe ~0.447

—
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Extra Practice

Write the balanced equation for the spontaneous cell
reaction that occurs in a cell with these reduction
half-reactions.

a. Ag*(aq) + e~ = Ag(s) and Ni**(aq) + 2e~ = Ni(s)
Ag* + e = Ag

Ni?* + 2e~ == Ni

b. Mg**(aq) + 2e~ = Mg(s) and 2H*(aq) + 2e~ = H_(g)
Mgt + 2e~ = Mg

2H* +2e" =H,

c. Sn?*(aq) + 2e~ = Sn(s) and Fe®**(aq) + 3e~ = Fe(s)
‘ Sn’*t + 2~ = Sn

Fe’* + 3e” = Fe

d. Pbl(s) + 2e~ = Pb(s) + 2I7(ag) and Pt*'(aq) +
2e” = PA(s)

Pbl, + 2e~ = Pb + 2|~

Pt2* + 2e~ = Pt

+0.7996

—0.257

—2.372

0.0000

—01375

—0.037

—0.365

+1.18
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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. 2APF*(aq) + 3Cu(s) — 3Cu?*(aq) + 2Al(s)

\ AP+ + 3e- = Al

Cu**+2e =Cu

b. Hg?*(aq) + 2Cu*(aq) — 2Cu?*(aq) + Hg(l)

Cu+e = Cu*

Hg? + 2e~ = Hg

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

Cd** + 2e~ = Cd

NO,™ + 2H* + e~ = NO, + H,0

—1.662

+0.3419

+0.153

+0.851

—0.4030

+0.775

@the_garden_academy o The garden academy _ @m.thnprdm:tﬂm;mﬂ e 00971569174493




- In a voltaic cell represented by Al|Al13+ || Cu®*|Cu,
what is oxidized and whart is reduced as the cell
delivers current?

Under what conditions are standard reduction
potentials measured?

In Figure 24, identify the metal that is being
oxidized. Identify the cathode.

- A salt bridge is filled with KNO;. Explain why it is
necessary that the potassium ions move through the
salt bridge to the cathode.

- Using Table 1, write the standard cell notation for
each cell in which each of the following half-cells is
connected to the standard hydrogen electrode.

a. Zn?* | Zn c. Cu’* | Cu

b. Hg=* | Hg d. Al3+ | Al

2H" + 2" +=H,
Zn* +2e" =1n
‘ Cu?* +2e~ = Cu
Hg* + 2e~ = Hg

| APP* + 36~ = Al

0.0000

—0.7618

+0.3419

+0.851

—1.662
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. Write the balanced chemical equation for the
standard cell notations listed below.
a. ™ | I || Fe’* | Fe?™

b.Sn | Sn?*|| Ag* | Ag

c. Zn | Zn?* || Cd2+ | cd

41. Calculate the cell potentials for the following reactions.
a. 2Ag*(aq) + Pb(s) — Pb2*(aq) + 2Ag(s)
b. Mn(s) + Ni**(aq) — Mn?**(aq) + Ni

c. I5(aq) + Sn(s) — 21~ (aq) + Sn?*(aq) Agt + e~ = Ag +0.7996
Pb?* + 2e~ = Pb —01262

‘Mn? + 2e~ = Mn ~1185

NiZ* + 2e~ = Ni —0.257

Sn?* + 2e~ = Sn —01375

1, + 26" =21 +0.5355
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Zn*t + 2e- = 1Zn —0.7618 ||Ag* + e~ = Ag +0.7996

Figure 25 illustrates a voltaic cell consisting of a strip
of zinc in a 1.0M solution of zinc nitrate and a strip

of silver in a 1.0M solution of silver nitrate. Use the
diagram and Table 1 to answer these questions.

a. I_dentify the anode.

b. Identity the cathode.

c. Where does oxidation occurn?

d. Where does reduction occun?

= Figure 25

e. In which direction is the current flowing through

the connecting wire?

f. In which direction are positive ions flowing
through the salt bridge?

g. What is the cell potential at 25°C and 1 atm?
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diretion of eleciron Row and ourment Aow and spontansity of the readtion ooourming

CHM.5.3.05.011.03 Compare between electrobytic coll and voltaic cell in terms of identifying whare will reduction and oxidation processes take place, anode, cathode,

Textbook + fiqure 18 47

Reversing Redox Reactions

When a battery is connected in a circuit, electrons from the anode flow to the cathode, where they are used in a reduction reaction.

A secondary battery is one that can be recharged by passing a current through it in the opposite direction.

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

An electrochemical cell in which Electrﬂlysis occurs is called an Elel:trul)rtic cell.

Compare the electrochemical cells in Figure 18.

Voltaic cell

Electrans How from ..o D, S B8 ..

++++++++++++++++++++++++++++++++++++ iIsexidized cossassnnasing s redueed | | sssssssassaasis oxidized ssasnnninanas, Isreduced
++++++++++++++++++++++++++++++++++++++++ 15 ATVERIE o mmmapmmsnmsansy B CIEHEERE | wwmcmnomsnemssemmal & AT s B OHNOEE
Is'the cell Spantaneols? e RS Isthie cell spontaneonis? s ensmuninRRRERaR R
ThE el CONVETE s BNEFEV 0. ccusiorimmmssesnssisrsn energy | The cell convert.....ouaimns T T s LR energy
THE 2GS P IS s s B R T ZINE SR P e s e e R R i
s éxternal voltage source requIred? ... onummmmnmmsanas | [SEXUEINA]l VOItage SOUNCe rEQUITEd? ...
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Final exam questions
Regarding the cell in the figure below. Which of Wl JEAN S daaydd RN by Lb

the following is correct? e ol e

il
Copper
The reaction continues until the zinc strip is Jelall Caigy O eyl Gl Sliging Jo Jeldll oy
used up, and then the reaction stops
Oxidation takes place at zinc electrode Osmyidl alad aie oSl Ll Giaas
Reduction takes place at copper electrode oeladll lad vie JIEA) Saag
The external power supply (voltage) works R (Floesll agal) D) jras Jass
on cell regeneration and the cell returns Gyt AoVl e d ) il agasy L) 2aa5 e
to almost ils original strength

@mtwmm o 00971569174493
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You

For the two cells in the figure below, olial JCal 3 ooialls gl Lo

¢ | P PO
which of the following is correct? Gana oy Las (51

1 .
1 is a voltaic cell and coverts chemical energy il eS Ails ) ALk dillall Jeang dales 1 i)
| O
to electrical energy
In cell 2 the reaction continues until the zinc strip Omeaplal) b Sllgpes Aa Jelial) e 2 4da)) 3
is used up and then the reaction stops O
Jeli)) Cag
2 is an electrolytic cell and coverts chemical energy Al pe€ Al ) duilaasS) AUl Jeang Aoy aSI 2 dudal)
to electrical energy
In cell 1 the reaction is spontaneous Llah Jelall 5 1 4dad) 2 O

@mtwmm o 00971569174493

@m_wn_mﬂy Omemm

-HI




You

d‘Of

Which of the following is true regarding the electrochemical o AiliaSy sl AIATL Bl Lasb mania 3L L
cell in the figure below? eslaal L)

Non-spontaneous oxidation and reduction reactions Gslab i Jialy sauSl cDle s Saaas

accur

Converts chemical energy 1o electrical energy A58 Al ) A8l AL Jpas

Spontaneous oxidation and reduction reactions aulal Npals fasl cllals Suay
occur

The reaction continues until the zinc strip is used up, ey Ad el Zps e ol e
and then the reaction stops Jolal cdas O
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Regarding the cell in the figure below,

which of the following i1s correct?

It is a voltaic cell and a spontaneous redox L5k JIpalg 5ausl e el Lgad Gaaadg 40l A

reactions take place

It is an electrolytic cell and a spontaneous redox 5Gh J1aly 5aus] clels Lgd Giaasg A mSI 4030

reactions take place

It is a voltaic cell and nonspontaneous redox Jaly 52l C el Lgd Guaasg Aalgh Aa)
reactions take place aglab e
It is an electrolytic cell and nonspontaneous redox Jaly 82l E S Lgd Ganang dndg aSH A
reactions take place aslah e
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CHM.S.3.05.001.05
Define electroplating while describing how it works, identifying ancde, cathode and electrolyte nesded for an electrolytic cell in which 3 selected metal Titback 4R 23

utnbzﬂ:nrdmmnhpﬂ[www,uﬂj e

Objects can be electroplated with a metal such as silver.

Electroplating

The object to be silver-plated is the carthode of an electrolytic cell.

The anode is a silver bar or sheet.

Figure 22 Power is needed to oxidize silver at the anode and reduce silver at the cathode. In an electrolytic
cell used for silver plating, the object to be plated is the cathode where silver ions in the electrolyte solution
are reduced to silver metal and deposited on the object.

At the anode, silver is oxidized to silver ions as electrons are removed by the power source.

At the cathode, the silver ions are reduced to silver metal by electrons from the external power source. The silver forms a thin coating

over the object being plated.
Current passing through the cell must be carefully controlled in order to get a smooth, even metal coating.
Other metals are also used for electroplating. You might have seen items that are electroplated with gold.

Exposed steel parts on bicycles and automobiles can be plated by nickel and then chrome to prevent corrosion.

Figure 23 A pen made of solid gold would
be very expensive and heavy. Electroplating
gold gives the same effect with a smaller
mass and lower cost.
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Final exam questions

Based on figure below. traaia Al laa sl JSa e 13lma)
Which of the following is correct?

A reduction of copper ions takes place at the anode .
i j g3y e yalanl) L;nlj_,g‘)! Jaal) Saaas

An oxidation of zinc atoms takes place at the cathode S S sie cppamgladl il 3 N e

The mass of zinc electrode decreases
Opaylall Cudad 3RS I

Q1O | O | O

The mass of copper electrode decreases ) s AES S

@mthpﬂlemadmynﬂ e 00971569174493
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Objects are electroplated when a uniform coating is OsSl Baages AR Aide auiagt Cm UL gS S Ol
deposited as a protective or decoralive layer, as shown in !WV:L.L..J..EJMVILS%J!L_HJ&L

the figure below. Which of the following is true?

The metal used for coating is the cathode SIS gp ap Sl Sl 3 S @)
YH0 Vit 1010 FENd 9 NG friaed 3559 gh sl Shall el 39S O
Silver is oxidized to silver ions at the anode 341 o duiil) g ) el sl ®)
Silver Is oxidized to silver ions at the cathode SIS o Rald iy ) Al sl ®)

J @mthpﬂemudmynﬂ 0 00971569174493
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You

Khalifah tried to electroplate an iron key with a layer prasal; aldd ¢ elaill e Ay vdall e ke Dl dids J_,L...
of copper. He designed the electroplating cell bl JCal 3 daisgall D Ads
shown in the figure below. Al A (slaal)) Uadd) L

What is the error(s) in the cell?

3+
F&(aq)

Lyl el s
The connection of the battery poles

Cu?* cligd o gias ¥ paaiudll culy pSHY)
The electrolyte used does not contain Cu®" ions

PV T\nas ga 2 Uk Juaye o
The key was not conneclted to a light bulb

3 only L 3
Both 1 and 3 e 3 5l
1 only L ]
Both 1 and 2 e 2 sl

@mtwmm o 00971569174493
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In the process of electroplating of aluminum plate with ~ JS&) 3 LS Caldll (e ks m:..h'l O dagia ¢ e S

a layer of gold, as in the figure below. Which of

the following is correct?

e b Las gl Lol

1 dasis AEE &l
padleeall Cudlg pSTY) 2980 Jelis 3 Jelis " ' o
_ _ Change in mass
Used electrolyte Cathode reaction Anode reaction
of aluminum sheet
Au3+ e
- l"_'k Aé N Au™ +3e" — Au | Au—s AU+ 3e” Increases a3 1
ontains Au
AlP* i - . )
Cﬂm;‘::";y AP* +3e" —» Al | Al —»AP +3e Decreases  Jg 2
Au®® e (g,
- t“rk' Ayt AP* + 3¢ — Al Au —» Au’" + 3e” Increases Ay 3
ontains Au
Al* Ssiag < i
- t":h . Al —» AP + 3e Au* + 3e" —» Au Decreases J& 4
ontains

(@) @the_garden_academy o The garden academy
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Extra Practice

Electroplating Figure 27 shows a key being
electroplated with copper in an electrolytic cell.

Where does oxidation occur? Explain your answer.

,_/\X'— Cu electrode

® Figure 27

Answer the following questions based on Figure 28.
a. Which electrode grows? Write the reaction that
occurs at this electrode.

b. Which electrode disappears? Write the reaction
that occurs at this electrode.

Using Figure 28, explain what happens to the copper
ions in solution.
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I B CHM.5, 6.0L00L07 Explain why carbon Torms many compounds Textbook + figure 2 B0

Organic Compounds

® (Chemists knew that living things produce a variety of carbon compounds, referred to as organic compounds.
® Scientists at this time felt that all organic compounds came only from living things.
® Scientists incorrectly concluded that they were unable to synthesize organic compounds because of vitalism.

® According to vitalism, organisms possessed a mysterious “vital force”, enabling them to assemble carbon compounds.
Disproving vitalism
Wobhler was the first scientist to realize that he had produced an organic compound, called urea, by synthesis in a laboratory.
Organic Chemistry
Organic compounds are all carbon — containing compounds except: carbon oxides, carbides, carbonates, which are inorganic.

Question: give examples of carbides, carbonates and carbon oxides.

Carbides Carbonates Carbon oxides

Question: Which of the following compounds is not an organic compound?

a- Benzene

b- Butane
c- CaCO;
d- C,H:OH.

® Carbonisin group 14 in the periﬂdic table with the electron cﬂnﬁgur:ﬂiﬂn of 1s* 2s° sz :
® Carbon has 4 valence electrons and forms four covalent bonds.

® Carbon atoms can form single, double and triple bonds.

Single bonds Double bonds Triple bonds

® In organic compounds, carbon atoms are bonded to hydrogen atoms or atoms of other elements that are near carbon in the

periodic table-especially nitrogen, oxygen, sulfur, phosphorus, and the halogens.

® Carbon atoms bond to other carbon atoms and form 5traight chains, branched chains, ring structures and cageiike structures.

straight chains branched chains ring structures cagelike structures

@the_garden_academy 0 The garden academy @m,trugardenaudmw,net 0 00971569174493




Final Exam Questions

Carbon atoms can form both straight chains,

branched chains,and rings too

Carbon bonding siles allow the formation of

single, double and triple bonds

Carbon atom has three electrons in the outer

energy level

Each carbon atom can form four covalent bonds

with atoms of carbon or with other elements

Which of the following is not a reason for the ability of

carbon to form so many different organic compounds?

Do il sse (5585 o 0pS 5 L g (S Laa
Caiba ) Lguaal) lS)al

de i (5yaly dapiien Juds 585 Gl g SI i3 aplains

O

L..tni‘ Olals g

Ay dalal oy ) (sSh gl Lol Y adlge mass

O

ey o
Alhall (giea A Sl S B0 e OS]0 50 (g9iaS
v

) ae paalis daily ) au)h 5385 O 09 S 553 IS aulains

O

Sl salic aa o g3l U5 S

Which of the following structures is possible to be formed

by carbon atom?

£05SH 853 LS of Jaaaall (e A0 LS

dadis LS 1
Chain structures
eyl Judle 3 SIS 2
Branched structures
dgila LS 3
Ring structures
oaldll s dgud SlLS -
Cagelike structures

]l and 2

3and 4

1.2 and 3

1,2,3 and 4
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CHMWLS 6,001 .08
g i Lise different types of models {bafl-and-stick model, spacefilling model) and formulas {molecular formula, structural formula) to represent & Teuthicnsk +:8 4 ‘

Hydrocarbons

They are the simplest organic compounds, which contain only carbon and hydrogen atoms.

Methane CH, is the simplest hydrocarbon molecule: itis an excellent fuel and is the main component of natural gas.
Models and hydrocarbons

Chemists represent organic molecules in a variety of ways.

61

Denotes a single

Models of Methane covalent bond
H H \
CH, H—(I:—H He=C e
: ]

Figure 4 Chemists use four different models to represent a methane (CH,) molecule. See the Reference
Tables in the Student Resources for a key to atom color conventions.

Molecular formula | give no information about the geometry of the molecule

Molecular formula  Structural formula  Dash-wedge structure  Ball-and-stick model  Space-filling model

Structural formula shows the general arrangement of atoms in the molecule but not the exact three-dimensional geometry.

ball-and-stick model | demonstrates the geometry of the molecule ciearlyi

Space-filling model | gives a more realistic picture of what a molecule would look like if you could see it.

Final Exam Questions

{would look like if you could see it?

Which of the following methane models (formulas) i)y 2SI 500 g Al Sl (Ana) zilad (e ‘__,-1
gives a more realistic picture of what a molecule Tug) 2o o il ade gou 3 L

H
|
& H4 s
H
Which of the following methane models (formulas) & S Al as gl jedas Al Gl (ama) kel e _gi
shows the general arrangement of atoms in the 08y lagY! ok JSEl ekl Y axd o gl
molecule but not the exact, three— dimensional
geometry?
H
|
CH,
H
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Regarding the ways of representing the organic

compound in the table below, which of the following is

correct?

o Laa gl ol Jgsall 3 (gpumnd) (S L Byl (3las L
?c..l:\u.n

3

1

Chemists most often use the formula 3

to write about reactions

Method 3 is called the space—filling model gives
a more realistic picture of the relative size and

arrangement of the atoms in the molecule

Method 1 is called the structural formula and

shows the bonds formed between atoms

Method 2 is called the chemical formula and

is the simplest way lo represent organic

compound

@ @the_garden_academy ” o The garden academy
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S 5y5m andy EhAll eda pisal gaud 3 diskl

sl B leaifg el LAl anal duadls O

53S0l Loy )l g 5 RS0 Ll Laud 1 dik

O

S G

A disyhs Jacd aaSy Lila)) Bapall Laud 2 skl

Soanll S5l O
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Which of the following &5 true regarding methane
models {formulas) and the mformation they give?

PRELIE JUROR Mh: =
oals KL oginll A gl ) o pipe
Demonstrates the geometry of the <
The space-filling
molecule clearly
model
madaly S5 o ghall dua jglad Landly 81 ~ 3 g
Demonstrates the geometry of the The ball-and-
molecule clearly stick model
adild) dasall
iy de egind ade giw 3\ Aadly 381 5 WA
Gives a more realistic picture of what a molecule A structural
would look like if you could see it formula
S Y sl gl A bl el unl el
Ay aladY) D Jil Adsjall dasal
Shows the general arrangement of atoms | Molecular formula
in the molecule but not the exact, three-
dimensional geomelry

@the_garden_academy o The garden academy

@m.thrprdemudﬁnpnﬂ 0 00971569174493




Chemists represent organic molecules in a variety of

ways as in the table below.

Which of the following is correct?

2 § O © f

bl Lguaadl Slisiod! elaaSl elale Jiod

2Ll Jguad! 3 mioge 92 LeS Ao gite

‘e gﬁ._. Luéi

Model 1 is called structural formula, and it shows the
general arrangement of atoms in the molecule but not

the exact, three— dimensional geometry

o hAl Al sl elidy Akl Lisall e 1 z3sail
ay Sl D Ui pein Y el ogial)

Model 2 is called space - filling model and
demonstrates the geometry of the molecule clearly

ﬁﬁé)ﬂw )‘L:ajﬂ)ainjaeﬁﬁguéz*zwl
muialy

L=

Model 3 is called ball- and—stick model and gives
a more realistic picture of what a molecule would look

like if you could see
Model 1 is called space - filling model and gives
a more realistic picture of what a molecule would look

like if you could see

3 W Gy < Bygun Jandy Liaally 551 3900 a3 gz 25
) do il e g

“h) So egindl ade g
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10

CHMLSE.L001.0% Explain, wiing Lewis diagram and badl-stick moded, the difference bebween saturated and unssturated fydrocarbons

Texthook + figure 5 61

Multiple carbon — carbon bonds

Figure 5 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 pair
:CIC:

|
C—L
|

Single covalent bond

Two shared pairs

Double covalent bond

« = electrons shared between
carbon atoms
« = others electrons

Saturated Hydrocarbons

Unsaturated Hydrocarbons

Three shared pairs

o, G| -

Triple covalent bond

do not react with bromine.

The solution is still reddish brown

react with bromine.

The reddish-brown color disappears

have only single bonds

have at least one double or triple bond between carbon atoms

Bromine is substituted into the molecule, turning all bonds to single bonds.

H H
"‘-CJ"'

Il

C.

H™ "H

+ Br—Br ——

I
H—C—Br
H—?—Br

H

H

Duestion: Which hyd FOCATDON Will react WIth MMOTe AmOUNT OF DO e oo e e et e st e e e ea e e es e e e e eseeeseess e e s sesesreesssessaeeaesnns

Which of the compounds in the table is

a saturated hydrocarbon?

A — The compound 1 only

B — The compounds 2,3 only
C — The compound 3 only

D - The compounds 1, 4 only

Final exam questions

CH; - CH; - CH,; - CH; - CH; - CH; 1
CH; -CH;,-CH=CH-CH;-CH; 2
CH=C-CH,-CH;-CH; -CH; 3
C'H:—CH:—FH—CH;—CH; .

CHj;

O3S e e Jgiall 88 ) S i e gl

?&9.‘..

dati 1 oS il A
hai3 32 Syl -B
hid 38l -C
hiig 91 AS,d-D
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Which of the compounds listed in the table e S ool Jgaall 6 B ) gl S yall (e (6

below would react with bromine? ¢ asd

A — Compound 1 only

B — Compound 2 only
C — Compounds 2 , 3 only
D - Compounds 1 . 4 only

il | Spdl—- A
Lid2 £, - B

CH; — CH; - CH, - CH, - CH, - CH; Lid3 42 oS, - C

CH; - CH, - CH=CH - CH; - CH; _h‘jﬁ_'l"l QLEJ"“'D

CH=C-CH;-CH;-CH,;-CH;

CH;-—CH;-—FH-—CH;—CH;

CH;
Bromine was added to two test tubes containing CulSs (SiligsSgy0a e Gligiad jlaal li':;_JJ,H.si | PPN (IR
hydrocarbons, and the result of the addition was as bl J<an 4: ek LS ALy dam
shown in the figure below. Which of the following Paasaa G olyluad) .H;l

statements is correct?

/4

Bromine
B I

Bromine
Hydrocarbon A is saturated while hydrocarbon gria e B 0585 nell i ol A 05355 )4]
B is unsaturated
Hydrocarbon A is unsaturated while hydrocarbon padia B (550 uel) Loy aadia 38 A (9359 )2l
B is saturated
Both hydrocarbons A and B are saturated Heata B Gasiypnglly A diss sl N&
Both hydrocarbons A and B are unsaturated Osada e B 0585 5uells A (8150 el e &
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Which of the hydrocarbons shown below react with bromine?

RISI TS U
== tr=— Z

R T S

1 : _H H

1 only Lid |
3 only L 3
2 and 3 392
1 and 3 35l

Hydrocarbon was added to bromine in a test tube, the
result was as shown in the figure below. Which of the

following hydrocarbons most likely was added to the

Sy ¢ lad) gl A agsll ) 0538550 Al
Ciliss s yugll Ga gl Lolial JSAI 3 ek LS dp il

Cagsll N cinial (19K o ceasall (e 2000

bromine?
_ —
j,CHZ\ ?Hl
CH; CH; CHCH,
2 | | CH = CCH,CH,CH, CH3;CH = CHCH,CH, I
CHCH,
CH,  CH, |
CH
o o |
Lol U ppd Ayl 2y pepd
1 only L 1
4 only L 4
1or4 441
2or3 3 42
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Textbook + tables 1, 2 | 3 + Example problem + Practice

11 CHM.S.5.0L083,02 Lie IUPAC systam o name sliphatic alkanes (straight chain, branched, non-substituted and substituted)

Straight-Chain Alkanes

&6 .67 68,69, 70 71

Alkanes are hydrocarbons that have only single bonds between atoms.

Table 1 Simple Alkanes

Molecular Formula Structural Formula Ball-and-Stick Model | Space-Filling Model

i
Ethane
H—C—C—H
(C,H,) | |
H H
H H H
Propane T —(!‘.—(!‘.—(E‘.—H
(C;Hy) T
H H H
H H H H
Butane H (l: {!; {|: ,L H
(C.H) I
H H H H

Naming straight - chain alkanes:

Table 2 First Ten of the Alkane Series

Name Molecular Formula Condensed Structural Formula
Methane CH, CH,
Ethane CH, CH.CH,
Propane C.H, CH,CH,CH,
Butane CH. CH,CH,CH.CH,
Pentane CH, CH.CH,CH,CH,CH,
Hexane . CH.CH,CH,CH,CH_CH,
Heptane C.H. CH,CH,CH,CH,CH,CH_CH,
Octane CH, CH,(CH,).CH,
Nonane CH.. CH_(CH,),CH,
Decane 2 CH,(CH,),CH,

2 Humuluguus series: A series of mmp{}unds thar differ from one another by a repeating unit. The repeating Unitis .......uecceenns

® Alkanes have the general formula of C H,,.,, where n is equal to the number of carbon atoms.

Question : Write the molecular formula for an alkane that has 13 carbon atoms in its molecular structure .

@the_garden_academy o The garden academy
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Branched-Chain Alkanes:

ARY.

Butane
Molecular formula: C;H,q

Figure 9 Butaneis a fuel used in
lighters. Isobutane is used as a
propellant in products such as
shaving gel.

Isobutane
Molecular formula: C,H,,

Question: Describe the difference in the molecular structures of butane and isobutane.

Alkyl groups

® The name of an organic compound must describe the molecular structure of the compound.

® When naming branched-chain alkanes, the longest continuous chain of carbon atoms is called the parent chain.

® All side branches are called substituent groups because they appear to substitute for a hydrogen atom in the straight chain.
® Fach alkane-based substituent group branching from the parent chain is called an alkyl group.

® WWhen you name an alkyl group, the ending -ane is replaced with the letters -yl.

Table 3 Common Alkyl Groups

m Methyl Ethyl Propyl Isopropyl Butyl

pndansed CH,— CH;CH,— | CH3CH,CH,— | CH3CHCH; | CH3CH,CH,CH,—

structural formula |

H N |

1l | e T

Structural formula H_(I:_H . H_(I:_H —-(IZ—H ) (|: )
H—C—H | H=G—H |

| H—C—H

H |
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Naming b hed-chain alk ;
aming branched-chain alkanes H3
Chemists use the systematic rules approved by the International Union of Pure CH2
and Applied Chemistry (IUPAC). I
PP > CH3CH2CH2(|.'ZHCH('T‘HCH2CH3
Step 1: Count the number of carbon atoms in the longest chain and name it.
=2 . CH; CHs;

The longest chain has eight carbon atoms, so the name of the parent chain is octane.

Step 2: Number each carbon in the parent chain. Locate the end carbon closest to a substituent group. Label that carbon Position 1.

This step gives all the substituent groups the lowest position numbers possible.

g "
CH, CH,
1 2 3 4| e 7 s g8 7 6 § | 3 2 1
CH;;CHQCHZ?HCH(I:HCHZCH;; CH3CH2CH2CI:HCH?HCH2CH3
5 4
CH3 CH3 CHB CH3

Numbering from the left puts the alkyl groups at Positions 4, 5, and 6. Numbering from the right puts alkyl groups at Positions 3, 4,

and 5. Because 3, 4, and 5 are the lowest position numbers, they will be used in the name.

Step 3: Name each alkyl group substituent. Place the name of the group before the name of the parent chain.

Step 4: If the same alkyl group occurs more than once as a branch on the parent structure, use a prefix (di-, tri-, tetra-, and so on)

before its name to indicate how many times it appears.

Use the number of the carbon to which each alkyl group is attached to indicate its positon.

One ethyl group: no prefix CH;
Position and name: 4-ethyl Ethyl | _
CH,
8 7 6 5 | 3 2 1
CH3CH2CH2(I:HSH(I:HCH2CH3 Parent chain: octane
CHy ICHs

Methyl Methyl

Two methyl groups: use dimethyl
Position and name: 3,5-dimethyl!

Step 5: When different alkyl groups are attached to the same parent structure, place their names in alphabetical order.
In this example: Alphabetical order puts the name ethyl before dimethyl.
Step 6: Write the entire name, using hyphens(-) to separate numbers from words and commas(,) to separate numbers.

In this example: The name should be written as 4-ethyl-3,5-dimethyloctane.
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Use the IUPAC rules to name the following structures.

a. (I:H3 (i;HB
CH;CHCH,CHCH,CHj;

b. cl;|-|3 (i;Ha
CH;CCH,CHCH;

I
CH;

c. (I;|-|3
o
CH3;CHCH,CH,CHCH,CHCH;

CHALLENGE Draw the structures of the following branched-chain alkanes.

a. 2,3-dimethyl-5-propyldecane

b. 3,4,5-triethyloctane
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Final exam questions

What is the correct name for the following alkane?

(Using IUPAC rules)

¢ Jal SSBU aall Al L

(IUPAC 20158 Laranud)

CH,—CH, CH,CH,

CH,—CH—CH—CH,—CH—CH,

CH3—(|3—CH3
CH,

2, 2, 3, 6 — tetramethyl — 4 — ethyl octane
4 — ethyl - 2, 2, 3, 6 — tetramethyl octane

3,6, 7,7 — tetramethyl — 5 — ethyl octane

L‘;tE_,‘;Lﬁgl—ﬁt—d;gu‘fnlﬂ—GiﬂiZiz
Qﬁjtdéngn@-ﬁt3L2¢2—ah.:gl“4
oSy Jise oy =7 ¢ 7¢6¢3 -0l -5

QﬁJiJél—S-d;enqﬁlf_)—7i7iﬂi3'

What is the name of the following alkane using
[UPAC rules?

A - 4.5— dimethyl — 3 — ethvl heptane

B - 3 —ethyvl — 4.5 — dimethvl heptane

C - 2.4 — diethvl — 3 —methyl hexane

D - 3 —methyl -2.4 — diethyl hexane

@m_p&n_am 3 om!pn&nmdﬂny

¢ JTUPAC 2! alaaiuls Jall HSi . L

OUsA Jial — 3 —Jiaa S-S0 4 - A
Olas Jha A543 -B
ObeSa s 3l A 4.2 -C

Ol Sl A — 42— JSaa-3-D
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What s the name of the following hydrocareon HIUPAC) pld a2 A2 Sefs gl ol s
according o me (IWPAGC) system?

CH, 'i-:l'lz
CH,
3, 7 - dielhyl — 3,4,7 - limethyl - 5 — propyl Jues— 5= Jlie -7 0403 -l JE-T.5
decane e
5 — propyl — 3, 7 — diethyl — 3.4,7 — Inmefhv ST 4T -4 AT 5 —dun— 5
S L
dacane

3.4,7 - timethyl — 5 — elhyl — 5, 7 — dipropyl nonane  1ig oo 22-T 05— Q8- 5 -Jd -7 4.3

5 — ethyl — 3,4, 7 trimethyl — 5, 7 — dipropyl nonane OB Jugn JE=T o 5 e 2H-T74.3-08-5

I Using IUPAC rules, what is the correct name zeaeall 2l La o IUPAC) xelg Laanus
of the structure shown below? Calinl Aaiagal) A8l Lol
(I:H3 CH2 CH3
I
CHiCHEH,CH,CHCH,C CH
CIHz
(IZHz
CH;
4-ethyl-4,6—dimethyldecane OS Jdie SU-64-Jiu-4
|
4,6-dimethyl-4-ethyldecane O Jig-d- Jdue ilir6:4
7—ethyl-5,7-dimethyldecane S e 4:,'..1'1—7;5—4;551—?
5,7-dimethyl-7-ethyldecane s ST Jdua AUET05
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12 CHMS,6.01.013.03 Use IUPAC iystem to name cycloakcanes [non-branched, branched, non-substituted and substituted) "

Textbook + figure 10 + Example problem 2 + Practice

71,773

Cycloalkanes (C H,,)

® An organic compound that contains a hydrocarbon ring is called a cyclic hydrocarbon.
® To indicate that a hydrocarbon has a ring structure, the prefix cyclo- is used.

® Thus, cyclic hydrocarbons that contain only single bonds are called cycloalkanes.

® Cycloalkanes can have rings with three, four, five, six, or even more carbon atoms.

® The name for the six-carbon cycinalkane is cycinhexane. Itis used in paint and varnish

removers and for extracting essential oils to make perfume.

® Note that cyclohexane(CgH;,) has two fewer hydrogen atoms than straight-chain hexane(CgH, 4).

That is because a valence electron from each of two carbon atoms is now forming a carbon-carbon

bond rather than a carbon-hydrogen bond.

® Cyclic hydrocarbons such as cyclohexane are represented by condensed, skeletal, and line

structures.

CH
P i
T T
CH, CH,
~ 7
CH,
Condensed structural
formula
C
O
C C
"\.C./
Skeletal Line

structure structure

Figure 10 Cyclohexane
can be represented in
several ways.

Which of the following molecular formulas represents S5 Ghla Gleli 53 400l 445, jal) daall e éi

a cycloalkane with six carbon atoms?

A — CgHy

B - CsHio
C-CeHia
D —CgHyy

Naming substituted cycloalkanes:

Follow the same IUPAC rules used for straight-chain alkanes, but with a few modifications:

- The ring is always the parent chain.

The EE ) I TR TITEENR oot ot s P S B P

= Numbering starts on the carbon that is bonded to the substituent group.
- When there are two or more substituents, the carbons are numbered around the ringina

way that gives the lowest-possible set of numbers for the substituents.

fop S Sl R o

CdHs -A
CsHio -B
CeHpp -C
CeHis -D

CH;

CH. CH,
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= If only one group is attached to the ring, no number is necessary.

What are the lowest possible position numbers? A CH, B CH,
4 1
3 CH; 5 CH;
................................................................................................................... 5 6
. 6 2 5 3
P g T 6 S
1 4
What is the name of the compound? CH; CH;
1,3.4 12,4
Use IUPAC rules to name the following structures.
a.
CH,
b.
CHs;
CH; CH,CH,
c.
CH,CH;
CH5CH,

CHALLENGE Draw the structures of the following cycloalkanes.

a. l-ethyl-3-propylcyclopentane

b. 1,2,2,4-tetramethylcyclohexane
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Final exam questions

What is the correct structural formula for the

following alkane?

(3.5 —diethvl — 1 .2 — dimmethyl cvclohexane)

Al Jsbu dasaall 45 dapall L
(A Ot Jua S 2 (] — Jil S5 3)

—

=g
& -
i i
[ ’
a Ve

L
i i
"
o 1

CH, CH,CH,

CH,

CH;CH,

CH

CH

' CH,CH,

What ks the comrect structural formula for the

compound:

1.6 = diethyl = 2 ,3 - dimethyl cyclooctane?

CH;
CH;
CH3CH, b ads
CH,
CHy”
CH,CH,CH, CH,CH,CH,

CH,

CH;

CH,CH, O
CH; CH,CH

@ @the_garden_academy ” o The garden academy
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You

g O f
" What is the comect structural formula ¢ I aladl SO0 dasmall 400N Zisad L

for the following cycloalkane?
(4-ethyl-2-methyl-1-propylcyclohexane)

(Al Sl Jugp —1- Jiua -2 Jul - 4)

CH4CH,

CH,CH,CH,

CH,CH, O: CH,CH,CH,

CH,CH,CH,

CH,CH; _ il: .CH

CH,CH,CH,

CH,

CH,CH,

What is the correct structural formula for the ¢ A Al SIS daaall 450 Aaall L
next cycloalkane?
(1,5 —diethyl — 2 , 4 — dimethyl cyclohexane) | (Al Chast Jiua S 42— J&l D 5¢1)

o T

CH,CH,

CH,CH
CH CH,CH, ‘ ‘Q
CH,

CH, CH,CH, (I: ’
3

@the_garden_academy " o The garden academy y @mthpmemudmrfﬂ 0 00971569174493




13 Stafe pysical properiies of altanes and i wses Textbook + figure 11 + table 4 T4

Properties of Alkanes

® All the bonds in alkanes are between either a carbon atom and a h}rdmgen atom or between two carbon atoms.

® A bond between two identical atoms, such as carbon, can never be polar. Also, the C-H bonds have only a small electronegativity

difference and are nonpolar.

® Alkane molecules are nonpolar, which makes them good solvents for other nonpolar substances.

Physical Properties of Alkanes Table 4 Comparing Physical Properties

Substance and Water (H,0) Methane
Y i N formula (CH,)
® Water and methane molecules are similar in size and molecular mass, but | (—
Molecular mass 18 amu 16 amu
they differ (in a significant way) in melting and boiling points. State at room i
temperature e gds
® These temperatures differ greatly because methane molecules have little Boiling point 100°C _162°C
intermolecular attraction compared to water molecules. Melting point 0°C —182°C

® Methane molecules do not form hydrogen bonds with each other, whereas water molecules are polar and form hydrogen bonds.
® The difference in polarity and hydrogen bonding also explains the immiscibility of alkanes and other hydrocarbons with water.

® | ubricating oils in water, the two liquids separate almost immediately into two phases. This separation happens because the

attractive forces between alkane molecules are stronger than the attractive forces between the alkane and water molecules.

® Therefore, alkanes are more soluble in solvents composed of nonpolar molecules like themselves than in water, a polar solvent.

Chemical properties of alkanes:

® Alkanes are low reactive because:
- Alkanes molecules have nonpolar bonds, have no charge, so they have little attraction for ions or polar molecules.

- C—Cand C—H bonds are relatively strong. More energy is needed to cause a reaction.

Final exam questions

1
What explains the immiscibility of alkanes Colall ae z! jiasld ISIVI AL a0 judy 3l e
with water? |
A—-1,3only | ) Lid3 g1 -A
il Explanation Numt i
B- 2, 4only | Lidg 32 -B
Sy Jaily JSI5 y Aled 6 SASTHT iy
G | ﬂﬂl}' Alkanes molecules are nonpolar and do not form hydrogen bonds 1 i | -C
Liiun g yua Byl g5 (S0 g Azl SUSTY! S "
D-4 Dﬂl}’ Alkanes molecules are polar and form hydrogen bonds 2 ki 4 -D
oLty I iy o oo a5 8 (e 5 81 AST il o O BT (5 8
The attraction forces between alkane molecules are stronger than the 3
attraction forces between the alkane and water molecules
Pl y ST S e a5 g e maen SIS Sl e e i) 5
The attraction forces between alkane molecules are weaker than the 4
attraction forces between the alkane and water molecules
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The table below shows the similarity of Methane and
water in molecular mass. They are also similar in both

size and shape. Why does Methane existin the gas state
with a very low boiling point?

A — Methane molecules are polar while water molecules

are nonpolar
B - Methane molecules are nonpolar while water molecules
are polar
C - Methane molecules form hydrogen bonds with each
other
D — The attraction forces between Methane molecules

are very strong

LaS 4y ) AN s oLl y el alas JEN J yaad) o
oo Clsal) 3509 asas Lo Uil JS 5y aanall 3 sy
LIS Ao s B el QRlIATY) 5 4 A Allad)

Apks e olall il o Laindgudas Gl Gl e - A

Akt o) il o Laiyp ke 52 (il Gl e - B
) L s (38 A 5 3 Jadl 5y el iy S35 - C
B 308 Gl iy onedlaill g6 - D

e 5 [ [

4 a0 A2

18
— Molecular Mass

oo
liquid

GAN S e e s e Al
State at room temperature

Sl A
Boiling Point

EThe molecular mass of methane is close to the molecular
mass of waler as shown in the lable below, the two

compounds are similar in size. What explains the lower

and boiling points of water?

(CHy) ol (H:0) ol
Methane (CHy) Water (H;0)
16 amu 18 amu
s Sl
Gas Liquid
-162 C° 100°C
-182 C° 0°C

Methane molecules are nonpolar and do not form
hydrogen bonds with each other

Methane molecules are polar and form hydrogen
bonds with each olher

Methane molecules have a very high intermolecular

attraction compared to waler molecules

Methane is organic compound, while water
IS inorganic compound

melting and boiling points of methane compared to the melling

Lgwnny Agingsaan Loy Ly JCB Wy Akl 2 ol Sliie

LS elall Giall BN (o 2 lisall Fjal) AR
paall A OLSl alig wolial Jaaall 3 ek

Llia Oligal) Sl lenail oy palind) ol 3 La
Teldl ey sleeall Silo)d pe

B —

Lginms Al i Sy Timy JENE Rl g Sl

N

3jlae Slujell adald s Adle 50 juad Sl Sluia
eladl a:.ﬂ.'uf_p..t

e s ol L pune Sa sl
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Why do the melting and boiling points of methane differ
from the melting and boiling points of water as shown

in the table below?

Claall Sldally jlgaat) Cils o D) s b

sl Jaaall maage 58 LS glall SUlally leeat¥l Silag oo

Mothana (CH,) Sl | Waler (H:0) o

Because methane molecules are nonpolar and do not form
hydrogen bonds with each other , whereas water molecules
are polar and freely form hydrogen bonds

Because methane molecules are polar and form hydrogen
bonds with each other , whereas water molecules are

nonpolar and do not form hydrogen bonds
Because C-H bonds in melhane molecule have a very large

electronegativity difference, whereas O-H bonds
iIn water molecules have a very small electronegativity difference

Because methane molecule has a bent geometry,

16 amu 18 amu Hnl;:trl':arrlm:s ddu ! AnSH
=162 *C 100 *C Boiling point Al da e
=182 °C 0*C Melting point ol gy

an e lguinas A a Jadlyy JSA5 Wy Akl pe o)) iliia oY

Liag yub oy ) JSE5, Akl el Silije Ly

ans aa lguany duiiag o Jadly s JSSg Aadad ) ciliuya oY

Aiagyas Jadly ) JSE Wy Akl g eld) Clia Lay

e a€ s Lo sladl egin A C-H dady; oY
ekl ;é#qaﬂ—H.h[”haﬁiﬁ:ixﬂlwqi

e

el g K2 iy ade il Sl g JSE OV

whereas water molecule has a regular geometry plaliie o2l
Water and methane molecules are similar in size, LaglllS ) LS cppall 8 ) o g pa oLl i il
and have molecular masses close 10 each other, What — J4=alily Jokd Jas Gl ool 530 Lol Slall
explains the low boiling and melting points of methane Tolad aa Ailhe Slgad
compared to water?

sany aa lgaiaey dng o Doy ;) S35 dgdad Dl Sl |
Methane molecules are polar and form hydrogen bonds with each other
g a lpans Sl o Sy K2 Y Sl 2 i Sl
Methane molecules are nonpolar and do nol form hydrogen bonds with i
' each other
elall Sliias e el gaians il lap dadalis Spads Bl Siuje
Methane molecules have liltle intermolecular altraction compared lo waler il
molecules
I, 51
Il only L |l
| only L |
I, i o,
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Uses of Alkanes:

Figure 11 Many solvents—used as thinners for paint, coatings,

waxes, photocopier toners, adhesives, and printer press
inks—contain alkanes and cycloalkanes.
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14 CHMLS.8.01.013.08 Draw the structure of an afiene given is IUPAL name

Textbhook + table 5

15 CHM 5.6.00L013.06 Use ILPAC syster to name alkenes [straight chain, branched, non-substituted and substituted)

Textbook + fgures 12 , 13 + Example problem 3 + Practice

problems

Alkenes

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

An alkene must have a double bond, so the simplest alkene has two carbon atoms double bonded to each other(C,H,).

Alkenes with only one double bond constitute a homologous series. The general formula for the series is C H,,.

Each alkene has two fewer hydrogen atoms than the corresponding alkane because two electrons now form the second covalent

bond and are no longer available for bonding to hydrogen atoms.

Table 5 Examples of Alkenes

Name Ethene Propene 1-Butene 2-Butene
Molecular formula C.H, C,H, C,H; C,Hg
H H
H H H H \_/
H H N ol A A
\ / C H | /"N _/ H C=C H
Structural formula BE B L No H C H / N
H/ \H H /C—C\ H/ \C=C/ H C
H H e Y H
H H
Condensed CH.= CH CH.CH = CH CH.CH.CH=CH. | CH.CH = CHCH
structural formula 27 ¥ 72 =R 3T TR 3= 3
Final Exam Questions

Which of the following is true about alkenes?

contain one or more ftriple bonds between carbon

atoms

The simplest alkene has one carbon atom

Its general formula is C H,,..,

Its general formula is C_H,,

?a@hﬁ@w@bhgi

s il o ST 2200 A o ggia

saaly 9 33 o S daned (g

CHHII'H2 :\-ll'l.l-“ ‘4&*‘

CoHon dalall Lgnsa
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series) has 7 carbon atoms and contains two double

bonds?

C;Hie C,;Hyy C,Hy5

What is the molecular formula for alkene (straight S T (e OsS (Aasiions dlude) (ST Lisall dapall Lo

foasll Guilyly o (ggiasg Og0S

CsHys

with nine carbon atoms and one double bond?

18
20
16
17

How many hydrogen atoms are in an alkene S OSIY egin A Bagagall Cuag gl Cl)d e S

5aly Al dlayy S S o

Naming alkenes

® Alkenes are named in much the same way as alkanes.
® Their names are formed by changing the -ane ending of the corresponding alkane to -ene.

® To name alkenes with four or more carbons in the chain, itis necessary to specify the

location of the double bond.

® This is done by numbering the carbons in the parent chain, starting at the end of the chain

that will give the first carbon in the double bond the lowest number.

® |tisimportant to recognize that 1-butene and 2-butene are two different substances, each

with its own properties.

Question: We can't name a compound 3-butene. Why?

® Cyclic alkenes are named in much the same way as cyclic alkanes; however, carbon

number 1 must be one of the carbons connected by the double bond.

® Question: Name that cyclic alkene in the figure.

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

3-Butene

& 3 2 1
C—C—C=C

1-Butene

a. Straight-chain alkenes

5

4 L~ CH-
3 2

CH,

b. Cyclic alkenes

Figure 12 When naming either
branched or straight alkenes, they
must be numbered using IUPAC
rules.
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Naming branched-chain alkenes

- The parent chain is always the longest chain that contains the double bond.

- The position of the double bond, not the branches, determines how the chain is numbered.

- Some unsaturated hydrocarbons contain more than one double (or triple) bond. The number of double bonds in such molecules is

shown by using a prefix (di-, tri-, tetra-, and so on) before the suffix -ene.

CH,

|
CH2= C_CH;}_CHE
1 2 3 4

2-methyl-1-butene

a. Single double bond

C—C—C=C—C=C—C
5 4

g 2
2,4-heptadiene

7 6

b. Two double bonds

Practice_Naming Branched Chain Alkenes

Figure 13 The positions of the
double bonds in alkenes are
numbered in such a way that gives
the lowest set of numbers. This is
true in both branched and straight-
chain alkenes.

CHCH=CHCHCH,CHCH;
CH, CH:
CH3CH=CH(|,"HCH3
CH
%
CH; CHs
CH3CHCH2CH=CH(iJCH3
CH.

Draw the structure of 1,3-pentadiene.
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Final Exam Questions

What is the correct name for the following alkene?
(Using IUPAC rules)

CH,

\
L—
/
CH5CH,

/
C
\

4 — ethyl = 3 — methyl — 3,5 — heptadiene

3 — methyl - 4 — ethyl = 3,5 - heptadiene

4 — ethyl = 5 — methyl — 2,4 - heptadiene

5 — methyl — 4 — ethyl — 2,4 — heptadiene

CH=

CH,CH;

¢ A S maaall o) e
(JUPAC el Lasinui)

CH CH,

|
Caliia =5 93—l 3 - U8 - 4

Ol = 5 53 = Jl— 4 — Jfa - 3
Gulitia =4 32— Jha— 5 - Ji - 4

Gulia = 4 92— 8 — 4- Y- 5

Which the following structural formulas shows the incorrect

numbering way according to IUPAC rules?

CHs

4

CHj

H30 CH
2
S
4 —CH,
3 2
CH,

Aagmoal) i aB ) Tk g el 200 AS00 gaal 4l

¢ (IUPAC) el Lz

|
QIH;;(%H—(;;H =C =%H2

I
05H3C4)H— %— CZH—C1H2

(@) @the_garden_academy o The garden academy
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What is the correct name of the alkene with
the following structural formula?

A — 3 —methyl — 6 — ethyl — 5 — octene
B - 6 — ethyl -3 — methyl -
C - 3 —ethyl — 6 —methyl -3 — octene
D — 6 —methyl — 3 — ethyl

5 — octene

— 3 —octene

|
CH4~CH—CH,~CH=C

Al A5l dapall g3 S maaall anY L

S —5— i) - 6-dfie-3 -A|
Sy~ 5 Jfe—3-Jf-6 -B |
S5 -3 - die—6-d8 -3 -C |
O —3-di -3 -Jie—-6 -D|
/CHZ_CH3
CH,~-CH,4

What is the name of the following hydrocarbon
according to the (mmc) system?

6— methyl — 2 — ethyl —3 — heptyne

3. 7 — dimethyl — 4 — octene

2 — ethyl — 6 — methyl -3 — heptene

3, 7 —dimelhyl — 4 — oclyne

*(IUPAC) plad 1op Sl (j €0l ud Lo

-3 -4 -2 Jhee 6
Oyl — 4 — Ul BT 3

e

oSyl — 4 = Y =T (3

0 The garden academy
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16 CHM.5.5.01013.07 Use IUPAC system to name aliynes (straight chain and branched) Textbook + table 6 + check your progress

Alkynes

® Alkynes are unsaturated hydrocarbons that contain one or more triple bonds between carbon atoms in a chain.

® The simplest and most used alkyne is ethyne (C,H,), which is widely known by its common name acetylene.

H—c=c—H =90 P
Figure 15 These three molecular models

Models of ethyne (acetylene) represent ethyne.

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,, ».

Table 6 Examples of Alkynes

Condensed Structural

Molecular Formula Structural Formula AT,
Ethyne C,H, H—Ce=C—H CH=CH
H
Propyne C:H. H—CEC—(lj—-H CH=CCH,
y
H H
1-Butyne CsHs H—C EC—(!?—(lf,‘—H CH=CCH,CH;4
[ |
H H
2-Butyne CiHg H—Ll'l—CEC—(IZ—H CH;C=CCH,
: ;
Final Exam Questions

What is the general formula of alkynes?

A — GHap2
B - CHop+
C -Gl
D - C,H,,
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What is the correct structural formula for f A CSHall dnnall A5G dapall L

the following compound?

4 — ethyl — 5 — methyl — 2 - hexyne OolSa =2 — Jie—5-Jdiul -4

: CH2 CH3 Ny ICH3
|
CH;C=CCHCHCH, CH,C=CCHCHCH,8
CH, CH, CHs
i CH,CHj; ’ CHZCH3

I
CH,CHCHCH,C kg EHE = CCH

| |l
CH, CH CH3 CH3

Using IUPAC rules, what is the correct name faall Al desall maall 4! L UPAC xelg Laadnu
of the following structure?
4-ethyl-2-octyne Se-2 — Jia-4
5-ethyl-6-octyne cpSy-6 — -5
4-butyl-2-hexyne laSa=2 —oen -4
3-butyl-4-hexyne a4 —Jagy =3

(@) @the_garden_academy OTheglﬂhnmdemy _ @m.thnprdemad&n]mﬂ 0009715691?4493




What = the corvect! strochueasl formads for e
AT
4 wihyl = 4 5.5 = tremwlhyl < 2-hexyna?

a.c—-c-o-FFq
t CH,

CH, CH,
CH,CH =CH%CH,'&CH,

|
CH, CH,

i
CH,CH = CHCCH, 0K,
CH, CH,CH,

B e
et = 2= Y -8 .8 4S54

What is the name the compound with the following
structural formula using IUPAC rules?

A — 6 —ethyl -2, 2 dimethyl —3- heptyne
B-2.2,6-trimethyl — 3- octyne
C-3,7,7-trimethyl — 5- octyne

D — 2—ethyl - 6 .6 - dimethyl — 4 - heptyne

@m_m_m ) Omemmy )

aladiody 40050 45U disal) 53 S all acd Le
STTUPAC =148

Gt 3 — e B2 2.0 -6 -A
DA — 3 Jle SN— 6¢2¢2 -B
OIS — 5— Jlse SO 7¢7¢3 -C
Ot 4 — i AB-6¢6-Jd8-2 -D
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What is the correct structural formula of S pell Anpaall 500 Aaall L
the compound ( 5§ —methyl — 2 — hexyne)? C (st 2 — Jia — §)

Structural Formula Al el Symbol

CH;

|
CH;-C=C-CH-CH,-CH;

"fHJ
CH; -CH=C-CH, - CH,-CH;

o
CH; -CH=CH-CH - CH,- CH;

CH;

I
CH;-C=C-CH,-CH-CH;

What is the correct structural formula of S yall daaall 45001 dasall L
the compound ( 4 —methyl — 2 — hexene)? $ (Ot 2 - Jia—4)

=
CH;-C=C~CH-CH,~-CH;

?Hs
CH;-CH=C-CH, - CH,-CH;

(I'-'HJ
CH;-CH=CH-CH-CH;—CH3

CH;

|
CH;-C=C-CH,—-CH~-CH;
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17

CHMUSE0L004.01 Define the term structurad Bomers [and illustrate their similanities and differences | Textbook + figurel7

Isomers

Isomers are two or more compounds that have the same molecular formula but different molecular structures.

Question: cyclopentane and pentane are not isomers. Why?

lllllllllll

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

There are two main classes of isomers, structural isomers and stereocisomers

1) Structural isomers

Structural isomers have the same chemical formula, but their atoms are bonded in different arrangements.

Structural isomers have different chemical and physical properties despite having the same formula.

As the number of carbons in a hydrocarbon increases, the number of possible structural isomers increases.

Pentane 2-Methylbutane 2,2-Dimethylpropane
bp = 36°C bp = 28°C bp =9°C
Figure 17 These compounds with the same molecular formula, C.H,,, are structural isomers.

Question: How does the trend in boiling points of isomers relate to their molecular structures?

+++++++++++

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Question: Draw some structural isomers of the hydrocarbon with the formula C;H,4
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Final Exam Questions

Three of the structural formulas shown in the
table below are structural isomers to each other.
Which formula does not represent a structural

o dual Jgaall &8s ) gl AU dsall (e 4530
¥ A Arsall Lo ¢ amndl Lpand 4505 ) ye g i
£ AY1 S yall Gy 135 30 S

isomer for the other compounds?

CH; -CH:-CH,-CH;-CH; -CH;

H; - CH;
CH; - C - CH;
CH;

CH; ?:H,
|
CH; - c|:H - CH-CH,

CH;

Three of the structural formulas in the table below
are structural isomers to each other. Which formula

does not represent a structural isomer for the

o> 20 Jgaadl 3 ) gl Al fsall e 220
Y A dhpeal) La ¢ an i gaian d 4505 &l e g i
Tis AV Sl pall iy a4l sl

other compounds?

A —Formula 1 Y

B - Formula 2
C—-Formula 3
D - Formula 4

3
CH3CHCHZCH3

2 4all -B

il -C
44al—D

CH5CHs
I
CH3CHCH,CH3

Which of the following is NOT a structural isomer
of other three compounds?

CoAY) A Sl Ay jegil ol Sl Las g

Slsn e 08 =3.2 sy Jdise =2 Sl Jiise A8 ~2.2 s
2.3-Dimethylbutane 2-methylbutane 2,2-Dimethylpropane Pentane
A B = D

@the_garden_academy ” o The garden academy
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Which of the following formulas does not represent

a structural isomer of the compound:

3— Ethyl-2-methyl hexane?

Sl iy ool (Jia5 ¥ AW apall (ja gl

TOLSa S — 2 - sl - 3

A B ":H;
CH,
CH, CH(CH, |
| CH, CH, C CH, CH,
CH,CHCH,CHCH CH, |
CH
| 2
CH,
k D
CHS CH, CH, TH,
CH, CH, é CH,CHCH,
CH, CH, CHCH,CCH, |
CH
| | °
CH, CH,
Which of the following compounds is nol a structural e oAY! EUN LSyl Loy Bagil el 430 Gl (4
iIsomer of the other three compounds?
CH,
I
CH;CCH,CH,CH,CH, 1
I
CH;
CH;
I
CH;CHCHCH,CH,CH; 2
|
CH;
CH,C HZCHZ(’II HCH,CH; \
CH,CH;
CH,
I
CHiCHCHCH, CH,CH, 4
CH,CH;

@the_garden_academy o o The garden academy
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18 CHM.5.6.01.011.07 Describe the difference batween cis- and trans- isomens in terms of geometricsl srrangaments Textbook + fiqures 18, 19 83

Stereoisomers are isomers in which all atoms are bonded in the same order but are arranged differen[ly in space.

Geometric isomers: lsomers resulting from different arrangements of groups arou nd a double bond.

" Figure 18 The single-bonded carbons in Single covalent bond Double covalent bond
ethane are free to rotate around the bond. The

double-bonded carbons in ethene resist being
rotated.

Explain How do you think this difference
in ability to rotate would affect atoms or
groups of atoms bonded to single-bonded
and double-bonded carbon atoms?

Carbons free to rotate Carbons fixed in position:
no rotation possible
Ethane Ethene

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

H H
H H H H et H
\_/ \_/ £ N
C C H C=C H
P 2% / N
H® C=C_ H H AN
H H H H
cis-2-Butene (C,Hy) trans-2-Butene (C4Hg)
mp = —139°C mp = —106°C
Bp = 37°C bp = 0.8°C

Figure 19 These isomers of 2-butene differ in the arrangement in the space of the two methyl groups at the
ends. The double-bonded carbon atoms cannot rotate with respect to each other, so the methyl groups are
fixed in one of these two arrangements.

® The arrangement in which the two methyl groups are on the same side of the molecule, we use the prefix cis-.

® The arrangement in which the two methyl groups are on opposite sides of the molecule, we use the prefix trans-.

Question: the cis- form cannot easily change into the trans- form. Why? ...,

A compound can for geometric isomers only if each carbon atom around the double bond bonds with different atoms or groups.

Question : Draw the structures of cis-3-hexene and trans-3-hexene.
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Final Exam Questions

Identify the pair of geometric isomers among
the following structures. Explain yvour selection LA et A ASE Al
A-"17,"2" because of the different arrangements G paaal AdhED Clas Al e "2 "y "1 A
of the alkyl groups around the double bond AL Al D Jga JuSH
|B- " 3”," 4" because of the different arrangements il AdBaad Clas D e "4 3 "3 "~ B
of the same alkyl groups around the double bond A0 Al D Jga S CiS gaaa
lc-* 1 , 3" because of the ability of the dday) ) Jga g D 35 8 e 3" 3 " 1"-C
double-bonded carbon atoms to rotate S e 4SS
ID- " 27," 4" because of the difference in the structural | oS Al At fual GMGA cus "4 " 3 " 2"- D
formulas of the two compounds

c\r:l: cfcl-l,cn, C\H:._ : /CH;
L N o

/ \
CH,CH, CH, CH; CH,CH,CH,

—

C{h fCH ;CH,CH,
C=(

CHgCH 2 CH 1CH 3 CH;CH, CH,CH,

According to the compounds in the table below. @1 . o0 Joaall 354 o0 Gl sally 3l Lagd
Which of the following opinions is correct? Chaaia 4zl ) )
A - Compound 1 can form geometric isomers because o Apeatia O pa gl CpoSs 1 Sl puhig — A
each carbon atom bonds with different atoms Al ool A g S 53 Skl
B - Compound 2 can form geometric isomers because tens Apeatih Sl pag ) (29SS 2 Al ki — B
it has a double bond ALl Ak ) 252
C - Compound 3 can form geometric isomers because it dzeatid S ag il CusSS 3 el bty C
it has a double bond and each carbon atom around it 9 S0 30 e JS B ) 5 AN Ada) 0 3505
bonds with different atoms and groups Adla, cle panay il Lglsa
D - The three compounds cannot form geometric isomers Apatin O jag il (2580 pakiins Y AN GLS Jall - D

CH,
CH,CH,CHCH = CHCH,CH,
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Which of the following is a pair of geomtrical isomres?

02 aaigh Cohag 3V e 25) b Las

Cf; ICHJ C{": fCH: h ;EHzCH, CHy  CH,
H—c—c —H ;': = l:\ J":= c\. ;: = E\
CH;Cng xculcu, CH,CH;  CH,CH, CH,CH;  CH, CH, CH,CH,CH,

D C = -
BandC C,B
Aand D D;A
CandA A;C
Band D DB

Which of the following compounds can form geometric Saanain Slyag il 055 O oS AIEN LS
isomers?

CH; /CHch2CH3

\
C=C
/ \

CH;CH, CH,CH;
CH;CH, /CH2CH2CH3
\

C=C
/ \
CH;CH, CH;
CH, CH;
\ /
C=C
/ \
CH,CH, CH;,
CH, H
\ /
c=C
/ \
CH.CH, H

@ @the_garden_academy ” o The garden academy @mthpﬂlemadmynﬂ e 00971569174453
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Which of the hydrocarbons bedow forms geomelrie ?guudfﬂ;ﬁ.hjmyflﬂu;;—@

EOmErs?

CHsCH,CH= CH, 1

CHCH=CHCH,CH,  *

3

1, W only

Il candy

I ey

I, 11 only

Regarding the iwo compounds in the table below.

Vihich of he following is nee?

LWl

a3 )

e [l 511

fmmis ol Lew Lol Jyall 8 €0 e Led

a a E'\ ;'
H (!l!H C=¢C
| | 7 \
H H H H
R B

Rotation js possibée in bolh compounds 1, 2 and they

cannol form geometrc somears

Rotakon & possihle m compound | and # cannod

form gecmelric |somers

Rotation is impossibie in both compounds 1,2 and

ey can ko pgeometric isomears

Rotaton s possibie n compourd 2 and it canmnct

1ot gecietric somers

@m_wn_mﬂy Omemm

ackiie: TV LaaSy 29 1 amal e B 2 8 el

dpeiih hiap iy i

Tt ilpmg e mlin Yy | tpad A e il

-.‘;"i'-'l-lgl:lrl gl e 8 B e b

it iyl i Lagle

gt gy s iy Yy 2 s b ae i
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19 CHM.5.6.01.003.26 Describe the structure of benzens and its reactivity Textbook + figure2s BY B8

20
CHM.5.6.01.009.04 Distinguish smong aliphatic snd sromatic hydrocarbons Textbook &5

The Structure of Benzene

—Benzene's molecular formula is CsHs- It's unreactive.

—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.
CH,=C=CH-CH=C=CH,

— Such a structure would be unstable and Extremely R ACTIVE DB CALISE oooeeseeee ettt et e e e e e s eestseresestssaseesssesessesse e s e e e esseessenss e ssenseans

—However, benzene was 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 above must be incorrect.

Kekulé’s dream: H

— Benzene's structure is a hexagon of carbon atoms with alternating single and double bonds. H H

— The flat, hexagonal structure Kekulé proposed explained some of the properties of benzene, burirdid not H H
explain the lack of reactivity. H

Kekule's structure should bereactive Becatise .. .. 0 . o . . e O T BB o

A modern model of benzene:

Figure 25 Benzene's bonding electrons
spread evenly in a double-donut shape
around the ring instead of remaining near
individual atoms.

—Benzene’s unreactivity could not be explained until the theory of hybrid orbitals.

—When applied to benzene, this theory predicts that the pairs of electrons that form the second bond of each of benzene’s double

bonds are not localized berween Dﬂly two specific carbon atoms as Ihey are in alkenes.

—Instead, the electron pairs are delocalized, which means they are shared among all six carbons in the ring.

—This delocalization makes the benzene molecule chemica[]y stable because electrons shared by six carbon nuclei are harder to

pull away than electrons held by enly two nuclei.

@the_garden_academy 0 The garden academy @m,thgardmaudmmnet 0 00971569174493




Aromatic Cnmpuunds

— Organic compounds that contain benzene rings as part of their structures are called aromatic compounds. The term aromatic was

used because of the pleasant smell found in spices, fruits, and other plant parts.

— Hydrncarbﬂns such as the alkanes, alkenes, and alkynEE are called aliphatic cumpuunds to c|i5tingui5h them from aromatic

compounds. Early chemists obtained aliphatic compounds by heating animal fats.

Naphthalene is used to make dyesand asa
moth repellant.

2 p-Xylene
‘ (1 4- dlmethyibenzene) :

Phenanthrene

- : Hﬁ"" x"‘
- %‘aé\ﬁ_ =

—_—

Phenanthrene is present in the atmosphere due to Xylene is used to make polyester flbers and fabrlcs
the incomplete combustion of hydrocarbons.

Figure 26 Aromatic hydrocarbons are found in the environment due to the incomplete combustion of
hydrocarbons and are used to make a variety of products.

Naphthalene is an example of a fused ring system, in which an organic compound has two or more cyclic structures with a

common side.
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Final Exam Questions

Inrelation to the compounds in the table below.

| Which of the following statements is correct?
A —The compounds 1 , 2 are aliphatic hydrocarbons
with low reactivity

B — The compounds 1 . 2 are aromatic hvdrocarbons

ST Joaalt 350 gl CLS pally 3l Logh

fhasua AJEN S Lall 4

AL Auaddie A5 Clig St 2 91 LSual - A
Aol Addile At CligSeoss 2 51 0S4l - B
Lo da ) Jald Rlagl Goausasid 3 asuall - C

| withlow reactivity S iy Siia 52 Aags] G5380088 3Sa D

C —Compound 3 is a fairly unreactive aromatic
hvdrocarbon
| D — Compound 3 is an unstable and extremely

reactive aromatic hydrocarbon

A

The proposed Benzene’s molecular structure has been
changed from( 1) to( 2 ) as shown in the figure below
according to the theory of hybrid orbitals. Which of the

followingis a property of Benzene?

A — Unstable and extremely reactive

B — Stable because the electrons of the double bonds are

shared among all six carbons in the ring
C — More reactive than alkenes
D —Active in general because the electron pairs of the
doublebonds are localized between onlyv two specific

carbon atoms

(1) e sl 7 8l el S 3l S s
SO Ay ylas o 130G sl Sl jedas S (2)
T il paduad &iqsqhag’lw |

fa s gl Jollla g les 48 - A

e (s AS s A3 Jagl g ) i g S8 Y s - B
Al B ) g S 3

Sl G Sl ST - C

Al Aday) ) g S8 1 550 (N e ges Bl - D
Ll (plasaa (ge S A3 O S
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Sclentists have proposed the struclures balow fo ber 51 OH, il (e Je el o] @l Al o
express the benzens compound CgH,. Which of the o
following is trse?
CH,=C=CH-CH=C=CH,; 1
2
Tha formula 2 is comect because benzene s Bk Fee p3id O fama 2 Ganal
chemically slabée
The formula 1 & ncomect because banzene is J.h'-h_p_rh--_q_-’;gjﬂl;h'hgu_ﬁlli_ad
unstable and extremely reactive A et
Tha formula 1 is conect bacause banzans is unstabk ollay s b il OV daaa T diual
ang extremely reactve A el
The formula 2 ig incorrect becauss benzens s Cfloa se o il oV damin i 2 Lieal
edwemically unskabik:
Which of the following is not true regarding aromatic easlag V) Sl ahais Lok Baia el S L
compounds?
Benzene is the simplest aromatic hydrocarbon ag)) a8 dad usll el
Some of it take ring shape Gila NS 325 \guians
Were found in pleasant-smelling oils that Al aadhll b Sl 2 lghe 2l o gl
came from spices, fruits asleilly Llgill e lguadlaned 5 Al
It may contain one or more benzene ring ST ol Baaly i Alla (e oS o K8

@mthpﬂlemadmynﬂ e 00971569174493
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‘ 21 CHM.S.6.01.003.18 Define functional group and give examples Textbook + table 1 98,99

Functional Groups
Functional group is an atom or group of atoms that a!ways reacts in a certain way.

The addition of a functional group to a hydrocarbon structure always produces a substance with physical and chemical properties

that differ from those of the parent hydrocarbon.

Functional groups give substances their individual characteristics, such as smell.

Table 1 Organic Compounds and Their Functional Groups

Compound Type General Formula Functional Group

Halocarbon R—X(X=F,Cl,Brl | Halogen
Alcohol ! R—OH Hydroxyl
Ether ' R—O—R' Ether
Amine ‘ R—NH, Amino
O
Aldehyde | Carbonyl
v (e |
@)
Ketone I Carbonyl
R—C=—R’
O
Carboxylic acid | Il Carboxy!
+—C—0H
@)
Ester I Ester
* o C e O =R
O
Amide | - Amide
*—C_N_*

® The symbols R and R" represent carbon chains or rings bonded to the functional group.
® *represents a hydrogen atom, carbon chain, or carbon ring.
® Double and triple bonds between two carbon atoms are considered functional groups.

® By learning the properties associated with a given functional group, you can predict the properties of organic compounds.
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Final Exam Questions

Which substituted hydrocarbons below agrees with its

o A AL Lalad) dapall ae 3y oLl dug Ky agl) il (g

corresponding general formula in the following table? TV.I'L'M Jeanll
aaladl Lagall
-5
General Formula A
Compound Type
Jea i
«—C—0OH Aldehyde 1
O—R’ !
R Ether N
0 gl
| Al 3
*—C—N-—R .
FsS3,S e
+—(C—H Carboxylic acid 4
1 and 2 % 5
2and 3 3 0l
3 and 4 4 43
1 and 4 4 51

Which of the following is correct regarding

substituted hydrocarbons in the table below?

Ciligs Sy yagll Cilindas (3l Lo pruana b Laa

1 i ;
—C—OH *—C—N-—R R—O—R o—C—H

2l E = eSS e

Aldehyde Amide Ether Carboxylic acid

eSS ana 2l gt sl
Carboxylic acid Amide Ether Aldehyde
Sy S yaa 24l 2 Sl
Carboxylic acid Amide Aldehyde Ether

ol eSS e wal 22l

Ether Carboxylic acid Aldehyde Amide

eolial Jyanll

@the_garden_academy " o The garden academy
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What is the functional group that carboxylic acids ekl gl 5 giad I ALE dide seaddl
have? Tigi}-ﬁ pu SJI

What is the functional group in alcohols? Tyl 2 g A Adhl A saaadl L

Which of the following statements is incorrect dasaea e 0D Shiad

€3 dul) N 35l
regarding the following three structural formulas? ' gl Jiay Led

| 7 | | ' 4
H—C -—(':—-c\’: H—C—C—C—H H_(I:_‘% —
| | OH | ll l"i H H H
H H H o
3 2 1
Formula 1 and Formula 2 contain a carbonyl group g Sl Ao gane o Slgiad 2 dasally | dasal
The molecules of the three formulas (1, 2, and 3) Aalsy dadad (3 2¢1) SO0 Apall Sl
are polar and reactive
The compound with formula 3 has a sour, acidic taste gV man pade 3 Dl g2 S5
Formula | molecules are less reactive than formula 2 Ehﬂm};pl&hﬂ-.m I daaall Slsa

molecules

@ @the_garden_academy 3 0 The garden academy @mtmﬂmm ODEET‘IEEQI?HH




22 CHMLSBU0L013.12 Wite the ILPAC name of aliofl halides and anyl halides

Textbook + figures 3 , 4 + practice problems 100, 101

E3 Cvaw the strucune if an sliegd halide/anyl halide gven s name

Texthook + figure 4 + practice problems 101

Organic Compounds Containing Halogens

(Fluorine_F) (Chlorine_Cl) (Bromine_Br) (lodine_I)

Any organic compound that contains a halogen substituent is called a halocarbon.

If you replace any of the hydrogen atoms in an alkane with a

halogen atom, you form an alkyl halide.

An alkyl halide is an organic compound containing a halogen

atom bonded to an afipha{ic carbon atom.

An aryl halide is an organic compound containing a halogen

atom bonded to a benzene ring or other aromatic group.

Naming halocarbons

,",_- -

ded TN

f’rﬂ"'-q '*. Chloromethane

i ~""a"l-.+.,.-l- :

Figure 2 Chloromethane is an alkyl halide that is used in the manufacturing
process for silicone products, such as window and door sealants.

A prefix indicates which halogen is present. The prefixes are formed by changing the -/ne at the end of each halogen name to -o.

Thus, the prefix for fluorine is fluoro-, chlorine is chloro-, bromine is bromo-, and iodine is jodo-.

The chain is numbered to give the lowest number.

based on the halogen’s name.

@ ® 7 T
B S

Cl H H H H H
Chlorobenzene Fluoroethane 1,2-Difluoropropane

Figure 3 These organic molecules are halides, as indicated by the halogen atoms
represented in these structures. The name of an organic halide includes a prefix

If more than one kind of halogen atom is present in the same molecule, the atoms are listed alphabetically in the name.

Similarly, the benzene ring in an aryl halide is numbered to give each substituent the lowest position number possible.

If numbering is identical in two directions, give the lowest position number to the substituent that will be firstin the name.

@

Br F Cl H
L I |

GGG
H H H H

1-Bromo-3-chloro-2-fluorobutane

using IUPAC conventions.

Figure 4 Organic molecules containing functional groups are named based on their main-chain structure

®)

F I Br
Fluorobenzene 1-Bromo-3,5-diiodobenzene

o The garden academy
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Name the alkyl or aryl halide whose structure is shown.

AR
IR
H H H H
P ENY
H—C—C—C—C—C—H
I 1 1 1 |
H H H H H
3. Br

Cl
Br

What is the correct name of the compound
shown in the figure below?

(Using IUPAC rules)

1- Bromo-2 - chloro — 5 — iodobenzene

1- Chloro =2 — bromo — 4 — iodobenzene

72— Bromo -] - chloro — 4 — iodobenzene

|- lodo-3 — bromo — 4 - chloro benzene

@the_garden_academy o The garden academy

Practice problems

Final Exam Questions

Cl

Br

sl JSAN 8 i gall iShall raaall ausY) L

(JUPAC sclg Lasdins)

s~ S = S =2 = sa9n—1

Ousis — 4= sagn— 2 - 58—

g = 4 — g)lS—1— sa90-2

RS — 4 a9 — 3= sam— 1
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What is the correct name for the aryl halide in the

figure below?

(Using IUPAC rules)

falial JEAN L3 Jo¥1 Al manall a1 Le

(IJUPAC ) Lasinii)

Br

1 — lodo — 3 — fluoro — 4 — bromobenzene

Ou sagpn— 4 — ggli— 3 — 201

1 — Bromo — 2 — fluoro — 4 — iodobenzene

i 93— 4 = s~ 2 - sagn— 1

1 — Fluoro — 2 — bromo — 5 — iodobenzene

OO% 9392 — 3 — sagn—2— g8 1

1 — lodo — 4 — bromo — 5 — fluorobenzene

Cpdv 9asB— 5 = sa9n—4 — 50— 1

the (II.IPAG) sysiem?

F
|

|
Cl

1 - chioro - 2 -~ Fluoro - 4 - bromo hexane
3 — bromo -6 — chioro — 5 — Fluoro hexane

6 — chloro — 3 = bromo - 5 — Fluoro hexane

4 — bromo - 1 — chloro — 2 — Fluoro hexane

VWhat is the name of the following compound according to

?r

CH,CHCH,CHCH, CH,

$(IUPAC) alail 'as I )l pud b

Sk gy — A= g 2 gl

Lt 58— 5 - g€ 0 sasp— 3

N e S T

Ot gopt - - K] - e — 4
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74 CHM.5.6.02.005.04 Define substitution reaction while writing the equation for the substitution reaction induding halogenation of alkanes, aikyl halide-alcohol reacticn
and abkyl halide-ammania reaction

Texthook + table & 109,110

Substitution Reactions:

How to convert alkanes into ditferent compounds? One way is to introduce a functional group through substitution.

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.

Halugenatiun

With alkanes, hydrogen atoms can be replaced by atoms of halogens, typically chlorine or bromine.

Generic Substitution Reaction Example of General Substitution Reaction
R—CH, + X, — R-CHX + HX (Halogenation)
where X is fluorine, chlorine, or bromine EH, + ClL—= ChH.Cl+ Rl
Ethane Chloroethane

Another halogenated hydrocarbon commonly called halothane (2-bromo-2-chloro-1,1,1-trifluoroethane), which was first
used as a general anesthetic.

Draw the structural formula of halothane

Reacting an alkyl halide with a basic solution

The replacement of the halogen atom by an —OH group, forming an alcohol.

General Alkyl Halide-Alcohol Reaction Example of an Alkyl Halide-Alcohol Reaction
R-X+ OH — R-OH + X CH,CHClI+ OH — CH,CH OH + CI
Alkyl halide Alcohol Chloroethane Ethanol

Reacting an alkyl halide with ammonia (NH,)

The replacement of the halogen atom with an amino group (—NH,), forming an alkyl amine

General Alkyl Halide-Ammonia Reaction Example of an Alkyl Halide-Ammonia Reaction
R-X + NH, — R-NH, + HX CH_(CH,).CH Br + NH, — CH_(CH,) .CH ,NH, + HBr
Alkyl halide Amine 1-Bromooctane 1-Octanamine
What results from the reaction of an alkyl halide with 5ol Jslas pa SN 2l Jols oo s ke

a basic solution?

Alkyl amine Ol U

Carboxylic acid oSS e
Alcohol o
Ester ]
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5 CHMLS 6.0L013.14 Use the IUPAC system to name alcohols Textbook + table 3 + figures 7, 8 104 106

Naming alcohols:

® Name the parent carbon chain or ring first and then change the -eat the end of the name to -o/.

® |n alcohols of three or more carbon atoms, a number is added to indicate the position.

H H H H H H H H
@ [ ® .
H—C,—C,—C;—C,—H H—C—C,—C;—C,—H

R A I
OHH H H H OHH H

1-Butanol 2-Butanol

Figure 7 The names of alcohols are based on alkane names.

® [f the parent hydrocarbon is cyclohexane. The alcohol is called cyclohexanol.
® Cyclohexanolis a poisonous compound used as a solvent for certain plastics and in the manufacture of insecticides.

® Acarbon chain can have more than one hydroxyl group. To name these compounds, prefixes such as dF, tri-, and retra- are

used before the -o/to indicate the number of hydroxyl groups present.
® The molecule 1,2,3-propanetriol, commonly called glycerol. Itis an alcohol containing more than one hydroxyl group.

® Glycerol is often used as an antifreeze and as an airplane deicing fluid.

OH H H H
® NS
H=C=C=C=—H

.
OH OH OH

Cyclohexanol 1,2,3-Propanetriol (glycerol)

Figure 8 Alcohols can include one or more hydroxyl groups.

Draw the structure for each molecule.

1-propanol 1,3-cyclopentanediol
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Draw structures for the fﬂlluwing alcohols.

1,2-butanediol

2-methyl-1-butanol

cyclopentanol

Regarding the compounds in the table below. ol Joaall & cloully gl Lo
Which of the following is correct? s b L gl
i (IUPAC g Lassni )
1 2 3 4
w | WY
CH,CH,~ 0 CH.CH,CH,CH, <j H_?_i_ e <:>‘“'<:>
OHOHOH

Compound 1 is called ethyl butyl ether ) Jiiew Ji antt 1 S5dll

Compound 2 is called cyclopentanol il gty aud 2 ()l
Compound 3 is called 1,2,3 —Propanetriol Jali by 3 92 51 a3 S5
Compound 4 is called cyclopentyl ether A Al Jaiy S el 4 S)d

@the_garden_academy " o The garden academy @mth&prﬂemudmyfﬂ e 00971569174493




26 CHM.5.5.01.013. 18 Draw the structure of an ether given its name Textbook + table £ 107

Ethers: Table 4 Ethers

General Formula Methanol and Methyl Ether

ROR

where R and R represent
carbon chains or rings
bonded to functional Methanol

Methyl ether
groups bp = 65°C bp =—=25C

Examples of Ethers

O
CH;CH,CH; — O —CH,CH,CH,4
Cyclohexyl ether Propyl ether
CH,;CH,—0O—CH,CH,CH,CH; CH3CH;—0O—CH;
Butyl ethyl ether Ethyl methyl ether

® Anether is an organic compound containing an oxygen atom bonded to two carbon atoms.
® The simplest ether is one in which oxygen is bonded to two methyl groups.

® Theterm ether was first used in chemistry as a name for ethyl ether, the volatile, highly flammable substance that was

cammnnly used as an anesthetic in surgery.

® Because ethers have no hydrogen atoms bonded to the oxygen atom, their molecules cannot form hydrogen bonds

with each other.

® Ethers are generally more volatile and have much lower boiling points than alcohols of similar size and mass.
® Because of the lack of hydrogen atoms bonded to the oxygen atom, ethers are much less soluble in water than alcohols.

® Ethers have no hydrogen to donate to a hydrogen bond with a water molecule. However, the oxygen atom of the ether

can act as a hydrogen bond receptor for the hydrugen atoms of water molecules.

Naming ethers:
When naming ethers that have two identical alkyl chains bonded to oxygen, first name the alkyl group and then add the word ether.
If the two alkyl groups are different, the groups are listed in alphabetical order then followed by the word ether.

Draw the structure for propyl ether.
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Final exam questions

Which of the following structural formulas represents S pal) i3 AN AU Al Ga g
the compound Butyl methyl ether? Tl Jee Jigw

CH3 ’Q"CH;" CH:"CH;'CH} ;rf I CH!- CHJ 'O_CHI' CH!‘*CHJ'CH}

CHE-CHE"G“CHE-CHI"CH:;

Which of the following formulas represents the Sl & amall e .:5‘
nd | | ether?
compou hl-lt:f propy ¢ ;! l i'
CH,CH,CH,— O—CH,CH,CH, CH,
CH,CH, — 0— CH,CH,CH, CH,
CH,CH, — 0—CH,CH,CH,
CH,CH,CH,— O— CH,CH,CH,CH, CH,
Which of the following formulas of ethers does not o Lo QR ¥ aa 3 Y AIED CAY) A (e (g
agree with its corresponding name in the table below? falial Jaaall

ol dad d8ey

CHSCHZ S 0 - CHchz(:HzCHa Butyl ethyl ether A

CHSCHE_ O - CHS Ethyl methyl ether B

CHS CH2 CHZ_ 0 - CH3 Methyl propyl ether ¥

QD— CH,CH,CH,CH, sl Ofan Al Jaa D
Cyclohexyl butyl ether
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Alcohols: Table 3 Alcohols

‘ Textbook ‘ 105, 107

ROH

R represents carbon chains or rings
bonded to the functional group

General Formula Simple Alcohol and Simple Hydrocarbon

|
H —(II—OH
H
Methane (CH,;) Methanol (CH;OH)
Alkane Alcohol

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

hydroxyl group (—OH).

An organic compound in which a hydroxyl group replaces a hydrogen atom of a hydrocarbon is called an alcohol.

Ethanol

It's produced by yeasts when they ferment sugars, such as those in grapes.
It is found in medicinal products. Itis an effective antiseptic; it can be used to swab skin before an injection is given.

Itisa gasuline additive and an important starting material for the synthesis of more com piex organic compounds.

® The hydroxyl groups of alcohol molecules are moderately polar, as
with water, and are able to form hydrogen bonds with the

hydroxyl groups of other alcohol molecules.

® Alcohols have much higher boiling points than hydrocarbons of

similar shape and size.

® Ethanol is completely miscible with water. In fact, once they are

mixed, it is difficult to separate water and ethanol Eﬂmpieteiy.

® Distillation is used to remove ethanol from water, but even after

that process is complete, about 5% water remains in the ethanol-

Ethanol Water

Figure 6 The covalent bonds from oxygen
have approximately the same bonding angle
in ethanol and water.

water mixture.

® Because of their polar hydroxyl groups, alcohols make good solvents for other polar organic substances.

® Methanol, the smallest alcohol, is a common industrial selvent found in some paint strippers.

® 2-butanolisfoundin some stains and varnishes.
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Final exam questions

The hydroxyl group in ethanol molecules are moderately dpladll daigie JolY) Silije 3 JuSg pugll degana 055
polar, as in water molecules, and the angle between EPPCANA R I TR O O LS celdl Siliie o LS
covalent bonds of oxygen is almost the same in both celally Joli¥) (e JS 3 loads & Ll (oS

ethanol and walter.

What is the effect of this on ethanol properties? eIl Lailad e ol Al L

Jeslis) e
Ethanol Water

Ethanol is not a good solvent for other polar $AY) Akl Ligemall LSl 1 Gude ol JgilY)
organic compounds

Ethanol is completely immiscible with water CIS oLl ae riias ¥ Jaslul!
Ethanol have much lower boiling point than Slig Sy el O Ay e S8 Sl L 3o
hydrocarbons of similar shape and size aaally JSAI 3 4l Al
Ethanol molecules can form hydrogen bonds with dung yua Loy ) JeliY) Clisia 0sS off (K4
the hydroxyl groups of other alcohol molecules ) [P Sluia A JaSyrm Slogana as

Why do alcohols have much higher boiling points than Cla Ga S0 G asl (LI il e 0pS 3L

hydrocarbons of similar shape and size?

Canadl y JCAN Lgd Alilaal) Cilipa S g (LIS

A- The alcohol molecules can form hydrogen bonds Atz g s bl g (s Y pastl il (K- A

with each other

B- Alcohols are non-polar organic compounds bl b 4y gk Sl 5as B
C- The attraction forces between the alcohol molecules S8 G il S gasll Gl Ja (s dladll o 98- C
are weaker than the attraction forces between the S g S tagdl Gl Ja (s ilaall

hydrocarbon molecules

il g3 S g g Aahad (e el oY gall Akl

D- The polarity of alcohols is weakerthan the polarity

of hydrocarbons
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From the figure balow, the covalent bonds from the ﬂﬁh‘ﬁ@;ﬂ"#%@&lﬂlyﬁ;ﬂadﬂﬂ;ﬂ
axygen n elhanol are ol ooghly the same: asgle s R ;__,-,l skl 2 CpaeY e Aaklall Sl Ly L:":“3"i"l *%"J

the bonds ancund the cxvpan In the water molecula,
which of the following s not 3 property of slcohols?

e=&

Waler +=
Ethanaol
Alcohols hawe much highes boiling poinks B 0 PRI 2 " A« ) P PG
than hydrocarbons of similar shape and 8= apaly 2Ty Ll Abledl i £y gl

The hydroxyl groups of alcohal molecules el b Sl e ey ] Rl gt 3

are nonpotar

The hydrowyd groups of sicohol molecules mm‘;"“j_ﬁwi‘ﬁ;ﬁ

are moderately polar .
! e

Hyiogen bonds are formed bedween aleohol ot il S Al i dagly

rncheculas

S AR
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You
A

Ethers are generally more volatile and have much SVeaSl e JB ailide dajag il A ST AN 06K
lower boiling points than alcohols of similar size aaally Ldjal) AbSl 8 4l Lglal
and mass. What explains these properties? foalladll 0da ey (ol La
V) A SV 55 me dladiye (angyub S 35a pk 1
Ethers have no hydrogen atoms bonded to the oxygen atom
candl Lecans s diiag s dadly ) 009 AN Slisad (SO Y 5
Ether’s molecules cannot form hydrogen bonds with each other
eladl Clisia (e Cumg il Sl ae dass o Y ﬁM‘ 5yal (S 3
The oxygen atom in ether can bond with hydrogen atoms of water molecules
1 only L |
2 only Lazs 2
1 and 2 % |
2 and 3 3 3 2
The Oxygen atom doesn’t bond with Hydrogen atom in PE Al BN e SYIE S s 0 Y
ether. What is the effect of that on the AN pallad Jo d STl 5V
Ether’s properties? Lt A 5 s ol g 0 sS40 el S - A
A- Its molecules can form hydrogen bonds with each s
other il alls 8 5 < -B
B- It becomes less volatile AL sl &Y gasll e Joiaills da o &5 -C
C- It has a higher boiling point than alcohols of similar aaall gkl
size and mass =Y sl e plall 8 Ll ALE 6 5 S -D

D- It is less soluble in water thanalcohols
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[ 28 CHM.5.6.01.013.24 Use the IUPAC system to name carbaxylic acids

Carboxylic Acids

® A carboxylic acid is an organic compound that has a carboxyl group.

® A carboxyl group consists of a carbonyl group bonded to a hydroxyl group.

Table 9 Carboxylic Acids

General Formula Examples of Carboxylic Acids

O
I H O
+—C—OH |
H—C=—C=—0n
where * represents a hydrogen |
atom, carbon chain, or ring H
bonded to the functional group | Ethanoic acid (acetic acid) Methanoic acid (formic acid)
|

O
Il
H=C=0=H

Naming Carboxylic Acids (IUPAC):

The formal name is formed by changing the -ane of the parent alkane to -anoic ac/d.

A carboxyl group is usually represented in condensed form by writing —COOH.

What is the structural formula of the compound

(3-bromo-2-ethyl-butanoic acid)?

¢ (ipilipad) paas Ji) =2 ~ a3 —3)

Spall L8l Aipaall Lo

O
Il

CH;—CH —(IJH —C—OH
I
Br CHE_CHg

O
|

CH;—(IZH —(I:H —C—OH
Br CH3

(I:tHz_CHa ?I}
CH,;— CH —(III-I —C—OH
Br

"
CH;—CH —CH —C—OH

| |
CH3 Br
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Naming Ketones:

‘ 29 ‘mﬁmﬂmwﬂummmmm

Ketones

Table 8 Ketones

General Formula Examples of Ketones

O H O H H O H H
Il I |0 1 |
R—C—R’ H—-CI:-—C-?—H H—{IZ-—C (l: (i.‘. H
H H H H H
where R and R represent carbon 2-Propanone 2-Butanone
chains or rings bonded to (acetone) (methyl ethyl ketone)
functional groups

What is the correct name for the compound shown in
the figure below?
A—(4—ethvli-3 —chloro—- 2 — pentanone)
B—-(3—chloro- 4 - methvl-2 — pentanone)
C—(2 - methyl-3 - chloro - 4 — pentanone)
D— (3 —chloro - 2 — methyl-4 — pentanone)

CH,
|

Polisi (Sl matn gl S pell manall 2l e

(Csdil _2_ 94988 _3-J8_ 4)-A
(Gl 2 Jfe 4 5.5 _3)-B
(Csls _ 4558 _3-Jis 2)-C
(Cos —4-Jsm - 2- 5088 3)-D

T

|
CH;-CH-CH-C- CH,

|
Cl

What is the cormrect name for the following compound?

(Using IUPAC rules)

O

¢ A Sl il o L

(IJUPAC ol Lasini)

CH,CH,

I I
CH,CH,— C —CH,CH,CHCH,

2 — ethyl — 5 — heptanone

Osit = 5= Uil -2

6 — ethyl — 3 — heptanone

asta =3 — 8 -6

6 — methyl = 3 — octanone

OlSel = 3 = Jda—6

3 — methyl — 6 — octanone

O8Sl — 6 — Jdisa— 3

@the_garden_academy o The garden academy
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A ketone is an organic compound in which the carbon of the carbonyl group is bonded to two other carbon atoms.(within the chain)

Change the -e at the end of the alkane name to -one, include a number before the name to indicate the position of the ketone group.




| 30 ‘EI-M..S.ED].IJIE.EE Explain the physical properties of sldehydies and ketones (polarity, boding point and solubility) Textbook 112
Aldehydes Ketones
Functional group Carbonyl at the end Carbonyl within the chain
O O
General formula I I :
il i) R—C—R
Polarity Polar Polar (Popular solvents for polar substances)
Reacrivity Reactive less reactive than aldehydes.

cannot form hydrogen bonds among themselves
Hydrogen bonds | because the molecules have no hydrogen atoms bonded to Similar

an oxygen atom

Boiling point Lower than alcohols Similar
Water can form hydrogen bonds with the oxygen atom of
Solubility in
aldehydes, so aldehydes are more soluble in water than Similar
water
alkanes but not as soluble as alcohols or amines.
Compared to Aldehvdes. Why are Ketones popular B Clale GG 0T 13l Claa W) aa A3,
solvents for other moderatelv polar substances, ¢ AL g £ padl Lgia g Asdalll Adac, glia 4y pucmll CLK sall
including waxes, plastics?
A — Ketones are nonpolar organic compounds Ayl ,8 4ygie LS ja Cligasl) — A
B - Ketones are polar organic compounds with S A e ULl B LSt g A 4 g LS e SIS - B
lower reactivity than Aldehvdes Gl AV e Ual2S K1 Lgigt o Al A gne S ja Cligall - C
C — Ketones are polar organic compounds with Slaa Al o Lgaatuad 8158 NG (ilsS clig@gli - D
higher reactivity than Aldehydes Lagly AN A
D - Ketones differ in their properties from
Aldehvdes because their structures are
different
Which of the following is incorrect regarding the physical and Ayl aliladll sads b mas e 4"'*' e ,‘d
chemical properties of ketones and aldehydes? t o ol iy Sl Sl A0Sy
Both contain a terminal carbonyl group aod e g S degene o  s8ad LaTiS
Ketones are polar molecules and are less reactive than aldehydes = aaa s O Jelis Il iSly dadad illja il gaSH
Ketones are popular solvents for other moderately dpdadll dlac gie Aupaand SIS Al fua Sluie LSl 0

polar substances

Both form hydrogen bonds with water molecules eladl Slia A Adiag o dadly; JS LTS
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Which of the following statements is not

correct

In aldehydes, the carbonyl group is located at the

end of a carbon chain.
In ketones, the carbonyl group is located within a

carbon chain. (between two carbon atoms)

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

similar.

Ketones and aldehydes have polar molecules, but

ketones are more reactive than aldehydes.

o The garden academy
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