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Yousef Sarayrah ..

1 CHM.5.3.05.007.02 |dentify components of a voltaic or galvanic cell (anode, cathode, salt bridge or porous barrier, wires, electrolyte compartments); while explaining the
role of each component, when does the reaction start and determining the direction of electron and current flow

2 CHM.5.3.05.007.02 |dentify components of a voltaic or galvanic cell (anode, cathode, salt bridge or porous barrier, wires, electrolyte compartments); while explaining the
role of each component, when does the reaction start and determining the direction of electron and current flow

— Electrochemistry

Textbook + figure 2 26,




. chemistry

anode

halt-cell

-

{ anode J

o

. oxidation

L%

)

-

ions in the
solution

salt bridge

—

KCl ~

cathode
half-cell

12Adv

B

[_ cathode J

[ reduction ]

atoms on the
electrode

r

The electrode is a metallic strip or graphite stem that conducts electrons in and out of |
solution in the half-cell. |

|
-

S ———————

Yousef Sarayrah. ..

1+ 33
Zng + CuTqq — ZnT g + Cug,

oxidation (lose electrons)
|

| Zn,, — Zn*,, +2¢

(aqgh

reduction (gain electrons)
1

2+ - .

2™ vranslors from
o to Co®*

the products:
Zn** and Cu




A salt bridge: s a pafhwaa,.r' te maintain selution ﬂeutralr_tf_h',r allowing the passage of ions fram one
side to another, as shown in the figure below.

The redax reactian provides

The sait bridge and the wire provide an unbroken pattvay for
enengy to hght the bulb,

elecirical charge 10 fkw,
_-;\-' T &
] /“‘f e~ flow \: _
J L
| A | o
1
Reduction i3 |

o 1
half-cel \) il
Negative

Oxidation
half-call

In— Int* 4 2e” Cul*++2e = Cu

the spontaneous redox reaction begins.
1- Electrons flow through the wire from the oxidation half-reaction to the reduction half-reaction, . A flow of

charged particles is called an electric current
2- while ions move through the salt bridge. In the figure above, the flow of electrons through the wire and the

flow of ions through the salt bridge make up the electric current.
The energy of the flowing electrons can be used to light a bulb, as shown above. -




Through the silver strip

Through the salt bridge

Through the zinc strip

In the voltaic cell shown below, where are the ions
move from one side to another?

Through the copper wire

Copper wire
s i b TRLID® 3k
Zinc sitrip cl ” Silver strip
"l,l K= cr .
B o« f
| Inde J
If &

Al b N

dgalad) 5 haddl JNA

weadll Al N4

;H..:Ji.i.ii..,.hidﬂi

Sl o) W ans Ol calhd) Aaus gl 400 Al 4040 B
T Al A A G

Q0| Q|©

yrah..



Whal number represents the part that prevenis ions o Omdadll Jga SiliglY 2815 miay (S50 giadl il g3 LB 0 La
build up around the electrodes in the voltaic call Tolinl daiagall 00,000 Ao

shown below?

O
O
3 O
O




Thi following s incorrect?

Zinc strip

Regarding the cedl in the figure below. Which of

] S8t brldge Copper strip  Jsdja ryd
[T=]
.."ln L
Frsiy | Loaklly ‘

Yousef

o JE 8 el lally 3 L

# oL =
e P

sy {"lﬂ]]

A salt bridge allows ions to pass from ong side

o another

..5_.5—;“|' ,_-.ljl :'-Ir:‘- T .LEH{‘;'- g nep 'qilhlﬂ-ll il sg.hd.ll i P

Electrons flow through the wire from the axidation

half-reaction 1o the reduclion half-reaction

healll B8V Jeil e dlldl ye iy 2SI JED

el JaY Jels )

This cell converls electrical enargy 1o chemical

energy

e AL ) AilgSl) AU AN pia e

A spontaneous redox reaction takes place

Al Bmaly saasl el Gaas

Sara

rah
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In the figure below, which of the following is not fagalall Ll Caillsy e Cuvad Sl Las (ol cobial JE20 8

a function of the salt bridge?

i
\k\ o
Fier ]
re |
- It
Prevents the mixing of the two solutions Calglaall B3GAT Al O
Prevents ions building up around the electrodes Skl J g QUEE\ ASip sk O
Allows the passage of ions from one side fo another Gl N dga e Sl joye mad O

Allows the passage of electrons from one side to ancther -;_:'_r:ﬁ':--1 o A e Zalig SIYY g5 mad (O
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— ~ih
12)When a Cu|Cu?®" electrode is connected to a standard o .
e & =™
hydrogen electrode as shown in the figure below, which of fipperﬂﬂ.p )

=——H.{g)

the following represents the half-reduction reaction?
(A) Cu?*(aq) + 2e” — Cu(s)
(B) Cu(s) — Cu?*(aq) + 2e~

)H

)

Standard
hydrogen
electrode

(C) Hz(9) — 2H"(aq) + 2e
(D) 2H*(aq) + 2e™ — Hy(g)

He </

e

13)Which of the following is the anode in the voltaic cell ﬁﬂﬁ ‘}i\

shown below? }:ﬂ —
(A) Cu 2L
(B) Zn %\E %

)
)

(C) Cu* '\‘) =
)




in the voltaic cell shown below, where
are electrons loosed?

Al zinc strip

Al sall bridge

Al both strips

Al copper strip
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e e o = "__':-1 .?. i
. L1

The following reaction takes place in a voltaic cell: Al Al A D Jelioh Saay
Zni)t+ Cu*ag = Zn* ag + Cug

Which of the following takes place at the anode? ¥ Lo iy i baa g

Reduction of Cu? Cu®* J) 5
Reduction of Zn?* Zn® J Al

Oxidation of Cu Cu bl

Oxidation of Zn
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R b
In The voltaic cell shown in the ligure below, which of il il T~-.i all JSih oA Amsiagad Ayl Adid 4
the folowing stabtements is ua? Hiaunia

Uses electrical energy to cause a chemical e Joltt Silaa Adlesll A3l axana (=
& —
reaction Zine sirip Salt h.ridm Coupar st caaib ieads d o gl
Electrons move through the salt bridge to el Aga ‘.i,..:.j Aoaldl skl oy wmilig S8V ol ‘
| ! Tl LS L i 8Ly | Cwlcly

the copper side :
Positive zinc ions build up around the zinc Floesl) il Jsa Amgall Gaeaplad) s SHim
electrode ks
The wire can serve as a pathway for electrons to N ey all ol e 2ilig SSIYT JUESY liseS el Jany

: ; ; elasdl =gl
flow from the zinc sirip fo the copper strip =




-.'
=

= = o . /
e Sa i lead dalbag il Le calaal (KA "

Yousef Sarayrah..

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

you can convert chemical energy into electrical energy? Tail S Alda 3 300aaS0 Al Jugad

—
s _p i PPYRY (SRR P Y
; Einic S1ri0 Coppeer ALmp
\Bn
tan'*

Only connecting the zinc and copper strips with . ) . . .

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

Only a salt bridge to serve as a pathway for ions to flow it il e sl duale 5y L

A salt bridge to serve as a pathway for electrons to flow g Ji la llasg by SN il duale 5038

and a metal wire to serve as a pathway for ions to flow
A salt bridge and a metal wire to provide an unbroken

phiie i jlee il e alad Sl dale 5yl

pathway for electrical charge to flow 3,50 gl clin ) JUiy




Regarding the standard hydrogen electrode in the figure

below. Which of the following is correct?

Cu® +2¢” = Cu E°(V) =+ 0.3419

Zn*42ec = Zn E‘?{V} - - 0.7618

It will be a cathode when connected to CulCu®* electrode

It will be an anode when connected to Zn | Zn®" electrode

The standard reduction potential [E“},ﬁi the standard

hydrogen electrode is defined as 0.000 V

The standard reduction potential [E“]__ﬂf the standard

hydrogen electrode is defined as 1.104 V

Yousef Sarayrah

=L (L
'.'-u."J '..1'"11'.

ool JEAN 5 il g sagll Gl s L

- P OO0 | e R

Salt b H Al
~ on \\ (a0 1 a1m)
J_‘J—'F-.ﬁ

18 acid

o2
N o salution o

1 A

wnlalad &
Hy bubbles A— 4

elad  Plaginum
H_,-_,..'.-‘,a.i.. ahpciroshs

s J:ﬂ.‘. L ._-;i

L
™

CulCu™ ok ps dliag 2ie 3818 555

Zn | Zn* ki ae dbieag e ligl GsS

0.000 V gghws Sumgpagd) il (E7) paldd JI5a¥)

1.104 V (sghas umngjiugll ool [Ec']g,‘@l. Jia¥1 e
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3 CHM.5.3.05.007.05 Use the half-cell standard reduction potentials to calculate the electrochemical cell standard potential, while determining whether the redox reactions
are spontaneous or non-spontaneous

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

5 CHM.5.3.05.008.01 Use the standard reduction potentials to predict if a reaction occurs or not, while identifying the strongest reducing or oxidizing agent and the
substance that is easily oxidized or reduced

Textbook + Example probleml = Practice problems+ check

31 32,33 .34 25
YOUT Progress

Texthook + Example probleml + Practice problems 31,31 33

Texthook + figure B 3
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Salt briclge '1:n|1 i
\ (st 1 a

- A

4

1M acwd
soduion
oo, -
-.\-\-\. -
-

|.|

bubsbles ,_,-"";ij

P
L

Matinum
elicirole

Raduction:
2H*{aqh + 28 =+ HAqQ)

Dxiation

H-Agh — 2HY(aq) + 2e

Yousef Sarayrah ..
Calculating Electrochemical Cell Potentials ‘

Recall that gaining electrons is called reduction. Building on this fact, the tendency of a substance to
gain electrons is its reduction potential.

The reduction potential of an electrode cannot be determined directly because the reduction half-
reaction must be coupled with an oxidation half-reaction. When two half-reactions are coupled, the
voltage generated corresponds to the difference in potential between the half-reactions.

A standard hydrogen electrode consists of

3 platinum electrode with
« hydrogen gas at 1 atm pressure bubbling into
o an acidic solution that is 1M in hydrogen ions.

The reduction potential for this configuration is defined as 0.000 V.

Reduction
2H g + 2¢ - * > Hj (g E°H2= 0.000V
Oxidation




LI Table 1 Standard Reduction Potentials ‘ 1
Li* + e~ =L —3.0401 Cutt + e~ =Cu* +0.153
Cal* + 2 =Ca —2.868 Cutt + 2 = Cu +0.3419
Ma* + e~ = Na -2 O3+ 2H,0 + 4e~ = 40H +0.401
Mgt + Ze~ = Mg — 2372 b+de =2 +0.5355
Beit + e =Be —1.847 Fedt 4o = Fel! FOLTTT
Al + 3e— = al — 1662 NOy— + 2H* + e = NOs+ H.0 +0.775
M=+ + 2o~ = Mn —1.185 Hg.?* + 2e~ == ZHg +0.7573
Cri* - Je= = Ir —{(.013 Ag¥ +e” = Ag 0. 750
2HAD 4+ o™ = Ha + 20H" -0, 8277 Hg** + &= = Ha #0851
Int*t + 2e = Zn —0.7618 2Hg** + 2e~ = Hg,** +0.920
Cr* + 30~ =0 —0.744 NO:™ +4H* + 3o~ = NO + 2H.0 +0.957
§ 4+ 2o =57 —0.47627 Brol) + 7~ = 2Br +1.066
Fel* + e~ =Fe 0,447 Pt + 28~ = Pt +1.18
Cd?* + 2o~ = Cd —0.4030 O3+ 4H* + 48 = ZH30 +1.22%
Pbl; + 2e~ = Pb+ 2I —{1.365 Cl; + 2e~ =201 +1.35827
PhSO, + 26 = Pb + S0, — (1, 3588 AUt 4+ 30 = Al + 1,408
Co** + 2e = (o —0.28 MnQy~ + 8H* + Se~ = Mn** + 4H,0 +1.507
NIZE 4+ Jo— = NI —0.257 Au® +e- = Au +1.692
SRt + Je = 50 —{1,1375 H,0p + 2H* + Jo~ = H,0 +1.776
Phi+ 4 o~ = Ph —0.1262 Dot 4 e~ = Cop 41497
Fe'* 4 3o~ = Fe — Q037 Sallg? ™ + 2o = 250" +2.010
ZH* + 2o~ = H; 0.0000 Fa+2e = 2F" +2.866
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Formula for Cell Potential

E_.i The total standard voltage of the cell
E..hode Standard potential of the reduction half 0 0 0
Standard potential of the oxidation half Ece" o Ecathode = Eanode
Example
1) Predict, what is the potential difference produced when the two halves of a cell, .
one for zinc and the other for copper. Gecroce
E° cen = E° cathode - E° anode
E° cen=E°; 2+ 1cu - E°®zn| 4 2+ Enll ni+ 1|:|:_u-+|cu EE%E
=+0.342V — (-0.762V)
=+1.104V
e 0782V
In'* | Zn
electrode

Example
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| cell notation

Cell notation is a shorthand way of representing the components and structure of

an electrochemical cell without drawing a complex diagram

Anode (Solid) | Anode Solution (aq) || Cathode Solution (aq) | Cathode (Solid)

Standard Reduction Potentials (E): 2Al1(s) + 3Cu?" (aq) — 2&13"{3111) + 3Cu(s)
o Al*f(ag)+3e — Al(s) E°=-1.66V
o Cu’(aq)+2 —Cu(s) E°=+40.34V

Al(s) | A" (aq) || Cu**(aq) | Cu(s)

ﬁ — i —ﬁ? i
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s W kl:
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




Mn<4* 4+ 2e~ — Mn and Fe®* + 3e~ — Fe

Yousef Sarayrah. .

Tl Jre

A table of reduction potentials, such as Table 1, is all that is required.

1. Find the two half-reactions on Table 1.

2. Compare the two haif-cell potentials. The half-cell
with the higher reduction potential is the cell in
which reduction will occur. Oxidation will occur in
the half-cell with the lower reduction potential.

Fe3t + 3e~ — Fe  E% = —0.037 V (reduction)
Mn2* + 2e~ — Mn EY = —1.185 V (oxidation)

3. Write the equation for the reduction as it is in
Table 1. Write the equation for the oxidation in
the opposite direction.

Fe3* + 3e~ — Fe Mn — Mn<* + 2e~

4. Balance the electrons in the two half-cell equations

by multiplying each by a factor. Add the equations.

Multiply by 2. 2Fe3* + 6e~ — 2Fe
Multiply by 3. 3Mn — 3Mn?* + e~

Add the equations. 2Fe3** + 3Mn — 2Fe + 3Mn?*

. Equalizing the electrons lost and gained does not

affect the E° for the overall reaction because E° is
an intensive property. Use the formula:

ES =E2 e — E% sqe to Obtain the cell potential.

P . 0 =
Ed = Elsnrs = Eniarng = —0.087 V. —(~1.185V)
= +1.148 YV



Yousef Sara _rah

The following reduction half-reactions Agaleal AAal Aaal LAY 05N Al WEAY) adels Bd
represent the half-cells of a voltaic cell. Phasaas slial Jgasll PR LN [ &)

Which data in the table below is correct?

Hatf-Reaction il sl E° (\)
Fe’* + 3¢~ = Fe -0.037
Pt?* + 2e~ = Pt +118
Jelal) 250s R R Al I et 340 aga
Spontaneity of the reaction Cell notation The averall cell reaction The cell voltage (£°)
A Fe| Fe*|| Pt*|Pi 2Fe +3IPF — 2Fe™ + 3P +1.217 V A
spontaneous
nonspontaneous ik e Pt | Pl Fe** | Fe 3P 4 2 Fe®™ —» 3P+ 2 Fo -1.217 B
II-I_
s Pt | Pe* || Fe| Fe* 2Fe” +3 P —p 2Fe + 3P +1.143 V c
spontaneous
I:ﬂ "
et Fo| Fe™|| PE| Pt 2Fe + 31 —» TFe® + 3 P -1.143 V D

nonspontaneous 3 ﬁ



chemistr | _ | Yousef Sarayrah.

=L (L
e o e

A vollake onll consisls of he folkowing hall -redoction ____.'L s g o ATED Sk el FRo clilals e Sl e eSS

‘ reactions, which ol the folowing 5 comact?

Electrochemical cell potential calculation
Agt + e = Ag . £ (V) = +0.7996
Eee1 = E - E,
|' cell cat hoade anode ] Cr3+ + 3E_ cr & I"-"'j - 0. 744
s o = e g s 3
341 asial ( E” ) adall ga Jelill g5
Anode Cathode Electrochemical Cell Potential [ EY ) Reaction Type
|_"h
A Cr Ag +1.54V v
Spontaneous
Al
B Ag Cr + 0.0556 V
Spontaneous
|.i.|-m '
= Cr Ag - 1.54 V o
Nonspontaneous
I!.iII L
D Ag Cr - 0.0556 V i
Nonspontaneous




The lollowing reduction half—reactions represent the

hall—celis of a voltaic cell. which of the following is

COrmect?

Co**+2e " ==Co .E?(V)--0.28

— & A
.'lu..

Yousef Sarayrah. .

=
Y

Pt2+ +2e— == Pt .E?(V)-+1.18
agi) 33 ( E7) el ya el £y
Anode cathode Electrochemical Cell Potential ( £ 23 Reaction Type
A = Co + 0.9V -
Spontanecus
B Co Pt + 1.46 V -
Sponlaneous
ah
G P Co 0.9 V o =
| Nonspontaneous
D Co Pt _ 1.46 V Y b
| Nonspontaneous
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The voltaic half—cell expressed by the following reaction has aa Sl Jdelinll aie emn ol Anlgall Alall Caial Jiiagn ab
been connected with one of the half—cells shown in the table Aol adall el agall O Amgg colial (Jgandl =2 Baylell LA Caliail aal
below, and the standard cell potential found to be (+3.89 V). - (+3.89 V) s

What is the half—cell connected? Taliag ai (gall Aulal) Cdad Lab

Pt2+ + 2e~ =— Pt E?(V) = +1.18

Half reaction Jelail) ca E (V)
Nat + e = Na | ="
Mn?* + 2e~ = Mn | 1185
Cr3* 4+ 3e— = Cr —0.744
Fe2+ 4+ 2e— = Fe ~0.447
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" Which of the following represents the cell oA O _;Su oA A gl ALY Saa 5 By L Laa g

notation for the voltaic cell consisting of nickel fa gl 5 JOI llad)
and calcium electrodes?
alll Jelld) E°(V)
Half-Reaction
Ni?* + 2e™ - Ni -0.257
Ca’* +2e” - Ca -2.868

Ca’*|Cal|Ni|Ni?*
Ni**[Nil|Ca*"|Ca

Ni|Ni?*||ca®*|Ca

Q| Q0] ©

Ca|Ca®*||NI**|Ni
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Which of the following represents a voltaic cell nptation ot WHICH OF THE REACTIONS REPRESENTED IN THE
TABLE BELOW IS NON-SPONTANEOUS UNDER THE

consisting of nickel and silver electrodes?

STANDARD CONDITIONS?
- | Reactions Standard Cell Potential (E° . in v} '
R EiY) | 2AP*+3Cu — 2Al+3Cu?* -2.004 V
NiZ* + 26~ — Ni _0.2570 | Mg + Ni¥* — Mg + Ni £2.115V
w— . - . ! Sn + Pt** — Sn** + Pt I +1.32V |
il S fidslcin | Sn+2Ag' o Sn**+2Ag +094V |
" THE NON-SPONTANEOUS Lkl
Ag’ |AgliNi®* [N REACTION IS THE ONEWITH | |\ o ipie: A reacion s
L, A NEGATIVE E° i _ non-spontaneous if its E° .y |
' T P — is less than zero (E° < 00

iE u1|*‘-’-ﬂl

AglAg’ (INi?* | N1 2AP* +3Cu — 2Al + 3Cu?* G,ﬂm;) e
i v AliCu ﬁpﬂntﬂnet}m:l

E° <D | /‘ | .,r’ Mgf’\'t ﬁlmntanenuq} ‘
(NEGATIVE) I8 (o < 0)

Ni%*|Nil|Ag*|Ag

.‘-l' .-ﬁ.l.u‘[."u (‘J{m npunlnnenu 5‘1

24 R REMEMBER Standard cell potential (E® ;) determines spontaneity.
Ni|Ni |IAH |Ag : Negative value indicates a non-spontaneous reaction.



| H_ () (at 1 atm)

JWhich of the following electrodes will be the anode when  saeie ._J
connected to a standard hydrogen electrode?
(A) Zn | Zn?* Half-Reaction | E° (V) i
(B)F, | F- n*+2e =27n -(.762 Onsation: |
' F,+2e & 2F +2 .87 Hjg) — 2H*ag) + 2e-
(C) CujCcu Cu®* + 2e = Cu | +0.342 S ——
(D) Au | Au* Aut + 3e” = Au | +1.498 —— H, bubbies

—— 184 acid sk nn

}) The following half-reduction reactions represent half-cells for a voltaic cell. Which of the
data in the table below is correct?

Half-Reaction E® (V)
Fe* + 3e- —» Fe |-0.037
Pt*" + 2™ — Pt +1.18

Spontaneity Overall Cell Reaction Cell Notation Cell Potential E® (V)
A Spontaneous 2Fe*" + 3Pt — 2Fe + 3Pt** | Pt|Pt|| Fe*' | Fe +1.217 V
B | Non-spontanecus | 3Pt** + 2Fe — 3Pt + 2Fe® | Fe | Fe || Pt** | Pt -1.217 V
C Spontaneous 2Fe’" + 3Pt — 2Fe + 3Pt** | Pt|Pt|| Fe*' | Fe +1.143 V
D | Non-spontaneous | 2Fe** + 3Pt — 2Fe + 3Pt** | Fe | Fe || Pt** | Pt -1.143 V




Yousef S

arayra

6) Which of the following represents the cell notation for a voltaic cell composed of aluminum

and copper electrodes?
(A) Al | Al** || Cu?* | Cu
(B) Cu | Cu?* || AB* | Al
(C)AR* | Al || Cu | Cu*
(D) Cu?* | Cu || Al | AP*

Half-Reaction

EG

(A)P*(aq) + 3™ — Al(s)

-1.662 V

(C)u**(aq) + 2e~ — Cu(s)

+0.3419 V

figure below?

silver stripe to the zinc stripe
d. the positive silver ions are reduced and

accumulated on the silver stripe

) Which of the following statements describe what happens in the cell shown in the

) =T ‘) -
H.7996 V, Eg 4 5, = —0.761)
a. reaction at the zinc electrode: Zn* g + 2¢” — Zn

b. electrons move through the salt bridee to the silver side

¢. the ions pass through the wire from the g

.'.‘
.‘ K-r
\ '

e,

=l

———

L)
£

ha.

o

— L1

- el
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6 CHM.5.3.05.011.03 Compare between electrolytic cell and voltaic cell in terms of identifying where will reduction and oxidation processes take place, anode, cathode,
direction of electron flow and current flow and spontaneity of the reaction occurring

L '-.?_l.

e~ flow

\D

Zinc

v
. & Ny
BT . N
Anode . Cathode |
Oxidation

Galvanic Cell
Changes chemical energy into
Electrical energy .
1. Anodeis -ve
2. Cathodeis +ve
3. Spontaneous reaction occurs.
4. Does notrequire external voltage source.

BwN

e flow

__—— \Voltage e Textbook + fiqure 18
//” source \
i Y

¥ i
o 1 | o
l. I"‘E'Ii. il : J —_— ._;g.
' Cathode | Anode |
Eeduction Oxidation
Electrolytic Cell

Changes electrical energy into
chemical energy.

Anode is +ve
Cathodeis -ve

Non-Spontaneous reaction occurs.

Require external voltage source.
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Which of the following is true for the two cells
below?

Tolal cialsdlly Blads lowd oo (b e

) 2V
A0 {Illustrative)

-. @ __jjCu
A |8 <11
el B | Il
: | 2V
t‘ u lJ 3 {llustrative)
| {r_zn@4 Cuso,
1

A- The Cell number (1) converts the electrical
energy into chemical energy

B- A spontaneous redox reaction occurs in the cell

number (1)

C- The cell number (2) converts chemical energy
into electrical energy

D- A spontaneous redox reaction occurs in the cell

number (2)

a8l J] AL yeS)1 dBlall (1) p8) dulsell Jg=xi -A

G JiAlg BuusT Jolds (1) o8y duldl § Suons -B

BBl J] AuesS Ul (2) 03 &kl Jg5 -C
asbyes

QUL JIA>19 BT Jolds (2) pd)y ddsdl § Lasx -D

Y

hi i

I"'I‘II

(1 =
= '}l..
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[} -k
A

Y

What is the similarity between the two cells below? Solal sl (o dddl d>g b
P
f. \;’gl:.::racic > — —
n e ~ 3 Cu

a = el

*“’f_'j ! T ol lide )] 'ﬁ.c‘ﬂﬂj lwg

{r-""_‘\:m- g-— o e i e R Al DR #“\w "/
| 5'54;:' '~;._5'D";- > ¥ S&fx .\{._.sD,. o
2 1

Electrolytic Galvanic
A nonspontaneous reaction occurs SEL p& Jolds Eigu> O
An oxidation-reduction reaction occurs JIslg BT Jelds Ssgus 0
A neutralization reaction occurs Jolad Jelai Gigi O
A spontaneous reaction occurs Sl Jeld Sgu> O

— = -
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Which of the following is true for the two cells below? Falial (piddlly glats Lagd pinua Ly Las (4
Electron Ftow > Electron Flow
uhM@m Tr rE-P L S8 Clig AS 38
‘/_A " l{/ ﬁ —?-
_ =) cis
i =g l

Eler:tml'yhct:eﬂ G |] |1 ? -Ia r ‘]J G?iuar:nitftell

En‘&@ am‘ ‘mﬁ:& Guso

In cell number (1), the electrons flow from Cu to Zn ‘ Zn (o) Cu (e Sl g yEIY) (3855 (1) a8 ) 4alad) O
In cell number (1), the anode produces electrons from Zn Zn Oa @l SN ag3Y) il (1) A8, A48 B ¢ @
In cell number (2), the anode produces electrons from Zn Zn (e g A1 2 501 2 (2) o8, 448N O

In cell number (2), the electrons flow from Zn to Cu ‘ Cu fl Zn (e Sl g STV 3805 (2) o8, 4081 O
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e ————T] = =

d e
2AR

Which of the following is true about the two cells below?

f L 1I-nl.-.'_ L
gl == =N i valtane oy
_r_d-f - - . 1\\, [/-- SERUTE e
al ! %
r i F %
Zinc : Ly i \
i T Copper
2 - .:" f + - . e
By u U T ¥
| - - s P il .
b’ 1 |

a. cell (1), electrical energy converted to chemical eneregy
h. cell (1), a spontancous oxidation-reduction reaction occurs
c. cell (2), chemical energy converted to electrical energy

d. cell (2), a spontanc¢ous oxidation-reduction reaction occurs



Reqgarding the cell in the figure below. Which of

the following is correct?

Sara

Yousef

.5'-_:._-,[ i e | -\-.F: :,h,;:.!ﬂ_!l Ata s ‘, l-|_=- th

=i q
'-'\_"'F-.pl--ﬂ o e ad ..EI

Sounce
e
ra ™
I H'ur
i )
. ET & &
ok I |Ir e
Zino J{. r'r Copper
- 3
Ty I B
L] L™ ; o
The reaction continues until the zinc strip is Je Ul iy a5 Spessladl cabed Wby e el ety

used up, and then the reaction stops

Oxidation lakes place al zinc aleclrode

The extemal power supply (voltage) works
an cell regeneralion and the cell retlurms

o almost ils original strength

Reduclion takes place at copper electrode

.‘ __1'-!}-!!1 r‘i..‘it.i-" Sil.'|ﬂ-:.llh:l

4-1_,:.1-5--'-" [-\.}'_P'IT-MS':II _],‘_}_.;II] :.:ll._l.:l.‘ﬂ s __,..-.qq.

L sl Al ool 3 LAl spady AT saaes e

el Galad 2w A1 Doy

rah,
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-
1": i

el 1s E— s
Regarding the cell in the figure below, caldai JSa) B AN, glad, Laad
which of the following is correct? TP (Al Las )
£ Lge rdeaa
o flow g | :
Anode b & Cathode
. ;

F
It is a voltaic cell and a spontaneous redox LIEL JI751g Bl SELE b g Al gh Al
reactions take place
It is an electrolytic cell and spontanneous redox ASED IRy BawsS] Cdlelds lgud Cramiy diiudy ASY) dulsell

reactions take place

Ity bl kel gud Giamy 4 g8 Al

It is a voltaic cell and non-spontaneaus redox 4
ASAL

reactions take place

reactions take place
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; CHM.5.3.05.011. ﬂ5 Defme electroplating while describing how it works, u:lentlfwng anode, cathode and electrolyte needed for an electrolytic cell in which a selected metal -~ , 2
is to be plated on an object (car or spoon,...etc) Textbook + figure 22 | 51,52

Electroplating: Applying a thin and uniform layer of metal.

General Principle of Electroplating:

anode material to be painted with | connect to the positive of the battery

cathode | material to be painted connect to the negative of the battery

electrolyte [ solution of the material to be painted with.

¢ % == Anode

Gathode

Electroplating of an item (Fork) with Silver (Ag)

Example: Electroplating with Silver Ag— Ag*+e

anode silver (bar) silver anode bar )
Ag deposition
anode reaction Ag = Ag'+e” Dissolution of silver _L il
cathode item to be painted (fork)| Silver coating forms on fork <=
cathode reaction| Ag'+e — Ag Reduction and deposition
| Battery QT + 8 — Ag

electrolyte AgNO;3 ) (silver nitrate solution)
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- f

)The figure below shows an electroplating process where a key is coated with a layer of

copper in an electrolytic cell. What do the numbers in the

ipj——

figure indicate?

A 1 2 3 - 1 2 3
) Anode | Cathode | Cu?* ) Cathode | Anode | Cu** (
Z | 1
1 2 3 1 2 3 Copper == _ e J‘(E}f
B) D) ;
Cathode | Anode | Cu?* Anode | Cathode | Cu
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- - s .1'":-"
Khalifah tried to eleciroplate an iron key with a layer passaly ol o adll e dides tetall a - Bke o3l Aida Jgla o
of coppar. He designed the electroplating cell cplial €20 8 daagall <IN A0
shown in the figure below. fagladl 8 (wlas)) Uasdl L

What is the error(s) in the cell?

\\ 3+
Félaq)

1 only
3 DI‘I|}F dgiadl lladl uags .

' The connection of the batlery poles

Both 1 and 2 CUP* cligl o gpias Y paka 20 ol oty

' The electrolyte used does not contain Cu®* ions

Both 1 and 3 | S Clinos gor plel) oy

' The key was not connected to a light bulb

|-




) The figure below shows a picture of a key being electr;}plated with copper in an

electrolvtic cell. Which of the following statements is true?
a. copper is oxidized to Cu*' ions at the cathode
b, reduction of copper ions occurs on the anode electrode

¢. the mass of the copper electrode increases

d. electrical energy is used to cause a redox reaction

__2) In the adjacent figure showing an iron key being electroplated with copper in an electrolytic

cell, which of the following is correct? (Ministry - Final 2017)

= 1 plecirode
(ﬂ} (B) acts as a cathode, and (A) is a Cu?* solution.
B) (D) acts as a cathode, and Cu atoms are oxidized at it. f
{ ) (B) acts as an anode, and (A) is a Cu®" solution. \{
D) (D) acts as a cathode, and (A) is an Fe?* solution. XA
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————— 'l;_-:. i
o

- 3)Objects are electroplated by depositing a thin and uniform
layer to form a protective or decorative coating, as shown in

the figure below. Which of the following is correct?

A) The object to be plated is the anode.

)
B) The metal to be plated is the cathode.
C) Silver is oxidized to silver ions at the cathode.
)

D) Silver is oxidized to silver ions at the anode.

. 1The figure below shows the electroplating of a key with copper in an electrolytic cell. Which
of the following statements is correct? " {'— Cuelectrode

(A) The key is the anode in the cell. ' -

(B

)
)

(C) The mass of the copper plate increases.
)

| +

Copper is oxidized to Cu?* ions at the anode. :‘E

.I.'r
i

|
Battery X\Cu‘f? (ag)

o

(D) The mass of the key decreases.
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. chemistry | Yousef yrah, .

An iron plate was placed in a sofution of copper(ll) 2 LS (1) a2 gl ] e gl gy

sulfate as shown in the Tigure below, Why cid the Fopsa i i Lt AN g An aluminum fork Is coated with a thin layer of silver as b Lol ALl A ) gl S A 0t e L,

color of the iron plate Change’? gt shaown in the figure below, Which of the following reactions P2l sl iy AN cotelinl i el (820
occurs at the anade?

Fe{s) + CuSO.lag) — Cu(s) + FeS0ulaq) B

A sk
Battary

Al — AM+3e

Raeduction of copper (I} fons and depasition of sl gt e A e {11 el ] B3 O Ag Agt e e
copper on the iron plate

(eidation of copper atoms 1o copperill) ions () el i gl M pdadll 2 50l ) Ag'+e —>» Ag
Duidation of iron (I ions by losing electrons o g ) gty (1) asand] Sl gl Basl O A +3e — Al

Reduction of iron (Ill) ions Dy gaining

glectrons ol g JRH T8 (1) dpsdl gl B8 Oy




Hydrocarbons
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8 I CHM.5.6.01.001.07 Explain why carhr:m ﬁ::rrns many compounds
| Textbook + figure 2 | 60
Explain why carbon forms many compounds. L

single, double, or tl'lplﬂ \ /4 to different atoms, such as

covalent bﬂn{ls Oxygen (0}, Fluorine (F), Sulfur (5},
- Bromine (Br), and Nitrogen (N). 1)} |

e — o _J_-r;’_’_ff —
2- Carbon can form % © [Earbﬂn atoms Eﬂ&\

have four electrons in
f

[ their outer energy —3~. | [
# = [

| L \
|I | level; a carbon @J
| ¢ atom can form fﬂu. Bl

\ covalent bﬂndc;

%
[ X Be L
© £0. 'ﬁ:“ e, Ve

-'--I'“--,l~ Bl @ﬂﬁ urﬁ-'-,- ﬂ-‘@tﬂ ﬁ&w

Bry ME: MMy |

<
e

o . B
EH3 Fullerene Gy

™ I chains branched chains  rings cage like | I g
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Which of the following structures is possible to be formed o
by carbon atom?
Cum ol Q- When carbon atom forms chemical
i S S35 S 2 ‘ compounds, it is often
Sranthed o - ) - ST
Ring struciures o) Loses 4 electrons |
- ! Sy 4 eS| I
- o O e
dpanlod bl g 5 4 23485 111
O 3and 4 __Forms 4 covalent bonds |
T — R0 Ty Tl s (S| TV
e Forms single, double, and triple bonds |
_, I. . .
ki ! A.Onlyl |B.IVandll |C.wandii | B.Onlyll

O 123and 4
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Why carbon can form so many different Sl s pli o Sl B La
organic compounds? faabaall dgand) DSyl 1a
AN B (gine by 70 Al o (S0 83 g !
Carbon atom has four electrons in its outer energy level
A) 1 onl SAl palie o gl e Ll Buly) al g S0 83 i
2 A
1-|'|I Carbon atom can form four covalent bonds with atoms of carbon or with other elements =
B) 2 only .
45000y Ay dnlal Luaalid ly (s G SN 0 ki
C)2,3, and 4 | | :
} s Carbon atom can form single, double , and triple covalent bonds
D)1.2 and 3 RN B (guse B iy 5 B Lo g0 S B3 ggiad
Carbon atom has three electrons in its outer energy level +




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

carbon to form so many different organic compounds? Faabs Jl dopsaall SulE ol
a. ! :
. Carbon atom has three electrons in the ouler AL o & oiliy S0 ADG e e S0 By3  ggial :
energy level o gyl
b
Each carbon atom can form four covalent bonds 3 s Apan b Jgly ) sl 0355 ) Oaa S 553 UK apdiid
with atoms of carbon or with other elements dl ealic pa (58T S
"
Carbon bonding sites allow the formation of Alsy Agalal Lty 5 CogShy CrasSU LLS VT alloe e
single, double and triple bonds g s y
d.
Carbon atoms can form both straight chains, Ao s (55als Aapiasas Mot 555 ) C1ga S0 253 apdanS

branched chains,and rings too eyt alala




CHM.5.6.01.001.08 Use different types of models (ball-and-stick model, space-filling model) and formulas (molecular farmula, structural farmula) to represent a
hydrocarbon

The methane molecule can be represented by the following models

molecular
formula

e It shows the
type and
number of atoms
® Do not show

the geometry of
the molecule

structural
formula

e It shows the
general
arrangement of
atoms in a
molecule

e Does not show

the 3D figure

ball and stick
model

e [t shows the
type of atoms in
the molecule

e It clearly
shows the
geometry of the
molecule

fill in the blank
form
e It gives a more
realistic picture
of the molecule
if it can be seen
in reality

e It is difficult to
determine the
type of bonds in
a molecule




12, Sclenlisis use different models 1o
regresent shuclure, so which of the
following models clearly shows the
molecular geomelry 7

gl et Jofad Al m il slalall pian oy |7
fat 5 Sy (o St At By A0 e likall

B 3 B
L H= = F
1
0 (H

44. Chemists

represent organic
molecules in various ways. Which of the
following is correct regarding the model
shown in the figure below?

Shows the general arrangement of
molecules, but does not accurately show
the three-dimensional shape

Clearly shows the geometry of the

molecule.
Gives a more realistic picture of what the
molecule might look like when viewed.
Shows the type of atoms that make up the

molecule and the number of each type.

-.'
=

.
=l )

oy o gt i S plsalll plale Jiay 44
gasailly i Lad s (i Laa i e ik

Tolial JSdlly prada gall
JRE ey W sl i gadl sladl s Gl s
iy a6 A
gl y JEZ {5 jadl Lt pelay B

e g el ade gay 8L Aadly 8155 0ea an
et
JS e 5 (s edl e oSy Al Wl g ey

g

L
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-
L 1|' ¥

ol ]

- - . = . = i

T gy e 51,32

H
i |
C--D H~- C-H
[
H
1 2 a
Model 1 is called the structural formula i el Al Zacall ey 4 dgal
and shows the general arrangement of N _ .

A atoms in the molecule, but it does not o S edas Y LSl g Gad) (B )l aladl A
show the exact three-dimensional Al dagy!
conformation.

Model 2 is called the space-filling model it ppdin p &1 e de 2 gaill a2 23 salll
B and clearly shows the geometry of the il S 1538l B
molecule.
Maodel 3 is called the ball-and-stick model ity 5 leaadl s o SI =0 gall s 3 22 galll
C and gives a more realistic picture of what C
Ay oy e fe faldl adde 25 Lol dadl b iy
the molecule might look like when viewed. Ao e Lol e e
Model 1 is called the space-filling model by Aans 5 81 EN e le mEpad | e 1z sadll
D and gives a more realistic picture of what D

: : : Ay oy die g ) dule pan B Lol 4uadl g SS)
the molecule might look like when viewed. s Rai L & s S



Which of the following is true regarding methane

models (formulas) and the information they give?

Yousef Sara _.rah____

Lpghaa A1 il gl
The information they give

(sl 2 palll ol
Name of
model{Farmula)

(tasal)es
Medel{Formula)

pealy B coginll A el
Demonsirates the geometry of the

molecule clearly

e R T
The space-filling

model

mealy JS ol Aia gl

Demonstrates the geometry of the

andly HSI 7 3pa
The ball-and—

molecule clearly stick model
Al dasall H
gy e egind dle pis dld daadly 251 8pea e S 1 |
Gives a more realistic picture of what a molecule A structural H- {% -H 3
would took like if you could see it formula H
T LD cgindl b A el Gu il s
By heg) 0 (S idijall daual
Shows the general arrangement of atoms Molecular formula CH A
&

in the molecule but not the exact, three-

dimensional geometry




-.'
=

Which of the following methane models (formulas)
gives a more realistic picture of what a molecule

would look like if you could see it?

Gdly ST Bypen ang 3000 Gldd (fna) s e 5]

Pl 2o sugial e yie 3 U

CH,

Which of the following methane models [fﬂrmulas]
shows the general arrangement of atoms in the

molecule but not the exact, three-= dimensional

&

geometry?

CH,

€ |
@g—@ Bl
: = H

= ey | = =i L = 1 R 4 H p R = -r .
bl el canall el ATEN Sl (asa) paled (e )
Paky syl D0 AN 0 Y Asl g gl
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10 | CHM.5.6.01.001.09 Explain, using Lewis diagram and ball-stick model, the difference between saturated and unsaturated hydrocarbons

hydrocarbnns ‘

l aliphatic l aromatic

P — Textbook + figure 4

l | l [ Aromatic Compounds: Possess a stable ring system
saturated UHSEthﬂtEd (e.g., Benzene) with delocalized pi electrons,
T distinct from aliphatic systems.
; CHs
single bonds double bonds trlple bnnds
l cyclo cyclu
alkanes | 4§ alkanes | alkenes
: : y Toluene
) : o i; -
CH; C.Hs o
Methane Ethane Ethene Cycloalkenes Benzene
C.Hsnio CoHye C.H,, C.H,, Naphthalene

o v A




@ Which of the following correctly
describes an unsaturated
hydrocarbon ?

Contains only single covalent bonds
A  between carbon atoms and does not react
with bromine.

Contains only single covalent bonds
B between carbon atoms and reacts with
bromine.
Contains double or triple covalent bonds
c between carbon atoms and reacts with
bromine.
Contains double or triple covalent bonds
D between carbon atoms and does not
react with bromine.

What are the similanties between
alkenes and alkanes?

Both contain double bonds
Both contain triple bonds

Both are saturated hydrocarbons

M O m

Both are unsaturated hydrocarboans

Yousef Saray .rah L

Regarding the compounds in the table below, which is

unsaturated hydrocarbon?

i
S H
et S Mg —
H—C=C—H L=k
H H H
3 2 1
e compoiind 1 only
The cormpodends 2, 3

73. In general, &

B) Containing double or triple bonds between carbon atoms.

C) Having the general formula C,H.,. 2.

D) Having the general formula C,H.,,.

d hydrocarbons are characterized by:
A) Containing smgle hnnds between carbon atoms only.

The compound 2 onky

Thix cpmpourds 1. 3
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ol .
e ———————— = g %
. < .

Which of the compounds shown in the table S35 5 0% yiiah oLl Jgaall 453 )1 ¢l lS yall e (5
below 1s an unsatwrated hydrocarbon? a2
A — Compound 2 only a2 S el A
B - Compound 1 only L)<, -B
C - Compounds 2 and 3 only L3 92 JS - C
D - Compounds 1 and 3 only hLid 3 91 kS )dl-D
3 2 1
¢ f\f oy | H H o l?
\ _/ C=C H—C—C—C—H
e / Eod
CH, H H HHH
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11 CHM.5.6.01.013.02 Use IUPAC system to name aliphatic alkanes (straight chain, branched, non-substituted and substituted)

12 CHM.5.6.01.013.03 Use |IUPAC system to name cycloalkanes (non-branched, branched, non-substituted and substituted)

. Challenge Draw the structures of the following

. Usi j | | ) La |
bGisvichad it Alianas 3. Using IUPAC naming rules, what is the el sl La |

correct name for the following alkane?
a. 2,3-dimethyl-5-propyldecane ‘I:Hx
CH; CH, CH,CH,CH, {:H_,—fer —CH,— CH,—CH,— CH—CH,

| | |
CH;—CH—CH—CH;—CH—CH;—CH,—CH,—CH,—CH; CH,— CH,— CHJ

b. 3.,4,5-triethyloctane
CH,CH; CH,CH,
l |
CH;CH,CH—CH—CHCH,CH,CH;

|
CH,CH;

2-methyl - 6 - propyl heptane
2 - propyl - 6 methyl heptane

2, 6 - dimethyl nonane

o O W =

4, 8 - dimethyl nonane
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als : I What s the nme of the following hydrocarbon -- "
| according to the (IUPAC) system?
ey
CH —CH—C—CH - CH>—CH ; A
= £ < 3 3 — methyl - 3 — isopropyl heptane 2,3 — dimethyl — 3 — ethyl hexane

3 — ethyl — 2,3 — dimethyl hexane 3 — isopropyl — 3 — methyl heptane

1. What is the name of the following hydrocarbon according to the IUPAC system?

a. S-¢thyvl-3.4.7-trimethyl-5.7-dipropyinonane
CHy; CH,CH, CH,

b. 5, 7-dhiethyl-3. 4. 7-trimethyvl-5-propyldecane CHy—CH—CH—G—CH,—C—CHy—CHs
| | i

¢, S-propyl-5,7-diethyl-3.4.7-trimethvidecane {|3H_- F|:H-,- CH;CH;CH;,
CH, CH;

d. 3.4, 7-trimethyl-5-ethvl-5,7-dipropyinonane |
CH,
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| What is the name of the following alkane
Using IUPAC rules?

A - 2.2.3-trimethyl - 4.6 — diethyl heptane
B - 4.6- diethyl- 2.2 .3 — trimethyl heptane
C - 3.6,7.7-tetramethyl- 5— ethyl octane

D - 4 - ethyl-2.2.3.6-tetramethyl octane

CH,—~CH, CH,—CH,
| |
CH]—(ljl-l—CII—CE-I: CH—CH,

CHJ—(IZ—CH:
CH,

————— 'l;_-:. i
o

What is the name of the following hydrocarbon
according 1o the (IUPAC) system?

EH;L}H EH;?HCH%’HCH;EH;
CHy CH; CH,

3.5,7 = timethyl — 4 — ethyl octane
4 - ethyl = 3 5,7 = tnimethyl octane

5 = ethyl = 2.4,6 — trimethyl octane

2.4.6 — trimethyl = 5 - ethyl octane



Naming Cycloalkanes General Formula: C H, |

I. Parent Chain
a. Use the cycloalkane as the parent chain if it has a greater number of

carbons than any alkyl substituent.
b. If an alkyl chain off the cycloalkane has a greater number of carbons,

then use the alkvl chain as the parent and the cycloalkane as a CHa
cvcloalkyl- substituent. — O/

2. Numbering the Cycloalkane Methylcydopentans

a. When numbering the carbons of a cvcloalkane, start with a substituted
carbon so that the substituted carbons have the lowest numbers (sum).

‘I CHg * GHs i G
2 (5] & : 3

B i

b 3
3 EHE 5 f_:Hg
F i

~Twrt-
“nyort-
:-.. 3 bl e - . ._'|_--.|- Tt [ wig 2.-‘- ) ey - o ] -
L3-Dimethylovelole xane L. 5-Dhmethylevelohexane 1.2.4 Tu]:npilh_i ll:i..l_-:uhe*«-.me B P PO LI LT e
(1+2=4=7) il
yousef samyrah LR M

Yousef Sarayrah

L
o

«L
A
&

&
%
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e = - p——r——) e —
ol <
Y. R

. 1,2,2,4-tetramethylcyclohexane CH;
CH; CH CH,CH;

CH "
> 2-ethyl-1,4-dimethylcyclohexane

CH, CH->CHj;

2,2-dimethylpropane CH-CH

C‘H;I;[CH; 1,3-diethylcyclobutane
CH, CH,CH,

1-ethyl-2,4,5-trimethylcyclohexane




8. Using IUPAC naming rules, what is the

. ]
correct name for the following cyclic el
compound?

CHy
CHE%O
CHy CH,CH;
1 - ethyl - 4, 5,6 - trimethyl cyclooctane il

6 - ethyl=1, 2, 3 - trimethyl cyclooctane el

o O wm =

2 -1, 3 -trimethyl - 6 - ethyl cyclooctane il
il

4 - ethyl-1, 7, 8 - trimethyl cyclooctane '

Yousef S

75. What is the correct structure for the compound 1,6-dimethyl-2, 3-dimethylcyclootane? (2022,

arayrah ..

et —— -
A

CH»
CH;
A
CH,CH, CH,CH;
CH,
CH; CH:CH;

CHs
CH,
CHyCH,N— CHCH
CH,
CH;
CH3CH,CH, CH,CH,CH;




Yousef Sara

il
A

. What is the correct structural formula for the CH,CH, " ~CH:CH;CH,

compound:
CH;
|

e
[ JCHCHLCH,

i

1 — ethyl -3 — methyl —4- propylcyclopentane?

A
CH,CH,

CHYCH, CI: CH,CH,CH,
CH,

@™ Which of the following structural formulas is the

4-ethyl, 2-methyl-1-propylcyclohexane? (2023)

CH;‘::"I}- CH]
A ]i/\[ C
CH,CH,CH,

r ah_; e

e —————T)

~_CH;

L

CH,CH, ~ " ~CH; CH,CH,CH,

CH,
|

A
" -CH,CH,CH,CH,

—
CH,CH,

: CHLCH,CH,
CH, e, o~ cH,

p| CHiCH, CH, 5 § J
“-T’
CH,CH,




Properties of Alkanes

Why is the water Because a water molecule has a curved (bent) shape and the
molecule polar? bond between highly electronegative oxygen and hydrogen is polar,
The boiling and melting point of water ; - Because water molecules are polar and
is much higher than that of substances l f form strong hydrogen bonds with each
of similar molecular mass?  “@ ruocn ® other, requiring more energy to break.
< ‘bondid

Why are alkane molecules Because c:arhml_—::arhun bonds and cﬂrbnn—h}fdmglen
bonds are essentially nonpolar {similar electronegativitiesil

¥ P : :
J nonpolar’ symmetrical structure often cancels any small dipoles.
Alkanes are good solvents for nonpolar materials Because the alkane
such as paint solvents, adhesives, and - “*,f’“-i'?-" maolecules are nonpolar
inks? ~_~.,1 (like dissolves like).
Why don’t alkanes and Because the forces of attraction between water
other hydrocarbons mix molecules (hydrogen bonding) are much stronger
% with water? . than the attraction forces between water and
%o bt + Pt nonpolar alkanes. Alkanes interact better with
- - i, nonpolar molecules.

_I'!i‘_rl:l'ucalh-n-n + Waler Alcame + Alioene




¥

Physical properties of Alkanes

“1«.\' =
The molecular mass of water is 18 amu and methane is [ not required to memorize ]

16 amu. We note that they are close in molecular mass _ _
Table 4 Comparing Physical
as well as in size. However, we find that: Properties
g : : Substance Methane "0
45 WA H‘-, £~ R and formula Water (H:0) (CHa) o
Why is Water Water’s Water’s Molecular Bamu | 16amy
Liquid and Boiling Melting it
. . State at room .
Methane Point vs. Point vs. temperature [ gas
Gas? | Methane’s | Methane’s Se— 00°C _167C
\'x g n
- e - — - - — Melting point 0°C —182°C

-'\. .'.-

g e i

Because methane molecules are nonpolar and do not form hydrogen honds with
each other, water molecules are polar and form hydrogen bonds, so the ability of
methane to attract molecules is very low compared to water molecules.




Yousef Sara ,rah___;....__

—In general, both boiling and melting points of
alkanes increase with increasing molecular weight weak London

( Table 11.4 Physical Properties of Some Unbranched Alkanes

Condensed Molecular Melting Boiling Density of
Structural Weight Paint Point Liquid (g/mL
Name Formula (amu) [“C} {“C} at 0°C)*
methane CH, 16.0 —182 — 164 {a gas)
ethane CHLCH, 30.1 — 183 — 88 (a gas)
propane CH,CH.CHs, 4.1 — 190 —42 (a gas)
butane CH3(CH;).CHs 58.1 — 138 (8] (a gas)
pentane CHa(CH1)CH. a2 —130 36 0.626
hexane CHA(CH;)4CH, 86.2 =0k 69 0.659
heptane CH5(CH,)sCH; 100.2 —91 98 0.684
‘Trends in Unbranched Alkanes . =
180 = 140 Molecular Structure of Unbranched Alkanes
_ m— Boiling Foint (*C) |
& 160 | = Melting Point (*C) | 120 &
= 140 0 =
= =
S b 05
= -30 =
2 0 =z
o> |
_ED T T T o E‘ﬂ
Methane 20 &0 Heptane

Molecular Weight (amu)

Methane Butane Heptane J




close to the molecular mass of water as  #lall Lay Ja) A0 S g 8 il dgig ja 40SH 27 il 2
shown i 19 falie balbw; Bnd T 0. | LS ey sl e i iyt The ta’_nle below shows the similarity of I'fde!:har}e and
compounds are similar in size. What 3 gl Sa 3 GBURD sy 531 Lo g water in molecular mass. They are also similar in both
Bapaing. the. lowar meling and Doling gtk 4 ety Chin sl 5t AU RN chie size and shape. Why does Methane exist in the gas state
points of methane compared fo the Telu : ks .
melting and boiling peints of water with a very low boiling point?
Table 1: Molecular Comparison
CH, H,O : T
Molecular mass amu 16 armu 18 Ao o AL Substance Mﬂle:::ular]Mass Size E:E:;%:,ftlm;lmt}r
State at room temperatuns Gas & Liguid = A Al § ) e Aa e Alall it T =
Boiling point -162°C 100°C Ll . 42 Methane (CH,) 16.04 Very Similar
Metting point 182°C re DT A P Water (I1,O) 18.02 Ref
, Methane molecules are nanpolar and do Loy B8 Y Rkl e G iy A — Methane molecules are polar while water molecules
nat form hydrogen bonds with each other sy g L Sl g o are nonpolar
Methane molecules are paiar and fo Aabn g b ol g ) B g Agudah Ul Sl e P i
8 f:ufsy e polaruid oo e v’ B — Methane molecules are nonpolar while water molecules
hydrogan bonds with each othar. [ ton Lputnay
Methane molecules have a very high force ) | laa A8 5y J - pn!ar
i iy adl aad e A B gl e el i e i
C of attraction batween molecules T T C — Methane molecules form hydrogen bonds with each
compared 10 watar mnlecules TR T lDthEI'
D Methane is an organic compound whils gyme gk ol Ly g pise LB Al o .
water is inorgenic. D - The attraction forces between Methane molecules
are very strong
Explanation: Correct answer B. Water's (H0) polarity leads to strong
hydrogen bonding, resulling in a high beiling point. Methane's (CH,)
nonpolarity results in very weak dispersion forces, hence its low boiling point.




Water and methane molecules are similar in size,

Lag o€ TL,;S.P:..:J'I 3yl S 8 At sladl ¢ P. "'.I":"
e o . e O - g -

and have molecular masses close to each other. What — Jkeaifls Sldadl Saps (bl sut o Lo 0 l8e Al

explains the low boiling and melting points of methane

compared fo water?

s e Lgedmny Sy Jadyy (S5 Sl el Sl

Methane molecules are polar and form hydrogen bonds with each other

Methane molecules are nonpolar and do not form hydrogen bonds with

each olher

Jang pea Lpany Sty pian aglyy JEG Yy Akl g2 Gl Sl

eladl il & fe Sl Lpans udad lap dadiiis Bpok ) Slisie udd
Methane molecules have lillle intermolecular attraclion compared to waler

molecules

i

€ lal e 43 e il

| only

Il only

i
e

Yousef Sarayrah -

-l
A [ )=

|”' you lry to dissolve alkanes, such as lubricaling oils,

lin water,which of the following is correct?

The two liguids will completely miscible

The attractive forces belween alkane molecules are
weaker than the attractive forces between the alkane
and water molecules

The two liquids separate almost immediately

into two phases

Hydrogen bonds are formed between alkane's

molecules and waler’s molecules
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L. 15 | CHM.5.6.01.013.06 Use IUPAC svstem to name alkenes {stramht chain. branched. non-substituted and substituted) ~_ !
14 CHM.5.6.01.013.08 Draw the structure of an alkene given its IUPAC name
CH,CH,CHCH = CHCH,CH, _, :
Alkenes J
5-methyl-3-heptene L
' Unsaturated hydrocarbons contain General formula Naming
- Use IUPAC rules to name the fo y
double bonds between carbon atoms. CuH:zx prefix+ene

a. CH,CH = CHCHCH;,
| e Double bond position should be determined for alkenes with 4 or more carbon atoms

CH;
in the chain.
4-methyl-2-pentene e Start from the end of the chain, which gives the smallest number to the first carbon
b. CH; atom in the double bond, then use this number in the name.
(]THﬁ CH.- e Cyclic alkenes are named in the same way as cyclic alkanes, provided that carbon

| ) | ' atom No. 1 is one of the two carbon atoms attached to the double bond, with the lowest
CH;CHCH,CH—=CHCCH; number of alternative groups specified.
| # Some alkenes contain more than one double bond. The syllable (di, tri, teira, ...... ) is
CH; : - :
written before the syllable (ene) to indicate (2, 3, 4) double bonds, respectively.

2,2,6-trimethyl-3-octene

pily L=



4

What is the name of the following hydrocarbon
st e e, of-the folonng Cyrvsation CH3 according to the (IUPAC) system?

according to the (IUPAC) system?

"2, 2, 6 — trimethyl — 3 — octene CH 2 CH3 THQ i
- CH—CH
6 — ethyl — 2 ,2 — dimethyl -3 — heptene s TH CH{C___C :
CH3CHCH,CH = CHCCH3; CHy /T N\
3, 7.7 — trimethyl = 5 — octene H H
2 ,2 — dimethyl —6 — ethyl —3 — heptene CH3 2 — ethyl — 6 — methyl — 3 — heptene

6- methyl — 2 — ethyl — 3 — heptyne

3 - methyl - 4 - heptene CHj 2. 6 — dimethyl — 4 — octene
5 - methyl - 3 - heptyne |
5 - methyl - 3 - heptene CH3;—CH, CH-CH=CH-CH,-CH3

3 - methyl — 4 heptyne 3, 7 — dimethyl — 4 — octyne



Yousef Sarayrah. .

|

What is the correct name of the alkene with P4 A5 danall ) GEEU manall aull L
the following structural formula?

A — 3 —methyl — 6 — ethyl — 5 — octene Oy —-5-df-6-Ji—-3 -A
B - 6 — ethyl -3 — methyl — 5 — octene Sy - 5-Jdi-3-J4-6 -B
C - 3 — ethyl — 6 —-methyl -3 — octene oSy —3-dfie—-6-d8-3 -C
D — 6 — methyl — 3 — ethyl — 3 — octene OGSy —-3-di-3-Jin-6 -D

CH,-CHs —

|
CH3-CH—CH,~CH=C



Yousef Sarayrah. .
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I P
What is the correct structural formula of the compound
WWITREL IS OFhEE 20 el risiideE Ce e O] S e e

(Using IUPAC rules) (3 —ethyl — 4 — methyl 1, 4 - hexadiene)?

2 A i i
Structaral Formula I At !
CH; CH=CHCH, Symbol
\ / 1|T.'H_1
S A
C=C o N o O < IS,
/ \ (
CH5sCH, CH->CH; s
CH:-CH=C - CH-CH=CH; B
4 — ethyl = 3 — methyl — 3.5 - hepltadiene CH
l‘l:TI_: |
3 meaethyl — 4 ethyl = 3.5 — heptadiene CHs = CH =C - CH = CH=CHx C
CH:-CH-
4 — ethyl — 5 — methyl - 2.4 - hepladiene CHs
| D

CH; - C=C-CH; - CH - CHiy
5 = melhyl — 4 — ethyl - 2.4 - hepladiene



16 |CHM.5.E.[!1.U13.[!? Use IUPAC system to name alkynes (straight chain and branched)  Textbook + table 6 + check your progress 80,81

Alkvnes |
Unsaturated hydrocarbons contain a General formula Naming
triple bond between carbon atoms, CuHznz prefix+yne

* Alkynes are named in the same way as alkenes, with the exception
that the name of the parent chain ends in -yne

HC==C—HC—CH; CH,
CHj HsC cI:H C——C=C——CH;
ki CHg

3-methyl-1-butyne 4,4,5-trimethyl-2-hexyne



S } £

What is the correct structural formula for the

compound:

4.4,5,5 - tetramethyl -2-heptyne?

TH-_-. Hj |::I:H3 [:I:H3 {I:Ha {I:H.I THl H
_ MG &= C—C—C—CH
H—C=C— —CH, ’ %
I G CH S e e CH,CH ==CHCCH,CCH, JE
H,g- EHJ ¥ &
L, By GHicH, CH, CH, &,

l.,.l.E._J..t.II] danoall 40000 dasall L

ot — 2= e -5 05 04— Qi) — 4

What is the correct structural formula for the

compound:

4- ethyl — 4 ,5,5 — trimethyl -2-hexyne?

CH, CH, Hy CHy CH, CH, EH, TH.
! l I — . Pl
- H,C—C B= C—C—C—CH HL—C=C—C CH,
CHCH = ERLERTCR, : l ' CH,CH =CHCCH,CCH, |
CH, CH.CH, H, ©H; CH; CH,
CH
. CH, IR

CHy
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17 |CHM.5.E.D1.I]D4.I}1 Define the term structural isomers (and illustrate their similarities and differences )
LR @ Regarding the isomers in the table below, which of the following is r::orrect;
HHHHH H_E_H HH"T'HH
Molecular formula similar H—C—C—C—C—C—H H HoH koo
‘ R TR A T H-C—C—C—C=H Lo
Structural formula different % I H o HOH OH M HH"?””H
H
Phvsical and different | A) All of them are isomers and differ in physical properties.
chemical ]}l'ﬂ]}El'tiES B) All of them are isomers and are similar in physical properties.
1 C) Compounds 1 and 2 are isomers and differ in physical properties.
Naming different names D) Compounds 2 and 3 are isomers and differ in physical properties.
Conditions they have the same molecular -mﬁﬂéﬂfpxiri’g"ﬂ”ﬁﬂﬂ between the PN S al) Cisg ] A g La 22
formula and differ in ‘ = T
structural formula and name R T s
4 All have the same structural formula Aot Rl s Ll L
All have the same number of carbon Wb gaase yome Sl bl gae et Lgd L
= aterms and hydrogan atoms o ! 2

. dnetia S ey Lpaasn
o All are ged MIBTFS 1 SoMmers -] &

All have tha same chamicel and physical )
D Al 3l g bl aleaddl il Lyl lmaea
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Yousef Sarayrah

¥ 1 THRIT T . 8 b = el = .
Which of the following formulas does not represent s palll LB Vel (had Y 3000 sl |'ja Egl
a structural isomer of the compound: T bl Jiia — 2 — Qi —F

3- Ethyl-2-meathyl hexane?

CH, (I:H} CH, cH CH, CH CHE'CH3

| : 3
CH, CH, € CH,CHCH y | | | |
ASHCH, CH, CH, CHCH,CCH, CH,CHCH,CHCH_ CH
CH, CH, EH, rl-CH;EHL | ’ I o
{[:H! CH, CHa

| iy s B~ 3, 2
*ZE-‘I3 ; - =i 1
2.3 = dimethyl pentane

q-l-l""‘-ﬂ g — :
Which of the following compounds is not a structural 2
— 2 — methyl hextane
isomer for the other three compounds? M M B = 26 2
e Rt 3
2,2 — dimethyl butane
e 1

yousef sarayrah 3 = methyl hextane

_
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18 ‘ CHM.5.6.01.011.02 Describe the difference between cis- and trans- isomers in terms of geometrical arrangements
CH: CH: CH; H
~ s ™ i
= C=C
o= C=C_
H H H CH:
cis-2-butene trans-2-butene

They have the same molecular and structural formula and differ in the
arrangement and orientation of groups around the double bond,
s0 they form geometric isomers.

CH:CH- CH:CHa-x CH-CH- H
£=C~, c=c__
H H H CH:CH:
cis-3-hexene trans-3-hexene

They have the same molecular and structural formula and differ in the
arrangement and orientation of groups around the double bond,
so they form geometric isomers.




. chemistr

Wich of the hydrocarbons below forms geometric

CH;CH.,CH= CH;

CH,CH= CHCH;

[ B

CH}CH — CHCHICHg

EH1?=CHCHICH2CH3
CH

3

, Il only

Il only

I, 1l only

| only

Yousef Sara

e ————T] 2
+

rah

=Lkl
)

Which of the hydrocarbons below forms geometric

Isomers”

T
CH,CH,CHCH = CHCH,CH, 1
CH = CCH,CH;, 2
{:{t* CH,CH,CH,

C=C

7N 3
CH;CH; CH,;CH,

.

CH;CH,CHCH,CH; 4

V!




emistr

Regarding the two c:nmr::c:-u-nds_in the table below.

Yousef Sarayrah, .

. #
Tl Jre

Which of the following is true®?

. , Cl ).'I
Cl Cl
| \

He= C=C=H C=C
| | T
H H H H
2 1

a. rotation is possible in compound 1 and it cannot form geometric iIsomers
b. rotation is impossible in both compounds 1, 2 and they can form geometric isomers
¢. rotation is possible in both compounds 1,2 and they cannot form geometric iIsomers

d. rotation is possible in compound 2 and it cannot form geometric iIsomers




Both compounds can form geometric isomers

Regérding the two compounds in the table below.

Which of the following is true?

Only compound 1 can form geomelric iIsomers

CH,= CCH,CH,
CH3CH —_— CH CH:.; I Both compounds cannot form gecmetnc isomers

CH,

Only compound 2 can form geomelric isomers

CH.CH,C=CH,
CH,—CH=CH-CH, | C A

CH;

Which of the hydrocarbons below forms geometric

isomers?




Regarding the isomers in the table below, which of the

following is correct?

H :'I*
==t = i H—C—H H
CH3 i H, EH3 H . F ':H3 I | |
C=C C=C I;I H H H C C—H
- % s \ L ’ : I | I
H H CH; H H=C—C—C—C—H H H—C—H H
H H H H ;L
- 3 2 1
The isomers 1 and 2 differ in their geometric shapes Ageatigh LagMEEl 82 5 1 sl ilisy O
The isomers 1 and 2 are similar in their boiling points Fnally ARl Shass A2 g 1 eyl 4l
and melting points
The isomers 3 and 4 differ in their geometric shapes Rpmetigll LogllSll b d 3 3 et cibiay O
The isomers 2 and 3 have the same structural formula Al dmpall A3 3 2 ey ¥l Al U

T HJ'L. Laa ;‘;i vl sl (g *-d—'j..l"*.'i'.f':"ﬂl' Sl Lad
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L2
b

o According to the compounds in the table below. g, oL Jaaal 8540 ol Sl alls ety Lo | Sl
Which of the following opinions is correct? Thasaa 4ol & )
A - Compound 1 can form geometric isomers because ey At Sl pa gl SE 1 Sl auliing — A
each carbon atom bonds with different atoms AhDaa S 53 (G 9a S 53 JS Bl )
B - Compound 2 can form geometric isomers because n_u..uu.....u ol e ) Cusss 2 M‘W_ B
it has a double bond Al akt 9 aga g
C - Compound 3} can form geometric isomers because ki At il ) pag Bl (S 3 Sl s~ C
it has a double bond and each carbon atom around it G AN S8 0 Js ks iy ALl adas) N aga g
bonds with different atoms and groups Adlid . il panay il pls gl ga
D - The three compounds cannot form geometric isomers Agandib Sl e 039S0 auhild Y 33D CLE AN - D
3 2 1
t“.l_Hi (l:H_1 l? IBr
CH,CH,CHCH = CHCH,CH, | CH,=C—CH, —CH, H—E—E—H
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18) Why: The following compound B O does not form geometric isomers?

Because the substituents are on one side of the bond
i
H.ht-::r'::i
19) Why: The following compound H " does not form geometric isomers?
Because there are no two different groups attached to the two carbon atoms, there is one substituent (one
chlorine atom).
S0) Why: The following compound H-C=C-H does not form geometric isomers?

Because the arrangement of atoms in space will not form any position (cis nor trans)
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19 CHM.5.6.01.003.26 Describe the structure of benzene and its reactivity ~ Textbook + figure25 87,88 '
The first stage The second stage The last
H
H H
CHy=C=(CH—CH=C=C(H;
H H
H
This hydrocarbon is unstable and Friedrich August Kekulé proposed | After proposing Linus Pauling theory
extremely reactive because it has this structure for benzene. of hybrid orbitals, the electron pairs
multiple bonds. A hexagon of carbon atoms with are suggested to be delocalized,
Benzene is unreactive, so this formula alternating single and double which means they are shared among
is not correct. bonds. all six carbons in the ring.
EIpIain benzene’s structure and how it makes the Describe the properties of benzene that made
molecule unusually stable. chemists think it was not an alkene with several
The ol b ditocoalind and double bonds,
e electron pairs in benzene are delocalized an
hared by all P_ b i the i B Benzene is much less reactive than alkenes with

sfiare ' b S1X carbon atoms mn the rmg. Henzene multiple double bonds, which usua]ly are very
is relatively unreactive because the electrons are unstable. When benzene did react, the reactions
harder to pull away from six carbon atoms. were not similar to those of alkenes.
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Kekulé had proposed the flat, hexagonal structure of o el il el mlalll (Sl 4SS -8

benzene shown in figure 1. While the theory of hybrid
=18 e Aingall oD Lopla e L Laawy o1 JSA
orbitals helped to propose the figure 2. " . ; .

; : i H A X i
Which of the following is true? i > '-:‘E'.m...g p® Laa __5.1 S L
Hﬁl H
H
Figure 2 helped explain the stability of benzene | Goill b e e 2 JKEN el
2 1 ' -
In The figure 2 the pairs of electrons thal form the [y Al clig 581 21 3 am 2 JLa B
second bonds are localized between only two specific Crga Sl abyd cpe Jadh il AGLEN Lalg )
carbon atoms
Figure 1 helped explain the benzene’s unreaclivity Cprdl e ld sae e e 1 JSAN el
In The figure 1 the pairs of electrons that form the € ol g STy E‘ﬂj 055 1 S8 3
second bonds are shared among all six carbons in el CeayS b3 A€ AL AN Loy )

the ring
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10. The simplest example of aromatic | |
hydrocarbons is benzene C.Hs; and ob Ailag V) Sldgy 8 augdl o Jlha Jaeisl 10
chemists proposed several molecular L fpa bae 0 gadlailll = 380 g « C H, Ca )
formulas for benzene. Which of the ¢ raa o Laa gl o 3l
following is correct?

A  Formula 1 represents the modern model s g ) s el Cunal) 23 paill Jidi 1 Adaall A
of the benzene molecule and explains the o il Slalll Sl il et
chemical instability of benzene.

B Formula 2 represents the modern model ol g ) (s el Sitall 23 pall Jid 2 dall B
of the benzene molecule and explains the cr il el ol BN ale
chemical instability of benzene,

C Formula 3 illustrates the chemical stability O iall el ) g mada g 3 Adaall O
of benzene.

D Formula 3 is anunstable and extremely Jeliiey jiea w2 gyl Op Sy 0m 3daall D
reactive aromatic hydrocarbon. da 33 aly
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CHM.5.6.01.009.04 Distinguish among aliphatic and aromatic hydrocarbons

hydrocarbons ‘

' aliphatic l aromatic

' l l [ Aromatic Compounds: Possess a stable ring system
saturated UHSEthﬂtEd (e.g., Benzene) with delocalized pi electrons,
T distinct from aliphatic systems.
; CHg
single bonds double bonds trlple bunds
cyclo cyclu
l alkanes |§ alkanes | alkenes | ¥ alkenes
1 3 1 ) Toluene
li "y ' ! f ) .
o ! l <:>
CH; GC;Hg ] o L Benzene
Methane Ethane Ethene Cycloalkenes
C.Hsnio CoHye C.Hs, C.Hs, Naphthalene

-

—

UNREACTIVE._ REACTIVE... UNREACTIVE




~.. chemistr

74. Which of the following statements correctly describes aromatic compounds? (Advanced -
2022)
A) Some of them have a branched chain.

B) Benzene is considered the simplest aromatic hydrocarbon. Explain E— h_}-’dI‘EIEEH‘hDHS difter from

(

(

(C) Many of them are found in essential oils extracted from flowers and fruits. El]'.iphﬂlif l‘l_‘g,-’tll‘ﬂtﬂl’hﬂﬂﬂ.
(

D) They can consist of one benzene ring or more. -
Aromatic compounds contain benzene rings in

their structures and aliphatic hydrocarbons are
straight-chain or branched-chain structures.

In relation to the compounds in the table below. sL) Jgandl 883 ) ) Sl pally 3la Lay
Which of the following statements is correct? ¢ Aasaa AU @ jlal)
A — The compounds 1, 2 are aliphatic hydrocarbons dbaLill) Aadiie A0 gy S o uh 2 91 hsSall -/
B — The compounds 1, 2 are aromatic hydrocarbons ALl duadiia dgilag ) cligy S5ou8 2 91 LSyl -1

The compounds 1, 2 are aromatic hydrocarbons Leas J Jald (Sl sl @se S 3 S pall - (
C — Compound 3 is a faitly unreactive aromatic oY Jolilag Jiiua pe eyl GSeu 3 Sall -]
D — Compound 3 is an 3 > 1 4

reactive aromatic




%
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Which of the compounds in the table is S S 5 e ey Jsaadl 3 B3 ) g Syl e

a saturated hydrocarbon?

A — The compound 1 only ol jult Uhgua wibi i
) Compound Formula Compound
B — The compounds 2, 3 only Muniber
CH; - CH: - CH>-CH,; - CH>-CH; 1

C — The compound 3 only

D - The compounds 1, 4 only CH,y - CH; - CH = CH - CH. - CH,

LS

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

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

CH;

¥ St

-
aaih ] S pall— A
b3 32 Sl -B
st 3 oSyl - C

hiig 51 S D
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| 21 CHM.5.6.01.003.18 Define functional group and give examples
Which substituted hydrocarbons below agrees with its
Compound type General formula Functional group
S i - a i ' P 573
corresponding gener E_l! _f_ﬁ._l{llil_ld in H__m following lable? S R-X NalGiei F.CL Br. I
dakali Laall (X=F,CL Br, 1)
S A e
Ll Calgniai Ty Alcohol R-OH hydroxyl ~OH
Ether R-0O-R’ cther —0-
_-I 0 et AN 7 g
] and 2 L Aok Amine R-NH; amino ~NH;
0
a Aldehyde . E H
: , .| = 0
i and ’; R—O—R 7 carbonyl 1l
- = Echer 0 " =
Ketone 1]
R—-C-R’
. / 0 H al 0
-3 dnd '-1 | . Carboxylic Acid Il carboxyl I
s—C—=N—R Amide *C-OH -C-OH
I'j O Y Ester = 9 &5 ester I o
l and 4 T il ~C-O-R C-O-
+—C—H Carboxylic acid 0
Amide il amide 11
*~C-N-R ~C-NH-
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What are the organic compounds that contain one or el sraly fpagpsan e giad Al A gl SlSHal L

Pslaf clil o 2041 Ul 2 g S Sl e Alae
more nitrogen atoms bonded to carbon atoms in o ans "‘

aliphatic chains or aromatic rings?

Alcohols Amines Ethers Aldehydes
What is the general formula of amines? fbindl] Lkl Ll Ly
: 0
R—OH R—NH I 1o
. «e—C—0—R R==R



What is The functional group that aldehydes have?

D o B A
0 T
- X & _on - OH —C—H

What is the functional group in alcohols?
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1) Which of the carbon derivatives below agrees

with its corresponding general formulas in the

following table”? (2024)

A)1and 2
B)2and 3
C)1and4
D)3 and 4

24) Which of the following is correct regarding the hydrocarbon derivatives in the table below?

( 2023)

Yousef Sara
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Compound General formula
L4}
Il
1 Aldehyde
r/c\tm
2 Ether R-O-R’
]
k|
3 Amide e
=4
i
4 | Carboxylic Acid
H/C\H

0 ? 0
General [ R.O-R’ 2Oy R I
formula N 1 N
1 Carboxylic acid Ether Amide Aldehyde
2 Aldehyde Ether Amide Carboxylic acid
3 Ether Aldehyde Amide Carboxylic acid
4 Amide Aldehyde Carboxylic acid Ether

rah
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94) Which of the following is an example of an organic compound containing a halogen

covalently bonded to an alkyl group?

CH3—O—CHECH3

Cl

CH3;CH,CH,CHBr- CH3;CH,CHO

3. The general formula for a carboxylic acid is:

A. R-OH
B. R—NH>
C. R-COOH
D. R-CO-R

4. Which compound is an ester?

A. CH3CH;OH
B. CH;COOH
C. CH3COOCH;
D. CHsCH;NH;



12Adv Yousef Sarayrah.

o

22 FIHM.S.E.HL[JIS.IE Write the IUPAC name of alkyl halides and aryl halides

23 ‘ CHM.5.6.01.013.13 Draw the structure if an alkyl halide/aryl halide given its name

Alkyl Halides name of the parent alkane with a prefix indicating the halogen
substituents, preceded by number indicating

The prefixesare X (Ffluoro CIl chloro Br bromo | iodo)

If there is more than a single halogen, they are listed alphabetically.

And use Di or Tri for same halogen

IUPAC Name Format : locator number + halo prefix + parent alkane.

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

o~ - H H H F H

CH;CH,CH,Br @ R
Cl H H l-[i Ill Ill

1 - b romo p ro pa ne. Chiorobenzene Fluoroethane 1,2-Difluoropropane

L '-.?_l. 4
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| Whal is the name of the following compound according o
Wt
What is the name ol the following compound according o the (IUPAC) system?
the (IUPAC) syslem?
Br F H
I I | |
H—C === —H
| | I I
I: ?l' H H H H
CH,CHCH,CHCH, CH,
I
Cl 4 = bromo - 1 - chloro - 3 - Fluore bulane

1 —chloro - 2 - fluoro - 4 - bromohexane

1 - chloro — 4 — bromo — 3 — Fluoro butane

3 - bromo - 6 - chloro - 5 - fluorohexane

6 - chloro-3 - bromo - 5 - fluorohexane 1 — bromo = 4 — chloro — 2 — Fluoro butane

4 - bromo - 1 - chloro - 2 - fluorohexane

1 — chloro — 3 — Fluoro — 4 — bromo bulane
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Name Cyclic Haloalkanes

(a) First, determine the root name of the cycloalkane.

Cl
the root name of
a b-carbon ring 1s B
“cyclopentane”
Cyclopentane
'b) Name and number the halogen substituents.
in rings, multiple halogens are hsted
alphabetically and numbered in
alphabetical order Br

1 -Bromo-2-chlorocyclopentane
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What is the name of the compound shown in the figure below?

(using IUPAC rules) What is the name of the following compound according to

the (IUPAC) system?

1
. : |
a. 1-iodo-2 4-difluoero-3-bromobenzene
ik e
b. 2-bromo-1. 3-dilluoro-d-iodobenzene Br cl
¥ + | 2 1 I:
. 2 4-dilluore-3-bromo- l-iodabenszent Br

d. 1 3-dilluore-2-bromo-4-iodobenzene

1,3 — dibromo — 2 — chloro cyclohexane

2 = chloro = 1,3 = dibromo benzene

2 — chloro = 1,3 = dibromo cyclohexane

1,3 — dibromo — 2 — chloro benzene
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CHM.5.6.02.005.04 Define substitution reaction while writing the equation for the substitution reaction including halogenation of alkanes, alkyl halide-alcohol reaction
and alkyl halide-ammonia reaction

Table 6 Substitution Reactions

Generic Substitution Reaction Example of General Substitution Reaction
R-CH, + X, = R—CH. X + HX (Halogenation)
where X is fluorine, chlorine, or bromine G4 Cl — L H Cho H T
Ethane Chloroethane
General Alkyl Halide-Alcohol Reaction Example of an Alkyl Halide-Alcohol Reaction
R—X + OH — R-OH + X CHCHClI + OH  — CH.CH_OH + CI
Alkyl halide Alcohol Chloroethane Ethanol
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
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Which reaction of these is halogenation reaction ?

RCOCH + R'OH — RCOQOR" + H;0

E—CH3 = x; T R—CHE:{ + HX

R—CH;—CH;—X — R—CH=CH; + HX

R—C=C—H + H; — R—CH=CH,

Which reaction of thess repeetent p yubsiitobice reacticn”

h o

Jhadd Jolls ey AUl el s g

QH
CH;CH-CHXCHCH; — CH3CH>CH=CHCH; + HXO
CH,CH; + Cly — CH;CH;C1 + HCI
L8] Ch

Il [l
CH:C-OH + NH>-CHi — CH;CNH-CH; + H:0

CHiCH=CHCH:CH: + Hy — CHiCH>-CH:CH:CH:



emistr _ Yousef Sarayrah ..

Tl Jre

1. What are the products of this reaction?

CH;CH,CH,Br + NH; —?
CHiCH>CH>NH,Br and H>
CH;CH,CH,;NH; and Br;
CH3CH;CH;NH; and HBr Carboxylic acid
. CH3;CH>CH3 and NH,Br

Whal results from the reaction of an alkyl halide with

ammonia?

OnNnwEp

Alkyl amine

Esler

Alcohol



Which of the following are the correct products (A, B) for the reaction below?

CH;CHCH;+H20 ——~ A + B

B —— i ————

Sarayrah,

Cl
A B
a. | CH,CHCH, HCI
(JH
v CH,CH,CH
h. s L. HCI
CH,CHCH,OH
c. 3 OH HCI
™ [
If.H;(l:HLIH_-.
HCI
OH OH OH
d. 4
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26 ‘CHM.S.E.EI.EHJE Draw the structure of an ether given its name 107
=E .
‘ m Ethers are compounds with the general formula:
mR-0O-R
msymmetrical ethers: R = R’
munsymmetrical ethers: R = R’

CHS_C’_CHS CHS_C’_CHECHg CH;CHE O CHECHE
Dimethyl ether Ethyl methyl ether Diethyl ether
CH,CH,— O — CH,CH,CH,CH, CHCH,—0—Ch,

Butylethyl ether Ethylmethyl ether



Which of the following formulas of ethers does not

agree with its corresponding name in the table below?

Yousef Sara ra_hi;_;y.f,

8 Led Jiadl oY) a3 Y AN S AY) pua e )

Colial J gaall

CH,CH,— O — CH,CH,CH,CH,

S J e
Butyl ethyl ether

CH,CH,— O — CH,

sl dee )
Ethyl methyl ether

CH,CH,CH,— O — CH,

sl dpg g il
Methyl propyl ether

QD_ CHECHQCHECHE

Sl Js ila Jpua
Cyclohexyl butyl ether
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| 8) Which of the following is the formula for cyclobutyl pentyl ether? (2024)

Q/O _CHZCHZCHZCH3 Q/O_CHZCHZCH3
A C

O —CH,CH,CH,CH,
s Q/o — CH,CH,CH; | |
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COMPARATIVE STUDY OF ALCOHOLS & ETHERS

ALCOHOLS

Yousef S

arayra

27 ‘CHM.E.E.Gl.ﬂlE.ES Compare and contrast properties of ether and alcohol of similar size and mass (Volatility, boiling point, solubility in water) 1{]5 1{]]
¥

COMPARATIVE STUDY OF ALCOHOLS & ETHERS
PROPERTY

ETHERS

| - - : . Contain an oxygen atom between
FUNCTIONAL GROUP o+ | Contain a hydroxyl group (-OH) e cathon Holee
GENERAL FORMULA (R-OH) (R-O-R)
POLARITY -f- | More polar Less polar

HYDROGEN BONDING

Form hydrogen bonds between

molecules
M—{) = H
\ \
1 gt O—R

Do not form hydrogen bonds
between their molecules

R
b L
‘I;'D_X__R“\D_,HR

BOILING POINT & Higher due to hydrogen bonding | Lower than alcohols
Higher, especially for short chains | Lower solubility
HH 6 Hig
H ’C H™" [ ether is h vedrogen hond
SOLUBILITY IN WATER b i H acceplor ondy



mass and size. What explains this? (2024)

Y

Yousef Sarayrah ..

Ethers are more volatile and have lower boiling points than alcohols of similar molecular

A) The presence of hydrogen atoms with the oxygen atom in the ether.

B) Ether molecules can form hydrogen bonds with each other.

C) The absence of hydrogen atoms bonded to the oxygen atom in the ether.

D) The oxygen atom in the ether can act as a hydrogen acceptor from water molecules.

. Discuss the properties of alcohols, ethers, and
amines, and name one use of each.

alcohols—moderately polar: can form hydrogen
bonds with other molecules; higher boiling points
than other alkanes of similar shape and size;
example—ethanol; ethers—cannot form hydrogen
bonds; lower boiling points and volatile; less
soluble in water than alcohols; example—methyl
ether; amines—some amines have volatile odors

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

OH
CH CH,
CH,— 0 — CH,

Ethanol (on the right) is more soluble than methyl
ether, Because of their molecules’ greater
polarities, alcohols are usually more water-soluble
than ethers.

i Y L1

(L 3
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85) Why does ethanol (CH; — CH, — OH) have a much higher boiling point than dimethyl ether -

(CH; — O — CH3), even though their molecular weights are approximately equal?

A) Because there are hydrogen atoms bonded to oxygen atoms in ethanol.

B) Because ethanol molecules do not form hydrogen bonds with each other.

)
)

C) Because dimethyl ether is the simplest ether available.
)

D) Because ethanol is produced when sugars are broken down, while ether is not.

17) Ethers are more volatile and have lower boiling points than alcohols of similar molecular

mass and size. What explains these properties? (2023)

A) 1 only A | Absence of hydrogen atoms bonded to the oxygen atom in ether
B Ether molecules cannot form hydrogen bonds with each other

C The oxygen atom in ether can bond with hydrogen atoms from water
1and 2 molecules
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Why ethers are generally more volatile and have much B gilde il a9 ulaill LG 3]l S ¢ o5 13l
lower boiling points than alcohols of similar size and Tpaslly dfyjadi dlish A 1 45kadl oY gasll 5
mass?

Jaid " 1 " cad) < A
.]n‘ii"Z"tl_q.qu -B

A -Reason" 1" only

B - Reason" 2" only

C -Reasons" 1" and " 2" together ke 2" "1 " gl - C
D - Reasons" 3" and " 4" together Gatgty "3 lud -D
. i Al
A1l
Explanation sl Kiuraber
Y (A (Y1550 e Al e (g 3 203 9]
Because ethers have hydrogen atoms bonded to the oxygen atom 1
candl Lpany (s Ak g b Tl 55 085 O iy BT S Y
Because ether molecules can form hydrogen bonds with each other z
Y18 eSS 3 e Aa ja s g O 5 352 5 aled
Because ethers have no hydrogen atoms bonded to the oxygen atom 3
ol Lpdany (a5 3 il g5 055 O i YY1 Sl ja Y
Because ether molecules cannot form hydrogen bonds with each other 4
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CHM.5.6.01.013.24 Use the IUPAC system to name carboxylic acids 1 14
Carboxylic acids
Carboxylic acid: It 1s an organic compound contaming the Carboxyl group -COOH. (O

Carboxyl group: Consists of a carbonvl group bonded with a hydroxvl group. |
—C—0OH
O

/!
o B

General formula - OH —CO0H

Naming : Add the Suffix (-oic) to the end of the alkene, and
the word acid to the beginning of the name. (Alkane + oic+ Acid)

CH,
| 0
OH
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)y What is the structural formula for the compound 3-bromo-2-ethylbutanoic acid? ( 2023)

O CH.—CH; O
A CH;—CH —CH —Illfl‘.—(}H C CHj (lll-i CH l[I!, Oll
Br Lle-.*—CHft I|3r
O O
B CHi—CH —LH —IC—()H D CHy—CH —CH —ilj—(‘}H

I |
Br CH,

| |
CH_] Br

70) What is wie correct name for the compound shown in the figure below?

A) 2 - chloro — 3 - methyl butanoic acid

B) 3 - chloro — 2 - methyl butanoic acid
C)
)

D) 3 - methyl — 2 - chloro butanoic acid

2 - methyl — 3 - chloro butanoic acid

Cl CH,

CH;-CH-CH-C-OH

ha.

o

i Y L1

- el
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) What is the structural formula of the compound: 3-methylbutanoic acid?

CH: O CH: O

d. '[._-H?'lth'(-'Hz(-‘H,‘-:---lfl'—-ﬂH . ("H_ﬂ.{"H:_Il.F'H—ilfl'—ﬂH
CH: O CHa O

C. [__'IIgf"lfg_(l.'iI('Hz-—lil"---ﬁli d. f’ll_u!'.'lIf'll:——kl(l'-—ﬂil

) What is the structural formula of the compound: 3-chloro-2-methyl propanoic acid?

Cl CHa: CH; 1|‘f'l
A. '[l“llgiil"ﬂf"ﬂ(ﬁl b. é“?lg(“llff}ﬂﬂ
ClCHz3 CHiCl
¢. lf.'Hslfl'H(:.'I'i{'(}E)H d. ("HA(EIH ('l'H{.'{']'{]H
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29 ‘ CHM.5.6.01.013.20 Use the IUPAC system to name ketones 113 '
I
i N/ NE Y CH, 0
An organic compound in General formula Naming | ' ”
which the carbon atom in the . - . -
s added m— — g —
carbonyl group is bonded to ﬁ ﬂi!tlél:-?hr rt::tm{::[ﬂf C H3 CH—C Hl C—¢ H3
two other carbon atoms. 9 RCOR', R-C-R’ IJ alkal}z’lmme
N / N # 3-methyl-2-pentanone.
Naming ketones CH
Ketones are named using the rules of the IUPAC system. I 2 ”
e The name of the corresponding alkane is written based on the number of carbon CHCH—C—CH.CH.CH
3 P 2 3

atoms in the corresponding alkane chain.
e The svllable (one) is added after the name of the allcm;,t':ﬂr the names of the alkyl
groups are written in the order of the English alphabet and then the word ketone.

2-methyl-3-hexanone.

e A number is placed before the name of the ketone, to indicate the location of the

carbonvl group on the chain.

CH, Q <CH,

| - ” | © 2,4-dimethyl-3-pentanone.
CH,CH CHCH,
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What is the comect name for the following compound? ? Sal sall mpaeall W) L
(Using IUPAC rules) (IJUPAC 2218 LLain i)

{l? CH,CH,
I
CH,CH,— C —CH,CH,CHCH,

2 — athyl — 5 — heptanone e — 5 — A8 -2
6 — ethyl — 3 — heplanone Ciash — 3 — 81— 6
6 — methyl — 3 — oclanone Sat =3 — e — 56
3 — methyl — 6 — octanone SeisSd — 6 Jaaa — 3



Which of the following is the formula of

4-methyl- 2 — pentanon?

CH,
| L2 A
CHy—CH—CH—CH,— C',H '
CH, 0
| | B
CH3—CH—CHrC—CH3 »
I o a
OH
CHs ]
I i o
CHy—CH;—CH —CH; —CH;—C—H

What is the correct name for the compound shown in

the figure below?
A—(4—ethyl-3 —chloro—-2 — pentanone)
B~-(3-chloro- 4 - methvl-2 - pentanone)
C—(2 - methvl-3 - chloro - 4 — pentanone)
D-(3

chloro - 2 — methyl—4 — pentanone )

CHy O
| ||
CHy-CH-CH-C-CH;
Cl
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112
CHM.5.6.01.016.06 Explain the physical properties of aldehydes and ketones (polarity, boiling point and solubility)

‘ Summary of Aldehyde Physical Properties | duibjuall Olauwa il ol yaile
@

@ Polarity and Reactivity | bliullg duill E-,-K"E“H | il iazgyaup)l bl il ]
_ R”"H Intermolecular Hydrogen Bonding
« An aldehyde molecule contains a polar,
reactive structure. :r-4: / » Aldehydes cannot form hydrogen bonds

among themselves (no H bonded to 0).
buisig l_,.-h.i Sy Lle Al olyjs 90

BlasS baiko 08 deie29)3 bilg) (2955 Olaaa Tl gubiiiuss 3 <
? (0 3 iz H 3929 aaal) lgudi lgilsj>
© Boiling Points | ;ldall d>)3 Solubility in Water | slall 3 obo i)l @
 Aldehydes have lower boiling points » Water molecules can form hydrogen
than corresponding alcohols (same C bonds with the aldehyde oxygen atom.
I"II.IITIbE'r:]- y ' ‘ HID-HHH. 0 55 clall ﬁmﬁw 4
= Cilgafll ga Jol ilaghalill Glals Silays 4 o L97C 8)3 go duiszg)dud bslg)
? (09983 Oly3 3ae pudi dlid Gil) 8B Ll 2 \Q‘,-I—I H _g|@gﬂ|9§ BVESRS |
- omn 0 « More soluble than alkanes.
Alkanes < Aldehydes < Alcohols « Less soluble than alcohols or amines.
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Which of the following is correct regarding to properties of ¢ L g )Sh Sl pe Gaibeady (Slaly Lol praaa A Las (6
carbonyl compounds?

gy s Jaly) JSEg dadiy dpkd Slasal¥l Cilui

= IHI = L;}:‘I—:I

Aldehyde molecules are polar, reactive and can form

hydrogen bonds among themselves

Ketones molecules are polar and are more reaclive Siluaat¥l e Ualis AST Ay dudad Ciligsll ciliia
than aldehydes
Carboxylic acids molecules are polar,reactive eldl A Cplig eddadiy Akl A0S0 Sl | alea ) il
c
a0 IS5

and ionize completely in water

Aldehydes have lower boiling points than alcohols Ssind Al SVsasl (e B Slasal¥l Glle Silayo
ceSll Sl dae el e

with the same number of carbon atoms




wWhich of he lollowing s NOT a propey of aklshyides?

Addehyies are less solubibe in waler than alkanes

Aldalyde molecules cannot form hydrogen Donds

amcng hemsalves
Addetrede clecule s polar and reactve

Akdabydas have lower boilling points than aloohols wath

e sarmee rumber o corbon aloms

A
Sy Bty JES Shaa el kel Sy Y
B
ol T Y
L..'.._I_q -.I'"ﬂj '__A;F.' "."\;-:""' -\.-.!-:::' c
rad A el e U chaadil Sl Sla
=]

T - PR TS i

Which of the following is NOT a property of aldehydes?

flamal¥) Sailead e Connd b Lea (4

Aldehyde molecule is polar and reaclive

Aldehyde molecules cannot form hydrogen bonds

Among themselves

Aldehydes have lower boiling points than alcohols with

the same number of carbon atoms

Aldehydes are less soluble in waler than alkanes
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Compared to Aldehvdes. Why are Ketones popular
solvents for other moderately polar substances,
including waxes, plastics?
A - Ketones are nonpolar organic compounds
B - Ketones are polar organic compounds with
lower reactivity than Aldehvdes
C = Ketones are polar organic compounds with
higher reactivity than Aldehvdes
D - Ketones differ in their properties from
Aldehydes because their structures are

different

P Clada GG a0 1 3lal ¢ ol AT e 4 e
AL G E patdl Ly Aphill] Aa, e 4y guiml) SLK sl

Akl 48 4 g0 SIS e SN — A

b 291 Sy Ut 81 g0t g Al &g puiee SIS pe UGN - B
S ) o Lt 50T Ll g Al &y g i e iU - C
S (8 Lpealliad 1 DGR AT Sl - D
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