Electrochemistry
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Electrochemistry
QHYDROCARBONES
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1 CHM.5.3.05.007.02 Identify 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 Identify 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
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The electrode is a metallic strip or graphite stem that conducts electrons in and out of

solution in the half-cell.

=

1+ 2+
Zng + CuTay — ZnT g + Cug,

oxidation (lose electrons)
|

" I+ =
_: Ing, — In* ., + 2e

reduction (gain electrons)
T
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Cu ag T 2€ —eCu{,,

2¢” transfers from
Zn to Cu**

the products:
Zn** and Cu




A salt bridge: is 8 pathway to maintain solution neutrality by allowing the passage of ions from one
side to another, as shown in the figure below.

[he redax reaction provides

Thie sait bridge and the wire provide an unbroken paifey for
erergy to kght the balb,

electnical charge o fow,
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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. - -




In the voltaic cell shown below, where are the ions il a1 W als O i) Ao pall A1 k] 4040 B
move from one side to another? T A dga e
Copper wire
goncnf  Eavoe s
Zinc strip I ” Silver strip
\ K% cr g’
Im i f'
nie [
} 14
Through the silver strip “eadll ki DA O
Through the salt bridge Agalall 3 kidh J3a &
Through the copper wire oeadl) Al JNA O
Through the zinc strip O Al Gulad JOA O




What number represents the part that prevents ions
build up around the electrodes in the voltaic call

shown below?

O
O
O
O




N — : Regarding the cell in the figure below. Which of i JEM B da et LA sy Lad : — A2

The following is incormrect? trpaes 2 oy e

Zinc strip Salt bridge Copper strip Jsdjd g “pals Bl e T
5] ot L &n L | i I|
Zns0, | | Cusiy 1 Fnsiy sy "4
A salt bridge allows iong to pass from one side Sl M Aga e Sl g sas daalall 5 e
o another
Electrons flow through the wire from the oxidation gl Sl Jeldy Galldl e iy AN i
half-reaction o the reduction half-reaction gheail Jpl el )
This cell converls electrical energy to chemical Tplaal A3 ) A0lestt ASD A sia gal
energy
A spontaneous redox reaction lakes place LHa0 Jndly ekl Gilles Sas




. chemistr
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in the figure below, which of the following is not Phaalall Bplasall LAy e Suad 4.']1:1 Lae L_,;i cabial 8N ¥

a function of the salt bridge?

\ an
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|
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TR
Prevents the mixing of the two solutions Celglaall BEGAT Al ()
Prevents ions building up around the electrodes Cadall g -“_113_9:1"'1'" aSis a0
Allows the passage of ions from one side to another ,_a“r)i'i o g e Sl jajm mas O
Allows the passage of electrons from one side to another ;_5_:1-1'--1 o A e Salig JEIYY g e L"r--l--u O



12)When a Cu|Cu?** electrode is connected to a standard — B . oo
- . ‘ /Hf{ = L{l o, *%:‘:\}
hydrogen electrode as shown in the figure below, which of 7 . )

the following represents the half-reduction reaction?

(A) Cu**(aq) + 2e™ — Cu(s)

(B) Cu(s) — Cu?*(aq) + 2e- St

(C) Ha(g) — 2H*(aq) + 2e~ electrode

(D) 2H*(aq) + 2e™ — H,(g) o )

13)Which of the following is the anode in the voltaic cell fz‘ﬂﬁx
shown below? :(T T

(A) Cu i\‘\ Ll,a

(B) Zn L ke

e W

(D) Zn?* foions

s

e

e o

L ] L



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

Al zinc strp

Al salt bridge

Al both strips

Al copper sirip




The following reaction takes place in a voltaic cell: Al 408 A 0 Jelid) Sy

Znt Cu**ag = Zn* g+ Cugy

Which of the following takes place at the anode? fag¥l 2 Qg L Laa o)

Reduction of Cu?' Cu* JI 5
Reduction of Zn? Zn?* J 5

Oxidation of Cu Cu 538)

Oxidation of Zn




.. chemistr

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 sfrip

'I: 4 I-' I| B ! F.a rI & __"1' 1 .‘L.r ::!
?._In:'l.d_j e L ~_'-|_-h':'.!' ‘nea.‘._)éﬁ'| adlall Al

odadll dga N Yaeay Lalall skl o iy sSN1 e

el il Jsa Aimsall ea)ladl s S

] _J!';':l.li..l

N sy all ol e cilig N1 JUERY s lal) Jony

Al g

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

the following statements is true?

Zinc strip

£

o>

Salt bridge

in - KC

2ns0y

Cusy

Copper strip

Al ) o ol JSAN 3 dsiaga) Al A3 3

P
(s gl Sl oligs
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In the figure below, what do the two half-cells need so that

you can convert chemical energy into electrical energy?

€230 56S 23l 1) ALiasl ZaLLal) Jugas

el
T Zinc strip Copper strip 11
1 i
\.. i : B
5 12
] e b, ‘ I._\r‘p .

Only connecting the zinc and copper strips with

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

ol el s ulailly Gpaa)ldl sl oy Laié

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

Cligh Jil jlue gl duals 5yl L

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

i) Jal s @l g culig pSNYT Jal diala 5ylath

A salt bridge and a metal wire to provide an unbroken

pathway for electrical charge to flow

phiie pi jlee gl lia lad dllg diale 5,3

3l e caliadl) Jusy




Regarding the standard hydrogen electrode in the figure

below. Which of the following is correci?

Cu® 42~ =— Cu E°(V) =+ 0.3419

Zn* +2e = Zn Eﬂ{v;. - - 0.7618

It will be a cathode when connected to CujCu®" electrode

it will be an anode when connected to Zn | Zn*" electrode

The standard reduction potential {E”},m the standard

hydrogen electrode is defined as 0.000 V

The standard reduction potential [E“};::f the standard

hydrogen electrode is defined as 1.104 V

olial JEAN b bl g pugll b lans Lad

Y D0 | e |

Sal bridge H g
s {21 1 atrm)
A
.

"

Jalsa

1M acid
salution

i - ]

N -
H, bubbles = '/,d_ ;

ielad  Platinum
,'._,-_‘.;.‘ji.. afecEiode

o

CulCu® (kb ps dliag 2ie 3918 555

0.000 V (ggheas (umg gl cadail (E?) aaadll JIa¥) sga

1.104 V sihss Sigmg gl aladl [Eﬂ}qﬂl_j}\ Jhaay! sga



12dv

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-spantaneous

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 problem1 + Practice problems+ check

31,32,33 .34 ,35
your progress e

Textbook + Example problem1 + Practice problems 31,32 ,33

Textbook + figure 6 31




i ml o H,iq) = H i :
St gy wt1am Calculating Electrochemical Cell Potentials

chemistr

ol

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

1M acud The reduction potential of an electrode cannot be determined directly because the reduction half-
sohution 1 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.

H 2 i A standard hydrogen electrode consists of

bubibdes, ﬂ

-

¢ 3 platinum electrode with

E{Lj’rii'; * hydrogen gas at 1 atm pressure bubbling into
* an acidic solution that is 1M in hydrogen ions.
Reduction:
ZH*(ag) + 2¢” — H.(g) The reduction potential for this configuration is defined as 0.000 V.
Oodaton
H.lg) — 2H*(aq) + Ze Reduction

2H'ay +2e° o > Hyy E°y,= 0.000V

Oxidation




Li~ g Ei

Ca?* +2e =(Ca

Na® +e = Na

Mgt + 2~ = Mg

Bel* 4+ 2e— = Be

A3+ 4+ 3e— = Al

Mn2t + 2e— = Mn

Cr2t 2= =Cr

2H 0 + 2 s H; + 20H
In*t +2e - =17n

Cr3t 4+ 3e =0

S+ 2e =52

Fe?* + 2e~ = Fe

d> +2e-=ad

Pbl, + 2e— = Pb + 21—
PbSO; + 2~ = Pb + 50,
Co** +2e = Co

MNiZ+ 4 2e— = Ni

Sn2t + 2e— =5n

Pb** 4+ Je—= Ph

Fe?* +3e~ = Fe

2H" + 2e~ == H3

Table 1 Standard Reduction Potentials

—3.0401
—2.868
—2.71
—2.372
—1.847
—1.662
—1.385
—0.913
—0.8277
—0.7618
—0.744
—0.47627
—0.447
—0.4030
—0.365
—0.3588
—0.28
—0.257
—0.1375
—0.1262
—0.037
0.0000

W +e =sCut

Cult +2e = Cu

0, + 2H,0 + 4e— = 40H—

I; +2e =21

Fe3* + e = Fe?t

NO;— + 2H* + e~ = NO, + H,0
Hg,2t 4+ 2e— = 2Hg

Agt +e = Ag

Hg?* + 2e~ = Hg

ZHg*" + 2e = Hg,?"

NO,~ + 4H+ + 3e— = NO + 2H,0
Bry(l) + 2e~ = 2Br—

Pt2* + 28— = Pt

0, + 4H* + 4~ = 2H,0

Cl, + 2e~ = 201

AuPt + 38~ = Au

MnQO,~ + 8H™ + 5~ = Mn?** + 4H,0
Aut +e = Au

H,0, + 2H+ + 2e— = 2H,0
Co3t + p— ot

52087 + 2 = 2504
Ea-F2e = 3F

Half-Reaction E° (V) Half-Reaction E° (V)

+0.153
+0.3419
+0.401
+0.5355
+0.771
+0.775
+0.7973
+0.7996
+0.851
+0.920
+0.957
+1.066
+1.18
+1.229
+1.35827
+1.498
+1.507
+1.692
+1.776
+150
+2.010
+2.866




o Formula for Cell Potential
E._.i The total standard voltage of the cell
E..hode Standard potential of the reduction half 0 0 0
B Standard potential of the oxidation half Ece“ o Eca[hode == Eanode
Example
1) Predict, what is the potential difference produced when the two halves of a cell, -t 40342V
one for zinc and the other for copper. Sacross
E° cen = E° cathode - E° anode
s (1,000 V
E° cen=E°; 2+ |Ccu - E°zn| 5,2+ 2 oo EE%E
=+0.342V — (-0.762V)
=+1.104V
L 0,762V
In'* | In
electrode

Example



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 )ag( || Cathode Solution )ag( | Cathode )Solid(

Standard Reduction Potentials (E"): 2Al1(s) + SCUE_(ELQ) — 2A1% (aq) + 3Cu(s)
o Al*"(ag) +3e~ = Al(s) E°=-166V
o Cu’(aq)+ 2 —Cu(s) E°=4034V

Al(s) | AlI**(aq) | Cu™ (aq) | Cu(s)




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

Al | AB* || Hg?

s (@

ngi’*

APt + 3e~ = Al —1.662

2Hg?* + 2e~ = Hg,** +0.920




Mn?+ 4+ 2e~ — Mn and Fe3* + 3e~ — Fe

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.

Fe3* + 3e~ — Fe  E? = —0.037 V (reduction)
Mn2* + 2e~ — Mn E%= —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 — Mn2* + 2e~

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

by multiplying each by a factor. Add the equations.

Multiply by 2. 2Fe3t + 6e~ — 2Fe
Multiply by 3. 3Mn — 3Mn?* + 6e~

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:
ESE” o Ecﬂﬂlhﬂdﬂ -— Eﬂanade to obtain the cell DDtEﬂtlaL

Erei= Esuyes—EC = —0.037V —(—1.185 V)

cell e?*|Fe Mn?*| Mn

= +1.148 V



The following reduction half-reactions Al gl A Agatll LAY 30N Sbadll Maay) edlets B

represent the half-cells of a voltaic cell. Pdasaa slial Jyaall A Slibadl (a (g

Which data in the table below is correct?

Half-Reacion il kol E° (V)
Fe’* + 3¢~ = Fe ~0.037
Pt?* + 2e~ == Pt +1.18
Jdelal 45k dadl aa g Al i Jelal) FER VS
Spontaneity of the reaclion Cell notation The overall cell reaction The cell voltage {Eﬂ}
- Fe| Fe' || PF|P1 2Fe + 3P — 2FeT + 30 +1.217TV A
spontaneous
nonspontanaous fl.l'u e F1 I F’l‘:'“ Fe® | Fe I b 2Fe® = 1P+ 2 Fa =1.217 B
it Pt | P* || Fe| Fe 2Fe” + 3P —p 2Fe+ 3P +1.143 Vv C
spontaneous
,_r.':‘i'l':‘ J:"E‘ 3 ¥ I 1
Fe| Fe™|| P¥"|Pi 2 Fe + 3P| » 2Fe” + 3PP -1.143 W D

nonspontaneous - ﬁ



A vollaic cell consisls of the Tolowing hall -reduction

reaclions, which of the folowing B comect?

o e oA RIS Thald ) aDall e A0l Ade e

Electrochemical cell potential calculation
Agt + e = Ag £° (V) = +0. 7996
E..y= E - E;
[ cell cathode anode ] cr3+ + SE_ cr & 'u} - —0.T44
293 s ( E" ) adall ga Jelill g4
Anode Cathode Electrochemical Cell Potential { E® ) Reaction Type
sab
A Cr Ag +1.54V il
Spontaneous
A
B Ag Cr + 0.0556 VvV
Spomtaneous
|.!.m ¥
c Cr Ag - 1.54V A
Nonsponlaneous
|!E L)
D Ag Cr ~ 0.0556 V i
Nonspontaneous

—




The following reduction half-reactions represent the sl ol kil datealll LOLADN AJH Akl

hall-cells of a vollaic call. which of the following is

'f':;.:ln.u-ﬂ P |
cormect’?
Co**+2e " ==Co .E?(V)--0.28
Pt2+ 4 2¢— — Pt . EY (V) - +1.18
3589 34510 ( E7) el xya e Ll £
Anode cathode Electrochemical Cell Potential ( £ "y Reaction Type
A P1 Co + 0.9V =8
Sponlaneous
= Co Pr + 1.46 V -
Sponltaneocus
c Py Co 0.9 V A=
Nonspontaneous
D Co P1 ~ 1.46 V AL e
. Nonspontaneous |




The voltaic half—cell expressed by the following reaction has a= Sl Jelinll aie emn sl Anlgall dolall Caial (liiagh an
been connected with one of the haltf—cells shown in the table Aanlall Ada | _elill gl O amgg calial (Jeanlt 2 Bylell LA wabeas) asld
below, and the standard cell potential found to be (+3.89 V). . (+3.89 V} )

What is the half—cell connected? Taliagi ad (gall Alall Cdonad Lad

Pt?+* + 2e~ = Pt F (V) =+1.18

Half reaction Jcl&il) ca.al E (V)
Nat + e~ = Na | !
Mn2t + 2e~ = Mn ~118S
Cr3* 4+ 3e— == Cr —0.744
Fe2+ 4+ 2e— = Fe —0.447

ﬁ_. _.ﬁ..._-



notation for the voltaic cell consisting of nickel
and calcium electrodes?

12Adv_

Which of the following represents the cell Oa O 8SE AN A0 gl AJRY Gaa 5 Sy L Laa g

o E°(V)
Half-Reaction
Ni’* +2e~ — Ni -0.257
Ca** +2e - Ca -2.868

Ca’'|Cal|Ni|Ni?*
NiZ*|Ni|ca*" |Ca
Ni|Ni?*||ca**|Ca

Ca|Ca®*||Ni**|Ni

£ gl 5 JEuil) bl

Q| Q|0 S



Which of the following represents a voltaic cell nptation

consisting of nickel and silver electrodes?

Hall-Reaction

E°(V)

¥

Ni*" + 2e” - Ni

Ag' + e — Ag

+0.7996 |

Ag'|Ag|INi** |Ni

Ag|Ag” |INI**|Ni

Ni%*|Ni||Ag*|Ag |

Ni[Ni**||Ag"|Ag

i WHICH OF THE REACTIONS REPRESENTED IN THE
TABLE BELOW IS NON-SPONTANEOUS UNDER THE

STANDARD CONDITIONS?
Reactions Standard Cell Potential (E° ) in V)
2AP* + 3Cu — 2Al + 3Cu?* -2.004 V
Mg + Ni** — Mg?* + Ni +2.115V
Sn + Pt>* — Sn?* + Pt +1.32V
Sn +2Ag* — Sn** + 2Ag +0.94V
" THE NON-SPONTANEOUS Lyeratioal
REACTION IS THE ONE WITH * Key Principle: A reaction is
1} A NEGATIVE Eocegi__r non-spontaneous if its E°.qp

2A1P* + 3Cu — 2Al + 3Cu?t

E°<0
(NEGATIVE)

REMEMBER: Standard cell potential (E°..;;) determines spontaneity.

/,

S (Eoce“ < 0)
2004V) sponmnEous Eis0
- g v/ Al/Cu (Spontaneous)

S

t

is less than zero (E°..;; < 0).

Negative value indicates a non-spontaneous reaction.

L

J



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

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

Half-Reaction

EG

(A)*(aq) + 3~ — Al(s)

-1.662 V

(C)u**(aq) + 2e~ — Cu(s)

+0.3419 V

figure below?

{ llj.'ﬁlf-'_ i ﬂiﬂ

+0.7996 V, E, .., =—.761)
a. reaction at the zinc electrode: Zn* gy + 2¢” — Zn

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

¢. the ions pass through the wire from the g
I )
silver stripe to the zinc stripe el
\ K -
d. the positive silver ions are reduced and \ 4 -
b M Znd
accumulated on the silver stripe -

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




LS 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

e flow

;ﬂﬂv___ ~__— Voltage ' - Textbook + fiqure 18
—, s -~ source
/—* x / \1
i L i
Zine - § 1 :
L i . -'I:: --1]"‘;‘!. .l,_r..-' p! 3 : =3
" 9 : N ! 5 %I’
""-*. - - ig %.!1 - - __f
Anode | Cathode | _Cathode = ZAnode
Oxidation
Galvanic Cell Electrolytic Cell
Changes chemical energy into Changes electrical energy into
Electrical energy . chemical energy.

Anode is +ve

Cathodeis -ve

Non-Spontaneous reaction occurs.
Require external voltage source.

1. Anodeis -ve

2. Cathodeis +ve

3. Spontaneousreaction occurs.

4. Doesnotrequire external voltage source.

BwN



.. chemistry

Which of the following is true for the two cells :
below? ol sl Blat Lasd oo e &
J-&-‘**me _ 2y
/,.,-—I mu 3 - {IHustrative)
=) ; i ale=d!
‘, _1 IF " I = Sl B | Tl
G LJ l' , § : S zZV
) _ 3 r {Mustrative)
%zﬁm®tusc,, .\ znso, 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 ) Al d3Uall (1) 8y dudsdl Jg=xi -A
dlkesS
GG JIA>1g SuusT Jolds (1) o8y dulddl § Sions -B
Bl J) dduassdl dBUall (2) 03) duksll g -C
a5 yS
GG J1g BuwsT Jolis (2) pd) Al § uee -D




What is the similarity between the two cells below? Solal ppiadsll oo dadidl d>g Lo

P

Woltage: |
f. gource TR
Vi ol p e

L F i )
i & RN e |
Gatl ULl oo [CELE I
R T < e || ¥
mﬁi-_f ST . % 598 s
2 ' 1
Electrolytic Galvanic
A nonspontaneous reaction occurs SEL p& Jolas Eigu> O
An oxidation-reduction reaction occurs JIslg SuusST Jelds Egus o
A neutralization reaction occurs Jolad Jelds Egus O
A spontaneous reaction occurs Sl Jelds Sgus O

e




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

falial (paldlly Glaly Lash s (s Las

Electron Flow 2 1 Electron Flow
A voitage " ﬁﬁl
'-L'iﬂﬂ!h_g!-‘d o g f’* ‘“\ iy AN s
| 1= «ld f- ; i éf
Electrolytic Cell ! i ] | 1 F l[_ | g Galvanic Cell
dglalas 4018 ' AgiEls s
%E}ﬂﬁ; iﬁl&D.;

In cell number (1), the electrons flow from Cu to Zn

| Zn Gl Cu e i A 3 (1) g5 AN S

In cell number (1), the anode produces electrons from Zn

Zn (a s S 2531 g (1) o Al B

In cell number (2), the anode produces electrons from Zn

In cell number (2), the electrons flow from Zn to Cu

Zn (e S s SKIY1 0 WY iy (2) A8, A0 3

| Cu G Zn e o SV 85 (2) 8, A b




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

& e

= -

n #
. [l T a

T Coppor

b g

-
el

i

=y

a. ¢ell (1), electrical encrey converted to chemical energy
b. cell (1), a spontancous oxidation-reduction reaction occurs
¢. cell (2), chemical energy converted to electrical energy

d. cell (2), a spontaneous oxidation-reduction reaction occurs

== o e i, g .




Regarding the cell in the figure below. Which of

the following is correct?

r g
i
opazs |F
Zinc
e
111
L

The reaclion continues unlil the zinc strip is

used up, and then the reaction stops

Oxidation lakes place al zinc eleclrode

The extemal power supply (vollage) works
on cell regeneration and the cell retlurns

lo almost its original strength

Reduclion takes place al copper electrode

alal JEAN 8 dae gl AT 3lal Lo
T:—;—‘-—-—-ﬂ in | o5
souEce
— .
3
i el
ﬁr'l Copper
—
' 4
Je il Ll ab Opesladl calad Wiy Ga Jellll by

e A alad die BaS) Ll Liaas

s Aol Lgh 3 AR agady RAAN 303 e

el Galal 2w Al Sy




. chemistry

Regarding the cell in the figure below,

which of the following is correct?

?e_’&p g:l-i Laa (s}
€ B ugr jhas
~ ot | S
AN
. Eu Cathode
| ==
1 ! W ﬁ

It is a voltaic cell and a spontaneous redox
reactions take place

It is an electrolytic cell and spontanneous redox

reactions take place

It is a voltaic cell and non-spontaneous redox 4"
reactions take place
It is an electrolytic cell and non-spontaneous e

reactions take place

AL JI7slg BuwsST cidlelds lgd oy A gd Al
AS\AL JIAS1g 5uwST COlelds Lgud Eaamig duid g AN dulsed|

JIAslg BawST CMelas lgd Giuxdg 4 gb dulsell
1519 BT S Leid Sy kg 7SI Al

A5l e




. chemistr

; CHM.5.3.05.011.05 Define electroplating while describing how it works, identifying anode, cathode and electrolyte needed for an electrolytic cell in which a selected metal |© e,,s"*\
is to be plated on an object (car or spoan,...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.

*1M = Anode Cathod

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

Example: Electroplating with Silver

anode silver (bar) silver anode bar
anode reaction Ag - Ag"+e Dissolution of silver
cathode item to be painted (fork)| Silver coating forms on fork
cathode reaction| Ag'+e — Ag Reduction and deposition

sattery  AQ" + 87— Ag

electrolyte AgNO; 5 (silver nitrate solution)

J
¥yl
ﬁ — ﬁ iiﬁ_ ._-




_._chemistr)

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

A)

B)

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

figure indicate?

1 2 3
Anode | Cathode | Cu?**

1 2 3
Cathode | Anode | Cu?

C)

1 2 3
Cathode | Anode | Cu®**
1 2 3
Anode | Cathode | Cu

2

copper >

Juil -~




Khalifah tried to electroplate an iron key with a layer ey alad (e diaday sl e~ ke ;)LI; anls Jola ~
of copper. He designed the electroplating cell ol J<ad) b Aaagall Ukl Ads
shown in the figure below. eaulall o~ (;th‘:ﬂ) Lal L

What is the error(s) in the cell?

3+
Fe
.l Only (aq)
3 Only | - ¥ i
The connection of the battery poles
Cu?* cligh Jo ggins ¥ aadndll ey oS
Both 1 and 2 1" il o (g ¥ paiindll caly Y

The electrolyte used does not contain Cu’* ions

Both 1 and 3 A gl e i b A

The key was not connected to a light bulb

12




) The figure below shows a picture of a key being electroplated with copper in an
electrolytic cell. Which of the following statements is true?

: - o " | "= Cu electrode
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. elecerical encergy 1s used to cause a redox reaction




- 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) Copper is oxidized to Cu?* ions at the anode.
(C) The mass of the copper plate increases.

)

(D) The mass of the key decreases.




An iron plate was placed in a solution of copper(ll) o LS (1) galadl iy 38 dolaa 8 aall o dagiua g o

sulfate as shown in the figure below. Why did the gl daghen g i ) il JSA b g An aluminum fork is coated with a thin layer of silver as (b LaS Akidl) pe ABd ) 488 ) p gaial¥) (e AS g M ATy
color of the iron plate change? i : . ' & shown in the figure below. Which of the following reactions 2ot sie Gasny ANEN clelinh el Jeal
occurs at the anode?

Fe(s) + CuSO4(aq) — Cu(s) + FeSO4(aq)

AU
Battery

Al — AP*+3e

Reduction of copper (Il) ions and deposition of .y {siia e (ulail cou iy (1) odadll ol 381 O Ag — Ag'+e
copper on the iron plate

Oxidation of copper atoms to copper(ll) ions (1) oelail) i gf I Gelaill il 3508t O Ag'+e —» Ag
Oxidation of iron (IIl) ions by losing electrons el g Y Lgilagy (1) aaall @i gl 308l O AP+ 36 2

Reduction of iron (lll) ions by gaining
electrons

i g ) LabaaiSl (1Ml) aad) il D380 O



Hydrocarbons




.. chemistr

8 I CHM.5.6.01.001.07 Explaln why carbun fnrms many cnmpnunda S i
| Textbook + figure 2 €0

Explain why carbon forms many compounds.

1- Carbon atoms 2- Carbon ca;:;\ : 3- Carbon atoms can bond
" have four electrons in \ ' single, double, or triple \ .-

A to different atoms, such as

i | -~ covalent bﬂnds ' Oxygen (0}, Fluorine (F), Sulfur (S), \\

i L | | A i : o ! t s 1
Il their outer energy (. I AR Bromine (Br), and Nitrogen (N). "H'l.
| \ level; a carbon & @ JW pis \ {Wf a ¢ B A 5l oae % o2 | l'
ll"." atom can form fou gj{g ¢ W H o b | £ 70" B *2e ofe Il
A\ d— -\ e A W | e | e :

covalent bnnds. é /) - g;?y Bz | e @00 By 0dg

o ! CH& :
chWWc”ﬁ ”ﬁv‘}%ﬁ”*
= ; e o CH; Fuk Ir:n.‘r'-: Can _-I ;
chains branched chains  rings cage like | L Dird




Which of the following structures is possible to be formed
by carbon atom?

R oluE
Chain structures
Ao pite oo ol laS

Branched struciures

il claSp

Ring structures

Cagelike structures

O 3and 4
O 1.2and3
O land2

O 123and 4

Q- When carbon atom forms chemical

compounds, it is often

SiG g S0 4 i |

Loses 4 electrons |

Gains 4 electrons |

ealed dagl y 5 4 55955

Forms 4 covalent bonds ,

ASTI0 AN gl dasl g 5 55955 |

Forms single, double, and triple bonds |

I
1
11

v

A. Only |

B.IVandll

C.1vandlll

B. Only Il




. chemistr 12Adv_ _Yousef Sarayrah .

—_ m_‘,p!"
Why carbon can form so many different Sl e (o€ o e Sl B e
organic compounds? faibaal dgdand) SlS )yl 1a
A ) (g iy 7 A e (S0 3 g l
Carbon atom has four electrons in its outer energy level
A) 1 onl $A pale o O i pe dalis Ly aol 009G o S ) i
. _ 4
Y Carbon atom can form four covalent bonds with atoms of carbon or with other elements ¥
B) 2 only _
A48y A0ty dolal Ll Il 5 0 15 s
] 3
C) 2+3.~ and 4 Carbon atom can form single, double , and triple covalent bonds
D)1,2,and 3 SN D g Bl BB e g Sl e g
Carbon atom has three electrons in its outer energy level 4




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

carbon to form so many different organic compounds?

- ol ] .

5.1

Carbon atom has three elections in the ouler

energy level

b
Each carbon atom can form four covalent bonds
with atoms of carbon or with other slements
&
Carbon bonding sites allow the formation of
single, double and triple bonds
d

Carbon atoms can form both straight chains,

branched chains,and rings too

o o o o s o o e

AL ot & Tiliy SCN ANA de 9 S0 B)3  ggal

oAl

i3 ae Gpanlad Lly; agl 588 o) HeaS 58 K sl

il salic as g S8l e S

A0y Lolad dajly ; (S Jipe SU Tal SN adloe mand

Agadisy

fostie 55al Sapiies Ui 5585 O Dpe SN S apdand

Lagt alala,



.. chemistr

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

The methane molecule can be represented by the following models

molecular
formula

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

the geometry of
the molecule

CH,

structural
formula

e It shows the
eeneral
arrangement of
atoms in a
molecule

e Does not show
the 3D figure

ball and stick
model

® It shows the
type of atoms in
the molecule

o It clearly
shows the
seometry 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
tyvpe of bonds in
a molecule

©




12. Scientists use different models to
represent structure, so which of the @SSl Sl Adlie 7 lad plalaldl pddliuy 12
following models clearly shows the Sl g U8y i) Aaia iy A il
maolecular geometry ?

A (9) ,

B B
H
|

c II—CIT—H c
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

A 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.

®

il Ay gdaall il S plyasl) elale Jhas .44
Fasailly (310 Lad s (il bas g} A5 5E0a
Talidl JEAlly peda gall

SR pelms W ads]l 5 il Gadl aladl cad gl e

day i) 26 A
ol p JEZ 15 el i edag B

e s jall dde pon B L dadly 815 )0 ey
g C

Al

S5 se g (sl e 08 Al Al g e
D

&




Model 1is called the structural formula a0 el L) Ahcall a1 gl
and shows the general arrangement of

A atoms in the molecule, but it does not o Al 5edai Y Ll (s Gad) A2 jall aladl A
show the exact three-dimensional by Alasy!
conformation. -
Model 2 is called the space-filling modal dria el g £ Al ee mlgall e 2 23 gl

B ;n:LiiT:y shows the geometry of the el 052 g5l B
Maodel 3 is called the ball-and-stick model ot 5 el 5o 81 =0 ealll s 3 22 salll

C and gives a more realistic picture of what . C
the riﬂl&cule might look li:a when viewed. Ao e el e i Al 4aily S8l e
Model 1 is called the space-filling modal by any g 81 A e de 23 g o 1 23 salll

D and gives a more realistic picture of what D

4 die s adl dde au o Lal 4uadly I
the molecule might look like when viewed. o hand o & ity 8

ﬁ_. _.ﬁ..._-



. chemistry

Which of the following s true regarding methane

models (formulas) and the information they give?

Lo 3l Silaglet)

The information they give

Name of
model(Formula)

(sl sail
Model(Formula)

Demonstrates the geometry of the

molecule clearly

&!}a" e 35_9"“"’
The space-filling

model
:L..ad._ks-:..};.é)";.“m )6.&:: '...aﬂ:l_; S_)SJI C:DA.: Q
Demonstrates the geometry of the The ball-and- O? o 2
molecule clearly stick model &
il dasall H
iy s eind ade gan W Aadly 2S5y i ) [
Gives a more realistic picture of what a molecule A structural H- (1: —H 3
would look like if you could see it formula H
65 Y 1S gegiall B Al Al sl el
iy Al e JuSal) adshall Aruall
Shows the general arrangement of atoms Molecular formula CH 4
4

in the molecule but not the exact, three-

dimensional geometry




Which of the following methane models (formulas) Apaily 81 Bipen el 3000 o) (pas) zila e

gives a more realistic picture of what a molecule Calsf) 2o esiad) dule paw a8 L

would look like if you could see it?

H
CH 3 - C -
4 @g@ i
. H
Which of the following methane models (formulas) bl el s pd ekl LB S (i) 23 e o) '
shows the general arrangement of atoms in the Paly, syl s Sl pedas W sl g gl

molecule but not the exact, three- dimensional

©

_

geometry?

0

=
I
| H




AN ' A
10 |CHM.5.E.D1.EEI1.D_'—‘.I Explain, using Lewis diagram and ball-stick model, the difference between saturated and unsaturated hydrocarbons

o . — Textbook + figure 4

| i

hydrocarbons ‘

l aliphatic l aromatic

' I l [ Aromatic Compounds: Possess a stable ring system
saturated unsaturated (e.g., Benzene) with delocalized pi electrons,
I 1 distinct from aliphatic systems.
, ; CHs
single bonds double bonds triple bonds
L] £ L] L] ! L) l
l alkanes
1 Toluene
] —
: é} , -*H ®.
CH; C.Hg
Methane Ethane Ethene Cycloalkenes Benzene
CHansz C,oHye C.H., C.H,, Naphthalene

> A >




“"e». Which of the fﬂﬂ'ﬂw:ng carrecﬂy
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 similarities between
alkenes and alkanes?

Both contain double bonds
Both contain triple bonds

Both are saturated hydrocarbons

o o m =

Both are unsaturated hydrocarbons

Regarding the compounds in the lable below, which is

unsaturated hydrocarbon?

H H
H, H
H—C—-—_C—H —

3 2 1

The compound 1 only

The compounds 2, 3

The compound 2 only

73. In general, saturated hydrocarbons are characterized by:

A) Containing single bonds between carbon atoms only.

The compounds 1, 3

B) Containing double or triple bonds between carbon atoms.
C) Having the general formula C,H.,.».

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



Which of the compounds shown in the table
below 1s an unsatwrated hydrocarbon?

A — Compound 2 only

B - Compound 1 only

C - Compounds 2 and 3 only

D - Compounds 1 and 3 only

S520S 5o e olial Jgand) 850 1 ol Syl e (4
i 2

L) Sl A

i) £, -B

[

3
2N
4 }* CH;
"'.1 f.-"'
y—
CH,




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 | | | ) La |
bistiched-chatn allanas 3. Using IUPAC naming rules, what is the el asll La |

correct name for the following alkane?
a. 2,3-dimethyl-5-propyldecane (I:Hl

| | |
CH,—CH—CH—CH,—CH—CH,— CH,—CH,— CH,— CH, CH,— CH,—CH,

b. 3.,4,5-triethyloctane
CH,CH; CH,CH;
| |
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 m >

4, 8 - dimethyl nonane



acta What is the name of the following hydrocarbon : Si-da
| according to the (IUFAC) system?
CH3
I
CH —CH—C —CHp—CH>—CH , )
2 3 3 — methyl — 3 — isopropyl heptane 2,3 —dimethyl — 3 — ethyl hexane

CH3 CH -CH
2 3
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-ethvl-3.4.7-trimethyl-5,7-dipropvinonane
' ; ' CHy CH,CH, CH,

b. 5.7-diethyl-3. 4. 7-trimethyl-S-propyldecane CH«—'—"I"..H“EI.'IH-"J:-—'K:H;-'—E:—CHE""i:H-_u_
< | |
C. S-propyl-5.7-dhiethyi-3.4.7-trimethyidecane {|:H_- TH;. CH,CH.CH;
CH CH,

d. 3.4, 7-trimethyl-5-ethvl-5,7-dipropyinonane ' |
CH,



| What is the name of the following alkane What is lhe name of the following hydrocarbon

Using IUPAC rules? according to the (IUPAC) system?
A - 2.2.3-trimethyl - 4.6 — diethyl heptane cH
3
B - 4.6~ diethyl- 2.2 .3 — trimethyl heptane f:iH;
C - 3.6.7.7-tetramethyl- 5— ethyl octane EHafTH CHeﬁHCHEHCHzEHa

D - 4 - ethyl-2.2. 3,6~ tetramethyl octane Ry G O

CH “ifH CH.—CH 3.5, 7 = mmethyl — 4 - ethyl octane
3 3 gy 1
| |
CH—CH—CH—CH—CH—CH, 4 - ethyl = 3 5,7 - trimethyl octane
CH—C—CH, 5 = ethyl — 2.4,6 — trimethyl octane

|
CH,

2.4.6 — lrimethyl - 5 - ethyl octane

ﬁ_. _.ﬁ..._-



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 alkyl chain as the parent and the cyvcloalkane as a CHa
cvcloalkyl- substituent. — O/

2. Numbering the Cvcloalkane e T

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

i I CHs * GHg S GHa
1 . gt C
[ ] 2 ’ . ] 3

14}
5 1
3 CHg ] 5 CHg
o d
- E-

13-Dimethyleyelol | 5 Disnethyloydiol 1.9 4 Trimethvleyclol Fovit
Ry TR L L e 1. 2-Lhrne i oy chobecanye - ] LL1;11E‘;1'_1. Il:i.l._l\. e AN J...".i'Tl'l'-".l'l.lE‘ta"l."..'.IL__'.'C]\:I]I?K-c'll'lﬂ
-|_=:'|_ + g = 4| l.l—.\_:.\—li ---{'3-.:

FOLSET Sarayran =}



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

CH |
? 2-ethyl-1,4-dimethylcyclohexane

CH, CH->CHj;

2,2-dimethylpropane CH.CH

CH%I:[CH% 1,3-diethylcyclobutane
CH, CH,CH,

1-ethyl-2,4,5-trimethylcyclohexane




8. Using IUPAC naming rules, what is the

: b
correct name for the following cyclic R
compound?
CHs
CHs-\-O
CH; CH,CH;

1 - ethyl -4, 5,6 - trimethyl cyclooctane P
2-1, 3 -trimethyl - 6 - ethyl cyclooctane

A

B il
C 6-ethyl-1, 2, 3 - trimethyl cyclooctane s
D il

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

12Adv

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

A B L1

CH; CH;
CH; CH
A
CH-CH, CH,CH; CHLCH N “CHiCH;
CH;, CH;
5 CH,CH, CH,
CH; CH.CH, CH,CH,CH, CH,CH,CH,




12Adv

__CH, o CHy
_What is the correct structural formula for the EHCH, Ak CH,CH,CH;, CH.CH, ™ CH3 CHL CHLCH
compound: CH CH,
|
1 — ethyl -3 — methyl -4~ propylcyclopentane? {j\:'-tl-l;.{HJﬂh ﬂm:} CH, CH, CH,CH,
{H1{£H_- I -!:H:_I:{il._

@ Which of the following structural formulas is the

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

CH,CH, CH, CH\CH; CH,CH,CH,
A C[ C
CH,CH,CH, CH,

CHL,CH,.CH
H.CH.CH ¥ s
:: 1{: ) 1 Fi ; '..’-}_,F!.LHH _;CH}

B| CHiCH, CH, 5 L
"\-\r’
CH,CH,




e 13 |State pysical properties of alkanes and its uses TExtbﬂﬂk + flgure 11 + table 4

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.

Fadi- O\
The boiling and melting point of water 'J Because water molecules are polar and

is much higher than that of substances /Y form strong hydrogen bonds with each

of similar molecular mass? “i.' Hyarogen @ other, requiring more energy to break.

bonds

" i Because carbon-carbon bonds and carbon-hydrogen

Why are alkane molecules : s i
bonds are essentially nonpolar (similar electronegativities))

) 2
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 - Sazs ey molecules are nonpolar

L inks? ﬁ-ﬂ,‘“ -«: | (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
g._‘j‘:m " "’. j—i«ﬂ . H nonpolar alkanes. Alkanes interact better with

"; e @ nonpolar molecules.

Hydrocarbon + Water Alkane + Alkene -




.. chemistry

Physical properties of Alkanes

y ™\ = -
The molecular mass of water is 18 amu and methane is [ not required to memorize J

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
s = M Substance Methane ,‘U
rI-. ..-”‘. F i \ _.-“f and formula Witer (n0) (CHy4) 9
Why is Water Water’s Water’s Molecular s Nl %
Liquid and Boiling Melting i
' . . State at room s
Methane Point vs. Point vs. temperature A gas
-. Gas? | Methane’s | Methane’s @ [P 1620
n —r=r — i Melting point 0°C ~182°C

w i % b

Sl b ¥

Because methane molecules are nonpolar and do not form hydrogen bonds 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.




—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 Point Point Ligquid (g/mL
Mame Formula {(amu) {°C) {°C) at 0°C)*
methane CHy 16.0 — 182 — 164 (a gas)
ethane CH.CH 30.1 — 183 — &8 (a gas)
propane CH,CH,CH, 44,1 — 190 —42 (a gas)
butane CH4(CH,),CH, 58.1 — 138 Q0 (a gas)
pentane CH,L(CH,).CH, 72.2 —130 36 0.626
hexane CH3(CH;),CH, 86.2 - 69 0.659
heptane CHi{CH,)sCH4 1002 —91 98 0.684
Trends in Unbranched Alkanes f =
180 T : T 140 Molecular Structure of Unbranched Alkanes
- Boiling Point (*C)

=) 60 - | = Melting Point (°C) | 120 &

= 140 0 =

£ £

s 20 =

= --30 =

2 0 =

T
_ED T T T T T "E‘ﬂ
Methane 30 50 Heptane Methane Butane Heptane J

Molecular Weight (amu)

. A




27. The molecular mass of methane is
close to the molecular mass of water as
shown in the table below, and the two
compounds are similar in size. What
explains the lower melting and boiling

elall Ay Jadt ALEH e Ay B el A jad) A2SH 27
o O all Ay 5 o olial Jaadl A gl LS
RS -y Y E R £ R — ,;5;3.51 La ,a.ﬁ'l
Gl g bl Cila 3 s A Ua el GlLIE

points of methane compared to the felall
melting and boiling points of water
CH, H,0
Molecular mass amu 16 amu 18 g Jadl alsl)
State at room temperature Gas & Liguid Bl A all 3 e s a ke Allad
Boiling point -162°C 100°C Olaladl s g
Melting point -182°C 0'C gt 2

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

Methane molecules are polar and form
hydrogen bonds with each other.

Methane molecules have a very high force
C of attraction between molecules
compared to water molecules.
Methane is an organic compound while
water is inorganic.

bolgy I8 Y papkad po el il e

Lt s bgedany i 5 00 A

Aaua s g dagl g g JEAS g dalal el D e
Lt g Lgdan B

iyl el s ile 650y aai () il 3
elall il ja A B G
Gy b slall lal (5 guae S e Gl D

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 exist in the gas state
with a very low boiling point?

Table 1: Molecular Comparison

Molecular Mass | Size & Shape Similarity
Substance (amu) (Ref: Water)
Methane (CH,) 16.04 Very Similar
Water (H,O) 18.02 Ref

A — Methane molecules are polar while water molecules
are nonpolar

v'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

Explanation: Correct answer B. Water's (H,0O) polarity leads to strong
hydrogen bonding, resulting in a high boiling point. Methane’s (CHy)
nonpolarity results in very weak dispersion forces, hence its low boiling point.




Waler and methane molecules are similar in size, LagE€ of LS cpnal @ Gl sl ae sl g adlln If you bry lo dissolve alkanes, such as lubricating oils,

and have molecular masses close to each other. What — Jkaills Oldal) Jape (aladl et gl Lo 8 Al in water,which of the following is correct?
|
¢ Ll adie el
explains the low boiling and melfing points of methane Vpiad A e oy

compared to waler? The two liquids will completely miscible

: e 1 e A R The attractive forces between alkane molecules are
g fet \geiany Bgiing pat oy y (Sg dgudad (sl Sl

Methane molecules are polar and form hydrogen bonds with each other .
: - P ki ) weaker than the attractive forces between the alkane

ans as lpdans Ao ey JBD Yy sl i Sl Sl
Methane molecules are nonpolar and do not form hydrogen bonds with I and waler molecules

each other

o e AR i TRt e W G TRl The two liquids separate almost immediately
elall iljen 43)2e il Lpcans aind lan Labdiis §io ) Sollie 0l

Methane molecules have little intermolecular attraction compared to water o inlo two phases

molecules
Hydrogen bonds are formed between alkane’s

molecules and water’s molecules

ﬁ_. _.ﬁ..._-



"':"':-«-!: s 15 rCHM.E.E.ﬂl.ﬁ_lé.ﬂE Use IU_F'JELE syvstem to name alkenes (straight chain. branched. nnﬁ-sdhstituted an-d substituted) — R

14 CHM.5.6.01.013.08 Draw the structure of an alkene given its IUPAC name

CH,CH,CHCH = CHCH,CH,

5-methyl-3-heptene

.- Use TUPAC rules to name the fo

a. CH:CH—CHCHCHj
|

CH;
4-methyl-2-pentene
b. C]?Ha
CH, CH;

| |
CH_;CHCH;CHzCH('TCH;
CH;

2,2,6-trimethyl-3-octene

Alkenes
Unsaturated h}'dl‘UEﬂi’h[}llH contain General formula Naming
double bonds between carbon atoms. CaHza prefix+ene

e Double bond position should be determined for alkenes with 4 or more carbon atoms
in the chain.

e Start from the end of the chain, which gives the smallest number to the first carbon
atom in the double bond, then use this number in the name.

e Cyclic alkenes are named in the same way as cvclic alkanes, provided that carbon
atom No. 1is one of the two carbon atoms attached to the double bond, with the lowest
number of alternative groups specified.

# Some alkenes contain more than one double bond. The syllable (di. tri, tetra, ...... ) is
written before the syllable (ene) to indicate (2, 3, 4) double bonds, respectively.




What is the name of the following hydrocarbon CH3

according o the (IUPAC) system?

2.2, 6 — trimethyl — 3 — octene CH CHs

6 — ethyl — 2 ,2 — dimethyl —3 — heptene

CH3;CHCH,CH = CHCCH;3

3, 7.7 — trimethyl = 5 — octene

2,2 — dimethyl —6 — ethyl =3 - heptene CH3
3 - methyl - 4 - heptene CHB
5 - methyl - 3 - heptyne |
5 - methyl - 3 - heptene CH;—CH, CH-CH=CH-CH,-CH;

3 - methyl - 4 heptyne

What is the name of the following hydrocarbon

according to the (IUPAC) system?

CH, — CH3
CHy—CH—CH, CH—CH,
N
| c=c
CHy  / e
H H

2 — ethyl — 6 — methyl — 3 — heptene

6- methyl — 2 — ethyl — 3 — heptyne

2, 6 — dimethyl — 4 — octene

3, 7 — dimethyl — 4 — octyne




What is the correct name of the alkene with P4 A5 dasall ) S manall Yl L
the following structural formula?
A — 3 —methyl — 6 — ethyl — 5 — octene Oy - 5-Jdf-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 O —3-dh—-6-d-3 -C
D — 6 — methyl — 3 — ethyl — 3 — octene OGSy —-3-d-3-Jfe—-6 -D
Ell~CH, o cHy

CHy-CH—CH,~CH=C



WWILELL 35 QbR SO DERCE PRRARhbeE M RPDEER PORMNCPWIITNC] SRR e

(Using IUPAC rules)

CH; CH =CHCH;

\ Y
C=C
/ \

CHsCH, CH>CHs;

4 — ethyl 32 —methyl — 3.5 hepltadiene
3 - melthyl - 4 - ethyl - 3.5 - hepladiene

4 - ethyl - 5§ - methyl - 2.4 - hepladiene

5 = methyl - 4 = ethyl - 2.4 - hepladiene

What is the correct structural formula of the compound

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

|
CHy-C=C-CH; -CH-CHy

Structaral Formaula LY Al E}‘“"ﬂ
ymbol
CH:
| A
CH:—-C=C-CH-CH;-CH;
CH,
I
CHy - CH = C - CH- CH=CH; B
CH;
CHy
|
CH;-CH=C~-CH-CH=CH: C
CHs:— CH-:
CH;
B



16 |EHM.5.E.I}1.[313.I}? Use IUPAC system to name alkynes (straight chain and branched)  Textbook + table 6 + check your progress 80, 81

Alkvnes
Unsaturated I'I:\F(II‘HEH]‘II[’]I’IH contain a General formula Na "-]i"f-'.
triple bond between carbon atoms. CaHzn: 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;
CH, H,C cle C——C=C——CH,
&, CHs

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



What s the correct structural formula for the

compound:

4,4,5,5 - tetramethyl -2-heptyne?

TH'!! 3 EH! CH'J
o L eyl
HETEETY ; % oHcH =EHTCH1,LIIH5

TH? EH:

CH,

Whal is the correcl structural formula for the

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

CH, CH, Hy CHy
|

CH, CH,CH,

CH,CH ==CHCCHCCH,

CH, CH,CH,

H,0—CE=C
lHZI- }HE

CHy

CH,CH ==CHCCH,CCH,

TS gl dna ) AU da Ll Ls
tonih = 2 = O £ -5« 5. 404

Hy CH,
CH, CH, I
| | M C——C = C T C—CH,
CHSEH =+:ZZH'I:ZI'.ZZH_.,.LE1Z'CH3 &H, CH,
CH, CH, CH,
Pt pall Al 30U dapiall La

Soulaath — 2 — isa SN — 5 ¢ 5 4~ Sl — 4

'l.':H3 CH} CHy IH:

| | H,C—C=C—C T CH,
CHy CH,

CH, CH, I




. chemistry

I Sl
17 | CHM.5.6.01.004.01 Define the term structural isomers (and illustrate their similarities and differences )
. RN _ e Regarding the isomers in the table below, which of the following is correct?
Structural isomers -
H
il ) H-C-H A
Molecular formula similar H—C—C—C—C—C—H H H H et —C—C=H
I s e L
Structural formula different H H H Helko~H
I
| H
Phvsical and different A) All of them are isomers and differ in physical properties.
chemiéal ]}I'l}]}{:l'ﬁ{':ﬁ B) All of them are isomers and are similar in physical properties.
i 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 -rngaéo?;i ;’;‘; &9;'”;”3”'”95 between the €D S pall s Al A gl La 22
formula and differ in '
structural formula and name e, oo R SR i o
2-methylbutane 2,2-Dimethylpropane Pentane
a  Allhave the same structural formula Al Ggcall i Wl lpasaa a1
All have the same number of carbon Sl ghoAde g oSl g ase | el Lgd Lgmran
B atoms and hydrogen atoms O 3 ki)

v Apuia Sy ol Lpasen
c All are geometric isomers LR

All have the same chemical and physical
D A 3l 5 Aibasl Galladl i L lemen

-I - properties \



Which of the following formulas does not represent
a structural isomer of the compound:

3- Ethyl-2-methyl hexane?

CH, CH, ri:Hﬁ CH, CH,
CH,CH, C CH,CHCH 2
et et ; CH, CH, CHCH,CCH,
CH, CH, CH, rl. CH,CH, |
|
CH, THJ CHS
CH

¥

(i,HS {I:HICHS

CH,CHCH,CHCH,CH,

Which of the following compounds is not a structural

isomer for the other three compounds?

rouset sarayra

i e B — 3 4 2 :
2,3 — dimethyl pentane
Sl e — 2 ;
2 — methyl hextane
g sa B 2 42
A 3
2.2 — dimethyl butane
Safh e — 3 ¥
3 - methyl hextane




~.. chemistry
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18 ‘CHM.E.E.ﬂl.Ull.DE Describe the difference between cis- and trans- isomers in terms of geometrical arrangements

CH: CH:- CH: H
e S e s
C=C C=C
/ ™~ / N
H H H (H-:
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,
so they form geometric isomers.

CH:CH: CH:CHa CH:CH- H
/('=(‘x 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,
s0 they form geometric isomers,




el =

' iﬂh of the hydrocarbons below forms geometric

CH3CH2CH= CHZ

CH,CH= CHCH,

-2

CH3CH — CHCHZCHg

CH,C=CHCH,CH CH,

12Adv

I, Il only

Il only

i, [l only

| only

Which of the hydrocarbons below forms geometric

Isomers”?
CH,

|
CH,CH,CHCH == CHCH,CH,

CH = CCH,CH,

2

Q':H CH,CH,CH,

C=C
F 3

CH;CH; CH,CH;

CH;CH,CHCH,CH, 4




Which of the following is true?

Regarding the two compounds in the table below.

Lil (,il Cl )f'
H=C=C—H C=C
|| 7z N
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 isomers

d. rotation is possible in compound 2 and it cannot form geometric 1Isomers




. chemistr

' . ) Both compounds can form geometric isomers
Regarding the two compounds in the table below. P J

Which of the following is true?
Only compound 1 can form geometric iIsomers

CH,=CCH CH,
CH3CH — CH CH3 I Both compounds cannot form geometric isomers
CH,

Only compound 2 can form geomelric isomers

CHECHQ{::EHQ
CH,—CH=CH—-CH, | C A
CH;
Which of the hydrocarbons below forms geometric H H H
H—C—C—H D H—C=C—C—H B
isomers? L )




following is correct?

12Adv

Regarding the isomers in the table below, which of the

CHy  CHs
C=C
H”  MH
4

H

CHs

o 2 CHs
C=C
/ K

3

T—M—L I

The isomers 1 and 2 differ in their geometric shapes

The isomers 1 and 2 are similar in their boiling points

and melting points

The isomers 3 and 4 differ in their geometric shapes

The isomers 2 and 3 have the same structural formula

| |
C—H H H—C—H H
I
|CC|‘ICH HH([:-HH
H H H ¥
2 1

Apesigl Ll 42 5 1 el ity O

Stpaitly el clays A2 5 1 eyl 4l

O

Apundigh LegllSsl 34 53 )y gV calia, o

Al dapall (43 52 Olyagil) 4l @



P

According to the compounds in the table below. g1, U Joaadl B5a ol Sl pally gy Ld |

Which of the following opinions is correct? Tdasae 40l £ Y
A - Compound 1 can form geometric isomers because iany Agandid Sl gl CupSE 1 el aabiig - A
each carbon atom bonds with different atoms 4AlE o A D 88 3 Js Bl
B - Compound 2 can form geometric isomers because paans eadid Sl pag ) (upSS 2 Sl pubii - B
it has a double bond AL Al 25
C - Compound 3 can form geometric isomers because i Agaatlh S pag bl 30 3 Qi pilaies — €
it has a double bond and each carbon atom around it (s S S A G Jshls A Al aday N 2505
bonds with different atoms and groups Ailida Sl panay Sk edsa
D - The three compounds cannot form geometric isomers Agendit S g sl (S0 kil Y AN Gl - D |
3 2 1
*::I‘,Hi (l:Hi }i{ ?r
CH,CH,CHCH = CHCH,CH, | CH,=C— CH, — CH, H‘E‘E_H




18) Why: The following compound H @ does not form geometric isomers?

Because the substituents are on one side of the bond

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)

ﬁ_. _.ﬁ..._-



SR

uf "
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=CCH;
E E
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
muultiple 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.
Explain 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
L. . double bonds.
Tl:m e:ff)tn:lll pfllI’S u;,beniene a,re iElﬂ?allzeBd and Benzene is much less reactive than alkenes with
? RS : Y YO [:ar' DI AROMID, L e 1R DR multiple double bonds, which usually 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.




. chemistr

Kekulé had proposed the flat, hexagonal structure of o sl cill oty adacid) GaS Rl 4SS 8

benzene shown in figure 1. While the theory of hybrid
=18 e Aingall eIV Lk case L Laiy o1 AN
orbitals helped to propose the figure 2. . F— — )

Which of the following is true? i " = Yo Al Lea gl . 2 IS8T
|
H
Figure 2 helped explain the stability of benzene | | ol b pus Je 2 JSEN sela
2 ]
In The figure 2 the pairs of electrons thal form the s Al i Sy 2l 3l am 2 Jsal 7
L b e
second bonds are localized between only two specific OanSI Zbd Cpe Jald ol ASUEN Jaly
carbon atoms
Figure 1 helped explain the benzene’s unreactivity ool Adelds pae i e 1 S8 sel
In The figure 1 the pairs of electrons that form the 6.5 ol iy STV 1y 3 osSa 1 JEs .
second bonds are shared among all six carbons in Sredl Sl 3 s AS ke AN Loy

the ring



10. The simplest example of aromatic
hydrocarbons is benzene CusHs; and — s Ay Qg Syaagdl Ao Jla el 10
chemists proposed several molecular w3 Ana b2 (gl = 815 0 C H, ()
formulas for benzene. Which of the B TP T PR PR
following is correct?

A Formula 1 represents the modern model s g O ) s el Canall 3 pall Jid ] Adgall A
of the benzene molecule and explains the ol AlaSll gl S e
chemical instability of benzene.

B Formula 2 represents the modern model el A gl (g el Cpsall mdpaill Jidi D danall B
of the benzene molecule and explains the o il Abasll ) ) sl
chemical instability of benzene.,

C Formula 3 illustrates the chemical stability il el Gl ) mui g 3 Akl C
of benzene.

D Formula 3 is an unstable and extremely Joeliey jiiws b eyl S5 3dauall D
reactive aromatic hydrocarbon. da 33 | geaady



hydrocarbons

CHM.5.6.01.009.04 Distinguish among aliphatic and aromatic hydrocarbons

!

l aliphatic

' saturated !
|
I single bonds \

l unsaturated ‘
l double bonds I l triple bonds
: i y 1 :

cyclo cyclo
l alkanes [ alkanes alkenes | alkenes |
ol i ;
: i-.ai' I$ ? " » ‘ <:>
CH; C.H o = =
Methane Ethane Ethene Cycloalkenes
an2ﬂ+2 CEHH& ‘) CnHzﬂ CnHzn

UNREACTIVE

aromatic

Aromatic Compounds: Possess a stable ring system
(e.g., Benzene) with delocalized pi electrons,
distinct fram aliphatic systems.

Benzene

REACTIVE

CHj

Toluene

Naphthalene

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. E}(pl Ty I hy bt i or Reom

(

(

(C) Many of them are found in essential oils extracted from flowers and fruits. a]iphatic hydI‘DCEII‘bDI}S.
(

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. $U) Jgandl (883 ) ol il pally la Lay
Which of the following statements is correct? ? Aasaa Ul @ jlal)
A — The compounds 1, 2 are aliphatic hydrocarbons dghiliil) Aadiie 40Ul Clg S0 2 91 GLsSuall -
B — The compounds 1, 2 are aromatic hydrocarbons dollLiil) duaddie dilag ) cligy Sgomn 2 91 ShSuall -1

The compounds 1, 2 are aromatic hydrocarbons Leas A Jald (Slagl pa S 3 S sall - (
C — Compound 3 is a fairly unreactive aromatic aBy Joliday jilua & lagl 09089 40 3 Sl - ]
D — Compound 3 is an 3 5 ] da )2

reactive aromatic

H—C=C—H | CH,= CH,




Which of the compounds in the table 13

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

ol g S i
Compound Formula Compound
MNumber
CHy - CH - CH: - CHy - CH: -CHy | 4

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

i1

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

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

S S e ey Jpall A B3 g S el e g

l:"l.-i-—-l
hl

batd § o gl A
L3 32 S -B
haah 3 S, -

il g 31 S WD



21

Which substituted hydrocarbons below agrees with its

corresponding gener '511 T!i;r{ll_!u_lﬂ in El__m following lahEE_’?

CHM.5.6.01.003.18 Define functional group and give examples

Compound type

General formula

Functional group

Rakadl Za gt

General Formula

Y

Compound Type

R-X

0 datr A1
-I- and : O Aldehyde
2and3  row o
3and 4 P “
smC=N—R Amide
land4 ¢ s
+—C—H Carboxylic acid

Halocarbon halogen F,CL Br, 1
(X=F,CL Br, 1)

Alecohol R-OH hyvdroxyl -0OH
Ether R-O-R’ ether —0-
Amine R-NH: amino —NH:

0O
Aldehvde 1]
- *~C-H 0
carbonyl I
O —C—
Ketone il
R-C-R’
0O O
Carboxylic Acid I carboxyl 1
*—C-0H ~-C-0OH
O
Ester (ﬂ‘ ester I
*C—-0-R —C-0-
) O H . O
Amide = amide 11
*~C-N-R -C-NH-




What are the organic compounds that contain one or A0 Baaly Cpmg f 30 e gpan A A gl L5l Lo

aslag ) clile o Aol LDl & e el ae dlas
more nitrogen atoms bonded to carbon atoms in 2 s »

aliphatic chains or aromatic rings?

Alcohols Amines Ethers Aldehydes
What is the general formula of amines? Toalial) dalal) dipsll L
O
R—OH R—NH ] =
2 +—C—0—R R—C—R

—



What is The functional group that aldehydes have?

TSl e 5 fad A4S Jids s

D C B A
0 T
-X __.(Ihl__m, -OH —C—H

What is the functional group in alcohols?

LY s A Add ) A paaad)

D

()

C=0H

- OH

QO
I
—C—H




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)

Compound General formula
O
1 Aldehyde
 tw
2 Ether R-O-R’
O
3 Amide e
R
i
4 | Carboxylic Acid
S

0
Q il O

General I R-O-R’ 2Oy R I
formula R/C\H 1 1i/‘\\m{

1 Carboxylic acid Ether Amide Aldehyde

2 Aldehyde Ether Amide Carboxylic acid

3 Ether Aldehyde Amide Carboxylic acid

4 Amide Aldehyde Carboxylic acid Ether




12Adv

94) Which of the following is an example of a organic compound containing a halogen
covalently bonded to an alkyl group?

CHa_O_CHQCHa

Cl

CH;CH,;CH,CHBr:

CH;CH,CHO

3. The general formula for a carboxylic acid is:

A. R-OH
B. R—=NH;
C. R-COCH
D. R-CO-R

4. Which compound is an ester?

A. CH;CH;OH
B. CH:COOH
C. CHCOOCH;
D. CH3CHzNH;



23 ‘CHM.S.E.Ul.DlS.lE 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 CI chloro Br bromo | iodo)

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

« And use Di or Tri for same halogen

 |UPAC Name Format : locator number + halo prefix + parent alkane.

the lowest nassible numher possible.

CHBCHZCHZBr ; @ N HoC—C—F H—Z—E:—C—F

 Similarly, the benzene ring in an aryl halide is numbered to give each substituent

1-bromopro pa ne. Chlorobenzene Fluoroethane 1,2-Difluoropropane



-
What is the name of the lollowing compound according 1o

the (WWPAC) system?

T
CH, CHCH,CHCH, CH,
Cl
1 —chloro - 2 - fluoro - 4 - bromohexane
3 - bromo - 6 - chloro - 5 - fluorohexane

6 - chloro - 3 - bromo - 5 - fluorohexane

4 - bromo - 1 - chloro - 2 - fluorohexane

Whal is the name ol the following compound according lo

the (IUPAC) system?

4 - bromo = 1 - chloro - 3 - Fluoro bulane

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

1 — bromo = 4 — chloro — 2 — Fluoro butane

1 — chloro — 3 — Fluoro — 4 — bromo bulane




Name Cyclic Haloalkanes

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

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

1 -Bromo-2-chlorocyclopentane




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?

a. 1-iodo-2 . 4-difluoro-3-bromobenzene
Er

b. 2-bromo-1.3-difluoro-4-iodobenzene Br Cl
F O
Br

c. 2. 4-dilluoro-3-bromo-1-iodobenzene

d. 1.3-dilluoro-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




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 ol 4 O — C H Ch HC]
Ethane Chloroethane
General Alkyl Halide-Alcohol Reaction Example of an Alkyl Halide-Alcohol Reaction
R—-X + OH — R-OH + X~ CH.CHCl 4+ 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



Which reaction of these is halogenation reaction ?

RCOOH + R'OH — RCOOR’ + H,0

R—CHs; + X5 — R—CH,X + HX

R—CH,;—CH;—X — R—CH=CH, + HX

R—C=C—H + H, — R—CH=CH,

Which reaction of these represent a substitution reaction? Jlada) Jeldi Sl Al cdleUal) (e iéi

(l)H

CH3CH>CH2CHCH3 — CH3CH2CH=CHCH3 + H2O

CH;CH; + Cl, — CH;CH,Cl1 + HCI

O O
1l I
CH3;C-OH + NH>-CH3 — CH3CNH-CH; + H,O

CH3;CH=CHCHCH3 + H — CH3CH,-CHCH>CH3




1. What are the products of this reaction?
CH3;CHCH,Br + NH3; —?

Whal results from the reaction of an alkyl halide with

A. CH;CH>CH,NH,Br and H> ammonia?
B. CH,CH,CH,NH; and Br,

C. CH3CH;CH;NH; and HBr Carboxylic ack
D. CHsCH>CHj3 and NH,Br

Alkyl amine

Ester

Alcohol



CH;CHCH;+H20 ——~ A + B

Cl
A B
ill- l CH}(}HCH} HCI
JH
CH,CH.CH
b. 2 o HCI
OH
CH,CHCH,0H
C __2, OH HCI
%PI;?HL}H?
OH OH OH HC
d. 4




26 ‘ CHM.5.6.01.013.18 Draw the structure of an ether given its name 107

‘ TETher's are compounds with the general formula:
mR-O-R’
msymmetrical ethers: R = R’
munsymmetrical ethers: R = R’
CHS_(}_CHS CHQ_(_j_CHz(jH; CH;CHE () CHECH:;
Dimethyl ether Ethyl methyl ether Diethyl ether
CH,CH,— O — CH,CH,CH,CH, CH,CH,—0—CH,

Butylethyl ether Ethylmethyl ether



12Adv

f
Which of the following formulas of ethers does not (8 Ll Jiliall ol aa @i Y 4G G Y aua (e 8
agree with its corresponding name in the table below? ¢slial Jgaall
oal Jd Jadem

CH.CH,— 00— CH.CH.CILCH, Butyl ethyl ether A

CHSCHQ — ()= CH3 Ethyl methyl ether o

sl Jag g Jie

CH3 CH2 CH2 === O — CH3 Methy! propy! ether €

QD— CH,CH,CH,CH, Qi (gl S D
Cyclohexyl butyl ether




| 8) Which of the following is the formula for cyclobutyl pentyl ether? (2024)

0 — CH,CH,CH,CH, O—-CH,CH,CH,
A C
O —CH,CH,CH,CH,
: Q/o — CH,CH,CH; | |




. chemistry

PROPERTY

COMPARATIVE STUDY OF ALCOHOLS & ETHERS

COMPARATIVE STUDY OF ALCOHOLS & ETHERS
ALCOHOLS

ETHERS

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

HYDROGEN BONDING

Form hydrogen bonds between
molecules

Do not form hydrogen bonds
between their molecules

R
o
GXR,__R
2 0;

BOILING POINT & Higher due to hydrogen bonding | Lower than alcohols
Higher, especially for short chains | Lower solubility
H H B Mo
H 'C H™ [ ether is }.:-.:r-dmge.-e bond
SOLUBILITY IN WATER ‘“g” b s ; acceptor only
Hq ]‘-I H HHG;’D“MC#H
ethanol H‘:l'—H H !H H ‘H

Ta=
< M [X
27 ‘ CHM.5.6.01.016.03 Compare and contrast properties of ether and alcohol of similar size and mass (Volatility, boiling point, solubility in water) 1':'5 ID

&



.. chemistry

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

mass and size. What explains this? (2024)
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.

Analyze Based on the molecular structures below,

. Discuss the properties of alcohols, ethers, and which compound would you expect to be more
amines, and name one use of each. soluble in water? Explain your reasoning.
alcohols—moderately polar: can form hydrogen ?H
bonds with other molecules; higher boiling points CH,CH,
than other alkanes of similar shape and size; CH,— O —CH,
example—ethanol; ethers—cannot form hydrogen | |

] = ; Ethanol (on the right) is more soluble than methyl
bonds; lower bﬂl]lllg points and volatile; less ether. Because of their molecules’ greater

soluble in water than alcohols; example
ether; amines—some amines have volatile odors than ethers.

methyl polarities, alcohols are usually more water-soluble




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




. chemistry

Why ethers are generally more volatile and have much S gile il pog pUall LG ST el T (o5 13
lower boiling points than alcohols of similar size and Tonally 4 sl ALl 3 Ll 4 5hall Y 528l e
mass?

B ]l A
.]nii”l"g.y..ﬁl _B

A -Reason™ 1" only

B - Reason " 2" only

C-Reasons" 1" and " 2" together G2 "1 "okl -C
D - Reasons" 3" and " 4" together La'q" s "3 " ludl -D
. Al
Explanation il Kiiimbes
SV (A (ST 5 3 e At ja (a0 S0 352 )
Because ethers have hydrogen atoms bonded to the oxygen atom 1
canall Lgainy (s Aaian 5 Jal ) 9S85 () eiSay YT Sl ja Y
2

Because ether molecules can form hydrogen bonds with each other

Y (o CuansSYI 5 )3 pa Al ja (g pn O 5 3ga 5 plal

Because ethers have no hydrogen atoms bonded to the oxygen atom 3
crmadl Lgaimny (s i 5 30 Tl g 5 (555 O LS YT Gl ja O

Because ether molecules cannot form hydrogen bonds with each other

ﬁ_. _.ﬁ..._i




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 containing the Carboxyl group -COOH. (O

Carboxyl group: Consists of a carbonyl group bonded with a hydroxyl group. ‘ ‘

—————————————————————— —C—OH

O
o
—C\

General formula : OH

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,
| O
CH;—CH—CH;—CH,—C
OH



) What is the structural formula for the compound 3-bromo-2-ethylbutanoic acid? ( 2023)

0 CH.—CH; O
A CHy—CH —CH —p‘.—UH & CHj (lll'i CH !lil, OlI
Br '£|II-I-=-—-CH1 lIE!r
0 ] 0
B GCE—UH —LH —E—()H D CH,—CH —CH —Pj—(}]—l
é»r thI-I;; (llH;; I|3r

70) What is uie 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) 2 - methyl — 3 - chloro butanoic acid
)

D) 3 - methyl — 2 - chloro butanoic acid

O
CH;-CH-CH-C-OH
Cl CH,




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

CH: O CH: O

a. (_'H:(l"H('H;{"H:---llfl'-—ﬂH b. {"H_:('Hg_lfl."H—P'—f_iH
CH; O CHs O

c. '["Iig{"lhil_.'iI{"H:-—lil"-—ﬁli (. f'll_ail_"ili"llz—-'lfl_'—ﬂIl

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

Cl CH; CHa ilL"I
a. J'Ilg{!'ll{"f_}ﬂﬂ h. é"H;("II{"DGH
C1CHas CHs Cl
¢. C I'i_al'fl'l":lfl.' HCOOH d. {'H_ﬂf.'l-l{l'Hf'('lﬂH
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‘EHM.E.E.DLGH.EU Use the IUPAC system to name ketones

.

An organic compound in
which the carbon atom in the
carbonyl group is bonded to

two other carbon atoms.

N

,

AN

General formula
0
RCOR', R-C-R’

"\.\'

J

-

.

Naming

(one) is added
after the name of
alkan}/nam&

™

S

I

|
CH,CH—C

Naming ketones

CHCH,

Ketones are named using the rules of the IUPAC system.
e The name of the corresponding alkane is written based on the number of carbon
atoms in the corresponding alkane chain.
e The svllable (one) is added after the name of the alkaryfﬂr the names of the alkyl
eroups are written in the order of the English alphabet and then the word ketone.

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

carbonyl group on the chain.

O CH

‘ 3

113

CH, 0

| |
CH,—CH—CHy—C—CH,

3-methyl-2-pentanone.
CH,

CH,CH—C—CH,CH.CH,

0
|

2-methyl-3-hexanone.

2,4-dimethyl-3-pentanone.



What is the cormmect name for the following compound?

(Using IUPAC rules) (IUPAC 22l Laain L)

O CH,CH,
]
CH;CH,— C —CH,CH,CHCH,

2 — ethyl — 5 — heptanone ek — 5 — A4 -2
6 - ethyl — 3 - heplanone Cisilies — 3 — A8 — 6

6 — methyl — 3 — oclanone Jaligd - 3 — -6

3 methyl - 6 — octanone l_',-_,;.i:ﬁjli— & Jobaa — 3



Which of the following is the formula of

4-methyl- 2 - pentanon?

CH,4

| o

CHy—CH—CHs—CH,—C.
%

CH,4 ?
| |
CH,—CH—CH;—C—CH,4
CH,
| e
CH,—CH—CH;5—CH,—C,
OH

CH, ()
] T
CHs—CH;—CH —CH; — CH; —C—H

! i 1 - ﬁ

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 )

CHx
|

|
Cl

T
CH;-CH-CH-C- CH;



.. chemistry

30 CHM.5.6.01.016.06 Explain the physical properties of aldehydes and ketones (polarity, boiling point and solubility)

‘ Summary of Aldehyde Physical Properties | &ibjall Glaan a3l yolg> yailo
O

"
@ Polarity and Reactivity | blixlg duill R 3Oy | il Ginzgyugll byl @
: ~ R”"H Intermolecular Hydrogen Bonding
» An aldehyde molecule contains a polar, '
reactive structure. :r-2H: '- e Aldehydes cannot form hydrogen bonds

. . among themselves (no H bonded to 0).
buiig 9 Syl Gle Al Olajo Geixd

B lasS b 08 digzg)ud bulg) (2955 Olas il gl
FEDSEE {0 3 busiyo H 3929 pasl) lgudi lgilj>
€ Boiling Points | gLl d>)s Solubility in Water | claJl L8 Lol €
» Aldehydes have lower boiling points » Water molecules can form hydrogen
than corresponding alcohols (same C bonds with the aldehyde oxygen atom.
number). o OTH 00 02959 sl Ol gl <
O¥gasll o JOI Olaa 3l Hlle Ol < o= :0-C, 8)3 g0 duiuzg)3u0 bulg)
(09SI O3 sas yuai dlic i) 8Ll 2 ‘Q"'H H _Ql%ﬂm?gmﬂ
== R B  More soluble than alkanes.
Alkanes < Aldehydes < Alcohols e Less soluble than alcohols or amines.



. chemistr

Which of the following is correct regarding to properties of

carbonyl compounds?

Aldehyde molecules are polar, reactive and can form

A
hydrogen bonds among themselves
5 Ketones molecules are polar and are more reaclive
than aldehydes
Carboxylic acids molecules are polar,reactive
c .l - .
and ionize completely in waler
Aldehydes have lower boiling points than alcohols
D

with the same number of carbon atoms

iiang e L) JC85 dlatyy ulad ety Giliie

= '[1

Shaaalil e Walds ST ey 3kl LS cilids

eladl & oy cddadss Akl A0S KN alaa) Sliia
AL S5
G9ind Al Ve (e JB Cilasal¥) Gl Cils



Which of the following is NOT a properly of aldehydes?

Aldehydes are less soluble in waler than alkanes

Aldehyde molecules cannot form hydrogen bonds

Among themselves

Aldehyde molecule is polar and reaclive

Aldehydes have lower boiling points than alcohols with

the same number of carbon aloms

ol allad e Gl S Laa g

ST (a lad) 3 Gyl 4408 81 iyt

A

Lung o Jaly; JES Cilaaal) cliial Sy Y
B

gl Lgadans (a
lali, 4..3:-5 a2 Ha O8N L

ol AN CVealll e Bl Claaaf plie Shas
o]

._-,',:i)ﬂll -:JI'_]:‘. LTS '_.-I.‘-'

Which of the following is NOT a property of aldehydes?

Tl ol jailad (e Comd Sl Lea 4

Aldehyde molecule is polar and reactive

Aldehyde molecules cannot form hydrogen bonds

Among themselves

Aldehydes have lower boiling points than alcohols wilh

the same number of carbon atoms

Aldehydes are less soluble in waler than alkanes



Compared to Aldehvdes. Why are Ketones popular

solvents for other moderately polar substances,
ncluding 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 Aldehydes
D - Ketones differ in their properties from
Aldehydes because their structures are

different

Pl Cluta CLIGAN 000130l ¢ Cilag A1) e dd A
AL g £ gl Lgha g Aphll) Ada. e &g gl SIS yall

dukd 8 A pae Gl e CliGgl - A
2k 1Y) e LB B0 gty Al &) e ALK e CUIGSY - B
S 2 (o Ul 00 L5 Al & gl S e Sl - C
Sla i 08 aalaad 31 5a8 USGR) GRS gl - D

b D) Aa




