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CHM.5.3.04.001.02 List fve general properties of aqueous bases and acids (taste, color of indicators, how it feels, reactions and electrical

conductivity)

general properties of aqueous acids
1) Aqueous solution of acids has a sour u=«\~ taste

2) Acids change the color of acid-base indicators (Turn blue litmus paper to red)

Inactive metals

3) Acids react with active metals to produce salt and hydrogen E ] ,
Examples:

copper mercury silver platinum gold

active metal + acid — salt + Hay, Sl Hg iy Pt Au

Mg(s) + 2HCI — MgCl2 + H2(g)

Zn(s) + 2HCI —  ZnCl2 + H2(g)
4) Acids react with metal carbonates (-CO3) OR hydrogen carbonates (-HCO3) to produce salt, water and carbon dioxide

Metal carbonate + Acid - Salt + carbon dioxide +WATER
CaCO3(s) + 2 HCl(aq) — CaCl2(aq) + CO2(g) + H20(l)

NaHCO3(s) + HCl(aq) — NaCl(aq) + CO2(g) + H20(])

5) Acids react with bases to produce salt and water
bases Acids salt water

NaOH(aq) + HCl(aq) — NaCl(aq) + H20(I)

OUSEF SARYRAH

6) Acids good electrolytes.



CHM.5.3.04.001.02 List fve general properties of aqueous bases and acids (taste, color of indicators, how it feels, reactions and electrical

conductivity)

general properties of aqueous bases
1) Aqueous solution of bases has a bitter taste

2) Bases change the color of acid-base indicators (Turn red litmus paper blue)
3) Dilute aqueous solutions of bases feel slippery.

4)Bases react with acids to produce salt and water.

5)Bases conduct electrolytes.

YOUSEF SARYRAH 3



Which of the following is a property of acids? ¢ ualaay) jaillad e el q_',L. Laa éi

It tastes bitter 4 lganks
Turn red litmus paper blue GV Ol M ehaall Luall) g5 33y5 Jgad
Feel slippery malal) a2l
React with zinc to produce hydrogen gas g puell e 28 Gua Al aa Jelis

What gas is produced during the reaction between Yl i85 ) paaad lall plaall an (e JI (PG IS ) A Lo
Zinc and hydrochloric acid solution

CO> ®
02 @)
N2 @)




Which of the following chemical equations represents a reaction , i
~.=,,_‘1L.51 Jelaall oy delin (fa a0l 3l oY Al all i__;_,-’i

between the agueous solution of an acid and metal hydrogen

{ s iell S ligsSy Gl
Gabonale?  NaHCO,q) + HC,Hz040ag) = NaC,H; 0500y + H;00y + €O,y

Z]](EJ + ZHCII:FJ:]] — ZnCl ) + HE{E]‘

2(aq

CaCO,q) + 2HCl gy — CaCly(,q) + H, 0y + COyq

Cuggy + 4HNO;(aq) = Cu(NO3)(aq) + 2H,0) + 2NO, (g,

(Is produced during the reaction DEWeen | Ayl e Ay i p g i A D g
arbonate and acetic acid solution ) gl
N2 2
H2 ;
CO2 1




:]5: H
Lo | .
..F_B"/—\:N—H —_— :E_

I
:E:

Lewis acid

CHM.5.3.04.001.11 Define acids and bases according to Lewis theory

I
H

Lewis base

EH a Lewis acid is an electron-pair accepic

. a Lewis base is an electron-pair donor

B—N—H
|

F H

5O3(g) + MgO(s) — MgSOy(s)

sﬁo -

:(_:_):

Lewis acid

Lewis base

:fj:
:0—
:Q:

I
S

_(:3::




Which of the following is true? mnia b Lee 4

:?: H :?: b
| I |
Ppe  N=H — FR—N=H NHs(aq) + H,O() = NH4*(aq) + OH-(aq)
o I L T
:F: H F: H
1 2
The ammonia NH; in reaction 1 is a Lewis acid cosl pmes 1 delill 8 NH; gVl el
The ammonia NH; in reaction 2 is a Bronsted- Sysl — By mea 2 Jelll & NH; Lisal! i
Lowry acid
The ammonia NH; in reaction 2 is an electron ilig AU gy Jiftisa 2 Joliall 3 NH; Liga) el
pair acceptor
The ammonia NH; in reaction 1 is a Lewis base ol 5228 1 el & NH; Lga| yiad

YOUSEF SARYRAH 7



Why does BCI; represent Lewis's acid

in the following reaction?

eCle -
:Cl— B + :Cl: ———
Ll L

+ Cls

Because it is proton acceptor from the base CI”

Because it is proton donor to the base CI”

Because it is an electron pair donor to the base CI”

Because it is an electron pair acceptor from the base CI”

YOUSEF SARYRAH

"'_.,J'Ld'l e Laall Lﬁ
=E§|:
:CI:I?_ : (}‘_Is
:Cls:

CI sac &l e Ogig ] Cifiuse 4y

CIm 522 @l ) gy pull il 4y

CIrscl@ll I by ol o3 mile oY

CI” sasldll fpe ilig 781 g 3l uifiiaa Xy



Whial doas MH; raprasant in The reacian

=1

H F H F

e

H—N:

B—F —= H—N—B—F

H F H F

Liws s

AMMENUE basa

AThenius acid

Liwis basa

R leilh 8 Wy B

Whal (s the sirmianty Dabwaen
ihia kllorwing bao fommulas? ﬂ
.
Q=13
|
Baodh are Lowes acids
Babh are Arrhanius acids
Both are Lewis bases
Bath are Arrhanius bases

"_.._L.Il ..llr-nl'l _..,-*u;"-u J =

.__-“: ,_,-!.-l.' I Ly
e _|I o s .

L

PRI, -

@ I o B o AN o

et L TE

Which of the following s correct aboutto the reaction below?

il D ey i 400 0

H*+ F < H-F

A, F lon accepts an electron pair

g L F o e A

B. F lons considered as acceptor of hydrogen lon

i e b B

C W' lonis considered as Armenius base

o Ly

D, Hlon donates an electron pai 1o F Jon

o SR Ll 1 0

Why ues BEL meessn| Lew’s acid

in it [olwing isackion?

Barmpa= B 8§ pvofoe sooepinl from T bass O

Encmm= 1w af mocn [0 finy O He hden O

Barcoumr ' m piolon donor io e Taes O

Bessrans A4 @ o0 B0 hoh il aToksl Bom T S

_-.i_,.n-a.Bl:h i | ke

TR Jalkd

e
- e .
-~
N vCItE 1l
-
ey
1
=
L]
i
o Il e iy el e sl
o g T R O SRS ST,
. LE ok
I il e
=] L PP T




CHM.5.3.04.006.01 Define acid ionization constant, Ka, while writing the ionization constant expression for different weak acids

12. Write ionization equations and acid 1onization

. The acid ionization constant : : ‘
constant expressions for the following acids.

is the value of the equilibrium constant expression for
the ionization of a weak acid.

a. HCIO,
HCN(aq) + H>O(l) = H30%(aq) + CN~(aq) HClO,(aq) + H,0(l) & H;0%(aq) + ClO,~(aq)
H3;O*]|[CN~ [H,0+][CIO,]
Ka — [ % ][ ] — 6.2 X 10_10 Kﬂ = HCIO
[HCN] [ 5]
b. HNO,
HCOOH (aq) + H,O0 () = H;0% (aq) + HCOO" (aq) HNO,(aq) + H,0(l) > H;0*(aq) + NO,(aq)
_ [H30*] [HCOO]
K, =
We know that [HCOOH] - [H,0*] [NO,"]

a [HNO,]

The weakest acids have the smallest Ka




What is the acid ionization constant of the equation shown below? £l Al Aliaall ) (0 Sl yutl

HNO, . +H,0, <H,0*

2(aq)

2 NOE"[W

(aq)

K. = {Hgﬂi']'[ﬂﬂil
" [HNOD-]

K. — _ [HNO2]
A [H30*][NO3]

_ [H30"]INOZ]

K = [HNO;][H>0]

K. — [HNOl[H,0]
4 [H30%][NO3]

YOUSEF SARYRAH 11




What is the acid ionization constant of the equation shown Tolidl Admal) Aldlaall (aaall (uld Sl paad La
below?

HIO o + H,0y %5 H,0% ) +10

__ [H10][H,0]

Ka= Hz0+110-]

[HIO|

Ka ™ 30710071

__ [Hz07]107]
® " |HIO||H70|

- H3071107]

K, [HI0]

YOUSEF SARYRAH 12



CHM.5.3.04.003.05 Relate the strength of weak bases to the numerical values of Kb and the strength of weak acids to the numerical values of

Ka
What is the correct descending order of the acids in slaal Jgaall = B3l akaadll msall (AN ol L
the table below according to the concentrations of ions leie IS Jglaa B cilig) 5l B,

in each solution?

CH,COOH —» HF —» H,CO, —» H.,S

Ol gy L
H,S —»H,CO0;, —» HF ——» CH,COOH o Acid aeall
. “ lonization Constants
8.9 x 1078 H,S
6.3 x 107 HF
H,S —»H,CO; —» CH.COOH —» HF
1.8 % 1072 CH,COOH
HF —— CH;COOH —» H,CO; —» H,S 4.5 x 10 R,CO,

YOUSEF SARYRAH 13



What is the correct order of the following bases in il se il monall o 8 Lo
order of strength from weakest to strongest? LT ) LR S0 S T PN

4£3x10°" Methylaming w4 Jia

2.5%10°° Ammonia Sy

£3%x100 Aniline Gl
Ethylamine -+ Methylamine -+ Ammonia -+ Aniline ol e vigd gl el 3 O
Aniline—Ammonia - Methylamine - Ethylamine oo 3 - i e ligd - ot O
Aniline -+ Ammonia — Ethylamine - Methylamine o e Sl O

Methylamine - Ethylamine - Aniline - Ammonia W pld e g Jided i O

YOUSEF SARYRAH 14



~ What is the weakest acid among the acids
In the table below?

63x 107

HF

6.17 x 107

HCN

1.75% 107"

CH.COOH

LI I

HCOOH

HF

CH,COOH

HCN

HCOOH

Bl Jpall G pala) 0 (e deal) janadl e

Q|00 O

YOUSEF SARYRAH
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noninnate acid

CHM.5.3.04.003.04 ldentify the relationship between the strength of an acid and its conjugate base and the strength of a base and its

he following statements is correct about the
hown below?

2l }WM ;.\f.\.n 1,3.‘3! &l ladt i-f'!

CH3NHx(aq) + H,0(l) = CH3NH3;*(aq) + OH (aq)

S€ CH;NH, is weak and the conjugate base OH' is strong

Lk OH Akl ) 5510 5 ddaa CHyNH, s ) |

S€ CH;NH; is strong and the conjugate base OH is weak

Adas OH 48 pal) Saslilly 4 g CH;NH, s B

n has lowest attraction for H* ion than has a CH3NH, 55> Al b JB1 H* (¥ Gda i OH O .C

ile of CH;NH,

uilibrium lies far to the right

Ol g o O 425 D

Which of the following statements is correct about the reaction
shown below?

Polial Jelitl] Asudll daaa AN &l lall o

HCzHgoz(aq) -+ HzO(I) — H30+(aq) + C2H302'(aq)

A. The acid HC;H;0; is strong and the conjugate base C;H;0; is weak

:l.i_._m.': C:H;047 453 pall BamlBD 4 L_."EJE waa HCH:0; A

B. T!'l_E base C;H;0, is weak than H,0 base

H,0 538l (a ciadl C,H;0, 5=l B

C. The conjugate base C,H;0; has greater attraction for H* ion
than does the base H:0

ASLAA b (o g8 HY CipV lda B C,H40, 48 pall Ssllll (
H,0 S\l

D. The equilibrium lies far to the right

Coadd) M Vams 2N 42l D




Which of the following statements is correct regarding the @ ) bl Alaleas let Lasd dasas Z06N ool jlaal) __gi

following ionization equation?

NHs(aq) + H,0() = NH4*(aq) + OH (aq)

The equilibrium lies far to the right because the base NH, is dieia NHy saclill oY el ) 1 o)) ass
weak, and the conjugate base OH™ is strong A OH™ 43l saslilly
The equilibrium lies far to the right because the base NH; is L4 NH; 304 O cpadl ) 1 oY) 4as
strong, and the conjugate base OH ~is weak Gimun OH™ &350 5as il
The equilibrium lies far to the left because the base NH; is Bhmin NH; saelll oY leadl 15 )5 ann
weak, and the conjugate base OH" is strong g OH™ i)l saslilly
The equilibrium lies far to the left because the base NH, is dgd NH; sl Y bl 15y )5 ansy
strong, and the conjugate base OH" is weak Biein OH™ 285l 5=l

YOUSEF SARYRAH 17



Whach of the followsng is nol & conjugale pair? il J el ol s ¥hich of the following is the conjupate acid TN, Giaall ielill ¥ 5 s L e
of the weak base NH,7

HCH 0 | CaHaly

OH- / H:0

H';E‘D.l § 50~

NHa | NH,

Which of the following ts true acconding to the Tl ey e o e e

If the ionization equilibrium of the acid in the equation below lies far to left, then....
following reaction?

H[.: Hqﬂ] i ¥ H:ﬂ, E-;Hiﬂ:.ﬂ. T Hqﬂ;

* HCN(aq) + Hy0( = H,0*(ag) + CN-(ag)

The mnation equiibrumn les taf i ths B

# the conjugate base CN" is stronger than the base H0.

Tha lonization equikbrium les far 1o the fgh e | i B al

# H,O" is a weak conjugate acid.

Conjugata base CoH, 0 15 weaker than H;0 basa Ho0 el e indal GoH, 0y 4 saliizldl

# the conjugate base CN™ is weaker than the base H,0.

HAD barsa has & greater attracton for he H° ion than doss H* o pd G HyO ieelid b

the base CiHO; CHO: il 6 #HCNisa strong acid.

YOUSEF SARYRAH 18




CHM.5.3.04.007.01 Use Kw to calculate the hydronium ion and hydroxide ion concentration at a given temperature and vice versa

EXAMPLE 1

CALCULATE [H*] AND [OH™] USING Kw At 298 K, the H* ion concentration in a cup of
coffee is 1.0 X 10~°>M. What is the OH™ ion concentration in the coffee? Is the coffee acidic,

basic, or neutral?

El SOLVE FOR THE UNKNOWN

Use the ion product constant expression.
Kw = [H*][OH]

Kw

10 _14
[OH-] = 29X 20— _ 1 0 x 10-° mol/L
1.0 x 10

Because [H*] >[0OH~], the coffee is acidic. YOUSEF SARYRAH 19



Which of the following aqueous solutions is acidic?

¢ wnen G0l ALl Jlladll

298 K 2= 3slal
( Concentrations at 298 K] { )
D Jelall C Jalall B Jalaal A Jalall
Solution D Solution C Solution B Solution A

[H*]= 4.0x 107* [OH™]=1.0x 1077

[OH"]=1.0x 1073

[H*]=1.0x 1072

YOUSEF SARYRAH 20



CHM.5.3.04.007.02 Describe the relation between pH and pOH and perform calculations involving this relation

What is the correct ascending order according to Aol G moaall goeleaill Canpll L
the pH value for each of the following solutions? ? Al Jdla ol e 81 pH

Al el Lt g Ssadll yuce Lesiad) s bl
Household ammonia Lemon juice Milk of magnesia Milk
pOH= 2.10 pH=2.37 [OH"]=3.2x 10~* [H*]=3.2x 1077
Lemon juice — milk — milk of magnesia — household ammonia

A0 L5 e Luasiall cuda  ulall & Ggalll s
Milk of magnesia — milk — lemon juice — household ammonia Al il Liged) € (gl e el @ Lawsindl
Household ammonia — lemon juice — milk — milk of magnesia ol e e e ppadl e il L

Milk — household ammonia — lemon juice — milk of magnesia | .. 5 e « - eedll Al Ligd) sl

YOUSEF SARYRAH 21



Which is the correct arrangement according to the | Joaad Je JS pH el wess ) sl ol ) s

pH values of the solutions (X), (¥), and (2) which FAD jakakd 3 (2 3 (¥) 3 (X)
have the following characteristic? |

(X1 pOH = 9.5

(¥): [H°] = 107

(I: [OH] = 10°®
A.powest (F) = (X) = (Z)pigest | i ()« (X) o (V) o A
"B poweetX) — (V) = (Z)pigrest L (2) — (V) = (X) 1B
C. powest (2) = (X) — (¥) pighest wn () & (X) « (Z) gm €
0. powest (X) =+ (Z) = (F)pighet j 5 (F) v (Z) « (X) 2.0

YOUSEF SARYRAH 22




| pH values of the solutions (X), (Y), and (Z) which
_have the following characteristic?

Which is the correct arrangement according to the | o Je J8 pH Al s fisnetl 58 sl il 20 s

TAAED adadd) <33 (2) 3 1Y) 4 (x)

FETTETTY R

(¥): [H*] = 1077

(Z): [OR"] = 107*

A powesy (V] = [X) = (7 ) pugnent

paimy () = (X) o= (F) (o A

B. powenrl X | < (F) = [ £ )pughesy

ity (£) &= (¥) = (X) (g B

C.nowesty (£) =+ (X} = (V) pighent

gy (F) = (X)) + [£) o £

0. powesyy (X) =+ [Z]) = (¥ }pighests

vy [¥) o= (Z) 4= (X)ion D

YOUSEF SARYRAH
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8 CHM.5.3.04.006.03 Relate the acidity and basicity of an aqueous solution to the hydronium and hydroxide ion concentration and pH at 250C or

K 298

If [OH] = 2.5 1077 Min a solution. Lo Jolae S[OH ]=2.5x107 M <13

What is the pH of the solution? T el pH S.8 Lad
7.4

6.6

4.7

3.5

YOUSEF SARYRAH 24



indicator used and its color change and volume of titrant needed for changing color of indicator

,CHM.5.3.04.009.01 Describe the titration curves of different acids and bases with respect to pH and nature of solution at equivalence point

What acid-base indicator would be suitable for the
neutralization reaction whose titration curve is shown
below?

14

S Jalail) Je it unlial) Bac - aand) CadlS La

Coliaf puaga dlplaa e

0 10 20

30

40 50 60

Volume of titrant (mL)

A. Phenolphthalein (range 8.2-10)

(8.2-10 slaa) alliatginal) LA

B. Methyl red( range 4.2-6.2)

(4.2-6.2 2)20) Jduall jasf.B

C. Methyl orange( range 3.2-4.5)

(3.2-4.5 slas) i) Jisal) .C

D. Bromcresol purple( range 5.1-6.8)

(6.8—5.13\4.&) gé.uﬂ.u JJ«’:USij" .D

YOUSEF SARYRAH
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What is the type of acid and base in the titrati h . R . - - .
i yp e titration curve shown ilkall ,iae T 5ac ally Laand (ye AS £ L
¢oliaf g gal
14—
13—
12
11— f
10
. i
z 7 / Eﬁi??ﬁ."?faou

e —
5_
a -

3
2 —
1 —

0

i I T i i T i T I T
0 S5 10 15 20 25 30 35 40 45 50

mL s.clEll axe

A. Strong acid and strong base 5.:135 BBy (568 Laan (A
B. Strong acid and weak base ddsma Bacliy (5 aes B
C. Weak acid and strong base 3:195 b By Liwmua aan .C
D. Weak acid and weak base dawmin Bac By Chwia aas D OUSE SRR 26




Which of the following statements is correct according to the

titration curve and indicator table shown below?

callsll paa
Indicator range

ahisl
Indicator

5.2-6.8 s S seg o ooy
Bromocresol purple
8.2-10.0 Ol guaal)

Phenolphthalein

The base is KOH ,and bromocresol purple

is the suitable indicator
The base is NH,OH, and phenolphthalein

is the suitable indicator
The base is NH,OH ,and bromocresol purple
is the suitable indicator

The base is KOH ,and phenolphthalein

is the suitable indicator

sty laall aien 3l Lek Aasais 2000 bl 4

9Ll Aaiin gall 1)

Equivalence

1
: ik dias
|

~point Y|

Volume of base added (mL)
(ML) wilaadl 55180 aaa

JoiS sagp el g2 Cualiall C2ilSlly (KOH 522 a)

Uﬂjﬁd}\:ﬂj'l gL n._u.q.'i_mﬂ n._n...f'..'iS].'l_B. ‘ NH4OH 5= 13l

J3nS gegy ol o uliall Cadllly ¢ NH OH s22 1l

Jﬂlﬁd}u‘_}ﬂji EL) uTuﬂ.-ll_'mH .._L‘HS.H_.} HKOH 5213l

YOUSEF SARYRAH 27



Vilhat is tha titrathon in th curve shown in the Thgure beelossy? Talicl B8 b i gl pam D i i)

Titraticn of sn Ackd | .m gy & las

A weak acid with a weak base

A strong acid with a weak base

A strong acid with a strong base

A weak acid with asirong base

Ydield ae o e

MR REeEe

YOUSEF SARYRAH
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10

CHM.5.3.04.004.06 Calculate the molarity (concentration) and volume of a solution using titration data

Ekample

A volume of 18.28 mL of a standard solution of 0.1000M NaOH was required to neutralize
25.00 mL of a solution of methanoic acid (HCOOH). What is the molarity of the methanoic

acid solution?

HCOOH(aq) + NaOH(aq) — HCOONa(aq) + H,O(l)

1 mol NaOH neutralizes 1 mol HCOOH.

MI} X V.[}
— % 0.1M x 18.28mlL
a —

Mo = 25ml
M, = 7.312x10”mol/L

Mg

29



10

CHM.5.3.04.004.06 Calculate the molarity (concentration) and volume of a solution using titration data

0n 7430 ML o313 Hy80, Jslae d¥se L
O 45.78 mL dalad NaOH Jolas 0.4388 M
if 74.30 mL of 0.4388 M NaOH solution is needed faanll Jslaa

What is the molarity of H,S0, solution

to neutralize 45.78 mL of the acid solution?

stod{aq) + ZNHOH{aq) — NazSO_j_,(aq:, + ZHZO{D

0.3561

M 0.2320 M 0.4211 M 0.1565 M

YOUSEF SARYRAH 30



It takes 12.5 mL of a 0.30 M HCl solution to neutralize 285 mL of NaOH solution. What
is the concentration of the NaOH solution?

HCI + NaOH - NaCl + H,0

M.V, = MgVp
Na Ng

Mg = MaVang = (0.30 M)(12.5 mL)(1) = 0.013 M NaOH
Vana (285 mL)(1)

YOUSEF SARYRAH 31



CHM.5.3.05.001.04 Distinguish between oxidation and reduction in terms of change in oxidation number

In the reaction represented by the equation below. olial Alaleal) abis @ Jelol 8

Which of the following is correct? Smna b lea

2F (@) * laag) ——> F2aq) + 21 (e

The fluoride ions receive electrons from the iodine D5l L) Saasg 3l e il €] skl ciligl Jina

and it is reduced

The fluoride ions receive electrons from the iodine 50l gl ity dadl Cpe cilip SN sl i sk

and it is oxidized

The iodine receives electrons from the fluoride sS4l Chaasg )y glall cligd e caliy p<I) agll Jaie

jons and it is oxidized

The iodine receives electrons from the fluoride

JNa) al iaasg anoldl) gl e il 5 2gl Juitiens
jons and it is reduced



Which of the following is correct in relation to the reaction

below?

The potassium atom K gained an electron and it is

reduced

Fluorine F, gained electrons and was oxidized

Fluorine F, lost electrons and was oxidized

The potassium atom K lost an electron and

was oxidized

> 2KFy

JIna) gl Gaang Uy i<l K aglisdl 3,0 Capei!

30l al Canag ilig a€H Fy )y glill i)

s20S] 4l Gusag il p<U Fy jalall a2

BauS Ll Chang G i€l K o gacilisdll 5,3 i

33



Which of the following statements is true
concerning the redox reaction shown below?

Iﬂr'{m + ﬂzm} -3 Eﬂ'm] T Hrzm]

A- Oxidation of the chlorine molecule

B- Electrons transfer from bromide ions to chlorine
(- Electrons transfer from chlorine to bromide ions
D- Reduction of the bromide ions

oAy L Ao (0D
* ol J Y1

1Br” (o) + Claaq) = 2C g + Brryjqy)

IS0l Bl & gia A

20 gl Sl e g ) O B
gl gl ) g e g NI
oy pll gl ) jA) Sgia D

YYYYYYYYYYYYYYY




Which of the foflowing s correct In relalion ko the reaction tod ol gty Lk s 2 L
bieskow?

%4':::"' e— :mr:
Oxygen 0, gained eleclrons and was oxidized Bl o iy iy 780 O (Yl S
The magnesium Mg atom lost electrons and ] g Ciany iy 260 MG p gl 33 i
was oxidized
Oxygen O, lost electrons and was oxidized bl o Sy oy 201 0 Sl B

The magnesium Mg atom gained electrons and il is Jpal L) iag iy 580 M pguiadll B3 Sy

Reduced

YOUSEF SARYRAH 35



In the general equation below, if you know that rde Jels e X Jelnddl _’ﬁ Crals 13 ealial Lalad) Alaledl) s

the reactant X is a reducing agent. frimia (S5 dieay _HL Lae ool
5 . R . 5
Which of the following describe it correctly” X +Y XY
sadidu_-._‘-ﬂ—=;_§am;_;g—:hg~,_<&1 | s i
Gains electrons — its oxidation number increases — it is the oxidized
sl al anan — 20kl aae n — ilig ) S
) 2
loses electrons — its oxidation number increases — it is the oxidized
Jmal al Ganas — 508l e 8 — cilig fKI1) s .
(Gains electrons — its oxidation number decreases - it is the reduced
Jal al Canns— a0kl ane s — cilig 5<1 Sa
loses electrons — its oxidation number decreases — it is the reduced 4

YOUSEF SARYRAH 36



CHM.5.3.05.001.08 ldentify oxidizing agent and reducing agent in a redox reaction

Which of the following is the reducing agent in * A Joli b ) g e
the following reaction?
Cag, + ?-“1+::q1 - Ifﬂz*mu +Ing Cay + zﬂz'tnq', -+ Cﬂhmq] +Zny,
A-Ca;
:J Cag)-A
B-Zn*"
(aq) 1n2+1nq_:| B8
. Ca**,
c fﬂ Lag) Eah,“ql {
D- Znyg
' In, D

VWhal is the reducing agent in the following reaction? =

HySg + Clhyg — S + 2HCl,,

cl,

H,S

HCI

Whad is the oxidiging agent in the following reaclion? TR el sl e

Na,SQ, ,, + 4C ,, —— Na,5 ,, +4C0O

c
CcOo
Na.S
What s the ovidizing agent in the P ) kil e gl
lollowing reaction?
Fet g - R4 Fes g’ ~ B+ 20y

A)Fe B) Ag () Fe' D) Ag




)) What is the reducing agent, the oxidizing agent in the reaction?

) What is the oxidizing agent in the reaction?

Fe + 2Ag™ — Fe* + 2Ag
choice | reducing agent | oxidizing agent
:,I . l_l‘\tj:+ AH H'F N‘.I I
b. Ag Fe™ b. Cl:
“ e Ag ¢. NaCl
d. Ag" Fe
d. 1z

3) Which of the following statements is true for the reaction? Mg + I. — Mgh
a. the oxidation number of I changes from 0 to -2
b. the oxidation number of Mg changes from 0 to +1
c. I> represents spectator ion

d. Mg is a reducing agent

INHII.H”_F (.‘III.HH ERE

:N“'Llll:un + |14:1L||

YOUSEF SARYRAH
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CHM.5.3.05.001.02 Define oxidation number of a compound

In which of the following formiulas does the cxidation o e W8T st s Al daaad g Wil I the: comect: descensing orer of e lking
lomiilas acconding o the ozidalion mmier of oxygen
numser of oxygen differ than n the other farmilas? Tl 4 e in ench ol Bam?
HO - M. H:Q H.0. H.0, - H.O

0 NO; 9 WO —+ OF
O NG 0 5 —
9] H.0 9 Fr—
0 __________________________________________________________ HD - R

. HO + B

*HO, —s MO

A ol el S 30 L

Ty £ 8 st ol e

.'.,‘_j";

5 ? - 3 = i ; - Whial is [he correc] ascending order of the Tollowng T _,;'_ PECRE 5 v il _-:,i_...? g Lualll a5l L
What is the oxidation number of Chromium (Cr) G digaa A (Cr) pg A e 208l 00 L ki e i 2
. " . o 1 H fic AN
element in the following ion formula? taga il dubicke s tisiod:
chlorine (n each of hem?
2- -
C 1‘04 G - NaCl - KCIO, -KCIo

HaCl & Cl. — KOO

&, - Hall —y HEID, -

'(':':I‘ aMall —l.-l:l:

KOID, —u KOO —& O

- KCH0,

+KCI0

= K0

+ HaCi

39



1) What is the oxidation number of the underlined element in: HCI1O3?
a, +3
b. -3
C. +5
d. -5
2) What is the oxidation number of the underlined element in: SO:*?
a. +4
b. +6
c. +3

d. +1

YOUSEF SARYRAH
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CHM.5.3.05.001.10 Write oxidation-half reaction and reduction-half reaction for a redox reaction

The reaction between nickel and copper (II) chioride il L L olial meagall (1) ol 20598 SN o ol
ghown below. What are the half-reactions for this Y, o M la
redox reaction?

Ni[,} - Cu(‘.:lz,[..,ﬂI - Cu(,] - NiClz(.q}

28y Jo s huai J5aY) Jolis e
Oxidation Half Reaction Reduction Half Reaction
A Ni —s NiZ* + 2e Cl, — 2CI +2e”
8 Ni —» Ni**+ e Cu'+e —, Cu
c Ni — Ni?* + 2e- Cu™* +2¢ — » Cu
D Cu* +e= —» Cu Ni —s Ni* + 2e-
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CHM.5.3.05.002 Balance redox reaction using half-reaction method in acidic medium

Using the half-reaction method. el Caas dayh Lotk
Which of the following is the balanced equation for the ¢ oaan Jolae b olial Jolall &g jsall Alolaadl & Al Las (4
reaction below in an acidic solution?

Se0:"ag) * Cl0s (@) ———» S€0s g + Clyg

589032-(3[-_” + 20'03-(3q) + 2H" > 589042-{3(” + Clz(g} + HZO(I)
55052 (5q + 2C105 7 aq + H20y > 55607 (aq) + Clyg) + 2H

28€03” (aq) + 5CIO5 o) + H,0y » 25e0,7 (aq) + 5Clyq) +2H"

YOUSEF SARYRAH 42



Umang e half reaction methad K bakanos the e o Ry ! SR i) D hecnd il ity

tgatnd pinad A I o s 15 Und

oudation—reduction eactons. what s (he correct
batnnced edpuatkon lof e following reaction in

acides sodution”

2- 2- -
l, ) t S,0, (aq) — 5,0, (aq) + l (aq)

S0 +H,0 41, —28,0. +2H +2r

E:Da:. + l: + EH* — EI':D‘:. + H:D + :...I

EE:D]:- "'ZH_'.-'D + I:- g 25:-0,1:- + 4HF L3 3!'

8§00, +H,0+l, —=5,0,+2H +1
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CHM.5.3.05.002.05 Balance redox reaction in basic medium using half-reaction method

What is the balanced equation for the following redox equation?
(using half-reactions method, in basic solution)

H![}l.—-:- T { I]{}_I CTT ¥ H(]’:'_l ai b T {-I_l.lql

a. N0+ 20000+ 20H — 2NO:+ 2CI" + H:O
bh. N:2O+CIO"+20H — 2NO: "+ CI"+ H:0
¢. N2O+2C010° + H:O0 — 2NO- +2CE+ 2H-

d. N:O+CHWF +H:0 — INOy+CT +2H

YOUSEF SARYRAH
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CHM.5.3.05.007.02 Identify components of a voltaic or galvanic cell (anode, cathode, salt bridge, wires, elecirolyte compartments); while

explaining the role of each component, when does the reaction start and determining the direction of electron and cument flow

-t . N & . cathode
NG half-cell
| salt bridge | iy ' Zng, + Cu¥yy — Zn*, + Cuy
oxidation (lose electrons)
[ anode ] [ cathode } i
[ ﬂﬂdﬂﬁﬂﬂ. ] L I'Edllctiﬂﬂ ] Zn{,] — an*{aq] + 2¢”
Za'" .
ions in the e, Vi )| atoms on the reduction (gain electrons
solution = =4 - i electrode (2 $)

The electrode is a metallic strip or graphite stem that conducts electrons in and out of
solution in the half-cell. © 2¢" transfers from
Zn to Cu**

AT -

the products:
Zn’* and Cu

. YOUSEF SARYRAH 45



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

Through the silver strip

Through the salt bridge

Through the copper wire

Through the zinc strip

Zinc strip \.

it e

ol oY) W adD Ol i) Ao galdl 40 phl 4 1A
T A A A e

Copper wire

o
=%

)

L4

Salt bridge
-a ?

s ulal
Silver strip

Akl bk Jua

dgalall 5 ikl A

webadll dl A

00| 0Q|0O

Cieaa LA ol TN

YOUSEF SARYRAH 46



What number represents the part thal prevents ions
build up around the electrodes in the vollaic cell
shown below?

o Canladll Jga ili oV AS1S aliay (311 g5l Jiad (g3l 4350 e
Taliol Jasagall Aal,40 3080

YOUSEF SARYRAH
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Tl g ST AL oyl calial dands pall 4al ghD AglaD )

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

Al zinc stnp

Al salt bridge

Al both strips

Al copper sirip

YOUSEF SARYRAH 48



The following reaction takes place in a voltaic cell: Al L8 B G Jelidl) Saay

Zng)t Cu**ag —» Zn*ag + Cug

Which of the following takes place at the anode? P2 Lo dany L laa g

Reduction of Cu?! Cu®t J) ja)

Reduction of Zn*' Zn* J 5

Oxidation of Cu Cu 5as

Oxidation of Zn 7n a8

YOUSEF SARYRAH 49



In the voltalc cell shown in the figure below, which of 2 el el S0 e, dd s

the following statements is rue? TR
Zinc strip Sait bridge Copper strip i E_..L e E-H Y :,j-"
x L L i L L
sy (] X N worml
I ' - S l;-iﬂ; Lises elacirical enargy to cause a chemical ek ol Jia ALl Al aaiid
raacion

Electrons move through the sall bridge to ofalll igp ) Yiay dald Gl yo il KNI daT

the copper side
Posilive zinc ions build up around the zinc P il Jym dpal) el iyl S
elecirode e
The wire can serve as a pathway for electrons to A Jea/a0 = S Sl 21 DY Jlall D) Ly
el gl

flow from the zinc sirip to the copper strip

YOUSEF SARYRAH 50




In the figure below, what do the two half-cells need so that iy a Al lea daling (M) Le colial <N

ou can convert chemical energy into electrical energy? S T ) dally 1 dalaSl 43T 5
= ;e o e
(__A_L:l.é
Zinc strip Copper strip

1M Zn**

Only connecting the zinc and copper strips with .. X i . “s

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

ILU})‘SI}” JE_'JI _JlLum

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

ligW il e gl duals 5yl L

A salt bridge to serve as a pathway for electrons to flow i) Jad olad llesg oilig S Jal dyale 5,08

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

A salt bridge and a metal wire to provide an unbroken bite 2 lee il le aelad dllug duale 5,

pathway for electrical charge to flow

bl




A voltaic cell expressed by the reaction: Pb*" + Mg — Pb + Mg,

answer the questions (1-3)

1)

2)

3)

What is the equation for the reaction of the anode?
a. Mg* +2¢" — Mg

b. Mg — Mg* +2¢

. P +2¢ — Phb

d. Ph — Pb* +2¢”

What is the equation for the reaction of the cathode?
a. Mg** +2¢ — Mg

h. Mg — Mg* +2¢

c. Ph*" +2¢" — Pb

i. Pb — Pb*™ +2¢”

What is the cell notation?

a. Ph*" | Ph || Mg | Mg*™

b. Mg** | Mg || Pb | Pb**

¢. Pb | Pb* || Mg | Mg

d. Mg | Mg*' || Pb** | Ph

4) Depending on the corresponding ccll, what reaction occurs at the anode?

a. Al — AP + 3¢
. AF® + 3¢~ — Al
¢. Cd — Cd* + 2¢

d. Cd** +2¢ — Cd




Using the corresponding figure, answer the questions (5-7).

5) What is the anode reaction?
a.Cu— Cu*" +2¢ b. Cu** + 2¢” — Cu
c.Zn — In* +2¢ d.Zn*" +2¢ — ZIn
6) What happens to the cathode electrode mass?

i, Increase b. decrease

¢. do not change d. can not be determined — . -

7) What is the cell notation?
a.Cu|Cu*’ || Zn*" | Zn b.Cu*' |Cu || Zn | Zn*
. Zn | Zn* || Cu*" | Cu d. Zn*" | Zn || Cu | Cu**
8) In the voltaic cell represented by: Al | Al || Co' | Cu. what is oxidized and

what is reduced when the cell releases current?



18 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
reacktions are spontaneous or non-spontanecus

& vollnic oall consials ol he oRowing Pl -reducion
reaclions, which of the Tollowing s comect?

Aﬂ++'ﬂ-1=tﬁlﬂ . B (V) = +0.7996

Cr’*+3e =Cr . FMv--074

P e gl AZED Rdeald PRV cliall . Adl dda JeSm

r_:fl—-

Electrochemical cell potential calculation

[ E;:ell = E::athode - E:mode ]

agAsh ( E®) adadl e ol gy
Cathode Electrochemical Cell Potential ( E° ) | Reaction Type
sak
A Cr Ag + 1.54V i
Sponlaneous
_".iLi'E
B Ag Cr + 0.0556 V
Spontaneous
ried
c Cr Ag - 1.54V o
Nonspontaneous
|
D Ag Cr - 0.0556 V i
Nonspontaneous

YOUSEF SARYRAH
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The following reduction half-reactions represent the clal gl Ll Saboanll LA 000 L el NEltyl el Ba

half-cells of a voltaic cell. which of the following is

tomie e of

cormect?

Co’*4+2e " =2Co .,E?(V)--0.28

Pt2+ 4+ 2e— == Pt .E7(V)-+1.18

AN ( E£7) 3l e Jelal g4
cathode Electrochemical Cell Potential ( £ ) | Reaction Type
Jah
A Pt Co + 0.9V il
Spontaneous
B Co Pt + 1.46 V w
Spontaneous
—
c Pt Co - 0.9V el
MNonspontaneous
"'l;h- -
D Co Pt ~ 1.46 V s
MNonspontaneous

YOUSEF SARYRAH



Which of the following represents the cell
notation for the voltaic cell consisting of nickel

and calcium electrodes?

o OS50 AN Al i) A8 Gua 5 Jia e

el Je il E°(V)
Half-Reaction
Ni’* + 2e” — Ni -0.257
Ca** +2e” —Ca -2.868

Ca®*|Cal|Ni|Ni**
Ni**|Ni||Ca**|Ca
Ni|Ni**||ca**|Ca

CalCa®* ||Ni2*|Ni

2 ginalSl g S AL

Q€| Q|0

YOUSEF SARYRAH
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he voltaic half-cell expressed by the following reaction has o Sl delall aie e (ol dnbgall Al Caal Jaea g a0

een connected with one of the half-cells shown in the table Ae3l) Adall Ll gall O 2gs cslial Jpand) S slsll LAl walial aal
elow, and the standard cell potential found to be (+3.89 V). - (+3.89V) s
hat is the half-cell connected? faluagi ai (sill Aslal) Cioad Lad

Pt?2* + 2e~ = Pt F’(V) =+1.18

Half reaction Jeliil) cial E"(V)

Nat*+e = Na | ~

Mn?t + 2~ = Mn | 1185

Cr3* + 3e~ = Cr ~0.744

Fe?* + 2e~ = Fe ~0.447

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

Electrochemical cell potential calculation ’
figure below? (Epgtiag= T0.7996 V., Eg 4 1y, = —0.761)

E..= E. E. a. reaction at the zinc electrode: Zn* .y + 2¢” — Zn
cell cathode anode

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

¢. the ions pass through the wire from the
silver stripe to the zine stripe

d. the positive silver ions are reduced and

accumulated on the silver stripe
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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 cument flow and spontaneity of the reaction occurring

e TIow K
A | i

v ':
“E i [ :
. Cathode
R&ductiat_t Oxidation
Galvanic Cell Electrolytic Cell

Changes chemical energy into Changes electrical energy into
Electrical energy . chemical energy.
1. Anodeis -ve 1. Anodeis +ve
2. Cathodeis +ve 2. Cathodeis -ve
3. Spontaneous reaction occurs. 3. Non-Spontaneous reaction occurs.

4. Doesnotrequire external voltage source. 4. Require external voltage source.



Which of the following is true for the two cells

A- The Cell number (1) converts the electrical Al N A0 gD AN (1) Ak, 40D a3 A
energy into chemical energy 1.8 00
B- A spontaneous redox reaction occurs in the cell 2
number (1) & AL JI 351 Bansi JEUG (1) Al Adad b Saay B
C- The cell number (2) converts chemical energy il ) dlaaad Al (2) Aby 4a Jas C
into electrical energy TEC gL

D- A spontaneous redox reaction occurs in the cell i el a
pos LAAE 13815 5anSi JEUS (2) aby a0 B Saay D

YOUSEF SARYRAH 59




What is the similarity between the two cells below?

A nonspontaneous reaction occurs Al gt JelUl O gia

An oxidation-reduction reaction occurs JU A g 308 el Jpas

A neutralization reaction occurs Jiad Jelll S paa

A spontaneous reaction occurs L Ly St gy




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

oG iy By Lo (et 5 Lt

In cell number (1), the electrons flow from Cu to Zn 0 O e iy BT A (1) o) el b
In cell number (1), the anode produces electrons from Zn 21 e i g yE5T 2 N i (1) A Auda 8
In cell number (2), the anode produces electrons from Zn 201 Lo Sy S0 3 Y i () A, A

In cell number (2), the electrons flow from Zn to Cu Cur ) 7 m Sy ST GAT (2) B, Adad) b

YOUSEF SARYRAH
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Electroplating

Objects are electroplated by applying a thin and uniform layer of metal.

~

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
7\ FAN F
electrolvte solution of the material to be painted with.

Batteny

Electroplating of an item with silver

Power is needed to oxidize silver at the

—— ! s ) anode and reduce silver at the cathode
TR the object to be plated is the cathode where
silver ions in the electrolyte solution are
cathode item to be painted . .
4 reduced to silver metal and deposited on the
: Ag*+e¢ — Agp . . . .
Gy ¢ " 7e object. The silver forms a thin coating over the

electrolyte AENOsag object being plated

62



Khalifah tried to electroplate an iron key with a layer el ¢ plall o iy 2l o el a8 s

of copper. He designed the electroplating cell o Syl BINFIR
shown in the figure below. il ¢ (»\B‘Il) sl o
What is the error(s) in the cell? 3 4_ 4 -3
. \ "\
- i 4 :'
|
Learning Outeomes Caversd il Fe3+
< 305015 (aq)
The: object ko be piated i the ancde sl b o el e L only The connection of the battery poles
3 only O el b g ¥ psid el
o g )
Sl L and 2 The electiolyte used does not contain Cu’* jons
| om [ dan
The metal usaed for coaling s the calhode e L3 el =
Both 1 and 3 The key was not connected to a light bulb

Sihier g oaddized 1o sibver jons &l the: cathose

') The figure below shows a picture of a key being electroplated with copper in an

electrolytic cell. Which of the following statements is true?

Sver i cuddiznd lo slver lone of e anode ¥l o dud id 3 el nghn a. copper is oxidized to Cu*" ions at the cathode — \'—c" Elm:ff :
b. reduction of copper ions occurs on the anode electrode | [+ = ll';%
¢. the mass of the copper electrode increases % .T'
d. electrical energy is used to cause a redox reaction ey




e Capdil e Cuamy AJ0D —Thelll f _slad 06
ducadl) (1o 438 ) Aloday o galal¥) (e AS gl 63 Ay
e Gaaay 40N cie ) o), Uy JL&N b LS

3 63

An Aluminum fork is coated with a thin layer of silver
As shown in the figure below. Which of the following
reactions occurs at the anode?

Al > AP* + 3e
Ag > Ag' + e

Ag'+ e > Ag

YOUSEF SARYRAH 64
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Put your best effort into the exam

and God will surely crown you

with success. My good wishes will
always be with you.

(Nood ) _uck.
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