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CHM.5.3.04.001.01 List general properties of aqueous acids (taste, color of indicators, reaction with metals, metal carbonates 113 and 114

and bases, and electrical conductivity)

general properties of aqueous acids

1) Aqueous solution of acids has a sour u=«\~ taste active metal + acid — salt + Hag

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 zopper mercury silver platinum gold
Cu Hg Ag Pt Au

Examples: 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 OR  hydrogen carbonates + Acid HX —==p Salt + CO2 +H20
CaCO3(s) + 2 HCl(aq) — CaCl2(aq) + CO2(g) + H20(l)

NaHCO3(s) + HCl(aq) — NaCl(aq) + CO2(g) + H20(l)
5) Acids ANDDDD Bases conduct electrolytes.

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.

YOUSEF SARYRAH 2



Which of the following is a property of acids? Sl Lailiad (e i Sl e

It tastes bitter 4 lganka
Turn red litmus paper blue GV sll) ) ehyanl) Guad) g1 A8)5 Jead
Feel slippery alell dal)
React with zinc to produce hydrogen gas Osmapuel) SlE 8l Gra)all e Jelis

What gas is produced during the reaction between el 518 ) paaad (] gl o (e J0) (o DS ) T e
Zinc and hydrochloric acid solution

o2 )
02 O
N2 )




Which of the following are properties of basic solutions? i) Jdad) ailiad e Il Las g

Taste sour eNagwd O A

Cause blue litmus paper to turn red aa¥) Gl ) 30 el g5 355 Jead O B

React with zinc to produce hydrogen gas  ‘ua. gl e Y Seayal) aa Jelim O C

Taste bitter and feel slippery sl s Gadlie O D

YOUSEF SARYRAH 4



Which of the following chemical equations represents a reaction , i
el Jalaall fy el L 061 A8le sl o sl i__;,,-’i

between the agueous solution of an acid and metal hydrogen

¢ diag gl Sl i Sy yineal
carbonate? NEHCDE(SJ + HCE H:—] Dﬂlfﬂq] — NaCEHBDE{aq} + HED{]] + EDg(g]

Z]](EJ + ZHCl[ﬂqj — ZnCl ) + HE{E]‘

2(aq

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

Cuggy + 4HNO; gy = Cu(NOz)3(aq) + 2H; 0y + 2NO,

Is produced during the reaction Detween | A s w Alag s g i ol P g i
arbonate and acetic acid solution )
5 :
N2
H2 :
CO2 4




Litmus paper is biue when 05 batie (89 et gLG A 5y

the H* concentration iINthe SOIULION iS........cceciveeees e rses s reeene s rreasssanns Jylaall A HY 385
equals OH concentration OH £ 5 5 O A
equals zero P O B

less than OH- concentration OH" 58 5 m J O C



2 CHM.5.3.04.001.08 Define acids and bases according to Brgnsted-Lowry theory, indicating the acid, base, conjugate acid,
conjugate base and conjugate acid-base pairs, when chemical equations, formula or space-filling models are given

following is correct about to the reaction below?

falial Joliall Ay Aaaua AN G jadl ()

NH3(3Q) + HzO(') = NH4+(HQ) + OH—(aQ)

considered as Arrhenius base

onpiah ) 30518 NH; i A

considered as a Bronsted - Lowry acid

$29 = s o2 H,0 s @

cepts an electron pair from H.0

Hy0 Oa g A8 73 Jslindd NH; .C

cepts H* ion in the forward reaction

) Joli A H* (gl Jekins H,0 LD

YOUSEF SARYRAH 7




Which of the following is considered a conjugate 380 5308 e 95 e Sh e

acid —base pair?

H,PO, , HPO, >

.80, . 80,*




) What are the conjugate pairs in the reaction? HF g + H:2Oq 2 H:O'(ag) + F (ag)
a. (HF, H:0), (F~, H:O")
b. (HF, F), (H,0, H;0%)
¢. (H:0%, ), (H:0, HF)
d. (H:0, F), (HF, H:0")
) What are the conjugate pairs in the reaction? NHiwug + H20g 2 NHi'ag + OH (g)
a. (NH4", H,0), (OH™, NHs)
b. (OH", NHy"), (H20, NH3)
c. (NH;, NHy"), (H:O, OH")

d. (H.O, NH4"), (NHs, OH")

' What are the conjugate pairs in the reaction?
CO:" aq + H20g) 2 HCO3 (aq) + OH (aq)
a. (OH™, H,0), (CO5~, HCO3") b. (OH", COs™), (HCOs~, H,0)

¢. (HCOs™, H:0), (COz*, OH) d. (CO:7, H20), (OH™, HCOx)

YOUSEF SARYRAH
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) Which of the following statements is true for the reaction?
HClg + HoOgy 2 H30%ag + Clag

a. HCl is Bronsted-Lowry acid

b. HCl is the Bronsted-Lowry base

c. H20 is a proton donor

d. HCl is a proton acceptor

) What equation is H20 as a hydrogen ion donor?

a. Hlug + HoOgy — H3zO% g + T g

b. HSO4 g + H200 — HiO'(ag) + SO (ag)

c. HPO4 g + 1200 2 HiO g + PO o)

d. CsHsNHzaq + H200 2 CsHsNHs g + OH (g
12) Which of the following statements describes the following equation?
NHiag + H2Og 2 NHis'ag + OH (ag)
a. H;O is the Bronsted-Lowry base
b. NHa: represents Arrhenius acid
¢. NHs is a proton acceptor

d. NH: represents Bronsted-IL.owry acid



In the reaction equation below, which of the following Smania b Lae (gl olial Jelaal

s HX(aq) + H,0() = H;0*(aq) + X~ (aq)
HX is a Bronsted—Lowry base G — Bhigp el e HT yiad
X S oW n —~

H,O is a Bronsted—Lowry acid

% :

: HX donates hydrogen ion to water H,0O H 0 clall fiagsam (o F°° e
d. 4 v 4

HX accepts a hydrogen ion from water H,O Hy0 el (e (ngpan sl HYY Uiy

YOUSEF SARYRAH 11




3 CHM.5.3.04.001.11 Define acids and bases according to Lewis theory 120 and 121
EH a Lewis acid is an electron-pair accepic

I | [ ] [ ] [ ]

.. " a Lewis base is an electron-pair donor

F—B iN—H —— :F—B—N—H P
I I

:F: H :F: H
Lewis acid Lewis base

5O3(g) + MgO(s) — MgSO4(s)

O S</—\O g

Lewis base

:Q:

Lewis acid

12



Which of the following is true? Cmna qsL. Laa __;i

=

:?: H F:
= I i
:f"B«/////—\\N-H — f—

| I

:ﬁ H

NHi(aqg) + H,O() = NH4*(aq) + OH™(aq)

M — 0 — T
I

Lo =T
l
@ =

The ammonia NH; in reaction 1 is a Lewis acid sosl pmes 1 Jelill 8 NH; iVl el

The ammonia NH; in reaction 2 is a Bronsted- Syl — Wiy s Gmea 2 Jelaall 8 NH; Ligal) el
Lowry acid
The ammonia NH; in reaction 2 is an electron lig fS =) Jitiese 2 Joliall A NH; Ligal) yfiad

pair acceptor

The ammonia NH; in reaction 1 is a Lewis base pust 5228 1 Jelall & NH; Lisal! i

YOUSEF SARYRAH 13



What doas NH; reprasent in the reacton e 0 AN, S ‘ What 1s the simsanty between T S el

the following two formulas? & ¢
I |
O=S§ F—B
| |
:Q; F
Both are Lawss ackds Ay ialaal LS O
Lews aod
Both are Arthenius acids Jesen J palaal LadS O
Anhanius bass
Both are Lewis bases oyl 3 Lads (®)
Arrhenus acid
Both are Arrhenius bases ooy f 28t i LadS O

Lows baso

Why dues BC, repuesenl Lews's ackd it s BCly 2 134
Which of the following Is correct about to the reaction below? i iy i 0 /) I the folowing teacticn? 2. £ B
i 26 - :éh ” .
(g —u + iCl: sy | tCIB:Cl
H 4+ F > H-F G
i o

A. F- lon accepts an electron pair g 10 e A 0
B. F lon Is considered as acceptor of hydrogen lon S e B 0 Wy G SR—— i 2 damgiged

C. H' lonis considered as Arrhenius base o SN Ly s o

0. K" fon donates an electron pairto F Jon F oy L e oy D o msiknddumtamhbabhel R TR

Becouse M s yoiom socegies from e base O 1@ ju by pben |

Boceute 1w prolon dooot I the base O O & 2 Saadll ala )
=2




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

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

HCN(aq) + H,O(l) = H50%(aq) + CN~(aq)

[H50™][CN7]
[HCN]

Ka — = 6.2 10_10

HCOOH (ag) + H,O () =  H;O* (ag) + HCOO" (aq)

_ [H;0*][HCOO]
We know that K, = THCOOH]

The weakest acids have the smallest Ka

12. Write ionization equations and acid ionization
constant expressions for the following acids.

a. HCIO,
HClO,(aq) + H,0(l) «» H;0%(aq) + ClO,(aq)

_ [H;0+1[CIO,]
a7 [HCIO,]

b. HNO,
HNO,(aq) + H,0(l) & H;0%(aq) + NO,(aq)

_ [H;0+] [NO,~]
a [HNO,]




What is the acid ionization constant of the equation shown
below?

Talidl Aduall Addlaall (ctaad) (b Sl jauad ba

HIO g T HEU{]}

s H, 0% +10

(aq)

_ [H10][Hz0]

Ka= [Hz0+1[10-]

[HIO|

Ka ™ 307101071

__ [H307]107]
® " |HIO||Hz0]|

_ [Hz071[107]

K, [HID]

YOUSEF SARYRAH
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textbook + practice problems+ table 6

Weak bases
» are the bases that dissociate or ionize partially in an aqueous solution.
» are weak electrolytes
» dissociate or ionize partially into ions when dissolved in water
NH;(aq) + H,O(l) = NH,*(aq) + OH (aq)

The strength of a basic solution depends on the concentration of hydroxide ions [OH™]. As
the concentration of hydroxide ions [OH"] increases, so does the conductivity of the solution

Table 6 lonization Constants of Weak Bases

lonization Equation K, (298 K)

Ethylamine C,HsNH5(aq) + H,0(l) = C;HsNH3 ™ (aq) + OH(aq) 5.0 x 104
Methylamine CH5NH,(aq) + H,0(l) = CH3NH;*(aq) + OH(aq) 43 x 104
Ammonia NH3(aq) + H,0(l) = NH,;*(aq) + OH (aq) 25x107°

Aniline CeHsNH,(aq) + H,0(l) = CeHsNH5*(aq) + OH—(aq) 43 x 10~




What is the correct order of the following bases in
order of strength from weakest to strongest?

L 2et ) el 0 L

e @) ) Cancaa) Cu L o

Ky (298 K) Base sl
50x107% Ethylamine Ol i)
4.3x107* Methylamine Cal Jlisa
2:.5%10°° Ammonia Ligal
4.3x10'° Aniline ksl

Aniline + Ammonia —+ Ethylamine —+ Methylamina

Aniline—-Ammonia - Methylamine — Ethylamine

Methylamine — Ethylamine — Aniline - Ammonia

Fthylamine — Methylamine — Ammonia — Aniline

S Gibaa gl Dl galy— Ll O
Ol B el Qe el gal o (il O
oo e 13 O

ol sl St e cadl G0 O



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

and its conjugate acid

HY: Weak Acid
* Y is stronger base than H,O
* The reverse reaction is favored
| v * HY will ionize partially
HY(aq) + H,0(l) = H3O+(aq) + Y~ (aq) * Hy is a weak acid
Acid Base Conjugate Conjugate * This equilibrium lies fo the left
acid base

|




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

and its conjugate acid

Which of the following is true according to the TN Jelily Gl L muna Ly L 4

following reaction?
HC2H302(aq) - HZO(,) — Cz”30£(aq) -~ H30;q

H.O base has a greater attraction for the H* ion than does H* el Gia H,0 saclall alli O
Conjugate base CoH30O, is weaker than H,O base H,O s2elill (p Ciaal CyH,05 Asd) ) saclall O B
The ionization equilibrium lies far to the left e R b e P O C

The ionization equilibrium lies far to the right Cpadd 1 o) o) 58 ansy O D



Which of the following statements is correct regarding the ¢ adll JU Alolear Bl Laad daaia 4001 l)lell éi

following ionization equation?

NHi(aq) + H,O() = NH;"(aq) + OH (aq)

The equilibrium lies far to the right because the base NH, is Giein NH; 22l oY el ) R )Y asne
weak, and the conjugate base OH" is strong L8 OH™ 2l 5=l
The equilibrium lies far to the right because the base NH, is 498 NH; 220 lall Y e ) oY) A
strong, and the conjugate base OH ~is weak Aein OH™ 430 52218l
The equilibrium lies far to the left because the base NH; is Ghmn NH; sl Y L) ) 1Ry oY) ann
weak, and the conjugate base OH™ is strong dag OH™ 4l saslillg
The equilibrium lies far to the left because the base NH; is g NH; 5=l YLl ) s oY) sy
strong, and the conjugate base OH™ is weak Amin OH™ 4310l 522151,

YOUSEF SARYRAH 21



Which of the following is nol a conjugate pair?

HC2H:0z / C2Hy02

OH- / H,0

HaS0¢ / SO&-

NH\ l' NHA.

Which of the following is frue according to the

following reaction?
HC:"|0: - H:O,

The onization equiibnum les far to the lef

The lonization equilbeium les far 1o the rght

Conjugate base C;H,0; Is weaker than H,0 base

H:O basa has a grealer attraction for the H* lon than does
the base CH,0;

Which of the following is the conjugate acid INH) Gl ielill @ o s Ll
of the weak base NH,?

"..-"'.,.“'_'JL"J‘

* 19

Mok sdeed-d B Lf the jonization equilibrium of the acid in the equation below lies far to left, then....

C,H,0

\ ”‘o;'

)
L |

HCN(ag) + H,0() = H;0*(aq) + CN~(aq)

fod A 3 o # the conjugate base CN™ is stronger than the base H,0.

2 D I3 # H0" is a weak conjugate acid.

H;O weld O e C‘;H.}O; u _..‘1 n&'ﬂ

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

H* oad S H0 il &5 ‘ |
CoHO; i 5 & # HCN is a strong acid.

YOUSEF SARYRAH 12




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

7
versa
8 CHM.5.3.04.006.03 Relate the acidity and basicity of an aqueous solution to the hydronium and hydroxide ion concentration
and pHat 25C or 298 K

9 CHM.5.3.04.007.07 Calculate the pH of a strong acid given its concentration

For each solution, calculate [H] or [OH]. State whether the solution 1s

acidic, basic, or neutral.

T~ T0Sk gyt b. [OH"] = 1.0 X 10-7M d. [H*] = 40 X 10-M
Ky = [HT][OH™] K. = [H*][OH-] K,, = [H*][OH"]
1.0 x 10~ = (1.0 x 10~"3)[OH"] 1‘; L 10-14  [H*1(1.0 x 10-7) 1.0 x 10~ = (4.0 x 10~°)[OH"]
1.0 x 10~ _ (1.0 x 10~*)[OH] 10x 107 1.0 x 10~7 _10x10"™ _ (4.0 x 10-5)[OH]
1.0 x 10~ 1.0 x 10~ 13 4.0 x 10°% (4.0 x 107%)
[OH-] = 1.0 x 10-'M 0] [OH] /=25 00
[OH~] = [H*], the solution is neutral. [H*] = [OHT], the solution is acidic

[OH~] = [H*], the solution is basic.
El SOLVE FOR THE UNKNOWN

Use the ion product constant expression.
Kw = [H*][OH™] YOUSEF SARYRAH 23



Which of the following aqueous solutions is acidic? ¢ oaen A0l ALl (Lllal gi

208 K = Sl
( Concentrations at 298 K) ( L)

D Jelall C Jgalll B Jalanall A Jglal
Solution D Solution C Solution B Solution A
[H*]= 4.0x 10~* [OH"]=1.0x 1077 [OH"]=1.0x 102 [H*]=1.0x 10713
Solution C cyud O C Solution A Asse O A
Solution D D Jsad! O D Solution B B Jyadl O B

PRACTICE Problems W ADDITIONAL PRACTICE

21. The concentration of either the H™ ion or the OH™ ion is given for four aqueous solutions at 298 K.
For each solution, calculate [H*] or [OH"]. State whether the solution is acidic, basic, or neutral.

a. [H']=10 x 10~*M ¢c. [OH]=10x103M
b. [OH]=10x10"M  d. [H]=4.0 X 10"M

YOUSEF SARYRAH 24



CALCULATING ION CONCENTRATIONS FROM PH

How to calculate pH and pOH when the concentration of [H" ] or [OH] is
known by using the following relationship.

pH = - log [H*] pOH = -log [OH]

How to calculate [H™ ] and [OH-] when the pH or pOH is known by
using the following relationship.

'H*] = 10°PH 'OH1= 10"
pH + pOH = 14.00




pH = -log [H'] pOH = —log [OH]

pH +pOH = 14

What is the correct ascending order according to Lad usa moniall oo leall angll L
the pH value for each of the following solutions? ¢l s all e S pH

A iall L gaY) el juce VNN —
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 L3 Log ) o Luosidl e catall e (ygalll
Milk of magnesia — milk — lemon juice — household ammeonia ATl Liged) € ygaall e el @ Lawsiadl
Household ammonia — lemon juice — milk — milk of magnesia ol e e osedl e Ll Loy

Milk — household ammonia — lemon juice — milk of magnesia | .. 51 e « - edll  Addl Ligdl « cadall

YOUSEF SARYRAH
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Which is the correct arrangement according to the | Joad Je JS pH “ad e el 35 sl ool 20 Lo

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

D adaadll S (2) 1Y) 3 (X)

(X} pOH =95
(¥): [H*] - 107°

(7). [OH] = 10°*

A, owesy (¥) =+ (X) = (Z) pignesty

(o (Z) &= (X) = (F) 0 A

B. powest X ) = (¥) = (7 Jngresy

uin (2) «~ (V) = (X) 1o B

C.oowesy (Z) =+ (X] = (V) pighest

i (¥) = (X) «(Z) gn £

D. powest) (X) =+ (Z) =+ (¥ )prighesty

(2 (V) e (Z) «(X) D

YOUSEF SARYRAH
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PRACTICE Problems W ADDITIONAL PRACTICE

28. Calculate [H"] and [OH ] in each of the following solutions.
a. Milk, pH = 6.50 c. Milk of magnesia, pH = 10.50
b. Lemon juice, pH = 2.37 d. Household ammonia, pH = 11.90
29. CHALLENGE Calculate the [H'] and [OH] in a sample of seawater with a pOH = 5.60.

If [OH] = 2.5% 10”7 Min a solution. Lo Jelae A[OH]=2.5x 107 M S 1))
What is the pH of the solution? U slaall pH 403 Ld
7.4 6.6 4.7 3.5

[CHM.5.3.04.007.07 Calculate the pH of a strong acid given its concentration

Example:
Calculate the pH of a 0.10 M solution of the strong acid, HCI.

HCl->H' +Cl—
[H']=[HCI]=0.10 M

= = YOUSEF SARYRAH
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10

CHM.5.3.04.006.04 Calculate the acid dissociation constant, Ka, given acid concentration, [H+] and pH

The pH of 0.100 M solution of formic acid, HCOOH, is 2.38. Calculate K, of HCOOH.
[H] = antilog (— pH)=4.2 X 10> M

HCOOH = H + HCOO—

[HCOO ] =[H']=42% 1> M

[HCOOH] = 0.100 — 4.2 X 107 = 0.096 M

- [H+][HCOO—] - (4.2 X 10—3)(4.2 X 10—3)
@~ T[HCOOH] 0.096

= 18 %10~

YOUSEF SARYRAH
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Calculating K, from pH.

Calculate Ka of a 0.100M HF solution that has a pH =3.20.2?

+ p
HF(aq) ) H (aq) + F (aq)
0.100 - X X %
- Known ghknown - Substitute the values in the Ka equation
pH=3.2O H+ P_
- o = K. = HAIE]
[HF],=0.100 M |[HF]
- X = [H*] = 10"PH Ka = (6.31x104)(6.31x104)
_ — 1n=3.2
X=[H1=10 (0.100- 6.31x10% M)

X =[H*] =6.31x10* M
[F-] =[H*]=6.31x10* M

| Ka= 4.01x10° |




The pH of a 0.200 M solution of hydrofluoric acid HF 2oy gl yamea (0 0.200 M Jshaad pH | g jagl) a3

is 2.15. What is the Ka value of HF acid? YHF _aealKa 22 . 2.15 s HF

YOUSEF SARYRAH 31



11 CHM.5.3/04.009.01 Describe the titration curve of acid with base with respectto nature of solution at equivalence point

12 CHM.5.3.04.009.02 Describe the titration curve of acid with base with respectto indicator used and its color change
Strang
14 %=e Violatcolor o o o o .
3 1) Titration of a strong acid + a strong base PH =7 equivalent point
10 {
il
q Cyyi . =
pH | RS B Suitzble indicator
a 7= pH Brothymol blue
strong acid
0 ellow color

14

10

0 25 S0 A 100
added volume of strong base NaOH

14

2) Titration of a strong acid with a weak base PH <7 equivalent point

Wezk bae
/;ellow color
10
Orangéalar

Strong base  Deep
pink

equivalent riﬂtpink

phenolphethalein

pH 7 Equivalent Best indicator

.| 7> pH Methyl orange

Strong acid

Red color

0 25 50 75 100

added volume of a weak basq

3) Titration of a weak acid + a strong base PH > 7 equivalent point

0 25 50 75 100

Added volume of strong base
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What acid-base indicator would be suitable for the ; " - Gl 3ac - . caaadl Gid
neutralization reaction whose titration curve is shown @ oD Ll Vi Chilis b
below? Colial pudaga Aiplaa dadia
a ;K
‘ J
‘ ://,/"’
\;\;:lav: ;s the type of acid and base in the titration curve shown Bt Siat qﬂ 0 » ™ - w
A. Phenolphthalein (range 8.2-10) ( 8.2-10 slsa) outlatgiadll A
184 B. Methyl red( range 4.2-6.2) (4.2-6.2 s\a) Jiisall jaal.B
13— "
;f: y i C. Methyl orange( range 3.2-4.5) (3:2-4.5 slaa) A Juisall .C
10 .. .
P 35101 Ak D. Bromcresol purple( range 5.1-6.8) (6.8-5.12)4) s J 935343 4 .D
8 Equivalence
.7 point pH, 7.00
6 -
5 —
4.3
s ﬁ——’/
2
1 -
0 T I | 1 1 T 1 ' I T
0 S5 10 15 20 25 30 35 40 45 SO
mL sacld)l s
A. Strong acid and strong base dugh bacliy (568 Haan LA
B. Strong acid and weak base dima bxcliy S8 s B
C. Weak acid and strong base dugd BBy Limda aas .C
D. Weak acid and weak base diuaia 5By Lima paas D oSt RR 3




Which of the following statements is correct according to the Jadag Syuleall o alei Lad daas 4G )bl éi

€slial dazagall CadleSl)

titration curve and indicator table shown below?

‘ : :
SN
callsll saa —adisli z ¢ ' ; Eqﬁﬁleﬁ\ /
Indicator range Indicator 6 -------:------P?'-nf
5.2-6.8 J3 S 558 (oamily : EEEEEN N
Bromocresol purple ! I 1 Y/
8.2-10.0 oltal giagl) 2 | s Hl
Phenolphthalein 5 =T T T T

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

Volume of base added (mL)
(ML) Gilaall 55@) aaa

oS sagp onedty 9o auliall CaslSlly (KOH sac

il gl b il CadlSlly « NH,OH 520 Gl
Jj_j.!-)s gag tr‘:u.u.&."n..i Eo %bmunj‘i M&‘j ‘ NH4OH 5ac Lall
il gl g il CaslSlly (KOH 32l
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What 5 the Iitratian in the curve shown in the figure badow™?

Titratieon of an Acrd

'-w’”‘l&".} J‘__.;_’lo_.a‘_:‘—

A weak acid with a weak base

A strong acid with a weak base

A slrong acid with a strong base

A weak acid with astrong base

Awo.s.i:-—m-a_,a-;
iap.ai.‘r—'.i:..iﬂ__-\.;

Yyhiel . o d e

< EREES.

YOUSEF SARYRAH
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Tolial A pall wial) o< (] gan 5 3 haall | Sl il Lad oo AN G jlad) o

13
12
11
10
L I
e S Adaas
Eqguivalence
il saa i<l i 7 pont pH. 7.00
. . °
Indicator range Indicator .
8.2-10 ol gid ;
Phenolphthalein a
6.0-7.6 Jsadisag il 5,0 1
Bromthymol blue © B S . R S S . .
0 5 10 15 20 25 30 3% &0 A5 5O

Volume of 0.100 M NaOHMH added (mL)
(L) (bt 0.100 M NaOM -

A Bl sia b A i) wadAgll ) whauls aaadl | -A
Ol gl

JU0) 98 B el 0da B Aladid) ueeldall i g (5 98 aad) | -B
Joadipn g

"M‘mﬂ)h‘&—\M|M‘JgJM| -C

AW ah B ouleall adb 3 Alladll) Cu lSal) CASICH 8 chmun s casall [N

YOUSEF SARYRAH
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In relation to the titration curve and indicators table below. colial LRSS Jgaag 5plaall Jadas las Lad

Which of the following is incomect? Trinaa b b lae &

- et
0 L purvwerce
L —< ot gae. 8. 72
41
P Sl ol yigad — L
Methyl orange | Phenolphthalein Indicator -
3142 8.0-10.0 S s :
Indicator range P e % 10 3 230 % % & w

) ol e S —

The equivalence point is within the methyl orange range A Aud) (RIS (5ia e a6 IS Ak O A

Phenolphthalein indicator’s color changes IS Aot die gl e oulll il ANIS O B
at the equivalence point

The acid is HCOOH, and the base is NaOH NaOH z:c1ily « HCOOH _aaall O C

The acid is weak, and the base is strong Lt Seelilly ¢ s Jaanll O D
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13 CHM.5.3.04.004.06 Calculate the molarity (concentration) and volume of a solution using titration data

€kample

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 _

M, = 25mlL
M, = 7.312x10"mol/L

Mq

38



10

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

(e 74.30 mL A3 13 Hy80, Jglae 4:5Ysa La
e 45.78 mL dalaal NaOH (J5las 0.4388 M
if 74.30 mL of 0.4388 M NaOH solution is needed ¢ oaandl Jslaa

What is the molarity of H,S0, solution

to neutralize 45.78 mL of the acid solution?

H,S04(aq) + 2NaOH (o) — Na;S0,(,q) + 2H, 0

Here 1 naof H2504 reacts with 2 nb moles of NaOH. mL 74.30 =V o

4 M 0.4388 — ,M o
MaV, = MpVp .;,ﬂ:i;;V | uﬂflﬂv N\ mL 45.78 = .V o
Na Ng Vao I X~ oo

Ay = 2 L
"o Z X Nil5S 0,
= O 354 M

0.3561 M 0.2320 M 0.4211 M 0.1565 M
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40.0 mL of a hydrochloric acid solution HCI 53K g Huell Gaea Jslae 52 40.0 ML 3 e S

is titrated to the end point by 20.0mL
of 0.2 M sodium hydroxide solution NaOH
What is the molarity of HCI solution?

HCl(aq) 4 NaOH(aq’ - NaCl(aq) + HZO(”

20.0 ML a~ 34l1 3k 3a HOI

0.2 M o xS 5 NAOH 5 s sl 38 5 538 Uslae e

‘HCI J,&a..ig)\f}a'.-

1M O A

0.025M (O B

02M O C

o.oosm QO D

YOUSEF SARYRAH 40



Example:
A student titrates 50. mL HCI with a 0.45 M solution of NaOH. The volume of NaOH needed to
reach the equivalence point 1s 20. mL. Calculate the concentration of HCI.
l

NaOHyq) + HClag — NaClag + H2Oqy

At the equivalent point, number of moles of acid = number of moles of base

CaVa=CpVp

Crar X 50.=0.45 X 20. Cuai=0.18 M = N\

-

Example:
A student titrates 50. mL H>SO4 with a 0.55 M solution of KOH. The volume of KOH needed to
reach the equivalence point is 40. mL. Calculate the concentration of HoSOj.

2KOHq) + HxSO4aq) — KgSO4kaq) + 2H>Oq
At the gquuivalent point, number of moles of acid = number of moles of base

2C3V3:Cbe
2C, X 50.=0.55 X 40. Ca=022M

YOUSEF SARYRAH 41



What is the molarity of H;PO, solution if 15.00 mL 15.00 mL 53 13 H3PO, Jsbas & ¥s5e L
of 0.500 M NaOH solution is needed 25.00 mL el NaOH J5lse 0.500 M e
to neutralize 25.00 mL of the acid solution? ¢ aanll Jolaa ja

H3P04(aq) + 3N30H(aq) —p N33P04(aq) + 3“20“)
00075M O A

00025M O B

0.1M O C

0200M ~ D

YOUSEF SARYRAH
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14 CHM.5.3.04.022.02 Identify the type of salt (acidic, basic or neutral) and its constituent acid and base with their strengths

Strong acid + Strongbase — Neutral Solution NaNO 3

Strong acid + Weal base  —  Acidic Solution NH,ClI

KF

Weak acid + Strongbase = — Basic Solution

Al

KF F~(ag) + H,O(l) = HF(ag) + OH (aq)

NH ,Cl| NH,4"(aq) + H,O(l) = NH3s(agq) + H307(aq)

Na N O 3 no salt hydrolysis occurs because neither Na+ nor NO3_ -react with water.
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47. Write equations for the salt hydrolysis reactions occurring when the
following salts dissolve in water. Classify each as acidic, basic, or neutral.

a. ammonium nitrate c¢. rubidium acetate
b. potassium sulfate d. calcium carbonate

a. ammonium nitrate c. rubidium acetate
NH,"(aq) + H,0(l) <> NH;(aq) + H;0%(aq) CH,;C00~(aqg) + H,0(l) «<» CH;COOH(aq) +
OH™(aq)

The solution is acidic.
The solution is basic.

b. potassium sulfate

$0,2-(aq) + H,0(l) &> HSO,~(ag) + OH-(aq)

d. calcium carbonate

CO,;%2-(aq) + H,0(l) <> HCO, (aq) + OH~(aq)
The solution is neutral.
The solution is basic|
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Which of the following salts produces an acidic Coldl A o laxic Uimaa Vylaa w00 4400 >

solution when it dissolves in water?

a. |
Potassium fluoride KF KF ppusligdl a5
T N R W N g T H
b.} '
' '
; Ammonium nitrate NH,NO, NHNO; apigell dis !
; :
' ]
R A e A i e i e I e S R A i e H
c.
Rubidium acetate RbC,H.0, RbC.H:0; asuy )l o
|
d.|
Caicium carbonate CaCO; CaCl; suulal cibyS
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15 CHM.5.3.05.001.01 Distinguish between oxidation and reduction in terms ofloss and gain of electrons, oxygen and hydrogen

In the reaction represented by the equation below. ol Aslaall A @ Jelall 4

Which of the following is correct? $mna b s &gi

~

2F (aq) * lo@g) ——> Fa(aq) + 2l

The fluoride ions receive electrons from the iodine Jla) Ll Garass 3l e lip SN aslall i L

and it is reduced

The fluoride ions receive electrons from the iodine 53 <] L) g sl Cpe g g€ 205l d-‘g,qi i

and it is oxidized

The iodine receives electrons from the fluoride 5okl 4l tiaang L yglall i Cpe cili pSN gl i
jons and it is oxidized

The iodine receives electrons from the fluoride D) 4 aassg uglll Qujj e iy €Y 35l i
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

RER e lalls gl Lod e ~_¢|_'1fL_1 s ,__*._,"E

> 2KFy

JIpal Ll Giang Gs 5 K agalisl 5,3 Canss)

30l al Canag ilig a€H Fy )y glill i)

Sl 4l sy iy U Fy polil S8

BauS Lt Chang G i€l K o gacilisall 5)3 i

47



Which of the following statements is true byl oy Py L A 400 G fl
concerning the redox reaction shown below? ol J1 Y

2BT" (q) * Clyjaq) = 201 (qq) + BTy(qq) LBI (ag) + Clyag) = 2CT" (gq) + Bryjqy

A- Oxidation of the chlorine molecule 2950 5 5ol ] &g A

B- . W
Electrons transfer from bromide ions to chlorine 299 ) g iyl o iy 7SN G B

(- Electrons transfer from chlorine to bromide ions s chigh ) 190 00 chig 7N N

D- Reduction of the bromide ‘
uction of the bromide ions gy gl )5 &g D

YYYYYYYYYYYYYYY




Which of the following Is comrect n relation fo the reaction i Jolaly s L v 3 e f

below?
MW+°2M p— mﬁ

Oxygen 0, gained electrons and was oxidized Bakl ol iy iy €0 0y oY) (a8
The magnesium Mg atom lost electrons and 1) gl Bag iy K0 MG 5 peind 33 Cu
was oxidized

Oxygen O, lost electrons and was oxidized bl ) Sty iy 350 0, S B

The magnesium Mg atom gained electrons and il is Jial g Cuay iy 3K0 MG 5 guuiadl 50 S8

Reduced
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16

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

Which of the following is the reducing agent in
the following reaction?

Cag + z““;aq) - Caz.wa +Ing
A' Ca|s|
2
B'Zn ‘Iﬂq)
C’ caz’l'aql

D' an

A Joli A JEa Sl b L gl
ca{s) + an'“.q'. -t caz+(aq' + znis)

cau\'A
an’(m B

Ca¥t (g <€

aq)
ing, -D

What is the reducing agen! in the following reaction?

st(g) + C'Z(Q)

cl,

H,S

HCI

?.,l’.'.h oo lich _,.‘. 1Al ) L

S s) + 2HCI(9)

What is the oxidizing agent in the following reaction? R i e

Na,SO; ,, + 4C ,, —— Na,§ ,, +4CO

Q)

CcoO

Na,SO,

What s the oxidizing agent in the A sl )
following reaction’

FetlAg" - Fe*' + 1Ag Fe+2Ag" - Fet* + 1Ag

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




What substance is the oxidizing agent in the following equation
S leled) (3 uuSee LeleS Leas gl 33l L

Br,+ SO, + K,S0O, + 2H,0 — 2H,S0O, + 2KBr
Br. O A
s0, O B
K50, O C

H,O O D
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)) What is the reducing agent, the oxidizing agent in the reaction?
) What is the oxidizing agent in the reaction?
Fe + 2Ag"™ — Fe¥ + 2Ag
ZNill(,.q) " (-.Ilt.nq) — 2-\-“("1;“” + llmq)

choice | reducing agent | oxidizing agent
a. Fe* Ag a. Nal
b. Ag Fe** b. Ch
- - . ¢. NaCl
d. Ag" Fe
d. I

<
o
| )

3) Which of the following statements is true for the reaction? Mg + I. — M
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 re(lucing agent YOUSEF SARYRAH 52



17

CHM.5.3.05.001.03 Assign oxidation number to atoms, ions and compounds according to a set of rules

In which of the following formulas does the oxidation

wumber of oxygen differ than In the other formulas?

NO

YWhat i tho correct descending order of the following

lormudas according o the oxidation number of oxygen

mn each of them?

What is the oxidation number of Chromium (Cr)

element in the following ion formula?

2+

L
)

6+

Cro;

Oal) A () g 80 el 2l v L

YA

-----

e e
Whal is he correct ascendng order of the following
formulas according to the oxidabion number of

chlorine in each of hem?

Cl; = NaCl KCIO, - KCIO

NaCl s Cl, —e KCO

Cl, o NaQl —o KCIO,

KO, —+Nall — Cl;

KCIO, o KOO —e Tl

280 80 s Gl AU sl maal s bl i L

e S 4

- KGO,

—eKCIO

* KCO

+» NaCi




In which of the following does the oxidation number of

sulfur equals -27?

-2 Ugluen canpl 28l 326 556 Sl laa o A

SO,

SO

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

The reaction between nickel and copper (1) chioride i L L olil gl (1) eladd 2508, S Ly Jalld)
shown below. What are the half-reactions for this ¢ 3V, el el
redox reaction?

Ni + CuCly,,, » Cu, + NiCly,,,

S AP R W J5aY) Jolts s
Oxidation Half Reaction Reduction Half Reaction
A Ni ——s Ni**+ 2e" Cl, — 2CI +2e¢°
e Ni —» Ni* + e Cu*+e" — Cu
> Ni — Ni** + 2e” Cu** + 2~ —» Cu
9 Cu"+e” — Cu Ni — Ni* + 2e"




Regarding the reaction below. Which of the following tsaa ~b Laa gl Lolial Jolally gl Lod

is correct?

2KBr(aq) + Cly(aq) — 2KCl(aq) + Bra(aq)

The oxidation number of bhromine changed from -1 to 0 0 M- 1 e pgsdl 286 3 s O A
The oxidation number of chiorine changed from -2 to 0 0 = 2 (e il st 2se yua O B
The oxidation number of bromine changed from 0to -1 ~1 Jl 0 Sapepdl asioe s () C

The oxidation number of chlorine changed from +1 to () 0 J+1 G okl ashnee O D
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What is the oxidation half reaction of ddalaal) ‘E,A sausY) Jolli hal La
the net ionic equation shown below? $olid) daud gall 48 pal) 4 oY)

Fe(s) + 2Ag* aq) — Fe**aq) + 2Agy

Ag) — Agtug+€ O A
Ag'ag +€ —A8s O B
Fe(s) — Fez+(aq) + 2e” O C

Fez+(aq) —)Fe3+(aq) +e~ O D

YOUSEF SARYRAH
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In the general equation below, if you know that
the reactant X is a reducing agent.

. . — .
Which of the following describe it correctly? X +Y XY

Jide ale o X delizdl of cuale 13] calaol daladl Alaleall 3

5aust al Ganan — snish s J._.jg— ;.}\.3_9_)3531\__&553

Gains electrons — its oxidation number increases — it is the oxidized

52l a4l Eanas — sk 2ae Ly — ilig ST S

loses electrons — its oxidation number increases — it is the oxidized

Jimal al Enas — 508 2 i — g K s

Gains electrons — its oxidation number decreases - it is the reduced

Jmal al Gaaas — s00sh 0o o — iy I SR

loses electrons — its oxidation number decreases — it is the reduced

YOUSEF SARYRAH
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19 CHM.5.3.05.002.03 Balance redox reaction in acidic medium using half-reaction method]

Using the half-reaction method. cdelall Caal dyh Gadtid
Which of the following is the balanced equation for the § oaan Jolae 8 olial Jolall d5gjeall dlolaal) & 3L Lee (4
reaction below in an acidic solution?

59032‘(aq) +ClO3 a9y ———» 39042-(aq) + Cly)

55€052"(aq) + 2C1057aq + H,Oy > 55€0,% (aq) + Clyg) + 2H"

25€0;% (g + 5CI05 (aq) + H20y > 25€0,% (aq) + 5Clyg) +2H"
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Using the halt - ceaction methad 10 balance the b o ey b Sl L) S ke A iy -

oxidaion—reduction reactions, what is the comrect
MJ,\J ol ) Uy ol el
balunced equation for the folowing reaction In

acidsc solution”

15 5) + $203” (aq) —» $204% (aq) *+ | aq)

S0, " +H,04+1l;, —=S,0,7 +2H +2I

S,0;" +1,+2H' — S0, +H,0+ 2

28,0, 42H.0 + 1, —s 28,0, 4 4H" + 2r

S0 +HO0+1, —+8,0% +2H +1



20 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)

N:()l;:) + (‘l()-(nql 4 N()Z-Loq) + (.l—uoqb

a. N20 +2C107 + 20H™ — 2NO: +2CT + H: 0
b. N:O + Cl1O™ + 20H™ — 2NO: + CI" + H:0
¢. N2 O+ 2C10" + H;O — 2NO;" + 2CI" + 2H"

d. N:O + C1O0™ + H2O — 2NO; + CIF +2H"

YOUSEF SARYRAH
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Which of the following is the correct balanced 538 Joliil dasaall 435 gl dilbaall & L Laa

redox equation for the following reaction
using the half-reaction method ?

MDOI +I — MnOg + 12

in basic medium s b 3

61" + 2MnO; + 4H,0 — 31, + 2MnO,

61" + 2MnO; — 31, + 2MnO, + 8OH™

61" 4+ 2MnO; + 8H" — 31, + 2MnO, + 4H,0

61" + 2MnO; + 4H,0 — 31, + 2MnO, + 80H"

0o il Liual AL jh aladauls U ) 3EAY

YOUSEF SARYRAH

62



Which of the following is the correct balanced  33.8%1 JeUl dasaall 435 pall Alsaall & b Laa 6
redox equation for the following reaction 7o Ul hual Ay yh pladiudy N J) AV
using the half-reaction method ?

N20(g) + ClO7aq = NO27(oq) + Cl (5

in basic medium  susl Loy d
N,0 +2CI0 + OH — 2NO,- +2CI +H,0 0 A
N,0 +2CI0- +20H — NO, +2C +H0 o B

N,0 +ClIO- +20H- — 2NO,- +2CIF +H,0 0 C
N,0 +2Cl0- +20H- — 2NO,” +2CI- +H,0 0 D
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CHM.5.3.05.007.02 Identify components of a voltaic or galvanic cell (anode, cathode, salt bridge or porous barrier, wires,
21 electrolyte compartments); while explaining the role of each component, when does the reaction start and determining the
direction of electron and current flow

' Zn,,+Cul'.» — Za* 4+ Cu
oxidation (lose electrons) J I ) (9) (aq) ®)

1 e /—\ e
anode — NN - cathode [ . .
reduction (gain electrons)
Zng — Zn* gy + 26" half-cell e Mo/ half-cell - j

l Cu?*,, +2¢" — Cuy, I
-

B U AL0OUE (FOSIUVE 1erminai)

oy | er | L salt bridge
/

.

~ KCI ~

. anode

Metal rod of MORE reactive metal
Oxidation occurs

[ cathode }

Metal rod of LESS reactive metal
Reduction occurs

Rod decreases in mass 2 Rod increases in mass
- oxidation ] Lreducuon J
ions in the (- | 2"504/ e AR e O ¢ - )| atomson the
solution electrode

2¢” transfers from
Zn to Cu** [ The electrode is a metallic strip or graphite stem that conducts electrons in and out of J

1

‘solution in the half-cell.

the products:
Zn** and Cu
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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

e e
Zinc strip

M‘L—

- 9

Copper wire

Aalad 5 el
Sait bridge

- R
e

ke

)

Aded ol
Silver strip

Akl bk NA

Agalall 5 bl JNA

odadd dlu JNA

00| QO

O A Ll (A
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What number represents the part that prevents ions
build up around the electrodes in the vollaic cell
shown below?

& Oaladll Jga SV (SIS miay 31 el Sk g3 350 L
Taliol das gl 20,40 040

MG

TN

YOUSEF SARYRAH
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oA g S B ol s dad palt 400 gD 4080 )

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

-

Al zinc strip

AL salt bridge

Al both strips

Al copper strip
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The following reaction takes place in a voltaic cell: Al 408 3 30 Je il Saay

Zne) t+ Cu*ag = Zn**ag + Cug)

Which of the following takes place at the anode?

Reduction of Cu?*

Reduction of Zn?'

Oxidation of Cu

Oxidation of Zn

fag¥) Lo Gy L Laa g

Cu® J1 )
Zn* J) )
Cu 338

7n 538!

O [|O|| O] O

YOUSEF SARYRAH
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In the voltaic cell shown below, where are € oyl oLl Ao gall Al ghl) A1) 3

electrons gained? Tl ¢ sy
At silver strip Akl Ui e O A
At both strips Onballl S8 2 O B
At zine strip oajan e () C

Atsalt bridge daall) 5 ghidd) 2 O D
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In the voltaic cell shown In the figure below, which of Y2 il § ol S e, A2 a8 4
the following statements is frue? tfaaa
Zine strip Salt bridge o sirlp Cpafbrs Aol ki |.,.¢...;,:
In - Ox in e (s
/My, [.In. ) (m‘ ' e ol n >
' e o~ 5 y Uses electrical energy 1o cause a chemical ,,.L.-S Jall JliaY AL Al paaid
reaction
Electrons move through the salt bridge to ol ign I Yyeoy Aald Bl ye ciliy S| Sz
the copper side
Positive zinc lons bulld up around the zinc LS bl ya ) a)id i) Sz
u
electrode g
The wire can serve as a pathway for elections to Al Jsaadl #of Ja Sy S8V JET e 2l Sy
i g
flow from the zinc strip to the copper strip
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In the figure below, what do the two half-cells need so that et s AT lal daling (M) L colial J<a) =

. . . ,? (l £ 2211 n.s b & ; -
you can convert chemical energy into electrical energy” f00 e d8la ) Al A5ULI (Jagas
ada®

L‘)‘.""‘:)B' QMLJ\J ﬂlﬁﬁ. K:
Zinc strip Copper strip
\

Only connecting the zinc and copper strips with il las Al (elailly premlal) o Ly, Lk

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

l&u_‘g_):\s.‘}” J.u _Jll.um

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

i) il Jlse st dale 5,08 L

A salt bridge to serve as a pathway for electrons to flow il Jal ol lleeg ey SN el dale 5

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

A salt bridge and a metal wire to provide an unbroken Lite 2 lee gl e alad dllug duale 5,0

pathway for electrical charge to flow

TT




In the voltaic cell shown below, where are ) calid) Aaud gal) Al gl AUlAd) 2

electrons gained? / fli g asiy
: ‘M¢ | =
( _itl i ) < (i B
W ) n ( ( S
\L
| \ i
'
Zn’* +2e” = Zn -0.7618
Agt+e = Ag +0.7996
At silver strip Laill b e O A
At both strips Okl 38 sie O B
At zinc strip W}-ﬂ‘vﬁ-\-ﬁo C
Atsalt hridge Aaldl 5 kil de O D
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Whalt parts are missing in the figure below for the voltage

cell to complete?

Zinc strip

IS s Aaleal) Aa ol JS2N 3 2D el L
~ Copper strip

Metal wire g8

Salt bridge  Aaks 5yad

Voltage 30Urce iide o

1 and 3

l1and 2

3,1

241

O A
O B
O ¢
O D

YOUSEF SARYRAH
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22 CHM.5.3.05.007.03 Write the oxidation and reduction half-reactions occurring at cathode and anode for a voltaic cell

Consider the following galvanic cell that operates spontaneously and the information below to
answer questions a - e.

(")

_/
Salt bridge Ni
Fe*(aq) + 2 e~ — Feyy) E° = —0.44V f j g >
Ni2*(aq) + 2 = — Nig) E° = —025V Ll
A |

b) Write the reduction half-reaction.
a) Identify each of the following.

Ni%*(aq + 2e—— Ni)

- Theanode Fe

- The cathode Ni c) Write the oxidation half-reaction.

- Direction of electron flow Fe to Ni Fe()—5 Faliag 4 26

- Direction of current flow Ni to Fe

- The electrode that decreases in mass Fe d) Write the overall chemical reaction occurring.
- The electrode that increases in mass Ni o .

- The half-cell in which oxidation occurs Fe half cell Pe -+ MENe) 2> ity +Fedtap

- The half-cell in which reduction occurs Ni half cell

- Direction of migration of anions in the salt bridge towards Fe half-cell  e) Calculate the EZ,;;.

- Direction of migration of cations the salt bridge towards Ni half-cell

c?ell = Egathode = Egnode =—0.25- (—0.44)=+0.19 VI
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What is the half-cell connected?

The voltaic half-cell expressed by the following reaction has

been connected with one of the half-cells shown in the table

below, and the standard cell potential found to be (+3.89 V).

Pt?* + 2e~ = Pt F’(V) =+1.18

ae Sull delall die jud (o3 dalgdll Al Caal Juags a3

Al alall _ubal) agal) Gf angg cslial Jgandl & 53l LMAY Cliadl aal

. (+3.89 V) s

faluagi i (Al 4A)) Chai Lad

Half reaction Jelill) cial E (V)
Nat + e~ = Na | ="
Mn?* + 2e~ = Mn | 1185
Cr3* + 3e~ = Cr ~0.744
Fe?* + 2e~ = Fe -0.447
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Using the corresponding figure, answer the questions (5-7).

5) What is the anode reaction? | e \

a. Cu— Cu*™ +2¢ bh. Cu** + 2¢ — Cu

c. Zn — Zn*" + 2¢ d.Zn* " +2¢ — Zn | <A
|

6) What happens to the cathode clectrode mass? | &

a. increase b. decrease | |h

¢. do not change d. can not be determined k-
7) What is the cell notation?

a.Cu | Cu’' || Zn*" | Zn b.Cw*' | Cu || Zn | Zn*

e&.Zn|Zn || Cu* | Cu d.Zn*" | Zn || Cu | Cu**
8) In the voltaic cell represented by: Al A | Cu®' | Cu, what is oxidized and

what is reduced when the cell releases current?




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

23

A voltaic cell consists of the following half—-reduction b lae AN el SR CMall e Adly Adi 98D

reactions, which of the following s correct? 2

Electrochemical cell potential calculation

Ag*' + e = Ag . £ (V) = +0.7996
[ l':;ell = E;athode P E;node ]

Cr3* +3e” == Cr £ --07u

2 ( E®) adal sy Joldll gy
Cathode Electrochemical Cell Potential ( E° ) Reaction Type
Sk
A Cr Ag +1.54V ol
Spontaneous
’.‘alib
B Ag Cr + 0.0556 V
Spontaneous
GE s
c Cr Ag - 1.54V o
Nonspontaneous
i
D Ag Cr - 0.0556 V - S
Nonspontaneous
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The following reduction half-reactions represent the

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

comrect?

Co’*4+2e  =Co ,E79(V)--0.28

Pt2+ 4+ 26— == Pt . E2(V) - +1.18

fgu.”.'g\.._;‘

aSish ( E7) ) Jelml g
cathode Electrochemical Cell Potential ( £9) | Reaction Type
A Pt Co + 09V ’
Spontaneous
A&D
B Co Pt +1.46 V )
Sponlaneous
Wah i
c Pt Co - 09V G
Nonspontaneous
dah
D Co Pt - 1.46 V oo e
Nonspontaneous

Aol adill Fakeadl) LAY AJUS Adeald JRaY! cilell BS

YOUSEF SARYRAH
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A voltaic cell consists of the following half-reduction Sl e sl (Al L) J3aV) el e Al 2da S

reactions, which of the following is correct? 5

-

Be?* 4 2e~ ==+ Be E'(V) - —1.847
Pt2* + 2e~ = Pt £ (V) - +118
2481 2t ( E®) adid sea Jolall gy
Anode Cathode Electrochemical Cell Potential (E? ) | Reaction Type
A Be Pt (+0.667 V) £
Spontaneous
B Be Pt (+3.027 V) o=
Spontaneous
c Pt Be (-3.027 V) e
Nonspontaneous
D Pt Be (- 0.667 V) il
Nonspontaneous
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Which of the reactions represented in the table

below is non-spontancous under the standard

conditions?

ok E°(V)
Reaction

2Au +3Cu — 3Cu**+ 2Au +1.16

2Fe* + 3Mn — 3Mn**+ 2Fe + 1,148

Fe +2Cu* — Fei* +2 Cu + 0.96

Ni -+ Fe?* — Ni** + Fe -0.218

Ni + Fe™ — Ni#* + Fe

2Fe* + 3Mn — 3Mn?**+ 2Fe

Fe +2Cu* — Fer*+2 Cu

2Au* + 3Cu - 3Cu*™+ 2Au

OB G 8 sl Jpandl b Ayal) SR o

bl i g
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24 CHM.5.3.05.007.04 Write the cell notation and the overall chemical equation for a redox reaction occurring in a voltaic cell

Which of the following represents the cell Oa G955 AN A gkl AR jua 5 Jlas L Laa )

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

el Jelil E°(V)
Half-Reaction
Ni** + 2e~ — Ni - 0.257
Ca*t +2e” — Ca -2.868

Ca**|Cal|Ni|Ni**
Ni**|Ni||ca**|Ca
Ni|Ni?*||ca**|Ca

Ca|Ca®*||N**|Ni

¥ ganallSl g JSil) el

0110 | O
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General Cell notation:

Anode electrode | Anode solution || Cathode solution | Cathode electrode

Example:
3+ 2+
Consider the following cell notation: Alg) | Al (ag) || Cd  (ag) | Cds)

a) Write the oxidation half-reaction.
Al — AP + 3e-

b) Write the reduction-half reaction.
Cd¥+2e— €d

c) Write the overall reaction.
2AlE+3 Cdz’(aq) —27A Al3+(aq) + 3 Cd (9

d) Identify the species oxidized and the species reduced.
The species oxidized is Al and the species reduced is Cd*".

YOUSEF SARYRAH
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Half-reduction reaction Standard Reduction Potential
L+2e =21 E° = 4053V
Fe¥'ag + e — Felag E° = +0.77V
Sn* g + 2 € — Sng E° = —0.14V
Ag'ag + & = Agg) E° = +0.80V
lez+(aq) +2e — Zng E° = —0.76 V
Cd* g + 2 e~ = Cdg E° = —040V
standard cell notation Balanced chemical equation Cell potential 19,8k reaction
spontaneous?
I |I:||Fe"|Fe** 2T +2Fe* = h+2Fe* +0.24V Yes
Sn|Sn*'||Agt|Ag Sn+2Ag —Sn* +2Ag +0.94V Yes
Cd|Cd**||Zn**|Zn Cd+Zn**—Cd*+Zn — 036V No

YOUSEF SARYRAH
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Which of the following is true for the two cells )
below? olsl AN, 3l Lad s U Laa

A- The Cell number (1) converts the electrical Al 0 A esh AR (1) Ab) A 53 .A
energy into chemical energy -
A I -
= number (1) R LAAE J1 3515 Sansl JeUS (1) Al A0 D sy B
C- The cell number (2) converts chemical energy Als N A0ash AR (2) b, A J35a3 C
into electrical energy A s
D'Atpontl:;oc-ndoummhdnal JA5 J)35a0p BauSi JEUS (2) Ak, Adad b Susay -D
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What is the similarity between the two cells below?

A nonspontaneous reaction occurs AL 8 oWl S

An oxidation-reduction reaction occurs JI ) g 508 Jelil Sigaa

A neutralization reaction occurs Jilad el s

A spontaneous reaction occurs D oD Jgaa




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

T iy iy L oty e )

'

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

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

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

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

710 B o iy 5 35 (1) oy AsD b

20 o g SN 3580 g (1) by RS A

R S I ) R

€U Y 20 Jm iy 5T A5 (2) ) 40 B

O
O
O
O

A

C
D
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25 CHM.5.3.05.011.01 Describe how a spontaneous redox reaction of an electrochemical cell can be reversed

_Anode

Oxidation

Electrolytic Cell
Changes electrical energy into
chemical energy.
Anode is +ve
Cathodeis -ve
Non-Spontaneous reaction occurs.
Require external voltage source.

rwN -

in the reverse direction using an external voltage
source.

The voltage source is required because the reverse

reaction is honspontaneous.

Whileh of tha Inliisasng I True mgartingg ha sleatenehaoiond

ool In the figure below?

oA LY, gt Lk e L

ol K

- ).
]

NON=SPONLANGOUN CIOAARON ANG FROUCHION Teaclons

oo

Converts chemical enargy 10 electrical enatgy

Spontaneous oxidation and reduction reactions

ncou

The reaction continues until the zine strip Is used up

and then the reaction stops

D b JiEaly tad! O 8 Sy

Ao Mlle | ARl Al Jpal

ASUb Jpaly bl b Samd

o) ol B i D iy

NPNT R




YOUSEF SARYRAH

Put your best effort into the exam

and God will surely crown you

with success. My good wishes will
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